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

I n t r o d u c t i o n

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

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

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

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

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

the Care and Use o f Laboratory Animals (the Guide) describe 
general policies and procedures designed to ensure the humane 
and appropriate use of live vertebrate animals in all forms of 
biomedical research. The Society finds the policies and proce
dures set forth in the PHS policy and the Guide to be both nec
essary and sufficient to ensure a high standard of animal care 
and use and adopts them as its official Policy on the Use of 
Animals in Neuroscience Research (Society policy). All Society 
members are expected to conduct their animal research in com
pliance with this policy. Members are required to verify that they 
have done so when submitting abstracts for presentation at the 
Annual Meeting or manuscripts for publication in The Journal of 
Neuroscience. Adherence to the Society policy is also an impor
tant step toward receiving help from the Society in responding to 
questions about a member’s use of animals in research. A com
plete description on what to do if your research is questioned is 
included on the Society’s Web site (http://www.sfn.org/). Also, a 
complete description of SFN’s policy and procedures for defend
ing members whose research comes under attack can be 
obtained by contacting the Society’s Central Office.

L o c a l  C o m m it t e e  R e v ie w

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

O t h e r  L a w s , R e g u l a t i o n s  a n d  P o l i c i e s

In addition to complying with the policy described above, 
Society members who reside in North America must also 
adhere to all relevant national, state or local laws and/or regu
lations that govern the use of animals in neuroscience 
research. Thus, U.S. members must observe the U.S. Animal 
Welfare Act (as amended in 1985) and its implementing regu
lations from the U.S. Department of Agriculture. Canadian 
members must abide by the January 1993 Guide to the Care

http://www.sfn.org/


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

R e c o m m e n d e d  R e f e r e n c e s

Canadian Council on Animal Care. Guide to the Care and 
Use o f Experimental Animals Vol. 1. 2d ed. Ontario, Canada: 
CCAC, 1993. Web site: http://www.ccac.ca/.

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

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

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

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

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

Society for Neuroscience. Handbook fo r  the Use o f Animals 
in Neuroscience Research. Washington, D.C.: SFN, 1991.
Web site: http://www.sfn.org/pubs/handbook/.

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

G e n e r a l  P r in c ip l e s

The following principles, based largely on the PHS Policy on 
Humane Care and Use o f Laboratory Animals, are a useful 
guide to designing and implementing experimental proce
dures involving laboratory animals.

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

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

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

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

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

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

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

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

R e c o m m e n d e d  R e f e r e n c e s

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

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

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

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

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

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

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

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

for comparison purposes, citations to the previously published 
work should appear explicitly in the new report.

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

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

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

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

In the event that a published article or abstract is to be 
retracted, a statement of retraction will be published in The 
Journal o f Neuroscience or in the Abstracts for the next 
Annual Meeting.
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Saturday, November 7
Decade of the Brain Lecture— 8:00 p.m.
Structure and Function of Ion Channels—With and Without 
Structure................................................................No Abstract

Sunday, November 8

Symposia— 8:00 a.m.
Dystonia and Reorganization of Sensorimotor Maps
Chaired by: M. HALLETT ................................................... 1
A Cellular Mechanism of Opioid Withdrawal
Chaired by: R. A. NORTH..................................................... 1

Special Lecture— 10:00 a.m.
Molecular Biology of Prions Causing Neurodegeneration—
A Scientific Odyssey from Heresy to Orthodoxy
S. B. PRUSINER................................................... No Abstract

Warner-Lambert Lecture— 11:15 a.m.
Novel Treatments for Parkinson’s Disease Have Given New 
Insights Into the Basal Ganglia
C. D. M ARSDEN................................................ No Abstract

Slide Sessions— 8:00 a.m.
Neuronal death: Bcl2 and caspase ......................................... 1
Genesis of neurons and glia I ................................................. 3
Degenerative disease: Alzheimer’s—presenilin:
mechanisms and processing....................................................5
Long-term potentiation I ........................................................7
Visual cortex: striate I ............................................................ 9
Ingestive behavior: neuropeptides I .....................................11
Biological rhythms and sleep I ............................................. 13
Invertebrate learning and behavior I .....................................15
Learning and memory: systems and functions ....................17
Cognition: language...............................................................19
Calcium channel structure, function and expression:
molecular studies.................................................................. 21
Catecholamine receptors ......................................................22
Developmental disorders ......................................................24

Poster Sessions— 8:00 a.m.
Cell differentiation and migration I .....................................26
Process outgrowth, growth cones and sprouting: effects
of neurotrophins, electrical activity and substrates............. 27
Axon guidance mechanisms and pathways: ephrins........... 30
Expression and regulation of trophic factors: BDNF .......... 32
Biological effects of neurotrophins I ...................................37
Biological effects of cytokines and other factors I ............. 40
Neurotrophic factor receptors and cellular mechanisms:
p75 and apoptosis ................................................................ 43
Nutritional and prenatal factors ...........................................45
Glia: Schwann c e lls .............................................................. 49
Glia: oligodendrocyte............................................................ 50
Glia: astrocyte.......................................................................53
Cerebral cortex and limbic system I .....................................57
Visual system: developmentally regulated genes and
proteins ................................................................................. 60
Regeneration: signaling, control of gene expression
and molecular screens .......................................................... 64

33. Transplantation I ..........................................   68
34. Genetic methods .................................................................. 71
35. Presynaptic mechanisms: release machinery........................73
36. Presynaptic mechanisms: vesicle cycling............................76
37. Postsynaptic mechanisms: calcium and calcium

dynamics ...............................................................................78
38. Calcium channel physiology, pharmacology and

modulation: native studies ................................................... 81
39. Acetylcholine receptors: nicotinic—pharmacology............. 84
40. Acetylcholine receptors: nicotinic—anatom y......................89
41. Excitatory amino acids: anatomy and physiology I ............. 90
42. Excitatory amino acids: anatomy and physiology I I ...........93
43. Excitatory amino acid receptors: physiology,

pharmacology and modulation I ...........................................95
44. Excitatory amino acid receptors: physiology,

pharmacology and modulation II .........................................97
45. GABA receptors: modulation of GABAA receptors I . . . . .100
46. GABA receptors: recombinant studies of GABAA

receptors ............................................................................. 102
47. Transmitters in invertebrates I ........................................... 105
48. Interactions between neurotransmitters: 5HT-DA and

others....................................................................................108
49. Second messengers and phosphorylation I ........................1l l
50. Second messengers and phosphorylation II ...................... 113
51. HPA regulation I ................................................................116
52. Osmotic regulation..............  120
53. Neuroendocrine regulation: prolactin and galanin............. 122
54. Cardiovascular regulation: central mechanisms—

forebrain ............................................................................. 125
55. Somatosensory cortex and thalamocortical relationships:

thalamocortical functions....................................................128
56. Somatosensory cortex and thalamocortical relationships:

neuronal ensembles and networks .....................................131
57. Retina and photoreceptors: neurophysiology I ..................134
58. Subcortical visual pathways I ............................................. 138
59. Visual cortex: striate I I ........................................................141
60. Oculomotor system: brainstem and cerebellum ................145
61. Posture................................................................................. 148
62. Posture and movement: a x ia l............................................. 151
63. Invertebrate motor and sensory systems I . . . . ..................154
64. Comparative neuroanatomy ............................................... 157
65. Cognition: human learning and memory—spatial

memory and paired associate learning ......................... ...161
66. Cognition: human learning and memory—eye-blink

conditioning.........................................................................163
67. Cognition: human learning and memory—working

m em ory............................................................................... 164
68. Cognition: human learning and memory—skill

learning.................................. 166
69. Cognition: attention—o th e r ..............   168
70. Cognition: attention—rodent studies .................................169
71. Cognition: higher functions—decision, executive,

language and consciousness............................................... 171
72. Learning and memory: systems and functions—

basal ganglia .......................................................................174
73. Learning and memory: systems and functions—

development......................................................................... 176
74. Learning and memory: systems and functions—

acetylcholine .......................................................................177
75. Learning and memory: physiology—o th e r ........................ 180
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76. Learning and memory: pharmacology—acetylcholine......... 182
77. Comparative neuroethology................. ............................. 186
78. Neuroethology: auditory physiology...................................189
79. Ingestive behavior I .............................................................192
80. Reproductive behavior: experience..................................... 195
81. Reproductive behavior: neuroanatomy...............................198
82. Neuropeptides and behavior I ............................................. 201
83. Degenerative disease: Alzheimer’s—beta amyloid:

APP processing I ................................................................ 204
84. Degenerative disease: Alzheimer’s—beta amyloid:

APP processing II .............................................................. 206
85. Degenerative disease: Alzheimer’s—cognitive

function I ............................................................................. 210
86. Ischemia: neuroprotection I ............................................... 213
87. Ischemia: tolerance and heat shock proteins......................216
88. Ischemia: gene and protein expression I ............................ 220
89. Ischemia: phosphorylation..................................................223
90. Neuropsychiatric disorders I ............................................... 224
91. Neurotoxicity: endogenous and exogenous mediators . . . .227
92. Neurotoxicity: physical and chemical toxins......................229
93. Neurotoxicity: receptor-mediated neuronal d e a th ............. 232
94. Neurotoxicity: heavy m etals............................................... 235

(History and Teaching Posters will be posted the entire week.)
95. History of neuroscience....................................................238
96. Teaching of neuroscience..................................................241

Symposia— 1:00 p.m.
97. New Insights into the Role of Receptor Trafficking in

Neuronal Signaling
Chaired by: L. S. BRADY................................................. 251

98. The Neural Bases of Working Memory
Chaired by: J. D. C O H EN ................................................. 251

Special Lecture— 1:00 p.m.
99. Function of the Isthmic Organizer in Patterning the 

Embryonic Brain
G. R. M ARTIN......................................................No Abstract

Slide Sessions— 1:00 p.m.
101. Trauma ................................................................................251
102. Ischemia: tolerance and N O ............................................... 253
103. Degenerative disease: Alzheimer’s—other:

genetics and others.............................................................. 255
104. Cognition: higher functions—emotion, decision-making

and executive control ...........................................................258
105. Visual cortex: striate I I I ......................................................260
106. Visual cortex: extrastriate I . . . ............................................262
107. Degenerative disease: Alzheimer’s—beta amyloid:

diagnosis—others.................................................................263
108. Blood-brain barrier I .......................................................... 266
109. Second messengers and phosphorylation I I I ......................268
110. HPG regulation I .................................................................269
111. Formation and specificity of synapses I ............................. 272
112. Neuronal death I .................................................................274
113. Transporters: dopamine and norepinephrine......................276
114. Excitatory amino acids........................................................ 278

Poster Sessions— 1:00 p.m.
115. Genesis of neurons and glia II ........................................... 280
116. Cell differentiation and migration I I ...................................283

117. Axon guidance mechanisms and pathways:
adhesion molecules and other growth substrates............... 286

118. Expression and regulation of trophic factors:
neurotrophins I .................................................................... 290

119. Biological effects of neurotrophins I I ................................ 293
120. Biological effects of cytokines and other

factors II .............................................................................296
121. Neurotrophic factor receptors and cellular

mechanisms I ...................................................................... 297
122. Motor system s.................................................................... 299
123. Cerebral cortex and limbic system II ................................ 304
124. Visual system: development and plasticity of

connections .........................................................................305
125. Regeneration: functional changes.......................................309
126. Neuroglia and myelin I ..................................................... 312
127. Gene structure, expression and function............................315
128. Presynaptic mechanisms I ................................................. 318
129. Presynaptic mechanisms I I ................................................. 321
130. Postsynaptic mechanisms: glutamatergic

transmission.........................................................................324
131. Long-term potentiation: physiology I ................................ 326
132. Long-term potentiation: physiology II .............................. 330
133. Acetylcholine receptors: nicotinic—physiology and

function I ......................................  332
134. Acetylcholine receptors: nicotinic—physiology and

function II ...........................................................................335
135. Excitatory amino acid receptors: expression......................338
136. Excitatory amino acid receptors: physiology,

pharmacology and modulation I I I .......................................341
137. GABA receptors: steroids................................................... 344
138. GABA: GAD and GABA studies.......................................347
139. Catecholamines: physiology I ...........................................349
140. Catecholamines: physiology I I ...........................................352
141. Catecholamines: physiology III .........................................354
142. Transmitters in invertebrates I I ...........................................358
143. Signal transduction: gene expression and

plasticity I ...........................................................................361
144. HPG regulation I I ................................................................ 364
145. Thermal regulation and fe v e r............................................. 367
146. Neuroendocrine regulation: paraventricular

hypothalamic nucleus and o th e r.........................................368
147. Cardiovascular regulation: central mechanisms—

R V LM ................................................................................. 371
148. Respiratory regulation: chemosensory mechanisms .........374
149. Respiratory regulation: development and modulation . . . .378
150. Somatic and visceral afferents: p a in .................................. 380
151. Pain pathways—peripheral mechanisms............................ 383
152. Pain pathways—spinal cord and brainstem........................385
153. Pain modulation: anatomy and physiology—

spinal cord I .........................................................................388
154. Pain modulation: anatomy and physiology—

spinal cord I I .......................................................................392
155. Pain modulation: pharmacology—cytokines,

inflammation and anti-inflammatory agen ts......................395
156. Retina and photoreceptors: invertebrates ..........................398
157. Auditory physiology: cortex and complex stimuli............. 399
158. Cerebral cortex: m o to r........................................................403
159. Cerebral cortex I ................................................................ 406
160. Basal ganglia: clinical disorders and models......................408
161. Basal ganglia: transmitters and receptors ..........................411
162. Vestibular system I ..............................................................415
163. Oculomotor system: superior colliculus............................417
164. Movement: reaching............................................................419
165. Muscle and motor units I ................................................... 423
166. Brain metabolism and blood flow: optical methods

and laser Doppler................................................................ 425

Presidential Special Lecture— 4:15 p.m.
100. Genetics, Positional Cloning and Transgenic Rescue of 

the Circadian Clock Mutation
J. S. TAKAHASHI ............................................... No Abstract
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167. Brain metabolism and blood flow: methods—
other ....................................................................................428

168. Brain metabolism and blood flow: human
methodological and conceptual issues .............................. 429

169. Brain metabolism and blood flow: brain disorders...........432
170. Cognition: higher functions—sensory and motor

processes I ...........................................................................433
171. Learning and memory: systems and functions—

plasticity ............................................................................. 436
172. Learning and memory: systems and functions—

g en es .................     438
173. Learning and memory: systems and functions—

classical conditioning..........................................................441
174. Learning and memory: physiology—synaptic

plasticity ............................................................................. 444
175. Ingestive behavior: neuropeptides I I .................................. 447
176. Stress I ................................................................................. 450
177. Monoamine and behavior I ................................................. 454
178. Excitotoxicity and cell death I ...........................................457
179. Excitotoxicity and cell death I I ...........................................460
180. Excitotoxicity and cell death III ........................ 464
181. Degenerative disease: Alzheimer’s—presenilin:

cell biology .........................................................................468
182. Degenerative disease: Alzheimer’s—presenilin:

model system s.....................................................................471
183. Degenerative disease: other—metabolism and

mitochondria .......................................................................475
184. Degenerative disease: other—A L S .....................................477
185. Degenerative disease: other—diabetes, peripheral

and other motor neurons......................................................480
186. Neuromuscular disease........................................................482
187. Neuromuscular disease: muscle and neuromuscular

junction ............................................................................... 484
188. Neuromuscular disease: ALS and the motor neuron .........486
189. Neuropsychiatric disorders II ..............................................488
190. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—physiological studies............................ 491
191. Drugs of abuse: cocaine—cholinergic and

glutamatergic mechanisms.....................  493
192. Drugs of abuse: cocaine—general pharmacological

stud ies................................................................................. 495
193. Drugs of abuse: opioids and others—opiates:

behavioral and pharmacological stud ies.........................   .498
194. Neuropsychiatric disorders: pharmacological agents—

antipsychotic drugs: clinical studies...................................501

(History and Teaching Posters will be posted the entire week.)
95. History of neuroscience ....................................................238
96. Teaching of neuroscience . .. ............................................. 241

Animals in Research Panel—5:30 p.m.
195. Communication Workshop: How to Talk to the Public

About What You Do ............................................. No Abstract

Presidential Symposium— 8:00 p.m.
196. New Directions in Pain Research

Imaging Pain Perception in the Human Brain
M. C. BUSHNELL..............................................................No Abstract
Neuronal Plasticity Following Tissue or Nerve Injury
R. DUBNER.........................................................................No Abstract
Molecular Biology of Peppers and Pain
D. J. JULIUS........................................................................ No Abstract

Monday, November 9
Symposia— 8:00 a.m.

197. Drosophila Neuromuscular Junction: Development
and Plasticity
Chaired by: H. KESHISHIAN...........................................503

198. Hippocampal Neurons: Place Cells or More?
Chaired by: L. N A D EL..................................................... 503

Special Lecture— 10:00 a.m.
199. Specificity and Plasticity in Human Brain Development

H. J. NEVILLE.................................................... No Abstract

Special Lecture— 11:15 a.m.
200. G Proteins and Regulation of Adenylyl Cyclase

A. G. GILMAN.................................................... No Abstract

Slide Sessions— 8:00 a.m.
201. Hypothalamic-pituitary: adrenal regulation........................503
202. Cognition: attention............................................................506
203. Degenerative disease: Alzheimer’s—beta amyloid:

fibrillogenesis—APP interactions.......................................507
204. Presynaptic mechanisms I I I ............................................... 510
205. Long-term potentiation I I ................................................... 512
206. Degenerative disease: other—molecular

mechanisms.........................................................................514
207. Ischemia: neuroprotection I I ............................................... 516
208. Acetylcholine receptors ..................................................... 519
209. Oculomotor system: cortex I .............................................521
210. Opioid and opiate receptors: µ and К ................................ 523
211. Neuropsychiatric disorders III ...........................................525
212. Pain pathways and modulation...........................................527
213. Visual cortex: extrastriate I I ............................................... 529
214. Respiratory regulation: brainstem mechanisms................. 531

Poster Sessions— 8:00 a.m.
215. Pattern formation, compartmentation and

boundaries I .........................................................................533
216. Process outgrowth, growth cones and sprouting: axon

growth and developmentally regulated molecules............. 535
217. Axon guidance mechanisms and pathways:

semaphorins.........................  539
218. Biological effects of neurotrophins III .............................. 541
219. Biological effects of cytokines and other factors I I I .........544
220. Hormones and development: estrogen and

progesterone ...................................................................... 548
221. Neuronal death I I ................................................................ 551
222. Regeneration: neurotrophins, cytokines and other

factors ................................................................................. 554
223. Transplantation I I ................................................................ 556
224. Developmental disorders: animal m odels..........................559
225. Neuroglia and myelin I I ..............................................   .563
226. Presynaptic mechanisms I V ............................................... 566
227. Presynaptic mechanisms: calcium dynamics......................567
228. Postsynaptic mechanisms: dendrites and postsynaptic

density................................................................................. 570
229. Excitatory amino acids: pharmacology I ............................573
230. Excitatory amino acids: pharmacology I I ..........................577
231. Excitatory amino acid receptors: physiology,

pharmacology and modulation IV .................................... 580
232. Excitatory amino acid receptors: metabotropic

glutamate receptors I ..........................................................583

x
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233. GABA receptors: modulation of GABAa
receptors I I ..........................................   586

234. Peptide receptors: structure and function I ........................589
235. Catecholamine receptors: knock-outs and

related studies .....................................................................593
236. Adrenergic receptors .......................................................... 595
237. Catecholamine receptors: regulation...................................597
238. Serotonin receptors: knock-outs and knock-down............. 600
239. Serotonin receptors: anatomical studies ............................ 603
240. Transporters: dopamine I ....................................................605
241. Transporters: dopamine II ..................................................608
242. Second messengers and phosphorylation I V ......................612
243. HPA regulation I I ................................................................ 615
244. HPG regulation I I I .............................................................. 618
245. Cardiovascular regulation: central mechanisms ............... 621
246. Cardiovascular regulation: central mechanisms—

medulla ................................................................................625
247. Somatic and visceral afferents: dorsal root ganglia........... 628
248. Somatosensory cortex and thalamocortical relationships:

rodent cortex ....................................................................... 631
249. Somatosensory cortex and thalamocortical relationships:

plasticity ............................................................................. 634
250. Pain modulation: pharmacology—cellular mechanisms

and o th e r ............................................................................. 637
251. Pain modulation: pharmacology—anticonvulsants and

G A B A ..................................................................................639
252. Retina and photoreceptors: nitric oxide .........................   .642
253. Retina and photoreceptors: photoreceptors and

pigment epithelium ............................................................ 643
254. Visual cortex: striate I V ......................................................645
255. Visual cortex: extrastriate III ............................................. 648
256. Chemical senses: olfactory system I ...................................651
257. Cerebral cortex: premotor and prefrontal .......................... 653
258. Cerebral cortex I I .................................................................656
259. Basal ganglia: dopamine I ..................................................659
260. Basal ganglia: anatomy ......................................................661
261. Cerebellum: rodent models—physiology .............................665
262. Cerebellum: rodent models—anatomy and cell biology . . . .668
263. Oculomotor system: behavioral studies ............................ 670
264. Movement I ......................................................................... 672
265. Limbic system: amygdala, hypothalamus and

other a re a s ................................ 675
266. Cognition: human learning and memory—imaging of

encoding and retrieval I ......................................................679
267. Learning and memory: systems and functions—

hormones............................................................................. 682
268. Learning and memory: pharmacology—opiates............... 684
269. Learning and memory: pharmacology—memory

modulation........................................................................... 685
270. Learning and memory: pharmacology—protein-related

ethanol and g lucose ............................................................ 688
271. Motivation and emotion I .................................................. 690
272. Biological rhythms and sleep: pharmacology of sleep .........693
273. Biological rhythms and sleep: melatonin ..................... .. . .696
274. Molecular neuroethology: avian forebrain ........................698
275. Invertebrate learning and behavior II ................... 701
276. Ingestive behavior: PO M C ..................................................704
277. Stress I I ................................................................................707
278. Monoamine and behavior I I ............................................... 711
279. Epilepsy: human studies and animal models I ...................713
280. Epilepsy: human studies and animal models I I ...................715
281. Epilepsy: human studies and animal models III .................718
282. Degenerative disease: Alzheimer’s—beta amyloid:

human studies .....................................................................720
283. Degenerative disease: Alzheimer’s—beta amyloid:

diagnosis and others............................................................ 723

284. Degenerative disease: Alzheimer’s—beta amyloid:
animal models I .................................................................. 725

285. Degenerative disease: Alzheimer’s—beta amyloid:
animal models II ................................................................ 728

286. Degenerative disease: Alzheimer’s—neuropharmacology
and neurotransmitters: animal studies................................ 731

287. Degenerative disease: Alzheimer’s—other:
animal studies .................................................................... 734

288. Trauma: mediators I ................... 736
289. Trauma: recovery................................................................ 739
290. Trauma: mediators I I ..........................................................741
291. Neuropsychiatric disorders IV ...........................................744
292. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—genetic studies: animals........................747
293. Drugs of abuse: amphetamines—molecular studies .........748
294. Drugs of abuse: opioids and others—nicotine................... 750
295. Neuropsychiatric disorders: pharmacological agents—

antipsychotic drugs I ..........................................................753

(History and Teaching Posters will be posted the entire week.)
95. History of neuroscience ................................................... 238
96. Teaching of neuroscience................................................. 241

Symposia— 1 :OO p.m.
296. Maintaining Stable Spatial Representations

Chaired by: R. A. ANDERSEN......................................... 755
297. The Role of Postsynaptic Protein Kinases and

Phosphatases in Calcium-Regulated Synaptic Plasticity 
Chaired by: P. T. KELLY....................................................755

Special Lecture— 1 :00 p.m.
298. Placing Genes in Pathways that Control Neuronal Cell

Fates in Drosophila
G. M. R U B IN ..................................................... No Abstract
Social Issues Roundtable— 3:30 p.m.

299. Genetic Testing...................................................... No Abstract

Slide Sessions— 1 :00 p.m.
300. Excitotoxicity and cell death I V .........................................755
301. Degenerative disease: Alzheimer’s—presenilin:

interactions and o th ers .......................................................757
302. Cognition: human learning and memory—imaging of

encoding and retrieval I I .....................................................760
303. Parkinson’s disease I ..........................................................762
304. Neurotrophic factors: biological effects ............................764
305. Visual cortex: striate V ........................................................ 766
306. Degenerative disease: other—peripheral and

juvenile disease .................................................................. 768
307. Drugs of abuse: opioids and others—general ................... 770
308. Serotonin receptors: molecular and cellular studies .........772
309. Transporters: o ther.............................................................. 774
310. Epilepsy: human studies and animal models I V ............... 776
311. Drugs of abuse: cocaine—general I .................................. 778
312. Motivation and emotion II ................................................. 780

Poster Sessions— 1 :00 p.m.
313. Genesis of neurons and glia I I I ...........................................782
314. Cell differentiation and migration III ................................ 785
315. Axon guidance mechanisms and pathways:

diffusible molecules............................................................788
316. Formation and specificity of synapses I I ............................790
317. Neurotransmitter systems and channels:

acetylcholine and amino acids ...........................................793
318. Expression and regulation of trophic factors:

neurotrophins I I .................................................  797
319. Biological effects of neurotrophins: physiology............... 800

XI
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320. Neurotrophic factor receptors and cellular
mechanisms I I .....................................................................802

321. Neuronal death III .............................................................. 805
322. Development and regeneration: chemical, auditory

and visual senses .................................................................808
323. Visual system: physiology and m odels.............................. 811
324. Regeneration: immunological aspects................................ 813
325. Transplantation I I I .............................................................. 815
326. Developmental disorders: human studies .......................... 818
327. Presynaptic mechanisms: modulation................................ 820
328. Presynaptic mechanisms: modulation by g l ia ....................823
329. Postsynaptic mechanisms: synaptic efficacy......................825
330. Potassium channel physiology, pharmacology and

modulation I .............................  827
331. Acetylcholine receptors: nicotinic—α7 subunits............... 830
332. Acetylcholine receptors: nicotinic—expression and

function.................................................  835
333. Excitatory amino acid receptors: structure-function

stud ies..................................................................................839
334. Excitatory amino acid receptors: protein-protein

interactions ......................................................................... 841
335. Excitatory amino acid receptors: metabotropic

glutamate receptors I I .......................................................... 842
336. Excitatory amino acid receptors: physiology,

pharmacology and modulation V .......................................845
337. Opiate receptor: µ .............................................................. 848
338. Opiate receptor: localization.....................  851
339. Dopamine receptors: anatomy and physiology I ................ 854
340. Dopamine receptors: anatomy and physiology II ...............856
341. Transporters: norepinephrine and VMAT-2........................859
342. Second messengers and phosphorylation V ......................862
343. Signal transduction: gene expression and plasticity II .........864
344. Cardiovascular regulation: central mechanisms—N T S ........ 867
345. Cardiovascular regulation: peripheral mechanisms .............. 871
346. Respiratory regulation: pre-Bötzinger complex..................874
347. Respiratory regulation: networks and neuroanatomy.........875
348. Somatic and visceral afferents: anatomy and physiology . . .877
349. Pain modulation: anatomy and physiology—

hyperalgesia......................................................................... 880
350. Pain modulation: anatomy and physiology—

inflammation....................................................................... 882
351. Pain modulation: pharmacology—opiates I ......................885
352. Pain modulation: pharmacology—opiates I I ......................888
353. Pain modulation: pharmacology—opiates I I I ....................891
354. Visual cortex: striate V I ......................................................894
355. Visual cortex: extrastriate IV ............................................. 897
356. Auditory periphery.............................................................. 901
357. Auditory physiology: cortex and plasticity........................903
358. Chemical senses: olfactory system I I ................................ 907
359. Chemical senses: invertebrates........................................... 909
360. Spinal cord and brainstem: motoneurons .......................... 911
361. Spinal cord and brainstem: premotor circuits and

pattern generation .............................................................. 914
362. Limbic system: hippocampus I ........................................... 919
363. Cognition: language—patient and developmental

m odels.................................................................................. 922
364. Cognition: language—oth er................................................. 923
365. Learning and memory: systems and functions—

conditioned fear I ................................................................ 925
366. Learning and memory: systems and functions—

hippocampus and nonspatial learning................................ 927
367. Learning and memory: physiology—hippocampal I .........931

368. Motivation and emotion III ............................................... 934
369. Biological rhythms and sleep II .........................................937
370. Ingestive behavior II ..........................................................941
371. Stress III .............................................................................944
372. Reproductive behavior: female behavior............................947
373. Reproductive behavior: parental behavior..........................951
374. Monoamine and behavior III .............................................954
375. Behavioral pharmacology I ............................................... 956
376. Degenerative disease: Alzheimer’s—other:

human pathology I .............................................................. 960
377. Degenerative disease: Alzheimer’s—other:

human pathology II ............................................................963
378. Parkinson’s disease: α synuclein .......................................966
379. Degenerative disease: other—Huntington’s disease I .......... 969
380. Degenerative disease: other—Huntington’s disease II .........971
381. Ischemia: ion homeostasis ................................................. 974
382. Ischemia: neurotransmitters and receptors ........................977
383. Ischemia: neurotransmission and in vitro m odels............. 980
384. Ischemia: non-neuronal cells .............................  982
385. Neuropsychiatric disorders: postmortem I ........................985
386. Neuropsychiatric disorders: postmortem I I ........................988
387. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—clinical studies .................................... 991
388. Drugs of abuse: amphetamines—general ..........................992
389. Drugs of abuse: cocaine—molecular studies......................995
390. Neuropsychiatric disorders: pharmacological agents—

mood stabilizing drugs........................................................996
391. Aging: structural alterations............................................... 999
392. Aging: behavior................................................................ 1000

(History and Teaching Posters will be posted the entire week.)
95. History of neuroscience ................................................... 238
96. Teaching of neuroscience................................................. 241

Grass Foundation Lecture— 8:00 p.m.
393. Wiring up the Brain: Genes, Growth Cones and Synapses

C. S. GOODMAN.................................................No Abstract

T uesday, November 10

Symposia— 8:00 a.m.
394. Structure, Function and Plasticity of Dendritic Spines

Chaired by: K. M. HARRIS.............................................1002
395. Steroids in Development and Aging

Chaired by: D. L. MEINECKE ...................................... 1002

Special Lecture— 10:00 a.m.
396. Cortical Area MT and the Perception of Stereoscopic Depth

W. T. NEWSOME.................................................No Abstract

Special Lecture— 11:15 a.m.
397. Effects of Aging on Cognition and Hippocampal/Cortical 

Systems
M. GALLAGHER.................................................No Abstract

Slide Sessions— 8:00 a.m.
398. Pattern formation, compartmentation and boundaries II  . . .1003
399. Degenerative disease: Alzheimer’s—beta amyloid:

APP processing I I I ............................................................ 1005
400. Parkinson’s disease I I ........................................................ 1007
401. Opiate receptor: orphanin—others ...................................1009
402. GABA receptors: native GABAa receptors ....................1011

X II
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403. Peptides: biosynthesis, metabolism and biochemical
characterization I ...............................................................1013

404. Mechanisms of neurotransmitter releas'e.......................... 1015
405. Degenerative disease: other—central pathology and

genetics ....................................................................  1017
406. Ingestive behavior I I I ....................................................... 1019
407. Calcium channel physiology, pharmacology and

modulation: molecular and native studies........................ 1021
408. Cognition: human learning and memory—skill acquisition .1023
409. Neuroglia and myelin III .................................................. 1025
410. Retina and photoreceptors: neurophysiology I I ................1026
411. Central cardiovascular: central mechanisms....................1028

Poster Sessions—8:00 a.m.
412. Developmental genetics........................................   1030
413. Process outgrowth, growth cones and sprouting:

regenerative responses and their modulators....................1033
414. Axon guidance mechanisms and pathways:

transcription fac to rs ...........................................................1037
415. Formation and specificity of synapses:

activity-dependent mechanisms ....................................... 1038
416. Biological effects of neurotrophins: PNS I ...................... 1041
417. Biological effects of cytokines and other factors IV . . . .1043
418. Neuronal death I V .............................................................1045
419. Visual system: activity-dependent functional changes

and molecular mechanisms................................................1048
420. Regeneration: semaphorins, netrins, gangliosides and

other molecules ................................................................. 1052
421. Transplantation I V ............................................................1055
422. Staining, tracing and imaging techniques: live tissue . . .1057
423. Staining, tracing and imaging techniques: histology . . . .1061
424. Transcription factors ........................................................ 1067
425. Long-term potentiation: physiology I I I ............................. 1070
426. Long-term potentiation: physiology IV ..............................1073
427. Sodium channels: native studies....................................... 1076
428. Calcium channel physiology, pharmacology and

modulation: studies on modulation I .................................1080
429. Potassium channel physiology, pharmacology and

modulation I I ..................................................................... 1082
430. Excitatory amino acid receptors: gene expression........... 1085
431. Excitatory amino acid receptors: metabotropic

glutamate receptors I I I ...................................................... 1087
432. Peptide receptors: structure and function I I ...................... 1089
433. Opioid and opiate receptors: µ, K and σ .......................... 1093
434. Serotonin receptors: mutants, editing and signal

transduction............................ 1096
435. Serotonin receptors: 5HT3, 5HT4, 5HT6 and 5HT7 ......... 1100
436. Serotonin: anatomy and physiology.................................1101
437. Serotonin: behavior and electrophysiology...................... 1104
438. Serotonin: physiology of 5HT1A system s.....................   .1107
439. Serotonin: studies on transport..........................................1110
440. Transporters: serotonin........................................................ 1112
441. Second messengers and phosphorylation V I ................... 1116
442. Neuroendocrine regulation: leptin, obesity and

food in take..........................................................................1119
443. Gastrointestinal regulation................................................1122
444. Somatosensory cortex and thalamocortical relationships:

higher cortical functions.................................................... 1125
445. Pain pathways—forebrain ................................................1128
446. Pain modulation: anatomy and physiology—

higher centers I ..........  1131
447. Pain modulation: anatomy and physiology—

higher centers I I ................................................................. 1134
448. Visual cortex: striate VII .................................................. 1137
449. Visual cortex: extrastriate V ..............................................1139
450. Chemical senses: development and regeneration..............1142

451. Oculomotor system: cortex I I ........................................... 1144
452. Spinal cord and brainstem: anatomy, histology and

imaging ............................................................................. 1148
453. Spinal cord and brainstem: afferent processing and

other ..................................................................................1151
454. Locomotion I .....................................................................1153
455. Posture and movement I ....................................................1156
456. Limbic system: hippocampus I I .......................................1159
457. Association cortex and thalamocortical relations ........... 1162
458. Brain metabolism and blood flow: metabolism—

glia, glutamate and others..................................................1165
459. Brain metabolism and blood flow: o thers........................ 1168
460. Brain metabolism and blood flow: NO and other

factors—animals .............................................................. 1169
461. Brain metabolism and blood flow: pharmacology........... 1171
462. Cognition: language—phonological, semantics and

sentential processing ........................................................ 1173
463. Cognition: higher functions—patients and

sex differences............................................................. ...1175
464. Cognition: higher functions—imaging, attention and

hippocampus .....................................................................1178
465. Motivation and emotion IV ............................................. 1181
466. Biological rhythms and sleep: rhythms pharmacology . .1184
467. Neuroethology: song control system.................................1187
468. Invertebrate learning and behavior I I I ...............................1189
469. Stress IV ........................................................................... 1192
470. Behavioral pharmacology I I ............................................. 1196
471. Genetic models: rodent behavior ....................................1199
472. Genetic models: mouse models ....................................... 1202
473. Epilepsy: human studies and animal models V ................1205
474. Epilepsy: human studies and animal models VI ............. 1208
475. Epilepsy: basic mechanisms I ........................................... 1210
476. Epilepsy: basic mechanisms I I ......................................... 1212
477. Degenerative disease: Alzheimer’s—neuropharmacology

and neurotransmitters: human and clinical studies ......... 1215
478. Degenerative disease: Alzheimer’s—other: genetics,

diagnosis and clinical........................................................ 1218
479. Parkinson’s disease: imaging, transplants and

gene therapy....................................................................... 1221
480. Ischemia: apoptosis I ........................................................ 1224
481. Ischemia: apoptosis II ...................................................... 1227
482. Ischemia: oxidative stress..................................................1230
483. Ischemia: N O .....................................................................1233
484. Neuropsychiatric disorders: imaging I ............................ 1236
485. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—behavioral stud ies...............................1239
486. Drugs of abuse: amphetamines—neurotoxicity................1242
487. Drugs of abuse: opioids and others—cannabinoids......... 1244

(History and Teaching Posters will be posted the entire week.)
95. History of neuroscience....................................................238
96. Teaching of neuroscience.................................. 241

Symposia—1 :00 p.m.
488. Amygdala and More!

Chaired by: R. BROWN.................................................... 1246
489. CNS Regulation of Energy Balance

Chaired by: A. M. STRACK ........................................... 1246

History of Neuroscience Lecture—1:00 p.m.
490. Adventures with Genes, Neurons and Behavior

491. Presynaptic Selection of Afferent Inflow in Vertebrates
Presidential Special Lecture— 4:15 p.m.

P. RUDOM IN....................................................... No Abstract
xiii
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Slide Sessions— 1:00 p.m.
492. Signal transduction: gene expression and plasticity III . .1246
493. Visual cortex: extrastriate VI ........................................... 1249
494. Cognition: human learning and memory—

imaging of working memory I .........................................1251
495. Pain modulation: pharmacology....................................... 1253
496. Ischemia: gene and protein expression II ........................ 1255
497. Visual cortex: striate V III ..................................................1257
498. Epilepsy: basic mechanisms III ....................................... 1259
499. Cerebral cortex: movement................................................1261
500. Cell lineage and determination I ....................................... 1263
501. Gene structure and function..............................................1265
502. Degenerative disease: Alzheimer’s—other: tau I ..............1267
503. Degenerative disease: Alzheimer’s—other: imaging

and diagnosis..................................................................... 1269
504. Excitatory amino acid receptors....................................... 1271
505. Neuropsychiatric disorders: postmortem I I I ....................1273

Poster Sessions— 1:00 p.m.1275
506. Genesis of neurons and glia IV ....................................... 1275
507. Cell differentiation and migration I V ...............................1278
508. Cell differentiation and migration V .................................1279
509. Process outgrowth, growth cones and sprouting: 

signaling pathways and modulators of process
outgrowth.............................  1281

510. Axon guidance mechanisms and pathways: tyrosine
kinases, tyrosine phosphates and other molecules........... 1284

511. Expression and regulation of trophic factors:
neurotrophins III ...............................................................1287

512. Biological effects of neurotrophins: PNS II ....................1289
513. Neurotrophic factor receptors and cellular mechanisms:

NF-kB ................................................................................1291
514. Neurotrophic factor receptors and cellular mechanisms:

signaling ............................................................................1292
515. Hormones and development: thyroid, cortisol, stress

and apoptosis..................................................................... 1296
516. Neuronal death V ...............................................................1298
517. Neuronal death VI .............................................................1301
518. Cerebral cortex and limbic system I I I ...............................1305
519. Regeneration: gene transfer ..............................................1307
520. Regeneration: anatomical changes ...................................1309
521. Blood-brain barrier I I ....................................................... 1311
522. Mechanisms of neurotransmitter release: calcium

channels, excocytosis and quantal release . . . ...................1313
523. Postsynaptic mechanisms: inhibitory transmission......... 1317
524. Long-term potentiation: physiology V .............................1320
525. Sodium channels: molecular, recombinant and

cell line studies................................................................... 1322
526. Calcium channel structure, function and expression:

studies on L-, N-, P-, Q- and R-type channels ................1326
527. Potassium channel physiology, pharmacology and

modulation III ................................................................... 1328
528. Potassium channel physiology, pharmacology and

modulation IV ................................................................... 1332
529. Acetylcholine: o ther.......................................................... 1335
530. Acetylcholine receptors: nicotinic ...................................1340
531. Excitatory amino acid receptors: metabotropic

glutamate receptors I V ...................................................... 1343
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412. D evelopm ental genetics ......................................................................... Poster Tue A M
197. Drosophila Neuromuscular Junction: Development 

and Plasticity ............................................................................................ S y m p Mon AM
22. E xpression  and regulation  o f trophic factors:

B D N F ............................................... .............................................................. P oster Sun A M
609. E xpression  and regulation  o f  trophic factors:

cytokines and others I .............................................................................. Poster W ed A M
800. E xpression  and regulation  o f trophic factors:

cytokines and others I I ............................................................................ Poster Thu A M

X IX
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118. E xpression  and regulation  o f trophic factors:
neurotrophins I ........................................................................................... P oster Sun PM

318. E xpression  and regulation  o f trophic factors:
neurotrophins II ......................................................................................... P oster M on PM

511. E xp ress io n  and regulation  o f trophic factors: 
neurotrophins I I I ......................................................................................... P o ste r Tue PM

111. Form ation  and specificity  o f  synapses I .......................................... S lide Sun PM
316. Form ation  and specificity  o f synapses I I .......................................... P oster M on PM
608. Form ation  and specificity  o f synapses III ....................................... P oster W ed AM
701. Form ation  and specificity  o f synapses I V ....................................... Poster W ed PM
799. Form ation  and specificity  o f synapses V .......................................... P oster Thu AM
415. Form ation  and specificity  o f  synapses: activ ity-dependent 

m echanism s ................................................................................................ P oster Tue A M
7. G enesis o f neurons and g lia  I ............................................................... S lide Sun A M

115. G enesis o f neurons and g lia  II ............................................................ P oster Sun PM
313. G enesis o f neurons and glia I I I ............................................................ P oster M on PM
506. G enesis o f neurons and glia I V ............................................................ P oster Tue PM
604. G enesis o f  neurons and glia V  ............................................................ P oster W ed A M
699. G enesis o f  neurons and glia V I ............................................................ P oster W ed PM
796. G enesis o f  neurons and glia V II ......................................................... P oster Thu A M
690. G lia and o ther non-neuronal c e l l s .................................................... . S lide W ed PM

29. G lia: astrocyte ........................................................................................... P oster Sun AM
711. G lia: m ic r o g l ia ........................................................................................... P oster W ed PM

28. G lia: o lig o d e n d ro c y te .............................................................................. Poster Sun A M
710. G lia: response to  i n s u l t ............................................................................ Poster W ed PM

27. G lia: Schw ann cells ................................................................................. P o ster Sun AM
220. H orm ones and developm ent: estrogen and p ro g e s te ro n e ........... Poster M on AM
612. H orm ones and developm ent: testosterone and 

neurostero ids .............................................................................................. P oster W ed A M
515. H orm ones and developm ent: thyroid, cortisol,

stress and apoptosis ................................................................................. P oster Tue PM
684. M olecular Signals in Nerve R egen era tion ................................ S y m p Wed PM
122. M otor system s ........................................................................................... P o ster Sun PM
112. N euronal death I ......................................................................................... S lide Sun PM
221. N euronal death I I ...................................................................................... Poster M on A M
321. N euronal death  III ................................................................................... P oster M on PM
418. N euronal death IV  ................................................................................... P oster Tue AM
516. N euronal death V ...................................................................................... P oster Tue PM
517. N euronal death V I ................................................................................... P oster Tue PM
613. N euronal death V I I ................................................................................... Poster W ed A M
614. N euronal death V III ................................................................................. P oster W ed AM
708. N euronal death  IX  ................................................................................... P oster W ed PM
709. N euronal death  X ...................................................................................... Poster W ed PM

6. N euronal death: B cl2 and c a s p a s e ....................................................... S lide Sun A M
707. N euronal death: c a s p a s e ......................................................................... Poster W ed PM
317. N euro transm itter system s and channels: acety lcholine

and am ino acids ......................................................................................... P o ster M on PM
702. N euro transm itter system s and channels: calc ium  channels, 

catecholam ines and p e p t id e s ................................................................. Poster W ed PM
121. N eurotrophic factor receptors and cellu lar m echanism s I . . . . Poster Sun PM
320. N eurotrophic factor receptors and cellu lar m echanism s II . . .  . Poster M on PM
705. N eurotrophic factor receptors and cellu lar m echanism s III . . . P oster W ed PM
706. N eurotrophic factor receptors and cellu lar m echanism s IV  . . . P oster W ed PM
803. N eurotrophic factor receptors and cellu lar m echanism s V  . . . . P oster T hu A M
611. N eurotrophic factor receptors and cellu lar m echanism s:

G D N F ........................................................................................................... P oster W ed A M
513. N eurotrophic factor receptors and cellu lar m echanism s:

N F -κB ............................................... ........................................................... P oster Tue PM
25. N eurotrophic factor receptors and cellu lar m echanism s: 

p75 and a p o p to s is ...................................................................................... P oster Sun AM
514. N eurotrophic factor receptors and cellu lar m echanism s: 

s ig n a lin g ........................................................................................................ P oster Tue PM
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304. N eurotrophic factors: b io logical e f f e c ts ............................................ S lide M on PM
26. N utritional and prenatal f a c to r s ............................................................ Poster Sun A M

215. Pattern  form ation, com partm entation  and
boundaries I ................................................................................................ Poster M on A M

398. Pattern  form ation, com partm entation  and
boundaries II .............................................................................................. S lide Tue A M

607. Pattern  form ation, com partm entation  and
boundaries I I I .................................... ......................................................... Poster W ed A M

216. Process outgrow th, grow th cones and sprouting: axon 
grow th and developm entally  regulated  m o le c u le s .................. Poster M on AM

697. Process outgrow th, grow th cones and sprouting: 
determ inants o f axon and dendrtic g ro w th ....................................... Slide W ed PM

20. P rocess outgrow th, grow th cones and sprouting: effects 
o f  neurotrophins, electrical activity  and substrates ..................... P oster Sun A M

413. P rocess outgrow th, grow th cones and sprouting: 
regenerative responses and their m o d u la to r s .................................. P oster Tue A M

509. P rocess outgrow th, grow th cones and sprouting: signaling 
pathw ays and m odulators o f  process outgrow th .......................... Poster Tue PM

520. R egeneration: anatom ical changes .................................................... Poster Tue PM
616. R egeneration: effects o f and on g lia  .................................................. P oster W ed A M
125. R egeneration: functional c h a n g e s ....................................................... P oster Sun PM
519. R egeneration: gene transfer ................................................................. Poster Tue PM
804. R egeneration: grafts ................................................................................. Poster Thu A M
324. R egeneration: im m unological a s p e c t s ............................................... Poster M on PM
222. R egeneration: neurotrophins, cy tokines and o ther factors . . . . Poster M on A M
420. R egeneration: sem aphorins, netrins, gangliosides

and o ther m olecules ................................................................................. P oster Tue AM
32. R egeneration: signaling, contro l o f  gene expression

and m olecu lar s c r e e n s .............................................................................. P oster Sun A M
395. S te ro id s  in  D ev e lo p m e n t a n d  A g i n g ............................................... Sy m p Tu e A M

33. T ransplantation  I ......................................................................................... P oster Sun A M
223. T ransplantation  I I ...................................................................................... P oster M on A M
325. T ransplantation  III ................................................................................... P oster M on PM
421. T ransplantation  IV  ................................................................................... P oster Tue A M
793. T ransplantation  V ...................................................................................... S lide Thu AM
419. V isual system : activ ity-dependent functional changes

and m olecu lar m e c h a n is m s .................................................................... P oster Tue A M
124. V isual system : developm ent and p lasticity  o f

connections ................................................................................................ P oster Sun PM
31. V isual system : developm entally  regulated  genes

and proteins ................................................................................................ P oster Sun A M
323. V isual system : physio logy and m odels ............................................ P oster M on PM
600. V isual system : ro les o f activity  and neurotrophins in  the 

developm ent o f  retinal and cortical c o n n e c t iv i ty .......................... S lide W ed A M

T h e meTheme B : C e l l  B i o l o g y

108. B lood-brain  barrier I ................................................................................. S lide Sun PM
521. B lood-brain  barrier I I ................. ........................................................... P oster Tue PM
617. B lood-brain  barrier III ............................................................................ P oster W ed A M
715. B lood-brain  barrier IV  ............................................................................ P oster W ed PM
587. T h e  C e llu la r  a n d  M o le c u la r  B asis  o f  M y elin  D iseases .... S y m p W ed A M
806. C y to sk e le to n ................................................................................................ P oster Thu A M
713. C ytoskeleton  and postsynaptic  m em brane p r o t e in s ..................... Poster W ed PM
618. G ene regulation  ......................................................................................... Poster W ed A M
501. G ene structure and function  ................................................................. S lide Tue PM
127. G ene structure, expression  and function  .......................................... P oster Sun PM

34. G enetic m e th o d s ......................................................................................... P oster Sun A M
714. M em brane structure and c y to s k e le to n ............................................... P oster W ed PM
126. N euroglia  and m yelin  I ............................................................................ Poster Sun PM
225. N euroglia  and m yelin  I I ......................................................................... P oster M on A M
409. N euroglia  and m yelin  III ...................................................................... S lide Tue A M
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712. N euroglia and m yelin IV ..................................................................... Poster W ed PM
805. N euroglia and m yelin V ........................................................................ Poster Thu AM
786. Staining, tracing and im aging techniques ...................................... Slide Thu AM
423. Staining, tracing and im aging techniques: histology .................. Poster Tue AM
422. Staining, tracing and im aging techniques: live t i s s u e .................. Poster Tue AM
424. Transcription f a c to r s ............................................................................... Poster Tue AM

T h e me

S y na

me C :  E x c it a b l e  M e m b r a n e s  a n d  

p t i c  T r a n s m i s s i o n

407. Calcium  channel physiology, pharm acology and 
m odulation: m olecular and native studies ...................................... Slide Tue AM

38. Calcium  channel physiology, pharm acology and 
m odulation: native studies .................................................................. Poster Sun AM

812. C alcium  channel physiology, pharm acology and 
m odulation: SO CCSs, ROCCs and RyRs ...................................... Poster Thu AM

428. C alcium  channel physiology, pharm acology and 
m odulation: studies on m odulation I ................................................. Poster Tue AM

621. Calcium  channel physiology, pharm acology and 
m odulation: studies on m odulation II .............................................. Poster Wed AM

16. C alcium  channel structure, function and expression: 
m olecular studies .................................................................................... Slide Sun AM

526. C alcium  channel structure, function and expression: 
studies on L-, N-, P-, Q- and R-type c h a n n e ls ............................... Poster Tue PM

723. C alcium  channel structure, function and expression: 
studies on T-type channels .................................................................. Poster Wed PM

721. L igand-gated channels: A Chn capsaicin,
proton, serotonin and IP3 ..................................................................... Poster W ed PM

811. Ligand-gated channels: am ino acids and A T P ............................... Poster Thu AM
9. Lone-term  potentiation I ........................................................................ Slide Sun AM

205. Long-term  potentiation II ..................................................................... Slide M on AM
720. Long-term  potentiation: pharm acology I ......................................... Poster W ed PM
810. Long-term  potentiation: pharm acology II ...................................... Poster Thu AM
131. Long-term  potentiation: physiology I .............................................. Poster Sun PM
132. L ong-term  potentiation: physiology I I .............................................. Poster Sun PM
425. Long-term  potentiation: physiology I I I ........................................... Poster Tue AM
426. Long-term  potentiation: physiology I V ........................................... Poster Tue AM
524. Long-term  potentiation: physiology V .............................................. Poster Tue PM
620. Long-term  potentiation: physiology V I ........................................... Poster W ed AM
404. M echanism s o f neurotransm itter r e l e a s e ......................................... Slide Tue AM
522. M echanism s o f neurotransm itter release:

calcium channels, excocytosis and quantal r e le a s e .......................... Poster Tue PM
716. M echanism s o f neurotransm itter release: m odulation ............... Poster W ed PM
717. M echanism s o f neurotransm itter release: o t h e r ............................ Poster W ed PM
619. M echanism s o f neurotransm itter release: signal 

transduction and protein-protein in te rac tio n s ................................. Poster W ed AM
814. O ther ion channels .................................................................................. Poster Thu AM
591. Postsynaptic m e c h a n is m s ..................................................................... Slide W ed AM

37. Postsynaptic m echanism s: calcium  and calcium
dynam ics .................................................................................................... Poster Sun AM

228. Postsynaptic m echanism s: dendrites and postsynaptic 
density ......................................................................................................... Poster M on AM

807. Postsynaptic m echanism s: excitability ........................................... Poster Thu AM
130. Postsynaptic m echanism s: glutam atergic transm ission ............. Poster Sun PM
523. Postsynaptic m echanism s: inhibitory transm ission .................... Poster Tue PM
808. Postsynaptic m echanism s: m odulation ........................................... Poster Thu AM
719. Postsynaptic m echanism s: neuronal m odels ................................. Poster Wed PM
809. Postsynaptic m echanism s: o t h e r ........................................................ Poster Thu AM
329. Postsynaptic m echanism s: synaptic efficacy ................................. Poster M on PM
718. Postsynaptic m echanism s: synaptic in te g ra t io n ............................ Poster Wed PM
330. Potassium  channel physiology, pharm acology and 

m odulation I . ............................................................................................. Poster M on PM

x x i i
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429. P otassium  channel physiology, pharm acology and 
m odulation  II .............................................................................................. Poster Tue A M

527. P otassium  channel physiology, pharm acology and 
m odulation  III ........................................................................................... Poster Tue PM

528. P otassium  channel physiology, pharm acology and 
m odulation  IV  ........................................................................................... P oster Tue PM

622. Potassium  channel structure, function  and expression I ............. P oster W ed A M
813. P otassium  channel structure, function  and expression  I I .......... P oster Thu AM
792. Potassium  c h a n n e ls ................................................................................... S lide Thu A M
128. P resynaptic  m echanism s I ...................................................................... P o s te r Sun PM
129. P resynaptic  m echanism s I I .................................................................... Poster Sun PM
204. P resynaptic  m echanism s III ................................................................. S lide M on AM
226. P resynaptic  m echanism s IV  ................................................................. P oster M on AM
227. Presynaptic  m echanism s: calc ium  d y n a m ic s .................................. P oster M on A M
327. Presynaptic  m echanism s: m o d u la t io n ............................................... Poster M on PM
328. P resynaptic  m echanism s: m odulation  by g lia  ............................... Poster M on PM

35. P resynaptic  m echanism s: release m a c h in e ry .................................. P oster Sun A M
36. P resynaptic  m echanism s: vesicle cycling ....................................... P oster Sun A M

586. R ev ea lin g  th e  K a in a te  R e c e p to r  F u n c t i o n .................................. S y m p W ed A M
297. T h e  R o le  o f  P o s tsy n a p tic  P ro te in  K in ases  a n d  

P h o sp h a ta se s  in  C a lc iu m -R e g u la te d  S y n ap tic  
P l a s t i c i t y ...................................................................................................... S y m p M o n  P M

525. Sodium  channels: m olecular, recom binant and
cell line s tu d ie s ........................................................................................... Poster Tue PM

722. Sodium  channels: m utations and m odulations . . . ........................ Poster W ed PM
427. Sodium  channels: native s t u d i e s ......................................................... P oster Tue AM
394. S tru c tu re ,  F u n c tio n  a n d  P la s tic ity  o f  D e n d rit ic

S p in es .......................................................................................................... Symp T ue A M

T h e me 

T r a n

e  D :  N e u r o t r a n s m i t t e r s ,  M o d u l a t o r s ,

SPORTERS A N D  RECEPTORS

3. A  C e llu la r  M ec h a n ism  o f  O p io id  W i th d r a w a l .......................... S y m p S u n  A M
529. A cetylcholine: o t h e r ................................................................................. Poster Tue PM
208. A cety lcho line receptors ......................................................................... S lide M on A M
623. A cety lcho line receptors: m uscarin ic I ............................................... P oster W ed A M
624. A cetylcholine receptors: m uscarin ic II ............................................ P oster W ed A M
530. A cety lcho line receptors: n ic o t in ic ....................................................... Tue PM
331. A cetylcholine receptors: nicotin ic— α 7 s u b u n i ts .......................... M on PM

40. A cetylcholine receptors: nicotin ic— anatom y ............................... Poster Sun A M
332. A cety lcho line  receptors: nicotin ic— expression

and function  ................................................................................................. P oster M on PM
39. A cety lcho line receptors: nicotin ic— p h a rm a c o lo g y ..................... P oster Sun A M

133. A cety lcho line receptors: n icotin ic— physio logy
and function  I .............................................................................................. Poster Sun PM

134. A cetylcholine receptors: nicotin ic— physiology
and function  II ........................................................................................... P oster Sun PM

236. A drenergic re c e p to rs ..................... ........................................................... P oster M on A M
17. C atecholam ine re c e p to r s ......................................................................... S lide Sun A M

235. C atecholam ine receptors: knock-outs and related  studies . . . . P oster M on A M
237. C atecholam ine receptors: r e g u la t io n ................................................. P oster M on A M
537. C atecholam ine receptors: structure and fu n c t io n .......................... P oster Tue PM
794. C atecholam ines ......................................................................................... S lide Thu A M

628. C atecholam ines: anatom y and p h y s io lo g y ....................................... P oster W ed A M
629. C atecholam ines: b iosynthetic  e n z y m e s ............................................ P oster W ed AM
139. C atecholam ines: physio logy I ............................................................... P oster Sun PM
140. C atecholam ines: physio logy II ............................................................ P oster Sun PM
141. C atecholam ines: physio logy  III ......................................................... P oster Sun PM
339. D opam ine receptors: anatom y and physio logy I .......................... P oster M on PM
340. D opam ine receptors: anatom y and physio logy I I .......................... P oster M on PM
504. E xcitatory  am ino acid receptors ......................................................... S lide Tue PM
135. E xcitato ry  am ino acid  receptors: e x p r e s s io n .................................. P oster Sun PM

xxiii
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430. Excitatory  am ino acid receptors: gene e x p re s s io n ....................... P oster Tue A M
232. Excitatory  am ino acid receptors: m etabotropic

glutam ate receptors I .............................................................................. Poster M on A M
335. E xcitatory  am ino acid receptors: m etabotropic

glu tam ate receptors I I .............................................................................. Poster M on PM
431. Excitatory  am ino acid receptors: m etabotropic

glu tam ate receptors III ....................................... .................................... Poster Tue A M
531. E xcitatory  am ino acid receptors: m etabotropic

glu tam ate receptors I V ........................................................................... Poster Tue PM
43. E xcitatory  am ino acid receptors: physiology, 

pharm acology and m odulation  I ......................................................... Poster Sun A M
44. Excitatory  am ino acid receptors: physiology, 

pharm acology and m odulation  II . .................................................... Poster Sun A M
136. E xcitatory  am ino acid receptors: physiology, 

pharm acology and m odulation  I I I ....................................................... Poster Sun PM
231. E xcitatory  am ino acid receptors: physiology, 

pharm acology  and m odulation  I V ....................................................... Poster M on A M
336. E xcitatory  am ino acid receptors: physiology, 

pharm acology and m odulation  V ....................................................... Poster M on PM
724. E xcitatory  am ino acid receptors: physiology, 

pharm acology and m odulation  V I ....................................................... Poster W ed PM
725. E xcitatory  am ino acid receptors: physiology, 

pharm acology and m odulation  V II .................................................... Poster W ed PM
334. E xcitatory  am ino acid receptors: pro tein-protein  

in te ra c t io n s ................................................................................................... Poster M on PM
532. E xcitatory  am ino acid receptors: regulation

o f expression  .............................................................................................. Poster Tue PM
333. Excitatory amino acid receptors: structure-function

s tu d ie s ............................................................................................................. Poster M on PM
114. E xcitatory  am ino a c i d s ........................................................................... S lide Sun PM

41. E xcitatory  am ino acids: anatom y and physio logy I ..................... Poster Sun A M
42. E xcitatory  am ino acids: anatom y and physio logy II .................. Poster Sun A M

229. E xcitatory  am ino acids: pharm acology I .......................................... Poster M on A M
230. E xcitatory  am ino acids: pharm acology II ....................................... Poster M on A M
138. G ABA: G A D  and G A B A  studies ....................................................... Poster Sun PM
726. G A B A  receptors: C l- fluxes and gradients .................................... Poster W ed PM
533. G A B A  receptors: G A B A a  receptor-associated  proteins .......... Poster Tue PM
625. G A B A  receptors: G A B A b r e c e p to r s ................................................. Poster W ed AM
815. G A B A  receptors: G A B A C re c e p to r s ................................................. Poster Thu AM

45. G A B A  receptors: m odulation  o f G A B A a  receptors I ................ Poster Sun A M
233. G A B A  receptors: m odulation  o f G A B A a  receptors I I ................ Poster M on A M
795. G A B A  receptors: m olecu lar studies o f  G A B A A,

G A B A b and G A B A C re c e p to rs ............................................................ S lide Thu AM
727. G A B A  receptors: m olecu lar studies o f  native

G A B A a  r e c e p to r s ...................................................................................... Poster W ed PM
402. G A B A  receptors: native G A B A a  r e c e p to r s .................................... Slide Tue A M
534. G A B A  receptors: phosphorylation  o f G A B A a  r e c e p to r s .......... Poster Tue PM
728. G A B A  receptors: physio logical studies o f  native

G A B A a  r e c e p to r s ...................................................................................... Poster W ed PM
46. G A B A  receptors: recom binant studies o f  G A B A a 

receptors ........................................................................................................ Poster Sun A M
137. G A B A  receptors: s t e r o id s ...................................................................... Poster Sun PM
730. H istam ine and h istam ine r e c e p to r s .................................................... Poster W ed PM
824. In teractions betw een n e u ro tra n sm itte rs ............................................ Poster Thu AM

48. In teractions betw een neurotransm itters:
5HT-DA and o th e r s ............................................ ....................................... Poster Sun AM

823. Interactions betw een neurotransm itters:
D A -excitatory am ino acid in teractions ............................................ Poster Thu AM

694. In teractions betw een neurotransm itters: o t h e r ............................... S lide W ed PM
97. N ew  In s ig h ts  in to  th e  R o le  o f  R e c e p to r  T ra ffick in g  

in  N e u ro n a l S ig n a l in g ............................................................................ S y m p S u n  P M

X X IV
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338. O piate receptor: lo c a l iz a t io n ................................................................. Poster M on PM
337. O piate receptor: µ ...................................................................................... Poster M on PM
401. O piate receptor: o rphanin— others .................................................... Slide Tue AM
820. O pioid and opiate receptors ................................................................. Poster Thu AM

535. O pioid and opiate receptors: m o d u la tio n .......................... ............... Poster Tue PM

210. O pioid  and opiate receptors: µ and κ  ............................................... Slide M on AM
433. O pioid  and opiate receptors: µ, k and σ  .......................................... Poster Tue AM
536. O pioid  and opiate receptors: peptides and knock-out ................ P oster Tue PM

627. O pioid  and opiate receptors: σ  ............................................................ Poster W ed A M
630. O ther neurotransm itters I ...................................................................... Poster W ed AM
693. O ther neurotransm itters I I ...................................................................... S lide W ed PM
729. O ther neurotransm itters I I I .................................................................... Poster W ed PM
821. O ther neurotransm itters I V .................................................................... Poster Thu AM

822. O ther neurotransm itters: N O  and others .......................................... Poster Thu AM

234. Peptide receptors: structure and function  I .................................... P oster M on AM
432. Peptide receptors: structure and function I I .................................... Poster Tue AM

626. Peptide receptors: structure and function  I I I .................................. Poster W ed A M
817. Peptides: anatom y and physio logy I ................................................. Poster Thu AM

818. Peptides: anatom y and physio logy II ............................................... Poster Thu AM

819. Peptides: anatom y and physio logy I I I ............................................... Poster Thu AM

403. Peptides: biosynthesis, m etabolism  and b iochem ical 
characterization  I ...................................................................................... S lide Tue AM

816. Peptides: b iosynthesis, m etabolism  and b iochem ical 
characterization  I I ...................................................................................... Poster Thu AM

49. Second m essengers and phosphorylation  I ..................................... Poster Sun A M
50. Second m essengers and phosphorylation  I I .................................... Poster Sun A M

109. Second m essengers and phosphorylation  I I I .................................. Slide Sun PM
242. Second m essengers and phosphorylation  I V .................................. Poster M on AM
342. Second m essengers and phosphorylation  V .................................... Poster M on PM
441. Second m essengers and phosphorylation  V I .................................. Poster Tue A M
692. Serotonin ..................................................................................................... S lide W ed PM
436. Serotonin: anatom y and physio logy .................................................. Poster Tue A M
437. Serotonin: behavior and e le c tro p h y s io lo g y .................................... Poster Tue A M
438. Serotonin: physio logy o f 5 H T 1A system s ............. ......................... Poster Tue A M
439. Serotonin: studies on t r a n s p o r t ............................................................ Poster Tue AM
538. Serotonin receptors: 5 H T 1 recep tor regulation  ............................. Poster Tue PM
540. Serotonin receptors: 5H T 2 recep tor biochem istry

and cell bio logy ......................................................................................... Poster Tue PM
541. Serotonin  receptors: 5H T 2 recep tor physio logy

and pharm acology ................................................................................... Poster Tue PM
435. Serotonin  receptors: 5H T 3, 5H T 4, 5H T 6 and 5H T 7 Poster Tue A M
239. Serotonin receptors: anatom ical studies .......................................... Poster M on A M
238. Serotonin  receptors: knock-outs and k n o c k -d o w n ........................ Poster M on A M
308. Serotonin receptors: m olecu lar and cellu lar s tu d ie s ..................... S lide M on PM
434. Serotonin receptors: m utants, ed iting  and signal 

transduction  ................................................................................................ Poster Tue A M
539. Serotonin receptors: physio logy  and pharm acology .................. Poster Tue PM
143. S ignal transduction: gene expression  and plasticity  I .................. P o s t e r Sun PM
343. Signal transduction: gene expression  and p lasticity  I I ................ Poster M on PM
492. Signal transduction: gene expression  and p lasticity  III ............. S lide Tue PM
542. Signal transduction: gene expression  and p lasticity  IV  ............. Poster Tue PM
732. S ignal transduction: gene expression  and p lasticity  V ................ P oster W ed PM
733. Signal transduction: gene expression  and p lasticity  V I ............. P oster W ed PM

47. Transm itters in invertebrates I ............................................................... P o ster Sun A M
142. T ransm itters in invertebrates I I ............................................................ Poster Sun PM
731. T ransm itters in  invertebrates III ......................................................... Poster W ed PM
631. Transporters: A Ch— o t h e r ...................................................................... Poster W ed A M
240. Transporters: dopam ine I ...................................................................... Poster M on AM
241. T ransporters: dopam ine I I ...................................................................... Poster M on A M
113. Transporters: dopam ine and norepinephrine .................................. S lide Sun PM
825. Transporters: g lu tam ate ......................................................................... P oster Thu AM
826. Transporters: g lu tam ate and g l y c i n e .................................................. Poster Thu AM
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341. Transporters: norepinephrine and V M A T -2 .................................... Poster M on PM
309. T ransporters: o t h e r ................................................................................... S lide M on PM
440. Transporters: s e r o to n in ........................................................................... Poster Tue AM

T h e m e  E : E n d o c r i n e  a n d  A u t o n o m i c  

R e g u l a t i o n

245. Cardiovascular regulation: central m echanism s ................................ Poster M on AM
54. Cardiovascular regulation: central m echanism s— fo r e b ra in .......... Poster Sun AM

246. Cardiovascular regulation: central m echanism s— m e d u l la ............ Poster M on AM
344. Cardiovascular regulation: central mechanism s— N T S .................... Poster M on PM
147. Cardiovascular regulation: central m echanism s— R V L M .......... Poster Sun PM
345. Cardiovascular regulation: peripheral m e c h a n ism s .......................... Poster M on PM
411. C entral cardiovascular: central m echanism s .................................. S lide Tue A M
489. C N S R e g u la tio n  o f  E n e rg y  B a la n c e ............................................... S y m p T ue P M
635. G astro in testinal and urogenital regulation: b l a d d e r ..................... Poster W ed AM
636. G astro in testinal and urogenital regulation:

b ladder and o t h e r ...................................................................................... P oster W ed AM
443. G astro in testinal regulation  ................................................................... Poster Tue A M

51. HPA regulation I ........................................................................................ Poster Sun A M
243. HPA regulation  I I ..................................................................................... Poster M on A M
543. HPA regulation  III ................................................................................... P oster Tue PM
544. HPA regulation  IV  ................................................................................... Poster Tue PM
110. H PG  regulation I ..................................................................................... S lide Sun PM
144. H PG  regulation I I ...................................................................................... Poster Sun PM
244. H PG  regulation  III ................................................................................... Poster M on A M
545. H PG  regulation  I V ................................................................................... P o s t e r Tue PM
632. H PG  regulation  V ...................................................................................... P o ste r W ed A M
827. H PG  regulation  V I ................................................................................... Poster Thu AM
201. H ypothalam ic-pitu itary : adrenal re g u la t io n ..................................... S lide M on AM
737. N eural-im m une I ...................................................................................... Poster W ed PM
738. N eural-im m une I I ...................................................................................... Poster W ed PM
739. N eural-im m une I I I ................................................................................... Poster W ed PM
828. N eural-im m une I V ................................................................................... Poster T hu A M
633. N eural-im m une in teractions I .............................................................. Poster W ed AM
634. N eural-im m une in teractions II ............................................................ Poster W ed AM
736. N euroendocrine regulation: androgen and progesterone .......... Poster W ed PM
734. N euroendocrine regulation: e s t ro g e n ................................................. P oster W ed PM
442. N euroendocrine regulation: leptin , obesity  and food intake . . . Poster Tue A M
146. N euroendocrine regulation: paraventricular

hypothalam ic nucleus and o ther ......................................................... P oster Sun PM
53. N euroendocrine regulation: pro lactin  and g a la n i n ....................... P oster Sun A M

546. N euroendocrine regulation: stress and o ther fu n c tio n s ................ Poster Tue PM
735. N euroendocrine regulation: supraoptic n u c le u s ............................. Poster W ed PM

52. O sm otic r e g u la t io n ................................................................................... P oster Sun A M
214. R espiratory  regulation: b rainstem  m e c h a n is m s ............................. Slide M on A M
148. R espiratory  regulation: chem osensory  m e c h a n ism s ..................... Poster Sun PM
149. R espiratory  regulation: developm ent and m odulation  ................ Poster Sun PM
347. R espiratory  regulation: netw orks and n e u ro a n a to m y .................. Poster M on PM
346. R espiratory  regulation: pre-B ötzinger c o m p le x ............................. Poster M on PM
145. T herm al regulation  and fever .............................................................. Poster Sun PM

T h e m e  F: S e n s o r y  S y s t e m s

356. A uditory  p e r ip h e r y ........................................................................... Poster M on PM
157. A uditory physiology: cortex and com plex s t im u l i ....................... Poster Sun PM
357. A uditory physiology: cortex and plasticity  .................................... Poster M on PM
746. A uditory  physiology: cortex and thalam ocortical ....................... Poster W ed PM

553. A uditory physiology: sound lo c a liz a t io n .......................................... Poster Tue PM
643. A uditory physiology: subcortical s y s te m s ....................................... Poster W ed A M

747. A uditory system s: central a n a to m y .................................................... Poster W ed PM

595. C hem ical senses I ...................................................................................... Slide W ed A M

836. C hem ical senses I I ................................................................................... Poster Thu AM

xxvi *Note that session 735 was erroneously listed under Theme D in Abstracts, Part 1.
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450. Chemical senses: development and regenera tion ........................ Poster Tue AM
359. Chemical senses: invertebrates ....................................................... Poster Mon PM
256. Chemical senses: olfactory system I .............................................. Poster Mon AM
358. Chemical senses: olfactory system II ........................................... Poster Mon PM
748. Chemical senses: olfactory system I I I ........................................... Poster Wed PM
749. Chemical senses: taste ...................................................................... Poster Wed PM
296. M ain ta in ing  S table Spatia l R e p re s e n ta tio n s ........................... Sym p M on PM
446. Pain modulation: anatomy and physiology—

higher centers I .................................................................................... Poster Tue AM
447. Pain modulation: anatomy and physiology—

higher centers I I .................................................................................. Poster Tue AM
349. Pain modulation: anatomy and physiology—

h y p era lg es ia ......................................................................................... Poster Mon PM
350. Pain modulation: anatomy and physiology—  

inflammation ....................................................................................... Poster Mon PM
548. Pain modulation: anatomy and physiology—

neuropathic p a i n .................................................................................. Poster Tue PM
831. Pain modulation: anatomy and physiology—

peripheral mechanisms I ........................................... ........................ Poster Thu AM
832. Pain modulation: anatomy and physiology—

peripheral mechanisms II ................................................................. Poster Thu AM
153. Pain modulation: anatomy and physiology—

spinal cord I ........................................................................................ Poster Sun PM
154. Pain modulation: anatomy and physiology—

spinal cord II ....................................................................................... Poster Sun PM
495. Pain modulation: p h a rm aco lo g y ..................................................... S l i d e Tue PM
742. Pain modulation: pharmacology— amino a c i d s ........................... Poster Wed PM
251. Pain modulation: pharmacology— anticonvulsants

and G A B A ............................................................................................ Poster Mon AM
641. Pain modulation: pharmacology— cannabinoids, 

vanilloids, ACh, amines and p u r in e s .............................................. Poster Wed AM
250. Pain modulation: pharmacology— cellular mechanisms 

and other ............................. ................................................................ Poster' Mon AM
640. Pain modulation: pharmacology— channels, channel 

blockers and local an es th e tic s .......................................................... Poster Wed AM
155. Pain modulation: pharmacology— cytokines, inflammation 

and anti-inflammatory a g e n t s .......................................................... Poster Sun PM
639. Pain modulation: pharmacology— neuropeptides and 

se ro ton in ................................................................................................ Poster Wed AM
741. Pain modulation: pharmacology— NMD A re c e p to rs ................. P o s t e r Wed PM
351. Pain modulation: pharmacology— opiates I .................................. Poster Mon PM
352. Pain modulation: pharmacology— opiates I I ............................... Poster Mon PM
353. Pain modulation: pharmacology— opiates III ............................. Poster Mon PM
740. Pain modulation: pharmacology— tachykinins ........................... P rilte r Wed PM
212. Pain pathways and m o d u la tio n ....................................................... Slide Mon AM
445. Pain pathways— fo reb ra in ....................................................... .. Poster Tue AM
547. Pain pathways— neuropathic, visceral and chronic pain .......... Poster Tue PM
151. Pain pathways— peripheral m ech an ism s....................................... Sun PM
152. Pain pathways— spinal cord and b ra in s te m .................................. Poster Sun PM
833. Retina and photoreceptors: anatomy and patterns

of gene and protein e x p re ss io n ....................................................... Poster Thu AM
156. Retina and photoreceptors: inverteb rates....................................... Poster Sun PM
743. Retina and photoreceptors: light/dark adaptation

and b eh a v io r ......................................................................................... Poster Wed PM
57. Retina and photoreceptors: neurophysiology I ............................. Poster Sun AM

410. Retina and photoreceptors: neurophysiology I I ........................... Slide Tue AM
252. Retina and photoreceptors: nitric o x id e ......................................... Poster Mon AM
744. Retina and photoreceptors: pathophysiology

and d is e a s e ............................................................................................ P o s t e r Wed PM
253. Retina and photoreceptors: photoreceptors and 

pigment ep ith e liu m ................................................................... .. Poster Mon AM
348. Somatic and visceral afferents: anatomy and physio logy .......... Poster Mon PM
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247. Somatic and visceral afferents: dorsal root
g a n g l ia .................................................. ...................................... . . . .  Poster Mon AM

150. Somatic and visceral afferents: pain .................................... . . . .  Poster Sun PM
637. Somatic and visceral afferents: trigeminal n e r v e .............. ___  Poster Wed AM
638. Somatic and visceral afferents: vagus nerve ...................... . . . .  Poster Wed AM
597. Somatosensory cortex and thalamocortical 

re la tio n sh ip s............................................................................... Slide Wed AM
444. Somatosensory cortex and thalamocortical 

relationships: higher cortical fu n c tio n s ............................... . . . .  Poster Tue AM
56. Somatosensory cortex and thalamocortical 

relationships: neuronal ensembles and n e tw o rk s .............. . . . .  Poster Sun AM
249. Somatosensory cortex and thalamocortical 

relationships: p la s tic ity ............................................................ . . . .  Poster Mon AM
248. Somatosensory cortex and thalamocortical 

relationships: rodent c o r te x ..................................................... . . . .  Poster Mon AM
55. Somatosensory cortex and thalamocortical 

relationships: thalamocortical functions ............................. . . . .  Poster Sun AM
829. Spinal and subcortical somatosensory pathways I ............ . . . .  Poster Thu AM
830. Spinal and subcortical somatosensory pathways II .......... . . . .  Poster Thu AM

58. Subcortical visual pathways I ................................................ ___  Poster Sun AM
549. Subcortical visual pathways II ........................................... . . . .  Poster Tue PM
642. Subcortical visual pathways I I I .............................................. -----  Poster Wed AM
552. Vestibular p e r ip h e ry ................................................................. . . . .  Poster Tue PM
106. Visual cortex: extrastriate I ..................................................... . . . .  Slide Sun PM
213. Visual cortex: extrastriate II ................................................ Slide Mon AM
255. Visual cortex: extrastriate I I I ................................................ . . . .  Poster Mon AM
355. Visual cortex: extrastriate IV .............................................. . . . .  Poster Mon PM
449. Visual cortex: extrastriate V ................................................ ___  Poster Tue AM
493. Visual cortex: extrastriate V I .................................................. .........  Slide Tue PM
550. Visual cortex: extrastriate V I I ................................................ . . . .  Poster Tue PM
594. Visual cortex: extrastriate VIII .............................................. . . . .  Slide Wed AM
686. Visual cortex: extrastriate IX ................................................ . . . .  Slide Wed PM
788. Visual cortex: extrastriate X .................................................. . . . .  Slide Thu AM
834. Visual cortex: extrastriate XI ................................................____  Poster Thu AM

10. Visual cortex: striate I .............................................................. . . . .  Slide Sun AM
59. Visual cortex: striate I I ............................................................ .........  Poster Sun AM

105. Visual cortex: striate III ......................................................... .........  Slide Sun PM
254. Visual cortex: striate IV ......................................................... .........  Poster Mon AM
305. Visual cortex: striate V .....................................................................  Slide Mon PM
354. Visual cortex: striate VI ......................................................... Mon PM
448. Visual cortex: striate V I I ......................................................... .........  Poster Tue AM
497. Visual cortex: striate V I I I ....................................................... .........  Slide Tue PM
691. Visual cortex: striate IX ......................................................... .........  Slide Wed PM
745. Visual cortex: striate X ............................................................ .........  Poster Wed PM
789. Visual cortex: striate XI ......................................................... .........  Slide Thu AM
551. Visual psychophysics: discrimination, detection

and contrast ............................................................................... .........  Poster Tue PM
835. Visual psychophysics: other ............................................................  Poster Thu AM

T h e m e  G: M o t o r  S y t e m s  a n d  
S e n s o r im o t o r  I n t e g r a t io n

790. Basal ganglia ......................................................................................  Slide Thu AM
260. Basal ganglia: an a to m y .....................................................................  Poster Mon AM
160. Basal ganglia: clinical disorders and m o d e ls ..................... .........  Poster Sun PM
259. Basal ganglia: dopamine I ....................................................... .........  Poster Mon AM
646. Basal ganglia: dopamine I I ..............................................................  Poster Wed AM
647. Basal ganglia: dopamine III ................................................ .........  Poster Wed AM
648. Basal ganglia: g lu tam a te ......................................................... .......... Poster Wed AM
645. Basal ganglia: physiology I ..............................................................  Poster Wed AM
649. Basal ganglia: physiology I I .................................................. .........  Poster Wed AM
161. Basal ganglia: transmitters and receptors ............ .......................  Poster Sun PM
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554. Cerebellum: eye movement, eye blink and o th e r s ................. Poster Tue PM
556. Cerebellum: human s tu d ie s .......................................................... . .  Poster Tue PM
555. Cerebellum: non-human primate s tu d ie s .................................. . . Poster Tue PM
262. Cerebellum: rodent models-anatomy and cell b io lo g y .......... Poster Mon AM
261. Cerebellum: rodent m odels-physio logy.................................... . . Poster Mon AM
159. Cerebral cortex I ............................................................................. . .  Poster Sun PM
258. Cerebral cortex I I ........................................................................... Poster Mon AM
158. Cerebral cortex: motor ................................................................. Poster Sun PM
499. Cerebral cortex: m o v em en t.......................................................... Slide Tue PM
257. Cerebral cortex: premotor and prefrontal ............................... . . Poster Mon AM
751. Circuitry and pattern generation: invertebrate I ...................... . . Poster Wed PM
752. Circuitry and pattern generation: invertebrate II ................... . . Poster Wed PM
655. Circuitry and pattern generation: modeling and

analytic m e th o d o lo g y .................................................................... . . Poster Wed AM
654. Circuitry and pattern generation: vertebrate ........................... . . Poster Wed AM

2. Dystonia and Reorganization of Sensorimotor Maps . . . Symp Sun AM
63. Invertebrate motor and sensory systems I ............................... . .  Poster Sun AM

840. Invertebrate motor and sensory systems II ............................. . . Poster Thu AM
454. Locomotion I .................................................................................. . . Poster Tue AM
838. Locomotion II ................................................................................ . . Poster Thu AM
264. M ovement I .................................................................................... . . Poster Mon AM
652. Movement I I ..................................................................................... . . Poster Wed AM
839. Movement: reach and grasp ........................................................ . .  Poster Thu AM
164. Movement: re a c h in g ...................................................................... Poster Sun PM
165. Muscle and motor units I ............................................................ . . Poster Sun PM
656. Muscle and motor units I I ............................................................ . . Poster Wed AM
750. Oculomotor system: accommodation, vergence

and eye blink .................................................................................. . . Poster Wed PM
685. Oculomotor system: behavior and vestibulo-ocular reflex . . Slide Wed PM
263. Oculomotor system: behavioral s tu d ie s .................................... . . Poster Mon AM

60. Oculomotor system: brainstem and ce reb e llu m ...................... . . Poster Sun AM
209. Oculomotor system: cortex I ....................................................... Slide Mon AM
451. Oculomotor system: cortex I I ..................................................... Poster Tue AM
557. Oculomotor system: smooth pursuit, head movement

a n d  VOR ......................................................................................... . .  Poster Tue PM
163. Oculomotor system: superior colliculus .................................. . .  Poster Sun PM
590. Oculomotor system: superior colliculus and brainstem . . . . Slide Wed AM

61. P o s tu re .............................................................................................. . .  Poster Sun AM
455. Posture and movement I ............................................................... Poster Tue AM
558. Posture and movement II ............................................................ . .  Poster Tue PM
698. Posture and movement I I I ............................................................ Slide Wed PM

62. Posture and movement: axial ..................................................... . .  Poster Sun AM
653. Posture and movement: injury and rehabilita tion ................... Poster Wed AM
837. Reflex fu n c tio n ................................................................................ . . Poster Thu AM
453. Spinal cord and brainstem: afferent processing

and other ......................................................................................... . .  Poster Tue AM
452. Spinal cord and brainstem: anatomy, histology

and im a g in g ..................................................................................... . .  Poster Tue AM
360. Spinal cord and brainstem: m otoneurons.................................. Poster Mon PM
361. Spinal cord and brainstem: premotor circuits and

pattern g en e ra tio n ........................................................................... Poster Mon PM
644. T h a la m u s .................................. ....................................................... . .  Poster Wed AM
162. Vestibular system I . . . .................................................................. Poster Sun PM
650. Vestibular system II ...................................................................... . .  Poster Wed AM
651. Vestibular system: OR ................................................................. Poster Wed AM

T h e m e  H: O t h e r  S y s t e m s  o f  t h e  CNS

457. Association cortex and thalamocortical re la tio n s ................... . .  Poster Tue AM
169. Brain metabolism and blood flow: brain disorders ............... . .  Poster Sun PM
168. Brain metabolism and blood flow: human

methodological and conceptual is s u e s ....................................... . .  Foster Sun PM
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458. Brain metabolism and blood flow: metabolism— glia,
glutamate and o th e rs ........................................................................ Poster Tue AM

167. Brain metabolism and blood flow: methods— o th e r ................. . Poster Sun PM
460. Brain metabolism and blood flow: NO and other

factors— animals ................................................................................ Poster Tue AM
166. Brain metabolism and blood flow: optical methods

and laser D o p p le r ............................................................................. Poster Sun PM
459. Brain metabolism and blood flow: others .................................. Poster Tue AM
461. Brain metabolism and blood flow: p h arm aco logy ................... Poster Tue AM

64. Comparative neuroanatomy .......................................................... . Poster Sun AM
265. Limbic system: amygdala, hypothalamus and other areas . . . Poster Mon AM
362. Limbic system: hippocampus I ..................................................... . Poster Mon PM
456. Limbic system: hippocampus II ................................................... Poster Tue AM
559. Limbic system: hippocampus and related a r e a s ........................ Poster Tue PM

T h e m e  I: N e u r a l  B a s is  o f  B e h a v i o r

488. A m ygdala and  M ore! .............................................. ..................... Syn*p Tue PM
375. Behavioral pharmacology I ............................................................ Poster Mon PM
470. Behavioral pharmacology I I .......................................................... Poster Tue AM
567. Behavioral pharmacology III ....................................................... Poster Tue PM
766. Behavioral pharmacology IV ....................................................... Poster Wed PM
848. Behavioral pharmacology V .............. ’ ........................................ Poster Thu AM

12. Biological rhythms and sleep I ..................................................... Slide Sun AM
369. Biological rhythms and sleep II ................................................... Poster Mon PM
563. Biological rhythms and sleep I I I ................................................... . Poster Tue PM
761. Biological rhythms and sleep I V ................................................... Poster Wed PM
663. Biological rhythms and sleep: gene ex p re ss io n ........................ Poster Wed AM
273. Biological rhythms and sleep: m ela ton in .................................... Poster Mon AM
272. Biological rhythms and sleep: pharmacology of s le e p ............ Poster Mon AM
762. Biological rhythms and sleep: rhythms neuroanatomy .......... Poster Wed PM
466. Biological rhythms and sleep: rhythms pharmacology .......... Poster Tue AM
664. Biological rhythms and sleep: sleep mechanisms ................... Poster Wed AM
202. Cognition: attention ........................................................................ Slide Mon AM

69. Cognition: attention— other .......................................................... . Poster Sun AM
70. Cognition: attention— rodent s tu d ie s ........................................... . Poster Sun AM

658. Cognition: attention— spatial and intermodal s e le c tio n .......... Poster Wed AM
657. Cognition: attention— visual and auditory p e rc e p tio n ............ Poster Wed AM
659. Cognition: attention— visual and response selection

and task control ................................................................................ Poster Wed AM
71. Cognition: higher functions— decision, executive,

language and consciousness .................................... ..................... Poster Sun AM
104. Cognition: higher functions— emotion, decision-making

and executive control ...................................................................... Slide Sun PM
464. Cognition: higher functions— imaging, attention

and hippocampus ............................................................................. Poster Tue AM
463. Cognition: higher functions— patients and sex differences . . Poster Tue AM
170. Cognition: higher functions— sensory and motor

processes I ......................................................................................... . Poster Sun PM
695. Cognition: higher functions— sensory and motor

processes I I ......................................................................................... Slide Wed PM
842. Cognition: human learning and memory— aging and others . Poster Thu AM
603. Cognition: human learning and memory— declarative

and nondeclarative ........................................................................... Slide Wed AM
66. Cognition: human learning and memory— eye-blink

co n d itio n in g ....................................................................................... . Poster Sun AM
266. Cognition: human learning and memory— imaging

of encoding and retrieval I ............................................................ Poster Mon AM
302. Cognition: human learning and memory— imaging

of encoding and retrieval I I ............................................................ Slide Mon PM
494. Cognition: human learning and memory— imaging

of working memory I ...................................................................... Slide Tue PM
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753. Cognition: human learning and memory— imaging
of working memory II ................................................................... . Poster Wed PM

754. Cognition: human learning and memory— nondeclarative
memory .............................................................................................. Foster Wed PM

841. Cognition: human learning and memory— patient
studies ................................................................................................ . Poster Thu AM

408. Cognition: human learning and memory— skill acquisition . . Slide Tue AM
68. Cognition: human learning and memory— skill learning . . . . . Poster Sun AM
65. Cognition: human learning and memory— spatial memory

and paired associate learning ....................................................... . Poster Sun AM
67. Cognition: human learning and memory— working

memory .............................................................................................. Poster Sun AM
15. Cognition: la n g u a g e ........................................................................ Slide Sun AM

364. Cognition: language— other .......................................................... . Poster Mon PM
363. Cognition: language— patient and developmental models . . . Poster Mon PM
462. Cognition: language— phonological, semantics and

sentential p rocessing ........................................................................ Poster Tue AM
77. Comparative neuroethology .......................................................... Poster Sun AM

683. Genetic Analyses in Behavioral E n docrinology .................... . S y m p Wed PM
198. Hippocampal Neurons: Place Cells or M o r e ? ...................... Mon AM

79. Ingestive behavior I ........................................................................ Poster Sun AM
370. Ingestive behavior I I ........................................................................ . P o s t e r Mon PM
406. Ingestive behavior I I I ................................................................... .. Slide Tue AM
847. Ingestive behavior I V ...................................................................... . Poster Thu AM

11. Ingestive behavior: neuropeptides I .............................................. Slide Sun AM
175. Ingestive behavior: neuropeptides I I ........................................... . Poster Sun PM
276. Ingestive behavior: POMC ............................................................ . Poster Mon AM
667. Ingestive behavior: thirst and salt ap p e tite .................................. . Poster Wed AM

13. Invertebrate learning and behavior I ........................................... Slide Sun AM
275. Invertebrate learning and behavior I I ........................................... . Poster Mon AM
468. Invertebrate learning and behavior I I I ......................................... . Poster Tue AM
666. Invertebrate learning and behavior I V ......................................... . P o s t e r Wed AM

76. Learning and memory: pharmacology— acetylcholine............. . Poster Sun AM
845. Learning and memory: pharmacology— adrenergic . ............... . Poster Thu AM
846. Learning and memory : pharmacology— dopamine ................. Poster Thu AM
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486.5
EFFECT OF CHRONIC METHAMPHETAMINE PRE-EXPOSURE ON 
METHAMPHETAMINE INDUCED NEUROTOXICITY IN RAT BRAIN.
R. Lew*, J. Sokolowski and L.S. Seiden; Dept. Pharmacological & Physiological 
Sciences, Uni. Chicago; 947 E58th St Chicago, IL 60637.

In the present study, we investigate the effect of chronic methamphetamine 
(METH) pre-exposure on METH induced neurotoxicity on dopamine and serotonin 
systems in rat brain. Several studies have reported prior exposure to low doses of 
amphetamine or METH can protect against METH neurotoxicity. It is feasible that 
pre-exposure causes either down-regulation of dopamine and serotonin transporters 
or a decrease in affinity of dopamine and serotonin transporters for METH. In 
either case, less METH is taken into nerve terminals which results in decreased 
neurotransmitter release and decreased neurotoxicity. Male Holtzman rats (200- 
300 gm) were housed two per cage with free access to food and water. On Day 1 
rats were divided into two groups and were injected daily with either saline (0.9% 
NaCl; 1ml/kg) or METH (2 mg/kg) for a total of 7 injections. Four days after the 
last injection (i.e., Day 11), rats from the saline and METH treated groups were 
further subdivided into four groups which received either saline, 5 mg/kg METH,
10 mg/kg METH or 20 mg/kg METH. This second treatment regime consisted of 
one injection of saline or drug every 2 hrs for a total of 4 injections. Finally, 3 days 
(i.e., Day 14) after cessation of the second treatment regime, rats were sacrificed 
and striatum and hippocampus were dissected for radioligand binding studies with 
either 125I-RTI-121 (DA transporter) or 125I-RTI-55 (5-HT transporter).
Saturation experiments to assess changes in density of transporters and competition 
experiments with METH, amphetamine and MDMA to assess changes in affinity of 
the transporter are currently in progress. (This work was supported by research 
grant DA00085)

486.7
NEURONAL DEGENERATION IN THE RAT FOREBRAIN AFTER 
DOSES OF AMPHETAMINE THAT CAN INDUCE SEIZURES IS 
DEPENDENT ON SEIZURE SEVERITY AND AGE J.F. Bowyer1*, S.L. 
Peterson2, and G.J.Wang1. 1Div. of Neurotoxicol., NCTR/FDA, Jefferson, AR 
72079-9502.; 2 College of Pharmacy, University o f New Mexico.

Neuronal degeneration in the rat forebrain was characterized after 4 
doses of 15 mg/kg amphetamine i.p. in 2 and 6 month old Sprague-Dawley rats. 
Some seizure activity occurred in all rats exhibiting pronounced hyperthermia but 
the degree of seizure activity varied greatly within the individual rats. Over 90% 
of the rats in both age groups that showed behavioral signs of limbic seizures had 
somatic degeneration in the tenia tecta within 3 days of amphetamine exposure. 
Degenerating small star-shaped cells were seen in the septum and hippocampus 
in 70 day old rats having extensive seizure activity. Although somatic 
degeneration only sporadically occurred in the piriform cortex o f the younger 
rats, extensive isolectin B4 binding to activated microglia was observed in this 
area. Prominent somatic degeneration was seen in the piriform and frontal cortex 
of 6 month old rats that had extensive seizure activity. Damage to areas related 
to the basal ganglia, including the thalamus, parietal cortex and dorsal medial 
striatum, occurred only in rats with pronounced hyperthermia but it was not 
related to the frequency of behavioral seizure activity. Extensive 
neurodegeneration was noted in the centromedial, ventromedial, ventrolateral and 
ventral posterolateral thalamus and small interneurons of the caudate/putamen of 
70 day old rats more frequently than in the 6 month old rats. Thus, amphetamine 
can produce notable damage to the limbic system when seizures occur and to the 
basal ganglia when hyperthermia occurs. Furthermore, the neurotoxic profiles 
in these areas are age-dependent. (Supported by the FDA/NCTR).

486.9
DISRUPTION OF VESICULAR DA TRANSPORT EXACERBATES MA- 
INDUCED NEURODEGENERATION OF MIDBRAIN DA NEURONS IN 
CULTURE. K. Larsen1*, E. Fon2, R. Edwards2, D. Sulzer1. 1Depts. Neurology and 
Psychiatry, Columbia Univ.; Dept. Neuroscience, NY Psychiatric Inst.. NY. NY. 
10032; 2Dept. Neurology, UCSF, San Francisco. CA. 94143.

The neurotoxicity associated with both Parkinson’s disease and methamphetamine 
(MA) may be due to elevated oxidative stress. Although the agent(s) responsible has 
not been elucidated, dopamine (DA) is a plausible candidate; DA not only readily 
oxidizes in the cytosol to produce H2O2, free radicals, and quinones. but also is 
directly toxic to cultured neurons. We recently established mice deficient in (+/-) or 
devoid of (-/-) the brain vesicular monoamine uptake transporter. VMAT2. which is 
responsible for transporting cytosolic DA into the reducing environment of synaptic 
vesicles. We exposed midbrain cultures derived from these mice to 100-500 µM MA 
for 6 d and assessed TH-immunolabeled neurons for neurite length and number of 
primary processes. Although there were no differences among untreated cultures, we 
found that DA neurons were more susceptible to MA-induced neurodegeneration in 
inverse proportion to VMAT2 level. The effect of MA was specific for DA neurons; 
GABAergic neurons within the same cultures were unaffected. We then analyzed 
neurons for the formation and localization of intracellular oxyradicals using the 
fluorogenic dye dichlorofluorescin (DCF). Untreated neurons displayed no DCF 
fluorescence, whereas MA-treated cells revealed dose-dependent increases in DCF 
fluorescence. In MA-treated wild-type- neurons. DCF fluorescence was of high 
intensity and revealed discrete sites of MA-induced oxidative stress, particularly 
within axonal varicosities. In contrast. VMAT2-deficient neurons showed diffuse 
DCF fluorescence throughout the axon. These results suggest that neurons unable to 
sequester reactive DA metabolites within synaptic vesicles are more susceptible to 
MA-induced neurodegeneration. SPONSORED BY NIDA AND THE 
PARKINSON’S DISEASE FOUNDATION.

486.6
REACTIVE GLIOSIS IS INDUCED BY NEUROTOXIC ADMINISTRATION OF 
METHAMPHETAMINE. M,J. LaVoie*, T.G. Hastings and J.P. Card. Departments 
of Neuroscience and Neurology, University of Pittsburgh, Pittsburgh, PA 15261 

Previous studies have demonstrated methamphetamine (METH)-induced 
neurotoxicity to monoaminergic terminals in the rat striatum. In the present study, 
we sought to investigate whether reactive glial changes occur in the striatum 
following neurotoxic administration of METH. Adult male Sprague-Dawley rats 
(325-375 g) received subcutaneous injections of METH (15 mg/kg × 4, each 
injection spaced 2 hr apart), or saline. Animals were sacrificed 2, 4, and 6 days 
following treatment by transcardiac perfusion. Brains were prepared for 
immunocytochemical analyses using standard procedures. Sections (35 µm) at a 
frequency of 210 µm through the rostrocaudal extent of the forebrain and brainstem 
were processed with antibodies specific for astrocytes (anti-GFAP) and microglia 
(0X42). The data demonstrated a temporally organized reactive gliosis throughout 
the striatum. Hyperplastic responses by reactive glia were maximal at 2 days post- 
METH (n=6) and resolved to near control levels by 6 days (n=6). Furthermore, the 
magnitude of this response was greatest in the ventrolateral striatum, a subregion 
previously shown to undergo the greatest pathology. Inspection of other brain 
regions of the neuraxis revealed focal hyperplastic changes of microglia in piriform 
cortex, parietal cortex, periaqueductal gray and red nucleus that were of greater 
magnitude than those observed in the striatum. Collectively, these data demonstrate 
a robust activation of glial cells in regions known to exhibit METH-induced 
pathology and also suggest a localized pathology in other regions of the CNS. 
Reactive microglia have been shown to play an active role in other models of cell 
damage, however, additional work is needed to determine the relationship between 
the activation of microglia and the mechanism of METH-induced toxicity. 
Supported by USPHS grants DA05811 (MJL), DA09601 (TGH) and MH53574 
(JPC).

486.8
IN  VITRO M ODELING OF METHAM PHETAM INE TOXICITY
R. I. Westphalen*, G. Hatzidimitriou, J. Yuan and G. A. Ricaurte 
Department o f  Neurology, Johns Hopkins Medical Institutions,
Baltimore MD 21224.

The development o f  an in vitro model o f  methamphetamine (METH) 
toxicity to dopaminergic nerve terminals centered on the exposure o f  rat 
brain striatal synaptosomes to METH. After incubation with 10 µM  
M ETH for 80 min at 37°C, and washed once in 0 .32M  sucrose, striatal 
synaptosomes transported less [3H]dopamine, compared to control. This 
reduction in uptake was manifested by a reduced Vmax, without change in 
Km (  ⇓Vmax; ⇔Km). Although M ETH directly inhibits dopamine uptake 
competitively (⇔ Vmax; ⇓Km), the possibility that residual drug might be 
responsible for the effects was examined. Studies with radioactive 
M ETH indicated that the concentration o f  residual drug was unlikely to  
produce the observed effects. Methylphenidate, a similarly structured but 
non-toxic dopaminergic psychostimulant, did not produce similar effects 
under the same conditions (10µM  for 80mins at 37°C). Saturating 
concentrations o f  the dopamine uptake blockers (D A Ts) nomifensime 
( lµ M ) and bupropion ( 10µM ) also failed to produce similar effects. 
Studies in progress seek to determine whether D A Ts block M ETH’s 
putative toxic effects in vitro, as they do so in the intact animal. A  valid 
in vitro model o f  M ETH toxicity should prove helpful for elucidating the 
mechanisms underlying METH-induced D A  neurotoxicity. [Support: 
D A 00206 and D A 006275],

486.10
INDUCTION OF P53 mRNA BY METHAMPHETAMINE (METH) IS BLOCKED 
BY [D-ALA2,D-LEU]]ENKEPHALIN (DADLE) VIA NONOPIOID ACTION: 
POTENTIAL MECHANISM UNDERLYING THE PROTECTIVE EFFECT OF 
DADLE AGAINST METH-INDUCED NEUROTOXICITY. T. Hayashi*, H. Hirata, 
M. Asanuma, L-I Tsao, T.-P. Su and J.L. Cadet. Molecular Neuropsychiatry Section, 
Cellular Neurobiology Branch, Intramural Research Program, National Institute on 
Drug abuse, National Institute of Health, Baltimore, MD 21224.

Because DADLE has been shown to attenuate the METH-induced dopamine (DA) 
transporter loss in CD-I mice (Tsao et al., Neurosci. Abstr. 23:273, 1997) and 
because METH-induced neurotoxicity to the DA terminals is largely reduced in the 
p53 tumor suppressor gene-knockout mice (Hirata and Cadet, J. Neurochem. 69:780, 
1997), we examined in this study: (1) if METH treatment might increase the 
expression of p53 mRNA in CD-1 mouse brain; and (2) if the p53 mRNA increase 
induced by METH, if any, might be altered by the administration of DADLE. Animals 
received a single dose of METH (25 mg/kg, i.p.). DADLE (5, 20 or 40 mg/kg, i.p.) 
was administered 30 min before METH. Animals were killed 24 hrs later and the p53 
mRNA levels in the brain were determined by northern blot. Results of northern blot 
were determined by quantitative densitometric measurement. METH increased p53 
mRNA in the striatum (ST), hippocampus (HP) and cortex (CT) (N=9; p  < 0.05). 
DADLE appeared to affect the METH-induced p53 mRNA in a bell-shape manner. At 
both 5 and 40 mg/kg, DADLE was ineffective against METH-induced increase in p53 
mRNA in all three brain areas examined. At 20 mg/kg, however, DADLE blocked the 
p53 mRNA increase induced by METH in the ST and HP (N=9; p  < 0.05) but not 
in the CT. Naltrexone (0.1 mg/kg; i.p.) failed to reverse this action of DADLE against 
the increase of p53 mRNA induced by METH. Our data indicate that METH increases 
p53 mRNA in the brain and suggest that DADLE’s protective action against METH- 
induced neurotoxicity involves, at least partly, cell death genes in a manner unrelated 
to opioid receptors. [Supported by IRP, DBR, NIDA/NIH]
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486.11
[D-ALA2,D-LEU5]ENKEPHALIN (DADLE) IS A FREE RADICAL SCAVENGER 
IN VITRO: IMPLICATION FOR DADLE’S PROTECTIVE ACTION AGAINST 
METHAMPHETAMINE (METH)-INDUCED NEUROTOXICITY. L-I Tsao1*, C.C 
Chiueh2, J.L. Cadet1 and T.-P. Su.1 1Mol. Neuropsychiatry Section, IRP, NIDA/NIH, 
Baltimore, MD 21224 and 2Lab. Clin. Sci. IRP, NIMH/NIH, Bethesda, MD 20892.

DADLE prolongs organ survival and promotes myocardial tolerance to ischemia 
(Bolling et al. Ann. Thorac. Surg. 64:623, 1997). DADLE also protects against 
ischemia-reperfusion damage in the striatum and cerebral cortex in the rat (Borlongan 
et al. this meeting) and blocks METH-induced increase in p53 mRNA (Hayashi et al. 
this meeting). DADLE pretreatment has been shown to block the DAT loss induced 
by METH without, however, affecting the decrease in striatal DA content in mice 
(Tsao et al. Neurosci. Abstr. 23:273, 1997). The purpose of this study was: (1) to test 
if DADLE might act as a free radical scavenger in vitro; and (2) to examine the effects 
of DADLE on METH-induced changes in tyrosine hydroxylase (TH) activity. 
Superoxide anions (O2●-)and hydroxyl radicals (●OH) were generated respectively by 
the hypoxanthine/xanthine oxidase system and ferrous citrate. The brain lipid 
peroxidation (BLP) was initiated by FeSO4 and ascorbic acid. Spectrophotometric 
methods were used to monitor the O2●- formation and BLP. ●OH was assayed by 
HPLC examining its salicylate-adducts. TH activity assay was performed using the 
radioenzymatic method measuring the release of [3H]H2O. DADLE, in vitro, was 
equipotent to glutathione in inhibiting the formation of O2●- and ●OH and in blocking 
the BLP. TH activity in the METH-treated animals was reduced to 45% of that of 
controls. DADLE treatment did not alter these effects of METH on TH activity. These 
results suggest that DADLE may protect against METH-induced insult to the DA 
terminal and other tissue damage by acting, at least partly, as a free radical scavenger 
and that the DA depleting effect and the membrane destructing effect caused by METH 
may involve different biochemical mechanisms. [Supported by IRP & DBR, NIDA]

DRUGS OF ABUSE: OPIOIDS AND OTHERS—CANNABINOIDS

487.1
A C -1 ETHER OF THE CLASSICAL C A N N ABIN O ID  FAM ILY IS AN  
AGONIST AT THE CB2 C AN N ABIN O ID  RECEPTOR. Z.H. Song*. 
Department o f  M edical Pharmacology and T oxicology, Texas A&M  
U niversity Health Science Center, C ollege Station, TX 77843-1114.

Selective agonists for the CB2 cannabinoid receptor may have therapeu
tic potentials. It has been shown in ligand binding assays that 1 -methoxy- 
∆ 8-tetrahydrocannabinol-dimethylheptyl, a C-1 ether o f  the classical 
cannabinoid family, is a highly selective ligand for the CB2 cannabiribid 
receptor. However, it has not been reported whether this compound is an 
agonist or antagonist. In this study, the functional properties o f  1- 
m ethoxy-∆8-tetrahydrocannabinol-dimethylheptyl were characterized 
using recombinant human C B2 cannabinoid receptors. Both the 
[35S]GTPγS binding and the cAM P accumulation assays were performed. 
On membranes prepared from HEK293 cells stably transfected with 
human CB2 cD N A , this drug increased the basal [35S]GTPγS binding in 
a concentration-dependent manner, w ith an EC50 value o f  11.9±1.2 nM. 
Furthermore, on w hole cells stably expressing the human CB2 cannabi
noid receptors, this compound inhibited forskolin-stimulated cAM P  
accumulation with an EC50 value o f  10.6±2.8 nM. In conclusion, these 
data indicate that 1-m ethoxy-∆8-tetrahydrocannabinol-dimethylheptyl is 
an agonist at the C B2 cannabinoid receptor. (Supported in part by a 
research starter grant from the PhRM A Foundation.)

487.2
LARGE RECEPTOR RESERVE FOR CANNABINOID ACTIONS IN THE 
CENTRAL NERVOUS SYSTEM. M. Bruneus, S.J. Gatley, N.D. Volkow, A. 
Makriyannis and A.N. Gifford*. Medical Department, Brookhaven National 
Laboratory, Upton, New York 11973.

The receptor occupancy required to produce cannabinoid effects in the CNS was 
determined in both a neurochemical and a behavioral assay for cannabinoid actions. 
For the neurochemical experiments the effect of the cannabinoid agonist, WIN 
55212-2, on electrically-evoked [3H]ACh release from superfused rat hippocampal 
slices was examined. Electrically-evoked [3H]ACh release was inhibited by WIN 
55212-2 with an EC50 of 5 nM and maximum effect of 79%. In parallel experiments 
examining the binding of the radiolabeled CB1 antagonist [131I]AM 281 to the living 
superfused hippocampal slices, WIN 55212-2 inhibited the binding of [131I]AM 281 
with an EC50 of 1.3 µM. From these two sets of data it could be determined that the 
half-maximal inhibition of [3H]ACh release in the hippocampal slices occurs at a 
receptor occupancy of only 0.25% and full inhibition at a receptor occupancy of 5%, 
suggesting an approximately 20 fold receptor reserve for cannabinoid actions in this 
system.

In behavioral experiments WIN 55212-2 inhibited spontaneous locomotor activity 
in mice with an EC50 of 0.3 mg/kg, i.v.. In in vivo binding experiments using 
[131I]AM 281, WIN 55212-2 failed to produce significant inhibition of specific 
[13II]AM 281 binding in the mouse brains, except at very high doses (10 mg/kg, i.v. 
or greater). By contrast, the CB1 antagonist SR 141716A, at a dose of 1 mg/kg i.v., 
completely abolished specific [131I]AM 281 binding. These latter experiments thus 
suggest that the behavioral effects of cannabinoids, like the neurochemical effects, are 
produced at very low receptor occupancy.
Supported by OHER and NIDA and also DOE Contract DE-AC02-98CH10886.

487.3
LARGE SCALE ANALYSIS OF DIFFERENTIAL GENE EXPRESSION 
DURING CHRONIC CANNABINOID TREATMENT. S-Y. Zhuang1* ,
J. Kittler2, C. Clayton3, D. Wallace3, M. Trower3, R.E. Hampson1, S.A. 
Deadwyler1, E.V. Grigorenko1. Department of Physiology and 
Pharmacology, Wake Forest University School of Medicine, Winston-Salem, 
NC, USA1; University College of London, MRC LMCB, London, UK2; 
Glaxo Wellcome, Stevenage, UK3.

Chronic administration of cannabinoids (∆-9-hydrocannabinol, THC) has 
been shown to result in a high degree of tolerance in which physiological and 
behavioral functions revert back to normal (control) levels but important 
second messenger pathways remain altered (Deadwyler et al., 1995; Sim et 
al., 1996; Zhuang et al., 1998). In order to understand cellular mechanisms 
involved in the development of tolerance during chronic cannabinoid 
treatment, we used cDNA microarray technology to investigate changes in 
gene expression in chronic THC-treated rats. Using robotic systems (Glaxo 
Wellcome, UK) cDNA clones from rat brain cDNA library were arrayed into 
384 microtitre plates, amplified by PCR and then gridded onto nylon 
membranes with clone densities of 12,288 cDNA clones/filter in duplicates. 
Radiolabeled probes were made from total hippocampal or cerebellar RNA 
of 24-hour, 7-days and 21-days THC-treated rats and hybridized with nylon 
filters. Primary screens using DGENT software revealed 300 dysregulated 
cDNA clones. Also 73 novel transcripts have been identified. Secondary 
validation included construction of secondary grids with subset of cDNA 
clones (n=91) and RNA dot blot analysis (n=12) which confirmed the results 
of primary cDNA microarray screening. Application of this technology to 
the study of development of THC tolerance provides important information 
on molecular mechanisms responsible for reduced reactivity to cannabinoids 
following repeated exposure.
Supported by NIDA DA07625 to SAD and NIA #AG00743-01 to EVG.

487.4
ROLE OF INHIBITORY (Gi/Go) VS. STIMULATORY (Gs) G-PROTEINS IN 
CANNABINOID RECEPTOR MODULATION OF DELAYED RECTIFIER 
CURRENTS IN CULTURED RAT HIPPOCAMPAL NEURONS

J. MU*, S-Y. ZHUANG, R.E. HAMPSON and S.A. DEADWYLER. Department of 
Physiology and Pharmacology and Center for the Neurobiological Investigation of 
Drug Abuse, Wake Forest University School of Medicine, Winston-Salem, NC.

The brain cannabinoid receptor, CB1, is G-protein-linked via inhibitory (Gi/Go) 
subunits directly to adenylate cyclase (Howlett et al. 19xx) and calcium channels 
(Mackie and Hille, 1992); and indirectly via cAMP-dependent protein kinase (PKA) 
to potassium “A” (Hampson et al. 1995) and “D” current (Mu et al. 1997) channels. 
Indirect CB1 influences are accomplished by reduced adenylate cyclase-linked 
dephosphorylation of the channel proteins. CB1 receptors are also linked to 
stimulatory (Gs) subunits, which likely activate calcium-dependent protein kinase 
(PKC), resulting in phosphorylation of the CB1 receptor itself (Mackie et al. 1998).

Stimulation of Gs subunits using GTPβS blocked the enhancement of 
potassium A-current produced by the potent CB1 agonist WIN 55,212-2. The 
symmetric reduction of potassium D-currents by WIN, was also interrupted by 
GTPβS. Similar effects were obtained by direct activation of PKC. In addition, 
TEA-sensitive delayed rectifier “K” current was reduced 66% in response to WIN 
55,212-2. The cannabinoid effects on K-current were insensitive to modulation 
of the Gi-cAMP-PKA cascade, and may be attributed to the Gs cascade. Further 
evidence suggests that the cannabinoid effect is mediated via presynaptic release 
of opiates acting through kappa receptors.
[Supported by NIDA grants DA07625, DA03502 & DA00119 (SAD) and DA08549 
(REH). ]
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487.5

ROLE OF CANNABINOID RECEPTORS ON GABAergic NEURONS IN THE RAT 
HIPPOCAMPUS

R.E. HAMPSON*, J. MU, M.T. KIRBY, S-Y. ZHUANG and S.A. DEADWYLER. 
Department of Physiology and Pharmacology and Center for the Neurobiological 
Investigation of Drug Abuse, Wake Forest University School of Medicine, Winston- 
Salem, NC.

Several studies have previously reported that cannabinoid receptors control 
membrane events such as calcium influx and release (Mackie et al 1993) and 
potassium channel modulation (Deadwyler et al 1993; Hampson et al. 1995). 
Although it is not completely understood how cannabinoid receptors modulate the 
activity of other neurons, recent studies suggest that cannabinoid receptors alter 
the activity of GABAergic neurons in the hippocampus. It is proposed that 
cannabinoids influence GABAergic responses either by 1) decreasing reuptake of 
spontaneously released GABA, or 2) increasing the release of GABA from 
presynaptic terminals. The potent cannabinoid receptor agonist, WIN 55,212-2 
increased postsynaptic GABA responses even when action potentials were blocked 
by tetrodotoxin. In agreement with prior observations, nipecotic acid, a GABA 
reuptake blocker, produced the same effect on voltage dependent alterations in 
potassium A-current as WIN 55,212-2. Results suggest that cannabinoids exert a 
powerful control over neuronal activity in many structures by modulation of GABA 
release and reuptake in GABAergic neurons. The net effects of this modulation will 
be discussed with respect to the role of cannabinoids in tonically reducing 
excitability in large numbers of neurons connected to GABA interneurons. 
[Supported by NIDA grants DA08549 (REH) and DA07625, DA03502 & DA00119 
(SAD).]

487.7

THE EFFECTS OF CANNABINOID AGONISTS AND INVERSE 
AGONISTS AT THE HUMAN CANNABINOID CB1 RECEPTOR 
STABLY EXPRESSED IN CHO CELLS R.S. Landsman*, Sue Waite, P. 
Consroe, W.R. Roeske and H.I. Yamamura. Departments o f 
Pharmacology, Pharmacology and Toxicology, Biochemistry, Medicine, 
Psychiatry and the Program in Neuroscience, University o f  Arizona Health 
Sciences Center, Tucson, AZ 85724, USA.

We have previously reported that WIN 55,212-2 is an agonist and 
SR141716A is an inverse agonist at the human cannabinoid CB1 receptor 
in the [35S]GTPγS assay. This assay utilized membranes o f  CHO cells 
stably expressing this receptor. The current set o f  experiments examined 
the effect o f various cannabinoid ligands on basal and forskolin-stimulated 
adenylyl cyclase activity in CHO cells stably expressing the human 
cannabinoid CB1 receptor. We have shown that WIN 55,212-2 and ∆9- 
THC are agonists since they inhibited forskolin-stimulated cAMP 
accumulation. On the other hand, SR141716A had no effect on basal 
cAMP levels, but increased forskolin-stimulated cAMP accumulation in 
these cells. Thus, SR141716A is an inverse agonist in this system. The 
findings for WIN 55,212-2 and SR141716A are in agreement with those 
found previously in the [35S]GTPγS assay. The effect o f WIN 55,212-2 and 
SR141716A on cAMP accumulation is mediated through Gi/G o proteins 
since the inhibition o f  forskolin-stimulated cAMP by WIN 55,212-2 and 
the augmentation o f  this effect by SR141716A are pertussis toxin (PTX) 
sensitive. This work is supported in part by the Arizona Disease Control 
Research Commission and NIDA.

487.9

MODULATION OF DOPAMINE TRANSMISSION IN RAT 
PREFRONTAL CORTEX BY CANNABINOID CB1 
RECEPTORS. C.D. Verrico, J.D. Jentsch, R.H. Roth,* Depts. 
of Pharmacology, Neurobiology and Psychiatry, Yale 
University School of Medicine, New Haven, CT 06510.

Abuse of marijuana by humans can induce cognitive 
deficits and memory impairments characteristic of frontal 
lobe dysfunction. The active ingredient in  marijuana, delta-9- 
tetrahydrocannabinol (THC), has been shown to augment 
dopamine (DA) transm ission in  the frontal cortex of rats; 
therefore, in the current study, we examined whether acute 
administration of the CB1 receptor agonist, WIN 55,212, 
would likewise increase DA utilization in  the rat PFC. WIN 
(1-5 mg/kg) dose-dependently increased DA utilization  
(DOPAC:DA) in  the PFC. DA utilization in  the ventral and  
dorsal striatum  w as less affected. SR 141716A (0.05-0.1 
mg/kg), a specific cannabinoid receptor antagonist, failed to 
affect DA transm ission on its own, but when SR was given as 
a pre-treatment, WIN failed to significantly increase DA 
utilization in  the PFC. These data are consistent with earlier 
findings that THC augments frontal cortical DAergic function 
and suggest that CB1 receptors m ay be involved in  this effect.
Funded in port by PHS grant MH-14092

487.6

E L E C T R O PH Y SIO L O G IC A L  C H A N G ES A FFEC TIN G  
M E SO L IM B IC  D O PA M IN E R G IC  N E U R O N S A FT E R  
C A N N A B IN O ID  W IT H D R A W A L  IN R A TS.

M. M elis*, aM. Diana and G.L. Gessa
“B.B. Brodie” Dept. of Neuroscience, University of Cagliari and a Dept. of Drug 
Sciences, University of Sassari, Italy.
The reduction of mesolimbic dopamine (DA) activity has recently been involved in the 
long-term aversive consequences of withdrawal from main drugs of abuse, such as 
ethanol, morphine (White, 1996; Diana, 1996). In order to determine whether the same 
mechanism is involved in the withdrawal from chronic cannabinoid exposure, rats were 
treated twice daily for 6.5 days (15 mg/kg i.p.) with the psychoactive ingredient of 
marihuana, ∆9-tetrahydrocannabinol (∆9-THC), and 24 hours after the last 
administration were evaluated behaviourally. Abrupt ∆9-THC suspension did not 
precipitate a behavioural withdrawal syndrome (S-W); however, administration of 
cannabinoid receptor antagonist, SR 141716A (10 mg/kg i.p.), in rats chronically 
treated with ∆9-THC produced an intense withdrawal syndrome (P-W rats). Soon after 
behavioural observation the electrical activity of antidromically-identified mesolimbic 
DA neurons was monitored. Both groups (P-W and S-P rats) showed a reduction in DA 
cells activity as indicated by a decrement in firing rate and burst firing. Moreover, 
acute administration of ∆9-THC (1 mg/kg i.v.) to S-W rats restored neuronal activity, 
while SR 141716A (2 mg/kg i.v.) produced a further decrease. These results indicate 
that withdrawal from chronic cannabinoid administration is associated with a reduced 
DAergic transmission in the mesolimbic system, as previously observed with other 
major addictive drugs, such as ethanol and morphine (Diana et al, 1993, 1995), and 
support the involvement of this system in cannabinoid addiction.
Grant 1997 by MURST.

487.8
RECEPTOR-DEPENDENT FORMATION OF 2-ARACHIDONYLGLYCEROL 
(2-AG), AN ENDOGENOUS CANNABINOID LIGAND. N. Stella* 
and D. Piomelli. The Neurosciences Institute, San Diego, CA 92121.

2-AG fulfills several criteria of an endogenous cannabinoid ligand: it is present in 
brain tissue, it binds to and activates cannabinoid receptors modulating synaptic 
plasticity, and it is inactivated by transport into cells and/or enzymatic hydrolysis.

Although it has been shown that 2-AG is produced by neurons stimulated with the 
Ca2+ ionophore ionomycin, we still do not know whether the production of this 
bioactive lipid can also be stimulated by neurotransmitters. To examine this 
possibility, we used rat cortical neurons in primary culture, labeled with [14C]- 
arachidonic acid. The neurons were incubated for 0.5 to 15 min in the presence of 
glutamate (300 µM) and/or the cholinergic agonist carbachol (1 mM). Incubations 
were stopped with ice-cold methanol, lipids were extracted and analyzed by TLC. In 
the presence of glutamate, radioactivity in the 2-AG fraction was modestly, but 
significantly increased at 2.5 min (130% ± 6 of basal, n = 6), whereas carbachol had 
no effect. Co-application of glutamate and carbachol produced a synergistic 
enhancement of 2-AG formation, which reached 192% ± 6 of basal at 2.5 min and 
lasted for at least 15 min (146% ± 16 of basal). By isotope dilution GC/MS, we 
measured 53 ± 10 pmol of 2-AG/mg protein under basal conditions, and 88 ± 12 
pmol/mg protein 2.5 min after the co-application of glutamate and carbachol (n = 8). 
This response was abolished by 1 µM MK801, indicating an involvement of NMDA 
receptors. Also, this response was Ca2+-dependent, insofar as it was prevented by 
incubation with 10 mM EGTA, and was blocked by the phospholipase C inhibitor 
U73122 (3 µM).

These results show that the production of 2-AG in neurons is controlled by NMDA 
receptors which may be functionally coupled to Ca2+-dependent stimulation of 
phospholipase C activity. The postsynaptic production of 2-AG suggested by these 
findings points to a possible autocrine function of this cannabinoid lipid.
Supported by Neurosciences Research Foundation, which receives major support 
from Novartis.

487.10
CORTICOSTERONE TREATMENT REVERSES ADRENALECTOMY- 
INDUCED ENHANCEMENT OF ∆9-TETRAHYDROCANNABINOL'S 
EFFECTS ON LUTEINIZING HORMONE (LH) SECRETION IN 
FEMALE RATS. A .D .H e a v in , W .S .H unter* and L .L .M u rp h y . 
Department o f  P hysio logy , Southern Illinois U niversity School o f  
M edicine, Carbondale, IL 62901.

W e have previously reported in adrenalectomized (A D X ), ovariec
tom ized rats, that the duration o f  LH suppression fo llow ing low  dose 
THC administration is significantly increased when compared to adrenal- 
intact animals. These results suggest that the removal o f  circulating 
corticosteroids increases the animal's responsiveness to THC. In the 
present study, A D X  rats were treated with corticosterone (CORT) and the 
effects o f  low  dose THC treatment on LH release were examined. Adult 
rats were ovariectom ized and, 2 w eeks later, A D X  and implanted with  
pellets containing either 10, 50, 100 or 200  m g o f  CORT (Innovative 
Research) or cholesterol. Tw o w eeks post-A D X , rats were implanted 
with jugular cannulae for THC (0.5 mg/kg) or vehicle administration as 
w ell as b lood w ithdrawal. In A D X /cholesterol-treated  rats, THC  
produced a significant decrease in plasma LH levels  at 30  min post- 
treatment which lasted throughout the duration o f  the 120 min experiment. 
Animals implanted with the 10 mg CORT pellet exhibited the same pattern 
o f  THC-induced LH suppression as cholesterol-treated rats. However, in 
animals implanted with the  5 0 ,  100 or 200 m g CORT pellets, there was a 
dose-related reduction in the magnitude and duration o f  LH suppression 
by THC. Indeed, LH levels at 60 and 120 min after THC administration 
were significantly greater in A D X /100 m g CORT-treated compared to 
A DX /cholesterol-treated rats. These results suggest that corticosterone 
plays an important role in m odulating the responsiveness o f  the 
neuroendocrine system to THC action. (supported by NIH D A 05042)
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487.11
STUDIES OF CANNABINOID METABOLISM: BEHAVIORAL EFFECTS OF 
AMIDASE INHIBITION. J.E. Aherman*, J.T. Trevitt, K. Nowend, B. Carlson, 
S.Y. Lin, A. Makriyannis, J.D. Salamone. Dept. of Psychology, and Dept. of 
Pharmaceutical Sciences, University of Connecticut, Storrs, CT USA 06269-1020 

Recent biochemical studies have identified putative enzymatic pathways for the 
synthesis and degredation of endogenous cannabinoid ligands. In vitro studies of 
various compounds have identified inhibitors of amidase, an enzyme that is suspected 
of metabolizing anandamide into arachadonic acid and ethanolamine. The present 
study represents an initial behavioral study of the effects of amidase inhibition. Rats 
were trained on a fixed ratio 5 schedule, and then were implanted with chronic 
indwelling cannulae for intraventricular injection. On the test day, rats received 
injections of either vehicle or various doses of the amidase inhibitor AM 374. Rats 
were tested on the lever pressing task, and also were assessed for catalepsy and 
locomotor activity, because these tasks are sensitive to the effects of cannabinoid 
agonists. In vivo inhibition of amidase caused substantial suppression of lever 
pressing, and also produced ataxia and akinesia. This behavioral profile is similar to 
the effects of cannabimimetics, and thus is consistent with a stimulation of 
cannabinoid transmission. These data indicate that amidase inhibitors can function 
in vivo to block cannabinoid metabolism.
(Research supported by a grant to A.M. from NIDA)

487.12

SELF-ADM INISTRATION OF WIN 55,212-2 AND M ORPHINE IN 
MICE: INTERACTION BETWEEN CANNABINOID AND OPIOID  
SYSTEMS. W. Fratta*, G . Cossu, M.C. Martellotta and L. Fattore. Dept. 
of Neuroscience, University of Cagliari, Cagliari 09124, Italy.

In this study, we show that the synthetic cannabinoid CB1 receptor 
agonist, WIN 55,212-2, is intravenously (i.v.) self-administered in drug-naive 
mice. Furthermore, WIN 55,212-2 self-administration is completely 
antagonized by both the CB1 receptor antagonist SR 141716A and the 
opioid receptor antagonist naloxone. Moreover, SR 141716A antagonizes i.v. 
morphine self-administration. WIN 55,212-2 was able to induce significant 
positive reinforcing effects at doses of 0.05 and 0.1 mg/kg/inj, while higher 
dose (0.5 mg/kg/inj) induced aversive effects. Thus, WIN 55,212-2 was self- 
administered by drug-naive mice according to a concentration-dependent 
bell-shaped curve. Both WIN 55,212-2 rewarding and aversive effects were 
completely antagonized by i.p. pre-treatment with SR 141716A (0.25 mg/kg) 
and naloxone (0.1 mg/kg). Furthermore, pretreatment with SR 141716A 
(0.25 mg/kg) antagonized i.v. morphine self-administration (0.02 mg/kg/inj) 
in drug-naive mice. Although the neurochemical mechanisms responsible for 
the cannabinoid reinforcing effects are not completely clear, our results 
indicate that specific stimulation of central cannabinoid receptors induces 
rewarding effects in mice and suggested the existence of a mutual regulation 
between endogenous cannabinoid and opioid systems in the neurobiological 
control of reward. Grants by MURST and CNR.

SYMPOSIA ____________________________________________ TUESDAY PM

488
SYMPOSIUM: AMYGDALA AND MORE! R.Brown,
Nat'l Inst. on Drug Abuse, Rockville, MD (Chair);
L. Heimer, Univ. of VA; G. Koob, Scripps Research Inst.;
B.J. Everitt, Univ. of Cambridge, UK; H.C. Breiter, 
Massachusetts Gen. Hosp.
Marked neuroadaptations in monoaminergic and 
neuropeptide systems occur in the extended 
amygdala and in the shell of the nucleus accumbens 
after the repeated administration of abused 
substances. These limbic structures form a large 
forebrain continuum connecting virtually every part of 
the brain. The anatomical limits and connections, the 
regional dysregulation of neurotransmitters and 
neuropeptides, and the functional and cognitive 
consequences that emerge in this region after the 
repeated exposure to drugs of abuse in animals and 
humans will be discussed.

489

SYM POSIUM . CNS REGULATION OF ENERGY BALANCE. A .M . 
Strack, Merck & Co. (Chairperson); J.K. Elmquist, Beth Israel 
D eaconess M edical Center; M. Schwartz, V .A. Med. Center, Univ. 
Washington; B.E. Levin, V .A . Med. Center, UM DNJ.

Understanding o f  the CNS role in energy balance has increased greatly 
in recent years. The brain senses and regulates adipose and glucose 
metabolism via selective neuronal sensors within hypothalamic and other 
brain areas. Glucose, insulin and the adipose-derived protein, leptin alter 
firing o f  subsets o f  hypothalamic neurons which are also modulated by 
transmitters such as serotonin and neuropeptides such as NPY and 
melanocortins. This sym posium  examines CNS integration o f  such 
signals by neuronal system s which regulate energy homeostasis. Strack 
w ill review the anatomy and function o f  these system s, focusing on 
serotonin and its modulation o f  primary hypothalamic output pathways. 
Elmquist will describe those hypothalamic leptin-responsive neurons 
involved in states o f  energy imbalance such as starvation and fever. 
Schwartz w ill discuss the regulatory role o f  endogenous neuropeptides 
during states o f  positive or negative energy balance. Emphasis will be on 
melanocortins, agouti-related peptide, and orexins. Levin will review  
anatomical and physiological data on hypothalamic glucosensing neurons 
w hich typify neurons that integrate metabolic cues such as glucose, 
insulin and leptin to alter the activity o f  output system s which regulate 
energy balance.

SIGNAL TRANSDUCTION: GENE EXPRESSION AND PLASTICITY III

492.1

MUSCARINIC ACETYLCHOLINE RECEPTORS INDUCE H-CYR61 
EXPRESSION.
C. Albrecht, H. v.d. Kammer, M. Mayhaus, J. _Klaudiny, U. Langer*, M. Schweizer, 
R.M. Nitsch. Center for Molecular Neurobiology, Alzheimer's Disease Research 
Group, University of Hamburg, Hamburg, Germany 

To identify genes that are regulated by ml AChR, HEK293 cells stably transfected 
with ml AChR were treated with carbachol for 1 hour and RNA preparations of 
stimulated and unstimulated, cells were compared by using a differential display 
screen. We found that ml AChR stimulation induced the expression of h-cyr61, a 
human homolog of the murine growth factor-inducible immediate early gene cyr61. 
Northern blot analyses showed that h-cyr61 mRNA was only detectable in m1- 
receptor stimulated cells: It appeared 10 minutes after receptor stimulation, attained 
a maximum within 50 minutes, and decreased to lower levels until 240 minutes after 
carbachol treatment. Studies on ml AChR mediated signal transduction pathways in 
HEK293 cells showed that several signaling cascades independently lead to h-cyr61 
expression: Activation of protein kinase C and phospholipase A2 as well as increase 
in cytoplasmic Ca2+ and serum induced h-cyr61 expression. Induction of the 
cAMP/PKA cascade failed to mediate h-cyr61 expression. Muscarinic AChR 
subtype analyses showed that ml and m3 receptors induced h-cyr61 expression 
strongly, whereas m2 and m4 only subtly increased message levels of h-cyr61. No 
induction was seen in HEK293 wt cells treated with carbachol. Carbachol also 
induced h-cyr61 expression in primary cortical neurons, and the mAChR antagonist 
atropine blocked this effect. Expression analyses in adult human brain revealed 
ubiquitious h-cyr61 transcription with strongest expression in spinal cord followed 
by cortical brain areas. Murine Cyr61 is an extracellular matrix molecule that 
regulates cell proliferation, migration and adhesion, and it is expressed throughout 
the nervous system. Our data suggest that similar functions of h-Cyr61, including 
neuronal differentiation or neurite guidance, may be under the control of mAChRs.

492.2

IDENTIFICATION AND CHARACTERIZATION OF GIG-2, A NOVEL GENE 
INDUCED BY ACTIVITY OF MUSCARINIC ACETYLCHOLINE RECEPTORS. 
M. Mayhaus*, H. von der Kammer, C. Albrecht, J. Klaudiny, M. Schweizer and 
R. M. Nitsch. Center for Molecular Neurobiology, and Alzheimer's Disease Research 
Group, University of Hamburg, Martinistr. 52, 20246 Hamburg, Germany

In order to identify genes that are activated by muscarinic ml acetylcholine 
receptor (AChR) signaling, we used a differential display approach. We compared 
mRNA of 293 cells expressing m1AchR after 1 hour of carbachol stimulation with 
mRNA from unstimulated cells. We identified and cloned the cDNA of a novel gene, 
designated gig-2 (for G protein coupled receptor-induced gene 2). Gig-2 was induced 
15 minutes after m1AChR stimulation, and a maximum is reached within 50-60 
minutes. Receptor stimulation also triggered gig-2 expression in presence of 
cycloheximide, suggesting that gig-2 is an immediate early gene that is expressed 
independently of de-novo protein synthesis. Pharmacological experiments showed that 
the PKC pathway is involved in coupling m1AChR activation to gig-2 expression. In 
contrast, cAMP mediated signalling was not involved in this regulation.
Gig-2 is expressed ubiquitously throughout the human body, with highest levels in 
thyroid, lung and heart. In brain, gig-2 expression is restricted to neurons. Gig-2 
encodes a protein of 372 amino acids and antibodies directed against C- and N- 
terminal epitopes recognized a molecule of approximately 50 kDa. GIG-2 displays 
homology to domains VIII and IX of typical serine-threonine kinases, whereas other 
domains of these kinases are missing. The N-terminus of the GIG-2 sequence contains 
a putative signal peptide, suggesting that GIG-2 may be targeted to the secretory 
pathway. Together our data show, that gig-2 expression can be regulated by 
cholinergic neurotransmission, and they suggest a function of gig-2 as a secretory 
protein that shares similarity to serine-threonine kinases.
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4 9 2 .3

ELECTRICAL ACTIVITY REGULATES PKA LEVELS IN SKELETAL MUSCLE.
F. Hoover *, B. Skålhegg, K. Taskén, T. Lømo, University of Oslo, 
Institutes of Neurophysiology & Medical Biochemistry, 0317 
Oslo, Norway.

Skeletal muscle fibers can be induced to change their fiber type 
composition by chronic electrical stimulation using stimulus 
patterns that resemble the firing patterns of fast or slow motor 
neurons. The molecular mechanisms underlying these changes are 
largely unknown. Previously we have demonstrated that the slow 
soleus muscle contains higher PKA levels than the fast EDL 
muscle, and that these levels increase in soleus but not EDL after 
denervation. In this study we asked whether a denervation 
induced increase in PKA levels in soleus were due to interrupted 
electrical muscle activity. Adult rat soleus muscles were 
denervated and stimulated directly through implanted electrodes 
at 100Hz (60 pulses per second). We stimulated for three days 
when PKA levels were at their peak in the absence of 
stimulation. The stimulation prevented the rise in PKA levels 
measured as PKA catalytic activity and amount using western 
blotting. These results demonstrate that electrical muscle 
activity can regulate the levels of PKA activity. This work was 
supported by a biotechnology grant form the European Union.

4 9 2 .4

REPETITIVE ELECTROCONVULSIVE SEIZURES INDUCE ACTIVITY OF C- 
JUN N-TERMINAL KINASE AND COMPARTMENT SPECIFIC 
PHOSPHORYLATION OF C-JUN PROTEIN IN THE RAT BRAIN S.Brecht1, S. 
Simler2, M. Venges2, K. Mielke1, C.Marescaux2 and T. Herdegen1, SPON: 
European Neuroscience Association 1 Institute for Pharmaclogy, University of Kiel, 
24105 Kiel, Germany, 2 INSERM U398, Dept. of Neurology and 
Neuropharmacology of Generalized Epilepsia, 67085 Strasbourg, France

We have investigated the phosphorylation of the transcription factor protein c- 
Jun by immunohistochemistry and the activity of the c-Jun N-terminal kinase 1 
(JNK1) by immunocomplex assay following repetitive electroconvulsive seizures 
(ECS ) in adult rats. Daily ECS for 1, 5 or 10 days (1×, 5× or 10× ECS) did not alter 
the expression of basal expressed c-Jun but provoked a substantial N-terminal 
phosphorylation of c-Jun (phospho-c-Jun). Nuclear phospho-c-Jun was maximal in 
the amygdala complex, medial hypothalamus and olfctory cortex within 15 min 
following 1× ECS, but was absent after 30 min and 2 h.

The inducibility of c-Jun N-terminal phosphorylation was preserved in the 
medial amygdala and olfactory cortex, but significantly declined in the basal 
amygdala and medial hypothalamus with progressive ECS stimulation. A single ECS 
3 or 5 days following 10× ECS yielded a pattern of phospho-c-Jun as seen following 
10× ECS. In the hippocampus, c-Jun was not phosphorylated at any time point 
investigated. In some contrast with the c-Jun phosphorylation, immunocomplex 
assays revealed that the JNK1 activity was strongly enhanced in both amygdala and 
hippocampus.

We demonstrate that rapid JNK activation and c-Jun phosphorylation 
characterize the beginning of neuroplastic changes following ECS, a classic 
treatment of mental disorder. The N-terminal phosphorylation is compartment 
specific and can habituate following repetitive stimulation suggesting that the 
differential activation of the JNK/c-Jun axis is part of the neuronal strategy to 
integrate transynaptic excitation.

4 9 2 .5

IDENTIFICATION OF A NOVEL cAMP RESPONSE ELEMENT IN THE 
PROMOTER OF THE RAT GTP CYCLOHYDROLASE I GENE. G.Kapatos*,
K.Hirayama and S. Stegenga. Dept. of Psychiatry and Behavioral Neurosciences, 
Wayne State Univ. School of Medicine, Detroit, Ml 28201.

GTP cyclohydrolase I (GTPCH) is the first and rate-limiting enzyme in the 
biosynthesis of tetrahydrobiopterin, the required cofactor for tyrosine (TH) and 
tryp-tophan hydroxylases and the family of nitric oxide synthases. GTPCH gene 
expression has been shown to be stimulated in a cell-specific manner by cAMP. 
We recently cloned and sequenced 6 Kb of the 5’-flanking region of the rat gene 
for GTPCH and have now used transient transfection assays of GTPCH- 
luciferase reporter constructs, deletion and mutation analyses and electrophoretic 
mobility shift assays to study the molecular basis for this response to cAMP. 
Basal transcription from GTPCH-luc constructs was roughly equivalent in PC12 
cells, which constitutively express GTPCH and C6 and Rat2 cells which do not. 
Incubation with 8Br-cAMP stimulated GTPCH transcription only in PC12 cells. 
Deletion analysis demonstrated that this effect of cAMP resides within the first 
270 bp of the GTPCH core promoter, where sequence analysis detected a partial 
CRE (TGACGCAA) (CREwt). Mutation of this putative CRE (TAAT TCAA) 
(CREmt) dramatically decreased but did not abolish both basal and cAMP- 
stimulated transcription in PC12 cells. EMSA analysis using a probe centered on 
GTPCH-CREwt revealed that nuclear extracts from control and cAMP-stimulated 
PC12 cells contain equal amounts of a protein(s) which complexes with this 
oligonucleotide but only minimally with GTPCH-CREmt. Extracts from C6 or Rat2 
cells did not bind to GTPCH-CREwt unless treated with cAMP. In contract, 
binding of nuclear extracts from control or cAMP-stimulated PC12, C6 and Rat2 
cells to the TH-CRE was indistinguishable. These observations suggest that cells 
which constitutively express GTPCH may also express a novel trans-acting factor 
and that this factor may be necessary but not sufficient to mediate the cAMP- 
dependent stimulation of GTPCH gene transcription. (Supported by NS26081)

4 9 2 .7

NITRIC OXIDE SYN TH A SE INV OLVEM ENT IN PLATELET-
ACTIVATING FACTOR ( PAF) M EDIATED ACTIVATION OF 
STRESS SENSITIVE M APKs IN NEUR O N A L CULTURE.
P.K. Mukherjee, M .A. D eCoster, F.Z. Campbell, A .V . Ershov* and N.G. 
Bazan, LSU  Medical Center, N euroscience Center, N ew  Orleans, LA

The short-lived bioactive lipid, PAF, modulates neuronal responses to 
excitatory amino acids (EA As). Protein kinases are part o f  signaling 
cascades transmitting extracellular receptor-mediated events to the cell 
interior. W e have investigated the involvem ent o f  nitric oxide synthase in 
the PAF and N M D A  mediated activation o f  JNK (c-JU N -N H 2) and p38 
kinases in primary neurons. Nitric oxide synthase inhibitors, nitro-arginine 
(NO-arg) and hem oglobin, substantially inhibited the PAF and N M D A - 
mediated activation o f  protein kinases, implicating the involvem ent o f  
nitric oxide synthase in this process. NO-synthase agonists, sodium  
nitroprusside (SNP) or diethylamine (D EA) alone w as also able to 
stimulate the kinase activation, but to a lesser extent than PAF. In 
addition, SNP caused extensive neurotoxicity (400%  o f  control) and 
enhanced number o f  DAPI positive ce lls (1300%  o f  control). Co-
application o f  PAF and N O -synthase agonists resulted in an additive 
action, suggesting different routes o f  activation by the tw o agonists. 
However, inhibition o f  PAF-stimulated M AP kinase activation by NO-arg 
suggests that PAF generates nitric oxide in neurons (Supported by 
N S23002).

4 9 2 .6

E X P R E S S IO N  O F  N E U R O N A L  N IT IR IC  O X ID E  S Y N T H A S E  (n N O S )  
IS  R E G U L A T E D  T H R O U G H  C A L C IU M /C Y C L IC  A M P  R E S P O N S E  
E L E M E N T  M . S a s a k i* , H. H u a n g , S. A h n , D .D . G in ty, V.L. D aw son & 
T .M . D aw son. D e p a rtm en t of N euro logy and  N euroscience , Johns  
Hopkins University School of M edicine , B a ltim ore, M D  2 1 2 8 7 .

E xpression  of n N O S  is dy n am ic a lly  c on tro lled  during  neu ronal 
d eve lo p m en t, p lastic ity  an d  in re sp o n s e  to  ne u ro n al injury. To  
e lu c id a te  th e  m e ch a n ism  underly ing  th e s e  resp o n s e s , w e  have  
s tud ied  the  m ouse  n N O S  prom oter. P rev io u sly  w e  s h ow ed  that 
n N O S  expression is regu la ted  by m ultiple prom oters  and  it is the 5 1- 
flanking region of exon 2  of the  m ouse n N O S  g e n e  th a t possesses  
the  h ighest activity am ong the  prom oters.

C lo s e  e xam ination  of the  exon 2  flan king  region re ve a le d  that 
severa l possib le  c is -reg u la to ry  e le m e n ts  a re  co n se rv ed  be tw ee n  
hu m an  an d  m ouse, including tw o c a lc ium /cyc lic  A M P  response  
e lem en ts  (C a /C R E ). Forskolin tre a tm en t rem arkab ly  in creases the  
prom oter activ ity  as  w ell as over-express ion  of protein  k inase  A  
catalytic  subunit. E ither deletion or m utation of the  dow nstream  C R E  
site de cre as e d  the  basal prom oter activity and  prevents the  response  
to over-express ion  of PK A . O ver-exp ress io n  of severa l dom inant 
n egative  form s of cyclic A M P  resp o n se  e le m e n t binding protein  
(C R E B ) a lso  d e c re a s e d  th e  ba sa l activ ity  an d  p re ve n te d  th e  
prom oter from  responding to P K A  treatm ent. T h e  critical role of P K A - 
C R E B  p a thw ay  in regulation of n N O S  g e n e  express ion  w as  further 
supported  by investigations em ploying the  G A L 4  system  w h ere  the  
C R E  site w as  substituted with G A L 4  binding sequen ces .

T h e s e  find ings  d e m o n s tra te  th a t n N O S  g e n e  exp re ss io n  is 
regu la ted  by the c A M P -P K A -C R E B  pathw ay. T h e  im portance of this  
pa th w ay  in n euronal a ctiv ity -d e p en d e n t g e n e  e xpress io n  is w ell 
estab lished . Thus, our results su g g est that activ ity -depen d ent gene  
expression of n N O S  m ay regu la te  synaptic  plasticity through nitric 
oxide. S upported  by A FA R , A H A , N IH

4 9 2 .8

SIGNALING MECHANISMS INVOLVED IN ACTIVITY-DEPENDENT 
EXPRESSION OF BDNF. P.B. Shieh*, S.C. Hu, K. Bohb, A. Ghosh. 
Department of Neuroscience, Johns Hopkins University School of Medicine, 
Baltimore, MD 21205.
We have examined the signaling mechanism by which activity regulates the 
expression of the BDNF in developing cortical neurons. Primary neocortical 
cultures were transfected with various BDNF promoter sequences linked to a 
chloramphenicol acetyl transferase (CAT) reporter gene, stimulated with KC1 and 
harvested for analysis of the reporter gene. By analyzing a series of deletion 
constructs, we have identified a 42 base pair sequence that is responsible for 
activity dependent expression of this gene. Our experiments show that there are 
two independent elements within this sequence that confer activity dependent 
regulation of this gene. The first element, located between -72 and -47 is required 
for calcium dependent transactivation in both embryonic and postnatal cultures. 
The second element, located between -38 and -31, contains a consensus cAMP 
response element (CRE) which has been previously implicated in Ca2+ dependent 
transcription through its cognate protein, CREB. This sequence is necessary for 
activity dependent transcription in postnatal cultures but not in embryonic 
cultures. The CRE-dependent transcription of BDNF is mediated by the Ca2+ 
dependent activation of CaM Kinase IV which in turn leads to transcriptional 
activation via CREB. Given the previously defined role of BDNF in anantomical 
and synaptic plasticity, these signaling pathways may be critically involved in 
developmental stage specific forms of plasticity in the cortex.
Supported by an EJLB Scholar award and a Klingenstein Fellowship (AG).
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4 9 2 .9

NERVE GROWTH FACTOR HAS OPPOSING EFFECTS ON  
ADENOSINE A 2A A N D  m4 M USCARINIC RECEPTOR mRNA.
R.L. Malek* and N.H. Lee. The Institute for Genomic Research, 
Rockville, M D  20850.

G-protein coupled receptors (GPCRs) belong to a large superfamily 
o f seven transmembrane proteins and have distinct expression  
patterns. Few  studies have explored mechanisms underlying this 
differential expression profile. W e have examined nerve growth factor 
(NGF)-induced changes in expression o f  two GPCRs, the adenosine 
A2a and m4 muscarinic acetylcholine receptor in the PC12 cell line.

NGF induced a 56% decrease in steady state A 2a m R NA  following 3 
d treatment. The MEK inhibitor, PD 98059 prevented 40% o f the 
NGF-induced decrease in A 2a mRNA, indicating a role for M APK in 
regulating A 2a mRNA. The TrkA tyrosine kinase inhibitor, AG879, 
inhibited NGF regulation o f A 2a m RNA whereas N GF was without 
effect on A 2a m RNA in the TrkA deficient PC12nnr5 cell line. PC12 
cells expressing a dominant negative Ras or Src protein did not down- 
regulate A 2a m RNA after NGF treatment. These data implicate TrkA, 
Ras and Src activation in NGF regulation o f A 2a mRNA.

W e have previously shown NGF-induced stabilization o f m4 
m RNA is MAPK-dependent. Here w e show that the NGF-induced  
increase in m4 steady state m RNA requires Ras and Src activity as 
PC12 cells expressing dominant negative Ras or Src proteins fail to 
show an increase in m4 mRNA in response to N GF treatment. These 
experiments demonstrate NGF utilizes common signaling mechanisms 
to differentially regulate GPCR mRNA.

This work was funded by a grant from the N.I.H.

492 .11

 REGULATION OF CaMKIIα mRNA LOCALIZATION 
AT SYNAPSES. A.L. Byrd,1 S.M. Shenoy,2 R.H. Singer2 and G. J. Bassell1*. 
1Department o f Neuroscience, Albert Einstein C ollege o f  Medicine; 2 
Department o f Anatomy and Structural Biology, Albert Einstein College o f  
Medicine, Bronx, New York 10461.

The active transport o f  specific mRNAs into dendrites and spines in 
response to neurotrophin signaling may be a basic mechanism to target 
synaptic and regulatory proteins to postsynaptic locations and influence 
synaptic activity. Neurotrophins have been shown to enhance synaptic activity 
by a process which requires new protein synthesis but is unknown whether this 
process involves local stimulation o f translation or transport o f mRNAs into 
dendritic spines. We have developed fluorescence in situ hybridization 
technology to localize specific mRNAs at high resolution within dendritic 
compartments o f  cultured hippocampal neurons. Calcium/calmodulin 
dependent protein kinase IIα (CaMKIIα) mRNAs were localized in dendrites 
and dendritic spines in the form o f spatially distinct granules. Quantitative 
imaging analysis revealed that neurotrophin-3 (NT-3) induced the rapid 
translocation o f CaMKIIα granules into dendrites and dendritic spines. The 
rapid localization o f CaMKIIα mRNAs into dendrites was also observed when 
cells were first exposed to actinomycin-D, suggesting that pre-existing mRNA 
within the cell body can be transported into dendrites and spines. Using 
specific antibodies for immunofluorescence, CaMKII protein was enriched 
within dendrites and spines. The TrkC receptor for NT-3 was present 
throughout axons and dendrites. The activation o f  Trk receptors by 
neurotrophins may induce the active transport o f specific mRNAs to 
postsynaptic sites and influence the composition o f regulatory proteins at 
specific synapses. Supported by Epilepsy Foundation o f America.

4 9 2 .1 0

PROTEIN SYNTHESIS AT DEVELOPING SYNAPSES: TRANSLATIONAL 
REGULATION BY NMDA RECEPTOR ACTIVATION A.J. Scheetz*, M. 
Constantine-Paton Yale University, Department of MCD Biology 

Local, dendritic, or synaptic protein synthesis is important for maintaining changes 
in synaptic efficacy. We are studying the role of synaptic protein synthesis within the 
context of NMDA receptor-dependent synaptic development. We previously 
characterized a key downstream signaling pathway linking NMDA receptor 
activation to translational regulation via elongation factor 2 phosphorylation (EF2, 
PNAS 1997, vol. 94 ppl4770-14775). Phosphorylation of EF2 by a novel calcium- 
dependent kinase known as EF2 kinase reduces elongation rates in vitro and may lead 
to differential translational regulation. To examine the effect of NMDA receptor 
activation on synaptic protein synthesis, we are using isolated synaptic contacts 
derived from the superficial layers of the developing rat superior colliculus. This 
system allows methionine-pulse labeling of newly synthesized proteins at 
developing synaptic contacts. Normal development of these contacts is known to be 
dependent on NMDA receptor activation. Immediately after transient NMDA 
receptor activation, overall protein synthesis is depressed, consistent with the 
inhibitory effect of EF2 phosphorylation on elongation. However, 20 minutes after 
NMDA receptor activation, protein synthesis levels returned to baseline and by 30 
minutes synthesis is increased to 2 times baseline. Two-dimensional gel analysis of 
newly synthesized proteins demonstrates that NMDA receptor activation can 
differentially regulate new protein synthesis in synaptic preparations. Synthesis of 
most proteins is suppressed for the first 20 minutes after NMDA receptor stimulation. 
However, a subset of proteins are unaffected by NMDA receptor activation. The 
synthesis of several proteins is actually potentiated by NMDA receptor activation. 
Immunoprecipitation studies show that synthesis of both α  and β subunits of calcium 
and calmodulinTdependent kinase II is regulated by NMDA receptor activation. 
Furthermore, in unstimulated synaptic preparations, steady-state phosphorylation of 
the initiation factor regulator 4EBP-1 is low, suggesting the potential of additional 
translational regulation at the initiation stage of protein synthesis.
Work supported by USPHS grant EY 06039 to MCP

4 9 2 .1 2

ANCHORING OF TRANSDUCTIO N COMPLEXES 
ASSEM BLED BY THE M ULTIVALENT PDZ DOM AIN  
PROTEIN INAD. S. Tsunoda1, Y. Sun1, J. Sierralta1 and C.S. 
Zuker1*. 1Dept. o f  B iology, Univ. o f  California, San D iego, CA  
92093

INAD is a Drosophila photoreceptor-specific m olecule 
that consists primarily o f  five PDZ domains and functions as a 
scaffold to assemble different components o f  the 
phototransduction cascade, including phospholipase C (PLC), 
the light-activated ion channels (TRP), and eye-protein kinase C 
(PKC). Previously, w e showed that inaD null mutants are 
nearly blind and display a dramatic reorganization o f  the 
subcellular distribution o f  PLC, TRP and PKC with a complete 
loss o f  signaling com plexes in vivo. We also showed that it is 
not the mere presence o f  the signaling m olecules, but rather it is 
the location that promotes effective signaling. W e have now  
focused on the assembly o f  transduction com plexes, their 
subcellular targeting, and the anchoring o f  these com plexes in 
the plasma membrane. We w ill present and discuss our recent 
findings on the organization and function o f  INAD in vivo.

4 9 2 .1 3

CHONDROITIN SULFATE PROTEOGLYCANS: NOVEL SUBSTRATES 
FOR PLASMIN IN THE MOUSE BRAIN. S.E. Tsirk a1,2*, C.T. Sung2, M.A. 
Frohman2, A.D. Rogove2, T.H. Bugge3, J.L . Degen3, and Y.P. Wu1.  1Dept 
of Psychiatry, and 2Pharmacological Sciences, Univ. Medical Center at 
Stony Brook, Stony Brook, NY 11794-8101; 3 Division of Developmental 
Biology, Children’s Hospital Research Foundation, Cincinnati, OH 45229.

Tissue plasminogen activator (tPA), a protease that converts 
plasminogen to plasmin, is expressed in the embryonic and adult mouse 
brain. Its site of activity in the hippocampus coincides with the mossy 
fiber pathway. Using wild-type, tPA-deficient (tPA-/-) and plasminogen- 
deficient (plg -/-) mice, we have investigated whether tPA is involved in the 
remodeling of neuronal connections that occurs after stimulation of 
neural activity in the mossy fiber pathway. The animals were Injected in 
the amygdala unilaterally with kainate, which resulted in epileptic 
episodes and sprouting of mossy fibers. tPA-/- animals display aberrant 
mossy fiber sprouting in the inner third of the molecular layer around the 
dentate gyrus. Of the various extracellular matrix components implicated 
in axonal guidance, we found that two proteoglycans, phosphacan and 
neurocan, are substrates for plasmin and are proteolytically processed in 
wild-type but not in tPA-/- or plg-/- mice during the sprouting of mossy 
fibers. Finally, deposition of phosphacan is observed in the mutant mice 
at the border of the molecular layer. We propose that these findings 
suggest a normal function for tPA and plasmin in the mammalian brain. 
Supported by NIH NS35843.
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MECHANISMS OF SPATIAL ATTENTION IN HUMAN EXTRA-
STRIATE CORTEX AS REVEALED BY FUNCTIONAL MRL
S. Kastner*, P. De Weerd, M. I. Elizondo, R. Desimone, L.G. Ungerleider.

Recently, we demonstrated suppressive sensory interactions am ong 
visual stimuli in human ventral extrastriate cortex using fMRI (Kastner et 
al., Soc. Neurosci. Abstr. 1997). In the present study we investigated if 
these interactions could be modulated by spatially directed attention, as 
shown in single-cell recordings in monkeys.

Five subjects were scanned in a 1.5 Tesla GE Signa magnet using 
gradient echo EPI. Complex images were presented either sequentially or 
simultaneously for 250 ms in four nearby locations at 6-10 deg 
eccentricity. Stimulation parameters were the same in the two conditions 
except that suppressive interactions between stimuli could take place in the 
simultaneous but not in the sequential condition.

When subjects directed attention away from the stimulus display, fMRI 
signals were stronger to sequential than to simultaneous presentations, as 
shown previously. This effect was scaled to the different receptive field 
sizes of neurons, increasing progressively from V 1 to TEO. When subjects 
directed attention to one of the stimulus locations, responses to the 
simultaneous presentations increased to a greater extent than to the 
sequential presentations, partially cancelling out the suppressive 
interactions, with strongest effects in V4 and TEO. The cortical network 
controlling these mechanisms presumably consists of areas in superior 
parietal, premotor and prefrontal cortex, which were activated in this task 
independent of the direction o f attention.

Our results suggest that spatial attention operates by cancelling out 
suppression induced by nearby stimuli, supporting the idea that ventral 
extrastriate cortex plays a crucial role in filtering out unwanted 
information in cluttered scenes. (Supported by DFG grant Ka 1284/1)

4 9 3 .2

SIMULTANEOUS MEASUREMENTS OF BEHAVIORAL AND NEURAL 
ATTENTIONAL MODULATION IN A MOTION DETECTION TASK 
E.R Cook* and J.H.R. Maunsell, Division of Neuroscience, Baylor College of 
Medicine and The Howard Hughes Medical Institute, Houston, TX 77030

Electrophysiological evidence has established tha t attention modulates the 
activity of sensory cortical neurons, while psychophysical studies reveal atten- 
tional effects on behavior. How these two aspects of attention are associated 
is unknown. We have addressed this issue by examining whether attentional 
modulation of neural signals can be related to behavioral changes in a quan- 
titative way.

We recorded single unit activity from the superior temporal sulcus of a 
monkey trained to perform a motion detection task. While the monkey fix- 
ated on a central point, two patches of 0% coherent random dot motion were . 
presented. The task was to quickly release a lever when either patch began 
moving in a coherent fashion, which occurred after a random time. A cue 
of static dots was presented before each trial indicating which patch would 
contain the coherent motion signal. The key element of this task was that 
the cue was valid only 80% of the time (valid condition) . In 20% of the trials 
the motion occurred in the uncued patch (invalid condition). For the electro- 
physiology, we isolated directionally-selective cells tha t responded to coherent 
motion (N=48). The location and size of one random dot patch was matched 
to the receptive field of the cell under study.

The monkey’s performance averaged 87% and 43% correct for the valid 
and invalid conditions, respectively. The median increase in neural activity 
for the valid versus invalid condition was 15%. A neurometric analysis of the 
neural responses based on a moving window of spike counts yielded median 
neural performances of 53% and 47% in the valid and invalid conditions. This 
suggests tha t the neural and behavioral effects of attention in this task are 
related by a process that is not captured by a simple spike counting approach. 
(HHMI and NIH)

493 .3

EFFECTS OF ATTENTION ON V4 NEURONS WITH MULTIPLE STIMULI 
WITHIN THEIR RECEPTIVE FIELD. G.M. Ghose* and J.H.R. Maunsell. 
Howard Hughes Medical Institute & Baylor College of Medicine, Division Of 
Neuroscience, Houston, TX 77030

Strong modulations of responses have been observed when attention is 
directed to one of multiple stimuli within the receptive field (RF) of an extrastriate 
neuron. We sought to compare the sensory and attentional modulations seen with 
one versus two stimuli presented in the receptive field of single cells in macaque 
area V4.

One or two temporally counter-phasing Gabors of 3 different orientations 
(preferred, null, and intermediate) were presented within a neuron’s RF while the 
same number were presented in the opposite quadrant. Each Gabor changed its 
orientation at an independent random time from 500 to 1700 ms. The monkey was 
rewarded when he released a lever between 150 and 500 ms after an orientation 
change at the target location. The target location was shifted between the RF and the 
opposite quadrant to study attentional modulation on the cell. When two Gabors 
were present in the RF, the target location was defined as the inner most Gabor.

More than half of the 54 cells studied showed statistically significant 
attentional modulation when a single Gabor was present within the RF. The median 
attentional factor for single Gabors across all cells was 1.26. The modulation was 
constant across different orientations for individual cells, but sometimes differed 
between locations within the RF. More than half of the cells also exhibited 
significant attentional modulation when two Gabors were present within the 
receptive field. The median attentional factor for two Gabors across all cells was 
1.38. However, when Gabors with preferred and null orientations were within the 
RF, responses were not affected by which orientation was in the target location. 
(HHMI,R01-EY05911)

4 9 3 .4

A TTE N T IO N A L M O D U LA TIO N  OF D IR EC T IO N -SE L E C T IV E  
RESPONSES IN M T/M ST RESEMBLES THE EFFECT OF REDUCING 
CONTRAST OF UNATTENDED STIMULI.
S. Treue*, J. C. Martinez. Cognititve Neurosci. Lab., Dept. of Neurology, U. 
of Tubingen, 72076 Tubingen, Germany.

We have shown (Martinez & Treue, this volume) that attention modulates 
the tuning of direction-selective cells to sensory stimuli with a multiplicative 
effect, increasing or decreasing a cell's firing rate to all directions of motion 
without changing its tuning width. Stimulus contrast is known to cause similar 
changes to tuning curves and therefore we attempted to mimic attentional 
modulation by titrating contrast.

As in the second experiment of our other abstract we recorded from MT and 
MST cells in two macaque monkeys using two moving random dot patterns 
made up from bright dots on a dark monitor at different positions inside the 
receptive field (RF). Pattern 1 always moved in the antipreferred direction 
while pattern 2 moved in one of twelve directions, allowing us to determine a 
tuning curve. Responses evoked when the animal was instructed to attend to 
pattern 1 were on average about half of those evoked when attention was 
directed towards pattern 2. We attempted to mimic this drop in responsiveness 
by lowering the luminance of pattern 2 in a task in which the animal had to 
attend to the fixation cross, i.e. when neither of the two RDP were behaviorally 
relevant (titration trials).

In most of the cells the changes in response when switching attention from 
pattern 2 to pattern 1 were the same as when we decreased the luminance of 
pattern 2 by more than 90% in the titration trials. This means that the effect of 
switching attention from one to another stimulus inside the RF can be mimiced 
by an almost complete loss of visibility of the unattended stimulus.

Supported by the MWF, Baden-Wü ttemberg, Germany
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PARIETAL CONTRIBUTION TO HUMAN PERCEPTUAL RIVALRY 
E. D. Lumer*, K.J. Friston, G. Rees Wellcome Department of Cognitive 
Neurology, Institute of Neurology, Queen Square, London WC1N 3BG, UK 
Bistable percepts, in which a single pattern of retinal input gives rise to two 
alternating views, provide a way to study neural events associated with 
perceptual synthesis and visual awareness. Binocular rivalry is one form of 
perceptual instability that arises when dissimilar images are shown to the two 
eyes. Although neural correlates of rivalry have been described, it is not known 
what causes such perceptual alternations. We investigated the neural basis of 
these perceptual changes using functional magnetic resonance imaging in humans 
experiencing binocular rivalry. Cortical regions whose activity reflected reported 
perceptual transitions included extrastriate areas of the fusiform gyrus, and parietal 
and frontral regions classically associated with spatial processing. While the 
ventral visual areas were also activated under non-rivalrous viewing conditions 
that mimic rivalry, activity in frontoparietal cortex was correlated with perceptual 
alternations only during rivalry. Thus frontoparietal areas may mediate the 
perceptual switches experienced during rivalry. To further investigate this, we 
compared the subjective experience of dichoptic stimuli placed in either the lower 
or upper visual hemifields. Whereas in the lower visual field dichoptic stimuli 
produced perceptual alternations with the same temporal dynamics as with 
central stimuli, in the upper field they yielded unusual characteristics. The latter 
led to marked increases in the mean dominance time of each monocular stimulus, 
an extended tail of the distribution of dominance times, and long periods during 
which the percept is indeterminate. These differences indicate a fundamental 
asymmetry in the processing of bistable percepts across the horizontal meridian, 
that may reflect the fact that the projections from early visual areas to parietal 
regions are more numerous for the lower visual hemifield than for the upper field. 
Taken together, these results suggest that the parietal cortex plays a central role 
in the selection of neuronal events leading to visual awareness. [Supported by the 
Wellcome Trust]

4 9 3 .6

SILENT RIVALRIES IN THE HUMAN BRAIN
G. Rees* and E.D. Lumer Wellcome Department of Cognitive Neurology, 
Institute of Neurology, Queen Square, London, WC1N 3BG, UK 
Binocular rivalry, a bistable perception that arises when dissimilar images are 
presented to the two eyes, provides a useful experimental paradigm to characterize 
the neural signatures of subjective experience. Because perceptual transitions 
during rivalry occur spontaneously without any change in the retinal input, 
neural responses associated with perceptual processes can be distinguished from 
those due to stimulus characteristics. This approach relies on subjects' reports of 
their percepts to correlate neural activity with subjective perception. Here, we 
address the question of whether intrinsic neural signatures of conscious perception 
can be found, even in the absence of explicit behavioral reports. To investigate 
this, we measured brain activity using functional magnetic resonance imaging 
(fMRI) in humans who passively viewed dichoptic stimuli that elicit binocular 
rivalry. We first modeled and removed from the data non-selective effects cf 
viewing condition. Functional MRI scans were then analyzed to identify brain 
areas where the residual activity consistently covaried with that in selected 
cortical loci. Preliminary results indicate that, while activity in striate cortex 
covaries only with a few neighboring sites, residual activity in parietal cortex 
shows extensive coactivation with extrastriate visual areas of the fusiform gyrus 
and with regions of prefrontal cortex. This pattern of coactivation is consistent 
with the findings of a companion study correlating brain activity to the reported 
perceptual transitions during rivalry. These results indicate that the subjective 
experience of sensory stimuli is reflected in the coordinated activity of a large set 
of brain regions; moreover, they provide further evidence that the role of parietal 
cortex in conscious perception extends well beyond that of spatial processing. 
[Supported by The Wellcome Trust]
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A PHYSIOLOGICAL CORRELATE OF THE ‘SPOTLIGHT’ OF VISUAL 
ATTENTION J.A.Brefczynski & E A. DeYoe* Med Col Wisc, Milwaukee W I 53226 
In his Treatise on Physiological Optics, Helmholtz (1909) noted the ability to move 
the focus of visual attention away from the center of gaze. However, the physiological 
metric of these effects has never been established. In this experiment, we used fMRI 
to show orderly shifts in the locus of enhanced cortical activity due to shifts in spatial 
attention. Methods While fixating on a central cross, each of 5 subjects detected 
specific color/orientation feature conjunctions within individual cued segments of a 
flickering dartboard-like array of segments while undergoing BOLD fMRI. Verbal 
commands were used to cue the subject to attend to a sequence of individual segments 
progressing in either eccentricity or polar angle. No visual feature distinguished the 
cued segments from others. The spatial sequence of attentional enhancement within 
the cortex was detected using a temporal phase mapping technique (DeYoe et al. 
1994, 1996). The spatial pattern of activation resulting from the shifting attention 
task was then compared to the pattern of activation obtained from the same sequence 
of cued segments presented in isolation. Results The spatial sequence of activation for 
the shifting attention task was retinotopically organized and closely matched the 
sequence evoked by the isolated presentation of the cued segments. The retinotopic 
organization of attentional enhancement was present in medial occipital visual areas 
including V 1, as well as visual areas V2, VP and V4v (DeYoe, 1996). On average, the 
amplitude of the attentional enhancement in both medial and ventral occipital cortex 
was 65-70% of the amplitude evoked by isolated segment presentation. However, for 
some voxels the isolated segment response could be several fold stronger than the 
attentional modulation. Conclusions Spatial attention produces a focus of cortical 
enhancement that shifts in metrically accurate manner within a retinotopic frame of 
reference. The presence of this enhancement in early visual areas including V1 is 
consistent with a model of early attentional modulation of visual processing but does 
not exclude additional effects at later stages. Support EY10244, MH51358.

4 9 3 .9

Neural Correlates of Visual Awareness: Illusory Contour Perception.
D. Parkhurst, and E. Niebur*. Zanvyl Krieger Mind/Brain Institute, Johns 
Hopkins University, Baltimore, MD, 21218.

At what point in the visual processing stream does neural activity correlate with 
visual awareness? It has been argued that neural activity in V1 does not. We 
investigate this issue at the next stage in the cortical hierarchy by using a stimulus 
known to be represented in area V2. While fixating, participants judged the 
orientation of an illusory contour defined by an abutment grating in their visual 
periphery. The grating was either presented alone, or it was "crowded" by 2 flanking 
gratings on either side. Its distance from fixation was chosen such that participants 
were at chance for discriminating grating orientation in the crowded condition but 
above chance in the uncrowded condition. After adaptation to a high-contrast grating 
for 5 seconds, an uncrowded test grating was presented with either the same or a 
different orientation as that of the adaptation grating. Thresholds for illusory contour 
perception were increased when the test and adaptation gratings had identical 
orientations compared to when they had different orientations, showing orientation 
specific adaptation. This effect did not depend on whether the adapting stimulus was 
crowded or uncrowded. This suggests that the neural activities corresponding to 
illusory contour orientation in the crowded and uncrowded condition were the same, 
yet this similarity is not reflected by a similar correspondence between states of 
visual awareness. Assuming that adaptation to illusory contours occurs in V2, the 
first area where orientation-dependent responses to illusory contours have been 
demonstrated, these results support the conclusion that neural activity in V2 does not 
correlate with visual awareness. These results are particularly surprising given the 
vivid perceptual experience of illusions like the Kaniza triangle. We interpret our 
results to suggest that the neural correlates of these perceptual illusions are located 
after V2 in the visual pathway. Supported by a Sloan fellowship to EN.

4 9 3 .1 1

PERCEPTION AND COMPLETION OF DRAWINGS AND WORDS IN THE 
HUMAN BRAIN
L. Marini, F. Cacucci and S. Zeki. (SPON: British Neuroscience Association). 
Wellcome Department of Cognitive Neurology, University College London, Gower 
Street, London, WC1E 6BT, U.K.
We have addressed the question of whether common neural systems are involved in 
the processing of visual objects and their visually presented written names, by 
measuring brain activity of humans who viewed objects and words depicting them, 
in their complete and incomplete versions. The latter allowed us to investigate the 
influences of prior knowledge on the processing of the two different types of images. 
Line stimuli consisted of four categories: (a) line drawings of animate and inanimate 
objects; (b) words representing the same objects in (a); (c) the same stimuli of (a) 
and (b) with the contour partially deleted at midsegment; (d) lines randomly 
organised. We used 96 stimuli, each presented in the four categories; each was drawn 
with the same number of white pixels on a black background and organised only in 
straight lines so as to equate them for luminance and angle subtended. We measured 
brain activity in five native English speakers with normal vision using functional 
Magnetic Resonance Imaging. Data were analysed with Statistical Parametric 
Mapping software. Our preliminary results show that a comparison of the drawings 
condition with that of random lines results in a large area of activation within the 
fusiform gyrus, and the left ventrolateral prefrontal cortex. Comparison of words with 
random lines yields activity in left fusiform gyrus, left cuneus, anterior cingulate and 
superior frontal gyrus, consistent with previous findings. Visual completion of 
drawings specifically involves the anterior portion of the fusiform gyrus and the 
bilateral occipital lobe above the pole. By contrast, visual completion of words 
activates the left superior temporal gyrus and the left middle frontal gyrus. Thus 
there are common areas in the frontal, occipital and parietal lobes that are activated 
by both types of incomplete stimuli. This suggests that the processing of words and 
drawings involves a common distributed system in addition to specific areas 
differentially activated in each case. [Supported by the Wellcome Trust]
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MAPPING THE 'SPOTLIGHT OF ATTENTION' IN HUMAN VISUAL CORTEX. 
R.B.H. Tootell*, N.K. Hadjikhani, E.K. Hall, W. Vanduffel, S. Marrett, A M. Dale. 
HMS and MGH-NMR Center, 149 13th St., Charlestown, Mass., USA 02129

It is well-accepted that spatial visual attention can modulate the sensitivity to 
specific visual field locations. However, it is not known which visual areas show this 
modulation--is it more prominent in higher-tier areas? Also, does the retinotopic size 
of the 'spotlight' vary with the cortical magnification factor, and in different areas?

We used functional magnetic resonance imaging (fMRI) to map the effects of 
spatial visual attention in flattened cortical hemispheres, compared to maps of the 
retinotopy and visual areas from the same human subjects. In the main task, subjects 
continuously monitored a central fixation point while four targets (one in each 
surrounding quadrant) flashed rapidly and continuously, as either horizontal or verucai 
bars. Subjects were cued to attend to one (randomly-ordered) quadrant at a time, or to 
divide attention equally across all four quadrants. Thus the visual stimulus remained 
constant, but visual spatial attention was varied ( 2 × 2 design), in both location and 
load. To ensure compliance, subjects pressed a button whenever the horizontal bar 
appeared in the attended quadrant, and feedback about performance accuracy was given 
after each scan. Additional control tests labelled the retinotopic location of the 
individual targets. Signals were averaged from up to 100,000 MR images in a given 
subject (e.g. 50 scans from 3 scanning sessions), using a high field (3 T) EPI scanner, 
a customized surface coil, and deep-impression bite bars.

Three effects were found. 1) During attention to any single quadrant, all subjects 
showed decreased MR levels in the central representations of retinotopic areas V1, V2, 
V3/VP, etc., in both hemispheres. 2) All subjects showed prominent MR increases in 
and surrounding area MT, in the hemisphere contralateral to the attended target. 3) 
Some subjects showed elegantly localized and repeatable MR increases at retinotopic 
locations corresponding to the attended target. These retinotopic effects were most 
prominent in areas V3A and V8, but also included V2, V3/VP, and V4v. This work 
was supported by grants from HFSP and NEI07890 to RBHT.
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THE RELATIONSHIP OF RELATIVE PERCEPTUAL TIMES TO 
PERCEPTUAL SITES. S. Zeki* and A. Bartels. Wellcome D epartm ent of 
Cognitive Neurology, University College London.

Psychophysical evidence shows that different visual attributes such as 
color and motion are perceived at different times in the sub-second range 
(M outoussis and Zeki 1997). We have extended these results to other 
v isual a ttribu tes  and show n tha t, w hereas som e are perce ived  
asynchronoulsy, others are perceived at the same time. In particular, we 
have found tha t color and lum inance, orientation and depth , and 
orientation derived from different attributes (depth, motion, color and 
luminance) are perceived at the same time, thus distinguishing them from 
a ttr ib u te s  th a t a re  p erce ived  asyn ch ro n o u sly . C o rre la tion  of 
synchronously and asynchronously perceived attributes w ith w hat is 
known about the anatomy and physiology of the visual brain, leads us to 
this simple hypothesis: A ttributes that are perceived synchronously are 
generated at the same site while those perceived asynchronously are 
generated at different sites (sites could refer to cells or to areas w ithin a 
specialized system). Implicit in our hypothesis is the view that the 
activity at such sites can become perceptually  explicit, w ithou t the 
m andatory  need for the participation  of fu rther sites w ith in  that 
specialized system or of other specialized visual systems.

O ur work is supported by the Wellcome Trust London; AB is supported by 
the Swiss N ational Science Foundation.
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494.1
ATTENTION ENHANCES EARLY HIPPOCAMPAL RESPONSES DURING A 
SHORT-TERM MEMORY TASK BUT NOT DURING A COMPARABLE 
TIMING TASK IN HUMANS. J. Karh u * and C.D. Tesche. Brain Research Unit, 
Low Temperature Laboratory, FIN-02015 HUT, Finland.

Rapid and accurate exchange of information between sensory cortical areas 
and hippocampus is essential for the comparison of novel or salient input with 
stored memory traces during memory encoding. Intracranial recordings in human 
patients have shown hippocampal responses to attended infrequent stimuli at 
around 300 ms. We studied neuronal population responses during a Sternberg 
memory task in 11 normal human subjects with a 122-channel magnetoen- 
cephalographic (MEG) array. A memory set of integers (0, 1,...,9) were presented 
sequentially to the center of visual field with an interstimulus interval of 1.2 s. 
Integers and size of sets (1, 3, 5, or 7 items) were randomized and the last 
integer was followed 3 s later by a "probe" integer. Subjects were instructed to 
lift the right (left) index finger if the probe was in (not in) the memory set. In 
control experiments, integers wee replaced by crosses. Neuromagnetic responses 
were averaged time-locked to the probe. Signal-space projection (SSP) was used 
to derive waveforms consistent with neuronal population activity in anterior 
hippocampus, near pathways which connect hippocampus with the rest of the 
brain. Group averages revealed phase-locked alpha-band activity preceding a 
probe and following it by about 100 ms in left hippocampus. Prominent bilateral 
responses emerged at 140-ms and 260-ms in both "in set" and in "not in set" 
conditions. In contrast, when integers were replaced by crosses, first 
synchronized responses were evoked bilaterally at 160-170 ms. All responses to 
probes were clearly larger than the responses to the last integer in memory set in 
hippocampus but not in the occipital visual cortical areas. The synchronized 
hippocampal activity which emerged earlier during a short-term memory task 
than during the control task may reflect attentional enhancement of cortico- 
hippocampal information processing . This enhancement is dissociated from the 
classic attention effects detectable in visual evoked responses. Support: NIH 
NINDS grant NS34533.

494.3
CONJUNCTIONS OF OBJECTS AND LOCATIONS IN VISUAL SHORT-TERM 
MEMORY. DISTRIBUTED PROCESSING AND CONVERGENCE AREAS AS 
REVEALED BY SINGLE TRIAL fMRI. M.H.J.Munk*, D.E.J. Linden, L.F.Muckli, 
H.Lanfermann, F.E.Zanella, W.Singer, R.Goebel, Max-Planck-Institut für Himforschung 
and Johann Wolfgang Goethe-Universität, 60528 Frankfurt, Germany
Visual short-term memory requires the isolated maintainance of objects or locations, or 
their conjunctions. We used event-related fMRI to separate the cortical systems 
involved in spatial and object visual short-term memory and determined whether 
memory of conjunctions consists in a linear combination of the component processes, 
or requires the recruitment of additional convergence areas. For each task, visual 
stimuli consisted of 4 out of 20 simple objects, presented at 4 out of 16 possible 
locations on the projection screen. Subjects (n=6) were asked to memorize locations 
( ‘where’), objects ( ‘what’) or both (‘w&w’) over a period of 12 seconds (delay). The 
respective task was indicated by a cue and varied from trial to trial in a pseudo- 
randomized fashion. FMRI was performed at 1.5T (Siemens Magnetom Vision). 30- 
data sets in Talairach-space were analysed on a single trial basis using the 
BrainVoyager 2.5 software. For each task and subject, 3D-Correlation maps were 
obtained. On this basis the amount of overlap between the task-related activations 
could be determined. Comparison of correlation maps for the component processes 
(‘what’ and ‘where’ tasks) revealed a segregation into different interindividually 
variable neocortical compartments. Cortical areas activated during both component 
processes, i.e. the intersection of the corresponding correlation maps, included A46 and 
FEF and other more ventral prefrontal areas. The activation during the conjunction task 
(‘w&w’) showed considerable overlap with the cumulative map of the isolated tasks 
( ‘what’ and ‘where’), but recruited additional areas, including pre-SMA and the 
anterior insula. On this basis we suggest that the integration needed for the combination 
of objects and their locations in short-term memory is not based on a linear 
combination of the component processes. Supported by the Max-Planck-Gesellschaft.

494.5
RESPONSE OF PREFRONTAL CORTEX TO VARYING LOAD AND 
PROCESSING DEMANDS DURING A WORKING MEMORY TASK: AN 
EVENT-RELATED FMRI s t u d y  Mark D’Esposito* and Bradley R. Postle 
Department of Neurology, University of Pennsylvania, Philadelphia, PA 19104

This study investigated the role of prefrontal cortex (PFC) in mnemonic as 
well as non-mnemonic processes. We previously demonstrated that during a 
delayed-response task, dorsolateral PFC exhibits greater recruitment during 
conditions requiring manipulation of information held in working memory compared 
to passive maintenance of the same amount of information (D’Esposito et al., 1998). 
In other studies, increasing the amount of information held in working memory 
(load) also increased dorsal PFC activity. We tested whether PFC regions sensitive 
to processing demands were also sensitive to load. We used an event-related 
functional MRI method that discriminates functional changes during temporally 
separated behavioral sub-components of a single trial. Each subject performed a 
delayed-response task with three types of trials that varied either load or processing 
demands: (1) maintenance of a two letter sequence across a delay period, (2) 
maintenance of a five letter sequence or (3) alphabetizing a five letter sequence. A 
general linear model for correlated observations was used to assess fMRI signal 
change during three components of the trial: stimulus presentation, delay, and 
response. First, we replicated our previous result that increased processing demands 
(despite a comparable load) showed greater dorsal PFC activation. This effect was 
not related to differences between difficulty of the conditions. Second, we tested 
regions of PFC that showed significant effect of processing demands (alphabetize), 
and found that these “manipulation” regions are sensitive to load (i.e. increased 
activity during the five letter vs. two letter condition). These results show that 
increasing memory load, as well as increasing processing demands, recruits the same 
region of PFC. Thus, increasing memory load may engage processes similar to 
those engaged during tasks that require manipulation of information held in working 
memory. Supported by the American Federation for Aging Research and NIH 
grants NS01762 and AG13483.

494.2
CORTICAL EFFECTS OF BROMOCRIPTINE, A D-2 DOPAMINE RECEPTOR 
AGONIST, ON WORKING MEMORY AND PREFRONTAL FUNCTION 
REVEALED BY fMRI. E. Zarahn1*, M. D’Esposito1, G. K. Aguirre1, M. Armstrong3,
J. Lease1 and D. Y. Kimberg1,2. Dept. of 1Neurology, 2Psychology, and 
3Neuroscience, University of Pennsylvania, Philadelphia, PA 19104.

Previous research has shown that bromocriptine, a D-2 dopamine receptor agonist, 
can affect the performance of normal subjects on prefrontal-dependent cognitive tests 
(Kimberg, D’Esposito & Farah, 1997). However, the cortical basis for these effects 
has been inferred only on the basis of the distribution of dopamine receptors and of 
hypothesized substrates of cognitive processes. Functional imaging provides a more 
direct method for observing changes in task-specific neural activity associated with 
the drug. We tested young normal subjects on two tests thought to be sensitive to 
prefrontal function: a speeded card sorting test and a two-back working memory 
paradigm, each presented in 40s blocks and in alternation with perceptuomotor 
control tasks. Following a training session, subjects performed both tasks in two test 
sessions during acquisition of echoplanar fMRI brain images. Each subject was given 
2.5mg bromocriptine prior to one test session, and a placebo prior to the other, 
administered double-blind in random order. Averaged signal was computed for 
regions of interest based on the main effects of each task (compared to control), and 
the effect of drug was assessed in each region using a mixed-effects model. We 
observed drug-related increases of prefrontal activation (inferior frontal gyrus) and 
reductions in posterior activation (inferior parietal lobule) that could not be attributed 
to practice or vascular effects. These results suggest that behavioral effects of 
bromocriptine are mediated by changes in neural activity in both anterior and 
posterior sites. This provides critical data in understanding the cognitive effects of 
dopaminergic drugs. Where previous results suggested loci of changes in cortical 
activity on the basis of patterns in cognitive performance, fMRI here provides 
convergent evidence for specific loci of drug effects and for the role of dopamine in 
higher cognitive functions. This research was supported by NIH grants R01NS34030 
and R01AG14082 to M. J. Farah.

494.4
AREAS OF CORTICAL ACTIVITY RELATED TO MEMORY SET-SIZE 
VARY WITH PROCESSING STAGE: AN EVENT RELATED FMRI STUDY. 
Bart Rypma*, Eric Zarahn & Mark D’Esposito. University of Pennsylvania. We 
used fMRI to measure brain activity during a working memory task in which 
memory set-size (MSS) was varied. Each trial was composed of three phases: (1)4- 
seconds of encoding (in which the subject viewed memory-sets of between 1 and 8 
letters, (2) 12-seconds of letter retention and (3) 2 seconds to decide if a single probe 
letter was part of the memory set. BOLD fMRI (TR=2000ms, TE=50ms, voxel 
size=3.75 mm × 3.75 × 5 mm; 21 axial slices were acquired) was implemented using 
a 1.5 T GE Signa scanner equipped with a fast gradient system for echo-planar 
imaging using a standard RF head coil. The fMRI signal changes associated with 
each trial-phase were modeled with linear and quadratic MSS covariates, and a mean. 
Voxels which demonstrated significant mean effects (across loads) were then tested for 
a linear effect of MSS (separately for each trial-phase). We controlled α at .05 per 
region of interest per phase by Bonferroni correction. Using this method, we detected 
voxels with significant linear components related to MSS. Reaction times correlated 
with MSS (r=.83; 39 ms/item), and accuracy was high (>89%) in all MSS 
conditions. In the encoding phase, voxels with significant linear components were 
detected in inferior occipital, lingual, fusiform gyri, intraparietal sulcus and 
supplementary motor area. In the delay phase, voxels with significant linear 
components were detected in fusiform gyrus, inferior and dorsal precentral gyri, and 
supplemental motor area. During the response phase, voxels with significant linear 
components were detected in the precentral gyrus corresponding to the frontal eye 
fields. Conclusions: These results suggest that there exist neural mechanisms which 
are linearly related to memory load. These data are consistent with the idea that the 
loci of these mechanisms depend on the stage of processing. This research was 
supported by grants from the NIA and the American Federation of Aging Research.

494.6
NEURAL CORRELATES OF ON-LINE HOLD AND COMPUTATION, B.T. Gold , 
V. Goei , M. McAndrews~*. York University, Dept. of Psychology, Ontario, Canada, 
M3J 1P3. ~University of Toronto, Dept. of Psychology, Ontario, Canada, M5T 158.

We carried out a functional magnetic resonance imaging (fMRI) study to test the 
prediction that the dorsolateral prefrontal cortex (DLPFC) is differentially activated by 
tasks that increase in their levels of working memory involvement. Subjects were 
scanned while they performed four tasks that varied in their levels of phonological 
storage and cognitive manipulation demands. In each condition, subjects viewed three 
sentences on a screen at one time. The same three sentence groups were used in each 
condition, with only the instructions differing from condition to condition. In a word 
identification task subjects scanned sentences for the presence of the word “some”; in a 
semantic processing task subjects determined whether sentences were “about people”; 
in a phonological hold task subjects decided whether three key terms were identical to 
those seen on the previous screen; in a deductive reasoning task subjects determined 
whether a conclusion followed logically and necessarily from its premises. In order to 
gauge the degree of differences in attention demands of tasks, separate functional 
region of interest analyses (ROIs) were performed on the cingulate gyrus. fMRI was 
performed at a 4.0 Tesla field strength, which allows examination of brain activation at 
close to the level of 1mm3. Results of these studies were analyzed using subtraction 
methodologies as well as analysis of variance (ANOVA) of the MR signal intensities. 
Significant differences in MR signal intensities were found in the DLPFC, but not the 
cingulate gyrus, in three of four planned comparisons. The results suggest that the 
DLPFC may be a critical neural module involved in commands to maintain verbal 
information on-line as well as the manipulation and re-ordering of that information. 
Supported by a Canadian NERSC grant.
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TWO TYPES OF PSEUDO-3-DIMENSIONAL SPATIAL WORKING MEMORY TASKS 
(DELAYED MATCHING & CONTINUOUS PERFORMANCE) PRODUCE RELIABLE 3.0 
TESLA FUNCTIONAL MRI RESPONSES IN PREFRONTAL AND PARIETAL CORTEX
G. Bush*, P.S. Holzman, S. Matthysse, D. Levy, C. Stern, B.R. Rosen, R. B. H. Tootell 
NMR Center, Massachusetts General Hospital-East, CNY-2, Charlestown, MA 02129.

Dorsolateral prefrontal cortex (DLPFC) and intraparietal sulcus (IPS) have been activated 
by a number of 2-dimensional spatial working memory (SWM) tasks. The location and 
specificity of the prefrontal activity has been debated, with some suggesting that 
differences in working memory task demands may account for the discrepancies (i.e., 
delayed-matching tasks preferentially activating ventrolateral PFC, while continuous 
performance versions are more likely to activate DLPFC). The current study sought to 
extend prior functional neuroimaging studies of spatial working memory by (1) using 
pseudo-3-dimensional stimuli (solid cubes drawn with edges conforming to perspective 
lines), and (2) validating two task variants (a delayed matching and a 2-back SWM 
continuous performance type task). Both tasks allow recording of online button-press 
performance data (response time/accuracy) measurements. Five normal right-handed 
volunteers underwent fMRI while performing two runs of each of the SWM tasks. FMRI 
data (EPI, head-coil, 3 T scanner, 15 axial (7mm thick) slices, 150 images/slice, TR = 2 s, 
motion-corrected, Talairached, intersubject averaged, Kolmogorov-Smimov statistic) 
revealed significant (p<10-7) activity bilaterally in DLPFC (BA 9/46) and multiple parietal 
areas [IPS, superior and inferior parietal lobules (BA 7 and 40)]. Anterior cingulate 
(a24b'/a32') was strongly activated by the 2-back task. Individuals showed strong regional 
test-retest reliability. Individual data closely matched the group data. Activity in lateral PFC 
is compared with that obtained to a saccade vs. finger-tapping task (identifies FEF and 
primary motor cortex). Both tasks activated similar areas, but the harder 2-back task 
produced stronger activation. The data support and extend prior SWM imaging findings, 
and indicate that the combination of tasks can be useful in studying SWM deficits in 
schizophrenia. [Support: Harvard/MIT Division of Health Sciences and Technoiogy-Beth Israel & Pfizer, Inc., 
NARSAD Award; Scottish-Rite Schizophrenia Research Grant, RO1 MH31340, PO1 MH1154, KO5 MH01021],
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AGE-RELATED CHANGES IN THE NEURAL MECHANISMS OF 
SPATIAL AND VERBAL WORKING MEMORY. J. Jonides*1 P.A. Reuter- 
Loranz1 E.E. Smith1 A. C. Miller1 C. Marshuetz1 A.A. Hartley3 and R.A. 
Koeppe2 Dept. of Psych.1 , Dept. of Nuclear Medicine2, Univ. of Michigan, 
Ann Arbor, MI, 48109; Dept. of Psych., Scripps College, Claremont, CA3.

Age-related cognitive decline has been attributed in part to impairments in 
working memory. The behavioral evidence is inconsistent about whether spatial 
and verbal working memory are equally affected by age. We used PET to
investigate the neural correlates of verbal and spatial working memory in 
younger and older adults. To study verbal working memory, we used an item- 
recognition task in which 4 target letters were stored in memory for 3 sec 
following which a probe letter appeared, and subjects had to judge whether the 
probe matched one of the target letters. In the control condition only a single 
letter had to be stored for a 200-msec retention interval. In a comparable spatial 
working task, 3 spatial locations were marked by dots and had to be stored in 
memory for 3 sec, following which a probe location was marked, and subjects 
had to indicate whether the probe matched one of the target positions. In the 
spatial control condition, we required subjects to remember just a single location 
for a 200 msec retention interval. For younger subjects, the verbal and spatial 
memory tasks activated brain regions consistent with previous reports of these 
tasks. Furthermore, the laterality of the activations differed, with greater left 
cortical activation in the verbal task and greater right cortical activation in the 
spatial task. In contrast, the activations in older subjects were less lateralized. 
Older subjects showed greater bilateral activation than the younger subjects in 
both verbal and spatial working memory. We consider several accounts of the 
difference in lateralization between older and younger subjects, including ones 
that rely on strategic differences in processing, and recruitment of additional 
processing components in the older adults.

Supported by NIA (AG 13027)
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DORSOLATERAL PREFRONTAL CORTEX CONTRIBUTIONS TO 
WORKING MEMORY AND INHIBITION AS REVEALED BY fMRI.
A. Diamond1, K. M. O’Craven2,3,4, & R. L. Savoy*2 ,3  1 Center for Dev.al 
Cog. Neurosci., Kennedy Shriver Center, Waltham MA; 2MGH-NMR Center, 
Charlestown MA; 3Rowland Inst. for Sci., Cambridge MA; 4MIT, Cambridge MA 

To test among hypotheses of prefrontal function, we have developed a 
directional Stroop task, appropriate for young children and adults, that permits 
demands on working memory (WM) and inhibitory control (IC) to be 
independently varied. In one variant, subjects must remember: “When shown 
a large solid dot, press the response button on the same side as the dot, but 
when shown a striped dot, respond on the opposite side.” When the two 
stimuli are intermixed over trials (Dots-Mixed condition), both WM (holding the 
2 rules in mind) and IC (resisting the tendency to respond on the same side as 
the stimulus) are required. In a second variant, the stimuli are arrows that 
point straight down or diagonally to the opposite side, indicating where to 
respond. The intermixed condition (Arrows-Mixed) requires IC (resisting the 
tendency to respond on the same side as the stimulus), but little WM. In a 
third variant, 1 of 6 abstract figures appears at fixation. Each figure has a rule 
associated with it (press the left or right button). This requires WM (holding 6 
rules in mind), but little IC (since stimuli are centrally presented). Children 8- 
12 yrs old performed comparably to adults 25-45 yrs old in all conditions in 
both accuracy and speed. Children of 4½-6 yrs performed equally well in most 
conditions, but needed significantly longer to do so. Performance in the Dots- 
Mixed, Arrows-Mixed, and Abstract Figures conditions was comparable. Thus, 
differences in neural activation in these conditions cannot be attributed to 
differences in task difficulty. Adults were imaged with a 1.5 Tesla magnet 
(head coil, ASE, TR=2s). Dots-Mixed (which requires both WM and IC) 
increased dorsolateral prefrontal activation (Brodmann’s Area 46/9) over runs 
of only solid or only striped dots. Arrows-Mixed increased anterior cingulate 
activation, as expected, as it requires IC but little WM. Imaging is underway 
with Abstract Figures, which taxes WM but not IC.
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BINDING OF SPATIAL AND NON-SPATIAL ITEMS IN 
WORKING MEMORY: AN fMRI STUDY. V. Prabhakaran*1, E.M. 
Fine2, J. E. Desmond3, & J. D. E. Gabrieli4. Program in 
Neurosciences1, Departments of Psychology2,3,4, Stanford University, 
Stanford, CA 94305
Binding of information in the non-human primate prefrontal cortex 
has been shown by Rao et al., 1997. We sought to identify brain 
regions involved in maintaining bound information in humans. 
Subjects (n=6) performed a Sternberg-type paradigm in which four 
letters and four locations were maintained over a 5 sec. interval (delay 
trial) or over a 250 msec interval (no-delay trial). They were probed 
after the interval with a letter and a location probe. Each scan 
consisted o f six cycles o f alternating blocks in which each block 
consisted of four delay trials and four no-delay trials. In one scanning 
session (dual-bound scan), location information overlapped with the 
location of letters. In another scanning session (dual-separate scan), 
the location information was separate from the location o f letters. 
Imaging was performed at 1.5 T with the following parameters: 
Sixteen axial slices-7 mm thick, parallel to the AC-PC plane were 
acquired using a gradient echo spiral pulse sequence, with TR = 1440, 
TE = 40, flip angle = 83 degrees, and interleaves = 2). Right 
prefrontal areas were more active in the dual-bound scan than in the 
dual-separate scan, and posterior parietal and temporal areas in the 
dual-separate than in the dual-bound scan. This indicates the greater 
use of right prefrontal regions for bound information and the greater 
use of specific posterior regions for separate(un-bound) information. 
This stu d y  w a s su p p orted  by  N IH  grants M H 53673 and  
A G 12995.
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A DEVELOPMENTAL FMRI STUDY OF VENTRAL AND DORSAL 
PREFRONTAL o r g a n iz a t io n . B. J. Casey, Kathleen M. Thomas*, Tomihisa
F. Welsh, Aaron Beikowitz, Steven D. Forman, Clayton H. Eccard, Rona Livnat, 
and Douglas C. Noll. Univ of Pittsburgh Medical Center, Pittsburgh, PA 15213.

Preliminary evidence exists to support a view of prefrontal organization whereby 
stimulus information (e.g., verbal and spatial) is supported by dorsolateral prefrontal 
cortex, while response information (e.g., to inhibit a response or not or to select from 
distinct response choices) is supported by more ventral prefrontal regions. As a direct 
follow-up to our previous work, we examined dorsal and ventral prefrontal activity as 
a function of target probability in 18 healthy children and adults. We hypothesized 
that increasing the number of nontargets relative to targets would increase interference 
among stimuli and result in increased dorsal prefrontal activity. Likewise, we 
hypothesized that increasing the number of responses relative to nonresponses would 
increase interference among responses and result in increased ventral prefrontal activity. 
Further, based on our previous developmental study, we hypothesized that less ventral 
prefrontal activity would be observed in children relative to adults. To test this idea, 
we scanned 9 healthy right handed children (7 to 11 years) and 9 healthy right handed 
adults (18 to 41 years) during performance of a Go-NoGo task using functional MRI. 
Target probability oscillated from 10% to 60% over 120 second cycles. Significant 
activity was defined by two 9 (subjects) X 3 (target probabilities) ANOVAs with a 
contiguity threshold of 3 pixels and p < .005. As predicted for both groups, dorsal 
prefrontal activity significantly increased when the probability of targets was low and 
ventral prefrontal activity increased when the probability of targets was high. In 
addition, dorsal prefrontal activity decreased during high target probabilities and 
ventral prefrontal activity decreased during low target probabilities. The percent 
change in MR signal intensity in the ventral, but not dorsal prefrontal cortex was less 
for children relative to adults. Other areas that showed similar patterns of activity to 
that observed in the ventral prefrontal cortex across groups included right striatum, 
and right thalamus implying the involvement of right basal ganglia thalamocortical 
circuitry in supporting response information against interference.
Supported by NIMH grant #K01 MH01297.
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N E U R A L  C O R R E L A T E S FOR SH O R T -T E R M  R H Y TH M  
M E M O R Y . K .S ak a i* , O .H ik osak a , S .M iy au ch i, M .N ie lsen , 
N .Fujim aki, R .Takino, T.Tamada, B .Pütz . D ept. o f  Physiology, 
Juntendo U niversity , T okyo, Japan 113 and C om m unications  
Research Lab., Kobe, Japan 651-24.

Rhythm is an important element o f  music; some rhythms are easy to 
remember and som e are not, suggesting the presence o f  favored  
rhythmic structures. Psychological literature has shown that their 
intervals are in a 1:2 ratio. To study how the rhythm is represented in 
the neural structure, w e conducted functional MRI experiments on 6 
normal human subjects performing short-term rhythm memory task. A  
tone sequence consisted with 6 tone bursts was presented and the 
subjects were asked to hold it in memory for 12 sec, and then to 
replicate it by pressing a button. During the control conditions, the 
tone sequences had a constant inter-tone interval, while during the test 
conditions, the intervals were (1) in 1:2:4 ratios (doubling ratios) or 
(2) in 1:2:3 ratios (incrementing ratios). Compared to control, memory 
related brain activity was found in the medial premotor cortex and the 
superior temporal gyrus for both rhythm (1) and (2). H owever, the 
posterolateral part o f  the cerebellum was active only for rhythm (2), 
esp ecia lly  in subjects w ith precise replication o f  the rhythms. 
R eplication  o f  rhythm (2 ) by the subjects w ith less cerebellar 
activation tended to be in 1:2:4 ratios. The result suggests that, in 
general, the short-term memory for rhythm is maintained in the neural 
network including the cerebellum, and that there is an innate tendency 
to hold the rhythm in doubling ratios, w hich does not require 
cerebellar activation. Supported by JSPS Research for the Future 
Program and Basic Research System Core.
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SCP-1: A NOVEL ACETAMINOPHEN -DERIVED ANALGESIC WITH NO 
ANTIPYRETIC OR HEPATOTOXIC ACTIVITY. D. Paul1,2*, V. 
Marcheselli1,, G. Gonzalez-Martin4, C .  S unkel5, K.Narducy5 and N. Bazan1,3. 
1Neuroscience Center o f Excellence 2 Dept. o f Pharmacology, LSU Medical 
Center, New Orleans, LA 70112, 3Dept o f Organic Chemistry, Univ. Alcala 
de Henares, Spain, 4Fac. Chemistry, Dept. Pharmacy, Catolica Univ. Chile, 5St. 
Charles Pharmaceuticals, New Orleans, LA 

SCP-1, a novel derivative o f acetaminophen (APAP), was synthesized and 
assessed for pharmacokinetics, analgesia, antipyresis, lethality and hepatic 
toxicity in mice. In the abdominal stretch analgesic assay, SCP-1 was 
equipotent to APAP. Like APAP, SCP-1 was not effective in the tail-flick and 
hotplate analgesic assays at doses up to 1000 mg/kg p.o. Whereas APAP was 
a potent antipyretic, SCP-1 did not attenuate yeast-induced fever. Importantly, 
at a dose of 1000 mg/kg, acetaminophen was 100% lethal, whereas SCP-1 was 
0% lethal. Likewise, APAP produced a significant increase in glutamic 
oxalacetic transaminase (GOT) and glutamic pyruvic transaminase (GPT), two 
measures o f hepatotoxicity, whereas SCP-1 did not affect GOT or GPT. In 
addition, SCP-1 (1500 mg/kg, p.o.) did not deplete hepatic glutathione, 
whereas APAP (750 mg/kg, p.o.) did. Pharmacokinetic analysis in isolated 
perfused liver revealed that SCP-1 metabolism was slower than APAP. Thus, 
SCP-1 may be equipotent to its parent compound as an analgesic, but appears 
to be nontoxic and nonantipyretic. (Supported by a LSU Neuroscience Center 
Grant to DP)
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ZICONOTIDE (SNX-111) A SPECIFIC , SELECTIVE N-TY PE 
CALCIUM CHANNEL BLOCKER SUPPRESSES C A PSA ICIN - 
INDUCED HEAT AND MECHANICAL HYPERALGESIA E. Tenorio, 
A. Wadsworth, R.R. Luther, S. Bowersox and G. Milianich*. Dept. of 
Pharmacology, Neurex Corporation, Menlo Park, CA 94025

Intradermal capsaicin injection in humans results in primary hyperalgesia to heat 
applied near the injection sites, as well as secondary mechanical hyperalgesia in the 
surrounding site of primary hyperalgesia. Heat hyperalgesia after capsaicin is believed 
to occur by activation and sensitization of C-fiber nociceptors, while the development 
of mechanical hyperalgesia is due to sensitization of second order neurons in the 
CNS. Ziconotide (SNX-111) is the synthetic form of the selective N-type neuronal 
voltage-sensitive calcium channel (VSCC) blocker, ω-conopeptide MVIIA. When 
administered intrathecally, ziconotide is potently antinociceptive in rodent models of 
acute, persistent, and neuropathic pain. The current study was undertaken to 
determine the effects of systemic administration of ziconotide on capsaicin-induced 
heat and mechanical hyperalgesia. Sprague-Dawley rats were randomized into 
treatment groups (n=4). Each rat was briefly anesthetized (2.5% isoflurane). Capsaicin 
(10µg/10µL) was injected intradermally into the plantar aspect of the left hindpaw. 
Heat hyperalgesia was assessed by applying radiant heat to the plantar surface of each 
hindpaw and measuring withdrawal response latency. Mechanical stimulation was 
applied by a von Frey monofilament with a bending force of 149 milliNewtons, to the 
plantar surface of each hindpaw. Withdrawal responses evoked by the monofilament 
from 10 consecutive trials were tallied. Intraplantar injection of capsaicin significantly 
decreased mean withdrawal latencies to the heat stimuli and increased the frequency of 
withdrawal responses to mechanical stimuli (p<0.01) compared to baseline. A single 
intravenous injection of ziconotide (0.12, 0.4 and 1.2 mg/kg) given 15 min before 
capsaicin significantly suppressed limb withdrawal responses to both heat and 
mechanical stimuli (p<0.01). Our results suggest that blockade of N-type VSCCs on 
terminal ends of peripheral nociceptive afferents suppresses the development of primary 
and secondary hyperalgesia associated with inflammatory processes. Supported by the 
Neurex Corporation.
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MODULATION OF NEUROGENIC INFLAMMATION BY THE 
LIGAND TRAP trkA-IgG. Fr.-K. Pierau*, S. Muller and
K. Guckelsberger. Max-Planck-Institut für Physiol. und Klin. Forschung, 
Parkstr. 1, D-61231 Bad Nauheim, Germany.

Neurogenic inflammation results from the release of vasoactive 
neuropeptides from small nociceptive afferents sensitive to chemical and 
heat stimulation. In the adult organism nerve growth factor (NGF) appears 
to maintain the sensitivity of nociceptive neurons. Electrophysiological 
experiments have demonstrated that sequestration of NGF by the ligand trap 
trkA-IgG reduces the sensitivity to heat and bradykinin of nociceptive C- 
fibers. To investigate whether NGF dependent sensitivity changes also 
affect local efferent functions of nociceptors we have tested the effect of 
trkA-IgG on neurogenic vasodilatation and plasma extravasation in the skin 
of anesthetized pigs. Intracutaneous microdialysis of 10 µM histamine 
which has been previously demonstrated to induce neurogenic inflammation 
in the pig skin was used for chemical stimulation. Skin blood flux of the 
stimulated area was recorded by means of a laser Doppler perfusion imager 
and plasma extravasation was determined by analysis of the microdialysate. 
Microdialysis of 20 µg trkA-IgG 90 min prior to histamine stimulation 
decreased the histamine-induced plasma extravasation but had little effect 
on skin blood flux. Perfusion with NGF induced a dose dependent plasma 
extravasation (threshold dose 10 µM), which was completely prevented by 
pretreatment with trkA-IgG. However, microdialysis of NGF did not 
change local blood flux. The results demonstrate that short term local 
application o f trkA-IgG is able to deprive the tissue from NGF and suggest 
that endogenous NGF modulates neurogenic inflammation.
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CANNABINOID SUPPRESSION OF NOXIOUS STIMULUS-IN
DUCED CENTRAL SENSITIZATION. N.M. Strangman1* and J.M. 
Walker2. 1Department of Neuroscience, Brown Univ.; 2Department of 
Psychology, Brown Univ.; Providence, R I 02912.

Cannabinoids inhibit the processing of acute, nociceptive stimuli. 
However, less is known about their role in processes that underlie the 
exaggerated spinal sensitivity that accompanies chronic pain. The re
peated electrical activation of C-fibers produces wind-up, a centrally 
mediated increase in the response of spinal cord dorsal horn neurons to 
successive stimuli (Mendell, 1966). Wind-up is a proposed mechanism 
for the hyperalgesia and allodynia that accompany chronic pain. Extra- 
cellular single unit recordings were used to evaluate the effect of the po- 
tent, synthetic cannabinoid agonist WIN 55, 212-2 on wind-up of spi- 
nal nociceptive neurons in order to test the hypothesis that cannabinoids 
modulate noxious stimulus-induced central sensitization. Wind-up 
was evoked by rapid, repeated transcutaneous electrical stimulation of 
the hindpaw receptive field. Intravenous injection of WIN 55, 212-2  
significantly diminished the wind-up of spinal wide dynamic range and 
nociceptive-specific neurons as compared to vehicle. The inactive en- 
antiomer WIN 5 5 , 212-3 did not suppress wind-up, indicating that this 
effect was mediated by cannabinoid receptors. This study provides di- 
rect evidence that cannabinoids modulate the enhancement of spinal 
sensitivity in response to repeated, noxious stimulation. This finding 
may have implications for the treatment of human chronic pain.

Supported by NIH grants K02MH01083, NS33247, DA10043 and 
DA10536.
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NEUTRALIZING ANTIBODIES TO INTERLEUKIN-1 -
RECEPTOR ATTENUATE HYPERALGESIA IN 
EXPERIMENTAL PAINFUL MONONEUROPATHY
C. Sommer*, L. Lindenlaub, S. Petrausch and A. George 
Neurologische Universitätsklinik, 97080 Wurzburg, Germany 

Proinflammatory cytokines are supposed to be involved in the 
developm ent o f  inflammatory and neuropathic pain. After nerve 
lesion, interleukin-1 (IL-1) α  and ß are upregulated in the 
endoneurium. Here w e asked whether hyperalgesia due to chronic 
constrictive nerve injury (CCI) o f  the sciatic nerve in mice could be 
influenced by antibodies to IL-1-receptor (IL -1RAK). C57BL/6- 
mice with CCI received IL-1RAK as a bolus intraoperatively 
(80µg) or as daily injections (10, 40, and 80 µg) epineurially onto 
the damaged sciatic nerve. Non-immune IgG2a was used for sham 
treatment. The animals were tested for withdrawal thresholds to  
heat by the method o f  Hargreaves and for withdrawal thresholds to  
mechanical stimuly by von Frey hairs using the up-and-down- 
method. Sciatic nerves were harvested after 7 days. Daily treatment 
with 40  µg and 80 µg, but not with 10 µg o f  IL -1RAK elevated 
thermal and mechanical withdrawal thresholds on the operated, but 
not on the sham-operated side. Bolus treatment with 80 µg o f  IL- 
1R AK elevated thermal withdrawal thresholds on day 3, 6, and 7 
post-operatively. These results confirm a role o f  IL-1 in the 
generation o f  neuropathic pain, and suggest that inhibitors o f  
functional IL-1 may be o f  therapeutic value in future treatment 
strategies for neuropathic pain.
Funding; DFG So 328/2-1

4 9 5 .6

THE BEHAVIORAL AND NEUROPROTECTIVE EFFECTS OF AGMATINE IN 
DIFFERENT MODELS OF PAIN AND NEURONAL INJURY IN RODENTS. 
C.A. Fairbanks,1* K.L. Brewer,5 L.S. Stone,1-3 T.M._Trempe,4 K. Ren,6 L.J. k e hl,4 
R. Dubner,6 R.P. Yezierski,5 G.L. Wilcox.1-2
1Depts of Pharmacology 2Graduate Program in Neuroscience 3Cell Biology and Neuroanatomy, 4Restorative 
Sciences University of Minnesota, Minneapolis, MN 55455, 5University of Miami, The Miami Project Miami, FL 
33136. 6Dept. OCBS, Univ. Maryland, Baltimore, MD 21201.
We have previously observed that a single post-treatment of a novel neuroprotective 
agent, agmatine, rescued mice from dynorphin-induced allodynia, a state of persistent 
pain (Schreiber et. al., SfN abstracts 1997). The present experiments tested the 
generalizability of this anti-allodynic effect to other models of pain and sensitivity, 
I. L5 (mice) and L5/L6 (rats) spinal nerve ligation II. carrageenan-evoked muscle 
hyperalgesia, III. CFA-induced hyperalgesia, IV. quisqualate-induced spinal cord 
injury. Methods: Antinociception was detected via mechanical von Frey stimulation 
or the grip force assay. In the case of the anatomical studies, areas of neuronal loss 
were used as a measure of tissue damage. Allodynia or hyperalgesia was induced 
either by: I. L5 or L5/L6 spinal nerve ligation, II. injection of carrageenan into the 
triceps, III. injection of CFA into the hindpaw. When the allodynia or hyperalgesia 
was detectable, subjects were administered a single intrathecal injection of agmatine 
(4-40 nmol, i.t.). IV. Neuronal loss was induced by intraspinal injection of 125mM 
quisqualate (QUIS). Agmatine (1-10mM) was co-administered with QUIS to test for 
neuroprotection. R esults: I. Administration of a single intrathecal injection of 
agmatine (4 nmol, i.t.) normalized the sensitivity of mice made allodynic by L5 
spinal nerve ligation on days 4 and 8 post-surgery. II. Administration of a single 
intrathecal injection of agmatine (10, 40 nmol, i.t.) enhanced the recovery of rats 
made hyperalgesic by injection of carrageenan into the triceps. III. Administration of 
a single systemic injection of agmatine (100 mg/kg.) decreased the hyperalgesia in 
rats made hyperalgesic by CFA-induced inflammation. IV. Intraspinal injections of 
agmatine (5-10mm) plus quisqualate (125 mm) reduced the area of neuronal damage 
at three days following injection. Conclusion: The evidence presented here supports 
an analgesic or neuroprotective role for agmatine in processes underlying neuronal 
injury and persistent pain.
(Supported by: NIH/NIDA RO1-DA-01933 & DA-04274 (GLW); The Miami Project (RPY, KMB); NIH/NIDA K 21- 
DA00240 (LJK, TMT); DA10910 (RD); DE11964 (KR) and ADAMHA training grant T32A07234 awarded by 
NIDA supported CAF)
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NAALADase INHIBITION AMELIORATES HYPERALGESIA IN FORMALIN, 
ACETIC ACID, AND CHRONIC CONSTRICTURE INDUCED MODELS OF 
PAIN. B. S. Slusher*,T. Hartman1, K. M. Wozniak1, B. Brown2 and M. Yao2. Guilford 
Pharmaceuticals Inc, Baltimore, MD1;and SRI Intl, Menlo Park, CA2

Recent evidence suggests that the excitatory amino acid glutamate plays a major role 
in both centrally and peripherally mediated nociception. One source of neuronal 
glutamate is thought to derive from the abundant neuropeptide N-acetyl-aspartyl- 
glutamate (NAAG) which is hydrolyzed by N-acetylated-alpha-linked acidic dipeptidase 
(NAALADase) to liberate free glutamate. We hypothesisized that inhibition of 
NAALADase could limit pain by preventing this source of glutamate. To test this, we 
examined the possible antinocipetive effects of a potent and selective NAALADase 
inhibitor termed 2-(phosphonomethyl)pentanedioic acid (2-PMPA) in the formalin-, 
acetic acid- and chronic constrictive injury (CCI; "Bennett model") models of pain. In 
the formalin model, rats were dosed i.p. daily with 2-PMPA (50 mg/kg) or vehicle for 
7 days. On day 7, 5% formalin was injected into the dorsum of the rat’s hindpaw. 
Pretreatment with 2-PMPA robustly attenuated the flinching behavior in both the early 
and late phases of the formalin model (13.8 ± 6.4 reduced to 2.5 ± 3, p=0.02 and 58.0 
± 9.8 reduced to 0.5 ± .58, p=0.0001, respectively). Interestingly, in the same study, the 
2-PMPA analgesic effect was more robust than acute pretreatment with morphine (5 
mg/kg). In the acetic acid model of pain, acetic acid (0.6%) induced writhing was 
significantly attenuated in mice pretreated with 2-PMPA (30 mg/kg i.p) compared to 
vehicle control animals (67% attenuation, p=.008). Finally, in the CCI induced model 
of pain, animals were dosed i.p. daily with 2-PMPA (50 mg/kg) starting 10 days after 
surgery for 18 days. 2-PMPA dramatically reduced the hyperalgesia following sciatic 
nerve constriction as determined by thermal pain response. On day 18, pain was 98% 
attenuated when compared to a similarly operated vehicle group of rats (difference scores 
of -0.2 ± 1.9 vs. -4.75 ± 2.4; p=0.0001). These data suggest that inhibition of 
NAALADase may be a useful treatment modality for both acute and chronic pain.

4 9 5 .9

KAPPA TETRAPEPTIDE LIGANDS IND U CE PERIPHERAL  
ANALGESIA
R. A. Houghten1*, P. N y1,  J.M. Bidlack2 and C.T. D ooley  1 
1Torrey Pines Institute for Molecular Studies, San D iego, CA 92121; 
2Dept. o f  Pharmacology and Physiology, University o f  Rochester Medical 
Center, Rochester, N Y  14642.

A  series o f  tetrapeptides active at the κ  opiate receptors composed  
entirely o f  D-amino acids and having high affinities (K i =1 nM) and 
selectivities (µ /κ  and δ/κ  ratios o f  >3000) have been identified from a 
positional scanning combinatorial library. The peptides w ere found to be 
κ agonists, capable o f  inhibiting the production o f  cAMP in R 1G 1 cells. 
The most active compounds found from the library and analogs with 
minor chemical modifications were tested for analgesic efficacy in vivo. 
The peptides were found to induce potent analgesia in the m ouse writhing 
test but not in the warm water tail flick test, and were not blocked by ICV  
administration o f  nor-BNI, indicating that the central κ receptors w ere not 
mediating the analgesia. Peripheral κ  analgesics without the dysphoric 
effects associated with central ƙ receptors w ould have significant 
therapeutic value (arthritis, dentistry, obstetrics, surgery, etc.). 
Identification o f  the ligands and in vivo results will be discussed.
This work was funded by N ID A  Grants D A 09410 (Houghten) and 
D A 03742 (Bidlack).

4 95 .11

ENDOGENOUS OPIOIDS MEDIATE BOTH PLACEBO ANALGESIA AND 
PLACEBO RESPIRATORY DEPRESSION. M. Amanzio, A. Pollo* and F. 
Benedetti. Department of Neuroscience, University of Torino Medical School, 
Torino, Italy.

Placebo analgesia is known to be mediated by endogenous opioids. Here 
we report that the placebo-activated endogenous opioids act also on the 
respiratory centers, producing a mild but well measurable respiratory depression. 
The study was performed in patients complaining for postoperative pain and who 
gave written informed consent. In a first study, we administered the partial opioid 
agonist buprenorphine (0.2-0.4 mg) at 0, 12, 24, 36 and 48 h after surgery, thus 
obtaining strong analgesic responses. At 60 h, we administered a placebo (NaCl 
0.9%) and obtained a similar analgesic response. However, if the opioid 
antagonist naloxone (10 mg) was administered together with the placebo, no 
placebo response occurred. In a second study, we used a similar procedure until 
pain disappeared completely at 72 h after surgery. We recorded the repiratory rate 
(RR), the Tidal volume (VT) and the minute ventilation (VE) after the single doses 
of buprenorphine by means of a pulmonary unit, and found a clearcut respiratory 
depression, expressed as a reduction of VE. The administration of the placebo at 
72 h produced a similar reduction of VE, which was completely reversed by a dose 
of 10 mg of naloxone. In both studies we used a no-treatment group to monitor 
the natural time course of pain and VE, and a hidden naloxone group to rule out 
the possibility that naloxone per se might affect pain and VE. In these control 
groups, both pain and VE resulted to be unchanged. These findings show that 
placebo-activated endogenous opioids act not only on pain mechanisms but on the 
respiratory centers as well, thus mimicking a typical side effect of narcotics. In 
addition, since we used a conditioning procedure, these results suggest that both 
placebo analgesia and placebo respiratory depression can be viewed as 
conditioned responses mediated by opioid receptors.
Supported by MURST and CNR grants.

4 9 5 .8

THE GLYCINE / NMDA RECEPTOR ANTAGONIST, (+)-HA966, ENHANCES THE 
ANTINOCICEPTIVE EFFECT OF SYSTEMIC MORPHINE IN TWO RAT MODELS 
OF PERIPHERAL NEUROPATHY. D. Christensen, M. Gautron, J. J. Idänpään- 
Heikkilä, G. Guilbaud* and V. Kayser. U 161 INSERM, 2 rue d’Alésia, 75014 Paris, 
France

Chronic constriction injury to the infraorbital nerve (CCI-ION) induces sensory 
abnormalities in the trigeminal area (Vos et al., 1994, J. Neurosci), while rats with a 
chronic constriction injury to one sciatic nerve (CCI-SN) display hypersensitivity on the 
hind paw. Evidence suggest that the induction and maintenance of these pain 
abnormalities depends on the activation of the NMDA receptor. We have investigated 
the ability of (+)-HA966, a functional antagonist at the glycine site on the NMDA 
receptor complex, to modulate the antinociceptive action of i.v. morphine in Sprague- 
Dawley rats. (+)-HA966 (2.5 mg/kg s.c.) was injected 20 min before morphine 2 weeks 
after surgery. At this dose, the antagonist alone produced no antinociception.

In CCI-ION rats, mechanical allodynia was determined by measuring responses 
(1.  a brisk withdrawal of the head, 2. escape/attack, 3. repetitive face wash strokes) to 
stimulation with von Frey filaments. Morphine (1 mg/kg) alone did not alter response 
thresholds, while co-administration of morphine with (+)-HA966 produced a potent, 
long-lasting and naloxone (0.1 mg/kg i.v.) reversible anti-allodynic effect.

In CCI-SN rats, (+)-HA966 induced a pronounced, dose-dependent enhancement of 
the antinociceptive effect of morphine (0.05-0.3 mg/kg) in the vocalization threshold to 
paw pressure test with the relative potency being nerve-injured paw > contralateral paw 
> normal rat. In thermal tests (struggle latency after immersion of the paw into a water 
bath), the combination of (+)-HA966 and morphine (0.1-1 mg/kg) produced a dose- 
dependent, antinociceptive effect against a non-noxious warm (44°C) and a noxious hot 
(46°C) stimulus. Furthermore, (+)-HA966 inverted the ineffectiveness of morphine (1 
mg/kg) against a non-noxious cold (10°C) stimulus. In all tests, the antinociceptive 
effect was blocked by naloxone (0.1 mg/kg). Co-administration of (+)-HA966 with 
morphine (1 mg/kg) had no effect on motor coordination in both pain models.

4 9 5 .1 0

EFFECT OF DAM GO ON iCGRP RELEASE FROM CAPSAICIN- 
SENSITIVE FIBERS P.A. Claude*, N. Gracia, L. W agner, C .M. 
Flores and K.M. Hargreaves. Dept. Endo., U TH SCSA , San Antonio. 
TX 78284.

Administered intrathecally, the mu-opioid receptor selective peptide 
agonist, DAM GO, is analgesic. However, DAM GO has been shown to 
enhance the h igh -p otassiu m -evok ed  release o f  the n ociceptive  
neuropeptide, substance P, from both trigeminal ganglion and spinal 
cord slices. The present study evaluates the effects o f DAM GO on 
primary afferent nociceptive fibers by m easuring immunoreactive 
calcitonin gene-related peptide (iCGRP), a neuropeptide found primarily 
in primary afferent fibers, released by capsaicin, a selective stimulator of 
primary afferent nociceptive fibers. In this study, lumbar spinal cord 
slices or trigeminal ganglion from rat w ere placed into chambers. 
Tissues were supervised with oxygenated Kreb's buffer (37C pH 7.4 at
0.5 or 0:33 ml/min, respectively); 3 or 7 min fractions for spinal cord or 
trigeminal ganglia, respectively, were collected  and iCGRP levels  
determined by RIA. Pretreatment with DAM G O  ( 1uM) produced 
approximately a 1.5 fold increase in 1 uM or 10 uM capsaicin-evoked  
iCGRP release from spinal cord or trigeminal ganglia, respectively. 
These results indicate that, although analgesic, m u-opioid receptor 
selective agonists enhance the capsaicin-responsiveness o f peptidergic 
primary afferent fibers. (Supported in part by a U TH SCSA  grant and 
D A101594 CMF)
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496.1
UPREGULATION OF EXPRESSION OF A GABA A RECEPTOR SUBUNIT 
FOLLOWING CEREBRAL ISCHEMIA. R. Siushansian1, J.F. Bechberg er1, 
W.J. Rushlow2, R. Rajakumar1,2, V. Hachinski3*, C.C.G. Naus1,3, and D.F. 
Cechetto1,3. Depts. of 1Anatomy and Cell Biology, Univ. Western Ontario; 
2Psychiatry, and 3Clinical Neurological Sciences; London Health Sciences 
Centre; London, Ontario, Canada. N6A 5C1.

Cerebral ischemia may cause up- or downregulation of expression 
of specific genes in the brain. These genes may be part of a cascade of 
defence mechanisms which combat postischemic events that lead to cell 
necrosis or apoptosis. W e used differential display and Northern blot 
analysis to examine the hypothesis that gene expression is altered following 
middle cerebral artery occlusion (MCAO). Anaesthetized Wistar rats 
underwent either MCAO or sham operation. Six hours following surgery, 
animals were sacrificed and brain samples from ischemic cortices were 
snap-frozen. There was a large increase in differential expression of a gene 
in the infarct region of the ischemic cortex. The sequence of this gene was 
73% homologous to the human GABA A receptor subunit alpha4. 
Quantitative Northern blot analysis indicated a 2.5-fold increase in this 
receptor's mRNA levels compared to the sham cortex. In situ hybridization 
is currently under way to determine cellular expression and possible 
anatomical location of upregulated GABAergic pathways. This is the first 
report of ischemia-induced changes in a GABA A receptor subunit at the 
transcriptional level. GABA receptor agonists appear to be neuroprotective 
in experimental models of ischemia. Our results suggest an endogenous, 
inhibitory mechanism which appears to be activated following ischemia and 
may act as a defence mechanism in the post-ischemic brain before any 
therapeutic intervention is employed. Supported by Heart & Stroke of 
Ontario and MRC of Canada.

496.3
NF-ƙB EXPRESSION AFTER PERMANENT CEREBRAL ISCHEMIA.
G. I. Botchkina*, M. L. Bilof and K. J. Tracey. The Picower Institute for Medical 
Research, Manhasset, NY 11030.

NF-κB is an inducible, redox-controlled transcription factor. There is 
controversy related to NF-κB expression and activation in different models 
o f cerebral ischemia. In the present studies, we used an activity-specific 
monoclonal anti-NF-κB Ab (p65) in a model o f permanent middle cerebral 
artery occlusion (MCAO). Normal rat brain revealed low-to-moderate 
constitutive NF-κB activity, predominantly within neuronal nuclei and 
capillary walls; the white matter was almost completely devoid o f activated 
NF-κB. MCAO induced complete loss o f nuclear NF-κB expression within 
the ischemic core and penumbra as early as 2 hr after the onset o f MCAO. 
However, more distant brain tissue and contralateral cortex displayed a 
moderately increased level o f NF-κB immunoreactivity (IR) compared to 
normal brain. The anatomical area o f lost NF-κB activity progressively 
increased from 2 to 24 hr, correlating with increased TNF expression and 
progression o f apoptotic cell death. Five days after MCAO, the peak volume 
o f lost NF-κB activity had significantly decreased, and NF-κB IR in 
surrounding infarct regions was more dense than in the contralateral cortex . 
Also, some cells within the ischemic core expressed dense nuclear NF-κB 
IR. Our results suggest that despite the significant up-regulation o f TNF 
expression as a consequence of cerebral ischemia, and the recognized 
potency o f TNF to activate NF-κB, this transcription factor is paradoxically 
inactivated within damaged cortex during the first days after experimental 
stroke.

496.5
EXPRESSIO N OF THE DNA REPAIR PRO TEIN, D N A -DEPEND EN T  
PROTEIN KINASE, FOLLOWING ISCHEMIA AND REPER FUSIO N.
D.A. Shackelford*, T. Tobaru, S. Zhang, and J.A. Zivin 

Dept. of Neurosciences, Univ. of Calif. San Diego, La Jolla, CA 92093-0624  
Ischemia and repertusion causes an increase in DNA base lesions and 

single-strand breaks most likely due to reactive oxygen species generated  
during reperfusion. Limited evidence also suggests that the damage can be 
repaired. Repair of DNA strand breaks is accomplished by non-homologous 
end joining which requires DNA-dependent protein kinase, composed of a 460- 
kD catalytic subunit (DNA-PKcs) and Ku antigen, a heterodimer of 70- and 80- 
kD proteins that binds to the free ends of double-stranded DNA as well as 
single-stranded nicks and gaps. The electrophoretic shift assay was used to 
detect changes in DNA binding of Ku antigen using the rabbit spinal cord 
ischemia model. Nuclear and cytosolic extracts were prepared from the 
caudal lumbar spinal cord of animals subjected to 0 ,  15, or 60 min of ischemia 
and 4 or 18 h reperfusion. Animals occluded for 15 min recover function during 
reperfusion and DNA binding of Ku antigen increased transiently in the 
cytosolic fractions after 4 h reperfusion followed by a significant increase in 
the nuclear fractions at 18 h. In contrast animals occluded for 60 min are 
permanently paraplegic and showed reduced DNA binding of Ku antigen at 18 
h. This correlated with a reduction in the amount of Ku70 and Ku80 subunits. 
In animals subjected to 60 min occlusion/18 h reperfusion, the amount of the 
460-kD catalytic subunit was reduced and a 150-kD fragment appeared. No 
loss of DNA-PKcs or generation of fragment was detected in animals treated 
for 15 min occlusion/18h reperfusion. These results suggest that mild 
ischemic insults can activate DNA repair proteins, whereas severe insults 
lead to inactivation and degradation. Supported by N IH  grant N S  28121.

496.2
SELECTIVE LOSS OF THE M ETABOTROPIC GLUTAMATE 
RECEPTOR SUBTYPE 4 MESSAGE DURING FREE RADICAL 
IN JU RY . J. C . States , I. Ahmad,*  J. Gallant, and K. Maiese. Neurology, 
Anatomy and Cell Biology, Ctr. for Molecular Medicine, and Institute of Chemical 
Toxicology, Wayne State Univ. School of Medicine, Detroit, MI 48201.

Pharmacological activation of the metabotropic glutamate receptor 
(mGluR) subtype 4 increases neuronal survival and prevents programmed cell death 
(PCD) during free radical, nitric oxide (NO) toxicity (Maiese, et al. J  Neurochem 
66:2419-2428, 1996; Vincent, et al., J Neurosci Res 50:549-64, 1997). Although 
the transcription of the mGluR subtypes have been demonstrated to be 
differentially expressed during neuronal development, it is unknown whether 
alterations of specific mGluR subtype mRNA expression are linked to acute 
neuronal injury. We therefore investigated the transcriptional expression of the 
neuroprotective mGluR subtype 4 during NO exposure in primary hippocampal 
neurons. Neuronal injury was assessed by a 0.4% trypan blue dye exclusion 
survival assay. We employed reverse transcriptase-polymerase chain reaction (RT- 
PCR) with a 325 bp target for mGluR subtype 4 and a 183 bp target in GAPDH 
mRNA as a constitutive internal standard to characterize the expression of this 
receptor subtype. The difference in the expression of mRNAs was measured as a 
mass ratio between the target message of the mGluR subtype 4 to that of the 
internal standard GAPDH with specificity of the target message determined by 
restriction enzyme analysis. Neurons were exposed to the NO generator SIN-1 
(300µM) for 5 minutes and then assayed 6 hrs later for mRNA mGluR subtype 4 
expression. Although expressed in untreated control cultures, mGluR subtype 4 
expression was completely abolished within 6 hours following NO exposure. In 
sister cultures, neuronal survival was significantly reduced from 78±5% to 50±6% 
(p<0.001). RT-PCR revealed no significant loss of the message for GAPDH 
following NO application, illustrating a selective knockout of the mGluR subtype 
4 message. Given the neuroprotective ability of the mGluR subtype 4, our work 
suggests that selective loss of this receptor may be crucial to the ultimate survival 
of neurons during neurodegenerative insults.

Supported by the Alzheimer’s Association, AHA (National), Boehringer 
Ingelheim Award, J&J Award, NIH NINDS, and the UCP Foundation.

496.4
RAPID DECREASE OF APURINIC/APYRIMIDINIC ENDONUCLEASE 
EXPRESSION FOLLOWING TRANSIENT FOCAL CEREBRAL ISCHEMIA IN 
MICE. M. Fujimura, Y. Morita-Fujimura, M. Kawase, P.H. Chan* Depts. of 
Neurosurgery, Neurology and Neurological Sciences, Stanford University School of 
Medicine, Palo Alto, CA 94304

The DNA repair enzyme apurinic/apyrimidinic endonuclease (APE/Ref-1) is a 
multifunctional protein in the DNA base excision repair (BER) pathway that is 
responsible for repairing AP sites in DNA. Although little is known about the 
relationship of the DNA BER pathway to apoptosis, recent evidence suggests that the 
down regulation of APE/Ref-1 is associated with programmed cell death in the 
leukemia cell line (Robertson et al., 1997).

In the present study, we examined APE/Ref-1 protein expression before and 
after transient focal ischemia in mice, in which apoptosis is assumed to play a role. A 
significant amount of DNA fragmentation was observed both by TUNEL staining and 
by DNA gel electrophoresis, which maximized at 24 h after 60 min MCA occlusion. 
Immunohistochemistry showed the nuclear expression of APE/Ref-1 in the entire 
region of control brain, which had a regional predominance in the hippocampus and 
cerebellum. Nuclear immunoreactivity in the lateral caudate putamen was rapidly 
decreased as early as 30 min after MCA occlusion. At 4 h after ischemia, a significant 
reduction of APE/Ref-1 positive cells was observed in whole MCA territory area, 
which was further decreased at 24 h after ischemia. Western blot analysis of the sample 
from normal brain showed a 37kD single band, which is characteristic of APE/Ref-1. 
Our data provide the first evidence that APE/Ref-1 rapidly decreased after transient 
ischemia, and this reduction precedes the peak of DNA fragmentation. Although 
further examination is necessary to elucidate the relationship between APE/Ref-1 
decrease and ischemic apoptosis, our result suggests the possibility that rapid decrease 
of APE/Ref-1 and the failure of DNA repair mechanism may contribute to apoptosis 
after transient focal ischemia (Supported by NS 14543, NS 25372, NS 36147 and NS 
82386).

496.6
SPREADING DEPRESSION (SD) -INDUCED GENE EXPRESSION IS  
r e g u l a t e d  b y  p l a s m a  g l u c o s e . K. Kurkinen1*, S.  Pasonen1, J . 
Y r ja n h e ik k i1 ,  P.H. Chan2 and J. Koistinaho1,2. 1A.I. Virtanen Institute, Univ. of 
Kuopio, Finland; 2Dept of Neurosurgery, Stanford University, Palo Alto, CA 94304.

SD is a wave of sustained depolarization challenging cellular energy metabolism 
without causing irreversible damage. In ischemic brain SD-like depolarization 
contributes to the evolution of ischemia to infarction, possibly by triggering a massive 
Ca2+ influx, which in energy-compromized neurons initiates a cell death cascade. Plasma 
glucose is another determinant of ischemic brain damage. In global and transient focal 
brain ischemia hyperglycemia (HrG) exacerbates ischemic injury. Since gene induction 
may contribute to the outcome of brain ischemia, factors regulating the genes need to be 
determined. We examined whether plasma glucose affects SD-induced gene expression.

SD was induced in male Wistar rats by unilateral cortical application of 3M KCl. 
Hypoglycemia (HoG) was induced by insulin (2.7 - 3.7 IU/kg i.p.) and HrG by 50% D- 
glucose (2.6 - 3.4 ml i.p.) 30 min prior to 2h of KCl application. 3h after stopping 
KCl stimulation the rats were killed and the brains processed for in situ hybridization of 
c-fos, cyclooxygenase-2 (COX-2), heat shock protein-32 (hsp-32), protein kinase C8 
(PKCô) and caspase-3.

The plasma glucose levels were as follows: normoglycemic controls 5.5±0.5 
(mean±S.D.), normoglycemic SD animals 6.0±1.0, HrG controls 22.1±3.7, HrG SD 
animals 18.2±5.7, HoG controls 2.4±5.7, HoG SD animals 2.0±0.4. Plasma glucose 
alone did not affect gene expression, with an exception of increased c-fos expression 
(42%) in HrG rats. The SD-induced c-fos expression was enhanced both in HrG and 
HoG rats, COX-2 expression was enhanced only in HrG rats, and PKCδ  and hsp-32 
expression were inhibited both in HrG and HoG rats. Caspase-3 was significantly 
induced by SD but the induced expression was not affected by plasma glucose.

Hyperglycemia and hypoglycemia alone do not much affect cortical gene expression, 
but when the cortex is challenged with an energy-consuming but sublethal SD, plasma 
glucose levels regulate differentially the induced gene expression.
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PERFUSIO N THRESHOLDS OF c -fos A N D  hsp72 m RNA EXPRES- 
SIO N  IN THE PE N U M BR A  FOLLOW ING M IDDLE CEREBRAL  
ARTERY OCCLUSION IN MICE. G. M ies*, R. Hata ,  D M . Hermann,
K .-A . H ossm ann, M ax-Planck-Institute for N eurological Research, 
D ept. o f Experimental N eurology, D -50931 C ologne, Germany.

In the periphery o f  focal cerebral ischemia, inhibition o f cerebral pro
tein synthesis (CPS) occurs at a much higher flow  threshold than failure 
o f  energy m etabolism . This study was designed to determine the flow  
threshold o f  m R N A  induction in the peri-infarct surrounding. Permanent 
focal ischemia in mice was induced by using an intraluminal filament m e
thod. R egional CPS and cerebral blood flow  (CBF) were measured with 
3H-leucine and 14C-iodoantipyrine by means o f  double tracer autoradiog- 
raphy. At 1 and 3 h (n=8), brains were frozen in situ with liquid nitrogen 
to determine regional ATP content by bioluminescence. Parallel sections 
were used for in-situ hybridization o f  c-fos and hsp72 mRNA using o li- 
gonucleotide probes. Evaluation o f ipsilateral cortex at the level o f cauda- 
te-putamen revealed a flow  threshold o f 18 ±  9 % (o f contralateral CBF; 
mean ±  SD ) for energy failure and 43 ±  14% for CPS inhibition (p < 
0 .001 ). The flow  rates necessary for induction o f  c -fos and hsp72 
m R NA  were 24 ±  12% and 25 ±  8%, respectively. C-fos m RNA expres- 
sion remained elevated throughout the ipsilateral cortex whereas hsp72 
m R N A  w as not detected above a flow  threshold o f  54 ±  19% (not 
significant compared to that o f  protein synthesis inhibition). Our results 
indicate that expression o f  c-fos is a suitable marker to identify the entire 
region o f  the peri-infarct stress response whereas hsp72 m R NA  is in- 
duced at oligem ic flow  rates ranging from 25 - 54 % (o f contralateral 
CBF) thus demarcating the metabolic penumbra, i.e. metabolically com - 
promised but viable tissue at risk for survival.

4 9 6 .9

ANTIOXIDANTS PREVENT INDUCTION OF HEAT SHOCK PROTEINS 
(HSP70, HO-1/HSP32, HSP47) IN FOCAL REGIONS OF BRAIN 
FOLLOWING SUBARACHNOID INJECTIONS OF LYSED BLOOD.
C.P. Turner 1, S.S. Panter1,2*, and F.R. Sharp1,2  Departments of 1Neurology 
and 2Neurosurgery, University of California San Francisco and Department of 
Veterans Affairs Medical Center, San Francisco, CA 94121.

Lysed blood injected in the subarachnoid space of rat brain induces the heat 
shock protein 70 (HSP70) gene in focal regions. In this study, we postulated 
that: (1) focal regions of HSP70 immunoreactivity would also display the 
expression of other stress genes—heme oxygenase-1 (HO-1/HSP32) and 
HSP47 (a collagen chaperone); and (2) treatm ent with antioxidants would 
prevent stress gene expression in these focal regions.

Lysed rat blood (150.0 µl) was injected into the subarachnoid space of adult, 
female Sprague-Dawley rats via the cisterna magna. Animals were sacrificed 24 
hr. later, and immunocytochemistry demonstrated that HSP70 and HO-1 were 
expressed in microglia, astrocytes, and neurons in the same focal brain 
regions. HSP47 was expressed only in microglia. Although the focal areas in 
cortex were most prominent dorsally, they could be located anywhere from 
the frontal to occipital poles and in the striatum and cerebellum.

Focal regions of stress gene induction occurred in 8/13 animals. In the 8 
animals with focal regions, there were 8.1 ±1.8 foci in cortex, 5.5 ± 0.9 foci in 
striatum, and 11.7 ± 7.3 foci in cerebellum. The focal regions of stress gene 
induction varied in size from 200 µm to 7 mm in diameter. Systemic 
administration of the tirilazad-like antioxidants, U101033E (n = 8) and 
U74389G (n = 7) completely blocked the focal regions of stress protein 
induction (0/15 animals with focal areas, p < ..05). These results suggest that 
oxidative stress is linked to the focal induction of HSP70, HO-1, and HSP47 
following subarachnoid injections of lysed blood. This model represents a 
new approach for testing compounds to prevent focal injury in experimental 
subarachnoid hemorrhage. Supported by NS28167, NS14543 (FRS); HL53040 
(SSP & FRS); VA Merit Review (FRS); DOD/DVA jo in t program (SSP &cFRS).
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ENDOGENOUS AND TRA N SG EN IC S O D 1 EXPRESSION IN 
MOUSE HIPPOCAMPUS. Faye Eggerding, Elaine J . Carlson, Charles 
J. Epstein, D onna M. Ferriero*. H untington M edical Research 
Institute, Pasadena, CA 91101 and Departm ents of Neurology and 
Pediatrics University of California at San Francisco, San Francisco, 
CA 94143.

Overexpression of Copper/Zinc superoxide dismutase (SOD1) in a 
human SO D 1(hSO D 1) transgen ic m ouse has been associated with 
increased brain injury in a neonatal model o f hypoxia-ischemia. In 
this model, the pyramidal cell layer of the hippocampus is selectively 
destroyed, leaving the dentate gyrus relatively preserved after a 
moderate insult. To correlate the pattern of transgene expression with 
tissue injury we examined the expression of hSO D 1 in transgenic 
mouse brain by in situ hybridization (ISH) . RNA probes for ISH were 
synthesized by in vitro transcrip tion  o f cloned hS O D 1 cDNA 
containing the complete hSO D 1 coding sequence and antisense and 
control sense riboprobes were labeled with digoxigenin-UTP or 35S- 
UTP by runoff transcription with T7 (antisense) or T3 (sense) RNA 
polym erase. Hom ozygous and heterozygous overexpressors had 
identical morphology, with expression of the transgene throughout the 
pyramidal layer of the hippocampus, with an even distribution from 
C A 1 through CA3. The dentate gyrus, which exhibits apoptotic cell 
death in this model, contained only rare neurons with SODl positivity, 
although the hilus had scattered positive signal in interneuronal 
populations. W ildtype, nontransgenic C D 1 brains showed a similar 
pattern of endogenous Sod1 gene expression, albeit with lower signal. 
Our studies indicate that the pattern of SO D 1 expression correlates 
well with the pattern of necrotic cell death seen in the hippocampus. 
supported by AG08938 and NS33997

4 9 6 .8

OVEREXPRESSION OF RAT INDUCIBLE HEAT SHOCK PROTEIN 
70 CONFERS RESISTANCE TO PERMANENT FOCAL ISCHEMIC 
INJURY IN TRANSGENIC MICE
S. Rajdev1*, K. Hara2, K.E. Solway1, R. Mestril3, W.H. Dillmann3, P.R. 
Weinstein2 and F.R. Sharp1. 1Departments of Neurology and 2Neurosurgery, 
UCSF/VAMC, San Francisco, CA 94121 and 3Department of Medicine, Div. 
Endocrinology, UCSD, San Diego, CA 92103.

Increased expression of the inducible 70 kD heat shock protein 
(hsp70i) has been shown to exert a protective effect against myocardial 
ischemic injury (Marber et al., J Clin Invest, 1995, 95:1446-1456). We are 
using transgenic mice overexpressing the rat hsp70i to study the role of this 
stress protein on cell survival after cerebral ischemia. In previous studies we 
have shown that global ischemic injury was reduced in hsp70 transgenic mice 
24 hrs following 8 min. temporary bilateral common carotid artery occlusion 
(Soc. Neurosci. Abst., 1997, 23: 2184). To investigate whether hsp70 also 
protects against focal cerebral ischemic injury, we have used the murine model 
of permanent focal cerebral ischemia consisting of intraluminal middle 
cerebral artery occlusion. The animals are sacrificed 6 hrs after the MCA 
occlusion and the ischemic injury is monitored by cresyl violet staining. We 
found that overexpression of hsp70 provides profound protection against 
permanent focal ischemic injury. While all of the wild type mice (n=9; 
negative littermates) clearly demonstrated infarction of the ipsilateral 
hemisphere, 10 of 12 transgenic mice failed to show any significant infarction. 
No significant cellular injury was observed in the contralateral hemisphere in 
either wild type or transgenic mice. The regional cerebral blood flow is being 
measured using 14C- iodoantipyrine to investigate if overexpression of hsp70 
alters the cerebral blood flow in affected regions during first 30 min. of the 
permanent focal ischemia. This data further supports a protective role for the 
hsp70i in preventing cellular injury following cerebral ischemia.
Supported by NIH grants NS28167 and NS14543.

4 9 6 .1 0

EXPRESSION OF FERRITIN AND IRON DEPOSITION FOLLOWING 
CEREBRAL ISCHEMIA. T.N. Lin*, J.J. Chen, E.Y. Lai and L.Y. Chau. 
Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan, ROC

Abnormal iron deposition in various brain regions has been reported in 
many neurodegenerative disorders such as Alzheimer disease, Parkinson 
disease, and stroke. Iron in various organs is involved in the formation of free 
radicals which is potentially lethal for cellular function. The causes and effects 
of massive iron accumulation following ischemia are largely unknown.
Increased ferritin immunoreactivity has been shown after ischemia, however, 
the mechanism is not clear. The purpose of the present study was to examine 
the level of ferritin mRNA and its relation to iron deposition following cerebral 
ischemia-reperfusion in a well established focal cerebral ischemia (MCAO) 
model. Result from Northern blot analysis showed that ischemia for 60 min 
resulted in a slowly increase of H-ferritin mRNA in the ischemic cerebral 
cortex. A 2.5-fold increase at the peak level was observed between 72 hr and 
168 hr of reperfusion as compared to the sham-operated control. Similar 
induction profile was observed for L-ferritin mRNA in the ischemic cortex. 
Quantitative analysis of the blot indicated a 6.5-fold increase at the peak level. 
No significant changes in the levels of H- and L-ferritin mRNA were observed 
in the contralateral cortex. In situ hybridization further revealed that H-ferritin 
mRNA was expressed predominantly in area surrounding the infarct, however, 
L-ferritin mRNA was expressed with the infarct region. Ferritin-like 
immunoreactivity was also detected in areas expression ferritin mRNA. 
Furthermore, iron was also deposit in the similar areas. The differential 
expression of H- and L-ferritin mRNA following cerebral ischemia is not 
presently clear. The types of cells that expressed these genes is currently under 
investigation. This work is supported by grants from NSC and Academia 
Sinica.

4 9 6 .1 2

GENDER DIFFERENCES IN INFARCT SIZE IN MICE AFTER PERMANENT 
FOCAL ISCHEMIA AND IN THE PROTECTIVE EFFECTS OF Cu,Zn 
SUPEROXIDE DISMUTASE OVER-EXPRESSION. E.D. Hall* and D.M. Sutter. 
Neurobiology, Pharmacia & Upjohn, Inc., Kalamazoo, MI 49001.

In previous studies in a gerbil 3 hour unilateral carotid occlusion hemispheric stroke 
model, we demonstrated that female animals sustain less ischemic damage than their 
male counterparts in large part due to a difference in susceptibility to post-reperfusion 
free radical damage. This may be the result of an antioxidant effect of endogenous 
estrogen (Hall et al., JCBF&M 11:298,1991). In the present study, we investigated the 
possibility of a gender difference in cortical infarct size in mice subjected to permanent 
unilateral middle cerebral artery occlusion (MCA-0) by the Tamura method. In 
addition, we compared the infarct size in male and female transgenic mice that over-
express human wild-type Cu,Zn superoxide dismutase with their non-transgenic 
counterparts. The mice were anesthetized with chloral hydrate (500 mg/kg i.p.), 
subjected to MCA-0 for 6 hrs followed by perfusion with triphenyltetrazolium chloride 
(TTC). Total infarct size was determined by image analysis of eight TTC-stained brain 
cross sections and expressed as a % of the ipsilateral hemisphere. In male non- 
transgenic mice, the mean+S.D. infarct size was 21.5±4.8% compared to only 
15.1±5.3% in females (p<0.005). In male Cu,Zn SOD transgenics, the infarct size was 
only 8.5±3.8% (p<0.001 compared to non-transgenic males). In contrast, in female 
transgenic mice, the infarct size was 15.1±5.9%, no different than that seen in non- 
transgenic female mice. Thus, non-transgenic female mice show smaller infarcts than 
non-transgenic males which we hypothesize is due to an antioxidant neuroprotective 
effect of endogenous estrogen. However, over-expression of the antioxidant enzyme 
Cu,Zn SOD, which attenuates post-ischemic infarction in male mice by over 60%, does 
not provide any additional protection in the transgenic female animals. Although further 
work is needed, this suggests the possibility that enhancing antioxidant defenses may 
not have the same benefit in female animals as it does in males. Supported by Pharmacia 
& Upjohn. *Present Address: Parke-Davis Pharm. Res., Ann Arbor, MI 48105.
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SUSCEPTIBILITY OF WILD-TYPE AND tPA-DEFICIENT MICE TO 
TRANSIENT FOCAL CEREBRAL ISCHEMIA UNDER HYPOTHERMIC 
CONDITONS. P.Tabrizi1, M.H.Weiss1, G.McComb2, D.Hinton3*, N.Seeds4, 
V.Zelman5, B.V.Zlokovic1. 1Depts. of Neurosurgery, 3Pathology and 
5AnesthesioIogy, 2Division of Neurosurgery Childrens Hospital of Los Angeles, 
School of Medicine, University of Southern California, Los Angeles, CA 90033 and 
4Neuroscience Center. Univ. of Colorado, Denver, CO 80262.

Tissue plasminogen activator (tPA), a serine protease, plays important roles in 
thrombolysis, during development of the CNS and in memory and learning 
processes. The excitotoxic neuronal damage has also been reported. We 
investigated the susceptibility of C57B6/SV129 wild-type (tPA +/+) and tPA 
knockout (tPA -/-) mice to brain injury using 3 hr. middle cerebral artery occlusion 
(MCAO) under hypothermic conditions (t=33 ± 1.5°C). The incidence and volume 
of injury i.e., the infarction of gray matter and edema, at 24 hr of reperfusion were 
significantly higher in tPA -/- mice. The area of injury involved typically the 
ipsilateral cortical and/or subcortical regions. This contrasts previously reported 
findings on neuronal injury in CA1-CA3 hippocampal subfields using similar MCA 
model under normothermic conditions. The intraventricular injection of carbon 
black ink indicated that the circle of Willis contains large MCA and highly 
developed posterior circulation. Preliminary regional cerebral blood flow (rCBF) 
Laser Doppler results showed that the rCBF in the periphery of the ischemic core is 
diminished in tPA deficient mice during the reperfusion period. Histological 
analysis of brain tissue after 24 hr reperfusion revealed single or multiple ruptured 
vessels in the ipsilateral MCA region with microhemorrhages in all and only tPA -/- 
mice, that possibly developed as a result of extensive cerebrovascular clotting with 
complete distal occlusions leading to larger volumes of injury.
Supported by NIH grant NS-31945
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MULTIPLE TIMESCALES ARE INVOLVED IN CODING OF CONTRAST IN 
VI. DS Reich*, F Mechler, KP Purpura, BW Knight, and JD Victor. Rockefeller 
University and Cornell University Medical College, New York NY 10021.

We examined the temporal structure of the responses of macaque V1 neurons to 
abrupt presentations of stationary sinusoidal gratings of different contrasts. The 
time-varying firing rates of these responses often contained several components: a 
latency; an “on”-transient of high firing rate; a sustained period of lower (but still 
significantly elevated) firing rate; a brisk “off” transient; and a period of inhibition. 
We examined the degree to which each of these response components, alone or in 
various combinations, encoded information about contrast. We employed a metric- 
space approach (Victor and Purpura 1996) to determine the extent to which spike 
trains evoked by a given stimulus are more similar to one another than to spike 
trains evoked by different stimuli. This measure of stimulus-dependent clustering 
provides an estimate of the amount of temporal coding on different timescales.

Stimulus-dependent clustering was often greatest when the on-transient was 
considered in isolation, with a temporal precision as high as 4 ms. Furthermore, 
clustering based on either a rate code or a temporal code was not strongly affected 
when the latency variation among the responses to different contrasts was 
eliminated. This suggests that temporal information not restricted to latency could 
be used to distinguish stimuli of different contrasts. Nonetheless, clustering based 
only on the time of the first spike in the on-transient of each response (a situation 
in which latency information alone is preserved) was approximately the same as 
clustering based on the entire response.

Taken together, our findings suggest that multiple—but not necessarily 
independent—representations of stimulus contrast are present on different 
timescales in the responses of V1 neurons.

Supported by GM07739, EY07138 (DSR); EY9314 (JV); NS01677, NS36699 (KP).
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SYNCHRONIZED SYNAPTIC ACTIVITY IN N EU R O N S OF THE 
CAT VISU AL CORTEX. I. Lampl, I. R eichova and D . Ferster*. 
N euroscience Institute, Northwestern U niversity, Evanston, IL 60208.

The subthreshold behavior o f  cortical ce lls that underlies their 
synchronized firing is unknown. W e therefore recorded intracellularly 
m e subthreshold activity from tw o nearby neurons (<  500 µm apart) 
simultaneously in the striate cortex o f  anesthetized cats. A s measured 
with cross-correlation analysis, the spontaneous fluctuations o f  V m in the 
two cells were synchronized alm ost continuously, rather than for brief 
epochs. N o accompanying oscillatory activity w as observed. This 
synchronized activity w as not a reflection o f  global brain activity since 
w e found no correlation betw een V m, and the EEG, and almost no 
overlap in the power spectra o f  these signals.

A ll pairs were synchronized to som e degree, w ith the peak amplitude 
o f  the normalized correlogram ranging as high as 0.85 in som e pairs 
(mean 0.33 ± 0.19, N  =  47). Synchrony w as significantly higher between  
com plex cells and between ce lls receiving polysynaptic inputs from the 
LGN. The time delay to the peak o f  the cross-correlograms, depended on 
the relative depth between the cells, w ith deeper ce lls usually leading. 
When both ce lls were depolarized by current injection, spikes were 
evoked during the depolarizing phases o f  the fluctuations.

During visual stimulation with sinusoidal drifting gratings, the main 
observed change in synchrony was a narrowing o f  the cross-correlogram  
at all stimulus orientations by up to 3-fold  compared to spontaneous 
activity. Thus, the com m on synaptic inputs during visual stimulation 
generate faster events compared to the events generated during 
spontaneous activity. The subthreshold synchronized activity o f  cortical 
neurons suggests that nearby neurons carry redundant information both 
during spontaneous and during visual stimulation.

Supported by Grant R01-EY04726 from the National Eye Institute.
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SYNCHRONIZATION INDUCED BY MOVING RANDOM-DOT PATTERNS IN 
CAT STRIATE CORTEX. A.K. Engel*, P. Fries, R. Goebel and S. Neuenschwander. 
Max-Planck-Institut für Hirnforschung, 60528 Frankfurt, Germany

Synchronization on a millisecond time scale is a prominent feature of neuronal 
activity in the mammalian visual cortex, and it has been suggested that it may be cru
cial for the binding of object features and the selection of coherent perceptual informa
tion. So far, most experiments designed for testing this hypothesis have employed 
gratings or bars, i.e., stimuli with locally continuous contours. In the present study, 
we have used random-dot patterns (RDPs) to investigate the effects of local incoherence 
of stimuli on neuronal synchronization. Multi-unit activity and local field potentials 
were recorded from striate cortex of anesthetized cats. Moving RDPs and gratings were 
presented at 100Hz frame rate on a computer monitor. For the recorded responses, 
PSTHs as well as auto- and crosscorrelograms were computed. For most cell clusters, 
response strength was comparable for gratings and RDPs, but the cells’ directional 
tuning was less specific for the latter. The synchrony observed with RDPs was weaker 
than that induced by the gratings. The most striking difference with respect to temporal 
structure was that stimulation with RDPs almost completely eliminated gamma-band 
oscillations that are readily evoked with gratings. In a separate set of measurements, we 
introduced increasing levels of noise in the RDPs, i.e., the coherence of dot motion 
was decreased. At high noise levels, precise synchronization vanished and broad peaks 
appeared in the crosscorrelograms. In the few cases where oscillations occurred with 
these stimuli, they showed frequencies in the alpha-band. Analysis of local field poten- 
tials confirmed these results, also revealing a loss of gamma-band activity for RDPs as 
compared to gratings, and a transition to alpha-band activity with increasing noise in 
the stimulus. These data show that the temporal patterning of neuronal activity is 
strongly influenced by local coherence of visual stimuli. The results are compatible 
with the notion that precise neuronal synchronization may serve for the extraction of 
coherent perceptual features, and that gamma-band activity may have a prominent role 
in this process. Supported by the Max-Planck-Society, the Heisenberg-Program of the 
DFG and the Institute for Advanced Study Berlin.
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SPIKE GENERATION IN CORTICAL NEURONS IN VIVO: DYNAMIC 
VARIABILITY OF ACTION POTENTIAL THRESHOLD. R. Azouz* and
C.M. Gray. Center For Neuroscience, University o f California, Davis, CA 
95616
It has previously been emphasized both theoretically and experimentally 
that variations in spike threshold may hold functional importance for 
information processing in central neurons. In order to determine the cellular 
mechanisms underlying this phenomenon as well as its functional 
implications, we performed intracellular recordings from neurons in the cat 
striate cortex. The effect o f stimulus properties on the spike generating 
mechanism was assessed by studying spike threshold fluctuation during 
two conditions, one during suprathreshold current injection and the other 
during visual responses. We found that the variability in spike threshold 
during current injection was very low and increased as a function of 
injected current intensity. However, during visual stimuli spike threshold 
variability increased by 5 fold, reaching up to 15 mV fluctuations in 
threshold potential. This variability was modulated by resting membrane 
potential, the response magnitude as well as the PSP pattern prior to spike 
initiation, resulting in a dynamic filtering o f  incoming PSPs. Furthermore, 
we discovered that this variability also depends on the intrinsic properties 
o f these cells. The results suggest that dynamic variability in spike 
generation in cortical cells may influence how individual cells process 
sensory input.
Supported by the Human Frontiers Science Program and the National Eye 
Institute.
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SPATIOTEMPORAL ORIGIN OF BURSTS AND "RELIABLE" SPIKES 
GENERATED BY NEURONS IN V1. J. Victor*, F. Mechler, D. Reich, and K. 
Purpura. Dept. of Neurology and Neuroscience, Cornell University Medical College, 
New York NY 10021.

The discharges of cortical neurons often contain bursts. Moreover, recent 
evidence suggests that the initial spike in the response to a transient stimulus has a 
relatively precise latency, but that subsequent spikes are more variable both in count 
and timing. However, it is unclear whether bursts and "reliable" spikes play a 
special role in signalling visual stimuli in general. To address this issue, we 
recorded responses of single neurons in V1 of anesthetized, paralyzed macaque 
monkeys to a binary pseudorandom (m-sequence) stimulus. We collected multiple 
(typically 16) one-minute repeats, each interleaved with the contrast-inverse of the 
stimulus sequence. Spatiotemporal receptive field maps were constructed both in the 
standard fashion by correlation of the stimulus with the original spike train, and also 
by correlation with several derived trains of events: spikes whose times were 
reproducible across repeats (with various levels of stringency), short bursts (3 or 
more spikes within 11 ms), or long bursts (5 or more spikes within 18 ms).
Receptive field maps obtained from the derived trains were typically larger in 
amplitude (often twofold) than those obtained from the original spike train, when 
compared on a per-event basis. A theoretical analysis shows that this phenomenon 
is unrelated to whether spike trains are Poisson, but rather, reflects the distribution 
of signals provided to the spike-generating mechanism. In some neurons, the 
spatiotemporal maps constructed from the derived event trains showed enhanced 
spatial antagonism or modified temporal properties. These changes in map shape 
cannot be explained by an output nonlinearity, and they suggest that bursts and 
reliable spikes have special roles in the neural computations of early visual 
processing.

Supported by EY9314 (JV) NS01677, NS36699 (KP).
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PRECISELY  TIM ED  REPEA TIN G  S PIK E PA TTERN S IN TH E 
RESPONSES O F V 1 AND LGN NEURONS. B.J. Richmond1*, M. 
Oram1, R. Lestienne2 and M.W. Wiener1. 1Laboratory of Neuropsychology, 
NIMH, Bethesda, MD 20814, USA, and 2Institut des Neuroscience, Universite 
de Paris VI, F-75005 Paris, France.

The role of precisely timed patterns of spikes found within 
neuronal spike trains for information transmission is a hotly debated 
issue. It has not been easy to study their potential role in information 
transmission because in most instances the numbers of these patterns 
found has been small. As a consequence it has been difficult to develop 
measurements relating the number of these exactly timed patterns to the 
information within the spike trains.

We recorded from both LGN and V 1 neurons in a fixating 
monkey while a large number of visual stimuli (64 in LGN and 276 in 
V 1) were presented one at a time, centered on the neuronal receptive 
fields. We made an exhaustive search through each spike train (32 LGN 
neurons and 16 V 1 neurons) for precisely timed (1 ms resolution) triplets 
that repeat at least once within a single response. In both areas the spike 
counts ranged from 0->50 in a 200 ms period, and the mean number of 
repeating triplets/train ranged from 0->30. The number of triplets 
increased non-linearly with the number of spikes. In both areas, 70% or 
more of the spikes in an excitatory response can be part of the triplet 
structure. The numbers of triplets found is poorly predicted by either a 
homogeneous Poisson model, or a Poisson model with the rate varying 
according to measured rate profile (the peristimulus spike density). The 
stimulus-related information carried by the triplets is redundant with the 
information carried by the raw spike counts, suggesting that the number 
of repeating triplets is a consequence of the firing rate.
Support: IRP/NIMH/NIH,USA and CNRS,FRANCE.
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NEURONAL SYNCHRONY IN  PRIMARY VISUAL CORTEX OF THE 
AWAKE M ONKEY DOES N O T REPRESENT PERCEPTUAL 
ORGANIZATION. V.A.F. Lamme*1 & H. Spekreijse1, 1Graduate School of 
Neurosciences, AMC, Univ. of Amsterdam, &. The Netherlands Ophthalmic 
Research Institute, P.O. Box 12141, 1100 AC Amsterdam, The Netherlands

In tro d u c tio n  It has been proposed tha t perceptual organization is 
represented by synchrony of firing between neurons tha t represent features 
of the same object. To test this hypothesis, we showed textured scenes to 
macaque monkeys, in which they had to detect a figure from background. 
M ulti-unit activity was recorded simultaneously from 16 sites in primary 
visual cortex, and cross-correlation was calculated between electrode pairs 
tha t had their receptive fields (RF’s) either both inside, both outside, or each 
on opposite sides of the boundary between figure and ground.

R esults Synchrony between distant sites in V 1 was found. However, in 
general, synchrony did not signal perceptual segregation; equal synchrony 
was found between RF’s tha t were either both within the figure, or tha t were 
on either side of the boundary between figure and ground. Only when there 
was a 90° orientation difference between line segments of figure and ground, 
there was a small bu t significant difference between these conditions.

C onclusion O ur findings, as well as other results on stimulus specificity 
of synchrony, can simply be explained by viewing synchrony as reflecting the 
anatomical connections within V 1. Synchrony does no t dynamically group 
neurons depending on w hether they respond to  features of the same object 
or not, and therefore is not a representation of perceptual organization.

(Funded by a Royal Dutch Academy of Sciences award to V.L.)
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RESPONSE LATENCY IS RELATED TO  STIM ULUS 
CONTRAST, BUT NOT TO  RESPON SE STREN G TH . M. C.
Wiener*, M. W. Oram, and B, J. Richmond. Laboratory of Neuropsycholgy, 
NIMH, Bethesda, MD.

Gawne et al. (J. Neurophsyiology, 1996) showed that response 
strength and response latency of single V 1 neurons in fixating monkeys 
can be manipulated nearly independently by changing the orientation 
and luminance of presented bars. We examined responses to a set of 
stimuli isoluminant to the background, but of varying internal contrast. 
The stimulus set included both 1-dimensional gratings (covering a range 
of orientations, spatial frequencies, and contrasts) and 2-dimensional 
Walsh patterns (covering a range of frequencies and contrasts). Stimuli 
were positioned to cover the entire excitatory part of the receptive field, 
and extended into the near surround. Since the background firing rate in 
these cells was nearly zero, we were able to use the time of the first 
spike after stimulus appearance as the latency. The minimum latency 
was the same for all responses at a given contrast, regardless of response 
strength. This minimum latency increases as the internal contrast of the 
stimuli decreases. Stimulus contrasts ranged from 6.5 to 96 percent. 
Over this range of contrasts, the increase in minimum latency ranged 
from 25-35 ms across cells. Thus, minimum response latency depends on 
stimulus contrast, but not on the strength of stimulus-elicited response. 
Support: IRP/NIMH.
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A CCURATELY PRED ICTIN G  PRECISELY  REPLICA TIN G  SPIK E 
PATTERNS IN NEURAL RESPONSES O F M ON K EY  STRIATE 
C O RTEX  AND LGN. M.W. Oram1*, R. Lestienne2, M.C. Wiener1 and B.J. 
Richmond1. 1Laboratory of Neuropsychology, NIMH, Bethesda, MD, USA and 
2Institut des Neurosciences (CNRS UMR 7624), Université Paris VI, Paris, France.

Recordings from neurons in both monkey striate cortex and LGN 
contain large numbers of replicating triplets of spikes (see Richmond et al, 
this meeting). A model based on coarse temporal measures (i.e. a low-pass 
filtered representation of the stimulus-elicited firing rate profile and the 
observed distribution of spike counts) is presented that predicts almost 
exactly the number and type of replicating patterns found in the recordings. 
The cumulative spike density function for each stimulus is normalized to the 
range [0..1]. Uniformly distributed random numbers can then be transformed 
by the normalized spike density function to create spike trains with the same 
response profile and variance of the number of spikes as seen in the recorded 
data. Previous models have been based on a time varying Poisson process, 
which matches firing rate profiles but not response variance. By 
construction, our model matches both the firing rate profile and the response 
variance seen in the recorded data. Because the number of replicating 
patterns is a direct consequence of the coarse temporal structure the 
information available from the triplets is completely redundant with that 
found in the spike count. The virtually exact match in the number of 
replicating patterns of spikes between the data and that predicted by the 
model suggests that no specific mechanism is required to generate the 
observed replicating, precisely timed spike patterns. Support: IRP/NIMH/NIH, 
USA and CNRS, France.
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A LIGHT STIMULUS INDUCES EITHER CORRELATION OR DECORRELATION 
OF NEURONAL FIRING IN THE VISUAL CORTEX DEPENDING ON THE 
STATE OF THE LOCAL EEG. K. Albus*, E.J. Aamoutse and R. Gädicke. Dept. 
Neurobiology. Max-Planck Institute for Biophys. Chem., D-37070 Göttingen, Germany

The strength of correlated spontaneous firing of neuron pairs in cat association cortex 
is related to the behavioral state [1] and thus to the state of the local 
electroencephalogram (EEG). We have explored the dependency of stimulus induced 
neuronal correlations upon the state of the local EEG in anesthetized and immobilized 
cats. Waveforms in multineuron activity recorded simultaneously from 3-5 
microelectrodes were sorted in real time [2]; 243 sites in area 17 (4600 single unit (SU) 
pairs, 351 multiunit (MU) pairs) were analyzed. The low-pass filtered microelectrode 
signal (<120 Hz) was subjected to FFT analysis. The state of the EEG was modified by 
varying the dose of anesthetics (nitrous oxide, Isoflurane). Sufentanil and Rompun were 
used for appropriate sedation and analgesia.

The effects of visual stimulation on correlated firing (common input type) differed 
depending on the presence of particular EEG states. During a strongly synchronized 
EEG light stimulation had small or no effect on correlated firing. With intermediate 
levels of EEG synchronisation (θ- and α- activities prevailing) light stimulation caused 
decorrelation of SU pair and/or MU pair firing. During weakly synchronized EEG- 
states (θ-, α- and β- activities about equally present) light stimulation increased the 
occurence of pair correlations; crosscorrelograms displayed either single peaks or 
oscillations (20 - 80 Hz). With slightly desynchronized EEG patterns neither 
spontaneous nor stimulus induced neuronal correlations occured. Stimulus effects 
depended on the dosage and not on the type of anesthetic.

On the basis of these findings we hypothesize that in the behaving animal ongoing 
changes in the local EEG may have a stronger impact on type and strength of neuronal 
correlations than changes in a visual stimulation pattern.
[1] Noda, Adey (1970) J. Neurophys. 33:672-84.[2]Gädicke, Albus (1995) J. Neurosci. 
Meth. 57:187-93. Supported by DFG (AL 188/5-1) and BMBF (FKZ 0310954).

Society for Neuroscience, Volume 2 4 ,  1998



TUESDAY PM VISUAL CORTEX: STRIATE VIII 1259

4 97 .11

THE DEPENDENCY OF CORRELATED NEURONAL FIRING IN THE VISUAL 
CORTEX ON STIMULUS ORIENTATION AND MOVEMENT DIRECTION.
E.J. Aamoutse, B. Lee*, R. Gädicke and K. Albus. Dept. Neurobiology. Max-Planck 
Institute for Biophysical Chemistry, D-37070 Göttingen, Germany.

We have tested the hypothesis that correlated oscillations (COS) of neurons in the 
visual cortex depend upon stimulation with an optimal light pattern. Waveforms in 
multineuron activity recorded simultaneously from 3-5 microelectrodes in anesthetized 
and immobilized cats were sorted in real time [1]. COS (20 - 40 Hz) had to fulfil 4 
criteria: 1) the crosscorrelogram (CCG) showed at least 3 peaks with < 10% jitter of 
interpeak intervals; 2) the 2nd peak was significantly above chance level (P< 0.01); 3) 
modulation depth of 2nd peak exceeded 20% of the ecpectation value; 4) phase lag was 
< 10%. Stimuli were light-bars and gratings moving across the receptive fields (RFs).

243 sites in area 17 (4600 single unit (SU) pairs, 351 multiunit (MU) pairs) were 
analyzed. COS were generally stronger in MU pairs than in SU pairs. COS occured 
over the maximal intracortical distance explored (4.2 mm) in MU pairs; they were 
observed in SU pairs and MU pairs having overlapping and non-overlapping RFs, 
similar and different optimal orientations and directional preferences. Stimuli 
nonoptimal for orientation and movement direction could elicit widespread COS. COS 
occured - although less frequently than during stimulation - during spontaneous activity 
(a 6-s period preceding each light stimulus). FFT analysis of related field potentials 
revealed a frequency equal to the frequency dominant in the CCG of SUs and MUs. 
Field potentials also oscillated at other frequencies; these spurious oscillations (lasting 
on average less than 1 s) were not specifically related to stimulus properties and often 
not correlated across electrodes.

Although confirming the presence of COS our findings do not support a specific 
relationship between COS and simple properties of a light pattern as stimulus 
orientation and movement direction.
[1] Gädicke and Albus (1995) J. Neurosci. Meth. 57:187-93. Supported by DFG (AL 
188/5-1) and BMBF (FKZ 0310954).
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PROPAGATING WAVES AND SPATIO-TEMPORAL CHAOS IN A MODEL OF 
LAYER II/II OF V1. R.M. Siegel,* J.A. Turner, R.E. Phinney Center for Molecular 
and Behavioral Neuroscience, Rutgers University, NJ 07102.

Neurons of layers II/III of primary visual cortex of the cat and monkey have long 
range excitatory horizontal connections. Modeling studies have indicated these 
connections are important for filling-in, continuity, illusory contours, and other 
perceptual tasks via an implicit minimization (Mitchison and Crick, 1983, Hummel 
and Zucker, 1983 Kovacs and Julesz, 1993). In order to determine what types of 
neuronal computation an isolated layer of V1 neurons can support, a 100x100 array 
of neurons modeled by the Hodgkin-Huxley equations was simulated. Each neuron 
had an axon projecting to its neighbors in a 7x7 region simulating the connections 
between a neuron and its three adjacent hypercolumns on each side. An action 
potential at a single cell propagated at a fixed speed down an axon before an AMPA 
like current was evoked post-synaptically. Excitatory stimuli were given to a selected 
set of neurons and the activity over the collection of neurons was allowed to evolve 
in time.

With an appropriate synaptic strength and delay, a single impulse at the edge of the 
array of neurons caused a wave of activated neurons to propagate. The curving 
wavefront was similar to that seen in other excitable media (Winfree, 1990), with its 
curvature a function of the axonal propagation speed and the synaptic strength. In 
addition to the initial wavefront, secondary waves could be activated in the once- 
activated neural tissue. These secondary waves traveled much faster than the initial 
wavefront. Both the initial and secondary propagating waves may be a simulation of 
the waves seen in fast optical imaging of cat visual cortex (Arieli et al., 1995). After a 
few seconds of simulated time, the propagating waves coalesced into coherent 
spatial-temporal patterns. The interspike intervals of modeled neurons (Siegel, 1990) 
were not stochastic, but had a predictable component indicating the presence of 
chaos.

Next, the layer II/III model was presented with an illusory contour stimulus. The 
waves that propagated from the initial stimulus interacted to form a band of active 
neurons of layer II/III that corresponded to the illusory contour. Thus, we suggest 
that the propagation of wave in layers II/III can support the extraction of illusory 
boundaries and perhaps other perceptual phenomena (NIH EY-09223 and RR12873)

EPILEPSY: BASIC MECHANISMS III

4 9 8 .1

INCREASED AMPA RECEPTOR PHOSPHORYLATION DURING 
HIPPOCAMPAL KINDLING IN VITRO. C. Wang1*, K. Kameyama,2 R. L. Huganir2 
and F. E. Jensen1. 1 Dept. of Neurology, Division of Neuroscience, Children's 
Hospital, Boston, MA 02115; 2Dept. of Neuroscience, Johns Hopkins Univ. Sch. of 
Med., MD 21205

Kindling is a model of epileptogenesis and synaptic plasticity, the development and 
expression of which has been shown to be dependent on AMPA receptor activation. 
To determine whether protein phosphorylation plays a role in kindling, we evaluated 
the effects of kinase inhibitors on kindling development in hippocampal brain slices 
from Long Evans rats (10-30 days old). Application of H 7 (an inhibitor for PKA and 
PKC, 10-20 µM) 30 min prior to stimulation prevented afterdischarge development 
(n=4). Chelerythrine chloride (an inhibitor for PKC, 50-100 µM) also blocked 
kindling when applied 30 min before stimulation (n=5). To determine whether protein 
phosphorylation of the AMPA receptor was regulated during kindling, we measured 
levels of phosphorylated GluR1 using phosphorylation site-specific antibodies. Slice 
samples were taken for Western blotting 15 min or 85 min after the first train of 
stimuli. Slices receiving test stimuli were used as controls. Western blots were reacted 
with antibodies against Ser 831 or 845. At 15 min after the first stimulation, the 
phosphorylated form of Ser 845 was increased by 23 ± 9% (S.E., p < 0.02, n=12) 
compared to control slices (n=12). There was also a moderate increase in the 
phosphorylated Ser 831 (14 ± 10%) at 15 min, but this was not significant. This 
increase in phosphorylation was transient and returned to control levels 85 min after 
the first stimulation. These results suggest that AMPA receptor phosphorylation is an 
early event in kindling development but is not required for the long-term maintenance 
of the kindled state. Supported by NIH grant NS31718
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TETANUS TOXIN INDUCES LONG-TERM REDUCTION OF 
POLYSYNAPTIC INHIBITION IN THE HIPPOCAMPAL C A 1 AREA.
M. Vreugdenhil1, S.P. Hack1, A. Draghun2 and J.G.R. Jefferys 1*. 
Neuroscience Unit, Dept. o f Physiology, University o f  Birmingham, 

Edgbaston, B15 2TT, Birmingham.; 2lnst. o f  Physiology, Dept. o f  
Neurophysiology, Humbold University Berlin, Tucholsky Str. 2, 10117 
Berlin, Germany

Injection o f tetanus toxin in the rat hippocampus generates a limbic 
epileptic focus characterized by the spontaneous occurrence o f partial 
seizures. After three months these seizures have ceased. We studied the 
long-term (5 month post injection) effect o f hippocampal tetanus toxin 
injections on the excitability o f the CA1 area.

The maximal orthodromically evoked field potential (EP) in 15 slices 
from 5 toxin injected rats (T) was reduced by 37% compared with that in 15 
slices from 7 saline injected controls (C). The maximal population spike 
(PS) was reduced by 45%. The maximal rate o f rise o f the action potential 
(AP) in pyramidal neurons was reduced by 32%. In several slices from T, 
stimulation in the stratum radiatum evoked an antidromic PS and/or a 
second orthodromic PS. The same stimulus generated an antidromic AP in 9 
out o f 22 cells from T and in 2 out o f 25 in C. Paired-pulse inhibition was 
reduced for both EP and PS. The maximal orthodromic IPSP (both fast and 
slow) in pyramidal neurons from T was reduced by 33%. The monosynaptic 
IPSP however was not different.

Five months after tetanus toxin injection in the hippocampus, cells are 
less excitable and have reduced polysynaptic inhibition. Since 
monosynaptic IPSPs are  normal this suggests a persistent functional 
disconnection o f  interneurons in the C Al. The antidromic spike suggests an 
increase in axon collateral invasion o f the stratum radiatum.

Supported by the Wellcome Trust.
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EPILEPTOGENESIS IN THE TETRODOTOXIN MODEL OF CHRONIC EPIL- 
EPSY: THE ROLE OF AMPA AND GABA RECEPTORS. C.E. Niesen* and S. 
Ge. Div. of Neurology, Childrens Hospital Los Angeles, USC School of Medicine, 
Neuroscience Program, Univ. of Southern Calif., Los Angeles, CA 90027.

We have developed a model of chronic epilepsy in the immature rat hippo
campus that uses a brief incubation in tetrodotoxin (TTX) to produce both spon
taneous and evoked seizure-like discharges (Soc. Neurosci 14:382, 1997). The 
present work investigates the altered synaptic properties of these epileptic 
neurons. Hippocampi were prepared from 7 day old Wistar rats according to the 
method of Stoppini et al. (1991). TTX at 0.5 µM was added to the culture media 
for 7 days and then removed. Recordings were performed on CA1 neurons 
following TTX removal and the whole-cell microelectrode contained (in mM): 140 
KGluc, 10 HEPES, 0.1 CaCI2, 1.1 BAPTA, 2 Mg-ATP and 0.1 GTP. The 
contribution of AMPA, NMDA, GABAa and metabotropic glutamate receptors 
to the evoked synaptic potential was tested by perfusion of their specific 
antagonists: CNQX (50 µM), APV (30 µM), bicuculline (30 µM) and α-methyl-4- 
carboxy-phenylglycine (MCPG, 500 µM), respectively. Afferent stimulation of all 
TTX-treated neurons (n>30) produced large synaptic potentials (duration: 200- 
500 msec) with multiple superimposed action potentials. Perfusion of APV 
reduced the size of these depolarizing bursts by less than one-third. Addition of 
CNQX completely abolished the remaining synaptic burst and revealed dimin- 
ished or absent IPSPs. When present, these small IPSPs were readily blocked 
by bicuculline which, in turn, revealed a large, delayed-onset depolarizing pla- 
teau. This plateau, which was also observed in control CA1 neurons treated with 
the same set of blockers, was reduced by MCPG.

We conclude that the seizure-like discharges in TTX-treated epileptic CA1 
neurons are due primarily to enhanced AMPA- and depressed GABAa poten- 
tials. Metabotropic receptors did not contribute to these synaptic changes.

4 9 8 .4

DP-VPA, AN ACTIVITY-DEPENDENT PRODRUG OF VALPROATE, 
DISPLAYS ENHANCED PROTECTION IN GENETICALLY 
EPILEPSY-PRONE MICE. J.E. Friedman1*, H. Armstrong2, H.S. White2, H.H. 
Wolf2 and A. Kozak1. 1D-Pharm Ltd. Kiryat Weizmann, Rehovot, 76123 Israel; 
2 Anticonvulsant Screening Program, Dept. Pharmacology, Univ. Utah, Salt Lake City, 
UT 84108

DP-VPA, a phospholipid prodrug of Valproate (VPA), is selectively converted to 
VPA by the activated Phospholipase A2 (PLA2) at the focus of epileptiform activity. 
Pentylenetrazol (PTZ) can induce recurrent, generalized clonic seizures in both 
outbred (CD-1) and inbred (BALB/c) mice. VPA abolishes these seizures, ED50 
125-250mg/kg i.p. Whereas the first PTZ seizure is not usually blocked, the second 
and subsequent seizures are blocked by DP-VPA pretreatment (ED50: 10-20mg/kg i.p. 
VPA dose equivalent). We examined the anti-convulsant properties of DP-VPA in the 
Frings audiogenic seizure-susceptible mice. These mice are capable of demonstrating 
repetitive seizures after a short refractory period. The purpose of this study was to 
determine (1) if DP-VPA is active in this genetic model, (2) if this activity differs 
from that of VPA; and (3) if DP-VPA is capable of protecting against multiple 
stimuli. Audiogenic seizures in the Frings mouse are characterized by wild running, 
tonic extension, clonus and recovery. VPA blocks the tonic extension 
(ED50~158mg/kg i.p.), but not the wild running component. In contrast, pretreatment 
with 20 mg/kg DP-VPA i.p. VPA dose equivalent, prevented tonic extension on the 
first stimulation. Wild running and tonic extension were both blocked by DP-VPA on 
subsequent stimulations. Such treatment with DP-VPA provided protection against 
tonic extension which lasted for at least 7 hrs. The ED50 for DP-VPA for the 
blockage of generalized seizures was 1.8 mg/kg VPA dose equivalent i.p.

We conclude that DP-VPA is 1) preferentially active in this genetic model, in 
comparison to chemically induced epilepsy models 2) more effective than VPA and 
3) protective against multiple stimuli. DP-VPA may be activated by subclinical 
epileptiform activity. Funded by D-Pharm, Ltd. and NINDS Contract No. 
NO1-NS-42311.
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TREATMENT OF EXPERIMENTAL STATUS EPILEPTICUS WITH AN 
NMDA GLYCINE SITE ANTAGONIST PLUS DIAZEPAM: -SEIZURE 
CONTROL WITH MINIMAL TOXICITY. Nancy Y. Walton*. Research and 
Neurology Services, VAMC, West Los Angeles, CA 90073.

This study was designed to furher explore the effect of treatment of experimental 
status epilepticus with drugs acting at the NMDA-type glutamate receptor 
complex, followed by treatment with diazepam. Previous studies have found that a 
competitive NMDA antagonist and a PCP site noncompetitive antagonist were both 
able to potentiate the efficacy of diazepam in this paradigm, producing control of 
status epilepticus with minimal drug-related toxicity. The current studies utilized 
the glycine site antagonist, ADD 234037.

Adult male Sprague-Dawley rats served as subjects. Rats were prepared 
surgically with a left frontal cobalt lesion and four chronic epidural recording 
electrodes. At the time the cobalt lesion became actively epileptogenic, status was 
induced by injection of homocysteine thiolactone. Rats were treated after the 
second generalized tonic clonic seizure (GTCS) with 1.2S to 10 mg/kg ADD- 
234037, followed by 0.75 mg/kg diazepam. Rats were observed for up to two hours 
after treatment, before being anesthetized for specimen collection.

Supra-additive control of GTCS was observed with low-dose polytherapy 
regimens. When used as monotherapy, the median effective dose for control of 
GTCS was 45 mg/kg ADD-234037 or 1.34 mg/kg diazepam. Decrease of 
excitotoxic drive onto GABAergic neurons during status epilepticus enhances the 
anticonvulsant efficacy of diazepam. There were no observeable toxic side effects 
that could be attributed to ADD 234037 at these doses, although there was 
transient sedation from the diazepam.

These studies were funded by grants from the Department of Veterans Affairs 
Medical Research and Harris FRC.
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EVIDENCE FOR TWO POPULATIONS OF DENTATE 
GRANULE CELLS IN THE PILOCARPINE RAT MODEL OF 
TEMPORAL LOBE EPILEPSY G.L. Q uirk Jr.,1* Y .F. Zhang,2 D.A. 
Coulter1,2, 1Depts. of Anatomy and 2Neurology, Medical College of Virginia, Virginia 
Commonwealth University., VA 23298.

After status epilepticus (SE), there is a marked increase in neurogenesis within the 
dentate gyrus of adult rats, and these cells take up permanent residence in the inner 1/3 
of the granule cell layer (Parent et al. J. Neurosci. 1997). The functional consequences 
of these newborn neurons are unknown, but they may play a role in generating the 
hyperexcitability underlying temporal lobe epilepsy. In this study we conducted blind 
slice patch clamp recordings from anatomically identified dentate granule cells (DGCs) 
in transverse slices from chronically epileptic pilocarpine rats 4 weeks post SE. All 
cells were characterized anatomically by intracellular labeling with 2% biocytin or 
neurobiotin and diaminobenzidine immunohistochemistry. Comparisons were made 
between the morphology and GABAergic physiology of granule cells of inner and outer 
1/3 regions of the dentate gyrus. Miniature inhibitory postsynaptic currents (mIPSCs) 
were recorded from DGCs in an aCSF medium containing CNQX, APV, and TTX. 
Preliminary neuroanatomical analysis of DGC morphology (n=7) show no overt 
changes in dendritic arborizations between cells of the inner and outer 1/3 of the 
granule cells layer and no sprouted axon collaterals were observed. Comparisons of 
mIPSCs shows two distinct populations of cells. In the outer 1/3, DGCs exhibited an 
average amplitude of -42pA (±5pA) and average 50% decay time of 7.5ms (±.25ms). 
In the inner 1/3, DGC mIPSCs were smaller (-17.5pA ±5pA) and shorter (5.6ms 
±0.25ms). The inner 1/3 DCGs with smaller, faster mIPSCs may represent newborn 
DGCs. These differences in inhibitory kinetic properties of inner and outer 1/3 DGCs 
suggest that following birth, these newborn cells may not develop completely into 
normal adult DGCs. (Supported by NIH grant NS 32403).
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NEUROPOIETIC CYTOKINE EXPRESSION IN AN ANIMAL MODEL OF 
EPILEPSY J. L. Jankowsky* and P. H. Patterson. Division of Biology, 
California Institute of Technology, Pasadena, CA 91125

The neuropathology of epileptic seizures in the hippocampus has been well 
characterized. Cell death, mossy fiber sprouting, reactive gliosis and the generation 
of new neurons occur in an overlapping but distinct sequence, beginning on the 
first day and lasting more than a week after seizure. We are examining the 
potential role of cytokines in these events. Using the pilocarpine model of status 
epilepticus and a RNAse protection assay, we have quantified changes in mRNA 
expression of several members of the neuropoietic cytokine family following a 
single, prolonged seizure. Expression of OSM is induced very rapidly, increasing 
10-fold by 2 hours. This increase was followed by a decline in expression over the 
next three days, before a second rise in OSM expression was observed at one week 
after the initial seizure. Expression of LIF peaks slightly after OSM, at 12 hours 
after pilocarpine injection, and returns to baseline by 3 days. The increase in LIF 
mRNA expression was the largest among these cytokines, nearly 30-fold above 
baseline. Expression of CNTF mRNA increased more slowly, to 2.5-fold above 
baseline at 3 days. Expression of CT-1 displayed relatively little change over the 
period tested. Cells up-regulating LIF, OSM, and CNTF mRNA's are now being 
identified by combined in situ hybridization and immunohistochemistry. Up- 
regulation of LIF mRNA occurs predominantly in GFAP+ astrocytes within the 
dentate gyrus and the subiculum. A smaller number of LIF+/GFAP- cells that may 
be of leukocytic origin are seen in the pial membrane bordering the hippocampus. 
Thus, the time course and astrocytic localization of LIF up-regulation following 
seizure is similar to that seen after cortical lesion. The timing of CNTF 
expression is also similar to coritcal lesion, and may indicate a role in later events 
following seizure injury. OSM, however, has not been previously characterized in 
CNS injury, and our finding of its biphasic up-regulation suggests an important 
role for this cytokine in both the initial and the late responses to seizure.
Supported by NINDS grant 20916 and NRSA training grant 5 T32 GM 07737
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RAPID HIPPOCAMPAL KINDLING IN THE RAT BRAIN INCREASES 
EXPRESSION OF CYSTATIN B - A GENE RESPONSIBLE FOR HUMAN 
PROGRESSIVE MYOCLONUS EPILEPSY. M. Reeben*1,2, E. D' Amato3,  Z.

Physiology, Inst. of Biomedicine; 2Inst. of Biotechnology; 3Dept. of Medical 
Genetics, Univ. of Helsinki, FIN-00014, and the Folkhälsan Inst. of Genetics, FIN- 
00280, Helsinki, Finland; 4A.I. Virtanen Inst., Dept. of Neuroscience and Neurology, 
Univ. of Kuopio, FIN-70211 Kuopio, Finland; 5Sect. of Restorative Neurology, 
Wallenberg Neuroscience Center, Univ. Hospital, S-221 85 Lund, Sweden.

Mutations in the gene encoding cystatin B (CSTB), a cysteine protease inhibitor, are 
responsible for the primary defect in patients with progressive myoclonus epilepsy, 
EPM1 (Pennacchio et al., 1996, Science 271, 1731-1734). We have shown that the 
cystatin B expression is regulated by neuronal activity, as seizure activity, induced by 
systemic administration of kainic acid leads to the significant upregulation of cystatin B 
mRNA and protein levels in the rat brain. We have further studied cystatin B 
expression after rapid hippocampal kindling. Quantification of the cystatin B mRNA 
expression after in situ hybridization showed a transient increase of the cystatin B 
mRNA level in the dentate gyrus and CAl regions at 6 hours after the stimulation, 
whereas no increase was seen in the CA3 and neocortex regions. Preliminary 
immunocytochemical evidence with antibodies produced against a synthetic peptide of 
rat cystatin B suggests a significant increase also at protein level. Currently we are 
studying whether cystatin B expression is induced by global forebrain ischemia. 
Recently it was suggested that some cysteine proteases (cathepsins B, H and L) 
participate in perikaryal condensation of CA1 pyramidal neurons undergoing apoptosis 
after brief ischemia. We propose that cystatin B may regulate neuronal apoptosis and/or 
necrosis and by this mechanism could have neuroprotective effects in epilepsy and 
ischemia. To test this hypothesis we are producing transgenic rats overexpressing 
cystatin B under the control of the regulatory elements of the light neurofilament gene.

This work was supported by grants from the Academy of Finland, the Sigrid 
Jusélius Foundation and Biocenter Helsinki.
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A c t iv it y -d e p e n d e n t  pH  s h if t s  a n d  p e r io d ic  r e c u r r e n c e  o f  s p o n t a n e o u s

INTERICTAL SPIKES IN A MODEL OF FOCAL EPILEPTOGENESIS 1 M arco  de Curtis*, 1A. 
Manfridi and 1G. Biella. 1st. Nazionale Neurologico and 2Milan Univ., Milan, Italy.

The mechanisms that control the periodicity of spontaneous epileptiform potentials 
were investigated in the in vitro isolated guinea-pig brain preparation. Spontaneous 
interictal spikes (sISs) generated in the piriform cortex by intra-cortical application of 
bicuculline recurred periodically every 8.5 ± 3.1 seconds. Intracellular recordings 
showed that the late component of the inter-spike period correlates to a slowly 
decaying depolarization, which i) was abolished at membrane potentials positive to 
-32.1 ± 5.3 mV and ii) was not associated with an increase in membrane 
conductance. Specific pharmacological tests excluded that known synaptic or intrinsic 
conductances contribute to the late inter-sIS interval. Recordings with ion-sensitive 
electrodes demonstrated that sISs determined both a rapid increase in extracellular K+ 
concentration (0.5-1 mM) and an extracellular alkalinization (0.05-0.08 pH units) 
that slowly decayed during the inter-sIS period and returned to control values just 
before a subsequent sIS was generated. These observations were not congruous with 
the presence of a silent period, since both extracellular increase in K+ and 
alkalinization are commonly associated with an increase in neuronal excitability. 
Extracellular alkalinization could be the correlated to a sIS-induced intracellular 
acidification, a phenomenon that reduces cell coupling by impairing gap junction 
function. When intracellular acidification was transiently prevented by arterial 
perfusion with NH4Cl (10-20 mM) spontaneous ictal-like epileptiform discharges 
were induced. In addition, the gap junction blockers octanol (0.2 mM) and 18α 
glycyrrethinic acid (20 µM) applied either via the arterial system or locally in the 
cortex completely and reversibly abolished the sIS. The results reported here suggest 
that the massive cell discharge associated with a sIS induce a strong inhibition that 
regulates sIS periodicity and lead us to hypothesize that such an inhibition could be 
secondary to a pH-dependent uncoupling of gap junctions.
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M o n it o r in g  e p il e p s y  in  a c u t e  a n d  o r g a n o t y p ic  h ip p o c a m p a l  s l ic e s

AT MULTIPLE SITES USING A MICRO-ELECTRODE-ARRAY (M EA).
M. Fejtl*, T. Knott, B. Schloßhauer, W. Nisch, T. Muller2, and H. Hämmerle.
NMI at the Univ. of Tubingen, D-72770 Reutlingen, 2Bayer AG Leverkusen.

Epilepsy is one of the most devastating neurological diseases, affecting adults and 
children alike. We are investigating the underlying pharmacological and developmental 
mechanisms leading to epilepsy, in particular the transition of interictal- to ictal activity. 
Further, to elucidate the network properties of epileptic hippocampi, we have 
established a new in vitro-model utilizing thin-film chip technology and cell culture 
techniques. Hippocampal slices of P6 wistar rats were cultured on a 60-channel planar 
MEA, permitting the recording from the very same slice at multiple sites for as long as 
6-8 weeks [1], Acute 450 µm thick slices were taken from P16 rats, incubated for 2 h 
and placed on the MEA.

In cultured hippocampal slices epileptiform activity was elicited by various 
compounds at different times in vitro. Bicuculline (10-100 µM) and picrotoxin (10-20 
µM) lead to interictal spikes (5-20 ms) and afterdischarges (< 2 s) which often resulted 
in full-blown seizure-like events lasting up to 20 s. The ictal events were followed by a 
silent period in which no electrical activity could be evoked. The seizures evoked by 
blocking the GABA-A receptor were abolished by 50 µM D-AP-5 + 10 µM CNQX, 
confirming the involvement of both the NMDA- and AMPA subtypes of glutamate 
receptor. MEA-recordings showed that seizures usually occured first in CA3 and 
propagated towards the CA1 region. A combination of bicuculline + 4-AP (10-100 µM) 
elicited ictal activity in organotypic and in acute slices. In case of the latter, a 
pronounced time delay of the activity between electrodes was observed due to the 
occurrence of epileptiform field potentials in the occipital cortex and in CA1.

The network dynamics of epilepsy can be studied in acute and organotypic 
hippocampal slices with a MEA. A new tool for the pharmaceutical industry is 
emerging. Supported by the BMBFT, and in part, by Bayer AG Leverkusen.
References: [1] Egert, U., et al. (1998) Brain Res. Protocols (in press).
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NPY-Y5 RECEPTORS CANNOT SUPPRESS EPILEPTIFORM ACTIVITY IN 
RAT HIPPOCAMPAL SLICE. W.F. Colmers*1, A.G. Beck-Sickinger2, M.W.Y. 
Ho1,3. 1Dept. Pharmacol. U. Alberta, Edmonton, AB, Canada; 2Dept. Pharmazie, 
Swiss Federal Institute, Zurich; 3Lab. Signal Transduction, NIEHS.

The Y5 subtype Neuropeptide Y (NPY) receptor has recently been suggested 
to mediate seizure suppression in kainate-treated rats in vivo. Here, we have 
tested the hypothesis that Y5 receptors can reduce neuronal excitability in rat 
subiculum in vitro, since they did not act significantly in areas CA1 or CA3.

We first developed a centrally-truncated Y1/Y 5 selective agonist, [Ahx8- 
20] [Pro34]NPY, and tested it (at 3 µM) and D-Trp32NPY (at 1 µM) on EPSCs 
elicited in subicular neurons. The Y5 agonists inhibited synaptic excitation 
presynaptically, but their respective mean effects (51.3±3.5% and 44.0±5.7%) 
and the percentages of cells responding (38 and 55%) were less than with the 
nonselective agonist, [Ahx8-20]NPY (at 1µM; 66.4±4.1% and 85%, respectively). 
The Y1-selective blocker, BIBP3226 (1 µM) did not affect the inhibition caused 
by any agonist, precluding involvement of Y1 receptors.The actions of both Y5 

agonists appeared to declined with the rat's age, unlike that of [Ahx8-20] NPY.
We also tested whether both Y5 agonists can suppress STIB induced 

epileptiform activity in area CA3 and subiculum. Unlike either the nonselective 
or Y2-selective agonists, neither Y5 agonist significantly reduced the duration of 
STIB afterdischarges recorded in CA3 in more than 20% of slices, and did not 
significantly affect afterdischarges in subiculum at all, in distinct contrast to the 
actions of Y2-selective or nonselective agonists.

Y5 receptors can modestly inhibit synaptic excitation in subiculum of normal 
young rats, but they appear unlikely targets for anticonvulsant therapies. 
Based on these results, clinically-useful antagonists of the Y5 receptor may not 
have epilepsy as an adverse effect. Supported by MRC (Canada).

CEREBRAL CORTEX: MOVEMENT

4 99 .1

NEURAL SUBSTRATES FOR LEARNING SPATIALLY INCOMPATIBLE, 
VISUALLY GUIDED, PATTERNED LIMB MOVEMENTS: A PET STUDY. S.T. 
Grafton2*, J. Salidis1, D.B. Willingham1 (1Dept. of Psychology, Univ. of Virginia, and 
2Dept. of Neurology, Emory Univ. School of Medicine, Atlanta, GA 30322.

Behavioral studies of motor learning demonstrate strong transfer effects when a 
pattern learned with incompatible target-limb directions is switched to a compatible 
task, provided that the pattern after transfer is present in the stimulus rather than the 
limb direction. This effect suggests that incompatible representations of patterned arm 
movements are learned with respect to stimulus location or eye movements.

We used functional imaging to identify the neural substrates of these pattern 
representations. Six normal RH subjects underwent PET cerebral blood flow (CBF) 
imaging while using a joystick to track a target with a cursor that moved in a direction 
opposite to limb movement. The target’s movement, always horizontal, was 
determined by either a pattern or randomly. Each 90 second pattern trial contained 12 
repetitions of a 5 second pattern; the first, middle and last 10 second segments of the 
trial were random to block explicit awareness of the pattern (Salidis, 1996).

Movement error (root mean square error between target and cursor) decreased 
significantly over 5 pattern scan trials, F(4,16)=13.68, p<0.01 and increased 
significantly when an all random scan was introduced at the end F(1,4)=16.23, p<0.01, 
confirming pattern specific learning. In parallel, longitudinal increases of brain activity 
occurred in bilateral frontal eye fields, cingulate motor area and pre-SMA, including the 
supplementary eye fields. In contrast, decreasing CBF occurred in bilateral cerebellar 
cortex and deep nuclei and bilateral inferior temporal cortex during learning.

The results demonstrate that patterned, visually guided limb movements may be 
represented in oculomotor systems when there is an incongruity between limb and eye 
trajectories. Cerebellar activity correlated with the magnitude of motor error.
Salidis J, Willingham DB, Sederberg PB, Hollier JA. (1996) Perceptual Learning of an 
Implicit Sequence. Soc. Neurosci Abst. 2 2 , 1122.
Supported by U.S. P.H.S. NS33504 and NS01568.

4 9 9 .2

CODING AND DECODING OF SENSORY INPUT AND MOTOR OUTPUT IN 
PLANAR REACHING TASKS G. Gaál* , L. Shen and G.E. Alexander. Dept. 
of Neurology, Emory University, School of Medicine, Atlanta, GA 30322

Various methods were proposed to reconstruct sensory stimuli and 
movement variables in nonorthogonal neuronal coordinate systems whose axes are 
tuning functions or preferred directions (e.g. Georgopoulos et al., '86; Caminiti et 
al., '90; Gaál, '93a,b). Directions can be reconstructed both in direct and reciprocal 
bases. Both methods generalize readily to continuous arm movement (Schwartz, '93, 
'94; Gaál, ’95), as long as the preferred direction vectors can be regarded as constant 
at every point in the phase space visited by the trajectories. The reciprocal basis 
method (estimation of the phase space dependent elements of the nonlinear Jacobian 
matrix) is sensitive enough 1) to estimate preferred directions also at phase space 
locations where it is not possible to map in four - eight opposite arm movement 
directions and 2) can provide adequate reconstruction of both extent and direction also 
from simultaneously recorded continuous signals (e.g. neuronal or muscle activity) 
even when the preferred directions are not uniformly distributed, change in time 
during the sensorimotor task or depend on phase space locations (e.g. preferred 
directions changing during limb movement). Multivariate regression methods 
(Splus) were compared with locally linearized Jacobian matrix estimation (where the 
coefficients are explicitly expressed from correlation matrices; Gaál ’95) to derive 
preferred response vectors at various stages of a planar reaching task at first at hold 
location (Shen and Alexander, '97a, b; Donoghue et al., ’98), where limb movements 
were clustered in four different directions. Preferred directions were then estimated at 
locations away from center, where neighbouring points in the trajectory space were 
visited by nearly parallel trajectories. The aim is to explore how preferred response 
vectors change dynamically in a visuomotor task and to develop methods to 
reconstruct curved trajectories in cases where conventional mapping is not available 
or not possible (e.g. by patients with movement disorders). Supported by USPHS.

4 9 9 .3

TIME-COURSE ANALYSIS OF NEURAL ACTIVITY IN MOTOR CORTEX AND 
AREA 5 DURING DYNAMIC ISOMETRIC FORCE OUTPUT J. Boline* and J. 
Ashe. Brain Sciences Center, VAMC and Dept. of Neurology, Univ. of Minn. Med. 
School, Minneapolis, MN 55417.

The goal of th is research was to examine the relations between on-going cell 
activity in the motor cortex and in area 5 to parameters of dynamic isometric force 
output. We trained two monkeys to produce a dynamic isometric force pulse in eight 
different directions in response to visually presented targets. The analysis approach has 
been described (Ashe and Georgopoulos 1994). Briefly, a multiple linear regression 
was performed in which the time course of the frequency of cell discharge at time t + 
t  was expressed as a function of the target direction, and the evolving components of 
force: instantaneous force (magnitude), the first derivative, and the second derivative 
of force exerted by the animal at time t, where τ was a time shift (-100 to +100 ms). 
The analysis was done on 504 cells in the motor cortex and 440 cells in area 5. For 
each cell we determined the statistical significance of the model and the noted the time 
shift at which the highest R2 was observed. The amount of variance accounted for by 
the model was greater in the motor cortex than in area 5. The median time shift for the 
highest R2 was -5  ms in the motor cortex compared to +35 ms in area 5. For most cells 
significant relations were observed to all four parameters of force output; the most 
prominent were to the first derivative of force in both cortical areas. Our results 
suggest that the temporal relations between on-going neural activity and evolving 
parameters of motor output are similar under movement (Ashe and Georgopoulos 
1994) and isometric conditions in both these cortical areas. (Supported by Department 
of Veterans Affairs)

4 9 9 .4

LOCALIZATION OF MOTOR AND NONMOTOR FUNCTIONS IN THE 
LATERAL PREMOTOR CORTEX IN HUMANS; A fMRI STUDY. T. Hanakawa,1* 
M. Honda,1 T. Okada,2 H. Fukuyama1 and H. Shibasaki1. 1Depts. Brain Pathophysiol. 
and 2 Nuclear Med., Graduate Sch. Med., Kyoto Univ.; Kyoto 606-8507, JAPAN.

The lateral premotor cortex (PMC), usually regarded as a motor area, is active while 
performing some cognitive tasks in humans, such as mental calculation (de Jong et al, 
1996). To precisely localize motor and cognitive functions in the PMC, we used fMRI 
and examined cognitive tasks without movements as well as motor tasks in the same 
individuals.

5 healthy right-handed young adults (4 men, 1 women) were studied. They performed 
2 nonmotor cognitive (1) and 2 motor tasks (2): (1a) serial addition of visually-presented 
digits, (1b) visually-guided mental replacement of a marker in an imagined square, (2a) 
visually-paced repetition of remembered sequence of finger movements, (2b) visually- 
guided saccadic eye movement. A 1.5T MR scanner was used to obtain anatomical 
images as well as functional images with an echo-planar sequence 
(TR/TE/FA=6000/43/90, 64×64 matrix, FOV=22 cm, 3.5 mm thick, 35-38 slices 
covering the whole brain). In each session, 43 functional images were aquired, including 
4 blocks of activation tasks alternated by 4 blocks of control tasks. Data were analyzed 
with SPM96 (Friston et al., 1995).

In all subjects, 2 cognitive tasks (1a  & 1b) disclosed avtivationin the dorsal PMC in 
the depths of the precentral sulcus, adjoining the bottom of the superior frontal sulcus 
(z = 50-56 mm in Talairach coordinate). This activation was usually bilateral, but was 
confined to the left hemisphere in the calculation task in 2 subjects. In the finger 
movement task (2a), 4 subjects showed dorsal PMC activation, which was located in 
regions identical to those activated in the cognitive tasks. In the eye movement task 
(2b), the same areas were activated to some extent, but prominent bilateral activation 
was observed more ventro-laterally (z = 40-46 mm), the presumptive frontal eye field.

The present study indicates that a part of the dorsal PMC is involved in the 
performcance of complex finger movement (Sadato et al, 1996) and may play a more 
general role in visually-guided cognition in humans.
[Supported by JSPS-RFTF97L00201]
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LATERAL AND MEDIAL AREA 6 PLAYS A ROLE IN COGNITIVE OPERATIONS 
NONSPECIFIC TO MOTOR CONTROLS IN HUMANS: A COMBINED PET AND 
FMRI STUDY. M. Honda1*, T. Hanakawa1, T. Okada2, N. Sawamoto1, N. Sadato3, S. 
Nakamura3, A. Waki3, Y. Yonekura3, H. Fukuyama1, H. Shibasaki1. Depts. of 1Brain 
Pathophysiology and 2Nuclear Medicine, Kyoto Univ. Sch. Med; Kyoto 606-8507, 
3Biomedical Imaging Research Center, Fukui Med. Univ.; Fukui 910-1104, JAPAN.

Although the nonprimary motor cortices play a role in higher motor control, it is 
unclear whether its functions are exclusively motor, or, alternatively, apply more 
generally to various cognitive operations. We studied the potential role of premotor 
cortex, lateral and medial area 6, in mental operation tasks without motor involvement.

PET scans using H215O injection were obtained from 10 right-handed male subjects 
while performing a mental calculation task in which subjects serially added visually- 
presented numbers without any motor responses. The task lasted until >30s after PET 
scan, and then the sum was verbally reported. The absence of overt movements was 
confirmed by surface EMG, EOG and GKP recordings. Two similar tasks, in verbal and 
spatial versions, were also performed during scanning. When each task was contrasted to 
the fixation condition, the dorsal premotor cortex (PMd) and the rostral supplementary 
motor area(preSMA) were activated, both situated straddling or anterior to the VAC line. 
Activation was also seen in both the posterior parietal cortex and cerebellar hemispheres.

To further characterize nonmotor functions of these areas, event-related fMRI was 
conducted on 3 subjects. Two numbers were serially presented (duration; 2s, ISI, 15s) in 
a trial, and subjects added the second (S2) to the first (S1). One scanning block (60s) 
contained one trial and 20 scanning blocks were repeated. The sum was reported after each 
scanning block. BOLD-based fMRI maps (TR/TE/FA/slices: 1000/43/60/5) were 
obtained to cover the PMd and preSMA on a 1.5T scanner. The hemodynamic responses 
to either S1 or S2 were evaluated by calculating correlation between observed MR signals 
and the expected response. Two different types of transient response were identified in both 
the PMd and preSMA; stimulus-related response (signal increases commonly observed 
after S 1 andS2) and S2-specific responses (signal increases differentially observed after 
S2). The spatial configuration of two different responses was variable across subjects, but 
segregated in each area within individuals.

The present findings suggest that both the lateral and medial area 6, especially its rostral 
part, may function in general cognitive operations rather than exclusively in motor 
control. [Supported by JSPS-RFTF97L00201 ]

4 9 9 .7

ASSESSING the HEMODYNAMIC RESPONSE in MOTOR CORTEX USING 
SINGLE-TRIAL EXPERIMENT with fMRI, K. Boulanouar1, H. Gros1, J.P. 
Ranjeva2, F. Choilet1, J.F. Demonet1*, P. Celsis1 
(1) INSERM U455 (2) Neuroradiology Dept Toulouse.

Recent studies have shown that single-trial experiments in fMRI can reveal reliable 
cerebral activations with high spatial and temporal resolution. As these activations are 
mediated by hemodynamic response,it is important to assess characteristics of this 
response. This study compares the time to peak of hemodynamic response in two 
areas (Supplementary Motor Area SMA and Primary Motor Cortex PMC) and 2 runs 
in 6 subjects.

The study was conducted with 1.5 T (Siemens,Erlangen)with Echo-Planar sequence 
(TE=66 ms ,TR=2s). Subjects were instructed to execute one sequential finger to 
thumb opposition on an auditory cue. Each trial was followed by 9 acquisitions 
lasting for 18s. Eight slices parallel to the bicommissural plane, 2 centered on the 
cerebellum and 6 covering the motor cortices (from 30to 55mm) were acquired. Two 
runs of 14 trials were performed . Activation maps were generated by SPM (Wellcome 
Department of Neurology , London). Activated areas in PMC and SMA were obtained 
in all subjects.The most 2significant voxels in SMA and PMC were selected. In each 
voxel, the 14 repetitions were averaged to obtain hemodynamic responses with reduced 
noise which was spline-interpolated to reach a 0.125 s temporal resolution. The time 
to peak (tmax) of each response was determined. An ANOVA with tmax as dependant 
variable was performed with 3 factors, area (SMA, PMC), run (1,2) and subjects (6).
No run effect (p<0.7)but significant region effect (p<0.015), and subject effect 

(p<0.0001) were found. The time to peak of the hemodynamic response shows a 
variability between subjects ( range:3.5s-7.5s PMCand 3s-5s SMA),but a good 
reproducibility. The peak of activation in SMA occured 0.6s before PMC. This is in 
accordance with electrophysiological studies and suggests that fMRI is suitable for 
studying the time-course of activation of distant areas even though the hemodynamics 
may not be strictly identical among areas.

4 9 9 .9

CEREBRAL ACTIVATION CHANGES DURING POST-STROKE MOTOR 
RECOVERY. G. Wittenberg1 *, A .J. Bastian2,3, A.W. Dromerick1, W.T. Thach1,3, and 
W.J. Powers1,4. 1Dept. Of Neurology and Neurosurgery (Neurology/Rehabilitation); 
2Program in Physical Therapy; 3Dept. of Anatomy and Neurobiology ; 4Mallinckrodt 
Institute of Radiology, Washington University; St. Louis, MO 63110-1093

There are approximately half a million strokes a year in the U.S., with about 80% 
surviving the acute illness. Improving recovery in survivors is important, but 
understanding of the natural recovery and rehabilitative processes after stroke is poor. 
Many have suggested that a widespread reorganization of cerebral activity occurs, so that 
areas of cortex in both hemispheres, silent during a task prior to the stroke, are recruited 
into participating. We followed cerebral activation longitudinally in a group of patients 
recovering from their first hemiparetic stroke. Cerebral activation was determined by 
H2l5O PET. Surface EMG and videotaped movement analysis were performed during all 
PET scans. Participants had measures of motor function and PET early in recovery, 
prior to four weeks after stroke onset, and at a late time point, after six months. During 
PET the participants performed paced wrist flexion/extension on both sides.

Three participants with subcortical infarctions completed the study. All recovered 
motor function, and two were able to perform wrist movements more rapidly. Early 
cortical activation was similar with movement of either hand, but moving the affected 
wrist was often accompanied by bilateral activity in sensorimotor cortex (S1 and M1). 
This activity was always accompanied by bilateral motor activity on video and EMG. 
Late activation showed little change, but an increase in anterior cingulate activity in one 
patient was significant (p=0.01). This study suggests: 1. Recovery of motor function 
after subcortical stroke may occur without major reorganization of the motor system; 2. 
The cingulate motor area may become more active over the course of recovery; 3. 
Bilateral cortical activations may be a consequence of the recovery process and may 
have a causal role in recovery.

Funding was provided by the McDonnell Foundation.

4 9 9 .6

VENTRAL PREMOTOR AND POSTERIOR PARIETAL CORTEX 
PARTICIPATE IN TACTILE OBJECT RECOGNITION 1F. Binkofski, 2G. 
Buccino, 2G. Rizzolatti, 1A. Schnitzler*, 1R.J. Seitz, 1H.-J. Freund 1Dept. of 
Neurology, University of Düsseldorf, Germany, 2Inst. of Physiology, Panna 
University, Italy.

In non-human primates a circuitry between the anterior intraparietal area 
(AIP) and the ventral premotor area (F5) was postulated to be critical for the tactile 
interaction with objects (Jeannerod et al. 1995). We studied tactile exploration and 
recognition (TER) of objects in 6 subjects by means of functional magnetic 
resonance imaging (fMRI) for each hand: 1) TER vs. indifferent manipulation of a 
sphere at similar rate (IM), 2) TER vs. rest.
fMRI measurements were performed on a Siemens Vision 1.5T system using echo- 
planar sequences (TR = 3 s, TE = 66 ms, α  = 90°). Voxel size was 3*3*4 mm. 30 
consecutive slices oriented parallel to the AC-PC line, covering the whole brain, 
were acquired. After realignment, spatial normalization and smoothing with radius 
of 4mm, group data analysis was performed. Categorical task-condition - rest 
comparisons were calculated and statistical analysis (t-test) was performed using a 
significance level of Z > 2.66 (uncorrected) for each individual voxel and a p < 0.05 
for spatial extent (SPM 96).
TER vs. rest activated the contralateral primary sensorimotor cortices (MI/SI), 
contralateral dorsal (dPMC) and bilateral ventral premotor cortices (vPMC) 
localized in the pars triangularis of the inferior frontal gyrus, supplementary motor 
cortex (SMA), motor cingulate (mCing), bilateral secondary somatosensory cortices 
(SII), AIP, and posterior parietal cortex (PPC) bilaterally. For comparison, TER vs. 
IM did not activated MI/SI, dPMC, SMA and mCing. But bilateral activation of 
vPMC, AIP, SII and PPC remained.
Our data suggest, that a circuit subserving tactile interaction with objects, which 
involves AIP and vPMC, also exists in humans.

4 9 9 .8

REORGANIZATION OF SENSORIMOTOR FUNCTION IN 
HEMISPHERECTOMIZED CHILDREN V. Holloway, D.G. Gadian, F. Vargha-

University College London Medical School, and Great Ormond Street Hospital for 
Children, London WCIN 1EH, UK. (SPON: European Brain and Behaviour 
Society)

Children who have suffered extensive unilateral brain injury early in life may 
show a remarkable degree of residual sensorimotor function. It is generally 
believed that this reflects the high capacity of the immature brain for cerebral 
reorganization. In this study, we have investigated eight patients (age range 10-19 
years) who had undergone hemispherectomy for relief from seizures; four of the 
patients had congenital brain damage, and four had sustained their initial insult at 
the age of 3 years or above. The patients were investigated 7 years or more after 
the initial onset of epilepsy and 1 year or more after hemispherectomy. 
Sensorimotor functions of the hands were investigated using functional MRI during 
a passive movement task, somatosensory evoked potentials (SEP) arising from 
median nerve stimulation, and behavioural tests including grip strength, double 
simultaneous stimulation, and joint position sense. On fMRI, two of the eight 
patients (one with congenital damage and one with damage acquired at the age of 3 
years) showed activation in the sensorimotor cortex of the remaining hemisphere 
with passive movement of the hemiplegic hand. Median nerve stimulation of the 
hemiplegic hand in both of these children, and in one of the other six patients with 
disease acquired at the age of 7 years, showed reproducible early latency ipsilateral 
SEP components in the remaining sensorimotor cortex. The behavioural tests 
revealed residual sensorimotor hand function in six of the patients, including the 
three who exhibited ipsilateral sensorimotor effects on SEP. We conclude that 
factors additional to age at injury influence the degree of residual function resulting 
from cerebral reorganization. SUPPORTED BY THE WELLCOME TRUST

4 9 9 .1 0

IPSILATERAL M O VEM ENT-EV O K ED  FIELDS A RE IN  FACT  
CONTRALATERAL SOM ATOSENSORY EVOKED RESPONSES. 
R . Hari* and T. Imada. Brain R esearch U nit, L ow  Temperature 
Laboratory, Helsinki University o f T echnology, 02015 HUT, Espoo, 
Finland, and Basic Research Laboratories, N ippon Telegraph and 
Telephone Corporation, Atsugi, Japan

The generation mechanism o f  m ovem ent-evoked fields (M EFs) is 
still unknown and the existence o f  ipsilateral M EFs is in dispute. We 
recorded whole-scalp (Neuromag-122™ ) neuromagnetic activity from 8 
subjects w hile they were making brisk finger presses alternately with 
the right 2nd and 4th digits with a speed o f about 1 cycle/s. In addition 
to the typical contralateral readiness fields fo llow ed  by M EFs, clear 
ipsilateral MEF-like responses peaked at 58±3 ms (m ean±SEM ) after 
the key touch in all subjects, with sources in the right somatomotor 
hand area. The MEFs were significantly sm aller (mean suppression 
53±14% ) when the resting left hand was palm up than when it was 
palm down on the table containing the response keys. M oreover, very 
similar right-hemisphere responses were obtained when another person 
operated the response keys and the subject kept her left hand on the 
table; no responses were elicited in the somatomotor region when she 
just viewed these actions with no hand contact to the table. The results 
indicate that the MEFs receive a strong contribution from cutaneous/ 
proprioceptive input. In our case the ipsilateral somatomotor activation 
was caused by the movement-related vibrations transmitted to the palm 
o f  the resting hand. This type o f contamination should be avoided in all 
imaging studies.

Supported by the Academy of Finland.
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499.11
CONTEXT EFFECTS IN SIMPLE REACTION TIMES TO LATERALIZED 
FLASHES. M. Iacoboni and E. Zaidel.* Dept. of Psychology, UCLA, Los 
Angeles, CA 90095.

Reaction times (RTs) to lateralized flashes are typically faster when subjects 
respond with the hand ipsilateral to the stimulus (Uncrossed condition) than when 
they respond with the contralateral hand (Crossed condition). This difference is called 
the Crossed-Uncrossed Difference (CUD). The CUD may represent the conduction 
delay across the corpus callosum in the transfer of information required by the 
Crossed condition but not by the Uncrossed condition (Iacoboni & Zaidel, Brain,
1995). Alternatively, the CUD may reflect different states of hemispheric activation. 
In the Uncrossed condition, the hemisphere that controls the motor response has also 
received the visual stimulus and is relatively more activated than the hemisphere 
controlling the motor response in the Crossed condition. The corpus callosum would 
rapidly equilibrate this unbalance in hemispheric activation. Hence, the longer CUDs 
in split brain patients (Kinsboume, in press). We tested these contrasting hypotheses 
measuring the CUD in 138 normal subjects and five acallosal, partial, or complete 
split brain patients while performing simple RT to lateralized flashes. In one task, 
only single flashes were presented (Basic task). In another task, trials with single 
flashes were mixed with trials in which two flashes were presented in the two visual 
fields (Embedded task). If the CUD represents pure conduction delay, then a CUD 
difference between the two tasks indicates a shift in the callosal fibers subserving the 
transfer. This CUD difference should then not occur in callosally compromised 
patients. If the CUD represents an imbalance of hemispheric activation, trials with 
two flashes should balance hemispheric activation more and the CUD should be 
shorter in the Embedded task. Further, this effect should be stronger in callosally 
compromised patients. In normals, the CUD in the Embedded task (0.3 ms) is 
shorter (p<.02) than the CUD in the Basic task (3.0 ms). No CUD change was 
observed from the Basic to the Embedded task in all but one patient (N.G.). Thus, 
the difference in the CUD observed in normals may be due to a shift in callosal 
channels subserving the transfer (or else callosal patients may lack contextual 
modulation). Supported by NIH grant NS 20187.

499.13
PHARMACOLOGICAL EVALUATION OF MECHANISMS OF USE-DEPENDENT 
PLASTICITY IN HUMAN MOTOR CORTEX. C .M. Buetefisch, W. Knebel, J. 
Classen, S.P. Wise and L.G. Cohen*. Human Cortical Physiology Unit, NIH, 
Bethesda, MD 20892, USA.
In human subjects, plastic changes in the thumb representation of motor cortex occur 
after brief periods of voluntary, repetitive thumb movements1. To further study this 
plasticity, we tested the effects of single doses of LORAZEPAM (a benzodiazepine 
receptor agonist), DEXTROMETHORPHAN (an NMDA-receptor blocker), and 
LAMOTRIGINE (a Na+ channel blocker) taken 2-3 hours before testing in 3 normal 
volunteers. Each subject had these 3 drug treatments plus 2 CONTROL sessions (no 
drugs). Isolated thumb movements were induced with focal transcranial magnetic 
stimulation (TMS) over the motor cortex, with constant head and coil position. 
Thumb-movement direction was defined as the first-peak acceleration in the 2 
principal movement planes, as measured with a two-dimensional accelerometer 
attached to the proximal phalanx of the thumb. The pretraining TMS-evoked 
movement (termed the baseline direction) was determined by the mean vector of 60 
TMS-induced movements obtained over 10 minutes at 0.1 Hz. Subsequently, each 
subject performed repetitive voluntary thumb movements in the direction opposite 
baseline at 1 Hz for 30 min. Immediately after training, TMS was applied over motor 
cortex at 0.1 Hz for 20-30 min. In CONTROL sessions, post-training TMS-evoked 
thumb movements were closer to the training direction than to the baseline direction, 
with an angular deviation of 151±26° (mean±SD) from baseline. LAMOTRIGINE had 
little effect on this plasticity; post-training movements deviated 113±45° from 
baseline. By contrast, training under the effects of LORAZEPAM and 
DEXTROMETHORPHAN blocked the plasticity (post-training movements deviated 
only 52±46° and 7±5°, respectively, from baseline). These values differed 
significantly from the CONTROL sessions (repeated measure ANOVA, α = 0.05). Our 
results suggest that the mechanism underlying this form of plasticity is potentiated 
by down-regulation of intracortical GABA and activation of NMDA receptors. 1. 
Classen, J., et al. J Neurophysiol, 1998. 79: p. 1117-1123.

499.12
MECHANISMS OF DEAFFERENTATION-INDUCED PLASTICITY IN HUMAN MOTOR 
CORTEX AS REVEALED BY CNS-ACTIVE DRUGS. Ulf Ziemann*, Mark Hallett, 
Leonardo G Cohen. Human Cortical Physiology Unit, NIH, Bethesda, MD 20892

Deafferentation induces rapid representational changes in the deprived cerebral cortex, 
probably through unmasking of pre-existent connections by removal of inhibition, 
and modulation of synaptic efficacy. To understand further the mechanisms involved 
in deafferentation-induced plasticity in human motor cortex, we tested whether 
pharmacological intervention can affect these plastic changes. A previously 
established short-term plasticity model was employed in six healthy volunteers, 
using forearm ischemic nerve block (INB) combined with low-frequency (0.1 Hz) 
repetitive transcranial magnetic stimulation (rTMS) of the deafferented motor cortex 
(Ziemann et al., J Neurosci 1998: 18:1115-23). Measures of plasticity were 
INB/rTMS-induced changes in motor evoked potential (MEP) size and intracortical 
inhibition (ICI) (Kujirai et al., J Physiol 1993; 471:501-19) studied in the biceps 
brachii muscle on the side of INB. Measurements were taken before, about 45 min 
into, and 20 and 60 min after INB. Each subject was tested in six separate sessions: 
A significant increase in MEP size and a reduction in ICI occurred in two control 
sessions without drug intervention and in a session under sleep deprivation. A 
single oral dose of the benzodiazepine LORAZEPAM (2 mg) or the voltage-gated Na+ 
channel blocker LAMOTRIGINE (300 mg) blocked these INB/rTMS-induced changes. 
The N-methyl-D-aspartate (NMDA)-receptor blocker DEXTROMETHORPHAN (150 
mg) suppressed the reduction in ICI but not the increase in MEP size. These 
findings suggest that (1) the INB/rTMS-induced increase in MEP size involves rapid 
removal of cortical inhibition related to γ-aminobutyric acid, and the depolarization 
of motor cortical output cells through voltage-gated Na+ channels; (2) the reduction 
in ICI is likely related to long-term potentiation-like mechanisms since it was 
long-lasting (> 60 min) and involved NMDA-receptor activation. Dr Ziemann was 
supported by grant Zi 542/1-1 from the DFG.

499.14

PRESURGICAL MAPPING OF MOTOR CORTEX USING  
FUNCTIONAL MAGNETIC RESO NANCE IM AGING (fMRI)
D.J. V incent, D .R .Roberts, and V.M. Chandler Dept. o f Radiology, 
Medical University o f South Carolina, Charleston, SC 29425. 
vincendj@musc.edu.

Prior to surgery, neuroradiologists routinely provide 
neurosurgeons with structural information from MRIs, CTS and 
angiograms. Now it is also possible to generate individualized 
functional mappings, as we did in this ongoing series of presurgical 
patients in whom we mapped the motor cortex using Echo Planar 
BOLD fMRI. Both specific cases and general information, such as 
motor paradigms, scanning sequences, and comparison with surgical 
results will be presented. Our diverse population (children and adult) 
includes patients with tumors, congenital lesions, and epilepsy. This 
affords us the opportunity to examine functional neuroanatomy from 
those recently affected by invasive lesions to long-term abnormalities 
with “non-textbook” anatomy. The latter cases can display neural 
plasticity. We expect that this will aid in the planning and performing 
of surgery, and hopefully decrease morbidity and O.R. time.

C E L L  L IN E A G E  A N D  D ETER M IN A TIO N  I

500.1

A TRANSGENIC STRATEGY FOR SELECTING OLIGODENDROCYTES AND 
SCHWANN CELLS AND MAPPING THEIR FATE. K.J . Chandross*, R.I. 
Cohen, B.Y. Champagne, and L.D. Hudson. NIH, NINDS-LDN, Bethesda, MD 
20892.

In order to define the spatio-temporal expression patterns of glial progenitor cell 
development and to simultaneously select for and tag highly purified populations of 
mouse oligodendrocytes (OL) and Schwann cells (SC), muCNP-GEO transgenic 
mice were generated that expressed a bacterial β-galactosidase (β-gal) and 
neomycin phosphotransferase fusion protein under the control of murine 2’3’-cycIic 
nucleotide 3’-phosphodiesterase (CNP) promoters I and II. Transgenic β-gal 
activity was detected early during development and at embryonic day (E) 12, was 
present in the ventral region of the metencephalon and spinal cord, and in the 
neural crest. By E15, β-gal activity was distributed in the ventral region of the 
caudal spinal cord and throughout peripheral nerves. Isolated explants of dorsal 
and ventral spinal cord are being cultured from E10 to E15 mice to determine at 
what stage β-gal positive OL arise from the ventral neural tube. Postnatally, robust 
β-gal activity was localized to OL in white matter tracts of the cortex, cerebellum, 
and brainstem, and was absent from astrocytes, neurons, and microglia and 
monocytes. In the sciatic nerve β-gal activity was localized exclusively to SC. To 
determine whether neomycin resistance could be used to generate pure populations 
of OL and SC, cultures from postnatal day 10 transgenic mouse brains and sciatic 
nerve were grown in the presence of the antibiotic G418. Within 8 to 9 d exposure 
to G418, 99 % of all surviving cells in transgenic cultures were β-gal positive OL or 
SC. Transgenic β-gal positive OL and SC lines have been established from the 
cultures. These studies demonstrate that the muCNP-GEO transgenic model is 
useful for identifying cells at early stages of the glial lineage and throughout 
development. Moreover, this experimental paradigm facilitates the rapid and 
efficient selection of pure populations of mouse OL and SC and further underscores 
the use of cell-specific promoters in the purification of distinct cell types.

500.2

L IM -H om eodom ain  P rotein s L h x3 and  L h x4 d efin e  a com m on  
early step  in  d ifferentiation  o f  the som atic m otor neurons.
Kamal Sharma*†, Hui Z. Sheng‡†, Alexander Karavanov‡, H. Li‡, Karen Lettieri, 
Steven S. Potter‡, Heiner Westphal‡ and Samuel L. Pfaff.
Gene Expression Lab, The Salk Institute, La Jolla, CA 92037. ‡ NICHD, Bethesda, 
MD 20892. † Equal contributors.
Motor neurons control movement and share many properties such as axonal 
markers, dependence on target derived trophic support and neurotransmitters. 
However, during development different subtypes of motor neurons are generated 
that occupy distinct positions within the spinal cord and develop axon projections to 
innervate specific targets. Genetic studies in invertebrates have implicated LIM- 
homeodomain proteins in the control of cell fate decisions during embryonic 
development. In Drosophila and C. elegans LIM-homeodomain proteins specify cell 
fate, axonal projections and neurotransmitter phenotype. In vertebrates, distinct 
combinations of LIM-homeodomain proteins are expressed in motor neurons that 
will form a motor column and thus innervate a distinct set of muscles. We are using 
homologous recombination in the mouse ES cells to change the combination of 
LIM-homeodomain proteins in motor neuron subtypes. Currently we are analyzing 
the function of two closely related LIM-homeodomain proteins, Lhx3 and Lhx4. 
Our results show that these proteins are redundant and control an important decision 
in the motor neuron lineage. Both proteins are essential for a motor neuron to 
acquire a somatic phenotype and thus innervate muscle targets. In the absence of 
these proteins somatic motor neurons fail to differentiate throughout the CNS. 
Instead the number of cells with special-visceral motor neuron characteristics 
increase in number. These results implicate homeodomain proteins Lhx3 and Lhx4 
in a common early step in the differentiation and specification of the somatic motor 
neurons.
Supported by PVA/SCRF 1782-01 to KS and NIH RO1 to SLP.

mailto:vincendj@musc.edu


1264 CELL LINEAGE AND DETERMINATION I TUESDAY PM

500.3
Homeodomain protein, HB-9, is an essential factor in early steps of 
motor neuron differentiation.
Joshua Thaler, Kathleen Harrison†, Kamal Sharma, John Kehrl†, and Sam Pfaff*.
Gene Expression Laboratory, Salk Institute for Biological Studies, La Jolla, CA 92037; 
and †Laboratory of Immunoregulation, NIAID, National Institutes of Health, Bethesda, 
MD 20892.

The ventral spinal cord is comprised of two functionally distinct classes of neurons; 
motor neurons (MNs) that generate movement through stimulating muscle contraction 
and intemeurons (INs) whose intersegmental connections coordinate and modulate 
motor activity. MNs and ventral INs develop from multipotential neuroepithelial cells 
stimulated with sonic hedgehog (shh) at high and low concentrations, respectively. 
Although newly post-mitotic MNs express critical LIM-homeobox transcription 
factors, such as Isl-1, the early molecular steps in the differentiation pathway initiated 
by shh remain unknown.
We have focused on a novel divergent homeodomain transcription factor, HB-9, that 
contributes to the specification of MN identity. We show here that the HB-9 protein is 
present exclusively in all MNs within the spinal cord. Furthermore, HB-9 expression 
commences early in development, being present in Lim3/Gsh4+ MN progenitors.
To elucidate the function of the HB-9 gene, we have generated an HB-9-null mouse. 
Animals lacking the HB-9 protein die at birth from paralysis of the diaphragm 
secondary to complete agenesis of the phrenic nerve. This absence of phrenic motor 
neurons reflects a pervasive phenotype in knockout animals: the conversion of somatic 
motor neurons to other ventral cell types. Specifically, the phrenic motor column 
appears to transfate to a special visceral class while other motor neurons become 
Lim3/Gsh4 intemeurons. These results suggest a role for HB-9 in biasing the 
differentiation program of bipotential Lim3/Gsh4 progenitors to favor MN identity. In 
addition, HB-9 appears to be a critical factor for proper MN subtype specification as 
HB-9- MNs make aberrant projections to their peripheral targets. Thus, HB-9 is an 
essential link between shh signaling and MN differentiation.
-Supported by the American Paralysis Association and the Whitehall Foundation

500.5
REGIONAL EXPRESSION OF O-ACETYL GT3 GANGLIOSIDE IN 
S U B S E T S  OF N EUROEPITH ELIAL C ELLS OF CHICKEN  
EMBRYONIC FOREBRAIN. S. C. Fujita*, R. Kato and H. Higashi. 
Mitsubishi Kasei Institute o f Life Sciences, 11 Minamiooya, Machida, 
Tokyo 194-8511, Japan

That the neuroepithelial cells o f  the vertebrate brain take on different 
molecular characteristics before any overt cellular differentiation is now  
recognized through studies defining regionalized expression o f  various 
transcription factors. Less well known is the molecular heterogeneity o f  
the neuroepithelial ce lls  w ith respect to surface m olecu les. We 
approached this question by screening a panel o f  140 monoclonal 
antibodies (M A bs) for immunohistochemical staining o f  restricted 
regions o f brain vesicles o f the chick embryo. M Ab 85A 9, a mouse 
IgM , stained a certain subset o f  neurons, their processes, and 
undifferentiated neuroepithelial cells o f restricted regions. In embryonic 
day (E) 4 diencephalon, the latter staining occurred in three stripes, one 
o f  w hich corresponding to zona limitans intrathalamica (ZLI). In E9 
em bryos also, 85A 9 immunoreactivity mainly occurred in the neural 
tissue . Im m noblot analysis y ielded  no p ositive bands. Other 
biochemical analyses o f  the antigen from E9 optic tectum indicated a 
ganglioside with O-acetylation. Thin layer chromatography revealed 
immunopositive bands that were similar but not identical to those o f  
M Abs 8A2 or 493D 4. The authentic O-acetyl GT3 bound MAb 85A9 
and comigrated with the major immunoreactive band in the brain extract. 
Thus a subset o f  neuroepithelial cells express O-acetyl GT3.

500.7
GENERATION OF NEURONS BY TRANSIENT EXPRESSION OF NEURAL 
bHLH PROTEINS IN MAMMALIAN CELLS. M. H. Farah1, T. Olson2,
H. Sucic3, S. Tapscott2 and D. L. Turner1 ,3,4*.  Neuroscience Program1, 
M ental Health Research Institute3, and D ept. of Biological Chemistry4 , 
Univ. of Michigan, Ann Arbor MI 48104 ; Div. of Molecular Medicine 2, Fred 
Hutchinson Cancer Research Ctr., Seattle WA 98109.

Basic helix-loop-helix  (bHLH) tran scrip tion  factors are essential 
regulators of vertebrate neurogenesis. However, analysis of the mechanisms 
of neural bHLH protein  function has been ham pered  by the lack of a 
functional assay system in mammalian cell cu lture. M ouse P19 cells are a 
m ultipo ten t em bryonal carcinom a cell line w hich can be induced to 
differentiate into neurons by aggregation and retinoic acid (RA), but they do 
not spontaneously form neurons. To test whether bHLH proteins can convert 
P19 cells into neurons, we transiently transfected various neural bHLH cDNAs 
into m onolayer cultures of P19 cells, w ithout RA. Cotransfected green 
fluorescent protein (eGFP) was used to identify transfected cells.

Several d ifferent neu ra l bHLH genes, inc luding  neuroD 1, 2, 
neuroD 3/neurogenin1, MATH1, 2, 3, and MASH1 were able to convert P19 
cells into neurons, while transfection of cDNAs for non-neural bHLH proteins 
did  not generate neurons. N eurons were identified by m orphology and by 
im m unohistochem istry w ith antibodies to neuronal proteins, including 
neuron-specific β tubulin  type III, neurofilam ents, and the H uC /D  RNA 
b ind ing  pro te ins. N euroD 2 genera ted  the m ost neu rons , w hereas 
MATH2/NEX1 generated the fewest neurons. Cotransfection of mouse E12, a 
bH LH  dim erization  partner, enhanced bo th  the efficiency of neuron 
formation and neuronal differentiation. We are currently testing whether 
different neural bHLH proteins can generate different types of neurons.

Support:NIM H ; 5T32MH014279-23 (M. H. F.), Frontiers in  N eurosci./U . of M. (D. L. T.)

500.4
C E L L  L IN E A G E  A N A L Y S IS  O F  L A T E X IN -E X P R E S S IN G  
N E U R O N S  IN  T H E  L A T E R A L  C O R T E X  O F  R A T  E M B R Y O S  IN  

V IT R O . K . T a k ig u c h i-H a y a s h i *&  Y . A r im a ts u . M its u b is h i K a s e i 

In s t . o f L ife  S c i., 11 M in a m io o y a , M a c h id a , T o k y o  1 9 4 , J a p a n .
N e u ro n s  e x p re s s in g  la te x in , a  c a rb o x y p e p t id a s e  A  inh ib ito r, 

a r e  re s tr ic te d  to  la te ra l a r e a s  in th e  c e re b ra l c o r te x  o f e a r ly  

p o s tn a ta l a n d  a d u lt ra ts . O u r  p re v io u s  s tu d ie s  s u g g e s t th a t  
c o rtic a l p ro g e n ito r  c e lls  a r e  re g io n a lly  s p e c ifie d  b y  E 1 3  a s  to  

th e ir  p o te n tia l to  g e n e r a te  la te x in -e x p re s s in g  n e u ro n s . T h e  

m e c h a n is m  fo r  th is  e a r ly  s p e c ific a tio n  m ig h t b e  th a t  c e r ta in  

c o m m it te d  p ro g e n ito rs  a r e  g e n e r a te d  a n d  lo c a liz e d  

p re d o m in a n t ly  in th e  la te ra l c o rtic a l a n ia g e . T o  e x a m in e  

w h e th e r  th e  c o m m itm e n t to  la te x in -e x p re s s in g  n e u ro n s  a c tu a lly  
ta k e s  p la c e  in s o m e  p ro g e n ito rs , w e  a n a ly z e d  th e  l in e a g e  

re la tio n s h ip  a m o n g  c u ltu re d  c o rtic a l n e u ro n s .
D is s o c ia te d  E 1 2  c o rtic a l p ro g e n ito rs  w e r e  in fe c te d  in 

s u s p e n s io n  w ith  re p lic a t io n -d e fic ie n t re tro v iru s e s  c a rry in g  la c Z  

re p o rte r  g e n e  a n d  c u ltu re d  in a  m o n o la y e r  fo r  3  w e e k s . O u t o f 
2 2  c lo n e s  c o n ta in in g  la te x in -e x p re s s in g  n e u ro n (s ) , 1 7  c lo n e s  
c o n ta in e d  o n ly  o n e  la te x in -e x p re s s in g  n e u ro n , in d e p e n d e n t o f  

th e  c lo n e  s iz e  (fro m  1 to  2 4  n e u ro n s ) . T h u s , it s e e m s  u n lik e ly  

th a t  th e  e a r ly  re g io n a l s p e c ific a tio n  d e r iv e d  fro m  e a r ly  

g e n e ra t io n  o f c o m m it te d  p ro g e n ito rs  fo r  la te x in  p h e n o ty p e .  
S u p p o rte d  b y  M its u b is h i K a s e i In s t. L ife  S c i.

500.6
HUMAN VASOACTIVE INTESTINAL PEPTIDE TYPE 1 RECEPTOR INDUCES 
DIFFERENTIATION IN NEUROBLASTOMA CELLS. D.A. Balster1, M.S. 
O 'Dorisio2,3,4,* S.K. Park2, S.J. Qualman1,3,4. 1Department of Pathology, 2Department of 
Pediatrics, 3Comprehensive Cancer Center, 4Wexner Institute of Pediatric Research; 
The Ohio State University, Columbus, OH 43205.

Vasoactive Intestinal Peptide (VIP) is known to promote survival of neurons in cell 
culture. Neuroblastoma cell lines have been shown to be a model of neural crest stem 
cell differentiation. We hypothesize that VIP promotes neuronal differentiation 
through the human VIP receptor type I (VIPR1). To characterize the effects of VIP and 
VIPR1 on differentiation and regulation of neuronal development, human 
neuroblastoma (SKNSH) cells were stably transfected with VIPRl using the pcDNA3 
vector. In cells transfected with VIPR1, l25I-VIP binding studies showed a four fold 
increase in high affinity binding (KD=0.2nM). The transfected receptor is functional as 
indicated by the ability of VIP to induce cAMP accumulation in these transfected cells 
in which we had previously demonstrated no response to VIP. SKNSH wild type cells 
show heterogenous subpopulations of cells which vary in size, shape, differentiation 
state and proliferative potential. Using dual labeling immunochemistry combined with 
confocal microscopy, the SKNSH cells transfected with VIPR1 demonstrate a different 
phenotype compared to the SKNSH wild type cells. Upregulation of VIPR1 in 
SKNSH neuroblastoma cells results in a marked shift in cell type to the glial lineage as 
shown by an increase in glial fibrilary acidic protein (GFAP) and tissue 
transglutaminase II immunostaining. There is a loss of neuronal lineage markers as 
shown by a decrease in neuron specific enolase (NSE) and a decrease in Bcl-2 
immunostaining suggesting decreased proliferative potential. This was confirmed in 
vivo in a xenograft model, comparing tumor growth of wild type SKNSH cells and 
SKNSH cells in which VIPR1 was highly expressed. Upregulation of VIPR1 decreases 
the tumorigenicity significantly from 10 days to > 60 days. Taken together, these data 
suggest that VIP modulation of neural crest differentiation appears to be mediated by 
VIPR1 regulation. Support: OSU Pathology and Pediatrics Dept.s, CHRF and CCC.

500.8
FUNCTIONS OF N EUR A L DETERM INATIO N GENES IN 
DEVELOPMENT OF THE TELENCEPHALON. F. Guillemot*, S. 
Casarosa, E. Cau, C. Fode, G . Gradwohl and R. Scardigli. IGBMC,
C.U. de Strasbourg, 67404 Illkirch Cedex, France.

The generation of mice carrying null alleles of the bHLH genes Mash1 
and Neurogenin2 (Ngn2) has shown that these genes function in the 
determination o f certain neuronal lineages o f the peripheral nervous 
system. We have begun to study the functions o f Mash1 and Ngn2 in the 
central nervous system, and have found evidence that both genes play 
important roles in development o f the telencephalon. Mash1 mutant 
embryos present a severe atrophy of the ganglionic eminences o f the 
ventral telencephalon, due to reduced cell proliferation. In this region of the 
forebrain, Mash1 mutant progenitor cells also lose expression o f two genes 
involved in Notch signaling, Delta-like1 and Hes5, and precociously 
express differentiation markers such as Dlx genes and GABA. A number 
o f neuronal populations fail to be produced by the mutant ganglionic 
eminences, including interneurons o f the neocortex and neurons o f the 
primary olfactory cortex. The cerebral cortex o f Ngn2 mutant embryos also 
present neurogenesis defects, which are particularly severe in the 
hippocampus. In addition, it contains ectopic Dlx1+, GABA+ neurons 
which are produced as a consequence o f up-regulation of Mash1. In 
conclusion, Mash1 and Ngn2 play major roles in development of the 
telencephalon, by directly or indirectly controlling several aspects of 
neurogenesis, including the size of progenitor populations, the timing of 
their differentiation, and the generation of specific neuronal populations. 
We are currently investigating whether these genes are also involved in the 
specification of neuronal subtype identity in this region of the forebrain.

This work is supported by funds from CNRS, INSERM and Hôpital 
Universitaire de Strasbourg and grants from ARC and MER.

Society for Neuroscience, Volume 2 4 ,  1998



TUESDAY PM CELL LINEAGE AND DETERMINATION I 1265

500.9
OLIGO DEN D RO G LIA L PRO G ENITO R S D ERIV ED  FROM  
A D U LT R A T N EU R A L PR EC U R SO R  CELLS RESEM BLE  
N EO N ATA L RATH ER  TH A N  A D U LT 0 2 A  CELLS. Su-Chun 
Zhang*, Bin Ge, and Ian D. Duncan, Dept. o f  Med. Sci., SVM, University 
o f  Wisconsin, 2015 Linden Dr. W., Madison, WI 53706.

W e have reported that oligodendroglial progenitors can be differentiated 
from multi-potent stem cells and be expanded extensively in the presence o f 
B104 neuroblastoma cell conditioned medium (B104CM) yet maintaining 
myelination potential (Zhang et al., 1998). We now report that, using the 
same approach, oligodendroglial progenitors can be generated from neural 
precursor cells derived from adult rat striata. These progenitors exhibited 
bipolar morphology, expressed A2B5 and vimentin but not 0 4 , proliferated 
extensively with a cell cycle time o f 20 hours and migrated at a velocity o f  
15-25 µm/h, in the presence o f  B104CM. They also proliferated in 
response to PDGF, bFGF or both yet with less extent. Removal o f growth 
factors or B104CM  resulted in the expression o f  0 4  by all the cells and GC 
by over 50% o f  the cells within 24-48h. When transplanted into spinal 
cords o f  neonatal myelin deficient rats, they myelinated almost all the axons 
in the dorsal funiculus o f  up to 6.5 mm longitudinally in 2 weeks. These 
observations indicate that these progenitors behave in the same way as the 
oligodendroglial progenitors isolated directly from neonatal rather than from 
adult rat. Our finding thus opens a novel and significant avenue to explore 
the potential to induce remyelination in adulthood, (supported by NIH 
NS33710).

G E N E  ST R U C T U R E  AND  FU N C TIO N

501.1
TARGETS AND FUNCTIONS OF MOUSE-MUSASHI-1, AN RNA-BINDING 
PROTEIN ASSOCIATED WITH CNS STEM CELLS. H. Okano*, T. Imai, and S. 
Sakakibara. Department of Neuroanatomy, Osaka University Medical School and 
CREST, Suita, Osaka 565-0871, Japan.

RNA-binding proteins highly enriched in the nervous system are likely to play 
central roles in the characteristic post-transcriptional gene regulations that are proposed 
to be associated with the higher functions and neural development. Among the neural 
RNA-binding proteins, Musashi and Elav are proposed to belong to distinct gene 
families, which are phylogenetically conserved from invertebrates to vertebrates. In the 
developing central nervous system (CNS), mouse-Musashi-1 (m-Msi-1) protein is 
highly enriched in the CNS stem cells. m-Msi-1 is RNA-binding protein contains two 
RNA recognition motifs (RRM). Drosophila homologue, Musashi is essential for 
neural development and required for asymetric cell divisions in the Drosophila adult 
sensory organ development. Therefore, we expected that we may get new findings on 
mammalian early neurogenesis by the detailed characterization of m-Msi-1. The 
expression pattern of m-Msi-1 indicates its involvement at least in the asymmetric cell 
division of neural precursor cells. As a next step, we performed detrmination of 
m-Msi-1 target RNA sequence by SELEX method Using recombinant m-Msi-1 
protein (two RRMs fused with His tag), the RNAs interacting with m-Msi-1 were 
amplified and concentrated exponentialy by repetition of reverse transcription and 
polymerase chain reaction. SELEX experiments have revealed that the consensus 
binding sequence of mouse-Musashi-1 is (G/A)UnAGU (n=2 or 3). Based on their 
expression pattern and putative functions, mRNAs of m-Numb (a membrane-associated 
protein putatively required for the asymmetric cell division of neural precursor cells) and 
HuB (a mammalian member of the Elav family of neural RNA-binding proteins) are 
possible targets of the mouse-Musashi-1 protein. To reveal the in-vivo function of 
mouse-Musashi-1, we have generated mouse-musashi-1 knock-out mice (in 
collabaration with Dr. Tetsuo Noda). The homozygotic mice were semilethal at late 
embryonic stages and showed various defects in neural development. The roles of 
mouse-Musashi-1 in the asymmetric cell division of neural precursor cells and in the 
post-transcriptional regulation of the target genes are currently being examined.

501.3
N -C A M  B IN D IN G  T O  A S T R O C Y T E S  A N D  N E U R O N S  IN D U C E S  N F -  
κB  A N D  A P -1  B IN D IN G  A C T IV IT Y . L. A . K ru s h e l*, B . A . C u n n in g h am ,
G . M . E d e lm a n , an d  K. L. C rossin . T h e  N eu ro s cie n ce s  Institute, S an  
D ieg o , C A  9 21 21  an d  D ep t. O f N eurob io logy, T h e  S cripps R esearch  
Institute, La Jolla , C A  9 2 0 2 7

N -C A M  hom ophilic  binding can  induce ch an g e s  in cell behavior  
during d eve lo p m en t an d  in th e  adu lt tha t requ ire  g e n e  transcription. 
W e  h a ve  begun to exa m in e  the  regulation of g e n es  responsive  to  N - 
C A M  binding by an alyzin g  a ltera tions  in the  b inding of transcription  
factors  to  th e ir co g n ate  D N A  seq u e n c es . Addition of purified N -C A M , 
recom binant third im m unoglobulin  dom ain  of N -C A M  or N -C A M  
antibod ies  to  n eonata l rat forebra in  astrocytes  an d  c ere b e lla r granule  
n eurons p roduced a  larg e  increase  in N F -κ B a n d  A P -1  binding activity  
using electrophoretic  m obility shift a ssays . A  tim e  course  a fte r the  
addition of N -C A M  d em o nstra ted  an  initial in cre a se  in N F -κ B  an d  A P -  
1 binding a fte r 1 an d  3  hr, respectively, an d  binding to  both sites  
p e a k e d  b e tw ee n  6  an d  16  hr. Further analysis  using supershifting  
antibod ies  ind icated  th a t p 5 0  an d  relB  w e re  c on ta in ed  in the  N F -κ B  
binding co m plex  an d  all the  m a jo r Fos an d  Jun prote ins  w ere  found in 
th e  A P -1  b inding com plex . T h e s e  results  s uggest th a t N -C A M  
hom ophilic  binding c au ses  th e  activation of N F -κ B  a nd  A P -1  proteins  
w hich  could lead  to the  transcriptional regu la tion  o f specific  genes . 
T h is  w ork  is supported  by N eurosciences  R e se a rch  Foundation  and  
U S P H S  grants  H D 1 6 5 5 0 , H D 0 9 6 3 5 , a nd  N S /O D 3 4 8 7 4 .

501.2
PAIRED-LIKE HOMEODOMAIN PROTEIN, PHOX2a, MAKES 
MULTIPLE CONTACTS ON THE 5 ’ PROMOTER AND 
CRITICALLY CONTROLS DOPAMINE β-HYDROXYLASE (DBH) 
GENE TRANSCRIPTION. H S. Kim*, H. Seo, C.H. Kim, and K.-S. 
Kim. Dept. o f Neurology and Anatomy & Neurobiology, University 
of Tennessee, Memphis, TN38163.

We have previously identified two cis-regulatory elements that are 
critical for noradrenergic-specific transcriptional activity of the 
human DBH gene; the 3 ’ side o f the composite promoter, designated 
domain IV residing at -185 to -149 bp, and domain II at -87 to -66  
bp. These two sequence patches do not share any homology except 
that they contain double and single ATTA motif, respectively. 
Strikingly, several lines of evidence including gel shift, competition, 
antibody supershift, and footprinting assays demonstrate that both o f  
these noradrenergic-specific cis-elements are the binding sites for the 
paired-like homeodomain protein Phox2a. For both sequences, the 
ATTA motif(s) are critical for their interaction with Phox2a. In 
addition, our DNase I footprinting assay using E. coli-expressed 
recombinant Phox2a protein has identified additional Phox2a-binding 
site at -105 to -85 bp upstream of the transcription start site of the 
human DBH gene. Site-directed mutagenesis indicates that this novel 
sequence motif is important for the intact promoter activity of the 
human DBH gene. Together with our previous studies, these data 
suggest that Phox2a makes multiple contacts on the 5 ’ upstream 
promoter and critically controls noradrenergic-specific DBH 
transcription in concert with additional transcription factors such as 
CREB, Y Y 1, AP2 and Sp1. (Supported by NIH grant MH48866)

501.4
POSITIVE ALLOSTERIC MODULATION OF AMPA RECEPTORS 
INCREASES ACTIVITY OF THE N-CAM PROMOTER.
Brent D. Holst*, Peter W. Vanderklish, Leslie A. Krushel, Wei Zhou, Gerald M. 
Edelman, and Kathryn L. Crossin. The Scripps Research Institute, La Jolla, 
CA 92037; The Neurosciences Institute, San Diego, CA 92121 

Cell adhesion molecules (CAMs) mediate neuronal and glial adhesion 
during development of the nervous system. In the adult brain, regulation of 
adhesion may alter the morphology and physiology of synapses. To study the 
regulation of the promoter for the neural cell adhesion molecule, N-CAM, in 
response to synaptic activity in vivo, we have used homologous 
recombination to insert the bacterial lacZ gene into a site in the native N-CAM 
gene which places β-galactosidase expression under the control of the N- 
CAM promoter. In mice heterozygous for this insertion, treatment with an 
ampakine, an allosteric modulator of AMPA receptors that enhances normal 
glutamate-mediated synaptic transmission, increased the expression of β-gal 
in vivo as well as in hippocampal tissue slices in vitro. β-gal expression 
peaked 8h following ampakine treatment. Similar treatments also increased 
the expression of N-CAM RNA. In hippocampal slice preparations, the AMPA 
receptor antagonist CNQX prevented the effects of the ampakine on the N- 
CAM promoter. In transgenic mice expressing β-gal under the regulation of 
6.5kb of the proximal N-CAM promoter, treatment with ampakines produced a 
similar increase in β-gal expression. These results indicate that facilitation of 
AMPA receptor-mediated transmission leads to activation of the N-CAM 
promoter and suggests the regulatory elements required for activation are 
contained within the proximal 6.5kb N-CAM promoter. This work supported 
by NIH grant HD09635, a grant from the G. Harold and Leila Y. Mathers 
Foundation, and The Neurosciences Research Foundation.
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PROMOTER REGIONS CONTROLLING TRYPTOPHAN  
H Y DRO XYLASE GENE EXPRESSION D. A. N ielsen*, K.E. 
Schuebel, G, L. Jenkins, J.S. Raskin and D . Goldman. Section o f  
M olecular G enetics, LNG, N IA A A, NIH, R ockville, M D 20852

L ow  seroton in  turnover is  re lated  to severa l behaviors  
characterized by a deficit in im pulse control, such as im pulsivity and 
suicidality. To understand these behaviors, we have been studying 
genes involved  in serotonin m etabolism . Typtophan hydroxylase 
(TPH), the rate-limiting enzym e in serotonin biosynthesis, may play a 
role in the predisposition to various psychopathologies. For this 
reason, w e have been mapping the location and nature o f  regulatory 
elements controlling TPH gene expression.

To investigate the regulatory regions necessary for the control o f  
TPH expression, regions o f  the m ouse TPH gene promoter have been 
fused to the luciferase reporter gen e. T h ese constructs were 
transfected into P815, Neuro-2a and NIH /3T3 ce ll lines. R egions 
necessary for cell-specific and basal gene expression were identified. 
The functionality o f  these putative activating sequences were analyzed 
by mutational and electrophoretic m obility shift analyses. Tw o regions 
within the TPH promoter have been identified w hich activate TPH 
gene expression in a n on-cell-specific manner and a single region  
which represses expression ce ll-sp ecifica lly . W ithin the activating 
regions are binding sites for the S p 1 transcription factor. The negative 
regulatory region has overlapping binding sites for S p 1 and the RBP- 
Jk transcription factor. It appears that binding o f  the RBP-Jk factor 
quenches activation by S P 1 through interference o f  S P 1 binding.

These studies propose a role for S p 1 and RBP-Jk in the regulation 
o f  TPH gene expression.

5 0 1 .7

IN VIVO PROTEIN EXPRESSION FROM mRNA DELIVERED INTO RAT CNS.
K. Karikó*, J.M. Keller, V.A. Harris, A.J. Mannes, D.J. Langer, E.S. 
Flamm, F.A. Welsh. Dept. of Neurosurgery, Univ. Pennsylvania School 
of Medicine, Philadelphia, PA 19104.

Overexpression of selected proteins through local mRNA delivery 
has a great potential for analyzing gene functions in vivo. To explore 
the feasibility of such a technique within the CNS, we delivered 
luciferase-encoding, capped, polyadenylated mRNA into the rat brain 
and spinal cord. Tissue distribution and stability of the injected mRNA 
were analyzed using in situ and Northern hybridizations, while 
luciferase expression was measured by enzymatic assay.

Following intracerebral injection of lipofectin-complexed mRNA, 
expression of luciferase was detectable as early as 1 hr, was maximal 
at 2-3 hr, but was below the level of detection by 24 hr. The extent 
of luciferase expression correlated with the amount of injected mRNA. 
Intracerebral delivery of 3.0 µl (25 ng) mRNA yielded as much as 3 
pg luciferase, while injection of 0.5 µl (4 ng) mRNA yielded only 27 
fg luciferase. Delivering mRNA to the cortex, striatum, hippocampus, 
or spinal cord resulted in measurable luciferase activity at the 
injection sites but not in adjacent areas. Intact luciferase mRNA was 
localized at the site of injection 3 hr after delivery, but levels were 
significantly reduced by 24 hr. These results demonstrate that in 
vivo mRNA delivery is a promising technique for transient 
overexpression of desired proteins in the CNS.

Supported by NIH NS-29331 and the Department of Neurosurgery.

5 01 .9

THE 3' UNTRANSLATED REGION OF A CONE PHOTORECEPTOR-SPECIFIC 
GENE IS INVOLVED IN POST-TRANSCRIPTIONAL REGULATION. A.S. 
Viczian, M. R. Verardo and D.B. Farber.* Jules Stein Eye Institute, UCLA School 
of Medicine; Los Angeles, CA 90095.

Cyclic GMP-phosphodiesterase (PDE) is an essential enzyme in the visual 
transduction cascade of rods and cones. M utations in the α  and β rod-specific 
subunits have been linked to hereditary retinal degeneration in animal models 
for retinitis pigmentosa and in humans. Since strong homology exists between 
the α- and β-PDEs and the cone-specific α'-PDE subunit, the latter could be a 
candidate for cone dystrophies. We have studied the α'-PDE gene regulation, as 
it might provide a general mechanism for photoreceptor-specific expression. 
Comparison of the 3' untranslated regions (UTR) of hum an and bovine cone α '- 
PDE showed 80% similarity between the two species, suggesting functional 
significance. To clarify the possible function of this region, we replaced the 3' 
UTR of SV40 in a luciferase reporter gene contruct (pGL2-Promoter; Promega) 
with the cone α'-PDE 3'UTR. A second construct was m ade using a similar size 
3' UTR of a ubiquitously expressed gene, RNA polymerase II subunit SRB7 
(RNAP). This served as a negative control. Each of these constructs were 
transiently transfected into a retinoblastoma-derived cell-line that has been shown 
to express cone α'-PDE. Cells transfected w ith the cone α'-PDE construct 
expressed the reporter gene at approximately twice the levels found for either 
the RNAP construct or the original vector containing the SV40 3’ UTR. mRNA 
expression levels of these transfected cells w ill determine whether cone α'-PDE 
3'UTR affects reporter gene message stability or translation initiation. In addition, 
we have carried out RNA gel shift com petition assays to dem onstrate the 
specificity of protein binding to the cone α'-PDE 3’ UTR, and UV-crosslinking 
assays to identify the different-sizes of the binding proteins. Current studies are 
underw ay to identify w hether other photoreceptor-specific genes share this 
phenomenon. Supported by grants from NIH (EY02651 and Training grant 
EY07026) and the Foundation Fighting Blindness.

5 0 1 .6

PH EN O TY PE VARIABILITY W ITH M UTA TIO NS IN TH E CALCIUM  
CH AN NEL G EN E CACNA1A. R.W. Baloh1 -2* , Q. Yue 1 , J.C. Jen 1 ,
S .F . N elson1 -3 .  1 Dept. of Neurology, 2 Div. Head and Neck Surgery, 3 
Dept. Pediatrics/Hematology-Oncology, UCLA Sch. Med.; Los Angeles, 
CA 90095

Mutations in the gene CACNA1A that codes for the α1 A subunit of a 
calcium channel have been reported in patients with hemiplegic migraine, 
episodic ataxia-2, and spinocerebellar ataxia (SCA)-6. W e screened 43 
families with episodic and progressive ataxia and 9 families with basilar 
migraine for mutations in CACNA1A. All 47 exons and flanking introns in 
CACNA1A were subjected to single-strand confirmation polymorphism 
(SSCP) analysis of a PCR-amplified genomic DNA. The CAG repeat 
length at the 3 ‘ end of CACNA1A was also determined. So far we have 
identified 8 new polymorphisms, 4 new point mutations (2 missense and 
2 premature stops) and 3 expanded CAG repeats in families with 
episodic and progressive ataxia. None of the families with basilar 
migraine had mutations in CACNA1A. There was marked phenotypic 
variability within and between the families with mutations in CACNA1A. 
Some patients with point mutations had severely progressive ataxia 
while some with CAG repeat expansions had prominent episodes 
responsive to acetazolamide. Since mutations have been identified in 
less than half the families with episodic ataxia, mutations in other relatedgenes likely produce the same phenotype.Supported by NIH grants AG9063, PO1 DC02952, and DC00008-21.

5 0 1 .8

CANNABINOID RECEPTOR GENETICS AND BEHAVIOR. E. S. Onaivi1*, A. 
Chakrabarti1, L. Stubbs2, L. Chittenden2, D. P. Hurst3, B. E. Akinshola4, D. Shire5, M. 
Parker1 J. R. Hubbard1 and P. H Reggio3. 1Depts of Psychiatry, Pharmacology and Cell 
Biology, Vanderbilt Uni., TN, 2Lawrence Livermore Nat., Lab., CA, 3Kennesaw State 
Uni, GA , 4Howard univ. Coll. Med., Washington DC and 5Sanofi Recherche, France.

The discovery of endocannabinoids and genes encoding the cannabinoid receptors 
(Cnrs) suggests that the Cn system represents a previously unrecognized elaborate net- 
work in the nervous system whose biological role is not well understood. From mouse 
to human studies, we are using multidisciplinary approaches to understand the 
molecular basis of the neurobehavioral effects of cannabinoids and the linkage 
between behavior and Cnr gene expression. We have cloned, sequenced, constructed 
3D helical structures and localized the murine CB1 and CB2 Cnr genes to different 
spots on chromosome 4 using interspecific backcross methods. The mouse and human 
genetic map data adds a new marker to this region of mouse-human homology. 3D 
models of transmembrane helix bundles of the mouse CB1 were compared to mouse 
CB2 Cnrs using the Chem-X program. There were striking similarities and significant 
differences that may explain the differential binding and docking profile of Cn ligands 
to the CB1 and CB2 Cnrs. Differential display polymerase chain reaction was used to 
identify 5 sequence tags in the mouse after chronic treatment with anandamide. In in- 
vitro studies on non-NMDA GluR3 receptors expressed in xenopus oocytes, 
anandamide inhibited receptor currents by 64%, whereas both anandamide and ethanol 
inhibited the receptor current by 72%. In two in-vivo models, SR141716 induced an 
anxiolytic profile and antagonized the anxiogenic and cataleptogenic effects of the 
endocannabinoids. Preliminary results of the Cnr gene expression in human controls 
using Cnr-PCR mimics revealed the expected transcript size of CB1 and CB2 mRNA 
in blood samples. Studies on Cnr changes in pathological states are in progress. It is 
concluded that these are exciting times for Cn research which has been transformed 
into mainstream science. Supported by NHLBI K01 HL03319 and NIDA DA-03934.
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502.1

PKA-DEPENDENT PHOSPHORYLATIONS OF TAU AND CAMP- 
REGULATED PROTEINS IN ALZHEIMER' S DISEASE. Gregory A. 
Jicha1*, Charles Weaver2, and Peter Davies1,2. 1Dept. of Pathology, Albert 
Einstein College o f Medicine; 2Dept. of Neuroscience, Albert Einstein 
College of Medicine; Bronx, NY 10461 

Central to the cognitive decline seen in Alzheimer patients lies the 
progressive degeneration and death of neurons leading to disruption of the 
functional connectivity of neuronal pathways involved in learning and 
memory. Neurofibrillary tangles and dystrophic neuritic changes are the 
principle pathological hallmarks of Alzheimer’s disease (AD), described 
by Alzheimer himself almost a century ago. The neuritic pathology in AD 
is largely comprised of hyper-phosphorylated conformationally altered 
tau. While there is much debate over which kinases and signaling pathways 
are responsible for the pathological alterations of tau in AD, at least two of 
the documented phosphorylations on tau in AD can only be attributed to 
cAMP-dependent protein kinase (PKA). Mutational analyses demonstrate 
that these PKA-dependent phosphorylations on tau induce conformational 
alterations in tau that result in retarded migration patterns by SDS-PAGE. 
A series of monoclonal antibodies recognizing PKA-dependent phospho- 
ser214 and phospho-ser409 have been raised and demonstrate that PKA- 
induced phosphorylations of tau may play a role in the neurofibrillary 
degeneration seen in AD. Additional studies demonstrate that a variety of 
cAMP-related proteins, including PKA itself, CREB, CBP, and members of 
the AKAP family exhibit AD-specific alterations in immunohistochemical 
staining patterns, suggesting that altered cAMP homeostasis may lie at the 
heart of the degenerative cascade seen in AD. This work was supported by 
NIMH grant 38623, NIH grant AG06803, and NIH training grants 
T32GM07288 and NS07098.

502.3

SEQUENTIAL PHOSPHORYLATION OF TAU-PROTEIN BY GSK-3β AND PKA 
AT THR212 AND SER214 GENERATES THE ALZHEIMER-SPECIFIC EPITOPE 
OF ANTIBODY AT100 AND REQUIRES A PAIRED HELICAL FILAMENT-LIKE 
CONFORMATION.

, Zheng-Fischhöfer, J. Biernat, E.-M. Mandelkow*, S. Illenberger, R. Godemann,
E. Mandelkow. Max-Planck-Unit for Structural Molecular Biology Notkestr. 85. 

D-22607 Hamburg, Germany.

AT100 is a monoclonal antibody highly specific for phosphorylated tau in 
Alzheimer paired helical filaments. Here we show that the epitope is generated 
by a complex sequence of sequential phosphorylation, first of Serl99, Ser202, 
Thr205 (around the epitope of antibody AT8), next of Thr212 by GSK-3b (a 
proline-directed kinase), then of Ser214 by PKA. Conversely, if Ser214 is 
phosphorylated first it protects Thr212 and the Ser-Pro motifs around the AT8 
site against phosphorylation. The generation of the AT100 epitope requires a 
conformation of tau induced by polyanions such as heparin, RNA, or poIy-Glu, 
conditions which also favor the formation of paired helical filaments. The 
Alzheimer-like phosphorylation can be induced by brain extracts. In the 
extract, the kinases responsible for generating the AT100 epitope are also 
GSK-3b and PKA which can be inhibited by their specific inhibitors LiCl and 
RII, resp. A cellular model displaying the reaction with AT100 is presented by 
Sf9 insect cells transfected with tau. Knowledge of the events and kinases 
generating the AT100 epitope in cells might open a window to study the 
degeneration of the cytoskeleton in Alzheimer’s disease. - Supported by 
Deutsche Forschungsgemeinschaft.

502.5

ANDROGENS PREVENT THE HEAT SHOCK-INDUCED HYPER-
PHOSPHORYLATION BUT NOT DEPHOSPHORYLATION OF TAU 
PROTEIN (x) IN FEMALE RATS. IMPLICATIONS FOR ALZHEIMER’S 
DISEASE (AD). S. Ch. Papasozomenos*, and T. Papasozomenos. Dept. of  
Pathology, Univ. o f Texas Medical School, Houston, TX 77030 

We have shown that heat shock (42°C for 15 min) induces rapid 
dephosphorylation o f τ in both female and male rats followed by hyperphos- 
phorylation only in female rats (J. Neurochem. 66:1140-9, 1996). We have 
also shown that the heat shock-induced hyperphosphorylation of τ is estrogen- 
independent in female rats and prevented by androgens in male rats (Proc. 
Natl. Acad. Sci. USA 94:6612-7, 1997). To investigate whether androgens 
could prevent the hyperphosphorylation o f τ in female rats, 24 2-to 3-month- 
old Sprague-Dawley rats were ovariectomized and given daily subcutaneous 
injections o f 1 mg/250 g body weight testosterone propionate in sesame oil 
vehicle for 3-5 weeks. Analysis o f immunoblots o f SDS cerebral extracts was 
performed qualitatively using the peroxidase-antiperoxidase technique and 
phosphate-dependent and -independent anti-τ antibodies, and quantitatively 
using Tau-1 and 125I-labeled protein A. We used the ratio o f total τ to non- 
phosphorylated τ as an indicator o f the degree o f phosphorylation at the Tau-1 
site. While at 0 h (n=3) after heat shock τ was dephosphorylated (ratio, 1.2 ± 
0.2), P<0 .001), at 3 h (n=5), 6 h (n=6) and 12 h (n=3) after heat shock x was 
not hyperphosphorylated in comparison with controls (n=7) (P>0.05); the 
ratios were: controls, 2.1 ± 0.7; 3 h, 2.5 ± 0.9; 6 h, 2.3 ± 0.4; and 12 h, 2.3 ± 
0.8. Because τ is abnormally hyperphosphorylated in AD, the possibility o f  
using androgen replacement therapy in postmenopausal women as a 
preventive measure against AD should be investigated.

5 0 2 .2

PHOSPHORYLATION OF TAU PROTEINS IN BACULOVIRUS- 
TRANSFECTED INSECT CELLS.

J. Biernat, R. Godemann, E. Mandelkow* and E.-M. Mandelkow,
Max-PIanck-Unit for Struct. Mol. Biol., Notkestr. 85, Hamburg, Germany.

Tau, a neuronal microtubule-associated protein, binds to microtubules and 
stabilizes them. Binding and stabilization are affected by phosphorylation of 
tau in different ways. For example, phosphorylation of Ser262 in the repeat 
domain by the kinase p110/MARK abrogates binding while phosphorylation of the 
domains flanking the repeats by proline-directed kinases (e.g. GSK3, cdk5, or 
MAP kinase) modulates it; both types of phosphorylation are enhanced in the 
pathological conditions of Alzheimer’s disease. We have transfected several 
isoforms of tau protein in insect cells and observed the outgrowth of 
processes. This method, explored by Kosik and colleagues, is a sensitive assay 
for the stabilization of microtubules in cells (for review see Kosik &
McConlogue, Cell Mot. Cytoskel. 28:195,1994). We correlated process outgrowth 
with tau expression and phosphorylation, as measured by Western blotting with 
Alzheimer-diagnostic antibodies, phosphopeptide 2D mapping and sequencing. 
Insect cells show a complex pattern of P-sites in tau which is similar to the 
pattern displayed by endogenous tau in the human neuroblastoma cell line LAN-5. 
The phosphorylation sites that stimulate or inhibit process formation have been 
identified by a combination of Ala scanning mutagenesis, phosphopeptide mapping 
and sequencing. - Supported by Deutsche Forschungsgemeinschaft

5 0 2 .4

THE ENDOGENOUS AND CELL-CYCLE DEPENDENT PHOSPHORYLATION 
OF THE MICROTUBULE-ASSOCIATED PROTEIN TAU IN NEUROBLASTOMA 
AND CHO CELLS.
K. Stamer*, S. Hlenberger, Q. Zheng-Fischhöfer, U. Preuss, K. Stamer,
R. Godemann, J. Biernat, B. Trinczek, E. Mandelkow, E.-M. Mandelkow, 
Max-Planck-Unit for Struct. Mol. Biol., Notkestr. 85, D-22603 Hamburg, Germany.

The major function of the neuronal microtubule-associated protein tau is to 
stabilize axonal microtubules which provide the basis for axonal transport and 
neuronal polarity. In Alzheimer’s disease tau protein becomes highly 
phosphorylated, particularly at Ser-Pro or Thr-Pro motifs, loses its binding to 
microtubules and aggregates into paired helical filaments. To elucidate the 
mechanisms leading to this hyperphosphorylation, we have analyzed the 
physiological phosphorylation of endogenous human tau protein in LAN-5 
neuroblastoma cells and stably transfected tau protein in CHO cells, using 
immunofluorescence with several phosphorylation-dependent and 
Alzheimer-diagnostic antibodies as well as metabolic labeling with 32P and 2D 
phosphopeptide mapping and sequencing. In non-synchronized cultures the 
phosphorylation pattern was remarkably similar in both cell lines, suggesting a 
similar balance of kinases and phosphatases with respect to tau. We identified 
17 phosphorylation sites in the two cell lines, comprising 80-90% of the total 
phosphate incorporated. Most of these are in SP or TP motifs, except S214 and 
S262. Since phosphorylation of microtubule-associated proteins increases 
during mitosis, concomitant with increased microtubule dynamics, we analyzed 
cells mitotically arrested with nocodazole. This revealed that S214 is a 
prominent phosphorylation site in metaphase, but not in interphase. 
Phosphorylation of this residue strongly decreases the tau- microtubule 
interaction in vitro, suppresses microtubule assembly, and may be a key factor 
in the observed detachment of tau from microtubules during mitosis. Since S214 
is also phosphorylated in Alzheimer’s disease tau, our results support the 
view that reactivation of the cell cycle machinery is involved in tau 
hyperphosphorylation. - Supported by Deutsche Forschungsgemeinschaft.

5 0 2 .6

cdc2 PHOSPHORYLATION OF NUCLEOLIN IN EARLY 
NEUROFIBRILLARY TANGLES. A. Dranovsky1 ,2 , I. Vincent3, 
A. Schwarzman2 , P. Davies3 , and D, Goldgaber2 *. 1M STP and 
2 Dept. o f  Psychiatry, SU N Y  at Stony Brook, Stony Brook, NY  
11794; 3Dept. o f  Pathology Albert Einstein Col. o f  M ed., Bronx, N Y .

W e have previously reported that neurofibrillary tangle (NFT) 
specific antibody - TG-3 recognizes cdc2 phosphorylated, mitotic 
nucleolin. N ucleolin is present in the neuronal cytoplasm and in early 
(pre-clinical) neurofibrillary tangles. TG-3 also recognizes hyper- 
phosphorylated tau in Alzheim e' s D isease (AD) brain. The present 
study investigated if  TG-3 reactive nucleolin is present in the AD brain. 
Monoclonal antibody AT180 was used to block phosphorylated tau 
from being recognized by the TG-3 antibody. Blocking the TG-3 
epitope on tau revealed that the total amount o f  TG-3 immunoreactivity 
markedly decreased. TG-3 immunoreactivity dissappeared from 
dystrophic neurites suggesting that in dystrophic neurites TG-3 
exclusively recognizes tau. N o corresponding decrease was observed  
in the TG-3 immunoreactivity which overlapped with nucleolin 
staining. Colocalization o f  nucleolin with residual TG-3 
immunoreactivity suggests that nucleolin phosphorylated by cdc2 is 
one o f  the major TG-3 antigens in NFT. W e suggest that nucleolin is a 
substrate for mitotic kinases which are aberrantly activated in AD. 
cdc2 phosphorylated nucleolin may, in turn, contribute to neuronal 
degeneration.
Supported by LIAF to AD and NIH to DG.
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5 0 2 .7

H UM AN TAU PHOSPHORYLATION IN MICE LACKING  
CALCINEURIN. U .S . Kayyali*1,  S. Lee1, K. Burki2, J .G. 
Seidman3, and H. Potter1. Departments of Neurobiology1, Genetics3, 
and Howard Hughes Medical Institute3, Harvard Medical School, Boston, 
MA 02115, and Novartis Pharma, Basel, Switzerland2.

The accumulation o f neurofibrillary tangles in certain neurons 
correlates with the severity o f  Alzheimer’s disease (AD). Tangles are 
composed o f  intracellular straight and paired helical filaments (PH F), 
which are polymers o f  the microtubule associated protein, tau. Tau 
becomes hyperphosphorylated in A D, and previous studies have 
suggested that calcineurin plays a role in vitro in the dephosphorylation 
o f  tau. We have previously shown that tau phosphorylation is 
increased in knock-out mice in which the expression o f the 
phosphatase, calcineurin Act, has been disrupted (C N A α-/-). W e have 
not observed PHF or tangles in the C N A α-/- mice up to one year o f  
age. These lesions might appear later as the mice age, or they might not 
form because the primary sequence o f  mouse tau precludes their 
formation, as PHF and tangles have never been observed in rodents. 
In order to test the hypothesis that human tau is required for PHF and 
tangles to form, w e mated the C N A α-/- mice with transgenic mice that 
express human tau. The heterozygous offspring from the cross-mating 
are viable, and analysis o f  their brains is underway. W e have also 
crossed the heterozygous mice to generate homozygous mice which are 
expected to exhibit a greater effect. W e expect the combination of 
increased phosphorylation and human tau w ill cause tau to accumulate 
as PHF or other abnormal structures. (support. A lz. A ssoc., M ADRC)

5 0 2 .9

TAU GENE POLYMORPHISMS INTERACT WITH APOE ε4 TO 
INCREASE RISK FOR ALZHEIMER’S DISEASE. L. Lannfelt,1* L. 
Lilius,1 S. Froelich,1 C. Forsell,1 H. B asun ,1 K. Axelman,1 K. 
Mattila,1 A. Andreadis,2 M. Viitanen,1 B. W inblad,1 and L. Fratiglioni1. 
1Karolinska Institute, Dept o f  Clinical Neuroscience and Family 
M edicine, Sweden, 2The Shriver Center, Waltham, Massachusetts

Pathogenic mutations have recently been found in the tau gene in 
frontotemporal dementia, which points to a new mechanism of neuro- 
degeneration. W e sequenced the tau gene to investigate if it could be a 
genetic susceptibility factor also in Alzheimer's disease (AD).

AD cases (n=269) from two different sources were investigated. 
One was a clinic-based group with onset ≤ 75 (n=175), the other was a 
population-based cohort with onset >75 (n=94).

Eleven polymorphisms were found in the tau gene, all in complete 
linkage disequilibrium and segregating as two alleles, A and B. There 
was no significant difference in the distribution o f  the tau genotypes 
A A, AB and BB between AD cases and controls. However, a syn- 
ergistic effect between APOE ε4 and the tau genotype AA was found in 
the clinic-based early onset AD group. ε4 gave an odds ratio o f 4, and 
the odds ratio increased to 10 in AD cases with both ε4 and the tau AA 
genotype (95% C.I. 4 .0  - 25.0, p=<0 .0001).

At this stage it is difficult to understand the molecular mechanisms 
for this effect. One o f  the polymorphisms was found in the intron 3 ’ o f  
exon 3. This polymorphism could affect the alternate splicing o f exons 2 
and 3 in the tau gene, possibly giving rise to neurodegeneration seen in
AD. (Supported by the Swedish Medical Research Council project no. 
10819.)

502 .11

OVEREXPRESSION OF C1q BY CULTURED NEURONS RESULTS IN 
PHF-LIKE PATHOLOGY AND NEURODEGENERATION. Y. Shen*1, R. Li1, 
R. Lee1, Z-S Dai2, and J. Rogers. 1Roberts Alzheimer’s Research Center, Sun 
Health Research Institute, Sun City, AZ 85372 and 2Department of Anatomy and 
Cell Biology, University of North Carolina, Chapel Hill, NC 27599.

Neurofibrillary tangles are one of the classical hallmarks of Alzheimer’s disease 
(AD). Their principal element is the paired helical filament (PHF), which is 
characterized by hyperphosphorylated tau protein. The formation of tangles is 
associated with neurodegeneration in the AD brain, and is one of the best correlates 
of AD cognitive dysfunction. Complement-component C1q co-localizes with 
tangles, and may be activated by a tangle constituent (c.f., Rogers et al., this 
volume). Moreover, we have recently reported that C1q may be upregulated in AD 
neurons.

In order to model potential relationships of C1q to neurofibrillary tangles and 
PHF we cloned full-length C1qB complement component from human brain mRNA 
using PCR techniques. On analysis, the cloned C1qB DNA sequence was found to 
be identical to that given in published reports. Transient transfection of the C1qB 
DNA into NT2 human neuronal precursor cells resulted in increased expression of 
C1q and tau protein, and in immunofluorescence labelling of intraneuronal 
inclusions with anti-PHF and AT8 antibodies. Three days after transfection, the 
cells began to exhibit neyrodegenerative morphology, with accompanying increases 
in LDH release.

C1q is known to bind Aβ and to potently enhance its aggregation. Likewise, C1q 
can be shown in vitro and ultrastructurally to bind isolated neurofibrillary tangle 
material. Intraneuronal overexpression of C1q and its binding to pre-tangle 
constituents may therefore trigger or seed tangle formation in the AD brain, an 
hypothesis we are now seeking to test in our in vitro model.

Supported by NIA AG07367 and a Zenith Award from the Alzheimer’s 
Association.

5 0 2 .8

RAPID AGGREGATION OF MICROTUBULE-ASSOCIATED PROTEIN TAU 
INTO ALZHEIMER-LIKE PAIRED HELICAL FILAMENTS.
A. Schneider, P. Friedhoff, Martin von Bergen, T. Kampers, J. Biernat,
H. Wiech*, E -M. Mandelkow, E. Mandelkow, Max-Planck-Unit for Structural 
Molecular Biology, Notkestrasse 85, D-22607 Hamburg, Germany.

One of the hallmarks of Alzheimer’s disease is the presence of neurofibrillary 
deposits. The principal component of these deposists are paired helical 
filaments (PHFs) which are built from the microtubule-associated protein tau.
We have investigated the mechanism of tau’s abnormal assembly into PHFs and the 
role of different polyanions in the process of PHF formation, including 
extracellular and cytosolic components. Here we report that '  assembly is 
strongly enhanced by RNA, heparin, or certain acidic peptides. Other cellular 
poiyanions like DNA are not or less efficient. Therefore the acceleration of 
PHF formation must be a combination of electrostatic interactions and 
structyural features of the polyanion. Moreover we have developed a sensitive 
spectroscopic assay to quantitatively monitor the formation of PHF-like 
filaments in real time. Using this assay we evaluated several parameters 
(domains of tau protein, temperature, ionic strength, pH) which influence the 
efficiency of PHF formation. Furthermore we investigated the influence of 
several modifications of tau on PHF assembly including two types of 
phosphorylation (Ser/Thr-Pro motifs in the flanking regions and KXGS motifs in 
the repeats). Dimerization of tau protein by formation of an intermolecular 
disulfide bridge involving Cys322 in the third repeat of tau is critical for 
filament formation. N-terminal and C-terminal truncation of tau strongly 
inctrease the rate of in vitro PHF formation. Therefore at least three key 
factors are important for efficient PHF formation in vitro, i.e. dimerization 
of tau, interaction with polyanions, and truncation. - Supported by the 
Deutsche Forschungsgemeinschaft.

5 0 2 .1 0

CO M PLE M E N T A CTIV A TIO N  BY A C O N STIT U E N T OF 
NEUROFIBRILLARY TANGLES IN ALZHEIMER’S DISEASE. J. Rogers1*, 
A. Roher1, L.-F. Lue1, L. Brachova1, B. Bradt2, N. Cooper2, V.M. Lee3, W. 
Goux4, Y.-M. Kuo1, U. Sandoval1, and Y. Shen1. 1Sun Health Research Institute, 
Sun City, AZ. 2Scripps Research Foundation, La Jolla, CA. 3University of 
Pennsylvania, Philadelphia, PA. 4University of Texas, Dallas, TX.

Virtually all basic research into the inflammation characteristic of Alzheimer’s 
disease (AD) brain has focused on interactions of amyloid β peptide (Aβ) with 
inflammatory mediators. However, neurofibrillary tangles are an equally important 
pathologically abnormal element in the AD brain, and complement proteins are 
known to co-localize with them. We have therefore examined coarsely purified 
neurofibrillary tangle material and isolated constituents of the material to determine 
if they, like Aβ, are capable of activating complement.

Equal concentrations by weight of coarsely purified neurofibrillary tangles and 
aggregated Aβ 1-42 were approximately equipotent on ELISA assays that measure 
the production of SC5b-9, the S-protein-complexed form of the terminal membrane 
attack complex. Further analysis of the coarsely purified material revealed that it 
contained only trace amounts of Aβ many orders of magnitude less than that 
necessary to induce complement activation in the assay. Equimolar concentrations 
of recombinant tau were 10-20 fold more potent than aggregated Aβ 1-42 or 
aggregated IgG on SC5b-9 or C4D ELIS As. A fibril-forming glycolipid fraction 
derived from tangles and containing residual tau that could not be removed by 
further extraction was also tested. On a molar basis based on estimated tau content, 
this fraction was significantly more effective in activating complement than 
recombinant tau alone, suggesting that, like Aβ, an aggregate structure for tau may 
be an important determinant of complement activating potential.

Supported by NIA AG07367 and a Zenith Award from the Alzheimer’s 
Association.
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503.1

W ITHDRAW N

503.3

PS-1 ASSOCIATED ABNORMALITIES IN CEREBRAL PERFUSION
K Johnson2*, F Lopera1, K Jones2, A Becker2, R Sperling2, J Londono1, I Siegert1,
M Arcos1, S Moreno1, L Madrigal1, J Ossa1, N Pineda1, A Ardila1, M Roselli1,
KS Kosik2, A Rios1. Antioquin University School of Medicine, Medellin, Columbia 
and Harvard Medical School, Boston, MA, 02115.

Presenil .in-1 (PS1) is an autosomal dominant gene with complete penetrance 
which is resposible for greater than 50% of cases of familial Alzheimer’s disease 
(AD). To investigate the influence of PS1 on regional brain function, we measured 
cerebral perfusion with HMPAO SPECT in 63 subjects from a large Colombian 
pedigree with early onset familial AD. All affected individuals carry the identical 
glutamic acid-to-alanine mutation at codon 280 in the PS1 gene. Thirty-nine subjects 
were PS1 gene carriers, including 22 asymptomatic subjects and 17 who had a 
clinical diagnosis of AD. Twenty-four subjects from the same kindred were 
asymptomatic non-PS1 carriers. Cerebral perfusion was measured using an 
automated algorithm yielding mean counts/voxel within each of 4320 voxels/subject. 
Each subject’s dataset was scored according to a set of 20 eigenimages previously 
derived from a normative sample (n = 152) using the method of singular value 
decomposition to principal components. Discriminant analysis of a subset of 10 
eigenimage scores, controlling for age, gender, and genetic status, achieved a 98% 
classification performance for AD (R2 = .96; p < 0.0001). Brain regions responsible 
for this performance included reduced perfusion in posterior parietal regions and 
enlarged lateral ventricles. In a second analysis which included only asymptomatic 
subjects, a subset of 6 eigenimage scores significantly predicted genetic status (R2 = 
0.30; p < 0.05; hit rate 71%). Presence of the PSl gene was associated with reduced 
perfusion in temporoparietal and cingulate regions. We conclude that cerebral 
perfusion abnormalities are detectable prior to development of clinical symptoms in 
PS1 carriers, and that image features are related to clinical diagnosis and genetic 
status independently. Supported by the Colciencias Project 1115-04-040-95

503 .5

DIFFERENTIAL PATTERNS OF MEMORY ACTIVATION DURING FMRI IN 
GENETICALLY AT-RISK ELDERLY VOLUNTEERS. S. Bookheimer,1,2 M. 
Strojwas,1 L. Ercoli,2 G. Felix,2 M. Zeineh,1 G. Small2*. 1Brain Mapping Division 
and 2Dept. of Psychiatry; UCLA School of Medicine; Los Angeles, CA 90095.

The apolipoprotein E-4 (APOE-4) allele confers a significant risk for developing 
Alzheimer's disease. Prior PET imaging studies found that older volunteers carrying 
the APOE-4 allele showed resting metabolic abnormalities. To identify early 
functional brain changes in "at-risk" persons prior to the onset of cognitive 
impairment, we used fMRI during a memory task in older volunteers. We 
hypothesized that at-risk subjects would show increased neural activation during 
memory test performance.

Methods: 14 normal volunteers without the APOE-4 allele(x age 64.9) and 9 with 
APOE-4 (x age 65.4) allele .participated. Functional MRI scanning was performed on a 
GE 3.0 Tesla scanner using Echoplanar gradient echo imaging (TR 2.5; 64x64; 20x20 
FOX;4 mm slices, 1 mm gap) during memory testing. Subjects heard 7 pairs of 
unrelated words; following a brief delay, they were cued with the 1st word and had to 
recall its pair. The sequence was repeated 6 times. Data were analyzed by correlating 
the experimental paradigm with MR signal intensity. Four regions of interest were 
identified on high resolution scans: medial temporal, prefrontal, parietal, and 
sensorimotor cortex as a control. These were applied to the probability maps.

Results: In the three target regions, APOE-4 patients showed nearly 2x the number 
of pixels activated. Results were strongest and reached significance in the medial 
temporal lobe (p<.006). Group differences were large in other target regions but did 
not reach statistical significance due to the large variability among subjects.

Discussion: Older volunteers with APOE-4 show a different pattern of neural 
activation than age-matched persons without APOE-4 during memory task 
performance using fMRI. Increased activation in brain regions associated with 
memory suggests early changes in brain function in person at risk for AD. This 
approach could eventually serve as a "cognitive stress test" for early detection of AD. 
The within-group variance may reflect variability in subject outcome, since APOE 
accounts for only an estimated 50% of genetic variability in AD.

5 0 3 .2

D ETE C TIN G  M ETA BO LIC  PA TTERN S A SSO CIA TED  W ITH 
MINIMAL COGNITIVE IMPAIRMENT USING FDG-PET ANALYSIS 
W ITH IN  A PR O B A B ILISTIC  BRAIN ATLAS BASED UPON 
CONTINUUM MECHANICS Mega MS, Woods RP, Thompson PM, Dinov_ID, 
Lee L, Aron J, Zoumalan CI, Cummings JL_*, Arthur W. Toga. Laboratory of Neuro 
Imaging, Dept. of Neurology, Division of Brain Mapping, UCLA School of Medicine, 
Los Angeles CA 90095.

Evaluating subtle differences in brain metabolism on FDG-PET in individuals with 
minimal cognitive impairment (MCI), compared to normal elderly, requires a refinement 
of imaging analysis. Anatomic variability in gyral and subcortical patterns will 
introduce error depending upon the warping approach used to align individuals in a 
common space for functional imaging analysis. A reduction in anatomic variability 
within a population can be progressively reduced trough Talairach, affine, and automated 
polynomial warps of increasing order. Depending upon the clinical-anatomic question 
local continuum-mechanical transformations will perfectly align a region of interest 
allowing anatomically constrained functional mapping. We demonstrate such an 
approach in mapping hippocampal resting glucose metabolism in the hippocampus of 
normal and MCI subjects within a probabilistic brain atlas. High resolution 3D brain 
MRI, and resting FDG-PET, was performed on 14 nondemented subjects: 7 MCI 
patients (mean age 71, 5M/2F, mean MMSE 29) and 7 normal elderly (mean age 72, 
3M/4F, mean MMSE 29). Subjects were separated based upon their memory 
performance on the WMS-R ]  and LMII and the Buschke-Fuld memory tests. 
Major and minor sulci, ventricles, and the hippocampi were manually outlined to allow 
morphometry and drive surface based warping. Functional maps were constructed to 
compare the Talairach, affine, and automated polynomial warps of increasing order. The 
mean hippocampal volumes for the MCI group (3767 mm3) was not significantly 
different from the Controls (3978 mm3). Despite no significant hippocampal volume 
difference, functional differences between the two groups emerged when the hippocampi 
were aligned using continuum-mechanical transformations driven by the hippocampal 
surface. G rant Support MSM: K08 AG00784-02 ; JLC: AG 10123 , PMT: 
Fulbright G -1-00001, AWTP20MH/DA52176,BIR9322434, LM/MH05639,RR05956.

5 0 3 .4

HIPPOCAMPAL FORMATION CMRglu REDUCED IN CASES AT RISK FOR
AD.
S. De Santi1, M. de Leon1, H. Rusinek2, A. Convit1, W. Tsui1, C. Tarshsish1, K. 

Daisley1, S. Ferris1*, G.J. Wang3. 1Department of Psychiatry, 2Radiology New York 
University Sch. of Med., 3 Department of Medicine Brookhaven National 
Laboratories.

Structural in-vivo imaging and neuropathological studies have shown the early 
involvement of the hippocampal formation in minimally impaired individuals (MIN): 
individuals with delayed memory impairment that do not fulfill criteria for 
Alzheimer’s disease (AD) but who are at risk for AD. Historically, FDG-PET studies 
have shown widespread metabolic reductions in AD but have failed to demonstrate 
metabolic reductions in the hippocampus of MIN relative to normal controls (NL).

Using coregistered FDG-PET and MRI scans, controlling for global variability and 
accounting for region size, CMRglu of temporal lobe subregions (from amygdala to 
tail of the hippocampus) was measured in age, education and gender matched elderly 
groups: 12 NL, 15 MIN and 13 mild AD subjects. The MIN group showed 
significant metabolic reductions in the hippocampus (11%) and the parahippocampal 
gyrus (12%) relative to NL. Using logistic regression analysis, after accounting for 
global variability and other temporal lobe regions, the hippocampus correctly 
identified 67% of normal controls and 74% of MIN. Adding the parahippocampal 
gyrus significantly improved classification (83% NL, 87% MIN).

The AD group showed significant metabolic reductions in all temporal lobe 
regions relative to MIN (ranging from 10-19%) and relative to NL (ranging from 18- 
28%). Logistic regression analysis correctly classified 93% MIN subjects and 85%  
AD group when measures of the lateral temporal lobe were entered at the last step, 
thus demonstrating the importance of neocortical samples in the diagnosis of AD.

The hippocampus and parahippocampal gyrus show early metabolic change, 
whereas, neocortical metabolic reductions appear to be found later in the disease.

5 0 3 .6

FU N CTIO N A L M RI W ITH V ISU A LLY -G UID ED  SACCADES 
SEPARATES PROBABLE ALZHEIM ER’S DISEASE FROM OTHER 
DEMENTIAS. K.R. T hu lbo rn* , C. M artin , J.A . S w eeney.
MR Research Center, University o f  Pittsburgh, Pittsburgh, PA 15213.

Cortical activation patterns measured by fMRI using a visually- 
guided saccade paradigm [1] are reported in 20 demented patients being 
evaluated for A lzheim er's d isease (A D ). The groups consisted  o f  
probable AD (n=12; ages=61-90yrs) and non-AD (n=8; ages=55-80yrs).

Functional imaging was performed at 1.5 Tesla using gradient-echo 
echo-planar im aging (voxel size 3x3x3 m m 3). The paradigm used 6 
cycles o f alternating equal blocks (30s) o f  central fixation to a small cross 
and saccades to a light spot appearing randomly at 5 locations along the 
horizontal meridian.  120 images were acquired from each o f the 7 slices. 
Head motion greater than 1mm excluded the study from analysis. The 
blocks were compared using a voxel-w ise two-tailed paired student t-test 
with a threshold, t >  3. A ctivation volum es were determined as the 
number o f  activating voxels (t >. 3) in each o f  4  areas o f the dorsal cortex 
(SEF = supplementary eye fields; frontal eye fields = FEF; intraparietal 
sulcus = IPS; prefrontal cortex = PFC).

A D  functional maps show significantly decreased right parietal 
activation compared to left and increased activation in the left prefrontal 
cortex. The non-A D  pattern show s both right parietal and prefrontal 
activation exceeding that o f the left cortex.

Reduced parietal cognitive resources in A D  patients may be partially 
compensated by recruiting in executive prefrontal cortex to support simple 
sensorimotor functions. Normal subjects and non-A D  dementia recruit 
local resources for more difficult tasks.
1. Luna et al., Cerebral Cortex 1998, 8:40-47.
Funded by PO1 NS35949, P50 AG05133 and General Electric Medical Systems.
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5 03 .7

HMPAO-SPECT IMAGING OF DEMENTIAS: A NEW METHOD FOR 
ENHANCING ITS USEFULNESS USING WHOLE VOLUME EVALUATION AND 
A SPECIAL SCALING. P. Saxena,1 D. Pavel,2* JC Quintana,3 M. Tom,4 and D. Hier.4 
Depts. of Neurosurgery1, Nuclear Medicine2, and Neurology4. University of Illinois 
Medical Center, Chicago, IL 60612; Catholic University, Santiago, Chile3.

It is now possible to make voxel by voxel comparisons between abnormal SPECT 
images and normals using Statistic Parametric Mapping (SPM). In Alzheimer’s (AD), 
because of the major metabolic deficit, the standard approach of using the mean 
intensity values for scaling the data generates incongruities in the results. We have 
previously shown that for PET images it is possible to avoid this problem by using a 
special scaling based on the automatic detection of the highest intensity voxels, on the 
assumption that they represent normal areas. This paper evaluates the usefulness of this 
method for SPECT. METHOD: 24 suspected dementia patients (15 AD) were 
individually compared to 23 controls. SPECT was done with a triple head camera. An 
automatic search for the top 1% and 3% voxels was done on spatially normalized and 
smoothed images, and their average calculated. Each image was then scaled to this 
value and submitted for SPM analysis using a single-subject replication of conditions 
design. The results were compared to the standard method using scaling done to the 
average brain value. RESULTS: 13/15 AD patients demonstrated a disappearance or 
marked reduction of the false positive effect in contrast #1, and an extension of the 
abnormal areas in contrast #2. The same effect was seen in 3 cases of confirmed frontal 
lobe dementia. The remaining cases turned out to have questionable clinical and neuro- 
psychologic evidence for AD or frontal dementia, or to have very small abnormal areas. 
In such situations the new scaling is not expected to make a difference. The 3% top 
average gave the most consistent results. CONCLUSION: the new scaling method in 
conjunction with SPM provides an objective and semi-automatic method of refining the 
detection and quantification of areas of decreased relative blood flow by SPECT. Given 
the wide availability of HMPAO-SPECT, this method provides a reliable and objective 
diagnostic and follow-up method in the evaluation of dementias.

5 0 3 .8

COGNITIVE CORRELATES OF NA AND CHO MEASURED WITH IN VIVO 
MR SPECTROSCOPIC IMAGING. E.V. Sullivan*, E. Adalsteinsson, D. 
Spielman, K.Q. Lim, A. Pfefferbaum. Depts. of Psychiatry & Behav. Sciences 
and Radiology, Stanford Univ. Sch. of Med., Stanford, CA 94305, Nathan 
Klein Psychiatric Institute, & Neuropsychiatry Program, SRI International.

Normal aging and Alzheimer's disease (AD) result in substantial loss of brain 
tissue volume, most notably cortical gray matter. The functionality of the 
remaining brain tissue in healthy elderly individuals and AD patients is yet to 
be established. Proton Magnetic Resonance Spectroscopic Imaging (MRSI) 
permits in vivo quantification of the N-acetyl (NA) group, which primarily 
includes N-acetyl aspartate, a brain metabolite with unknown function yet 
present only in living neurons. We have developed a method to estimate 
absolute signal intensities of three proton spectoscopically visible 
metabolites (NA, creatine [Cr], choline [Cho]) and to determine the 
concentration of each in gray matter and white matter separately. We used 
MRSI with neuropsychological testing to assess brain tissue integrity in 15 
healthy young subjects, 17 healthy elderly subjects, and 19 AD patients.
The concentration of each metabolite exhibited different patterns across the 
groups. Gray matter NA concentration was significantly reduced only in the 
AD group, even though both the AD and old control groups had substantial 
gray matter volume deficits relative to the young controls. Both the healthy  
elderly and AD groups had an excess of Cr in gray matter, but these two 
groups did not significantly differ from each other. Cho levels in gray matter 
were notably higher in elderly than younger controls, and the AD values were 
even higher than those measured in the elderly controls. Functional 
significance of these findings was supported by correlations between poorer 
performance on cognitive tests with decreased NA in older controls and with 
increased Cho in older controls and AD patients. Thus, the prominent 
disease-related increase in gray matter Cho may signify cellular degeneration 
resulting in reduced NA concentration and poorer cognitive function. 
AG11427, AA05965, AA10723, RR09784, CA48269, MH40041

5 03 .9

OXIDIZED PRODUCTS OF BRAIN CHOLESTEROL METABOLISM ARE 
POTENTIAL MARKERS OF ALZHEIMER’S DISEASE. A. Papassotiropoulos1,
D. Lütjohann2,3, S. Locatelli2,  M. Bagli1, M.-L. Rao1*, I. Björkhem3, K. von 
Bergmann2 and R. Heun1. 1Dept. of Psychiatry, 2Dept. of Clinical Pharmacology, 
University of Bonn, Sigimmd-Freud-Str. 25, 53105 Bonn, Germany, 3Dept. of 
Clinical Chemistry, The Karolinska Institute, Huddinge University Hospital, S- 
141 86 Huddinge, Sweden.

Oxidized products of the cholesterol metabolism in the brain are polar molecules 
which are transported through the blood-brain barrier into the general circulation. 
Since Alzheimer’s disease (AD) is accompanied by neuronal cell loss with the 
consequence of cholesterol release, we hypothesized that increases in oxidized 
cholesterol might indicate pathological changes in the brain of AD patients. The 
present study included 29 patients who met criteria for Alzheimer's disease, 18 
depressed patients and 29 age-matched healthy volunteers. Plasma levels of 
oxidized cholesterol were assayed by isotope dilution-mass spectrometry, total 
plasma cholesterol was measured enzymatically, and the apolipoprotein E (Apo E) 
polymorphism was determined by genotyping. The plasma concentration of the 
oxidized cholesterol was significantly different in the various groups: in AD higher 
than in healthy volunteers or in depressed patients, and in healthy subjects similar 
to depressed patients. Non-demented subjects (depressed patients and healthy 
volunteers) with at least one ApoE ε4-allele had significantly higher plasma 
concentrations than those without an ApoE ε4-allele. In AD, the presence of one or 
two ApoE ε4-alleles was not associated with an increase in oxidized cholesterol. 
Thus, plasma concentrations of oxidized products of brain cholesterol metabolism 
can serve as additional markers in the diagnosis of AD.
Supported by the Bundemininisterium fur Bildung, Forschung, Wissenschaft und 
Technologie (BMBF) and by the Deutsche Forschungsgemeinschaft (DFG).

5 0 3 .1 0

DIAGNOSIS OF SPORADIC ALZHEIMERS DISEASE USING . MUSCLE 
CYTOCHROME OXIDASE HISTOCHEMISTRY. F. Gonzalez-Lima* , J. Valla 
and N. L- Callaway. Inst. Neuroscience and Dept. Psychology, University of 
Texas, Austin, TX78712.
An early diagnostic lab test of A.D. may facilitate a more effective medical 
treatment for the majority of A.D. cases, which are of the sporadic type. If 
sporadic A.D. is a systemic mitochondrial disease, characterized by C.O. 
inhibition, a systemic C.O. deficiency may be detected in A.D. nonneural cells. 
Samples from deltoid muscle are particularly well-suited for C.O. histochemistry 
because they contain a predominance of Type I oxidative fibers, which contain 
more mitochondria and higher concentrations of oxidative enzymes. We studied 
deltoid muscle samples from 14 subjects using quantitative C.O. 
histochemistry. Seven of the subjects were late-onset A.D. cases with 
histopathologically confirmed A.D., and the other seven subjects were age- 
matched normal controls. Their mean (± standard error) age was 81 (±2.6) for 
the A.D. and 80 (± 3.9) for the controls. The postmortem time before freezing of 
the samples was 4 ± 0.6 hours for A.D. and 7 ± 1.8 for controls. There were no 
significant (p<0.05) group differences in age and postmortem time. But the 
groups showed clear significant differences in mean muscle C.O. activity. The 
aged controls had 42.3 ± 2.7 units of C.O. activity, whereas the A.D. subjects 
had 35.0 ± 3.1 units. This corresponded to a significant (age-paired t-test, two- 
tailed p= 0.0166) mean decrease of 17% in the A.D. subjects. These results 
suggest that deltoid muscle biopsy may be used as an early diagnostic aid in 
living subjects suspected of sporadic A.D. Monitoring of C.O. activity using 
muscle needle biopsies may also serve to evaluate the success of early 
treatments in reversing this enzymatic defect to prevent oxidative stress leading 
to neurodegeneration. Supported by the Texas Advanced Technology Program 
under grant 361 to FGL.

503.11

AD7C-NTP AS A BIOCHEMICAL MARKER OF ALZHEIMER’S DISEASE: 
COMPARISON OF CSF AND URINE LEVELS. H.Ghanbari*, K. Ghanbari, M. 
Munzar, P. Averback, Nymox Pharmaceutical Corporation, Rockville, MD 20895 

AD7C-NTP is a 41 kD protein present in neurons. It is selectively upregulated in 
Alzheimer’s disease (AD) brain and is associated with the pathology of the disease. 
In situ hybridization and immunostaining studies have localized AD7C-NTP gene 
expression in neurons. Over-expression of AD7C-NTP in transfected neuronal cells 
promotes neuritic sprouting and cell death. AD7C-NTP level is correlated with 
dementia score but not with age. Using an enzyme linked sandwich immunoassay 
(ELSIA) constructed with antibodies to the recombinant protein, AD7C-NTP levels 
have been measured in cerebrospinal fluid (CSF) samples from cases of AD as well 
as age matched controls and a variety of neurological disease controls in several 
independent clinical studies. Levels of AD7C-NTP greater than 2.0 ng/ml were 
found in 83% of the possible/probable AD group and 89% of the early AD group but 
in only 6% of the non-AD demented control group and 11% of age matched normal 
controls. We have also developed an assay that reliably measures AD7C-NTP in 
urine. AD7C-NTP levels in CSF and urine were compared in a group of patients 
from whom both specimens were available. In differentiating AD from non-AD, 
CSF levels and urine levels had a concordance of 82%. The AD7C-NTP levels in 
AD cases hada mean of 4.2 ± 1.3 ng/mL for CSF and 3.3 ± 0.84 ng/mL for urine, 
whereas the means for non-AD cases were 1.2 ± .10 ng/mL and 1.2 ± 0.25 ng/mL 
for CSF and urine specimens respectively. A group of normal volunteers all had low 
AD7C-NTP urine levels (1.0 ± 0.43 ng/mL, n = 13). Moreover, AD7C-NTP levels 
in CSF and urine demonstrated a strong correlation (r = 0.92). We conclude that 
urinary AD7C-NTP is a good candidate as a peripheral biomarker of AD.

5 0 3 .1 2

COINCIDENT INDUCTION OF THE CELL-CYCLE DEPENDENT KINASE p34cdc2 
AND ITS INHIBITOR p21 IN DIFFERENTIATED SH-SY5Y NEUROBLASTOMA 
CELLS EXPOSED TO NEUROTOXIC CONCENTRATIONS OF DOXORUBICIN. 
C Rizzini *, A  Fontanini, L. Piccioni, and M. Memo Dept. Biomed. Sci. & 
Biotechnol., School of Medicine, University of Brescia, Brescia, Italy

The cdc2 gene product, named p34cdc2, is the catalytic subunit of a Ser/Thr protein 
kinase that is foundamental for driving proliferative cells from G2 phase into mitosis. 
The pathway leading to the full activation of p34cdc2 involves the stable association of 
p34cdc2 with cyclin B and an integrated pattern of phosphorylation. In particular, 
phosphorylation of Thr 161 is essential for the activation of the kinase whereas the 
phosphorylation of Thr 14 and Tyr 15 results in dominant inactivation. cdc2 kinase 
can be also inactivated by binding to specific cdk-inhibilor proteins, such as p21. This 
sophisticated regulatory mechanism is active only in restricted periods of time (hiring 
mitosis. Very little is known about p34cdc2 expression in neurons.

We studied the effects of neurotoxic concentrations of doxorubic in retinoic acid- 
differentiated neuroblastoma SH-SY5Y cell line. The pattern of p34cdc2 expression was 
evaluated by Western blot analysis using two different polyclonal antibodies: the first 
recognizes p34cdc2 independently of its phosphorylation state and the second reacts with 
an epitope of the protein (Tyr 15) in a specific phosphorylation state. In addition, we 
evaluated the expression o f the cdk inhibitor p21. We found very low level of p34odc2 
expression in differentiated cells. Exposure of the cells to doxorubicin resulted in 
p34cdc2 induction, in both its active and inactive form. The effect was concentration 
and time-dependent. Parallel changes were found for p21. In fact, doxorubicin 
treatment resulted in a time- and dose-dependent increase of p21 protein levels. A 
strict correlation was found between the concentrations of doxorubicin (from 10-8 M to 
10-6 M) capable to induce cell death and those able to induce p34odc2 and p21 proteins. 
These data suggest that neurotoxicity may be associated with abberrant expression of 
proteins involved in cell cycle control.

This work was partially supported by MURST.
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503.13
THE UBIQUITIN/ATP-DEPENDENT PATHWAY AS A POTENTIAL TARGET FOR 
HEAVY-METAL INDUCED OXIDATIVE STRESS. Maria E. Figueiredo-Pereira*1, Jiang 
Jin Pan1 and Gerald Cohen2. Dept. o f Biological Sciences, Hunter College o f CUNY,
N. Y.100211 and Dept. of Neurology, Mount Sinai School of Medicine N. Y. 100292 

Ubiquitin-protein conjugates are commonly detected in neuronal brain inclusions of 
patients with neurodegenerative disorders. Failure to eliminate the ubiquitin-protein 
deposits in the degenerating neurons may result either from malfunction of the 
ubiquitin/ATP-dependent pathway or from structural changes in protein substrates 
rendering them inaccessible to the proteolytic machinery. We previously showed that 
cadmium- and zinc-induced oxidative stress increases the levels of protein mixed 
disulfides (Pr-SSG) and ubiquitin-protein conjugates in mouse neuronal (HT4) cells. 
However, incubations with H2O2 increase the levels of Pr-SSG without significantly 
affecting ubiquitin-protein conjugates. To determine if the ubiquitin/ATP-dependent 
pathway is affected by the heavy metals we studied the in vitro degradation of 125l- 
lysozyme by rabbit reticulocyte lysate fraction II that contains all of the enzymatic 
components of the ubiquitin/ATP-dependent pathway. Degradation is evaluated by 
measuring increases in TCA-soluble counts of the reaction mixture. In the absence of 
Mg++/ATP, the heavy metals (5µM cadmium or zinc) inhibit degradation of lysozyme 
by 67% and 24%, respectively. The ATP-dependent degradation is less sensitive to 
inhibition by the heavy metals. At 5 µM, Cd2+ has no effect and Zn2+ inhibits 
degradation of 125l-lysozyme by 18%. At higher concentrations (25 µM), degradation of 
the latter is inhibited 65% and 50% by cadmium and zinc, respectively. H202 has no 
effect on either type of degradation. These results suggest that, by inhibiting the 
ubiquitin/ATP-dependent degradation of intracellular proteins, heavy metals may 
contribute to accumulation of ubiquitin-conjugates detected in the mouse neuronal 
(HT4) cells. Supported by NIH grants NS34018 and NS23017.

EXCITATORY A M IN O  A CID  R ECEPTO R S

504.1
N R 3A : S IN G L E  C H A N N E L  C U R R E N T S , E L E C T R O P H Y S - 
IO L O G Y  O F  K N O C K -O U T  M IC E , A N D  C H A R A C T E R IZ - 
A T IO N  W IT H  A  M O N O C L O N A L  A N T IB O D Y . S .A . Lipton, 1

H .-K. Wong,3 S.F. Chan,3 L.S. Premkumar,4 T. Rothe,1 H.-S.V. Chen,1 D. Zhang,1*
 J.S. Trimmer,5 S. D as,2 N. Nakanishi2 and N.J. 

Sucher3. 1B righ am  & W om en’s Hospital and 2Harvard M edical School, 
Boston, MA; 3The Hong Kong U niversity o f  Science & Technology, 
Hong Kong, China; 4SU N Y  Buffalo and 5SU N Y  Stony Brook, NY.

W e recently cloned a new  N M D A R  subunit, now  designated N R 3A  
(Sucher et al., J. Neurosci , 1995; Das et al., Nature, in press). Here we 
performed single-channel recordings from  outside-out patches from  
Xenopus oocytes injected with N R 1/N R 2A  (n =  9) or N R 1/N R 2A /N R 3A  
(n = 24). The presence o f  N R 3A  produced a smaller unitary conductance 
(35 ±  3.4 pS compared to 75 ±  2.6 pS in its absence). Smaller channels 
appeared to be less permeable to Ca2+ compared to larger channels in the 
same patch. A s predicted, N M D A -evoked  currents in cortical neurons 
from N R 3A -deficient m ice were larger than their w ild-type littermates at 
P8, the tim e o f  m axim al N R 3A  expression  in the rodent, w hile other 
ligand- and voltage-gated currents were o f  normal amplitude. In addition 
to the polyclonal antiserum w e used previously, w e generated m onoclonal 
anti-NR3A Abs against a GST-fusion protein from the presumed M 3/M 4  
extracellular loop. The monoclonal Ab immunoprecipitated and detected a 
sp ec ific  band o f  ~ 125 kD  corresp on d in g  to N R 3A , and co -  
immunoprecipitated N R 1 in protein extracts o f  N R l/N R 3A -transfected- 
H EK -293 ce lls  and in synaptic plasm a membrane preparations from  
postnatal rat brain. The m on oclon a l Ab also  labeled  N R 3A  in 
immunofluorescence experiments. Supported by P01 HD29587.

504.3
PROTEASE ACTIVATED RECEPTOR-1 POTENTIATION OF NMDA 
RECEPTOR FUNCTION IS Mg++ DEPENDENT M.B. Gingrich* and S. F. 
Traynelis. Department of Pharmacology, Emory University, Atlanta, GA 
30322.

Protease activated receptor-1 (PAR1) is a G-protein linked receptor best 
known for its role in wound healing in the periphery. Interestingly, PAR1 
expression is also developmentally regulated in several brain regions.The 
serine protease thrombin is the endogenous agonist with the highest affinity 
for PAR1. Thrombin may be extruded into the brain during injuries that cause 
disruption of the blood brain barrier such as hemorrhagic stroke and severe 
head trauma.Studies of cultured neurons have shown that activation of this 
receptor may lead to neurite retraction and apoptosis. Here we demonstrate 
another role for PAR1 in neurons: modulation of ion channel function.

NMDA-type glutamate receptors are well known for their role in excitatory 
synaptic transmission and CNS pathology. To determine whether activation of 
PAR1 affects NMDA receptors, we recorded NMDA-evoked currents from 
CA1 pyramidal neurons in rat hippocampal slices held under voltage clamp at 
-60 mV during application of 100 nM thrombin or 30 µM SFLLRN, the PAR1 
activating peptide (background solution contained 1µM TTX and 10 µM 
bicuculline). Thrombin potentiated NMDA-evoked currents by 2.2 ±0.3 fold 
(mean ±SEM, n=24), while PAR 1 agonist peptide also doubled NMDA 
responses (2.0 ±0.3 fold; n=7). Removal of Mg++ from external recording 
solution reduced potentiation of NMDA responses by thrombin (1.4.±0.3, n=8, 
p<0.05, Mann Whitney test).

This finding describes previously unknown effects of PAR1 activation in the 
CNS and may be important for understanding pathological situations involving 
disruption of the blood brain barrier.

Supported by: John Merck Fund (SFT), NINDS (SFT), and NIMH (MBG).

504.2
ROLE OFNR3A IN CORTICAL DEVELOPMENT. N. Nakanishi1*, S. Das1, 
Y. Sasaki1, G.L. Yao1, M. Takasu1, T. Rothe2, S.A. Lipton2. 1 Harvard Medical 
School, and 2Brigham & Women's Hospital, Boston, MA 02115

To investigate the physiological role of NR3A in vivo, mutant mice deficient in 
NR3A function were generated by homologous recombination in embryonic stem 
cells. NMDA-evoked current was measured by whole-cell recording with patch 
electrodes from acutely dissociated cerebrocortical neurons at early postnatal ages 
(P5-13). Compared to the wild-type cells, the NMDA current density in NR3A-/-
neurons was enhanced 2.2-fold at P5-6, 2.5-fold at P7-8, 2.0-fold at P9-10, but 
only 1.1-fold at P11-13. These data are consistent with the expression pattern of 
NR3A protein, whose level peaks at P8 and declines to low levels thereafter.

We next examined whether NR3A-/- mice showed any abnormal histological 
phenotypes in the cerebral cortex. Unlike NR1-/- and NR2B-/- mice, the barrel 
structures in the primary sensory cortex were normal in NR3A-/- mice. 
Furthermore, whisker removals induced normal cytoarchitectural plasticity in 
NR3A-/- mice. Tracer injection experiments showed that gross patterns of synaptic 
connectivity in the cerebral cortex were normal in NR3A-/- mice. Golgi-staining, 
however, revealed that neurons in both layers IV and V exhibit abnormal dendritic 
spine morphology at P 19. The density of spines in NR3A-/- mice was drastically 
increased on both basal and apical dendrites. Moreover, the heads of the spines were 
enlarged and the spine necks elongated in NR3A-/- dendrites. This phenotype was 
also observed in 3-month old NR3A-/- mice, but the extent of the dendritic spine 
increase was significantly reduced at this older age. Taken together, we suggest that 
the increase in dendritic spine density in NR3A-/- mice may be caused by enhanced 
NMDAR-mediated synaptic input. Future studies of NR3A-/- mice may elucidate 
the underlying biochemical pathway linking NMDAR activity to the modification 
of synaptic structures.

Supported by R01 MH53535 from the NIH.

504.4
REDUCTION OF ZINC  SENSITIVITY OF RECOMBINANT NR1/NR2A 
AND NR1/NR2B RECEPTORS BY NON-RECEPTOR TYROSINE KINASE 
SRC. F.Zheng*, S.F.Traynelis and P.J.Conn. Dept. of Pharmacology, Emory Univ. 
Sch. of Med., Atlanta, GA 30322.

Activation of the tyrosine kinase src is required for the induction of hippocampal 
long-term potentiation, and is known to potentiate NMDA receptor currents. 
However, the mechanisms by which tyrosine kinase potentiates NMDA receptor 
function are unknown. It has been reported recently that receptors containing NR2A 
subunits exhibit far greater affinity for Zn2+ at the extracellular, voltage-independent 
site than receptors containing other NR2 subunits. This sensitivity to Zn2+ is high 
enough to allow ambient Zn2+ to tonically inhibit NR1/NR2A receptors. We 
hypothesize that that potentiation of NMDA receptor currents by src may be due to a 
src-induced decrease in the sensitivity of the high-affinity Zn2+ site to relieve tonic 
inhibition by transition metals such as Zn2+. We tested this hypothesis in HEK 293 
cells transiently transfected (calcium/phosphate method) with cDNA encoding 
NMDA receptor subunits. Current responses were recorded in the whole-cell 
configuration under voltage clamp (Vh=-40 mV) to saturating concentrations of 
glutamate and glycine applied with a rapid perfusion system. Removal of tonic 
inhibition of NR1/NR2A receptors by chelating Zn2+ contamination with 10 µM 
EDTA occludes potentiation by src. Inclusion of human c-src (30 units/ml, UBI) in 
the patch pipettes reduces Zn2+ sensitivity of recombinant NR1/NR2A and 
NR1/NR2B receptors by 3-4 fold (n=9, 6 respectively). Analysis of NRl mutants 
and splice variants suggest that structural changes that alter Zn2+ sensitivity of 
NMDA receptors induce corresponding changes in the sensitivity of NMDA 
receptors to potentiation by src. Our data showing that src potentiates NMDA 
receptors by specifically reducing tonic Zn2+ inhibition link two modulatory sites of 
NMDA receptors that were thought previously to be independent. (Supported by 
NIH grants NS10193 to FZ, NS33777 to SFT, NS34876 & 36755 to PJC).
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IMPAIRED MOTOR-ACTIVITY CONTROL THROUGH 
NMDA RECEPTORS IN LYN-DEFICIENT MICE.
H. U m em ori*1, H. N ish izu m i1, H. Qgura2 , N , T o zaw a2, 
M ikoshiba3, and T. Yam am oto1. D ept. o f  1O n c o lo g y  and 3Molecular 
N eurobiology, Inst. o f  M ed. Sci., U niv. o f  T okyo, Tokyo 108-8639, 
Japan; 2Tsukuba Res. Lab., Eisai Co., Ltd., Ibaraki 300-26, Japan.

The Src-fam ily  nonreceptor protein -tyrosine k inase Lyn is 
expressed in the brain and immune cells . In B ce lls , Lyn mediates 
signaling through the B cell-antigen receptor, and Lyn-deficient mice 
develop autoimmune diseases. Lyn was also shown to be expressed in 
the brain. Its expression in the brain becom es relatively high after 
birth. Lyn is expressed throughout the brain, esp ecia lly  high in 
cerebellum , cortex, thalamus, and striatum. Here w e show  that Lyn 
regulates motor activity through suppression o f  the glutamatergic 
pathway. M otor activity is regulated in the striatum and nucleus 
accumbens o f the brain where Lyn is highly expressed. Dopaminergic 
fibers from the substantia nigra regulate the motor activity positively, 
and glutamatergic fibers from the cerebral cortex regulate it negatively. 
W e found that spontaneous motor activity is suppressed in Lyn- 
deficient m ice. A fter injection o f  the N M D A  receptor antagonist 
phencyclidine, the suppressed-motor activity o f  Lyn-deficient m ice 
increased to the same level as that o f  w ild -type m ice. Therefore, 
N M D A  receptor-mediated signaling for controlling motor activity is 
enhanced in Lyn-deficient m ice. Furthermore, the N M D A  receptor is 
p hysically  associated  w ith Lyn. T hese results suggest that Lyn  
negatively regulates the N M D A  receptor function in controlling motor 
activity. (Supported by grants from the Ministry o f Education, Science, 
Sports and Culture o f  Japan.)

5 0 4 .7

CONTROL OF GLUR1 ACTIVATION BY cAMP-DEPENDENT 
PROTEIN KINASE. Tue Banke and Stephen Traynelis*. Dept. Pharmacology, 
Rollins Res. Center, Emory University, 1510 Clifton Road, Atlanta, GA 30322- 
3090

Modulation of α-amino-3-hydroxy-5-methylisoxazole-4-propionic acid 
(AMPA) receptors in the brain by phosphorylation may play a crucial role in the 
regulation of synaptic plasticity. Previous biochemical and electrophysiological 
studies have demonstrated that GluR1 is phosphorylated by cAMP-dependent 
protein kinase (PKA) within the intracellular C-terminal at Ser-845 and by 
protein kinase C (PKC) at Ser-831 (Roche et al., Neuron, 16: 1179-88). We have 
used non-stationary variance analysis to examine the probability of channel 
opening (Popen) at the peak of homomeric GluR1 flip current responses to 
application of 10 mM glutamate onto outside out patches excised from 
transfected HEK-293 cells. In these patches inclusion of PKA in the internal 
patch solution is associated with a high Popen (0.8± 0.03; mean±SEM; n=8). 
Inclusion of calcineurin plus its coactivators (Ca, calmodulin) in the patch pipette 
decreases Popen to 0.3±0.03 (n=10). In addition, cotransfection of HEK cells 
with cDNA for GluR1 and the PKA peptide inhibitor decreases Popen to
0.6+0.05 (n=12). In HEK-293 cells transfected with GluR1(S845A), inclusion of 
PKA does not increase Popen to the level observed for wild-type receptors 
(0.5+0.05; n=lO). By contrast, inclusion of PKA increases Popen to 0.8±0.02 
(n=9) in HEK-293 cells transfected with the GluR1 (S831 A), a mutation that has 
been reported to reduce PKC (but not PKA) phosphorylation of GluR1. Inclusion 
of calcineurin and its coactivators in the internal solution decreases Popen of 
S831A mutant receptors to 0.3±0.04 (n=9). These results suggest that Popen can 
be controlled by phosphorylation by cAMP-dependent protein kinase at Ser-845.

This work supported by the NIH and the John Merck Fund.

5 0 4 .9

IONOTROPIC AND METABOTROPIC GLUTAMATE RECEPTORS 
NEGATIVELY REGULATE GABA-MEDIATED TRANSMISSION IN THE 
RAT CEREBELLUM. S. Satake, F. Saitow, K. Yoshioka+, T. Murakoshi++, S. 
Konishi,. Lab. Mol. Neurobiol., Mitsubishi Kasei Inst. Life Sci., Tokyo 194, + 
Div. Lab. Sci. and ++Dept. Pharmacol., Fac. Med., Tokyo Med. Dent. Univ., Tokyo 
113, Japan.

Heterosynaptic interactions with different transmitter systems are critically 
involved in information processing at central synapses. We have investigated 
interactions between excitatory and inhibitory synapses on rat cerebellar Purkinje 
cells. GABAergic inhibitory postsynaptic currents (IPSCs) evoked by focal 
stimulation in the cerebellar cortex were recorded from visually identified Purkinje 
cells in cerebellar slices prepared from 12- to 21-day-old rats. We examined the 
effects of selective agonists for ionotropic and metabotropic glutamate receptors 
(iGluRs and mGluRs) on cerebellar inhibitory transmission. Application of either 
iGluR agonists, AMPA and kainate, or an mGluR agonist, DCG-IV, markedly 
suppressed the IPSC in a dose-dependent manner. Analysis of the amplitude ratio 
of IPSCs evoked by paired-pulse stimulation suggested that the suppression of the 
IPSC by these agonists is produced by a presynaptic mechanism. Pharmacological 
tests showed that AMPA and kainate, and DCG-IV inhibit the IPSCs through 
activation of iGluRs and mGluRs, respectively. Cyclothiazide selectively 
enhanced the inhibitory effect of AMPA without alteration of kainate-induced 
inhibition, suggesting that subtypes of iGluRs that mediate the actions of AMPA 
and kainate are different. Our data suggest that GABAergic inhibitory 
transmission between cerebellar interneurons and Purkinje cells are negatively 
regulated by the excitatory transmitter, possibly glutamate, released from afferent 
inputs through the actions mediated by iGluRs and mGluRs in GABAergic 
interneurons. Thus, interactions between glutamatergic and GABAergic synapses 
appear to take place in the rat cerebellar cortex with the aid of distinct GluRs 
expressed in GABAergic interneurons.

5 0 4 .6

Zn2+ PREFERENTIALLY PERMEATES Ca2+ PERMEABLE AMPA/KAINATE (CA-A/K) 
CHANNELS. J.H. Weiss*, S.L. Sensi, H.Z . Yin and S.G. Carriedo. Depts. of Neurology, 
Anatomy and Neurobiology, and Psychobiology, U.C. Irvine, Irvine CA 92697-4292.

Synaptic release of Zn2+ and its translocation into postsynaptic neurons may contribute to 
selective degeneration in epilepsy or ischemia. Zn2+ can permeate through NMDA 
channels, VSCC, and Ca-A/K channels, and Zn2+ entry through each of these three routes 
can injure neurons. However, toxicity studies have suggested a hierarchy of permeability: 
Ca-A/K channels > VSCC > NMDA channels. Neurons expressing Ca-A/K channels can be 
identified by a stain based on kainate stimulated Co2+ uptake (Co2+(+) neurons). We 
recently found that substitution of Zn2+ for Co2+ during kainate stimulated uptake permitted 
distinct labeling of subpopulations of neurons (Zn2+(+) neurons) that appear to be the same 
as the Co2+(+) neurons. The observation that a 15 min kainate exposure with a low (100- 
300 µM) level of Zn2+ sufficed to produce visible staining while neither NMDA nor high K+ 
(with up to 2.5 mM Zn2+) triggered comparable staining indicated substantially greater Zn2+ 
permeation through Ca-A/K than through NMDA channels or VSCC. More recently, we 
have employed the low affinity fluorescent Zn2+ probe, Newport Green, to quantitatively 
compare ∆[Zn2+]i resulting from activation of these three routes. In the presence of 300 µM 
extracellular Zn2+, kainate exposures triggered selective ∆[Zn2+]i in Co2+(+) neurons in the 
low micromolar range. In contrast, high-K+ (to activate VSCC) triggered lower ∆[Zn2+]i 
(<1000 nM; similar to kainate responses in non-Co2+(+) neurons), and NMDA triggered still 
lower ∆[Zn2+]i (<100 nM). Thus, these quantitative measurements confirm predictions of 
relative permeabilities based on toxicity and histology experiments, and taken together 
support the hypothesis that Ca-A/K channels constitute the primary route of Zn2+ 
translocation. Supported by NIH grant NS 30884 and the Pew biomedical scholars program 
(JHW) and an NIH Fellowship (SLS).

5 0 4 .8

A STUDY OF THE GLUTAMATE RECEPTOR CHANNELS OF RAT 
CEREBELLAR PURKINJE CELL. H. Kojima1,5, K. Ichikawa2, L.V. Ileva1,3, 
H. Yawo4* and T. Yoshioka5 Lαbo. for Memory and Learning1, RIKEN, 
Wako-shi, Foundation Research L a b o 2, FujiXerox Co., Ltd.,, Nakai, Japan, Dept. 
o f Electrical Engineering3, Sofia Technical Univ., Sofia, Bulgaria, Dept. o f  
Neurophysiolqgy4, Tohoku Univ., Medical School, Sendai, Dept. o f Molecular 
Neurobiology5, School o f  Human Sciences, Waseda Univ., Tokorozawa, Japan. 
The properties of AMPA receptor channels from the somata and postsynaptic 
membrane of the dendrite of rat cerebellar Purkinje cells (PC) were studied by 
using single channel current recording technique and variance analysis, 
respectively, in order to cast light on the basic mechanisms of synaptic 
transmission from the parallel fibres to PC. Cell-attached patch-clamp recording 
from somata of Purkinje cells, identified by IR-DIC video microscopy, of 200 
µm thick slice preparation was carried out in order to postulate the kinetic model 
of AMPA receptor channels which could determine the size and time course of 
EPSCs and to estimate the single channel conductance. The estimated single 
channel conductances obtained by applying the variance analysis to the decay 
phase of EPSCs recorded from the somata of PCs by whole cell clamp mode 
were compared with those from single channel current recording. The 
distribution of open times and shut times of single channel currents were fitted 
with multi-exponential functions having one and/or two components and five 
components, respectively, so that this might imply that 6 shut states (3 closed 
states and 3 desensitized states ) and one open state are involved in a reaction 
scheme of glutamate receptor channels. The rate constants of the reaction 
scheme were semi-empirically determined by fitting the reconstructed EPSCs to 
those obtained from the experiment. The calculates single channel conductances 
by single channel recording and variance analysis were 22.24 ± 2.3 pS and 20.13 
± 3 .2  pS, respectively. The behavior of synaptic current observed during LTD 
was well reproduced by investigating the simulated EPSCs. These results 
suggested that dendritic and somatic AMPA receptor channels in Purkinje cell 
appear to be functionally identical. These characteristics were also compared 
with those of cloned GluR2 subunit expressed in the membrane of HEK 293 cell 
to investigate a possible modification of channels during synaptic plasticity.

5 0 4 .1 0

Metabotropic glutamate receptors mediate an inward current and calcium  
signals via independent pathways in rat dopamine neurones.
T. Knöpfel,1* E. Guatteo, 2 G. Bemardi2 and N .B. Mercuri2. 1Brain Sci- 

ence Institute, RIKEN, Japan 2IRCCS S. Lucia, V ia Ardeatina 306, 
00179 Rome, Italy

We characterised the responses mediated by group I metabotropic 
glutamate receptors (mGluRs) in dopamine neurones o f  the rat substantia 
nigra p.c. using whole cell patch-clamp recordings in combination with 
microfluorometic measurements o f  [Ca2+]i and [Na+]i. The selective 
group I mGluR agonist DHPG was bath-applied (20 µM, 1-2 min) or ap- 
plied locally by means o f  short lasting (2-4 sec) puffs produced by a pi- 
cospritzer. DHPG evoked an inward current characterised by a transient 
and by a longer-lasting component the latter o f  which was obtained only 
with long-lasting applications. The fast component coincided with a tran- 
sient elevation of [Ca2+]i w hile the longer-lasting one was associated  
with a rise in [Na+]i. Upon repeated agonist applications inward current 
amplitudes declined whereas the calcium transients desensitised much 
less. S-MCPG and the more selective m GluR1 antagonist CPCCOEt de- 
pressed both DHPG-induced inward current components and -  though 
less potently - the [Ca2+]i elevations. Thapsigargin (1 µM) added to the 
extracellular medium for 10-12 minutes prevented the generation o f  the 
[Ca2+]i transient but did not prevent the activation o f  the inward current. 
We propose that the inward current and the [Ca2+]i elevations are m edi- 
ated by independent pathways downstream to activation o f  mGluR1

Society for Neuroscience, Volume 2 4 ,  1998



TUESDAY PM EXCITATORY AMINO ACID RECEPTORS 1273

504 .11

METABOTROPIC GLUTAMATE RECEPTOR (mGlu) AGONISTS 
ALTER EXCITATORY VS. INHIBITORY SYNAPTIC TRANSMISSION 
DIFFERENTIALLY WITHIN THE RAT DORSOLATERAL NUCLEUS 
(DLSN). J .P . G allagher* an d  K. Y am ada. D ep t. of Pharm acology & 
Toxicology, U niversity of Texas Med. B r., G alveston, TX 77555-1031.

Low n anom olar concen tra tions  of m G lu agon ists, w hile not 
exhibiting any  a p p a re n t postsynap tic  changes  in  m em brane 
properties, regu late  selectively tra n sm itte r  release by ac tivating  a u to - 
recep to rs of g lu tam ate  n eu ro n s  an d  hetero -recep to rs of GABAergic 
neu rons . We recorded th e  p re-synap tic  ac tions  of the se  agon ists  by 
pharm acologically  iso la ting  synap tic  com ponen ts of the  typical 
triphasic  o rthodrom ic synap tic  response  observed in  DLSN neurons.

We te sted  th e  hypo thesis  th a t G roup I (DHPG) vs. G roup II (L-CCG- 
1) m G lu agon ists  ac ted  differentially a n d  selectively to regulate 
g lu tam ate vs. GABA release. L-CCG-1 (20nM) p o ten tia ted  an  isolated 
m onosynaptic NMDA-EPSP. At 50nM , L-CCG-1 also po ten tia ted  a  
m onosynaptic  fas t-GABAA-m ediated  IPSP, b u t dep ressed  the  slow 
GABAB-m ediated  IPSP. These d a ta  suggest th a t different GABA 
neu rons  w ith in  th e  DLSN m ay be responsib le  for th e  two IPSPs an d  
furtherm ore th a t a  different sub type  of m G lu recep to rs is located on 
the ir respective term ina ls. On th e  o th e r h an d , DHPG [10-20nM] 
blocked a  fast-IPSP, dep ressed  th e  slow-IPSP a n d  dep ressed  the 
NMDA-EPSP.

These d a ta  suggest a  role for m G lus to regu la te  differentially 
g lu tam ate  vs. GABA release. At neighboring  synapses, w here 
sufficient con cen tra tio n s  of g lu tam ate  a n d  GABA are  released  
endogenously, each  tra n sm itte r  m ay spillover an d  ac tivates the  o ther 
n eu ro n ’s pre- b u t n o t post-synap tic  recep to rs. S uch  an  in teraction  
could a lte r  n eu ro n a l netw ork  activity. (Supported  by NIMH 57875)

5 0 4 .1 2

REFLEX-EVO K ED  IN TERN A LIZA TIO N  OF M ETA BO TRO PIC 
GLUTAM ATE RECEPTO RS AND EX PRESSIO N  OF pCREB 
IMMUNOREACTIVITY IN ENTERIC NEURONS. M.-T. Liu1*, K. W. 
Roche2, R.J. Wenthold2 and A. Kirchgessner1. 1Dept. Anat.& Cell Biol., 
Columbia P&S., NY, NY 10032, 2Lab. of Neurochem., NIDCD/NIH, Bethesda, 
MD 20892.

The present study used receptor internalization and the activity-dependent 
expression of pCREB immunoreactivity to examine the role of metabotropic 
glutamate receptors (mGluRs) in enteric reflexes. Enteric reflexes were evoked by 
intermittently inflating an intraluminal balloon or distorting the villi by rapid 
bubbling with carbogen. Segments of guinea pig or rat ileum were fixed 0, 15, or 
30 min after stimulation and incubated with antibodies to the C-terminal domain of 
the rat mGluR5 subunit (Chemicon, CA) or CREB phosphorylated at serine-133 
(New England BioLabs, MA). In unstimulated segments of bowel, mGluR5 
immunoreactivity was predominantly found at the plasma membrane of a subset of 
submucosal and myenteric neurons. Following distension or movement of the villi 
by bubbling, mGluR5 immunoreactivity was located in the cytoplasm and nerve 
processes. Receptor endocytosis was also observed in cultures of dissociated 
myenteric neurons using antibodies to the N-terminus of mGluR5. Distension 
evoked the expression of pCREB immunoreactivity in enteric neurons, a subset of 
which were identified as sensory by their storage of calbindin. The group I mGluR 
antagonist, AIDA (500 µM) blocked reflex-evoked endocytosis of mGluR5, and 
significantly reduced the number of pCREB-positive neurons. These data are 
consistent with the idea that glutamate is released during enteric reflexes and causes 
the internalization of mGluR5 in postsynaptic neurons. Since endocytosis of G- 
protein coupled receptors may contribute to desensitization, we examined the effects 
of (±)-3-HPG, a mGluR5 agonist, on type 2/AH myenteric neurons. Microejection 
of 3-HPG induced a slow depolarization associated with an increase in input 
resistance. The response desensitized suggesting that it is associated with receptor 
endocytosis. Supported by NIH grant NS35951 and NIDCD Intramural Program.

5 04 .13

DESIGN AND SYNTHESIS OF NEW AMPA /  GLYN RECEPTOR 
ANTAGONISTS. S.S. Nikam, B.E. Kornberg, R.M. Schelkun, D.F. Ortwine, J.J. 
Cordon, M.G. Vartanian, C.B. Nelson, R.D. Schwarz, P.A. Boxer and M.F. Rafferty*. 
Parke-Davis Pharmaceutical Division /  Warner-Lambert Company, 2800 Plymouth 
Road, Ann Arbor 48105.

PNQX a potent AMPA (IC50: 90 nM) and GLYN (IC50: 370 nM) antagonist was 
developed in our laboratories. This compound has been the basis of considerable SAR 
in the excitatory amino acid area. In an effort to improve the potency and the physical 
properties of this compound we have designed and synthesized novel semiconstrained 
analogs. The overall strategy was to change the planar tricyclic template with a non- 
planar template to make the compounds more soluble and retain good affinity for 
AMPA and NMDA associated glycine (GLYN) receptors. Using novel synthetic 
strategies several second and third generation of these PNQX analogs were 
synthesized . For example PD159265 (R = CH2CO2H), retained the binding affinity 
for the AMPA (IC50: 120 nM) and GLYN (IC50: 150 nM) receptors and significantly 
improved the aqueous solubility compared to PNQX. Similarly compounds without a 
polar group in the aminomethyl side-chain such as PD161989 (R1-R2 = pyrolidinyl 
ring) and 160725 (R1-R2 = piperidinyl ring) retained good binding affinity for the 
AMPA receptor and were potent in inhibiting maximal electroshock (MES) induced 
seizures with a longer duration of action. The synthesis and the comprehensive SAR 
of several these very interesting compounds will be discussed. Supported by Warner- 
Lambert.

NEUROPSYCHIATRIC DISORDERS: POSTMORTEM III

505 .1

PHOSPHOLIPASE C (PLC) IN THE POSTMORTEM BRAIN OF TEENAGE AND ADULT 
SUICIDE VICTIMS. G.N. Pandey,*Y . Dwivedi, S.C. Pandey, S. Teas, R. Conley, R.C. Roberts 
and C. Tamminga. Dept of Psychiatry, Psychiatric Institute, University of Illinois at Chicago, IL 
60612.

Several studies indicate that serotonin receptor subtypes and serotonin receptors linked to 
the PI signaling system are impaired in the postmortem brain of suicide victims. We 
investigated various components of the PI signaling system in the postmortem brain of both 
teenage and adult suicide victims and earlier reported that binding sites for protein kinase C 
(PKC) are significantly decreased in the prefrontal cortex of teenage suicide victims compared 
to control subjects. Now, we report that PLC, the enzyme responsible for the hydrolysis of PIP2 
to IP3 and diacylglycerol, is also impaired in the postmortem brain of teenage suicide victims. 
We studied 17 teenage suicide victims and 17 age- and sex-matched controls, as well as 14 
adult suicide victims and 14 age-and sex-matched controls for PLC activity and protein 
expression of PLCβ1 ,  γ 1 ,  a n d  d δ1 isozymes in Brodmann’s areas 8/9 in postmortem brain tissue 
obtained as a part of the Brain Collection Program of the Maryland Psychiatric Research 
Center. Psychological autopsies were performed on all subjects. We observed that the PLC 
activity was significantly decreased in teenage suicide victims compared to matched control 
subjects. We also observed that the protein expression of the PLCβ1 isozyme was significantly 
decreased in Brodmann’s areas 8/9 of teenage suicide victims compared to matched control 
subjects; however; no significant differences were found in the immunolabeling of PLCγ1 or δ1 
isozymes in these subjects. Neither PLC activity nor any one of the PLC isozymes studied was 
found to be altered in the postmortem brain of adult suicide victims compared to matched 
controls. The reasons for the decrease in PLC activity and in the PLCβ1 isozyme in teenage 
suicide victims are unclear, but in addition to the decrease in the PKC binding sites reported 
earlier by us, our findings suggest an impairment of the PI signaling system at the level of PLC. 
(Supported by a grant from NIHM, R01-MH48153.)

5 0 5 .2

MORPHOMETRY OF DORSAL RAPHE NUCLEUS SEROTONERGIC 
NEURONS IN ALCOHOLICS. M.D. Underwood*, V .L. Johnson, M.J. Bakalian, 
V.V. Arkhipov, R. Cotton, J.J. Mann and V. Arango. Department of Neuroscience, 
New York State Psychiatric Institute, Columbia University, New York, NY 10032

Serotonergic innervation of the cortex arises predominantly from the dorsal 
raphe nucleus (DRN). Because of the reduced serotonergic function 
hypothesized in alcoholism and alcohol abuse, we sought to determine whether 
the morphometry of DRN serotonergic neurons differed in alcoholics(n=7; age: 
24-66y; 6M:1F) compared to controls (n=6; age: 17-74y; 4M:2F).

Brainstems were collected at autopsy, fixed and cryoprotected. Tissue was 
sectioned in a sliding microtome at 50µ m (-25°C). A series of 1:10 was 
immunoreacted with antisera to phenylalanine hydroxylase (PH8) which, in 
humans, cross-reacts with tryptophan hydroxylase, the rate-limiting enzyme in the 
biosynthesis of serotonin. Using a video-based imaging system attached to a 
microscope, serotonin neurons every 1000µ m in each brainstem were identified 
and analyzed for neuron size, total cross sectional neuron area, and the total 
area and density of neuronal procésses.

The average size of DRN neurons did not differ between groups (353 ± 12 µm2 
for controls vs. 348 ±19  µm2 for alcoholics). The volume of the DRN was 66.1 ±
10.1 mm3 in controls and 56.1 ± 6.4 mm3 in alcoholics (p>0.05). The total cross 
sectional area occupied by DRN neurons and/or neuron processes did not differ 
between controls and alcoholics (p>0 .05). In contrast, the density of neuron 
processes (area of processes/DRN area) was 2.2-fold greater in alcoholics 
compared to controls (p<0.05), while the number of DRN neurons counted and 
the density of neurons was not different between groups (p>0.05).

Results from this study suggest morphometric alterations in serotonergic DRN 
neurons in alcoholics. The increased density of neuron processes may be a 
compensatory response to impaired serotonergic transmission.

Supported by AA11293, AA09004, MH40210, MH46745.
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5-HT1a b in d in g  in  d o r s a l  a n d  m e d ia n  r a p h e  n u c l e i  o f  s u ic id e

VICTIMS. S.A. Kassir, M.D. Underwood, M.J. Bakalian,* J.J. Mann and V. 
Arango . Department of Neuroscience, New York State Psychiatric Institute, 
Columbia University, New York, NY 10032.

Reduced serotonergic function in the prefrontal cortex cortex of suicide 
victims is hypothesized based on pre- and post-synaptic receptor alterations. 
5-HT1A receptors function as inhibitory autoreceptors on the brainstem 
serotonergic neurons of the dorsal raphe nucleus (DRN) and median raphe 
nucleus (MRN). Using quantitative autoradiography, we compared 5-HT1A 
binding in the brainstem of suicide victims (n=11) and normal controls (n=11) 
with negative toxicological screens. Subjects were matched for age (C: 48±6 
vs. S: 47±6y), sex (C: 7M: 4F vs. S: 7M: 4F) and PMI (C: 12±1 vs. S: 16±2h). 
Sets of transverse sections (20µm) every 1000pm were incubated with 2nM 
3H-8-OH-DPAT as described previously (Arango e t al., Brain Res., 1995) and 
developed after two week exposure.

The density of 5-H T1A binding in controls was 69±4 and 45±3 fmol/mg 
tissue in DRN and MRN respectively, and was not different from suicides 
(DRN 65±5; MRN 38±3, p>0 .05). The cummulative area of the DRN 
sampled, outlined by 5-HT1A isodensity binding was reduced in suicides (C: 
45±5 vs. S: 27±4 mm2, p=0.018). The area of MRN did not differ between 
groups (C: 25±3 vs. S: 20±3 mm2). When we examined an index of total 
receptor number to the DRN or MRN (5-HT1A binding x area), suicides were 
observed to have 38±12%  less 5-HT1A binding than controls in the DRN 
(p<0.05), but not in the MRN (70±13% of controls, p>0.05). Decreased 
numbers of 5-HT1A autoreceptors on DRN neurons are a function of a 
smaller DRN. Reasons for a smaller DRN in suicide victims remain to be 
elucidated. Supported by PHS grants AA09004, MH40210, MH47097 and 
MH46745.

5 0 5 .5

OLFACTORY NEUROEPITHELIUM AND BULB AS A MODEL SYSTEM 
FOR STUDYING DEVELOPMENTAL NEUROPATHOLOGY IN
SCHIZOPHRENIA. S.E. Arnold*, N.E. Israeli, L.-Y. Han, G.S. Smutzer, L. 
Rioux, G. J. Leslie. Center for Neurobiology and Behavior, Dept. of Psychiatry, 
University of Pennsylvania, Philadelphia, PA 19104 

Growing clinical evidence indicates that schizophrenia is a
neurodevelopmental disorder. Given that neuron birth, migration, differentiation 
and connectivity are largely completed by the end of gestation in almost all parts 
of the CNS, the task of characterizing abnormal developmental events in 
schizophrenia at the cellular and molecular level decades after they would have 
occurred represents a considerable challenge. The olfactory epithelium (OE) 
and bulb (OB) are unique in that they are the only parts of the CNS in which 
there is regeneration throughout life. Basal stem and precursor cells in the OE 
continuously divide, migrate and differentiate into mature olfactory receptor 
neurons as they send axons to reinnervate the glomeruli of the OB. In this 
preliminary study, we examined the cellular and molecular composition of the 
OE and OB in postmortem samples from 12 elderly individuals with 
schizophrenia and 12 matched controls with a panel of antibodies directed at 
selected cytoskeletal, glial, and synaptic proteins including PGP9.5, MAPIB, 
MAP2, tau, neurofilament protein, GFAP, vimentin, synaptophysin, GAP-43, 
and N-CAM. Optical densitometry found decreased mean levels of synapse 
related proteins in OB glomeruli while semiquantitative ratings of other markers 
were similar between groups in OE and OB. These findings suggest the 
establishment and/or maintenance of synaptic connectivity is disturbed in 
schizophrenia and highlight the potential utility the olfactory system for studying 
neurodevelopmental pathology in schizophrenia. Supported by NIH grants 
MH55199, MH43880.

5 0 5 .7

Changes in GABAa receptor subunit expression in schizophrenic prefrontal 
cortex. C. Pesold1*, F. Impagnatiello1,HJ. Caruncho1,2, E. Costa1 and A. Guidotti1. 1The 
Psychiatric Institute, Dept of Psychiatry, Univ of Illinois at Chicago, Chicago IL, USA 
60612; 2 Dept of Fundamental Biology, Univ of Santiago de Compostela, Spain.

Recently, several investigators have proposed that there is a downregulation of 
GABAergic tone in schizophrenia. In agreement with this concept, various regions of 
postmortem schizophrenic brains showed an increase in [3H]-muscimol binding. 
However, in the same areas, the high affinity binding site of [3H]-flumazenil was found 
either to be unchanged or reduced. The GABAa receptor is probably a heteromeric 
pentamer, assembled with subunits encoded by 15 genes: α 1-6, β1-4, γ1-3, δ, and p. Since 
the binding sites of GABA agonists differ from those of benzodiazepines, we quantified 
the expression of α, β2/3 and γ2 subunit proteins, as well as the mRNA levels of two 
different α subunits in the prefrontal cortex (PFC) of postmortem schizophrenic brains. 
Using light microscopy and immunogold-labelling of specific subunits, we found a 
significant increase in the number of α and β2/3 subunits, and a concomitant decrease in 
the number of γ2 subunits. Furthermore, we found that these subunit-specific changes are 
preferentially located in layer IV of the PFC in schizophrenic brain. In addition, using 
a competitive RT-PCR method, we found a significant increase in the mRNA levels of 
both the α 1 and α2 GABAA receptor subunits. Since in the receptor assembly, the 
inclusion of a γ2 or γ3 subunit is necessary to express the high affinity binding site for 
anxiolytic benzodiazepines, the changes in the subunit assembly of GABAa receptors 
that we found are compatible with an increase in muscimol binding associated with a 
decrease or no change in benzodiazepine recognition site density. These results not only 
provide support for an increased expression density of GABAa receptors in 
schizophrenic brains, but they also indicate that there may be an increase in the GABAa 
receptor subtypes that are devoid of γ2 subunits. Grant: E.C. MH6500-02 and A.G. 
MH49486-05.

5 0 5 .4

SCHIZOPHRENIA: ALTERATIONS OF MAP KINASE CASCADE IN 
CEREBELLUM. C. Karson1,2,3,5*, S. Kiosova2,4, W. Griffin1,2,6, R. Mrak1,2,3, 
Y. Shabalin2,4, A. Elbein2,4. 1V A M C , Little Rock, 2University of Arkansas for 
Medical Sciences, 3Dept. of Pathology, 4Dept. of Biochemistry, 5Dept. of 
Psychiatry, 5GRECC. Supported by NIH grant#MH45729.

Background: In neurons, mitogen-activated protein kinases (MAPKs)
transduce extracellular signal (at surface receptors) into intracellular 
responses. We have previously reported that schizophrenics have higher NOS 
activity in the cerebellar vermis. This could suggest enhanced production of 
NO, a putative second messenger. We now report that patients with 
schizophrenia have alterations throughout the MAPK cascade in the 
cerebellum.

Methods: Using immunoblotting techniques in post-mortem cerebellum
from 9 schizophrenic patients and a like number of age-matched controls, we 
studied the levels of MAPK 1 and MAPK 2 and other related elements to see if 
a MAPK-mediated signal transduction pathway might play a role in 
schizophrenia.

Results: Schizophrenics had increased levels of MAPK 2 (2763 ± 203 
versus 2285 ± 607 absorbance units, p < 0.05) and decreased levels of the 
related phosphotase (1716 ± 465 versus 2372 ± 429 absorbance units, p <
0.01). A nonsignificant tendancy in the same direction for MAPK 1 was also 
observed.

Conclusions: These data suggest that extracellular to intracellular
transduction may be disrupted in the cerebellum in schizophrenia. Several 
signal channels, such as NMDA, can initiate MAPK-mediated signal 
transduction, suggesting that future studies need to pinpoint whether selective 
signal channels are involved in schizophrenia.

5 0 5 .6

GENE EXPRESSION PROFILE OF SCHIZOPHRENIA: ANALYSIS FROM 
INDIVIDUAL ENTORHINAL CORTICAL NEURONS J.H. Eberwine1,2*, S.D. 
Ginsberg3, S.E. Arnold2,4, J.Q. Trojanowski3 and S.E. Hemby1 Dept. 1Pharmacology, 
2Psychiatry, 3Pathology and Laboratory Medicine and 4Neurology, Univ. of 
Pennsylvania; Philadelphia, PA 19104

The neurobiological basis of schizophrenia remains unclear. Subtle alterations in 
gene expression in discrete brain regions could alter the cellular phenotype and lead to 
pronounced neuronal dysfunction. Ultimately, these changes could contribute to the 
behavioral abnormalities which characterize schizophrenia. The present study was 
undertaken to identify molecular correlates of abnormalities reported previously in 
Layer II stellate neurons from entorhinal cortex (EC). Paraffin-embedded sections were 
obtained post-mortem from chronically ill patients with schizophrenia (68-95 yrs, 
n=10; 40-50 yrs; n=5) and 15 age-matched neurologically normal controls. Stellate 
neurons were immunohistochemically labeled with RMDO-20 (mAb against non- 
phosphorylated neurofilament) for visualization. Following, cDNAs were synthesized 
from poly(A)-mRNAs using an oligo-dT-T7 RNA primer-promoter and avian 
myeoblastis reverse transcriptase. cDNA was collected from individual neurons by 
aspiration into patch electrodes followed by double-strand cDNA synthesis. Following 
the second round of aRNA amplification, radiolabelled aRNA was used to probe cDNA 
arrays containing >18,000 genes. To establish baseline estimates of mRNA 
population complexity, gene expression was also assessed from individual CAl 
pyramidal neurons, Layer III EC pyramidal neurons, Purkinje neurons and glial cells 
collected from normal controls. The identification of differential gene expression or 
altered relative abundances of certain genes will provide the first “molecular 
fingerprint” of schizophrenia which could aid in the development of molecular 
strategies for detection and potential therapeutic intervention. [Supported by NARSAD 
Young Investigator Award (SEH) NIMH MH43880 (SEA and JQT) and generous 
donation of tissue from the Stanley Foundation]

5 0 5 .8

INCREASED FRONTAL CORTICAL G A BA a RECEPTORS A ND  
D ECREASED SEROTONIN2a RECEPTORS IN SCHIZOPHRENIA

 
B.Dean*, T. Hussain, E. Scarr, G. Pavey, D.L. Copolov.The Mental Health Research Institute, Parkville 3052, Victoria, Australia.

Changes in the functioning o f  the prefrontal cortex (PFC) have been 
suggested to be important in the pathology o f  schizophrenia (Schizo. 
Bull. 23:437-458, 1997). To begin to determine the extent o f  changes 
in neurochemical markers in the PFC in schizophrenia, w e used in situ 
radioligand binding and autoradiography to measure the density o f  
[3H ]8OH-DPAT (1 nM ) binding (5H T1A receptors), [3H ]G R113808 
(2.4nM ) binding (5HT4 receptors), [3H]ketanserin (10 nM) binding 
(5HT2A receptors), [3H]m uscim ol (100 nM ) binding (GABA a 
receptors), [3H]TCP (20nM ) binding (N M D A  receptors), [3H]SCH  
23390 (3nM ) binding (D A  D 1-like receptors) in PFC (Brodmann’s Area 
9) from schizophrenic and control subjects. The density o f  GA BA a 
receptors w as significantly increase (mean ± SEM: 527 ±  19 vs 448 ±  
30 fm o l /  m g ETE, p<0.05) whereas the density o f  5HT2A receptors was 
significantly decrease (40 ±  3.3 vs 62 ±  3.5 fm ol /  m g ETE, p < 0.001) 
in FC from 17 schizophrenic compared 17 control subjects. There was 
no apparent difference in the density o f  the other receptors. These data 
support the hypothesis that there are selective changes in 
neurotransmitter receptors in the FC o f  subjects w ith schizophrenia but 
it is not yet clear i f  such changes contribute to the pathology o f  the 
illness.
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STRUCTURAL ABNORMALITIES OF SUBICULAR DENDRITES 
IN SCHIZOPHRENIA. G. Rosoklija and a . J. Dwork* New York State 
Psychiatric Institute and Columbia University; New York, NY 10032 

Brains of many patients with schizophrenia exhibit a significant loss 
of immunoreactivity for microtubule-associated protein 2 (MAP2) in 
the subiculum. Since MAP2 is an important determinant of dendritic 
structure, we used the rapid Golgi technique to examine the 
morphology of dendrites in autopsy brains from 6 schizophrenia cases 
and 4 nonpsychiatric cases. The groups were matched for age, all 
subjects were male, and none had Alzheimer’s disease. Examination 
was blind to diagnosis. We found marked abnormalities, limited to the 
subiculum, only in the schizophrenia cases. These had fewer 
impregnated pyramidal cells, with shorter dendrites and fewer spines. 
Sholl analysis demonstrated fewer distal processes in the 
schizophrenia cases. In a second series of cases, matched for age and 
postmortem interval and containing few or no allocortical 
neurofibrillary tangles, we found similar abnormalities in 9 of 10 
institutionalized schizophrenia cases, 4 of 7 institutionalized mood 
disorder cases, and 0 of 6 nonpsychiatric cases. The presence of 
dendritic abnormalities in institutionalized subjects with 
schizophrenia and mood disorders raises the question of whether these 
are a general characteristic of psychosis, or are rather related to the 
use of neuroleptic drugs. To resolve this issue, pre-neuroleptic era 
cases will be examined. Supported by NARSAD, the Theodore and 
Vada Stanley Foundation, AG10638, MH50727, and MH46745.

505.11

META-ANALYSIS OF NONPYRAMIDAL NEURON (NP) LOSS IN LAYER II 
IN ANTERIOR CINGULATE CORTEX (ACCx-ll) FROM THREE STUDIES OF 
POSTMORTEM SCHIZOPHRENIC (SZ) BRAIN. F.M. Benes, M.S. 
Todtenkopf, S.L. Vincent*. Laboratory of Structural Neuroscience, 
McLean Hospital, Belmont, MA; Program in Neuroscience and Dept. of 
Psychiatry, Harvard Medical School, Boston, MA.

A two-dimensional cell counting study in ACCx detected a reduction in 
the density of NPs in layers ll-VI of SZs. Since SZs without mood 
disturbances showed a 16% decrease and schizoaffectives showed a 
30% decrease, this change seemed to covary more strongly with 
affective disorder than with SZ. More recently, two studies, one a 
replication and the other an analysis of tyrosine hydroxylase 
immunoreactive fibers, undertaken in ACCx of CONs and SZs have been 
used to explore this question further. The data from these three studies 
(designated as Studies A, B and C, respectively) have been normalized, 
combined into a single dataset and subjected to a meta-analysis. The 
non-overlapping cases consisted of 32 normals (CONs), 17 SZs without 
mood disturbance, 18 schizoaffectives (SAs) and 12 manic depressives 
(MDs). The data indicate that the density of NPs in ACCx-ll in the SAs 
and MDs was decreased by 28%  and 35% , respectively (p = 0.02). In 
SZs, NPs were decreased by 15% , but this difference was not 
significant. SZs, like SAs and MDs, also showed a significant decrease 
of PNs in layers V and VI (~23%; p = 0 .03). Taken together, these 
results replicate an earlier finding of a decreased density of NPs in ACCx- 
ll of SZs, particularly those with superimposed affective syndromes. 
Overall, with the MDs, these findings are consistent with the idea that a 
decrease of NPs in ACCx-ll is more extensive in affective disorder than in 
SZ. Supported by M H00423, M H 42261, and M H 31862.

5 0 5 .1 0

DOWNREGULATION OF GLUR5,6,7 SUBUNIT EXPRESSION ON APICAL 
PYRAMIDAL NEURON (PN) DENDRITES IN SCHIZOPHRENIC (SZ) 
HIPPOCAMPUS (HIPP). P. Kostoulakos, M.S. Todtenkopf, F.M. Benes*. 
Laboratory of Structural Neuroscience, McLean Hospital, Belmont, MA; 
Program in Neuroscience and Dept. of Psychiatry, Harvard Medical 
School, Boston, MA.

Recent studies have suggested that an excitotoxic process may 
contribute to a loss of GABAergic cells in CA2 of HIPP in SZ brain. To 
gain further insight into this, immunoreactivity (IR) the GluR5,6,7 
subunit of kainate receptor (KR) has been applied to a cohort consisting 
of 15 controls (CONs), 15 SZs and 9 manic depressives (MDs) matched 
for age and postmortem interval (PMI). Abundant IR dendrites were 
observed on dendrites of PNs in the stratum radiatum-lucidum (SR-L) 
and stratum moleculare (SM), while there were very few in the stratum 
oriens (SO). The density of IR dendrites was higher in CA2 than in CA3 
or CA1. In SZs, a 30-35%  decrease was observed in both SR-L (p = 
0.004) and SM (p = 0.024) of all 3 sectors; however, in CA2, the 
magnitude of this decrease was 2.5X greater than in any of the other 
sectors. MDs showed no overall differences. Age, PMI and neuroleptics 
do not explain the differences in SZs. Taken together, the preferential 
reduction of GluR5,6,7-IR dendrites in SR-L and SM, but not in SO, is 
most consistent with a compensatory downregulation, rather than a 
primary dysregulation of KRs in SZ HIPP. A change of this type could 
be related, in part, to an increased inflow of glutamatergjc activity 
along both intrinsic and extrinsic projections, to apical dendrites of PNs 
and potentially help to explain the selective loss of interneurons that 
was observed in CA2 of SZs. Supported by M H 00423, M H41162, 
M H31862, M H31154 and a VA Center Grant.

5 0 5 .1 2

REELIN EXPRESSION IS DECREASED IN SEVERAL AREAS OF 
SCHIZOPHRENIC BRAIN. F. Impagnatiello,* M.G. Pisu, C Pesold, D. P. Uzunov, 
Y. Dwivedi, G. Pandey, H. Caruncho, E. Costa, A. Guidotti. The Psychiatric Institute. 
Dept. of Psychiatry, UIC, Chicago, IL 60612.

During embryonic development, Reelin, secreted by GABAergic pioneer 
marginal zone neurons (Cajal-Retzius cells, which undergo apoptosis shortly after 
birth), regulates neuronal migration and positioning. Though Reelin is secreted in the 
extracellular matrix, its action is probably transacted by an intracellular 
phosphoprotein, the mouse disabled-1 (mDab-1) gene product, which after 
phosphorylation acts as an adaptor protein. This hypothesis rests on the similarity of 
the neurological phenotype, "scrambler" mouse, caused by genetic defects in the 
mDab-1 genes. We showed earlier that reelin mRNA is expressed in adult human 
brain; and that in laminated telencephalic structures of adult rat, reelin mRNA is 
expressed almost exclusively in GABAergic neurons, whereas in cerebellum, in 
glutamatergic granule neurons. Using a quantitative RT-PCR assay, we found that in 
various telencephalic areas, hippocampus, striatum, and cerebellum of postmortem 
schizophrenic braina, reelin mRNA expression is decreased about 50% compared with 
matched control brain. When the same tissue samples were subjected to in-situ 
hybridization and immunostaining, both techniques demonstrated that the highest 
number of reelin-positive cells were non-pyramidal neurons observed in superficial 
cortical laminae (layers I-II). In schizophrenic prefrontal cortex the number of cells 
in which we could detect Reelin or reelin mRNA was significantly decreased; by 
contrast, α 1 and α5 GABAA receptor subunit mRNA levels were increased. The α7 
nicotinic acetylcholine receptor subunit mRNA was unchanged in cortex but 
decreased in hippocampus. Frontal cortex/cerebellar extracts subjected to Western 
immunoblotting with Reelin-specific antibodies revealed the presence of a protein of 
about 400 kDa (compatible with the inferred molecular mass of Reelin), plus smaller- 
molecular-weight immunoreactive proteins. Densitometry measurements of these 
blots indicated significantly lower Reelin expression in schizophrenic brain. We are 
currently investigating whether the expression of mDab-1 mRNA is also altered in 
schizophrenia. The presence of a similar Reelin defect in different cell types of 
various schizophrenic brain areas raises the question: do these decreases reflect a 
transcription defect or a down regulation related to allele polymorphism?
aTissue specimens were obtained from a) National Neurological Research Specimen 
Bank; b) Harvard Brain Bank Resource Center; c) Clinical  Brain Disorder Branch 
IRP, NIMH. bGenerous gift from Dr. A. M. Goffinet.
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IDENTIFICATION OF THE IN VIVO STEM CELLS IN THE ADULT 
MAMMALIAN BRAIN
F. Doetsch*, T. M. Garcia-Verdugo and A. A lvarez-Buylla. The Rockefeller 
University, NYC, NY 10021.

The subventricular zone (SVZ) of the adult mammalian brain constantly 
generates new neurons destined for the olfactory bulb. Neuroblasts (Type A 
cells) migrate tangentially as chains through an extensive network of 
pathways in the SVZ, and join the rostral migratory stream en route to the 
olfactory bulb. Three cell types are proliferating in the SVZ, Type A cells 
(PSA-NCAM positive migrating neuroblasts), Type B cells (astrocytes) and 
Type C cells (immature precursors). The in vivo stem cells are, however, 
unknown. To identify these cells, we infused the antimitotic cytosine 
arabinofuranoside (ara-c) into the adult mouse brain with mini-osmotic 
pumps for six days. Immediately after treatment, no PSA-NCAM or BrdU 
positive cells were present. Whole mount immunostaining revealed that 
individual PSA-NCAM-positive cells and small clusters in itia lly  
reappeared scattered throughout the SVZ 4.5 days after treatment. By 10 
days after treatment, the SVZ network had completely regenerated. We 
analyzed the SVZ composition 0 to 4 days after ara-c treatment at the 
electron microscope to determine the order of reappearance of the different 
cell types. Using pulse-labelling experiments with 3H-thymidine or 
retrovirus we show that Type B cells give rise to Type C and Type A cells, 
indicating that astrocytes are the in vivo SVZ stem cells. Our results 
suggest that astrocytes are the in vivo stem cells in the adult mammalian 
brain.
NIH Grants HD 32116 and NS 28478

5 06 .2

ENRICHMENT OF NEURONAL PROGENITOR CELLS FROM THE ADULT 
RAT BRAIN, BY SORTING VENTRICULAR ZONE CELLS TRANSFECTED IN 
VITRO WITH GFP DRIVEN BY THE T α 1 TUBULIN PROMOTER S. Wang* 
and S. A. Goldman Dept. of Neurology, Cornell U. Medical College, NYC 10021.

Neuronal precursor cells are widespread in the subependyma of the forebrain 
ventricular lining, and may provide a cellular substrate for brain repair. We can 
identify and isolate them, by fluorescence-activated cell sorting (FACS) forebrain 
cells transfected with the gene for green fluorescent protein (hGFP), driven by the 
early neuronal promoter for T α l tubulin (P/Tα1) (Nature Biotech. 16:196, 1998). 
Using this approach, neural precursors were initially identified and harvested from 
embryonic chicken and rat brain, with both a high degree of enrichment and virtual 
abolition of glial contaminants. We have now extended this approach to include the 
isolation and purification of neuronal progenitors from the adult brain. The rostral- 
most 5 mm of the striatal ventricular surface of adult rats was dissected to a depth of 
1 mm, then minced into small pieces that were dissociated using papain/DNAase. 
These cells were plated onto laminin and incubated for 2 days, then transfected with a 
plasmid bearing hGFP placed under the control of the T α 1 tubulin promoter 
(courtesy of Dr. F. Miller). 2 days later, the cells were dissociated and sorted by 
FACS. Cells expressing hGFP from the T α 1 promoter were harvested, and replated 
onto laminin. The great majority of these cells expressed the early neuronal proteins 
Hu and TuJ1/β-tubulin; <5% expressed astrocytic markers, compared to over half of 
the cells in matched samples that were either not sorted, or sorted after transfection 
with a plasmid bearing GFP under the control of the constitutive CMV promoter. 
Thus, the use of a fluorescent transgene under the control of an early neuron-selective 
promoter permits the selective enrichment of neuronal progenitor cells from the adult 
rat brain, in a form that may allow their heterologous implantation.

Support by NINDS R01NS33106, R01NS29813, P50HL59312, the Mathers 
Charitable Foundation, National Multiple Sclerosis Society, and the Aitken Trust.
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5 06 .3

ISOLATION OF EPENDYMAL AND SUBEPENDYMAL CELLS FROM THE 
ADULT MAMMALIAN BRAIN, BY SORTING AFTER INTRAVENTRICULAR 
INJECTION OF GFP-BEARING ADENOVIRUSES A. Benraiss1*, S. Wang1, H. 
Keyoung1, C. Harrison-Restelli1, N. Hackett2, R. Crystal2 and S.A. Goldman1 Depts. 
of 1Neurology, and 2Medicine, Cornell Univ. Medical College, NY, NY 10021.

We previously developed a strategy for the enrichment of neuronal precursor cells 
from the mammalian CNS, by fluorescence-activated cell sorting (FACS) of 
forebrain cells transfected in vitro with the gene for green fluorescent protein (hGFP), 
driven by the early neuronal promoter for T α 1 tubulin (P/Tα1) (Nature Biotech. 
16:196, 1998). By this strategy, neuronal precursors were identified and harvested 
from embryonic chicken and rat brain, with a high degree of enrichment and virtual 
abolition of glia. Yet the yield of this technique was limited by the transfection 
efficiency of our promoter-GFP lipofection, typically 1.5-5% depending on target cell 
type. To address this issue, we established adenoviruses bearing both PTα1:hGFP 
and PCMV:hGFP cassettes. These viruses yielded >10-fold increases in transduction 
efficiency relative to their plasmid counterparts; this allowed us to target cells in vivo 
as well as in vitro. Intraventricular injections of AdPCMV:hGFP were used to infect 
ependymal and subependymal cells, and AdPTα1:hGFP to target neuronal precursors. 
4-7 days after intraventricular injection, adult rats were sacrificed and their brains 
processed for histology or cultured. Histology revealed selective expression of GFP 
by ependymal and subependymal cells, which was confirmed in explant cultures 
derived from injected animals. Papain dissociation of forebrain samples, harvested 4-7 
days after intraventricular virus, then allowed transfectants to be isolated by FACS, 
without an intervening culture step. Thus, adenovirus can be used to deliver 
promoter-restricted fluorescent transgenes to the adult CNS, and may thereby increase 
the yield of cell separation techniques based on expression of fluorescent reporters.

Support by R01NS33106, R01NS29813, P50HL59312, by the Mathers 
Charitable Foundation, the Aitken Trust, and National Multiple Sclerosis Society.
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ENDOTHELIAL NEUROTROPHIC SUPPORT OF ADULT NEUROGENESIS 
Leventhal1,3, S. Rafii2, A. Shahar4, D. Rafii1, B. Grafstein1*, S.A. Goldman1,3 Depts. 
of 1Neurology and Neuroscience, and 2Medicine, Cornell U. Medical College, NYC 
10021; 3Aitken Neuroscience Center, NYC; 4Israel Biological Institute, Nes-Ziona.

Vascular endothelial cells are among the first heterotypic phenotypes that 
ventricular zone neuroblasts encounter during early development. The ventricular zone 
cells actively support angiogenesis from the invading vasculature, with the release of 
vascular endothelial growth factor (VEGF). Yet the feedback support of young 
neurons by endothelial cells has not been previously explored. To address this issue, 
we asked whether endothelial cells might participate in neuronal recruitment in the 
adult mammalian brain, by providing neurotrophic support to new neurons arising 
from subependymal zone (SZ) progenitor cells. Human endothelial cells were 
prepared from both bone marrow and umbilical cord; these uniformly expressed factor 
VIII, and bound DiI-acetylated LDL. Explants of the adult rat SZ raised on these 
endothelial cells generated more neurons, that survived longer, than explants raised on 
human astrocytes, fibroblasts or laminin. This endothelial trophic effect appeared 
humoral, in that it was also noted in SZ explants raised in non-contiguous coculture 
with endothelia raised on porous inserts. RT-PCR revealed that endothelial cells 
produced BDNF mRNA, but no detectable NGF or NT-3 message. ELISA showed 
that BDNF protein was made by endothèlial monolayers, and actively secreted into 
the culture media at >1 ng/ml/day. The neurotrophic effect of endothelial cells was 
replaced by adding BDNF to cultures deprived of endothelia, and was blocked by the 
addition of 5 µg/ml trkB-Fc to endothelial-explant cocultures. Thus, endothelial cells 
can act as a source of secreted BDNF, through which the capillary vasculature may 
act to support neuronal recruitment and survival in the adult CNS.

Supported by R01NS33106, R01NS29813 and P50HL59312, the Mathers 
Charitable Foundation, the Aitken Trust, and the National Multiple Sclerosis 
Society. We are grateful to Dr. Ann Acheson at Regeneron for the BDNF ELISA.
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A PRECURSOR FOR BOTH NEURONS AND ASTROCYTES STILL RESIDES 
IN VARIOUS REGIONS OF THE ADULT/POSTNATAL HUMAN BRAIN. Y. 
Arsenijevic1, J.-G. Villemure2, J. Bloch1, L. Stoppini3#, N. de Tribolet2, and P. 
Aebischer1. 1Gene Therapy Center & Division of Surgical Research, Pavilion 4 CHUV 
1011 Lausanne and 2Dept. of Neurosurgery, HCUG Genève & CHUV Lausanne. 
3Dept. Pharmacology, Univ. Medical Center, Genève, Switzerland.

The possible presence of CNS precursors giving rise to neurons and glia in the adult 
human brain has been poorly investigated. We report here the isolation of cells 
producing both neurons and astrocytes from the brain of 7 patients suffering from 
chronic epilepsy. The tail of the hippocampus, the amygdala, or specific regions of the 
cortex, were removed to resect the epileptic foci. Thirteen different regions were 
processed for culture. In each region, including the cortex (n=4), a few single cells 
proliferated enough in response to growth factors to form “spheres” (20 to 500 
spheres/106 cells). The block of cell division by 100 µM bromodeoxyuridine prevented 
sphere formation. A total of 148 spheres from the cortex, amygdala, and subventricular 
zone were clonally transferred and grown under various conditions inducing 
differentiation. Ninety percent of the spheres gave rise to neurons and astrocytes. This 
indicates that each region can generate new neurons. No oligodendrocytes were 
observed. The combination of EGF, bFGF, and BDNF increased by 300% the number 
of neurons per sphere as compared to bFGF, PDGF combination. The triple 
combinations can generate up to 150 new neurons per sphere from the frontal cortex. 
These preliminary data indicate that many different regions of the adult human brain 
contain precursors capable of proliferating and producing a large number of new 
neurons and astrocytes. Moreover, CNS precursors provide a new tool to study human 
neurogenesis and investigate the potential of these cells for neuronal transplantation. 
Supported in part by the Swiss National Science Foundation.
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ENRICHMENT OF OLIGODENDROCYTE PROGENITOR CELLS FROM THE 
ADULT HUMAN SUBCORTEX S. A. Goldman1*, S. Wang1, A. Naiyer1, N. 
Roy1, R. Fraser2, M. Gravel3, P. Braun3 Depts. of 1Neurology and 2Neurosurgery, 
Cornell Univ. Medical College, NYC 10021, and 3Biochem, McGill U., Montreal.

Oligodendrocyte precursor cells may persist in both the subependymal zone (SZ) 
and subcortical white matter of the adult forebrain, and may provide a potential 
cellular substrate for remyelination. We previously developed a strategy for the 
selection of defined progenitor cell types from the brain, by transfecting cultured 
forebrain dissociates with the gene for green fluorescent protein (hGFP), regulated by 
cell-specific promoters (Nature Biotech., 16:196, 1998). In the present study, we 
developed an analogous approach to identify and enrich oligodendrocyte progenitors 
from the adult human subcortical white matter. Samples were obtained from epileptic 
temporal lobe resections, enzymatically dissociated, then transfected with a plasmid 
encoding hGFP under the control of the early promoter for oligodendrocytic 2’,3’- 
cyclic nucleotide 3’-phosphodiesterase (P/CNP2). Within 4 d after transfection with 
P/CNP2:hGFP, a small proportion of GFP+ cells was noted. These were typically 
bipolar, A2B5+ cells, and constituted <1% of the total cell pool. Many of the 
P/CNP2:hGFP+ cells incorporated bromodeoxyuridine (BRDU) in vitro, indicating 
their derivation from progenitor cell division. Using sort criteria intended for cell-type 
purification, the P/CNP2:hGFP+ cells were then enriched by fluorescence-activated 
cell sorting (FACS). Within the week thereafter, the sorted cells expressed 
oligodendrocytic 04-immunoreactivity; only rare (<l%) contaminating astrocytes 
(defined by glial fibrillary acidic protein) were noted. Thus GFP, expressed under the 
control of an early oligodendrocytic promoter, may permit the selective enrichment of 
relatively scarce oligodendrocyte progenitors from the adult human white matter.

Support by R01NS33106, R01NS29813, P50HL59312, the Mathers Charitable 
Foundation, the Aitken Trust, and the National Multiple Sclerosis Society.
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EXPRESSION OF IFAP-70/280KD-CONTAINING RADIAL GLIA IN 
THE DEVELOPING RAT INFERIOR COLLICULUS. H.-Y.Yang1, 
V.Kriho2, C.-M.Wu3 and G.D.Pappas2,4* . 1Dept.of Zoology, National 
Taiwan Univ. ; Taipei, Taiwan, R .O .C ; 2Dept. of Anatomy & Cell Biol. and 
4Dept.of Psychiatry, Univ.of Illinois at Chicago; 3National Cheng K ung 
Univ., Tainan, Taiwan, R.O.C.

Radial glial fibers span the entire width of the developing cortical wall, 
providing a scaffold which supports and directs the migration of young 
neurons. In this study the expression of IFAP-70/280kD,an intermediate 
filament-associated protein (IFAP-70/280kD) which is specifically 
expressed in radial, is examined in the rat inferior colliculus. The inferior 
colliculus is an important auditory relay station in the adult brain. Neurons 
of the inferior colliculus are produced in orderly sequence with cells being 
produced in an “outside-in”pattern. Using im unofluorescence 
microscopy, IFAP-70/280kD-immunoreactive radial glia were first 
identified at embryonic day 15, spanning the entire width of the m idbrain 
tectum, roughly coinciding with the appearance of the earliest-generated 
neurons in the inferior colliculus. From E21 to PO the glial scaffold 
appears discontinuous and most of the radial glia have detached from the 
ventricular zone, migrating out to the superficial part of the inferior 
colliculus. IFAP-positive/GFAP-negative radial glia spread out into three 
different regions: 1) the subpial region, 2) the superficial part of the
inferior colliculus, and 3) the subventricular zone. Double-label 
immunofluorescence microscopy, using anti-IFAP-70/280kD and anti- 
GFAP, demonstrated the transformation of these dispersed radial glia into 
mature astrocytes at PO. These results demonstrate that macroglia in the 
inferior colliculus are derived from the original radial glia scaffold and 
that during differentiation a layer of IFAP-70/280kD-positive GFAP- 
negative radial glia is present in the subpial region, establishing a reservoir 
for astrocytes being produced in an “outside-in” pattern. Supported by 
grants NSC86-2314-B006, R.O.C. and NIHgrant NS28931.
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EXPRESSION OF DEVELOPMENTALLY REGULATED GENES IN STEM 
CELLS DERIVED FROM THE ANTERIOR LATERAL VENTRICLE (LV) 
WALL AND SPINAL CORD (SC) OF THE ADULT RAT. D.L. Clarke, 
C.B. Johansson, U. Lendahl* and J. Frisen . Dept. of Cell 
and Molecular Biology, Karolinska Institute; S-171 77 
Stockholm, Sweden.

Most of the neuronal and glial cell types found in the 
adult CNS originate from cells in the ventricular zone 
of the fetal brain during development. However, 
mammalian neurogenesis is not restricted to embryonic and 
postnatal development. To explore the developmental 
mechanisms that control the specification, determination 
and multipotency of adult stem cells, we have isolated 
progenitor cells from the LVs and SC of adult male rats, 
cultured them in vitro, and have compared the expression 
of genes known to regulate the fate of neuronal pre
cursors during embryonic development. We have identified 
differences in the expression of a number of the pro- 
neural genes, and genes known to activate or repress the 
activity of the proneural genes in these stem cells, 
using semi-quantitative RT-PCR. Stem cells derived from 
the LVs express mRNA of genes known to be involved in 
repressing neuronal differentiation, while those derived 
from the SC uniquely express mRNA of genes previously 
determined to be involved in neuronal determination. 
Supported by the Wenner-Gren Foundation.
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GENE EXPRESSION IN THE POSTNATAL RAT ANTERIOR SUBVENTRICULAR 
ZONE, A NEURONAL PROGENITOR POPULATION. A. Law1*, U. Varadarajan2, 
V. Coskun2, M.B. Luskin2 and C.R. Buck1. Department of Physiology1, Department of 
Cell Biology2, Emory University School of Medicine, Atlanta, GA 30322

The dorsal anterior-most neonatal rat subventricular zone (SVZa) is comprised of 
exclusively neuronal progenitor cells whose progeny migrate to the olfactory bulb (OB). 
Conversely, the posterior region of the SVZ (SVZp) is thought to be specifically 
gliogenic. In situ hybridization and immunohistochemical analysis of glial fibrillary 
acidic protein (GFAP) expression in neonatal rat brain demonstrates staining in the 
SVZp but not the SVZa, supporting the idea that the SVZ is subdivided into distinct 
proliferative regions. The SVZa has been distinguished from other neural progenitor 
populations in that SVZa cells and their progeny continue to divide as they migrate. 
These dividing cells also express neuron-specific β-tubulin, an early marker for 
differentiating post-mitotic neurons. Thus, in sharp contrast to other migrating neurons, 
SVZa-derived neurons continue to divide until they reach their final destination.

We hypothesize that the unique properties of the SVZa neuronal progenitor cell 
population result from differential gene expression. Our studies are designed to reveal 
the SVZa-specific expression of genes that underly the unique mitotic properties of 
these migrating neurons. We have employed two strategies to provide a molecular 
characterization of the SVZa. 1) A comparison using differential display PCR of 
expressed genes between the neurogenic postnatal day one (P1) SVZa, the gliogenic P1
SVZp, and the neurogenic embryonic day thirteen telencephalic ventricular zone (E13 
VZ). Initial sequence analyses of putative SVZa-specific cDNAs suggests that there are 
novel sequences, although two are homologous to entries in the human expressed 
sequence tags database. 2) A comparison of the expression of 588 genes in a single 
experiment with duplicate cDNA membrane arrays. Radiolabelled cDNA from P1
SVZa, P1 SVZp, and E13 VZ was used to sequentially probe the arrays. While many 
genes are found to be upregulated in the P1 SVZa relative to E13 VZ, only one gene, 
the thrombin receptor, has thus, far been found to be expressed in the SVZa and not 
SVZp. These experiments suggest a feasible approach to identify genes that are 
involved in establishing the unique properties of the SVZa. Supported by NIDCD, 
March of Dimes & Office of the Dean for Research, Emory University.

506 .11

EXPRESSION OF JAGGED 1 AND JAGGED 2 IN POSTNATAL RAT BRAIN 
AND MULTIPOTENT CNS PROGENITORS. D.K. Irvin* 1, S. Zurcher1, T. 
Nguyen1, T. Al-Samari1, and H.I. Kornblum1,2,3, Departments of Pharmacology1, 
Pediatrics2, and The Brain Research Institute3, UCLA, Los Angeles, CA 90095.

Jagged 1 and 2 are transmembrane proteins that are capable of activating the Notch 
family of receptors. While Notch activation has been shown to regulate cell fate 
decisions in numerous systems, its role in mammalian CNS development is unclear. 
Furthermore, it is not yet well understood why there is a multiplicity of ligands and 
receptors. In the present study, we examined the expression of Jagged 1 and 2 
mRNAs in postnatal rat brain and in cultures of multipotent CNS progenitors using 
in situ hybridization. In the germinal zones of the postnatal forebrain, there was little 
Jagged 2 expression at any time examined, while there was prominent Jagged 1 
expression in the ventricular and subventricular zones, especially at early postnatal 
ages. Both Jagged 1 and Jagged 2 were expressed in the CNS vasculature. Jagged 2 
was heavily expressed in virtually all neurons of the postnatal brain, with a declining 
level of expression especially after P14, although expression levels remained 
relatively high in the adult. There was little Jagged 2 expression in white matter or 
meninges. Jagged 1, on the other hand was heavily expressed in a limited number of 
brain nuclei including the endopiriform nucleus, claustrum, several nuclei of the 
amygdaloid complex and especially the nucleus of the lateral olfactory tract. Lower 
levels of hybridization were present in neocortex and the neostriatum, although the 
precise cell types were not determined. Jagged 1 mRNA was also expressed in the 
meninges and the choroid plexus. In cultures of mutipotent CNS progenitors derived 
from the neocortex or neostriatum in the presence of TGFα there was also differential 
expression. Jagged 1 was expressed in cells distributed at roughly equal intervals 
throughout the neuropsheres whereas Jagged 2 was primarily expressed in several 
adjacent cells in the center of the neurospheres. Taken together, these data suggest 
that Jagged 1 and 2 play different roles in the postnatal CNS and in cultures of 
multipotent progenitors. Supported by DOE Contract DE-FC03-ER60615 and NS01835.
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COMPARATIVE ANALYSIS OF THE EXPRESSION OF  
DEVELOPMENTAL AND APOPTOTIC GENES IN CLONAL 
POPULATIONS OF NORMAL HUMAN STEM/PROGENITOR  
CELLS AND GLIOMA. V.G. Kukekov, O.N. Suslov, T.N. Ignatova,
E.D. Laywell, L.B. Thomas,   F.D. Vrionis and D.A. Steindler. *Depts. o f  
Anat. & Neurobiol .,  and Neurosurg., Univ. Tenn., Memphis, 38163 
It is well known that primitive stem or early progenitor cells are able to 
initiate hematological and lymphoproliferative neoplasia. We assumed 
that glial tumors may be also initiated by an event that may involve the 
precursor cells. To distinguish the possible origins of human gliomas we 
investigated gene expression profiles in clonal tumor populations and 
compared them with the profiles expressed by early stem/progenitor 
clones isolated from normal human brain. We used an experimental 
approach ( Kukekov et al., 1997, Glia 21: 399) that allowed us to isolate 
and expand stem and tumor cells as individual clones. cDNA was 
produced from individual clones as well as from clone mixtures. RT-PCR 
was used to compare the expression of genes associated with early brain 
development and apoptosis. We have found that populations from 
different primary gliomas showed individual profiles of gene expression 
similar to those o f normal human brain stem/progenitor cells. Double 
immunostaining of tumor clones plated on polyomithine/laminin- coated 
coverslips revealed neuronal (β-III tubulin+) and glial (GFAP+) lineages 
confirming a diversity o f morphotypes present within individual clones. 
Thus the data obtained suggest that primitive stem/progenitor cells of the 
human brain may be associated with glioma neoplastic transformation. 
Supported by grants from the Methodist Hospital Research Foundation, 
Memphis, TN, and NIH/NINDS grant NS29225.
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EXPRESSION OF NEUREGULIN RECEPTORS, ErbB 2, 3, AND 4 IN 
GERMINAL ZONES AND MULTIPOTENT CNS PROGENITORS. H.I. 
Kornblum*1,2,3, K. Chow1, K.B. Seroogy4, Depts. of Pharm.1 and Peds.2 and 
the Brain Res. Inst.3, UCLA Sch. of Med., LA, CA, 90095, Dept. of Anat. and 
Neurobiol.4, Univ. of Kentucky Sch. of Med., Lexington, KY, 40536.

The EGF receptor family consist of homologous transmembrane tyrosin kinases 
denoted EGF-R (ErbB) and ErbB 2, 3, and 4. Most members of the EGF family of 
peptides interact directly with the EGF-receptor (ErbB), while some members also 
interact with ErbB 4. The neuregulins interact directly with ErbB 3 and ErbB 4. 
Extensive interaction with cross-phosphorylation and activation amongst the 
different family members occurs. Our previous work has demonstrated that EGF-R 
is present within germinal zones of the developing mammalian brain and the work 
of many groups has established that activation of EGF-R induces the proliferation 
of multipotent CNS progenitors. In the present study, we examine the expression 
of ErbB 2, 3 and 4 in germinal zones of the developing rat brain and in cultures of 
multipotent CNS progenitors using in situ hybridization. Brains were taken at 
ages ranging from E11 to adulthood for in situ hybridization using specific 
riboprobes. CNS progenitors were cultured from neocortex and striatal germinal 
zones in the presence of TGFα. ErbB 2 and 4 were expressed in the germinal 
eptithelia of several brain regions of embryonic rats as early as E14, with 
expression persisting into adulthood. Expression of ErbB 3 in neuroepithelial cells 
was much more restricted, with prominent labeling only in the ventral diencephalon 
and the ventral midbrain on E14 and later. In cultures of CNS progenitor cells, 
diffuse expression of ErbB 2 and 4 mRNAs was detectable. Specific labeling with 
ErbB 3 cRNA was not detectable. Taken together, these data indicate that 
activation of the EGF receptor family plays a role in the genesis of cells in the 
CNS. Supported by NIH grants NS35164, NS01837 DoE contract DE-FC03-ER60615.

5 0 6 .1 2

NEUROGENESIS IN SUBEPENDYMAL ZONE OF POSTNATAL 
HUMAN BRAIN
Cynt h i a  S h a n n o n  W e i c k e r t * ,  Maree J. Webster, Mary M. Herman, Judith L.
O’ Grady, Thomas M. Hyde, Daniel R, Weinberger and Joel E. Kleinman 
Clinical Brain Disorders Branch, IRP, NIMH, NIH, Washington, D.C. 20032

Epidermal growth factor receptor (EGF-R)-bearing precursor cells, immature 
migrating neuroblasts, and differentiated astrocytes have been described in the 
subependymal zone (SEZ) of the pounatal rodent brain. We have used 
immunohistochemical and in situ hybridization techniques on postmortem 
human brain tissue (n= 35) to describe cell types in the postnatal human SEZ. 
EGF-R-expressing cells in both the developing and adult human brain are 
located at an approximate depth of 70-100 µm below the ependymal cell lining 
of the lateral ventricle, and in an immuoreactive band ventral to the nucleus 
accumbens in a putative migratory “stream”. Especially in the developing brain, 
some cells within the SEZ and “stream” are positive for two neuronal proteins 
(the embryonic form of neural cell adhesion molecule and class III β-tubulin), 
markers characteristic of migrating neuroblasts. In the SEZ, the neuroblastic- 
like cells are arranged in elongated chains and are typically found immediately 
under the ependymal cells. The neuroblastic-like cells are also arranged in 
clusters which are commonly located in the ventral floor of the lateral ventricle 
and with in the putative migratory “stream”; these clusters do not contain, but are 
surrounded by, astroglial cells which are glial fibrillary acidic protein-and/or- 
vimentin-positive. We conclude that the postnatal human SEZ contains cells 
phenotypically similar to those described in the postnatal rodent. These data 
suggest that neurogenesis continues well into postnatal life in the human brain, 
and that cell genesis within the human SEZ may be controlled by molecular cues 
similar to those in birds and rodents.

5 0 6 .1 4

CELLULAR RESPONSES IN THE RAT SUBEPENDYMA AFTER 
IONIZING IRRADIATION. J. R. Fike,* E. Tada, C. Yang, G.T. Gobbel, 
Brain Tumor Research Center, Dept. of Neurological Surgery, Univ. 
California, San Francisco, CA 94143.

The role of the subependyma (SE) in response to brain injury is elusive, but 
the existence of undifferentiated precursor cells within this area suggests it may 
play a role in replacing damaged or dead cells. It is not known how the SE 
reacts when its constituent cells are damaged, and specifically, are the precursor 
cells able to regenerate a normal SE? We addressed this question using a well- 
known cytotoxic agent, ionizing irradiation. Young adult male Fisher 344 rats 
were irradiated with whole brain doses of 2 - 30 Gy, and followed for up to 120 
days. Rats were perfused with 10% buffered formalin and tissue sections were 
embedded in paraffin. Cell specific antibodies were used to detect cells 
synthesizing DNA (BrdUrd), proliferating cells (p34cdc2, a cyclin-dependent 
kinase), apoptotic cells (morphologic criteria and TUNEL labeling), 
undifferentiated cells (nestin), and astrocytes (GFAP). Histomorphometric 
analyses, i.e. labeling indices (percent of total cells labeled) and total cell 
numbers were performed within a standardized area of the SE. Using repeated 
injections of BrdUrd over 24 hours it was shown that approximately 40% of the 
cells of the SE were actively proliferating, with a cell cycle time of about 29 
hours. Radiation depleted those cells via apoptosis within the first 24 hours 
post-irradiation. Repopulation began within 3 days and by 7 days there was a 
clear radiation dose response in terms of BrdUrd and p34cdc2 cell numbers and 
labeling indices. At all time points studied, a dose response was observed. 
This phenomenon probably represents a dose-related decrease in the number of 
surviving precursor cells. From 14-120 days, the numbers of proliferating and 
total cells in the SE stayed constant after each dose. This suggests that 
although the surviving cells were able to proliferate, their lowered numbers 
limited their ability completely repopulate the SE. Supported by Program 
Project Grant CA 13525.
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NADPH -DIAPH O RASE EXPRESSIO N IN SYM PATHETIC  
PR E G A N G L IO N IC  N E U R O N S OF TH E D EVELO PIN G  
HUM AN SPINAL CORD. J.A. Foster and P.E. Phelps.* Dept. of 
Physiological Science, UCLA, Los Angeles, CA 90095-1527.

NADPH-diaphorase histochem istry was utilized to identify 
sympathetic preganglionic neurons in embryonic human spinal cord. 
Early in the second trimester (~Week 13-14), the thoracolumbar spinal 
cord displayed the characteristic groups of diaphorase-labeled 
autonomic m otor neurons (AM Ns) described in other mammals. 
Tightly bundled cells were found in the intermediolateral (IML) nucleus 
with their dendrites extending medially toward the central canal and 
laterally into the marginal zone. AMNs also were observed in the lateral 
marginal zone and intercalated (IC) nucleus. In the upper lumbar 
region, bilateral clusters of AMNs were present adjacent to the central 
canal, lateral to the location typically occupied by the central 
autonomics (CA). At this age, diaphorase-labeled primary afferents 
coursed along the lateral aspect of the dorsal horn in the thoracolumbar 
spinal cord. Some of these labeled axons appeared to terminate within 
groups of IM L neurons. Earlier in developm ent (~W eek 9-10), 
extensive sympathetic IM L populations were observed with their 
dendrites oriented mediolaterally. Additional AMNs were present 
within dendritic bundles extending from the IML to the ventricle in the 
low er thoracic and upper lum bar regions. These prelim inary 
observations in embryonic human spinal cord are consistent with an 
interpretation that the laterally located AMNs migrate medially to the IC 
and CA nuclei, and are similar to observations in rodents. S u p p o r te d  
b y  th e J en n ifer  Jo n es S im on  F o u n d a tio n  .

5 07 .3

R E G U L A T IO N  BY E N D O T H E L IN -3 (E T -3) O F  T H E  M A T U R A T IO N  OF  
S M O O T H  M U S C L E , E X P R E S S IO N  O F  L A M I N I N -1 , A N D  T H E  
F O R M A T IO N  O F G A N G L IA  IN  T H E  T ER M IN A L  C O L O N . I. T. Wu*, T.P. 
R o th m a n , & M .D . G e r sh o n . D ept. o f Anat. and Cell Biol. and Ctr. Neuro. & Beh., 
Columbia U niv., P&S N ew  York, NY. 10032.

The terminal colon is aganglionic in mice carrying mutations in ET-3 or the 
endothelin B (ETB) receptor. ET-3 inhibits the differentiation of enteric 
neurons; this effect is mimicked by ETB agonists, blocked by ETB 
antagonists, and attenuated by laminin-1, which by itself promotes enteric 
neuronal development. To investigate the developmental regulation of ET-3 
and laminin in the fetal murine colon, mRNA encoding the α 1, β1, α2, and 
β2 subunits of laminin and that encoding ET-3 were all abundant in the 
small intestine by E10.5 but declined during further development; however, 
their expression surged in the colon between E10.5 and E12.5. This timing 
coincides with the colonization of the colon by crest precursors. Crest- and 
non-crest-derived cells were separated by immunoselection at E12.5 and 
cultured in serum-free defined media. Although ET-3 (0.1-1 µM) inhibited 
development of neurons from crest-derived cells, it promoted smooth 
muscle development from non-crest-derived cells, and downregulated their 
expression of laminin α 1. The ETB antagonist, B Q 788 (30-300 nM), increased 
their expression of laminin α l. These data suggest that ET-3 is upregulated 
in the colon coincidental with the arrival of crest-derived cells; ET-3 
provides a brake on premature neuronal differentiation. In ET-3's absence, 
smooth muscle matures too slowly, laminin α l expression is prolonged, and 
premature differentiation of neurons leaves the terminal colon aganglionic. 
ET-3 may be upregulated because of an intrinsic property of the colon or a 
response to a signal transmitted by the arriving crest-derived cell 
population. Supported by NIH grants NS15547 and HD21032.
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DEVELOPMENTAL CHANGES IN THE EXPRESSION OF NEUREXIN 1α 
SPLICE VARIANTS IN EMBRYONIC CHICK SYMPATHETIC GANGLIA.
H. Patzke and U. Ernsberger*.
Max-Planck-lnst. f. Hirnforschung, 60528 Frankfurt, Germany.

The development of neuronal circuits relies on the  
expression of diverse sets of cell surface molecules. Neurexins are a 
surprisingly diverse group of transmembrane molecules possibly 
involved in neuronal cell-cell recognition processes. Due to 
alternative splicing, a large number of variants can be generated 
and thus may mediate specific binding interactions. Expression 
patterns of neurexin splice variants vary between brain areas but it 
is unclear whether they change during development. In the 
sympathetic nervous system neuronal differentiation is described in 
detail. Here we analyze whether the expression of neurexin splice 
variants changes during differentiation of these cells.

Neurexin 1α from chick has been cloned and shown to be 
highly homologous to the mammalian counterpart. In particular 
splice sites and inserts are highly conserved. The expression of 
neurexin 1α splice variants during development of sympathetic 
ganglia has been investigated with PCR. Quantification of the 
different DNA fragments showed a strong change in the relative 
expression of different neurexin la variants during a time period 
when sympathetic neurons innervate their target tissues in vivo. 
Our data indicate that neuron populations may change their 
expression patterns for neurexin splice variants  during 
development indicating that neurexins contribute different cell 
surface properties during d ifferent aspects of neuronal 
differentiation.

5 07 .2

IDENTIFICATION OF DIFFERENTIALLY EXPRESSED MOLECULES 
IN MOTONEURONS INNERVATING DORSAL AND VENTRAL 
MUSCLES RESPECTIVELY 
C M . B ose1, L.T. Landmesser2 and F.P. Rupp1*
1Department of Neuroscience, The Johns Hopkins University School of 
Medicine, Baltimore, MD, 21205; 2Department of Neurosciences, Case 
Western Reserve University, Cleveland, OH 44106

Motoneurons in the spinal cord are organized in discrete pools 
according to the target innervated. Morphologically motoneurons 
belonging to different pools are indistinguishable. Recently, 
transcription factors that are differentially expressed in subsets of 
motoneurons have been described. These factors have been used as 
differentiating markers and have proven to be extremely useful for the 
study of motorneuron development. The goal of these experiments is to 
identify novel genes expressed specifically in subsets of motoneuron 
pools in embryonic chick spinal cord. Approximately 200 motoneurons 
innervating dorsal sartorius or ventral caudilioflexorius muscle were 
isolated by fluorescence activated cell sorting (FACS) following DiI 
(fluorescent conjugated carbocyanine) labelling. Messenger RNA from 
the two cell populations was transcribed into cDNA, amplified by PCR, 
and used to construct two cDNA libraries. 35’000 recombinant
bacteriophage clones from the caudilioflexorius motoneuron library 
were differentially screened using labelled caudilioflexorius or sartorius 
motoneuron cDNA. The screening revealed 51 differentially expressed 
cDNA clones: 17 expressed at higher levels in the caudilioflexorius and 
34 in the sartorius cDNA population. Reverse northern blot analysis 
identified a total of 28 clones with differential expression indexes 
between 2.5 and 9. In situ hybridization of selected cDNA clones 
confirmed the preferential expression in different motoneuron pools.

5 0 7 .4

FORMATION OF NERVES AND GANGLIA IN THE DEVELOPING LUNG.
M. Weichselbaum1, S. Rees2* and M. P. Sparrow3. 1,3Dept. of Physiology, Univ. of 
Western Australia, Nedlands, WA 6907, Australia; 2Dept. of Anatomy & Cell Biology, 
Univ. of Melbourne, Parkville, Vic 3052, Australia.

There is functional evidence of a cholinergic innervation from the first trimester in 
the mammalian fetal lung. We investigated the formation of nerve trunks and ganglia, 
in relation to the airway smooth muscle during lung development in fetal pigs up to the 
postnatal period using antibodies to neural antigens, namely protein gene product 9.5 
(PGP 9.5), synaptic vesicle protein 2 (SV2) and choline-acetyl transferase (ChAT), 
and to Schwann cell markers S100 and glial acidic fibrillary acidic protein (GFAP). 
Whole mounts of the bronchial tree were imaged using confocal microscopy. In the 
first trimester, the airways were ensheathed by a neural plexus of interconnecting nerve 
trunks running along the length of the airways extending to the base of the growing 
epithelial tubule. Ganglia-like cell accumulations were seen as thickenings of the wide 
nerve trunks which comprised round cells of ~8 µm diameter. The ganglia are located 
primarily at the junctions of nerve trunks and become more separated during longitudinal 
and radial growth of the airways. During the second trimester, the ganglia assume 
more spherical shape and become separated by a short stem from the main nerve trunks. 
The ganglia varied greatly in size, the smaller ones lying closer to the airways smooth 
muscle. In the third trimester and also postnatally, large ganglia often comprise more 
than 300 neurons, with individual cell diameters of about 30-40 µm. ChAT staining 
demonstrated that the innervation of the developing airways is largely cholinergic. 
During all stages of development, Schwann cells were present in the nerve trunks, as 
seen by staining with S100. GFAP revealed an increasing ensheathing of nerve fibers 
and neurons during development. Our findings indicate that the ganglia develop early 
in the first trimester, and it appears that the number of ganglia during fetal development 
remains constant.
Supported by the Australian National Health and Medical Research Council.

5 0 7 .6

DEVELOPMENTAL EXPRESSION OF ALLATOSTATINS IN EMBRYONIC 

BRAIN AND RETROCEREBRAL COMPLEX OF THE COCKROACH 

DIPLOPTERA PUNCTATA: AN IMMUNOCYTOCHEMICAL STUDY. J.G. Yoon 

and B. Stay*. Dept. of Biological Sciences, Univ. of Iowa, Iowa City, IA 52242.

Allatostatins (AST) are neuropeptides that inhibit juvenile hormone synthesis by the 

corpora allata (CA). In adults, AST produced by lateral neurosecretory cells (LNSC) are 

delivered to the retrocerebral complex, the neurohemal corpora cardiaca (CC) and CA. 

The time course from first appearance of AST in LNSC to innervation of CC and CA 

was established. AST appeared in the soma of a pair of LNSC about 3 days after dorsal 

body wall closure in day 16 embryos (d 16) with a 60 day development period. On d 17 

these somata had short immunoreactive axons and slightly longer ones on d 18. On d

21, 6 pairs of LNSC made contact with but did not arborize in the CA. On d 22 these 

axons showed extensive branching in the CA. No arborization occurred in the CC until 

d 32. After appearance of AST in the LNSC, other cells in the brain, which may have 

functions other than inhibition of juvenile hormone synthesis, were immunoreactive in 

increasing numbers as development progressed. In situ hybridization in LNSC of d 22 

embryos confirmed immunocytochemical results. Branching of LNSC axons in the 

CA prior to that in the CC suggests that AST function in the CA before they do in the 

hemolymph.

USPHS Grant AI 15320
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508.1
ULTRASTRUCTURE OF THE NASAL MESENCHYME DURING 
VASCULOGENESIS AND FORMATION OF THE MIGRATION  
ROUTE OF LUTEINIZING HORMONE-RELEASING HORMONE 
(LHRH) NEURONS ORIGINATING FROM THE OLFACTORY  
PLACODE OF EMBRYONIC MICE. M. Schwanzel-Fukuda1 * and T.L. 
Dellovade2. 1The State University of New York at Brooklyn, Brooklyn, N.Y. and 2The 
Rockefeller University, New York, NY.

At about 10.5 days of embryogenesis, in mice, an extensive vascular field develops 
in the nasal mesenchyme between the epithelium of the olfactory pit and the anlage of 
the forebrain. At this time, neural cell adhesion molecule (N-CAM)-ir cells are seen in 
the intermediate and basal strata of the epithelium of the medial olfactory pit. These 
“pioneer” N-CAM-ir cells migrate out of the epithelium, form an aggregate in the nasal 
mesenchyme between the olfactory pit and the developing forebrain and receive the 
ingrowing N-CAM-ir central processes of the olfactory, vomeronasal and terminal 
nerves. The N-CAM-ir cellular aggregate grows into contact with the rostral forebrain 
and N-CAM-ir central processes and blood vessels form a “cellulovascular strand” along 
which LHRH-ir neurons migrate from the epithelium of the olfactory pit into the 
forebrain. This research examines the ultrastructure of the LHRH-ir cells and the N- 
CAM-ir migration route through the nasal mesenchyme. Both LHRH- and non-LHRH- 
ir profiles with similar morphology were seen in clusters in association with the 
developing vasculature and with bundles of N-CAM-ir axons. In many cases centrioles 
and cilia were detected in both the LHRH and non-LHRH-ir cells. The blood vessels 
which develop in this part of the nasal mesenchyme may assist in formation of the 
migration route and facilitate the passage of LHRH cells into the brain. Supported by 
NIH grant DC 00880 and funds from the State University of New York at Brooklyn 
(M.S.-F.).

508.3

P R E N A T A L  D E V E L O P M E N T  O F  A  S U B S E T  O F  O L F A C T O R Y  
R E C E P T O R  N E U R O N S  (O R N s ): C E L L  M IG R A T IO N  A N D  P R O C E S S  
O U T G R O W T H . D .M . C u m m in g s 1 * , G . T a ro z z o 2 , and  F .L . M a rg o lis 1 , 
1Dept. of A nat. an d  N eurob io l., Un iv . of M ary lan d , Baltim ore, M D  2 1 2 0 1 ;  
2 Sobering P lough R es. Inst., V ia  O lgettina , 58 , 2 0 1 3 2  M ilan , Italy.

The early  deve lo p m en t of the  o lfactory  system  is c h aracterized  by the  
outgrowth of O R N  a xons  from  th e  p lac o d e  to  th e  bulb a n la g e  an d  by  
m igration of cells  th a t e x p re s s  o lfa cto ry  m a rk e r pro te in  (O M P ). W e  
exam ined cell m igration and  fib er outg row th  in the  develop ing  o lfactory  
sys tem  of H -O M P - L a c Z -6  tra n s g e n ic  m ic e  u s in g  d o u b le - la b e l  
im m unohistochem istry  fo r ß -g a la c to s id a s e  (ß -g a l) and  e ith er O M P  or 
growth a s s o c ia te d  p ro te in  4 3  (G A P 4 3 ) .  H -O M P -L a c Z -6  m ice  w e re  
created using a  tra n s g en e  con ta in ing  a  trunca ted  O M P  prom oter fused  
to the L acZ  g en e  (W a lte rs  e t a l., J. N e u ro s c i., 4 3 ) and  contain  a  subset 
of O R N s  that e xp ress  L a c Z  an d  p ro jec t to specific  reg ions of the  bulb  
(T re lo ar e t a l., J . C o m p . N e u r o l . ,  3 6 7 ) .  B y E 1 3 .5  bo th  O M P -  
im m u n o re a c tiv e (-ir) , a n d  ß -g a l- ir  c e lls  a n d  p ro c e s s e s  w e re  s e e n  
projecting tow ards the  p resum ptive  bulb. At this s tage  som e m igrating  
cells w ere  im m u n o rea c tive  fo r both ß -g a l a n d  G A P 4 3  an d  o thers  fo r  
both ß -g a l a n d  O M P . By E 1 4 .5  ß -g a l- ir  p ro c e s s e s  cou ld  be  s e e n  
extending to the  ventric le  of the  d eve lop ing  bulb. T h e s e  p rocesses a lso  
exp ressed  G A P 4 3  b ut not O M P . In te res tin g ly , O M P -ir  fib ers  w e re  
confined to the  e d g e  of th e  bulb  a n la g e . A t E 1 5 .5  m ost ß -g a l-ir  cells, 
both m igrating and  ep ithe lia l, c o -e x p re s s e d  O M P . M a n y  m ore O M P -ir  
fibers w ere  see n  in the  bulb an d  ß -g a l-ir  axo n s  a p p e a re d  quite de n se  in 
the ventrom edia l region . T h e  e arly  c o n ve rg e n ce  of p rocesses from  this  
O R N  subset s u g g ests  th a t th e  to p o g rap h ic  o rg a n iza tio n  of the  bulb  
begins as axons from  the  ep ith e liu m  in itially  in vad e  fu ture  g lo m eru la r  
regions. C urrent stud ies  a re  exam in in g  g lo m eru la r o rgan ization  a t la ter  
stages of em bryonic  d eve lopm ent. S upported  by N IH  grant D C -0 3 1 12.

508 .5

A NEW PURKINJE CELL DEGENERATION MUTANT EXHIBITS 
DETRIMENTAL EFFECTS ON OLIGODENDROCYTE MIGRATION. 
C.S.Duchala1*, V.J.Stewart2, H.E.Shick1, D.DeWeese1 and W.B.Macklin1. 1Dept. 
Neurosciences, 2 Transgenic Core Service; The Cleveland Clinic Foundation;
Cleveland, OH 44195.

The weebler (wb) mouse is a spontaneous mutation observed in an FVB line. The wb 
gene is unknown, but its inheritance suggests an autosomal recessive mutation. The wb 
phenotype manifests as severe ataxia, first appearing around day 12 and worsens with 
age. The lifespan of affected mice is 6-7 months and both sexes are fertile. Histological 
examination of the brains revealed no striking abnormalities with the exception of the 
loss of cerebellar Purkinje cells (PC). The inositol 1,4,5-triphosphate receptor, normally 
enriched in PC, was virtually absent by day 14 in the wb. Additionally, calbindin, a 
calcium binding protein enriched in PC, showed a distinct loss of PC. Developmental 
studies revealed that PC loss started around day 14 and by 30 day, approximately 25% 
of the PC remained. The myelin protein, proteolipid protein (PLP) showed a different 
pattern of staining for the wb cerebellum starting at day 14, which is the early stages of 
the myelination period. At day 14, the wb cerebellum appears to have less PLP staining 
in general and by day 30, PLP+ oligodendrocyte (OL) cell bodies are abundant in the 
wb granule layer in close proximity to the white matter tract. In normal cerebellum, by 
30 days of age very few OL cell bodies are stained with PLP, because the PLP protein 
moves out of the cell body into the myelin sheath. PC are myelinated by OL, so it is 
likely that the failure to migrate is a direct response to the actual loss of the PC, or of 
important signals coming from the PC. It is not known wether other Purkinje cell 
degeneration mutants show a similar effect, but they induce PC degeneration at 
different stages than the wb mutation and we would hypothesize that they will have a 
significantly different effect on OL. Our preliminary data indicate that the wb mutant 
can be a useful tool for understanding PC development and function as well as to 
address the interaction of neuronal factors that influence oligodendrocyte development 
and migration. Supported by NS25304.

5 08 .2

INFLUENCE OF γ-AMINOBUTYRIC ACID (GABA) ON MIGRATING 
GONADOTROPIN-RELEASING HORMONE (GnRH) NEURONS. E.P. Bless*,
G.A. Schwarting, S.A. Tobet. Program in Neuroscience, The Shriver Center and 
Harvard Medical School, Waltham, MA 02154.

GnRH-containing neurons, essential for reproduction, originate in the nasal 
compartment and migrate along vomeronasal (VN) fibers over the cribiform plate to 
their destinations in the forebrain. Previous studies by us and others have suggested that 
GnRH neuron migration may be affected by GABA in the nasal compartment. To 
clarify the influence of GABA across the expanse of the GnRH migration route, we 
extended our studies in vivo, and using an in vitro method that maintains the integrity 
of the nasal-forebrain connection (Tobet et al., 1996; Dev Brain Res 97:287). In vivo, 
C57 mice were administered muscimol (2.5mg/kg), bicuculline (2.5mg/kg) or vehicle 
on days 10-15 of pregnancy. On embryonic day 15 (E15) heads were processed for 
GnRH immunocytochemistry (GnRH-ir). Muscimol increased the percentage of GnRH- 
ir neurons retained in the nasal compartment and olfactory bulb (OB) and decreased 
migration into the brain, while bicuculline had the opposite effect. In addition, 
muscimol decreased the distance traveled by GnRH-ir fibers, while bicuculline appeared 
to increase the spread of GnRH-ir cells in the brain. In vitro, 250µm parasagittal slices 
of whole heads of E13 mice were treated with muscimol (5µM), bicuculline (10µM) or 
vehicle for 2 days or fixed on the day of plating. Across groups, approximately 40% of 
the GnRH-ir cells which started in the nasal compartment moved into the OB or 
forebrain over the 2 days. Both vehicle and muscimol permitted GnRH-ir cell migration 
into the forebrain with an approximate 3-fold rise in the number of cells found there. 
Although slices treated with bicuculline had a 2-fold rise in the number of cells in the 
forebrain, a large number of cells were delayed in the OB compartment. This effect was 
accompanied by an apparent defasciculation of the VN nerve fibers. The data confirm 
influences of GABA on GnRH neuron migration and suggest further interactions 
between GnRH neurons, GABA influences, and the fasciculation of VN fibers which 
turn caudally into the forebrain. Supported by R01-HD33441.

5 0 8 .4

A possible mechanism of migration of 0-2A  progenitor cells in the 
developing rat optic nerve. Y. Sugimoto1*, K . E. Fujimori2, Y. Akagi1, Y. 
Nojo2 and N. Tamamaki2. Dept. of Ophthalmology1 and Anatomy2, 
Fukui Medical School, Matsuoka, Fukui 910-1193, Japan

In the developing rat optic nerve, oligodendrocyte-type-2 astrocyte 
(0-2A) progenitor cells have been believed to be supplied from the floor 
of the third ventricle by cell migration that based on the suggestive cell 
culture data or immunohistochemistory. However, the mechanism of 
migration of 0-2A  progenitor cells is unkown.

Here we used a new method to investigate migration of 0-2A  
progenitor cells in which migrating cells were labeled with UV-light 
irradiation through an optic fiber. The use of this method to the PO rat 
optic nerve in vivo, showed a direct evidence of migration of the 0-2A  
progenitor cells. Some in vitro studies indicated that the optic chiasm is 
necessary for cell migration, and it seems to release repulsive factors.

In situ hybridization studies revealed that netrin-1 and semaphorin-III 
were expressed in the optic chiasm and it’s surrounding tissue, unc5h1/h2 
and neuropilin-1 were expressed in the optic nerve. Furthermore, co- 
culture with COS cells expressing Netrin-1 studies suggested that Netrin- 
1 control the cell migration as a repulsive factor in the optic nerve. These 
results suggest that repulsive factors play a important role in migration of 
0-2A  progenitor cells from the floor of the third ventricle to the eye.

5 0 8 .6

OLIGODENDROCYTE PROGENITORS MAINTAIN THEIR INTRINSIC 
CAPACITY TO INTEGRATE IN A HISTOTYPIC MANNER REGARDLESS 
OF THE IMPLANT SITE LOCATION. A. Espinosa de los Monteros*, P.M. 
Zhao, S. Kumar, C.J. Huang, R. Nazarian, T. Pan, R. Chang, and J. de Vellis. 
Depts. of Neurobiology, Psychiatry and Behavioral Sciences, Mental Retardation 
Research Center, UCLA School of Medicine, Los Angeles, CA. 90024.

Experimental transplantation of oligodendrocyte progenitors (OLP) as a single 
cell suspension has proven to be a powerful tool to achieve myelination in the 
developing or the adult myelin-deficient CNS. The migration and distribution of 
grafted cells are critical to achieve functional restoration. In this study we 
examined the migration patterns of wild type OLPs grafted in different brain 
regions of neonatal and adult rats. Cultured rat OLP 1A2B5+] were labeled 
with fast blue (FB) and stereotaxically grafted using our standard procedures. 
Host brains were examined at various time points from 2 weeks to several 
months post-grafting. In all implant sites, cells were able to migrate into the host 
parenchyma. They reached the white matter and migrated long distances within 
the host. In situ hybridization and immunocytochemistry of myelin markers 
revealed that many grafted cells were positively labeled while some were still 
migrating progenitors displaying no myelin markers yet. These results 
demonstrate that healthy wild type OLPs, can be supplied to the CNS in a non 
invasive manner. We also show that the environmental features of the host 
parenchyma are permissive for the extensive migration and histotypic 
integration of grafted OLP. These findings indicate that wild type OLP 
maintain and display their intrinsic developmental migratory capacity when 
grafted into the developing and the adult brain (supported by NIH grant 
HD06576).
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508.7
OLIGODENDROCYTE PROGENITORS IN CHICK OPTIC TECTUM 
ARISE INTRINSICALLY AND IN SITU DIFFERENTIATION 
REQUIRES INTACT TISSUE AND CELL-CELL INTERACTIONS.
D .S . G a lileo 1* and  G .C . O w e n s 2.  1D ept. o f C e ll Biology and  A natom y, 
M ed ica l C o lleg e  o f G eo rg ia , A ugusta , G A  3 0 9 1 2  and 2N euroscience  
P ro g ram , University  o f C o lo rado  H ealth  S c ie n ce  C en ter, D enver, C O .

M ye lin -assoc ia ted  glycoprotein  (M A G ) (+ ) cells, w hich a p p eared  
first in an te rio r optic tectum  (O T ) on em bryon ic  day  (E )1 2 , occupied  
th e  an te rio r h a lf a t E 15 , and  filled th e  tectum  at E 19 . Th is  M A G  
staining pattern  a p p ea re d  as  tw o s tream s entering  the  O T  along  
m yelinated  tracts. Retrovira l labeling in vivo and  culture experim ents  
in vitro d em o n stra ted  th a t this M A G  im m unoreactivity  re flected  a  
differentiatio n  grad ien t and  not cell m igration . E 3  O T  kept in culture  
fo r a  w e e k  deve loped  M A G (+ ) cells w ith or w ithout serum . Both  
a n terio r and  posterior E 7  O T  p ieces  de ve lo p ed  M A G (+ ) cells a fte r  
th re e  days  in culture, w ell a h ea d  o f the ir norm al schedule  in v ivo. 
T h e s e  cells did not incorporate  BrdU  in culture. M o n o layer cultures  
m a d e  from  dissociated  E 7  O T  cells fa iled  to  deve lop  M A G (+ )  
oligodendrocytes, but m onolayers  m a d e  from  E 1 0  cells did. O u r  
e xperim ents  d em o n stra te  tha t 1) o ligodendrocyte  progenitors are  
p resen t in O T  a t E 3, 2 ) they  can  d iffe ren tiate  precociously, 3 ) the ir 
norm al p rogress ive  d ifferentiation  in situ m ust be due  to rem oval of 
inhibitory constraints ra ther than  the  onset o f inductive factors, and  
4 ) certa in  cell-cell in teractions occur befo re  E 1 0  w hich cannot be  
disrup ted  if o ligodendrocyte  d ifferentiation  is to occur. S upported  by  
N IH .

508.9
NETRIN-1 AND DCC ARE REQUIRED FOR DIRECTING BASILAR  
PONTINE CELL MIGRATION IN THE VENTRAL HINDBRAIN
KT Y ee*, HH Simon, M Tessier-Lavigne† and DDM. O’Leary. The Salk 
Institute, La Jolla, CA and †Univ of Calif San Francisco and HHMI 

Netrin-1 and its homologues function as axonal chemoattractants and 
chemorepellents in organisms from vertebrates to nematodes; in C. elegans, 
the netrin UNC-6 also directs cell migration in the body wall. We have 
studied the possibility that in rodents netrin-1 directs the migration of basilar 
pontine neurons, a role suggested by the reports that the basilar pons (BP) is 
missing in netrin-1 and DCC (a netrin-1 receptor) mutant mice. BP neurons 
are generated in the dorsal neuroepithelium (NE) o f the rhombencephalon 
(rb) and migrate to the ventral midline where they aggregate to form the BP. 
We have recently found that cells from dorsal rb explants migrate towards a 
source o f netrin-1 in culture, netrin-1 is expressed adjacent to the ventral 
midline, DCC is expressed by cells in the pontine migratory stream and DCC 
protein is on their leading processes. We have now further examined the role 
of netrin-1 in directing BP cell migration using in vitro time-lapse video 
microscopy and by determining the fate o f BP neurons in netrin-1 and DCC 
mutant mice. Time-lapse imaging o f dorsal rb explants cocultured in 
collagen gels with a source o f netrin-1 shows that cell migration occurs in 
distinct phases: 1) extension o f a leading process 2) translocation o f the cell 
soma with concomitant generation o f a trailing process and 3) retraction of 
the trailing process. We are determining which o f these phases is netrin-1 
dependent. In vivo analyses using markers for BP neurons shows that in 
netrin-1 and DCC mutant mice, BP neurons migrate ventrally away from the 
NE. A few BP neurons reach the ventral midline, but most aberrantly 
disperse and form small ectopic aggregations at intermediate positions. 
These findings indicate that netrin-1 is not necessary for the initial migration 
away from the NE, but is required for directing BP neurons over the 
remainder o f their migratory path to the ventral midline. Support: NS31249, 
the Spinal Cord Res Fndn, and the Howard Hughes Medical Institute.

508.11
GU2 Mutant Mouse Embryos Have Defects in Ventral Midline Cell 
Induction and Commissural Axon Guidance.
Michael P. Matise*, Heidi L. Park, Douglas J . Epstein and Alexandra L. Joyner 
Developmental Genetics Program, Skirball Institute, NYU Medical Center, New 
York, NY 10016.

In both flies and vertebrates, members of the zinc-finger containing ci/Gli 
transcription factor family are thought to act downstream of Sonic hedgehog (Shh) 
signalling in a variety of developing tissues. Although it is known that Shh plays 
an important role in specifying ventral cell fates in the vertebrate central nervous 
system (CNS), the requirement of Gli genes downstream of Shh signalling during 
CNS patterning has not been addressed.

In mice, 3 Gli genes have been identified: Gli1, Gli2 and Gli3. Gli1 and Gli2 are 
initially expressed widely throughout the neural plate, and after neural tube closure 
in ventral and intermediate regions, respectively, excluding the ventral midline. In 
contrast, GU3 expression is restricted to dorsal CNS regions.

To explore the role of Gli genes in Shh-mediated ventral cell induction in the 
CNS, we studied the development of the spinal cord, hindbrain, and midbrain in 
Gli1, Gli2 and Gli 1/2 double mutants. In Gli2 mutants, ventral midline cells, 
including the floor plate, are not induced. Despite this, motoneurons form and 
ventral interneurons appear in their normal D/V position. In contrast, Gli1 mutants 
appear normal. In addition, the spinal cords of Gli1/2 double mutant are 
phenotypically similar to Gli2 mutants. These results suggest that GU2, but not 
Gli1, is required downstream of Shh in the induction of ventral midline cells. In 
addition, neither ventrally expressed Gli gene is required for the development of 
motoneurons or ventral interneurons, suggesting the existence of at least 2 pathways 
downstream of Shh signalling in the generation of ventral classes of spinal cord 
neurons, only one of which requires Gli genes.

We have also studied commissural (C)-axon guidance in Gli2 mutants. We have 
found that C-axons reach the ventral midline in Gli2 mutants but do not turn 
rostrally to project longitudinally in the ventral funiculus. These results 
demonstrate a critical role for ventral midline cells in controlling the intermediate 
but not early phase of C-axon growth in the mouse spinal cord. Further details for 
both cell and axon patterning defects in Gli2 mutants will also be presented. 
Supported by grants from the NIH.

508.8
DM-GRASP IS NECESSARY FOR NON-RADIAL CELL MIGRATION IN THE 
DEVELOPING CHICK DIENCEPHALON
J.A. Golden* and D. Heffron. Dept. of Pathology, Children’s Hospital of Philadelphia 
and the University of Pennsylvania School of Medicine. Philadelphia PA 19104.

Cell migration is required for normal central nervous system (CNS) development. 
Radial cell migration, along radial glial fibers, has been the principal pathway defined 
for cell migration, however, non-radial or tangential cell migration has increasingly 
been identified at all levels of the CNS. Receptors, cell adhesion molecules, and 
extracellular matrix molecules have all been shown to participate in radical cell 
migration. To date, no molecules have been identified that participate in non-radial cell 
migration. We have determined the spatial and temporal parameters for non-radial cell 
migration in the developing diencephalon. We have identified three molecules that are 
expressed in spacially and temporally restricted domains that are consistant with them 
playing a role in non-radial cell migration. One of these molecules, DM-GRASP, a 
transmembrane protein with five extracellular immunoglobulin domains, is expressed 
on the non-radially migrating cells. To test the hypothesis that DM-GRASP 
participates in guiding non-radial cell migration we injected a replication defective 
retroviral vector used for lineage tracing followed by a blocking antibody or a non- 
blocking antibody to DM-GRASP (DM-1 and DM-2, a kind gift from Dr. S. Chang).
In contrast to the non-radial cell migration observed in control embryos, or embryos 
injected with the non-blocking antibody, non-radial cell migration was not observed 
after injection with DM-2. Furthermore, the block of non-radial cell migration was 
specific for the forebrain where DM-GRASP is expressed, in the tectum non-radial cell 
migration was observed independent of the antibody injected. Morphologic analysis 
revealed disruption of the normal architecture of the diencephalon indicating non-radial 
cell migration is necessary for normal morphologic development of the brain. Based on 
these data, we believe DM-GRASP participates in guiding non-radial cell migration in 
the developing forebrain. (Supported by the NIH and the Klingenstein Fund)

508.10
CORPUS GANGLIOTHALAMICUM: HUMAN-SPECIFIC TELENCEPHALO- 
DIENCEPHALIC MIGRATORY STREAM. K. Letinic,1,2   I. Kostovic2 and P. 
Rakic.1* Section of Neurobiology, Yale University Medical School, New 
Haven, CT1 and Croatian Brain Research Institute, Zagreb, Croatia.2

Although discovered almost 3 decades ago in the human fetal brain (Rakic 
and Sidman1969, Z Anat EntwickI Gesch 129:53), the corpus 
gangliothalamicum (CGT), a migratory stream of neurons extending from the 
ganglionic eminence (GE) to the posterior thalamus, has not been further 
investigated, because it could not be found in any other mammalian species. 
The CGT serves as a conduit through which GE cells arrive into the 
thalamus, in order to disperse tangentially, beneath the thalamic surface, as 
far as the medialmost thalamic region. This study shows that while in the 
CGT, immature cells express polysialylated form of neural cell adhesion 
molecule (PSA-N-CAM) and the early neuronal marker TuJ1; in addition, 
after leaving the CGT they start to express cell adhesion molecule 
telencephalin (TLN), indicating their telencephalic origin. Although there are 
no radial glial (vimentin, RC2), or axonal (NF200, PSA-N-CAM) guides within 
the CGT, GFAP-positive astrocytes and extracellular matrix protein tenascin 
are densely distributed throughout the migratory pathway. A close 
relationship of the glia with the CGT cells supports their role in directing or 
restricting the migratory process. The cellular organization and molecular 
identity of the CGT cells suggest that they migrate in groups or chains 
apposed to each other, and independent of other migratory guides, similar to 
the neurons migrating through the rostral migratory stream to the rodent 
olfactory bulb (Lois et al. 1996, Science 271:978). However, CGT is a unique 
example of migratory pathway in a sense that it has not been identified in any 
other mammalian species, and accordingly represents an evolutionary novel 
mechanism for cell distribution. Supported by US Public Health Service.

508.12
SPONTANEOUS CALCIUM FLUCTUATIONS IN THE TIP .OF THE LEADING 
PROCESS OF MIGRATING NEURONS. H. Komuro* and P. Rakic. Section of 
Neurobiology, Yale University School of Medicine, New Haven, CT 06510

We reported recently that migrating neurons exhibit spontaneous fluctuations of 
intracellular Ca2+ levels in their somata during cell movement, and that changes in the 
amplitude- and frequency-components of Ca2+ fluctuations in the cell soma directly 
affect the rate of cell movement (Komuro & Rakic, Neuron 17: 275, 1996). Here we 
examine dynamic changes in the intracellular Ca2+ levels in the leading process of 
migrating neurons. Rectangular pieces (100-200 µm) of cerebella from 2-5 day-old CD- 
1 mice were placed on poly-L-lysine and laminin-coated Petri dishes containing 1 ml 
serum-supplemented culture medium. After 2-3 days in vitro, cells were loaded either 
with 3 µM Fluo-3 AM alone or with 3 µM Fluo-3 AM and 4 µM Fura-Red AM 
diluted in serum-free, defined culture medium for 30 min at 37°C. After rinsing and an 
additional 1-2 hr postincubation in defined culture medium, intracellular Ca2+ levels 
and cell movement were examined using confocal laser scanning microscopy. The 488 
nm line of the argon laser was used to excite both fluorophores while fluorescence 
emission was detected at 540 ± 15 nm (Fluo-3) and/or >600 nm (Fura-Red). Changes 
in intracellular Ca2+ levels in migrating granule cells were directly recorded in single 
optical sections collected at 1-60 sec intervals for up to 60 min. Rapid extension and 
retraction of the growing tip of leading process were not in register with the nuclear 
translocation. During these periods of extension and retraction, the tip of leading 
process exhibited spontaneous Ca2+ fluctuations at a frequency of 10-30 times per 
hour. The duration of each Ca2+ elevation was 1-2 min; the amplitude as indicated by 
Fluo-3 fluorescence varied between 10-30% of resting levels. Ca2+ influx across the 
plasma membrane was required for Ca2+ fluctuations in the leading process, since 
removal of extracellular Ca2+ reversibly blocked Ca2+ fluctuations. Most interestingly, 
Ca2+ fluctuations in the tip of leading process did not propagate to their somata, and 
were not synchronized with Ca2+ fluctuations in the cell soma. These results suggest 
that the movement of leading process and its morphology may be controlled by 
periodic increases and decreases in intracellular Ca2+ levels in the leading process, 
independent of the migrating soma. (Supported by NS14841and NS22807)
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DEVELOPMENTAL EXPRESSION OF FASCICLIN II ISOFORMS 
WITHIN AN IDENTIFIED SET OF MIGRATORY NEURONS AND 
THEIR PATHWAYS IN THE MOTH ENTERIC NERVOUS SYSTEM 
(ENS). J. W right, M. Snyder, and P.F. Copenhaver*. Cell Biology 
L215, Oregon Health Sciences U., Portland, OR 97201.

During embryogenesis in the moth M a n d u ca  sex ta , a population of 
~300 undifferentiated neurons (EP cells) becomes distributed within the 
ENS via a stereotyped sequence of migration along pre-formed muscle 
band pathways. We have identified the cell adhesion receptor fasciclin II 
as a likely guidance cue involved in the regulation of this migratory 
process. Two isoforms o f moth fasciclin II (MFasII) have been identified 
in M a n d u ca , a GPI-linked form (86 kD) and a transmembrane form (92 
kD), both of which are expressed in the developing ENS. Isoform- 
specific in s itu  hybridization probes and antisera have shown that both 
forms are initially expressed by the premigratory EP cells. Subsequently, 
however, the transmembrane form becomes predominantly expressed by 
the migratory neurons, while the GPI-linked form becomes increasingly 
confined to the glial cell population. The muscle band pathways also 
transiently express at least one of these isoforms but only during the 
active period of migration. Preliminary results also suggest that MFas II 
may be necessary for normal EP cell migration: neuronal motility was 
disrupted when embryos were cultured in the presence of an antibody 
against the shared extracellular domain of both isoforms, while enzymatic 
cleavage of the GPI-linked form with the phosphoinositol-specific 
phospholipase C also disrupted migration. In addition, 
immunoprecipitation experiments suggest that a soluble protein tyrosine 
kinase is associated with one or both isoforms of MFas II in v ivo . 
Supported by NIH #  NS34439.
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509.1

DYNAMIC IN VIVO PROPERTIES OF A 
GROWTH CONE AS CONTROLLED BY 
CDC42 M.  Kim, C.Q. D o e *  &  A. Chiba D e p t .  C e ll  &  

Struct. B io l., U n iv . o f Illin o is , U rb a n a , IL  6 1 8 0 1 .

A c tiv a tio n  o f th e  s m a ll G T P a s e  C D C 4 2  h a s  b e e n  s h o w n  to  
in c re a s e  f i lo p o d ia l a c t iv it ie s  in v itro . T o  a n a ly z e  its  in v iv o  
ro le s  d u r in g  g ro w th  c o n e  g u id a n c e ,  w e  d e v e lo p e d  a  l iv e  
v is u a liz a tio n  m e th o d . T r a n s g e n ic  a n im a ls  ( D r o s o p h i la ) w e r e  
c re a te d  in w h ic h  a  m e m b r a n e - ta r g e te d  G F P  w a s  e x p r e s s e d  
in n e u ro n s  a n d  th e  f i lo p o d ia l  d y n a m ic s  o f  s p e c if ic  g ro w th  
c o n e s  w e r e  m o n ito r e d  liv e  th r o u g h  t im e - la p s e  f lu o r e s c e n t  
m ic ro s c o p y  in v iv o . T h e  t r a n s g e n ic  (G A L 4 )  s y s te m  w e  h a v e  
a d a p te d  a ls o  a llo w s  fo r  th e  c o -m is e x p r e s s io n  o f m o d if ie d  
fo rm s  o f C D C 4 2  in th e  n e u ro n s  u n d e r  a n a ly s is . C o n s titu t iv e ly  
a c tiv e  C D C 4 2  g r e a t ly  fa c il i ta te s  fi lo p o d ia l a c t iv it ie s  in  s p e c ific  
g ro w th  c o n e s  (e .g . ,  th e  T N  g ro w th  c o n e ) ,  b u t th e ir  in c r e a s e d  
filo p o d ia l a c t iv it ie s  d o  n o t le a d  to  a n y  a lt e r a t io n s  in  th e ir  
p a th w a y  s e le c t io n s . In  c o n tra s t , th e  S N b  g ro w th  c o n e s , th a t  
e x h ib it  little  c h a n g e  in  th e ir  f i lo p o d ia l a c t iv it ie s ,  c o n s is te n t ly  
c h a n g e  th e ir  p a th f in d in g . W e  p r o p o s e  a  m o d e l  in w h ic h  
C D C 4 2  c o n tro ls  tw o  s e p a r a b le  p a th w a y s  w ith in  a  g ro w th  
c o n e , o n e  fo r  c o n tro llin g  f i lo p o d ia l a c t iv it ie s  a n d  th e  o th e r  fo r  
d irec tin g  g ro w th  c o n e  g u id a n c e . S u p p o r te d  b y  N IH  a n d  N S F .

509 .3

INHIBITION O F N E U R IT E  O U TG RO W TH  BY O V ER-  
EX PRESSION O F  Go. S. Ghil1, B. Kim1, E. Choi2*, Y. Lee1, H. Suh1. 
1Department o f Anatomy, Ajou University, School of Medicine, 

Suwon, 442-749, 2Graduate School of Biotechnolgy, Korea University, 
Seoul, 136-701, Korea.

G proteins mediate signal transductions generated by 
neurotransm itters and hormones. Among all G-proteins, Go is the 
most abundant in brain but its role in brain is not clearly understood. 
Several studies have shown that Go modulate neurite outgrowth in 
neuronal cells. H ow ever, those results do not seem to agree with each 
other. Therefore, we attempted to determine the role of Go in 
neuronal cells.

Transient expression of Goα in neuroblastoma cell line, F 11, 
inhibited the neurite outgrowth in the presence of dibutyryl cAMP. A 
mutant Goα(Q205L) which lost the G TPase activity and thus could 
not bind to GβY also inhibited the neurite outgrowth as well as the 
wild type Goα: Expression of Goa wild type and the m utant decreased 
the average neurite length 3-4 fold, while increasing the number of 
neurites per cell 2.3 fold.

T he finding tha t overexpression of both the wild type and a 
m utant of Goα inhibited the neurite outgrowth in neuroblastoma cells 
suggests tha t Goα may be the functional component for neuronal 
dedifferentiation. We are currently investigating the downstream 
signalling of Go.

5 09 .2

EXPRESSION OF PKC INHIBITORY PEPTIDE IN XENOPUS TECTAL 
CELLS CHANGES THE DYNAMIC GROWTH OF RETINAL AXONS 
AND TECTAL NEURONS IN VIVO. D.J. Zou* and H.T. Cline. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY 11724

Our previous results suggest that CaMKII pathway may underlie the 
activity-dependent plasticity of neuronal structure in the developing frog visual 
system. By using viral expression vectors combined with in vivo imaging 
techniques, we found that the expression of a potent and highly selective CaMKII 
inhibitor AIP in the postsynaptic tectal cells increases the growth of presynaptic 
retinal axons; the expression of a constitutively active form of CaMKII prevents the 
normal elaboration of axons. To study the possible role of other Ca2+-dependent 
signaling pathways in regulating the development of the retinotectal system, we 
have tested whether the expression of PKC inhibitory peptide in tectal cells 
changes the dynamic growth of individual DiI labeled retinal axons and tectal 
neurons. In protein kinase assays performed in the homogenates of stage 48 albino 
Xenopus tadpole brains, a synthetic peptide PKC(19-36) inhibited the endogenous 
Ca2+/PMA dependent PKC activity with an IC50 of 10 µM. In the tadpoles infected 
with the PKC(19-36) virus, the single retinal axons observed in vivo repetitively over 2 
days showed a greater increase in the axon length (167 ±  22 µm, p<0.05, n=26) 
compared to the non-infected control axons (100 ± 21 µm, n=23). In addition, in 
the PKC axons the branchtip number significantly decreased (-3.2 ± 1.1, p<0.05) 
compared to the control axons (1.7 ± 1.5). However single tectal neurons in the 
animals infected with the PKC virus grew relatively less than those in the non- 
infected controls. These results suggest that PKC in the tectal neurons may play a 
role distinct from CaMKII in the activity-dependent mechanisms controlling the 
coordinated development of the frog visual system.

Supported by NIH.

5 0 9 .4

N-CADHERIN- AND LAMININ-INDUCED NEURITE OUTGROWTH 
REQUIRES ERK SIGNALING. J.C Perron* and J.L. Bixby. Dept. Of Molecular 
& Cellular Pharmacology, University of Miami School of Medicine, Miami, FL 
33136.

The regulation of axon growth is a process crucial to development. Many different 
inducers, representing distinct classes of proteins, positively regulate axon growth. 
However, the signaling cascades activated by these growth-promoting factors are 
incompletely defined. One well characterized transduction pathway is the MAP 
(Mitogen-Activated Protein) kinase/ERK (Extracellular-signal Regulated Kinase) 
pathway. Soluble growth factors, such as basic fibroblast growth factor (bFGF), 
activate ERK in both non-neuronal and neuronal cell types. The extracellular matrix 
proteins, laminin (LN) and fibronectin (FN), have also been shown to stimulate ERK 
activity in non-neuronal cells. Basic FGF, FN, and LN share the ability to stimulate 
neurite outgrowth. N-cadherin, a Ca2+-dependent cell adhesion molecule, is also 
capable of inducing robust neurite outgrowth, but it is not known whether cadherins 
can activate ERK. We have investigated whether ERK signaling might play a general 
role in the induction of neurite outgrowth. Embryonic day 6 (E6) chick retinal 
neurons were plated onto N-cadherin, LN, or poly-D-lysine (PDL) substrates and 
incubated in the presence or absence of bFGF. In vitro kinase assays were used to 
measure ERK activation in response to stimulation of retinal neurons with these 
growth-promoting molecules (bFGF, LN, and N-cadherin). As has been demonstrated 
for bFGF, both LN and N-cadherin activate ERK in retinal neurons. The activation of 
ERK by LN and N-cadherin results in redistribution of ERK to the plasma 
membrane; pretreatment of the cells with PD98059, a MAPK/ERK kinase inhibitor, 
abolishes this redistribution. In addition, the neurite outgrowth induced by bFGF, 
LN, and N-cadherin can be inhibited by PD98059. We conclude that N-cadherin can 
activate ERK in retinal neurons, and that ERK activation is a key element in several 
distinct signal transduction pathways leading to neurite outgrowth. Our results 
suggest that ERK activation is one point of convergence for signals generated by a 
variety of axon growth-promoting molecules.
(Funded by grants to JLB from the NIH and NSF)
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SIGNALLING PATHWAYS INVOLVED IN TWO DISTINCT FORMS OF 
NEURITOGENESIS IN A NEURONAL PROGENITOR CELL LINE. Vogt 
Weisenhorn D.M*, Roback L., Wainer B.H., Dept. of Path. and Wesley Woods 
Lab. for Brain Science, Emory University, Atlanta, GA, 30329 
Initiation of neurite outgrowth is essential to neuronal development. In PC12 cells, 
two main signalling cascades have been found to participate in neuritogenesis: i) 
Receptor tyrosine kinase activation of the Ras-MAP kinase pathway; and ii) 
cAMP/PKA-mediated signalling which is thought to feed into the MAP kinase 
pathway. However, the degree of interaction between these pathways varies between 
different cell strains, and the relevance to actual signalling events in primary neurons 
is not clear. We have generated a neuronal progenitor cell line, AS583-8, which 
shows different neurite formation responses to cAMP-mediated β-adrenergic and 
receptor tyrosine kinase-mediated fibroblast growth factor (FGF) receptors. Both 
responses are present in primary neurons of the basal forebrain, the source of 
AS583-8 cells. We found that components of the MAP-kinase pathway that have 
been proposed to modulate interactions with cAMP/PKA signalling, specifically 
certain B-Raf isoforms are identical in the cell line and primary neurons, but not in 
PC12 cells where these interactions have been observed. Furthermore, inhibiting the 
activation of MAPK significantly reduces neurite formation after FGF-, but not after 
β-adrenergic receptor stimulation, β-adrenergic receptor mediated neurite formation is 
stronlgy diminished in cells expressing the PKA specific inhibitor, pKI, indicating 
necessity of PKA for this response. In addition, activation of the cAMP/PKA 
pathway leads to an immediate and drastic change in the distribution and 
phosphorylation status of components of focal adhesion complexes not observed 
after FGF-treatment. Therefore, in AS583-8 cells, and presumably in neurons, the 
signalling pathways regulating features of neurite outgrowth strongly depend on the 
different extracellular signals and are independent of each other (Supported by Alice 
and Roy Richards Endowed Chair, Grant NS25787, SANW and DFG).

5 0 9 .7

CORTACTIN ASSOCIATES WITH N-SYNDECAN UPON CELL CONTACT 
WITH HB-GAM AND LTP-INDUCING HIGH-FREQUENCY STIMULATION.
T. Kinnunen*, S. Lauri, M. Kaksonen, A. Hienola and H. Rauvala. Laboratory of 

Molecular Neurobiology, Institute of Biotechnology, Box 56, 00014 University of 
Helsinki, Finland. e-mail: tarja.kinnunen@helsinki.fi

N-syndecan (syndecan-3) is a transmembrane heparan sulfate proteoglycan 
previously isolated as a receptor for HB-GAM (heparin-binding growth-associated 
molecule). N-syndecan is suggested to mediate the HB-GAM-induced neurite 
outgrowth from cell matrix to the cytoskeleton of neurites. We have recently shown 
that a tyrosine kinase activity, together with its substrate(s), interacts specifically with 
the cytoplasmic moiety of N-syndecan. Using cytosolic peptide affinity we have 
shown that Src and Fyn kinases together with Src substrates cortactin and tubulin 
associate with the N-syndecan cytosolic domain. In addition, a PDZ-domain protein 
is present in the complex associating with N-syndecan. In cells expressing 
endogenous N-syndecan, cortactin associates with N-syndecan upon cell contact with 
HB-GAM-matrix. A similar increase in cortactin association to N-syndecan is 
observed in hippocampus following an LTP inducing high frequency stimulation, 
suggesting that N-syndecan-cortactin interaction is also involved in the modulation 
of neuronal connectivity during plastic changes in adults. In cells transfected with N- 
syndecan, ligation of N-syndecan by HB-GAM increases c-Src and cortactin 
phosphorylation. Cortactin phosphorylation follows that of Src, suggesting that c-Src 
is activated. We suggest that ligand binding to N-syndecan induces cortactin 
association to N-syndecan and leads to cytoplasmic signalling pathways involved in 
neurite outgrowth and synaptic plasticity. Supported by the Academy o f Finland and 
by Sigrid Jusélius Foundation.

5 0 9 .9

THE NEURAL CELL ADHESION MOLECULE L1 IS 
ENDOCYTOSED VIA THE AP-2 AND CLATHRIN-M EDIATED  
MECHANISM. H. Kamiauchi,* K.E. Long, M. Pendergast, A.W. Schaefer, I. 
Rapoport,  ̂T. Kirchhausen^ and V. Lemmon. Dept. of Neurosciences, Case 
Western Reserve University, Cleveland OH 44106; ^Dept. of Cell Biology and 
the Center for Blood Research, Harvard Medical School, Boston, MA 02115 

Cell-cell interactions mediated via cell adhesion molecules (CAMs) are 
dynamically regulated during neural development. One mechanism to control 
the amount of cell-surface CAMs is to regulate their recycling from the plasma 
membrane. The L1 subfamily of CAMs has a highly conserved cytoplasmic 
domain which contains a tyrosine followed by the alternatively spliced RSLE 
(Arg-Ser-Leu-Glu) sequence. The resulting sequence of YRSL conforms to a 
tyrosine-based sorting signal that mediates clathrin-dependent endocytosis of 
signal-bearing proteins. The present study shows that L1 associates in rat 
brain with AP-2, a clathrin adaptor that captures plasma membrane proteins 
with tyrosine-based signals for endocytosis by coated pits. In vitro assays 
demonstrate that this interaction occurs via the YRSL sequence of L1 and the 
µ2 chain of AP-2. In L1-transfected 3T3 cells, endocytosis of L1 is blocked by 
dominant-negative dynamin that specifically disrupts the formation of clathrin- 
coated vesicles. Furthermore, endocytosed L1 colocalizes with markers for 
clathrin-mediated internalization such as the transferrin receptor (TfR). Mutant 
forms of L1 that lack the YRSL do not colocalize with TfR, indicating that the 
YRSL mediates endocytosis of L1. These results establish a mechanism by 
which L1 can be internalized from the cell surface. In chick dorsal root 
ganglion neurons growing on an L1 substrate, axonal L1 is preferentially 
endocytosed at the rear of growth cones, colocalizing with Eps15, another 
marker for the clathrin endocytic pathway. This observation suggests that an 
active region of L1 endocytosis at the rear of growth cones is important in L1- 
dependent axon growth. Supported by NIH grants (EY-5285, NS-34252) and 
Vision Center Grant (P30 EY11373) to V.L., and GM 36548 to T.K.

5 0 9 .6

REGULATION OF GAP-43 EXPRESSION BY BASIC HELIX- 
LOOP-HELIX PROTEINS. M. N. Uittenbogaard, and A. 
Chiaramello*. Department of Anatomy and Cell Biology, George 
Washington University Medical Center, Washington, DC 20037.

Upon differentiation, postmitotic neuroblasts express the GAP-43 
gene at high levels in their growth cones during axonal outgrowth and 
synapse formation. Our objective has been to elucidate the molecular 
mechanism that control the spatial and temporal expression of GAP- 
43 gene. We identified seven E-boxes (E 1 to E7) in the GAP-43 
promoter region that are organized in two clusters, a distal cluster (E3 
to E7) and a proximal cluster (E1 and E2). The most proximal E 1 E- 
box, which is conserved between the rat and human GAP-43 promoter 
sequences, in terms o f flanking sequence, core sequence, and position, 
is a critical regulatory element for GAP-43 promoter activity. GAP- 
43 expression is down-regulated upon binding of the bHLH protein 
ME1a. The ME1a-mediated repression of GAP-43 is released upon 
posttranslational modification of M Ela, which prevents M Ela from 
binding to the E 1 E-box. Using progressive N-terminal deletions o f  
ME1a coding sequences, we showed that the bHLH domain of M E1a 
is necessary and sufficient to mediate repression. Together, these 
results suggest that M Ela may repress GAP-43 expression by 
occupying the critical E-box E 1, and may not function as an activator 
due to a lack of interactions with key components of the transcription 
machinery.
This work was supported by grants from the National Science 
Foundation and Council for Tobacco Research.

5 0 9 .8

A mechanism for the stimulation of neurite outgrowth by 
N-cadherin. M.A.Utton, J.L.Saffell and P .Doherty* . Dept. 
Experimental Pathology, UMDS, Guy's Hospital.London 
Bridge. London. SEl 9RT. U.K.

Cadherins constitute a major class of adhesion 
molecules that support calcium-dependent, homophilic 
cell-cell adhesion. N-cadherin is expressed in a variety 
of neuronal and glial cells of the peripheral and central 
nervous system of vertebrate embryos. N-cadherin is 
capable of stimulating neurite outgrowth and we have 
postulated that it can stimulate this response by activat- 
ing the fibroblast growth factor receptor (FGFR). In the 
present study we demonstrate that N-cadherin-Fc, a 
chimeric molecule consisting of the extracellular domain 
of N-cadherin linked to the Fc region of human IgG (NCAD- 
Fc), can stimulate neurite outgrowth from retinal ganglion 
cells when used as a substrate. As a soluble molecule 
NCAD-Fc can stimulate neurite outgrowth from cerebellar 
neurons in a dose-dependent manner. We also show that 
cerebellar neurons isolated from transgenic mice that 
express a dominant negative FGFR have lost their ability 
to respond to the NCAD-Fc. Treating L6 cells, which have 
been engineered to over-express the FGFR, with NCAD-Fc 
leads to phosphorylation of the FGFR. These data 
indicate that activation of the FGF receptor is necessary 
for the ability of N-cadherin to stimulate neurite 
outgrowth.
Research is funded by the MRC and the Wellcome Trust.

5 0 9 .1 0

INOSITOL 1,4,5-TRISPHOSPHATE RECEPTORS PLAY A CRUCIAL ROLE IN 
NERVE GROWTH IN CHICK DRG NEURONS. K. Takei1*, R.-M. Shin2, T. 
Inoue2, K. Kato1 and K. Mikoshiba1,2. 1Calciosignal Net Project, ERATO, Japan Sci. & 
Tech. Corp., Tokyo 153-0064, Japan, 2Dept. of Mol. Neurobiol., Inst. of Med. Sci., 
The Univ. of Tokyo, Tokyo 108-0071,  Japan.

A transient increase in intracellular Ca2+ is considered to be a key step in the 
signaling cascade for nerve growth and may be caused by Ca2+ influxes across the plasma 
membrane. Inositol 1,4,5-trisphosphate (InsP3)-induced Ca2+ release (IICR) from 
internal Ca2+ stores mediates many cellular functions, but the extent of involvement of 
InsP3 signaling in nerve growth has remained to be determined. The InsP3 receptors 
(InsP3Rs) act as an InsP3-gated Ca2+ release channel. We found that type 1 InsP3 
receptor (InsP3Rl), the major neuronal member of the InsP3 receptor family, was 
enriched in neuronal growth cones of chick dorsal root ganglion neurons cultured on 
laminin. We determined effects of inhibitors on the nerve growth. Depletion of 
internal Ca2+ stores by thapsigargin, an inhibitor of Ca2+-ATPase, and loss of InsP3 
signaling by lithium, one of which function is blocking of a phosphatidyinositol 
turnover, significantly inhibits neurite extension. Microinjection of heparin, a 
competitive InsP3Rs blocker induced neurite retraction. We asked if InsP3Rl in the 
growth cone is required for neurite extension by observing growth cone motility in 
response to the acute and localized loss of the InsP3R l. For this, we used a 
chromophore-assisted laser inactivation (CALI) technique, a potent method of protein 
ablation, with high spatial and temporal specificity. Temporal loss of functions of 
InsP3Rl in the growth cone caused neurite retraction, but there was no effect of CALI of 
InsP3Rl in neurites. Control CALI with dye-labeled nonspecific antibodies did not 
affect growth cone motility. These findings strongly suggest that InsP3Rl in the 
growth cone have crucial roles and the IICR may play important roles in the growth 
cone behavior and neurite extension.
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509.11
NITRIC OXIDE INDUCED BOTH PROMOTION AND  
INHIBITION FOR NEURITE GROWTH IN RAT DRG 
NEURONS.  s. TSUKADA*, and J. FUKUDA. Department 
of Physiology, National Defense Medical School, Tokorozawa, 
Saitama, JAPAN.

Nitric oxide (NO), a diffusible second messenger molecule, has been 
known to inhibit the growth of neurites in culture. We have previously 
reported that NO promotes growth of DRG neurite. Here we report 
that effects of NO were changed by the doses and by the methods of 
application. Namely, neurite elongation was induced by a small dose 
of NO, while growth inhibition was induced by excess dose of NO. 
Uniform bath application of NO donor (NOR3) caused inhibition for 
neurite elongation. By contrast, ejection of NO from a micropipette to 
a growth cone induced enhancement of neurite extension. Local NO 
application to neurite other than growth cone did not induced neurite 
extension. Hemoglobin suppressed the NOR3 induced both 
promotion and inhibition of neurite growth. These findings indicated 
that the appropriate dosage of NO to the growth cone, may essential 
for neurite promotion. We conclude these bi-functional NO's effects, 
both promotion and inhibition of neurite growth, may effective for use 
dependent establishment and modification of neural connections.

509.13
A TRANSFECTION-BASED ASSAY FOR MOLECULAR DETERMINANTS 
OF NEURONAL CIRCUITS IN VISUAL CORTEX
I.M. Kloer*1, B. Faulkner-Jones2, J.R. Sanes2, L.C. Katz1 1Howard Hughes Medical 
Institute and Dept. of Neurobiology, Duke Univ., Durham, NC 27710 and 2Dept. of Anatomy 
and Neurobiology, Washington Univ. School of Medicine, St. Louis, MO 63110

As part of a broad screen for molecules guiding dendritic and axonal specification in 
the developing visual cortex, we are employing biolistics (particle-mediated transfec
tion) in cortical slices. This allows screening for morphogenetically relevant molecules 
in an organotypic setting and may reveal effects of candidate molecules (cell surface 
proteins, their receptors, or parts of signal transduction cascades) which have thus far 
eluded observation in dissociated cells.

As part of this effort, we examined the effects of overexpressing different members 
of the family of Rho-related small GTPases, implicated in regulating neuronal process 
outgrowth in vivo (Luo et al., Nature 379:837, 1996) and in vitro (Threadgill et al., 
Neuron 19: 625, 1997). We focused on neurons in cortical layer 2/3, from 21-day-old 
ferrets. At this age, many neurons are well-developed, with mature basal dendrites, 
dendritic spines, and layer-specific axon arbors.

Transfection with constitutively active forms of Racl and cdc42 clearly altered mor- 
phology even in these largely differentiated neurons. Within 19 hours post-transfec- 
tion, basal dendrites were profuse (n=17, 7.2 dendrites/neuron vs. 3.6 for GFP- 
transfected controls), but dramatically shortened (mean length= 21 µm vs. 108 µm for 
controls). These effects are clearly distinct from those elicited by overexpressing 
BDNF, a neurotrophin (see abstract by Horch et al.) suggesting at least some 
specificity to the actions of these constructs. Transfection with dominant negative 
mutants of Rac1 and cdc42 led to converse effects in some of the transfected neurons: 
apical dendrites appeared stunted and thickened while basal dendrite length was 
unchanged. Finally, while dendrites were clearly altered by these perturbations of 
Rac1 and cdc42, the layer-specific axonal branching pattern of these neurons (which 
make horizontal connections in layers 2/3 and 5, but avoid layer 4) was not 
compromised.
NIH (NEI) grant EY11553, Deutscher Akademischer Austauschdienst and NHMRC-PDF.

509.15
THE RHO GTPASE IS ESSENTIAL FOR NEURONAL GUIDANCE. ML. 
Me rc ado, S.  Meiners*, and H. M. Geller, Department of Pharmacology, 
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854.
The Rho family of GTP-binding proteins regulate cytoskeletal reorganization of 
the neuronal growth cone in response to extracellular cues. Clostridium 
botulinum exoenzyme C3 inactivates Rho A, B, and C by ADP-ribosylating an 
asparagine residue at position 41. Because an increase in neurite extension and 
an induction of lamellipodia and filopodia has been observed after Rho 
inactivation, we hypothesize that Rho activation is required for growth cone 
sensing and neurite guidance. In order to measure neurite guidance, a boundary 
assay was performed. A drop of laminin (10 µg/ml) was added to a poly-L- 
lysine (100 µg/ml) coated glass coverslip to produce a circular substrate 
boundary. Cerebellar granule cells from postnatal day 8 Sprague-Dawley rat 
pups were plated on the coverslip and analyzed after 48 hours in vitro. The 
number of neurites that crossed from laminin onto poly-L-lysine of control 
neurons or neurons to which 5 µg/ml of C3 exotransferase were added to the 
media were counted. Few control cerebellar granule cell neurites crossed onto 
poly-L-Iysine. The percentage of C3 treated neurites that left laminin and 
crossed the boundary increased significantly. Therefore, the inactivation of Rho 
inhibits the turning response at an extracellular matrix molecule boundary. This 
study identifies a signal transduction molecule that may play a role in laminin- 
mediated synaptic targeting during development.
Supported by NIH R01 NS-24168 to H.M.G.

509.12
INTEGRIN α4β1 MEDIATES NEURITE OUTGROWTH ON VCAM-1 AND 
FIBRONECTIN. D.O. Clegg*, L. Mullick, K. Wingerd, J. Atienza, and G.M.

Cann. Neuroscience Research Institute and Department of Molecular, 

Cellular, and Developmental Biology, University of California, Santa Barbara, 

CA 93106
The α4β1 integrin receptor has been shown to mediate crucial cell-cell and 

cell-matrix interactions in the developing embryo, but its role in the nervous 

system is relatively unexplored. We have found that this integrin is expressed 

in developing mouse retinal neurons, and it mediates cell adhesion and 

neurite outgrowth on vascular cell adhesion molecule-1 (VCAM-1). 

Expression of the α4 subunit was detected in undifferentiated retinal 

precursor cells, and in retinal ganglion cells in E14 mouse retinal tissue 

sections and in dissociated cells. In chick retina, the α4 subunit mRNA was 

detected by northern blotting throughout embryonic development. To 

determine functions carried out by this receptor, we utilized function blocking 

antibodies to show that retinal neurons extend neurites on substrates coated 

with VCAM-1 and fibronectin in an α4-dependent manner. Sympathetic 

neurons also respond to VCAM-1 by extending neurites. VCAM-1 mRNA was 

detected by PCR in the developing retina, and VCAM-1 expression is 

abundant in developing heart tissue, suggesting possible roles for α4β1 - 
VCAM-1 recognition in axon pathfinding events.

509.14
REGULATION OF AXONAL, BUT NOT DENDRITIC BRANCHING BY 
P21 RHO.
G.J.A. Ramakers*, M.B. Lequin, J. van Pelt, C. Pool. Neurons and Networks, 
Netherlands Institute for Brain Research, Meibergdreef 33, 1105 AZ 
Amsterdam, The Netherlands

The morphogenesis of neurons is the result o f the activity o f the growth 
cones at the distal tips o f axons and dendrites. Growth cone shape, 
directionality and branching appear to be primarily dependent on the actin 
cytoskeleton, whereas net neurite outgrowth is dependent on microtubules. 
Little is still known about the singaling cascades by which the guidance cues 
are translated into directed neurite outgrowth and branching. We investigated 
the role of the small GTPase Rho, which has been implicated as an important 
regulator o f the actin cytoskeleton.

Cultures o f rat cerebral cortex were treated with C3 transferase, a specific 
inactivator o f Rho, at 24 hours in vitro, followed by quantitative analysis of 
neuronal morphology 24 and 48 hours later. At 24 hours after blocking Rho 
the density o f lateral filopodia along axons and dendrites was strongly 
decreased. After 48 hours, the number o f neurites was reduced, and total 
axonal, but not dendritic length was decreased. The reduction in axonal length 
was not due to a decrease in axonal elongation length, but resulted from a 
strong decrease in axonal branching. C3 treatment furthermore reduced f-actin 
staining, but did not affect neuronal survival at 48 hours. The decrease in 
axonal branching at 48 hours might be due to the earlier loss o f axonal 
filopodia.
Support: Royal Netherlands Academy o f Sciences.

509.16
PTPµ INDEPENDENTLY PROMOTES NEURITE OUTGROWTH AND 
REGULATES N-CADHERIN DEPENDENT NEURITE OUTGROWTH.
S.M. Burden-Gulley* and S. Brady-Kalnay. Dept. of Molecular Biology and 
Microbiology, Case Western Reserve Univ. School of Medicine; Cleveland, OH 
44106.

PTPµ is a receptor type protein tyrosine phosphatase (RPTP) that is a 
member of the Immunoglobulin Superfamily of cell adhesion molecules (CAMs). 
PTPµ binds homophilically to promote adhesion, and is catalytically active 
suggesting that it may send intracellular signals in response to extracellular changes 
in cell adhesion. PTPµ is expressed at high levels in the embryonic and adult brain, 
and may be involved in nervous system development and maintenance. Recent 
reports have shown that other RPTPs play a role in axonal pathfinding in Drosophila 
(Cell (1996)84:599; Cell (1996) 84:611). To determine whether PTPµ may be 
important for axonal growth, we purified PTPµ from brain and used it as a culture 
substrate. PTPµ promoted neurite outgrowth from chick retinal ganglion cells 
(RGC) as well as the migration of a subset of other retinal cells. The morphology of 
the neurites and growth cones on PTPµ was distinctive from the morphology 
observed on other CAM substrates, suggesting that PTPµ utilized a unique signaling 
pathway for promotion of neurite outgrowth. Previously, the intracellular domain of 
PTPµ was shown to associate with cadherins (J. Cell Biol.( 1995) 130:977; J. Cell 
Biol. (1998)141:287). In this study, PTPµ was detected in a complex with N- 
cadherin in retina. Following downregulation of PTPµ expression through antisense 
techniques, N-cadherin mediated outgrowth of RGC neurites was perturbed. 
However, reduction of PTPµ protein levels had no effect on laminin or L 1 mediated 
neurite outgrowth. Together, these data provide the first evidence that a RPTP, 
PTPµ, promotes neurite outgrowth in vitro, and directly regulates neurite outgrowth 
mediated by N-cadherin. (Supported by a grant from the American Cancer Society, 
Ohio Division, and Research Oncology Training Grant CA-59366-04.)
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B-50/GAP-43 INDUCES EXCESSIVE BLEB FORMATION IN PC12 
CELLS. P. Schotman*, L.H. Schrama, W.H. Gispen and L.H.J. Aarts. 
Dept. of Physiol .Chemistry, Rudolf Magnus Institute for 
Neurosciences, Universiteitsweg 100, 3584 CG Utrecht, NL

B-50/GAP.-43 is an F-actin-binding protein involved in 
neuritogenesis. Overexpression of the protein leads in a variety of cell 
types to morphogenetic activity, i.e. formation of filopodia and 
sometimes blebbing. These morphological changes are accompanied 
by rearrangement of the F-actin submembraneous cytoskeleton.

Transfection of B-50 cDNA in PC-B2 cells, a subclone of PC12 
cells devoid of endogenous B-50 expression, caused the extrusion of 
filopodia or extensive blebbing depending on the degree o f expression 
of B-50. Immunogold electron microscopic examination revealed, that 
B-50 is primarily associated with the plasma membrane. In the blebs, 
however, the plasma membrane appeared to be far more heavily 
decorated with gold particles confirming, that bleb formation is 
associated with high expression levels of B-50. Several blebs also 
contained large vesicular structures heavily decorated with B-50

A time lapse study using B-50-GFP fusion constructs confirmed the 
filopodial nature of the extrusions at moderate expression levels, 
whereas highly dynamic blebbing was observed at high expression 
levels of B-50-GFP. In the filopodial extensions, F-actin labeling 
mainly colocalized with that for B-50, whereas the large, dynamic 
blebs, decorated for B-50, were virtually devoid of F-actin.

This research was supported by NWO grant 903-42-006.

5 0 9 .1 9

L IT H IU M  IN H IB IT S  N E U R IT E  G R O W T H  A N D  T P K I /G S K 3 - ß -  
D E P E N D E N T  P H O S P H O R Y L A T IO N  O F  J U V E N IL E  T A U  IN  
C U L T U R E D  H IP P O C A M P A L  N E U R O N S .  M . T a k a h a s h i* , K . 
Y a s u ta k e ,  K . T o m iz a w a .  In te g r a t iv e  P r o je c t  C e n te r ,  M its u b is h i  
K a s e i In s t itu te  o f  L ife  S c ie n c e s , T o k y o  1 9 4 -8 5 1 1 ,  J A P A N .

T a u  p ro te in  k in a s e  I (T P K I )  /  g ly c o g e n  s y n th a s e  k in a s e - 3 ß  
( G S K -3 ß )  h a s  b e e n  s h o w n  to  b e  a b u n d a n t  in th e  d e v e lo p in g  ra t 
b ra in  a n d  th e  h ig h ly  p h o s p h o ry la te d  ju v e n ile  fo rm  o f ta u  o c c u rs  
in th e  s a m e  p e r io d . R e c e n t ly  it h a s  b e e n  re p o r te d  th a t  lith iu m  
r e d u c e s  ta u  p h o s p h o ry la t io n  b y  d ire c t  in h ib it io n  o f  T P K I /G S K -  
3 ß  in c u ltu re d  c e lls . In  th is  p re s e n ta t io n , w e  d e s c r ib e  th e  e ffe c ts  
o f lith iu m  o n  th e  g ro w th  o f n e u r ite s  a n d  p h o s p h o ry la t io n  o f ta u  
in  p r im a r ily  c u ltu re d  h ip p o c a m p a l n e u ro n s  o f  ra t. T h e  c u ltu re d  
c e lls  u n d e r  v a r io u s  c o n c e n tr a t io n s  o f  L iC I w e r e  f ix e d  w ith  
a c e to n e  a n d  im m u n o h is to c h e m ic a l c h a n g e s  o f n e u r o n s  w e r e  
e x a m in e d  b y  s ta in in g  w ith  a n t ib o d ie s  o f M A P 2 ,  ß -tu b u lin , ta u ,  
s y n a p to p h y s in .  A s  a  re s u lt ,  n e u r ite  g ro w th  o f  th e  c e l ls  w e r e  
in h ib ite d  d e p e n d in g  o n  th e  c o n c e n tr a t io n  o f L iC I ( 2 ~ 1 0  m M ) .  
W e s te r n  b lo t a n a ly s e s  o f th e  p h o s p h o r y la te d  ta u  in th e  c e ll  
e x t ra c ts  s h o w e d  th a t  l ith iu m  d e c r e a s e d  d o s e -d e p e n d e n t ly  th e  
a m o u n t  o f  p h o s p h o ry la te d  s e r in e s -1 9 9  a n d  -3 9 6 ,  T P K I /G S K - 3 ß  
p h o s p h o r y la t io n  s it e s  in  ta u .  R o s c o v it in e  ( 1 0  µ M ) ,  o n e  o f  
c d k 5 /T P K I I  in h ib ito rs ,  a c c e le r a t e d  th e  in h ib it io n  b y  lith iu m .  
T h e s e  re s u lts  in d ic a te  th a t  T P K I /G S K - 3 ß  h a s  a n  im p o r ta n t ro le  
in th e  n e u r ite  g ro w th  in d e v e lo p in g  b ra in .

5 0 9 .1 8

EXTRACELLULAR MATRIX MOLECULES AND G ROW TH  
FACTORS DIFFERENTIALLY MODULATE NEURITE O U T - 
GROWTH FROM BOTH APLYSIA  SENSORY AND BAG C E LL  
N E U R O N S. L. Gruenbaum , E.A. Jonas*1, and T.J. Carew, Yale Univ., Dept. 
of Psychology and 1Pharmacology, New Haven, CT 06520.

Recent data from vertebrates indicate that components of the extracellular 
matrix (ECM) may act not only as passive substrates for cellular outgrowth, but 
may also activate signal transduction processes, thereby modulating the 
effects of growth factors on neuronal outgrowth (Millaruelo et al., 1988). 
Proteins with homology to components of the vertebrate ECM, e.g. laminin, 
fibronectin and, collagen, also exist in invertebrates. Moreover, beta1-integrin, 
a component of a cellular receptor for these proteins, has been described in 
Aplysia as well as in other invertebrates (Wu et al., 1996).

In this study, we examined the outgrowth of Aplysia pleural sensory 
neurons (SNs) and bag cell neurons (BCNs), on different substrates. Cells 
were fixed after 3 to 5 days in culture and double-stained using actin and 
tubulin immunofluorescence. Different aspects of the cellular morphology 
were quantified using a laser scanning confocal microscope. SNs cultured on 
laminin extend thin, highly branched neurites compared to SNs grown on 
poly-lysine. In contrast, SNs grow outmore slowly on fibronectin or collagen 
and show only few processes and marginal branching. BCNs grown on laminin 
have shorter and thicker processes and less branching than BCNs cultured on 
poly-lysine. Fibronectin and collagen induce little outgrowth and branching 
compared to poly-lysine. These data indicate that the interaction of Aplysia 
neurons with different substrates is cell type specific. Preliminary data also 
suggest that BCNs grown on different substrates may interact differently with 
growth factors: Application of NGF leads to a reduction of outgrowth on lami- 
nin. BDNF induces a shortening and thickening of branches grown on poly- 
lysine, but seems to enhance outgrowth on fibronectin. Thus, as in verte- 
brates, the ECM in Aplysia might contribute to signal transduction by modula- 
ting effects of growth factors. (Supported by NSF grant IBN 9221117 to T. C.)

5 0 9 .2 0

EFFECT OF HEPARIN ON NEURITE OUTGROWTH OF APLYSIA NEURONS 
INDUCED BY HEMOLYMPH C. Bessho1*, M. Tenno1 and A. Kurosaka2. 
1 Dept. of Physics and 2 Dept. of Biotechnology, Kyoto Sangyo Univ., Kyoto 603, 
Japan

We have been trying to characterize and separate Aplysia neurite outgrowth 
factor ( apNOF) from Aplysia kurodai hemolymph (Apk H1) using dissociated cell 
culture and biochemical method ( Soc. For Neurosci. 20-1, 97.5,’9 4 ; 4 th IBRO 
World Congress o f Neurosci. D9.19,’95). We have shown that neurons of a pedal, 
pleural and cerebral ganglion of Apk regenerate neurites in L 15 medium containing 
adult Apk H1. We have shown that a putative apNOF is an acidic protein ( M.W 
~350Kd) . To test whether heparin acts on neurite sprouting, the pedal ganglion 
neurons were cultured in the mixture of equal volume of L15 medium and Apk H1 
without and with heparin (20,50, 100 and 200 µ g/ m l) at 18°C for 3 to 5 days.

The neurite promoting activity of neurons without heparin was 60%. But the 
neurite outgrowth was completely inhibited by heparin. To isolate apNOF from 
Apk Hl, we used a HiTrap Heparin column. According to instruction documents, 

dialyzed Apk Hl was adsorbed on a Heparin column and binding proteins were 
eluted with 20mM HEPES buffer containing 0.5,1,1.5 and 2 M NaCl. Pleural 
ganglion neurons were cultured in L 15 medium containing each eluted fraction.
The neurite promoting activity of neurons was the highest in L15 medium 
containing 2 M NaCl. But protein bands were not detected in the active fractions 
by SDS-PAGE and CB staining method. We are detecting proteins in active fractions 
by silver staining method.

AXON GUIDANCE MECHANISMS AND PATHWAYS: TYROSINE KINASES, TYROSINE PHOSPHATES AND OTHER MOLECULES

5 10 .1

CHARACTERIZATION OF PROTEIN TYROSINE PHOSPHATASES IN THE 
DEVELOPING CHICK VISUAL SYSTEM. A.M. Bauer, W.A. Kemmner and U. 
Schwarz*. Max-Planck-Institut fur Entwicklungsbiologie, Abteilung Biochemie, 72076 
Tubingen, Germany.

Protein tyrosine phosphatases have been implicated in processes of guidance and 
navigation of outgrowing axons. In this study we used a PCR-based approach with 
degenerate primers designed from the catalytic phosphatase domain to clone protein 
tyrosine phosphatases from chick retinal cDNA (E6). Sequence analysis revealed that the 
resulting clones represent partial sequences of ten distinct protein tyrosine phosphatases 
(PTPI-PTPIO) of which only three have been previously described in chicken.

RT-PCR as well as in situ hybridization showed a differential regulation of PTP2 
mRNA expression in retinal tissue (E6) with a higher concentration of transcripts in 
nasal parts of the developing retina. Retinal cDNA libraries (E5) were screened with 
probes specific for PTPl and PTP2 and it turned out that both genes encode 
transmembrane protein tyrosine phosphatases. In addition to one Ig-like and four FN-III- 
like repeats, the extracellular segment of PTP1 contains a MAM domain, and the 
nucleotide sequence of PTP1 shows high homology to other receptor protein tyrosine 
phosphatases that mediate cell-cell aggregation via homophilic interactions. PTP2 is 
characterized by a single phosphatase domain in its intracellular segment and is related to 
the receptor protein tyrosine phosphatases Phogrin and PTP-NP. Immunostaining of 
retinal single cells with polyclonal antibodies specific for PTP1 or PTP2 localized both 
proteins to the cell membrane and the axon. By immunolabelling of embryonic tissue 
sections PTP1 and PTP2 could be detected in the retinal ganglion cell layer, the optic 
fiber layer and the optic nerve. In the optic tectum both proteins are expressed in the 
stratum opticum, the stratum album centrale and other plexiform layers.

The structural homology of PTP1 and PTP2 with other protein tyrosine phosphatases 
and the developmental expression pattern indicate a role of these molecules in fiber 
fasciculation and an involvement in the establishement of the retinotectal projection.

5 1 0 .2

Genetic studies of receptor tyrosine phosphatases and other molecules involved in 
Drosophila embryonic CNS development. Q. Sun, K. Zinn*. Division of Biology, 
Caltech 216-76, Pasadena, CA 91125.

In Drosophila, four receptor linked protein tyrosine phosphatases (RPTPs) are 
expressed on the surfaces of axons in the embryonic CNS. Mutations in the genes 
encoding all four RPTPs have been isolated and characterized. We have characterized a 
novel genetic interaction between the RPTPs DPTP69D and DPTPIOD. Flies carryin 
a deletion in the DPTP10D region are viable and have a normal axonal pattern. 
Ptp69D single mutants display motor axon guidance phenotypes, but the ladder-like 
axon array of the embryoinc CNS is largely unaffected. Ptp10D; Ptp69D double 
mutant embryos, however, display a unique and highly penetrant CNS phenotype not 
seen in any other double or triple RPTP mutant combinations. In these double mutan 
embryos, the three Fasciclin II (fasII)-expressing longitudinal axon bundles are fused 
together. Abnormal FasII positive commissural axons are observed in these embryos. 
Mutations in another fly gene, comm, prevent commissural axons from crossing the 
midline. The Ptp10D; Ptp69D double mutation can partially suppress the comm 
phenotype.

gp150 is a potential substrate for DPTP10D, and forms a stable complex with it. 
Deletions of the gp150 region were generated by imprecise P-element excision. These 
deletions produce muscle and CNS phenotypes. We are currently determining whether 
these phenotypes are due to the absence of gp150.

In order to define other genes involved in axon guidance, we have carried out a 
modular misexpression screen, in which a P-element carrying a GAL4 regulated 
promoter is mobilized to transcribe flanking genomic sequences. Using pan-neuronal 
or muscle GAL4 drivers, we can screen for genes that perturb axon pathfinding when 
overexpressed in all neurons or all muscles. We have identified about 100 insertions 
thus far which confer lethality when crossed to the pan-neuronal driver, and embryos 
from some of these crosses have strong CNS axonal phenotypes. We are now 
molecularly characterizing some of the genes targeted by these insertions.

Supported by NIH and Human Frontier Science Project.
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THE EXTRACELLULAR D O M A IN  OF TYROSINE PHOSPHATASE  
DELTA IS ADHESIVE FOR NEURONS A N D  -PROMOTES NEURITE 
OUTGROW TH IN  VITRO. I. W ang and I. L. Bixby *. D ept. o f  
M olecular and C ellular Pharm acology, U niv . o f M iam i School of 
M edicine, Miami, FL 33101

Appropriate regulation of tyrosine phosphorylation  is essential for 
axon grow th and guidance. In particular, ev idence from  Drosophila 
ind icates that receptor typ e tyrosin e p h osp h atases (RPTPs) are 
required  for th e ap p rop ria te  g ro w th  o f ax o n s d u r in g  C N S  
d evelopm ent. W e have id en tified  several RPTPs expressed  in  the 
embryonic chicken CNS during the tim e o f axon grow th. A m ong them, 
PTP-delta is h igh ly  expressed relative to other PTPs. PTP-delta has a 
brain-specific isoform  com prising 3 im m u n oglob u lin  repeats and 8 
fibronectin type III repeats in its extracellular dom ain. To explore the 
role of this dom ain in axon grow th, w e  produced and purified fusion  
protein (delta-Fc), consisting of the h inge and Fc regions o f m ouse IgG- 
1 fused to the extracellular d om ain  o f PTP-delta. In cell adhesion  
assays, both forebrain and ciliary ganglion  (CG) neurons adhere to  
purified delta-Fc as w ell as they d o  to lam inin-1. Substrate-bound  
delta-F c can also prom ote neurite ou tgrow th  from  both  kinds of 
neuron; this effect is separable from its effect on adhesion. The growth  
response from  forebrain  n eu ron s is p articu larly  strong. R N ase  
protection assays dem onstrate an increase in PTP-delta expression  in 
forebrain around the tim e o f in itia l axon  ou tgrow th . T hus, the 
expression pattern and in vitro functions of PTP-delta suggest a role in 
the growth of axons from the vertebrate forebrain.
Supported by a grant to JLB from the NSF.

510 .5

TYROSINE KINASE ACTIVITY IS REQUIRED FOR AXON GUIDANCE IN 
GRASSHOPPER CNS. K. Menon* and K. Zinn. Division of Biology, California 
Institute of Technology, Pasadena, CA 91125.

We examined the role of tyrosine kinases in axon outgrowth and guidance in vivo 
in the grasshopper central nervous system (CNS). Embryos were cultured with 
tyrosine kinase inhibitors and the effects on axonal tracts were analyzed with anti- 
synaptotagmin (Syt) antibody. Anti-Syt selectively labels both CNS and motor 
pathways during development of embryonic grasshopper.

We found that phosphotyrosine epitope is abundant in the axonal tracts.
Embryos cultured in the presence of tyrosine kinase inhibitors developed thicker 
commissures and widened segmental nerve roots as compared to controls. This was at 
the expense of the connectives, which were much thinner, as seen by staining with 
anti-Fasciclin II antibody. To find out why the commissures were thicker, we traced 
the axon of the identified interneuron pCC by injecting the cell body with dye. In all 
cases, the pCC axonal trajectory was misrouted. In some cases, it sent a collateral 
across the midline. In others, the primary axon crossed the midline and almost formed 
a loop. This phenotype is similar to that observed in the CNS of the robo mutant, 
recently identified in Drosophila, where the pCC growth cone crosses the midline.

The second phenotype, widened segmental nerves, was due to more axons exiting 
the CNS via the segmental nerve root (SN). In perturbed embryos, the number of 
axons in EM sections of SN roots is 2- 4X that of the controls; the ISN was 
unaffected. A group of mostly ipsilateral cells sent their axons into the SN root as 
seen by DiI labelling. Thus, the excess axons which crossed the midline did not exit 
at the SN root. Western blots of CNS lysates made from drug-perturbed embryos 
indicate a decrease in tyrosine phosphorylation of a few proteins, including tubulin.

In summary, the phenotypes observed with tyrosine kinase inhibitors, indicate 
that tyrosine phosphorylation is involved in the choice by axonal growth cones to 
follow longitudinal pathways. When tyrosine kinases are inhibited, the axons of 
some of these neurons cross the midline, while others exit the CNS within the SN 
root pathway. Supported by NRSA (NIH) fellowship.

5 1 0 .7

THE NEURONAL GROWTH ASSOCIATED PROTEIN GAP-43 INTERACTS 
WITH RABAPTIN-5 AND PARTICIPATES IN ENDOCYTOSIS. R. 
Coppersmith*, D. L. McPhie, S.D.Lynn and R.L. Neve. Harvard Medical School 
and McLean Hospital, Belmont, MA 02178.

Structural plasticity of  neurons is a requirement for activity-dependent changes 
in brain functioning. The growth associated protein GAP-43 is thought to be one 
determinant of such plasticity, although the molecular mechanism by which it 
mediates dynamic structural alterations at the synapse is unknown. GAP-43 is 
bound by calmodulin when Ca2+ levels are low, and releases calmodulin when 
Ca2+ levels rise, suggesting that calmodulin may act as a negative regulator of 
GAP-43 during periods of low neuronal activity. To identify the function of GAP- 
43 during activity-dependent increases in intracellular Ca2+, when it is not bound 
to calmodulin, proteins with which GAP-43 interacts in the presence of Ca2+ were 
sought. We show here that rabaptin-5, an effector of the small GTPase rab5, that 
mediates membrane fusion in endocytosis is one such protein. Biochemical and 
immunochemical evidence will be presented demonstrating an interaction between 
GAP-43 and rabaptin-5, and confocal imaging is used to demonstrate an in situ 
interaction and examine its subcellular localization. Evidence for a functional role 
of GAP-43 in endocytosis and membrane recycling will also be presented. 
Modulation of endocytosis by GAP-43, in association with rababtin-5, may 
constitute a common molecular mechanism by which GAP-43 regulates 
membrane dynamics during its known roles in activity-dependent neurotransmitter 
release and neurite outgrowth.
Funded by grant HD34563 from NIH-NICHD to RLN.

5 1 0 .4

CROSS-TALK BETWEEN CALCIUM AND TYROSINE KINASES 
DUR ING  GROWTH CONE ARREST. B .F .X . Reber* and B. 
SCHINDELHOLZ. D ept. o f  Pharmacology, Univ. o f  Bern; CH-3010  
Bern, Switzerland.

During formation o f  the nervous system , growth cones navigate 
and direct elongating neurites by detecting and responding to molecular 
cues in the extracellular environment. We report intracellular events 
during arrest o f single growth cones due to stimulus-evoked [Ca]j rise. 
Stimulation o f NGF-differentiated PC12 cells by increased [K]o or 
extracellular ATP cause transient [Ca]j signals. Club-shaped growth 
cones with less filopodia are formed and loss o f filopodial F-actin 
occurs during sustained elevation o f  [Ca]i. The [Ca]i rise leads to an 
increase in phosphotyrosine proteins in cell bodies and growth cones, 
respectively, as seen by immunocytochemistry. Analysis o f the 
phosphotyrosine proteins revealed that both Ca influx pathways 
converge and cause tyrosine phosphorylation o f  the cytoskeleton- 
associated protein paxillin. The effects are mediated by Ca influx 
through L-type Ca channels or P2x ligand-gated cation channels. To 
summarise, two independent Ca entry pathways show cross-talk with 
tyrosine kinases that leads to tyrosine phosphorylation o f paxillin 
during reorganization o f  microfilaments. This work was supported by 
SN SF grant 31-40483.94 to B .F.X .R  and the County o f  Bern, CH.

5 1 0 .6

HUMAN ULK1,A  NOVEL SERINE/THREONINE KINASE RELATED TO 
UNC-51 KINASE OF Cαenorhαbditis elegαns: cDNA CLONING, 
EXPRESSION AND CHROMOSOMAL ASSIGNMENT. Hidehito 
Kuroyanagj- Jin Yan, Naohiko Seki, Yasuko Yamanouchi, Yo-ichi Suzuki, 
Takahiko Shimizu, Takako Takano, Masa-aki Muramatsu and Takuji 
Shirasawa*. *D ep t. o f Molecular Genetics, Tokyo Metropolitan Institute 
o f  Gerontology, 35-2 Sakae-cho, Itabashi-ku, Tokyo 173-0015, Japan 
and CREST, Japan Science and Technology Corporation, Japan.

The unc-51 gene, isolated from mutants o f Cαenorhαbditis elegαns 
exhibiting abnormal axonal extension and growth, encodes a novel 
serine/threonine kinase [Ogura, K. et al., (1994). Genes Dev 8 :2389-2400]. 
Here we report the molecular cloning and characterization o f human 
homologue o f UNC-51, designated as ULK1, UNC-51 (C. elegαns)-like 
kinase 1. Sequence analysis o f human ULK1 cDNA showed that an ORF is 
composed of 1,050 amino acids with calculated MW of 112.6 kDa and pI o f  
8.80. Homology search analysis showed that ULK1 has 41% overall 
similarity to UNC-51 and 29% to A pg1p o f Sαcchαromyces cerevisiαe. 
Phylogenetic analysis o f ULK1, UNC-51 and A pg1p suggested that they 
comprise a novel subfamily o f serine/threonine kinase. Southern blot 
analyses suggested that ULK1 gene spans 30-40 kb in the human genome as 
a single copy gene. Zoo blot analysis implied that ULK1 kinase is conserved 
among vertebrates including mammals, bird, reptile, amphibian and fish. 
Northern blot analysis revealed that ULK1 is ubiquitously expressed in adult 
human tissues such as skeletal muscle, heart, pancreas, brain, placenta, liver, 
kidney and lung, while UNC-51 is specifically detected in the nervous system 
of C. elegαns. Both FISH and RH mapping confirmed regional localization o f  
ULKl to human chromosome 12q24.3.

H.K. is supported by JSPS Research Fellowships for Young Scientists.

5 1 0 .8

DEFECTS IN RETINAL AXON TRAJECTORY IN THE VISUAL  
SYSTEM OF TWO MIDLINE MOUSE M UTANTS. Rivka A. Rachel1* , 
Jennifer N. Murdoch2, Friedrich Beermann3, Andrew J. Copp2, and 
Carol A. M ason1. 1Center for Neurobiology & Behavior, Columbia 
University, N ew  York, N Y  10032; 2Institute o f  Child Health, University 
C ollege London, U.K.; 3ISREC, Epilanges, Switzerland.

Here we describe a novel midline mutant, circletail, with defects in 
neural tube closure and retinal axon trajectory at the optic chiasm. This 
mutant arose spontaneously in a transgenic line carrying a tyrosinase 
minigene; the trait is unrelated to the presence o f  the transgene. 
Transmission appears to be semi-dominant, since heterozygotes exhibit a 
circletail phenotype with low penetrance on the C57BL/6 strain. In 
hom ozygous mutant mice, the neural tube completely fails to close, 
leading to craniorachischisis. Because o f  the dorsal midline defect, we 
hypothesized that other midline structures, such as the optic chiasm and 
hence retinal axon pathways, might also be perturbed. U sing DiI labeling 
o f  the visual system, we found a much higher proportion o f  ipsilateral to 
contralateral retinal fibers in hom ozygous circletail embryos than in wild- 
type littermates. Retrograde optic tract labeling demonstrates abnormal 
axonal growth in the retina as well.

Given the gross phenotypic similarity o f  this mutant to the previously 
described loop-tail (Lp) m ouse, a model for neural tube defects, we 
sought and found similar retinal axon crossing defects in loop-tail 
hom ozygotes. W e are currently testing whether the two mutations are 
allelic. Molecular expression in the optic chiasm and retina is being 
analyzed to determine to what extent patterning o f  these regions is 
disturbed. Supported by N S27615 (CAM ).
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5 1 0 .9

cDNA CLONING AND EXPRESSION OF NOVEL VERTEBRATE FLOOR PLATE 
GENES. E. Runko*, C. Wideman, and Z. Kaprielian. Departments of Pathology and 
Neuroscience, Albert Einstein College of Medicine, Bronx, NY 10461.

We have previously generated monoclonal antibodies (mAbs) CARO 2 and CARO 5 
(for CAudal-ROstral) that label the surfaces of human embryonal carcinoma cells 
(NT2/D1), as well as restricted regions of the rat floor plate during the time when 
commissural axons are actively crossing the ventral midline. Immunoblot analyses 
show that mAbs CARO 2 and CARO 5 recognize a 28 kDa protein that is enriched in 
detergent extracts of membrane fractions derived from rat floor plate and ventral spinal 
cord. Screening of a NT2/D1 cDNA library with mAbs CARO 2 and CARO 5 yielded 
several overlapping clones with no homology to known sequences. Based on the 
sequences of these clones, the PCR was used to isolate a cDNA representing a related 
rat form. This rat cDNA was used to screen an E13.5 rat spinal cord library. This 
resulted in the isolation of a full-length clone encoding a 223 amino acid (a.a.) protein 
which contains one transmembrane (TM) domain. mAbs CARO 2 and CARO 5 label 
the surfaces of human embryonic kidney (HEK) cells transfected with the full length rat 
or human cDNAs. Non-radioactive in situ hybridization displayed mRNA expression in 
E12 rat floor plate at the hindbrain, and trunk spinal cord, levels. A partial rat cDNA 
representing this novel floor plate-specific gene was then used to screen an E 10 chick 
brain cDNA library. This yielded several highly homologous clones encoding a protein 
of 192 a.a. which possesses one TM domain. In addition, the PCR was used to isolate a 
putative mouse homolog from E 13 spinal cord cDNA. In situ hybridization of E5 
(stage 26-27) chick and E12 mouse embryos revealed mRNA expression in the ventral 
spinal cord, including floor plate, motor neurons and dorsal root ganglia. The mouse 
and human forms of these novel genes are 88% and 85% identical to the larger rat 
protein, respectively. The chick form is 72% identical to the mouse and human forms 
and 64% identical to the rat protein. The similar spatiotemporal expression patterns of 
these genes suggest an evolutionary conserved function for the corresponding proteins 
in neurite outgrowth, patterning and/or axon guidance in the developing vertebrate 
spinal cord. A variety of in vitro assays are currently being employed to test these 
hypotheses. (Supported by Whitehall Foundation W95-17 and NIH R29 NS34847-01)

510 .11

R E Q U IR E M E N T  F O R  E A R L Y -G E N E R A T E D  N E U R O N S  
R E C O G N IZ E D  B Y  M O N O C L O N A L  A N T IB O D Y  L O T 1  IN  
T H E  F O R M A T IO N  O F  L A T E R A L  O L F A C T O R Y  T R A C T  
T .  H ir a ta * , Y .  S a to  a n d  H . F u jis a w a .
D iv is io n  o f B io lo g ic a l S c ie n c e , N a g o y a  U n iv e rs ity  
G r a d u a te  S c h o o l o f S c ie n c e , C h ik u s a -k u , N a g o y a  
4 6 4 - 8 6 0 2 ,  J a p a n .

D u r in g  d e v e lo p m e n t ,  m itra l c e lls , th e  m a in  o u tp u t  
n e u ro n s  o f th e  o lfa c to ry  b u lb  p ro je c t a x o n s  in to  a  v e ry  
n a rro w  p a r t o f th e  te le n c e p h a lo n  a n d  fo rm  a n  a x o n a l  
b u n d le  c a lle d  th e  la te ra l o lfa c to ry  tra c t  (L O T ) .  In  th e  
p re s e n t s tu d y , w e  s c r e e n e d  fo r  m o n o c lo n a l a n t ib o d ie s  
(M A b s )  a g a in s t  th e  d e v e lo p in g  m o u s e  o lfa c to ry  c o r te x  
a n d  o b ta in e d  o n e  in te re s tin g  a n tib o d y  w h ic h  w a s  
n a m e d  M A b  lo t1. T h e  c e lls  re c o g n iz e d  b y  M A b  lo t1 (lo t  
c e lls )  w e r e  e a r ly -g e n e r a te d  n e u ro n s  a n d  c o n s t itu te d  a  
c e llu la r  a r ra y  in th e  p re s u m p t iv e  L O T  p o s itio n  o f th e  
e m b ry o n ic  te le n c e p h a lo n , b e fo re  th e  firs t m itra l c e ll 
a x o n s  p ro je c te d  o u t fro m  th e  o lfa c to ry  b u lb . M itra l c e ll 
a x o n s  s e le c t iv e ly  g re w  a lo n g  th e  lo t c e ll a r ra y  in v iv o  
a n d  in c o -c u ltu re . A b la tio n  o f lo t c e lls  in o rg a n o ty p ic  
c u ltu re s  c a u s e d  m itra l c e ll a x o n s  to  s ta ll in th e  p o s itio n  
la c k in g  th e s e  c e lls . T h e s e  re s u lts  s u g g e s t th a t  lo t c e lls  
fu n c tio n  a s  "g u id e p o s t c e lls" fo r  m itra l c e ll a x o n s .

5 1 0 .1 3

Targeted Ablation of Glial Cells in the Drosophila PNS. 
Katharine J. Sepp, Joost Schulte, Vanessa J. Auld*
Dept. of Zoology, University of British Columbia 
6270 University Blvd.
Vancouver, BC V6T 1Z4 
Canada

Glial cells of the Drosophila PNS are proposed to have important 
roles in development of nerve tracts, similar to the roles already 
established for their CNS glial counterparts. The PNS glia may be 
functioning as guidepost cells which give instructional migration 
cues to growing neurites. Also, they may be providing a permissive 
surface over which neurites can migrate en route to their final targets. 
To evaluate this, we have generated GAL4 enhancer trap lines that 
are specific to the peripheral and exit glia of the PNS. The GAL4 
expression in these lines will drive expression of a UAS-ricin A 
toxin construct. Ricin A is a modified version of ricin and acts 
cell autonomously to cause rapid cell death. This toxin has been 
used successfully by other investigators to show that longitudinal 
glia are important for proper formation of axonal tracts in the CNS. 
In our experiments, ricin A is expected to ablate the exit and 
peripheral glia during embryonic neurodevelopment, leaving all 
other cells intact. Observing the subsequent migrational patterns 
of sensory and motorneurons which ordinarily would contact the 
peripheral and exit glia after ablation will show whether these glial 
cells are requried for their proper migration.

Supported by MRC Canada and HHMI.

5 1 0 .1 0

EXPRESSION OF PLEXIN 1 IN DEVELOPING MOUSE OLFACTORY 
AND AUDITORY SYSTEMS. Y. Murakami, T. Kameyama, F. Suto and H. 
Fuiisawa*. Division of Biological Science, Nagoya University Graduate 
School of Science, Chikusa-ku, Nagoya 464-8602, Japan.

Plexin is a membane protein which was originaly identified in Xenopus 
nervous system. In the mouse, four plexin family molecules (plexin 1 to 
3 ; Kameyama et al., B.B.R.C. 226, 1996 ; plexin 4 ; Suto et al., Soc. 
Neurosci. Abstr. 27, 1997) have been isolated. Here, we investigated 
expression patterns of mouse plexin 1 in developing nervous systems, 
by using in situ hybridization and immunohistchemistry. To investigate 
localization patterns of plexin 1 protein, we generated monoclonal 
antibodies to the plexin 1 protein. Plexin 1 mRNA was predominantly 
expressed in the receptors and nuclei consisting of the main and 
accessory olfactory systems, including the olfactory epitherium (OE), 
main olfactory bulb (MOB), vomeronasal organ (VNO), accessory 
olfactory bulb (AOB), medial amygdaloid nucleus (Me), and 
posteromedial cortical amygdala nucleus (PMCo). Plexin 1 protein was 
localized on olfactory and vomeronasal nerves, glomerular layer of the 
MOB and AOB, and lateral olfactory tract (lot). In the auditory system, 
plexin 1 mRNA was expressed in the nuclei of the auditory system, 
including the spiral ganglion (SG), cochlear nucleus (CN), ventral lateral 
lemniscus (VLL), superior olive (SO), inferior colliculus (IC), and medial 
geniculate body (MGB). Plexin 1 protein was detected in the cochlear 
nerve (cn), lateral lemniscus (II) and brachium of inferior colliculus (bic). 
Expression of plexin 1 in the olfactory and auditory systems was limited 
from E9.5 to P8, except in the vomeronasal nerve in which plexin 1 
persisted even in the adult.

5 1 0 .1 2

AN IN VITRO MODEL OF SENSORY AXON PATHFINDING IN THE MOUSE 
HINDBRAIN. J.P. Golding, H. Tidcombe and M. Gassmann*. Neurobiology 
Division, NIMR, Mill Hill, London NW7 1AA, UK.

In the developing mouse hindbrain, the central axonal projections of the trigeminal 
(TG) and facial ganglia primary sensory neurons grow in a directed fashion towards their 
appropriate entry sites in rhombomeres (r) 2 and 4, respectively. To characterise the 
molecular cues involved in the guidance of these sensory axons, we have devised an in 
vitro model in which longitudinal cryosections of embryonic day 10 (E10) mouse 
hindbrain are used as a growth substrate for neurites from E10 mouse dissociated TG 
neurons. Hindbrain structures and cultured neurons are subsequently visualised by dual 
immunostaining with anti-laminin and anti-neuron-specific tubulin antibodies, 
respectively. We do not observe any directed neurite growth towards r2 or r4 entry sites. 
However, TG neurites grow well on the mesoderm adjacent to r2 or r4, but seldom cross 
(only ~30% of cases) from r2 or r4 mesoderm onto r3 mesoderm, suggesting the presence 
of an axon growth repulsive activity within r3 mesoderm which might be instrumental in 
constraining growing sensory axons to appropriate regions within the hindbrain. Pre- 
treatment of cryosections with either chondroitinase ABC, chondroitin sulphate-C or 
0.5M NaCl, increases the proportion of neurites which grew from r2 or r4 mesoderm 
onto r3 mesoderm to ~80%, suggesting that the putative r3 inhibitory activity may be 
bound to chondroitin sulphated proteoglycans. The presence of an axon repulsive activity 
within r3 mesoderm is also suggested by studies using a mutant mouse lacking the 
neuregulin receptor ErbB4 (normally expressed within r3 neuroepithelium). In ErbB4 -/- 
mice, TG and facial axons grow to their appropriate entry sites, but also grow to each 
other's entry sites via r3 mesoderm, suggesting the r3 mesoderm repulsive activity is 
absent. In agreement with this idea we found that TG neurons growing on cryosections of 
ErbB4 -/- hindbrain in vitro grew neurites from r2 or r4 mesoderm onto r3 mesoderm in 
~70% of cases. We are currently exploring the links between neuregulin signalling and 
axon pathfinding within the hindbrain.
This work was funded by a grant from the Medical Research Council (UK).

5 1 0 .1 4

TUNNELS AND BOUNDARIES RELATED TO THE DEVELOPING 
ANTERIOR COMMISSURE OF HAMSTERS. M.A. Pires-Neto*, S. Braga- 
de-Souza and R. Lent. Departamento de Anatomia - Universidade Federal do Rio de 
Janeiro, Brazil, CEP 21941-590

The immunohistochemical expression of chondroitin sulfate proteoglycan (CSPG), 
fibronectin (FN), laminin (LN), tenascin (TN), and also GFAP (glial fibrillary acidic 
protein), was investigated in the developing anterior commissure (AC) of hamsters (N = 
175; from E12 to E16). Embryonic brains were cryocut (30 - 60 µm), reacted and 
observed under epifluorescence microscopy. Before AC fibers reached the midplane (E12- 
E 13), CSPG was expressed as a sagittal stratum between the interhemispheric fissure and 
the prospective AC region. TN appeared rostral to the third ventricle and along the medial 
subventricular zone of the lateral ventricles. LN and FN both presented a faint expression, 
and GFAP was not detected. During midline crossing (E13.5 - E14) CSPG, FN, LN, and 
much less intensely GFAP, circumscribed the AC bundle forming a tunnel through which 
AC axons elongate. TN was no longer seen at the midplane, but remained visible laterally. 
When AC axons approached and invaded the contralateral targets (E14.5 - E16), CSPG 
and TN were no longer seen at the midline, although both could be observed between the 
AC limbs, seeming to form boundaries for AC lateral growth. LN and FN were now 
absent near the AC bundle. During this stage GFAP expression became most intense, 
forming a distinct tunnel around the AC. We propose that the expression of extracellular 
matrix molecules and GFAP is a time- and space-regulated sequence of events related to 
AC development, plausibly representing contributing factors for guidance of growing 
commissural fibers.
Financial Support: Pronex 2 - Brazilian Ministry o f Science and Technology
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511.1

EPHRINS REGULATE NEUROTROPHIN RESPONSIVENESS IN 
CEREBELLAR GRANULE NEURONS DURING DEVELOPMENT. 
Joseph Wagner* and Ernest Arenas.
Lab of Molecular Neurobiology, Dept. Medical Biochemistry and Biophysics, 
Karolinska Institute, Stockholm 17177, Sweden.

The Eph family of tyrosine kinase receptors are rapidly emerging as important 
regulators of axon guidance in the CNS and, more recently, as potential mediators 
of cell migration. We seek to define the function of ephrins in the development of 
the cerebellum, where processes of proliferation, migration, and axon outgrowth 
proceed in a well-ordered and extensively characterized manner.

To define the populations responding to these ligands, we localized cerebellar 
expression of Eph receptors using immunohistochemistry. Intense EphA-3- 
immunoreactivity was observed within the external germinal layer (EGL) from P1- 
14; little or no expression was observed outside the EGL or at later ages, suggesting 
a role of this molecule in proliferation and/or migration of granule neurons. We 
next characterized expression of all members of the Eph and Ephrin family in vitro, 
using cross-reactive Fc-fusion proteins. EphrinA and -B were individually expressed 
in cerebellar glia. EphA was expressed in proliferating granule neuroblasts, whereas 
EphB was expressed in mature, postmitotic granule neurons. These findings 
suggested that granule neurons switch from expressing EphA to EphB as they 
mature, and that their development might be regulated by Ephrins involving glia-to- 
neuron cross-talk. To explore this possibility, we examined the role of EphB in 
mature granule neurons, by activating this class of receptor using clustered EphrinB- 
Fc. Such treatment completely abolished the neurotrophic and neuritogenic effects 
of both BDNF and NT-3 on granule neurons, while producing no discernable effect 
alone. Furthermore, blockade of endogenous EphrinB (localized on glia) using 
excess EphB-Fc enhanced the effects of both neurotrophins, suggesting that 
neurotrophin-responsiveness of granule neurons may be tonically regulated by 
interaction with local glia. We are currently exploring the mechanisms of this 
interaction in culture, and in vivo, using cell transplantation techiniques. Supported by 
BIOTECH Program o f  the European C omm ission and the Sw edish NFR.

511.3

EFFECTS OF C H R O N IC  SYSTEM IC A M PAK INE® T R E A T M E N T  O N  
NEUROTROPHIN EXPRESSION IN RAT BRAIN. S. A. Johnson*, N . T . Luu, and 
T. A. Herbst. Cortex Pharmaceuticals, Inc. Irvine, California 92618.

The decline in levels o f  neurotrophins during aging and neurodegenerative disease 
probably contributes to age-related behavioral deficits and neurodegenerative 
mechanisms. Studies show that neurotrophins can reduce or prevent age-related, 
axotomy or neurotoxin-induced neuron loss or reduced function in a variety o f  brain 
regions. However, neurotrophic factors are not orally bioavailable, and do not cross the 
blood-brain barrier unaided, thus severely limiting their utility as therapeutics. Systemic 
NGF treatment also causes serious side effects. A  better approach would augment 
neurotrophin expression selectively in the brain. Since N G F and BD N F are regulated 
by neuronal activity, drug-induced enhancement o f  neuronal activity should increase 
neurotrophin levels. AMPAKINEs are orally-available compounds that facilitate AMPA 
receptor function and enhance neuronal activity. They promote LTP formation and 
enhance performance in different memory tasks. W e asked whether chronic AMPAKINE 
treatment affects neurotrophin levels in rat brain. Twenty-four young (3 mo), male 
Sprague-Dawley rats were group-housed in an enriched environment and administered 
saline (n=8), CX516 (30 mg/kg/day; n=8) or CX691 (3 mg/kg/day; n=8) for 14 days. 
Brains were perfusion-fixed and coronal slices (40µ) were analyzed by free-floating 
immuno-histochemistry. NG F and B D N F mR NA prevalences were estimated by in 
situ hybridization with anti-sense c-RNA probes (gift o f  S. W hittem ore). Protein or 
mRNA levels were quantified by image analysis using N IH  Image 1.62. Neither 
AMPAKINE caused any qualitative changes in neurotrophin expression patterns. CX691, 
but not CX516, caused significant (p<0.05) increases o f  B D N F (ca 25%) in the hilus 
(CA4) and proximal dentritic field o f the dentate gyrus (D G); and non-significant 
increases (25%; p=0.069) in DG  outer molecular layers and CA3 (23%; p=0.075). 
NGF was significantly increased (25-40% ) in the D G  granule cell layer after both 
CX691 and CX516. These preliminary data suggest that neurotrophin levels can be 
augmented by peripheral administration o f  com pounds that specifically enhance 
AMPA receptor function (AMPAKINEs). Supported by Cortex Pharmaceuticals, Inc.

511.5

NICOTINE-ESTROGEN CROSSTALK IN BRAIN WITH REGARD TO 
CREB BINDING ACTIVITIES AND IGF-1 mRNA EXPRESSION.
S.Kito1*, A.S.Shingo,1R.Mivoshi2. 1Research Institute of Hyogo Univ., 
2Div. of Health Science,Univ. of the Air, Japan 

Estrogen plays a role in memory and learning, while nicotine 
activates memory function a t a short term level. We have shown that 
both nicotine and estrogen increased AP-1 DNA binding activities and 
induced c-fos and IGF-1 mRNA expression in rat hippocampus. To 
analyse the signal transduction passway for these responses, We 
examined CREB (cAMP response element binding protein) binding 
activity in the hippocampus and cerebral cortex.

An intraperitoneal injection of nicotine (1m g/kg) potentiated the 
CREB binding activity reaching a peak at 30min. while estrogen 
(500µg/kg) caused increase of CREB binding w ith a peak value at 
45min. With a simultaneous administration of nicotine and estrogen the 
results were not additive, but the binding activity showed a two peak 
pattern. 

General infection of nifedipine (65mg/kg) completely blocked the 
increase of CREB binding activity as well as induction of IGF-1 mRNA 
expression caused by either nicotine or estrogen in the hippocampus.

These results were discussed from a viewpoint of intraneural Ca ion 
concentration which was increased by nicotine and estrogen as well.

This wok was supported by grants from the Smoking Research 
Foundation.

5 11 .2

PHARM ACOKINETIC EVALUATIO N OF A A V - 
MEDIATED GENE TRANSFER INTO THE BRAIN. D. 
Mohuczy, S. Wang, R.L. Klein, C. Meyers, J.A. Hughes, M.I. 
Phillips*, M.A. King, N. Muzyczka, E.M. Me Jr. Colleges of 
M edicine and o f Pharmacy, U niversi t y  of Florida, 
Gainesville, FL 32610.

Adeno-associated virus (AAV) has been found to be an 
highly effective vector for gene transfer into non-dividing cells 
such as neurons. We investigated the relationship among 
promoter, gene dosage, and expression in brain, focusing on 
rAAV-derived vectors expressing green fluorescent protein 
(GFP) under control of the neuron-specific enolase (NSE) or 
cytomegalovirus (CMV) promoter. Initial studies found NSE- 
driven GFP expression to be more robust in septum and 
hippocampus than with the CMV promoter. Transgene 
expression in septum with the NSE-driven construct was dose- 
dependent over a range of 107- 108 viral particles 3 months 
post-transduction. More transduction was also apparent when 
the NSE promoter drove GFP expression directly and not 
biscistronically. Despite relatively low activity, CMV-driven 
expression was observed at 5 and 11 months after ICV 
injection (5 µl), as demonstrated by RT-PCR of whole brain 
RNA extracts. In contrast, no transgene expression was 
observed at 5 months with the thymidine kinase promoter. 
ICV injection o f AAV-derived plasmid DNA (150 µg) alone 
was sufficient for CMV-driven expression of GFP at 2 days 
post-injection, but this disappeared by 4 days. Supported in 
part by NIA PO1 AG10485.

5 11 .4

CHANGES IN SPINAL CORD AND DRG NGF CONTENT AFTER SPINAL 
HEMISECTION IN RATS. A.D. Bennett1*, G. Taglialatela2, J.R. Perez-Polo2 and 
C.E. Hulsebosch1. 1Marine Biomedical Institute and Department of Anatomy and 
Neurosciences, 2Human Biological Chemistry & Genetics, University of Texas 
Medical Branch, Galveston, TX 77555

Neural insult results in upregulation of neurotrophin expression and content in 
CNS tissue. Our laboratory uses a model of spinal hemisection in rats to create a 
discrete spinal cord lesion. This model results in chronic central pain. We report that 
spinal hemisection produces an increase in the production of the nociceptive 
neurotransmitter, CGRP, in primary sensory afferents and increased density and 
distribution in the dorsal horn. It is reported, and we confirm, that the neurotrophin 
nerve growth factor (NGF) stimulates intraspinal CGRP sprouting and increased 
CGRP mRNA production in primary sensory afferents. Therefore, we hypothesize 
that NGF levels change in the spinal cord and DRG and these changes are a critical 
part of the pathophysiology of the development of chronic pain after spinal injury. 
Specifically we wanted to test whether spinal hemisection produced a change in 
endogenous NGF levels that could account for the changes seen in primary sensory 
afferents. Animals received spinal hemisection at the T13 spinal segment, and were 
sacrificed at 1hr, 12hr, 24hr, 48hr, 4 days, and 7 days post surgery. Spinal tissue and 
dorsal root ganglia near the lesion site were collected and frozen. Blood serum was 
also collected for each timepoint. NGF content was assessed using NGF ELISA 
(Promega, Inc.). Preliminary results indicate that spinal hemisection produces 
alterations in the NGF content of spinal cord, DRG, and blood serum.

Supported by NIH NS11255.

5 1 1 .6

MECHANISMS OF ESTROGEN ACTION AS REPAIR SYSTEM IN 
BRAIN. A.S.Shingo1*, R.Miyoshi2, S.Kito1. 1Research Institute of Hyogo 
Univ., 2Div. of Health Science,Univ. of the Air, Japan

In our foregoing studies, It has been confirmed that estrogen acts as 
a repair system for kainic acid-induced brain injuries by inducing 
expression of IGF-1 mRNA. Nevertheless, the signal transduction 
passway for estrogen to induce IGF-1 mRNA remains unknown.

Recently, existence of membrane binding sites for estrogen has been 
recognized. It is now clear that there must be several passways of 
estrogen signals which are mediated neither by its nuclear receptor 
nor the estrogen response element.

A single injection of estrogen induced IGF-1 mRNA expression in the 
rat hippocampus when observed by a RNA protection assay. 
Simultaneous injections of both estrogen and tamoxifen didn't inhibit 
induction of IGF-1 mRNA expression, while an Injection of nifedipine 
com-pletely blocked the IGF-1 mRNA expression of estrogen. The 
above-results were confirmed by an in vitro experimental system with 
use of PC12 cells.

These results suggested that estrogen- induced IGF-1 mRNA 
expression m ight be caused by the membrane binding site-mediated 
increase of cyclic AMP, an elevation of intraneural Ca ion 
concentration, increases of CREB and AP-1 binding activities taking 
our previous results into consideration.
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511 .7

REGULATION OF PERSEPHIN m R N A  EX PR ESSIO N  IN A D U LT  
RAT CNS. J. W idenfalk*, E. Lindqvist, S. Almström, L. Olson. D ept. o f  
Neuroscience Karolinska Institute, S -171 77 Stockholm, Sweden  

Neurotrophic factors are expressed in specific and changing patterns in 
the developing CNS influencing survival and m orphology o f  CNS neu- 
rons. In the adult, expression levels are generally lower, but in response 
to stress and injury it is postulated that synthesis o f  neurotrophic factors 
increases, playing important roles in protecting neurons from atrophy 
and death. Persephin (PSP) is a member o f  the G D N F fam ily o f  trophic 
factors. Here w e examined the expression o f  PSP in the CNS in normal, 
kainic acid-treated and spinal cord-injured rats. In the normal adult rat 
CNS no robust PSP m R NA  expression could be detected using radioac- 
tive oligonucleotide probes. In kainic acid-treated animals moderate ex - 
pression was detected in hippocampal areas C A 1 and C A3. Scattered  
cells in lateral parietal, insular cortex and septum expressed PSP m R NA  
strongly. Neurons expressing PSP in this neurotoxic m odel thus consti- 
tute a clearly defined pattern, indicating roles for these neuronal popula- 
tions during stress. Neither the spinal cord nor brain o f  spinal cord-in- 
jured animals presented robust PSP m R NA  expression. Taken together, 
these data suggest that PSP might play a role in protecting CNS cells  
from neurotoxic stress by upregulation in specific neuronal populations. 
In spinal cord injury PSP play a minor role in endogenous neuroprotec- 
tion.
S u p p o r te d  b y  the S w ed ish  M R C  a n d  U SPH S.

511 .9

ARE GLIAL CELLS RESPONSIBLE FOR THE PRODUCTION OF DOPAMINE 
RELEASING PROTEIN (DARP)? S. Smith, E. Meisami*, and V.D. Ramirez. Dept. 
of Neuroscience, Univ. of Illinois Urbana-Champaign, Urbana, IL, 61801.

There has been considerable interest in the use of neurotrophic factors as 
alternative treatment strategies for neurodegenerative diseases. Dopamine-releasing 
protein (DARP) is a multisubunit protein shown to have dramatic effects on 
development, recovery, and function of the rat catecholam inergic system. This study 
details efforts to determine the specific cell type that is responsible for the production 
of DARP in the CNS. Enzyme-Linked Immunosorbent Assays (ELISA) and Western 
Blotting were employed to measure DARP levels and identify the proteins, respectively 
in rat C6 glioblastoma cells and medium. ELISA data reveal the presence of a DARP- 
like immunoreactive product in C6 culture medium. A 2.2 fold increase in DARP 
immunoreactivity was observed in C6 medium by culture day 6(p<0.01). These values 
were determined using a specific monoclonal antibody generated against purified 
DARP (anti-DARP).

Western blot analysis demonstrated that C6 cell protein and medium has 
strong immunoreactivity with anti-DARP and polyclonal antibodies raised against 
DARP-36aa (anti-DARP-36aa). Under reducing conditions, anti-DARP-36aa 
recognizes approximately a 60kD protein in C6 cell homogenate as well as a 60kD 
and 35kD protein in C6 culture medium. Nonreducing conditions reveal that 
anti-DARP-36aa has strong immunoreactivity with a 200kD protein. Finally, anti- 
DARP has been shown to recognize a 35kD and 60kD protein in C6 glioblastoma cell 
homogenate and medium. The size of these immunoreactive C6 cell proteins 
corresponds to the reported size of purified DARP. These findings demonstrate that 
DARP is detected in glioblastoma cells and secreted in a time-dependent fashion 
during culture. We are currently conducting immunocytochemical studies on these 
C6 cultures. Also, DARP expression in primary glial cultures will be examined using 
the same techniques described above.

Source of support: NIH grant.

511.11

DIFFERENTIAL EFFECTS OF NEUROTROPHINS ON OCULAR 
DOMINANCE PLASTICITY OF THE RAT VISUAL CORTEX N 
Berardi*, T. Pizzorusso, C  Lodovichi and L Maffei. Scuola Normale Superiore 
Piazza dei Cavalieri,Istitutodi Neurofisiologia del CNR, Via S.Zeno 51, 56127 
Pisa (Italy)

Several studies have shown that neurotrophins regulate visual cortical 
development and plasticity in mammals. Knowledge of the action of each 
neurotrophin on cortical plasticity and physiology is a necessary prerequisite to 
the study of their cellular and molecular mechanisms of action. We started to 
compare the effects of intracortical admmistration of NGF, BDNF, NT3 and NT4 
on ocular dominance plasticity and responsiveness of visual cortical cells in the 
rat. Rats were monocularly deprived (MD) for one week, from P21 to P28, by 
means of eye lid suture. Neurotrophins (0.6-1.6 µg/µl) or saline were 
continuously infused in the visual cortex contralateral to the deprived eye via a 
minipump (ALZET 1007D) connected to a cannula inserted 1 mm from lambda. 
At the end of the deprivation period, electrophysiological recordings from single 
cells in the binocular portion of the treated visual cortex were performed under 
urethane anesthesia and ocular dominance, spontaneous activity and 
responsiveness (signal to noise ratio) were determined. Neurotrophin diffusion 
within the cortex was evaluated immunohistochemically. We have found that 
NT4 and NGF significantly attenuate the ocular dominance shift induced by 
monocular deprivation (ipsilateral index i.i.=0.29±0.08 in NT4 (N=4) and 
0.17±0.08 in NGF (N=3) treated MD animals; i.i.=0.75±0.07 in saline treated 
MD animals (N=6)). NT3 is ineffective (i.i.=0.67±0.06, N=4). Preliminary 
results indicate that also BDNF significantly attenuates monocular deprivation 
effects but only at a higher concentration (8.3 µg/µl, N=2, i.i. 0.3 and 0.11) while 
it is much less effective at a concentration of 1.6 µg/µl. (Supported by EEC grant 
BIOMED BMH4 CT96 1604 and Progetto finalizzato Biotecnologie, CNR)

5 11 .8

A PROTECTIVE EFFECT OF PLATELET-DERIVED GROWTH FACTOR, 
PDGF, FOR DOPAMINERGIC NEURONS. A. Brederlau1,2, P. Odin1*, K. Pietz1, 
J. Sander1 and K. Funa2. 1Department of Neurology, Medical School Hannover, D- 
30623 Hannover, Germany, 2Institute of Anatomy and Cell Biology, Gothenburg 
University, P.O. Box 420, SE-403 30 Gothenburg, Sweden.
During the last years it has become increasingly evident that Platelet-derived-growth- 
factor, PDGF, plays an important role also in the peripheral and central nervous 
system. PDGF and the PDGF beta-receptor are widely expressed in CNS during 
development as well as in maturity. We have demonstrated that lesioning of the 
mesostriatal dopaminergic system by injection of the neurotoxin 6- 
hydroxydopamine (6-OHDA) into the rat substantia nigra leads to a rapid and 
pronounced upregulation of PDGF mRNA and protein in the substantia nigra and, 
to a lesser extent, also in the striatum. A corresponding upregulation was also seen 
after transplantation of embryonic mesencepahlic cells in the striatum. We have 
shown that PDGF-BB promotes survival and differentiation of rat and human nigral 
dopaminergic neurons in vitro . These neurons have been shown to express the 
PDGF ß-receptor, suggesting a direct action of PDGF on dopaminergic cells. We 
have also shown that PDGF-BB has a protective effect against the toxic action of 6- 
OHDA on mesencephalic dopaminergic neurons. In neuroblastoma cells we 
demonstrated an effect of PDGF by blocking an autocrine PDGF-mediated growth 
pathway through anti-sense PDGF beta-receptor. The neuroblastoma clones without 
PDGF-effect showed immature phenotype, growth retardation and apoptosis. The 
results suggest that PDGF might protect dopaminergic cells against apoptosis 
during neurodegenerative processes by activation of an anti-apoptotic pathway.

The study was supported by grants from the Swedish Medical Research Council, 
and the Bank of Sweden Tercentenary Foundation.

5 1 1 .1 0

R E G IO N -SP E C IF IC  N EU R O TR O PH IN  E X PR E SSIO N  BY  
INTERLEUKIN-6-ACTIVATED RAT ASTROCYTES. U. Otten1* , 
K. H e e se 1, P. März2 and S. Rose-John2. 1Department o f Physiology, 
Vesalgasse 1, CH-4051 Basel, Switzerland; 2Department of Medicine, 
Section Pathophysiology, Mainz University, Obere Zahlbacherstrasse 63, 
55101 Mainz, Germany.

Increasing evidence supports an essential role of interleukin-6 (IL-6) in 
the development, differentiation, de- and regeneration of neurons in the 
central nervous system (CNS). Both IL-6 and its specific receptor (IL-6R) 
are expressed on neurons and glial cells, including astrocytes. We have 
analyzed the responses of primary rat astrocytes of various brain regions to 
IL-6 with respect to morphological differentiation and neurotrophin 
expression. Since IL-6 alone had no effect on astrocytes we studied 
whether the soluble IL-6R (sIL-6R) can modulate the responsiveness of 
astroglial cells to IL-6. For this purpose, we used a highly active fusion 
protein of IL-6 and sIL-6R, which is designated H-IL-6. We show that 
treatment o f cultured astrocytes with H-IL-6 promotes region-specific 
morphological differentiation o f GFAP-positive astrocytes from typical 
stellate- to fibrous-like cells. In addition, we find that H-IL-6 induces 
expression o f neurotrophins (NTs) o f the nerve growth factor (NGF)- 
family in a dose-dependent manner. Interestingly, various brain regions 
show differing patterns of cytokine-induced NT expression: NGF is 
maximally induced in cortex and hippocampus, NT-3 in hippocampus and 
NT-4/5 in cortex and cerebellum. Our results suggest that IL-6-mediated 
neuronal regeneration involves region-specific interactions between IL-6 
and different glial-derived NTs of the NGF-family.
This study was supported by the Swiss National Foundation for Scientific 
Research (Grant No 3100-049397.96/1) and by Deutsche Forschungs- 
gesellschaft SFB 505.

5 1 1 .1 2

A N  A N A LO G  OF N -TERM IN A L FR A G M EN T OF ACTH  
INCREASES M -RNA EXPRESSION FOR NEUROTROPHINS  
IN PRIM ARY GLIAL CULTURES.
LA. Grivennikov*, U .I. Goldina, L.S. Inozemtseva. J. Kipich, O.V. 
Dolotov, M. Shadrina, P.A. Slominsky , L.A. Andreeva, S.A. 
Limborska, N .F . Myasoedov. Institute o f Molecular Genetics RAS, 
M oscow, Russia.

It is well known that glial cells can express numerous neurotrophic 
factors in vitro and in vivo, and that this process is under the control 
o f  some exogenous factors. Early we have shown that an analog o f N- 
terminal fragment o f  ACTH semax (Met-Glu-His-Phe-Pro-Gly-Pro) 
increased the survival o f  cholonergic neurons from rat basal forebrain 
in vitro. To test the possibility if its effects on neuronal survival are 
connected in part with the stimulation o f  the expression o f some 
neurotrophic factors we used glial primary cell cultures from rat basal 
forebrains (1-2 d after the birth). Total R N A  was extracted from glial 
cells by guanidine thiocyanate method and m -RNA level for N G F. 
B D N F  and N T-3 was analysed by means RT-PCR. It was shown that 
after serum deprivation (0.1% serum) glial cells contained undetectable 
levels o f  B D N F , N G F  and NT-3 m-RNA. After stimulation o f glial 
cells by fetal calf serum (FCS) (15% for 1 h.) or after semax 
administration (concentrations from 1 to 100 nM for 1 h.) we observed 
a rapid N G F  and B D N F  m -RNA accumulation. The level o f BD N F  
and N G F  m -RNA was approximately the same in semax and FCS 
stimulated glial cells. Semax and FCS also stimulated NT-3 gene 
expression but the level o f  NT-3 m-RNA was much less, than B D N F  
and N G F  m -RNA level.
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512.1

FUNCTIONAL ANTAGONISM BETWEEN TrkA AND p75 NEUROTROPHIN 
RECEPTORS DURING SYMPATHETIC NEURON GROWTH AND TARGET 
INNERVATION. J. Kohn*, R. Aloyz, M. Haak-Frendscho#, and F.D. Miller. Centre 
for Neuronal Survival, Montreal Neurological Institute, Montreal, P.Q., Canada, 
H3A 2B4, and Promega Corporation, Madison, WI 53711#.

We have previously shown that survival of cultured sympathetic neurons 
is dependent on a balance between the degree of TrkA and p75NTR activation. A 
robust TrkA/NGF survival signal is required to override negative survival signals 
mediated by p75. When TrkA activation is not optimal, the neurotrophin BDNF, 
which does not activate Trk receptors on sympathetic neurons, mediates neuronal 
apoptosis. We are presently interested in examining other biological effects of p75 
activation in sympathetic neurons, independent of those affecting survival. More 
specifically, we wish to determine how p75 activation coincident with robust trkA 
activation can functionally antagonize growth of sympathetic neurons. We have 
used an in vitro neuritogenesis assay to show that BDNF-mediated activation of 
p75 inhibits growth of cultured sympathetic neurons, and using antibodies to both 
BDNF and p75, we have shown that autocrine BDNF. acting through p75. 
decreases growth of these neurons. Further evidence supporting the role of p75 in 
negative regulation of growth comes from our neuritogenesis assays with p75-/- 
neurons. These neurons show enhanced neuritogenesis in response to NGF, and 
do not respond to exogenous BDNF. In order to address the role of p75 in 
regulating target innervation in vivo. we used immunocytochemistry to examine 
the level of sympathetic innervation to the pineal gland, a sympathetic target 
organ, in P13-P16 wild type and BD NF-/- mice. The pineal, whose innervation is 
primarily sympathetic and no t sensory, is hyperinnervated in BDNF-/- mice. 
Studies to address the relevance of this during sympathetic neuron target 
competition are currently in progress. Supported by MRC.

512.3

ELIMINATION OF CGRP PERICELLULAR BASK ETS  
FOLLOWING DEAFFERENTATION OF THE SCG. S .E . 
Shoemaker, A.J. Shafer, A.K. Kamm, C.A. Morgan, and L.G. 
Isaacson*. Center for Neuroscience, Dept Zoology, Miami Univ, 
Oxford, OH 45056.

The frequency o f pericellular baskets formed by calcitonin gene 
related peptide (CGRP) immunoreactive fibers is dramatically 
increased (200%; vs.control) in the superior cervical ganglion  
(SCG) following a 2 w k intracranial infusion o f  nerve growth factor 
(NGF; 15 µg). NGF-responsive sensory fibers a) pass peripheral to 
the ganglion and penetrate perpendicular to the sheath and b) enter 
via lateral branches from the carotid artery to preferentially surround 
intracranially projecting SCG cell bodies. Follow ing deafferentation 
(sever preganglionic trunk) and subsequent N GF infusion (dNGF), 
CGRP fibers were abundant but did not form pericellular baskets. 
The absence of baskets could result from deficient transport o f  NGF  
from the cranium or deficient release o f  exogenous NGF from  
ganglionic cell bodies. In extracerebral blood vessels from dNGF  
and NGF cases, NGFβ immunohistochemistry revealed similar 
NGF immunoreactivity with no N GF immunoreactivity in VEH, 
suggesting adequate retrieval o f  exogenous N GF by deafferented 
perivascular axons. A lso, the frequency o f  N G F immunopositive 
cell bodies in the SCG (none in VEH) was not affected by 
deafferentation, indicating transport capabilities by dNGF axons. 
These findings suggest that deafferentation may affect mechanisms 
governing NGF release, but not transport, to prevent formation o f  
CGRP pericellular baskets. (Supported by N S 32876 to LGI)

512.5

ONTOGENIC EX PR E SSIO N  OF A NOVEL N EURAL  
TRANSCRIPTIONAL R EPR ESSO R , N D F 1 . H. H iguchi* , X. 
Ma, Y. Y oshida, S.-Y. N iu. D epartm ent of Pharm acology, N iigata  
U niversity School of M edicine, 1 -7 5 7  A sahim achi-dori, N iigata  
951-8510, JAPAN

48b p -N G F -resp o n siv e  elem en t (NGFRE) p artic ip ates in NGF 
-in d u ced  tran scrip tion a l a c t iv ity  of sym p ath etic  co tran sm itter  
neuropeptide Y gen e and neuronal d iffer en tia tio n . A 2 6 -k D a  
nuclear protein, N D F 1 (N G FR E-D NA  b inding factor 1) has been  
cloned as a repressor w ith  a w eak h om ology to  ROR α and  
is expressed abundantly in  th e brain, adrenal gland and neuronal 
cell lines. To in vestiga te  w hether N D F1 is  in volved  in neuronal 
d ifferen tia tion , w e in v es t ig a te d  em b ryon ic and d evelop m en ta l 
expression  o f N D F 1 in th e CNS and th e  sym p ath etic  adrenal 
gland by u sin g  gel sh ift  a ssay  and in s itu  hybrid ization  (ISH). 
During em bryonic and d evelopm enta l period, N D F 1 and N D F 1 
mRNA w ere exp ressed  rem arkably and continuously  in the CNS 
and adrenal gland and d im inished m oderately  in th e adulthood. 
In th e CNS N D F 1 mRNA w as ex p ressed  m ark ed ly  on th e  of 
the ven tricu lar zone a t E18. In th e adrenal th e  exp ress ion  of 
N D F1 mRNA w as parallel to  th e  d ifferen tia tion  of th e adrenal 
medulla. These present data suggested  that N D F1 is an important 
repressor w hich  reg u la tes  n eg a tiv e ly  neuronal d ifferen tia tio n .

5 1 2 .2

CGRP PERICELLULAR BASK ETS IN THE SUPERIOR  
CERVICAL GANGLION FOLLOWING INTRACRANIAL  
INFUSION OF NGF. A.J. Shafer, S.R. C ollins, R.G. Sherman* 
and L.G. Isaacson. Center for Neurosci, Dept Zoology, Miami 
U niv, Oxford, OH 45056.

A  2 wk intracranial infusion o f nerve growth factor (NGF; 15 µg) 
results in a 200% increase (vs cont) in pericellular baskets formed 
by calcitonin gene related peptide (CGRP) immunoreactive fibers in 
the adult rat superior cervical ganglion (SCG). W e hypothesize that 
NGF-responsive CGRP fibers preferentially form pericellular 
baskets around intracranial projection neurons that have retrogradely 
transported exogenous NGF to the SCG and released it locally. W e 
used CGRP and NGFβ immunohistochemistry in the present study 
to examine the role o f  NGF in this remodeling o f  CGRP fibers. 
Follow ing NGF infusion and NGFβ immunohistochemistry, 1.2% 
o f  SCG cell bodies contained exogenous NGF (none observed in 
VEH) and had a mean cross-sectional area o f  520.9 µm 2, an 
intermediate size and frequency previously reported for intracranially 
projecting SCG cell bodies. CGRP baskets were less frequent 
(0.2% ), but the size o f  their cell body targets (i.e. 536.8 µm2) was 
similar to that o f NGF immunopositive cell bodies. In double label 
and adjacent single labeled sections, CGRP pericellular baskets 
surrounded NGF immunoreactive ganglionic cell bodies. Our 
findings support the hypothesis that, following intracranial NGF  
infusion, exogenous NGF is retrogradely transported to the SCG  
and released locally to mediate the plasticity o f CGRP 
immunoreactive fibers. (Supported by NIH N S32876 to LGI)

5 1 2 .4

MATURATIONAL CHANGES IN THE RESPONSES OF 
SYMPATHETIC NEURONS TO NEUROTROPHIC FACTORS.
N. Orike*,_ S. N. M eah-Englezos, C. M gwaba and T. Cowen, SPON: 
British Neuroscience Association. D ept. o f Anatomy and Developmental 
Biology, Royal Free Hospital School o f Medicine, London, UK.

Recent studies suggest that postnatal neurons remain dependent on NGF 
and NT3 for their survival. However, it is not known if the responses of 
sympathetic neurons to NGF and NT3 change during maturation. We 
have examined the growth and survival dependence o f young and adult 
sympathetic neurons by first establishing optimal conditions for culturing 
these neurons. Dissociated SCG neurons from young (1 wk) and adult (12 
wk) rats were plated at low density and grown for 24hr in defined 
medium with or without NGF, NT3 or with a combination o f both. 
Survival was assessed at 4 and 24hr, whilst the initiation and extent of 
neurite outgrowth was assessed at 24hr using phase contrast microcopy. 
When 1 wk SCG neurons were cultured in defined medium, about 30% of 
neurons survived. In the presence o f either NGF or NT3, at 
concentrations ranging from 0.005 to 100ng/ml, a dose-dependent 
survival response reaching 100% was observed. However, when 12 wk 
SCG neurons were cultured in defined medium, the vast majority (about 
90%) o f neurons survived and this proportion was not significantly 
enhanced by the presence o f NGF or NT3. 1 wk neurons extended long 
neurites after 24hr. Extent o f outgrowth was apparently not dose- 
dependent. In contrast, neurite outgrowth from 12 wk neurons was 
significantly enhanced by a combination o f NGF and NT3. Taken together 
these findings confirm the survival dependence o f early postnatal 
sympathetic neurons on NGF and NT3 during the period o f naturally 
occurring cell death. However, between 1 and 12 weeks we show that 
survival dependence is lost, whilst growth dependence is acquired, 
suggesting a  maturational change in the role o f NGF and NT3 in 
developing sympathetic neurons. Supported by the Wellcome Trust.

5 1 2 .6

RB1 AND RG1 STIMULATE NEURITE OUTGROWTH IN PC12 CELLS C .
G. Benishin*, M. Rudakewieh, X.-C. Wu, B.-H. Huang, J. J. Shan. Dept. o f 
Physiology, Univ. o f  Alberta, Edmonton, AB and CV Technologies,
Edmonton, AB T6G 2H7.

The ginsenosides (the saponin components o f  the ginseng root) have been 
reported to have a number o f pharmacological actions, including memory 
enhancement. Our previous studies have demonstrated that two ginsenosides, 
Rb1 and Rg1 improve performance in a passive avoidance learning paradigm, 
which may be associated with an enhancement o f cholinergic metabolism. The 
present study was designed to examine the neurotrophic actions o f the 
ginsenosides. PC12 cells grown in the absence and presence o f nerve growth 
factor (NGF) as a positive control, and different concentrations o f  Rb1 or Rg1. 
Neurite outgrowth was quantitated for representative fields of cells, on a scale 
o f  0 (no neurites, round cells) to 4 (maximal neurite outgrowth). After 8 days 
in culture, the ginsenosides both enhanced neurite outgrowth in the presence o f 
a suboptimal dose o f  NGF, but did not significantly stimulate neurite 
outgrowth in the absence o f  NGF. After 18 days in culture, the ginsenosides 
both increased neurite outgrowth in the absence o f  NGF, but the effect was not 
additive with a suboptimal dose o f NGF. The longer term effect o f the 
ginsenosides is associated with an increase in expression o f  muscarinic 
receptors. An aqueous extract o f  ginseng, which is currently available as a 
health food supplement, Remember-FX™, similarly enhances neurite 
outgrowth in a dose dependent manner, in the absence o f NGF. These results 
suggest that the ginsenosides may have neurotrophic actions which may 
contribute to the beneficial properties attributed to ginseng.

Supported by CVTechnologies
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5 1 2 .7

PACAP AND NT-3 DIFFERENTIALLY REGULATE TAU EXPRESSION AND 
SYMPATHETIC NEUROGENESIS. R. Goodwin†, I.B. Black, & E. DiCicco- 
Bloom*. Dept. Neurosci. & Cell Biol, UMDNJ/Robert Wood Johnson Med. Sch., 
Piscataway, NJ, 08854.

Both selective and instructive mechanisms have been implicated in neurogenesis and 
differentiation during development. We previously found that PACAP, a local factor, is 
both mitogenic and trophic for sympathetic neuroblasts, whereas NT-3, a local and 
target-derived factor, promotes survival only. We now show that the factors 
differentially regulate expression of the axonal protein tau, depending on the 
proliferative state of the cell, suggesting that the signals play distinct developmental 
roles. We cultures rat embryonic day 15.5 superior cervical ganglion neurons in defined 
medium, and assessed survival as well as localization of mature tau by 
immunocytochemistry. NT-3 increased tau-(+) neurons greater than 3-fold, whereas 
PACAP's effect was 2-fold (Con=23%±1, NT-3=79%±1, PACAP=48%±1, p<0.001). 
Since both factors are trophic, we determined whether increased tau was due to selective 
survival of tau-expressing neurons. Cultures were incubated for 24 hr in basal medium 
allowing factor dependent cells to die. Subsequently, from hour 24 to 48, during which 
little additional cell death occurred, cells were exposed to NT-3 or PACAP. At 48 hr, 
77%±4 of neurons exposed to NT-3 expressed tau. In contrast, 40%±6 of control and 
54%±7 of PACAP-treated neurons expressed tau. These observations indicate that 1) 
tau expression increases with time in vitro and 2) NT-3 plays an instructive role in tau 
expression. To determine whether NT-3 principally elicits tau expression in post- 
mitotic neurons, we performed double-labeling for tau and the mitotic marker, BrdU. 
After NT-3 exposure, 96% of BrdU negative cells expressed tau, indicating that NT-3 
acts primarily on post-mitotic cells. Our results indicate that PACAP and NT-3 
differentially regulate expression of the axonal marker tau. Moreover, NT-3 is 
instructive for sympathetic neuroblasts, specifically upregulating tau in post-mitotic 
cells. Consequently, target-derived NT-3 may play a role in the transition from mitotic 
precursor to axon-elaborating post-mitotic neuron. († HHMI medical student research 
fellow, supported by NIH HD23315)

5 1 2 .9

EFFECTS OF THE NEUROTROPHIC FACTORS GDNF, NGF, BDNF AND NT-3 ON 
NEURITE OUTG ROWTH OF DISSOCIATED ADULT PRIMARY SENSORY NEURONS.
I. Gavayzi*, R.D.C. Kumar, J. Cohen. Department of Developmental Neurobiology, 
UMDS, Guy's Hospital, London SE1 9RT, UK.

In contrast with their neonatal counterparts, adult rat DRG neurons are not 
dependent on exogenous trophic factors for survival in vitro. However, NGF and BDNF 
enhance the percentage of regenerating neurons in dissociated cultures of adult DRG 
(Lindsay RM, 1988), whilst only NGF, but not BDNF or NT-3, promote neurite 
elongation from adult DRG neurons in compartmented cultures (Kimpinski K. et al., 
1997). The aims of the present study were: i) to establish whether GDNF, a trophic 
factor for a subpopulation of nociceptors during late stages of development, affects 
regeneration of adult neurons in vitro; ii) to compare the ability of the different 
neurotrophins, alone or in combination, to promote neurite outgrowth in adult DRG 
cultures; iii) to assess whether subtypes of sensory neurons, bearing distinct trophic 
factor receptors, respond selectively to the different trophic factors. Dissociated adult 
rat DRGs were cultured without added trophic factors or with different combination of 
factors. Cultures were fixed after 18-20 (1d) or 42-44 hours (2d), and stained with anti- 
GAP43 antibodies (which stain all neurons), with NFH antibodies (which stain 
intermediate and large neurons), or with the lectin IB4 (which stains small GDNF- 
responsive nociceptors). The percentage of regenerating neurons and their cell body size 
were evaluated at all time points, whilst the total neuritic length was evaluated at 1d 
only. Interestingly NGF and GDNF are equipotent in significantly increasing the 
percentage of regenerating neurons. GDNF is, however, more effective than NGF in 
promoting neurite growth from small, IB4+ neurons. In contrast, NT-3 and BDNF do 
not increase the percentage of regenerating cells over control values. At 2d 
approximately 50% of neurons regenerate even without added trophic factors. This 
outgrowth is not due to NGF or GDNF produced by residual Schwann cells, as 
demonstrated by culturing the neurons with trkA-IgG or anti-GDNF antibodies. These 
results show that, further to its known role as a survival factor for a subpopulation of 
nociceptors, GDNF promotes their regeneration. NGF is the only neurotrophin that 
enhances regeneration, acting predominantly on small neurons, including nociceptors 
that do not express p75 or trkA in intact adult ganglia. Supported by the Wellcome Trust.

5 12 .11

DISTINCT FUNCTIONS OF B D N F A N D  N T3 IN MOUSE  
TRIGEMINAL GANGLION N EUR O N  DEVELOPMENT IN  VIVO. 
Patrik Ernfors* and Wael M. ElShamy Laboratory o f  Molecular 
N eurobiology, M BB, Karolinska Institute, S171 77 Stockholm, 
Sw eden.
Current data suggest that both NT3 and B D N F play important roles in 
development o f trigeminal ganglion sensory neurons. W e present 
evidence show ing that NT3 and B D N F play very different roles for 
these neurons - in the control o f  the cell cycle o f  progenitor cells and 
for the survival o f  mature neurons, respectively. Our results show  that 
the excessive cell death in B D N F -/- mice coincides with the embryonic 
period o f  programmed cell death and the dying cells express 
peripherin, a marker o f  mature neurons. In contrast w e find in NT3-/- 
m ice, which display an excessive cell loss prior to the programmed cell 
death period, that the cell cycle controling transcription factor N -m yc 
fails to translocate from the nucleus to the cytoplasm. The translocation 
o f  nuclear N -m yc to the cytoplasm in proliferating progenitors is a 
prerequisite for cell cycle exit and differentiation in the sensory neuron 
lineage and deregulated N -m yc expression induces apoptosis in cells. 
Consistently, w e also find a marked increased expression o f  the G 1/S- 
phase cell cycle proteins, cyclin D 3, proliferating cell nuclear antigen 
(PCNA) and the transcription factor E2F during the embryonic period 
when most sensory neurons w ould normally be bom . The persistent 
expression o f  pro-cell cycle proteins ultimately leads to the death o f  
these cells. Although playing very different roles for trigeminal 
ganglion neurons w e find by the analysis o f  B D N F -/-/N T3-/- double 
mutant mice that they act largely on an overlapping population. 
Supported by the Swedish M edical research Council

5 1 2 .8

NERVE GROWTH FACTOR MODULATES MYELIN-ASSOCIATED 
GLYCOPROTEIN BINDING TO SENSORY NEURONS.
A.M. Turnley and P.F. Bartlett*. Development and Neurobiology Group, 
The Walter and Eliza Hall Institute of Medical Research, Post Office, 
Royal Melbourne Hospital, Melbourne, Victoria 3050, Australia.

Myelin-Associated Glycoprotein (MAG) is a molecule expressed by 
myelinating oligodendrocytes and Schwann cells and found at the 
myelin/axon interface. It is involved in the initiation of myelination and 
in the maintenance of a stable myelin/axon unit. The molecule to which 
MAG binds on the neuron is as yet unidentified. We have used a MAG- 
immunoglobulin Fc (MAG-Fc) fusion protein to detect the expression 
and examine the regulation of the MAG binding molecule on mouse 
sensory neurons in culture.

Binding of the MAG-Fc fusion reached a maximum at 24-48 hours 
and decreased thereafter. Neurons which expressed high levels of neuro- 
filament bound higher levels of MAG-Fc than neurons which expressed 
low levels of neurofilament. While both NGF and LIF can support 
sensory neuron survival in culture, only NGF was able to upregulate 
expression of the MAG binding molecule in a dose dependent manner. 
Schwann cells co-cultured with DRG neurons in serum-free medium were 
also able to stimulate maximal expression of the MAG binding molecule 
on the neurons. Addition of anti-NGF to the Schwann cell-neuron co- 
cultures decreased MAG-Fc binding almost to baseline levels, indicating 
that Schwann cells can modulate expression of the MAG binding 
molecule via production of NGF. This may represent a physiological 
mechanism for regulation of MAG-MAG binding molecule interactions 
and may have important consequences for myelinating cell-neuron 
interactions during myelination and remyelination.

Supported in part by the National Multiple Sclerosis Society o f 
Australia, the Australian Research Council and the National Health and 
Medical Research Council of Australia.
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SENSORY AXON MORPHOLOGY IS DIFFERENTIALLY AFFECTED BY 
NGF AND NT-3. S.I. Lentz*, J.C. Harding, and W.D. Snider. Dept. of Neurology, 
CSNSI, Washington Univ., St. Louis, MO, 63110.
All neurotrophin family members mediate dose-dependent elaboration of axons from 
embryonic peripheral ganglia explants. However, axon outgrowth in the absence of 
these molecules has not been systematically studied due to the profound survival 
requirements of embryonic peripheral neurons for neurotrophins. In order to assess 
axon growth in the absence of neurotrophins and to explore signal transduction 
mechanisms related to morphological versus survival responses, we generated 
highly dissociated cultures of DRG neurons from mice deficient in the apoptosis 
regulator BAX. At E 12-E15, when sensory axons are extending toward peripheral 
and central targets in vivo, axon growth was rudimentary in the absence of 
neurotrophins. Neurons were invariably unipolar and extended axons of only 500 
µm after 3 days on a laminin substrate in the presence of serum. At E12, when 
most DRG neurons express trkC and when NT-3 is expressed in mesenchyme 
surrounding sensory axon projection pathways, nearly all neurons in Bax-/- 
cultures responded to addition of NT-3 with extension of a second axon and 
lengthening and branching of both processes. Only a few DRG neurons exhibited a 
morphological response to NGF at this age. By E 13, there were two populations in 
Bax-/- cultures with strikingly distinct morphological responses to neurotrophins. 
About 60% of the neurons responded to NGF with a 4.5-fold increase in axon 
extension characterized by long, mostly unbranched axons. Roughly 40% responded 
to NT-3 predominantly with pronounced terminal branching. The addition of the 
MAP kinase kinase inhibitor, PD98059 to the Bax-/- cultures attenuated 
morphological responses to both NGF and NT-3 in a dose dependent manner. These 
findings have implications for our view of developing sensory axon projections in 
vivo. We suggest that a prominent morphological role of NGF in embryonic life is 
to support the massive elongation that must occur after the axons are in proximity 
to their targets. We suggest that there is also a role for NT-3 in early sensory axon 
projections, but that other factors must contribute to suppress the branching 
response normally induced by this molecule. Supported by NINDS.

5 1 2 .1 2

A  COUNTERACTIVE ROLE OF BRAIN DERIVED 
NEUROTROPHIC FACTOR A ND  NEUROTROPHIN-4 IN THE 
SURVIVAL OF PERIPHERAL SENSO RY N EURONS K. Agerman,1 
C. W illson,2 W. ElShamy ,1 F. P iehl,3* and P. Em fors1. 1Laboratory o f  
Molecular N eurobiology, M BB, Karolinska Institute, S171 77
Stockholm, Sweden. 2University o f  Miami School o f  M edicine, Miami, 
FL 33136, 3Department o f  N euroscience, Karolinska Institute, S171 77 , 
Stockholm, Sweden.

During development o f the vertebrate nervous system a natural massive 
death o f neurons occur. The elimination o f neurons has been recognized 
as normal part o f development and occurs during a restricted embryonic 
period. A  central hypothesis for the control o f programmed cell death 
(PCD) has been that neurons compete for limiting amounts o f  
neurotrophic factors, where the unsuccessful neurons die.

W e have addressed the roles o f  brain derived neurotrophic factor 
(BD N F) and neurotrophin-4 (NT-4) for sensory neurons survival in 
development. We find that under certain circumstances they have 
opposing effects. In primary cell cultures o f  trigeminal ganglion neurons, 
survival o f  BDNF-dependent neurons is attenuated by the administration 
o f  N T-4. This effect could be mediated either by an antagonizing effect 
on the tyrosine kinase receptor B (trkB) or the activation o f  P75NTR. 
Supported by the Swedish Medical Research Council
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EFFECTS OF NEUROTROPHIN-3 ON PROPRIOCEPTIVE AXON BRANCHING 
IN MUSCLE. Michael D. Taylor and Douglas E. Wright*. Dept. Anatomy and Cell 
Biology, Univ. Kansas Medical Center, Kansas City, KS 66160.

Neurotrophin-3 (NT-3) is a required survival factor for primary sensory neurons that 
innervate muscle and convey proprioceptive information. Transgenic mice that 
overexpress NT-3 in muscle during the period of naturally-occurring cell death (NOCD) 
demonstrate that the amount of NT-3 in developing muscle establishes the number of 
surviving proprioceptive sensory neurons. Increased numbers of proprioceptive 
neurons then induce the formation of increased numbers of muscle spindles (Wright et 
al., 1997, Neuron 19:503-517). However, it has been difficult to rule out the 
possibility that NT-3 affects proprioceptive axon branching within muscle, thus 
contributing to final patterns of sensory innervation. To address this issue, we have 
created transgenic mice that overexpress NT-3 in skeletal muscle using the myosin- 
light chain promoter (MLC-NT-3 mice). This promoter drives transgene expression in 
adult skeletal muscle after the period of NOCD of proprioceptive neurons. MLC-NT-3 
mice display strikingly aberrant limb positioning when lifted by the tail and an 
abnormal stance and gait that worsens with age. Immunocytochemical analysis of 
muscle spindle innervation suggests normal Ia innervation of intrafusal fibers in MLC- 
NT-3 mice. However, overexpression of NT-3 in muscles of MLC-NT-3 mice does 
increase the number of hindlimb muscle spindles (medial gastrocnemius: WT = 9± 1.4 
SEM vs. MLC-NT-3 = 17±1.1 SEM ) and dramatically increases the incidence of 
muscle spindles that contain an atypical morphology and intrafusal fiber composition. 
This latter result closely resembles observations of muscle spindles that form de novo 
following nerve branching of injured proprioceptive axons in adult rats (Sekiya et al, 
1986, J. Neurosci. 6:2019-2025). Our results reveal that overexpression of NT-3 in 
muscle at late developmental stages results in mice with distinctly different 
proprioceptive features than mice that overexpress NT-3 during the period of NOCD. 
These findings are consistent with a proposed role of muscle-derived NT-3 to regulate 
proprioceptive neuron survival and proprioceptive axon branching in muscle. These 
mice will serve as a good model to study actions of NT-3 on the reinnervation of 
muscle sensory receptors in injured and diseased states.

5 12 .15

MULTIPLE NEUROTROPHIN RECEPTORS INVOLVED IN DEVELOPMENT OF 
MERKEL INNERVATION. K.M. Cronk,1 G.A. Wilkinson,2 I. Silos-Santiago3 S. 
Jhaveri,4 E. F. Wheeler,5 L. Tessarollo,6 L. F. Reichardt7 and F. L. Rice1*. 1Dept. of 
Pharmacology and Neuroscience, Albany Medical College, Albany NY 12208; 2European 
Molecular Biology Laboratory, Heidelberg, Germany; 3Millenium Pharmaceuticals Inc., 
Cambridge, MA; 4Dept. of Brain & Cognitive Sciences, MIT, Cambridge, MA; 5Division of Life 
Sciences, UTSA, San Antonio, TX, 6Fredrick Cancer Research & Development Center, Fredrick, 
MD; 7Howard Hughes Medical Center, UCSF, San Francisco, CA.

Development of Merkel innervation affiliated with whisker follicles depends upon 
NT-3 and tikC. Merkel endings gradually disappear by P7 (PO = birth) in NT-3-/- mice 
but only by P14 in mice that lack a functional kinase domain of the trkC receptor 
(Fundin et al., 1997, Dev. Biol., 190: 94-116). Thus, another receptor such as trkA 
might temporarily mediate NT-3'signaling. We used immunofluorescence to examine 
the whisker pad innervation in P0 trkA-/-/trkC-/- kinase deficient mice and found that the 
Merkel innervation was completely absent. Whisker pads of wild type prenatal and 
early postnatal mice and rats were labeled for immunofluorescence with antibodies 
against p75 and the extracellular domain of trkA, trkB and trkC. Both trkA and trkC 
were present on the Merkel innervation prenatally but trkA disappeared before birth. 
Surprisingly, at the age when the Merkel afferents invade the whisker follicles (circa 
E15 in mouse and E16 in rat), the follicle cells transiently labeled with anti-trkC. 
Subsequent in situ hybridization analysis revealed that at least some of the follicular 
trkC is a truncated form. To test whether the truncated form of trkC may be involved 
in the development of the Merkel innervation, whisker pad innervation was examined 
in knockouts targeted at the extracellular domain of trkC. In contrast to homozygous 
trkC kinase domain knockouts, trkC null mutants completely lacked Merkel innervation 
on PO. These results indicate that trkA, full length trkC and presumably truncated 
forms of trkC all play an important role in promoting the development of Merkel innerv 
ation. The Merkel innervation was also intensely immunoreactive for trkB and p75. 
Previous knockout results suggest that these may initially mediate a suppression of 
Merkel innervation with p75 later becoming important for long term maintenance 
(Fundin et a l, 1997). NIH R01-NS34692.
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SPECIFIC ROLES FOR GDNF AND NEURTURIN IN THE DEVELOPMENT OF 
CUTANEOUS INNERVATION. B.T.Fundin*, Ǻ.Mikaels and P.Ernfors. Dept. of 
Molecular Biophysics and Biochemistry, Lab. Molecular Neurobiology, Karolinska 
Institute, S-171 77 Stockholm, Sweden.

Glial cell-derived neurotrophic factor (GDNF) family of ligands play fundamental 
roles during organogenesis and nervous system development. The receptor subunit. 
GFRal, binds GDNF which is required for subsequent Ret binding and activation. 
Recently, two other receptors, GFRa2 and GFRa3, was identified and characterized. 
However, the functional significance of GDNF and NTN in vivo is not yet known. In 
order to understand their specific roles during development of the peripheral nervous 
system we have characterized their expression and role in the whisker follicle-sinus 
complex (FSC), which serves as a model system for mammalian cutaneous sensory 
innervation.

At embryonic day 11, NTN was widely expressed in both epidermis and dermis in 
the developing mystacial pad. In contrast, GDNF mRNA was present only in 
epidermis at the location for the developing whisker follicle. Furthermore, the 
expression of GDNF and NTN mRNA in the FSC was altered during development 
and highly correlated with the specific sets of arriving innervation: 1) NTN and 
GFRa2 during Merkel innervation, 2) GDNF and GFRa1 during longitudinal 
lanceolate ending formation, 3) NTN and GFRa3 during Ruffini ending formation, 4) 
GDNF and GFRa1 during reticular ending formation as well as 5) GDNF, GFRa1 and 
GFRa2 during inner conical body innervation, i.e. transverse lanceolate endings and a 
large number of unmyelinated axons. The interactions of GDNF with developing 
primary sensory neurons were confirmed by analysis of GDNF heterozygous knock- 
out mice (GDNF+/-). The NGF dependent classes of cutaneous mechanoreceptors, 
i.e. reticular endings, transverse lanceolate endings as well as the intraepithelial bush 
ending were detrimentally affected in the GDNF+/- mice, which implies that GDNF 
is a trophic maintenance factor for adult populations of neurons which require NGF 
during embryogenesis. The expression of GFRa1 was mainly associated with terminal 
Schwann cells at the target. Immunohistochemistry revealed that only the distal part 
of the axon and the terminal Schwann cell expressed GFRal protein. Culturing of E12 
trigeminal primary sensory neurons with soluble GFRal and GDNF resulted in 
increased survival compared to GDNF alone. These results strongly suggests that the 
GPI linked GFRa1 might be released by the terminal Schwann cells to act locally on 
specific sets of sensory axons. ( Swedish Medical Research Fund)

5 1 2 .1 6

ALTERATIONS OF NERVE GROWTH FACTOR (NGF) AND SENSORY NERVE- 
RELATED NEUROPEPTIDES CONTENT IN THE DORSAL ROOT GANGLIA 
(DRG) IN STREPTOZOTOCIN (STZ)-INDUCED DIABETIC RATS.
H. Kamibayashi, M.Yoneda*, H. Ito, Y. Miyamoto, K. Ato, T. Kashiwaya, T. Kono,
I. Makino. Second Department of Medicine, Asahikawa 078, Japan

Diabetic neuropathy, one of the major complications of diabetes mellitus, is 
characterized by sensory dominant nerve disturbance and progresses from the lower 
limbs to the upper limbs. Although the mechanisms of this disorder is still unclear, 
NGF, one of the neurotropic factors, has been reported to be reduced in the sensory 
nerve of diabetic animal models. NGF is suggested to induce the synthesis of 
neuropeptides, such as substance P (SP) and calcitonin-gene related peptide (CGRP), 
in DRG, and these peptides are requisite for maintenance of sensory nerves. In the 
present study, alterations of NGF, SP and CGRP content in the cervical and lumbar 
DRG in various stages of STZ-induced diabetic rats were investigated. Male Wistar 
rats were intravenously injected with STZ (50 mg/kg) or vehicle. The cervical (C5-7) 
and lumbar (L4-6) DRGs, and the palm and sole skin tissues were obtained at two or 
eight months after the STZ. Immunoreactivities of SP and CGRP in the DRG were 
detected by ABC method and NGF content in the DRG and the skin tissue was 
determined by ELISA. In diabetic rats two months after STZ, the percentages of the 
immunoreactive nerves for SP or CGRP and NGF content were not changed in the 
cervical DRG, although those in the lumbar DRG were significantly reduced. 
Furthermore, in diabetic rats eight months after STZ, the percentages of 
immunoreactive nerves for SP or CGRP and NGF content in both the cervical and 
lumbar DRG were significantly reduced. NGF content in the palm and sole skin tissue 
was not altered in diabetic rats of both stage. These findings suggest that retrograde 
axonal transport of NGF in the sensory nerve is disturbed in diabetic rats and this 
alteration may lead an inhibition of SP and CGRP synthesis, which is requisite for 
sensory nerve maintenance, and that these disturbances begin from the lower limbs.
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NF-κB IN APOPTOSIS INDUCED BY TROPHIC FACTOR 
WITHDRAWAL. N. Lambeng*, P.P. Michel, Y. Agid, M. Ruberg. 
INSERM U.289, Hôpital de la Salpêtrière, 75013 Paris, France.

PC12 cells differentiated with NGF dedifferentiate if NGF is 
withdrawn, and die by apoptosis if  serum is removed as well. The 
apoptotic cascade includes an early increase in cellular ceramide levels 
followed by the production, o f  mitochondrial free radicals, which 
activate, in turn, the transcription factor NF-κB, as in NGF 
differentiated PC12 cells that die by apoptosis after treatment with 
cell permeant ceramide analogues. When PC12 cells are differentiated 
with cAMP in addition to NGF, however, they become irreversibly 
post-mitotic, independent o f  serum for their survival, and die by 
apoptosis, when deprived o f NGF and cAMP. This occurs in the 
absence o f the early increase in ceramide levels and the production o f  
free radicals, raising the question whether apoptosis in irreversibly 
differentiated cells requires activation o f  NF-κB. We show that: 1) 
differentiation by NGF, in itself, causes nuclear translocation o f NF- 
κB, that is reversed during terminal differentiation with cAMP; 2) 
NGF withdrawal, induces translocation o f  NF-κB, associated with 
dedifferentiation and re-entry into the cell cycle, and followed by 
apoptosis if upstream (serum) and downstream (NGF) inhibitors o f  
the apoptotic cascade are also withdrawn; 3) cAMP and NGF 
withdrawal in irreversibly differentiated cells activated NF-κB 
concomitantly with their death. The role o f  NF-κB is therefore, 
determined by the state of differentiation o f the cells.

Supported by INSERM.

5 13 .2

NERVE GROWTH FACTOR DEPENDENT ACTIVATION OF NF-κB IN RAT 
SYMPATHETIC NEURONS AND ITS POTENTIAL ROLE IN SURVIVAL. P.D. 
Sarmiere1, S.B. Maggirwar2, S. Dewhurst2, and R.S. Freeman1*, 1Department of 
Pharmacology and Physiology and 2Department of Microbiology and Immunology, 
University of Rochester School of Medicine and Dentistry, Rochester, NY 14642.

Sympathetic neurons of the rat superior cervical ganglia (SCG) require nerve 
growth factor (NGF) for survival. Previous reports have suggested NF-κB as a 
mediator of cell survival in both neuronal and non-neuronal cells. Recently, NF-κB 
has been shown to be activated by NGF in rat Schwann cells and in PC12 cells. Our 
studies focused on NGF activation of NF-κB in SCG neurons and the role of NF-κB 
in neuronal survival. SCG neurons deprived of NGF for 14 hours and then re- 
stimulated with NGF showed an increase in NF-κB DNA binding activity but not 
Oct-1 DNA binding activity. NF-κB activity increased by 2 hours and was maximal 
by 4-6 hours after stimulation with NGF, as determined by gel shift assays. Super 
shift assays determined that the NGF-inducible NF-κB complex was comprised of 
p50, RelA, and c-Re1, but not p52 subunits. Treatment of neurons with SN50, a 
membrane permeable peptide that can block nuclear translocation of NF-κB, blocked 
the NGF-inducible NF-κB activity but had no effect on Oct-1 DNA binding. In 
contrast, treatment with a variant form of SN50 (containing two amino acid 
substitutions) did not inhibit NF-κB DNA binding in response to NGF. Incubation of 
SCG neurons with SN50 in vitro resulted in marked neuronal degeneration in the 
presence of NGF in a dose dependent manner. Treatment of neurons with the mutant 
SN50 peptide was not detrimental. These data suggest that NF-κB may be an 
important factor involved in neuronal survival in rat sympathetic neurons and that 
NF-κB is a downstream target of NGF signaling pathways in primary neurons. 
Funding for this work provided by NIH grant NS34400, the Paul Stark Endowment 
to the University of Rochester (R.S.F.), and NIH predoctoral training grant ES07026 
(P.D.S.).
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OVEREXPRESSION OF ATYPICAL PKC IN PC12 CELLS 
ENHANCES NGF RESPONSIVENESS AND SURVIVAL THROUGH 
AN NFKB DEPENDENT PATHWAY. L a m a r S e ib e n h e n e r*, and  
M a rie  W . W o o te n  D e p t o f Zoo logy, A u burn  U niversity , A L  3 6 8 4 9  

\N e  h a v e  previously show n th a t a typical P K C  p lays  a  critical ro le  in 
th e  regulation o f N G F -in d u c e d  differentiation (J. M ol. N e u rosci. 5 :3 9 -  
5 7 ). In th is  study w e  e x a m in e  th e  con se q u e n ce s  th a t overexp ression  
o f atypical P K C  has upon m orphological a n d  biochem ical a spec ts  o f 
P C 1 2  cells a lo n e  o r in response  to  N G F . P C 1 2  cells  w e re  stably  
tran s fec ted  w ith  c D N A  fo r e ither P K C  τ o r ζ  O ve re xp re ss io n  o f both  
atypical P K C  isoform s resulted in: 1) e n h an c e d  proliferation o f th e  
cells, 2 ) accum ulation  o f lysosom al an d  lipid conta in ing  ves icles,
3 ) e n h an c e d  resp o n s iveness  to  N G F  para lle led  by a n  in cre a se  in th e  
p e rce n ta g e  o f cells  in G 1 , a n d  4 )  in creases  in N G F -s tim u la ted  
tyros ine  phosphorylation o f p p 1 1 0  P I3  k inase, S H C  a n d  M A P  kinase. 
C ells  o verexp ressin g  atypical P K C  a lso  d isp layed  a n  e n h an c e d  ra te  
an d  length o f N G F -m e d ia te d  neurite  outgrowth, as  w ell as, e n h anced  
survival in s eru m -free  m edia . O ve re xp re ss io n  o f a typical P K C  w a s  by  
itself sufficient to  a ctiva te  N FK β  a n d  shifted th e  k inetics o f N G F -  
induced D N A  binding activity. T ransfec tion  o f e ith er an tise n s e  or 
d o m inant n e g ative  atypical P K C  resu lted  in a n  a b s e n c e  o f N FK β  
activation. O u r results docum ent th a t atypical P K C  positions itself in 
a  p a th w ay  regulating NFKβ. S upported  by N IN D S  3 3 6 6 1  to  MVWV.
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NGF MODULATES NF-κB INDUCIBILITY VIA p75NTR. J.M. Cosgaya and
E.M. Shooter*. Dept. of Neurobiology. Stanford University. Stanford. CA 94305

NGF, the prototypic member of the growth factor family of the neurotrophins, 
can bind to two different receptors, TrkA and p75NTR. The first one is a member 
of the Trk family of tyrosine kinase receptors which accounts for the most of the 
biological actions of this growth factor. On the other hand, less is known about 
the functionality of p75NTR , the low affinity neurotrophin receptor which shows 
no apparent signaling properties in its cytoplasmic domain. Although the ability 
of p75NTR to act like a helper molecule in the signaling mediated by TrkA is well 
documented, an increasing body of evidence shows that p75NTR can also signal by 
its own in a Trk-independent fashion. For example, p75NTR can mediate the fast 
nuclear translocation of the transcription factor NF-κB in Schwann cells and in L 
cells genetically engineered to express exogenous p75NTR (PCNA cells).

The above mentioned studies in NF-κB activation were done in a stressful 
model in which the cells were subjected to a temperature stress prior to the 
analyses. We have done further studies on the involvement of p75NTR in NF-κB 
signaling using PCNA cells as a model. Measured by band-shift assay, in the 
absence of these stressful conditions, NGF was unable to induce NF-κB nuclear 
translocation at short times although it presents a more delayed response. Also, at 
short times of incubation, the neurotrophin was able to modulate the NF-κB 
induction by other agents, like TNF-α, producing a shift in the peak of activation 
by this factor.

All those findings indicate that NGF, acting via. p75NTR, can influence the 
activation state of NF-κB perhaps by a mechanism not completely similar to the 
one used by classical inductors of NF-κB, like TNF-α.

This work has been supported by NIH grant NS 04270 and a grant from the 
OASIS/McGowan Charitable Trust JMC is a recipient of a fellowship from the 
Ministerio de Educación y Cultura (Spain).
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NGF ACTIVATION OF NFKB THROUGH THE P75 RECEPTOR PROMOTES 
SURVIVAL. Jennifer J. Gentry, Patrizia Casaccia-Bonnefil1, Barry Lazenby and 
Bruce D. Carter* Dept. Biochem., Ctr. Mol. Neurosci., Vanderbilt Univ. Med. 
School, Nashville, TN 37232 and 1Dept. Cell Biol, and Anatomy, Cornell Univ. 
Med. College, New York, NY 10021.

Recent evidence indicates that Nerve Growth Factor (NGF) produces its 
effects through signaling contributions from both TrkA and the p75 receptor. A 
number of reports have demonstrated that in contrast to its trophic actions 
through TrkA, NGF binding to p75 can activate programmed cell death. In 
order to examine the mechanisms of NGF signaling through the p75 receptor, 
independent of TrkA, we chose to use a rat Schwannoma cell line, RN22. 
Western blotting and RT-PCR verified the expression of p75 but not TrkA in 
these cells. Gel shift assays of whole cell lysates demonstrated activation of 
NFkB in response to NGF within 30 min and lasting at least 4hr. NGF also 
stimulated c-jun amino-terminal kinase (JNK) in the ceils, detected by in vitro 
kinase assays, with a similar time course. These effects were shown to be 
mediated by the p75 receptor since treatment of the RN22 cells with an 
antiserum to p75, which blocks NGF binding, attenuated the NGF mediated 
increase in both NFkB and JNK activity. The activation of JNK has been 
implicated in p75 mediated apoptosis, however, the role of NGF activated 
NFkB has not been determined. We used inhibitors of NFkB activation and 
assessed the effects on cell viability in the presence of NGF. While cells 
treated with NGF alone showed no reduction in survival, those treated with Z- 
leu-leu-leu-H or PDTC, inhibitors of NFkB, and NGF had decreased viability 
relative to controls based on MTT assays. In addition, a “super-repressor” 
mutant IkBα (S32A, S36A), which cannot be degraded and therefore remains 
bound to NFkB preventing its activation, was co-transfected with lacZ into the 
RN22 cells. Treatment of the cells with NGF resulted in a 35% decrease in the 
number of β-galactosidase stained cells relative to untreated cells. These 
results suggest that NGF activation of NFkB through the p75 receptor 
promotes survival, counter-balancing the pro-apoptotic signal. (Supported by 
Institutional funds from Vanderbilt Univ. Ctr. Mol. Neurosci.)
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ARACHIDONIC ACID INDUCES NGF-INDEPENDENT APOPTOSIS 
THROUGH A PKC ζ-DEPENDENT PATHWAY.
N.J. Macdonald*, A. Bennett*, J.R. Perez-Polo, G. Taglialatela. Depts. of HBC&G 
and +Marine Biomedical Institute, UTMB at Galveston, TX 77555-0652.

Neurons that are affected by neurodegenerative events associated with aging 
require a constant supply of target-derived trophic factors, such as nerve growth 
factor (NGF), for survival. NGF acts via a two-receptor system: a high affinity 
tyrosine kinase receptor (TrkA) and a low affinity common neurotrophin receptor 
(p75NTR). While TrkA signaling pathways are described, the function of p75NTR and 
its interactions with TrkA are unclear. To understand the interaction between these 
two NGF receptors, we have proposed a model in which TrkA and p75NTR activate a 
common signaling pathway involving PKC ζ and NFkB that would affect apoptosis. 
Our model predicts that excess arachidonic acid (AA) would induce cell death by 
inhibiting PKC ζ and as a consequence, NFkB. Here we show that, according to our 
model, AA induces apoptosis in PC12 cells through inhibition of both PKC ζ and 
NFkB activity. We also show that apoptosis induced by AA, at variance with 
serumless-induced apoptosis, is less sensitive to NGF rescue. This supports the idea 
that PKC ζ and NFkB are both essential signaling elements for mediating NGF- 
promoted rescue from apoptosis. These results are important to understand the 
molecular mechanism(s) of neuronal apoptosis which may play a role in age- 
associated neurodegeneration.

Supported by the grant 1R29-AG13945 from the National Institute of Aging (to 
G.T.) and NINDS grant NS33288 (to J.R. P-P.)
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THE PROTEIN TYROSINE PHOSPHATASES SHP-2 AND SHP-1 HAVE 
OPPOSING EFFECTS ON MITOGEN-ACTIVATED PROTEIN KINASE 
ACTIVATION BY THE LEUKEMIA INHIBITORY FACTOR AND GP130.
J.L. Bartoe* and N.M. Nathanson. Department of Pharmacology, Univ. of 
Washington, Seattle, WA 98195.

The neurokines ciliary neurotrophic factor (CNTF) and leukemia inhibitory 
factor (LIF) initiate signaling through heterodimerization of two shared receptor sub
units, the low affinity LIF receptor α  (LIFR) and gp130. Y118 and Y115 within the 
cytoplasmic domains of gp130 and LIFR, respectively, are necessary for maximal 
activation of the mitogen-activated protein kinase (MAPK).and are contained within 
consensus tyrosine binding motifs for SHP-2. To determine whether gp130 and 
LIFR use SHP-2 and a related protein tyrosine phosphatase, SHP-1, to activate 
MAPK, chimeric receptors containing the extracellular domain of the granulocyte 
colony stimulating factor receptor (GR) attached to the trans-membrane and cyto
plasmic regions of gp130 or LIFR (GR/gp130 and GR/LIFR) were coexpressed with 
dominant negative and wild type SHP-2 and SHP-1 constructs. Coexpression of a 
catalytically inactive SHP-2, but not wild type SHP-2, inhibited chimeric receptor 
activation of MAPK by as much as 75%, while coexpression of the wild type SHP- 
1, but not catalytically inactive SHP-1, inhibited receptor activity up to 80%, 
suggesting that SHP-2 and SHP-1 have opposing effects on the MAPK pathway. 
Mutation of Y118 of the cytoplasmic domain of gp130 eliminates receptor-mediated 
tyrosine phosphorylation of SHP-2, and we have shown that mutation of Y115 of 
GR/LIFR similarly eliminates SHP-2 tyrosine phosphoryl-ation. In contrast, SHP-1 
association with both gp130 and LIFR appears to be constitutive and independent of 
Y118 and Y115. SHP-1 can be coimmuno-precipitated with chimeric receptors 
containing wild type cytoplasmic domains as well as the receptors containing point 
mutations at Y118 and Y115. Our results suggest that SHP-2 and SHP-1 associate 
with the LIFR and gp130 at distinct sites and mediate opposing effects on the 
activation of MAPK. (Supported by the NIH and MDA).

SHP-1 AND SHP-2 SUPPRESS SYMPATHETIC NEURON SURVIVAL. H.N. Marsh*1,  F. 
Arab Said2, F.D. Miller1, B.G. Neel3 and D.R. Kaplan 1.  1BTRC, CNS, Montreal Neurological 
Institute, Montreal, PQ H2W 1V9; 2 Exogen Neurosciences, Montreal, PQ H2W 2P2; 
3Cancer Biology, Harvard Medical School, Boston, MA 02215 

The survival of cells comprising the nervous system is dependent on the action of 
neurotrophins that can prevent intrinsic and extrinsic cues from inducing cellular apoptosis. 
Trks mediate neurotrophin responses by associating with a number of SH2-containing 
proteins, including SHC, PLC-γ1 and SH2-containing protein-tyrosine phosphatase-1 
(SHP-1). In response to NGF, SHP-1 binds Trk and exhibits an increase in protein 
tyrosine phosphatase (PTP) activity and associates with Trk at Y490, the SHC binding 
site. While SHP-2, even when overexpressed, did not bind to Trk, neurotrophin treatment 
stimulated the association of SHP-2 with a number of tyrosine phosphorylated proteins. In 
order to determine if SHPs can modulate neurotrophin responses in primary neurons, we 
generated adenoviruses for both wild-type and dominant-inhibitory forms of these PTPs. 
Overexpression of wild-type SHP-1 and SHP-2 resulted in decreased survival of neurons 
cultured from rat superior cervical ganglia (SCG) in the presence of NGF. Moreover, 
coexpression of wild-type SHPs with dominant-negative SHPs or BCI-XL rescued SHP- 
mediated cell death. As dephosphorylation of Trk by PTPs may be an important mechanism 
in the negative regulation of neurotrophin signaling, we sought to determine if SHPs could 
dephosphorylate Trk directly. In vitro, both SHP-1 and SHP-2 dephosphorylated Trk. 
However, when coexpressed with Trk in Sf9 cells, SHP-1 dephosphorylated Trk to a much 
greater extent than SHP-2. Using phospho-specific Trk antibodies, SHP-1, but not 
SHP-2, efficiently dephosphorylated Y674 and Y675, two tyrosines which are involved in 
regulating Trk’s catalytic activity. Furthermore, when expressed in SCGs, SHP-1 
inhibited the NGF activation of MAP kinase, while SHP-2 did not. Further examination of 
the signaling events mediated by SHPs should reveal the mechanism whereby SHPs 
regulate neuronal survival. Supported by grant from MRC (DRK, FDM) and MRC 
Postdoctoral Fellowship (HNM).
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TYROSINE PHOSPHORYLATION AND ASSOCIATION OF BIT WITH SHP-2 
INDUCED BY NEUROTROPHINS.
H. Ohnishi1*, M. Yamada2, M. Kubota1, H. Hatanaka2, S. Sano1.

1Mitsubishi Kasei Institute of Life Sciences, Machida, Tokyo 194-8511, Japan; 
2Institute for Protein Research, Osaka University, Suita, Osaka 565, Japan.

BIT is a membrane glycoprotein which has two cytoplasmic TAMs (tyrosine-based 

activation motifs). Previously, we reported tyrosine-phosphorylated TAMs of BIT 

(BIT-TAMs) interact with the Src homology 2 (SH2) domain-containing protein 

tyrosine phosphatase SHP-2, and this association results in potent stimulation of 

phosphatase activity of SHP-2. Here, we report that nerve growth factor (NGF) 

treatment of PC12 cells leads to tyrosine phosphorylation of BIT and subsequent 

complex formation between BIT and SHP-2. Furthermore, brain-derived 

neurotrophic factor (BDNF) or neurotrophin-3 (NT-3) also induced tyrosine 

phosphorylation of BIT and association with SHP-2 in primary cultured rat neurons . 

Our results suggest that the BIT-SHP-2 signaling pathway is a novel signal 

transduction mechanism of neurons which acts in response to neurotrophic factors 

such as NGF, BDNF and NT-3. BIT and SHP-2 are highly expressed in the adult 

brain. BIT-SHP-2 pathway may be important for the neurotrophin effects in the 

adult brain.

514.5

REGULATION OF NEUROTROPHIN RESPONSIVENESS AND EXPRESSION OF 
SHC FAMILY MEMBERS IN DEVELOPING SYMPATHETIC NEURONS
M .  K o b a y a s h i 1 ,  T .  N a k a m u r a 2 ,  K .  
K u r i h a r a 1 ,  N .  M o r i 3 , 4 *  a n d  I .  M a t s u o k a 11Grad. Sch. Pharm. Sci., Hokkaido Univ., Sapporo, Hokkaido 060-0812, Japan; 2SEI, 
Yokohama, Kanagawa 244-8588, Japan; 3NILS, Oobu, Aichi 474-8522 and 4CREST, 
JST, Japan

Shc adapter molecules convey extracellular signals mediated by receptor tyrosine 
kinases to Ras/MAPK pathway. Shc is ubiquitously expressed in peripheral organs 
including the peripheral nervous system, but its expression is very low in brain. On 
the other hand, mRNA encoding N-Shc and SCK, recently identified She family 
members, are highly expressed in neural tissues such as brain and spinal cord. It is, 
therefore, suggested that different types of Shc adapter molecules transduce specific 
signals that lead to distinct neural functions. In the present study, we investigated the 
in vivo and in vitro expression pattern of Shc family molecules in sympathetic neurons 
of rat superior cervical ganglia (SCG) that depend their survival on neurotrophins 
through Trk tyrosine kinases by using isotopic RT-PCR and in situ hybridization. 
Shc-mRNA could be detected in SCG at relatively high level from embryonic day 15 
and the level was unchanged at least until postnatal 11 days. On the other hand, N- 
Shc-mRNA level was increased from late embryonic (E15) to postnatal (P11) period 
while embryonic day 17 (E17) SCG neurons in culture express high level of TrkA and 
depend their survival largely on NGF. We have previously shown that retinoic acid 
(RA) and bone morphogenetic protein (BMP)-2 cooperatively suppressed trkA-mRNA 
and induced trkC-mRNA in E17 SCG neurons to increase their responsiveness to NT3. 
E17 SCG neurons cultured in the presence of NGF expressed both Shc- and N-Shc- 
mRNA. Treatment of E17 SCG neurons with BMP-2 and RA induced N-Shc-mRNA 
and suppressed Shc-mRNA. These results suggest that each Shc family molecule 
transduces ligand-specific as well as stage-specific signals from Trk receptors in SCG 
neurons.
(Supported by grants from CREST-JST and Monbu-sho)

514.7

SIGNALLING PATHWAYS REQUIRED FOR EMBRYONIC AND NEONATAL 
DRG NEURON SURVIVAL. K. Mearow1*, I. Mazzoni2, M. Boudreau3, H.N. 
Marsh3, F.D. Miller2, D.R. Kaplan3. 1Basic Med. Sciences, Memorial University, St. 
John’s, NF; 2Centre for Neuronal Survival, and 3Brain Tumor Research Centre, 
Montreal Neurological Institute, Montreal ,QC, Canada.

Embryonic and early postnatal. DRG neurons exhibit NGF-dependent survival; 
while older neurons lose this dependency, NGF is important in neurite growth for a 
large proportion of these sensory neurons. We have been investigating signalling 
pathways activated by NGF that are important in survival and/or neuritogenesis. 
Subsequent to NGF withdrawal, E15-E17 and PN1 neurons undergo cell death over a 
period of 24-72 hrs. In order to determine the contribution of components of the 
Trk-NGF signalling cascade to neuron survival or death, we have used adenoviral 
constructs for a number of these components, including activated wt p21Ras (V12) 
and several mutated forms (Y40C, T35, D38), dominant-negative Ras (N17), wt 
Akt or a kinase-inactive Akt, and SHP2. Viral infection and expression were 
followed by NGF withdrawal or continued presence of NGF. The effects of the 
various constructs on neuron survival were assayed by an MTT cell-survival assay; 
protein expression and its effects on downstream signalling events were assessed 
using Western blotting. Concomitant experiments were carried out using the 
chemical inhibitors PD098509 (inhibitor of activation of MAPK by MEK) and 
LY294002 (inhibitor of P13-kinase activation). The results of these experiments 
demonstrate a requirement for the Ras→ P13-kinase→ Akt pathway in the NGF- 
dependent survival of embryonic and neonatal DRG neurons. Thus, expression of 
activated Ras V 12, and RasY40C prevented neuronal death following NGF 
withdrawal; expression of the kinase-inactive Akt resulted in neuronal death even in 
the presence of NGF. Inhibitors of PI-3 kinase also resulted in neuronal death, while 
the inhibition of MAPK activation had little effect on survival. Supported by MRC 
and NCIC.
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ANALYSIS OF TRK SIGNAL TRANSDUCTION PATHWAYS IN THE GROWTH AND 
SURVIVAL OF SYMPATHETIC NEURONS. J.K. Atwal*1,2, B. Massie3, F.D. Miller1, D.R. 
Kaplan1,2, 1CNS and 2BTRC, Montreal Neurological Institute, Montreal, P.Q., Canada H3A 
2B4; 3Biotechnology Research Institute, NRC, Montreal, P.Q., Canada H4P 2R2.

During nervous system development, neurotrophic and growth factors precisely regulate the 
timing and extent of neuronal survival and differentiation. For example, developing 
sympathetic neurons depend on NGF during target innervation, a response mediated by the 
TrkA tyrosine kinase receptor. Our previous studies in PC12 cells indicate that activated Trk 
receptors transduce survival and differentiation signals by interacting with and/or stimulating 
multiple signalling molecules, including PLC-γ, SNT, SHC, Ras, MAP Kinase, PI-3 Kinase, 
and SHP1. To examine the molecular events underlying neurotrophin-mediated survival and 
differentiation signals in primary neurons, we have ectopically expressed the TrkB/BDNF 
receptor in postnatal rat sympathetic (SCG) neurons using recombinant adenoviral vectors. 
SCG neurons infected with a virus encoding wild-type myc-tagged TrκB are supported by 
BDNF, both in terms of survival and neuritogenesis. To dissect the signal transduction 
pathways responsible for this neurotrophin responsiveness, TrκB receptors mutated at sites 
responsible for interacting with specific Trk signalling proteins and pathways were expressed 
by recombinant adenovirus and assayed for the ability to support survival of SCG neurons. 
TrkY490F, mutated at the SHC binding site, retains weak stimulation of MAP Kinase and full 
stimulation of PLC-γ, but supports survival quite poorly relative to wild-type TrkB. Trk∆KFG, a 
mutant which cannot stimulate phosphorylation of SNT, and TrkY785F, which cannot activate 
PLC-γ but retains strong stimulation of MAP Kinase and PI-3 Kinase, both support survival 
well. We believe this survival signal arises primarily by activation of the PI-3 Kinase pathway, 
as the PI-3 Kinase inhibitor LY294002 antagonizes neurotrophin-mediated survival of SCG 
neurons, while the MEK inhibitor PD98059 has little effect. TrkY490/785F, which abolishes all 
MAP Kinase, PI-3 Kinase and PLC-γ activity, is unable to support survival. These results 
suggest that Trk mediates neuronal survival by stimulating SHC- and PI-3 Kinase-dependent 
signalling pathways. Supported by grant from MRC (FDM and DRK) and an Eileen Peters 
Studentship (JKA).
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MULTIPLE RAS SIGNAL TRANSDUCTION PATHWAYS 
DIFFERENTIALLY AFFECT NEURONAL CELL SURVIVAL. I,E. 
Mazzoni*, L. Paquet, F.D. Miller and D.R. Kaplan. Montreal Neurological 
Institute, McGill University, Montreal, Quebec, H3A 2B4. Canada.

Neurotrophins control neuronal differentiation and survival by binding to 
their appropriate Trk receptor, which triggers the activation of several signal 
transduction pathways. One of these pathways is that of the proto-oncogene 
Ras. Once activated, Ras interacts with a number of downstream targets 
leading in turn to the activation of multiple signal transduction pathways. 
These include Raf/MEK/MAP kinase, phosphatidylinositol-3-OH kinase (PI3- 
kinase), Rac and Ral-GDS. However, the importance of Ras and its multiple 
signal transduction pathways in mediating specific neuronal cell responses to 
neurotrophins has not been clearly established. Therefore, in this study we set 
out to define the role of Ras signaling pathways in neuronal cell survival. To 
this end, we have prepared recombinant adenoviruses expressing six different 
Ras mutants. These include a constitutively active Ras (Ras V12), a dominant 
negative one (N17 Ras) as well as the double mutants Rasvl2T35S, 
RasV12D38E, RasV12Y40C and RasV12E37G which can only activate Raf and 
Ral.GDS, Raf, PI3-kinase or Ral.GDS pathways, respectively. We find, in 
NGF-dependent postnatal sympathetic neurons from the superior cervioai 
ganglia in culture, that activated Ras can prevent neuronal cell death upon NGF 
withdrawal. This effect is almost as potent as NGF itself, and appears to be 
mediated for the most part by Raf, and to a lesser extent, PI3-kinase pathways. 
Thus, these results indicate that activation of Raf and PI3-kinase by Ras is 
sufficient to rescue sympathetic neurons following NGF deprivation. Using 
dominant inhibitory Ras, we are currently testing whether Ras is indeed 
necessary to mediate NGF’s effects on sympathetic neuronal cell survival.

Supported by the Medical Research Council of Canada
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SPECIFICITY OF NGF SIGNALING: THE ROLE OF CRK ADAPTOR 
PROTEINS. R. D- York, H. Yao, T. Dillon, C. L. Ellig, T. P. Segerson* & P. J. 
S. Stork. The Vollum Institute for Advanced Biomedical Research, Oregon Health 
Sciences University, Portland Oregon 97201, USA.

Activation of the mitogen-activated protein (MAP) kinase or extracellular signal- 
regulated kinase (ERK) by growth factors can trigger both cell growth and 
differentiation. Therefore, the intracellular signals that couple growth factors to 
ERK may dictate growth factor specificity. For example, in PC12 cells, epidermal 
growth factor (EGF) stimulates proliferation via transient activation of ERK. In 
contrast, Nerve growth factor (NGF) promotes differentiation of PC12 cells, in part, 
by inducing a sustained activation of ERK. We show that NGF’s activation of 
ERK involves two distinct pathways. The initial activation of ERK requires the 
small G protein Ras, whereas the sustained activation of ERK requires the small G 
protein Rap1. The activation of Rap1.and sustained activation of ERK by NGF 
requires PKA, a known Rap1 activator. Both PKA and Rapl are required for at least 
two indices of neuronal differentiation by NGF; electrical excitability and the 
induction of neuron-specific genes. It has been proposed that phosphorylation of 
Rap1 by PKA leads to Rap1 activation. However, using phosphorylation site 
mutants, we show that phosphorylation of Rap1 is not the only mechanism of 
activation by PKA. Furthermore, the use of interfering mutants suggests that PKA 
and NGF may utilize a common mechanism to activate Rap1 involving the Crk 
family of adapter proteins and the Crk SH3-binding guanine nucleotide releasing 
protein, C3G. We propose that the activation of Rap1 by Crk/C3G represents a 
common mechanism to induce sustained activation of the MAP kinase cascade in B- 
Raf expressing cells.

Society for N euroscience, Volume 2 4 ,  1998
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NGF-REGULATED DNA BINDING PROTEINS IN PC12 CELLS. A.N. Young, 
J.D. Roback, D. Vogt Weisenhorn, L. Roback, B.H. Wainer*. Dept. of Pathology 
and Wesley Woods Lab. for Brain Science, Emory University, Atlanta, GA, 30329.

We report a novel approach to identify transcription factors important for nerve 
growth factor (NGF)-induced differentiation, as opposed to epidermal growth factor 
(EGF)-induced cell division. NGF- or EGF-treated PC12 nuclear extracts were 
incubated with a pool of random oligonucleotides, and the bound oligonucleotides 
were subjected to iterative selection, amplification by PCR, and cloning into 
plasmids to generate a DNA recognition element library (DREL). When 100 
oligonucleotide clones from the DREL were screened by electrophoretic mobility 
shift assay (EMSA), 5 clones were shown to be bound by 5 distinct NGF-regulated 
DNA binding activities. One of these activities, termed NeRD1 (Nerve growth 
factor-Regulated DNA-binding activity 1), binds to the oligonucleotide clone A9. 
When PC12 cells were loaded with excess A9 oligonucleotides, NGF-activated 
neuronal differentiation was blocked, presumably because the A9 oligonucleotides 
“buffered” cellular NeRD1 from genomic DNA. When PC12 cells were transfected 
with a reporter construct in which a single A9 DNA sequence, containing the 
NeRD1 DNA recognition element, was positioned upstream of the luciferase gene, 
luciferase activity was increased 2-fold by NGF, but not by EGF (p<0.05). 
Sequencing and mutagenesis of the A9 oligonucleotide show that NeRDl binds to 
the CREB/ATF recognition element or a related sequence. EMSA super-shift 
experiments indicate that NeRDl does not include the well-characterized CREB-1, 
ATF-1, or CREM-1 transcription factors. However, preliminary studies indicate 
that junB and/or junD may be components of NeRD1. In summary, this approach 
has identified a number of DNA binding complexes that may control differentiation 
in NGF-treated PC12 cells; characterization of one of these complexes (NeRD1) 
suggests that junB and/or junD may participate in neuronal differentiation. 
(Supported by A. and R. Richards Endowed Chair, Grant NS25787, SANW, DFG)
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IMMUNOCYTOCHEMICAL ANALYSIS OF MAP KINASES AND TARGET 
TRANSCRIPTION FACTORS IN RAT DORSAL ROOT GANGLIA AND 
SCIATIC NERVE. S. Averill1, P. Fernyhough2, J-D. Delcroix2, D.R. Tomlinson2 and 
J.V. Priestley1*. Departments of Anatomy1 and Pharmacology2, Queen Mary & 
Westfield College, London.

The phenotype of adult dorsal root ganglion (DRG) cells is influenced by a 
variety of target and/or injury induced trophic factors, many of which act via mitogen- 
activated protein (MAP) kinase signalling pathways. Growth factor receptors such as 
trkA, trkB and trkC, p75NTR, and the GDNF receptor are expressed by distinct 
subpopulations of DRG cells. However little is known about the distribution of their 
downstream signalling components. We have therefore used immunocytochemistry to 
examine expression of MAP kinases and transcription factors in neurochemically 
characterised DRG cells and axons.

The MAP kinases ERK1/ERK2 and JNK and the transcription factors Elk-1 
and ATF2 were detected in DRG cells, with a number of different antisera consistently 
showing that not all cells were immunoreactive. For example, ERK1/ERK2 
immunoreactivity was primarily cytoplasmic and small cells were most intensely 
stained. These included both the trkA/CGRP and the RET/IB4 subpopulations. A 
population of large cells showed low or undetectable levels of immunoreactivity, and 
amongst these were carbonic anhydrase immunoreactive cells. In addition to staining 
of cells bodies, immunoreactivity accumulated at sciatic nerve ligations, indicating 
axonal transport ERK, JNK, Elk-1 and ATF2 (total and phosphorylated forms) all 
showed anterograde axonal transport Most of these factors also showed retrograde 
transport although this was generally less than the anterograde transport

Although MAP kinases participate in many intracellular signalling pathways, 
our results show a surprising heterogeneity of distribution which may contribute to the 
specificity of growth factor action on distinct DRG subpopulations. They also indicate 
that MAP kinases and their target transcription factors are likely to play key signalling 
roles in axons or axon terminals. Supported by the MRC (UK) and the Wellcome Trust
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REGULATION OF MITOCHONDRIAL REACTIVE OXYGEN SPECIES BY 
RAP -1/RAF-B AND MAPK: DIVERGENCE OF RECEPTOR TYROSINE 
KINASE SIGNALING IN NEURONS AND ASTROCYTES. Laura L. Dugan, 
Joanna Kim, Yuling Sun, Robert Bart, David M. Holtzman, David H. Gutmann. Dept. 
of Neurology, Washington Univ. School of Med., St. Louis, MO 63110.

We have recently shown that NGF, acting though activation of MAPK, can rapidly 
suppress mitochondrial reactive oxygen species (ROS) production in both SCG 
neurons and a neuronal cell line expressing trk (GT1-1 trk9 cells). In most cell types, 
tyrosine kinase receptors act through ras/raf-1 to initiate a kinase cascade which 
activates MAPK. However, neurons possess an additional pathway which engages 
alternative effector molecules, rap-l/B-raf, to result in MAPK activation (Vossler et al, 
1997, Cell 89:73). These two pathways, ras/raf-1 and rap-l/B-raf, respond differently 
to cAMP: ras activation is inhibited by cAMP, while rap-1 is activated. In the present 
study, we asked how these two potentially counter-regulatory signaling pathways 
affect astrocyte and neuronal ROS. We confirmed that B-raf protein was present in 
cortical neurons and Gt1-1 trk9 cells, but not in astrocytes or an astrocytoma (C6) cell 
line. Cells were exposed to cAMP analogues for 15 or 30 min, and MAPK phospho- 
rylation/activation, was determined. Neuronal cells showed a dose-dependent increase 
in MAPK activation, while astrocytic cells had a dose-dependent decrease. These 
findings correlate with changes in ROS production assessed by dihydrorhodamine 
oxidation and analysis of salicylate oxidation products: neurons showed suppression 
of ROS after MAPK activation by cAMP analogs, while astrocytes demonstrated 
increased ROS in response to decreased MAPK activity. Inhibition of MAPK 
activation by PD98059 resulted in enhanced ROS formation in both cell types. In 
addition, chronic inhibition of MAPK resulted in ~ 40% death of GT1-1 trk9 cells. 
These results suggest that cell-specific pathways for receptor tyrosine kinase signaling 
may have important implications for ROS handling in neural cells. Supported by 
AG00599 (LD), NS32553 (DH), National Tuberous Sclerosis Association (DG).
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GANGLIOSIDE GM1 AND PROTEIN KINASE INHIBITORS STIMULATE 
NEUROBLASTOMA NEURO-2A CELL NEURITOGENESIS: INHIBITION 
OF MAP KINASE (ERK1/2) BY GM1 AND BISINDOLYLMALEIMIDE. D.W. 
Singleton, C .L. Lu, R. Colella and F.J. Roisen*. Dept. of Anatomical Sciences and 
Neurobiology, University of Louisville School of Medicine, Louisville, KY 40292 

Primary neuronal cultures and established cell lines undergo increased neurite 
outgrowth upon exposure to exogenous ganglioside GM1. This study investigated 
possible signaling pathways responsible for GM1's neuritogenic action on murine 
Neuro-2a cells. Cultures were exposed for 24 H to GM1 in the presence or 
absence of protein kinase inhibitors bisindolylmaleimide, H-89, and K252a which 
are specific for PKC, PKA and neurotrophin receptor tyrosine kinase (Trk), 
respectively. Cells were evaluated microscopically or processed for 
immunofluorescence. GM1 (150 µg/ml) produced a significant increase in the 
number of neurites per cell and in total neurite length per cell.
Bisindolylmaleimide (BIM 1 µM) or H-89 (30 µM) promoted neurite outgrowth in 
the absence of exogenous GM1. In combination with GM1, each inhibitor 
produced an additive increase in number and total neurite length. Dose 
responsiveness was observed for all three agents with appoximately equal levels of 
maximum neuritogenesis. A greater than additive effect was seen when minimally 
effective (threshold) concentrations of BIM or H-89 were used in combination with 
sub-maximal levels of GM1. K252a (0.2µM) had no effect either alone or with 
GM1. Western immunoblot analysis revealed that activation of MAP kinase (ERK1 
and 2) was attenuated by GM1 or BIM, but not by H-89. This suggests that GM1 
and BIM share a common component in inhibiting PKC mediated signal 
transduction. Furthermore, these data indicate that inhibition of MAP kinase is not 
necessary for stimulation of neurite outgrowth in Neuro-2a cells, since H-89 was 
neuritogenic but did not inhibit MAP kinase activation. [Supported by NSF 
EPSCOR and the KY Spinal Cord and Head Injury Research Board]
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NEUROTROPHIN-DEPENDENT SIGNAL TRANSDUCTION IN ADULT 
NEURONS INCLUDES AXONAL TRANSPORT OF MAP KINASES AND 
TRANSCRIPTION FACTORS ATF2 AND ELK-1. J.-D. Delcroix,1* T.Purves,1 
A.Gallagher,1 K.Femandes,1 D.R.Tomlinson,1 S.Averill,2 J.V.Priestley2 and
P.Fernyhough1. Depts. of 1Pharmacology and 2Anatomy, St. Bartholomew’s and 
Royal London Hospital School of Medicine and Dentistry, Queen Mary and 
Westfield College, University of London, London, UK.

Neurotrophin signaling through activation of ERK1 and ERK2 regulates 
neuronal survival and differentiation in embryonic neurons and PC12 cells. This 
study investigated whether the same signaling system was active in adult sensory 
neurons, in vivo and in vitro. Adult rats were treated systemically with 
neurotrophins and axonal transport of ERK1 and ERK2 was measured within 
the sciatic nerve using a double ligature paradigm followed by 
immunocytochemical localization or Western blotting of nerve homogenates 
using phospho-specific IgGs. Immunocytochemistry demonstrated that ERK and 
phospho-ERK accumulated proximally and distally to a sciatic nerve crush. 
Quantitative Western blots for phospho-ERK showed a linear retrograde 
accumulation of duration approximately 12 hours that was indicative of fast 
axonal transport. Systemic NGF treatment induced a 44% (p<0.05) decrease in 
retrograde transport of phospho-ERK. Treatment with anti-NGF IgG or NT-3 
enhanced retrograde transport of phospho-ERK by about 3-fold (p<0.05). Studies 
in vitro confirmed these results, e.g. short-term treatment (30min) of cultured 
adult sensory neurons with NGF induced a 50% decrease in phosphorylation of 
ERK1 and ERK2. Substrates for MAP kinases include the transcription factors 
ELK-1 and ATF2. These proteins were also axonally transported within the 
sciatic nerve and activity was modulated by the neurotrophins. In adult neurons 
neurotrophins may modulate phenotype through the axonal transport of 
signaling complexes comprising MAP kinases and their substrates. (Funded by 
the Wellcome Trust and MRC).
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HSV-MEDIATED EXPRESSION OF A GFP-PLCgamma1 FUSION  
PROTEIN IN NEURONAL CELLS. D.H. Wolf*, S. Numan, D.S. Russell. 
Division of Molecular Psychiatry, Departments of Neurology and Psychiatry 
and the Interdepartmental Neuroscience Program, Yale University School of 
Medicine, New Haven, CT 06508.

Neurotrophic factors (NTFs) mediate plastic changes in adult neurons, and 
have been implicated in the biochemical changes seen in the mesolimbic 
dopamine system following chronic administration of addictive drugs. We 
have previously shown that chronic morphine administration alters 
endogenous NTF signaling pathway proteins, including a significant increase 
in phospholipase C-gamma-1 (PLCg1) immunoreactivity specifically within the 
ventral tegmental a rea. PLCg1 is activated by tyrosine kinase-linked 
receptors, and mediates intracellular calcium release and PKC activation in 
response to NTF treatment of cultured neurons. However, virtually nothing is 
known about the functional consequences of PLCg1 activity in the adult 
nervous system. In order to study PLCg1 function in vivo, we have created a 
Herpes Simplex Virus (HSV) vector encoding a construct that fuses Green 
Fluorescent Protein (GFP) to PLCg1. This viral construct causes fusion 
protein overexpression in >95% of PC12 and SHSY5Y cells within several 
hours. The fusion protein has the expected cytoplasmic localization, and is 
tyrosine phosphorylated following NTF treatment. Preliminary studies 
suggest that viral expression of GFP-PLCg1 in neuronal cell lines causes 
changes in intracellular signaling pathways, which are currently being 
characterized. Viral expression of GFP-tagged PLCg1 will enable direct study 
of the consequences of increased PLCg1 expression in the adult brain. We 
are now using this viral construct to investigate the role of morphine-induced 
PLCg1 upregulation in the long-lasting biochemical and behavioral effects 
that characterize morphine addiction.  (support DA00302, DA10160)
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D IF F E R E N T IA L  E X P R E S S IO N  O F IN S U L IN  R E C E P T O R  
SU B S TR A TE FA M ILY M EM BER S IN TH E M ESO S TR IA TA L  
SYSTEM. S. Numana , D.H. Wolfa , and D.S. Russella ,b*. Departments of 
Psychiatrya and Neurologyb, Yale University, New Haven, CT 06508

The neurotrophin receptors trkB and trkC are widely expressed 
throughout the dopaminergic mesostriatal system, a system that is 
compromised in Parkinson's disease. Insulin receptor substrate (IRS) 
proteins have recently been shown to mediate survival signals from some 
neurotrophic factor receptors. Upon activation of neurotrophin receptors IRS 
proteins become phosphorylated and stimulate several second messenger 
signaling pathways, including the PI3 kinase pathway. The IRS proteins 
comprise a growing family of proteins whose precise distribution through the 
brain, including the nigrostriatal area, is unclear. In the present study, coronal 
sections through the adult rat brain at the levels of striatum and ventral 
midbrain were processed for the in situ hybridization localization of IRS1, 
IRS2, IRS3 and IRS4 mRNAs. Lightly labeled IRS1 cRNA-hybridizing somata 
were evenly distributed throughout the striatum. Lightly to moderately 
labeled IRS2 mRNA-expressing cells were also distributed throughout the 
striatum. In addition, scattered cells within the striatum expressed high levels 
of IRS2 mRNA. In contrast to IRS1 and IRS2, IRS3 and IRS4 mRNAs were not 
observed in striatum. In ventral midbrain a moderate expression of IRS1 and 
IRS2 mRNA was observed in the substantia nigra pars compacta and pars 
reticulata (A9) and in the vental tegmental area (A10). IRS1 and IRS2 mRNAs 
were not restricted to the A9 and A10 cell groups. For example, the red 
nucleus showed a dense IRS2 mRNA hybridization pattern and the IRS1 
cRNA probe densely labeled cells within the interpeduncular nucleus. In 
contrast to the widespread expression of IRS1 and IRS2 mRNAs, IRS4 
mRNA-expressing cells were restricted to the substantia nigra pars compacta 
and ventral tegmental area. IRS3 mRNA was not detected in the ventral 
midbrain. These results implicate IRS proteins in mediating brain region and 
cell type specific functions in growth factor signaling. (DA00302, DA10160)

514.17

ESTROGEN-INDUCED ERK PHOSPHORYLATION IN THE CEREBRAL 
CORTEX OF ESTROGEN RECEPTOR-α KNOCKOUT (ERKO) MICE. M. Singh*,
G. Sétáló, Jr., D.E. Frail1, M.F. Warren and C.D. Toran-Allerand. Dept. of Anat. & 
Cell Biol, and Ctrs. for Neurobiol. & Behav. and Reprod. Sci. Columbia Univ. Coll. of 
P & S. New York, NY. 10032; 1WHRI, Wyeth-Ayerst Research, Radnor, PA. 19087.

We previously showed that estradiol activates the signaling kinases ERK1 and ERK2 
in the rodent cerebral cortex. In view of the recent discovery of a second estrogen 
receptor (ER), ER-β, we examined the effect of estradiol on ERK phosphorylation in 
explants derived from wild-type and ERKO mice. Cerebral cortical explants, derived 
from postnatal day-3 wild-type and ERKO mice, were maintained in culture for 6 days 
in media supplemented with neurotrophins (NGF, BDNF, NT-3 and NT-4/5) and 
estradiol. Following a 24 hr. neurotrophin and estradiol washout period (to establish a 
baseline for ERK phosphorylation), cultures were pulsed for 30 min. with either 10 
nM estradiol or 100 ng/ml neurotrophins. Both estradiol and the neurotrophin cocktail 
elicited ERK phosphorylation in wild type and ERKO tissue, although the response 
was stronger in ERKO cultures. Interestingly, the ER antagonist, ICI 182,780 (1 µM), 
blocked estradiol’s effect in wild-type, but not in ERKO tissue. ICI 182,780 was 
without effect on neurotrophin-induced ERK phosphorylation. The MEKl inhibitor, 
PD98059 (100 µM), on the other hand, inhibited both estradiol- and neurotrophin- 
induced phosphorylation of ERK in wild-type and ERKO cortical cultures. 
Collectively, the data support the role of ER-α as a regulatory component of estradiol- 
induced ERK phosphorylation, perhaps via the existence of ER-α/ER-β heterodimers 
in wild-type, but not ERKO tissue. Alternatively, the ability of estradiol to elicit ERK. 
phosphorylation in ERKO explants may also suggest involvement of another ER, as 
supported by the lack of estradiol-induced ERK phosphorylation in cerebellar 
explants, a region where ER-β mRNA is abundant and ER-α mRNA is low. 
(Supported in part by grants from NIH, NIMH, NSF, the Bader Foundation and 
an ADAMHA Research Scientist Award to C.D. T-A.)

514.19

LOCALIZATION AND FUNCTION OF THE PIP3 BINDING DOMAIN 
IN CENTAURIN ALPHA. B.G. KEARNS1, G. PRESTWICH2 AND A.B. 
THEIBERT1*. 1Dept of Neurobiology, Univ. of Alabama, Birmingham; 
2Dept of Medicinal Chemistry, University of Utah, Salt Lake City.

In the nervous system many neurotransmitters, neuromodulatory 
factors, cytokines, trophic factors, and growth factors exert their actions 
through the activation of receptors coupled to the phosphoinositide (PI) 
system. The PI 3-kinase second messenger cascade has been implicated 
in neurite outgrowth, ion channel modulation, and regulated exocytosis in 
the nervous system, yet very little is known of the molecular targets of the 
PI 3-kinase products PtdIns(3,4)P2 and PtdIns(3,4,5)P3. Centaurin alpha 
was identified based upon its enrichment in mammalian brain and its 
binding specificity for PtdIns(3,4,5)P3. Centaurin alpha has subsequently 
been shown to stimulate actin polymerization and acts as an Arf GTPase 
activating protein (GAP) in vitro. Thus, centaurin alpha may link these 
processes to the PI 3-kinase messenger cascade in the nervous system. In 
order to investigate the phosphoinositide binding properties of centaurin 
alpha and to map the lipid binding domain, we have constructed 
glutathione S-transferase (GST)-tagged fusions to the full length 
centaurin alpha protein and to a region containing the pleckstrin 
homology (PH) domain, a domain implicated in inositide binding in 
numerous proteins. Utilizing a PtdInsP3 affinity resin and photoaffinity 
labeling techniques , we have mapped the PtdInsP3 binding site of 
centaurin alpha to the PH domain of the protein. Mammalian expression 
vector constructs that contain the PH domain are currently being 
employed to explore whether the PtdInsP3 binding properties of centaurin 
alpha serve to localize this protein to membranes.

(Supported by NIH grants R29 MH50102 and T32 DK07545)
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G M 1  A C T IV A T E S  Erk1 A N D  E rk 2  IN  S L IC E S  P R E P A R E D  F R O M  
R A T  S T R IA T U M . Q . R e n  , A .M . D u c h e m in , N . H . N e ff*a n d  M . 
H a d jic o n s ta n tin o u . D e p a rtm e n t o f P h a rm a c o lo g y ; D e p a rtm e n t o f  
P sy c h ia try , T h e  O h io  S ta te  U n iv ers ity  C o lle g e  o f  M e d ic in e  an d  
P u b lic  H e a lth , C o lu m b u s , O h io  4 3 2 1 0 .

T h e  g a n g lio s id e  G M 1  is n e u ro p ro te c tiv e  a n d  n e u ro -  
re s to ra tiv e  in a  n u m b e r  o f in  v ivo  a n d  in  v itro  m o d e ls  o f n e u ro - 
in jury. G M 1  a ffe c ts  cho lin e rg ic , d o p a m in e rg ic , n o ra d re n e rg ic , an d  
s e ro to n e rg ic  n e u ro n s . A lth o u g h  th e  d e ta ile d  m e c h a n is m (s ) o f  
a c tio n  fo r  G M 1  re m a in s  to  b e  e lu c id a te d , w e  h a v e  re p o rte d  th a t  
G M 1  in d u c es  p h o s p h o ry la tio n  o f n e u ro tro p h in  T rk  re ce p to rs  in 
slices p re p are d  fro m  ra t b ra in . W e  n o w  p re s e n t e v id e n c e  th a t G M 1  
also  activates  th e  M A P  k in a s es  Erk1 a n d  E rk2 . In s lic es  o f s tria tum , 
G M 1  a c tiv a te d  Erk1 a n d  Erk2. in a  t im e - a n d  c o n c e n tra tio n -  
d e p e n d e n t m a n n e r , w ith  th e  a c tiv a tio n  o f E rk 2  >  E rk 1 . T h e  
a c tiv a tio n  o f th e  E rks  by G M 1  w a s  b lo c ke d  by  th e  T rk  inhib itors  
K 2 5 2 a  a n d  tyrphostin  A G 8 7 9 , a s  w e ll a s  by  th e  M E K  inh ib itor 
P D 9 8 0 5 9 ,  su g g es tin g  th a t a c tiv a tio n  o f both  T rk  a n d  M E K  a re  
n e c e s s a ry . C 2 -c e ra m id e  a n d  o th e r g a n g lio s id e s , bu t not s ia lic  
acid , su lp hatide  or lac to s y l-c e ra m id e , w e r e  a b le  a ls o  to  a c t iv a te  th e  
E rk s  in o u r s ys te m . T a k e n  to g e th e r, th e  d a ta  s h o w  th a t G M 1  
a c t iv a te s  th e  E rks  v ia  T rk , s u g g es tin g  a  ro le  o f G M 1  a n d  possib ly  
o th e r g a n g lio s id e s  fo r m o d u la tin g  T rk  activ ity .

S u p p o rte d , in part, by  A G 1 0 5 3 0 , A G /O D 1 0 5 3 0 ,  T 3 2 -  
M H 1 8 8 3 1  a n d  A F A R -O H .
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THE ROLE OF HEAT SHOCK PROTEIN 90 IN ESTROGEN-NEUROTROPHIN 
CROSSTALK WITHIN CEREBRAL CORTICAL EXPLANTS OF THE MOUSE.
G.- Sétátó  Jr.*, M. Singh, M.F. Warren and C.D. Toran-Allerand. Dept. of Anat. & 
Cell. Biol, and Centers for Neurobiology & Behavior and Reproductive Sciences, 
Columbia Univ., College of Physicians and Surgeons, New York, N.Y. 10032.

The primary goal of our research is to understand the mechanisms underlying the 
neurotrophic effects of estradiol (E2) in the developing cerebral cortex. Recently we 
have documented rapid, non-transcriptional actions of E2 that occur by interacting with 
downstream elements of neurotrophin (NT) signaling cascades, at least at the level of 
MEK-1. In rodent cortical explants the classical estrogen receptor (ERα), in its 
unliganded state, and ERK1 and 2 exist in association with the 90kDa Heat shock 
protein (Hsp90). Co-immunoprecipitation of ERα with B-Raf in cortical slice cultures 
(Singh et al., J. Neurosci., submitted), and that of B-Raf and Hsp90 in rat 
pheochromocytoma (PC12) cells (Jaiswal et al., JBC, 1996) demonstrates the physical 
association of these molecules. To inhibit the function of Hsp90 in these signaling 
complexes we used the Hsp90 specific antibiotic geldanamycin (GA). Pretreatment of 
mouse cortical explants with GA dramatically reduced phosphorylation of ERKs by 
NGF, NT-3 and somewhat less by BDNF and NT-4/5. In contrast the effect of E2 was 
hardly affected by GA pretreatment of explants. NGF’s ability to phosphorylate ERKs 
in PC12 cells was similarly impaired following GA pretreatment. Collectively, these 
data may argue for a differential importance of Hsp90 in estrogen and neurotrophin 
signaling and together with data obtained from ERα-knockout mice (Singh et al., SFN 
’98 poster) argue for the impotance of ERβ or other, as yet uncharacterized, ER 
species in estrogen signaling within the brain. Ongoing studies are targeted to 
demonstrate differential alterations in the composition and/or activity of the Hsp90- 
containing macromolecular complexes involved in E2 and NT signaling within cerebral 
cortical explants. (Supported in part by grants from NIH, NIMH, NSF, the Bader 
Foundation and an ADAMHA Research Scientist Award to C.D. T-A.)

5 1 4 .2 0

Caveolin Binds to Trk A and Inhibits Differentiation of PC12 Cells in Response to 
Nerve Growth Factor T.R. Bilderback and R.T. Dobrowsky*. Department of 
Pharmacology and Toxicology, University of Kansas, Lawrence, KS, 66045

We have recently demonstrated that caveolin can associate with low affinity 
neurotrophin receptor, p75NTR, in vivo and that caveolae are a highly localized site for 
neurotrophin-induced sphingomyelin hydrolysis. Neurotrophins also signal through 
Trk tyrosine kinase receptors. The close relationship between Trk and p75NTR in 
regulating neurotrophin signaling led us to hypothesize that caveolae/DIGs may be a 
localized site for this interaction. PC12 cells contain DIGs but do not express caveolin 
nor possess caveolae. Similar to the distribution of p75NTR, DIGs from PC12 cells also 
contained a pool of Trk. Interestingly, although the major pool of Trk was not present 
in DIGs from PC12 cells, NGF strongly induced tyrosine phosphorylation of Trk A 
within the DIGs. To identify if caveolin affects Trk localization or activity, PC12 cells 
were transfected with caveolin (PC12-cav cells). Following transfection, caveolin was 
enriched in the DIGs indicating that PC12 cells efficiently express caveolin and target 
it to appropriate membrane domains. Caveolin expression enabled the co- 
immunoprecipitation of Trk A with caveolin in PC12-cav cells suggesting that these 
proteins may interact in vivo. Further, Trk specifically interacted with a GST-caveolin 
fusion protein. When PC12-cav cells were exposed to NGF they were unable to 
develop extensive neuritic processes. Analysis of Trk autophosphorylation revealed 
that caveolin expression markedly diminished the magnitude and duration of Trk A 
autophosphorylation suggesting that caveolin was inhibiting Trk tyrosine kinase 
activity. Coupled with our previous observations, these data suggest that 
caveolae/DIGs may be critical sites for signaling through Trk and p75NTR. The 
implications of these results are discussed with regard to the recent identification of 
caveolin and caveolin-like proteins in neuronal tissue and its potential impact on 
neurotrophin signaling.

Acknowledgments- This work was supported by grant MCB 9513596 from the 
National Science Foundation.
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Srg1, A NOVEL SYNAPTOTAGM IN INDUCED BY  
THYROID HORMONE IN DEVELOPING RAT BRAIN
F. Facchinetti, G.B. Potter, S.H. Chen and C,C. Thompson*. Kennedy 

Krieger Institute, Johns Hopkins, School of Medicine, Baltimore, MD 21205.
Thyroid hórmone (TH) is essential for proper brain development, acting 

through nuclear receptors which modulate the expression of specific target 
genes in response to hormone binding. A screen for genes that are regulated 
by TH in developing cerebellum yielded a novel protein related to 
synaptotagmins, Srg1 (synaptotagmin-related gene 1). Synaptotagmins are 
synaptic vesicle proteins that regulate neurotransmission. Using affinity- 
purified polyclonal antiserum against Srg1, we detect a single protein of 43 kD 
in extracts from rat brain. Srg1 is a membrane-bound protein that is enriched in 
synaptosomes, co-fractionating with other synaptic vesicle proteins such as 
synaptotagmin I and synaptophysin. Expression of Srg1 appears to be 
confined to neurons, as the protein was detected in extracts from cultured 
neurons but not from glial cells. By immunofluorescence, Srg1 expression is 
detected predominantly in the molecular layer of the cerebellar cortex, as are 
synaptotagmin l  and synaptophysin. These results suggest that Srg1, like 
synaptotagmin I, is found in synaptic vesicles. TH deficiency, which is known 
to result in reduced synapse number, causes a decrease of mRNA and protein 
levels of Srg1. In contrast TH deficiency does not affect the levels of 
synaptotagmin I, syntaxin and synaptophysin, suggesting that Srg1 may have 
a specialized role among synaptic proteins. In cultured neurons, a progressive 
increase in Srg1 expression is observed, which parallels synapse formation. 
Srg1 levels in the rat cerebellum, hippocampus and frontoparietal cortex 
increase between the second and third postnatal week, a period of intense 
synaptogenesis. Our data suggest that Srg1 may have a role in postnatal 
synaptogenesis and/or synaptic remodeling. (Supported by NIH-DK 46074).

5 1 5 .3

ANALYSES O F SEASONAL TH Y R O ID  FU N C TIO N  IN  ADULT 
M A LE CANARIES. P. Tekumalla*1, F.M. Anne McNabb2 , & 
J.R.Kirnl . 1Biology Dept., Wesleyan University, Middletown, CT 
06459; 2Biology Dept., Virginia Tech., Blacksburg, VA 24061.
Neuronal death and replacement in the high vocal center (HVC) of 

adult canaries are higher in the fall and late winter than in the late 
spring (Kim et al.,1994). Thyroid hormones (TH) may participate in 
seasonal neuron addition and loss. We have shown that HVC neurons 
contain TH receptors (Tekumalla et al.,1997) and that excess thyroxine 
(T4) augments HVC cell death (Tekumalla et al.,1995). In the present 
work, a 12 month survey of TH levels was obtained in adult canaries to 
see how seasonal hormone profiles compare with known seasonal 
variation in HVC cell turnover. Blood was collected between August 
and the following July from males (3 years old; n=7) housed on a CT 
photoperiod. Total T4 and triiodothyronine (T3) levels were measured 
using a double antibody RIA validated for use on canary samples. Both 
T4 and T3 varied seasonally (p< .001). T4 levels increased 3-fold 
between August and September, remained high through much of the 
fall, and decreased in early January. With the exception of a more 
abbreviated second increase in May, T4 remained low through July. T3 
showed 3 distinct peaks in late December, May and July. The T3/T4 
ratio was highest in July. Collectively, protracted increases in T4, T3 
and the T3/T4 ratio occurred prior to- or during known periods of 
increased HVC cell turnover. Studies of seasonal brain TH levels and 
HVC TH receptor number will provide a better appraisal of the link 
between TH and adult neuron replacement.

Supported by NIH Grant #NS522099 to JRK.
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GONADOTROPIN-RELEASING HORMONE (GnRH) mRNA 
EXPRESSION IS SIMILAR IN MALE AND FEMALE FETAL SHEEP 
DURING THE ‘CRITICAL PERIOD’ FOR SEXUAL 
DIFFERENTIATION. R.A. Forsdike* and J.E Robinson. Lab. o f  
Neuroendocrinology, The Babraham Institute, Cambridge, CB2 4AT, UK.

GnRH secretion is sexually dimorphic in many species due to the pre/neonatal 
action of testosterone secreted from the developing testes. In sheep, this action is 
exerted during a ‘critical period’ from embryonic (E) day 30-80, but the underlying 
mechanism is unknown. At the end of this time, however, no sex differences are 
seen in the number, distribution or gross morphology of GnRH neurons (Wood et 
al. Neuroendo. 55:427). This study tested the hypothesis that GnRH mRNA 
expression becomes sexually dimorphic during the ‘critical period’. In situ 
hybridization (ISH) was used to compare cellular GnRH mRNA expression (assessed 
by image analysis of silver grain density in individual cells) in males (M) and 
females (F) at two stages during the critical period: E55 and E70. Brains were frozen 
and 15µm sections were cut and processed for ISH using a 35S-labelled 
oligonucleotide probe directed against ovine GnRH (Harris et al. Endo 139:57). 
There were no sex differences in the number of GnRH mRNA-expressing cells at 
either E55 or E70. At E55, GnRH neurons were still migrating and three distinct 
groups of cells were- seen dorsal, lateral and ventral to the third ventricle, 
respectively. There were no sex differences in GnRH mRNA content in the dorsal 
(M=0.59±0.06, arbitrary units/µm2; F=0.59±0.07), lateral (M=0.57±0.07; 
F=0.61±0.06) or ventral (M=0.60±0.04; F=0.57±0.05) cell groups. By E70, GnRH 
neurons had an adult distribution and no sex differences were seen in GnRH mRNA 
content in cells either in the preoptic area (M=1.03±0.06; F=0.93±0.04) or medial 
septum (M=0.92±0.07; F=l.04±0.11). However, there was a highly significant 
(p<0.0001) increase in GnRH mRNA content between E55 and E70. This study 
suggests that despite a large developmental increase in GnRH biosynthesis during 
the ‘critical period’, this increase is not sexually dimorphic. Supported by BBSRC.
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EFFECTS OF THYROID HORMONE AND APOLIPOPROTEIN E ON GROWTH AND 
DIFFERENTIATION OF NEUROBLASTOMA CELLS. C. MacNabb*, A. Georgopoulos 
and A.P. Georqopoulos. Brain Sciences Center and Women’s Health Center, Dept. of 
Veterans Affairs Medical Center, Minneapolis MN 55417.

Neuro2A neuroblastoma cells were placed in serum-free media (SFM) lacking thyroid 
hormone, duplicate cultures were plated (12,500 cells/ml) and treated as follows. (1) 
control, containing SFM only; (2) triiodothyronine (T3) at three concentrations (10- 10, 10-9 
and 10-8 M); (3) apoE3/E3 containing 40 µg/ml cholesterol provided by human 
postprandial triglyceride-rich lipoproteins (Sf 20-400); (4) apoE3/E4, as in 3; (5) apoE3/E3 
+ T3 at three concentrations, as in 2; and (6) apoE3/E4 + T3, as in 5. After 3 days of 
culture they were photographed and fixed. For every cell with a neurite (n=2,297), we 
determined the diameter of the cell body (B), the number of processes (P) stemming from 
the body (i.e., neurites), and the summed length of all these neurites (L). The values of 
L, B, and P were log-transformed to normalize their distributions and stabilize the 
variance. Two regression models were used to quantify the dependence of L on B, and 
L on P: log(L) = log(k) + α log(B), and log(L) = log(m) + β log(P); these correspond to 
power functions in the original scale, as follows: L = kBα, and L = mPβ.

We found the following, (i) T3 had a statistically highly significant potentiating effect on 
both B- and P-dependent neurite outgrowth. This effect was inversely related to T3 level, 
from low to high dose: α =1.5,1.35, 0.98, as compared to 0.58 in the control group; β = 
1.11, 0.98 and 0.64, respectively, as compared to 0.42 for the control group. (ii) E3/E3 
(α=2.19, β=1.36), and, to a lesser extent, E3/E4 (α=1.7, β=1.2) had a more potent effect 
than T3. (iii) The interaction between T3 and apoE differed between the E3/E3 and E3/E4 
isoforms. The combination of T3 + E3/E3 resulted in a decrease of α and β across the 
three T3 concentrations (from low to high, α: 1.27, 0.93, 0.95; β: 0.77,0.94,0.91), but a 
much more severe decrease was observed in the T3 + E3/E4 combination (α: 1.02,0.74, 
0.28; β: 0.67,0.42,0.22). These results show that T3 and apoE exert, separately, strong 
positive effects on neurite outgrowth but their combination exerts a restraining effect. In 
fact, this interaction, and the differential effects of T3 on E3/E3 and E3/E4 isoforms, may 
underlie a potential modulatory effect by thyroid hormone on sustained growth mediated 
by apoE during neural development. (Supported by Minnesota Medical Foundation grant 
MMF/FSW-166-98)

5 1 5 .4

INSULIN mRNA IN THE OLFACTORY MUCOSA AND THE SUPPORT OF 
OLFACTORY RECEPTOR NEURON SURVIVAL BY INSULIN. J. K. McEntire 
and S. K. Pixley*. Dept. of Cell Biol., Neurobiol., and Anat. Univ. of Cincinnati, 
Cincinnati, OH 45229.

The olfactory epithelium (OE) continually regenerates olfactory receptor neurons 
(ORNs) throughout life. The factors that regulate survival and death of ORNs are 
currently not known. In the brain both insulin and insulin-like growth factor I (IGF-1) 
display neurotrophic effects. However, insulin’s effects are usually mediated through 
the IGF-1 receptor. Insulin is produced in the brain and the function of this 
endogenous insulin source is not completely understood. We have determined that the 
adult and newborn rat nasal mucosa express insulin J and insulin II mRNA by RT- 
PCR The cell type that is producing the mRNA in the mucosa is currently not known, 
bowever anti-insulin immunostaining suggested insulin protein was localized to the 
horizontal basal cells and possibly ORNs of the OE. In vitro data from partially 
purified olfactory epithelial cultures suggested that insulin was necessary for ORN 
survival. Removal of insulin resulted in selective and rapid death of ORNs, leaving 
other epithelial ceils alive. Unlike the brain, insulin effects did not appear to be 
mediated by the JGF-I receptor since IGF-1 did not support neurons as well as insulin.

Supported in part by NIH grant DC00347 to SKP and an NTDCD Shannon award 
R55DCO2106 to SKP.

5 1 5 .6

IS SEXUAL DIMORPHISM IN MOUSE CORTEX 
ENVIRONMENTALLY REGULATED? C. F.Hohmann*1, A. Boomer1, Q. 
Simmons 1 and L. Ricceri 2 1Dept of Biology, Morgan State University, Baltimore 
MD and 2Lab FOS Istituto Superiore di Sanità, Rome, Italy.

Sex differences in performance of spatial tasks have been reported for many 
species including rodents. Likewise, sex differences in cortical thickness with male 
cortex exceeding female cortical width have been shown in humans and rats. Such sex 
differences are generally presumed to result from perinatal hormonal influences during 
morphogenesis and their structure/function relationships remain to be elucidated. In 
morphometric studies of behaviorally trained BALB/cByJ, we have observed increased 
male cortical width, compared to females, in most areas of sensory-motor cortex. Yet, 
in a group of behaviorally naive mice of the same strain, used as control population 
for a separate lesion study, we have noted that male cortex was thinner than female 
cortex. This discrepancy suggests that environmental influences, in conjunction with 
the hormonal milieu, may be responsible for sexual dimorphisms by adulthood. The 
present study aims to test whether handling and testing in a spatial open field test 
affect sexual dimorphism in cortex. In 3 month old BALB/cByJ mice of both sexes 
responses to both object and spatial novelty were assessed in an open field test with 5 
objects. Male and female mice differed significantly in their habituation profile 
towards the objects with males showing a progressive decline of interest in the object 
and females showing an increase. In addition, males respond to spatial re-arrangement 
of the objects while females did not. Both sexes displayed a comparable neophobic 
response when a novel object was placed in the arena. These data show that the 
spatial open field lest can be used to detect subtle sexual dimorphisms of spatial 
information processing in these handled mid trained animals. We are currently 
processing the brains of behaviorally experienced animals in parallel with a cohort of 
behaviorally naive litter mates for histology mid morphometry to establish whether 
dimorphisms are differentially expressed in the two groups. Supported by NCRR-IP20 
RR11606 and NIGMSlS06 GM51 971.
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5 1 5 .7

NEONATAL MATERNAL SEPARATION EFFECTS ON SPATIAL LEARNING 
AND DENTATE GYRUS VOLUME IN LONG EVANS-RATS RL Huot*, KV 
Thrivikraman & PM Plotsky. Dept. of Psychiatry, Emory Univ., Atlanta, GA 30322

Numerous studies have linked exposure to elevated glucocorticoids with 
decremented performance on tasks of spatial learning and memory. The effects of 
adverse early experience may be related to actions of elevated glucocorticoids on 
neurogenesis, apoptosis and total cell number in the dentate gyrus. In the current 
study, the effects of maternal separation on the ability of the adult offspring to perform 
in the Morris Water Maze and the Radial Arm Maze (RAM) were evaluated. Total cell 
number and volume of the dentate gyrus are also being measured using volume based 
stereology. Neonatal maternal deprivation consisted of exposing litters of male, Long 
Evans rat pups to brief handling followed by either 15 min (HMS15) or 180 min 
(HMS180) of maternal deprivation from postnatal day (PND) 2-14.

One day following a 60 sec habituation swim in the water maze, rats were 
reintroduced to the pool and allowed to explore until they either located the hidden 
platform or 90sec elapsed. Rats were tested 3 times daily for 5 days. On the sixth day, 
the platform was removed and rats tested to determine how much time was spent in 
each quadrant of the pool. Immediately following this, rats were given two trials to 
swim to a visible platform. A two-way ANOVA (rearing x day) revealed a significant 
interaction, such that HMS180 rats took significantly longer to reach the platform on 
day 3 than HMS15 rats (P=0.03). In addition, the path length taken by the HMS180 
rats was significantly longer on day 3 (P<0.01). No group differences were observed in 
the time spent in the quadrant previously containing the platform, or in the latency to 
reach a visible platform; thus it appears that rearing was not associated with visual or 
motor dysfunction. Rats were then tested for 15 days on the standard RAM, followed 
by 15 days on the delayed-non matching to sample RAM. Neonatal separation had no 
effect on performance on either RAM task. Previous experience using visual cues in 
the water maze may have affected RAM results; two additional groups of HMS rats are 
being tested on each of these tasks to eliminate the potential confound of previous 
experience. These studies suggest that HMS180 rats are impaired on the acquisition of 
the water maze test of spatial learning and memory. (Supported by grant MH50113)

515.9

BASAL MORNING CO RTISOL LEVELS AND COGNITIVE  
FUNCTION IN CHILDREN FROM LOW AND HIGH 
SOCIOECONOMIC STATUS. S.J. Lupien*1,2, C. Ménard2, Isabelle 
Lussier3, Bruce McEwen4 and Michael J. Meaney1. 1 Research Center,
Douglas Hospital/McGill University;2 Geriatric Institute of Montreal; 3Hôpital 
Louis-H. Lafontaine, Montreal; 4Rockefeller University, New York.

It is well known that individuals from more advantaged social classes enjoy 
better mental and physical health than do individuals within lower classes. It 
has been shown that individuals lower in SES report greater exposure to 
stressful life events and a greater impact of these events on their life than 
individuals higher in SES. In order to measure whether the developement of 
the relationship between SES and mental health is sustained by exposure to 
high levels of glucocorticoids, we measure 8h00 am salivary cortisol levels as 
well as cognitive function (memory, attention, language, and emotional 
processing) in 396 children (from 6 to 16 years of age) from low versus high 
SES in the Montreal Area. We also measured parents’ levels of depression 
and stress in order to assess whether cortisol level in children is related to 
feelings of depression and/or stress in the parents. The results revealed that 
low SES children present significantly higher salivary cortisol levels when 
compared to children from high SES. Moreover, we have shown that 
although children from low and high SES do not differ with regard to memory, 
attentional and linguistic functions, children from low SES (at all ages) 
presented a significantly higher level of negative emotional processing as 
measured using an “emotional plausibility task”. Finally, we showed that the 
parents of the low SES children reported significantly higher scores of 
depression when compared to parents of children from high SES. These 
results suggest that low SES and/or depression in parents may be a 
significant factor in high basal cortisol levels and negative emotional 
processing in children. This research was funded by the John. D. and Catherine T. MacArthur 
Foundation and by a scientist career award from the Fonds de la recherche en santó du Québec to 
SJL.

515.11

APOPTOSIS DURING THE DEVELOPMENT OF THE SEXUALLY DIMORPHIC 
BED NUCLEUS OF THE STRIA TERMINALS IN THE HUMAN BRAIN. W.C.J. 
Chung1,2, L.S. Lubbers2*, G.J. De Vries2 and D.F. Swaab1. 1The Netherlands Institute 
for Brain Research, Amsterdam, The Netherlands; 2Center for Neuroendocrine 
Studies, University of Massachusetts, Amherst, USA.

The central part of the bed nucleus of the stria terminalis (BSTc), as delineated by 
its vasoactive intestinal polypeptide (VIP) innervation, is larger in males than in 
females (Zhou et αl., 1995, Nature 378, 68-70). In addition, the BSTc contains more 
somatostatin neurons in males than females (recent research from D.F. Swaab). It is 
not known what mechanisms are involved in the development of sex differences in the 
human brain. Studies in the developing rat brain indicate that apoptosis is an 
important mechanism for the development of sex differences. Therefore, we have 
hypothesized that apoptotic cell death may also occur during development in the 
human BSTc. For this purpose, we used VIP immunocytochemistry to visualize the 
sexually dimorphic BSTc of the human brain throughout development. In addition, 
adjacent sections were stained with cresyl violet in order to detect apoptotic nuclei. 
Our preliminary results showed that the earliest VTP-IR fibers in the BSTc can be 
detected around 26th week, while sporadic apoptotic cells in the same region were first 
detected around 32nd week of gestation. Although there are not enough data to 
determine whether there is a sex difference in the number of apoptotic profiles, the 
data suggest that cell death may play a role in the sexual differentiation of the BSTc. 
This research was supported by Ter Meulen Fund, Royal Netherlands Academy o f  
Arts and Sciences to WCJC. Brain tissue was obtained from the Netherlands Brain 
Bank (coordinator Dr. R. Ravid).

5 15 .8

PREWEANING RATS DO NOT HABITUATE TO THE STRESS OF 
MATERNAL SEPARATION. K. A. Oldfield,1 K.C.F. Fone,1 J.J. Hagan 2 and C.A. 
Marsden1. (SPON: British Neuroscience Association) 1School of Biomedical 
Sciences, Nottingham University, Nottingham U.K. NG7 2UH; 2SmithKline 
Beecham Pharmaceuticals, Harlow, Essex U.K. CM19 5AW

Acute maternal separation has been shown to cause elevations in basal and stress- 
induced corticosterone secretions in rats (Suchecki, et αl., 1993, Dev. Brain. Res. 
75:185-192). This study was designed to investigate the ontogeny of this response 
in preweaning rats in order to determine the influence of repeated stress during 
development on the hypothalamic-pituitary adrenal axis (HPA axis).

Lister-hooded pups were removed from the nest cage and placed in an incubator 
(30-33° C; approximately 50% humidity) for either 4h or 6h, from postnatal days 3- 
7 or 3-18, prior to decapitation (1500-1630h) and collection of mixed arterial- 
venous blood for determination of plasma corticosterone by radioimmunoassay 
(Immunodiagnostics Ltd.). Control litters were handled at equivalent time points.

Basal plasma corticosterone levels were significantly (p<0.05 Duncan’s New 
Multiple Range following ANOVA) higher on day 18, than day 7 (day 18 male 
control 36.5 ± 7.9, female control 30.4 ± 3.0; n=3-6; day 7, male control 4.1 ± 0.6, 
female control 4.9 ± 0.4; ng/ml; n=4). On both days 7 and 18, removal from the nest 
cage for 6h caused significant elevations in plasma corticosterone (as a % of same 
sex control), with increases on the day 7, males 307% , females 284 % (n=4-5) and 
on day 18, males 221 %, females 251 % (n=5). A similar trend was observed with 
4h of separation but this failed to reach significance. Basal and stress-induced 
corticosterone levels were equivalent irrespective of sex.

The corticosterone response to maternal separation does not diminish with 
repeated periods of separation and therefore the developing HPA axis does not 
appear to habituate to stress.
KAO is funded by SmithKline Beecham Pharmaceuticals & Nottingham University.

5 1 5 .1 0

SEX DIFFERENCES IN THE VOLUME OF THE 
VENTROMEDIAL (VMN) AND PARAVENTRICULAR (PVN) 
NUCLEI: EFFECTS OF PRENATAL RESTRAINT STRESS. W. 
López1, C. Zuazaga*and A C. Segarra2 . 1 Department o f Anatomy 
and 2 Physiology, University o f Puerto Rico, School o f Medicine, 
San Juan P.R. 00936.

Sprague-Dawley laboratory rats were used to investigate the effect 
o f  prenatal restraint stress in the developing hypothalamus. Two 
diencephalic brain structures were studied, the ventromedial (VMN) 
and the paraventricular (PVN) nuclei. Sex differences in the total 
volume o f the VMN and the PVN were found, males having a 
greater nuclear volume than females. However, if the data is 
analyzed as the ratio o f brain volume to estimated brain weight, 
females exhibit greater nuclear volumes in both nuclei. Prenatal 
restraint stress decreases sex differences in the volume o f both nuclei. 
Our results indicate that prenatal stress during critical periods of 
development alters normal brain differentiation. This investigation 
was supported, in part, by the Chancellors office o f the School of 
Medicine o f the University o f Puerto Rico and by RCMI award (RR- 
03051) from NCRR, National Institutes o f Health.

5 1 5 .1 2

DEVELOPMENTAL CELL DEATH IN THE POSTERIOR CORTEX OF 
MALE AND FEMALE RATS. J. L. Nuñez*, D. M. Lauschke,
H. L. Pach and J. M. Juraska. Neuroscience Program 
and Department of Psychology, University of Illinois; 
Champaign, IL 61820.

There is evidence suggesting that developmental 
hormones influence cell death, resulting in the 
sex differences in cell number in subcortical regions 
of the rat brain (e.g. Davis, Shryne and Gorski, 1996). 
However, no one has investigated this phenomena in the 
cerebral cortex of the rat. We have found a sex 
difference in the number of neurons in the primary 
visual cortex (OclB) of the adult rat, with males 
having more neurons than females (Reid and Juraska, 
1992). The present study utilized quantitative 
stereological techniques to analyze developmental cell 
death in the posterior cortex (which includes the 
primary visual cortex) of male and female rats from day 
3 through day 11. Preliminary evidence suggests a 
differential rate and timing of cell death between the 
sexes in the posterior cortex. Males display the 
highest incidence of pyknotic cells on postnatal day 7, 
with a subsequent decline by day 11. In females, 
however, cell death remains at a moderate level 
between days 6 to 11. Later ages from both sexes will 
be examined, along with TUNEL verification of pyknotic 
cell analysis. Funded by NSF 9723918 to JMJ and 
NIGMS 1 F31 17209 to JLN.
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5 1 5 .1 3

BR A IN  E N D O G E N O U S IN SU L IN  A N D  IN SU L IN  R E C E P T O R  
U L T R A ST R U C T U R A L  LO C A L IZ A T IO N . D. Beju* and R. Schechter, 
William K. Warren Medical Research, Univ. o f  Oklahoma HSC, Tulsa, OK.

We have demonstrated the presence o f  insulin and insulin receptor mRNA  
in the rat brain. W e undertook this study to localize brain endogenous 
insulin and insulin receptor within the hippocampus neurons in 10 day old 
rat brain using electron microscopy. The brains were removed and fixed 
with 2.5% glutaraldehyde in cacodylate buffer. The cells were stained with 
a guinea pig anti-insulin antibody dilution 1/1000 or human anti-insulin 
receptor antibody dilution 1/50. The reaction was visualized using 15 nm 
gold-protein A  complex. Insulin immunoreaction was observed within the 
endoplasmic reticulum, G olgi apparatus, cytoplasm, dendrites and axon. 
Insulin immunoreaction also was localized in the presynaptic region. 
Insulin receptor immunoreaction was associated with the plasma membrane 
o f  the neuron in the presynaptic and postsynaptic region. The insulin 
receptor immunoreaction also was observed within the dendrites and axon. 
Thus: 1) brain endogenous insulin is localized within the neurons and in the 
presynaptic region, and 2) insulin receptor is localized in the presynaptic and 
postsynaptic plasma membrane. We can hypothesize that brain endogenous 
insulin's role within the synapsis is o f  synapsis modulation.
Sponsor: W illiam K. Warren Medical Research Institute.

N E U R O N A L  D EATH  V  

5 16 .25 16 .1

ANTIAPOPTOTIC EFFECT OF Ca2+/CALMODULIN-DEPENDENT  

PROTEIN KINASE KINASE. S. Yano1*, H. Tokumitsu2 and T .R . 
Soderling1. 1Vollum Institute, Oregon Health Sciences University, 
Portland, OR 97201; 2Helix Research Institute, Inc., Chiba, Japan.

Neurotrophic factors from the target cell and neuronal electrical 
activity are important determinants in protecting neurons from apoptosis 
during neuronal development. L ikew ise, chronic depolarization o f  
cerebellar granule cells and chick spinal cord motoneurons is important 
in preventing apoptosis during cell culture. While it is known that a 

modest elevation o f  intracellular Ca2+ and calmodulin (CaM) are 
essential for this anti-apoptotic effect, the molecular details are 
unknown. We have investigated whether CaM-kinase kinase (CaM- 
KK) might be involved. Treatment o f  cultured neuroblastoma cells 

(N G 108) with NM DA or KCl depolarization gave a Ca2+ dependent 
stimulation o f  CaM-KK. Prolonged incubation with NM DA largely 
blocked apoptosis induced by serum withdrawal, and this anti-apoptotic 
effect o f  NMDA was mimicked by transfection with constitutively- 
active CaM-KK. Likew ise, the anti-apoptotic effect o f  NM DA was 
blocked by transfection with dominant-negative CaM-KK. These 
results stongly suggest the participation o f  CaM-KK in the anti- 

apoptotic mechanism o f  elevated Ca2+ in neuronal cells. Supported by 
NIH grant GM 41292.

5 16 .3

IMMUNOCYTOCHEMICAL ANALYSIS OF DOPAMINE RECEPTORS 
(D1-D5R) IN ALZHEIMER BRAIN. U. Kumar1 *, A. Sidhu 2, S. Suresh 4,
T. Duong 3, Y. C. Patel 1 and S. C. Patel 4 . 1 McGill Univ., Montreal, Canada, 
2Georgetown UMC, Washington, DC, 3Indiana Univ., IN. and 4VAMC Newington, 
CT.

Acting through D1-D5R, dopamine modulates locomotion, emotion, neuro- 
endocrine, and cognitive functions in the CNS. The widespread dopaminergic 
innervation o f the cortex, and the association o f mesolimbic dopaminergic pathways 
with cognitive and emotional functions, suggest that DR deficits may be important 
in Alzheimer’s disease (AD). D2R is reduced in AD striatum by PET scanning but 
little is known about the expression o f any DR subtypes in AD cortex. Here we 
have used antipeptide rabbit antibodies against the third cytoplasmic loop o f D1-D5 
R and mapped the distribution o f D1-D5R in cortex of post mortem AD brain and 
age-matched controls using biotin-avidin-immunocytochemistry (Table). Normal

D 1R 
N G

D2R 
N G

D3R
N G

D4R
N G

D5R 
N G

Control ++ - ++ + +++ + ++++ - + +
AD +/- - 

N=neuron
++ + 
G≈glial cell

+ +++ + + +/- ++++

cortex expressed high levels o f  D4R and D3R, moderate levels o f D 1R and D2R 
and low level o f D5R. Expression o f  D4R and D3R was severely reduced in AD 
cortex with negligible change in the other subtypes. D2R, D3R, and D5R were 
expressed at low levels in glial cells in normal cortex with marked glial induction 
o f D3R and D5R in AD brain. These results reveal changes in neuronal and glial 
DR expression in AD brain with reduced overall levels o f D3R and D4R suggesting 
a subtype selective loss o f DRs in AD. (Supported by N S  32160, 34339, 29685).

CYTOSOLIC CYTOCHROME-C INCREASES DID NOT LEAD 
TO CASPASE ACTIVATION IN MAITOTOXIN-TREATED SH- 
SY5Y HUMAN NEUROBLASTOMA CELLS KM . McGinnis†*, 
M.E. Gnegy†, and K.K.W. Wang+ †Department of Pharmacology, University 
of Michigan Medical School, Ann Arbor, MI 48109, +Laboratory of Neuro- 
biochemistry, Department of Neuroscience Therapeutics, Parke-Davis 
Pharmaceutical Research Division of Warner-Lambert Company, 2800 
Plymouth Road, Ann Arbor, MI 48105

Cytosolic cytochrome-c elevation has been associated with caspase-3- 
like proteases actvation. In this study we demonstrate that an increase in 
cytosolic cytochrome-c in maitotoxin (MTX) treated cells is not accompanied by 
an increase in caspase-3-like activity. SH-SY5Y cells were treated with 1 nM 
MTX, as agent that induces necrotic death in these cells, Treatment with 0.5 
µM of the pro-apoptotic agent staurosporine (STS) was used as a positive 
control. Cells were homogenized and differentially centrifuged to obtain crude 
mitochondrial and cytosolic fractions. Cytochrome-c localization in cytosolic 
and mitochondrial fractions was determined by western blot analysis. Caspase-3- 
like activity was monitored by hydrolysis of Ac-DEVD-MCA, western blotting 
for poly(ADP)ribose polymerase, α-spectrin, and caspase-3 fragmentation. In 
both MTX- and STS-treated SH-SY5Y cells, cytochrome-c translocates from the 
mitochondrial to the cytosolic fraction within one hour, followed by a rapid loss 
of cell viability. As expected, in STS-treated cells, caspase-3-like activity is 
significantly elevated within two hours. In contrast, in MTX-treated cells, no 
increase in caspase-3-like activity is evident up to 24 hours after treatment. Our 
finding suggests that elevation of cytosolic cytochrome-c is not sufficient for 
caspase-3-like protease activation. (Supported by a Pharmaceutical Research and 
Manufacturers Association of America Pre-doctoral Fellowship to KMM.)

5 1 6 .4

EXPRESSION OF THE FIVE SOMATOSTATIN RECEPTOR SUBTYPES (SSTR1 - 
5) IN ALZHEIMER DISEASE (AD) BRAIN: AN IMMUNOHISTOCHEMICAL 
ANALYSIS. Y.C. Patel 1*, U . Kumar1, T. Duong2 and. S.C. Patel3. 1Fraser Labs, 
McGill University, Montreal, Canada,2 Indiana Univ. IN, 3and VAMC Newington, CT, 

Somatostatin is widely distributed in human cortex (Cx) and subcortical brain and 
acts through 5 SSTR subtypes to exert profound effects on motor, sensory, behavioural, 
cognitive, and autonomic functions. Cortical and CSF levels of SST are decreased in 
AD brain and have become a reproducible biochemical marker of the disease. Like SST, 
SSTRs measured by binding analysis also show marked depletion in AD but the cellular 
distribution, as well as the subtypes involved, or their functional significance is 
unknown. Using antipeptide rabbit polyclonal antibodies against the 5 hSSTRs, we 
have here mapped the distribution of SSTR1-5 antigens in Cx of AD and age-matched 
control brain. All 5 SSTRs were differentially expressed in Cx, predominantly in 
pyramidal and nonpyramidal neurons, as membrane and cytoplasmic protein, and 
exhibited significant variation in control vs AD tissue. SSTR2 and 4 were die 
predominant subtypes followed by SSTR1,3, and 5. AD Cx showed marked reduction 
in neuronal expression o f SSTR4 and a modest decrease in SSTR2,3, and 5 without any 
change in SSTR1. SSTR2 was expressed in normal blood vessels and appeared to be 
markedly increased in AD vessel walls. Whereas glial cells in control brain lacked 
SSTR1-5 expression, AD brain displayed strong glial immunoreactivity for SSTR1,3, 
and 4 but not 2 and 5. These findings suggest differential loss of SSTR2,4,5, and 3 but 
not SSTRl in AD Cx as well as subtype-selective glial induction of SSTR1,3, and 4 
but not 2 and 5. (Supported by NS 32160, 34339).

SSTR1 SSTR2 SSTR3 SSTR4 SSTR5
N G N G N G N G N G
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AD ++ + 
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+ + + + +
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5 16 .5

INHIBITION OF PHOSPHATIDYLINOSITOL 3-KINASE ACTIVITY 
ELEVATES C-JUN N-TERMINAL KINASE ACTIVITY IN APOPTOSIS 
OF CULTURED CEREBELLAR GRANULE NEURONS. T. Ikeuchi,* K. 
Shimoke, M. Yamada, S. Yamagishi and H. Hatanaka. Inst. for Protein 
Research, Osaka Univ., 3-2 Yamadaoka, Suita, Osaka 565-0871, Japan 

Cerebellar granule neurons maintained in medium containing 26 mM 
potassium or in medium (5 mM potassium) with 50 ng/ml BDNF undergo 
an apoptotic cell death when exposed to 10 µ  M LY294002, an inhibitor of 
phosphatidylinositol 3-kinase (PI3-K). This cell death was blocked by 0.3 µ 
M cycloheximide or 0.1 µ M actinomycin D, suggesting that de novo  RNA 
and protein synthesis are required. To investigate the intracellular signaling 
mechanism of LY294002-induced apoptosis, the activity of Akt was 
measured in cells in HK+ (26 mM potassium) medium or LK+ (5 mM 
potassium) medium containing BDNF, with or without 10 µ  M LY294002. 
Akt activity decreased following the addition of 10 µ M LY294002.
Similar results were obtained with 100 nM wortmannin, another inhibitor of 
PI3-K. In addition, we found that LY294002 increased the c-Jun N-teminal 
kinase (JNK) activity, which is believed to mediate many types of neuronal 
cell death. We also observed elevated expression of c-Jun by LY294002 in 
HK+ or LK++ BDNF. These findings demonstrated that apoptosis induced by 
inhibition of PI3-K activity involves suppression of the Akt activity and 
elevation of both JNK activity and c-Jun expression. Our results suggested 
that the P13-K-Akt pathway suppresses the activation of JNK and c-Jun 
expression, and as a result prevents the neuronal cell death in cerebellar 
granule neurons.

516.7

MECHANISMS OF RETINAL GANGLION CELL DEATH  IN 
HYPERTENSIVE EYES A N D  FOLLOW ING OPTIC N ERV E  
AXOTOMY. Chaudhary, P ., Ahm ed, F . and Sharma, S.C.*, 
Department o f  O phthalmology/ C ell B io logy  and Anatom y, N ew  York 
Medical College, Valhalla, N Y  10595.

Apoptosis or cell death occurs during developm ent o f  the nervous 
system. Apoptosis is also involved in pathological neuronal death 
following- trauma, ischemia, stroke and other neurodegenerative 
disorders. Apoptosis has been implicated in degeneration o f  the 
ganglion cells after axotom y in adult animal (Garcia V alenzuela et al. 
1994). The aim o f  the present study was to determine the mechanism s 
by which the retinal ganglion ce lls die after elevated intraocular 
pressure (IOP) and after axotom y in rat. Total R N A  isolation from the 
retina, cDNA synthesis, RT-PCR and agarose gel electrophoresis was 
performed at different tim e points after elevation o f  pressure and after 
axotomy. Agarose gels were stained with Vistra Green and scanned on  
a Storm 840 imaging system. RT-PCR w as performed for the levels o f  
mRNA for Bclx, Bcl-2, Nedd and CPP32. W e conclude that different 
genes involved in apoptosis in the retina undergo differential induction  
in eyes with elevated intraocular pressure and in animals with optic 
nerve transection.
This study was supported by N.I.H . grant 5R O IEY 11295.

516.9

HISTOLOGICAL C H A RA CTERIZA TIO N  OF A PO PT O TIC  
NEURODEGENERATION INDUCED IN THE DEVELOPING RAT 
CNS BY NMDA ANTAGONISTS. K. Dikranian*, M.J. Ishimaru, T. 
Tenkova, C. Ikonomidou, J.W. Olney. Washington Univ., St. Louis, MO; 
Humboldt Univ., Berlin, Germany; Tokyo Med. Univ., Tokyo, Japan.

We have found that pharmacological blockade o f  N M D A  receptors 
for only a few  hours during a critical developm ental period when  
synaptogenesis is occurring triggers a neurodegenerative reaction that 
deletes large numbers o f  neurons from  several major regions o f  the 
developing rat CNS (see Ikonomidou et al., this m eeting). Drugs that 
trigger this neurodegenerative response Include both com petitive (e.g. 
CPP) and non competitive (e.g. M K 801) N M D A  antagonists and major 
drugs o f abuse, PCP and alcohol (see O lney et al. and W ozniak et al., 
this meeting). Neuronal populations deleted by this m echanism  appear 
to be those that are heavily innervated by glutamate through N M D A  
receptors. Our evidence suggests that during synaptogenesis many 
neurons depend on N M D A  receptor input for survival, and transient 
interruption o f  this input autom atically triggers neuronal suicide  
(apoptosis). W e are confident that the neurodegenerative process is 
apoptotic because w e have compared it with - and determined that it is 
ultrastructurally identical to - a w ell established exam ple o f  apoptosis, 
namely physiological (programmed) cell death, the natural process by 
which biologically redundant neurons are deleted from the developing  
brain. This comparative analysis was performed w ith relative ease  
because the w ave o f  apoptotic neurodegeneration triggered by N M D A  
antagonists is so m assive that it provides abundant exam ples o f  
apoptosis in every stage o f  evolution. A  stage by stage description w ill 
be presented at the meeting. Supported by AG 11355, DA 05072, E Y  
08089 and RSA MH38894 (JWO).
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CHANGES IN TELENCEPHALIN IMMUNOREACTIVITY 
IN THE GERBIL HIPPOCAMPUS AFTER TRANSIENT 
ISCHEMIA.
M. Murate1*, Y . Karasawa3, N . H ino3, T. Hashikawa1, and K_. M ori2. 
Labs. for 1N eu ra l Architecture and 2Neuronal R ecognition M olecules, 
Brain Science Institute, RIKEN, W ako, Saitama, 351-0198, Japan; and 
3Pharm acology Laboratory, Pharm aceutical Research Laboratories, 
Taisho Pharmaceutical Co., Ltd, Ohmiya, Saitama, 330-8530, Japan.

It has been shown that a ce ll adhesion m olecule telencephalin (TLN) 
is expressed exclusively in non-G ABAergic neurons in the forebrain. In 
the hippocam pus, TLN expression  is dom inant in C A 1 pyramidal 
neurons w hich are selectively vulnerable to transient ischem ic damage, 
and show  a "delayed neuronal death (DND)" within 2 to 4  days after 
ischemia. In order to exam ine the ischem ic effects on the expression o f  
T L N  in C A 1 reg ion , w e in vestiga ted  the ch an ges in TLN  
immunoreactivcity in the gerbil hippocampus at different times (5 min, 3 
and 5 h, and 1, 2, 3, and 7 days) after bilateral carotid occulusion for 5 
min. Soon after reperfusion, upregulation o f  the immunoreactivity in 
C A l w as observed, w hich lasted till 2  days after occulusion. Such  
changes o f  the immunoreactivity were also apparent to som e extent in 
other hippocampal regions. The im m unoreactivity in C A l decreased  
afterwards, in parallel with the D N D  o f  the C A l pyramidal neurons, and 
practically disappeared 7 days after occulusion. These results suggest 
that TLN m olecule may partly be involved in m echanisms underlying 
plastic changes o f  hippocampal neuronal networks.

This work was supported by RIKEN BSI, grant 57911
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ROLE OF E2F IN APOPTOSIS OF N EURO NS. D .S. Park* 1, E.J. Morris2,
H. M. Geller2, D. Goriounov3, and L.A. Greene3 1Neuroscience Research 
Institute, University of Ottawa, Ontario, CAN, 2Dept. of Pharmacology, 
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854, 3Dept. of 
Pathology and Center for Neurobiology and Behavior, Columbia Univ. College of 
Physicians and Surgeons, New York, NY, 10032,.

Previous studies indicated that pharmacological G1/S blockers and inhibitors of 
cyclin-dependent kinases (CDKs) protect neuronally differentiated PC12 cells, 
sympathetic neurons, and cortical neurons from multiple paradigms of death 
including NGF deprivation and DNA damaging agents (UV, camptothecin, AraC). 
In particular, we had shown that dominant negative forms of CDK4 and 6 
protected sympathetic neurons from NGF deprivation and DNA damage and 
cortical neurons from camptothecin induced death. The only known substrate for 
CDK4/6 is the tumor suppresser Rb which binds to and inhibits the E2F family 
of transcription factors. Accordingly, we hypothesized that E2F transactivational 
activity is required to induce neuronal apoptosis. To test this hypothesis, we 
utilized the Sindbis RNA alphavirus to express dominant negative forms of DP-
1, the required binding partners of E2F members, in sympathetic and cortical 
neurons. We demonstrate that expression of DN-DP1 protects sympathetic and 
cortical neurons from DNA damage but is less effective against death of 
sympathetic neurons evoked by NGF deprivation.
This work was supported in part by grants from the NIH, ALS foundation, Blanchette 

Rockefeller Foundation, and Aaron Diamond Foundation (LAG); and NIH, and Cancer 
Institute of NJ (HMG). DSP is the recipient of an Aaron Diamond Foundation 
Fellowship.
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EX PR ESSIO N  A N D  IND U C TIO N  OF p38 M A P K IN ASE IN  
N E U R O N A L  C ELL T Y PE S T R E A T E D  W ITH  D IV E R SE  
STIM ULI. Jane E. Smith1*, M ichal Hetman1  and Zhengui Xia2. 
1,2 Departments o f  Environmental Health and 1 P harm acology, 
Univ. o f  W ashington, Seattle, W A  98195.

A poptosis due to D N A  damage and/or oxidative stress has 
been im plicated as a mechanism  o f  neuronal ce ll death related to 
acute and ch ron ic n eu rod egen erative d isord ers in clu d in g  
Alzheimer's disease. The M AP kinase p38, which represents one o f  
the m am m alian M A P k inase fam ilies , is im portant in the 
transduction o f extracellular stimuli to cellular responses including 
cell death. R ecently, four isoform s o f  p38 M A P kinase (α ,β ,γ ,δ) 
have been identified. U sing isoform  specific p38 antibodies we 
have observed that p38β is the most abundant isoform  expressed in 

cortical neurons. Additionally, we have noted an induction o f  p38β  
activity in cortical neurons follow ing treatment with camptothecin, a 
topoisom erase I inhibitor which produces D N A  strand breaks, and 
glutamate, an excitatory amino acid w hich can produce oxidative 
damage. At 12 hours follow ing camptothecin treatment there is a 2- 
fold increase in p38β activity with a sustained response up to 24  
hours. In contrast, the response to glutamate is rapid with a 5-fold  
induction at 5 minutes follow ed by a rapid decrease to basal levels. 
These data suggest that p 38β is involved in the stress response to 
camptothecin and glutamate in cortical neurons. Supported by AZ study 
XIA 97 and Lead Study XIA 97 grants (ZX) and Genetic Approaches to Aging 
grant 2 T32 AG00057-21 (JES).
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EVIDENCE FOR A NOVEL EVENT DURING NEURONAL DEATH: 
DEVELOPMENT OF COMPETENCE TO DIE UPON CYTOPLASMIC 
INJECTION OF CYTOCHROME C. M. Deshmukh* and E. M. Johnson, Jr. 
Departments of Neurology, and Molecular Biology & Pharmacology, Washington 
University School of Medicine, St. Louis, MO 63110.

Activation of caspases is a crucial event during programmed cell death (PCD); 
once caspases are activated, cells rapidly undergo apoptosis and die. Recent work 
has focused on the function of cytochrome c in caspase activation since cytochrome 
c translocates from the mitochondria to cytoplasm in several models of PCD. 
Cytochrome c is also present in a complex that activates caspases in vitro. We have 
used the cell culture model of mouse sympathetic neurons that undergo PCD upon 
nerve growth factor (NGF) deprivation to examine whether cytochrome c undergoes 
a mitochondrial to cytoplasmic translocation during neuronal PCD. The 
immunostaining pattern of cytochrome c was dramatically shifted from punctate 
(mitochondrial) to diffuse during sympathetic neuronal PCD. The NGF deprivation- 
induced translocation of cytochrome c was dependent on macromolecular synthesis 
and Bax function, but independent of caspase activity. However, the cytoplasmic 
accumulation of cytochrome c was not sufficient to cause neuronal cell death since 
microinjection of cytochrome c into NGF-maintained sympathetic neurons did not 
induce cell death. In contrast, injection of cytochrome c in NGF-deprived 
cycloheximide-saved or NGF-deprived Bax null neurons produced rapid apoptosis. 
This death was prevented by a general caspase inhibitor, but not by readdition of 
NGF. Further studies indicated that sympathetic neurons needed to be deprived of 
NGF for 15-20 hrs before they were able to undergo apoptosis after cytochrome c 
injection. These data suggest that NGF deprivation induces: 1) the translocation of 
cytochrome c, and 2) another event, which we term as competence to die, that is 
independent of macromolecular synthesis and Bax function. Both these processes 
are required to activate caspases and cause neuronal death. Supported by NIH grant 
AG12947.
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EFFECT OF CYCLOSPORIN A ON METHYLMERCURY-INDUCED 
ELEVATIONS OF INTRACELLULAR Ca2+ IN RAT CEREBELLAR 
GRANULE CELLS. T. L. Stringfellow and W. D. Atchison*. Department of 
Pharmacology & Toxicology, Michigan State University, East Lansing, MI 
48824

Cerebellar granule cells are preferentially targeted during methylmercury 
(MeHg) poisoning. Previous work in our lab has demonstrated that granule cells 
undergo a biphasic increase in intracellular Ca2+ ([Ca2+]i) following MeHg 
exposure, which apparently contributes to cell death. The first Ca2+ phase arises 
from release o f Ca2+i stores while the second phase is due to entry o f Ca2+e. The 
purpose o f  the present study was to examine the effects o f cyclosporin A (CsA), 
a potent inhibitor o f the mitochondrial permeability transition pore (MTP), on 
MeHg-induced increases in [Ca2+]i. Neonatal rat cerebellar granule cells in 
culture and fura-2 fluorescence single cell microfluorimetry were used to 
examine changes in [Ca2+]i. Fluorescence was measured continuously during 
CsA pretreatment and MeHg treatment (0.5 µM). The time to onset o f the two 
phases o f increased [Ca2+]i in response to MeHg was measured. In vehicle- 
treated controls cells, the first MeHg-induced increase in [Ca2+]i occurred at 16 
± 2.4 min and the second phase occurred at 24 + 3 min. Exposure to 0.25 or 
0.5 µM CsA did not significantly affect the time-to-onset for either phase, but 
1 and 5 µM CsA delayed both the first (27.1 ± 7.2 min and 29.8 ± 4.2 min, 
respectively) and second phase (33.0 ± 7.5 min and 38.9 ± 3.3 min, 
respectively) to the same extent. Removal o f Ca2+e using a Ca-free, EGTA- 
containing solution, confirmed that the first phase increase induced by MeHg 
was delayed by prior exposure to 5 µM CsA from 14.2 + 3.4 min in cells 
treated with MeHg alone, to 24.9± 6.5 min in cells treated with CsA. These 
results suggest that release of Ca2+i from the mitochondrial permeability 
transition pore may contribute to the first phase elevation o f [Ca2+]i induced by 
MeHg. Supported by NIH grant ES03299.
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P R O T E IN  P H O S P H A T A S E  IN H IB IT IO N  IN D U C E S  
DYSTROPHIC NEURITES AND A POPTOTIC NEURONAL 
DEATH. BALASZ , D. KIM , HN H O N G , C .W  CO TM A N . 
Institute for Brain Aging and Dementia, UCI, Irvine CA 92697- 
4540. Department of Anatomy, University of Ulsan, Seoul, Korea 

The numbers of dystrophic neurites (DN) and neurofibrillary 
tangle (NFT) closely correlates with the degree o f dementia in 
Alzheimer's disease (AD). The DN and NFT are intracellular bundles 
o f 20 nm paired helical filam ents, w hich consist m ainly of 
abnormally hyperphosphorylated tau protein. The mechanism of this 
abnormal phosphorylation is commonly assumed to be caused by 
increased kinase activity or decreased protein phosphatase activity. 
To investigate the involvement o f protein phosphatase (PP) in the 
formation of dystrophic neurites, we exam ined the effects of PP 
inhibitors in rat hippocampal neurons in culture. Our results showed 
that okadaic acid, calyculin A, cantharidine induces dramatic changes 
in the neuritic m orphology within 6 hr, followed by apoptotic 
neuronal death after 48 hrs. This neurotoxicity was characterized by 
rapid retraction of neurites, leaving only filamentous traces after 48 
hr. Typically, the retraction began at the distal end and proceeded 
retrogradely to the cell body. Dense SMI-31 immunoreactivity, 
which recognized the phosphorylated ser 396/404 o f tau and 
neurofilament H, accumulated in the dystrophic neurites and cell 
body after PP inhibitors treatment. These results suggest that PP 
inhibition may be involved in the formation of dystrophic neurites 
and abnormal phosphorylation of tau leading to neuronal death.

Supported by NIA grant #: A G 13007
(SPON: BNA)
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CALCIUM PREVENTS KAINIC ACID-INDUCED CELL DEATH IN 
CEREBELLAR GRANULE CELLS. M. L. Leski*, S. L. Valentine and J. T. 
Coyle. Laboratory of Molecular and Developmental Neuroscience, 
Massachusetts General Hospital and H arvard University, Charlestown, MA 
02129.

This study reports on the regulation of kainate-induced cell death in 
cerebellar granule cells (CGC) by calcium entry through voltage-gated 
calcium channels (VGCC) and by calcium release from internal cellular 
stores. Whereas treatment of CGC with 100 µM kainate for 30 minutes in 
sodium-free medium killed ~50% of the cells, the addition of sodium to the 
treatment medium protected CGC. Kainate-induced cell death was 
potentiated w hen the general VGCC blocker cadmium (5-10 µM) was 
included in the treatment medium. This effect was mimicked by the L-type 
VGCC blocker nifedipine. Agents that deplete internal calcium stores, 
thapsigargin and ryanodine (1-10 µM), also potentiated kainate-induced cell 
death. The ryanodine receptor agonist caffeine prevented the kainate- 
induced cell death potentiated by nifedipine. Kainate-induced cell death 
potentiated by nifedipine was not prevented by inhibitors of RNA and 
protein synthesis. Furthermore, no DNA laddering was detected following 
treatment. Analysis of nuclear morphology using Hoechst dye 33342 
indicated no chromatin condensation following treatment w ith kainate + 
nifedipine; however, nuclei lost their distinct borders, and appeared more 
diffuse and had a slightly larger diameter than that of the untreated cells. 
Cell membranes appeared fragmented for the enlarged nuclei. Together the 
results suggest that the kainate-induced cell death potentiated by nifedipine 
is necrotic. These results support a role for calcium in the prevention of 
kainate neurotoxicity, possibly by a calcium-induced calcium release from 
internal stores as mediated by L-type VGCC. Supported by NIH grant 
number 5-R01NS13584G17 to J. T. C.
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LO SS O F G RO W TH FACTO R DEPEN DEN CE AND CYTO KIN E -IN D U C E D  
A PO PTO SIS  REFLEC T D EVELO PM EN TAL DO W N R E G U LA TIO N  OF 
CA S PA S E  EXPRESSIO N. S. I. Savitz* and J. A. K ess le r. Departm ent of 
Neurology, A lbert E inste in College of Medicine, Bronx, NY 10461.

Neuron num bers in the deve loping nervous system  are regula ted not only by 
grow th facto rs  tha t inhibit p rogram m ed cell death, but a lso by cytokines that 
prom ote  it. Further, the e ffects of growth factors on neuronal surviva l are 
restricted  to precise deve lopm ental periods. W e investigated the  in tracellu lar 
m echan ism s underlying the acquisition and loss of the p ro-apoptotic and anti- 
apoptotic effects of growth factors on cultured sym pathetic neurons. Increasing 
levels of Bcl-2 by gene transfe r using vira l vectors pro tected aga inst cell death 
as a resu lt of LIF treatm ent o r NG F deprivation. S im ilarly, treatm ent of 
sym pathetic neurons w ith the caspase inhibitor, Z -vad-fm k was protective 
aga inst LIF-induced apoptosis as well as NGF deprivation. Further, exposure 
of sym pathe tic  neurons to  an antisense construct fo r caspase  2 (Nedd-2), the 
caspase  tha t m ediates apoptosis a fter NG F deprivation, decreased Nedd-2 
expression and inhibited LIF-induced cell death. During the postnatal period, LIF 
progressively loses its death promoting effects and becomes a survival factor by 
day 10, and sympathetic neurons lose the ir dependence upon NG F for survival. 
These  deve lopm ental changes m ay reflect, in part, the downregula tion of 
caspase 2. Embryonic and neonatal neurons expressed caspase 2 abundantly. 
By day 4, levels of the caspase declined substantia lly , and by day 10 and 
therea fte r the caspase was a lm ost undetectab le  in sym pathe tic neurons. O ur 
observa tions indicate that com ponents of the cell death pathw ays including 
caspases are downregula ted during deve lopm ent in parallel w ith the loss of 
growth facto r dependence and cytokine-m edia ted apoptosis.

Support: Howard Hughes Med. Student Fellowship (SIS); NIH NS 20778, 20013 (JAK).
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Fullerene (C60) derivatives and BAF protect dopaminergic neurons in vitro 
from 6-OHDA mediated toxicity. Julie Lotharius*1, Laura Dugan2, and 
Karen O’Malley1. 1Department of Anatamy and Neurobiology and 
2Department o f Neurology. Washington University School o f Medicine, St. 
Louis, MO.

Oxidative stress is thought to contribute to dopaminergic cell death in 
Parkinson’s disease. The neurotoxin 6-OHDA, which is easily oxidized to 
hydroxyl radicals, appears to induce neuronal death by a free-radical mediated 
mechanism, whereas the involvement o f free radicals in MPP+ toxicity is less 
clear. In these studies we tested the hypothesis that potent free radical 
scavengers, C60 derivatives, could prevent 6-OHDA or MPP+ neurotoxicity. 
After seven days in culture, E 14 mouse mesencephalic neurons were treated 
with a malonic acid derivative o f C60 with C3 symmetry (Dugan et al, PNAS 94, 
1997) or the caspase inhibitor BAF, together with 30 uM 6-OHDA or 1 uM 
MPP+. Neuronal protection was assayed by measuring intracellular dopamine 
content, 3H-dopamine uptake, and tyrosine hydroxylase (TH) 
immunoreactivity. The C3 isomer completely protected TH neurons from 6- 
OHDA treatment but did not prevent the toxin-mediated reduction in dopamine 
uptake and content. BAF also rescued TH neurons, but was only 80% 
effective. It also failed to prevent a reduction in dopamine uptake and content. 
Surprisingly, both factors failed to protect TH neurons from MPP+ induced 
neuronal death in this paradigm. This suggests that cell death in response to 6- 
OHDA and MPP+ may progress through different mechanisms, only one of 
which can saved by the potent antioxidant the isomer C3 and BAF. Supported 
by NIH 5-T32-GM08151, AG00599, and MH45530.
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A POTENTIAL ROLE FOR THE PHOSPHATIDYLINOSITOL 3-KINASE 
SIGNALING PATHWAY IN THE SURVIVAL OF SYMPATHETIC NEURONS 
MEDIATED BY DEPOLARIZATION AND CAMP ANALOGUES. R. J. 
Crowder* and R. S. Freeman. Department of Pharmacology and Physiology, 
University of Rochester School of Medicine, Rochester, NY 14642.

Previously, we have shown that phosphatidylinositol 3-kinase (PI 3-kinase) and 
Akt protein kinase, a downstream target of PI 3-kinase, are necessary for nerve 
growth factor (NGF) mediated survival of rat sympathetic neurons. Currently, we 
are testing whether other agents which maintain sympathetic neurons in the 
absence of NGF, such as depolarizing concentrations of potassium and cAMP 
analogues, also promote survival by regulating components of the PI 3-kinase 
signaling pathway. Treatment with LY294002, a selective inhibitor of PI 3-kinase, 
resulted in a dramatic decrease in the survival of depolarized neurons and, to a 
much lesser extent, decreased survival by a cAMP analogue. Stimulation of 
neurons with depolarizing potassium resulted in a partial (~ 60 %) increase in Akt 
protein kinase activity compared to NGF-induced Akt activation, whereas 
treatment with a cAMP analogue resulted in little or no increase in Akt activity. 
These data suggest that depolarization-mediated survival of sympathetic neurons 
is dependent upon a PI 3-kinase regulated pathway, whereas survival by cAMP 
analogues is much less dependent upon, or independent of, this pathway. To test 
this possibility, we are using intracellular microinjection to express dominant 
negative forms of PI 3-kinase and Akt protein kinase to determine their effects on 
survival by either agent. Supported by grants from the NIH (NS34400) and the 
Paul Stark Endowment Fund at the University of Rochester (R.S.F.) and NIH 
predoctoral training grant AG001.07(R.J.C.).

516.19
TEMPORAL-SPATIAL SEQUENCE OF CELLULAR EVENTS 
ASSOCIATED WITH DNA-DAMAGE-INDUCED APOPTOSIS IN A 
NEURONAL CELL LINE. J .-E. Kim*, I .-K. Chung, and Y. J. Oh.
Dept. of Biology, Yonsei University College of Science, Seoul 120-749, Korea.

Genotoxic stress is known to induce apoptosis in a wide variety of 
cells. To determine the temporal-spatial sequence of important 
cytoplasmic and nuclear events associated with DNA-damage-induced 
apoptosis in a neuronal cell line and to assess the role of the 
anti-apoptotic protein B cl-xl in this paradigm, we initially established 
a dopaminergic neuronal cell line(MN9D) overexpressing human 
B c1-xl(M N 9 D /B cl-xl) and control cells(MN9D/Neo). The topoisomerase 
II-targeted drug, etoposide, induced a dosage-dependent pattern of 
apoptosis in control cells, with only less than 20% of MN9D/Neo cells 
surviving after 48 hours of 100µM etoposide treatment as measured 
by the MTT reduction assay. Using an in vivo  link assay, 
drug-stabilized specific topo II-DNA cleavable complexes were 
detected in MN9D/Neo cells as early as 1 hour after etoposide 
treatment and were reversible upon elimination of the drug. 
However, complete digestion of the genome into the typical 
oligo-nucleosomal ladder did not begin until 12~ 18 hours of drug 
treatment and was abolished by caspase inhibition, suggesting a 
critical control point in the apoptotic process.. In Western blots of 
cytosolic proteins, PARP and p53 levels appeared to decrease steadily 
by 24 hours. Although in  vivo  levels of etoposide-induced topo II-DNA 
cleavable complexes were not affected, overexpression of either B cl-xl 
or Bcl-2 rescued MN9D cells from cell death, and thus typically 
apoptotic morphological changes such as cell shrinkage, membrane 
blebbing, and nuclear fragmentation were attenuated. Interestingly, 
Bcl-XL-overexpressing cells showed a faster rate of recovery after drug 
removal in the in  vivo  link assay. We speculate that B cl-xl prevents 
etoposide-induced neuronal apoptosis by exerting its effects after the 
formation of double-stranded breaks in the nucleus and before the 
activation of caspases (supported by KRF 1997).
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TUMOR NECROSIS FACTOR ALPHA AND DEATH DOMAIN 
PROTEINS PROMOTE APOPTOSIS OF NEURONAL CELLS. E.M. 
Eves*and M.R. Rosner. Ben May Inst., University of Chicago, 
Chicago, IL 60637.

Conditionally immortalized rat hippocampal H19-7 cells 
morphologically differentiate and express neuronal markers following 
FGF treatment in defined medium. Within a few days of 
differentiation the cells die by apoptosis as do many primary neurons 
in culture. Death is delayed by upstream (activated Akt) and 
downstream (Bcl2) elements of pathways known to respond to 
neurotrophic factors. In order to more narrowly define the nature of 
the apoptotic pathway(s) in H19-7 cells, components of several well- 
characterized apoptotic pathways have been investigated. 
Antioxidants such as vitamins C or E, or deferoxamine did not 
increase H19-7 survival, indicating that apoptosis is not due to 
oxidative stress. Death domain-containing receptors and their 
ligands have been shown to initiate apoptosis in many cell types. 
However, treatment with an agonistic anti-Fas antibody or ectopic 
expression of Daxx, a signalling intermediate for Fas, had no 
significant effect on survival, indicating that the Fas pathway is not a 
major apoptotic route in these cells. In contrast, treatment with 
tumor necrosis factor alpha (TNFα ) or ectopic expression of FADD, 
a signalling intermediate for the TNFα receptors, accelerated the 
death of differentiating H19-7 cells. Cells expressing ectopic Bcl2 
were as sensitive as the wildtype to killing by FADD, but are less 
sensitive to TNFα. Thus, H19-7 cells express the machinery for 
apoptosis induced by TNFα and this mechanism may account for 
the death of these cells following neuronal differentiation. 
(Supported by NIH-NS 338-58)

516.20
ANTI-APOPTOTIC ROLE OF THE ENDOPLASMIC 
RETICULUM STRESS PROTEIN GRP78 IN NEURONS.
Z. F. Yu, O. Guo and M. P. Mattson*. Sanders-Brown Research Center on 
Aging and Deptartment of Anatomy & Neurobiology, University of Kentucky 
Lexington, KY 40536.

The glucose-regulated protein GRP78 is localized in the endoplasmic 
reticulum, and its expression is increased by environmental stressors in many 
cell types. We report that levels of GRP78 are increased in cultured rat 
hippocampal neurons exposed to glutamate and oxidative insults that induce 
apoptosis (Fe2+ and amyloid β-peptide). The GRP78 response was prevented 
by treatment of cells with the intracellular Ca2+ chelator BAPTA-AM, and 
responses to Fe2+ and amyloid β-peptide were blocked by antioxidants. 
Treatment of neurons with antisense oligodeoxynucleotides directed against 
GRP78 suppressed insult-induced upregulation of GRP78 without affecting the 
GRP94 response. Neuron death induced by glutamate and oxidative insults was 
exacerbated in cultures treated with GRP78 antisense, but not in cultures treated 
with GRP94 antisense. GRP78 expression was increased in PC12 cells 
following trophic factor withdrawal and exposure to staurosporine, and GRP78 
antisense treatment enhanced apoptosis induced by trophic factor withdrawal and 
STS. Increases in levels of oxyradical accumulation and mitochondrial 
membrane depolarization induced by glutamate, Fe2+ and amyloid β-peptide were 
exacerbated in hippocampal neurons treated with GRP78 antisense. The secreted 
form of amyloid precursor protein (sAPPα) protected hippocampal neurons 
against apoptosis and counteracted the death-enhancing actions of GRP78 
antisense. Collectively, our data suggest an important role for endoplasmic 
reticulum stress in neuronal cell death, and show that GRP78 serves important 
anti-excitotoxic and anti-apoptotic functions.

S u p p o r t e d  b y  g r a n t s  t o  M . P . M .  f r o m  t h e  N I H .
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INCREASED GAPDH EXPRESSION AND APOPTOSIS IN PC12 
CELLS AFTER ADENOVIRUS-MEDIATED TRANSFER OF P53 
GENE. R.-W. Chen1, Z. Li2, H. Wei1*, P.A. Saunders1, P. Seth2, and D.- 
M. Chuang1. 1Sect. Mol. Neurobiol., Biol. Psych. Branch, NIMH; 2Med. 
Branch, NCI, NIH, Bethesda, MD 20892

Increased expression of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) has been shown to be involved in neuronal apoptosis induced by 
a variety of insults including treatment with cytosine arabinoside(AraC) 
(Ishitani and Chuang, PNAS 93: 9937, 1996). Our previous study has 
demonstrated that AraC-induced apoptosis of cerebellar granule cells is 
preceded by increased expression of p53, which is followed by GAPDH 
overexpression. Inhibition of p53 expression by an antisense 
oligodeoxyribonucleotide suppresses GAPDH overexpression and protects 
them from AraC-induced apoptosis. These results suggest that GAPDH 
overexpression is a downstream event of p53 expression in mediating 
neuronal apoptosis. To further test this hypothesis, we examined the effects 
of exogenously expressed p53 on GAPDH expression in pheochromo- 
cytoma PC12 cells. The wild-type human p53 gene was introduced into 
PC12 cells via a recombinant adenoviral vector, AdWTp53. Cell viability 
was measured by mitochondria activity MTT assays, and p53 and GAPDH 
protein levels were analyzed by Western blotting. The transduction 
efficiency was about 90% at a viral dosage of 20 pfu/cell. p53 
overexpression was detected at 12 hr after infection and reached a 
maximum at 48 hr. Increased GAPDH protein level in the particulate 
fraction of PC12 cells was found at 24 hr and also reached a maximum at 
48 hr. GAPDH overexpression was concurrent with apoptosis of PC12 
cells. Our results provide further support for the model that GAPDH is a 
potential novel target gene regulated by p53 and functions downstream of 
p53 in neurons undergoing apoptosis. (supported by NIMH, NIH)

N UC LEA R  T R A N SLO C A TIO N  O F G A PD H  ISO FO R M S  
D UR ING  A PO PTO SIS O F C ER EBEL LA R  G R A N U L E  C ELLS
P.A. Saunders*, R.-W Chen, and D.-M. Chuang.
Section on Molecular Neurobiology, Biological Psychiatry Branch, 
National Institute o f Mental Health, NIH. Bethesda M D 20892-1272  

W e have previously shown that glycedraldehyde-3-phosphate 
dehydrogenase (GAPDH) accumulates in the nuclear fraction of 
cerebellar granule cells undergoing cytosine arabinoside (AraC)- 
induced apoptosis. (J. Neurochem. 69: 1820, 1998) The accumulating 
G APDH was found to have a decreased sp ec ific  activity in 
dehydrogenase assays. To test whether the accumulating protein has 
been inactivated or is an isoform which does not have dehydrogenase 
activity, 2D -gel electrophoresis and activity measurements were made 
on purified nuclei from granule ce lls exposed to AraC. Caspase- 
mediated cleavage o f nuclear *Lamin B was observed after 10 hr o f  
AraC exposure and paralleled  the nuclear accum ulation  o f  
immunoreactive GAPDH measured by SDS-PA G E. W hile uracil- 
D N A  g lycosylase activity progressively declined throughout the 
experiment, dehydrogenase activity transiently increased and then 
declined, suggesting differential regulation o f GAPDH activities. Six 
nuclear isoforms o f GAPDH with pI values between 6.8 and 9.3 were 
detected. The levels o f the three most acidic isoforms were increased 
after 4 hr o f AraC exposure and were sensitive to GAPDH antisense 
oligonucleotide. Nuclear accumulation o f  the more basic isoform s 
occurred much later. The accumulation o f  acidic nuclear isoforms 
correlated with their loss from the cytosol. These data suggest that a 
subpopulation o f GAPDH protein may play an important role in the 
mechanism underlying apoptosis.(NIMH/NIH)
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517.3
O V E R E X P R E S S IO N  O F  G L Y C E R A L D E H Y D E -3 -P H O S P H A T E  D E - 
H Y D R O G E N A S E  (G A P D H ) IN D U C E S  A P O P T O S IS  IN T H E  C O S -7  
C E L L S  T R A N S F E C T E D  W IT H  C L O N E D  G A P D H  cD N A s. H. T a jim a ,1 K. 
T s u ch iy a ,2 M. Y a m a d a ,1 K. K ondo, 1* K. S u n a g a ,2 D .-M . C h u a n g ,3 D . 
F u kush im a1 and R. Ishitani.2 1) O no  P harm aceutical Co., Ltd., O saka  
6 1 8 , Japan. 2 ) Josai Univ., S a ita m a  3 5 0 -0 2 , Japan. 3 ) N IM H , N IH , 
B ethesda, M D  2 0 8 9 2 , U .S .A .

W e  recently  reported that apoptosis o f cerebella r granule cells 
(C G C s ) resulting from  severa l insults is strikingly associated with  
overexpression  of a  particu la te -bound G A P D H , and that this protein is 
m ainly localized in the nuclear com partm ent during apoptosis. W e  now  
studied the m olecu lar m echanism s of overexp ressed  G A P D H  in the  
apoptotic  pathw ay of neuronal death  by using the  cloned G A P D H  
c D N A s  from  C G C s  undergoing age-ind uced  apoptosis. C O S -7  cells 
w ere  transfected  with the isolated G A P D H  cD N A s  according to the  
Lipofectam ine m ethod. A ssessm ent of cell death  in this m odel system  
w as  perform ed with m onitoring the  co-transfected  luciferase activities  
and the characteriza tion  of cell death  w as  exam ined  by the D N A  
laddering assay, H oechst dye nuclear staining and  electron m icroscopy. 
All th ese  results show  that overexp ressed  G A P D H  robustry induces  
apoptotic  death in the  transfected  C O S -7  cell cultures. M oreover, 
confocal-im m unocytochem ical studies using this G A P D H -specific  
m onoclonal antibody revealed  tha t nuc lear translocation of over-
exp ressed  G A P D H  is one  of the  prim ary apoptotic  events. O u r results 
d em onstrate  that overexp ressed  G A P D H  functions as a  “killing protein” 
in apoptosis.

517.5
5 -H Y D R O X Y T R Y P T A M IN E  (5 -H T ) IN D U C E S  N E C R O T IC  D E A T H  O F  
C U L T U R E D  C E R E B R O C O R T IC A L  N E U R O N S  IN D E P E N D E N T  O F  
G A P D H  O V E R E X P R E S S IO N . R. Ishitani,1* K. T su ch iva ,1 K. S u n a g a .1

3 5 0 -0 2 , Jap an . 2 ) O n o  P harm aceutical Co., Ltd., O saka  6 1 8 , Japan. 3) 
N IM H , N IH , B e thesd a, M D  2 0 8 9 2 , U .S .A .

W e  previously reported that G A P D H  overexpression in the  
particu la te  fraction has b een  im plicated in cytosine arab inoside- and low  
K+/seru m -free -induced  neuronal death of cerebella r g ranule cell cultures. 
T h e  fo rm er is strictly due to apoptosis, but the latter includes both  
apoptosis and  necrosis and only the  apoptotic  com ponent involves  
overexp ression  o f G A P D H . T o  clarify the above-m entioned  selectivity, 
w e  estab lished  a necrotic neuronal death  m odel system  and exam ined  
w h e th e r G A P D H  overexpression  is a lso im plicated in this paradigm . 
Prim ary  cortical neuronal cultures w ere  p repared  from  1-day-old  rats. 
A fte r 6  days  in  vitro, 5 -H T  w as  added  to the  m edium  and cells w ere  
exposed  for a no th er 3  days. In this tim e schedule, 5 -H T  show ed  
cytotoxicity in d o s e-d ependency  and the survival rate of neurons w as  
reduced  to 6 4 .9  ±  5 .0 %  at 0.1 m M  concentration. Biological and  
m orphological observations revealed  that this neuronal death is entirely  
d u e  to necrosis. P retreatm ents  with G A P D H  antisense oligonucleotides  
and severa l classical apoptotic inhibitors did not exhibit neuroprotection. 
M oreo ver, N orthern blotting show ed tha t G A P D H  m R N A  levels w ere  
unaltered  during cell death. T h e  present results suggest tha t G A P D H  
o verexp ressio n  is selectively  involved in the  apoptotic, but not necrotic  
process.

517.7
VITRIFICATION OF BRAIN TISSUE FOR TRANSPLANTATION
Harald G. Foellmer *, Tom Taylor, John D. Elsworth and D. Eugene 
Redmond, Jr. Yale University Sch. of Medicine, New Haven, CT 06510.

We have investigated the effects of an ultra-rapid vitrification protocol 
on the survival of cryopreserved embryonic brain tissue. The purpose 
of this study was to determine whether vitrification of fetal brain tissue 
might offer an alternative, less damaging and more efficient way to 
collect and store brain tissue for transplantation than conventional 
cryopreservation.

Brain cell survival and the level of apoptosis after vitrification in 
propanediol ranging from 3 to  6  M was compared to samples 
cryopreserved using our standard slow-freezing method, based on 1.5 
M propanediol and 0.2 M sucrose as a cryoprotectant. To reduce the 
number of variables tested, a consistent 10 minute pre-equilibration 
period was applied in all protocols compared. Thawing and post-
equilibration times were also kept constant for similar reasons. Controls 
included fresh tissue which had been exposed to the appropriate pre- 
and post-equilibration steps but was never frozen. Viability and level o f 
apoptosis were determined after mild dissociation of the thawed brain 
tissue samples using flow cytometry (FACS) in combination with 
propidium iodide and annexin-V-FITC staining. In addition, viability 
of cryopreserved tissue samples was recorded using histological 
evaluation and Apoptag staining.

Preliminary results indicate that under the conditions chosen here, 
vitrification of brain tissue may be a viable alternative to conventional 
slow freezing. These observations now open up the search for the most 
efficient, and least damaging, long-term brain vitrification protocol. 
SUPPORTED BY NS35998, NS24032, AND RSA KQ5MH00643 TO DER.

517.4
O N O -1 603, A  P O T E N T IA L  A N T ID E M E N T IA  D R U G , P R O T E C T S  
A G A IN S T  A G E -IN D U C E D  A P O P T O S IS  A N D  S U P P R E S S E S  
O V E R E X P R E S S IO N  O F  G A P D H  IN C U L T U R E D  C N S  N E U R O N S . N. 
K a tsube , 1* K. S u n a g a ,2 H. A ish ita ,1 D .-M . C h u an g 3 and R. Ishitani2. 1) 
O n o  P harm aceutical Co., Ltd., O sa k a  6 1 8 , Japan. 2 ) Josai Univ., 
S a ita m a  3 5 0 -0 2 , Japan. 3 ) N IM H , N IH , Bethesd a, M D  2 0 8 9 2 , U .S .A .

W e  have recently  reported that, under typical growth conditions (i.e., 
in the p resence o f 2 5  m M  KCI w ithout m edium  change and periodic  
glucose supplem ent), cerebral and cerebella r neurons die sponta
neously by an  apoptotic m echanism  as the a g e  of the cultures reaches  
a critical stage, a  process term ed age-ind uced apoptosis. M oreover, an  
increase in G A P D H  m R N A  level and accum ulation  of particulate  
G A P D H  protein are  involved in this apoptotic  process. In this study, w e  
system atically  com pared  the neuroprotective effects of O N O -1 6 0 3 , a  
novel prolyl endopeptidase  inhibitor, versus T H A  (clinically term ed  
Tacrine ) agains t age-induced apoptosis of cerebral and cerebellar  
neurons in cultures. Evidence is p resented  here that O N O -1 6 0 3  is 
about 3 0 0  tim es m ore potent than T H A  (0 .0 3  vs 10  µM) in neuro- 
protection. O N O -1 6 0 3  shows a w ide protective range of 0 .0 3  to 1 µM in 
contrast to a  narrow  effective range of 3 -1 0  µM fo r TH A . M oreover, 
O N O -1 6 0 3  is nontoxic to neurons even  a t a  high concentration of 100  
µM, w h ere a s  T H A  elicits severe  cytotoxicity a t a dose of > 3 0  µM. Both 
O N O -1 6 0 3  and T H A  robustly suppress overexpression of G A P D H  
m R N A  and accum ulation of G A P D H  protein in a particulate  fraction of 
cultured neurons undergoing age-induced apoptosis. Thus, future  
clinical trials of O N O -1 6 0 3  as a  drug for A lzh e im er’s d isease  treatm ent 
seem  to be w arranted .

517.6
AXOTOMIZED CLARKE’S NEURONS DIE BY APOPTOSIS
M.Shibayama1,2, J-M.Nothias1, W. Battisti1*, A.Tessler1,3, M.Murray1
1Dept. of Neurobiology & Anatomy, Allegheny Univ. of the Health Sciences, 3200
Henry Ave. Philadelphia, PA. 19129.2Dept of Orthopedic Surgery, Nagoya City Univ.
Medical School, Nagoya, Aichi, Japan. 3Philadelphia VA Hospital.

We have shown that transplants of embryonic spinal cord placed into the site of a 
midthoracic hemisection in adult rats prevent 30% retrograde cell death of axotomized 
Clarke’s nucleus (CN) neurons and that the transplants retain the ability to rescue these 
cells even if delayed for up to 1 week post-hemisection (Himes et al.1994; Shibayama et 
al. 1998). In order to determine whether axotomized CN neurons die by apoptosis, we 
transected the cord at T8 in 22 S/D rats , and looked for the presence of apoptosis from 1 
to 14 days post injury with the TUNEL method. CN neurons at L1 were TUNEL positive 
from 7 to 10 days postoperatively. Some of these TUNEL positive cells were also labelled 
with Fluorogold injected into the cerebellum, confirming that they were neurons. At 9 days 
about 2% of the cells were undergoing retrograde cell death by apoptosis, which repre
sents about 5% of the cells that will die. We also saw apoptotic cells in the grey matter 
outside CN at L1 and numerous TUNEL positive glial cells in the white matter from T8 to 
L1. Some of these glial cells appeared to be aligned along axons. None of the TUNEL 
positive glial cells in white matter were double stained by GEAR although activated 
astrocytes were present in the white matter from the lesion site to L1. At least some of 
these cells are likely to be oligodendrocytes.. At the lesion site we found a large number 
of TUNEL positive cells in both white and gray matter at 24 and 48h; at 9 and 12 days the 
lesion site contained few TUNEL positive cells. This is consistent with a wave of apoptosis 
spreading out from the lesion site. In 2 animals in which a transplant had been placed at the 
site of the hemisection we found no apoptotic cells in CN at L1. These results suggest that 
retrograde cell death of CN neurons at L1 is apoptotic rather than necrotic and that factors 
provided by the transplant block the apoptotic cascade.
Grant support: NS24707, EPVA, ISRT, VA.

517.8
EXPRESSION OF THE TWO NEURONAL CALCIUM-BINDING 
PROTEINS CALDENDRIN AND VILIP IN THE RETINA AFTER 
PARTIAL AXONAL INJURY J. Bockmann*#, K.H. Braunewell#, A. 
Bien #§, C.I. Seidenbecher#§, T.M. Böckers#, B.A. Sabel§, E.D. 
Gundelfinger#, M.R. Kreutz#§ #Dep. of Neurochemistry/Molecular 
Biology; Leibniz-Institute for Neurobiology, Magdeburg, F.R.G. §AG 
Mol.&Cell. Neurobiology, Institute for Medical Psychology, Otto-von- 
Guericke University, Magdeburg, F.R.G.

Caldendrin and VILIP are two neuronal Calcium-binding proteins 
(CaBP) expressed in the inner retina. With antibody stainings we 
identified mainly amacrine and ganglion cells of the retina expressing 
both proteins. Caldendrin-immunoreactivity was found in a subset of 
approximately 15% of retinal ganglion cells, as evidenced by retrograde 
labeling with fluorogold (FG) prior to staining of retinal flat mounts. 
VILIP, however, is expressed in the vast majority of RGC (85-90% of 
FG-labeled RGC). Interestingly both CaBp’s were not colocalized in 
most RGC showing only a small overlap in expression. Partial optic nerve 
crush led to a reduction of immunoreactivity for both proteins. 
Immunostainings revealed a reduction in the number of immunopositive 
cells in the ganglion cell layer and the innermost part of the inner 
nuclear layer. Transcript levels for caldendrin as judged by in situ 
hybridization were also clearly reduced in the ganglion cell layer. Most 
interestingly we found that virtually every RGC which could be 
retrogradely labeled with FG exhibited caldendrin immunoreactivity. In 
contrast the number of VILIP-immunopositive RGC was significantly 
reduced. Therefore it can be concluded that VILIP-immunopositive RGC 
are more vulnerable to axonal injury than caldendrin-immunopositve 
cells. At present it is unclear whether a causal relation exists between the 
expression of both CaBP in RGC and differential vulnerability of these 
cells to optic nerve injury.
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FLUP IR TIN E  REDUC ES CELL DEATH INDUC ED BY O XYG EN- 
G LU C O SE -D EP R IV ATIO N  (O G D) IN P R IM A R Y  NEURO NAL 
CU LTU R ES  . A . B erqk , M. Lautenschlag er, M. W e ih *, C. H a rm s, F. 
W ie ga nd , U. D irnag l. D epartm ent o f Neurology, M edical Faculty o f 
Charité, H um bold t-U n ivers ity  at Berlin , D-10098, G erm any 

F lup irtine  (e thy l-2-am ino-6 -(fluo robenzyl)-am ino-3 -pyrid ine  carbam ate, 
Asta  M edica) has been shown to pro tect cu ltured neurons against 
degeneration induced by com pounds such as g lu tam ate  o r ß-am yloid. 
F urtherm ore  in vivo stud ies show a flup irtine  induced protection o f neurons 
against ischem ic dam age in m ice, rabbits and rats. The a im  o f the present 
study was to investigate  the neuroprotective  potentia l in an in vitro model 
o f cerebral ischem ia: oxygen-glucose-deprivation. P rim ary neuronal 
cu ltures o f co rtex were obtained from  E17 rat pups and cu ltured in serum- 
free m edium . A fte r 12 days in v itro  ce lls were continously exposed with 
d iffe ren t concentrations o f flup irtine  (1, 10 and 50µM ) starting one hour 
before  or toge the r w ith O G D (2 hours; pO 2< 2m m Hg; recently described in 
FEBS Letters Bruer, U. et al (1997)). Cell v ia b ility  was assesed by LDH- 
release a fte r 24, 48 and 72 hours and using the M TT assay a fte r 72 hours. 
Normalized LDH-release; 3 independent experiments, n = 18-24:

F lup irtin , applied in a concentration o f 50µM s ign ifican tly  reduces LDH- 
re lease to  61.6 ±  6.9 (standard error) referred to  OG D 100%, (p < 0.05, n 
= 18). These data show the neuroprotective  e fficacy o f F lup irtine against 
ox ida tive  stress induced by a com bined m odel o f oxygen and glucose 
dep riva tio n . (Supported by DFG)

5 1 7 .1 0

AUTOCRINE/PARACRINE SIGNALS PROMOTE CELL DEATH OF 
NEONATAL RAT SENSORY NEURONS: EVIDENCE FROM SINGLE 
NEURON AND MACROWELL CULTURES
M . Lausch2,  B. Christ2, and K. W e w e tze r1* 1Hannover Med. Sch., 
Center of Anatom y O E 4140 , D -3 0 6 2 3  Hannover Germany, 
2Institute of Anatom y II, Albertstr.1 7, D -7 9 1 0 4  Freiburg,

To study the survival control of sensory neurons in vitro we  
established single neuron and m acrow ell cultures from rat and 
chick dorsal root ganglia. W e found that about 7 0 %  of neonatal rat 
sensory neurons plated as single cells and cultured in defined 
medium survived 48hrs in the absence of NGF as opposed to 2 .5%  
in standard cultures (3 0 0 0  neurons/cm2). In m acrow ell cultures, 
defined by standard-cell density but increased medium volume a 
dose-dependent increase in survival w as observed betw een 500μ I 
and 20m l of medium. Approximately 2 0 %  of neurons survived in 
the absence of NGF in m acrow ell cultures (20m l) as compared to 
0 .5 %  under standard conditions (5 0 0 μ I). This effect w as evident in 
cultures from the newborn (P1) but not the embryonic rat (E18) 
and was both observed in neuron-enriched and non-enriched 
cultures. Using monoclonal an ti-p75NTR-antibodies, w e clearly show  
that survival in m acrowell cultures in the absence of NGF is 
restricted to small diameter p 75NTR-negative sensory neurons. 
Taken together, our data are indirect evidence for the presence of 
soluble (autocrine) and cell-bound (paracrine) signals affecting  
specific subpopulations of neonatal sensory neurons.

517 .11

DNA FRAGMENTATION ASSOCIATED WITH APOPTOSIS CAN COMMENCE 
DAYS BEFORE CELL ELIMINATION. M. Pompeiano*1,2, M. Hyala3, and I. Chun1. 
1Dept. of Pharmacology, School of Medicine, University of California, San Diego, La 
Jolla, CA 92093-0636. 2Dip. di Scienze dell' Uomo e dell' Ambiente, University of 
Pisa, Pisa, Italy and tyia Cisanello n.69, Pisa, Italy.

Apoptosis is characterized by DNA fragmentation, which is usually viewed as a 
short-lived process (<hour) occurring immediately before cell elimination. However, 
with the use of sensitive techniques to detect DNA fragmentation like in situ end-
labelling plus (ISEL+)> the period between the initiation of DNA fragmentation and 
cell elimination could be longer. We addressed this possibility by using the murine 
small intestinal villus as model system of cell death and elimination. Villus epithelial 
cells were shown to undergo apoptosis soon after they are generated. Pulses of BrdU 
were administered and used to label cohorts of cells that were followed quantitatively 
from their generation in the crypts to their elimination at the villus tips. Data so 
obtained allowed a mathematical description of cell birth, movement and clearance. 
This resulted in a temporal “yard-stick” where position on the villus indicated time 
before cell elimination. Combining these data with ISEL+ quantitation, enterocytes 
were found to display DNA fragmentation for 2-3 days before elimination [Pompeiano, 
Hvala and Chun, submitted to Cell Death and Differentiation]. This observation has 
relevance to studies on apoptosis in other systems, particularly brain during brain 
development. ISEL+ was first used to study embryonic brain development where it 
identified a significant degree of cell death [Blaschke et al., Development 122:1165- 
1174, 1996 and J. Comp. Neurol., in press]. From data presented here, we suggest 
that the time-course of cell elimination within the embryonic brain may vary from 
hours to days. During this period, a DNA-fragmented cell could temporarily maintain 
some degree of functionality before imminent elimination. Generating cells of finite’ 
functionality limited by death may provide transient information necessary for the 
normal organization of surviving cells in the formation of the nervous system. 
Supported by the Tobacco-Related Disease Research Program, 6IT-0239 and by the 
NIH.

5 1 7 .1 3

MOLECULAR CLONING OF DIFFERENTIALLY EXPRESSED GENES BY THE 
ACTIVITY-DEPENDENT REGULATION OF SURVIVAL AND APOPTOSIS IN 
CEREBELLAR GRANULE NEURONS. T. Ono*, N. Suzuki and S. Kawashima. 
Department of Molecular Biology, The Tokyo Metropolitan Institute of Medical 
Science. 3-18-22 Honkomagome, Bunkyo-ku, Tokyo 113-8613, Japan.

Depolarizing stimuli promote the survival of many neurons. Cerebellar granule 
neuron is one of the typical examples whose survival are neuronal activity dependent. 
In the presence of sub-depolarizing concentration of KCl and/or NMDA in the culture 
medium, apoptosis of the granule neurons is suppressed and their survival is greatly 
enhanced. In order to identify genes whose expression is activity dependent, we used 
mRNA differential display technique and found that multiple genes were regulated 
concomitantly with the commitment time to apoptosis under either the apoptosis or 
the survival-promoting conditions. In this presentation we focus on two genes which 
were identified by the differential display technique. One of the genes (clone #5431) 
was up-regulated concomitantly with the commitment time to apoptosis by 
stimulating the cells with 25 mM KCl or the combination of 150 µM NMDA and 15 
mM KCl. The expression of this gene was confined to these survival-promoting 
conditions and virtually no expression was observed in the absence of these reagents, 
the condition of which induces apoptosis. Addition of AP-5 to the NMDA-supported 
culture of the granule neurons induced apoptosis within 24 hours. The expression of 
this gene was rapidly down-regulated within 5 hours under this condition. The 
another gene (clone #4017) was up-regulated only under the non-depolarizing 
condition which induced apoptosis of the granule neurons. No expression of this gene 
was observed under the survival-promoting conditions. Addition of AP-5 to the 
NMDA-supported culture induced the expression of this gene within 5 hours. These 
results indicate that those two genes are regulated by the depolarizing stimuli and 
highly correlated to the activity-dependent regulation of survival and apoptosis of the 
granule neurons.

5 17 .12

POTENTIATING EFFECT OF CYCLOOXYGENASE INHIBITOR ON 
KAINIC ACID INDUCED SEIZURE. E.T. Baik*. E.T. Kim. Y.Y. Lee. 
S.H. Lee, and C.H. Moon. Dept, of Physiology, Ajou Univ. Med. 
Sch.; Suwon, 442-740, KOREA

Kainic acid (KA) treatment induce . seizure-related neuronal 
damage and cyclooxygenase expression. In this study, we investigated 
behavioral and neurochemical change of KA seizure activity following 
administration of cyclooxygenase inhibitor indomethacin and COX-2 
selective inhibitor NS-398. Mouse injected with KA(50mg/kg i.p.) 
developed seizure activity with 35% mortality within 2hr. Pretreatment 
with cyclooxygenase inhibitor indomethacin(lOmgAgi.p.)and NS-398 
(lOmg/kg i.p.)augmented KA-induced seizure activity and increased 
90% and 50%mortality within 2hr. Also, Pretreatment of Indomethacin 
(5mg/kg i.p.)developed seizure activity similar to KA induced seizure, 
but lasted severity of seizure activity after 2hr. Apoptotic neuronal 
damage in CA3 and CAl region of the hippocampus was showed at 
lday and peaked at 3day following KA treatment. Also, 
Cyclooxygenase expression was induced at 2hr and persisted until 
7days. Effect of cyclooxygenase inhibitors, indomethacin and NS-398 
on apoptotic neuronal damage and cyclooxygenase expression will be 
discussed. Therefore, Our study showed the cyclooxygenase inhibitor 
potentiated the KA induced seizure activity and neuronal damage. 
This study was supported by KOSEF 96-0423-12-01-2.

5 1 7 .1 4

AXOTOMY INDUCES TWO CYTOLOGICALLY DISTINCT TYPES OF CELL 
DEATH IN THE DORSAL LATERAL GENICULATE NUCLEUS (LGN) OF THE 
ADULT RAT. R.E. Kalil* and J..P. Fedvnvshvn. Ctr. for Neuroscience and Dept, of 
Ophthalmology and Visual Sciences, University of Wisconsin, Madison, W I53706.

Currently, it is common to divide neural cell death into two broad classes, necrosis 
and apoptosis, and generally it is assumed that following a specific insult all affected 
neurons in a single population die similarly. However, under certain conditions, some 
dying neurons display features characteristic of necrosis while others appear to be 
dying apoptotically. Typically, this occurs when the event that initiates cell death 
comprises more than one variable and is not readily controlled in timing, intensity or 
extent, e.g., ischemia, and, therefore, may trigger diverse molecular events in different 
neurons. In order to minimize the effects of such variables , we have used axotomy, 
which can be controlled precisely, to initiate neural cell death in the adult mammalian 
brain. Under deep anesthesia and with asceptic precautions, we cut the axons of relay 
neurons in the LGN of adult rats by removing visual cortex unilaterally. Following 
survival times of 1-7 days, the rats were reanesthetized, perfused with mixed 
aldehydes and the brains were sectioned through the LGN. The sections then were 
labeled by the deoxynudeotidyl transferase (TdT) mediated dUTP nick end labeled 
(TUNEL) method, counterstained with cresyl violet and examined with Nomarski and 
bright field optics. Many LGN neurons that die 3 to 4 days after axotomy are swollen. 
The cytoplasm in these cells is stained diffusely by the TUNEL method and contains 
large vacuoles. In contrast, almost all of the LGN neurons that die after 4 days have 
atrophied cell somas and cytoplasm that are free of vacuoles. However, these cells 
have nuclei with condensed chromatin and display TUNEL staining that is sharply 
defined and restricted to the nucleus. These results indicate that neurons in the LGN 
that experience a singular insult, axotomy, die at different rates and perhaps by 
different mechanisms. Those neurons that die quickly after axotomy appear to be 
undergoing necrosis, while those that die later appear to do so by apoptosis.
Supported by NEI grant EYO 1331.
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OGD 1µM 10µM 50µM full kill
24h 100 95.5 78.7 61.6 137.7

48h 100 97.4. 96.0 71.4 180.6

72h 100 102.1 97.1 73.3 163.7
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RAPID ALTERATIONS IN THE DENDRITIC STRUCTURE OF AXOTOMIZED 
RELAY NEURONS IN THE DORSAL LATERAL GENICULATE NUCLEUS (LGN) 
OF THE RAT. C. Ling1*and R.E. Kalil1,2. 1 Ctr. for Neuroscience and 2 Dept. of 
Ophthalmology and Visual Sciences, Univ. Of Wisconsin, Madison, WI53706.

Removal of visual cortex axotomizes relay neurons in the LGN, and leads to massive 
neural cell death in the nucleus. Our previous work with TUNEL and cell soma 
staining indicates that cell death in the LGN commences 3 to 4 days following the 
cortical lesion, and proceeds swiftly thereafter, being largely complete by 7 days. 
While these earlier studies have characterized some of the changes that occur in the 
cell soma after axotomy, they have provided no information on the effects of axotomy 
on the structure of injured neurons. To study this question, we injected biotinylated 
dextran amine (BDA), using asceptic precautions, into the visual cortex of anethetized 
adult rats in order to label LGN relay neurons retrogradely. Seventy-two hours later, 
the rats were reanesthetized and visual cortex was removed by subpial aspiration. The 
animals then survived for periods that ranged from 12 hours to 7 days before being 
anesthetized deeply and perfused with mixed aldehydes. Sections through the LGN 
were processed immunocytochemically to resolve BDA-labeled LGN relay neurons. At 
12 hours after the cortical lesion, the distal dendrites of axotomized cells already have 
begun to degenerate. There also is a 40% reduction in the average number of dendrites 
seen on labeled neurons, and the extent of the dendritic arbors of these cells is but 45% 
of normal. At 3 days survival, labeled cells have fewer than half their normal number 
of dendrites and the average span of their dendritic arbors is only 20% of normal size.

These results show that alterations in the dendritic morphology of axotomized 
neurons are evident within 12 hours after injury. The rapid degeneration of dendrites 
precedes by 48 or more hours those signs of cell death such as nuclear condensations 
or DNA fragmentation that can be detected with basic dyes or with the TUNEL 
method. Such structural changes indicate that the dismantling of the filaments and 
tubules that give form to a neuron are among the earliest signs of impending cell 
death. Supported by NEIEYO-1331.

5 1 7 .1 7

TRANSCRIPTIONAL PROFILING OF CEREBELLAR GRANULE 
NEURONS UNDERGOING PROGRAMMED CELL DEATH USING 
AN ARRAY OF >7400 RAT BRAIN GENES. F. Jin1, J. M. Grenier1,
K. Robison1, L. P. Jenkins2, S. C. Smith2, A, Wood2, and L. W. 
Chiang*1. 1Millennium Pharmaceuticals, Inc., Cambridge, MA 02139; 
2Wyeth-Ayerst Research, Princeton, NJ 08543.

Rat cerebellar granule neurons (CGNs) maintained in serum-containing 
medium with high potassium (K+; 25 mM) will undergo programmed cell 
death (PCD) when switched to serum-free medium with low K+ (5 mM). 
The resulting PCD was blocked by inhibitors of new RNA synthesis. To 
identify this transcriptional component of CGN PCD, we have 
constructed a high-density brain-biased cDNA array for profiling of 
global changes in RNA transcription. The strategy is two-fold: 1) to 
establish global transcription profiling markers throughout the course of 
CGN PCD for future pathway dissection; 2) to compare and contrast the 
transcription profiles of many diverse paradigms of PCD which may be 
dependent on RNA synthesis and thereby, identify a restricted set of 
relevant genes. Sequence clustering algorithms were used to condense 
>13,000 rat brain ESTs into 7400 unique clusters; 2000 show homology 
to known genes by BLAST analysis, the remaining are novel. One 
representative EST from each cluster was prepared by PCR and gridded 
onto high density arrays. Radiolabeled cDNA was prepared by reverse 
transcription of RNA isolated from CGNs at various times after induction 
of PCD. After hybridization to the high density arrays, the signals were 
digitized and quantified to simultaneously monitor the differential gene 
expression pattern for >7400 brain ESTs and control genes. Using this 
unique brain-biased array, several known and novel genes were shown to 
be regulated during neuronal PCD. Supported by MPI and WAR.

5 1 7 .1 9

ROLE OF THE ALZHEIMER’S DISEASE-RELATED SWEDISH APP670/671 
MUTATION IN NEURONAL APOPTOSIS. A. Eckert*§ , B. Steiner#, S. Leutz§ , C. 
Haass# and W.E. Muller§. Dept. of Pharmacology§, Univ. of Frankfurt, Biocenter, 
60439 Frankfurt, Germany; Dept. Mol. Biol.#, Central Institute of Mental Health, 
68159 Mannheim, Germany.

Accumulating evidences indicate that apoptosis contributes to neurodegeneration in 
Alzheimer’s disease (AD). In situ data derived from post mortem brain tissue indicate 
that apoptotic DNA fragmentation is apparent in AD brain. The goal of our present 
study is to clarify, if certain mutations of AD-related genes predispose to the induction 
of apoptosis in neuronal cells. Mutations in the amyloid precursor protein (APP) gene 
are associated with early-onset familial AD (FAD). PC12 cells were transfected with 
the Swedish double mutation form (KM670/671NL) of APP (swAPP). This double 
mutation results in three to six times increased Aß production, which involves Aß(l-40) 
as well as 1-42. Vulnerability to apoptosis-inducing agents in the mutant transfected 
cells relative to wild type transfected and untransfected PC12 cells was investigated. 
Nuclear DNA fragmentation was quantitatively detected by propidium iodide staining 
and flow cytometry. Programmed cell death was induced by exposure to staurosporine 
for 24h and to H2O2 for 30min followed by further 24h incubation in culture media. 
Thereby, vulnerability of swAPP bearing PCD cells to undergo apoptotic cell death 
appears to be markedly enhanced (p<0.01) after predisposition to oxidative stress. 
Treatment with H2O2 (500µM) led to a twofold increase of apoptotic cells in swAPP 
PC12 cells (55%) compared to non-mutant PC12 cells (25%). In addition, the 
maximum level of apoptosing cells was markedly higher in swAPP PCD cells (65%, 
700µM H2O2) compared to non-mutant PC12 cells (30%, 1mM H2O2). Similar, but less 
pronounced differences in the sensitivity to apoptosis were present after exposure to 
staurosporine at different concentrations. Parallel experiments will additionally be 
performed in stably transfected HEK-293 cells. The question whether the 
responsiveness to prevention of apoptotic cell death is altered in mutant APP cells, 
treatment with antioxidants and other possible neuroprotective drugs like selegiline and 
caspase inhibitors is currently under investigation, (supported by grants from the 
Alzheimer Forschung International (AE) and the Deutsche Forschungsgemeinschaft 
Mu467/8-1)

5 1 7 .1 6

EXPRESSION OF INHIBITOR-OF-APOPTOSIS PROTEIN MESSEN
GER RNA IN THE DEVELOPING AND ADULT RAT BRAIN: EFFECT 
OF TRANSIENT ISCHEMIA. N. Saito1, N. Kawahara1, K. Kawai1* and
T. Kirino1,2. 1Dept. of Neurosurgery, Univ. of Tokyo; 2CREST, Japan Sci
ence and Technology Corporation; Tokyo, Japan.

X-linked inhibitor-of-apoptosis protein (XIAP) inhibits apoptosis in 
v itro  by binding caspase-3 and -7. The in v ivo  role of XIAP in the central 
nervous system is, however, unknown. To give insight into the role of 
XIAP in neurons, we studied mRNA expression by in situ hybridization. 
First, we cloned rat XIAP (riap-3) cDNA by RT-PCR. The amino acid 
sequence was 88.9% identical to human XIAP and 92.9% to mouse miap- 
3. Riap-3 mRNA expression was studied in E 19, P 1, P7, P 14, P28, and 
P56 rat brains using S35-labeled cRNA probe. It is widely distributed in 
the embryonic and early postnatal brains, when naturally occurring cell 
deaths occur. The levels of expression are retained in the older brains, 
suggesting anti-apoptotic function in mature neurons. In the postnatal 
brain, the most abundant expression was seen in the cerebellar granule 
neurons and the olfactory bulb, where postnatal neural differentiation oc
curs. To examine riap-3 expression after pathological insult, levels of 
riap-3 mRNA were measured in rat brains after 6 min. of forebrain is
chemia. Significant increase was observed in vulnerable hippocampal 
C A 1 neurons 24 hour after ischemia. These results suggest that riap-3 
may function not only in developing neurons but also in mature neurons 
under stress. (Supported by CREST, Japan Science and Technology Cor
poration)

5 1 7 .1 8

IDENTIFICATION OF NOVEL GENES INDUCED BY NEURONAL 
PROGRAMMED CELL DEATH USING HIGH-THROUGHPUT 
DIFFERENTIAL DISPLAY. L. W. Chiang1, S. J. Guerin1, L. Shiue1,
L. P. Jenkins2, A. Wood2, R. Curtis1, and P. S. DiStefano*1. 
1Millennium Pharmaceuticals, Inc., Cambridge, MA 02139; 2Wyeth- 
Ayerst Research, Princeton, NJ 08543.

Programmed cell death (PCD) in rat cerebellar granule neurons (CGNs) 
has been shown to be dependent on new RNA synthesis. To identify 
novel genes that might mediate a transcriptionally-dependent component 
of CGN PCD, we used rapid analysis of differential expression 
(RADE™) to clone genes that are induced or down-regulated. Over 240 
primer pairs were utilized on CGN RNA samples isolated at 0, 1, 3, 6, 
12, and 24 hours after serum/potassium withdrawal for high-throughput 
differential-display analysis. 23 differentially-expressed RADE bands 
were successfully gel-purified and subcloned. To verify and quantify 
differential expression of the RADE clones, PCR templates were prepared 
for gridding onto high-density cDNA arrays. Fpr 16 RADE bands tested, 
9 showed differential expression of >3-fold at 3 hours after initiation of 
CGN PCD. Sequence analysis indicated that our non-biased approach 
identified 2 genes previously known to be transcriptionally regulated by 
PCD. One was the rat homolog of human protein phosphatase Wipl 
previously shown to be induced by ionizing radiation in a p53-dependent 
fashion. The other has been shown to be specifically upregulated during 
CGN PCD and encodes for CPP-32, a cysteine protease central to the 
downstream caspase cascade of PCD. In addition, the remaining 7 
RADE bands fall into 6 sequence clusters indicative of 6 novel genes that 
are transcriptionally regulated by neuronal PCD. Supported by MPI and 
WAR.

5 1 7 .2 0

IN VIVO SURVIVAL OF hNT NEURONS IS CORRELATED WITH BEHAVIORAL 
RECOVERY OF TRANSPLANTED ISCHEMIC RATS. S. Saporta*1,2,3, C.V. 
Borlongan2 and P.R Sanberg2,3. Department of Anatomy1; Division of Neurological 
Surgery, Department of Surgery2; and the Neuroscience Program3; University of South 
Florida College of Medicine, Tampa, FL 33612-4799.

Recently, we reported that transplantation of hNT neurons, derived from a retinoic 
acid differentiated human teratocarcinoma cell-line (NTera-2), promoted behavioral 
recovery in ischemically lesioned rats. The present study was undertaken to determine 
the minimum number of hNT neurons necessary to assure behavioral recovery and the 
effect of pre-transplantation hNT neuron viability with their post-transplantation 
survival, and the minimum number of surviving hNT neurons required for amelioration 
of ischemia-induced behavioral dysfunction. The middle cerebral and posterior 
communicating arteries of rats were occluded for 1 hr. One month later, the animals 
were evaluated for elevated body swing (EBST) and passive avoidance (PA) deficits and 
transplanted with 0, 5, 10, 20, 40, 80 or 160 × 103 cryopreserved hNT neurons. Rats 
were behaviorally evaluated once each month for 3 months. Surviving hNT neurons 
were visualized with MOC-1 and NFL antibodies and their number estimated using 
unbiased stereology. High hNT neuron viability correlated with increased post-
transplantation cell survival and with behavioral recovery (R21,41 = 0.66, p< 0.0001). 
Animals that received 40, 80 or 160 × 103 hNT neurons, but not those that received 5,
10 or 20 × 103 hNT neurons, demonstrated improvement in performance of both the PA 
and EBST tests (p<0.02). Significantly more hNT neurons survived when 80 or 160 × 
103 hNT neurons were transplanted, as compared to the other groups (p<0.001). 
Additionally, transplants of 80 or 160 × 103 hNT neurons demonstrated a 12-15% 
survival of hNT neurons in the graft. Cryopreserved hNT neurons ameliorated 
behavioral deficits produced by ischemic damage and demonstrated greater survival than 
that previously reported for fetal cells when transplanted into the brain. Therefore, hNT 
neurons may be a useful alternative to human fetal cells as a source for transplantation 
therapy. (This study was supported, in part, by Layton BioScience, Inc.)
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518 .1

DEVELOPMENT OF BUTYRYLCHOLINESTERASE ACTIVITY IN 
NEURONS OF THE RAT FOREBRAIN. D. Kuznetsov, L.F.M. Scinto* and 
C. Geula. Beth Israel Deaconess Medical Center, Bigham and Women’s 
Hospital and Harvard Medical School, Boston, MA 02215.

Previous work in our laboratory has shown that a substantial population of 
pyramidal neurons in the rat cerebral cortex express acetylcholinesterase activity 
(AChE) transiently during a restricted time window in postnatal development. 
The purpose o f this study was to determine whether butyrylcholinesterase 
(BChE) activity displays a similar developmentally transient expression in 
cortical neurons. BChE-positive neurons were visualized using a sensitive 
histochemical method. Development o f neuronal BChE seemed to follow four 
distinct stages. Between birth and five postnatal days (P0-P5), no BChE-positive 
neurons were observed in the forebrain or brainstem. At P6-P9, BChE neuronal 
staining emerged in many areas, including certain thalamic nuclei (e g. anterior 
groups), a number of brainstem nuclei and darkly stained neurons in olfactory 
structures, such as the olfactory tubercle. At P10-P16, the staining observed 
earlier was darker and had expanded to include more neurons. In addition, 
BChE-positive neurons began to appear in the neocortex, amygdala and pyriform 
cortex. At P17-P30, the number and staining intensity o f cortical neurons 
displayed a gradual increase while the staining in certain thalamic nuclei was 
substantially decreased or disappeared (e.g. central). At P30, the adult pattern of  
staining was attained and scattered BChE-positive neurons were observed 
throughout the cortex. Therefore, unlike AChE, BChE staining does not display 
developmentally transient expression in cortical neurons. However, a large 
number of thalamic neurons display developmentally transient BChE activity.

5 18 .3

EARLY LEAD EXPOSURE INDUCES ULTRASTRUCTURAL  
CHANGES IN THE EXPRESSION OF NITRIC OXIDE SYNTHASE  
NEURONS. A. Selvín-Testa*, F. Capani, C. F. Loidl and J. Pecci-Saavedra. 
Instituto de Biologia Celular y Neurociencias E. de Robertis. Facultad de 
Medicina. UBA. Buenos Aires, 1121, R. Argentina.

In previous studies we detected that early lead exposure induces 
alterations in nitric oxide synthase (nNOS) containing neurons in the 
hippocampus and cerebral cortex. These changes were evidenced in labeled 
neurons as a reduction in soma size and in dendritic tree. To examine the 
consequences o f early lead exposure at the submicroscopic level, the 
ultrastructure in nNOS immunoreactive neurons was studied. Rat treatment 
( 1g% lead acetate in drinking water) started prior to mating, was continued 
until 30 postnatal (PN) days. The electronmicroscopical observations at 30 
PN in control and treated groups showed that the reaction product was 
associated with the plasma membrane, tubular structures and synaptic 
vesicles. Most o f the labeled structures confined to the neuropil correspon
ded to varicose processes and axon terminals. They formed symmetrical 
synapsis with smooth dendrites, and few asymmetric synaptic contacts. The 
labeled presynaptic terminals were densely packed with regularly-shaped 
synaptic vesicles, but the reaction product was more intense outside vesicle 
membranes. In treated animals, immunoreactive structures appeared 
smaller and less labeled than in controls. Alterations in synaptic develop
ment and plasticity induced after early lead exposure, could be a 
consequence o f the nNOS reduction interfering in the NO synthesis. They 
might be related to some of the behavior and learning disabilities observed 
in lead exposed children. Supported by CONICET and UBA.

5 18 .5

RECOVERY OF FUNCTION AFTER NEONATAL 
FRONTAL LESIONS IN RATS: FUNCTION OR FICTION. 
A.E. Temesvary*, R. Gibb, and B. Kolb Dept. of Psychology 
and Neuroscience, Univ. of Lethbridge, Lethbridge, Canada, 
TIK 3M4

Previous work has shown that removal of the midline 
frontal cortex at 7-10 days of age is followed by remarkable 
recovery of function relative to rats with similar removals 
in adulthood. This recovery is correlated with apparent 
spontaneous regeneration of new tissue in the lesion cavity. 
In the current study we first asked whether removal of the 
regrown tissue in adulthood would block recovery. Thus, 
rats that received day 10 frontal lesions received second 
lesions at day 160 were compared to rats with day 10 or day 
160 lesions. Rats with day 10/day 160 lesions were severely 
impaired on the Morris water task, especially relative to the 
day 10 lesion-only rats. In a second experiment, rats with 
day 10/day 160 lesions were given intraventricular infusions 
of a cocktail of EGF, NGF, and bFGF. The animals with 
growth factors showed marked recovery, although there was 
no cell regeneration. Analyses of cortical morphology (Golgi 
and immuno-histochemical) is ongoing.
(Supported by MRC of Canada)

5 18 .2

ROLE OF NITRIC OXIDE AND CARBON MONOXIDE IN MOUSE 
CORTICAL DEVELOPMENT. S. Blackshaw*, A. Gupta, and S.H. Snyder. 
Department of Neuroscience, Johns Hopkins University School of Medicine. 
Baltimore, MD 21205

The role of nitric oxide, carbon monoxide, and their targets in cortical 
development are poorly understood. To elucidate the potential contributions of 
these signaling systems, the expression patterns for neuronal, endothelial, and 
inducible nitric oxide synthetase (nNOS, eNOS, iNOS), both isoforms of heme 
oxygenase (HO-1, HO-2), and their downstream targets -  three subunits of soluble 
guanylate cyclase (sGC) (α1, β1, and β2), and four isoforms of cyclic nucleotide 
gated channels (rCNGC, cCNGC, and oCNGC-1 and 2) were all examined in 
embryonic and postnatal mouse cerebral cortex. Expression patterns were 
determined via digoxygenin in situ hybridization. Results show that nNOS 
colocalizes in developing cortical plate (but not the intermediate zone) with two of 
the three subunits of guanylate cyclase (α1 and β 1) at all embryonic time points and 
that HON colocalizes with the sGC subunits at all postnatal timepoints examined. 
These data suggest that NO and CO may play an integral role in embryonic and 
post-natal development, respectively, via a cGMP signaling pathway.

This work supported by USPHS DA-00266 and Research Scientist Award DA- 
00074 to S.H.S.

5 1 8 .4

REGENERATION OF OLFACTORY BULB OR FRONTAL 
CORTEX IN INFANT AND ADULT RATS. B. Kolb*, R. 
Gibb, J. Biernaskie, R.H. Dyck, and I. O. Whishaw. Dept. of 
Psychology and Neuroscience, Univ. of Lethbridge, 
Lethbridge, Canada, TIK 3M4 

Removal of the olfactory bulb or midline frontal cortex at 
7-10 days of age is followed by spontaneous regeneration of 
new tissue. Similar removals prior to 5 days or after 15 days 
of age results does not lead to tissue generation. Intra
ventricular infusion of a neurotrophic cocktail of EGF, NGF, 
and bFGF stimulates the production of glia (S100 positive) 
and nestin-positive, but undifferentiated, cells after frontal 
cortex removal, but not after olfactory bulb removal, in 
adulthood. This treatment is effective at the time of injury 
but not 4 mo later. Embryonic injection of bromo- 
deoxyuridine (BrdU) at E13 blocks the generation of the 
cortex in infancy as well as the neurotrophic-stimulated cell 
growth in adulthood. BrdU does not block the generation of 
the infant olfactory bulb. Under certain conditions, it 
appears possible to regenerate neurons and glia after injury. 
These appear to be functional only in infancy.
(Supported by MRC of Canada)

5 18 .6

THE EFFECTS OF AUDITORY ASSOCIATION AREAS LESIONS ON 
THE SOUND RECOGNITION MEMORY IN DOGS

D.M. Kowalska, P. Kusmierek, A. Kosmal (SPON: European Brain and Be
haviour Society) Nencki Inst. Exp. Biol. Pasteur St. 3, 02-093 Warsaw, Poland  

Three male mongrel dogs (D1, D2, D3) were trained in the auditory Delayed 
Matching-to-Sample task with trial-unique stimuli and 1,5s inter-stimulus delay. 
After preliminary stages o f training D 1 required 180 trials (T) and 55 errors 
(E), D2: 880T (317E), and D3: 740T (230E) to learn the recognition task 
(criterion: 90% correct choices in 100 trials). After a 2-week break, they were 
retrained to the criterion (mean: T=20, E=8), and then they were given 
performance tests with delays 10, 30, 60 and 90s in blocks o f 100 trials (mean 
for all delays = D 1: 80%, D2: 70%, D3: 66%). Next, they were retrained on the 
original 1.5s delay. D 1 and D2 needed OT (OE), and D3: 20T (3E) to reach 
criterion. To stabilize dogs' behavior, additional control break and performance 
tests were introduced. After 2nd pause all dogs reached criterion immediately. 
Mean for all delays = D 1: 91%, D2: 69%, D3: 74%. Then, after retraining with
1.5s delay (D 1: 0T (0E), D2: 80T (14E) and D3: 20T (5E), dogs were 
submitted to bilateral lesion of the auditory association areas including ventral 
part o f posterior ectosylvian gyrus, posterior composite gyrus and posterior 
Sylvian gyrus. D 1 reached postoperative criterion in 60T (19E), D3 in 1220T 
(303E). D2 after 1000 trial performed close to the chance level (58%). Mean for 
delays in performance tests was: 78% for D l, and 68% for D3. Results indicate 
that in dog extensive lesion o f the auditory association areas impairs the 
auditory recognition memory task with trial-unique stimuli.
Supported by  James M cDonnell Found no. 95-13

Society for Neuroscience, Volume 24 ,1998



1306 CEREBRAL CORTEX AND LIMBIC SYSTEM III TUESDAY PM

518.7
IN T R IN S IC , A S S O C IA T IO N A L  A N D  C A L L O S A L  C IR C U IT S  D E V E L O P  
IN D E P E N D E N T L Y  O F  P O S T N A T A L  G O N A D A L  H O R M O N E  
IN F L U E N C E  IN R A T  M O T O R  A N D  V IS U A L  C O R T IC E S .
C . V en k a te sa n * and M .F . K ritzer, D e p t. of Neurobiology & Behavior, 
s U n y  at Stony Brook, S tony Brook, N Y  1 1 7 9 4 -5 2 3 0 .

G o n adal horm ones affect cortically m ed ia ted  behaviors  in prim ates  
and rodents. This study asked  w hether testicular horm ones influence  
cortical function by m odulating the deve lopm ent of intrinsic, 
associational and callosal cortical circuits.

C ircuits w ere  exam ined  in prim ary m otor and  visual cortices in 
neonatally  g o nadectom ized  (G D X ) and horm onally  intact adult m ale  
rats. Nanoliter volum es of the retrograde tracer cho lera  toxin (B  subunit) 
conjugated to colloidal gold w ere  injected in specific layers of these  two  
a reas . Q uan tita tive  and qualitative analyses  w ere  perform ed on the  
resulting three-d im ensional patterns of labeling to a n a ly ze  the following  
organizational traits: (i) m ediolateral and anteroposterior spread  of 
labeling in eac h  layer, noting anisotrop ies and  spread  to ad jacen t 
cytoarchitectonic a rea s  and (ii) d im ensions and  locations of features  
such a s  colum ns or cell clusters. Analyses  of these  traits in control 
an im als  revea led  eac h  cortical layer and  a re a  to have  signatu re  ipsi- 
and contralateral patterns of circuit organization. Furtherm ore , these  
distinguishing traits w ere  highly consistent across individual anim als, 
reflecting the sensitivity of this assay . Q ualita tive  and  quantitative  
com parison of labeling in G D X  an im als  revea led  no discernib le  
differences in ipsi- and  contralateral labeling be tw een  control and  
experim ental an im als  in e ither a rea  or layer. Thus, w hile  finer aspects  
of m icrocircuitry (e .g . synaptic circuitry) m ay be  sensitive to postnatal 
horm ones, the basic wiring of cortical circuits seem s to occur 
independently  of this influence. R 2 9 N S 3 5 4 2 2 0 1 .

518.9
M a t e r n a l  d e p r iv a t io n  l e a d s  t o  c h a n g e s  o f  s p i n e  f r e q u e n c i e s  in  t h e  
a n t e r i o r  CINGULATE CORTEX OF OcTODON DEGUS K . Braun1* , C. Helmeke1,2, 
G. Poegeel2 1Leibniz-Inst. for Neurobiology, Magdeburg, FRG; 2Zool. Inst, Univ. 
Leipzig, FRG;
We hypothesize that the emotional bond between the newborn and the mother is 
essential for the functional maturation of brain circuits. Maternal deprivation has 
been shown to result in alterations of behavior, learning capacities and brain me
tabolism. We studied the influence of maternal deprivation on the development of 
synaptic architecture of layer III pyramidal neurons in the anterior cingulate cortex 
(ACd) of the precocial rodent Octodon degus. Densities of spine synapses on the 
apical and basal dendrites of layer III pyramidal cells in the ACd were quantified 
in Golgi-Cox-impregnated sections. Three experimental groups were compared at 
postnatal day 14: I) Pups which were repeatedly separated from their mothers 
(three times/day for one hour from postnatal day 1 (P1) until P7); II) pups which 
were handled accordingly but without separation and III) pups which remained 
undisturbed in their family. Spine densities on the basal dendrites of the pyramidal 
cells of isolated pups were significantly higher compared to handled controls. 
Spine densities on the apical dendrites were also higher in isolated compared to 
handled pups. Our results confirm our hypothesis that early short-term maternal 
deprivation induces changes in the synaptic composition of the ACd. Since the 
ACd is involved in family-related behavior such as nursing, audiovisual 
communication and play and appears to play a role in the initiation, motivation 
and goal-directed behavior, the deprivation induced synaptic changes may reflect 
alterations of socio-emotional affiliation and learning capabilities.
This research was supported by a grant from the state o f Saxony-Anhalt # 
1865A/0025 and from the DFG # 522/Po2-l

518.11
ALTERATIONS IN HIPPOCAMPAL PLASTICITY, LEARNING, AND 
INHIBITION IN ADULT RATS INDUCED BY SYNCHRONOUS 
ACTIVITY IN DEVELOPMENT
M. Lynch.* Ü . Sayin, T. Sutula Dept. of Neurology and Neuroscience 
Training Program, Univ. of Wisconsin, Madison WI

Neuronal activity plays an important role in circuit formation in the 
developing visual and somatosensory cortices, as blockade of activity 
disrupts normal patterns of synaptic organization. The developmental effects 
of excessive neural activity on the functional organization of the 
hippocampus, which is implicated in learning and memory, and the dentate 
gyrus, which has extensive postnatal development, are uncertain. Abnormal 
synchronous activity induced early in postnatal development by systemic 
administration of kainic acid (an excitatory amino acid) produced an 
enhancement of inhibition and a loss of plasticity in the adult dentate gyrus, 
with long-term effects on learning and memory. Neonatal treatment with 
kainic acid resulted in decreased susceptibility to perforant path-kindled 
seizures, markedly attenuated LTP in the dentate gyrus, and impaired spatial 
memory as assessed by radial arm maze performance in adult (P90) rats. 
Adult rats treated with kainic acid early in postnatal development also 
exhibited enhanced inhibitory circuitry, with increased paired-pulse inhibition 
and prolonged evoked granule cell IPSCs in the dentate gyrus compared to 
control rats. The results demonstrated that synchronous neural activity 
during development has robust, long-lasting effects on hippocampal circuitry, 
which impairs learning and memory in adults.
(Supported by NINDS 25020 and the Klingenstein Fund)

518.8
DEVELOPMENT OF SPONTANEOUS BIOELECTRIC ACTIVITY IN 
ORGANOTYPIC CULTURES OF RAT OCCIPITAL CORTEX WITH OR 
WITHOUT SPONTANEOUSLY OCURRING ACTION POTENTIALS.
D. Echevarría* and K. Albus. Dept. Neurobiology/192. Max-Planck Institute for 
Biophysical Chemistry , P.O. Box 2841, D-37070 Göttingen. Germany.

The hypothesis was tested that spontaneous bioelectric activity (SBA) is an 
epigenetic factor in the development of the CNS. Single units were recorded 
extracellularly in organotypic cultures (OTCs; [1]) explan ted at postnatal day 2. 
Interspike interval distributions served as a basis for quantitative analysis which was 
restricted to the first 6 weeks in vitro. Normal development was studied in 41 OTCs 
(N= 571). In another 14 OTCs (N= 284) activity blockade (11 mM Mg2+ in the growth 
medium) was started at day in vitro (DIV) 4 and lasted for 14 - 23 days.

Three activity types were determined: nonspontaneous neurons activated by electrical 
stimulation (NonSp-neurons), spontanously active nonbursting (SpnonB-neurons) and 
bursting neurons (SpB-neurons) respectively. All activity types were present at 4 DIV. 
During the 3rd week in vitro proportions of NonSp-neurons decreased and proportions 
of SpnonB and in particular, SpB-neurons increased significantly, showing no further 
changes thereafter. With time in vitro the average firing rate increased and the median 
and modal interspike intervals decreased somewhat. On the other hand, the temporal 
organization of spike discharges changed considerably: neurons tended to discharge in 
groups as indicated by the significant increase in the burst ratios.

In activity deprived OTCs average firing rates, and median and modal interspike 
intervals were similar to values determined in normally grown OTCs shortly after 
explantation. In contrast the temporal organization of spike discharges in the form of 
groups resembled that seen in age matched controls; the burst frequency was only half 
of that seen in controls, however. Thus, blockade of SBA in OTCs inhibits 
mechanisms responsible for the increase in firing intensity but interferes less with 
development of burst discharge patterns. [1] Gähwiler (1981) J.Neurosci.Meth. 4: 329-

Supported by A.v. Humboldt SPAK0025 and Gobierno Vasco BIF94.046.

518.10
CHARACTERIZATION OF α 8  INTEGRIN IM M UN O R EA CTIVITY IN 
HIPPO C AM PA L SLICE CULTURES. S. Einheber1*, T. A. Milner2, S.l. 
Moskowitz3, D. Ding3, L. M. Schnapp4 and P.J. Bergold3. 1Dept of Cell Biology, 
New York Univ. Med. Center, NY, NY 10016, 2Dept. of Neurol, and Neurosci., 
Cornell Univ. Medical Coll., 3Dept. of Pharmacol., SUNY HSCB, 4Dept. of 
Med., Mt. Sinai School of Med..

Integrins are a class of heterodimeric cell adhesion molecules comprised of 
various combinations of α and β subunits that have recently been implicated 
in memory function. The integrin subunit, α8, associates exclusively with β1 
to form the α8β1 integrin, a receptor for vitronectin, fibronectin and tenascin. 
We previously showed that in the rat brain, α8 is enriched in the hippocampal 
formation, particularly in perikarya and dendritic shafts and spines of CA3 
pyramidal cells and hilar interneurons. The goal of this study was to determine 
whether organotypic hippocampal slice cultures could serve as a suitable 
model system to study the expression and function of α8β1. To this end, 
hippocampal slice cultures prepared from P7-21 day old rats were 
immunostained with a polyclonal antibody directed against the cytoplasmic tail 
of human α8 and the distribution of α8-like immunoreactivity (LI) compared 
to that observed in vivo at comparable ages. In general, appropriate 
developmental patterns of α8-LI in CA3 pyramidal cell bodies and dendrites 
were observed in the slices after two weeks in culture. Staining was also 
present in intemeurons located in the hilus of the dentate gyrus and the strata 
oriens and lacunosum-moleculare/radiatum of CA1. Preliminary results in 
single labeled P7 cultures suggest that these α8-immunolabeled interneurons 
do not express calretinin or calbindin. These studies demonstrate that 
neuronal expression of α8 in the hippocampus is intrinsically regulated and 
that hippocampal slice cultures may provide a useful model system in which 
to study α8 expression and function in the hippocampus. Supported by an 
Epilepsy Foundation of America grant (S.E) and NIH grant MH42834 (T.A.M.).

518.12
COMPARATIVE BEHAVIORAL CHANGES IN POST-PUBERTAL RATS 
FOLLOWING NEONATAL EXCITOTOXIC LESIONS OF THE VENTRAL 
HIPPOCAMPUS AND/OR MEDIAL PREFRONTAL CORTEX. A .B. Silva1*,
O.Ibáñez1, R . Quirion2, L.K. Srivastava2 and G. Flores1. 1 Instituto de Fisiologia. 
Universidad Autónoma de Puebla, Puebla, Mëxico.2Douglas Hospital Research Centre, 
Departments of Psychiatry, McGill University, Montreal, Quebec, Canada.

Neonatal ventral hippocampal (VH) and medial prefrontal cortical (MPFC) 
lesioned rats have been used as models to test the hypothesis that early 
neurodevelopmental abnormalities lead to behavioral changes putatively linked to 
schizophrenia. Here we investigated the role of VH and MPFC lesions on behavioral 
paradigms related to locomotor behaviors, social interaction, exploratory behavior, 
immobility reflex and grooming. Bilateral ibotenic acid lesion of VH, MPFC or both 
was performed in neonatal Sprague-Dawley rats (postnatal day 7, PD7) and behaviors 
studied at PD 35 and 56 respectively. No significant differences in any of the 
behaviors was observed between sham and ibotenic acid lesioned rats at PD35. 
However, postpubertally (at PD56), the basal locomotor activity of VH lesioned rats 
was significantly enhanced compared to its control group, whereas no significant 
change in the locomotor activity of the MPFC lesioned rats and VH plus MPFC 
lesioned rats at PD56 were noted. Furthermore, the duration of immobility reflex and 
grooming were significantly decreased in the VH lesioned rats at PD56 compared to 
controls group. These behaviors were not affected in the MPFC lesioned and VH and 
MPFC lesioned animals at PD56. While the duration of active social interaction 
measured by video over 10 min was significantly decreased in the MPFC and/or VH 
lesioned rats at PD56 compared with their corresponding controls, exploratory 
behavior measured by head-dipping activity was not significantly affected at any time 
points. The data suggests that neonatal MPFC and/or VH lesions differently mediate 
the functional development and maturation of behaviors in adult rats (supported by 
MRC Canada, FRSQ and FUNSALUD and CONACYT Mexico).
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Chronic administration o f cognition-enhancing drugs parallels the 
improvrd neuroplasticity arising from complex environment rearing 
A.G. Foley 1*, K.J. Murphy1, A.W. O'Connell1, T. Shiotani2 and C.M. Regan 
1Department of Pharmacology, University College, Belfield, Dublin 4, Ireland 
and 2Daiichi Pharmaceutical Co. Ltd., Tokyo, Japan.

Transient activation of NCAM polysialylation (NCAM PSA) state 
within a cortico-hippocampal pathway is a universal feature of spatial and non- 
spatial memory consolidation. Following complex environment rearing, basal 
NCAM PSA expression is significantly increased and associated with 
improved learning ability and resistance to scopolamine-induced amnesia. We 
now demonstrate chronic administration of cognition-enhancing agents to 
produce comparable effects to complex environment rearing in the rodent. 
Daily administration of tacrine (at 1,3 and 6mg/kg) and nefiracetam (at 9, 15 
and 30mg/kg) during postnatal days 40-80 resulted in a significant increase in 
the frequency of dentate polysialylated neurons. This affect may be dependent 
on enhanced neural activity, as chronic administration of phenytoin (at 4 and 
8mg/kg) was without effect Drug-induced increase in basal dentate 
polysialylated neuron frequency may be neuroprotective as animals treated 
chronically with nefiracetam (15mg/kg) were more resistant to scopolamine- 
induced amnesia. Moreover, chronic administration of deprenyl (at 5 and 
10mg/kg), a putative neuroprotectant, similarly increased polysialylated cell 
frequency. Drug-free animals trained in either the passive avoidance or water 
maze paradigms following prior chronic exposure to either tacrine, 
nefiracetam or deprenyl resulted in decreased activation of dentate 
polysialylated cell frequency during the 10-12h post-training consolidation 
period, an affect consistent with the existence of a more efficient learning 
system arising from an enhanced basal neuroplasticity. Funded by Forbairt, 
Health Research Board o f  Ireland and Daiichi Pharmaceutical Co. Ltd.

5 1 8 .1 5

THE BRAIN IS A MEMORY-BASED ARCHITECTURE COMPUTER G.Matsumoto*and 
M.Ichikawa. Brainway Group, Brain Science Institute (BSI), Inst. of Physical and Chemical 
Research (RIKEN); Saitama 351-0198 Japan.

The brain operating principle for its information processing we have found is memory- 
based architecture, where “memory” stands for algorithm solidified in the brain in a long-term 
fashion. Thus, the brain operation starts from the situation that it has some memory (1, 
Algorithm’s first), then, input to the brain is used as an index to retrieve some memory, most 
appropriate for the input, from the memory already stored in the brain (2, Input as index for 
prediction). However, the brain has to decide whether or not the input is valuable for output 
(3, Decision making for output). When the brain gets output, then learning effect takes place 
to alter algorithms related to the above process, since the learning algorithms is both output- 
dependent and time-event related (4, Output-dependent and time-event related learning 
algorithm). The brain recognition would complete when the circulating steps (1)→(2)→(3)→ 
(4) →(1)----  — come to converge.

The brain is quite contrasted with conventional computers; the brain’s objective is 
development of algorithms for its selective information and output is a tool for this objective. 
The brain is “soft”, in the sense that it can respond to any environmental situation if it decides 
necessary. The brain can respond to input for output rather quite fast than the computer can 
do, since the time required for the brain to output is limited by looking for the algorithm most 
fit to input.

Further, we discuss how these brain features are characterized by the 
neuronal circuitries and their activities, and as well, how these brain features are used for 
development of a brainway computer.

5 18 .14

DEVELOPMENT OF THE TWO MECHANISMS OF CORTICAL 
INTEGRATION IN CHILDREN; EEG FINDINGS.
A.N Shepovalnikov*, M.N Ciceroshin and A.A.Pogosyan. Sechenov Institute of 
Evolutionary Physiology and Biochemistry RAS, Russia 

Development of neurophysiologycal mechanisms providing integral 
functioning of the brain concerns to the principal problems of neuroscience. On 
the basis of the EEG analysis of the cortical spatiotemporal relations 
(crosscorrelation and factor analyses) it is possible to suggest that the spatial 
integration of cortical activity is mainly provided by combined actions of two 
systems of cortical interconnections. First of these is apparently represented by 
largely genetically determined fibers which form basic "skeleton" of distributed 
system of cerebral activity (Braitenberg, 1978,1994). Its functioning is revealed 
by both bilateral-symmetric and frontal-occipital relationships of EEG patterns. 
The second one is organized by rather relatively short interconnections of 
cortical fields. Its EEG spatiotemporal relations are characterized by higher 
instability at different stages of postnatal development of child (including the 
adults). Apparently just this less "rigid" and more flexible system of cortical 
interrelations is responsible in a considerable degree for formation of modal 
specific kinds of activity of the brain and also for maintenance of processes of 
learning and adaptation of living organism to an environment. These data are 
confirmed by findings of more organized in the adults in comparison with 
children dynamic spatial structure of a biopotential field of the brain both in 
background states of the brain and during performance of verbal and cognitive 
tasks (the account in mind, memories of a poem, proof test “letter” or “face” and 
etc). The age differentiation of the spatiotemporal relations of activity of 
different areas of the cortex is apparently provided by both the increasing of 
processes of distant synchronization of excitation and in considerable degree by 
maturation of cortical mechanisms of inhibition.

5 1 8 .1 6

STRUCTURE & ADAPTATION OF LARGE-SCALE KOHONEN SELF 
ORGANIZING MAPS OF PRIMATE SOMATOSENSORY CORTEX
L. Aziz-Zadeh & I. Beatty*. D ept. of Psychology & Brain Research 
Institute, UCLA; Los Angeles, CA 90095-1563.

All prim ary sensory cortical areas, including prim ate somatosensory 
area 3b, exhibit an orderly 2-dimensional structure that under certain 
circum stances m ay show substantial plasticity. To gain a better 
understanding of both the development of such cortical maps and their 
subsequent adaptation, we tested a large-scale (10,000+ node) neuronal 
model of area 3b using Kohonen's self-organizing map (SOM) algorithm, 
a 2-dim ensional com petitive learning neural netw ork model. We 
examined the sensitivity of this model to variations of both receptor 
density  and receptor sensitivity as determ inants of local cortical 
m agnification. We m easured the initial response and subsequent 
adaptation of the SOM model to partial deafferentation. Finally, we 
tested the adap tation  of the m odel to system atic, ecologically 
improbable patterns of simultaneous multidigit stim ulation known to 
induce profound alterations of area 3b organization.

In all com parisons between the perform ance of this model and 
prev iously  pub lished  experim ental da ta , the m odel generally  
approximated the data closely in a natural way. This correspondance 
suggests that the simple structure of the SOM model is sufficient to 
capture im portant aspects of the effects of experience on primate cortical 
organization. The large scale of our SOM implementation permitted an 
examination of the fine structure of the model's behavior.

(Support for the implementation of the Kohonen network on a Cray T90 
supercomputer was provided by the National Partnership for Advanced 
Computational Infrastructure, an NSF funded program.)
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519 .1

NEUROPROTECTIVE EFFECTS OF GDNF AS STUDIED BY RECOMBINANT 
ADENO-ASSOCIATED GENE TRANSFER TO THE ADULT RAT BRAIN. 
C.Lundberg*, S.J. Jungles, R.C. Mulligan. Howard Hughes Medical Institute/ 
Children’s Hospital, Dept. Genetics, Harvard Medical School, Boston, MA 02115. 
Glial cell-line derived neurotrophic factor (GDNF) has been shown to be survival 
factor for dopaminergic neurons in vitro . Furthermore GDNF can protect 
catecholaminergic neurons in vivo against insults such as 6-hydroxydopamine (6- 
OHDA) or MPTP. To investigate the potential of recombinant adeno-associated 
viruses (rAAV) to deliver GDNF and the growth factor’s capacity to protect dopamine 
neurons and terminals the following experiment was designed. hGNDF cDNA (kind 
gift from P. Aebischer) or EGPF cDNA was cloned into a rAAV.MD vector. Briefly, 
the transgenes are expressed under the control of the CMVpromoter, followed by a ß- 
globin intervening sequence and ß-globin polyadenylation signal. This vector allows 
for expression in both neurons and glia. Two weeks after injection of 2.4×107 
infectious virus particles into the adult rat striatum 6.8±1.9 ng GDNF/striata was 
detected. This level of expression was stable up to 14 weeks. The in vivo 
neuroprotection was evaluated by injection the rAAV particles 1 week prior to or at 
the same time as intrastriatal injections of 6-OHDA. Virus particles were injected 
either dorsal to the sbustanitia nigra (SN) ipsilateral to the lesion or intrastraiatal at 
the same coordinates at the lesion. This lesion produces a progressive cell death in the 
substantia nigra among the cells projection to the injected striatal area. Four weeks 
post-lesion the rats were sacrificed and processed for tyrosine hydroxylase 
immunohistochemistry, GFP immunohistochemistry and Fluoro-Gold(FG) detection. 
GFP expression was detected in both astrocytes and neurons. However, astroglial 
expression was limited to highly reactive areas, such as the 6-OHDA lesion in the 
striatum. This finding suggests that expression driven by the CMV promoter is more 
effective in neurons and activated astrocytes than in resting glial cells. The 
rAAV.GDNF protected the FG-labeled cells in the SN when injected dorsal to the SN 
1 week prior to the lesion. The same amount of virus failed to protect in the group 
injected into the striatum at the same time as the lesion. This lack of effect might 
reflect either increased dosage requirement for terminal sparing or an rAAV related 
delay in protein expression, preventing adequate GDNF levels until the point when 
terminal damage is irreversible.

519 .2

CELLULAR SPECIFICITY OF AAV VECTORS-MEDIATED 
TRANSDUCTION IN  VIVO AND IN  VITRO.
L.Tenenbaum1,2,, M.Pouzet1,2, A.Stathopoulos1,2, F.Jurysta1, M.Hamdane2, B.Avalosse3, 
W.Hermens4, J.Verhaagen4, C.Rosenbaum5, O.C.Hanemann5,T.Velu2 and M. 
Levivier1,*
1Neurosurgery-Erasme Hosp., 2IRIBHN and 3Inst. Bordet, Free Univ. Brussels; 
4Neth.Inst.Brain Res., Amsterdam and 5Dept Neurol. H.Heine Univ., Düsseldorf.
We have previously shown that the transduction efficiency of different types of rAAV 
preparations markedely differred depending on the method used to concentrate and 
purify the virus. High-titer CsCl2-purified virions (5 108 1.U./ ml) did not have 
significant transducing activity on HeLa cells (Soc.Neurosci.Abstract 131.7; 1996).
In constrast, ,we now report that on 293 cells, a significant transducing activity 
appeared 5 days after infection. Sonicated cellular extracts obtained from 293 cells or 
293/T cells which had not been transfected with a plasmid expressing the transgene 
could stimulate transduction of HeLa cells by purified rAAV. Extracts from other cell 
types containing adenovirus genes (911) or not (HeLa, and CVI) failed to stimulate 
transduction.When the purified rAAV virions (2 105 1.U. in 2 µl) were infused in the 
rat striatum (AP +0.5 mm from bregma, Lat. -2.5 mm and V -5.5 from dura), a 
widespread transduced area with numerous neurons labelled (more than 100 cells per 
section in the center of the transduced area) was evidenced. A small number of 
transduced neurons were also observed in the cortex and in the globus pallidus, in 
zones contiguous to the tranduced area in the striatum. The distribution and 
morphology of transduced cells seem to reflect selective cell tropism rather than 
physical diffusion of viral particles. Since AAV is emerging as a promising vector for 
the central nervous system, it is important to evaluate its spreading in non-targeted 
areas. The consequences of gene transfer in unwanted areas has to be carefully 
evaluated before safe gene therapy protocols can be established.
Supported by EC Biotech CT-BIO-972207, the Belgian National Foundation (Télévie 
and FRSM) and the Belgian “Loterie Nationale ”
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CONTROL OF GAP-43 EXPRESSION IN THE ADULT RAT MIDBRAIN BY 
RECOMBINANT ADENO-ASSOCIATED VIRUS (rAAV) VECTORS.
R.L. Klein,*1 R.K. McNamara,2 R.H. Lenox,2 M.H. Lewis,2 P.L. Gendreau,2 
P. A  Bugenhagen,2 N. Muzyczka,3 and E.M. Mever1. Depts. of 1Pharmacol., 
2Psychiatry, and 3Molec. Genet., Univ. of Florida, Gainesville, FL 32610.

We have recently demonstrated stable transgene expression in 15,000 neurons 
alter injections of rAAV vectors incorporating a neuron-specific promoter for at 
least 6 months (Exp. Neurol. 150: 183-194). We now describe regulation of the 
expression of the axonal growth cone protein, GAP-43, in the substantia nigra. 
Injections of rAAV (2 × 109 particles in 2 µl) incorporating a neuron-specific 
promoter driving expression of a rat GAP-43 cDNA produced an increase in GAP- 
43 mRNA levels and protein levels around the injection site as measured by GAP- 
43 in situ hybridization and immunohistochemistiy, respectively. The GAP-43 
vector produced significant staining in cell bodies and axons, in contrast to 
endogenous GAP-43 labeling which was mainly observed in axons. Levels of GAP- 
43 message were also increased by injections of rAAV (2 × 1010 particles in 2 µl) 
incorporating a GAP-43 antisense cDNA This elevation may be due to the ability 
of the full-length antisense to protect endogenous GAP-43 mRNA from its normal 
turnover. The antisense vector resulted in decreased GAP-43 immunoreactivity 
around the injection site. Injections of control vector did not alter GAP-43 mRNA 
or protein levels. Dopaminergic as well as non-dopaminergic neurons were 
transduced by the rAAV. These studies demonstrate stable regulation of the levels 
of a cytosolic/membrane bound gene product in defined numbers and types of 
neurons by rAAV, which provide a model for investigating the role of GAP-43 in 
the nigrostriatal pathway.
Supported byNIHPOl AG10485.

5 19 .5

EX VIVO ADENOVIRAL VECTOR MEDIATED GENE TRANSFER: 
IMPROVING THE PERMISSIVE PROPERTIES OF PERIPHERAL NERVE 
BRIDGES IN SPINAL CORD REPAIR? B. Blits*, P.A. Dijkhuizen, G.J. Boer & J. 
Verhaagen: Graduate School for Neurosciences, Netherlands Institute for Brain 
Research, Amsterdam, the Netherlands

After spinal cord injury, severed axons usually fail to regenerate. This is due to the 
non-permissive micro-environment of the CNS scar formed following injury. 
Peripheral nerve implants have been shown to support the outgrowth of severed spinal 
cord axons. However, the number of regenerating axons into the implanted peripheral 
nerve is rather small. The aim of the present study is to investigate whether it is 
possible to improve the permissive nature of peripheral nerve implants by ex vivo 
adenoviral vector-mediated expression of the neurotrophin NT-3 (AdNT-3) in the 
implant. Conditioned medium, derived from 5 days cultured AdNT-3 transduced 
intercostal nerves, contained biologically active NT-3 since it exerted a significantly 
enhanced outgrowth of neurites of cultured dorsal root ganglia over control and 
AdlacZ-transduced nerves. These results suggest that ex vivo adenoviral vector- 
mediated genetically modified peripheral nerves can potentially be used as implants 
in the spinal cord to promote regeneration of the NT-3 sensitive corticospinal tract 
neurons. Histology showed that after implantation of transduced intercostal nerves in 
the spinal cord, transgene expression is present for the first 7 days, but decreased at 
later post-implantation time point, even in rats treated with the immune suppressor 
dexamethasone. Currently we are investigating the ingrowth of corticospinal fibers 
after transplanting AdNT-3-transduced intercostal nerves, in combination with the 
local application of recombinant α-FGF in a dorsal hemi-sected spinal cord. We 
predict that using this approach, the number of regenerating axons into the peripheral 
nerve implant, as well as the elongation of these fibers into the peripheral nerve 
explants might improve.
(Supported by NWO/GB-MW grant 030-94-142)

5 1 9 .7

G EN E TR A N SFE R  OF N IL E /L1 AND bFG F EN H A N CES 
REGENERATION OF SENSORY AEEERENTS INTO THE ADULT RAT 
SPINAL CORD, LEADING TO FUNCTIONAL RECOVERY. M .L 
R om ero*, N. Rangappa, G.M. Smith Department of Anesthesiology and 
Pain M anagement, University of Texas Southwestern Medical School. 
Dallas, TX 75235.

The failure o f axons to regenerate within the adult CNS is thought to be 
primarily the result of a nonsupportive cellular environment. This study 
examine whether in situ modification of the adult CNS environment by 
induced co-expression  o f cell adhesion molecules (N IL E /L l) and 
neurotrophins (bFGF) enhances neuronal recovery after injury. This 
possibility was evaluated by injecting recombinant adenovirus engineered 
to express NILE/Ll or bFGF in animals that received lesions to the L4-5 
dorsal roots. Eight injections were made (0.25mm apart and 0.5mm deep) 
along the L4-5 dorsal root entry zone, delivering 0.4µl (2× 106 pfu) of viral 
suspension per injection site. Dorsal roots L3 and L6 -S 1 were cut to prevent 
collateral sprouting. Efficient and persistent transgene expression of both 
neurons and glia w ere confirm ed in the dorsal spinal cord by 
immunocytochemistry. Anterograde and transganglionic HRP tract-tracing 
dem onstrated the ability o f N ILE/Ll and bFGF to induce axonal 
regeneration of the L4-5 dorsal roots into both the dorsal and ventral 
regions of the spinal cord. The functional significance o f this finding was 
evaluated using the plantar heat test and the grid runway, to test nociception 
and proprioception, respectively. These assays revealed functional recovery 
in animals injected with the N ILE/Ll and bFGF adenoviruses, albeit 
incomplete. Axonal regeneration was not evident in animals injected with 
the LacZ-encoding adenoviral vectors. These results suggest that in situ 
expression of NILE/Ll and bFGF may provide a suitable method for 
eliciting axonal regeneration and reestablishing functional recovery in the 
adult CNS after injury. Supported by the Sid W Richardson Foundation, 
NIH NS33776 (GMS), and the Daniel Heumann Foundation (MIR).

5 19 .4

PERM ANENT RESCUE OF LESIONED M O TO NEURO NS BY ADENOVIRUS- 
MEDIATED EXPRESSION OF G DNF Brian J. Baum gartner* and H. D. Shine. 
D ept. o f Neurosurgery*, Cell B io logy and Neuroscience, Baylor College of 
Medicine, Houston, TX, 77030

Transduction o f neonatal motoneurons by retrograde transport o f an 
adenoviral vector that expresses GDNF (Adv-GDNF) delays axotomy-induced 
death. A t 7 days post-axotomy, 53 ±  6% o f facia l nucleus motoneurons 
survived a fter A dv-GD NF transduction but by 4 weeks the percentage of 
surviving motoneurons was reduced to  6.1 ± 2%. In contrast to nerve 
transection, crushing the nerve preserves the regenerating axons' access to 
troph ic  support provided by Schwann cells, though neonatal motoneurons 
eventually die a fter crush. To test w hether Adv-G D NF transduction would spare 
motoneurons from  crush-induced death we crushed the facial nerve o f neonatal 
rats and then injected Adv.dl312 (a null vector control) or A dv-GD NF into facial 
muscles. Injection of Adv-βgal into facial m uscles prior to nerve transection 
results in the transduction of 10% o f facial nucleus m otoneurons. In contrast, β- 
galactosidase activity in facial nucleus m otoneurons was rarely detected after 
post-crush injection o f Adv-βgal. Four weeks a fte r nerve crush only 17 ± 5.9% 
of the lesioned motoneurons survived in anim als treated w ith Adv.dl312. In 
contrast, 40 ± 4.2% (p = 0.02) o f motoneurons survived in anim als in jected with 
Adv-GDNF. The num ber o f myelinated axons in the distal buccal nerve branch 
was greater in rats treated with A dv-GD NF (24 ± 11%) than Adv-dl312 controls 
(7.0 ± 2.6%). Prelim inary results suggest that rescued m otoneurons survive into 
adulthood (20 weeks) and whisker pad vibrissae regain function. These data 
show that expression o f GDNF by A dv-GD NF results in permanent rescue of 
motoneurons a fter nerve traum a, and may provide a therapeutic strategy for the 
clinical m anagem ent of peripheral nerve in jury. Support was provided by 
departm ental funds.

5 19 .6

PURIFICATION OF HIGH TITER ADENO-ASSOCIATED VIRUS VECTORS FOR 
GENE DELIVERY IN THE BRAIN. W.T.J.M.C. Hermens, O. ter Brake, P.A. 
Dijkhuizen, and J. Verhaagen*. Graduate School for Neurosciences, Netherlands 
Institute for Brain Research, Amsterdam, The Netherlands.

Purified high titer adeno-associated virus (AAV) vector stocks are required for 
efficient and non-pathogenic gene delivery in the nervous system. However, the 
production of high titer purified AAV vector stocks using currently available protocols 
is rather laborious. So far, most purification procedures are based on CsCl-density 
centrifugation of cell lysates containing the AAV vector. We observed that dialyses of 
CsCl-fractions containing the AAV vector often results in a significant loss of the AAV 
vector titer. The loss of the titer appears to depend on the concentration of the AAV 
vector in the CsCl solution. Therefore, the reproducibility of purification of AAV vector 
with a new density-gradient solution (iodixanol) was evaluated. Iodixanol is an iso- 
osmotic contrast solution used in the clinic for X-ray diagnostics. AAV vector particles 
were produced at large scale and the cell lysate was purified through either CsCl or 
iodixanol density gradients. In both density-gradient solutions similar titers of 
transducing AAV vector particles could be obtained. The advantage of the use of 
iodixanol over CsCl is that the purification procedure with iodixanol is relatively short. 
AAV vector particles band within 3 hr of ultracentrifugation. Furthermore, since 
iodixanol is an iso-osmotic solvent dialyses of iodixanol fractions containing the AAV 
vector was not necessary prior to in vivo injection. Microscopical evaluation of brain 
tissue following injection of iodixanol did not result in an aberant morphological cyto- 
architecture compared to injection with saline. Currently, the transduction efficiency of 
AAV vectors purified through CsCl- and iodixanol gradients is being compared 
following injection in the brain.

In conclusion, AAV vectors can rapidly and reproducibly be purified through 
iodixanol gradients without losing transduction efficiency in vitro. We suggest that 
iodixanol may be an alternative less-toxic density solution with implication for human 
gene therapy.
(Funded by The Netherlands Organization for Scientific Research)

519 .8

RETROGRADE ADENOVIRAL GENE DELIVERY TO RAT SPINAL CORD 
VIA SCIATIC NERVE MICROINJECTION. N.M. Boulis*1, V. Bhatia, B. 
Anlar, T.I. Brindle, E.L. Feldman. Depts. of 1Neurosurgery and Neurology, 
Univ. of Michigan, Ann Arbor, MI 48109.

Direct intraparenchymal spinal cord injections of therapeutic compounds is 
limited by the sensitivity of the cord to mechanical trauma. Such delivery is 
therefore restricted with respect to frequency, volume, and target area. Retrograde 
delivery of recombinant adenovirus to the spinal cord via peripheral nerve 
injection is one solution to this problem. The adenoviral construct Ad.RSVlacZ 
is attenuated through E1a and E3 deletions and contains the RSV promoter and 
the lacZ gene. Rat sciatic nerves were exposed bilaterally and ligated with silk 
sutures. 2 µl of Ad.RSVlacZ at a concentration of 1.5 × 10l2 pt/ml was injected 
into the left nerve immediately proximal to the ligation using an oocyte 
microinjector. Spinal cords and sciatic nerves (n=6) were extracted after 6 days. 
Viral gene expression was detected using X-gal staining for viral β-galactosidase. 
Robust viral expression was detected in the injected sciatic nerve but not the 
contralateral nerve. Staining of multiple cell types including neurons, glia, and 
ependyma was detected in the spinal cord bilaterally in both white and gray 
matter. A second group of animals (n=6) with uncrushed sciatic nerves had 
substantially less gene expression. Faint staining was detected in the spinal 
cords of animals receiving 100 µl subcutaneous injections on the plantar surface 
of the left hindlimb. A fourth group of animals were sacrificed at 1,3, 6, 9, and 
12 days. The time course of gene expression mimics that seen with direct 
intraparenchymal injections peaking after 1 week. In summary, adenoviral 
delivery to peripheral nerves as well as their receptor fields may result in 
detectable gene expression in the spinal cord. Gene expression occurs in 
multiple cell types, and is bilateral. Nerve crush appears to enhance retrograde 
delivery. The time course of gene expression mimics that seen in other tissues. 
*Support: NIH grants R29 NS32843 (ELF), T32 NS07222 (NMB).
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INJECTION OF A DNA PLASMID THAT CODES FOR HUMAN BCL-2 GENE 
RESCUES CLARKE’S NUCLEUS NEURONS AND PRESERVES THEIR MOR
PHOLOGY AFTER HEMISECTION OF ADULT SPINAL CORD.
K. Takahashi1,2, E. Schwarz1, C. Ljubetic1, N. Matsui2, M. Murray1, A. Tessler*1,3 and R. 
Saavedra1 1Dept. of Neurobiology & Anatomy, Allegheny Univ. of the Health Sci
ences, Philadelphia, PA. 19129. 2Dept. of Orthopedic Surgery, Nagoya City Univ. 
Medical School, Nagoya, Aichi, Japan. 3Philadelphia VA Hospital

Unilateral hemisection of rat spinal cord at T8 causes an ~35% loss of Clarke’s 
Nucleus (CN) neurons at L 1 ipsilaterally by 2 months. The axons of these neurons 
project ipsilaterally to rostral spinal segments and cerebellum. Large (>400 µm in 
diameter), medium (200 to 400 µm) and small (<200 µm) neurons in CN are affected; 
~90% of the large cells atrophy and/or die. To determine whether the antiapoptotic gene 
Bcl-2 can prevent this retrograde cell death, we injected a DNA plasmid that contains 
the human Bcl-2 gene, complexed with cationic lipids (Lipofectamine), just caudal to 
the hemisection site of adult Sprague-Dawley rats (1 μl of DNA/lipid complex). Rats 
were studied 2 months after surgery and compared to normal unoperated rats and rats 
that underwent unilateral hemisection alone. CN of rats with hemisection alone 
contained 62% of the number of neurons present in control rats, whereas the CN of rats 
with hemisection and DNA injection contained 89% of the control number of neurons. 
The differences for large neurons (>400 µm) were even more dramatic. Rats with 
hemisection alone contained 8% and rats with hemisection and injection contained 62% 
of the number of large neurons seen in intact rats. A simple explanation for our results 
is that axotomized CN neurons take up the DNA/lipid complexes and retrogradely 
transport them to the soma. The DNA plasmid is then translocated into the cell nucleus, 
and the newly expressed Bcl-2 protein protects the neurons from death. Our results 
demonstrate that a single injection of a DNA plasmid that contains the Bcl-2 
antiapoptotic gene protects CN neurons and preserves their morphology after spinal 
cord injury. Supported by grants from NIH, VA, EPVA, and NMSS.
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TARGETED NEUROTROPHIN GENE TRANSFER TO RETINAL GANGLION 
CELLS IN VIVO USING GENE-ACTIVATED MATRICES. M. Berry,1 A-M. 
Gonzalez,2 A. Logan,3 L. Barrett,3 L.W. Seymour4 and A. Baird2*. 1Dept. ofAnat. 
and Cell Biol., UMDS, Guy's Hosp., London, UK; 2Prizm Pharm., San Diego, CA 
92121; 3Dept of Med. and 4Cancer Studies, U. of Birmingham, Birmingham, UK.

Both retinal ganglion cell (RGC) survival and axon regeneration is promoted by 
intravitreal implantation of Schwann cells and by serial injection of selected 
neurotrophins after optic nerve transection. The regenerative response is, however, 
transient, sustained only for as long as neurotrophin delivery remains effective. We 
have investigated a strategy for targeted gene transfer to RGC, by retrograde transport 
from transected nerve terminals in an optic nerve lesion, to elicit genetic over
expression of specific combinations of neurotrophins by RGC. We implanted a 
collagen matrix containing poly(L)lysine condensed plasmids encoding human 
fibroblast growth factor-2 (hFGF-2, a potent neurotrophic factor for RGCs, which 
strongly express the FGF-2 receptor) and neomycin phosphotransferase II (NPTII) 
between the transected ends of both optic nerves of 8 Wistar rats. In 4 animals, FGF- 
2 DNA was targeted to RGC by conjugating recombinant FGF-2 to the polycation, 
thereby exploiting receptor-mediated endocytosis and pinocytosis to maximize DNA 
uptake and retrograde transport by the transected RGC axons. Histological analysis 
of the optic nerves from each group at 7 and 32 days post lesion, showed the matrix 
graft to be rapidly integrated, with astrocyte processes from both distal and proximal 
nerve stumps invading the matrix. Moreover, large numbers of GAP43 positive 
RGC axons regenerated from the proximal nerve stump at 7 and 32 days, into the 
matrix of the implant. At 32 days, Western blot analysis of 4 retinas/group, using 
NPTII antibody and antibodies which discriminate between human and rat forms of 
FGF-2, demonstrated the expression of significant levels of both NPTII and hFGF-2 
in all the treated retinas, with higher levels of proteins transcribed in retinas 
receiving targeted vector. These results validate the strategy of targeted retrograde 
neurotrophin gene delivery to CNS neurons, via gene-containing matrices, for 
promoting regeneration of damaged CNS axons. Support: The Wellcome Trust; The 
Glaucoma Society, International Spinal Research Trust.
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REGENERATION OF N EUROFILAM ENT DEFICIENT A XO NS  

Joel Ey e r 1, Joelle  V éz ie r s1, Pierre L on gch am p t1, and A lan C. 

Peterson 2 *. 1: INSERM , CHU, 49033 Angers, France. 2: M cG ill 
University, 687 Pine Ave. W, Montreal, H3A 1A 1 Canada.

A xonal regeneration is associated with up-regulation o f  tubulin 
synthesis and down-regulation o f  both synthesis and transport o f  
neurofilaments. These m odifications lead to axons with a reduced 
caliber and a cytoskeleton enriched with microtubules and deficient in 
neurofilaments. As the neurofilament cytoskeleton is thought to be 
exceptionally stable, its diminished prominence may be necessary for 
successful regrowth o f  axons. To explore this possib ility, w e have 
taken advantage o f a transgenic preparation in which axons demonstrate 
constitutive cytoskeletal alterations similar to those seen in regeneration 
(Neuron 1994, 12: 389-405). In such m ice, the normal number o f  
sciatic nerve axons regrow in response to a crush injury demonstrating 
that regeneration capacity is not attenuated by their neurofilament 
perturbations. Remarkably, restoration o f  functional connections is 
accelerated in these transgenic mice. Consequently, reduction o f axonal 
neurofilaments either constitutively, as seen in these mice, or transiently, 
as seen during regeneration o f normal nerves, may be a prerequisite o f  
successful axonal regeneration.
Supported by AFM, INSERM, FRSQ, MRC and MDAC.

AXONAL REGENERATION OF DESCENDING BRAIN NEURONS IN SPINAL 
CORD-TRANSECTED LAMPREY DEMONSTRATED BY RETROGRADE 
DOUBLE LABELING. L. Zhang* and A.D. McClellan. Div. of Biological Sciences, 
University of Missouri, Columbia, MO 65211

The lamprey has been a model system for functional spinal cord regeneration for 
many years. Although the large, identified descending brain neurons (Muller and 
Mauthner cells) are capable of axonal regeneration (Davis and McClellan, 1994b), 
unidentified descending brain neurons, such as relatively small reticulospinal (RS) 
neurons, probably activate the spinal locomotor networks and initiate locomotor 
behavior. Therefore, double labeling experiments were performed to determine if 
these unidentified descending brain neurons are capable of axonal regeneration.

First, in single-label control animals, Fluorogold (FG) was applied to the spinal 
cord at 40% body length (BL) (n = 9) or Texas red dextran amine (TRDA) was applied 
to the spinal cord at 20% BL (n = 8). With the optical filters used in this study, these 
tracers did not exhibit “bleed through”, in which one tracer is visible with the filter for 
the other tracer. Second, in double-label control animals (n = 15), FG and then TRDA 
were applied two weeks apart to the above levels of the spinal cord, and an average of 
98% of descending brain neurons were double labeled. Third, in double-label 
experimental animals, FG was applied to the spinal cord at 40% BL, two weeks later 
the spinal cord was transected at 10% BL, and eight weeks (n = 24) or sixteen weeks 
(n = 17) after spinal cord transection, TRDA was applied to the spinal cord at 20% 
BL. In the eight week and sixteen week groups, an average of 49% and 68%, 
respectively, of descending brain neurons were double labeled. These results indicate 
that in larval lamprey, transected axons from descending brain neurons, including 
unidentified RS neurons, are capable of axonal ‘ regeneration. Therefore, in spinal 
cord-transected lamprey, regeneration of axons from descending brain neurons and 
reconnection with neurons in spinal locomotor networks probably contribute 
significantly to recovery of locomotor function.

Supported by NIH Grant NS29043 and APA Grant MAI-9605 awarded to A.D.M.
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Double Labeling Technique to Trace Axonal Sprouting After End-toSide 
Neuronhapy
G .K  Andreopoulos, T.G. Skoulis, F.J. Uuzzi, J .K . Terzis, and B. Tedeschi*
Dept. of Microsurgery, Eastern Virginia Medical Center, Norfolk VA 23501 
Purpose

The goal of this project is to identify the origin of regenerating axons in the graft by 
using FluoroGold (FG) and bis-Benzimide (BB) double labeling. The precise 
question to be addressed is whether these fibers come from a  redirection of donor 
nerve axons into the graft, or if they arise from collateral nodal sprouting. 
Methodology

13 male Sprague-Dawle y  rats were divided into two groups. Group A  had a  
removal of the epineurium and the perineurium of the donor nerve (N=8). Group B 
had a removal of the epineurium and the perineurium as well as a partial 
neurectomy (N=5). A free Saphenous graft was then attached end-to-sideto the 
Sciatic donor nerve.
Results

Neurons of the Sciatic Motor Nucleus in Group A  animals had 33%  of the 
neurons stained with FG, 47%  stained with BB, and 20%  of them were double 
labeled with both FG and BB. Group B had 17% of the neurons stained with FG, 
57%  with BB, and 27%  were double labeled.
Conclusions

By using a double labeling technique, the percentage of neurons in the ventral 
hom that were redirected, remaned intact, or exhibited collateral sprouting was 
elucidated.

5 20 .4

THE MECHANISMS OF HAIR CELL LOSS AND REGENERATION IN THE 
CHINCHILLA CRISTA AMPULLARIS AFTER GENTAMICIN OTOTOXIC 
TREATMENT. I. Lopez, V. Honrubia,* S-C. Lee.. Ilya Lekht. Victor Goodhill Ear 
Center, UCLA School of Medicine, Los Angeles, California, 90095-1624.

To elucidate the mechanisms that cause the selective destruction of 95% of chinchilla 
vestibular hair cells following gentamicin (GM) ototoxic treatment (Int J Dev Neurosci 
1997, 15,447), and their subsequent regeneration, the following study was designed. 
Two experiments were performed to document whether apoptosis is involved in the 
ototoxic destruction of hair cells, and whether supporting cell proliferation is involved 
in the process of hair cell regeneration. In the first experiment, 4 groups of chinchillas 
(n=3) received a single dose of GM (50 µg) into the perilymphatic space. Animals 
were sacrificed within the interval of ototoxic hair cell destruction at 4, 7, and 14 days 
post-treatment (PT), and another group after 40% of hair cells regenerated at 28 days 
PT. A group of untreated animals (n=3) was used as control. Paraffin and plastic 
cristae sections from these animals were evaluated with the TUNEL technique to detect 
apoptotic cell nuclei. Cells from cristae of the control animals showed no apoptotic 
nuclei. In the GM-treated animals, apoptdtic cells were found in the earlier stages only: 
12% at 4 days, and 6% at 7 and 14 days.

In the second experiment, the mitotic tracer BrdU was continuously administered in 
the control and GM treated animals, through the scala vestibuli with the use of an 
osmotic pump. In the control group (n=3), no evidence of BrdU labeling was found in 
either the supporting or hair cells. In the first treated group of animals (n=5), 50% of 
cells were labeled between 1 and 7 PT days of BrdU infusion. In the second treated 
group (n=5), 50% of supporting cells and 70% of hair cells were labeled, following 
perfusion between 7 and 28 days PT.

In conclusion, during the first week PT, when 95% of hair cells disappeared, 
apoptosis-programmed cell death was a significant mechanism of hair cell destruction. 
The process of supporting cell proliferation began immediately after hair cell 
destruction and continued for an additional 3 weeks, demonstrating the mitotic origin of 
the newly formed hair cells.

Supported by NIH/NIDCD grants DC00008 and DC02952.
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MECHANISMS UNDERLYING RECONSTRUCTION OF THE TRANSECTED 
SPINAL CORD IN THE NEONATAL NORTH AMERICAN OPOSSUM: 
CELLULAR PROLIFERATION OR MIGRATION OF PREEXISTING CELLS?,
J.R. Term an , X.M. Wang and G.F. M artin . D ept. o f  Cell Biology, N eurobiology & 
Anatom y, The Ohio State U niversity College o f  M edicine, Colum bus, OH 43210.

Descending and ascending axons grow through the lesion site after transection of the 
mid-thoracic spinal cord during early development in the North American opossum and 
they mediate remarkably normal use of the hindlimbs during locomotion as adults. 
Unfortunately, the mechanisms underlying this plasticity are not known, nor are the 
factors which limit it with age. It is of interest, however, that reconstruction of 
recognizable spinal cord occurs following transection at post-natal day (PD) 5 and that 
the reconstructed cord provides a favorable substrate for axonal growth. When similar 
lesions are made at PD 12 or older ages, reconstruction is less complete and few'er axons 
grow through it. It is possible that reconstruction of spinal cord tissue at the lesion site 
is due to the generation of new cells which migrate into the lesion site. Alternatively, 
migration o f previously existing cells into the lesion cavity may occur. To address these 
issues, female opossums and their PD5 pouch young were anesthetized and the spinal 
cord of the pups w as transected at mid-thoracic levels. To label proliferating cells, the 
thymidine analog Bromodeoxyuridine (BrdU; [50mg/kg] ) was injected subcutaneously 
2 hrs., 12 hrs., 1 day, 2 days, 3 days, 4 days, or 5 days after lesioning. Injected pups 
w'ere then sacrificed after 2 hrs. or at PD35. In addition, unlesioned, age-matched 
controls were injected with BrdU at PD5, PD6, PD7, PD8, PD9 or PD 10 as described 
above and sacrificed 2 hrs. later or at PD35. In all cases, sections through the mid- 
thoracic spinal cord were cut in the sagittal or transverse plane and processed 
immunohistochemically for BrdU. Our results show that cellular division is still 
occurring in the spinal cord at PD5, that new cells migrate into the lesion cavity and that 
they reconstruct relatively normal appearing spinal cord. Studies are now underway to 
determine when proliferation ends and if its decline is correlated with a transition from 
a permissive to inhibitory substrate for axon growth through the lesion site. (Supported 
by NS-25075 and 10165).

520 .6

HYPOXIC-ISCHEMIC (HI) BRAIN INJURY MAY DIRECT THE PROLIFERATION. 
MIGRATION, AND DIFFERENTIATION OF ENDOGENOUS NEURAL PROGENITORS. 
KI Park1,3,4*, FE Jensen3, PE Stieg2, EY Snyder3, 4. Dept. of Pediatrics1, Yonsei Univ. Coll. of 
Med., Seoul, Korea, Dept. of Neurosurgery2, Neurology3 & Pediatrics4, Children's Hosp.. 
Boston, MA 02115

We have tracked the response of host & transplanted progenitor/stem cells to 
neurodegeneration & explored the therapeutic potential of exogenous neural stem cells 
transplanted into the brains of mice subjected to focal HI brain injury. Neuronal regeneration 
does generally not occur in the central nervous system after injury. In this study, mice were 
subjected to focal HI brain injury by unilateral common carotid artery ligation, pulsed at 
intervals with BrdU, & then analyzed immunocytochemically. HI temporally expanded the 
subventricular zone (SVZ) progenitor population ipsilateral to the lesion, & on the other hand, 
reduced the total number of newborn neurons reaching the olfactory bulb. It also increased the 
number of newborn cells in the site of lesion, the penumbra, striatum, hippocampus. & other 
neocortex by either migration of SVZ cells or by stimulation of local progenitor or glial cells. 
Intermediate filament nestin induction occurred within 24 hrs in the brain both on the side of 
the lesion & in the contralateral, grossly intact hemisphere, & lasts for at least several weeks. 
In addition, nestin induction was also observed in expanded SVZ cells; nestin expressing cells 
appeared to spread widely to the striatum, corpus callosum, & cortex from the SVZ. Some 
BrdU-labeled, nestin + cells showed migration along the corpus callosum. One to three weeks 
after HI, many of these cells induced to proliferate had differentiated into new astrocytes, new 
oligodendrocytes, &, to a lesser extent, into new neurons in the cortex, striatum, hippocampus. 
& septum. These findings may be useful for elucidating the role of endogenous neural 
progenitors in HI brain injury in the postnatal CNS & may aid in the development o f  neural 
cell replacement for those lost to brain injury.

5 20 .7 520 .8

STEREOLOGICAL QUANTITATIVE ANALYSIS OF THE NEURONAL 
AND GLIAL TROPHIC ADAPTIVE RESPONSE IN THE CEREBRAL 
CORTEX OF CALLOSOTOMIZED RATS V.C. Gomide and G. Chadi.* 
Laboratory of Neurotrophic Factors and Neuronal Plasticity. Department of Anatomy, 
Institute or Biomedical Sciences, University of São Paulo, São Paulo 05508-900.

The reaction of glial cells is seen after an injury applied to the central nervous 
system. This phenomenon triggers the synthesis of neurotrophic factors like basic 
fibroblast growth factor (bFGF) that may influence the subsequent neuronal response. 
In previous studies we have shown that the reactive astrocytes express increased 
levels of the bFGF immunoreactivity in the white matter of the forebrain of 
callosotomized rats. Now, we have analysed the spatial and temporal responses of 
astrocytes and microglia, the changes of glial bFGF and the morphology of pyramidal 
neurons in the cerebral cortex of the adult rat following a transection of the corpus 
callosum.

Rats were placed in a stereotaxical apparatus and the corpus callosum was lesioned 
in the midline using an adjustable wire knife. A group of animals received a sham 
operation with the introduction of the cannula only. The rats were killed 7, 14 and 28 
days after the surgery. Coronal sections were taken from the entire forebrain and 
sistematically sampled. The sections were incubated with one of the following 
antisera against the: glial fibrillary acidic protein (GFAP), S100 protein, OX42, bFGF 
or neurotilament (NF) and processed for lmmunohistochemistry. The NF 
immunostainned sections were counterstainned with cresyl violet (CV). The 
immunoreactivities were analysed using a Computer Assisted Stereological Toolbox 
(CAST) system. A sampling volume (optical disector) in the z-axis was defined to 
estimate the total number o f  GFAP, S100, OX42 and bFGF immunoreactive (ir) glial 
cells or the NF ir neurons in the frontal cortex. The sampled intercepts and the rotator 
were used to take the areal fraction of the NF ir neuropil and the volume of NF ir 
pyramidal neurons counsterstainned with CV, respectively. The coefficient of error 
ICE) for estimated total number was calculated for each animal. In the sampled 
bilateral frontal cortex the total number of GFAP ir astrocytes increased 94.24%. 
56.74% and 137.93%, respectively, 7τ 14 and 28 days after surgery, in callosotomized 
rats. The number of S 100 protein ir profiles increased by 40.81% and 85.42%. 
respectively, 7 and 14 days after the lesion. The number of 0X42 ir profiles increased
_________days after callosotomy and the total number of glial bFGF ir profiles was
increased (32,97%) 7 days later. The volume of pyramidal cells increased by 58,33% 
in the bilateral frontal cortex 7 days after the transection and the areal fraction of the 
NF ir neuropil decreased in 15,63% only 14 days after the surgery.

The reaction of cortical glial cells following a mechanical lesion of the corpus 
callosum cortical may be related to neuronal trophism. Interactions among cortical 
glial cells of callosotomized rats may influence the plasticity of the pyramidal neurons 
via paracrine actions of bFGF.

Supported by grants from FAPESP and CNPq.

IN  VIVO CONFOCAL NEUROIMAGING OF TRANSIENT RETINAL 
GANGLION CELL SIZE ENLARGEMENT AFTER OPTIC NERVE CRUSH. 
V. R ousseau1, R. Engelmann2 and B.A . Sabel1*. 1Inst. Med. Psychology 
Otto-v.-Guericke University, 2Inst. Neurobiology. Magdeburg D39120

After optic nerve crush (ONC) in adult rats, the surviving retinal 
ganglion cells (RGCs) have been found to have a relatively larger 
diameter. It is unclear, however if  cell size increases over time or if  this 
reflects selective survival o f  large diameter cells. We therefore 
investigated RGC size change after ONC in living rats in real time 
using in vivo confocal neuroimaging (ICON).

RGCs were labelled retrogradely by injection o f  fluorescent beads 
into the superior colliculus. The rats received either no crush (n=5) or 
a unilateral ONC (n=16). ICON was applied at different time points 
before and after crush. After ONC, 70% o f  the observed cells died and 
could no longer be visualised at later time points. Surviving cells, 
however, can be observed repeatedly at different time points up to 75 
days post-injury. 50% o f  these RGCs show compensatory cell size 
increases within 15 days. This increased size may be interpreted to  
reflect increased metabolic needs the neurones required to survive.

In summary, ICON analysis shows that 50% o f  the surviving RGCs 
which remain connected with their target increase their soma diameter 
Apparently, size increase may not only indicate eventual cell death but 
also appears to be an adaptive cellular event after neurotrauma.

(Supported by DFG and BMBF)
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FORMATION OF OCULAR DOMINANCE CO LUM NS BY REGENERATING  
OPTIC FIBERS IN THE ADULT ZEBRAFISH C.G. Becker*, M.R. Crabtree, T. 
Becker, R.L. Meyer Dept. Dev. and Cell Biol., Univ. Calif. Irvine, Irvine, CA92697, USA.

Previous developmental studies on the retinotectal projection of zebrafish have 
failed to detect any effect of neuronal activity on the order of ingrowing fibers. To 
determine whether activity-dependent refinement might occur at later stages, 
we asked whether ocular dominance (OD) columns, which are generated by an 
activity-dependent segregation of fibers from each eye, can be induced in adult 
zebrafish. Using the procedure known to produce OD columns in goldfish, the 
left tectum was ablated and the ipsilateral optic nerve was crushed leading to 
innervertion of the remaining right tectum by both eyes. At three months, one 

optic nerve was labeled with biocytin or fluorescent dextrans. Homogeneous 

labeling was seen throughout the entire tectum which was similar to the uniform 
labeling seen in normal zebrafish. However, at six and nine months, labeling 

from either eye was concentrated into discrete patches surrounded by zones in 

which few terminals were detected. These patches spanned the entire depth of 
the optic fiber innervation layers and were similar to the OD columns in goldfish. 
Double labeling with two different flourescent dextrans showed that patches of 
strong innervation from each eye were mutually exclusive. These findings 

indicate that eye specific segregation of the optic fibers occurs during 

regeneration in zebrafish and suggests that activity-dependent refinement is an 
integral part of map formation in this species, supported by d fg  Be1654/2-1 to c g b , 
McNair Star Baccalaureate Program to MRC, and NIH EY6746 to RLM
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FAILURE OF AXONS TO CROSS THE LESION SITE IS ASSOCIATED WITH 
RETINAL GANGLION CELL DEATH DURING OPTIC NERVE REGENERATION 
IN THE FROG LITORIA MOOREI. S.A. Dunlop1*, W.M. Ross1, A. Shimada2 and C.R. 
Braekevelt1. 1Dept. of Zoology, University of W. Australia, W.A. 6907. 2Dept. Vet. 
Pathol. Tottori University, Japan.

Optic nerve regeneration in L. moorei restores vision but is characterised by the 
long term survival of between 55-81% retinal ganglion cells (1). Cell death may result 
from retrograde degeneration from the site of injury, a failure of axons to cross the 
lesion site or competitive interactions within target tissue. Retrograde labelling with 
horseradish peroxidase (HRP) from between the eye and the crush site showed that 
100% of retinal ganglion cells were labelled at 2 and 4 weeks; axon counts at this level 
were within the normal range. The complete labelling of retinal ganglion cells and 
normal axon numbers at these stages suggest that retrograde degeneration is negligible. 
Axon counts at a juxtachiasmal level allowed an estimation of axon numbers that had 
crossed the crush site. Optic nerve ligation, which prevents regeneration, yielded 
numbers of axons disconnected by axotomy. Mean estimates of regenerating axons that 
had reached the chiasm, calculated by subtracting disconnected axon totals from counts 
for regenerating nerves, were respectively 12% and 24% of normal values at 1 and 2 
weeks post crush. Retrograde labelling from the chiasm with horseradish peroxidase 
(HRP) of 19% of ganglion cells at 2 weeks was consistent with our estimates of axon 
numbers that had crossed the crush site. From 3 weeks, regenerate axon counts at the 
chiasm were between 55-79% at 3,4,5,6,8,10,12,24 weeks and 1 year. These values 
were consistently within the range for the anticipated long term cell loss. HRP 
labelling from the chiasm at 4 weeks of 61% of ganglion cells was within the range for 
estimates of axons that had successfully crossed the crush site; the unlabelled ganglion 
cells presumably had not crossed the crush site and were destined to die. We conclude 
that, in L. moorei, failure of axons to cross the crush site is the main determinant of 
retinal ganglion cell death and that interactions within target tissue contribute 
minimally; furthermore, unlike Rana pipiens (2), axonal sprouting does not occur.
1. Humphrey and Beazley (1985) J. Comp. Neurol. 236:382-402.
2. Stelzner and Strauss (1986) J. Comp. Neurol. 245:83-106
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RECEPTOR-MEDIATED TRANSPORT OF HUMAN AMYLOID β- 
PROTEIN 1-40 AND 1-42 AT THE BLOOD-BRAIN BARRIER Geoffry L. 
Curran*, Joseph F. Poduslo, Bharati Sanyal, Thomas M. Wengenack, and 
Dennis J. Selkoe Mayo Clinic and Foundation and Harvard Medical School

Since amyloid β-protein (Aβ) is the primary component of both vascular and 
parenchymal amyloid deposits in Alzheimer’s disease, information regarding its 
permeability at the BBB will help decipher the contribution of circulating Aβ to 
vascular and parenchymal Aβ deposition in this disease and in brain aging. The 
permeability of the D- and L-enantiomers of Aβ 1-40 and L-Aβ 1-42 at the BBB was 
determined in the normal adult rat by quantifying the permeability coefficient- 
surface area product (PS) for each protein after correction for the residual plasma 
volume (Vp) occupied by the protein [labeled with a different isotope of iodine (125I 
vs 131I)], in blood vessels of different brain regions. After a single i.v. bolus 
injection, the plasma pharmacokinetics determined by TCA precipitation, paper 
chromatography, and SDS-PAGE were similar for both 125I-L-Aβ 1-40 and 125I-L- 
Aβ 1-42. The PS at the BBB for L-Aβ 1-42 was significantly (1.4-1.8 fold) higher 
than for L-Aβ 1-40 and ranged from 17.7 - 26.4 × 10-6 µl/g/s for different brain 
regions. A comparison of the PS values at the BBB for L-Aβ 1-40 showed no 
significant difference when determined at 15 or 30 min after i.v. bolus injection, 
times that reflect different levels of degradation in plasma (37.9% at 15 min and 
65.5% at 30 min). The PS values obtained, therefore, were representative of the 
intact protein rather than degradation products. The PS values obtained for the all 
D-enantiomer of Aβ 1-40 were very low and comparable to that of albumin and IgG, 
whose mechanism of transport is by passive diffixsion. Taken together, these data 
imply a stereoisomer-specific ligand-receptor interaction at the BBB for the L-Aβ. 
No significant differences were observed in any Vp values. The high PS values 
observed for L-Aβ 1-40 and 1-42 compare to insulin, whose uptake is decidedly by a 
receptor-mediated transport process, and suggest a similar mechanism for L-Aβ 
entry into the brain(NS-35074).

5 21 .3

AM M ONIA INCREASES TH E PERM EA BILITY  O F ENDOTHELIAL 
CELLS IN CULTURE. M. Vastag, and M .D. Norenherg*. Department of 
Pathology, Univ. of Miami Med. Sch. and VA Med. Ctr., Miami, FL 33101.

Cerebral edema is a serious complication of fulminant hepatic failure 
(FHF). The exact mechanism of edema formation is not known. Two 
mechanisms have been proposed: cytotoxic edema related to swelling 
astrocytes, and vasogenic edema. While astrocyte swelling has been 
observed in FHF and in ammonia-treated astrocyte cultures, the contribution 
of vasogenic edema is still not clear. Ammonia is known to be a major 
circulating neurotoxin that accumulates in FHF. In this study we used 
cultured endothelial cells from pig cornea which forms a continuous 
monolayer possessing barrier characteristics when co-cultured with 
astrocytes. Changes in the barrier capacity o f endothelial cells in response to 
NH4CI (5 mM for 2 hours and three days) were evaluated by measuring the 
permeability o f Evans blue-albumin (EBA) across the endothelial mono- 
layer. Equivalent monolayers were also used to study the morphology of the 
endothelial cells after exposure to NH 4Cl. There was a time-dependent 
increase in permeability for EBA; however significant opening for albumin 
only developed in 3 day-treated cultures. Morphological studies showed 
changes in the distribution o f the major cytoskeleton proteins including 
actin, tubulin and vimentin. In addition, there was an accumulation o f large, 
dense, proteinaceous droplets within cytoplasmic vacuoles. We conclude 
that ammonia increases the permeability and causes morphological changes 
in endothelial cells. These findings support the concept that vasogenic 
edema may play a role in the encephalopathy associated with fulminant 
hepatic failure. Supported by VA and NIH grants NS34951 and NS30291.

5 21 .5

INDUCTION OF BLOOD-BRAIN BARRIER SPECIFIC PHENOTYPES IN 
IMMORTALIZED BOVINE BRAIN ENDOTHELIAL CELLS
K. Sobue1, H. Katsuya1, K. Asai2, T. Kato2*
1Dept. of Anesthesiol. and Resuscitol. and 2Dept. of Bioregl. Res., Nagoya 
City University Med. Sch., Mizuho-Ku, Nagoya 467, Japan.

The blood-brain barrier (B-BB) is known to restrict the free passage of 
hormones, drugs and other substances into the brain and to maintain th e  
homeostasis of the central nervous system (CNS). During the course of th is  
in vitro B-BB research, the problem of how to prepare a large number of pure 
and viable endothelial cells arose. We therefore immortalized BBECs and 
obtained a clone, t-BBEC-117, which retains the phenotypes of the brain 
endothelial cells. There are a few reports on the chemical induction of th e  
B-BB phenotypes in BBECs, but not definite. We have therefore 
investigated the effect of all-trans-retinoic acid (RA) to induce the B-BB 
specific phenotypes in immortalized BBECs, t-BBEC-117.

A long-term stimulation of t-BBEC-117 by RA elicited the expression of B- 
BB-specific phenotypes, such as activation of alkaline phosphatase 
activity, decrease of L-glucose permeability, induction of glucose transporter 
(GLUT-1) mRNA expression and increase of 2-deoxy-D-glucose uptake. 
Namely, it was thought that RA induce the B-BB specific phenotypes in the 
t-BBEC-117. RA-stimulation of t-BBEC-117 further lowered the theoretical 
perm eability of various compounds on the basis of octanol/water partition  
coefficient. These results provided a promissing use of t-BBEC-117 under RA 
stimulation for developing a new drug-delivery system through the B-BB on 
them vitro B-BB model .
[Supported by the Grant-in-Aid for Scientific Research on General Research 
(B), the Ministry of Education, Science and Culture, Japan.]

521 .2

AMYLOID β-PEPTIDE (Aβ) INDUCED CEREBRAL ENDOTHELIAL CELL 
(CECs) DEATH INVOLVES CPP32/PARP AND OXIDATIVE CASCADES. 
S.W.Chen1, J.Xu1, J.S.Hsu1, K.S.C.Chao2, L.Dugan1, J.S.Huang3, C.Y.Hsu1*. Depts. of 
1Neurology and 2Radiology, Washington Univ. Sch. Med, St. Louis MO 63110; 3Dept 
of Biochem, St. Louis Univ. Sch. Med, St. Louis, MO.

Aβ, a 40-43 amino acid fragment of the β-amyloid precursor protein, which forms 
insoluble fibrils is linked to neuronal death in vulnerable brain regions in Alzheimer 
disease (AD). In vitro studies have shown neurotoxic effects of Aβ in neurons. The Aβ 
sequence corresponding to amino acids 25-35 also forms fibrils and is neurotoxic by a 
mechanism similar to that of Aβ 1-40/42. In addition to deposition in the brain 
parenchyma, Aβ accumulates in cerebral blood vessels in AD brain. Several studies 
have noted changes in cerebral blood vessels in AD, including damage to smooth 
muscle cells and CECs. Aβ may breach the blood-brain barrier in AD. We studied Aβ 
induced CEC death using a brain endothelial (Bend) cell line and primary cultures of 
bovine CECs. Aβ, 1-40 and 25-35, induced CEC death which was confirmed by the 
following methods: MTT, DNA fragmentation by gel electrophoresis, cytosolic 
oligonucleosomes content by ELISA, propidium iodide, TUNEL and trypan blue 
staining. Aβ 25-35 increased CPP32 activity at 24h and induced death in a dose- 
dependent manner (0.01-10 µM) in Bend cells 48 h after Aβ treatment. zVAD, a 
caspase inhibitor (2-50 µM) and 3-aminobenzamide, a PARP inhibitor (1-10 µM), 
protected Bend cell death induced by Aβ 25-35. These findings in Bend cells were 
selectively confirmed in BCECs. Results from the present study suggest that Aβ 25-35 
induced CEC death involves CPP32 activation and PARP degradation. We also noted 
that Aβ 25-35 enhanced free radical formation and N-acetyl-cysteine, an antioxidant 
(1-10 µM), was also effective in reducing cell death suggesting a role of oxygen free 
radicals in this Aβ death mechanism. In summary, in vitro studies indicate that Aβ is 
cytotoxic to CECs engaging multiple mechanisms. (Supported by Office of Naval 
Research and NIH grants, NS25545, NS28995, NS37230 and AG00599).

521 .4

IN VITRO BLOOD-BRAIN BARRIER PERMEABILITY OF MYRISTATE: 
ACTIVE EXTRUSION BY PROBENECID-SENSITIVE TRANSPORT. D . 
Janigro, K.A. Stanness, A. Emmi*, and I. Luvisi. Dept. of Neurosurgery, Univ. of 
Washington, Seattle, WA 98104

Permeation of lipophylic drugs across five brain endothelium does not necessarily 
result in a significant accumulation of therapeutics into the CNS. This vs often due 
to active extrusion mechanisms expressed by BBB endothelial cells in situ. Data 
from in vivo experiments demonstrated that fatty acids (such as myristate) are 
excluded by the BBB via a probenecid-sensitive transporter. The expression of this 
extrusion mechanism in vitro has yet to be described. We studied the bidirectional 
fluxes of the saturated fatty acid myristate in a novel in vitro model of the BBB 
based on co-culturing of endothelial cells and glia in a hollow fiber apparatus (DIV- 
BBB; Brain Res, 1997, 771 329-342). Cells grown under these conditions develop 
BBB permeability properties, including >1,000 Ohm cm2 electrical resistance, 
Psucrose ~ 10-6 cm/sec, and stereoselective transporters. 3H Myristate (MYR) was 
added to the intraluminal solution and extravasation of MYR was compared to 
Psucrose. During long-term (48 hrs) infusion from the intraluminal side, MYR and 14C 
Sucrose crossed the BBB endothelimn with an apparent permeability of 3*10-7 and 
1.7*10-7 cm/sec respectively. Addition of probenecid (1-5 mM) increased PMyr 
>100 fold, while Psucrose was unaffected. Single-pass experiments revealed that the 
apparent MYR permeability resulted from file vectorial summation of passive 
permeability and active efflux via probenecid-sensitive transporter. This was 
particularly evident when MYR was added extraluminally and efflux into the lumen 
measured in the presence or absence of probenecid. Reverse drug permeation was 
significantly decreased by this transport inhibitor. We conclude that 1) MYR can be 
actively excluded by CNS endothelial cells; 2) this process can be reduced by 
probenecid; 3) file DIV-BBB is a suitable in vitro model for complex studies of drug 
permeation at file blood-brain interface. [NIH-NS 51614].

521 .6

CEREBROVASCULAR C YC LO O XY G EN A SE-2 IS INDUCED BY  
A C T IV A T E D  A STR O C Y TES. S .A . M oore*1, E.J. Y oder1, I. 
Campbell3 and S. Murphy2. Depts. o f Pathol.1 and Pharmacol.2, U. Iowa, 
Iowa City, IA 52242 and Scripps Res. Inst.3, La Jolla, CA 92037

Arachidonic acid metabolism is important in regulating the cerebral 
circulation and its response to C NS injury, a response that often  
involves vascular cell proliferation, inflammatory cell infiltrates, and 
glial cell reactions. Induction o f cyclooxygenase-2  (COX-2) may be 
important in these processes. To study COX-2 regulation in cerebral 
blood vessels, murine cerebral endothelium  (En) or smooth m uscle 
(SM ) were co-cultured with cytokine-activated astrocytes (As) derived 
from neonatal mice. The A s grown alone on membrane inserts were 
activated for 2 or 8h with a proinflammatory cocktail o f  interleukin-1β 
(IL-1β; 0.5 ng/ml), tumor necrosis factor α (TNFα ; 1 ng/ml), interferon γ 
(50 U/ml) and lipopolysaccharide (1 µg/m l), washed, and then placed 
into co-culture with En or SM grown in 6-w ell plates. En and SM COX- 
2 mRNA was rapidly and greatly induced by the activated As. Peak 
mRNA levels were seen by 3h that plateaued for at least 8h in this co 
culture setting. This prolonged induction o f  COX-2 contrasts with the 
more transient response seen when En or SM cultured alone are exposed  
to individual proinflammatory agents. Potential factors mediating the As 
effects were identified by ribonuclease protection assay. M essage for 
IL -1α, IL -1β, IL-6, and TNFα were all detected follow ing 2 and 8h 
exposure o f As to the proinflammatory cocktail. These data indicate that 
cerebral En and SM  COX-2 expression can be regulated by activated 
A s. The data suggest that cerebrovascular PG production may be 
m odified through intercellular interactions in d isease states such as 
trauma, stroke, infection, or neoplasia where activated (reactive) As are 
known to be present. Supported by NS-24621 and Am. Heart Association Grant- 
In-Aid 96 50661N.
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521.7
MECHANISMS OF ACTIVATION OF MATRIX METALLOPROTEINASES (MMPs) 
BY CNS GLIA. M . Grossetete, A. Razagh i ,  L.A. C u n ningham, G .A. 
Rosenberg*. Depts. Neurology and Neurosciences, UNM Sch. Medicine, 
Albuquerque, NM  87131.

MMPs are proteolytic enzymes involved in remodeling o f  the 
extracellular matrix, which have been implicated in a number o f  CNS 
pathologies. They are released in a latent form that requires activation. 
Therefore, we studied the mechanisms o f  activation o f  gelatmaaes, MMP- 
2 and MMP-9, in enriched astrocytes and in mixed glial cultures from PO 
rat cortex. Under basal conditions, astrocytes constitutively released 
proMMP-2 (72-kD) into their culture media as assessed by zymography. 
LPS stimulation o f  astrocytes resulted in the activation o f  proMMP-2 to 
th e 62-kD form and increased the expression o f  proMMP-9 (92-kD). By 
contrast, LPS-stimulation o f  mixed glia resulted in the appearance o f  an 
active form o f  MMP-9 o f  84-kD. Activation o f  proMMP-9 could be 
blocked by the non-specific MMP inhibitor, BB1101 (British Biotech), 
but not by inhibition o f  nitric oxide free radical formation. In addition, 
methylprednisolone decreased proMMP-9 production by LPS but not 
proMMP-2 expression, and it reduced the activation o f  both. These 
results suggest that the expression and activation o f  MMP-2 and MMP-9 
in glia are under differential regulatory control. Microglial cells appear to 
be involved in proMMP-9 activation, which may contribute to the 
neuroinflammatory response. Supported by NIH NS2116 (GR) and 
NS32562 (LC).

521.9
PROLIFERATIVE AND ANGIOGENIC PROPERTIES OF IMMORTALIZED 
HUMAN CEREBROMICROVASCULAR ENDOTHELIAL CELLS Z. Cohen, A. 
Muruganandam, R. Ball, J. Durkin*, and D. Stanimirovic. IBS. National Research 
Council. Ottawa, Canada K1A 0R6
Human cerebromicrovascular endothelial cells (HCEC) and fetal human astrocytes 
(FHAS) were immortalized using the pSV3-neo plasmid encoding for SV-40 large 
T antigen and the neomycin-resistance gene (FASEB J (1997) 11:1187-1197). 
Both cell lines were shown to retain major genotypic and phenotypic properties of 
the respective parental cells. The proliferation of both immortalized HCEC (SV- 
HCEC) and immortalized FHAS (SV-FHAS) was completely dependent on the 
presence of serum. The doubling times of SV-HCEC and SV-FHAS were 6-10 
hours, approximately 3-4 times shorter than in their respective parental cells. When 
grown on defined extracellular matrices (Matrigel™, type I collagen). SV-HCEC 
formed elongated cords or capillary-like structures resembling angiogenic 
processes, the formation of which was facilitated in the presence of SV-FHAS. 
Urokinase-plasminogen activator activity, a common marker of neoplastic 
transformation, was found to be unchanged in both cell lines. In addition. both cell 
lines tailed to proliferate on semi-solid agar. Furthermore, both SV-HCEC and SV- 
FHAS (5-20 × 106 cells suspended in Matrigel™), injected subcutaneously into the 
think and shoulder regions of nude mice, tailed to produce tumors at the sites of 
injection over a 16 week period. In contrast, tumorigenic v-ras-transfonned normal 
rat kidney (NRK) cells were shown to form numerous foci on semi-solid agar and 
produced tumors (≥1 cm in diameter) in nude mice within 2 weeks. Western blot 
and ELISA analyses further demonstrated the presence of the SV-40 large T 
antigen in tumor masses that arose from co-injection of SV-HCEC and NRK cells 
(20 × 106 and 5 × 106 cells, respectively) into nude mice. These studies suggest that 
SV-HCEC a) exhibit angiogenic capacity in vitro, b) are likely not tumorigenic, and 
c) may be involved in the formation of neo-vascular network in xenogenic graft 
tumors in vivo.

521.11
THE PRESENCE OF MEMBRANE FUSION PROTEINS IN CHOROID PLEXUS 
EPITHELIUM J. Szmydynger-Chodobska,1* A. Chodobski,1 B E. Wojcik,1 K.A. 
Dodd,1 W.S. Trimble,2 A. Burkart ,1 C.E. Johanson,1 and AC. Frick,1 1Dept Clin. 
Neurosci., Brown Univ./RI Hosp., Providence, RI 02903; 2Depts. Physiol. Biochem, 
Univ. Toronto, Toronto, Ontario, MSG 1X8.

Polypeptide secretion involves complex interactions of specialized vesicle and 
plasma membrane proteins that until recently have been considered as neuron- and 
endocrine cell-specific molecules. An increasing amount of evidence indicates that 
the choroid plexus epithelium produces and secretes a number of proteins, including 
neuropeptides, growth factors, and cytokines. Here we demonstrate that rat choroid 
plexus possesses vesicle-associated membrane protein (VAMP) and VAMP plasma 
membrane binding protein, synaptosome-associated protein of 25 kD (SNAP-25). For 
immunohistochemistiy, mouse anti-VAMP and anti-SNAP-25 antibodies were used. 
VAMP-immunostaining was detected within the cytoplasm, whereas the 
immunoreactive SNAP-25 was localized to the plasma membrane of epithelial cells. 
Western blot and immunoprecipitation analysis with anti-SNAP-25 antibodies showed 
the presence of a band corresponding to a 25-kD protein. Rabbit antibodies to 
VAMP-1 and 2 isoforms (raised by W. Trimble) were used for Western blotting. 
VAMP-2, but not VAMP-1, was detected in choroid plexus. Immunoprecipitation of 
choroidal protein extracts with VAMP-2 antiserum confirmed the presence of an 18- 
kD polypeptide. RT-PCR analysis was performed to detect the presence of mRNA for 
VAMP and SNAP-25 in choroid plexus. Total RNA was extracted and cDNA was 
obtained using oligo-dT primers. The primers for PCR were designed to amplify 
SNAP-25a and b- and VAMP-1 and 2-specific cDNA fragments. Thirty five cycles 
were performed using Taq DNA polymerase. PCR products of the predicted size were 
obtained for each of the membrane fu sion protein transcripts that were examined. Our 
results indicate that specific membrane fusion proteins are expressed in choroid plexus 
epithelium, and may, therefore, play a role in choroidal polypeptide secretion. 
Supported by NIH Grant NS27601 and by Lifespan research funds at RI Hospital.

521.8
UPREGULATION OF GLYCOUPID CELL ADHESION MOLECULES ON 

CULTURED BARIN MICROVASCULAR CELLS BY INFLAMMATORY 
CYTOKINES. M. Yamawaki1*, T. Iwasaki2, N. Sanio2 md T. Kanda2. 1 Dept. 
Neurology, Saitama Commonwealth Rehabilitation Ctr., Ageo, 362-0057 Japan;
2 Dept Neurology, Tokyo Medical & Dental Univ.

Luminal side of brain microvascular endothelial cells (BMECs) plays crucial 
roles in the initiation of CNS inflammation. We investigated the expression of cell 
adhesion molecules (CAMs) on cultured BMECs stimulated with various 
inflammatory cytokines. BMECs were isolated from bovine brain and cultured for 2 
weeks. CAMs on BMECs were analyzed by Western-blotting, 
TLC-immunoblotting, ELISA and cellular ELISA (cEUSA) methods before and 
after the stimulation of IL-1beta, TNF-alpha, enkephalin or endothelin-1 (ET-1). 
Unstimulated BMECs express GM3, GM1, GD1a, GD1b, GT1b, GA1 and fewer 
amount of E-selectin, but do not contain Lewis X (LeX), sialyl-LeX (sLeX) nor 
sulfoglucutonosy] paragluboside (SGPG). IL-1beta upregulated GM3 (392%), GM1 
(135%), SGPG and E-selectin (218%) on cultured BMECs by cELBA. LeX and 
sLeX were not detected even after IL-1beta stimulation. Other cytokines such as 
TNF-alpha, enkephalin and ET-1 had no effect on CAM expression. GM3, sLeX, 
E-selectin and SGPG are members of CAMs in the nervous system. In vitro study 
reveal that GM3 make homophilic adiesion and that sLeX and SGPG are ligands of 
L-  & P-selectins. These data indicate that inflammatory cytokine upregulate 
glycolipid CAMs on BMECs and may associate transmigration of inflammatory 
cells across the blood-brain barrier.

This work was supported by Kawano Memorial Fundation for Promotion of 
Pediatrics.

521.10
INDUCTION OF MANGANESE SUPEROXIDE DISM UTASE IN 
BRAIN CAPILLARY ENDOTHELIAL CELLS B Y  COCULTIVA
TION WITH ASTROCYTES. M. L. Schroeter1*, K. M ertsch 1, J. 
Lindenau2, A . Sporbert1, B. Wiesner1, M. Erte lt1, D. I. Utepbergenov1, 
G. W o lf2, I. E. Blasig1. 1Inst. Mol. Pharmacol., A.-Kowalke-Str. 4, 
Berlin, Germany, 10315; 2Inst. Med. Neurobiol., Univ. Magdeburg, 
Leipziger Str. 44, Magdeburg, Germany, 39120.

Astrocytes (AC) induce properties o f  the blood-brain barrier (BBB) 
in brain endothelial cells (EC). Since O2- is formed in the blood and EC, 
and O2- can open the BBB, a high antioxidative potential is a pre
requisite for the function o f  the BBB. Therefore, the influence o f  rat 
AC on the expression o f  manganese superoxide dismutase (M nSOD) in 
rat EC was investigated. The activity o f  M nSOD in EC rose from 16± 2 
m Um g-1 in monoculture to 164± 10 mU mg-1 in coculture with AC 
(p<0 .005). The protein (detected immunocytochemically) and the 
mRNA (RT-PCR) o f  MnSOD were elevated due to the cocultivation as 
well. In conclusion, cocultivation o f  EC with AC enhances expression 
o f  mRNA, content o f  protein and activity o f  M nSOD in EC. SOD pre
vents opening o f  a cell culture modell o f  the B BB consisting o f  EC and 
AC following oxidative stress, such as hypoxia/reoxygenation (as re
ported in FEBS Lett. 424:197, 1998). Therefore, the elevation o f  
MnSOD activity in EC by AC contributes to  maintain the integrity o f  
the BBB and, hence, the function o f  the brain during blood flow  distur
bances. Supported by BMBF, BEO 021/0310015 A/B.

521.12
CEREBRAL ENDOTHLIAL CELLS TRANSFECTED WITH AN ANTISENSE 
iNOS GENE ARE RESISTANT TO CYTOKINE-MEDIATED DEATH. D.-l 
Yang*, O.Wu, S.W.Chen, U.Ezekiel, J.Xu, Y.-J.Wu, C.Y.Hsu. Department of 
Neurology and Center for the Study of Nervous System Injury, Washington 
University School of Medicine, St. Louis, MO 63110.

The inducible isoform of nitric oxide synthase (iNOS) has been shown to be 
involved in various pathogenetic processes including brain ischemia and 
inflammation. To test whether the inhibition of iNOS expression exerts 
cytoprotective effects on cerebral endothelial cells following stimulation by 
proinflammatory cytokines, an antisense approach was implemented to 
specifically block nitric oxide (NO) synthesis by suppressing iNOS gene 
expression. Mouse brain endothelial (Bend) cells were stably transfected to 
express a 150 bp sequence near the ATG start codon of iNOS protein coding 
region in either antisense or sense orientation driven by an endothelial cell-specific 
vWF promoter. Southern blotting and genomic PCR confirmed the integration of 
respective constructs into the genomes of transfected Bend cells. Upon stimulation 
with 20 ng/ml tumor necrosis factor-alpha (TNF-α) plus 400 units/ml interferon- 
gamma (IFN-γ) for 24 h, antisense transfected cells produced approximately 60% 
less iNOS proteins and 85% less NO when compared to the sense transfectants. 
Under the same conditions, the antisense cells showed a 50% reduction in LDH 
release and 80% reduction in cytosolic content of oligonucleosomes as compared 
to sense transfectants. These findings suggest that NO production by iNOS 
following cytokine induction is detrimental to Bend cells and a reduction in NO 
production by antisense suppression of iNOS gene protects these cells against 
death caused by TNF-α and IFN-γ exposure. (We thank Dr. William A. Frazier III 
for providing Bend cells. This study was supported by Office of Naval Research 
and NIH grants NS28995 and NS37230).
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INVOLVEMENT OF cAMP IN ISOPROTERENOL-INDUCED INHIBITION 
OF TNFα-INDUCED ICAM-1 EXPRESSION IN CULTURED HUMAN BRAIN 
ENDOTHELIAL CELLS. Y. Ohara1, T. Hoffm an1, Y. Yasuma2, H. Sugano2. R.M. 
McCarron1 and M. Spatz2*. 1RMP, Naval Medical Research Institute, Bethesda, 
MD; 2Stroke Branch, NINDS, NIH, Bethesda, MD 20892 

Cerebral disorders are associated with alterations in blood-brain barrier (BBB) 
permeability. It has been hypothesized that these changes may be related to 
disturbances of adrenergic input. In addition, adrenergic agents may also regulate 
cytokine production and modulate inflammatory responses. One of the 
mechanisms by which immunologically competent inflammatory cells gain access 
to the brain is via cytokine-induced expression of adhesion molecules on 
endothelial cells. We investigated the effect of an adrenergic agent, isoproterenol, 
on tumor necrosis factor-α (TNFa)-induced intercellular adhesion molecule 
(ICAM-1) expression on endothelial cells derived from human brain microvessels 
(HBMEC). Cultured HBMEC were >95% pure as assessed by factor VIII-related 
antigen as well as the expression of angiotensin-converting enzyme, and uptake of 
acetylated low-density lipoprotein. ICAM-1 expression was measured by ELISA; 
cAMP was assayed by RIA. Confluent HBMEC monolayers were incubated with 
isoproterenol (1-20 µM) alone or in the presence of propranolol (10 µM) for 30 
min prior to addition of 10-200 EU TNFα and continued culture for up to 48 h. 
TNFα dose-dependently upregulated ICAM-1 expression on HBMEC. 
Concomitant treatment with isoproterenol down-regulated the TNFα-induced 
expression of ICAM-1 in a dose-dependent manner. Propranolol, a β1/ β2 
adrenergic antagonist, reversed the inhibitory effect observed with isoproterenol.
In concurrent cultures, isoproterenol, alone and in the presence of TNFα, 
stimulated cAMP production; whereas the addition of propranolol abolished this 
effect. The results indicate TNFα-induced expression of ICAM-1 on HBMEC may 
be regulated by cAMP generated by adrenergic-mediated mechanisms.

5 21 .14

THROMBOMODULIN EXPRESSION IN BRAIN MICROVESSELS 
FROM SPONTANEOUSLY HYPERTENSIVE RATS L. Wang1*, A. Kim1, 
S.S. Schreiber2, J.G. McComb3, M.H. W eiss1, B.V. Zlokovic1,3 1Depts of 
Neurosurgery and 2Neurology, 3Divn o f Neurosurgery, Children’s Hospital, 
USC School of Medicine, Los Angeles, CA 90033

The anticoagulant glycoprotein thrombomodulin (TM) is expressed at 
the luminal surface of systemic vascular endothelial cells, and may also play 
an important anticoagulant function in brain endothelium. Recently, we have 
determined the sequence and functional domains o f rat brain capillary TM, 
and demonstrated that major stroke risk factors, (e.g. diabetes and smoking, ) 
down-regulate TM expression in brain microvessels in vivo in a rat model.
In the present study, we investigated the expression of TM in brain 
microvessels isolated from spontaneously hypertensive rats (SHR, n=15), 
and normotensive rats (n=15) weighing between 250-300 g. Total RNA was 
prepared from isolated microvessels, and reverse transcriptase-polymerase 
chain reaction (RT-PCR) performed using specific rat TM primers. The RT- 
PCR analysis revealed an approximately 43% reduction o f TM mRNA 
transcript in SHR, accompanied by a significant 92% reduction in protein C 
activation from brain capillaries. The results suggest that significant 
hemostatic abnormalities in brain microcirculation may contribute to poor 
neuropathological outcome following focal ischemic insults in SHR. 
(Supported by NIH grant N S-31945)

MECHANISMS OF NEUROTRANSMITTER RELEASE: CALCIUM CHANNELS, EXCOCYTOSIS AND QUANTAL RELEASE

522 .1

EFFECTS OF BACLOFEN AND NIFEDIPINE ON SHORT-TERM PLASTICITY 
OF GABA-ERGIC IPSCs IN CULTURED HIPPOCAMPAL NEURONS. K. 
Jensen1, M.S. Jensen2 and J.D.C. Lambert1*. 1Dept. of Physiology, 2Dept. of 
Neurobiology, Univ. of Aarhus, DK-8000 Aarhus C, Denmark.

GABAB-receptors are involved in moment-to-moment changes in transmitter 
release from central neurons by controlling presynaptic Ca2+ channels, preferentially 
of the N- and P/Q-type. Although GABAB-receptors are present on the presynaptic 
terminals of cultured hippocampal GABAergic neurons, they are only weakly 
activated by synaptically released GABA. Using dual whole-cell recordings, we have 
examined the effects of baclofen and other manipulations that modulate presynaptic 
Ca2+ influx on short-term plasticity of IPSCs. Train stimulation at 80 Hz (1 s) of the 
presynaptic GABA-ergic neuron was accompanied by tetanic depression (TD) of the 
IPSCs by 55%. Following the train, however, there was a marked post-tetanic 
potentiation (PTP) of single IPSCs lasting up to 1 min. Baclofen (10 µM) depressed 
single IPSCs by 69% and reduced TD to 20%, while PTP was increased 3-fold. 
Similar results were obtained by reducing [Ca2+]o from 2.5 to 1.2 mM, except the 
increase in PTP was by less than 2-fold. This difference in effect on PTP might be 
explained by Ca2+ influx through L-type channels, which are not affected by 
baclofen. As expected, nifedipine (10 µM) had no effect on single IPSCs, confirming 
that L-type channels do not contribute to vesicle release evoked by a single AP. 
However, nifedipine reduced PTP by 60% and accelerated its decay. These results 
suggest that L-type Ca2+ channels contribute to presynaptic Ca2+ accumulation 
during high frequency activity, and thereby participate in the control of transmitter 
release in the following period.
(Supported by the Danish Medical Research Council and Aarhus Universitets 
Forskningsfond).

5 22 .3

VOLTAGE-ACTIVATED ION CHANNELS ON THE LAM PREY 
RETICULOSPINA L AXON. R. Freed and S. Alford*. Department of 
Physiology, Northwestern University, Chicago, IL 60611.

In presynaptic axons, the activity of voltage-operated ion channels supports the 
generation of action potentials and ensures communication of information between 
neurons. The lamprey spinal cord contains large axons with multiple en passant 
synapses located at every segmental level. We have investigated the activity of ion 
channels in these axons. Whole-cell recording reveals an action potential activated by 
wholly TTX-sensitive Na+ channels. After-hyperpolarization has at least two phases: an 
early component mediated by a 4-AP sensitive K+ current followed by a Ca2+ activated 
K+ current that is abolished by Cd2+ (100 µM) or substitution of Ba2+ for Ca2+.

Cell attached recording was used to determine the distribution of channels on the 
axons. Of 18 cell attached recordings all demonstrated the presence of 4-AP sensitive K+ 
currents (peak amplitude 10-200 pA) and TTX-sensitive Na+ currents (peak amplitude 6- 
175 pA). These recordings were made with a pipette solution identical to that of the 
artificial cerebrospinal fluid. In a further 50 recordings made with a pipette solution 
containing 85 mM B ad  no Ba2+ currents were observed to depolarizing stimuli between 
-80 mV and +50 mV. The distribution of axonal Ca2+ entry following action potential 
activation was shown to be clustered at the cell membrane. Axons were loaded with 
Ca2+-sensitive dye. Stimulus evoked Ca2+ entry was monitored at 500 Hz by repetitive 
scanning of a single line on a confocal microscope at the surface of the labeled axons. 
Hotspots of Ca2+ entry were observed immediately after stimulation.

Calcium or Ba2+ currents are readily recorded in whole-cell mode. No low voltage- 
activated current was recorded. Threshold for current activation was at least -40 mV. A 
large component of the whole-cell Ca2+ current recorded from these axons is mediated by 
N-type Ca2+ channels, and is reduced by 500 nM omega-conotoxin GVIA (max. 
depression to 20% of control). These results are corroborated by Ca2+ imaging studies in 
which the increase in Ca2+ fluorescence evoked by extracellular stimulation is decreased 
by this toxin. We conclude that Na+ and K+ channels arc distributed at high density over 
the axon cell membrane. Ca2+ channels are clustered, perhaps at synaptic terminals that 
are en passant in this preparation. Supported by NINDS.

522.2

TRANSMITTER RELEASE CHARACTERISTICS OF SUBPOPULATION OF 
VESICLES AT ACTIVE ZONE. J.H. Koenig and K. Ikeda*.
Div. of Neurosciences, Beckman Research Institute of the City of Hope, Duarte, 
CA 91010

Two recycling pathways supplying two distinct vesicle populations--a small 
subpopulation tethered to the dense body at the active zone and a larger 
population dispersed throughout the cytoplasm-have been suggested by our 
previous work. The contribution of the active zone subpopulation to evoked and 
spontaneous release was investigated by creating a synapse devoid of the larger, 
non-active zone population. The synapse was first depleted of vesicles using the 
temperature-sensitive mutant, shibire, which reversibly blocks recycling at the 
restrictive temperature (29°C). Then, the temperature was lowered, allowing 
recycling to proceed normally. The active zone recycling pathway replenishes its 
population of vesicles within about 1 min, while the non-active zone pathway 
does not begin to reform vesicles for about 10-15 min. The recovery of the 
excitatory junction potential (ejp) and spontaneous release was correlated with the 
reappearance of these 2 populations. It was observed that the ejp recovered at 
about the same time as the reappearance of the active zone population. While 
only the active zone subpopulation existed in the terminal, evoked release was 
completely normal, and was able to sustain firing frequencies far above those 
produced by normal activity (flight) in this motor neuron. On the other hand, 
spontaneous release remained very attenuated in frequency and displayed non- 
random release characteristics during this time. Spontaneous release recovered its 
pre-depletion frequency and release characteristics only when the non-active zone 
population was reformed, 15 min later. Supported by NIH Grant #NS 18856.

522 .4

C A L C IU M  C H A N N E L S  A N D  S E C R E T O R Y  A C T IV IT Y  E V O K E D  BY  
A C T IO N  P O T E N T IA L S  A T  N E R V E  E N D IN G S . D. R. G iovannucci* and
E .L . S tuenkel, D e p t. of Physiology, University of M ichigan M edical 
School, Ann Arbor Ml 481 09 .

Th e  invasion of action potentials into neurohypophysial nerve  endings  
activates C a 2+ entry through vo ltage-dep endent C a 2+ channels  and  
evokes the exocytotic re lease  of neuropeptide. S ingle action potentials  
(A P) w ere recorded under current clam p from nerve endings isolated from  
the  neurohypophysis, and used under voltage c lam p in the  perforated  
patch clam p configuration to evoke and record C a 2+ currents. Th e  C a 2+ 
current activated at the A P  peak and reached a  peak am plitude at -2 0  m V  
during the A P  falling phase. P eak  am plitude w as 4 5 0 1 2 4 5  pA with a  
current integral of 0 .4 7 0  pC, corresponding to the entry of 1 4 6 ,6 8 0  C a 2+ 
ions per AP . To  determ ine the contribution of C a 2+channel subtypes to 
this current, w e used pharm acological blockade of specific channel 
subtypes using Ba2+ as a  charge  carrier. N -, L-, P /Q -, and  R -typ e  
current com ponents w ere  distinguished on the basis of their sensitivity to 
co-conotoxin G V IA , nicardipine, co-conotoxin M V IIC , and C dC I2, 
respectively. In  vivo , neurohypophysial nerve  term inals  are  invaded by 
bursts of action potentials. To  exam ine the  d epend ence  of vasopressin  
secretion on patterns of electrical activity, w e  applied trains of A P s  a t 13  
H z for 2 6s  and monitored the evoked changes in C a 2+ current, cytosolic 
C a 2+ levels, and m em brane surface a rea  (C m ). W h e re as  single A P s  
failed to evoke a  rise in C m , a  train of A P s sim ulating a  single phasic burst 
evoked the fusion of 170± 110 secretory granules. T h e  C m  w as  found to  
increase following the onset of the stimulus train, and resem bled a  slow  
phase of secretion (G iovannucci & Stuenkel, 1997). T h e se  da ta  indicate  
that repetitive depolarizing activity is required for the efficient re lease  of 
neuropeptide, and support a  previously reported m odel of threshold  
secretion (S ew ard  & Now ycky, 1 99 6 ). This  w ork w as  supported by 
N IH  grant N S 3 6 2 2 7  to ELS.
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5 22 .5

VOLTAGE-DEPENDENT ENHANCEMENT OF NEUROTRANSMITTER RELEASE 
MEDIATED VIA THE SYNAPTIC PROTEIN INTERACTION SITE OF N-TYPE CA2+ 
CHANNELS. S. Mochida,1* and W.A. Catterall2. 1Department of Physiology, Tokyo 
Medical College, Tokyo 160-8402, Japan and 2University of Washington, Seattle, 
Washington 98195-7280.

Release of neurotransmitters from presynaptic nerve terminals is initiated by Ca2+ influx 
through presynaptic Ca2+ channels. N-type Ca2+ channels bind directly to the SNARE 
proteins involved in neurotransmitter release through a synaptic protein interaction (synprint) 
site in the large intracellular loop connecting domains II and III of their α 1B subunits (LII- 
III)1,2. Disruption of this interaction by synprint peptides reduces the efficacy of Ca2+ entry in 
stimulating exocytosis3,4. Ca2+-independent transmitter release from presynaptic sympathetic 
neurons in culture triggered by local application of a hypertonic solution in Ca2+ free medium 
was increased by simultaneous tetanic stimulation, even when changes in intracellular Ca2+ 
were prevented by a chelator BAPTA injection or depletion of intracellular Ca2+ stores with 
the SERCA Ca2+-ATPase inhibitor thapsigargin applied extracellularly. Introduction of the 
synprint peptide from N-type Ca2+ channels into presynaptic neurons reversibly decreased 
the voltage-dependent enhancement of Ca2+-independent transmitter release. These results 
indicate that the synprint site in LII-III of α 1B is directly involved in a voltage-dependent step 
in excitation-secretion coupling. Evidently, the N-type Ca2+ channel serves as a voltage
sensor which enhances exocytosis of synaptic vesicles bound to synprint-associated SNARE 
complexes, in addition to mediating Ca2+ entry which triggers transmitter release.
1. Sheng, Z.-H. e t al., Neuron 13,  1301-1313 (1994).
2. Sheng, Z.-H. et al., Nature 379,  451-454 (1996).
3. Mochida, S. et al., Neuron 17, 781-788 (1996).
4. Rettig, J. et al., J. Neurosci. 17,  6647-6656 (1997).

5 22 .7

PRESYNAPTIC CALCIUM TRANSIENTS IN VARICOSITIES OF THE 
INHIBITOR OF THE CRAYFISH NEUROMUSCULAR JUNCTION.
A. Vyshedskiy* and Jen-Wei Lin. Dept. Biology, Boston Univ., Boston, MA 
02215.
Presynaptic calcium transients were investigated with single wavelength 
calcium sensitive dyes. This approach allows one to correlate presynaptic 
calcium influx with transmitter release at a high time resolution. High affinity 
(Kd<600nM), but not low affinity (Kd>6µM) calcium indicators, are saturated 
during repetitive stimulation. With magnesium green (Kd=6µM) as a calcium 
indicator we were able to monitor transmitter release over a range of 10-fold 
change in total presynaptic calcium influx. To study kinetics of transmitter 
release calcium transient and postsynaptic responses recorded with a 
macropatch technique were obtained from the same cluster of varicosities 
in the presence of K+ channel blockers. Delay between the peak of action 
potential (AP) and activation of calcium influx was -0.5 ms. Difference 
between the onset of calcium transient and that of IPSC was -0 .6  ms. In 
order to assess calcium cooperativity of release process APs were 
gradually broadened by application of K+ channel blockers, TEA and 4-AP, 
and corresponding IPSCs were recorded with two electrode voltage clamp. 
Averaged cooperativity thus calculated was 3.3±0.7 (n=7). At high 
concentration of K+ channel blockers AP plateaued at 0 mV for ~6 ms. This 
prolonged plateau resulted in a slower rising phase of calcium transient.
The slower rising phase of calcium transient was matched by a slower rising 
phase of IPSC. We conclude that calcium transients recorded from 
inhibitory varicosities closely reflect the time course of underlying calcium 
influx. (Supported by NIH NS-31707 to JWL)

5 22 .9

EFEECT OF DIFFERENT CONCENTRATION OF EXTRACELLULAR 
CA2+ ON INHIBITORY POSTSYNAPTIC CURRENTS EVOKED AT 
SINGLE SYNAPSES OF CULTURED HIPPOCAMPAL NEURONS. D.V. 
Vasilyev+, S.A. Fedulova+, E.V. Isaeva+, D. Faher*#, and N.S. 
Veselovsky+. +International Center of Molecular Physiology & A.A. 
Bogomoletz Institute of Physiology, Ukrainian Academy of Science, Kievh, 
Ukraine; #AUHS, Philadelphia, PA.

Evoked inhibitory postsynaptic currents (eIPSCs) were studied in 
cultured hippocampal neurons using direct extracellular electrical 
stimulation of a single presynaptic bouton in TTX-containing solution. 
Local superfusion of the investigated synapse with Ca++ concentrations in 
the range of 0 to 2 mM revealed a proportional enhancement of the averaged 
elPSC amplitude. However, this reduction did not hold as Ca++ 
concentration was increased from 2 to 5 mM, and instead the IPSC 
amplitude reached a plateau. Normalized averaged elPSCs in different 
concentrations of extracellular Ca++ had identical time courses. Their decay 
could be fitted by two exponents with time constants τ1 ≈ 15 ms and τ2 ≈ 75 
ms. The histograms of IPSC amplitudes were fitted by sums of Gaussian 
curves with peaks equally spaced by 20 pA increments. This spacing was 
assumed to represent the quantal size or basic unit of the compound IPSC 
(holding potential -75 mV). The quantal content, m, for the different Ca++ 
concentrations was estimated with two methods, using quantal size of 20 
pA, and the relation between the two estimates was fit by the identity line, 
suggesting a constancy of the principal features of evoked transmitter 
release in the different extracellular solutions. Increased external Ca++ 
increased the quantal content for a given neuron without affecting quantal 
size. We conclude the enhanced synaptic strength in higher Ca++ 
concentration is due to an increased probability of neurotransmitter release. 
Supported by grant INTAS-93-3504 and by grant UB2-232 from the 
Civilian Research and Development Foundation.

5 22 .6

MUTATION OF β4 SUBUNIT OF VOLTAGE-DEPENDENT Ca2+ CHANNELS 
DECREASES THE FREQUENCY OF SPO NTANEO US EPSCs IN T H A LA M IC  
NEURONS OF LETHARGIC MICE. C .J. W ang * and D .A . H o s fo rd . Depts. 
M ed. (N euro logy) &  N eurob io l., Duke U niv. &  Durham  V .A . M ed. C trs ., 
Bldg. 16, Rm. 3 8 , 5 0 8  Fu lton S t., Durham , NC 2 7 7 0 5

The lethargic mouse (1h/1h) is a valid, genetic model of absence seizures. Recent 
studies have identified a mutation in the gene encoding the β4 subunit of voltage- 
dependent Ca2+ channels. In previous studies we have demonstrated a decrease in 
evoked excitatory postsynaptic transmission in the thalamic ventrobasal (VB) nuclei 
of lethargic mice. In this study, we examined spontaneous excitatory transmission in 
VB neurons. Our results showed a significant decrease in the frequency of spontaneous 
EPSCs in lethargic mice.

Whole-cell voltage-clamp recordings were performed in brain slices containing VB 
neurons. Cs+ and QX-314 were included in the intracellular solution to inhibit sodium 
and potassium currents, while BMI (10 µM) and CGP55845A (1 µM) were used 
extracellularly to block GABA transmission. Cells were held at -60 mV and 
spontaneous EPSCs were recorded. Peak amplitudes and intervals of spontaneous 
events were measured for 40 sec from each cell using a customized program (Labview).

The mean peak amplitude of the spontaneous EPSCs showed no significant 
difference between lethargic and wild-type mice. However, there was a significant 
decrease in the frequency of sEPSCs in lethargic mice (p≤0.0l). The mean amplitude 
of sEPSCs was 6.4 ± 0.4 pA (n=4) for wild-type and 5.8 ± 0.3 pA (n=4) for lethargic 
mice. The mean interval of sEPSCs was 91.6 ± 5.6 ms for wild-type and 195.0 ± 27.3 
ms for lethargic mice. It is possible that the mutation of the β4 subunit of voltage- 
dependent Ca2+ channel causes a decrease in the probability of neurotransmitter release.

This study was supported by grants to D.A.H. from NINDS (NS30977), Veterans 
Administration (Merit Review) and Klingenstein Fellowship award.

5 22 .8

SINGLE BOUTON PRESYNAPTIC CALCIUM SIGNALS 
ASSOCIATED WITH POSTSYNAPTIC RESPONSES IN AN 
INHIBITORY SYNAPTIC CONNECTION IN CULTURE
S.Kirischuk, N.Veselovsky, T.Rothe*, R.Grantyn. Dev. Physiology, 
Humboldt University Medical School (Charité), 10117 Berlin, Germany 
Postsynaptic responses to stereotyped activation o f single axons are 
known to fluctuate, but the origin of synaptic variability has remained 
unclear. Here, we present an approach for investigation o f synaptic 
transmission at the level of individual axo-dendritic contacts: 1. Cultured 
collicular neurons were loaded with a Ca2+ indicator (Fura-2, Mag-fura-2 
or Oregon Green); 2. Active boutons were stained with the styryl dye 
FMl-43; 3. Under condition of action potential block FMl-43-labelled 
boutons were selectively activated by short electrical pulses through a 
fine-tipped glass pipette; 4. The current passing through the pipette was 
recorded in parallel with fluorescence changes and postsynaptical 
response.
Low frequency (1/10s) short (1-5 ms) presynaptic depolarization resulted 
in presynaptic calcium transients (PSCTs) and IPSCs. The variability of 
PSCTs induced by a constant pulse did not exceed 20%, whereas IPSC 
amplitudes varied dramatically. Maximal IPSCs exceeded quantal size by 
an average of 6.0 (SD: 3.0; n=69). Failures of synaptic transmission 
occured in association with PSCTs that induced IPSCs in other trials. 
Thus, the presynaptic calcium elevation was found to be a necessary but 
not a sufficient requirement for IPSC induction.
This work was supported by the German Research Council (DFG 
Sonderforschungbereich 515)

5 2 2 .1 0

Ca2* DEPENDENCY OF GLUTAMATE STIMULATED 3H-GABA RELEASE 
FROM GRANULE CELL DENDRITES OF RAT OLFACTORY BULB. E.H. 
Jaffé*, A. Rodriguez, L. F igueroa.. Lab. Neuroquimica, CBB, IVIC, Apdo. 
21728, Caracas 1020A, Venezuela.

Agonist induced activation of glutamate receptors has an important role in 
triggering Ca2+ dependent exocytotic release, severed of this receptors 
functioning as Ca2+ channels. Gabaergic granule ceils of the olfactory bulb 
establish reciprocal synapses with mitral cells which are glutam atergic and are 
known to express different types of glutamate receptors. We have previously 
shown that activation of both NMDA and non-NMDA receptors induce 3H- 
GABA release.  I n this work we have studied the effect of several voltage 
dependent calcium channel (VDCC) blockers on the 3H-GABA release 
induced by different types of glutamate receptors to evaluate the importance 
of the entry of Ca2+ through the Glu receptors or through the VDCC to induce 
GABA release. Micro dissected layer of the olfactory Bulb was incubated in 
3H-GABA and perfused continuously. Release was induced by adding several 
Glu receptor agonist, for 2 min. Radioactivity was counted in 1 min. fractions. 
The glutamate, stimulated release was strongly inhibited by 10 mM Mg/0Ca2+ 
solution as the release induced by kainate (KA) and NMDA. Cd2+ (50 uM) a 
blocker of most VDCC and Ni2+ (100 uM) which blocks mainly the T channels 
was able to Inhibit Glu and NMDA induced release but not KA. Nifedipine (20 
uM) a blocker of L type Ca2+ channels was not able to inhibit the release of 
GABA induced by any of the Glu agonists. High KCl depolarization was 
inhibited by O Ca2+ and Cd2+. Apparently the efficiency of the coupling of the 
Ca2+ entry to induce the release of GABA varies on the Glu receptor type, 
kainate being able to induce GABA release without the help of (VDCC), the 
other glutamate receptors requiring the activation of this channels. 
Supported by CONICIT (S1-2655).
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522 .11

BOTH ATP-DEPENDENT AND ATP-INDEPENDENT 3H- 
NORADREN ALINE RELEASE FROM PERFORATED
SYNAPTOSOMES USE N-ETHYLMALEIMIDE-SENSITIVE FUSION 
PROTEIN (NSF). J.A. Bobich1* and X. Zhene2. 1Chemistry Dept., Texas 
Christian Univ., Ft. Worth, TX 76129; 2SMS, NINDS, NIH, Bethesda, MD 
20892.

In Streptolysin-O-perforated rat brain cortical synaptosomes, Ca2+- 
induced 3H-noradrenaline(NA) release began with a phase lasting about one 
min that did not depend on MgATP. Subsequent release became 
increasingly MgATP dependent. The first phase involved release from 
previously “primed” synaptic vesicles. MgATP-dependent release, on the 
other hand, was release from unprimed vesicles that needed to be primed by 
ATP hydrolysis before they could be fused with the presynaptic membrane. 
Vesicle depriming was detected by observing that initial release decreased 
when the synaptosomes were perforated and incubated for 2 min in the 
absence o f MgATP before increasing Ca2+ to promote release. One mM 
N-ethylmaleimide (NEM) inhibited both MgATP-dependent and MgATP- 
independent release at all times o f incubation (0.5 - 5 min), and inhibition by 
NEM was partially reversed at short (0.5 min) and longer (5 min) times by 
adding intact NSF to the perforated synaptosomes. Antibodies against the N- 
terminal domain o f NSF inhibited Ca2+-induced 3H-NA release. This 
inhibition occurred in both early and late release phases and was highly 
significant at early times if  the perforated synaptosomes were preincubated 
for 2 min with anti-NSF. These results indicate participation of NSF in both 
ATP-independent and ATP-dependent stages o f exocytosis.
(FUNDED BY THE TCURF.)

5 22 .13

AN EARLY REQUIREMENT OF NSF ATPASE ACTIVITY IN SECR
ETORY PATHW AY. T. X u1, R.D. Burgoyne2, and E. Neher1*. 1 Dept. of 
Membrane Biophysics, Max-Planck-Institute for Biophysical Chemistry, D-37077, 
Germany . 2 The Physiological Laboratory, University of Liverpool, L69 3BX, UK 

N-ethylmaleimide-sensitive fusion protein (NSF) and alpha-snap have 
been shown to be required for SNARE complex disassembly and 
exocytosis. However, the exact requirement o f N SF and alpha-snap in 
vesicular traffic through the secretory pathway remained a controversy. 
Here, w e performed a study on kinetics of exocytosis from bovine 
chromaffin cells using high time resolution capacitance measurement and 
electrochemical amperomerty in combination with flash photolysis o f  
caged-Ca2+ as a fast stimulus. Alpha-snap, c-terminal truncation mutants 
of alpha-snap, and N-ethylmaleimide (NEM) were assayed for their 
effects on kinetics o f secretion. As w e have shown before, mainly two 
kinetically distinct components o f catecholamine release in chromaffin 
cells can be observed upon fast step-like elevation o f [Ca2+]i. One was the 
so-called exocytic burst, which occurred with time constant o f tens of 
milliseconds, and which w e believe represents the readily releasable pool 
of vesicles. Following the exocytic burst, secretion proceeded slowly with 
a time constant o f 10 s, which we think represents vesicle maturation/ 
refilling, i.e ., some priming step after docking. Interestingly, alpha-snap 
increased the amplitude o f both the exocytic burst and the slow component 
but did not change their kinetics, which we examined with millisecond 
time resolution. As a control, the mutant of alpha-snap and alpha-snap (1- 
285) did not change the evoked exocytosis. In addition, NEM only 
partially inhibited the slow component, but left the exocytic burst 
unaltered. These results suggest a role for alpha-snap/NSF in priming 
granules for release at an early step, but not to modify the release o f  
already primed granules.
Funding Sources: Deutsche Forschungsgemeinschaft (Nr. CHV-113/65/0) and the 
European Community (Nr. CHRX-CT940500).

5 22 .15

EFFECTS OF BREFELDIN-A ON INTRACELLULAR CALCIUM AND 
STIMULUS-SECRETION COUPLING OF RAT CHROMAFFIN CELLS
F.W. Tse* & J. Xu. Dept. Pharmacology, U. Alberta, Edmonton, Alberta, Canada.

The fungal metabolite, brefeldin-A (BFA), has been reported to affect a GTP- 
binding protein (ARF) which regulates vesicular transport, particularly between 
intracellular compartments. The effects of BFA (1 µM) after 2-3 hrs of incubation 
were examined by combining whole cell patch clamp with fluorimetric 
measurement of [Ca2+]i. BFA increased the percentage of cells with basal [Ca2+]i 
>300nM from 25% to 50% (holding potential = -70 mV; extracellular [Ca2+] = 10 
mM). Buffering of [Ca2+]i in individual cells was examined by comparing the 
integral of voltage-gated Ca2+ current (normalized for cell volume) and the 
accompanying rise in [Ca2+]i (measured with 100 µM indo- 1 in the whole cell 
pipette solution). When the analysis was restricted to cells with normal basal 
[Ca2+]i (<300nM), BFA did not affect buffering of [Ca2+]i. The calcium dependence 
of exocytosis triggered by voltage-clamped depolarizations was documented by 
measuring the entry of extracellular Ca2+ (as the increase in [Ca2+]i and/or the 
integral of Ca2+ current) and membrane capacitance simultaneously. When 
comparisons were made at similar entry of extracellular Ca2+ (normalized for cell 
volume) in cells with normal basal [Ca2+]i, BFA did not significantly alter the 
amplitude or rate of exocytosis. With carbon fiber amperometry, we could measure 
Ca2+-dependent quantal release of catecholamines which was triggered by voltage 
clamped depolarizations in control, as well as BFA treated, cells. The overall 
evidence suggests that BFA has little or no direct effect on the molecular 
machinery of Ca2+-dependent exocytosis. However in cells where incubation with 
BFA caused an elevated basal [Ca2+]i there may be secondary effects on the 
stimulus secretion coupling.
(Supported by Canadian MRC and AHFMR).

5 2 2 .1 2

N-ETHYLMALEIMIDE (NEM) ALTERS EVOKED QUANTAL TRANSMITTER RELEASE 
ASYNCHRONY AND ENHANCES SPONTANEOUS QUANTAL RELEASE FREQUENCY
M.C. Bellingham* and B. Walmsley. Div. Neuroscience, John Curtin School of Medical 
Research, Australian National University, Canberra, ACT, 0200, Australia 

The asynchronous release of single quanta contributes significantly to the waveform of evoked 
synaptic currents at central synapses and reflects the time course of a fundamental presynaptic 
process underlying the probability of evoked quantal transmitter release. The kinetics of this 
process are invariant from trial to trial and are normally insensitive to conditions which alter the 
quantal content of evoked currents. In sagittal thin brainstem slices from 13-16 day old Wistar 
rats anesthetized with sodium pentobarbitone (20 mg/kg ip), whole cell patch clamp recordings 
were made from 7 visually and electrophysiologically identified spherical bushy cells in the 
anteroventral cochlear nucleus. Large amplitude (> 1 nA) glutamatergic excitatory postsynaptic 
currents (EPSCs), evoked by local electrical stimulation of a single cochlear nerve fiber which 
gives rise to a large presynaptic terminal (endbulb of Held) contacting the bushy cell soma, were 
reduced to single quantal EPSC amplitude by application of Cd2+ (25-50 µM) and the time 
course of asynchronous quantal release was determined at 22-25 °C. Application of N- 
ethylmaleimide (200 µM) with Cd2+ (at × 2 original concentration) significantly increased the 
mean latency from stimulus to first quantal release by 33% (p < 0.05) and decreased the slope 
of the decay phase of the asynchronous release time course by 49% (p < 0.005). The mean 
amplitude, rise time and half width of evoked quantal and spontaneous EPSCs were not 
significantly changed by NEM (p > 0.05), but spontaneous EPSC frequency was markedly 
increased by 393% (p < 0.001) at 6-8 minutes after NEM application. Effects of NEM were 
irreversible, and both evoked quantal and spontaneous EPSCs decreased in number over time 
(20-40 minutes after NEM) until transmitter release was apparently exhausted. These data 
suggest that NEM-sensitive presynaptic proteins control the time course of evoked release of 
single quanta, but also regulate the fusion and release of quanta. The NEM-sensitive fusion 
protein, NSF, an ATPase whose activity is inhibited by NEM and which may have both pre- and 
post-fusion functions, is a possible candidate for such roles. The enhancement of spontaneous 
release, combined with delay and retardation of evoked quantal release, suggests that the time 
course of transmitter release may be governed by processes occurring after vesicle fusion. 
Supported by ARC, NH&MRC and Ramaciotti Foundation grants

5 2 2 .1 4

Secretory membrane fusion and retrieval in anterior pituitary cells. Amanda J. 
Cochilla*, Joseph K. Angleson, Gordan Kilic, Itzhak Nussinovitch1 and William J. 
Betz. Department of Physiology and Biophysics, University of Colorado Medical 
School, Denver, CO. 1Department of Anatomy and Cell Biology, Hebrew University 
Medical School, Jerusalem.

Using optical imaging, electron microscopy and capacitance measurements we 
monitored the fate of secretory granules and granule membrane in response to 
prolonged stimulation in two pituitary cell types, lactotrophs and somatotrophs. Prior 
to stimulation, FMl-43 stained the extracellular membranes of the two cell types in a 
similar manner. Stimulation by increased extracellular K+ or releasing-hormone in the 
presence of FM1-43 caused strikingly different responses in the two cell types. Both 
cell types brightened immediately in response to stimulation. Spots of fluorescence 
were seen in lactotrophs but not in somatotrophs, although their granule sizes are 
similar. Electron micrographs were generated for the two cell types. Cells were 
stimulated in elevated K+ for 2 minutes and then rinsed in iced phosphate buffer and 
fixed. Structures containing multiple granule cores within a single membrane were 
abundant in stimulated lactotrophs but none were observed in stimulated 
somatotrophs. In addition, we observed “omega figures” of granules undergoing 
exocytosis in lactotrophs that have only rarely been observed in other cell types. 
Capacitance recordings gave results consistent with the EM observations. Whole cell 
recordings were made from lactotrophs and somatotrophs using intracellular solutions 
containing 10 µM Ca2+. Dialysis of the cells with elevated Ca2+ led to an increase in 
fluorescence in both cell types similar to that seen in optical experiments in intact 
cells. However, the capacitance responses were markedly different. Lactotrophs 
showed a increases in cell capacitance (approximately 20%) comparable to that seen in 
other neuroendocrine cells; whereas somatotrophs’ capacitance did not increase in 
response to Ca2+ dialysis. These results suggest that lactotrophs undergo full fusion 
compound exocytosis and somatotrophs undergo kiss-and-run exocytosis. Funding for 
this study was provided by NIH/NINDS ROl NS3665-01.

5 2 2 .1 6

MINIATURE POSTSYNAPTIC CURRENTS AND THEIR MODULATION 
BY SPONTANEOUS ACTIVITY IN THE E11-E12 CHICK EMBRYO 
SPINAL CORD. N. Chub* and M.J. O'Donovan. LNLC, NINDS, NIH, 
Bethesda, MD 20892.

Isolated spinal cords o f 11-12 day old chick embryo were used to study the 
modulation of miniature postsynaptic currents (MPSCs) before and after 
spontaneous rhythmic episodes. The MPSCs were recorded from ventral horn 

neurons at 28°C, using the whole-cell voltage-clamp technique with K- 
gluconate, low Cl- solution (ECI=-30 mV) in the patch pipette. The miniature 
synaptic events occurred spontaneously and had variable kinetics, with rise 
times between 0.3 and 5.3ms (mean 2.1ms) and a slower, mostly 

monoexponential decay phase (T= 1.9-15.5ms, mean 6.5ms, n=53) at -70 mV. 
In neurons voltage clamped at different holding potentials only inward (at 
-70mV and -30mV), inward or outward (at 0mV) and only outward 
(at +30mV) MPSCs were recorded. MPSCs were not blocked by tetrodotoxin 
(1µM in bath). These data suggest that MPSCs were action potential 
independent and originated from both excitatory and inhibitory transmitters. 
Cumulative frequency histograms o f MPSCs revealed that their amplitude 
decreased up to 20% after spontaneous activity. Similarly inter-event intervals 
decreased by 11% although it will be important to establish that this is not 
simply a consequence of the reduction in amplitude. These changes of 
amplitude and frequency of MPSCs suggest that modulation of synaptic 
strength in spinal networks as function activity may occur at both pre- and 
postsynaptic sites.
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5 2 2 .1 7

M E CHANISM S OF SYN APTIC TR ANSM ISSIO N A T A G ABAERGIC 
SYNAPSE IN THE DENTATE G YR US OF THE RAT
U. Kraushaar, JRP. Geiger, M. M artina* and P. Jonas . Physiologisches Institut 
der Universitä t Freiburg, Herm ann-Herder-S tr. 7, D -79104 Freiburg, Germany.

G ranule  .cells (GCs), the principal neurons o f the h ippocam pal dentate 
gyrus, receive g lutam aterg ic innervation via entorhinal and com m issural 
a fferents, as well as G ABAergic innervation mainly via locally projecting 
in terneurons. G ABAergic basket cells (BCs) innervate  selectively the 
perisom atic region o f GCs. Synaptic in teractions between BCs and GCs were 
studied using w hole-cell patch-clam p recordings o f synaptically connected 
cell pairs in acute  ra t h ippocam pal slices a t 32 - 36°C. Inhib itory postsynaptic 
currents (IPSCs) were  recorded in the vo ltage-clam p configuration at a 
holding potentia l o f -70 mV using sym m etrical ch loride concentrations. Unitary 
IPSCs in G Cs evoked by action potentia ls (APs) in BCs showed a fast rise 
tim e (20 - 80%; 284 ± 2 1  µs; mean ± SEM ) and a b iexponential decay (τfast = 
1.4 ± 0.4 ms, τslow = 8.7 ± 0.9 ms; am plitude contribution o f the first 
com ponent 41 ± 3%). The mean synaptic latency, m easured from  the AP rise 
to the IPSC beginning, was 1.25 ± 0.2 ms. A nalysis o f the tim e-course of 
quanta l transm itte r re lease (G eiger et a l., 1997, Neuron 18, 1009) revealed 
tha t the tim e w indow  o f re lease was very narrow  (decay x = 210 ± 3 µs). 
Convolu tion o f quanta l IPSCs with the respective  tim e-course o f quantal 
re lease generated a s im ulated IPSC that c losely resem bled the recorded 
counterpart, suggesting that evoked IPSCs consisted o f independent quantal 
contributions. IPSCs showed paired pulse depression (PPD); the amplitude of 
the second IPSC after a 20 ms interspike interval was 71 ± 5%  of that o f the 
first IPSC. Recovery from  PPD was com plete  w ith in  5 s. Due to the extensive 
local arborization o f the BC axon, synaptic output from  BCs provides fast and 
effective  inhibition o f a large num ber o f GCs.
Supported by the DFG (SFB 505 / C5).

5 2 2 .1 9

D I F F E R E N T I A L  R E G U L A T I O N  OF  R E L E A S E  OF Q U A N T A  PRODUCING 
L A R G E  A N D  S M A L L  U N I T A R Y  SYNAP T I C  CURRE N T S  A T  DEVELOPING 
SYNAPSES IN X E N O P U S  N E R V E - M U S C L E  CULTURES. B. Ch e n  and 
A . D . G r i n n e l l * . D e p t . of P h y s i o l o g y  a n d  Physiological 
Science, and U C L A  N e u r o m u s c u l a r  R e s e a r c h  Center, U C L A  Sch. 
of Med.; Los Angeles, C A  90095.

A m p l i t u d e  h i s t o g r a m s  of sp o n t a n e o u s  q u antal synaptic 
curre n t s  (SSCs) r e c o r d e d  at immature s y napses are skewed, 
w i t h  a p r e d o m i n a n t  p o p u l a t i o n  of small SSCs and an 
e x t e n d e d  tail of m u c h  less n u m e r o u s  larger e v e n t s . W ith 
m a t uration, a b e l l - s haped larger p o p u l a t i o n  develops and 
the small p o p u l a t i o n  dis a p p e a r s  (Kidokoro, 1984). Large 
a nd small SSCs h ave e q u i v a l e n t  rise t i m e s . This and other 
e vidence s uggests that di f f e r e n c e s  in a m p litude may 
refl e c t  the am o u n t  of A C h  in r e l e a s e d  qua n t a  or receptor 
d e n s i t y  at d i f f e r e n t  sites of r e lease (Evers et al., 
1989), b u t  the identity, location, a nd m e c h a n i s m s  of 
r e g u l a t i o n  of r e lease of the two p o p u l a t i o n s  ha v e  not be e n  
w o r k e d  out. In m a n y  junctions, C a ++ e n t r y  t h rough ω - 
c o n o t o x i n - s e n s i t i v e  C a ++ c hannels p r e f e r e n t i a l l y  evokes 
rele a s e  of q u a n t a  c o r r e s p o n d i n g  to the large SSCs. We have 
e x p l o r e d  the d i f f e r e n t i a l  r e g u l a t i o n  of p r o d u c t i o n  of 
these two p o p u l a t i o n s  of qua n t a l  s ynaptic c urrents b y  C a ++ 
influx t h r o u g h  d i f f e r e n t  types of C a ++ channels, b y  C a ++ 
ionophores, b y  rele a s e  of C a ++ f rom internal stores, by 
h y p e r t o n i c  solutions, a n d  b y  α -l a t r o toxin, an d  the effects 
of agents that i n t erfere w i t h  axonal t r ansport and 
c o n s t i t u t i v e  m e m b r a n e  fusion. S u p p o r t e d  b y  NS 30673.

522 .21

LOADING O F FALSE TRANSM ITTERS INTO SECRETORY VESICLES  
FOR DETECTION BY CARBON-FIBER AM PEROMETRY
K.-T. Kim, D.-S. Koh, B. H ille*. Departm ent of Physiology and Biophysics, 
University of W ashington, Seattle, W A  98195-7290

Carbon-fiber am perom etry detects catecholam ines (CA) and other oxidiz- 
able molecules re leased from  secretory vesicles. This sensitive method can 
m onitor exocytosis and even substeps of s ingle-vesicle fusion. To apply it to 
cell types lacking endogenous CA, we incubated cells with dopam ine (DA) or 
5-HT. Such false transm itters were released from  pituitary gonadotropes as 
periodic bursts of am perom etric sp ikes during GnRH application that evoked 
oscilla tory elevations of in tracellular Ca. Sim ilarly, in pancreatic duct epithelial 
cells, false transm itter release was augm ented by e levated internal Ca, PKA, 
or PKC activity (Koh et al., Soc. Neurosci. Abstr., 22:236.4). W e also found 
am perom etric events with loaded h ippocam pal neurons and even yeast.

O ptim al loading conditions were investigated in A tT -20 cells by measuring 
rates of spontaneous am perom etric events. W ith  30-min incubations, rates 
increased as DA concentration was made 70 µM, 7 mM, or 70 mM. At 70 mM 
DA, the rate increased with the duration of the incubation, reaching saturation 
by 40 m in. Loading was b locked by bafilom ycin A 1, a proton pum p inhibitor, but 
not by indatraline or reserpine, inhibitors of CA transporters in the plasm a and 
vesic le  m em branes. Thus am ine transm itters m ay be able to enter these cells 
passive ly and then be concentrated in acidic vesicles by protonation. 
However, there m ay be som e specific ity to loading as am perom etric signals 
were detected in cells incubated with oxidizable DA derivatives, N-methyldop- 
am ine and dihydroxybenzylam ine but not with 3-O -m ethyldopam ine, tyramine, 
or 1 -(2-m ethoxyphenyl)p iperazine.

Supported by NIH Grants (NS08174 & A R 17803) & Seoam foundation (K. T.K.)

5 2 2 .1 8

INHIBITION OF SPONTANEOUS MINIATURE SYNAPTIC  
CURRENT FREQUENCY FOLLOWING DEPLETION OF THE 
READILY-RELEASABLE POOL IN CULTURED  
HIPPOCAMPAL NEURONS. J.H. Williams1,2* and C.F. Stevens,1,3 
1The Salk Institute, La Jolla, CA, 2UC San Diego, La Jolla, CA, 3HHMI.0

Miniature synaptic currents are recorded when synapses release 
neurotransmitter spontaneously. Classic work showed that action potential 
evoked responses are made up of discrete quanta, and that the size of spontaneous 
miniature currents corresponds to the unitary quantal size. However, the 
relationship between spontaneous release and release evoked by action potentials 
is unclear. Do both forms of release draw from the same population of vesicles?

Previous studies by Rosenmund and Stevens (Neuron, 16:1197-1207) have 
shown that calcium-dependent stimulation with action potentials, and calcium- 
independent stimulation with hypertonic solution draws from the same readily- 
releasable pool of vesicles at central synapses. The present study was undertaken 
to learn more about the relationship between the readily-releasable pool and 
spontaneous miniature synaptic currents. Following depletion of the readily 
releasable pool with hypertonic solution, the frequency of spontaneous miniature 
synaptic currents is inhibited but recovers over the ensuing few seconds. The 
time course for the recovery of the frequency of spontaneous miniature synaptic 
currents is similar to the time course for the refilling of the readily-releasable 
pool. This suggests that spontaneous miniature currents originate from the 
readily-releasable pool of vesicles. Supported by NS12961 to C.F.S and HHMI.

5 2 2 .2 0

QUANTAL RELEASE EVOKED BY ACTION POTENTIALS IN A SINGLE 
VISUALIZED BOUTON OF A HIPPOCAMPAL NEURON. G. Chen*, N. Harata 
and R.W. Tsien. Dept. of Mol. Cel. Physiol., Stanford Univ. Med. Sch., Beckman 
Ctr., Stanford, CA 94305.

Action potential-evoked neurotransmitter release at the level of single synapses is 
the fundamental unit of synaptic communication in the CNS. A logical approach to 
understanding the basic properties of such transmission calls for direct 
electrophysiological recordings of action potential-triggered transmitter release from 
visually identified single nerve terminals. We have studied spike-evoked synaptic 
signaling at single boutons of autaptic hippocampal CA1/CA3 neuron in microculture. 
Single boutons were identified as puncta of FM 1-43 fluorescence. A low Ca (0.2 
mM), high Mg (5 mM) bathing solution was used to eliminate global action potential- 
evoked transmitter release. A micropipette (1 µm tip) delivered a brief puff of 
solution containing normal Ca2+ at an identified bouton, just before application of a 1 
ms depolarizing pulse at the soma. The ensuing axonal action potential triggered 
release at the selected synaptic location. The median EPSC in 5 recordings ranged 
from 9 to 27 pA. This was comparable in amplitude to the miniature EPSCs, but ~25- 
200 times smaller than global EPSCs, recorded from the same set of autaptic neurons'. 
The release probability was generally less than 0.5. Paired stimulation significantly 
decreased the incidence of synaptic failures. However, the amplitude of non-failure 
responses to a second stimulation was no different than the successful responses to the 
first stimulus. These results are consistent with previous suggestions that one action 
potential evokes release of no more than one quantum at one presynaptic release site. 
This experimental system will allow study of action-potential dependent 
neurotransmission and plasticity at visualizable and accessible presynaptic terminals 
with a common pre- and post-synaptic background. This work was supported by NIH 
grants to R. W. Tsien.
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523 .1

EFFECTS OF LOW CONCENTRATIONS OF GABA ON mIPSCs IN CORTICAL 
PYRAMIDAL CELLS. David ] * and Nicole Ropert, Institut Alfred Fessard, 
CNRS, 1 avenue de la Terrasse 91198 Gif sur Yvette, France.

The effect of bath-applied GABA on miniature inhibitory postsynaptic currents 
(mIPSCs) was investigated on rat layer V cortical pyramidal cells. We have previously 
shown (Perrais and Ropert, Soc Neur Abstr 1997, 377.9), by studying the effects of the 
benzodiazepine agonist zolpidem on mIPSCs, that the receptors were not saturated by 
GABA during synaptic transmission. Therefore additional receptors are still available 
for opening. A low concentration of GABA present continuously in the postsynaptic 
cleft could then put a fraction of receptors in a singly bound state, which will be more 
likely to open after synaptic release than unliganded receptors. When GABA (10 µM) 
was applied (n = 7), an inward current of 79 ± 28 pA and an increase of the baseline 
noise (SD of baseline current: 3.2 ± 0.6 pA in control, 5.2 ± 0.9 pA in 10 µM GABA) 
were observed, due to the direct activation of GABAa receptors. The frequency of 
detected mIPSCs decreased from 4.8 ± 3.0 Hz to 4.1 ± 2.5 Hz (87 ± 10 % of control), 
and their amplitude increased to 121 ± 15 % of control (Kolmogorov-Smirnoff test p < 
0.001 in 6/7 cells). The duration of the mIPSCs was not changed significantly. The 
application of 1 µM GABA did not induce an inward current, nor did it increase the 
mIPSC amplitude (n = 3). The amplitude of mIPSCs did not decrease with time during 
GABA application, suggesting that the receptors do undergo gradual
desensitization. The application of the selective GABAb agonist bacofen (10 µM) 
decreased in the same cells the frequency of events to 38 ± 5 % of control (n = 5), 
leaving mIPSC amplitude unaffected. The decrease of mIPSC frequency due to the 
application of GABA is then probably due to the activation of GABAb receptors. In 
conclusion, it is proposed that low concentrations of GABA could potentiate 
GABAergic synaptic transmission via postsynaptic receptor priming, and depress it by 
activation of presynaptic GABAb receptors.

5 23 .3

FREE GABA DECLINES RAPIDLY AT GRANULE CELL SYNAPSES IN 
HIPPOCAMPAL SLICES. MV Jones1*, P Jonas3 and GL Westbrook1, 2. 1Vollum 
Institute and 2Dept. Neurology, Oregon Health Sciences University, Portland, OR, 
USA; 3Physiologisches Institut der Universität Freiburg, Freiburg, FRG.

The time course of free GABA at inhibitory synapses determines the efficiency of 
postsynaptic receptor activation, yet has not been measured. Here We show that the 
competitive antagonist SR-95103 (gift of Sanofi Recherche) unbinds rapidly enough 
from the GABAa receptor that it is displaced by synaptically released transmittera,b. 
This rapid unbinding slows the rise of miniature and evoked inhibitory postsynaptic 
currents (mIPSCs and IPSCs) and was used to probe the synaptic time course of 
GABA in hippocampal slicesc. First, GABAa receptor-mediated currents were 
activated by pulses of 10 mM GABA to outside-out patches from dentate granule 
cells (15 ms, 22°C, -50 mV). Deconvolution of currents activated with and without 
preequilibration in SR-95103 revealed an unbinding time constant of 3.4 ± 0.6 ms 
(mean ± SEM; n = 15), and an IC50 of 3.4 µM. We then examined the effect of SR- 
95103 on granule cell mIPSCs (0.5 µM TTX). Median mIPSC amplitude was 34 ± 
1.8 pA, and 20-80% rise time was 373 ± 28 µs (n = 6). SR-95103 (3 µM) reversibly 
reduced mIPSC amplitude to 22 ± 1 pA and slowed the rise time to 563 ± 42 µs 
(p<0.02, Mann-Whitney), suggesting that the antagonist was partially replaced by 
GABA during the mIPSC. This slowing was not a measurement artifact caused by 
the amplitude reduction because, in the same six cells, the high affinity antagonist 
SR-95531 (unbinding time constant = ~110 ms) reversibly reduced mIPSC amplitude 
from 30 ± 1.5 pA to 18 + 1.4 pA, but did not significantly alter mIPSC rise time 
(from 389 ± 25 to 454 ± 28 µs). Similar results were obtained for IPSCs evoked by 
basket cell action potentials during paired recordings. In the presence of antagonist, 
mIPSC rise remained faster than SR-95103 unbinding suggesting that synaptic 
GABA falls to low levels within ~3 ms.
[a) Clements et al., Science 258: 1498-1501; b) Diamond & Jahr, J. Neurosci. 17:4672- 
4687; c) Geiger et al., Neuron 18:1009-1023] [Supported by NIH (NS26494 to GLW), DFG 
(SFB 505/C5 to PJ), HFSPO (to PJ and GLW) and the American Epilepsy Society (MVJ)]

5 23 .5

INCREASE IN THE NUMBER OF SYNAPTIC GABAa 
RECEPTORS UNDERLIES CHANGE IN SYNAPTIC EFFICACY 
AT HIPPOCAMPAL INHIBITORY SYNAPSES
Z. Nusser*1,2, N. Hajos2, P. Som ogyi1 and I. M ody2. 1, MRC Anatomical 
Neuropharmacology Unit, Oxford, OX1 3TH; 2, Depts. of Neurology and 
Physiology, UCLA School of Medicine, Los Angeles, Calif. 90095-1769.

Excitatory and inhibitory synapses of the adult nervous system can 
undergo lasting changes resulting in alterations in the gain of synaptic 
transmission. At synapses, where postsynaptic receptors open with a 
high probability and are fully occupied by the released transmitter, the 
most effective means of augmenting postsynaptic responses is an 
increase in the number of postsynaptic receptors. We combined 
quantal analysis of evoked inhibitory postsynaptic currents (elPSCs) 
with quantitative immunogold localisation of synaptic GABAa 
receptors in hippocampal granule cells to define the basis of 
inhibitory synaptic plasticity induced by an experimental model of 
temporal lobe epilepsy (kindling). The increased quantal size of 
eEPSCs (66%; from 435±23 pS to 722±71 pS) after kindling is 
paralleled by an augmented number of GABAa receptors (75%) at 
inhibitory synapses on somata (from 8.9± 0.9 to 17.2±0.3 
particles/synapse) and axon initial segments (from 13.6±3.4 to 
21.9±2.6 particles/synapse) as detected by immunogold localisations 
with an antibody to the β2/3 subunits. The enhancement in the 
immunoparticle number was the consequence of an average increase 
of 37% in the immunoparticle density, as well as a 31% increase in the 
area of synaptic junctions. Presynaptic boutons were also enlarged, 
which may explain the 39% decrease in quantal content. These results 
demonstrate the postsynaptic insertion of new GABAa receptors and 
the corresponding increase in the size of synaptic responses as the 
means of augmenting efficacy at inhibitory synapses.

5 2 3 .2

GABAB RECEPTOR-INDEPENDENT REDUCTION OF IPSC AMPLITUDE 
BY THE GABA UPTAKE INHIBITOR NO-711. L.S.Overstreet*, M.V.Jones and
G.L.Westbrook. The Vollum Institute, Oregon Health Sciences University, 
Portland, OR 97201.

GABA reuptake inhibitors have been shown to prolong or enhance the actions 
of synaptically released GABA (Thompson and Gahwiler, 1992; Isaacson et al., 
1993), and reduce the amplitude of inhibitory postsynaptic currents (IPSCs) via 
activation of presynaptic GABAB receptors by ambient GABA (Oh and Dichter, 
1992; Mouginot et al., 1998). The GABA transport inhibitor l-(2(((Di- 
phenylmethylene)imino)oxy)ethyl)-l,2,5,6-tetrahydro-3-pyridinecarboxylic acid 
(NO-711) is a potent and selective analog of Tiagabine, an antiepileptic drug that 
has been suggested to slow GABA clearance from the cleft. We studied the effect 
of NO-711 on GABAa receptor-mediated currents in cultured hippocampal 
neurons. In outside-out patches, NO-711 (100 µM) had no effect on the amplitude, 
deactivation or desensitization of currents evoked by rapid application of a non-
saturating GABA concentration (100 µM, 5 or 500 ms duration, ~ 1 ms solution 
exchange time, 25°C, n=4). To study synaptic GABA currents, autaptic IPSCs 
were evoked in voltage-clamped neurons by brief voltage steps (100 mV, ~0.5 ms 
duration, -60 mV holding potential). Application of NO-711 using multibarrel 
flowpipes resulted in a reduction in the peak amplitude of the IPSC (to 55±16% of 
control, n=14), with no change in time course or paired-pulse ratio (150 ms 
interstimulus interval). Subsequent co-application of either of the GABAB 
antagonists CGP 55845A (1 µM, n=5) or 2-hydroxysaclofen (200 µM, n=7) did 
not block the reduction of the IPSC, although 2-hydroxysaclofen blocked the 
reduction in the peak amplitude and the increase in paired-pulse ratio produced by 
baclofen (1 µM, n=7). Desensitization of GABAa receptors by low concentrations 
of GABA (200-750 nM) also resulted in a reduction of the peak amplitude of the 
IPSC (to 50-90% of control); however, these GABA applications produced an 
increase in holding current which was not observed during the application of NO- 
711. In summary, GABA transport inhibition by NO-711 does not alter the time 
course of IPSCs in hippocampal cultures, but can reduce the IPSC amplitude in a 
GABAB-independent manner. Supported by NS26494 (GLW) and T32DA07262 
(LSO).

5 2 3 .4

PHARMACOLOGICAL EVIDENCE FOR GRADED REGULATION OF 
SYNAPTIC WEIGHT AT INHIBITORY CONTACTS IN VITRO.
Jan C. Behrends*, Department of Physiology, University of Munich, 
Germany.

Graded regulation of the weight of individual synapses would 
require that (1) varying amounts of transmitter can be released into the 
synaptic cleft according to, for instance, the intensity of presynaptic Ca2+- 
influx and that (2) additional transmitter molecules are able to increase the 
number of open channels. An increased amount of transmitter in the 
synaptic cleft is expected to lead to displacement of competitive 
antagonists1. At striatal synapses in cell culture, we observed a decrease in 
the potency of bicuculline (BIC, 1 µM) against peak inhibitory 
postsynaptic currents (IPSCs) when the extracellular Ca2+-concentration 
was increased and that of Mg2+ dexreased (1 mM Ca2+ /2 mM Mg2+ to 4 
mM Ca2+/1 mM Mg2+) from 70.4 +/- 4.8 to 44.9 +/- 6.9% block (p<0.01, 
n=5) without changes in the time-course of the IPSCs, which would 
indicate voltage clamp errors. Equilibrium block by BIC was equally 
unchanged by the altered divalent cation concentrations. The potency o f 
BIC was also reduced by application of 500 nM flunitrazepam, confirming 
that considerable BIC diplacement is possible during the time-to-peak of  
IPSCs.

Receptor saturation was tested for using recordings of miniature 
(m)IPSC in the absence and presence of flunitrazepam (500 nM). Peak 
amplitudes of mIPSCs were enhanced 26.1 +/- 5.2%, p<0.01 n=5). The 
amplitudes of single channel currents recorded in outside out patches were 
unaffected by flunitrazepam. Thus, at the synapses studied here, both lack 
of receptor saturation and graded release appear to coexist. They thus 
fulfill both essential requirements for local fine-tuning rather than all-or 
nothing regulation of synaptic weight.
1 Tong and Jahr 1994, Neuron 12, 51-59.
Supported by the Deutsche Forschungsgemeinschaft (Grant Be 1739-2)

5 2 3 .6

G LY C IN E  REC E P TO R  C LU S TE R  S IZE  IS C O R R E LA T E D  W ITH  m IPSC 
AM PLITUD E IN THE CENTRAL A U DITO RY SYSTEM . R. L im 1, F.J. A lvarez2 
and B. W a lm s ie y 1*. 1D iv N eurosc ience, John  C urtin  S choo l o f M edical 
Research, Austra lian  Nationa l University, AC T, Austra lia . 2 - Dept. Anatom y, 
W right State University, Dayton, Ohio, USA.

Im m u n o la b e llin g  and e le c tro p h y s io lo g ic a l te ch n iq u e s  w e re  used to 
investiga te  a possib le  re la tionsh ip  between the  size of postsynap tic glycine 
re ce p to r c lu s te rs  and the  a m p litud e  o f g ly c in e rg ic  m in ia tu re  in h ib ito ry  
postsynap tic  currents (m IPSCs) in neurons o f the rat ante roven tra l cochlear 
nucleus (AVCN). Rats aged between 12-15 days postnatal were anaesthetized 
w ith  sodium  pentobarb ita l (20m g/kg, ip) and decapita ted . W hole cell patch 
clam p recordings of mIPSCs at -60mV were made in neurons from 150 µm thick 
slices in the presence of TTX, CNQ X and /or b icucu lline  to isolate g lycinergic 
m IPSC s (con firm ed w ith  strychn ine). Ce lls  w ere  sta ined  w ith  luc ifer ye llow  
(2m g /m l) o r neu ro b io tin  (0 .5m g/m l), im m un o lab e lle d  us ing  m onoclona l 
antibod ies (7a) aga inst the g lycine recepto r c lustering  prote in, gephyrin  and 
visualised w ith Cy3 labelled secondary antibod ies. In individual cells m IPSCs 
exhib ited a w ide range of am plitudes (mean CV=0.46, N=10). In addition, mean 
m IPSC am plitude  varied greatly  between ce lls  (over a 10-fo ld range), from  
-31 pA  to  -317pA  (N=10). Confocal m icroscopy of iden tified  ce lls revealed a 
large degree of va riab ility  in the s ize o f g lycine recepto r c lusters w ith in and 
between cells. Small glycine receptor c lusters were associated w ith small mean 
m IPSC am plitude (eg. in one cell, mean c lu s te r s ize = 0 .23µm 2 , CV=0.58, 
range= 0.01 - 0 .92µm 2 , N=122; mean m IPSC = -91 pA), w hile  large glycine 
receptor c lusters were associated w ith large mean m IPSC am plitude (eg in one 
cell, mean c lus te r size =0 .36µm 2 , CV= 1.06, range=0.02 - 2 .72µm 2 ,N =142; 
mean m IPSC =-285pA). These  results suggest a d irect corre la tion  between 
glycine receptor c luster size and g lycinergic m IPSC amplitude.
Supported by the NH&MRC of Austra lia and NIH grant (33555)
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523.7
Large Glycine M ini Amplitudes and Receptor Clusters in Renshaw Cell A rea 
Interneurons. S. Oleskevich1*, F. Alvarez2, and B. Walmslev1. 1Division of 
Neuroscience, John Curtin School of Medical Research Australian National 
University, Canberra, A.C.T., Australia 0200; 2Department of Anatomy, Wright 
State University, Dayton, OH, 45435.

Renshaw cells have large glycine receptor clusters in comparison to other lamina 
VII spinal cord interneurons. Here we investigate whether glycinergic synaptic 
currents are correlated with receptor cluster size. Whole cell recording techniques 
were performed on visualised neurons in thin sections (300 µm) of 12-15 day rat 
spinal cord. The miniature inhibitory postsynaptic currents (mIPSCs), recorded in the 
presence of TTX and CNQX from interneurons in the Renshaw cell area, exhibited 
large amplitudes (up to 1640 pA) with a mean of 74 pA (SD 149; CV 2.0; n=3) and 
which were blocked by strychnine. [One interneuron in this area exhibited 
strychnine-insensitive currents (mean amplitude of 26.7 pA, n=25) which were 
blocked by curare, consistent with a nicotinic input to Renshaw cells.] Outside this 
area, interneurons exhibited smaller currents with a mean amplitude of 34 pA (SD 
32; range 3-763 pA; CV 0.9; n=3). The glycine receptor clusters in the thin sections 
were immunolabelled using monoclonal antibodies against the glycine receptor 
clustering protein gephyrin (7a) and visualised with Cy3 labelled secondary 
antibodies. Confocal microscopy revealed large differences in gephyrin-immuno- 
fluorescent clusters on Renshaw cells and on other lamina VII interneurons. The 
soma of Renshaw cells expressed large gephyrin patches which occupied 10-15% of 
the somatic membrane and had a mean size of 0.66 µm2 (SD 0.47 µm2; range 0.04- 
2.59 µm2; CV 0.7; n=213). Lamina VII interneuron somata were covered by smaller 
patches with a mean size of 0.26 µm2 (SD 0.13 µm2; range 0.01-0.88 µm2; CV=0.5; 
n=414). These experiments suggest that variability in mIPSC amplitudes may be 
related to variations in glycine receptor cluster size in the spinal cord.
Supported by NHMRC, NIH 33555 + 25547.

523.9
DEVELOPMENT OF GLYCINERGIC RECEPTORS IN RETICULO
SPINAL NEURONS OF THE ZEBRAFISH EMBRYO
D.W. Ali1, P. Drapeau1 and P. Legendre2*. 1CTR. Res. Neurosci., McGill Univ., 
Montreal, Canada and 2IDN, Univ. Pierre et Marie Curie, Paris, France.

Reticulospinal neurons such as the Mauthner cells of teleosts mediate the escape 
reflex (e.g. to tactile stimuli), and are tonically inhibited via activation of fast 
glycinergic receptors. Zebrafish embryos develop in ~2 days and display touch- 
sensitive behavior at 21 hours post fertilization (hpf), implying that the neural 
circuitry for activation and (most likely) inhibition of the Mauthner and reticulo
spinal neurons are functional at this stage. It is known for other preparations that 
early in development glycinergic receptors (GlyR) express an α2 subunit, whereas the 
mature form of the GlyR expresses the α1 subunit and has different kinetics. We 
investigated the kinetics of the embryonic GlyR and the possible mechanisms of 
maturation of synaptic glycinergic currents (mIPSCs). We found that mIPSCs in 
Mauthner cells of <30 hpf zebrafish embryos had a highly variable duration with a 
biexponential decay in some cases with τfast= 15-20 ms and τslow=50-80 ms, and in 
other cases with τ fast=40-80 ms and τ slow=200-400 ms, and a 20-80% rise time of 0.60 
ms. This is marked contrast to the faster mIPSCs of newborn (>48  hpl, larvae 
which decay with a τ fast=4-6 ms, τ slow=20-40ms and had a 20-80% rise time of 0.35 
ms. Embryonic mIPSCs were blocked by 5 µM strychnine in contrast to 1 µM 
strychnine which was sufficient to block larval mIPSCs. Non-stationary single 
channel analysis (with outside-out patches) of embryonic reticulospinal cells 
confirmed the presence of GlyR-channels with multiple subconductance levels given a 
current transient (upon 1 ms application of 10 mM glycine) with a long biphasic 
decay with τ fast=60-80ms and τ slow=300-500 ms and a 20-80% rise time of 0.25-0.3 
ms. This suggests a change in GlyR properties and the longer rise time of the 
embryonic currents may imply a presynaptic component to synaptic maturation. 
[Supported by MRC, FRSQ, NSERC of Canada and FRM, INSERM of France].

523.11

GABA AND GLYCINE RECEPTORS IN THE CENTRAL 
AMYGDALA
A.J. Delaney and P. Sah* Division of Neuroscience, John Curtin 
School of Medical Research, Australian National University, 
Canberra, ACT, Australia, 0200.

The amygdala has been implicated in a form of associative 
learning called fear conditioning. The central amygdala (CE) is a 
prominent nucleus within the amygdala and receives inter- 
amygdaloid inputs from the basolateral nuclear group- the lateral 
(LA), baso-lateral (BLA), and basomedial nuclei (BMA). In this 
study we have examined the responses of central amygdala neurons 
to the inhibitory tramsmitters GABA and glycine. Rats (17-26 day 
old) were anaesthetised with intraperitoneal nembutal (50mg/kg), 
decapitated, and coronal slices (400µm) cut in ice cold ACSF. 
Whole cell recordings were made from neurons in CE using Cs 
based internal solutions. Applying GABA by iontophoresis activated 
a chloride current. In one population of cells, this current was 
abolished by the GABAa receptor antagonist bicuculline at 10µM, 
with an IC50 of 1-2µM. In another population of cells, 10µM 
bicuculline reduced this current by approximately 60%. The 
remaining current was blocked with an apparent IC50 of >20µM. 
Both components of this current were potentiated by 100µM 
pentobarbitone. Similar application of glycine also activated a 
chloride current. This current was blocked by the glycine receptor 
antagonist strychnine ( 1µM).

These data show that both glycine and GABA receptors are 
expressed in CE. Furthermore, subtypes of GABA receptors, 
differentiated by their bicuculline sensitivity are also evident.

523.8
INHIBITORY SYNAPTIC ACTIVITY IN ZEBRAFISH MOTOR 
NEURONS AND ‘CRAZY FISH’ LOCOMOTOR MUTANTS
R.R. Buss1*, P. Legendre2, S. Catarsi1 and P. Drapeau1. 1CTR. Res. Neurosci., 
McGill Univ., Montreal, Canada & 2IDN, Univ. Pierre&Marie Curie, Paris, France.

We have characterized by whole-cell patch clamp recording the inhibitory synaptic 
currents (IPSCs) in motoneurons of wildtype (wt) and mutant zebrafish larvae (2-5 
days). The motoneurons had resting potentials near -60 mV and had action potentials 
with a characteristic waveform (peak near 0 mV, undershoot of 20-30 mV). IPSCs 
were blocked by 1 µM of the glycinergic inhibitor strychnine and were observed at 
random intervals. Application of TTX to wt larvae revealed miniature events 
(mIPSPs) of 93±34 pA amplitude with rapid rise times (0.27±0. 10 ms) and mostly 
monoexponential decays (τ= 4.9±3.5 ms), although a second, slower component 
(<20% of the amplitude) was seen in some cases. The ‘Crazy Fish’ mutants techno 
trousers (tnt) and roller coaster (roc) both have phenotypes that resemble the effects 
of strychnine on wt larvae, suggesting a defect in glycinergic transmission (Granato et 
al., 1996). We therefore examined whether IPSCs were reduced or lost in 
motoneurons of these mutants. To our surprise, we observed frequent (1-2/min), 
massive several sec duration) bursts of IPSCs in about half of jo in  roc 4/7 and 
(5/7) mutants that were eliminated by application of TTX or strychnine. In the 
presence of TTX, mIPSCs in these mutants were rounded in appearance (in contrast to 
the sharp peaks for wt) with lower amplitudes in both roc (53± 17 pA) and tnt (48± 11 
pA). Roc, but not tnt, mutants had slower rise times (0.48±0. 16 ms, O.34±O. 13 ms) 
and decay times (11.4±7.3 ms, 5.6±3.6 ms), respectively. As a measure of 
motoneuron output, we examined endplate currents at neuromuscular junctions in wt 
and mutant larvae and these did not appear to differ. We conclude that motoneurons 
receive glycinergic inhibition that is abnormally frequent in these mutants, suggesting 
alterations in the control of vesicular release.
[Supported by MRC, FRSQ, NSERC of Canada and FRM, INSERM of France],

523.10
PRO PERTIES OF NATIVE GLYCINE R E CEPTO R CHA NNELS FROM THE  
M U RINE MUTANT, SPASMODIC. R. J. Callister* , P.R . Schofield2 , & P. 
S ah1 . The Neuroscience Group1, Faculty of Medicine & Health Sciences, 
University of Newcastle, Callaghan, NSW  2308, & Garvan Institute of Medical 
R e s e a rc h 2, Saint Vincent’s Hospital, Sydney, NS W  2010, AUSTRALIA.

The murine mutant, spasmodic, displays an exaggerated startle response 
which is characterized by muscle rigidity, tremor and impaired righting. These 
effects are due to an inherited mutation in the glycine receptor. Physiological 
studies of mutant glycine receptors from spasmodic have only been performed 
on recombinant homomeric receptors expressed in isolated cell systems. The 
properties of the native receptors, which are assembled as heteromultimers, 
have not been studied. In this report we have compared the single channel 
properties of glycinergic receptors in excised patches from hypoglossal 
motoneurones in wild type and spasmodic mice. Adult mice (3-5 weeks old) 
were overdosed with pentobarbital (200 mg/kg, i.p.) and transverse slices (300 
µM thick) were prepared from the medulla. Outside-out patches were excised 
from the somata of hypoglossal m otoneurones. All experim ents were  
performed using standard patch-clamp techniques and a cesium chloride 
based internal solution (bath temperature 2 3 °C ). Single channel properties 
were studied by fluctuation analysis of the membrane current induced by bath 
application of low concentrations of glycine (10-50 µM ). In wild type mice, 
currents were induced with lower concentrations of glycine (10 µM vs. 50 µM) 
than in patches from spasmodic. In patches from spasmodic the average  
single channel conductance was unchanged (26 pS vs. 32 pS), but the power 
spectra were shifted to higher frequencies. Together, these data indicate that: 
1) glycine receptors from spasmodic mice exhibit a reduced sensitivity to 
glycine; and 2) impaired glycinergic transmission in the spasmodic mutant is 
primarily due to a change in channel kinetics. (Supported by the Australian 
NH&MRC, Ramaciotti, and Viertel Foundations).

523.12
Development of Glycinergic Synaptic transmission to Rat 
Brainstem motoneurons. JH Singer* and AJ Berger. Dept. of 
Physiology and Biophysics. University of WA. Seattle, WA 98195 

We examined the postnatal changes in glycinergic inhibitory 
postsynaptic currents (IPSCs) and passive membrane properties which 
underlie a developmental change in inhibitory postsynaptic potentials 
(IPSPs) recorded in rat hypoglossal motoneurons (HMs). Whole-cell 
recordings (Vm= −70mV, 22°C) were made from HMs in brainstem 
slices. Unitary evoked IPSCs were recorded in the presence of 
DNQX, APV, and bicuculline. From P0-18, the decay time course of 
IPSCs became faster (τ=17.0±1.6 ms in neonates, P0-3, and 
5.5±0.4 ms in juveniles, P10-18). Concurrently, HM input resistance 
(RN) and membrane time constant (τm) decreased (RN from 153.3±12.1 
to 63.3±6.8 MΩ and τm from 21.5±2.7 to 9.1± 1.0 ms), and the time 
course of unitary evoked IPSPs became faster (τ from 21.4±1 .8 to 
7.7±0.9 ms). Simulated synaptic currents injected into HMs were used 
to probe more closely the interaction between IPSC time course and 
τm, and our simulations demonstrate that IPSP duration is reduced 
primarily as a consequence of postnatal changes in the kinetics of the 
underlying glycine receptor-channel. Additionally, gramicidin 
perforated-patch recordings of glycine currents reveal a postnatal 
change in glycine reversal potential, which is shifted from -37 mV to 
-73 mV during this same period. Glycinergic IPSPs are therefore 
depolarizing and prolonged in neonate HMs and become faster and 
hyperpolarizing during the first two postnatal weeks.
Supported by NS-14857 and HL-33583.
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523.13
DEPOLARIZING GABAERGIC EVENTS IN IMMATURE DENTATE 
GRANULE CELLS AND THE EARLY GLUTAMATERGIC DRIVE TO 
INTERNEURONS. S.T.Ross*, G.S.Hollrigel and I.Soltesz. Department of Anatomy 
and Neurobiology, University of California, Irvine, CA 92697-1280.

The GABAergic control of dentate granule cell discharges is an important 
regulator of the entorhino-hippocampal interplay. In contrast to the recent 
advancements in our knowledge about the nature of the synaptic organization of the 
dentate inhibitory system in the adult, the functional interneuronal microcircuits in 
the developing dentate gyrus are not well known. Neonatal Wistar rats (postnatal day 
0 to P6) were anesthetized by hypothermia, decapitated and the brains were removed, 
and horizontal brain slices were prepared, as described previously (Hollrigel and 
Soltesz, 1997). Blind and visualized whole-cell, cell-attached, and perforated patch 
damp recordings were obtained from granule cells of the developing dentate gyrus.

Spontaneous, GABAa receptor mediated IPSCs occurred in prominent bursts 
at O.O5±O.O2 Hz in every immature granule cell younger than P7. Between the bursts 
of IPSCs, lower-frequency (l.7±O.7Hz), inter-burst IPSCs could be observed. 
Gramicidin-based perforated patch clamp recordings determined that the reversal 
potential for the IPSCs was more depolarized than the resting membrane potential. 
The depolarizing action of the bursts of IPSPs most often evoked only a single action 
potential per burst. Simultaneous paired whole-cell patch recordings determined that 
the bursts of IPSPs took place in a similar temporal pattern but with imperfect 
synchrony in neighboring granule cells. The bursts of IPSCs, but not the inter-burst 
IPSCs, were blocked by the simultaneous application of the glutamate receptor 
antagonists APV and CNQX, indicating the importance of the glutamatergic 
excitatory drive onto the interneurons in the early postnatal dentate gyrus.

These results show that the inhibitory innervation of immature dentate 
granule cells displays unique properties. Supported by the American Epilepsy Society 
(EFA-24106) and March of Dimes Basil O’Connor Scholar Award (5-FY95-1143).

523.15
CHOLINERGIC MODULATION OF INHIBITORY NETWORKS IN RAT VISUAL 
CORTEX. Z. Xiana*, J. R. Huguenard, and D. A. Prince. Department of Neurology 
& Neurological Sciences, Stanford University Medical Center, Stanford, CA 94305.

Neocortical neurons receive a rich cholinergic innervation whose functional 
effects have been incompletely explored. We examined the actions of acetylcholine 
(ACh) on excitability of two subtypes of interneurons, low threshold spike (LTS) cells 
and fast spiking interneurons (FS), in layer V of rat visual cortical slices, to test the 
hypothesis that it might have differential effects. Experiments were carried out in 
P12-17 rats, using whole-cell current- /voltage-clamp recordings in conjunction with 
local “puff’ application of ACh and biocytin containing electrodes to allow 
reconstruction of cell morphology.

ACh excited LTS cells through activation of a presumed cationic current mediated 
by nicotinic receptors, whereas it elicited hyperpolarization in FS cells, mediated by 
muscarinic receptors and a potassium conductance. LTS cells in layer V had vertically 
(intracolumnar) oriented axonal arborizations, whereas the axons of FS interneurons 
tended to be distributed more horizontally (intralaminar). Based on the differential 
effects of ACh on excitability of LTS versus FS cells, and our previous finding that 
inhibitory currents generated in pyramidal cells by LTS cells appeared to be smaller 
and have slower rise times than those originating in FS cells (Soc.Neurosci.Abstr, 
23:p359, 7997), ACh application should alter the basic aspects of inhibitory currents 
in layer V pyramidal cells. In 6 of 7 recordings, ACh “puff’ caused an expected 
slowing of rise times and attenuation of amplitude of sIPSCs. In these 6 neurons, 
sIPSC rise time was 0.85 ± 0.02 ms in control, compared to 1.20 ± 0.03 ms in ACh (p 
< 0.0001) and 0.89 ± 0.02 ms after washout (p > 0.3, compared to control). Peak 
amplitude decreased from 39.6 ± 1.1 pA in control to 31.6 ± 0.7 pA (p < 0.0001) 
during ACh exposure and returned to the control level of 40.0 ± 1.1 pA (p > 0.5, 
washout compared to control). ACh “puff’ did not alter miniature IPSCs recorded in 
the presence of TTX.

Results show that ACh has a differential modulatory action on excitability of two 
different interneuronal types, resulting in a reduction of some forms of intralaminar 
inhibition and enhancement of intracolumnar inhibition. ACh thus can “switch” the 
direction of information flow within cortical circuits through its selective actions 
within the inhibitory networks. (Supported by NIH-NSJ2151, NS07280 and 06477, 
and Morris and Pimley research funds).

523.17
MODULATION OF SYNAPTIC GABAA RECEPTOR FUNCTION BY PKA AND 
PKC IN HIPPOCAMPAL NEURONS. P. Poisbeau2*, M.C. Cheney1, M.D. Browning3 
and I. Mody1, 1Dept. of Neurology, Univ. o f California Los Angeles, Los Angeles CA 
90095, USA ; 2 UMR CNRS 7519, Univ.Louis Pasteur, 67084 Strasbourg France;
3 Dept. o f Pharmacology, Univ. o f Colorado Health Science Center, Denver CO 
80262, USA.

Most of the subunits that contribute to functional GABAa receptors (GABARs) in 
the central nervous system possess putative intracellular regulation sites for protein 
kinases and are functionally modulated by phosphorylation. Unfortunately, the subunit 
composition of synaptic GABARs as well as the local enzymatic machinery is not 
known and therefore, no prediction can be made concerning the implication of 
phosphorylation in the modulation of GABAR-mediated synaptic transmission. In this 
study, we have used the patch-clamp technique to investigate the postsynaptic effects 
of PKA and PKC in CA1 pyramidal neurons and dentate gyms granule cells (DGCs) 
of adult hippocampal slices using intracellular dialysis of non-permeant peptides. The 
characterization of miniature IPSCs (mIPSCs) has allowed us to clearly demonstrate 
that GABAR-mediated mIPSCs are subject to regulation by serine/threonine 
phosphorylation in CA1 and DGCs. PKA activation was found to modulate synaptic 
GABAA-mediated current amplitude only in CA1, while PKC only affected DGC 
mIPSCs. Furthermore, PKA decreased mIPSCs in CA1, while PKC was associated 
with an increase in current amplitude in DGCs. We investigated possible participation 
of the endogenous kinases by dialyzing microcystin, a protein phosphatase 1/2A 
inhibitor (P1/2A). Microcystin alone mimicked the effect of PKA dialysis in CA1, but 
had no effect in DGCs. Furthermore, CA1 GABAa mIPSCs had similar characteristics 
than control when microcystin was dialyzed in combination with PKA inhibitors. 
Taken together, these results suggest that endogenous PKA is constitutively active at 
rest in CA1 neurons. This implies that the net balance between phosphorylation and 
dephosphorylation will determine the strength of GABAa inhibition. If such a 
competition occurs in DGCs, it is unlikely that PKC or PP1/2A is involved.

523.14
GABAa RECEPTOR-MEDIATED EXCITATION: A SPECIFIC MECHANISM OF 
ANESTHETIC ACTION. D P. Archer1, S.H. Roth1,2*. 1Dept. of Anesthesiology, 2Dept. 
of Pharmacology and Therapeutics, Univ. of Calgary, 1403 29 St. N. W. Calgary,
Alberta, CANADA, T2N 2T9.

Examined in vitro, neuronal excitation can result when prolonged opening of the GABAa 
receptor-linked chloride channel produces an anionic depolarizing shift of the membrane 
potential. This effect can be specifically blocked with drugs that interfere with intracellular 
bicarbonate regeneration or lower cytosolic pH. Many anesthetics prolong the open time 
of the GABAa receptor chloride channel and facilitate nociceptive withdrawal (nocifensive) 
reflexes. We have tested on an in vivo model, the hypothesis that GABAAreceptor- 
mediated neuronal excitation is involved in the enhancement of nocifensive reflexes 
induced by pentobarbital.

Methods: Nocifensive reflex thresholds were quantified with the latency for hindpaw 
withdrawal from radiant heat (HPW latency) in the intact rat. Nocifensive reflexes were 
facilitated with intraperitoneal injection of pentobarbital (30 mg.kg−1). We studied the roles 
of GABA-mediated excitation and nitric oxide (NO) in reflex facilitation by pretreatment 
with acetazolamide and amiloride and inhibition of NO synthase (L-NAME) respectively. 
Sedative effects of pentobarbital were concurrently evaluated with the righting reflex and 
the response to vibrissal stimulation.

Results: Pentobarbital-induced HPW reflex facilitation was decreased (P<0.001) in 
animals pretreated with acetazolamide, amiloride and L-NAME. Acetazolamide and 
amiloride did not alter the sedative effects of pentobarbital. L-NAME enhanced the 
sedative effects of pentobarbital, most likely by increasing plasma pentobarbital 
concentrations.

Conclusions: GABAa receptor-mediated excitation, through an anionic gradient shift, 
may play a role in pentobarbital-induced facilitation of nocifensive reflexes and may 
directly mediate some of the excitatory effects of anesthetics. Supported by MRC(SHR), 
Can. Anaesth. Soc.(DPA).

523.16
NOREPINEPHRINE ENHANCES GABAA RECEPTOR MEDIATED SYNAPTIC 
CURRENTS IN RAT HYPOTHALAMIC PARAVENTRICULAR NEURONS. P.D. 
Ryu*, S.K. Han, H.J . Kim Dept. of Pharmacology, Coll. of Vet. Med., Seoul Nat’l 
Univ., Suwon, Korea, 441-744

Effects of norepinephrine on spontaneous synaptic current to neurons of the rat 
hypothalamic paraventricular nucleus (PVN) were studied by using whole cell patch 
clamp technique in coronal slices. The pipette solution contained (mM): KCl 140, 
CaCl2 0.5, EGTA 5, HEPES 20, MgATP 5 titrated with KOH to pH 7.2. For 
morphological analysis, biocytin (0.1-0.5%) was added.

Two types of neurons were distinguished according to their membrane properties 
under the current clamp mode. The most distinctive electrophysiological characteristic 
was the rebound potentials which were totally absent in type I neurons, present but 
variable in type II neurons. About 80% of neurons recorded were type II, which had 
oval shape or fusiform somata with three or more processes.

The mean amplitude, frequency and decay time constant of spontaneous inhibitory 
postsynaptic currents (sIPSCs) remained stable during a given recording period (>30 
min) at -70 mV in type II neurons. The decay phase of sIPSCs was generally well 
fitted by a single exponential. Bath-applied norepinephrine (100 μM) increased sIPSC 
amplitudes by 30% of the control and the frequency of sIPSCs by 177%. However, 
decay time constants were not significantly affected by norepinephrine. The 
norepinephrine-sensitive sIPSCs were abolished by GABAa receptor antagonist 
bicuculline (20 μM), suggesting that they were mediated by the activation of GABAa 
receptor. (Supported by 1997 Biotech 2000 program of STEPI)

523.18
INVESTIGATION OF A ROLE FOR VESICULAR RELEASE IN 
HIPPOCAMPAL DSL F.E.N. Le Beau*, N.Varma, R. Lenz and BE. Alger. 
Dept. Physiol. Univ. Maryland Sch. Med. Baltimore, MD 21201.

Depolarization of CA1 pyramidal cells causes a reduction in GABAergic 
inhibition called depolarization induced suppression of inhibition (DSI). It is 
induced by voltage-dependent Ca2+ influx into the pyramidal cell but expressed 
as a reduction in presynaptic GABA release. In both cerebellum (Glitsch and 
Marty, J. Physiol., 1996) and hippocampus (Morishita et. al., J. Neurosci., 
1998) it has been proposed that glutamate acts as a retrograde signal to 
suppress GABA release via activation of presynaptic metabotropic receptors. 
The source of this glutamate is unclear, but it could be released from vesicles in 
the dendrites of pyramidal cells. Lledo et. al (Science, 1998) recently 
demonstrated that distruption of membrane fusion mechanisms in the 
postsynaptic cell inhibited long-term potentiation. This suggested that vesicular 
fusion processes do occur in dendrites and raised the possibility that vesicular 
release of glutamate could be involved in DSL

Whole cell voltage clamp recordings were made from CA1 pyramidal cells 
and DSI of evoked IPSCs was observed in the presence of APV and NBQX. 
N-ethylmaleimide (NEM, 250 µM-5 mM), which blocks NEM-sensitive factor 
(NSF), a protein required for a number of membrane fusion events, was 
injected into the postsynaptic cell. NEM either abolished or reduced the 
magnitude of DSI but also decreased the size of the voltage-gated Ca2+ currents. 
A peptide fragment (N19), that contains the same amino acid sequence as the 
region on SNAP to which NSF binds, blocks transmitter release. Preliminary 
experiments using N19 (1mM) have failed to demonstrate a block of DSI. 
However, additional experiments are required in order to determine what, if 
any, role vesicular release plays in the generation of DSI.

Supported by NS22010 and NS30219 to B.E.A.
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524.1
CHANGES OF EARLY [Ca2+]o DEPENDENT PRESYNAPTIC COMPONENTS 
FOLLOWING CHEMICAL OR ELECTRICAL INDUCTION OF LONG-TERM 
POTENTIATION (LTP) IN AREA CA1 OF HIPPOCAMPAL SLICES. U.Kuhnt*, 
Dept. Neurobiology, MPI biophys. Chem. D-37070 Göttingen, Germany.

Location and kinetics of mechanisms responsible for maintenance of LTP in CA1 
of hippocampal slices are not yet fully understood. Furthermore, it is unknown if 
LTP induced chemically or electrically is maintained by the same mechanisms.

Here, the presynaptic fieldpotential (FP) in str. rad. of CA1 of hippocampal slices 
of adult guinea pigs evoked by paired stimulation (stim. width 40µs, interstimulus 
time 50ms) of Schaffer col./comm. fibres was analysed. LTP was induced (1) 
electrically (8 trains, 15 stimuli at 100Hz, given at 0.1/sec) and chemically by 
either (2) elevating [Ca2]o to 4mM or by (3) lowering [Ca2+]0 to nominal 0mM for 
1.5h (n=10 for each paradigm). Slopes were determined for the raising phase of 
pre- and postsynaptic FP (2 pre-, 1 postsynaptic time window, 200-500µs width).

Electrical and chemical induction lead to longlasting postsynaptic increases of 
slope steepness. Presynaptically, steepness of slopes determined in both time 
windows increased significantly for both responses and following all induction 
protocols. The changes were stable throughout the recording period (up to 3h). N 
and Q-type Ca2+-channel antagonists had no effect on the early and only a minor 
effect on the later presynaptic component. However, both presynaptic components 
were strongly reduced by lowering [Ca2+]o.

The results indicate that 1) early presynaptic components are changed during 
maintenance of LTP, 2) the effect of electrical and chemical induction on these 
early components is comparable, 3) both early components depend strongly on 
[Ca2+]o , and 4) the lasting increase of slope steepness preceeds the opening of 
HVCCs. The faster depolarization at the beginning of the evoked presynaptic 
potential may lead to a stronger synchronization of Ca2+ influx and thus influence 
evoked transmitter release. The mechanisms underlying the observed increase of 
depolarization and its kinetic, however, have yet to be determined.

524.3
POST-TETANIC ALTERATIONS IN PAIRED-PULSE FACILITATION AND 
LOWERED THRESHOLD FOR LTP INDUCTION IN MICE LACKING 
HEPARIN-BINDING GROWTH-ASSOCIATED MOLECULE (HB-GAM). S.E. 
Lauri1*, L.E.A. Amet2, T. Taira 1, T.F. Vogt2 and H. Rauvala1 1Department of 
Biosciences, P.O.Box 17, 00014 University of Helsinki, Finland; 2Department of 
Molecular Biology, Princeton University, NJ 08544, USA.

HB-GAM (also known as heparin-binding neurotrophic factor, Hbnf, and 
pleiotrophin, Ptn) is a developmental ly-regulated differentiation factor implicated 
in the formation of neuron-target contacts during the development of nervous 
system as well as in the regulation of synaptic plasticity in adult hippocampus. To 
further study the function of HB-GAM in adult brain, synaptic transmission and 
plasticity were investigated in gene-targeted mice lacking HB-GAM. The 
homozygous mutant mice are viable and grossly normal. Single-pulse evoked 
synaptic responses in the area CA1 of hippocampal slices were normal in the HB- 
GAM -/- mice. Also, there was no difference in paired-pulse facilitation (PPF) or 
in the level of LTP induced by a 100Hz/1s stimulation between control and mutant 
mice. However, 60 min after the 100Hz/ls stimulation, mice lacking HB-GAM 
showed a significantly higher PPF ratio than before tetanization, whilst the ratio 
was not changed in wild-type animals. HB-GAM expression is induced by high- 
frequency stimulation in rat hippocampus. Thus, the post-tetanic increase in PPF 
in the -/- mice suggests that HB-GAM is needed for stabilization of synaptic 
function after induction of LTP. In agreement with previous data showing that 
excess of HB-GAM inhibits LTP, we found that weak tetanization (100Hz/0.2s), 
which produced only a short-term potentiation in control mice, induced LTP in 
the mice lacking HB-GAM. Together, the results suggest that HB-GAM can 
regulate the sensitivity of neurons to undergo activity-depedent alterations in 
synaptic strength.

524.5

TIME LAPSE IMAGING OF INDIVIDUAL SPINES DURING SYNAPTIC 
ACTIVITY AT SPATIALLY RESTRICTED GROUPS OF HIPPOCAMPAL 
CA 1-SYNAPSES. F. Engert and T. Bonhoeffer*. Max-Planck-Institut für 
Neurobiologie, 82152 München-Martinsried, FRG.

The possible relationship between changes of synaptic strength and changes in 
the morphology of the respective subcellular compartments has generated 
considerable interest for a number of years. The paramount obstacle in trying to 
tackle this question has been to pin-point the location o f the synapses that are the 
source for the electrophysiologically observed signal and which are therefore 
expected to change.

To overcome this problem we used sharp electrodes filled with the fluorescent 
dye carboxy-fluorescein to record from pyramidal neurons in the CA1 region of 
hippocampal slice cultures. Synapses on these neurons were activated with a 
stimulating electrode placed in the Schaffer collaterals. Activity, and therefore 
potential morphological changes, were confined to a small group of synapses by 
pharmacologically blocking synaptic transmission in the whole slice-culture and 
removing the blocking solution only locally, in an area of no more than 30 µm 
in diameter using a superfusion system.

In this 30 µm spot, dendrites and spines of the intracellularly filled neuron 
were then scrutinized for morphological changes using two-photon laser-
scanning microscopy. In our initial studies we found that spines showed a 
remarkable stability in number as well as in their individual shape. No 
significant morphological changes were observed in time-lapse studies lasting 
three hours and more, when there were no changes in synaptic strength. Work in 
progress addresses the question whether LTP induced locally at the synapses in 
the superfused region has any effects on spine shape or number.

Supported by the Max-Planck-Gesellschaft.

524.2
IMPAIRED SYNAPTIC PLASTICITY IN TRANSGENIC MICE 
EXPRESSING MUTANT PRESENILIN 1. N. Agopyan1*, J. Roder2 , P. 
Hyslop3, and D. Westaway3 Faculty of Pharmacy, University o f Toronto (1), 
SLRI, Mount Sinai Hospital (2), CRND, University of Toronto (3), Toronto, 
Ontario, Canada.

Mutations in the presenilin 1 (PS1) gene are associated with early onset 
familial Alzheimer’s disease (AD). To explore the mechanisms by which PS1 
mutations lead to the characteristic cognitive features o f AD, we made 
transgenic mice expressing either wild type (wt) or mutant human PS1 
bearing the pathogenic M146L or L286V mutations.

Hippocampal slices from 15 days, 3, 6 and 9 months old mice were used to 
investigate the differences in extracellular postsynaptic potentials (EPSP) at 
the CA3-CA1 synapse o f non-transgenic, mutant and wt transgenic mice. In 
the presence o f 10 µM BMI we did not observe any difference in the field 
EPSPs between the three groups at all ages examined. Paired pulse 
facilitation, which asseses pre-synaptic efficacy, also did not differ between 
the three groups over an interpulse interval range o f 10 to 500 ms in any age 
group tested. Post tetanic potentiation and short term potentiation induced by 
high frequency stimulation (100 Hz, 200 ms) o f Schaeffer collaterals was also 
comparable in all o f the groups examined. Long term potentiation, however, 
was consistently absent in slices obtained from all mutant transgenes at all 
ages studied. Although homosynaptic long term depression (LTD) induced by 
low frequency stimulation (900 pulses, 15 min) was normal at 15 days, slices 
from mutant transgenic mice exhibited LTD even at 9 months o f age while 
those from controls and wt transgenics did not.
NA is a MRC Centennial Fellow.

524.4
MONITORING CHANGES OF SYNAPTIC BOUTONS IN L-LTP WITH FM1-43 
Li_Ma, Leonard Zablow, Kelsey C. Martin, Eric R. Kandel 
and Steven A. Siegelbaum*
Department of Pharmacology, Center for Neurobiology and Behavior, Howard Hughes 
Medical Institute, College of Physicians and Surgeons,Columbia University, New 
York, NY 10032

Hippocampal LTP has two phases, an early phase that lasts up to 2 hours and does 
not require protein synthesis and a late phase that requires 2-3 hrs to develop after 
induction, lasts for many hours and requires both transcription and translation. Quantal 
analysis of unitary synaptic transmission between a single CA3 and a single CA1 
neuron was recently used to evaluate the synaptic mechanisms of late-LTP. In this 
study, L-LTP was induced by bathing hippocampal slices in Sp-cAMPS (50 uM), a 
membrane permeant analog of cAMP. During L-LTP we observed an increase in the 
maximal number of quanta released in response to a presynaptic action potential. One 
simple explanation for this effect is that L-LTP is mediated by an increase in the 
number of sites of synaptic transmission between a single CA3 and CA1 neurons. In 
the current study, we directly test this hypothesis by monitoring the number of active 
presynaptic release sites using FM1-43 after exposure of cultured hippocampal 
neurons to Sp-cAMPS. Active synapses were labeled by superfusing the culture for 30 
s with a depolarizing solution containing 90 mM KCl, 2 mM CaCl2 and FM 1-43, a 
styryl membrane dye. An image was taken to record the loading of FM 1 -43 in the 
synaptic boutons and another image was taken after subsequent applications of the 
depolarizing solution (in the absence of dye). The difference image between the first 
and second images monitors the active presynaptic boutons that take up and release dye 
in a calcium-dependent manner. Difference images from the same cells were compared 
before and 2 hr after a 15 min exposure to Sp-cAMPS (50uM). We observed a 
significant increase in the number of boutons stained with FM 1-43 after exposure of 
the cultures to Sp-cAMPS. This increase is largely blocked when Sp-cAMPS is 
applied either in the presence of the protein synthesis inhibitor anisomycin or in the 
presence of Rp-cAMPS, a cAMP antagonist

524.6
LONG-TERM POTENTIATION IN THE CA1 HIPPOCAMPAL FORMATION MAY 
INDUCE SYNAPTOGENESIS BY SPLITTING OF ACTIVATED SYNAPSES.
N. Toni1, P.A.Buchs1, C.Bron2 and D.Muller1*. 2Dept. of Anatomy, Univ. of Bern; 
1Dept. of Neuropharmacology, Univ. of Geneva, 1205, Switzerland.

Long Term Potentiation (LTP) is a long-lasting enhancement of synaptic 
transmission involved in learning and memory, however, the mechanisms underlying 
long-term persistence of LTP are still largely unknown. Here we examined the 
possibility that they may depend on morphological modifications of synapses.

The morphological evolution of a subset of synapses likely to be potentiated was 
analysed after LTP induction. These synapses were identified at the electron 
microscope level by visualizing a N-methyl-D-aspartate(NMDA)-dependent 
accumulation of calcium in dendritic spines.

Our results show that at 5, 15 and 30 minutes following LTP induction, there was a 
progressive increase in the proportion of perforated dendritic spines as defined by a 
discontinuous postsynaptic density. These perforations were not observed when 
analyzing non-labeled (i.e. inactivated) spines or unpotentiated hippocampi. They 
where also abolished when LTP was inhibited pharmacologically. Morphometrical 
analyses on perforated spines showed that the mean size of perforation increased with 
time after LTP induction. Furthermore, 60 minutes after LTP induction, the proportion 
of perforated spines decreased significantly, but on the other hand was accompanied by 
a marked increase in the proportion of double synapses (two spines connected to the 
same presynaptic terminal). Serial sections revealed that many double spines arise from 
the same dendritic segment.

These results indicate that LTP may be associated with profound modifications of 
spine morphology consisting of a fractionation of the postsynaptic density and 
formation of double spines. These data support the idea that LTP induces 
synaptogenesis by splitting of perforated spines. This synaptogenesis may contribute to 
the long-term persistence of LTP. (supported by the FNRS)
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524.7

PCR DIFFERENTIAL DISPLAY IDENTIFIES mRNAs THAT 
ARE TRANSCRIPTIONALLY REGULATED BY INDUCTION 
OF LATE LTP AT RAT SCHAFFER-CA1 H.Pene*, B.E.Derrick, 
S.Peña de Ortiz† and J.L.Martinez,Jr. Div. of Life Sciences, Univ. of Texas, 
San Antonio, TX 78249 and †Dept. of  Biology, Univ. of Puerto Rico, Rio 
Piedras, PR 00931.

Protein synthesis is essential for the induction and maintenance of late-phase long-
term potentiation. Here we report altered gene expression patterns in the rat 
Schaffer-CA1 pathway 3 hours after LTP induction in vivo. Adult male Sprague- 
Dawley rats (350-374g) were anesthetized with pentobarbital (60mg/kg). A single 
stainless steel stimulating electrode was placed in the Schaffer collaterals (AP 
4.0mm, ML 3.3mm, DV 2.3mm), and field potentials were recorded by a single 
recording electrode in stratum radiatum (AP 4.5mm, ML 3.4mm, DV 2.3mm) of the 
dorsal hippocampal CA1 region. Following 15 minutes collection of baseline at 
0.05Hz, three trains of tetanus (100Hz, 1 sec) were delivered with five-minute inter-
train interval. Control animals received only low frequency stimulation (0.05Hz). 
Three hours following LTP induction, one side of dorsal hippocampus was removed 
and snap frozen at -80°C. The first strands of cDNAs were reverse transcribed from 
isolated mRNAs using a fully degenerated hexamer oligo primer. The differentially 
expressed mRNA patterns were revealed by PCR amplification of internal regions of 
the cDNAs with 5 different sets of primers, which were consisted of two or three 10- 
mer oligo nucleotides with arbitrary but defined sequences. The procedure revealed 
genes that were either up or down regulated. The DNA fragments were excised from 
agarose gels for Northern blot analysis, subcloning, and sequencing.

The differentially displayed specific patterns of mRNA expression between 
tetanized and untetanized animals by RT-PCR suggest transcriptional regulation of 
several genes related to late-phase LTP induction and maintenance. We are 
identifying the genes corresponding to these mRNAs and verifying the dependence 
of the changes in mRNA transcription in LTP expression.
Support: DA04195, The Ewing Halsell Endowment (JLM), and GM08194 (BED)

524.9
DOUBLE DISSOCIATION OF 400 HZ AND THETA-BURST STIMULATION 
PROTOCOLS ON LTP PERSISTENCE IN THE DENTATE GYRUS & CA1 OF 
THE RAT HIPPOCAMPUS. E.L. Hargreaves*, M. Peters, S.E. Mason-Parker & 
W.C. Abraham. Dept. of Psychology, University of Otago, Dunedin, New Zealand.

Memories can persist for a lifetime. Neuroplasticity phenomena, such as LTP, that 
model memory processes may exhibit similar persistence. While the dentate gyrus 
(DG) has consistently exhibited decremental LTP using 400 Hz stimulation protocols, 
CA1 has been reported to support non-decremental LTP using "theta-burst" 
stimulation (TBS) protocols (Staubli & Lynch, 1987, Brain Res.). In this study, we 
contrasted LTP induced by TBS and 400 Hz protocols for both DG and CA1 regions.

Male Sprague-Dawley rats (320-550 g), chronically implanted with stimulating and 
recording electrodes in the angular bundle and hilus of the DG, or in the Schaffer 
collaterals and stratum radiatum of CA1, were tetanized by one of several protocols. 
Resulting LTP (>15%) and its decay were followed until the EPSP slope returned to 
near baseline values. Stimulation protocols were 50×400Hz (Abraham et al., 1995, 
Mol. Brain Res.) and TBS (10 bursts, 25% of max value, Staubli & Lynch, 1987). 
Additionally, LTP was attempted in the DG by a 50x400Hz-TBS hybrid (n=8). 
Animals exhibiting afterdischarge were removed from the study.

In CA1, TBS protocols produced long-lasting LTP that in 3/5 animals was 
potentially non-decremental (>50 d), but failed to produce LTP in the DG (n=8). The 
opposite pattern was true for the 50×400Hz protocol, which produced long-lasting 
(>28 d), although decremental, LTP in the DG (n=6), but a more transient LTP lasting 
less than 5 days in CA1 (n=3). In the DG, a 50×400Hz-TBS hybrid protocol typically 
produced LTP lasting only hours, and never longer than 3 days. These findings 
demonstrate a double dissociation of the persistence of LTP induced by TBS and 400 
Hz protocols across the DG and CA1, that may reflect regional differences in the 
permanence of information storage within the hippocampal circuit.

Supported by the New Zealand Health Research Council.

524.11
Hippocampal Long-term Potentiation Preserves the Fidelity of 
PosTSYNAPTic Responses to Presynaptic Bursts. D.K. Selig1*, R.A. Nicoll2,3, 
and R.C. Malenka1,2. Depts. of Psychiatry1, Physiology2, and Cellular and 
Molecular Pharmacology3, UCSF, San Francisco, California 94143

Hippocampal cells often fire bursts of action potentials which result in dynamic 
modulation of the postsynaptic response, yet synaptic plasticity in the form of 
long-term potentiation (LTP) has routinely been studied using only single stimuli 
given at low frequency. Because both LTP and bursts serve critical functional 
roles in the hippocampus, we sought to determine how the postsynaptic 
responses to presynaptic bursts were affected by LTP.

Perforated patch recordings from hippocampal CA1 pyramidal cells were 
made in slices and postsynaptic responses to both short (7 stimuli) and prolonged 
(80 stimuli) presynaptic bursts were monitored. Similar recordings were made 
from synaptically connected pairs of CA3 pyramidal cells.

Short bursts resulted in a transient facilitation of individual responses to the 
stimuli in the bursts. Following LTP induction, a similar stable degree of 
potentiation was seen for responses to each of the stimuli in the burst. When 
prolonged bursts were given in the presence of D-AP5, to prevent plasticity, a 
transient depression of the response to successive stimuli in the bursts was seen. 
Following the wash of D-AP5 and induction of LTP, responses to the individual 
stimuli in prolonged bursts underwent similar degrees of potentiation that were 
stable for the duration of the recording. Identical results were obtained in 4 
synaptically connected pairs of CA3 pyramidal cells.

In contrast to a recent study of LTP in the cortex where a “redistribution” of 
synaptic strength was seen (Markram and Tsodyks, Nature 282:807, 1996), we 
have found that LTP in the hippocampus results in a uniform potentiation of 
responses to the stimuli of presynaptic bursts. These results are expected to have 
important implications for the semantics underlying neural activity in the 
hippocampus.

This work was funded by grants from the N IH  (D.K.S., R.A.N., R .C .M .) and by grants from the 
McKnight Endowment Fund for Neuroscience and the Human Frontier Science Program (R.C.M.).

524.8
PRIMING OF LTP BY GROUP I METABOTROPIC GLUTAMATE RECEPTORS 
INVOLVES DE NOVO PROTEIN SYNTHESIS. C.R. Raymond* and W.C. 
Abraham. Department of Psychology, University of Otago, Dunedin, New Zealand.

We investigated the mechanism by which long-term potentiation (LTP) in area 
CA1 of the hippocampus is facilitated by priming activation of group I metabotropic 
glutamate receptors (mGluRs). Transverse hippocampal slices (400 µm) were 
prepared from young, adult male Sprague-Dawley rats. In controls, a mild theta-burst 
stimulation (TBS) to the Schaffer collaterals induced a weak, decaying LTP of the 
field EPSP slope (18 ± 5% at 1 h post-TBS, t=77 min, n=5). A 10 min application of 
the specific Group I mGluR agonist 3,5-dihydroxyphenylglycine (DHPG, 20 µM), 30 
min prior to the mild TBS, transiently suppressed synaptic transmission but 
significantly enhanced subsequent LTP (40 ± 6%, t=262 min, n=7, p<0.05). The 
protein synthesis inhibitors cycloheximide (60 µM) and emetine (20 µM), when 
present during the priming period, did not affect the facilitated induction of LTP, but 
did block its maintenance over a 1 h period (27 ± 6%, n=5 and 17 ± 9%, n=4, p<0.05, 
respectively). Emetine also prevented priming of LTP when added 10 min after 
DHPG washout (16 ± 3%, n=4, p<0.05) but had no effect when present for 20 min 
beginning immediately post-TBS (37 ± 12%, n=4). A stronger TBS induced a more 
persistent form of LTP in control slices (at 2 h post-TBS: 25 ± 3%, n=6). The 
maintenance of this LTP was reduced by emetine applied immediately post-TBS (14 
± 4%, n=8, p<0.05), but was not affected by application of emetine 30 min prior to 
the strong TBS, i.e. during the equivalent of the priming period (28 ± 5%, n=5), 
indicating that emetine acts as a reversible inhibitor. Overall, these results show that 
Group I mGluR activation prior to tetanus triggers protein synthesis cascades that 
enhance subsequent LTP.

(Supported by the New Zealand Health Research Council.)

524.10
METAPLASTICITY INDUCED BY A PROLONGED PERIOD OF ACTIVITY 
THAT INHIBITS SUBSEQUENT HIPPOCAMPAL LTP INDUCTION 
HETEROSYNAPTICALLY. W.C. Abraham,1* B. Mason-Parker,1 M. Greig,1 F. Yi1 
and M.F. Bear.2 1Dept. of Psychology, Univ. of Otago, Dunedin, New Zealand and 
2Dept. of Neuroscience, Brown University, Providence, RI, 02912.

The Bienenstock, Cooper and Munro (BCM, 1982) model of synaptic plasticity 
entails an activity-dependent sliding modification threshold for the induction of LTP, 
that occurs at all excitatory modifiable synapses on the postsynaptic cell, regardless of 
whether those synapses participated in the initial period of activity. To test this model, 
we recorded dentate hilar field potentials in response to separate stimulation of the 
converging medial and lateral perforant paths of freely moving, adult male rats.

In control rats, delivery of 50 high-frequency trains (400 Hz, 25 ms) to the lateral 
path induced an LTP of 33% (n=7). If animals instead first received a 2 h period of 
tetanization (1440 trains, 400 Hz, 25 ms, “over-stimulation”) delivered to the medial 
path, LTP induction in the lateral path 2 h later was completely blocked (3%, n=9). 
Such over-stimulation did not induce afterdischarge activity. Medial path pre-
stimulation consisting of either 50 trains (10 min period) or 360 trains (2 h period) 
failed to affect lateral path LTP. Over-stimulation of the medial path also prevented 
LTP induction homosynaptically. The heterosynaptic block of lateral path LTP by 
medial path over-stimulation gradually recovered over a 7-28 d period. The block of 
LTP at 2 d post-over-stimulation was prevented by the NMDA receptor antagonist 
CPP (10 mg/kg, i.p.), when administered 2 h prior to over-stimulation (30%, n=4).  
Previous studies of metaplasticity have reported an NMDA receptor-dependent block 
of subsequent homosynaptic LTP that lasted only 60-90 min. The present study 
extends these findings by demonstrating that a prolonged period of increased neuronal 
activity can slide the modification threshold to the right both homo- and 
heterosynaptically, confirming an important feature of the BCM model.

Supported by the New Zealand Health Research Council and a Fogarty Senior 
International Fellowship.

524.12
The signal transmission properties at the hippocampal CA1 region have changed 
following the induction of LTP, S.Kotani1, H.Takagi2*, T,Suzuki2 and M.Sakakibara1, 1Sch. of 
High-Tech., Tokai Univ., Numazu 410-0321, Japan, 2Sch. of Med., Shinshu Univ., Matsumoto 
390-8621 , Japan
The long-term-potentiation (LTP) in the hippocampus has been thought to be a cellular model 

of learning and memory. However the relationship between LTP and the process of learning 
and memory has not been generally established. In order to make clear the cellular event and 
the animal behavior many studies have been conducted especially focused on the behavior for 
the specific gene knock out animal. Even though we do not have the satisfactory answer yet 
because there is still the gap of understandings between the genetic analysis and behavior. 
Among the one of the promising methodology to bridge the cellular event and the behavior 
there is the system with multi array electrodes (MED system). In this study we employed the 
MED system for the neonatal rat hippocampal slice preparation of 300µm in thickness whether 
the signal transmission properties change in the hippocampal neural circuit by the induction of 
LTP. For recording and stimulation the MED probe has 64 (8x8) embedded electrodes 
interposing 250µm with each other on the glass plate. The slice preparation was positioned so 
as to put the dendritic processes of the CA1 pyramidal cells just on the recording electrodes. 
The tetanic stimulus of 100Hz for 1sec was applied at the schaffer collaterals from CA3 to CA1 
region giving control test stimulation and the induction of LTP. The response to the test 
stimuli was recorded from six electrodes positioned at the dendrite, soma and axon of CA1 
pyramidal cells as the population EPSP and the population spike. Both the slope of population 
EPSP and the amplitude of population spike were potentiated lasting for more than 40 min 
following the tetanic stimulation. The increasing rate of the slope of the population EPSP was 
more prominent at the far recording electrode than the closer one, whereas that of the 
population spikes was independent to the electrode position. These results suggest that the 
efficacy of the signal transmission at the dendritic sysnapse has changed due to the induction of 
LTP.
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524.13
A BURST PAIRING PARADIGM FOR INDUCTION OF SYNAPTIC 
POTENTIATION AT EXCITATORY SYNAPSES IN THE HIPPOCAMPUS
i n  v it r o . F.G.Pike, A.W.A.Olding, R.M.Meredith,  O. Paulsen,* m r c
Anatomical Neuropharmacology Unit, Department of Pharmacology, Oxford, 0X1 
3TH.

Hebb’s learning rule suggests that coincident presynaptic and postsynaptic 
activity are necessary for induction of synaptic plasticity. During learning behaviours 
in rats hippocampal pyramidal cells typically show bursting activity at theta 
frequencies (4-12Hz) (e.g. O’Keefe and Recce, 1993). We investigated whether 
coincident single spike activity at theta frequency is sufficient, or whether bursting 
activity is necessary for induction of synaptic potentiation at Schaffer collateral - 
CA1 pyramidal neuron synapses in the adult rat hippocampus in vitro. Intracellular 
recordings were made from CA1 pyramidal cells and synaptic efficacy was monitored 
by measuring the amplitude of small (~4mV) EPSPs elicited alternately in two 
separate pathways. Pairing of ten single afferent stimuli with ten single postsynaptic 
action potentials at 5Hz, repeated four times, produced no significant change in 
synaptic efficacy in the test pathway, the mean normalised EPSP amplitude being 
O.947± 0.077 (mean±S.E.M, n=6) fifteen minutes after pairing. In contrast, pairing 
of ten groups of three afferent stimuli with ten postsynaptic bursts, at 5Hz, repeated 
four times, produced a clear input specific potentiation of the test input, with the 
mean normalised EPSP amplitude being l.377±0.045 (mean±S.E.M., p<0.05, 
n=6) fifteen minutes after pairing. No significant changes were seen in the control 
input in either case. Therefore, under these conditions, pairing of single spike 
activity at theta frequency is not sufficient to induce potentiation at excitatory 
synapses in the adult rat hippocampus in vitro. Instead our results suggest that 
bursting activity is necessary for pairing induced potentiation at these synapses. 
Supported by the Medical Research Council, UK, and The Wellcome Trust.

524.14

WITHDRAWN

524.15

EXPERIENCE-DEPENDENT SYNAPTIC PLASTICITY: 
NO VELTY -IN D UC ED  REVERSAL OF HIPPOCAM PAL  
LTP. M. J. Rowan*, L.Xu2  & R. Anwyl1 Dept of Pharmacology and 
Therapeutics, 1Dept of Physiology, Trinity College, Dublin 2, Ireland; 
2Kunming Institute of Zoology, P.R. China

Experience-dependent long-lasting increases in excitatory synaptic 
transmission in the hippocampus are believed to underlie certain types 
of memory. Whereas stimulation of hippocampal pathways in freely 
moving rats can readily elicit a long-term potentiation (LTP) of 
transmission that can last for weeks, previous studies have failed to 
detect persistent increases in synaptic efficacy after hippocampus- 
mediated learning. Since changes in synaptic efficacy are contingent on 
the history of plasticity at the synapses, we examined the effect of 
experience-dependent hippocampal activation on transmission after the 
induction of LTP. Exploration of a novel non-stressful environment 
rapidly reversed the expression of high frequency stimulation-induced 
early-phase LTP in the CA1 area, without affecting baseline 
transmission in a control pathway. LTP expression was not affected by 
exploration of familiar environments. Theta (6-8 Hz) EEG activity was 
increased in the novel but not familiar environment. Spatial exploration 
affected LTP within a defined time window since neither the induction 
of LTP nor the maintenance of long-established LTP was blocked. The 
discovery of a rapid and complete novelty-induced reversal of LTP 
expression provides strong evidence for an important role for long- 
lasting decreases in synaptic strength in experience-dependent plasticity 
in the hippocampus.

Supported by the Health Research Board of Ireland and the Wellcome Trust

SODIUM CHANNELS: MOLECULAR, RECOMBINANT AND CELL LINE STUDIES

525.1

A MULTIPLEX PCR FOR THE DETECTION OF RAT SODIUM 
CHANNEL AND VANILLOID RECEPTOR cDNAs. S. Mittman*,
J. Guo and W.S. Agnew. Depts. o f Anesthesiology and Physiology, 
The Johns Hopkins University School of Medicine, Baltimore, MD 
21287

Individual sensory neurons likely express multiple sodium 
channel α-subunit isoforms, as well as the associated β1- and 
β2-subunits. We have developed a tool for the simultaneous detection 
of these transcripts. After reverse transcription o f mRNA, multiplex 
PCR is performed with four primer pairs: 1) a pair o f degenerate 
primers that recognizes the cDNAs encoding all known members of 
the sodium channel α-subunit family and produces amplicons ranging 
from 2.1 to 2.3 kbp, 2) a primer pair that recognizes the vanilloid 
receptor cDNA (1.4 kbp amplicon), 3) a primer pair that recognizes 
the sodium channel β1-subunit cDNA (0.82 kbp amplicon) and 4) a 
primer pair that recognizes the sodium channel β2-subunit cDNA 
(0.48 kbp amplicon). We are currently examining individual, 
enzymatically-dispersed neurons to test the hypothesis that putative 
nociceptive sensory neurons differ from non-nociceptors in their 
pattern o f sodium channel transcript expression. Supported by the 
NIH, the Johns Hopkins University School o f Medicine, the 
Foundation for Anesthesia Education and Research, the American 
Society o f Regional Anesthesia and Astra Pharmaceutical Products, 
Inc.

525.2
THR EE DIMENSIONAL STRUCTURE O F THE VOLTAGE GATED SODIUM  

CHANNEL AT 2-3 NM RESOLUTION: FOUR DOMAINS SURROUNDING A 

CENTRAL PORE. C. Sato1* and A. Engel2. Supermolecular Science Division, 

Electrotechnical Laboratory (ETL), Umezono 1-1-4, Tsukuba, 3 05  Japan, e-mail 

tisato @ etl.go.jp, 2M.E. Müller Institute for Microscopy, Biozentmm, 

Klingelbergstrasse 70, CH-4056 Basel, Switzerland

The voltage gated sodium channel generates the action potential. We 

isolated sodium channels from Electrophorus electricus electroplax by 

detergent solubilization and immunoaffinity chromatography and studied their 

structure by electron microscopy of negatively stained specimens. Different 

projections were aligned, classified and averaged. In top views, the sodium  

channel appears to consist of fourdomains of different size, and to have a stain- 

filled pore in the center. In side view, the channel protein appears as a truncated

cone, 14 nm height with a wide (12  

nm) and a narrow (7-10 nm) end; 

the wide end has symmetric (as 

shown) and asymmetric projections. 

(J. Struct. Biol., in press). Supported by 

E-SB969602 and TK970112 in ETL, 

Top view (left) and Side view (right) and by the Maurice E. Müller Foundation.
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525.3
TENASCIN-R IS A FUNCTIONAL MODULATOR OF BRAIN NA+ CHANNELS. 
Z.-C. Xiao1,4, D.S. Ragsdale2, P.E. Braun1, and L.L.Isom3*. 1Dept. of 
Biochemistry, McGill Univ., Montreal, QC H3G 1Y6, 2Montreal Neurological Inst., 
McGill Univ., Montreal, QC H3A 2B4, 3Dept. of Pharmacology, Univ. of 
Michigan, Ann Arbor, MI 48109-0632. 4 present address: Dept. of Neurobiology and 
Anatomy, Univ. of Rochester, Rochester, NY 14642 

Control of the cell surface density and localization of voltage-gated Na+ channels 
(NaCh) is a critical aspect of neuronal function and development. In myelinated 
axons, NaCh are clustered at high concentration at nodes of Ranvier. A growing 
body of evidence suggests that this arrangement results from a complex molecular 
communication between glia and the axon. The glial-derived extracellular matrix 
molecule tenascin-R (TN-R) is expressed by oligodendrocytes during myelination and 
is localized at the nodes of Ranvier in the central nervous system. An interaction 
between purified NaCh β2 subunits and TN-R has been reported previously. To 
determine whether binding of TN-R to NaCh resulted in a functional effect, we 
investigated the interaction of TN-R with Chinese hamster lung (CHL) cells stabley 
transfected with various permutations of NaCh αIIA, β1, and β2 subunits. CHL 
cells transfected with α , β1, or β2 alone were strongly repelled by TN-R plated on 
nitrocellulose while control CHL cells were not. In contrast, co-expression of α 
with either or both β subunits resulted in a channel conformation that was not 
affected by TN-R and the repulsive effect was not observed. These effects were 
mimicked by a GST-fusion protein containing the NH2-terminal cysteine-rich domain 
and epidermal growth factor (EGF) domain of TN-R but not the fibronectin 6-8 (FN) 
or fibrinogen (FG) domains. The repulsive effect of TN-R on αIIA-expressing cells 
was inhibited by the PKA inhibitors H89 and H8 and by the PKC activator TPA in a 
dose-dependent manner. Genistein, dibutyrl cAMP, the PKC inhibitor H7, and 
staurosporine had no effect on repulsion. In contrast, H7 blocked the repulsive effect 
between TN-R and β2-expressing CHL cells in a dose-dependent manner. We propose 
that the interaction of NaCh with TN-R plays a critical role in channel clustering and 
nodal development. Supported by a NS Network of Canada grant to P.E.B., NMSS 
grant RG-2882-A-1 to L.L.I, and MRC grant MT-13485 to D.S.R..

525.5
MUTATIONS IN THE TRANSMEMBRANE IVS6-REGION OF 
VOLTAGE-GATED SODIUM CHANNELS AFFECT THE INHIBITION 
BY R(-)-MEXILETINE T .Weiser*, Y Ou1, W.A.Catterall 1 and T.Scheuer1. 
Bochringer Ingelheim Pharma KG, D-55218 Ingelheim; 1Dept. of 
Pharmacology, University o f Washington, Seattle

Mexiletine (tradename: MexitilR) is widely used as medication for cardiac 
arrhythmias due to its sodium-channel blocking activity. Moreover, 
mexiletine has neuroprotective properties in vivo, suggesting that neuronal 
sodium channels can also be affected by mexiletine.

To characterize the effects o f mexiletine on sodium channels in vitro, we 
performed electrophysiological investigations o f the effects of R(-)- 
mexiletine on cloned neuronal (rbIIA) and cardiac (rH1) sodium channel α  
subunits transiently expressed in tsA-201 cells. R(-)-mexiletine induced 
frequency-dependent block, shifted the steady-state inactivation curves 
toward negative potentials, and bound with higher affinities to depolarized 
channels o f both types, but rH 1α  channels were about two-fold more 
sensitive. Mutation o f a critical phenylalanine residue in transmembrane 
segment IVS6 to alanine (F1764 in rbIIA; F 1762 in rH lα ) resulted in reduced 
affinity for R(-)-mexiletine in both channel isoforms and abolished the 
isoform-specific difference in affinity.

These findings suggest that this phenylalanine in IVS6 o f the Na+ channel 
is an important determinant o f R(-)-mexiletine binding in both isoforms and 
is responsible for the different affinities o f the isoforms for the drug.

525.7

FU NC TIO NA L ANALYSIS OF THE M OUSE SC N8A SO DIUM  
CHANNEL M.R Smith1, R.D. Smith1, N.W. Plummer2, M.H. Meisler2 
and A.L. Goldin1* . 1Dept. of Microbiology & Molecular Genetics. Univ. 
of California, Irvine, CA 92697-4025; 2Dept. of Human Genetics, Univ. 
of Michigan, Ann Arbor, Ml 48109-0618.

We have constructed a full-length cDNA clone encoding the mouse 
Scn8a sodium channel and expressed this channel in Xenopus 
oocytes. The electrophysiological properties of the Scn8a channels 
were compared to those of the types 1 and 2 sodium channels from 
rat. Scn8a channels inactivated more rapidly and showed differences 
in their voltage-dependent properties compared to types 1 and 2 when 
only the α subunits were expressed. Coexpression of the β1 and β2 
subunits modulated the properties of the Scn8a channels, but to a 
lesser extent than for the types 1 and 2 channels. All three channels 
showed similar voltage-dependence and inactivation kinetics in the 
presence of the β subunits. However, Scn8a channels coexpressed 
with the β subunits exhibited a persistent current that became larger 
with increasing depolarization, which was not observed for either type 
1 or type 2 channels. We did not observe a resurgent current for 
Scn8a expressed in oocytes as was previously observed in Purkinje 
neurons that express Scn8a (Raman and Bean, J. Neurosci. 17:4517). We 
are currently examining the properties of Scn8a channels containing 
the A1327T mutation in domain III S4-S5, which causes cerebellar 
ataxia in jolting mice (Kohrman et al., J. Neurosci. 16:5993). In addition, 
we are examining the properties of a splice variant of Scn8a that 
includes a stop codon in domain III S3 (Plummer et al., J. Biol. Chem. 
272:24008). Supported by grants from the NIH (NS26729 and NS34609).

525.4
ANALYSIS OF NA CHANNEL SUBUNIT INTERACTIONS THROUGH 
IMMUNOPRECIPITATION OF EPITOPE TAGGED NA CHANNEL SUBUNITS. 
R. M. Shah1*, S.R.Levinson3, and R. A. Maue1,2 . Depts of 1Physiology and 
2Biochemistry, Dartmouth Medical School, Hanover, NH 03755, and Dept of 
3Physiology, University of Colorado Health Sciences Center, Denver, CO 80262.

Mammalian sodium (Na) channels are thought to consist of an α  subunit in 
association with auxiliary β1 and/or β2 subunits. However, functional evidence for 
these interactions has been controversial for some α  subunits. Furthermore, it is 
unknown whether association of β and c- subunits is selectively regulated in cells 
expressing multiple α  subunit isoforms, nor what role β subunits play in the 
subcellular localization of Na channels. To investigate questions like these, we have 
developed the ability to immunoprecipitate epitope-tagged Na channel subunits from 
cell lysates and identify interacting proteins by Western blot analysis. The interactions 
detected are specific, as suggested by a number of control experiments - ie. when co
expressed in cos cells, tagged β1 subunits interact with SKM1 α  subunits and a myc- 
tagged type II α subunit (the latter courtesy of Dr. R. Dunn, McGill University), as 
expected, yet do not co-precipitate with K channels nor myc-tagged β2 subunits. 
Interestingly, the epitope-tagged β1 interacts with the SKM2 α isoform (courtesy of 
Dr. A. George, Vanderbilt), as well as a novel LQT-3 mutant α  subunit exhibiting 
altered functional responses to β1 (courtesy Dr. R. Kass, Columbia University; Circ. 
Res., submitted). Experiments with primary neurons and cell lines endogenously 
expressing α subunits (ie. mouse CIC12 skeletal muscle cells) indicate that the assay 
is sensitive enough to detect interactions between the tagged β subunits and α 
subunits at the levels of expression found in these cell types. Similarly, in sublines 
of PC12 cells stably expressing tagged β1 subunits, interaction of the tagged β1 with 
type II α  subunits and with PN-1 α subunits can be detected. By demonstrating these 
tagged β subunits selectively interact with Na channel α subunits, and the interactions 
can be detectedin cells expressing endogenous α subunits, our results suggest that this 
approach will be useful for the analysis of Na channel subunit association, subcellular 
distribution, and localization in primary neurons and other excitable cells in vitro and 
in vivo. Supported by NIH grants to RAM (NS28767) and SRL (NS34375).

525.6
LIDOCAINE EFFECTS ON THE ACTIVATION AND INACTIVATION OF 
THE α-SUBUNIT OF BRAIN AND CARDIAC VOLTAGE DEPENDENT 
Na+ CHANNELS (VDNaCL E Recio-Pinto1*, I Nikonorov1, W A Catterall2, 
RG Kallen3, and DR C a s t e nda-Castellanos1. 1Hospital for Special 
Surgery, Anesthesiology, NY NY 1 00 21 . 2 University of Washington, 
Pharmacology, Seattle W A 98195. 3University of Pennsylvania School of 
Medicine, Biochemistry & Biophysics, Philadelphia, PA 19104.

It has been shown that lidocaine blocks the open state of brain 
VDNaC with the same voltage dependence, but with ~10 times as high a 
potency as muscle (eel electroplax , skeletal, cardiac) VDNaCs (Salazar 
et al., 1995 Brain Res 699:305-14; Diaz et al., 1998 Jpn Heart J, In 
Press; Zamponi et al., 1993 Biophys J 65:91-100). In this study we 
investigated whether differences in the channel’s α-subunits were 
responsible for such a phenomenon. Whole cell voltage clamp recordings 
were performed in CHO cells expressing the α-subunit of either brain 
(type IIa) or cardiac VDNaCs. Lidocaine blocked the peak currents of 
cardiac α-subunits with ~3X higher potency than those from brain α- 
subunits. However, lidocaine induced a hyperpolarization shift of the 
midpoint potential value of the steady state activation curve of brain but 
not of cardiac α-subunits. Finally , the lidocaine-induced 
hyperpolarization shift of the midpoint potential value of the steady state 
inactivation curve was stronger for cardiac than for brain α-subunits. 
These results indicate, first that the open state of brain and cardiac α- 
subunits have different lidocaine affinities, but these differences are in 
the opposite direction than previously observed in native BTX-modified 
VDNaC (see refs above). Second, in the presence of lidocaine there is 
a decrease in the peak currents but more channels become activatable 
at a given membrane potential (NIH grant G M 30299).

525.8
CLONING AND FUNCTIONAL EXPRESSION OF A NOVEL RAT BRAIN 
SODIUM CHANNEL WITH A DIVERGENT DOMAIN III-IV LINKER 
AND AN EEKE PORE REGION, M.D. Tang,2*+# Y.-M. Sun,3 R. Khanna,1 
S.J. Gold,3 C.M. Macica,3 E.J . Nestler,3 L.C. Schlichter,1 E.G. Moczydlowski,3 
and L.K. Kaczmarek.3# 1Playfair Neurosci. Unit, Toronto Western Hosp.; 2Dept. 

of Neuroscience, Yale Univ. Sch. of Med.; 3Dept. of Pharmacology, Yale Univ. 
Sch. of Med., New Haven, CT 06510.

Using a combination of screening techniques, we cloned the alpha subunit of a 
novel rat neuronal sodium channel possessing a divergent domain III-IV linker 
region, and an EEKE amino acid sequence in its pore region, differentiating it from 
normal sodium channels. Evolutionary analysis using the sequence of this 
structurally novel ion channel underscores the close relationship between sodium and 
calcium channels. Northern blot and RT-PCR analysis indicated that this gene is 
expressed predominantly in the brain. In situ hybridization analysis indicated that 
this gene is expressed at a particularly high level in suprachiasmatic nucleus, as well 
as in hippocampus, olfactory bulb, cerebellum, locus coeruleus, and cerebral cortex. 
When expressed in a mammalian cell line, this channel gives rise to an inward 
sodium current. Based on the channel’s distinctive properties, we propose that this 
channel may contribute to the slowly inactivating component of sodium current. 
This slowly inactivating component of sodium current has been observed in mature 
cortical neurons and in ra, brain regions including suprachiasmatic nucleus, where 
this component has been proposed to play a role in mechanisms underlying 
spontaneous firing.

+ supported by NIH DC01909 grant
# supported in part by NIH MSTP grant
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525.9
PROGESTERONE TREATMENT LEADS TO RAPID ELIMINATION OF 
EXOGENOUSLY EXPRESSED VOLTAGE-ACTIVATED SODIUM CURRENTS 
IN XENOPUS OOCYTES. A. Shcherbatko and P. Brehm*. Dept. of Neurobiology 
and Behavior, State Univ. of New York at Stony Brook; Stony Brook, NY 11794.

Activation of steroid hormone receptors in the nervous system has profound effects 
on cellular excitability. We have discovered, using the Xenopus oocyte expression 
system, dramatic effects of activation of endogenous progesterone receptors on the 
levels of voltage-activated sodium current. Expression of RNA encoding α  subunits of 
rat skeletal muscle (skm1) sodium channels yielded consistently high levels of 
expression in the absence of progesterone (peak current: 1 to 10µA measured by cut- 
open technique). During the first 5-6 hours in the presence of 20µM progesterone no 
appreciable change in average current was observed. However, over the subsequent 1-2 
hours of progesterone treatment the sodium current disappeared. Rapid and total 
elimination of sodium current was observed for human peripheral nerve (hPN1), rat 
peripheral nerve (rPN1), and rat brain Πa (rBIIa) sodium channel types by the time of 
germinal vesicle breakdown. During the time of disappearance there was no associated 
change in kinetics of inactivation or voltage-dependence of activation. Additionally, co-
expression of the beta-1 subunit with any of the 4 alpha subunit types led to fast 
inactivating sodium currents that also disappeared during treatment with progesterone. 
In published studies, similar effects of progesterone were reported for Rat-eag potassium 
channels. In contrast, no loss of current was observed for Sh-H4, drosophila eag, and 
Kv1.4 potassium channels, indicating that the mechanisms governing disappearance of 
the currents are specific to the channel type (Bruggemann et 
al.,1997.Proc.Natl.Acad.Sci.USA. 94:537). Progesterone has been shown to elicit 
oocyte maturation through activity of cyclin-dependent kinases. Treatment with 100µM 
olomoucine, a specific inhibitor of cdc2 kinase, prevented the progesterone-induced 
down-regulation of Skm1 sodium currents. We are presently investigating the 
mechanism of the current disappearance and whether similar mechanisms exist in cells 
from the nervous system. (Funded by a grant from the NIH to PB).

525.11
Removing Na+ channel inactivation significantly alters the voltage of 
activation for hH1 but has much less impact on rSkM1 activation voltage.
Eric Bennett*. Department of Physiology & Biophysics and Program in 
Neuroscience, U. South Florida, College o f Medicine, Tampa, FL 33612.

Functional comparison of hH 1 and rSkM 1 Na+ channels as expressed 
in CHO cells made prior to and following the removal of inactivation through 
internal papain perfusion suggested a marked difference between isoforms in 
the apparent coupling o f activation to cytoplasmic domains. With inactivation 
present, voltages of half activation (Va) and o f half inactivation (Vi) for hH 1 
were 10 mV more negative than for rSkM 1, while rSkM 1 inactivated more 
rapidly than hH 1 (60% faster at +10mV). Following removal of inactivation, 
direct measurements of activation rates showed that hH 1 activates more 
rapidly than rSkM 1 (2.65 times faster at -20mV) and that these rates were 
similar to estimates of activation rates made prior to removal of inactivation. 
However, Va(hH l) shifted by 20.5+/-2.8 mV (n=6) in the hyperpolarized 
direction, while Va(rSkM l) shifted by only 5.8+/-1.6 mV (n=9). A small 
fraction of channels inactivating prior to peak current measurement may 
account for the shift in Va(rSkM l) but can not account fully for the shift in 
Va(hH 1) given that hH 1 activation rates are 10-15 times faster than 
inactivation rates at all potentials (rSkM 1 gating rates are less disparate). Va 
for both channels measured in the absence of papain remained constant over 
the experimental time frame, thus ruling out a time dependent drift in Va as 
described for Na+ channels expressed in HEK cells. The data indicate that 
removal of inactivation through papain treatment alters Va(hH1) with lesser 
effects on Va(rSkM 1) and are consistent with differences between hH 1 and 
rSkM 1 in their coupling of cytoplasmic domains to activation, perhaps 
differences in coupling of inactivation to activation mechanisms.

525.13

NOVEL DETERMINANTS OF PERMEATION BETWEEN THE P 
SEGMENT AND IV-S6 IN VOLTAGE-DEPENDENT SODIUM 
CHANNELS. P. Vélez, T. Yamagishi, A. Méndez-Fitzwilliam, G.F. Tomaselli and 
E. Marbán*. Dept. of Medicine, Johns Hopkins University, Baltimore, MD 21205.

In voltage-dependent Na+ channels, the P-segments form the outer vestibule 
and the selectivity filter of the pore. Recently, we have shown that residues 
previously thought to be “superficial” and functionally unimportant instead 
participate intimately in the process o f ion permeation. The residues 
carboxy-terminal to the classical selectivity filter residue in domain IV 
(A1529 in µ 1) are particularly notable in that 4 in a row (1530-1533) alter 
selectivity profoundly when mutated. We have extended our analysis by 
performing serial cysteine mutagenesis on residues 1534 to 1545 in the µ 1 
rat skeletal Na+ channel. These amino acids are C-terminal to SS2, on the 
way to S6 in domain IV. Ionic currents were measured using whole-cell 
patch clamp in transiently transfected HEK cells. Gating, selectivity, Cd2+ 
block, TTX/STX block and accessibility by MTS reagents were studied. We 
found that L1534C is Cd2+-sensitive and permeable to K+ and NH4+ More 
suprisingly, D1545C, only 21 residues away from the proposed start point of 
the IV-S6 transmembrane segment, displays increased Cd2+ sensitivity 
(IC50 ≈600 µM) and can be modified by MTSEA+ . Thus, residues well 
beyond the putative selectivity filter (DEKA ring) influence permeation. 
These findings raise the possibility that part of the P segment-S6 linker dips 
back into the pore and lines the pemeation pathway. Funded by NIH (R01 
HL 52768 and R01 HL 50411).

525.10
CONOTOXINS DISTINGUISH AMONG VOLTAGE-DEPENDENT SODIUM 
CHANNEL TYPES. P. Safe, A. Shcherbatko, E. Han, J. S. Trimmer1*, G. Mandel2, 
B. Olivera3, P. Brehm. Dept. Neurobiology & Behavior, 1Dept. Biochem. & Cell 
Biology, 2HHMI, SUNY, Stony Brook, NY 11794, 3Dept. Biology, Univ. of Utah.

Certain conotoxins (CTXs) have been widely used to differentiate among structurally 
and functionally distinct types of Ca channels. We now similarly extend the use of 
CTXs specific for voltage-dependent Na channels, wherein functional distinctions among 
channel isoforms cannot be made. Inhibition of Na channel function by 6 different 
CTXs was determined for rat (skeletal muscle=rSKM1, peripheral neuron type l=rPN1, 
and brain type IIa=rBIIa) and human (hPN1) forms of Na channel alpha subunit. The 
toxin block of Na current was determined by use of two-microelectrode voltage clamp 
measurements from Xenopus oocytes injected with 30-50 ng RNA one day prior to 
recording. The recording solution contained (in mM): 100 NaMES, 10 NaHEPES, 10 
NaCl, and 2 CaMES. Our results indicate that, on the bases of sensitivity, PIIIA and 
GIIIA CTX distinguish between neuronal and skeletal Na channel types, while PIIIA 
discriminates among the neuronal types. We are presently testing the ability of PIIIA to 
differentiate between Na channel types which are coexpressed in native neurons.

*IC50 values (in nM) for toxins
Type TTX u-PIIIA u-GIIIA GM VIA Sm.3.1 PVIA α-MI
rSKM1 45 41 19 4817 4245 5228 7234
rBΠa 12 690 2130 2517 5091 2 897 3782
hPN 1 38 3129 no block 7846 1868 3567

r P N1___ 4_______6159___ 6005
*All values above 1000 nM are extrapolations from the equation used. The fractional 
block at each toxin concentration was determined by the ratio of peak inward current in 
the presence of toxin to pretoxin treatment. The dose-response relations were fitted with 
the equation y = [(T/IC50)n]− 1 in order to estimate the half-blocking concentration (IC50). 
In this equation, y represents the fractional block of current, and T is the concentration of 
toxin. (Supported by grants from the NIH to PB and GM).

525.12
ALTERATION OF GATING PROPERTIES OF DIMERIC TYPE IIA α/β1 NA+ 
CHANNELS BY CO-EXPRESSION OF β2 SUBUNITS. I.M. Her/.berg1, P.D. 
Oh1, L.J. Greenfield1*, R.L. Macdonald1 and L.L. Isom2. 1Dept. of Neurology, 
University of Michigan, Ann Arbor, MI, 48109-0632, and 2Department of 
Pharmacology, University of Michigan, Ann Arbor, MI 48109.

Na+ channel β2 subunits are co-expressed with neuronal α subunits and form 
disulfide bridges with α subunits. In Xenopus oocytes, the co-expression of β2 
subunits with type IIA α subunits causes an increase in membrane capacitance and a 
hyperpolarization in the V50 of activation and inactivation. The functional 
consequences of co-expression of the β2 subunit in mammalian cells have not been 
characterized extensively. To address this question, we generated two cell lines 
derived from Chinese hamster 1610 cell lines, that stabley express either type IIA α 
and β2 subunits or type ΠA α, β1, and β2 subunits. We verified subunit expression 
by western and northern blotting and assays of saxitoxin-binding activity. In 
contrast to the effect in oocytes, co-expression of the β2 subunit with type IIA α 
and β1 subunits causes a slight depolarizing shift in the voltage dependence of 
inactivation (-61.9 ±0.8 mV vs. -66.9 ± 1.8 mV). Additionally, we observed an 
increase in the rate of recovery from inactivation (τ of 3.7 ± 0.5 msec vs. τ of 5.5 
± 0.5 msec). These results indicate a functional difference between the properties of 
Na+ channels expressed in oocytes and mammalian cells that may be a consequence 
of differences in post-translational modifications. The modification of gating 
properties observed in 1610 cells also suggests a role for β2 subunits as modifiers 
of gating properties in neurons in addition to their purported role in intracellular 
targeting. Supported by NIH RO1-NS333OOO (R.L.M.) and NMSS RG-2882-A-1 
(L.L.I.)

525.14
MODULATION OF ACTIVATION GATING BY BINDING OF ß-SCORPION 
TOXIN TO THE S3-S4 LOOP IN DOMAIN II OF THE SODIUM CHANNEL : 
EVIDENCE FOR A VOLTAGE-SENSOR TRAPPING MECHANISM. S. 
Cestèle1, Y. Ou1, J.C. Rogers1, H. Rochat2, T. Scheuer1 and W.A. 
Catterall1*. 1Dept. of Pharmacology, Univ. of Washington, Seattle WA 
98121 (USA); 2CNRS UMR 6560, Univ. de la Méditerranée, 13916 
Marseille (FRANCE).
The ß-scorpion toxin Css IV binds with high affinity (Kd= 0.2 ± 0.03 
nM) to brain type IIa sodium channels and causes both a prepulse- 
dependent shift in the voltage-dependence of activation in the 
hyperpolarizing direction and a voltage-dependent reduction of peak 
sodium current. In the presence of Css IV, sodium channels are trapped in 
an activated state following activation. In contrast, Css IV binds with a 
lower affinity (Kd= 3.8± 0.8 nM) to cardiac sodium channels, induces a 
voltage-independent reduction of peak sodium current and has little effect 
on the voltage-dependence of activation. Binding analysis of chimeric 
brain/cardiac sodium channels revealed that conversions in extracellular 
loops IS5-SS1, IIS1-S2, IIS3-S4 and IIISS2-S6 account for the different 
affinities of Css IV for brain and cardiac sodium channels. The largest 
effect was observed with the loop IIS3-S4 which contained a single amino 
acid change (G845N) and reduced binding affinity 13 fold. 
Electrophysiological analysis of the G845N chimera indicated that 
although its functional properties are similar to those of wild type r IIa 
sodium channels, all Css IV effects were strongly altered and were 
identical to those observed in the cardiac sodium channels. No trapping of 
the mutant channel in the activated state was observed. These results show 
that S3-S4 loop of domain II is the major component of ß-scorpion toxin 
receptor site and suggest that the negative shift in the voltage dependence 
activation caused by ß-scorpion toxin on brain sodium channel is due to a 
voltage-sensor trapping effect on segment IIS4.
"Human Frontiers Science Program" to S.C. and NIH research grant to W.A.C.
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525.15
THE SURFACE CHARGE DENSITY (σ) SENSED BY THE PERMEATION 
PATHWAY OF BRAIN Na+ CHANNELS INCREASES WITH 
DEVELOPMENT. WB Thornhill3, C Castillo1, F Xu2*, and E. Recio-Pinto2.
1Instituto de Estudios Avanzados, Caracas 1015-A, Venezuela. 2Hospital for 
Special Surgery, Anesthesiology, NY N Y 10021. 3Mount Sinai School of 
Medicine, Physiology and Biophysics NY NY, 10029

Recently we showed that the σ sensed by the Na+ channel activation 
process increased during development (Castillo et al, 1997, Dev Brain Res. 
104:119-130). Here we investigate the conductance changes. Single 
channel slope conductances (g) of BTX-modified Na+ channels from 
embryonic (E15) and adult rat brains were obtained from single channel 
current measurements over a wide voltage range (± 60mV) at various NaCl 
concentrations. The g was dependent on the NaCI concentration. In both 
cases, the g value approached saturation at high NaCI and deviated from a 
simple Langmuirian isotherm. The data were fitted to a model that assumes 
single-ion channel occupancy and an equal distribution of σ under 
symmetrical solutions of NaCI (Green et al., 1987; GJP 89:873-903). The 
estimated values were: E15; σ = −0.172 e/nm2, gmax = 30.9 pS and KNa = 
0 .33M and adult; σ =−0.3 e/nm2, gmax = 43.1 pS and KNa = 0 .99M. Western 
blots showed that the apparent MWs were for E15 channels ~2O8 kDa, and 
for adult channels ~ 243 kDa. Upon neuraminidase treatment, which cleaves 
sialic acids, these differences in MW were abolished. These findings indicate 
that the σ sensed by the permeation pathway and the conformation of the 
permeation pathway (different gmax) changes during development. Moreover 
these functional changes correlate with changes in the channel’s sialidation 
level. (Vollmer Research Fund of CEC-Caracas, The NIH grants 
NS29633(W BT) and GM3O299 (ERP)).

525.17
INCREASE IN Na CHANNEL mRNA ABUNDANCE DURING 
DIFFERENTIATION OF SH-SY5Y NEUROBLASTOMA CELLS. F.N. 
Quandt*. Dept. of Molec. Biophys. and Physiol. and Multiple Sclerosis Center, 
Rush University, Chicago, IL 60612.

Mechanisms for regulation of Na channel expression were studied using 
differentiation of human SH-SY5Y neuroblastoma cells as a model system. The 
laboratory has previously found that Na channel density is up-regulated following 
differentiation for three weeks in the presence of 1 µM retinoic acid with 50 to 100 
ng/ml BDNF, and selected with 1 µg/ml aphidicolin when compared to dividing 
cells grown in suspension. Using RT-PCR in combination with restriction analysis, 
SH-SY5Y cells were found to contain mRNA for type II and III Na channels, as 
well as the β 1 subunit, but not the type I channel. The abundance of mRNA for a 
number of structural proteins and transcription factors is known to change after 
differentiation, and these changes were seen for the differentiation procedure used 
when analyzed quantitatively by competitive RT-PCR. GAP-43 mRNA increased 
by a factor of 12 following differentiation. However, mRNA for the c- and N- myc 
oncogenes decreased. Type II Na channel mRNA abundance was 5 times higher 
following differentiation, matching the magnitude of the change in Na current 
density under this condition. mRNA for REST (NRSF), a transcription factor 
known to silence type II Na channel expression, was reduced to 50% of the level 
found in undifferentiated cells. However, the absolute level of REST mRNA was 
not significantly lower in the THP-1 cell line, which does not contain type II Na 
channel mRNA. To test for differences in REST isoforms, the ratio of mRNA 
measured at the 5’ or the 3’ end of the transcript was found similar in the two cell 
lines and did not change with differentiation. The results suggest that Na channel 
expression is increased by changes in mRNA abundance during differentiation, but 
may not be exclusively due to changes in the influence of REST. Supported by the 
Michael Reese Trust and the National Multiple Sclerosis Society.

525.19

SENSORY NEURON SODIUM CURRENT IS REDUCED IN 
ZEBRAFISH TOUCH-INSENSITIVE MUTANTS. Angeles B. 
Ribera *# and Christiane Nüsslein-Volhard# Max-Planck Institut für 
Entwicklungsbiologie, Tübingen, Germany# and Dept. of Physiology 
and Biophysics, UCHSC, Denver, CO*.

Developmental changes in neuronal connectivity, synaptic function and 
excitable membrane properties underlie stage-specific appearance of 
embryonic behaviors. Zebrafish embryos respond to touch at 27 hours 
post fertilization. Electrophysiological analysis of mechanosensory 
neurons of wild type embryos indicates that, during the transition from a 
touch-insensitive to a touch-sensitive embryo, action potentials acquire 
larger overshoots and briefer durations. During the same period, 
amplitudes of sodium and potassium currents both increase. Several 
zebrafish embryonic mutants display abnormal motility (Granato et al., 
1996) and provide opportunities for identification of genetic, molecular 
and cellular mechanisms generating specific behaviors. Mechanosensory 
neurons of three different touch-insensitive mutants fire either no action 
potential or ones with diminished overshoots. Voltage-dependent 
potassium current increases normally, consistent with the fact that the 
duration of the action potential is unaffected in mechanosesnory neurons 
of mutants. However, sodium currents remain small, thereby preventing 
the normal increase in overshoot of the action potential. These results 
indicate that developmental regulation of sensory neuron sodium current 
plays an essential role in acquisition of embryonic touch sensitivity 
Supported by the FIC/NIH, Fulbright Kommission and the Guggenheim 
Foundation. Granato et al., 1996, Development 123: 399-413.

525.16
VOLTAGE DEPENDENT Na+ CHANNELS (VDNaC) IN A CNS 
NEURONAL CELL LINE. DR Castañeda-Castellanos1, M Cano2, A 
Corbett3, J W ang4*, WB Thornhill2, E Redo-Pinto1. 1 Hospital for Special 
Surgery, Anesthesiology, NY NY 10021. 2Physiology and Biophysics, 
Mount Sinai School of Medicine, NY NY, 1 0 0 2 9 .3Wright State University, 
Biochemistry, Dayton, OH 4 5 4 3 5 .4Tufts University School of Medicine, 
Neuroscience, Boston MA 02111.

The mouse CNS neuronal CAD cell line (Qi et al., 1997 J Neuros 
17:1217-25) and a subclone CAD-R1 undergo neuronal morphological 
differentiation upon removal of serum. These cells express VDNaC  
currents that are TTX sensitive (completely blocked with 3OOnM TTX) 
and have voltage dependent activation and inactivation properties that 
resemble those previously reported for neuronal VDNaC. Upon removal 
of serum there is a 40%  and 100% increase in the density of VDNaC  
currents in CAD and CADR1, respectively. The density of VDNaC was 
high enough to produce Na+-dependent action potentials under short 
(10ms) current clamp pulses. The threshold potential was around -35mV. 
These cells also express K+ channels but at a very low density. Upon 
removal of serum, CADR1 cells showed an increase in the expression of 
the delayed rectifier K+ currents but not of inward rectifier K+ currents. 
These K+ currents were TEA sensitive. Immunocytostaining showed 
that these cells express brain type l, ll/lla and lll/llla VDNaC both before 
and after morphological differentiation. The distribution of the various 
VDNaC, however, was not homogenous. These results indicate that 
these cells, in addition to other neuronal markers (Qi et al., 1997), 
express various brain VDNaC and hence represent a good CNS  
neuronal cell model for studying the regulation of expression and 
targeting of CNS VDNaCs. (NIH grants NS29633(W BT) and GM3O299 
(ERP)).

525.18
SELECTIVE INDUCTION OF THE RET1 SODIUM CHANNEL IN 
PC 12 CELLS EXPRESSING AN ACTIVATED RAS ONCOPROTEIN.
T, Boiko*, M. Echevarrí a, J.J. Toledo-Aral, and G. Matthews, Dept. 
Neurobiology, SUNY, Stony Brook, NY. 11794-5230.

The Ret1 sodium channel was originally cloned from cultured rat 
retinal pigment epithelial cells and is found in neural retina, peripheral 
ganglia, and adrenal gland, among other tissues. It is identical to NaG 
(partial sequence), 98% identical to SCL-11 and homologous to hNav 2.1 
(77%) and mNav 2.3 (88%). These are atypical sodium channels, which 
have not been successfully expressed in heterologous systems and 
therefore have not been physiologically characterized. As an alternative 
to heterologous expression, we used properties of the NGF signaling 
pathway leading to Ret1 in PC12 cells to selectively induce Ret1 and 
record endogenous currents. Ret1 can be induced by NGF in normal 
PC12 cells but not in PC12 cell transfectants expressing a dominant 
negative form of ras. To further establish that ras can mediate R et1 
induction in PC12 cells, we used the GSras1 PC12 transfectant in which 
expression of an activated ras mutant is induced by treatment with 
dexamethasone, bypassing the NGF receptor. The level of Ret1 mRNA 
was increased by induction of activated ras in GSras1 cells. Thus, unlike 
other neuronal sodium channels (Type II and PN1), which are induced by 
NGF in a ras-independent manner, Ret1 could be selectively induced by 
activation o f ras signaling. Whole-cell patch-clamp recordings revealed1 
increased voltage-dependent sodium currents in ras-activated cells. The 
appearance of the novel ras-dependent sodium currents correlated with 
the induction of Ret1 mRNA, suggesting that Ret1 is responsible for ras- 
induced currents.
Supported by NIH grant EY03821.
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526.1
RETINOIC ACID INDUCTION OF CALCIUM CHANNEL 
EXPRESSION IN HUMAN NEURON. Zhi-yong Gao. Gang Xu, 
Magdalena M. Stwora-Wojczyk, Franz M. Matschinsky, Virginia M.-Y. 
Lee and Bryan A. Wolf*. Dept. Pathology & Lab. Med., Biochemistry 
& Biophysics, University of Pennsylvania Sch. Med., Philadelphia, PÀ 
1 9 1 0 4 

Ca2+ channel expression and regulation of intracellular C a 2+ homeostasis 
were studied during retinoic acid (RA)-induced differentiation of the human 
teratocarcinoma cell line Ntera 2/C1.D 1 (NT2- cells) into NT2N neurons. 
Using fura-2 technique, cytosolic Ca2+ level of undifferentiated NT2- cells 
was low (75 ± 5 nM) and stable under basal conditions, and it was only 
marginally decreased (by 9%) upon removal o f extracellular Ca2+. After 10 
µM RA treatment, NT2- cells were irreversibly differentiated into a 
phenotype of neuron-like NT2N cells, which cytosolic Ca2+ level was higher 
(106 ± 14 nM) than that o f NT2- and spontaneously fluctuated (0.208 ± 
0.038 transients/min) under basal conditions. Although K+ increased 86Rb 
fluxes in both NT2- and NT2N, it only increased cytosolic Ca2+ level in 
NT2N. K+-induced increase in cytosolic Ca2+ in NT2N was antagonized by 
1-10 µM nifedipine or verapamil, 5 µM ω-con otoxin GVIA, but not by 1 
µM ω-agatoxin IVA, 1 µM ω-agatoxin TK, 1 µM FTX-3.3 or 100 µM Ni+, 
implicating L- and N-type Ca2+ channels. L- and N-type channel mRNAs by 
RT-PCR were expressed, while P- and Q- channel mRNAs were not 
expressed in NT2N as well as NT2-. Quantitative analysis of L- and N-type 
Ca2+ channel protein levels showed that in NT2- cells, N-type Ca2+ channels 
were undetectable while L-type channel levels were 5-fold lower compared 
to NT2N. Our findings show for the first time that L- and N-type channels 
are expressed during differentiation of NT2- into neurons, and that these 
Ca2+ channels have a major role in regulating intracellular Ca2+ homeostasis 
and neuronal excitability.
(Supported by NIH grant A G11542 & AG09215)

526.3

LOCALIZATION OF L-TYPE Ca2+ CHANNELS ON LIVE 
HIPPOCAMPAL NEURONS USING FLUORESCEIN-LABELED 
DIHYDROPYRIDINE S. Razani-Boroujerdi* Department of 
Neurosciences, University of New Mexico, School of Medicine, 
Albuquerque, NM 87131.

A method for visualizing the relative spatial distribution of L-type Ca2+ 
channels in live hippocampal slices was examined. The method employed a 
high-affinity (-)-enantiomer of dihydropyridine (DHP) labeled with green 
fluorescent DM-BODIPY and a laser scanning confocal microscope. 300 µm 
gerbil brain sections were prepared using standard methods and stained with 3 
to 4 µM of the ligand for 1 hr under 95% O2 / 5% CO2 atmospheric 
conditions. DHP revealed the α1-subunit of L-type Ca2+ channels. Staining 
was found on the somata and proximal dendrites of the CA1-3 hippocampal 
pyramidal neurons, dentate granule cells, and some interneurons distributed 
in the strata oriens, radiatum and the hilus. A population of cells located on 
the outer border of the CA1 stratum oriens region was also distinctly stained 
with the ligand. In most of the slices, staining was heavier on the somata and 
dendrites of CA3 neurons. In some slices, a fluorescent ring appeared around 
the nucleus which may have been caused by the internalization of the ligand. 
This is the first report of using flurescein labeled DPH on live hippocampal 
slices. This procedure provides a much faster way for visualizing L-type 
Ca2+ channels compared with previous reports using immunohistochemical 
techniques. A similar method was also used to visualizes N-type Ca2+ 
channels using 0.3 to 0.4 µM flurecein labled ω-conotoxin. Supported by 
NS35644 from NIH-NINDS.

526.5
EXPRESSION AND LOCALISATION OF CALCIUM CHANNEL α 1 AND 
β SUBUNITS IN RAT CEREBELLAR GRANULE CELLS IN PRIMARY 
CULTURE. D. Bertaggia3, G. Miotto2, O. Rossetto3, D. Tupper1*, S. G. 
Volsen1 and D. Pietrobon3. 1Lilly Research Centre, UK ; 2Dept. of Biological 
Chemistry, Univ. of Padova; 3Dept of Biomedical Sciences, Univ. of Padova, 
35121 Padova, Italy.

Specific polyclonal antibodies were used to study the expression and cellular 
localisation of the calcium channel pore-forming α 1A and α1E subunits and the 
regulatory β1b, β2, β3 and β4 proteins in rat cerebellar granule cells in primary 
culture. Immunofluorescence studies show that both α 1A and α1E subunits are 
expressed in these neurones. The level of expression of α 1A and α1E varies with 
days in culture (DIV) each with a different time course. The expression of α1E 
precedes that of α 1A and continues to increase from 3 to 11 DIV, while that of 
α1A reaches a maximal level around DIV 9 and then starts to decrease. The 
comparison with the different time course of variation of the frequency of 
observation of G1 (P-type) and G2 (R-type) calcium channels in cell-attached 
patches supports the correlation between α 1A and G1 and between α1E and G2. 
The two αl subunits show a different cellular distribution: α1A is localised 
mainly in the soma and in restricted parts of the larger neurites whilst α1E is 
distributed in a more homogeneous manner in most neurites. Moreover α1E is 
present in a fraction of synaptic terminals, where it colocalises with 
synaptotagmin. With the exception of β2, all β subunits coexist in the plasma 
membrane of rat cerebellar granule cells, albeit with a different cellular 
distribution. The localisation of β4 resembles that of α1E whilst that of β1b and β3 
resembles that of α1A.
Supported by Telethon, Italy, n.720

526.2
SUBCONDUCTANCE LEVELS OF L-TYPE CALCIUM CHANNELS HAVE A 
HIGHER BINDING AFFINITY FOR PERMEANT IONS. R.K. Cloues* and W.A. 
Sather. Dept. of Pharmacology, UCHSC, Denver, CO 80262.

Virtually all ion channels exhibit intermediate modes of conductance, called 
subconductance levels, in addition to the primary (and usually maximal) conductance 
state. The physiological importance and molecular mechanisms of subconductance 
levels remain poorly understood, however. We have studied substates of cloned L- 
type Ca channels and measured the binding affinity for Ca2+, which both permeates 
the channel and obstructs the flow of non-preferred, monovalent cations. α 1C, β2b, 
and α2δ Ca channel subunits were coexpressed in Xenopus oocytes, and single 
channel recordings were made using cell-attached patches in the presence of the Ca 
channel agonist FPL 64176. With 100 mM Li+ as the charge carrier, four distinct 
conductance levels were identified. Addition of low concentrations of Ca2+ (0.1-3.0 
µM) produced discrete blocking events in all conductance states. We measured 
blocking and unblocking rates of Ca2+ for two of the conductance levels and found 
that the K'D for Ca2+ was 3-fold lower for the smaller substate than for the larger (2.5 
µM vs 8 µM). The decrease in K'D arises from a decreased off-rate and an increased 
on-rate for the smaller subconductance. These results imply that smaller substates 
have both a longer dwell time for permeating ions as well as easier access to the Ca2+ 
binding locus. The difference in K'D between subconductances translates into a 
difference in binding energy of ΔG ~ 1 kT. Intriguingly, direct transitions between 
substates are rare (~l.3 sec−1), indicating a strong coupling between channel 
activation and conductance state. Thus, there is a very large energy barrier between 
substates (ΔG > 30 kT) but only a small difference in their binding energies for Ca2+. 
We speculate that the various conductance levels arise from effects on pore structure 
related to gating and not directly from conformational fluctuations originating in the 
pore.
Supported by AHA CWFW-14-97 and NIH AG04418.

526.4

KINDLING INDUCES ALTERATIONS IN N -TYPE CALCIUM CHANNEL  
DENSITY IN THE RAT H IPPO CAM PUS.G.M. Bernstein1,2, A. Mendonca1, J. 
Wadia2,3, W.M. Burnham1 and O.T. Jones1,2*. 1Playfair Neurosci. Unit, Toronto 
Hospital Res. lnst.;2Dept. of Pharmacology, Univ. of Toronto; 3Dept. Physiol., 
Univ. of Toronto; Toronto, Ontario, CANADA M5T 2S8 

The epilepsies are among the most common neurological disorders 
affecting as many as 1% of the human population. Nevertheless, the basic 
mechanisms undelying epilepsy are unknown. Recent genetic, 
pharmacological and electrophysiological evidence suggests voltage- 
dependent calcium channels (VDCCs) may play a key, but undefined role in 
the origin or persistence of epileptiform activity. To define the contribution of 
VDCCs to epilepsy we are examining their expression in kindling. Using 
subunit-specific antibodies, selective fluorescent and radioactive labels and 
detailed confocal imaging we now provide evidence for an enhancement in 
the cell surface density of N-type VDCCs. Within 24 hours of the last (fifth) 
stage V seizure, imaging revealed a major enhancement of N-VDCC  
expression in CA1 and CA3 pyramidal neurons. While the changes in CA3 
appeared transient and were absent at 28 days after seizure, those in CA1 
were persistent and commensurate with a rise in N -VDC C density in the 
dendritic fields of stratum radiatum. Nevertheless, at both 24 hrs and 28 
days, N-VDCC expression determined by [125l]-ωconotoxin binding remained 
unchanged. These results were corroborated through immunoblotting with 
antibodies to the α 1B, α2/δ or β3 subunits comprising the major rat brain N- 
VDCC complex. Our data are consistent with recent electrophysiology and 
in situ hybridization studies and support a major role for N-VDCCs in the 
origin and/or maintenance of seizure activity.
This work was funded by NSERC Canada, the Bloorview Epilepsy, Savoy 
and Ontario Mental Health Foundations.

526.6
DIFFERENTIAL SUBCELLULAR DISTRIBUTION OF L-, N- AND P/Q-TYPE 
CALCIUM CHANNELS IN CULTURED MOUSE CORTICAL NEURONS.D. 
B. Timmermann*, T. M. Lund, B. Belhage and A. Schousboe, Dept. of Pharmacology, 
Royal Danish School of Pharmacy, Universitetsparken 2, DK-Ø  Copenhagen 0 , 
Denmark.

Differences in subcellular voltage-dependent calcium channel (VDCC) distribution 
were demonstrated by utilizing selective VDCC blockers. Fetal mouse cortical neurons 
cultured for 7-8 days were used for fura-2 ratio imaging. During the course of an 
experiment, two calcium transients were elicited by 55 mM K+, one prior to and the 
other immediately following incubation with VDCC blockers. Results were expressed 
as the size of the second transient as a percentage of the first transient for each neuron. 
In control experiments this ratio was 107±5 % (n=29, somata) and 89±4 % (n=32, 
neurites). Incubation with 5 µM nifedipine yielded ratios of 9O±7 % (n=21, somata) 
and 67±5 % (n=14, neurites), whereas 1 µM ω-CgTx GVIA resulted in ratios of 
124±10 % (n=21, somata) and 67±8 % (n=20, neurites). In the presence of 10 µM ω- 
CmTx MVIIC ratios were decreased to 62±8 % (n=20, somata) and 56±5 % (n=12, 
neurites). The functional roles of different VDCCs in nerve terminals was further 
investigated by measuring K+-stimulated [3H]GABA release from the cultured mouse 
cortical neurons. One µM nifedipine, 300 nM ω-CgTx GVIA and 200 nM ω-CmTx 
MVIIC decreased evoked [3H]GABA release to 73±5 % (n=5), 63±3 % (n=6) and 43±7 
% (n=4), respectively of control levels. These results demonstrate non-uniform 
subcellular localizations of L-, N- and P/Q-type VDCCs in cultured mouse cortical 
neurons and they indicate that VDCC distribution in neurites, unlike somal VDCC 
composition, is correlated with neurotransmitter release. Moreover, there appears to be 
segregated functional roles for these channel types in neuronal calcium signalling. 
Support via the Danish State Biotechnology Program and the Lundbeck Foundation.
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526.7
ALTERNATIVE SPLICING IN THE IVS3-S4 LINKER OF NEURONAL Ca 
CHANNEL α 1A AND α 1B SUBUNITS. S. Schorge*, Y. Lin, Z. Lin & D. 
Lipscombe. Dept. of Neuroscience, Brown University, Providence, R I02912.

We have shown that alternative splicing in domain IVS3-S4 of the Ca 
channel α 1B subunit mRNA encodes N-type Ca channels that have distinct 
kinetic and voltage-dependent properties (Lin et al., 1997). We now show 
that neuronally expressed +  channel α 1A, but not α 1E, mRNAs are also, 
subject to alternative splicing in this region. We show that α 1A mRNA is 
expressed throughout the nervous system but is most abundant in the CNS. 
Further, a six base sequence encoding “NP” is alternatively expressed in 
different regions of the CNS. The pattern of expression of this alternatively 
spliced sequence in α 1A is distinct from that of an equivalent 6 base sequence 
of α 1B encoding “ET” that dominates in peripheral but not central neurones. 
Alternative splicing of a 6 base sequence in the IVS3-S4 linker of α 1A and α 1B 
mRNAs is thus conserved between these two structurally and functionally 
related Ca channels. The processes that govern the cell-specific expression of 
these alternatively spliced exons must, however, be distinct. To determine 
whether the dipeptide sequence “NP” in the IVS3-S4 linker of α 1A might 
function in a manner similar to “ET” in the equivalent position in α 1B we 
substituted “NP” for “ET” in α 1B. The gating kinetics of the N P-α1B mutant 
were relatively slow and indistinguishable from that of the native ET- 
containing α 1B variant of peripheral neurones. We hypothesize that splicing in 
the IVS3-S4 linker is an important mechanism for fine-tuning the gating of N 
and P-type voltage-gated Ca channels that regulate transmitter release. 
Supported by NS29967 and NS01927.

526.9
TARGETED DELETION OF THE MOUSE ALPHAlA VOLTAGE-DEPENDENT 
CALCIUM CHANNEL GENE. C.F. Fletcher,1 S.M. Wilson, 
Tessarollo , 2 * N . G . Copeland , 1 and N . A . Jenkins,1 
1Mammalian Genetics Laboratory and 2Neural Development 
Group, ABL-Basic Research Program, NCI-FCRDC; Frederick, 
MD 21702.

Mutations of the α1A voltage-dependent calcium channel 
(VDCC) gene, encoding the P/Q type channel, have recently 
been identified in patients with familial hemiplegic 
migraine, episodic ataxia type 2, and spinocerebellar 
ataxia type 6. In addition, mutations in this gene have 
been identified in the tottering (tg) mouse strain. 
Tottering and a second strain, leaner (tg1a) , suffer from 
ataxia, motor seizures, absence epilepsy, and cerebellar 
degeneration (tg1a only). To establish a mouse resource 
for investigation of the molecular mechanisms of these 
diseases we have undertaken the targeted deletion of the 
mouse α1A locus. A targeting vector which eliminates 
IIS5-H5-IIS6 has been constructed using a novel strategy 
that relies on homologous recombination in yeast to 
position elements of the construct. This strategy allows 
the rapid and precise assembly of deletion and 
conditional targeting constructs with no restriction 
enzyme mapping. Targeting constructs undergo homologous 
recombination at high frequency (10%) in embryonic stem 
cells at the α1A locus. Phenotypic analysis of mutant 
mice will be presented.Research sponsored by National Cancer Institure, DHHS, under 
contract with ABL.

526.11

INFLUENCE OF A PHENYLALANINE/GLYCINE SWITCH ON PORE 
PROPERTIES OF VOLTAGE-GATED CALCIUM CHANNELS. A.V. Williamson 
and W.A. Sather*. Dept. of Pharmacology, UCHSC, Denver, CO 80262 

The four glutamate (E) residues that comprise the Ca2+ binding site within the Ca 
channel pore make non-equivalent contributions to high affinity divalent binding, 
possibly due to the influence of neighboring residues. Comparison of such 
neighboring residues in the L-type channel α 1C and the non L-type channel α 1A shows 
that, within two residues on either side of the glutamates, only the position 
immediately adjacent the glutamate in motif III, on the NH2 terminal side, differs 
between the two channel types: a phenylalanine (F) is present in α 1C (α1CFEG) 
whereas a glycine (G) is present in α 1A (α1AGEG). As α 1C has a higher single channel 
conductance than α 1A (~25pS vs ~16pS in 110mM Ba2+) we asked whether we could 
reverse this difference by constructing reciprocal F/G point mutations in α 1C and α 1A. 
Mutant or wild type α 1 subunits, along with α2δ and β2b, were injected into Xenopus 
oocytes. Substitution of G for F in motif III of α 1C (αlCGEG) reduced the single 
channel conductance from 29pS to 13pS as predicted. However, the reciprocal 
substitution in α 1A (α1AFEG) had little effect, suggesting that the F residue in α1C 
influences conductance, whereas the homologous residue in α 1A plays a much smaller 
role. The F/G switch in motif III may also be important in ion selectivity. 
Replacement of the E residue in motif III with glutamine (Q) reduces the potency of 
Cd2+ block of Ba2+ current (40mM) much more profoundly in α 1A (α1AGOG 
IC50=232µM) than in α 1C (α1CFOG IC50=19µM). To investigate the role of the F/G 
switch in this non-equivalence we constructed two double mutant channels, α1CGOG 
and As predicted we found the IC50 for Cd2+ block of Ba2+ current in α1CGOG
was increased (132µM), whereas in α1AFOG the IC50 was decreased (70µM). Taken 
together, our results indicate that residues neighboring the four glutamates influence 
binding of divalent cations within the Ca channel pore, and may thereby partly 
determine permeant ion flux. Supported by NIH NS35245

526.8
DEVELOPMENTAL REGULATION OF THE CALCIUM CHANNEL α1 SUBUNIT  
GENES IN RAT HIPPOCAMPAL SUBFIELDS. S. Pradhan, C. Kuroda, E. 
Tavaα*, J. Peters and C.E. Niesen, Divisions of Neurology and Pathology, 
Childrens Hospital Los Angeles, USC School of Medicine, Los Angeles, CA 
90027

Expression of voltage-dependent Ca2+ channels in the postnatal period 
determines many important neuronal properties. To study the ontogeny of the 
Ca2+ channel subtypes, we determined the developmental expression of the five 
α 1 subunit genes, rbA-E, using a novel quantitative fluorescent RT-PCR method. 
RNA samples were prepared from punch biopsies of the somatic layers in 
subfields CA1, CA3, and the dentate gyrus from 4 00 µm hippocampal slices. 
Using published primers, we amplified the cDNA for each subtype with a gene- 
specific deletion construct which was added at a predetermined copy number. 
This deletion product was the external standard for quantitation and had the 
same primer sites as the target cDNA, thus ensuring co-amplification at the 
same efficiency. One primer of each pair used was fluorescently labeled at its 
5-end. W e found that the mRNA levels of the Ca2+ channels involved in 
neurotransmission increased before or during the period of synaptogenesis. In 
the first week of life, there was no rbA expression. Levels rose in the second 
week and plateaued by the third week. For rbB, levels also peaked in the 
second postnatal week but declined by 50%  in the following week. For the L- 
channel genes, rbC and rbD, mRNA levels were 50-10 0 x less than rbA and rbB 
and regional expression was more variable. In the CA1 area, RbC levels were 
low at birth and remained low into adulthood. In the dentate gyrus, levels were 
high at birth and declined by half at maturity.

The differential expression of these Ca2+ channel genes implies their inde
pendent regulation and implicates their role in age- and site-dependent matura
tion of neuronal properties. Supported by NIH K08-NS01747.

526.10
MOLECULAR CLONING OF A VOLTAGE-GATED Ca2+ CHANNEL FROM 
SPINAL CORD
H.S. Krovetz* , T.D. Helton, A.L. Crews, and W.A. Home.
Department of Anatomy, Physiological Sciences, and Radiology, College of 
Veterinary Medicine, North Carolina State University, Raleigh, North Carolina 
27606.

Neuronal voltage-gated Ca2+ channels (N,P/Q,and R) modulate a number of Ca2+ - 
dependent processes including gene expression, signal propagation, and 
neurotransmitter release. P/Q type neuronal Ca2+ channels are widely distributed 
throughout the brain and spinal cord and have been highly localized to presynaptic 
nerve terminals. Binding of analgesic agents such as medetomidine and morphine to 
presynaptic α2 adrenergic and µ-opioid receptors, respectively, inhibits Ca2+ channel 
function and thereby impairs neurotransmitter release. This modulation of Ca2+
channel function is thought to be regulated by direct interactions between G-protein 
βγ (Gβγ) subunits and the Ca2+ channel β (Chβ) subunit with the α 1A subunit. In 
order to study α 1A-Gβγ/Chβ interactions, a full length clone was isolated from 
human spinal cord. A human spinal cord λgt11 5’stretch cDNA library (Clontech) 
was screened with a 3’ probe obtained from the EST database (NCBI). cDNA 
isolates were then used in subsequent rounds of screening to isolate 4 overlapping 
fragments encoding the entire α 1A subunit. DNA sequencing of 6 C-terminal 
fragments isolated 4 splice variants. Additionally, two previously undescribed 
deletion mutants were found in the I-II and II-ΠI linkers. The 4 splice variants 
differed in 3 exons flanking a region encoding a putative C-terminal binding domain 
for Chβ and Gβγ subunits. Alternative splicing in the C-terminus of the α1A 
subunit of the P/Q type neuronal Ca2+ channel may modulate the channel’s
responsiveness to Gβγ/Chβ control._Supported by NIH grant NS32094.

526.12
A NA LY SIS OF SING LE CA LCIU M  C H A N N ELS IN  C EREBEL
LA R  PU RK IN JE CELLS OF LE A N ER  M U T A N T M ICE. L.S. 
Dove1*, L.C. Abbott2, and W.H. Griffith1. 1Dept. Medical Pharmacol. & 
Toxicol., College o f Medicine; 2Dept. Vet. Anat. & Public Health, Coll. 
Veterinary Med., Texas A&M University, College Station, TX 77843.

The leaner (tgl a) mutation occurs on a gene encoding the calcium channel 
α 1A subunit. We have previously reported the tgl a mutation results in a mark
edly reduced whole-cell P-type calcium current in cerebellar Purkinje cells 
of homozygous leaner (tgla/tgla) mice relative to age-matched wild-type (+/+) 
mice (Dove et al. Neurosci. Abstr. 23:2013, 1997). Here, we utilize the cell- 
attached patch-clamp technique to examine single-channel properties of P- 
type calcium channels in acutely dissociated Purkinje cells of tgla/tgla and +/+ 
mice. Both tgla/tgla and +/+ Purkinje cell calcium channels display three 
conductance levels resistant to both 500 nM ω-conotoxin-GVIA and 10 µM 
nifedipine suggesting the tgla mutation does not affect channel conductance. 
With 110 mM Ba2+ as charge carrier, these slope conductances are in excel
lent agreement with the 9, 14, and 19 pS conductance levels reported previ
ously for native P-type calcium channels (Usowicz et al. Neuron 9:1185- 
1199, 1992). Analysis o f mean channel open probability (NPo) reveals a 
markedly reduced NPo in tgl a/ tgla cells (NPo=0.05, n=5 patches) relative to 
+/+ cells (NPo=0.18, n=9 patches, p<0.05). Additionally, channel activity 
was observed in only 8 o f 28 patches from tgla/tgla cells, compared to 21 of 
24 patches from +/+ cells. These results suggest the tgla mutation may affect 
both NPo and channel availability. Supported by TAMU Interdisciplinary 
Research Initiatives (WHG and LCA) and by NIH grants AG07805 (WHG) 
and N S01681 (LCA).
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526.13

CAN WE EXPLAIN THE INHIBITION OF CALCIUM CHANNEL 
INACTIVATION BY THE BETA2 SUBUNIT? S. Restituito, T. Cens, 
A. Wiedeman, A. Gouin-Chamet, P. Chamet*, CRBM CNRS UPR 
1086, 1919 Route de Mende, 34293 Montpellier, France

Calcium influx through voltage-dependent calcium channels is of 
primary importance for many physiological functions. Calcium channels 
are composed o f a main channel-forming α 1 subunit responsible for 
channel gating and pharmacology. However, a large number o f studies 
have shown that calcium channel kinetics can also be affected by the 
auxiliary β subunit. Among the four known β subunit genes, the β2 
subunit is the only one able to drastically reduce channel inactivation.
To understand the molecular mechanism underlying this effect, we have 
constructed truncated and chimeric β1 and β2 subunits and introduced 
several mutations on these constructions. We have expressed these 
constructions alone, or in combination with the α1A subunit, either in 
Xenopus oocytes or in HEK293 cells, and analysed their cellular 
localisation and their effect on inactivation. Our data show that, albeit 
the two cysteines at position 3 and 4 are o f primary importance, 
secondary sites are also involved in this regulation. Correlation between 
immunolocalisation o f the β subunits expressed alone and functional 
studies suggests that two distinct sites are necessary to reduce channel 
inactivation.

526.15
FROM FUSION PROTEIN TO SPECIFIC HUMAN MONOCLONAL 
ANTIBODIES IN THREE WEEKS USING PHAGE DISPLAY : 
APPLICATION TO THE STUDY OF VOLTAGE-DEPENDENT CALCIUM 
CHANNELS (VDCCs). S. G. Volsen1, R. E. Beattie1, P. J. Craig1, E. Boning1, 
K.L. Price1, S. Bright2, P. G Ince3*, and S. Kuhstoss2. 1CNS Research, Eli Lilly 
and Co., Erl Wood Manor, Windlesham, Surrey, UK. 2Core Technology, Eli 
Lilly and Co., Indianapolis, USA. 3MRC Neurochemical Pathology Unit, 
General Hospital, Newcastle Upon Tyne, UK.

Experimental strategies employing monospecific antibodies have provided 
many fundamental insights into the structure, function and biology of VDCCs. 
Both conventional polyclonal and monoclonal reagents have been utilised in 
wide ranging methods including biochemical, immunohistochemical and 
electrophysiological studies of this diverse family of ion channels. The 
usefulness of such immunological reagents is defined by their specificity. The 
production of monospecific antibodies to both VDCC α l and β subunits is 
exacting and time consuming, generally requiring 3 to 6 months from primary 
immunisation. We describe here the use of the phage display technique to 
generate human monoclonal antibodies to VDCC alpha 1 subunits in 3 to 6 
weeks. A partial sequence of the human α 1A subunit was cloned into pGEX 2T 
and a glutathione S-transferase fusion protein expressed in transformed E.coli 
DH5α cells. The fusion protein was then used to screen a phage display library 
(Cambridge Antibody Technologies) of single chain Fv (scFv) fragments 
expressed in E.coli TG1 cells. Specific clones were isolated and used to generate 
soluble scFv antibodies. These antibodies have been used in
immunohistochemical studies of human and rat brain where the 
immunoreactivity obtained has been compared with that previously observed 
using antibodies produced by conventional methods.

526.14
EXTRACELLULAR CALCIUM DYNAMICS AS A RAPID INFORMATION-
BEARING SIGNAL IN NEURAL TISSUE. D. M. Egelman, M. C. Wiest, P. R. 
Montague*. Center for Theoretical Neuroscience, Division of Neuroscience, Baylor 
College of Medicine, Houston, TX 77030
In the brain, hundreds of intracellular processes are known to depend on calcium 
influx; hence, substantial fluctuations in external calcium ([Ca++]o) are likely to 
engender important functional effects. Employing the known scales and parameters 
of mammalian neural tissue, we introduce and justify a computational approach to 
examine the hypothesis that large changes in local [Ca++]o will be part of normal 
neural activity. Using the model, we show that the geometry of the extracellular 
space in combination with the rapid movement of calcium through ionic channels can 
cause large external calcium fluctuations, up to 100% depletion in certain cases. The 
exact magnitude of a calcium fluctuation depends on (1) the size of the consumption 
zone, (2) the time course of calcium consumption, (3) the local diffusion coefficient 
for calcium, and (4) the geometrical arrangement of the consuming elements. 
Calcium fluctuations tend to remain local, much like classical neurotransmitters in a 
synaptic cleft. Unlike classical neurotransmission, however, a calcium signal is bi-
directional, transmitting information about pre- and post-synaptic activity with equal 
efficacy. The sensitivity of neurotransmitter release to [Ca++]o suggests that the exact 
position and timing of neural activity will delimit which terminals are able to release 
neurotransmitter. Employing realistic calcium channel kinetics, we also quantify the 
way in which back-propagating action potentials can induce large peri-dendritic 
calcium fluctuations, lowering significantly the external calcium available to 
overlying pre-synaptic terminals. Clusters of neighboring co-active dendrites can 
prolong and amplify an external calcium fluctuation; we propose that such 
fluctuations may be a natural substrate for a computational mechanism that indexes 
(looks up) specific volumes of neural tissue on rapid time scales. Supported by
NIMH grant R01 52737

526.16
GENETICS AND IMMUNOHISTOCHEMISTRY OF NEMATODE CA++
CHANNEL PROTEINS. T.Tam, H. Wolf, B. Sanchez and W.Schafer * Dept. of 
Biology, Univ. Of California. at San Diego; La Jolla, CA 92093.

Voltage-gated Ca++ channels contain at least three subunits, α-1, α-2/δ, and β, which 
are conserved among animal species. The α-1 subunit forms the ion pore and largely 
determines kinetic and pharmacological properties, while the β subunit functions in 
channel modulation; the role of α-2/δ is not well understood. The genetically tractable 
nematode C. elegans contain at least five α-1 proteins, as well as at least one β and 
one α-2 subunit. By analyzing genetic mutants, we have found that one of the α -1 
proteins, encoded by the unc-2 gene, is required for a variety of nervous system 
functions, including movement, egg-laying, adaptation to dopamine and serotonin 
and hermaphrodite fertility. The α-2 protein, encoded by unc-36, is required for most 
of these functions as well, suggesting the α -2 subunit is important for biological 
activity of the channel. Mosaic analysis and immunohistology indicate that both 
proteins function in neurons and muscle cells. Deconvolution microscopy will be used 
to ascertain if the α-2 subunit is necessary for the localization of the α- 1 and vice versal 
Also we will investigation of the mutant phenotypes of the other α -1 subunits by 
double stranded RNA inhibition of gene expression .
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527.1

HYPERPOLARIZATION-ACTIVATED, HIGH CONDUCTANCE POTASSIUM 
CHANNELS IN NEURONS OF NEONATAL MOUSE NEOCORTEX. A. Agmon, 
Department of Anatomy, West Virginia University, Morgantown, WV 26506-9128.

Potassium channels are a heterogeneous but ubiquitous component of the neuronal 
membrane. They are an important determinant of a neuron’s general excitability and 
of its firing patterns in response to synaptic inputs. Potassium channels are subject to 
modification by signal transduction pathways, and their expression is cell-, state- and 
age-specific. The mammalian neocortex undergoes dramatic and rapid physiological 
and anatomical transformation during early postnatal development, and it is of much 
interest to determine whether and what changes in spatial distribution and 
electrophysiological properties of potassium channels accompany these 
developmental events. To address this question, single-channel activity, in the cell- 
attached and excised configurations, was recorded from visualized neuronal somata in 
the deep cortical layers, in 500 µm-thick brain slices from neonatal mice. Single-
channel activity was observed in over 90% of the stable cell-attached patches, and in 
most cases was attributable to a cluster of two or more channels. Of particular 
interest were non-inactivating, high-conductance (mean; 104 pS) channels found in 
about 40% of tire patches. These “maxi” channels could be activated as long as the 
seal was maintained, in some patches for over one hour, but were active only at 
hyperpolarized transmembrane potentials, i.e. at pipette potentials positive to 0 mV in 
the cell-attached configuration, with a shift to activation at potentials above 50 mV 
upon patch excision. Single-channel currents reversed around -50 mV in a 
(presumably) symmetric K concentration (135 mM in pipette); upon patch excision 
and exposure of the intracellular face to the bath saline, the reversal potential shifted 
towards 0 mV, suggesting that both K and Na were permeant through the channel. 
These properties are consistent with the maxi channels mediating the anomalous 
rectifying current Ih. Funded by DHHS HD33463.

527.2

RA T H IPPO CA M PA L N EU RON S A CTIO N  POTEN TIA LS 
RECORDED BY TRANSISTORS. S. Vassanelli, P. Fromherz*.
Dept. Membrane and Neurophysics, Max-Planck-Institut für Biochemie, 
82152 Martinsried, Germany.

Field-effect transistors form electrical junctions with rat hippocampal 
neurons cultured on oxidized silicon.

In a first approach we investigate neuron-silicon junctions after two days 
in culture to avoid the problem of glia cells proliferating and interposing 
between neurons and silicon. The transfer of ac signals from neurons to 
silicon is studied and used to parametrize an equivalent circuit.

In a second step we obtain junctions with excitable neurons in six days old 
cultures impoverished of glia cells. The resulting transistors records of 
action potentials are distinctly weaker than those achievable in junctions 
with larger leech neurons.

Computer simulations of the records using an Hodgkin-Huxley model for 
the cell membrane indicate a depletion and accumulation of voltage-gated 
sodium and potassium channels in the adhesion region of the neurons. 
Additional voltage-clamp experiments addressed to better characterize the 
ionic currents flowing trough the junctional membrane seem to confirm this 
hypothesis.
(1) P. Fromherz et al.: Science 252, 1290 (1991)
(2) M. Jenkner, P. Fromherz: Phys. Rev. Lett. 79, 4705 (1997)
(3) S. Vassanelli, P. Fromherz: Appl. Physics A 65, 85 (1997)
(4) S. Vassanelli, P. Fromherz: Appl. Physics A 66, 459 (1998)

This work was supported by the Bundesministerium für Forschung und Technologie.
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527.3

L-TYPE CA2+-CHANNELS MEDIATE THE SLOW 
AFTERHYPERPOLARIZING CURRENT (IAHP) IN RAT CA3 
PYRAMIDAL CELLS IN  VITRO.
M. Tanabe*, B. H. Gähwiler and U. Gerber
Brain Research Institute, University of Zurich, CH-8029 Zurich, 
Switzerland

Single-electrode voltage-clamp recordings were obtained from 
CA3 pyramidal cells in rat hippocampal organotypic slice cultures and 
the slow IAHP, a Ca2+-dependent K+ current was elicited with brief 
depolarizing voltage jumps (KMeSO4-filled microeletrodes). The 
slow IAHP was suppressed by isradipine (2 µM), a dihydropyridine that 
selectively blocks L-type Ca2+ channels. In contrast, neither ω- 
conotoxin MVΠA ( 1 µM) nor ω-agatoxin IVA (200 nM), N-type and 
P/Q-type Ca2+ channel antagonists, attenuated IAHP- The slow IAHP was 
significantly reduced by thapsigargin (10 µM), a Ca2+ ATPase 
inhibitor which depletes intracellular Ca2+ stores or by ryanodine (10- 
100 µM) which blocks Ca2+-induced Ca2+ release from intracellular 
compartments. At this concentration thapsigargin had no effect on the 
isradipine-sensitive high threshold Ca2+ current. Thus, in 
hippocampal CA3 pyramidal cells Ca2+ influx through L-type Ca2+ 
channels is necessary to trigger the slow IAHP. Furthermore, 
intracellular Ca2+ stores serve to amplify the initial Ca2+ signal to 
induce the slow IAHP.
Support: the Swiss National Science Foundation (31-45547.95.) and Sankyo Ltd.

527.5

PRESYNAPTIC SPIKE REPOLARIZATION BY K+ CHANNELS WITH 
CONTRASTING PHARMACOLOGICAL PROPERTIES IN DIFFERENT 
PRESYNAPTIC AXONS IN RAT HIPPOCAMPAL SLICES
Li-Ronα S hao*, Geert M.J. Ramakers and Johan F . Storm. Institute of 
Physiology, University of Oslo, Norway

To test the contribution of different K channels to spike repolarization in 
presynatic axons and terminals in different populations of axons, we 
measured the presynaptic fibre volley and excitatory postsynaptic potential 
(EPSP) in the stratum radiatum of CA1 and CA3 and lateral perforant path 
(Ipp) of the dentate gyrus (DG), in hippocampal slices from rats. A low dose 
of tetraethylammonium (TEA, 1 mM) broadened the volley and enhanced the 
EPSP and in areas CA1 and CA3, but not in DG Ipp, where even 10mM TEA  
had only a weak presynaptic effect. In contrast, 4-aminopyridine (4-AP, 0.1 
mM), enhanced both the volley and the EPSP in both CA1 and DG Ipp. 
Arachidonic acid (AA, 1-10 µM), which blocks Kv4 channels, showed no 
effect on the CA1 fibre volley, unlike in the CA1 somata, whereas flecainide 
(40-80 µM), an antiarrythmic drug known to block Kv4.2 and some other Kv 
channels, showed both pre- and postsynaptic effects. These results suggest 
that Kv channels contribute differentially to spike repolarization in the soma 
and presynaptic axon terminals. Iberiotoxin (IbTX, 60 nM) and two other BK 
channel blockers, charybdotoxin (ChTX, 40 nM) and paxilline (10-40µM), 
failed to broaden the volley, whereas paxilline, but not IbTX or ChTX, 
enhanced the EPSP in CA1. The effect of paxilline, however, was not 
occluded by prior blocking of BK channels with 1-2 mM TEA, indicating that 
paxilline can enhance EPSPs by a mechanism which is independent of BK 
channels in the presynaptic membrane. We conclude that both voltage- (Kv) 
and Ca-gated (BK) K+ channels contribute differentially to spike 
repolarization in the soma and presynaptic axon terminals, and that different 
Kv channels contribute differentially in different axons and terminals. 
(Supported by the Norwegian Research Council (NRF) and the European 
Community (B IOMED-2))

527.7
DO GLIA PLAY A CRITICAL ROLE IN HIPPOCAMPAL EXCITABILITY? M. 
Biello1, S.N.Skatchkov1’3, R.W. Veh2, P.A. Ferchmin1_and R.K. Orkand 3 *. 1CMBN, 
UCC, PR 00960, 2Inst. for Anatomy, Humboldt Univ., Berlin, FRG and 3Inst. of 
Neurobiology UPR, PR 00901, USA.

Rat hippocampal slices were stimulated with paired-pulses in stratum (s.) radiatum 
and the population spikes were recorded in s. pyramidale and s. radiatum of area CA1 
Paired-pulse inhibition of the population spike (PPI) is converted to paired-pulse 
facilitation (PPF) by spermine (SPM) (Ferchmin et al, 1995, Brain Res., 689:189). This 
is surprising because only astrocytes are selectively stained with SPM antibody in CA1 
area (Laube and Veh, Glia, 1997,19:171), whereas neurons are not. We depressed glial 
cell function using gliotoxin, fluoroacetate (FA), a selective glial metabolic blocker 
(Fonnum et al., 1997, Glia, 21:106). Also, Ba2+ at 50 µM selectively blocks K+ inward 
rectifying channels in glia (Kir) without influencing neurons (Karwoski et al., 1989, 
Science, 244:578). This leads to glial inability to perform K+ buffering. Increased 
[K+]0 depolarizes glial cells and inhibits the glial glutamate transporter (Barbour et al., 
1991, J. Physiol, 436:169) needed to maintain synaptic function. We found: (i) That, 
FA (25-500 µM), Ba2+ (25-100 µM) and [K+]0 10 mM caused PPF, but did not affect 
the slope of the pEPSP in stratum radiatum. When compared with effects of SPM it 
leads to suggestion that GABA transmission may be depressed. (ii) At higher doses FA 
(1-3 mM) and SPM (3 mM) depressed first and second population spikes and pEPSP 
slope suggesting that glutamate transmission was also inhibited. Isocitrate, a glial 
nutrient, prevented the effects of gliotoxin. We conclude that glia may plays a pivotal 
role in both excitatory and inhibitory transmission in CA1 area. Supported, NIH-RCMI 
G12RR03035, NINDS, NSF-EPSCoR and DFG (849/3-2 and BMB+F (IDZL, 01KS 
9504 project C5)).

527.4
ACTIVITY-DEPENDENT SUPPRESSION OF PRESYNAPTIC K+ CHANNELS AT 
THE RAT HIPPOCAMPAL CA3-CA1 SYNAPSE J. Qian* and P. Saggau. 
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030 

The activity-dependent regulation of presynaptic K+ channels was investigated 
during a train of evoked afferent action potentials. The waveform of presynaptic 
compound action potentials (cAP) and presynaptic Ca2+ transients ([Capre]t) were 
measured with fluorescent voltage-sensitive and Ca2+-sensitive indicators in rat 
brain slices. Under control conditions, presynaptic cAP and the accompanying 
[Capre]t displayed similar amplitudes for each stimulus, suggesting that there was 
no cumulative change of K+ and Ca2+ conductances during the test train. 
However, when a subgroup of presynaptic K+ channels was blocked by a low 
concentration of 4-aminopyridine (4-AP, 40 µM), a significant facilitation of the 
[Capre]t was observed. This phenomenon was not due to direct action of 4-AP on 
presynaptic Ca2+ channels, but to a cumulative suppression of K+ conductance 
as indicated by the corresponding change in the waveform of the cAP. The 
observed facilitation was not an artifact due to increased fiber recruitment, nor 
was it related to the accumulation of extracellular K+. Rather, it was dependent 
on Ca2+ influx and stimulation frequency. The time course of recovery from 
facilitation was closely related to the decay of the intracellular Ca2+ 
concentration. Furthermore, the facilitation was not blocked by 8 mM 4-AP but 
was reduced during the application of the K+ channel blocker 
tetraethylammonium (TEA, 10 mM), implicating the involvement of the TEA- 
sensitive K+ channels. Such activity-dependent suppression of presynaptic K+ 
conductance could lead to excessive transmitter release in certain pathological 
situations and might explain the hippocampal epileptiform activity that can be 
induced by application of 4-AP. Supported by NS-33147 to PS

527.6
VOLTAGE- AND Ca2+-DEPENDENT TRANSIENT K+ CURRENTS AND 
FREQUENCY-DEPENDENT SPIKE BROADENING IN CA1 PYRAMIDAL 
CELLS
Geert M.J. Ramakers*, Li-Ronα Shao and Johan F. Storm. Department of 
Physiology, University of Oslo, PO Box 1103, 0317 Oslo, Norway.

Fast-inactivating K channels are important for the electrical properties and 
diversity of neurons. We have studied voltage- and Ca-activated transient K 
currents in CA1 pyramidal cells. Using whole-cell voltage-clamp recordings 
in hippocampal slices from young rats, we found that the specific blocker of 
large-conductance Ca-activated K channels (BK channels) iberiotoxin (IbTX, 
100 nM) blocked a transient outward current. Frequency-dependent spike 
broadening was reduced by IbTX in normal medium, but not in Ca-free 
medium. Thus, besides a non-inactivating component, IbTX-sensitive BK 
channels also seem to mediate a transient K current which contributes to 
frequency-dependent spike broadening in CA1 pyramidal somata. In Ca-free 
medium with 10-30 mM TEA in the bath, the voltage-gated A-type current 
(lA) was isolated by substracting records with and without a depolarizing 
prepulse. IA activated between -50 and +60 mV (V1,2=-9.6 ± 2.0 mV, k=18.2 ±
1.5; n=8), inactivated within about 100ms (mean τ : 64.7 ± 10.7 ms at +30 
mV). The recovery of inactivation varied, in some cells lA recovered within 50 
ms, in others after > 1s. IA was partly (about 50% ) blocked by α-Dendrotoxin 
(250-500 nM), which blocks Shaker-related Kv1 channels, and by Flecainide 
(40-80 µM), an antiarrythmic drug known to block Kv4.2 and some other Kv 
channels. Arachidonic acid (AA; 0.5-1 µM), reported to modulate specifically 
Kv4 channels, reduced lA to about 30%. IA was resistant to TEA but 
completely blocked by 4-aminopyridine (2 mM). We conclude that both the 
Ca-activated BK-type K channels and several voltage-gated K channel types 
contribute to transient K currents and frequency-dependent spike 
broadening in CA1 pyramidal cells.

Supported by EU TM R Grant B IO 4CT975106 (GMJR), the European 
Community (BIOMED-2) and the Norwegian Research Council (NRF).

527.8
TWO TYPES OF VIPERGIC INTERNEURONS IN THE RAT NEOCORTEX 
J.T. Porter*,1 B. Cauli,1 J.F. Staiger,2 B. Lambolez,1 J. Rossier,1 and E. 
Audinat1 1Laboratoire de Neurobiologie et Diversité Cellulaire, CNRS UMR 
7637, ESPCI, 10 rue Vauquelin, 75231 PARIS cedex 05, France and 2Heinrich- 
Heine University, C. & O. Vogt-Institute for Brain Research, POB 101007, D- 
40001 Düsseldorf, Germany

A population of neocortical interneurons containing vasoactive intestinal 
peptide (VIP) can be be identified by their irregular firing behavior and their 
bipolar morphology (Cauli et al. 1997, J.Neurosci. 17, pp 3894-3906). Whole-cell 
recordings, intracellular labeling, and single-cell RT-PCR were used to further 
characterize these interneurons in acute cortical slices. In response to a 
depolarizing pulse VIPergic interneurons typically discharged a burst of action 
potentials followed by spikes emitted at an irregular frequency. An ID K+ current is 
involved in this spike frequency adaptation as indicated by its sensitivity to 
depolarization of long duration (3-5, s), 10-50 µM 4-aminopyridine, 40 nM 
dendrotoxin I, and 20 nM dendrotoxin K. In addition to this distinctive irregular 
firing behavior, VIPergic interneurons expressed a characteristic repertoire of 
glutamate receptor subunits among which GluR1 flop and GluR2 flop, GluR5 and 
GluR6, and NR2B and NR2D were the main AMPA, kainate and NMDA subtypes 
detected, respectively. A subset of these VIPergic interneurons co-expressed 
choline acetyltransferase (ChAT) and calretinin and could be 
electrophysiologically identified by their short initial bursts of action potentials 
(<150 ms). In contrast, VIPergic interneurons that did not express ChAT or 
calretinin exhibited longer initial bursts (>150 ms). Both subsets of VIPergic 
interneurons exhibited ID K+ currents and expressed similar glutamate receptor 
subunits. Thus two types of cortical VIPergic interneurons can be distinguished 
according to their expression of ChAT and calretinin and their firing properties. 
Supported by Human Frontiers Science Program and CNRS.
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527.9
TRANSIENT OSCILLATORY MEMBRANE POTENTIAL BEHAVIOR 
IN NEURONS OF THE LATERAL SEPTUM: INVOLVEMENT OF A 
POTASSIUM CONDUCTANCE. A. Kumar*. M. Shanabrough, C. Leranth, 
W. Liu and M. Alreia. Depts. of Psych. & Obst. & Gynec., Yale Univ. Sch. 
Med., New Haven, CT.

During intracellular recordings from neurons of the rat lateral septum (LS) in brain 
slices, we observed a dramatic change in the resting membrane properties of a subpopu
lation of LS neurons due to the sudden appearance of slow, transient hyperpolarizing 
oscillations (THOs). In this study we characterized the properties of THOs in LS neurons.

THOs were observed in 17% (57/341) of LS neurons. THOs appeared 1-170 mins after 
establishment of recording both in spontaneously firing and in quiescent neurons. In 
current clamp, the THOs produced a cessation of spontaneous firing and/or up to a 8 mV 
hyperpolarization. Under voltage clamp at -60 mV, the THOs appeared as transient 
outward currents (10 to 170 pA) with a 12.5 to 175% increase in input conductance. The 
duration of a single THO ranged from 2.5 to 36 s and the THOs occured at intervals of 12 
to 360 s. All these parameters changed with time within the same neuron. The THOs 
persisted in tetrodotoxin (n=12) and in low Ca2+(n=2) containing solutions. The THOs 
were blocked by external Ba2+ (n=4), reversed polarity near Eκ (n=4) and decreased in 
amplitude in external solutions containing high K+ (n=2). THOs could not be produced 
either by applying depolarizing or hyperpolarizing pulses. THOs were not produced/ 
altered by neurotransmitters or their antagonists or by bath application of phorbol diacetate 
(n=5), 8-Br-cAMP (n=2) or caffeine (n=3). Since a subpopulation of LS GABA neurons 
expresses the calcium binding protein calbindin, we double-labeled 5 neurons exhibiting 
THOs for calbindin. Only 1/5 neurons contained calbindin, suggesting that THOs are not 
dependent upon the presence of intracellular calbindin. Thus, while the intracellular 
factors that lead to the generation of THOs remain unclear, THOs result from an opening 
of Ba2+-sensitive K+ channels. Supported by DA 09797, NS 26068 & a NARSAD award.

527.11
S E M IQ UANTATIVE SINGLE CELL RT-PCR DEM O NSTRATES A LINEAR  
RELATIO NSHIP BETW EEN A-LIKE CUR R E N T AND KV4.2 EXPRESSIO N  
IN STRIATAL AND PALLIDAL CELL TYPES. T. Tkatch, G. Baranauskas 
and D.J. Surm eier.*  Dept. of Physiology/NUIN, Northwestern U. School of 
Medicine, Chicago, IL 60611

Rapidly inactivating, A-like K + currents are common in brain 
neurons. In many neurons, these currents share kinetic and 
pharmacological properties -  suggesting that they are arise from a 
common channel type. Although molecular cloning work has identified a 
number of channels that give rise to A-like currents (e.g., Kv1.4, Kv3.4, 
Kv4.1), a number of mRNA studies have suggested that Kv4.2-containing 
channels are the predominant isoform in the somato-dendritic membrane 
of most brain neurons. This also appears to be the case in striatal and 
pallidal neurons.

To determine whether these mRNA levels were reflected in protein 
and ionic current, semiquantaive single cell RT-PC R and voltage-clamp 
techniques were used. Acutely isolated neurons from rat (4-10 w) brain 
slices, were grouped according to brain region and ChAT and parvalbumin 
(PV) mRNAs expression. All ChAT+ neurons possessed A-like current but 
its amplitude was 3-4 times greater in striatal neurons than in juxtapallidal 
ChAT+ neurons. The amplitude of A-like current in most of PV+ cells from 
globus pallidus was ~ 1/10th of that in striatal ChAT+ neurons. The  
amplitude in PV- neurons was heterogeneous. Semiquantative RT-PCR  
revealed a roughly linear relationship between Kv4.2 mRNA abundance 
and the amplitude of A-like currents across cell groups. These results 
argue that Kv4.2 mRNA levels accurately reflect Kv4.2 channel 
abundance in the somatodendritic membrane of striatal and pallidal 
neurons. This work was supported by NIH grants NS 34696 and NS  
264 73 .

527.13
SUBCELLULAR DISTRIBUTION AND EXPRESSION PROFILING OF A-TYPE 
K+ CHANNELS IN SINGLE DOPAMINERGIC MIDBRAIN NEURONS.
R. Bruns*, S. Sewing, B. Liss & J. Roeper, Center for Molecular Neurobiology, 
Martinistr. 52, 20246 Hamburg, Germany

A-type K+ channels play important roles in signal propagation and frequency 
modulation of firing. We are interested in the contribution of IA channels to neuronal 
pacemaker activity. Neurons were studied in the whole-cell patch-clamp configuration 
in 200 µm midbrain slices from 12-14 days old C57B1/6J mice. TH+ -Substantia 
nigra neurons (n=3O) but not GAD67+ -neurons (n=2O) neurons expressed a dominant 
A-type K current activating at subthreshold membrane potentials positive to -60 mV. 
This A-current activated with time constants from 4.5 ms to 0.9 ms in the voltage 
range between -55 mV to -15 mV (n=13). The time constant of inactivation was 
36.2±1.9 ms at -30 mV (n=19). The half-maximal voltage for steady-state activation 
of the A-type K current was -27.1 mV (n=16). Half-maximal steady-state inactivation 
was at -64 mV (n = 5). The A-current in dopaminergic SN-neurons was not affected 
by 20 mM TEA (n=5) 100 µM DIDS (n=6) or 200 nM α-Dendrotoxin (n=4) but 
sensitive to 4-Aminopyridine with an IC50 of 660 µM (n=3-7). Selective inhibition 
of IA by 5 mM 4-AP accelerated spontaneous discharge frequency 3-fold (n=4). On-cell 
measurements revealed an inactivation time constant of 21.6±2.2 ms (n=6). Results 
of on-cell recordings showed that IA-channels are present on both soma and dendrites 
of dopaminergic SN neurons. Multiplex single-cell RT-PCR experiments probing for 
K channel transcripts known to be involved in the formation of TEA-insensitive IA 
demonstrated that Kv4.3 but not Kv4.2, Kv1.4 or Kvß1 are expressed in single 
dopaminergic SN neurons (n=6). For comparison GAD67+ striatal neurons expressed 
Kv4.2 and Kvßl while Kv4.3 was absent.
These results indicate that Kv4.3 mediates A-type K channels in dopaminergic SN 
neurons. In these neurons IA critically controls pacemaker frequency.

527.10
MULTIPLE G ENES ARE RESPONSIBLE FOR DELAYED RECTIFIER  
CURRENTS IN STRIATAL AND PALLIDAL NEURO NS. G. Baranauskas,*  T. 
Tkatch, D.J. Surmeier. Dept. of Physiology/NUIN, Northwestern U. School 
of Medicine, Chicago, IL 60611

Delayed rectifier-like currents are present in most neurons. They are 
believed to play a major role in spike repolarization. In the last decade, a 
number of genes coding for delayed rectifier subunits have been cloned: 
Kv1.1, Kv1.5, Kv1.6, Kv2.1, Kv2.2, Kv3.1, Kv3.2. Because of the 
biophysical and pharmacological similarity of channels arising from these 
subunits, it has been difficult to determine which ones contribute to 
channels in any one cell type.

To overcome this limitation, we used semiquantative single cell RT-PCR  
in conjunction with voltage clamp recordings to identify the molecular 
determinants of delayed rectifier currents in striatal and pallidal neurons. 
Neurons were acutely isolated from rat (3-14 w) brain slices. With long (1 
sec) pre-pulses to -4 0  mV, currents evoked by short steps were similar in 
all cell types. However, with longer test steps (10 sec), delayed rectifier 
currents in most pallidal and juxtapallidal neurons exhibited pronounced 
inactivation whereas currents in striatal ChAT+ neurons did not. In 
addition, many pallidal and juxtapallidal neurons (but not striatal neurons) 
expressed an inactivating, TEA-sensitive current with rapid deactivation 
kinetics. The non-inactivating portion of the delayed rectifier in all cell 
types was relatively insensitive to TEA and 4-AP. Semiquantative single 
cell RT-PCR analyses suggest that the TEA sensitive, rapidly deactivating 
current is ascribeable to channels containing Kv3.2/3.1 and Kv3.3 
subunits, while the less TEA sensitive, slowly inactivating current is 
ascribeable to Kv2.1 channels. The non-inactivating current could not be 
ascribed to any cloned gene product. This work was supported by NIH  
grants NS 34696 and NS 26473.

527.12
IDENTIFICATION OF CURRENTS MEDIATED BY CHANNELS WITH Kv3 
SUBFAMILY PROTEINS IN NEURONS FROM THE RAT GLOBUS PALLIDUS. 
R. Pineda1, M. Saganich2 , H. Moreno2, E. Vega-Sáenz de Miera2*, A. Hernández- 
Cruz1 and B. Rudy2. 1Depto. de Biofísica, Instituto de Fisiología Celular, UNAM, 
México DF 045100. 2 Dept. of Physiology and Biophysics, NYU Medical Center, 
NY, NY 10016.

A combined electrophysiology and molecular biology approach was used to 
identify native K+ channels containing subunits of the Kv3 subfamily in neurons 
from the rat globus pallidus (GP). Whole-cell patch clamp recordings of voltage-
gated K+ currents were obtained form acutely dissociated rat GP neurons. Two cell 
types were morphologically identified: Type A: bipolar/triangular cells and type B: 
multipolar cells. These groups comprise 85% and 15% respectively of the 
population. Currents were recorded in the presence of 1 µM TTX and 0.2 mM Cd2+ 
to block Na+ and Ca2+ currents and with 10 mM internal BAPTA to prevent the 
activation of Ca2+ dependent conductances. All recordings were conduced from a 
holding potential of −40 mV. Current components likely to result from the 
expression of Kv3 subunits were identified by their high activation threshold and 
sensitivity to external TEA (1 mM). In all GP neurons, a TEA-sensitive component 
could be isolated with voltage dependence and kinetics resembling the delayed 
rectifier-type K+ currents recorded under the same conditions in CHO cells 
transfected with Kv3.1 and Kv3.2 cDNAs. In type B GP neurons the TEA-sensitive 
component also included a fast-inactivating K+ current resembling currents 
expressed in Xenopus oocytes after Kv3.4 DNA injection. Single cell RT-PCR of 
type A and type B cells showed the presence of Kv3.1 in type A, but not in type B 
cells. Kv3.2 and Kv3.3 was found in both cell types, while Kv3.4 is only present in 
type B cells. These results suggest that channels containing Kv3.x proteins in native 
mammalian neurons conserve the general properties they have when expressed in 
heterologous expression systems. Supported by DGAPA, UNAM, CONACyT, 
Fundación UNAM (México), and NIH (USA).

527.14
SPONTANEOUS TRANSIENT OUTWARD CURRENTS (STOCs) 
IN ACUTELY DISSOCIATED RAT MEYNERT NEURONS.
J. Arima* and N. Akaike, Dept. of Physiol., Fac. of Med., Kyushu 
Univ., Fukuoka 812-8582, Japan.

Spontaneous transient outward currents (STOCs) have been 
observed in the cultured mouse dorsal root ganglion cells, the cultured 
bullfrog sympathetic ganglion cells and many other kinds of smooth 
muscle cells. However, STOCs in CNS neurons have not been 
investigated in detail. Thus, we have studied the membrane properties 
of STOCs in acutely dissociated rat Meynert neurons using nystatin- 
perforated patch recording mode under the voltage-clamp conditions. 
The neurons showed outward STOCs at a holding potential ( V h )  of 
-40 mV, but the STOCs changed into inward current when the Vh was 
hyperpolarized under the K+ equilibrium potential of -85.7 mV. The 
frequency of STOCs decreased when Vh was hyperpolarized from -40 
mV to -60 mV, but the STOCs became very hard to distinguish from 
the background current noise as VH was depolarized over -20 mV. 
After the blockade of voltage-dependent Ca2+ channels with Cd2+, the 
frequency of STOCs reduced between the VH of -60 to -40 mV and the 
STOCs could be observed even at a VH of -20 mV. The STOCs were 
inhibited by small Ca2+-activated K+ channel blocker, apamin, in a 
concentration-dependent manner, but not by charybdotoxin (10−6 M) 
and iberiotoxin (10−6 M). Thapsigargin (10−7 M) completely inhibited 
the STOCs, suggesting the strong contribution of cytoplasmic Ca2+ 
stores to STOCs.
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527.15
INTRINSIC AND AGONIST-ACTIVATED CONDUCTANCES IN 
PREOPTIC AREA NEURONS OF THE GUINEA PIG HYPOTHALAMUS.
C.Reyes-Vazquez*, E.J. Wagner, M.J. Kelly and O.K. Rønnekleiv. Dept. of 
Physiol. & Pharmacol., Oregon Health Sciences Univ., Portland, OR 97201.

The purpose of the present study was to characterize the prominent 
conductances exhibited by preoptic area (POA) neurons in the rostral 
hypothalamus. To this end, whole-cell and intracellular recordings were 
made in coronal hypothalamic slices prepared from ovariectomized female 
guinea pigs. The majority (57%) o f POA neurons (n=58) displayed a time- 
dependent inward rectification (Ih) that was blocked by Cs+ (3 mM). In 
addition, 43% of the cells expressed a low-threshold spike (in current clamp) 
associated with a transient inward current (in voltage clamp). Moreover, 94% 
o f POA neurons (n=18) responded to bath application o f the µ-opioid 
receptor agonist DAMGO or the GABAB receptor agonist baclofen with a 
membrane hyperpolarization (in current clamp) or an outward current (in 
voltage clamp). These responses were accompanied by a decrease in input 
resistance or an increase in conductance, respectively, and were appreciably 
attenuated by Ba2+ (100 µM). In addition, the reversal potential for these 
responses closely approximated the Nernst equilibrium potential for K+. 
Taken together, these results suggest that POA neurons can endogenously 
express both the Ih and the T-type Ca2+ current, and that they are inhibited 
upon µ-opioid or GABAB receptor stimulation via the activation of an 
inwardly-rectifying K+ conductance. Such intrinsic and transmitter-activated 
conductances may serve as important determinants of the firing patterns of 
these neurons. (Supported by NS 35944, DA 05158 & DA 00192.)

527.17
VOLTAGE-GATED TRANSIENT OUTWARD CURRENTS IN NEURONS WITH 
DIFFERENT FIRING PROPERTIES IN THE INTERMEDIATE LAYER OF RAT 
SUPERIOR COLLICULUS. Yasuhiko Saito* and Tadashi Isa Department of 
Integrative Physiology, National Institute for Physiological Sciences, Myodaiji, 
Okazaki 444-8585, JAPAN.

We investigated electrophysiological properties of voltage-gated transient 
outward currents (VOCs) in neurons with different firing properties in the 
intermediate layer (SGI) of the superior colliculus (SC). In our previous study, the 
neurons in the SGI were classified into the 7 subclasses (Saito and Isa, 1997). 
Among them, we have analyzed the VOCs in the three major subclasses; (1) regular 
spiking neurons which show fairly constant interspike intervals and repetitive firing at 
frequency of less than 30 Hz during depolarizing current pulses, (2) fast spiking 
neurons which show repetitive spike generation at high frequency (> 60 Hz), and (3) 
late spiking neurons which generate repetitive firing with a long latency to the first 
spike. Whole-cell patch clamp recording was performed in slices of the SC obtained 
from 17- to 22-day old rats. According to the analysis of the VOCs inactivation 
kinetics, those in the late spiking neurons showed either fast inactivation kinetics (τ1 
< 20 msec) with large amplitude (> 50 pA/pF) or slow inactivation kinetics (τl = 30 ~ 
150 msec). In contrast, the VOCs in the regular and fast spiking neurons showed 
fast inactivation kinetics (τl < 20 msec) with small amplitude (< 50 pA/pF). The 
VOCs in the fast spiking neurons activated at higher membrane voltage (V12 ≈ 29 
mV) than that in the regular (V1/2 ≈ 46 mV) and the fast spiking neurons (V1/2 ≈ 44 
mV). These results suggest that the different types of voltage-gated channels are • 
expressed in the different subclasses of the SGI neurons, implying that the firing 
properties of the individual subclasses of neurons are partially determined by the 
different properties of VOCs.
Supported by Grants from Ministry of Education, Science, Culture of Japan, and 
CREST Japan.

527.19

CHARACTERIZATION OF VOLTAGE-GATED POTASSIUM 
CHANNELS IN A PRESYNAPTIC NERVE TERMINAL. K.R. 
Tozer1,2 , R.R. Mirotznik2 and E.F. Stanley2*. 1HHMI-NIH 
Research Scholar and 2Synaptic Mechanisms Section, NINDS- 
NIH, Bethesda, MD 20892.

Outwardly rectifying voltage-gated potassium channels (Kv) 
play a role in neurotransmitter release by influencing membrane 
resting potential and shaping the action potential waveform. We 
have used immunocytochemistry and whole cell patch clamp to 
examine the spectrum o f Kv channels in the large calyx-type 
presynaptic nerve terminal o f the chick ciliary ganglion. 
Immunostaining was performed with commercial antibodies 
against specific Kv subunits. Specificity was confirmed by 
western blots on chick brain and ciliary ganglion. Calyces were 
immunopositive for Kv1.5 and Kv2.1 but not for Kv1.2 or K v1.4. 
Patch clamp recording revealed a charybdotoxin resistant, non-
inactivating K current that could be dissociated further into TEA 
(10 mM) sensitive and resistant components. These components 
are consistent with contributions from Kv2.1 and 1.5, 
respectively.

527.16
WHERE DOES THE POTASSIUM GO THAT IS RELEASED FROM NERVE 
FIBERS DURING GENERATION OF ACTION POTENTIALS? J.E. Beshay, 
V.E. Beshay, R.H. Ray*, and E.M. Lieberman. Dept of Physiology, East Carolina 
University School of Medicine, Greenville, NC 27858

A preliminary series of experiments to study the effect of stimulation on the 
physiologic and anatomic relationship between the crayfish medial giant axon and its 
associated Schwann cells (SC) was discontinued because the tissue could not be 
property preserved for electron microscopic examination. More recently we 
reexamined these experiments and found the poorly preserved appearance was due to 
the expansion and, in some cases, the disaggregation of the tubular lattice (ΤL). Using 
a 4 point subjective scale, where 4 represented excellent preservation, independent 
visual examination by 2 investigators of 13 individual nerve fibers found stimulation (2 
min at 5OHz) reduced the quality of preservation of the ΤL from 3.23 to 2.34. Although 
preliminary examination also suggested that the number of ΤL structures was reduced it 
was determined that this was due to the fact that the ΤL was damaged beyond 
recognition. In several nerve fibers there was a gradient of the quality of preservation 
where stimulation had its greatest effect on the ΤL in the adaxonal glial layer and a 
decreasing effect on the ΤL present at greater distances from the axon membrane. 
Nerve fibers preserved 10-20 minutes after the cessation of stimulation were not found 
to be different from their unstimulated paired controls indicating that stimulation 
current was not the cause of the poor preservation. We hypothesize that the ΤL network 
of the SC serves to hyper-osmotically accumulate K+ that is transported into the cell 
during and following action potential generation. Gluteraldehyde preservation used for 
electron microscopy damages the ability of the ΤL network to restrict water from 
moving into it and leads to its expansion and lysis. Our results represent the first direct 
experimental studies of the role of the Schwann cell tubular lattice network in K+ 
homeostasis of the nervous system. The advantage of a proximal K+ clearance and 
storage mechanism vis-à-vis a conduit mechanism proposed by others is that the former 
is energetically more efficient than the latter. Supported in part by the Neuroscience 
Student Summer Research and Education Fund, ECU Medical Foundation No. 0436.

527.18
A DIVERSITY OF POTASSIUM CURRENTS IN DEVELOPING RAT SPINAL 
NEURONS. F. Nakamura, M. Kuno*, S. Matsuura Dept. of Physiology, Osaka 
City Univ. Med. Sch.; Asahi-machi, Abeno, Osaka 545-8585, Japan .

Cultured spinal neurons derived from rat embryo (E13-15) greatly change 
electrophysiological and morphological features in the serum-deficient medium; 
cell size, neurites, voltage dependent Na+ currents and synaptic activities develop 
within 1-7 days in vitro (DIV). In this study we characterized the 
voltage-dependent outward currents and examined effects of Ca2+ and Mg2+ on the 
currents of the developing spinal neurons. A chloride channel blocker, DIDS (50 
µM), did not inhibit the outward currents. Major portion of the outward currents 
consisted of two components, such as, a low threshold, transient current and a 
high threshold, sustained current. The transient current was inhibited by 
4-aminopyridine (4AP, 4 mM) and the sustained currents, partially by 
tetraethylammonium (TEA, 30 mM). The amplitude of TEA-sensitive sustained 
currents at 100 mV was 355±348 pA (mean ± S.D.) for 0-2 DIV (n=4), 7 13±319 
pA for 3-5 DIV (n=5) and 1353 ±716 pA for 6 DIV and later (n=5). Omission of 
the extracellular Ca2+ partially decreased the outward currents (n=4). A rise in the 
extracellular Mg2+ concentration (30 mM) shifted the threshold for the outward 
currents to more positive potential and increased the transient outward current in 4 
cells. The increment was not observed in the presence of 4AP. These results 
suggest that diverse K+ channels develop in spinal neurons and the current 
activities were modulated partly by extracellular Ca2+ and Mg2+.

527.20

DIFFERENT TYPES OF FAST AND SLOW TRANSIENT POTASSIUM CURRENTS IN 
PHASIC AND TONIC LUMBOSACRAL PREGANGLIONIC NEURONS OF THE 
NEONATAL RAT A, Miura1*, M. Kawatani2 and W. C. de Groat1. 1Dept. of 
Pharmacology, Univ. of Pittsburgh Sch. of Med. Pittsburgh, PA 15261; 2Dept. of 
Physiology, Akita Univ. Sch. of Med. Akita, Akita 010, Japan

Electrical properties of parasympathetic preganglionic neurons (PGN) were examined 
using the whole-cell patch-clamp recording technique in slice preparations of neonatal rat 
spinal cord. PGN were retrogradely labelled with a fluorescent tracer (Fast Blue) injected 
into the peritoneal space. PGN showed two types of firing patterns; phasic (phasic PGN) 
and tonic (tonic PGN) firing evoked by injection of a prolonged depolarizing current pulse 
(300 msec) (de Groat et al, 1997). 4-aminopyridine (AP, 0.5 mM) converted phasic to tonic 
firing in phasic PGN, and increased firing frequency in tonic PGN. Two distinct transient 
outward currents with fast and slow decay kinetics were observed in both types of PGN. 
Fast transient outward currents (F-TOC) were completely inactivated at a holding potential 
of -40 mV and during depolarization to +20 mV decayed with a time constant (τ) of 6.0 
± 2.5 ms (n = 4) and 8.5 ± 2.0 ms (n = 6)in phasic and tonic PGN, respectively. The F- 
TOC activated rapidly with a time to peak of 2.5 ± 0.5 ms and 3.9 ± 0.7 ms in phasic and 
tonic PGN, respectively. F-TOC was insensitive to tetraethylammonium (TEA, 20 mM), 
but was depressed by 4-AP (2 mM). In phasic PGN the time constant for activation (0.9 ± 
0.2 ms, n = 4) was faster than in tonic PGN (1.2 ± 0.2 ms, n = 7) and the activation curve 
was shifted to a more hyperpolarized voltage (half activation voltage 1.9 ± 1.9 mV, versus 
-18.6 ± 0.7 mV). Inactivation also had a shorter time constant in phasic PGN (9.4 ± 5.1 ms 
versus 13.2 ± 4.1 ms) and inactivation occurred at a more hyperpolarized level in phasic 
PGN (half inactivation voltage, -91.5 ± 1.6 mV versus -67.3 ±0.9 mV). Slow transient 
outward currents (S-TOC) decayed with a τ of 527.3 ± 97.0 ms and 3974 ±916.5 ms (at 
20 mV) in phasic and tonic PGN, respectively. S-TOC were partially blocked by TEA (20 
mM), and were also sensitive to 4-AP (2mM) in both types of PGN. These results suggest 
that the different firing properties of phasic and tonic PGN might be related to different 
kinetics of transient potassium currents. Supported by NIH grant DK37241.
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527.21
Ca2+-ACTIVATED POTASSIUM CURRENT IN CRAYFISH 
PEPTIDERGIC NEURONS. J. Murbartián, A. Guerrero1 and U. 
García*. Dept. Physioloy, Biophysics and Neurocience and 1Dept. 
Biochemistry, CINVESTAV, México.

To determine the role of Ca2+-activated K+ current on the neuronal 
firing of peptidergic neurons we have studied the effects of 
nanomolar concentrations of charybdotoxin and iberiotoxin as well 
as micromolar concentrations of tetraethyammonium (TEA) in X 
organ neurons in culture. Experiments were carried out with 
gramicidine perforate patch in both current and voltage-clamp 
conditions. A transient outward current sensitive to the maxiK 
channel blockers was identified in response to command pulses to 
20 mV from a holding potential of -40 mV. This current also was 
blocked when extracellular Ca2+ was equimolarly substituted by by 
Ba2+ or Sr2+. Records obtained in current clamp conditions where 
the Ca2+-activated K+ current was blocked indicate that the Ca2+- 
activated K+ current determine the action potential frecuency 
induced by depolarizing pulses as well as the postpotential 
magnitude. In neurons loaded with fura2, the free intracellular Ca2+ 
concentration [Ca2+]i was monitored by microflurometry; 
charybdotoxin, iberiotoxin and TEA induced depolarization 
associated with neuronal firing that increased [Ca2+]i suggesting that 
a fraction of maxiK channels are open at resting membrane 
potential.

POTASSIUM CHANNEL PHYSIOLOGY, PHARMACOLOGY AND MODULATION IV

528.1
EFFECTS OF NERVE GROWTH FACTOR ON POTASSIUM 
CONDUCTANCE AFTER NERVE INJURY IN ADULT CUTANEOUS 
AFFERENT DORSAL ROOT GANGLION NEURONS Brian Everill* and 
Jeffery D. Kocsis. Dept. of Neurology, Yale Univ. Sch. of Med., and Neuroscience 
Research Center, VAMC, West Haven, CT 06516 

Effects of nerve growth factor (NGF) on injury-induced changes has been studied by 
a number of workers. Recent results indicate that Na+ channel and GABA receptor 
organization of dorsal root ganglia (DRG) neurons change in response to axotomy. 
Because of the variation of types and quantities of currents detailed in those studies and 
the well-established role of K+ currents in regulating firing properties of neurons, it is 
important to determine the relative contributions of K+ current components on DRG 
neurons which could contribute to DRG hyperexcitability following nerve injury, and 
how they may be affected by various trophic factors. The present study was undertaken 
to determine the effects of axotomy, with or without the presence of NGF (delivered in 
vivo directly to the transected sciatic nerve stump in axotomized rats via an osmotic 
pump), on the three voltage-activated currents, one noninactivating and two transient 
as previously identifed (Everill, B., et al, J. Neurophysiol. 1998) in these cells. DRG 
neurons were acutely dissociated from adult female Wistar rats and prepared for short-
term (2-8 hrs) examination Whole cell patch clamp recordings were obtained from 
medium-sized neurons (48-50 um) which give rise to myelinated peripheral axons. 
Outward K+ currents were recorded from acutely dissociated adult rat cutaneous afferent 
DRG neurons (L4 and L5) identified by retrograde labelling with Fluoro-gold. The 
neurons were held at -80 mV and depolarized in 10 mV increments (100 ms duration) 
from −40 to +50 mV. Both uninjured and injured neurons displayed similar complex 
K+ currents composed of distinct kinetic and pharmacological properties. Mean peak 
current is increased by 42% in the axotomized neuron group, treated with NGF as 
compared to control cells having a Ringers solution pump. Total mean peak current 
for cells treated with only Ringer solution was decreased by 48% when compared to 
uninjured cells (no pump).These results indicate that NGF can prevent the axotomy- 
induced reduction in K+ current observed in cutaneous afferent DRG neurons. 
Supported in part by the VA and the NIH.

528.3
CONSTITUTIVE ASSOCIATION OF VOLTAGE-GATED POTASSIUM 
CHANNELS WITH FYN TYROSINE KINASE IN SCHWANN CELLS. 
A.Sobko, A.Peretz, I.Ginzburg* and B.Attali . Dept. of Neurobiology, Weizmann 
Institute of Science; Rehovot 76100, Israel.

Schwann cells (SCs), glial cells of the peripheral nervous system, are known to 
express various kinds of potassium (K+) channels. Thus, delayed rectifier, transient 
A-type and inward rectifier K+ channels have all been described in cultured and 
acutely dissociated SCs. Recent studies have addressed their molecular identity. 
However, little is known about the modulation of K+ channels and their function in 
glia remains speculative. In the present study, we set out to determine whether K+ 
channels could be subject to tyrosine phosphorylation in cultured SCs and in sciatic 
nerve. Incubation of cultured SCs with the src family-specific tyrosine kinase 
inhibitor, Herbimycin A (0.5-5 µM for 10-30 min), potently affected the amplitude 
of the whole-cell delayed rectifier K+ current. The opposite effect was observed, 
when recombinant p55-fyn was applied to recording patch pipette. To substantiate 
these findings, we attempted to identify endogenous channel subunits involved. Co- 
immunoprecipitation experiments show that among K+ channel isoforms, Shaker- 
like kv1.5 and Shab-like kv2.1 subunits are selectively tyrosine phosphorylated and 
physically associate with fyn in both cultured SCs and P4 sciatic nerve in vivo. 
Tyrosine kinase activity closely associated with kv2.1 was also detected by 
immunoprecipitation-kinase assay, using exogenous tyrosine kinase peptide 
substrate. Tyrosine phosphorylation of kv2.1 and fyn was suppressed by the same 
Herbimycin treatment. Interestingly, we also found that 24 h treatment with either 
Quinidine or Herbimycin, potently inhibited SC proliferation in dose-dependent 
manner. In sciatic nerve, fyn activity, reflected by its tyrosine phosphorylation, 
appears to be up-regulated during the onset of myelination (P4). These findings 
suggest that K+ channel modulation by fyn may play important role in SC 
development and myelination. This work was supported by grants from EEC Bio 4- 
97-2207.

528.2
FGF-1 SUPPRESSES AND FGF-2 UPREGULATES POTASSIUM CURRENTS IN 
XENOPUS EMBRYONIC MYOCYTES. R. Chauhan and A.E. Spruce*. Dept. of 
Pharmacology, Univ. of Birmingham, Birmingham B15 2TT, UK.

FGF-1 and FGF-2 are both expressed by developing skeletal muscle and have been 
implicated in regulating many aspects of its development. We investigated the effects 
of FGFs upon voltage-dependent ionic currents during terminal differentiation. 
Myocytes were isolated from Stage 15-18 Xenopus laevis embryos and cultured for 
about 24 hr in the presence or absence of one of the following chemical 
combinations: FGF-1 (10ng/ml); FGF-2 (10 ng/ml); FGF-1 + herbimycin A (1 µM); 
herbimycin A. Whole-cell patch clamp recordings were made using a pipette solution 
containing (mM): 90 K.aspartate, 10 KCl, 10 NaCl, 2 MgCl2, 2 EGTA, 3 glucose, 2 
theophylline, 2 Na2ATP, 0.1 cAMP, 10 Hepes, pH 7.4.

FGF-1 reduced the densities of inward rectifier (I1R) and both sustained and 
inactivating delayed rectifier (Iκ,s, IK,I) potassium currents: for 1IR, by 49% (p < 0.05); 
for Iκ,s by 48% (p < 0.01); for Iκ,I by 72% (p < 0.05). Conversely, FGF-2 upregulated 
K+ currents (by 45% and 66% for Iκ,s and IIR, respectively, p < 0.05). However, 
because of a concomitant increase in capacitance, current density was not 
significantly affected by FGF-2. Reversal of the effects of FGF-1 by the cytoplasmic 
tyrosine kinase inhibitor, herbimycin A (which has no effects on currents by itself), 
was assessed. Interestingly, herbimycin A prevented only the reduction of IIR density 
by FGF-1, the reductions in Iκ ,s and Iκ,I persisted. Therefore, diverse signalling 
mechanisms are required to explain the modulation of different K+ currents by FGF-1 
as well as the opposite actions of the two FGFs. The voltage dependence of Iκ,S was 
investigated by Boltzmann fits to conductance-voltage relations. Two current 
components were identified, low (LVA) and high (HVA) voltage activated. FGFs 
exerted equal effects on each component but herbimycin A alone substantially 
increased the proportion of LVA current without any effect on total Iκ,s, suggesting 
that tyrosine kinase signalling controls the interconversion of Iκ,s current subtypes. 
(Wellcome Trust supported).

528.4
FYN TYROSINE KINASE ASSOCIATES WITH HUMAN K vl.5  
POTASSIUM CHANNEL BY AN SH3 DOMAIN INTERACTION.
T.C. Holmes*, J. M arquez and I.B. Levitan. D epartm ent o f  Biochemistry 
and Volen Center for Complex Systems, Brandeis University, W altham , 
M A 02254.

Tyrosine phosphorylation modulates the open probability  and kinetic 
properties o f potassium  and other ion channels. W e and others have 
shown recently that Src hom ology 3 (SH3) dom ain interactions can 
mediate channel/Src kinase association. The human isoform o f the Kv1 .5 
potassium  channel (hK v1.5) contains proline-rich sequences that are 
identical to sequences characterized previously as SH3 dom ain binding 
sites. These sequences were used as “bait” for screening a hum an brain 
library using the yeast two-hybrid assay. W e isolated seven clones as true 
positives for interaction with h K v 1.5 proline-rich bait. O ne o f  these 
clones was identified as Fyn tyrosine kinase, a m em ber o f the Src family. 
The interacting Fyn clone contains the SH3 dom ain. The association o f 
h K v 1.5 and Fyn was exam ined in H EK 293 cells transfected transiently 
w ith cDNA constructs encoding both proteins. h K v 1.5 and Fyn are 
associated in these cells, as shown by im m unoprecipitation with specific 
antibodies for hK v 1.5 or Fyn followed by w estern blot. C hannel/kinase 
association via m odular binding domains may be common. Supported by 
research and training grants from NIH.
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528.5
MODULATION OF EXPRESSION AND SUBCELLULAR 
LOCALIZATION OF dSLO  CHANNELS BY ASSOCIATED 
PROTEIN KINASES. Y. Z hou* , J. W ang and I. B. Levitan. 
D epartm ent o f  B iochem istry and V olen C enter for Com plex Systems, 
Brandeis U niversity, W altham , MA 02254.

W e have shown recently that the cloned D rosophila  slow poke calcium - 
dependent potassium  channel (dSlo) can bind sim ultaneously to two 
different protein kinases, one the Src tyrosine kinase and the other the 
catalytic subunit o f PKA (PKA c), a serine/threonine kinase. Both bound 
kinases can phosphorylate the channel. W e report here that the am ount 
o f channel protein is increased substantially  w hen dSlo  is co-expressed 
with either Src or PKA c. U sing confocal im aging o f  a dSlo-G FP fusion 
construct, we found that the subcellular localization o f  dSlo  channels is 
also changed by co-expression o f  the protein kinases. The dSlo  channel 
appears to be in dense clusters in or near the plasm a m em brane when the 
channel is co-expressed with PKA c, w hile the m ajority  o f  the channel 
protein appears to accum ulate intracellularly when it is co-expressed with 
Src. Furtherm ore, experim ents w ith double im aging using dSlo-G  FP and 
antibodies specific to PKAc or Src dem onstrate that each kinase co
localizes with dSlo. These results provide evidence that dSlo  channel 
expression, m em brane targeting and/or turnover m ay be influenced by 
closely associated protein kinases. Supported by a research grant from 
NIH.

528.7
RECEPTOR TYRO SINE PHOSPHATASE ALPHA PARTICIPATES IN 
MUSCARINIC RECEPTOR MEDIATED REGULATION O F THE SHAKER  
FAMILIY POTSSIUM CHANNEL K V 1.2. A.D. Morielli*, W .Tsai , Teresa G. 
Cachero and E.G. Peralta. Dept. of Molecular and Cellular Biology, 
Harvard University, Cambridge, MA 02138.

Kv1.2 potassium channel generated ionic current becomes suppressed 
upon activation of m 1 muscarinic acetylcholine receptors (mAChRs) by a 
mechanim involving tyrosine phosphorylation of the channel protein. W e  
have now investigated the possibility that tyrosine phosphatases may also 
participate in mAChR mediated regulation of Kv1.2 ionic current.

Carbachol induced activation of m 1 mAChRs in serum starved 293 cells 
results in less than 50%  suppression of Kv1.2 current. However, pre
treating the cells with the tyrosine phosphatase inhibitor sodium 
orthovanadate increases the degree of receptor mediated suppression to 
over 70%. In contrast, Kv1.2 current becomes strongly suppressed by 
phorbol ester (PMA) even in the absence of orthovanadate. Kv1.2 alpha 
subunits immunoprecipitated from 293 cells co-immunoprecipitate RPTP-α  
in cells pre-treated with carbachol but not in unstimulated cells. Kv1.2 
protein failed to co-immunoprecipitate R PTP-α in PMA treated cells. W e  
therefore tested the effect of m 1 mAChR activation in cells in which the 
Kv1.2 current had been previously suppressed by PMA. In cells so 
treated, carbachol causes a significant increase in Kv1.2 current. 
Therefore, m 1 mAChR activation results in not only tyrosine kinase activity 
directed towards Kv1.2, but in tyrosine phosphatase activity as well, and 
the net balance between these two opposing signals may determine the 
ultimate effect of mAChR activation on Kv1.2 current. *ADM and W T  
contributed equally to this work. (NIH G M 42483-07).

528.9

T H E  D R O SO P H IL A  ETHER-A-GO-GO  (EA G ) PO TA SSIU M  
C H A N N E L  S U B U N I T  IS  A S U B S T R A T E  F O R  
C A L C I U M /C A L M O D U L I N  D E P E N D E N T  P R O T E IN  
K IN A S E  II (C A M K II) Z. W ang* and L. C. Griffith  
Department o f B iology, and V olen Center for Complex Systems, 
Brandeis University, 415 South Street, Waltham, M A 02254

To determine whether Eag was a substrate for CaMKII, Eag 
dom ains were expressed in E. coli as glutathione-S-transferase 
(GST) fusion proteins. Three separate fusions corresponding to 
Eag N-term inal amino acid residues 44 -210  and to C-terminal 
residues 556-802 (C 1) and 556-end (C2) were examined for their 
ability to be phosphorylated in vitro by CaMKII. Only the C- 
terminal fragments were phosphorylated by purified CaMKII. 
Site-directed m utagenesis m ethod was em ployed to determine 
which site at the C-terminus was a true CaMKII site. W e found 
that Thr787 was a major if  not the only site for CaMKII. This was 
confirmed by both in vitro phsophorylation and in vivo metabolic 
labeling o f  transfected mammalian cells. Previously we have 
shown that an important com ponent o f  neuronal and behavioral 
plasticity may be mediated by modulation o f Eag function through 
CaMKII (Griffith et al, PNAS, 91, 10044-10048). To determine 
whether this modulation is mediated by Thr787 o f  Eag, transgenic 
flies carrying Thr787Ala mutation in Eag have been generated. 
Further characterization o f these flies is under way.
(This work is supported by NIH grant GM 5440 8 to LCG)

528.6
SRC-FAMILY PROTEIN TYROSINE KINASES INCREASE HERG-LIKE K+ 
CURRENTS IN RAT BRAIN MICROGLIA. F.S. Cayabyab* and L.C. 
Schlichter. Playfair Neurosci. Unit, Toronto Hosp., & Dept. Physiol., Univ. Toronto.

Recently, an inwardly rectifying K+ current biophysically and pharmacologically 
similar to HERG (human ether á-go-go related gene), was found to be the 
predominant K+ current in a highly proliferating rat microglia cell line (Zhou, 
Cayabyab, Pennefather, Schlichter, & DeCoursey, J. Gen. Physiol., 1998, in press). 
This channel contains multiple tyrosine residues that are putative targets for protein 
tyrosine kinases (PTKs) (Shi et al., J. Neurosci. 17: 9423, 1997). Since microglia 
express transmembrane receptors that are coupled to PTK signaling cascades, we 
tested the hypothesis that these microglia HERG-like currents are regulated by 
tyrosine phosphorylation by endogenous or exogenously expressed cytosolic PTKs. 
Whole-cell patch clamp recordings were made with high intracellular and 
extracellular K+ concentrations. Depolarizing voltage steps produced little or no 
outward K+ currents; however, repolarization resulted in large inward K+ currents 
(≈1000 pA). E-4031, a selective blocker of cardiac HERG channels, concentration- 
dependently inhibited microglia HERG-like currents (IC50 ≈35 nM). Omission of 
ATP from the pipette solution produced significant current rundown, which was 
prevented by adding 2 mM ATP to the pipette solutions. To study PTK regulation of 
microglia HERG-like currents, we tested the effects of two structurally different PTK 
inhibitors, genistein (100 µM) and lavendustin A (50 µM). Both inhibitors 
significantly suppressed the currents, the remaining current was fully blocked by 1 
µM E-4031. The role of endogenous PTKs was further examined by: (i) inhibiting 
protein tyrosine phosphatases with the membrane-permeant orthovanadate (100 µM 
increased the current within 10-15 min), and (ii) adding to the pipette solution the 
src-activating peptide [EPQ(pY)EEIPIA] (2 mM increased the currents by ≈200%). 
Transfection of cDNA encoding the constitutively active cytosolic PTK, v-src, 
increased native HERG-like currents. Finally, PTK inhibitors suppressed both the 
peptide- and v-src-induced current enhancement. These results show that endogenous 
(or exogenously expressed) src-family PTKs modulate microglia HERG-like channels. 
This modulation may have broader implications since members of the HERG-family 
of K+ channels are expressed in a number of proliferating cells, as well as in the brain. 
Supported by the Heart & Stroke Foundation o f Canada and MRC o f Canada.

528.8
CHARACTERIZATION OF KvATP CHANNEL REGULATED BY 
PHOSPHORYLATION J. Kuang1*, J. Teeter1,2 and R. Puchalski1,3. 
1Monell Chemical Senses Center, Philadelphia, PA 19104; 2Department of 
Physiology, 3Department of Pharmacology, School of Medicine, 
University of Pennsylvania, Philadelphia, PA 19104

Protein phosphorylation is an important post-translational modification 
that regulates numerous cellular processes. Function of voltage-dependent 
potassium channels has been showed to be modulated by phosphorylation. 
Phosphorylation is also postulated to be important in the induction and 
developmental regulation of channel expression. A voltage-dependent, 
ATP-sensitive potassium channel (KvATP) has been previously cloned 
from catfish barbels in this laboratory. Outward currents of KvATP are 
suppressed by forskolin (an activator of adeylate cyclase, which catalyzes 
the formation of cAMP, the substrate of protein kinase A), by 8-Br-cAMP 
(an activator of protein kinase A), or by phorbal-12-myristate-13-acetate 
(PMA, a potent activator of protein kinase C and a potentiator of forskolin- 
induced cAMP formation). To further understand the nature of 
phosphorylation events required for expression and regulation of KvATP, 
an epitope-tagged KvATP has been constructed by the introduction of an 
eight amino acid-epitope into the carboxyl-terminus of KvATP. Two- 
electrode voltage-clamp recording of Xenopus oocytes injected with cRNA 
encoding KvATP or KvATPcflag demonstrates that the introduction of the 
epitope tag does not alter KvATP channel function. The epitope tag 
facilitates the purification and detection of phosphosylated KvATP and its 
mutants. (Supported by the National Institute of Health and Monell 
Institute Fund)

528.10
CO RTICO TRO PIN  RELEASING H ORM O NE (CRH) INHIBITS 
M U LTIPLE POTASSIUM  CURRENTS IN ID EN TIFIED  RAT 
CO RTICO TRO PH S. A. K. Lee* & A. Tse, Dept. of Pharmacology, U. of 
Alberta, Edmonton, Alberta T6G 2H7, Canada.

We have studied the effects of corticotropin releasing hormone (CRH) on 
single rat corticotrophs identified by the reverse hemolytic plaque assay. We 
have shown previously that CRH inhibits resting potassium conductances to 
depolarize membrane potential and induce calcium entry through voltage- 
dependent calcium channels (J Physiol. (1997) 504:367). This current inhibition 
is mediated by the cAMP-PKA pathway, because the adenylate cyclase 
activator, forskolin (10 µM), and the cAMP analogue, 8-CPT-cAMP (0.5 mM) 
similarly inhibit the current (n=6 and n=3 respectively), while intracellular Rp- 
cAMPS (0.5 mM), a competitive inhibitor of PKA can reduce or abolish the 
CRH-induced current inhibition (7 of 8 cells). The CRH-sensitive current is not 
sensitive to 4-AP (5 mM) (n=6) or intracellular and extracellular TEA (10 mM) 
(n=4). However Ba2+ (5 mM) blocks the inwardly rectifying component of the 
CRH-sensitive current (n=4). The HERG potassium channel blocker, E-4031 
(10 µM) also blocks the inwardly rectifying component, without affecting the 
outwardly rectifying component of the CRH-sensitive potassium current (n=6). 
Furthermore the inwardly rectifying component appears to inactivate at 
potentials more negative than -70 mV. We conclude that CRH inhibits two 
potassium currents in rat corticotrophs: an outwardly rectifying current, and an 
inwardly rectifying current that is related to the HERG potassium channel 
family.
(Supported by Canadian MRC and AHFMR)
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528.11
DISTINCT EFFECTS OF cAMP AND CaM KINASE CASCADES ON 
NEURONAL INFORMATION CODING MEDIATED BY DIFFERENT K 
CHANNEL SUBUNITS: DIVERGENCE AND CONVERGENCE OF THE TWO 
PATHWAYS REVEALED BY GENETIC AND PHARMACOLOGICAL 
ANALYSES. W.-D. Yao,* M.-L. Zhao and C.-F. Wu. Dept. of Biological 
Sciences, University of Iowa, Iowa City, IA 52242.

Both cAMP and Ca/CaM-dependent protein kinase II (CaMK) cascades have been 
implicated in mechanisms underlying learning and memory. Despite mounting 
evidence for their roles in synaptic plasticity, less attention has been directed toward 
their regulation of membrane excitability and information coding within single 
neurons. We have studied how these two second messenger pathways modulate 
firing pattern and the underlying K currents in cultured Drosophila central neurons. 
Under whole-cell current clamp, genetic alterations in the cAMP cascade caused 
aberrant firing patterns without evident changes in spike amplitude and duration. In 
contrast, selective inhibition of CaMK, by pharmacological or genetic means, 
altered activity-dependent modification in spike amplitude and duration, but exerted 
less effect on spike frequency coding of stimulation parameters. Perturbations of 
either pathway, however, disrupt the stability and regularity in neuronal firing 
patterns, which may present problems in the fidelity and reliability in information 
processing, as revealed by different stimulus paradigms. Voltage-clamp analyses 
demonstrated differential regulations of a variety of K channels by the two 
pathways: While the PKA pathway displayed moderate influence on both the 
transient Shaker current and the non-inactivating currents, the CaMK cascade exerted 
striking effects on the non-inactivating currents with little influence on the Shaker 
current. Interestingly, the effects of both pathways on firing patterns and K currents 
were modified by mutations of the K channel subunit Eag, suggesting that Eag is a 
potential convergent target of the two cascades. Our results support the notion that 
the various K channels represent an array of divergent targets for the cAMP and 
CaMK pathways but certain subunit types may serve as the convergent point to 
confer the differential regulation by the two cascades on neuronal activity. 
Supported by NIH grants NS 18500 and NS 26528.

528.13
PEPTIDERGIC MODULATION VIA PROTEIN KINASE A (PKA) OF THE 
SLOW Ca2+-DEPENDENT K+ CURRENT lAHP IN HIPPOCAMPAL 
PYRAMIDAL CELLS T.M. Haug , J.F. Storm*. Institute of Physiology, 
University of Oslo, Norway.
In addition to the global actions of the ascending monoamine and activation 
systems, which to a large extent are acting via cAMP and PKA, there are 
several neuropeptide transmitters supplied by interneurons that may 
modulate excitability in the forebrain in a more local manner, using similar 
signalling patways. The neuropeptides CRF (corticotropin releasing factor), 
CGRP (calcitonin gene related peptide), PACAP (pituitary adenylate cyclase 
activating peptide), and VIP (vasointestinal peptide) are known to stimulate 
production of cyclic AMP (cAMP) in the brain. CRF and VIP have previously 
been shown to suppress the slow calcium-activated K current, IAHP  in 
hippocampal neurons (Aldenhoff et al.Science 221: 875-877; Haas & 
Gahwiler, Neurosci. 47,273-277). Here we present evidence that these 
peptidergic actions on IAHP are mediated by the cAMP-dependent protein 
kinase (PKA). Using whole-cell voltage-clamp recording from CA1 pyramidal 
cells in hippocampal slices from young rats, we found that lAHP following a 
Ca-spike (in TTX) was suppressed by CRF (0.25 µM: mean: 83 %  
suppression, n=4), CGRP (1 µM; 60%  suppression, n=7), VIP (0.5 µM: 78%  
suppression, n=6) and PACAP-38 (0.1-2.5 µM, 0-100% , n=9) under normal 
conditions. In contrast, when the PKA-inhibitor Rp-cAMPS (100 µM) was 
added to the intracellular medium, the effects of CRF, VIP and CG RP were 
significantly reduced (p < 0.05 for all). Thus, with Rp-cAMPS in the pipette, 
CRF produced only a 32%  suppression of IAHP  (n=4), VIP 30 %  suppression 
(n=9), and CGRP 7 %  suppression (n=4) whereas the effect of Rp-cAMPS on 
the PACAP-38-induced modulation remains to be fully characterized. These 
results indicate that CRF, CGRP, PACAP and VIP all suppress lAHP in CA1 
pyramidal cells and that the modulation of IAHP  by CRF, CGRP and VIP is 
mediated by PKA. (Supported by the Norwegian Research Council (NRF))

528.15
MODULATION OF Ca2+-ACTIVATED K+ CHANNELS BY CLIMBING 
FIBER ACTIVITY IN CEREBELLAR PURKINJE NEURONS.
Özlem Bozdagi* and Peter H. Reinhart. Department of Neurobiology, Duke 
University Medical Center, Box 3209, Durham, NC 27710.

Excitatory climbing fiber (CF) activation contributes to long term depression 
(LTD) in cerebellar Purkinje cells by allowing the entry of Ca2+ into proximal 
dendrites. Ca2+-activated K+ (Kca) channels are known to be highly expressed on both 
Purkinje neuron bodies and proximal dendrites, To examine the possible contribution 
of these channels to the expression of plasticity in Purkinje cell, we studied the 
interaction between the CF response and KCa channel activation by using the cell- 
attached configuration of the patch-clamp technique in rat brain cerebellar slices. CF 
responses were elicited by the stimulation of the lower half of the molecular layer, 
near the soma of the recorded Purkinje neuron. Stimulating pulses were 0.5 ms in 
duration and the intensity was adjusted to just suprathreshold for CF response. After 
the identification of large conductance KCa channel activity, CF response was recorded 
from the Purkinje cell, at a pipette potential o f −60 mV, where no channel activity was 
observed in the patch, in control conditions. CF stimulation caused an increase in the 
current amplitude of Kca channels by an average of 60± 10 % (n=6) at this potential. 
The increase in this activity was completely blocked by bath-application of 2 µM 
paxilline, a specific blocker of large conductance KCa channels. To differentiate 
between direct effects of Ca2+ or indirect effects through protein kinase activation, we 
examined the effects of the protein kinase C (PKC) inhibitor chelerythrine (20 µM) on 
channel gating. In the presence of this inhibitor, CF stimulation did not result in Kca 
channel activation. We conclude that CF activity can modulate KCa channel gating 
through a pathway involving PKC. Hence, cerebellar Kca channels play a modulatory 
role in the expression of LTD.

Supported by NIH grant NS31253 to P. H. R.

528.12
PHORBOL ESTER-MEDIATED SUPPRESSION OF IK IN RAT SENSORY 
NEURONS IS VOLTAGE DEPENDENT. YH. Zhang* and G.D. Nicol. Dept. 
o f Pharmacology & Toxicology, Indiana University School of Medicine, 
Indianapolis, IN 46202.

The role of protein kinase C (PKC) in the modulation of excitability of 
sensory neurons is not well understood. Therefore, we examined the 
capacity of phorbol-12, 13 dibutyrate (PDBu) to alter potassium currents 
(IK) and thus modify neuronal excitability. Neurons were isolated from the 
dorsal root ganglia of E16 rat embryos and grown in culture for 4-7 days. 
The whole-cell patch-clamp technique was used to  record 1K from capsaicin- 
sensitive neurons. Changes in IK were assessed as I/lmax where I was the 
current for control and PDBu treatment and Imax was the maximum 
current for the control. Exposure to PDBu produced both a time- and 
concentration-dependent suppression o f IK. In addition, this inhibition was 
dependent on the holding voltage. When neurons were held at either -48 
mV (the resting potential) or -20  mV and stepped to +60 mV, 100 nM 
PDBu caused ~ 30% reduction in the peak IK after 20 min. Although the 
extent o f inhibition was smaller (~ 20% after 20 min), 10 nM PDBu 
produced similar results. PDBu produced only small changes in the half- 
maximal activation voltage (V0.5) or the steepness of activation. In 
contrast, at a holding potential o f -80  mV, 10 or 100 nM PDBu was 
ineffective at blocking IK. Treatment w ith 1 nM PDBu had no significant 
effect on IK at any holding potential. Thus, hyperpolarization appears to 
reverse the inhibition of IK by PKC. The findings support the notion that 
activation of PKC may lead to enhanced excitability of sensory neurons 
through the inhibition of IK. These results suggest that PKC may alter the 
voltage-dependence o f inactivation for IK, the site o f PKC's action may by 
modified by voltage, or the activity o f PKC may be influenced by 
membrane potential. Supported by NIH grant NS30527.

528.14
PHOSPHORYLATION OF Kv3.1 BY PKC MAY MODULATE THE HIGH- 
THRESHOLD K+ CURRENT IN AUDITORY NEURONS. CM Macica*, LY 
Wang, and LK Kaczmarek. Dept. of Pharmacolgy, Yale University School of 
Medicine, New Haven, CT 06525

Neurons of the medial nucleus of the trapezoid body (MNTB), a specialized relay 
nucleus in the brainstem auditory pathway involved in sound localization, express a 
high-threshold K+ current (IHT) that ensures the rapid transmission of acoustic 
information. Using voltage clamp of MNTB neurons, we have found that this 
current is modulated by activation of PKC with the phorbol ester, phorbol 
myristate acetate (PMA, 50 nM), which decreased channel activity by 27±4.3%, as 
compared to control. We have also shown that stimulation of MNTB neurons with 
glutamate results in an increase in inositol phosphate turnover, consistent with the 
activation of PLC via glutamatergic receptors. The cloned K+ channel, Kv3.1, 
which gives rise to currents that are similar to IHT, has been shown to be expressed 
in MNTB neurons. We therefore examined whether this cloned channel is a 
substrate for PKC using stably transfected CHO cells. In these cells, PMA 
treatment results in a decrease in Kv3.1 current of 25.2±3.6%, as compared to 
control. The inactive analog, 4α-PMA, has no effect on Kv3.1 current, whereas 
pre-incubation with the protein kinase inhibitor H-7, prevented the inhibitory effect 
of PMA. In addition, treatment of the immunoprecipitated protein with purified 
PKC resulted in channel phosphorylation that is dependent on both calcium and 
lipid. In vivo labeling of Kv3.1 in CHO cells resulted in a significant increase in 
channel phosphorylation by PMA, an effect inhibited by H-7, potentiated by the 
calcium ionophore A23187, and reversed by phosphatase treatment. Finally, 
phosphoamino acid analysis of the immunoprecipitated Kv3.1 phosphoprotein 
revealed that Kv3.1 is exclusively phosphorylated on serine residues. Taken 
together, these results indicate that Kv3.1 is a substrate for, and is modulated by 
PKC, thus supporting a role for PKC modulation of the native IHT current in the 
MNTB.
NIH Grant 5-R01-DC01919

528.16
METRIFONATE DECREASES THE SLOW AHP CURRENT IN CA1 
NEURONS IN VITRO J.M. Power*, M.M. Oh, and J.F. Disterhoft, CM 
Biology, Northwestern University Medical School, Chicago, IL 60611.

Metrifonate (MTF), a cholinesterase inhibitor, has been shown to enhance 
learning in aging rabbits and rats, and alleviate the cognitive deficits observed in 
Alzheimer’s disease patients. Using sharp electrode current clamp recording we 
have previously determined that application of MTF reduced the spike 
frequency adaptation and afterhyperpolarization (AHP) of rabbit CA1 pyramidal 
neurons in vitro. However, current clamp recordings are not well suited to 
isolate or characterize specific currents. Therefore, we used the whole-cell 
voltage clamp technique to dissect the slow AHP (sIAHP) current of visually

identified CA1 neurons in hippocampal slices. We have found that the peak 
AHP current is reduced by at least 15 % with bath perfusion of 50 µM MTF 
(which also decreased the AHP in current clamp recordings) in CA1 neurons 
from young rabbits. Ongoing experiments will further examine the effects of 
MTF on the sIAHP of CA1 neurons from both young and aging rabbits.

Supported by NIH AG08796 and Bayer Inc.
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528.17 528.18
METRIFONATE INCREASES CA1 NEURONAL EXCITABILITY. M,M. 
Oh,1,2* J.M. Power,1 L.T. Thompson,1,2 P.L. Moriearty3 and J.F. Disterhoft1,2. 
1Dept. Cell and Molecular Biology, and 2Institute for Neuroscience, Northwestern 
Univ.; 3Dept. Psychiatry, Southern Illinois Univ. Med. School; Chicago, IL 60611.

The effects of metrifonate (MTF) on CA1 pyramidal neurons from hippocampal 
slices of young and aging rabbits were examined using current-clamp, intracellular 
recording techniques. Bath perfusion of MTF (10 - 200 µM) significantly decreased 
the afterhyperpolarization (AHP) and spike-frequency adaptation (accommodation) 
in neurons from young and aging rabbits in a dose-dependent manner. The 
reductions were blocked by atropine (1 µM). Compared to neurons from the vehicle

treated rabbits, aging rabbits chronically treated with MTF (12 mg/kg for 3 weeks) 
had significantly increased CA1 neuronal excitability, in vitro. The chronic MTF- 
treatment did not result in a desensitization to the bath application of MTF in vitro, 
as bath perfusion of MTF (50 µM) significantly decreased the AHP and 
accommodation in neurons from both the chronic MTF- and vehicle-treated aging 
rabbits. Given these results, we propose that the facilitating effect of chronic MTF- 
treatment on acquisition of hippocampus-dependent tasks, such as trace-eyeblink 
conditioning, in aging subjects is partially mediated by an increased excitability of 
CA1 pyramidal neurons.
ACKNOWLEDGEMENTS: Research supported by NIH AG08796 and Bayer, Inc.

METABOTROPIC GLUTAMATE RECEPTOR-MEDIATED MODULATION 
OF DELAYED POTASSIUM CURRENTS IN MOUSE HIPPOCAMPAL 
PYRAMIDAL NEURONS. Rui-Lin Wu* and Michael E. Barish. Division of 
Neurosciences, Beckman Research Institute o f the City o f Hope, Duarte, CA 91010.

Activation of metabotropic glutamate receptors (mGluR) regulates the excitability 
of hippocampal neurons, and may influence transmitter release from presynaptic 
terminals. Whole cell recording were made from cultured mouse hippocampal neurons 
using an internal solution that preserved Ca2+- and voltage-dependent delayed 
potassium currents (in mM: 125 KMeS04, 15 KCl, 2 MgCl2, 0.01 CaCl2, 0.11 BAPTA, 
20 HEPES, 4 Mg-ATP, 0.1 GTP; pH 7.28 adjusted with Tris base, 300 mOsm/kg). An 
mGluR agonist, (1S,3R)-ACPD at 100 µM, was applied using a large bore puffer 
pipette. Test depolarizations to +40 mV were applied at 30 sec intervals. Delayed 
potassium currents were isolated by inactivation of IA with a 100 msec-long prepulse to 
-40 mV.

During application of (1S,3R)-ACPD, total delayed potassium current showed a 
transient and variable increase to 1.06 ± 0.06 of control (mean ± S.D., n = 9, p < 0.05), 
followed by a more robust enhanced inactivation to 0.83 ± 0.04 of control (p < 0.001). 
These effects were blocked by the mGluR antagonist (5)-MCPG. The transient 
increase in delayed current amplitude was sensitive to apamin, suggesting an 
involvement of Ca2+-dependent potassium channels. Enhancement of delayed current 
inactivation was occluded by inclusion of 100 µM 4-aminopyridine in the bath solution, 
of an indication of selective effects on ID inactivation. Inclusion of GTP-γ-S in the 
internal solution hastened the onset of changes in delayed current inactivation, while all 
effects of (1S,3R)-ACPD were blocked by inclusion of GDP-β-S. Finally, (1S,3R)- 
ACPD, while enhancing ID inactivation, did not affect recovery from inactivation.

mGluR activation affected the action potential waveform as expected from these 
changes in delayed potassium currents — an initial decrease in half-width was followed 
by a long lasting broadening.

Supported by NIH R01 NS23857.

528.19
CDC25Mm/RAS-GRF EXPRESSION IN NEUROBLASTOMA CELL LINE 
ACCELERATES RETINOIC ACID-INDUCED DIFFERENTIATION AND 
INCREASES AN IRK1-LIKE POTASSIUM CHANNEL ACTIVITY. R. Tonini,1 E. 
Mancinelli,1 M. Mazzanti,1 M. Balestrini,1 E. Martegani,1 A. Ferroni,1 E. Sturani,1 
Susan Denis Donini,2* and R. Zippel1. 1Dept. of General Physiology and 
Biochemistry, University of Milano; 2Center of Cellular and Molecular 
Pharmacology, CNR; Milano, 20133 Italy.

Ras proteins play a pivotal role not only in cell proliferation and survival but also in 
differentiation of several cell types. To investigate the effect of Ras activation on 
neuronal differentiation, we permanently transfected the SK-N-BE neuroblastoma cell 
line with the neuron-specific Ras exchange factor CDC25Mm/Ras-GRF. Ectopic 
expression of Ras-GRF accelerates differentiation induced by retinoic acid, as 
determined by morphological, biochemical as well as electrophysiological parameters. 
After retinoic acid treatment, cell growth is reduced in transfected cells more rapidly 
than in the control ones. Moreover the reduction of N-myc expression, typical of the 
differentiation process in this cell line, is more rapid and pronounced in transfected 
cells. Neuronal differentiation is usually accompanied by a negative shift of 
membrane potential. Electrophysiological recordings, obtained by patch-clamp 
technique, whole-cell configuration, showed a more hyperpolarized membrane 
potential in Ras-GRF expressing cells. Most interestingly, the expression of Ras-GRF 
increases the functional activity of an inward rectifying potassium current with 
characteristics similar to IIRKI Patch clamp recordings in cell-attached and inside-out 
configuration allowed to measure a single-channel conductance of 27 pS in equimolar 
[K+]. Northern analysis indicates that IRKI mRNA is induced at similar level in both 
kind of cells. This finding suggest that either Ras-GRF, or the Ras signalling pathway, 
highly activated in the transfected cells, may play a role in modulating IRKI channel 
activity.
Supported by Italian Association of Cancer Research (AIRC) and CNR.

528.20
RGS 9L: A NOVEL SPLICE VARIANT OF REGULATOR OF G PROTEIN 
SIGNALING (RGS) 9. II. FUNCTIONAL ROLE AS A NEGATIVE 
REGULATOR OF G PROTEIN GATED POTASSIUM CHANNEL 
ACTIVATION. J. Cooper, J.G. Granneman, and R. Andrade*. Department of 
Psychiatry and Behavioral Neuroscience, Wayne State University School of 
Medicine, Detroit, ML 48201.

Regulators of G protein signaling (RGS) proteins represent a recently described 
family of molecules that suppress heterotrimeric G protein activity by accelerating 
the hydrolysis of GTP. We have recently cloned a splice variant of RGS 9 (RGS 9L) 
that is highly expressed in brain regions receiving dopamine innervation. Since RGS 
9S regulates transducin in photoreceptors, we hypothesized that the CNS variant of 
this protein might regulate other members of the Gi family of G proteins.

We reconstituted a Gi mediated electrophysiological response by transfecting G 
protein gated potassium channels (GIRKs) 1 and 2 into CHO cells constitutively 
expressing the D2 receptor. Under these conditions, activation of the D2 receptor 
results in an increase in potassium current that was recorded using whole cell patch 
clamping techniques. To examine the functional role of RGS-9L we analyzed the 
deactivation time constants of inward currents induced by the selective D2 agonist 
quinpirole in cells voltage clamped at −90mV. In addition to GIRK subunits, all 
cells were transfected with either RGS 9L, the pcDNA3 carrier vector, or in some 
cases, RGS 4 as a positive control. Our data show that cotransfection with RGS 9L 
markedly accelerates the decay of inward current. Under control conditions the time 
constant for current decay was 29.8 ±7.1 s, and was reduced to 11.8 ± 3.6 s in cells 
transfected with RGS 9L. This decay rate was mimicked in cells transfected with 
RGS 4. These results show a functional role for RGS 9L as a negative regulator in G 
protein gated potassium channel activation. Supported by MH43985, MH49355, 
and DK46339.

ACETYLCHOLINE: OTHER

529.1

BONE MORPHOGENETIC PROTEIN-9 (BMP-9) MODULATES 
ACETYLCHOLINE (ACh) CONTENT IN THE SN56 MURINE 
SEPTAL CELL LINE. I. Lopez-Coviella,1 B. Berse,1 R.S. Thies2 and 
J.K. Blusztajn1*. 1Dept. of Psychiatry and Dept. of Pathology and 
Laboratory Medicine, Boston University School of Medicine, Boston, 
MA 02118; 2G enetics Institute Inc., Cambridge, MA 02140.

Bone morphogenetic proteins belong to the TGF-β family of 
cytokines that signal through receptor serine kinases. Their functions in 
the nervous system are poorly understood, but include neurulation, 
apoptosis, neuronal and glial differentiation, cell survival, and possibly 
regulation of neurotransmitter phenotype. We studied the effects of 
BMP-9 on ACh content of SN56 cells. The cells were grown in DME 
medium supplemented with 10% fetal bovine serum in the presence or 
absence of human recombinant BMP-9 and their ACh content was 
measured by HPLC. Incubation o f the cells with BMP-9 (10 ng/ml) for 
varying periods of time caused initial increases in ACh content (by 45% 
and 60% after 12 and 24 h, respectively). However, by 48 h BMP-9 
caused a reduction in the cellular ACh content (by 40%) which remained 
stable for up to 72 h. Consistent with this time-course, in cells treated 
for 48 h with varying concentrations of BMP-9, ACh content declined 
by as much as 60% in a concentration-dependent, saturable fashion with 
an EC50 for BMP-9 of 1.3 ng/ml. These findings provide further 
evidence that neuronal cells respond to bone morphogenetic proteins, 
and suggest that BMP-9 can directly or indirectly affect the expression 
of the cholinergic phenotype. (Supported by AG09525.)

529.2

THE IMMUNOHISTOCHEMICAL LOCALIZATION OF
CHOLINERGIC MARKERS IN PUTATIVE INTRINSIC PRIMARY 
AFFERENT NEURONS OF THE GUINEA-PIG SMALL
INTESTINE. Z. S. L i* and J. B. Furness. Dept. o f Anatomy & Cell 
Biology, Univ. o f Melbourne, Parkville, VIC 3052, Australia.

Antibodies against choline acetyltransferase (ChAT) and the 
vesicular acetylcholine transporter (VAChT) were used to determine 
whether neurons that have previously been identified as intrinsic 
primary afferent neurons in the guinea-pig intestine have a cholinergic 
phenotype. Cell bodies of primary afferent neurons in the myenteric 
plexus were identified by their calbindin immunoreactivity and those 
in the submucous plexus by immunoreactivity for substance P. High 
proportions of both were immunoreactive for ChAT, 98% of 
myenteric calbindin neurons and 99% of submucosal substance P 
neurons. ChAT immunoreactivity also occurred in all calretinin and 
substance P immunoreactive nerve cell bodies in the myenteric plexus, 
but in only 16% of nitric oxide synthase immunoreactive nerve cells. 
VAChT immunoreactivity was in the majority of calbindin 
immunoreactive varicosities in the myenteric ganglia, submucous 
ganglia and mucosa and also in the majority o f the varicosities of 
calretinin and somatostatin immunoreactive neurons, which have been 
previously established to be cholinergic. We conclude that the 
intrinsic primary afferent neurons are cholinergic, and that they may 
release transmitter from their sensory endings in the mucosa.

This work was supported by a grant from the NH&MRC of 
Australia.
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529.3
BEHAVIORAL CHANGES AND MODULATION OF 
ACETYLCHOLINE IN THE NUCLEUS ACCUMBENS OF 
FREELY MOVING RATS: ACTIVATION BY MELATONIN D. 
Paredes,1 P. Rada2, L. Hemández,2 O. Contreras,2 E. Bonilla1 
1Instituto  de Investigaciones Clínicas, Facultad de Medicina, 
Universidad del Zulia, Inbiomed, Fundacite-Zulia, Apartado 
1151,Maracaibo, Venezuela;2Laboratorio de Fisiología de la 
Conducta, Universidad de los Andes, Mérida, Venezuela.

We examined the influence o f melatonin (1-1000 uM) on both 
locomotor activity and acetylcholine (Ach) release in the nucleus 
accumbens (NAc) o f freely moving rats using brain microdialysis. 
Melatonin (Mel) and Prazosin (alpha-adrenergic and Mel antagonist) 
were perfused into the NAc using reverse dialysis. We found a 
significant decrease in total horizontal activity but the spontaneous 
vertical activity, grooming and sniffing behavior significantly 
increased after treatment. An increase on Ach extracellular levels in 
the NAc occurred simultaneously to the behavioral changes. We 
tested other areas o f the NAc but dit not observe any changes in Ach 
release or in the behavior o f rats. The infusion o f Prazosin decreased 
both Ach release and the behavioral changes. These results suggest 
a complex modulatory effect o f melatonin on cholinergic and 
locomotor activity. Supported by Fundacite-Zulia.

529.5
P75-N G F IM M U NO CYTO C HEM ICAL IDENTIFICATIO N OF 
CHO LINERG IC  N E URO NS IN THE RABBIT BASAL FOREBRAIN
L. Zaborszky*, B.R. Ermita, M.T. Allen, C. Criminale, M. Gluck.
Center for Molecular and Behavioral Neuroscience, Rutgers Univ.; 
Newark, NJ 07305

A variety of neuropsychiatric disorders have focused on the anatomy 
of the basal forebrain as a means for understanding learning, memory 
and attentional processes. The rabbit species, Oryctolagus cuniculus 
has had a rich history for use in behavioral, lesion and pharmacological 
models. In contrast to the rat and human, a seminal report by Gorry 
(Acta Anatomica, 55, 51-104, 1964), found no clear evidence of 
specialized neurons corresponding to nuclei of the basal forebrain in 
the rabbit. Nonetheless, research from rabbit recording and lesion work 
has reported positive results. Apparently, there have been no 
descriptive studies using definitive markers for cholinergic cells in the 
rabbit. To determine the anatomy of the rabbit basal forebrain, we set 
out to map out the distribution of cholinergic cells using the 192 IgG 
monoclonal antibody. This antibody labels p75 NG F receptors which 
are known to be co-localized with cholinergic basal forebrain neurons.

NGF receptor-containing neurons were found throughout the medial 
septum, diagonal band nuclei and nucleus basalis. Using computer- 
aided reconstruction, the forebrain cholinergic neurons were distributed 
topographically in a clustered-pattern more similar to that found in 
human and less similar to the continuous-pattern seen in rat. Using the 
same NGF antibody, we were also able to identify and localize basal 
forebrain neurons in the primate brain, Macaca mulatta. Implications 
for tracing, lesion and behavioral studies are given, in order to develop 
a better means for studying human basal forebrain disorders.
Supported by USPHS grant NS23945 (LZ) and Johnson & Johnson 
Discovery award 4-30366 (MG).

529.7
REGULATION OF THE CHOLINERGIC GENE LOCUS BY 
NEUROTROPHINS. B. Berse 1 *, I. Lopez-Coviella2 and J.K. Blusztain1,2. 
1Department of Pathology and Laboratory Medicine and 2Department of 
Psychiatry, Boston University School of Medicine; Boston, MA 02118.

The two proteins essential for cholinergic neurotransmission, choline 
acetyltransferase (ChAT) and the vesicular acetylcholine transporter (VAChT), are 
encoded by the so-called cholinergic locus, which exhibits unique genomic 
organization; the VAChT coding sequence is contained within the first intron of 
the ChAT gene. The two genes share some regulatory promoter sequences and non-
coding exons. Using mouse SN56 cells transfected with the TrkA high affinity 
nerve growth factor (NGF) receptor as a model for septal cholinergic neurons, we 
studied mechanisms of the modulation of ChAT and VAChT expression by NGF 
and ciliary neurotrophic factor (CNTF). We found that: 1. ChAT and VAChT 
expression is coordinately up-regulated by these factors at the mRNA level. 
2. CNTF treatment of SN56 cells causes translocation of the transcription factor 
Stat3 to the nucleus and activation of specific binding to the CNTF response 
element. 3. NGF actions on the neuronal properties of SN56 cells (neurite 
outgrowth, upregulation of ChAT/VAChT expression) depend on the TrkA 
receptor. Stimulation of SN56 TrkA transfectants with NGF activates at least two 
major signaling pathways; one inducing tyrosine phosphorylation of the adapter 
protein SHC and MAP kinases ERK1 p44 and ERK 2 p42, and one modulating 
the cytosolic free calcium concentration. 4. Surprisingly, the combined treatment 
revealed that addition of NGF down-regulates the CNTF effect on ChAT and 
VAChT mRNA. This is probably not due to interference with Stat3 signaling, 
since pre-treatment with NGF does not affect Stat3 translocation evoked by CNTF. 
The results suggest that NGF interferes with the induction of cholinergic gene 
expression by CNTF through signaling pathway(s) other than JAK/STAT. 
(Supported by NIH grant AG09525)

529.4
GLUTAMINERGIC INPUT FROM HIPPOCAMPAL NEURONS EVOKES 
ACETYLCHOLINE RELEASE FROM SEPTAL NEURONS UNDER THE 
CO-CULTURAL CONDITIONS. T. Suzuki*, R. Takagi, K. Kawashima 
Dept. of Pharmacology, Kyoritsu Coll. of Pharmacy, Tokyo 105-0011, Japan.

It is generally regarded that hippocampal cholinergic activities are totally 
dependent on septo-hippocampal neurons. However, the source of excitatory 
input on septal cholinergic neurons has been not clarified. In this study, we 
attempted to establish the co-cultured system of septal and hippocampal cells to 
detect acetylcholine (ACh) release from septal cells induced by glutamic acid 
released from hippocampal cells under in vitro experimental conditions. Septal 
and hippocampal tissues from 17-day fetal Wistar rats were minced and 
dispersed mechanically and enzymatically, respectively. Septal cells were 
seeded at the density of 2 x 105 cells/cm2. Hippocampal cells at the density of
2× 105 cells/cm2 were seeded alone or added to the septal cells at the beginning 
of the culture. Cells were cultured under the presence of 10% fetal bovine serum 
for 5 days, and then, culture media were changed to the serum-free DMEM for
3 days. ACh release to the media during the last 24 hr culture period was 
determined by radioimmunoassay. Choline acetyltransferase (ChAT) activity of 
cultured hippocampal neurons was less than 5% of that of septal cells. ChAT 
activity under the condition of co-culture with septal and hippocampal cells was 
higher than that of septal culture. CNQX (AMPA receptor antagonist) inhibited 
ACh release. The difference of the ACh release between in the absence and 
presence of CNQX is regarded as CNQX-sensitive ACh release which seems to 
be evoked by endogenously released glutamic acid. CNQX-sensitive ACh 
release was increased significantly under the co-cultured conditions. These 
results suggest that excitatory neuronal circuit is developed under the mixed- 
cultured conditions and glutamic acid released from hippocampal cells induces 
the excitation of septal cholinergic neurons under in vitro condition.

529.6
FURTHER CHARACTERIZATION OF BASAL FOREBRAIN NON- 
CH OLINERGIC CELLS: ELECTRO PHY SIOLOG Y , EFFEREN T
PROJECTIONS AND IMMUNOCYTOCHEMISTRY A. Duque*, J. M. 
Tepper & L. Zaborszky. Center for Molecular and Behavioral Neuroscience and 
Program in Cellular and Molecular Biodynamics, Rutgers the State University of New 
Jersey, Newark, NJ 07102 USA.

Previous studies showed that basal forebrain (BF) noncholinergic neurons constitute 
a heterogeneous population of cells in terms of their morphology and electrophysiol
ogy (Pang et al. J. Comp. Neurol. 394:186, 1998). This study attempts a more 
complete characterization of BF neurons by using a combination of retrograde 
labeling, in vivo single cell extracellular recordings with juxtacellular labeling and 
sequential immunocytochemical tests.

Anesthetized adult male Sprague Dawley rats were given 0.2 µL pressure injections 
of Fluoro Gold (FG) (5 % in dd H2O) into the prefrontal or piriform cortices. After 6 
days the animals were re-anesthetized and extracellular recordings were obtained from 
neurons in the BF, including the horizontal limb of the diagonal band, substantia 
innominata, internal capsule and globus pallidus. Following extracellular recordings 
neurons were juxtacellularly stained with biocytin (5% in 1M NaCl) by applying 2-10 • 
nA current pulses for 8-20 minutes. After perfusion and sectioning, the biocytin 
filled neuron was visualized using avidin-conjugated lissamine rhodamine (LR) 
fluorescent labeling. The biocytin stained (LR+) neuron was sequentially 
immunostained first for the presence of choline acetyltransferase (ChAT) followed by 
parvalbumin ,(PV), calretinin (CR) and calbindin (CB) using fluorescein 
isothiocyanate (FITC). According to our preliminary studies, large (>25 µm) and fast 
firing (>25 Hz) neurons are likely to be PV-containing. Furthermore, these studies 
revealed that some of the CR, CB or PV cells are projection neurons.
Supported by NS 23945, NS 34865 and NSF-BIR 9413198.

529.8
THE INVOLVEMENT OF CHOLINERGIC NEURONAL SYSTEM IN 
PC12 CELLS AFTER AN OXIDATIVE STRESS.
S. Bataillé, G. Zuin-Kommann and M. Schorderet . Dept. of Pharmacology, 
University Medical Center, CH-1211 Geneva 4, Switzerland.

The PC12 cell line provides a particularly useful model to study the cellular 
responses to different injuries. Oxidative stress can be provoked by adding H2O2 
(1 mM, 30 min) to the culture medium. According to the Fenton reaction, it results 
in the production of free radicals ( OH) such as those thought to play a role in 
neurodegenerative diseases. In the presence of NGF, PC12 differentiate into a 
neuronal-like cell type with induction of neurite outgrowth. The survival of NGF- 
treated cells after an oxidative stress is increased. The mechanism of differentiation 
could be protective by itself since we found that genistein, a TrkA inhibitor, 
decreases both NGF-induced neurite outgrowth and protection. The differentiated 
PC 12 present a cholinergic phenotype with an increase in choline acetyl transferase 
(ChAT) and acetylcholinesterase (AChE) activities, as well as in synthesis and 
release of acetylcholine (ACh). After an oxidative stress, provoked by the addition 
of hydrogen peroxide, 1/3 of the NGF-treated cells, but less than 10% of the 
untreated ones, are able to survive. In these resistant cells we observe : 1/ an 
increased level of intracellular ACh and a raise in the ACh release provoked by K+ 
(50 mM) or α-latrotoxine (5 nM), 2/ a 15% decrease in AChE activity and 3/ no 
change in ChAT activity. At present we are continuing experiments to discover 
whether this cholinergic response represents a protection against the initial stress or 
a "preventive" action against a possible future oxidative stress. A lag period of at 
least 3 days after the stress is required before we can detect this cholinergic 
response. According to this result we can hypothesize that this phenomenon is more 
preventive than protective. Supported by SNSF grant 31-41780.94.
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529.9
FAST AXONAL TRANSPORT OF THE VESICULAR ACETYLCHOLINE 
TRANSPORTER (VACHT) IN CHOLINERGIC NEURONS IN THE RAT 
SCIATIC NERVE. J.-Y. Li*, A.-M. Dahlström, L. B. Hersh§  and A. Dahlström. 
Dept. of Anat. and Cell biol, Univ. of Göteborg, Box 420, SE 405 30 Göteborg, 
Sweden, § Dept. of Biochem., Univ. of Kentucky, Chandler Med. Cent, Lexington 
KY 40536-0084, USA.

The sciatic nerve, as a part of the PNS, has been used to study axonal transport 
for decades. It contains motor, sensory as well as autonomic axons. The present 
study has focused on the axonal transport of the synaptic vesicle acetylcholine 
transporter (VAChT), using the "stop-flow/nerve crush" method. After blocking fast 
axonal transport bu means of a crush, distinct accumulations of various synaptic 
vesicle proteins, including VAChT, and peptides developed during the First hour after 
crush-operation and marked increases were observed up to 8 hrs post-operative. 
Semiquan-titative analysis, using cytofluorimetric scanning (CFS) of immuno- 
incubated sections, revealed a rapid rate of accumulation proximal to the crush, and 
that the ratio between distal accumulations (organelles in retrograde transport) and 
proximal accumulations (organelles in anterograde transport) was about 40%. Most 
synaptic vesicle proteins were colocalized in the axons proximal to the crush. 
VAChT-immunoreactive axons were also immunoreactive for ChAT. The results 
demonstrate 1) that VAChT, as well as other synaptic vesicle proteins, is trans
ported with fast axonal transport in motor axons as well as in autonomic postgang
lionic neurons in this nerve, 2) VAChT colocalized in motor axons with SV2 as 
well as with synaptophysin, indicating storage in the same axonal particle 3) in the 
autonomic postganglionic sympathetic cholinergic fibres, VAChT colocalized with 
VIP, but VIP-LI was present in rather large granular structures while VAChT-LI 
was present mostly as small granular elements, 4) in motor as well as in autonomic 
axons ChAT-LI was present in VAChT-positive axons, and 5) the ratio of recycling 
VAChT-IR was about 40%, in contrast to the recycling fraction of synaptophysin 
that was about 70%.

529.11

CHOLINERGIC MODULATION OF SPIKE TIMING AND SPIKE 
RATE. J.N. W olfe*1, and A.C. Tang1,2,3, Department of Psychology1, 
Computer Science2, and Neurosciences3, University of New Mexico, 
Albuquerque, NM 87131

Recent evidence suggests that in addition to the average firing rate, 
precise spike timing on the order of ms may contain information about 
changes in sensory stimulation. Our previous electrophysiological 
studies showed that even under variations in neuromodulator 
concentrations, which blocks a number of potassium channels, spike 
timing was well preserved with a timing displacement on the order of a 
few ms. Our previous modeling work suggested that the average firing 
rate of a neuron may interact with the effect of neuromodulation on 
spike timing. We studied the relationship between cholinergic 
modulation of spike timing and cholinergic modulation of the average 
firing rate in a compartmental model of a neocortical layer II/III 
pyramidal cell. We found that at a low firing rate (a few Hz), cholinergic 
modulation caused smaller displacement in spike timing than at a higher 
firing rate (~30 Hz). This relationship can be explained primarily by the 
differences in spike insertion intervals associated with cholinergic 
modulation when the neuron fires at different rates. Interestingly, it is 
precisely at lower firing rates that it is inefficient for the system to 
compute the firing rate, and that spike timing is best preserved. This 
result suggests that a combination of spike rate and timing codes may be 
optimal for information coding.

529.13
ACETYLCHOLINE RELEASE IN PRIMARY SEPTAL CULTURES: 
REGULATION BY AUTORECEPTORS. J.C. Day*, D.S. Auld, F. Mennicken,
M. Meaney and R. Quirion. Douglas Hosp Res Ctr, Dept Neurology and 
Neurosurgery, and Psychiatry, McGill Univ, Montreal, Québec, Canada H4H 1R3 

Drugs which enhance cholinergic neurotransmission, including antagonists of 
M2 muscarinic autoreceptors, are potential pharmacotherapies for Alzheimer’s 
dementia. Primary cultures of cholinergic neurons could be most useful to evaluate 
the neurochemical and molecular effects of such drugs. For example, the 
experiments reported here characterize a reliable system for evaluating endogenous 
acetylcholine (ACh) release from primary septal cultures, and demonstrate an 
effect on this measure of the M2 muscarinic receptor antagonist AF-DX 384. 
Septal neurons were dissociated from rat embryos (E16/17) and plated at a density 
of 6×105 cells/well in serum-containing medium. ACh release from cholinergic 
neurons within these cultures was assessed by replacing the culture medium with a 
Krebs-type buffer (for an initial 30 min equilibration period, and thereafter with 
fresh solution every 10 min) and assaying the resultant samples for ACh 
concentration using HPLC-EC. Basal and K+-stimulated ACh release peaked 8-14 
days after plating, and were especially robust at day 8, at which time samples were 
taken for over 3 h with no significant decline in ACh release. As with the high 
K+(15-100mM) Krebs buffer, veratridine (10-50µM) added to the buffer also 
stimulated ACh release. In addition, K+-stimulated release was shown to be 
sensitive to choline (10−7-10−5M) and neostigmine (10−9-10−5M), and was blocked by 
vesamicol (5×10−8-5×10−6M), suggesting vesicular release. Lastly, the M2 
muscarinic receptor antagonist AF-DX 384 (10−7-10−5M) enhanced K+-stimulated 
ACh release, suggesting the presence of inhibitory M2-like autoreceptors in the 
septal cultures. The possibility of nicotinic receptor regulation of these cultured 
cholinergic neurons is currently being investigated.
This work was supported by MRC Canada and the Alzheimer Society o f Canada.

529.10
FURTHER EXPERIMENT REGARDING ROLE OF 5-HT3
RECEPTORS IN CORTICAL ACETYLCHOLINE RELEASE: 
MUTUAL INTERACTION BETWEEN 5-HT2A RECEPTORS
AND 5-HT3 RECEPTORS.
H. Hirano*, Y. Matsuda, H. Kaneyuki and M. Hirata. Department o f 
Neuropsychiatry, Yamaguchi University School o f Medicine, Ube City, 
Yamaguchi 755-8505, Japan.

The role o f  5-H T3 receptors in the serotonergic regulation of 
cortically projecting cholinergic neurons was studied using in vivo 
microdialysis to  measure extracellular ACh concentrations in the frontal 
cortex o f  freely moving rats. Neither systemically (0.02, 0.6 mg/kg, 
s.c.) nor locally (0.1, 10 µM for 60 min) administered selective 5-H T3 
receptor antagonist ICS 205-930 influenced the ACh output. In addition, 
local application o f  the selective 5-H T3 agonist 2-M ethyl-5-HT (10, 100 
µM for 60 min) in the frontal cortex had no effect on the ACh output. 
Both systemic (2.5 mg/kg, i.p.) and local (1, 100 µM for 60 min) 
administration o f  the 5-H T2A receptor agonist DOI significantly increased 
cortical ACh levels. Neither locally applied ICS 205-930 (1 µM for 60 
min) nor 2-M ethyl-5-HT (10 µM for 60 min) 60 min after injection o f 
DOI (2.5 mg/kg) affected the ACh output. Furthermore, these 
compounds applied in the same manner after ketanserin (5 mg/kg, i.p.), a 
5 -HT2a antagonist, failed to impact the ACh concentrations in the 
frontal cortex. These results suggest that the 5-H T3 receptors may not 
play an im portant role in the serotonergic regulation o f ACh release in 
the frontal cortex.
(supported by the Ministry of Education, Science and Culture of Japan.)

529.12
ACUTE AND CHRONIC NEUROTROPHIN EXPOSURE ENHANCES 
ACETYLCHOLINE RELEASE FROM PRIMARY SEPTAL CULTURES
D.S. Auld*, J. Day, F. Mennicken. R . Quirion Douglas Hospital Research Centre, 
Departments of Neurology and Neurosurgery and Psychiatry, Faculty of Medicine, 
McGill University, Montreal, Quebec, Canada, H4H 1R3.

It is well established that chronic treatment with neurotrophins positively 
modulates various cholinergic markers (e.g., choline acetyltransferase, ChAT) in 
basal forebrain neurons in vivo and in vitro. However, short term actions of these 
trophic factors are less well characterized. We have developed a model of primary 
septal cultures for evaluating acetylcholine (ACh) release (J. Day et a l , this 
meeting) and the effect of acute and chronic exposure to various trophic factors on 
this parameter. We have studied the effect of neurotrophins on ACh release from 
primary septal cultures following acute (1 hour) and chronic (8 day) exposures A 
1 hour exposure to BDNF (0 - 200 ng/ml) or NGF (0 - 500 ng/ml) enhanced ACh 
release stimulated with 25 mM K+ by approximately 130% or 200%, respectively. 
Acutely enhanced ACh release was independent of increased ChAT activity but 
was sensitive to vesamicol treatment (which completely prevented release), 
suggesting a vesicular source of ACh. Furthermore, application of TTX did not 
alter the acute effect of NGF, implying that the action of NGF was at the level of 
the nerve terminal. An 8 day exposure to BDNF (0 - 200 ng/ml) or NGF ( 0 - 5  
ng/ml) enhanced ACh release stimulated with 25 mM K+ by approximately 350% 
or 250%, respectively. Associated with increased ACh release following chronic 
exposure was increased ChAT activity, suggesting an increased survival of 
cholinergic neurons which is reflected at the level of neurotransmitter release. 
Taken together, these data suggest that neurotrophins regulate cholinergic actions 
under acute conditions, and that the mechanism of this modulation is likely 
different from that of long term modulation. This work was supported by the 
Medical Research Council o f Canada and the Alzheimer Society o f Canada.

529.14
MICRODIALYSIS MEASUREMENT OF HIPPOCAMPAL ACETYLCHOLINE 
RELEASE USING THE NO NET FLUX METHOD. R. Ouirion*, K. Kitaichi, 
and J. Day. Douglas Hospital Research Centre, Department of Psychiatry, Faculty 
of Medicine, McGill University, Montreal, Québec, Canada H4H 1R3 

When using in vivo microdialysis to assess acetylcholine (ACh) release in awake, 
behaving animals, a reversible cholinesterase inhibitor such as neostigmine is often 
included in the perfusate to increase the recovered ACh to reliably detectable 
levels. It has been suggested that cholinesterase inhibition is an undesirable 
confound in these experiments, artificially increasing extracellular ACh 
concentrations, changing autoreceptor occupation on cholinergic terminals, and 
thereby altering ACh release. It could be argued, however, that perfusion without 
cholinesterase inhibition yields results which are also not physiologically relevant, 
given the previously reported ‘drainage’ effect of dialysis perfusion. Therefore, the 
‘no net flux’ method previously described for microdialysis measurement of 
dopamine (J.B. Justice, Jr., JNeurosci Methods, 48:263-276, 1993), has been used 
in this experiment: perfusates containing known concentrations of ACh (AChin), 
and no cholinesterase inhibitor, were dialyzed through transverse probes in the 
dorsal hippocampus of awake, behaving rats and ACh concentrations in the 
resultant dialysate samples (AChout) were determined using HPLC-EC. When 
‘AChin - AChout’ was plotted as a function of AChin, the x-intercept, representing 
the point of no net flux and thus the concentration of ACh outside the probe, was 
found to be approximately 5nM. It is notable that standard dialysis procedures, i.e. 
with no ACh in the perfusate, yielded the same dialysate ACh concentration (5nM) 
at perfusate neostigmine concentrations of 5-10nM. These results demonstrate the 
feasibility of using the no net flux method to measure the effects of drugs on ACh 
release in vivo, in conditions minimizing the dialysis drainage effect and without 
cholinesterase inhibition.
This work was supported by the Medical Research Council o f  Canada.
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529.15
FURTHER EVIDENCE FOR A ROLE FOR MUSCARINIC M2 AND 
DOPAMINERGIC D5 RECEPTORS IN THE REGULATION OF 
HIPPOCAMPAL ACETYLCHOLINE RELEASE
T. Hori*, K. Kitaichì, A. Hersi, J. Day, F. Laplante, L. Srivastava, R. Quirion. 
Douglas Hosp Res Ctr & Psychiat., McGill U., Montreal, Quebec, Canada, 
H4H 1R3

Our laboratory has recently provided pharmacological evidence for a role for 
muscarinic m2-like and dopaminergic d5-like receptors in the regulation of 
acetylcholine release in the rat hippocampus. For example, using in vitro brain 
slice preparations and in vivo dialysis, we have shown that acetylcholine inhibits 
its own release in hippocampal and cortical areas by acting on presynaptically 
located muscarinic receptors of the pharmacological m2 subtype. Using similar 
approaches, we also reported that dopamine can regulate hippocampal release 
by acting on dopamine d 1-like receptors-located on or in close proximity to 
cholinergic nerve terminals. However, the significance of these data is 
somewhat hampered by the lack of selective molecules which allow for the clear 
identification of the receptor sub-type that is involved. In fact, it is well known 
that the pharmacological m2 receptor includes both the molecularly-defined m2 
and m4 sub-types while the d1-like receptor comprises the d1 and the d5 sub- 
types. We have now combined pharmacological (in vivo dialysis, HPLC) and 
molecular (antisenses, Western blots, ISH) approaches to more precisely 
identify the gene and translated receptor protein involved in the regulation of 
hippocampal acetylcholine release by muscarinic and dopaminergic agents. Data 
clearly show that the negative muscarinic autoreceptor is of the molecularly 
defined m2 sub-type while the dopamine d5 receptor acts as an heteroreceptor in 
the regulation of acetycholine release in the rat hippocampus. Supported by 
MRCC.

529.17

EARLY POSTNATAL DEVELOPMENT OF THE CHOLINERGIC 
INNERVATION IN THE RAT CEREBRAL CORTEX. N. Mechawar 
and L. Descarries *. Centre de recherche en sciences neurologiques and 
Département de pathologie et biologie cellulaire, Université de Montréal, 
Montreal H3C 3J7, Quebec, Canada.

We used light and electron microscopic immunocytochemistry with a 
highly sensitive monoclonal antibody against purified rat brain ChAT 
(Cozzari et al., Soc. Neurosci. Abstr. 1 6 : 200, 1990) to examine the 
developmental sequence of the acetylcholine (ACh) innervation in the rat 
cerebral cortex (frontal, parietal, occipital). In all three regions, scattered 
growth cone-tipped ChAT-immunopositive axons were present at birth 
(P0). These presumed basal forebrain afferents were seen to reach the 
cortical plate (infragranular layer) via the cingulate cortex. At P4, the 
density of immunopositive fibers had more than doubled, and some of 
these varicose axons arborized into the superficial layers. Faintly stained 
bipolar neurons were also visible. At P8, numerous interneurons had 
become strongly immunoreactive, and, in all three regions, the varicose 
axons formed an intricate network, which was the densest in the 
superficial layers. By the end of the second postnatal week (P14), the 
adult-like laminar pattern of innervation was established, and continued 
to increase to attain its full density at one month. These results indicate 
that the ACh innervation of the cerebral cortex develops sooner than prior 
immunocytochemical studies had led to believe. ACh has been shown to 
be involved in normal corticogenesis and to influence somatosensory 
map formation. Growing ACh axons from the nucleus basalis are likely 
to be the source of this ACh even during early stages of cortical 
development (Supported by grant MT-3544 from the MRC of Canada).

529.19

REGULATION OF CHOLINERGIC EXPRESSION IN SPECIFIC MOTOR 
NEURONS OF C. elegans THROUGH AN OLF-1/EBF-TYPE BINDING SITE.
Dennis L  Frisby1, Kim M. Lickteig2, Janet S. Duerr1, John R. McManus1, David 
M. Miller, Ill2, and James B. Rand1*. 1Program in Molecular and Cell Biology, 
Oklahoma Medical Research Foundation, Oklahoma City, OK 73104; and 
2Dept. of Cell Biology, Vanderbilt University, Nashville, TN 37232.

Cholinergic transmission requires the synthesis of ACh by choline acetyl- 
transferase (ChAT) and the transport of ACh into synaptic vesicles by the 
vesicular acetylcholine transporter (VAChT). In nematodes (and also in 
mammals), the ChAT and VAChT genes are adjacent and form a cholinergic 
"operon", apparently with shared regulatory elements (Alfonso et al.,
J.Mol.Biol. 241:627). Analysis of the cholinergic promoter region in C. elegans 
has identified a 259-bp region required for reporter gene expression in motor 
neurons of the ventral nerve cord, but not in other motor neurons. Within this 
region are several sequence motifs conserved between C. elegans and the 
related nematode C. bríggsae. One such sequence motif matches the 
consensus binding sequence for OLF-1/EBF (O/E), a zinc finger transcription 
factor expressed in differentiating motor neurons of the vertebrate spinal cord. 
Alterations of a single base in this putative binding sequence prevent ChAT 
and VAChT expression in 4 of the 6 classes of cholinergic motor neurons in 
the C. elegans ventral nerve cord. The unc-3 gene has recently been shown 
to encode a C. elegans O/E homolog which is expressed in many ventral cord 
motor neurons (Prasad et al., Development 125:1561). We have now shown 
that unc-3 mutants are deficient for cholinergic expression (as determined by 
VAChT-specific antibodies and by reporter gene expression) in the UNC-3- 
expressing classes of ventral cord motor neurons, suggesting that UNC-3 acts 
as a transcriptional activator of ChAT and VAChT expression in specific motor 
neurons.

Supported by research grants from NIGMS.

529.16
MORPHOGENIC EFFECTS OF ACETYLCHOLINE IN RAT 
OLFACTORY BULB PRIMARY CULTURES
Coronas, V.*1, Durand, M 1,2, Jourdan, F.2, and Quirion, R .1 I. Douglas 
Hospital Research Center and Dept of Psychiatry McGill University, 
6875 Boul Lassalle, Verdun, H4H1R3, Canada 2. Neurosciences et 
Systemes Sensoriels, Boul 11 Novembre 1918, 69622 Villeurbanne cedex, 
France

The rat olfactory bulb is innervated by cholinergic basal forebrain 
neurons and is endowed with both nicotinic and muscarinic cholinergic 
receptors (LeJeune et al 1995, J. Chem. N euroanat., 9. 99-112) 
Stimulation of cholinergic receptors can modulate cell differentiation or 
cell death in vitro (Lauder 1993, TINS, 16, 233-239). We therefore 
assessed whether acetylcholine could exert morphogenic effects in the rat 
olfactory bulb. To reach this goal, we developed primary cultures of 
neonatal (P 1 to P3) rat olfactory bulbs. These cultures contained both 
neurons (immunolabelled with antibodies against β -tubulinIII, NSE and 
MAP 2), glial cells (immunoreactive for GFAP) and flattened cells 
expressing β-tubulinIII, likely neuronal precursors. After 1 week in 
culture, a treatment with 10 or 100 µM carbachol (for 3 or 6 days) 
induced neuritic elongation. This effect was blocked by the nicotinic 
antagonist, α-bungarotoxin ( 10µM), but not by the muscarinic 
antagonist, atropine ( 10µM), suggesting the involvement of a nicotinic 
receptor of the α7 subtype. Accordingly, acetylcholine acting through 
nicotinic receptors is likely involved in neuronal morphogenesis in the rat 
olfactory bulb. Supported by MRCC and Region Rhone Alpes

529.18
COLOCALIZATION OF P75-NGF-RECEPTOR AND CHOLINE 
ACETYLTRANSFERASE IN THE SHEEP BASAL FOREBRAIN: 
IMPLICATION FOR THE DEVELOPMENT OF SPECIFIC CHOLINERGIC 
IMMUNOTOXIN. F. Lévy1*, G. Ferreira1, M. Meurisse1 & Y. Tillet2. 1Dept. of 
Animal Behavior; 2Dept. of Sexual Neuroendocrinology, INRA/CNRS URA 1291; 
Nouzilly 37380, France.

Specific basal forebrain cholinergic immunotoxin (p75-IgG-saporin), in which 
antibody against p75-NGF-receptor (p75-IgG) is conjugated to a ribosome- 
inactivated protein saporin, is effective in rats, mice and monkeys. In order to 
develop this type of cholinergic immunotoxin in sheep, the first step was to map the 
distribution of ChAT and p75-NGF-receptor positive neurons in the sheep basal 
forebrain by using a rat monoclonal antibody raised against pig choline 
acetyltransferase (ChAT) and a mouse p75-IgG (raised against primate p75-NGF- 
receptor) and to establish whether both labelling were colocalized. In 5 ewes, ChAT 
and p75-NGF-receptor immunoreactive cells had a similar distribution in the medial 
septal nucleus (corresponding to Ch1 in rats and monkeys), in the vertical and 
horizontal limb of diagonal band of Broca (Ch2 and Ch3) and in the nucleus basalis 
magnocellularis (Ch4). The double labelling procedure revealed that 100% of ChAT 
positive neurons were also p75-NGF-receptor positive in Ch1, Ch2 and Ch3 and 
85% in Ch4. Moreover, throughout the Ch1-Ch4 nuclei all the p75-NGF-receptor 
positive cells were ChAT positive. The second step was to verify whether 
immunotoxin, mouse p75-Ig-saporin, was effective in sheep. Three doses of 
immunotoxin (50µg, n=1; 100µg, n=2; 150µg, n=2) were injected into lateral 
ventricles of sheep brain. Whereas the lowest dose produced 50% loss of basal 
forebrain cholinergic neurons, the highest dose produced more than 75% loss. This 
loss corresponded in a 80-90% decrease in the number of ChAT positive neurons in 
the Ch1-Ch3 nuclei and in a 65-75% decrease in the Ch4. These results allow us the 
use of this immunotoxin (mouse p75-IgG-saporin) to assess the involvement of 
cholinergic system in sheep memory processes (Ferreira et al., present meeting).

529.20
EFFECTS OF SYNAPTIC AND REGULATORY GENES ON CHOLINERGIC 
NEURON IDENTITY AND MORPHOLOGY IN C. ELEGANS. J.S. Duerr* and
J.B. Rand. Program in Molecular and Cell Biology, Oklahoma Medical Research 
Foundation, Oklahoma City, OK 73104.

We used antibodies to choline acetyltransferase (ChAT), the synthetic enzyme 
for acetylcholine, and the vesicular acetylcholine transporter (VAChT) to study 
the development and morphology of the cholinergic nervous system in a model 
organism, the nematode Caenorhabditis elegans. This organism has 302 neurons 
as an adult; we determined that approximately one third of the neurons, 
including most putative excitatory motor neurons, are cholinergic. Several 
sublateral cholinergic fiber tracts, consisting of as few as two axons, leave the 
major neuropile to course along the epidermis, where their anatomy was carefully 
assessed.

In addition to genes previously identified by others as important for proper 
pathfinding in the nervous system, we have identified a number of genes where 
mutations cause subtle defects in sublateral axon morphology, including 
excessive defasciculation and abnormal short branches. These genes include 
those important for normal neurotransmission, such as unc-2 (calcium channel), 
unc-8 (sodium channel), unc-11, unc-13, and unc-18 (nsec-1). Mutations in a 
number of other ‘uncoordination’ genes, including unc-1, unc-7 (putative gap 
junction protein), unc-9, unc-16, and unc-41, also show these subtle defects in 
axonal morphology. We have also identified genes whose function is necessary 
for the proper cholinergic identity or morphology of a specific subset of 
cholinergic neurons. These include unc-3 (O/E-like transcription factor), unc-4 
(homeoprotein), unc-23, unc-24 (stomatin-like), unc-35, and unc-37 (Groucho- 
like transcription factor).

Supported by grants from OCAST and NIH.
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529.21
HETEROLOGOUS EXPRESSION AND STRUCTURE-FUNCTION STUDIES 
OF CHOLINE ACETYLTRANSFERASE USING TEMPERATURE- 
SENSITIVE MUTANTS. W. Wang, T. Kitamoto* and P. M. Salvaterra, Division 
of Neurosciences, Beckman Research Institute of the City of Hope, 1450 E. Duart 
Rd., Duarte, CA 91010

To study the structure-function of choline acetyltransferase (ChAT) as well as 
the regulation of ChAT expression, we have used the reverse transcription- 
polymerase chain reaction (RT-PCR) to amplify ChAT mRNA fragments from 
two temperature-sensitive alleles of Drosophila melanogaster, Chats1 and Chats2. 
The amplified mutant cDNA fragments were cloned. Sequence analyses of these 
clones showed that single base substitutions in Chats1 or Chats2 resulted in amino 
acid changes (Met→ Lys or Arg→ His). The single base substitutions in both 
Chats1 and Chats2 were confirmed by the Single Nucleotide Primer Extension 
assay (SNuPE). The amplified mutant cDNA fragments were also used to 
construct chimeric cDNA clones containing approximately two-third of the 
wild-type sequence (coding N- and C-terminal amino acids) and one-third 
derived from the mutant clones (coding the middle amino acids). Translation of 
RNA produced from the chimeric cDNA clones in oocytes resulted in 
production of thermolabile choline acetyltransferase activity which was similar 
to that seen in the extract from mutant flies. Our results indicate that these 
temperature-sensitive alleles are point mutations in the structural gene for 
ChAT. The quantitative SNuPE assay showed that almost the same levels of 
mRNA for Chats transcript or wild type transcript were present in heterozygous 
flies (Chats1 /+ and Cha,ts2 /+) at permissive and restrictive temperatures. This 
SNuPE result using heterozygous flies is in contrast to RNase protection assays 
using homozygous flies where mutant ChAT mRNA dramatically decreases at 
restrictive temperature. In the homozygous mutants, therefore, failure of 
feedback mediated through cholinergic transmission at high temperature may 
result in decreased ChAT mRNA. (Supported by NINSS)

529.23
ULTRASTRUCTURAL LOCALIZATION OF THE VESICULAR 
ACETYLCHOLINE TRANSPORTER IN RELATION TO 
DOPAMINERGIC NEURONS IN THE VENTRAL TEGMENTAL 
AREA.
M. Garzón* and V.M. Pickel. Department of Neurology and Neuroscience, 
Cornell University Medical College, New York, NY 10021.

Cholinergic modulation of ventral tegmental area (VTA) dopaminergic neurons 
has been implicated in nicotinic reward and dependence. To determine the 
functional sites for vesicular storage of acetylcholine and interactions involving 
these dopaminergic neurons, we examined the electron microscopic 
immunocytochemical dual labeling for the vesicular acetylcholine transporter 
(VAchT) and the dopamine transporter (DAT) in rat VTA.

VAchT immunoreactivity was prominently localized to membranes of small 
synaptic vesicles in unmyelinated axons and axon terminals; however, some 
VAchT-labeled dendrites were found occasionally. The VAchT-immunoreactive 
terminals formed asymmetric, excitatory-type synapses with a few dendrites 
showing plasmalemmal labeling for DAT. The majority of the targets were, 
however, dendrites without detectable DAT-immunoreactivity. Most target 
dendrites with or without DAT-labeling received convergent input from other 
unlabeled terminals that also formed asymmetric synapses and often apposed the 
terminals containing VAchT.

These results suggest that the vesicular release of acetylcholine from axon 
terminals in the VTA may alter the presynaptic release or postsynaptic responses 
to other excitatory afferents providing convergent input to mainly, but not 
exclusively, non-dopaminergic neurons.

This work was supported with Grants from NIMH (MH 48776) and NIDA 
(DA04600) to V.M.P. M.G. is recipient of a Postdoctoral Fellowship of the 
Spanish Education and Culture Ministry.

529.25
CHOLINERGIC RECEPTOR MEDIATED RESPONSES ARE ELICITED BY 
REPETITIVE STIMULATION IN AUDITORY CORTEX.
A.E. Bandrowski*, S.L. Moore, V.B. Aramakis, M. Zakari, and J .H. Ashe. Depts. of 
Neuroscience and Psychology, Univ. of California, Riverside, CA 92521.

Intra- and extra-cellular recordings were made from layer II/III of the in vitro rat 
auditory cortex. Repetitive “train” stimulation (10-100 Hz) in auditory cortex elicits at 
least three potentials; a fast extracellular negativity (which corresponds to intracellularly 
recorded glutamate receptor mediated fast-EPSP), and two slower potentials, an 
extracellular positivity (PP) and negativity (NP), which had onset latencies of several 
milliseconds and durations of seconds. Both potentials were elicited by 10-100 Hz 
stimulation, but the PP was most often observed at 10-20 Hz and NP at 50-100 Hz.

The NP and PP persisted in the presence of glutamate receptor antagonists (CNQX, 
MK-801, GYKI62466). When tested with 50 Hz trains, atropine, a muscarinic 
antagonist, decreased the amplitude of the NP in approximately 50% of the slices, in 
either the presence or absence of glutamate receptor antagonists. On the other hand, 
picrotoxin, a GABA response antagonist, increased the amplitude of the NP which was 
accompanied by a reduction of the PP. When atropine was applied during picrotoxin, 
the facilitated NP was reduced. Intracellular recordings suggest that atropine reduces not 
only the NP but also the PP. Intracellularly recoded responses paralleled extracellular 
responses, in that a depolarization (presumably NP) was observed with 50-100 Hz 
stimulation. This response was resistant to glutamate receptor antagonists, and reduced 
by atropine. However, when neurons were depolarized from rest, a hyperpolarizing 
potential (presumably PP) was also elicited. This hyperpolarizing potential was 
reduced by either picrotoxin or atropine, suggesting that both GABA and muscarinic 
receptors may be involved in its production.

This evidence suggests that repetitive stimulation can produce two temporally 
overlapping potentials in neocortex, both of which are at least partially due to 
activation of muscarinic receptors. Supported by NSF (IBN 9310582).

529.22
SLEEP EFFECTS AFTER SMALL-VOLUME AND LOW-DOSE CARBACHOL 
MICROINJECTIONS IN THE DORSAL ORAL PONTINE TEGMENTUM. I. de 
Andrés,* A. Manquillo, M. Garzón and F. Reinoso-Suárez. Departamento de 
Morfología.Universidad Autónoma de Madrid. Madrid 28029. Spain.

Studies in our laboratory have shown that the ventral part of the oral pontine reticular 
nucleus is a very sensitive site for cholinergic paradoxical sleep (PS) generation (Garzón 
et. al. Neurosci., 83:1137-44. 1998). Other laboratories have proposed the dorsal oral 
pontine tegmentum (DOPT) as the cholinergic PS induction site. However, the effects 
of low-volume and low-dose carbachol microinjections had not been assayed there. In 
order to clarify the role of the DOPT in cholinergic PS generation, carbachol 
microinjections (20nl, 0.01 M and 0.2M which provide the delivery of 0.04µg and 
0.8µg respectively) in the DOPT at the level of the caudal perilocus coeruleus α were 
performed in 8 cats. In all the experiments the cats presented atonia 1 to 4 minutes, after 
carbachol delivery, In 4 cats after 0.04 µg and in 2 after 0.8 µg carbachol atonia was 
associated with isolated PGO waves and high voltage slow waves in the EEG; 
afterwards, this polygraphic pattern alternated with another one with persistent atonia, 
desynchronized EEG, but without PGOs. In the remaining experiments (3 cats with 0.8 
µg and 1 with 0.04 µg), the initial period of atonia was accompanied by desynchronized 
EEG but without PGOs. However, a few minutes later, a synchronized EEG with PGOs 
similar to that described above also appeared. The main difference between the two 
carbachol doses was that during the desynchronized EEG pattern, the cats receiving 0.8 
µg carbachol presented a noticeable increase in their respiratory rate and some behavioral 
signs of wakefulness (small head movements or slight eyelid twitching). Mean PS 
onset did not differ significantly (p>0.25) from baseline and saline controls [means 
(±SE) in minutes: baseline, 118(34.4); saline, 88.4(23.8); carbachol 0.04µg, 85.0(20.5) 
and carbachol 0.8µg, 86.4(15.8)J. The present results describing unusual polygraphic 
states and long-term PS onset latencies after low-volume microinjections and low-doses 
of carbachol in the DOPT do not support the idea that the DOPT is the induction site 
for cholinergic PS generation.

Research supported by PB-94-1545 DGYCYT Grant.

529.24
PUTATIYE ACETYLCHOLINE RECEPTORS IN 
OOCYTES AND CLEAVING EMBRYOS OF SEA 
URCHINS.
G.A. Buznkov *, L.N. Koikov , A .G. Buznikov, M. Jokanovic, 
L.M. Rakic.
Inst. o f  D evelopm ental Biology, M oscow; ICN G alenica, 
Belgrade, Yugoslavia.

M any cholinergic ligands, both agonists and antagonists o f  
nA ChR, in. concentrations up to 100-200 µM do not act on 
early sea urchin developm ent although one-cell and cleaving 
em bryos have functionally active cholinergic system. N icotine 
or its agonist 1-acetyl-4-m ethyl-piperazine (20-40 µM and 
higher) evoke fast lysis o f  sea urchin oocytes and cleaving 
em bryos but in presence o f  PM A or some other PKC activator 
only. This lysis is evoked by calcium  shock and can be 
prevented by nA ChR (but not m A ChR) antagonists. 
C orresponding putative nA ChR is localized on the cell surface 
o f  oocytes and em bryos and coupled w ith endogenous PKC 
activators. These non-nervous cells can be used as a  sim ple and 
an express model for screening and testing o f  nA ChR ligands.

Supported by ICN Galenica.
SU PPO RTED BY ICN

529.26
Voltage-Clamp Analysis Of Muscarinic Induced Depolarizing Currents 
In Entorhinal Cortex (EC) Layer II Neurons. M. H.ShalinskY*,C.T.Dickson 
and A.Alonso. McGill Univ., Montreal, Canada 

EC layer II neurons act as a conduit for cortical information to the hippocampus. 
State dependent changes in the activity of these neurons is dependent upon choli
nergic input from the basal forebrain. It is of interest, therefore, to characterize the 
nature of the cholinergic modulation of these neurons. EC neurons were voltage 
clamped in whole cell mode using the visualized method in rat brain slices. Appli
cations of carbachol (CCh) in the presence of extracellular Cs+ and TTX evoked an 
inward current of 50-200pA when the cell was held at -60mV. The steady state 
voltage dependency of the current was estimated by applying slow ramp protocols (−
100 to −40mV) before, during and after CCh perfusion. Repeated CCh applications 
in any particular neuron always resulted in an inward shift of the IV relationship at 
all voltages examined. This inward shift was reduced by lowering either extracell
ular Na+ (126 to 26mM) or Ca2+ (2 to 0mM), consistent with our previous findings 
(Klink & Alonso, J. Neurophysiol., 1997) suggesting activation of a Ca2+-dependent 
non-specific cationic current by CCh. Interestingly, however, the IV relationship 
following the first washout of a CCh application consistently displayed a small de
crease in slope conductance which crossed the control IV at ~Ek (−80mV in our 
normal recording condions). This change in the steady-state IV remained constant 
for long periods (>20min), and when subsequent CCh applications were made to 
the same neuron the steady state IVs would always return to this new level during 
washout. This effect was never observed in the presence of Ba2+. These data sug
gest that cholinergic activation in EC neurons triggers both a long lasting block of 
an outward K+ current and a more strictly agonist-dependent modulatory increase of 
a non-specific cationic current. MHS was supported by an MRC studentship and 
CTL and AA by MRC and HFSP operating grants. AA is a MNI Killam scholar 
and a FRSQ Chercheur Boursier.
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530.1
THE DISULFIDE BOND OF THE NICOTINIC RECEPTOR AGONIST BINDING 
SITE IS LOCATED AT LEAST 15 Å FROM THE RECEPTOR SURFACE. R.H. 
Loring*, R. Moaddel, T. Huseni, R.N.Hanson, and G.S. Jones, Jr. Department 
Pharmaceutical Sciences, Northeastern University, Boston 02115.

All nicotinic receptor α-subunits contain a disulfide bond between adjacent half-
cystines in thé agonist binding site. We have probed the location of this disulfide 
(when reduced with dithiothreitol; DTT) using trivalent aromatic arsenicals 
connected to a biotin moiety by various length spacer groups. Trivalent aromatic 
arsenicals have the unusual property of only reacting with pairs of spatially-close 
(“vicinal”) thiols, but not with single thiols. Molecular modeling demonstrates that 
biotin directly attached to p-aminophenylarsonous acid (Bio-APA) will just reach 
from a peptide containing adjacent cysteines to the binding site for biotin in 
streptavidin. Using this as our starting spacer group, we have constructed two 
others: p-N-(biotinyl-hydrazidyl-propionoyl)aminophenyl arsonous acid (Bio-ASH- 
APA) and p-N-(biotinyl-aminododecanoyl)-aminophenyl arsonous acid (Bio-X12- 
APA) which have 7.5 and 15 Å longer spacers, respectively. All three arsenicals 
block the binding of 125I-α-bungarotoxin to reduced Torpedo receptors to the same 
extent as the alkylating agent, bromoacetylcholine, each with an IC50 of ~30nM. 
This blocking effect is very stable, with no changes up to 24 h, but can be reversed at 
any time with the antiarsenical 2,3-dimercaptopropane sulfonic acid. None of these 
probes simultaneously bind to nicotinic receptors and to 125I-streptavidin, but only 
Bio-X12-APA simultaneously binds to both 125I-streptavidin and a previously 
unkown vicinal dithiol in DTT-treated monoclonal antibodies. We interpret this 
data to mean that the vicinal dithiol labeled in reduced monoclonal antibodies is 
more than 7.5 Å (not labeled by Bio-ASH-APA) but is less than 15 Å from the 
antibody molecule surface (labeled by Bio-X12-APA), while the dithiol corresponding 
to the agonist binding site disulfide bond in reduced nicotinic receptors lies even 
deeper. Supported by NIH NS22472 and STRC.

530.3
MODULATION OF RAT α3/β4 NEURONAL NICOTINIC ACETYLCHOLINE 
RECEPTOR FUNCTION BY ACTIVATORS AND INHIBITORS OF PROTEIN 
KINASES AND PHOSPHATASES. Y. Xiao*, A. Mach and K. J. Kellar. Dept. 
of Pharmacology, Georgetown Univ. Sch. of Med., Washington, D.C. 20007 
A previously established cell line, KXα3β4R2, stably expresses functional rat α3/β4 
neuronal nAChRs in HEK 293 cells. Recent work from our laboratory has showed 
that chronic exposure of thses cells to nicotine results in an increase in the number 
of receptor measured by pH]epibatidine ([3H]EB), and a decrease in receptor 
function measured by nicotine stimulated 86Rb+ efflux. To investigate the possible 
role of protein phosphorylation in the modulation of the α3/β4 neuronal nAChR 
function, we examined the effects of several activators and inhibitors of protein 
kinases and phosphatases for their ability to enhance or diminish nicotine stimulated 
86Rb efflux from the KXα3β4R2 cells. Pretreatment of the cells for 24 hr with 
forskolin (an adenylyl cyclase activator) significantly enhanced the nicotine 
stimulated 86Rb+ efflux. A similar enhancement of receptor function was observed 
when the cells were pretreated for 24 hr with PMA (a PKC activator). In contrast 
to the 24 hr pretreatments, there were no significant functional changes when the 
cells were pretreated with forskolin or PMA for only 30 min. Furthermore, 
pretreatment of the cells with NPC-15437 (a PKC inhibitor) diminished the receptor 
function in a dose dependent manner. Nicotine stimulated 86Rb+ efflux was not 
enhanced significantly by pretreating the cells with IBMX (a phosphodiesterase 
inhibitor), Ro 20-1724 (a cAMP phosphodiesterase inhibitor) or okadaic acid (a 
protein phosphatase inhibitor). These results suggest that protein kinases may be 
involved in the modulation of the α3/β4 receptor function. We currently are 
working to determine the mechanism of this modulation and the relationship between 
upregulation of receptor number and the modulation of function. This research was 
supported by NIH grants DA06486 and AG 09973.

530.2
NICOTINE INCREASES THE EXPRESSION OF TrkA RECEPTORS ON 
DIFFERENTIATED PC12 CELLS. R. R  Jonnala and J. J. Buccafusco*. Dept. 
of Pharmacology and Toxicology, Alzheimer’s Research Center, Medical College 
of Georgia, Augusta, GA 30912-2300.

A negative correlation exists between smoking and neurodegenerative diseases, 
reflecting perhaps the neurotrophic actions of nicotine. Recently there has been 
intense interest in the development of new nicotinic acetylcholine receptor (nAchR) 
agonists that have the potential to be used in the treatment of Alzheimer’s Disease 
(AD). The purpose of these studies is to determine whether nicotine’s neuro- 
protective action is related to its ability to increase the expression of the TrkA 
receptor. The TrkA receptor mediates the trophic effects o f nerve growth factor . 
We used a cell-based ELISA to measure TrkA receptors on differentiated PC12 
cells. Incubation of these cells for 4 or 24 hr with nicotine produced a 
concentration-dependent (10 nM - 10 µM) increase in TrkA receptor expression 
from about 2 - 12% and 14 - 36% of control levels respectively. This effect was 
blocked by the nAchR antagonists mecamylamine and dihydro-β-erythroidine, 
indicating that this effect was mediated by nAchR. Unexpectedly, mecamylamine 
alone at doses 10 nM and 100 nM also increased the expression of TrkA. PC12 
cells are known to express binding sites for both high affinity (α5/α3 containing 
receptors) and for α-bungarotoxin sensitive (α7 receptors) nAchR subtypes. 
Additional studies are required to determine which of these nAchR subtypes 
mediates, the ability of nicotine to increase the expression of TrkA receptors. These 
findings support our hypothesis that the nAchR agonists in AD patients will have 
an indirect neuroprotective action along with their ability to improve working 
memory. Supported by DAMD17-95-1-5036 and the DVAMC.

530.4
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS INWARDLY 
RECTIFY THROUGH AN INTERACTION BETWEEN INTRACELLULAR 
POLYAMINES AND NEGATIVELY CHARGED RESIDUES ON THE 
CYTOPLASMIC SIDE OF THE PORE. A. Pejmun Haghighi and Ellis Cooper,*
Dept. of Physiology, McGill University, Montréal, Qc, Canada H3G 1Y6.

Many nicotinic acetylcholine receptors (nAChRs) expressed by central 
neurons are located at presynaptic nerve terminals where they modulate 
transmitter release. An important physiological feature enabling neuronal 
nAChRs to carry out their function is that they conduct inward current at 
negative membrane potentials but little outward current at positive 
membrane potentials, a property referred to as inward rectification. 
Interestingly, this rectification is not an intrinsic property of the receptors: 
in cell free membrane patches the single channel currents do not rectify. 
Using outside-out patch-clamp technique, we have shown that spermine, a 
ubiquitous intracellular polyamine, blocks recombinant α4β2 and α3β4 
receptors expressed in Xenopus oocytes as well as native nAChRs on 
cultured sympathetic neurons with high affinity in a voltage dependent 
manner. Our analysis indicates that blockade by spermine underlies the 
rectification of neuronal nAChRs. To understand the interaction of 
spermine with the receptor at the molecular level, we have used a combined 
approach of site directed mutagenesis together with electrophysiology. Our 
preliminary results indicate that partial removal of negative charges in the 
intermediate ring of the pore is sufficient to abolish the rectification of 
α4ß2 and α3ß4 receptors expressed in Xenopus oocytes. Our results suggest 
that intracellular spermine blocks neuronal nAChRs by interacting with the 
negatively charged residues at the inner mouth of the channel. This work 
was supported by MRC and NSERC.

530.5 530.6

CHOLINE AS A TRANSMITTER IN XENOPUS TECTUM. M.J. 
T itm u s1*, S. B. Udin1, R. Lima1, Dr. H.-J. Tsai2, 1Dept. of 
Physiology & Biophysics, SUNY, Buffalo, NY l4 2 l4 .;2Dept. of 
Pediatric Ophthalmology, First Teaching Hospital, Beijing Medical 
University, Beijing 100034, China

Retinotectal axons are the major glutamatergic input to the 
superficial layers of the tectum, and glutamate release is increased by 
activation of nicotinic receptors on retinotectal peri-synaptic 
membranes. The major source of acetylcholine is the nucleus isthmi 
(NI). However, there are no morphologically identifiable synapses 
between isthmotectal and retinotectal axons, so ACh released from 
isthmotectal axons must travel some distance from the site of release to 
the site of action on the retinotectal axons. The presence of high 
acetylcholinesterase activity in the tectum raises the question of 
whether ACh can remain intact en route to the nicotinic receptors. 
Because o f recent reports that choline can activate α-7 nicotinic 
receptors, we have examined whether choline as well as acetylcholine 
could mediate the influence of isthmotectal axons on retinotectal axons 
despite intervening AChE.

We have used Whole-cell patch-clamp recording in sagittal slices 
of Xenopus brain to compare the effects of 50-100 µm choline with 
the effects of conventional nicotinic agonists (50 µm carbachol, 
cytisine, and nicotine) on glutamatergic spontaneous miniature 
excitatory postsynaptic currents (mEPSCs) in tectal cells. In most 
cells, bath application o f agonists for 45 sec elicited reversible 
increases in mEPSC frequency with no change in mEPSC amplitude. 
The effects of choline were comparable to those of the other agonists.

Support: USPHS EY10690 and NSF INT9513896.

WHY IS CHOLINE SUCH A WEAK AGONIST OF MUSCLE TYPE 
ACETYLCHOLINE RECEPTOR CHANNELS? M. Zhou1*, F. Salamone1, M. De 
Amici2, and A. Auerbach1. 1Dept. of Physiology and Biophysics, State Univ. of New 
York at Buffalo, Buffalo, NY 14214; 2Instituto Chimico-Farmaceutico, Università di 
Milano, 20131 Milano, Italy.

Choline (Ch), a degradation product of acetylcholine (ACh), is a weak agonist of 
muscle type acetylcholine receptor channels. Kinetic analysis of single-channel 
currents (mouse recombinant α2βδε AChR expressed in HEK cells) shows that the 
opening rate constant for AChR activated by Ch is <0.05 
m s−1, while that for tetramethylammonium (TMA) is ~6 
ms−1, and that for ACh is ~50 ms−1. The closing rate 
constant for all the compounds (Vm=−70mV) is ~2.5 ms−1.
We speculate that an interaction between the protein 
and Ch either raises the energy of closed-open 
transition state, and/or stabilizes the closed state. We have 
studied the activation kinetics of 21 small compounds 
(MW: 74-162) all of which have a TMA+ moiety. For this 
group of compounds the opening rate constant varied 
substantially but the closing rate constant was essentially invariant indicating that 
the agonist structure has little effect on the energetics of channel closing but has a 
significant effect on the channel opening step. One possibility for the low efficacy of 
Ch is that the oxygen acts as a hydrogen bond acceptor and that this bond (worth 2.4 
kBT per binding site) must be disrupted for the channel to open. According to this 
‘push-pull’ hypothesis, the net efficacy of an agonist is generated by a combination 
of destabilizing (e.g., with TMA+ moiety), and stabilizing (e.g., with hydroxyl group) 
interactions between the bound ligand and the closed receptor. Alternatively, Ch may 
bind with the TMA+ group in a non-optimal position resulting in a slow opening rate 
constant. (Supported by NIH NS23513 to AA, HHMI fellowship to FS)
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530.7
EVALUATION OF HIGH AFFINITY [3H]EPIBATIDINE BINDING IN 
RAT BRAIN. D. Gündisch, A.G. Mukhin, P.D. Terry, and E.D. London*. 
Brain Imaging Center, NIDA-IRP, NIH, Baltimore, MD 21224.

Recently, a number of nicotinic acetylcholine receptor (nAChR) ligands 
with affinities in the low picomolar range (e.g., epibatidine, A-85380 and 
their analogs) have been described. Accurate determination of affinities of 
such ligands for nAChRs probably depends on the assay conditions. Variable 
assay conditions may be one reason why the published affinities of 
epibatidine are inconsistent, ranging between 12 and 60 pM.

To address the discrepancies in reported affinity of epibatidine, we 
evaluated the high affinity binding of (±)-[3H]epibatidine in membrane 
fractions of rat forebrain. KD values determined in kinetic and saturation 
experiments were found to be 7.4 ± 0.2 pM and 8.0 ± 2.0 pM, respectively. 
The Ki value for (-)-epibatidine, measured in competition with 
(±)-[3H]epibatidine, was 7.2 ± 0.5 pM, and was consistent with KD values 
from the kinetic and saturation studies. Competition experiments using 
[3H]cytisine demonstrated that the observed affinity for (-)-epibatidine is very 
dependent on experimental conditions. When assayed under conditions 
suitable for (-)-epibatidine binding (4 h incubation at room temperature and a 
protein concentration of less than 18 fmol/4 ml), we obtained the expected 
affinity, Ki = 7.4 ± 0.5 pM. Shorter incubation times and higher protein 
concentrations resulted in higher Ki values.

These results indicate that the affinity of epibatidine measured previously in 
competition assays using [3H]cytisine was underestimated because of the 
assay conditions. Therefore, we suggest that the Ki values of other previously 
assayed nAChR ligands with picomolar affinities should be re-evaluated 
using the newly established conditions.

530.9

GENE TARGETED KNOCK OUT OF THE MOUSE BETA3 
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR 
SUBUNIT. R. S. Allen*, C. Cui, and S. F. Heinemann. Molecular 
Neurobiology Laboratory, The Salk Institute, La Jolla, CA 92037.

Beta3 is the only subunit that has not been confirmed to form 
functional ion channels when co-expressed with other neuronal nAChR 
subunits. To better understand the functional role and precise 
anatomical distribution of beta3-containing receptors, null mutant mice 
are generated using a gene targeting strategy. The beta3 gene is 
disrupted by the insertion of an IRES-tau-lacZ-neo cassette near the 
start of exonV, upstream from sequences encoding the putative 
transmembrane domains. This construct was transfected into ES cells, 
and cells that tested positive for homologous recombination were 
injected into blastocysts. Germ line transmission of the mutation was 
confirmed in F 1 mice by Southern blot analysis of tail DNA. 
Homozygous null mutant mice are viable. In situ hybridization 
experiments are in progress to confirm that beta3 transcription is 
interrupted downstream from the targeting cassette. LacZ staining of 
brain slices should reveal the expression pattern of the beta3 gene, 
because a tau-lacZ fusion protein encoded by the targeting construct 
permits stable visualization of both neuronal cell bodies and axon 
processes which express beta3. Nicotinic responses in substantia nigra 
and ventral tegmental area will be studied by electrophysiological 
methods. The role of beta3 in nicotine tolerance and dependence, 
behavioral changes, and nicotine-induced cognitive enhancement will 
be tested using established protocols.
Supported by NIH NIDA DA 10156.

530.11
α7HOMOMERIC SUBTYPE AND THE FUNCTIONAL INACTIVATION OF 
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS. D. Lecca, E. Costa and
J. I. Javaid*. The Psychiatric Institute, University of Illinois, College of Medicine, 1601 
W. Taylor Street, Chicago, IL 60612.

The reinforcing properties of nicotine are presumably mediated by the activation of 
striatal and mesolimbic dopaminergic systems. We investigated the role of high and 
low affinity nicotinic actetylcholine receptors (nAChRs) in the regulation of DA 
release in the striatum. Nicotine (which binds to both high and low-affinity nAChR 
subtypes) and lobeline (which is a selective ligand for the high-affinity nAChR 
subtype) were repeatedly and successively perfused through the microdialysis probe 
implanted in to the striatum of freely moving rats. The DA content of successive 
dialysate samples was quantified by HPLC. The intensity of nicotine-induced 
increase in the DA content of dialysate samples was attenuated after repeated 
nicotine; in contrast the intensity of the increase in DA content elicited by successive 
lobeline perfusion persisted virtually intact. If lobeline perfusion preceded a nicotine 
perfusion, the nicotine response was not attenuated; in contrast if nicotine perfusion 
preceded the perfusion of lobeline, it attenuated the lobeline response. In the presence 
of methyllycaconitine (a preferential antagonist of low affinity nAChR subtype), 
nicotine-induced DA release was attenuated but that of lobeline was unaffected. The 
results suggest that the functional inactivation of striatal nicotinic receptors require 
the simultaneous activation of low and high-affinity receptors. Since lobeline is 
devoid of reinforcing properties, one might suggest that the reinforcing properties of 
nicotine require the simultaneous activation of high and low-affinity nAChRs.

530.8
ACTIVATION OF RAC IS REQUIRED FOR AGRIN-INDUCED 
ACETYLCHOLINE RECEPTOR CLUSTERING C. Weston1, B. Yee1, B. 
Weeks2* and J. Prives1. 1Department of Pharmacological Sciences, State 
University of New York at Stony Brook, Stony Brook, NY 11794; Department 
o f Biology, Adelphi University, Garden City, NY 11530

The concentration of neurotransmitter receptors into high density 
patches in subsynaptic membranes is a general feature of synaptogenesis. 
During neuromuscular junction formation, neuronal cues induce muscle cell 
nicotinic acetylcholine receptors (AChRs) to cluster at the synaptic site. This 
phenomenon has been intensively studied in cultured muscle cells where AChR 
clustering is regulated by the neural extracellular matrix protein agrin. Recent 
studies have shown that agrin and other synaptic extracellular matrix 
components initiate signal transduction events which lead to the clustering of 
AChRs and other synaptic components. Here we have examined the role of 
Rac, a Rho GTPase, in agrin- and laminin -induced AChR clustering. We have 
found that transfection of mutant Rac constructs into cultured myotubes alters 
the clustering o f AChR in response to agrin. A constitutively active mutant of 
Rac (V 12Rac) induces AChR clustering in the absence o f agrin. In contrast, a 
dominant interfering mutant o f Rac (N 17Rac) blocks the ability of agrin to 
cluster AChR. Furthermore, the redistribution o f AChR induced by agrin and 
laminin is accompanied by the phosphorylation of c-Jun amino-terminal kinase, 
a marker for Rac activation. These findings support a model in which the 
ability of Rac to reorganize the cytoskeleton is utilized by myotubes to cluster 
AChR receptors in response to neural cues. Supported by grants from NSF 
(IBN9723145) and MDA.

530.10
Ets TRANSCRIPTION FACTORS DIFFERENTIALLY REGULATE 
NICOTINIC ACETYLCHOLINE RECEPTOR 8-SUBUNIT PROMOTER 
ACTIVITY. M. Sapru*, W asylyk, B+ and D. Goldman†† *Molecu lar 
Neuroscience Unit, Depts. of Kinesiology and Psychiatry, University of 
Illinois at Chicago, IL 60608. †CNRS, INSERM, Illkirch Cedex, France 
††Dept. of Biological Chemistry and MHRL, Univ. of Michigan, Ann Arbor, 
MI 48109

At the neuromuscular synapse, neuregulin/ARIA, a nerve-derived factor 
induces adult-type nicotinic acetylcholine receptor (nAChR)-encoding genes 
(α2ßεδ) in endplate-associated myonuclei, The underlying transcriptional 
mechanisms involved in this regulation are, however, not well understood. 
Previously, we identified a role for Ets transcription factors in mediating 
neuregulin-dependent regulation of the ε-subunit gene via a 15bp neuregulin- 
response element (NRE) that harbors an Ets binding site [Sapru, M., 
Florance, S.K., Kirk, C. & Goldman, D. (1998) Proc. Nail.Acad. Sci. USA 95, 
1289-1294]. However, it was not clear which of the many Ets factors 
expressed in muscle specifically mediates this regulation. Here we report 
that while transcription factor Ets-2 induced ε-prom oter activity in a 
sequence-specific manner, the ternary complex factors Erp and Sapla 
markedly repressed ε-promoter activity. Other Ets factors such as Elk and 
Erf had no significant effect on the promoter activity. Consistent with these 
observations, electrophoretic mobility shift assays with L6 nuclear extracts 
identified an NRE binding activity that is supershifted by Erp and Sapla 
antibodies. A strong binding activity to the NRE was also observed using 
the nuclear extracts from Cos cells overexpressing the Ets-2 transcription 
factor. Together, these results indicate a differential pattern of regulation 
of ε-promoter activity by a family of Ets transcription factors. NIH NINDS 
R01 NS25153-10

530.12
RECEPTOR HETEROGENEITY OF α4β2 nAChRs EXPRESSED IN XENO- 
PUS OOCYTES. R. Zwart* and H.P.M . Vijverberg, Research Institute of 
Toxicology, Utrecht University, P.O.Box 80.135, NL-3508 TD Utrecht, The 
Netherlands.

The major nicotinic acetylcholine receptor (nAChR) in the brain is a 
protein putatively consisting of two α4 and three β2 subunits. Two ACh-binding 
sites are supposed to be located at the two interfaces between α4 and β2 
subunits. Multiple ACh-gated single-channel conductances are observed in 
Xenopus oocytes expressing α4 and β2 subunits which are possibly generated 
by nAChRs with different subunit compositions (Neuron 3, 589-596). When, 
however, functional nAChR with distinct α:β subunit stoichiometries exist, 
these receptors might differ with respect to the number and properties of ACh- 
binding sites. W e have investigated the functional properties of the ACh- 
binding sites in Xenopus oocytes expressing different levels of α4 and β2 
nAChR subunits. Concentration-effect curves of the agonist ACh and of d- 
tubocurarine (d-TC), a competitive antagonist of α4β2 nAChR, were 
determined. The concentration-effect curve for ACh in ooyctes injected with 
9α4:1β2 did not differ from the concentration-effect curve for ACh in oocytes 
injected with 1α4:1β2. The concentration-effect curve for ACh in oocytes 
injected with 1α4:9β2, however, appeared to be biphasic, consisting of a low- 
and a high-affinity component. The low affinity component (22%) could not be 
distinguished from the concentration-effect curve obtained from oocytes 
injected with 1α4:1β2, and the high affinity component (78%) was 30-fold more 
sensitive to ACh. As compared to oocytes injected with 1α4:1β2, the 
concentration-effect curve for d-TC was shifted to lower d-TC concentrations 
in oocytes injected with 9α4:1β2. The concentration-effect curve for d-TC was 
biphasic in oocytes injected with 1α4:9β2 and contained a component with 
very low affinity for d-TC. It is concluded that α4 and β2 subunits assemble 
into multiple pharmacologically distinct subtypes of heteromeric nAChR and 
that nAChRs with other stoichiometries than α4:β2 = 2:3 are possible. This 
work was supported by the Netherlands Organization 

for Scientific Research (N .W .O . #903.42.011).
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530.13
NICOTINIC ACETYLCHOLINE RECEPTORS IN THYMIC CELLS. 
Mirta Mihovilovic1*, Jennifer Butterworth1 and Allen D. Roses,1’2. 
1Department of Medicine, Division of Neurology, Duke University, 
Durham, NC 27710; 2 Genetics, Glaxo-Wellcome, RTP, NC 27709.

Transcriptional analyses o f the thymus, thymocytes and primary cultures 
of thymic epithelial cells show expression of genes encoding the α -3 , α -5  
and β -4  subunits of acetylcholine receptors (AcChRs) suggesting that 
thymic cells express nicotinic neuronal AcChRs. Incubation of 
thymocytes with nicotine results in a decrease of the bioreductive 
capacity of these cells suggesting that nicotinic receptors promote 
apoptosis of thymocytes in culture. Using primary thymic epithelial 
cell cultures to investigate the effect of nicotinic agonists on epithelial 
cell growth we find that responses qualitatively differ between cultures. 
This finding is most likely linked to the heterogeneity of the thymic 
epithelia from which the cultures are derived. To circumvent problems 
that arise from primary epithelial cell cultures we are currently 
characterizing a thymic epithelial cell line (TE750) that shows active 
transcription of the α -3 , α -5  and β -4  subunits o f AcChRs. This 
characterization involves analyses of the expression of epithelial cell 
differentiation markers and of the influence of nicotinic ligands on cell 
growth and differentiation marker expression.

530.15

NICOTINE-STIMULATED SYNAPTOSOMAL NEUROTRANSMITTER 
RELEASE FROM ß2 NULL MUTANT MICE. SR G radv1*, Y L u1, M R 
Picciotto2, J-P  Changeux3, AC C ollins1. IBG, University of Colorado, 
Boulder CO 803091, Yale University2, Institute Pasteur3.

Neurotransmitter release was investigated using the nAChR ß2 null mutant 
mouse developed in the laboratory of J-P Changeux. Published results show 
that homozygous mutants (-/-) do not respond to directly applied L-nicotine 
(NIC) in a patch clamp assay of dopaminergic neurons in slices of SN or 
VTA. These mutants do however have normal levels of dopamine (DA) 
metabolizing enzymes and transporters. (Nature 374:65-67, 1995; Nature 
391:173-177, 1998).

DA release was assayed using a perfusion method with striatal 
synaptosomes prepared from + / + ,  + /- , and -/- littermates (134-192 days of 
age bred and raised at IBG). NIC (10µM, 5 min) or K + (20 mM, 30 sec) 
were used to evoke release. The -/- animals had comparable K+-evoked 
release to + / + mice, while NIC-stimulated release was undetectable. The 
+  /- mice had intermediate levels of NIC-evoked DA release. Both transient 
and persistent responses were reduced to a similar extent while rate constants 
for desensitization were not significantly different from + / + mice.

Synaptosomal DA release (10 µM NIC, 30 sec) from olfactory tubercle, 
nucleus accumbens, frontal cortex, and striatum showed that null mutants 
have undetectable levels of NIC-stimulated DA release in all of these regions.

GABA release measured from whole-brain synaptosomes was reduced in 
+  /- animals and almost abolished in -/- animals compared to the + /+  mice, 
while K +-stimulated release did not differ among these groups.

Supported by NIDA grants DA-03194, DA-10156, and DA-00197.

530.17
CHARACTERIZATIO N OF STABLE CELL LINE A3B2A5 THA T EXPRESSES  
A HIGH AFFINITY HUMAN NICO TINIC ACETYLCHOLINE RECEPTOR  
(nAChR) D ISTINCT FROM THE HUMAN α3β2 nAChR. A. Gillespie, B. O ’Neil 
Claeps, J.H. Crona, R.S. Siegel, R. Reid, C. Suto, K.A. Stauderman, M.M. 
Harpold and L.E. Chavez-Noriega .* SIBIA Neurosciences, Inc., La Jolla, CA  
92037.

The co-distribution of α3, β2 and α5 mRNAs has been described in several 
regions of the rat brain including substantia nigra, ventral tegmental area, 
hippocampus, neocortex and dorsal horn of the spinal cord. W e have 
developed a stable cell line, A3B2A5, that co-expresses human α3, β2 and α5 
nAChR subunits. (Gillespie e t al., NS A bs .157 .6 ,1997).

The homogeneity of the cell line was verified by single-cell imaging of 
agonist-induced increases in intracellular free calcium concentration ([Ca2+]i). 
Pharmacological analysis of agonist-induced increases in [Ca2+]i suggests the 
expression of two populations of nAChRs in A3B2A5 cells: one population 
displays high sensitivity to some nAChR agonists while the second shows a 
sensitivity to agonists indistinguishable from that observed in cell line A3B2 
(which expresses α 3 β2 nAChRs). The high affinity site in A3B2A5 cells displays 
a 200- to 6000-fold lower EC50 value for the agonists acetylcholine (ACh), 
nicotine and cytisine compared to α 3 β2 nAChRs. The relative contribution of 
high and low affinity components is modulated by external calcium. In whole-
cell voltage-clamped cells, we found that the desensitization kinetics of currents 
elicited by low doses of ACh are significantly slower in A3B2A5 cells than A3B2 
cells.

The nanomolar potency of some nAChR agonists in the A3B2A5 cell line 
suggests that nAChRs containing α3 β2α5 subunits may contribute to the 
physiological effects of cholinergic agonists in the central nervous system.

530.14
NICOTINIC RECEPTOR MEDIATED PROTECTION AGAINST 
ETHANOL-INDUCED CYTOTOXICITY. Y. Li*, M.I. Davis, Y.-J. 
He, N. Smith, J.R. Grimes, W.J. Millard, M.B. Ha s on, M.A. King, and
E.M. Mever. Depts. of Neuroscience, Pharmacology, and 
Pharmacodynamics, University of Florida, Gainesville, 32610.
Selective alpha7 nicotinic receptor agonists which as DMXB (also 

known as GTS-21) improve memory-related behaviors and protect 
against neurotoxicity induced by trophic factor deprivation, amyloid- 
exposure, excitotoxicity, in vivo ischemia, and axotomy. Activation of 
these receptors is now shown to reduce ethanol-toxicity in PC12 cells. 
Cultures exposed to 100 mM or higher concentrations of ethanol 
exhibited significant cell loss (over 50%) by 24 hr. Prior exposure (10 
min) to 3 µM DMXB attenuated this cell loss, which in turn was 
blocked by the alpha7 selective antagonist MLA (1 µM). Since other 
studies suggest that alpha7 receptors protect through Ca2+-triggered 
elevations in protein kinase C (PKC) activity, this pathway was studied 
in ethanol-treated cells. Ethanol (100 mM) increased Ca2+ levels but 
had no effect on PKC activity at 24 hr. DMXB increased Ca2+ 
concentrations and PKC transiently (5 min) but did not affect PKC 
activity at 24 hr. DMXB and ethanol together appeared to increase 
intracellular Ca2+ more than either alone within 5 min. PKC inhibitor 
studies are underway to assess the functional relationship between the 
activation of this enzyme and protection from ethanol. While Ca2+ - 
mediated p38 activation is not involved in ethanol-induced cell death, 
we are studying the roles of JNK and ERK families of MAP kinase in 
this process as well as in DMXB-induced protection (Supported in part 
by NIAAA RO1AA11597 and T32 AA07561, and NIA AG 10485).

530.16
BOTH DIHYDRO-ß-ERYTHROIDINE SENISTIVE AND RESISTANT 86Rb+ 
EFFLUX STIMULATED BY NICOTINIC AGONISTS IS REDUCED IN ß2 NULL 
MUTANT MICE. M.J. Marks1*, P. Whiteaker1, M. Picciotto2, J.-P. Changeux3, and 
A.C. Collins1. 1University of Colorado, Institute for Behavioral Genetics, Boulder, CO 
80309; 2Yale University; 3Institut Pasteur.

Many nicotinic cholinergic receptor (nAChR) subunits are expressed in brain 
suggesting that different nAChR subtypes mediate the diverse functional responses. The 
ß2 subunit is widely expressed in mouse brain and is contained in the nAChR (with α4) 
that binds agonists with high affinity. One method to measure nAChR function in brain 
tissue is agonist-stimulated 86Rb+ efflux, which displays components that are sensitive 
or resistant to inhibition by dihydro-ß-erythroidine (DHßE). Null mutant mice were 
used to investigate whether ß2-containing nAChRs mediate these responses. Crude 
synaptosomes were prepared from 12 areas of mouse brain, loaded with 86Rb+, and 
stimulated by 10 µM nicotine (DHßE sensitive) or by 10 µM epibatidine in the presence 
of 2 µM DHßE (DHßE resistant). Radioactivity was monitored continuously with an 
on line detector. The DHßE sensitive response, which has been postulated to be 
mediated by α4ß2 nAChR, varied markedly among brain regions in wild type mice 
(cerebellum lowest, thalamus highest). This response was completely abolished in ß2 
null mutants in 10 of 12 brain areas with small responses observed in inferior colliculus 
and cerebellum. The responses observed in heterozygotes were similar to or slightly 
less than those measured for wild types. The DHßE resistant responses also varied 
markedly among brain regions in wild type mice (cerebellum lowest, thalamus highest). 
Although this response was markedly reduced in ß2 null mutants, several regions (most 
notably inferior colliculus) retain measurable activity. Activity tended to be reduced in 
the heterozygotes. These results demonstrate that the ß2 subunit is contained in most, 
perhaps all, of the nAChR mediating DHßE-sensitive 86Rb+ efflux and most of the 
nAChR mediating DHßE-resistant efflux. However, receptors lacking ß2 subunits can 
be detected in several brain regions.
Supported by NIDA grants DA-03194, DA-10156 and DA-00197.

530.18
R E L A T IO N S H IP  B E T W E E N  N IC O T IN IC  A C E T Y L C H O L IN E  
R E C E P T O R  S U B U N IT  m R N A  L E V E L S  A N D  C H A N N E L  
F U N C T IO N  IN  C E N T R A L  N E U R O N S . R .A .J. L e s te r1, J .M . 
M cIntosh2 and M .W . Q uick1*. 1D epartm ent o f N eurobiology, U niversity 
o f A labam a at B irm ingham , B irm ingham  A L 35294 and 2Departm ent of 
Biology, University o f Utah, Salt Lake City UT 84112.

The precise subunit com position o f neuronal nicotinic acetylcholine 
receptors (nAChRs) in specific CNS neurons is unknow n. Here we have 
addressed the m olecular m ake-up o f  nA ChRs in habenula (Hb) neurons 
by (1) com paring the agonist potency profiles o f nA ChRs expressed in 
Hb cells and in X enopus  oocytes, (2) assessing the effects o f subunit- 
specific toxins and (3) perform ing a single-cell R T -P C R  analysis o f 
nA ChR subunit mRNAs. In isolated Hb neurons, using w hole-cell patch 
clam p, we find that cy tisine is a po ten t ac tivato r o f nA C hR s in all 
responding cells (6 o f 8 cells). The order o f potency, cy tisine (1.0) > 
nicotine (0.53) > ACh (0.35) > D M PP (0.22), is sim ilar to that for α 3 β4 
subunit-expressing oocytes, cytisine (1.0) > n icotine (0.73) > A Ch (0.63) 
> D M PP (0.45). W e also find that the α 3 β4 nA C hR -m ediated currents 
recorded from  oocytes are selectively reduced by 82.5 ±  8.2 % (n = 2) in 
the presence o f the toxin α -A uIB  (1 µM ); this concentration  o f toxin 
blocks nA ChR-m ediated currents in Hb neurons to the sam e extent (75.0 
±  1.8 %; n = 4). U sing RT-PCR techniques, α 3 , α 4 , β 2 and β4 m RN A s, 
but not α 2  m RN A , are expressed in H b cells that respond to  nicotine (8 
o f 9 cells; in 1 cell no PCR products w ere detected). In non-responding 
cells (n = 4), no α 2  mRN A  is detected, and either 1 or m ore o f the α 3 , 
β2 and β4 mRN A s is absent or present at m uch low er levels. These data 
are consistent w ith the idea that Hb nA C hR  channels are form ed from  
more than 2 distinct types of subunits. Supported by PHS NINDS NS31669
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530.19

INHIBITION AND POTENTIATION OF HUMAN NICOTINIC 
RECEPTORS BY SEX HORMONES. B. Buisson*, S. Bertrand and D. 
Bertrand. Faculty of Medicine, University of Geneva, CH-1211 
Geneva 4, Switzerland.

The α4β2 neuronal nicotinic acetylcholine receptors (nAChR) is 
believed to constitute the nicotine high-affinity binding sites in the 
brain and to play a central role in smoking addiction. To investigate 
the influence of sex hormones on these ligand-gated channels, 
receptors were reconstituted with human subunits either in Xenopus 
oocytes or in stably transfected cells. Electrophysiological recordings 
confirmed that progesterone is a potent negative allosteric modulator 
of both homomeric and heteromeric nAChRs. By contrast, 
17β -oestradiol at µM concentration potentiates α4β 2 ACh-evoked 
currents, whereas this steroid still inhibits α3β 2 and α7 nAChRs. 
Macroscopic effects were confirmed at the microscopic level by single 
channel recordings and demonstrated that 17ß-oestradiol is a 
positive allosteric effector at the α4β2 nAChR. These results provide 
a molecular basis that may explain the lower success of women in 
smoking cessation trials as well as beneficial effects of estrogen 
replacement therapy for people suffering from Alzheimer's disease. 
This work was supported by the Swiss National Foundation and 
OFES to DB.

530.21
EFFECTS OF CARTAP ON THE NICOTINIC ACETYLCHOLINE RECEPTOR 
CHANNEL OF PC12 CELLS
K. Nagata1*, T. Shono1 and T. Narahashi2. 1Institute of Agriculture and Forestry, 
University of Tsukuba, Tsukuba 305-8572, JAPAN; 2Department of Molecular 
Pharmacology and Biological Chemistry, Northwestern University Medical 
School, Chicago, Illinois 60611-3008, USA 

It is known that nereistoxin and its synthetic analog, cartap, act on the nicotinic 
acetylcholine receptor (AChR) channel. We examined by whole-cell and single-
channel patch clamp techniques to clarify the detailed mechanism of action of 
cartap on the nicotinic AChR in rat clonal phaeochromocytoma (PC12) cells. 
Cartap suppressed ACh-induced currents in a dose-dependent manner with an 
EC50 value of 22.7 µM. At the single-channel level, cartap increased gaps or short 
closures during an opening. The mean open time was decreased in the presence of 
cartap. The amplitude of current, the frequency of openings and the burst duration 
were not changed much by cartap. Cartap produced channel block characterized by 
fast blocking and unblocking kinetics. Cartap appears to block single channels in 
their open state since the mean open time was decreased and the block was 
concentration and voltage dependent. Thus, the total charge carried through the 
open channels is significantly decreased by cartap, accounting for the blocking 
action on the whole-cell current. The suppressive action of cartap on the ACh- 
induced current is deemed directly responsible for the toxic action in mammals 
and insects.

530.20
OPPOSING EFFECTS OF ETHANOL AND NICOTINE ON ACETYL
CHOLINE RECEPTORS IN RAT CORTICAL NEURONS. W  
Marszalec*, G.L. Aistrup, & T. Narahashi. Dept. of Mol. Pharmacol. & 
Biol. Chem., Northwestern Univ. Med. Sch., Chicago, IL 60611.

It is well known that heavy alcohol drinkers tend to be heavy tobacco 
smokers. In an attempt to elucidate the mechanisms underlying this 
correlation, interactions of nicotine and ethanol with nicotinic acetylcholine 
(ACh) receptors were studied by the whole-cell patch clamp technique 
using rat cortical neurons in culture. ACh-induced slowly desensitizing 
currents had an ACh EC50 of 2.9 µM, were α-bungarotoxin insensitive, 
but were inhibited by nanomolar concentrations of dihydro-β -erythroidine. 
Such responses are very similar to those described for α 4 β2 nicotinic 
receptors. These cells responded to nicotine with an EC50 of 1.3 µM, but 
evoked a maximal response 20% less than that of ACh. At nicotine concen
trations of 30, 100 and 300 nM, evoked currents were only 0.9, 1.2, and 
4.8% of the maximal ACh response, respectively, yet, nicotine at these 
concentrations desensitized the ACh response by 24, 50, and 62%, respec
tively, after a 5 min bath perfusion. In contrast, ethanol potentiated ACh 
currents 3-14% at 30 mM and 15-46% at 100 mM. These results have led 
us to the hypothesis that the increased tobacco use among heavy alcohol 
drinkers may be an unconscious attempt to regulate neuronal cholinergic 
stimulation by adjusting the CNS levels of these two opposing drugs, 
(supported by NIH grants NS14144 & AA07836).
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531.1

LIGAND BINDING TO THE AMINO TERMINAL DOMAINS OF GROUP III 
METABOTROPIC GLUTAMATE RECEPTORS G.A. Hornby, G. Han and D.R. 
Hampson*, Faculty of Pharmacy and Department of Pharmacology, University of 
Toronto, Toronto, Ontario, Canada M5S 2S2

The members of the metabotropic glutamate receptor (mGluR) family have been 
categorized into three groups based on sequence homology, signal transduction 
properties and pharmacology. Group III mGluRs include mGluR4, 6, 7, and 8 and 
are selectively activated by the glutamate analog, L-2-aminυphosphonobutyric acid 
(L-AP4). The four members of the group display approximately 70% amino acid 
sequence identity with each other. Ligand binding to mGluRs is mediated, at least 
in part, by amino acids located in the amino terminal domain of the receptor. The 
size of this domain in the mGluR4 subtype is 66 kDa. mGluR4, 6, and 8 appear to 
possess higher affinity for L-AP4 and other agonists than mGluR7; the differential 
affinities for L-glutamate and L-phosphoserine may have functional significance for 
modulating synaptic transmission in the nervous system. Our objective in this study 
is to identify the molecular determinants responsible for the unique pharmacological 
properties of the group III mGluRs. To establish baseline data, radioligand binding 
assays using [3H]L-AP4 (Eriksen and Thomsen, 1995) were conducted on 
membranes from HEK cells transfected with wild type mGluRs. mGluR4 and 
mGluR8 displayed dissociation binding constants ranging from 380 to 470 nM. To 
determine whether ligand binding to group III receptors is mediated solely by 
residues located in the amino terminal domain of the molecule, a truncated version 
of mGluR4 that contained only the amino terminal domain was generated and 
transiently expressed in HEK cells. This expression construct included a c-myc 
epitope tag inserted immediately downstream of the signal peptide sequence. 
Immunoblotting using a c-myc antibody indicated that the truncated protein was 
secreted into the cell culture media. The pharmacological properties of this soluble 
truncated receptor will be compared with the full length, membrane bound receptor. 
[This work is supported by the Medical Research Council of Canada].

531.2

MUTAGENESIS ANALYSIS OF A HUMAN MGLUR2 BINDING SITE MODEL USING A 
NOVEL TRITIATED ANTAGONIST, LY 341495, AS A PROBE. P. Yana1, M. Chaney2 and M. 
Baez1*. 1Lilly Research Laboratories, Indianapolis, In 46285. 2University of Illinois at Urbana- 
Champaign.

Using a site-directed mutagenesis approach we are defining the ligand binding site of the 
human mGluR2 using the unique compound [3H]LY341495. We have constructed a model of 
the binding site as a guide in identifying residues critical for ligand binding. The 3D model 
construction was based on multiple sequence alignments with two structurally determined 
periplasmic amino acid binding proteins: 1 liv- specific for leucine, isoleucine and valine and 
2lbp- specific for leucine. Sequence identities were ~ 30% for the N-terminus domain, with 
three wide loop insertions. The program MODELER was used to generate and refine the 
initial mGluR2 models. Salient features included the alignment of the 6 cysteines to within 6 
Angstroms to form 3 disulfide bonds and 2 structural domains: both alpha-beta sandwiches 
(beta-sheets flanked above and below by alpha-helices) connected by a hinge region 
stabilized by the 3 disulfide bonds. The initial model was observed in an "open" 
conformation between domains. High temperature (600 K) dynamic simulations and 
annealing produced a “closed" conformation, which completely enclosed the putative binding 
pocket from solvation. The antagonist LY341495 was docked into this pocket, minimized and 
inspected for thermodynamic reasonability. The model structure was able to stabilize all 
charge groups, as well as further stabilize ligand interaction through pi-stacking of aromatic 
groups. Nearest-neighbor residues within 4.5 Angstroms of the docked ligand were 
identified. Several of these residues were mutated to alanine and tested in transient 
expression assays to determine their effect on ligand binding. Four of the mutants did not 
have any apparent effect on binding and consequently, the structure of the model will be 
adjusted accordingly. However, seven mutants failed to bind the ligand and thus 
corroborate their critical position within the binding pocket. This mGluR2 structure model 
may prove useful in designing receptor- subtype selective compounds and should help us 
understand the mechanism of ligand binding.
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531.3
CPCCOET, A POTENT AND SELECTIVE HUMAN MGLUR1B 
ANTAGONIST ACTS AT A NOVEL PHARMACOLOGICAL SITE. F.
Gasparini, S. Litschig, N. Munier, P.J. Flor, S. Bischoff, l.-T.Vranesic and R. 
Kuhn*.
TA Nervous System, Novartis Pharma AG, CH-4002 Basle, Switzerland.

The metabotropic glutamate receptors (mGluRs) consist of a family of at 
least eight different subtypes coupled to multiple second messenger systems 
and modulation of ion channel currents. The characterization of the role of 
each individual mGluR is limited by the lack of specific agonists and 
antagonists. In this study, we examined in further detail the pharmacological 
profile of the mGluR1 antagonist CPCCOEt. CPCCOEt did not activate or 
inhibit human mGluR2, -4a, -5a, -7b, and -8 but potently inhibited 
phosphoinositide hydrolysis in human mGluR1b expressing cells maximally 
stimulated by quisqualate, L-glutamate, dihydroxyphenylglycine (DHPG) and 
1S,3R-aminocyclopentane-1,3-dicarboxylic acid ((1S,3R)-ACPD). Schild 
analysis indicated that CPCCO Et acts as a noncompetitive antagonist for 
m G luRIb. To further elucidate the mechanism of inhibition by CPCCOEt, 
chimeric human mGluRs were constructed where the N-terminal extracellular 
domains were exchanged. Chimeric constructs were transiently expressed in 
CO S cells and receptor activity was determined using fura-2 [Ca2+]i 
measurements. CPCCO Et specifically inhibited glutamate-induced increase 
in [Ca2+]i in cells expressing mGluR5/1b and -4/1 b chimeras that contained 
the extracellular domain of mGluR5 or -4a and the transmembrane and 
cytoplasmic domain of m GluR1b. In contrast, glutamate activation of cells 
expressing a m GluR1/5a chimera containing the extracellular domain of 
mGluR1 and the transmembrane and cytoplasmic domain of mGluR5a was 
not affected by CPCCOEt.
Supported by Novartis Pharma AG

531.5
DIFFERENTIAL COUPLING OF RAT METABOTROPIC GLUTAMATE 
RECEPTORS mGlu2 AND mGlu3, EXPRESSED IN PRIMARY NEURONS 
WITH SEMLIKI FOREST VIRUS VECTORS
V. Mutel*, Y. Borer, F. Goepfert, F. Knoflach, S. Ohresser, R. Pink, H. 
Schaffhauser, P. Ziltener and K. Lundstrom
F. Hoffmann-La Roche, PRPN-D, CH-4070, Basel, Switzerland 
Rat metabotropic glutamate (mGlu) 2 and 3 receptors were expressed at high levels 
with Semliki Forest Virus (SFV) vectors in CHO cells. Binding of [3H]LY354740, 
a highly potent and specific mGlu2/3 agonist, on membranes prepared from those 
cells was measured and saturation experiments revealed a difference in affinity for 
the radioactive ligand between mGlu2 (Kd = 20 ± 4.6 nM) and mGlu3 (Kd = 53 ± 
8 nM) receptors. The effect of various metabotropic agonists and antagonists, 
reducing agents and ions on [3H]LY354740 specific binding was investigated and 
revealed marked differences between these two receptors.
Primary rat cortical neurons were also efficiently infected with SFV-mGlu2 and 
SFV-mGlu3 receptor virus stocks. Immunofluorescence studies showed specific 
staining of 70-90% of the neurons without reduction in viability compared to 
noninfected neurons up to 24 hours post-infection. In whole-cell voltage-clamp 
experiments, saturating concentrations of LY354740 inhibited high voltage-gated 
calcium currents (VGCC) in neurons infected with mGlu2 and mGlu3 receptors to 
a similar extent. However, N-acetylaspartylglutamate, which has been reported to 
be mGlu3 selective, inhibited VGCCs in neurons infected with mGlu3 but not in 
those infected with mGlu2, even at high concentrations. Interestingly, when the 
DHPG-induced PI hydrolysis was monitored in infected neurons, the application of 
LY354740 potentiated the DHPG effect in mGlu2- but not in mGlu3-receptor or 
SFV-LacZ infected cells. This may indicate that, when highly expressed in those 
neurons, these two group II mGlu receptors are differentially coupled to second 
messenger pathways.

531.7
PR EFERENTIAL EXPR ESSIO N OF G RO UP-II METABOTROPIC  
GLUTAMATE RECEPTORS IN THE GOLDFISH BRAIN. Poll A .1*, Lucchi R.1, 
Storto M.2 , Notari s.1, Nicoletti F,2,3 and Casabona G2 .1 Department of 
Biology, University of Bologna; 2 I.N.M. “Neuromed", Pozzilli;3 Institute of 
Pharmacology, School of Pharmacy, University of Catania, Italy.

Western blot analysis showed high levels of expression of group-ll 
metabotropic glutamate (mGlu) receptors (i.e. mGlu2 or -3) in the goldfish 
telecephalon. Group-ll mGlu receptors were also abundantly expressed in the 
optic tectum and cerebellum, but not in the vagal lobe. Unexpectedly, no 
hybridization signal was detected with mGlu5 antibodies in any of the goldfish 
brain regions. mGlu1a receptors were only expressed (albeit weakly) in the 
goldfish cerebellum. To examine whether group-ll mGlu receptors were 
functional, we have measured the evoked release of glutamate in goldfish 
brain synaptosomes incubated in the presence of the group-ll mGlu receptor 
agonist, DCG-IV. DCG-IV reduced K+-stimulated glutamate release and its 
action was attenuated by the mGlu2/3 receptor antagonist, MCCG. The 
selective group-ill receptor antagonist, L-AP4, did not influence the evoked 
release of glutamate in goldfish synaptosomes. We conclude that the 
expression of group-ll mGlu receptors predominates over the expression of 
other mGlu receptor subtypes in the goldfish brain.
Supported by I.N.M. Neuromed.

531.4
A SINGLE AMINO ACID RESIDUE IN THE C-TERMINUS OF Gα PROTEIN IS 
SUFFICIENT TO DISCRIMINATE BETWEEN GROUP II AND GROUP III 
METABOTROPIC GLUTAMATE RECEPTORS.
Blahos II J.*.Perroy J ., Mary S.,De _Colle C.,Brabet I., Parmentier ML, 
Bockaert J. and Pin J.P ., CNRS UPR 9023;141,rue de la cardonille;F-34094 
Montpellier; France.

Metabotropic glutamate receptors (mGluRs) transduce extracellular activation on 
intracellular signaling pathways via trimeric G proteins. The mGluRs, Ca-sensing 
receptors, GABA-b and certain pheromone receptors are members of a family with 
a unique structure, when compared with other G-protein coupled receptors 
(GPCRs). A large extracellular N-terminus forms the ligand binding site. The 
transmembrane region is constituted of seven spanning domains separated by 
extracellularly and intracellularly oriented loops. The intracellular C-termini vary 
in length between mGluRs and for some between their splice variants. Three 
intracellular loops and C-terminus of mGluRs interact with trimeric G-proteins 
leading to their activation upon extracellular stimulation. Parts of Gα proteins that 
recognize mGluRs in functional coupling were studied.

Gαq co-expressed with mGluR2 (group II) or mGluR4 (group III), both negatively 
coupled to adenylyl cyclase, did not stimulate PLC in HEK293 cells. Substitution of 
five extreme C-terminal aa residues in Gαq with those from Gαi2 , Gαo or Gαz 
results in chimeras Gαqi, Gαqo and Gαqz respectively. The chimeras have a 
distinct ability to functionally couple to mGluRs of groups II and III. Group II 
mGluR representatives: mGluR2 and DmGluRA coupled to the chimeras Gαqi, 
Gαqo, but not to the Gαqz. Interestingly, the receptors from group III: mGluR4, 
mGluR7 and mGluR8, coupled to all three chimeras: Gαqi, G αqo and G αqz.

Our goal was to define the responsible aa residue(s) on the Gα C-terminus that 
defines the difference in coupling to mGluR2 and mGluR4. This was approached 
by systematic substitution of aa residues between Gαqo and Gαqz. In the span of 
extreme five aa residues these chimeras differ only on three positions. We found 
that only one of the three distinct residues is capable of controlling the coupling to 
mGluR2 but has no effect on coupling to mGluR4. Our data can be interpreted as 
evidence of close contact between the intracellular portions of mGluR and the 
extreme C-terminus of Gα.. CNRS, FRM

531.6
GROUP-I AND GROUP-II METABOTROPIC GLUTAMATE RECEPTORS 
(mGluRs) ARE DIFFERENTIALLY REGULATED BY REDUCING 
CONDITIONS. Di Giorgi-Gerevini V.1, Copani A1*., Casabona G.2, Mutel V.3, 
Lundstrom K3., Romano C.4, and Nicoletti f .1,2. 1 Inst. Pharmacol., Catania 
Univ.; 2I.n .M . Neuromed, Pozzilli; 3 Pharmaceutical Division, Precl. CNS Res., 
Hoffmann-La Roche, Switzerland; 4Dept. Ophtalmol., Washington Univ., St. Louis.

The role of conserved cysteines in the mGluR structure is uncertain, but it is 
known that mGluRs are dimers held together by intermolecular disulfide bonds.We 
examined the effect of reducing conditions (dithiothreitol, DTT) on the functions and 
structures of group-I and group-II mGluR in several native and transfected systems. 
DTT inhibited the stimulation of polyphosphoinositide hydrolysis by group-I mGluR 
agonists in hippocampal slices or cultured cerebellar granule cells. Similarly, DTT 
eliminated the increase in intracellular free Ca2+ induced by glutamate (but not 
carbachol) in HEK cells expressing the mGluR5. DTT also prevented the inhibition 
of forskolin-stimulated cAMP formation by group-II mGluR agonists in CHO cells 
expressing mGluR2, but did not  provide inhibition in hippocampal slices. 
Immunoblot analysis of mGluR1a, -2/3 or -5 in brain tissue demonstrated that 
reduction differentially affects receptor aggregation. Under non-reducing conditions, all 
three receptors migrated as dimers. Under reducing conditions, mGluR1a or -5 
migrated as monomers, but most of mGluR2/3 remained dimeric. We suggest that: (i) 
reducing conditions differentially influence the aggregation state of group-I and -II 
mGluRs; (ii) dimerization affects the activity of native mGluRs; and (iii) inhibition 
of cAMP formation by group-II mGluR agonists in brain tissue may be mediated by 
the activation of mGluR3. C. Romano is supported by grant MH57817.

531.8
AGE-RELATED CHANGES IN THE mRNA EXPRESSION OF GROUP I 
METABOTROPIC GLUTAMATE RECEPTORS IN RAT BRAIN 
A. Simonyi, L.A. Miller, C. Wang* and G.Y. Sun Dept. Biochem.,
Univ. Missouri, Columbia, MO 65212

Several studies have demonstrated the age-related decline in cognitive and 
motor functions. The group I metabotropic glutamate receptors (mGluR1 and 
mGluR5) have been implicated in these functions and involved in many 
neurodegenerative processes. In this study, the age-related changes in the mRNA 
expression of group I mGluRs were investigated by in situ hybridization using 35S- 
labeled oligonucleotide probes. Male FISHER 344 rats of three age groups were used:
3-month-old (young), 12-month-old (middle-aged) and 25-month-old (senescent). 
Quantification of signal density in the striatum showed an early decline in the level 
of mGluR5 (significant reduction in the 12- and 25-month-old groups as compared 
to the 3-month-old group) and no change in mGluR1. In the cerebellum, the total 
mRNA of mGluR1 significantly increased at 25 months of age in the granule cell 
layer. Furthermore, in situ hybridization with splice form specific probes showed a 
decline in mGluR1a in the Purkinje cells at the same age. Current studies are 
underway to analyze mRNA expression in the hippocampal and cortical areas.
These results show region and isoform-specific differences in the expression of 
group I mGluRs in rat brain during aging. (This project was supported in part by 
the Alzheimer’s Disease and Related Disorders Program in Missouri.)
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531.9
DEVELOPMENTAL EXPRESSION OF THE GROUP III 
METABOTROPIC GLUTAMATE RECEPTOR mGluR4a IN THE 
MEDIAL NUCLEUS OF THE TRAPEZOID BODY OF THE RAT. P. 
Grandes1*, I. Elezgarai1, R. Benitez1, J.M. M ateos1, E. L ázaro1, A . Osorio1 
J. A zkue1, R. Kuhn- and T. Knöpfel3. 1Dept. of Neurosciences, Fac. of 
Medicine and Dentistry, Basque Country Univ., 699-48080 Bilbao, Spain; 
2Nervous System, Novartis Pharma Inc., CH-4002 Basel, Switzerland; 
3Riken Brain Science Institute, 2-1 Hirosawa, Wako, Saitama 351-01 Japan.

A pre-embedding immunocytochemical method for light microscopy was 
used to study the postnatal development of the expression of the group III 
metabotropic glutamate receptor mGluR4a in the medial nucleus of the 
trapezoid body (MNTB) of the rat. Immunoreactivity for mGluR4a was 
localized in axonal endings wrapping the principal globular neurons in 
MNTB, known as calyces of Held. The percentage of calyces of Held 
immunoreactive for mGluR4a increased progressively from postnatal day 3 
(PND3), showing the highest peak of labeled calyces by PND9. From this 
postnatal age on, a gradual reduction in the number of mGluR4a- 
immunopositive calyces of Held was observed, reaching the lowest level o f 
labeled profiles in adult tissue.

The developmental expression of mGluR4a in calyces of Held correlates 
well with previous studies in young animals showing a modulation of 
synaptic neurotransmission by group III mGluRs at these giant excitatory 
synapses made on MNTB principal neurons. All these observations 
together suggest that the expression of mGluR4a, mainly between PND7 
and PND12, might be relevant in the maturation and modulation of 
synaptic transmission at the calyces of Held before the arrival of acoustic 
stimuli.

Supported by DGICYT grant PB95-0347 and GV grant PI-1997-4L I.E., 
J.M.M. and R.B. were in receipt of fellowships from GV (PI-1997-41; BFI 
95.154) and The Basque Country University (1996), respectively.

531.11
D IS TR IB U TIO N  O F M E TA B O TR O P IC  G LU TA M A TE  R E C E P TO R S  IN THE  

S U P E R F IC IA L  D O R S A L H O R N  O F  RATS AS R E V EA LED  BY IM M U N O - 

C Y T O C H E M IS T R Y  FO R  m G luR 2/3  A N D  m G luR5. H.G . J ia , A. Rustioni*, 

and J .G . Valtschanoff. D ep t. of Cell Biology & Anatom y, UNC , Chapel 

Hill, N C . 2 7 5 9 9 .

At light m icroscopy, m G luR 2/3  is m ainly in inner lam ina II whereas  

m G lu R 5  is throug hout lam inae  I and II. A t e lectron m icroscopy, 

im m u n o reac tiv ities  for both a re  in cell bod ies, dendrites , axon  

te rm in a ls  an d  g lia , p r im a rily  a t c e llu la r  and  in tra c e llu la r  

m em branes; m G lu R 5  is associa ted  m ore frequently  than m G luR 2/3  

with synaptic  specializa tions. Prim ary a fferents  in type 1 glom eruli 

(C 1) are presynaptic to m G luR 5-ir dendrites to a  much higher degree  

than to m G lu R 2/3 . They are never postsynaptic to m G luR 2/3-ir axon  

term inals, rarely to m G luR 5. A preference for contacts with m G luR5- 

ir dendrites appears  to exist a lso for prim ary a fferent term inals in 

glom eruli of type 2 (C 2). How ever, this is not as pronounced as for 

C 1 ’s. In contrast to C 1 ’s, C 2 ’s are often postsynaptic to m GluR-ir axon 

term ina ls , e sp ec ia lly  m G lu R 2 /3 . E xperim ents  are  in progress to 

d e te rm in e  c o lo ca liza tion  w ith G A B A  in im m unoreac tive  profiles. 

Supported by U S P H S  grant N S 1 24 40  to AR.

531.13
CLONING AND EXPRESSION OF A GLUTAMATE METABOTROPIC RECEPTOR 
LINKED TO CALCIUM MOBILIZATION FROM THE CATFISH RETINA.
H.Hellmich, M.A.Micci, X.Sanchez, B.N.Christensen*. Dept. Physiology & Biophysics, 
University of Texas Medical Branch, Galveston, TX 77555.

Recent evidence suggests that cone horizontal cells in the catfish retina express 
glutamate metabotropic receptors (mGLURs) linked to IP3 mobilization. We have 
previously demonstrated that cone horizontal cells express IP3 and ryanodine receptors. 
Three groups of mGLURs have been isolated from mammalian clones. These receptors 
are linked to modulation of cAMP or 1,4,5-inositol trisphosphate. We have isolated a 
full-length clone from a catfish retina library. The cDNA has approximately 60% 
homology with group III mammalian mGLURs that are linked to cAMP modulation and 
about 30% with group I mGLURs linked to IP3 production. The cDNA was cloned into 
an expression vector for transfection into COS1 cells. To test if the expressed protein 
modulated cAMP levels, transfected cells were challenged with the group II and III 
agonists quisqualate, trans-ACPD or 2-amino-4-phosphonobutyric acid and the lysate 
was collected for cAMP analysis. cAMP levels in agonist treated cultures were not 
different from control transfected cells. This suggests that the cloned receptor is not a 
member of group II or III mGLURs.

To test for group I mGLUR, calcium mobilization was measured in fura2-loaded 
transfected cells and quisqualate applied to individual cells from a nearby pipette using 
a Picospritzer (General Valve Corp.). ATP was applied to each ceil as a positive control 
for calcium mobilization. Fifty percent of the cells tested responded by altering 
intracellular calcium when quisqualate was applied. ATP produced a response in 60% 
of the cells tested. Non-transfected cells did not respond to quisqualate. These results 
demonstrate that the cloned glutamate receptor from the catfish retina is linked to 
calcium mobilization in spite of the low homology with group I mammalian receptors. 
Supported by grant NEI-01897.

531.10
CELLULAR SITES OF SYNTHESIS AND PROTEIN EXPRESSION OF mGLU2/3 
GLUTAMATE RECEPTORS IN HUMAN POSTMORTEM BRAIN REVEALED BY 
HYBRIDIZATION HISTOCHEMISTRY AND (3H)LY35474O RADIOAUTOGRAPHY.
J.G.Richαrds1*, J. Messer1, Z. Bleuel1, P. Ma lherbe1, R.L.M. Fa ull2 and V. 
Mutel1. 1Pharmaceuticals Division, Preclinical CNS Research, F. Hoffmann- 
La Roche Ltd, CH-4070 Basel Switzerland; 2Dept. of Anatomy with 
Radiology, Faculty of Medicine & Health Science, University of Auckland, 
New Zealand.

Group II metabotropic glutamate receptors (mGlu2 and -3) are G protein- 
coupled receptors negatively linked to cAMP production. The in vitro binding 
characteristics in rat brain of [3H]LY354740, the first high-affinity agonist 
radioligand for these receptors, were recently described [Schaffhauser et al., 
Mol Pharmacol (1998) 53: 228-233]. The radioligand has now been used to 
map the distribution and abundance of group II mGlu receptors in postmortem 
human brain (occipital cortex, hippocampal formation, striatum, cerebellum). 
Sections were radiolabelled with 50nM [3H]LY354740 in 50mM Tris-HCl + 
2mM MgCl2 and CaCl2; non-specific binding was determined in the presence 
of 10µM DCG-IV. This was compared, in adjacent sections, with the 
localization of the sites of receptor synthesis using subunit-specific 
oligonucleotide probes and LY35474O-induced stimulation of GTPγ[35S] 
binding. Specific high-affinity binding (~90% of total) was detected in cortical 
layers (l,2,>5,6>3,4), molecular layers of hippocampal formation, cerebellar 
granular layer, caudate and putamen. This distribution correlated best with the 
localization of mGlu2 subunit transcripts and with the functional expression of 
these receptors. We conclude that the group II agonist [3H]LY35474O is a 
suitable radioligand to investigate disease-related changes in the expression of 
metabotropic glutamate receptors in human brain.

531.12
ON THE ROLE OF GROUP I METABOTROPIC GLUTAMATE RECEPTOR 
SUBTYPES (mGluRs) FOR MOTOR BEHAVIOUR OF RATS. U.O. Kronthaler* 
and W.J. Schmidt Dept of Neuropharmacology, University Tübingen, 72074 
Tübingen, F.R. Germany.

Glutamate in the basal ganglia has a crucial role in the regulation of motor 
behaviour. Until now studies addressing the function of glutamate acting via 
ionotropic receptors predominate. Glutamate however also activates second 
messenger coupled receptors, the metabotropic glutamate receptors (mGluRs) of 
which eight subtypes are cloned and classified in three group so far. Recently we 
had shown that the mGluRs have important roles for motor behaviour as well, as 
i.c.v. infusions of the broadband group I/II mGluR agonist 1S,3R-ACPD dose- 
dependently induced catalepsy and depressed locomotor activity. Group II receptors 
at least partially mediate this effect, as the group II selective agonist L-CCGI had 
qualitatively similar effects. The question which is the contribution of group I 
mGluRs was not yet directly addressed by agonists, because activation of group I, 
opposite to group II, mGluRs induces neurodegeneration. As there are currently no 
group I selective antagonists available to address the contribution of group I 
receptors, we decided to use a ligand, which activates group II mGluRs while 
blocking group I mGluRs, i.e. (S)-4C3H-PG. 

Effects of (S)-4C3H-PG on motor behaviour were tested alone and combined with 
administrations of dopamine D1 and D2 receptor antagonists. We infused (S)- 
4C3H-PG locally into the striatum of rats, using chronically implanted guide 
cannulas. Locomotor and sniffing behaviour was analysed in an open field with 
holeboard and an experimental chamber, respectively. Cannula placement was 
verified with standart histological techniques. The detailed data presented are 
discussed in respect to their possible implications on human basal ganglia disorders. 
Supported by the DFG SFB 307/A4.
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532.1

A YAC APPRO ACH TO GEN ER ATE M ICE EXPR ESSIN G  
C re  R E C O M B IN A S E  IN S E L E C T E D  N E U R O N A L  
POPULATIONS
K. Kask, D. Z am an illo , J. Jerecic , J. W ilbertz , R. S prenge l*, P .H . 
S eeburg  Max-Planck-lnstitute for Medical Research, 69120 Heidelberg, 
Germany
R eg io n -sp ec ific  d e le tion  by C re  re co m b in a se  of a  ub iquitously  
exp ressed  g ene  can reveal gene  function in a  particu lar tissue or 
cell type  by use of the  C re -lo x P  system  in transgen ic  m ice. W e  
e n g in ee red  y ea s t artificial ch rom osom es  (Y A C s ) to e xp ress  C re  
recom binase in distinct neuronal populations in transgenic  m ice. A  
5 5 0  kb Y A C  m odified to contain C re  in the gene  for the high-affinity  
kainate  receptor subunit KA1 directed C re  expression in transgenic  
m ice sim ilar to that of K A 1. Introducing m odified  Y A C s  into the  
m ouse g enom e by pronucleus injection offers severa l ad van tag es  
o v er m ore  traditional m ethods: ( i) Y A C s  con ta in ing  g e n es  w ith  
interesting expression patterns can be readily isolated from  existing  
Y A C  lib ra ries ;(ii) th e re  is no n e ed  fo r e x te n s iv e  m ap p in g  or 
c h a ra c te r iz a t io n  o f th e  g e n e ; (iii) lab o rio u s  “k n o c k -in ” by  
hom ologous recom bination in the m ouse E S  cells can be om itted  
since Y A C s  a re  less prone to insertional effects and  usually contain  
the  c /s -e lem e n ts  requ ired  for the  proper express ion  of the  g en e  
from  the Y A C . D raw b acks include low D N A  yield and Y A C  stability. 
T h e  K A 1 -C re  tra n s g en ic  line has  b e en  used  to d e lin e a te  the  
developm ental expression of K A 1 . It is currently em ployed  to study  
th e  im p ac t of a lte re d  g lu ta m a te -m e d ia te d  C a 2+-in flux  on KA1 
expressing cells of the m ouse brain.
Supported in part by SFB grant 317 to P.H.S. and an EMBO postdoctoral fellowship to K.K.

532.3
TRANSGENIC MICE EXPRESSING AMPA RECEPTOR S WITH ALTERED  
SUBUNIT EXPRESSION IN GABAERGIC INTERNEURONS. E.C. Fuchs1. R. 
Giuffrida1,2.J. Bischofberαer3, P. Jonas3, and H. Monyer1* 1ZMBH, University of 
Heidelberg ,Germany,2lnstituto di Chimica Biologica, University of Catania, 
95125 Catania, Italy and 3lnst. of Physiol.University of Freiburg, Germany

Single cell studies have shown that AMPA receptors in interneurons differ 

from those of principal cells by faster kinetics and higher Ca2+ permeability. This 
difference in AMPA receptor property could be traced to the low expression 
level in interneurons of the GluR-B subunit relativ to that of other AMPA  
receptor subunits. To address the question to which extent the high Ca2+ 
permeability and the fast kinetic of AMPA receptors are critical for interneuron 
function, such as orchestrating the activity of principal cells in neuronal 
networks, we made us of homologous recombination in embryonic stem cells 
to generate mice expressing the rat GluR-B subunit under the transcriptional 
control of the endogenous GAD67 gene, a marker gene for GABAergic 
interneurons. To facilitate the expression analysis of the targeted GluR-B 
minigene, a dicistronic GluR-B expression cassette had been constructed by 
us. In this cassette, an IRES element and the lacZ reportergene are fused 3' of 
the GluR-B coding region. Interneuron specific expression of the dicistronic 
cassette can be visualized performing double-labelling studies for the  
expression of GAD67 and β -galactosidase in heterozygous animals. The  
expression of the GluR-B minigene has been confirmed by RT-PCR. 
Functional analysis will be performed using single cell-PCR in indentified 
GABAergic interneurones.
Supported by the graduate program “Molecular and Cellular Neurobiology”, 
DFG, and the Schilling Foundation

532.5

CHRONIC TREATMENT OF HIPPOCAMPAL NEURONS WITH 
NMDA RECEPTOR ANTAGONISTS LEADS TO INCREASED 
SUSCEPTIBILITY TO EXCITOTOXICITY. F T . Crump. A. Rao*. and 
A.M. Craig. Dept. of Cell and Structural Biology, University of Illinois, Urbana 
IL 61801.

W e have previously described a novel effect of activity on the subcellular 
distribution of NMDA receptors in hippocampal neurons (Rao and Craig, 
Neuron 19:801-812 ,1997). Chronic treatment of hippocampal cultures with 
the NM DA receptor antagonist 2-amino-5-phosphonovalerate (APV) causes 
a reversible shift in the patterns of NR1 and NR2 immunoreactivity towards a 
more synaptic localization. This occurs with no change in NR1 protein levels 
and a two-fold increase in the levels of NR2A and NR2B. Low density 
cultures reproducibly demonstrate this effect in the presence or absence of 
glial contact. The physiological significance of this effect was investigated 
by comparing activity-dependent neurotoxicity in control versus chronic 
APV-treated or MK-801 treated hippocampal neurons immediately after 
wash-out of the NMDA receptor antagonists. Toxicity was induced by a 3 
min treatment with 90 mM K+ buffered saline followed by 60 min in normal 
medium. Trypan blue exclusion was used to assay cell viability. In contrast 
to control neurons which exhibited 60.2 ±  2.4%  (mean ±  sem) cell viability 
after exposure to high K+ , neurons chronically treated with APV or MK-801 
demonstrated only 38.3 ±  2.2%  or 43.9  ±  2.4%  cell viability, respectively 
(P<0.001, t-test, n=12). In all cases, the enhanced toxicity in the APV and 
MK-801 groups correlated with an increase in synaptic localization of NMDA  
receptors as revealed by immunocytochemisty for NR1 and synaptophysin. 
Thus the activity-dependent redistribution of NMDA receptors to synaptic 
sites renders the neurons more susceptible to excitotoxicity induced by 
synaptically released glutamate. This model system may be useful in 
differentiating the physiological effects of activation of synaptically localized 
versus non-synaptic pools of NMDA receptors.
Supported by NIH and the Markey and Pew Charitable Trusts.

532.2
SYNAPSE- AND AGE-DEPENDENT REDUCTION OF HIPPOCAMPAL LTP 
IN MICE LACKING NMDA RECEPTOR ε 1 SUBUNIT.
I. Ito , K. Akashi, K. Sakimura1, M. Mishina2 and H.Sugiyama. Department of 
Biology, Faculty of Science, Kyushu University, Fukuoka 812-8581. 1 Department of 
Cellular Neurobiology, Brain Research Institute, Niigata University, Niigata 951-8585, 
Japan. 2Department of Molecular Neurobiology and Pharmacology, School of 
Medicine, University of Tokyo, Tokyo 113-0033, Japan.

We have shown that the targeted disruption of the NMDA receptor ε l(NR2A) 
subunit or ε 2(NR2B) subunit gene differently affect the NMDA receptor activities at 
two types of synapses in mouse hippocampal CA3 pyramidal neurons. The ε 1 
mutation suppressed NMDA receptors at the synapses in the stratum radiatum but not 
in the stratum oriens, whereas the ε 2 mutation suppressed NMDA receptors in the 
stratum oriens but not in the stratum radiatum. This suggested that NMDA receptors 
with different subunit compositions function within a single CA3 pyramidal neuron 
depending on the cell polarity or on the types of synaptic inputs. In the present study, 
the effects of targeted disruption of the ε 1 subunit were examined in the hippocampal 
CA1 pyramidal cell synapses and compared with the effects in the CA3 region. The 
mutation resulted in the significant reduction of NMDA receptor activities at the 
synapses both in the CA1 stratum oriens and stratum radiatum. This was in a sharp 
contrast to our previous observation in the CA3 region. We also examined the 
postnatal developments of the long-term potentiation (LTP) in the CA3 region. The 
development of LTP at the CA3 stratum radiatum synapses closely followed the 
development of the ε 1 subunit, and the ε 1 mutation strongly suppressed this LTP. 
The LTP at the CA3 stratum oriens synapses was not affected significantly by the 
mutation at all ages. These results suggested that the subunit composition of NMDA 
receptors may not be determined simply by the cell polarity, but by the types of 
synaptic inputs.

532.4
C H R ON I C  H A L O P E R I D O L  I N C R E A S E S  NMDA-  
IMMUNOREACTIVE DENDRITES AND SPINES IN THE RAT 
CAUDATE-PUTAMEN NUCLEUS. J.J. Rodriguez* and V.M. Pickel . 
Department of Neurology and Neuroscience, Division of Neurobiology, Cornell 
Univ. Med. College, New York, NY 10021.

N-methyl-D-aspartate receptors have been implicated in synaptic plasticity as 
reflected by increased number of perforated synapses in the caudate-putamen 
nucleus (CPN) following chronic haloperidol treatment. We used electron 
microscopic immunocytochemistry to determine whether four months of bi-
weekly depot injection of haloperidol, 14mg/kg, in rats induced detectable 
changes in the cellular or subcellular localization of NMDAR1 receptor in CPN. 
In both haloperidol and vehicle injected animals, NMDAR1-like 
immunoreactivity (NMDAR-LI) was seen mainly in association with smooth 
endoplasmic reticulum in dendrites and along plasma membranes in dendritic 
spines. As compared with controls, however, significantly more dendrites (37% 
n=344 versus 30% n=266) and more dendritic spines (35% versus 25%) were seen 
in equal areas (2158.728 µm2) from haloperidol treated animals. NMDAR1- 
labelling was also seen in neuronal perikarya, axon terminals and glia which 
showed no significant change in density in haloperidol versus vehicle-injected 
animals. The total number of symmetric and asymmetric synapses also remained 
constant, but as previously reported, we found a significant increase in the 
number of perforated synapses in haloperidol compared with vehicle injected 
animals. These were almost exclusively axo-spinous synapses, on spines with or 
without NMDAR1.

Our results show a preferential increase in the number and/or size of NMDAR1 
immunoreactive dendrites and spines within the CPN after haloperidol treatment. 
The increased availability of plasmalemmal NMDA receptors in the dendritic 
spines may increase the sensitivity of certain spiny neurons to glutamate.

Supported by grants from NIDA (DA04600) and NIMH 
(MH40342/MH00078).

532.6
THE ZETA-1 EPSILON-2 SUBUNIT COMBINATION IS THE 
PREDOMINANT NMDA RECEPTOR EXPRESSED IN P-19 
DERIVED NEURONS. Andrew M. Galgoci, L.A. Pohorecky, Daniel 
Benjamin*. Div. Of Neuropharmacology, Center of Alcohol Studies, 
Rutgers University Piscataway, NJ, 08855

The purpose of the present study was to identify expression of the N- 
Methyl-D-Aspartate (NMDA) receptor in P-19 neurons and characterize 
their subunit composition. Binding assays utilizing [125I]MK801 (an 
NMDA-specific open channel blocker) indicated that P-19 derived 
neurons express NMDA receptors. Cells were dosed with 10 uM MK801 
over the course of retinoic acid-induced differentiation up to the point of 
cell harvesting to prevent possibly excitotoxicity. Time course studies 
indicated that 1) NMDA expression is higher in MK801 treated cells and 
2) NMDA expression appears to be highest early on in the life of the cell 
(~ 2 to 4 days post-differentiation). Results were verified functionally by 
[43Ca++]uptake; MK801-treated neurons exhibited greater Ca++ uptake than 
controls. To partially characterize the subunit composition of the NMDA 
receptor in P-19 neurons, [125I]MK801 inhibition assays were performed 
utilizing ifenprodil (which is selective for NMDA receptors containing the 
epsilon 2 subunit) on membrane preparations from cells harvested 2 to 4 
days post-differentiation. Pretreatment with MK801 elicited a higher 
IC50 when compared to controls. The data from these assays demonstrate 
that the receptor subunit composition is about 60% epsilon 2. Saturation 
assays using [125 I]MK80 l were performed at the same time point. 
Pretreatment with MK801 resulted in a four fold increase in high affinity 
binding suggesting 1) NMDA receptor blockade with MK801 during 
differentiation prevents excitotoxicity and enhances cell viability or 2) 
NMDA receptor blockade causes an upregulation of NMDA receptors 
resulting in higher antagonist binding. (Partial support by NIAAA and 
NIMH).
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532.7
UPREGULATION OF NR1 AND GLUTAMATE BINDING PROTEIN  
(GBP) EXPRESSION IN CULTURED HIPPOCAMPAL NEURONS  
AFTER CHRONIC ETHANOL AND 2-AP5 TREATMENT: AN 
IMMUNOCYTOCHEMICAL STUDY R. P a l*, R. R agan , M. D avey, K.
N. Kum ar, M.L. M ichaelis and E. K. Michaelis. D ept. of Pharm acol. & 
Toxicol., Ctr. Ment. Ret. Res., and Ctr. Neurobiol.& Immunol. Res., 
Univ. of Kansas, Lawrence, KS 6 6045 .

Chronic ethanol treatm ent leads to a 15%  increase in expression of 
NR1 and a 3 6 -40 %  increase in G B P  in brain synaptic m em branes  
(Chen e t . al., J. Neurochem . 241, 132). In this study, attempts w ere  
made to determ ine the distribution NR1 and G B P  at the cellular level 
following ethanol arid 2 -A P 5  treatm ents. Primary cultures of 
hippocampal neurons (7 D IV ) w ere  exposed either to 100 m M ethanol 
or 100 µM  2 -A P 5  for 7 d. Following treatm ent the cells w ere fixed in 
methanol and labeled with Abs to NR1 and G BP. Sim ilar studies w ere  
done using co-cultures of 3-wk-old neurons on a bed of glial cells. All 
cultures w ere analysed for the density of labeling by the anti-NR1 and 
anti-GBP Abs over the cell body and the neuritic processes using the 
densitometric analysis programs. W hen  primary neuronal cultures w ere  
treated with either ethanol or 2 -A P 5, labeling of G B P  w as significantly 
increased over the cell body (P < 0 .007 , n=4-8) but not significantly over 
the neuritic processes. Sm aller increases in the labeling of G BP w ere  
observed when 3-wk-old neurons in glial-neuronal co-cultures w ere  
treated with ethanol or 2 -A P 5. No significant increases w ere observed 
to-date for e ither culture type in term s of N R 1. The lack of a significant 
effect of treatm ents on NR1 distribution over different cell regions may 
be related to the overall low level of increase in NR1 expression. 
[Supported by grants AA  04732 , A A 1 1419, AG  12993, and H D  02528]

532.9
INSULIN MODULATES TYROSINE PHOSPHORYLATION OF NR2A AND 
NR2B NMDA RECEPTOR SUBUNITS IN A TIME DEPENDENT MANNER J. M. 
Christie, D.S. Skifter and D.T. Monaghan* Dept. of Pharmacology, University of 
Nebraska Medical Center, Omaha, NE 68198.

Since NMDA receptors play a critical role in various aspects of CNS function and 
dysfunction, it is important to identify mechanisms which regulate N-methyl-D- 
aspartate (NMDA) receptor activity. We have shown that insulin rapidly potentiates 
NMDA receptor function (Lui et al., 1995: Neurosci. Lett. 192:5-8) in both native 
and recombinant expression systems. Tyrosine phosphorylation of NMDA receptors 
is known to alter NMDA receptor channel function and thus could account for 
insulin’s action on NMDA receptors. In this study we report that insulin enhances 
tyrosine phosphorylation of NR2A and NR2B NMDA receptor subunits.

Hippocampal slices obtained from male Sprague-Dawley rats were exposed to 1 
µM insulin in artificial CSF for 20 and 60 minutes. NR2A and NR2B subunits were 
immunoprecipatated (antibodies provided by Dr. Robert Wenthold, NIH) and 
resolved by SDS-PAGE, transfered to a nitrocellulose membrane and probed with a 
phosphotyrosine specific antibody (PY-20). Immunoreactive bands were visualized 
using ECL and then quantified by scanning densitometry. Blots were stripped and 
reprobed with NR2A and NR2B antibodies to normalize protein expression levels.

Hippocampal slice incubation with 1µM insulin for 20 minutes elicited a 176 ± 
16% and 203 ± 15% increase in tyrosine phosphorylation on NR2A and NR2B 
subunits, respectively. In contrast, insulin incubation for 60 minutes resulted in 
tyrosine phosphorylation levels that were equal to, or slightly less than, basal levels 
in NR2A and NR2B subunits, 85 ± 13% and 93 ± 10% respectively. This findings 
are consistent with our previous report that insulin potentiated hippocampal NMDA 
receptor activity at 20 minutes followed by a return to basal activity by 60 minutes. 
These findings presents a possible mechanism by which insulin, as well as other 
growth factors, can modulate NMDA receptor activity and synaptic function.

532.11

MODULATION OF KAINATE RECEPTOR EXPRESSION BY 
INTRACELLULAR CALCIUM A, Ghetti, R.E. Petroski*, I. Perez-Otano, A. 
Sailer and S.F. Heinemann. Molecular Neurobiology Laboratory, Salk 
Institute, La Jolla CA 92037.
Several variants of the glutamate receptor have been described, each with 
distinct kinetics and pharmacological properties. The array of receptor 
subtypes expressed by a neuron is an important determinant of the shape and 
duration of the post-synaptic potential but it is not fully understood what 
regulates the differential expression of receptor subtypes. In the case of the 
NMDA receptor it has been shown that the expression of different subtypes 
can be activity-dependent and is modulated by neuregulins. It is not known if 
a similar mechanism regulates the expression of AMPA and kainate 
receptors.

We have investigated the modulation of the kainate receptor expression in 
cultures of dissociated hippocampal neurons. Kainate receptor currents were 
measured using whole cell patch clamp recordings and fast application of 
kainate in the presence of the AMPA receptor blocker GYKI53655. The 
kainate receptor current density increased with time in culture (up to 3-4 fold 
over 10 days in vitro). In addition, when intracellular calcium is acutely 
elevated, the kainate receptor current density increases whithin 3 to 5 hours 
after the treatment. This increase in current density is absolutely dependent 
upon calcium influx and protein synthesis. In the same cells in which the 
kainate receptor current density was increased there was no significant 
variation in AMPA currents. Thus, intracellular calcium signaling can 
differentially modulate the expression of kainate and AMPA receptors. Our 
data suggest that synaptic activity, by elevating intracellular calcium, may 
alter expression of the array of non-NMDA receptor subtypes which might 
represent a novel form of plasticity. Supported by NIH grant NS28709.

532.8
ROLE OF TYROSINE KINASE MEDIATED PATHWAY IN THE MK- 
801 INDUCED UPREGULATION OF NMDA RECEPTOR R2B 
SUBUNIT. Haviryaji S.G. Kalluri and Maharaj K Ticku*. Dept of 
Pharmacology, University of Texas Health Science Center, San Antonio, 
TX 78284-7764.

The NMDA induced responses are inhibited by antagonists like MK- 
801, CPP, AP-5 and addictive drugs like ethanol. Hence these 
antagonists can be used to prevent glutamate induced neurotoxicity and 
thus have potential therapeutic role in certain neurological diseases. The 
chronic treatment of neuronal cells with antagonists upregulates the 
NMDA receptor function, gene and protein expression (Follesa and 
Ticku, J. Neurosci. 16, 2172-2178, 1996). However, the mechanism 
of such upregulation is not known. As reported previously, chronic 
MK-801 ( 1µM, 5 days) upregulated NMDA R2B subunit in cortical 
neurons. In the present study we examined the possible mechanism(s) 
of MK-801( 1µM) induced upregulation of the NMDA receptors. 
Chronic treatment of cortical neurons with either calphostin C (0.1 µM) 
or genistein (100 µM) resulted in downregulation of the NMDA receptor 
R2B subunit polypeptide levels. Concomitant exposure of neurons to 
MK-801 + calphostin C or MK-801 + genistein prevented the MK-801 
induced upregulation of R2B subunit. These results suggest that 
NMDA receptor R2B subunit levels may be regulated by either protein 
kinase C and/or tyrosine kinase mediated pathway(s). Furthermore, the 
MK-801 treated neuronal membranes showed high tyrosine kinase 
activity, implying that the MK-801 may upregulate the NMDA receptor 
R2B subunit levels by tyrosine kinase pathway(s).

532.10
GLUTAMATE INDUCES CHANGES IN STAT PHOSPHORYLATION 
AND GENE EXPRESSION REGULATION IN BERGMANN GLIAL CELLS.

T.López1, 1Departamento de Genética y Biología Molecular CINVESTAV- 
IPN MéxicoA.P.14-740 México 07000 DF. 2PIBIOM, CICATA-IPN México 
DF, México.

Bergmann glial cells surround glutamatergic synapses in cerebellum and 
express glutamate (Glu) receptors. In cultured chick Bergmann glia Glu 
induces changes in signaling pathways and gene expression of glutamate 
receptors and transporters. In this rep o rt we describe STAT3 
phosphorylation induced by activation of the m etabotropic glutamate 
receptors and changes in gene expression of kainate binding protein (KBP) 
and the glutamate transporter GLAST. Using im munoprecipitation assays 
w e detected  a tim e and dose d ep en d en t increase of tyrosine- 
phosphorylation of STAT3. The effect of Glu was maximal at 15 min with 
an EC50 of 19 µM. Metabotropic agonists but not ionotropic agonists mimic 
the glutamate effect. Accordingly, STAT3 phosphorylation was blocked by 
the metabotropic antagonist L-AP3. Glu promotes translocation of STAT3 to 
nucleus suggesting a role of this pathway in the activation of early response 
genes as AP-1. Since the promoters of KBP and GLAST have AP-1 motifs, we 
explored the regulation of KBP and GLAST expression. Glu induces a time 
and dose dependent up regulation of KBP expression, the peak of KBP 
induction was at 8 hrs and was maintained at least for 24 hrs. Long term 
stimulation with Glu also promotes a time dependent reduction of the 
Na+/dependent Glu uptake in these cells. The present results in conjunction 
with our previous reports suggest that glutam ate receptor activation in 
Bergmann glial cells induces changes in gene expression and support a role 
for these cells in the modulation of glutamatergic neurotransmission.

532.12
FUNCTIONAL EFFECTS OF CALPAIN-MEDIATED TRUNCATION OF 
GLUR-1 SUBUNITS OF AMPA RECEPTORS. G. Broutman*, X. Bi, and 
M. Baudry. Neuroscience Program, University of Southern California, Los 
Angeles, California 90089-2520.

Calpain activation has been shown to cleave the C-terminal domain of 
GluR-1 subunits o f AMPA receptors, and to modify the localization o f the 
receptors. Furthermore, calpain activation has been implicated as an 
important step in the regulation o f synaptic efficacy at excitatory synapses. 
In the present study, we attempted to determine whether the function of 
AMPA receptors is altered following calpain-mediated truncation o f the C- 
terminal domain o f G luR1 subunits. Hippocampal slice cultures were 
prepared from Sprague Dawley rats at postnatal day 7-8 and were used for 
experiments at equivalent postnatal day 15-21. Cultures were pretreated with 
50 µM kainic acid (KA) for 3 hrs, a protocol known to produce calpain- 
mediated truncation of G luR1 subunits, and allowed to recover for 1 to 3 hrs. 
Field excitatory postsynaptic potentials (EPSP) were recorded in the CA1 
region, following electrical stimulation o f the Schaffer collateral system. 
Approximately half o f the slices exhibited normal synaptic responses while 
half showed very small or reduced EPSPs. Slices from these two groups 
were collected, homogenized, and the homogenates processed for western 
blot analysis, using antibodies against the C- and the N-terminal domain of 
GluR1 subunits. Blots from slices exhibiting normal synaptic responses 
revealed the presence o f a small fraction o f truncated receptors, whereas 
blots from slices without EPSP, indicated that almost all G luR1 subunits 
were truncated. These results indicate that, under certain conditions, calpain- 
mediated truncation o f GluR-1 subunits may inactivate AMPA receptors. 
Therefore, truncation of the GluR1 subunit could represent a protective 
mechanism used by neurons to reduce excitotoxic damage.

Supported by grant NS 18427
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532.13
ADENOVIRUS-MEDIATED EXPRESSION OF MUTATED NMDA 
RECEPTOR CHANNELS IN CULTURED HIPPOCAMPAL NEURONS. N. 
Y am ada1, M. Sudo1, H. Okado2, M. lino1, A. Miwa2, K. Tsuzuki1 and S. 
O zaw a1*. 1Dept. of Physiol., G unma Univ. Sch. of Med., M aebashi 371- 
8511, 2Dept. of Neurobiol., Tokyo Metropolitan Inst. Neurosci., Fuchu, 
Tokyo 183-8526, Jap an .

To express NMDA receptor channels in central neurons using viral 
vectors, we constructed three recombinant adenoviruses encoding ra t 
NMDA receptor subunit cDNAs, NR1, NR1(N598R) and NR2B. In 
NRl(N598R), asparagine in the N-site of the wild-type NR1 w as replaced 
with arginine (R) by site-directed mutagenesis. F irst, we tested  to express 
N R1/NR2B and NR1(N598R)/NR2B receptors in pheochromocytoma (PC12) 
cells. Expression of NMDA receptors w as detected in nearly 100% of cells 
infected w ith the adenoviruses. NR1/NR2B receptors thus  expressed were 
perm eable to Ca2+ and blocked by Mg2+, whereas NRl(N598R)/NR2B 
receptors were Ca2+-impermeable and insensitive to Mg2+. Next, we 
infected cultured ra t hippocampal neurons w ith the adenoviruses bearing 
NRl(N598R) and NR2B cDNAs. Both Ca2+ perm eability and Mg2+ block 
were m arkedly reduced in NMDA receptors in infected neurons. The slow 
EPSC m ediated by NMDA receptors also became much less sensitive to 
Mg2+. These results indicate th a t the NRl(N598R)/NR2B receptors are 
more dom inant th an  the native NMDA receptors in the infected neurons 
and th a t the former receptors introduced by the adenoviral vectors function 
as postsynaptic receptors.
Supported by Core Research for Evolutional Science and Technology of 
Jap an  Science and Technology Corporation.

532.15

CHARACTERIZATION OF THE LETHAL EXPRESSION OF 
AMPA RECEPTOR IN HEK CELLS. M. Iizuka2, S . 
Nishimura2, I. Akiba2, M. Wakamori1*, K. Imoto1 and E. L. 
Barsoumian2*. 1Dept. of Information Physiology, National 
Institute for Physiological Sciences; 2Dept. of MCB, Nippon 
Boehringer Ingelheim Co., Ltd.; Kawanishi, Japan 666-0193 

Heteromultimeric AMPA receptors consist of GluR1-4 subunits 
in various combinations which contribute to the functional 
diversity of AMPA receptors. The GluR2 plays a critical role in the 
determination of the channel profile of AMPA receptors in terms 
o f ion selectivity and I-V relationship. In order to further 
characterize the subunit specific properties of AMPA receptors, we 
have generated stable cell transfectants expressing the human 
AMPA subunits in various combinations. In the transfectants 
constitutively expressing the GluR1, GluR2, GluR3 or GluR4 
subunit alone, and GluR2/R1 and GluR2/R3 combinations, AMPA- 
binding and electrophysiological profiles were in agreement with 
the expected channel characteristics. However, GluR2/R4 
expressing transfectants were short-lived, raising the possibility of 
a lethal expression of this combination. In fact, the transient 
expression studies revealed that the GluR2/R4, but not GluR2/Rl 
and GluR2/R3, was the only combination showing cell cytotoxicity, 
suggesting that GluR4 or GluR2 has a critical function in 
glutamate-mediated neurotoxicity. Additionally, we report the 
results of exploratory studies carried out to understand the 
molecular basis of the lethal expression of GluR2/R4 receptor.

532.17
EXPRESSION OF GLUTAMATE RECEPTOR SUBTYPES AND HEME 
OXYGENASE GENES IN HIPPOCAMPUS OF STREPTOZOTOCIN-INDUCED 
DIABETIC RATS. H.P.Kwan, C.C.Wong and M.S.Leung. (SPON: The Hong 
Kong Society of Neurosciences) Dept. of Physiology, Chinese University of Hong 
Kong, Shatin, NT, Hong Kong.

The mechanisms by which chronic hyperglycemia impairs cognitive function are 
not well-established. It is known that the glutamate receptors and retrograde 
messengers play an critical role in learning and memory. In this study, expression of 
different glutamate receptor subtypes and heme oxygenase (HO) in the 
hippocampus of diabetic rats was examined. Diabetes was induced by injecting 250 
gm male SD rats with 75mg/kg streptozotocin and they were killed 6 weeks after 
the treatment. Hippocampal tissues were collected and total RNAs were extracted 
by Qiagen RNeasy kit. Expression of AMPA receptor subtypes GluR 1,2,3,4,6; 
kainate receptor KA1, NMDA receptor NR1 and HO 2 mRNA were measured 
using a semi-quantitative 32P-dCTP labeled reverse transcription- polymerase chain 
reaction (RT-PCR) approach. Expression of housekeeping gene β-actin was used to 
correct the unequal amount of RT-product added into the PCR tubes. The radio- 
labeled RT-PCR products were separated with 8% native PAGE and quantified with 
a Phosphorimager.

Expression of GluR-1,2,3,4; NR land HO 2 were reduced significantly in diabetic 
rats. It is also true for the expression of the S100β and GADPH genes. These results 
indicates that expression of specific glutamate receptor subtypes and retrograde 
messenger suppressed by chronic hyperglycemia in this study may have implication 
for the understanding of mechanisms underlying cognitive impairment in diabetes.

532.14
EXPOSURE OF HIPPOCAMPAL TISSUE SLICES TO GLUTAMATE AGONISTS REDUCES 
LTP AND ATTENUATES TOXIC EFFECTS OF NMDA. Y. Adamchik2, J. Meng2, M. 
Windisch3* and A. Baskys1,2. 1Dept. Physiol., Univ. Toronto and Playfair Neurosd. Unit, 2The 
Toronto Hosp., Western Div., Toronto, Ont. M5T 288, Canada and 3lnst. Exp. Pharmacol., 
Research Initiative EBEWE, 8020 Graz, Austria.

Excessive activation of glutamate receptors cause nerve cell death but a low concentrations 
neuroprotection was reported to occur. To study mechanisms of the glutamate agonist- 
mediated neuroprotection, we measured (1) LTP in the hippocampal CA1 area of the acute in 
vitro slices (prepared from 15-30 day old Wistar rats) following two 10 min. applications of 
NMDA (5 µM) and (2) cell death in cultured hippocampal slices (mostly CA1 and hilus) 24 
hours after 30 min. exposure to 50 µM NMDA. LTP of field EPSPs was induced and 
measured by standard electrophysiological techniques. Hippocampal slice cultures were 
made from 7 day old Wistar rats and cultured for 12 days in a medium containing bovine 
serum but no glutamate. To induce neuroprotection , glutamate agonists NMDA, 2.5 or 5.0 
µM, glutamate, 100 or 500 µM, aspartate, 100 or 250 µM, trans-ACPD, 50 or 100 µM were 
added to the culture medium for 2 h prior to the addition of 50 µM NMDA. Cell death was 
evaluated by propidium iodide fluorescence using confocal microscopy. In the first group of 
experiments, at 10 min. post-tetanus, LTP in the NMDA-treated group was not different from 
the control (no treatment) group (189.5 ± 2.5%, n = 10 and 192.4 ± 4.3%, n = 10 
respectively). At 60 min., the NMDA-treated group showed less potentiation (157.5 ± 0.6%, n 
= 10, p < 0.01) than the control group (200.0 ± 1.1%, n = 10). In the second group of 
experiments, glutamate (500 µM) reduced cell death caused by NMDA by ~ 50% (p<0.01, n 
= 15). Glutamate at 100 µM, NMDA at 2.5 or 5.0 µM had no effect. Aspartate at 250 µM 
increased cell death by ~ 50%. Trans-ACPD alone (100µM) or with NMDA (5µM) showed 
some protection but the effect was not statistically significant. These results suggest that 
stimulation of NMDA receptors at low agonist concentrations attenuates LTP in Schaffer 
collaterals but not the toxic effect of NMDA. Treatment with glutamate attenuates NMDA 
toxicity probably by the concerted action of glutamate on several receptors.

Supported by The Research Initiative EBEWE Foundation.

532.16
INTRAISCHEMIC HYPOTHERMIA PREVENTS NON-SELECTIVE 
DOWNREGULATION OF HIPPOCAMPAL AMPA AND NMDA RECEPTOR 
GENE EXPRESSION IN RAT. *L.K. Friedman*, 2M.D. Ginsberg 2B. Lin 2O.F. 
Alonso. 2R. Busto and 2M. Globus. (1Department of Neuroscience, Seton Hall 
University, NJ 08818 and 2Cerebral Vascular Disease Research Center, Miami, FLA 
33101)

Alterations in the subunit composition of AMPA (α-amino-3-hydroxy-5-mefnyl-
4-isoxazole-propionic acid) - type glutamate receptors have been implicated in delayed 
postischemic hippocampal injury. Hypothermia may be neuroprotective by 
preventing formation of toxic Ca2 permeable AMPA receptor assemblies. In situ 
hybridization was used to measure levels of GluR1, GluR2, GluR3, and NR1 
mRNAs at 1 and 7 days following 10 min of transient global ischemia by a two- 
vessel occlusion/hypotension model in the presence and absence of intraischemic or 
postischemic brain hypothermia (30° C, 3 hr). At 1 day, normothermic ischemia 
markedly suppressed the expression of all three AMPA receptor mRNAs in the 
vulnerable CA1. CA3a-c subregions were also acutely downregulated. NR1 mRNA 
expression was reduced only in CA1 (by ≈ 25%). At 7 days, all transcripts were 
nearly absent in CA1, a time of marked cell loss. GluR1 and GluR3 mRNAs 
continued to be decreased in CA3 despite sparing of neurons. Following 
intraischemic hypothermia all four mRNAs were near or at control levels throughout 
the hippocampus. Postischemic hypothermia partially rescued the expression of 
GluR2 and NR1 mRNAs. Data indicate that (1) hippocampal AMPA receptor 
mRNAs decline at a relatively similar rate after transient global ischemia before 
neurodegeneration; (2) non-selective reductions persist in survival regions after 1 
week when marked CA1 neurodegeneration is apparent; and (3) neuroprotection by 
intraischemic brain hypothermia occurs independent of altered subunit composition of 
AMPA receptors but prevents the non-selective downregulation of these mRNAs.

Supported by NS 05820 and March of Dimes Birth Defects

532.18
AMPA RECEPTOR EXPRESSION IN HIPPOCAMPAL REGIONS 
FOLLOWING CENTRAL FLUID-PERCUSSIVE BRAIN INJURY. 
S.M.DeFord, R .J.Hamm*, D.L.Buck, L.L.Phillips & ML Giebel. Department 
of Psychology and Division of Neurosurgery, Virginia Commonwealth 
University/Medical College of Virginia, Richmond, VA 23298-0693 USA

Alterations in α-amino-3-hydroxy-5-methyl-4-isoxazolepropionate 
(AMPA) receptors (1-4) have been implicated in ischemia and epilepsy. 
Following global ischemia, GluR2 gene expression is decreased and AMPA 
receptor-mediated Ca2+ influx increased (Gorter, et al., 1997). Hypoxic- 
ischemic basal ganglia necrosis also results in decreased GluR1, 2/3 and 4 
(Meng, et al., 1997). Studies suggest these AMPA receptor and related Ca2+ 
flux alterations may be due to differences in regulation of mRNA editing 
following insult, such as that found by Paschen & Schmitt (1996) following 
transient cerebral ischemia. Since ischemia and traumatic brain injury share 
common pathobiology, traumatic brain injury (TBI) might also be expected 
to produce alteration in AMPA receptor expression.

Expression of GluR1 and GluR2/3 in CA1, CA3 and the apex of dentate 
hilus was assessed 15 days post injury following sham and central fluid 
percussive injury in rats. Immunohistochemistry methods using polyclonal 
antibodies specific for GluR1 and GluR 2/3 were employed to determine 
receptor expression. TBI was associated with a significant decrease in 
number of cells expressing GluR 2/3 per µm2 in the CA1 region. No change 
was found in GluR1 receptor expression following TBI. Ongoing studies are 
looking at the correlation of improved cognitive performance to the 
expression of AMPA receptors. Supported by NIH grant NS 12587
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533.1
THE IDENTIFICATION OF A NOVEL PROTEIN INTERACTING WITH GABAa 
RECEPTORS USING THE YEAST TWO-HYBRID SYSTEM.
H. Wilkinson and F. A. Stephenson*. School of Pharmacy, University of London, 
29/39 Brunswick Square, London, WC1N 1AX, UK.
GABAa receptors are members of the ligand-gated channel superfamily. The sixteen 
known GABAa receptor genes code for multiple subunits that are categorised by their 
respective amino acid homlogies. i.e. α1-α6, β1-β3, γ 1-γ3, δ, e and ρ1-ρ2. The 
mechanism by which GABAa receptor subunits are anchored to defined locations within 
neurons are currently unknown. By analogy with other members of the ligand-gated ion 
channel superfamily, it can be argued that specific proteins may be important for this 
purpose. We have used the yeast two-hybrid system to identify potential GABAa 
receptor anchoring proteins. The DNA encoding the GABAa receptor β2 subunit 
cytoplasmic loop was used as the bait to screen a rat brain cDNA library of 1.8×106 
recombinants. Four positively hybridising clones were identified. One of these 
contained an insert of 1.9kb which database searches showed to be a novel sequence. 
However the searches did show an 84% DNA homology to the human EST sequence 
zm75b03.r1. Northern blot analysis showed two transcript sizes of 6.2kb and 4.2kb. 
The larger transcript was expressed in heart, brain, spleen, lung, liver, skeletal muscle 
and kidney but was absent from the testis. The smaller transcript was expressed 
primarily in the testis and to a much lesser extent in the heart, brain, spleen, lung, liver, 
skeletal muscle and kidney. Work is on-going to isolate the full length clone and to 
verify the interaction by an alternative method.

533.3
NOVEL UBIQUITIN-RELATED PROTEINS ASSOCIATED WITH THE GABAA 
RECEPTOR α  AND ß SUBUNITS. F.K. Bedford, J.T. Kittler, J. Uren, T.G. 
Smart*, and S.J. Moss. MRC Laboratory of Molecular Cell Biology and 
Department of Pharmacology, UCL, London WC1E 6BT and the Department of 
Pharmacy, School of Pharmacy, 29-39 Brunswick Square, London WC1N 1AX, UK.

We isolated two novel proteins from yeast two hybrid screens using the 
intracellular loops of the α 1 and α 2 GABAA receptor subunits. Subsequently we 
found that these proteins also interact with the intracellular domains of α 3, α 6, β1, 
β3 but not γ2 or the α7 nACHR subunit, suggesting they may specifically interact 
with GABAA alpha and beta subunits. The two proteins are related as the yeast two 
hybrid clones of these proteins (2C and 8A) share 60% amino acid homology. GST 
fusion proteins of these clones (GST-8A and GST-2C) also interact with full length 
α 1 transiently expressed in COS cells, in in vitro binding assays. Full length clones 
of 8A and 2C, isolated from a hippocampal cDNA library are predicted to encode 
67kDa and 7OkDa polypeptides respectively. Sequence analysis revealed moderate 
similarity to ubiquitin at the amino-terminus, but no significant similarity to other 
known proteins within the C-terminal GABAA receptor binding domain. Polyclonal 
antibodies produced to GST-8A, crossreact with both GST-8A and GST-2C and 
immunoreact specifically with two polypeptides of 67 and 7OkDa from total brain 
homogenate. The expression of these two immunoreactive species is also restricted 
to GABAA receptor expressing tissues. The proteins are found in both soluble 
cytoplasmic and crude membrane preparations of brain homogenate and further sub- 
cellular purification found the proteins in synaptosome rich fractions. These novel 
proteins therefore bind and are co-expressed with GABAA receptor subunits, the 
function of which is presently under investigation. The presence of the ubiquitin-like 
domain though is provocative and suggests the proteins might be involved in the 
selective degradation of GABAA receptor subunits.

This work is supported by the MRC.

533.5

SPECIFIC INTERACTION BETWEEN GABAa RECEPTORS AND 
GABAa RECEPTOR-ASSOCIATED PROTEIN (GABARAP).
J. Nymann Andersen,1 H. Wang,2 and R.W. Olsen.1,2* 1Department of 
Molecular and Medical Pharmacology, UCLA School of Medicine, Los 
Angeles, CA 90095-1735; 2Molecular Biology Institute, University of 
California, Los Angeles, CA.

The GABAa receptor-associated protein (GABARAP) was isolated in 
the yeast two-hybrid system by its ability to bind the intracellular 
domain of the γ2S and γ2L subunits. We now show that this interaction 
is specific for the γ2S and γ2L subunits and does not occur with all 
other subunits tested so far: α l, α2, α5, α 6 or β l subunits. The 
presence of a putative tubulin binding motif in GABARAP suggests its 
function as a linker molecule between GABAa receptors and the 
cytoskeleton. The specificity of the interaction between GABARAP 
and different GABAa receptor subunits was investigated using the yeast 
two-hybrid system. The intracellular loop of rat GABAa receptor α l, 
α2, α5, α6, β 1, γ2S and γ2L subunits were cloned into the bait plasmid 
pEG2O2 and expressed as fusion proteins tagged to the C-terminal end 
of LexA DNA-binding domain. Activation and repression assays 
showed that all these baits can enter the nucleus and not activate 
reporter genes by themselves. GABAa receptors composed of different 
subunits have distinct distribution patterns in the central nervous 
system and even in the cell, implicating a different mechanism than 
GABARAP for intracellular trafficking and membrane clustering of 
GABAa receptors lacking the γ2S or γ2L subunit.

This work is supported by NIH grant NS28772 (RWO) and training 
grant GM07185 (HW).

533.2
IDENTIFICATION OF RhoGDI-3 AS A PROTEIN INTERACTING WITH 
GABAa RECEPTOR β SUBUNITS. A. G. Stepanov†. H. Cinar‡ and E. M. 
Barnes. Jr,†‡*. Dept. of Biochem.† and Div. Of Neurosd.‡, Baylor Col. of 
Med., Houston, TX 77030.

The proteins which guide the intracellular traffic of GABAa receptors are, 
for the most part, unknown. In order to identify such molecules, we have used 
the large intracellular loop of the GABAa receptor β4 subunit as bait in a 
yeast two-hybrid screen. From a mouse brain cDNA library, this screen 
identified brain-specific RhoGDI-3, an inhibitor of GDP dissociation. The 
GABAa receptor β2 subunit will also act as bait for RhoGDI-3 in the two- 
hybrid system. Interaction of GABAa receptors with 35S-RhoGDI-3, labeled 
by translation in vitro, was examined by co-immunopredpitation with chick 
GABAa receptor subunits expressed in Sf9 cells. Using a β4-subunit 
antibody, 35S-RhoGDI-3 copredpitated with an α 1β4-subunit combination, or 
with β4 subunits expressed alone, but not with αl subunits alone. Co-
localization of GABAa receptors and RhoGDI-3 was demonstrated by 
confocal immunofluorescence microscopy of HEK293 cells transiently 
cotransfected with the cDNAs of the GABAa receptor α 1 subunit, a c-myc- 
tagged β4 subunit, and a hemagglutinin-tagged RhoGDI-3 fragment. 
Prominent co-localization of GABAa receptor β4 subunits and RhoGDI-3 was 
observed on plasma membranes. It may be suggested that RhoGDI-3 could 
attract Rho GTPases to GABAa receptors and thus play a role in their 
intracellular trafficking.

Supported by NIH grants NS34256 and NS 11535.

533.4
THE FUNCTION OF TWO GABAa RECEPTOR-ASSOCIATED 
PROTEINS (GABARAP AND RACK1): CLUSTERING AND SUBUNIT 
SPECIFICITY. Li. Chen* , Hongbing Wang and Richard W. Olsen. Dept. 
Molecular & Medical Pharmacology, UCLA School of Medicine, Los 
Angeles, CA90095-1735. USA
Two proteins were identified as associated with the intracellular domain of 
GABAa receptors using the yeast two hybrid screen. One new microtubule 
associated protein GABARAP binds to the γ2 subunit, and RACK1 (receptor for 
activated C-kinase) binds to the α 1 subunit It is suggested that the GABARAP is 
a putative linker molecule between GABAa receptors and the cytoskeleton 
system. In this study, GABARAP and a variety of GABAa receptor subunits were 
co-expressed in QT-6 cell line. The distribution pattern of GABAa receptors on 
the cell membrane was visualized by immunofluorescence. In cells expressing 
α 1/β2/γ2L GABAa receptors but not GABARAP, the majority of the cells 
(70.5%) showed diffused staining, 29.5% of the cells had clusters on the surface. 
When co-expressed with GABARAP (α1/β2/γ2L+GABARAP), distinct clusters 
were found on 75% of the cells, γ2 subunit seems essential for the clustering 
effect of GABARAP, since in the absence of γ2 subunit (α1/β2+GABARAP), 
only 22% of the cells had clusters, and 78% of the cells were diffusely stained. 
These results indicate that GABARAP promotes the clustering of GABAa 
receptors, and the γ2 subunit is required for this effect RACK1 is known to link 
PKC to substrate proteins. By using in vitro transcription and translation 
systems and GST pulldown assay for in vitro binding, we found that35 S-RACK1 
interacts directly with the intracellular loop of GABAa receptor α 1 subunit, but 
not γ2 subunit RACK1 also co-precipitated with GABAa receptor-GABARAP 
complex covalently linked to agarose beads. RACK1 may mediate the subunit 
specific effects of PKC on GABAa receptors. This work is supported by NIH 
grant NS28772(RWO) and training grant GM07I85(HW).

533.6
ESSENTIAL ROLES IN POSTSYNAPTIC CLUSTERING OF 
GABAa RECEPTORS FOR THE γ2 SUBUNIT AND GEPHYRIN 
C. Essrich, J.-M. Fritschy*, M. Lorez, J. Benson, B. Lüscher. Institute 
of Pharmacology, University of Zurich, Winterthurerstrasse 190, 8057 
Zürich, Switzerland.

Fast inhibitory neurotransmission in the brain is mediated mainly by 
γ-aminobutyric acid (GABA) gating heteromeric GABAa receptor 
chloride channels. Most types of GABAa  receptors are preferentially 
localized and clustered in the postsynaptic membrane of GABAergic 
inhibitory synapses and consist of variant α  and β subunits together 
with the γ2 subunit. The γ2 subunit is dispensable for assembly and 
translocation of functional receptors to surface membrane of neurons 
However, by analyzing cortical cultures form γ2 subunit-deficient 
neurons we show here that it is essential for postsynaptic targeting and 
clustering of major subtypes of GABAa  receptors containing either 
the α1 or α 2 subunit. Loss of GABAa receptor clusters in 72 subunit- 
deficient neurons is paralleled by loss of the synaptic clustering 
molecule gephyrin and loss of GABAa  receptor-mediated miniature 
postsynaptic currents. Conversely, antisense inhibition of gephyrin 
expression in wild-type neurons results in loss of GABAa receptor 
clusters. Thus, the 72 subunit and gephyrin are interdependent 
components of the same synaptic complex and essential for 
postsynaptic targeting and clustering of major subtypes of GABAa 
receptors. The 72 subunit might play a general role in modulating 
synaptic versus extrasynaptic localization of GABAa receptors in 
vivo.
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533.7
RECONSTITUTION OF BENZO D IAZEPINE-SENSITIV E GABA a  
RECEPTORS BY OVEREXPRESSION OF THE γ3 SUBUNIT IN γ2 
SUBUNIT-DEFICIENT MICE K. Baer, C. Essrich, J. Benson*, M. Lorez,
H. Bluethmann, B. Lüscher. Institute of Pharmacology, University of Zurich, 
Winterthurerstrasse 190, 8057 Zürich, Switzerland.

The γ3 subunit of GABAa  receptors is normally present at low levels only 
and part of a minor portion of receptors distributed throughout most of the 
forebrain. Upon coexpression with various combinations of α  and β subunits 
in heterologous cells it faithfully forms benzodiazepine (BZ)-modulated 
GABAa  receptors with, however, unique pharmacological properties. We 
previously showed that mice with a targeted disruption of the γ2 subunit gene 
(γ20/0) display almost normal numbers of GABAa  receptors that are, 
however, functionally impaired as indicated by the reduced channel 
conductance, absence of most of the BZ sites (-94%) and an early postnatally 
lethal phenotype (Günther et al., Proc Natl Acad Sci USA 92, 7749-53). In 
addition, the γ2 subunit is essential for co-clustering of GABAa  receptors 
with gephyrin and receptor targeting to postsynaptic sites (Essrich et al., 
accompanying Abstract). In order to test the extent by which the γ3 subunit 
could rescue (i) the formation of BZ binding sites, (ii) synaptic clustering of 
G A B A a  receptors, and (iii) the lethal phenotype of γ2 subunit-deficient 
mice, we established transgenic mice over-expressing the γ 3 subunit 
throughout the brain, and these were crossed with γ2+/0 mice. In γ3 
transgenic γ20/0 mice, the γ3 subunit can substitute for the γ2 subunit in the 
formation of BZ-sensitive GABAa  receptors. In contrast, the γ3 subunit 
failed to direct synaptic localization of GABAa  receptors and gephyrin in 
cultured neurons and the lethal phenotype was not alleviated. This points to 
the γ2 subunit but probably not the γ3 subunit as an important determinant of 
synaptic localization and clustering of GABAa  receptors.

534.1

GABA RECEPTORS: PHOSPHORYLATION OF G A BA a  RECEPTORS

534.2

PHOSPHORYLATION BY PROTEIN KINASE A MAY MEDIATE 
UNCOUPLING OF GABA AND BENZODIAZEPINE RECEPTOR 
BINDING AFTER CHRONIC EXPOSURE TO DIAZEPAM IN Sf9 
CELLS. N. Ali, M. Gordey*, and R.W. Olsen. Department of Molecular 
and Medical Pharmacology, UCLA School of Medicine, Los Angeles, 
CA 90095-1735

Sf9 cells expressing α 1β2γ2 GABAR under Baculovirus promoters 
were used as a model to investigate phosphorylation as a mechanism o f 
uncoupling of the GABA and benzodiazepine (BZ) binding sites after 
chronic diazepam treatment. Tolerance develops to many clinical 
actions of the BZs especially anticonvulsant effects. Tolerance to BZs 
can be modeled in primary cultured neurons or even in heterologous 
cells expressing recombinant GABAa receptor. In this study, we 
reproduced the results of Primus et al. (1994) that Sf9 cells expressing 
α1β2γ2 GABAR exposed to diazepam for 60 hr showed an uncoupling 
of GABA and BZs binding, and the uncoupling was reversed by 
including the BZ antagonist flumazenil in the medium for 1 hr. When 
CPT-cAMP (PKA activator) was present with flumazenil during the last 
hour of a 60 hr diazepam exposure, there was a potentiation of the 
reversal o f uncoupling by flumazenil. When H-89 (PKA inhibitor) was 
present during the last hour, there was a potentiation o f uncoupling 
compared with diazepam alone. Mutation of the PKA substrate, the β2 
subunit S410A has been studied to determine whether direct 
phosphorylation of GABAR is involved. Results suggest that 
phosphorylation by PKA promotes reversal or prevents uncoupling, 
and dephosphorylation is somehow involved in uncoupling.

This work was supported by NIH grant NS28772 (RWO)

534.3
MODULATION OF THE GABAA RECEPTOR BY TYROSINE 
PHOSPHORYLATION: FUNCTIONAL SIGNIFICANCE OF THE β AND γ 
SUBUNITS. S. Roder1* , C. F. Valenzuela2, J. F. MacDonald1 and B. A. Orser1,3. 
1Dept. Physiology, University of Toronto, Toronto, ON, Canada, M5S 1A8; 
2Dept. Neuroscience, University of New Mexico HSC, Albuquerque, NM., 87131; 
3Dept. Anaesthesia, Sunnybrook HSC, Toronto, ON, Canada, M4N 3M5.

Recombinant GABAa receptors have been shown to be tyrosine 
phosphorylated at residues 384 and 386 on the β1 subunit and at residues 365 
and 367 on the γ2L subunit. In addition, sequence homology analysis has 
demonstrated that the β2 subunit possesses a single tyrosine phosphorylation 
site at 384, whereas the β3 subunit contains none. The present study 
investigated the contribution of these phosphorylation sites to the regulation of 
GABAa receptor desensitization. GABA-induced whole cells currents were 
recorded from human embryonic kidney cells (HEK 293) expressing either the 
human α1βx or α1βxγ2L combinations, with ßx being one of the β1, β2 or β3 
subunits. In addition, endogenous tyrosine kinase activity was inhibited with the 
application of genistein. GABA-induced currents from the various receptor 
subunit combinations were all observed to desensitize, including receptors 
composed of α1βx subunits. However, the ability of genistein, to alter GABAa 
receptor desensitization was dependent on the presence of tyrosine 
phosphorylation sites on the β subunit. Genistein decreased the extent of 
desensitization of GABA-induced currents from HEK cells transfected with the 
α1β1 and α1β2. In the cells with the α1β3 subunit combination, containing no 
known tyrosine phosphorylation sites, genistein was unable to change the 
extent of desensitization. These data suggest that tyrosine phosphorylation sites 
on the β  subunits play a role in the regulation of GABAa receptor 
desensitization. (Supported by a Savoy Foundation Fellowship to S. R.. IARS 
and Ontario Ministry of Health grants to B. A. O., and an MRC grant to J. F. M.).

534.4
DIFFERENTIAL CELL SURFACE STABILITY OF GABAA RECEPTORS: 
DEPENDENCE ON PKC ACTIVITY AND SUBUNIT COMPOSITION. C. N. 
Connolly*, J. Uren and S. J. Moss. M edical Research Council 
L ab o ra to ry  o f  M o lec u la r C e ll B io logy  and  D ept. o f 
Pharmacology, University College London, London , UK.

GABAa  receptors in the mammalian CNS are most commonly 
composed of α1 β and γ subunits. Although cell surface expression is 
essential for receptor function little is known regarding how this may 
be regulated. To address this issue, recombinantly expressed 
receptors composed of αlβ2 or α 1β2γ2 were studied by 125l-antibody 
binding and immunofluorescent endocytosis assays. PKC activation was 
found to specifically reduce the surface levels of γ2-containing 
receptors, but not those composed of only αlβ2 subunits. This down- 
regulation could be blocked by staurosporine. Curiously, both α1β2 and 
α 1β2γ2-containing receptors were found to endocytose constitutively 
and to recycle back to the cell surface independently of kinase 
activation. In support of these findings, blocking receptor recycling 
with monensin reduced the surface expression of both α1β2 and α1β2γ2 
receptors. Furthermore, staurosporine treatment did not block 
receptor endocytosis or monensin-induced down-regulation of α1β2γ2 
receptors. Together, these results suggest that PKC activity prevents 
α1β2γ2 receptor recycling rather than inducing its endocytosis. Direct 
phosphorylation of GABAa  receptors by PKC is not required for down- 
regulation, suggesting the involvement of a PKC-regulated interaction 
of receptors with an unidentified factor responsible for the specific 
down-regulation of y2-containing GABAa receptors.
This work was supported by the Medical Research Council.
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534.5
MODULATION OF GABAa -RECEPTORS BY ASSOCIATED KINASES
N.T.Brandon and S.J. Moss*
MRC Laboratory of M olecular Cell Biology and D epartm ent of 
Pharmacology,University College London, Gower St, London. WCIE 
6BT. UK.

The GABAa R is a pentamer made up from a large group of subunits 
including α (1-6 ) ,β(1-4),γ(1-3), δ and ε. Subunits share a common 
structure which includes 4 transmembrane regions, a large extracellular 
am ino-term inus and a large in trace llu la r dom ain  betw een 
transmembranes regions 3 and 4. Previous studies have identified sites 
within the intracellular dom ain of various subunits w hich are 
phosphorylated by the second messenger dependent kinases such as 
cyclic-amp dependent protein kinase and protein kinase C , and also 
the tyrosine kinase pp60v-src. This study  has focused on the 
phosphorylation of native GABAA-receptors in the brain. Antibodies 
have been raised which recognise specifically the amino terminus and 
specific phosphorylation states of the intracellular loop of the γ2 
subunit. We show that this subunit is tyrosine phosphorylated in the 
brain, confirming recom binant data. Specific association of protein 
kinases with receptor subunits in the brain has also been examined. 
Both a src-like kinase and a serine /threonine kinase are reported here to 
associate with, and phosphorylate the intracellular domain of the β1 
subunit. Work is ongoing to characterise the nature of the kinase- 
receptor interactions.

This work was supported by the UK Medical Research Council.

534.7
TARGETED MUTATION OF PHOSPHORYLATION SITES OF THE 
GABAa R γ2 SUBUNIT IN ES CELLS AND MICE. D. Livingstone.
I.Houghton, T.A.GIencorse* and R.W.Davies. University of Glasgow, I.B.L.S. 
Molecular Genetics, 54 Dumbarton Rd., Glasgow, G11 6NU, U.K.

GABAa R subunits are phosphorylated by a variety of kinases including 
PKC, PKA, Cam KII and tyrosine kinases. Manipulation of phoshorylation 
levels in cells results in modulation of GABA induced chloride currents. These 
effects are reduced or abolished after site directed m utagenesis of 
phosphorylation sites suggesting that these effects are due, at least in part, to 
the direct phosphorylation of receptor subunits. Two forms of the GABAa R γ2 
subunit are produced by alternate splicing of the transcript. The long form has 
an additional eight amino acid sequence in the large intracellular loop which 
contains a PK C /C am K II site. Several studies have suggested that 
phosphorylation of GABAa R subunits, in particular the long form of the γ2 
subunit, has a role in the modulation of GABA a R function by low 
concentrations of ethanol. The results of experiments to study the effects of 
subunit phosphorylation and of ethanol are contradictory, possibly due to the 
limitations of the different experimental systems used.

W e have used gene targeting techniques to delete the alternately spliced 
exon of the GABAa R γ2 subunit and to modify the phosphorylation site in the 
exon with a point mutation in the ES cell line, CGR8. Homozygous mutant ES 
cell lines have been isolated and differentiated to produce neurons. These  
neurons express a wide variety of GABAa R subunits and can be used to 
study the effects of the mutations in neuronal cells. Mutant mice will allow the 
detailed study of the role of the alternately  spliced exon and the  
phosphorylation site in the modulation of inhibitory synapses. They will also 
allow any effects of the mutations on the development of the nervous system 
and behaviour to be studied as well as the role of subunit phosphorylation in 
the action of drugs such as ethanol. (Supported by the Wellcome Trust)

534.9
FURTHER EVIDENCE FOR REGULATION OF GABAa RECEPTOR 
SUBUNIT GENE EXPRESSION BY CYCLIC AMP
C.L. Thompson*, G. Razzini, S. Pollard and F.A. Stephenson. School of Pharmacy, 
University of London, London; UK, •Department of Biological Sciences, University 
of Durham, Durham, UK. SPON: British Neuroscience Association 

We previously showed that the GABAa receptor expression profile of juvenile rat 
cerebellar granule cells, in vitro, was modulated following chronic treatment with 
intracellular cAMP-elevating agents. Thus, expression of the α 1 subunit and 
flunitrazepam-sensitive [3H]Ro15-4513 binding sites (BZ-S) was up regulated whilst 
the α6 subunit was down regulated. We have extended this investigation to show 
that mature granule cells (7 days in vitro) adapt their GABAa receptor subunit gene 
expression in response to chronic activation of cAMP-mediated signalling, e.g. with 
10 µM forskolin. Similar to our findings with juvenile granule cells, quantitative 
immunoblotting showed that expression of the α6 subunit was down regulated by 74 
± 10%, whilst the α l subunit was up regulated by 159 ± 67% relative to vehicle- 
treated controls. Also, β2 subunit expression increased by 34 ± 10%,whilst β3 
subunit was decreased by 43 ± 9%. [3H]Ro15-4513 binding in conjunction with 
photoaffinity-labelling showed that α 1 subunit-containing BZ-S receptors were up 
regulated by 90% whereas α6 subunit-containing BZ-IS sites were down regulated 
by 20%. Forskolin-mediated effects on α 1, but not α6 subunit expression was 
prevented by inhibitors of protein kinase-A The effect of elevated cAMP on the 
steady-state levels of GABAa receptor subunit mRNAs was determined by semi- 
quantitative reverse transcription-coupled polymerase chain reaction amplification. 
GABAa receptor α6 subunit mRNA decreased by 61 ± 14%, α l and β3 subunit 
mRNAs were unaffected, whilst β2 subunit mRNA was up regulated by 64 ± 39%. 
These results imply that cAMP regulates GABAa receptor subunit gene expression 
by several mechanisms and may play a role in fine-tuning neuronal excitability.
This work was supported by the Wellcome Trust (FAS and CLT)

534.6
cAMP-Dependent Protein Kinase (PKA) Enhances Recombinant Rat 
α1β1γ2L Whole-Cell GABAa Receptor Currents in L929 Fibroblasts. 
D.J. Hinkle1*, K.F. Haas1, and R.L. Macdonald123. Neuroscience Program1 
and Departments of Neurology2 and Physiology3, University of Michigan; 
Ann Arbor, MI, 48104-1687.

Many studies have demonstrated that phosphorylation by cAMP- 
dependent protein kinase (PKA) modulates the function of voltage and 
ligand gated ion channels. However, the effects of activation of PKA on γ 
aminobutyric acid receptor type A receptor (GABAR) function are 
controversial. In this study, the effects of activation of PKA on whole cell 
GABAR currents were studied in mouse L929 fibroblasts transiently 
transfected with α 1, β1, and γ2L GABAR subunit subtypes. To control for 
intercellular variability, each cell was impaled initially with physiological 
control solution in the pipette and then reimpaled with experimental 
solution in the pipette. GABAR currents were increased following 
reimpalement with pipettes that contained cAMP or the catalytic subunit of 
PKA (cPKA) but were decreased following reimpalement with pipettes that 
contained control solution, cPKA plus protein kinase inhibitory peptide 
(PKIP), or cAMP plus PKIP. The enhancement of GABAR current by 
cAMP and cPKA was abolished also by mutation of the β1 subtype serine 
409 to alanine. These results support the hypothesis that PKA-mediated 
phosphorylation enhances α 1β1γ2L GABAR current in L929 fibroblasts via 
phosphorylation of a single serine residue (S409) on the β1 subunit. 
Supported by NIH grants RO1-NS333000 (R.L.M.) and T32-DA07281-03 
(D.J.H. & K.F.H.)

534.8
DEVELOPMENTAL CHANGES IN GLYCINE RECEPTOR REGULATION 
BY PROTEIN KINASE C. LG. Aguayo*, F.A. Albarran J.P. Roa, J.C. 
Tapia, E.O. Figueroa and R. Navarrete. Lab.Neurophysiol, Dept. 
Physiology, Univ. Concepcion, Chile & Div. Neuroscience, Imperial 
College, UK.

Previous studies from our laboratory have shown that the Cl 
current activated by glycine is inhibited by the phorbol ester PMA (1 µM). 
Recent studies, however, have questioned whether this effect of PMA is 
actually mediated through protein kinase C (PKC) activation. We have 
therefore investigated whether the effect of PMA on the glycine receptor 
(GLY-R) is mediated through PKC, and if it changes during development. 
Electrophysiological and immunocytochemical studies were carried out in 
spinal neurons from 14 day old rat embryos kept in culture for up to three 
weeks. The sensitivity of the whole-cell glycine activated current to PMA (1 
µM) was studied during neuronal development. The inhibition of the current 
after 2 minutes of stimulation were as follows: 89±6% in week 1,  87±4% in 
week 2 and 82±5% in week 3. Recordings at longer times after PMA 
stimulation showed that the current was irreversibly blocked in all the cells. 
The effect of PMA was completely blocked by the PKC inhibitor RO 31- 
8220 (1 µM). After culturing the cells with 1 µM PMA for 24 hours, the 
effect of acute application of PMA disappeared completely. In agreement 
with these results, immunofluorescence studies showed that short (2-30 
min) stimulations with PMA translocated the enzyme to the membrane 
whereas long stimulations (24 h) down regulated the PKC signal. In 
conclusion, these results indicate that GLY-R sensitivity to PKC inhibition 
changes during neuronal development and that it is possible to modulate 
its function through activation of this enzyme. Supported by Fondecyt 
1950917 and 1980106 and British Council.

Society for N euroscience, Volume 24 ,1998



1352 OPIOID AND OPIATE RECEPTORS: MODULATION TUESDAY PM

535.1 535.2
THE DISTRIBUTION OF DELTA OPIOID RECEPTOR IMMUNOREACTIVITY  
(DOR-IR) IS SEVERELY DISRUPTED IN PREPROTACHYKININ A (PPTA) 
KNOCKOUT (KO) MICE Y .Q . Cao1*, R.E Ide2,N.P. Gerard3 , _C  Gerard3,  A.I. 
Basbaum1, 4 Neuroscience Program1 and Dept.Anatomy4 , UCSF, CA; Dept. 
Cell Biology and Neuroanatomy2, Univ. Minnesota, MN; Dept. Medicine3 , 
Harvard Medical School, MA.

W e recently reported that mice with a  deletion of the gene that encodes PPTA  
do not respond appropriately to a range of intense noxious stimuli. Although 
immunoctyochemistry revealed a normal distribution of enkephalin, dynorphin 
and the mu opioid receptor in these mice, we now show that DOR-ir is almost 
completely absent in the dorsal horn of the spinal cord, in the trigeminal nucleus 
caudalis and in the nucleus of the solitary tract, regions targetted by tachykinin- 
containing afferents. DOR-ir in heterozygotes (hz) was also decreased. In the  
trigeminal ganglion (V) punctate DOR-ir was present in cell bodies and axons, 
but we found no signal in the mutant mice. However, RT-PCR revealed 
comparable levels of DOR mRNA in the V of wt, hz and ko mice, indicating that 
DOR transcription was not affected. Importantly DOR-ir in mice with a deletion of 
the neurokinin-1 receptor is normal. DOR was also notably decreased in the  
parabrachial nuclei, the periaqueductal gray, and the interpeduncular nucleus, 
all of which contain high tachykinin levels in the wt. By contrast, we found 
significantly increased DOR-ir in the olfactory bulb, cerebral cortex, caudate- 
putamen, globus pallidus, septal nuclei, bed nucleus of the stria terminalis and 
the diagonal band of the ko mice, including the presence of many DOR-ir cell 
bodies, which are rarely seen in wt mice. DOR-ir in the colliculi, cerebellum, 
hippocampus and amygdala was not altered. This remarkable redistribution of 
the DOR in the PPTA mutant mice is unlikely to contribute to their "pain" 
phenotype, but it provides evidence that tachykinins and DOR are 
interdependent and may traffic together. Supported by DE 08973, N S 14627  
and NS 21445.

LONG-TERM REGULATION OF OPIOIDS IN THE SPINAL CORD OF 
ARTHRITIC RATS. M. Zanni1*, M. Pozza2, R. Arletti3, F. Magnani2, L. 
Calzà2’4, 1ORL Division, Carpi Hospital, Italy; 2Pathophysiol. Center Nervous 
System, Hesperia Hospital, Modena, Italy; 3Dept. of Biomed Sci., Modena 
University, Italy; 4Dept. of Biochem. and Human Physiol., Cagliari University, 
Italy.

Inflammatory pain activates opiate systems in the spinal cord. However, 
very little is known on reversibility of this regulation. In this presentation, we 
describe the long-term regulation of opiate system in spinal cord of rats which were 
injected with complete-Freund adjuvant (CFA, 150µl, in the upper-side of the tail), 
studying functional parameters (hot-plate latency after naloxone, 1mg/kg) and opiate 
receptor density (quantitative autoradiography, using 3H-naloxone, 3H-DAMGO as 
selective ligand for µ receptors and 3H-D-ala-D-leu-enkephalin as selective ligand for 
δ receptors). Receptor study was performed when inflammation was very strong (21 
days after CFA) and when symptoms were regressed (79 days after CFA 
administration). The results are reported in TABLE I (%mean value±SEM; ANOVA 
and Dunnett’ test *p<0.05, **p<0.01):

535.3

COMPARATIVE EFFECTS OF CYCLOOXYGENASE AND NITRIC 
OXIDE SYNTHASE INHIBITION ON SPINAL OPIOID TOLERANCE.
K. Powell1, R. Ouirioi2 , and K.H. Jhamandas *1 Dept. o f Pharmacology and 
Toxicology, Queen’s University, Kingston, Ontario, Canada, K7L 3N6, and 
2Douglas Hospital Research Center and Dept. of Psychiatry, McGill 
University, Montreal, Quebec, Canada, H9H 1R3.

Recent evidence indicates that prostaglandins and nitric oxide behave as 
second messengers in the function of spinal N -methyl-D-aspartate (NMDA) 
receptors mediating hyperalgesia. Since spinal NMDA receptor activity has 
been demonstrated to mediate tolerance to opioid analgesia, we investigated 
the ability of agents which inhibit prostaglandin synthesis (ketorolac) and 
nitric oxide synthesis (L-N G-nitro arginine methyl ester (L-NAME)) to block 
or to reverse the development of tolerance to the spinal antinociceptive 
effects o f morphine. A 7 day treatment with morphine (15 µg IT/day) to 
animals beàring indwelling intrathecal catheters produced a 4.5 fold increase 
in the ED50 for the antinociceptive actions of morphine in the tail-flick and 
paw pressure tests, reflecting the development o f tolerance. Concurrent 
treatment with ketorolac (30 µg) completely inhibited the increase in ED50 of 
spinal morphine, but similar treatment with L-NAME (100 µg) only partially 
inhibited this increase. In animals with established morphine tolerance, 
chronic treatment with ketorolac (30 µg IT/day) alone or in combination with 
morphine (15 µg) partially reversed the increase in the ED50 of morphine. 
The results indicate that cyclooxygenase (COX) inhibition may be more 
effective than nitric oxide synthase inhibition in preventing the development 
o f spinal opioid tolerance and, additionally, COX inhibition can reverse 
established opioid tolerance. [Supported by MRC and Ferring]

535.4

OPIATE UPREGULATION OF ADENYLYL CYCLASE LINKED TO 
GABA TONE IN 5-HT DORSAL RAPHE NEURONS. T. Jolas*, L. 
Gilden, E. Nestler and G.K. Aghajanian. Depts. of Psychiatry & 
Pharmacology, Yale School of Medicine, New Haven, CT 06508.

We have found that chronic morphine enhances spontaneous and 
forskolin-induced GABAergic IPSCs in serotonergic (5-HT) neurons of 
the dorsal raphe nucleus (DRN). As forskolin is an activator of adenylyl 
cyclase (AC), this suggests an upregulation of the cAMP pathway. To 
further assess the involvement of the cAMP pathway in these changes, 
we recorded intracellularly from 5-HT neurons in brain slices containing 
the DRN. Opiate dependence was induced by implantation of morphine 
pellets (75mg/day, 2 or 5 days). Forskolin ( 1 or 10µM) produced a 
greater increase in IPSC frequency in morphine-dependent than in sham 
rats. Consistent with an upregulation of the cAMP pathway, there was 
an increase of AC-VIII (but not AC-I, III and V) immunoreactivity in 
the DRN/PAG of dependent rats. Forskolin increased IPSC amplitude 
in 59% of 5-HT neurons in the treated rats, an effect blocked by TTX 
(2µM), indicating that this part of the increase was impulse-flow 
dependent. Superfusion of the slice with the PKA inhibitors Rp-cAMPS 
(100 µM) and H89 (10 µM) decreased basal IPSC activity in dependent 
rats to a level close to sham, and blocked, in both groups, the effect on 
IPSCs of 1µM but not of 10µM forskolin. The PKA insensitive part of 
the forskolin effect was reduced by ZD7288 (100µM), a blocker of the 
cAMP-activated Ih/If channel. We conclude that chronic morphine res
ults in an upregulation of the cAMP pathway increasing cAMP-mediated 
GABA release and Ih current in GABAergic neurons. These changes 
would lead to an increase in GABA tone and subsequently to a decrease 
in 5-HT activity during opiate withdrawal. Supported by NIMH & NIDA.

535.5

CONTINUED MORPHINE MODULATION OF CALCIUM CHANNEL 
CURRENTS OF ACUTELY ISOLATED LOCUS COERULEUS NEURONS 
FROM MORPHINE-DEPENDENT RATS. M.A. Connor* & M.J. Christie. 
Dept. of Pharmacology, University of Sydney, NSW 2006 AUSTRALIA.

We have examined the µ-opioid regulation of calcium channel currents 
(IBa, charge carrier 2 mM Ba2+) in LC neurons from morphine-dependent 
rats (4-6 weeks old). Physical dependence was induced by injections of a 
slow release morphine preparation (100 mg/kg) on alternate days for 5d. 
Whole-cell voltage clamp recordings of IBa were made from neurons acutely 
dissociated from LC slices by trituration after a 2 min papain treatment. 
Superfusion of naloxone (1 µM) or morphine-free buffer onto LC neurons 
from dependent rats maintained in 5 µM morphine resulted in an immediate 
increase in the amplitude of IBa of 37 % and a reduction of the 95 % rise 
time of Ißa from 3.2 to 2.6 ms. Similar changes were seen in cells from 
vehicle treated rats maintained in morphine after sacrifice (37 % increase in 
amplitude, rise time reduced from 3.3 to 2.6 ms). These changes are 
consistent with simple reversal of µ-receptor mediated G-protein-dependent 
inhibition of IB a. Concentration response curves for morphine inhibition of 
Ißa were obtained from cells spontaneously withdrawn from 5 µM morphine 
5-60 min before recording. In cells from vehicle treated rats the EC50 for 
morphine was 260 nM, maximum inhibition 42 %. In cells from morphine- 
dependent rats the EC50 was 330 nM, max 33 %. There was no difference 
in peak IBa density between morphine dependent (133 ± 7 pA/pF) or vehicle 
(131 + 7  pA/pF) rats, and no difference in the inhibition of IBa by the α2- 
agonist UK14304. These results are consistent with previous work 
demonstrating modest, homologous tolerance to the effects of morphine on 
potassium channels in the LC of morphine dependent rats. M.A.C. 
supported by a R.E. Lake Fellowship, M.J.C. by the University of Sydney 
Medical Foundation.

535.6
SUPPRESSION OF ACUTE AND CHRONIC MORPHINE 
WITHDRAWAL IN THE RAT LOCUS COERULEUS BY A GUANYLYL 
CYCLASE INHIBITOR. M. Sullivan, S. Hall, B. Milne, K. Jhamandas,
1S.D. Iscoe*. Departments of Pharmacology and Toxicology, Anaesthesia 
and 1Physiology, Queen’s University, Kingston, Ontario, Canada. K7L 3N6.

Recent evidence suggests that activation of NMDA receptors underlies the 
hyperactivity of noradrenergic neurons of the locus coeruleus (LC) observed 
during opioid withdrawal. The activity of NMDA receptors is mediated by 
nitric oxide (NO) which stimulates soluble guanylyl cyclase (sGC). We have 
examined the role of sGC in this LC hyperactivity using 1H- 
[l,2,4]Oxadiazolo[4,3-a]quinoxalin-l-one (ODQ), a selective inhibitor of the 
enzyme. An acute injection of morphine (10 µg, i.c.v.) suppressed the 
catecholamine oxidation current (CA•OC) recorded in the LC using 
differential normal pulse voltammetry. Administration of the mu opioid 
receptor antagonist, naloxone (2 mg/kg i.v.), 45 minutes following morphine 
injection, reversed the inhibition of LC activity and increased this activity 
above baseline (LC withdrawal response). Pretreatment of animals with 
ODQ (200 nmol in 5 µl i.c.v.) did not influence the inhibitory effect of 
morphine on LC activity but blocked the LC withdrawal response. In animals 
rendered dependent on morphine by chronic infusion (15 µg/µl/hr, i.c.v., 
5days), naloxone challenge produced a robust LC withdrawal response. 
Pretreatment with ODQ significantly inhibited this response. These results 
suggest that sGC may play a role in the genesis of acute and chronic 
morphine withdrawal at the level of LC. [Supported by the Medical Research 
Council of Canada]
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TABLE I 3H-naloxone 3H-DAMGO 3H-DADLE
control 100.0±4.9 . 100.0±  4.8 . 100.0±4.9 .
CFA, 21 days 106.8±3.8 . l39.2±lO.7* 116.2±4.5 .
CFA, 79 days 130.2±2.1** 199.1±4.5** 133.6+3.2*

TABLE II basal + naloxone
control 10.00±0.70 9.80±0.14
CFA, 79 days 7.96±O.52* 6.86±0.57*°

Hot-plate test was performed 79 days after CFA, and the results are presented in 
TABLE II (latency, sec.; non parametric Wilcoxon test, *p<0.05 vs control, °p<0.05 
vs matching basal group):

These data indicate the long-term regulation of opiate system in the spinal cord after 
exposure to acute inflammation, that persists after the regression of acute 
inflammation and pain. (Supported by EU grant BIOMED 2 BMH4-CT95-0172, LQ
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535.7
AGONIST PRE-EXPOSURE ATTENUATES SIGNAL TRANSDUCTION 
THROUGH KAPPA OPIOID RECEPTOR AND D2 DOPAMINE RECEPTOR 
SYSTEMS ON MESENCEPHALIC DOPAMINERGIC NEURONS. F. Dalman*, M. 
Moffat+ and K. O’Malley+.
Depts. of Anesthesiology and Anatomy & Neurobiology+, Washington Univ. School 
of Med., St. Louis, MO 63110.

Agonists of the kappa opioid (κ) receptor are analgesics. However, their clinical 
use is currently limited by side effects, such as dysphoria, which are thought to be 
due, in part, to the actions of κ receptors on dopaminergic neurons that reside in the 
ventral tegmental area of the midbrain. In order to study the effects of κ receptor 
activation, we established cultures of dissociated neurons from the mesencephalic 
tissue of rat embryos and compared the effects of κ agonists (U50,488 and U69,593) 
to the effects of a D2 dopamine receptor agonist (quinpirole). Using a 3H-dopamine 
(3H-DA) release assay as a measure of receptor function, U5O,488, U69,593 and 
quinpirole were found to inhibit spontaneous and potassium (K+) stimulated 3H-DA 
release. The capacity of U5O,488 to inhibit K+ stimulated 3H-DA release was not 
altered by blockade of NMDA, AMPA or GABA receptors in the culture system. 
The effects of U5O,488 were blocked by a κ receptor specific antagonist (nor-BNI) 
and by pertussis toxin. Continuous exposure to κ agonists resulted in a rapid and 
complete attenuation of κ effects on K+ stimulated 3H-DA release. Similarly, 
attenuation of the D2 response occurred as a result of exposure to quinpirole. 
Heterologous desensitization was not observed. In conclusion, κ receptors on 
mesencephalic dopaminergic neurons act to inhibit dopamine release through a Gi or 
Go mediated mechanism. Continuous exposure to κ agonists results in desensitization 
that occurs quickly and with a similar time course as is observed for desensitization 
of the D2 receptor. The desensitization observed is probably the result of changes in 
signaling components not shared between the two receptor systems. Supported by 
the Washington Univ. School of Med. Dept. of Anesthesiology and by DA08818.

535.9
DESENSITIZATION OF THE HUMAN κ OPIOID RECEPTOR BY U50488 
AND THE DYNORPHIN ANALOG E2078. E. Mansson*, R. N. DeHaven, J. D. 
Daubert and G. Yu., Adolor Corporation, Malvern, PA 19355.

A stable CHO-KI cell line expressing the human κ opioid receptor was used to 
characterize the desensitization of the receptor after pre-treatment of the cells with 
the arylacetamide κ agonist, U5O488, or the stable dynorphin analog, E2O78. Pre
treating the cells for 3 hrs with either 1µM U50488 or 1µM E2O78 resulted in a 10- 
fold increase in the EC50 value for the inhibition of cAMP synthesis, suggesting a 
change in the Kd and/or Bmax that may result from a change in the coupling of G- 
protein to the receptor.

To further characterize the receptor desensitization, [3H]-diprenorphine binding 
was performed in membranes isolated from pre-treated and untreated cells. The 
unlabeled antagonist, diprenorphine, inhibited [3H]-diprenorphine binding to 
membranes derived from untreated cells with an IC50 of 0.25 nM. Using membranes 
from cells pre-treated with U5O488 or E2O78 the IC50 values for diprenorphine 
were 2.0 nM and 0.75 nM, respectively. The agonist, U5O488, inhibited [3H]- 
diprenorphine binding to membranes from untreated cells, U5O488 pre-treated cells 
and E2O78 pre-treated cells with IC50 values of 23 nM, 348 nM and 16 nM.

Exposure to the arylacetamide most likely uncouples the receptor from the G- 
protein and induces a low affinity state of the receptor. Exposure to the dynorphin 
analog appears to change receptor density

These results demonstrate that the arylacetamide U5O488 and the dynorphin 
analog E2O78 desensitize the κ receptor differently, suggesting that more than one 
pathway is involved.

535.11

EFFECT OF RESTRAINT STRESS ON DELTA AND KAPPA OPIOID 
RECEPTOR BINDING IN NORMOTENSIVE RAT BRAIN. B.W. Sweerts, B. 
Jarrott and A.J. Lawrence*. Dept. of Pharmacology, Monash University, Clayton, 
Victoria, Australia, 3168.

Opioids are implicated in many physiological processes, including the stress 
response, analgesia, dependence and reward (1). Some of the behavioural responses 
associated with stress are similar to those produced by endogenous opioid peptides. 
In particular, changes in delta opioid receptor binding have been observed following 
exposure to various stressors, and kappa opioid receptors are thought to be involved 
in stress-induced motor suppression (2). This study has utilised receptor 
autoradiography to investigate changes in density of delta and kappa opioid 
receptors in rat brain following exposure to acute and chronic restraint stress. 
Wistar-Kyoto (WKY) rats were exposed to 1 hour of restraint stress between 10am 
and 12pm for a period of 0 (control), 1, 3, 5, or 10 days. Sections from the forebrain 
(amygdala), pons (locus coeruleus) or medulla (nucleus of the solitary tract (NTS)) 
were incubated in buffer containing radioligands for either delta receptors ([3H]- 
Naltrindole) or kappa receptors ([3H]-U69593). Significant increases in [3H]- 
Naltrindole (delta) binding were observed in the hypoglossal nucleus (p<0.05; Day 0 
vs Day 1 (+43%)), basomedial amygdala (p<0.05; Day 0 vs Day l(+17%), 3(+12%)), 
ventromedial hyypothalamus (p<0.05; Day 0 vs Day 3(+17%)) and cortex (p<0.05; 
Day 0 vs Day 3(+7%), 5(+10%)). [3H]-U69593 (kappa) binding decreased
significantly in the medial NTS (p<0.05; Day 0 vs Day 3(-29%)) and increased 
significantly in the amygdalostriatal transition area (p<0.05; Day 0 vs Day 
5(+16%)). These results suggest that delta and kappa opioid receptors may be 
implicated in mediation of the stress response in normotensive WKY rats, and that 
particular brain regions containing delta and kappa opioid receptors may be 
selectively activated by acute or chronic stress.
1 Olson, G. et al., (1996). Peptides, 17, 1421-1466.
2 Yamada, K. and Nabeshima, T., (1995). Behav. Brain Res., 67, 133-145.

535.8
POTENTIATION OF OPIOID ANALGESIA IN D2 RECEPTOR 
MUTANT MICE. J.E. Pintar1*, M. A. King2 , S. Bradshaw1, A, 
Schuller1, and G.W. Pasternak2 . 1 Dept. Neuroscience, UMDNJ- 
RWJMS, Piscataway, NY and 2Cotzias Laboratory of Neuro- 
ocology, Sloan-Kettering, NY, NY 10021 

We have used a novel strain of D2 mutant mice to investigate 
interactions between the D2 receptor system and multiple 
endogenous opioid receptor systems. Initially it was shown that (- 
)-Sulpiride (s.c) enhanced morphine analgesia in wild-type but not 
homozgyous D2 mutant mice, which pharmacologically confirmed 
the D2 knock-out. Analgesic responses to morphine, M6G, 
U50488H, NalBzoH and OFQ (5 ug i.t. only) were all potentiated 
in the D2 homozygous mutant mice following s.c., i.c.v., and i.t. 
routes of administration while analgesia to DPDPE (4 ug i.c.v. or 
300 ng i.t) and OFQ (10 ug i.c.v.) were unaffected. These 
findings suggest that the D2 receptor tonically inhibits several, but 
not all, endogenous opioid systems with the kappa (~ 12 -fold 
potentiation) and ORL-1 (~5-fold potentiation) systems exhibiting 
greatest tonic inhibition. The sigma receptor agonist (+)- 
pentazocine (s.c.) dose-dependently reversed morphine analgesia 
in the D2 knockout. This activity of (+)-pentazocine suggests that 
a tonically active sigma receptor system remains active in the 
homozygous D2 mutant mice and can inhibit opioid activity. 
Overall, these findings suggest that both the D2 receptor and sigma 
receptor can independently inhibit opioid receptor activity. 
Supported by DA-08622 (JEP), DA-00220 and DA-07242 
(GWP).

535.10
MODULATIONS OF STEROIDAL LEVELS BY ADRENALECTOMY/ 
CASTRATION AND INHIBITION OF NEUROSTEROID SYNTHESIS 
ENZYMES AFFECT THE σ1 RECEPTOR-MEDIATED BEHAVIORS IN MICE. 
T. Maurice*, V.-L. Phan and T.-P Su. INSERM U. 336, 34296 Montpellier, France (TM, 
VLP); Div. Intramural Res., NIDA/NIH, Baltimore MD 2Ì224, USA (TPS).

The interaction between neurosteroids (NS) and sigma, (σ1) receptors may be of 
therapeutic interest during physiological or pathological aging, particularly as 
concerns the neuromodulatory role exerted by NS on cognitive functions. In 
particular, NS modulate memory processes through a mechanism involving 
interactions with GABAA, N-methyl-D-aspartate and/or σ 1 receptors. To measure 
the contribution of endogenous NS levels to the anti-amnesic effects of σ 1 agonists, 
we investigated the effects of inhibitors of key enzymes involved in NS synthesis in 
adrenalectomized/castrated (AdX/CX) mice, in order to avoid the effect of 
circulating steroids. Trilostane, a 3ß-hydroxysteroid deshydrogenase inhibitor, 
blocks the pregnenolone to progesterone (PROG) conversion and leads to a 
decrease of PROG. Finasteride, a 5α-reductase inhibitor, blocks the PROG to 5α- 
pregnane-3,2O-dione conversion and leads to an accumulation of PROG.

The in vivo binding of (+)-[3H]SKF-10,047 to σ 1 sites was measured in the 
mouse hippocampus and cortex. The attenuating effect of the selective σ 1 agonist 
PRE-084 (0.1-3 mg/kg) against dizocilpine (0.15 mg/kg)-induced learning 
impairment was examined using several memory tests. NS contents in brain 
structures were measured using an extraction/ purification/RIA technique.

The in vivo (+)-[3H]SKF-10,047 binding appeared significantly increased in 
AdX/CX mice and after trilostane (10 mg/kg twice a day, 7 days)-treatment, as 
compared to sham-operated animals. The finasteride (25 mg/kg, 7 days)-treatment 
significantly decreased the binding levels. The learning deficits induced by 
dizocilpine were not affected by the treatments. The anti-amnesic effect of PRE-084 
was facilitated in AdX/CX mice and even more after trilostane treatment, since 
several parameters for (PRE-084+dizocilpine)-treated animals returned to control 
values. The PRE-084 effect was blocked after finasteride. These results confirmed 
that endogenous NS levels directly modulate the σ 1 behavioral effect and revealed 
that, among NS, PROG may be the main modulator of σ1 receptors.

Supported by INSERM

535.12
E FFE C TS  OF C H R O N IC  M O R P H IN E  T R E A TM E N T ON CO R TIC A L  
CHOLECYSTOKIN INERGIC SYSTEM: A M ICRODIALYSIS STUDY IN THE  
AWAKE FREELY MOVING RAT. J.J. Benoliel, C. Becker, S. El Mestikawy* , 
M. Hamon and F. Cesselin. INSERM U 288, CHU Pitié Salpêtrière, 91 
Boulevard de I'Hôpital, 75013 Paris, France.

Behavioral studies have suggested that activation of central CCKergic 
systems is involved in opioid tolerance. This led us to examine the possible 
effects of chronic m orphine treatm en t on cortica l C C K erg ic  
neurotransmission in the rat. CCK like-material (CCKLM) and preproCCK  
mRNA tissue levels were measured by radioimmunoassay and competitive 
RT-PCR, respectively. For in vivo release studies a microdialysis probe 
(CMA/12) was introduced into the frontal cortex through a guide cannula 
which was implanted locally 5-7 days earlier (Ant., bregm a+2.7 mm; L a t ., 
bregm a-1.7 mm) in adult male Sprague-Daw ley rats. The probe was 
continuously perfused with an artificial cerebrospinal fluid, and fractions (90 
µl, corresponding to 30 min of perfusion) were collected at 4°C, then stored 
at -30°C until the determination of their CCKLM content. Following an initial 
1 h washout period, the spontaneous outflow of CCKLM in placebo-treated 
freely moving rats was stable (1 .47 ± 0 .0 4  pg/fraction) throughout the 
rem ainder of the experim ent (7 h). Three days after subcutaneous 
implantation of two morphine pellets (containing 75 mg of morphine each), 
which rendered rats tolerant to morphine, neither CCKLM nor preproCCK  
mRNA tissue levels in frontal cortex were changed as compared to those in 
placebo-treated rats. In contrast, the spontaneous outflow of CCKLM was 
significantly increased (+ 35% ) in morphine-treated rats. Blockade of ∂1 or ∂2 
opioid receptors by local application through the microdialysis probe of 
selective ligands (BNTX [10 µM] and NTB [10 µM ], respectively) completely 
abolished the increase in CCKLM outfow, suggesting that morphine exerted 
an excitatory influence on cortical CCKergic system via the stimulation of ∂ \
opioid receptors. These data provide the direct demonstration that cortical 
CCKergic neurons are activated in rats treated chronically with morphine.
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535.13

Prolonged βEndorphin Release Alters the Anorectic Potency of 
Naltrexone. W. Foulds Matties*, M. Frank-Meltzer, and R.B. Kanarek 
Tufts University, Dept. Of Psychology, Medford, MA 02155.
It is hypothesized that the running wheel activity causes the release of 

the endogenous opioid, β endorphin. Recent research has shown that 
the prolonged release of ß endorphin decreases the analgesic properties 
o f morphine in rats. The current study was designed to evaluate the 
effect of prolonged β endorphin release on the anorexic properties of 
naltrexone. Eight female Long Evans rats were housed individually in 
hanging wire cages and 8 were housed in Wahmann running wheels 
with side cages. Active animals were allowed ad lib access to the 
running wheels for at least 3 weeks prior to the experiment. Animals 
were injected sc with 0.0, 0.3, 1.0, 3.0 mg/kg naltrexone HCl. Food 
intakes were measured at 1, 2, 4, 6, and 24 hours following drug 
administration. There was no difference in food intakes between 
groups following saline administration (p=.8) Naltrexone dose 
dependently suppressed food intakes compared to saline in the inactive 
animals. Food intakes were significantly suppressed following 3.0 
mg/kg naltrexone (p< 01) at all time points tested. Naltrexone failed to 
alter food intakes in the running animals. These results provide 
evidence that prolonged β endorphin release alters the activity o f the 
endogenous opioid system.
This research was funded by NIDA grant RO1 DA04132 to RBK.

535.15

CHRONIC MORPHINE AUGMENTS Gβγ/G sα STIMULATION OF 
ADENYLYL CYCLASE: RELEVANCE TO OPIOID TOLERANCE.
S. Chakrabarti1*, M. Rivera1, S-Z. Yan2, W-J Tang2 and A. R. Gintzler1. 1Dept. 
of Biochemistry, State Univ. of New York, HSCB, Brooklyn, NY 11203, 2Dept of 
Pharmacol. and Physiol. Sci. Univ of Chicago, Chicago, IL 60637.

Chronic in vivo morphine induces increased stimulatory adenylyl cyclase (AC) 
responses in longitudinal muscle / myenteric plexus (LMMP) preparations of guinea 
pig ileum. Responsiveness to GTPγS-activated recombinant Gsα (rGsα) was used to 
study underlying biochemical mechanisms. As expected, rGsα dose dependently 
stimulated AC activity in LMMP membranes obtained from opioid naive as well as 
tolerant LMMP tissue. However, the magnitude of the increase was significantly 
greater in the latter than in the former. The Gβγ blocking peptide QEHA (50 µM), 
but not its control peptide SKEE, essentially abolished stimulation by GTPγS-rGsα 
in LMMP membranes obtained from both opioid naive and tolerant animals. 
Interestingly, following partial blockade by lower QEHA concentrations, the 
incremental AC stimulation by rGsα in tolerant LMMP membranes was no longer 
observed, indicating mediation via augmented Gβγ stimulatory responsiveness. 
Consistent with these observations, chronic morphine also produced a 56% increment 
in AC protein which is, most likely, comprised of AC isoforms of the type II 
family (Gβγ- stimulated). An increase in the relative abundance of G βγ-stimulated AC 
isoforms and consequently Gβγ/Gsα stimulatory interactiveness would shift opioid 
receptor-coupled AC signalling from predominantly Giα inhibitory coupling to Gβγ 
(Gi-derived) stimulatory. Such changes would compensate for the blunted activity of 
AC's of the type II family following chronic morphine and could underlie, at least in 
part, opioid tolerance. (Supported by grants from the Aaron Diamond Foundation, 
HRI 817-533 and NIH BM53459).

535.17

SINGLE DOSE OPIATE TOLERANCE IN RATS. P. Ceger and C. M. 
Kuhn* Dep’t of Pharmacology Duke Univ. Med. Ctr. Durham NC 27710

Neonatal rats are refractory to the development of opiate tolerance 
relative to older animals, but at the same time show the rapid emergence 
of withdrawal signs after a single dose. The purpose of this study was to 
ascertain whether 10-day-old-rats develop a transient, single-dose 
tolerance to morphine (mor) that might explain this discrepancy and 
whether this tolerance could be attenuated by the non-competitive NMDA 
receptor antagonist, MK-801.

Antinociception was assessed with a paw lift task using a hot-plate 
at 50°C. Ten day old pups were treated with saline or mor (20 mg/kg s.c.). 
One, 4, 5 ,  12, 24 or 36 hrs later basal latency was determined, pups were 
injected with an EC50 dose (2 mg/kg) of mor and the antinociceptive 
response was assessed 40 min. later. To evaluate the effect of MK801,10 
day old pups were given saline or MK-801 (0.1 mg/kg, s.c.) 30 min before 
the single large dose of mor and the experiment conducted as described 
above. Data for all experiments were analyzed by three-way ANOVA.

Ten day-old rat pups showed a robust nociceptive response to mor that 
was maximal at 1 hr. Basal latency had returned almost to baseline by 4 
hrs. The nociceptive response to mor challenge was virtually absent 5 hrs 
after the initial mor dose, but returned to normal over 24 hrs. This 
tolerance was be attenuated by pretreatment with the NMDA receptor 
antagonist MK-801. These data show that significant but transient single-
dose tolerance develops after a large mor dose in rat pups. This tolerance 
seems to involve activation of NMDA receptors. These findings are 
consistent with previous findings that normal responses to mor were 
observed 36 hrs after the last of several doses. Supported by DA02739

535.14
CHANGES IN CENTRAL OPIOID PEPTIDE AND RECEPTORS ARE 
ASSOCIATED WITH REPRODUCTIVE AGING. Hoffman. R.1, Deviche. P.1, 
Ottinger, M.A.2*, Thompson. N λ and Gulledge, C.C.1 1Inst. Arctic Biology, Univ. 
Alaska Fairbanks, Fairbanks, AK 99775; 2Dept. Poultry Sci., Univ. Maryland, 
College Park, MA 20742.

Opioid peptides exert strong modulatory effects on the GnRH system and 
reproductive behavior. In quail (Coturnix c. japonica), reproductive function in 
both males and females declines during aging; data point to altered neuroendocrine 
response culminating in reproductive failure. We investigated possible involvement 
of the opioid system in this decline by measuring specific µ and δ opioid receptor 
densities by autoradiography in brain regions of young sexually active (Y A), young 
photoregressed (YP), or old reproductively senescent (OI) male Japanese quail, as 
well as in adult females (F). Brain regions selected for study were medial and 
lateral septum (SM, SL), preoptic area (POA), and n. intercollicularis (ICo). 
Densities of SM δ receptors were higher in YA (3.38 ± 1.19 µg/g) than OI (1.12 ±
0.56 µg/g) and higher in males (2.77 ± 1.46 µg/g) than in F (1.51 ± 0.87 µg/g), 
but did not differ between YA and YP males. SM µ receptor densities did not differ 
among groups, indicating receptor type specificity. In Experiment 2, double IHC 
was conducted for cGnRH-I (ab kindly provided by Dr. Susan Wray) and met- 
enkephalin (ENK; Incstar) in the same groups (plus old females, OIF) and similar 
brain regions. Results showed cells stained for both peptides as well as cells 
stained for either cGnRH-I or ENK alone. There was an age-related increase in 
the number of double stained cells in females, but not males in the SM. In general, 
females had more double stained cells than males, with the highest number in OIF. 
These data provide evidence for a regional specificity in opioid peptide systems and 
for age and sex-related differences.

535.16
INTRA-ACCUMBENS OPIATE ANTAGONISM BLOCKS THE 
DEVELOPMENT OF OPIATE-DOPAMINE BEHAVIORAL CROSS-
SENSITIZATION. S. Tiffany Cunningham 1* and Ann E. Kelley2. 1Dept. of 
Psychology, Univ. of Massachusetts, Boston, 100 Morrissey Blvd., Boston, MA 
02115; 2Dept. of Psychiatry, Univ. of Wisconsin-Madison Medical School.

Repeated administration of opioids (e.g., morphine) can cause subsequent 
sensitivity to psychostimulant drugs (e.g., amphetamine) in measures of locomotor 
activity and reward. This phenomenon, termed behavioral cross-sensitization, has 
been reported extensively in the literature (Vezina and Stewart, 1990; Cunningham 
and Kelley, 1997). Multiple mechanisms have been postulated to mediate this 
phenomenon, including receptor, intra-neuronal and molecular changes. In the 
present design, it was of interest to ascertain the role of opiate receptors in the 
development and expression of opiate-dopamine cross-sensitization in a rewarding 
paradigm. The behavioral measure was the conditioned reinforcement (CR) 
paradigm, which records an animal’s instrumental responding on a lever to obtain 
a secondary reward previously paired with a primary reward. Following bilateral 
implantation of chronic indwelling cannulae guides aimed at the nucleus 
accumbens, animals were randomly placed in the following pretreatment groups: 
(1) morphine (0.05 µg/0.05 µl) + saline; (2) morphine + methylnaloxonium (MN) 
(2.5 µg/0.05 µl); (3) saline + saline; (4) saline + MN. All rats were subsequently 
challenged with intra-accumbens amphetamine (2.5 µg/0.05 µl) and amphetamine 
+ MN on separate test days and tested for CR presses. As reported previously by 
our laboratory (Cunningham and Kelley, 1992), prior exposure to intra-accumbens 
morphine elevated amphetamine-induced CR responding. In the current design, 
this effect was only attenuated in animals that received co-treatment of morphine 
and the opiate antagonist, methylnaloxonium. These data implicate mu opiate in 
the development and not the expression of opiate-dopamine cross-sensitization. 
Research supported by National Institute on Drug Abuse; # DA04788 (AEK).

535.18
p38 MAP-KINASE AND NFκB REGULATE ORPHANIN FQ GENE 
EXPRESSION IN ENDOTOXIN AND TNFα STIMULATED  
ASTROCYTES. B. Buzas, S. Lavu and B.M. Cox*, Dept. of 
Pharmacology, Uniformed Services University, Bethesda, MD 20814.

Regulation of orphanin FQ (OFQ, also known as nociceptin) by 
inflammatory mediators was investigated in primary astrocyte cultures. 
Astrocytes become activated in inflammatory, infectious and traumatic 
diseases, suggesting a role in regulation of the immune response in the 
CNS. Proinflammatory cytokines and the bacterial endotoxin, LPS, 
activate several signal transduction pathways and regulate the expression 
of genes involved in the inflammatory response in astrocytes. LPS 
treatment lead to a 40-fold increase in OFQ mRNA expression while 
tumor necrosis factor α  and interleukin 1β induced OFQ three-fold. 
Interferon γ  and IL-6 did not alter OFQ mRNA levels. LPS and TNFα 
appear to induce OFQ gene expression through activation of the p38 
MAP kinase pathway, since the selective inhibitor of this kinase 
(SB202190; 10 µM) completely antagonized OFQ induction. Activation 
of NFκB transcription factor by LPS and TNFα also seems to be 
involved in the regulation of OFQ transcription, since pyrrolidine- 
dithiocarbamate pretreatment (50 µM) of the astrocytes prevented OFQ 
induction. NFκB may be downstream from p38 MAP kinase, since 
inhibition of p38 kinases have been shown to abolish NFκB 
transactivating ability. Interestingly, other stimuli, such as osmotic shock 
and UV light, which also activate the p38 MAP kinase pathway did not 
regulate OFQ expression. Regulation of OFQ expression by 
inflammatory mediators may point to a role of OFQ in CNS 
inflammatory responses and neuroimmune interaction. (Supported by 
NIDA Grant DA 03102).
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535.19
TRIAD HOUSING OF RATS DECREASES DPDPE-STIMULATED 
GTPr [35S] BINDING IN BRAIN. L.A. Pohorecky,* A. Skiandos and 
D. Benjamin. Div. of Neuropharmacology, Center of Alcohol Studies, 
Rutgers University Piscataway, NJ, 08855.

Stressors can modify endogenous opioid systems. However, the 
consequences of social stress on functional expression of endogenous 
opioid systems is not well documented. The present studies assessed 
the effect o f rank status and social isolation of Long Evans male rats 
housed differentially for 50 days. Plasma corticosterone and function 
of delta receptors in brain sections using DPDPE-stimulated GTPT 
[35S] binding were determined. Dominance status was ascertained by 
monitoring behavior during the initial 30 minutes of triad formation, 
by monitoring body weight, and by subsequent behavioral assesments. 
Triad housing for 24 hours resulted in loss of body weight in 
subdominant (betas and gammas) but not in alphas. Plasma 
corticosterone levels of alphas and gammas were lower compared to 
betas and singly housed rats. Delta receptor agonist stimulated GTPT 
[35S] binding was lateralized in the prefrontal cortex (PFCx) and the 
amygdala, but not in the nucleus accumbens. Binding was highest in 
singly housed rats. In triads it was highest in betas, and lowest in 
gammas for only the thalamus. These data show strongly lateralized 
delta opioid stimulated GTPT [35S] binding in the PFCx and amygdala. 
The pattern of binding in the left PFCx, accumbens and median 
eminence appeared to correlate positively with plasma corticosterone 
levels. These findings indicate that isolation housing elevates 
functional activation of delta receptors. Therefore rank-related stress 
in rodents can alter responsiveness of the endogenous opioid system. 
(Supported by Sigma Xi and Rutgers Honors Program).

OPIOID AND OPIATE RECEPTORS: PEPTIDES AND KNOCK-OUT

536.2536.1
ABSENCE OF G-PROTEIN ACTIVATION BY THE NEWLY DISCOVERED 
SELECTIVE ENDOGENOUS µ-OPIOID RECEPTOR AGONISTS 
ENDOMORPHIN-1 AND -2 IN THE SPINAL CORD OF µ-OPIOED RECEPTOR 
KNOCKOUT MICE. M. Narita1. M. Narita1. H. Mizoguchi1. C. Suganuma1. I. 
Sora2. A. Moriwaki2*. G.R. Uhl2,3 and L.F. Tseng1. 1Dept. of Anesthesiology, 
Medical College of Wisconsin, Milwaukee, WI 53226, 2Mol. Neurobiol., IRP, 
NIDA-NIH, 3Dept. of Neurology and Neuroscience, Johns Hopkins University, 
School of Medicine, Baltimore, MD 21224.

The ability of the newly discovered endogenous µ-opioid receptor agonistic 
peptides endomorphin-1 and -2 to activate G-proteins in the spinal cord of µ-opioid 
receptor knockout mice was examined by monitoring the binding to membranes of 
the non-hydrolyzable analog of GTP, guanosine-5’-0-(3-[35S]thio)triphosphate 
([35S]GTPγS). Endomorphin-1 and -2, and the synthetic selective µ-opioid receptor 
agonist [D-Ala2,NHPhe4,Gly-ol]enkephalin (DAMGO) at 0.1 to 10 µM each 
produced concentration-dependent increases in [35S]GTPγS binding in wild-type 
mice. The levels of [35S]GTPγS binding stimulated by either endomorphin-1, -2 or 
DAMGO were markedly decreased in heterozygous µ-opioid receptor knockout mice 
compared to wild-type mice. In homozygous mice, [35S]GTPγS binding stimulated 
by either endomorphin-1, -2 or DAMGO was undetectable. No differences in the 
[35S]GTPγS binding stimulated by specific δ- ([D-Pen2,5]enkephalin) or κ- 
(U5O,488H) opioid receptor agonists were noted in mice of any of the three 
genotypes. The data presented clearly indicate that µ-opioid receptor gene products 
are the molecular target of endomoiphins and DAMGO for activating G-proteins in 
the mouse spinal cord. Furthermore, these µ-opioid receptor depletions in µ-opioid 
receptor knockout mice were not accompanied by significant changes in either δ- or 
K-opioid receptor agonist-activated G-proteins in the spinal cord. Taken together, 
these observations indicate that the endomorphins may be the natural selective 
ligands for the µ-opioid receptor in the spinal cord (Supported by NIH grant, DA 
03811, and NIDA Intramural Research Program).

MODULATION OF TONIC NOCICEPTIVE INPUT IN DYNORPHIN 
KNOCKOUT (KO) MICE. R. Benoliel.1 M. Faraday.3 N. Apatov.3 N. Diehl,2 
N. Grunberg.3 U. Hocheswender.2 M.J. Iadarola1* 1PNMB, NIDR, and 2NSB, 
NIMH, NIH. 3Dept of Medical Psychology, USUHS. Bethesda MD 20892 
Dynorphin has been proposed to inhibit or stimulate neural activity in tonic 
nociceptive states. To test this we examined basal and hyperalgesic nociceptive 
responses in mice in which the dynorphin gene had been deleted. A total of 66 
mice from the 129 strain, (33 wildtype[wt], 33 ko, 40 F, 26 M) were examined 
for changes in nociceptive latency and spontaneous locomotion patterns; half 
from each genotype were injected with carrageenan into one hindpaw to produce 
inflammation and hyperalgesia and the remaining animals were controls. The 
mice were tested for heat hyperalgesia at baseline and 3, 8 and 24 hours post
injection and for spontaneous activity at baseline, 0-3hrs, 3-6hrs and 24-27hrs. 
At baseline, thermal paw withdrawal latencies (PWL) of the ko mice was longer 
by ~2sec than in the wt animals (9.4 sec, p<0.05) and this difference was 
accentuated in the males. Following inflammation, all mice displayed 
hyperalgesia with no differences between genotypes. However, analysis of 
locomotor activity revealed an inflammation-specific decrease in spontaneous 
activity only in the dynorphin ko mice at the 3-6 and 24-27 hr test points. This 
effect was more pronounced in the females. At 0-3 hrs there was no difference in 
the spontaneous activity in inflamed wt or ko mice suggesting that the effect is 
not due to acute stress. These data suggest a complex interaction involving 
gender and genotype in relation to basal nociceptive responsiveness and after 
inflammation. Hyperalgesia testing using PWL does not appear to be a 
sensitive measure of the actions of endogenous dynorphin. The decrease in 
spontaneous activity in the inflamed ko mice suggests a deficit in tonic 
nociceptive modulation when endogenous dynorphin is absent.

536.3
µ-OPIOID RECEPTOR ACTIVATION OF K+ CONDUCTANCE IS 
DECREASED IN HYPOTHALAMIC ARCUATE NEURONS FROM ß- 
ENDORPHIN KNOCK-OUT MICE. RM Slugg.1* C Reves-Vazquez, 1 MJ 
Low.2 MJ Kelly.1 1Dept. of Physiology & Pharmacology and2Vollum 
Institute, Oregon Health Sciences U., Portland, OR 97201 

Opioid peptides play a strategic role in the regulation of the hypothalamo- 
pituitary axis and homeostasis. ß-endorphin (ß-END) neurons synapse on 
hypothalamic neurosecretory neurons and also project to extra-hypothalamic 
areas. We have used gene targeting to develop mutant ß-END knock-out 
(KO) mice by introducing a premature stop codon in the POMC gene. ß- 
END KO mice, but not enkephalin KO mice, have reduced opioid stress- 
induced analgesia. In order to elucidate possible changes in the µ-receptor 
coupling in neurosecretory cells, we utilized whole-cell recordings from 
arcuate neurons in hypothalamic slices from ovariectomized female KO and 
wild-type (WT) mice. Nine cells from each phenotype have been 
characterized. There were no differences in the passive membrane properties 
o f the cells between the WT and KO mice. Bath application o f the selective 
µ-agonist DAMGO (30nM-10µM) induced an outward current which 
reversed at Eκ and exhibited inward rectification consistent with activation of 
an inwardly rectifying K+ conductance. Arcuate neurons from the WT 
controls exhibited a greater response to a given dose o f DAMGO, and a 
greater maximal response. These results suggest either that the µ-opioid 
receptor is downregulated, or that the inward rectifier channel is less tightly 
coupled to the µ-receptor in hypothalamic neurons from KO mice. (Supported 
by DA 05158 and HD 30236)

536.4
L O S S  O F  A N T I N O C I C E P T I O N  I N D U C E D  B Y  N A L O X O N E  
BENZOYLHYDRAZONE IN NOCICEPTIN RECEPTO R KNOCKOUT M ICE.

T. Mamiva1, Y. Noda1, M. Nishi2. M. Higashioka2, H. Takeshima2 and T. Nabeshima1
Dept. of Neuropsychopharmacol. and Hospital Pharm., Nagoya Univ. Sch. of Med., Nagoya 

466-8560,2Dept. of Pharmacol., Fac. of Med., Univ. of Tokyo, Tokyo 113-8564, JAPAN.
Nociceptin and nociceptin receptor, which show structural similarities to opioid peptides 

and opioid receptors, respectively, have been recently found to constitute a novel 
neuromodulatory system. In the brain, however, the physiological role of the modulation 
via the nociceptin receptor is still unclear. Administered nociceptin produces hyperalgesia 
and hypolocomotion, whereas the nociceptin receptor-knockout mice show no significant 

abnormalities in nociceptive thresholds and locomotion. To clarify possible involvement 

of the nociceptin receptor in the regulation of nociception and locomotion, we used the 
knockout mice and naloxone benzoylhydrazone (NalBzoH) identified originally as a ligand 

for opioid receptors. Experiments on the cultured cells transfected with the nociceptin 
receptor cDNA showed that NalBzoH competed [3H]-nociceptin binding and attenuated 
the nociceptin-induced inhibition of cAMP accumulation. Furthermore, behavioral studies 
demonstrated that NalBzoH completely inhibited nociceptin-induced hyperalgesia and 

hypolocomotion. It is therefore likely that NalBzoH can act as a potent antagonist for the 
nociceptin receptor in vivo. In wild-type mice, NalBzoH induced antinociception but did 
not affect locomotor activity. By contrast, in the knockout mice, no significant changes in 
nociception and locomotion were induced by NalBzoH. These results clearly suggest that 
the nociceptin system takes part in the physiological regulation of nociceptive thresholds 

but not in the basal modulation of locomotion.
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536.5
IN  VIVO AND IN  VITRO SIGNAL TRANSDUCTION OF 
NOCICEPTIN/ORPHANIN FQ IN NOCICEPTIN RECEPTOR K/OMICE. 
I. Shimohira1. S. Tokuyama1*. M. Inoue1. T. Yamaguchi1. H. Takeshima2. 
A. Yoshida1 and H. Ueda1. 1Dept. o f Mol. Pharmacol. & Neurosci., Nagasaki 
Univ., Sch, o f  Pharmac. Sci., Nagasaki 852-8521, Japan. 2Dept. of  
Pharmacol., Facult. of Med., The Univ. o f Tokyo, Tokyo 113-0033, Japan.

In in situ [35S]GTPγS binding autoradiography, nociceptin (Noci)- 
stimulation was highly found in the mouse prefrontal cortex, hippocampus. 
thalamus, hypothalamus periaqueductal grey matter and the floor o f the 
fourth ventricle. The distribution o f stimulated regions by Noci was different 
from that by µ-, δ- and K-opioid agonists. In Noci-receptor knockout mice 
the Noci-stimulated [35S]GTPγS binding was completely lost throughout the 
brain regions. These findings suggest that the Noci-receptor is the only target 
for Noci in the mouse brain. In in vivo reconstitution experiments using 
baculovirus/Sf2l cell expression system, the Noci-receptor was found to be 
coupled to Gп and G0l, but not GS, Gп nor G12. In in vivo peripheral analgesic 
test in mice, Noci given intraplantarly caused a nociceptive flexor reflex 
1000-fold as potent as substance P (SP) or bradykinin. The responses were 
abolished by local applications o f  N K 1 antagonist, pertussis toxin-treatment, 
phospholipase C (PLC) inhibitor, inositol trisphosphate (InsP3) receptor 
antagonist, EGTA or tetrodotoxin, but not thapsigargin. In addition they 
were not observed in Noci-receptor knockout mice nor in mice with targeted 
disruption of tachykinin 1 gene. All these findings suggest that Noci produced 
nociceptive responses (pain) through the mechanisms using Gi, PLC, 
InsP3-receptor-gated Ca2+ influx through the plasma membranes and SP 
release from the peripheral nerve endings.

536.6
FEMALE PREPROENKEPHALIN KNOCKOUT MICE 
DISPLAY ALTERED EMOTIONAL RESPONSES.
A. Ragnauth*. A. Schuller. J. Chan. S. Ogawa. R.J. Bodnar. J. 
Pintar and D.W. Pfaff. Rockefeller Univ., NY, NY 10021, Robt. 
Woods Johnson Med. Sch., Piscataway, NJ 08854, Grad. Sch. & 
Univ. Ctr. & Queens College, CUNY, Flushing, NY 11367.

Opioid peptides, including products of the preproenkephalin 
gene, have been implicated in the mediation of such motivated 
behaviors as exploration, ingestion and reproduction. To assess 
the behavioral effects of deletion of this gene, the present study 
tested ovariectomized female mice with the preproenkephalin 
gene deleted (PPEKO), heterozygous (HET) PPEKO mice, and 
wild-type (WT) control mice on behavioral assays examining 
open-field activity and light-dark transitions. Whereas WT mice 
explored both the center and margins of the open-field, PPEKO 
mice spent significantly less time in the center, significantly 
more time in the margin, and traversed smaller distances. In a 
light-dark transition test, PPEKO mice took longer to enter, 
spent less time, and froze more in the illuminated side. HET 
mice exhibited open-field and light-dark transition behaviors 
which were intermediate to WT and PPEKO mice. These data 
provide evidence for the role of an opioid gene product, 
preproenkephalin, in the management of stress responses. 
Supported by DA08622 (JP) and HD05751 (DWP).

536.7
ORPHANIN OPIOID RECEPTOR ANTISENSE PROBES BLOCK 
ORPHANIN FQ-INDUCED HYPERPHAGIA IN RATS.
L. Leventhal*. J.P. Mathis. G.C. Rossi. G.W. Pasternak and R.J. 
Bodnar. Neuropsychology Doctoral Program, Graduate School and 
University Center and Queens College, CUNY & Memorial Sloan- 
Kettering Cancer Center, Flushing, NY 11367 and NY NY 10021.

Orphanin FQ/Nociceptin (OFQ/N) binds with high affinity to the 
orphanin opioid receptor/kappa3-like receptor (ORLl/KOR-3) clone, 
and has been characterized for hyperalgesic and analgesic actions. 
Antisense oligodeoxynucleotides (AS ODNs) targeted against either 
exons 2 or 3, but not exon 1 of the ORLl/KOR-3 clone reduced 
OFQ/N-induced analgesia in the rat. OFQ/N also produces a naloxone- 
reversible increase in spontaneous food intake following ventricular, 
hypothalamic and accumbens administration. The present study 
pharmacologically characterized this latter response using ORL1/KOR- 
3 AS ODNs (10 ug, days 1,3,5) targeted against either exons 1, 2 or 3, 
a missense probe as well as naltrexone (0.1-10 ug, icv). OFQ/N (0.1- 
10 nmol)-induced hyperphagia was significantly blocked (71-100%) by 
each of the ORLl/KOR-3 AS ODN probes, whereas the missense 
probe for exon 3 was ineffective. Further, naltrexone dose-dependently 
reduced OFQ/N-induced hyperphagia. These data suggest that the 
receptor responsible for OFQ/N-induced hyperphagia is encoded by the 
ORLl/KOR-3 clone. Supported by NIDA Grant DA05746.

536.9
EFFECTS OF ENDOM ORPHIN 1 A N D  2 IN THE G UINEA PIG 
ILEUM. M. Tonini1,J. M innis1, E. Fiori1, B. Balestra1, N,C. 
Brecha *2. and C. Sternini2. 1Dept. Int. M ed., D iv. Pharmacol. & 
Toxicol., Pavia Univ., Italy, and 2CURE D ig. D is. Res. Ctr., Depts. of 
Med. & Neurobiol., and Brain Res. Inst., UCLA, LA, CA 90073.

The opioid peptides endomorphin (endo) 1 and 2 are putative 
endogenous agonists for the µ opioid receptor possessing high affinity 
and selectivity for this opioid receptor. In this study, we characterized 
the opioid receptor activated by endo 1 and 2  in the guinea pig ileum by 
analyzing the effects o f the µ receptor selective antagonist CTOP, and 
the δ and k se lec tiv e  antagonists naltrindole (N A L ) and nor- 
binaltorphimine (n-BNI) on the endo 1- and 2-induced inhibition of 
electrically-evoked contractions o f longitudinal muscle-myenteric plexus 
preparations. Endo 1 and 2 caused a concentration-dependent inhibition 
o f the electrically-stimulated m uscle twitch with IC50 o f  4 .4+0.4 and 
4.9±O.7, respectively. Increasing concentrations o f CTOP (10-100 nM) 
caused an increased rightward shift of the concentration-response curves 
to both endo 1 and 2  without depression o f  their maximum effects. 
Apparent affinity estimate (pA2) for CTOP against the inhibitory action 
o f both peptides was ~pA 2=8.0, which is consistent with endomorphin 
agonism at the µ receptor in myenteric neurons. NAL ad n-BNI (each at 
30 nM) did not affect the response to endomorphins, further supporting 
the selectivity o f these peptides for the µ  receptor. Exposure of 
organotypic cultures o f the ileum to endo 1 or 2 (100 nM -10 µM) 
induced µ receptor internalization as visualized by confocal microscopy, 
which was prevented by CTOP (10 µM ). Our findings indicate that 
endo 1 and 2 are µ receptor agonists in the enteric nervous system. 
Supported by NIH grants 54155, 41301, VA Res. Funds & NATO CRG 97152.

536.8
ANTISENSE MAPPING OF OPIOID RECEPTOR CLONES. 
EFFECTS UPON 2-DEOXY-D-GLUCOSE HYPERPHAGIA.
K. Burdick*. W .-Z. Yu. A. Ragnauth. M. Moroz. Y.X. Pan. G.C. 
Rossi. G.W. Pasternak and R.J. Bodnar. Neuropsychology Doctoral 
Program, Graduate School and University Center and Queens College, 
CUNY & Memorial Sloan-Kettering Cancer Center, Flushing, NY 
11367 and NY NY 10021.

Hyperphagia induced by 2-deoxy-D-glucose (2DG) is reduced by 
pretreatment with mu and kappa1, but not delta opioid receptor 
antagonists. Antisense oligodeoxynucleotides (AS ODNs) directed 
against regions of the MOR-1 clone differentially reduce spontaneous 
food intake (exons 1,2 ,3,4), hyperphagia induced by traditional mu 
agonists (exons 1,4), and hyperphagia induced by the morphine 
metabolite, morphine-6ß-glucuronide (exons 2,3). The present study 
determined which AS ODNs (10 ug, Days 1,3,5) mediated 2DG (200 
mg/kg, ip, 4 h)-induced hyperphagia in rats. AS ODNs directed against 
exons 1 or 2 of the MOR-1 clone markedly (81-93%) reduced 2DG- 
induced hyperphagia, whereas AS probes directed against exons 3 or 4 
had limited temporal activity. AS ODNs directed against exon 2 
(51%), but not 1 or 3 of the KOR-1 clone reduced 2DG-induced 
hyperphagia. A KOR-3/ORL1 AS ODN probe produced small (36%), 
but significant effects, whereas a DOR-1 AS ODN was ineffective in 
altering this glucoprivic response. These data provide further 
converging evidence for primarily mu, but also kappa1 and kappa3
opioid receptors mediating 2DG-induced hyperphagia.

536.10
DIFFERENTIAL MECHANISMS MEDIATING ANTINOCICEPTION 
INDUCED BY SUPRAS PIN ALLY ADMINISTERED NEWLY DISCOVERED 
ENDOGENOUS OPIOID PEPTIDES ENDOMORPHIN-1 AND -2 IN THE 
MOUSE. L.F, Tseng1*. C Suganuma1, M. Narita1. G.S. Oji1, E.L. Tseng1, A, 
Bhatia1 , H. Mizoguchi1 and H. Nagase2. 1Dept. of Anesthesiology, Medical 
College of Wisconsin, Milwaukee, WI 53226, 2Basiç Res. Lab., Toray Industries 
Inc., Kamakura 248, Japan.

Two highly-selective µ-opioid receptor peptides, endomorphin-1 and -2, were 
recently isolated from the mammalian brain. The present study was designed to 
investigate the effects of endomorphin-1 and -2 given intracerevroventriculary 
(i.c.v.) in inhibiting the tail-flick response in mice. Endomorphin-1 (2-15 µg, 
i.c.v.) and -2 (5-20 µg, i.c.v.) produced a dose-dependent tail-flick inhibition which 
reached a maximum effect at 5 min after the injection in ICR mice. The tail-flick 
inhibition induced by both endomorphin-1 and -2 was antagonized by i.c.v.- 
pretreatment with a µ-antagonist ß-FNA (0.25-1 µg, i.c.v.) in a dose-dependent 
manner and was completely blocked by 1 µg of ß-FNA. The tail-flick inhibition 
induced by endomorphin-1 was not affected by i.c.v.-pretreatment with either a δl- 
antagonist BNTX, a δ2-antagonist NTB or a κ-antagonist nor-BNI. Like 
endomorphin-1, the i.c.v.-administered endomorphin-2-induced tail-flick inhibition 
was not affected by either BNTX or NTB. However, i.c.v.-pretreatment with nor- 
BNI significantly attenuated the i.c.v.-administered endomorphin-2-induced 
antinociception. Moreover, i.c.v.-pretreatment with antibody to dynorphin A (1- 
17), but not to Leu-enkephalin, Met-enkephalin and ß-endorphin, significantly 
antagonized the i.c.v.-administered the endomorphin-2-induced antinociception. In 
µl -opioid receptor deficient CXBK mice, neither endomorphin-1 nor -2 produced the 
significant tail-flick inhibition. These results suggest that the µ l-opioid receptors 
in the brain play an essential role in mediating antinociception induced by both 
endomorphin-1 and -2 when given supraspinally. Furthermore, endomorphin-2 
may release endogenous dynorphins subsequently after the stimulation of µl-opioid 
receptors through different mechanism from that of endomorphin-1 and stimulate 
supraspinal κ-opioid receptors in .the mouse (Supported by NIH grant, DA O38ll).·
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536.11

WITHDRAWN

536.13
Lack of cross-tolerance between endomorphin-1 and morphine in 
mice in the hot plate test. K. Lutfy,*S.A. Sharza and N.T. Maidment, 
Dept. of Psychiatry and Biobehavioral Sciences, NPI-UCLA, 760 
Westwood Plaza, Los Angeles, CA 90024.

Recently, two novel µ receptor ligands, endomorphin-1 and 
endomorphin-2, have been isolated from bovine brain. Endomorphin-1 
and endomorphin-2 each produces potent antinociception in mice 
after spinal and supraspinal administration. Subjects rendered tolerant 
to the effect of morphine also develop tolerance to the analgesic 
effects of other opioids, defined as cross-tolerance. In the present 
study, we examined whether mice rendered tolerant to the effect of 
morphine also show cross-tolerance to endomorphin-1. Swiss 
Webster mice were implanted with either a placebo (PLA) or a 
morphine (MOR) pellet. Seventy-two hr later, mice were tested for 
baseline hot plate latencies, injected with either endomorphin-1 (50 
nmol, i.c.v.) or morphine (10 mg/kg, s.c.) and tested on the hot plate 
apparatus 15 or 30 min later, respectively. Morphine and 
endomorphin-1 each produced a significant antinociceptive effect in 
the PLA-treated mice. The antinociceptive effect of morphine was 
significantly diminished in MOR-treated mice. Endomorphin-1, on the 
other hand, produced similar effects in PLA- and MOR-treated mice, 
indicating that cross-tolerance did not develop to the antinociceptive 
effect of endomorphin-1. These data suggest that endomorphin-1 
may have a higher intrinsic efficacy or utilize receptor(s) other than 
the one with which morphine interacts. (Supported by a NIDA 
research training grant T32DA07272 and in part by a NIDA center 
grant DA05010 at the UCLA Drug Abuse Research Center and Hatos 
Research Center, respectively)

536.15
DELIVERY OF MODIFIED ENKEPHALINS ACROSS THE BLOOD-BRAIN 
BARRIER: ASSESSMENT OF ANALGESIA. W.R. Anderson1* N. Ekwuribe1,
B. Radhakrishnan1. J. Rajaαopalan1, H.S. Allaudeen1. C, Davis1, T.M. Harris . 
D. Surαuladze1. J.l. Burnham1, J. Howard2. G. Pollard2 and C.H. Price1. 
1 Protein Delivery, Inc., Durham, NC 27713 and 2Howard Associates LLC, 
Research Triangle Park, NC 27709.

Enkephalins are natural endogenous pentapeptides that bind to opioid 
receptors and are well known for their role in analgesia, which is mediated via 
the central nervous system. Natural enkephalins are hydrophilic, metabolically 
unstable and lack a specific transporter in the membrane, therefore passage 
from blood through the blood-brain barrier (BBB) is greatly inhibited. We have 
modified [Met]-enkephalin-[Lys] (Mod-Enk) by attaching it to alkyl-PEG 
polymers which confer stability and amphiphilicity, thus enhancing BBB 
penetration and promoting retention of the molecule in the brain. In vitro 
studies have shown that nearly 80% of Mod-Enk is intact in brain homogenate 
at 1 hour while [Met]-enkephalin-[Lys] is degraded by 5 min. In receptor
binding assays, several Mod-Enk compounds demonstrated equivalent or 
enhanced opiate-binding to µ-, δ -  and κ-receptor subtypes. For in vivo 
studies, rats were administered an intravenous injection of a Mod-Enk and 
evaluated for the induction of analgesia using a rat-paw hot-plate assay. All 
modified enkephalins administered at 5 mg/kg produced analgesia comparable 
to morphine at 3 mg/kg, though less than morphine at 10 mg/kg. In contrast, 
unmodified [Met]-enkephalin-[Lys] given at 20 mg/kg produced no analgesia. In 
a separate study, rats were pre-treated with naloxone, an opioid antagonist, 
and then a Mod-Enk was given intravenously. Naloxone effectively diminished 
analgesia after administration of Mod-Enk suggesting analgesia to be centrally 
mediated. Together, these studies suggest that this technology stabilizes and 
enables delivery of the peptide [Met]-enkephalin-[Lys] across the BBB in 
pharmacologically relevant quantities. (Supported by Protein Delivery, Inc.)

536.12
CHARACTERIZATION OF THE NEWLY DISCOVERED ENDOGENOUS 
OPIOID PEPΉDES ENDOMORPHIN-1 AND -2 ON [35S]GTPγS BINDING IN 
THE MOUSE PERIAQUEDUCTAL GRAY (PAG), PONS/MEDULLA AND 
SPINAL CORD. M. Narita1*. H. Mizoguchi1. M. Narita1, H. Nagase2 and L .F . 
Tseng1. 1Dept. of Anesthesiology, Medical College of Wisconsin, Milwaukee, WI 
53226, 2Basic Res. Lab., Toray Industries Inc., Kamakura 248, Japan.

G-protein activation by the newly discovered endogenous opioid receptor 
peptides endomorphin-1 and -2 was examined in the mouse PAG, pons/medulla and 
spinal cord by measuring the binding of the non-hydrolyzable analog of GTP, 
[35S]GTPγS. Both endomorphin-1 and -2 (0.001 to 10 µM) increased [35S]GTPγS 
binding to mouse PAG, pons/medulla and spinal cord membranes in a 
concentration-dependent and saturable manner. In any of three regions, the 
concentration-curves for endomorphin-1 and -2 were similar in efficacy. 
Endomorphin-stimulated [35S]GTPγS binding was highest in PAG with 
approximately 70 % maximal stimulation and was approximately 60 % maximal 
increase in both pons/medulla and spinal cord. The receptor specificity of 
endomorphin-stimulated [35S]GTPγS binding was verified by co-incubating 
membranes with endomorphins in the presence of specific µ- (ß-FNA), δ- (NTI) or 
κ- (nor-BNI) opioid receptor antagonists in three regions. Co-incubation with ß- 
FNA blocked both endomorphin-1- and -2-stimulated [35S]GTPγS binding in a 
concentration-dependent manner in any of three regions, whereas neither NTI nor 
nor-BNI had any effect on the [35S]GTPγS binding stimulated by either 
endomorphin-1 or -2. In contrast, the maximal efficacy in [35S]GTPγS binding for 
the synthetic selective µ-opioid receptor agonist DAMGO was approximately 1.6 
times greater than that of either endomorphin-1 or -2 in any of three regions. The 
data presented indicate that either endomorphin-1 or -2 activates G-proteins by 
specific stimulation of µ-opioid receptors, and may act as partial agonists with 
moderate catalytic efficacies in the mouse PAG, pons/medulla and spinal cord 
(Supported by NIH grant, DA 03811).

536.14
CYCLOHEXIMIDE INCREASES PROENKEPHALIN AND TYROSINE 
HYDROXYLASE mRNA LEVELS IN RAT ADRENAL MEDULLA. H.W. Suh*. 
J.S. Won. D.K. Song, S.O. Huh. andY.H. Kim. Dept. Pharmacol. Inst. Nat. Med., 
Coll. Med., Hallym Univ. 1 Okchun-dong, Chunchon, 200-702, S. Korea

it has been known that the de novo synthesis of proto-oncoprolein, such as Fos 
and Jun may have critical roles in regulatory mechanism underlying proenkephalin 
(proENK) and tyrosine hydroxylase (TH) gene expression in adrenal medulla (AM). 
However, we found that there was protein de nove synthesis-independent regulaliory 
mechanism underlying proENK and TH gene expression in rat AM. In the present 
study, the i.p. injected cyclohe\imide (CHX) increased proENK and TH mRNA 
levels in AM in dose (0.5-5 mg/kg)- and time (up to 24 hr)-dependent manner, but 
not in other central or peripheral nervous tissues such as pituitary, hippocampus, mid 
brain, brain stem, striatum, and hypothalamus. To determine the possible 
involvement of several transcriptional factors in CHX-induced proENK and TH 
mRNA expressions in AM, we examined the basal and CHX-stimulated levels of 
Fos/Jun, andCREB in various tissues. In AM, the basal expressions of Fra-2, c-Jun, 
JunD, and AP-1 DNA binding activ ity were higher than those of the other tissues. In 
addition, an immunohistochemical assay showed that higher expression of proto- 
oncoprotein was shown mainly in medullary region rather than cortex region. The 
treatment with CHX effectively inhibited the basal Fra-2, c-Jun, and JunD lev els in 
time dependent manner. Phospho-CREB level was time dependently increased by 
CHX although total CREB level was reduced. To assess the poossible involv ement 
of glucocorticoid and its receptor (GR) in the increase of proENK mRNA level by 
CHX, the local concentration of corticosterone (CS) and the effect of RU486  (2.5 
mg/kg), a GR antagonist, on CHX-responses were examined. CHX significantly 
increased the local concentration of CS in adreal gland. In addition, the pretreatment 
with RU486 completely inhibited CHX-induced increases of proENK and TH mRNA 
levels. Our results suggeste that although CHX reduces the basal levels of AP-1, 
proENK and TH mRNA can be upregulated by treatment with CHX via both 
phosphorylation of CREB andGR (Supported by the Grant from KRF).

536.16
ORPHANIN FQ/NOCICEPTIN HYPERPOLARIZES DENTATE GRANULE 
CELLS THROUGH ACTIVATION OF POTASSIUM CHANNELS. T.-P. Yu*, 
and C.W. Xie Dept. of Psychiatry and Biobehavioral Sciences, UCLA-NPI, LA, 
CA 90024.

Our previous study has reported that orphanin FQ/Nociceptin (OFQ) 
inhibited synaptic transmission and long-term potentiation (LTP) in rat dentate 
gyrus. The OFQ-induced inhibition of LTP may result from a significant 
suppression of NMDA receptors (Yu and Xie, 1998) and/or a reduction in 
excitability o f postsynaptic neurons. The present study further investigates the 
possible mechanisms underlying the peptide effect.

Individual granule cells in transverse rat hippocampal slices (3OOµm) were 
visualized using a Zeiss Axioscope in conjunction with infrared video 
microscopy. The membrane current was recorded from dentate granule cells 
using whole-cell voltage-clamp techniques. Continuous whole-cell current- 
clamp recordings were also used to examine the effect of OFQ on membrane 
potentials of the granule cells. Our data showed that OFQ (lµM ) induced an 
outward current (94±18 pA, n=11) at a holding potential of -50 mV in the 
presence of tetradotoxin (lµM). This outward current was accompanied by a 
reduction of input resistance (30+4 MΩ, n=7) and could be completely washed 
out in 30 minutes. OFQ-induced outward current appeared to be a potassium 
(K+) current since its reversal potential was close to the equilibrium potential 
for K+ predicted by Nerst equation at various extracellular K+ concentrations. 
We also found that OFQ hyperpolarized membrane potentials of dentate 
granule cells by -12+1 mV (n=4). These results suggest that OFQ may inhibit 
dentate synaptic transmission and/or LTP through suppressing the excitability 
of granule cells. One such mechanism involves hyperpolarization o f granule 
cells via activation of K+ channels. (Supported by NIH-NIDA grants, DA05010 
and DA08571).
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536.17
Modulation of Synaptic Transmission by Opioid and Orphan Opioid 
Receptors in the Rat Arcuate and Ventromedial Hypothalamus Using an in 
vitro Slice Preparation. Paul J. Emmerson* and Richard J. Miller, Department of 
Pharmacol. and Physiol. Sci., The University of Chicago, Chicago, IL, 60637 

Endogenous opioids and the orphan opioid, orphanin FQ/nociceptin, are known to 
modulate the function of hypothalamic systems involved in sexual behaviours, food 
intake and hormone release from the pituitary. To understand the functions of 
opioids in the hypothalamus, we have examined the actions of opioid and orphan 
opioid receptors in the ventromedial hypothalamus (VMH) and arcuate nucleus 
(ARC) using an in vitro slice preparation of the rat hypothalamus. OFQ was found 
to activate an inwardly rectifying K current (blocked by external BaCl2 and 
dependent upon the concentration of external K) in 95% (n=65) of VMH neurons 
(EC50 2.2nM) and 60% (n=45) of ARC neurons. DAMGO (µOR) had similar 
effects in both ARC and VMH neurons; however, DPDPE (δOR) and U69593 
(κOR) were not found to have any effect. The current activated by oFQ was 
strongly reversed by application o f the ORL-1 antagonist [Phe1Ψ(CH2NH)-Gly2]- 
nociceptin(l-13)NH2. Opioid modulation of excitatory glutamatergic synaptic 
transmission was also examined in both ARC and VMH neurons. DAMGO, oFQ, 
and U69593 were found to strongly depress the EPSC amplitude in arcuate neurons 
whereas DPDPE had no effect. In VMH neurons, DAMGO strongly reduced the 
EPSC amplitude in all neurons, U69593 was also effective; however, oFQ and 
DPDPE did not depress excitatory transmission. In the VMH, DAMGO application 
was found to decrease the magnitude of paired-pulse depression indicating that this 
modulation of glutamatergic transmission was mediated by presynaptic mu opioid 
receptors. These findings indicate that in addition to the direct modulatory role of 
opioids on K channels in ARC and VMH neurons, these receptors also strongly 
modulate excitatory transmission. (PHS grants DA02121, MH40165, NS33502 to 
R.J.M. and DA07255 to P.J.E.)

536.19
ACUTE STRESS REDUCES STRIATAL ORPHANIN FQ 
(OFQ) CONTENT. D. P. Devine*, M. Hoversten and H. Akil 
University of Michigan, Mental Health Research Institute, Ann 
Arbor, Michigan, 48109-0720 USA.

We examined the effects of acute and chronic stress on the 
content of orphanin FQ (OFQ) in a variety of brain regions. 
Male Sprague-Dawley rats were exposed to a regimen of 
chronic non-habituating stress (2 unpredictable stressors per 
day for 10 days), or a single acute stress before 
decapitation. The rats’ brains were dissected, and OFQ 
content was measured in the cortex, hippocampus, olfactory 
bulb, striatum (including caudate nucleus, accumbens, and 
bed nucleus), hypothalamus, thalamus, septum, midbrain, 
medulla, cerebellum, pineal gland, pituitary, and spinal cord. 
In the rats that were exposed to chronic non-habituating 
stress, OFQ content did not differ from the content in 
unstressed controls in any of the brain regions. In the ra ts 
that were stressed acutely just before decapitation, OFQ 
content was decreased by 25-30% in the striatum. This 
finding concurs with our previous report that OFQ activates 
the HPA axis, and appears to be implicated in the initiation of 
physiological responses to acute stressors. This research 
was funded by R0 1 -DA08920 and RO1-DA02265.

536.18
INHIBITION OF KINDLING DEVELOPMENT BY NOCICEPTIN7 
ORPHANIN FQ. Gutiérrez, R.,* Leff. P - Antón. B. CINVESTAV-1PN. Apartado 
Postal 14-740, México D.F., and Instituto Mexicano de Psiquiatría, México- 
Xochimilco 101, México D.F.

Opioid peptides have been shown to have both excitatory and inhibitory' effects on 
different models of epilepsy. They inhibit neuronal firing through the activation of 
outward K+ currents or inhibition of inward Ca++ currents. Nociceptin/Orphamn FQ 
(NOC) that binds to the ORL-1 receptor has been shown to have inhibitory effects on 
neuronal firing by inhibition of G-protein-receptor coupling. We tested whether NOC 
i.c.v. injection was able to inhibit the development and expression of kindled 
seizures. Via an i.c.v. cannula, NOC at 2.5, 25, 100 ng and 1 µg was injected in 10 µ1
of ACSF in rats implanted in the perirhinal cortex for electrical stimulation. Daily 
stimulation (trains of 1 sec, at 60 Hz, 500 µA) was delivered 40 min after NOC 
injection for induction of kindling. Control animals presented the first seizure after 
l3±2 days while orphanin-treated animals presented them as follows: 2.5 ng alter 
l3±2.5 (n=3); 25 ng after 20± l.2  (n=7); 100 ng after 24±l (n=8); and lµg after 
30±2.4 days (n—4). A delay in the development of the different stages was also clear 
at doses higher than 25 ng in a dose dependent manner. NOC did not suppress seizure 
elicitation in fully kindled animals. We conclude that the activation of the ORL-1 
receptor might be linked to endogenous inhibitory mechanisms that could restrain 
spread of hiperexcitation within the limbic system.

536.20
THE EFFECT OF THE AGONIST Ac-RYYRWK-NH2 AND THE ANTAGONIST [Phe1ψ(CH2- 
NH)Gly2]nociceptin( 1 -13)NH2 AT THE ORL1 RECEPTOR OF CENTRAL AND PERIPHERAL 
SITES. Mason, S.L., Nicholson, J.R., Lee, K. & McKnight, A T*. Parke-Davis Neuroscience Research 
Centre, Cambridge University Forvie Site, Robinson Way, Cambridge, U.K.

Using Orphanin FQ (OFQ), the hexapeptide agonist Ac-RYYRWK-NH2 (Dooley et al., 1997, JPET, 
283 735) and the antagonist [Phelψ(CH2-NH)Gly2]nociceptin(l-13)NH2 (Guemni et al., 1998 Br. J. 
Pharmac., 123 163) we have conducted radioligand binding studies at putative ORL1 sites in rat brain 
membranes with [3h ]OFQ and GTPγ35s. We have also studied the interactions of these ligands in the 
electrically stimulated rat vas deferens (RVD) where OFQ is a potent and efficacious agonist 
(Nicholson et al., 1996, Br. J. Pharmac.,119, 36P). In vivo we have compared the effects of OFQ and 
the hexapeptide following icv administration in the presence of peptidase inhibitors (PI), in a feeding 
paradigm where we have shown a stimulatory effect of OFQ (Nicholson et al., 1997, Br. J. Pharmacol. 
122 213P), and have tested the ability of the antagonist to block the increased food intake.

In frontal cortex the affinities of Ac-RYYRWK-NH2 and OFQ were comparable (pKi 10.4) and both 
were potent in stimulating GTPγ35S binding (EC50~6nM), although the hexapeptide had lower 
efficacy (53% of OFQ Emax). In the hypothalamus the affinity for the hexapeptide was equally high 
(pKi=10.1) but the efficacy was lower still (23% of OFQ Emax) in spite of Bmax being similar to the 
cortex. [Phelψ(CH2-NH)Gly2]nociceptin(l-13)NH2 displayed some efficacy in the cortex, but we 
could show a surmountable antagonism of the response to OFQ in the GTPγ35S assay, suggesting a 
functional affinity (pA2 8.6) that agreed with the binding affinity (pKi against [3H]OFQ 8.9).

In the RVD the hexapeptide was more potent than OFQ although not as efficacious (EC50 0.86nM, 
Emax 0.71). In the presence of PI, the antagonist blocked the response to OFQ and the hexapeptide. 
although with lower affinity than in cortex (pA2 values 7.29 and 7.20 with slopes of 0.82 and 0.86).

In vivo, administration of 5Opmoles OFQ in the presence of PI increased food intake in satiated rats 
(2.6l±O.l6g, n=7 cf vehicle O.9O±O.24g, n=lO). By itself the antagonist [Phe1ψ(CH2- 
NH)Gly2]nociceptin( 1 -13)NH2 (lnmol) also increased food intake ( l .68±0.08g cf vehicle: 0.95±0.lg, 
n=6), however no increase was observed after co-administration of this dose of antagonist with 50pmol 
OFQ (l.05±0.26g). Similarly, the hexapeptide (3Opmol) increased food intake in satiated animals 
although here, the amount of food eaten (l.98±00.26g, n=l2) was not affected when lnmol 
[Phelψ(CH2-NH)Gly2]nociceptin(l-13)NH2 was co-administered (2.6O±O.38g, n=6).

Thus although our in vitro findings suggest a straightforward interaction between the “antagonist'’ 
[Phelψ(CH2-NH)Gly2]nociceptin(l-13)NH2 and both of the “agonists” OFQ or Ac-RYYRWK-NΉ2· 
our results on food intake are more difficult to interpret, suggesting that the use of the novel peptide 
antagonist to define ORL1 pharmacology in vivo may be problematic.

CATECHOLAMINE RECEPTORS: STRUCTURE AND FUNCTION

537.2537.1

DETERMINATION OF ACCESSIBILITY OF SUBSTITUTED CYSTEINES IN 
THE FIFTH MEMBRANE-SPANNING DOMAIN OF THE HUMAN α2A- 
ADRENERGIC RECEPTOR. A. Mariamäki*1. H. Frang1. J. Kallio1. A. 
Hoffren2, J.A. Javitch3 and M. Scheinin1.1Dept. of Pharmacology and 
Clinical Pharmacology, Univ. of Turku, FIN-20520 Turku, Finland; 2Juvantia 
Pharma, FIN-20520 Turku, Finland; 3Center for Molecular Recognition, Dept. 
of Psychiatry and Pharmacology, Columbia Univ., NY, NY 10032

Chloroethylclonidine (CEC) has been shown to form a covalent bond 
with the sulfhydryl side chain of a cysteine residue (Cys201) in the 
TM5 domain of the human α2A-adrenergic receptor (Hα2A-AR). 
Irreversible binding of CEC has been used as a criterion for identifying 
substituted cysteine residues in TM5 as being exposed in the binding 
cavity (1). The combination of substituted cysteine mutagenesis and 
the use of charged methanethiosulfonate (MTS) derivatives has been 
succesfully used to probe the structures of other seven TM domain 
receptors, such as the dopamine D2 and ß2-ARs (2, 3). We mutated 
residues 197-205 in the TM5 of the Hα2A-AR to cysteine and 
determined the second-order rate constant (k) for the reaction of 
MTSEA and CEC with each susceptible mutant. The results obtained 
were qualitatively similar supporting our 3D receptor model in which 
the TM5 domain is α-helical. The alkylation rate of Hα2ACys2OO 
mutant was relatively much faster when CEC was used as an 
alkylating agent compared to MTSEA, indicating that these two 
reagents may interact with two different receptor conformations.
(1) Marjamäki et al., Mol. Pharm. 53: 370-376; 1998
(2) Fu et al., Biochemistry, 35:11278-11285; 1996
(3) Javitch et al., JBC, 272: 18546-18549; 1997

A TRANSMEMBRANE DOMAIN-DERIVED PEPTIDE INHIBITS DOPAMINE 
D1 RECEPTOR FUNCTION WITHOUT AFFECTING RECEPTOR 
OLIGOMERIZATION. S.R. George1,2,4. G. Varghese1. S.P. Lee1.4, P.R. Zeman1. P, 
Seeman1,3,* , G.Y.K. Ng3, and B.F. O ’Dowd1,4. Depts. o f 1Pharmacology, 2Medicine 
and 3Psychiatry, Univ. of Toronto, and the 4Addiction Research Foundation, Toronto, 
Canada, M5S 1A8.

It has been shown that a peptide based on the sequence of transmembrane domain 6 
(TM6) of the ß2-adrenergic receptor (ß2AR) was able to disrupt dimerization and 
adenylyl cyclase (AC) activation in the ß2AR [Hebert et a l, 1996, J  Biol Chem, 271: 
16384-16392]. In this study, we show that the analogous TM6 peptide from the D 1
dopamine receptor (DI R) specifically inhibited DIR function, but did not affect 
receptor oligomerization. Treatment of membranes from DIR-expressing Sf9 cells 
with DIR TM6 peptide resulted in a dose-dependent, non-competitive inhibition of 
specific D1 antagonist binding, an effect not seen with peptides based on 
transmembrane domains of other G protein-coupled receptors. Incubation with the 
DIR TM6 peptide also resulted in a dose-dependent attenuation o f both dopamine- 
induced 35S-GTPγS binding and receptor-mediated dopamine stimulation of AC 
activity. Notably, following peptide treatment, cAMP production and GTPγS binding 
could be reduced to levels below baseline suggesting that the peptide impaired basal 
D IR  G protein coupling and AC activity. Immunoblot analysis o f the D IR  revealed its 
existence as monomers, dimers and higher order oligomers. Treatment with the D1 
TM6 peptide did not affect the oligomeric state o f the receptor. We postulate that the 
D IR  TM6 peptide may act by interacting with native transmembrane domains to alter 
the three dimensional conformation of the D1 receptor, so as to interfere with its 
ligand and signal transduction interactions, without disrupting the dimer interfaces. 
We provide evidence to show that a peptide based on the TM6 of the D1 dopamine 
receptor may represent a novel category of noncompetitive D1 receptor antagonists. 
This work is supported by the MRC of Canada and NIDA.
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537.3
CLONING OF A NOVEL NEURONAL DENDR ITIC  PRO TEIN  THAT  
INTERACTS W ITH  D 1 DOPAMINE RECEPTORS. S. Eubanks1. L. Mrzj ak3,
R. Levenson2, C. Bergson *1. 1Medical College of Georgia, Augusta, GA, 
30912 -2300 ,2Penn State College of Medicine, 3YaleUniversity School of 
Medicine.

W e have conducted a yeast two-hybrid screen to identify interacting 
proteins that may provide specificity for D 1 dopamine receptor subcellular 
localization and signaling pathways. Our ‘bait’ consists of an 84 amino acid 
segment (residues 364-448) of the human D1 DA receptor, while a human 
brain cDNA:GAL4 activation domain expression library comprised the ‘prey. 
Here, we report the cloning of a novel protein designated K37, isolated by 
virtue of its interaction. with C- terminal intracellular domain of the D 1 dopamine 
receptor. Hybridization of 32P-labelled probes to a human RNA dot blot reveal 
that the gene encoding K37 is expressed in a number of the same brain 
regions and peripheral tissues as the D 1 receptor. The strongest hybridization 
signals correspond to K37 probe bound to caudate/putamen, frontal lobe, 
subthalamic nucleus, substantia nigra, pituitary and kidney poly A+RNA. 
Computational analyses of its predicted protein sequence indicate that K37 is 
a type II membrane glycoprotein with a single transmembrane segment. 
Antibodies to K37 protein bound to a glycosylated protein of ~3O kDa present 
in rhesus monkey prefrontal cortex and caudate putamen, but not spleen.
The extent of overlap between K37 expressing cells and D 1 receptor 
expressing cells appears to be 100% in sections of primate prefrontal cortex 
double-labelled with K37 and D1 receptor antibodies. Their coincident 
subcellular localization is consistent with physical interaction between D1 
receptor and K37 proteins occurring in vivo. Experiments are in progress to 
investigate the physiological significance of interactions between the D 1 
dopamine receptor and K37 protein. (Suported by NARSAD, MH44866, and 
R29 MH056608)

537.5
INTERACTION OF THE D2 DOPAMINE RECEPTOR THIRD CYTOPLASMIC LOOP WITH 
SPINOPH!LIN, A PROTEIN PHOSPHATASE-1 INTERACTING PROTEIN.
F.D. Smith*, G.S. Oxford and S.L.Milgram. Curriculum in Neurobiology and Department of 
Physiology, University of North Carolina-Chapel Hill; Chapel Hill, NC 27599.

Dopamine receptors are a class of G-protein coupled, seven transmembrane spanning 
proteins which play an important role in neural signaling; defects in dopaminergic 
neuotransmission are linked to several major neurological disorders, including schizophrenia. 
Parkinson’s disease and Tourette's syndrome. The dopamine receptor superfamily contains 
members of two functionally and structurally distinct families, termed D1 -like and D2-like. D2- 
like receptors (D2L and D2S, D3 and D4) have been defined both pharmocologically and 
functionally. However, there is a great deal of heterogeneity of function, and ligands which 
intimately discriminate molecular isoforms are not yet available. One question that has not yet 
been systematically examined is the extent to which these receptors are functionally and/or 
physically compartmentalized into larger signaling complexes. It is now clear from the work of 
many laboratories that a variety of different scaffolding molecules exist and perform important 
roles in both formation and localization of signaling complexes. We have used the yeast two- 
hybrid system to look for proteins that might interact with the D2 dopamine receptor with the 
expectation that such proteins will supply relevant information as to functional distinctions 
between receptor subtypes. To this end, we screened a rat hippocampal cDNA library in the 
two hybrid system using the entire third cytoplasmic loop (Y213-K370) of the rat D2L dopamine 
receptor as a bait. Screening > 1 x 106 transformants yielded several positive clones. After 
further tests for specificity of interaction and sequencing of library inserts, we identified a novel 
protein which was not homologous to known proteins. Subsequently, the same protein was 
identified by another group and named spinophilin (Allen et al., (1997), PNAS 94, 9956). 
Spinophilin was initially isolated as a Protein Phosphatase-1 (PP-1) interacting protein localized 
to dendritic spines in the CNS. Spinophilin contains a large region not homologous to other 
known proteins, a single PDZ domain, and a coiled-coil region. The interaction between 
spinoph¡lin and the D2L receptor third cytoplasmic loop may represent a novel mechanism for 
generating functional diversity among dopamine receptors, and possibly among other GPCRs 
We are currently characterizing this interaction using recombinant fusion proteins and site 
directed mutagenesis techniques, as well as determining whether this interaction has a 
functional impact on receptor-effector coupling. (Supported by NIH grant R29DK50744 and 
NSF grant IBN9513671 to S.L.M., NIH grant NS18788 to G.S.O., and Hoechst Marion Roussel 
Pharmaceuticals).

537.7
RESIDUES IN THE SECOND MEMBRANE-SPANNING SEGMENT OF THE 
DOPAMINE D2 RECEPTOR ACCESSIBLE IN THE BINDING-SITE CREVICE.
J. A. Javitch, J. Chen, and M. Martin. Center for Molecular Recognition, Psychiatry 
& Pharmacology, Columbia University; NYS Psychiatric Institute, NY, NY 10032.

The binding site of the dopamine D2 receptor, like that o f other homologous G 
protein-coupled receptors, is contained within a water-accessible crevice formed 
among its seven membrane-spanning segments. Using the substituted-cysteine 
accessibility method, we are mapping all the residues accessible in this binding-site 
crevice. We mutate individual residues in the membrane-spanning segments to 
cysteine. If binding to a mutant receptor expressed in HEK 293 cells is near-normal, 
we determine whether the substituted cysteine is at the water-accessible surface of the 
binding site by testing its accessibility to small, charged hydrophilic, lipophobic 
sulfhydryl-specific derivatives of methanethiosulfonate (MTS). These reagents react 
covalently with water-accessible cysteines, and if the engineered cysteine faces into 
the binding-site crevice, the reaction will affect antagonist binding irreversibly and 
will be retarded in the presence of ligand. We have now mutated to cysteine, one at a 
time, twenty-two consecutive residues in the second membrane-spanning segment 
(M2). Eight of these mutants reacted with the MTS reagents, and most were protected 
from reaction by a reversible dopamine antagonist, sulpiride. Thus, we infer that the 
side chains of these residues (D80, V83, V87, P89, W90, V9l ,  L94, E95) are in the 
water-accessible surface of the binding-site crevice. The pattern of accessibility is 
consistent with an α-helical conformation with a wider angle o f accessibility near the 
binding site itself and a narrower stripe continuing toward the cytoplasmic portion of 
M2. The charge of E95 appears to contribute to ligand affinity; reaction o f E95C with 
the negatively charged MTS ethylsulfonate restored the negative charge and 
increased the affinity of binding, while reaction of the positively charged reagents 
further inhibited binding. A cluster of three o f the accessible residues are critical 
determinants of D2 versus D4 selectivity. Supported by MH57324 and MH54137.

537.4
STRUCTURE-ACTIVITY RELATIONSHIP STUDIES OF N-(9-BENZYL(-9- 
AZABICYCLO[3.3. l]NONAN-3 -ß-YL BENZAMIDE ANALOGUES FOR D2 AND 
d 3 RECEPTORS. R.H. Mach.1,2* B. Yang.1 Y. Huang.1 Y. Xu.1 J .T . C h e n e y .1   
Hammond.1 and R.R. Luedtke3. Departments of 1Radiology and 2Physiology & 
Pharmacology, Wake Forest University School of Medicine, Winston-Salem, NC; 
3Deρartment o f Pharmacology, University o f  Texas Health Science Center, Fort 
Worth, TX.

The benzamide derivative 2,3-dimethoxy-N-(9-benzyl)-9-azabicyclo[3.3.1]nonan-3-ß- 
yl benzamide has been shown to be a potent antagonist at dopamine D2 and D3 
receptors (Yang et al., Med. Chem. Research, in press). The goal of the current study 
was to determine if one could prepare analogues o f this lead compound possessing a 
higher selectivity for D3 versus D2 receptors by changing the nature of the substitution 
pattern in the aromatic ring of the benzamide group. Removal of the 2-methoxy group 
resulted in a dramatic reduction in affinity for both D2 and D3 receptors whereas 
removal of the 3-methoxy group resulted in only a moderate reduction in affinity at 
both receptors. Replacement of the benzamide group with a 2-methoxy-3-yl 
naphthamide group produced a compound possessing a subnanomolar affinity for both 
D2 and D3 receptors.

Substitution of 5-position of 2-methoxy-N-(9-benzyl)-9-azabicyclo[3.3.1]nonan-3ß- 
yl benzamide with electron-withdrawing substituents (nitro, chloro or bromo groups) 
resulted in an dramatic increase in affinity for both D 2 and D3 receptors. These 
analogues also possessed a 4-6-fold higher affinity for D3 versus D 2 receptors. 
Similarly, introduction of a bromo group into the 4-position o f the 2-methoxy-3-yl 
naphthamide analogue resulted in a compound possessing a subnanomolar affinity and 
5-fold higher selectivity for D3 versus D2 receptors. The higher affipity for D3 versus 
D2 receptors indicates that these analogues may be useful in treating neuropsychiatric 
disorders such as schizophrenia and substance abuse while having a lower tendency to 
cause extrapyramidal side effects. Supported by DA 09142 and DA 09147.

537.6
TRANSMEMBRANE DOMAIN SWAPPING IN D2 DOPAMINE RECEPTOR 
DIMERIZATION. S.P. Lee1,2*, B.F. O ’Dowd1,2, H. Akil3, and S.R. George1,2’4. 
Depts. of 1Pharmacology and 4Medicine, Univ. of Toronto, and the 2Addiction 
Research Foundation, Toronto, Canada, M5S 1A8; 3Mental Health Research Institute, 
Univ. of Michigan, Ann Arbor, MI 48109-0720.

We have shown previously that the D2 dopamine receptor (D2R) exists in both 
monomeric and hornodimeric forms. We have postulated that the sites o f interaction 
between D2R monomers in dimer formation may be within the transmembrane 
domains (TMs). Nevertheless, the structure of D2R dimers is still not well defined. A 
model, derived mainly from amino acid sequence analyses and computer simulations, 
has been proposed in which transmembrane helices o f G protein-coupled receptors 
participate in domain swapping when in the dimeric state [Gouldson et al, 1997, J  
Med Chem, 40: 3871-3886]. In this model, upon receptor dimerization, the original 
binding pockets o f  the two subunit monomers are replaced by the formation of two 
new binding pockets that are very similar in structure to that of the monomeric 
receptor, except that they are formed from regions donated by both subunits. In this 
study, we examined D2R mutants that, when expressed alone, showed attenuated or 
no ligand binding due to key amino acid substitutions in either TM 3 or TM 5. We 
hypothesized that binding would be recovered upon co-expression o f a TM 3 mutant 
with a TM 5 mutant if these TMs participated separately in the swapping process. 
Furthermore, it was postulated that, if binding recovery was achieved due to domain 
swapping, photoaffinity labelling with 125I-iodoazidonemonapride would show 
labelling of the heterodimeric receptor and not the monomers. However, enhanced 
binding was not observed upon mutant receptor co-expression. These data suggest that 
TM 3 and TM 5 of a D2R monomer do not participate independently o f each other in 
domain swapping in D2R dimerization. This work is supported by the MRC of 
Canada and NIDA.

537.8
CONSTRUCTION, FUNCTIONAL EXPRESSION AND SOLUBIL IZATION OF 
A TRIPLY-TAGGED, DOUBLY-CLEAVABLE RAT D2L DOPAMINE RECEPTOR. 
J. A. Schetz* and D. R. Siblev. Molecular Neuropharmacology Section, 
NINDS/NIH, 9000 Rockville Pike, Bethesda, MD 20892.
A prerequisite for characterizing G-protein coupled receptor drug interactions 

in terms of protein conformational changes is the availability of large quantities 
of homogeneous, functional receptors. To this end, the Drosophila expression 
vector pRmHa-3 was modified by incorporating a series of N-terminal features 
to enhance expression in and to facilitate purification from Drosophila 
Schneider-2 (S2) cells. The resulting vector, dubbed pJACKS, features a 
metallothionein promoter followed by a FLAG tag, a 6x polyhistidine tag, an S- 
tag and an enterokinase cleavage site. The rat D2L dopamine receptor was 
subcloned into pJACKS such that its start methionine immediately follows the 
enterokinase cleavage junction. pJACKS-D2L and the Drosophila drug selection 
vector, hspNEO, were co-transfected at a 20:1 ratio into S2 cells via CaPO4
precipitation. Following several weeks of constant selection with 1 mg/mL 
G418, the emergent stable polyclonal cell population was induced with the 
metallothionein promoter, copper, and screened for D2 receptor radioligand 
binding activity. High affinity and saturable [3H]methylspiperone binding was 
detected in induced cell membranes (KD = 185±24 pM and Bmax = 9 3±1 8 
pmoles/mg membrane protein) but not uninduced or untransfected cells. This 
binding was also blocked by (+)butaclamol and was stereoselectively inhibited 
by the D2-selective agonists (-) and (+) N-propylnorapomorphine (K1 = 6.0±1 nM 
and 2 32 ± I9  nM, respectively). Intact S2 cells expressing the triply-tagged D2L 
receptor also bound an anti-FLAG monoclonal antibody, M2, that was detected 
with an FITC-labeled secondary antibody and FACS sorting. The tagged D2L 
receptor could be solubilized from S2 cell membranes in high yield with 0.3%  
digitonin without significantly affecting antagonist binding properties (supported 
by NINDS/NIH).
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537.9
CHARACTERIZATION OF THE DOPAMINE D3 RECEPTOR AND A D3 SPLICE 
VARIANT, D3nf, IN SF9 CELLS. J.L. Elmhurst1. S.P. Lee1,2. A.J. Lanca*1. G.Y-K. 
Na1. B.F. O ’Dowd1,2. and S R. George1,2. 1Dept. of Pharmacol., Univ. Of Toronto, 
and 2Addiction Res. Fdn, Toronto, Ontario M5S 1A8 Canada.

The dopamine D3 receptor (D3R) belongs to the D2-like family of dopamine 
receptors. As with other members of this group, the D3R gene contains introns 
which allows for alternative splicing. The most characterized of the D3R splice 
variants encodes a truncated protein called D3nf. Since it has been shown that 
some truncated receptor variants affect their full-length counterparts, we 
investigated the effects of the D3nf on D3R pharmacology. D3R and D3nf were 
epitope-tagged and expressed in Sf9 cells. D3R showed saturable, high affinity 
binding of the antagonists 3H-spiperone and 3H-nemonapride. The rank order of 
potency of a series of ligands was consistent with D3 pharmacology in other cell 
lines. D3nf was unable to bind these antagonists or 3H-dopamine. When D3R and 
D3nf were coexpressed, the Bmax of D3R binding was reduced with no change in 
Kd. Immunoblot analysis of membranes from Sf9 cells expressing D3R or D3nf 
alone revealed predominant species at approximately 40 and 80 kDa, and 36 and 
72 kDa respectively, consistent in size with protein monomers and dimers. Higher 
molecular weight species were also observed, possibly corresponding to receptor 
oligomers. Photoaffinity labelling of these membranes with 125l-azidonemonapride 
identified the D3 receptor monomer, dimer and tetramer however no labelling of 
D3nf was seen, consistent with its inability to bind ligands. When D3R and D3nf 
were coexpressed, the same protein species were observed as when the receptors 
were expressed separately. Confocal microscopy revealed that both D3R and 
D3nf were expressed on the cell surface. These results suggest that the D3R and 
D3nf form homodimers and D3R/D3nf coexpression may reduce cell surface 
expression of D3R possibly by heterodimerization. (Supported by MRC Canada 
and NIDA).

537.11
STRUCTURAL DETERMINANTS OF PHARMACOLOGICAL SPECIFICITY IN 
THE DOPAMINE D4 AND D2 RECEPTORS. M. Martin*, J. Chen, M. Suehiro, 
and J. A. Javitch, Center for Molecular Recognition, Departments of Pharmacology & 
Psychiatry, Columbia University; NYS Psychiatric Institute, NY, NY 10032.

Using the substituted-cysteine accessibility method (SCAM), we are identifying all 
the residues in the membrane-spanning segments that form the surface o f the water- 
accessible binding-site crevice in the dopamine D2 receptor. From SCAM and 
mutagenesis studies, it appears that highly conserved residues previously identified in 
the p2-adrenergic receptor are critical for binding in the D2 receptor as Well. 
Completely conserved residues, however, cannot account for the profound 
differences in binding specificities among the catecholamine receptors. Instead, non- 
conserved accessible residues likely contribute to binding specificity. Of ~80 
membrane-spanning residues that differ between the D2 and D4 receptors, ~20 are 
accessible based on SCAM. In a D2 receptor background, we mutated to the aligned 
residue in the D4 receptor, individually or in combinations, 13 accessible, non- 
conserved residues which we expected to be in the proximity of the binding site. N- 
methylspiperone had similar affinities for the wild-type D2 and D4 receptors, and its 
affinity was minimally affected by the mutations. In contrast, chlorophenyl- 
piperazinyl methylindole (CPPMI) had 2000-fold higher affinity for the D4 receptor 
than for the D2 receptor. Compared with the D2 receptor, a chimeric mutant with 3 
residues altered in TM2 and another mutant with 2 residues altered in TM3 had 40- 
fold and 10-fold higher affinity, respectively, for CPPMI. As compared with the D2 
receptor, the combined 5 residue chimera had 1000-fold higher affinity for CPPMI. 
The 5 mutated residues form a cluster at the extracellular ends of TM2 and TM3 and 
include the addition of a Phe in TM2 and the removal of a Phe in TM3. This suggests 
that an aromatic interaction with CPPMI is optimized in the D4 receptor. The 
determinants of the D4-selectivity o f clozapine are partially shared but not identical 
to that for CPPMI. Supported by MH57324, MH54137, and the Mathers Trust.

537.13
CHARACTERIZATION OF THE INTERACTION BETWEEN THE DOPAMINE D4 
RECEPTOR AND THE SH3 ADAPTOR PROTEINS NCK AND GRB2. J. Oldenhof* 
and H. H. M. Van Tol. Lab. of Molec. Neurobiol., The Clarke Inst. of Psychiatry, 
Toronto, Ont., M5T 1R8.

The dopamine D4 receptor is a G protein-coupled receptor (GPCR) that belongs 
to the dopamine D2-like receptor family. Functionally, the D2-like receptors are 
characterized by their ability to inhibit adenylyl cyclase, but can also stimulate 
mitogen-activated protein kinases (MAPK). The dopamine D4 receptor, as well as 
many other catecholaminergic receptors, contain the sequence for several putative 
SH3 binding domains. Most of these sites in the D4 receptor are located in a 
polymorphic repeat sequence and flanking sequences in the third intracellular loop. 
W e have previously demonstrated, using the yeast two-hybrid system and an in 
vitro interaction assay, that the dopamine D4 receptor interacts with the SH3 
domain containing adaptor proteins Nck and Grb2. In this study our aim was to 
further characterize this interaction. We used an in vitro saturation analysis to 
estimate the affinity of the interaction. We compared the affinities of the different full 
length dopamine D4 receptors (D4.2, D4.4 and D4.7) for Nck and Grb2. We also 
compared the affinities of three deletion mutants, which did not express the putative 
SH3 binding domains found in the polymorphic repeat sequence and flanking 
sequences, for Nck and Grb2. Small differences in affinities were seen between the 
different full length dopamine D4 receptors and Nck or Grb2. The deletion mutant 
which removed the repeat sequence alone did not show a reduced affinity. The 
deletion mutant that did not express the repeat sequence and the putative SH3 
binding domains amino to the repeat sequence showed a reduced affinity for Nck 
and Grb2. The deletion mutant that removed all putative SH3 binding domains 
eliminated binding completely. These results show that the D4 receptor has a high 
affinity for Nck and Grb2 and that both the amino and carboxy SH3 binding motifs 
to the repeat sequence are required for maximal binding. (Supported by the 
Canadian Medical Research Council, MRC PG11121)

537.10
CONTRIBUTION OF CYSTEINE 114 OF THE HUMAN D3 DOPAMINE 
RECEPTOR TO LIGAND BINDING AND ITS SENSITIVITY TO EXTERNAL 
OXIDIZING AGENTS. G.L. Alberts, J.F. Pregenzer and W. B. Im*, Biology 
II/Neurobiology Research, Pharmacia & Upjohn, Kalamazoo, MI 49001.

We investigated the functional roles of the cysteine 114 (Cl 14) of the human 
dopamine D3 receptor which is located in the critical ligand binding region of the 
transmembrane III (TMIII), about one helical turn away from the aspartate 110 
which has been proposed to form an ion pair with the amine group of 
catecholamines. The C114S mutant, as expressed in Sf-9 cells, displayed markedly 
lower affinities to UH-232 and AJ-76 (antagonists with a aminotetralin template), 
with their inhibition constant over 272- and 102-fold greater, respectively, than 
those observed with the wild type, but showed only moderate or marginal affinity 
changes to dopaminergic antagonists with various other templates. For agonists, 
considerable affinity decreases (40-to 77-fold) were observed for (-)3-PPP, 
apomorphine and quinpirole, but not with ergots (lisuride and cabergoline). With 
respect to coupling of the D3 receptor to cellular G-proteins, Cl 14 plays a minimal 
role, since its mutation to serine hardly affected quinpirole-dependent [35S]GTPyS 
binding. Cl 14 appears to be the primary residue on the D3 receptor readily 
oxidizable by external agents, since the C114S mutant abolished the inhibition of 
ligand binding by externally applied N-ethylmaleimide(NEM) observed in the wild 
type. Among the D2-like receptors which contain highly homologous TMIII 
sequences including a cysteine residue at the equivalent position, the D21ong 
displayed NEM sensitivity similar to that of the D3 receptor, but the D42 were not 
sensitive to NEM at all. We conclude that Cl 14 is pivotal for high affinity 
interactions of the D3 receptor with antagonists with an aminotetralin template and 
most agonists except for ergots, and may be highly susceptible to external oxidizing 
agents, unlike its counterpart in the D42 receptor.

537.12
DOPAMINE D4 RECEPTOR MUTAGENESIS: ROLE OF ASPARTATE 80 IN 
REGULATION OF FUNCTION, AGONIST AND ANTAGONIST BINDING. 
R.P. Fantaske, K.R. Jarvie*, S. Sharma, L. Wong. R. Kamboj and J.B. Owolabi. 
Discovery Biology, Allelix Biopharmaceuticals Inc., Mississauga, Ontario, 
CANADA, L4V 1V7.

Ligand binding to many members of the G-protein-coupled family of receptors is 
modulated allosterically by monovalent cations. We have probed the functional 
and ligand binding properties of the dopamine D4.2 receptor, and two mutant-D4.2 
constructs generated by site-directed mutagenesis of the conserved aspartate within 
transmembrane 2 to either asparagine (D80N) or glutamate (D80E). The wild type 
and mutant receptors were transiently-expressed in COS-1 or CHO-KI cell lines. 
Expression of the D4.2 wild type and D80N mutant receptors was comparable as 
assessed immunocytochemically with D4-specific antibodies. Lower-level 
expression of the D80E mutant was observed. Functional responses (Cytosensor 
Microphysiometer) were observed for the wild type and D80N mutant receptors 
(30% of wild type). The functional response of the D80E mutant was negligible. 
[3H]Spiperone bound with the same affinity to the wild type and D80N mutant, 
however binding to the D80E mutant was undetectable. Mutation of this aspartate 
residue abolished the sodium chloride- (120 mM) mediated effects on the binding 
of both YM-09151-2 (increased affinity) and clozapine (decreased affinity). In 
contrast, the D80N mutant exhibited a 10-fold increase in binding affinity for the 
agonists dopamine and apomorphine. These results are similar to those observed 
with comparable mutations in related members of the G-protein-coupled family of 
receptors. These findings suggest that this highly-conserved aspartate plays an 
important role in allosteric regulation of expression, functional activity and ligand 
binding to the D4.2 receptor.
(supported by Hoechst-Marion-Roussel Inc., Somerville, NJ., U.S.A.)

537.14
N-LINKED GLYCOSYLATION IS ESSENTIAL FOR PLASMA 
MEMBRANE LOCALIZATION OF HUMAN D5 DOPAMINE 
RECEPTOR. K. Dowhower Karpa1*, C. Bergson2, and R. Levenson1. 
Depts of Pharmacology,1Penn State College of Medicine; Hershey, PA 
17033 and 2Medical College o f GA; Augusta, GA 30912.

We have previously shown that within cortical pyramidal neurons, D1 
receptors are located preferentially in dendritic spines and D5 receptors 
are located primarily in dendritic shafts. To analyze whether post- 
translational modifications regulate subcellular localization of D1 and 
D5 receptors, we examined the role of N-linked glycosylation in 
trafficking these receptors to the plasma membrane of HEK293 cells. 
Treatment with tunicamycin, an antibiotic that prevents N-linked 
glycosylation, does not appear to affect the targeting of D 1 receptors to 
the plasma membrane. However, tunicamycin treatment prevents the D5 
receptor from reaching the plasma membrane. A series of D5 receptor 
mutants was created which changed potential N-linked glycosylation 
sites from asparagine to other amino acid residues. D5 receptor mutants 
created were: N7Q; N7T; N9V; N198T; N222Q; N7Q, N198T; N7Q, 
N222Q; N198T, N222Q; and N7Q, N198T, N222Q. Confocal 
immunoflorescence microscopy of D5 receptor mutants consistently 
revealed less antibody staining at the plasma membrane and a punctate 
pattern of cytosolic staining compared to cells expressing the wild type 
D5 receptor. Our results suggest that trafficking of the D5 receptor to 
the plasma membrane is dependent upon N-linked glycosylation.
Support provided by MH44866 (P. Goldman-Rakic, PI)
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537.15
HOMOLOGY SCREENING OF DOPAMINE D4-LIKE RECEPTOR 
ISOLATED A NOVEL ORPHAN RECEPTOR BUT NOT THE 
DOPAMINE D2-FAMILY RECEPTORS FROM HUMAN CEREBRAL 
CORTEX. M. M atsum oto*, K. Hidaka. K. Noda-Saita. M. O kada and T. 
Y am aguchi. Institute for Drug Discovery Research, Yam anouchi 
Pharm aceutical Co., Ltd., 21 Miyukigaoka, Tsukuba, Ibaraki, 305, 
Japan

Previous studies showed that although the density of m R N A  for 
dopam ine D4 receptor in human cerebral cortex w as extrem ely low, 
D4-like binding sites having affinity for nem onapride but not raclopride 
w ere abundantly detected, suggesting the existence of novel D4-like  
receptors. In the present study, w e screened a hum an cerebral cortex 
cDNA library with a D4 probe under low stringency conditions to 
exam ine w hether homology screening could isolate these novel D4-like  
receptors. Although seven-transm em brane receptors for noradrenaline, 
acetylcholine, and neuropeptide nociceptin w ere  plurally isolated, 
neither D2-fam ily (D 2, D3 and D4) nor novel D2-fam ily m em ber was  
obtained. Two clones, term ed H C C D 2 and H C C D 11 , had novel 
nucleotide sequences. Sequencing analysis revealed H C C D 2  to be a 
human orthologue for the rat orphan receptor H 218  and H C C D 1 1 to be 
a novel seven-transm em brane receptor sharing homology with 
angiotensin and somatostatin receptors. Transient expression of both 
novel receptors in CO S-1 cells did not produce any binding sites for 
nem onapride. Further, no binding sites for angiotensin II or 
somatostatin w ere produced from H C C D 11 . Assuming the existence of 
abundant D4-like receptors in the brain area, our present data suggest 
that they belong to a receptor fam ily different to the dopam ine D2  
receptor family.

537.17
ROLE OF THE FIFTH TRANSMEMBRANE DOMAIN OF THE BETA2- 
ADRENERGIC RECEPTOR ON AFFINITY AND EFFICACY OF LIGANDS. 
R. Del Carmine1*. C. Amhrosio3. S. Cotecchia2 and T. Costa3.
1Dept. of Neuroscience, Univ. of Rome “Tor Vergata”, Italy. 2Institut de 

Pharmacologie et de Toxicologie, University of Lausanne, Lausanne, 
Switzerland. 3Dept. of Pharmacology, Istituto Superiore di Sanita, Rome, Italy. 
We studied the pharmacological characteristics of a human β2-adrenergic 
receptor (|β2AR), in which the two serines that are putative docking sites for the 
catecholic hydroxyl groups of adrenergic ligands (Strader et al. Annu. Rev. 
Biochem. 63:101(1994)) were both deleted (S204A, S207A mutant). 
Epinephrine (EPI) had -100-fold less affinity for mutant than for wild type 
(WT) receptor. The affinity of the non catecholic ligand 2-(methylamino)-l- 
phenyl-1-ethanol (MAPE) was ~ 100-fold smaller in WT, but similar to EPI in 
mutant receptor. The intrinsic activity of EPI for stimulation of adenylyl cyclase 
activity was reduced from unity in WT to 0.65 in mutant receptors. That of 
MAPE was 0.65 in WT and became identical to that of EPI in mutant receptor. 
Thus, the deletion of hydroxyl groups from either the ligand or the receptor 
results in identical and non additive effects on both affinity and efficacy. We 
further examined the affinity and intrinsic activity of 43 adrenergic ligands. The 
results indicate that the presence of both the (β-hydroxyl group and an alkyl 
substituent on the amine group of adrenergic ligand are necessary for an optimal 
interaction between the catecholic ring and the two serines of the 5th 
transmembrane domain of the (β2AR. Thus, the strength of such interaction does 
not only depend on the hydrogen bonds between complementary hydroxyl groups 
on the ligand’s catechol and the two serines of the receptor, but also on all the 
other points of contact between the two molecules. (Supported by the EU 
BIOMED 2 programme: “Inverse agonism. Implication for drug design”.)

537.16
REVERTING THE CONSTITUTIVE ACTIVITY OF A CAM (β2-ADRENERGIC 
RECEPTOR BY MODIFICATION OF A CYSTEINE IN TM7 G. Liapakis*. and J. 
A. Javitch. Mol. Recog., Psychiatry. & Pharmacology., Columbia U., NY, NY 10032.

The β2 adrenergic receptor (β2AR) isomerizes spontaneously between inactive (R) 
and active (R*) conformations. R* is stabilized by G-proteins and by agonists, and 
various receptor mutations appear to shift the equilibrium towards R* and thereby 
increase agonist affinity. Antagonist binding to a constitutively active mutant (CAM) 
P2AR is sensitive to the polar methanethiosulfonate (MTS) derivative, MTS- 
ethylammonium (MTSEA). Cys285, in the sixth membrane-spanning segment (M6), 
is responsible for this inhibition; binding to P2CAM/C285S is unaffected by MTSEA. 
The acquired accessibility of Cys285 in the CAM may result from a rotation and/or 
tilting o f M6 associated with receptor activation. We now show that in a background 
of P2CAM/C285S, MTSEA decreased the affinity of isoproterenol binding ~ 10-fold, 
but did not affect antagonist affinity. In contrast, MTSEA had no affect on agonist 
affinity in P2CAM/C285S/C327S. Thus, reaction with MTSEA of Cys327 at the 
cytoplasmic end of M7 was responsible for the decrease in agonist affinity. Mutation 
of Cys327 to lysine mimicked the reaction of MTSEA and decreased the affinity of 
isoproterenol. The neutral methyl-MTS, however, had a similar effect on agonist 
affinity, suggesting that the effect is not charge dependent but rather results from an 
alteration of the size or nature of the side chain at this position. Reaction of Cys327 
with methyl-MTS also decreased the high-affinity binding of isoproterenol to a 
chimeric P2AR/Gs fusion protein, suggesting that coupling of the MTSEA-modified 
receptor to G-protein is impaired. P2CAM/C327K displayed lower basal signaling 
activity as well as lower affinity for isoproterenol stimulation o f adenylate cyclase 
than did P2CAM, consistent with impaired spontaneous and agonist-induced 
activation. Thus alteration of the side chain at position 327 impaired P2AR activation 
and signaling, apparently by constraining the receptor into an G-protein uncoupled 
inactive conformation. Supported by MH57324 and MH54137.

SEROTONIN RECEPTORS: 5HT1 RECEPTOR REGULATION

538.1
IDENTIFICATION OF NOVEL REPRESSOR ELEMENTS THAT REGULATE 
5-HT1A RECEPTOR GENE TRANSCRIPTION. X.M. Ou. J.M. Stoning and P R. 
Albert*. Neurosci. Res. Ins., Univ. of Ottawa, Ottawa, Ont., K1H 8M5 Canada.

The serotonergic raphe nuclei send projections throughout the CNS to activate 
a large family o f postsynaptic 5-HT receptors. The 5-HT1A receptor is an 
inhibitory postsynaptic receptor that also functions as a presynaptic autoreceptor to 
regulate the activity o f raphe neurons. Previous studies of 2.7 kb of 5' flanking 
sequence o f the rat 5-HT1A receptor gene revealed that transcription from this 
region is completely silenced by the presence of upstream DNA elements located 
between -2719 and -1519 bp from the initial ATG codon in all cell lines studied. 
The current study focuses on the mechanisms mediating this silencing. Deletion of 
sequences from -1590 bp to -1519 bp resulted in a greater than 10-fold increase 
in luciferase activity in transient transfection/reporter gene assays in both L6 cells 
(a 5-HTlA-nonexpressing rat myoblast line) and RN46A cells (a 5-HT1A- 
expressing rat embryonic raphe line). DNase I protection analysis was performed 
in this region and two discrete protein binding sites were identified (8-10 
nucleotides in length). A double-stranded 31-mer oligonucleotide probe was 
designed based on the nucleotide sequence o f the DNase I-protected region. Using 
this sequence as a probe, electrophoretic mobility shift assays demonstrated the 
formation of two distinct DNA-protein complexes. A 15-mer oligonucleotide 
directed at the 3’ site was found to selectively compete with one of the two protein 
binding sites. These results indicate that the sequence from position -1590 bp to - 
1519 bp of the rat 5-HT1A receptor gene is bound by nuclear proteins and represses 
transcription from the major gene promoter. No consensus DNA elements for 
known transcription factors were identified in this 71 bp region, suggesting that 
novel transcription factors are involved in the negative regulation o f 5-HT1A 
transcription.

Supported by the Ontario Mental Health Foundation andM RC o f  Canada

538.2
SEROTONIN1A RECEPTORS AND G PROTEIN COUPLING IN AGING RAPHE 
NUCLEI FOLLOWING EEDQ. B.J. Keck* and J.M. Lakoski. Depts. Pharmacology & 
Anesthesia, The Pennsylvania State University College of Medicine, Hershey, PA 17033.

The neurotoxicant EEDQ (N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline) was 
administered to young and old (3 and 22 mo, respectively) female Fischer 344 rats to 
investigate the irreversible inactivation of serotonin1A (5-HT1A) receptors in the dorsal and 
median raphe nuclei (DRN and MRN, respectively) with aging. Rats were treated for 24 h 
with EEDQ (6.0 mg/kg, s.c.) or vehicle. 5-HTIA receptor densities in the raphe nuclei were 
evaluated by quantitative autoradiographic analyses using 2.0 nM [3H]8-OH-DPAT. To 
investigate the age-dependent relationship between 5-HT1A receptor binding and receptor- 
effector mechanisms following EEDQ treatment, 10 µM Gpp[NH]p, the nonhydrolyzable 
analog of GTP, was used in the autoradiography assay. Four independent treatment groups 
were analyzed by quantitative autoradiography: 1) vehicle treated, 2) EEDQ treated, 3) 
vehicle + Gpp[NH]p, and 4) EEDQ + Gpp[NH]p.

In the DRN, EEDQ treatment produced significant declines in 5-HT1A receptor densities 
in young (80%) and old (82%) rats compared to vehicle treatment, with no detectable age 
difference. In the vehicle treated DRN, addition of Gpp[NH]p produced a similar reduction 
in binding in both 3 and 22 mo age groups (85% and 80%, respectively) compared to vehicle 
treatment alone. In the EEDQ treated DRN, the addition of Gpp[NH]p produced a 
pronounced loss of 5-HT1A receptor binding density compared to vehicle treatment (96% and 
98% in 3 and 22 mo rats, respectively). Furthermore, binding densities from these later 
treatment groups were significantly different from age-matched EEDQ and vehicle + 
Gpp[NH]p groups. In the MRN from young and old rats, EEDQ treatment produced a 
significant decline in binding (71% and 79%, respectively). Addition of Gpp[NH]p 
produced a 91% and 83% reduction of MRN binding in 3 and 22 mo, respectively, rats 
treated with vehicle, while a 93% and 98% (3 and 22 mo, respectively) reduction was 
produced in rats treated with EEDQ. The results of these experiments underscore the role 
of receptor-effector coupling efficiency in the aging 5-HTIA receptor following EEDQ 
treatment. Supp. by Penn State Univ. Gerontology Center (JML) and F32 AG 05728 (BJK).
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538.3
GENDER SPECIFIC EFFECTS OF INHIBITION OF THE SEROTONIN 
OR DOPAMINE TRANSPORTERS ON 8-OH-DPAT BINDING IN 
DEVELOPING RAT BRAIN. X. Shi1. N. Goeders2. B. Irby2. D. Dow- 
Edwards1*. 1Dept. of Pharm, SUNY, Brooklyn, NY 11203.2Dept. of Pharm 
and Therap, LSU Med Ctr, Shreveport, LA 

Developmental exposures to inhibitors of the serotonin (5-HT) or 
dopamine (DA) transporters or to cocaine, which inhibits both transporters, 
produce gender-specific effects on glucose metabolism, binding of ligands 
specific for the DA receptors and hybridization probes specific for the 5-HT 
transporter. These studies utilized fluoxetine as a selective inhibitor of the 5- 
HT transporter and GBR 12909 as a selective inhibitor of the DA transporter, 
administered sc. at 25 mg/kg every other day during PnD 11-21. These 
treatments were compared to that of cocaine (25 mg/kg) administered daily 
during the same period of development. Rats were sacrificed 60 min 
following the last dose of drug or vehicle, the brains were frozen and later 
processed for 8-OH-DPAT binding. In each treatment group, the caudal 
halves of 4-6 brains of each gender were analyzed. In males, all treatments 
reduced DP AT binding in all brain regions analyzed by ANOVA. The dorsal 
and median raphe nuclei showed significant treatment by gender interactions. 
In females, no treatments altered DP AT binding. While these data differ 
from those showing greater effects on ligand binding to DA receptors and 
glucose utilization in females, they do suggest that males are sensitive to 
inhibition of monoamine transporters during development and that alterations 
in the 5-HT system produced during development may persist to adulthood 
and contribute to abnormal behavioral responses to serotonergic drug 
challenge. Supported by NIH grants DA04118 and DA04293.

538.5
ESTRADIOL EFFECTS ON 5HT1A RECEPTOR mRNA 
EXPRESSION AND RECEPTOR BINDING LEVELS IN THE 
LIMBIC SYSTEM. M.K. Osterlund*. C.Halldin. Y.L.Hurd. Dept. 
of Clinical Neuroscience; Karolinska Institute; Stockholm, Sweden.

Estrogen levels appear to influence the expression of several 
psychiatric and neurological disorders including affective disorders, 
schizophrenia and Alzheimers disease. The 5HT1A receptor system 
have been strongly suggested to be involved in depression and 
anxiety. The present sudy was designed to investigate the effects of 
176-estradiol treatment on mRNA and receptor binding levels of the 
5HT1A receptor in limbic-related brain areas that have been shown to 
express both subtypes of estrogen receptor (a  and 6). A single 17ß- 
estradiol dose was injected in ovariectomized female rYs and 5HT1A 
mRNA levels were determined in brain sections after 2 and 24h 
using in situ hybridization immunohistochemistry. Estradiol 
treatment reduced 5HT1A mRNA levels in the medial amygdala and 
piriform cortex after 2 and 24h, whereas a significant reduction in 
perirhinal cortex was seen only after 24h, compared to control 
animals. 5HT1A mRNA levels were unchanged in the CA3, denate 
gyrus, and retrosplenial cortex. Adjacent brain sections were used 
for autoradiographic receptor binding studies with the selective 
5HT1A antagonist [3H]W AY-100635. 5HT1A receptor binding 
showed a similar trend as the mRNA expression after estradiol 
treatment. The effects of chronic estradiol treatment is currently 
being assessed

Supported by Stiftelsen Sӧderstrӧm Kӧnigska Sjukhemmet, 
Fredrik och Ingrids Thurings Stiftelse, and Kapten Artur Erikssons 
Stiftelse.

538.7
INCREASED 5-HT1A RECEPTOR DENSITY IN STRIOSOMES OF 
MONKEYS WITH SEVERE MPTP-INDUCED PARKINSONISM. M.R. 
Luquin*1. R. Insausti2. J. Guillѐn1. C. Oset3. A. Cobreros3. D. Frechilla3 and J. 
Del Rio3. Departments of Neurology1, Anatomy2 and Pharmacology3, 
University of Navarra Medical School, Pamplona, Spain.

Cynomolgus monkeys (n=6) were chronically treated with MPTP (1- 
methyl-4-phenyl-l,2,3,6-tetrahydropyridine) until an stable parkinsonism was 
obtained (10-14 months). Two months later, monkeys were sacrificed and 
dopamine (DA) content was measured by HPLC in different brain regions of 
the lesioned monkeys and of age-matched controls (n=4). Serotonin 5-HTiA 
receptor density was also estimated by autoradiography of [3H]8-OH-DPAT- 
labeled sections. As expected, DA was almost inexistent in the caudate n. and 
putamen of MPTP-treated monkeys. A marked DA loss was also found in 
other brain regions. 5-HT1A receptor density was very high in different fields 
of the hippocampus, notably in the CA1 area (178 fmol/mg tissue), and much 
lower in the putamen and caudate n. (ca. 4 fmol/mg tissue), where 5-HT1A 
receptors showed a patchy distribution which corresponded to striosomes 
weakly stained in adjacent sections by acetylcholinesterase histochemistry. 
Additional binding experiments in the presence of paroxetine indicated that 
[3H]8-OH-DPAT did not label the 5-HT transporter in the striosomes. 
Interestingly, in the severely lesioned striatal nuclei, and not in any other 
brain region studied, 5-HT1A receptor density was increased by ca. 34%. The 
results tend to support the intriguing possibility of an increased synthesis of 
5-HT1A receptors in brain regions with the higher dopaminergic denervation. 
(Supported by PIUNA, EEC-BIO4-CT96-0752 and CICYT-CEPA)

538.4
ESTROGEN DIFFERENTIALLY AFFECTS SEROTONIN (5-HT) 1A mRNA 
EXPRESSION IN MONKEY HYPOTHALAMIC NUCLEI. C. Gundlah*. M. 
Pecins-Thompson and C.L. Bethea. Divisions of Reproductive Sciences & 
Neuroscience, Oregon Regional Primate Research Center, Beaverton, OR 97006 

An increase in negative affect has been correlated with physiological withdrawal of 
the ovarian steroids, estrogen (E) and progesterone (P), and E replacement can 
alleviate depressive symptoms in some women. Increases in 5-HT are also associated 
with improved mood in depressed patients. We have shown that ovarian steroids alter 
the expression of several genes regulating 5-HT function in the monkey. E ± P 
treatment increased tryptophan hydroxylase mRNA but decreased mRNAs for the 5- 
HT reuptake transporter and the 5-HT1A autoreceptor in the dorsal raphe. This study 
examined the expression of the 5-HTIA postsynaptic receptor in the hypothalamic 
terminal field of ovx-control (spay), E treated (28 d) and E+P treated (28 d E + last 14 
d P) pigtail monkeys (Macaca nemestrina) (n=4/group) using in situ hybridization. 
Silastic implants achieved 138.33 ± 11.89 pg/ml o f serum E and 6.87 ± 1.45 ng/ml 
of serum P. Perfusion fixed hypothalamic sections (25 p) were hybridized with a 432 
bp 35S-antisense monkey specific 5-HTIA probe at 60°C, then stringently washed in 
0.1X SSC at 70°C. Sections were exposed to β-MAX film for 6 days and 
densitometry was performed on the autoradiographs. 5-HTIA mRNA was densely 
expressed in the preoptic area (POA) and ventromedial nucleus (VMN), but diffusely 
expressed in the supramamillary region, and in a region extending from the 
dorsomedial to posterior hypothalamus. Total signal was obtained by multiplying 
mean optical density by positive pixels. E significantly increased 5-HTIA mRNA 
expression in the POA (p < 0.05). The addition of P had no further effect. POA 5- 
HT1A values equaled 99711.03 ±  31102.51, 269179.34 ± 46259.22, 186555.11 ± 
34481 (arbitrary units) for spay, E and E+P groups respectively. Ovarian steroids did 
not alter 5-HTIA mRNA expression in any other hypothalamic nuclei. In 
combination with our previous finding o f E and P receptors in monkey POA and 
VMN, this data suggests that ovarian steroids may act genomically to increase or 
maintain 5-HTIA mRNA expression in these regions. Supported by HD 17269, 
HD18185 and RR00163.

538.6
Reversible effects of serotonin depletion in adult rat 
hippocampus on MAP-2 process length and number and 5- 
HT1A mRNA expression, M. Deftereos1. J. Gasdogas1. G. Sena1. 
P.M. Whitaker-Azmitia2* and E. Azmitia1 1Dept. Biology, New  
York University, 100 Washington Square East, NY, NY 10003;
Dept. Psychology, SUNY, Stony Brook, NY 11794 
Serotonin (5-HT) has been shown to decrease in depression, alcoholism and other 
mental disorders. Male Sprague-Dawley rats from Taconic farms were injected 
with 3 doses of PCPA sub-cutaneously (N=12; l 00mg/kg) or 2 doses of PC A 
( l 0mg/kg). The rats were subsequently transcardially perfused on days 1,7, and 
21 with 4% paraformaldehyde in 0 .1M PBS at a pH of 7.4. The number and the 
length o f dendrites longer than 30 µm have been measured and plotted in 
frequency histograms. After 1 day the total number of dendrites longer than 30 
µm was lower than in the control (Ctrl = 126.5±24.1 ; +PCPA = 76.5±10.5 ), and 
the frequency histograms show a decrease in the number of dendrites within the 
[45,70] µm and the [95,120]µm length intervals, compared to the control. After 7 
days the total number is increased in the treated animals, even if  it is still lower 
than the control (Ctrl = 132.8±18.9 ; +PCPA = 98.3±12.7). After 21 days 
following the treatment there is no difference between groups. After treating 
with p-chloroamphetamine (PCA; a neurotoxin that also lowers 5-HT levels) in 
situ hybridization was done in order to localize 5-HTIA messenger RNA in rat 
brain sections. At day 1, the treated brain sections show lower density of mRNA 
than controls. However, by day 7 in PCA treated rats, a notable increase in 5- 
Hψ  mRNA is evident. By day 21, the levels of mRNA in treated animals are 
indistinguishable from controls. This work supported by NIMH-MH 55250.

538.8
ADR EN O C O R TIC O ID  R E CEPTO R S REGULATE 5-H T1A BUT N O T 5- 
H T1B m RNA LEVELS IN RAT BRAIN. J.F. Neum aier1*. T.J. Sexton1. 
M.W . Hamblin2, and S.G. Beck3, 1Harborview Medical Center, 2GRECC, 
SVAM C, Department of Psychiatry, Univ. of Washington, Seattle, WA  
98104 and 3Dept. of Pharmacology, Loyola Univ. Chicago, IL 60153.

Adrenal corticosteroids regulate the function of the serotonergic 
system. Although corticosterone tightly regulates the expression of 5- 
H T1A m R N A  in rat hippocam pus, the relative contribution of 
mineralocorticoid receptors (M R) and glucocorticoid receptors (G R) in 
this response is unresolved. Furtherm ore, the effect of adrenal 
corticosteroids on presynaptic serotonin autoreceptors is not understood. 
This study was designed to clarify the effect of MR and G R activation on 
5 -H T1A and 5 -H T1B mRNA regulation in these two brain regions.

Male S-D rats were adrenalectomized or subjected to sham (SHAM) 
surgery. Adrenalectomized animals were then treated with replacement 
aldosterone (10 pg/hr sc, ALDO), high dose corticosterone (200  mg 
pellets sc, HiCT) or no replacement (ADX). After 13-15 days the animals 
were sacrificed and the brains processed for in situ hybridization using 
techniques well established in this laboratory.

Corticosteroid treatm ent had no effect on 5 -H T 1B m RNA in the 
hippocampus or 5 -H T 1A or 5 -H T 1B mRNAs in dorsal or median raphe. 
However, 5 -H T 1A m RNA levels in dentate gyrus were significantly 
increased in ALDO and ADX rats and significantly reduced in HiCT rats 
relative to SHAM levels. A similar but less dramatic pattern was found in 
CA3 and CA1. These data indicate that MR and GR activation can 
suppress 5 -H T 1A mRNA expression in hippocampus but not raphe nuclei 
while MR activation alone by ALDO is innefective. Finally, 5 -H T 1B mRNA  
is not regulated by adrenal corticosteroids in either region. Supported by 
NS28512 and MH57049.
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538.9
CO -EXPR ESSIO N OF EPITO PE-TAG G ED RAT 5 -H T 1B REC E P TO R  AND  

G REEN FLUO RESCENT PRO TEIN. Michael S. Clark* and J.F. Neumaier. 
Department of Psychiatry and Behav. Sci., Harborview Medical Center and 
Univ. of Washington, Seattle, Washington 98104.

Previously we have found that chronic treatm ent with fluoxetine 
reduces 5 -H T 1B receptor m RNA in the dorsal raphe. In contrast, learned 
helplessness increases 5 -H T 1B mRNA in the same region. In the raphe nuclei, 
5 -H T 1B receptors appear to function as terminal autoreceptors, while they 
appear to be post-synaptic in many other brain. Rem arkably, all 5 -H T 1B 
receptors appear to be localized exclusively to axonal terminals, indicating 
translocatation from the cell body to distant sites making it difficult to identify 
and manipulate 5 -H T 1B receptors in a specific group of neurons. In order to 
test the hypothesis that altered 5 -H T 1B autoreceptor activity in serotonergic 
terminals of dorsal raphe neurons is involved in depression, we have been 
developing methods to selectively manipulate 5 -H T 1B expression in dorsal 
raphe neurons, while allowing identification of both a ltered cells and 
translocated 5 -H T1B autoreceptors.

Using PCR mutagenesis, we have introduced a hemagglutinin (HA) 
epitope to the N-term inus of the rat 5 -H T 1 b for immunocytochemical 
identification. The tagged receptor was cloned into a mammalian expression 
vector co-expressing green fluorescent protein (G FP. CO S -7  cells transiently 
transfected with this plasmid, pCIEGFP-HA1B, demonstrated co-localization of 
G FP  and HA im m unostaining, with H A -1B  im m unostaining found 
predominantly on the cell surface. The tagged receptor appears to function 
normally, as serotonin blocked the forskolin-stimulated increase in cAMP- 
sensitive luciferase expression in transfected JEG -3 cells. In addition to the 
production of stable cell lines for more complete examination of receptor 
function, we have produced HSV amplicons co-expressing HA tagged 5 -H T 1B 
and GFP for use with in vivo transfections and subsequent behavioral studies. 
Supported by MH57049.

538.10
IN VIVO RECONSTITUTION OF HUMAN 5-HT10 RECEPTOR-G-PROTEIN 
INTERACTION. K. Josson. R. Brvs, M. Jurzak. W, Gomincrcn. P. Limcn, 
W.H.L.M. Luylen* and J.E. Leysen. Janssen Research Foundation, Department ()! 
Biochemical Pharmacology, 2340 Beerse, Belgium.

5-Hydroxytryptamine ID, 5-HT1D, receptors are inhibitory, G-protein coupled 
receptors occurring on neurons containing the inflammatory calcitonin gene related 
peptide (CGRP). By mRNA co-localisation studies the latter was shown in the 
trigeminal ganglia. 5-HT1D receptor stimulation is expected to inhibit CGRP release, 
hence, 5-HTID agonists are likely to have therapeutic activity on neurogenic pain and 
inflammation. A detailed knowledge of the components involved in 5-HTn, receptor 
signal transduction, may help in designing specific tools for drug screening.
We explored the 5-HTlD receptor-G-protein coupling by co-expressing various clonal 
genes of G-protein subunits with the human 5-HT1D receptor in Sf9 insect cells using 
the baculovirus expression system. The binding properties of the expressed 5-HTn, 
receptors were analysed in detail in saturation binding curves with the agonist ligand 
| 3H]5-HT. [3H]5-HT showed a KD-value of 6 nM when the receptor was expressed In 
itself, in the absence of exogenous G-protein co-expression; it shifted to 3 nM when the 
receptor was co-expressed with a mixture of Gα i and G ao subunits; it decreased further 
to 1 nM when G β1γ2 subunits were co-expressed in addition. Specific co-expression of  
the 5-HT iD receptor with G a il, Gai2, Gai3 and Gao respectively, without and with 
G β ly2, revealed that all these subunits increased the agonist binding affinity, but each 
to a somewhat different extent. The lowest KD-value was found with the Gα()β1y2 
co-expression. GppNHp, which supposedly uncouples the receptor-G-protein complex, 
shifted the KD-value back to higher values (2.5 - 3.5 nM), but the KD-value of 6 nM of  
the separately expressed receptor was not reached. Co-expression of the 5-HTID
receptor with Gαq and Gβ ly2 did not markedly enhance the binding affinity of  
[3H]5-HT. The findings demonstrate that the high affinity agonist binding state of the 
5-HT id receptor with particular G-protein subunits can be reconstituted in insect cells. 
Moreover, high expression levels can be obtained.

SEROTONIN RECEPTORS: PHYSIOLOGY AND PHARMACOLOGY

539.1
EFFECTS OF LONG-TERM ADMINISTRATION OF VENLAFAXINE ON THE 
FUNCTION OF PRE- AND POSTS YNAPTIC 5-HT AND NE RECEPTORS IN THE 
RAT HIPPOCAMPUS.
Bѐique, J.-C* Debonnel, G„ Blier. P. and de Montigny, C. Neurobiological Psychiatry 
Unit, McGill University, Montreal, Quebec, Canada. H3A 1A1 
Venlafaxine (VLX), a dual 5-HT and NE reuptake inhibitor, has been reported to be an 
effective antidepressant. A 21-day treatment with VLX (delivered s.c. by osmotic 
minipumps) prolonged the time required for a 50% recovery (RTS0) of the firing activity 
of dorsal hippocampus CA3 pyramidal neurons from the suppression induced by 
microiontophoretic application of 5-HT and NE. The RT50 values for 5-HT were 
increased by both the 10 and 40 mg/kg/day regimens of VLX, whereas those of NE 
were only by the 40 mg/kg/day regimen, indicative of a greater potency of VLX in 
blocking 5-HT reuptake. The responsiveness o f the postsynaptic 5-HT1A and a2- 
adrenergic receptors was altered by neither regimens o f VLX as the effects of 
microiontophoretically applied 5-HT and NE onto CA3 pyramidal neurons were not 
altered. Using hippocampal slices preloaded with either [3H] 5-HT or [3H]NE, we have 
assessed the sensitivity of the terminal 5-HT1B autoreceptor as well as those of the α2- 
auto- and -hetero-adrenoceptors following long-term VLX administration, using the 5- 
HT1b receptor agonist CP 93,129 and the α2 adrenoceptor agonist UK 14,304, 
respectively. The inhibitory effect of CP 93,129 on the electrically-evoked release of 
[3H]5-HT was unaltered by the 10 mg/kg/day regimen o f VLX, while it was attenuated 
in rats treated with 40 mg/kg/day of VLX, indicative o f a functional desensitization of 
the terminal 5-HT1B autoreceptor. Unexpectedly, neither regimen of VLX altered the 
inhibitory effect of UK 14,304 on the electrically-evoked release of both [3H]5-HT and 
[3H]NE, indicating that neither the α2-auto- nor -hetero-adrenoceptors were desensitized 
following long-term administration of VLX, even at high doses. Taken together these 
results indicate that, in the rat hippocampus, the long-term administration o f VLX 
induces a desensitization of the 5-HTIB autoreceptor, altering the sensitivity of neither 
the α2 auto- nor the heteroadrenoceptor. These neurobiological properties are no 
different from those observed with classical S SRI’s, and thus cannot account for the 
seemingly unique clinical properties of VLX.

539.2
PINDOLOL INCREASES EXTRACELLULAR SEROTONIN LEVELS IN FREELY 
MOVING CATS AT DOSES WHICH SUPPRESS SEROTONERGIC NEURONAL 
ACTIVITY. C. A. Fornal *, F. J. Martin, A. Mendlin, B. Bjorvatn and B. L. Jacobs. 
Program in Neuroscience, Princeton University, Princeton, NJ 08544.

The ability of pindolol to augm ent the antidepressant response to selective 
serotonin reuptake inhibitors (SSRIs) is generally attributed to antagonism of 
somatodendritic 5-HT1A autoreceptors. H owever, w e have shown in awake cats 
that pindolol has "agonist-like" activity at 5-HT1A autoreceptors (Fornal et al., Soc. 
Neurosci. Abstr. 23: 973,1997). Thus, pindolol inhibits the spontaneous activity 
of serotonergic neurons in the dorsal raphe nucleus (DRN) across a w ide range of 
doses and this effect is completely blocked by the selective 5-HT1A antagonist 
WAY-100635. In the present study, w e examined the effect of pindolol on the in 
vivo release of serotonin (5-HT) in the corpus striatum, a brain region innervated 
by DRN serotonergic neurons. Dialysate 5-HT levels w ere measured using high- 
performance liquid chromatography coupled with electrochemical detection 
(HPLC-ECD). Systemic administration of (±)-pindolol (10 m g /k g , s.c.) produced 
a two-fold increase in extracellular 5-HT levels, despite the fact that the drug 
strongly suppresses the firing of serotonergic DRN neurons over the same time 
period. The subsequent administration of WAY-100635 (0.2 m g /k g , s.c.), at a dose 
which blocks the inhibitory action of pindolol on neuronal activity, was found to 
greatly potentiate the effect of pindolol on 5-HT output. Thus, extracellular 5-HT 
levels after WAY-100635 increased to about 400% of pre-drug baseline levels. 
Overall, these results indicate that pindolol may be acting at the level of the nerve 
term inals to enhance 5-HT neurotransmission. It is that latter effect which may 
ultim ately mediate the clinical antidepressant response. Further studies are 
needed to determine whether the inhibition of serotonergic neuronal activity 
induced by pindolol is mediated by a direct action of the drug on 5-HTIA 
autoreceptors or possibly through an indirect mechanism involving increased 
synaptic availability of 5-HT. Supported by NIMH (MH 23433).

539.3
(-)-P IN D O LO L PO T EN TIA TIO N  O F THE FLUO XETIN E INDUC ED  
S U P P R E S S IO N  O F NO CTU RNAL FEED IN G  AND MILK DRINKING  IN RATS.
P, G. Threlkeld*. M. A. Muhlhauser. E. Yuen. L. J. D reshfield. D. T. W ong. Lilly 
Research Laboratories, Lilly Corporate Center, Indianapolis, IN 46285.

Simultaneous antagonism of 5HT1A autoreceptors by (-)pindolol or W AY  
100635 and 5H T  uptake by fluoxetine or duloxetine results in an increase of 
extracellular 5H T  levels greater than that seen by uptake inhibition alone (Wong 
et al., 1995, Millan et al., 1998). Using radioligand binding assays, we 
determined the affinities of fluoxetine, duloxetine, (-)pindolol and W A Y 100635  
for the 5H T  transporter (3H-paroxetine), the NE transporter (3H-nisoxetine) and 
the 5H T1A  receptor site (3H -80H D P A T ). Fluoxetine exhibited high affinity (K1, 
nM) at the 5H T transporter (3.30) and weak affinity for the NE transporter (861); 
while duloxetine exhibited high affinity at both transporters (0.47 and 3.60, 
respectively), and lacked affinity at the 5HT1A receptor site. (-)Pindolol and W AY  
100635 lacked affinity for the transporters, but were potent inhibitors at the 
5H T1A  receptor site (9 .63  and 0.21, respectively). Fluoxetine suppressed food 
intake and milk drinking in rat (Wong and Fuller, 1987). W e investigated if co-
administration of (-)pindolol with fluoxetine would enhance the appetite 
suppressive properties of fluoxetine on nocturnal (dark hours, 9a.m. - 9p.m.) 
eating and milk drinking in rats. Briefly, food intake (9a.m. - 1p.m.) and milk 
drinking (15 min. immediately after) were recorded for 5 days. On day 5, animals 
were treated either with fluoxetine (10mg/kg, i.p.), (-)pindolol (5mg/kg, s.c.) or 
fluoxetine plus (-)pindolol. Groups treated with saline or (-)pindolol alone showed 
no change in ingestive behaviors. Rats treated with fluoxetine alone exhibited 
significant suppression of food intake with some decrease in milk drinking. The  
fluoxetine plus (-)pindolol group exhibited significant suppression of both food 
intake and milk drinking. These results demonstrate that (-)pindolol potentiated 
the suppressive effects of fluoxetine on ingestive behaviors probably by the 
increased availability of 5HT.

5 3 9 .4

E V A L U A T IO N  O F  T H E  A N T lD E P R E S S A N T - A N D  A N X IO L Y T IC -L IK E  
P R O P E R T IE S  O F  T H E  S E L E C T IV E  5 -H T 1A R E C E P T O R  IN V E R S E  
A G O N IS T  S L 8 8 .0 3 3 8 -0 8 . G . G rie b e l*, C . C o h e n, G . Perrault and D.J. 
S an g e r, M . Sevrin , P. G eo rge , B. S ca tto n . S ynthelabo  Recherche, 
B agneux, France.
T h is  study exam ined  the  behavioral effects o f the selective  5 -H T 1A 
receptor inverse agonist S L88 .03 3 8 -08  (see Cohen C. e t al., this m eeting) 
in s evera l anim al m odels of depression and anxiety. Th e  behavioral 
profile w as com pared  w ith that of the  tricyclic an tidep ressant im ipram ine  
o r the  classical anxiolytic d iazepam . Results  show ed that unlike  
imipramine, S L 88 .03 3 8 -08  (0 .3 -1 0  m g/kg, sc) did not significantly m odify  
th e  duration  o f im m obility in the  tail suspension-induced behavioral 
d e sp a ir test in m ice and in the  forced swim m ing test in rats. In the rat 
e levated  p lus -m aze  and m ouse light/dark anxiety tests, S L 8 8 .0 3 3 8 -0 8  
(0 .3 -10  m g/kg) did not a lter spatiotem poral indices o f anxiety (i.e. activity  
in open  arm s or lit box, respectively), but significantly reduced risk 
a ss e s s m e n t m easures  (i.e . attem pts  a t entry into open arm s or lit box  
followed by avo idance responses). In rat conflict m odels, S L 8 8 .0 3 3 8 -0 8  
w a s  devo id  o f e ffects  in an operan t lever pressing procedure, but 
increased  punished drinking in the  V ogel tes t (3 -1 0  m g/kg). Finally, in 
m ice  confronted w ith a  natural th rea t (i.e. rat), S L 8 8 .0 3 3 8 -0 8  (0 .3 -3  
m g /kg ) m odified two out of three  risk assessm ent responses and  
defensive biting, but failed to modify flight reactions and e sc ap e  attem pts. 
D ia z e p a m  d isp layed c lear anxiety-red ucing  activity in all behavioral 
models. In sum m ary, these  experim ents  fa iled to detect antidepressant-
like  effects  o f the  5 -H T 1A receptor inverse agonist S L 8 8 .0 3 3 8 -0 8 , but 
showed that the drug m ay disp lay anxiolytic-like activity. T h e  finding that 
S L 8 8 .0 3 3 8 -0 8  w as  active  in a  lim ited num ber o f anxiety tests, suggests  
a w e a k e r anxidty-reducing potential than d iazepam .
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539.5
PHARMACOLOGICAL CHARACTERIZATION OF THE SELECTIVE 5-H T1A 
RECE P TO R  INVERSE AGONIST, SL88.0338-08. C. Cohen, Gh. Perrault, Y 
Claustre, O . Curet, G. Griebsl, R. Depoortere*, J. Lourdelet, H. Depoortere, H. 
Schoem aker, D.J. Sanger, M. Sevrin, J. Benavides, P. George and B. Scatton. 
Synth ѐ labo Recherche, Bagneux, France
Serotonin 5 -H T1A receptors have been pharmacologically characterized using 
(partial) agonists and ‘silent’ antagonists. W e now report on SL88.0338-08, an 
inverse agonist ([35S ]GTPyS binding to human 5-HT1A receptors expressed in CHO  
cells) of high affinity (K1 = 2.6 nM) at 5 -H T1A receptors in the rat hippocampus in 
vitro and high selectivity (> 100 fold) for the 5-HT1A receptor in comparison to other 
neurotransmitter (including 5-HT) receptor subtypes. In models of presynaptic 
activity, SL88.0338-08 (0.02 mg/kg, iv) blocked 8-OH-DPAT-induced inhibition of 
dorsal raphe firing in anaesthetised rats, reversed 8-OH-DPAT-induced reduction 
of 5-HTP levels in the rat hypothalamus, hippocampus and cortex (1 mg/kg, ip), 
and antagonized 8-OH-DPAT-induced hypothermia in mice (1 mg/kg, ip). In 
addition, SL88.0338-08 potentiated 5-HTP-induced head-twitches in mice (1 
mg/kg, ip), suggesting that it can enhance the 5-HTP-induced 5-HT release via 
inhibition of presynaptic 5 -H T1A receptors. In models of postsynaptic activity, 
SL88.0338-08 (10-100 nM) antagonized 8-OH-DPAT-induced inhibition of 
forskolin-stimulated cAMP production in rat hippocampus and blocked 8-OH- 
DPAT-induced forepaw treading in rats (1  mg/kg, ip). SL88.0338-08 (1 mg/kg, ip) 
also antagonized the discriminative stimulus effects and the rate-decreasing 
effects of 8-OH-DPAT in an operant drug discrimination procedure in rats. Further 
evaluation of the behavioral effects of SL88.0338-08 showed that the drug 
displayed anxiolytic-like activity (see G. Griebel et al., this meeting). Thus, after 
acute administration, the 5 -H T1A inverse agonist effects of SL88.0338-08 which 
were demonstrated in vitro mostly translate into a potent and selective antagonism 
at both pre- and postsynaptic 5-HT1A receptors in vivo.

539.7
ALNESPIRONE, A 5-HT1A RECEPTOR FULL AGONIST, INCREASES THE 
RATES OF PUNISHED RESPONDING IN RATS: A COMPARISON WITH 
BUSPIRONE.
L. Cervo1. C. Munoz2*. A. Bertaelia3 and R. Samanin1
1 Istituto di Ricerche Farmacologiche "M. Negri", Milano, Italy. 2Institut de Recherches 
Internationales Servier, Courbevoie Cedex, France.
The anxiolytic-like activity of alnespirone, a full agonist at 5-HT1A receptors, was 
evaluated in a Geller-Seifer conflict test and compared with that of buspirone, a 
5-HT1A receptor partial agonist that has been shown to be clinically effective as 
anxiolytic and antidepressant drug.
When given subcutaneously 30 min. before testing at the doses of 0.125 - 0.25 - 0.5 
and 1 mg/kg in single administration, alnespirone selectively increased the rate of 
punished responding at 0.5 mg/kg. One mg/kg alnespirone significantly increased 
the rate of punished responding and reduced the rate of unpunished responding. 
Buspirone, given at the same doses, significantly increased the rate of punished 
responding only at 1 mg/kg and this dose reduced the rate of unpunished 
responding.
At 0.3 mg/kg s.c. WAY-100635, a selective 5-HT1A receptor antagonist did not 
modify punished or unpunished rates of responding but completely antagonized the 
effects of both alnespirone and buspirone on punished responding.
The results suggest that alnespirone and, to a lesser extent buspirone, causes 
anxiolytic effects benzodiazepine-like in a modified Geller-Seifter conflict test in rat 
by stimulating 5-HT1A receptors.

The study was supported by Servier, Courbevoie Cedex, France.

539.9
EFFECTS OF FLESINOXAN ON CORTICOID RECEPTOR EXPRESSION IN THE

B. Olivier2. E. Vreuedenhil1* and E.R. de Kloet1. 1LACDR, Div. of Medical 
Pharmacology, Sylvius Laboratories, 2300 RA Leiden, The Netherlands; 2Dept. of 
Psychopharmacology, Univ. of Utrecht, Sorbonnelaan 16, 3584 CA Utrecht, The 
Netherlands; 3Dept. of Physiology, Univ. of San Francisco, CA, U.S.A.

The co-localization o f glucocorticoid and 5-HT1A receptors in the hippocampus 
suggests a reciprocal relationship between the raphe serotonergic (5-HT) system 
innervating the hippocampus and hypothalamic-pituitary-adrenal (HPA) axis. Studies 
in the rat showed that systemic administration of 5-HT1A receptor agonists like 8-OH- 
DPAT, buspirone and flesinoxan increase the circulating levels of ACTH through 
activation o f CRH neurons in the hypothalamic paraventricular nucleus. 
Corticosterone (B) reduced 5-HT1A receptor mRNA level and 5-HT1A binding capacity 
in regions o f the hippocampus. Our previous study showed that flesinoxan 
downregulates 5-HT1A receptor expression via homologous and heterologous 
regulation. But no study has been done yet on the effects of 5-HT1A receptor agonists 
on corticoid receptors. This study was, therefore, done to determine the effects of an 
acute injection flesinoxan on mineralocorticoid (MR) and glucocorticoid (GR) 
receptors in the hippocampus using in situ hybridization histochemistry. We 
hypothesized that if 5-HT1A receptor agonists stimulate release of B via a cascade of 
activity starting from the hypothalamus, flesinoxan may cause effects only in rats with 
intact HPA-axis. Male Wistar rats (200g) were either sham-operated, 
adrenalectomized (ADX), or ADX and implanted with B pellets (20mg B + 80mg 
cholesterol) and treated with saline or flesinoxan (lOmg/kg bw) and decapitated 3h 
later. Flesinoxan reduced GR mRNA in the CA1 and dentate gyrus but not in CA3 of 
ADX + B rats only while no effects were seen on MR mRNA in all the different 
groups. These data indicate that the 5-HT1A receptor agonist flesinoxan can exert an 
effect on the GRs even in the absence of an intact HPA-axis but in the presence of a 
stable continous release of B. Supported by the Univ. of Leiden, The Netherlands.

539.6
S 18127: A NOVEL AND SELECTIVE, AMINOPIPERIDINE ANTAGONIST AT 
SEROTONIN (5-HT)1B/1D RECEPTORS. M.J. Millan. V. Audinot. A. Newman- 
Tancredi, A. Dekeyne. A. Gobert, S. Lochon, J.-M, Rivet, B. Goument _and_J.-L  
Peglion*. I.d.R. Servier, 125 Chemin de Ronde, 78290 Croissy, Paris, France.

Few selective ligands for 5-HT1B/1D receptors are known, except the 
biphenylarylamides, GR 125,743, GR 127,935 and SB 224,289. Herein, we describe a 
novel 5-HTiB/id antagonist, S 18127 (structure to be disclosed).

Drug 5-HT1b h5-HT1B h5-HT1D h5-HT1A 5-HT2A 5-HT2C THYPO
S 18127 8.1 7.4 7.4 5.9 <5.5 <5.0  0.2

GR 125,743 9.0 9.4 9.0 7.3 <6.0 7.0 0.7
GR 127,935 8.4 10.1 9.5 7.3 6.7 6.2 0.9
SB 224,289 8.5 8.2 6.2 5.6 5.5 5.4 1.2

Affinities (pKis) were determined as previously1. h = cloned, human, ↓ HYPO
Inhibitory Dose50 (mg/kg base, s.c.) for reduction of hypothermia elicited in guinea 
pigs by the 5-HT1B agonist, GR 46,611 (2.5 mg/kg, s.c.).

Revealing their antagonist properties, S 18127 (1.0 µM) and SB 224,289 (1.0 µM) 
blocked 5-HT (10 pM)-induced stimulation of [35S]GTPyS binding in rat substantia 
nigra, an area enriched in 5-HT1B receptors, in vitro. They were inactive alone. In 
freely-moving rats, S 18127 (10.0 mg/kg, s.c.) and SB 224,289 (2.5), which were 
inactive alone, abolished the reduction of dialysate levels of 5-HT in frontal cortex 
elicited by GR 46,611 (10.0) (- 50 % vs basal values = 0 %). S 18127 (10.0 mg/kg, 
s.c.) and SB 224,289 (2.5) also potentiated (ca. 2-fold) the increase in dialysate levels 
of 5-HT provoked by the 5-HT uptake inhibitor, fluoxetine (10.0) (+ 110 %). In 
conclusion, S 18127 is a chemically-distinct and selective antagonist at pre- and post
synaptic 5-HT1B/1D receptors in vitro and in vivo.
1Audinot, V. et al., Eur. J. Pharmacol., 327: 247-256, 1997.
This work was supported by Servier Pharmaceuticals.

539.8
EFFECTS OF SUSTAINED A DM IN ISTR ATIO N O F TH E  P O TENTIA L  
ANTID EPRESSAN T CO M PO UND FLIBAN SERIN, A  5 -H T1A A G O N IST /5-H T2A 
ANTAG ONIST, ON THE 5-HT SYSTEM . L.E. Rueter* and P. Blier. Department 
of Psychiatry, McGill University, Montreal, Canada, H3A 1A1.

Flibanserin is a compound developed as a potential antidepressant based on 
its properties as a preferential agonist at postsynaptic 5 -H T1A receptors and as a 
5-HT2A antagonist. Based on these properties, it has been hypothesized that 
flibanserin may be able to increase the tonic activation of postsynaptic 5-HT1A 
receptors in limbic regions of the brain without attenuating 5-HT neuronal firing 
and consequently release, thereby possibly decreasing the therapeutic lag. 
Using in vivo electrophysiology with microiontophoresis, we examined the effects 
of 2- and 7-day flibanserin administration on the dorsal raphe nucleus (DRN), the 
medial prefrontal cortex (mPFC) and the CA3 region of the hippocampus of the 
rat. DRN 5-HT neuronal firing rates were marginally decreased after 2 days of 
flibanserin, but had recovered to normal levels after 7 days of flibanserin due to 
the desensitization of somatodendritic 5-HT1A autoreceptors. In the m PFC, 2-day 
flibanserin administration significantly antagonized the inhibition induced by the 
preferential 5-HT2A agonist DOI. However, this antagonism was no longer 
present following 7 days of flibanserin administration. The ability of 
microiontophoretically-applied 5-HT and the 5-H T1A agonist gepironeto inhibit the 
firing of CA3 hippocampus pyramidal neurons was not significantly affected by 7- 
day flibanserin administration indicating that these postsynaptic 5 -H T1A receptors 
were normosensitive. Finally, the i.v. administration of the 5 -H T1A receptor 
antagonist W AY 100635 significantly disinhibited the firing activity of hippocampal 
neurons in rats treated with flibanserin for both 2 and 7 days but not in controls 
indicating an enhanced tonic activation of postsynaptic 5 -H T1A receptors. These 
results suggest that flibanserin could be endowed with an accelerated onset of 
antidepressant action as it rapidly enhances 5-HT transmission. (Supported by 
Boehringer Ingelheim and the Medical Research Council of Canada -M T11014)

539.10
DIFFERENTIAL EFFECTS OF ACUTE AND CHRONIC FLUOXETINE IN 
THE SOCIAL INTERACTION TEST
Duxon M .S .. Dawson, G .R .*, Watts R. and Bristow L .J. Merck, 
Sharp and Dohme Research Laboratories, Harlow, Essex.

The current study has investigated the acute and chronic effects of fluoxetine in 
the low-light, familiar variant of the rat social interaction test.

Acute fluoxetine (10 mg/kg, i.p.) injection produced a significant decrease in 
the time spent in social interaction compared to vehicle-treated rats. This acute, 
‘anxiogenic-like’ response was not reversed by the 5HT1A receptor antagonist, 
WAY 100,635 (0.3 mg/kg, s.c.); on the contrary, pretreatment with WAY
100.635 and a non-effective dose of fluoxetine (2.5 mg/kg, i.p.) led to a 
profound decrease in social interaction. However, the acute effects of fluoxetine 
were reversed in rats pretreated with the 5HT2C receptor antagonist SB 200646A 
(40 mg/kg, p.o.) suggesting activation of 5HT2C receptors is involved.

Rats chronically treated with fluoxetine (10 mg/kg, i.p.) for 6 days still 
showed a significant decrease in SI when challenged with fluoxetine (10 mg/kg, 
i.p.) on day 7. In contrast, rats receiving combined treatment with WAY
100,635 (1 mg/kg/day, s.c. administered in miniosmotic pumps) + fluoxetine 
(10 mg/kg, i.p. daily) no longer showed a significant decrease in social 
interaction. This lack of effect was similar to that seen in rats receiving 28 days 
of treatment with fluoxetine (10 mg/kg, i.p.) alone.

These results suggest that 5HT2C receptors mediate the decrease in social 
interaction seen with acute fluoxetine, a response which was no longer apparent 
after 28 days chronic treatment. Furthermore, combined treatment with 
fluoxetine + WAY 100,635 decreased the time taken to reverse this behavioural 
effect suggesting a more rapid desensitisation/downregulation of 5HT2C receptors.
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539.11
ENVIRONMENTAL DETERMINANTS OF TOLERANCE TO 
BEHAVIORAL, BUT N OT HYPOTHERMIC, EFFECTS OF THE 5- 
HT1a RECEPTOR AGONIST 8-O H-DPAT IN MALE WISTAR RATS. M  
Eklund1 and V. Hillegaart1,2* ,1Department of Zoology, Stockholm Univer
sity, and D epartment of Physiology & Pharmacology, Karolinska Institute, 
Stockholm, Sweden.

It is well known that the hypothermic, and some behavioral, effects of 8- 
OH-DPAT display tolerance upon repeated administration. In agreement 
with these observations it was found that the hypothermic effects of 8-OH- 
DPAT (0.1 mg kg-1 s.c.) was markedly attenuated in animals pretreated with 
8-OH-DPAT (0.1 mg kg-1 s.c., 7 days). Furthermore, these effects were the 
same, regardless of habituation to an open-field arena, or if the animals re
mained in their home-cages. When tested in an open-field arena (=0.5 m2), 
there was a marked suppression of rearing activity by the acute 8-OH-DPAT 
(0.1 mg kg-1 s.c.) treatment in animals naive to the open-field, and this effect 
was statistically significantly more pronounced in animals habituated to the 
open-field for 7 days. In the naive animals, however, there was no evidence 
for tolerance to this effect, in contrast to the habituated animals, which dis
played a statistically significant tolerance to the repeated 8-OH-DPAT (0.1 
mg kg-1 s.c., 7 days) treatment. These results demonstrate that the develop
ment of pharmacodynamic tolerance to behavioral, but not hypothermic, ef
fects of 8-OH-DPAT are dependent on environmental conditions of the test 
situation.

Supported by the Swedish M R C , Swedish Society fo r  Medicine and “KI fonder”

539.13
CHRONIC ADMINISTRATION OF THE 5-HT1A RECEPTOR AGONIST, 8- 
OH-DPAT BLUNTS THE ABLILITY OF THE 5-HT1A RECEPTOR 
ANTAGONIST p-MPPF TO ENHANCE THE FLUOXETINE-MEDIATED 
ELEVATION OF EXTRACELLULAR 5-HT IN THE RAT STRIATUM.
J. M. Chou-Green*, M.-P. Kung, H. F. Kung, and I. Lucki. Departments of 
Psychiatry, Pharmacology, and Radiology, Institute of Neurological Sciences, 
University of Pennsylvania, Philadelphia, PA 19104.

The ability of selective serotonin (5-HT) reuptake inhibitors (SSRIs) to 
increase extracellular 5-HT may be restrained by the activity of 
somatodendritic 5-HT 1A autoreceptors. Antagonism of the 5-HT1A receptor has 
been shown to enhance the ability of systemic SSRI administration to elevate 
synaptic 5-HT, but has not been studied after the desensitization of 5-HT1A 
autoreceptors. The present study used in vivo microdialysis in awake, 
unrestrained rats, to examine the ability of the selective 5-HT1A receptor 
antagonist, p-MPPF, to enhance the effect of the SSRI fluoxetine on 
extracellular striatal levels of 5-HT following 14 days of administration of 8- 
OH-DPAT. Separate groups of rats were injected with 8-OH-DPAT (1 mg/kg, 
s.c.) or saline for 14 days. Twenty-four hours following the last injection, 
animals received fluoxetine (20 mg/kg, i.p.), and one hour later, either p-MPPF 
(30 mg/kg i.p.) or saline.

Systemic fluoxetine administration increased extracellular 5-HT levels to 
about 250% of baseline levels, and the subsequent administration of p-MPPF 
further elevated 5-HT to over 600%. This elevation persisted throughout the 3 
hours of testing. Chronic treatment with 8-OH-DPAT blocked the ability of a 
challenge dose of 8-OH-DPAT to reduce extracellular 5-HT in the striatum. 
After chronic 8-OH-DPAT administration, p-MPPF augmented the effects of 
fluoxetine only transiently, and the effect diminished after 40 minutes. These 
results indicate that the ability of the 5-HT1A receptor antagonist to augment the 
effects of SSRIs was greatly diminished after 5-HT1A receptor desensitization, 
although some residual 5-HT1A autoreceptor activity remained following 
chronic 8-OH-DPAT. Supported by USPHS grant MH 48125.

539.15
MODIFICATION OF THE BEHAVIORAL EFFECTS OF FLUOXETINE BY 
WAY 100635 IN RODENTS. M.Finn*. S.J.Sukoff and S. Rosenzweig-Lipson.
Central Nervous System Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543.

Recent studies have demonstrated that the combination of a 5-HT1A antagonist 
with a selective serotonin reuptake inhibitor (SSRI) results in markedly enhanced 
levels of synaptic 5-HT. The present studies were conducted to determine if the 5- 
HT1A antagonist WAY 100635 could potentiate the effects of the SSRI fluoxetine 
under different experimental conditions (tail suspension test and food intake). Male 
CD-I mice weighing 20-30 g were randomly assigned to four treatment groups and 
immobility time was determined using an automated tail suspension apparatus. 
Fluoxetine dose dependently decreased immobility time (3 mg/kg, -13%, ns; 10 
mg/kg, -33%, pc<.001). WAY 100635 (0.3 mg/kg, 3 mg/kg, 10 mg/kg) did not 
effect immobility time (-12%, ns; +1%, ns; +7%, ns). When administered in 
combination, WAY 100635 attenuated the decrease in immobility time produced 
by fluoxetine (10 mg/kg fluoxetine alone, -33% ; +3 mg/kg WAY 100635, -15%, 
ns; +10 mg/kg WAY 100635, +2%, p<.05). In a second study, eight male Sprague 
Dawley rats weighing 250-350 g were fasted 24 hr prior to behavioral testing. 
Food intake was measured 2 hr following drug administration. Drug administration 
was determined based on a modified latin square design. Fluoxetine produced 
modest decreases in food intake (3 mg/kg, -15%, ns; 10 mg/kg, -23%, p<.05; 17.8 
mg/kg, -23%, p<.05). WAY 100635 (1 mg/kg) had no effect on food intake (-4%, 
ns). When administered in combination, WAY 100635 (1 mg/kg) significantly 
potentiated the decreases in food intake produced by 3 mg/kg (-29%, p<.005), 10 
mg/kg (-64%, pc<.OOOl) and 17.8 mg/kg (-62%, p<.0001) of fluoxetine compared to 
vehicle. These results suggest that 5-HT1A/SSRI interactions may differ depending 
on the behavioral paradigm.

539.12
MODULATION OF THE 5-HT RELEASE BY PRE- AND POSTSYNAPTIC 5- 
HT1A RECEPTORS F. A rtigas*. J.M. C asa n o vas  and I, H erv as  D e p t. of 
N euro chem istry, IIB B -C S IC , 0 8 0 3 4  B arcelona, S pain .

Circumstantial evidence suggests that postsynaptic 5 -H T 1A receptors are 
involved in the control of the activity o f serotonergic neurons o f the dorsal raphe 
nucleus (D R N ) in rat brain. W e  have used dual probe microdialysis to exam ine  
this hypothesis. In a first set of experim ents, rats w ere administered 8 -O H -D P A T  
twice (2 x  0 .02 5  or 2  x  0 .100 m g/kg s.c., 3 h apart). The reductions of extracellular 
5-HT (5-HText) in the D R N  and medial prefrontal cortex (m P F C ) evoked by the  
first and second 8 -O H -D P A T  injections w ere identical. The application of the 5- 
H T 1a antagonist W A Y  100635 (100 pM ) in the D R N  for 2 0 0  min (beginning 1 h 
before the second 8 -O H -D P A T  injection) partially prevented the reduction of 5- 
H T ext in D R N  and m P F C  elicited by the second 8 -O H -D P A T  injection at the dose 
of 0.1 mg/kg and m oderately but not significanlty altered that evoked by 0.025  
mg/kg. In a second set of experim ents, w e exam ined the local and distal (in D R N ) 
effects of the application of 8 -O H -D P A T  in m P F C . The latter area has been  
identified as one source of afferents to the D R N  (Peyron et al., 1998). The  
application of 8 -O H -D P A T  (100 -300 pM ) in m P F C  by reverse dialysis significantly 
reduced the local 5 -H T ext (to 50 %  of baseline) and that in D R N  (to ca. 60  % of 
baseline). The application of 8 -O H -D P A T  in lateral prefrontal cortex, an area also 
containing 5 -H T 1A receptors but not neurons projecting to the D R N , reduced 5- 
H T ext locally but not in the D R N . The application of the novel 5 -H T 1A agonist BAY  
X  3702 (100 pM ) also reduced 5 -H T ext in m P F C  to 35 %  of baseline in rats 
implanted with a single probe.

These results provide further evidence of the involvem ent of postsynaptic 5- 
H T 1A receptors on the control of the activity of D R N  serotonergic neurons and 
suggest that postsynaptic 5 -H T 1A receptors m ay locally control 5 -H T  release in 
P F C  through still unclear mechanism s. Supported by FIS (98/0697) and BAYER

539.14
CHARACTERIZATION OF THE EFFECTS OF 8-OH-PIPAT AND CP 94,253 
ON EXTRACELLULAR 5-HT IN MOUSE STRIATUM USING IN VIVO 
MICRODIALYSIS D. A. Knobelman and I. Lucki*' Departments of 
Pharmacology and Psychiatry, University of Pennsylvania, Philadelphia, PA 19104.

Drugs that are effective in treating a number of psychiatric disorders 
produce their effects by altering serotonin (5-HT) transmission. Evidence suggests 
that both the somatodendritic 5-HT1A autoreceptor and the terminal 5-HT1B/1D 
autoreceptor are involved in regulating the release of 5-HT. An understanding of the 
different roles of the somatodendritic and terminal autoreceptors has been limited by a 
lack of potent, selective agonists which can be administered systemically. In the 
present study, the ability of acute systemic administration of 8-OH-PIPAT (a selective 
5-HT1A agonist) or CP 94,253 (a selective 5-HT1B agonist) to cause reductions of 
extracellular 5-HT by activating a distinct set of 5-HT autoreceptors was examined in 
the striatum of awake, unrestrained mice using in vivo microdialysis.

Administration of 8-OH-PIPAT produced a significant dose-related 
reduction of striatal 5-HT levels (0.1- 10 mg/kg, i.p.), causing a maximal decrease of 
53% from basal levels at 1 mg/kg (n=7). This effect was blocked by pretreatment 
with the 5-HT1A receptor antagonist WAY 100635. CP 94,253 also produced a dose- 
related reduction of extracellular 5-HT. Increasing doses (1-10 mg/kg, i.p.) produced 
significant decreases in extracellular 5-HT with a maximum decrease of 47% at 3.2 
mg/kg (n=10). This effect was blocked by pretreatment with the 5-HT1B/1D antagonist 
GR 127,935. These present findings suggest that, upon systemic administration, both 
8-OH-PIPAT and CP 94,253 are potent and selective agonists at 5-HT1A and 5-HT1B 
receptors, respectively, and are able to cause decreases in extracellular levels of 5-HT 
in the mouse striatum by activating distinct autoreceptors.

Supported by USPHS grant MH 48125.

539.16
FLUOXETINE DOES NOT MODIFY WAY 100635 5-HT1A ANTAGONIST 
BEHAVIORAL EFFECTS IN RATS. S. J. Sukoff* and S. Rosenzweig-Lioson.
Central Nervous System Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543.

Recent studies have suggested that the combination of a 5-HT1A antagonist with a 
selective serotonin reuptake inhibitor (SSRI) results in markedly enhanced levels of 
synaptic serotonin. The present studies were conducted to determine if the 
increased levels of 5-HT produced by combinations of a 5-HT1A antagonist and 
SSRI would modify the ability of a 5-HT1Areceptor blocker to antagonize a 
postsynaptic 5-HT1A agonist mediated effect. Rats were trained to respond under a 
fixed-ratio 30 (FR30) schedule of food reinforcement. 8-OH-DPAT was 
administered cumulatively during the 10 min timeout periods preceding each of the 
10 min response components. WAY 100635 was administered sc, 30 min prior to 
the start of the session. Fluoxetine was administered ip, 60 min prior to the start of 
the session. When administered alone or with vehicle, the 5-HT1Aagonist, 8-OH- 
DPAT (0.03 - 0.3 mg/kg) produced dose-dependent decreases in response rate 
(ED50 = 0.1 mg/kg). Pretreatment with the 5-HT1A antagonist, WAY 100635 (0.1 - 
0.3 mg/kg) produced a dose-dependent rightward shift of the 8-OH-DPAT dose- 
effect curve, indicative of surmountable antagonism. The ED50 for 8-OH-DPAT 
was increased to 1.5 mg/kg by 0.3 mg/kg WAY 100635. Pretreatment with 10 
mg/kg fluoxetine did not modify the 8-OH-DPAT dose-effect curve and 
pretreatment with 17.8 mg/kg fluoxetine produced a modest leftward shift of the 8- 
OH-DPAT dose-effect curve. In the presence of fluoxetine (10.0 - 17.8 mg/kg), 
WAY 100635 (0.1 - 0.3 mg/kg) produced dose-dependent rightward shifts of the 8- 
OH-DPAT dose-effect curve, which were comparable to the shifts produced in the 
absence of fluoxetine. The ED50 for 8-OH-DPAT + 0.3 mg/kg WAY 100635 in the 
presence of 10 mg/kg fluoxetine was increased to 2.1 mg/kg. The present results 
suggest that fluoxetine does not modify the ability of WAY 100635 to antagonize a 
postsynaptic 5-HT1A agonist mediated effect.
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539.17
DIFFERENTIAL EFFECT OF ICV PERTUSSIS TOXIN ON 5-HT1A 
RECEPTOR-MEDIATED INCREASE IN OXYTOCIN AND ACTH 
SECRETION. L. D. Van de Kar*, Q. Li, and G. Battaglia. Dept. of 
Pharmacology, Loyola Univ.-Chicago, Sch. Med., Maywood, IL 60153.

5-HT1A receptors are coupled to pertussis toxin-sensitive Gj and/or G0 
proteins. The present study determined whether pertussis toxin-sensitive Gj 
and/or G0 proteins mediate the increase in ACTH, oxytocin and prolactin 
secretion after injection of the 5-HT1A agonist 8-OH-DPAT. Male conscious 
rats received an icv injection o f pertussis toxin (1 μg/5 μl/rat) or its vehicle 
through a chronically implanted cannula. 48 hrs later, the rats received an 
injection of saline or 8-OH-DPAT (50 μg/kg, sc). In control rats, 
8-OH-DPAT significantly increased plasma ACTH (by 1031%), oxytocin (by 
963%) and prolactin levels (by 162%). Pertussis toxin did not alter the basal 
levels of ACTH or oxytocin and produced a statistically insignificant 
reduction (25%) in the ACTH response to 8-OH-DPAT. Pertussis toxin, 
however, potentiated (by 206.4%) the oxytocin response to 8-OH-DPAT. In 
contrast, pertussis toxin decreased the basal level o f prolactin and eliminated 
the 8-OH-DPAT-induced increase of plasma prolactin concentration. Our 
results indicate that Gj and G0 proteins are not the sole mediators, leaving Gz 
proteins as potential mediators of the effect of 5-HT1A receptor activation on 
the secretion of ACTH and oxytocin. Since the prolactin response to 
8-OH-DPAT is not mediated by activation o f 5- HT1A receptors, we conclude 
that pertussis toxin-sensitive Gi and/or G0 proteins mediate the 8-OH-DPAT- 
induced secretion of prolactin via activation of other receptors. (Supported 
by USPHS NS34153)

539.19
SEROTONIN 5-HT2a RECEPTORS ENHANCE ASYNCHRONOUS 
EXCITATORY TRAN SM ISSIO N  IN PY RA M ID AL CELLS 
(LAYER V) OF PREFRONTAL CORTEX. G. K. Aghajanian* and 
G. J. M arek. Depts. of Psychiatry and Pharmacology, Yale Sch. of 
Medicine/CMHC, New Haven, CT 06508

We have reported that serotonin (5-HT), via 5-HT2A receptors 
(which have been linked to the action of hallucinogens), increases 
spontaneous excitatory postsynaptic currents (EPSCs) in layer V 
pyramidal cells of cerebral cortex through a focal action at apical 
dendrites (Aghajanian and Marek, 1997). However, although this 
effect was Ca2+-dependent and TTX-sensitive, there was no activation 
of excitatory impulse flow. To explain this paradox, we investigated 
whether 5-HT was acting via an atypical mode of transmitter release. 
Recordings were under voltage clamp (intracellular and whole cell) in 
rat brain slices of medial prefrontal cortex. We found that the 
frequency of 5-HT-induced spontaneous EPSPs was fully supported by 
Sr2+ in the absence of added Ca2+, implicating the asynchronous mode 
of transmitter release and the high-affinity Ca2+-sensor synaptotagmin 
III. The late, asynchronous component of electrically-evoked EPSCs 
was also enhanced by 5-HT (during washout) and by LSD (10 nM) or 
DOI (3 μM ) , a 5-HT2A/2C partial agonist; effects were blocked by 
LY293558, an AMPA/glutamate antagohist, and reversed by the 5- 
HT2a  antagonist M DL100907. This represents the first example of a 
m odulation of asynchronous transm ission through a specific 
neurotransm itter receptor, the 5-HT2A receptor. We suggest that 
excessive asynchronous transmission in the cerebral cortex may 
underlie the hallucinogenic (or psychotomimetic) effects of 5-HT2A/2C 
agonists such as LSD and DOI. Supported by NIMH and NARSAD

539.21
MODULATION OF THE FIRING ACTIVITY OF RAT DORSAL RAPHE 5-HT 
NEURONS AND LOCUS COERULEUS NA NEURONS BY (±)PINDOLOL.
N. H ad d jeri*, C . d e  M ontig ny and  P. B lier. N euro b io log ica l Psych iatry  Unit, 
D ep t of Psychiatry, M cG ill University, M o n tre a l, Q u e b e c , H 3 A 1 A 1 , C a n a d a .

(± )P indolo l is a  β -a d re n e rg ic /5 -H T 1A/1B receptor an tag o n is t used  in 
com b ination  with certa in  a n tid e p ressan t drugs to red u c e  th e  on se t of the  
antide pressiv e  resp onse. T h e  aim  of th e  p res en t s tudy w a s  to asse ss, using 
an  in vivo e lec trophysio log ica l para d ig m , th e  effec ts  of in travenous  
adm in istration  of pindolol on th e  sp o n tan eo u s  firing activ ity of rat dorsal 
rap h e  (D R ) 5 -H T  n euro ns. A  d o s e  of 1 0  or 2 0 0  μg/kg  of pindolol did not 
m odify th e  firing activity of D R  5 -H T  neurons; this d o s e  p rev en ted  the  
su p p ressan t e ffec t of th e  5 -H T  au to re cep to r agon ist L S D  (1 0  μg/kg, i.v.) and  
also  that of th e  α 2-a d re n o c e p to r agon ist c lon id ine (1 0  μg/kg , i.v.) thus  
im plying th a t pindolol could  act in part v ia  n o rad ren erg ic  (N A ) neuro ns. A t a  
do se  of 5 0 0  pg/kg , (± )p indolo l d e c re a s e d  by 3 5 %  th e  firing rate of 5 -H T  
neuro ns. Th is  s u p p ressan t e ffec t on th e  firing activ ity of D R  5 -H T  neurons  
w as reve rsed  by the  se le c tive  5 -H T 1A receptor an tag o n is t W A Y  1 0 0 6 3 5  (1 0 0  
pg/kg , i.v .) but not by th e  se le c tive  5 -H T 2A receptor an tag on ist M D L  1 0 0 9 0 7 . 
In th e  locus coeru leu s , (± )p indolo l (5 0 0  pg /kg , i.v .) d e c re a s e d  th e  
s p o n tan eo u s  firing activ ity of N A  n euro ns by 4 5 %  and  th is  e ffec t w as  
reve rsed  by M D L  1 0 0 9 0 7 . Finally, th e  lesioning of N A  neuro ns p rev en ted  the  
su p p ressan t e ffec t of th e  high do se  of pindolol on th e  firing activ ity D R  5 -H T  
neuro ns.
T h e  p res en t study su ggests  th a t a  low  d o se  of pindolol a n ta g o n ize s  the  

som atodendritic  5 -H T 1A receptors . T h e  su p p ressan t e ffec t of th e  high d ose  
of pindolol on th e  firing activ ity D R  5 -H T  n eurons is d u e  to its partia l agonistic  
effec t on  5 -H T 1A au to re cep to rs  as  w ell as  to a  d e c re a s e  of th e  ton ic  excitatory  
input from  N A  neurons.

539.18
REDUCTION OF Gz PROTEIN IN THE HYPOTHALAMUS BY ANTISENSE 
OLIGODEOXYNUCLEOTIDES INHIBITS THE OXYTOCIN RESPONSE TO 
THE 5-HTia AGONIST 8-OH-DPAT.
F. Serres*. D.K. Raap. N.A, Muma. F. Garcia. G. Battaglia. Y. Zhang, Q. Ma. L.D. 
Van de Kar. Dpt o f Pharmacology, Loyola University Chicago, Sch. Med., 
Maywood, IL 60153.

5-HT1A receptors are known to be coupled to pertussis toxin (PTX) sensitive 
G1-proteins (G11, G12, G13, Gc). However, a previous study from our laboratory has 
shown that i.c.v. infusion of PTX potentiates oxytocin but produces a small 
inhibition of the ACTH response elicited by the 5-HT1A agonist 8-OH-DPAT. This 
study suggests that the hypothalamic 5-HT1A receptors may also be coupled to other 
type(s) of G-protein. In the present study, we used an antisense strategy to assess the 
role of Gx-protein, a PTX-inscnsitive G1 protein, in mediating 5-HTiA receptor- 
mediated increase in oxytocin and ACTH secretion, A cannula was chronically 
implanted in the third ventricle of male rats. Two weeks after surgery, Alzet 
minipumps containing either GZ antisense oligodeoxynucleotides or Gz missense 
oligodeoxynucleotides were implanted, allowing a sustained delivery of these 
nucleotides (60 nm/day) for 3 days. On the 4th day, rats were challenged with either 
saline or 8-OH- DPAT(50μg/kg, s.c.) and sacrificed 15 minutes later. Plasma levels 
of oxytocin and ACTH were measured by RIA as indicators of central 5HTiA 
receptor sensitivity. In the rats treated with GZ antisense oligonucleotides, we 
observed a statistically significant 31% inhibition of the oxytocin response to 8-OH- 
DPAT compared to rats treated with GZ missense oligonucleotides. In contrast, the 
ACTH response to 8-OH-DPAT was not significantly reduced (though 26% lower) 
by GZ antisense oligonucleotides. These results provide the first in vivo evidence 
suggesting that GZ protein coupling is involved in the 5-HTiA receptor-mediated 
oxytocin response and that the ACTH response to 8-OH-DPAT may be mediated by 
a combination of GZ and Gi/0 proteins (supported by USPHS NS34153).

539.20
Serotonin2A receptor-induced   in layer V 
pyramidal cells of prefrontal cortex: block by group II/III 
metabotropic glutamate agonists. G.J. Marek* and G.K. 
Aghajanian. Depts. of Psychiatry and Pharmacology, Yale School of 
Medicine, New Haven, CT 06508.

Serotonin (5-HT), via 5-HT2A receptors, markedly increases 
spontaneous excitatory postsynaptic currents (spEPSCs) in the apical 
dendrites of neocortical layer V pyramidal cells, in part, by increasing 
glutamate release from a subset of presynaptic terminals (Aghajanian 
& Marek, 1997). The nonselective metabotropic glutamate agonist 
(1S,3S)-ACPD suppresses 5-HT-induced EPSCs by a presynaptic 
mechanism. Therefore, we investigated the effect of agonists 
selective for group II and III metabotropic receptors on 5-HT-induced 
spEPSCs and electrially-evoked EPSPs (evEPSPs; stimulation of 
subcortical fibers) in rat brain slices by intracellular recording from 
layer V pyramidal cells of the medial prefrontal cortex. The group II 
metabotropic agonist LY354740 preferentially suppressed 5-HT- 
induced spEPSCs as compared to evEPSPs (EC50'S=108 vs 446 
nM). In contrast, the (-) jnactive enantiomer of LY354740 
(LY366563, lμM) was ineffective. The group III metabotropic 
agonist L-AP4 preferentially suppressed 5-HT-induced spEPSCs 
(EC5o= 10.2 μM ) compared to evEPSPs (maximal suppression, 78 vs 
36%). These findings show that group II and III metabotropic 
agonists selectively suppress 5-HT-induced spEPSCs as compared to 
evEPSPs. Since most atypical antidepressant and antipsychotic drugs 
block 5-HT2A receptors, group II and/or III metabotropic agonists 
have a potentially promising therapeutic profile of action. Supported by 
NIMH and NARSAD

539.22
DUAL EFFECTS OF THE 5-HT1A RECEPTOR STIMULATION ON 
NEURONAL FIRING RATE IN THE BASOLATERAL AMYGDALA CAN 
BE EXPLAINED BY THE INVOLVEMENT OF INTERNEURONS. D. 
Albrecht*. C. Stein. S. Pollandt. Institute of Physiology, Charite, Humboldt 
University Berlin, Tucholskystr.2, 10117 Berlin, Germany.

The amygdala is innervated by serotonergic afferents that originate from 
raphe nuclei. In addition, the 5-HT1A receptor subtype has been identified in the rat 
amygdala. It has been shown that activation of the 5-HT1A receptor causes 
hyperpolarization in neurons of different locations. The aim of the present study was 
to investigate whether the iontophoretic ejection of 8-OH-DPAT, a 5-HT1A agonist, 
induces changes in the discharge rate of basolateral amygdaloid neurons. The 
activity was recorded extracellularly in urethane anesthetized rats. 8-OH-DPAT 
induced a change in the firing rate in about 40% of the tested neurons. Dose- 
dependent increases as well as decreases in the firing rate were observed, in some 
neurons first an inhibition and then an excitation. In contrast, 8-OH-DPAT 
exclusively induced a decrease in the amplitude of field potentials in brain slices of 
the amygdala (both the stimulation and recording electrodes were located within the 
lateral nucleus of the amygdala). 8-OH-DPAT-induced inhibitory as well as 
excitatory effects on the neuronal activity could be blocked by different 5-HT1A 
receptor antagonists. The co-administration of 8-OH-DPAT and bicuculline, a 
GABAa receptor antagonist, blocked the 8-OH-DPAT-induced increases in the 
discharge rate of most neurons. Therefore, intemeurons seem to be involved in the 
mediation of 8-OH-DPAT-induced effects. Our results provide evidence that 
serotonergic neurotransmission at least via the 5-HT1A receptor is involved in 
information processing within the amygdala, and that both projection and 
intemeurons seem to receive an innervation from serotonergic fibers.
This investigation was supported by a grant from the DFG (INK21/B7).
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539.23
THE ELECTROPHYSIOLOGICAL EFFECT OF SEROTONIN IN THE 
ANTERIOR THALAMUS. E.Chapin* and R. Andrade. Dept of Psychiatry and 
Behavioral Neuroscience, Wayne State Univ. Sch. of Med. Detroit, MI 48201.

Among serotonin receptor subtypes the 5-HT7 is one of the least understood. In 
particular, little is known about the electrophysiology of 5-HT7 receptors. In situ 
hybridization studies have shown a dense concentration of 5-HT7 mRNA in the 
anterior thalamus. Therefore, hoping to identify an electrophysiological effect 
mediated by 5-HT7 receptors, we examined the response to serotonin in the 
anterior thalamus.

Whole cell recordings were obtained from neurons of the anterodorsal (AD) and 
anteroventral (AV) thalamic nuclei in in vitro brain slices. Bath application of 
serotonin (10 μM) to cells of the AD yields a large membrane depolarization (up 
to 18 mV). This depolarization is concentration dependent with an EC50 of 
approximately 3 pM. The response can be mimicked by 5-CT (100 nM-10 μM), 
but not by DOI (10-30 μM) and the depolarization can be inhibited by ritanserin 
(1-3 μM). The pharmacology of this response is consistent with an effect mediated 
by the 5-HT7 receptor.

We have also examined the ionic mechanism underlying this 5-HT-induced 
depolarization. Previous studies have shown that serotonin can elicit a membrane 
depolarization in the thalamus by modulation of lh. However, external application 
of cesium (2 mM), which blocks Ih, does not affect the serotonin induced 
depolarization. In addition, the depolarization is not blocked by internal cesium. 
This suggests that the effect of serotonin is not mediated by blockade of potassium 
channels. Studies will be done to further examine the pharmacology and ionic 
mechanism mediating the serotonin-induced depolarization.
Supported by MH 43985.

SEROTONIN RECEPTORS: 5HT2 RECEPTOR BIOCHEMISTRY AND CELL BIOLOGY

540.1
AGONIST-DEPENDENT, RAPID DESENSITIZATION OF 5-HT2c 
RECEPTOR-MEDIATED RESPONSES. B.D Stout1*. K.A. Berg1. S. 
Maayani2 and W.P. Clarke1. Dept. of Pharmacology1, Univ. of Texas Health 
Science Center. San Antonio, TX 78284 and Dept, of Anesthesiology2. 
Mount Sinai Med. Cntr., CUNY, New York, NY 10029.

Previously we reported that agonist-induced, rapid desensitization of 5-HT2c  
receptor-mediated inositolphosphate (IP) accumulation and arachidonic acid 
(AA) release was effector pathway-dependent. Both responses desensitized 
rapidly ( 6 0 =  loss of response within 10 min) upon pretreatmenl with 
maximal [5-HT] (10 μM; =100% occupancy), but only the IP response 
desensitized following pretreatment with lower concentrations of 5-HT (30 
nM; =50% occupancy; Soc. Neurosci Abstr. 23:133, 1997). Here we report on 
the capacity of various 5-HT2C agonists to elicit differential desensitization of 
IP accumulation and AA release in CHO cells stably transfected with the 
human 5-HT2C receptor (=200 fmol/mg; 1C 19 cell line). Cells were pretreated 
with different agonists for 0-60 min, followed by simultaneous measurement 
of IP accumulation and AA release in response to maximal 15-HTJ for 10 min. 
Pretreatment with bufotenin (10 pM; =100% occupancy) produced a 29%±49) 
maximal decrease in the 5-HT-mediated IP response (within 10 min), but did 
not desensitize the AA response (n=4). Pretreatment with LSD (100 nM; 
= 100% occupancy) maximally desensitized the IP response by 19%±6% 
(within 10 min), but, interestingly, produced a 54%±20% increase in the AA 
response (n=4). Because the relative efficacy of bufotenin is similar to that of 
5-HT for both pathways (1.08 and 0.78 for IP and AA respectively) and that of 
LSD is 0.17 and 0.39 for IP and AA respectively, these data indicate that the 
desensitization of the 5-HT2c receptor system is not related to the relative 
efficacy of these drugs for IP accumulation or AA release, but suggest that 
desensitization of the 5-HT2c receptor-system is agonist- as well as effector 
pathway-dependent. (Supported by NIH grant DA09094)

540.2
THE ROLE OF S2AF PROTEIN IN 5 -H T 2A RECEPTOR GENE 
EXPRESSION STUDIED BY IN VITRO TRANSCRIPTION. J. Xu*, K. 
Chen and J. C. Shih. Dept. of Mol. Pharm. and Tox., Sch. of Pharm. and 
Dept. of Cell and Neurobiology, Sch. of Medicine, Uni. of Southern 
California, 1985 Zonal Ave., Los Angeles, CA 90033.

We have previously shown that S2AF (serotonin 2A receptor 
transcription factor) may be important for the expression of the human 
5-HT2A receptor (5-HT2AR) gene. This protein binds specifically to a 30 
bp sequence within the 5-HT2AR promoter region. Here we report the 
role of this protein in 5-HT2AR expression using in vitro transcription. A
0.35 kb DNA fragment containing the 5-HT2AR promoter region was 
used as a template, and HeLa nuclear extract as the source of RNA 
polymerase and transcription factors. Three major start sites (I, II, and III 
from 5' to 3') were detected. No significant effect on transcription from 
all three sites was observed, when partially purified S2AF was added to 
the transcription reaction. This result could be explained by the fact that 
there was already excess amount of S2AF present in the HeLa nuclear 
extract. However, when we included excess of the 30 bp S2AF 
oligonucleotide (oligo) in the transcription reaction, to deplete the 
endogenous S2AF, the transcription from sites I and II, but not site III, 
was dramatically decreased. When 30 bp oligo mutants that no longer 
bind to S2AF were used instead, no effect on 5-HT2AR transcription was 
observed. These results support further that S2AF is important for the 
expression of the 5-H T2AR gene. Further, the top strand of the S2AF 
oligo had similar effects as the double-stranded oligo, but not the bottom 
strand (or complementary strand). The effects of the top strand oligo on 
S2AF binding will be discussed. (Supported by NIMH grants R01 
MH37020, R37 MH39085 (MERIT Award), K05 MH00796 (Research 
Scientist Award), and the Welin Professorship).

540.3
SEROTONIN 2A RECEPTOR BIOSYNTHESIS IN THE RODENT 
STRIATUM DURING POSTNATAL DEVELOPMENT. G.J. Basura* and
P.D. Walker, Department of Anatomy & Cell Biology, Wayne State 
University School of Medicine, Detroit, MI 48201.

Patterns of serotonin (5-HT) innervation and 5-HT2A receptor 
expression in the rodent striatum have been shown to exhibit a rostral- 
caudal gradient with greater abundancy in posterior vs anterior regions. 
The present study examined the regional expression of striatal 5-HT2A 
receptor biosynthesis with respect to the postnatal development of 5-HT 
neurotransmission. Sprague Dawley rats at postnatal days (PND) 1-35 
(n=5) were sacrificed and anterior & posterior striata (A-STR, P-STR) 
dissected and processed for monoamine analysis by High Performance 
Liquid Chromatography and 5-HT2A receptor protein expression via 
Western analysis (monoclonal anti-5-HT2AR, PharMingen #60231 A). 
Statistical comparisons were made between multiple groups using one-way 
ANOVA (significance at 95%) compared as a percentage of birth (PND 1). 
Significant increases in 5-HT and its metabolite, 5-hydroxyindoleacetic 
acid (5-HIAA) were not evident in the A-STR until PND 21. In contrast, 
significant increases in 5-HIAA in the P-STR occurred as early as PND 7 
followed by 5-HT increases at PND 21. An earlier increase in 5-HIAA 
within the P-STR is suggestive of a more rapid development of 5-HT 
innervation. Interestingly, Western analysis of 55kD 5-HT2A receptor 
levels in the A-STR first demonstrated a significant increase at PND 21, 
while the P-STR showed significant 5-HT2A increases at PND 7. Taken 
together, these data indicate that both serotonergic innervation and 5- 
HT2a receptor biosynthesis mature earlier (by the second week) in the P- 
STR as compared to the A-STR (third week). Supported by NIH NS30550.

540.4
SEROTONIN2A RECEPTOR-MEDIATED SIGNALING SYSTEMS IN CANCER 
PATIENTS WITH MAJOR DEPRESSION. A. Kugaya.1 T. Akechi,1 I. Mikami,1 T. 
Okuyama,1 T. Nakano,1 H. Okamura,1 A. Kagaya2* and Y. Uchitomi1. ‘Psycho-Oncol. 
Div., Natl. Cancer Ctr. Res. Inst.; 2Dept. Psychiatry and Neurosciences, Hiroshima 
Univ. Sch. Med.; Kashiwa, Japan 277-8577.

The serotonin-stimulated calcium response (5-HT resp.) in human platelets which 
reflects 5-HT2A receptor-mediated signaling systems is well reproduced to be enhanced in 
depressed patients without medically ill. The aim of the study is to investigate whether 
this abnormality exists in cancer patients with major depression (cases) and its clinical 
usefulness as a diagnostic marker. The control subjects were age-, gender-, cancer site-, 
and stage-matched cancer patients without major depression (controls). 5-HT resp. was 
measured after stimulation of 10 pM 5-HT by the spectrophotometer. The diagnosis of 
major depression was based on DSM-IV, Endicott’s, and Cavanaugh's criteria. The study 
was approved by IRB of the National Cancer Center. Written informed consent was 
obtained. Subjects’ characteristics were well matched between cases and controls (each 
N=25). They were as follows; mean age 60 years, male 56%, gastrointestinal cancer 
40%, advanced disease 56% of cases and 44% of controls, and under the active cancer 
treatment 12%. Although cases had higher 5-HT resp. than controls, the difference was 
not statistically significant (64.4± 20.8 and 57.1 ±  19.9 nM; p=0.21, unpaired t-test). 
The same tendency was observed in the cases who met Endicott's or Cavanaugh's criteria. 
Receiver operating characteristic analysis revealed that the sensitivity and specificity to 
screen major depression by the marker were 52% and 72%, respectively (the cut-off value 
of 5-HT resp. was 65 nM). These results suggested that the abnormalities in 5-HT2A 
receptor-mediated signaling systems may be less, or some biological interference by 
having cancer exists in cancer patients with major depression, and suggested the 
difficulties in clinical application of 5-HT resp. as a specific marker in oncology.
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540.5
EX VIVO STUDIES OF REGULATION OF PERIPHERAL 5-HT2a AND 5-HT2B 
RECEPTORS: EVIDENCE FOR TIME-DEPENDENT CHANGES IN MECHANISM
M.J. Enguix. G. Mengod* H. Tristan. M. Villazon. J.M. Calleja. M.l. Cadavid. M.l. Loza. 
Dept, of Pharmacology, F. of Pharmacy, Univ. of Santiago, Santiago de C., Spain. *Dept. of 
Neurochem., CID/CSIC, Barcelona, Spain.

Although most studies of regulation of 5-HT receptors have concerned central nervous 
system tissues; there have also been in vitro studies of peripheral tissues in rat: exposure 
to exogenous serotoninergic ligands causes short-term regulation (desensitization and 
resensitization) of 5-HT2B receptors in stomach fundus, but 5-HT2A receptors in aorta rings 
are unaffected. To determine whether ex vivo results would confirm these findngs, we 
evaluated the contractile responses to 5-HT of longitudinal stomach fundus strips and aorta 
rings isolated from rats killed 4h or 24h after a single dose of the agonist (±)-DOI (1 mg/kg 
i.p.) or the antagonist clozapine (CLO, 10 mg/kg i.p.), or 24 h after the last of 15 daily doses 
of these drugs. 4 h after a single dose of either drug, E max (percentage of 5-HT/KCI) was 
significantly lower than in controls for 5-HT2B receptors (DOI 32.9±10.6%, CLO 51.5±5.8%, 
p<0.05, in both cases), but not for 5-HT2A receptors; affinities for 5-HT had increased but 
not significantly for CLO, and affinities for the antagonist ketanserin (KET) and rauwolscine 
(RAU) (at 5-HT2A and 5-HT2B receptors respectively) were unchanged. 24 h after a single 
dose of either drug, neither receptor subtype exhibited altered responses, probably due to a 
complete resensitization of 5-HT2B receptor. These results which correlate closely with the 
in vitro findings, suggests that the single-dose treatments caused transient desensitization 
of 5-HT2B receptors, the effect observed after CLO treatment may have been due to 
residual antagonist After the 15-day treatment with either drug, Emax was significantly lower 
than in controls for 5-HT2B receptors (DOI 54.9±12.5%, CLO 45.0±16.8% p<0.05), and for 
5-HT2A receptors exhibited a decrease of borderline significance (DOI 11.8±2.4%, CLO 
14.7±5.9); these depressions of response for at least 24h suggest down-regulation. 
Affinities for 5-HT had increased after 15-days treatments, but the increase was only 
significant (p<0.05) for 5-HT2A receptors following CLO treatment; affinities for KET and RAU 
were unchanged. Supported by grants SAF960336, SAF9405930404, XUGA20319B97.

540.7

ATYPICAL ANTIPSYCHOTIC DRUGS SELECTIVELY ALTER THE 
SUBCELLULAR DISTRIBUTION OF SEROTONIN 2A RECEPTORS 
IN VITRO AND IN VIVO. POSSIBLE INVOLVEMENT OF β

Roth D epa rtm ents  o f Psychiatry, B iochem istry and N euro sciences, C ase  
W este rn  R ese rve  University, School o f M ed ic ine, C leveland , O hio  4 4 1 0 6 .

Previous studies in our laboratory have dem onstrated that the atypical 
antispychotic drug, c lozap ine produces a redistribution o f serotonin 2 A  (5 - 
H T 2A) receptors both in vitro in stably transfected fibroblasts as well as in vivo 
in pyram idal neurons in the  rat cortex. W e  h ave now  extended  these studies 
to dem o nstrate  that severa l 5 -H T 2A antagonists (o lanzap ine, risperidone, 
ritanserin , m ianserin (all a t 1μM ) and M D L  1 0 0 ,9 0 7  (1 0 0  n M )) induced  
rece p to r internalization in vitro. As a control, drugs devoid of 5 -H T 2A 
antag o n is t activity (clorgyline, nom ifensine, z im e lid ine and prazosin (all at 
1μM )) did not induce 5 -H T 2A receptor internalization. D o se -resp o n se studies 
dem onstrated that M D L 1 0 0 ,9 0 7  and clozap ine induced m axim um  responses  
at d o se s  (1 0 -1 0 0  n M ) exp e cted  to saturate  5 -H T 2A receptors. In order to 
elu c id ate  the ca s c a d e  o f even ts  involved in antag on ist-m ed iated  receptor 
in tern alization, w e  h ave exam ined  the role o f various known m ediators of 
protein trafficking. W e  h ave  found that P-arrestin1 and β-arrestin2 are  
expressed by a topographically specific subset of pyram idal neurons in the rat 
cortex. W e  h ave further found that these isoform s o f β-arrestin a re  co
e x p ressed  in neurons w hich express the  5 -H T 2A receptor. It is possible, 
th ere fo re , that β-arrestins a re  involved in regulation o f 5 -H T 2A receptor 
trafficking. Studies are  ongoing to determ ine if β-arrestins  interact with 5 -H T 2A 
receptors in vitro and in vivo. (S upported by M H 0 1 3 6 6 , G M 5 2 2 1 3 , and  
Scottish R ite [to BLR] and a N A R S A D  Young Investigator A w ard [to D LW ]).

540.9

AGONIST REGULATION OF SEROTONIN2A (5-HT2A) RECEPTORS 
IN C6 GLIOMA CELLS.. A. Anji.*  H. Durgam, and J.G. Hensler, 
Dept. Pharmacology, Univ TX Hlth Sci Ctr, San Antonio, TX 78284.

C6 glioma cells express 5-HT2A receptors coupled to the hydrolysis of 
membrane phosphoinositides. Cells were grown in medium containing 
serum which had been charcoal treated to remove endogenous mono
amines. Treatment of cells for 2, 24 or 48 hr with 5-HT resulted in a 
marked reduction in the maximal stimulation (Emax) of inositol phos
phate accumulation by the partial agonist quipazine (% of control) (2 hr 
5-HT: Emax=25 ± 6.6%; 24 hr 5-HT: Emax=27 ± 9.7%; 48 hr 5-HT: 
Emax=19 ± 6.6%). No change in EC50 was observed. Treatment of 
cells for 2 hr did not reduce the number of 5-HT2A receptor sites as 
measured by the binding of [3H]-ketanserin. However, treatment of cells 
with 5-HT for 24 hr eliminated measurable specific binding (vehicle 
treated: Bmax = 58± 8.7 fmol/mg protein, n=3). Our results suggest that 
the reduction in Emax following 2 and 24 hr 5-HT treatment is not due to 
receptor down regulation but may be due to uncoupling or sequestration 
of 5-HT2a receptors. 5-HT2A receptor mRNA levels were decreased by 
50% when cells were treated with 5-HT for 2 hr as measured by 
Ribonuclease Protection Assay. 5-HT2A receptor mRNA levels remained 
down regulated at 6, 12, and 24 hr and returned to near control levels 
after 48 hr of 5-HT treatment. The marked reduction in 5-HT2A receptor 
mRNA levels may be due to destabilization of 5-HT2A receptor mRNA 
and/or a decrease in 5-HT2A receptor gene transcription. We are 
currently examining molecular mechanism(s) involved in the decrease in 
5-HT2a receptor mRNA levels after 5-HT treatment.

Supported by USPHS MH 52369.

540.6
5HT2 RECEPTOR EXPRESSION IN DIFFERENTIATED P19 CELLS: A 
MODEL SYSTEM FOR THE STUDY OF MONOAMINE REGULATION 
OF CORTICAL INTERNEURONS. K.A. Petrie. R.D. Price. E. Sanders- 
Bush. and A.Y. Deutch* Departments of Pharmacology and Psychiatry and 
Center for Molecular Neuroscience, Vanderbilt University School of 
Medicine; Nashville, TN 37212.

The study of monoaminergic regulation of cortical neurons in vivo has 
been hampered by the lack of pharmacological agents with receptor 
specificity and the difficulty in eliminating trans-synaptic effects of 
exogenously administered drugs. It would therefore be useful to have an in 
vitro system in which to study the regulation of cortical neurons by 
monoamines.

When P19 cells are induced to differentiate with retinoic acid, they 
develop into neurons that express many features of cortical intemeurons. As 
a first step toward utilizing these cells to study monoaminergic regulation of 
cortical neurons, we used reverse-transcriptase/polymerase chain reaction 
(RT-PCR) and immunofluorescence to detect the expression of 5-HT2A and 
5-HT2C receptors in differentiated P I9 neurons.

RT-PCR revealed mRNAs encoding both the full-length and truncated 5- 
HT2C receptors and 5-HT2A receptor in differentiated P19 cells, but not in 
undifferentiated P19 cells. 5-HT2A receptors were also detected using 
immunofluorescence. This is the first report of endogenous 5-HT2C receptor 
mRNA expression and 5-HT2A protein expression in a cell line. These 
findings suggest that differentiated P19 cells may provide an excellent 
model system in which to study regulation of cortical intemeurons and the 
functional consequences of post-transcriptional modifications of the 5-HT2C 
receptor.
Supported by NIH grants T32MH19732, MH34007, MH057995.

540.8
ANTAGONIST REGULATION OF SEROTONIN2A (5-HT2A) 
RECEPTOR FUNCTION IN C6 GLIOMA CELLS. N.R. Sullivan- 
Hanley*. H. Durgam. and J.G. Hensler. Dept. Pharmacology, Univ of 
Texas Health Science Center, San Antonio, TX 78284.

Central 5-HT2A receptors are downregulated in response to 
administration of antagonists, atypical antipsychotics and some 
antidepressants. The effect of antagonist treatment on 5-HT2A receptor 
function in C6 glioma cells was measured by the stimulation of 
phosphoinositide hydrolysis by the partial agonist quipazine. For each 
antagonist we used a concentration equal to 100 x the K j. Treatment of 
cells with 50nM ketanserin for 2 ,4 , or 24 hrs resulted in a 30% reduction 
in maximal stimulation (Emax) of inositol phosphate accumulation by 
quipazine, with no shift in EC50. Treatment of cells with lμM mianserin 
for 2, 4, or 24 hrs resulted in a 65% decrease in Emax. The EC50 of 
quipazine was increased following 2 hrs mianserin treatment (control: 
0.65±0.1μ M; mianserin: 4.1±1.8μM) but returned to control values at 4 
and 24 hr timepoints. Treatment of cells for 2 hrs with 500nM clozapine 
resulted in a 25% decrease in Emax and an increase in EC50 (control: 
EC50=0.61±0.06μM; clozapine: ECso= 1.4±0.26μM). Treatment of cells 
with clozapine for 4 hrs resulted in a 10% regulation in Emax and a 
further increase in EC50 (3.8±0.46μM). Following 24 hr treatment with 
clozapine there was a dramatic increase in the Emax (110±4.7% of 
control) and the EC50 (2.3±0.35μM) remained shifted to the right. 5- 
HT2 receptor antagonists appear to regulate 5-HT2A receptor function 
differently. The molecular mechanisms underlying the regulation of the 
5-HT2A receptor by these antagonists is currently under investigation.

Supported by USPHS MH 52369.

540.10
HALOPERIDOL INCREASES SEROTONIN (5-HT) 5-HT2C RECEPTOR 
FUNCTION IN CAUDATE. L.J. Schutz2*. D.J. Moore2 and W.A. Wolf1,2 
1 Depts. of Research and Biological Psychiatry, Hines VA Hospital, Hines, IL 
60141 and 2Dept. of Pharmacology, Loyola University Stritch School of 
Medicine, Maywood, IL 60153.

Antipsychotic drugs, such as haloperidol, are widely used in the treatment of 
schizophrenia and in treating psychoses related to neurodegenerative disorders. 
However, repeated administration of antipsychotics often leads to motor 
dysfunction. While clinical observations have lead to the suggestion that 
serotonergic activity at serotonin (5-HT) 5-HT2A receptors contributes to 
antipsychotic-induced motor disorders, there has been little attention focused on 
the 5-HT2C receptor. The 5-HT2C site is pharmacologically similar to the 5- 
HT2A site and it exists in moderate density in brain regions subserving motor 
control. The present work was undertaken to determine whether antipsychotics 
alter 5-HT2C function in the basal ganglia. Repeated administration of 
haloperidol (21 days, 1 mg/kg/day) to rats increased (approximately 2-fold) 
motor dyskinesias elicited by acute injection of the 5-HT2C-active agonist, m- 
chlorophenylpiperazine. Radioligand binding studies failed to demonstrate a 
difference in 5-HT2C binding sites in the caudate of haloperidol-treated rats as 
compared to control. In contrast, 5-HT2C-mediated phospholipase C activity in 
caudate was significantly enhanced (approximately 137% of control) in 
haloperidol-treated rats. Taken together these data demonstrate that haloperidol 
treatment can produce an increase in 5-HT2C-mediated signal transduction in 
the caudate which may contribute to the production of antipsychotic-induced 
dyskinesias.
Supported by PHS grant NS36410 (W.A.W.) and VA Merit Award (W.A.W.).
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540.11
5HT2C RECEPTOR DENSITY IS INCREASED IN THE NUCLEUS 
ACCUMBENS FOLLOWING REPEATED INJECTIONS OF 
METHYLENEDIOXYMETHAMPHETAMINE (MDMA). T.
Obradovic*, L. Churchill and S.R. White. Dept. of Veterinary and 
Comparative Anat., Pharmacol, and Physiol., Washington State Univ., 
Pullman, WA 99164.

Effects of repeated exposure to a neurotoxic dose regimen of the 
psychostimulant MDMA (20 mg/kg, sc., twice daily for four successive 
days) on density of serotonin 5HT2C receptors in the forebrain were 
investigated. Autoradiographic analysis of 5HT2c receptors labeled with 
3H-mesulergine in the presence of spiperone to block 5HT2A and dopamine 
D2 receptors was performed on coronal forebrain slices two weeks after the 
last MDMA injection. 5HT2C receptor densities in the nucleus accumbens 
core and shell were significantly increased (68% and 74% respectively) in 
MDMA-pretreated compared to saline-pretreated control rats. No 
differences in 5HT2C receptor labeling for the two groups were detected in 
the rostral pole of the accumbens, the caudate putamen or the medial 
prefrontal cortex. 3H-paroxetine labeling of 5HT uptake sites was markedly 
decreased in the nucleus accumbens core, shell and prefrontal cortex (75%, 
54% and 79% respectively) of the MDMA-pretreated rats, confirming that 
the dose regimen was neurotoxic to 5HT terminals. These results indicate 
that repeated exposure to neurotoxic doses of MDMA produces persistent 
changes in 5HT2C receptors that may alter 5HT2C receptor-mediated effects 
in the nucleus accumbens.

Supported by NIDA grant DA08116 (SRW).

540.13
OVARIAN STEROID REGULATION OF SEROTONIN (5-HT) 2C, BUT NOT 
2A mRNA IN MONKEY HYPOTHALAMIC NUCLEI. C.L. Bethea*. C. Gundlah. 
and W.E. Schutzer. Divisions of Reproductive Sciences & Neuroscience, Oregon 
Regional Primate Research Center, Beaverton, OR 97006 

Increases in negative affect have been correlated with physiological withdrawal of 
the ovarian steroids, estrogen (E) and progesterone (P), and E replacement can 
alleviate depressive symptoms in some women. We have shown that ovarian 
steroids alter the expression of several genes in the monkey which may increase 5- 
HT neurotransmission. This study examined postsynaptic 5-HT2A and 5-HT2C 
receptor mRNA expression in hypothalamic terminal fields of ovx-control (spay), E 
treated (28 d) and E+P treated (28 d E + last 14 d P) pigtail monkeys (Macaca 
nemestrina) (n=4/group) using in situ hybridization. Silastic implants achieved 
138.33 ± 11.89 pg/ml of serum E and 6.87 ± 1.45 ng/ml of serum P. Perfusion 
fixed hypothalamic sections (25 μ) were hybridized with a 412 or 298 bp 35S- 
antisense monkey specific 5-HT2A or 5-HT2C probe, respectively, at 60°C, then 
stringently washed in 0.1 X SSC at 75°C. Sections were exposed to (β-MAX film for 
6 days and densitometry was performed on the autoradiographs. Analysis showed 
that 5-HT2A mRNA was densely expressed in the periventricular nucleus, 
supraoptic nucleus and mamillary bodies. 5-HT2C mRNA was densely expressed in 
the anterior, dorsal, lateral and posterior hypothalamus, nucleus tuberalis, capsule of 
the ventromedial nucleus, arcuate and periventricular nuclei. Total signal was 
obtained by multiplying mean optical density by positive pixels. 5-HT2A mRNA 
was unaltered by treatment. E treatment significantly increased 5-HT2C signal in the 
arcuate nucleus and addition of P had no further effect. E+P treatment significantly 
increased 5-HT2C signal in the anterior hypothalamus (p < 0.05). Both areas have a 
dense concentration of E and P receptors. In contrast, E significantly decreased 5- 
HT2C signal in the posterior hypothalamus and the nucleus tuberalis (p < 0.05), 
areas which lack E and P receptors. Ovarian steroids may act genomically to increase 
or maintain 5-HT2C mRNA expression in areas containing E and P receptors, but 
the coincident increase in 5-HT may downregulate 5-HT2C mRNA expression in 
areas lacking E and P receptors. Supported by HD17269, HD18185 and RR00163.

540.12
GLUCOCORTICOID REGULATION OF TRANSCRIPTIONAL 
ACTIVITY OF THE RAT 5-HT2c  RECEPTOR GENE PROMOTER. 
M.C. Holmes*. K.L. French and J.R. Seckl. Molecular Endocrinology, 
Molecular Medicine Centre, University of Edinburgh, Western General 
Hospital, Edinburgh EH4 2XU, UK.

5-HT2c receptors have been implicated in mediating central effects of 
serotonin on anxiety, feeding and locomotory behaviours. Previous 
studies have shown that 5-HT2c receptor mRNA, particularly in the 
hippocampus, is potently down-regulated by glucocorticoids (Holmes et 
al., J. Neurosci. 17,4056-4065, 1997). To test whether glucocorticoids 
exert their effect through a direct action on the promoter of the gene, a 
plasmid was constructed in which 1.8kb of the 5'-flanking region 
including the transcription start site of the mouse 5-HT2c receptor gene 
was linked to a luciferase reporter construct (pGL-2C). Transient 
transfection of COS-7 cells (which lack functional GR) with pGL-2C 
together with a GR expression plasmid demonstrated that dexamethasone 
is a potent inhibitor of 5-HT2c  promoter activity (ED5o~0.5nM ). 
Corticosterone also had an inhibitory effect although higher 
concentrations were needed (ED5o~30nM), perhaps due to 11B- 
hydroxysteroid dehydrogenase-2 activity in the COS cells or merely 
reflecting the lower affinity of GR for corticosterone. Progesterone and 
testosterone had weak or no effect on 5-HT2c  promoter activity. The 
glucocorticoid antagonist RU486 was able to inhibit 5-HT2c promoter 
activity even in the absence of glucocorticoids (ED50~5nM). These 
results suggest that glucocorticoids are able to alter 5-HT2c  receptor 
gene transcription in a specific manner by a direct inhibitory influence on 
the 5'-regulatory region of the gene. It remains to be determined whether 
this action is mediated directly via a GRE or indirectly via a putative API 
site. This work was funded by the Wellcome Trust.
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541.1

μ-Opiate agonists block head shakes induced by the 
serotonin2A agonist DOI. J.D. Alvaro*. G.K. Aghajanian and 
G.J. Marek. Depts. of Psychiatry and Pharmacology, Yale School of 
Medicine, New Haven, CT 06508.

Local infusion of the serotonin2 (5-HT2) agonist DOI into the 
medial prefrontal cortex (mPFC) induces head shakes via 5-HT2a 
receptor activation (Willins & Meltzer, 1997). μ-Opiate agonists 
suppress EPSCs induced by 5-HT2a  receptor activation in layer V 
pyramidal cells of the mPFC (Marek & Aghajanian, 1997; 1998, in 
press). Therefore we investigated the behavioral effects of p-opiate 
agonists and antagonists prior to administration of DOI (5 mg/kg, ip) 
in adult male Sprague-Dawley rats. Morphine caused a dose- 
dependent suppression of DOI-induced head shakes with an ID50~0.4 
mg/kg (ip). Pretreatment with the irreversible μ  antagonist 
naloxonazine (20 hr; 15 mg/kg, sc) and naltrexone (10 mg/kg, ip) 
resulted in > 10-fold rightward shifts of the morphine dose-response 
curve. Buprenorphine, a p-partial agonist and k antagonist also 
suppressed the DOI-induced head shakes (ED5o~5 pg/kg). Naltrexone 
and naloxone (10 mg/kg, ip) pretreatment resulted in > 10-fold 
rightward shifts of the buprenorphine dose-response curve. 
Naltrexone alone partially suppressed DOI-induced head shakes 
consistent with recent reports of p  partial agonist activity for 
naltrexone (Kimmel & Holtzman, 1998). These behavioral and 
previous electrophysiological interactions, together with a strikingly 
similar laminar distribution of 5-HT2a and μ-opiate receptors in the 
cortex, suggests that mPFC function is modulated by interactions 
between 5-HT and endogenous opiates.Supported by NIMH and NARSAD

541.2

Is the apparent antipsychotic action of the 5-H T 2A  
receptor antagonist M 100907 counteracted by  
concomitant 5-HT2C receptor antagonist treatment?
P Martin*. N Waters. ES Waters. A Carlsson and ML Carlsson. Dept. of 
Pharmacology, Goteborg University, Box 431, SE 405 30 Goteborg, Sweden.

M100907 (formerly MDL100907), the first potent and selective 5-HT2A receptor 
antagonist reported, is currently in Phase III clinical trials in schizophrenia. The 
present poster will extend earlier findings in preclinical studies of M l00907 in a 
rodent model of schizophrenia. Thus, the apparently antipsychotic effect of 
M100907 (reduction of MK-801-induced hyperlocomotion) has been shown to be 
counteracted by concomitant treatment with the selective 5-HT2A/B/C receptor 
antagonist ritanserin or the 5-HT2B/C receptor antagonist SB206553. The present 
poster will report the effects of other compounds with 5-HT2C receptor 
antagonistic activity. For example, the main metabolite of clozapine, 
normethylclozapine, which is a more potent 5-HT2C receptor antagonist than 
clozapine itself, significantly counteracted the apparent antipsychotic effect of 
M100907 in MK-801-induced hyperlocomotion.

The apparently opposite relationship between 5-HT2A and 5-HT2C receptor 
antagonism with regard to psychotic-like behavior will be discussed.
Hoechst Marion Roussel is gratefully acknowledged for financial support.
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541.3
PHARMACOLOGICAL EVALUATION OF THE 5-HT2A RECEPTOR PET 
RADIOTRACER [18F]DEUTEROALTANSERIN ([18F]d-ALT) IN BABOONS. JK 
Stalev*. PZ Tan, M Al-Tikriti. RM Baldwin. CK Ng. PK Garg. R Soufer  , DS 
Charnev,  RB Innis. Yale University School of Medicine, New Haven, CT.

Previous studies using the PET radiotracer [18F]altanserin ([18F]ALT) to image the 
serotonin 5-HT2A receptor were hindered by the formation of radiolabeled lipophilic 
metabolites which increased nonspecific labeling. Preliminary pharmacokinetic 
studies have indicated that substitution of the 2’hydrogen with deuterium in 
[i8F]ALT reduces radiometabolite formation suggesting that [18F]deuteroaltanserin 
([18F]d-ALT) is more stable metabolically than [18F]-ALT. In the present study, the 
regional distribution and pharmacological specificity of [18F]d-ALT was examined in 
nonhuman primates using a constant infusion paradigm for equilibrium binding and 
PET imaging. Two baboons were injected with [18F]d-ALT as a bolus (3.7 ± 1 . 2  
mCi) plus a constant infusion (3 .l± l.0 mCi/h) for 480 min. PET acquisitions (5- 
10 min) were performed every 15 min between 240 and 480 min of infusion. Linear 
regression analysis demonstrated that the time-activity curves for brain activity 
stabilized between 270 to 375 min. The cortex to cerebellum ratio for [18F]d-ALT 
(2.4  0.4) was higher than that previously observed for [±F]ALT (1.9  0.2). 
Specificity of [18F]d-ALT binding was demonstrated by displacement with the 
selective 5-HT2A receptor antagonist SR 46349B. A dose of 1.0 mg/kg, administered 
at 390 min, decreased cortical activity to within 20% of cerebellar levels after 1 h. 
The 5-HT releaser d-fenfluramine was administered to determine if endogenous 5-HT 
would displace [18F]d-ALT binding. At doses known to induce an elevation in 
endogenous 5-HT (1.0 -1.5 mg/kg, i.v.), fenfluramine failed to alter [18F]d-ALT 
uptake. These studies demonstrate that, [!8F]d-ALT yields a higher ratio of 
specifíc/nondisplaceable brain uptake as compared to [18F]ALT and elevations of 
synaptic 5-HT levels cause negligible displacement of radiotracer binding. Funded 
by the VA and NIMH.

541.5

DOI, A 5-HT2 RECEPTOR AGONIST, INCREASES BOTH DA and 
5-HT RELEASE IN RAT STRIATUM. RJ. Wurtman* and A. 
Balcioglu. Department of Brain and Cognitive Sciences, MIT, 
Cambridge MA 02139.

We and others have shown that serotonin (5-HT) increases the 
release of dopamine (DA) in the rat striatum. 5-HT1, 5-HT3, 5-HT4 
receptors have all been proposed as mediating this effect. We, now, 
show that DOI, a 5-HT2 receptor agonist increases DA release in 
rat striatum and ketanserin, a 5-HT2 receptor antagonist, blocks 
this effect. Ketanserin also decreases, by itself, the basal release of 
DA. We used in vivo microdialysis to measure DA and 5-HT 
release in the striatum. Samples collected every thirty minutes were 
assayed by high pressure liquid chromatography, in a single run. 
Local application of 1 mM DOI increased DA release to 256±90 % 
of control values. Pretreatment with ketanserin blocked this increase 
and also reduced the basal release of DA to 27±5 % of control 
values. These results imply that 5-HT2 receptor stimulation 
increases DA release in rat striatum, and that these receptors also 
are involved in the basal release of DA. In addition, DOI also 
stimulated 5-HT release in the striatum, and this effect was also 
blocked by ketanserin pretreatment, but ketanserin did not affect 
the basal release of 5-HT. DOI increased 5-HT release to 34 l± l05 % 
of control values. These data show that 5-HT2 receptors can also 
affect 5-HT release, but not basal release.

In conclusion, activation of 5-HT2 receptors can affect both DA 
and 5-HT release in rat striatum. The same receptors might also be 
involved in the basal release of DA, but not 5-HT.

Supported by the Center for Brain and M etabolism Charitable Trust.

541.7

TH E D ISCRIM INATIVE STIM ULUS EFFECTS OF (±)- 
FENFLURAM INE: RO LE O F 5-HT2 RECEPTORS. A.C. 
McCreary* and K.A. Cunningham. Pharmacology & Toxicology, 
University o f Texas Medical Branch, Galveston, TX, 77555-1031.

Evidence supports the involvement o f 5-HT2 receptors in the 
stimulus effects o f the 5-HT releaser fenfluramine, the respective 
role o f 5-HT2A, 5-HT2B and 5-HT2C subtypes has not been clarified. 
In the present experiment, rats were trained to discriminate (±)- 
fenfluramine (FEN; 2 mg/kg, i.p.) from saline (1 ml/kg, i.p.) in a 
two-lever, water-reinforced FR 20 paradigm. The 5-HT2A/2B/2C 
agonist DOI (0.25-2 mg/kg), the 5-HT agonists MK 212 (0.25-2 
mg/kg) and mCPP (0.25-2 mg/kg) substituted fully for FEN (2 
mg/kg; >80%). The 5-HT2A antagonist MDL 100907 (0.05-1 
mg/kg) only partially blocked FEN. The 5-HT2C/2B antagonist SB 
206553 (0.5-2 mg/kg), dose-dependently attenuated FEN-lever 
responses; the inability o f the selective 5-HT2C receptor antagonist 
RS 102221 (5 and 10 mg/kg) to block FEN may be related to its 
poor blood-brain barrier penetration. Both MDL 100907 (0.05-0.5 
mg/kg) and SB 206553 (0.25-4 mg/kg) attenuated the substitution 
o f DOI (1 mg/kg), MK 212 (1 mg/kg) and mCPP (2 mg/kg) for 
FEN. These data support a role for both 5-HT2C and 5-HT2A 
receptors in the discriminative stimulus properties o f FEN, 
although a role for 5-HT2B receptors cannot presently be excluded. 
Supported by NIDA DA 06511 and DA 00260

541.4
AN ENDOGENOUS SEROTONERGIC RHYTHM ACTING ON 5-HT2 
RECEPTORS MAY BE INVOLVED IN THE DIURNAL CHANGES OF 
TUBEROINFUNDIBULAR DOPAMINERGIC NEURONAL ACTIVITY  
AND PROLACTIN SECRETION. S.L. Liang, J.Y.H. Chan* and J.T. Pan. 
Department o f  Physiology, National Yang-M ing University, Taipei, Taiwan, 
Republic o f  China

Central serotonergic system has long been known to exert a stimulating 
role on the secretion o f  prolactin (PRL). We have shown that depletion o f  
central serotonin (5-HT) by 5,7-dihydroxytryptamine effectively prevents the 
diurnal change o f  tuberoinfundibular dopaminergic (TIDA) neuronal activity 
and blunts the afternoon PRL surge in ovariectomized, estrogen-treated 
(OVX+E2) rats. A single injection o f  a 5-HT2 receptor antagonist, ketanserin 
(5 mg/kg, ip), at 1200 h not only blocked the afternoon PRL surge, but also 
prevented the diurnal change o f TIDA neuronal activity. Using 
intracerebroventricular injection o f  a 5-H T1 (8-OH-DPAT) or 5-HT2 (DOI) 
receptor agonist in the morning, only DOI inhibited the TIDA neuronal 
activity in a dose-dependent manner. Injection o f  DOI in 5,7- 
dihydroxytryptamine-treated rats at 1430 h can lower the elevated TIDA  
neuronal activity and reinstated the PRL surge. We further tested the effect 
o f  5-HT on the firing rates o f  dorsomedial arcuate (dmARN) neurons and 
found that 5-HT could inhibit over 70% o f  dmARN neurons recorded from 
OVX+E2 rats, but only 42% from OVX rats. In all, 5-HT acting through 5- 
HT2 receptor can have an inhibitory effect on TIDA neuronal activity in the 
afternoon and stimulation o f  the PRL surge. (Supported by N.S.C. o f  R.O.C.)

541.6
DIFFERENTIATION OF 5-HT2A AND 5-HT2c RECEPTOR MEDIATED 
BEHAVIORS WITH SELECTIVE ANTAGONISTS? S. D. Gleason and J. D. 
Leander*. Neuroscience Research, Lilly Research Labs, Eli Lilly and Co, Lilly 
Corporate Center, DC 0510, Indianapolis, IN 46285.

Recently, compounds have been identified that are reported to be greater than 100 
fold selective for the 5-HT2a (MDL 100,907) and 5-HT2C (SKB 242084) receptors 
versus other serotonin receptors and receptors for other neurotransmitter systems. In 
order to explore a possible functional relationship between 5-HT2A and 5-HT2C 
receptors, we investigated the ability of MDL 100,907 and SKB 242084 to 
antagonize DOI induced head shakes, a 5-HT2A receptor mediated behavior, and m- 
CPP induced penile erections, a 5-HT2C receptor mediated behavior. The 5-HT2Ay2c 
receptor agonist, DOI (0.3-1 mg/kg, s.c.) produced both penile erections and head 
shakes. DOI induced head shakes were completely antagonized by 0.1 mg/kg MDL 
100,907, whereas the DOI induced penile erections were partially attenuated by 0.1 
mg/kg MDL 100,907. In contrast, SKB 242084 (1 mg/kg, s.c.) fully antagonized DOI 
induced penile erections and partially antagonized head shakes produced by DOI. In 
agreement with previous work, administration of m-CPP resulted in a dose dependent 
increase in the number of penile erections with a maximal effect at 1 mg/kg. The m- 
CPP induced penile erections were dose-dependently abolished by the selective 5- 
HT2C receptor antagonist SKB 242084 (0.1-1 mg/kg, s.c.) and partially attenuated by 
0.1 mg/kg of the selective 5-HT2A receptor antagonist MDL 100,907. Taken together, 
these results suggest a functional interaction between 5-HT2A and 5-HT2c receptors.
In addition, the results suggest caution in using either MDL 100,907 or SKB 242084 
to unequivocally determine 5-HT2A and/or 5-HT2C receptor mediated responses.

541.8
STRESS AND CHRONIC COCAINE INTERACT TO MODULATE 1-(2,5- 
DIMETHOXY-4-IODOPHENYL)-2-AMINOPROPANE (DOI) INDUCED 
HEAD-SHAKE RESPONSES IN RATS. J.A. Szczesny and J.S. Meyer*. 
Dept. of Psychology, Univ. of Massachusetts; Amherst, MA 01003.

Previous studies have reported that various stressors (chronic forced 
swim test, restraint stress, or food restriction) may increase either the level 
of 5-HT in various brain areas, 5-HT2 receptor density, or behavioral 
responses to 5-HT2 receptor agonists. The present study examined the 
interaction between the stress of minor surgery, food restriction, and 
chronic cocaine treatment on head-shake responses (HSRs) to the 5-HT2 
agonist DOI in rats. The surgical manipulation involved subcutaneous 
implantation of cocaine- or vehicle-containing Silastic capsules under brief 
anesthesia. Circulating cocaine concentrations were 116 ± 11 ng/ml (low 
dose) and 330 ± 75 ng/ml (high dose) at the end of the 3-day treatment 
period. Food restriction occurred through pair-feeding of control animals to 
high-dose cocaine-treated subjects, which showed a transient drug- 
induced anorexia. Non-cocaine-treated rats subjected to surgery and food 
restriction exhibited a significantly elevated HSR at 3 days post-surgery 
compared to untreated animals given the same dose of DOI. This 
enhanced sensitivity to DOI subsequently declined in a time-dependent 
manner. High- but not low-dose cocaine treatment unexpectedly 
attenuated the stress-induced increase in DOI-elicited HSRs. 5-HT2 
receptor binding data revealed no treatment-related differences in receptor 
density, suggesting that these alterations in behavioral responsiveness 
reflect changes in 5-HT2 signal transduction mechanisms. Supported by 
DA-06495.

Society for Neuroscience, Volume 24 ,1998



TUESDAY PM SEROTONIN RECEPTORS: 5HT2 RECEPTOR PHYSIOLOGY AND PHARMACOLOGY 1371

541.9

THE SPECIFICITY OF BW 723C86 EVOKED INCREASES IN 
PERIPHERAL BLOOD FLOW, IN THE ANESTHETIZED RAT, IS 
NOT CONSISTENT WITH A 5-HT2B RECEPTOR MEDIATED 
MECHANISM. D.W. Bonhaus*. Z. Cao. L. Wong. T. Pulido-Rios and
G.R. Martin Center for Biological Research, Neurobiology Unit, Roche 
Bioscience Palo Alto, CA 94304

BW 723C86, a selective 5-HT2b receptor agonist, relaxes rat isolated jugular 
vein with the pharmacological specificity of an, endothelium-dependent, 5- 
HT2B receptor mediated mechanism. In the current study we characterized the 
effects of BW 723C86 on peripheral blood flow in the ear flap of the 
anesthetized rat. Laser Doppler was used to measure blood flow, blood 
pressure was measured at the carotid artery and, drugs were administered via 
the femoral vein. BW 723C86 increased blood flow with no concurrent effect 
on pressure (EC50 value of 90 µg/kg ΓV). Pretreatment with L-NAME (10 
mg/kg ΓV) abolished the BW 723C86-evoked increase in blood flow. 
Consistent with a 5-HT2 receptor mediated process, the response was potently 
blocked by methysergide or ritanserin (IC 50 values less than 100 µg/kg). 
However, the BW 723C86-evoked increase in blood flow was also potently 
blocked by spiperone or ketanserin (IC 50 values less than 100 µg/kg). Since 
these compounds have only µM affinity for the 5-HT2b receptor, this finding is 
inconsistent with a 5-HT2b receptor mediated mechanism. These findings stand 
in contrast to those obtained with the rat isolated jugular vein in as much as 
BW 723C86 evoked relaxation of the jugular vein was insensitive to spiperone 
or ketanserin. Thus, different receptors may mediate the relaxant effects of 
BW 723C86 in different vascular tissues.

541.11
PREVENTION OF DOI-MEDIATED WET DOG SHAKES BY INHIBITORS 
OF NITRIC OXIDE SYNTHASE. X.Ύ. Xu* and K.J. Miller. Dept. Pharm. 
Sci., Col. of Pharmacy, Nova Southeastern Univ., Ft. Lauderdale, FL 
33328.
Systemic administration of the 5HT2 receptor agonist (±)-1-(2,5-D¡methoxy- 
4-lodophenyl)-2-aminopropane (DOI) has been shown to produce a 
characteristic Wet Dog Shake (WDS) in rats. Pharmacological 
characterization of this response has demonstrated that this behavior is 
most closely correlated with 5HT2a receptor activation. The purpose of this 
study was to determine if DOI-induced WDS required the involvement of 
nitric oxide synthases (NOS). Male Sprague-Dawley rats (175-250 g) were 
injected with the indicated drugs i.p. The animals were monitored for WDS 
for a period of 30 min. post-injection of DOI. 0.5, 1 and 3 mg/kg of DOI 
produced a dose dependent increase in WDS. The average number of 
shakes for the 3 mg/kg dose of DOI was 11±2. I.p. injection, 10 minutes 
prior to the administration of 3mg/kg DOI, of the general NOS inhibitor Λ/G- 
nitro-L-arg¡n¡ne methyl ester (L-NAME) (5, 20 and 40 mg/kg) produced a 
total inhibition of WDS in a dose dependent manner. The D-isomer of 
NAME failed to completely prevent WDS, although inhibition was obtained 
at higher levels to 5±2 shakes. The selective neuronal NOS (nNOS) 
inhibitor 7-nitroindazole completely blocked DOI-mediated WDS in a dose 
dependent manner as well. In conclusion we have demonstrated that 
inhibition of nNOS prevents DOI-mediated WDS. These data in 
combination with reports from other laboratories suggest that NO synthesis 
may be an important and necessary mechanism for the onset of some 
5HT2 receptor-mediated behaviors. In addition our data suggest that NO 
may be a downstream messenger following 5HT2 receptor-mediated 
elevations in intracellular calcium within the cortex and brainstem. 
Supported by a PhRMA Foundation New Investigator Award to KJM.

541.13
EFFECT OF 5-HT RECEPTOR ANTAGONISTS SB200646 (5-HT2B/2C) 
AND LY215840 (5-HT7) ON LEARNING. A. Meneses* G. Orozco & 
E. Hong. Terapéutica Experimental, Depto. Farmacología y 
Toxicología, CINVESTAV-IPN. Ap. Postal 22026, México, D.F., 14000. 
MEXICO.

There is evidence that 5-HT2B/2c and 5-HT7a·7d receptors occur in areas 
of the brain involved in learning and memory. In this work we tested the 
effects of SB200646 (SB) and LY215840 (LY) in the autoshaping learning 
task. The results showed that post-training injection of SB (2-40 mg/kg) 
did not alter learning consolidation; however, reversed the learning 
deficit induced by mCPP, 1-NP and mesulergine, and did not alter the 
learning facilitation of DOI and ketanserin. SB, at a low dose, plus 
MDL100907 enhanced learning consolidation and eliminated the learning 
deficit produced by scopolamine or dizocilpine. Moreover, LY (0.56-20 
mg/kg) alone had no effect on learning consolidation, but partly reversed 
the facilitation effect induced by 8-OH-DPAT. LY plus 5-HTia receptor 
antagonists, WAY100635 or S-UH-301 enhanced learning consolidation. 
LY plus 8-OH·DPAT and WAY100635 or S-UH-301 also facilitated learning 
consolidation. Drugs displaying affinity for 5-HT2A-2c receptors did not 
alter the silent characteristic of LY. LY reversed the learning deficit 
induced by scopolamine or dizocilpine. 5-HT2B/2c and 5-HT7 receptors 
appear to be able to reverse a poor learning consolidation.

541.10
7-NITROINDAZOLE POTENTIATES TFMPP-MEDIATED INCREASES IN 
ACTH LEVELS IN THE RAT. K.J. MILLER* AND X.Ύ. XU. Dept. Pharm. 
Sci., Col. of Pharmacy, Nova Southeastern Univ., Ft. Lauderdale, FL 
33328.
Systemic administration of N-(3-trifluoromethylphenyl)p¡perazine (TFMPP) 
has been shown to cause an increase in plasma ACTH levels in rats. The 
action of TFMPP is believed to be mediated via 5HT2C receptors in the 
hypothalamus, increasing the release of CRF to the pituitary. Suppression 
of nitric oxide synthase (NOS) activity in the hypothalamus has also been 
shown to elevate plasma ACTH levels as well. We wished to determine if 
the selective nNOS inhibitor 7-nitroindazole could enhance the activity of 
TFMPP on ACTH levels. Male Sprague-Dawley rats (175-250g) were 
injected with the indicated agents (i.p.) and 30 min thereafter the trunk 
blood was collected and subsequently analyzed for ACTH by enzyme- 
immunoassay. 2 mg/kg TFMPP produced a two-fold increase in plasma 
ACTH levels from 1.27±0.29 to 2.4±O.I8 ng/ml. A 10 min pretreatment with 
7-nitroindazole, followed by the injection of 2 mg/kg TFMPP, produced a 4- 
fold increase in the plasma ACTH level to 5.5±l.2 ng/ml. These data 
demonstrate a relationship between serotonergic activation and nitric oxide 
synthesis in the hypothalamus. Our results also suggest that 5HT2c 
receptor-mediated increases in ACTH levels may possibly involve the 
inhibition of nNOS in the hypothalamus.
Supported by a PhRMA Foundation New Investigator Award to KJM.

541.12
SB-215505, A SELECTIVE 5-HT2B RECEPTOR ANTAGONIST IN RATS. 

G.A. Kennett# , B. Trail, G. Riley, M.J. Bicker  " J. Ranson, E., I.T.Forbes, 
G.W. Price, G.S. Baxter, A.J. Hunter, SmithKline Beecham Pharmaceuticals, 
Third Avenue, Harlow, Essex, CM 19 5AW, U.K.# Present address: Cerebrus 
Ltd, Oakdene Court, 613 Reading Road, Wokingham, RG4l 5UA, U.K.

SB-215505 (6-chloro-5-methyl-l-(5-quinolylcarbamoyl)indoline) was a potent 
(pA2 9.9), surmountable antagonist of 5-HT2B receptor mediated contractile 
responses of the rat stomach fundus. The binding affinity (pKi) of SB-215505 
for native rat 5-HT2C receptors was 7.9, while the affinity for cloned human 5- 
HT2A was 6.8 and was less for all other 5-HT receptor subtypes. SB-215505 
reversed m-CPP (7 mg/kg i.p. 20 min pt)-induced hypolocomotion in rats, 
determined in automated boxes over 10 min, with an ID50 of 13 mg/kg p.o. 1 h 
pt. As this response is a central 5-HT2C receptor mediated function (Kennett et 
al., 1997), the result indexes the potency of SB-215505 at this receptor. At 0.3 
and 1 mg/kg p.o. 1 h pt, SB-215505 antagonised the anxiolytic-like effect of the 
5-HT2B receptor agonist, BW-723C86 (Kennett et al., 1996; 3 mg/kg s.c. 20 min 
pt) in a rat social interaction test for 15 min (see Kennett et al, 1997 for details) 
and also antagonised BW 723C86 (20 mg/kg s.c. 30 min pre-test)-induced 
hyperphagia in freely-feeding rats, Thus, SB -2L55^5 is a selective orally active 
and potent 5-HT2B receptor antagonist in the rat, winch potently antagonises two 
putative central 5-HT2B receptor mediated functions, BW 723C86-induced 
anxiolytic-like responses (Kennett et al., 1996) and hyperphagia (Kennett et al., 
1997b).
Kennett, G.A., et al., (1997a) Neuropharmacology, 36, 609-620.
Kennett G.A., et al., (1996) Br. J. Pharmacol., 117, 1443-1448.
Kennett G.A., et al., (1997b) Neuropharmacology, 36, 233-239.

541.14
CHARACTERISATION OF THE 5-HT2C RECEPTOR AGONIST RO 60-0175 
IN CELLS EXPRESSING THE HUMAN 5-HT2c RECEPTOR 
Y. Zhang. Y. Dou. R. Ochalski. M. Husbands. J. Coupet* and J. Dunlop. CNS 
Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543.

The 5-HT2C receptor subtype is one of three members of the 5-HT2 G-protein 
coupled receptor family which signal primarily via the activation of phospholipase 
C. Recently, there has been interest in the development of subtype selective 
agonists and antagonists of the 5-HT2C receptor since this receptor has been 
implicated as a therapeutic target for obsessive compulsive disorder, depression and 
obesity. RO 60-0175 ((S)-2-(6-chloro-5-fluoroindol-l-yl)-l-methylethylamine) has 
been described as a selective 5-HT2C receptor agonist in vitro and in vivo. In this 
study we have characterised the in vitro functional activity of RO 60-0175 using a 
CHO-K1 cell line expressing the human 5-HT2C receptor subtype (h5-HT2C) and 
have compared its activity to that of the mixed 5-HT2A/B/c receptor agonist mCPP 
(m-(chlorophenyl) piperazine) and 5-HT. Estimates of Bmax (23.3 fmol/mg protein) 
and Kd (0.7 nM) for the h5-HT2C cells were generated by Scatchard analysis using 
[125I]DOI as radioligand. The K¡ for the displacement of [125I]DOI binding by RO 
60-0175 was 4.8±0 .l nM. RO 60-0175 was a potent (EC50 7 ±3 nM) full agonist 
in stimulating the accumulation of inositol monophosphate (IP1) in h5-HT2c cells. 
The EC50 values determined for mCPP, which also behaved as a full agonist, and 
5-HT were 32±I7 and 42±6 nM, respectively. Using the increase in extracellular 
acidification rate following receptor stimulation as a second index of receptor 
activation we observed RO 60-0175 to be the most potent agonist (EC50 4±l nM) 
in stimulating this functional response, followed by mCPP (EC50 6.0±0.5 nM) 
and 5-HT (ECS0 48±l nM). Evaluation of functional selectivity indicates that RO 
60-0175 is more than 500-fold less potent in stimulating IP1 accumulation in cells 
expressing the human 5-HT2A receptor, thus demonstrating its selectivity using the 
human 5-HT2A/c receptor subtypes.
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542.1
IDENTIFICATION AND ANALYSIS OF PKCΘ FROM CHICKEN 
SKELETAL MUSCLE. Y .-C . Ni* and J. Schmidt. Dept. of 
Biochemistry and Cell Biology, State Univ. of New York at Stony 
Brook, Stony Brook, NY 11794.

The protein kinase C (PKC) family of serine/threonine protein 
kinases regulate many cellular processes. In skeletal muscle they 
inactivate myogenic factors. In the chick, a PKC is thought to mediate 
signaling from the sarcolemma, resulting in down-regulation of the 
acetylcholine receptor. Since the PKC isoforms present in chick 
muscle have not been studied we screened 3 x l05 individual plaques 
from a chicken skeletal muscle cDNA library using a conserved region 
from the human PKCΘ as a hybridization probe, and obtained 3 
positives. Sequencing revealed that all three candidate clones encode a 
PKC whose deduced amino acid sequence of 714 residues shows 
highest sequence similarity to human and mouse PKCΘ (~80% 
identity). The sequence indicates that this chicken PKCΘ contains a 
phorbol ester/diacylglycerol binding domain and a protein kinase C 
catalytic domain, and lacks a putative Ca2+-binding region. 
Ribonuclease protection and Northern blot analyses of several tissues 
revealed that PKCΘ expression is common, with greatest abundance 
observed in skeletal muscle, lung and spleen. In the lower leg 
musculature, PKCΘ mRNA increases 4fold within 5 days following 
section of the sciatic nerve. Together these results suggest that in 
chicken, as in the mouse, PKCΘ is predominantly expressed in skeletal 
muscle, and is regulated at the message or transcriptional level by 
transynaptic signaling. Supported by grant 20233 from NIH.

542.3
CROSS-TALK BETWEEN THE TWO MAJOR CELLULAR 
SIGNALING PATHWAYS IN HUMAN NEUROBLASTOMA 
CELLS. P·X, Yuan*. G. Chen and H. K. Manji. Molecular Pathophysiology 
Program. Dept. of Psychiatry and Behavioral Neurosciences, Wayne State Univ. 
Sch. of Med., Detroit, MI 48201

The PI/PKC and cAMP systems are two major signal transduction pathways that 
play a critical role in signal integration in the CNS. Data from both preclinical and 
clinical studies suggest that disturbances in transmembrane signal transduction may 
play a role in the pathophysiology of bipolar affective disorder (BD).° In 
postmortem brains of BD subjects, elevated PKC activity has been reported, 
associated with increases in the levels of selected PKC subtypes (α, γ, ζ). 
Moreover, increases in levels of G sα and AC have been also been reported in BD, 
suggesting that there may be a cross regulation between these two major signal 
systems. Our previous studies have shown that chronic lithium and YPA decreased 
the levels of PKCα and ε levels in brain, suggesting that this signaling pathway 
may be critically involved in BD. To delineate the interaction between PKC and the 
cAMP system, human SY5Y neuroblastoma cells were stably transfected with 
PKCα. SY5Y-PKCα cells expressed 2 fold higher levels of PKCα and whole cell 
PKC activity (2 fold) as compared to vector-transfected SY5Y cells. These cells also 
displayed a substantial increase in endogenous expression of PKCßΠ, ε, θ, ζ, Gαo 
and Gß, while the levels of PKC-ßl, -δ and Gsα (45KDa) were significantly lower. 
Preliminary results also suggest that the levels of AC (3H-forskolin binding) in 
SY5Y-PKCα cells was decreased. These findings indicate that PKCα might 
regulate the expression of the other PKC subtypes, G proteins and AC both directly 
and indirectly. The underlying mechanism(s) and the effects of mood-stabilizing 
agents are under investigation.
Supported in part by the Joe Young Senior Research Fund, and the Theodore and 
Vada Stanley Foundation

542.5
THE FAMILY OF POLO-LIKE KINASES: MEMBERS THAT ARE INDUCED 

DURING LONG-TERM PLASTICITY AND SELECTIVELY BIND TO THE 

CALCIUM- AND INTEGRIN BINDING PROTEIN CIB

G: Kauselmann **. M. Weiler 1, P. W ulff1 , J. Scafidi2, U. Stäubli 2, and D. Kuhl 1,

1 Center for Molecular Neurobiology (ZMNH), Hamburg University, Martinistr. 85, 

D-20246 Hamburg, Germany; 2 Center for Neural Science, New York University, 

New York 10003, USA.

Long-term functional plasticity is subserved by activity-dependent 

changes in gene expression. We identified two members of the polo-like kinase 

family to be part of this genetic program. Serum-inducible kinase (SNK) and FGF- 

inducible kinase (FNK) differ in their spatial expression patterns and their induction 

is dependent on different thresholds of synaptic activation. However, expression of 

both kinases is robustly increased with LTP producing stimulation. At least one of 

the kinases selectively binds to the calcium- and integrin-binding protein CIB. 

Binding is dependent on the carboxyl-terminus of the kinase which carries the 

regulatory domain. Our data suggest that i) phosphorylation mediated by the activity- 

induced expression of SNK and FNK participates in the consolidation of structural 

changes underlying maintained increases in synaptic strength ii) this role may be 

exerted by regulating integrin-dependent cell adhesion. (Supported by BMBF).

542.2
POLYSIALYLTRANSFERASE IS REGULATED BY 
INTERACTION WITH PKCδ AND I4-3-3ε.
H.C. Gallagher* and C.M. Regan. Dept. of Pharmacology, University 
College, Belfield, Dublin 4, Ireland

We have previously demonstrated inhibition of PKCδ to be associated with 
activation of NCAM polysialylation in cultured cells of neural origin. 
Similarly, in vivo inhibition of PKCδ accompanied NCAM polysialylation 
occurring in hippocampal dentate gyrus at the 10-12h post-training period of 
consolidation following passive avoidance training. We now provide evidence 
for the involvement of 14-3-3ε, a 29kDa acidic protein, in the modulation of 
PKCδ activity. In whole rat brain homogenates, an antibody directed towards 
an 11-mer peptide sequence of the E. coli K1 polysialyltransferase (PST) co- 
immunoprecipitated 14-3-3ε and PKCδ. The relative amounts of 14-3-3ε or 
PKCδ associated with PST was age-dependent. In perinatal brain 14-3-3ε, 
but not PKCδ, was detected in PST immunoprecipitates and this interaction 
was eliminated by by prior incubation with recombinant PKCδ, suggesting 
their interaction to be dependent on phosphorylation state. In contrast, only 
PKCδ was immunoprecipitated with anti-PST in aged rat brain (postnatal day 
540), when NCAM polysialylation is significantly reduced or absent. Thus, 
activation of PST by association with 14-3-3ε is regulated by PKCδ 
phosphorylation events. Both PKCδ and 14-3-3ε are expressed 
predominantly in Golgi-enriched membranes, in comparison to that observed 
in synaptosome-enriched fractions, supporting the view that they may provide 
opposing restraints on the regulation of NCAM PSA synthesis. This work 
was supported by Forbairt, the Irish Science and Technology Agency

542.4
GENE EXPRESSION OF A PUTATIVE PROTEIN KINASE C GENE IN 
LIMULUS POLYPHEMUS BRAIN C.Zheng1. E. Reid1. Y. W ang2. R. 
Newkirk2, J. Townsel1*. 'D ept. of Anatomy and Physiology, M eharry 
M edical C ollege; N ashville, TN 37208; zD ep t of B iological Sciences, 
Tennessee State U niversity, N ashville, TN 37209.

Protein kinase C (PKC) has been shown to play a role in numerous 
cellular activities (Nishizuka Y., Science. 258: 607-614, 1992.), among 
them is the regulation of choline cotransport (Reid et. al., Soc. of 
Neurosci. Abs. 23(2): 1239, 1997.). The cloning of a putative PKC gene 
in Limulus polyphemus brain (Reid et. al., Soc. of Neurosci. Abs. 1998) 
has made possible the design of a 369bp putative PKC gene specific 
cDNA probe. Messenger RNA was purified using Oligotex Direct 
Purification protocol and the probes were random primer labeled with 32P 
for use in Northern Blot analysis. The upstream primer was 5’- 
TAAAGAAGGAATCGCTGGTG-3’ and the downstream primer for the 
same probe was 5’-TCCAAAGCATCCTCAATCAAT-3\ The set of 
gene specific primers were localized toward the 5’ end of the putative 
PKC gene sequence. With this gene specific probe, the target gene 
expression was determined from Limulus brain tissue. Further 
characterization of putative PKC gene transcripts led to the localization of 
PKC-like transcripts in brain tissue using in situ hybridization. cRNA- 
digoxigenin labeled probes were used to determine the relative distribution 
of PKC-like mRNA in the Limulus brain. This data shows that the 
putative PKC gene expressed measurable transcripts which could be 
identified in brain tissue of this organism. [Supported by NIH grants 
GM08037, MH19843, MH57067 and P20-RR11808J.

542.6
STRESS-INDUCED TAU PHOSPHORYLATION BY JNK-3 IN  
VIVO AND IN  VITRO. O ,J. Kim, Y, Kymagae,and C.A .Miller*.
Dept. of Pathology, Univ. o f Southern California School o f Medicine, 
Los Angeles, CA 90033.

In Alzheimer’s disease, abnormal phosphorylation o f tau contributes 
to formation of paired-helical filaments and is mediated by many 
kinases. We previously characterized both human and murine forms of 
a stress-activated protein kinase (JNK3/SAPKß) primarily expressed in 
neurons. Here, we compared phosphorylation o f recombinant human 
tau (hTau4O), and bovine endogenous tau by this kinase. In vitro 
assays included either rat-SAPKß, immunoprecipitates o f human 
frontal cortex using anti-P49 (JNK’s 1, 2 and 3) or recombinant JNK3. 
We found brain JNK’s, rat SAPKß and recombinant JNK3 all 
phosphorylated hTau40 and endogenous bovine tau at the PHF-1 
epitope (Ser396) but not that o f MAb AT8 (Ser2O2). JNK3 required 
prior activation by MEKK co-transfected into N2A cells. Activated 
JNK3 also phosphorylated c-Jun controls. Confocal microscopy of 
either CHO or N2A cells transfected with JNK-3, hTau40 and MEKK 
revealed JNK3 (Texas red-labelled anti-rSAPKß) in perinuclear 
cytoplasm with some nuclear translocation, and hTau40 (fluorescein- 
labelled PHF-1) in the periphery o f the somal cytoplasm. These 
findings confirm the specific phosphorylation o f tau in vivo by 
activated JNK3 and suggest contribution to PHF formation as a stress 
response. (NIA-5P01AG05142, NIMH-5R37MH39145, SANKYO)
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542.7
SIMILAR REGIONAL DISTRIBUTION BUT DIFFERENTIAL  
SUBCELLULAR LOCALIZATION OF RAF-1 AND B-RAF  
PROTEINS IN ADULT RAT BRAIN.
C. Morice. F. Nothias, S. König, P. Vernier. P. Godement*, J.-D. Vincent and 
J. V. Barnier Institut Alfred Fessard, UPR 2212 CNRS, 1 av. de la terrasse, Bât 
33, F-91198 Gif sur Yvette cedex, France, e-mail: Bamier@IAF.cnrs-gif.fr 
The Raf kinases play an important and specific role in the activation of 

Extracellular signal-Regulated Kinases (ERK) cascade. Beside its role in the control 
of proliferation and differentiation, the ERK cascade has also been implicated in 
neuron-specific functions. In order to gain clues on the function of Raf kinases in 
the adult central nervous system, we performed a comparative analysis of the 
distribution and subcellular localization of the different Raf kinases in rat brain 
with antibodies specific for the different Raf kinases. We show that B-Raf and 
Raf-1 proteins are present in the brain whereas A-Raf is not detected. Interestingly, 
the two Raf proteins are detected in the same brain areas and have an approximately 
similar pattern of distribution with a rostro-caudal decreasing gradient of 
expression. These two kinases are localized mostly in neurons and likely in the 
same cells but they showed differences at the subcellular level. Raf-1 is localized 
mainly around the nucleus whereas B-Raf is largely distributed in the cell bodies 
and in the neuritic processes. In addition, we demonstrated that numerous B-Raf 
isoforms are present in the brain. These isoforms have a differential pattern of 
distribution, some of which are ubiquitously expressed whereas others are localized 
to specific brain areas. These isoforms also have a clear differential subcellular 
localization. Altogether these results suggest that each Raf protein could have a 
distinct function in the brain.

542.9
HALOPERIDOL DIFFERENTIALLY REGULATES PEPTIDE mRNA 
EXPRESSION IN THE DOPAMINERGIC SYSTEM OF YOUNG AND OLD 
RATS. L. GIARDINO1,2*. C. BETTEL·LI2. 'Inst. ORL II, Milano University, Italy; 
2Pathophysiology Center Nervous System, Hesperia Hospital, Modena, Italy.

The age-dependent decrease in dopamine (DA) content and DA receptor density 
in the brain is a well known phenomenon. However, little is known on the regulation 
of the intracellular pathways activated by DA and DAergic agents in aging. In this 
study, we describe the early-genes and peptide mRNAs expression regulation induced 
by a single dose o f haloperidol (lm g/kg b.w., i.p., survival 45 min.) in adult (3 
months) and old (24 months) Sprague-Dawley male rats, as investigated by in situ 
hybridization. The number of fos mRNA expressing neurons is dramatically lower in 
the dorsomedial caudate-putamen (CPu) in old compared to adult rats, whereas the 
difference between the two age-groups is not significant in the dorsolateral part and in 
the accumbens nuc. (Acb). The jun mRNA expression is much lower in all CPu in 
old rats. The basal expression of enkephalin and neurotensin (NT) is also lower in the 
CPu and Acb in old compared to adult rats. Haloperidol injection strongly up-regulated 
the mRNA expression o f both peptides in young such as in old rats. We also 
examined the DA neurons in the substantia nigra (sn) and in the ventral tegmental area 
(VTA). The basal expression of the mRNA for the DA-coexisting peptide 
cholecystokinin (CCK) is lower in the VTA and comparable in the sn in old respect to 
adult rats, whereas NT mRNA expression is either higher in the sn in old rats. Fos 
mRNA expression induced by haloperidol is substantially lower in the VTA in old 
compared to adult rats, and it is virtually absent in sn. Haloperidol injection up- 
regulates CCK mRNA expression in the mesencephalic neurons in both age-groups, 
having a stronger effect in the VTA in old and in the sn in adult rats, and it is 
ineffective in regulating NT mRNA expression. These data indicate a profound 
alteration of DA-receptor activated intracellular pathways leading to gene-expression 
regulation in aging, which is also different in the mesostriatal respect to the 
mesolimbocortical pathway. (Supported by CNR 97.04365.CT14, LG)

542.11
A DOPAMINE RECEPTOR IN HONEY BEES THAT IS 
EXPRESSED DIFFERENTIALLY BETWEEN SUBTYPES OF 
INTRINSIC CELLS IN THE MUSHROOM BODIES.
M. Humphries, P.R. Ebert *. Dept. of Biochemistry, Univ. of 
Queensland; St. Lucia, QLD 4072.

Dopamine is an abundant behavioural neuromodulator found in the 
insect central nervous system, however, only two receptors for this ligand 
have been isolated in insects. Here we describe AmBAR6 (Apis mellifera 
biogenic amine receptor #6), an orthologue of the Dl-like dopamine 
receptor DopR99B found in Drosophila. This receptor is differentially 
expressed between large and small diameter Kenyon cells (intrinsic cells) 
found in the mushroom body calyces of both workers and drones.

In situ hybridisation revealed two patterns of transcript expression. 
The more common pattern A was typified by dark staining in small 
diameter cells located in the inner regions of the cups and surrounding 
the collar and basal ring, while larger diameter cells in the outer cup 
regions stained lightly. Expression pattern B was regionally consistent 
with pattern A except both cell types stain uniformly dark.

Workers of different ages (newly emerged to 18 days old), tasks 
(nectar and pollen foragers), and one drone were analysed in situ. Most 
workers and the drone exhibited pattern A expression while pattern B 
was seen in fewer individuals. We propose that AmBAR6 will provide a 
molecular marker for dopamine involvement in behavioural, task related, 
or genotypic plasticity mediated by the mushroom bodies.

This work was supported by a Freda Freeman Commemorative 
Fellowship granted by the Australian Federation of University Women 
QLD. and an Overseas Postgraduate Research Scholarship awarded by 
the University of Queensland.

542.8
IDENTIFICATION OF GENES REGULATED BY PRO-LEU-GLY-NH2 
(PLG) USING DIFFERENTIAL DISPLAY RT-PCR (ddPCR). W. J. Costain* 
and R. K. Mishra. Department of Psychiatry, McMaster University, Hamilton, 
ON, L8N 3Z5, Canada.

PLG is an endogenously derived hypothalamic factor, originally described as 
melanocyte stimulating hormone release inhibiting factor (MIF-1), which has the 
ability to regulate central dopaminergic neurotransmission. In vivo studies show 
that PLG potentiates dopamine agonist behavioral effects, attenuates neuroleptic 
and morphine induced catalepsy, and potentiates CPP induced locomotion and 
darting. In vitro radioligand binding studies show that PLG increases the binding 
of D2 agonists, modulates the high affinity state of D2 receptors, and attenuates 
neuroleptic-induced D2 receptor supersensitivity. The ability of PLG to modulate 
central dopaminergic function indicates a potential therapeutic benefit in the 
treatment of Parkinson's and schizophrenia. We screened ≈ 2400 genes using 
ddPCR (RNAimage™ kitl, GeneHunter Corp.) and identified 3 bands which are 
regulated by PLG (20 mg/kg i.p. for 21 days). Each of the three bands are down 
regulated (compared to control) as a result of PLG treatment. The down 
regulated bands were excised from the 6% polyacrylamide sequencing gels and 
reamplified by PCR using the same primers with which they were generated. 
The reamplified PCR products were cloned into the pCR-TRAP cloning 
system (GeneHunter Corp.). Insertion of cDNA was confirmed by colony PCR. 
Sequencing of the inserted cDNAs (dideoxy chain-termination method, Mobix 
facility, McMaster University) revealed a total of 6 unique cDNA species 
(PRG1-6). Comparison of the sequences to those in GenBank revealed no 
significant homologies to known genes. Hind III digested plasmid DNA 
fragments were run on a 2% agarose gel and the cDNA inserts recovered using 
the QIAEX II method (QIAGEN Corp.). Confirmation of cDNA expression was 
done by Northern Hybridization and expression levels given as a percentage of 
that of ß-actin. Expression of PRG1 was reduced from 8.4 ± 1.5% of ß-actin 
expression in control to 5.7 ± 1.2% in PLG treated animals. WJC is supported 
by a PMAC/MRC scholarship and the work is supported by NIH, USA.

542.10
DOPAMINE D2 RECEPTOR-MEDIATED CHANGES IN ROD 
OPSIN mRNA EXPRESSION. P.D. Alfinito and E. Townes- 
Anderson*. D ept. of Neurosciences, UMDNJ-New Jersey Medical 
School; Newark, NJ 07103.

Dopamine acting on D2 receptors mimics the effects of light on rod 
cell photomechanical movements, melatonin synthesis and Na+/K + 
ATPase inhibition. Korenbrot et al. (Nature, 1989) have shown that rod 
opsin mRNA levels increase when dark adapted frogs are exposed to 
light. Our study examined opsin mRNA production and its regulation by 
dopamine D2 receptors in isolated rod cells. Adult tiger salamander 
photoreceptors isolated using mechanical and enzymatic dissociation 
techniques were cultured in serum free medium or medium plus 
quinpirole, a D2 receptor agonist. mRNA was detected by in situ 
hybridization using a digoxigenin labeled riboprobe and an anti- 
digoxigenin antibody conjugated to alkaline phosphatase (AP). Relative 
changes in opsin mRNA expression were examined with densitometry 
of AP development within its linear range using image analysis 
software. Rod cells in culture showed a constant level of opsin mRNA 
expression during the first 24 hrs. With time, AP staining increased; by 
6 days it had risen 2-5 fold (p<.001). The effect of quinpirole was 
tested at the 6 hr and 1 day time points, when opsin mRNA was 
comparatively low. Rod cells treated with 10 µM quinpirole showed 
higher AP staining compared to controls (p<.02; 300 cells from 2 
cultures). Thus, isolated rod cells continue to produce opsin mRNA, 
even increasing its expression with time in vitro. Further, opsin mRNA 
levels are elevated by D2 receptor activation. Regulation of rod opsin 
gene expression, therefore, appears to be a function of light-stimulated 
dopamine release in the retina. Supported by VA grant 0016.

542.12
HUMAN DOPAMINE D3 RECEPTORS STIMULATE MAP-KINASE 
PHOSPHORYLATION IN CHO CELLS. D. Cussac. A. Newman-Tancredi*. V. 
Pasteau and M.J. Millan. I.D.R. Servier, 125 Chemin de Ronde, 78290 Croissy-sur- 
Seine, Paris, France.

Dopamine (DA) can modulate c-fos expression in neurons via an action at D3 
receptors1. Since expression of this immediate-early gene is under control of different 
serine/threonine kinase pathways, we investigated whether D3 receptors couple to 
p42/p44 MAP-kinases. DA concentration-dependently activated MAP-kinase 
phosphorylation in CHO cells stably expressing human (h) D3 receptors. Its activation 
was transient, reaching a maximum at 5-10 minutes and returning to basal levels after 
1 hour. MAP-kinase phosphorylation induced by DA and the preferential D3 agonists, 
(+)-7-OH-DPAT and PD 128,907, was blocked by pretreatment with pertussis toxin, 
suggesting the involvement o f G, and/or G0 proteins. Dopaminergic antagonists, 
including the antipsychotic agents, haloperidol and clozapine, and the novel, selective 
D3 antagonists, GR 218,231 and (+)-S 14297, attenuated DA-induced MAP-kinase 
activation. However, (+)-S 14297 exhibited weak activation o f MAP-kinase when 
tested alone, suggesting residual partial agonist properties. In the same system, DA 
stimulated c-fos expression in a transient (maximum at 1 hour), pertussis toxin- 
sensitive and haloperidol-reversible manner. These data indicate that hD3 receptors 
mediate activation o f MAP-kinase phosphorylation and that this effect may participate 
in the induction of c-fos expression.
1 Morris, B.J. et al., Br. J. Pharmacol., 122: 279P, 1997.
This work was supported by Servier Pharmaceuticals.
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542.13
Id en tifica tio n  o f S ign alin g  M olecu les T h at In teract w ith  D op am ine D 2- 
lik e  R ecep tors.
P. W eissensee*, J. Cai, G. Rawadi, K. D yer l, S. Kongsamut, N. Riedel, L. 
Tang and A. Sandrasagra, Gene Expression and CNS DG, Hoechst Marion 
Roussel, Bridgewater, N ew  Jersey 08807.
Dopamine D2-like receptors (D2, D 3 and D4) play important roles in 
modulating locomotor activity, reproduction and emotion. They have also 
been implicated in neuronal development. Their activation has been 
associated with characteristic changes in second messenger m etabolism  and 
membrane properties. In order to gain a better understanding o f  the role D2- 
like receptors during neuronal development, we used the yeast two hybrid 
system to screen for novel signaling m olecules that interact with 
intracellular domains o f  these receptors. A  number o f  specific interactors 
have been identified through library screening using the third intracellular 
loops and the C-terminal tails o f  the three D 2-like receptors as baits. A LIM- 
domain containing protein specifically interacts with the C-terminal tail o f  
the D2 and D 3 receptor, but not with that o f  the D 4 receptor. It is expressed in 
a variety o f adult tissues and its expression is developmentally regulated in 
brain. Another m olecule, NIP3, which has been implicated in apoptosis 
pathway, interacts with the third cytoplasm ic loop o f  D 3 receptors, not that 
o f  D 2 and D 4 receptors. Immunofluorescence staining studies indicate that 
both m olecules are membrane-associated. W hen co-transfected in CHO 
cells, both m olecules can be co-immunoprecipitated with the appropriated 
receptor(s). These studies provide further understanding o f  a signal 
transduction mechanism and possible functions o f  these dopamine receptors.

542.15
REGULATION OF cAMP PHOSPHODIESTERASE-4B (PDE4) 
BY CHRONIC ANTIDEPRESSANT TREATMENT.M .  
Takahashi* R.Z. Terwilliger and R.S. Duman. Laboratory of 
Molecular Psychiatry, Yale University School o f Medicine, 34 
Park St., New Haven, CT 06508

Previous studies have demonstrated that specific inhibitors o f PDE4 exhibit 
antidepressant efficacy both in animal models o f depression and human trials. 
However, the clinical use o f PDE4 inhibitors (i.e ., rolipram) has been tempered 
by the side effects o f these drags, m ost notably nausea. A possible solution to 
this problem is provided by molecular studies, which demonstrate that PDE4 is 
comprised o f a fam ily o f isozym es derived from four separate genes (PDE4 A, 
PDE4B, PDE4C, andPDE4D), and all but one o f these (PDE4C  are expressed 
in brain. It is conceivable that an isozym e-specific inhibitor may be an effective 
antidepressant agent without the side effects. We have attempted to identify the 
relevant PDE4 isozym e(s) by studying the influence o f known antidepressant 
agents on the expression o f the these isozym es in brain. Chronic administration 
(14 d )of fluoxetine (5m g/kg), sertraline (10 m g/kg), desipram ine(l0 m g/kg), or 
tranylcypromine (10 m g/kg) significantly increases the expression o f PDE4B, 
but not PDE4D, mRNA in rat frontal cortex, but not hippocampus; expression 
o f PDE4A has not yet been examined. We also found that these treatments 
increase the expression o f PDE4B mRNA in the nucleus accumbens, a brain 
region that mediates reward and craving, and could play a role in the anhedonia 
associated with depression. In contrast, chronic administration of haloperidoi (1 
m g/kg) or cocaine (IS  m g/kg) did not increase levels ofPDE4B in either frontal 
cortex or nucleus accumbens, demonstrating a pharmacological specificity for 
antidepressants. Further studies are required to determine if  PDE4B is an 
important antidepressant target without side effects. Supported by M H50384.

542.17
STUDIES OF PROTEIN TRANSLATION AT SYNAPSES IN
FRAGILE X KNOCKOUT AND WILD TYPE MICE
C .C. Spangler. 1.1. Weiler. B. Oostra1 and W.T. Gree∩ough*
Departments of Cell and Structural Biology, Microbiology, Psychology, Psychiatry 
and the Beckman Institute for Advanced Science and Technology, University of 
Illinois, Urbana IL 61801; ’MGC-Department of Clinical Genetics, Erasmus 
University, Rotterdam, Netherlands.

We previously reported that depolarization of rat cortical synaptoneurosomes by 
40 mM K+ induces a rapid aggregation of polyribosomes with mRNA, accompa
nied by increased 35S-methionine incorporation into polypeptides. Because of the 
likelihood that the Fragile X mental retardation protein (FMRP) is involved in some 
aspect of protein translation, we have investigated the depolarization-induced 
polysomal aggregation phenomenon in mouse cortical synaptoneurosomes. To 
date, we have not seen depolarization-induced assembly of polysomes in 
synaptoneurosomal preparations from FMRP knockout mice, whereas it can be 
demonstrated in ICR and C57BI6 wild type mice with the same methods found to 
be effective in rat synaptoneurosomes. This work is continuing and converging 
data is being sought in intact mice.

Supported by FRAXA Research Foundation and MH35321.

542.14
DRUG TREATMENT AND QUANTIFICATION OF DOPAMINE D4 
AND SIGMA-1 mRNA IN HUMAN CELLS. T. Shioiri1, D.M. Helmeste1. 
Mitsuhashi 2 3.S.W. Ta∩g1*. 1Dept. of Psychiatry and Human Behavior, 
2Dept. Pathology, University of California, Irvine, CA 92697; 3Hitach¡ 
Chemical Research Center, Irvine, CA 92697.

Previous literature suggested that sigma ligands may modulate dopamine 
receptor and neuronal function. Our own findings also suggested a 
correlation between sigma-1-like and dopamine receptor changes in post
mortem schizophrenic brains [Helmeste et al., Eur. J. Pharmacol. 
314(1996) R3-R5; Tang et al., Brain Res. 765 (1997) 7-12]. Given the 
controversial dopamine D4 receptor changes in schizophrenia, it is useful to 
have a model system in which to dissect out receptor changes and 
interactions. Examination of human SK-N-MC neuroblastoma cells revealed 
the presence of both sigma-1 and dopamine D4 mRNA. To investigate the 
regulation of sigma-1 and dopamine D4 mRNA and potential interactions 
between the two, cells were exposed to a number of neuroleptics, 
neurotransmitter and sigma ligands (dopamine, DTG, haloperidoi, 
pentazocine, spiperone, sulpiride). mRNA for sigma-1 and dopamine D4 
receptors were measured at different time intervals using RT-PCR. Our 
results suggested that Dopamine D4 or sigma-1 mRNA levels were not 
sensitive to short term treatment. Further examination of factors which 
regulate sigma-1 mRNA should aid elucidation of its cellular function which 
remains unclear despite the recent cloning of this protein.(non-grant 
funding)

542.16
M ESSENGER RNAS SELECTIVELY ENRICHED IN RAT 
SYNAPTONEUROSOMES. R. D enm an1  I.J.W eiler2 . W .T. 
Greenough2. J.R. Currie1* and Y-J. Sungk INYS Institute for Basie 
Research, 1050 Forest Hill Road, Staten Island, NY 10314; 2 Depts. of 
Psych. & Cell & Struct. Biol. Beckman Institute, University of IL, 
Urbana, IL 61801.

Local translation at synapses has been increasingly implicated in 
neuronal plasticity, learning and memory formation. We have used 
differential display (DDRT-PCR) to identify mRNAs that are selectively 
enriched at synapses. Comparisons were made between rat cortex RNA 
and RNA preparations obtained from rat synaptoneurosomes. To date, 
approximately 10% of the rat mRNA population has been screened and 
60 selectively enriched bands in synaptoneurosome RNA have been 
identified. Twenty of these 60 bands were cloned and sequenced. 
Sixteen of the twenty encoded unique mRNAs. Messenger RNAs 
required for translation (Ll8a & S29 ribosomal proteins), cell structure 
(AX-actin), cell signalling (calmodulin vesicle-associated protein 
kinase), lipid modification (ceramide glucosyltransferase) and cell 
shape and remodelling (osteonectin) were positively identified. 
Interestingly, a mRNA with homology to a zinc finger binding protein 
ZBP-89 was also found. Finally, two previously unidentified 
messages, four expressed sequence tags (ESTs) and three, not well 
characterized mRNAs were also found. These data begin to delineate 
the local pool of mRNAs that are available to respond to modulatory 
events at synapses.

This work was supported by the FRAXA Foundation.

542.18
LACK OF NEUROTRANSMITTER-LINKED POSTSYNAPTIC TRANSLATION OF FXR1 
AND FXR2 PROTEINS
1.1. Weiler*, F. Tamanini1, A. Hoogeveen1 and W.T. Greenough
Departments of Cell and Structural Biology, Psychology, Psychiatry and the 
Beckman Institute for Advanced Science and Technology, University of Illinois, 
Urbana IL 61801; 1MGC-Department of Clinical Genetics, Erasmus University, 
Rotterdam, Netherlands.

Fragile X mental retardation syndrome results from the absence of the protein en
coded by the FMR1 gene. A single amino acid replacement in the KH RNA-b¡nding 
domain of FMRP also leads to full Fragile X phenotype; hence RNA binding is crucial 
to its function. Most FMRP is associated with messenger ribonucleoprotein particles.

Two very closely related genes, FXR1 and FXR2, have been identified which share 
with FMRP some characteristics such as KH and RGG box RNA-bind¡ng domains and 
localization to neuronal perikarya, dendrites and synapses. FMRP and FXR1 and 2 
proteins are all associated with polyr¡bosomal complexes, and all three are released 
by a 0.5 M KCI wash; this association with polyribosomes suggests a possible role in 
translational regulation or mRNA stability. Despite these similarities and considerable 
sequence homology (about 60% amino acid identity), the FXR proteins cannot fully 
compensate for the lack of FMRP in affected patients.

We have recently shown that the mRNA for FMRP is dendrίtically localized and 
translated upon neurotransmitter stimulation of synaptoneurosomes. We have now 
compared unstimulated and stimulated synaptoneurosomal preparations and report 
that, in contrast to FMRP we are notable to detect neurotransmitter-related increases 
in FXR1 or FXR2 translation. This suggests that there may be a high turnover rate of 
FMRP in the dendrites, which is not shared by FXR1 or FXR2.

Supported by FRAXA Research Foundation and MH3532Ί.
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543.1
CHRONIC AMITRIPTYLINE TREATMENT REDUCES THE OCCURENCE OF 
SPATIAL MEMORY IMPAIRMENTS IN AGEING RATS. J.L.W. Yau1* . Ç. 
Hibbeгd1, J. Noble1 ,W. Rowe2 ,M. Meanev2  ,R.G.M. Morris1 ,_& J.R. Seckl 
1Centre for the Study of the Ageing Brain, Molecular Medicine Centre, Univ of 
Edinburgh, Edin EH4 2XU; 2Dept Psychiat, McGill Univ Douglas Hosp, Montreal.

The emergence of cognitive deficits in a subgro up of aged rats is associated with 
increased hypothalamic-pituitary-adrenal (HPA) axis activity, decreased hippocampal 
glucocorticoid receptor (GR) expression and neuronal loss. Neonatal manipulations 
that permanently increase hippocampal GR expression prevent these age-related 
deficits. Antidepressants have been shown to increase hippocampal GR expression. We 
have previously shown an improvement in spatial memory in 10 mths old rats but no 
effect in 26 mths old rats following 10 wks o f amitriptyline treatment (Yau et ah 
Neuroscience 1995,66:571-581). We now hypothesise that earlier treatment with 
antidepressants before irreversible processes that affect memory have taken place, 
might attenuate spatial memory impairments or even improve memory with ageing.

Male Listerhooded rats (16 mths old) were treated with amitriptyline (10mg/kg) or 
venlafaxine ( 10mg/kg) via their drinking water for 8 mths. Rats were tested in a 
wateгmaze (4 trials/day for 4 days followed by a free swim probe trial) at age 24 mths 
with young 6 mth old controls for comparison. Spatial memory was decreased with 
ageing (20% decrease in probe transfer time, p < 0.05). Neither drugs caused a 
significant overall improvement in spatial memory compared to 24 mths old control 
rats. However, amitriptyline treatment altered the distribution o f spatial learning 
abilities in aged rats such that overall probe transfer time did not significantly differ 
from young controls. All the aged rats were ranked according to their probe times, and 
classed as poor performers if probe test times were below 31% (25% is due to chance). 
The proportion of poor performers was controls (33%), venlafaxine (35%) and 
amitri ptyline (7%; p<0.05 relative to controls). Evening plasma corticostero ne levels 
were reduced following amitriptyline but not venlafaxine after 6 mths o f treatment in 
the aged rats (40% decrease compared to controls, p<0.05). These data indicate that 
long-term amitriptyline treatment decreases the prevalence of cognitive impairment in 
aged rats and that this may, in part, be a consequence of decreased HPA axis activity. 
(Supported by the Wellcome Trust)

543.3
NEUROENDOCRINE AND BEHAVIORAL EFFECTS OF CANNABINOID
ADMINISTRATION IN SWINE. G.D. Weesner1*, R.A, Wells2, and P.V. 
Malven2, 1USDA-ARS and 2Purdue University, W. Lafayette, IN 47907.

Because swine possess cannahinoid (CB) receptors in brain tissues, in  
vivo and in vitro experiments were conducte d to determine the effects of 
CB agonists in swine on neuroendocrine and behavioral parameters 
associated with stress and well being. Intravenous infusion of WIN- 
55,212-2 (WIN, 10 mg) elevated serum cortisol (p=(0.02, n=3). whereas 
20 mg of either methanandamidc (MA) or anandamide failed to affect 
serum cortisol (p=0.43. n=5). To determine central sites of CB action, 
hypothalamic tissue was perifused and exposed to CB. Following a 
pretreatment control period. tissues were exposed to either WIN or MA, 
and the release of CRF and ß-endorphin (ß EP) was measured. Both CB 
treatments increased hypothalamic ß -EP release (p=0.03, n=8; p=0.01, 
n=10) but neither CB agonist altered CRF release (p=0.44. n=8; p=0.74, 
n= 12). In summary, in vivo administration of CB elevated serum cortisol 
levels, whereas in vitro exposure stimulated hypothalamic release of ß-EP 
but not CRF. The inability of CB to directly stimulate the in vitro release 
of hypothalamic CRF raises the possibility that the WIN-induced release 
of cortisol may involve either non-CRF induced stimulation of ACTH or 
an indirect stimulation of hypothalamic CRF. Since induced changes in 
serum cortisol were always associated with anxiety-type behaviors, WIN 
may have provoked either a generalized anxiety or other central effects 
that would not be duplicated in hypothalamic perifusions.
Supported by USDA-ARS.

543.5
STRESS INDUCED FACILITATION OF THE HPA AXIS: THE ROLE OF 
ADRENAL CHOLESTEROL AND PLASMA PROTEIN BINDING OF CORTICO
STERONE. William J. Cassano Jr. and Anil P, D’Mello*. Department of Pharmaceu
tical Sciences, Philadelphia College of Pharmacy and Science; Philadelphia, PA 19104

The hypothalamic-pituitary-adrenal axis of the rat responds to an injection stress in 
a predictable and consistently reproducible manner. This response is unaffected by 
pretreatment with a 60 minute immobilization (IMM) stress 24 hours earlier. However, 
if the pretreatment is administered in the presence of the corticosterone synthesis 
inhibitor, aminoglutethimide (AG), the HPA axis is left in a state of hyperresponsive
ness. Consequently, hypersecretion of both adrenocorticotropin (ACTH) and cortico- 
sterone (B) occur in response to an injection stress under these modified conditions.

Previous studies have shown that stress can alter plasma corticosteroid-binding- 
globulin levels and that AG administration can result in adrenal cholesterol 
accumulation. In the present study, the plasma free fraction o f B and adrenal cholesterol 
levels were evaluated as possible mediators o f B hypersecretion.

Plasma fr ee fraction o f B was determined by ultrafi ltration at 37° C after incubation 
of plasma with [3H] B. Adrenal cholesterol was evaluated using an enzymatic assay 
with a fluorometric end point. Briefly, each pair of adrenals were homogenized in PBS, 
pH 7.4. Adrenal mitochondria were isolated fr om the whole homogenate by differential 
centrifugation. Cholesterol was extracted from each fraction in methylene chloride and 
separate assays were performed to evaluate free and esterified cholesterol.

Pretreatment with AG in conjunction with IMM caused a significant increase in the 
plasma free fraction of B. Hypersecretion of B in this group, despite an enhanced 
feedback signal, suggests a central loci for the origin of facilitation. AG pretreatment 
did not affect free cholesterol levels. However, AG pretreatment selectively increased 
esterified cholesterol levels in adrenal mitochondria which might have partially 
contributed to B hypersecretion.

543.2
CENTRAL ADMINISTRATION OF NEUROPEPTIDE Y AND NPY 
ANALOGS POTENTLY STIMULATE PLASMA ADRENOCORTI- 
COTROPIN RELEASE IN RATS. R. J. Primus, Y. Lee and D .W . 
G allager*.. Department of Pharmacology, Neurogen Corporation, 
Branford, C T  06405.

Basal and peptide-induced elevations in plasma adrenocorti- 
cotropin (ACTH) were evaluated in v ivo  in male Sprague-Dawley  
rats following intracerebroventicular injections (iev) of neuropeptides 
previously shown to be localized within the rat hypothalamus. ICV  
NPY(1 -36) potently and dose-dependently stimulated AC TH  release 
into blood. Pharmacological determination of the N P Y  receptor 
subtype(s) involved in this release indicates that it is an N P Y  Y1 -like 
receptor. In these in vivo  studies, comparisons of icv injections of 
equimolar amounts (250 nM) of N P Y  analogs resulted in differential 
release of ACTH with the following rank order of activity: N P Y  (1- 
36)=N P Y  (2-36)>Leu31Pro34N P Y >P Y Y (3-36 ) while DTryp32NPY and 
NPY (13-36) were inactive. Stimulation by N P Y (1-36) was at least 
as great as release induced by oCRH (corticotropin-releasing hor
mone) and r/hCRH, while ICV administration of AVP (arginine vaso
pressin) was less potent than either oCRH or NPY. Antagonism of 
CRH and N P Y  actions with selective peptide receptor antagonists 
suggests that C RH neurons are downstream from the N P Y  and AVP 
inputs in the circuitry controlling A CTH release into blood.

543.4
THE GROWTH HORMONE SECRETAGOGUE, L-692,585, DOES NOT HAVE 
A DIRECT STIMULATORY EFFECT ON THE ADRENAL CORTISOL 
SECRETION IN PIGS. S.J. Cho1, E.D. Mathias1 ,L.L. Anderson1*, C.H, Chang2, 
L.M. McNamara2 ,E. Frazier2 ,H. Chen2 ,G.J. Hickey2. 1Neuroscience Program, 
Dept. Animal Science, Iowa State University, Ames, IA 50011; 2Merck Research 
Laboratories, Rahway, NJ 07065

The objective of this study was to determine if the transient cortisol increase 
following growth hormone secretagogue (GHS) administration in pigs is due to a 
direct action of the GHS at the level of adrenal cortex. Yorkshire castrated males (40- 
45 kg BW) were either hypophysectomized (HYPOX, n=6) or sham operated (SOC, 
n=5). Pigs were fitted with an indwelling jugular catheter for blood collection to 
monitor plasma profiles (15 min intervals from -30 to 480 min) of cortisol, 
adrenocorticotrophin (ACTH), and GH secretion after i.v. administrations of saline 
vehicle, two doses of a nonpeptidyl GHS L-692,585 (585; 0.01, 0.1 mg/kg), and 
ACTH (0.15 mg). Compared to saline, administrations of 585 at both doses 
significantly (P<0.05) increased cortisol (38±12 vs 72 ± 10, 91 ±9 ng/ml) in the 
SOC group, but not (P>0.05) in the HYPOX group (11 ±3 vs 15± 6, 13±5 ng/ml). 
Administrations of 585 at both doses significantly (P<0.05) increased ACTH (19 ±4 
vs 121 ±20, 160+38 pg/ml) in the SOC, but not in the HYPOX group (l9± 2  vs 
18±5, 22±7 pg/ml). As expected, administrations of 585 at both doses significantly 
(P<0.05) increased GH (2.3±0.5 vs 74±5, 83±I7 ng/ml) in the SOC, but not 
(P > 0.05) in the HYPOX group (2.2±3.4 vs 2.1 ±0.5, l .7 ± 0.5 ng/ml). ACTH was 
administered to serve as a positive control for adrenal cortisol secretion. Compared 
to their respective saline controls, administration of ACTH caused increases in cortisol 
levels in the SOC (38± 12 vs 55± 18 ng/ml, P > 0.05) and HYPOX (11 ±3 vs 43 ± 17 
ng/ml, P<0.05) groups, respectively. Results of this study indicate that 585 requires 
an intact pituitary to increase cortisol secretion suggesting that GHS has no direct 
stimulatory effect on the adrenal cortisol secretion in pigs. (National Pork Producers 
Council 96-3316)

543.6
CORTICOSTERONE INHIBITION OF STRESS- BUT NOT 
ADRENALECTOM Y-INDUCED ACTH RELEASE REQUIRES 
TESTOSTERONE. Victor Viau* & Mary F Dallman. Dept. of Physiology, UCSF 
San Francisco, CA 94143-0444.
Plasma ACTH responses to stress are inhibited by both glucocorticoids and 
androgens. In the present studies we examined the extent to which corticosterone (B) 
inhibition of ACTH release during restraint depends on circulating testosterone (T) 
levels. Compared to intacts, adrenalectomized (ADX) animals hypersecreted ACTH 
during restraint (peak ACTH: INT = 439 ± 70, ADX = 3180 ± 555 pg/ml). While 
the ACTH response to ADX was reversed by B replacement (ADX+B = 1246 ± 128 
pg/ml), in gonadectomized (GDX) animals, B no longer reduced the ACTH response 
(GDX.INT = 977 ± 108; GDX.ADX = 3096 ± 246; GDX.ADX+B = 2706 ±417 
pg/ml). B inhibition of stress-induced ACTH release, however, was reinstated in 
GDX, T-replaced animals (GDX+T.INT = 528 ± 79; GDX+T.ADX = 3529 ± 544; 
GDX+T.ADX+B = 1503 ± 114). In a separate experiment we determined the effects 
of GDX±T replacement on resting-state plasma and pituitary ACTH after ADX. 
ADX produced typical marked elevations in basal plasma ACTH levels (INT = 70 ± 
25; ADX = 2003 ± 154 pg/ml) that were effectively reversed by B replacement 
(ADX+B = 228 ± 63 pg/ml). ACTH hypersecretion failed to occur, however, in 
GDX.ADX animals regardless of T exposure (GDX.ADX = 428 ± 42; GDX+T.ADX 
= 537 ± 240 pg/ml). While ADX evoked an increase in pituitary ACTH content 
(INT = 22.7 ± 4; ADX = 84 ± 11 ng ACTH/ µg pituitary protein), high ACTH 
content also occurred in GDX.ADX and GDX+T.ADX animals (62.9 ± 14 and 79.6 
± 17 ng/µg, respectively). Pituitary ACTH stores in these animals were also 
responsive to B (GDX.ADX+B = 35.8 ± 9.7; GDX+T.ADX+B = 50.7 ± 4 ng/µg). 
These findings reflect a gonadal influence on the central control of ACTH release in 
which B inhibition of ACTH is regulated by T under stress conditions, while T- 
independent effects emerge under basal conditions. Supported by DK 28172
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543.7
ASSESSMENT OF HYPOTHALAMIC-PITUITARY-ADRENAL (HPA) 
FUNCTION THAT IS NON-TERMINAL IN MICE. M.F. Dallman*, 
S.Bhatnagar & S.F. Akana. Dept. of Physiology, UCSF, San Francisco, CA.
We examined some basic characteristics of HPA function in mice: adrenal 

sensitivity to ACTH, diurnal rhythmicity of the stress response and its 
modulation by exogenous ACTH. We used these data to develop a non
terminal, non-invasive method for assessing adrenal sensitivity. Adult, 
male C57bik/J6 mice were adapted to daily measures of food intake and 
body weight under 12/12h light /d a rk  (lights on at 0600Һ). After weight 
stabilized, two injections of ACTHar (0.0,0.2, 2,4,8 or 16 U /m ouse sc) were 
given at 0600Һ and 1700Һ. All mice were killed at 0700Һ the following AM 
and vehicle-injected mice were compared to ACTHar-injected mice on a 
variety of HPA/m etabolic indices. Both plasma and adrenal corticosterone 
(B) increased with the 8U dose, but sufficient B was released by 0.2U to 
decrease thymus weight. The 8 and 16U doses increased body weight gain 
and insulin while leptin was higher following 4U. White fat weights were 
not changed but interscapular brown fat weight was increased by 2.0U. A 
single low dose of ACTHar (0.2U) was used to examine the negative 
feedback effects of B (induced by ACTHar) on ACTH responses to 30 min 
restraint administered 12 h later in the AM or PM. The PM response to 
restraint was inhibited in ACTHar-injected animals, but the AM response 
was not affected, suggesting increased sensitivity in mice to B feedback 
during the AM. Finally, we studied adrenal sensitivity by collecting a 
single urine sample from mice housed in metabolic cages 14 h after injection 
of 0.2Udose of ACTHar at 1700Һ. We found that moderate levels of B are 
excreted in urine 14Һ after ACTHar and can be measured by a method that 
does not require handling or blood sampling. In summary, we have 1) 
characterized dose-related effects of ACTHar on adrenal sensitivity and 
other H PA/m etabolic endpoints in mice; 2) shown that the metabolic 
consequences of ACTHar are relatively rapid in mice (24h); 3) shown that 
mice are more sensitive to inhibition of the stress response in the PM than in 
the AM and 4) developed a method for assessing adrenal sensitivity in mice 
permitting survival for other purposes. Supported by the Medical Research 
Council of Canada, DK28172 and MH20098.

543.8
SUSTAINED INCREASE OF THE ACTH AND CORTICOSTERONE 
DIURNAL PEAK IN WISTAR KYOTO RATS. L.C. Solbere1’2* ,F,W. 
Turek1 ,S. Losee Olson1 and E. Redei2. 1Dept. of Neurobiology and 
Physiology; 2Dept. of Psychiatry and Behavioral Sciences, Northwestern 
University, Chicago, IL, 60611.

Patients with depressive disorders often exhibit disruptions in the 
circadian pattern of various hormonal rhythms. In addition, plasma 
hormone levels of the hypothalamic-pituitary-adrenal axis, ACTH and the 
glucocorticoids, are often dysregulated in patients with depression. The 
Wistar Kyoto (WKY) rat exhibits several behavioral symptoms of 
depression and an exaggerated ACTH response after an acute stress. To 
test the hypothesis that the WKY rat exhibits altered circadian secretion 
of the stress hormones, we collected blood samples every 2-3 hours over 
a 24-hour period in both WKY and Wistar control rats. Rats were 
maintained on a 14:10 LD cycle. Plasma ACTH and corticosterone levels 
were measured by radioimmunoassay. The levels and pattern of hormone 
secretions were similar in the WKY and Wistar rats until the daily diurnal 
peak (at the time of lights out). Hormone levels in the Wistars began to 
decline immediately after the peak, whereas levels in the WKY rats 
remained high until almost six hours later. These results show an altered 
regulation of the hormonal circadian rhythm in the WKY rat, an animal 
model that exhibits endogenous depressive behavior. Future studies will 
investigate the relationship between depressive behavior and the altered 
hormonal rhythms in this animal model, as well as examine mechanisms 
involved in the sustained increase of these stress hormones. This work 
was supported by 'the National Award for Research on Schizophrenia 
and Depression, and 2Layton Bioscience Inc.

543.9 543.10
HYPOTHALAMIC-PITUITARY-ADRENAL AXIS HYPERACTIVITY IN MID-
AGED RATS PREDICTS COGNITIVE DEFICITS IN LATER LIFE WHICH ARE 
ATTENUATED BY CHRONIC ANTIDEPRESSANT TREATMENT.
R o w e*1LS. Şhąгma1, J , Yau2 ,J.R, seckl2R, Q uirion1, G,M, Rqse 3 , M J.

3Douglas Hosp. Res. Ctr., McGill Univ., MtL· Canada, H4H 1RЗ.2Dept. Medicine. 
Univ. Edinburgh, Western Gen. Hospital Edinburgh, Scotland, U.K. EH4 2XƯ. 
3Neuroscı. Drug Discovery, Bristol-Myers Squibb, Wallingford, CT, U.S.A. 06492 

Using the Morris water maze task, we have consistently found that 25 - 30% of a 
given population of 24 month-old Long-Evans rats display deficits in spatial memory 
function. Although the exact mechanism(s) underlying the emergence of spatial 
memory deficits in the aged cognitively impaired (AI) rat still remain to be fully 
elucidated, hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis appears to 
play an important role. AI rats demonstrated increases in HPA activity under both 
basal conditions and following termination o f stressors (Issa et al., 1990, 
J.Neurosci. 10: 3247 - 3254). In the present study, we sampled a population of mid-
aged (14 months old; n = 200) rats during both the AM and PM phase of their diurnal 
cycle and measured plasma levels o f ACTH and corticosterone. We found a significant 
coưelation (r = 0.7; P < 0.05) between ACTH and corticosterone at 14 months of age 
and the spatial memory performance at 24 months o f age. This suggests that increased 
HPA activity at mid-age contributes to the emergence o f cognitive deficits in AI 
animals. AI rats treated with chronic desipramine showed a reduction in basal HPA 
activity and increased and negative feedback efficacy (Rowe et al., 1997, Neurobiol. 
Aging, 18: 527 - 533). In the present study, we found that chronic desipramine 
treatment (10 mg/kg, p.o.) for 6 months significantly (P < 0.05) attenuated the HPA 
hypersecretion in the mid-aged animals. Further, chronic desipramine treatment 
significantly (P < 0.05) reduced the likelihood of developing cognitive deficits in all 
groups of animals and especially, the hypersecretors. These findings provide additional 
support for the idea that long-term dysregulation of the HPA axis may lead to cognitive 
deficits with aging. These findings may also have important clinical implications as 
studies on aged humans also coưelate increases in HPA activity with the emergence of 
cognitive deficits. Supported by NIA A609488.

Effects of chronic treatment of S 15535-3 a selective agonist at 5-HTlA 
autoreceptors and antagonist at postsynaptic 5-HTlA receptors on 
ACTH, corticosterone and prolactme release in OBX rats an animal 
model of depression.
F. Héry*; A. Sémont; E. Mocaër(l); P. Siaud; M.P. Fache; M. Faudon; 
and M. Héry. INSERM U 501, Université de la Méditerranée, ƯER de 
Médecine Nord, Bd P. Dramard, F 13916 Marseille cedex 20. (1) 
Institut de Recherche International Servier, 6 Place des Pleiades, F 
92415 Courbevoie, France.

Previous studies showed that S 15535-3 has anxiolytic and antidepressant 
properties in rodents. According to the relationships between stress, anxiety and 
depression we evaluated the action of chronic treatment with S 15535-3 on 
corticotrop function and prolactine (PRL) release in basal and stress conditions in 
control and olfactory bulbectomizêd rats (OBX) an animal model of depression. S 
15535-3 was administered s.c. at doses 0.4 and 10 mg/kg during 21 days. ACTH, 
corticosterone (B) and PRL levels were measured in serial blood samples collected 
every 30 min during 120 min with a catheter inserted in carotid. Olfactory bulbes 
were removed by aspiration.

In control rats, if no changes of basal ACTH and B levels were observed 
after chronic S 15535-3 (0.4 or 10 mg/kg) treatments, hormonal stress response 
was decreased and particularly time to return to basal levels was reduced : effect 
greater with 10 mg/kg than 0.4 mg/kg.

In OBX, chronic hyperactivity of corticotrop function was observed in 
basal as well as in stress conditions and no return to basal levels of ACTH or B 
were observed 120 min after stress. Basal PRL levels were not affected. In OBX, 
the stress-induced release of ACTH, B and PRL was markedly reduced by S 15535- 
3 and return to basal levels was observed at 120 min. The 2 doses were effective 
but a greatest effect was obtained with 10 mg/kg. Our data show that if S 15535-3 
chronic treatment does not affect basal corticotrop activity in control rats it reduces 
the OBX-induced basal release of ACTH and B and the stress-induced hormonal 
increase in control as well as OBX rats. In conclusion, the reduction of corticotrop 
function hyperactivity by S 15535-3 chronic treatment could explain its 
antidepressant properties.

543.11
CATECHOLAMINERGIC INNERVATION OF MET-ENKEPHALIN IMMUNO- 
REACTIVE NEURONS OF THE BED NUCLEUS OF THE STRIA 
TERMINALIS IN THE RAT. T. Kozicz,1 S. Visit2* and A. Arimura2. 1Dept. of  
Human Anatomy, Univ. Med. School of Pécs, 7624, Pécs, Hungary; 2 US-Japan 
Biomed. Res. Labs, Tulane University Hebert Center, Belle Chasse, LA 70037.

The limbic-hypothalamo-pituitary-adrenal axis (LHPA) plays an important role in 
the regulation of stress responses. The lateral division of the bed nucleus of the stria 
terminalis (BSTL), a telencephalic structure, is central in the regulation and 
modulation of the LHPA axis. Its connections with brainstem autonomic centers, the 
hypothalamus and the amygdala have been described.

A dense thyrosin hydroxilase- (TH) and dopamine ß hydroxilase- immunoreactive 
axon terminal network has been found in the BSTL. These catecholaminergic fiber 
terminals, arising from mesencephalic monoaminergic nuclei, play a central role in 
the regulation of the LHPA axis. The synaptic connection of these axon terminals 
with corticotropin releasing factor-ir neurons in has been observed. A large number of  
Met-enkephalin-ir nerve cells can be immunostained in the BSTL. The distribution 
of these neurons is similar to that of the catecholaminergic fiber terminals. Based on 
the distributional similarities, we hypothesized the catecholaminergic innervation of  
Met-enkephalin-ir neurons. Studying semithin sections using double-label 
immunohistochemistry, we found TH- and DBH-ir axon terminals synapsing onto 
neurons immunoreactive for Met-enkephalin.

Several GABA-ergic neurons can be found in the BSTL, which often colocalize 
with Met-enkephalin. Enkephalins have been found to modify GABA-ergic synaptic 
transmission. The GABA-ergic output of the BSTL is important in the regulation of  
stress responses. The Met-enkephalinergic neurons which depend on 
catecholaminergic inputs modify the GABA-ergic neurons, resulting in a modified 
regulation of endocrine, metabolic and behavioral changes during stress response. 
Sponsored in part by Office of Naval Research grant N00014-93-1-0829.

543.12
ALTERATION OF HYPOTHALAMIC-PITUITARY-ADRENAL 
AXIS FUNCTION IN THE AGED RHESUS MACAQUE 
J . ROBERҬŞ* ,.R  MCKAY. S· P, MĘNDQZA.
Behavioral and Neurobiology Unit, California Regional Primate 
Research Center, University of California; Davis, California, 95616 

The Hypothalamic-Pituitary-Adrenal (HPA) system is involved in a 
variety of metabolic, immunological, and internal milieu in response 
to environmental demands. A principal hormonal product of this 
system is glucocorticoids. Regulation of HPA activity through 
multiple negative feedback mechanisms allows the system to adjust to 
predictable and unpredictable environmental contingencies, but buffer 
the organism from its potentially deleterious effects. Studies of rodents 
and humans suggest that negative feedback mechanisms may become 
less efficient during aging, resulting in elevated basal cortisol and a 
prolonged stress response. In a study of 24 aged rhesus macaques (22- 
31 years), and 9 young adult rhesus (6-15 years), basal levels of 
cortisol at the peak and trough of the circadian rhythm, and return to 
basal levels following a mild stressor, were measured in order to 
evaluate whether there was a change with age in the efficacy of negative 
feedback mechanisms. There were no differences in between aged and 
young macaques in either the time-course of the stress response or of 
cortisol levels at the circadian peak. There was a significant difference 
in trough levels with the young population averaging mean cortisol 
levels of 9.10 ug/dl and the aged animals showing a mean of 13.79 
ug/dl (F=6.36, P=.01). Changes of this type would increase the mean 
daily output of glucocorticoids and could have deleterious consequences 
for the aged rhesus macaque.
Supported by CRPRC Base Grant P51RR00169-34.
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543.13
EXOGENOUS CORTISOL INFLUENCES GLUCOCORTICOID RECEPTOR- 
IMMUNOREACTIVE NEURONS: CHANGES IN CELL NUMBER AND 
TRANSLOCATION IN THE SEXUALLY IMMATURE KOKANEE SALMON 
BRAIN. L. Carruth*, R.E. Jones, and D.O. Norris. Dept. of EPO Biology, Univ. of 
Colorado; Boulder, CO 80309-0334.

As sexually maturing Pacific salmon (genus Oncorhynchus) migrate to their natal 
spawning grounds, there is an activation of the hypothalamic-pituitary-adrenal (HPA) 
axis. HPA axis activation is correlated with a plasma cortisol concentration increase. 
Cortisol can negatively feed back on brain regions involved in the HPA axis that 
contain glucocorticoid receptor-immunoreactive neurons (GRir), as well as influence 
regions not involved in HPA axis activation. The purpose of the present study was to 
determine if the elevated concentrations of plasma cortisol observed during migration 
can facilitate an increase in number and/or translocation of GRir within the neuron in 
the sexually immature kokanee salmon (O. nerka kennerlyi) brain. Sexually immature 
fish (5 males and 5 females/treatment group) were given a single injection of either 
fish physiological saline, 6 µg cortisol/g body w t, or 15 µg cortisol/g body wt, with 
the control fish receiving no injection. The high cortisol dosage mimicked the elevated 
cortisol levels experienced by sexually mature, migrating Pacific salmon. Using 
immunohistochemistry with an antibody to GR (polyclonal rabbit anti-human, dilution 
1:1500; and monoclonal mouse, dilution 5 µg/ml), significant differences in both 
GRir neuronal number and translocation occurred in several brain regions within lh 
l5min. after cortisol injection. However, a predicted difference in GRir neuronal 
number in other brain regions, notably the putative teleostean amygdala, glomerulosus 
complex of the thalamus, and inferior lobe of the hypothalamus, failed to occur. These 
results suggest that acute cortisol treatment mimics the change in GRir neuronal 
number and translocation seen between the immature and spawning stage, but not in 
all GRir brain regions. Supported by NSF grant #ШN-97-01027 to R.E. Jones and L. 
Carruth and NSF grant #ШN-96-03622 to R.E. Jones and D O. Norris.

543.15
DISTRIBUTION AND PROJECTION OF NEURONS FOR AGOUTI RELATED 
PROTEIN, AN ENDOGENOUS ANTAGONIST OF PROOPIOMELANOCORTIN
D. Bagnol*1 ,C. B. Kaeliπ3 ,H. E. W. Day1 ,M. Qllmann3, I. Gantz2.H. Aki l .1 G. Barsh3 and S. J. 
Watson1. 1MHRI and 2Dept of Surgery, University of Michigan, Ann Arbor, Ml 48109-0720 USA, 
3Dept of Pediatrics and Genetics an the Howard Hughes Medical Institute, Stanford, CA 94305 
USA.

Agouti-related protein (Agrp) is an endgenous antagonist of central melanocortin receptors that 
has been implicated in modulation of Proopiomelanocortin (Pomc)-mediated behavior, but which 
also may have effects that are independent of Pome. To investigate the neuroanatomic potential for 
interaction between Agrp and Pome we have carried out a detailed analysis of their projection 
fields and receptors.

Adult male rats were either sacrificed by decapitation, their brains removed and immediately 
frozen in isopentane at -З 0°C, or perfused through the heart with Zamboni fixative and their brain 
dissected out, post-fixed and frozen. Fixed brain sections were processed for immunostaining 
with a rabbit polyclonal antibody generated against form A of human Agrp. Adjacent sections 
were incubated with a rabbit polyclonal antibody generated against Po MC. Frozen sections were 
used for in situ hybridization using rat Agrp (382 bp) and P0MC (900 bp) cRNA riboprobes.

Agrp mRNA was expressed in neurons of the medial arcuate nucleus while neurons displaying 
P0MC mRNA were found in the medial and lateral arcuate nuclei. Dual in situ hybridization 
confirmed that these RNAs were not coexpressed in the same cells. Immunohistochemical studies 
in which adjacent sections were incubated with polyclonal antisera to Pome or to recombinant 
Agrp showed dense immunoreactive Agrp-containing fibers in the ventral lateral septum, medial 
and ventral divisions of the bed nucleus of the stria terminalis, organum vasculosum of the lamina 
terminalis, preoptic nucleus, hypothalamic nuclei (anterior, periventricular, paraventricular, lateral 
and dorsomedial), arcuate nucleus, periventricular nucleus of the thalamus, central and medial 
nuclei of the amygdala, while moderate density of immunoreactive fibers were seen in the nucleus 
accumbens (shell), periaqueductal gray and lateral parabrachial nucleus. This distribution is 
remarkably similar to that of Pomc-containing fibers. Our results suggest that Pomc and Agrp are 
controlled independently but modulate each other's actions in response to stress, ingestive 
behavior, pain control, and thermoregulation. Supported by NIMH 42251.

543.17
REGULATION OF ADRENERGIC RECEPTOR m R N A S  IN RAT BRAIN FOLLOWING  
ADRENALECTOMY. H.E.W. Day*. S. Campeau, S.J. Watson and H. Akil. Mental Health 
Research Institute, University of Michigan, Ann Arbor, Ml 48109.

The central adrenergic system has been implicated in a wide variety of physiological 
responses, including stress and anxiety. Regulation of the central adrenergic system has 
been described at many levels following stress, and perturbations in this system have been 
demonstrated in human moöd disorders. At least eight adrenergic receptors (ADRs) are 
expressed in the brain, each with a unique distribution. Areas associated with the control of 
the stress response, including the paraventricular nucleus of the hypothalamus (PVN), 
hippocampus and amygdala each express a specific pattern of adrenergic receptors. The 
demonstration of a glucocorticoid response element within the promotor region of the 
alpha-1 b ADR, together with its demonstration within CRH containing cells of the PVN, 
suggested that expression of this receptor may be regulated in vivo by glucocorticoids.

Adult male rats underwent either bilateral adrenalectomy (n=4 per group), sham surgery 
(n=3 per group), or remained unoperated (n=3). Animals were maintained on 0.9% 
saline/5% dextrose. In addition, a group of naive rats, maintained on water (n=4) was 
included. Animals were killed by rapid decapitation 2 hours prior to lights off, 1, 3, 7 or 14 
days following surgery. Brains were frozen and Hoµm sections cut through the frontal 
cortex, hypothalamus, amygdala/hippocampus and brainstem. Sections were processed for 
in situ hybridization using a cRNA probe for alpha-1 b ADR.

Levels of corticosterone were undetectable in all adгenalectomized rats. Mean levels of 
corticosterone in the sham, unoperated, and naive rats were between 4 and 6 µg/dl at time 
of sacrifice. Levels of alpha-1 b mRNA in adгenalectomized animals were increased in the 
PVN, by 25%, 35%, 73% and 93% over 1, 3, 7 and 14 days respectively, as compared with 
sham operated animals. In contrast, there were no changes in alpha-1 b ADR mRNA over 
this time course in the lateral nucleus of the amygdala or dorsal raphe nucleus.The effect of 
adrenalectomy on levels of alpha-1 b and other ADR mRNAs in these and other brain 
regions will be discussed. In addition, the effect of adrenalectomy with different levels of 
corticosterone replacement is currently under investigation. This study was supported by 
the Pritzker Network for the study of depression and NIMH #2POI MH42251-11.

543.14
REGULATION OF GLUCO- AND MINERALOCORTICOID RECEPTOR mRNAs 
IN DISTINCT REGIONS OF THE RAT BRAIN. AC. Hansson1 ,2, A. Cintra2. W .
Sommer2* ,M. Bader1, D. Ganten1, K. Fuxe2 Max-Delbrück-Centrum for Molecular 
Medicine1  13125 Berlin-Buch, Germany. Department of Neuroscience2, Karolinska 
Institute, S-171 77, Stockholm, Sweden

The expression of gluco- and mineralocorticoid receptors (GR and MR) is regulated 
by their own ligands via a negative feedback mechanism. In order to analyze the 
importance of each of the two receptors for this feedback regulation, we studied the 
effect of CORT (CORTlow=0,2mg/kg; CORThigh=lmg/kg, s.c.), ALDO (0,05mg/kg, 
s.c.) and the synthetic glucocorticoid agonist RU 28362 (0,4mg/kg, s.c.) on the 
expression of GR and MR mRNAs in different brain regions of adгenalectomized rats 
(Sprague-Dawley male rats, 200g, 24 hours after ADX). The animals were sacrificed 4 
hours after hormone injection. The paraventricular nucleus (PVN), the dorsal 
hippocampus and the pituitary were studied in in situ hybridizations using 35s UTP 
labeled RNA probes followed by semiquantitative analyses of the autoradiograms. GR 
and MR mRNA levels were increased after ADX in all CA regions of the hippocampus 
and in the dentate gyrus (range: 40% to 114% increase) but were not altered in the PVN 
and the pituitary. All hormone treatments, including ALDO and especially CORThigh, 
decreased the levels of hippocampal GR mRNA (range: 37% to 80% decrease). 
CORThigh and RU treatment decreased the levels of GR mRNA in the PVN (35% and 
45% decrease, respectively), whereas RU treatment alone decreased the levels of GR 
mRNA in the posterior pituitary (44% decrease). ALDO and both doses of CORT 
reduced MR mRNA levels only in the hippocampus (range: 27% to 61% decrease). RU 
treatment decreased MR mRNA levels in CA1 and DG (29% and 15% decrease, 
respectively). No changes of MR mRNA levels were found in the pituitary. Thus, 
activation of MR can exert not only a regulation of its own mRNA levels but also a 
crossregulation versus hippocampal GR mRNA. There was only a weak effect of GR 
activation on MR mRNA in the CA1 and the DG. Furthermore, activation of both 
receptors after CORThigh treatment maximally increased the feedback regulation of 
hippocampal GR mRNA and for MR mRNA in the dentate gyrus, but had an 
antagonistic interaction on GR mRNA in the posterior pituitary.

543.16
ANDROSTENEDIONE EFFECTS ON THE CENTRAL VASOPRESSIN 
INNERVATION OF THE RAT BRAIN C. Villalba*, C.J. Auger, and Geert J. 
De Vries. Center for Neuroendocrine Studies, Department of Psychology, 
University of Massachusetts, Amherst, MA 01003

The steroid hormone androstenedione profoundly influences the 
development and expression o f sexual and aggressive behavior in rats, mice, 
and other rodents. Few studies, however, have explored the effects of 
androstenedione on sexually dimorphic neural structures. In this experiment, 
we evaluated androstenedione’s ability to stimulate vasopressin expression in 
the bed nucleus of the stria terminalis, the centromedial amygdala, and the 
lateral septum. Vasopressin production in these areas depends entirely on 
gonadal hormones and is associated with masculine behavior. Adult male rats 
were castrated and received testosterone, androstenedione, or no hormonal 
treatment for five weeks. Their brains were then processed for vasopressin 
immunoreactivity. Androstenedione and testosterone were equally effective in 
preventing the reduction of vasopressin immunoreactivity normally associated 
with castration. Androstenedione may therefore be able to substitute 
testosterone in the stimulation of testosterone-dependent neural systems. The 
results of this study may explain the masculine behavioral repertoire associated 
with elevated androstenedione production.
This research was supported by NIH grant MH47538, and NSF grant IBN 
9421658 to GJD.

543.18
INVOLVEMENT OF CENTRAL ANGIOTENSIN RECEPTORS IN 
STRESS ADAPTATION. E.C. Dumont, S. Rafrafi and Guv Drolet*.
Unité de Neuroscience, Centre de Recherche du CHUL, Université Laval, 
Québec, Canada, G1V 4G2.

The present study sought to examine the effects of chronic neurogenic 
stressors on two distinct angiotensin (AT) receptors in stress-related nuclei, 
AT1A in the hypothalamic paraventricular nucleus (PVH) and AT2 in the 
nucleus locus coeruleus. Male Wistar rats were divided in 4 experimental 
groups. The first two groups were submitted to 10 days daily 90 min 
immobilization sessions and on the eleventh day, either group were exposed 
to an acute 90 min immobilizat¡on(CIMM, homotypic) or air jet stress(CAJS, 
heterotypic but still neurogenic) session. The other 2 groups were submitted 
once to acute 90 min immobilization(AIMM) or air jet stress(AAJS) session, 
respectively. Rats were anesthetized and perfused 0, 90, 150, 270 or 360 min 
after the beginning of the last stress session. Brains were cut in З0 µm coronal 
sections and hybridized with 35S riboprobes directed against AT1A and AT2 
mRNA.

Both acute and chronic stress increased the expression of AT1AmRNA in the 
PVH. Moreover, the time course of induction of the AT1A was similar between 
the 4 groups, increasing 90 min after the beginning of the acute stress, 
reaching maximal values around 150 min and progressively returning to basal 
levels. AT2  mRNA in the LC was also increased following neurogenic stresses. 
Interestingly, in the AIMM and AAJS groups, AT2  mRNA expression increases 
were detectable only after the stress session reaching a plateau around 150 
min which was still maintained at 360 min. On the other hand, chronic stress 
session increased basal levels of AT2  mRNA, which continues to increase 
slightly 90 min after the acute stress session. These results suggest that 
central angiotensin receptors may be an integral part of the central stress- 
system involved in the expression of some stress responses during chronic 
exposure to stressors. Supported by MRC, HSFQ & Merck Frosst.
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544.1
C A R B O N  M O N O X ID E  (C O ) E X E R T S A ST IM U L A T O R Y
IN FL U E N C E  ON TH E H Y P O T H A L A M IC -P IT U IT A R Y -ADRENAL  
(HPA) AXIS DURING EXPO SURE TO A PH Y SIC O -EM OTIONAL
S T R E S S
C. K. K im *, S. Lee, A. V. T u rn b u ll and  C. R ivieг. C layton Foundation 
Laboratories for Pep tide Biology, The Salk Institute, La Jolla, CA 92037.

We have previously demonstrated that the gaseous neurotransmitter nitric oxide 
(NO) exerts a stimulatory influence on the HPA response to physico-emotional 
stressors. The present study tested the hypothesis that CO, another gaseous 
neurotransmitter, exerts a similar effect. Adult male Sprague-Dawley rats were 
administered (a) the vehicle, (b) tin protophorphyrin (SnPP), an inhibitor of the CO- 
producing enzyme heme oxygenase (HO), (c) Nω-nitro-L-arginine-methylester ( L- 
NAME), an inhibitor of the NO-producing enzyme nitric oxide synthase, or (d) both 
inhibitors. Drugs were injected sc at 50-60 mg/kg 3 hr prior to a 30 min session of 
mild electrofootshocks. SnPP, but not L-NAME, induced a marked (>90%) decrease in 
brain HO activity, indicating both the specificity of these inhibitors and the ability of 
peripherally administered SnPP to reach the central nervous system. As expected, the 
electroshocks stimulated ACTH secretion, a response that was attenuated by L- 
NAME. SnPP also blunted this response while L-NAME and SnPP together produced 
a greater effect than either inhibitor alone. L-NAME, but not SnPP, induced a 
transient increase in blood pressure which had subsided when the electroshocks were 
applied. It is therefore unlikely that the endocrine effects of the inhibitors are due to 
changes in cardiovascular activity. SnPP did not significantly alter the pituitary 
ACTH response to corticotropin-releasing factor (CRF) or vasopressin. We therefore 
determined whether SnPP acted on the neurons of the paraventricular nucleus (PVN) of 
the hypothalamus, by measuring CRF heteronuclear RNA and NGFI-ß (an immediate 
early gene) mRNA levels. These transcripts were very low in controls and in rats 
injected with SnPP. However, they were markedly increased following electroshocks, 
and SnPP blunted this upregulated PVN neuronal activity, similar to what we have 
previously reported for L-NAME. Collectively, there results suggest that both CO and 
NO are necessary for the full ACTH response to the shock, and support the hypothesis 
that these gases exert a stimulatory influence on the HPA axis pathways that modulate 
the ACTH response to electroshocks. Supported by NIH Grant MH 51774.

544.2
CENTRAL AFFERENT PROJECTIONS CONVEYING NOCICEPTIVE INPUT TO THE PVN 
AS REVEALED BY A COMBINATION OF ANTEROGRADE AND RETROGRADE 
LABELLING WITH C-FOS ACTIVATION BY PAIN. B. Pan, J.M. Castro-Lopes*, A. 
Coimbra. Inst. Histol. EmbryoI., Faculty of Medicine & IBMC, 4200 Porto, Portugal 

It has been shown recently that nociceptive somatosensory input activates the 
hypothalamo-pituitary system, as shown by increased c-fos expression in the hypothalamic 
paraventricular nucleus (PVN) and the pituitary gland, with increased ACTH plasma 
release. Neural mechanisms underlying the HPA response, however, remain largely 
undefined in terms of the specific anatomical circuit involved. In the present work, the 
pathway conveying nociceptive input to the PVN is studied by combining anterograde and 
retrograde neuronal labelling with c-fos activation. Male adult Wistar rats were 
iontophoretically injected with cholera toxin subunit B (CTb) into the PVN, and 7 days later 
subject to brief immersion of the two hind-feet in 56° C water before perfusion fixation. 
Some rats were injected with biotinylated dextran amine (BDA) into spinal cord 10 days 
before the CTb injection. Brain sections were processed for c-Fos and CTb using a dual 
immunoperoxidase method. Noxious stimulation induced increased c-fos expression in the 
the hypothalamic PVN, lateral, supraoptic, arcuate and supramamillary nuclei, the 
periaqueductal gray (PAG), the lateral parabrachial nucleus (LPB) the dorsal raphe 
nucleus and in the A1, A1/C1 and A2/C2 catecholaminergic groups of the caudal medulla. 
Double staining revealed that noxious stimulation induced c-fos in approximately 10% of 
the CTb labelled cells in the PAG, 30% in the LPB and A2 group, 50% in C1, C2 and C2/A2 
groups, and about 80% in the A1 and A1/C1 groups. In the A1, most (85.6%) of the double- 
stained ćells were immunostained for tyrosine hydroxylase (TH), and there were numerous 
BDA-labelled fibers with en passant varicosities apposed to the CTb- and TH-IR neurons 
expressing c-fos. Present results indicate that noxious input is conveyed to the PVN via 
mostly the A1 group. (Supported by PRAXIS XXI Research Project 2/2.1/SAU/1328/95)

544.3
EFFECT OF CHRONIC STRESS ON GABAд RECEPTOR SUBUNIT 
EXPRESSION IN THE RAT PVN. W.E. Cullinan* and T.J. Wolfe, 
D epartm ent of Basic H ealth  Sciences, College of H ealth Sciences, 
Marquette University, Milwaukee, WI 53201-1881:

CRH-containing neurons of the p arvoce llu lar d iv ision  of the 
hypothalamic paraventricular nucleus (PVN) serve as the origin of the 
final common pathway of stress-induced glucocorticoid secretion. Previous 
evidence from morphological, pharmacological and electrophysiological 
studies has indicated a role for GABAergic afferents in the regulation of 
hypophysiotropic CRH neurons, and expression of a number of subunits of 
the GABAд receptor has been confirmed within CRH-containing cells in the 
PVN. The present study examined the effects of a chronic non-habituating 
stress paradigm  on PVN expression of selected subunits of the GABAд 
receptor. Male Sprague-Dawley rats (n=5/group) were exposed twice daily 
to one of a series of eight acute stressors applied on a random schedule for a 
period of 28 days. Hybridization histochemistry with 35S-labeled cRNA 
probes was employed to determ ine relative levels of mRNA transcripts 
encoding the ßl and α2 subunits of the GABAд receptor in experimental vs 
control animals. Expression of the GABAд ßl subunit w ith in  the 
parvocellular PVN was reduced by 45.6% in animals exposed to chronic 
stress relative to control subjects (p<.01). No differences were found between 
experimental and control animals in ßl expression in the magnocellular 
PVN, or in levels of α2 subunit expression in either the parvocellular or 
magnocellular PVN compartment. The finding of selective regulation of 
specific GABAд receptor subunit components in response to chronic stress 
may have important implications for our understanding of the regulatory 
control of the HPA axis. (Supported by: NARSAD, MH 56577 and the 
HHMI URAP).

544.5
DISRUPTION OF HPA AXIS FUNCTION IN SUBORDINATE, SOCIALLY 
STRESSED RATS NOT ATTRIBUTABLE TO CHANGES IN FOOD INTAKE. D C . 
Blanchard1*, M.A. Hebert1, E. Yudko1, R.R. Sakai2, C. McKittrick2, B.S. McEwen2 and 
R.J. Blanchard1. 1Bekesy Lab. of Neurobiology, Univ. of Hawaii, Honolulu, HI 96822; 
2Dept. of Neuroendocrinology, The Rockefeller University, New York, NY 10021.

Approximately 30-40% of subordinate rats socially housed in visible burrow systems 
(VBS) for two weeks fail to show a normal elevation of plasma CORT in response to a 
novel stressor (restraint stress). As subordinate rats typically undergo a rapid reduction 
(up to 25%) in body weight, alterations in HPA  axis function might be secondary  to 
changes in food intake and not due to the “psychological" stress of the colony experience. 
Food availability was manipulated in the present study to address this issue. Eight 
colonies, each consisting of 5 male and 2 female Long Evans rats, were placed in VBS 
for two weeks. In the four food deprived (FD) colonies, a single food source was located 
on the surface area where dominant rats (but not subordinates) spend most of their time. 
Additional food was made available to subordinates in four food added (FA) colonies by 
placing a food source in each of two side chambers in addition to the surface area. Rats 
in all colonies were placed in single cages every second day for a five hour pęriod in 
which food was available without competition. Food availability was also manipulated 
in non-colony control males that were pair-housed with a female for two weeks. Normal 
control (NC) pairs were given food αd libitum whereas food deprived (FD) controls had 
access to food only every second day for 5 hours. FD subordinates weighed less than FA 
subordinates throughout the 2 week colony period, but both sets of subordinates weighed 
significantly less than dominants and NCs. FD control weights matched those of FD 
subordinates. At the end of the 2 week period, CORT responses to a one hour restraint 
test were evaluated for all subjects. There was an equal distribution of CORT non- 
responsive subordinates among the FA and FD colonies. Moreover, CORT responses 
of FD controls were not significantly different from those of FA controls, dominants, and 
CORT responsive subordinates. Neither increased food intake in subordinates nor 
reduced food intake in controls significantly altered CORT responsiveness , ruling out 
food intake as a critical factor for subordination stress-induced disruption of HPA axis 
function. Supported by NSF IBN95 11349.

544.4
PVN DELIVERY OF MUSCIMOL BLUNTS THE CORTICOSTERONE 
RESPONSE TO ACUTE IMMOBILIZATION STRESS. D.L. Helmreich*, 
W.E. Cullinan, and S.J. Watson. Department of Basic Health Sciences, 
Marquette University, Milwaukee, WI, 53201-1881, and M ental Health 
Research Institute, University of Michigan, Ann Arbor, MI 48109-0720.

The hypothalamic paraventricular nucleus (PVN) serves as a central 
point of integration in stress-induced glucocorticoid secretion. Evidence from 
previous morphological and electrophysiological studies has suggested a 
role for GABAergic afferents in the regulation of PVN neurons, and the 
expression of a number of subunits of the GABAд receptor within 
hypophysiotropic CRH neurons has recently been advanced. The present 
study examined the effects of local (PVN) delivery of the GABAд agonist 
muscimol on the corticosterone response to acute restraint stress. Male 
Sprague-Dawley rats were implanted with bilateral indwelling cannulae to 
the region dorsal to the PVN. Seven days later, animals were injected with 
either 100 ng muscimol (in 100 nl vehicle) or vehicle alone (100 nl), 
delivered over a 1-2 min period immediately prior to the onset of 60 min of 
immobilization stress. Blood was sampled via tail nick at 0, 30, 60, 90 and 
150 min post stress onset, and plasma corticosterone measured via RIA. No 
differences were found between groups at 0 or 30 min after stress onset, 
however corticosterone levels in the muscimol-treated group were reduced by 
71% and 79% (p<.01) relative to vehicle injected controls at the 60 and 90 
min time points, respectively. At 150 min, corticosterone levels had returned 
to near basal levels in both groups. These data provide evidence for 
GABAergic inhibition of the PVN in the context of an acute stress response. 
Current experiments are investigating the effects of drug delivery at 
different time points relative to stress onset, as well as the effects of local 
delivery of GABAд antagonists on stress-induced corticosterone secretion. 
(Supported by NIH grants MH56577 and MH4225l).

544.6
RETROGRADE AND ANTEROGRADE EVIDENCE OF DIRECT PROJECTIONS 
FROM AUDITORY THALAMIC NUCLEI TO HYPOPHYSIOTROPIC 
PARAVENTRICULAR NEURONS. S. Camoeau*, H. Akil, and S.J. Watson. 
Mental Health Research Institute, University of Michigan, Ann Arbor, MI 48109.

Loud noise reliably activates the hypothalamo-pituitary-adrenocortical (HPA) axis. 
We have demonstrated previously that lesions of the auditory thalamus specifically 
block corticosterone release in response to loud noise exposure. However, destruction 
of the two main targets of the auditory thalamus, namely the auditory cortex and the 
amygdala, fail to prevent loud noise-induced HPA axis activation. The present study 
evaluated putative direct projections from auditory receptive thalamic regions that 
might mediate HPA axis activation by loud noise stress,

Initially, male Sprague-Dawley rats (n = 35) were injected with the retrograde tracer 
Fluorogold aimed at the medial parvocellular region of the hypothalamic 
paraventricular nucleus (mpPVN). Immunohistochemical detection of Fluorogold 
(ABC complex/peroxidase/DAB) indicated several retrogradely labeled neurons in the 
paгvicellular region of the subparafascicular thalamic nucleus (SPFPC) and the 
thalamic posterior intralaminar nucleus (PIL). Twenty additional rats were injected 
with the anterograde tracer PHA-1 or biotinylated dextran amines (BDA) aimed at the 
PIL or SPFPC. Both regions were observed to send fibers and putative terminals in 
mpPVN, in addition to several other hypothalamic and forebrain regions. The SPFPC 
and PIL have previously been shown to receive auditory information from the inferior 
colliculus.

These results suggest that a direct projection from the auditory thalamus to the 
corticotropin-releasing factor containing neurons of the hypothalamic paraventricular 
nucleus might mediate activation of the HPA axis in response to loud noise. 
Supported by MRC of Canada and MH42251.
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544.7
ROLE OF THE CENTRAL NUCLEUS OF THE AMYGDALA IN 
CONDITIONED-FEAR-RELATED CENTRAL PATHWAYS .G.-J, Huang1 
and H.-Y. Li2*. 1Dept. of Physiology, Yang-Ming University, 2Dept. of 
Anatomy, Chang Gung University, Taiwan, R.O.C.

The central nucleus of the amygdala (CeA) is known to participate in 
the mediation of neuroendocrine and autonomic responses to stress. 
Combination of immunohistochemical localization of Fos protein with 
tract tracing and/or in situ  hybridization was used to study the 
neuroanatomical pathways underlying conditioned-fear-induced neuronal 
responses at cellular level. Classical conditioning paradigm was adopted 
where animals were exposed to the footshock chamber (CS) and followed 
by a session of electrical footshock (US). From day 0, three groups of 
animals received paired stimuli twice daily and were sacrificed on day 1, 
day 3 and day 5 respectively with no US presented. In a separate 
experiment, animals were implanted with retrograde tracer, fast blue, in 
the IML cell column in the spinal cord and anterograde tracer, PHA-L, in 
the CeA 2 weeks prior to the conditioning treatments. Our findings 
demonstrated that Fos-ir was localized in the medial parvocellular division 
of the paraventricular nucleus of the hypothalamus (PVH) in day 1 group, 
while it was only observed in the dorsolateral and ventrolateral divisions of 
the PVH. This indicates different compartments of the PVH respond to 
the CS depends on the length of conditioning period. We further showed 
an upregulation of CRF mRNA in the PVH in all conditioned groups 
compared to controls and this findings were consistent with elevated 
plasma corticosteroid levels in the conditioned groups following the 
similar manipulations. Concurrent detections of PHA-L-ir fibers, Fos-ir, 
and fast blue fluorescence in the autonomic neurons of the PVH indicates 
that CeA may project directly to these neurons to regulate autonomic 
functions in response to conditioned-fear stress .(supported by the Chang 
Gung Memorial Hospital and the National Science Council o f Taiwan, ROC)

544.9
RAPID UPREGULATION OF BRAIN MINERALOCORTICOID 
RECEPTOR (MR) PROTEIN LEVELS FOLLOWING 
ADRENALECTOMY (ADX) IN THE RAT. B.A. Kalman*, M.A. 
Cole, C.S. Cotter, R.L. Spencer. Behavioral Neuroscience Div., Dept. 
of Psychology, University of Colorado, Boulder, CO 80309.

Previously we have shown that MR is capable of ADX-induced 
upregulation in rat hippocampus within 24 hr utilizing a whole-cell 
Western blot procedure (Soc. Nerosci. Abstr., 23:1241, 1997). We 
found that while the majority of up-regulation of GR occurred 
between 1 and 5 days following ADX, the majority of MR 
upregulation occurred within 24 hr of ADX. In the present studies, we 
have extended the time-course following ADX and have measured 
MR protein in other brain areas and the pituitary. A significant 
upregulation of MR was observed within 12 hr following 
adrenalectomy. Further, hippocampal MR levels do not appear to be 
higher than other brain regions in adrenal-intact animals but the 
degree of upregulation 24 hr following ADX is significantly higher. 
The rapid upregulation of MR does not appear to be an artifact of the 
anti-MR antibody recognizing only the unactivated form of the 
receptor. The whole-cell Western Blot procedure has an advantage 
over receptor binding studies in that adrenal-intact animals, rather 
than 24-hr ADX animals, serve to establish baseline MR levels. These 
findings suggest that the reason why a number of binding sudies have 
reported that MR is not autoregulated is because the majority of MR 
upregulation occurs within 24 hr following adrenalectomy. We wish 
to thank Dr. Stanley J. Watson for his kind gift of MR 214 antibody 
(supported by grant DK49143).

544.11
LONG-TERM MODULATION OF THE HPA AXIS BY SELECTIVE HIPPOCAMPAL 
SUBFIELD LESIONS.
A.M. Bratt*, J.P. Knowles, S. P. Kelley, J. Barrett, K. Davis, M. Davis & G. Mittleman. 
Dept. Psychology, The University of Memphis, Memphis, TN 38152.

The hippocampus is known to modulate the hypothalamic-pituitary-adrenal (HPA) 
axis, to provide negative feedback control of corticosterone (CORT) release. 
Hippocampectomized rats are hyper-reactive to stressors and display elevated 
plasma CORT (Kant et al., 1984). The ventral hippocampus provides the main source 
of hippocampal efferents to the hypothalamic paraventricular nucleus (PVN), and 
ventral subiculum lesions have been found to heighten the glucocorticoid response to 
acute stress (Herman et al., 1995). The current experiment aimed to investigate the 
long-term effects of selective lesions of hippocampal subfields on biochemical and 
immunological indices of stress, and basal and amphetamine-induced locomotion.

Forty male Long Evans rats received excitotoxic lesions of the hippocampus 
(HIPPO), or subiculum (SUB), electrolytic ablation of the fimbria-fornix (FIFO), or 
served as unoperated controls. Rats then received mild food restriction (80% free- 
feeding), and isolation housing as chronic stressors throughout the lifespan. At 12 
months of age, 24-hour spontaneous locomotor activity was measured. 
Amphetamine-induced activity profiles were measured (AMP 1.0-2.0 mg/kg i.p.), and 
compared with activity in the presence of the corticosterone inhibitor, metyrapone 
(MET 10.0-25.0 mg/kg i.p.) + AMP (1.0 mg/kg i.p.).

Only the SUB group displayed significant elevations in basal plasma corticosterone, 
however, only HIPPO rats displayed hematological profiles indicating suppression of 
the immune system. Overnight activity profiles showed FIFO rats to be spontaneously 
hyperactive, and SUB rats to demonstrate altered locomotor circadian periodicity. 
Total HIPPO rats were most sensitive to the locomotor stimulating effects of 
amphetamine, with the SUB group showing AMP sensitivity similar to controls. 
Metyrapone in combination with AMP produced additive and dose dependent effects 
on locomotion in HIPPO and FIFO, but not SUB groups. MET alone (25 mg/kg i.p.) 
also increased locomotion in HIPPO rats only. These data will be discussed in terms 
of relative modulation of HPA drive by specific hippocampal subfields, and the role of 
corticosterone in amphetamine-induced locomotion in hippocampally damaged rats.

544.8
SELECTIVE MINERALOCORTICOID, BUT NOT GLUCO
CORTICOID, RECEPTOR BLOCKADE IMPAIRS THE 
EXPRESSION OF HABITUATION TO A REPEATED DISCRETE 
STRESSOR IN RATS. M.A. Cole*, B.A. Kalman, R.L. Spencer. 
Dept. of Psychology, Univ. of Colorado, Boulder, CO 80309 

Blockade of corticosterone (CORT) negative feedback was previously 
shown to reverse habituation expression of the HPA axis to a discrete 
repeated stressor (Soc. Neurosci. Abstr. 22:1342, 1996). The present 
study investigates the individual roles of mineralocorticoid and 
glucocorticoid receptors (MR and GR) in habituation expression. Male 
rats were restrained for one hour a day in cylindrical, Plexiglas tubes for 
six consecutive days. On day six, one hour prior to restraint stress, both 
naive and repeatedly restrained rats were injected s.c. with vehicle, the 
selective MR antagonist RU28318 (50mg/kg) or the selective GR 
antagonist RU40555 (30mg/kg). On day six, blood samples were 
collected for CORT measurement at 0, 30, and 60 minutes into stress, 
and one hour after stress termination. The stress-induced CORT levels 
in vehicle treated rats showed significant habituation to the repeated 
restraint. The MR antagonist completely reversed the expression of 
habituation, whereas the GR antagonist had no effect. Neither the MR 
antagonist or the GR antagonist altered the CORT response to novel 
restraint exposure. These studies indicate that habituation expression of 
the HPA axis stress response is dependent on MR. A role for GR 
cannot be entirely ruled out, however, because of incomplete GR 
blockade. Additionally, these results illustrate a dynamic shift in the 
ability of an MR antagonist to disinhibit the HPA axis response to acute 
restraint as a result of prior experience. [Supported by DK49143; 
antagonists were kindly provided by Roussel Uclaf]

544.10
ACTIVATION OF INHIBITORY CIRCUITRIES DURING STRESS K.J.Kovács, 1,2* 
B. Bali.2 and P.E. Sawchenko1 . 1LNSF, The Salk Institute La Jolla, CA 92037; and 2 
Inst. Exp. Med. Budapest, Hungary H-1083.

Fos has been validated as a useful marker of neuronal activation in stress-related 
circuitry. Challenge-induced activation of the HPA axis is extinguished by negative 
feedback, through a direct action on the corticotropin-releasing factor (CRF) secreting 
cells, and/or via activation of inhibitory pathways that are not readily distinguised solely 
on the basis of Fos activity maps. To identify these circuitries we have analyzed 
concurrently the pattern of stress-induced Fos-ir in relation to that of glutamic acid 
decarboxylase (GAD 67) mRNA, a marker of GABAergic neurons in rats that were 
intact, adrenalectomized (ADX) and ADX and replaced with corticosterone pellets to 
provide peak-stress levels of the hormone. Ether stress provoked Fos expression in the 
parvocellular division of the paraventricular nucleus (PVN) of intact and ADX rats; 
none of these neurons were GABAergic. By contrast, high percentage of activated 
neurons that expressed GAD mRNA was found in the perinuclear region adjoining the 
PVN, which is known to give rise inhibitory projections to the CRF-rich zone of the 
PVN. Other areas displaying more limited Fos/GAD colocalization included the 
dorsomedial and arcuate nuclei and circumscribed aspects of bed nucleus and amygdala. 
Colocalization was not observed in the thalamus, where Fos- and GAD-positive neurons 
were segregated in the midline/intralaminar and reticular nuclei, respectively. Neither 
did other subcortical and cortical structures that contained both markers display 
significant collocalization. To probe the functional impact of GABAergic mechanisms 
on stress-related neurons we used microdialysis probe to infuse the GABA-A receptor 
agonist muscimol and the benzodiazepine chlordiazepoxide to the PVN prior to and 
during stress. Both drugs significantly reduced the number of neurons displaying stress- 
induced Fos-ir on the side ipsilateral to the infusion. These results suggest that stress 
invokes activation of inhibitory as well as excitatory circuits and points to local 
GABAergic neurons as a major source of inhibitory drive to the PVN during stress. 
(Supported by HHMI and NS-21182)

544.12
ACUTE STRESS INCREASES MINERALOCORTICOID RECEPTOR 
LEVELS IN RAT BRAIN. A. Gesing*, S. Bicking, A.C.E. Linthorst and 
J .M H .M . Reul. Max Planck Institute o f Psychiatry, Section 
Neuropsychopharmacology, D-80804 Munich, Germany

After stress, appropriate neuroendocrine (eg. hypothalamic-pituitary- 
adrenocortical (HPA) axis), autonomic and behavioral responses are generated 
at the level of the central nervous system. The mineralocorticoid receptor (MR) 
and the glucocorticoid receptor (GR) are glucocorticoid-dependent transcription 
factors which play a critical role in the regulation o f these responses. MRs are 
mainly localized in extrahypothalamic regions such as the hippocampus, 
whereas GRs are ubiquitously distributed. However, it is currently unknown 
whether, and if yes, how the concentration o f these receptors is regulated after 
acute stressful challenges and which neural factors are involved in this 
regulation. Therefore, we investigated the effect of acute forced swimming on 
the levels of MR and GR in various brain regions. Short-term adrenalectomized 
rats were exposed to a 15 minutes swim stress and killed 24 h thereafter. 
Receptor binding analyses revealed a marked stress-induced upregulation of MR 
(+20-25%) in the hippocampus, frontal cortex and amygdala, but no changes in 
the hypothalamus. GR levels were not affected in any of the brain regions tested. 
No changes were found in MR and GR binding affinities. Preliminary time 
course analyses revealed that the stress-induced increase in MR manifested 
within 10 h and remitted between 24 and 48 h after stress exposure. These data 
strongly suggest that during stress MR synthesis is stimulated in distinct regions 
o f the brain. We postulate that this is a novel mechanism showing an important 
role of MR in neuronal processes underlying stress-evoked physiological and 
behavioral responses.
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544.13
IDENTIFICATION OF THE GLUCOCORTICOID RECEPTOR β-FORM IN THE 
HUMAN HIPPOCAMPUS. R.H. De Rijk, F.J. Stem. M  Oitzl*. D.F. Swaab#. E. 
Vreugdenhil. N. Datson. E. Roovers##. E.R De Kloet and P.J. Lucassen. Psychiatric 
Hospital Endegeest, Oegstgeest & Medical Pharmacology, LACDR, Leiden 
University, #Netherlands Institute for Brain Research, Amsterdam, PE Applied 
Biosystems, Nieuwerkerk a/d IJssel, The Netherlands.
Central corticosteroid-resistance may underly changes in hypothalamic-pituitary- 
adrenal axis (HPA) activity as found in aging, Alzheimer’s disease and depression. 
Both high affinity mineralocorticoid (MR) and low affinity glucocorticoid receptors 
(GR), present in the hippocampus, are involved in HPA-axis feedback regulation. So 
far however, the mechanism underlying glucocorticoid resistance in these conditions 
is unknown. Two alternative splicing products of the GR are known; the ligand 
binding, "classic" GRα, and the non-ligand binding GRβ  Recently, it was shown in 
vitro that excess GRβ exerts a transdominant negative effect on GRα  Controversy 
exists, however, about GRα function and the relative amounts of G Ra and GRjα in 
vivo. For example, GRα is not detected in mice, while in various human tissues the 
ratio GRα/GRβ is subject to discussion. Since the presence of GR in human brain 
regions involved in HPA-axis regulation was unknown, we isolated mRNA from 
postmortem human hippocampal tissue and performed cDNA synthesis. Subsequent 
PCR and sequencing identified the presence of both the G Ra and GRβ . In addition, 
real-time PCR-analysis (ABI 7700, Perkin-Elmer) suggested approximately equal 
amounts of GRα  and GRβ in human lymphocytes.

In conclusion, we established for the first time the presence of both GRα  
and GRβ in human postmortem hippocampal tissue. Furthermore, our data suggest 
equal amounts of GRα  and GRβ-mRNA in lymphocytes.

Tissue was obtained from the Netherlands Brain Bank (Coordinator: Dr. R  
Ravid). This work was supported by NWO (# 903-43-132 to PJL) and the Dutch MS 
Foundation (# MS 96-222 to RHdR, e-mail: rijk.r@LACDRLeidenUniv.nl).

544.15
BLOCKADE OF MINERALOCORTICOID RECEPTORS INCREASES 
HIPPOCAMPAL CELL DEATH FOLLOWING KAINIC ACID 
TREATMENT D.L. McCullers* and J.P. Herm an. Dept. o f Anatomy & 
Neurobiology, University o f Kentucky Medical Center, Lexington, KY 
40536.
The neuronal mineralocorticoid receptor (MR) appears to play a role in 

the regulation o f neuronal cell death and cell viability. In support of this 
hypothesis, previous studies from our laboratory demonstrated a decrease 
in basal bcl-2 mRNA expression in hippocampal regions CA1 and CA3 
following MR blockade, indicating an MR requirement for maintenance o f 
normal levels of bcl-2 mRNA in pyramidal cell populations. To directly 
test the hypothesis that the MR protects hippocampal neurons from toxic 
challenge, the present study was designed to determine the effects of the 
MR antagonist spironolactone (SPIRO) on cell survival under basal 
conditions and following excitotoxic challenge with kainic acid (KA). 
Groups o f rats were pretreated with SPIRO or propylene glycol (steroid 
vehicle) and injected with KA or saline vehicle. Perfusion-fixed, paraffin- 
embedded sections stained with cresyl violet were then assessed for the 
presence o f pyknotic profiles, based on dark staining and irregular cellular 
morphology. Preliminary counts verified the expected increase in cell 
death following KA treatment. In addition, a differential increase in KA- 
induced cell death was observed in SPIRO-treated animals, consistent with a 
MR-mediated protective role for corticosterone. SPIRO treatment did not 
promote cell death in vehicle-injected rats. As MR receptor blockade alters 
bcl-2 mRNA expression in hippocampal pyramidal neurons and appears to 
selectively endanger these cells when exposed to subsequent challenge, 
these results suggest a neuroprotective role for the MR which may be 
related to regulation o f neuroprotective gene products such as Bcl-2. 
Supported by  AG 12962.

544.14
REGULATION OF GENE EXPRESSION AND TRANSCRIPTION 
FACTOR DNA BINDING BY NEURONAL MINERALOCORTICOID 
RECEPTORS IN VITRO. K.J. Sipe* and J.P. Herman. Dept. of Anatomy 
and Neurobiology, University of Kentucky, Lexington, KY 40536-0084.

Corticosteroid (CORT) exposure has been associated with increased 
oxidative damage to neurons, cognitive impairment, and decreased 
neuronal ability to withstand various challenges. However, CORT is 
required for survival o f hippocampal granule cells and pyramidal cells. 
We are using primary fetal hippocampal cultures to test the hypothesis that 
the high affinity, low capacity mineralocorticoid receptor (MR) mediates 
survival-promoting effects of CORT. Because MR and GR are at high 
concentrations in the hippocampus, primary hippocampal cultures are a 
good model for studying the relative contributions o f  these receptors to 
protective and deleterious CORT actions. Distinction between neuronal 
and glial responses is also facilitated by the predominantly neuronal 
composition of these cultures. MR specific agonists and antagonists were 
used to assess receptor specific effects on gene transcription and protein 
binding to transcription factor response elements. Treatment with the MR 
antagonist, spironolactone (SPIRO) decreased actin and cyclophilin mRNA 
levels without affecting cell number, indicating a general decline in 
transcription on MR inhibition. These observations are intriguing in the 
context of in vivo studies, performed in this lab, demonstrating a loss o f  
bcl-2 mRNA in hippocampal pyramidal cells of SPIRO treated animals. In 
hippocampal cultures treated with the MR agonist, aldosterone (ALDO), we 
noted an increase in protein binding to a consensus NF-kB response 
element. This increase was attenuated by addition o f SPIRO. It is our 
conclusion that these initial findings suggest the MR plays a role in 
maintaining transcriptionally regulated protective mechanisms in 
hippocampal neurons.

Supported by AG 12962 and T32 AG00242.

544.16
GLUCOCORTICOID RECEPTOR (GR) FUNCTION IN SQUIRREL 
MONKEYS. SELECTIVE INHIBITON OF GR SYNTHESIS. P.D. P ate l1, 
H. Akil1, S.J. Watson1, D.M. Lyons2, A.F. Schatzberg2. Mental Health 
Research Institute, Dept. of Psychiatry, University o f Michigan Medical 
Center, Ann Arbor, MI 4 0 5 ;  Nancy Pritzker Laboratories, Dept. of 
Psychiatry, Stanford University Medical Center, Stanford, CA 94305.

Squirrel monkeys exhibit unusually high glucocorticoid levels. This has 
been thought due to "desensitization" o f the glucocorticoid receptor. We 
cloned squirrel monkey GR cDNA and expressed it in COS cells, 
demonstrating that the cDNA yields a "normal" receptor in this cell line. 
However, neither squirrel monkey nor human GR cDNAs direct the 
expression o f a functional GR molecule in primary cultured cells from 
squirrel monkey kidney. We demonstrated by concurrent Western and 
Northern analysis that these cells are entirely competent to synthesize an 
unrelated protein (p-galactosidase) from the CMV promoter, but fail to do 
so when linked to GR cDNA. The alteration appears to lie at the level of 
GR mRNA synthesis and/or stability. The most salient feature of this study 
is that, contrary to previous studies, the GR does not appear to be 
functionally "desensitized", but rather is actively inhibited from synthesis. 
The failure of SMK cells to synthesize GR can be marginally overcome by 
transfection of large amounts of GR cDNA - suggesting that the inhibitory 
mechanism is saturable. Further studies will be needed to confirm the site 
o f the alteration, but the process may evince a novel mechanism for 
regulation o f GR signal transduction. Supported by a  grant from the 
Pritzker Foundation.

_________________________________________________________HPG REGULATION IV

545.1 545.2
EFFECTS OF PHOTOPERIOD ON THE GnRH NEURONAL SYSTEM AND 
PITUITARY OF MALE PRAIRIE VOLES (MICROTUS OCHROGASTER). L.J.
Kriegsfeld*, D.L. Drazen, and R.J. Nelson. Behavioral Neuroendocrinology Group, 
Departments of Psychology and Neuroscience, The Johns Hopkins University, 
Baltimore, M D21218, USA.

Animals inhabiting nontropical habitats initiate many behavioral and physiological 
adaptations in advance of winter to promote survival. Central among this suite of 
winter-coping strategies is the cessation of breeding during winter. Animals use 
photoperiod to time seasonal adjustments, including reproduction, appropriately. Male 
prairie voles (Microtus ochrogaster) vary in their reproductive response to photoperiod. 
When maintained in short day lengths in the laboratory, some male voles undergo 
complete gonadal regression (responders), while others fail to inhibit reproduction (non
responders). Presumably, this variation in responsiveness to photoperiod reflects 
differential breeding activities in nature. Although this variation in responsiveness to 
extrinsic factors is critical to reproductive success, the neuroendocrine mechanisms 
governing this differential response to photoperiod have not been investigated in this 
species. Photoperiod may act directly at any or all levels of the hypothalmo-pituitary- 
gonadal axis to regulate reproduction; the present study investigated the contribution 
of the gonadotropin-releasing hormone (GnRH) neuronal system and pituitary 
responsiveness to GnRH to the variable reproductive response to photoperiod. Male 
voles were exposed to either long or short day lengths for 10 wk. Male voles that 
underwent gonadal regression in response to short days, increased the number of GnRH 
neurons in the preoptic area/anterior hypothalamus relative to both long-day, 
reproductively-competent voles, and short-day voles that maintained reproductive 
function. Data will also be presented on the role of pituitary responsiveness to GnRH 
in this variable reproductive response to photoperiod. Supported by NICHD grant 
57535.

FURTHER EVIDENCE THAT THE PEPOA PARTICIPATES IN THE 
ACTIVATION OF LHRH NEURONS AT THE TIME OF THE LH SURGE.
W-W. Le* L. Coolen. P.M. Wise, and G.E. Hoffman. Dept. Anatomy & 
Neurobiology, Univ. Maryland, Baltimore, MD, 21210 and Dept. 
Physiology, Univ. Kentucky, Lexington, KY 40536.

Neurons of the periventricular preoptic area (pePOA) possess 
receptors for both estrogen (ER) and progesterone (PR), provide 
afferent input to LHRH neurons, and are coordinately activated with 
LHRH neurons at the time of the proestrous LH surge. Activation of 
both systems is attenuated in aged cycling rats whose LH surges are 
reduced. In the present study we questioned whether the relationship 
between LHRH and pePOA activation was maintained in middle-aged 
rats whose surges were induced by exogenous hormones. To answer 
this question, we examined Fos staining in pePOA and LHRH 
neurons in young (3-4 month old) and middle-aged (10-12 month old) 
ovariectomized rats given estrogen (E2) and progesterone (P) to 
induce an LH surge. Like in the cycling rats, we observed parallel 
reductions in pePOA and LHRH Fos activation during the LH surge in 
the older animals. This raised the question of whether the pePOA 
neurons actually evoked activation of LHRH neurons or were 
activated in parallel with the LHRH neurons. A group of young adult 
ovariectomized rats were thus given injections of the excitotoxin 
ibotenic acid stereotaxically placed into the POA. LH surges were 
then evoked with E2/P treatment one week later and the animals 
were killed at the time of the induced LH surge. The brains were 
processed for localization of Fos and LHRH. Lesions encompassing 
the pePOA blocked the activation of LHRH neurons on the side of the 
lesion; lesions placed more laterally within the POA sparing the 
pePOA failed to affect LHRH activation. Together these data provide 
further support that the pePOA evokes LHRH activation during an LH 
surge. (Supported by NS 28730 and AG 02224).
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545.3
QUANTIFICATION OF GONADOTROPIN RELEASING HORMONE (GnRH) 
mRNA IN THE MALE SYRIAN HAMSTER DURING PUBERTY. D.B. 
Parfitt*. H.N. Richardson, R.D. Romeo, A.M. Wissman, and C.L. Sisk. 
Neuroscience Program and Dept. Psychology, Michigan State University, East 
Lansing, MI 48824.

Pubertal maturation results in a decrease in the number of rostral forebrain GnRH 
immunoreactive (GnRH-ir) neurons in adult male hamsters compared to juveniles. 
No decrease in GnRH protein is observed in caudal populations of GnRH neurons 
during puberty (Richardson, et al., SFN Abstracts, 1997). We hypothesize that the 
pubertal decrease in rostral GnRH-ir cells is the result of increased GnRH secretion 
during puberty, and is not due to a decrease in GnRH protein synthesis in rostral 
populations of GnRH cells. If so, the number of rostral GnRH neurons expressing 
GnRH mRNA should be the same or greater in adults compared to juveniles. To 
test this prediction, brains and terminal blood samples were collected from 21-day- 
old prepubertal males (n=5) and 56-day-old postpubertal males (n=5). Alternate 10 
(im coronal sections from fresh-frozen brains were collected through the septo- 
hypothalamic region, and sections were processed for in situ hybridization 
histochemistry using an 35S-riboprobe complementary to hamster GnRH 
(generously donated by Dr. Heiko Jansen, Univ. Cincinnati). Plasma testosterone 
concentrations were significantly higher in adults compared to juveniles (3.6±0.7 
vs. 0.2±0.1 ng/ml, respectively). In rostral brain regions, there was a trend toward 
an increased number of GnRH mRNA expressing cells in adults compared to 
prepubertal males (63.8±5.2 vs. 46.6±10.7 cells, respectively). There was no 
pubertal change in the number of GnRH mRNA expressing cells in caudal 
populations of cells (9.2±1.9 in adults vs. 10.6±13.0 in juveniles). These data 
support the hypothesis that the pubertal decrease in rostral populations of GnRH-ir 
neurons is not due to a decrease in GnRH synthesis and could indicate increased 
release of GnRH from these cells during puberty. Supported by NIH HD26483.

545.5
CASTRATION RAPIDLY DECREASES HYPOTHALAMIC GABA 
TURNOVER RATES IN BOTH MALE AND FEMALE RATS. M.-J. 
Yoo1 .R.V. S e a r ls 1, J.-R. He*,D.R. Grattan2 and M. Selmanoff1*. 1center 
for Studies in Reproduction, Department of Physiology, University o f 
Maryland School of Medicine, Baltimore, MD 21201-1559; 2d ep a rtm en t 
of Anatomy and Structural Biology, School o f Medical Sciences, 
University of Otago, Dunedin, New Zealand.

While pulsatile LH increases significantly by 24 h in both male and 
female rats, both the rates and magnitude of increase is much greater in 
males. Hence, we compared the timing and magnitude of the 
postcastration decreases in GABA turnover which are associated with this 
sexually dimorphic postcastration LH response. Adult male rats and 4- 
day cycling female rats were castrated between 0800 and 1000 h (females 
ovariectomized on diestrus day 1). GABA turnover was determined in 16 
hypothalamic structures by the GABA transaminase inhibition method at 
0 h (sham operated), 6 h, 12 h and 1 ,2 ,4  and 6 days postcastration.

In male rats, in the diagonal band o f Broca at the level of the organum 
vasculosum of the lamina terminalis [DBB(ovlt)], the rate of GABA 
turnover decreased significantly already by 6 h postcastration (14.4 ± 3 .1  
ng GABA/µg protein/h) compared with 0 h controls (44.2 ± 9.2 ng 
GABA/µg protein/h), and remained suppressed through 6 days. This rapid 
down-regulation o f DBB(ovlt) GABAergic neurons also occurred in 
female rats, however, the magnitude of the decrease was not as great as in 
male rats. Similar changes occurred in the tuberoinfundibular 
GABAergic (TIGA) neurons projecting to the median eminence, but not 
in other hypothalamic or control structures. These findings suggest that 
specific hypothalamic populations o f sex steroid-addressed GABAergic 
neurons play at least a permissive role in generating the postcastration LH 
responses in both male and female rats. (Supported by NIH grants ROl 
HD-21351-14, FO6 TW-02245-01 and T32 NS-07375-05).

545.7
HIERARCHICAL ORGANIZATION OF BILATERAL NEURONS IN THE 
SECOND SOMATOSENSORY CORTEX OF AWAKE MACAQUE MONKEYS 
M. Taoka1. T. Toda1, A. Iriki12. M. Tanaka1 and Y, Iwamura1*. 'Dept. of Physiology, 
Toho Univ. Sch. of Med.; 2PRESTO, Jpn. Sci. Technol. Corp.; Tokyo 143-8540, 
Japan.

It has been proposed that the second somatosensory cortex (SII) is hierarchically 
higher than the primary somatosensory cortex (SI). One o f reasons for the proposal is 
the presence o f neurons with bilateral receptive fields (RFs) in SII. However, 
bilateral neurons are not specific to SII. They were found in the caudal part o f the 
postcentral gyrus in rather systematic way (Iwamura et al. 1994,1995; Taoka et al. 
1997, 1998). Thus this study was undertaken to examine bilateral RFs o f single 
neurons recorded in SII and to compare them with those of SI in awake macaque 
monkeys. The SII area was defined by determining its histological borders to the 
adjacent cortical areas. A total o f 1733 neurons were isolated from six hemispheres 
of four animals. RFs were not determined in 45% isolated neurons. Among RF- 
identified neurons (N=953), 65 % were bilaterally driven (N=621). Their RFs were 
classified into four categories based on their positions, the forelimb (including the 
shoulder joint), the hindlimb, the head (including the face and mouth) and the trunk 
(including the neck). Among 621 bilateral neurons, 63% (N=393) were the single 
locus type (RF confined within one o f four categories) and 37% (N=229) were the 
combined type (RF covering more than one RF category). Neurons o f the single 
locus type with RFs confined within the head were found in the anterior portion of 
SII while those*with RFs confined within the hindlimb were found in the posterior 
portion. The single locus type confined within the forelimb was found being scattered 
in the middle portion. Neurons with the combined type RFs were found in wide range 
of SII except for those with RFs covering three (N=47) or four (N=56) RF categories 
which had an additional cluster in a restricted area. The presence o f combined type 
bilateral neurons is unique to SII and we postulate that they emerge in SII as the 
results o f integration o f information coming from several different body parts.

Supported by the Ministry o f Education, Science and Culture o f Japan and by 
Japan Society for the Promotion o f Science.

545.4
STEROID FEEDBACK DELAYS PUBERTY IN MALE SIBERIAN HAMSTERS. 
T. R. Pak, K. Henderson, and G. R. Lynch*. Dept. of Environmental, Population and 
Organismic Biology, University of Colorado; Boulder, CO 80309-0334.

In some mammalian species, testosterone (T) delays the onset of puberty through a 
feedback mechanism that ultimately affects the GnRH neurons. This study had two 
objectives: 1) To determine if different doses of T influence puberty onset in male 
Siberian hamsters (Phodopus sungorus sungorus); and 2) to determine if estradiol 
(E2), 5a-dihydroxytestosterone (DHT), and corticosterone (B) affect puberty. 
Hamsters were lab-reared under a long-day photoperiod (16L:8D) at 21°C. In the 
first study, the dosage of T was manipulated by changing the length of the silastic 
capsule or the thickness of its wall (1 mm or 4 mm length with a 0.019 inch thick 
wall or a 1 mm length with a 0.047 inch thick wall). Capsules were filled with 
crystalline T or left empty, sealed at the ends with silicone glue, and subcutaneously 
implanted in 20 day-old hamsters. After 15 days, the 30 hamsters were killed, a 
blood sample taken to determine circulating LH, and paired testes weight 
determined. Increasing dosages of T (1 mm, 0.047 wall; 1 mm, 0.019 wall; 4 mm, 
0.019 wall) resulted in decreased mean (±SEM) testes weight (154+30* mg, 72±12*, 
35±6*, respectively; *p < 0.05) relative to the control group implanted with a blank 
capsule (390+55 mg). This latter value is similar to mean testes weight for 35 day- 
old, untreated hamsters (477±64 mg). In the second study, 30 hamsters were 
implanted with 4 mm capsules (wall thickness = 0.019) containing either E2, DHT 
or B. A pronounced decrease in testes weight was observed for E2 (66±5 mg) and 
DHT (24±1 mg), but not B (336±52 mg), relative to sham-implanted controls. DHT 
caused the greatest testicular regression, and testes weight in this group was 
substantially smaller than for E2 (p < 0.05). Given these results, DHT may be the 
most potent steroid regulating puberty in this species. One possible scenario is that 
circulating T is reduced to DHT within the target tissue, and that DHT suppresses 
gonadal growth. Supported by the University of Colorado.

5 4 5 . 6

THE ROLE OF cFOS IN NEURONAL INTERACTIONS MEDIATING THE 
OXYTOCIN-INDUCED LUTEINIZING HORMONE SURGE. D. J. Selvage 
and C. A. Johnston*. School o f  Pharm acy, D epartm ent o f 
Pharm aceutical Sciences, U niversity o f M ontana, M issoula, MT 
59812-1075.

The central injection o f oxytocin (OT) to cycling female rats 
on the ea rly  a fternoon  (1500  h r)  o f  p ro e s tru s , o r to 
o v a riec to m ize d , fem ale  ra ts  tre a te d  w ith  e s tra d io l and 
progesterone in a m anner to mim ic levels o f those hormones 
seen on the afternoon o f  p roestru s , resu lts  in a surge of 
lu te in iz in g  horm one (LH ) w hich  c lo se ly  resem b le s  the 
endogenous LH surge seen in the late afternoon o f  proestrus. 
Because specific changes in cFO Sir have been reported during 
the p reovulatory  LH surge, changes in  cF O Sir have been 
exam ined  fo llow ing  the cen tra l in jec tio n  o f  OT on the 
afternoon of proestrus in cyling fem ale rats to  determ ine if OT 
causes changes in cFO Sir sim ilar to that associated  with the 
preovulatory LH surge. The anatom ical location  o f the cFOS 
changes occuring in response to central OT injection has also 
been determ ined. In add ition , im m unocy tochem ical m ethods 
fo r cF O Sir and several n eu ro tran sm itte rs  p roposed  to be 
involved in the generation o f the preovulatory LH surge were 
com bined  in an a ttem p t to id e n tify  the  n e u ro ch em ical 
m ediators o f the OT effects on LH secretion. Com parisons will 
be p resen ted  fo r cF O S ir w ith  g a la n in , b e ta -e n d o rp h in , 
co rtico tro p in  re leas ing  horm one , gam m a bu ty ric  ac id  and 
vasoactive intestinal peptide im m unoreactivity . This work was 
supported by NIH IDEA grant, RR11796.

545.8
ADRENOMEDULLECTOMY PREVENTS SUPPRESSION OF PULSATILE LUTEINISING 
HORMONE RELEASE DURING FASTING IN FEMALE RATS. P. H. Strutton*. F. R. A. 
Caqampana. M.-L. Goubillon & C. W. Coen. Division of Biomedical Sciences, King’s College, 
London W C2R2LS, UK.

We have previously shown that oestradiol (E2) enhances the inhibitory effect of fasting on 
pulsatile luteinising hormone (LH) secretion in female rats (Cagampang et al. 1991); various 
types of pharmacological manipulation (Cagampang et al. 1992, Maeda et al. 1994) or sectioning 
of the gastric vagal afferents can restore the pulses (Cagampang et al. 1992). Since (1) fasting is 
a potent activator of the sympathoadrenal system and (2) adrenomedullectomy prevents the 
suppression of pulsatile LH secretion following insulin-induced hypoglycaemia (Cagampang et al. 
1997), we have investigated whether the adrenal medulla participates in the suppression of LH 
pulses in fasted animals. Adult female Wistar rats were ovariectomized and implanted 
subcutaneously with a Silastic capsule containing E2 two weeks prior to the fasting experiment. 
Rats subjected to this E2 treatment were shown to have E2 plasma levels that are within the range 
observed on dioestrus II of the rat oestrous cycle; pulsatile LH release was suppressed in these 
animals after fasting for 48h (Cagampang et al. 1991). Three weeks prior to the ovariectomy 
animals were either adrenomedullectomised or subjected to sham adrenomedullectomy. The 
adrenomedullectomised rats were provided with physiological saline instead of drinking water for 
the first two weeks after surgery and then returned to drinking water for the remainder of the 
experimental period. Ten to 12 days after ovariectomy and E2 treatment all animals were fitted 
with an indwelling atrial cannula and allowed to recover for a further 2 4  days. Fasted animals 
were deprived of food from 11.00h; forty-eight hours later blood samples (25 jil) were collected 
every 5 min for 6 hours using an automated system and assayed for LH. This period of fasting 
caused a significant suppression of the mean LH concentration (p<0.05) and LH pulse frequency 
(p<0.05). Adrenomedullectomy did not have any adverse effect on pulsatile LH release in the 
unfasted animals; this procedure did, however, prevent the inhibitory response of LH release to 
48h of fasting. These results suggest that in rats adrenomedullary factors play a significant role 
in the suppression of pulsatile LH release by fasting. Supported by die BBSRC.
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545.9
CHANGES IN GONADOTROPIN RELEASING HORMONE (GnRH) mRNA 
LEVELS AND CIRCULATING LH IN THE MIDDLE-AGED RAT DURING 
STEROID-INDUCED POSITIVE FEEDBACK. L. Jennes*, A. Centers and J. F. 
Hyde. Dept. Anat. & Neurobiol., Univ. Kentucky, Lexington, KY 40536  

Reproductive senescence in the female rat is characterized by a gradual 
decline in the regularity and height of the proestrous LH surge which is 
caused, at least in part, by a reduced GnRH release into the blood. In order 
to determine if reduced GnRH synthesis causes the decrease, we examined 
the amounts of GnRH mRNA in individual neurons with quantitative "in 
situ" hybridization. Regularly cycling young animals and irregularly cycling 
middle-aged animals were ovariectomized and treated after 2 weeks with 
sequential injections of estradiol and progesterone. RIA analyses of plasma 
LH levels show that in young animals LH levels rose from 5.7 ng/ml at 
1200 hours to 89 .2  ng/ml at 1600 hours before they declined to 40.4  
ng/ml at 2000 hours and returned to basal levels of 3 .8 ng/ml at 0800  
hours of the next day. Middle-aged animals had basal LH levels of 3.0  
ng/ml at 1200 hours, they rose to 12.4 ng/ml at 1600 hours and returned 
to 2.3 ng/ml at 2000 hours. The GnRH mRNA levels of young animals 
were low at 1200 and 1600 hours at 11 OD units, they rose slightly to 
14.7 OD units at 2000 hours before they returned to basal of 10 OD units 
by 0800 hours of the next day. In contrast, the basal GnRH mRNA levels 
of the middle-aged rat were higher at 14.5 OD units at 1200 hours, they 
rose to 21.6 OD units in the post-OVLT GnRH neurons by 1600 and to 
22.3 OD units in the OVLT-GnRH neurons by 2000 hours before they 
returned to 13.7 OD units by 0800 of the next day. The results suggest 
that in the middle-aged rat a reduction in GnRH mRNA levels is not evident 
and that other factors, such as changes in the timing and degree of GnRH 
mRNA regulation and/or in mRNA stability or translational efficiency are 
responsible for the decline in released GnRH. Supported by NIH AG 13444.

545.11
G EN D ER SPECIFIC APPOSITION OF SC N -D ER IV ED  V A SOPRESSIN - 
CO N TA IN IN G  AX ON S ON GN RH N EU RO N S IN TH E PREOPTIC AREA 
OF AD U LT RATS E.M . van der B eek*1. I.F. Palm1,2. T.L H orvath4 . J. 
Kastelijn1, V.M. Wiegant1,3 'Human & Anim Physiol, Agricult Univ, Wageningen, 
2Neth Inst Brain Res, Amsterdam and 3Rudolf Magnus Inst Neurosci, Dept Pharmacol, 
Utrecht Univ, the Netherlands; 4Dept OB&GYN, Yale Univ, New Haven CT, USA 

In rodents only fem ales posses a neurogenic m echanism  that allow s the 
activation o f  the GnRH system  by estradiol leading to the LH surge, w hile in 
m ales GnRH neurons are under tonic inhibition o f  circulating gonadal steroids. 
The SCN constitutes an essential com ponent for normal control o f  preovulatory 
LH secretion in the fem ale, and has direct, m onosynaptic connections with 
G nR H  neurons and estrogen receptor-containing neurons in the preoptic area, 
containing respectively VIP and vasopressin (AVP) as a putative transm itter. In 
the present study, we investigated the presence o f  a direct, AV P-containing 
connection betw een the SCN and G nRH neurons using double labeling 
im m unocytochem istry follow ing lesions o f  the SCN in m ale and fem ale rats. 
A V P-fibers regularly  showed apposition to a small sub-population o f  GnRH 
neurons in the preoptic area in both sexes. Q uantitative analysis dem onstrated 
that the percentage o f  GnRH cells contacted by A V P-containing fibers (AVP- 
GnR H ) was significantly  higher in m ales (19±0.8% ) com pared to fem ales 
(10±1.2% ; p<0.01). The percentage o f  A V P-G nRH  neurons was significantly  
reduced follow ing successful lesions o f  the SCN in both sexes (p<0.01). The 
present results clearly dem onstrate the SCN origin o f  this A V P-input on GnRH 
neurons in the preoptic area. W e hypothesize that the sexual d ifference in this 
S C N -derived A V P-G nRH  connection m ay be related to the gender specific 
regulation o f  LH release in rats.

545.13
PREN ATAL DHT D IFFEREN TIA LLY  M ASCULINIZES TO N IC AND 
SURGE M ODES O F LH  SEC R ET IO N  IN SH EEP. K.S. MasekU R.I. 
Wood2. D.L. Foster1*. Reproductive Sciences Program and Depts of Biology 
and Ob/Gyn, University of Michigan, Ann Arbor, MI 4V8109; 2Depts of 
Biology and Ob/Gyn, Yale University, New Haven, CT 06520.

The control of luteinizing hormone (LH) secretion in sheep is sexually 
differentiated. Whereas male lambs undergo a reduction in sensitivity to 
steroid feedback leading to an increase in tonic LH by 10 weeks of age, 
females remain hypersensitive until 30 weeks. Moreover, only females can 
produce a preovulatory LH surge. Experimentally, exposing the female lamb 
to testosterone prenatally masculinizes tonic LH and abolishes the LH surge 
postnatally. However, the type of steroid involved is not known because 
testosterone can be converted to estradiol or dihydrotestosterone (DHT). This 
study tested the hypothesis that DHT m asculinizes tonic LH without 
defeminizing the LH surge. Pregnant ewes were treated with DHT (800, 400, 
or 200 mg/week) during the critical period for sexual differentiation (Days 30- 
90; 145 days is term). Androgenized females (800 mg: n=5, 400 mg: n=4, 200 
mg: n=5), and control males (n=7) and females (n=9), were gonadectomized 
at 4 weeks of age and implanted with a Silastic estradiol capsule to produce a 
constant steroid feedback signal. A sustained rise in tonic LH from infrequent 
blood samples (2x/week) reflects reduced responsiveness to steroid inhibition. 
In males, tonic LH secretion increased at 6.7±0.5 weeks (mean±SEM). LH 
secretion increased in DHT-treated females at the same time (800 mg DHT: 
10.7±3.9 weeks, 400 mg DHT: 9.9±5.9 weeks, 200 mg DHT: 7.1+4.9 weeks), 
significantly earlier than in control females (29.1±0.8 weeks, p<0.05). After 
puberty, estradiol induced LH surges in 8/9 control females and 11/12 DHT- 
treated females, but not in any control males. These results support the 
hypothesis that neural systems governing the postnatal secretion of tonic LH 
are masculinized by androgen prenatally, but those responsible for the LH 
surge are sensitive only to estrogen. Supported by USDA (96-01852).

545.10
ESTRADIOL COUPLING TO ENDOTHELIAL NITRIC OXIDE 
STIMULATES GnRH RELASE FROM  RAT MEDIAN EM INENCE VIA A 
MEMBRANE R E C E PT O R  V. Prevot1. D. Croix1. C M. Rialas2. G.L. 
Fricchione2,3. G.B. Stefano2,3 and J.C. Beauvillam1*. lINSERM, U422, Unite de 
Neuroendocrinologie et Physiopathologie Neuronale, Place de Verdun, 59045 Lille 
Cedex, France;2 Neuroscience Research Institute, State University o f New York at 
Old Westbury, NY 11568, U SA ;3 Division of Psychiatry, Harvard Medical School, 
Brigham and Women's Hospital, 75 Francis Street, Boston, MA 02115, USA.
The median eminence (ME), which is the common termination field for 
adenohypophysiotropic systems, has been shown to produce nitric oxide (NO), a 
signaling molecule involved in neuroendocrine secretion. Using an ex vivo 
technique, 17β-estradiol exposure to ME fragments, including vascular tissues, 
stimulated NO release within seconds in a concentration-dependent manner whereas 
17a-estradiol had no effect. 17β-estradiol conjugated to bovine serum albumin (E2- 
BSA) also stimulated NO release, suggesting mediation by a membrane surface 
receptor. Tamoxifen, an estrogen receptor inhibitor, antagonized the action o f both 
17β-estradiol and E2-BSA. This estradiol-stimulated NO induces GnRH release. 
Hemoglobin (a NO scavenger), L-NAME and L-NTO (NOS inhibitors) inhibited the 
estradiol stimulated NO and GnRH release. Inhibitory effects o f L-NIO were 
obtained at low concentrations suggesting that the NOS implicated in this NO 
release is endothelial constitutive NOS. Additionally, the NO-stimulated GnRH 
release occurs via guanylyl cyclase activation in GnRH nerve terminals since ODQ, 
a potent and selective inhibitor o f NO sensitive guanylyl cyclase, abolished the 
estradiol-stimulated GnRH release. The results suggest that at physiological 
concentrations, 17β-estradiol may have immediate actions on ME endothelial cells 
via nongenomic signaling pathways leading to NO stimulated GnRH release. This 
supports implication o f endothelial cells in neurohormonal regulations. (Supported 
by NIMH COR 17138, NIDA 09010, GBS, NIH fogarty INT 00045, University of 
Lille II, FEDER, LARC network and CHRU of Lille).

545.12
DOES A HEPATIC GLUCOSE SENSOR REGULATE PULSATILE 
GONADOTROPIN-RELEASING HORMONE (GNRH) SECRETION IN SHEEP? 
T. Tanaka1*. K-I. Maeda2. H. Tsukamura2. S. Ohkura3. D.C. Bucholtz4. S. 
Nagatani4. D.L. Foster4 . 1 Lab, of Vet. Reprod. Tokyo Univ. of Agri. & Tech: 2 
Lab. of Anim. Reprod., Nagoya Univ.; 3 Primate Res. Inst., Kyoto Univ.; 4 Reprod. 
Sci. Prog., Univ. of Mich., Ann Arbor, MI 48109-0404 

GnRH secretion is influenced by glucose availability. We tested the hypothesis 
that hepatic glucose sensors are important in the regulation of GnRH secretion. 
Castrated male sheep (n=5, 1 year of age) with a catheter placed in the ileocolic vein 
were used to determine the effect of the local injection of 2-deoxyglucose (2DG) into 
the hepatic portal vein on pulsatile luteinizing hormone (LH) secretion. Blood 
samples were collected at 10-min intervals, and a single dose 2DG (50 or 10 mg/kg) 
was administered to hepatic portal vein through the catheter. As a control, the same 
doses or a higher dose (250 mg/kg) of 2DG were administered into a jugular vein on 
different days. Comparisons of the patterns of LH were made before (-2-0 h) and after 
(0-2 h) 2DG treatment. LH pulse frequency was suppressed by the injection of 250 
mg/kg of 2DG into the jugular vein in all animals. Injection of 50 mg/kg 2DG into 
the portal vein or into the jugular vein suppressed LH pulse frequency in 3 of 5 
animals, but the injection of 10 mg/kg of 2DG did not affect LH secretion in either 
treatment. Clear feeing  behavior was shown in animals given 50 mg/kg of 2DG 
into portal vein but not after administration of 10 mg/kg. Plasma insulin was 
increased by the injection of 50 mg/kg of 2DG in either treatment; the percent 
increase in insulin concentration by jugular treatment was significantly (p<0.05) 
higher than that by portal injection, suggesting that 2DG injected into hepatic portal 
vein was taken up by the liver. One interpretation of these results is that LH 
suppression after injection of 50 mg/kg 2DG into portal vein might be induced by 
its local action on the liver (reduction of hepatic glucose availability); LH 
suppression after injection into the jugular vein might be caused by the combined 
action of 2DG on liver and at other site(s), the area postrema for example. On the 
other hand, it is possible that a small amount of 2DG spilled over from the liver 
acted on the other site(s) to suppress LH secretion, because insulin was slightly 
increased after hepatic portal injection of 50 mg/kg of 2DG. This study is still in 
progress to resolve whether the liver is an important glucose sensor. (Supported by 
NIH HD-18394 and 18258)

545.14
EX PRESSIO N  OF EC 3.4.24.15 DU RING D E V ELO PM EN T IN 
THE RODENT. J.W. Tullai*. T.J. Wu. A. PierottiL J.L Roberts. M.J. 
Glucksman and J.E. Pintar2. Fishberg Research Center for Neurobiology, Mount 
Sinai School of Medicine, New York, NY 10029; 'Glasgow Caledonian 
University, Glasgow, G4 OB A, and 2departm ent of Neuroscience and Cell 
Biology, UMDNJ-RWJMS, Piscataway, NJ 08854.

It is now known that peptidases are involved in the normal development of 
the central nervous system. Endopeptidase EC 3.4.24.15 (EP24.15) is a soluble 
metalloenzyme whose expression is broadly distributed in the brain and in the 
pituitary with a cellular localization (nuclear and/or cytoplasmic) in both neurons 
and glia. This enzyme is involved in the metabolism of several neuropeptides. 
Our laboratory's interest in this enzyme involves the processing of GnRH and in 
particular, the cleavage at the central Tyr5-Gly6 bond. The post-cleavage GnRHi- 
5 product is sighificant for its purported role as an antagonist of NMDA receptor 
function. Previous studies in our laboratory have shown that it is colocalized 
with approximately 50% of GnRH neurons in the adult rat as well as within the 
GnRH terminal field. Here, we describe the developmental expression of 
EP24.15 in sections or whole-mounts of the nervous system of the developing 
and adult mouse using in situ hybridization histochemistry and 
immunocytochemistry. Cells containing EP24.15 are detected as early as E9.5 
and are located distinctly in the telencephalic vesicle, and within somites.
EP24.15 is present in the olfactory placode and continues to be expressed within 
the nasal septum after placodal closure. By E12.5, EP24.15 is expressed in the 
diencephalon and the tectum as well as the dorsal root ganglia. Generally, 
EP24.15 exhibits its adult distribution by E l6.5. The data suggests that the 
distribution of EP24.15 is strongly correlated with that of GnRH neurons in the 
brain throughout development while suggesting possible roles in developing pain 
pathways. Supported by DA08622 (JEP).
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545.15
EFFECTS OF NALOXONE ON THE SERUM LH LEVEL 
AND THE NUMBER OF FOS POSITIVE GNRH
NEURONS IN IMMATURE FEMALE RATS.
Deqin H e1-2. Dai M itsushim a1 Toshiya Funabashi* 1. Tsuguo 
Uemura2, and Fukuko K im ural D ept. o f P hysio logy1, D ep t. o f 
Gynecology and O bstetrics2, Y okoham a City University School o f 
Medicine, Y okoham a 236-0004, Japan

To examine the effects of naloxone (NAL) on the serum 
luteinzing horm one (LH) level and the num ber of Fos positive GnRH 
neurons in im mature and mature fem ale rats, blood sampling and double 
iinmunocytochemistry fo r Fos protein and GnRH  were performed in the 
prepubertal (postnatal d l6 ) , peripubertal (postnatal d25 and d30) and 
adult female rats. For the histological study, rats were perfused with 
4% paraform aldehyde-PB , 1.5 to 2.5 hours after the subcutaneous 
injection of N A L (2.5 mg/kg). The incubation and staining for all rats 
were performed sim ultaneously. H alf hour after the injection o f NAL 
serum concentrations o f LH increased in all the age-groups and the 
response of d l6  group was m uch greater than those in the d25, d30 and 
adult groups (p <  0.01). C onversely, Fos-positive G nRH  neurons 
were rarely observed in d l6  (N =5) and d30 (N =5) group, but some Fos 
positive GnRH neurons were consistently observed in the adult group 
(N=4). The num ber o f Fos positive GnRH  neurons in d 16 and d30 
group was significantly less than that in the adult group (N=4). These 
results suggest that the opioid receptor-mediated mechanism to inhibit 
LH secretion in im mature fem ale rats seems to be different from that in 
mature fem ale rats.

545.17
EVIDENCE OF AN ANDROGEN SPECIFIC STEROID RECEPTOR IN THE BRAIN 
OF FISH (GENUS XIPHOPHORUS). A G. Bottalico1. L. Magliulo-Cepriano2. M.P. 
Schreibman1*. 1Graduate Center and Brooklyn College, City University of New York; 
2State University of New York, Farmingdale.

Using both enhanced chemiluminescence (ECL) Western blot analysis of brain 
protein extracts and immunohistochemistry, the presence and distribution of androgen 
specific steroidal receptors in the brain and pituitary gland of two species of teleosts, X. 
maculatus (platyfish) and X. helleri (swordtail) has been determined. Following standard 
Western blotting and ECL protocols, we have demonstrated that an affinity-purified, 
polyclonal antibody (Santa Cruz Biotechnology) generated against an epitope 
corresponding to amino acids 2-21, mapping at the amino terminus of the androgen 
receptor (AR) of human origin, is capable of recognizing an androgen specific steroidal 
receptor inXiphophorus. Western blot analysis of an SDS polyacry lamide gel indicates 
that the AR antibody specifically recognizes a single intensely labeled band from a brain 
protein extract. This antibody was also utilized to immunohistochemically localize the 
AR in sagittal sections of the brain and pituitary' gland, using the avidin-biotin-peroxidase 
technique. Controls for both Western blot analysis and immunohistochemistry included 
the (1) removal of primary antibody and replacement with buffer; (2) removal of 
secondary antibody and replacement with buffer; (3) preabsorbtion of primary antibody 
with a 10-fold excess with antigen. The absence of specific staining during Western 
analysis and immunohistochemistry with these controls confirms the specificity of this AR 
antibody. Longitudinal developmental studies of AR expression in the brain and pituitary 
gland of animals at key stages o f reproductive system development will now be extended 
to firmly establish the general patterns of AR expression and their regulatory role during 
reproductive system maturation. [Supported by BARD (IS-2149-92) and NASA (NCC2- 
963) to MPS.]

545.19
EFFECTS OF AGE ON TH E N U M B ER  OF ESTRO G EN  RECEPTO R- 
IM M U NO RE A C TIV E N EU RO N S IN TH E M EDIA L PR EOPTIC 
NUCLEUS OF M ALE AN D FEM A LE RA TS. M .D , M adeira*. J.P. Andrade. 
S. Leal and M .M . Paula-B arbosa. D ept. o f  Anatomy, Porto M edical School, 
Porto 4200, Portugal.

W e have previously shown that aging leads to an increase in the volume o f 
the medial preoptic nucleus (M PN) in rats o f  both sexes. The increase is more 
m arked in males than in females and, thus, the sexual dimorphism in the 
volume o f  M PN is annulled by aging. Because the variations in the volume o f 
M PN m irrored the enlargement o f  its neurons we hypothesized that they could 
be ascribed to the age-associated variations in the levels o f  receptors for 
gonadal steroids. Thus, we have estimated the total num ber o f  estrogen 
receptor-im m unoreactive neurons (ER-IR) in the M PN o f  male and female rats 
aged 24 m onths and com pared the results with those from 6-month-old rats. 
The sections were incubated in anti-ER antibody (ER-21, gift from Dr. G. 
Greene) and the total num ber o f  ER -IR  neurons was estimated using the optical 
fractionator. In adult rats, the total num ber o f  ER -IR neurons was 70%  higher 
in females than in males. In aged rats, its num ber was decreased by 16% in 
females and increased by 29%  in males. Therefore, the sex-related difference in 
the total num ber o f  ER -IR neurons was abolished in aged rats. It is conceivable 
that these variations might derive from the age-related alterations in the levels 
o f  gonadal steroids as the num ber o f  ER -IR  neurons increases in males after 
gonadectom y and decreases in females after exposure to constant levels o f 
estradiol. Yet, the age-related changes in the num ber o f  ER alone cannot 
explain the effects o f age in the volume o f  male and female M PN neurons. 
PEC S/C /SA U /92/95

545.16
SEXUALLY DIMORPHIC EFFECTS OF NM DA INHIBITION ON BRAIN- 
PITUITARY-GONAD (BPG) AXIS HISTOLOGY IN THE PLATYFISH. 
K.M. Flvnn*. S.A. Miller, and M.P. Schreibman. Brooklyn College and the 
Graduate School o f  the City University o f  New  York; Brooklyn, N Y  11210.

Glutamate, through its NM DA receptor, is known to influence gonadotropin 
releasing hormone (GnRH) and hence reproductive function. W e have 
investigated the effects on the BPG axis o f  chronically inactivating the NM DA. 
receptor in immature male and female broodmates o f  the platyfish, 
Xiphophorus maculatus. Treatment began when animals were 6 weeks old 
and consisted o f  thrice weekly intraperitoneal injections ranging between 5-60  
ug per gm body weight o f  the noncompetitive NM DA antagonist M K-801. 
Control animals received saline. Sexual maturity in male platyfish coincides 
with the easily visible, androgen-driven metamorphosis o f  the anal fin into the 
gonopodium, an organ o f  copulation. When the first control male reached 
maturity, all animals were sacrificed by decapitation and their gonadal 
development determined at autopsy. Brains, pituitary glands, and gonads were 
processed and stained using standard histological methods. W e found no 
difference in brain morphology among treated and untreated males and 
females. In control females, however, gonad and pituitary morphology was 
typical o f  mature animals, while in treated females both structures were 
immature. In males there was no difference between treated and untreated 
groups. This histological study confirms our earlier observations and is further 
evidence that NM DA activity in the neural component o f  the BPG axis is 
sexually dimorphic. [Supported by SICB GIA to KMF, NSF AMP (HRD 
9252789) to SAM, and by BARD (IS-2149-92) and N A SA (NCC2-963) to 
MPS.]

545.18
EFFECTS OF PHOTOPERIODIC CONDITION ON THE BRAIN 
DISTRIBUTION OF AROMATASE-IMMUNOREACTIVE CELLS IN A 
MALE SONGBIRD (Junco hyemalis)
L.Plumnri0. P.Deviche§. N.Harada@. G.C.Panzica0*. °Dept.Anatomy, Pharmacol., 
& Forensic Medicine, U. Torino, Italy., §Inst. of Arctic Biology and Dept. of 
Biology and Wildlife U. Fairbanks, Alaska. @Mol.Genetics, Fujita U., Aichi, 
Japan.
There is evidence that conversion of androgens to estrogens by the enzyme 
aromatase (ARO) regulates several sexually dimorphic behaviors in mammals and 
birds. In many passerine birds, for example, singing behavior is expressed mostly 
by males and may be controlled by estrogen derived from androgen aromatization. 
We investigated the neuroanatomical distribution of aromatase-immunoreactive 
(ARO-ir) cells in a free-living male songbird ( Junco hyemalis) by using the biotin- 
avidin-peroxidase method on paraformaldehyde-fixed material. Birds were sacrificed 
either shortly after collection during the breeding season or after prolonged exposure 
to short photoperiod (i.e., in nonbreeding condition). ARO-ir cells were observed in 
hypothalamic and limbic regions (medial preoptic nucleus, POM; ventromedial 
hypothalamic nucleus, VMN; bed nucleus of the stria terminalis, BST) that control 
reproductive functions. Weakly immunoreactive cells were also widespread in 
telencephalic regions (hyperstriatum ventralis. hippocampus, and neostriatum), some 
of which are part of the vocal control system. This distribution resembles that 
previously described in other passerines. In particular, the widespread telencephalic 
distribution of ARO-ir cells has been reported only in songbird species. Prolonged 
exposure to short photoperiod markedly decreased POM and BST ARO 
immunoreactivity and resulted in a nearly complete disappearance of telencephalic 
ARO-ir. In contrast, VMN ARO expression was similar in juncos exposed to long 
or short photoperiod. These data are consistent with reports indicating changes in 
the ARO brain system of non-oscine species as a function of circulating testosterone 
levels and they support the idea that central ARO activity plays an important role in 
the control of reproductive behavior.
Supported by MURST, NIDCD. NSF

545.20
AGE-RELATED MODULATION OF CORTICOTROPIN-RELEASING  
HORMONE (CRH) AND CRH RECEPTORS FOLLOWED BY ORCHIDECTOMY  
IN THE MOUSE. N. Nanamiva, T. Takaor T. M im oto. I. Nagano. K. Asaba. 
T. Nishioka*. K. H ash im oto. Second D epartm ent o f Internal Medicine, 
Kochi Medical School, Nankoku 7 8 3 , Japan

Corticotrop in  releasing horm one (CRH) has been shown to  be the  
prim ary reg u la to r o f p ro o p io m elan o co rtin -d erived  p ep tid es  secretion  
from  th e  p itu itary gland. Recent studies have suggested th a t CRH may 
be im portant in th e  m anifestation o f certain dem entias associated with  
several n eu ro d eg en erative ' disorders. In an a tte m p t to  define the  
involvement o f testosterone on the  regulation o f CRH and CRH 
receptors in th e  mouse, we measured CRH concentrations and iodine- 
1 2 5 -la b e le d  ovine CRH ( [ 125l]oCRH) binding in th e  brain and 
p itu ita ry  following o rch idectom y (O D X ). Male C 5 7 B L /6  m ice w ere  
sacrificed by decapitation a t one week a fte r ODX or sham operation  
(S h am ). The tissue levels o f CRH w ere measured using radio
im munoassay and CRH receptors w ere determ in ed  using a previously  
reported  [ 125l]oCRH binding assay. In sham group, th e  basal levels of 
CRH in fronta l co rtex  w ere low er in 2 4 -w e ek -o ld  m ice th an  those of 
7 -w e e k-o ld  mice. T he  CRH levels in th e  fronta l co rte x  w ere  
significantly decreased in 7 -w eek  old m ice a fte r  ODX, however, ODX 
did not a ffe c t CRH levels in th e  fronta l co rtex  in 2 4 -w e ek -o ld  mice. 
[ 125l]oCRH binding in th e  frontal cortex was not changed b o th  in 7 -  
and 2 4 -w e e k  mice a fte r  ODX. In contrast, [ 125l]oCRH binding in th e  
p itu itary  was m arkedly decreased in 7 -w e e k  old mice a fte r  ODX 
com pared w ith Sham. These data suggest th a t testosterone affects the  
regulation o f CRH and CRH receptors during m aturation  and 
dem on stra te  th e  im portance o f th e  s tero id  in brain-endocrine axis.
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546.1
DIFFERENTIAL REINNERVATION OF ADRENAL CORTICAL TISSUE 
DURING ADRENAL REGENERATION. Y.M. Ulrich*1 and W.C. Engeland12. 
'Neuroscience Program, 2Dept. of Surgery, Univ. of MN, Minneapolis, MN 
55455.

Following, surgical enucleation of the adrenal gland, the cortical tissue regenerates 
and reforms its pattern of zonation. Reinnervation of injured tissues is an important 
factor in the healing/regeneration process, implying that reinnervation may also be 
important in adrenal cortex regeneration. However, it is currently not clear to what 
extent the regenerating adrenal cortex becomes reinnervated. The purpose of the 
present studies was to characterize the time course, nature, and source of 
reinnervation of the regenerating adrenal gland. Briefly, male Sprague-Dawley rats 
(200g) underwent surgical removal of the right and enucleation of the left adrenal 
glands. Animals were then sacrificied and adrenals collected at 3, 7, 14, 21, and 30 
days post-enucleation. Tissues were stained immunohistochemically with antisera 
directed against calcitonin gene-related peptide (CGRP), vasoactive intestinal peptide 
(VIP), tyrosine hydroxylase (TH), neuropeptide Y (NPY), and the vesicular 
acetylcholine transporter (VAT). At 3 days post-enucleation, neuronal fibers of all 
types were decreased compared to a normal gland. This initial decrease in fibers was 
followed by an extensive reinnervation of the capsule, cortex, and central area of 
inflammation over the next few weeks by neuronal fibers positive for CGRP, TH, 
and NPY. In contrast, there was little reinnervation by VIP-positive fibers at any of 
the examined time points. Furthermore, subcapsular, TH-positive chromaffin cells 
that remained after the enucleation procedure were reinnervated by VAT-positive 
fibers. Lastly, experiments in which the splanchnic nerve was cut at the time of 
adrenal enucleation revealed that the splanchnic nerve is a major source of the 
reinnervating CGRP- and VAT-positive fibers, while TH- and NPY- positive fibers 
appear to have other sources. These data demonstrate that the regenerating adrenal 
cortex is differentially reinnervated and support the hypothesis that nerves are an 
important factor in the regeneration process. Supported by a Howard Hughes 
Medical Institute Predoctoral Fellowship (YMU) and NIH GM50150.

546.3
EFFECTS OF GLUCOCORTICOID ON DENDRITIC MORPHOLOGY OF 
MOTOR NEURONS. H.R. Pavne*. H. Liu. S.T. Brady. D ept. of Cell Biology 
and Neuroscience, Univ. Texas Southwestern Med. Ctr.; Dallas, TX 75235.

Glucocorticoids are secreted by the adrenal gland at elevated levels in an 
adaptive response to various environmental stresses. Studies in rats have  
shown that prolonged exposure to elevated glucocorticoid levels can lead to 
dendritic atrophy in pyram idal neurons of the CA3 region of the  
hippocam pal formation, but effects on neuronal morphologies outside the 
hippocampus have not been examined in detail. In this study, we examined 
d end ritic  o rgan iza tion  in mice chronically  exposed to elevated 
glucocorticoid levels to evaluate the effects of stress on neuronal morphology 
in other cortical regions. We found that corticosteroid treatm ent affected 
the structure of motor neurons in the cerebral cortex as well as pyram idal 
neurons of the h ippocam pal CA3 region. Mice w ere infused with 
corticosterone by subcutaneous osmotic pum ps for 14 days then fixed by 
perfusion. Coronal brain sections, 100 pm thick, were stained by a modified 
version of the single section Golgi method. Dendrites of silver-im pregnated 
motor neurons and pyram idal neurons were imaged then m apped in 3 
dimensions to calculate total dendrite length and the number of branching 
points per neuron. Our analysis of motor neurons found that corticosteroid 
treatm ent caused a significant reduction in the total lengths of basal 
dendrites. Apical dendrites of pyram idal neurons in the CA3 region of mice 
also were atrophied as previously was reported in rats. These observations 
show that dendritic morpology of two neuronal types is differentially 
affected by chronic elevation of glucocorticoid levels in mice and suggest 
that stress-related changes in neuronal morphologies may be more extensive 
than previously thought.
Funded by NINDS, NIA, NASA.

546.5
INNERVATION OF THE SHEEP PINEAL GLAND WITH TACHYKININ- 
IMMUNOREACTIVE NERVE FIBERS. B. Cozzi '*, J,-P Ravault2 and M M oller?
1 Inst. of Anatomy o f dom animals, Unrv.of Milan, 1-20133 Milan, Ita ly ;2 1 N.R. A.. 
Station Physiol. Reprod., F-37380 Tours, F rance;3 Dept. of Medical Anatomy, Univ. 
o f Copenhagen, DK-2200 Copenhagen-N, Denmark.

The pineal gland receives postganglionic sympathetic fibers from the superior 
cervical ganglion. In these fibers norepinephrine is colocalized with NPY. However, 
after bilateral cervical ganglionectomy, a number o f fibers containing NPY (Cozzi et 
al., 1992, J. Comp.Neurol., 316:238-250). and other fibers containing VIP/PHI (Cozzi 
et al., 1994, J.Comp.Neurol., 343:72-82) are still present in the gland. Non- 
svmpathetic NPYergic nerve fibers might originate in the brain (central innervation of 
the pineal gland). Tracing studies in other mammals indicate that VIP/PHlergic fibers 
originate in the parasympathetic pterygopalatine ganglion. We have studied if  the 
sheep pineal is innervated by nerve fibers containing peptides belonging to the 
tachykinin family. By use o f polyclonal rabbit antibodies, we demonstrated a dense 
innervation of the gland with fibers containing substance P and neurokinin A. 
Contrarily, anti-neurokinin B antibodies did not detect nerve fibers in the gland. 
Tracing studies in the rat have shown that the trigeminal ganglion contains substance 
P immunoreactive (-ir) neurons projecting to the pineal gland. Our data show that the 
trigeminal ganglion of the sheep contains many substance P- and neurokinin A-ir 
neurons. A further indication for a trigeminal origin of tachykinin-ir nerve fibers in 
the sheep pineal was that bilateral lesion of the ethmoidal nerve (the efferent nerve 
carrying postganglionic libers from the pterygopalatine ganglia) did not change the 
number o f tachykinin-ir nerve fibers innervating the caudal domain o f the arterial 
circle of the brain, or the number of peptidergic fibers in the sheep pineal gland.

BC was supported by a Grant from the Italian Agency for Research (MURST).

546.2
LOCAL CHANGES IN STEROIDOGENIC ENZYME PROTEIN AND mRNA 
EXPRESSION AFTER DISCRETE ADRENAL INJURY IN RATS. A.I. 
Fraticelli*'. B.K. Levav-Youne and W.C. Engeland1. Dept. of Surgery, 'Neuroscience 
Program, Univ. of Minnesota, Minneapolis, MN 55455, USA.

Regeneration of the rat adrenal cortex after enucleation requires modulation of cell 
differentiation and proliferation. We wish to determine whether there is adrenal-level 
control of these processes by neural or inflammatory modulators. The process can be 
followed by monitoring the expression of cytochrome P450 aldosterone synthase (AS) 
and 11β -hydroxylase (11β), specific phenotypic markers of the zona glomerulosa and 
fasciculata, respectively. In order to assess regeneration, adult rats underwent bilateral 
adrenal enucleation or sham surgery and adrenals were harvested from 2 to 30 days after 
surgery. Adrenal RNA was isolated and mRNA for AS and 11 β were monitored by 
RNAse protection assay. The loss of adrenal tissue resulted in reduced plasma 
corticosterone and aldosterone and elevated ACTH, which was maintained through 20 
days (measured by RIA). At 2 days both transcripts were reduced. Whereas 11β 
mRNA increased by 7 days, AS mRNA did not increase until 20 days. To examine 
factors mediating the changes in adrenocortical phenotype, responses to a more discrete 
adrenal injury were assessed. Rats underwent left adrenal capsular cut (without 
extrusion of tissue) and right sham surgery or adrenalectomy. Adrenals were harvested 
at 3 days, frozen sectioned and stained for AS and 11β using immunocytochemistry. 
Whereas AS protein was undetectable adjacent to the site of injury, 11β protein was 
not affected; in uninjured areas neither AS nor 11(3 was affected. These data show that 
after adrenal enucleation there is a rapid loss and differential recovery of steroidogenic 
enzyme expression. The loss of AS but not 11β protein can occur after adrenal injury 
without removal of adrenal tissue, and the response is restricted to the injury site. 
These findings suggest that local factors such as inflammatory or neural elements 
participate in injury-induced changes in adrenocortical cell phenotype. Supported by 
NIH GM50150 and a Minority Supplement to AIF.

546.4
DAILY MELATONIN ADMINISTRATION AT MIDDLE AGE SUPPRESSES 
HYPOTHALAMIC PROOPIOMELANOCORTIN (POMC) GENE EXPRESSION. 
DD Rasmussen1*, B Marck1, BM Boldt1. SM Yellon2 and AM Matsumoto1. ‘VA 
Medical Center and Dept of Medicine, University of Washington, Seattle WA 98195 
and 2Dept of Physiology, Loma Linda University, Loma Linda, CA 92350.

Both plasma melatonin levels and hypothalamic arcuate nucleus POMC 
(biosynthetic precursor to forebrain β-endorphin and other opiomelanocortins) mRNA 
content decrease with aging, suggesting potential aging-associated regulatory interac
tions. Accordingly, we investigated the effect o f daily melatonin treatment on hypo
thalamic POMC mRNA content in middle-aged Sprague-Dawley rats. Nocturnal 
melatonin treatment (approximately 50 pg/kg body wt/night, administered in the 
night-time drinking water) every day for 7 months, starting at 13 months of age, did 
not significantly alter female rat arcuate nucleus POMC mRNA content at the end of 
the light period (i.e., immediately before the nightly melatonin administration), but 
suppressed (24%, p<0.05) POMC mRNA content determined at the end o f the dark 
period (i.e., following melatonin administration). Similarly, nocturnal administration 
of either 50 or 500 µg melatonin/kg body wt/night to middle-aged male rats for 7 
months suppressed (31 or 28%, respectively; p<0.05) hypothalamic POMC mRNA 
content determined at the middle of the dark period. Finally, 10 weeks administration 
of 30 µg melatonin/kg body wt/day suppressed (29%, p<0.05) hypothalamic POMC 
mRNA content in middle-aged male rats sacrificed at the end of the dark period. The 
melatonin treatments did not significantly alter estradiol or testosterone levels in the 
female or male rats, respectively. These results demonstrate that moderate dosage 
melatonin supplementation at middle age suppressed POMC gene expression during 
the dark period in both male and female rats, that these POMC responses were appar
ently not dependent on gonadal steroid responses, and that the POMC responses did 
not become refractory to daily melatonin treatment maintained until old age. These 
results thus suggest that melatonin supplementation during aging decreases forebrain 
opiomelanocortinergic activity. (Supported by the Dept o f Veterans Affairs)

546.6
GLIAL-CELL-DERIVED-NEUROTROPHIC FACTOR (GDNF) IN THE 
ADULT RAT PITUITARY. L.C. Saland*, M. Morales, J. Gaddy. C. Su and 
L A. Cunningham. Dept. of Neurosciences, Univ. of New Mexico Sch. Medicine, 
Albuquerque, NM 87131.

The presence of several neurotrophic factors, including nerve growth factor 
(NGF) and brain-derived-neurotrophic factor (BDNF) has been reported in both 
developing and adult mammalian pituitary gland. Some studies find the 
molecules in anterior and intermediate lobes, to varying degrees, in developing 
and adult rats, with a focus on the implications of their presence during ontogeny 
of endocrine cells as well as innervation to the pituitary. Here, adult male 
Sprague-Dawley rats were anesthetized with halothane, then rapidly decapitated. 
Pituitary glands were removed, rapidly weighed, frozen in liquid nitrogen, then 
stored at -70 degrees C. prior to assay for GDNF. Tissue was extracted and 
assayed using an ELISA protocol (Promega, Madison, WI). For immune staining 
(antibody provided by Promega), rats were halothane anesthetized, then perfused 
intracardially with buffered saline followed by 4% buffered paraformaldehyde, 
and tissues embedded for paraffin sectioning, or alternatively cryostat sections of 
pituitary were immunostained with chicken anti-GDNF, diluted 1:250, with 
detection via Vector labs ABC-peroxidase methods. GDNF levels were 8.95 ± 
0.53pg/mg(s.e.m), n=4, with each unit=3 pooled glands. Immunoreactivity was 
found in cells of the anterior pituitary and faint but consistent staining in the 
neurohypophysis. The intermediate lobe appeared unstained throughout most 
regions, although there was staining of epithelial cells lining the pituitary cleft. 
The presence of GDNF,as well as other neurotrophins, suggests a role in 
maintenance of innervation in the adult, in addition to potential neuroendocrine 
functions. Support:NIHGM52576(LS),NS32562(LAC),RAC-UNMSOM(LS).
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546.7

PHOTONEURAL REGULATION OF HYDROXYINDOLE-O-METHYL
TRANSFERASE mRNA IN THE RAT PINEAL GLAND: AN ANALYSIS OF ITS 
COMPLEX RELATIONSHIP WITH ACTIVITY. C. Ribelavga, F. Gauer. P. 
Pevet* and V. Simonneaux. UMR-CNRS 7518, Universite Louis Pasteur, 12 rue de 
1 Univcrsite, F-67000 Strasbourg.

In the pineal gland. hydroxyindole-O-methyltransferase (EC 2.1.1.4, HIOMT) 
completes melatonin synthesis. We investigated in vivo the molecular mechanisms 
involved in the regulation of male Wistar rat pineal HIOMT mRNA expression and 
activity using in situ hybridization and radioenzymatic assay. HIOMT mRNA level 
and activity are both detectable during daytim e and display a nocturnal increase of 
100% and 30% respectively. These variations are controlled by the endogenous 
clock since they persist in constant darkness. A single injection of a β1- but not an 
α1-adrenoceptor agonist performed during the day increased HIOMT mRNA in a 
similar range as observed during the night. The β1-adrenergic increase in HIOMT 
mRNA is inhibited bv actinomycin D but not cycloheximide showing that it results 
from a stimulation of gene transcription which does not require de novo protein 
synthesis. Thus nocturnal increase in HIOMT mRNA mainly results from a 
β1-adrenergic stimulation of HIOMT gene expression which probably involves 
cAMP response element binding protein. In contrast, β1- and/or α1-adrenergic 
agonists could not stimulate HIOMT activity indicating that its nocturnal increase 
may be induced by a non-adrenergic transmitter. A light pulse at night abolished 
nocturnal increase in HIOMT mRNA but not elevated activity. Interestingly, 
constant light application up to 11 days did not alter daytime level of HIOMT 
mRNA but decreased basal level of the enzyme activity down to 50% (but never 
less). This indicates that the nocturnal stimulation of HIOMT gene expression is 
required for sustaining a basal level of activity’ over few days. Our data suggest 
1) that HIOMT gene expression is partly regulated by β1-stimulation and 2) that 
HIOMT activity is regulated on a short term range by a non-noradrenergic stimulus 
and on a long term range by noradrenergic stimulation.

546.8

A NATURAL UROCORTIN ANTISENSE RNA IS DETECTED BY 
RNASE PROTECTION ASSAY IN HEART AND HYPOTHALAM US OF 
THE RAT. X. Yan. Y. Zhou, G.N. Smagin, I. Kim*, D.H. Ryan and R.B.S. 
Harris. Pennington Biomedical Research Center, Baton Rouge, LA 70808.

Urocortin (UCN), a new mammalian member o f  the CRF family, has been 
implicated in endocrine and behavioral responses to stress. To study how stress 
influences UCN mRNA expression, we used a sensitive ribonulease protection 
assay (RPA) to measure its level in tissues from control and lh  restrained rats. 
An antisense 32P-riboprobe, corresponding to a 251 bp region o f rat UCN 
mRNA detected mRNA in midbrain and hypothalamus, but not liver and heart. 
However, a UCN sense riboprobe, corresponding to the same region, hybridized 
strongly with an antisense transcript in the heart (right atrium) and weakly in 
hypothalamus. In contrast, no antisense transcript was detected in liver or 
midbrain. Level o f  antisense RNA in the heart was comparable to that o f  UCN 
mRNA in the midbrain. Restraint stress elevated the level o f  antisense RNA in 
both heart and hypothalamus by approximately 1.5-2 fold. To further 
characterize the antisense transcript, an additional sense UCN' riboprobe, 
spanning a 280 bp region o f the 5’ end o f the rat UCN sequence, was used in 
RPA. Results showed that the antisense transcript also overlapped with this 
region. Taken together, this study demonstrates selective tissue distribution o f a 
stress-responsive RNA that has a sequence identical to regions o f antisense UCN 
RNA. Future studies will determine whether this is an antisense UCN RNA, or a 
previously unidentified sequence with high homology to UCN.

Supported by US Army grant DAMD 17-92-V2009

546.9 546.10

HYPOTHYROIDISM INCREASES MEDULLARY TRH GENE EXPRESSION: 
LOCALIZATION AND QUANTITATIVE ANALYSIS BY IN SITU  HYBRIDIZA
TION. P.Q.Yuan. Y.Tache and H.Yang*. CURE:DDRC, VA Medical Center, 
Department o f Medicine and Brain Research Institute, UCLA, Los Angeles, CA 90073.

Medulla thyrotropin-releasing hormone (TRH) regulates autonomic activity and 
altered thyroid status is associated with autonomic disorders. The influence of different 
thyroid status on TRH gene expression in the caudal ventral medulla was studied using 
quantitative in situ hybridization histochemistry. Adult male rats were either sham 
operated and daily ip injected with saline or T4 (10 µg/100 g) or, surgically 
thyroidectomized and injected with saline or T4 (2 µg/100 g). After 30 days treatment, 
serum T4 was measured by RIA and cryostat-cut sections (10 pm) of brainstem were 
collected from bregma -13.3 to -11.6 mm. The 1322 bp EcoRI pro-TRH DNA fragment 
inserted in plasmid pUC12 was subcloned into pGEM-3. 35S-UTP-labeled cRNA probe 
was transcribed with T7 RNA polymerase. The hybridization was carried out with 
labeled cRNA probe (lx lO 6 cpm/ 90 µl/slide) for 16-20 h at 45°C. Sections coated with 
liquid emulsion were exposed for 5-8 weeks at 4°C, developed and stained with Cresyl 
Violet. Silver grains on the neurons cut across the nuclei were counted and expressed as 
mean ± SE of 5 neurons/section, 5 sections/rat and 2 rats/group. Thyroidectomy reduced 
serum T4 levels by 75-87%, which was reversed by T4 (2 µg/100 g), and T4 injection 
(10 µg /l00g) in sham operated rats increased serum T4 levels by 8 to 10 folds compared 
with euthyroid rats. The pro-TRH mRNA signals (silver grains) were observed in the 
neurons of the raphe pallidus (Rpa), the raphe obscurus (Rob) and the parapyramidal 
regions (paPy). No signal was seen in the glial cells. The Table shows the number of 
silver grains per neuron in the Rpa, the Rob and the paPy in different thyroid status:

Rpa Rob paPy
euthyroid 61.2 ±6.1 62.4 ± 7.5 53.8 ±7.7
Hypothyroid 220.2 ± 20.0* 210.0 ± 10.0* 210.0 ± 10.0*
Hypothyroid+T4 55.3 ±4.9** 51.6 ±2.0** 42.6 ±0.4**
Hyperthyroid 47.8 ± 13.4 47.6 ± 13.3 44.9 ± 12.0

* p<0.01 vs euthyroid, ** p<0.005 vs hypothyroid.
These results further support that endogenous thyroid hormones exert a negative 

feedback regulation on TRH gene expression in caudal ventral medulla. The up 
regulation of medullary TRH gene expression by hypothyroidism may have important 
functional implications in autonomic nervous system-related disorders.

(Supported by NIH grants DK 50255 and DK 30110)

MODULATION OF SEROTONERGIC RESPONSIVENESS OF CA 1 NEURONS 
IN THE RAT HIPPOCAMPUS BY CHRONIC CORT ADMINISTRATION 
Y.J.G. Karten. S.M. Nair. A.E.van Essen and M. Joels*. Dept. of Neurobiology. 
University of Amsterdam, 1098 SM Amsterdam, The Netherlands.

Lack of sufficient central serotonergic activity and dysfunction of the 
hypothalamic-pituitary-adrenal (HPA) axis as well as interactions between these two 
systems (particularly in limbic areas) have been implicated in the pathogenesis of 
affective disorders. The hippocampus expresses high levels of corticosteroid receptors 
and also receives a major serotonergic input from the raphe nuclei. It has been shown 
that predominant activation of high affinity mineralocorticoid receptor (MRs) resulted 
in small hyperpolarizing responses to 5HT in the hippocampus; additional activation 
of lower affinity glucocorticoid receptors (GRs) led to an increase in this response.

In the present study we investigated the effects of levels in vivo elevation of 
corticosterone on 5HT (10 µM) induced membrane hyperpolarization of CA 1 neurons 
in rat hippocampal slices. A single injection of corticosterone did not cause a 
significant rise in plasma levels, nor did it significantly affect the response of CA 1 
cells to 5-HT. However, 3 weeks of corticosterone treatment significantly reduced 
5HT induced hyperpolarization (63% of control). This suggests that long-term 
elevation of plasma corticosterone reduces the postsynaptic inhibitory effect of 5HT 
on CA1 pyramidal neurons.

To identify molecular events that accompany corticosterone’s actions on 5HT- 
induced hyperpolarization, individual CA1 pyramidal neurons were processed via 
antisense RNA (aRNA) amplification to obtain single-cell mRNA expression 
profiles of candidate genes. Preliminary data indicate that individual CA1 neurons 
express MR mRNA at lower abundance relative to GR mRNA; further, MR and 
5HT1AR mRNA expression appear to be regulated by corticosteroid receptor 
activation. (Y.J.G.K. was supported by grant GRN 94005; S.M.N. was supported by 
EC grant PL 960179 and NATO grant CRG 971033 )

546.11

CENTRAL AND PERIPHERAL M ECHANISM S OF DIABETIC  
POLYURIA. E. Murzi*. S.G. de Mendoza. B. Valecillos. C. Tilac1 and L. 
Hernandez. Laboratory of Behavioral Physiology. Medical School. Los Andes 
University. Mérida, 1Dept of Internal Medicine. Nephrology Section. Medical 
School. Oriente University. Ciudad Bolivar. Venezuela

Intraventricular administration of atropine in water deprived STZ-diabetic rats 
decreased polyuria without affecting glycemia, glucosuria, circulating levels and 
excretion of Na+ and K+. Plasma levels of arginine vasopressin (AVP) was 
unmodified as well. On the other hand, we noticed that STZ-diabetic rats showed 
decreased circulating levels of AVP as compared to normal ones (1.38±0.2 and 
3.27±0.7 pg/ml, respectively). This difference was statistically significant (t=2.54, 
df=ll, p< 0.03).
By contrast, elevated plasma levels of AVP in diabetic patients without decreased 
water excretion has been reported (1). Interestingly this kind of comparison has not 
been reported in animals including rats. All these results suggest that AVP level 
does not play a crucial role in diabetic polyuria. In addition, an important 
component of diabetic polyuria could be the muscarinic central cholinergic 
hyperactivity besides an osmotic mechanism. An unknown vascular mechanism 
could also be involved  1

1) Davis F.B. and Davis P.J. Am J Med 70: 210, 1981 
Supported by: CDCHT-ULA M-536-A and BID CONICIT BTS-37

546.12

Calcium-Induced Calcium Release in Rat Pituitary Cells. Michael P. Zimber* 
and Steven M. Simasko. Program in Neuroscience, Dept. o f  VCAPP, College 
o f  Veterinary Medicine, Washington State University, Pullman, W A, 99163.

We have used the rat pituitary clonal cell line GH3 as a model to study 
calcium-induced calcium release (CICR) in pituitary cells. In GH3 cells we 
have observed pronounced elevations in intracellular calcium concentration in 
response to prolonged spontaneous action potentials. We investigated the 
potential o f  a CICR from intracellular calcium stores contributing to the 
intracellular calcium signal observed during these action potentials. Using 
current clamp recordings o f  individual fura-2 loaded GH3 cells we examined the 
role o f  caffeine and thapsigargin-sensitive intracellular calcium stores in 
generating the calcium pattern observed. Although some cells demonstrated a 
release o f  intracellular calcium stores upon the application o f  caffeine, the 
character o f  the action potential and calcium oscillations were not significantly 
altered by caffeine. Depletion o f  the thapsigargin-sensitive store also had no 
effect on spontaneous electrical and intracellular calcium activity. A second 
approach to test the presence o f  a CICR mechanism in GH3 cells was to induce 
a calcium load through voltage-gated calcium channels by depolarizing voltage- 
pulses. Extending the duration o f  the depolarization resulted in increased 
intracellular calcium levels as expected, but analysis o f  the calcium buffering 
capacity (integrated inward calcium current/peak intracellular calcium 
concentration) suggests that intracellular calcium stores were not recruited via a 
CICR mechanism. These results suggest that in GH3 cells, intracellular calcium  
stores do not participate in the genesis o f  intracellular calcium patterns observed 
during spontaneous activity. Supported by a grant from the Adler Foundation.
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546.13

MODIFICATION OF VOLTAGE-GATED K+ CURRENTS BY IN VITRO 
TREATMENT OF OVINE SOMATOTROPHS WITH GHRP-2. C Chen*. Prince 
Henry’s Institute of Medical Research, P. O. Box 5152, Clayton, Vic. 3168, Australia.

Long-term treatment of pituitary somatotrophs with synthetic GHRP-2 enhances the 
release o f GH induced by GHRH. This suggests that the sensitivity of somatotrophs to 
the stimulation of GHRH has been increased. The aim of present study was therefore to 
investigate the modification o f membrane ion channels in primary cultured ovine 
somatotrophs after 48 h treatment with GHRP-2 (10'8M). Somatotrophs were obtained 
from ovine pituitaries, dissociated and partially purified by Percoll gradient. Whole cell 
recording was performed to record membrane voltage and currents. Under current 
clamp condition, a higher percentage of cells was recorded with spontaneous action 
potential (SAP) in the group of GHRP-2 treated cells (53%, 27 among 51 recorded 
cells) than control cells (27%, 12 among 44 recorded cells). Resting membrane 
potential (RMP) was marginally more negative in these treated cells (-51 ±3.4 mV 
verses -47±2.9 mV, no statistic significant). In order to study voltage-gated K+ currents 
which are mainly determining RMP and SAP, TTX ( l µM) and Cd2+ (1 mM) were 
included in low Ca2+ (0.5 mM) bath solution. GHRP-2 treatment increased the 
amplitude of total K+ currents (both 4-AP sensitive transient-IA and TEA-sensitive 
delayed rectify-IK) which was more pronounced on IA. This increase in K+ currents was 
solely an enlargement of conductance without significant modification on biophysical 
kinetics. Down regulation of PKC by PMA prevented the increase in K+ currents by 
GHRP-2 but H89 in culture medium did not change the response. Inclusion of 
actinomycin D or cycloheximide in culture medium abolished the increase in K+ 
currents by GHRP-2 treatment. These data suggest that long term treatment with 
GHRP-2 increased the number of K+ channels via channel protein synthesis involving 
PKC systems. Such a change in K+ channels may be partially responsible for the 
alteration of electrophysiological properties by GHRP-2 and may contribute to the 
increased sensitivity to GHRH stimulation.
Supported by research grant from Australian NH & MRC.

546.15

SECRETAGOGUE-INDUCED REGULATION OF CALCIUM 
BURSTING MODE IN ACUTE ANTERIOR PITUITARY SLICES 
FROM LACTATING RATS. X. Bonnefont, J. Fiekers and P. Mollard*. 
INSERM U469, CCIPE, 34094 Montpellier CEDEX 05, France.

Lactation causes dramatic changes in the female anterior pituitary gland 
leading to a high rate of secretion of prolactin (PRL) by lactotroph cells. 
It is well known that these cells exhibit action potential-induced rises in 
cytosolic Ca2+ ([Ca2+]i) sufficient to trigger exocytosis of hormone- 
containing vesicles. In many secreting cell models the bursting mode has 
been described as the most efficient for secretion. One would expect that 
such a pattern would exist in the intact pituitary gland during a 
physiological state of intense hormone release. We therefore investigated 
the spatio-temporal organization of the [Ca2+]i transients in acute anterior 
pituitary slices from lactating rats. 33% of cells (n=166) showed 
spontaneous [Ca2+]i bursts, which were due to voltage-gated Ca2+ entry. 
We used the bursting activity quotient Q (i.e. the ratio between the total 
duration of bursts and the duration of recording expressed as a 
percentage) to measure this activity. In spontaneously bursting cells, Q 
varied widely from 14 to 98%. Strikingly, thyrotropin-releasing hormone 
applied at 1 nM set the activity quotient to a Q value close to 60% in cells 
which were either silent or active prior to stimulation. Dopamine ( lµM), 
a potent inhibitor of PRL release, caused a prolonged blockade of [Ca2+]j 
spiking followed by a rebound consisting of a couple of long-lasting 
bursts. The latter were also evoked in some silent cells. Altogether these 
data suggest that [Ca2+]i bursting is the mode by which secretagogues 
pace PRL release in the lactating female.
This work was supported by INSERM, FRM, ARC and region 
Languedoc-Roussillon. JF was a NATO Senior Scientist Guest fellow.

546.17

GRO W TH HORM O NE-RELEASING  HORM ONE (GHRH) REGULATION  
OF G H RH -REC EPTO R G ENE EXPR ESSIO N IN TH E NEO N ATA L AND  
A D U LT PITU ITA RY. CM Lasko, Al Korytko, and L Cuttler*. Depts. of 
Pediatrics and Pharmacology, Case Western Reserve University, 
Rainbow Babies & Childrens Hosp, Cleveland, OH 44106

The factors that influence expression of the pituitary GHRH- 
receptor (G H RH -R ) gene throughout development are not known. We 
determined the effects of G HRH (10 nM; 4, 24, and 72 h) on G HRH-R  
expression in pituitary cell cultures of neonatal (2 d) and adult (70 d) rats 
(n=3 experiments/ group). Short-term exposure (4 h) to G HRH caused 
G HRH -R mRNA expression to decrease 34% and 27%  in neonatal and 
adult pituitaries, respectively. Conversely, longer GHRH exposure (24 
h) induced G HRH -R expression to 1.57- and 1.42-fold over control values 
in neonatal and adult pituitaries, respectively. More prolonged (72 h) 
exposure to GHRH did not cause further induction of G HRH -R in adults 
(1.77-fold over controls), but markedly stimulated G H R H -R  mRNA  
expression in pituitaries of neonates (rising to 3.62-fold over 
controls)(P<0.025). The ability of G HRH (72 h) to stimulate GHRH-R  
expression was blocked when serum was removed from the media 
(P<0.03). Conclusions: G HRH directly regulates expression of its 
pituitary receptor. This effect is dependent on the duration of exposure 
to GHRH and on unidentified serum components. Moreover, the ability 
of the pituitary to increase G HRH -R expression in response to G HRH is 
developmentally determined, with neonatal pituitaries demonstrating 
much greater inductive capacity than adult pituitaries. (Supported by N.I.H.)

546.14

BEHAVIORAL EFFECTS IN RATS AFTER ADMINISTRATION OF
MELATONIN, BUSPIRONE AND CHLORODIAZEPOXIDE ON A 
ELEVATED PLUS-MAZE. E.B. Naranio-Rodriauez. A. Qrtiz-Osornio.

A.M. Vazauez-Alvarez. B.  Barrera-Mera, and C. Reves-Vazquez* 
‘ Section of Pharmacology Department of Pharmacy. Faculty of Chemistry 
and Department of Physiology, Faculty of Medicine. U.N.A.M. Mexico D. F. 
C. P. 04510.

Melatonin and benzodiazepine agonists, modulate the inhibitory activity of 
GABA. Its receptors are abundant in brain regions that has implicated in 
anxiety and the buspirone acts for receptors 5-HT, for the same effect. The 
effects of melatonin (MEL), buspirone (BUS) and chlorodiazepoxide (CDP) 
intracerebroventricular administration in rats, evaluated on plus-maze, an 
ethological model of anxiety. Rats male Wistar adults treated with either 
vehicle (0.5 microliters), BUS and CDP or MEL (1.0 microliters). The MEL 
and CDP significatly increased the frecuency and percentage (P<0.05) and 
time total (P<0.005) of open arm entries, but not buspirone. These results 
suggest that centrally administered MEL and CDP can reduce anxiety, as 
evaluated in the plus-maze test in rats, but not the anxiogenic-like effects of 
buspirone

546.16

SIGNAL TRANSDUCER AND ACTIVATOR OF TRANSCRIPTION, STAT5b, 
AND GROWTH HORMONE (GH) FEEDBACK ON SOMATOSTATIN (SOM) 
NEURONS. S.M.Luckman,1* L.McGuinness.1 G.B.Thomas.2 I.C.A.F.Robinson.2 
G.B.Udy3 and H.W.Davey3. 1The Babraham Institute, Cambridge, U.K.; 2NIMR, Mill 
Hill, London, U.K.; 3AgResearch, Hamilton, New Zealand.

We have evaluated the expression of STATs, that mediate cellular responses to a 
variety of cytokines and growth factors, in the rat hypothalamus by double 
immunocytochemistry. Strong staining for STAT5 is colocalised in SOM neurons of 
the periventricular (PeV) and arcuate nuclei (ARC). The expression of SOM in PeV 
neurons is sexually dimorphic and we now show that this is paralleled by STAT5 
(105±6 cells/section in males compared to 68±3 in females; P<0.001, both n=6). 
These differences are not apparent in the ARC (97+17 v. 94±9 cells/section), that 
contains a SOM neuron population not thought to be involved directly in the 
regulation of GH secretion. STAT5b is associated with GH receptors in peripheral 
tissues and, since GH is believed to act on PeV neurons to increase SOM mRNA, we 
hypothesised that STAT5b may mediate feedback actions of GH. To investigate this, 
male dwarf rats, lacking endogenous GH, were fitted with minipumps that delivered 
bovine GH at a rate of 200µg per day (s.c.) for 8 days. GH-treated rats increase body 
weight (∆ wt 26.4±2.6g) faster than sham-operated rats (A wt 12.9± 1.8g), and 
contain more STAT5 immuno-detectable neurons in the PeV (92±8 v. 55+10 
cells/section; P<0.05, both n=4 ). Again, these differences are not apparent in the 
ARC (47±4 v. 47±8 cells/section). Finally, we compared SOM mRNA in wildtype 
(WT) and STAT5b knockout (KO) mice (Udy el al., 1997, Proc Natl Acad Sci 94: 
7239). Male KO mice grow at the same rate as WT females. KO males have 
significantly less SOM mRNA in PeV neurons than WT males (WT male 55±5, KO 
male 43±3*, WT female 40±2*, KO female 36+3** grains/cell; *P<0.05, **P<0.01 
v. WT males, n=4-6). No significant differences are noted between other groups or in 
the ARC (25±1, 26±2, 30+3 and 27±2 grains/cell, respectively). BBSRC Funded.

Society for Neuroscience, Volume 24 ,1998



TUESDAY PM PAIN PATHWAYS—NEUROPATHIC, VISCERAL AND CHRONIC PAIN 1387

547.1

ABSENCE OF THERMAL GRILL ILLUSION IN A CENTRAL PAIN PATIENT C  
Morin1 *. M.C.Bushnell1,2, A.D.(Bud ) Craig3, and M. B. Luskin4. Fac. Dentistry1 and 
Dept. of Anesthesia2, McGill Uni., Div.'Neurobiol. and Neurosurg.3, Barrow Neurol. 
Inst., Dept. Cell Biol.4, Emory Univ.; Montreal, Quebec, Canada H3A 2B2.

Partial damage to spinothalamic pathways can lead to central pain syndrome (CPS), 
sensory abnormalities and cold and/or tactile allodynia. Disinhibition of spino-thalamo- 
cortical integration has been proposed as an underlying mechanism of CPS (Craig 
1998). We tested for signs of nociceptive disinhibition in a CPS patient using the 
thermal grill pain illusion, which may also involve disinhibition of pain pathways.

We studied a 43-yr. old female CPS patient, with myelitis predominantly in the right 
C2 antero-lateral funiculus probably due to multiple sclerosis. The patient reported 
mainly unilateral pain in the left arm and leg, exacerbated by cold, vibration, touch, and 
fatigue. Quantitative testing was performed, using graded von Frey filaments, light 
brushing, and series of graded cold (25-5 °C) and hot stimuli (36-50 °C) presented with 
lcm 2 and 400cm2 contact thermodes. The thermal grill was presented with the large 
thermode as interlaced 1-cm bars of cool (20°C) and warm (40°C) stimuli.

The patient reported mild pain upon stimulation of the arm with weak to moderate 
touch (3.61-4.74 gr) and light brushing (tactile allodynia). With either the small or 
large thermode, the patient seldom reported pain with stimuli up to 50°C (heat 
hypalgesia), but rated normally non-noxious cold stimuli (20°C and 25 °C) as painful 
(cold allodynia). Using the thermal grill, normal subjects rated 20°C as cool, 40°C as 
warm, and interlaced 20°/40°C stimuli as painful (pain illusion). In contrast, the 
patient rated 20°C as painful, 40°C as warm and occasionally painful, and the 
20°/40°C grill stimulus as less painful than 20°C alone.

Cold allodynia and the absence of additional pain during the thermal grill illusion 
suggests that some pain of CPS may be mediated by disinhibition of nociceptive 
pathways, in a similar fashion to that proposed for the thermal grill illusion.

Supported by the Canadian MRC and the NIH.

547.3

CROSSED-WITHDRAWAL REFLEX : UNUSUAL SPINAL REFLEX 
IN NEUROPATHIC PAIN RATS. 1Bae Hwan Lee*, 12Ran Won, 
1Jae-Wook Ryou, 1Yong Gou Park, 2Hak Ryul Kim,3Eun Joo Baik, 
3Chanq Hyun Moon.1Vonsei Medical Research Center, Yonsei Univ. 
College of Medicine, C.P.O. Box 8044, Seoul 120-752, Korea, 
2Dept. of Biology, Korea Univ., Seoul, Korea and 3Dept. of 
Physiology, College of Medicine, Ajou Univ., Suwon, Korea.

Injury to a peripheral nerve may lead to neuropathic pain like 
causalgia. Recently we developed a neuropathic rat model 
employing distal sciatic nerve branch injury. The rats show vigorous 
ongoing spontaneous pain, mechanical allodynia, and cold allodynia 
after injury. This study was performed to determine whether any 
stimuli applied to uninjured side produce neuropathic pain 
syndrome in a rat model of neuropathic pain we developed.

Under pentobarbital anesthesia, male Sprague-Dawley rats were 
subjected to neuropathic surgery by tightly ligating and cutting the 
left tibial and sural nerves, leaving the common peroneal nerve 
intact. Behavioral tests for mechanical allodynia, and cold allodynia 
were conducted for 2 weeks postoperatively. Almost all the rats 
which underwent neuropathic surgery developed behavioral signs of 
neuropathic pain. Unusually, the rats showed vivid withdrawal 
responses to von Frey filament or acetone applied to the 
contralateral paw. These crossed-withdrawal reflexes were observed 
more vigorously in cold allodynia than in mechanical allodynia test. 
The results suggest that neuropathic rats may develop allodynia to 
stimuli applied to a specific region outside primary sensitive area 
on the ipsilateral side and the crossed-withdrawal reflex may 
involve spinal interneurons.

547.5

SPINAL CORD EXPRESSION OF HEAT SHOCK PROTEIN (H SP 27) 
IN A RAT MODEL OF NEUROPATHIC PAIN FOLLOW ING TIGHT 
LIGATION OF L5 AND L6 DORSAL ROOTS.
G.V. Allen1*. M.J. Esser2. J-C.L. Plumier3 and J. Sawynok2. Departments of 
Anatomy 1 andPharmacology2, Dalhousie University, Halifax, Nova Scotia B3H4H6, 
and Cancer Research Center3, Laval University, Qu6bec G1R2J6 .

Peripheral nerve injury induces morphological and neurochemical changes in the 
spinal cord (e.g. substance P and CGRP), that have been well studied. To further 
characterize neuroplastic changes in the spinal cord following nerve injury, we 
examined the immunohistochemical changes in expression of the 27kDa Heat Shock 
Protein (HSP27) using a rat model of neuropathic pain. Under halothane anaesthesia, 
male Sprague-Dawley rats (100-150 gm) were rendered neuropathic through tight 
ligation of the L5 and L6 dorsal roots with 6-0 silk. Following ligation, rats presented 
with symptoms of neuropathic pain (allodynia and thermal hyperalgesia) that persisted 
for the time periods observed (24h, 7d, 12d, andl7d post-injury). Control groups 
consisted of sham-operated and naive animals. Naive animals showed light labelling in 
LI, LIII and LIV, with an absence in LII, at all time points observed. However 24 
hours after surgery both sham and nerve ligated animals showed an overall increase in 
the intensity of HSP-IR as well as light to moderate staining in L II . In ligated 
animals at 7, 12, and 17 days post-injury, moderate to heavy labelling was observed in 
the laminae I-IV in spinal segments L5 and L6 and in laminae I from lumbar 1 to 
sacral 2 of the ipsilateral cord. In addition HSP-IR fibers were also observed crossing 
the midline and extending into laminae I of the contralateral spinal coid in the 5th and 
6th lumbar regions. Sham operated animals showed moderate to dense HSP labelling 
in LI and the lateral-most region of LII-LIII at the levels of lumbar 5 and 6. This study 
suggests that long lasting HSP expression in the spinal cord may be a useful 
anatomical indicator of central processes that are affected by peripheral nerve injury. 
(Supported by the Medical Research Council of Canada)

547.2
PET ACTIVATION STUDY IN A PATIENT WITH NEUROPATHIC PAIN SUCCESSFULLY 
TREATED WITH THALAMIC STIMULATION R. C. Kupers1,2*, T.S. Jensen’. J.M. Gybels3 and A. 
Giedde2. Danish Pain Research Center1 and PET Center2, Arhus University Hospital, Arhus, 
Denmark; Dept.of Neurosurgery, University Hospital Gasthuisberg, Louvain, Belgium3

Previous brain imaging studies suggest that the cerebral processing of chronic pain 
differs from that of acute pain. To further investigate the neural pathways involved in the 
processing of chronic pain, we used the water bolus method to measure changes in 
regional cerebral blood flow (rCBF) in a 42 year old patient (T.G.) with chronic facial 
pain (right V2 area) following trigeminal injury. In 1992, T.G. was implanted with a 
chronic stimulating electrode in the left thalamus which completely suppresses his 
neuropathic pain. Based on previous results, we hypothesized that the chronic pain 
condition would be associated with 1) an increased activation in anterior cingulate (ACC) 
and prefrontal cortices, 2) a reduced (or unaltered) activation in thalamus, SI and SII.

T.G.’s stimulator was switched off the day before the PET scans. Three scanning 
conditions were used: 1) BASELINE: scans taken before the thalamic stimulator was 
switched on (pain, no stimulation); 2) STIMULATOR ON: scans taken while the thalamic 
stimulator was on (no pain, thalamic stimulation); 3) STIMULATOR OFF: scans taken after 
the stimulator has been switched off (no pain, no stimulation). Four repetitions were done 
of each condition. After every scan, pain and thalamic stimulation produced paresthesiae 
were measured on a 101-point rating scale (0: no pain/no paresthesiae and 100: most 
intense pain/paresthesiae imaginable). T.G.’s average pain ratings decreased from 72,5±5 
(baseline) to 0±0 (stimulator on and stimulator off). BASELINE - STIMULATOR OFF 
subtraction revealed significant increases in rCBF in the ventromedial (BA11), left inferior 
lateral (BA 47/10) and left superior lateral (BA 9) prefrontal cortices. A significant 
decrease in rCBF was found, bilaterally, in the posterior thalamus and/or pulvinar. These 
data partly confirm our hypothesis. However, we didn’t find activation of the ACC. This 
may suggest that pain that is devoid of an avoidance component does not recruit the ACC. 
This study was supported by the Danish Medical Research Council and Medtronic Belgium.

547.4
EPINEURAL EXPOSURE TO HIV VIRAL ENVELOPE PROTEIN gpl20 
INDUCES PAINFUL PERIPHERAL MONONEUROPATHY AND SPINAL 
GLIOSIS. U. Herzberg, Beata R. Frvdel*. and J. Sagen. CytoTherapeutics, Inc.; 
Lincoln, RI 02865.

Peripheral neuropathies and central neurodegeneration are common in AIDS patients 
and people with HIV infections. While the HIV virus may actively infect cells in the 
nervous system, processes leading to painful neuropathies and central 
neurodegeneration are not understood. The gpl20 protein, a component of the HIV 
viral envelope, has been shown to bind to the cell surface of rat dorsal root ganglion 
cells and activate the complement cascade. The current study investigated the role of 
gpl20 binding to peripheral nerve in inducing painful neuropathies. The sciatic nerve 
of male rats was coated with oxidized cellulose saturated with gpl20 protein at various 
doses or bovine serum albumin (BSA) as control. Persistent hyperalgesia and 
allodynia were observed throughout a one month testing period in rats treated with 
gpl20 but not in control rats. Edema and hyperemia of the hindpaws of rats treated 
with gpl20 were observed immediately following treatment; this persisted for 
approximately 5 days following treatment and tended to subside after that. 
Examination of the peripheral nerve at the site of gpl20 application revealed no overt 
inflammatory reaction in or around nerves at any time. However, marked axonal 
swelling and increased TNF-IR (tumor necrosis factor-immunoreactivity) inside the 
nerve trunk of rats treated with gpl20, but not BSA, was observed. These changes 
were readily apparent in the early stages following gpl20 exposure, but the peripheral 
nerves appeared relatively normal by 22 days even though neuropathic pain persisted. 
In contrast, there were marked increases in glial fibrillary acidic protein (GFAP)-IR and 
microglial-IR detected by the MAC1 antibody in the spinal cords of animals treated 
with gpl20. In contrast to the temporary changes in the peripheral nerve, spinal cord 
GFAP-IR and MAC1-IR remained elevated for 30 days in parallel with the pain 
behavior. This study suggests that binding of HIV viral envelope protein gpl20 to 
the peripheral nerve trunk alone can result in persistent painful peripheral neuropathy 
mediated by long-term changes in the central nervous system.
Supported by NIH grant NS25054.

547.6
A GENETICALLY ENGINEERED GALANIN SECRETING NEURONAL 
CELL LINE: CHARACTERIZATION AND TRANSPLANTATION FOR THE 
RELIEF OF CHRONIC NEUROPATHIC PAIN. J.A. Plunkett. M. Martinez. T.L. 
Lopez. S. Karmallv, M.J. Eaton* . The Pain Research Group of The Miami 
Project to Cure Paralysis and Dept, of Neurological Surgery; University of Miami 
School of Medicine; Miami, FL 33136. It has been proposed that following 
neural and spinal injuries, alterations in the biochemical inhibitory tone within the 
spinal cord results in the induction of neuropathic and neurogenic pain. The 
transplantation of genetically engineered cell lines to secrete specific 
antinociceptive molecules near the spinal cord offers a new frontier in both pain 
research and transplant biology. The immortalized neuronal cell line RN33B, 
derived from E l3 brainstem raphe, was transfected with the rat preprogalanin 
cDNA and the galanin secreting cell line RN33B/GAL13 was isolated. In vitro 
immunohistochemical analysis revealed that this cell line produced increased levels 
of galanin over that of RN33B cells transfected with vector alone (RN33V1). In 
transplant studies, unilateral chronic constriction injury (CCI) of the rat sciatic 
nerve was used to induce chronic neuropathic pain, including cold and tactile 
allodynia and thermal and tactile hyperalgesia in the affected hind paw. 
Transplants of RN33B/GAL13 cells 1 week post-CCI alleviated the induced 
chronic neuropathic pain and remained effective for up to eight weeks post-CCI. 
In contrast, control transplants of RN33V1 (vector alone) cells, had no effect on 
the induction and continuation of severe thermal and tactile nociception after CCI. 
Together, these data suggest that increasing the biochemical inhibitory tone of the 
spinal cord though transplant of galanin secreting cells ultimately serves to 
ameliorate the development of chronic neuropathic pain. This work was supported 
by The Miami Project to Cure Paralysis, The State of Florida appropriation # 204, 
and NS36438-01.
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547.7
EXPRESSION OF THE ALPHA2-DELTA SUBUNIT OF THE CALCIUM  
CHANNEL IS UPREGULATED IN DORSAL ROOT GANGLIA IN  
NEUROPATHIC PAIN. A .M. Shadiack1*, L. Luo2, L.I. Molino1, M .D. Simkins', 
L.P. Clark1. M.G. Erlander2 and K.E. Rogers1. R. W. Johnson Pharmaceutical 
Research Institute, 1Spring H ouse PA 19477 and 2La Jolla, CA 92121.

The alpha2-delta subunit o f the calcium channel (α2δ) has been implicated 
in playing a role in neuropathic pain (NP). Gabapentin, which bind to α2δ, 
have had m odest success in the treatment o f N P (Rosner, et al., Clin. J. Pain 12 
(1996) 56-58). Lesioned dorsal root ganglia (DRG) from a rat model of NP  
("Chung model") have show n higher levels of the mRNA coding forα 2δ by  
differential display as compared to the contralateral control. The increase in 
transcriptional product w as confirmed by in situ hybridization at various time 
points after surgery using 35S-labeled RNA probes. Intact DRG tissue contains 
detectable levels of α2δ mRNA. Double labeling for calcitonin gene-related 
peptide-like immunoreactivity (CGRP-IR) show s a considerable colocalization 
w ith the α2δ mRNA. Significantly higher levels of α2δ mRNA were found in 
the lesioned DRG as soon as 2 days after surgery in rats w ith mechanical 
allodynia. Double labeling experiments w ith  CGRP-IR show  that α2δ is not 
only present in primary afferent neurons (C-fibers) as in the normal DRG but 
also in the large Aβ- fiber neurons as w ell. This pattern of labeling persisted in 
allodynic animals for at least 6 w eeks after surgery. H owever, tissue from  
allodynic rats 8 months after surgery no longer has elevated levels of α2δ 
mRNA. Investigation of this m olecule as w ell as others modulated in this 
m odel should lead to a better understanding of mechanisms involved in the 
developm ent of neuropathic pain. The increased level of such a regulatory 
subunit of a calcium channel m ay alter the excitability of nociceptive neurons 
causing an allodynic response.

547.9
DIFFERENTIAL GENE EXPRESSION OF LASER-CAPTURED LARGE AND 
SMALL DRG NEURONS IDENTIFIED VIA DNA MICROARRAYS. L.Luc* R. 
Salunga. A Bittner. H.Guo, K.C. Joy. K. Witmeyer. J. Wan, J. Chambers. K. E. 
Rogers. M.R. Jackson, and M.G. Erlander. R.WJohnson Pharmaceutical Research 
Institute, Springhouse PA. and LaJolla CA, 92121.
The dorsal root ganglia (DRG) contains sensory neurons that convey mechanical , 
thermal, chemical and noxious stimulation. DRG neurons can be divided into two 
types: small dark neurons which have thin unmyelinated axons and process noxious 
stimulation and large light neurons which have thick myelinated axons that relay 
low-threshold mechanical stimuli. To explore the molecular basis underlying these 
two cell types, differential display (DD) was used to identify mRNAs whose 
expression is either restricted or enriched in the DRG as compared to brain, liver 
and kidney. 227 cDNAs (i.e., bands) enriched in DRG were cloned, sequenced and 
printed on a DNA microarray. To determine cell-type specificity of expression 
within the DRG, RNAs were extracted, amplified (aRNA) and Cy3 cDNA-labeled 
from 3 individual sets of laser-captured large and small DRG neurons. Results from 
using these Cy3-Iabeled probes in microarray hybridizations yielded the following: 
at least 23 mRNAs were preferentially expressed in large neurons including low, 
middle and high molecular wt. neurofilaments, DRASIC and 5 novels; at least 7 
mRNAs preferentially expressed in small neurons including phospholipase C-delta 
4 and 3 novels. Ongoing in-situ hybridization studies have confirmed preferential 
expression in large neurons of high molecular wt. neurofilament and DRASIC. This 
work demonstrates that laser capture microdissection and subsequent DNA 
microarray hybridization can be used to delineate differential expression in large 
and small DRG neurons.

547.11
AN INCREASE IN SPONTANEOUS SYMPATHETIC ACTIVITY 
IN RATS WITH PERIPHERAL NERVE INJURY. J.W. Leem*1. Y.S. 
Gwak1, T.S. Nam1. K.S. Paik1 and J.M. Chung2. 1Dept. of Physiology, 
Yonsei Univ. Col. Med., Seoul, 120-752, Korea. 2Marine Biomedical 
Institute, Univ. of Texas Medical Branch, Galveston, TX 77555-1069.

The purpose of the present study was to investigate whether 
spontaneous activity of sympathetic efferents was increased or 
decreased in rats whose peripheral nerves were previously injured.

Peripheral nerve injury was done by a unilateral ligation of L5-L6 
spinal nerves of the rat. Single nerve fiber recordings were made from 
sympathetic efferent axons isolated from sympathetic chain between the 
levels of L3 and L4. Spontaneous sympathetic activity was compared 
between rats that underwent spinal nerve ligation 4-20 days previously 
and normal rats.

Mean discharge rate of spontaneous sympathetic activity was 
significantly higher in nerve-injured rats than normal rats (mean ± 
S.E.; 2.20 ±0.11 vs 1.43 ± 0.15). In nerve injured rats, spontaneous 
activity in sympathetic nerve fibers on both the injury and the non- 
injury sides was also significantly higher than in normal rats (2.33 ± 
0.15 and 2.07 ± 0.19, respectively).

The results indicate that after a unilateral injury to peripheral nerve, 
sympathetic outflow was increased on both sides of the body. This 
increased spontaneous sympathetic activity may contribute to sympa
thetically maintained pain. (Supported by KOSEF 975-0700-006-2)

547.8
EXPRESSION OF THE SHAL-RELATED POTASSIUM CHANNEL IS 
UPREGULATED IN DORSAL ROOT GANGLIA IN NEUROPATHIC PAIN. 
K.E. Rogers1*. L.I. Molino'. L. Luo2. M.D. Simkins1. L.P. Clark1. M.G. Erlander2 
and A.M. Shadiack1. R. W. Johnson Pharmaceutical Research Institute, 
1Spring House, PA 19477 and 2La Jolla, CA 92121.

Neuropathic pain in humans is characterized by thermal and mechanical 
allodynia and hyperalgesia. Similar syndrom es result from tight ligation of 
the lumbar spinal nerves in the rat as described by Kim and Chung (Pain 50 
(1992) 355-363). In this study, dorsal root ganglia (DRG) ipsilateral to the 
ligation have shown higher levels of m RNA coding for the shal K+ channel by  
differential display as compared to the contralateral control. The increase in 
transcriptional product w as confirmed by in situ hybridization at various time 
points after surgery using 35S-labeled RNA probes. Intact DRG tissue contain 
virtually no detectable levels of the shal K+ channel mRNA. Significandy 
higher levels o f the shal K+ channel m RNA are found in the lesioned DRG as 
soon as 2 days after surgery in rats w ith mechanical allodynia. Double 
labeling experiments for CGRP-like immunoreactivity show  that the shal K+ 
channel is primarily present in the large (Aβ-fiber) neurons which are CGRP- 
negative. This pattern of labeling persists in allodynic animals for at least 6 
weeks after surgery. However, tissue from allodynic rats 8 months after 
surgery no longer have elevated levels of the shal K+ channel mRNA. The 
shal-related K+ channel is thought to be an essential component of the 
calcium-independent transient outward K+ current in rat ventricular 
m yocytes (Fiset, C. et al., Can J Physiol, 500 (1997) 51-64). Thus, an increase in 
the number of shal K+ channels in these neurons m ay increase their firing rate 
by allowing for a shortening of the refractory period after depolarization. 
This, in turn, may be the cause of the painful response to otherwise non- 
noxious stimuli in neuropathic pain.

547.10
DNA MICROARRAYS AND DIFFERENTIAL DISPLAY 
IDENTIFY NUMEROUS DIFFERENTIALLY-EXPRESSED mRNAs 
IN DRG NEURONS OF A NEUROPATHIC PAIN MODEL. M.G. 
Erlander*K.E. Rogers. H. Guo, A. Bittner, K.C. Joy. K.D. Wild, S.K. 
Yagel, A M. Shadiack. L.P. Clark, J. Wan. J. Chambers. E.E. Codd. 
M.R. Jackson, and L. Luo. R.WJohnson Pharmaceutical Research 
Institute, Spring House PA. and LaJolla CA, 92121 
Differential display (DD) was performed with RNA extracted from 
ipsilateral neuropathic (“Chung model") and contralateral control side 
DRG. In total, 209 cDNAs (i.e., bands) were identified as increased or 
decreased and were subsequently cloned, sequenced and printed on a 
DNA microarray. Cy3-labeled cDNA probes derived from neuropathic 
and control DRG RNAs from two independent experiments were 
hybridized to DNA microarrays. 58 different mRNAs were found to be 
either increased or decreased in mRNA concentration. The 29 mRNAs 
with increased concentration included mRNAs encoding GLAST, 
alpha2delta subunit of the calcium channel, Kv4.3, and GAP43, all of 
which were confirmed and further characterized by in-situ hybridization 
studies. In addition, mRNAs encoding invariant chain, macrosailin and 
class II molecules increased suggesting that macrophage infiltration to 
the DRG occurs after injury. 29 mRNAs decreased and included 
mRNAs encoding CGRP, neuromedin B and neurofilaments. These 
major changes in gene expression may underlie the changes in 
phenotype observed for both C-fibre and Aβ neurons after injury and 
suggests a complicated response. DNA microarray technology enables 
the expression monitoring of a large number o f genes and thus may 
facilitate a greater in-depth understanding of the molecular basis of 
nerve injury and its relationship to neuropathic pain.

547.12
LONG TERM ANTIHYPERALGESIC EFFECTS OF THE SUBSTANCE P- 
SAPORIN TOXIN AND SUPPRESSION OF CHRONIC PAIN. M L. Nichols*. B.J. 
Align. J. Li, S.P. Rogers, J,R, Ghilardi. M.P. Finke, P. Honore, D.A. Simone and 
P.W. Mantyh. Dept. of Preventive Science, University of Minnesota, Minneapolis, 
MN 55455; Mol. Neurobio. Lab (151), VAMC, Minneapolis, MN 55417.

Following spinal injection, substance P-saporin (SP-SAP) conjugate is 
internalized by dorsal horn neurons expressing the substance P receptor (SPR). 
Subsequently, the cytotoxic actions of SP-SAP result in the loss of SPR-expressing 
neurons. We have shown that the loss of SPR+ neurons inhibits the nocifensive 
behavior and thermal and mechanical hyperalgesia produced by acute capsaicin injection 
28 days after SP-SAP. The current experiments examine the effects of SP-SAP on 
capsaicin injection 100 and 200 days after SP-SAP injection. The results show that at 
both times there was still a reduction in thermal and mechanical hyperalgesia and 
nocifensive behavior. We also examined the effects of SP-SAP in models of chronic 
pain (both before and after the insult). In the formalin paw flinch test (30 days after SP- 
SAP) the flinching behavior in the second phase was reduced while there was no 
alteration in first phase flinching. Additionally, 30 day pretreatment with SP-SAP 
significantly reduced the mechanical hyperalgesia associated with intraplantar CFA 
administration and the L5/L6 spinal nerve ligation (Chung) model of neuropathic pain. 
SP-SAP did not reduce thermal hyperalgesia in chronic pain models. Further, SP-SAP 
administered 7 days after Chung surgery significantly reduced the mechanical 
hyperalgesia associated with this model beginning 30 days after SP-SAP. In summary, 
these results show: (1) the antihyperalgesic effects of SP-SAP persist long after 
administration, (2) SP-SAP reduces mechanical hyperalgesia in chronic pain models, 
and (3) SP-SAP decreases hyperalgesia after the establishment of neuropathic pain. 
These results strengthen the hypothesis that SP-SAP may be a useful adjunct in the 
treatment of chronic pain. Supported by NINDS, Spinal Cord Society and a VA Merit 
Review.
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547.13

LONG-TERM NEUROTOXICITY FOLLOWING INTRATHECAL 
INFUSION OF SUBSTANCE P- SAPORIN TOXIN. J R. Ghilardi*. S.D. 
Rogers. P. Honore. B.J. Allen. M.L. Nichols. M.P. Finke. S.R. Viana. D.A. 
Simone, and P.W. Mantyh. Molecular Neurobiology Lab, VAMC, Mpls, MN 
55417, Dept. of Preventive Sciences, Univ. of MN, Mpls, MN 55455, Depts. of 
Cell Biology and Med. Surg., Duke Univ. Med. Cntr., Durham, NC 27710.

Recently, we demonstrated that the intrathecal infusion of substance 
P-saporin toxin (SP-SAP) into the rat spinal cord is toxic to a significant 
population (70% loss; p<0.01) of lamina I neurons expressing the substance P 
receptor (SPR) and that these neurons play a pivotal role in hyperalgesia. We 
now show that 200 days following the injection of SP-SAP, there are no 
significant changes (p>0.01) in the number of SPR+ and NeuN+ neurons, glial 
cells (GFAP+, OX-42+) and SP+ fibers in the superficial lamina (1-11) and in motor 
neurons (CGRP+) of the spinal cord as compared to the 28 day timepoint. 
Whereas the total neurotoxicity to SPR+ lamina I neurons is present at 28 days 
post-SP-SAP treatment, the neurotoxicity to SPR+ lamina lll-IV neurons (60% 
loss; p<0.005) is only evident at 200 days post-SP-SAP treatment.

These data reinforce the suggestion that the elimination of lamina I 
SPR-immunoreactive neurons following SP-SAP treatment may provide a 
therapeutic strategy for managing chronic pain. Supported by NINDS, VA 
Merit Review, AFRT and Spinal Cord Society.

547.15

VISCERAL PAIN: AN ASYMMETRIC FUNCTION OF THE BRAIN? E. D. Al- 
Chaer1,2, M. Quast2 Y. Feng2, J. Wei2, K. Gondesen2*, N Illangasekare2, D. Deyo3 
and W. D. Willis2 ‘Dept.  of Internal Medicine; 2Dept. of Anatomy and 
Neurosciences; 3Dept. of Anesthesiology; University o f Texas Medical Branch, 
Galveston, TX 77555.

Asymmetry in brain function has been described in several cerebral activities that 
correlate with behavioral tasks or sometimes even with sensory perception. This 
study is the first report of an asymmetric brain activity during symmetrical 
nociceptive body stimulation. The brains o f 4 monkeys (Macaca fascicularis) were 
examined using functional Magnetic Resonance Imaging (fMRI) during noxious 
and innocuous colorectal distension (CRD). The monkeys were anesthetized. Ah 
inflatable balloon was placed in the descending colon through the anus. The balloon 
is symmetrically distendable and presumably transduces pressure evenly onto the 
colonic wall. The images were obtained at baseline and during both low and high 
intensity CRD. Relative cerebral blood flow (CBF) and cerebral blood volume 
(CBV) were estimated using gradient echo bolus tracking and steady state spin echo 
(SE) imaging techniques, respectively. Increases in CBV were observed in the 
thalamus, mainly in the lateral nuclei, and in other brain areas, mainly the post 
central and cingulate gyri. However, contrary to what we expected these increases 
were not symmetrically distributed on both sides o f the brain. Unilateral changes in 
CBV were observed in the thalamus and in cortical areas regardless of the intensity 
of CRD. These changes shifted from one side of the brain to the other and varied 
with the rostrocaudal level of the cross-section. On the other hand, the dorsal 
column (DC) is known to play an important role in visceral pain processing; 
therefore a DC lesion will be made at the T10 spinal segment under sterile 
conditions and general anesthesia. The changes in CBV induced by CRD after the 
DC lesion will be assessed over a period of six months. (Supported by NS09743, 
NS11255).

547.17

CEREBRAL ACTIVITY PATTERNS ASSOCIATED WITH HEADACHE IN THE 
CONSCIOUS RAT

G. J. Ter Horst*. M B. Spoelstra, W.J. Meijler. R.H.A. Kemper 
Department o f Biological Psychiatry, Anaesthesiology, University Hospital 

Groningen
To enable the analysis o f central trigeminal pain processing we developed an 

animal model of intracranial trigeminal stimulation in the conscious rat. The aim of 
the study was to determine the cerebral activity patterns associated with headache 
using c-fos expression and chemical stimulation of intracranial trigeminal 
nociceptive nerves.

A permanent Cistema Magna cannula was inserted 3 days prior to infusion of 
vehicle, 250 and 1000 nM capsaicin. Two hours following infusion rats were 
perfused and coronal brain sections were immunocytochemically stained for the 
proto-oncogene protein c-fos.

The results show that capsaicin dose dependently elevated the number of c-fos 
immuno-reactive cells in the trigeminal nucleus caudalis (TNC) layer I,II. Areas 
involved in autonomic control (NTS, parabrachial nucleus, PVN), pain inhibition 
(LC, raphe nuclei) and in processing of trigeminal sensory information (intralaminar 
thalamic nuclei, somatosensory cortex) also show increased c-fos expression after 
intracistemal capsaicin treatment. Unexpectedly, little to no c-fos expression was 
observed in VPM and posterior thalamic nuclei.

Conclusion: Differences found in c-fos expression at the level of the TNC were 
reflected in areas involved in the autonomic respons to pain but only partly in 
thalamic nuclei that process trigeminal information. The results also show that the 
locus coeruleus and dorsal raphe become activated by head pain. This observation 
provides evidence against the hypothesis that the locus coeruleus and/or dorsal raphe 
are involved in initiation o f the migraine attack as was suggested by recent PET-scan 
studies.

Supported by Glaxo-Wellcome B. V

547.14

VISCERAL NOCICEPTION: BEHAVIORAL CHARAC
TERIZATION OF UTERINE PAIN IN A RAT MODEL. P.
P. Czakanski1*, M. A. Giamberardino2. G. Affaitati2 and U. 
Wesselmann1. 1Dept. of Neurology, Johns Hopkins Univ. School of 
Medicine, Baltimore, MD 21205, USA; 2Dept. of Medicine, 
‘G.D’Annunzio’ Univ. of Chieti, 66100 Chieti, Italy.

Pelvic pain in women presents a very difficult clinical problem 
because existing treatment strategies are often unsuccessful. Despite 
the clinical significance of pelvic pain there have been very few 
research efforts to elucidate the neural mechanisms of this chronic pain 
problem. In the present study we have examined the behavioral 
characteristics in rats (n=24) for a period of 7 days after chemical 
inflammation of the uterus using non-stop-video-recording. Control 
rats were sham-operated. Rats with uterine inflammation showed 
abnormal behavior during the first 4 days post-inflammation 
(hunching, hump-backed position, repeated licking of the lower 
abdomen/ipsilateral flank, repeated waves of contraction of the 
ipsilateral oblique musculature with inward turning of the ipsilateral 
hindlimb, stretching of the body, squashing of the lower abdomen 
against the floor) suggestive of visceral pain. When comparing this 
model of uterine pain to a previously described model of visceral pain 
of ureteral calculosis (Giamberardino, Pain, 61, 459-469, 1995) the 
behavioral characteristics are in many ways similar, and yet distinct, 
implying that different visceral stimuli result in different patterns of 
behavioral characteristics.
Support: USPHS-grant DA 10802 (UW), NATO Collaborative 
Research Grant SA5-2-05 CRG 971080 (UW and MAG)

547.16

PATHWAYS MEDIATING REFERRED VISCERAL 
P A IN .U, Wesselmann1,2* and J. Lai2. 1Dept. of Neurology, 2Dept. 
of Biomedical Engineering, Johns Hopkins Univ. School of 
Medicine, Baltimore, MD 21205.

Discomfort and pain are the sensory experiences most commonly 
evoked from visceral organs. Many forms of visceral pain are felt in 
regions of the body other than the organ whose stimulation caused 
pain, a process termed “referred pain” by Head (Brain, 16, 1-3, 
1893). The purpose of this study was to investigate the mechanisms 
of referred visceral pain using a rat model of inflammatory uterine 
pain. Inflammation of the uterus with mustard oil in rats pretreated 
with Evans Blue Dye resulted in dye extravasation in the skin over 
the abdomen, groin, lower back, thighs, perineal area and proximal 
tail, thus providing for the first time evidence for the trophic changes 
observed in the area of referred visceral pain in an animal model of 
uterine pain. It has been proposed that capsaisin-sensitive C-fibers 
mediate neurogenic plasma extravasation. Consistent with this 
hypothesis we have observed plasma extravasation in the skin in rats 
where capsaicin was injected into the uterus instead of mustard oil. 
The potential neuronal pathways mediating the observed neurogenic 
plasma extravasation in the skin after uterine inflammation may 
include dichotomizing afferent fibers, afferent-afferent interactions 
via a spinal cord pathway or a sympathetic reflex. These three 
scenarios are not necessarily exclusive. (Support: UW - Reflex 
Sympathetic Dystrophy Syndrome Association o f America, Passano 
Physician Scientist Award, Blaustein Pain Research Fund)

547.18
REDUCTION OF THE THRESHOLD OF CARDIOVASCULAR AND NEURONAL 
RESPONSES TO FACIAL AND INTRACRANIAL STIMULATION REFLECTS 
CENTRAL SENSITIZATION AND CUTANEOUS ALLODYNIA IN A RAT 
MODEL OF MIGRAINE. H. Yamamura* A. Malick 2,3, N. Chamberlin and R.
Burstein,. 1,2,3 1Department of Anesthesia and Critical Care, Beth Israel Deaconess 
Medical Center, 2Department of Neurobiology and 3the Program in Neuroscience, 
Harvard Medical School, Boston, Massachusetts 02115

Current theories propose that the pain of migraine is caused by chemical activation of 
meningeal perivascular fibers. We found that chemical irritation of the dura causes 
both trigeminovascular fibers innervating the dura and central trigeminal neurons 
receiving convergent input from the dura and skin to respond to low-intensity 
mechanical and thermal stimuli that previously induced minimal or no responses. One 
conclusion of these studies was that when low- and high-intensity stimuli induce 
similar responses in nociceptive neurons, low-intensity stimuli must be as painful as 
the high-intensity stimuli. The present study investigates the significance of the 
changes in the responsiveness of the central trigeminal neuronal responses by 
correlating them with the occurrence and type o f the simultaneously recorded 
cardiovascular responses.

Prior to chemical stimulation of the dura, simultaneous increases in neuronal firing 
rates and blood pressure were induced by dural indentation with forces >2.35g, by 
noxious cutaneous stimuli such as pinching the skin, and warming the skin above 
46°C. Following chemical stimulation, similar neuronal responses and blood pressure 
increases were evoked by much smaller forces for dural indentation, and by innocuous 
cutaneous stimuli such as brushing the skin and warming it to >43 °C. Temporal 
analyses revealed that neuronal response latencies preceded cardiovascular response 
latencies by 1-4 sec and that neuronal responses were longer than depressor but shorter 
than pressor responses. We conclude that the facilitated cardiovascular and central 
trigeminal neuronal responses to innocuous stimuli of the skin indicate that when dural 
stimulation induces central sensitization innocuous stimuli are as nociceptive as 
noxious stimuli prior to dural stimulation and that similar process might occur during 
the development of cutaneous allodynia during migraine. This work was supported by 
National Institutes of Health Grants DE-10904 and NS-35611-01.
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547.19
CUTANEOUS ALLODYNIA AND SENSITIZATION OF CENTRAL 
TRIGEMINAL NEURONS DURING MIGRAINE - A QST STUDY IN WOMEN 
AND MEN. R. Burstein1,2*, I. Goor-Aryeh1 and Z. Bajwa1. 1Dept. of Anesthesia, 
Beth Israel Deaconess Medical Center;1 Dept. of Neurobiology, Harvard Medical 
School, Boston, MA 02115.

Current theories propose that the pain of migraine is caused by chemical 
activation and sensitization of meningeal perivascular fibers. We showed recently 
that following a brief chemical irritation of the dura in anesthetized rats, both dura 
sensitive nociceptors and brainstem trigeminal neurons that receive input from these 
nociceptors and from the skin become hypersensitive to mechanical and thermal 
stimulation. We further showed that when brainstem trigeminal neurons become 
hypersensitive to innocuous stimuli such as brushing the skin, this hypersensitivity 
is accompanied by parallel changes in cardiovascular responses associated with 
nociception. Based on these studies we predicted that migraine patients develop 
cutaneous (mechanical and thermal) allodynia in the periorbital region during 
migraine. This hypothesis was examined by using quantitative sensory testing 
(QST) to compare changes in pain threshold to static indentation, dynamic brushing, 
slow (lºC/sec) warming (32-50°C) and cooling (32-0°C) of skin areas On the head 
and forearms (bilaterally) before and during migraine attacks. Our findings show 
that in addition to intracranial hypersensitivity during migraine a) 22% of the 
patients show no sign of extracranial cutaneous allodynia, b) 45% of the patients 
develop cutaneous mechanical, mechanical and cold, or mechanical, cold and warm 
allodynia on the ipsilateral head (usually within the referred pain area), and c) 33% 
of the patients develop similar types of cutaneous allodynia bilaterally on the head 
and forearms. Quantitatively, pain thresholds to mechanical indentation of the skin 
dropped from 146 to 73g, to warming from 44.9 to 4 1.4°C, and to cooling from 15.7 
to 20.2°C. Sensitization of the meningeal nociceptors but not the brainstem 
trigeminal neurons can explain the symptoms of the first group (no cutaneous 
allodynia). Sensitization of meningeal nociceptors and dura-sensitive brainstem 
trigeminal neurons can explain the sensory symptoms of the second group 
(ipsilateral head allodynia). Sensitization of third order sensory neurons that receive 
input from spinal cord (i.e., neurons exhibiting whole body receptive field are found 
in the medial thalamus or parabrachial nuclei) and trigeminal brainstem neurons can 
explain the sensory symptoms of the third group (head and limbs allodynia. 
Supported by NIH grants DE-10904 (NIDR) and NS-35611-01 (NINDS).
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548.1 548.2

ABNORM AL PAIN-RELATED BEHAVIORS IN M ICE AFTER  
PARTIAL SCIATIC NERVE ISCHEMIC INJURY
Karin Hygge Biakeman*, Jing-Xia Hao, Xiao-Jun Xu. Wei Yu and Zsuzsanna 
Wiesenfeld-Hallin, Karolinska Institute, Department of Medical Laboratory 
Sciences and Technology, Division of Clinical Neurophysiology, Huddinge 
University Hospital, SE 141 86 Huddinge, Sweden.

Numerous models of partial peripheral nerve injury have been developed in 
recent years and used extensively in studies of the mechanisms and treatments 
of neuropathic pain in rats. In contrast, models of partial nerve injury in mice 
have been less studied. We have used a photochemical technique to produce 
unilateral ischemic injury of the sciatic nerve in male C57/BL6 mice and 
studied the sensory abnormalities that developed after such injury. To induce 
the nerve ischemia the exposed sciatic nerve was irradiated for 30 s, 1 min or 
2 min with an argon laser after intravenous injection of erythrosin B, a 
photosensitizing dye. The responses of the mice to mechanical and cold 
stimulation were evaluated with von Frey hairs and acetone stimulation, 
respectively. Withdrawal threshold to mechanical stimulation of the paw 
ipsilateral to the injuried sciatic nerve decreased in mice irradiated for 30 s, 1 
min and 2 min whereas cold responses were enhanced only after 1 and 2 min 
irradiation. The frequency of the development of hypersensitivity was much 
higher following 1 min irradiation than after 30 s or 2 min. Histological 
examination of the sciatic nerve irradiated for 1 min revealed signs of axonal 
degeneration and demyelination. In conclusion, we have developed a mouse 
model of partial sciatic nerve injury of ischemic origin. This model may be 
particularly useful in studies using genetically modified mice.
Supported by the Swedish National Network in Neuroscience, The Swedish 
MRC, Astra Pain Control and the European Commission.

EFFECTS OF CHRONIC CONSTRICTION INJURY OF THE SCIATIC 
NERVES OF RATS ON OPERANT ESCAPE AND REFLEX 
WITHDRAWAL/LICKING RESPONSES TO THERMAL STIMULATION.
A. Acosta-Rua1, A.P. Mauderli2* and C.J. Vίerck1. 1Dept. of Neuroscience, 
Col. of Medicine, 2Dept of Prosthodontics, Col. of Dentistry, Univ. of 
Florida, Gainesville, FL 32610-0244.

Long Evans rats were trained to escape from placement on a heated or 
cooled floor in a dark compartment to a neutral temperature platform in a 
brightly lighted compartment. For separate testing sessions, the 
temperature of the floor was set to 43, 45, 47 or 0.5 deg. C. Operant 
escape latencies were compared to latencies of hindlimb withdrawal and 
licking when the animals were placed on the floor without the escape 
platform available. In addition, the frequency and duration of 
withdrawal/licking responses was noted during trials of varying duration, 
depending on the floor temperature. Finally, latencies of escape from 
bright light were evaluated in a separate apparatus, to control for motor or 
motivational effects of chronic constriction injury (CCI)of the sciatic nerve.

Following bilateral CCI of the sciatic nerves with chromic gut sutures, 
operant escape responses and reflex withdrawal/licking responses were 
affected similarly over time. This effect on escape responses provides 
evidence of allodynia, confirming expectations from numerous 
demonstrations of enhanced reflexes. The time-course of enhanced 
sensitivity was quite different for 43°C, which preferentially stimulates 
unmyelinated (C) nociceptors, vs. higher temperatures or cold, which 
effectively stimulate A-delta nociceptors. Responses to 43°C were 
progressively enhanced over several months of testing, but responses to 
other temperatures were enhanced transiently (2-3 weeks).

Supported by NS-07261 and BSCIRTF funds from the State of Florida.

548.3
MICROTUBULE DEPOLYMERIZATION IN CORNEAL SUBEPITHELIAL 
AXONS FOLLOWING SYSTEMIC ADMINISTRATION OF VINCRISTINE IN A 
RAT MODEL OF PERIPHERAL NEUROPATHY. L. Satyendra, C. Sidel, S. 
Walcott, K.D. Tanner, J.D. Levine, and K.S. Topp*. Depts. of Anat., Med., 
Neurosci., and Phys. Therapy, UCSF, San Francisco, CA 94143 

Vincristine, a chemotherapeutic agent that impairs mitotic spindle function, 
produces peripheral neuropathy in humans including painful paresthesias and 
dysesthesias. A rat model of vincristine-induced neuropathy is characterized by 
behavioral hyperalgesia and hyperresponsiveness to mechanical stimulation in 
nociceptive sensory neurons. Previously, we found that during the hyperalgesia there 
is axonal swelling and disorientation of microtubules in unmyelinated sensory axons 
in the saphenous nerve (Tanner et al., 1998). To test the hypothesis that the structural 
modifications also occur in peripheral nerve terminals where sensory transduction 
occurs, we performed ultrastructural morphometric analyses on pre-terminal axons 
in the corneal subepithelial plexus of control and vincristine-treated (100 µg/kg) rats 
during the peak of hyperalgesia. In sections cut perpendicular to the corneal surface 
and parallel to the limbus, microtubules in axons were cut in both cross- and 
tangential-section. We found no gross morphological differences between control 
and vincristine-treated corneas; there was no axon loss in the subepithelial plexus. 
There was, however, a significant decrease in microtubule density in axons from 
vincristine-treated rats when compared to control axons. This decrease was not due 
to axonal swelling, as had been observed in the saphenous nerve. Rather, there was a 
significant decrease in the number of both cross- and tangentially-sectioned 
microtubules per axon in vincristine-treated rats. Our results suggest that vincristine 
causes microtubule disorientation in mid-peripheral nerve, but causes 
depolymerization of microtubules in pre-terminal axons. Future experiments will 
address whether the structural alterations observed in the saphenous nerve and the 
more significant microtubule loss in pre-terminal corneal axons impair axonal 
transport and/or contribute to alterations in sensory transduction. [Funded by 
NICHD, UCSF Academic Senate, American Cancer Society]

548.4
TACTILE HYPERSENSITIVITY OF RAT MONONEUROPATHIC MODELS 
MAY BE MODULATED BY UPREGULATION OF GALANIN AND 
NEUROPEPTIDE Y IN DORSAL ROOT GANGLIA AND DORSAL HORN. T.J. 
Şhi1, J.G. Cui2, B. A. Meyerson2, B. Linderoth2, U.C.Kopp1*, and T. Hӧkfelt1 
Dept of Neuroscince, Karolinska Institute1; Dept of Clinical Neuroscience, Section of 
Neurosurgery, Karolinska Hospital2, Stockholm, Sweden.

The expression of galanin (GAL) and neuropeptide Y (NPY) in rat lumber 5 (L5) 
dorsal root ganglia (DRGs) and dorsal horn (L4-5) was studied after four types of 
peripheral nerve injury using immunohistochemistry and in situ hybridization. The 
possible correlation between these two peptides and allodynia-like behaviour was 
analysed as well. The models employed were the Gazelius, Selzter and Bennett models, 
as well as sciatic nerve transection (axotomy). Two weeks after surgery, rats in the 
Gazelius model displayed a greater tactile allodynia than in the Selzter and Bennett 
models. None of the axotomized rats displayed any tactile allodynia. A marked increase 
in the number of GAL- immunoreactiv (IR) neurons and GAL mRNA-positive 
neurons was observed in ipsilateral DRGs in all types of models, whereas the increase 
in allodynic rats (Gazelius, Selzter and Bennett models) was less pronounced than that 
in axotomy. In addition, in the Bennett model, the number of GAL-IR neurons was 
lower in allodynic rats as compared to non-allodynic rats, and the same tendency, but 
less obvious was found in the Selzter model. Furthermore, an increase in GAL-IR 
fibers was found in the superfical laminae of the ipsilateral dorsal horn in all lesion 
models, especially in lamina II. A damatic increase in the number of NPY-IR neurons 
and NPY mRNA-positive neurons was also found in the ipsilateral DRGs in all 
models, but no significant difference was found either in peptide or mRNA levels 
between allodynic and non-allodynic rats. The present study suggests that the levels of 
endogenous GAL may play a role whether or not allodynia develops in the Bennett 
model. (Supported by Swedish MRC 04X-2887; EU BIOMED2 BMH4-CT95-0172, 
ASTRA PAIN CONTROL AB Sweden)
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548.5
GALANIN MUTANT MICE ARE HYPOALGESIC IN A PARTIAL 
NERVE INJURY MODEL. B.J. Kerr,1 S.W.N. Thompson,1 D.Wynick2* and 
S.B. McMahon1 . 1Dept. Physiology, UMDS, St Thomas’ Hospital, London, 
SE1 7EH, UK, 2 Dept. Medicine, University o f Bristol, Bristol, U.K.

We have investigated the role o f galanin in somatosensory processing in 
mice with a loss o f function germ line mutation in the galanin locus. The 
behaviour o f such animals was assessed in the Seltzer model o f neuropathic 
pain. About 30 to 50% of one sciatic nerve o f both mutant and wild type mice 
(n=9) was tightly ligated at mid-thigh level. Animals were then monitored for 
two weeks. Thermal sensitivity (method o f Hargreave’s) and mechanical 
sensitivity (Von Frey monofilaments) o f hind paw plantar skin were 
determined every other day for 2 weeks after nerve injury.
There were modest but significant increases in the baseline thermal and 
mechanical sensitivity o f galanin (-/-) mice. Wild type mice exhibited large 
and significant alterations to both thermal and mechanical stimuli after nerve 
injury: Thermal withdrawal latencies were significantly reduced at all post- 
injury times studied (e.g. at 7 days they had dropped by about 40%). 
Mechanical sensitivity also significantly increased (e.g. to 0.1 g force, mean % 
response of 76.6% at 1 week vs. baseline o f 32%). In contrast, in galanin 
mutant mice, thermal and mechanical sensitivities did not significantly 
change at any time point following nerve injury.
These results suggest that galanin’s function may be more complex following 
nerve injury than previously believed. The most parsimonious explanation of 
our data, however, is that the upregulation of galanin in damaged sensory 
neurones promotes the emergence of neuropathic pain. Supported by Astra 
Pharmaceutical.

548.7
ENDOGENOUS INTERLEUKIN-6 CONTRIBUTES TO PERIPHERAL 
NEUROPATHIC PAIN. P.M. Richardson1*, P.G. Murphy1, M.S. Rameг2, L  
Borthwick*, and M.A. Bisby2. 1Dept. of Neurology and Neurosurgery, Monưeal 
General Hospital, McGill University, Monưeal, PQ, HЗG 1A4. 2Dept. of 
Physiology, Queens University, Kingston K7L ЗN6.

As interleukin-6 (IL-6) is induced in a subpopulation of dorsal root ganglion 
neurons (DRG) after nerve transection and as infusion of IL-6 can result in thermal 
hyperalgesia, we investigated whether endogenous IL-6 contributes to neuropathic 
pain associated with partial nerve injury. Using chronic constriction injury, a 
painful partial nerve injury, we first demonstrated an induction of IL-6 mRNA in a 
subpopulation of medium to large DRG neurons synthesized at times where 
hyperalgesia is present. Chronic constriction injury was performed on wildtype and 
IL-6 - / -  mice to determine if endogenous IL-6 contributes to neuropathic pain. 
The exaggerated withdrawal responses to tactile and thermal stimuli that are 
induced by chronic nerve constriction in wildtype mice were not evident in IL-6 - ∕  
-  mice. In contrast to a published report, we detected no differences between 
uninjured wildtype and IL-6 - / -  mice in responses to thermal or mechanical 
stimuli. As other members of the IL-6 cytokine family can regulate neuropeptide 
levels in DRG and sympathetic neurons and as neuropeptides such as substance P 
and galanin have been implicated in pain transmission, we investigated whether 
alterations of these neuropeptides might account for the differences in sensitivity 
between wildtype and IL-6 - / -  mice after partial nerve injury. After chronic 
constriction injury in mice without IL-6, the loss of substance P in sensory neurons 
was excessive and the induction of galanin in central sensory projections was 
reduced. The changes in these neuropeptides provide one possible explanation for 
the behavioral data. (funded by mrc Canada).

548.9
DETERMINATION OF δ-OPIOID RECEPTOR mRNA TISSUE EXPRESSION 
IN AN ANIMAL MODEL OF NEUROPATHIC PAIN
P. Zaratin,  A. Colombo, M. A. Scheideler*, P.T.Davey, P. Raval, A.A.Parsons 
and S. Bingham.
SmithKline Beecham Pharmaceuticals, Via Zambeletti, 20021 Baranzate di 
Bollate, Milan, Italy and New Frontiers Science Park North, 3rd Ave, Harlow, 
Essex CM19 5AW, UK.

Pharmacological and clinical evidence indicates that neuropathic pain is 
relatively insensitive to morphine (Dickenson et al. (1997) Gen. Pharmacol. 28 
(5): 633-338). We have further demonstrated in a accompanying poster that the 
novel, non-peptide delta receptor agonist SB-235863A selectively inhibits 
thermal hyperalgesia in the rat partial ligation model of neuropathic pain, while 
morphine affects normal nociceptive responsiveness (Bingham et al., 27th 
Annual meeting Society for Neuroscience, Oct 25-30,1997). In the present study 
the expression of delta opioid receptor mRNA was determined by real time 
TaqMan ™ quantitative PCR after partial ligation of the rat left sciatic nerve. 
Delta opioid receptor mRNA expression was measured in the spinal cord, nerve 
and brain 6 and 24 hs or 7, 14, and 28 days following surgery. TaqMan™ PCR 
analysis indicates that the relative expression of delta receptor mRNA in the 
tested tissues is differentially upregulated over the time course of the 
development of neuropathic pain. Most notably, an increase in the expression of 
delta-opioid receptor mRNA was observed in the spinal cord of the ligated 
versus sham rats 6 hours and 7 days after surgery. The expression data are 
consistent with the time-course of the hyperalgesia response seen after 
application of a laser heat pulse (Seltzer et al. (1990) Pain 43: 205-218) and as 
shown in the accompanying poster by Bingham et al..

548.6
SYMPATHETIC DEPENDENCY OF ONGOING PAIN AND COLD 
STRESS-INDUCED PAIN BEHAVIORS IN A RAT MODEL OF 
NEUROPATHIC PAIN. K.S Paik*1, Y.S. Gwak1, Y. Choi2, J.W. 
Leem1 and T.S. Nam1. 1Dept. of Physiology, Yonsei Univ. Col. Med., 
2Dept. of Anesthesiology, U lsan Univ. Col. Med., Seoul, Korea.

The purpose of the present study was to see if  behavioral signs of 
ongoing pain and cold stress-induced pain observed in neuropathic rats 
were sympathetically dependent.

Neuropathic surgery was performed by a unilateral ligation of L5-L6 
spinal nerves o f rats. Behavioral signs o f ongoing pain and cold stress- 
induced pain were examined by measuring for 5 min cumulative 
duration of time that the rat lifted its foot off a plate held at room or a 
cold (5°C) temperature. Whether behavioral signs were affected by 
phentolamine pretreatment or by epinephrine injection was investigated.

Duration of foot lifting on the spinal nerve-ligated side at both 
temperatures increased as compared to the pre-operative period. This 
increase maintained for 7 and 15 days at room and cold temperatures, 
respectively. Foot lifts at both temperatures were completely abolished 
by pretreatment of phentolamine (4 mg/kg, i.p.) and were rekindled by 
subcutaneous injection of epinephrine (300 µg/kg) into the area on the 
back of the body which caused no foot lifts in normal rats.

The results indicate that behavioral signs of ongoing pain and cold 
stress-induced pain developed after nerve injury are dependent on the 
sympathetic nervous system. (Supported by KOSEF 975-0700-006-2)

548.8
DOWN-REGULATION OF ALPHA-2A ADRENERGIC RECEPTOR 
IMMUNOREACΊΊVΠΎ IN RAT SPINAL CORD FOLLOWING 
PERIPHERAL NERVE INJURY. L.S. S tone*1-3, L. Vulchanova1+3, M. 
Riedl3, C. Bгobeгger4, F. Williams3, G.L. Wilcox1-2 and R. Elde1-3. 1Graduate 
Program in Neuroscience, Depts. of 2Pharmacology and 3Cell Biology 
and Neuroanatomy, University of Minnesota, Minneapolis, MN 55455. 
4Dept. of Neuroscience, Karolinska Institutet, 17177 Stockholm, Sweden.

Neuropathic pain resulting from peripherial nerve injury can be 
relieved by surgical and chemical sympathectomy. Pharmacological 
studies have demonstrated that antagonism of alpha adrenergic receptors 
can attenuate hyperalgesia and allodynia associated with nerve injury. 
Although it is known that the alpha-2A adrenergic receptors mediate 
analgesia, it remains unclear whether the pro-nociceptive actions of alpha 
adrenergic receptors under neuropathic conditions are mediated by 
alpha-1 or alpha-2 receptors. We therefore investigated whether nerve 
injury-induced changes in the spinal levels of the alpha-2A receptor 
could be observed.

Three models of neuropathic pain in rat were used in this study 1) 
tight ligation of L5/L6 spinal roots, 2) four loose ligations of the sciatic 
nerve and 3) complete sciatic nerve transection. The animals were tested 
for injury-induced behavioral changes, perfused 7-10 days following 
surgery and processed for immunohistochemistry. Tissue was stained 
using an antiserum directed against the carboxy-terminal portion of the 
alpha-2A adrenergic receptor.

We observed a decrease in alpha-2A immunoreactivity ipsilateral to 
the injury in all three models examined. These results suggest that an 
alteration in expression of this receptor subtype may accompany 
functional changes in spinal transmission of pain following several types 
of nerve injury. (Supported by R01-DA-01933 to GLW and DA-06299to 
RE).

548.10
CALCITONIN GENE RELATED PEPTIDE, SUBSTANCE P AND PROTEIN 
GENE PRODUCT 9.5 IMMUNOREACTIVE AXONS IN THE RAT FOOTPAD 
SKIN FOLLOWING PARTIAL SCIAΉC NERVE INJURIES W.Ma and M,A Bisbv. 
Dept. of Physiology, Queen's University, Kingston, Ontarion, Canada K7L ЗN6

We examined the sensory neuropeptides calcitonin gene related peptide 
(CGRP), substance P (SP) and the general neuronal marker protein gene product 
(PGP) 9.5 immunoreactive (IR) fibers in the footpad skin of rats after chronic 
constriction injury (CCI) and partial sciatic nerve ligation (PSNL) of sciatic nerve. 
Four and 14 days after CCI, CGRP- and SP-IR axons in the ipsilateral footpad skin 
entirely disappeared in most rats. In other CCI rats, sparse CGRP- and SP-IR fibers 
were still observed. PGP-IR fiber innervation dramatically decreased in the footpad 
skin, but some thick fiber fascicles appeared. At the EM level, these PGP-IR thick 
fiber fascicles were characterized as unmyelinated axons surrounded by non-IR 
Schwann cells. Some of these axons were swollen and highly irregular in shape.

In contrast, 4 days after PSNL, CGRP-, SP-, and PGP-IR fibers in the 
injured side footpad skin were still present but significantly reduced in density, but 
by 14 days CGRP-, SP- and PGP-IR fiber density in the footpad skin had partially 
recovered.

The loss of CGRP- and SP-IR fibers in the footpad skin following CCI 
suggests that sensory nerves containing these neuropeptides may not be essential to 
the development of hyperalgesia and allodynia in this neuropathic pain model. 
Conversely, the abnormal unmyelinated axons which formed thick PGP-IR fiber 
fascicles might play a role in the mechanism. In conưast, the rapid loss and rapid 
recovery of CGRP-, SP- and PGP-IR fibers in the footpad skin after PSNL shows 
that the two models which result in similar behaviours are associated with very 
different patterns of cutaneous innervation. (Supported by MRC of Canada. Weiya 
Ma is a recipient of a postdoctoral fellowship provided by Rick Hansen Man in Motion 
Legacy Foundation)
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548.11
CHANGES OF GABAERGIC AND GLYCINERGIC INHIBITORY NEURONAL 
SYSTEM FOLLOWING NERVE INJURY
T- Ibuki,*and Y. Tanaka Anesthesiology, Kyoto Pгef. Univ. Med., Kyoto, 602 -0841 
Japan.

Abnormal nociceptive response following nerve injury is considered to be 
attributable to the modulation of neuronal system in the spinal dorsal horn. Long term 
loss of GABAergic and glycinergic inhibitory function may cause abnormal 
hyperexcitability which can lead to the abnormal sensory processing following nerve 
injury. In order to examine the involvement of spinal GABAergic and glycinergic 
neuronal systems which may be vulnerable to excitotoxic damage in the process of 
neuropathy development, we performed GABA and glycine immunohistochemical 
quantification and behavioral assessments on male Sprague-Dawley rats with chronic 
constriction injury (CCI) of the sciatic nerve (Bennett model) and injury of the L5 and 
L6 spinal nerve (Chung model). Results showed an ipsilateral decrease in GABA 
positive neurons in lumbar dorsal horn (laminae I-IΠ) by 3 days following sciatic nerve 
injury. At 2 weeks GABA positive neurons could be observed neither on the ipsilateral 
nor contralateral side. By 7 weeks following CCI, injured or transiently down-regulated 
GABAergic neurons began to recover, with almost complete recovery contralateral to 
the CCI, but only partial recovery on the ipsilateral side. Furthermore, very good 
correlation could be seen between GABA positive immunoreactivity and the behavioral 
allodynia. In animals with spinal nerve injury (Chung model), slight decrease in GABA 
immunoreactivity was observed bilaterally 3 days following surgery. Bilateral 
decrease in GABA immunoreactivity was accelerated at 1 week and continued for at 
least 3 weeks after surgery, when GABAergic immunoreactive components began to 
recover. Glycine immunoreactive fibers and terminals degraded 1 week after the spinal 
nerve injury and the time course of the immunoreactivity followed the similar course. 
Strong allodynia was observed in these rats. GABA and glycine neuronal system is 
strongly suggested to be involved in the mechanism of neuropathy development 
following nerve injury. This research was supported by a grant from the Ministry of 
Education, Science and Culture of Japan. ( 0 9 6 7 1 5 8 1 )

548.13
SYMPATHETIC SPROUTING IN THE DORSAL ROOT 
GANGLIA IS UNRELATED TO THE NEUROPATHIC PAIN IN 
A RAT MODEL OF PERIPHERAL NEUROPATHY H. S. Naa,b, H.
J. Kima, B. Sungb,c, H. J. Nama and S. K. Honga,b aNeurosci. Res. Instit. and 
Dept. of Physiol., Korea Univ. Coll. of Med.; bGraduate School of 
Biotechnology, Korea Univ.; cDept. of Rehabilitation Therapy, Sahmyook 
Univ., Seoul, 136-705, Korea

Partial nerve injury often results in neuropathic pain that is aggravated 
by sympathetic excitation and induces an increased sympathetic nerve 
sprouting in the injured nerve and corresponding dorsal root ganglion (DRG). 
Presently, the functional mechanisms of the interactions between the 
sprouting and injured somatic afferents still remain uncertain. This study 
was performed to see whether the sprouting in the DRG plays a key role in 
the development of neuropathic pain. To this aim, we compared two groups 
of rats, both of which were subjected to unilateral transection of the inferior 
and superior caudal trunks at the level between the S1 and S2 spinal nerves, 
with respect to sympathetic fiber sprouting; one group showed neuropathic 
pain behaviors and the other group did not or slightly exhibited such 
behaviors. Immuno-histochemical staining with tyrosine hydroxylase (TH) 
antibody of the S1 DRG taken from the both groups of rats after behavioral 
tests revealed that the magnitude of penetration of TH-positive fibers into 
the SI DRG was not significantly different between the two groups.

These results suggest that the sympathetic nerve sprouting in the DRG is 
not a key factor in the development of neuropathic pain. (Supported by 
postdoctal fellowship fund for H. J. Kim, 97-98, KRF)

548.15
REGULATION OF EXCITABILITY OF SPINAL CORD AND 
GRACILE NUCLEUS NEURONS IN THE CHRONICALLY INJURED 
SCIATIC NERVE. A. Tokunaga*, T. Fukuoka, K. Miki & K. Noguchi.. 
Dept. of Anatomy & Neuroscience, Hyogo College of Medicine, 
Nishinomiya, Hyogo, 663-8501, Japan.

Fos-like immunoreactive neurons are expressed in spinal cord laminae 
III-IV and gracile nucleus by stimulation of injured nerve at A ß intensity 
21 days after sciatic nerve transection in rats. The Fos expression in 
these areas, where the same stimulus was essentially ineffective in the 
uninjured animal case, suggested an altered excitability in the second 
order neurons involved. In this study, we investigated which receptors 
are involve in the regulation of the Fos expression.

Sprague Dawley rats (150 g) were used. The sciatic nerve was 
transected 7 days before the experiment day. The animals were 
administered morphine, muscimol, baclofen, MK-801, CNQX, L-NAME 
and clonidine intraperitoneally, and given electrical stimulation (0.1 
mA, 5 Hz, 10 min) to proximal region to the nerve injury site 20 
minutes after the -drug administration under urethane anesthesia. Two 
hours after the stimulation, animals were perfused, and frozen sections 
of the spinal cord and brain stem were made. The sections were stained 
for Fos protein by immunohistochemistry.

Baclofen inhibited the Fos expression in the laminae I-IV and gracile 
nucleus. Morphine inhibited only the Fos expression in the posterior 
cutaneous nerve territory of laminae I-II, but not in the laminae III-IV 
and gracile nucleus. The other drugs were not effective on the Fos 
expression. It is suggested that Fos expression after stimulation of injured 
Aß fibers is regulated via GABA b receptor.
(Supported by the Japanese government and Hyogo Coll. of Med.)

548.12
AGE RELATED DEVELOPMENT OF CHRONIC CENTRAL PAIN IN A 
SPINAL CORD INJURY MODEL. C.E. Hulsebosch*, K.M. Chastain and A.W. 
Everhart. Department of Anatomy and Neurosciences and Marine Biomedical 
Institute, University of Texas Medical Branch, Galveston, TX 77555

Spinal cord injury (SCI) often results in abnormal pain syndromes in patients. We 
recently developed a SCI mammalian model of chronic central pain, in which the 
spinal cord is hemisected at T13 in rats, that results in the development of chronic 
mechanical and thermal allodynia. Previous studies indicated that 100% of all 
spinally hemisected rats develop these changes. However, there is considerable 
variability in other SCI models with regard to the percent of animals that develop 
allodynia. The hypothesis we tested was that age or stage of growth development 
played an important role in the development of chronic allodynia. Two groups of 
male Sprague-Dawley rats were spinally hemisected at T13, one was 47 days old 
(164.6 ± 5.5 gm. body wt., N=5) and the second was 60 days old (273.2 ± 8.1 gm. 
body wt., N=7). The results of behavioral studies in response to mechanical and 
thermal stimuli were recorded and compared for the same postoperative days. There 
are statistically significant differences in both mechanical and thermal allodynia 
tests but not the locomotory recovery between groups (p<0.05). We speculate that 
the development of chronic central pain involves neural plasticity that is known to 
be greater in young adults than older adults. In addition to lesion type, age may 
account for the disparity of the response in some studies.

Supported by the Spinal Cord Research Foundation of the Paralyzed Veterans of 
America and NIH NS11255.

548.14
UP-REGULATION OF CALCITONIN GENE-RELATED 

PEPTIDE AND PREPROTACHYKININ MESSENGER RNA IN L4 
DORSAL ROOT GANGLION NEURONS FOLLOWING L5 SPINAL 
NERVE LIGATION; A RAT NEUROPATHIC PAIN MODEL

Anat. & Neurosci., Hyogo College of Medicine, Hyogo, 663-8501, JAPAN
Unilateral L5 spinal ligation causes mechanical allodynia and heat 

hyperalgesia in the ipsilateral foot plantar. In this model, the natural stimuli 
applied to the foot plantar surface must be transferred through the 
neighboring intact spinal nerves, mainly through the L4 spinal nerve. In this 
study, we report the change in mRNAs for calcitonin gene-related peptide 
(CGRP) and preprotachykinin (PPT), a precursor of substance P (SP), in the 
L4 DRG neurons from 1 to 14 days postoperative (PO) .

Male Sprague-Dawley rats (150-180g) received tight ligation of the left L5 
spinal nerves. Heat hyperalgesia and mechanical allodynia were examined 
with foot plantar test and von Frey filaments every other day. The rats were 
killed by decapitation at 1, 3, 5, 7, and 14 days PO. The L4, 5 DRG were 
rapidly dissected out and processed for in situ hybridization and Northern 
blot analysis.

In situ hybridization histochemistry revealed that the signal intensities for 
CGRP mRNA and PPT mRNA increased in a subpopulation of small- and 
medium-sized neurons in ipsilateral L4 DRG as compared to the contralateral 
L4 DRG. CGRP mRNA was upregulated since 5 days PO, while PPT mRNA 
increased at 14 days PO.

These data suggest that increased CGRP and SP in the L4 DRG neurons 
which would re-innervate the denervated hind paw plantar, should facilitate 
the sensory transmission of natural stimuli applied to the plantar and would 
cause hypersensitivity in this rat neuropathic pain model.

(Supported by the Japanese government and Hyogo College of Med.)

548.16
CHANGES IN NUMBER AND PROPERTIES OF WIDE DYNAMIC 
RANGE NEURONS IN THE GRACILE NUCLEUS OF THE RAT 
WITH SPINAL NERVE LIGATION. T.S Nam*, Y.S. Gwak, J,W. 
Leem and K.S. Paik. Dept. of Physiology, Yonsei Univ. Col. Med., 
Seoul, 120-752, Korea.

The purpose of the present study was to examine electrophysiological 
properties of neurons in the gracile nucleus (GN) of the rat with 
experimental neuropathy.

Neuropathic surgery was done by a unilateral ligation of L5-L6 
spinal nerves of rats. Spontaneous activity and responses to mechanical 
stimuli applied to the somatic receptive field in intensity varying from 
innocuous to noxious were investigated for gracile neurons in rats with 
neuropathic surgery 10-20 days previously and in normal rats.

Wide dynamic range (WDR) and low threshold (LT) neurons were 
identified in the GN. The proportion of WDR neurons from the GN on 
the injured side was higher than either on the uninjured side or in 
normal rats. A higher spontaneous discharge rate and increased 
response to innocuous stimulus were observed from WDR neurons in 
the GN on the injured side as compared to those either on the uninjured 
side or in normal rats.

The results suggest that an increase in number and excitability of 
WDR gracile neurons induced after peripheral nerve injury may in part 
play a role in the development of neuropathic pain.
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548.17
ACUPUNCTURE ANALGESIA IN A RAT MODEL OF 
NEUROPATHIC PAIN. K.S. Lim*2, D.H. Lee1 and J. M. Chung1. 
1Marine Biomed. Inst., Depts. of Anat. & Neurosci. and Physiol. & 
Biophys., Univ. Texas Med. Br., Galveston, TX 77555 and 2School of 
Oriental Medicine, Wonkwang University, Iksan, Korea 570-749.

The purpose of this study was to investigate the analgesic effect of 
acupuncture in a model of neuropathic pain produced by segmental spinal 
nerve injury (SSI) in rats.

The left L5 and L6 spinal nerves of Sprague-Dawley rats were tightly 
ligated, and one week later, manual or electro-acupuncture was applied for 
30 minutes to the contralateral hindlimb (right side) while the animal was 
lightly anesthetized with halothane. The mechanical threshold of the paw 
for ipsilateral (left side) hind limb flinching was determined prior to and 
0.5, 1, 2, 4, and 24 hours after termination of acupuncture.

The mechanical threshold for flinching was significantly elevated for 
about 4 hours after manual acupuncture applied to the BL 60 (Kunlun) 
point or electro-acupuncture to the BL 60 and BL 40 (Weizhong) points. 
However, manual acupuncture applied to the ST 36 (Zusanli) point was 
not effective. Furthermore, systemic naloxone pretreatment had no effect 
on the acupuncture induced threshold elevation.

These data suggest that acupuncture produces a point specific, 
naloxone independent analgesia in a rat neuropathic pain model. 
(Supported by NIH grants NS31680 and NS 11255 and a grant from the 
Jusan Foundation)

SUBCORTICAL VISUAL PATHWAYS II
549.1
RETINAL PROJECTIONS IN A SOUTH AMERICAN MARSUPIAL.
Dianna M. Kahn, Kelly J. Huffman. Chau Le, and Leah Krubitzer*. Department of 
Psychology and Center for Neuroscience, University of California, Davis, 95616.

The goal of these experiments was to examine the projections from the retina 
to subcortical structures as part of a broader effort to characterize the marsupial 
visual system. A 5 µl injection of 4% wheatgerm agglutinin conjugated to 
horseradish peroxidase (WGA-HRP) was made into one eye of two different animals. 
After a survival time of two days, the animals were euthanized, transcardially 
perfused, and the brain was cut and processed with tetramethylbenzidine to visualize 
the HRP reaction product. Alternate sections were processed for myelin, Nissl, and 
cytochrome oxidase so that the anterogradely transported tracer could be localized to 
different subcortical structures. In both cases, the predominant projection of the 
retina was to the contralateral lateral geniculate nucleus (LGN). The pattern of 
labeled axon terminals was heterogeneous and formed irregularly distributed 
dorsoventral patches. Labeled axon terminals were also present in the ipsilateral 
LGN, but the density of the label was considerably less than in the contralateral 
LGN. The second target of the retina was the superficial layers of the contralateral 
superior colliculus. The transported tracer formed a patchy band that encompassed 
most of the mediolateral region of the superficial layers. These studies support 
previous investigations in primitive lineages such as monotremes and marsupials, 
in which the majority of retinal projections are contralateral. Because marsupials and 
monotremes are descendants of the ancestors of the earliest mammal, these results 
suggest that bilateral projections of the retina in some eutherian mammals are a 
recent evolutionary phenomena. Conversely, the patchy, or roughly laminar 
appearance of projections in the LGN, presumably representing eye specific regions, 
suggests that segregation of inputs into geographically separate regions of neural 
tissue is a very primitive feature of neural organization. Supported in part by NIH- 
RO1#NS35103-02, and Whitehall Foundation M97-20 to Leah Krubitzer.

549.2
VISUAL MOTION DETECTORS IN WALLABIES: EVIDENCE FOR THE 
INTERACTION OF ON AND OFF CHANNELS AND A MULTIPLICATIVE 
FACILITATION MECHANISM. M.R. Ibbotson* and R.F. Mark. Dev. Neurobiology, 
RSBS, Australian National University, ACT 2601, Australia.

Using extracellular recordings, we have investigated the mechanism o f direction- 
selectivity (DS) in the neurons o f the nucleus o f the optic tract (NOT) of the wallaby. 
Are ON and OFF pathways segregated in the motion detectors and what non-linear 
interaction occurs in the detectors to produce DS? Apparent motion in the preferred 
and anti-preferred directions was produced with sequential, prolonged steps in 
brightness o f like and opposite polarities in two juxtaposed vertical slits. ( 1) All NOT 
neurons have both ON and OFF inputs but one is stronger than the other, suggesting 
that the pathways are initially segregated and have different gains. (2) Apparent 
motion elicits maximum responses at similar time intervals between slit presentations 
for both ON and OFF sequences. Hence, the temporal processing o f ON and OFF 
information is the same. (3) Sequences o f brightness steps o f like polarity elicit 
excitatory responses for preferred direction motion and inhibition o f background 
activity for motion in the opposite direction. When sequential brightness steps have 
different polarities, anti-preferred motion excites the cells and vice versa. Clearly, the 
initially segregated ON and OFF pathways interact somewhere in the motion detector 
system. If the ON/OFF channels are combined prior to the non-linear stage, the 
polarity o f the brightness signals must reflect those in the scene. If combination occurs 
after the non-linear stage, detectors with an ON and OFF input must exist and have 
opposite directional polarities to the detectors with only ON or OFF inputs. Outputs of 
ON, OFF and ON-OFF motion detectors would be summed. (4) The contrast depend
ency o f the DS signal is multiplication-like. That is, the effect o f apparent movement 
in both the preferred and anti-preferred directions is to multiply the response-versus- 
contrast curves by a constant factor. This finding is opposite to that o f rabbit ON-OFF 
DS ganglion cells where contrast dependency is division-like. Differing results show 
that at least two DS mechanisms occur in mammalian brains. Supported by the ANU.

549.3
CORTICORETICULAR PROJECTIONS FROM AREA 7 IN THE CAT. T. FitzG ibbon, B. Dreher, and J. M itrofanis* . Institute o f  
B iom edical Research, Univ. Sydney, Sydney, N S W  2006 , Australia.
We have shown previously that the collateral projections from 
visuotopically organized cortical areas 17-19, 2 1a and lateral 
suprasylvian cortex (LS) formed a rough visuotopic map in the reticular 
nucleus of the thalamus (RTN) which was separate from the visuotopic 
map in the peri geniculate nucleus receiving inputs from areas 1 7 - 18 
(Bittar et al. 1997, Proc. Aust. Neurosci. Soc. 8:163). Distinct 
subregions related to a particular cortical area were not found in the 
RTN. Physiological studies of area 7 suggest that it is an area of 
multimodal convergence from sensory modalities (not only vision). We 
wished to know whether collaterals from area 7 terminate in a separate 
subregion of RTN or conform to the visuotopic map in RTN. In 7 cats, 
injections in areas 7 (n=5 ), 21a (n=3) and LS (n=5) were analysed 
following iontophoretic injections of 4% wheat germ agglutinin- 
horseradish peroxidase, 4% dextran-fluororuby and 4% dextran-biotin. 
Projections from area 7 occupied the most mediodorsal portion of the 
RTN between coronal levels anterior 7 and 10.5. Terminal boutons and 
en passant connections were distributed across the mediolateral 
thickness of the RTN and did not occupy 'slabs' or subregions across 
the RTN. Generally, projections from adjacent cortical areas (21a or 
LS) terminated in more lateral portions of RTN than those of projections 
from area 7. These results suggest that collaterals from this multimodal 
cortical area occupy a distinct RTN region which is largely separate 
from the visual sector of the RTN representing a single modality. The 
degree to which the terminal fields overlap from projections of area 7 
and its RTN sector to the dorsal thalamus remains to be determined.
This project was support by the N H & M RC o f  Australia (9 60 92 4 ).

549.4
V2 THIN STRIPE AND INTERSTRIPE PROJECTIONS TO INFERIOR 
PULVINAR COMPLEX. J. Padberg*1, Y. Xiao3, C.G. Cusick1,2, and D.J. Felleman3 
1Neurosci. Training Prog. and 2Dept. of Anat., Tulane Univ., New Orleans, LA 7 0 112 
and 3Dept. of Neurobiol. and Anat., UT-Houston Med. Sch., Houston, TX, 77030.

To examine the relation of different functional compartments of V2 to 
neurochemical subdivisions o f the inferior pulvinar (PI) complex (Gutierrez et al., 
1995), optical recording techniques were used to map V2 in macaques and guide the 
placement of small injections of distinguishable anterograde tracers into either 
interstripes or thin stripes. We then examined the types and distribution of labeled 
terminals in PI subdivisions identified on adjacent sections stained for calbindin. The 
lateral subdivision PIL is characterized by the presence of clusters of giant calbindin 
cells; in the most lateral shell of the PI complex, giant calbindin cells and their 
dendritic processes are especially numerous. Two types of terminals were observed in 
PIL and PIL-S, a large, round type (R-type), and a smaller, elongate type (E-type; 
Rockland, 1996). Injections placed into interstripes typically resulted in E-type and R- 
type terminals within subdivisions PIL and PIL-S a few labeled neurons were found in 
PIL. The terminations originating from interstripes were concentrated in PIL in gaps 
between clusters of calbindin giant cells. An injection into a thin stripe produced two 
patches of labeled terminals and cells in PIL. The medial focus contained 
predominantly R-type terminals and was found in a cluster of giant calbindin cells, 
while the lateral focus primarily contained E-type terminals and was in a region 
between clusters of giant calbindin cells. Both stripe and interstripe injections resulted 
in sparse fibers of passage within subdivisions PIP, PIC, and PIm, but few or no 
terminals. Thus, the large neurochemical subdivision PIL constitutes the major 
connection zone of both V1 (Gutierrez et al., 1997) and V2, and connects with both 
thin and interstripes of V2. We hypothesize that PIL may contain calbindin rich and 
poor subregions relating to different functional visual channels. Supported by NIH 
grants EY08906 (C.G.C.), EY08372 (D.J.F.) and EY10608 to UTHSCH.
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549.5
DATA MINING OF THE NEURAL CONNECTIVITY LITERATURE: STUDIES 
OF THE RATS VISUAL SYSTEM. G . A. P. C. Bums and M. P. Young*. Neural 
Systems Group, Dept. of Psychology, University of Newcastle-Upon-Tyne,
England, NE1-7RU.

Understanding the organization of neural systems is complicated by the highly 
divergent nature of macroscopic circuitry. For example, the retina projects to at 
least twenty different nuclei in the rat, and each of these nuclei has roughly the 
same number of efferent targets. A comprehensive description of the entire system 
that incorporates all two-stage retinal pathways may need to include a substantial 
proportion of all the structures in the rat brain. We have initiated an open-ended 
study of the connectivity of this system. This involved identifying the efferent 
targets of the nuclei of interest, searching for all information pertaining to the 
system, storing it in a custom-built database, and analyzing the network with 
established data-mining techniques such as NMDS and nonparametric cluster 
analysis (NPC). We analyzed the connectivity of the rat's early visual system by 
exhaustively searching for all reports of connections between the retina and any 
nuclei that receive direct retinal input. We found 473 reports from 107 papers 
describing connections between the retina and 45 target structures. Our analysis 
revealed three large-scale sets. The 1st set consisted of hypothalamic and septal 
regions. The 2nd was made up of 'classically visual' nuclei, which had subsets 
within it. The superior colliculus (SC), the dorsal lateral geniculate nucleus (LGd) 
and the lateral posterior thalamic nucleus (LP) shared one group; the pretectal 
nuclei shared another and the accessory optic nuclei were in a final group. The 
third large-scale set consisted of areas that had sparse connections with other 
retinorecipient areas. In the next stage of analysis, we searched the literature for 
connections between the retina, the nuclei in the 'classically visual' large-scale set 
in the first-stage analysis and their five strongest targets. Data-mining analyses 
showed separation of structures into vestibulo-optic, hypothalamic, visual brainstem 
and visual thalamocortical sets. Supported by the Wellcome Trust.

549.7
D IRECTIO N  TU N IN G  O F VISUALLY-EVOKED IN H IB ITO RY  SYNAPTIC 
ACTIVITY IN  TH E ACCESSORY O PTIC SYSTEM . M. A riel* an d  N. Kogo. 
D e p a r tm e n t  o f A n a to m y  a n d  N eurobio logy, S a in t  Louis U n iv e rs ity , 
S a in t  Louis, M O 63104.

E x c ita to ry  sy n ap tic  resp o n ses  in  th e  B asa l O ptic N ucleus (BON) of tu rt le  
a re  p r im a ri ly  d u e  to  sp ik e  re sp o n se s  o f d ire c tio n -se n s itiv e  (DS) g ang lion  
cells  from  th e  c o n tra la te ra l  r e t in a  (Kogo & A riel 1997). T h e  convergence 
o f th e s e  in p u ts  g e n e ra te  th e  d o m in a n t d ire c tio n  tu n in g  o f e ach  BO N cell 
(Kogo e t  al. 1998). T h ese  f in d in g s  a re  now  ex te n d e d  to  u n d e rs ta n d  th e  
c o n tr ib u tio n  o f in h ib ito ry  in p u ts  on th e  d ire c tio n  tu n in g  of BO N cells, 
a g a in  d u r in g  w hole cell reco rd in g s  from  a n  in  vitro  b ra in s te m  p rep a ra tio n .

In h ib ito ry  sy n ap tic  resp o n ses  in  BO N  cells w ere  b e s t observed w h en  th e  
m e m b ra n e  is d e p o la rized  fa r  from  E C1- (-68 mV). T h ey  can  be b locked by 
b icuculline  (50 µM), in d ica tin g  t h a t  th ey  a re  m ed ia te d  by GABAa receptors. 
To m e a s u re  v isu a lly -ev o k ed  in h ib itio n  u n c o n ta m in a te d  by ex c ita to ry  
ev en ts , e ith e r  C s+ or Q X -314 w as ad d ed  to  th e  rec o rd in g  p ip e tte  to  p e rm it 
d e p o la r iz a tio n  o f th e  m em b ran e  w ith o u t  evo k in g  sp ikes . T h en , th e  
m e m b ra n e  p o te n tia l  o f th e  BO N  cell w as ra is e d  to  th e  E P S P  rev e rsa l 
p o te n tia l  (e s t im a te d  from  d e p o la riz in g  re sp o n se s  to  0.5 m A  optic n erv e  
p u lses ) . F in a lly , 12 d ire c tio n s  o f p a t te rn  m o tio n  w e re  p re se n te d  to  th e  
c o n tra la te ra l  r e t in a  to  m e a su re  th e  in h ib ito ry  d irec tio n  tu n in g .

E v en  w ith o u t ex c ita to ry  responses, in h ib ito ry  sy n ap tic  responses in  BON 
cells w ere  c learly  DS. T h e ir  p re fe rred  d irec tions  w ere  n ea rly  opposite th a t  
o f th e  ex c ita to ry  sy n ap tic  ev en ts  recorded  a t  E C1-. T he in te rac tio n s  betw een 
D S exc ita tio n  an d  DS in h ib itio n  w ere an a ly zed  a t  in te rm e d ia te  m em b ran e  
p o ten tia ls , before an d  a fte r  b icuculline  app lica tion . T hese findings suggest 
th a t  v isu a l in p u ts  form  a  p u sh -p u ll sy s tem  to  en h a n ce  d irec tio n  tu n in g  of 
th e  accesso ry  optic sy stem . Supported  by NS 33190 (MA)

549.9
RETINAL PROJECTIONS IN THE LEAST SHREW Lex C. Towns* and Orin 
Mock. Department of Anatomy, Kirksville College of Osteopathic Medicine, 
Kirksville, MO 63501

The least shrew, Cryptotis parva , is an interesting model with which 
to study the organization o f the visual system. First, this insectivore 
represents the basic mammalian plan for visual system anatomy. 
Because o f its small size, the animal also affords an opportunity to 
investigate anatomical changes as a function o f size reduction o f the 
CNS. Each o f 20 adult shrews was anesthesized with Nembutal, and a 
solution o f 30% horseradish peroxidase (HRP) was injected into the 
vitreous o f one eye. After 1-3 day survival, the animals were killed by 
ether overdose, perfused with aldehydes, and the brains were sectioned 
on a cryostat. The sections were reacted with tetramethylbenzidine as 
the chromagen to reveal the HRP transport. Each eye sends a well- 
organized projection onto the contralateral ventral and dorsal lateral 
geniculate nucleus, the pretectal area, and the most superficial layer of 
the contralateral superior colliculus. In some animals, label was 
identified in the ipsilateral lateral geniculate nucleus, pretectum, and 
superior colliculus. Additionally, HRP was seen in the suprachiasmatic 
nucleus and in what may be portions o f the accessory optic system in 
several animals. These data suggest that the least shrew has a central 
visual pathway which corresponds to the classically described 
mammalian plan, and that, despite its small size, it possesses the 
neuroanatomical structural connections necessary for visual processing 
as well as oculomotion. Supported by KCOM research funds.

549.6
THE ULTRASTRUCTURE AND CERTAIN NEUROCHEMICAL FEATURES 
OF CALCITONIN GENE-RELATED PEPTIDE (CGRP)-CONTAINING 
NEURONS IN THE RAT ACCESSORY OPTIC NUCLEI. J. Zhou, X.-X. Yan, 
C.E. Ribak and R.A. Giolli*. Dept. o f Anatomy & Neurobiology, College of 
Medicine, University of California, Irvine, CA 92697.

GABA is one of the most common neurotransmitters used by neurons in the 
accessory optic system (AOS). Within the visual system we found that CGRP is 
selectively expressed in AOS neurons, with immunoreactive (ir) somata being 
present in the dorsal and lateral terminal nuclei (DTN, LTN) and interstitial 
nucleus of the superior fasciculus, posterior fiber and labeled fibers in the medial 
terminal nucleus (Ribak et al., Exp. Brain Res., 117:171-177, 1997). In the present 
study, we further characterize these CGRP-containing AOS neurons by examining 
their ultrastructure and their possible co-localization with glutamate decarboxylase 
(GAD) and with calcium-binding proteins, specifically, calbindin, calretinin and 
parvalbumin. In electron-microscopic preparations, CGRP immunolabeling is 
present in somata and dendrites of DTN and LTN neurons. Unlabeled axon 
terminals with round, clear synaptic vesicles form asymmetric synapses with these 
portions of the CGRP-ir neurons. The features of these axon terminals are similar 
to those derived from retinal ganglion cells. In the DTN and LTN, CGRP-ir axon 
terminals form symmetric synapses on unlabeled neuronal somata as well as 
dendritic shafts and spines. Colocalization studies show that most CGRP-ir 
neurons (~9O%) in the DTN and LTN contain immunolabeling for GAD-67. Many 
CGRP-ir neurons (~4O%) display Immunostaining for calretinin while only a few 
CGRP-ir neurons are calbindin-ir. No CGRP neurons are parvalbumin-ir. The 
present findings suggest that CGRP-ir neurons in rat AOS nuclei receive retinal 
input and represent a subpopulation of GABAergic neurons which differentially 
co-express calcium-binding proteins. Supported by N.I.H. grant # NS 15669.

549.8
T E M P O R A L  D Y N A M I C S  O F  C a 2+- M E D I A T E D  U P R E G U L A T I O N  O F  Ih 

I N  T H A L A M I C  R E L A Y  C E L L S .  A .  L ü t h i *  a n d  D . A .  M c C o r m i c k . S e c .  

N e u r o b i o l o g y ,  Y a l e  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  N e w  H a v e n ,  C T  0 6 5 1 0 .

V o l t a g e - d e p e n d e n t  a c t i v a t i o n  a n d  C a 2+- m e d i a t e d  u p r e g u l a t i o n  o f  Ih a r e  

i n v o l v e d  in  g o v e r n i n g  t h e  p e r i o d i c  r e o c c u r r e n c e  o f  s p i n d l e  a c t i v i t y  in  t h e  

f e r r e t  d o r s a l  l a t e r a l t h a l a m i c  n u c l e u s  in  v i t r o .  T h e  C a 2+- d e p e n d e n t  

u p r e g u l a t i o n  r e q u i r e s  t h e  e n t r y  o f  C a 2+ t h r o u g h  l o w - t h r e s h o l d  C a 2+ c h a n n e l s  

a s  a  t r i g g e r i n g  e v e n t  a n d  i s  e x p r e s s e d  a s  a  p o s i t i v e  s h i f t  in  t h e  a c t i v a t i o n  c u r v e  

o f  Ih. T h e  i n t r a c e l l u l a r  i n t e r m e d i a t e  s t e p s  t h a t  c o u p l e  i n c r e a s e s  in  [ C a 2+] i a n d  

e n h a n c e m e n t  o f  Ih h a v e  n o t  b e e n  s t u d i e d  d i r e c t l y .  W h o l e - c e l l  p a t c h  c l a m p  

r e c o r d i n g s  f r o m  t h a l a m i c  r e l a y  c e l l s  in  c o n j u n c t i o n  w i t h  p h o t o l y t i c  a c t i v a t i o n  

o f  t h e  c a g e d  C a 2+ b u f f e r  d i a z o - 2  ( d i a z o - 3  u s e d  a s  a  n e g a t i v e  c o n t r o l )  w e r e  

u s e d  t o  s t u d y  t h e  d y n a m i c s  o f  t h e  i n t r a c e l l u l a r  C a 2+ c o n c e n t r a t i o n  a s s o c i a t e d  

w i t h  t h e  u p r e g u l a t i o n  o f  Ih. R e p e t i t i v e  h y p e r p o l a r i z i n g  c u r r e n t  i n j e c t i o n s  (2 O x ,  

4 H z ,  e a c h  0 . 1 2 s )  e v o k e d  r e b o u n d  C a 2+ s p i k e s  a n d  r e s u l t e d  in  a n  e n h a n c e m e n t  

o f  Ih t h a t  g r a d u a l l y  d e c a y e d  w i t h i n  1 0 - 3 0  s ,  a s  m e a s u r e d  b y  v o l t a g e - c l a m p  

a n a l y s i s  a f t e r  t h e  p u l s e s .  U V - f l a s h - e v o k e d  a c t i v a t i o n  o f  t h e  C a 2+ b u f f e r  d i a z o -  

2  d u r i n g  t h e  g e n e r a t i o n  o f  r e b o u n d  l o w - t h r e s h o l d  C a 2+ s p i k e s  r e d u c e d  o r  f u l l y  

a b o l i s h e d  t h e  u p r e g u l a t i o n  o f  Ih. I n  c o n t r a s t ,  U V - f l a s h - m e d i a t e d  p h o t o l y s i s  o f  

t h e  c a g e d  C a 2+ b u f f e r  f o l l o w i n g  t h e  g e n e r a t i o n  o f  r e b o u n d  C a 2+ s p i k e s  d i d  n o t  

a f f e c t  e i t h e r  t h e  a m p l i t u d e  o r  t h e  t i m e  c o u r s e  o f  t h e  o n - g o i n g  u p r e g u l a t i o n .  

T h e s e  r e s u l t s  s u g g e s t  t h a t  a  t r a n s i e n t  i n c r e a s e  in  [ C a 2+] i i n i t i a t e s ,  b u t  i s  n o t  

n e c e s s a r y  f o r  t h e  s u s t e n a n c e ,  o f  a  s e c o n d  m e s s e n g e r  c a s c a d e  t h a t  l e a d s  t o  

p e r s i s t e n t  e n h a n c e m e n t  o f  Ih, a n d  t h e r e f o r e  t h e  w a x i n g  a n d  w a n i n g  o f  s p i n d l e  

w a v e s .  S u p p o r t e d  b y  N I H  a n d  t h e  S w i s s  N a t i o n a l  S c i e n c e  F o u n d a t i o n .

549.10
R E T I N A L  A F F E R E N T S  I N  T H E  M O N G O L I A N  G E R B I L :  

I N N E R V A T I O N  O F  S T R U C T U R E S  O U T S I D E  T H E  C L A S S I C A L  

V I S U A L  A N D  V I S U O M O T O R  S Y S T E M S  K .V . F i t e 1* , S . J a n u š o n i s 1, W .  

F o o t e 2, L . B e n g s t o n 1 a n d  J . C o s e n t i n o 1. 1N e u r o s c i e n c e  a n d  B e h a v io r  

P r o g r a m ,  U n i v e r s i t y  o f  M a s s a c h u s e t t s ,  A m h e r s t ,  M A  0 1 0 0 3 ;  2B a y s t a t e  

M e d i c a l  C e n t e r ,  S p r in g f i e ld ,  M A .

Mongolian gerbils (Meriones unguiculatus) are highly visual, diurnal rodents 
with a prominent visual streak, 12-14% cones, and dense retinofugal projections to 
multiple diencephalic and mesencephalic nuclei. Recently, retinal axons have been 
observed that innervate subcortical regions other than those associated with the 
classical “image-forming” and visuomotor central visual pathways.

In gerbils, intraocular injections of 2% cholera toxin B (CTB) (5 µl) were 
followed by a 7-day postinjection survival time. An ABC-immunocytochemical 
method (Angelucci et al., 1996) revealed CTB-positive axons and terminals in 40 
µm-thick serial sections throughout the diencephalon and mesencephalon. In 
addition to dense, anterograde labeling o f the lateral geniculate complex, superior 
colliculi, accessory optic nuclei and pretectal nuclei, fine-diameter CTB-positive 
afferents were seen in the paraventricular zone adjacent to the third ventricle, the 
lateral hypothalamic area and in the arcuate nucleus. Morphologically, these 
medially directed retinal afferents closely resemble retinal axons that comprise a 
dense terminal plexus with numerous varicosities in the rat and gerbil dorsal raphe 
nucleus (DRN; Fite et al., 1997).

A subcortical, “non-image forming” component o f central visual pathways has 
been described previously for a number of sighted and congenitally blind species. 
Retinal input to the DRN, medial thalamic and hypothalamic regions may 
comprise an environmentally regulated, photic system that influences a variety of 
biological rhythms and/or neuroendocrine functions.

(Research supported by the Whitehall Foundation.)
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549.11
FL ASH IN G  LIG H T ALTERS C-FOS IM M U N O REA CTIV ITY  IN TH E 
M O N GO LIA N G E R B IL  D O RSA L R A PH E NU CLEUS
S. Janušonis1*, K. V .Fite1, W. Foote2, L. Bengston1 and J. Cosentino1. 
1Neuroscience and Behavior Program , University of Massachusetts,
Am herst M A 01003; 2Baystate Medical Center, Springfield, MA.

Recent evidence shows that the dorsal raphe nucleus (D RN ) receives a 
direct retinal projection in the rat (Shen and Semba, 1994) and the gerbil 
(Fite et al., 1997). The D R N  projects to the intergeniculate nucleus (Meyer- 
Bernstein and Morin, 1996), which in turn projects to the suprachiasmatic 
nucleus. It rem ains unclear how light may affect D R N  neurons and how 
alterations of c-fos éxpression in the D R N  correlates with c-fos expression 
in the circadian system.

Gerbils were kept on a LD 12:12 hrs cycle, anesthetized at 2 AM, and 
exposed to flashing light at 2 Hz for 45 minutes. Two hours after the onset 
of the stimulation, gerbils were perfused and processed for c-Fos 
immunoreactivity. Control gerbils were anesthetized in the dark, perfused 
after two hours, and processed the same as the stimulated gerbils. The 
experiments were carried out under anesthesia because c-Fos expression in 
the D R N  is highly sensitive to a variety of stressful stimuli and locomotor 
activity.

The gerbils exposed to flashing light showed a decrease in c-Fos 
immunoreactivity, but this suppression was localized to a region of the 
caudo-medial DRN. Following bilateral injections of cholera toxin B (2%) 
into the superior colliculi, some retrogradely labelled neurons were found in 
this D R N  area. W e suggest that light may alter c-Fos expression in 
localized subdivisions of the D R N  and facilitate sensory processing.

(Research supported by the W hitehall Foundation.)

549.13
DISTRIBUTION AN D REGULATION OF CALCIUM -BINDING  
PROTEINS IN THE CHICK VISUAL SYSTEM . C.P. Pfeiffer*and L.R.G. 
Britto. Dept. o f  Physiol. Biophys., Inst. Biomed. Sci., Univ. o f  São Paulo, 
05508-900, Brazil.

In the nervous system, calcium ions control many processes and its actions 
are mediated by calcium-binding proteins (CaBPs). A  number o f  CaBPs, as 
calbindin (CB), calretinin (CR), and parvalbumin (PV) have been 
characterized as buffering proteins as they are associated with the control o f  
intracellular calcium levels, and with the protection o f  cells against death 
that might ensue after increases o f  intracellular calcium. In the present 
study, we used immunocytochemical techniques to map the distribution o f  
CB, CR, and PV in retinorecipient areas o f  the chick brain, as the first step 
o f  a project aimed at characterizing their regulation in the visual system. 
Concerning the distribution o f  CaBPs, the results indicated that they are 
widely distributed in retinorecipient areas, as they appeared in the nucleus 
opticus principalis thalami, optic tectum, nucleus o f  the basal optic root, and 
the pretectum, among other areas. Preliminary experiments revealed that the 
expression o f  CaBPs does not change in retinorecipient areas after visual 
deprivation and stimulation, but decreases in the retina after spreading 
depression. These results indicate that CB, CR, and PV are differentially 
distributed in the visual system o f  the chick, and that procedures tha 
dramatically alter calcium levels could be used as tools to understand the 
regulation o f  these proteins in the nervous system.

Supported by FAPESP, CNPq, FINEP, and Pronex /  M CT (Brazil).

549.12
EXPRESSION OF THE FOS PROTEIN AND OPTOKINETIC RESPONSES IN 
THE MOUSE AND CHICK VISUAL SYSTEMS. N .M. Hossokawa* and L.R.G. 
Britto. Dept. of Physiology and Biophysics, Institute o f Biomedical Science, Univ. 
of São Paulo, 05508-900, Brazil.

Several studies have demonstrated that the expression of the Fos protein can be 
useful to evaluate neuronal responses to specific stimuli. We analyzed the Fos 
immunoreactivity in populations of retinorecipient neurons of the mouse and 
chick brain after optokinetic stimulation. The animals were kept for 5 days in a 
box covered with a random-dot pattern that was later used for optokinetic 
stimulation in the horizontal and vertical directions (1.0° /s). One eye was covered 
with a black lens and the other eye was stimulated for 1 hour. Antibodies against 
the Fos protein were used with avidin-biotin-peroxidase methods to determine the 
cells activated by optokinetic stimuli. A commercial antiserum (Oncogene, Ab-5) 
was used in mouse tissue, whereas an antiserum kindly donated by P. Sharp 
(Roslin Institute, Edinburgh) was used in chick tissue. In both mouse and chick, 
Fos-positive cells were observed contralaterally to the stimulated eye in the 
superficial layers of the mou：e  superior colliculus (layer 4 of the chick optic 
tectum), ventral lateral geniculate nucleus (external part of the ventral lateral 
geniculate nucleus in chick), the medial terminal nucleus (chick basal optic root 
nucleus), olivary pretectal nucleus (chick area pretectalis) and optic tract nucleus 
(chick mesencephalic lentiform nucleus). Fos expression may therefore represent 
a suitable method to reveal a complete picture of the neurons responsive to 
optokinetic stimulation in the vertebrate brain.

Supported by FAPESP, CNPq, FINEP and PRONEX/MCT (Brazil).

549.14
AMPA-TYPE GLUTAMATE RECEPTORS AND PARVALBUMIN EXPRESSION 
IN THE AVIAN NUCLEUS OF THE EDINGER-WESTPHAL C.A.B. Toledo*1,2, R.S. 
Pires2, L.R.G. Britto2, C.L. Veenman3, and A. Reiner3. 1Dept. of Physiol. Sciences, Federal 
Univ. of Santa Catarina, Florianópolis, SC; 2Dept. Physiol. Biophys. Inst. Biomed. Sci, 
Univ. of São Paulo, SP, Brazil, and 3Dept. of Anatomy and Neurobiology, The Univ. of 
Tennessee, Memphis, TN, USA.

The Edinger-Westphal nucleus (EW) of birds controls three ocular functions, 
accomodation, pupilloconstriction, and choroidal blood flow. Two EW subdivisions have 
been identified, a medial (EWM) controlling choroidal blood flow and a lateral (EWL) 
controlling the remaining two functions. Both parts receive inputs from other brain regions 
and are actived by these inputs. To better characterize the neural mechanisms by which EW 
responds to its seemingly excitatory input, we carried out an immunocytochemical study of 
the abundance and distribution of AMPA-type glutamate receptor subunits and the calcium 
binding protein parvalbumin (PV) in the EW of chicks and pigeons. Antisera selective for 
the GluR1 subunit, the GluR2 and GluR3 subunits, and the GluR4 subunit, were used for 
the AMPA subunit localization. In general, neurons in pigeon EW were richer in AMPA 
subunits than were chick EW neurons. In pigeon, the GluR1 subunit was observed in 29% of 
EWM and 55% of EWL neurons. In chick, the proportions for this subunit were 19% and 
5% for these same subdivisions. For GluR2/3, the frequency of neurons labeled in pigeon 
was 64% in EWM and 63% in EWL, while in chicks it was 13% and 28%. For the GluR4 
subunit, 35% of EWM and 70% of EWL neurons were labeled in pigeons, and 28% of 
EWM and 33% of EWL neurons were labeled in chicks. In pigeons, EW neurons did not 
contain PV immunolabeling, but 56% of EWM and 41% of EWL neurons in chick were 
labeled for PV. Our data indicated that AMPA receptors are present on neurons of both EW 
subdivisions in pigeons and chicks, but the abundance of the different subunits within the 
two EW subdivisions may differ between pigeons and chicks. Of particular note, the GluR2 
and/or 3 subunits are the most abundant of the subunits in pigeon EW, but are the scarcest 
of the AMPA subunits in chick EWM and are only moderately abundant in chick EWL. 
Since the GluR2 subunit hinders calcium entry, the possible paucity of this subunit in chick 
EW may explain the prevalence of PV in chick EW.
Supported by FAPESP, CAPES, CNPq, PRONEX/MCT, and NIH EY-05298 (AR)

549.15
SY N A PTIC  L O C A T IO N  OF PU TA TIV E M U SC A R IN IC  SUBTY PES IN 
TH E R E TIN O TE C TA L SY STEM  O F RA N A P IP IE N S . C.M . B utt,1*  J.R. 
P au ly ,2 and E.A. D ebsk i.1 School o f  B iological Sciences1; Div. o f  
Pharm acology and Exp. Ther., C ollege o f  Pharm acy2, U niversity  o f 
Kentucky, Lexington, KY  40506.

A cetylcholine (A Ch) is thought to be necessary  for the proper integration o f 
visual signals in the frog optic tectum  (G ruberg e t a l., B rain , B eh., & E vo l.
37: 92-103, 1991). To better understand the influence o f  ACh, we have used 
quantitative au toradiography and optic nerve lesions to  identify m uscarinic 
A C h receptor (m A ChR) subtypes and determ ine their synaptic locations in the 
retinotectal system . [3H ]A FD X -384 w as used to identify  M 2 and M 4 (M 2- 
like) m A ChR s. M 2-like receptors w ere expressed throughout the normal 
adult brain. In the tectum , high b inding densities w ere found in the plexiform  
layers (5 and 7-9), w hile interm ediate densities w ere seen in its m ain cellular 
layers (4  and 6). D eafferentation o f  the left optic lobe for a six-w eek period 
decreased M 2-like m A C hR s in all tectal layers as com pared to binding in the 
afferented lobe o f  the sam e anim al (n=7). Furtherm ore, the addition o f 
unlabeled p irenzepine to the incubation solutions resu lted  in a reduction o f the 
[3H ]A FD X -384 signal in both  the afferented and deafferented lobes. 
P irenzepine b inds prim arily  to M 1 and M3 m A C hR s but also has some 
a ffinity  for M 4 receptors. This resu lt thus provides evidence for the 
individual existence o f  M 2 and M 4 m A C hR s. The lesion results suggest that 
at least the M 2 subtype is present on retinal ganglion cell term inals and could 
function as a presynaptic m odulator o f  visual activity.
This r e se a rc h  w a s  s u p p o r te d  b y  N IM H  g ra n t # 5 T 3 2 M H 19 9 1 7 a n d  N IH  g ra n t  
#E Y  1 1 9 1 3 .
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550.1
EFFECT OF CORTICAL DEACTIVATION ON PATTERN-SELECTIVE 
RESPONSES TO MOVING PLAIDS IN THE CAT LP-PULVINAR COMPLEX.
L. Merabet*, M. Filali, A. Desautels, K. Minville, and C. Casanova. Visual 
Neuroscience Laboratory, School of Optometry, University of Montreal. Canada.

We have previously reported that a sub-population o f thalamic cells at the level 
o f the cat LP-pulvinar complex can signal the veridical direction o f motion of a plaid 
pattern (“pattern-selective"  responses) i.e., the direction preference and profile of 
response to the plaid pattern was the same as that for gratings alone. Prior to our 
findings, this “higher order” analysis has only been observed in extrastriate areas such 
as the anterior ectosylvian visual area (AEV) o f the cat and area MT o f the primate. We 
now wished to determine if the presence of pattern responses observed in LP reflects the 
cortical processing arising at the level o f the AEV cortex. We therefore investigated the 
effect of irreversible (ablation) and reversible (GABA injection) deactivation o f the AEV 
cortex on responses o f cells in LP to moving plaid patterns. Experiments were carried 
out on anesthetized normal adult cats. Receptive fields of LP units were characterized 
using sine-wave gratings and symmetrical plaids differing in 120° in orientation and 
with identical spatial and temporal frequencies. In three cats, the responses to plaid 
stimulation was investigated in LP following bilateral ablation o f the AEV cortex. To 
date, 20 cells have been recorded and 20% of the cells show ed  pattern-selective 
responses while 10% were determined to be component-selective. The remaining 14 
cells were determined as unclassified. The effect o f reversible cortical influence was 
investigated by descending a recording-injecting electrode in AEV and characterizing 
the responses of LP cells to plaids prior, during, and after the cortical injection o f GABA 
(2OOµM, 500-700nl). Half (n=3) of the pattern selective cells were unaffected following 
AEV inactivation while the remaining cells exhibited a reduction in their mean firing 
rate with recovery occurring approximately 30-50 min after injection termination. The 
results of this study can be summarized as follows: Pattern selective responses in LP 
persist even after destruction of the AEV cortex. Further, only half o f the pattern- 
selective responses in LP were affected following reversible deactivation of the AEV 
cortex. These results suggest that the LP may be receiving its pattern-selective signals 
from other extrastriate areas (yet to be identified) and/or there is some intrinsic 
computation being carried out within the LP itself. These findings lend credence to the 
notion that certain thalamic nuclei actively participate in the analysis of complex visual 
scenes in conjunction with the cortex and are not solely acting as mere relay stations as 
traditionally believed. Supported by MRC, FCAR, FRSQ.

550.3
SECTOR-SPECIFIC SHAPE CODING IN MACAQUE AREA
V4. A . P asu p ath y * and C .E . C on n or. K r ieg er  M in d /B ra in  Institu te , 
D e p t . o f  B io m e d ic a l E n g in e e r in g  and D e p t . o f  N e u r o s c ie n c e , Joh n s  
H o p k in s  U n iv e r s ity , B a lt im o r e  M D  2 1 2 1 8 .

S e le c t iv i ty  for  c o m p le x  sh a p e s  o b se r v ed  in  h ig h er  v isu a l areas (su ch  as 
IT ) m a y  r esu lt  fro m  th e in teg ra tio n  o f  in fo rm a tio n  ab o u t m o re  

e le m e n ta r y  fea tu res  ex tr a c te d  in  p r e c ed in g  areas (su ch  as V 4 ) .
P r e v io u s ly  w e  h a v e  s h o w n  that n eu ro n s in  area V 4  e n c o d e  in fo rm a tio n  
a b ou t s im p le  c u rv ed  and a n g le d  c o n to u r  fea tu res  p r e sen te d  in  iso la t io n  
or in  p a ir w ise  c o m b in a tio n s  (P asu p ath y  &  C o n n o r  ( 1 9 9 7 )  S o c . N e u ro sc i.  
A b s tr .  2 3 :2 0 6 1 ) .  H ere  w e  d e sc r ib e  V 4  r e sp o n se s  to  c o m p le x  c lo s e d  
sh a p e s  c o m p ris in g  m u ltip le  c o n to u r  fea tu res .

S in g le  c e ll  a c tiv ity  w a s  reco rd ed  fro m  tw o  a w a k e  f ix a t in g  m o n k e y s  
w h ile  stim u li w e r e  f la sh e d  in  th e  r e ce p t iv e  f ie ld  o f  the V 4  c e ll  und er  
stu d y . E a ch  stim u lu s  w a s  a b -sp lin e  c lo s e d  sh a p e  d e f in e d  b y  e ig h t  

co n tro l p o in ts  sp a c e d  at 4 5 °  in terv a ls  and p o s it io n e d  at o n e  o f  tw o  radii, 
e ith er  c lo s e  to  or d istan t fro m  th e  cen ter . T h is  y ie ld e d  a se t  o f  2 5 6  sh a p es  

w ith  v a r io u s c o m b in a t io n s  o f  c o n v e x  p ro jec tio n s  and c o n c a v e  

in d en ta tio n s  a lo n g  th e  o b je c t  con tou r. R e s p o n s e s  o f  m o st  c e lls  w e r e  
d ic ta ted  b y  fea tu res  w ith in  a s p e c if ic  s e c to r  o f  th e  co n to u r . F or  e x a m p le ,  
a c e ll  m ig h t r e sp o n d  s tro n g ly  to  broad  c o n v e x  cu r v e s  in  th e  upp er le f t  

quad ran t and w e a k ly  to  sharp p o in ts  in  th e  sa m e  re g io n , w ith  fea tu res  in  
oth er  se c to r s  h a v in g  n o  e ffe c t .  R e sp o n se s  o f  s o m e  c e lls  w e r e  m o d u la ted  
by  m u ltip le  co n to u r  fea tu res .
S u p p o r te d  b y  th e  L u c ille  P . M a r k e y  C h a r i ta b le  T rust.

550.5

TEXTURE SEGREGATION IN HUMAN EXTRASTRIATE  
CORTEX: A FUNCTIONAL MRI ST U D Y . P . D e  W e e r d * , S .  
K a stn e r , R . D e s im o n e , L .G . U n g e r le id e r .  L B C  a n d  L N , N I M H ,  
B e th e s d a , M D  2 0 8 9 2 .

A n  in c r e a s in g  n u m b er  o f  r e co r d in g  s tu d ie s  h a v e  s h o w n  that s in g le  
c e lls  in  V 1 an d  V 2  r e sp o n d  to  c o m p le x  c o n to u r s ,  s u c h  a s  tex tu re-  
d e f in e d  an d  i llu s o r y  b o u n d a r ie s . H o w e v e r ,  it is  still  u n c le a r  h o w  th e se  
r e s p o n s e s  are g e n e r a te d . T h e y  m ig h t  b e  g en e r a te d  b y  m e c h a n ism s  
in tr in sic  to  V 1 an d  V 2  or , a lte r n a tiv e ly , th r o u g h  in ter a c tio n s  w ith  
h ig h e r  o r d e r  areas.

F o u r  su b je c ts  w e r e  sc a n n e d  in a  1 .5  T e s la  G E  S ig n a  m a g n e t u s in g  
g ra d ien t e c h o  E P I. T w o  ty p e s  o f  l in e  te x tu r e s  (8 x 8  d e g  in  s iz e ,  c e n te r e d  
at 8  d e g  e c c e n tr ic ity )  w e r e  p r e se n te d  to  th e  u p p er  r igh t q u ad ran t. O ne  
tex tu r e  w a s  h o m o g e n e o u s  an d  th e  o th e r  w a s  a c h e c k e r b o a r d  d e f in e d  b y  
tex tu re  b o u n d a r ie s . T h e  h o m o g e n e o u s  tex tu re  c o n ta in e d  l in e  e le m e n ts  
( 0 .4 x 0 .0 5  d e g )  at id en tica l o r ien ta tio n  a ltern atin g  at 1 H z  b e tw e e n  4 5  
and  1 3 5  d e g . T h e  b o u n d a r ie s  in th e  c h e c k e rb o a rd  (9  sq u a r e s )  w e r e  
d e f in e d  b y  th e  o r ien ta tio n  c o n tra st b e tw e e n  l in e  e le m e n ts  at 4 5  a n d  1 35  
d e g  a lternating  at 1 H z . T e x tu r e s  w e r e  p r e se n te d  in  b lo c k s  o f  18 s e c .  
in te r lea v e d  w ith  e q u a lly  lo n g  b la n k  p e r io d s .  S u b je c ts  c o u n te d  T ’s and  
L ’s at a f ix a t io n  p o in t.

B o th  ty p e s  o f  l in e  tex tu r e s  a c tiv a ted  r e g io n s  in  V 1, V 2  an d  V 4 , w h ic h  
w e r e  d eter m in ed  b y  m er id ian  m a p p in g . C h ec k e r b o a r d  tex tu r e s  e v o k e d  
s ig n if ic a n t ly  stro n g e r  s ig n a ls  than  h o m o g e n e o u s  tex tu r e s  in  V 4 ,  b u t n ot  
in  V 1 an d  V 2 . A lth o u g h  th is  f in d in g  d o e s  n o t e x c lu d e  a  co n tr ib u tio n  o f  
V 1 and  V 2  to  tex tu re  s e g r e g a t io n , it d o e s  in d ica te  an im portant  
c o n trib u tio n  o f  V 4  to  t h e  p e r c ep tio n  o f  tex tu r e -d e fin e d  c o n to u r s .  
(S u p p o r te d  b y  D F G  grant K a  1 2 8 4 /1 )

550.2
N E U R A L  SE N SIT IV IT Y  TO  O C C L U SIO N  C U E S IN  M O N K E Y  V IS U A L  
C O R T E X . B . H eider and E. P eterhan s*. D epartm ent o f  N eu ro lo g y , 
U n iv ersity  H osp ita l Zurich, C H -8091 Z urich, Sw itzerland

T he v isu a l system  u ses a variety  o f  cu es  to segregate  figu re  and ground in 
situation s o f  spatial o cc lu sio n . Im portant e lem en ts  o f  m onocu lar  v isio n  are 
o cc lu s io n  cu es such  as line-ends, co m ers, and d ifferen t typ es o f  ju n ction s. 
W e recorded the resp onses o f  end-stopp ed  c e lls  to  such  stim uli in areas V 1 
and V 2  o f  the alert m onkey. In earlier stu d ies w e  found that both s in g le - and 
doub le-stop p ed  c e lls  responded to  lin e-en d s or co m e r s , and that sin g le -  
stop ped c e lls  indicated the d irection  o f  such  cu es. H ere w e  report the  
se le c tiv ity  o f  th ese  neurones to d ifferen t typ es o f  o c c lu s io n  cues.

W e recorded the resp on ses o f  end -stop p ed  c e lls  to  bars and ed g e s  o f  
optim al length and/or to the correspond ing term in ations (lig h t and dark line- 
ends and co m ers). W e found sim ilar se le c tiv itie s  for the tw o  typ es o f  
stim uli. O f  the 109 c e lls  studied  quan titatively , 33%  (3 6 /1 0 9 )  g ave sim ilar  
resp on ses to all stim ulu s types, 24%  (2 6 /1 0 9 )  preferred pairs o f  s tim uli (bar 
and e d g e), and 43%  (4 7 /1 0 9 )  preferred on e  stim u lu s type. In another 47  
neurones w e  com pared the resp on ses to term in ations and T -junctions. W e  
found that 87%  ( 4 1/4 7 )  o f  th ese  neurones w ere  activated  by T -junctions, 
so m e even  m ore strongly  than by lin e-en d s or com ers. O n ly  13% (6 /4 7 )  
responded to line-ends or co m ers e x c lu s iv e ly .

T h ese  resu lts su g g est that end-stopp ed  c e lls  can be se le c tiv e  for d ifferen t 
typ es and contrast polarities o f  term inations, and that the m ajority a lso  
respond to T -junctions. Therefore, th ese  neurones can contribute to a 
genera lised  representation o f  o c c lu sio n  cu es and thus to m ech an ism s  
segregatin g  figure and ground at contours.

Supported by SN F  grant # 5 0 0 2 -0 4 4 8 9 1 .

550.4
A  F M R I  S T U D Y  O F  M U L T I S T A B L E  V I S U A L  P E R C E P T I O N  F O R  N E C K E R -  

C U B E - L I K E  P A T T E R N S . H . Y a m a m o to ,1 M . F u k u n a g a 2* , C . T a n a k a ,2 T. A z u k a w a ,1 S . 

T a k a h a sh i ,3 T . E b is u ,2 M . U m e d a ,2 Y. T a k a n a sh i4 a n d  Y. E jim a 1. 1G r a d u a te  s c h o o l  o f  H u m a n  

an d  E n v ir o n m e n ta l s tu d ie s ,  K y o t o  U n iv .;  2D e p t . o f  N e u r o su r g e r y , M e ij i  U n iv . o f  O r ien ta l 

M e d .,  K y o t o  6 2 9 - 0 3 9 2 ,  J a p a n .;  3K y o t o  C it y  U n iv .  o f  A r ts ;  4 D e p t .  o f  N e u r o s u r g e r y ,  

K y o t o  P r e fe c tu r a l  U n iv .  o f  M e d .

M u lt i s t a b i l i t y  i s  a n  e n ig m a t ic  a s p e c t  o f  p e r c e p t io n  a n d  i l lu s tr a te s  th a t p e r c e p t io n  is  

r e a l ly  c o n s t r u c t io n  o n  th e  s ta t e  o f  a f f a ir s  r a th e r  th a n  a  p a s s iv e  r e s p o n s e  t o  s t im u l i .  

W h e n  v i e w in g  a  b is t a b le  f ig u r e ,  s u c h  a s  N e c k e r  c u b e s ,  o n e ’s  p e r c e p t io n  o f  th e  c u b e  

c h a n g e s  d r a m a t ic a l ly  b e t w e e n  a lte r n a te  3 D  r e p r e se n ta t io n s . M u lt is ta b le  s itu a t io n s  h a v e  

b e e n  p a id  m u c h  a t te n t io n  b e c a u s e  t h e y  a re  c o n s id e r e d  to  h e lp  u s  in  id e n t i f y in g  r u le s ,  

c o n s tr a in ts ,  l im it s ,  w a y s  in  w h ic h  e x tr a  p e r c e p tu a l  e le m e n t s  c o n tr ib u te  to  th e  fo r m a tio n  

o f  v is u a l  o b je c t s .  B y  u s in g  f M R I a t 1 .5 T , w e  in v e s t ig a t e d  th e  a c t iv i t y  o f  th e  v is u a l  a rea  

a s s o c ia te d  w ith  m u lt is ta b le  v is u a l  p e r c e p tio n  fo r  N e c k e r - c u b e - l i k e  p a ttern s . T h e  p a ttern s  

y ie ld e d  d if fe r e n t  d e g r e e s  o f  p e r c e p tu a l  b is ta b il i ty .  S u b j e c t s  v ie w e d  e ig h t  a lte r n a t in g  3 0  

s e c .  b lo c k s  o f  a  u n ifo r m  w h it e  d is p la y  a n d  a  b is t a b le  s ta t io n a r y  p a tte r n . I m a g e s  w e r e  

a c q u ir e d  u s in g  a  3 D -g r a d ie n t  e c h o  sp ir a l s e q u e n c e  ( 3 2  sa g it ta l  o r  a x ia l  s l i c e s ,  T R = 1 0 0  

m s , T E = 4 0  m s ,  f l i p = 3 0  d e g r e e s ,  s in g l e  s h o t, 4  m m  t h ic k  c o n t ig u o u s  s l i c e s ,  in p la n e  

r e s o lu t io n = 3 .7 5  m m , 1 .5  s e c . / 3 2  s l i c e s ) .  T h e  r e su lts  s h o w e d  a  c o n s is t e n t  a s s o c ia t io n  o f  

b is t a b le  s t im u li  w ith  a c t iv a t io n s  o f  th e  f o l lo w in g  s tr ia te  a n d  e x tr a s tr ia te  v is u a l  a rea s:  

p o s te r io r  c a lc a r in e  s u lc u s  a n d  its  a d ja c e n t  r e g io n s ,  fu s ifo r m  g y r u s , a n d  la te r a l-p o s te r io r  

a sp e c t  o f  th e  o c c ip ita l  lo b e . A c t iv a t io n s  w e r e  a ls o  fo u n d  b ila te r a lly  in  th e  o c c ip ito p a r ie ta l  

c o r t e x  a n d  lo c a t e d  n e a r  th e  in tr a p a r ie ta l s u lc u s .  T h e  s tr e n g th  o f  th e  a c t iv i t i e s  i s  w e l l  

c o r r e la te d  to  th e  d e g r e e  o f  p e r c e p tu a l  b is ta b il i ty .

S u p p o r te d  b y  J S P S ,  G r a n t -A id  fr o m  th e  J a p a n e s e  M in is tr y  o f  E d u .,  S c i .  a n d  C u l. ,  a n d  

S p e c ia l  C o o r d in a t io n  F u n d s  fro m  th e  S c i .  an d  T e c h . A g e n c y  o f  th e  J a p a n e se  G o v e r n m e n t .

550.6
RETINAL AND EXTRARETINAL DISTANCE CUES INFLUENCE THE RESPONSES OF 
NEURONS IN V 1 AND V4. R. Jeo1, A,Dobbins2, J. Fiser3, D.Rosenbluth1, J.Allman1*. 
1Caltech, Division of Biology, Pasadena, CA 91125. 2  UAB, Dept. of Biomedical
Engineering, Birmingham, AL 35294. 3Department of Brain and Cognitive Sciences, 
University of Rochester, Rochester, NY 14627.

Under normal viewing conditions, primates have size constancy — the ability to accurately 
estimate object size from a variety of viewing distances. Behavíorally relevant distance cues 
for size constancy include both retinal cues (such as binocular disparity, linear perspective 
and relative sizes of objects in the surrounding visual context) and extraretinal cues (such as 
vergence and accommodation). We sought to examine the relative influence of retinal and 
extraretinal distance cues on the response properties of neurons in areas V 1 and V4 of 
macaque monkeys. We recorded from neurons in V 1 and V4 in monkeys fixating at different 
viewing distances. In the standard viewing situation the monkeys had an unobstructed 
binocular view of the monitor and room, providing a variety of cues to distance. To 
distinguish the contribution of retinal and extraretinal cues we performed the experiment 
under two additional viewing conditions. Measurements were repeated through either 
binocular or monocular apertures which restricted the view to a portion of the monitor screen. 
For cells that had significant response modulation as a function of distance, 53% (28/53) 
continued to show significant distance effects under restricted viewing conditions. Restricted 
view experiments were designed to systematically reduce or eliminate distance cues. 
Binocular restricted viewing eliminated most retinal distance cues, while leaving most 
extraretinal cues intact, including vergence and accommodation. The majority of cells 
recorded under binocular restricted viewing ( 13/19 or 68%) retained significant distance 
modulation effects. A smaller proportion of cells continued to exhibit significant distance 
effects even under monocular restricted viewing (15/34 or 44%). These results suggest that 
multiple distance cues mediate distance modulation effects observed in V 1 and V4, and, for a 
majority of cells, extraretinal cues related to vergence and accommodation are sufficient for 
distance modulation. However, in a number of cells, a wide field view was necessary to elicit 
distance modulation, suggesting that for these cells, the visual context is necessary for 
distance-dependent response modulation. Supported by NIH grant EY11759-01.
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550.7
E F F E C T S  O F  D I F F E R E N T  T Y P E S  O F  D I S P A R I T Y  C U E S  O N  T H E  R E S P O N S E  

O F  A X I S -O R I E N T A T I O N  S E L E T IV E  ( A O S )  C E L L S  I N  T H E  M O N K E Y  P A R I E T A L  

C O R T E X .  K . E n d o ,  Y .  H a r a n a k a , D .L .  A d a m s , M .  K u s u n o k i*  an d  H . S a k a ta . N ih o n  

U n iv e r s i t y ,  S c h o o l  o f  M e d ic in e ,  T o k y o ,  Ja p a n  1 7 3 - 8 6 1 0  

R e c e n t ly  w e  h a v e  r e p o r te d  th a t c e l l s  in  th e  c a u d a l  p art o f  th e  in tr a p a r ie ta l s u lc u s  ( c lP S )  

are s e l e c t iv e  fo r  th e  3 D  o r ie n ta t io n  o f  a  rea l o b je c t 's  lo n g it u d in a l  a x is .  T h e s e  a x is -  

o r ie n ta t io n  s e l e c t iv e  ( A O S )  c e l l s  m a y  u s e  v a r io u s  c u e s  fo r  th e  d is c r im in a t io n  o f  a x is  

o r ie n ta t io n  in  d e p th . In a p r e v io u s  s tu d y  w e  in v e s t ig a t e d  th e  e f f e c t s  o f  c h a n g in g  s t im u lu s  

l e n g t h ,  t h ic k n e s s  a n d  s h a p e  on  th e  r e s p o n s e s  o f  A O S  c e l l s .  H e r e  w e  rep o rt th e  e f f e c t s  o f  

v a r io u s  b in o c u la r  d isp a r ity  c u e s  s u c h  a s  th e  d if fe r e n c e  in  o r ie n ta t io n  o r  w id th  and the  

g r a d ie n t  o f  d is p a r ity  on  th e  r e s p o n s e s  o f  th e s e  c e l l s .  S in g le  u n i t s  w e r e  record ed  fro m  in  

th e  c I P S  o f  th e  J a p a n e se  m o n k e y  (m a c a c a  tu sc a ta )  tra in ed  to  m a in ta in  s t a b le  f ix a t io n  

d u r in g  v is u a l  s t im u la t io n .  I n i t ia l ly  rea l o b j e c t s  w e r e  u se d  a s  s t im u l i .  O n c e  th e  c e l l 's  

p referred  s t im u lu s  o b j e c t  w a s  f o u n d , th e  c e l l ' s  tu n in g  in  3 D  a x is  o r ie n ta t io n  w a s  

e x a m in e d  w ith  an  im a g e  p r e se n te d  o n  a s t e r e o s c o p ic  b a c k  p r o je c t io n  d is p la y  at d ifferen t 

o r ie n t a t io n s  in  th e  fr o n ta l,  s a g it t a l  or h o r iz o n ta l  p la n e  u s in g  c o m p u te r  g r a p h ic s .  T h e  

m o n o c u la r  c u e s  for  a x is  o r ie n ta t io n  w e r e  th e n  e x c lu d e d  to  s p e c i f y  th e  c r it ic a l  b in o c u la r  

s t im u lu s  p a r a m e te r s  for  th e  c e l l .  A x i s  o r ie n ta t io n  in  th e  s a g it ta l  p la n e  w a s  m a n ip u la te d  

b y  in tr o d u c in g  s m a l l  d i f f e r e n c e  in  o r ie n ta t io n  b e t w e e n  th e  s l i t s  fo r  le f t  a n d  r ig h t  e y e s  and 

o r ie n ta t io n  in  th e  h o r iz o n ta l  p la n e  w a s  c h a n g e d  b y  in tr o d u c in g  d if fe r e n c e s  in  w id th  

b e tw e e n  th e  t w o  s t im u l i .  M a n y  A O S  c e l l s  w e r e  fo u n d  to  re ta in  th e ir  s e l e c t iv i t y  w h en  

a x is  o r ie n ta t io n  w a s  m a n ip u la te d  b y  c h a n g in g  o n ly  o r ie n ta t io n  d is p a r ity  a n d /o r  w id th  

d is p a r ity .  W e  a ls o  u se d  a c h a in  o f  s m a l l  d is k s  w ith  a s t e p - w i s e  c h a n g e  o f  d isp a r ity  

in s te a d  o f  s l i t s  in  o r d e r  to  e l im in a t e  th e  e f f e c t  o f  o r ie n ta t io n  d is p a r ity .  S o m e  A O S  c e l l s  

s h o w e d  s e l e c t iv i t y  fo r  th e  a x is  o r ie n ta t io n  o f  s u c h  s t im u l i ,  s u g g e s t in g  th a t th e  grad ient 

o f  p o s i t i o n a l  d is p a r ity  a lo n g  th e  lo n g i t u d in a l  a x is  i s  e f f e c t iv e  for  3 D  o r ie n ta t io n  

d is c r im in a t io n .  W e  c o n c lu d e  th a t. v a r io u s  t y p e s  o f  b in o c u la r  d isp a r ity  c u e s  are u se d  by  

A O S  n e u r o n s  to  r e p r e se n t  3 D  o r ie n ta t io n .  (S u p p o r te d  b y  G r a n t- in -A id  lo r  S c ie n t i f ic  

R e s e a r c h  fr o m  th e  M in is t r y  o f  E d u c a t io n ,  S c i e n c e  a n d  C u ltu r e  N o .0 8 2 7 9 1 0 3 )

550.9
C O L O R  S P E C IF IC  A D A P T A T IO N  IN  H U M A N  V IS U A L  A R E A S 
M EA SU RED  W IT H  FM RI. S.A. E ngel* , C.S. Furm anski, & L.L. E ldridge, 
D ep t. o f Psychology UCLA, Los A ngeles, CA

Prim ate  visual system s contain  red-green , blue-yellow , and light-dark  
co lor opponent neurons. In perceptual adaptation experim ents, sensitivities 
to red -g reen , b lue-ye llow , and ligh t-dark  stim uli change  independen tly , 
suggesting that co lor opponent neurons selectively  adapt to co lo r contrast. 
Such adaptation effects have not yet been m easured physiologically .

Cortical contrast response functions w ere m easured  w ith fM R I for red- 
green and light-dark  test stim uli during  adaptation  to red-green  contrast, to 
ligh t-dark  contrast, and to a m ean fie ld  (no adaptation). T hree subjects 
v iew ed a  2 Hz drifting  sinusoidal test grating  w hose con trast varied  with 
po lar angle (0) in the visual field. In the no adaptation condition, 20 s test 
p resentations alternated  with 40  s m ean field  p resentations y ielding a 60 s 
stim ulus cycle. In adaptation conditions, the 20 s test alternated  w ith 40 s 
p resen tations o f  fu ll-field , un ifo rm  con trast, adap ting  gratings. Subjects 
view ed six cycles o f  this alternation  during each fM R I scan (gradient-echo 
BO LD  with EPI acquisition). Responses w ere m easured as the am plitude of 
the 1/60 Hz harm onic  th at best fit the fM R I signal. A separa te  scan 
m easured the visual field location represented  at each voxel in cortex using 
standard fM R I techniques for m apping  retinotopic  organization . Because 
stim ulus contrast varied with polar angle, p lo tting m ean voxel response as a 
function  o f represented  po lar angle yielded  a con trast response function. 
M ean contrast response functions for areas V 1-V3 w ere generated  for red- 
green and light-dark test stim uli in each adaptation condition.

The tw o adaptation conditions produced differential effects. R elative to 
no ad ap ta tion , red -g reen  ad ap ta tio n  re liab ly  reduced  the am p litu d e  o f 
responses to red -g reen  g ratings. L igh t-dark  adap ta tion  reliab ly  reduced  
responses to ligh t-dark  gratings. These resu lts  suggest that in early  visual 
areas color opponent neurons selectively change their sensitivity  in response 
to exposure to color contrast. Supported by EY11862.

550.8
THE ROLE OF POSTERIOR VISUAL CORTEX IN COLOUR M EM ORY AND 
DISCRIMINATION. V. W alsh1, A. Cow ev1 , M. Brett2 & D. Brooks2. 
1Department of Experimental Psychology, Univ of Oxford, U.K; SPON: European 
Brain and Behaviour Society. 2M RC Cyclotron Unit, Ham mersmith Hospital, 
London, U.K.

In previous experiments we showed that several regions of the occipitotemporal 
visual cortex are important for visual discrimination of colour and memory for 
colour in humans and m acaque monkeys. In the experiments with monkeys we 
demonstrated deficits of colour m emory following bilateral lesions of either area 
V4 or TEO and in experiments with neuropsychological patients we established 
that focal damage to several regions of posterior visual cortex can lead to 
impairm ents in memory for colours. Here, in a PET experiment, we tested a 
prediction from these studies, namely that different areas in the posterior visual 
cortex would be activated selectively when subjects were presented with colour 
discrimination (a zero delay 4 choice colour match to sample task) and colour 
memory (colour m atching with an eight second delay) tasks. Both the memory and 
discrimination tasks activated several visual regions but the subtraction of 
activation patterns evoked by colour discrimination from those evoked by memory 
for the same colours a subtraction of memory revealed a dorsal occipito-parietal 
focus of activity restricted to the left hemisphere. This region coincides with the 
site of a lesion in a patient with a colour memory deficit and also corresponds with 
the sites activated by Corbetta et al., (1990) and Gulyas and Roland (1991) in 
experiments requiring attention to or discrimination of colour. W e conclude that 
visual areas hitherto thought of as sensory have an important role to play in tasks 
which are apparently cognitive, as suggested by studies of monkeys and patients 
with occipitotemporal cortical lesions.

VISUAL PSYCHOPHYSICS: DISCRIMINATION, DETECTION AND CONTRAST

551.2

T H E  E F F E C T  O F  G A B O R  E L E M E N T  A S P E C T  R A T IO  O N  
C O N T O U R  D E T E C T IO N  J.S . N afz ig er1, S .C . Y e n 2, L  H . F in k e l2* 
1Departm ent o f Neuroscience; 2Departm ent o f  B ioengineering, U niversity o f 
Pennsylvania, Philadelphia, PA  19104.

C ontour detection thresholds have previously  been determ ined by varying 
inter-elem ent distance or the d ifference in orien tation  betw een elem ents 
(Field et al., 1993; Kovács et al., 1996). K ovács et al., 1996 have show n 
that the contour detection  threshold  depends upon the rela tive spacing o f 
contour and background elem ents rather than upon absolu te  in ter-elem ent 
distance. W e investigated the local m echanism s o f contour detection  as a 
com bined function o f orientation, elem ent spacing, background density  and 
aspect ratio. Subjects perform ed a 2A FC task  to  detect contours em bedded 
in  stim uli com posed o f 144, 256, or 400  random ly orien ted  G abor patches 
ex tended over a  view ing area o f  17 ºx 17 º, Individual G abor patches were 
0 .4ºx0 .4º (5 .0  cpd). C on tour detection  th resho lds w ere de te rm ined  as a 
function o f the ratio o f  contour e lem ent spacing over background elem ent 
spacing (0-1). Perform ance curves w ere generated for contours defined by a 
constant inter-elem ent orientation change. The threshold e lem ent spacing at 
each orien tation  was plo tted  in po lar coord ina tes p roducing  a  g raphical 
representation o f an e lem ent’s local connection field. Sm all in ter-elem ent 
o rien tation  changes (0 °-20 °) a llow  a g rea te r in te r-e lem en t in teg ration  
distance than large orientation changes (>40°). The local connection  field 
was scale invariant; its shape was not m odified by changes in background 
elem ent density. Increasing  the G abor e lem ent aspect ratio  significantly  
increased the inter-elem ent threshold spacing, supporting that the recruiting 
o f additional cells and/or sharpening o f the orientation response extends the 
range o f contour integration.

(Supported by ONR, N S F and The W hitaker Foundation)
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551.1

D E F IC IT S  F O R  O R IE N T A T IO N  D IS C R IM IN A T IO N  IN  S T R A B IS M IC  
A M B L Y O P IA  R .D em anins*  and R .F .H ess. McGill Vision Research, Dept, of 
Ophthalmology, McGill Univ., Montreal, Quebec, Canada, H3A 1A1.
W e m easured  orientation d iscrim ination  perform ance for the dom inan t and  
am blyopic  eyes o f 6 strabism ic subjects. O rien tation  d iscrim ination  was 
assessed  using  a 2-interval forced choice paradigm . Each  interval consisted  
o f a random ized  array o f equi-v isib le spatial G abors. P erfo rm ance was 
gauged  as a function  o f stim ulus orien tation  bandw idth . F or 5 o f  the 6 
subjects, we found that the orien tation  d iscrim ination  d efic it in strabism ic 
am blyop ia  was dependen t on the stim ulus o rien tation  bandw idth . D eficits 
w ere observed fo r stim uli o f narrow  but not b road  o rien tation  band w idths. 
W e in terpret these results w ithin a fram ew ork  w here at narrow  stim ulus 
bandw idths p erfo rm ance is de term ined  by the und erly in g  d e tec to r 
bandw idth, how ever as stim ulus bandw idths b roaden, perfo rm ance  dep en d s 
on stim ulus bandw idth . T he transition  (see figure  inset) from  the fo rm er to 
the latter provides an estim ate o f  predictions for orientation bandwidths of 
the underly ing  detector b an d w id th . visual “detectors” in strabismic amblyopia 
O ur results show that, in strabism ic 
am blyopia, this knee po in t is 
shifted tow ard b ro ad er stim ulus 
bandw idths, as dep icted  in panel B.
This suggests the u n d e rly in g  
detectors o f  the am blyopic  visual 
system  are b roader in their 
orien tation  bandw idth . W e fu rth e r  
dem onstrate  that the stim uli m ust have narrow  bandw idths in bo th  
d im ensions o f  spatial frequency  and orien tation  to elic it an o rien tation  
d iscrim ination  deficit. Thus the developm ent o f  neurons with sm aller 
receptive fields is im peded in strabism ic am blyop ia  and the visual system  
appears to be biased tow ard low er frequency, b roader bandw idth  detectors.
(Supported by MRC of Canada fellowship to RD & MRC grant MT-10818 to RFH)
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551.3
THE ROLE OF CONTEXTUAL CUES IN PERCEPTUAL 
FILLING-IN OF THE NATURAL BLIND SPOT. A. A. Khan.* 
Neuroscience Laboratory, Dept o f Physiology, College o f Medicine, P.O. 
Box. 35, Sultan Qaboos University, 123, A l-Khod, M uscat, Sultanate of 
Oman.

The present study is an a ttem pt to investigate the possib le role played 
by contextual extrapolation in the filling-in o f the natural blind spot. The 
earlier p ioneering psychophysical studies show that “filling-in” is 
independent o f cognitive expectations (R am achandran, V.S. 1992). 
However, in the literature there are also some suggestions, indicating that 
the brain may fill-in such gaps w ith p lausib le guesses from  the surrounding 
areas (Crick, F. 1994). In order to further clarify this issue, a series o f 
experim ents were carried out. The experim ental paradigm  used in this 
study is based on a modified version o f psychophysica l m ethods used by 
Ramachandran, V.S. (Nature, 1987 and Sc. Am, 1992). The figures used in 
the present study were designed to clearly decipher the role o f contextual 
cues in image reconstruction for contextua l extrapolation, tha t fills-in the 
blind spot. These psychophysical experim ents were perform ed with human 
subjects (n=7) from  varied backgrounds and both sexes. All human 
subjects reported a clean and clear filling-in o f the blind spot in most o f the 
figures shown to them. However, in some cases the perceptual filling-in 
was described as smudgy and hazy. These results seem to clearly suggest 
the role o f cognitive extrapolation in the perceptual filling-in  o f the blind 
spot. The cognitive projection into the blind spot appears to be based on 
spatial integration o f information, derived from  contextual in fluences (local, 
repetitive, patterns and interactions tha t lead to holistic perception) from  the 
zone surrounding the area o f “an absence of in form ation”.

Unfunded Research

551.5
AN ANATOMICALLY-BASED MODEL FOR THE McCOLLOUGH EFFECT 
(ORIENTATION-CONTINGENT COLOR AFTEREFFECT). Charles O. W u*. 
Tasking Inc., 333 Elm St., Dedham, MA02026, U.S.A.

There has been psychophysical evidence indicating that the McCollough effect 
(ME) is generated at an early stage of our visual system and that it involves the 
interaction between a primarily monocular color system and a primarily binocular 
spatial system. Mapping these characteristics of ME onto some known anatomical 
and physiological features of the primary visual cortex (area V 1), I suggest that ME 
is generated due to adaptive modifications of some connections between orientation 
cells in layers 2&3 and color cells in layer 4C in area V 1. Such connections may be 
direct feedback from layers 2&3 to layer 4C or indirect feedback via layers 5&6. A 
simple neural network model was constructed in which changes in color sensation 
were represented as variations in the synchronized activities of cardinal color cells, 
instead of as shifts in the spectrual selectivity curves of de-multipíexed color cells; 
and de-correlational learning was used to modify the strengths of the connections 
from orientation cells to color cells. The model was able to account for some basic 
psychophysical aspects of ME. To verify the proposition that ME involves feedback 
connections from binocular orientation cells to monocular color cells, the following 
experiment was conducted: A square of small squares in red was dichoptically 
presented to both eyes and the two eyes’ views were aligned so that the joint view 
formed a pattern of horizontal lines in red. The pattern in each eye’s view was bi
stable in that the small squares could be perceptually grouped into either rows or 
columns, but the joint view had unambiguous orientations; therefore, this orientation 
information must be generated at a binocular site. Similarly, a pattern of small 
squares in green was dichoptically presented and the two eyes’ images were aligned 
so that the joint view formed a pattern of vertical lines in green. The red and the 
green patterns were alternated as in the standard ME inducing procedure; following 
an adaptation period, ME was clearly demonstrated by using these inducing patterns.

551.7
T H E  E F F E C T  O F  I L L U S O R Y  T E M P O R A L  O R D E R  O N  
V E R N I E R  A L I G N M E N T  R .H . C a i * , M . S c h la g - R e y  &  J. 
S c h la g  B r a in  R e s e a r c h  In stitu te , U C L A , L o s  A n g e le s ,  C A  9 0 0 9 5 -  
1 7 6 1

It h a s  lo n g  b e e n  k n o w n  th a t w h e n  t w o  h o r iz o n ta l  a r ra y s o f  
a l ig n e d  v e r t ic a l  b a r s  are s e q u e n t ia l ly  i l lu m in a te d  w ith  a  te m p o r a l  
la g  b e t w e e n  th e  a r r a y s, th e  o b s e r v e r  p e r c e iv e s  a  s p a t ia l  o f f s e t  
b e t w e e n  th e  a l ig n e d  b a r s  (B u r r  1 9 7 9 ,  F a h le  &  P o g g io ,  1 9 8 1 ) .  
T h is  p h e n o m e n o n  h a s  b e e n  a t tr ib u te d  to  a  s p a t io t e m p o r a l  
in te r p o la t io n  p r o c e s s .  It i s  a l s o  k n o w n  th a t a n  i l lu s o r y  te m p o r a l  
o r d e r  c a n  b e  in d u c e d  b y  f o c a l  v isu a l  a t te n t io n , s u c h  th a t a n  array  
o f  b a rs p r e s e n te d  at th e  s a m e  t im e  c a n  b e  p e r c e iv e d  a s  p r e s e n te d  
s e q u e n t ia lly  (H ik o s a k a  e t  a l. 1 9 9 3 ) .  C a n  s u c h  an  i l lu s o r y  tem p o r a l  
s e q u e n c e  p r o d u c e  a  v e r n ie r  o f f s e t  s im ila r  to  th a t g e n e r a te d  b y  a  
r e a l t e m p o r a l s e q u e n c e ?  A n  array  o f  f iv e  sh o r t v e r t ic a l  b a r s  w a s  
p r e s e n te d . T h e  s u b je c t  f ix a t e d  o n  th e  c e n tr a l bar. A f te r  a  r a n d o m  
d e la y ,  an  a t te n t io n a l c u e  w a s  p r e s e n te d  a t (± 1 0 ° ,  + 2 ° )  f r o m  th e  
f ix a t io n  p o in t .  A f te r  1 5 0 m s , a n o th e r  array o f  f iv e  b a rs , 2° a b o v e  
th e  f ir s t  array, w a s  p r e s e n te d  fo r  1 3 m s. E a c h  b ar  in  th e  to p  array  
w a s  v e r t ic a lly  a l ig n e d  w it h  a  b a r  in  th e  lo w e r  array. A l l  f iv e  to p  
b a r s  w e r e  f la s h e d  a t th e  s a m e  t im e ,  b u t  w e r e  p e r c e iv e d  a s  
p r e s e n te d  s e q u e n t ia l ly  f r o m  th e  c u e d  s id e .  A f te r  th e  tr ia l , th e  
su b je c t  r e p o r te d  w h e th e r  th e  to p  b a r s  w e r e  a l ig n e d  w ith  th e  lo w e r  
b a r s . A  v e r n ie r  o f f s e t  in  th e  d ir e c t io n  o f  i l lu s o r y  m o t io n  w a s  
p e r c e iv e d  b y  a ll  th r e e  s u b j e c t s  t e s t e d .  ( S u p p o r t e d  b y  U S P H S  
g r a n t s  E Y 0 5 8 7 9  a n d  E Y 0 2 3 0 5 )

551.4
N O N - L O C A L  C O L O R  I N D U C T I O N  U N D E R  C H A N G I N G  A D A P T A T I O N  
D E P E N D S  O N  C H R O M A T I C  C O N T R A S T .  T .  W a c h t le r * ,  T . D .  A lb r ig h t ,

T . J .  S e j n o w s k i . T h e  S a lk  I n s t i t u t e  f o r  B i o l o g i c a l  S t u d i e s ,  L a  J o l l a ,  C A  9 2 0 3 7  

I n  a  p r e v i o u s  s t u d y  o f  t h e  in f lu e n c e  o f  p e r i p h e r a l  c o lo r  p a t c h e s  o n  t h e  c o lo r  
a p p e a r a n c e  o f  a  c e n t r a l  t e s t  f i e ld  (W a c h t le r  e t  a l 1 9 9 7 , I O V S  3 8 ,4 ：8 9 8 )  w e  f o u n d  a  
n o n l i n e a r  in d u c i n g  e f f e c t :  A l t h o u g h  c h r o m a t i c i t y  c h a n g e s  in  t h e  p e r i p h e r y  a lo n e  
d id  n o t  l e a d  t o  a n  a p p e a r a n c e  c h a n g e  in  t h e  t e s t  f i e ld ,  t h e y  m o d u l a t e d  t h e  d e 
g r e e  o f  a p p e a r a n c e  c h a n g e  i n d u c e d  b y  a  c h r o m a t i c i t y  c h a n g e  o f  t h e  b a c k g r o u n d .  
H e r e  w e  r e p o r t  o n  t h e  p r o p e r t i e s  o f  t h i s  m o d u l a t o r y  e f f e c t .  U s i n g  a  f o r c e d - c h o ic e  
m e t h o d  w e  m e a s u r e d  q u a n t i t a t i v e l y  t h e  e f f e c t  o f  c h r o m a t i c i t y  c h a n g e s  in  p e 
r ip h e r a l  c o lo r  f i e ld s  d u r in g  c h a n g e s  in  b a c k g r o u n d  c o lo r .  T h e  c o lo r  f i e ld s  w e r e  

1 .5 °  s q u a r e s ,  p l a c e d  b e t w e e n  2 .5  a n d  1 0  d e g r e e s  f r o m  t h e  c e n t r a l  1 .5 °  t e s t  f ie ld .  
B a c k g r o u n d  c o lo r  c h a n g e d  b y  a  c o n e  c o n t r a s t  o f  0 . 1 .  W e  f o u n d  t h a t  c h a n g i n g  
t h e  n u m b e r  ( a n d  t o t a l  a r e a )  o f  t h e  c o lo r  f i e ld s  d id  n o t  c h a n g e  t h e i r  e f f e c t :  W e  
o b t a i n e d  t h e  s a m e  r e s u l t s  fo r  4 ,  8 ,  a n d  1 6  f i e ld s .  H o w e v e r ,  t h e  e f f e c t  o f  t h e  f ie ld s  
v a r ie s  w i t h  t h e i r  c o n t r a s t  r e l a t i v e  t o  t h e  b a c k g r o u n d :  W h e n  t h e  c o lo r  c h a n g e  in  

t h e  f i e ld s  i s  l a r g e r  t h a n  in  t h e  b a c k g r o u n d ,  t h e  i n d u c e d  a p p e a r a n c e  c h a n g e  is  
e n h a n c e d ;  w h e n  i t  i s  l o w e r ,  i n d u c t i o n  i s  r e d u c e d .  V a r y in g  t h e  c o n t r a s t  b e t w e e n  
b a c k g r o u n d  a n d  c o lo r  f i e ld s  b y  a  c o n e  c o n t r a s t  o f  0 . 2  r e s u l t e d  in  a  m o d u l a t i o n  

o f  t h e  i n d u c e d  a p p e a r a n c e  c h a n g e  b e t w e e n  1 2  a n d  2 3  p e r c e n t ,  d e p e n d i n g  o n  o b 
s e r v e r .  R e c e n t l y  i t  h a s  b e e n  s h o w n  t h a t  c o lo r  a d a p t a t i o n  d e p e n d s  o n  t h e  v a r ia n c e  

o f  c o lo r s  in  t h e  s c e n e  (B r o w n  &; M a c L e o d  1 9 9 7 , C urr. B io l. 7 :8 4 4 ) .  O u r  r e s u l t s  a r e  

c o n s i s t e n t  w i t h  t h i s  f in d in g ,  a n d  f u r t h e r m o r e  s h o w  t h a t  t h i s  a d j u s t m e n t  t a k e s  in t o  
a c c o u n t  c h r o m a t i c  in f o r m a t i o n  f r o m  a  r e l a t i v e l y  l a r g e  p a r t  o f  t h e  v i s u a l  f ie ld .  I t  

d o e s  n o t  r e s u l t  f r o m  a d a p t a t i o n  d u r i n g  s a m p l i n g  o f  t h e  s c e n e  o v e r  t i m e ,  b u t  is  
d u e  t o  a n  a l m o s t  i n s t a n t a n e o u s  m e c h a n i s m .  T h e s e  p r o p e r t i e s  m a t c h  t h e  b e h a v i o r  
o f  c o lo r  s e l e c t i v e  c e l l s  in  V 4  a s  d e s c r i b e d  b y  D e s i m o n e  e t  a l .  ( 1 9 9 0 , J. N eurosci. 
1 0 :3 3 6 9 ) .  W e  s u g g e s t  t h a t  t h e  f u n c t i o n  o f  t h i s  m e c h a n i s m  is  t o  p r o v id e  f o r  r a p id  
a d j u s t m e n t  f o l l o w i n g  i l l u m i n a t i o n  c h a n g e s ,  in  o r d e r  t o  p r o c e s s  e f f i c i e n t ly  t h e  n e w  
e n s e m b l e  o f  c h r o m a t i c i t i e s  in  t h e  v i s u a l  f ie ld .  ( S u p p o r t e d  b y  t h e  H o w a r d  H u g h e s  
M e d ic a l  I n s t i t u t e  a n d  t h e  S l o a n  C e n t e r  f o r  T h e o r e t i c a l  N e u r o b i o l o g y )

551.6
E F F E C T  O F  L U M I N A N C E  C O N T R A S T ,  W I T H I N  A  R E M O T E  
R E G I O N , O N  L -C O N E /M -C O N E  C H R O M A T IC  I N D U C T I O N .
C .S .  B a r n e s*  &  S .K . S h e v e l l  V is u a l  S c i e n c e s  C e n te r , U n iv  o f  C h ic a g o ,  
9 3 9  E  5 7 th  S t ., C h ic a g o ,  IL , U S A ,  6 0 6 3 7 .

C h r o m a t ic  c o n tr a s t  w i t h in  a n  is o lu m in a n t  r e m o te  r e g io n  a t te n u a te s  
ch r o m a tic  in d u c t io n .1 A d d in g  S - c o n e  s t im u la t io n  w ith in  th e  r e m o te  r e g io n  
h a s  at m o s t  a  m o d e s t  e f f e c t .2 W e  n o w  in v e s t ig a te  h o w  lu m in a n c e  c o n tra st  
a f f e c t s  L /M  c h r o m a t ic  in d u c t io n .  M e th o d :  S u b j e c t s  a d ju s te d  th e  
c h r o m a t ic i ty  o f  a  0 .5 °  te s t  s t im u lu s  (a  m ix tu r e  o f  l ig h t  fr o m  th e  R  an d  G  
p h o sp h o r s  o f  a  C R T ) s o  th at it  a p p e a r e d  n e ith e r  r e d d ish  n o r  g r e e n ish . T h e  
t e s t  w a s  p r e se n te d  w ith in  a 1 .5 °  "red" su rr o u n d  w h ic h  c a u s e d  su b s ta n tia l  
in d u c t io n  o f  g r e e n n e ss  in  th e  tes t . T h e  s t im u li  a l s o  in c lu d e d  a 4 °  r e m o te  
r e g io n  o u ts id e  th e  "red" su rro u n d . T h e  r e m o te  r e g io n  c o n s is t e d  o f  tw o  or  
m o r e  d is t in c t  a r e a s  th at c o u ld  d if fe r  in  c h r o m a t ic i ty ,  lu m in a n c e  or  b o th . 
F o r  e x a m p le ,  th e  r e m o t e  r e g io n  c o u ld  b e  a " r e d /g r e e n "  i s o lu m in a n t  
c h e c k e r b o a r d  c o m p o s e d  o f  0 .5 °  s q u a r e s ,  or  a s im i la r  c h e c k e r b o a r d  b u t  
w ith  h a lf  o f  th e  sq u a r e s  o f  e a c h  c o lo r  at h ig h e r  or  lo w e r  lu m in a n c e  (sp a c e -  
a v e r a g e d  lu m in a n c e  h e ld  f ix e d ) .  R e s u l t s :  A n  is o lu m in a n t  " red /green "  
c h e c k e r b o a r d  a tte n u a te s  L /M  in d u c t io n , a s  o b s e r v e d  p r e v io u s ly .  A d d in g  
lu m in a n c e  c o n tra st , a t a  s p a t ia l  f r e q u e n c y  m a tc h e d  to  th e  te s t , s h if t s  th e  
r e su lt s  to w a r d  th e  " r e d " -su rr o u n d -a lo n e  r e su lt s  ( i .e . ,  c o u n te r -a c t in g  th e  
L /M  c o n tr a s t  e f f e c t  o f  th e  c h e c k e r b o a r d ) .  C o n c lu s io n s :  T h e  e f f e c t  o f  
lu m in a n c e  c o n tr a s t  w ith in  th e  r e m o te  r e g io n  a r g u e s  a g a in s t  " e q u iv a le n t  
b a c k g r o u n d "  m o d e ls .  D a ta  in d ic a te  that L /M  in d u c t io n  d e p e n d s  o n  L /M  
c o n tr a s t , lu m in a n c e  c o n tr a s t , a n d  m e a n  S - c o n e  s t im u la t io n  w ith in  d is ta n t  
p a rts  o f  th e  v i s u a l  f ie ld .  T h is  s u g g e s t s  th a t lu m in a n c e  c o n tr a s t  in  th e  
r e m o te  s t im u lu s  a lters  an  L /M  c o n tra st  g a in  c o n tro l.
1Shevell & Wei, 1998, 2Barnes & Shevell, 1998. Funding by: NIH grant EY-04802

551.8
COM PRESSION OF VISUAL SPACE TOW ARDS FIXATION. B.R. 
Sheth* and S. Shim ojo, C om putation  and  N eu ra l System s, C a lifo rn ia  
Institu te  of Technology, Pasadena, CA 91125.
Subjects (n  = 7) w ere asked to  judge  the location  of a ta rg e t flash ed  b r ie f ly  
(30 msec) in the p e rip h e ry , at random ly vary in g  eccentricities w h i le  
continuing  to m ain tain  fixation at the  sam e p o in t on the screen. H o rizo n ta l 
eccentricities ranged  betw een 0° - ±18° from  the fixation p o in t (FP). N o eye 
m ovem ents w ere perm itted. Subjects h ad  to p o in t to the perce iv ed  s p a t i a l  
location of the flashed target by  m eans of a m ouse cursor. The targ e ts  w ere 
m islocated to positions nearer to the  FP th an  the actual locations; th u s  th e  
subjects observed a compression of v isua l space in a d irec tion  to w ard s  th e  
FP (~2-4º maxim um  m islocation; all subjects show ed a sim ila r effec t). 
Sim ilar resu lts w ere obtained  w h en  the FP w as turned  off before the onset 
of the flashed  target, w hile  the subject (n  = 3) continued to m a in ta in  
fixation at the  FP location. In  a re la ted  task , a p a ir  of targe ts (sym m etric 
w .r.t. FP) w as briefly  flashed  a t vary in g  eccentricities. A fter a d e la y  
follow ing the p a ir 's  offset (SOA = 2 sec), a second p a ir  of targe ts w as 
p resen ted  nearby  the locations of the  first pair. The second p a ir  stay ed  on 
u n til the  subject's response. Subjects h a d  to judge the re la tiv e  p ro x im itie s  
of the tw o  pairs  of targets to the  FP. C onsistent w ith  the  resu lts ob tain ed  
from  the first experim ent, al l the subjects (n = 5) sy stem atica lly  m isjudged 
the tem porally  first p a ir  of (flashed) targe ts to be closer to  th e FP th a n  
the second (continuously presented) p a ir. This and  re la ted  experim ents 
suggest th a t m otor planning  or eye m ovem ents do not p lay  a role in th e  
compression effect we obtain. W e suggest the  fo rm ation  and  la te r  
consolidation of a sp a tia l fram e of reference (The FP an d  the  a tte n d e d  
locations are reference fram es in  the experim ent.) w h ich  forms a b asin  of 
a ttraction  for spatia l localization. S u p p o rted  b y  NSF SBR-9710116.
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551.9
THE PERCEPTUAL MISALIGNMENT BETWEEN MOVING AND 
FLASHING STIMULI IS NOT DUE TO VISUAL PERSISTENCE. J. Namba, 
A.H. Kihara, R.S. Pires* and M.V.C. Baldo, Department of Physiology and 
Biophysics, Institute of Biomedical Sciences, University of Sa ̄o Paulo, SP, 
05508-900, BRAZIL.

When a pair of diametrically opposed dots (outer dots) is flashed in 
perfect alignment with a pair of moving dots (inner dots) rotating about the 
visual fixation point, most observers perceive the inner dots as being ahead 
of the outer dots. We have previously observed a dependence of the 
perceived angle of misalignment on the eccentricity of the flashing dots 
(Baldo & Klein, Nature 378:565-566, 1995). The subjects might be using, 
however, the offset of the flashing dots as the temporal marker in making 
alignment judgments, in which case the perceived misalignment would be 
trivially explained as a result of visual persistence, in order to answer this 
Question, we carried out two series of experiments in which a pair of (inner) 
dots, 2° apart in the visual field, rotated at 36 r.p.m. about the fixation point. 
Another pair of (outer) dots was presented in two different ways: as a pulse 
of 16.6 ms of duration and as a step function. At each presentation, in both 
experiments, the outer dots were either 3.4° or 7.8° apart from one another. 
The task, performed by 9 volunteers, was to report the position of the 
moving dots in relation to the outer dots when the latter set of dots was 
presented. The moving dots were seen ahead of the outer dots in all 
experimental conditions, and a two-way ANOVA indicated a significant 
effect of the eccentricity of the outer set of dots (p < 0.05), whereas no 
significant effect was observed concerning its temporal profile (p > 0.10). 
These results indicate that the onset of the flashing dots, rather than their 
visual persistence, is the relevant factor in promoting this perceptual effect 
and its dependence on the eccentricity.
Supported by grant 96/6618-9 from FAPESP (Brazil).

551.11
H IG H  L E V E L  “ O B J E C T ” K N O W L E D G E  A N D  S E M A N T IC S  
(M O O N E Y  F A C E S ) C A N  D R IV E  A P P A R E N T  M O T IO N . 
V .S .R am achandran*, C. F oster, &  K .C . A r m e l. Brain and P erception  
Laboratory, 0 1 0 9 , U n iv . o f  C alifornia , San D ie g o , L a Jolla , C A , 9 2 0 9 3 .

T o w hat ex ten t is “early” v isio n  m odular? W e exp lored  th is by  
stu d y in g  apparent m otion . In experim ent 1 w e  obtain ed  a profile  shot o f  
a m odel su b ject’s fa ce  illum inated  strong ly  from  on e  d irection  and then 
“b inarized” the g ray-sca le  im age to a b lack -w h ite  “p u zzle  picture” 
(M o o n ey  picture). N a ïv e  subjects did not in itia lly  p erceive  a face  but 
cou ld  do so  after 6 0  seco n d s or m ore. The sam e m od el then rotated his  
fa ce  by  45  d egrees (or 9 0  degrees) and a seco n d  M o o n ey  im age w as  
m ade. The tw o  fram es w ere  alternated and n a ïve  subjects saw  random  
incoherent m otion  o f  the sp lo tch y  sh ad ow s. H o w ev er, o n c e  they  had  
seen  the face  in the still fram e th ey  sa w  the fa ce  rotate in 3 -D . In 
experim ent 2 w e  had a dalm atian d o g  p u zz le  picture in fram e 1 and a 
d o g  in a rad ically  d ifferen t posture w ith  uncorrelated dots in fram e 2. 
A g a in  subjects sa w  random  2 -D  m otion  in itia lly  but o n c e  th ey  had seen  
the d o g  they  saw  it m o v e  coheren tly  and ch an ge posture. T h is e ffec t  
w a s not seen  i f  both fram es w ere  u p sid e-d ow n . It w as a lso  not seen  i f  
the sp lo tch es w ere  equ ilu m in ou s (red on  green ) w ith  the background.
W e co n c lu d e  from  th ese  tw o  exp erim en ts that c o m p le x  object  
recogn ition  and perceptual learning can determ in e the “tok en s” that are 
used  for m otion  correspond en ce.

W e thank N IM H  for support.

551.10
A N  O B L I Q U E  E F F E C T  I N  D I R E C T I O N  D I S C R I M I N A T I O N  B U T  N O T  

S P E E D  D I S C R I M I N A T I O N  N .  M a t t h e w s  a n d  N .  Q ia n * .  C e n t e r  f o r  N e u r o -

b i o l o g y  &  B e h a v i o r ,  C o l u m b i a  U n iv e r s i t y ,  7 2 2  W .  1 6 8 t h  S t . ,  A n n e x  # 7 3 8 ,  

N e w  Y o r k ,  N Y  1 0 0 3 2

T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  d e t e r m i n e  t h e  n a t u r e  o f  t h e  s e n s o r y  r e -  

s p o n s e ( s )  c o n s t r a i n i n g  d i r e c t i o n  d i s c r i m i n a t i o n  a n d  s p e e d  d i s c r i m i n a t i o n .  P e r 

f o r m a n c e  o n  t h e s e  t w o  t a s k s  c o u l d  b e  c o n s t r a i n e d  b y  a  u n i t a r y  v e l o c i t y - b a s e d  

s e n s o r y  r e s p o n s e ,  o r  s e p a r a t e  s e n s o r y  r e s p o n s e s  t o  a  s t i m u l u s ’ d i r e c t i o n  a n d  

s p e e d .  T o  d i s t i n g u i s h  b e t w e e n  t h e s e  p o s s i b i l i t i e s ,  w e  e x a m i n e d  w h e t h e r  d i r e c 
t i o n  d i s c r i m i n a t i o n  a n d  s p e e d  d i s c r i m i n a t i o n  c o u l d  b e  d i f f e r e n t i a l l y  a f f e c t e d  

b y  t h e  s a m e  s t i m u l u s  m a n i p u l a t i o n ,  a x i s - o f - m o t i o n .  P r e v i o u s  p s y c h o p h y s i 

c a l  s t u d i e s  ( B a l l  &  S e k u le r ,  1 9 8 7 ;  M a t t h e w s  &  W e lc h  1 9 9 7 )  h a v e  s h o w n  a n  

“o b l i q u e  e f f e c t ” in  d i r e c t i o n  d i s c r i m i n a t i o n :  D i r e c t i o n a l  s e n s i t i v i t y  i s  g r e a t e r  

t o  s t i m u l i  m o v i n g  a l o n g  a  c a r d in a l  ( i . e . ,  v e r t i c a l  o r  h o r i z o n t a l )  a x i s  t h a n  t o  

s t i m u l i  m o v i n g  a l o n g  a  d i a g o n a l  a x i s .  I n  t h e  p r e s e n t  s t u d y ,  1 2  n a i v e  o b s e r v e r s  

j u d g e d  b o t h  d i r e c t i o n a l  d i f f e r e n c e s  a n d  s p e e d  d i f f e r e n c e s  b e t w e e n  e i t h e r  c a r 

d i n a l l y  m o v i n g  o r  o b l i q u e l y  m o v i n g  r a n d o m - d o t  p a t t e r n s .  A f t e r  e q u a t i n g  

d i s c r i m i n a b i l i t y  ( d ’) a c r o s s  t a s k s  a n d  o b s e r v e r s ,  w e  r o t a t e d  t h e  a x i s - o f - m o t i o n  

b y  4 5  d e g  ( i . e . ,  f r o m  c a r d in a l  t o  o b l i q u e ,  o r  v i c e  v e r s a ) .  T h e  a x i s - o f - m o t i o n  

m a n i p u l a t i o n  r e v e a le d  a  s ig n i f i c a n t  o b l i q u e  e f f e c t  in  d i r e c t i o n  d i s c r i m i n a t i o n ,  

b u t  n o t  in  s p e e d  d i s c r i m i n a t i o n .  T h i s  d i f f e r e n c e  w o u ld  n o t  b e  e x p e c t e d  i f  a  

u n i t a r y  v e l o c i t y - b a s e d  s e n s o r y  r e s p o n s e  w e r e  t h e  l i m i t i n g  f a c t o r  o n  t h e  t w o  

t a s k s .  I n s t e a d ,  t h e  d i f f e r e n t ia l  e f f e c t  o f  a x i s - o f - m o t i o n  o n  t h e  t w o  t a s k s  s u g 

g e s t s  t h a t  t h e  s e n s o r y  r e s p o n s e  c o n s t r a i n i n g  s p e e d  d i s c r i m i n a t i o n  i s  a t  l e a s t  

p a r t i a l l y  in d e p e n d e n t  f r o m  t h e  o n e  c o n s t r a i n i n g  d ir e c t i o n  d i s c r i m i n a t i o n .

S u p p o r t e d  b y  N I H  g r a n t  # M H 5 4 1 2 5  a n d  a  S lo a n  R e s e a r c h  F e l lo w s h ip .

551.12
T E M P O R A L  R E C R U I T M E N T  I N  T H E  L O C A L I S A T I O N  O F  S T R O B O S C O P -  

I C A L L Y  M O V I N G  O B J E C T S .  B .  K r e k e lb e r g ,  M . L a p p e * , D e p t .  Z o o l o g y  &  

N e u r o b io lo g y ,  R u h r  U n i v e r s i t y  B o c h u m ,  D - 4 4 7 8 0  B o c h u m ,  G e r m a n y .  

E m a i l :  b a r t @ n e u r o b i o l o g i e .r u h r - u n i - b o c h u m .d e

T h e  s t r o b o s c o p i c  p r e s e n t a t i o n  o f  o b j e c t s  l e a d s  t o  a  m i s l o c a l i s a t i o n  ( N i j h a w a n ,  

N a t u r e  3 7 0 :  2 5 6 ,  1 9 9 4 ) .  W e  i n v e s t i g a t e  t h e  r o l e  o f  t h e  n u m b e r  o f  s t a t i o n s  in  t h e  

s t r o b o s c o p i c  m o t i o n  p a t h  o n  t h i s  e f f e c t .  W e  s h o w  t h a t  t h e  p e r c e i v e d  p o s i t i o n  

o f  m o v i n g  o b j e c t s  i s  g r a d u a l l y  a d j u s t e d  o v e r  a  p e r i o d  o f  a b o u t  h a l f  a  s e c o n d  

d u r in g  a  s t r o b o s c o p i c  m o t i o n  s e q u e n c e .

F o u r  s u b j e c t s  v i e w e d  a  s t i m u l u s  c o n s i s t i n g  o f  s e v e n  d o t s  o n  a  l in e  r o t a t i n g  

a r o u n d  a  f i x a t i o n  p o i n t .  T h e  in n e r  t h r e e  d o t s  w e r e  c o n t i n u o u s l y  v i s i b l e  w h e r e a s  

t h e  t w o  o u t e r  d o t s  o n  e i t h e r  s i d e  w e r e  b r i e f ly  ( 2 8 m s )  f l a s h e d  w i t h  a n  i n t e r  

f l a s h  in t e r v a l  o f  1 4 0  m s .  A f t e r  a  v a r ia b le  n u m b e r  o f  f l a s h e s  h a d  b e e n  s h o w n  

t h e  s u b j e c t s  a n s w e r e d  t h e  q u e s t io n :  “D o  t h e  o u t e r  d o t s  t r a i l  o r  l e a d  t h e  in n e r  

d o t s ? ” A  m a x i m u m - l i k e l i h o o d  p a r a m e t e r  e s t i m a t i o n  p r o c e d u r e  d e t e r m i n e d  t h e  

o f f s e t  a n g le  b e t w e e n  t h e  in n e r  a n d  o u t e r  d o t s ,  n e e d e d  t o  c a n c e l  t h e  la g - e f f e c t  

i n t r o d u c e d  b y  t h e  s t r o b o s c o p i c  p r e s e n t a t i o n  o f  t h e  o u t e r  d o t s .

W e  f in d  t h a t  t h e  o f f s e t  a n g l e  ( i . e .  t h e  m i s l o c a l i s a t i o n )  d e c r e a s e s  a s  a  f u n c 

t i o n  o f  t h e  n u m b e r  o f  s t a t i o n s ,  r e a c h in g  a n  a s y m p t o t e  a t  5  s t a t i o n s .  T h i s  

i m p l i e s  t h a t  o b s e r v e r s  u s e  t h e  i n f o r m a t i o n  p r e s e n t  in  t h e  p a t h  o f  a  m o v i n g  

o b j e c t  t o  d e t e r m i n e  i t s  in s t a n t a n e o u s  p o s i t i o n .  T h i s  i n f o r m a t i o n  in t e g r a t i o n  

p r o c e s s  o p e r a t e s  o v e r  a  t e m p o r a l  r a n g e  o f  0 . 5  s e c o n d  a n d  a  s p a t i a l  s e p a r a t i o n  

o n  t h e  o r d e r  o f  9  d e g r e e s  o f  a r c .  B o t h  t h e  t e m p o r a l  a n d  t h e  s p a t i a l  s c a l e  a r e  

m u c h  la r g e r  t h a n  h i t h e r t o  a c c e p t e d .  O n  t h e  n e u r a l  l e v e l  w e  i n t e r p r e t  t h e  p h e 

n o m e n o n  a s  a  f o r m  o f  f a c i l i t a t i o n  w h ic h  l e a d s  t o  t h e  r e d u c t i o n  o f  v i s u a l  d e la y s .  

S u p p o r t e d  b y  D F G  &  H F S P

VESTIBULAR PERIPHERY

552.1

B I O P H Y S I C A L  A N D  G E N E T IC  C H A R A C T E R I Z A T I O N  O F  A  
M E C H A N O S E N S O R Y  A D A P T A T IO N  M U T A N T  IN  D R O S O P H I L A .  
R . G . W a lk e r *  and C . S . Z u k e r . D ep artm en t o f  B io lo g y  a n d  H o w a r d  
H u g h e s  M e d ic a l  In stitu te , U n iv e r s ity  o f  C a lifo r n ia , S a n  D ie g o .  L a  J o lla ,  
C A  9 2 0 9 3 - 0 6 4 9 .

W e  h a v e  ch a r a c te r iz e d , in  d e ta il , the r e s p o n s e s  o f  a D r o s o p h ila  
m e la n o g a s te r  m e c h a n o se n s o r y  n e u r o n . T o  e x a m in e  the cu rren ts  that 
u n d er lie  th e  v o lta g e  r e s p o n s e s ,  w e  c o n s tr u c te d  a tra n sep ith e lia l v o lta g e -  
c la m p  s y s te m . W h ile  h o ld in g  the tra n sep ith e lia l p o te n tia l c o n s ta n t,  w e  
a p p lie d  c a lib rated  m ec h a n ic a l s tim u li to  m e c h a n o se n s o r y  b r is t le s .  T h e  
r e su lta n t 2 0 0 - p A  tra n sd u ctio n  curren t c lo s e ly  r e se m b le d  that o f  vertebrate  
hair  c e l l s .  I n d e e d , th e se  m ec h a n o r e c e p to r s  e x h ib ite d  m a n y  p ro p erties  
s im ila r  to  hair c e lls :  th e y  ad ap ted  to  su s ta in e d  s tim u li b y  s h ift in g  their  
r a n g e  o f  r e sp o n s iv e n e s s ;  th e  la te n c y  o f  th e  r e sp o n s e  w a s  2 0 0  µ s ;  and  
m e c h a n o se n s o r y  n e u r o n s  are s e n s it iv e  to  d is p la c e m e n ts  o f  th eir  b r istle  o f  
5 0  n m . A  m e c h a n o se n s o r y  m u ta n t, n o m p C , w a s  e le c tr o p h y s io lo g ic a l ly  
c h a r a c te r iz e d  an d  fo u n d  to  h a v e  r e sp o n s e s  that fa il to  adapt a p p rop ria te ly  
to  su s ta in e d  d is p la c e m e n ts  o f  th eir  b r is t le s .  T h re e  a lle le s  o f  n o m p C  g iv e  
m a x im a l tra n sd u c tio n  cu rren ts  < 1 0 %  o f  c o n tro l f l ie s  w h ile  s h o w in g  n o  
adap tation ; a n oth er  al le le  e x h ib its  n o rm a l re ce p to r  curren t m a g n itu d e , but 
ad a p ts  th r e e -fo ld  fa ster  than co n tro l m e c h a n o r e c e p to r s .  T h e  in tr ig u in g  
p h e n o ty p e  o f  th is  m utant le d  u s  to  c y to g e n t ic a lly  m a p  an d  b e g in  a  
c h r o m o s o m a l w a lk  to  n o m p C .  T h e  p h y s io lo g ic a l  p h e n o ty p e s  o f  n o m p C  
s u g g e s t s  that it p la y s  a d irect r o le  in  m ec h a n o e le c tr ic a l tra n sd u c tio n ,  
h o w e v e r  its  p r e c ise  ro le  w i l l  o n ly  b e  d e f in e d  b y  m o le c u la r  id e n tif ic a t io n .

S u p p o r te d  b y  N I H  D C 0 3 1 6 0 -0 1  a n d  A C S  P F - 4 4 7 0 .

552.2

S I M U L T A N E O U S  R E C O R D I N G S  F R O M  I N D I V I D U A L  H A I R  
C E L L S  A N D  A F F E R E N T S  D U R I N G  M E C H A N I C A L  C A N A L  A N D  
E F F E R E N T  S T I M U L A T I O N  I N  V IV O  I N  T H E  T O A D F I S H . R. 
B o y le 1 * , S .M . H ig h s te in 2 an d  R .D . Rabbitt3 . 1D e p t .  O to la r y n g o lo g y ,  
O r e g o n  H e a l t h  S c i e n c e s  U n iv . ,  P o r t la n d ,  O R  9 7 2 0 1 ;  2 D e p t .  
O t o la r y n g o lo g y ,  W a s h in g to n  U n iv . ,  S t . L o u is ,  M O  6 3 1 1 0 ; 3D e p t .  
B io e n g in e e r in g ,  U n iv . U ta h , S a lt  la k e  C ity , U T  8 4 1 1 2 .

E f f e r e n t  v e s t ib u la r  s y s t e m  ( E V S )  a c t io n  w a s  s t u d ie d  u s in g  
s im u lta n e o u s  in tra ce llu la r  r e co r d in g  fr o m  h o r izo n ta l c a n a l h a ir  c e ll s  and  
a f fe r e n ts  d u r in g  m e c h a n ic a l  c a n a l  s t im u la t io n  a n d  e le c t r i c  p u ls e  
s t im u la t io n  o f  th e  cen tr a l e ffe r e n t  n e u r o n s . P r e v io u s ly ,  E V S  a c tiv a t io n  
e l ic i t e d  a c h a n g e  in  b a c k g r o u n d  f ir in g  ra te  (5 0 %  d e c r e a s e  to  > 2O x  
in c r e a s e )  an d  r e s p o n s e  (0  to  > 9 0 %  r e d u c t io n )  to  c a n a l s t im u la t io n  
( B o y le  an d  H ig h s te in , 1 9 9 0 ) .  E V S  a c t iv a t io n  d ir e c t ly  h y p e r p o la r iz e s  
th e  h a ir  c e l l ,  lo w e r s  m e m b r a n e  r e s is ta n c e , a n d  r e d u c e s  o r  e l im in a t e s  
r e ce p to r  p o te n tia l  m o d u la tio n  to  c a n a l s t im u la t io n  ( B o y le  e t  a l.,  1 9 9 7 ) .  
E ffe r e n t-a ffe r e n t  an d  e ffe r e n t-h a ir  c e l l  s y n a p s e s  m ig h t  th u s  fu n c tio n  to  
l in e a r iz e  th e  f ir in g  o f  s p e c if ic  a f fe r e n ts  p r io r  to  a n d  d u r in g  b e h a v io r a l  
e v e n t s  th a t l e a d  to  la r g e ,  s e l f - g e n e r a t e d  m o v e m e n t s .  P r e s e n t ly ,  
s im u lta n e o u s  h a ir /c e ll  a f fe r e n t  r e c o r d in g s  c o n f ir m  a n d  e x te n d  o u r  
p r e v io u s  w o r k . A d d it io n a lly ,  o n e  s y n a p t ic a l ly - lin k e d  p a ir  w a s  s tu d ie d .  
A s  th e  h a ir  c e l l  w a s  d e p o la r iz e d  to  ~ - 3 0  m V  an d  h ig h e r , th e  a f fe r e n t ’s 
rate in c r e a se d  a n d  b e c a m e  m o re  irregu lar . A n  e s t im a te  o f  th e  sy n a p t ic  
c o n ta c t  s ite s  m a d e  b y  d r iv in g  the  a fferen t d ir e c t ly  f r o m  th e  h a ir  c e ll  and  
b y  m o d u la tin g  it  th r o u g h  th e  h a ir  c e l l  r e c e p to r  p o te n tia l  c o r r e s p o n d e d  
w e ll  w ith  th e  m o rp h o lo g ic a l and  p h y s io lo g ic a l  p ro p e r tie s  o f  a ffe r e n ts  in  
th e  re co r d e d  r e g io n  o f  the  cr ista . (S u p p o r te d  b y  N IH  D C 0 1 8 3 7 )
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552.3
CHRONIC RECORDING OF NEURAL ACTIVITY VIA A SIEVE ELECTRODE 
IMPLANTED IN THE OTOLITH NERVES OF THE TOADFISH, OPSANUS 
TAU. A.F. Mensinger,3* S. M. Highstein,3 C. Buchko,1 D.Martin,1 R. Silver,2 
and D.J. Anderson1. 1Dept. of Material Science and Engineering, Univ. of 
Michigan; 2Marine Biological Lab, Woods Hole, MA; 3Dept. of Otolaryngology, 
Washington Univ. Sch. Med. St. Louis, MO 63110.

A micromachined, silicon substrate, laminin coated sieve electrode with pores 
ranging from 5-25 µm was implanted within the severed utricular or sacular nerve 
of the toadfìsh, Opsanus tau. Nerve regeneration following trasection initiates 
within 15 days post transection and is completed in about 60 days (Mensinger & 
Highstein, 1995). To date, in a low percentage o f cases, single unit neural 
recordings o f high fidelity have been observed via this electrode.

For histological examination, both uncoated and SLPL (a laminin homologue) 
coated, electrodes were implanted into transected otolith nerves. Animals were 
sacrificed following implantation, the electrodes examined in situ, and then the 
electrode, peripheral nerve and anterior ramus were removed en bloc. Tissue was 
sectioned parallel and to within 200 µm of the sieve surface. The tissue/electrode 
block was reacted with antibodies to NSE and GFAP and examined under the 
confocal microscope. Examination o f the blocks revealed that regenerated nervous 
tissue was contiguous with the coated electrodes within 4-6 weeks following 
transection while avoiding uncoated surfaces throughout the study. Several coated 
sieve electrodes, 8-12 weeks post-transection, had 40-60% of pores containing 
neural tissue while uncoated electrodes had less than 1 % of pores filled with neural 
tissue demonstrating that the SLPL coating dramatically improved regeneration 
through the electrodes. The incursion of nerve tissue into the pores corresponded 
closely with the appearance o f neural activity in SLPL coated, chronically implanted 
bonded electrodes.
NASA 088: NASA Life Science Fellowship; NSF AO 93-OLMA

552.5
THE CENTRAL PRIMARY VESTIBULAR AFFERENT TERMINATIONS OF 
CALBINDIN D-28k EXPRESSING VESTIBULAR GANGLION NEURONS.
J. Bäurle , H . Vogten and U. Grüsser-Cornehls. (SPON: European Neuroscience 
Association), Freie Universität Berlin, FB Hum. Med., Univ. Klin. Benjamin 
Franklin, Department of Physiology, Arnimallee 22, 14195 Berlin, Germany.

Fiber diameter of primary vestibular afferents (PVA) and cell body size of 
vestibular ganglion (VG) neurons are correlated in mammals. Large diameter PVA 
innervate the central regions of the vestibular end organs via calyx synapses on type I 
vestibular hair cells and show mainly irregular spontaneous discharge patterns and 
more phasic response properties under natural vestibular stimulation. Calbindin D- 
28k (Calb) is expressed only in a distinct subpopulation of ≈16% of the largest 
bipolar neurons in the VG. Thus Calb provides a potential tool to selectively identify 
large irregular phasic PVA in the CNS. Yet, the central targets of vestibular input are 
also occupied by Calb+ processes originating from cerebellar Purkinje cells (PC).

To eliminate the primary vestibular input in a PC-free environment and to 
eventually reveal additional sources of Calb+ input to the cerebellum and the 
vestibular nuclei (VN) unilateral eighth nerve transection in the PC-deficient mutant 
mice, Purkinje cell degeneration (pcd/pcd) and Lurcher (Lc/+), was performed: A 
total ipsilateral loss of Calb+ processes in the cerebellar cortex, the cerebellar nuclei 
(CN) and the VN resulted. Consequently, the complete contralateral Calb+ input and 
that seen bilaterally in unoperated pcd  and Lc mutants originate from the eighth 
nerve. In the cerebellum, Calb+ terminals are restricted to the rostral half of the 
ventral uvula, the nodulus and parts of the lateral and medial CN. In the VN Calb+ 
terminals were present only in the superior, the ventral part of the lateral, the lateral 
portion of the medial and the inferior VN. Terminals were also found in the small 
cell group Y, Cajaľs interstitial nucleus of the vestibular nerve and in the reticular 
formation. All Calb+ PVA were strictly unilateral.

The subpopulation of Calb+ VG neurons is proven to provide the sole source of 
Calb+ fibers and terminals in the PC-deprived cerebellum and the VN. Calb is shown 
to represent a valuable marker for large irregular phasic PVA in the CNS.

552.7
ELECTROPHYSIOLOGICAL AND GENETIC STUDIES OF THE INWARD 
RECTIFIER IK1 (IRIK1) IN VESTIBULAR HAIR CELLS USING SINGLE CELL 
PATCH CLAMP RT-PCR AND THE PIGEON LABYRINTHINE SLICE.
M.J. Correia1,2 *, T.X. Weng1, K.J. Rennie1, M.E. Pacheco1 and T.G. Wood3 
Depts. Of Otolaryngology1, Physiology & Biophysics2 and the Sealy Center for 
Molecular Science3 UTMB Galveston, TX, 77555-1063

Inwardly rectifying currents may help set a cell’s resting membrane 
potential and its input impedance. One particular inward rectifier (IR) current 
IRIK1 has been observed in auditory and vestibular hair cells. The cDNA for the 
channel that carries this current in the chick auditory papilla has been cloned and 
shown to have differential expression across the hearing receptor (Navaratnam 
etal, J. Biol.Chem., 270:19238-19245, 1995). IRIK1 and another IR, Ih, appear to 
be differentially expressed either together or separately across the epithelia of 
the semicircular canals and the utricle of the pigeon. We have determined this 
by recording ionic currents using whole cell patch clamping of 195 single type II 
hair cells in different regions of utricular epithelial slices. IRIK1, for example, 
was detected 1.6 times as often in cells in the extra-striolar regions as compared 
to the striola regions of the utricle. To determine if pigeon IRIK1 is genetically 
similar to the chick IRIK1 and differentially expressed in the vestibular 
epithelium, we have begun to extract cytoplasm from single type II hair cells 
after physiologically characterizing their inward currents. We have used nested 
primers derived from the chick IRIK1 (ClRIK1) sequence to analyze pigeon IRIK1 
mRNA using an RT-PCR assay. The amplified pigeon IRIK1 DNAs are 605 and 
281 bp. When we sequenced the amplified DNA we found strict homology 
between ClRIK1 and the amplified DNA except in the third codon. There were 
no differences in the amino acid sequence between the chicken and pigeon 
IRIK1. Studies are continuing to determine if the quantity of message that 
determines the channels that carry IRIK1 in hair cells varies in different regions 
of the vestibular neuroepithelium. Supported by NIH grant DC-01273 (Claude 
Pepper award to MJC).

552.4

S T U D I E S  O F  V E S T I B U L A R  A F F E R E N T  D I S C H A R G E  P A T T E R N S  
U S I N G  A  N E W , Q U A S I - 3 - D  F IN IT E  V O L U M E  M E T H O D  TO  
S IM U L A T E  V O L T A G E  C H A N G E S  I N  T H E  T E R M I N A L S . M .D .  
R o s s * .  S .W . L in to n  an d  B .R .  P a r n a s . B io c o m p u ta t io n  C e n te r , N A S A  
A m e s  R e se a r c h  C enter; M o ffe t t  F ie ld ,  C A  9 4 0 3 5 .

V e stib u la r  m acu lar  a fferen t e n d in g s  w e r e  r e co n str u c ted  in  three  
d im e n s io n s  (3 -D )  fr o m  tr a n sm iss io n  e le c tr o n  m ic r o g r a p h s  u s in g  a  m eth o d  
d e v e lo p e d  in  the B io c o m p u ta t io n  C e n te r . U s in g  m e a su r e m e n ts  o b ta in ed  
fr o m  th e m ic r o g r a p h s  an d  th e  m e s h  d e s c r ib in g  s u r fa c e s  in  the  
r e c o n str u c t io n s , a  q u a s i-3 -D  f in ite  v o lu m e  n u m e r ic a l s im u la to r  w a s  
d e v e lo p e d  to  s tu d y  p a s s iv e  v o lta g e  sp r e a d  in  th e  e n d in g s .  T h e  m e th o d ,  
b o r r o w e d  fr o m  co m p u ta tio n a l f lu id  d y n a m ic s ,  d isc r e t iz e s  e v e n ts  
tran sp ir in g  in  sm a ll v o lu m e s  o v e r  t im e . It is  q u a s i-3 -D  b e c a u s e  the  
v o lu m e s ,  d e f in e d  as p r ism s  b e tw e e n  su r fa c e s ,  w e r e  c o n s id e r e d  to  b e  
iso p o te n tia l. T h e  b a s ic  m o d e l s e le c te d  fo r  in it ia l s im u la tio n  w a s  an  a fferen t  
e n d in g  w ith  th ree  c a ly c e s  to  w h ic h  a  sp ik e  g e n e r a tio n  m o d e l w a s  a d d e d . 
T h e  p u r p o se  w a s  to  d eterm in e  w h eth e r  d irec tio n a l c h a n g e s  in  in p u t, or  
d iffe r e n c e s  in  m o r p h o lo g y , w o u ld  a ffe c t  th e  d isc h a r g e  p attern . T h e  
n u m b er  o f  c a ly c e a l  p r o c e ss e s  an d  s y n a p s e s  w e r e  v a r ie d  a s  w e r e  d irec tio n  
an d  tim in g  o f  sy n a p s e  a c tiv a tio n . S im u lta n e o u s  s y n a p s e  a c tiva tion  
re su lte d  in  sh o r te s t  la te n c y  w h ile  d irec tio n a l a c tiv a tio n s  y ie ld e d  m o s t  
regu lar  d is c h a r g e s .  C o lo r -c o d e d , d y n a m ic  v isu a liz a t io n s  s h o w e d  that 
d isc h a r g e  p r o d u c e d  a  d ista l sp rea d  o f  v o lta g e  fro m  th e  s p ik e  in itia tor  in to  
the  e n d in g . T h e  s im u la tio n  r e su lts  in d ica te  that d ir ec tio n a l in p u t, 
m o r p h o lo g y , an d  tim in g  o f  s y n a p s e  a c tiv a tio n  c a n  a ffe c t  d isch a rg e  
p r o p e r tie s , a s  m u st  a lso  d ista l sp r e a d  o f  v o lta g e  fr o m  th e  sp ik e  in itiator . 
T h e  fin ite  v o lu m e  m e th o d  h a s  g e n e r a lity  an d  can  b e  a p p lie d  to  m o re  
c o m p le x  n e u r o n s  to  e x p lo r e  d iscr e te  sy n a p t ic  e f f e c ts  in  fo u r  d im e n s io n s .  
S u p p o r te d  b y  N I H  # 4 7 3 0 5  a n d  b y  N A S A .

552.6
F U N C T I O N A L  M O D I F I C A T I O N  O F  H A I R  C E L L  slo C H A N N E L S  B Y  ß  

S U B U N I T S ,  A  M E C H A N I S M  F O R  G E N E R A T I N G  D I V E R S I T Y  I N  K I N E T I C S .

1D e p t . o f  B i o m e d i c a l  E n g in e e r in g ,  2D e p t .  o f  O t o l a r y n g o l o g y -  H N S ;  J o h n s  

H o p k in s  U n iv e r s i t y  S c h o o l  o f  M e d ic in e ;  B a l t im o r e ,  M D  2 1 2 0 5 .
H a ir  c e l l s  o f  th e  a v ia n  in n e r  e a r  d is p la y  t h e  p r o p e r ty  o f  e l e c t r i c a l  tu n in g ,  

w h e r e b y  in d iv id u a l  c e l l s  a re  m a x im a l ly  r e s p o n s i v e  t o  u n iq u e  f r e q u e n c i e s  o f  

s t im u la t io n .  T h i s  r e s u lt s  f r o m  a n  in te r p la y  o f  d e p o la r i z in g  c a l c iu m  c u r r e n t s  a n d  

h y p e r p o la r iz in g  c u r r e n ts  fr o m  v o l t a g e  a n d  C a ++- a c t iv a t e d  ( B K )  p o t a s s iu m  c h a n n e ls .  
It is  u n d e r s to o d  th a t th e  n u m b e r  a n d  k in e t ic  d iv e r s i t y  o f  B K  c h a n n e ls  r e s u l t s  in  h a ir  

c e l l s  b e in g  tu n e d  to  d if f e r e n t  f r e q u e n c ie s  (A r t  a n d  F e t t ip la c e ,  J. Physiol., 3 8 5 : 2 0 7 ,  

1 9 8 7 ) .  B K  c h a n n e ls  in  h a ir  c e l l s  a re  e n c o d e d  b y  th e  slo g e n e  w h o s e  a l t e r n a t iv e  

s p l i c in g  m a y  p r o v id e  o n e  b a s is  f o r  fu n c t io n a l  h e t e r o g e n e i t y .  In  a d d it io n ,  w e  s h o w  

h e r e  th a t  h a ir  c e l l  slo c h a n n e ls  c a n  b e  m o d i f i e d  b y  a d d it io n  o f  a n  a u x i l ia r y  ß  

s u b u n it .  C o - e x p r e s s i o n  o f  c S l o l - α  (a  c h ic k e n  slo h o m o l o g u e  e n c o d i n g  B K  

c h a n n e ls )  w ith  q S lo -  ß  ( a  p u ta t iv e  q u a il  B K  c h a n n e l  ß  s u b u n it )  y i e ld e d  c h a n n e ls  

k in e t i c a l ly  d is t in c t  f r o m  t h o s e  f o r m e d  b y  c S l o l - α  a lo n e .  T h e  a d d it io n  o f  th e  ß  

s u b u n it  in c r e a s e d  th e  c a lc iu m  s e n s i t i v i t y  o f  th e  c h a n n e l  ( K d =  6  µ M  f o r  α + ß  v s .  
6 0  µ M  fo r  α  a lo n e ,  a t - 5 0  m V )  a n d  c a u s e d  a  t e n - f o ld  s lo w i n g  o f  th e  d e a c t iv a t io n  

ra te  ( τ  =  9  m s e c  fo r  α + ß  v s .  0 .9  m s e c  fo r  α  a lo n e ,  a t 5  µ M  C a ++ a n d  - 1 0 0  m V  ). 

T h e  f u n c t io n a l  m o d i f i c a t io n  o f  c S l o l - α  b y  q S l o - ß  w a s  s t u d ie d  w it h  a  s im p le  

p h y s i c a l  m o d e l  ( C u i ,  J. et al , J. Gen. Physiol., 1 0 9 : 6 4 7 ,  1 9 9 7 ) .  T h i s  a n a ly s i s  

s u g g e s t s  th a t a d d it io n  o f  th e  ß  s u b u n it  s t a b i l i z e s  C a ++ b in d in g  t o  th e  o p e n  s ta te s  

th e r e b y  p r o lo n g in g  th e  B K  c h a n n e l ’ s m e a n  o p e n  t im e .  T h e r e f o r e ,  a  t i t r a t io n  o f  ß 

s u b u n it s  in to  B K  c h a n n e ls  a lo n g  th e  t o n o t o p ic  a x i s  o f  th e  c o c h l e a  c o u ld  p la y  an  

im p o r ta n t  r o le  in  th e  g e n e r a t io n  o f  e l e c t r ic a l ly - t u n e d  fr e q u e n c y  m a p s .

S u p p o r te d  b y  N I D C D  D C 0 0 2 7 6

552.8
INWARDLY RECTIFYING CURRENT OF IK1 TYPE IN HAIR CELLS OF FROG 
SEMICIRCULAR CANALS. W. Marcotti,* G. Russo and I. Prigioni, Institute of 
General Physiology, University of Pavia, I-27100 Pavia, Italy.

Inwardly rectifying ionic currents were studied using the whole-cell variant of 
the patch-clamp technique in hair cells of frog semicircular canals in situ. The 
nature and the expression of these currents were examined in club-, cylindrical-, 
and pear-shaped sensory cells located in three discrete regions of the crista. A 
unique current of IK1 type was distinguished based on its ion selectivity, activation 
and deactivation properties and blockade by divalent cations. IK1 showed the typical 
K+ selectivity, the dependence of the activation range on the external K+, the rapid 
mono-exponential activation (τa ranged from 0.5 ms to 3.5 ms ) and the blockade 
by Ba2+ and Cs2+ . The current activated at potentials more negative than -60 mV, 
was half activated at -90 mV and fully activated at -130 mV. IK1 was expressed by 
virtually all the cylindrical hair cells of the central region of the crista and by the 
club-shaped hair cells located in the half of the peripheral regions towards the 
centre of the crista. The club-shaped hair cells located in the other half of the 
peripheral regions and the pear-shaped hair cells from the intermediate regions 
showed no inward rectification. A correlation between the expression of IK1 and the 
cell resting potential was noted: hair cells having IK1 exhibited more negative 
potential (-65/-75 mV) than cells lacking an inward rectification (-45/-55 mV). 
Accordingly, in current clamp mode, the blockade of IK1 by Ba2+ or Cs2+ 
depolarized the hair cells of 10-15 mV. Since the calcium current in canal hair cells 
activated close to -60 mV (Prigioni et al . J. Vestibular Res., 2, 31-39, 1992), it is 
likely that club- and cylindrical-shaped hair cells having IK1 would exhibit a 
negligible transmitter release at rest.

This work was supported by MURST, Italy.
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552.9
R E C O M B IN A N T  A D E N O V IR U S  IN F E C T S  H A IR  C E L L S  O F  T H E  
C U L T U R E D  M O U S E  U T R IC L E . J.R . H o lt1’2 *, S. W ang1’2, Z.Y. C hen1, 
X.O. B reakefield1, D.P. C orey1,2 1D ep t. o f  N eurobiology, H arvard M edical 
School, D ep t. o f  Neurology, M assachusetts General H ospital, 2Howard 
Hughes M edical Institute, Boston, M A 02114.

The com plexity  o f  m echanotransduction in the sensory hair cell prevents 
the functional study o f  candidate genes in heterologous expression systems. 
A lternatively, the introduction o f  recom binant form s o f  candidate genes into 
hair cells them selves m ay be a  v iable technique for understanding normal 
hair cell function. W e have screened several viral vectors, including herpes 
sim plex virus, adeno-associated virus and adenovirus (AD V), for their 
ability  to express reporter genes in the hair cells o f  organotypic cultures from 
the m ouse utricle. W e found robust expression o f  green fluorescent protein 
(G FP) in hair cells exposed to a recom binant, replication-deficient ADV 
w ith a cytom egalovirus prom oter. T iters o f  107 viral particles/m l were 
sufficient for expression in 41%  o f  the ~ 1000 hair cells in the utricular 
epithelium . Expression was alm ost exclusively found in hair cells: less than 
1% o f  the non-hair cells present in the epithelium  were GFP positive. 
Expression o f  GFP was evident as early  as 12 hours post infection, was 
m axim al at 3 days, and continued for up to  10 days. O ver the first 24 hours 
there was no evidence o f  cell loss or dam age to the tissue. W e recorded 
normal voltage-dependent and transduction currents from  infected cells 
identified by GFP fluorescence. A t longer tim es hair bundle integrity was 
com prom ised despite a healthy cell body These results dem onstrate an 
efficien t m ethod for gene transfer into hair cells which can be used to study 
the role o f  gene products in hair cell function. Supported  by NIDCD.

552.10
EXPRESSION OF FIBROBLAST GROWTH FACTOR RECEPTOR I (FGFR-I), BRAIN 
DERIVED NEUROTROPHIC FACTOR (BDNF) AND trkB IN VESTIBULAR ORGANS. 
R. Cristobal*1,2, I. Lopez1, V. Honrubia1, P. Popper1, D. Don1, P. Micevych2. 1Division of 
Head and Neck Surgery; 2Department of Neurobiology, UCLA School of Medicine, Lo s 
Angeles, CA 90095

The present studies investigated the expression of three key regulatory molecules for hair cell 
formation, FGFR-I, BDNF, and its receptor trkB, in the sensory cells of the bullfrog inner ear. 
These neurotrophins and their receptors might be involved in hair cell regeneration, which 
previously has been documented in in vivo studies and in dissociated cell cultures (Carranza et 
al., Laryngoscope 107, 177-143, and Cristobal et al., AJO 1998. in press). For it; vivo studies, 
the individual inner ear end organs were embedded in 5% agar, sectioned in a vibratome at 
100µm thickness, and examined under light microscopy. For in vitro studies, the individual 
end organs were m¡crodissected, incubated in a solution containing collagenase, mechanically 
dissociated, and placed in culture wells. The characteristics of cultured cells were documented 
in live and fixed conditions under light microscopy Both immunocytochemical and in situ 
hybridization techniques were used to document the expression of trophins and trophin 
receptors in vestibular organs and cultured isolated single cells. Polyclonal antibodies raised 
against FGFR-I (Sigma, MO), BDNF and trkB (both from Santa Cruz Immunochemical, CA), 
and isotopic riboprobes transcribed from BDNF and trkB Xenopus clones were used for 
immunocytochemistry and situ hybridization studies respectively.

The presence of FGFR-I was demonstrated immunocytochemically only in the hair cells in 
both the tissue section preparations and freshly dissociated cells. The expression of BDNF and 
BDNF receptor trkB in the vestibular end organs was demonstrated using in situ hybridization 
and immunocytochemical localization in histological sections and dissociated cultured cells. 
BDNF expression was present only in hair cells, while expression of the receptor trkB was 
demonstrated both in the hair cells and supporting cells. This study demonstrated, for the first 
time, the presence of the receptor FGFR-I in the inner ear vestibular end organs, and 
specifically in the hair cells. The expression of both BDNF and its receptor, trkB, in hair cells, 
but trkB receptor only in supporting cells suggests that hair cells may have a trophic influence 
on the supporting cells in the frog vestibular system through a paracrine mechanism.
Supported by NIH/NIDCD grants DC00008 and DC02952, and by the Oberkotter Foundation
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553.1
QUANTIFICATION OF HUMAN SOUND LOCALIZATION BY VISUALLY 
GUIDED POINTING. G.D. Paige*, W E. O ’Neill, and C. Chen, Depts. of Neurology 
and Neurobiology & Anatomy, Univ. of Rochester, Rochester, NY 14642.

Visual and auditory representations of space must be accurate and concordant to 
properly localize objects that generate both an image and sound. However, our ability 
to accomplish these goals remains controversial, in large part due to differences and 
deficiencies in methods employed to quantify spatial localization. This study focuses on 
the accuracy and precision of sound localization, quantified by employing a novel and 
improved pointing method. Ten young healthy volunteers sat with their heads fixed in a 
bite-bar, facing a horizontal array o f auditory and visual targets. The targets consisted 
of 11 speakers placed at 10° intervals over a +50° range, all set at a 77 cm radius 
centered between the ears, with an LED placed just above the center of each speaker. 
The target array was hidden by a semicircular cloth screen. The subjects rotated a disc 
containing a laser LED to “point” a <0.2° beam onto the screen to match target 
location. In dim light, subjects first aligned the laser beam with a randomly presented 
sequence o f persistent visual targets (closed-loop) to yield 5 iterations for each location. 
Subjects indicated each response endpoint by a key press, at which time the locations of 
the pointer and the target were recorded. The task was then repeated using auditory 
targets (250 ms bursts of broadband noise separated by 50 ms). For each subject, the 
average pointer setting for a given target (N=5) provided a measure of localization 
accuracy (mean signed error between response and target), while the SD served as a 
measure of precision (unsigned error). For each target modality, accuracy and precision 
proved remarkably uniform across horizontal space and did not decline significantly 
with eccentricity. The accuracy and precision of visual localization proved extremely 
good, averaging 0.02° and 0.20°, respectively. This is not surprising, since subjects 
simply positioned a visual pointer to match visual targets. Interestingly, the accuracy 
and precision of auditory localization averaged only 1.8° and 2.3°, respectively, across 
the entire ±50° range o f space. The use o f a high-resolution pointer linked to the spatial 
definition of foveal vision provided a distinct improvement over previously used 
pointing methods (e.g. head position), and in turn revealed finer measured performance 
of sound localization.
(Supp. by NIH grants AG06442, RR09283, EY01319, and by RPB)

553.3
SOUND MOVEMENT PERCEPTION: DETECTION AND DISCRIMINATION OF 
INTERAURAL PHASE AND AMPLITUDE CHANGES C. Witton, A. Rees. B. 
Vishwanatha Rao1, T.D. Griffiths,  G.G.R, Green. (SPON: British Neuroscience 
Association). Dept. of Physiological Sciences, University of Newcastle upon Tyne, 
Newcastle upon Tyne NE2 4HH, UK, 1Kilpauk Medical College, Madras 600010, 
India.

There are 2 binaural cues used in detection of sound movement; interaural amplitude 
and phase changes. These cues can interact, e.g. by time-intensity trading, thus it may 
be that they are processed by the same mechanism. Here we test the hypothesis that 
dynamic characteristics of the processing of these binaural cues are identical.

Three subjects participated in a series of psychophysical experiments, to measure 
detection and discrimination thresholds for interaural phase or amplitude ramp 
modulations of a 500 Hz tone. In the detection experiment, subjects were presented 
with 2 intervals, of 1s duration, one containing a pure tone and the other containing an 
interaural phase or amplitude modulation They were required to report in which 
interval the sound appeared to move. In the discrimination experiment, both intervals 
contained an interaural modulation, such that the movement was either to the right or 
the left. Subjects were required to report in which interval the sound moved to the 
right. Thresholds for detection and discrimination of IPM were similar (mean ratio 
0.81, SD=0.05, n=3 ) but discrimination thresholds for IAM were 3-4 times smaller 
than detection thresholds (mean ratio 0.29, SD=0.04, n=3).

Detection thresholds were measured for interaural modulations at different 
durations. Thresholds for IPM do not change as the duration is decreased from 1000 
to about 50 ms, whereas for IAM detection they are only constant above about 200 ms 
duration, below which they increase in a biphasic manner. In summary, we have 
shown that the dynamics of processing of interaural phase and amplitude changes are 
not identical and thus the hypothesis that they are processed by the same mechanism is 
rejected
Supported by the MRC (CW) and the Wellcome Trust (TDG)

553.2
R E L E A R N IN G  SO U N D  L O C A L IZ A T IO N  W IT H  N E W  EA R S.
Paul Hofman, John Van Opstal, and Stan Gielen*, Biophysics Dept., University 
of Nijmegen, The Netherlands.

Due to the tonotopic organization of the inner ear, sound localization has to 
rely on the neural processing of implicit acoustic cues, such as binaural differences 
(azimuth cues) and monaural spectral shaping by the pinnae (elevation cues). To 
relate these cues to sound position, the brain must learn to use and calibrate these 
cues, using accurate spatial feedback from other sensorimotor systems. Indeed, the 
work of Knudsen and colleagues has shown that the auditory system of young barn 
owls acquires spatial knowledge through learning guided by visual feedback.
So far, there is no experimental evidence for a similar learning process in humans. In 
this study, we demonstrate the existence of ongoing spatial calibration in the adult 
human auditory system. To that means, the spectral elevation cues of four human 
subjects were profoundly disturbed by modifying their earshell geometry (binaurally) 
with custom-made molds. Subjects wore the molds 24 hrs/day for a period up to 
six weeks, and were not specifically trained in an acoustic localization paradigm. 
Their localization performance was regularly tested under open-loop conditions, by 
measuring head-fixed saccadic eye movements toward broad-band noise targets (60 
dB SPL), randomly presented within the 2D oculomotor range in complete darkness. 
Although localization of sound elevation was dramatically degraded immediately after 
the modification, accurate performance was steadily reacquired by all subjects during 
the following days and weeks. Interestingly, learning the new spectral cues did not 
interfere with the neural representation of the original cues, as subjects could localize
sounds with both disturbed and undisturbed pinnae.____________________________
Supported by Nijmegen Univ. (JVO, SG), the Netherlands Foundation of the Life Sciences 
(PH; 805-33.705-P), and the Human Frontiers Science Program (JVO: RG0174/1998-B).

553.4
F U N C T I O N A L  O R G A N I Z A T I O N  O F  A U D I T O R Y  M O T I O N  P R O C E S S I N G  IN  
H U M A N S  U S I N G  fM R I .  S .  O . M u r r a y 1, A . J. N e w m a n 1, B . R ö d e r 2, T . V .  
M it c h e l l1, T . T a k a h a s h i* 1 a n d  H . J. N e v i l l e 1. 1D e p t ,  o f  P s y c h . ,  U . o f  O r e g o n ;  
E u g e n e ,  O R  9 7 4 0 3 .  2P h i l ip p s  U .;  M a r b u r g , G e r m a n y .

N e u r o -a n a to m ic a l  s tu d ie s  o f  th e  v isu a l  s y s t e m  h a v e  d e m o n s tr a te d  r e la t iv e ly  
d is c r e t e  b ra in  a r e a s  r e s p o n s ib le  fo r  p r o c e s s in g  s t im u lu s  f e a tu r e s  s u c h  a s  m o t io n .  
F u n c t io n a l  m a g n e t ic  r e s o n a n c e  im a g in g ( f M R I )  w a s  u s e d  to  d e te r m in e  i f  th e r e  are  
s p e c i f i c  b ra in  a r e a s  a c t iv e  w h e n  s u b je c t s  a tte n d  to  a u d ito r y  m o t io n .  In o n e  
c o n d it io n  s u b je c t s  a tte n d e d  to  a  to n e  th a t w a s  p e r c e iv e d  to  m o v e  in  a  s in g le  
d ir e c t io n ;  in  th e  o th e r  c o n d it io n  s u b je c t s  a tte n d e d  to  a  “s ta t io n a r y ” , a m p litu d e -  
m o d u la te d  to n e .

T h e  in te r -a u r a l in te n s ity  d i f f e r e n c e  o f  a  3 0 0  H z  p u r e  to n e  w a s  m o d u la te d  to  
c r e a te  th e  p e r c e p t io n  o f  a  m o v in g  to n e  (e ith e r  le f t  →  r ig h t  o r  r ig h t  →  le f t )  
r e p e a te d  at 1 H z . T h e  m o v e m e n t  w a s  p e r io d ic a l ly  a lte r n a te d  a n d  s u b je c t s  w e r e  
r e q u ir e d  to  in d ic a te  th e  d ir e c t io n  o f  m o v e m e n t  w h e n  s ig n a le d  b y  r a n d o m ly  p la c e d  
to n e s .  T h e  c o n tr a s t in g  “ s ta t io n a r y ” c o n d it io n  w a s  an  a m p l i t u d e - m o d u la t e d  3 0 0  H z  
t o n e  w ith  a 1 H z  r e p e t it io n  ra te . T h e  m o d u la t io n  e n v e lo p e  w a s  e ith e r  
e x p o n e n t ia l ly  r a m p e d  o r  e x p o n e n t ia l ly  d a m p e d  to  c r e a te  an  a m p litu d e  m o d u la te d  
to n e :  s o f t  →  lo u d  or  lo u d  →  s o f t ,  r e s p e c t iv e ly .  T h e  a m p l i t u d e  m o d u la t io n  w a s  
p e r io d ic a l ly  a lte r n a te d  an d  s u b je c t s  in d ic a te d  th e  d ir e c t io n  o f  m o d u la t io n  w h e n  
s ig n a le d  b y  r a n d o m ly  p la c e d  t o n e s .  A l l  s u b j e c t s  w e r e  t e s te d  4  t im e s  o n  a lte r n a t in g  
s e q u e n c e s  o f  “ s ta t io n a r y ” v e r su s  “m o v in g ” c o n d it io n s .

T h e  lo c a l  b lo o d - o x y g e n a t io n - le v e l - d e p e n d e n t  fM R I  s ig n a l  w a s  m e a su r e d  in  
fo u r te e n  c o n t ig u o u s  5 m m  a x ia l  s l i c e s  a c q u ir e d  u s in g  e c h o  p la n a r  im a g in g  ( 1 2 8  x  
1 2 8 ; T R = 4 0 0 0 m s;  T E = 2 9 m s ;  F O V = 2 2 c m )  a t l . 5 T .  In  a d d it io n ,  v o lu m e t r ic  h ig h  
r e s o lu t io n  ( 3 D - S P G R )  s c a n s  o f  th e  w h o le  b ra in  w e r e  a c q u ir e d  to  a l l o w  m o r e  p r e c is e  
a n a to m ic a l  lo c a l iz a t io n  o f  th e  fu n c t io n a l  a c t iv a t io n s .  In  c o m p a r is o n  to  a  
“ s ta t io n a r y ” to n e ,  a u d ito r y  m o t io n  e l i c i t e d  a s y m m e t r ic  a c t iv a t io n  in  th e  su p e r io r  
te m p o r a l  g y r u s .

R e s e a r c h  fu n d e d  b y  N I H , N I D C D  D C 0 0 0 1 2 8 .
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553.5
HEAD-CENTRIC AUDITO RY LOCALIZATIO N IS AFFECTED BY 
G RAVITO INERTIAL FORCE M AG NITUDE AN D  DIRECTIO N. P. D iZ io *1 J.R. 
Lackner1, R. Held2, B. Shinn-Cunningham 3, N. Durlach4. 1Graybiel Lab and 
Volen Cntr., Brandeis Univ., W altham , M A 02254; 2Dept. Brain & Cognitive 
Science, MIT; 3Center for A daptive Systems, BU, Boston, MA; 4RLE, Dept 
Electrical Engineering, MIT, Cambridge, MA 

W e m easured azim uthal auditory localization during exposure to changes in 
orientation and m agnitude o f the resultant (G) o f gravity and centripetal force 
in a rotating room. Subjects used a joys tick  to adjust a d ichotic stimulus 
(HRTF pairs convolved w ith broadband noise) until they perceived it to be 
com ing from a source in the ir head’s m idline. Three experim ental conditions 
were  evaluated, each com pared to  baseline (1g, stationary, subject supine) 
conditions. Condition 1 - static roll tilt in 1g o ver a range o f ±60 from  supine: 
subjects heard the sound sh ift from  midline 4%  o f the body roll angle, in the 
same direction. Condition 2 - transition o f G from  midline to 60° right angle and
1.0 to 2.0 g magnitude: during the transition, subjects heard a progressive 
leftward shift o f the o f the stim ulus previously heard in the midline, and during 
steady exposure to G =60° right at 2.0 g they heard a m aintained shift o f 7.3°. 
Condition 3 - transition o f G angle from  60° left to m idline and magnitude from
1.0 to 2.0 g: subjects heard a transient sh ift o f location at the onset o f the G 
transition which abated when G becam e perpendicu lar to the frontal plane. 
Haptic indications o f perceived m idline o f the head indicated that the auditory 
setting changes were not due to m islocalization o f the head. W e conclude that 
a head-centric audiogravic illusion occurs in which stimuli previously heard in 
the midline sh ift apparent location during linear acceleration produced by 
centrifugation. The heard location rotates in the d irection opposite  rotation o f 
the G vecto r relative to the head. Th is only occurs if G is above 1 g.

Supported by AFO SR Contract 49620-95-1 and NASA grant NAG5-4836.

553.7
D IS C R I M I N A T I O N  O F  S O U N D  D I R E C T I O N  I N  C A L L O S A L  A G E N E S I S  : E F F E C T S  

O F  M A N I P U L A T I N G  S P E C T R A L  D I S P A R I T Y  C U E S . J. V il le m a g n e  1, J .-P . 
G u ille m o t*  2 , M . L a s s o n d e  1, N . L e ssa r d  1, an d  F . L e p o r e  1 . 1, G r o u p e  d e  R e c h e r c h e  en  
N e u r o p s y c h o lo g ie  E x p é r im e n ta le ,  U n iv .  d e  M o n tr é a l,  2 ,  U n iv .  d u  Q u é b e c  à M o n tréa l.

T h e  a im  o f  th e  p r e se n t  s tu d y  w a s  to  a s s e s s  h o w  p in n a  sp e c tr a l tra n sfo rm a tio n  c a p a c it ie s  

(P S T C ), in v o lv e d  in  th e  p e r c e p tio n  o f  d ir e c t io n  are  a f fe c te d  b y  th e  a b se n c e  o f  term in a l 

in te r h e m isp h e r ic  c o m m issu r e , m a in ly  th e  c o r p u s  c a l lo s u m . T h e  p e r c e iv e d  d ir e c tio n  o f  

s im u la te d  m o v in g  a u d ito ry  targets  p r e se n te d  b in a u r a lly  o n  th e  ve r tic a l p la n e  w a s  e x a m in e d  

in  a c a llo s a l  an d  n o r m a l su b je c ts .  S o u n d  s t im u li w e r e  d e l iv e r e d  th ro u g h  1 23  a u d io  

tra n sd u cers  m o u n te d  at 2 .5 °  in terv a l o n  a p e r im e te r  fr a m e  a n d  th e  te s t in g  w a s  carr ied  o u t  

in s id e  an  a n e c h o ic  ch a m b e r . A ll  su b je c ts  h ad  to  lo c a l iz e  th e  s im u la te d  m o v in g  so u n d s  b y  

p o in t in g  to  th e  p e r c e iv e d  b e g in n in g  an d  en d  o f  th e  tra jec to ry . P o s it io n s  w e r e  r eco rd ed  w ith  
a  sp a t ia l tra ck in g  s y s te m  an d  d ir e c t io n  m e a su r e m e n ts  w e r e  c o m p u te d  fo r  e a c h  trial. 
B r o a d b a n d  n o is e  b u rst b a n d w ith s  ( B B N B B )  o f  th ree  d if fe r e n t  sp ec tra l r a n g es  w e r e  

p r e se n te d . T h e  f ir s t  r a n g e  w a s  w ith in  P S T C  w h e r e a s  th e  s e c o n d  w a s  b e lo w  P S T C  an d  th e  

th ird  c o v e r e d  b o th  a rea s. P e r c e iv e d  d ir e c t io n a lity  w a s  te s te d  fo r  tw o  ve r tic a l o r ien ta tio n s:  

w ith  th e  p e r im e te r  o r ie n te d  e ith e r  o n  th e  m id -sa g it ta l l in e  o r  o n  a  c o r o n a l p la n e  c r o s s in g  th e  

in terau ra l a x is .  E a c h  o r ie n ta t io n  w a s  a lso  te s te d  w ith in  tw o  d i f fe r e n t  se c to r s ,  o n e  a b o v e  th e  

h e a d  a n d  th e  s e c o n d  a t ear  le v e l .  B B N B B s ,  o r ie n ta t io n s  a n d  s e c to r s  w e r e  te s te d  in  tw o  

d isp a r ity  c o n d it io n s  : w ith  n o r m a l h e a r in g  d isp a r ity  an d  w ith  an  a ltered  d isp a r ity  in d u c e d  

b y  a d d in g  a c o u s t ic a l  p a s te  in to  th e  c o n to u r s  o f  a  s in g le  p in n a , w ith o u t  o c c lu d in g  th e  

a u d ito r y  c a n a l.  R e s u lt s  in d ic a te  th a t at n o r m a l b in a u ra l d isp a r ity  b o th  grou p  o f  su b je c ts  

d isc r im in a te d  d ir e c t io n n a lity  w ith  id e n t ic a l  a c c u r a c y  e v e n  in  th e  sa g g ita l p la n e , w h e r e  th e  

a c a llo s a l  su b je c ts  m ig h t  h a v e  b e e n  e x p e c te d  to  p e r fo r m  le s s  w e l l  g iv e n  th e  p re fe r e n tia l  
r e la t io n sh ip  b e tw e e n  c a l lo s a l  fu n c t io n  in  m id - l in e . T h e  p e r fo r m a n c e  o f  a c a llo sa l su b je c ts  
w a s  h o w e v e r  a f fe c te d  b y  sp e c tr a l d isp a r ity  m a n ip u la t io n s  fo r  m id  sa g g ita l o r ie n ta t io n s  at 

ea r  le v e l  fo r  h ig h  sp e c tr a l r a n g e s  c o m p a r e d  to  n o r m a l su b je c ts .

S u p p o r te d  b y  N S E R C  (C a n a d a ) a n d  F C A R  (Q u é b e c )

553.9
CODING OF SOUND SOURCE LOCATION BY RELATIVE SPIKE TIMING 
BETWEEN PAIRS OF CORTICAL NEURONS. S. Furukawa1*, L. Xu1,2, and J. C. 
Middlebrooks1. 1Kresge Hearing Research Institute, Univ. of Michigan, Ann Arbor, 
MI 48109-0506; 2Dept. of Neuroscience, Univ. of Florida, Gainesville, FL 32610.

The post-stimulus times (PSTs) o f spikes o f  single neurons in the auditory cortex 
vary with sound source location, and therefore can carry information about the 
source location (e.g., Middlebrooks et a l, J. Neurophysiol, 1998y. PST information 
is not a reliable code, however, without an external reference to the sound onset 
time. The present study demonstrates the importance of a reference time in 
decoding spike firing patterns and explores the possibility that the spike timing of 
other neurons serves as the reference. We recorded single units and small clusters 
of units from the cat's auditory cortex at as many as 16 sites simultaneously. 
Broadband noise was presented from one of 18 speakers that were spaced by 20° in 
the horizontal plane. Sound pressure level (SPL) was varied from 20 to 40 dB above 
the unit threshold. We used an artificial neural network (ANN) algorithm to 
recognize neural response patterns and thereby identify the sound location. When 
we used the PST pattern as the input to the network, the ANN often was able to 
estimate the sound location with reasonable accuracy. We simulated uncertainty 
about sound onset by adding a random temporal jitter to PSTs. In that condition, 
ANN performance was substantially degraded, indicating the importance of 
reference time. Cross-correlograms (XCs) expressed the time o f every spike from 
one unit relative to the time of every spike from another unit XCs contained no 
absolute latency information. The ANN recognized XCs somewhat less accurately 
than PSTs, but could show superior recognition in the presence of temporal jitter, 
particularly when sound sources varied in SPL. These results indicate that the 
pattern of relative spike timing between units carries information about sound 
location that is robust to the variation of the SPL.
(Supported by NIH grants ROl DC00420, POl DC00078, and T32 DC 00011)

553.6
AUDITORY COMPENSATION OF VISUAL FIELD LOSS IN HEMIANOPIC 
PATIENTS: IMPROVED SOUND LOCALIZATION ACCURACY AND 
REACTION VELOCITY WITHIN THE ANOPIC VISUAL FIELD.
F.Schmielau*, N.Fruetel and H.Roller. Institute of Medical 
Psychology, Medical University of Luebeck, Ratzeburger 
Allee 160, D-23538 Luebeck (Germany).

In normal subjects and hemianopic patients the accuracy 
of sound localization (SL) and velocity of manual reac
tions (right hand) to click and tone stimuli was investi
gated, using the prototype of an auditory reaction peri
meter (ARP; US patent: F.Schmielau # 5,534,953). The ARP 
allows random presentation of sound stimuli within the 
complete frontal hearing space (158 loudspeakers at dis
tances of 10 deg of visual angle, hemisphere: r = 80 cm).

In normal subjects SL was best close to the horizontal 
meridian. Simple reaction times (SRTs) were shortest with
in the lower right space quadrant. In hemianopic patients, 
however, SL was most precise and SRTs were shortest within 
the defect visual field.

These findings might be interpreted as a consequence of 
cerebral plasticity which compensates central visual de
fects -by improving hearing performance at corresponding 
locations in space.

It is hypothesized that the superior colliculus plays 
a major role within this process.

553.8
A POPULATION ACTIVITY CODE OF ACOUSTIC SPACE IN THE PRIMARY

Phan. P.G. Geiger, and G.H. Recanzone2*. Center for Neuroscience and 2Section of 
Neurobiology, Physiology, and Behavior, University of California at Davis, 95616

It is known that auditory cortical lesions cause deficits in sound localization, yet 
auditory cortical neurons show very little spatial selectivity, with no clear topographic 
representation of acoustic space. We defined the responses of single neurons in the 
auditory cortex to investigate the potential for a population code of acoustic space.

More than 100 single neurons were recorded in the physiologically defined primary 
auditory cortex in the left hemisphere in each of two monkeys during performance of a 
sound localization task. Free-field acoustic stimuli consisted of 200 msec (5 msec 
on/off) tones and band-passed noise (0-0.75,0.75-1.5, 1.5-3.0, 3.0-6.0, and 5.0-10.0 
kHz). Each neuron was presented with 10 trials of both a CF tone and one of the five 
noise stimuli from 17 different locations: directly ahead and at 15 and 30 degrees 
eccentricity along the vertical, horizontal, and both oblique axes (340 trials total).

The vast majority of neurons showed both an onset and sustained component of the 
response for all locations. We pooled the responses of all neurons and calculated the 
average response (spikes / stimulus) for each stimulus location. For all tonal and the 
lowest frequency band-passed stimuli, the greatest averaged response was for the most 
contralateral location, with a progressive decrease in the response as the stimulus 
moved toward the ipsilateral ear. Iso-response contours as a function of spatial 
location were vertical, indicating that the response was the same for different 
elevations at the same azimuth. For the higher frequency noise stimuli the iso-
response contours were diagonal, indicating a different response at each azimuth as a 
function of elevation. The information contained within this population code was 
sufficient to account for the frequency and spectral dependence of sound localization 
ability in both azimuth and elevation in this species, and suggests that sound source 
location is derived by a comparison of two mirror-symmetric population codes, located 
either within or between the cerebral hemispheres. Funding provided by NIH Grant 
NIDCD DC0271, The Sloan Foundation, and the Klingenstein Foundation.

553.10
RESPONSES OF AUDITORY CORTICAL NEURONS TO SOUNDS THAT 
PRODUCE SPATIAL ILLUSIONS. L. Xu1’2, S. Furukawa1, and J .C. 
Middlebrooks1*. 1Kresge Hearing Research Institute, Univ. of Michigan, Ann 
Arbor, MI 48109-0506; 2Dept. of Neuroscience, Univ. of Florida, Gainesville, 
FL 32610.

When human subjects listen to narrowband sounds presented in a free field, 
the locations in elevation that the subjects report vary with the center frequency 
and are largely independent of the actual source locations (Middlebrooks, JASA 
92:2607-2624, 1992). Response patterns of neurons in the cat's auditory 
cortical area A2 can code the location in elevation of a broadband sound source 
(Xu et al., J. Neurophysiol., 1998).

The present study examined the responses of elevation-sensitive neurons to 
narrowband sounds. We recorded unit responses in area A2 of anesthetized 
cats. Broadband and 1/6-octave bandpass noise bursts were varied in elevation 
in the median plane. We trained artificial neural networks to recognize the 
response patterns elicited by broadband noise bursts and, thereby, to identify the 
elevations of sources. When a trained network was presented with neural 
response patterns elicited by narrowband sources of a particular center 
frequency, the network outputs tended to cluster around a particular elevation, 
regardless of the actual sound-source elevation. Stimuli that varied in center 
frequency produced network outputs that varied in elevation. Consistent with 
psychophysical results in human, the region in elevation that was associated 
with a given center frequency could be predicted by comparing the stimulus 
spectrum with the directional transfer functions o f the cat's external ear.

(Supported by NIH grants ROl DC00420 and T32 DC00011)
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553.11
MONAURAL AND BINAURAL MECHANISMS OF AZIMUTH SENSITIVITY 
IN THE CAT’S COCHLEAR NUCLEUS. T J. Imig*, N.G. Bibikov. P. Poirier, 
and F.K. Samson. Dept. of Molecular and Integrative Physiology, Kansas University 
Medical Center, Kansas City, KS 66160 

Single unit discharges were recorded in response to noise and tone bursts 
presented from azimuthal directions that varied throughout the frontal field in the 
horizontal plane. Detailed profiles of azimuth tuning, frequency response areas and 
post-stimulus time histograms were obtained for 180 units with characteristic 
frequencies (CFs) above 4 kHz using a broad range of sound pressure levels 
(SPLs). Discharge rate, averaged over SPL, was plotted as a function of azimuth. 
Azimuth functions were obtained using b in au ra l and monaural ipsilateral 
stimulation (the latter simulated by occluding the contralateral ear) in 20 units to 
determine if binaural interactions played a role in shaping azimuth sensitivity. 
Subtle contralateral effects were found in many units although they produced little 
or no difference between monaural and binaural azimuth functions. In the dorsal 
cochlear nucleus (DCN), type II and pauser/build-up (type III and IV) units could 
be easily distinguished based on frequency response areas, post-stimulus time 
histograms, rate-level functions, and relative responsiveness to tones and noise. 
About half of these units showed decreased responsiveness at one or more 
directions to noise but not to tonal stimulation suggesting that the decrements were 
dependent upon spectral cues. In a few cases, units showed focal responses to a 
specific area of space. Direction-dependent response decrements were not evident 
in primary-like units in the ventral cochlear nucleus. There was a strong correlation 
between location of the response decrement and CF in the range of 8-20 kHz; 
decrements were located in the contralateral field for units with lower CFs and in 
the ipsilateral field for higher CFs. This corresponds closely with the spatial 
distribution of spectral notches produced by the pinna. These results suggest that 
spectral notch cues are reflected in the responses of DCN neurons. (Supported by 
NIDCD, DC00173).

553.12
T H E  E F F E C T  O F  B I C U C U L L I N E  A P P L I C A T I O N  O N  F R E Q U E N C Y  T U N I N G  

C U R V E S  O F  B A T  I N F E R I O R  C O L L I C U L A R  N E U R O N S  D E T E R M I N E D  A T  

D I F F E R E N T  A Z I M U T H A L  A N G L E S .  J. P . Z h a n g  a n d  P . H . - .S .  J e n * .  D iv .  B io .  

S c i . ,  U n iv .  M is s o u r i - C o lu m b ia ,  M O  6 5 2 1 1

P r e v io u s  s tu d ie s  h a v e  s h o w n  th a t s o u n d  d ir e c t io n  a f f e c t s  f r e q u e n c y  t u n in g  c u r v e s  o f  

a u d ito r y  n e u r o n s  ( G o o le r  e t  a l . ,  J N e u r o p h y s io l  6 9 : 1 0 1 8 - 1 0 3 0 ,  1 9 9 3 ;  J e n  a n d  W u ,  

C h in  J P h y s io l  3 6 : 7 - 1 8 .  1 9 9 3 ) .  B e c a u s e  G A B A e r g ic  in h ib i t io n  i s  o n e  o f  th e  m a in  

in p u ts  to  th e  in f e r io r  c o l l i c u l u s  ( I C ) ,  w e  h y p o t h e s i z e  th a t  G A B A e r g i c  in h ib i t io n  

c o n tr ib u te s  to  s o u n d  d ir e c t io n  e f f e c t  o n  fr e q u e n c y  t u n in g  c u r v e s  o f  IC  n e u r o n s .  T o  

t e s t  th is  h y p o t h e s is ,  w e  m e a s u r e d  th e  f r e q u e n c y  tu n in g  c u r v e s  o f  IC  n e u r o n s  a t 3 - 5  

d if fe r e n t  a z im u th a l  a n g le s  b e fo r e  a n d  a fte r  b ic u c u l l in e  a p p lic a t io n .  W e  th e n  c o m p a r e d  

th e  Q  v a l u e s  o f  f r e q u e n c y  t u n in g  c u r v e s  o b t a in e d  a t t w o  s p e c i f i c  a n g l e s  ( 4 0 °  

c o n tr a la te r a l to  4 0 °  ip s i la te r a l  r e la t iv e  to  th e  r e c o r d in g  s i t e ) .

A m o n g  7 1 IC  n e u r o n s  s tu d ie d ,  m in im u m  t h r e s h o ld  ( M T )  a n d  s h a r p n e s s  (Q 1 0 , Q20, 
Q30 ,Q40) o f  f r e q u e n c y  t u n in g  c u r v e s  s ig n i f i c a n t ly  in c r e a s e d  a s  t h e  s o u n d  d ir e c t io n  

c h a n g e d  fr o m  4 0 °  c o n tr a la te r a l  to  4 0 °  ip s i la te r a l  ( t w o - t a i l e d  p a ir e d  t - t e s t ,  p < 0 .0 0 1 ) .  

A m o n g  4 9  n e u r o n s  w h o s e  fr e q u e n c y  tu n in g  c u r v e s  w e r e  m e a s u r e d  b e f o r e  a n d  a f te r  

b ic u c u l l in e  a p p l ic a t io n ,  t h e ir  M T s  w e r e  s t i l l  s i g n i f i c a n t ly  h ig h e r  a t 4 0 °  ip s i la t e r a l  

th a n  a t 4 0 °  c o n tr a la te r a l  a f te r  b ic u c u l l in e  a p p l ic a t io n .  H o w e v e r ,  f r e q u e n c y  tu n in g  

c u r v e s  w e r e  e ith e r  n o t  a f f e c t e d  ( n = 9 ,  1 8 % ), b r o a d e n e d  ( n = 3 8 ,  7 8 % )  o r  n a r r o w e d  (n = 2 ,  

4 % ) b y  b ic u c u l l in e  a p p lic a t io n .  F o r  t h o s e  3 8  b r o a d e n e d  fr e q u e n c y  tu n in g  c u r v e s ,  Q  

v a lu e s  a t t h e s e  t w o  a z im u t h a l  a n g le s  w e r e  n o t  s ig n i f i c a n t ly  d i f f e r e n t  in  2 8  n e u r o n s  

( p > 0 .0 5 )  b u t  w e r e  s t i l l  s ig n i f ic a n t ly  d i f f e r e n t  in  1 0  n e u r o n s  ( p < 0 .0 5 ) .  T h e s e  f in d in g s  

s u g g e s t  th a t  o th e r  in h ib ito r y  tr a n s m it te r s  s u c h  a s  g ly c in e ,  G A B A B , o r  A C h  m a y  a ls o  

c o n tr ib u te  to  s o u n d  d ir e c t io n  e f f e c t  o n  f r e q u e n c y  tu n in g  c h a r a c te r is t ic s  o f  IC  n e u r o n s .  

( S u p p o r te d  b y  N S F  a n d  R e s e a r c h  B o a r d  o f  U n iv e r s i t y  o f  M is s o u r i  to  P  J e n ) .

553.13
L IN E A R  F R E Q U E N C Y  S W E E P S  E L IC IT  D Y N A M IC  C O N D IT IO N IN G  IN  
T H E  IN FE R IO R  C O L L IC U L U S. B.J. M a lo n e , L .L . Jackson and M .N . S e m p le *. 
C enter for N eural S c ien ce , N e w  York U n iversity , N e w  York, N Y  1 0003 .

R ecen t stu d ies o f  the inferior c o llicu lu s  (IC ) have revea led  the im portance o f  
stim ulus context in binaural processing o f  sim ulated azim uthal m otion. The response 
to a target steady state interaural lev e l (IL D ) or phase (IP D ) difference im m ediately  
preced ed  by a linear sw e e p  o f  IL D  or IP D  m ay d iffer  greatly  from  the resp onse  
to  the eq u iv a len t d isparity  p resen ted  sta tica lly . T h is  dynamic conditioning can  
enhance or suppress resp o n ses  (re la tiv e  to  s ta tic  co n tro l)  for  sev era l se co n d s  
b ey o n d  the sw eep . To c larify  the fu n ction a l ro le  o f  d yn am ic c o n d itio n in g  in the  
IC, w e  exam ined sin gle-unit responses to sim ulated  m otion  stim uli and to dynam ic  
stim uli that do not sim ulate  azim uthal m otion  (e .g ., a m onaural frequ en cy sw eep  
em bedded betw een  steady state tones). D ig ita lly-synthesized  sounds w ere presented  
d ic h o tic a lly  to  n em b u ta l/k eta m in e  a n esth etize d  g e r b ils . E m b ed d ed  freq u en cy  
sw e e p s  o fte n  e lic ite d  p ersisten t d y n a m ic  c o n d it io n in g  ( se e  F igu re). T h e s ig n  
(enhancem ent or suppression) and 
m agnitude o f  the conditioned effect 
w e r e  i n f l u e n c e d  b y  s w e e p  
depth/rate/direction, stim ulus level, 
and the p o sitio n  o f  the em b ed ded  
sw eep  relative to the response area.
T h e m ost prom inent e ffe c ts  w ere  
o b s e r v e d  w h e n  in h ib it io n  w a s  
clearly evident in the response area, 
and w h en  the em bedded sw eep  w as  
p o s i t i o n e d  n e a r  b o r d e r s  o í  
excitatory  /inh ib itory  dom ain s. In 
s o m e  c a s e s  robust c o n d it io n in g  
w a s a lso  dem onstrated  w ith  tone pairs separated  by  a b r ie f  delay. T h ese  resu lts  
su g g e st  that c o n d itio n in g  e ffe c ts  are operant in  the neural p r o c e ss in g  o f  a w id e  
range o f  d yn am ic acou stic  sign a ls . Supported by NIDCD grant DC01767.

553.14
S P A T I A L  T U N I N G  O F  A C O U S T I C A L L Y  R E S P O N S I V E  N E U R O N S  

I N  T H E  R A T  S U P E R IO R  C O L L I C U L U S . A . V ö lk e r  an d  B .H . G a e s e * .  

In stitu t für  B io lo g ie  II, R W T H  A a c h e n , D - 5 2 0 7 4  A a c h e n , G er m a n y  

N e u r o n e s  in  th e  su p e r io r  c o l l i c u lu s  ( S C )  o f  m a n y  m a m m a ls  h a v e  b e e n  

f o u n d  to  e x h ib it  sp a tia l tu n in g  in  r e sp o n s e  to  a u d ito ry  s t im u li . W e  are  

in te r e s te d  in  th e  r e s p o n s iv e n e s s  o f  s u c h  n e u r o n e s  in  th e  a w a k e  b e h a v in g  

rat. In a fir s t  s te p , w e  in v e s t ig a te d  sp a tia l r e sp o n s e  p r o p e r tie s  o f  S C  

n e u r o n s  in  a n e s th e t iz e d  rats to  n o is e  b u r sts  d e l iv e r e d  in  fr e e  f ie ld  fro m  

d iffe r e n t  d ir e c t io n s .  R e c o r d in g s  fr o m  s in g le  an d  m u lt i  u n its  lo c a te d  in  

th e  in te r m e d ia te  an d  d e e p  la y er s  o f  th e  S C  w e r e  p e r fo r m e d  u s in g  

m u lt ip le  e le c tr o d e s  an d  o n - lin e  s p ik e  so r tin g . M a n y  a u d ito ry  n e u r o n e s  

w e r e  r e co r d e d  s im u lta n e o u s ly  at d iffe r e n t  s it e s  o f  th e  S C . F r o m  a to ta l 

o f  3 8 9  u n its , 8 8  (2 3 % ) w e r e  r e s p o n s iv e  to  n o is e  b u rsts. R e s p o n s e  

c h a r a c te r is t ic s  w e r e  p h a s ic  ( 6 1% ), p h a s ic - to n ic  (3 8 % ) or to n ic  ( 1% ). 

N o is e  th r e sh o ld s  ty p ic a l ly  f e l l  in  th e  r a n g e  o f  15 to  2 5  d B  S P L . T h e  

m a x im a l r e sp o n s e  o f  th e  d iffe r e n t  u n its  w e r e  e lic i t e d  b y  s t im u li  fro m  

b e tw e e n  0 °  an d  1 6 0 °  a z im u th  in  th e  co n tra la ter a l sp a c e , w ith  a 

p referred  d ir e c t io n  o f  4 0 °  to  8 0 °  (6 3 % ). A t  h a lf  m a x im a l r e sp o n s e  th e  

r e c e p t iv e  f ie ld  s iz e  w a s  b e tw e e n  2 0 °  a n d  2 5 0 ° ,  in  80%  o f  th e  u n its  

e x te n d in g  9 0 ° .  R e c e p t iv e  f ie ld  s iz e  in c r e a s e d  w ith  h ig h e r  s t im u lu s  

l e v e l s .  U n it s  r e co r d e d  s im u lta n e o u s ly  fro m  th e  s a m e  e le c tr o d e  c o u ld  

h a v e  r e c e p t iv e  f ie ld s  o f  rath er d iffe r e n t  s iz e  a n d  d ir e c t io n .

S u p p o r te d  b y  D F G  ( S P P  1 0 0 1 )

553.15
M U L T IP L E  S IT E S  O F  A U D IT O R Y  P L A S T IC I T Y  D U R IN G  C R O S S -  
M O D A L  L E A R N I N G  IN  T H E  M I D B R A I N  O F  T H E  B A R N  O W L
W .M . D eB ello * a n d  E .I. K nudsen  D epartm en t o f  N e u r o b io lo g y , Stanford  
U n iv ersity  S c h o o l o f  M ed ic in e , Stanford , C A  9 4 3 0 5 .

W e  s t u d ie d  th e  in it ia t io n  o f  c r o s s - m o d a l  le a r n in g  in  th e  o p t ic  t e c tu m  (O T )  

a n d  in f e r io r  c o l l i c u lu s  ( I C X )  o f  b a rn  o w ls .  O T  n e u r o n s  a re  b im o d a l ,  r e s p o n d in g  to  

v is u a l  a n d  a u d ito r y  s t im u l i ,  w h e r e a s  n e u r o n s  in  th e  I C X  a re  a u d it o r y - o n ly .  S t i l l ,  th e  

b in a u r a l t u n in g  p r o p e r t ie s  o f  a u d ito r y  n e u r o n s  in  b o th  o f  t h e s e  m id b r a in  n u c le i  c a n  
b e  a d a p t iv e ly  a lte r e d  b y  m a n ip u la t io n  o f  v is u a l  e x p e r i e n c e ,  s p e c i f i c a l ly ,  b y  r a is in g  

o w l s  w it h  p r is m a t ic  s p e c t a c l e s .  W e  a s k e d  w h e t h e r  s u c h  p r i s m - in d u c e d  c h a n g e s  

a p p e a r  f ir s t  in  th e  O T , o r  a p p e a r  c o n c o m it a n t ly  in  b o th  n u c le i .  T o  m o n it o r  th e  t im e -  

c o u r s e  o f  a u d ito r y  tu n in g  c h a n g e s  a t in d iv id u a l  s i t e s ,  c h r o n ic  r e c o r d in g  e le c t r o d e s  

w e r e  im p la n t e d  in  th e  s u p e r f ic ia l  a n d  d e e p  la y e r s  o f  th e  O T , a n d  in  th e  I C X , a t s it e s  

w h ic h  d is p la y e d  s im i la r  t u n in g  f o r  in te r a u r a l t im in g  d i f f e r e n c e  ( I T D )  a n d  in te r a u r a l 
l e v e l  d i f f e r e n c e  ( I L D ) .  T h e  b in a u r a l  t u n in g  a t t h e s e  s i t e s  w a s  m e a s u r e d  o n c e  p e r  

w e e k  d u r in g  th e  f ir s t  1 0  w e e k s  o f  p r is m  e x p e r ie n c e .  P a r a lle l  a c u t e  r e c o r d in g s  w e r e  

p e r f o r m e d ,  o n c e  e v e r y  f e w  w e e k s ,  in  a  d i f f e r e n t  s e t  o f  o w l s .  P r e l im in a r y  r e s u lt s  

in d ic a t e  th a t th e  f ir s t  c h a n g e s  in  b in a u r a l t u n in g  o c c u r  in  th e  s u p e r f ic ia l  la y e r s  o f  th e  

O T . A t  t h e s e  s i t e s ,  l o n g  la t e n c y  ( > 2 0 m s )  r e s p o n s e s  e x h ib i t  a lte r e d  tu n in g  at a  t im e  

w h e n  s h o r te r  la t e n c y  r e s p o n s e s  e x h ib i t  l i t t le  o r  n o  c h a n g e  f r o m  n o r m a l. A l s o  at th is  
t im e ,  tu n in g  o f  d e e p  O T  a n d  I C X  s i t e s  is  m in im a l ly  a lte r e d . O v e r  a  p e r io d  o f  w e e k s ,  

th e  tu n in g  o f  d e e p  O T  a n d  I C X  s i t e s ,  a n d  o f  th e  s h o r t e r  l a t e n c y  s u p e r f i c ia l  O T  

r e s p o n s e s ,  s h i f t  to  m a tc h  th e  tu n in g  o f  th e  l o n g  la t e n c y  r e s p o n s e s  in  th e  s u p e r f ic ia l  

O T . O u r  d a ta  a re  c o n s i s t e n t  w ith  a  m o d e l  in  w h ic h  H e b b ia n  le a r n in g  in  th e  O T  (o r  

s o m e  o th e r  b im o d a l  a r e a )  f ir s t  c a u s e s  a d a p t iv e  t u n in g  c h a n g e s  in  th e  s u p e r f ic ia l  O T . 

T h e s e  a d a p t iv e  c h a n g e s  are  s u b s e q u e n t ly  c o m m u n ic a t e d  to  th e  I C X , w h ic h  h a s  b e e n  
p r e v io u s ly  s h o w n  to  b e  a  s i t e  o f  p la s t ic i t y .

S u p p o r te d  b y  N IH  R 0 1  D C 0 1 5 5 -1 7  a n d  N R S A  5 T 3 2  N S 0 7 1 5 8 - I7 .

553.16
INTERACTIONS OF TIME AND INTENSITY IN THE BARN OW L INFERIOR 
COLLICULUS D. R. E uston* and T. T . Takahashi. Institute o f 
Neuroscience, University of O regon, Eugene, OR 97403

The lateral shell (LS) of the barn owl's inferior collicu lus is the p o in t 
of convergence for two separate pathways carrying interaural tim e 
difference (ITD) and interaural level d iffe rence (ILD) inform ation, both used  
as cues for spatial localization. While space tuned neurons in the  
processing stage im m ediately follow ing the LS are known to be sensitive to  
unique com binations of these two cues, little is known of how these cues 
are combined in the LS. We exam ined single cell responses to pure ton e s  
presented at a series of ILD-ITD com binations. ILD tun ing curves at best 
ITD are typically asymmetrically peaked. O ne side of the curve quickly falls 
to zero while the o ther side is "open," m eaning that it fails to return to zero 
even fo r extrem e ILD's. At ILD's under this open side, the peak of an ITD 
tuning curve is lower and the trough h igher than similar curves taken at the  
preferred ILD. Thus, the ITD se lectivity is d im in ished w ithou t com plete ly  
suppressing the cell or saturating its firing rate. As ILD becom es more 
extrem e on the non-open side of the ILD curve (i.e. the side that goes to  
zero), both ITD peaks and troughs go to zero. The reduction in ITD peak- 
to-trough depth for some ILD's suggests a specific a ttenuation of ITD 
inputs by the ILD pathway. The concom itant increase in activity seen fo r 
non-preferred ITD's raises the possib ility of another source of excitatory 
input to the LS in addition to the time pathway. Finally, we observed tha t 
ITD tuning for pure tones changed with ILD in a frequency-specific  manner, 
as others have reported for cells in nucleus laminaris. (Supported by grants 
from the NIDCD (DC02050) and NIGMS (T32GM07257).
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553.17
AUDITORY ASSOCIATIVE LEARNING MODIFIES THE NICTITATING  
M EM BRANE REFLEX IN THE BARN OWL. A.S. Bala*, T.T. Takahashi. 
Institute o f  Neuroscience, University o f  Oregon, Eugene OR 97403.

We describe an associative learning paradigm designed to guide 
neurophysiological studies o f  auditory perception and cognition in the awake, 
behaving bam owl (Tyto alba).The paradigm is similar to that described by 
Carney et al. (761, Assoc.Res.Otolaryngol.Abs. 1997) for auditory conditioning 
in the rabbit. A gentle puff o f  air directed at the cornea elicits a closure o f  the 
nictitating membrane. We trained awake, restrained ow ls to associate a tone o f  
a certain frequency with such an airpuff. Repeated paired stimulations caused an 
increase in the duration o f  the nictitating membrane closure. This increase could 
be seen both during each session, and over the course o f  several sessions. A break 
o f  a few days in training reset the duration o f  the response to a value comparable 
to that in a naive bird. W hile the duration o f  the response to paired stimulations 
increased, the response to puff-alone trials remained unchanged after as many as 
forty training sessions. The response was acquired over as few as three one-hour 
training sessions over three days. Moreover, this learned increase in duration o f  
the closure could be extinguished by unpairing the tone and airpuff. 
Discrimination training, using tones o f  two different frequencies showed that the 
learning was specific to the sound paired with the airpuff. Finally, we could show  
reversal conditioning, where the response (increased duration) to the previously 
paired tone was extinguished, and the response to the previously unpaired tone 
was learned.
Supported by grants from the NIDCD and the McKnight Foundation.

553.18
A N euronal N etwork M odel for P rocessing of Interaural T ime D ifferences in 
the A vian C entral A uditory System. C.Weiland, H.-P.Rangol, W. Plassmann*. 
Zoological Institute, J. W. Goethe-University, D-60323 Frankfurt/Main, Germany

The theoretical description of central processing of interaural time differences is 
usually based on the Jeffress-Model. This model, based on single-unit coding, can 
be categorized as a coincidence detector system. It is empirically supported by 
physiological and histological studies. Despite its explanatory value there are, 
however, some difficulties inherent to this model: 1) the possible time-resolution' 
often does not satisfy the behaviorally determined maximum sound localization 
ability; 2) it depends on exact geometrically and/or functionally tuned neurons, a 
condition, hard to imagine during ontogenetic development.

We propose a different model, which is based on 'ensemble coding' (Baldi and 
Heiligenberg; Biol. Cybem. 59, 313-318, 1988). In this model processing of 
interaural time differences rests on the principle of pattern coding across several 
signal channels. Due to this principle, many single units contribute to a combined 
effect, i.e. ensemble coding. Contrary to the Jeffress-Model, detectors are allowed 
to have a 'fuzzy' position. The ensemble properties of the model prove to be robust 
in respect to place scattering of single components during its self-organization 
process. Thus, the model is sufficiently formative to satisfy biological 
self-organization processes, as demanded during ontogenetic development. The 
proposed model allows the development of functional ensembles with a 
physiologically plausible resolution for time differences and with only a small 
amount of channels. Due to these principles, coding of sufficient time differences is 
likely to be feasible by relatively few neurons. The proposed model of ensemble 
coding for interaural time differences, however, exhibits, contrary to the 
Jeffress-Model, a cohesive functionality during its dynamic formation.
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554.1

M UTANT MOUSE WAGGLER SHARES SAM E NEUROLOGICAL  
PHENOTYPE AND CEREBELLAR BDNF DEFECT W ITH ITS ALLEL  
STARGAZER  X. Qiao1*, L. Chen1, S. Bao1, V.A . Letts2, B. Knusel1, and R.F. 
Thompson1. 1University o f  Southern California, Neuroscience, Los Angeles, CA 
90089; 2The Jackson Laboratory, Bar Harbor, ME 04609.

We have previously discovered a selective failure o f BDNF/TrkB signal 
transduction pathway in the cerebellum of a spontaneous ataxic mutant mouse, 
stargazer (stg, Chr. 15). Morphological examination revealed an increased number 
o f external granule cells at P15 and presence of abnormal neurons resembling 
immature granule cells in the adult. These abnormalities are associated with a 
severe impairment in the acquisition o f classical eyeblink conditioning, indicating 
cerebellar malfunction.

We report here the initial neurological characterization o f another mutant, 
waggler (wag, or stgwag) arising from the C57BL6 inbred mouse strain, which is 
allelic to stargazer. The behavioral phenotype in the adult wag homozygous shares 
essential elements o f the stargazer syndrome, including ataxic gait, and impaired 
motor coordination without episodic upward head tilting. The electrocorticographic 
recording reveals same type of, but less frequent spontaneous 6 Hz spike-wave 
discharges in the frontal cortex. Brain histological examination fail to detect any 
gross cytoarchitectural abnormalities. However, a striking selective failure of 
BDNF mRNA expression was also found in the cerebellar granule cells o f wag 
mutant as seen in stg mice. These data suggest that the site o f stg/wag gene action 
in the cerebellum is linked closely to BDNF gene transcription.
Supported by: NSF (IB N 9215069), NIA (AF05142), Sankyo Co., Ltd. (RFT); and 
NINDS N S09985 (XQ).

554.3
IMPAIRED EYEBLINK CONDITIONING IN WAGGLER M UTANT MICE

S. Bao*. L. Chen, X. Qiao and R. F. Thompson. Neuroscience Program, Univ. 

o f  Southern Calif., Los Angeles, CA 90089-2520.

In waggler (wag) mutant mice, BDNF was found absent specifically in 

cerebellar granule cell layer. Since the cerebellum is a critical brain region for 

motor learning, classical eyeblink conditioning was tested in wag mutants.

Adult male wag mutant mice and their normal littermates underwent standard 

delay eyeblink conditioning, in which a 350 ms tone (80 dB, 1 kHz) served as the 

conditioned stimulus (CS), and a 100 ms periorbital shock ( 100 Hz), the 

unconditioned stimulus (US). The eyelid muscle electromyograph was recorded 

to score conditioned responses (CR). The wag mutant mouse exhibited a severe 

impairment in the acquisition o f  CRs. Multiple unit recordings from the auditory 

cortex indicated a normal auditory perception in wag mutants, which is further 

confirmed with the tone fear conditioning test. Sensitivity to hot plate induced 

pain was examined in wag mutants and revealed no deficits in US perception. In 

addition, amplitude o f  unconditioned responses (UR) was not significantly 

different between the two groups. Thus, the impairment in eyeblink conditioned 

is very likely due to the cerebellar abnormalities. The results from this study 

demonstrated again the essential involvement o f  the cerebellum in classical 

eyeblink conditioning.

Supported by grants from NSF (IB N 9215069), NIA (AF05142), and Sankyo to 

RFT

554.2
IMPAIRED CEREBELLAR SYNAPTIC DEVELOPMENT IN WAGGLER 
MUTANT MICE. L. Chen*, S. Bao, X. Qiao and R. F. Thompson. 

Neuroscience Program, Univ. o f  Southern C a lif, Los Angeles, CA 90089-2520.

Waggler mutant mice exhibit severe impairment in classical eyeblink 

conditioning, in company with a profound reduction o f  BDNF expression in the 

cerebellar granule cell layer. In the present study, we examined both morphology 

and functions o f  cerebellar granule cells in the waggler mutants. Reduced soma 

diameter and dendritic length were revealed in waggler mutants with Golgi 

staining. Functions o f  parallel fiber-Purkinje cell (pf-PC) synapses, mossy fiber- 

granule cell (mf-Gr) synapses and Golgi cell-granule cell (Go-Gr) synapses were 

studied electrophysiologically. Paired-pulse facilitation was enhanced at pf-PC 

synapses in waggler mutants, as was found in developing (P 17) wild-types 

synapses. Patch-clamp recordings from granule cells indicated that AMPAR- 

mediated EPSCs were absent, and NMDAR-mediated EPSCs were reduced at. 

mf-Gr synapses. Spontaneous GABA-A receptor-mediated Go-Gr synaptic 

currents were less frequent and exhibited a slower decay time constant in 

waggler mutants, which is similar to those o f  immature Go-Gr synapses in P 17 

wild-types. Our results indicate that cerebellar granule cell synaptic development 

is impaired in the waggler mutant mice, which may account for the learning 

deficits.

Supported by grants from NSF (IB N 9215069), NIA (AF05142), and Sankyo to 

RFT

554.4
ACTIVITY OF FLOCCULAR PURKINJE CELLS IN AWAKE LTD DEFI
CIENT MICE (L7-PKCI MUTANTS). H.H.L.M. Goossens1, J. Van Der Steen1, 
J. Oberdick2, C.l. De Zeeuw3, M.A. Frens1,*. Depts. of Physiology1 and 

Anatomy3, Erasmus University, The Netherlands; Dept. of Cell Biology2, Ohio 
State University, Ohio.

Specific expression of the protein kinase C inhibitor, PKC[19-31], in Purk¡nje 
(P) cells blocks cerebellar long-term depression (LTD), and selectively eliminates 
adaptation of the vestibulo-ocular reflex (De Zeeuw et al., 1998, Neuron). The 
findings in these L7-PKCI transgenic mice support the idea of a causal relationship 
between LTD and cerebellar motor learning.

To further test this hypothesis, we started investigating the simple-spike (SS) 
and complex-spike (CS) activity of P-cells in the flocculus of awake, wild-type and L7- 
PKCI mice during whole-body rotations. Single-unit P-cell recordings were identified 
by determining the pause in SS discharge after CSs (climbing fiber pause).

The results indicate that P-cells in wild-type and mutant mice exhibit comparable 
spontaneous SS-rates varying between 20-70 spks/s. The spontaneous CS activity 
varied between 0.4-1.0 spks/s, except in part of the mutant P-cells. The mean CS 
activity in these latter cells was higher because they showed two different CSs, as 
inferred from their waveform, polarity and climbing fiber pause. Presumably, these 
neurons reflect the presence of multiple CF innervation in L7-PKCI mice (~ 5 0%). 
During sinusoidal vestibular stimulation in the light and the dark, wild-type and 
mutant P-cells showed a regular and comparable modulation of their SS discharge. 
Type I and type II responses were observed in both types of mice.

These preliminary data suggest that the loss of cerebellar LTD in L7-PCKI mice 
does not result in major abnormalities of floccular P-cell SS responses, despite a 
difference in CF input. We are now investigating their discharge properties in more 
quantitative detail.

Supported by the Neth. Foundation of Life Sci. ( #  805-33-310)
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554.5
A COMPUTATIONAL SIMULATION OF THE ADAPTATION OF OCULAR FOLLOWING 
RESPONSES K.Yamamoto*1, 2 , Y.Kobayashi3 ,4 , A.Takemura4 ,5 , K.Kawano4,5 and 
M.Kawato1 1ATR human info. Proc. Res. Labs., Kyoto, 2Niigata univ. 3Natl. Inst. 
Physiol. Sci., Aichi 4CREST, JST 5Electrotechnical Lab., Ibaraki,Japan 
The firing rate o f sim ple and com plex sp ikes o f Purkinje cells in the cerebellum 
d uring ocu la r fo llow ing responses (OFR) can be reproduced  by a m odel using 
the retinal s lip  and eye movements (Yamamoto et al., 1997; Kobayashi et ai., 
1997). Using th is model, we p ropose a s im ulation m odel to  reproduce the 
acqu is ition  of OFR properties in adult animals and behavioral data  during  
adaptive changes o f OFR reported by Miles and Kawano (1986). In this model, 
learning sites are placed at the synapses between parallel-fibers o r inhib itory- 
cells and Purkin je-cells. C lim b ing-fibe r inputs to  Purkinje cells were assum ed to  
pre fer upward or contraversive stim ulus motion at birth. Preferred d irections o f 
the paralle l-fiber and inhibitory-cell inputs were set so as to  cover 360 degrees 
in tota l. The efficacy o f the parallel-fiber and inhibitory-ce ll inpu ts  on the 
Purkinje cells was changed p lastically by LTD, LTP, and rebound potentia tion . 
A fter the repetition of the standard ve locity step o f the large field visual 
s tim ulus in various d irections, those Purkinje cells that received clim bing-fiber 
inputs preferring upward motion, increased the firing rate for dow nw ard stimuli 
and decreased it fo r upward stimuli. Those Purkinje cells that received 
c lim bing-fiber inpu ts preferring contraversive m otion, increased the firing rate 
fo r ipsiversive stimuli and decreased it fo r contraversive stimuli. Even when the 
visual s tim ulus moved, the eyes d id  not move before the repetition o f the 
stimuli; eye movements started fo llow ing  the visual s tim ulus only after the 
repetition. Using the same model, we could  simulate two adaptive changes o f 
OFR of adu lt animals. First, repeated exposure to speed steps involv ing 
abrup t increases or decreases in speed resulted in increases or decreases, 
respectively, in the OFR elicited by the standard speed step stim ulus, and 
second, repeated exposure to  d irection steps involv ing abrup t 90-degree 
counterclockw ise movem ents changed the eye m ovem ent d irection for the 
standard speed step stim ulus. The synaptic transm ission e fficacy required 
changing  even when the firing o f the parallel-fiber inpu ts  and inhibitory-cell 
inputs preceded the com plex spikes. (Supported by HFSP and CREST-JST)

554.7

SMOOTH PURSUIT PROPERTIES OF NEURONS IN THE 
VENTROLATERAL POSTERIOR INTERPOSITUS NUCLEUS 
OF THE MONKEY CEREBELLUM. F.R. Robinson*, and S.C. 
Brettler. Dept. P hysio l. and Biophys., Univ. of W ashington, Seattle, WA 
9 81 95 .

Distinct regions in the cerebellum  strong ly in fluence eye m ovem ents. 
Previous work has shown that the ventro lateral corner o f the m onkey posterior 
in terpositus nucleus (VPIN) contains neurons tha t d ischarge in response to 
saccades and others that respond to d ivergence and far accom m odation. We 
now report that the V P IN, like the flocculus/ventra l paraflocculus (FN PF) and 
the caudal fastigial nucleus (CFN), also contains neurons that respond during 
sm ooth pursuit eye m ovem ents.

W e tested 55 eye m ovem ent-re la ted neurons fo r sm ooth pursuit 
sensitivity in the VPIN in four tra ined rhesus monkeys. Th irty-three were 
m odulated to smooth pursuit (19 of these also responded to saccades). To 
test d irectional preference we recorded the ir activ ity during horizontal, vertical, 
and diagonal sinusoidal pursuit at 0.5 Hz, ±10°. VPIN pursuit cells (n=13) fired 
at the ir highest rates during downward (n=10, 5 ipsilateral and downward, 3 
contralateral and downward, 2 downward) or upward (n=3, ipsilateral and 
upward) pursuit. Firing rate was roughly in phase with eye velocity for 8/13 
VPIN neurons. Gains of VPIN pursuit-related neurons ranged from  0.42-2.47 
(m ean=0.91) sp ikes/s/º/s. O f the 9 cells tested w ith d iffe rent frequencies of 
target oscilla tion (0.25-1.5 Hz), 8 showed a m onotonic increase in modulation 
w ith increasing eye velocity up to ≈35º/s. Of 5 tested at h igher velocities, 4 
began decreasing modulation at 35-55º/s.

W e conclude that the VPIN, like the FN PF and the CFN, participates in 
sm ooth pursuit. The existence of a third sm ooth pursuit-re lated region in the 
cerebellum  may explain why com plete cerebe llectom y abolishes smooth 
pursuit but separate lesions of the FN PF and CFN each reduce pursuit only 
partially. Support: EY10578

554.9
VESTIBULAR MODULATION OF NEURONAL ACTIVITY IN THE 
PARASOLITARY NUCLEUS OF THE RABBIT. N.H. Barmack1*, S.-H.Park1, and 
E. Mugnaini2. 1Neurol. Sciences Inst., Oregon Health Sciences Univ., Portland, OR 
97209 and Inst. o f Neuroscience, Northwestern Univ., Chicago, Il, 60611.

Neurons o f the Parasolitary nucleus (Psol) are GABAergic and project to neurons in 
subnuclei o f the ipsilateral inferior olive (ß-nucleus and dorsomedial cell column).
The activity o f neurons in these olivary nuclei is modulated by natural stimulation o f 
the vertical semicircular canals and otoliths. The axons o f these olivary subnuclei 
project as climbing fibers to the contralateral cerebellar uvula-nodulus.

We have recorded the activity o f Psol neurons during natural vestibular stimulation 
in rabbits anesthetized with ketamine hydrochloride, xylazine and acepromazine 
maleate. The rabbits were placed in a three axis rate table, permitting static and 
sinusoidal vestibular stimulation, as well as the measurement o f vestibular null planes. 
The Psol was approached at a posterior-anterior electrode angle o f 30 degrees with 
respect to the dorsal brain stem. Following recording all neurons were marked 
electrolytically. The location o f the recording sites were histologically verified.

Neurons in the Psol were responsive to vestibular stimulation in either the pitch or 
roll planes, but not the horizontal plane. Psol neurons responded in phase with 
contralateral side-down head position or velocity during sinusoidal stimulation. 
Measured null planes did not always correspond to the planes o f pairs o f  vertical 
semicircular canals. None o f the recorded neurons evinced optokinetic sensitivity.

These results are consistent with the view that the Psol neurons provide a 
GABAergic inhibitory input to neurons in the ipsilateral ß-nucleus and dmcc. The 
modulated discharge rates of Psol neurons are 180 degrees out o f phase with the 
discharge o f ipsilateral olivary neurons. This circuitry provides the uvula-nodulus 
with modulated mossy fiber and climbing fiber signals that are in phase. The mossy 
fiber signals arise from ipsilateral primary and secondary vestibular afferents as well 
as some contralateral secondary vestibular afferents. The climbing fiber signals arise 
from the contralateral labyrinth → Psol → inferior olive. The transmission from the 
Psol to the inferior olive is GABAergic. Supported by EY04778.

554.6
R E L A T I O N  O F  F L O C C U L A R  P U R K I N J E  C E L L  M O D U L A T I O N  T O  E Y E  

M O V E M E N T  V E L O C I T Y  S T O R A G E  I N  T H E  R A B B I T .

M . C o e s m a n s , M . M o r p u r g o , A .  v a n  A lp h e n , N .  R e u s , J. M a r u ta , a n d  J. S im p s o n * . 

D e p t .  P h y s io lo g y  &  N e u r o s c i e n c e ,  N Y U  M e d ic a l  C e n te r ,  N e w  Y o r k , N Y  1 0 0 1 6 .

T h e  r e la t io n  b e t w e e n  o c u lo m o t o r  b e h a v io r  a n d  P u r k in je  c e l l  s im p le  s p ik e  a c t iv ity  

in  th e  c e r e b e l la r  f l o c c u lu s  a p p e a r s  to  d i f f e r  b e t w e e n  r a b b it an d  m o n k e y .  S t u d ie s  

u s in g  s in u s o id a l  v e s t ib u la r  an d  o p t o k in e t ic  s t im u l i  h a v e  e m p h a s iz e d  “ g a z e  v e lo c i t y ’- 

P u r k in je  c e l l s  in  th e  r h e s u s  m o n k e y  in  c o n tr a s t  to  th e  “e y e  m o v e m e n t ” c e l l s  th at are  

d o m in a n t  in  th e  r a b b it. T o  e x t e n d  th is  c o m p a r is o n  to  c o n s t a n t  v e lo c i t y  o p to k in e t ic  

s t im u l i ,  w e  p r e s e n te d  a w a k e  r a b b its  w ith  a f u l l - f i e ld  o p t o k in e t ic  s t im u lu s  and  

r e c o r d e d  fr o m  t h o s e  f lo c c u la r  P u r k in je  c e l l s  w h o s e  c o m p le x  s p ik e  a c t iv ity  w a s  b e st  

m o d u la te d  b y  h o r iz o n t a l ly  d ir e c te d  r e t in a l s l ip .  T h e  p o s i t io n  o f  th e  e y e  ip s ila te r a l to  

th e  r e c o r d in g  s it e  w a s  r e g is te r e d  u s in g  th e  s c le r a l  s e a r c h  c o i l  m e th o d .  T o  e l ic i t  

o p t o k in e t ic  n y s t a g m u s  ( O K N )  a n d  o p t o k in e t ic  a f t e r - n y s t a g m u s  ( O K A N )  th e  

o p t o k in e t ic  d r u m  w a s  a c c e le r a te d  ( 0 .2 5  ° / s 2) u n t il it r e a c h e d  a p r e s e t  v e lo c i t y  ( 10  7 s ) ,  

w h e r e u p o n  th e  l ig h t  w a s  tu r n e d  o f f .  W h e n  th e  s t im u lu s  r o ta te d  ip s i la t e r a lly ,  th e  

s im p le  s p ik e  fr e q u e n c y  in c r e a s e d  d u r in g  th e  s lo w  p h a s e s  o f  O K N ;  w h e n  it ro ta ted  

c o n tr a la te r a lly ,  th e  s im p le  s p ik e  f r e q u e n c y  d e c r e a s e d .  T h e  m o d u la t io n  r e f le c te d  e y e  

v e lo c i t y  a n d  e y e  p o s i t io n  in  v a r y in g  d e g r e e s  fo r  b o th  s t im u lu s  d ir e c t io n s .  A f t e r  th e  

l ig h t  w a s  tu r n e d  o f f ,  th e  s im p le  s p ik e  m o d u la t io n  c o n t in u e d  d u r in g  O K A N  fo r  b o th  

r o ta t io n  d ir e c t io n s .  T h is  r e s p o n s e  p a tte r n  c o n tr a s t s  in  s e v e r a l  w a y s  to  th a t fo u n d  in 

m o n k e y .  F ir s t ,  m o d u la t io n  d id  n o t  o c c u r  d u r in g  lo w  s p e e d  O K N  in  th e  m o n k e y .  

S e c o n d ,  d u r in g  O K A N  th e  s im p le  s p ik e  a c t iv i t y  in  th e  m o n k e y  r a p id ly  r e tu r n e d  to  

th e  r e s t in g  d is c h a r g e  le v e l  w h e n  th e  l ig h t  w a s  tu r n e d  o f f .  T h e  f in d in g  th at rab b it  

f lo c c u la r  P u r k in je  c e l l s  a re  m o d u la te d  in  r e la t io n  to  lo w  s p e e d  s lo w  p h a se  

o p t o k in e t ic  e y e  m o v e m e n t  a s  w e l l  a s  d u r in g  v e lo c i t y  s t o r a g e  is  in  l in e  w ith  th e  

p r e v a le n c e  o f  e y e  m o v e m e n t  s ig n a ls  o n  t h e s e  c e l l s  d u r in g  o th e r  o c u lo m o t o r  

b e h a v io r s .  ( S u p p o r te d  b y  N S - 1 3 7 4 2  a n d  D C - 0 3 2 8 4 ) .

554.8
M U L T IP L E  L IN E A R  R E G R E SS IO N  A N A L Y S IS  O F  F L O C C U L A R  
P U R K IN JE  C E LL SIM PL E  SPIK E  A C T IV IT Y  D U R IN G  V E R T IC A L  
V IS U A L  F O L L O W IN G  IN  SQ U IR R E L  M O N K E Y S . Y . H irata, R . A rikan, 
S .M . H ig h ste in *. D epartm ent o f  O to laryngo logy , W ash ington  U n iversity  
S ch o o l o f  M ed ic in e , B ox: 8 115 , St. L ou is, M O  6 3 1 1 0 .

A ctiv ity  o f  individual floccu lar  Purkinje c e lls  during vertical visual 
fo llo w in g  before and after vestibu lo  ocular reflex  (V O R ) gain  adaptation w as  
reconstructed by using  the function: f ( t )  = α  a cc(t-ø) + ß  vel(t-ø) + γ p o s ( t-ø) 
+ δ, w here acc, vel and pos  are the d e-saccad ed  vertical e y e  acceleration , 
v e lo c ity  and position , resp ectively . ø  is the d elay  b etw een  Purkinje ce ll 
activ ity  and the ey e  m ovem ent. A ccelera tion , v e lo c ity , p o sitio n  sen sitiv itie s , 
a, ß , γ, and dc firing rate δ  w ere estim ated  u sin g  m ultip le  linear regression  
techn ique and those param eters w ere com pared in the sam e c e lls  before  and 
after the anim al w as adapted to either h igh  or lo w  V O R  gain  by u sin g  v isu o  
vestibular m ism atch . T he absence o f  any d istin ctiv e  structures in pow er  
spectrum  and bispectrum  o f  residual com p onent su ggested  that there w as not 
any en cod ed  inform ation left in the resid u e . a  w as found  sm all and 
contribution o f  the acceleration  term  to the reconstructed  fir ing  rate w as  
relatively  sm all in m ost o f  the c e lls  analyzed . T he contribution  o f  v e lo c ity  w as  

highest both before and after V O R  adaptation . ß  decreased  s lig h tly  after low  
gain  adaptation in som e c e lls , but increased  in o thers. γ  w as found to  be  
varying in tim e even  in the sam e c e ll and during the sam e stim ulu s con d ition s  
and had the op p osite  sign  to ß  in m ost o f  the ce lls . It sh o w ed  larger ch an ges  
than ß  before and after adaptation, but in differen t d irection s in d ifferen t ce lls . 
T h ese  resu lts suggest that transfer function  betw een  flo c c u lu s  and e y e  d oes  
not change con sisten tly  w ith  V O R  gain  change. Supported by  N IH  grant E Y  
0 5 4 3 3 .

554.10
MICROZONAL SPECIFICITY WITHIN THE INHIBITORY NUCLEO-OLIVARY 
PATHWAY. M.J. Atkins. C.-F. Ekerot* and H. Jörntell. Dept Physiology and 
Neuroscience, Lund University, S-223 62 Lund, Sweden.

In the cerebellar anterior lobe of the cat, climbing fibres (CF) terminate in a microzonal 
organization within the cerebellar cortex. Microzones within the C 1 and C3 zones receive 
input from a specific area of the skin via a discrete group of cells within the inferior olive 
(IO) and send their output to a discrete region of the nucleus interpositus anterior (NIA). 
Cells in the NIA send an inhibitory projection back to the inferior olive - the nucleo- 
olivary pathway. Our aim was to investigate how the CF input to different microzones 
within the Cl/C3 zones is regulated via this pathway.

In barbiturate anaesthetised cats, tactile and/or noxious stimulation of forelimb skin 
was used to identify CF receptive fields. With a microelectrode, the output targets of 
microzones in NIA were identified with respect to their receptive fields and then 
electrically microstimulated to evoke nucleo-olivary inhibition. 60-90ms after nuclear 
stimulation, receptive fields o f microzones were electrically stimulated. The efficacy of 
inhibition was evaluated by recording evoked CF responses, either from single units 
using microelectrodes or from single microzones using surface ball electrodes, before 
and after nuclear stimulation.

CF input to a microzone was inhibited by its own output target in NIA via the nucleo- 
olivary pathway, whereas the CF input to other microzones was not affected. Thus, the 
target group of NIA cells for a particular microzone projects specifically to the group of 
IO cells that innervate that microzone. This suggests that the nucleo-olivary projection 
is specific to the microzonal organisation already elucidated within the forelimb area of 
the Cl/C3 zones.

This work was supported by the Swedish Medical Research Council (project no. 8291), 
the Medical Faculty at the University of Lund, Greta and Johan Kocks Stiftelser, Thor- 
sten and Elsa Segerfalks Stiftelse.
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554.11

ETHANOL EFFECTS ON FELINE CEREBELLAR PURKINJE 
CELLS. J.G . S in c la ir * , N .  T a ep a v a r a p r u k , S .A .  M c E r la n e , a n d  P .J. 
S o ja . F a c u lty  o f  P h a r m a c e u tic a l S c ie n c e s ,  U n iv e r s it y  o f  B r it is h  
C o lu m b ia , V a n c o u v e r , B C , C a n a d a , V 6 T  1 Z 3 .

P r e v io u s  w o r k  o n  th e  e f f e c t s  o f  e th y l a lc o h o l  o n  c e r e b e lla r  
P u r k in je  c e l l  d is c h a r g e  p a ttern  in  v iv o  h a s  r e su lte d  in  c o n f l ic t in g  data. 
S in c la ir  e t al. ( C a n a d . J. P h y s io l .  P h a r m a c o l .  5 8 :  4 2 9 - 4 3 2, 1 9 8 0 )  n o te d  
th at e th a n o l d e c r e a s e d  th e  c o m p le x  s p ik e  ( C S )  ra te  w h ile  c o n c o m ita n t ly  
in c r e a s in g  s im p le  s p ik e  ( S S )  rate. R o g e r s  e t  a l. (B r a in  R e s .  1 9 6 :  1 8 3 -  
1 9 8 , 1 9 8 0 ) fo u n d  th e  r e v e r se . T h e  p r e s e n c e  o f  v a r io u s  a n e s th e t ic s  in  
th is  w o r k  o n  rats m a y  h a v e  c o n tr ib u te d  to  th e  d isc r e p a n t  f in d in g s .  
T h e r e fo r e , w e  r e -e x a m in e d  e t h a n o ľ s  e f f e c t  o n  c e r e b e l la r  P u r k in je  c e l l s  
in  th e  u n a n e s th e tiz e d  c h r o n ic a l ly  in s tr u m e n te d  ca t  p re p a r a tio n .

T w o  a d u lt c a ts  w e r e  p r e p a r e d  fo r  r e c o r d in g  o f  c e r e b e lla r  
P u r k in je  c e l l s  u s in g  m o d if ie d  p r o c e d u r e s  in tr o d u c e d  b y  H o b s o n  a n d  
M c C a r le y  (E le c tr o e n c e p h . C lin . N e u r o p h y s io l .  3 3 :  4 5 7 - 4 6 9 ,  1 9 7 2 ) .  
B a s e l in e  S S  an d  C S  r a tes  d u r in g  th e  s ta te  o f  q u ie t  w a k e f u ln e s s  o f  5 
P u r k in je  c e l l s  m e a su r e d  4 6  ±  4 .5  H z  an d  1 .2  ±  0 .4  H z , r e s p e c t iv e ly .  
In tra v e n o u s  in je c t io n  o f  s a lin e  d id  n o t  a lter  t h e s e  ra tes . F o l lo w in g  
e th a n o l a d m in is tr a t io n  at a  d o s e  o f  1 .0  g /k g  (5  c e l l s )  th e  m e a n  r a te s  for  
S S  a n d  C S  w e r e  51 ±  1.1 H z  a n d  1 .0  ±  0 .2  H z , r e s p e c t iv e ly .  T h e s e  
c h a n g e s  w e r e  n o t  s ig n if ic a n t ly  d iffe r e n t  (p  >  0 .0 5 ,  A N O V A ) .  T h r e e  
o th e r  P u r k in je  c e l l s  te s te d  at 1 .5  g /k g  y ie ld e d  s im ila r  r e su lts . A t a x ia  
w a s  p r e s e n t  in  th e se  a n im a ls  f o l lo w in g  th e  r e c o r d in g  s e s s io n s .

T h e s e  d a ta  s u g g e s t  th at e ith e r  e th a n o l in f lu e n c e s  c e r e b e lla r  
P u r k in je  c e l l s  d iffe r e n tly  in  th e  rat c o m p a r e d  to  th e  c a t  or  th e  p r e s e n c e  
o f  a n e s th e t ic s  in  p r e v io u s  s tu d ie s  a lte r e d  th e  e f f e c t s  o f  e th a n o l. S in c e  
e th a n o l p r o d u c e d  a ta x ia  in  th e  p r e se n t  s tu d y  it  i s  q u ite  p o s s ib le  that  
c h a n g e s  w o u ld  h a v e  b e e n  e v id e n t  in  th e s e  c e l l s  u n d e r  e x p e r im e n ta l  
c o n d it io n s  r e q u ir in g  lo c o m o to r  a c t iv i ty .  Supported  b y  N IH  (N S  3 4 7 1 6 ).

554.12
The activity of Purkinje cells, mossy fibres and Golgi cells in cat cerebellar C3 
zone during visually guided reach-retrieval M.A.Hollands1, M. Garwicz2, J.M.
Criado3 and D.E. Marple-Horvat1 (SPON: British Neuroscience Association ). 
1Department of Physiology, University of Bristol, U.K. 2Department of Physiology 
and Neuroscience, Lund University, Sweden dep artm en t of Physiology and 
Pharmacology, University of Salamanca, Spain.
As part of our investigation into the contributions made by the paravermal and 
lateral cerebellum to the control of visually guided forelimb movements, we have 
recorded the activity of a large number (160) of cerebellar neurones in the C3 zone 
of lobule V b/c in cats performing a visually guided reach-retrieval task. Separate 
identification on the basis of action potential shape and interspike interval 
histograms of the activity of Purkinje cells (output elements), mossy fibres (input 
elements) and Golgi cells (interneurones) has permitted investigation of signal 
processing within the cortical circuitry. In particular, for cells possessing receptive 
fields in corresponding parts of the forelimb (eg digits) we have compared 
discharge patterns within each group (eg each P cell against all other P cells) and 
between the three groups (eg each mf against all P cells). Furthermore, we have 
compared mossy fibre discharge patterns with P cell discharge patterns after 
differentiation of the former to test the suggestion that the signal processing which 
transforms mf inputs into P cell simple spike outputs is akin to a differentiation, 
converting (for example) positional-type information into velocity-type 
information; or more generally a discharge pattern containing a mix of movement 
parameters into the next higher derivative. Preliminary results suggest that these 
analyses are useful for comparing discharges between neural elements of the same 
type and those of different types providing they share a similar receptive field (eg 
including the digits). Repeating the analysis for other receptive field locations (eg 
elbow, or shoulder/upper arm) should indicate whether essentially similar signal 
processing is applied by the cerebellar circuitry to inputs from different parts of the 
limb. (Wellcome Trust)

CEREBELLUM: NON-HUMAN PRIMATE STUDIES

555.1

DENTA TE/IN TERPO SED  CEREBELLA R N U C LE A R  SITES 
COORDINATING REACH AN D G R A SP Thach W T *, G oodkin HP. Kane 
SA Dept. Anatomy & Neurobiology, W ashington U niversity M edical School, 
St. Louis, M O
W e proposed separate m appings o f  the body in each o f n. fastigius (NF), 
interpositus (NI), and dentatus (ND ) based on anatom ical tracing  (Brain Res 
Rev 1983) and unit recording (Rev N eurologique 1992) w ith leg anterior, hand 
and arm  central, and head and eyes posterior. Focal nuclear inactivation by 
vertical injections o f  muscimol gave consistent deficit syndrom es unique for 
each nucleus: NF, impaired upright stance and gait; NI, trem or on reach ; ND, 
curved  trajectory and overshoot on reach and incoordination o f  fingers in 
grasp/pinch. Here we report three localization m aps: in one m onkey, 30 
injections stepped at 1 mm intervals from medial NF across NI and N D  to the 
w hite  m atter lateral to D over a range o f  10 m m , producing deficits which 
were either pure or m ixes o f  tw o adjacent (not three) nuclear syndrom es. In 
a second monkey, 43 injections in 1 mm  steps in grid 8 m m  AP by 8 m m  M L 
spanned NI, ND, and adjacent white m atter. In a third m onkey, 23 injections 
in 1 m m  steps in grid 6 mm AP by 8 m m  M L centered on NI and N D  and 
adjacent white matter. M ason et al (J Neurophysiol 1998) have proposed that 
the coordination o f  fingers (in grasp) and shoulder (in reach) is localized to the 
central and posterior portions o f  NI (not ND), respectively. This interpretation 
is based  on 8 m uscim ol injections in one m onkey (ranging approxim ately 
over 9 m m , AP, 3 m m, M L) and 7 injections in a second m onkey (ranging 
approxim ately  over 7 m m , AP, 2 m m , M L). Their search plan could have 
revealed the reported separate sites o f  grasp (central) and reach (posterior) in 
the  AP d im ension, but we have not seen this separation. Their search plan 
could not have distinguished between N I and N D  contributions, because o f  the 
narrowness o f  their grid in the M L dim ension and its centering on the N I/N D  
border, and the spread therefrom  o f  m uscim ol to  involve both nuclei.
(NIH grants NS12777 and NS15070).

555.3
OBJECT PROPERTIES ENCODED BY SIMPLE SPIKE DISCHARGE OF 
PRIMATE CEREBELLAR PURKINJE CELLS DURING GRASP. C  R. Mason*1, J.
E. Gomez3, and T. J. Ebner1,2,3. Depts. of Neurosurgery1, Physiology2, and Graduate 
Program in Neuroscience3. University of Minnesota, Minneapolis, MN 55455.

A monkey was trained in a grasp task in which the object size, shape, and orientation 
and the required grasp force were systematically varied. The monkey initiated a trial 
by contacting a start plate for a variable period (1 to 1.5 s) to elicit a go cue and 1 of 5 
force windows on a vertically oriented computer monitor in front o f the monkey. The 
monkey then reached for and grasped the object exerting the required force for a 3 
second hold period for a juice reward. Sixteen objects were presented in a block 
design, while the 5 force levels were pseudorandomly presented for a specific object. 
Object shapes include cubes, rectangular solids, and cylinders.

Simple spike activity of Purkinje cells was recorded as was 10 degrees of motion of 
the wrist and fingers. A linear regression multivariate model was used to relate the 
simple spike activity to object orientation, object volume, object shape, and force.
Over half ( 12/23) o f the Purkinje cells had statistically significant relationships to 
volume, orientation and shape for periods of at least 200 ms duration. Of those 12, 6 
also had a significant relationship to force for a minimum of 200 ms. Three cells had 
simple spike discharge related to only one parameter ( 1 to force and 2 to shape). Other 
cells had discharge related to two (7 cells) or three ( 1 cell) parameters. Based on the 
video motion analysis, the monkey used similar reaches to all objects. Peak velocity of 
the reach was very stereotypic, occurring on average 456 ± 30 ms after go cue. The 
hand shapes during the grasps were different for each object. Results suggest that 
simple spike discharge of Purkinje cells encodes information regarding the object to be 
grasped including volume, shape orientation and the force to be exerted.

Sponsors: NIH 1F32-NS10491-01, NIH-R01-NS-18338.

555.2
THE EFFECTS OF DELAYED FEEDBACK ON REACHING ADAPTATION 
AND CEREBELLAR ACTIVITY CORRELATES DURING REACHING WITH 
THE CONTRALATERAL HAND. B. Greger*, W.T. Thach. Dept. of Anat. & 
Neurobio., Dept. of Neurology and IWJ Rehab. Res. Inst., Washington Univ. 
School of Med., St. Louis, MO, 63110.

In a task analogous to the Double-Saccade task, a monkey has been trained to 
reach with either hand for a CRT-displayed target, that disappears as the reach 
begins, covertly shifts its position and then reappears after a delay. Varying this 
delay allows us to control the timing of the monkey's awareness of the shift (delayed 
feedback). Within a block of trials, the delay remains constant and the target always 
shifts a fixed distance and angle from original randomly placed locations. While 
performing this task the monkey exhibits adaptation and learning similar to that seen 
in prism adaptation (Martin et al., 1996).

The monkey employs different strategies, in order to hit the shifted target, 
depending upon the duration of the delay. With delays of 30ms or less the monkey 
is able to alter its reaching trajectory during the movement. Thus, on the first trial 
the monkey touches the screen at a location towards the shifted target (online 
adaptation) and then adapts trial-by-trial from this location. With delays of 40ms or 
longer the first touch is always near the original target location (no online 
adaptation) and only trial-by-trial adaptation is demonstrated.

Increasing the delay time slows the time course of the adaptation, as has been seen 
in prism adaptation (Kitazawa et al. 1995). This is true for both intra-movement 
delays (as the hand is moving toward the screen - approx. 0-225ms) and post-
movement delays (after the screen in touched and while the hand is returning to the 
start position - approx. 225-525ms).

Long-term exposure to a particular shift allows that shift to be learned. The 
monkey then requires only a single trial to compensate for the shift and displayes no 
aftereffect. This task also demonstrates no inter-manual transfer of the adaptation.

Preliminary single-unit recordings in Crus I and II of the right lateral cerebellar 
cortex show firing patterns correlated both with left and right hand reaching. (NIH 
Grant NS12777)

555.4
NEURONS SPECIFICALLY RELATED TO VISUAL REPRESENTATION OF 
ARM MOVEMENTS IN THE LATERAL CEREBELLAR CORTEX. X. Liu and 
R.C. Miall. University Laboratory of Physiology, Parks Road, Oxford OX1 3PT, UK. 
(SPON: British Neuroscience Association)

During visually guided arm movements, many neurons in the cerebellar cortex 
appear to encode the kinematic parameters of the movements. However, it remains 
unclear whether these activities represent motor aspects of the movements or sensory 
aspects as well because these two elements are normally coupled. We carried out 
experiments with visually guided arm tracking tasks in which visual representation of 
movements was separated in both direction and timing from the arm movements.

A monkey (Macaca mulatto) was trained to track a visual target while holding a 
manipulator, with its position represented in 2-D by a cursor in spatial register with the 
hand. Tracking movements were performed in three conditions: 1) standard task: the 
arm and the cursor move in the same direction; 2) mirror task: there was a left/right 
reverse relationship between movements of the arm and the cursor, vertical movement 
appeared identical to the standard task; and 3) delay task, a short 71 ms time delay was 
introduced between movements of the arm and the cursor. While the monkey was 
performing these tasks in turn, simple spikes of Purkinje cells in the lateral cerebellar 
cortex were recorded. Among 57 movement-modulated neurons, 40 (70.2%) neurons 
showed multiple-directional sensitivity; 17 (29.8%) clearly preferred left or right 
direction. Comparing these direction-dependant neurons across the standard and the 
mirror tasks, 11 (19.3%) neurons responded to the direction of the cursor and not the 
arm; 3 (5.3%) related to the direction of the arm and not the cursor; and 3 (5.3%) were 
unclear. With delayed visual feedback, the firing pattern was changed in the cursor- 
related neurons, but not in the arm-related ones.

We concluded that some of the movement-modulated neurons in the lateral 
cerebellar cortex were actually modulated by the visual representation of movements, 
not by the movement of the arm. The effects of time delay on these neurons suggest 
that they are likely to represent the visual feedback of the closed-loop control.

Supported by the Wellcome Trust.
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555.5
CEREBELLAR PURKINJE CELL SIM PLE SPIKE D ISCHARG E ENCODES 
M O VEM ENT VELO CITY VECTORS IN PRIM ATES DURING VISUO- 
MO TO R ARM TRACKING . J.D. C oltz*, M .T.V. Johnson & T.J. Ebner. 
G raduate Program in Neuroscience and Depts. of Physiology and 
Neurosurgery, University of M innesota, M inneapolis, MN 55455.

The  aim  of this study was to  exam ine the m agnitude and extent o f move
ment ve locity encoding in ce rebellar Purkinje cell s im ple  spike discharge 
and in EMG activity. The sim ple spike d ischarge recorded from  154 cells 
and the EMG activity recorded from  10 shoulder, arm, and w rist m uscles 
(135 total recordings) were analyzed using a response surface model 
(quadratic polynom ial) fitted to m ovem ent d irection and speed. 
Importantly, this response surface approach enabled determ ination of the 
d irection-speed com binations (i.e., ve locities) that resulted in both maxim al 
and m inim al discharge rates. O f 132 task-m odula ted ce lls, the d ischarge 
of 92 (70%) significantly fitted the surface model during arm  tracking 
(m ean R2 = 0.61). This suggested that the s im ple  sp ike d ischarge was 
best described by com binations of d irection and speed (velocity). These 
preferred velocities were distributed uniform ly across the d irection-speed 
workspace, indicating that all possib le velocities are represented. In 
contrast, a fa r sm aller percentage of m uscle recordings was significantly 
fitted to the response surface model (61/135, 45% ), and these fits were 
poorer (mean R2 = 0.45). This d issim ilarity of param eter relations 
suggests that the s im ple spike d ischarge of Purkinje ce lls does not contrib 
ute to limb m ovem ent s im ply by specifying patterns of m uscle activation. 
Rather, the sim ple spike d ischarge appears to integrate in form ation about 
both d irection and speed, thereby encoding a ve locity vector. Supported by 
NIH grants M H 11430, NS18338, and the Hum an F rontier Science 
Program.

555.7
POSTURAL REFLEXES IN MONKEYS AFTER CEREBELLAR ABLATIONS.
S.W. Barnhart,1 S. Gilman,2 J.A. Vilensky,1* J.A. Cook,1 R.J. Morecraft3. 1Anatomy, 
Ind. Univ. Sch. Med., Fort Wayne, IN 46805; 2Neurology, Univ. Mich. Sch. Med.,
Ann Arbor, MI 48109; 3Anatomy, Univ. S. Dakota Sch. Med., Vermillion, SD 57069.

Denny-Brown studied cerebellar function with a series o f  partial and complete 
ablations in monkeys, but did not publish many of the details supporting his 
conclusions (Denny-Brown, 1966). Using the Denny-Brown Collection (Vilensky et 
al., 1994), we reviewed the postural reflex responses o f  the animals he studied after 
ablation of the entire cerebellum (n=8), the posterior lobe (2), portions o f the posterior 
lobe (2) and the anterior lobe (2). The animals were maintained with these lesions for 
11-163 days before being sacrificed or undergoing additional surgery. The reflex 
responses recorded were righting, hopping, lateral and forward tilting, magnet, positive 
supporting, visual and tactile placing, grasping and avoiding responses, and 
characteristics o f the gait, tremor, and responses to cutaneous stimulation. All of the 
animals had an ataxia of gait and a coarse proximal tremor of the trunk, head and 
limbs. Grasping and avoiding responses were active by 2 weeks after surgery. Total 
ablation, but not partial ablation, mildly impaired lateral tilting reactions for about 40 
days, but virtually eliminated forward tilting reactions during the same period. 
Similarly, visual and tactile placing reflexes were abnormal or absent during the initial 
40 days after total ablation. Hopping responses were absent or abnormal throughout 
the observation period after total ablation and initially abnormal after partial ablation. 
Righting was only mildly affected. Magnet responses were present and generally 
stronger in the hindlimbs than the forelimbs whereas positive supporting responses 
were usually absent during the first 20 days after total ablation. Animals with both 
total and partial ablations showed limb flexion after cutaneous stimulation o f the trunk. 
These results reveal that cerebellar ablations lead to marked disturbances of 
proprioceptive and visual reflex responses, but retention o f cutaneous reflexes. The 
studies demonstrate the importance of the cerebellum for the integration of 
proprioceptive and visual information. Supported by PHS NS 33782.

555.6
P R IM A T E  M A G N O C E L L U L A R  R E D  N U C L E U S  D IS C H A R G E  D U R IN G  
R E A C H IN G  W IT H  D IF F E R E N T  T Y P E S  O F G R A S P . P .L .E . van  K an*  
and M .L . M cC urdy.  D ept. K inesio logy , U niv. W iscon sin , M adison , W I 5 3 7 0 6 .

T he m agnocellu lar red nucleus (R N m ) is involved  in  controlling g oa l-  
directed lim b m ovem ents such  as reaching to  grasp . E vidence from  m any  
different studies indicates that R N m  is particularly im portant for controlling  
m ovem ents o f  the hands and fingers. W e tested  the hypothesis that R N m  
neurons contribute uniquely to  çontrol o f  different graspin g m ovem ents.

W e recorded single-unit activ ity  and com pared d ischarge m odulations  
during reaching w ith  a  precision  grasp to  reaching w ith  a  w hole-hand grasp. 
P recision  grasps required apposition  o f  the thum b and forefinger to  retrieve a  
cereal ( ‘Fruit L o o p ’) from  a  horizontal slot. In contrast, w h ole-hand  grasps  
required concerted u se  o f  a ll four fingers to  retrieve the cereal from  a  5 0 -m l 

beaker, tilted  at a  4 5 °  angle tow ards the anim al.
D ischarge o f  a  g iven  R N m  neuron during reaching w ith  either grasp  w as  

strong and h igh ly  consistent from  trial to  trial. D ischarge usu a lly  increased  
prior to  or sim ultaneous w ith  reach onset, peaked prior to  contacting  the cereal 
and decreased during grasping. R N m  neurons had c e ll-sp ec ific  d ischarge  
patterns and, for approxim ately tw o  thirds o f  neurons, these  patterns w ere  
sim ilar for both grasps despite the fact that hand and finger m ovem ents  
differed substantially . One third o f  neurons had d isch arge patterns that w ere  
grasp-specific . The resu lts support the hypothesis that R N m  contributes m ore  
to  controlling preshaping o f  the hand than to  controlling finger m ovem ents  
involved  in grasping. Supported by  N IH  N S 2 4 0 42.

555.8
CEREBRO -CEREBELLAR ‘L O O P S ’ ARE CLO SED. R.M . K elly* and P.L. 
S trick . Research S ervice, VAM C and Depts. Neuroscience /  Physiology & 
Neurosurgery, SUNY-HSC@ Syracuse, NY 13210.

W e  used transneuronal transport o f the  C V S -11 stra in  o f rab ies v irus  and 
the  H129 stra in o f herpes sim plex v irus  type  1 (HSV1) to  define the 
organ ization o f ce rebro-cerebellar c ircu itry  in Cebus monkeys. C V S -11 is 
transported transneuronally in the  re trograde d irection. Th is stra in  of rabies 
m oves from  an in jection s ite  in the  cerebra l co rtex  to  tha lam us, from  
tha lam us to  deep cerebe lla r nuclei and from  cerebe lla r nuclei to  Purkin je  ce lls 
in cerebe lla r co rtex in 4 days. Thus, transport of C V S -11 can be used to  
d e fin e  the  regions of the  cerebe lla r co rtex that project to  an area o f the 
cerebral cortex. In contrast, the  H129 stra in of HSV1 is transported 
transneuronally in the  anterograde d irection. T h is  stra in of HSV1 m oves from  
an in jection site in the  cerebral co rtex  to  pontine nucle i and from  pontine 
nuclei to  granule and golg i ce lls  in ce rebe lla r co rtex in 4 days. Thus, transport 
o f H129 can be used to  define  the  regions o f the  cerebellar cortex that receive 
input from  an area o f the  cerebral cortex. W e  in jected C V S -11 into 2 areas 
o f the cerebra l cortex: the  ‘arm ' area o f the  p rim ary m otor co rtex (M 1) and 
area 46 in dorsola teral pre frontal cortex. M1 in jections labeled P urkinje  ce lls  
prim arily  (>70% ) in the  in term edia te  zone of lobu les III-V I. A rea 46 in jections 
labeled P urkinje  ce lls  p rim a rily  (>80% ) in crus lla  in the  lateral zone of the 
cerebe lla r hem isphere. Thus, the  two areas of the  cerebra l co rtex rece ive 
input from  non-overlapp ing regions of the  cerebe lla r cortex. Next, we injected 
H129 into the  arm  area o f M1 and into area 46. In both instances the 
cerebe lla r regions that received input from  an area o f the  cerebra l co rtex were 
the  sam e as the  cerebe lla r regions that projected to that cortica l area. These 
results suggest that m u ltip le  ‘c losed loops' are the  fundam enta l units of 
ce rebro-cerebellar circuitry. Support: VA  Med. Res. S erv ice  and U SPHS 
NS24328, M H 48 11 5 &  MH56661 (PLS).

CEREBELLUM: HUMAN STUDIES

556.2
INACCURATE THROWING IN CEREBELLAR SUBJECTS: IMPAIRED TIMING 
OF FINGER OPENING. D. Timmann. S. Watts and J. Hore*. Dept. of Physiology, 
Univ. of Western Ontario; London, ON Canada N6A 5C1.

It is likely that the cerebellum performs a variety of functions in the control of 
multijoint arm movements including timing the onset of joint rotations and 
controlling interaction torques. In a multijoint throwing task, cerebellar subjects 
could not throw accurately, but the reason for this was unclear (Becker et al., 1990). 
In normal subjects making overarm throws from a seated position, high-low ball 
inaccuracy resulted from inappropriate timing of onset of extension of the fingers 
with respect to the rotations of other joints (Hore et al., 1996). The aim of the 
present study was to test whether the inaccuracy of throwing in cerebellar subjects 
was due to disorders in timing or velocity of finger opening or to disorders in 
rotations of proximal joints.

Nine cerebellar subjects sat and threw tennis balls at a target 3 m away. Arm joint 
rotations were recorded with the search-coil technique. High-low and left-right ball 
inaccuracy was increased for throws made by cerebellar subjects. Although these 
throws showed increased variability in rotations at all arm  joints compared to 
normal subjects, the primary cause of high-low ball inaccuracy was increased varia
bility in the timing of finger opening (timing windows for ball release were > 40 ms 
for cerebellar and < 10 ms for normal subjects). Left-right ball inaccuracy was due to 
increased variability in the timing of finger opening, to increased variability of 
elbow pronation and to variable trajectoiy directions.

In conclusion, the high-low inaccuracies in overarm throws were primarily due to 
disorders in the timing of finger opening. This emphasizes the important role of the 
cerebellum in timing the onset of joint rotations in a multijoint arm movement. Left- 
right inaccuracies are likely due to a variety of disorders, including abnormal control 
of interaction torques.
(Supported by the MRC (MT-6773) and DFG (Ti 239/3-1, Ti 239/4-1)).
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556.1

ACQUISITION OF TEMPORAL PATTERNS OF AUDITORY AND VISUAL 
CUES IS IMPAIRED IN CEREBELLAR PATIENTS. Yu. Shimanskv1*, 
D. Timmann2, F.P. Kolb3, H.C. Diener2, J.R. Bloedel1. 1Barrow Neurological Inst., 
Phoenix, AZ 85013, USA; 2Dept. of Neurology, Univ. of Essen, Germany; 3Dept. of 
Physiology, Univ. of Munich, Germany.

The purpose of this study was to determine the capability of cerebellar patients to 
acquire temporal sequences of visual and auditory cues. Patients with cerebellar 
lesions and age-matched healthy controls were tested on several 
acquisition/discrimination (A/D) tasks. Each A/D task consisted of four series. At the 
beginning of each series, the subjects were required to memorize a reference sensory 
pattern. Then, five test patterns of the same sensory modality were presented. The 
subjects were required to indicate whether the current pattern was identical to the 
reference one. The number of errors was recorded. In the first condition (visual 
acquisition, VA), the subjects examined visually two-dimensional irregular shapes. In 
the first two tasks, shapes were presented in a sequential manner by drawing them on a 
computer's screen so that only a small segment of the outline (first task) or a dot with 
no directional information (second task) was visible at one time. After each task, 
subjects were required to recognize the reference shape in a set of complete pictures. 
In the third (control) task, subjects examined shapes by visualizing their complete 
picture. In the second condition (auditory acquisition, AA), the subjects were 
presented with sequences of six acoustic tones of different frequencies. In the first and 
second AA tasks, tone duration was 400 msec and 100 msec, respectively. In the third 
(control) task the subjects' capacity to discriminate pitch was tested. Analysis of errors 
showed that under both VA and AA conditions, the total number of errors made by 
cerebellar patients was significantly higher than in control subjects, especially in the 
A/D auditory tasks in which the cerebellar patients’ performance was at chance level. 
At the same time, the cerebellar patients' performance was not significantly different 
from that of healthy subjects in the control tasks under either VA or AA conditions. 
The results suggest that the perception of temporal sequences of auditory and visual 
cues in patients with cerebellar dysfunction is considerably impaired.
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556.3
TIMING DEFICIT IN ATAXIC CEREBELLAR PATIENTS 
DURING WALKING. R.K.Y. Chong3*, P.F. Tang1 and W.T. 
Garrett2. 1Sch. o f Physical Therapy, National Taiwan Univ.; 2Dept. 
o f Neurology and 3Dept. o f Physical Therapy, Med. Coll. o f 
Georgia, Augusta, GA 30809, U.S.A.

The timing hypothesis o f cerebellum function was tested under 
different walking conditions in ataxic cerebellar patients. Step 
width was measured as an estimate o f dynamic balance control. 
Step length and walking velocity were measured to gauge walking 
rhythm, which indicated timing consistency. Both velocity and step 
length variability increased when cerebellar patients walked faster 
than their preferred slower speed. Enhancing the patients' balance 
control via walking with a cane did not decrease their velocity 
variability. Unlike individuals with Parkinson's disease, cerebellar 
patients had great difficulty matching their step length to lines 
on the floor. Many needed to walk considerably slower. An 
improvement in timing consistency was observed when an external 
rhythm was provided. Both step length and velocity variability 
decreased when the patients walked to the beat o f a metronome. 
These results support the timing hypothesis o f cerebellar function. 
Walking difficulty in these patients can be partially explained by a 
deficit in an internal timing mechanism, independent of dynamic 
balance control difficulty.

556.5
MOTOR REHABILITATION IN A STROKE PATIENT USING A MIRROR E.L. 
Altschuler* School of Medicine, University of California, San Diego 9500 Gilman 
Drive, 0606; La Jolla, CA 92093-0606

Recently it has been shown that in patients with “immobile” phantom limbs 
following amputation, vivid kinesthetic sensations o f movement can be evoked when 
the patient watches movement of the non-amputated hand or arm in a vertical, 
parasagittal mirror (Ramachandran et al. 1995). Perhaps such mirror therapy might 
be useful in rehabilitation of motor problems following stroke. I have studied a 53 
year old patient, MD, first seen by me 16 months after an MRI confirmed stroke in 
the left posterior circulation. When first seen MD had marked intention tremor, and 
mild spasticity in her left hand. MD was placed on a schedule of practice of 15 
minutes in the morning and evening, making the same movements with both of her 
hands while watching her right hand in the mirror. The patient’s intention tremor 
decreased markedly, and, in activities of daily living, such as reaching for objects, 
MD feels there has been distinct improvement. The results from this case study are 
encouraging, and provide the impetus for a controlled prospective trial--which we 
have currently underway--to further study if  mirror therapy is efficacious in 
rehabilitation of intention tremor, hemiparesis, or other motor problems following 
stroke.

556.7

T H E C E R E B E L L U M  IN SK IL L E D  M O V EM EN TS
F.M echsner1 and F .P .K olb2*. 1D ept o f  Neural Inform ation Pro
cessing  o f theU niversity , D -89069 Ulm , 2Inst. for Physiology of 
the U niversity  (LM U ), D -80336 M ünchen

A theory o f cerebellar function is presented which explains 
the role o f a "learning" cerebellum  in the training and execution 
o f voluntary m ovem ents. Already existing theories assum e, that 
m ovem ents have to be repeated m any tim es in exactly the same 
way in order to be effectively supported by the cerebellum . In 
our view , this assum ption o f strict reproducibility and rigidity 
does not fit w ith the actual flexibility and creativity o f volun
tary m ovem ents. W e explain a sim ple cerebellar learning 
process - no t considered  so far by theoreticians - w hich increa
ses m ovem ent accuracy in "fam ilies" of free and flexible m o
vem ents: A fter training, a huge figure o f voluntary m ovem ents 
with certain  characterics in com m on can be executed m ore ac
curately. H ighly coordinated and fast m ovem ents which have 
not been possib le before training - due to their untolerable inac
curacy - can now  be perform ed. The theory is presented as a 
m athem atical m odel and im plem ented on a com puter.

556.4
PARALLEL VERSUS SERIAL VISUAL PROCESSSING IN PATIENTS 
SUFFERING FROM CEREBELLAR DISEASE. P. Thier* and T. Haarmeier. 
Sektion fü r Visuelle Sensomotorik, Neurologische Universitätsklinik, 72076 Tübingen, 
Germany.

Several studies have demonstrated disturbances of visual perception in cerebellar 
patients. The hallmark of several of the visual paradigms used was the need to compare 
different locations, suggesting that visual disturbances may have been secondary to 
disturbances of the allocation of spatial attention. We tried to examine this hypothesis 
by comparing performance on two classes of texture discrimation introduced by Bergen 
& Julész (Nature 303: 696-8). The first one required the fast and precise allocation of 
focal spatial attention (‘serial search ’=SS), the second one, testing preattentive texture 
discrimination (‘pop out ’) did not. Subjects had to determine, if an array of 36 elements 
contained a ‘target’ element, the letter L, present on 50 percent of the trials, differing 
from the others. The ‘background’ elements were either the letter X (‘pop-out’ task) or 
the letter T (SS task). The high-contrast patterns were presented for 40ms, inducing an 
after-image, whose duration was limited by the occurrence of a 40 ms mask (composite 
of target and background element) following the stimulus with an onset asychrony 
(=SOA) of 50 to 500ms. Cerebellar patients (n=12) showed the same discrimination 
behavior as normals on the ‘pop-out’ task with detection rates saturating at >80%. On 
the SS task both groups displayed detection rates barely above chance level, even at the 
longest SOA. When we made the serial search task easier by reducing the number of 
elements in the pattern to 1, 2, 4 and 8 respectively , while keeping the SOA constant at 
either 100 or 200 ms, both groups showed the same increase in detection rates for 2, 4 
and 8 elements. However, for 1 element, patients were significantly impaired relative to 
controls. Normal performance on the 'pop-out' task would be compatible with the 
notion of a disturbance of spatial attention leading to visual disturbances in cerebellar 
disease. However, normal performance on the 2, 4, 8 element variants of the SS task are 
at odds with this hypothesis. Rather, the selective impairment of patients on the 1 
element version of the SS task, requiring a comparison of the element presented with a 
template of the target, originating from previous trials, may suggest a specific 
impairment of visual memory related processes. Supp. DFG KFG ‘Neuroophthalmologie ’

556.6
DECREASES OF R-CBF IN THE LATERAL CEREBELLAR CORTEX 
ASSOCIATED WITH PURE MOTOR LEARNING USING A TWO-BALL 
ROTATION TASK. M. Matsumura1, N. Sadato2, R. Kawashima3, 
Nakamura2, E. Naito4, K. Matsunami4, T. Kochiyama1, A. 
Ishihara1* and Y. Yonekura2. 1Fac. Human Studies, Kyoto Univ. 
Kyoto 606-8501 Japan, 2Biomed. Image Res. Ctr. Fukui Med. Sch., 
3IDAC Tohoku Univ. 4Gifu Univ. Sch. of Med.

Regional changes of blood flow associated with a pure motor 
skill improvement were analyzed by PET measurements. Normal 
naive subjects were required to rotate a pair of Chinese iron  
balls (Jian-shen-qiu; 40 mm diameter) on their paw with a 
constant rotation rate (30 turns/m in) during four PET scans. 
During the intermission between the scan, the subjects 
performed to rotate the balls as quickly as possible for two 
minutes (two of one-m inute sessions). Number o f rotation per 
minute and relevant EMG activities were recorded during those 
exercise sessions and during the PET measurements.

All subjects showed significant improvement of the rotation  
number per minute through the exercise sessions. Gradual 
decreases o f the total EMG activities were observed during PET 
measurement even at constant rotation. Although many motor- 
related areas, such as MI and SMA showed significant increases 
of r-CBF during the task, only lateral cerebellar cortex showed 
r-CBF changes associated with the total EMG activity changes. 
Present .study suggests that simple and pure motor skills that 
do not require any procedural memory or cognitive guidance 
might be acquired at the lateral cerebellum.

556.8
MEG INVESTIGATION OF CEREBELLAR EVOKED RESPONSES DURING A 
SHORT-TERM MEMORY TASK. C.D. Tesche* and J. Karhu. Brain Research 
Unit, Low Temperature Laboratory, FIN-02015 HUT, Finland.

Recent evidence indicates cerebellar involvement in a wide range of cognitive 
tasks, including processing of sensory input, attention, learning, and memory. 
We investigated m agnetoencephalographic (MEG) responses generated by 
eleven adult subjects during the performance of a Sternberg memory task. A 
memory set of 1, 3, 5, or 7 integers were presented sequentially to the center of 
the visual field at interstimulus intervals of 1.2 s. The last integer was followed 3 
s later by a probe integer. The integers and size of each memory set were 
randomized. Subjects were instructed to lift the right (left) index finger if the 
probe was in (not in) the memory set. In two separate control experiments, all 
integers were replaced by crosses and the subject always lifted the right or left 
finger, but the temporal pattern of stimulus presentation was preserved. Each 
block of stimuli was preceded by a visual instruction to blink and a "start" 
prompt. Signal-space projection (SSP) was used to derive waveforms for ongoing 
neuronal population activity for each subject for responses over parieto-occipital 
and motor cortex, for structures in and near cerebellar vermis, and for blink 
artefacts. Evoked responses averaged across subjects (560-890 trials) showed 
prominent cerebellar responses at 154 ( 156) ms following presentation of the in-
set (out-of-set) probes and at 165 ms following control (cross) probes. 
Subsequent cerebellar responses peaked at 265 ms for integer and at 310 ms for 
control probes. MEG responses over motor cortex began at 410 (230) ms 
following in-set (out-of-set) probes and at 310 ms following both sets of control 
probes. These results support activation of cerebellum during the processing of 
purely sensory input. The lack of consistent latency relationship between early 
cerebellar and movement-related potentials indicates participation in networks 
involved in short-term memory rather than movement preparation per se.
Support: NIH NINDS grant NS34533.

Society for Neuroscience, Volume 24 ,1998



TUESDAY PM CEREBELLUM : H UM AN STUDIES 1409

556.9
A SEMI-FLATTENED MAP OF THE HUMAN CEREBELLUM. A NEW 
APPROACH TO VISUALIZING THE CEREBELLAR CORTEX IN 2- 
DIMENSIONAL SPACE. J.D. Schmahmann*, A. S. Hurwitz, R.T. Loeber,
J.L. Marjani. Department of Neurology, Massachusetts General Hospital and Harvard 
Medical School, Boston, MA 02114.

Functional imaging studies and clinical observations have facilitated a large 
amount o f new data concerning structure-function relationships in the human cerebel
lum. The 3-dimensional cerebellar atlas in proportional stereotaxic (Talairach) space 
(Schmahmann et al. 1996) has made it possible to identify these activation sites and 
regions o f pathology in each cardinal plane. It remains difficult, however, to understand 
the overall spatial arrangement of these activation sites. We therefore prepared a 2- 
dimensional map o f the human cerebellum in order to facilitate a meta-analysis o f its 
functional topographic organization. The 2-dimensional representation was derived 
from the MRI-atlas by manually tracing the external surface of the cerebellum in serial 
sagittal sections spaced 2-mm apart using Adobe software. The cerebellum was "opened 
up" at the junction of the superior and inferior aspects when viewed from anterior (i.e. 
starting at the apex of the roof of the fourth ventricle in the midline). The major fissures 
that divide the cerebellum into lobules and the minor fissures that separate the folia and 
subfolia were noted. These outlines were then charted as straight lines using the hori
zontal fissure as a constant point on the horizontal axis. The boundaries between lobules 
and folia were reflected at appropriate intervals. Measurements in the x and y planes 
conformed to the same scale, but the depth of each folium was sacrificed.

A completely flat map o f the cerebellum remains a desirable goal because it will be 
anatomically more accurate. That approach would not conserve the general form of the 
cerebellum, however, and the pattern o f activation sites would be complex and it may 
be difficult to appreciate structure-function relationships. This intermediate step using a 
semi-flattened map offers a previously unavailable and much needed vehicle for the 
reliable representation of cerebellar lesions and activation sites.
Schmahmann JD, Doyon J, Holmes C, Makris N, Petrides M, Kennedy DN, Evans AC. (1996) An MRI atlas 
o f  the human cerebellum  in Talairach space. Neuroimage 3:122. Supported in part by the A.J. Berman Fund.

556.10
F e a r -c o n d it io n e d  p o te n t ia t io n  o f  th e  a c o u s t ic  s ta r t le  r e f le x  in  c e r e b e lla r  su b je c t s .  J. 

D r e p p e r 1, M . M a s c h k e 1, K . K in d s v a t e r 1, F .P . K o lb 2, H . C . D ie n e r 1 a n d  D . T im m a n n 1* . 

1D e p t . o f  N e u r o lo g y ,  U n iv .  o f  E s s e n ,  2D e p t .  o f  P h y s io lo g y ,  U n iv .  o f  M u n ic h ;  F R G  

In c r e a s in g  e v id e n c e  in d ic a te s  a  fu n c t io n a l  c o m p a r t im e n ta liz a t io n  o f  th e  c e r e b e llu m  in  

m a m m a lia n s . D if f e r e n t  p arts  o f  th e  c e r e b e llu m  are  in v o lv e d  in  c o n d it io n in g  a n d  h a 

b itu a t io n  o f  a v e r s iv e  r e a c t io n s  in  a n im a ls .  A n  in v o lv e m e n t  o f  th e  v e r m a l part in  th e  

c o n d it io n in g  o f  th e  h ea rtra te  an d  th e  lo n g - te r m  h a b itu a t io n  o f  th e  s ta r t le  r e f le x  h a s  b e e n  

d e m o n s tr a te d . T h e  p r e se n t  s tu d y  in v e s t ig a t e d  w h e th e r  th e  c e r e b e llu m  a n d  e s p e c ia l ly  

th e  v e r m is  p la y s  a r o le  in th e  fe a r - c o n d it io n e d  p o t e n t ia t io n  o f  th e  s ta r t le  r e f le x .  T h e r e 

fo r e  w e  t e s te d  ( i )  p a t ie n ts  w ith  d e f in i t e  le s io n s  o f  th e  v e r m is ,  ( i i )  p a t ie n ts  w ith  d e f in it e  

le s io n s  o f  th e  c e r e b e lla r  h e m is p h e r e s  w ith o u t  a f f e c t in g  th e  v e r m is  a n d  ( i i i )  a g e -  an d  

s e x - m a t c h e d  h e a lth y  c o n tr o ls .  In th e  in it ia l h a b itu a t io n  p h a s e  th e  s u b je c t s  r e c e iv e d  2 0  

s u c e s s iv e  s in g le  t o n e  b u r sts  o f  8 0  d B  a s  a c o u s t ic  s ta r t le  s t im u li .  T h e  c o n d it io n in g  p h a s e  

c o n s is t e d  o f  2 0  p r e s e n ta t io n s  o f  a w h ite  l ig h t  f o l l o w e d  b y  an  e le c t r ic  s h o c k  at th e  r ig h t  

in d e x  f in g e r . In th e  th ird  e x p e r im e n ta l  p h a s e  w e  p r e s e n te d  th e  s u b je c t s  w ith  a  m ix tu r e  

o f  6  c o n d it io n in g ,  17 h a b itu a t io n  a n d  12 p o te n t ia t io n  tr ia ls  in  a p s e u d o  r a n d o m  o rd er . 

T h e  la tter  c o n s is t e d  o f  th e  C S  ( l ig h t )  o f  th e  c o n d it io n in g  p h a s e  f o l lo w e d  b y  th e  t o n e  o f  

th e  h a b itu a t io n  p h a se . T h e  in te r v a l b e t w e e n  tw o  tr ia ls  w a s  13 to  2 3  s e c o n d s .  T h e  d e 

p e n d e n t  m e a s u r e s  w e r e  th e  E M G s  o f  th e  s te r n o c le id o m a s t o id e u s  a n d  th e  o r b ic u la r is  

o c u l i  a t b o th  s id e s .  T h e  s h o r t-te r m  h a b itu a t io n  o f  th e  s ta r t le  r e f le x  ( p h a s e  I)  w a s  n o t  

a f f e c t e d  b y  c e r e b e lla r  le s io n s .  H e a lth y  c o n tr o ls  a n d  c e r e b e lla r  p a t ie n ts  w ith  a  la tera l 

le s io n  s h o w e d  a p r o v a b le  u n d is tu r b e d  p o te n t ia t io n  e f f e c t  ( in c r e a s e  o f  E M G  a m p litu d e  

in  tr ia ls  w ith  lig h t  a n d  t o n e  v s .  to n e  a lo n e ;  p h a s e  III). In c o n tr a s t ,  p a t ie n ts  w ith  a  v e r - 

m a l le s io n  r e v e a le d  n o  o r  a d im in is h e d  p o te n t ia t io n  o f  th e  s ta r t le  r e f le x .  T h u s , w e  c o n 

c lu d e  th a t th e  v e r m is  is  in v o lv e d  in th e  f e a r - c o n d it io n e d  p o te n t ia t io n  o f  th e  s ta r tle  

r e f le x ,  a lth o u g h  it w a s  n o t  p o s s ib le  to  d e te r m in e  w h e th e r  th e  f e a r - c o n d it io n in g  o r  th e  

p o te n t ia t io n  i t s e l f  w a s  d is tu r b e d  b y  v e r m a l le s io n s .

( S u p p o r te d  b y  a g r a n t fr o m  th e  D F G  (T i 2 3 9 / 2 - 1 ) )

556.11
RETEN TIO N  O F CO N D ITIO N ED  RESPO N SES IN  PA TIEN TS W ITH 
CE R EB E LLA R  LESIO NS; TH E K IN ESTH ETIC  TH R EA T EY EBLIN K  
RESPO N SE. V. B racha, L. Zhao, K.B. Irw in, J.R . B loedel and T.M . Hamm*. 
B arrow  N eurological Institute, Phoenix, A Z 85013.

The cerebellum  and its associated brainstem  structures are required for the 
acquisition and retention o f  the c lassically  conditioned  eyeblink  in the rabbit. 
In our previous study, we exam ined w hether the cerebellum  would be equally 
im portant for eyeblink conditioning in hum ans. W e d iscovered that subjects 
w ith lesions restricted  to  the cerebellum  and who could not acquire new 
conditioned eyeblinks to  a  tone conditioned  stim ulus, retained visual threat 
eyeblink responses that w ere acquired in early  childhood, long before their 
cerebellar pathology developed. This finding  indicates that hum an cerebellar 
substrates w hich are critical for the acquisition o f  conditioned  responses are 
not required for their retention. To exam ine the generality  o f  this conclusion, 
we tested the sam e set o f  subjects for their ab ility  to  produce another type o f 
naturally  conditioned eyeblink, the k inesthetic threat eyeblink  response.

C erebellar patients and controls w ere exam ined in three versions o f  a 
paradigm  in w hich the eyeblink is e licited by the subject's hand m oving in the 
direction  o f  the face and eventually  touching  his/her forehead. In the first task, 
the  subject m oved the hand on an auditory cue in the presence o f  vision. The 
second task  w as identical to the first except the subject could not see the hand. 
In  the  third task, the hand o f  the subject w as m oved passively  (in the  absence 
o f  vision) either tow ard or aw ay from  the face. Patients showed the same 
frequency o f  conditioned responses as control subjects in all th ree experim ents. 
This finding supports our previous suggestion that in hum ans the acquisition 
and retention o f  conditioned eyeblinks is subserved by separable neural 
circu its and that m em ory traces for this form  o f  learning probably  are stored at 
ex tra-cerebellar circuits. N IH  G rants P01N S30013 and R01N S21958.

556.12
INVOLVEMENT OF THE HUMAN CEREBELLUM IN CONDITIONING OF 
THE JAW-OPENING REFLEX : A PET STUDY. M . Maschke1*, F.P. Kolb3, J. 
Drepper1, M. Peper4, S.P. M ülle r2, H.C. Diener1, D . Timmann1. 1Dept. of 
Neurology, 2Dept. of Nuclear Medicine, Univ. of Essen, 3Dept. of Psychology, 
Univ. of Freiburg, 4Dept. of Physiology, Univ. of Munich; FRG.

An increasing number of animal and human studies demonstrate the 
involvement of the cerebellum in classical conditioning of both the eyeblink and 
flexion reflex response. Classical conditioning of another specific aversive 
reaction, the jaw-opening reflex, has been investigated only in a few animal 
studies. The aim of the present study was to show possible involvement of the 
human cerebellum during acquisition of conditioned jaw-opening responses using 
positron emission tomography (PET). Eight healthy subjects were tested during 12 
consecutive PET-scans. A single shock (duration 1ms, intensity 4 mA), applied to 
both lips on the right and during voluntary contraction of the jaw-muscles was 
used as unconditioned stimulus (US) eliciting a jaw  opening reflex. An auditory 
stimulus (1000Hz, 350 ms) was used as conditioned stimulus (CS), which was 
delivered 350 ms in advance of the US. Responses were recorded from the 
ipsilateral temporal muscle. A significant reduction of muscle activity in the CS- 
US window was defined as conditioned response (CR). The CR incidence per PET- 
scan was correlated with changes of regional cerebral bloodflow (rCBF). 
Conditioning of the jaw-opening reflex was demonstrated in three subjects. In 
these subjects, rCBF showed a significant change during the process of 
conditioning in the right intermediate cerebellum, brainstem, hippocampus and 
bilateral frontal regions. The cerebellar region of increased rCBF was comparable 
to the representation of facial movements in the human cerebellum shown with 
functional MRI (Nitschke et al., 1996). The results are consistent with an 
involvement of the human cerebellum amongst other neural structures in classical 
conditioning of the jaw-opening reflex.
(supported by a grant from the DFG (Ti 239/2-1 and Ti 239/2-2))

557.2

M O D E L S  B A S E D  O N  V I S U A L  I N P U T S ,  R A T H E R  T H A N  
M O T O R  F E E D B A C K , R E P R O D U C E  D Y N A M IC S  O F  S M O O T H  
P U R S U IT  EYE M O V E M E N T S  I N  M O N K E Y S . M. Churchland* and 
S.G. Lisberger. Howard Hughes Medical Institute, Dept. of Physiology, W.M. Keck 
Foundation Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143.

Steps of target velocity evoke smooth pursuit responses that consist of a 100 ms 
latency, rapid eye acceleration with little overshoot of target velocity, and persistent 
eye velocity oscillations at frequencies of about 6 Hz. Previous research has 
identified two classes of model that can reproduce these responses. "Image motion" 
models use multiple feedforward sensory signals related to image velocity and 
acceleration (Krauzlis & Lisberger, Neural Comp. 1:116-122, 1989), whereas the 
"tachometer feedback" model uses only a single feedforward image velocity signal, 
but adds a motor feedback signal related to eye acceleration (Ringach, Biol. Cybern. 
73:561-568,1995). These two classes of model can be configured to have identical 
responses to steps of target velocity, but they make different predictions when target 
velocity varies continuously. To distinguish between the two models, we performed 
two experiments in which we perturbed target velocity during ongoing pursuit. In the 
first experiment, perturbations were multiple cycles of a sinusoid whose frequency 
was varied from 2-10 Hz. Monkeys responded to all frequencies, with response gain 
exhibiting a shallow decline from near 1 at 2 Hz to 0.3 at 10 Hz. In the second 
experiment, perturbations consisted of a single 10 Hz sinusoidal cycle superimposed 
upon a brief pulse of increased target velocity, the size of which was varied. 
Monkeys' responses to the sinewave component of the stimulus declined sharply as 
the size of the target velocity pulse was increased. The response to the pulse 
component was, however, nearly linear over the range tested. Computer simulations 
showed that the tachometer feedback model was unable to reproduce the results of 
either experiment. In contrast, a modified version of the image motion model could 
reproduce both. We conclude that the dynamics of pursuit result from visual input 
pathways, not from feedback of motor commands. (Supported by Howard Hughes 
Medical Institute, NIH grant NS34835, and by a NDSEG predoctoral training grant)
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557.1
VECTOR AVERAGING OCCURS DOWNSTREAM OF LEARNING IN THE 
PURSUIT EYE MOVEMENTS OF MONKEYS. M. Kahlon*, S.N. Tokiyama, and 
S.G. Lisberger. Howard Hughes Medical Institute, Dept. Physiology, Neuroscience 
Graduate Program, and W.M. Keck Foundation Center for Integrative Neuroscience, 
UCSF, San Francisco, CA 94143

Previous experiments have demonstrated two important features of the initiation 
of pursuit eye movements. First, it is subject to learning when persistently exposed to 
targets that start at one speed and then step to a higher or lower speed after 100 ms. 
Second, the initial response to the simultaneous motion of two potential tracking 
targets represents the weighted vector average of the responses to each target motion 
alone. We now evaluate vector averaging before and after learning, to determine 
which of these functions occurs earlier in the neural pathways for pursuit. Vector 
averaging was evaluated by presenting monkeys with the simultaneous motion of all 
possible pairs of up, down, left, and right moving targets, plus each individual 
motion alone. After a pre-test of vector averaging, monkeys underwent learning with 
a paradigm that included 500 repetitions of target motion in one direction in learning 
trials and 500 randomly interleaved repetitions of constant velocity target motion in 
the opposite direction in control trials. Finally, a post-test of vector averaging was 
run. Comparison of the post-tests for vector averaging after increase versus decrease 
gain experiments revealed two effects. First, there was often a non-specific effect in 
which all responses to 2 targets were pushed away from the horizontal axis. Second, 
there was a consistent effect of learning on the direction of responses to pairing of 
target motion in the learning direction and orthogonal motion. The vector averaged 
response was consistently pulled toward the learning direction for increases in pursuit 
gain and pushed away from the learning direction for decreases. These changes are 
consistent with a simple model that places vector averaging downstream from 
learning and imply that vector averaging does not occur in sensory coordinates. 
(Supported by Howard Hughes Medical Institute and NS34835).
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557.3
O C U L O M E T R I C  A N A L Y S I S  O F  P U R S U I T  EY E M O V E M E N T S  
C A N  M E A S U R E  M O T I O N  C O H E R E N C E . B .R . B eu tter* , L .S . S t o n e , 
N A S A  A m e s  R e se a r c h  C e n te r ,  M o ff e t t  F ie ld ,  C A , U S A .

A r e  p e r c e p tu a l  m o tio n  c o h e r e n c e  a n d  s m o o t h - p u r s u i t  e y e  
m o v e m e n ts  l in k e d ?  P h y s io lo g ic a l  a n d  p s y c h o p h y s i c a l  e v id e n c e  
s u g g e s t s  th a t  M T  a n d  M S T  in te g r a te  lo c a l  m o t io n s  to  d e te r m in e  g lo b a l  
o b je c t -m o t io n  s ig n a ls .  If t h e s e  s ig n a ls  a r e  th e n  u s e d  fo r  b o t h  p u r s u it  
a n d  p e r c e p t io n , m e a s u r e m e n t  o f  p u r s u it  s h o u ld  r e f le c t  p e r c e p tu a l  
c o h e r e n c e . F or 2  o b s e r v e r s  ( o n e  n a iv e ) ,  w e  s im u lta n e o u s ly  m e a s u r e d  
p u r s u it  a n d  p e r c e p t io n  o f  a  l in e -f ig u r e  d ia m o n d  (v e r t e x  a n g le s  o f  4 0 °  
&  140°) m o v in g  s in u s o id a l ly  a lo n g  a l in e a r  tr a je c to r y  (± 2 .7 ° ,  0 .9 4  H z )  
b e h in d  t w o  v e r t ic a l  a p e r tu r e s  (3 .3 °  x  18°) in  1 o f  7  d ir e c t io n s  (0 ° , ± 3 ° ,  
± 6 ° , ± 9 °  fr o m  s tr a ig h t  d o w n ) .  T h e  d ia m o n d 's  c o m e r s  w e r e  a lw a y s  
o c c lu d e d  s u c h  th a t  o n ly  4  m o v in g  l in e  s e g m e n t s  (9 3  c d / m 2 )  w e r e  
v is ib le  w i t h in  e ith e r  d a r k  (0 .2  c d / m 2 )  o r  l ig h t  (e q u ilu m in a n t  w i t h  th e  
3 8  c d / m 2  s u r r o u n d )  a p e r tu r e s .  T o  r e d u c e  th e  u s e f u ln e s s  o f  c o n f ig u r a l  
c u e s ,  o n  e a c h  tr ia l z o o m  ( ± 14% ) a n d  a  h o r iz o n ta l  o f f s e t  (± 0 .7 °)  w e r e  
a d d e d  to  th e  m o tio n .  O b s e r v e r s  j u d g e d  w h e th e r  th e  m o t io n  a p p e a r e d  
le f t w a r d  o r  r ig h tw a r d  o f  s tr a ig h t  d o w n .  F or e a c h  tr ia l, th e  s a c c a d e -  
fre e  p o r t io n s  o f  th e  s t e a d y - s t a t e  e y e - p o s i t i o n  t r a c e s  w e r e  f it  to  
d e te r m in e  th e  p u r s u it  d ir e c t io n , w h ic h  w a s  th e n  u s e d  to  m a k e  a L / R  
" o c u lo m e tr ic "  d e c is io n .  F or d a r k  a p e r tu r e s  ( c o h e r e n t  c o n d i t io n ) ,  th e  
p s y c h o m e t r ic  a n d  o c u lo m e tr ic  c u r v e s  w e r e  s t e e p  (m e a n  t h r e s h o ld s  
3 .1 °  a n d  7 .6 °  r e s p e c t iv e ly ) .  F or th e  in v is ib le  a p e r tu r e s  ( in c o h e r e n t  
c o n d i t io n ) ,  b o t h  c u r v e s  w e r e  a t  l e a s t  3X  fla t te r  a n d  th e  ju d g e m e n ts  
w e r e  n e a r  c h a n c e  fo r  a ll a n g le s  t e s t e d .  T h e s e  r e s u lt s  s h o w  t h a t  
o c u lo m e tr ic  a n a ly s is  m a y  p r o v id e  a q u a n t ita t iv e  m e tr ic  o f  p e r c e p tu a l  
c o h e r e n c e . NASA RTOPs 548-50-12 & 199-16-12-37

557.5
EFF EC T OF TEM PO RA L CU ES ON  LEA RN IN G  PA TTER N  
R E PR O D U C TIO N  IN  O C U LO -M A N U A L TR A CK IN G  R. X ia1, G.R. 
B arn es1 and J .W . Crabtree2* 1M RC HM BU, Institute o f  N eurology, Queen 
Square, London, UK; 2Departm ent o f  A natom y, U niversity  o f  B ristol, UK.

Recently , increasing attention has been paid to m otor learning perform ance. 
The current study assessed the effect o f  tem poral and spatial cues on hum an 
perform ance w hen reproducing a target m ovem ent pattern from  m em ory in 
the absence o f a visual stim ulus. W ith ethics com m ittee approval, 
experim ents w ere conducted on 4 healthy subjects. Each tracked, w ith eye 
and hand, a visual stim ulus d isplayed on a screen 1.5m away. The stim ulus 
w as exposed for 20s (target present (TP) period). It then d isappeared and 
subjects continued  tracking for 40s (target absent (TA ) period), attem pting  to 
reproduce w hat they had  previously learned. Eye m ovem ents w ere recorded 
by  infrared  oculography. H and m otion, m onitored by a potentiom eter, was 
used  to drive a cursor on the screen. A  horizontally  m oving target was created 
by  adding together 2 harm onic sinusoids (frequency 0.25, 0.50 Hz; peak  
am plitude 7, 9 deg respectively). The pattern was thus repeated  every 4s. The 
target m otion w as p resented  under 3 conditions: ( 1) tem poral cue (T) 
p resented  at 4s in tervals,-tim ed w ith the onset o f  each cycle; (2) spatial cue 
(S) indicating  the target's peak  am plitude; (3) no cue (NC). For all conditions, 
RM S tracking  errors w ere assessed for both eye and hand. T racking errors in 
the T A  period  w ere significantly  larger than in the TP period for conditions S 
(eye: p<0.01; hand: p<0.05) and N C (eye: p<0.02; hand: p<0.05). H ow ever, 
for condition  T, there w as no  significant difference in tracking error betw een 
the T A  and TP periods. This w as true for both  eye and hand. The resu lts show 
that tim ing  inform ation p lays an im portant role in m otor learning skills in 
v isuo-m otor tracking  tasks. (Supported  by MRC, UK).

557.7
CONDITIONS THAT ENHANCE PURSUIT EYE MOVEMENTS TO BRIEF 
PERTURBATIONS OF HEAD AND TARGET VELOCITY IN PRIMATES. A.K. 
Churchland and S.G. Lisberger* Howard Hughes Medical Institute, W.M. Keck 
Foundation Center for Integrative Neuroscience, Dept. of Physiology, UCSF, San 
Francisco, CA 94143.
It has been demonstrated previously that the smooth pursuit response to a high 
frequency perturbation of target velocity increases if the perturbation occurs when the 
monkey is already pursuing a moving target. Because the response increases with the 
speed of the moving target, the facilitation can be thought of as a “volume control” 
which is modulated by pursuit. To explore further how the “volume control” is 
modulated, we imposed perturbations of target velocity consisting of 2 cycles of 4 Hz 
sine waves atop 0.5 Hz sine waves. We found that the response to the perturbations is 
a function of the amplitude of the low frequency sine wave and the timing of the 
perturbation. The response grew as the amplitude of the low frequency sine wave was 
increased. Also, the response was biggest when we centered perturbations at the peak 
velocity of the low frequency sine wave. The response was smaller when perturbations 
were centered at zero velocity, but was still considerably bigger than the response to 
perturbations presented during fixation. This implies that non-zero eye velocity is not 
necessary to increase pursuit gain since eye velocity was nearly zero when the some of 
the perturbations were presented. We conducted the same experiment during VOR 
cancellation (when head and target move synchronously). The gaze velocity response 
was bigger when perturbations of VOR cancellation were imposed atop a low 
frequency sine wave of VOR cancellation than when perturbations were presented 
during fixation. Since eye velocity is nearly zero during VOR cancellation, this result 
also suggests that non-zero eye velocity is not necessary to turn up the pursuit “volume 
control.” If the perturbations are thought of as probes which reveal the gain of 
transmission through pursuit pathways, these results suggest that the gain is 
modulated by the overall tracking demands of the task, rather than instantaneous gaze 
or eye velocity. Supported by NIH EY10198 & Howard Hughes Medical Institute.

557.4
BIOLOGICAL REALISM IMPROVES THE PERFORM ANCE OF A 
FLOCCULUS/PARAFLOCCULUS M ODEL OF PREDICTIVE SMOOTH 
PURSUIT EYE MOVEMENTS. RE Kettner* and M Suh. Dept Physiology & 
Neuroscience Inst, Northwestern Univ Medical School, Chicago, IL 60611 & Dept 
Biomedical Engineering, Northwestern Univ, Evanston, IL 60208.

We have recently used neural network modeling to better understand the 
involvement of the cerebellar flocculus/paraflocculus in generating smooth pursuit 
eye movements. A major goal o f the modeling effort is the incorporation and 
understanding of behavioral, anatomical, and physiological data. An initial version 
of the model (Kettner et al. J Neurophysiol 1997) produced pursuit behavior using 
a combination of feedback and predictive control. It is the first pursuit model that 
shows how predictive pursuit could be produced by a biological system. 
Importantly, the model is trained using a biologically realistic algorithm (Sutton 
and Barto) that modifies parallel-fiber-to-Purkinje-cell synaptic weights when an 
eligibility trace (related to post-synaptic activation levels) and climbing fiber input 
(related to retinal-slip errors) are both active. The present studies determined the 
effects of various forms o f mossy and climbing fiber input on model performance.

Previous versions of the model used realistic eye-movement (efference copy) 
and visual (retinal-slip) mossy-fiber inputs and then combined them randomly to 
produce a diverse parallel-fiber input. New simulations have improved model 
performance by eliminating mossy-fiber combinations that are not observed 
biologically and by using receptive-field parameter distributions more similar to 
those obtained empirically. It was found that eye-movement mossy-fiber input was 
more important than visual mossy-fiber input for predictive control, and that 
empirically observed distributions of eye-movement input are more efficient than 
randomly mixed inputs. Climbing-fiber inputs were also changed from continuous 
to discrete signals that were infrequently triggered when retinal error accumulated. 
These changes agreed better with experiment and improved the stability of model 
convergence by shutting off the training signal when retinal errors became small. 
These changes allowed the model to learn after about 10 waveform presentations, 
a 10-fold improvement over the old model, and in better agreement with observed 
behavior. (Supported by grants MH 48185 and IBN 9723846)

557.6
SMOOTH PURSUIT VELOCITY TRANSIENTS OCCUR WHEN THE TARGET 
JUMPS AHEAD OF THE MOVING EYE. J . Pola* and H. J. W yatt. SUNY 
College o f Optometry, New York, NY 10010.

During pursuit, if the target jum ps ahead o f the fovea and stops, pursuit offset 
appears to be a single smooth decrease o f velocity (Robinson et al, 1986). 
However, data from sim ilar experiments, permitting various values o f feedback 
a fte r the jump, show that pursuit o ffset consists o f an early, fast component 
followed by a slow component. Methods. Subjects pursued a 15 deg/sec 
target. A fte r 1 sec, the target jum ped 3 deg ahead o f the fovea, its velocity 
became 0, and feedback assum ed a value o f e ither 0 (target stabilized 3 deg 
ahead o f the fovea), -0.2, -0.4, or -1.0 (target fixed in space). Results. When 
the target jumped ahead, there w as an initial fast drop in eye velocity. This was 
followed by a slow decrease. As feedback increased, the fast component 
stayed about the same while the slow com ponent became faster. Modeling 
and Conclusions. In earlier work (Pola & Wyatt, V is Res, 1997), pursuit offset 
was faster when the pursuit target suddenly d isappeared than when it was 
vis ib le  (foveally stabilized). In that work, we sim ulated offset using a pursuit 
model with target velocity and position input channels, and internal positive 
feedback. According to the model, target d isappearance opens the positive 
loop, and the resulting decrease in system  tim e-constant causes fast pursuit 
offset. In the present study, the model suggests a s im ilar effect: target jump 
ahead (transient disappearance?) induces brief-duration opening of the positive 
loop, w ith the transient decrease in time constant causing the initial fast drop 
in eye velocity. These findings suggest a contrast between events following 
target jum p back to the fovea and target jum p ahead, studied here. Target jump 
back appears to send a negative velocity pulse through the velocity channel 
(Pola & W yatt, 1997) instead o f m odifying internal feedback.

(Supported by SIVR grant #91-92-020)

557.8
V E R N IER  AND STEREO  TH R ESH O LD S D U R IN G  LA R G E 
VO LUNTARY GA ZE SH IFTS. (S. S. Patel*, H . E. Bedell. M . F. Reschke. D. 
L. Harm. C. Courtney, C . Jackson. S. W ood, J . Cerisano and D. Gasway) College 
of Optometry, University of Houston, Houston, TX. and Neurosciences Laboratory, 
NASA/JSC, Houston, TX.

The purpose of this study is to investigate visual-perceptual correlates of large 
voluntary gaze shifts that require combined eye-head movements, using Vernier 
alignment and stereoacuity thresholds as perceptual probes. Vernier and stereoacuity 
thresholds were determined using two complementary tests: the spatial test (ST) yields 
the just-detectable spatial offset for targets displayed for a constant duration, and the 
temporal test (TT) yields the minimum duration for discriminating targets with a 
constant spatial offset. The spatial offset is lateral angular misalignment in the Vernier 
task and retinal image disparity in the stereo task. Subjects were instructed to rapidly 
make a combined eye-head movement to the Vernier (or stereo) target flashed 
randomly at one of 2 or 4 gaze positions and judge the direction of offset (or depth) 
between the test and reference lines.

Vernier thresholds were determined as a function of target duration (250-1600 ms) 
in 4 normal subjects for horizontal (±50 deg) and vertical (±40 deg) gaze shifts using 
the ST. As target duration increases, the log average Vernier threshold decreases 
exponentially (time constant = 119 ms) to a lower limit o f about 69 arc sec, with no 
significant differences among gaze directions. For the same gaze shifts, data from 6 
normal subjects indicate that TT thresholds are equivalent to those predicted from ST 
results. For gaze shifts of ±20 deg horizontally and vertically, which do not require 
head movements, the average Vernier threshold with the TT is 276±69 ms, for a 4 arc- 
min target offset. The average Vernier threshold for gaze shifts that require combined 
eye-head movements (±50 deg horizontally and ±40 deg vertically) is 462±104 ms. 
Stereo thresholds were obtained with the TT in 4 normal subjects for 50 deg vertical 
gaze shifts using target disparities between 1 and 16 arc-min. Best fit exponential 
functions indicate an asymptotic temporal threshold of 588±67 ms for a disparity of 
about 14 arc-min, with no significant difference between up and down gaze. Our 
results indicate that Vernier and stereo thresholds are potential indicators of inaccurate 
vestibulo-ocular compensation.
Supported by University of Houston ISSO and R01 EY05068
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557.9
NEURONAL ORGANIZATION OF OCULOMOTOR BEHAVIOR IN ZEBRAFISH
H. Suwa*, H. Straka, E. Marsh, E. Gilland and R. Baker. Department o f Physiology and 
N euroscience, New York University M edical Center, New York , NY 10016.

The anatomical framework underlying three dimensional oculomotor behavior in adult 
zebrafish was mapped using precise application o f biocytin crystals to retina, labyrinth, 
pretectum, midbrain, hindbrain and cerebellum. The results provide a detailed neuronal map of 
the circuitry underlying both vestibulo-ocular (VOR) and optokinetic (OKR) reflexes including 
their cerebellar connections. Vestibular neurons projecting to extraocular motor nuclei were 
highly segregated within distinct rhombomeric segments (rhs). Anterior canal-related 
excitatory and inhibitory neurons were located in rhs 1-3, posterior canal excitatory in rhs 5-6 
and inhibitory neurons in rhs 2. Excitatory and inhibitory horizontal second order neurons were 
located in rhs 3,6-7 and rhs 6, respectively. Two subgroups o f abducens internuclear neurons, 
essential for conjugate nasally-directed eye movements, were located in rhs 6-7. These neurons 
could also be selectively visualized after transsynaptic label via their calyx-type synaptic 
connections onto medial rectus motoneurons. The tangential nucleus, a distinct vestibular 
subgroup shown to contribute to static torsional and vertical eye motion, was located in rhs 5. 
Optic nerve labeling revealed discrete terminal fields in the contralateral pretectum and tectum. 
Of special relevance for the horizontal OKR was the observation of separate fiber bundles 
within the optic nerve terminating as a vertical stripe close to the rostral midline o f the 
pretectum. Biocytin placed into the caudal hindbrain visuomotor area (AII) contributing to the 
OKR in goldfish, retrogradely and selectively labeled neurons in this pretectal area. Biocytin 
injected into the cerebellum labeled different, more lateral, subgroups o f pretectal neurons, in 
addition to the AII clusters of neurons in rhs 7 and inferior olivary neurons in rhs 7-8. Based on 
work in the goldfish, the latter two groups of neurons are presumed to mediate eye velocity and 
retinal slip signals, respectively. In summary, the organization o f oculomotor circuits in 
zebrafish were similar to those of the closely related cyprinid, the goldfish; however, the VOR 
and OKR of zebrafish exhibited more high pass filter characteristics including shorter time 
constants for eccentric eye position holding and velocity storage. We propose that the 
behavioral differences may reflect intrinsic properties of neurons rather than modification in 
circuit design. Since the components responsible for particular oculomotor behaviors are 
segregated within distinct rhs, each “functional” neuronal group is likely produced by spatially 
restricted expression of developmental regulatory genes. As such, the zebrafish brain may 
therefore be uniquely suited for a genetic analysis o f neuronal circuits responsible for 
oculomotor behavior. (Supported by NIH EY02007, NS 13742 and Max-Kade Foundation)

557.11
M OR PH O LO G IC A L AND PH Y SIO LO G ICA L C H A R A CTERIZA TIO N  OF 
OCULOMOTOR-RELATED PRECEREBELLAR NEURONS IN THE HINDBRAIN 
OF GOLDFISH. H. Straka* and R. Baker. Department o f Physiology and Neuroscience, 
New York University Medical Center, New York, NY 10016.

Neurons in a caudal hindbrain area (AII) o f goldfish have been proposed to be necessary 
for visuomotor reflexes and the build-up o f eye velocity storage occurring during either 
head or visual world movement in the horizontal plane. Bilateral electrical stimulation of 
horizontal canal (HC) nerves and cerebellum (CB) in alert goldfish were used to identify 
AII neurons. The activity of these AII neurons was further characterized during natural 
optokinetic stimulation and spontaneous eye movements recorded with a scleral search 
coil technique. Single cell morphology was obtained by intracellular injection o f 
neurobiotin. AII neurons antidromically identified from the ipsi- and/or contralateral CB 
exhibited disynaptic IPSPs and EPSPs after single shock activation o f  the ipsi- and 
contralateral HC, respectively. The ipsilateral IPSP was often preceded by a small short- 
latency excitation, which most likely was mediated directly by HC afferent fibers. In alert 
animals, neurons in AN were either active or silent with no, or little, response during 
spontaneous saccades and fixation. During optokinetic stimulation, the active AII neurons 
increased their frequency with a slow phase to the ipsilateral side and paused with the fast 
phase to the contralateral side. Silent neurons showed either weak or no eye velocity 
sensitivity to the same stimuli. Morphological reconstruction revealed most AII neurons 
to be small- or medium-sized bipolar cells, while some were spindle-shaped. Spiny 
dendrites extended 0.3-0.5mm caudal and 0.1-0.3mm lateral into the ventral vestibular 
nucleus near the pial surface of the brainstem. In 17 out o f 25 AII neurons the staining 
was sufficient to allow a complete reconstruction of the axonal trajectory. In 15 cells the 
axon projected ipsilaterally towards the CB while in the other two cases the axon crossed 
in the hindbrain and entered the CB contralaterally. All o f the neurons terminated in the 
caudal lobe on the side from which they entered the CB and also sent a single collateral 
through the cerebellar commissure to arborize on the opposite side. Some AII neurons 
collateralized in the vestibular subnuclei that contained horizontal inhibitory and 
excitatory vestibulo-ocular neurons. We conclude that this precerebellar AII path sends an 
eye/head velocity signal to the CB that is subsequently distributed bilaterally. As a result, 
AII neurons simultaneously can provide ipsilateral eye/contralateral head velocity signals 
to Purkinje cells on the same side, and the opposite signal to those on the other side. 
(Supported by NIH EY02007 and NS 13742 and Max-Kade Foundation)

557.13
IRREGULAR OTOLITH AFFERENT INPUTS TO THE TRANSLATIONAL 
VESTIBULO-OCULAR REFLEX. D .E . Angelaki,1* M.O. McHenry,1 A. A. 
Perachio2 and J.D. Dickman1. 1Dept. of Anatomy and Surgery (Otolaryngology) 
University of Mississippi Medical Center; Jackson, MS 39216; 2University of Texas 
Medical Branch.

The effects of functional, reversible ablation and recruitment o f the most irregular 
otolith afferents on the dynamics and sensitivity o f the translational vestibulo-ocular 
reflexes (trVORs) were investigated in rhesus monkeys trained to fixate near, 
centered and eccentric targets. Motion stimuli consisted of either steady-state lateral 
and fore-aft sinusoidal oscillations (0.3-30 Hz) or short-lasting transient lateral head 
displacements. Short-duration (<2s) anodal (inhibitory) and cathodal (excitatory) 
currents (100 µA) were delivered bilaterally during linear motion. The presence of 
anodal labyrinthine stimulation decreased horizontal trVOR sensitivity and its 
dependence on viewing distance for both lateral and fore-aft motion stimuli. In 
addition, anodal currents during sinusoidal oscillations decreased the slope of trVOR 
sensitivity as a function of frequency. During transient motion, responses became 
more sluggish in the presence of anodal stimulation. In fact, the high frequency 
trVOR dynamics in the presence o f anodal labyrinthine currents simply reflected the 
eye plant dynamics. Cathodal currents had opposite effects. That is, the presence of 
cathodal stimulation during translational motion increased trVOR sensitivity and its 
dependence on viewing distance, as well as resulted in more high frequency trVOR 
dynamics during both sinusoidal oscillations and transient motion stimuli. These 
results suggest that irregular otolith afferents participate in the high frequency 
response dynamics and the viewing distance-dependent changes of the translational 
VORs.

Supported by EY10851, AFOSR F49620 and NAGW 4377.

557.10
RHOMBOMERIC ORGANIZATION OF HORIZONTAL OPTOKINETIC AND 
VESTIBULO-OCULAR REFLEXES IN GOLDFISH. R. Baker*, E. Gilland, A. Green.
H. Straka, and H. Suwa. Department o f  Physiology and Neuroscience, New York 
University Medical Center, New York, NY 10016.

Signal processing for the optokinetic (OKR) and vestibulo-ocular (VOR) reflexes in 
vertebrates takes place in discrete brainstem nuclei which in most cases also contain 
neurons that project to the cerebellum (CB). The purpose o f this analysis was to assign the 
location o f horizontal VOR and OKR neurons to rhombomeric segments (rhs) in the 
goldfish hindbrain based on the data collected in our laboratory using extra- and 
intracellular injection of biocytin. Selective label o f individual canal and otolithic primary 
vestibular afferents delineated extensive termination fields extending throughout rhs 1-8. 
However, for individual end organs, a unique fiber projection and termination pattern could 
be described in each rhombomeric segment. In particular, the horizontal canal (HC) 
arborization was quite distinct from, and more intense than that of any other canal nerve, in 
the rhs 5-7 portion o f the vestibular nuclei (VN), adjacent ventrally located area (AH) in rhs 
7 and granular layer o f  the caudal lobe o f the CB. Only afferent termination from the 
utricular nerve overlapped that o f the HC in the rhs 6-7 VN and AII areas. Electrical 
stimulation of the HC nerve showed that, like abducens motoneurons, AII neurons received 
disynaptic contralateral excitation and disynaptic ipsilateral inhibition (see Straka and 
Baker). Some second order horizontal VOR neurons in rhs 6-7 were transneuronally labeled 
from the HC nerve and were observed to terminate in both the abducens nuclei (rhs 5-6) 
and AII (rhs 7). Physiologically identified and individually labeled excitatory and inhibitory 
second order VOR neurons projecting to the abducens nuclei and AII were predominately 
located in the ventrocaudal VN of rhs 6 and to a lesser extent rhs 7. Biocytin injections into 
the caudal CB labeled AH rhs 7 neurons and a subset o f vestibular neurons (VCB) in rhs 6 
that were distinct from the above described horizontal VOR neurons. In addition, all 
subgroups, AII, VOR and VCB, received primary HC afferent input. These data are 
consistent with previous observations suggesting AH to be essential for both horizontal 
OKR and VOR behavior and adaptation. The location of AH, VCB and VOR neurons in 
rhombomeres 6-7 suggest a common embryonic, and possibly phylogenetic, origin. Since a 
similar neuronal organization exists in other vertebrates, we propose that the horizontal 
OKR and VOR networks may have derived from a common genetic founder event wherein 
particular rhombomere-specific genetic regulatory elements became irreversibly linked with 
individual VOR/OKR neuronal phenotypes. (Supported by NIH EY02007, NS 13742)

557.12
IN TER STITIA L NU CLEU S OF CA JA L C O N N ECTIO N S W ITH  SPINA L 
CO RD AND RECTUS CAPITIS M OTO NEURO NS IN  TH E CA T. P.J. M ay *1,
B .-Z  C hen2 and F.J.R. R ichm ond3. Depts. o f  A natom y1&2, O phthalm ology1 and 
N eurology1, University o f  M ississippi M edical Center, Jackson, M S 39216 U.S.A.; 
D ep t. o f  Physiology3, Q ueen's University , K ingston, ON, K7L 3N6, Canada.

Changes in the direction o f  gaze com m only involve m ovem ents o f  both the eyes 
and head, and the new position m ust be m aintained by tonic discharge in the rele
vant extraocular and neck m uscle motoneurons. For the vertical plane, the intersti
tial nucleus o f  Cajal (InC) is believed to  provide this tonic position signal to both 
oculom otor and cervical motoneurons. W e directly investigated this vertical gaze 
circuit for the neck by injecting b iotinylated dextran am ines (B D A ) into the InC 
o f  cats and analysed the pattern o f  labelling in the upper 4 segm ents o f  the spinal 
cord. Labeled axon arbors w ith num erous en p a ssa n t  and term inal boutons w ere 
seen prim arily ipsilaterally. They arborized extensively in the gray m atter dorsal 
to  the m otoneuron pools. How ever, som e collaterals did extend into the area o f  
the m otoneurons. Cervical neurons w ere also retrogradely  labeled on both sides 
o f  the cord by InC and m esencephalic reticular form ation injections. These neur
ons had small to m edium -sized som ata w ith up to  five prim ary dendrites. In some 
cases, BD A labeled axon term inals w ere observed in close association w ith the 
ipsilateral BDA labeled neurons, suggesting a synaptic connection. Some o f  these 
cats also received a W GA-HRP injection into the rectus capitis posterior m uscle 
group, which raises the head. A  few  BDA labeled interstitiospinal axon term inals 
were observed in close association with the proxim al dendrites o f  the retrogradely 
labeled rectus capitis m otoneurons, suggesting a synapse is present. These results 
indicate that while some direct connections m ay exist, the InC m ain ly  influences 
neck m otoneurons through intem eurons in the cervical cord. Perhaps these inter- 
neurons are necessary to  adapt the InC signal for use by the neck.
Supported by NEI grant EY09762 (PJM) and the MRC of Canada (FJRR).

557.14
PRIMATE VOR DURING FORE-AFT MOTION. M.Q . McHenry* and D.E. 
Angelaki, Dept. of Anatomy and Surgery (Otolaryngology) University of Mississippi 
Medical Center; Jackson, MS 39216.

Binocular 3D eye movements were recorded in Rhesus monkeys during fore-aft 
motion using either transient, rapid changes in linear velocity to a peak of ±20cm/s 
at a constant acceleration of O.5g or steady-state sinusoidal oscillations between 4-12 
Hz. Prior to the movement, animals were required to fixate one o f several LEDs at 
different horizontal and vertical eccentricities (up to 35°) mounted either on a flat 
screen at 20cm or in isovergence surfaces corresponding to center distances of 10, 20 
and 40cm. After successful fixation for a variable period (300-500ms) the target light 
was turned off and the transient motion profile commenced within 2-20ms. For 
sinusoidal oscillations, the target light remained on for the whole duration of motion. 
During motion, the absence of fast eye movement was enforced by a behavioral 
window based on eye acceleration. Animals, all previously trained to maintain 
fixation for up to 1s after targets were turned off, were successful in maintaining 
vergence at least for the first 300-400ms after transient motion onset.

Compensatory, horizontal and vertical eye movement responses during fore-aft 
motion had short latencies (<15ms) and were in general undercompensatory during 
both transient motion and sinusoidal oscillations. During transient motion stimuli, 
robust responses were only observed during the non-zero acceleration phase of the 
stimulus and became negligible during constant velocity motion. The response 
dynamics during fore-aft motion closely resembled those during lateral motion, even 
though the former responses were generally disjunctive as expected from the 
kinematic requirements of the translational VORs.

Supported by EY10851, AFOSR F4962O and NAGW 4377.
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557.15
SHORT-LATENCY VISUAL ENHANCEMENT OF THE HUMAN 
VESTIBULO-OCULAR REFLEX. V.E . D a s , L . A v e r b u c h - H e l le r  a n d  R .J . L e ig h *  

O c u la r  M o to r  L a b .,  V A  M e d ic a l  C e n te r  a n d  C a s e  W e s te r n  R e s e r v e  U n iv e r s i t y ,  

C le v e la n d ,  O H  4 4 1 0 6 .

T h e  g a in  o f  c o m p e n s a t o r y  e y e  m o v e m e n t s  w h e n  v i e w i n g  a  r e a l s ta t io n a r y  

ta r g e t  is  g r e a te r  th a n  w h e n  im a g in in g  a  s t a t io n a r y  t a r g e t .  W e  h a v e  s h o w n  in  p r e v io u s  

s t u d ie s  th a t  t h is  in c r e a s e  in  g a in  c a n n o t  b e  a t tr ib u te d  to  t h e  l in e a r  s u p e r p o s i t io n  o f  

s m o o t h - p u r s u i t  ( S P )  e y e  m o v e m e n t s .  In  a  p r e v io u s  s t u d y  c o n d u c t e d  in  o u r  la b o r a to r y ,  

th e  in c r e a s e  in  g a in  w a s  f o u n d  to  ta k e  p la c e  w it h in  a b o u t  6 0 - 8 0  m s e c  o f  h e a d  r o ta t io n  - 

a  la t e n c y  t o o  s h o r t  f o r  S P  e y e  m o v e m e n t s  a n d  t o o  lo n g  f o r  p u r e  v e s t ib u la r  e y e  

m o v e m e n t s .  T h e  g o a l  o f  th is  s t u d y  w a s  t o  fu r th e r  in v e s t ig a t e  t h e  p r o p e r t ie s  o f  th e  sh o r t-  

la t e n c y  v is u a l  e n h a n c e m e n t  o f  th e  V e s t ib u lo - O c u la r  R e f l e x  ( V O R ) .  S u b j e c t s  w e r e  

a s k e d  t o  e it h e r  v i e w  a  s ta t io n a r y  ta r g e t  o r  im a g in e  a  ta r g e t  d u r in g  a  t r a n s ie n t  s te p  in  

h e a d  v e lo c i t y .  In o t h e r  e x p e r im e n t s ,  t h e y  w e r e  a s k e d  t o  tr a c k  a  c o n s t a n t  v e lo c i t y  ta r g e t  

w h ic h  c a m e  to  r e s t  s h o r t ly  b e f o r e  th e  h e a d  s t im u lu s .  R e s u l t s  : W e  f o u n d  th a t th e r e  w a s  

a  tr a n s ie n t  g a z e  p e r tu r b a tio n  a t th e  o n s e t  o f  h e a d  r o ta t io n .  R e c o v e r y  fr o m  t h is  g a z e  

p e r tu r b a tio n  s ta r te d  a t a b o u t  6 0 - 8 0  m s e c .  R e c o v e r y  f r o m  in it ia l  g a z e  p e r tu r b a tio n  w a s  

a b s e n t  d u r in g  h e a d  r o ta t io n  in  d a r k n e s s  in d ic a t in g  a  v is u a l  s t im u lu s  w a s  n e c e s s a r y  fo r  

g a in  m o d u la t io n .  T h e r e  w a s  n o  g a z e  p e r tu r b a t io n  a t o f f s e t  i f  th e  h e a d  s im p ly  c a m e  to  

a  s t o p  in d ic a t in g  th a t  th e  V O R  g a in  is  c l o s e  to  1 .0 . H o w e v e r ,  a  d ir e c t io n  r e v e r s a l  in  

h e a d  r o ta t io n  b r o u g h t  a b o u t  a  t r a n s ie n t  g a z e  p e r tu r b a t io n . W h e n  s u b j e c t s  w e r e  a s k e d  

to  tr a c k  a  ta r g e t  w h ic h  c a m e  to  a  s to p  s h o r t ly  b e f o r e  th e  h e a d  s t im u lu s ,  w e  f o u n d  th a t  

th e  in it ia l  g a z e  p e r tu r b a t io n  d is a p p e a r e d  i f  t h e  v e s t ib u la r  e y e  m o v e m e n t  w a s  in  th e  

s a m e  d ir e c t io n  a s  t h e  p r e v io u s  tr a c k in g  m o v e m e n t s .  T h u s  th e  m e c h a n i s m  f o r  v is u a l  

e n h a n c e m e n t  o f  t h e  V O R  s e e m s  t o  h a v e  th e  f o l l o w i n g  p r o p e r t ie s  - 1 ) r e q u ir e s  r e t in a l  

s l ip  2 )  a c t s  a t a  sh o r t  la t e n c y  3 )  is  d ir e c t io n  s e n s i t i v e .  O n e  p o s s ib l e  a n a to m ic a l  

su b s tr a te  f o r  th e  m o d u la t io n  m e c h a n is m  a re  t h e  c e l l s  in  th e  n u c le u s  o f  th e  o p t ic  tract. 

( S u p p o r t e d  b y  N I H  E Y 0 6 7 1 7 ,  V e t e r a n s ,  a n d  A r m in g t o n  F u n d .)

557.17
ADAPTATION OF OCULAR TORSION IN RELATION TO HEAD ROLL. 
J.S. M axwell* and C.M. Schor, University of California, Berkeley, CA 94720.

H ead tilt about a naso-ocdpital axis (roll) elicits rotation of the eye about 
the visual axis (torsion) in a direction opposite to the head roll and is 
com m only called ocular counterroll (OCR). The oculom otor system  m ust 
coordinate the OCR binocularly in order to avoid cyclodeviations of the 
tw o eyes, cyclodisparities and double vision. The present experiments 
exam ined the capacity of norm al subjects to change the relationship 
betw een  OCR and head roll. D ove prism s (w ith a 30 degree field of view) 
were u sed  to create 10 degree cyclodisparities at each o f tw o roll positions 
(45 degrees to the left and right). Excyclorotation of the prism s were given  
at one head position and encyclorotations at the other. Subjects attempted 
to fuse the disparities and alternated betw een the tw o training positions 
every one to tw o m inutes for one hour. Torsion w as measured  
sim ultaneously in both eyes before and after training using a video system  
(7.5 H z /  eye). One eye w as occluded during testing to eliminate binocular 
cues for cyclofusion. Torsion measurem ents (averaged over 30 sec) were 
m ade at up to 11 static head positions betw een ±75 degrees in 15 degree 
increments. Substantial adaptation w as observed in  all subjects and had 
the appearance o f a gain change in the OCR of one or both eyes. One 
subject (to date) w as tested before and after training using a visual stim ulus 
to drive torsion w ith  the head upright. The head-roll-associated training of 
cyclovergence w as observed in relation to cycloversion driven by the visual 
stim ulus indicating that the adaptation w as not related specifically to a 
head position signal and that site of adaptation w as central to the otolith- 
vestibular neuron synapse.
Supported by EY03532.

557.19
T H E  R O T A T I O N A L  V E S T I B U L O - O C U L A R  R E F L E X  O F  T H E  R H E S U S  

M O N K E Y  D E P E N D S  O N  E Y E  P O S I T I O N . H . M is s l i s c h  a n d  B .J .M . H e s s *, 

D e p a r tm e n t  o f  N e u r o lo g y ,  U n iv e r s i t y  H o s p i t a l ,  8 0 9 1  Z u r ic h , S w itz e r la n d .

T h e  r o ta t io n a l  v e s t ib u lo - o c u la r  r e f le x  ( R V O R )  is  s u p p o s e d  to  s t a b i l iz e  th e  

r e t in a l im a g e  d u r in g  a c t iv e  o r  p a s s iv e  r o ta t io n s  o f  th e  h e a d . R e d u c t io n  o f  im a g e  s l ip  

o v e r  th e  w h o le  r e t in a  is  a c h ie v e d  b y  r o ta t in g  th e  e y e s  a r o u n d  th e  s a m e  a x is  a n d  th e  

s a m e  s p e e d ,  b u t in  th e  o p p o s i t e  d ir e c t io n ,  th a n  th e  c u r r e n t  h e a d  r o ta t io n .  

R e m a r k a b ly ,  h o w e v e r ,  th e  R V O R  r e s p o n s e  in  h u m a n s  d e v ia t e s  f r o m  th is  o p t im a l  

im a g e  s t a b i l iz a t io n  s tr a te g y  in  th a t th e  e y e  r o ta t io n  a x is  t i l t s  s y s t e m a t ic a l ly  in  

d e p e n d e n c e  o f  c u r r e n t  e y e  p o s i t i o n  ( M is s l i s c h  e t  a l. 1 9 9 4 ) .  In  o u r  in v e s t ig a t io n ,  w e  

c h a r a c t e r iz e d  th e  R V O R  o f  r h e s u s  m o n k e y s  d u r in g  p a s s iv e  h e a d  r o ta t io n s  in  th r e e  

d im e n s io n s ,  w ith  th e  e y e s  in  v a r io u s  e c c e n t r ic  p o s i t io n s .

R h e s u s  m o n k e y s  w e r e  f ir s t  tr a in e d  in  a  n o n -r o ta t io n  c o n d it io n  to  f ix a t e  v isu a l  

ta r g e ts ,  a n d  m a in ta in  f ix a t io n  a t th e  ta r g e t  lo c a t io n s  e v e n  a fte r  th e  ta r g e ts  w e r e  

s w it c h e d  o f f ,  b y  p r e s e n t in g  a n  a u d ito r y  s t im u lu s  to  s ig n a l  th e  r e q u ir e d  f ix a t io n  t im e .  

W h e n  th e  m o n k e y s  m a s te r e d  th is  s itu a t io n ,  th e y  w e r e  th e n  tr a in e d  to  p e r fo r m  th e  

s a m e  ta s k , b u t n o w  w h i l e  b e in g  r o ta te d  in  a  v e s t ib u la r  s t im u la to r . T o  g u a r a n te e  

s p a c e - f ix e d  ta r g e t  f ix a t io n ,  c o m p u t e r - c o n t r o l le d  d y n a m ic a l  r e w a r d  w in d o w s  w e r e  

u s e d  th a t m o v e d  o p p o s i t e  to  th e  o n g o in g  w h o le - b o d y  r o ta t io n . A n im a ls  w e r e  te s te d  

in  v a r io u s  c o m b in a t io n s  o f  r o ta t io n a l  ( r o l l ,  p itc h ,  y a w ; s in u s o id a l  a n d  s t e p s )  an d  

v is u a l  su r r o u n d in g  ( l ig h t ,  d a r k )  c o n d it io n s .

T h e  r e s u lt s  o f  o u r  p r e l im in a r y  d a ta  a n a ly s is  in d ic a te  a p r o m in e n t  a n d  s y s te m a t ic  

e f f e c t  o f  c u r r e n t  e y e  p o s i t io n  o n  th e  R V O R  e y e  a n g u la r  v e lo c i t y  v e c to r ,  

q u a l i t a t iv e ly  id e n t ic a l  to  th e  o n e  r e p o r te d  f o r  h u m a n s . T h a t  is ,  th e  e y e  r o ta t io n  a x is  

t i l t s  in  th e  d ir e c t io n  o f  g a z e  d u r in g  y a w  (ta r g e ts  2 0  d e g  u p /d o w n )  a n d  p itc h  ( ta r g e ts  

2 0  d e g  le f t /r ig h t )  a n d  o p p o s i t e  to  g a z e  d u r in g  r o ll ( ta r g e ts  2 0  d e g  

u p /d o w n / le f t /r ig h t ) .  Q u a n t i t a t iv e  d e t a i l s  a n d  p o s s ib l e  ta sk  d e p e n d e n t  e f f e c t s  w il l  b e  

p r e s e n te d .  S u p p o r te d  b y  S N F  31  - 4 7 2 8 7 .9 6

557.16
CHARACTERIZATION OF EYE/HEAD COORDINATION DURING HEAD- 
FREE GAZE PURSUIT IN MONKEY: THE CONTROL OF HEAD
MOVEMENTS. G r e g o r y  A .  W e l le n iu s *  a n d  K a t h le e n  E . C u l l e n , A e r o s p a c e  M e d ic a l  

R e s e a r c h  U n it ,  D e p a r tm e n t  o f  P h y s io lo g y ,  M c G il l  U n iv e r s i t y ,  M o n tr e a l ,  C a n a d a .

T h r e e  R h e s u s  m o n k e y s  w e r e  tr a in e d  to  tr a c k  la s e r  s p o t s  m o v in g  at a  c o n s t a n t  v e lo c i t y  

( 2 0 - 8 0 º / s )  a lo n g  th e  h o r iz o n ta l  m e r id ia n .  T a r g e ts  w e r e  in i t ia l ly  p r e s e n t e d  c e n t r a l ly  a n d  

a fte r  a  f ix a t io n  in te r v a l ( 7 5 0 - 1 5 0 0  m s )  m o v e d  t o w a r d s  t h e  le f t  o r  r ig h t .  F ix a t io n  t im e ,  

ta r g e t  v e lo c i t y ,  a n d  th e  d ir e c t io n  o f  m o t io n  w e r e  r a n d o m iz e d  b e t w e e n  tr ia ls  in o r d e r  to  

e l im in a t e  p r e d ic t iv e  r e s p o n s e s .  In a  s u b s e t  o f  t r ia ls ,  s u r f a c e  E M G  w a s  r e c o r d e d  fr o m  

t r a p e z iu s  o r  s t e r n o c le id o m a s t o id  m u s c le s  in  th e  n e c k ,  a n d  c o r r e la te d  to  h e a d  

m o v e m e n t s .  T h r o u g h o u t  t h e s e  e x p e r im e n t s  a n im a ls  w e r e  fr e e  to  u s e  a n y  c o m b in a t io n  

o f  h e a d  a n d  e y e  m o v e m e n t s  to  a c c o m p l is h  th e  ta sk .

O u r  r e s u lt s  in d ic a te  th a t t a r g e t  v e l o c i t y  h a d  s im i la r  e f f e c t s  o n  th e  d y n a m ic s ,  b u t  

d if f e r in g  e f f e c t s  o n  th e  la t e n c ie s ,  o f  e y e  a n d  h e a d  m o v e m e n t s .  In it ia l a c c e le r a t io n  

( a v e r a g e d  o v e r  th e  in te r v a l o f  0 - 4 0  m s  a f te r  m o v e m e n t  o n s e t )  t e n d e d  to  in c r e a s e  a s  a 

fu n c t io n  o f  ta r g e t  v e lo c i t y  fo r  b o th  e y e  a n d  h e a d  ( m e a n  in it ia l  a c c e le r a t io n s  o f  th r e e  

m o n k e y s  fo r  2 0  v s  8 0 º / s  ta r g e ts :  e y e :  2 8 2 .4  v s  4 3 5 . 8 º / s / s ;  h e a d :  1 1 7 .4  v s  1 5 6 .3 º / s / s ) .  

E y e  o n s e t  l a t e n c ie s  w e r e  u n a f f e c t e d  b y  t a r g e t  v e l o c i t y  ( m e a n  la t e n c ie s  o f  th r e e  

m o n k e y s  f o r  2 0  v s  8 0 o/ s  ta r g e ts :  9 6 .9  v s  9 8 .2  m s ,  p > 0 .0 5 ) ,  b u t  th e  l a t e n c y  o f  h e a d  o n s e t  

d e c r e a s e d  w ith  in c r e a s in g  t a r g e t  v e lo c i t y  ( 2 7 0 .9  v s  1 9 4 .2 ,  p < 0 .0 5 ) .  A d d it io n a l ly ,  e y e  

a n d  h e a d  o n s e t s  w e r e  b e t te r  c o u p le d  d u r in g  p u r su it  o f  h ig h  v e l o c i t y  ta r g e ts  th a n  s lo w  

o n e s .  E v e n  fo r  ta r g e t  v e lo c i t i e s  a s  h ig h  a s  8 0 o/s ,  h e a d  m o v e m e n t  s t i l l  l a g g e d  e y e  

m o v e m e n t  o n s e t  b y  an  a v e r a g e  o f  9 6  m s . E M G  r e c o r d in g s  r e v e a le d , h o w e v e r ,  th a t n e c k  

m u s c le  a c t iv i t y  le a d s  h e a d  o n s e t  b y  at le a s t  4 0  m s . T h is  s u g g e s t s  th a t  d i f f e r e n c e s  in 

h e a d  a n d  e y e  la t e n c ie s  m a y  b e  a t tr ib u ta b le  to  th e  s lu g g i s h  d y n a m ic s  o f  th e  h e a d  as  

c o m p a r e d  to  th a t o f  th e  e y e .  ra th e r  th a n  to  a d i f f e r e n c e  in t im in g  o f  th e  m o v e m e n t  

c o m m a n d s .  T o g e th e r ,  t h e s e  d a ta  s u g g e s t  th a t e y e  a n d  h e a d  m o v e m e n t s  a re  n o t  th e  r e su lt  

o f  in d e p e n d e n t  p r o c e s s e s ,  b u t ra th er , t w o  e l e m e n t s  o f  a  u n i f ie d  g a z e  p u r su it  s y s t e m .  

(S u p p o r te d  b y  th e  M e d ic a l  R e s e a r c h  C o u n c i l  o f  C a n a d a )

557.18
P E R T U R B I N G  T H E  H E A D :  R E - A S S E S S I N G  T H E  G A I N  O F  R E F L E X  I N T E R 

A C T I O N S  D U R I N G  O R I E N T I N G  E Y E - H E A D  M O V E M E N T S .  E . G . F r e e d m a n * .  

L . L in g ,  a n d  A .  F . F u c h s . P h ysio l, and B io p h y s ., U n iv . o f  W ash in g ton , S ea ttle  W A  9 8 1 9 5 .

U n d e r s ta n d in g  th e  c o o r d in a t io n  o f  th e  e y e s  a n d  h e a d  d u r in g  la r g e  a m p lit u d e  g a z e  

s h if t s  d e p e n d s  u p o n  k n o w le d g e  o f  th e  in te r a c t io n s  b e t w e e n  s t a b i l iz in g  r e f l e x e s  ( e .g .  

v e s t ib u lo -  a n d  c e r v ic o - o c u la r  r e f l e x e s )  a n d  d e - s t a b i l i z in g  m o t o r  c o m m a n d s  - 

d e s ig n e d  to  c h a n g e  th e  d ir e c t io n  o f  th e  l in e  o f  s ig h t .  S e v e r a l  t e c h n iq u e s  h a v e  b e e n  

u s e d  to  a s s e s s  th e  g a in  o f  t h e s e  r e f le x e s  in  b o th  h u m a n  a n d  n o n - h u m a n  p r im a te s .  

H o w e v e r ,  th e r e  is  n o  c o n s e n s u s  o n  th e  n a tu r e , d e g r e e ,  o r  t im e  c o u r s e  o f  th e  

in te r a c t io n s .
W e  u t i l iz e d  a  sh o r t  d u r a t io n  ( 1 0  - 3 0  m s )  t o r q u e  p u ls e  to  p er tu rb  th e  h e a d s  o f  

r h e s u s  m o n k e y s  w h i l e  th e y  p e r fo r m e d  g a z e  s h i f t s  o f  d i f f e r e n t  a m p l i t u d e s  t o  v is u a l  

t a r g e ts  d is tr ib u te d  a lo n g  th e  h o r iz o n ta l  m e r id ia n .  T h e  t o r q u e  p u ls e  p r o d u c e d  a 

s te r e o t y p e d  p e r tu r b a tio n  o f  th e  h e a d .  In a d d it io n ,  b e c a u s e  th e  k in e m a t ic s  o f  g a z e ,  

e y e  a n d  h e a d  m o v e m e n t s  a re  p r e d ic ta b le ,  k n o w le d g e  o f  ta r g e t  d i s p la c e m e n t  a n d  

in it ia l  e y e  p o s i t io n ,  a l l o w e d  u s  to  c o m p a r e  la r g e  n u m b e r s  o f  n e a r ly  id e n t ic a l  

p e r tu r b a tio n  tr ia ls  w ith  c o n t r o ls  m a tc h e d  fo r  in it ia l  c o n d it io n s .  T o  d a te , m o r e  th a n  

2 0 0 0  h e a d  p e r tu r b a tio n  tr ia ls  h a v e  b e e n  c a r r ie d  o u t; p e r tu r b a t io n s  o c c u r r e d  o n  ~ 3 0 %  

o f  tr ia ls  a n d  w e r e  r a n d o m ly  in t e r le a v e d  w ith  c o n tr o ls .

O u r  d a ta  c o n f l i c t  w it h  p r e v io u s  r e p o r ts  th a t  “ V O R ” g a in  is  n e a r  z e r o  a t th e  o n s e t  o f  

la r g e  a m p litu d e  g a z e  s h if t s .  F o r  e x a m p le ,  d u r in g  le f tw a r d  g a z e  s h i f t s  to  ta r g e ts  

s e p a r a te d  b y  7 5 ° ,  th e  h e a d  c o u ld  b e  d r iv e n  in  th e  d ir e c t io n  o f  th e  o n g o in g  g a z e  s h if t  

b y  a t o r q u e  p u ls e  d e l iv e r e d  w it h in  15 m s  o f  g a z e  o n s e t  (N  >  3 2 5 ) .  T h is  p e r tu r b a t io n  

r e d u c e d  th e  v e lo c i t y  o f  o n g o in g  e y e  m o v e m e n t s  ( c o m p a r e d  to  c o n tr o l  m o v e m e n t s )  

b y  an  a m o u n t  a p p r o x im a t e ly  e q u a l  to  th e  c h a n g e  in  v e lo c i t y  o f  th e  h e a d  c a u s e d  b y  

th e  p e r tu r b a tio n  (g a in  a p p r o x im a t e ly  - 1). S im i la r  r e s u lt s  w e r e  o b s e r v e d  w h e n  

p e r tu r b a tio n s  w e r e  d e l iv e r e d  d u r in g  g a z e  s h i f t s  r a n g in g  in  a m p l i t u d e s  fr o m  2 0 - 7 0 °  

( N  >  5 0 0 ) .  T h e s e  d a ta  in d ic a te  th a t  r e f le x  in te r a c t io n s  b e t w e e n  th e  e y e s  a n d  h e a d  are  

n o t  d is a b le d . e v e n  at th e  o n s e t  o f  la r g e  a m p litu d e  g a z e  s h if t s .  NIH Grant 5T32NS07395

557.20
V E L O C I T Y  S T O R A G E  A N D  N Y S T A G M U S  IN  R E S P O N S E  T O  A P P A R E N T  

O P T O K I N E T I C  S T I M U L A T I O N  IN  T H E  G U I N E A  P IG .

J. K r ӧ l l e r * , V .V .  M a r l in s k y ,  M . R e b e r . D e p t . o f  P h y s io lo g y .  F r e ie  U n iv e r s itä t 

B e r l in .  A r n im a l le c  2 2 .  1 4 1 9 5  B e r l in ,  G e r m a n y .

In  r e s tr a in e d  g u in e a  p ig s  th e  h o r iz o n t a l  o p t o k in e t ic  n y s t a g m u s  ( O K N )  r e c o r d e d  

w it h  t h e  s e a r c h - c o i l  t e c h n iq u e  w a s  e l i c i t e d  b y  s t im u la t io n  w it h  a s tr ip e - p a t t e rn e d  

d r u m  r o ta te d  a l  v e lo c i t i e s  u p  to  6 0 º / s .  T h e  b u i ld - u p  o f  th e  s lo w - n y s t a g m u s - p h a s e  

e y e  v e lo c i t y  c o n s i s t e d  o f  th e  s lo w  b r a in s t e m  c o m p o n e n t ;  n o  d is t in c t  r a p id  c o r t ic a l  

c o m p o n e n t  w a s  o b s e r v e d  D u r in g  th e  b u i ld - u p  t h e  e y e  v e lo c i t y  in c r e a s e d  w it h  a 

c o n s t a n t  a c c e le r a t io n  o f  3 º / s 2 u n t i l  t h e  s t e a d y - s t a t e  g a in  (e y e  v e lo c i ly / s l im u lu s  

v e lo c i t y )  w a s  r e a c h e d . O K N  w a s  f o l lo w e d  b y  o p t o k in e t ic  a f t e r n y s t a g m u s  

( O K A N ) .  t h e  d u r a t io n  o f  w h ic h  in c r e a s e d  w it h  th e  s t im u lu s  v e lo c i t y  at a  ra te  o f

1 .6  s  p e r  1 0 º / s .  A t  a  s t im u lu s  v e lo c i t y  o f  4 0 º / s  th e  O K A N  la s t e d  1 0 - 1 5  s.

T h e  s t e a d y - s t a te  O K N  e l i c te d  b y  th e  r o ta t in g  d r u m  c o u ld  b e  c o n t in u e d  u n d e r  

a p p a r e n t  o p t o k in e t ic  s t im u la t io n  in d u c e d  b y  a s tr o b o s c o p ic a l ly  i l lu m in a t e d  

s t a t io n a r y  v is u a l  p a tte r n . T h e  v e lo c i t y  o f  th e  a p p a r e n t  o p t o k in e t ic  s t im u lu s  w a s  

g iv e n  b y  t h e  p r o d u c t  “ f la s h  fr e q u e n c y  x  p a t te r n  p e r i o d i c i t y ". T h e  g a in  o f  th e  

r e s p o n s e  to  a p p a r e n t  o p t o k in e t ic  s t im u la t io n  d id  n o t  d e v ia t e  fr o m  th a t o f  th e  

p r e c e d in g  O K N  ( 0 .5  o n  a v e r a g e ) .  W e  te s te d  w h e t h e r  t h e  g u in e a  p ig  c a n  e x e c u t e  

n y s t a g m u s  u n d e r  a p p a r e n t  o p t o k in e t ic  s t im u la t io n  w i t h  u n i t y  g a in  - a n a lo g o u s  to  

s ig m a - O K N .  T o  t h is  e n d  d u r in g  s t r o b o s c o p ic  s t im u la t io n  t h e  f la s h  fr e q u e n c y  w a s  

s u d d e n ly  h a lv e d .  T h is  d r o p  in  s t im u lu s  fr e q u e n c y  c r e a te  im m e d ia t e ly  a n  O K N  

w it h  th e  g a in  c lo s e  to  u n ity . W e  fo u n d  th a t  t h is  g a in  w a s  n o t  m a in t a in e d  b u t 

d e c r e a s e d  g r a d u a lly  u n t i l  i t s  p r e v io u s  v a lu e  o f  0 .5  w a s  r e a c h e d  a g a in .  In  s o  fa r  a s  

th e  g u in e a  p ig  p o s s e s s e s  n o  c o r t ic a l  im p a c t  in  t h e  O K N  - n o  d is t in c t  r a p id  b u i ld 

u p . n o  fo v e a l  v i s io n ,  n o  s m o o t h  p u r s u it  - w e  a s s u m e  th a t th e  b r a in s t e m  p a th w a y  

in c lu d in g  th e  v e lo c i t y  s t o r a g e  i s  s u f f ic ie n t  fo r  p r o d u c in g  n y s t a g m u s  in  r e s p o n s e  to  

a p p a r e n t  m o t io n  s t im u la t io n .
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557.21
T H E  S T E A D Y - S T A T E  H O R I Z O N T A L  O P T O K I N E T I C  N Y S T A G M U S  IN  T H E  

G U I N E A  P IG . V .V .  M a r i in s k y * ,  M . R e b e r , J . K r ö lle r .  D e p t . o f  P h y s io lo g y .  F r e ie  

U n iv e r s i tät B e r l in .  A r n im a l l e e  2 2 .  14 1 9 5  B e r l in .  G e r m a n y  

O p t o k in e t ic  s t im u la t io n  o f  r e s tr a in e d  g u in e a  p ig s  w it h  a r o ta te d  s t r ip e -p a t te r n e d  

d r u m  e l i c i t e d  h o r iz o n t a l  n y s t a g m u s  w it h  t h e  b e a t  a m p l i t u d e  u p  to  8 ° .  U s in g  th e  

s e a r c h - c o i l  t e c h n iq u e  it w a s  f o u n d  th a t t h e  g a in  o f  n y s t a g m u s  -  e y e  

v e lo c i t y / s t im u lu s  v e lo c i t y  - w a s  in  th e  r a n g e  o f  0 .3 - 0 .8 .  D u r in g  b in o c u la r  

s t im u la t io n  t h e  m e a n  g a in  o f  th e  e y e  m o v e d  t e m p o r o - n a s a l iy  in  t h e  s lo w  

n y s t a g m u s  p h a s e  w a s  0 . 4 6 ± 0 .10 . T h e  g a in  d id  n o t  v a r y  w it h  s t im u la t io n  v e lo c i t i e s  

in c r e a s e  f r o m  0 .2 º / s  to  6 0 º / s .  A t  h ig h e r  s t im u lu s  v e lo c i t i e s  th e  g a in  d e c l in e d  

a b r u p tly . O n  a v e r a g e  th e  g a in  w a s  z e r o  at a s t im u la t io n  fr e q u e n c y  o f  8 7 º / s .  T h e  

g a in  in  r e s p o n s e  to  m o n o c u la r  t e m p o r o - n a s a l ly  d ir e c t e d  s t im u la t io n  w a s  a b o u t  

10 %  h ig h e r  th a n  th a t d u r in g  b in o c u la r  v i e w in g .  M o n o c u la r  s t im u la t io n  o f  th e  e y e  

n o t  b e a r in g  th e  c o i l  e l i c i t e d  n y s t a g m u s  in  th e  r e c o r d in g  e y e  w ith  a g a in  o f  a b o u t  

5 0 % . D u r in g  th e  O K N  e l i c i t e d  b y  b in o c u la r  s t im u la t io n  th e  e y e  m o v e m e n t s  w e r e  

n o t  c o n j u g a t e .  T h e  e y e  m o v e d  t e m p o r o - n a s a l ly  in  t h e  s lo w  n y s t a g m u s  p h a s e  w a s  

u p  to  2 0 %  fa s te r  th a n  th a t  m o v e d  n a s o - t c m p o r a l ly .  D ir e c t io n a l  a s y m m e tr y  o f  th e  

O K N  e l i c i t e d  b y  m o n o c u la r  s t im u la t io n  w a s  o b s e r v e d  at s t im u lu s  v e lo c i t i e s  

e x e e d in g  1 0 ° / s: th e r e  w a s  a r e s p o n s e  o n ly  to  t e m p o r o - n a s a l ly  d ir e c t e d  s t im u l i .  A t  

l o w e r  s t im u lu s  v e l o c i t i e s  n o  d ir e c t io n a l  a s y m m e t r y  w a s  o b s e r v e d .

P a r t ia l c o v e r in g  o f  th e  v i s u a l  f ie ld  w it h  a h o r iz o n t a l  1 0 °  w id e  b la c k  s tr ip e  

s h i f t e d  in  th e  s u p e r io - in f e r io r  d ir e c t io n  r e v e a le d  th a t th e  r e t in a l  a r e a  s p r e a d in g  

2 0 °  u p w a r d s  fr o m  th e  h o r iz o n t a l  w a s  a b o u t  1 0 %  m o r e  s e n s i t i v e  to  o p t o k in e t ic  

s t im u l i  th a n  th e  o t h e r  p a r ts . In  th e  a n t e r io - p o s t e r io r  d ir e c t io n  th e  r e t in a  w a s  

e v e n ly  s e n s i t i v e  to  t h e s e  s t im u l i .  T h e  m in im a l  h o r iz o n t a l  w id t h  o f  th e  m o n o c u la r  

v is u a l  f ie ld  to  e l ic i t  th e  O K N  o f  th e  m a x im a l  g a in  w a s  4 0 ° .  T h e  a n te r io r  e d g e  o f  

th e  m o t io n - s e n s i t i v e  m o n o c u la r  v is u a l  f ie ld  c o in c id e d  w it h  th e  h e a d ' s  

lo n g i t u d in a l  a x is ;  th e  p o s t e r io r  e d g e  w a s  lo c a t e d  1 4 0 °  b e h in d .

POSTURE AND MOVEMENT II

558.1

NITRIC OXIDE AND GLUTAMATE RECEPTOR INTERACTION IN 
AMBIGUOUS MOTONEURONS.
Y. Yajima*1 , Y. Hayashi 1 and T. Hayakawa2 . Dept. o f P h ysio logy1 and 
Anatomy2, H yogo College o f M edicine, Nishinomiya, Hyogo 663-8501, 
Japan

Nitric oxide (NO) is implicated to play an important role in autonomic 
nervous system. We have indicated that NMDA and non-NMDA receptors 
modified synaptic transmission in nucleus ambiguus (NA) motoneurons. 
However, recent anatomical study has shown that pathways connecting 
nucleus tractus solitarius (NTS) NO neurons to NA motoneurons 
possessed nitric oxide synthase (NOS) in their synaptic terminals. This 
suggestes that NO and glutamate receptor subtypes may interact each other 
and regulate the upper alimentary tract function such as respiration, 
swallowing and vocalization.

NOS inhibitor N G-nitro L-arginine methyl ester (L-NAME; 50 mM), 
N M D A (100mM) and A M PA (10mM) were applied iontophoretically 
through a barrel electrode gluing a micropipette that allowed us to record 
antidromic action potentials from NA motoneurons to ipsilateral RLN 
stimulation. L-NAME tended to attenuate the amplitude of antidromic- 
action potentials recorded from the semicompact formation o f NA 
complex. Co-application of L-NAME with NMDA but not with AMPA 
strengthened this suppressive effect. These results implicated that NOS in 
presynaptic terminals originating from NTS may interact to pre- or 
postsynaptic endogenous NMDA receptors and exert a significant 
modulatory function in NA motoneurons.

558.3
DECOMPOSITION OF FORCES AND MUSCLE PATTERNS INTO CONTROLLED FORCE- 
FIELD PRIMITIVES IN THE REFLEX MOVEMENTS OF SPINAL FROGS. S.F. Giszter , W. 
Kargo, B.T. Himes1 and M.R. Davies. Dept Neurobiology and Anatomy, MCPH Sch Med, 
Allegheny University of Health Sciences, Philadelphia, PA 19129.

It is known that there is some correspondence between reflex induced isometric force 
patterns and isometric force patterns induced by spinal stimulation (Giszter et al. 1993), and 
similarly there is correspondence between cutaneous afferent/reflex maps and spinal 
stimulation maps (Tresch 1997). At least two possibilities exist: (1) there is a simple 1:1 
correspondence of reflex and ’primitive’, or (2) the regulation of reflex motions represents a 
configuration and motion based combination and control of multiple primitives, or force patterns 
(i.e. online assembly of the reflex pattern from multiple component primitives). These 
alternatives are independent of whether circuits supporting them are localized or are widely 
distributed in the spinal cord, and of differing interpretations of microstimulation data.

We speculated that the muscle activity patterns that allow regulation and adjustments of the 
reflex behaviors were due to assembly and regulation of several underlying primitives. We 
analyzed the hind-limb wiping motor pattern in detail using statistical methods. We found that 
muscle bursts could be separated into two waves of activity (the second stronger). Each wave 
showed little variation in peak timing in an individual frog. These waves had different 
amplitudes and were composed of varying balances of two muscle groups based on initial 
configuration of the limb. Our data suggest to us that the frog spinal cord may separate timing 
generation from the assembly of the muscle pattern. The individual muscles covaried strongly 
within a muscle group. Muscle groups were similar among frogs and produced specific force- 
field effects. These force-field elements resembled microstimulation results (e.g. Bizzi et al. 
1991, Giszter et al. 1993, Mussa-lvaldi et al. 1995). Effects of deafferentation and the 
responses to environmental interactions induced through a phantom haptic interface robot 
could also be attributed to specific variations in activation of one or more of these groups within 
a phase. We consider these groups and their sensory regulations to be motor primitives that 
are combined to assemble the reflex. Supported by NIH R29-NS34640.

558.2
PROPRIOCEPTIVE CODING OF HINDLIMB POSITION AND MOVEMENT IN THE FROG. 
William J. Kargo*, Michelle R. Davies, Michael McGee, Simon F. Giszter. Dept Neurobiology and 
Anatomy, MCPH Sch Med, Allegheny Univ of Health Sciences, Philadelphia, PA 19129.

We have demonstrated previously that proprioceptive feedback contributes to the spinal control 
of the hindlimb wipe in the frog. Both kinematic and force field changes observed after 
deafferentation were consistent with an altered balance of activity between knee flexor groups 
and hip extensor groups and depended on limb configuration and dynamics.

We investigated the in situ static and dynamic responses of afferents from the hindlimb 
following perturbations applied to the limb endpoint via a robot. The perturbations were applied 
in the horizontal plane in 8 different directions at each of 9 tested locations, in either cartesian 
or joint based coordinates. Data were used to parameterize model spindles and also expressed 
directly as static muscle spindle fields spanning the limb workspace, using discharge preceding 
the perturbation. We also investigated the patterns of proprioceptive feedback actually delivered 
to the spinal cord from the wiping limb in different impedance environments. Muscle spindles of 
an initial muscle group discharged in a variable frequency train of action potentials with highest 
frequency before and slightly after movement onset. The parameters of the discharge differed 
between muscles for a particular limb position or load. The number and frequency of spikes 
within the early discharge phase depended on the initial limb configuration, and the duration also 
depended on the initial kinematics of the limb as modified by load. Muscle spindles from a 
second muscle group active prior to movement termination showed a stable frequency train prior 
to motion which varied with configuration as expected. This pattern was followed later in the 
movement by a pattern of increased discharge close to motion termination and limb contact. 
Selective deafferentation showed that cuianeous afferents appeared to provide no significant 
information for the control of the wipe kinematics up to limb contact. Taken together these data 
will allow an assessment of the patterns and precision of proprioceptive information available 
from individual afferents and populations of muscle afferents before and during frog reflex 
movements.

Supported by NIH R29-NS34640 and ASRI fellowship to WK.

558.4
PARTIAL RECOVERY FROM MOTOR DEFICITS DUE TO LARGE-FIBRE 
DEAFFERENTATION BY PYRIDOXINE. G.M. Bishop*, M.Hulliger. & J.P.A. 
Foweraker. Dept. of Clinical Neurosciences, Calgary, AB, Canada T2N 4N1.

Pyridoxine intoxication causes selective degeneration of large sensory affer
ents in peripheral nerves. In the cat, this is associated with an incapacitating 
acute syndrome, with animals unable to stand and walk (Hulliger et al., Gait 
& Posture, in press). Qualitative observations indicated that in some animals a 
partial recovery of motor function occurred over the period of a few weeks. 
The questions were whether this could be quantitated reliably and whether 
such recovery reflected sensory regeneration, some transient deficit due to 
intoxication, or genuine plastic adaptation of sensorimotor networks.

The sensorimotor syndrome after pyr¡doxine treatment (3 x 350 mg/kg, 
i.p.) was studied in chronic cats. The motor deficits were analyzed using daily 
kinematic recordings during treadmill locomotion and landing from falls. Loco
motor abnormality was quantitated by path-length analysis of limb and trunk 
trajectories. The sensory deficits were examined in single unit and compound 
potential recordings in terminal acute experiments, 3 weeks after intoxication.

Typically, 3 to 6 days after pyridoxine treatment, the animals were unable 
to stand, walk or resist the inertial impact upon landing from a short fall (15 
cm). Over the subsequent 2 weeks, most animals regained some locomotor cap
ability. The size and variability of limb and trunk trajectories, which were dist
inctly increased just before the maximum acute syndrome, gradually decreased, 
although gait remained abnormal. Similarly, the ability to deal with inertial 
loading during landing gradually returned. Terminal acute experiments re
vealed a lasting deficit of large-fibre sensory feedback. Nerve histology, while 
demonstrating fibre degeneration, did not reveal signs of early regeneration.

The observation of partial recovery without restoration of sensory feed- 
back function may be due to reorganization of sensorimotor circuits at spinal 
or supraspinal levels. Non-invasive pyridoxine deafferentation may then provide 
a model of neuronal plasticity and motor rehabilitation. However, while indep
endent evidence from NMR analysis of amino acid metabolism rules out lasting 
toxic action on the CNS (at 3 weeks), the occurrence of early transient (revers
ible) central deficits remains to be investigated. Supported by AHFMR.
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558.5
Effects of cutaneous input on the modulation of primary afferent
DEPOLARIZATION IN MUSCLE GROUP I FIBRES DURING FICTIVE LOCOMOTION IN THE 
cat , A . M e n a r d , H . L e b lo n d  an d  J .-P . G o ssa r d * , C e n tr e  d e  R e c h e r c h e  e n  S c ie n c e s  

N e u r o lo g iq u e s ,  D é p a r te m e n t  d e  P h y s io lo g ie ,  U n iv e r s i t é  d e  M o n tr é a l,  M o n tr é a l,  Q u é b e c ,  

C a n a d a  H 3 C  3 J 7 .

T h e  tr a n s m is s io n  o f  s e n s o r y  in p u t  d u r in g  s te p p in g  c a n  b e  p a r tly  c o n tr o lle d  at a 

p r e s y n a p t ic  l e v e l  v ia  p r im a r y  a ffe r e n t  d e p o la r iz a t io n s  ( P A D s ) .  T h e  s e g m e n ta l  P A D  

p a t h w a y s  c a n  b e  a c t iv a te d  b y  s e n s o r y  v o l le y s ,  s u p r a sp in a l  in p u t an d  c e n tr a l p a ttern  

g e n e r a to r s  (C P G s ) .  W e  h a v e  a lr e a d y  r e p o r te d  th a t P A D s  e v o k e d  b y  m u s c le  n e r v e  

s t im u la t io n  in  g r o u p  I m u s c le  a ffe r e n ts  w e r e  m o d u la te d  in  a p h a s e -d e p e n d e n t  m a n n e r  b y  

th e  C P G  f o r  lo c o m o t io n .  T h e  a im  o f  th is  s tu d y  is  to  e x p a n d  o u r  u n d e r s ta n d in g  o f  th e  

f u n c t io n a l  c ir c u itr y  o f  p r e s y n a p t ic  in h ib it io n  d u r in g  lo c o m o t io n  b y  in v e s t ig a t in g  th e  

e f f e c t s  o f  c u ta n e o u s  in p u t  o n  P A D s  in  m u s c le  a ffe r e n ts . F ic t iv e  s te p p in g  w a s  e ith e r  

s p o n t a n e o u s  o r  e v o k e d  b y  m e s e n c e p h a l ic  s t im u la t io n  in  th e  d e c e r e b r a te  c a t o r  in d u c e d  

b y  th e  in j e c t io n  o f  n ia la m id e  an d  L - D O P A  in  th e  s p in a l  c a t  ( T 13 ) .  P A D s  e v o k e d  by  

s t im u la t in g  d if fe r e n t  m u s c le  n e r v e s  (3  p u ls e s ,  5 T , 3 0 0 H z )  w e r e  r e c o r d e d  in tr a -a x o n a lly  

w it h  g la s s  m ic r o p ip e t te s  in  id e n t if ie d  m u s c le  p r im a r y  a ffe r e n ts . D if fe r e n t  c u ta n e o u s  

n e r v e s  (su ral, su p e r f ic ia l  p e r o n e a l ,  sa p h e n o u s )  w e r e  s t im u la te d  (1 - 3  p u ls e s ,  2 - 5 T ,  3 0 0 H z )  

e i t h e r  b e fo r e  ( 2 0 - 3 0  m s ) ,  o r  d u r in g , th e  m a x im a l P A D . S o  far, 16  tr ia ls  o b ta in e d  in  13  

a x o n s  fr o m  6  c a ts  w e r e  a n a ly z e d  ( 4  p la n ta r is ;  4  la tera l g a s tr o c n e m iu s -s o le u s ;  3 p o s te r io r  

b ic e p s - s e m it e n d m o s u s ;  1 s e m im e m b r a n o s u s - a n te r io r  b ic e p s ;  1 t ib ia l p o s te r io r ) .  T h e  

r e s u lt s  r e v e a le d  th a t th e  c u ta n e o u s  v o l l e y s  d e c r e a s e d  th e  o v e r a ll  P A D  a m p litu d e  in  th e  

m a jo r ity  o f  c a s e s  ( 1 3 / 1 6 ) ,  b u t c o u ld  a ls o  in c r e a s e d  it  ( 2 / 1 6 )  o r  h a d  n o  e ffe c t  ( 1 /1 6 ) .  

M o r e o v e r ,  in  8 /9  c a s e s  a n a ly z e d , c u ta n e o u s  in p u t m o d if ie d  th e  p a ttern  o f  p h a se -  

d e p e n d e n t  m o d u la t io n  o f  P A D  a m p litu d e  b y  d e c r e a s in g  ( 3 /7  in  f le x io n ,  4 /7  in  e x te n s io n )  

o r  in c r e a s in g  P A D  (1 /1  in  e x t e n s io n )  d u r in g  p a r t ic u la r  p h a s e s  o f  th e  f ic t iv e  s te p  c y c le .  

T h e s e  f in d in g s  s u g g e s t  th a t c o m p le x  in te r a c t io n s  b e t w e e n  c u ta n e o u s  and  p r o p r io c e p t iv e  

f e e d b a c k  p r o d u c e d  b y  s te p p in g  m o v e m e n t s  w i l l  d e te r m in e  th e  p a tte r n  o f  p r e sy n a p tic  

in h ib it io n  in  m u s c le  g r o u p  I a ffe r e n ts . (S u p p o r te d  b y  th e  C a n a d ia n  M R C  an d  N S E R C ) .

558.7
NEURAL ACTIVITY OF THE PRIMATE CEREBELLAR THALAMUS 
DURING MOVEMENTS WITH DIFFERENT FORCE REQUIREMENTS.
J .J .I v a n u s ic , D .W . B o u r k e , Z .M .X u , M .K .H o r n e  a n d  E .G .B u t le r  * .

D e p t . o f  A n a t o m y ,  M o n a s h  U n iv e r s i t y ,  C la y t o n ,  V ic t o r ia ,  A u s tr a lia ,  3 1 6 8 .

T h e  d i s c h a r g e  p a t t e r n  o f  s o m e  m o t o r  c o r t e x  n e u r o n e s  c a n  e n c o d e  t h e  f o r c e  

r e q u i r e d  f o r  m o v e m e n t  p r o d u c t i o n .  W e  h a v e  p r e v i o u s l y  s h o w n  t h a t  t h e  

c e r e b e l l a r  t h a l a m u s ,  w h i c h  p r o j e c t s  t o  t h e  m o t o r  c o r t e x ,  s e e m s  t o  b e s t  e n c o d e  

t h e  v e l o c i t y  o f  m o v e m e n t .  H o w e v e r ,  t h i s  a p p a r e n t  r e l a t i o n s h i p  w i t h  v e l o c i t y  

m a y  b e  a r t e f a c t u a l ,  s i n c e  f o r c e  c o v a r i e s  w i t h  v e l o c i t y  w h e n  l i m b  i n e r t i a l  l o a d  

i s  u n c h a n g e d .  T h e r e  h a s  b e e n  n o  d e t a i l e d  e x a m i n a t i o n  o f  t h e  r e l a t i o n s h i p  

b e t w e e n  f o r c e  a n d  n e u r a l  d i s c h a r g e  ( N D )  o f  c e r e b e l l a r  t h a l a m i c  n e u r o n e s ,  

w h i c h  t h i s  p r e s e n t  s t u d y  a d d r e s s e s  b y  u s i n g  d i f f e r e n t  i n e r t i a l  l o a d s .  S i n g l e  

c e l l  r e c o r d i n g s  w e r e  m a d e  f r o m  a  m a c a q u e  t r a i n e d  t o  p e r f o r m  

f l e x i o n / e x t e n s i o n  w r i s t  m o v e m e n t s  b y  t r a c k i n g  a  t a r g e t  o n  a  s c r e e n .  T h e  

a n i m a l  p e r f o r m e d  t h e s e  m o v e m e n t s  in  b l o c k s  o f  3 0  c o n t r o l  ( n o  l o a d )  

m o v e m e n t s ,  5 0  w i t h  a  1 0 0 g  in e r t i a l  l o a d  a n d  a  f u r t h e r  5 0  w i t h  a  3 5 0 g  i n e r t i a l  

l o a d .  T h e  e f f e c t  o f  t h e  i n e r t i a l  l o a d  o n  t h e  k i n e m a t i c s  o f  m o v e m e n t  a n d  t h e  

N D  o f  w r i s t  r e l a t e d  c e l l s  in  c e r e b e l l a r  t h a l a m u s  a n d  V P L c  w a s  i n v e s t i g a t e d .  

W e  r e c o r d e d  f r o m  3 5  c e l l s  ( 1 9 ,  c e r e b e l l a r  t h a l a m u s ;  1 6 ,  V P L c ) .  A n a l y s i s  o f  

k i n e m a t i c s  c o n f i r m e d  p r e v i o u s  r e p o r t s  d e m o n s t r a t i n g  t h a t  m o v e m e n t s  a r e  

l o n g e r  a n d  s l o w e r  w h e n  l i m b  in e r t i a l  l o a d s  a r e  i n c r e a s e d .  T h e  t a s k  r e l a t e d  

a c t i v i t y  o f  c e l l s  b e g a n  l a t e r  a n d  w a s  o f  l o n g e r  d u r a t i o n  w h e n  i n e r t i a l  l o a d  w a s  

i n c r e a s e d .  T h e  N D  r a t e  d u r i n g  t h e  t a s k  r e l a t e d  b u r s t  o f  c e r e b e l l a r  t h a l a m i c  

n e u r o n e s  w a s  r e d u c e d  w h e n  in e r t i a l  l o a d s  w e r e  a d d e d  ( 6 8 % ) ,  in  c o n t r a s t  t o  

t h e  a c t i v i t y  o f  V P L c  c e l l s  w h o s e  r a t e  e i t h e r  i n c r e a s e d  o r  d i d  n o t  c h a n g e  

( 8 1 % ) .  T h e  r e s u l t s  s u g g e s t  t h a t  t h e  N D  o f  c e r e b e l l a r  t h a l a m i c  c e l l s  e n c o d e  

v e l o c i t y  r a t h e r  t h a n  f o r c e .  (Supported by the Australian NH&MRC)

558.9
ACTIVATION PATTERS IN A PREFRONTAL-STRIATAL NETWORK 
DURING CONSOLIDATION OF MOTOR MEMORY R. Shadmehr* 
and HH Holcomb. Dept. of Biomedical Engineering, Johns Hopkins Univ. and 
Maryland Psychiatric Research Center, Univ. of Maryland, Baltimore, MD

Practicing reaching movements to visually presented targets in a force 
field leads to formation of motor memory. However, once practice ends, the 
resulting motor memory continues to develop. Within hours, a functional 
component of the memory fades, allowing the brain to learn a second field 
with little bias from the recently acquired memory. We used PET to in
vestigate the neural correlates of this decaying pattern of perseveration. 10 
min after completion of training (right arm) in Field A, some of the subjects 
learned Field B, while others learned B at 5.5 hrs. A network consisting 
of the left striatum and the dorsolateral prefrontal cortex (dl-PFC) became 
active during learning of Field A. As performance plateaued in A, activity 
in this network returned to baseline. When subjects learned B at 10 min, 
the network became reactivated and this was accompanied with significant 
behavioral interference. Neither the reactivation nor the interference were 
observed in the 5.5 hr group. Therefore, the reactivation at 10 min may 
reflect a competitive process between the two motor memories. However, 
regions which most significantly differentiated the groups during learning 
of B were in the ventral-PFC, areas that did not exhibit learning-related 
activation changes in Field A. Primates with ventral-PFC deficits tend to 
have increased perseveration of a previously learned but now inappropriate 
association. Taken together, it is possible that the initial phase of motor 
memory consolidation depends on a network which includes the dl-PFC 
and the basal ganglia, and that the ventral-PFC plays a time-dependent 
role in limiting interference from the recently acquired but now inappropri
ate visuo-motor association. Supported by ONR and Whitaker Foundation.

558.6
D E V E L O P M E N T A L  P L A S T I C I T Y  O F  H I N D L I M B  L O C O M O T O R  R E F L E X E S  IN  

K I T T E N S  W IT H  T E N D O N  T R A N S F E R S .  G .E . L o e b * . M R C  G r o u p  in  S e n s o r y -  

M o to r  N e u r o s c i e n c e ,  Q u e e n ’s U n iv e r s i t y ,  K in g s t o n ,  O N  K 7 L  3 E 6 ,  C A N A D A

L o c o m o t o r  p a tte r n s  o f  m u s c l e  a c t iv i t y  in  q u a d r u p e d s  a re  p r o d u c e d  b y  a  c e n tr a l  

p attern  g e n e r a to r  ( C P G )  in  th e  s p in a l  c o r d . F o r  th e  m a jo r  l im b  m u s c le s ,  th e  p a tte r n s  

a re  r e p r o d u c ib le  a c r o s s  a n im a ls  a n d  r e s is ta n t  to  c h a n g e  e v e n  w h e n  th e  m e c h a n ic a l  

a c t io n s  o f  m u s c le s  a re  c h a n g e d  b y  s u r g ic a l ly  c r o s s in g  th e ir  t e n d o n s  (F o r s s b e r g  &  

S v a r te n g r e n , N e u r o s c i .  L ett. 4 1 : 2 8 3 - 2 8 8 ,  1 9 8 3 ) .  D is ta l  m u s c l e s  h a v e  m o r e  v a r ia b le  

p a tte r n s  o f  lo c o m o t o r  a c t iv i t y  a n d  r e f le x  r e s p o n s e s  to  c u t a n e o u s  s t im u li  d u r in g  

l o c o m o t io n ,  s u g g e s t in g  th a t at le a s t  s o m e  o f  th e  p a tte r n s  m a y  b e  le a r n e d  b y  th e  C P G  

ra th er  th a n  g e n e t ic a l ly  h a r d w ir e d  ( L o e b ,  E x p .  B r. R e s .  9 6 : 1 2 5 - 1 4 0 ,  1 9 9 3 ) .

T w e n t y  k it te n s  ( 8 - 1 9  d a y s  o ld )  u n d e r w e n t  a  v a r ie ty  o f  t e n d o n  tr a n s fe r s  a n d  sh a m  

o p e r a t io n s  o n  b o th  le g s  a n d  w e r e  a l lo w e d  to  m a tu r e  u n d e r  n o r m a l,  g r o u p -r e a r in g  

c o n d it io n s .  A s  y o u n g  a d u lt s ,  t h e y  w e r e  tr a in e d  to  w a lk  s t e a d i ly  in  a m o to r iz e d  

tr e a d m ill .  B o th  h in d l im b s  w e r e  in s tr u m e n te d  id e n t ic a l ly  w ith  b ip o la r , e p im y s ia l  E M G  

e le c t r o d e s  o n  5 - 7  m u s c le s  ( t h o s e  s u r g ic a l ly  m o d if ie d  p lu s  s y n e r g is t s  a n d  a n ta g o n is t s ) ,  

b ip o la r  n e r v e  c u f f  e le c t r o d e s  fo r  s t im u la t in g  c u t a n e o u s  n e r v e s ,  a n d  tr ip o la r  s c ia t ic  

r e c o r d in g  e le c t r o d e s  to  c a lib r a te  s t im u lu s  e f f i c a c y .  E M G s  w e r e  r e c o r d e d  d u r in g  

l o c o m o t io n  w ith  a n d  w it h o u t  c u t a n e o u s  n e r v e  s t im u la t io n .  T h e  a n im a ls  w e r e  

s a c r if ic e d  s h o r t ly  t h e r e a f te r  to  id e n t i f y  th e ir  a c tu a l  m u s c u lo s k e le t a l  a r c h ite c tu r e s .

T h e  te n d o n  tr a n s fe r s  s h o w e d  a r e m a r k a b le  t e n d e n c y  to  r e g r o w  t o w a r d  n o r m a l or  

o n ly  s l ig h t ly  a lte r e d  m e c h a n ic a l  a c t io n .  In t h e s e  a n im a ls  a n d  in  th e  s h a m -o p e r a te d  

c o n t r o ls ,  th e  p a tte r n s  o f  m u s c le  a c t iv i t y  a n d  r e f l e x e s  w e r e  h ig h ly  s y m m e t r ic a l  in b o th  

l e g s . a lth o u g h  th e y  c o u ld  d if fe r  s u b s ta n t ia l ly  b e t w e e n  a n im a ls ,  p a r t ic u la r ly  fo r  th e  

c u t a n e o u s  r e f le x e s .  E le v e n  a n im a ls  h a d  at le a s t  s o m e  p e r s is te n t  a lte r a t io n s  in m u s c le  

a c t io n .  T h e ir  c u t a n e o u s  r e f le x  p a tte r n s  te n d e d  to  b e  a s y m m e t r ic a l ,  in s o m e  c a s e s  q u ite  

m a r k e d ly ;  n o r m a l lo c o m o t o r  a c t iv i t y  a n d  o th e r  b e h a v io r s  w e r e  m o s t ly  s y m m e tr ic a l .

T h is  r e se a r c h  w a s  f u n d e d  b y  th e  C a n a d ia n  M e d ic a l  R e s e a r c h  C o u n c il .

558.8
A S S O C I A T I O N  O F  C O R T I C O S P I N A L  E X C I T A B I L I T Y  D U R I N G  T A S K  

P E R F O R M A N C E  W I T H  H A N D E D N E S S  A N D  D E X T E R I T Y  B . B r o u w e r ’ 1, M .A .  

N o r d s tr o m 2, a n d  M .V .  S a le 2. 1S c h .  R e h a b i l i t a t io n  T h e r a p y ,  Q u e e n ’s U n iv e r s i t y ,  

O n ta r io , C a n a d a , 2D e p t .  P h y s io lo g y ,  U n iv e r s i t y  o f  A d e la id e ,  S o u t h  A u s t r a l ia ,  5 0 0 5 .

H e m is p h e r ic  a s y m m e t r ie s  in  th e  e x c i t a b i l i t y  o f  c o r t ic o s p in a l  ( C S )  n e u r o n s  

p r o je c t in g  to  r e la x e d  h a n d  m u s c le s  h a v e  b e e n  a s s o c ia t e d  w ith  h a n d  p r e fe r e n c e  an d  

d e x te r ity .  It is  n o t  c le a r  w h e th e r  s u c h  a s y m m e t r ie s  p e r s is t  d u r in g  v o lu n ta r y  a c t iv a t io n  

o f  th e  ta r g e t  m u s c le s .  T h is  s tu d y  e x a m in e d  d e x t e r it y  a n d  C S  a c t iv a t io n  d u r in g  w e a k  

is o m e t r ic  a b d u c t io n  o f  t h e  in d e x  f in g e r .  T o  d a te , 12  r ig h t -h a n d e d  ( R H )  a n d  11 le f t -  

h a n d e d  (L H )  su b je c t s  h a v e  c o m p le t e d  th e  f o l lo w in g  t e s t s  o f  d e x te r ity  w ith  e a c h  h an d :  

p la c in g  p e g s  in to  h o le s  (P u r d u e  p e g b o a r d ) ;  k e y  ta p p in g  w it h  th e  in d e x  f in g e r ;  a n d  

a lte r n a te  ta p p in g  o f  t w o  k e y s  w ith  th e  in d e x  a n d  m id d le  f in g e r s .  T h e  d e g r e e  o f  h a n d  

p r e fe r e n c e  w a s  r e f le c te d  b y  th e  la te r a lity  q u o t ie n t  (L Q )  d e r iv e d  fr o m  th e  E d in b u r g h  

H a n d e d n e s s  I n v e n to r y  (r a n g e : - 1= s tr o n g  l e f t  to  + 1= s tr o n g  r ig h t) .

T r a n sc r a n ia l m a g n e t ic  s t im u la t io n  w a s  a p p l ie d  o v e r  e a c h  h e m is p h e r e  (a t  .8 ,  .9 ,  an d  

r e s t in g  t h r e sh o ld  in te n s it ie s )  w h i le  s u r fa c e  e le c t r o d e s  r e c o r d e d  m o to r  e v o k e d  p o te n t ia ls  

( M E P s )  fr o m  fir s t  d o r sa l in t e r o s s e o u s  m u s c le  ( F D I )  a s  s u b j e c t s  g e n e r a te d  a b d u c t io n  

f o r c e s  o f  5O g, 1 0 0 g , a n d  2 0 0 g  w it h  v is u a l  f e e d b a c k .  F o r  R H  a n d  L H  g r o u p s ,  th e  

d o m in a n t  h a n d  p e r fo r m e d  b e tte r  th a n  th e  n o n -d o m in a n t  h a n d  in  p e g b o a r d  ( p < .0 0 0 3 )  a n d  

s in g le  d ig i t  ta p p in g  ( p < .0 0 0 1 )  te s t s .  R ig h t - le f t  d i f f e r e n c e s  in  P u r d u e  s c o r e s  c o r r e la te d  

w ith  th e  L Q  ( r = .4 8 ,  p < .0 5 ) ,  y e t  t a p p in g  s c o r e s  d id  n o t .  T h e r e  w a s  a  t e n d e n c y  fo r  M E P  

s i z e  (n o r m a l iz e d  to  m a x im a l  M  w a v e )  in  th e  p r e fe r r e d  h a n d  to  b e  s m a l le r  in  L H  &  R H  

su b je c t s  w ith  e x tr e m e  L Q  v a lu e s .  P u r d u e  d i f f e r e n c e  s c o r e s  w e r e  c o r r e la te d  to  th e  s iz e  o f  

th e  M E P s  g e n e r a te d  in  le f t  F D I  o f  L H  s u b j e c t s  o n ly ,  fo r  7 /9  s t im u lu s / f o r c e  

c o m b in a t io n s  ( .5 3 0 <  r < .7 8 4 ) .  T a p p in g  s c o r e s  w e r e  n o t  g e n e r a l ly  a s s o c ia t e d  w ith  

M E P  s iz e .  T h e  f in d in g s  s u g g e s t  th a t th e  a m o u n t  o f  C S  in v o lv e m e n t  in  m a in t a in in g  

w e a k  is o m e t r ic  c o n tr a c t io n s  w ith  th e  p r e fe r r e d  h a n d  is  l o w  w h e n  la t e r a liz a t io n  o f  h a n d  

p r e fe r e n c e  is  s tr o n g , b u t a  c o m p a r a b le  r e la t io n s h ip  w ith  d e x t e r i t y  w a s  o n ly  e v id e n t  in  

L H  s u b je c t s .  (Supported by the ARC & Association o f Commonwealth Universities)

558.10
IS A LONG AND DEEP PYRAMIDAL TRACT RELATED TO 
FINE AND RAPID DIGIT MOVEMENTS?: A 
RECONSIDERATION USING A PHYLOGENETIC APPROACH. 
A. Iwaniuk, S.M. Pellis* and I.O. Whishaw. Dept. Psychology 
and Neuroscience, Univ. of Lethbridge, Lethbridge, AB, 
CANADA, T1K-3M4.

The pyramidal tract has long been associated with the amount 
of digital dexterity of a given species. Many cross-species 
comparisons have been made regarding the length and depth of 
penetration of pyramidal tract fibres and it has been suggested 
that the longer and deeper the fibres are, the greater the 
animals' dexterity. These studies are problematic in that they 
treat each species as an independent data point. As all species 
share a common ancestry and phylogeny plays a major role in the 
evolution of an organism, individual species do not represent 
independent data points and thus, we chose to examine this source 
of error. Using published data on the length and depth of 
penetration of pyramidal tract fibres and dexterity, we 
performed a comparative analysis which corrects for 
phylogenetic relationships. If the anatomy of the pyramidal 
tract is essential for fine digit control, then one would expect some 
degree of coevolution of between anatomy and dexterity once any 
phylogenetic effect has been removed. The results show that a 
distinct bias in the number of species sampled from each order 
may have had a significant effect on previous findings. We 
recommend the use of modem comparative statistics for 
synthesizing neural structure and behaviour.

Society for Neuroscience, Volume 24 ,1998



TUESDAY PM PO ST U R E  A N D  M O V E M E N T  ĩ ï 1415

558.11
M O T O R  C O R T IC A L  N E U R O N S  A N D  F O R E L IM B  M U SC L E S: 
FU N C T IO N A L RELATION S DERIVED FROM  M ULTIPLE REGRESSION 
ANALYSIS. L.E. M iller* an d  R. N. H o ld efer
P hysio logy D ept., N o rth w es te rn  U niv. M ed. Sch., C hicago, IL 60611

In the p a s t w e h av e  fo u n d  stro n g  cross co rre la tio n s  b e tw een  the firing  
ra te  of p r im a ry  m o to r cortex  (M l) n e u ro n s  an d  the  ac tiv ity  of g ro u p s  of 
forelim b m uscles. D u rin g  m ovem ent, m an y  n e u ro n s  are  coactive, b u t often 
w ith  ra th e r  d istin c t firing  p a tte rn s . W e h av e  recen tly  b e g u n  in v estig a tin g  
how  m otor com m and signals m ay  be d istrib u ted  across m ultip le  neurons.

T hree  m in u te  d a ta  files w ere  rec o rd e d  w h ile  m o n k ey s  p e rfo rm e d  a 
"center-out" b u tto n  p ress in g  task. 42 g ro u p s of s im u ltan eo u sly  reco rd ed  M l 
n e u ro n s  an d  m uscles w ere exam ined , each  g ro u p  ran g in g  from  2 to 7 cells 
(m ean = 3.5) and  8 or 14 m uscles. Firing rate  an d  EMG signals w ere sm oothed  
w ith  a 140 m s G a u ss ia n  w in d o w , a n d  re -s a m p le d  a t 50 H z. C ro ss  
correla tions w ere calcu lated  b e tw een  all pa irs  of n e u ro n s  an d  m uscles w ith in  
each  g ro u p  an d  th e  m u sc le  y ie ld in g  th e  g rea te s t m ea n  co rre la tio n  w as 
selected. M ultip le  linear reg ression  w as u sed  to  describe  the activ ity  of this 
m uscle as a function  of several neurons. Each n eu ro n a l s igna l w as sh ifted  in 
tim e an a m o u n t equa l to the lag tim e of its p eak  EMG correla tion .

A cro ss  a ll g ro u p s , th e  m u lt ip le  c o r r e la t io n  c o e ff ic ie n t (R) w as  
significantly  g rea te r  th an  the m ean  n e u ro n /E M G  co rre la tio n  (m eans=  0.53 
and  0.35, respectively ; p  < .001). The ra tio  (R N  ) b e tw e en  R an d  the m ean  
co rre la tion  in creased  ex p o n en tia lly  w ith  each  a d d itio n a l u n it  in  the form : 

R n =  1.6 5 (1  -  e -0.22n) +  0 . 6 9 ,  w here  n is the  n u m b er of units. RN  decreased  
as a fu n ctio n  of in creasin g  c o rre la tio n  a m o n g  the  tim e -sh ifte d  n e u ro n a l 
signals, su g g estin g  th a t each  u n it en co d ed  d iffe ren t a sp ec ts  of the  m o to r 
com m and  signal, ra th e r th an  sim p ly  a n o isy  v ers io n  of a s ing le  com m and . 
S u pported  by  W hitaker F ndn. an d  N at. Inst. M en ta l H ealth .

558.13
C o n v e r g e n c e  b e t w e e n  c o r t ic o s p in a l  and  g r o u p  I in pu t  f r o m  e x t e n so r
MUSCLES DURING f ic t iv e  LOCOMOTION in  THE CAT, H. L eb lon d * , A. M é nard, 
and J.-P. G ossard, C .R .S .N ., D ép. P h ysio log ie , U n iv ersité de  M ontréal, M ontréal, 
Q uébec, C anada, H 3C  3J7.

T h e group I pathw ays that transm it load s ig n a ls  from  exten sor m u scles  
(extG R I) are b e liev ed  to share so m e  interneurones w ith  the central pattern 
generator b ecau se  they  are able to  reset and entrain the rhythm  o f  fic tive  
locom otion by initiating bursts o f  activity in h indlim b extensor m uscles. W e have 
already reported that both v estib u lo - and reticu losp in a l inputs can m odify  the 
excitability  o f  the ex ten so r  half-cen tre  but that they  are transm itted through tw o  
different su b sets  o f  sp inal in terneurones. In the presen t study, the spatial 
facilitation tech n iq u e w a s  used  to  e x a m in e  the interaction betw een  the  
corticosp inal fibres in clu d ed  in the  pyram idal tract (P T ) and the extG R I in 
extensor m otoneurones recorded intracellu larly in the decerebrate-partially  
spinalized ( T 13; ventral and lateral quadrants intact) cat in jected  w ith nialam ide  
and L -D O P A . W hen  lb  au togen etic  in h ib ition  w as replaced  by excitation , 
injection o f  drugs w as stopped and contralateral P T  (3 -6  p u lses, 2 5 - 1 50 µ A , 2 0 0 -  
3 0 0 H z) and extG R I (3 -6  p u lses, 1.2 -2 .0 T , 2 0 0 -3 0 0 H z )  w ere  stim ulated  
individually and together  w ith  d ifferen t pairing  intervals. I f  the tw o inputs 
converge on com m on  interneurones, the co m b in ed  exc ita tion  shou ld  be larger 
than their algebraic sum  i.e. a spatial facilita tion . S o  far, w e  have analyzed  71 
different pairing in 9  m otoneurones in 3 cats. Spatial facilita tion  w as observed  in 
the majority o f  the m otoneurones tested (5 /5  M G ; 1/1 L G S , 1/3 S m A B ) but on ly  
with specific  and precise co u p lin g  intervals betw een  the stim ulation o f  PT  and o f  
extG RI. It is thus p o ss ib le  that co rticosp in a l fibres project to a popu lation  o f  
spinal interneurones shared by the  extG R I to  regulate the tim in g  o f  the stance  
phase. (Supported  by the R ick  H ansen  F oun dation , M R C  and F C A R ).

558.15
E x e r c ise  T r a in in g  I m p r o v e s  R e c o v e r y  fr o m  S p in a l  C o r d  C o n m s io n  In ju r y  m  th e  R at. 

Karen  H u t c h in s o n * , L e s l e y  F is h er. J L in d e r m a n . D M  B a s s o  T h e  O h io  S ta te  

U n iv e r s ity . C o lu m b u s ,  O H

Tins pilot study was designed to compare 3 different modes o f exercise 
intervention after experimental spinal cord injury ( SCI), treadmill, swimming, and 
standing training. for their unpact on locomotor outcomes in the rat. Methods: 
Female Sprague Dawley rats (n=9) were subjected to a moderate SCI (1.1 nun 
displacement OSU device). and were randomly assigned to swim. stand or treadmill 
training which began 4 dpo and lasted for 6 wks. Data was compared to historical 
SCI controls (contusion injured but no training;n=12 ). Animals were tested weekly 
using the BBB locomotor rating scale. Results BBB scores o f  trained versus 
untrained SCI rats show that exercised groups had a faster rate o f  recovery than 
noil-exercised controls_______________________________________________________
M e a n  ( Se m . ) 7 dpo 14 dpo 21 dpo  28 dpo  35 dpo 42 dpo
SCI /No Ex  5 . 5  ( 1 . 6 )  7 6  ( 1 . 1 6 )  1 0 . 3  (2 5)  1 0 9  ( 1 3 )  1 0 . 9  (1 3 )   11 ( 0 )

SCI /Ex  7 .7  ( 4 ) 1 0 . 7 ( . 1 7 )  1 1 . 1  ( . 1 1 )  1 0 . 9  ( . 0 6 )  1 1 . 3  ( . 1 7 )  1 1 . 4  ( . 2 )

Exercised rats also demonstrated some forelimb-hindlimb coordination not seen in 
the non-exercised controls Evidence o f consistent bilateral plantar placing was first 
seen in stand trained animals, then swim and then treadmill trained animals, but was 
not observed in noil-trained SCI controls by 6 wks po. The relationship between the 
effect o f  the type o f training on locomotor recovery will be quantified using 
Kinematic Analyses. Conclusion: Exercise intervention early after SCI improves 
locomotor outcome in rats. However, it remains unclear whether specificity o f 
training will differentially enhance locomotor function.

558.12
C O M P U T I N G  S I N G L E  C E L L  A C T I V I T Y  IN  M O T O R  C O R T E X  A S  A  F U N C 

T I O N  O F  M O V E M E N T  D I R E C T I O N ,  H A N D  S P E E D ,  A N D  I N T R I N S I C T E L -  

L U L A R  C O O R D I N A T E S .  R . A j e m i a n , D .  B u l l o c k * ,  a n d  S  G r o s s b e r g .  D e p t .  

o f  C o g n i t i v e  a n d  N e u r a l  S y s t e m s ,  B o s t o n  U n i v e r s i t y ,  B o s t o n ,  M A  0 2 2 15

W h i l e  a  r e p r e s e n t a t i o n  o f  m o v e m e n t  d i r e c t i o n  in  t h e  a c t i v i t y  o f  in d i v i d u a l  

m o t o r  c o r t i c a l  c e l l s  h a s  b e e n  f i r m ly  e s t a b l i s h e d ,  q u e s t i o n s  p e r s i s t  r e g a r d in g  t h e  

c o o r d i n a t e s  u s e d  in  t h i s  r e p r e s e n t a t i o n  a n d  w h e t h e r  ( a n d  i f  s o  h o w )  m o v e m e n t  

s p e e d  is  s i m u l t a n e o u s l y  e n c o d e d .  T o  a d d r e s s  t h e s e  q u e s t i o n s . w e  p r e s e n t  a  m o d - 

e l fo r  c o m p u t i n g ,  a s  t h e  h a n d  t r a v e r s e s  a n  a r b i t r a r y  t r a j e c t o r y ,  a  c e l l ’s  a c t i v i t y  

a s  a f u n c t i o n  o f  t h e  c o o r d i n a t e  s y s t e m  in  w h ic h  t h a t  c e l l  is  h y p o t h e s i z e d  t o  

o p e r a t e .  S u c h  a  m o d e l  e n g e n d e r s  a  m e t h o d o l o g y  f o r  d i s t i n g u i s h i n g  b e t w e e n  c o - 

o r d i n a t e  s y s t e m s  o n  t h e  b a s i s  o f  c o o r d i n a t e - d e p e n d e n t  c e l l  m o d u l a t i o n  d u r in g  

p e r f o r m a n c e  o f  a  s e r i e s  o f  d i a g n o s t i c  c u r v e d  m o v e m e n t  p a t h s .  T h e  a c t u a l  c e l l  

m o d u l a t i o n  c a n  b e  c o m p a r e d  t o  t h e  p r e d ic t e d  c e l l  m o d u l a t i o n s  t o  c h o o s e  a  c o o r 

d i n a t e  s y s t e m  o f  b e s t  f i t .  In  i t s  f in a l  f o r m ,  t h e  m o d e l  d e p i c t s  m o v e m e n t - r e l a t e d  

c e l l  a c t i v i t y  o v e r  t h e  c o u r s e  o f  a n  a r b i t r a r y  h a n d - m o v e m e n t  p a t h  a s  t h e  l in e  

i n t e g r a l  o f  t h e  h a n d  in  a  v e c t o r  f ie ld  o f  s p a t i a l  p r e f e r r e d  d i r e c t i o n s  ( p d ’s )  w h o s e  

s t r u c t u r e  d e p e n d s  u p o n  t h e  p u t a t i v e  c o o r d i n a t e  s y s t e m  o f  t h e  c e l l .  A  p r e v io u s  

v e r s io n  o f  t h i s  m o d e l  ( A  j e m ia n  e t  a l . ,  S o c .  N e u r o .  A b s t r a c t ,  1 9 9 7 )  c la r i f i e d  d a t a  

r e g a r d in g  p o s t u r e - d e p e n d e n t  c h a n g e s  in  a  c e l l ’s  p r e f e r r e d  d ir e c t i o n  ( C a m init i  e t  

a l . ,  1 9 9 0 ;  S c o t t  a n d  K a la s k a ,  1 9 9 7 )  a n d  c o r r e l a t i o n s  b e t w e e n  c e l l  m o d u l a t i o n  

a n d  m o v e m e n t  c u r v a t u r e  ( H o c h e r m a n  a n d  W i s e ,  1 9 9 1 ) .  T h e  m o d e l  is  h e r e  e x 

t e n d e d  t o  c la r i f y  d a t a  r e g a r d in g  t h e  v a r i a t i o n  o f  c e l l  d i s c h a r g e  r a t e  w i t h  h a n d  

s p e e d  ( S c h w a r t z ,  1 9 9 2 )  a n d  p o s t u r e - d e p e n d e n t  c h a n g e s  in  t h e  d y n a m i c  r a n g e  o f  

a  c e l l ’s  t u n i n g  c u r v e  ( C a m i n i t i  e t  a l . , 1 9 9 0 ;  S c o t t . a n d  K a la s k a ,  1 9 9 7 ) .  S u p p o r t e d  

in  p a r t  b y  D A R P A .  N S F ,  a n d  O N R .

558.14
EFFECTS OF HEMISPHERECTOMY ON THE DIRECTION OF ROTATIONAL 
SWIMMING BEHAVIOR OF THE MOUSE S.L. Schm idt, C.C. Filgueiras, 
E.M. Caparglli-Dáquer, F.R. Rocha, Y. Abreu-Villaca, A .C. Manhães, R.W.F. Vitral 
& T.E. Krahe. Laboratório de Neurofisiologia - Universidade do Estado do Rio de 
Janeiro. Brazil, 20551-030

It has been suggested that the free swim rotatory test closely resembles the rotor 
test. However, in a typical rotometer bowl there is an absence of topological 
constraints whereas in the rotatory-swimming test the animals have the option of 
swimming along the wall o f the circular container. Unilateral hemispherectomy 
induces enduring ipsilateral turning in a traditional rotometer and severe contralateral 
somesthetic deficits. Here, we investigated the effects o f unilateral hemispherectomy 
on the preferred side of rotation in the rotatory swimming behavior of adult mice. The 
hemispherectomized group consisted o f 25 adult mice. Fourteen animals received a 
sham operation. After 15 days of recovery from the surgical procedures the animals 
were tested in the rotatory-swimming test. The test procedure consisted o f placing 
each mouse in a container filled with water (diameter = 21 cm; height = 36 cm). Each 
animal was tested on three different days (test time = 5 minutes, test-retest time 
interval = 48 hours). Vigorous movements from 30° to 30° were counted from the 
video images o f the tests. After the behavioral tests, the animals were anesthetized 
and perfused. The brains were removed, coronally cut in a freezing microtome, and 
stained with cresyl-violet. In all animals, the histological analysis showed that the 
forebrain were entirely eliminated. In the hemispherectomized group, for each testing 
session, ipsiversive versus contraversive turning was compared with Wilcoxon 
matched pair tests. In contrast to the expected results for rotations on land, in the 
rotatory swimming test the hemispherectomized mice had a significant strong bias to 
turn in the direction contralateral to their lesion. Thus, the rotatory-swimming test is 
recorded in an environment where the attraction to edges can influence behavior. 
FAPERJ UERJ

558.16
RELATIONSHIP BETWEEN AXONAL SPARING AFTER SCI AND RECOVERY OF 
CONTACT RIGHTING REFLEX IN RATS. DM Basso1* , A.E Lindsey2,MS Beattie2, JC  
Bresnahan2. 1Sch.of Allied Med. Prof.,2Cell Bio., Neurobio. &  Anat.; The Ohio State 
Univ., Columbus, OH 43210.

The extent of behavioral recovery after spinal cord injury (SCI) is dependent on 
spared proprIospinal and descending brainstem systems (Basso et al, 
Exp.Neurol. 1996,#139). The vestibulospinal system (VS) is differentially spared after 
mild vs. moderate (mod) SCI while very few long descending propriospinal axons (LP) 
are spared regardless of SCI severity. Interestingly, VS and LP axons primarily mediate 
contact righting. Therefore, we examined contact righting after mild and mod SCI in 
order to determine the relative contribution of these systems to behavioral recovery. 
Female Sprague-Dawley rats underwent mild (n= 6) or mod (n= 6) SCI with the OSU 
contusion device and recovered for 4  or 10 wks, respectively. To test contact 
righting, rats rotated from supine to prone on a table (4 trials/rat, weekly). 
Videotapes of contact righting were kinematically analyzed (Peak 5). Before sacrifice 
(3-7d), fluorogold was injected into the lumbar cord to determine VS and PS axonal 
sparing. PS sparing was minimal in both groups. Rats with greater sparing of VS 
axons (mild) had active rotation of the hindquarters (HQ) as early as 7 dpo and peak 
velocity (pk vel.) was 57% of normal by 28 dpo. After mod SCI, fewer VS axons were 
spared, active HQ rotation was delayed to 28-70 dpo, and pk vel was 60% of normal 
by 70 dpo. Thus, it appears that greater sparing of VS axons improves the rate but 
not the extent of recovery for contact righting. Support: NIH NS07291 and APA 
BB930 2.
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558.17

COMPARISON OF NMDA AND 6-OHDA LESIONS OF THE 
SUBSTANTIA NIGRA ON MOTOR AND SENSORIAL 
PROCESSES. S Maisonette1, C. Villela2, C. Magno2, J. Landeira- 
Fernandez2,3*& S. L. Schmidt1 1Institute de Biologia, UERJ, RJ, 
Brasil, 20501-030; 2Departamento de Psicologia, PUC-Rio, RJ, Brasil, 
22453-900; & 3UNESA,RJ, Brasil, 20261-060.

Different neural populations in the substantia nigra (SN) may play 
different roles in motor and sensorial processes. In the present work we 
investigated the participation of dopaminergic and non dopaminegic 
systems within the SN on circling (motor processes) and thigmotactic 
scanning (sensorial processes). Wistar rats were microinjected with N- 
methyl-D-aspartate (NMDA, 20 µg in Iµl) or 6 hydroxidopamine (6- 
OHDA, 8µg in 2 µg) into the SN. Circling and thigmotactic scanning 
were observed 24 hours before as well as 2, 7 and 21 after surgery. It 
was found that 6-OHDA lesions reduced thigmotactic scanning 
contraversive to the lesion side but increased circling ipsiversive to the 
side of the lesion. Conversely, NMDA lesions induced an increase in 
circling contraversive to the lesion side but had no effect on thigmotactic 
scanning. All the behavioral effects produced by NMDA and 6-OHDA 
lesions disappeared gradually within three weeks. These results suggest, 
in one hand, that lesion on SN dopaminergic and non-dopaminegic 
systems produce opposite roles on motor activity. On the other hand, 
the role of SN in the sensorial processes seem to be related to 
dopaminergic systems. CNPq and FAPERJ financial support

558.19
PHYSIOLOGICAL ANALYSES OF FREQUENCY EFFECTS ON 
HINDLIMB- AND FORELIMB-FORELIMB CONNECTIVITY IN THE 
NORMAL CAT. L A. RITZ*, W. M. NORMAN. AND R.D. JOHNSON. 
Department of Neuroscience, University of Florida, Gainesville, FL 32610.

We are investigating the spino-bulbo-sp nal and propriospinal con lections 
between the lumbar and cervical enlargements in cats. Using the decerebrate 
preparation, interlimb connections were stua ed with a condition-test (C-T) 
paradigm using a forelimb test circuit (superficial radial to deep radial ) and 
hindlimb (sciatic) or contralateral forelimb (superficial radial) modulation. The 
effects o f frequency were investigated by stimulation at .33, 1, 2, or 5 Hz.

Sciatic nerve stimulation resulted in direct discharge o f the deep radial 
nerve, at a 15-20 msec latency. Sciatic nerve modulation, o f the forelimb test 
circuit, has an excitatory effect at short ( 10msec) and long C-T intervals (50- 
200msec); intermediate intervals (30msec) had mixed results. Frequency 
effects were tested at a set interval of 10 msec. At .33 Hz, responses consisted 
of an early and a late polysynaptic activation. At higher frequencies, the late 
response was diminished and the early response, in most cases, was reduced in 
latency and enhanced in amplitude. Such responses were bilaterally 
symmetrical. Increasing frequency had a similar impact on forelimb modulation 
(contralateral) o f the forelimb test circuit.

These results provide a framework for evaluating interlimb circuit after 
thoracic compression injury, with fetal neurotransplants or with traini¡ g 
paradigms aimed at enhancing activity-dependent plasticity. Supported by NIH 
P01 NS35702 and the State of Florida BSCTRTF.

558.18
ADDITIVE AND SYNERGISTIC HINDLIM B TORQUE RESPONSES 
PRODUCED BY FOCAL M ICROSTIMULATION OF THE CAT L6 SPINAL 
CORD W ITH M ULTIPLE M ICROELECTRODES. J .R . R o p p o lo * ,  C . T a i, C . 
R o b in s o n ,  W .C . d e  G r o a t ,  &  A .M . B o o t h ,  D e p t s .  o f  P h a r m a c o lo g y  &  R e h a b il i ta t io n  S c i.  
&  T e c h .,  U n iv e r s i t y  o f  P i t tsb u r g h , P it t s b u r g h , P A  1 5 2 6 1  

P r e v io u s  s tu d ie s  fr o m  th is  la b o r a to r y  h a v e  s h o w n  th a t  m ic r o s t im u la t io n  o f  th e  L 6 s p in a l  
c o r d ,  u s in g  a  s in g le  f in e - t ip p e d  m ic r o e le c t r o d e ,  c o u ld  g e n e r a t e  la r g e  ( 5 0 - 9 0 N c m )  to r q u e  
r e s p o n s e s  fr o m  th e  lo w e r  h in d lim b  ( s h a n k ) ,  a b o u t  th e  k n e e  j o in t .  T h e  p u r p o s e  o f  th e  
p r e s e n t  s tu d y  w a s  to  e x a m in e  th e  p o s s ib i l i t i e s  o f  im p r o v in g  th e s e  r e s p o n s e s  b y  
m ic r o s t im u la t io n  w ith  s e v e r a l  e le c t r o d e s ,  a ll  p o s i t io n e d  in  th e  s a m e  m o to r  p o o l  a n d  w ith  
e a c h  e le c t r o d e  p r o v id in g  r e d u c e d  s t im u lu s  c u r r e n t  d e n s i t y .  M ic r o s t im u la t io n  w ith  s e v e r a l  
e le c t r o d e s  a ls o  p r o v id e d  th e  o p p o r tu n ity  fo r  e x a m in in g  v a r io u s  s t im u lu s  p a r a d ig m s  su c h  
a s  in t e r le a v in g  a n d  s im u lt a n e o u s  s t im u la t io n  a s  w e l l  a s  th e  o p t im a l e le c t r o d e  s e p a r a t io n .  
M a le  c a ts  w e r e  a n e s t h e t iz e d  w ith  p e n to b a r b ita l  ( 2 0 - 2 5 m g / k g  iv ) .  A  r o ta t io n a l  to r q u e  s e n s o r  
w a s  a t ta c h e d  to  th e  t ib ia  w ith  its c e n te r  o f  r o ta t io n  o v e r  th e  k n e e  j o in t .  E M G  a c t iv i t y  from  
th e  h in d  l im b  f le x o r  a n d  e x t e n s o r  m u s c le  g r o u p s  w a s  r e c o r d e d  v ia  f in e  ( 0 .2 5 m m )  s ta in le s s  
s t e e l  w ir e s  p la c e d  in th e  fl e x o r  a n d  e x t e n s o r  m u s c le s .  A  d o r s a l  la m in e c t o m y  e x p o s e d  th e  
L4 to  S 3 s p in a l  c o r d  a n d  r o o ts .  A  f ix e d  array  o f  fo u r  f in e - t ip p e d  ( 3 0 0 - 4 0 0 µ 2) a c t iv a te d  
ir id iu m  m ic r o e le c t r o d e s  w ith  e ith e r  0 .5  o r  1 m m  e le c t r o d e  s e p a r a t io n  w a s  u s e d  fo r  c o rd  
s t im u la t io n  ( 1 0 - 1 0 0 µ A ,  4 0 H z ,  0 . 2 m s e c  p u ls e  w id th ,  3 0 s e c  o n  l 2 0 s e c  o f f ) .  T h e  e le c tr o d e  
array  w a s  o r ie n te d  in  th e  r o s tr o c a u d a l d ir e c t io n  p a r a lle l  w ith  th e  m o to n e u r o n  p o o l  o f  th e  
L 6 s p in a l  c o r d . T h e  r e s p o n s e s  e l ic i t e d  at e a c h  o f  th e  f o u r  e le c t r o d e s  w e r e  s l ig h t ly  d if fe r e n t ,  
a lth o u g h  w ith  a d ja c e n t  e le c t r o d e s  at 0 .5 m m  s e p a r a t io n  th e  r e s p o n s e s  w e r e  o f te n  s im ila r .  
A d d it iv e  r e s p o n s e s  w e r e  g e n e r a te d  b e t w e e n  t w o  a d ja c e n t  a s  w e l l  a s  n o n -a d įa c e n t  
e le c t r o d e s  w ith  a  s e p a r a t io n  o f  3 m m  ( m a x im u m  t e s t e d ) .  A d d it iv e  e f f e c t s  w e r e  a ls o  
p r o d u c e d  b y  s im u lt a n e o u s  s t im u la t io n  w ith  3 &  4  e le c t r o d e s .  S y n e r g is t ic  r e s p o n s e s  w e r e  
e l i c i t e d  b y  2 ,  3 ,  o r  4  m ic r o e le c t r o d e s  a c t iv a t e d  s im u lt a n e o u s ly .  T h e  g r e a te s t  s y n e r g is m  
( 2 0 0 - 3 2 5 %  g r e a te r  th a n  a d d it iv e )  w a s  s e e n  w h e n  th e  s t im u lu s  in te n s ity  w a s  j u s t  at or  
s l ig h t ly  a b o v e  th r e s h o ld .  S t im u lu s  in t e r le a v in g  w ith  2 , 3 ,  o r  4  e le c t r o d e s  d e c r e a s e s  th e  
to r q u e  r e s p o n s e  c o m p a r e d  to  s y n c h r o n o u s  s t im u la t io n .  T h e s e  s t u d ie s  s u g g e s t  th a t f o c a l  
m ic r o s t im u la t io n  w ith  s e v e r a l  e le c t r o d e s  c a n  p r o v id e  e n h a n c e d  r e s p o n s e s  at r e d u c e d  
c u r r e n t  d e n s i t y .  T h e  o p t im a l n u m b e r  o f  e le c t r o d e s  (m a x im u m  o f  4  e x a m in e d  in th is  s tu d y )  
a n d  th e  id e a l  d is t a n c e  o f  s e p a r a t io n  a re  s t i l l  u n d e r  in v e s t ig a t io n .  ( S u p p o r te d  b y  N IH  
c o n tr a c t  # N O 1- 5 - 2 3 3 2 . )

558.20
THE MECHANICAL ACTION OF HETEROGENIC LENGTH REFLEXES IN A 
MODEL OF THE CAT ANKLE. T.J. Burkholder* and T.R. Nichols. Dept. of 
Physiology, Emory  University; Atlanta, GA 30322.

The myotatic unit concept, developed in two dimensions, suggests that a stretched 
muscle will generally excite muscles with the same major action while inhibiting 
muscles with opposing actions. The result is a joint torque that opposes the stretch. 
Underlying the myotatic unit is a network of monosynaptic la  excitation and 
reciprocal inhibition linking muscles around a common joint. The quantitative 
distribution of the heterogenic (intermuscular) length feedback among muscles 
crossing the cat ankle is quite complex and not well explained in a two dimensional 
framework. The 3-D action of the muscles crossing the cat ankle is also complex, and 
correlating these 3-D actions with heterogenic feedback gains is diffi cult. We have 
developed a neuro-mechanical model of the cat hindlimb incorporating autogenic and 
heterogenic length feedback. Inclusion of the third spatial dimension demands muscle 
torques to balance in the transverse and coronal planes in addition to the sagittal. The 
three dimensional model allowed us to test to what extent a reflexively generated force 
response directly opposes a perturbation and how this response is modified by 
heterogenic feedback. With the knee held fixed and the toe displaced vertically, the 
model predicts that the experimentally determined distribution of heterogenic feedback 
would enhance plantarflexion while maintaining nearly constant abduction in response 
to the forced flexion of the ankle. This redirection of force could be largely attributed 
to exaggerated activation of LG, which receives strong heterogenic excitation from 
MG. LG acts, like all the triceps surae, to both plantarflex and abduct the ankle. 
However, the action of LG is closer to pure plantarflexion than MG, so that by 
increasing the activation of LG relative to the other plantarflexors, the force response 
at the toe increases in magnitude and shifts toward the sagittal plane. Further 
refinements are necessary, but heterogenic length feedback may act to minimize 
variation in the non-sagittal torques that result from the anatomical arrangement of 
muscles and focus effort on body support and propulsion.
This work was supported by NIH grant NS20855.
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559.2

HIPPOCAM PAL PLACE C E LLS  AS EN G R AM -CREATING  
NEURONAL DEVICES N. L u d v ig *  D e p a rtm e n t o f  P h y s io lo g y  a nd  
P h a rm a c o lo g y , S ta te  U n iv e rs ity  o f N e w  Y o rk , H e a lth  S c ie n c e  C e n te r  
a t B ro o k ly n , B ro o k ly n , N Y  1 12 03 .

T h e  p re s e n t s tu d y  u s e d  an  e x p e r im e n ta l p a ra d ig m  p re v io u s ly  n o t 
e m p lo y e d  in p la c e  ce ll re s e a rc h . R a ts  (n = 6 ) w e re  a llo w e d  to  c h a s e  
fo o d  p e lle ts , res t, s le e p  a n d  d r in k  fre e ly , w ith o u t in te rru p tio n , fo r  as 
lo n g  a s  8 -2 4  h o u rs  in th e  s a m e , f ix e d  e n v iro n m e n t, w h ile  th e  fir in g  o f 
CA1 a n d  C A 3  p lace  ce lls  w e re  m o n ito re d  c o n tin u o u s ly . B y  d is p e rs in g  
th e  fo o d  p e lle ts  in te rm itte n tly , th e  m o v e m e n t p a tte rn s  o f the  a n im a ls  
c o u ld  be  c o n tro lle d  a n d  k e p t c o n s ta n t d u r in g  th e  d a ta  c o lle c tio n  
p e r io d s . O n ly  th o s e  ce lls  w e re  in c lu d e d  in th e  d a ta  a na lys is  o f  w h ic h  
a c tio n  p o te n tia l w a v e fo rm s  co u ld  be  c le a r ly  d e te c te d  th ro u g h o u t th e  
p ro lo n g e d  re c o rd in g  s e s s io n s .

It w a s  fo u n d  th a t a ll p la c e  c e lls  (n = 7 ) w h ic h  w e re  d e te c te d  a t th e  
b e g in n in g  o f  th e  re c o rd in g  s e s s io n s  c e a s e d  to  p ro d u c e  lo c a tio n - 
s p e c if ic  f ir in g  in  th e ir  o r ig in a l f ir in g  f ie ld s  w ith in  2 -1 2  h o u rs . A fte r  
th e n , th e y  e ith e r  p ro d u c e d  o n ly  a d if fu s e  b a c k g ro u n d  fir in g , o r 
d e v e lo p e d  s p a tia lly  s e le c tiv e  fir in g  a t o th e r  lo c a tio n s .

T h e s e  re s u lts  s e e m  to  s u p p o r t th e  id e a  th a t  th e  fu n c t io n  o f  p la c e  
c e lls  is to  c re a te  e n g ra m s  fo r  s p e c if ic  s p a tia l s ite s  in e x tra h ip p o -  
c a m p a l (p o s s ib ly  a s s o c ia t io n a l c o rtic a l)  a re a s , a n d  th a t a fte r  th e  
c o m p le t io n  o f  th e  c re a tio n  o f su c h  e n g ra m s  th e  c e lls  te rm in a te  th e ir  
h ig h  fre q u e n c y  d is c h a rg e s  in th e  p ro c e s s e d  f ir in g  f ie ld s  (L ud v ig , 
Prog. Neuro-Psychopharm acol. & Biol. P sych ia t [1997 ]21 :249-271).

S u p p o rte d  b y  N IH  G ra n ts  A A 1 0 8 1 4  a n d  M H 5 6 8 0 0
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559.1

TEMPOROAMMONIC PATHWAY INVOLVEMENT IN LIMBIC SEIZURE PROPAGATION
Michaela Barbarosie1*, Jacques Louvel2, Irene Kurcewicz2 and Massimo Avoli1. MNI, 
Departments of Neurology and Neurosurgery, and of Physiology, McGill University, Montreal, 
QC, Canada H3A 2B4, and Centre Paul Broca and INSERM U92, Paris, France.

Application of 4-aminopyridine (4AP; 50 µM) to adult mouse hippocampal-entorhinal slices 
induces ictal and interictal epileptiform discharges as well as GABA-mediated potentials. Ictaì 
activity disappears over time and is replaced by interictal events. In the present study, we 
have investigated the propagation of 4AP-induced ictal discharges in this preparation. We 
took advantage of a procedure described recently, by which cutting the Schaffer collaterals 
(SC) abolishes interictal events in all areas of the hippocampal-entorhinal slice, but the CA3 
region, and discloses the appearance of ictal discharges of entorhinal cortex (EC) origin that 
propagate to CA3 via the dentate gyrus (DG). In unlesioned slices, in which ictal discharges 
are present, propagation to CA1 occurs via the conventional trisynaptic pathway. Our present 
data also confirm that CA3-driven interictal discharges propagate via the SC to hippocampal 
CA1 region, in the intact slice preparation. In addition, simultaneous field potential and [K+]o 
recordings in dentate gyrus, CA3, CA1 and EC indicate that ictal discharges continue to 
occur in area CA1 after SC cut (n=8) and they are associated with rises in [K+]o that are 
comparable in CA3 and CA1 subfields (CA3: 3.5 ±0.2  mM; n=6 ) . Following SC lesion, time 
delay measurements show that EC ictal activity propagates to CA3 via the DG and to CA1 
directly. Moreover, surgical separation between hippocampus and EC results in blockade of 
ictal discharge in the hippocampus with no detectable changes in the EC (n=3).

Our data demonstrate that cutting the SC of an intact hippocampal-entorhinal network dis- 
sociates between ictal discharge propagation via EC-DG-CA3 and direct EC-CA1 pathway. 
Hence, we propose that SC cut, without synaptic reorganization, mimics CA3 neuronal loss, 
seen in chronic models of epilepsy, and is sufficient to “short circuit” ictal discharge propaga
tion via synaptic pathways which may differ from those in the intact hippocampal-EC system.

Supported by the MRC of Canada (MT-8109), Savoy Foundation and FRSQ.
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559.3
M 1 A N D  M 2  R E C E P T O R  A N T A G O N I S T S  D E L I V E R E D  V I A  M I C R O D I A L Y S I S  

D I F F E R E N T I A L L Y  A F F E C T  L O C A T I O N - S P E C I F I C  F I R I N G  P A T T E R N S  O F  

C A 1  P L A C E  C E L L S . R .L . B o r g n i s * , E . B r a z h n ik ,  a n d  S .E .  F o x .  D e p t . o f  

P h y s io lo g y ,  S U N Y  H e a lth  S c i .  C tr . a t B r o o k ly n ,  B r o o k ly n ,  N Y  1 1 2 0 3 .

P r e v io u s  w o r k  s h o w e d  th a t m u s c a r in ic  b lo c k a d e  m o d i f i e s  th e  sp a t ia l  f ir in g  

p r o p e r t ie s  o f  h ip p o c a m p a l  n e u r o n s  b y  r e d u c in g  th e  in - f ie ld  f ir in g  ra te  o f  p la c e  c e l l s  

( B r a z h n ik  e t  a l . ,  1 9 9 4 ;  L u d v ig  e t  a l . ,  1 9 9 6 ) .  In  th e  p r e s e n t  e x p e r im e n t s ,  w e  h a v e  

a t te m p te d  to  d i s s o c ia t e  th e  e f f e c t  o f  t w o  m a jo r  m u s c a r in ic  r e c e p to r  s u b t y p e s  ( M 1 a n d  

M 2 ) .

T h e  a c t io n  o f  p ir e n z e p in e  (a n  M 1 a n t a g o n is t )  f o l l o w e d  b y  m e th o c tr a m in e  (a n  M 2  

a n t a g o n is t )  w a s  c o m p a r e d  to  th e  e f f e c t  o f  th e  n o n - s p e c i f i c  m u s c a r in ic  a n ta g o n is t  

s c o p o la m in e .  A l l  d r u g s  w e r e  d i s s o lv e d  in  A C S F  in  s e l e c t e d  c o n c e n t r a t io n s  a n d  

d e l iv e r e d  v ia  a m ic r o d ia ly s i s  p r o b e  ( C M A  M ic r o d ia ly s i s )  to  a  l o c a l  g r o u p  o f  C A 1  

p y r a m id s  ( p la c e  c e l l s )  a n d  in t e m e u r o n s  ( th e ta  c e l l s )  r e c o r d e d  w h i l e  ra ts  c h a s e d  fo o d  

p e l l e t s  in  a 7 6  c m  d ia . c y l in d e r .

F o l lo w i n g  s c o p o la m in e  p e r f u s io n  ( 0 .5  a n d  1 m M )  a r e v e r s ib le  d e c r e a s e  in  th e  

a v e r a g e  in - f ie ld  f ir in g  o f  2 0  p la c e  c e l l s  w a s  a c c o m p a n ie d  b y  a g r e a te r  d is p e r s io n  o f  

s p ik e s  o v e r  th e  w h o le  e n v ir o n m e n t ,  r e d u c in g  th e  s p e c i f i c i t y  o f  th e  sp a t ia l  f ir in g  p a ttern .  

A t  t h e s e  d o s e s ,  s o m e  c e l l s  lo s t  th e ir  s p a t ia l  s p e c i f i c i t y  a lt o g e t h e r  ( 6  o f  2 0 ) .  A t  h ig h e r  

d o s e s  (2  a n d  10  m M ) m o s t  c e l l s  lo s t  th e ir  sp a t ia l  s p e c i f i c i t y  d u e  to  a d r a m a tic  

r e d u c t io n  o f  o v e r a ll  f ir in g  r a te  ( 1 0  o f  1 2 ) .  In  s e p a r a te  e x p e r im e n t s ,  f o l l o w in g  b lo c k a d e  

o f  M l  r e c e p to r s ,  l o c a t io n - s p e c i f i c  f ir in g  w a s  p r e s e r v e d ,  b u t w a s  a c c o m p a n ie d  b y  a 

m o d e r a te  d e c r e a s e  in  f ir in g  ra te . A d d in g  th e  M 2  a n t a g o n is t  to  th e  p e r fu s a te  d e c r e a s e d  

th e  s p e c i f i c i t y  o f  sp a t ia l  f ir in g  b y  s u b s t a n t ia l ly  r e d u c in g  f ir in g  r a tes  in  th e  r e g io n  th a t 

h a d  b e e n  th e  p la c e  f ie ld .  A c c o r d in g ly ,  th e  e f f e c t  o f  c o m b in e d  b lo c k a d e  o f  M l  a n d  M 2  

r e c e p to r s  w a s  c o m p a r a b le  to  th e  e f f e c t  o f  s c o p o la m in e  at h ig h  d o s e s .  T h e ta  c e l l s  

s h o w e d  m o d e r a te  d e c r e a s e s  in  f ir in g  ra te  in  r e s p o n s e  to  in f u s io n  o f  a ll d r u g s .

T h e s e  r e s u lt s  a re  c o n s is t e n t  w ith  th e  n o t io n  th a t M l  r e c e p to r s  g lo b a l ly  e n h a n c e  

p y r a m id a l  e x c i t a b i l i t y ,  w h e r e a s  th e  p r e s y n a p t ic  M 2  r e c e p to r s  s e l e c t iv e ly  fa c i l i t a t e  th e  

in c o m in g  s p a t ia l  s ig n a l .  (S u p p o r te d  b y  N I H  g r a n t  N S  1 7 0 9 5 . )

559.5
A M ETH O D  FO R  BU ILD IN G  A C CU RA TE PLA C E CE LL M APS 

FR O M  C O N TR A D IC TO R Y  IN FO R M A TIO N . G . Csizm adia, S.E. F o x * , 
R .U. M uller, SU NY-H SCB B rooklyn, New York, 112 0 3 .

In theory , a cognitive  m ap can  he stored  in the strengths o f  synapses 
m ade betw een pairs o f  CA 3 place cells. A netw ork w hose co n n ectio n  
pattern  m im ics that o f  CA 3 and whose connection  w eights are  
proportiona l to synaptic resistance (reciprocal synaptic strength) can be 
form ally treated  as a w eighted, d irected  graph. In this graph  each  n o d e  
represents the field o f  a p lace cell and the connection  weight represents 
the distance betw een the fields o f  the pre- and postsynaptic place cells. If, 
how ever, such a m ap is built in the h ippocam pus during  exp lo ration  it is 
certa in  to be noisy and rep resen tations o f  areas that are not fu lly  
e xplored  will be im precise. M oreover, no p lanar m ap can  be built which 
is consistent with all the d istances unless they are all precise, w hich 
according to previous m odels w ould not be the case.

W e present a graph theoretical m ethod w hich significantly  im proves the 
accuracy o f  the stored inform ation, even if  there is no upfront know ledge 
about which parts o f  the env ironm ent are well explored  and w hich are 
not. W e show that graph  theory  can be used to im prove the accuracy o f  
the m ap after relatively little and incom plete  exp lo ration . W e sim ulated  
exp lo ra tion  o f the env ironm ent by the anim al and the activity  o f  CA 3 
place cells that fire only in restric ted  regions. The results d em onstra te  
that our m ethod significantly  im proves the accuracy  o f the stored  
inform ation. W e also propose a new m ethod o f storing distances betw een 
place fields during  exp lo ration . This m ethod elim inates a p roblem  in 
earlier m odels, in w hich nonun ifo rm  exp lo ration  caused  a d isto rted  
rep resen tation  o f the env ironm ent. In the new m odel, the rep resen ta tio n  
becom es m ore precise as the anim al spends m ore tim e exploring  the 
environm ent. S upport: O N R grant N 00014 9 7 10230.

559.7
PRE-SYNAPTIC AND POST-SYNAPTIC EFFECTS OF BACLOFEN IN 
ELECTROPHYSIOLOGICALLY CHARACTERISED NEURONES IN THE 
MEDIAL SEPTAL/DIAGONAL BAND IN  VITRO . G .A .J o n e s ,  S .J .  H a rr is  a n d  

Z .H e n d e r s o n * D e p t  o f  P h y s io lo g y ,  U n iv e r s i t y  o f  L e e d s ,  L S 2  9 N Q ,  U K .

N e u r o n e s  in  th e  m e d ia l  s e p t a l /d ia g o n a l  b a n d  c o m p le x  ( M S / D B )  r e c e iv e  b o th  G A B A -  

e r g ic  a n d  g lu t a m a t e r g ic  in n e r v a t io n .  B lin d  w h o le  c e l l  c u r r e n t  c la m p  r e c o r d in g s  w e r e  

m a d e  fr o m  s u b m e r g e d  b ra in  s l i c e s  to  s t u d y  th e  r o le  o f  G A B A B r e c e p to r s  in th is  

p a th w a y .  5 0 0 µ m  th ic k  lo n g i t u d in a l  s l i c e s  fr o m  21  d a y  o ld  ra ts  w e r e  m a in ta in e d  in 

s ta n d a r d  o x y g e n a t e d  A C S F  ( 2 m M  C a ++) at 3 0 - 3 2 º C .  E le c tr ic a l  s t im u la t io n  o f  th e  

fo r n ix  w a s  u s e d  to  e v o k e  p o s t - s y n a p t ic  p o t e n t ia ls ,  w h i l s t  c e l lu la r  m e m b r a n e  p o te n t ia l  
( V m) w a s  a d ju s te d  to  - 5 5 m V .  T h e  e x c i t a t o r y  ( E P S P )  a n d  in h ib ito r y  c o m p o n e n t s  ( I P S P )  

w e r e  i s o la t e d  w it h  b i c u c u l l in e  ( 2 0 µ M )  a n d  th e  io n o t r o p ic  g lu ta m a te  a n t a g o n is t s  

C N Q X  ( 5 µ M )  a n d  A P - 5  ( 3 0 µ M )  r e s p e c t iv e ly .  B a c lo f e n ,  a  G A B A B a g o n is t  ( 1µ M ) ,  
w a s  b a th  a p p l ie d  to  t e s t  fo r  p r e - s y n a p t ic  m o d u la t io n  o f  t h e s e  e v o k e d  p o te n t ia ls .  
B a c lo f e n  w a s  th e n  r e -a p p lie d  at 1µ M  a n d  1 0 µ M  in th e  p r e s e n c e  o f  T T X  ( 0 .6 µ M ) .

A  to ta l  o f  10  n e u r o n e s  w e r e  r e c o r d e d  fr o m ; 9  fa s t  f ir in g  (m a x im a l  s te a d y  f ir in g  

f r e q u e n c y  3 0 . 4 ± 1 8 H z , s p ik e  1/2 w id th  0 .7 ± 0 .2 m s )  a n d  1 s lo w  f ir in g  ( m a x im a l  s te a d y  
f ir in g  fr e q u e n c y  1 4 .3 H z , s p ik e  1/ 2 w id th  1 .1 m s ) .

F o r  th e  9  fa s t  f ir in g  n e u r o n e s ;  1µ M  b a c lo f e n  p r o d u c e d  a  6 4 ± 13 .3 %  r e d u c t io n  in  th e  

a m p l i t u d e  o f  e v o k e d  I P S P s  ( n = 6 )  a n d  a 4 3 .3 ± 6 .8 %  r e d u c t io n  o f  e v o k e d  E P S P s  ( n = 3 ) .  
F u ll r e c o v e r y  ( 1 0 2 ± 19 % ) o f  th e  p r e - b a c lo f e n  r e s p o n s e s  w a s  a c h ie v e d  in a ll t h o s e  
t e s te d  ( n = 4 /4 ) .  A  r e d u c t io n  in th e  f r e q u e n c y  o f  s p o n t a n e o u s  P S P s  w a s  a ls o  o b s e r v e d .

In th e  p r e s e n c e  o f  T T X , 1µ M  b a c lo f e n  c a u s e d  a s m a ll  b u t p r o lo n g e d  

h y p e r p o la r is a t io n  fr o m  r e s t in g  V m ( - 2 . 7 ± 1m V , 3 5 0 ±  1 0 0 m s ,  n = 6 ) .  T h is  w a s  a s s o c ia t e d  
w ith  a c o r r e s p o n d in g ly  s m a ll  r e d u c t io n  in  in p u t  r e s is t a n c e  ( R n; 7 ± 3 .9 % ) .  A t  1 0 µ M ,  

th e  h y p e r p o la n s a t io n  fr o m  V m w a s  lo n g e r  a n d  m o r e  p r o n o u n c e d  ( - 4 .3 ± 0 .9 m V ,  
6 2 0 ±  1 7 5 m s ,  n = 5 )  a s  w a s  th e  d e c r e a s e  in  R n ( 1 8 .1  ± 8 .6 % ) .  In th e  s lo w  f ir in g  c e l l ,  th e  
r e s p o n s e  to  l 0 µ M  b a c lo f e n  w a s  le s s  p r o n o u n c e d ,  ( - 1 . 7 9 m V ,  3 8 0 m s ,  1 4 .9 %  r e d u c t io n  
in R n).

T h e s e  r e s u lt s  s u g g e s t  th a t th e r e  m a y  b e  a fu n c t io n a l  p r e - s y n a p t ic  a n d  p o s t - s y n a p t ic  

G A B A B m e d ia t e d  c o m p o n e n t  to  th e  in n e r v a t io n  o f  t h e  M S /D B .  (F u n d e d  b y  th e  M R C )

559.4
A  V E C T O R  FIE L D  M O D E L  T H A T  A C C O U N T S  F O R  M O V E M E N T S  O F  
P L A C E  C E L L  FIR IN G  F IE L D S  A L S O  A C C U R A T E L Y  P R E D IC T S  
C H A N G E S  O F F IE L D  S H A P E S . R .U . M u ller* , G . C s iz m a d ia , and A .A .  
F enton  S U N Y -H S C B  B rook lyn . N e w  Y ork. 1 1 2 0 3 .

W e h ave recorded  rat p la ce  c e lls  in  a cy lin d rica l apparatus w ith  tw o  
prom inent stim u li (a  w h ite  card and a b lack  card) attached to the cy lin d er  
w a ll. T h ese  tw o  c u e s  co n jo in tly  co n tro lled  firing  f ie ld  lo ca tio n s  su ch  that 
m o v in g  the  cards apart or together  b y  2 5 °  ca u se d  f ie ld s  to  m o v e  re la tiv e  to  
each  other; fie ld s  near the w h ite  card rotated w ith  the w h ite  card, fie ld s  
near the b lack  card rotated w ith  the b lack  card and f ie ld s  b e tw e e n  the  
cards m a in ly  m o v ed  a lo n g  the d iam eter draw n b e tw e e n  the m id p o in ts o f  
the short and lo n g  arcs b e tw e e n  the cards. T h is  pattern o f  d isp la cem en ts  is  
w ell d escrib ed  w ith  a vec tor  f ie ld  m odel in  w h ich  the tail o f  a vector  
represents the p o s itio n  o f  a fie ld  cen ter  b efo re  the cards are m o v ed  and  
the head  o f  the v ector  represents the n ew  p o s itio n  o f  the f ie ld  center; the  
m ov em en t o f  ea ch  f ie ld  is  ca lcu la ted  as the su m  o f  the  vec to r  m o v em en ts  
o f  the cards w e ig h ted  by  the p rox im ity  o f  the f ie ld  to each  card. W e  n o w  
report that the sam e m od el accurately  d escrib es  severa l other e ffe c ts  o f  
m o v in g  the cards. F irst, it pred icts that the m agn itu d e o f  f ie ld  m o v em en t  
is  greater w h en  the cards are m o v ed  2 5 °  apart than 2 5 °  together; it a lso  
predicts that the f ie ld s  b e c o m e  m ore co m p a ct after the cards are m o v ed  
together. C ritica lly , w h en  the m od el is  app lied  to all parts o f  the fie ld  
rather than ju st the center it correctly  pred icts c h a n g es  in  fie ld  sh ap es and  
m oreover that the shape ch a n g es w ill vary from  p la ce  to p la c e  w ith in  the  
cy linder. T h ese  resu lts su g g e st  that vec to r  f ie ld s  p rov id e  m ore than ju st a 
co n v en ien t w a y  o f  su m m arizin g  c h a n g es in  the firing  p roperties o f  the  
p lace  ce ll popu lation ; the vec tor  fie ld  m ay co rrectly  r e flect the w a y  in  
w h ich  d istin ct stim uli are c o m b in ed  to control p la ce  c e ll activ ity . Support: 
N IH  grant 2 0 6 8 6 .

559.6
E L E C T R O P H Y S I O L O G I C A L  P R O P E R T I E S  O F  L A Y E R  V / V I N E U R O N S  O F  

P E R I R H I N A L  C O R T E X  N E A R  T H E  E N T O R H I N A L  A N D  P E R I R H I N A L  

B O R D E R  IN  T H E  R A T  B R A I N  S L I C E S . R . K a j iw a r a * ,  M . M a t s u k a w a ,  I. T a k a sh im a .  
a n d  T. Iij im a . E le c t r o t e c h n ic a l  L a b .,  T su k u b a , 3 0 5 - 8 5 6 8  J A P A N

P e r ir h in a l a n d  p a r a -h ip p o c a m p a l c o r t ic e s  s e e m  to  b e  f u n c t io n a l ly  im p o r ta n t  in th e  

m e d ia l  te m p o r a l  lo b e  m e m o r y  s y s t e m .  B y  p e r fo r m in g  o p t ic a l  m e a s u r e m e n t  w ith  a 

v o l t a g e  s e n s i t i v e  d y e  in th e  rat b ra in  s l i c e s ,  w e  h a v e  p r e v io u s ly  r e p o r te d  th a t a part o f  

d e e p  la y e r s  ( la y e r  V / V I) o f  p e r ir h in a l c o r te x  ( P C )  n e a r  th e  b o r d e r  o f  e n to r h in a l  c o r te x  

( E C )  a n d  P C  p la y s  a k e y  r o le  fo r  th e  n e u r a l a c t iv i t y  to  p r o p a g a te  fr o m  th e  E C  to  PC  

( I ij im a  e t  a l ., 1 9 9 4 ) .  In m o s t  c e l l s ,  th e  n e u r a l p r o p a g a t io n  fr o m  E C  to  P C  h a s  b e e n  
c o m p le t e d  in th e  p r e s e n c e  o f  b ic u c u l l in e  ( 5 µ M ) .  A f t e r  th e  s t im u la t io n  to  E C  d e e p  

la y e r , th e  o p t ic a l  s ig n a l  in  th e  d e e p  la y e r  o f  P C  r is e  u p  v e r y  s lo w l y  a n d  lin e a r ly  o v e r  
1 0 0  m s ,  a n d  at a  c e r ta in  le v e l  o f  th e  s ig n a l  th e  fa s t  r i s in g  s ig n a l  p r o b a b ly  r e p r e s e n t in g  

n e u r o n a l  f ir in g  a p p e a r e d  in  th e  s u p e r f ic ia l  la y e r  o f  th e  P C , w h ic h  f o l lo w e d  th e  

c o n t in u o u s  a c t iv a t io n  in  th e  te m p o r a l  c o r te x  (T E ) .
T o  r e v e a l  th e  fu n c t io n a l  o r g a n iz a t io n  o f  th is  r e g io n ,  e l e c t r o p h y s io lo g ic a l  p r o p e r t ie s  

o f  n e u r o n s  w e r e  s tu d ie d  w ith  in tr a c e l lu la r  r e c o r d in g  t e c h n iq u e s .  T h e r e b y  th r e e  ty p e s  o f  

c e l l s  w e r e  o b s e r v e d .  T h is  c la s s i f i c a t io n  o f  n e u r o n s  w a s  d e r iv e d  fr o m  th e  s t u d ie s  in th e  

n e o c o r t e x  b y  M c C o r m ic  e t  a l . ( l 9 8 5 ) .  T h is  is , th r e e  t y p e s  o f  c e l l s  w e r e  t e r m e d  a s  a 

r e g u la r  s p ik in g  ( R S )  c e l l . a  b u r s t in g  ( B S )  c e l l ,  a n d  a fa s t  s p ik in g  ( F S )  c e l) .  D u r in g  

in j e c t in g  p r o lo n g e d  su p r a th r e s h o ld  c u r r e n t  p u ls e s  ( 5 0 0  m s ) ,  th e  R S  c e l l  w e n t  o n  f ir in g ,  
th o u g h  f r e q u e n c y  w a s  a d a p te d . B S  c e l l s  w e r e  d is t in g u is h e d  b y  t h e ir  a b il i ty  to  g e n e r a te  

a l l - o r - n o n e  b u r sts  o f  m o r e  th a n  o n e  a c t io n  p o t e n t ia ls .  T h e  a c t io n  p o te n t ia ls  a d a p te d  

w it h in  3 0 0 m s  a fte r  f ir s t  b u r s t in g . A  m e a n  d u r a t io n  o f  th e  a c t io n  p o t e n t ia ls  o f  F S  c e l l s  

w a s  m u c h  b r ie fe r  th an  th a t o f  th e  o th e r  c e l l  t y p e s . a n d  fr e q u e n c y  o f  f ir in g  s h o w e d  v e r y  

l i t t le  a d a p ta t io n . R e s p o n s e s  e v o k e d  b y  e le c t r ic a l  s t im u la t io n  to  d e e p  la y e r  o f  E C  w ith  

5 µ M  b ic u c u l l in e  w e r e  a ls o  s tu d ie d .  In b o th  R S  a n d  B S  c e l l . th e  fa s t  c o m p o n e n t  o f  

I P S P  w a s  c o m p le t e ly  b lo c k e d .  R S  c e l l s  w e r e  b ic u c u l l in e  s e n s i t i v e ,  a n d  g e n e r a te d  th e  

s e iz u r e  l ik e  f ir in g . O n  th e  o th e r  h a n d , th e  B S  c e l l s  w e r e  in s e n s i t iv e  fo r  b ic u c u l l in e ,  
s h o w in g  n o  s e iz u r e  l ik e  d is c h a r g e .  ( T h is  w o r k  w a s  s u p p o r te d  b y  A I S T  g r a n t .)

559.8
FIRING PATTERNS OF DORSAL SUBICULAR NEURONS IN COMBINED 
SUBICULUM-POSTSUBICULUM SLICES FROM RAT BRAIN. M. Stewart* 
and E. Harris. Department of Physiology & Pharmacology, SUNY Health Science 
Center, Brooklyn, NY 11203

The firing of subicular pyramidal cells has been broadly classifed into bursting 
and regular spiking types on the basis of cells' responses to current injection. 
Regular spiking cells of the subiculum and deep layers of the retrohippocampal 
regions can fire bursts of action potentials during some kinds of orthodromic 
activation. One such kind of activation is a population event which we have 
referred to as an in vitro sharp wave. This consists of an initial period of 200 Hz 
firing followed by a variable period of gamma frequency activity in response to 
very low frequency stimulation. We examined the properties of dorsal subicular 
neurons in parasagittal slices to stimulation of CA1 and superficial and deep layer 
stimulation of postsubiculum. Bursting and regular spiking cell types were found 
in similar proportions to ventral slices. Both cell types exhibited short latency 
EPSPs in response to CA1 stimulation. These triggered bursts in bursting cells and 
1 -3 spikes in regu lar spiking cells. Longer latency activation of subicular cells 
occurred in response to postsubicular stimulation. Bursting cells (3/3) but no 
regular spiking cells (0/2) were antidromically driven from deep layers of 
postsubiculum. Stimulation of deep postsubiculum also triggered in vitro sharp 
waves at latencies > 30 ms. Firing in both subicular cell types consisted of an 
initial high frequency burst of action potentials followed by a period of gamma 
frequency single spiking. We note that one bursting subicular cell exhibited spike 
doublets on a few cycles of the gamma activity. We conclude that entorhinal cortex 
is not required for the generation of in vitro sharp  waves and doublet firing by 
subicular neurons may be limited to the population of bursting cells. 
S u p p o r te d  b y  the R e se a rc h  F o u n d a tio n  o f  S U N Y  a n d  N IM H  (M H 115 8  7).
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559.9
CONVERGENCE OF EXCITATORY AND INHIBITORY SYNAPSES ONTO 
PARVALBUMIN, CALBINDIN AND CALRETININ IMMUNOREACTIVE 
HIPPOCAMPAL CA1 INTERNEURONS. Gulyás A.I*., Megias M. and Freund
T.F., Inst. Exp. Med., Budapest, POBox 67., H-1450

T h e  g e o m e t r y  o f  t h e  c e l l  a n d  t h e  r a t io  o f  e x c i t a t o r y  v s .  in h ib i t o r y  in p u t s  a s  w e l l  a s  
t h e  to t a l  n u m b e r  a n d  la m in a r  d is t r ib u t io n  o f  a f f e r e n t s  in f lu e n c e s  t h e  a c t iv i t y  o f  a 
n e u r o n .  T h e  g e o m e t r y  a n d  a f f e r e n t s  o f  f u n c t io n a l ly  d i f f e r e n t  s u b s e t s  o f  in h ib i t o r y  
c e l l s  w e r e  q u a n t i f ie d .  F ir s t  a  d a ta  b a s e  c o n t a in in g  d a ta  o n  g e o m e t r y  o f  3 D  
r e c o n s t r u c t e d  p a r v a lb u m in  ( P V ) ,  c a lb in d in  ( C B )  a n d  c a l r e t in in  ( C R )  - c o n t a in in g  

in t e m e u r o n s  w e r e  b u ilt .  T h e  n u m b e r  o f  e x c i t a t o r y  a n d  in h ib i t o r y  s y n a p s e s  p e r  u n it  

l e n g t h  w e r e  t h e n  m e a s u r e d  o n  s e r ia l  E M  s e c t io n s .  P V  c e l l s  h a d  t h e  lo n g e s t  d e n d r i t ic  

t r e e  ( 4 3 4 7 ± 1 1 5 7 µ m )  w i t h  m o s t  p r im a r y  d e n d r i t e s  ( 4 . 4 ± 1 .2 ) .  T h e  s a m e  v a lu e s  fo r  C B  

a n d  C R  w e r e :  3 4 5 1± 9 4 4 µ m  a n d  2483± 9 0 7 µ m  f o r  d e n d r i t ic  le n g t h  a n d  4 . 0 ± 1 .0  a n d  

2 . 9 ± 0 .9  f o r  p r im a r y  d e n d r i t e s ,  r e s p e c t iv e ly .  T h e  p r o p o r t io n  o f  d e n d r i t e s  in  d i f fe r e n t  

la y e r s ,  a n d  th u s  th e  r e c ip ie n t  s u r f a c e  f o r  d i f f e r e n t  a f f e r e n t s  w e r e  a l s o  

c h a r a c t e r is t ic a l ly  d if f e r e n t .  T h e  d e n d r i t e s  o f  C B  c e l l s  w e r e  p r im a r i ly  (~ 7 5 % )  

r e s t r ic t e d  to  str . r a d ia tu m . P V  a n d  e v e n  m o r e ,  C R  c e l l s  p o s i t i o n e d  t h e ir  d e n d r i t e s  in  
m o r e  e q u a l  r a t io  in t o  t h e  d i f f e r e n t  l a y e r s ,  s u g g e s t i n g  th a t  t h e  r e la t iv e  c o n t r ib u t io n  o f  
a f f e r e n t s  f r o m  d i f f e r e n t  s o u r c e s  i s  n o t  t h e  s a m e .  T h e  n u m b e r  o f  s y n a p t ic  in p u t s  p e r  
u n it  le n g t h  o n  P V  c e l l  d e n d r i t e s  i s  m u c h  h ig h e r  t h a n  o n  C B  o r  C R  c e l l s  ( 4 7 2 .5 ,

1 1 2 .3  a n d  1 0 3 .7 / 1 0 0 µ m  o f  m e d iu m  d ia m e t e r  d e n d r i t e s ,  r e s p e c t iv e ly ) .  T h e  d e n s i t y  o f  
in p u t s  o n t o  s o m a t a  i s  t w ic e  a s  m u c h  f o r  P V  c e l l s  th a n  fo r  C B  o r  C R  c e l l s  ( 5 4 .4 1 .  

2 5 .5 0 ,  2 5 .3 9  s y n a p s e / 1 0 0 µ m 2). F u r th e r m o r e  t h e  r a t io n  o f  G A B A e r g ic  in p u t s  o n to  
P V  (~ 1 0 % ), C B  (~ 3 0 % )  a n d  C R  (~ 1 5 % ) c e l l s  a l s o  d if f e r s .  T h e  p r o p o r t io n  o f  

in h ib i t o r y  in p u t s  o n t o  s o m a t a  i s  h ig h e r  t h a n  o n t o  th e  d e n d r i t e s  ( 3 0 .7 ,  4 4 .8 ,  5 8 .5  % ), 
b u t  h e r e  a g a in  P V  c e l l s  r e c e iv e  l o w e r  p r o p o r t io n  o f  in h ib i t o r y  t e r m in a ls .  A x o n  in it ia l  

s e g m e n t s  r e c e iv e d  1 0 .0 0 ,  8 .3 3  a n d  7 .6 7  in h ib i t o r y  s y n a p s e s  o n  a v e r a g e .  U s i n g  o u r  

d a t a  t h e  e s t im a t e d  n u m b e r  o f  t o ta l  s y n a p t ic  in p u t s  i s  c o n s id e r a b ly  h ig h e r  o n to  P V  

c e l l s  (~ 1 7 0 0 0 )  t h e n  o n t o  C B  a n d  C R  c e l l s  (~ 4 0 0 0  a n d  ~ 2 5 0 0 ) .  I n  s u m m a r y ,  t h e r e  is  

a  la r g e  d i f f e r e n c e  in  t h e  a f f e r e n t  c o n n e c t iv i t y  o f  t h e  3 e x a m in e d  in t e r n e u r o n  
p o p u la t io n s .

559.11
U L T R A S T R U C T U R E  A N D  P O S T S Y N A P T I C  T A R G E T S  O F  T E R M I N A L S  

O F  P E R I R H I N A L  F I B E R S  IN  T H E  E N T O R H I N A L  C O R T E X  O F  T H E  R A T .

F .G . W o u t e r lo o d 1* , J .L . L a n c ie g o 2 a n d  E . M e n g u a l2.

R e s e a r c h  In s t itu te  N e u r o s c i e n c e s ,  V r ije  U n iv e r s i t e i t ,  D e p a r tm e n t  o f  A n a t o m y ,  7  

v a n  d e r  B o e c h o r s t s tr a a t ,  1 081  B T  A m s t e r d a m , T h e  N e t h e r la n d s ,  2 D e p a r tm e n t  o f  

A n a t o m y ,  U n iv e r s i t y  o f  N a v a r r a , P a m p lo n a ,  S p a in .

T h e  e n to r h in a l  c o r t e x  ( E C )  is  c o n s id e r e d  to  b e  a  m a jo r  w a y  s t a t io n  c o n t r o l l in g  

th e  f lo w  o f  n e o c o r t ic a l  in fo r m a t io n  t o w a r d s  th e  h ip p o c a m p u s .  M a jo r  a s s o c ia t io n  

c o r t ic a l  a r e a s  a p p e a r  to  c o m m u n ic a t e  in d ir e c t ly  w ith  th e  E C  v ia  th e  p e r ir h in a l  

c o r t e x  ( P E R ) .  S in c e  th e  e n t o r h in o h ip p o c a m p a l  p a th w a y  o r ig in a t e s  in  th e  

s u p e r f ic ia l  la y e r s  o f  th e  E C , w e  h a v e  tr ie d  to  a n a ly z e  in  th e  rat th e  t y p e s  o f  

n e u r o n  in  t h e s e  s u p e r f ic ia l  la y e r s  ta r g e te d  b y  th e  f ib e r s  a r r iv in g  fr o m  th e  P E R .  

F o r  th is  p u r p o s e  w e  in j e c t e d  a tr a c e r . b io t in y la t e d  d e x tr a n  a m in e ,  in to  th e  P E R  o f  

ra ts  a n d  s t u d ie d  in th e  e le c t r o n  m ic r o s c o p e  i) la b e le d  e n d in g s  in  th e  E C  a n d  th e ir  

p o s t s y n a p t ic  ta r g e ts  in s in g le - s t a in e d  m a te r ia l ,  i i )  w h e t h e r  s y n a p s e s  o c c u r  

b e t w e e n  la b e le d  a x o n  te r m in a ls  a n d  p r o c e s s e s  o f  p a r v a lb u m in - s t a in e d  e n to r h in a l  

in t e m e u r o n s  in  d o u b le - s t a in e d  m a te r ia l

O u r  o b s e r v a t io n s  in d ic a t e  th a t th e  p e r ir h in a l p r o j e c t io n  to  E C  c o m p r is e s  

d if f e r e n t  fib e r s  a n d  ta r g e ts  s e v e r a l  t y p e s  o f  e n to r h in a l  n e u r o n . T h e  m a jo r ity  o f  th e  

p e r ir h in a l  t e r m in a ls  a p p o s in g  e n to r h in a l  n e u r o n s  d is p la y  a s y m m e t r ic a l  s y n a p t ic  

s p e c ia l i z a t io n s .  T h e s e  c o n t a c t s  a re  m a d e  w ith  s p in e s .  A  s t r ik in g  fe a tu r e  o f  th e s e  

t e r m in a ls  is  th a t th e  te r m in a ls  a r e  p e n e tr a te d  b y  e x c r e s c e n c e s  o n  th e  s p in e s .  T h e s e  

s p in y  ta r g e t  d e n d r it e s  m a y  b e lo n g  to  e n to r h in a l  p r o j e c t io n  n e u r o n s .  In a d d it io n  

w e  fo u n d  n u m e r o u s  te r m in a ls  f o r m in g  a s y m m e t r ic a l  s y n a p s e s  w ith  p a r v a lb u m in -  

im m u n o r e a c t iv e  d e n d r ite s .  S in c e  p a r v a lb u m in  is in  th e  E C  10 0 %  c o - lo c a l i z e d  

w ith  G A B A ,  w e  in te r p r e t  th is  f in d in g  a s  a  c o n s id e r a b le  t e r m in a t io n  o n  in h ib ito r y  

e n t o r h in a l  in t e m e u r o n s .  A  m in o r it y  o f  p e r ir h in a l f ib e r s  fo r m s  s y m m e t r ic a l  

s y n a p t ic  c o n t a c t s  in E C . S p o n s o r e d  b y  th e  D u tc h  G o v e r n m e n t ,  th e  U n iv e r s i t y  o f  

N a v a r r a  a n d  F IS  9 6 / 0 4 8 8 .  F u n d a c io n  “ M a r c e l in o  B o tin " .

559.13
T H E  P L A C E  O F  T H E  L IM B I C  L O O P  IN  T H E  H IE R A R C H Y  O F  C O R T IC O  - 

B A S A L  G A N G L I A  - T H A L A M O C O R T I C A L  L O O P S . K . V . B a e v * . B a r r o w  

N e u r o lo g ic a l  In stitu te , P h o e n ix ,  A r iz o n a  8 5 0 1 3 .

It is  p r o p o s e d  th a t th e  b a sa l g a n g lia - t h a la m o c o r t ic a l  lo o p s  c a n  b e  c o n s id e r e d  a s  

f u n c t io n a l  s y s t e m s  th a t p o s s e s s  a  m o d e l  o f  b e h a v io r  o f  c o r r e s p o n d in g  c o n tr o lle d  

o b je c t s .  F o r  e x a m p le ,  th e  s k e le t o m o t o r  lo o p  m o d e l s  th e  b e h a v io r  o f  th e  a n im a l’ s  b o d y  

a n d  th e  e n v ir o n m e n t  d u r in g  m o v e m e n t  c o n tr o l .  T h is  p r e d ic t iv e  m e c h a n is m  is  a  

le a r n in g  s y s t e m . It h a s  to  b e  tu n e d  o n  th e  c o n t r o lle d  o b j e c t  in  o r d e r  to  fu n c t io n  

p r o p e r ly . T h e  m o d e l ’s  p a r a m e te r s  a re  t u n e d  o n  th e  o b je c t  b e h a v io r  u s in g  error  s ig n a ls .  

T h e  error  d is tr ib u tio n  s y s te m  in c lu d e s  th e  d o p a m in e r g ic  n e u r o n s  o f  th e  su b s ta n tia  

n ig ra , a n d  th e  a d ja c e n t  m e s o c o r t ic o l im b ic  g r o u p . M in im iz a t io n  o f  error  s ig n a ls  is th e  

f in a l s ta g e  o f  le a r n in g  p r o c e s s .

C o r t ic o  -  b a sa l g a n g l ia  -  t h a la m o c o r t ic a l  lo o p s  a re  a  h ie r a r c h ic a l s y s te m , in w h ic h  a 

h ie r a r c h ic a lly  h ig h e r  s u b lo o p  c o n tr o ls  l o w e r  o n e s  a n d  p e r fo r m s  a  g o a l  s e t t in g  fo r  th e  

lo w e r  s u b lo o p s .  T h e  a n te r io r  c in g u la t e  lo o p  ( th e  l im b ic  lo o p )  o c c u p ie s  a  s tr a te g ic  

p lace  in  th e  h ie r a r c h y  o f  c o r t ic o  - b a sa l  g a n g l ia  -  th a la m o c o r t ic a l  lo o p s . W h ile  

p erfo rm in g  c o n tr o l o f  v i s c e r a l  fu n c t io n s ,  it c a n  u s e  s o m a t ic  a u to m a t is m s  to  m in im iz e  

v iscera l in it ia t in g  s ig n a ls .  A t  th e  s a m e  t im e ,  th e  lo o p s  th a t a re  h ie r a r c h ic a l ly  h ig h e r  

than th e  lim b ic  lo o p ,  fo r  e x a m p le ,  p r e fr o n ta l a s s o c ia t iv e  lo o p s ,  c a n  c o n tr o l th e  

fu n ction  o f  th e  l im b ic  lo o p .  T h e  fu n c t io n s  o f  v a r io u s  l im b ic  str u c tu r e s  are  a n a ly z e d  

based  on  th e  id e a s  m e n t io n e d  a b o v e .  F o r  e x a m p le ,  th e  h ip p o c a m p u s  c a n  b e  v ie w e d  as  

“v iscera l c e r e b e llu m ” ; th e  s e p tu m  b e in g  an  a n a lo g  o f  th e  in fe r io r  o l iv e  fo r  th e  

cereb ellu m .

559.10
GLUTAMATE DECARBOXYLASE-65 mRNA IS PRESENT IN 
NEURONS OF THE SUPRAMAMMILLARY-HIPPOCAMPAL 
PATHWAY. C.R. H ouser,1,2,3* S.A. T ahtakran1 and D .M . Finch2. D ep t. o f  
1N eurobiology and 2B rain R esearch  Institute, U C LA , and  3V A  M edical 
Center, W est LA, Los A ngeles, CA  90095.

Previous w ork from  our laboratory identified  a group o f  neurons in the 
lateral hypothalam us o f  the ra t that labeled distinctly  for G A D 65 but not 
GA D 67 m R N A  (Esclapez et al., J.C om p.N eurol. 331:339, 1993). W e 
subsequently  found that this difference ex tended to  p arts  o f  the supra- 
m am m illary nucleus. This nucleus provides a substantial pro jection  to the 
hippocam pal form ation, but the transm itters o f  this pathw ay have n o t been 
identified conclusively. In o rder to  determ ine i f  G A D 65 m R N A -containing 
neurons provide a direct pro jection  to the hippocam pus, we conducted 
double-label retrograde tracing and in situ  hybrid ization  studies. A  gold- 
labeled horseradish peroxidase conjugate w as injected  into the dorsal dentate 
gyrus and hippocam pus. The tissue w as later processed  for detection o f  the 
tracer by silver enhancem ent o f  the gold and for either GA D65 or GA D67 
m RNA. N um erous retrogradely-labeled  neurons w ere present in the 
supram am m illary nucleus and lateral hypothalam ic region. A pproxim ately 
75-80%  o f  the tracer-labeled neurons w ere also labeled for G A D65 m RN A  
w hereas few  such neurons were labeled for GA D 67 m RN A . These findings 
suggest that G A D 65-containing neurons are a m ajor com ponent o f  the 
supram am m illary-hippocam pal pathw ay. This contrasts w ith  current view s 
that the supram am m illary pro jection  to  the hippocam pus is not GA BA ergic. 
It rem ains to be determ ined if  the G A D 65-labeled neurons synthesize GABA. 
Supported by V A  M edical R esearch  Funds and N IH  grant D A 09543.

559.12
T H E  N U C L E A R  U L T R A S T R U C T U R E  O F  H IP P O C A M P A L  

P Y R A M I D A L  N E U R O N S  IS  D I F F E R E N T IA L L Y  A L T E R E D  
B Y  C H R O N I C  S T R E S S  A N D  C O R T I S O L  T R E A T M E N T .  
G . K . V o l lm a n n -H o n s d o r f  an d  E . F u c h s . (S P O N :  E u r o p e a n  B r a in  and  
B e h a v io u r  S o c ie t y )  G er m a n  P r im a te  C e n te r , D - 3 7 0 7 7  G ö tt in g e n .

C h r o n ic  p s y c h o s o c ia l  s tr e s s  le a d s  to  a n  in c r e a s e d  s ta in in g  in te n s ity  
o f  th e  n u c le o p la s m a  in  h ip p o c a m p a l p y r a m id a l n e u r o n s 1 . T o  g e t  a  
b e tte r  u n d e r s ta n d in g  o f  th e  u n d e r ly in g  p r o c e s s e s ,  w e  in v e s t ig a te d  th e  
n u c le a r  u ltr a stru ctu r e  o f  h ip p o c a m p a l p y r a m id a l n e u r o n s  o f  
c h r o n ic a l ly  ( 2 8  d a y s )  s tr e s s e d , c o r tis o l  tre a te d  ( 2 8  d a y s )  an d  u n trea ted  
a d u lt  m a le  tree  sh r e w s . T h e  in d u c t io n  o f  p s y c h o s o c ia l  s tr e s s  w a s  
ca rried  o u t  as p r e v io u s ly  d e s c r ib e d 1 a n d  c o r t is o l  w a s  a p p lic a te d  v ia  
th e  d r in k in g  w a te r  ( 5 m g / 1 0 0 g  b o d y  w e ig h t /d a y ) .  In  C A 3  p y r a m id a l  
n e u r o n s  o f  s tr e s se d  b u t  n o t  o f  c o r tis o l  tr e a te d  a n im a ls  th e  a r e a  d e n s ity  
an d  n u m e r ic a l d e n s ity  o f  h e te r o c h r o m a tin  c lu s te r s  w e r e  s ig n if ic a n t ly  
in c r e a s e d  c o m p a r e d  to  c o n tr o ls .  In  C A 1  h e te r o c h r o m a tin  w a s  

in c r e a s e d  in  th e  c o r t is o l  tre a te d  a n im a ls  b u t  n o t  in  th e  s tr e s se d  
in d iv id u a ls .  A s  h e te r o c h r o m a tin  is  k n o w n  a s  h ig h ly  c o n d e n s e d  and  

tra n sc r ip tio n a lly  in a c t iv e  c h r o m a tin , th e s e  r e su lts  e lu c id a t e  a  r e g io n a l  
d iffe r e n t  r e g u la t io n  o f  th e  tr a n sc r ip tio n  p a ttern  a fte r  c o r t is o l  trea tm en t  
v e r su s  p s y c h o s o c ia l  s tr e s s . W h e r e a s  in  C A 3  th e  s tr e s s - in d u c e d  
in c r e a s e  o f  c lu s te r e d  h e te r o c h r o m a tin  s u g g e s t s  a  lo w e r  tra n sc r ip tio n a l  
a c t iv ity  o f  th e  p y r a m id a l n e u r o n s  w h ic h  is  n o t  e x c lu s iv e ly  m e d ia te d  b y  
c o r t is o l ,  c o r tiso l  h a s  a d is t in c t  e f f e c t  o n  p y r a m id a l n e u r o n s  in  C A 1 . 
S u p p o r te d  b y  th e  D F G . 1F u c h s  e t al. ( 1 9 9 5 )

559.14
CONDITIONING CORTICOSTERONE RELEASE IN RATS. Lo. C. , Stein, R. 
Ostrv, D.*, Dubrovsky, B., McGill University, Montreal, Quebec.H1A- 
1 A l.

We developed a complex polymodal stimulus (somatosensory, visual, 
auditory) conditioning paradigm to regulate release of corticosterone 
in rats. In anesthetized animals (n=8), chronic cannulae were 
implanted for the injection of ACTH and for the removal of blood 
samples. The cannula consisted of silastic tubing placed in the right 
external jugular vein. The end of the cannula was brought 
subcutaneously to the back of the skull, fastened to hypodermic tubing 
and affixed to the cranium with dental cement. After a recovery period 
of 2 weeks, rats were conditioned every  other day. Rats were placed in 
a wire mesh floor (somatosensory stimulus) cage, with plexiglass on 
one side. The cage was always positioned in an identical place in the lab 
(visual stimulus) and music was played (auditory stimulus). 
Polyethelyne tubing extended from the rat to the outside of the cage via 
a protective stainless steel spring attached to a roller bearing at the 
top of the cage. This allowed the animal to be undisturbed and freely 
moving during withdrawal of blood samples. After 4 minutes 
conditioning, animals received a fixed dose of ACTH, 20 minutes later, 
blood was removed for radioimmunoassay of corticosterone. After 5-7 
pairings, conditioned animals received only saline. The conditioned 
animals that received saline had peak corticosterone values which were 
similar to those obtained after injection of ACTH (900-1900 nM/l). 
Interestingly, in one experiment, one conditioned rat did not show an 
increased release of corticosterone when the music played was 
different than that played during the course of conditioning.
Funded by Stairs Foundation
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559.15
A STRUCTURE FOR EMBODIED HUMAN CONSCIOUSNESS S. D. S t o n e y , 

D e p t . o f  P h y s io lo g y  a n d  E n d o c r in o lo g y ,  M e d ic a l  C o l l e g e  o f  G e o r g ia ,  A u g u s t a ,  G A  

3 0 9 1 2 - 3 0 0 0

E m b o d ie d  h u m a n  c o n s c io u s n e s s  ( C )  c a n  b e  m o d e le d  a s  a w a r e n e s s  ( A )  c u b e d , C  =  

A 3. T h i s  q u a l i t a t iv e  m o d e l  f o c u s e s  o n  r e c e p t iv e  a s p e c t s  o f  c o n s c io u s n e s s . a n d  d o e s  n o t  

e x p l i c i t l y  a d d r e s s  s u c h  im p o r ta n t  fe a tu r e s  a s  in t e n t io n a l i t y ,  l a n g u a g e ,  le a r n in g ,  a n d  

m e m o r y .  A w a r e n e s s  is  c u b e d  to  a c k n o w le d g e  th e  p r o g r e s s iv e ly  h ig h e r  le v e l s  o f  

a b s t r a c t io n  a n d  c r e a t iv i t y  to  w h ic h  th e  te r m  r e f e r s . th e  fa c t  th a t  e a c h  n e w  le v e l  o f  

c o n s c io u s n e s s  in c lu d e s  i ts  s u b o r d in a t e  l e v e l s  ( i . e . ,  " a w a r e n e s s  o f  a w a r e n e s s ” ), a n d  th e  

r e a lit y o f  m u lt ip le  l e v e l s  o f  o r g a n iz a t io n  in  th e  h u m a n  b r a in . w h ic h  c a n n o t  b e  

a c c o u n t e d  fo r  o n  th e  b a s i s  o f  a  s im p le  m o r p h o lo g ic a l  s e r ia t io n  o f  b r a in  s tr u c tu r e s .  A 1. 

o r g a m s m ic  c o n s c i o u s n e s s . is  s h a r e d  b y  a l l  l i v i n g  t h in g s  a n d  in c lu d e s  th e  a b i l i t y  to  

r e s p o n d  to  s t im u l i  a n d  to  r e a c t to  e n v ir o n m e n t a l  c h a n g e s . h o w e v e r  in t e n t io n a l i t y  is  

n il A 2. a n im a l  c o n s c i o u s n e s s . in c lu d e s  th e  a b i l i t y  to  f o r m  a  c o n c e p t  o f  s e l f  a n d . by  

i m p l i c a t io n . to  r e c o g n iz e  o t h e r s . a lb e i t  in  r e s tr ic te d  w a y s .  T h e  e g o ,  b o d y , a n d  th e  c u s p  

c a t a s t r o p h e  d o m in a t e  t h is  le v e l ,  w h ic h  in c lu d e s  s o m e  “a w a r e n e s s  o f  a w a r e n e s s ."  

s o m e  c a p a c i t y  fo r  f o r e s ig h t ,  b u t  n o  a p p a r e n t  a p p r e c ia t io n  o f  t h e  f a c t  o f  a p p r o a c h in g  

d e a th . E m b o d ie d  h u m a n  c o n s c io u s n e s s ,  th e  A 3 l e v e l ,  in c lu d e s  t h e  a b i l i t y  to  a p p r e c ia te  

th e  s p ir it u a l  a s p e c t  o f  th e  u n iv e r s e ,  i . e . .  t h e  a b i l i t y  to  e x p e r i e n c e  a  n u m in o u s  sp ir itu a l  

u n io n  w it h  lo g o s .  T h i s  le v e l  o f  c o n s c io u s n e s s  i s  n e c e s s a r y  fo r  " jo y fu l p a r t ic ip a t io n  in  

th e  s o r r o w s  o f  th e  w o r ld "  a n d  to  k n o w  th a t  “ u n d e r s t a n d in g  is  th e  r e c o g n i t io n  o f  th e  1 

in  th e  th o u ."  In A 3 c o n s c io u s n e s s  o n e  b e c o m e s  a w a r e  o f  a  s in g le ,  im m o r ta l  (u n -  

e m b o d ie d )  c o n s c io u s n e s s  in  w h ic h  w e  a l l  p a r t ic ip a te .  L iv in g  w it h  A 3 c o n s c io u s n e s s  is  

t o p o lo g ic a l ly  c o n g r u e n t  w it h  e x i s t e n c e  o n  a  b u t te r f ly  c a t a s t r o p h e ,  w h e r e  e x p o s i t i o n  in  

th e  s c i e n t i f i c  m o d e  c o m p le m e n t s  e x p o s i t i o n  in  t h e  s p ir it u a l  m o d e  a n d  th e  " n e u tr a l  

z o n e  is  a  s p a c e  o f  m e d it a t io n /p r a y e r .  T h i s  m o d e l  o f  c o n s c io u s n e s s  p r o v id e s  b r o a d  

s c o p e  a n d  a p l e a s in g  b e a r in g  o n  it s  su b je c t  m a tte r . It c o u ld  b e  u s e f u l  fo r  th e  h u m a n  

a d a p t a t io n  to  th e  n e x t  ic e  a g e  ( s e c  h t t p : / /w w w .w i l l i a m c a lv i n . c o m / c l i m a t e / ).

559.17
SELECTIVE LOCALIZATION OF CANNABINO ID RECEPTOR 1 ON 
CHOLECYSTOKININ- BUT NOT ON PARVALBUMIN-IMM UNOREACTIVE 
BASKET CELLS IN THE RAT HIPPOCAMPUS. I. K atona ,1 A. S ík,1 K. M ackie2 
and T.F. F reund1* . 1Insti. o f E xperim ental M edicine, B udapest, H-1450, 
H ungary 2Dept. o f Anesthesio logy, and P hysio logy and B iophysics, Univ. of 
W ashington, Seattle, WA 98195, U.S.A.

Recent identification of the endogenous cannabino¡d-related compounds and 
cloning of their putative receptors suggest the presence of a cannabinoid-operated 
system in the brain. To understand the physiological importance and mechanisms of 
action of this system together with the effect of its exogenous modulators like 
marijuana and hashish, it is crucial to identify the neural elements which serve as the 
structural substrate of these actions. Therefore we used a recently developed 
antiserum against the N-terminal region of the cannabinoid receptor 1 (CB1) to reveal 
the localization of the putative cannabinoid-mediated effect in hippocampal networks. 
Intemeurons in all hippocampal subfields and layers were found to express CB1. 
Somata and proximal dendrites contained several immunoreactive granules and 
electron microscopic observations revealed that strong labeling of the endoplasmatic 
reticulum may underlie this light microscopic staining pattern. Basket terminals were 
also immunoreactive around the principal and mossy cells. To determine which 
basket cell type expresses CB1 we examined its localization in cholecystokinin (CCK) 
and parvalbumin (PV)-immunoreactive cells, which represents the two major basket 
cell types in the hippocampus. Nearly all of the CCK-positive cells contained CB1 
(97%), whereas PV-immunoreactive cells expressed the receptor only occasionally 
(4.8%). On the other hand, most of the CB1-positive cells were immunoreactive for
C.CK (91%), which suggests that the two interneuron populations are identical. 
Double-immunostaining for PV+CB1 and CCK+CB1 showed that only CCK- 
immunoreactive basket terminals contain CB1 at the electron microscopic level. 
Taken together, these results suggest that cannabinoid-mediated modulation of 
hippocampal interneuron networks operates via presynaptic cannabis receptors on 
cholecystokinin-immunoreactive basket cell terminals modulating GABA release.

559.19
P S Y C H O P H Y S I O L O G I C A L  A R O U S A B I L I T Y  O F  A D U L T  

S U R V I V O R S  O F  C H I L D H O O D  T R A U M A . J e n n if e r  J. K o z e l , S c o t t  

A . G u s t a f s o n  a n d  S t e v e  W a l le r * , D e p a r tm e n ts  o f  P s y c h o lo g y  a n d  

P h y s io lo g y  a n d  P h a r m a c o lo g y ,U n iv e r s i ty  o f  S o u th  D a k o ta ,  

V e r m i l l i o n ,  S D  5 7 0 6 9 .

C h i ld h o o d  tr a u m a  is  c o n s id e r e d  to  b e  a n  im p o r ta n t  e t io lo g ic a l  fa c to r  

in  th e  d e v e lo p m e n t  o f  b o r d e r lin e  p e r s o n a lity  d is o r d e r  ( B P D ) .  It c a n  

o c c u r  in  m a n y  f o r m s  in c lu d in g  lo s s ,  p a r e n ta l s e p a r a t io n ,v e r b a l ,  

s e x u a l ,a n d  p h y s ic a l  a b u s e .  A  v a r ie ty  o f  r e se a r c h  h a s e x a m in e d  th e  

n e u r o d ev e lo p m e n t a l  im p a c t  c h i ld h o o d  tra u m a . In p r im a te s  a n d  r o d e n ts  

( i .e .  rat p u p s )  lo s s  a n d  m a t e r n a l- s e p a r a t io n  a re  a s s o c ia t e d  w ith  

d y s r e g u la l io n  o f  th e  h y p o t h a lm ie - p i lu i ia r y -a d r e n a l a x is .  In  a d u lt  

h u m a n s  a  h is to r y  o f  c h i ld h o o d  tr a u m a  h a s  b e e n  a s s o c ia t e d  w ith  

i r r e g u la r  E E G  p a tte r n s  s u g g e s t iv e  o f  d y s r e g u la l io n  o f  th e  l im b ic  

s tr u c tu r e s  a n d  a  l o w e r  t h r e s h o ld  f o r  a u t o n o m ic  r e a c t iv ity .  It is  

p o s s ib l e  th a t th e  l o w e r e d  t h r e s h o ld  f o r  a u t o n o m ic  r e a c t iv ity  is  

d e v e lo p e d  th r o u g h  th e  p r o c e s s  o f  k in d l in g  w h e r e b y  r e p e a te d  e x p o s u r e  

to  tr a u m a  e v e n t u a l ly  c a u s e s  h ig h e r  r a te s  o f  a c t io n  p o te n t ia l  in  th e  

l im b ic  s tr u c tu r e s  w ith  d im in i s h in g  s t im u l i  in t e n s i t y  n e e d e d  f o r  s tr o n g  

a u t o n o m ic  r e s p o n d in g .  C o n s e q u e n t ly ,  w h e n  p r e s e n te d  w ith  

e m o t io n a l ly  p r o v o c a t iv e  s t im u l i ,  th o s e  w h o  h a v e  e x p e r ie n c e d  

c h i ld h o o d  tr a u m a , s u c h  a s  m a n y  p e r s o n s  w ith  B P D ,  s h o u ld  e l i c i t  

s t r o n g e r  in d ic e s  o f  p s y c h o p h y s io lo g ic a l  a r o u sa l th a n  t h o s e  w h o  h a v e  

n o t  e x p e r ie n c e d  c h i ld h o o d  tr a u m a . W e  a r e  n o w  t e s t in g  in d iv id u a ls  

w it h  B P D  a n d  n o r m a ls  t o  a s s e s s  b o th  a b u s e d  a n d  n o n a b u s e d  

p a r t ic ip a n ts .  P s y c h o - p h y s io lo g ic a l  m e a s u r e s  o f  a u t o n o m ic  n e r v o u s  

s y s t e m  a c t iv ity  in c lu d in g  s k in  c o n d u c t a n c e ,  h a n d  te m p e r a tu r e s , fa c ia l  

e l e c t r o m y o g r a p h s  a n d  h e a r t ra te  a r e  r e c o r d e d  w h i le  p a r t ic ip a n ts  v ie w  a  

w id e  r a n g e  o f  e m o t io n a l ly  p r o v o k in g  s t im u li .

559.16
Electrophysiological And Morphological Diversity O f Entorhinal 
Cortex (Ec) Layer V (Lv) Neurons A nd Their Cholinergic Modulation. 
B .N. Haman*, C.T. Dickson, D.G. Amaral and A. Alonso. Univ. Calif. at Davis 
and McGill Univ., Montreal, Canada.

Neurons in EC LV are an important element in the cortico-hippocampal-cortical 
loop by mediating the transfer of hippocampal information to the neocortex. They 
also receive a robust cholinergic innervation from the basal forebrain. Using trad
itional intracellular recording techniques in rat brain slices we conducted an 
electrophysiological and morphological study of EC LV neurons and documented 
the influence of cholinergic modulation. According to both morphological and 
electrophysiological criteria, three neuronal types could be distinguished: 1) large 
pyramidal cells, 2) small pyramidal cells and 3) horizontal cells. Large and small 
pyramidal cells could be distinguished by their low7 (<80MΩ) and high input resis
tance, respectively. Both cell types displayed fast inward rectification and typically 
showed robust spike-frequency adaptation. L. the horizontal cells, the basal den
dritic tree extended horizontally for long distances (up to 500µm) and was confined 
to the limits of LV. Horizontal cells displayed pronounced time-dependent inward 
rectification that distinguished them from the other cell types. Neurons from all 
groups shared other electrophysiological characteristics such as low threshold Na+- 
dependent firing mechanisms and, in many cases, the ability to generate rhythmic 
subthreshold Na+-dependent membrane potential oscillations. None of the recorded 
cells (187) displayed rhythmic bursting discharge, however. In all neurons, 
muscarinic receptor activation with carbachol (10-50µM) caused depolarizations 
accompanied by an initial decrease and subsequent increase in apparent Rm. Ca2+ 
influx, triggered by firing, enhanced the carbachol-induced depolarization and 
produced a strong bistable membrane response. BNH, CTD and AA were 
supported by MRC and HFSP operating grants. AA is a MNI Killam scholar.

559.18
CAPILLARY ENDOTHEL IS COVERED BY ASTROCYTE ENDFEET 
IMMUNOPOSITIVE FOR CLC-2 CHLORIDE CHANNEL 
A. Sík*,1 R.L. Smith2 and T.F. Freund1 1Inst. Exp. Med., Hung. Acad. Sci., 
Budapest, Hungary, 2Univ. of Colorado Health Center, Denver, CO, USA

GABAa receptor-mediated responses may vary from hyperpolarization to 
depolarization depending on the state of anionic concentration gradient across the 
membrane. The chloride homeostasis of neurons and non-neuronal cells is 
maintained in part by a voltage sensitive inwardly rectifying chloride conductance. 
The chloride channel 2 (C1C2) plays an important role in the regulation of cellular 
chloride homeostasis. C1C2 is activated not only by hyperpolarization, but 
extracellular hypotonicity, which suggests that C1C2 has a widespread role in 
volume regulation. In the present study hippocampal sections of 2-3 month old rats 
were immunostained using a specific antibody against C1C2. A faint staining was 
found in both pyramidal and nonpyramidal cells. In addition, strongly 
immunoreactive processes were seen in the vicinity of small capillaries. Double 
Immunostaining using an antibody against glial fibrillary acidic protein (GFAP) 
revealed that the dense network of C1C2-positive processes, covering the surface of 
capillaries, corresponds to the endfeet of astrocytes. Interestingly, the distribution 
of C1C2-immunopositive atrocytes was not homogeneous thorough the 
hippocampus: CA1-CA3 strata oriens, pyramidale and CA3 str. radiatum 
contained the majority of immunopositive endfeet in contrast to the str 
lacunosum-moleculare or the CA1 stratum radiatum, where only a few 
immunolabelled astrocytic processes were found. Capillaries in the outer molecular 
layer of the dentate gyrus, but not in the inner part bore C1C2 positive endfeet of 
atrocytes. The granule cell layer did not contain immunoreactive profiles. 
Subcellular localization of C1C2 using preembedding immunogold technique 
showed that C1C2 was localized to the membrane of astrocytes mostly at points 
where they contacted similar processes of other astrocytes. Since C1C2 pumps out 
chloride ions from the cells, the atrocytes equipped with this channel may be able 
to export chloride from the extracellular space into the pericapillary space in 
response to hyperpolarization or extracellular hypotonicity. Based on these results 
it may be speculated that astrocytes play a role in controlling chloride distribution 
across the different hippocampal laminae and subfields.

559.20
C O M P A R A T I V E  M O R P H O L O G Y  O F  D E N D R I T I C  A R B O R I Z A T I O N S  O F  

H I P P O C A M P A L  N E U R O N S .  R .C .C a n n o n 1 , H .V . W h e a l 1 , a n d  D .A .T u r n e r 2*

1N e u r o s c i e n c e  R e s e a r c h  G r o u p ,  U n i v e r s i t y  o f  S o u t h a m p t o n ,  S O 1 6  7 P X ,  U K .

2N e u r o s u r g e r y  a n d  N e u r o b io lo g y ,  D u k e  U n i v .  a n d  V A M C ,  D u r h a m ,  N C  2 7 7 1 0 .

O u r  o p e n  a r c h iv e  o f  d e t a i l e d  3 D  r e c o n s t r u c t i o n s  o f  h i p p o c a m p a l  n e u r o n s  

in c l u d e s  C A 1  a n d  C A 3  p y r a m id a l  c e l l s ,  D G  g r a n u le  c e l l s  a n d  i n t e r n e u r o n s .  W e  

h y p o t h e s i z e  t h a t  t h e s e  c l a s s e s  o f  n e u r o n s  c a n  b e  m e a n i n g f u l l y  d i f f e r e n t i a t e d  u s in g  

t o p o l o g i c a l  m e a s u r e s  ( e .g .  b r a n c h in g ,  t r e e  a s y m m e t r y ) ,  e l e c t r i c a l  p a r a m e t e r s  

( e .g .  i n p u t  r e s i s t a n c e ,  p a s s i v e  v o l t a g e  a t t e n u a t i o n  a t  p a r t i c u l a r  f r e q u e n c ie s  t o  

a n d  fr o m  t h e  s o m a )  a n d  s c a l i n g  p r o p e r t i e s  ( a n a l o g o u s  t o  f r a c t a l  d i m e n s i o n ) .

T h e s e  s t r u c t u r e s  s h o w  n o  c h a r a c t e r i s t i c  f r a c t a l  d i m e n s i o n ,  b u t  i n s t e a d  a  s m o o t h  

c h a n g e  o f  s l o p e  o f  t h e  y  =  l o g  ( m e a s u r e d  l e n g t h )  a g a i n s t  x  =  l o g  ( r e s o lv a b le  s c a l e )  

r e l a t i o n ,  e v e n  t a k i n g  i n t o  a c c o u n t  t h e  r e s o l u t i o n  o f  t h e  n e u r o n a l  d i g i t i z a t i o n .  

F o r  m o s t  o f  t h e  n e u r o n a l  s t r u c t u r e s ,  h o w e v e r ,  t h i s  s c a l i n g  r e l a t i o n s h i p  i s  w e l l  

a p p r o x i m a t e d  b y  a  t w o  p a r a m e t e r  f u n c t i o n  o f  t h e  f o r m  y  =  y 0 — α  e x p ( ϰ  — ß )  

w h e r e  y0  i s  t h e  t r u e  t o t a l  l e n g t h .  T h e  d e r iv e d  v a l u e s  f o r  α  a r e  ( m e a n  ±  s .d .) :  

1 .0 4  ±  0 .0 7  fo r  p y r a m id a l  c e l l s ( n = 5 2 ) ,  0 . 8 9  ±  0 .0 9  f o r  i n t e m e u r o n s  ( n = 1 3 )  a n d  

0 . 8 2 ± 0 . 0 9  fo r  g r a n u le  c e l l s  ( n = 3 2 ) ,  s h o w i n g  a  c l e a r  s e p a r a t i o n  b e t w e e n  p y r a m id a l  

c e l l s  a n d  i n t e m e u r o n s .  W i t h  l e n g t h s  m e a s u r e d  in  m ic r o n s ,  ß  v a r i e s  f r o m  4 .6 8  ±  

0 .3  ( p y r a m i d s )  t o  4 . 5 4 ± 0 .3  fo r  i n t e m e u r o n s  t o  5 . 3 0 ± 0 .4  fo r  g r a n u le  c e l l s  ( g r a n u le  

c e l l s  s i g n i f i c a n t l y  d i f f e r e n t ) .  O t h e r  d i f f e r e n c e s  in c l u d e  h i g h e s t  b r a n c h  o r d e r  [C A 1  

p y r a m id  ( 2 5 - 3 0 ) >  C A 3  p y r a m id  ( 2 0 - 2 2 )  >  g r a n u le  c e l l  ( 8 - 1 0 )  >  i n t e r n e u r o n  ( 6 -  

8 ) ]  a n d  lo g  v o l t a g e  a t t e n u a t i o n  f o r  d e n d r i t i c  s i g n a l s  p r o p a g a t i n g  t o  t h e  s o m a .

P r i n c i p a l  c o m p o n e n t s  a n a l y s i s  l e a d s  t o  c h a r a c t e r i s t i c  p r o f i l e s  t o  b e  a s s o c i a t e d  

t o  e a c h  c e l l  t y p e ,  p e r m i t t i n g  a  r ig o r o u s  c l a s s i f i c a t i o n  o f  n e u r o n s  u s in g  c r i t e r ia  in 

d e p e n d e n t  o f  t h e  l o c a t i o n ,  u s e f u l  f o r  d e v e l o p i n g  t i s s u e  c u l t u r e  a n d  i m m a t u r e  s t e m  

c e l l  n e u r o n s .  T h e  a n a l y s i s  m a y  a l s o  f a c i l i t a t e  t h e  s i m u l a t i o n  o f  la r g e  p o p u l a t i o n s  

o f  r e a l i s t i c  n e u r o n a l  s t r u c t u r e s  f o r  m o d e l i n g  w o r k  a n d  M o n t e - C a r l o  s i m u l a t i o n s .  

F u n d e d  b y  t h e  W e llc o m e  T r u s t ,  N I A  A G - 13 1 6 5  a n d  V A M C .
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559.21
HIGHLY POLYSIALYLATED NEURAL CELL ADHESION MOLECULE 
(PSA-NCAM) EXPRESSION IN THE ENTORHINAL CORTEX AND 
HIPPOCAMPUS: CHANGES IN TEMPORAL LOBE EPILEPSY AND 
ALZHEIMER’S DISEASE. M. Mikkonen,1* R. Miettinen,1 A. Pitkänen,4 
R. Kälviäinen,1 L. Paliärvi,3 T. Tapiola,1 M. Vapalahti,2 A. Ylinen,1 and H. Soininen,1 
Depts. o f  1Neurology, 2Neurosurgery, 3Pathology, and 4A.I. Virtanen Institute,
Kuopio University Hospital and University o f Kuopio, Finland.

PSA-NCAM is mainly expressed in embryonal nervous system. In adult brain it is 
associated with continuous growth, repair of tissue, and generation of neurons. We 
studied PSA-NCAM immunoreactivity (-ir) in the dentate gyrus (DG) and entorhinal 
cortex (EC) of controls (n=13), and patients with temporal lobe epilepsy (TLE) 
(n=24), or Alzheimer’s disease (n=1 2). In contro ls, the hilus of DG contained 
numerous PSA-NCAM-ir neurons with dendrites reaching outer two-thirds of the 
molecular layer (oml). Occasional PSA-NCAM-ir infragranule cells were located in 
the innermost portion of granule cell layer. The oml was more intensely labelled than 
inner third of the molecular layer (iml). In EC, radially oriented fiber bundles were 
located in layers II and III. At electromnicroscopical level PSA-NCAM-ir was 
localized in axonal and dendritic membranes. In most TLE cases, the density of PSA- 
NCAM-ir neurons in the hilus was decreased. Preserved neurons had tortuous 
dendrites curling in the proximity of their somata. In eight cases with mild neuronal 
loss of hippocampus, the density of infragranule cells was higher compared to 
controls. Other cases had only occasional infragranule cells. The lamination of oml 
and iml was diminished, which was related to the substantial increase in PSA-NCAM- 
ir of iml. t he rostromedial EC showed abnormal plexi of fibers surrounding small 
neurons in layer II. In A D . the hilus contained morphologically similar neurons as in 
controls. The density of hilar and infragranule cells was preserved. The staining 
intensity of oml was clearly increased. In EC non-oriented fiber staining was seen in 
layer II of the caudolateral subfields. Our study reveals differences in PSA-NCAM-ir 
in controls. TEE and AD suggesting that neuronal remodeling occurs in both diseases.

LEARNING AND MEMORY: PHYSIOLOGY—BEHAVIOR CORRELATIONS

560.3
EXCITABILITY AND SYNAPTIC RESPONSES OF DORSAL CA1 PYRAMIDAL 
CELLS IN HIPPOCAMPAL SLICES FROM RATS AFTER MORRIS WATER 
MAZE TRAINING. P.A. Gusev*, D.L. Alkon. LAS. NINDS, NIH, Bethesda, MD 
20892.

Lesion studies suggest that the dorsal hippocampus (dHC) is critical to learning 
performance in the water maze (WM) task. We asked whether WM training resulted 
in lasting alteration of electrophysiological parameters in dHC CA1 pyramidal cells 
(PCs). On the 1st day male Wistar rats (ca 200 g) swam for 2.5 min in the pool in the 
absence of a platform. On the 2nd day rats were trained (4 trials 40 sec apart) to 
locate the hidden platform (n=21). Control rats performed the 2nd swimming session 
without the platform (n=20). DHC slices were taken 24 hr later. Recordings from 
somata of PCs did not show differences in resting membrane potential (p>0.5, n=64; 
66), input resistance (p>0.7) or spike height (p>0.45) for trained vs. control rats. 
There was also no difference in the current to evoke a burst of 4 spikes (p>0.6), in 
magnitude of the following afterhyperpolarization (AHP, p>0.45) or in accommo
dation (p>0.7) for trained vs. control rats. There was, however, a significant 
correlation of the 4-spike AHP (r=0.31, p<0.012) and accommodation (r=0 .33, 
p<0.011) with average time to find the platform. Schaffer collateral stimulation 
evoked composite EPSP-EPSP responses in CA1 PCs. Analysis of input-output 
relationships did not show differences in magnitude of maximum subthreshold 
EPSPs (6.6±0.3 vs. 7±0.5 mV, p>0.42) or in EPSP peak latency (5±0.2 vs. 5.7±0.4 
ms, p>0.11, n=39;39) for trained vs. control rats. EPSP components after tra in ing , 
however, had larger amplitudes (-10±0.5 vs. -8.4±O.5 mV, p<0.029); shorter peak 
latencies (34.6±2 vs. 5 1.5±6.5 ms, p<0.016); and, reversed at more depolarized 
potentials (p<0.014, n= 12;20) in comparison to control group. There was no 
correlation between IPSP and AHP after training (r=-0.002, p>0.99). Experiments 
with picrotoxin (100 µM, n=3) didn’t show IPSP presence during AHP. These data 
suggest that learning during a spatial memory task leads to alterations in membrane 
excitability and strengthens inhibitory control of the different dorsal CA1 PCs.

560.2
SPATIAL MEMORY AND DIFFUSION PARAMETERS IN AGED RAT 
CORTEX, CORPUS CALLOSUM AND HIPPOCAMPUS.
E. Syková*1,2, T . Mazel1,2, C . Frisch3, Z . Šimonová1,2, R. U . Hasenöhrl3 and J. P. 
Huston3. 1Dept. of Neuroscience, 2nd Medical Faculty, Charles Univ. and 2Inst. of 
Exp. Med., ASCR, Prague, Czech Rep., 3Inst. of Physiological Psychology, Univ. of 
Düsseldorf, Germany

Extracellular space (ECS) diffusion parameters, volume fraction α  (ECS 
volume/total tissue volume) and tortuosity λ  (λ2 = apparent diffusion coefficient/free 
diffusion coefficient), were studied in vivo in cortex (C), corpus callosum (CC) and 
hippocampus (H) of aged rats (26-32 months old) that were classified according to 
their performance during place learning. Two groups, bad and good learners, were 
selected. Measurements were performed using the real-time iontophoretic 
tetramethylammonium method along three orthogonal axes (mediolateral - x, 
rostrocaudal - y  and dorsoventral - z).

The volume fraction and uptake were significantly lower in both aged groups than 
in young adults (Mazel et al., Neuroreport 9, 1998) in most areas studied. Mean 
values of α  in individual areas were in the range: 0.17 - 0.20 in good and 0.16 - 0.19 
in bad learners (0.20-0.22 in young adults). In young adults and good learners 
anisotropy was found in CC and H, however, it was lost in bad learners. Tortuosity 
along the x-axis was lower than along the y-axis. The highest tortuosity (slowest 
diffusion) was found along the z-axis. Significant differences between good and bad 
learners were observed in deeper layers of the hippocampus (DG - dentate gyrus, 
CA3): α  was significantly lower and λ  higher in bad than in good learners.

We conclude that there are significant differences in diffusion parameters between 
bad and good learners in the CA3 and DG regions of the hippocampus which may 
affect LTP and LTD (Kullmann and Asztely, TINS, 21:8-14, 1998).

Supported by GACR 309/96/0884, 307/96/K226, IGA MZ no. 3423-3 and DFG 
Hu 306/11-3

560.4
ACTIVATION OF THE MAPK CASCADE FOLLOW ING BEHAVIORAL 
TRAINING OF RATS IT THE MORRIS W ATER M AZE TASK. P. K. 
Dash*, S. Blum and A.N. Moore. Dept o f  Neurobiology and Anatomy, The 
University o f Texas-Houston Health Science Center. Houston, TX 77030.

The MAPK cascade can be activated by various extracellular stimuli that 
involves sequential activation o f ras, MAP kinase kinase kinase (MAPKKK or 
MEK kinase), MAP kinase kinase (MAPKK or M EK) and MAPK. Activation 
o f the MAPK cascade has been strongly implicated in long-term synaptic 
facilitation in Aplysiα, a correlate o f  long-term memory storage, and associative 
learning in Hermissendα. In addition, it has been reported that the maintenance 
o f long-term potentiation, a proposed biophysical mechanism for hippocampus- 
dependent memory, in hippocampal slices requires M APK activation. Taken 
together, these studies suggest that activation o f the M APK cascade as a result 
o f  behavioral training may be critical for long-term memory storage. The 
activation o f MAPK in the hippocampus was examined by western blotting and 
immunohistochemistry following training in the Morris water maze task. 
Behavioral training resulted in increased phsophorylation o f M APK in 
hippocampal pyramidal cells. The M EK inhibitor PD98059 was used to block 
MAPK phosphorylaton in vivo. The inhibitor appears to be highly selective for 
the MAPK cascade since the activities o f  other kinases such as stress activated 
protein kinase (SAPK), Ca2+/calmodulin-dependent protein kinase (CaMK) 
and PKC were not affected. Inhibition o f M EK in the dorsal hippocampi o f 
animals by PD98O59 impeded long-term spatial memory storage. However, 
contextual long-term memory, as examined by the conditioned emotional 
response task, was not affected by administration o f the inhibitor. Supported by 
NIH grant MH49662.
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560.1

INESCAPABLE EXPOSURE TO A PREDATOR BLOCKS PB POTENTIATION, 
BUT NOT LTP, IN VITRO. M.H. Mesches1, K.L. Heman2, M. Fleshner3, G.M. 
Rose2 & D.M. Diamond4*, Dept. of Pharmacology, UCHSC, Denver, CO1; 
Neurosci. Drug Discovery, Bristol-Myers Squibb, Wallingford, CT2; Dept. of 
Kinesiology and Applied Physiology, Univ. of Colorado, Boulder, CO3; Dept. 
of Psychology and Neuroscience Program, Univ. of So. Florida, Tampa, FL4

Psychological stress blocks primed burst (PB) potentiation in behaving rats 
(Behav. Brain Res., 62:1,1994) and impairs spatial memory (Behav. Neurosci., 
110:661,1996). We have extended this work by using an ethologically relevant 
stressor, inescapable exposure to a cat, and studied PB and LTP, in vitro.

Subjects were male SD rats (175g) housed in the laboratory for at least 3 days 
prior to the acute recordings. The CA1 population spike was recorded in vitro after 
one of the following manipulations occurred in vivo: 75 min in a chamber (Chamber 
Control), 75 min in a chamber with a cat (Chamber Stress) or home cage 
(Undisturbed Control). PB was 1 pulse followed 170 ms later by 4 pulses at 200 Hz; 
LTP was 100 pulses for 1 sec. The primary finding was that PB potentiation, 
but not LTP, was blocked by cat stress. General excitability (e.g., baseline 
current) was unaffected by stress. Corticosterone levels at the time of sac
rifice were elevated only in the stress group and not in the control groups.

These data are consistent with prior work showing that PB potentiation is more 
sensitive than LTP to modulation by behaviorally relevant variables. More 
importantly, the in vitro findings demonstrate that psychological stress can produce 
intrinsic changes in hippocampal physiology that persist after extra-hippocampal 
structures and stress hormones are removed.

Supported by the Office of Naval Research and the VA
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560.5
A N A T O M IC A L DISTR IB U TIO N  OF G A P-43 A N D HSC 70 m RNA 
EX PRESSIO N  IN THE RA T BRAIN D U RING TR A IN IN G  IN THE 
M ORRIS W ATER M AZE TASK:. J.M . Pizarro , M .R .G onzalez, H. Kim.
U.M . Ricoy , J. Fey, D. V illarreal, A.E. M artinez, J.L. M artinez Jr. and E.J. 
Barea-Rodrigueź*. D ivision o f  Life Sciences, University  o f  Texas at San 
A ntonio, TX 78249.

L ong-term  neuronal changes are b e lieved  to  underlie  the  fo rm ation  o f  
long-term  m em ory , and m ay include at the  structu ral level dendritic  
grow th  and synap togenesis, at the b iochem ica l level pro tein  k inase 
ac tiva tion , pro tein  p h osphory la tion , and in the  ce ll-b o d y  and synaptic  
bou tons increased  pro tein  synthesis. G row th  asso c ia ted  pro tein  (G A P- 
43) and heat shock  p ro te in -70  (H S C  70) are  p ossib le  cand ida te  genes that 
m ay m ediate  structural ce llu la r changes th at o ccur d u rin g  learn ing . W e 
used in situ  h ybrid ization  to investigate  w h eth er G A P-43 and H SC  70 
m R N A  exp ress io n  occurs during  spatial learn ing . A n im als w ere tra ined  
in a M orris w ater m aze task. T ra in ing  consisted  o f  10 tra ils  per day in 
w hich  the an im als w ere g iven  60 seconds to find  a subm erged  platform . 
A probe trial w as g iven  at the end o f  the  tra in in g  session . Rats w ere 
sacrificed  24 hrs a fte r the last tra in ing  trial on e ith er D ay 1, 2, 3, 4, o r 5. 
R esu lts  show  increase in G A P-43 and HSC 70 m R N A  ex pression  in 
brain  reg ions such as h ippocam pus and am y g d alo id  nuclei a fter tra in ing . 
T hese  resu lts  sug g est th at G A P -43 and H S C  70 m R N A  ex pression  are 
a ssoc ia ted  w ith spatial learning, and  G A P-43 and H S C 70 pro teins m ay 
underline structural changes such as synap to g en esis  th a t are believed  to 
underlie  learning. Supported  by GM  08194 , GM  017717  (E JB R ) and 
N IH  D A 04195, E w ing H alsell E n dow m ent (JL M ).

560.7
STRUCTURE-SPECIFIC SYNAPTIC CHANGES FOLLOWING AN 
OLFACTORY LEARNING IN RAT. A .M .  M o u ly ,  A .  F o r t  a n d  R . G e r v a is * .  

I n s t itu t  d e s  S c i e n c e s  C o g n i t iv e s ,  C N R S  U P R  9 0 7 5 ,  6 9 6 7 5  B r o n ,  F r a n c e .

T h e  c u r r e n t  v i e w  o f  m e m o r y  s u g g e s t s  th a t le a r n in g  is  su p p o r te d  b y  c h a n g e s  in  a 

h ig h ly  d is tr ib u te d  n e u r a l n e tw o r k  in c lu d in g  l im b ic  a s  w e l l  a s  c o r t ic a l  a rea s . T h is  

s tu d y  w a s  a im e d  at in v e s t ig a t in g  th e  s y n a p t ic  m o d if ic a t io n s  in d u c e d  b y  an  o l f a c to r y  

le a r n in g  a t d i f f e r e n t  l e v e l s  o f  th e  o l f a c t o r y  p a th w a y s .

In  f iv e  r a ts , t w o  s t im u la t in g  e l e c t r o d e s  w e r e  c h r o n ic a l ly  im p la n te d  in  th e  o lfa c to r y  

b u lb  ( O B )  a n d  fo u r  r e c o r d in g  e l e c t r o d e s  r e s p e c t iv e ly  in  th e  a n te r io r  p ir ifo r m  c o r te x  

( a P C ) ,  p o s t e r io r  p ir ifo r m  c o r t e x  ( p P C ) ,  e n to r h in a l  c o r t e x  ( E C )  an d  d e n ta te  g y r u s  

( D G ) .  In  a  d a i ly  t r a in in g  p a r a d ig m , s t im u la t io n  o f  th e  O B  e le c t r o d e s  w a s  u s e d  to  

m im ic  o d o u r  s t im u la t io n .  R a ts  w e r e  tr a in e d  to  a s s o c ia t e  s t im u la t io n  o f  o n e  O B  

e le c t r o d e  to  th e  d e l iv e r y  o f  q u in in e  ( q u in in e  e le c t r o d e )  a n d  s t im u la t io n  o f  th e  o th e r  

e le c t r o d e  to  th e  d e l iv e r y  o f  s w e e t  s o lu t io n  ( s w e e t  e le c t r o d e ) .  T h e  d is c r im in a t io n  w a s  

a c q u ir e d  w ith in  3 - 4  s e s s io n s .  T h e  f ie ld  p o t e n t ia ls  in d u c e d  b y  s t im u la t io n  o f  e a c h  O B  

e le c t r o d e  w e r e  c o l l e c t e d  s im u lt a n e o u s ly  in  th e  f o u r  r e c o r d in g  s i t e s .  A  f ir s t  s e r ie s  o f  

r e c o r d in g s  w a s  c a r r ie d  o u t  in  th e  a n a e s t h e t iz e d  rat, b e f o r e  a n d  a fte r  le a r n in g . T h e  

d a ta  s h o w  th a t le a r n in g  in d u c e d  an  in c r e a s e  in  th e  a m p litu d e  o f  th e  e a r ly  c o m p o n e n t  

o f  th e  f ie ld  p o t e n t ia l  in  p P C  a n d  E C  a n d  a  d e c r e a s e  o f  th e  s a m e  c o m p o n e n t  in  D G .  

T h e s e  e f f e c t s  w e r e  s p e c i f i c a l ly  o b s e r v e d  w h e n  s t im u la t in g  th e  q u in in e  e le c t r o d e .  

M o r e o v e r ,  f o l l o w in g  le a r n in g ,  th e  t h r e s h o ld  o f  o c c u r r e n c e  o f  th e  la te  c o m p o n e n t  o f  

th e  f ie ld  p o te n t ia l  w a s  d r a s t ic a l ly  lo w e r e d  in  p P C  a n d  E C . A  s e c o n d  s e r ie s  o f  

r e c o r d in g s  w a s  m a d e  o n  a w a k e  a n im a ls  b e f o r e ,  d u r in g  an d  a fte r  a c q u is it io n  o f  

le a r n in g .  P r e l im in a r y  d a ta  s h o w  th a t m o s t  c h a n g e s  w e r e  o b s e r v e d  a fte r  th e  fir st  

tr a in in g  s e s s io n ,  p o in t in g  to  a  f u n c t io n a l  d i s s o c ia t io n  b e t w e e n  a P C  a n d  p P C .

T h e s e  d a ta  s h o w  th a t o lf a c t o r y  le a r n in g  in d u c e s  s e l e c t iv e  s y n a p t ic  c h a n g e s  at 

d if f e r e n t  l e v e l s  o f  th e  o l f a c t o r y  p a th w a y s  a n d  s u g g e s t  a  d if f e r e n t ia l  r o le  o f  a P C  an d  

p P C  in  o l f a c t o r y  m e m o r y .

560.9
MODIFICATIONS IN SYNAPTIC EFFICACY OF POLYSYNAPTIC AND 
MONOSYNAPTIC EVOKED POTENTIALS IN DENTATE GYRUS 
DURING AN OLFACTORY LEARNING IN RAT. B.Truchet. F.A. 
Chaillan, F.S. Roman* and B. Soumireu-Mourat. Lab. de Neurobiologie dcs 
Comportements, UMR 6562, IBHOP, 13388 Marseille cedex 13, FRANCE.

In a previous work using electrical high frequency stimulation applied to 
the lateral olfactory tract of rat as an artificial olfactory cue (olfacto-mimetic 
stimulations, OMS) during a discriminative learning, we study the development 
and the potentiation of a long latency polysynaptic evoked potential in the 
dentate gyrus (GD). The long onset latency of this response suggests that its 
reactivation is mediated by a hippocampal loop via the entorhinal cortex.

To study the efficacy alterations, related to learning, of the synapses 
between the entorhinal cortex and the GD, we used electrical stimulation of the 
lateral perforant path (LPP), which is the olfactory entrance to the hippocampal 
formation. The monosynaptic potential recorded in DG by LPP stimulation prior 
and after every training session allowed to observe a substantial increase in 
synaptic efficacy only following the first learning session. This potentiation did 
not remain 24 h later and conversely a long-term depression developed session 
after session. In pseudo-conditioned animals this short-term potentiation was not 
seen and the long-term depression phenomenon appeared later.

These data suggest that, in learning condition, the population of DG 
synapses activated by the electrical stimulation of the LPP was distinct from the 
population of DG synapses which exhibited polysynaptic potentiation.

560.6
EXPRESSIO N OF TYPE-2 R YANODINE R E C EPTO R  IN T H E  RAT BRAIN: 
CHANG ES FOLLOW ING A SPATIAL LEARNING EXPE R IE N C E. W .Q . Zhao1*,
N. Meiri1, S. Cavallaro1, H. Xu1, L. Zhanq2 and D.L. Alkon1. 1. Laboratory of 
Adaptive Systems, NINDS, 2. Behavioral Endocrinology Branch, NIMH, NIH, Bethesda, 
MD. 20892.

Ryanodine receptor (RyR) represents an intracellular calcium channel 
mediating Ca2+-induced C a2+ release (CICR) that is involved in a variety of 
brain functions. It has been reported that expression of RyR type-2 (RyR-2) is 
increased in the hippocampus of rats subjected to a spatial training task 
(Cavallaro et al.,1997, PNAS, 94:9669-9673). In the present study, we 
investigated expression of RyR-2 in the rat central nervous system (CNS), and 
its changes during memory consolidation processes. A specific riboprobe was 
synthesed using a segment of c-DNA sequence of the rat brain RyR-2. In situ 
hybridization results showed that RyR-2 mRNA was widely distributed in the rat 
CNS with highest abundance in the cerebellar cortex, dentate gyrus, and CA3 
and CA4 areas of the hippocampus. To assess changes in RyR-2 gene 
expression in learning and memory, male adult W istar rats were subjected to a 
3-trial, one-day standard training, or a 3-trial, 4-day reinforcing training process 
using the water-maze task. While both training experiences produced clear 
spatial memory, rats trained in the reinforcing trials showed a significantly 
higher retention level compared to those trained in a standard training trial. The 
training experience induced an increase in RyR-2 gene expression in the 
hippocampal area. The increase peaked at 12 hours following training with 90%  
(p = 0.02, n = 3) increase in CA1, and 46%  (p < 0 .0 1 , n = 3) increase in dentate 
gyrus. A higher increase (127% , p = 0.03, n= 3) in expression of RyR-2 was 
seen in the CA1 from rats underwent the reinforcing training. The fact that 
these changes were not present in the swiming control suggests that the 
change in RyR gene expression in CA1 is training-specific. These results 
indicated that RyR-2 is upregulated during memory formation, suggesting an 
involvement of C ICR in the course of learning and memory consolidation.

560.8
OD O R D ISC RIM IN A TIO N -LEA RN IN G  REDUCES PR ED ISPO SIT IO N  FO R 
LTP IN D U CTIO N  IN PIRIFO R M  CO RTEX  BR A IN  SLICES
D . L ebel1,2, D. S aar1, Y. G rossm an1 and E. B arkai2*. D ept o f  P hysio logy1 
and M orphology2, Faculty  o f H ealth Sciences, Zlotow ski C enter for 
N euroscience, Ben-G urion U niversity o f the N egev, B eersheva 84105, Israel.

L earning-related m odifications in long-term  potentiation (LTP) were 
studied in rat piriform  cortex. W ater deprived rats were d ivided into 3 groups: 
a ’trained' group w hich was trained in 4 arm  m aze to discrim inate positive 
cues in 2 pairs o f odors, a 'pseudo trained’ group which was random ly 
rew arded , and a 'naive' group which was not exposed to training. W e have 
previously shown that while the kinetics o f single EPSP in layer II pyram idal 
cells evoked by stim ulating the intrinsic fibers (layer 1b) is not m odified by 
such training, significant reduction in paired pulse facilitation appears three 
days after training com pletion. A ccording to the sliding m odification 
threshold theory, the synaptic connections in a previously active neuronal 
netw ork should show less tendency to potentiate with L TP paradigm s. W e 
exam ined the frequency response in p iriform  cortex brain slices o f the three 
groups one day after tra ining com pletion. H igh frequencies o f 20, 50 and 100 
Hz were applied with theta  rhythm  stim ulation. F ield potential am plitudes o f 
the population EPSPs were m easured by recordings in layer Ib, for one hour 
after LTP induction. F or stim ulation at 50 Hz, LTP was induced in 6/7 slices 
o f ‘pseudo tra ined’, 7/9 o f ‘naive and only 6 /11 o f ‘tra ined’ rats. Furtherm ore, 
when LTP induction w as successful, the 'pseudo trained' (1 .35+0.15) and 
‘naive’ (1 .40+0.13) groups show ed a significantly  greater (p<0.01, one way 
A N O V A  test) L TP com pared to the ‘tra ined’ group (1.16+ 0.01). O ur data 
suggest that fo llow ing odor-learning the piriform  cortex becom es less 
susceptible to LTP induction. Supported by the Israeli Science Foundation.

560.10
REDU CTIO N OF A TO NIC FORM  OF SY NAPTIC IN H IB IT IO N  IN  
O LFA CTO RY BULB FO LLO W IN G  U N IL A T E R A L  O LFA CTO RY  
DEPRIVATION. D. D esm aisons, A. C arle to n , J.-D. V incent an d  P.-M. Lledo* 
C.N.R.S., Institu t A lfred Fessard, 91198 Gif-sur-Yvette, France.

U n ila te ra l o lfa c to ry  d e p r iv a tio n  d u r in g  p o s tn a ta l  d e v e lo p m e n t 
p ro d u ce s  s ig n ifican t s tru c tu ra l an d  n eu ro ch em ica l m o d ifica tio n s  of the 
o lfac to ry  b u lb . To p rec ise  th ese  ch a n g es , w e  h a v e  s tu d ie d  sy n a p tic  
transm ission  in  a slice p rep a ra tio n  a fte r p ostna ta l olfactory  d ep riv a tio n . Rat 
p u p s  (3 to 4-days old) w ere un ila tera lly  d ep riv ed  of olfactory  stim ula tion  by 
naris occlusion  d u r in g  the first 3-4 p o stn a ta l w eeks. A decrease  in  ty rosine 
hydroxy lase  im m unoreac tiv ity  in  the g lo m eru lar lay er w as used  to m onito r 
the level of sensory deprivation . In all experim ents, the con trala teral b u lb  w as 
used  as a contro l for changes o bserved  in  the  ipsila te ra l bu lb . In trace llu la r 
record ings w ere ob tained  from  cells located in the m itra l cell bod y  layer and  
w ere iden tified  as m itra l cells by  b iocytin  s ta in ing . Irreg u la r  f iring  p a tte rn s  
w ere  o bserved  d u e  to the  p resence  of a tonic  fo rm  o f sy n ap tic  in h ib ition  
revealed  by  an  increase of the in p u t m em brane  resistance  in the presence  of 
GABAA an tag o n is ts . A n evoked  form  of sy n ap tic  in h ib itio n  trig g e red  by  
g lu tam ate  released  from  firing  m itra l cells w as a lso rep o rted . This evoked  
form  of inhib ition  regu lated  m itra l cell's activ ity  by  ch an g in g  the slope of the 
in p u t-o u tp u t  re la tio n sh ip  w h ereas  on ly  a c lear sh ift of th is  fu n ctio n  w as 
observed  in the  p resence of tonic in h ib ition  (w ith o u t change of the  slope). 
Both form s w ere m ed ia ted  by  GABAergic neu ro n s from  the  g ran u le  cell layer 
an d  show ed  sim ilar sensitiv ity  to d iffe ren t GABAA an tagon is ts . The level of 
tonic inh ib ition  w as reduced  in  bulbs connected  to occluded nostrils  w hereas 
evoked inhib ition  rem ained  u na lte red . This functional change w as correla ted  
w ith  a reduction  in  the  sta in ing  for g lu tam ate  decarboxylase, the  lim iting  step  
for GABA synthesis. The m orpho-functional m odifications here  rep o rted  m ay 
concern one of the m echanism s underly in g  olfactory learning.

Society for Neuroscience, Volume 24 ,1998
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560.11
TRACE EYEBLINK CONDITIONING INDUCES A RESTRUCTURING 
OF PREEXISTING SYNAPSES, RATHER THAN SYNAPTOGENESIS. 
Y. G einisma n i *, J .F . Disterhoft1, H .J .G. G undersen2, M .D. McEchron1,
I.S. Persina1, J.M. Pow er1, E.A. Van der Zee1 and M.J. W est3, 1： Dept. o f CM 
Biol., Northwestern Univ. Med. Sch., Chicago, IL 60611; 2Stereol. Res. Lab. and 
3In st Neurobiol., Aarhus Univ., 8000 Aarhus, Denmark.

The problem of whether the process of learning involves synaptogenesis or a 
restructuring of preexisting synapses was explored with the aid of a novel, 
completely unbiased method for estimating the total number o f synapses in a brain 
region (Geinisman et al., J. Neurocytol., 1996, 25:809). A hippocampus- 
dependent paradigm of associative learning was used. Young adult rabbits were 
given daily 80 trial sessions to a criterion of 80% conditioned responses in a 
session. In each trial, the conditioned (tone) and unconditioned (corneal airpuff) 
stimulus were presented with a stimulus-free or trace interval of 500 msec. Control 
rabbits were pseudoconditioned by equal numbers of random presentations of the 
same stimuli. Brain tissue was taken for morphological analyses 24 hr after the 
last session. Synapses were examined in the CA1 stratum radiatum. The results 
showed that the total number of all synaptic contacts was virtually the same in the 
CA1 stratum radiatum of conditioned and pseudoconditioned animals. Various 
synaptic subtypes also did not exhibit changes in their total number after 
conditioning. There was, however, a significant conditioning-induced enlargement 
of the postsynaptic density area in axospinous nonperforated synapses (the area was 
estimated as the product of the section thickness and the sum of profile lengths 
measured in serial sections and corrected for overprojection by subtracting the 
maximal profile length). This change may reflect an addition of signal transduction 
proteins (such as receptors and ion channels) or a step in the conversion of small 
axospinous nonperforated synapses into large and presumably more efficacious 
perforated ones. In any event, the results of this study strongly suggest that it is 
the restructuring of preexisting synapses, but not synaptogenesis, that may underlie 
associative learning.

Supported by the grant 5 RO 1 NS34582 from the NIH-NINDS.

560.13
PHOSPHO RYLATIO N OF HIPPOCAM PAL CAMP RESPONSE  
ELEM ENT BIND ING  PROTEIN IS SU STA IN ED  DURING THE 
C O N S O L ID A T IO N  P H A S E  OF P A S S IV E  A V O ID A N C E  
LEARNING. S.M. Tauhenfeld*. K.A. W iig. M.F. Bear and C.M. 
Alberini. Department o f Neuroscience and Howard Hughes Medical 
Institute, Brown University; Providence, RI 02912.

PKA-mediated phosphorylation of cAM P response element binding 
protein (CREB) is one o f a sequence o f molecular events necessary for 
the wave of gene expression and protein synthesis that accompanies 
long-term consolidation of memories. W e examined levels of CREB- 
phosphorylation (P-CREB) in the rat hippocampus at discrete time 
points (0, 3, 6 and 9 h) follow ing one-trial passive avoidance training 
(4 animals per time point). By Western blot analysis, we found that P- 
CREB in hippocam pus increased im m ediately after training and 
remains elevated for up to 6 h when compared with yoked control 
animals (4 animals per time point) which were placed in the novel 
learning environment but received no footshock. Immediately after 
training (0 h) P-CREB levels were elevated by 55 ±  12 % (p < 0.01) in 
shocked animals as compared to yoked control animals, and remained 
elevated at 3 h (56 ±  9 % increase, p < 0.008). P-CREB activity 
began to decrease by 6 h posttraining (28 ±  19 %; P = 0.055) and by 9 
h was not s ign ificantly  d ifferent from controls. Preliminary 
immunocytochemical data suggest that the increase in P-CREB occurs 
in neurons o f the dentate gyrus, C A 1, C A 2 and C A3 regions of 
hippocampus. Experiments are underway to investigate if  this CREB 
response in hippocampus is necessary for memory consolidation, and 
to understand the mechanism of P-CREB regulation, [supported by 
HHMI and the Whitehall Foundation]

560.12
E N H A N C E D  E X P R E S S I O N  O F  Z E N K  A F T E R  P A S S I V E  A V O I D A N C E  T A S K  

A N D  IT S  R E L E V A N C E  T O  M E M O R Y  F O R M A T I O N  I N  Q U A I L  C H I C K S .

S . Y a n a e ih a r a ,  K . M a e d a *  a n d  T . M a t s u s h im a .  G r a d u a te  S c h o o l  o f  B io a g r ic u l t u r a l  

S c ie n c e ,  N a g o y a  U n iv e r s i t y ,  A ic h i  4 6 4 - 8 6 0 1 ,  J A P A N .

E n h a n c e d  e x p r e s s io n  o f  im m e d ia te  e a r ly  g e n e s  (I E G s ;  c -fo s  a n d  c - ju n )  a f te r  f i l ia l  

l e a r n in g  t a s k s ,  s u c h  a s  p a s s iv e  a v o id a n c e  (P A L ;  A n o k h in  e t  a l.  1 9 9 1 )  le a r n in g  an d  

im p r in t in g  ( M c C a b e  a n d  H o r n  1 9 9 4 ) ,  h a s  b e e n  s u p p o s e d  to  u n d e r l ie  a n  e s s e n t ia l  

s t e p  t o w a r d  m e m o r y  c o n s o l id a t io n .  In  th is  s tu d y ,  e x p e c t in g  to  f in d  a n o t h e r  IE G  

c a n d id a t e  r e p r e s e n t in g  m e m o r y ,  w e  e x a m in e d  d e n s i t i e s  o f  Z E N K  im m u n o p o s i t iv e  

c e l l s  in  fo r e b r a  n r e g io n s  in v o lv e d  in  P A L  t a s k ,  i . e . ,  I M H V  ( a v ia n  h o m o lo g u e  o f  

a s s o c ia t e  c o r t e x )  a n d  L P O  ( a v ia n  h o m o lo g u e  o f  c a u d a te  p u ta m e n ) .

T h r e e  g r o u p s  o f  tr a in e d  c h ic k s  w e r e  p r e p a r e d ;  ( i )  M -tr a in e d  c h ic k s  w e r e  g iv e n  a 

b itte r  b e a d  c o a t e d  w ith  M e A ,  ( i i )  1/3 M - t r a in e d  c h ic k s  w e r e  w e a k ly  r e in f o r c e d  b y  a  

1 /3 - d i lu t e d  M e A  s o lu t io n ,  a n d  ( i i i )  W - tr a in e d  c h ic k s  p e c k e d  at a  s im i la r  b e a d ,  b u t  

c o a t e d  w ith  w a te r . A t  t e s t  ( 5 0  m in  p o s t - t r a in in g ) ,  th e  M - c h ic k s  a v o id e d  b e a d s  o f  

s im i la r  c o lo r  a n d  s h a p e ,  w h e r e a s  n e a r ly  h a l f  o f  th e  1/ 3 M - c h ic k s  b e c a m e  a m n e s ic ;  

W -c h ic k s  d id  n o t  fo r m  an  a v o id a n c e  m e m o r y .  B r a in s  o f  t h e s e  c h ic k s  w e r e  f ix e d  at 

6 0  m in .  p r o c e s s e d  fo r  I m m u n o s t a in in g ,  a n d  d e n s i t y  o f  im m u n o p o s i t iv e  c e l l s  w e r e  

c o m p a r e d .  In  I M H V  a n d  L P O , b o th  o f  th e  M - c h ic k s  a n d  th e  1 /3 M - c h ic k s  s h o w e d  

h ig h e r  Z E N K  e x p r e s s io n  th a n  th e  W - c h i c k s ,  w h i l e  n o  s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  M  a n d  1/3 M .  A m o n g  th e  1 /3 M - c h ic k s , n o  d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  

r e c a ll  a n d  a m n e s ic  c h ic k s .  N o  la t e r a liz a t io n  w a s  n o te d  b e t w e e n  th e  r ig h t  a n d  th e  le f t  

h e m is p h e r e s  in  a n y  g r o u p s .  F u r th e r m o r e , a  w e a k  c o n v u l s io n  in d u c e d  b y  m e tr a z o l  

w a s  a c c o m p a n ie d  b y  a  s tr o n g ly  e n h a n c e d  Z E N K  e x p r e s s io n  th r o u g h o u t  th e  fo r e b r a in  

r e g io n s ,  h o w e v e r ,  f a i le d  to  in te r fe r e  w ith  a  P A L  ta sk  g iv e n  2  h o u r s  la ter .

T h e s e  r e s u lt s  s u g g e s t ,  c o n tr a r y  to  o u r  in it ia l  e x p e c t a t io n ,  th a t th e  Z E N K  is  n o t  

in v o lv e d  in m e m o r y  fo r m a t io n ,  a n d  s im p ly  r e p r e s e n t in g  n o n - s p e c i f i c  e x p e r i e n c e  o f  

p e c k in g  th e  b it te r  b e a d .
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THE DYNAMICAL EFFECT OF HIPPOCAMPAL EXCITATION TO AUDI
TORY EVOKED RESPONSES IN GUINEA PIG REVELED BY OPTICAL 
IMAGING METHOD.
J.Yamamoto1 *, H.Matsuda2, H.Monji2, H.Sasaki3, Makoto Mizuno2, M. 
Tsukada2, Y.Anzai1. 1Fac.of Sci. and Tech.,Keio Univ., 3-14-1 Hiyoshi Kouhoku- 
Ku Yokohama 223-8522, Japan, 2Fac.of Eng., Tamagawa Univ., 6-1-1 Tamagawa 
Gakuen Machida 194-8610, Japan, 3Fac. of Med., Yamagata Univ,, 2-2-2 Iida 
Nishi Yamagata 990-9585, Japan.

We observed the saptio-temporal representation of auditory cortex against 
the information prosessing of the hippocampus CA1 field. To clarify the in
teraction between the information processing in the cortex and hippocampus is 
basic approach to investigate the systematic mechanism of memory system in 
the brain. We think that the networks in the auditory cortex show representa
tions of information for auditory recognition, while the hippocampus plays an 
important role in the course of storing and retrieving memory. So, to capture the 
spatio-temporal pattern of auditory cortex, we used an optical imaning method 
with the aid of voltage sensitive dye. To make a comparison with the regular 
response of auditory cortex, a different spatio-temporal representation of neural 
networks in the auditory cortex (tonotopic A-DC area) of guinea pigs was mea
sured by optical imaging method when a stimulation was simultaneously applied 
to the hippocampus and auditory organ. In the result of the experiment, the 
stimulation to the hippocampus in addition to the auditory stimulation cause 
depression in DC field and potentiation in A field on the auditory cortex. From 
the viewpoint of memory of the brain, those effects of potentiation or depression 
induced by the hippocampal activity seems to be important for selecting a cer
tain region on the cortical memory space. Those results suggest that connection 
from the hippocampus to the auditory cortex plays an important role for an 
attention to the memory system.

561.2
L O C A L  H E L D  P O T E N T IA L S  R E V E A L  L E A R N IN G -IN D U C E D  
R E C E P T IV E  F IE L D  P L A S T IC IT Y  IN  T H E  P R IM A R Y  A U D IT O R Y  
C O R T E X  O F T H E  G U IN E A  PIG
V .V . G A L V A N * , J. C H E N  &  N .M . W E IN B E R G E R . Cntr. N eu ro b io l. 
Learn. M em . &  D ept. P sy c h o b io . U n iv . C a liforn ia , Irv ine C A  9 2 7 1 7 .

L earning is k n o w n  to in v o lv e  sp e c if ic  ch a n g e s  in recep tive  f ie ld s  
o f  c e lls  in  the prim ary auditory c o rtex  (A C x ). In c la ss ica l con d itio n in g , 
c e llu la r  d isch arges to the freq u en cy  o f  the c o n d itio n ed  stim u lu s (C S ) are 
in creased  com p ared  to r e sp o n ses  to other fre q u en cie s , o fte n  p rod u cin g  a 
tun ing sh ift tow ard or  to the C S freq u en cy . T o n e  e v o k e d  lo c a l fie ld  
p oten tia ls, (L F P s) ha v e  tun ing s im ilar  to that o f  d isch a rg es recorded from  
the sam e m icro e lec tro d e, but w ith  lo w e r  th resh o ld s, su g g e stin g  they  
represent (so m e tim e s  subthresh o ld ) syn ap tic  p oten tia ls  (G alvan  e t al., 
S o c . N e u ro sc i. Abstr. 2 7 :1 0 3 5 , 1 9 9 7 ). T h is  stu dy addressed  w h ether  
L F P s cou ld  revea l learn in g-in d u ced  R F  p la stic ity . R e c e p tiv e  fie ld s  for 
L F P s ( 0 .9  to 3 0 .0  kH z, -2 0  to 8 0  db) w ere  ob ta in ed , in adult g u in ea  p igs  
bearin g  ch ro n ica lly  in d w e llin g  e lec tro d es  in  the A C x , im m ed ia te ly  before  
and repeated ly  after (1 hour, 1, 3, 7 and 10 d a y s) a s in g le  s e ss io n  o f  
c la ss ica l con d ition in g; C S =  6s pure ton e, not the pretrain ing best  
frequ en cy (B F ); U S  = 0 .5 s  h indpaw  sh o c k  at C S o ffse t , 3 0  trials, in ter- 
trial interval 5 0 -1 2 0  sec. L F P s co n s is te d  o f  three p rom inent p eak s, PI 
(~ 12 m s), N 1 (~ 1 8 m s), and P 2  (~ 4 5 -6 5  m s), each  o f  w h ich  w as tuned. 
T rain in g did produce R F p la stic ity  o f  L F P s, for  P 1  N 1 and P2.
M oreover , such  C S -sp e c if ic  e ffe c ts  c ou ld  be d iscern ed  across stim ulu s  
in ten sity , in c lu d in g  at very  lo w  le v e ls , and w ere  retained for as lo n g  as 10 
days. T h ese  fin d in gs in d ica te  that lon g-term  R F  p la stic ity  can  be  
d etected  w ith  L F P s and that training can  p roduce c h a n g e s  at stim u lu s  
le v e ls  that m ay  be b e lo w  threshold  for neuronal d isch arge.

Supported  B y  M H  5 7 2 3 5 -0 1  and D C  0 2 3 4 6 -0 5  to  
N .M .W ein b erg er  and A P A  M in ority  F e llo w sh ip  to V . G alvan .
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561.3
P O S T E R IO R  P A R IE T A L  C O R T E X  O F  R A T  IS  R E L A T E D  T O  B O T H  
D I S C R I M I N A T I O N  A N D  M E M O R Y  O F  A U D I T O R Y  A N D  V I S U A L  
C U E  L O C A T I O N S . K . N a k a m u r a * , S . F u ta k u c h i , K . O h z a w a  and  T . 
Y o s h ik a w a .  D e p t . o f  E le c tr o n ic s  and I n fo r m a tic s ,  T o y a m a  P r e fe c tu r a l  
U n iv .,  T o y a m a  9 3 9 - 0 3 9 8 ,  Japan .

A  p o ster io r  parieta l c o r te x  o f  rat h a s b e e n  s u g g e s te d  to b e  p o ly se n so r y .  
P r e sen t s tu d y  s h o w s  that the p o s te r io r  p a r ieta l c o r te x  is  r e la te d  to sp a tia l  
d i s c r im in a t io n ,  m e m o r y  a n d  l e a r n in g  f u n c t io n s  a c r o s s  d i f f e r e n t  
m o d a lit ie s ,  i .e .,  a u d it io n  and v is io n . S in g le  n eu ra l a c t iv i ty  in  th e  p o ster io r  
p a r ieta l c o r te x  w a s  a n a ly z e d  w h ile  a rat p e r fo r m e d  a d ir e c t io n a l d e la y e d  
n o n m a tc h in g - to -s a m p le  (d D N M S ) task . In the  d D N M S , d ir e c t io n a l c u e  
to n e s  (C T ) fr o m  e ith e r  o n e  o f  s ix  sp e a k e r s  o r  d ir e c t io n a l c u e  l ig h ts  (C L) 
fro m  e ith e r  o n e  o f  three  L E D s  su r r o u n d in g  th e  rat w e r e  u se d . T h e r e  w e r e  
tw o  ty p e s  o f  n e u r o n s , i .e . ,  d ir e c t io n a l  d is c r im in a t io n  a n d  d ir e c t io n a l  
m em o r y  n eu ron s, that w e r e  re lated  to a llo c e n tr ic  sp a tia l d iscr im in a tio n  and  
m e m o r y , r e s p e c t iv e ly .  T h e  r e s p o n s e s  o f  a b o u t  h a lf  o f  b o th  ty p e s  o f  
n e u r o n s  w e r e  e n h a n c e d  in  u n f a m il ia r  c o n d i t io n s ,  i .e .  r e o r ie n te d  
o r ie n ta t io n  or  in  u n fa m ilia r  a u d it io n . S o m e  s h o w e d  r e s p o n s e  c h a n g e s  
re la ted  to lea rn in g , i .e .,  r e sp o n se  e n h a n c e m e n t  th en  r e d u c tio n . In au d ito ry  
d D N M S , o n e  th ird  o f  n e u r o n s  r e sp o n d e d  to  d ir e c t io n a l  C T . In v is u a l  
d D N M S , a f e w  n e u ro n s ( le ss  than 10 % ) r e sp o n d e d  to  th e  d ir e c t io n a l C L . 
M o s t  o f  th e  C L  r e sp o n s iv e  n e u r o n s  w e r e  a l s o  r e s p o n s iv e  to  d ir e c t io n a l  
C T . T h e  o p tim a l d irec tio n  r o u g h ly  c o in c id e d  b e tw e e n  d iffe r e n t  m o d a lit ie s .  
O n ly  a f e w  n eu ro n s (ab ou t 2 .5  %) r e sp o n d e d  to d ir e c t io n a l C L  a lo n e . T h e  
s p a t ia l  tu n in g  o f  b o th  d ir e c t io n a l d is c r im in a t io n  an d  m e m o r y  n e u r o n s  
w e r e  b r o a d  and  f it te d  w e l l  b y  G a u s s ia n  fu n c t io n s .  T h e  p r e s e n t  r e su lts  
s u g g e s t  that th e  p o ste r io r  p a r ieta l c o r te x  o f  rat is  r e la te d  to  b o th  sp a tia l  
d is c r im in a t io n  and  m e m o r y  f u n c t io n s  r e p r e s e n t e d  b y  p o p u la t io n a l  
n o n lin ea r  b a s is  fu n c tio n s  a c r o ss  d iffe r en t m o d a lit ie s .

561.5
S P O N T A N E O U S  A C T I V I T Y  O F  T H E  P E R I R H I N A L  C O R T E X  I N  

B E H A V I N G  C A T S .  D .  R . C o l l i n s * ,  E . J . L a n g  a n d  D .  P a r e  D e p t . o f  

P h y s i o l o g y ,  S c h o o l  o f  M e d . ,  L a v a l  U n i v e r s i t y ,  Q u é b e c ,  C a n a d a  G 1 K  7 P 4

T h e  p e r i r h i n a l  ( P R )  c o r t e x  l i e s  a t  t h e  i n t e r f a c e  b e t w e e n  t h e  n e o c o r t e x  

a n d  a l l o c o r t e x .  W h e t h e r  t h e  P R  c o r t e x  e x p r e s s e s  s p o n t a n e o u s  

e l e c t r o e n c e p h a l o g r a p h i c  ( E E G )  r h y t h m s  t h a t  a r e  c h a r a c t e r i s t i c  o f  t h e  

a l l o c o r t e x  a n d / o r  o f  t h e  n e o c o r t e x  i s  u n k n o w n .  T h u s ,  t h e  p r e s e n t  

i n v e s t i g a t i o n  w a s  u n d e r t a k e n  t o  c h a r a c t e r i z e  t h e  a c t i v i t y  o f  t h e  P R  c o r t e x  

w i t h  r e s p e c t  t o  v a r i o u s  E E G  r h y t h m s  t h a t  a r e  d i s p l a y e d  b y  n e o c o r t i c a l  

a r e a s  o r  t h e  e n t o r h i n o - h i p p o c a m p a l  s y s t e m  d u r i n g  d i f f e r e n t  b e h a v i o r a l  

s t a t e s  o f  v i g i l a n c e  in  c h r o n i c a l l y - i m p l a n t e d  c a t s .

A l t h o u g h  P R  a n d  n e o c o r t i c a l  E E G s  u n d e r w e n t  s i m i l a r  s t a t e - d e p e n d e n t  

c h a n g e s  i n  a m p l i t u d e ,  t h e  u b i q u i t o u s  n e o c o r t i c a l  s l e e p  s p i n d l e s  w e r e  a b s e n t  

f r o m  t h e  P R  c o r t e x .  I n  a d d i t i o n ,  t h e  s l o w  s l e e p  o s c i l l a t i o n  ( 0 . 5 - 1 H z ) ,  

w h i c h  i s  a l s o  p e r v a s i v e  i n  t h e  n e o c o r t e x ,  w a s  p r e s e n t  i n  t h e  P R  c o r t e x  b u t  

i t s  t e m p o r a l  r e l a t i o n  t o  t h e  n e o c o r t i c a l  o s c i l l a t i o n  w a s  h i g h l y  v a r i a b l e .  I n  

c o n t r a s t ,  a  c o n s i s t e n t l y  h i g h  d e g r e e  o f  c o r r e l a t i o n  w a s  f o u n d  b e t w e e n  P R  

a n d  e n t o r h i n a l  ( E N T )  E E G  a c t i v i t i e s  i n  a l l  b e h a v i o r a l  s t a t e s .  I n  

p a r t i c u l a r ,  d u r i n g  w a k i n g  a n d  p a r a d o x i c a l  s l e e p ,  m u l t i p l e  s i m u l t a n e o u s l y  

r e c o r d e d  E N T  a n d  P R  s i t e s  d i s p l a y e d  a n  o s c i l l a t i o n  i n  t h e  t h e t a  r a n g e  

w h i c h  w a s  h i g h l y  c o r r e l a t e d .  T o  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e  P R  t h e t a  

o s c i l l a t i o n  r e f l e c t e d  v o l u m e  c o n d u c t i o n  f r o m  n e i g h b o r i n g  s t r u c t u r e s ,  s i n g l e - 

u n i t  r e c o r d i n g s  w e r e  p e r f o r m e d .  S p i k e - t r i g g e r e d  a v e r a g e s  a n d  p e r i - e v e n t  

h i s t o g r a m s  r e v e a l e d  t h a t  P R  c e l l s  d i s p l a y e d  a  s t a t i s t i c a l l y  s i g n i f i c a n t  

t h e t a - r e l a t e d  m o d u l a t i o n  o f  t h e i r  s p o n t a n e o u s  a c t i v i t y ,  a l b e i t  w e a k e r  

t h a n  t h a t  o b s e r v e d  i n  t h e  E N T  c o r t e x .

T h u s ,  f r o m  t h e  s t a n d p o i n t  o f  s p o n t a n e o u s  E E G  r h y t h m s ,  t h e  P R  c o r t e x  i s  

m o r e  c l o s e l y  r e l a t e d  t o  t h e  e n t o r h i n o - h i p p o c a m p a l  s y s t e m  t h a n  t o  t h e  

n e o c o r t e x .  S u p p o r t e d  b y  t h e  N S E R C  a n d  M R C  o f  C a n a d a .

561.7
PER IO D IC PA TTERNS IN  SPIKE DISC H A R G E ASSOCIA TED W ITH 
SH ORT-TERM  ACTIVE M EM ORY M. B o d n er, Y. -D. Z h o u  a n d  J. M. 
F u ste r* . D ept. P sych ia try  an d  Brain R esearch In stitu te , UCLA School of 
M edicine, Los Angeles, CA 90024.

Cells in  som ato sen so ry  cortex exhib it su sta in ed  e levations of firing 
frequency  d u r in g  the short-te rm  m nem onic re ten tio n  of tactile inform ation  
in  a h ap tic  d e la y  task  (Z hou an d  Fuster, 1996). A u to co rre la tio n  analysis 
ind ica ted  th a t in som e cells firing activ ity  is periodic. A su bsequen t s tudy  
(B odner et al., 1997) show ed , in  a d d itio n , m em ory-re la ted  h igh-frequency 
fluc tuations of firing  th a t w ere  in d ep e n d e n t of average  rate. The m em ory- 
re la ted  fluc tu atio n s  can  be su itab ly  d e m o n s tra te d  b y  ap p ly in g  a  filtering  
p ro ced u re  to the sp ike trains. This p ro ced u re  m aps a sp ike tra in  to a b inary  
sequence, w h ere  1 's ind ica te  the presence  and  0 's the  absence of spikes in 
successive eq u a l-len g th  in te rv als  (bins). This a llow s the id en tification  of 
tem poral pa tte rn s  o f sp ike g ro u p s  in the  train . By u sing  a ran g e  of filtering 
reso lu tions (bin sizes), w e found  th at a d iscrete  n u m b er of specific periodic 
p a tte rn s  ch arac te rized  a significant p ro p o rtio n  of the  tra in s  investigated . 
The incidence  an d  d u ra tio n  of th o se  p a tte rn s  d iffe red  b e tw een  baseline 
( in te r- tr ia l)  a n d  m em o ry  ( in tra - tr ia l d e lay ) p e r io d s  o f th e  task . In 
g e n e ra l, b o th  in c id en ce  a n d  d u ra t io n  o f p a tte rn  w ere  m o re  ev en ly  
d istrib u ted  in  m em ory  than  in  baseline periods. Thus m em orization  seem ed 
to lead to a g rea te r tem poral d isp e rs io n  and  fragm enta tion  of p a tte rn s  than  
in  b a se lin e . T hese  c h a n g es  e x p la in  a d e c re a se  o r  w a s h o u t of the  
p e rio d ic itie s  o b se rv e d  in  a u to c o rre lo g ra m s  of th e  raw  sp ik e  tra in s. 
Increased  tran sitio n s  b e tw een  p a tte rn s  m ay  in d ica te  m ore  sh ifts of a cell 
be tw een  frequency  a ttracto rs, as p red ic ted  b y  a recurren t n e tw ork  m odel of 
active sh o rt-te rm  m em ory  (Z ipser e t al., 1993).

S upported  by  M H 51697, K05 M H25082 and  W hitehall F oundation

561.4
S P IK E  C O U N T  D IS T R IB U T IO N S : N O  E F F E C T S  O F L E A R N 
IN G ? A. Benucci1, J. DiGiorgianni2, I. Erchova1, F.P. Battaglia*1. A. Treves 1 
and J.L. Ringo2. 1SISSA Neuroscience. via Beirut 2. 34014 Trieste. Italy: 
2Neurobiology and Anatomy, Univ. Rochester, Rochester NY 14642.

The distribution of spike counts in a window of fixed length has. for pyrami
dal cells in many sensory and memory areas, a typical stereotyped distribution, 
with a single mode at or slightly above zero, and a long quasi-exponential tail. 
This distribution was found to be well explained by the “S + F ” model, which 
posits normal distributions for both slow and fast variability in the activating 
current to the cell, and a simple threshold-linear current-to-spike-count trans
duction. The fast (i.e., within trial) variability effectively smooths the sharp 
threshold in the transfer function, and converts the short normal tail of the slow 
(i.e., between trials) variability into a longer, quasi-exponential t ail in the spike 
count. Since a normally distributed activation is a nat ural assumption only for 
cells responding to an ensemble of novel stimuli, uncorrelated with synaptic 
weights, whereas at least some analytical models predict deviations from nor
mality with an ensemble of familiar, well learnt. stimuli. we have probed the 
effects of learning on the shape and parameters of the spike count distributions.

Monkeys were trained on 40 images in a go-nogo task, then tested both on 
those well learnt (L) images and on a much larger set of novel (N) images gen
erated with identical statistics (images as in Ringo & Nowicka, Soc. Neurosci. 
abs 116.7, 1996). Of 41 cells that had sufficient maximum counts in 150ms to 
generate a testable distribution (>  4 spikes), none was found to deviate from 
the S + F  model at P  <  0.01 for either the L or N ensemble (and only 3/82  
at P  < 0.1). Sign tests revealed no significant effects of learning on either 
goodness of fit to the S + F  model (2 2 /4 1 better for N); the estimated average 
activating current h0 (20 higher for N); the between-trials variance (19 X vs. 
22 L) or the within-trial variance (20 N vs. 21 L). There was a slight trend for 
cells which fitted better the S + F  model for one set of images to have higher 
h0 for that set (25 vs. 16), and a clear (autocorrelation only between h0 and 
both variances. Supported by grants from NINDS and CNR (96.00287.CT02).

561.6
A S S O C I A T I V E  M E A N I N G  O F  A  P I C T U R E  A B O U T  T H E  T A S K  

P R O G R E S S  I S  C O D E D  B Y  M O N K E Y  P E R I R H I N A L  N E U R O N S .

Z h e n g  L iu * ,  a n d  B a r r y  J . R i c h m o n d . L a b .  o f  N e u r o p s y c h o l o g y ,  N a t i o n a l  

I n s t i t u t e  o f  M e n t a l  H e a l t h ,  N I H ,  B l d g .  4 9 ,  R m .  1 B 8 0 ,  B e t h e s d a ,  M D  2 0 8 9 2

N e u r o n a l  r e s p o n s e s  in  p e r i r h i n a l  c o r t e x  ( P R h )  h a v e  b e e n  r e p o r t e d  t o  c o d e  

t h e  a s s o c i a t i v e  m e a n i n g  o f  a  c u e  f o r  s i g n a l i n g  t h e  p r o g r e s s  t h r o u g h  a  s c h e d u l e  

o f  t r i a l s .  T h e  m e a n i n g  w a s  s i g n a l e d  b y  t h e  b r i g h t n e s s  o f  a  g r a y  c u e ( L i u  &  

R i c h m o n d ,  S N S M ,  9 7 ) .  N o w  w e  r e p o r t  t h a t  P R h  n e u r o n s  c o d e  t h e  a s s o c i a t i v e  

m e a n i n g  a b o u t  t h e  p r o g r e s s  t h r o u g h  a  s c h e d u l e  o f  t r ia l s  w h e n  t h e  m e a n i n g s  

a r e  a s s o c i a t e d  w i t h  t h e  i d e n t i t i e s  o f  b l a c k  &  w h i t e  p i c t u r e s ,  n o t  s i m p l y  

a s s o c i a t e d  w i t h  t h e  c u e ’ s  r e l a t i v e  b r i g h t n e s s .

W e  r e c o r d e d  n e u r o n s  in  P R h  w h i l e  a  r h e s u s  m o n k e y  p e r f o r m e d  a  

m u l t i p l e  f i x e d - r a t i o  r e i n f o r c e m e n t  s c h e d u l e ( l  t o  3  t r i a l s ) .  F o u r  b l a c k  &  w h i t e  

p i c t u r e s  w e r e  u s e d  a s  c u e s  t o  i n d i c a t e  t h e  r a t io  o f  t r ia l  n u m b e r  t o  s c h e d u l e  

l e n g t h  (  1 / 1 ; 1 /2 ,  2 / 2 ;  1 /3 ,  2 / 3 ,  3 / 3 ) .  T h e  s a m e  c u e  w a s  u s e d  f o r  1 /1 ,  2 / 2 ,  a n d  

3 / 3 ,  i . e . ,  t h e  r e w a r d e d  t r i a l s .  A l t h o u g h  t h e  m o n k e y  a l w a y s  p e r f o r m e d  t h e  t a s k  

w e l l  ( >  8 5 %  c o r r e c t ) ,  i t  r e a c t e d  m o s t  q u i c k l y  in  t h e  t r i a l s  w h e r e i n  t h e  c u e  

s i g n a l e d  a  f o r t h c o m i n g  r e w a r d .  2 2 / 3 5  n e u r o n s  r e s p o n d e d  t o  t h e  c u e  in  o n e  o r  

m o r e  o f  t h e  c u e  s t a t e s  ( p < 0 . 0 5 ,  t - t e s t ) .  N e u r o n s  g e n e r a l l y  r e s p o n d e d  t o  t h e  

c u e  in  a  s u b s e t  o f  c u e  s t a t e s  ( o n e  n e u r o n  r e s p o n d e d  in  a l l  c u e  s t a t e s ) .  In  

a d d i t i o n ,  9 / 2 2  n e u r o n s  o n l y  r e s p o n d e d  in  a  s u b s e t  o f  c u e  s t a t e s  in  r e w a r d e d  

t r ia l s  ( 1 / 1 , 2 / 2 ,  3 / 3 )  e v e n  t h o u g h  t h e  c u e  in  t h o s e  s t a t e s  w a s  t h e  s a m e  o n e .  F o r  

1 8  r e s p o n d i n g  n e u r o n s  w e  a l s o  s h u f f l e d  t h e  m e a n i n g s  o f  t h e  c u e .  B e f o r e  t h e  

s h u f f l i n g ,  1 3 / 1 8  n e u r o n s  s h o w e d  t h e  s e l e c t i v i t y  t o  t h e  c u e  s t a t e s  ( p < 0 . 0 5 ,  

A N O V A ) .  A f t e r  s h u f f l i n g ,  1 4 / 1 8  n e u r o n s  c h a n g e d  t h e i r  r e s p o n s e s  ( p < 0 . 0 5 ,  

tw o - w a y  A N O V A ) .  T h e r e f o r e ,  P R h  n e u r o n s  e n c o d e  o n e  s e t  o f  b e h a v i o r a l  

m e a n i n g  a s s o c i a t e d  w i t h  e a c h  c u e ,  a n d  t h e y  a p p e a r  t o  r e f l e c t  r e a s s i g n m e n t  t o  

n e w  m e a n i n g s .  S u p p o r t :  I R P / N I M H / N I H .

561.8
H IG H -F R E Q U E N C Y  T R A N S IT IO N S  O F  C E LL F IR IN G  IN  
SOMATOSENSORY CORTEX D U RING A V ISU O -H A PTIC  SH ORT- 
TERM MEMORY TASK. Y. -D. Zhou*. M. B odner a n d  J. M. F u ste r . 
D ep artm en t of P sych ia try  an d  Brain R esearch Institu te , UCLA School 
of M edicine, Los Angeles, CA 90024.

Som e neurons in som atosensory  cortex u n d erg o  susta ined  activation 
d u rin g  reten tion  of tactile inform ation  for a subsequen t action (Zhou and 
Fuster, 1996). O th e r cells, also d u r in g  re ten tio n , sh o w  an  increase in 
h ig h -freq u en cy  (20-50 H z) flu c tu a tio n s  ( tran sitio n s)  of firing  in  the  
absence of change in  av erage frequency (Bodner e t al., 1997). A recent 
s tu d y  reveals m em ory-rela ted  activation  o f firing  frequency  in  a cross- 
m odal (visuo-haptic) sh o rt-te rm  m em ory  task, w h ere  the an im al m ust 
re ta in  a v isual im age sym boliz ing  a p ro sp ec tiv e  tactile  choice (Zhou 
and  Fuster, 1997). In the p resen t stu d y , the  analysis  of high-frequency 
tran sitio n s  w as ap p lied  to the  sp ike  tra ins from  n e u ro n s  th a t d id  not 
show  average frequency change d u rin g  the  m em oriza tion  of the visuo- 
h ap tic  cue. The resu lts  of the  ana lysis  sh o w  th at, in  som e o f those 
neurons, significant differences in transition  counts w ere p resen t betw een 
the baseline an d  reten tio n  p e rio d s  of the  task. This su g g ests  th a t the 
re ten tio n  of v isual in fo rm ation  in a v isuo-hap tic  task  is accom pan ied  
by  c h an g es  in  th e  tem p o ra l s tru c tu re  o f th e  sp ik e  d isc h a rg e  of 
som atosensory cortex cells.

S u pported  by  MH51697, KO5 MH25O82 an d  W hitehall Foundation

Society for Neuroscience, Volume 24 ,1998



1424 LEARNING AND MEMORY: PH YSIO LO G Y— CORTEX TUESDAY PM

561.9
R E P R E S E N T A T I O N S  O F  O D O R S  A N D  T H E I R  R E W A R D  V A L U E S  IN  
O R B I T O F R O N T A L  C O R T E X  O F  T H E  R A T  E V O L V E  O V E R  T I M E  A N D  A R E  
I N D E P E N D E N T  O F  T H E  H I P P O C A M P U S .  P . A lv a r e z *  a n d  H . B .  E ic h e n b a u m ,
D e p t . o f  P s y c h o l o g y ,  B o s t o n  U n iv .  B o s t o n  M A  0 2 2 15 .

C e l l s  in  o r b ito fr o n ta l  c o r t e x  ( O F )  o f  th e  rat a re  k n o w n  to  r e s p o n d  to  o d o r s ,  an d  to  
c o d e  fo r  b o th  o d o r  id e n t ity  a n d  th e  re w a r d  v a lu e  o f  an  o d o r . In o r d e r  to  d e te r m in e  h o w  
t h e s e  r e p r e s e n ta t io n s  o f  o d o r s  a n d  th e ir  re w a r d  v a lu e s  a re  le a r n e d , w e  r e c o r d e d  s in g le  
u n it s  in  O F  o f  ra ts  a s  t h e y  p e r f o r m e d  a  g o ,  n o - g o  o d o r  d i s c r im in a t io n  ta sk . R e c o r d in g s  
w e r e  d o n e  d u r in g  t w o  t y p e s  o f  s e s s io n s :  (a )  “ le a r n in g ” s e s s io n s ,  in  w h ic h  ra ts  w e r e  
e x p o s e d  fo r  th e  fir s t  t im e  to  o d o r s ,  o r  th e  r e w a r d  v a lu e s  o f  th e  o d o r s  w e r e  c h a n g e d ,  a n d  
(b )  “ w e l l - le a r n e d ” s e s s io n s ,  in  w h ic h  rats w e r e  fa m il ia r  w ith  th e  o d o r s  a n d  p e r fo r m e d  th e  
ta s k  w e l l  t h r o u g h o u t .  T o  s t u d y  th e  r o le  o f  th e  h ip p o c a m p u s  in  th e  le a r n in g  o f  t h e s e  
r e p r e s e n t a t io n s ,  w e  a l s o  r e c o r d e d  fr o m  O F  in  a n im a ls  w it h  h ip p o c a m p a l  ( H )  le s io n s .  A s  
e x p e c t e d ,  H  le s io n s  d id  n o t  im p a ir  le a r n in g  s im p le  g o ,  n o - g o  o l f a c t o r y  d is c r im in a t io n s .  
M o r e o v e r ,  p r e l im in a r y  a n a ly s e s  s h o w  n o  d if f e r e n c e s  b e t w e e n  th e  r e c o r d in g s  fr o m  
n o r m a l a n d  H  l e s io n e d  a n im a ls .  A b o u t  3 /4  o f  th e  c e l l s  w e r e  o d o r  r e s p o n s iv e ,  a n d  
a p p r o x im a t e ly  1/ 2  w e r e  o d o r  s e l e c t iv e .  T h a t  is ,  th e ir  f ir in g  r a te  w a s  d i f f e r e n t  in  
r e s p o n s e  to  d if fe r e n t  o d o r s , ty p ic a l ly  h ig h e r  fo r  r e w a r d e d  th a n  n o n -r e w a r d e d  o d o r s  or  
v ic e - v e r s a .  T o  e x p lo r e  h o w  th is  s e l e c t iv i t y  d e v e lo p e d ,  w e  e x a m in e d  th e  f ir in g  r a te s  o f  
th e  c e l l s  in  b lo c k s  o f  8 0  tr ia ls  a c r o s s  a  4 0 0  tr ia l s e s s i o n .  T h r e e  d i f f e r e n t  p a tte r n s  w e r e  
s e e n :  c e l l s  th a t s h o w e d  c o n s i s t e n t  s e l e c t iv i t y  a c r o s s  a  s e s s io n ,  c e l l s  f o r  w h ic h  
s e l e c t iv i t y  a p p e a r e d  w ith in  th e  s e s s io n ,  a n d  c e l l s  fo r  w h ic h  s e l e c t iv i t y  d is a p p e a r e d  
w it h in  a  s e s s io n .  T h e s e  p a tte r n s  w e r e  d is tr ib u te d  d i f f e r e n t ia l ly  b e t w e e n  s e s s io n  ty p e s :

S e l e c t i v i t y c o n s ta n t a p p ears d isa p p e a r s
“L e a r n in g ” s e s s io n 1 0 ( 1 4 % ) 4 4  (6 0 % ) 1 2 ( 1 6 % )

“ W e l l - le a r n e d ” s e s s io n 2 6  (4 3 % ) 1 7 ( 2 8 % ) 8 ( 1 3 % )
T h e s e  p r e l im in a r y  r e s u lt s  s u g g e s t  th a t r e p r e s e n ta t io n s  o f  o d o r s  a n d  th e ir  r e w a r d  v a lu e s  

in  O F  c a n  b e  fo r m e d  o v e r  a  s in g le  t r a in in g  s e s s io n ,  a n d  th a t  t h e ir  f o r m a t io n  is  
in d e p e n d e n t  o f  th e  h ip p o c a m p u s .  M o r e o v e r ,  w e  f in d  th a t, e v e n  d u r in g  “ w e l l - le a r n e d ” 
s e s s i o n s ,  s o m e  c e l l s  a p p e a r  to  b e  a c q u ir in g  o r  lo s in g  s e l e c t i v e  p r o p e r t ie s .  T h is  s u g g e s t s  
th a t th e  n e u r o n a l  e n s e m b le s  r e p r e s e n t in g  o d o r s  a n d  th e ir  v a lu e s  a re  n o t  f i x e d  at th e  t im e  
o f  le a r n in g ,  b u t r a th e r  e v o l v e  o v e r  t im e ,  a c q u ir in g  n e w  m e m b e r s  a n d  lo s in g  o ld  o n e s .  
( S u p p o r t e d  b y  N I M H  5 1 5 7 0 , N I A  A G 0 9 9 7 3 ,  N R S A  F 3 2  M H 1 1 3 3 9 ) .

561.10
I N T E R A C T I O N S  B E T W E E N  O R B I T O F R O N T A L  C O R T E X  A N D  T H E  
H I P P O C A M P A L  S Y S T E M  IN  T H E  C O D I N G  O F  P R O S P E C T I V E  
R E S P O N S E S  T O  O L F A C T O R Y  A N D  L O C A T I O N  C U E S  
P . A . L ip to n .  P . A lv a r e z  a n d  H . B . E ic h e n b a u m * , D e p t . o f  P s y c h o l o g y ,  B o s t o n  
U n iv .  B o s t o n  M A  0 2 2 1 5 .
P r e v io u s  s t u d ie s  h a v e  in d ic a te d  th a t th e  o r b ito fr o n ta l  c o r t e x  o f  th e  rat p la y s  a c r it ic a l  

r o le  in  o l f a c t o r y  le a r n in g . C o r r e s p o n d in g ly ,  n e u r o n s  in  th e  o r b ito fr o n ta l  c o r t e x  ( O F )  
a re  r e s p o n s iv e  to  o d o r s  a n d  th e ir  a c t iv i t y  r e f le c t s  a s s o c ia t io n s  b e t w e e n  o d o r s  

( S c h o e n b a u m  &  E ic h e n b a u m , J. N e u r o p h y s io l .  7 4 : 7 3 3 - 7 5 0 ,  1 9 9 5 ) .  T h e  p r e s e n t  

s t u d y  s h o w s  th a t O F  n e u r a l a c t iv i t y  a ls o  r e f le c t s  le a r n e d  a s s o c ia t io n s  b e t w e e n  

lo c a t io n  a n d  o lf a c t o r y  c u e s .  In n o r m a l ra ts  p e r f o r m in g  an  o d o r - p la c e  p a ir e d  a s s o c ia t e  

ta sk  O F  c e l l s  e x h ib i t  s e l e c t iv e  a c t iv i t y  d u r in g  th e  a p p r o a c h  to  a  p a r t ic u la r  o d o r  

s t im u lu s  p o r t ( 3 2 % ) ,  a s  th e  rat w a i t e d  at th e  o d o r  p o r t  a n t ic ip a t in g  th e  

c o r r e s p o n d in g  o d o r  (3 9 % ),  o r  d u r in g  th e  s a m p l in g  o f  o d o r s  ( 6 5 % ) .  M o s t  o d o r  

r e s p o n s iv e  c e l l s  (7 5 % )  f ir e d  d if fe r e n t ia l ly  a c r o s s  th e  o d o r  s e t .  O f  t h e s e  o d o r  s e le c t iv e  

c e l l s ,  s p e c i f i c  p r o s p e c t iv e  r e s p o n s e s  to  a n t ic ip a te d  o d o r s  w e r e  o b s e r v e d  in  2 3 %  o f  

th e  c a s e s .  T h e s e  c e l l s  s h o w e d  th e  s a m e  s e l e c t iv e  f ir in g  p a tte r n  d u r in g  th e  p r e -o d o r  

p e r io d  a n d  d u r in g  th e  c o r r e s p o n d in g  o d o r  s a m p l in g  p e r io d .  T h is  s u g g e s t s  th a t a 

c o r t ic a l  m e m o r y  tr a c e  fo r  s p e c i f i c  o d o r s  w a s  c u e d  b y  th e  lo c a t io n  in  w h ic h  th e  

a n im a l h a d  e x p e r ie n c e d  th a t o d o r .
R e c o r d in g s  o f  O F  n e u r o n s  w e r e  a ls o  m a d e  in  a n im a ls  w it h  n e u r o t o x ic  l e s io n s  o f  

th e  h ip p o c a m p u s ,  t o  e x p lo r e  a  p o te n t ia l  in te r a c t io n  b e t w e e n  th e  m e d ia l  t e m p o r a l  
lo b e  a n d  th e  o r b ito fr o n ta l c o r te x  in  th e  fo r m in g  o f  o d o r -p la c e  a s s o c ia t io n s .  
H ip p o c a m p a l  d a m a g e  r e s u lte d  in  a r e d u c t io n  in  th e  s e l e c t iv i t y  o f  a ll t y p e s  o f  
r e s p o n s e s ,  in c lu d in g  a d e c r e a se  in  th e  s e l e c t iv i t y  o f  p r o s p e c t iv e  o d o r  r e s p o n s e s .  
T h e s e  p r e l im in a r y  r e s u lt s  s u g g e s t  th a t  th e  h ip p o c a m p u s  is  i n v o lv e d  in  th e  c o d in g  o f  
lo c a t io n s ,  o d o r s ,  a n d  o d o r - lo c a t io n  a s s o c ia t io n s  in  o r b ito fr o n ta l  c o r t e x .  F u rth er  
s t u d ie s  w i l l  in v e s t ig a t e  th e  n a tu r e  o f  p r o s p e c t iv e  c o d in g  a s  w e l l  a s  th e  r o le  o f  o th er  
m e d ia l  te m p o r a l  lo b e  s tr u c tu r e s  in  m e d ia t in g  t h e s e  a s s o c ia t io n s .  S u p p o r te d  b y  
N I M H  M H 5 1 5 7 0  &  N I A  A G 0 9 9 7 3 .

561.11
PREFRONTAL & HIPPO CA M PAL SPATIAL OPERATIONS IN FREELY 
M OVING & CHAIR-RESTRAINED M ONKEYS
B a o -P in g  T ia n 1, Y u a n -Y e  M a 1,2* , F ra s e r  A .W . W ils o n 2, 1K u n m in g  In s ti tu te  o f  
Z o o lo g y ,  P .R .C ; 2P sy c h o lo g y /N S M A , U n i. o f  A r iz o n a , T u c so n , A Z  8 5 7 2 4 .

C o m b in e d  le s io n s  o f  th e  u p p e r  l ip  o f  th e  p r in c ip a l  s u lc u s  (P S )  p lu s  a re a  9 
s e le c tiv e ly  im p a irs  p e r fo rm a n c e  o f  th e  sp a tia l  d e la y e d  re s p o n s e  (S D R )  ta sk , le a v in g  
in ta c t a llo c e n tr ic  sp a tia l  m e m o ry  in  w h ic h  fre e ly  m o v in g  m o n k e y s  h a d  to  re m e m b e r  
th e  re w a rd  site  as d e f in e d  b y  its  sp a tia l  r e la tio n s h ip  w ith  e n v iro n m e n ta l  c u e s  in  a 
c o m p o u n d  in  th e  o p e n  a ir  (M a  &  W ilso n  199 7  S N A  2 3 : 1 9 4 .1 7 ). In  th e  p re s e n t 
s tu d y  w e  fo u n d  th a t  le s io n s  re s t r ic te d  to  th e  p r in c ip a l  su lc u s  p ro d u c e  th e  s am e  
p a t te rn  o f  im p a irm e n t.

T h re e  fe m a le  M . m u la t ta  w ith  P S  le s io n s  w e re  te s te d  f ir s t  o n  th e  a llo c e n tr ic  
ta s k  w ith  d e la y  in te rv a ls  o f  ~ 15 se c o n d s , s ta r tin g  o n e  w e e k  p o s to p e ra t iv e ly .  T h e  
p re o p e ra t iv e  a n d  p o s to p e ra t iv e  s c o re s  fo r  th e  th re e  m o n k e y s  w e re  9 8 %  v e rsu s  9 9 %  
c o rre c t;  9 5 %  v e rsu s  9 7 %  c o rre c t;  a n d  9 6 %  v e rsu s  9 9 %  c o rre c t.  O n e  m o n th  p o s t
o p e ra tiv e ly , th e y  b e g a n  r e tra in in g  o n  th e  S D R , te s te d  in  a  W is c o n s in  a p p a ra tu s . 
T h e y  w e re  s ig n if ic a n tly  w o rse  (7 8 %  c o r re c t)  a t 0  se c  d e la y  p o s to p e ra t iv e ly ,  
c o m p a re d  w ith  p e r fo rm a n c e  (8 7 %  c o r re c t)  w ith  2 0  s e c o n d  d e la y s  p r e o p e ra tiv e ly ; 

p a ir e d  t  te s t,  p  <  0 .0 0 0 ). D a ta  a t lo n g e r  d e la y  in te rv a ls  a re  s ti l l  b e in g  c o lle c te d .

In  a  s e p a ra te  e x p e r im e n t,  tw o  c h a ire d  m o n k e y s  p e r fo rm e d  th e  S D R  ta sk  w ith  
2 0  se c o n d  d e la y s ; s t im u li  w e re  p r e s e n te d  o n  a v id e o  m o n ito r ,  re s p o n s e s  w e re  m a d e  
to  m a n ip u la n d a  to  th e  le f t  a n d  r ig h t  o f  th e  ch a ir .  E le c tr ic a l s t im u la t io n  to  th e  d o rsa l 
b a n k  o f  th e  P S  a f fe c te d  p e r fo rm a n c e  m a x im a lly  v e ry  e a r ly  in  th e  d e la y ; h ip p o c a m p a l 
s t im u la tio n  a f fe c te d  p e r fo rm a n c e  m a x im a lly  in  th e  la s t  10 s e c o n d s  o f  th e  d e lay . 
T h e se  s t im u la tio n  r e su lts  s u g g e s t c o m p le m e n ta ry  f ro n ta l  a n d  te m p o ra l  m e c h a n ism s  
in  th e  p ro c e s s in g  o f  e g o c e n tr ic  s p a tia l  ta sk s .

561.13
S T IM U L A T IO N  O F  T H E  B A S O L A T E R A L  A M Y G D A L A  IN D U C E S  
SH O R T -T E R M  P O T E N T IA T IO N  IN  T H E  M E D IA L  P R E F R O N T A L  
C O R T E X . D .K . Scott, D .C . S m ith * , and K .B . C lark. D epartm en t o f  
P sy c h o lo g y , Southern  I llin o is  U n iv e r s ity , C arbon dale , IL 6 2 9 0 1 -6 5 0 2 .

A b la tion  stu d ies d em on stra te  that the a m y g d a la  im portantly  interacts  
w ith  the m ed ia l prefrontal cortex  (M P C ) during rew ard-based  learn ing and 
m em o ry . A lth o u g h  e lec tr ica l stim u la tio n  o f  the b asolateral a m y g d a la  
(B L A ) has been  sh o w n  to a lter unit ac tiv ity  record ed  from  the M PC, it 
rem ains u n k n ow n  w h ether  B L A  stim u la tion  can  a lo n e  poten tia te  M PC  
neuronal resp o n ses . T he presen t study, therefore, in v estig a ted  the e ffe c t  o f  
h ig h -freq u en cy  stim ula tion  d e liv ered  to the B L A  on p o p u la tio n  r e sp o n ses  
record ed  from  the ipsilateral M PC  o f  u reth a n e-a n esth etized  L o n g -E v a n s  
rats. R ecord in g  and stim u la tin g  e le c tro d es  w ere  lo w ered  in to  the M P C  and  
B L A , resp ectiv e ly , p o sitio n e d  to m a x im iz e  the a m plitude o f  the B L A -  
e v o k e d  resp on se, and then a llo w ed  to sta b ilize  for 1 hr. F o llo w in g  tw o  
b a se lin e  c o lle c tio n  period s, each  an im al re ce iv e d  2  teta n iz in g  bursts o f  10  
trains (2 5 0  H z, 0 .5 -m s  p u lse  w id th s, 2 0 0 -m s  duration ) d e liv ered  at 0 .1  Hz, 
w ith  6  m in separating bursts. S tim u la tio n  in ten sitie s  for b ip h asic  test ( 0 .2  
H z, 0 .5 -m s  p u lse  w id ths) and teta n iz in g  p u lses  w ere adjusted  for  ea ch  
an im al to a current strength that e lic ite d  a h a lf-m a x im a l resp on se, but d id  
not e x c e e d  6 0 0  µ A . C om pared  to b a se lin e  m easurem ents, a  s ig n if ic a n t  
m ean  in crease  in the p o p u la tio n  s lo p e  (3 8 .8  %, p  <  .0 5 ) and a m p litu d e  
(3 2 .8  %, p  <  .0 0 7 )  o f  M P C  resp o n ses  w a s  o b serv ed  im m ed ia te ly  fo llo w in g  
h ig h -fr e q u e n c y  stim u la tion . T h is  e ffe c t  d ec a y e d  rapid ly, rem a in in g  
e lev a ted  ab ove, but c e a sin g  to be s ig n if ic a n t from , b a se lin e  lev e ls  at 5 -m in  
p o st-te ta n iza tio n . W ithin 2 0  m in  after tetan ization , no  o b servab le  m ean  
d iffe r en ce  in e ither s lo p e  or a m p litu d e  rem ain ed . T h ese  f in d in g s  su g g e st  
that B L A  stim ula tion  prod u ces a transient m o d u la tio n  o f  M P C  n eu ro n a l 
ex c ita b ility . A d d ition a l s tim u la tion  param eters are b e in g  in vestiga ted  to  
determ in e their p o ss ib le  lon g-term  e ffe c ts  on  M P C  activ ity .

561.12
RECORDINGS OF NEURONS IN FREELY MOVING M ONKEYS
F ra se r  A .W .  W ils o n 1'* , Y u a n -Y e  M a 1,2, M a o -H u a  W a n g 1,2, P e te r  M .B . C a h u s a c 3, 
1P s y c h o lo g y /N S M A , U n i. o f  A riz o n a , T u c s o n  A Z  8 5 7 2 4 ; 2K u n m in g  In s ti tu te  o f  
Z o o lo g y , P .R .C ; 3D e p t. P sy c h o lo g y , U n i. o f  S tir l in g , S c o tla n d , U .K .

O u r  e x p e r im e n t is d e s ig n e d  to  te s t  c o m p e tin g  h y p o th e s e s  a b o u t  sp a tia l  a n d  
n o n -sp a tia l  m e m o ry  m e c h a n ism s  in  p re f ro n ta l  c o r te x  a n d  h ip p o c a m p u s .  M o n k e y s  
a re  tra in e d  to  w a lk  b e tw e e n  8 d if fe re n t lo c a tio n s  w ith in  a 13 ' x  13' ro o m . A rra n g e d  

a ro u n d  th e  w a lls  o f  th e  e n c lo su re  a re  fo u r  v id e o  d isp la y s  (e a c h  in c o rp o ra tin g  a 
r e w a rd  d isp e n se r)  a n d  fo u r  re w a rd  d isp e n se rs  w ith o u t v id e o  d isp la y s . T h e  v id e o  
d isp la y s  a re  lo c a te d  in  e a c h  c o m e r  a n d  h a v e  tw o  fu n c tio n s . F irs t,  th e y  a c t as 
la n d m a rk s  w h ic h  p ro v id e  a  c o n s ta n t f ra m e  o f  re fe re n c e  as  th e  m o n k e y  m o v e s  a ro u n d  
th e  e n c lo su re . S e c o n d , a se le c te d  d isp la y  c a n  b e  u s e d  to  p r e s e n t  t r ia l-u n iq u e  s tim u li 
in  re sp o n se  to  th e  m o n k e y  p re s s in g  a  re sp o n se  k e y  h o u s e d  u n d e r  th e  d isp la y . T h e  
o th e r  d isp e n se rs  a re  a r ra n g e d  a lo n g  th e  m id d le  o f  e a c h  w a ll; e a c h  d is p e n s e r  c o n ta in s  
L E D s  u s e d  to  in d u c e  th e  m o n k e y 's  a p p ro a c h .

T h e  im p o rta n c e  o f  s p a tia l  lo c a tio n  fo r  n e u ro n s  in  f re e ly  m o v in g  m o n k e y s  is 
a s se s se d  u s in g  tw o  in te rd ig ita te d  se a rc h  ta sk s . T h e  L E D  ta sk : o n  e a c h  tr ia l,  a 
d isp e n se r  is s e le c te d  b y  i l lu m in a tin g  its L E D ; th e  m o n k e y  a p p ro a c h e s  th e  d isp e n se r , 
lif ts  a  p a n e l a n d  re tr ie v e s  th e  re w a rd . T h e  v id e o  ta sk : o n  e a c h  tr ia l  a  s in g le  p ic tu re  is 
d isp la y e d ; th e  m o n k e y  a p p ro a c h e s  th e  d isp e n se r , p re s se s  th e  re s p o n s e  k e y , a n d  a 
re w a rd  is d e liv e re d .

R e c o rd in g s  in  th e  d o rso la te ra l  p re f ro n ta l  a n d  p re m o to r  c o r te x  h a v e  n o t 
r e v e a le d  e v id e n c e  o f  p la c e  f ie ld s  ( c o n s is te n t w ith  a  p re f ro n ta l  ro le  in  e g o c e n tr ic  
sp a tia l  p ro c e s s in g ) , n o r  re sp o n se  to  s tim u lu s  n o v e lty . In  o n e  r e g io n  o f  th e  in fe r io r  
c o n v e x ity , n e u ro n s  re s p o n d e d  m a rk e d ly  to  f a m ilia r  s t im u li; th is  a p p e a rs  to  re f le c t  th e  
p re d ic ta b ili ty  o f  s t im u lu s  s e q u e n c e s  in  a  d e la y e d  m a tc h  to  s a m p le - lik e  ta sk  
p e r fo rm e d  in  a  p r im a te  c h a ir ; th e se  n e u ro n s  w e re  u n re s p o n s iv e  in  th e  s e a rc h  task . 
R e c o rd in g s  o f  h ip p o c a m p a l n e u ro n s  a re  in  p ro g re s s .

561.14
THE FIRING RATE OF NEURONAL GROUPS IN THE MEDIAL PREFRONTAL 
CORTEX, BUT NOT IN THE HIPPOCAMPUS, IS ALTERED BY LATERAL HY
POTHALAMIC STIMULATION IN BEHAVING RATS. M.L, Shapiro*, J.F. Li, & 
M . Roberts. Dept. Psychol., McGill University, Montreal, QC H3A 1B1 

Many aspects of behavior are goal-directed. Goals are often learned, and behavior 
can be influenced both by information predicting reward as well as by reward itself. 
Thus, rats will learn to approach places that are associated with such rewards as food 
or lateral hypothalamic stimulation.
The present experiment investigated the effects of lateral hypothalamic stimulation 
on firing patterns of hippocampal and prefrontal cortical neurons. Neurons in CA1 
or the anterior cingulate, infralimbic, and prelimbic cortices were recorded with tet
rodes in behaving rats. Rewarding brain stimulation was delivered through bipolar 
electrodes in the lateral hypothalamic area (LHA). Although hippocampal neurons 
are crucial for spatial behavior, they were not influenced by the rate or intensity LHA 
stimulation-reward. In contrast, prefrontal cortical neurons responded with sustained 
changes in firing rate to different rates of LHA stimulation. Neurons within a local 
group responded differently to the LHA stimulation, with maximal firing rate profiles

associated with different 
reward levels. Thus, 
prefrontal cortical regions 
may encode differential 
levels of reward, and 
thereby contribute to 
goal-directed behavior. 
Supported by NSERC of 
Canada.
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C h i-s q u a r e  test:
p < 0 .0 0 1
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M O D U L A T I O N  O F  D O R S O L A T E R A L  P R E F R O N T A L  C O R T E X  
N E U R O N S  B Y  V A R Y I N G  E X P E C T A T I O N S  O F  R E W A R D  
M A G N I T U D E . M . I. L e o n * , &  M . N .  S h a d le n , D e p t . o f  
P h y s io lo g y  a n d  B io p h y s ic s ,  R e g io n a l  P r im a te  R e s e a r c h  C e n te r ,  
U n iv e r s it y  o f  W a s h in g to n , S e a t t le ,  W a  9 8 1 9 5 .
T h is  e x p e r im e n t  e x a m in e s  th e  e f f e c t  o f  th e  m a g n itu d e  o f  an  im p e n d in g  
re w a r d  o n  th e  a c t iv i ty  o f  d o r so la te r a l p r e fr o n ta l c o r te x  n e u r o n s . W e  
h a v e  r e co r d e d  e x tr a c e ll u la r ly  fro m  th e  fro n ta l e y e  f ie ld  (F E F ; area  8 a )  
a n d  p r in c ip a l s u lc u s  (P S ; W a lk e r  a rea  4 6 )  o f  th e  r h e su s  m o n k e y  
(M a c a c a  m u la tta )  d u r in g  p e r fo r m a n c e  o f  a  m e m o r y -g u id e d  sa c c a d e  
task . A  c h a n g e  in  th e  c o lo r  o f  th e  f ix a t io n  p o in t  (F P ) in d ic a te d  
w h e th e r  th e  m o n k e y  w o u ld  r e c e iv e  a s m a ll  o r  la r g e  l iq u id  rew a rd  
u p o n  s u c c e s s f u l  c o m p le t io n  o f  a  tria l. T h e  F P  c h a n g e d  c o lo r  at a 
r a n d o m  t im e  b e fo r e  or a fter  th e  a p p e a r a n c e  o f  th e  m e m o r y /s a c c a d e  
target. W e  h a v e  o b s e r v e d  a te n d e n c y  fo r  P S  n e u r o n s  to  in c r e a s e  th e ir  
d is c h a r g e  in  r e sp o n s e  to  th e  c u e  s ig n a lin g  th e  la rg e r  re w a r d , and  fo r  
F E F  n e u r o n s  to  d e c r e a s e  th e ir  d is c h a r g e  in  r e sp o n s e  to  th e  s a m e  c u e .  
T h is  u n e x p e c t e d  d if f e r e n c e  b e t w e e n  F E F  an d  P S  n e u r o n s  w a s  
s ig n if ic a n t  a c r o ss  th e  p o p u la t io n  o f  n e u r o n s  te s te d , a n d  a r g u e s  a g a in s t  
the h y p o th e s is  that th e  c o lo r  c u e  m e r e ly  s e r v e s  to  a f fe c t  th e  a n im a l’s 
o v e r a ll  s ta te  o f  a r o u sa l. O u r r e su lts  s u g g e s t  that a  fr a c tio n  o f  F E F  and  
P S  n e u r o n s  c a n  b e  m o d u la te d  b y  th e  a n im a l’s k n o w le d g e  o f  th e  
m a g n itu d e  o f  an  im p e n d in g  rew a rd .
S u p p o r te d  b y  E Y 1 1 3 7 8 ,  R R 0 0 1 6 6  a n d  th e  M c k n ig h t  F o u n d a tio n , and  
N IH  T r a in in g  G ran t: 5  T 3 2  N S 0 7 3 9 5 .
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VIEW -INVARIANT RESPONSES IN THE INFERIOR CONVEXITY OF 
THE PREFRONTAL CORTEX OF THE RHESUS M ONKEY. L . M .

R o m a n s k i*  a n d  P .  S . G o l d m a n - R a k i c , S e c t i o n  o f  N e u r o b i o l o g y ,  Y a l e  U n i v e r s i t y  

S c h o o l  o f  M e d i c i n e ,  N e w  H a v e n ,  C T  0 6 5 1 0 .

T h e  in f e r io r  c o n v e x i t y  r e g io n  ( I C )  o f  t h e  f r o n t a l  l o b e  i s  t h e  ta r g e t  o f  v e n t r a l  

s tr e a m  o b j e c t  in f o r m a t io n  a n d  t h e  s i t e  o f  f a c e  a n d  o b j e c t  r e la t e d  d e l a y  a c t iv i t y .  

F u r th e r m o r e ,  e v i d e n c e  f r o m  r e c o r d in g s  o f  f a c e  s e l e c t i v e  n e u r o n s  in  t h e  I C  s u g g e s t s  

th a t s t im u lu s  id e n t i t y  m a y  b e  e n c o d e d  b y  p r e f r o n t a l  IC  n e u r o n s .  P r e v i o u s  s t u d ie s  

h a v e  s h o w n  th a t  a  s m a l l  p o p u la t io n  o f  n e u r o n s  in  i n f e r o t e m p o r a l  c o r t e x  h a v e  

r e s p o n s e s  th a t  a r e  r e la t i v e l y  in v a r ia n t  w it h  r e s p e c t  t o  s i z e ,  r e t in a l  p o s i t i o n  a n d  

v i e w i n g  a n g l e  o f  o b j e c t s  a n d  f a c e s .  S i n c e  t h e  IC  r e c e i v e s  a f f e r e n t s  f r o m  t h e s e  

s a m e  r e g i o n s  o f  in f e r o t e m p o r a l  c o r t e x ,  w e  h a v e  i n v e s t i g a t e d  w h e t h e r  IC  n e u r o n s  

w o u ld  r e s p o n d  in v a r ia n t ly  t o  o b j e c t s  d e s p i t e  c h a n g e s  in  v i e w i n g  a n g le .

E x t r a c e l lu la r  r e c o r d in g s  f r o m  t h e  IC  o f  t h e  p r e f r o n t a l  c o r t e x  w e r e  m a d e  in  a w a k e  

b e h a v in g  m a c a q u e s  p e r f o r m in g  f i x a t i o n  a n d  m a t c h - t o - s a m p l e  t a s k s .  D u r in g  t h e  

t a s k s ,  t h e  v i s u a l  c u e s  w e r e  p r e s e n t e d  f o r  1 .0  s e c  w h i l e  n e u r o n a l  f i r in g  r a te s  t o  t h e  

v a r io u s  s t im u l i  w e r e  r e c o r d e d .  T h e  s t im u l i  c o n s i s t e d  o f  f a c e s  a n d  c o m p l e x  o b j e c t s  

w h ic h  w e r e  e i t h e r  f a m i l ia r  o r  u n f a m i l ia r  to  t h e  m o n k e y .  O f  5 2 6  u n i t s  r e c o r d e d ,  

3 0 9  w e r e  s i g n i f i c a n t l y  r e s p o n s i v e  to  v i s u a l  s t im u l i  ( p <  . 0 5 ) .  W e  t e s t e d  1 0 3  

n e u r o n s  w it h  s t im u lu s  s e t s  th a t  c o n s i s t e d  o f  2 - 4  d i f f e r e n t  v i e w s  o f  f a m i l ia r  o r  

u n f a m il ia r  o b j e c t s  a n d  f a c e s .  O u r  a n a l y s i s  in d i c a t e s  th a t  t h e  I C  c o n t a i n s  b o t h  view 
dependent n e u r o n s  w h ic h  r e s p o n d e d  d i f f e r e n t i a l l y  to  s e v e r a l  v i e w s  o f  t h e  s a m e  

o b j e c t  a n d  view independent n e u r o n s  th a t  r e s p o n d e d  in v a r ia n t ly  to  d i f f e r e n t  v i e w s  

o f  t h e  s a m e  o b j e c t  o r  f a c e ,  e s p e c i a l l y  w h e n  t h a t  o b j e c t  w a s  f a m i l ia r  t o  t h e  m o n k e y .  

T h e s e  s t u d ie s  p r o v id e  f u r t h e r  e v i d e n c e  th a t  o b j e c t  id e n t i t y  i s  e n c o d e d  b y  IC  

n e u r o n s ,  s im i la r  to  n e u r o n s  o f  t h e  in f e r o t e m p o r a l  c o r t e x  w h i c h  p r o j e c t  to  t h e  IC . 

( S u p p o r t e d  b y  N I M H  R 3 7  M H 3 8 5 4 6 . )

5 6 1 .1 9

TASK-RELATED TOPOGRAPHY O F NEURAL ACTIVITY IN PRIMATE 
PREFRONTAL (PF) CORTEX
W .F . A s a a d * ,  G . R a in e r , E .K . M il le r  D e p t . o f  B r a in  a n d  C o g n i t iv e  S c i e n c e s  a n d  C e n te r  

f o r  L e a r n in g  a n d  M e m o r y ,  M IT , C a m b r id g e ,  M A  0 2 1 3 9

T h e  P F  c o r t e x  is  o f t e n  s t u d ie d  in  m o n k e y s  p e r f o r m in g  a  s in g le  ta sk . T o  u n d e r - 

sta n d  its  r o le  a c r o s s  d i f f e r e n t  b e h a v io r s ,  w e  e x a m in e d  th e  a c t iv i t y  in  th e  P F  c o r t e x  o f  a 

m o n k e y  a lte r n a t in g  b e t w e e n  th r e e  ta sk s :  1 ) a  sp a t ia l  d e la y e d  r e s p o n s e  ( S D R )  ta s k  

w h ic h  r e q u ir e d  a  s a c c a d e  to  a  r e m e m b e r e d  lo c a t io n  o f  a  f la s h e d  d o t;  2 )  a  d e la y e d -  

m a t c h - t o - s a m p le  ( D M S )  ta sk  w h ic h  r e q u ir e d  a s a c c a d e  to  an  o b j e c t  th a t  m a t c h e d  o n e  

s e e n  b e f o r e  a d e la y ;  3 )  an  a s s o c ia t iv e  d e la y e d  r e s p o n s e  ( A D R )  ta s k  w h ic h  r e q u ir e d  a  

r ig h t-  o r  le f tw a r d  s a c c a d e  d e p e n d in g  o n  w h ic h  o b j e c t  h a d  a p p e a r e d  b e f o r e  a  d e la y .  T h e  

t a s k s  w e r e  in t e r le a v e d  a n d  u s e d  th e  s a m e  t w o  lo c a t io n s  a n d  t w o  o b j e c t s .

W e  h a v e  p r e l im in a r y  d a ta  fr o m  2 1 0  n e u r o n s  r e c o r d e d  at 7 2  d i f f e r e n t  s i t e s  in  th e  

la te r a l P F  c o r t e x  o f  o n e  m o n k e y .  W e  f o u n d  th a t  m a n y  n e u r o n s  s h o w e d  t a s k - s p e c i f i c  

a c t iv i t y .  F o r  e x a m p le ,  m a n y  ro str a l a n d  d o r s o la te r a l  c e l l s  s h o w e d  a r a m p -u p  o f  a c t iv i t y  

p r e c e d in g  th e  a p p e a r a n c e  o f  th e  c h o ic e  o b j e c t s  in  th e  D M S  ta sk . B y  c o n tr a s t ,  th is  

f e a tu r e  w a s  a b s e n t  in  th e  a c t iv i t y  o f  th e  s a m e  c e l l s  d u r in g  th e  A D R  a n d  S D R  ta s k s .  It 

m a y  r e f le c t  th e  r e q u ir e m e n t  to  lo c a t e  th e  m a t c h in g  o b j e c t .  In b o th  th e  D M S  a n d  A D R  

ta s k s ,  f o v e a l ly - p r e s e n t e d  s a m p le  o b j e c t s  e l i c i t e d  th e  s t r o n g e s t  s h o r t - la t e n c y ,  p h a s ic ,  

v is u a l  r e s p o n s e s  fr o m  v e n tr o la te r a l  c e l l s ,  a l t h o u g h  o b j e c t - s e l e c t iv e  d e la y  a c t iv i t y  w a s  

fo u n d  t h r o u g h o u t  th e  r e c o r d in g  r e g io n .  A l s o ,  a l t h o u g h  s p a t ia l  d e la y  a c t iv i t y  w a s  

e v id e n t  in  b o th  d o r s o la te r a l  a n d  v e n t r o la te r a l  P F  c o r t e x ,  it t e n d e d  t o  a p p e a r  la te r  in  th e  

a c t iv i t y  o f  th e  v e n tr o la te r a l  c e l l s .  F in a l ly ,  th e  b a s e l in e  a c t iv i t y  o f  n e a r ly  h a l f  o f  th e  

c e l l s  ( 9 9 / 2 1 0 ,  o r  4 7 % )  w a s  m o d u la t e d  to  a s m a l l  b u t  s ig n i f i c a n t  d e g r e e  ( p < .0 1 )  b y  th e  

ta sk  c u r r e n t ly  b e in g  p e r f o r m e d .  T h e s e  d a ta  s u g g e s t  th a t  n e u r a l a c t iv i t y  in  th e  P F  c o r te x  

is  a  fu n c t io n  n o t  s im p ly  o f  th e  t y p e s  o f  in f o r m a t io n  p r e s e n t ,  b u t  a ls o  o f  th e  b e h a v io r  in  

w h ic h  th e  a n im a l is  e n g a g e d .

Supported by the NINDS and the McKnight Foundation.
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N E U R O N A L  C O R R E L A T E S  O F  A C Q U IS IT IO N  A N D  M O D IF IC A T IO N  
O F  R E W A R D  E X P E C T A N C Y  IN  P R IM A T E  P R E F R O N T A L  C O R T E X  
M . W a ta n a b e * , K . H ik o s a k a , M . S a k a g a m i a n d  S . S h ir a k a w a  D e p t .  
P s y c h o l . ,  T o k y o  M e tr o p o l. I n s t . fo r  N e u r o s c i . ,  M u s a s h id a i  2 - 6 ,  F u c h u ,  
T o k y o  1 8 3 - 8 5 2 6  J A P A N

W e  p r e v io u s ly  r e p o rted  p r im a te  p r e fr o n ta l n e u r o n s  r e la te d  to  th e  
e x p e c ta n c y  fo r  th e  p r e s e n c e  (N a tu r e  1 9 9 6 ,  3 8 2 , p .6 2 9 )  o r  a b s e n c e  ( S o c .  
N e u r o s c i.  A b str . 1 9 9 7 , p .13 1 6 )  o f  th e  s p e c if ic  rew a rd  . W e  h e r e  report th e  
tra n sitio n  in  p refr o n ta l n e u r o n a l a c t iv i ty  in  r e la t io n  to  th e  a c q u is it io n  an d  
m o d if ic a t io n  o f  rew a rd  e x p e c ta n c y .

T w o  m o n k e y s  w e r e  tra in ed  o n  a d e la y e d  r e a c t io n  t im e  ta sk  w ith  
in s tr u c t io n  c u e s  w h ic h  in d ic a te d  re w a r d  a n d  n o -r e w a r d  tr ia ls  a n d  w h o s e  
m e a n in g s  w e r e  c h a n g e d  fro m  t im e  to  t im e . T h e  a n im a l h a d  to  p r e s s  th e  
k e y  e v e n  o n  n o -r ew a r d  tria ls to  a d v a n c e  to  th e  n e x t  tria l. S e v e r a l  k in d s  o f  
f o o d  and  l iq u id  rew a rd s w e r e  u se d . T h e  k in d  o f  r e w a r d  w a s  c h a n g e d  in  a  
b lo c k  o f  a b o u t  e v e r y  5 0  tr ia ls.

R e a c t io n  t im e  (R T )  o f  th e  a n im a l w a s  s ig n if ic a n t ly  d iffe r e n t  b e tw e e n  
r e w a r d  a n d  n o -r e w a r d  tr ia ls  a s  w e l l  a s  a m o n g  d iffe r e n t  k in d s  o f  rew a rd  
b lo c k s .  W h e n  th e  m e a n in g  o f  th e  c u e  w a s  r e v e r s e d , o r  w h e n  th e  k in d  o f  
rew ard  u se d  in  a b lo c k  w a s  c h a n g e d , th e  R T  c h a n g e d  s o m e t im e s  a b ru p tly  
a n d  o f te n  g r a d u a lly  a s  th e  a n im a l le a r n e d  th e  c h a n g e s .  A lt h o u g h  th e  R T  
o f  th e  a n im a l w a s  u s u a l ly  v a r ia b le  e a r ly  in  th e  le a r n in g , a c t iv i ty  o f  s o m e  
p refron ta l n eu r o n s  b e c a m e  to  c o n s is te n t ly  r e fle c t  th e  n e w  e x p e c ta n c y  w e l l  
b e fo r e  th e  R T  o f  th e  a n im a l b e c a m e  s ta b le  d u r in g  th e  c o u r s e  o f  th e  lea n in g .  
E v e n  w h e n  th e  f o o d  i t s e l f  w a s  u s e d  a s  n o -r e w a r d  in d ic a t in g  c u e , o r  th e  
v a c a n t fo o d  tray w a s  u se d  as  rew ard  in d ic a t in g  c u e , th e  a n im a l c o u ld  le a rn 
th e  m e a n in g  o f  th e se  c u e s  an d  th e  a c t iv i ty  o f  s o m e  p r e fr o n ta l n e u r o n s  
r e f le c te d  th e  e x p e c ta n c y  fo r  th e  r e sp o n s e  o u t c o m e .

T h is  s tu d y  w a s  s u p p o r te d  b y  th e  g r a n t  f r o m  th e  M in is t r y  o f  E d u c a t io n ,  S c i e n c e  an d  

C u ltu r e  o f  J a p a n  ( N o . 0 8 4 5 1 0 2 1 ) .

5 6 1 .1 8

ACTIVITY OF PRIM ATE PREFRONTAL (PF) NEURONS DURING COVERT 
AND OVERT ORIENTING OF ATTENTION
E .K . M il le r * ,  G . R a in e r , W .F . A s a a d  D e p t . o f  B r a in  a n d  C o g n i t iv e  S c i e n c e s  a n d  T h e  

C e n te r  fo r  L e a r n in g  a n d  M e m o r y ,  M IT , C a m b r id g e ,  M A  0 2 1 3 9  

A n  im p o r ta n t  q u e s t io n  in  c o g n i t iv e  n e u r o s c i e n c e  is  w h e t h e r  c o v e r t  a n d  o v e r t  a t te n t io n  

s h a r e  c o m m o n  m e c h a n is m s  a n d  n e u r a l su b s tr a te s .  H e r e  w e  d e s c r ib e  n e u r o n a l  p r o p e r t ie s  

in  th e  P F  c o r t e x  th a t  im p l ic a t e  it in  b o th  t y p e s  o f  a t te n t io n .  T w o  m o n k e y s  p e r f o r m e d  a  

w o r k in g  m e m o r y  ta s k  th a t  r e q u ir e d  th e m  to  s e l e c t  a  t a r g e t  fr o m  a s a m p le  arra y  o f  th r e e  

e x t r a f o v e a l  o b j e c t s  a n d  r e m e m b e r  its  lo c a t io n  o v e r  a  b r i e f  d e la y .  D u r in g  th e  s a m p le  

a rray , m o n k e y s  w e r e  e i th e r  a l lo w e d  to  m a k e  a  s a c c a d e  to  th e  ta r g e t  ( o v e r t  a t t e n t io n )  o r  

w e r e  r e q u ir e d  to  m a in ta in  c e n tr a l f ix a t io n  d u r in g  arra y  p r e s e n t a t io n  ( c o v e r t  a t te n t io n ) .

In b o th  c o n d it io n s ,  t h e y  n e e d e d  to  m a in ta in  c e n tr a l  g a z e  d u r in g  a  s u b s e q u e n t  d e la y .  

A f t e r  th e  d e la y ,  a  t e s t  arra y  a p p e a r e d  a n d  m o n k e y s  r e le a s e d  a  b a r  i f  t h e  t a r g e t  w a s  in  th e  

s a m e  lo c a t io n  a s  in  th e  s a m p le  array .

W e  r e c o r d e d  th e  a c t iv i t y  o f  2 3 8  la te r a l P F  n e u r o n s  fr o m  t w o  m o n k e y s .  F o r  m a n y  

n e u r o n s ,  ( 1 4 4 / 2 3 8 ,  o r  6 1 % ),  d e la y  a c t iv i t y  r e f le c t e d  th e  t a r g e t  o b j e c t ,  i r r e s p e c t iv e  o f  

w h e t h e r  m o n k e y s  o v e r t ly  o r  c o v e r t ly  d ir e c te d  a t te n t io n .  O n e  d i f f e r e n c e  w a s  th a t  ta r g e t  

s e le c t io n  w a s  r e f le c t e d  e a r l ie r  in  n e u r a l a c t iv i t y  d u r in g  o v e r t  th a n  c o v e r t  a tte n t io n .

W h e n  m o n k e y s  s a c c a d e d  to  th e  ta r g e t  (o v e r t ) ,  t a r g e t  lo c a t io n  w a s  r e f le c t e d  in  n e u r a l  

a c t iv i t y  s ta r t in g  a b o u t  1 2 0  m s  a f te r  arra y  o n s e t .  B y  c o n tr a s t ,  w h e n  m o n k e y s  n e e d e d  to  

m a in ta in  c e n tr a l g a z e  (c o v e r t ) ,  th e  ta r g e t  lo c a t io n  d id  n o t  a p p e a r  in  a c t iv i t y  u n til 1 4 0  m s  

a fte r  a rra y  o n s e t .  T h is  d i f f e r e n c e  m a y  r e f le c t  th e  a d d it io n a l  t im e  n e e d e d  to  d i s e n g a g e  

a t te n t io n  fr o m  th e  f ix a t io n  s p o t  d u r in g  c o v e r t  a t te n t io n .  F in a l ly ,  w h e n  e y e  m o v e m e n t s  

w e r e  a l lo w e d  ( o v e r t ) ,  in fo r m a t io n  a b o u t  th e  ta r g e t  l o c a t io n  a p p e a r e d  in  n e u r a l a c t iv i t y  

o v e r  1 0 0  m s  b e f o r e  th e  e y e  m o v e m e n t .  T h e s e  r e s u lt s  s u g g e s t  th a t s im i la r  p r e fr o n ta l  

a tte n t io n a l  m e c h a n is m s  a re  e n g a g e d  r e g a r d le s s  o f  w h e t h e r  o r  n o t  an  e y e  m o v e m e n t  w i l l  

b e  m a d e .

Supported by the NINDS, The McKnight Foundation.

5 6 1 .2 0

E N C O D I N G  O F  R E L A T I V E  F A M I L I A R I T Y  A N D  R E C E N C Y  I N F O R M A T I O N  IN  

O R B I T A L , V E N T R O M E D I A L  A N D  D O R S O L A T E R A L  P R E F R O N T A L  C O R T I C E S  

A N D  A N T E R I O R  C I N G U L A T E  G Y R U S . J .-Z . X ia n g  a n d  M  W . B r o w n . ( S P O N .  

B r it i s h  N e u r o s c i e n c e  A s s o c ia t io n ) .  D e p a r t m e n t  o f  A n a t o m y ,  U n iv e r s i t y  o f  B r is t o l ,  

B r is t o l ,  B S 8  1 T D , U K .

T h e  r o le  o f  p r e fr o n ta l  c o r te x  a n d  t h e  r e s p o n s e  p r o p e r t ie s  o f  i t s  n e u r o n e s  in  r e la t io n  

to  r e c o g n it io n  m e m o r y  a r e  s t i l l  in c o m p le t e ly  u n d e r s to o d .  W e  h a v e  r e c o r d e d  n e u r o n a l  

r e s p o n s e s  in  th e  p r e fr o n ta l  c o r t e x  (o r b ita l ,  P F X o ;  v e n t r o m e d ia l ,  P F X v m ,  d o r s o la te r a l ,  

P F X d l)  a n d  th e  a n te r io r  c in g u la t e  g y r u s  ( A C G )  o f  2  b e h a v io u r a l ly - t r a in e d  m o n k e y s  

p e r f o r m in g  v i s u a l  s e r ia l  r e c o g n it io n  ta sk s .

In  t h e  P F X o  1 5 8 0  n e u r o n e s  w e r e  r e c o r d e d ;  4 1 %  w e r e  v i s u a l ly  r e s p o n s iv e  a n d  4 6 %  

o f  t h e s e  s ig n a l l e d  in f o r m a t io n  c o n c e r n in g  th e  p r io r  o c c u r r e n c e  o f  v i s u a l  s t im u l i  

( ' r e c o g n it io n - r e la t e d  r e s p o n s e s ’) .  T h e  c o r r e s p o n d in g  f ig u r e s  w e r e  for: P F X v m ,  n  =  

4 0 7 ,  v is u a l  =  3 3 % , d i f f e r e n t ia l  =  6 2 % ; A C G , n =  9 7 1 ,  v is u a l  =  4 2 % , d i f f e r e n t ia l  =  

2 8 % ; P F X d l,  n  =  6 8 0 ,  v i s u a l  =  2 6 % , d i f f e r e n t ia l  =  4 % . T h u s  in  P F X d l  d i f f e r e n t ia l  

r e s p o n s e s  o c c u r r e d  n o  m o r e  th a n  e x p e c t e d  b y  c h a n c e  (5 % ). In  P F X o ,  P F X v m  a n d  

A C G  th e  in c id e n c e  o f  r e c o g n it io n - r e la t e d  r e s p o n s e s  w a s  w e l l  a b o v e  c h a n c e  a n d ,  a s  in  

a n t e r io r  in f e r io r  t e m p o r a l  c o r t e x  ( A I T X ) ,  n e u r o n e s  s ig n a l l i n g  r e c e n c y ,  f a m i l ia r i t y  a n d  

n o v e l t y  in f o r m a t io n  w e r e  f o u n d . In  c o n tr a s t  to  A I T X , r e s p o n s e s  w e r e  la r g e r  to  s e c o n d  

th a n  to  f ir s t  p r e s e n t a t io n s  o f  s t im u l i  a n d /o r  la r g e r  to  f a m i l ia r  t h a n  to  n o v e l  s t im u l i  fo r  

th e  m a jo r ity  o f  r e c o g n it io n - r e la t e d  n e u r o n e s  in  t h e s e  fr o n ta l  a r e a s . F u r th e r , th e  m e a n  

d if f e r e n t ia l  la t e n c y  fo r  th e  p o p u la t io n  o f  f r o n ta l  n e u r o n e s  w a s  lo n g e r  th a n  th a t  o f  

te m p o r a l  n e u r o n e s .  M o r e o v e r ,  f r o n ta l  n e u r o n a l  m e m o r y  s p a n s  w e r e  t y p ic a l ly  sh o r te r  

th a n  t e m p o r a l ,  th o u g h  th e y  s t i l l  s u r v iv e d  m a n y  in t e r v e n in g  p r e s e n t a t io n s  o f  o th e r  

s t im u l i .  T h u s  n e u r o n e s  in  P F X o ,  P F X v m  a n d  A C G , ( t h o u g h  n o t  P F X d l)  s ig n a l  

in f o r m a t io n  c o n c e r n in g  th e  p r io r  o c c u r r e n c e  o f  v is u a l  s t im u l i ;  t h is  in f o r m a t io n  is  o f  

p o t e n t ia l  u s e  to  in te r m e d ia t e  o r  l o n g e r - t e r m  r e c o g n it io n  m e m o r y  a n d  n o t  o n ly  w o r k in g  

m e m o r y .  Supported by the Wellcome Trust.
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561.21
RESPONSIVENESS OF SINGLE NEURONS IN THE DORSOLATERAL 
PREFRONTAL CORTEX OF MONKEYS TO VISUAL STIMULI PRESENTED IN 
DEPTH. S. Carlson*, D. Artchakov, L Linnankoski, P. Rämä. Inst. o f Biomedicine, 
Dept. o f Physiology, University o f Helsinki, Finland.

The monkey posterior parietal cortex plays an important role in depth perception 
(Sakata et al. 1997). We have earlier studied functional properties o f single neurons 
in the dorsolateral prefrontal cortex (PFCdl) (Tanila et al. 1992) and shown that the 
majority of neurons responding to sensory stimulation are visually responsive. A 
group o f neurons changed their firing rate selectively to visual stimuli moving in 
depth in front of the monkey (Carlson et al. 1997). In the present study we recorded 
single neuron activity in the PFCdl in two monkeys trained to perform a delayed 
response task in which the cue was an approaching or a retreating visual stimulus. In 
front o f the monkey was a panel with a central fixation light emitting diode (LED) 
and a row of LEDs. The monkey started the task by holding down a button. After 500 
ms a cue appeared. If the cue was an approaching stimulus (the LEDs in the row 
were lit one after the other starting from the farmost LED giving an impression of an 
approaching light), the monkey pushed a button near him, and if  a retreating stimulus, 
a button far form him after a variable delay period o f 1.5 or 2.5 s.

Altogether 231 neurons were recorded. Of them 41 % were task related during cue, 
delay or movement periods. Of the cue-related neurons 22% and of the delay-related 
neurons 21 % were spatially selective for either the apporaching or the retreating 
trials. As a conclusion: Single PFCdl neurons 1. respond to visual stimuli presented 
in depth, and 2. use such stimuli as memoranda in working memory tasks. The visual 
depth-related information in the PFCdl is presumably derived from the posterior 
parietal cortex, which is connected with the PFCdl, via the dorsally directed visual 
pathway, carrying visuospatial and visual depth related information.

The study was supported by a Helsinki University Grant No: 1127/62/96

561.23
T e m p o ra l  s ta t is t ic s  o f  sp ik e  t r a in s  re c o rd e d  f ro m  m o n k ey  p re - 
f ro n ta l  c o r te x  d u r in g  w o rk in g  m e m o ry  ta s k  Y. Liu, X. -  J. Wang*,
G .V . Williams, S. Rao and P. S. Goldman — Rakic Volen Center for Com

plex Systems, Brandeis University, Waltham, MA. 02254 and Section of Neu
robiology, Yale Medical School, 333 Cedar St., New Haven, CT 06512

Analysis of spike train variability has previously been carried out for visual 
cortical cells, in order to shed insights into the nature of neural (temporal 
versus rate) coding of sensory information. In this study, we took a similar 
approach to analyze persistent neuronal activity recorded from awake mon
keys performing an oculomotor delayed-response task in order to quantify the 
temporal neuronal dynamics that presumably encode spatial working memory.

We examined spike trains from sixty prefrontal cortical (PFC) neurons from 
two monkeys . Our main objective was to investigate whether persistent activ
ity during the delay period is tonic (Poisson-distributed), or displays temporal 
switchings between states of different firing rates. Our findings include the fol
lowing. (1) The persistent activity shows a higher degree of variability (the 
ISI coefficient of variance, averaged over the cell population, CV = 1.4 ± 0.3) 
than expected for a Poisson process (CV =1). (2) The spike firings are tem
porally positively correlated (the ISI coefficient of correlation CC=0.12 ± 0.1), 
whereas CC = 0 for a Poisson process. (3) when each spike train is parsed into 
a sequence of temporal segments with different Poisson firing rates based on 
Kolmogorov-Smirnov test, the resulting distribution of firing rates is broad, 
typically with a long tail. (4) Neurons examined display various degrees of 
burst discharges, which are intrinsic to each neuron. The burstiness is quan
tified by the ISI histogram, autocorrelagram and power spectrum.

All these results suggest that the persistent neural activities during the delay 
period are not Poisson processes. It remains to be investigated whether the 
switchings between various firing states are indicative of reverberating dynam
ics across the PFC network and important for the coding and maintenance of 
working memory.

Sponsored by the ONR (N00014-95-l-0319) and A. P. Sloan Foundation.

561.25
FRONTAL LOBE MECHANISMS IN MEMORY SCANNING. I: NEURONAL 
ACTIVITY IN PREMOTOR AND PREFRONTAL CORTEX. A.F. C arpenter*, G. 
P ellizzer and A. P. G eorgopoulos. Brain Sciences Center, D ept. o f Veterans 
A ffa irs Medical Center, M inneapolis MN 55417.

W e described previously the activity o f m otor cortical cells during the response 
tim e in a context-recall m em ory scanning task (Pe llizzer et al., Science 269 :702- 
705, 1995). Here we describe the activ ity o f cells recorded in the prem otor 
(N =92) and prefrontal (N=376) cortex during the sam e task. In the task, 3-5 
v isual stimuli on a c ircle  were presented sequentia lly, one every 650 ms. Thus 
the presentation phase o f a trial consisted o f 3-5 seria lly ordered 650-ms epochs. 
At the end o f the sequence, one o f the stimuli changed co lor (test stim ulus) 
instructing the m onkey to m ove a force-feedback cursor toward the stim ulus that 
followed the test stimulus in the orig inal sequence. In a contro l task, a v isual 
stim ulus was presented in one o f e ight locations on the circle. A fter a delay of 
650 ms it changed co lor which instructed the m onkey to move the cursor toward 
it.

Most cells in both the prem otor and prefrontal cortex changed activity across 
the seria lly ordered epochs. This m odulation in activ ity was frequently 
independent o f the d irection o f the v isual stimuli. W ith respect to the latter, 
prem otor cells tended to show phasic changes activity related to the direction of 
the stimulus in the control task. Interestingly, the same cells showed this phasic 
activity only for som e serial positions with in the sequence o f stimuli during the 
m emory scanning task. In contrast, prefrontal neurons showed m ore frequently 
a sustained change o f activ ity related to the direction o f the visual stimulus. 
These results dem onstrate the participation o f the cortical areas studied in some 
of the processes underlying m em ory scanning, nam ely encoding the serial order 
and the direction o f the v isual stimulus. (Supported by a VA  M erit Review grant, 
NSF grant G ER9454163, and NIH grant NS17413.)

561.22
DYNAMIC CHANGES IN INTERACTIONS AMONG 
PREFRONTAL NEURONS IN RELATION TO WORKING 
MEMORY PROCESSES.
S. Funahashi,* Fac. of Integrated Human Studies, Kyoto Univ., Kyoto 
606-8501, Japan, and PRESTO, JST.

To examine whether dynamic changes in functional connectivity 
are present among prefrontal neurons along the temporal context of the 
working memory task, multiple-neuron activities were recorded while 
monkeys performed an oculomotor delayed-response task with 8 
peripheral cues. We isolated up to three single-neuron activities from 
the multiple-neuron activity, determined whether each isolated neuron 
exhibited task-related activity, and made a cross-correlogram using 
neuronal discharges to determine whether functional interaction was 
present between the pair of simultaneously isolated neurons. In 
addition, both joint peri-stimulus time histogram (jPSTH) and 
coincidence time histogram (CTH) were constructed between the pair 
of neurons to examine temporal changes in functional connectivity 
along the temporal context of the task.

Among the 168 neuron pairs isolated, 84 pairs had significant 
peaks in cross-correlograms. CTHs constructed by these pairs revealed 
that the probability of synchronous activation changed along the 
temporal context of the task. In many cases, the temporal pattern of its 
change observed in CTH was related to the function of each neuron. 
These results indicate that the functional connectivity among 
prefrontal neurons changes dynamically along the temporal context of 
the task. These dynamic changes in neuronal interactions may play a 
significant role for integrating and manipulating information in 
working memory processes. (Supported by the Japanese Ministry of 
Education Grant No. 09268220)

561.24
S P A T IA L  W O R K IN G  M EM O R Y  F O R M A T IO N  IN  A M O D EL 
PREFRONTAL CO RTICA L CIRCUIT: INH IBITO RY ACTIONS ON THE 
SUSTAINED ACTIVITY. Shoji Tanaka,* Dept of Electrical Engineering, Sophia 
Univ, Tokyo 102, Japan.

The roles of local inhibition in cortical processing have long been investigated. 
However, there are few studies from prefrontal cortex (PFC). I investigated, by 
means of the computer simulation of a model PFC circuit, how inhibitory action 
contributes to sustaining the activity in PFC for spatial working memory processing 
and how the change in the strength of the inhibitions affects the activity.

Most of the parts of the model circuit are the same with that developed recently 
(Tanaka 1997: Soc Neurosci Abstr). The present model, however, contains two 
groups of intemeurons with different directional preferences. The intemeurons in one 
group have the same directional preference with that of the postsynaptic pyramidal 
cells, while the intemeurons in the other group have the opposite directional 
preference. The simulation suggests that increasing [decreasing] the strength of the 
inhibition by the intemeurons in the former group decreases [increases] the 
amplitude of the memory fields, while increasing [decreasing] that by the 
intemeurons in the latter group decreases [increases] the width of the memory fields. 
In the second simulation, the effects of self-innervation of the intemeurons have been 
investigated. Neither too weak nor too strong self-innervation can maintain 
directionally selective activity. Between these, the peak firing rates of the memory 
fields increase almost linearly with the strength of the self-innervation, but the width 
of the memory fields does not change considerably.

In conclusion, the simulations suggest that the inhibitory actions of the 
intemeurons with different directional preferences have different effects on the 
profiles of the memory fields, and that the self-innervation of the intemeurons is 
important in regulating the amplitude of the memory fields.

561.26
FRONTAL LOBE MECHANISMS IN MEMORY SCANNING. II: ANALYSES OF 
SINGLE CELL ACTIVITY IN THE MOTOR CORTEX. G. P ellizzer*, A.F. 
Carpenter and A. P. G eorgopoulos. Brain Sciences Center, D e p t. o f Veterans 
Affa irs Medical Center, M inneapolis MN 55417.

W e have reported previously on the activity o f cells in the m onkey motor cortex 
during a context-recall mem ory scanning task and a control delayed center-out 
task during the response time (Pellizzer e ta l., Science 269: 7 02 -705 ,1995) and 
the presentation phase (Carpenter et al., Soc. Neurosci. A bs tr. 2 3 :1 61 7 ,1 99 7 ). 
The two tasks are briefly described in the preceding com panion abstract. In the 
present study we further analyzed the responses o f motor cortica l cells (N=474) 
during the presentation of sequences o f visual stimuli (presentation phase).

Cell activ ity during the presentation o f the sequence was analyzed using 
analysis o f variance and multiple linear regression. W e found tha t the activity of 
most cells was modulated by the epoch, that is, by the serial position with in the 
sequence of visual stimuli. This epoch related activity was often independent of 
the d irection o f the stimuli. The activ ity o f a sm aller proportion o f cells was 
modulated by the direction o f individual stimuli. The num ber o f ce lls that were 
stimulus related increased progressively during the p resentation o f the sequence. 
The relation to a visual stimulus w as present generally with in only one epoch, 
and less often for more than one epoch; cells that related to d iffe rent stimuli were 
frequently active w ithin a same epoch. These results were  sim ilar for sequences 
o f different length. This study provides new evidence for the participation of the 
m otor cortex in encoding and processing information prior to the selection o f the 
appropriate response. The information processed re lates to the serial order and 
direction o f the stimuli in the sequence. (Supported by a V A  M erit Review grant, 
NSF grant G ER9454163, and NIH grant NS17413.)
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561.27
F U N C T I O N A L  R E O R G A N I Z A T I O N  O F  T H E  R A T  M O T O R  C O R T E X  

F O L L O W I N G  M O T O R  S K IL L  L E A R N I N G .  J.A . K l e i m *, S . B a r b a y , &  R . J. 
N u d o .  D e p t .  M o l e c u l a r  &  I n t e g r a t i v e  P h y s i o l o g y  a n d  C e n te r  o n  A g in g ,  
K a n s a s  U n i v e r s i t y  M e d i c a l  C e n t e r ,  K a n s a s  C i t y ,  K S , 6 6 1 6 0 .

L e a r n i n g - d e p e n d e n t  c h a n g e s  in  t h e  m o r p h o l o g y  a n d  p h y s i o l o g y  o f  
i n d i v i d u a l  c o r t i c a l  n e u r o n s  h a v e  b e e n  o b s e r v e d  w i t h i n  t h e  m o t o r  c o r te x .  T h e  
p r e s e n t  e x p e r i m e n t  e x a m i n e d  h o w  m o to r  l e a r n i n g  a f f e c t e d  t h e  o r g a n i z a t i o n  
o f  m o v e m e n t  r e p r e s e n t a t i o n  w i t h i n  t h e  r o d e n t  m o to r  c o r te x .  L i t t e r m a t e  
p a i r s  o f  a d u l t  r a t s  w e r e  a l l o c a t e d  to  e i t h e r  a  S k i l l e d  o r  U n s k i l l e d  r e a c h i n g  
c o n d i t i o n  (S R C  a n d  U R C  r e s p e c t iv e ly ) .  S R C  a n i m a l s  w e r e  t r a i n e d  f o r  5 d a y s  
to  r e a c h  t h r o u g h  a  s m a l l  o p e n in g  in  t h e i r  h o m e  c a g e s  to  r e t r i e v e  a  f o o d  
p e l l e t  f r o m  a  s t a t i o n a r y  t a b l e  l o c a t e d  o u t s i d e  t h e  c a g e .  T h e  t a b l e  w a s  t h e n  
r o t a t e d  (6  r p m )  a n d  th e  a n i m a l s  w e r e  t r a i n e d  o n  t h i s  t a s k  fo r  a n  a d d i t i o n a l  
5  d a y s .  U R C  a n i m a l s  w e r e  t r a i n e d  f o r  10  d a y s  to  p r e s s  a  l a r g e  l e v e r  l o c a t e d  
w i t h i n  t h e  c a g e  to  r e c e iv e  a  s i m i l a r  f o o d  p e l l e t .  T h e  n u m b e r  o f  r e a c h i n g  
m o v e m e n t s  w a s  r e s t r i c t e d  s u c h  t h a t  a n i m a l s  m a d e  a  s i m i l a r  n u m b e r  o f  
r e a c h e s  in  b o t h  c o n d i t i o n s .  F o l l o w i n g  t r a i n i n g ,  i n t r a c o r t i c a l  

m i c r o s t i m u l a t i o n  t e c h n i q u e s  w e r e  u s e d  to  d e r i v e  h i g h  r e s o l u t i o n  m a p s  (1 9 8  + 

8 p e n e t r a t i o n s )  o f  t h e  f o r e l im b  a n d  h i n d l i m b  r e p r e s e n t a t i o n s  w i t h i n  t h e  
m o to r  c o r te x .  S R C  a n i m a l s  e x h i b i t e d  a  s i g n i f i c a n t  i n c r e a s e  in  t h e  a r e a l  
r e p r e s e n t a t i o n  o f  t h e  w r i s t  a n d  a  d e c r e a s e  in  e l b o w / s h o u l d e r  r e p r e s e n t a t i o n  
in  t h e  c a u d a l  f o r e l im b  z o n e  in  c o m p a r i s o n  to  U R C  a n i m a l s .  N o  d i f f e r e n c e s  
b e t w e e n  c o n d i t i o n s  w e r e  f o u n d  in  e i t h e r  t h e  r o s t r a l  f o r e l i m b  o r  h i n d l i m b  
z o n e .  T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  m o t o r  s k i l l  l e a r n i n g  is  a s s o c i a t e d  w i t h  
a  r e o r g a n i z a t i o n  o f  m o v e m e n t  r e p r e s e n t a t i o n  w i t h i n  t h e  r o d e n t  m o t o r  c o r te x .  
Q u a n t i t a t i v e  m e a s u r e s  o f  n e u r o n a l  m o r p h o l o g y  w i t h i n  t h e s e  d i f f e r e n t  
c o r t i c a l  a r e a s  is  c u r r e n t l y  i n  p r o g r e s s .  W o r k  s u p p o r t e d  b y  N I H  N S  3 0 8 5 3  
(R J N )  t h e  A m e r i c a n  H e a r t  A s s o c i a t i o n  (R J N )  a n d  N S E R C  P D F  (JA K ).

MOTIVATION AND EMOTION V

562.1

HIPPOCAMPAL & SEPTAL NICOTINIC M ODULATION OF 
ANXIETY REVEALS DIFFERENCES AMONG ANIMAL TESTS 
S.E.File*, A-M. Ouagazzal and P.J. Kenny. Psychopharmacology Research 
Unit, UM DS, Guy’s Hospital, London SE1 9RT, UK

There is considerable evidence that different animal tests o f  anxiety 
measure distinct anxiety states having differential neuroanatomical 
modulation. This is exemplified by the effects o f  nicotine administration to 
the dorsal hippocampus and lateral septum. In both brain areas, nicotine 
administration (4µg) had a significant anxiogenic effect in the social 
interaction test (high light, familiar arena), whereas it was without effect in 
rats tested on trial 1 in the elevated plus-maze (0.1 -8µg in hippocampus,
0 . 1- 1 µg in septum). Thus, although nicotine (0.5 & 1 mg/kg i.p.) was 
anxiogenic in both tests after systemic administration, different brain 
regions are mediating the effects in the two tests. A 5 min trial in the plus- 
maze dramatically changes the type o f  anxiety that is engendered by the test 
and it has been proposed that trial 2 is a model o f  specific phobia (fear o f  
heights). Benzodiazepines are ineffective on trial 2 after systemic or central 
(dorsal or median raphe nuclei or dorsal hippocampus) administration. 
H owever, nicotine ( 1 µg) administration into the dorsal hippocampus has 
anxiolytic effects on trial 2. In summary, these results demonstrate that 
nicotine has bidirectional effects on anxiety that are dependent on the 
particular animal test and that different brain regions mediate nicotine’s 
effects in different tests.
Supported by British American Tobacco

562.3
THE IMPACT OF SEXUAL EXPERIENCE UPON SEXUAL MOTIVATION. 
H. H. Lopez*, D . H. Olster, and A. Ettenberg. Department of Psychology,
U.C. Santa Barbara, Santa Barbara, CA 93106.

It is generally presumed that sexually experienced male rats are more aroused 
by estrous females than are sexually naive males. This experiment was 
conducted to determine the minimal amount of sexual experience necessary to 
induce an increase in male sexual motivation. Thirty sexually naive male Long- 
Evans rats traversed a straight-arm alley to gain access to either a nonestrous 
(ovariectomized) female rat or an estrous (ovariectomized and given estradiol and 
progesterone) female. A Plexiglas partition within the goalbox prevented the 
males from physically interacting with the target females, although olfactory, 
visual, and auditory cues were still available. Once stable Run Times were 
established, the subjects were divided into three groups of ten subjects each. One 
group of males was provided access to an estrous female until they achieved one 
mount with intromission; in a second group, males experienced one ejaculation; 
the last group was kept sexually naive. On subsequent days/trials, males were 
again tested in the runway for their motivation to encounter estrous and 
nonestrous females. The males that did not receive sexual experience and those 
that experienced one intromission ran significantly slower for both nonestrous 
and estrous females than did the males that experienced one ejaculation. Thus, 
while a single ejaculation was sufficient to enhance the incentive value of female 
cues, mere sexual contact involving one intromission was not. A second 
experiment investigated the effects of haloperidol (a dopamine antagonist) and 
naloxone (an opiate antagonist) on the motivational effects of ejaculation. 
Preliminary data suggest that dopamine, but not opioid, systems are involved in 
regulating the reinforcing consequences of sexual experience. Supported by 
NIDA grant DA08042 and NIH grant HD28636 awarded to A.E. and D.H.O. 
respectively.

562.2
EFFECTS OF LESIONS OF THE DORSAL HIPPOCAMPUS ON TESTS OF 
INSTRUMENTAL CONDITIONING IN THE RAT. L.H. Corbit. F.B. Krasne*, 
and B.W. Balleine. Dept. of Psychology, UCLA.

The effects of lesions of the dorsal hippocampus on instrumental outcome 
devaluation and sensitivity to changes in the contingency of reinforcer delivery were 
investigated. Following surgery the rats were maintained on a restricted feeding 
schedule and trained to lever-press on two separate levers, each of which earned a 
unique outcome (either pellets or a sucrose solution). The lesion did not result in 
any detectable differences in the acquisition of the lever-pressing response for either 
outcome. After the acquisition phase, one of the two outcomes was devalued using a 
specific satiety procedure in which each rat was allowed free access to one of the two 
outcomes for one hour prior to a two lever choice test conducted in extinction. 
There were no differences found between the two groups. Both lesioned and sham 
animals performed more lever-presses on the lever associated with the outcome 
which had not been devalued. Animals were then retrained on both levers and the 
sensitivity to the selective degradation of one of the instrumental contingencies was 
evaluated. In order to examine this, in addition to being delivered contingent upon 
the animal's lever-pressing, one of the outcomes was also delivered non- 
contingently with equal probability as for the delivery contingent upon lever- 
pressing. The contingent relationship for the other outcome remained intact, i.e., 
the second reinforcer was only delivered when the rat made the lever-press response. 
While intact animals decreased responding on the lever associated with the non- 
contingent reinforcer, preliminary results suggest that rats with hippocampal lesions 
are unable to distinguish between an outcome that is delivered only contingent upon 
lever-pressing and one which is delivered with or without the lever-press response. 
When evaluated in a two-lever choice extinction test, rats with hippocampal lesions 
respond on both levers equally. This suggests that lesioning the dorsal hippocampus 
disrupts the animal's ability to encode a relationship between their actions and the 
consequent outcomes.
This research was supported by NIMH grant # MH 56446.

562.4
THE MESOCORTICOLIMBIC DOPAMINE SYSTEM; IN VIVO MULTIPLE 
UNIT ACTIVITY SILMULTANEOUSLY RECORDED FROM RAT 
PREFRONTAL CORTEX, NUCLEUS ACCUMBENS, AND VENTRAL 
TEGMENTAL AREA. A.C. Scheifele and L.J. Cauller*, Neuroscience Program, 
GR4l, University of Texas at Dallas, Richardson, TX 75083-0688.

The mesocorticolimbic dopamine (DA) system has received growing attention due 
to its potential relevance in drug abuse and schizophrenia. Electrophysiological 
recordings of multiple unit activity (MUA) were collected simultaneously at four 
locations within this system. Male rats (250-350 g) were cronically implanted with 
teflon coated steel wire electrodes ( 100 µm diameter). Electrodes were placed in the 
prefrontal cortex (PFC), nucleus accumbens-shell, ventral tegmental area (VTA), and 
control. After recovery period of one week, recordings were collected in awake, 
freely behaving animals in response to behavioral, electrical, and pharmacological 
stimuli.

Both rewarding (same sex rat) and stressful (tail pinch) behavioral stimuli resulted 
in an increase of MUA in the PFC-pl, nAcb, and VTA. Preliminary analysis 
suggests a primacy effect, with increases in MUA most pronounced at onset of either 
behavioral stimulus. These results are consistent with previous research (Zhang et 
al., 1994) that has shown an increase in VTA firing, as well as an increase in VTA 
and nAcb DA release, during rewarding and stressful stimuli.

Also noted was a possible polysynaptic pathway between the nAcb-shell and the 
PFC-pl. Although no monosynaptic connection between these areas has been shown 
anatomically, direct electrical stimulation o f the nAcb-shell (200ms trains of 50-500 
µ A, 0.5 ms pulses at 100Hz) resulted in a net increase in PFC-pl activity. 
Electrophysiological evidence suggests an indirect n-Acb to PFC-pl pathway that 
may parallel the nigral-thalamic input to the PFC that has been reported to originate 
from the more dorsolateral core portion of the nAcb (Deniau et al., 1994). Further 
anatomical studies will be necessary, however, to support the electrophysiological 
findings.
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562.5

C O M P A R IS O N  O F  A N X IE T Y  A N D  E M O T IO N A L  R E A C T IV IT Y /IN  M IC E  
S E L E C T E D  FO R  B R A IN  W E IG H T . I .l.P o leta ev a 1, N .V . M arkin a 1, 
N .V .P o p o v a 1, and R .M .S a lim o v 2 1Lab. o f  Physiology and G enetic o f  Behavior 
M oscow  State U n iv. 2 Institute o f  Pharm acology R A M S; V orobjovi gori, 
M oscow , 119899, R ussia. (SPO N : IBANGS)

D ifferences in learning ability were dem onstrated  in m ice selected for different 
brain w eight on  th e basis o f  genetically heterogenous p opu lation  created on the  
basis o f  six inbred strains (C B A , D B A /2 , C 57B L , C57Br, B A L B/c, A/J). F 15-F 20  
generations o f  m ice selected for large and sm all brain weight (LB-line and SB- 
line) were studied using the exploration , em otional reactivity , anxiety and stress- 
reactivity test battery. Start1 reaction w as stronger in SB m ice than in LB . SB- 
line dem onstrated  higher level o f  h onsorual activity and rearing in open field  test 
as well as larger num ber o f  groom ing episodes and higher defecation  level. SB  
m ice d isplayed shorter to ta l tim e in closed  cross-m aze exploration , although LB  
perform ed larger num ber o f  full "patrolling" visits. T he reenteries into  3 and  
m ore arm s considered as the tendency for stereotypy were observed m ore often  in  
SB m ice. L atencies to  start exploration  did not differ in both  lines. In 
unescapable “slip funnel te st” SB m ice spent m ore tim e in im m obile state on the 
b ottom  o f  the funnel as well as in a “spraw ling” posture on  the slopping walls 
(passive avoidance); they spent less tim e in attem pts to leave funnel (active  
escape) than LB m ice. In “tail suspension” test sim ilar results were obtained: 
the tim e o f  im m obility  w as higher in SB m ice, than in LB. In M orris-m aze the 
interstrain differences were observed on the first day o f  test; SB m ice m anifested  
higher speed o f  sw im m ing than LB. Thus, SB m ice dem onstrated  higher 
tendency to  n eophob ia  and anxiety in  special tests, than LB. This pecularity could  
be the result o f  selection for brain weight extrem e values. The correlated response  
to brain w eight selection  as possib le explanation  could  not be excluded as well. 
The w ork w as supported by R F F I grants nn 9 5 -0 4 -11099, 98-04-48440, M G PE  
grant n 97-10-266 and IP 7 051224 grant from  Swiss N a tio n a l F oundation .

562.7

MOTIVATION, ATTENTION AND SPATIAL LEARNING IN THE 
OLTON-MAZE BY RATS OF THE NAPLES HIGH- AND LOW- 
EXCITABILITY LINES. A .Gallo and A.G. Sadile* Lab. Neurophysiol. 
Behav. & Neural Networks, Med. Sch., II Univ. Naples, Naples, Italy.

In order to study the role o f  non cognitive com ponents, such as motivation, 
attention and em otionality, in the integration o f  learning and memory processes, a 
series o f  experim ents were carried out on two genetic models, the Naples H igh- 
(NHE) and Low-Excitability (NLE) rat lines. They are assum ed to model spatial 
and em otional information processing (Neurosci.Biobehav.Rev. 17: 295-303, 
1993). To this aim, adult m ale rats o f  the NHE, NLE and random-bred controls 
(N RB) were tested in  an 8-arm radial m aze (Olton-m aze) with extra-m aze cues at 
the beginning o f  the dark phase o f  a 12:12 light-dark cycle. Rats were either kept 
at 80-85 % body weight (Exp. 1) or were fed ad-libitum but were given two pieces 
o f chocolate per day at about the testing time (Exp. 2 ). In both experiments, non  
reinforced m aze exploration on day 1 was follow ed by reinforcements o f  alley visits 
during shaping sessions and restriction o f  baited arms to a single arm. The latter 
was the sam e for each rat and differed among rats on consecutive days. The 
anim al behavior was videotaped and analyzed off-line. The results indicate that (i) 
there was no difference am ong the three rat lines in working memory during non 
reinforced m aze exploration, independent o f  the motivational level, (ii) at high  
m otivational level (Exp. 1) rats o f all three lines showed a higher working memory 
in finding the single baited arm than under low motivational level (Exp. 2), (iii) at 
low motivational level, both NHE/NLE showed a more stable reference memory 
than controls, and (iv) NHE rats paid little attention towards reinforcement upon 
visiting  the baited arm. Thus, w hile the data support the interactive role o f  the 
m otivational level with the modulation o f  attention on cognitive processes, such as 
spatial learning and memory, the dissociation in the NHE rats between motivation  
and attention suggests a defective motivational shift at low attentional level in this 
anim al model. (Supported by M U R ST  40%  grants).

562.9

ROLES OF GLUTAMATE DECARBOXYLASE 65 (GAD65) AND
PARVALBUM IN IN CONTROL OF EMOTIONAL BEHAVIOR. O. Stork1*, S . 
Stork1, F.Y. Ji1, M. C elio2, N. Kanbara1, T. Ruelicke3, B . Schwaller2, W.Hunziker4, 
M . Berchtold5 and K. Obata1. 1NIPS Okazaki, Japan, 2Univ. Fribourg, 3Univ. Zürich 
and 4Hoffmann-LaRoche Ltd., Basel, Switzerland, 5Univ. Copenhagen, Denmark.

Inhibitory intemeurons using GABA as a neurotransmitter are believed to play 
important roles in many neural functions, including control o f  emotional behavior. 
They comprise a heterogeneous population o f cells with specific morphological and 
physiological characteristics and distinct expression o f the 65 and 67 kD GAD 
isoform s and calcium-binding proteins, such as parvalbumin. To further study the 
role o f  these neurons and their com ponents in em otion, we behaviorally analyzed 
m ice with null mutation o f GAD65 or with transgenic overexpression of 
parvalbumin. GAD65-deficient m ice showed increased anxiety-like behavior in a 
light/dark avoidance test, increased response to a conditioned fear stimulus and reduced 
forced-swimming-induced im m obility. Such altered emotional behavior may be 
related to a >40% reduced G ABA content in the amygdala and hypothalamus o f these 
animals or to disturbances o f benzodiazepine- and dopamine D2 receptor-mediated 
neurotransmission observed pharmacologically. Transgenic overexpression of 
parvalbumin produced less pronounced effects. Mutants were generated using a rat 
parvalbumin cD N A  and the T hyl promoter sequence, and mouse lines showing full 
length integration o f the construct and significant overexpression o f  parvalbumin 
were analyzed. In our test series, we observed reduced anxiety-like behavior and 
increased forced-swimming-induced im m obility, as well as short-latency intermale 
aggression. The extend o f  behavioral change was smaller than in GAD65-deficient 
m ice and differed between transgenic m ouse lines, but so far could not be related to 
the level or distribution o f transgene expression. To more specifically address the role 
o f parvalbumin-expressing GABA neurons it w ill be necessary to analyze null 
mutants for this gene and to study interactions o f  GAD and parvalbumin mutation.

562.6

THE B E H A V IO R A L  PROFILE OF THE NAPLES HIGH- 
E X C I T A B I L I T Y  A N D  LOW-EXCITABILITY RAT LINES IN THE  
E L E V A T E D  P L U S -M A Z E . A.Fresiello, G .De Filippis and A.G. Sadile. 
(SPON: EUROPEAN BRAIN AND BEHAVIOUR SOCIETY). Lab. Neurophysiol. 
Behav. & Neural Networks, Med. Sch., II Univ. Naples, Naples, Italy.

The aim o f this study was to investigate the role o f  non cognitive com ponents 
to the integration o f processes such as spatial processing, learning and memory. To 
this aim, a scries o f experiments have been carried out on the Naples H igh (NHE) 
and Low-Excitability (NLE) rats lines in an elevated plus-m aze in order to study 
the contribution o f em otionality trait to the behavioral differences o f  these lines. 
Adult male rats o f the NLE, NHE and random-bred controls (NRB) were tested at 
the age o f 60-80 days in an elevated plus-m aze at the beginning o f  the dark phase 
o f the light-dark cycle. In Exp. 1 rats were tested in a classical elevated plus-m aze 
for 10 min over 3 consecutive days. In Exp. 2 rats were tested in  a non elevated  
plus-m axe obtained by closing four out o f  eight arms o f  an Olton-maze, whereas in  
Exp. 3 ageing rats were used ( 12-m onths-of-age). The results indicated that (i) 
NLE rats spent less time in the open illuminated arms in  all three experiments, (ii) 
NHE rats did not differ from controls in the time spent in  the open arms, (iii) NLE  
rats spent less time in the illuminated open arms in  the elevated and the non 
elevated paradigm, (iv) NHE spent the same tim e in the open independent o f  the 
eight, and (iv) ageing reduced the increased em otionality o f  NLE rats without 
affecting NHE/NRB rats. Therefore, w e conclude that (i) NLE rats are more 
emotional than the other two lines, (ii) the hyperactivity o f  NHE rats is not 
correlated to increased emotionality, (iii) the hypoactivity o f  NLE rats can only be 
partly explained by the increased emotionality, because it shows only in the 
elevated paradigm. Thus, NHE and NLE appear useful model to study the role o f  
non cognitive processes in spatial processing in the m am malian brain. (Supported  
by M U R ST  40% ).

562.8
SUDDEN DARKNESS EFFECTS ON SPONTANEOUS GROOMING AND  
APOMORPHINE INDUCED YAW NING-PENILE ERECTION SYNDROM E AND  
STEREOTYPED BEHAVIOR IN RATS. C A  Tieppo1, A  S . Sassalani2, F.S . 
Ferreira2, L .F . Felicio1 and A .G . N asello2* 1Dept. Pathology, Fac. de Med. 
Veterinária, U niv. de São Paulo. D ept. o f Phisiology, Medical School o f Santa Casa, 
Praça Germania 15/131, 01455-080 São Paulo, SP. Brazil.

Previously we observed that sudden darkness increases motor activity and 
decreases anxiety. The aim o f the present study was to understand some o f  the 
mechanisms involved in sudden darkness effects. M ale and female rats submitted to 
sudden darkness (lights o ff immediately before the tests) were compared to controls 
(normal light conditions). Total and genital groom ing were recorded. In male rats, 
we also determined yawning-penile erection syndrome (Y ES) induced by 
apomorphine (APO) (0.1 or 0.05 m g/kg s.c.) and stereotyped behavior (APO, 0.6  
mg/kg, s.c.) during 60 and 90 min, respectively, after the drug administration. In 
YES, we recorded latencies for yawning (Y), penile erection (PE) and genital 
groom ing (GG); total number o f Y, total time o f GG and percentage o f rats showing  
PE. Stereotypy was quantified for 10 sec. every 10 min. Sudden darkness increased 
male rats spontaneous total groom ing (TG) but did not modify TG o f female and GG 
o f male and female rats. For both controls and sudden darkness rats. the time 
recorded for spontaneous TG and GG was higher in males than in female rats. 
Concerning YES, sudden darkness decreased total Y  in a dose-dependent manner 
but did not modify other parameters. Stereotypy was also not modified. These results 
suggest that sudden darkness decreased the sensitivity o f dopaminergic systems 
involved on Y  response but did not modify those involved in stereotyped behavior 
The results also show that there is sexual dimorphism for spontaneous TG and GG 
in both control and sudden darkness rats. The effects o f  sudden darkness is gender- 
related since once only male TG was affected.
Support: CNPq

562.10

LOW DOSE OF LITHIUM CHROLIDE SELECTIVELY INDUCES FOS 

PROTEIN IN THE CENTRAL NUCLEUS OF AMYGDALA OF RAT BRAIN.

T. Hamamura, Y. Lee, K. Ohashi, M. M ik i, K. Kashihara*, S. Kuroda. 

Departm ent of N e uro psych ia try , Okayama Univ. Medical School, 2 -  

5 -1  S h ikata-cho Okayama, 7 0 0  Japan. * Department of Neurology.

L ith iu m  is a common and most e ffective trea tm ent fo r mood 

disorder. To elucidate the neural substrates of the mood s ta b iliz in g  

of l i th iu m , the present study investigated the effects of low dose of 

l ith iu m  ad m in is tra tio n  on regiona l expression of Fos prote in. High 

dose of LiCI (10 0 m g /k g  subcuatenously, s.c.) induce Fos p ro te in  

widespread area of ra t b ra in . By contrast, low dose of 

L iC I(2 0 m g/kg  s .c .), which is equivalent to therapeutic  dose in 

humans, induce Fos only in centra l nucleus of amygdala. Results 

demonstrated that the centra l nucleus of amygdala plays im p o rta n t 

ro le  in the possible neural fram e w o rk  responsib le  fo r  the mood 

s ta b iliz in g  effect of lith iu m .

This w o rk  was supported by a Research Grant (No. 0 9 7 7 0 7 4 3 )  

fro m  the Japanese M in is try  of Education.
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562.11

REDUCED A GGRESSIO N IN M A LE M ICE LA CK IN G  THE  
GENE FOR ENDO THELIAL NITRIC O X IDE SYN TH A SE (eNOS-
/-). GE D e m as1, I.J . Kriegsfeld1, DL Drazen1, TM Dawson2,6, VL 
Dawson2,5,6, SH Snyder2,3,4 & RJ Nelson1,2 Depts. of 1psychology, 
2Neurocience, 3Pharmacology and Molecular Sciences, 4Psychiatry, 
5Physiology, and 6Neurology, The Johns Hopkins University, Baltimore, 
MD 21218 USA.

Nitric oxide (NO) is an endogenous regulator of blood vessel tone and 
macrophage function, as well as a neurotransmitter within the nervous system. NO 
is a free-radical gas that is extremely labile; consequently many studies of NO 
action have manipulated the synthetic enzyme, nitric oxide synthase (NOS), that 
converts arginine to NO and citrulline stoichiometrically. Mice with targeted 
disruption of the neuronal isoform of NOS (nNOS-/-) display increased aggression 
in nNOS-/- mice compared to wild-type (WT) controls. Additionally, treatment of 
wild-type mice with the selective nNOS inhibitor 7-NI produces similar effects. 
These results suggest that nNOS plays a role in mediating aggressive behavior in 
male mice. However, nNOS-/- mice demonstrate a modest increase in the 
endothelial isoform of NOS (eNOS) compared to WT controls. Thus, some of the 
behavioral effects reported in nNOS-/- may be due to increased eNOS production in 
nNOS-/- mice. To address this issue, aggression was assessed in mice with targeted 
disruption of eNOS (eNOS-/-). The eNOs-/- mice displayed little or no aggressive 
behavior compared to WT controls in resident-intruder, neutral arena, and grouped 
aggression tests. These results were not due to increased blood pressure in eNOS-/- 
mice; eNOS-/- mice treated with hydralazine also were aggressive. These data 
support the hypothesis that eNOS is involved in aggressive behavior in male mice. 
Supported by USPHS grants MH-18501, MH-57757 and MH-57535.

562.12

D ECR EASED  O FFEN SIVE AND INCREASED 

DEFENSIVE A G G R ESSIO N  IN FY N -D E FIC IEN T MICE. 

T. M IY A K AW A 1, T. YAGJ2 and H. N IK I1* 1Laboratory for 

Neurobiology of Emotion, Brain Science Institute, RIKEN, Japan, 2Dept. of 

Neurobiology and Behavioral Genetics, National Institute for Physiological 

Sciences, Okazaki, Japan.

In our previous studies Fyn-deficient m ice were more 

fearful (M iyakawa et al: Mol. Brain Res., 1994, 1996) and 

hyper-sensitive to the hypnotic effect of ethanol 

(M iyakawa et al: S c ience,1997). In the present study 

intruder-evoked attack and restra int-induced target biting 

were exam ined. The num ber of in truder-evoked attacks 

was sm aller in hom ozygous Fyn-defic ient ( fy n zl  fy n z ) 

mice than in heterozygous Fyn-deficient (+ / fy n z) m ice.

On the other hand, the num ber of target biting was 

greater in hom ozygous Fyn-deficient mice. These results 

(abnorm ality of aggressiveness) along with our previous 

results (increased fearfu lness) indicate tha t Fyn is 

involved in em otion.

BIO LO G IC A L R H Y TH M S AND SLEEP III

563.1

SLEEP REGULATES ACCUMULATION OF THE CORTICAL 
NEUROPEPTIDE CORTISTATIN. L. de Lecea1 J.R. Criado2, M. Calbet1, P.E. 
Danielsor1, S.J. Henriksen2, J.G, Sutcliffe1*, O . Prospero-Garcia3 . Depts. of 
Molecular Biology1 and Neuropharmacology2 The Scripps Research Institute.
La Jolla, CA 92037. Dept. of Physiology 3. UNAM. Mexico DF.

Cortistatin-14 (CST-14) is a putative neuropeptide which shares 11 of 14 
residues with somatostatin. Preprocortistatin mRNA is expressed primarily in a 
distinct subset of cortical and hippocampal intemeurons. Unlike somatostatin, 
intracerebroventricular administration of CST-14 selectively increases slow- 
wave sleep and reduces locomotor activity. To determine whether cortistatin is 
an endogenous sleep factor, we analyzed the accumulation of cortistatin mRNA 
in sleep-deprived rats by Northern blot and in situ hybridization. Steady state 
levels o f cortistatin mRNA were induced three-fold upon total 24 hour sleep 
deprivation and returned to normal levels after eight hours of rebound sleep. 
Preprocortistatin mRNA- positive cells increased in number in the visual 
cortex, where they partly co-localized with the immediate early gene c- fo s . 
Cortistatin mRNA concentration oscillates during the light/dark cycle, with 
maxima at around light onset, as seen by Northern blot with samples obtained at 
different circadian times. The effects of CST-14 administration also changed 
with the circadian cycle. Intracerebroventricular infusion of CST-14 ( 1 µg) to 
rats during the dark period increased the amount of slow waves and decreased 
REM sleep. In contrast, infusion of CST-14 during the light period significantly 
increased slow-wave activity and REM sleep. These differences can be 
explained by bimodal dose-dependent interactions of CST-14 and the 
neurotransmitter acetylcholine. Together, our data suggest that cortistatin is a 
sleep factor that accumulates during wakefulness and interacts with 
acetylcholine to modulate sleep. (Supported in part by NIMH5854 and 
GM32555).

563.2
VIP EFFECTS ON MEDIAL PONTINE RETICULAR FORMATION (mPRF) 

NEURONS WITHIN THE “REM-INDUCTION ZONE”
Kristi A. Kohlmeier* and Peter B. Reiner, Kinsmen Laboratory Neurological 
Research. Dept. Psychiatry, Univ. British Columbia, Vancouver, B.C. Canada, 
V6T 1Z3
Although it has long been known that carbachol microinjection into the mPRF 

induces a state which resembles REM sleep, less attention has been focused on 
the role of other transmitters in regulating mPRF neuronal function. Among 
these, the peptide VIP is intriguing as VIP induces REM sleep in several species 
when injected into the mPRF. and VIP-positive fibers and terminals have been 
found in the mPRF. Therefore. we examined the effects of VIP on mPRF cells 
using whole cell patch clamp in the in  v itro  rat brainstem slice.
In bridge mode and voltage clamp at -60mV. it was demonstrated that VIP 

directly depolarized cells via an inward current. These effects were attenuated 
and potentiated in low sodium and low calcium medium, respectively. In a subset 
of cells, it was found that carbachol also depolarized the cells which were excited 
by VIP; however, carbachol 's effects exhibited a more rapid onset and were much 
shorter-lived than the effects of VIP. The effects of VIP were partially 
antagonized by a competitive antagonist of the VIP receptor.
To examine whether these effects were mediated by stimulation of the second 

messenger cAMP, we applied VIP in the presence of 8-bromo-cAMP, PKI15-24, 
2’5’dideoyadenosine and GDP-ß-S. Effects of VIP were attenuated in the 
presence of PKI15-24, 2’5’dideoxyadenosine and GDP-ß-S and non-additive in the 
presence of 8-bromo-cAMP.
We conclude that VIP excites the majority of mPRF neurons. This effect is 

mediated at least in part by G protein stimulation of AC, cAMP and PKA. These 
data suggest that this peptide may play a physiological role in the maintenance of 
behavioral state by direct actions on mPRF neurons demonstrated to be vital in 
the generation of REM sleep.
[Supported by MRC Canada and the National Sleep Foundation, USAJ

563.3

G a LANIN-CONTAINING CELLS IN AND RETINAL PROJECTIONS TO THE SLEEP- 
ACTIVE VENTROLATERAL PREOPTIC AREA OF A r v i c a n t h i s  n i l o t i c u s .  C. M. 
Novak*, L. Smale, and A. A. Nunez. Department of Psychology and 
Neuroscience Program, Michigan State University, East Lansing, MI 
48824-1117.

The ventrolateral preoptic area (VLPO) has been shown to contain cells 
that are active during sleep in laboratory rats. We have identified a 
similar sleep-active area in the VLPO of the diurnal rodent, A r v i c a n t h i s  

n i l o t i c u s  (Nile grass rat). In both species, the VLPO contains more cells 
immunopositive for Fos at times when the animals are sleeping versus 
when they are active. The VLPO of laboratory rats contains cells 
immunopositive for galanin (GAL), and receives direct retinal 
projections. The purpose of this experiment was to determine if the 
VLPO of the grass rat has the same characteristics as seen in the rat, 
namely GAL-immunoreactivity and retinal projections. Galanin+ cells 
were found in the VLPO of the grass rat (40± 14 GAL+ cells/section). 
Intraocular injections of cholera toxin (CTß) were used to identify retinal 
projections. Sparse CTß+ fibers were seen in the VLPO of grass rats. 
These results show that, as it does in the nocturnal laboratory rat, the 
VLPO of the diurnal grass rat contains GAL+ cells; however, the two 
species differ with respect to the amount of retinal input to this area. 
These data contribute to the development of a diurnal mammalian model 
with which to investigate the pathways mediating circadian and 
homeostatic mechanisms of sleep regulation. (Supported by 
IBN9514374 to A.A.N. and MH11232 to C.M.N.)

563.4

SUBSTANCE P IN THE DESCENDING CHOLINERGIC RETICULAR 
SYSTEM OF THE RAT. K. Semba*, and J. Burns. Dept. of Anat. & 
Neurobiol., Dalhousie Univ., Halifax, N.S., B3H 4H7 Canada.

Mesopontine tegmental cholinergic neurons are thought to be 
responsible for inducing REM sleep by releasing acetylcholine in the 
pontine reticular formation (PRF) via their descending projections. 
Fifteen to 40% of these cholinergic neurons contain the peptide and 
mRNA for substance P (SP), and some of them project to the 
telencephalon. However, there is no information as to the substance 
P content of the descending cholinergic projections. We investigated 
this question by injecting the retrograde tracer fluorogold (FG) into 
PRF regions involved in REM sleep induction, followed by 
intraventricular colchicine injection, and immunofluorescence for SP 
and choline acetyltransferase (ChAT). Examination of sections 
processed for SP immunofluorescence indicated that a subpopulation 
of FG-labeled neurons within the pedunculopontine and laterodorsal 
tegmental nuclei were SP-immunoreactive. In addition, examination of 
sections processed for dual immunofluorescence for SP and ChAT 
suggested that most of the FG-labeled neurons in these nuclei that 
were SP-immunoreactive were also ChAT-positive. Moderate 
densities of SP-immunoreactive varicose fibers and terminals were 
seen in the PRF. These results suggest that a subpopulation of 
cholinergic terminals in the PRF contain substance P as well as 
acetylcholine. Corelease could occur when cholinergic neurons are 
highly active as during REM sleep. Supported by MRC (MT-14451) 
and Scottish Rite Charitable Foundation of Canada.
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563.5

Calcium-binding Protein Immunoreactive Neurons in Central 
Visual Pathways are Changed by One Week of Rapid Eye- 
Movement Sleep (REMS) Deprivation in Kittens. Dale Hogan*. 
Howard P.  Roffwarg, Zizhuang Li. and James P. Shaffery.University o f  
M ississippi Medical Center, Jackson MS 39216-4505.

During the critical period of visual development in kittens, REMS 
deprivation alters growth in cells o f the lateral geniculate nucleus (LG N ), 
supporting our hypothesis that REMS plays a major role in normative 
CNS development. This study examines the effects o f REMS deprivation 
on development o f GABAergic neurotransmitter systems. W e use 
antibodies to parvalbumin (PV) and calbindin-D28k (CaD), two calcium 
binding proteins that stain different subsets o f  GABAergic intemeurons in 
the brain. Patterns o f immunoreactivity (-ir) in the LGN and visual cortex 
are compared in control kittens and kittens deprived o f REMS from P42 to 
P 49, the height o f the critical period for visual system development. In 
control kittens, about 100 cells/mm2 in the LGN are PV-ir. In the REMS- 
deprived kittens, an 85% reduction, to only 15 cells/mm2, is found in the 
number o f PV-ir cells. PV-ir cells in the cortex are not affected. A  
complementary pattern is seen in CaD-ir sections. N o differences are 
observed in CaD-ir neurons in the LGN o f control and REMS-deprived 
kittens. H ow ever, differences are observed in CaD-ir in the visual cortex. 
Although the density o f CaD-ir neurons is similar in deprived and control 
cortex, they display a less complex morphology in the REMS-deprived 
group. Control animals have 15% more dendritic arbors per cell, 35% 
longer total length o f stained dendrites, and 50% more dendritic branch 
points than the REMS deprived animals. Complementary changes in 
these two populations of GABAergic neurons with REMS-deprivation 
provide additional evidence that CNS development proceeds normally 
only when REMS is present. Supported by N S31720.

563.7

C H A N G E S IN  G ENE EX PR E SSIO N  A F T E R  L O N G -T E R M  SLEEP  
D E PR IV A T IO N  IN R A TS. C. Cirelli* and G. Tononi. T h e  N e u r o s c i e n c e s  

I n s t i t u t e ,  S a n  D i e g o ,  C A  9 2 1 2 1

A recent study has shown that several genes, including immediate early genes 
and mitochondrial genes, are expressed at higher levels in the rat cerebral 
cortex after 3h of spontaneous or forced waking than after 3h of sleep (1). To 
investigate the effects of prolonged total sleep deprivation (TSD) on gene 
expression, Wistar rats were subjected to TSD by the disk-over-water method. 
Nine pairs of TSD and yoked control rats (TSC) were sacrificed after 5-14 days 
of TSD. Non-REM sleep and REM sleep were reduced by 80% and 96% in 
TSD rats, and by 28% and 37% in TSC rats, respectively. Age-matched home 
cage control rats (HCC) were sacrificed after 8h of sleep or after 8h of TSD by 
gentle handling. Total RNA was extracted from the right cerebral cortex and 
mRNA differential display was performed as in (1). Ninety-seven combinations 
of primers were used, allowing the evaluation of over 10,000 RNA species. As 
in (1), the overwhelming majority of PCR products were present at similar 
levels in all rats. However, several RNA species were differentially expressed. 
In addition to a number of RNA species that were expressed at higher levels in 
TSD and TSC animals with respect to HCC rats, ~20 RNA species were 
differentially expressed in sleep deprived rats with respect to sleeping controls. 
The characterization of these differentially expressed RNA species should 
further our understanding of the functional consequences of long-term sleep 
deprivation. Supported by Neurosciences Research Foundation.
(1) Cirelli C, Tononi G. Molec Brain Res, 1998, in press.

563.9

DIURNAL VARIATION IN SLEEP AND THE RESPONSE TO SLEEP 
DEPRIVATION IN C57BL/6 MICE: PRELUDE TO MOLECULAR
STUDIES OF THE SLEEP-DEPRIVED CEREBRAL CORTEX. A. Terao,
G. D’Arcangelis, K. L. Morrison, C. Peyron, H. C. Heller*, T.S. Kilduff. 
Department of Biological Sciences, Stanford Univ., Stanford, CA 94305.

The long-term goal of this study is to identify molecular correlates of 
the electrophysiological activity in the cerebral cortex that distinguishes 
wakefulness from sleep. Mice of the C57BL/6 inbred strain (n=8) were 
surgically implanted with electrodes for electroencephalogram (EEG) and 
electromyogram for sleep analysis. Designation of the state of vigilance 
as either rapid eye movement (REM) sleep, non-REM (NREM) sleep, 
wakefulness were determined in 10 sec epochs using a computerized 
algorithm and EEG was digitized for off-line spectral analysis. Analysis 
of 24h baseline recordings revealed that C57BL/6 male mice exhibited a 
peak hourly amount of total sleep (82.1%) between ZT4-5 (where 
ZTO=light onset) and minimum hourly amount of total sleep (17.8%) at 
ZT12-13 (where ZT12=light offset). Although primarily nocturnal, 
these mice also exhibit a large amount of total sleep (69.9%) during the 
dark phase between ZT19-20. Using an artist's brush, sleep deprivation 
(SD) was induced by disturbing cage bedding around the mouse, stroking 
the vibrissae or, towards the end of the SD period, stroking the fur. After 
6 hr SD beginning at ZT0, significant increases (p <0.05; 2-tailed t-test) 
in delta power activity during NREM sleep were observed for the first 4 
hours after cessation of SD (ZT6-10) relative to the same period during 
the prior baseline day. Ongoing efforts are directed toward analysis of the 
expression of hundreds to thousands of genes in parallel using cDNA 
array technologies (Supported by NIH grant RO1 HL/MH59658).

563.6

NEUROPEPTIDE ALTERATIONS IN REM SLEEP DEPRIVED RAT 
BRAIN REGIONS. Garth Bissette*, Rory Frederick, Howard Roffwarg 
and James Shaffery . Dept. Psychiatry and Human Behavior, Univ. Miss. 
Med. Ctr., Jackson, MS 39216

Rapid eye movement (REM) sleep deprivation provides temporary relief 
o f depressive symptoms in patients with major depressive disorder 
(M DD) and paradoxically produces depressive symptoms in normal 
subjects. We examined three neuropeptides shown to be altered in the 
cerebrospinal fluid o f groups o f M DD patients compared to non-depressed 
controls in order to determine whether REM sleep deprivation alters the 
regional concentrations of corticotropin-releasing factor (CRF), 
thyrotropin-releasing hormone (TRH) and somatostatin (SRIF). Young, 
27 day old rats (n=7) were subjected to seven days of REM sleep  
deprivation on a small platform surrounded by water and were compared 
either to controls (n=7) subjected to a larger platform without REM sleep 
deprivation or unmanipulated, group housed, normal controls (n=6).
Rats were euthanized with halothane and brains were dissected to obtain 
frontal cortex, nucleus accumbens, anterior septum, hypothalamus and 
cerebellum.

Hypothalamic concentrations of TRH were found to be significantly 
increased by REM sleep deprivation relative to the normal control group 
while CRF remained unchanged. Hypothalamic SRIF was increased in 
the large platform controls relative to the normal controls but this increase 
was due to one animal. No other regions were significantly altered in 
CRF, TRH or SRIF concentrations among the groups. The chronic stress 
of seven days of REM sleep deprivation is selective for increasing 
hypothalamic TRH concentrations. Supported by PHS grant #N S 31720  
to H. Roffwarg.

563.8
mRNA LEVEL OF BRAIN DERIVED-NEUROTROPHIC FACTOR (BDNF) 
INCREASES IN SEVERAL BRAIN REGIONS AFTER SLEEP DEPRIVATION.
C. Peyron, S. W. Wurts, H. K. Srere, H. C. Heller, D. M. Edgar* and T. S. Kilduff. 
Sleep Research Center, Stanford University, Stanford, CA 94305-5020.

The function o f  sleep is one o f  the major unanswered questions o f  biology. In this 
study, we examine the hypothetical role o f  sleep in neuroprotection. We hypothesized 
that wakefulness, especially prolonged wakefulness, may have a deleterious effect on 
neural tissue which could be alleviated by the synthesis o f  the neurotrophic factors 
capable o f  promoting survival o f  neurons. To determine whether BDNF is related to 
sleep-waking cycle, we compared mRNA level o f  BDNF by Northern analysis between 
two experimental conditions: prolonged wakefulness and deep sleep. Male Wistar rats 
were surgically prepared under Nembutal anesthesia (6Omg/kg) for on-line EEG, EMG, 
locomotor activity and body temperature recordings. Rats were randomly divided in 4 
groups o f  6 animals: Group # 1 was sleep deprived (SD ) for 6 hrs from light onset (ZT0- 
ZT6); Group #2 was sleep deprived for 6hrs follow ed by 2hrs o f  recovery o f  sleep 
(ZT6-ZT8); Group #3 and #4 controled for the non-specific arousal o f Group # 1 and #2 
respectively. Animals were sacrificed by decapitation, brains were dissected into 9 
regions. The level o f  mRNA for BDNF was analyzed by Northern blot technique. The 
analysis o f  sleep recordings showed that SD animals were continuously awake during 
the 6 hrs o f  SD. Control animals showed the same pattern o f  the s leep/waking cycle as 
during the baseline recordings, suggesting that they were not disturbed by the SD 
induced in groups # 1 and 2 even though they were in the same chamber. At the 
molecular level, w e observed two-fold increases in mRNA level for BDNF in the 
cerebral cortex and the thalamus after 6 hrs o f  SD versus control condition. The BDNF 
mRNA level decreases after 2hrs o f  recovery. These results are the first evidence that 
prolonged wakefulness might have a deleterious effect on neural tissue, inducing the 
expression o f  protective factors such as BDNF. Ongoing experiments will determine if 
the expression o f  other neurotrophic factors is related to the sleep/waking cycle. 
Research supported by grants from the NIH (AG 11084), the U.S. Army Research Office 
(D A A H 04-95-1-0616), and a fellowship from the Fyssen Foundation.

563.10
QUANTIFICATION OF SLEEP TEN DENCY IN RATS DURING SLEEP 
DEPRIVATION: EFFECTS OF CAFFEINE. S .W. Wurts* and D.M . Edgar. Sleep 
Research Center, Stanford University School o f M edicine, Palo Alto, CA 94305.

Many factors contribute to sleepiness, including but not limited to: circadian time, 
the duration o f prior wake, and adenosine receptor occupation. Sleep tendency cannot 
always be detected by manifest sleep, as evident in humans by the Multiple Sleep 
Latency Test and M aintenance o f  W akefulness Test. We designed a method of 
quantifying sleepiness in rats and validated the assay against caffeine, a wake- 
promoting adenosine antagonist. Four male Wistar rats aged 2-3 months were 
surgically prepared for chronic EEG and EMG recording and were allowed at least 2 
months o f surgical recovery and adaptation to the recording apparatus. In a 2-way, 
non-systematically ordered crossover design, the rats were injected i.p. with caffeine 
(12.5 mg/kg in m ethylcellulose) or vehicle (0.2 ml m ethylcellulose) at ZT-0 (LD 
12:12) after 2 days o f undisturbed baseline recording. Treatments were separated by 
at least 4 days in rats aged 5-7 mos. Immediately after injection, 6 hr o f sleep 
deprivation by initiation o f the righting reflex was imposed by housing the rats in 
cylindrical chambers that rotated when SCORE™ , a real time arousal state 
monitoring system, detected 5 sec o f sleep to have passed. Thus each rotation trigger 
was interpreted as an attempt to sleep, and sleepiness was quantified by the number of 
attempts to sleep during the deprivation period. By the end o f sleep deprivation, 
caffeine reduced the mean attempts to sleep to 62%  o f the vehicle control level 
(caff eine=269.5. ± 5 1. 1; vehicle=435.5 . ±62.0). After caffeine and sleep deprivation, 
the rats lost 91.9%  (±2.2) o f the sleep obtained under baseline during the same 
circadian time, compared to 87.5% (±2.6) after vehicle. During sleep deprivation. 
slow wave activity (mean EEG delta power in NREM ), a measure of sleep 
compensation for waking, dropped to 20.7%  (±5.9) o f  baseline after caffeine, and to 
34.3% (±7.2) after vehicle. These data support previous studies showing caffeine 
promotes wakefulness, and offer new, quantified evidence that caffeine reduces sleep 
tendency in rats. (Supported by AFOSR F 49620-95-1-0388, NIH AG 11084.)
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563.11
PARADOXICAL SLEEP (PS) DEPRIVATION AS A PROBE FOR EVALUATING PS 
PROPENSITY FOLLOWING DIFFERENT MANIPULATIONS OF CHOLINERGIC 
ACTIVITY IN RATS. S. Deurveilher, B. Hars and E. Hennevin*. NAM , URA  
CNRS 1491, Université Paris-Sud, 91405 Orsay Cedex, France.

In order to further evaluate the involvem ent o f cholinergic transmission in 
the generation o f PS in rats, we modulated cholinergic activity by drug or 
lesion treatments and studied their effects on spontaneous PS, as well as on 
PS propensity expressed during and following a PS deprivation (PSD) period. 
The rationale for using PSD was that by inducing accumulated PS propensity, 
it should highlight treatment-induced effects.

PSD was performed manually in animal's hom e cage by gently waking the 
rat up each time polygraphic signs o f PS appeared; after com pletion o f the 6-h 
PSD  period, recordings were continued for 2 hours. Three separate 
experiments were carried out. In the first one, rats were chronically treated 
with a low dose (0.2 mg/kg/day, s.c.) o f diisopropylfluorophosphate (DFP), 
an irreversible inhibitor o f acetylcholinesterase. In the second experiment, rats 
received an injection (i.p.) o f scopolamine, a muscarinic antagonist, at 0.25 or 
at 0.75 m g/kg. In the third experim ent, ibotenic acid lesions were made 
bilaterally in the pedunculopontine tegm ental nucleus (PPT), which is 
supposed to play a critical role in PS generation.

DFP-treated rats did not show increased PS amount at baseline. but they had 
to be wakened more often than controls during PSD  and exhibited an 
impressive PS rebound after the end o f PSD. In contrast, scopolamine-treated 
rats showed decreased PS amount at baseline, in a dose-dependent manner. 
they had to be less often woken during PSD and exhibited no PS rebound. 
Lastly, PPT-lesioned rats (>70% cholinergic loss) showed unchanged baseline 
PS amount, but they required to be less often awakened than controls during 
PSD and did not exhibit significant PS rebound. Thus, PSD is a potent tool 
for revealing increase or decrease in PS propensity induced by experimental 
manipulations o f  cholinergic transmission.

563.13

REM SLEEP DEPRIVATION M ODULATES HIPPOCAMPAL LONG-TERM  
POTENTIATION. S. DeMesquita*, P. R. Spangler, T.J. Corley and L.M. Grover. 
Dept. o f  Physiology, Marshall Univ. Sch. o f  M ed., Huntington, WV 25704.

Rapid Eye M ovement (REM ) sleep deprivation (RD) impairs cognitive 
processes including learning and memory. These impairments might be due to 
changes in the capacity for long-term potentiation (LTP) in the C A 1 region o f  the 
hippocampus, an area o f  the brain involved in the formation o f  new memories.
We therefore examined LTP in hippocampal slices from adult male Sprague- 
Dawley rats (291 ±6 g) follow ing 168h o f  RD. RD was produced by housing rats 
on a small platform above a water bath; during REM atonia the rats were unable to 
maintain their posture on the platform, and were awakened by touching the water. 
Control rats were kept on larger platforms, so that REM sleep could be 
maintained. During RD, rats lost weight (-23g, p<0.001) and had higher rectal 
temperatures (+0.9°C, p<0.01) compared to the control rats. Rats allowed to sleep 
at 168h had a REM rebound (61% REM sleep, n= 1) compared to the control (20%  
REM sleep, n = 1).

LTP was induced in RD and control rats using two tetanization protocols: ( 1) 25 
Hz, 1 sec tetanization, or (2) four 100 Hz, 1 sec tetani delivered at 20 sec intervals. 
RD and control slices showed comparable increases in population EPSPs 
immediately follow ing 25 Hz tetanization. In control slices, LTP was maintained 
over a 60 min posttetanus period ( 14±7% increase relative to baseline, n = 10, 
p<0.04), but in slices from RD rats, LTP decayed back to control levels within 60 
min (5±7%  increase, n = 11, p>0.20). A similar pattern was observed following  
100 Hz tetanization: at 60 min posttetanus EPSPs were significantly increased in 
control slices (3 7 ± 14%, n = 12, p<0.01) slices, but not in RD slices (34±22% , 
n = 13, p<0.08). These results indicate that RD alters the persistence o f  LTP; this 
alteration may account for some o f  the cognitive effects o f  RD. (Supported by NIH 
grant N S34650)

563.15

Effects of sleep deprivation on sleep in old and young rats.
Shiromani PJ,* Basheer R, Thakkar J, Thakkar M, Greco MA & 
McCarley RW VA M e d ic a l C e n te r-H a rv a rd  M e d ic a l School,
9 4 0  B e lm o n t S t ,  B rockton, M A 0 2 4 0 1

An age-related decline in sleep has been found in a number of 
species. However, in the rat, the results are less clear.
Specifically, in old rats the compensatory sleep rebound following 
sleep deprivation has not been adequately investigated.

Continuous forty-eight hour sleep recordings were obtained from 
four young (2 mos) and four old (22 months) Sprague-Dawley rats 
maintained in an entrained light-dark cycle (7AM-7PM lights on; 75 
lux). The rats were then deprived of sleep for 12 hr (7AM-7 PM) and 
then allowed to sleep undisturbed for 24 hr.

There were no differences in total sleep time, SWS or REM 
sleep during baseline (day or night cycle) between young and old 
rats. However, in response to the 12 hr sleep deprivation, younger 
rats had significantly higher SWS during the first 12 hr of recovery 
sleep. Both young and old rats had similar increases in REM sleep.

These results indicate a deficient compensatory sleep drive in 
response to sleep loss in old rats. This suggests that in rats, like 
other species, there is an age-related decline in homeostatic 
mechanisms regulating sleep. The nature of these mechanisms is 
unknown but most likely includes a coupling between extracellular 
events (neurotransmitters, somnogens) and intracellular signal 
transduction pathways.
S u p p o rte d  b y  D V A  M e d ic a l R e s e a rc h  a n d  N IH  N S 3 0 14 0

563.12
REM  SLEEP D E PR IV A TIO N  (R EM SD ) REGULATES LONG-TERM  
POTENTIATION IN VISU A L CORTEX OF Y O U N G  RATS. J. P. Shaff ery* 1, C. 
M. Sinton2, H. P. Roffwarg1 and G. A. Marks2. 1Department o f  Psychiatry, University 
o f  M ississippi, Jackson, M S 3 9 216  & 2UT Southwestern, Dallas, TX 75235-9070 .

Neural connections in young mam mals in visual cortex are regulated by activity- 
dependent mechanisms. R EM SD induces increased cortical excitability while 
prohibiting the facilatatory porcesses normally operating during REM  sleep. Early 
visual experience m odifies synaptic connectivity in primary cortical areas only during 
a short, postnatal critical period after which visual experience has no effect. Dark 
rearing apparently slow s developmental processes in the visual system and extends this 
critical period o f  synaptic plasticity. It has been proposed that mechanisms responsible 
for postnatal synaptic plasticity share aspects in com mon with those underlying long- 
term potentiation (LTP) in the cortical slice. In older animals reared in the dark, LTP 
can be induced in  v i t r o  by theta-burst stimulation (TBS) o f  cortical white matter 
(W M ). In contrast, except in the presence o f  G A B A A antagonists, LTP cannot be 
induced in animals o f  the same age, reared in the light. W e report here that seven days 
o f  REM SD (pedestal over water method), from postnatal 25 (P25) to P 40 in Long- 
Evans Hooded rats, extends the postnatal period o f  susceptibility o f  layer III, visual 
cortical cells to W M -induced LTP with TBS. Older (>P 35) control rats (n = 11) that 
had normal sleep quantities only exhibited LTP in layer III after TBS in layer IV (8/9  
slices), and not with W M  (0/6) stimulation. T BS in W M  resulted in LTP (11/11  
slices) in REM SD rats (n = 13) recorded between P35 and P 40 . These results suggest 
that suppression o f  REM sleep during the visual critical period has lasting effects on 
cortical plasticity. They also imply that REM  sleep affects postnatal plasticity in 
visual cortex in a manner that is similar to visual experience. These data lend  
additional support to the hypothesis that REM  sleep  plays a role in normal brain 
maturation. S u p p o r te d  b y  N IH /N IN D S  g r a n t  N S 3 J  7 2 0  to  H P R .

563.14
DEGENERATIVE CHANGES IN SLEEP DEPRIVED RATS Monica M. Eiland1,3*, 
Marcia Gilliland2, Bernard M. Bergmann2, Allan Rechtschaffen2, and Jerome M.
Siegel1,3. University of California at Los Angeles1, University of Chicago2, Sepulveda 
V. A Medical Center3.

Sleep deprived rats exhibit a syndrome of physiological changes including disheveled 
fur. lesions on the paws and tail, weight loss, increased eating, alteration in 
thermoregulation and eventually death. Rechtschaffen, et al. (1983) found no evidence of 
gross neuroanatomical changes or degeneration in the brains of sleep deprived animals. 
We have utilized the amino-cupric-silver staining method, which is highly sensitive to 
damage, to re-address the question of whether neuronal damage occurs during total sleep 
deprivation. Twenty-three Sprague Dawley rats were deprived using the disk-over-water 
method for 8-10 days in matched sets (deprived, disk control, home caged control). Two 
gelatin matrices, each containing both experimental and control brains, were sectioned at 
40 um and stained using the amino-cupric-silver technique. Each matrix was processed 
and evaluated separately. In both matrices, we identified the supraoptic nucleus (SON) of 
hypothalamus as an area with intense staining. Areas containing reactive neurons or 
axons were systematically ranked according to the amount of staining, by an evaluator 
Hind to the experimental condition. The data in the two matrices were normalized to the 
average values of the home cage controls. Labeling in the SON was increased in the 
sleep-deprived rats compared to disk controls (p<.01, Mann-Whitney). The number of 
reactive somas in the SON of sleep deprived rats was 64% greater than in the disk 
controls. Hours of daily sleep debt and the number of reactive cells were significantly 
correlated (r=.55, p<.05). Degenerative changes, less marked than those seen in the 
SON, were seen in other areas and are being evaluated further Analysis of the cause and 
nature of these degenerative changes may help explain the sleep deprivation syndrome. 
References: Rechtschaffen A, Gilliland MA, Bergmann BM, and Winter JB. Science, 
221; 1983: 182-4. Research supported by NS 14160, NS59594, MH4151, MH18825, and 
the Medical Research Service of the VA

563.16

SLEEP DEPRIVATION UP-REGULATES INTERLEUKIN-1ß mRNA IN 
RAT BRAIN P.Taishi1*, Z.Chen1, F.Obal Jr2, M .K .Hansen3, J.Fang1 and 
J.M.Krueger1. 1Dept. of Veterinary and Comparative Anatomy, Pharmacology 
and Physiology, Washington State University, Pullman, WA, 99164; 2Dept. 
of Physiology, A. Szent-Gyorgyi Medical University, Szeged, Hungary; 
3Dept. of Physiology and Biophysics, University of Tennessee, Memphis, TN.

Interleukin-1ß (IL-1ß) is a key element of the cytokine network in the brain 
involved in regulation of non-rapid eye movement sleep (NREMS). 
Previously, we reported that there are diurnal variations in IL-1ß mRNA 
levels in several brain areas with highest levels occurring during peak NREMS 
periods in rats. In the present experiment we determined levels of IL-lß, IL-1 
receptor antagonist (IL-1 RA) and IL-1 receptor accessory protein (IL-1 RAP) 
mRNA in the brain after sleep deprivation (SD). Both control and sleep- 
deprived rats were sacrificed at l4:00h, 6h after light onset and the beginning 
of SD. The brains were dissected into hypothalamus, hippocampus, cerebral 
cortex and brain stem. Total RNA was extracted and analyzed for both 
mRNA by reverse transcription-polymerase chain reaction using external 
internal standards. The gels were analysed using NIH Image 1.54. Two way 
ANOVA show that SD induced a significantly increase of IL-1ß mRNA in all 
areas of the brain. However, the IL-1RA or IL-1 RAP mRNA levels did not 
seem to be affected by SD. These results show that the production of the IL- 
1ßmRNA, but not IL-1RA and IL-1 RAP mRNA, is wakefulness-dependent 
and provide additional evidence for the involvement of IL-1 ß in the regulation 
of physiological sleep. Supported by NIH-NS25378, NS31453 and 
HD36520.
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563.17

DISCRETE INFLUENCES OF NORADRENALINE AND HISTAMINE ON THE 
SLEEP-RELATED CHOLINERGIC NEURONS IN THE RAT LATERODORSAL 
TEGMENTAL NUCLEUS: SPIECES DIFFERENCE FROM CATS?
Y. Koyama1, Y. Kayama1 & S. Nakamura2*. 1Dept. Physiol., Fukushima Medical Univ. 
Sch. Med., Fukushima, 960-1295; 2Dept. Physiol., Yamaguchi Univ. Sch. Med.. 
Yamaguchi, 755-0095, Japan

The cholinergic neurons in the laterodorsal tegmental nucleus (LDT) have a 
crucial role in the regulation of paradoxical sleep (PS). In rats, at least two 
populations of the cholinergic neurons can be recorded in the LDT; Type I-S or W/ 
PS neurons which are active both during PS and waking (W), and PS-on neurons 
which are specifically active during PS and virtually silent during W. How these 
sleep-related neurons are influenced by monoaminergic neurons which arc known 
to be most active during waking? Using unanesthetized, head-restrained rats, 
noradrenaline (NA) and histamine (HA) were applied iontophoretically to the 
LDT neurons which were postulated to be cholinergic based upon the width of 
action potentials. All of the PS-on neurons and Type I-S neurons so far examined 
were inhibited by NA. HA had excitatory effect on the majority of them. As for 
the effects of NA, the above results differed from those in cats; NA had excitatory 
effect on all of the Type I-S neurons in cats (Koyama and Sakai, 1995). In rats, 
activity of Type I-S neurons during W may be kept by non-noradrenergic waking 
active neurons; histaminergic neurons may be a most probable candidate. 
(Supported by Japan MESSC.)

563.19

INFUSION OF AN ADENYLYL CYCLASE INHIBITOR, SQ22536, INTO THE 
MEDIAL PONTINE RETICULAR FORMATION OF RATS ENHANCES REM 
SLEEP. G. A. Marks* and C. G. Birabil. Dept. of Psychiatry, Univ. of Texas 
Southwestern Medical Center, Dallas, TX 75235

Micro injection of the cholinergic agonist carbachol as well as the adenosinergic 
agonist N6-cyclohexyladenosine (CHA) into the medial pontine reticular formation 
of rats produces long lasting increases in the time spent in REM sleep. In addition 
to lack of additivity when injected together, correspondence in anatomical location 
and nature of sleep effects resulting from individual injections of these receptor 
ligands suggest action through a common mechanism. G protein-coupled, 
muscarinic m2 and adenosinergic A1 receptors are found in the effective brain 
region and share a common action of inhibition of adenylyl cyclase and inhibition 
of cAMP. Micro injection of the cell-permeant inhibitor of adenylyl cyclase, 
SQ22536, was used to determine if this condition is sufficient to produce the long 
lasting increase in REM sleep observed with carbachol and CHA.

Under anesthesia, Long-Evans Hooded rats were surgically prepared for chronic 
sleep recording and additionally implanted with bilaterally symmetric guide 
cannulae. Cannulae were aimed at medial sites in the caudal, oral pontine reticular 
formation. Animals were adapted to the unrestrictive, recording environment and 
handled for at least five minutes every day at the time of day of drug infusion, 
within one hour after lights-on. Carbachol (1.1 mM), CHA (0.1 mM)and SQ22536 
(0.1 M) were unilaterally injected at each site in 60 nl volumes. At least four days 
transpired between injections. Each animal received four saline vehicle injections 
as control. The eight hour electrographic recordings were conventionally scored 
in 15 sec. epochs into wake, slow wave and REM sleep.

Pontine injections of SQ22536 resulted in significant mean increases in REM 
sleep time and REM sleep period frequency at sites also effective for carbachol 
and CHA. These data implicate inhibition of cAMP in the pons of the rat as a 
mechanism involved in the long-term modulation of REM sleep.

This w ork  w as  s u pported  in p a rt by  N IH  g ran t M H 4 9 3 6 4

563.18
ChAT expression during natural sleep and total sleep deprivation in the 

basal forebrain M.A. Greco*, T. Porkka- Heiskanen1, R.W. McCarley and P. 
Shiromani. H a rv a rd  M e d ica l School, VA M e d ica l C enter, W e s t R o x bury, M A  

0 2 1 3 2  a n d  1Institute o f B iom edic ine , U n ivers ity  o f  H elsinki, F inland.
The present study examined the expression of the acetylcholine 

synthesizing enzyme, choline acetyltransferase (ChAT) in the BF during 
sleep-wakefulness and following total sleep deprivation. We analyzed ChAT 
activity, total chat mRNA. During waking compared to sleep, more 
cholinergic neurons of the BF were found to be c-Fos positive suggesting 
activation of these neurons during waking. c h at mRNA levels were inversely 
related to ChAT activity; c h a t mRNA levels were high during sleep (4 pm; 
p<0.01) while ChAT activity was higher following waking (4 am; p<0.03). 
c h at mRNA levels were also higher during individual bouts of sleep 
compared to waking (F(2,4)=6.45, p=0.0183). To further examine the 
association between sleep and c h a t mRNA levels, the animals were 
deprived of sleep for 12 hr. In these experiments, the expression of chat 
mRNA subtypes was examined in addition to total c h a t mRNA and ChAT 
activity. Total ch at mRNA was increased following 12 h deprivation. This 
increase may be related to the differential expression of c h at mRNA 
subtypes in the BF during total sleep deprivation.

These results suggest that: 1) chat mRNA and protein activity are 
inversely related; 2) steady state chat mRNA levels are highest during sleep; 
3) the variability in total chat mRNA levels during natural bouts of sleep- 
wakefulness may be related to a state-specific expression of ch at subtypes 
and 4) prolonged wakefulness may increase the expression of specific ch at 
mRNA subtypes.

Supported by DVA Research and NS30140

STR ESS V

564.1

ALPHA AND BETA-ADORENOCEPOTORS MEDIATED EXPRESSION OF 
IMMEDIATE EARLY GENES IN STRESSED HEART *T. Uevama1, 
K. Yoshida2 and E. Senba1 1Dept.of Anat. & Neurobiol, 
Wakayama Med.Coll.,Wakayama,640-8155, 2 Dept.of legal
Med. Yamaguchi Univ. Sch. Med.,Ube,755-0001,Japan

Little is known about molecular and neuronal 
mechanism of stress-induced heart attack. We
investigated the neuronal mechanism of emotional 
stress-induced expression of immediate early genes 
(IEGs) in the heart. After pretreatment of alpha 
receptor blocker, beta receptor blocker, or 
combination with alpha and beta blockers, mail Wistar 
rats were exposed to acute immobilization (IMO). 
Perfusion studies with alpha agonist, or beta agonist 
in Langendorf preparation were also performed. 
Oligonucleotide probes for c-fos and NGFI-A mRNAs were 
radio-labeled and in situ hybridization was performed. 
IMO stress induced expression of c-fos and NGFI-A 
mRNAs in the myocardium and the smooth muscle layer of 
the coronary artery. Neither alpha blocking nor beta 
blocking alone could affect the expression of genes. 
However, combination of alpha and beta blocking could 
abolish the IMO stress-induced gene expressions. 
Stimulation by alpha agonist or beta agonist alone 
could induce the upregulation of these genes. These 
data suggest that emotional stress induces IEGs 
expression by activating both alpha and beta 
adrenoceptors in the heart.

564.2

REGULATION OF THE POLYAMINE-STRESS-RESPONSE IN 
DEVELOPMENT. G.M. Gilad*, V.H. Gilad, Y. Eliyayev1, T. Prohorov1, A. 
Balashov1, and J.M. Rabey1. Lab. of Neuroscience and 1Dept. of Neurology, Assaf 
Harofeh Med. Cent., Zrifin 70300, Israel.

A transient increase in polyamine (PA) metabolism, termed the PA-stress-response 
(PSR), is a common response to stressful stimuli. In the brain, improper control of the 
PSR has been implicated in maladaptive response to stressful events. Ample evidence 
indicates that stressful experiences during early life can alter normal developmental 
processes and result in pathophysiological and behavioral changes in the adult. 
Therefore, we sought to characterize and compare the ontogenesis of the PSR in the 
brain and in several peripheral organs. We found that unlike adults, PA metabolism in 
immature brains was reduced or remained unchanged (up to 16 days of age) in response 
to stressors, and that this response was brain region-selective. The PSR in the adrenal 
glands and in the thymus was characterized by a reduction in PA metabolism, as in the 
early postnatal brain, while that in the liver by increased PA metabolism, as in the adult 
brain. But, unlike the brain, the PSR in these peripheral organs did not undergo 
developmental changes. Animals treated with dexamethsone at 7 days of age, showed 
increased emotional reactivity in the open-field when tested as adults and an enhanced 
PSR after a re-challenge with dexamethasone at age 60 days. We conclude that: 1) in 
the brain, unlike peripheral organs, the PSR is developmentally regulated and its 
ontogenesis is brain region-specific, indicating dependence on the stage of neuronal 
maturation; 2) the switch to a mature PSR in the brain coincides with the cessation 
of the stress hypo-responsive period in the hypothalamic-pituitary-adrenocortical 
system; 3) the PSR, as in the mature brain and liver, appears to be a constructive 
reaction, while down-regulation of PA metabolism, as in the developing brain and in 
the adrenal and thymus, may be implicated in cell death, and 4) an exaggerated PSR 
in adults after an early age dexamethasone treatment may be implicated in the 
maladaptive response of the brain to stressful events. - Supported by th e  I s r a e l  

S c ie n c e  F o u n d a t io n  and th e  S ta n le y  F o u n d a tio n .
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564.3
INDUCTION OF GENE EXPRESSSION IN CATECHOLAMINERGIC AND 
SEROTONERGIC SYSTEMS BY IMMOBILIZATION STRESS: ROLE OF 
TRANSCRIPTION. B. Nankova1*, L. Serova1, F. Chamas1, E. Danailov1, R. 
Kvetnansky2 and E.L. Sabban1. 1Dept. Biochem. & Mol. Biol. NY Med. 
Coll., Valhalla, NY 10595; 2Inst. Exp. Endocrin., Bratislava, Slovakia.

Stress affects different neurotransmitter systems, however the underlying 
tissue specific molecular mechanisms are largely unknown. The effect of 
single and repeated immobilization stress (IMO) on steady state mRNA levels 
and relative rate of transcription were examined for key genes encoding 
enzymes in biosynthesis of catecholamines and serotonin in several locations 
by single and repeated immobilization stress (IMO). In rat adrenal medulla, 
even 5 min IMO induced rapid but transient onset of transcriptional 
activation of tyrosine hydroxylase (TH) and dopamine ß-hydroxylase (DBH). 
Repeated IMO, however, led to persistently high transcription. In the major 
noradrenergic neurons (locus coeruleus) single and repeated IMO induced 
transcriptional increases in TH and DBH mRNA levels. IMO differently 
affected expression of TH in dopaminergic cell bodies. In ventral tegmental 
area, significant increases in TH mRNA levels occurred only after repeated 
IMO, while in substantia nigra both single and repeated IMO elevated TH 
gene expression, at least partially dependent on transcriptional activation. In 
serotonergic neurons (raphe nuclei), competitve RT-PCR was used for the 
first time to examine effect of stress on the relatively low mRNA levels for 
tryptophan hydroxylase (TPH). Marked elevations in TPH, were found even 
by single IMO stress. The results reveal important role of the transcriptional 
activation in both catecholamine and serotonin neurotransmitter systems in 
mediating the general response to environmental challenges. (NIH NS32166)

564.5
STRESS-INDUCED ACTIVATION OF THE cAM P-RESPONSE ELEMENT 
BINDING PROTEIN (CREB) IN THE RAT BRAIN. A. Bilang-Bleuel*, D. Voss. T, 
Pohl, A .C.E. Linthorst and J.M.H.M. Reul. Max Planck Institute o f  Psychiatry, Section 
Neuropsychopharmacology, 80804 Munich, Germany

The transcription factor CREB is thought to play an important role in processes 
involving neural plasticity such as learning and memory. It may therefore be postulated 
that CREB is also involved in stress-induced adaptive behavior. To test this hypothesis 
we have investigated the temporal and neuroanatomical pattern o f  CREB activation in 
the rat brain follow ing acute swim stress. The forced swim m ing test was conducted for 
15 min at 25 °C. For immunohistochemical staining o f  cryosections a P-CREB-specifíc 
antibody that recognizes the activated (i.e. phosphorylated) form o f  CREB was used. 
The obtained signals were analysed by semi-quantitative measurement o f  the optical 
density using an image analysis system. Increased levels o f  P-CREB were found in the 
dentate gyrus o f  the hippocampus, amygdala and cerebral cortex. The induction took 
place already 5 min after stress onset, reaching a peak after 15 min (4- to 5-fold 
increase over basal levels). P-CREB levels returned to baseline about 60 min following  
swimm ing. Since CREB is a transcriptional activator o f  the c -fos  gene, a comparative 
immunohistochemical study was performed for this immediate early gene product, 
which is considered to be a cellular marker for neuronal activity. M aximally induced 
levels o f  c-fo s  protein ( 1 -2 hours after stress onset) were found to be w idely distributed 
in many brain structures. Interestingly, this regional induction pattern did not always 
correlate with that o f  P-CREB: the paraventricular nucleus o f  the hypothalamus (PVN), 
for instance, showed increased levels o f  c-fos  protein but not o f  P-CREB. We conclude 
that CREB is involved in the intracellular signaling cascade activated following 
stressful stimuli, resulting in changes at the gene expression level as shown here for c- 

fo s .  However, situations exist in which CREB activation and induction o f  c-fo s  are not 
neuroanatomically associated, suggesting that they are involved in different stress- 
related regulatory mechanisms. S u p p o r te d  b y  th e  V W  F o u n d a tio n  (1 /70543).

564.7

E X E R C ISE  M O D U L A T E S ST R E S S  E F F E C T S  ON  
IN N A T E  A N D  SP E C IF IC  IM M U N IT Y . M . F le sh n e r 1*,
A. M orask a1, J. K in tz e l1 and T. P e a k 2
Dept. Kinesiology & Applied Physiology1, Dept. Psychology2,
Univ of Colorado, Boulder, CO 80309.

Acute stressor exposure both potentiates innate immunity (nitric oxide 
(NO) & bacterial clearance) and suppresses specific immunity (αKLH 
Ig). Voluntary exercise may modulate the immunological consequences 
of stress. Thus, the effect of voluntary wheel running on the stress- 
induced modulation of bacterial inflammation and the specific antibody 
response was investigated. Each experiment contained 1). Exercise + 
stress, 2) Exercise + no stress, 3) Sedentary + stress, 3) Sedentary + no 
stress. Acute stress involved exposure to tail shock (100, 5-s, 1.6mA, ave. 
ITI-60-s). Adult male Sprague-Dawley rats lived in cages with attached 
running wheels. Sedentary controls lived in identical cages, except the 
wheel was rendered inactive. Exercised rats voluntarily ran for 6-8 wks 
prior to exposure to stress. Innate immunity (exp.1)-After 6-8 wks of 
exercise, rats (6/grp) were exposed to stress or remained in their home 
cage. Immediately after stress termination, rats were injected s.c. with 
non-proliferating e.coli. Inflammation diameter and grade was measured 
daily for 6 days. Specific immunity (exp.2)-After 6-8 wks of exercise, 
rats ( 10/grp) were immunized with KLH and exposed to stress or 
remained in their home cage. Blood samples were taken weekly for 6 wks 
after KLH. The results were that voluntary wheel running before stress 
exposure potentiated the stress-induced reduction in inflammation, such 
that the bacterial challenge was resolved 2-4 days earlier in exercise- 
stressed rats compared with sedentary controls. Voluntary exercise also 
prevented the stress-induced suppression in anti-KLH IgM and IgG. 
Thus, voluntary activity both increases the beneficial effects and prevents 
the suppressive effects of stress on immune function.

564.4
NICOTINE INFUSION ALTERS STRESS ELICITED INDUCTION OF GENE 
EXPRESSION L. Serova*, E. Danailov, E.L. Sabban, Dept. Biochem. & Mol. 
Biol. NY Med. Coll., Valhalla, NY 10595, USA

Smoking exacerbates some of the peripheral indicators of stress, while the 
stress ameliorating effects by habitual tobacco (Nesbitt’s Paradox) contrasts 
pharmacology of nicotine. We studied the effect of long term nicotine 
infusion on stress-triggered changes in neurotransmitter gene expression. 
Rats were given either saline or nicotine (15 mg/kg,day) by osmotic pumps 
for 12 days, prior to a single 2 hr immobilization (IMO) or restraint stress. 
Blood corticosterone levels and mRNA for several neuropeptides or 
catecholamine-related enzymes were determined in adrenal medulla (AM), 
substantia nigra (SN) and locus coeruleus (LC). Some differences were found 
in response to restraint and IMO stress. Corticosterone was elevated about 12 
fold with restraint, but lower than with IMO (16-fold). In AM, restraint 
induced tyrosine hydroxylase (TH), dopamine ß-hydroxylase (DBH), and 
phenylethanolamine N-methyltransferase mRNA levels similar to IMO, but 
was less effective for NPY. However, in contrast to IMO, restraint did not 
induce TH in SN. In LC, it induced TH, but not DBH and GTP 
cyclohydrolase I which were elevated by IMO.

Nicotine infusion alone, compared to injections, did not alter any of 
mRNAs examined in AM or SN. However, in LC it elevated TH mRNA 
levels as much as IMO. In AM, nicotine infusion significantly reduced (for 
TH), prevented (for DBH) or did not alter (for NPY) IMO or restraint 
stimulated induction. In SN, nicotine infusion also prevented the induction of 
TH mRNA by IMO. In LC, it reduced the effect of IMO on mRNA for 
several genes. Thus, nicotine infusion can alter the response to stress of 
several neurotransmitter-related genes. (STRC #251, NIH NS32166)

564.6
ACTIVATION OF THE cAMP-RESPONSE ELEMENT BINDING PROTEIN (CREB) 
IN THE RAT BRAIN DURING PERIPHERAL INFLAM MATION. J.M.H.M. Reul*.
D. Voss, M. Hirschmann,  A.C.E. Linthorst and A. Bilang-Bleuel. Max Planck Institute 
o f  Psychiatry, Section Neuropsychopharmacology, 80804 Munich, Germany 

The cellular and molecular mechanisms taking place in the central nervous system and 
underlying the physiological and behavioral responses observed during peripheral 
inflammation are still poorly understood. CREB is a transcription factor involved in 
neuronal plasticity processes and could be implicated in putative long-term changes in 
the brain following peripheral inflammation. Therefore using immunohistochemistry we 
have investigated the temporal and neuroanatomical distribution o f  the activated (i.e. 
phosphorylated) form o f  CREB (P-CREB) in the rat brain following i.p. 
lipopolysaccharide (LPS) injection. Injection o f  LPS ( 100 µ g/kg) led to a time-dependent 
increase o f  P-CREB levels in the dentate gyrus o f  the hippocampus, amygdala and 
distinct neocortical regions. No induction was observed in the paraventricular nucleus 
o f  the hypothalamus (PVN). Increased CREB phosphorylation was observed between 4 
and 8 hours after the immune challenge, reaching maximal levels at 6 hours post- 
injection (about 7- and 4- fold increase over basal levels for dentate gyrus and cortex, 
respectively). Immunohistochemical analysis o f  c -fos, an immediate early gene induced 
in response to various stressful stimuli, revealed a different spatiotemporal induction 
pattern: highly increased levels o f  c-fo s  protein were found mainly in the PVN 2-4 hours 
post-injection. These results show that peripheral inflammation activates the CREB 
signal transduction pathway in distinct brain structures. Thus, peripheral inflammation 
may result in long-term changes in cellular function. Moreover, it appears that the 
CREB-mediated induction o f  c-fo s  may be not a universal but rather a stimulus- and cell 
type-dependent mechanism. S u p p o r te d  b y  th e  V W  F o u n d a tio n  (I/7 0 5 4 3 ) .

564.8
DIFFERENT M ECHANISM S IN STRESS TRIGGERED ACTIVATION OF 
TRANSCRIPTION OF SAM E NEUROTRANSM ITTER GENES IN 
SYMPATHETIC GANGLIA A N D  ADR EN A L M ED U LLA . E.L. Sabban*1, B. 
Nankova1 and R. Kvetnansky2. 1Dept. Biochem & Mol. Biol., NY Med. 
Coll., Valhalla, NY, USA; 2Inst. Exp. Endocrinol., Bratislava, Slovakia.

Stress elicited large rises in norepinephrine and neuropeptide Y (NPY) 
from sympathetic nerve endings are associated with elevated vasoconstriction 
and risk of cardiovascular disease. While widely studied in adrenal medulla 
(AM) little is known about stress-induced changes in gene expression in 
sympathetic ganglia. Rats were exposed to immobilization (IMO) stress and 
gene expression for tyrosine hydroxylase (TH), dopamine ß-hydroxylase 
(DBH), NPY and preproenkephalin (Enk) examined. A single IMO elicited 
small, although significant, rises in most of these mRNAs in superior 
cervical ganglia (SCG). In contrast to AM, marked elevations were observed 
only after repeated stress, and with exception of Enk were sustained one day 
later. Run-on assays in SCG indicated transcriptional activation. Putative 
mediating factors were examined by gel shifts with TH and DBH functional 
promoter elements. In striking contrast to AM, no increases in binding to 
TH AP-1 site were observed with IMO, correlated with lack of stress- 
activated protein kinase pathway (JNK) activation by stress in SCG. CREB 
is major factor binding to AP-1-like element in the DBH promoter and to 
TH-CRE. These results are consistent with the finding that ACTH treatment 
alone can mimic the IMO response on gene expression in SCG, but not in 
AM. Thus different signaling pathways, and trans-acting factors are involved 
in stress triggered induction of the same neurotransmitter genes in two 
distinct tissues of the same embryonic origin. (NIH NS28869, NS32Î66)
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564.9

NOVEL STRESSORS EXAGGERATE THE RESPONSE OF ADRENAL 
TYROSINE HYDROXYLASE mRNA IN RATS EXPOSED TO LONG-TERM 
GOLD STRESS. R. Kvetnansky1*, J. Jelokova1, M. Rusnak1, B. Nankova2, L. 
Serova2, and E.L. Sabban2. 1Inst. Exp. Endocrinology, 833 06 Bratislava, 
Slovak Republic; 2Dept. Biochem. & Mol. Biol., NY Med. Coll., Valhalla, 
NY 10595, USA.

Our data showed that in rats exposed to long-term (28 days) cold (4°C) 
adrenal tyrosine hydroxylase (TH) activity is no longer significantly elevated. 
We have also found a remarkable adrenomedullary (AM) activation induced 
by exposure of cold-acclimated rats to a novel stressor (immobilization). Our 
aim was to investigate changes in AM TH gene expression after a short (one 
day) and long-term (28 days) cold exposure as well as in the cold-adapted 
rats exposed to various novel stressors. Immobilization for 2h (IMO), 
administration of insulin (INS, 5IU) or 2-deoxyglucose (2DG, 500 mg/kg) 
were used as novel stressors. One day cold produced significant elevation of 
AM TH mRNA levels, however, 28 days cold did not show any changes. A 
single IMO, or INS, or 2DG produced increases in AM TH mRNA levels. 
Cold-adapted rats exposed to these novel stressors significantly elevated 
adrenal TH mRNA levels and displayed exaggerated response compared to 
naive rats with the same stressor at room temperature. Thus, the observed 
differences in TH mRNA levels in the AM of rats exposed to a short and 
long-term cold stress suggest an adaptation of TH gene expression. The 
exposure of such adapted rats to novel stressors induces exaggerated 
responses by mechanisms, which remain to be elucidated. (Slovak Grant 
Agency for Science (95/5305/043; 95/5305/272); PHS Award (NS-32166) 
and US-Slovak Project 93 024).

564.11

LONG TERM EFFECTS OF STRESS BEHAVIORAL CHANGES  
A N D  SEROTONIN DEPLETION IN A  POTENTIAL ANIMAL  
MODEL OF POST TRAUMATIC STRESS DISORDER (PTSD).
E. Grauer, J. Kapon and T. Kadar*. D ept. o f  Pharmacology, Israel 
Institute for Biological Research, 74100 Ness-Ziona, Israel.

An animal model o f  some aspects o f  PTSD was developed to 
represent the effects o f  stress exposures that culminate over a period o f  
time in the adult life. Rats were exposed to six weeks o f  intermittent, 
variable and unpredictable stress. Stressors included footshocks, 
shaking, cold, isolation, restraint and tail cut (for blood sampling) at all 
hours o f  the day. At various time intervals following the termination o f  
stress the rats were tested in a visual and social recognition tests, a 
water maze task, the open field and the plus maze. The stressed rats 
showed decreased habituation to the open field and increased open arms 
time in the plus maze when tested even a year later. Fifteen months 
following stress termination, the animals were sacrificed and their brain 
removed and prepared for autoradiography study. Serotonin 
transporters were labeled with [3H]paroxetine. Changes in density o f  
labeling suggested that stress may produce long-term modification in 
pre-synaptic serotonergic function. These long term behavioral and 
biochemical abnormalities may model a possible course o f  events where 
by previous exposure to stress contributes to the development o f  PTSD.

564.13

REPEATED MRI MEASUREMENTS OF THE TREE SHREW 
BRAIN.F Ohl1, T  Michaelis2, J. Frahm2, S. Rensing1 and E. 
Fuchs1*. 1German Primate Center and 2Biomedical NMR Forschunαs 
GmbH, 37077 Göttingen, Germany

Most techniques in neurobiology are limited by their invasiveness 
precluding repeated measurements of the same animal. Magnetic 
resonance imaging (MRI) can overcome these disadvantages and 
offers new perspectives for neuroscientific research. The present 
study aimed to establish protocols suitable for repeated MRI studies in 
small mammals such as tree shrews (body weight in the range of 200 
g). Since controllable and prolonged anesthesia is a prerequisite for 
these measurements, we first developed a technique for repeated 
endotracheal intubation and inhalation anesthesia (70:30 N2O:O2 with
1.5 % halothane). Animals were investigated in a prone position with 
their head fixed in a plastic-made stereotaxic frame. This frame was 
connected with a temperature-controlled cushion to prevent cool down 
of the animal during the investigation. MRI studies were carried out at 
a fieldstrength of 2.35 Tesla using a magnet with a horizontal bore 
(Magnex, Bruker ABX-11). The system is equipped with an actively 
shield gradient system (Bruker B-GA 20) with an inner free diameter 
of 20 cm. A homebuild birdcage coil (i.d. 6 cm) was used for 
homogenous radiofrequency excitation and for reception of the MRI 
signal. The animal's head was centered in the coil as well as in the 
magnet; MRI sequences were optimized for measuring time, spatial 
resolution, signal-to-noise ratio, and contrast. Currently we are 
quantifying volumetric changes in hippocampal structures of animals 
during chronic stress exposure and cortisol treatment.

564.10

Stress induced transcriptional modulations elicit weeks-long changes 
in cholinergic neurotransmission

Kaufer, D .1, Friedman, A .1,2, Pavlovsky L.2 and Soreq, H .1* 
1Department o f Biological Chemistry, Institute of Life Sciences, 
Hebrew University o f Jerusalem, Jerusalem, Israel. 2Departments o f  
Physiology and Neurosurgery, Faculty o f Health Sciences and, 
Zlotowski Center o f  Neuroscience, Beersheva, Israel.

Both acute psychological stress and exposure to anticholinesterases 
induce concerted calcium-mediated modulations o f gene expression. 
These reduce acetylcholine availability in a brain-region and time- 
dependent manner (Kaufer et al., Nature, in press). We tested the 
delayed consequences o f chronic stress or anticholinesterase 
treatments on mice up to 6 weeks following 4 consecutive daily 
exposures. The C A 1 synaptic responses evoked one month post- 
stress were significantly suppressed and the sensitivity to muscarinic 
antagonists drastically enhanced. Following treatment with 
anticholinesterases, the "readthrough" splice variant o f
acetylcholinesterase mRNA accumulated in perikarya and apical 
dendrites o f pyramidal neurons in cortex and hippocampus. 
Together, these findings demonstrate massive increases in 
"readthrough" acetylcholinesterase that are associated with long- 
lasting stress- induced changes in cholinergic neurotransmission. 
Support: USARMED; Israel Science Fund; US-Israel BSF and Ester 
Neuroscience.

564.12

IN D IV ID U A L D IFFR EN C ES IN PH Y SIO L O G IC A L  
R ESPO N SE S TO  A N  A N X IO G EN IC  ST R E SSO R .
M . K abbaj,* D. D evine, S .J. W atson and H . A kil. Mental 
Health Research Institute. 205 Zina Pitcher Place, 
University o f Michigan, Ann Arbor, M ichigan 48109-0720. 
This study was designed to compare hypothalamic- 
pituitary-adrenal axis (HPA axis) activity and brain cfos 
expression in two groups o f rats separated on the basis o f  
their locomotor reactivity in response to novelty. High 
responders (HR) exhibit a higher locomotor reactivity than 
low responders (LR). In the light-dark paradigm, the HR 
rats spend more time in the light box than the LR rats do. 
The HR also showed a hyperactive HPA axis in response 
to the light dark stress. This then is a good model of 
‘novelty seeking’ or ‘risk taking’ in which animals encode 
a situation as physiologically stressful but choose to put 
themselves in it. Interestingly, in other studies HR animals 
tend to self-administer drugs o f abuse, making this model 
particularly useful to understanding the basis o f  
vulnerability to drug seeking behavior in Humans. The 
question w e are currently exploring is whether individual 
differences exist in cfos expression in circuits known to be 
involved in the control o f  stress responsiveness. This work 
is supported by NIH grant P01-M H42251.

564.14
EFFECTS OF THE T R A N S C E N D E N T A L  M E D IT A T I O N  (T M )  PROGRAM ON 
CORTISOL AND OTHER BIOCHEMICAL INDICATORS OF SOCIETAL 
STRESS: A CAUSAL ANALYSIS. K.L. Cavanaugh, N.D. Pugh, K G. Walton*. 
Maharishi University of Management, Fairfield, IA 52557.

Randomized longitudinal experiments, and cross sectional studies, have shown that 
practice of the Transcendental Meditation technique reduces cortisol excretion and 
other biochemical, physiological, and psychological indicators of stress. Over 40 
studies also report significant reductions in crime, violence, and other behavioral 
indicators of societal stress resulting from group practice of the TM program by a 
small fraction of the population (“the Maharishi Effect” ). This study investigates a 
postulated pyschoneuroendocrine mechanism that may mediate these observed 
behavioral effects. Time series regression analysis was used to test whether prior 
daily change in the size of a large TM group in Fairfield, Iowa was a significant 
predictor of the average overnight cortisol excretion rate (natural log) in non- 
practitioners living and working miles from the group. The influence of other 
potentially important variables, such as changes in average temperature, was 
controlled for statistically. Standard m ethods-Granger causality tests--were used to 
test for the presence of a statistical causal ordering between the time series variables 
(N=62). Model selection was based on an objective criterion (Bayesian Information 
Criterion), and a battery of diagnostic tests indicated all statistical assumptions were 
satisfied. The null hypothesis of no Granger causality was rejected (t = - 2.62. two- 
tailed, p = .01), consistent with the hypothesis of a decrease in cortisol excretion 
resulting from a prior increase in the size of the TM group. A significant positive 
effect of TM group on the ratio of the excretion rates of the main metabolite of 
serotonin to cortisol also was found (t = 4.20, p <.001), consistent with previous 
results in individual TM practitioners. These findings further support the hypothesis 
of a reduction in biochemical indicators of societal stress through an increase in the 
size of the TM group. (S u p p o r te d  by  p r iv a te  d o n a t io n s  to  a  s p e c ia l  f a c u l ty  r e se a rch  
fu n d  a t  M . U .M .)
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564.15

N O R A D R E N E R G IC  AN D A D R E N A L FU NC TIO N IN PATIENTS W ITH 
M AJO R  D E PR ESSIV E D ISO RD ER (MDD). M .A. K ling*, M.D. De Beilis, 
D.S. G o ld s te in , S .J. L is tw a k , and P .W . G old . C lin ica l N e u ro e n d o 
c rin o lo g y  Branch , N IM H and C lin ica l N e uro sc ience  Branch, NINDS, 
Bethesda, MD 20892.

D ata  c o n flic t regard ing  the  d ire c tio n  and even p resence  of 
noradrenergic functional alterations in MDD. Some difficulties may be due 
to lim ita tions of forearm  venous plasm a NE levels, which are influenced 
by local factors and m ay not reflect system ic NE release. W e exam ined 
NE spillover (NEsp) into arterial p lasm a during continuous 3H-NE infusion, 
a m ethod m ore sensitive than forearm  venous NE to changes in total- 
body NE re lease, in 12 patien ts  w ith  D S M -IIIR M DD and 13 hea lthy 
vo lun tee rs and re lated the values to 24-h u rinary  free  cortiso l (UFC) 
excre tion , which is known to be a ltered in M DD. NEsp was assessed 
under basal (resting) cond itions, during 20 min of m ental (video gam e) 
ch a llenge , and a fte r i.v. in fus ion  of the α 2 a d re n e rg ic  a n ta g o n is t 
yohim bine, (125 µg/kg bolus followed by 1 µg/kg/m in infusion x 20 min).

Basal NEsp was h igher in the M DD patien ts vs. contro ls (p< 0.05) 
due to sm aller, nonsignificant increases in both arterial NE levels and NE 
clearance . NEsp increases during the video gam e were greater in the 
M D D patients (p< 0.05), but their NEsp increases with yohim bine were 
s im ilar to those in the controls. NE clearance (r=0.60, p< 0.01), but not 
NEsp, was s ign ifican tly corre lated with UFC excretion. Heart rate (HR) 
w as increased (p< 0.05) in the M DD patients com pared to controls, but 
blood pressure did not d iffe r between groups. P lasma epinephrine levels 
did not d iffe r between groups, suggesting a sym pathoneural rather than 
sym pathoadrena l basis fo r the HR increase in M DD patients. These 
data show  that NEsp is increased in MDD, even when plasm a NE levels 
are not. Increased NE clearance m ay com plicate the interpretation of NE 
m easures in hypercortisolem ic MDD patients.

These studies were done in the NIH Intramural Research Programs.

564.16
GROWTH FAILURE CAU SED BY EARLY M ATERNAL SEPARATION AND  
CHRONIC ISOLATION. P. M ason1, K. Thrivikraman2, P. Plotsky2 & D. Archer*1, 
D ept. o f  Pediatrics1, D ept. o f Psychiatry 2, Emory University, Atlanta GA 30322  

Children who experience chronic abuse and neglect are often smaller than children 
raised in a nurturing environment. Using an animal model, we have shown that 
neonatal maternal separation (M S) is associated with hyper-responsiveness o f  the 
hypothalamic-pituitary-adrenal (HPA) axis. HPA function is also known to regulate 
hypothalamic regulators o f  growth. To understand the effects o f isolation and the 
HPA axis on growth, we have examined growth in rats who experienced neonatal MS 
coupled with chronic isolation. Long-Evans rats were either handled for 15 min 
(HM S15; handling control) or separated from their mother for 180 min (H M S180) 
during the first 2 wks o f  life. At PND 22, groups were either isolation reared (ISO) or 
grouped housed (GRP) until 90 days o f  age with weekly w eight (WT) and tail length 
(TL) measurements. At 90 days o f  age, baseline growth hormone (GH) levels and 
Clonidine (Clon) (150 µg/kg) stimulated levels o f  GH were determined by RIA 
(Amersham Life Science) at 15, 30, 45 and 60 minutes post infusion. WT and TL 
were smaller for ISO- compared to GRP-housed rats regardless o f  early handling. 
Significant W T differences (p<0.001) first occurred by wk 1 o f isolation and TL by 
wk 2 (p=0.01). These differences persisted until the ninth week o f isolation (age 90d) 
when no significant differences in WT or TL were noted. Rats undergoing neonatal 
maternal separation coupled with isolation rearing (H M S180-ISO ) were significantly 
smaller (p<0.05) in both W T and TL than GRP-housed rats who had undergone only 
neonatal handling (HM S15 GRP). TL difference appeared more stable and were first 
noted by week 2 o f ISO (age 42d) and persisting until wk 8 (age 84d). Peak GH 
values follow ing C lon stimulation were lower for H M S180-ISO  (8 6 .8±  23 ng/m l) 
compared to HM S15 GRP ( 135.5± 65.5 ng/m l). These findings suggest that neonatal 
maternal separation influences the extent o f  growth failure follow ing chronic 
isolation, which may be due GH regulation. Further studies using this model should 
help elucidate the causes o f growth retardation accompanying prolonged neglect, as 
seen in children from orphanages in som e foreign countries. (Supported by training 
grant T32 D K 07298)

M O N O A M IN E AND BEHAVIO R IV

565.1

BLOOD FLOW EFFECTS OF HALOPERIDOL AND CLOZAPINE 
M.A. Weiler*, A. Lahti, H.H. Holcomb, C .A . Tamminga . Maryland Psychiatric 
Research Center, University of Maryland School of Medicine, Baltimore, MD 
21228 USA

Clozapine is observed to be atypical of antipsychotics due to its lower dopamine 
2 blocking and effectiveness in a significant proportion of patients that do not 
respond to typical antipsychotics. In order to begin to determine differences 
between clozapine and typical D2 receptor blocking agents, we studied six patients 
with schizophrenia while off medication and stabilized on haloperidol or clozapine 
using H215O bolus positron emission tomography to measure regional cerebral 
blood flow. Statistical parametric mapping analysis comparing off and on drug 
conditions reveald different patterns of change to clozapine and haloperidol. 
Increases in the basal ganglia were more prominent on haloperidaol than 
clozapine. Both drugs produced increases in hippocampus. Lateral frontal lobe 
decreases were more prominent on haloperidol while clozapine produced a 
central frontal decrease. Further analysis will detal drug-behavior interactions. 
The results of this preliminary analysis will help in formulating hypotheses about 
how clozapine differs in action from typical antipsychotic agents.

565.2

EFFECTS OF 6-HYDROXYDOPAMINE AMYGDALA LESIONS 
ON MESOACCUMBENS DOPAMINE RESPONSES TO PHYSICAL 
AND PSYCHOLOGICAL STRESSORS. C. Stevenson*, R. M. 
Sullivan, and A. Gratton. McGill University, Douglas Hospital 
Research Center, Montréal, Canada, H4H1R3.

The mesoaccumbens dopamine (DA) projection is known to be 
activated by a variety of stressors. Evidence also suggests that the 
amygdala plays an important role in perceiving and responding to 
stressful conditions, as well as modulating nucleus accumbens (NAcc) 
neurotransmission. The present study investigated the effects of 
bilateral 6-hyroxydopamine (6-OHDA) amygdala lesions on stress- 
induced increases in extracellular DA in NAcc. In vivo voltammetry 
was used to monitor changes in NAcc DA signal in response to both 
physical and psychological stressors (tail pinch and exposure to fox 
odor, respectively). Male Long-Evans rats received 6-OHDA or sham 
lesions three weeks prior to implantation of monoamine-selective 
recording electrodes in the right NAcc. Recording sessions were 
conducted on four consecutive days, with rats subjected to each stressor 
twice, in counterbalanced order. Results indicate that amygdala- 
lesioned animals show exaggerated stress-induced mesoaccumbens DA 
responses to both types of stress. These data extend previous findings 
suggesting that the mesoamygdaloid DA projection serves to prevent 
overresponding to stressful situations.
S u p p o r t e d  b y  th e  M e d i c a l  R e s e a r c h  C o u n c i l  o f  C a n a d a  a n d  a  M a x  
S t e m  R e c r u i tm e n t  F e l lo w s h ip .
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564.17

THE PREDATOR ODOR, TMT, ACTIVATES MESOPREFRONTAL AND 
MESOAMYGDALOID DOPAMINE SYSTEMS AND IMMEDIATE-EARLY 
GENE EXPRESSION IN RATS. B.A. Morrow*, J.D. Elsworth, A.J. Redmond and
R.H. Roth. Yale Univ. School of Medicine, 333 Cedar St., New Haven, CT 06520 

Odors derived from rat predators have been tested as non-lethal pest deterrants. 
We chose to examine the effects of 2,5-dihydro-2,4,5-trimethylthiazoline (TMT), an 
olfactory stressor isolated from fox feces, in comparison with mild footshock (FSK) 
and a conditioned fear (CF) paradigm. Several unique characteristics of this type of 
stressor are of interest, including the ethological relevance and its presence in rat 
pups and adults with no prior pedator contact.
Biocehmical and Behavioral Measures (% control)

* and + indicates a significant difference, p<0.05 vs control, and FSK, respectively. # -- 
no difference from FSK. ns -n ot significant, nd --not determined.

These data indicate that the pattern of activation of TMT is similar, but distinct, 
from FSK and CF. First, TMT activated dopamine metabolism in the medial 
prefrontal cortex (mPFC) and amygdala (Amg) but not nucleus accumbens core 
(NAc) or shell (NAs) subregions. Second, TMT did not significantly alter 
locomotion in this study. Third, TMT activated Fos-like immunoreactivity (Fos- 
li) in the prelimbic and infralimbic (not shown) cortex similar to FSK.
S u p p o r t e d  b y  D A 1 1 2 8 8  &  M H 1 4 0 9 2

Dopam ne Metabolism Serum Locomotion
mPFC NAs NAc Amg Corticosterone

TMT 125%* 92%ns 92%ns 121 %* 2 7 5 % * 89%ns
FSK 149%* 128%* 110%* nd nd 44%*
CF 141%* 127%* 112%* 94%ns 361 %* 2l%*
Fos-li nnuclei in the layers of prelimbic cortex
Laye r 1 2 _____ 2_______ ___5________ 6a ___6b
Control 1± 0 .6 1+0.6 1± 1 5 .5 ± 3 .6 2 .8 ± 2 .4 0 ±0
TMT 1.5±0.5ns 8 .5± 3 .0ns 2 6 .5 + 6 .7 * ,# 36± 8 .1# 35± 1 0 * ,# 2 .8 ± 1ns
FSK 5+ 4.1ns 10.5±4 .6 ns 3 2 .8 + 111.7* 4 6 ± 14* 17+5.4* 1.5± 1.2nf
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565.3

DSP-4, A NOREPINEPHRINE NEUROTOXIN, IMPAIRS 
SOCIA L  HABITUATION IN MALE CD-I MICE. H .G . 
McFarlane*, P. Brown, J. Adaniel, D. D iglio, N. Hamblin, J. 
Ballard, and C.A. Cornwell. Department o f Psychology, Syracuse 
University, Syracuse NY. 13244.

The purpose o f this experiment was to determine if  norepinephrine 
(NE) depletion impairs olfactory recognition using a habituation/ 
dishabituation paradigm. The testing apparatus permitted olfactory 
but not visual, auditory, or tactile cues to pass from a stimulus 
animal hidden behind a screen to a test animal on the other side of 
the screen. Male CD-I mice treated i.p. with N-(2-chloroethyl) - 
N-ethyl-2- bromobenzylamine (D SP-4) showed a 9 1% NE decrease 
in the hippocampus. Control water-injected animals reduced the 
time they spent investigating the screen if  the same stimulus animal 
was presented on successive trials, but not when a novel animal was 
presented. In contrast, NE-depleted mice showed no such reduction 
in investigation time. However, if no stimulus animal was present, 
NE-depleted mice showed normal habituation o f screen 
investigation time. These data suggest that D SP-4 treatment impaired 
the ability o f  the mice to recognize the odors o f a familiar 
conspecific, without inducing a general habituation deficit. The 
results support the idea that central NE is a modulator o f  intermale 
social olfaction.
Supported by the Graduate School and the Department of 
Psychology, Syracuse University.

565.5

PREFRONTAL CORTICAL MANIPULATIONS ALTER THE RATE- 
REDUCING EFFECTS OF INTRA-VENTRAL STRIATAL
DOPAMINE ANTAGONISTS ON A FIXED-INTERVAL (FI) 
SCHEDULE OF FOOD REINFORCEMENT. S.B. Evans* and D.A . 
Cory-Slechta.
Dept. of Neurobiology and Anatomy, University o f Rochester School of 
Medicine and Dentistry, Rochester, N.Y. 14642.

Prior studies have shown that intra-ventral striatal (VS) injections o f  
DA antagonists reduce response rates on fixed interval (FI) schedules o f  
reinforcement. To determine the functional nature o f the relationship 
between prefrontal areas and the VS dopamine system, the ability o f  
lidocaine injected into agranular insular (AI) or prelimbic (PL) cortices 
to modulate the effects of VS DA antagonists on FI performance was 
evaluated in rats. After behavior on an FI schedule stabilized, a series o f  
presession microinjections were carried out including cortical injections 
of lidocaine or saline, VS injections of SCH23390+eti clopride 
(dopamine D 1 and D2 antagonists, respectively) or saline, and 
combined injections of cortical lidocaine or saline with VS dopamine 
(DA) antagonists or saline. Intra-VS DA antagonists decreased FI 
response rates, as previously observed. Injection of saline into area AI 
abolished the rate-decreasing effects of VS DA antagonists, while intra- 
AI lidocaine had no effect on VS DA antagonism of FI performance, 
presumably eliminating saline’s effects. AI saline also caused a 
significant increase in post-reinforcement pause time early in the FI 
session (an effect also removed by AI lidocaine), replicating an earlier 
finding. Consistent with the fact that AI but not PL projects to the area 
of VS examined, PL injections failed to modify the effects of intra-VS 
DA antagonists. These data suggest a potential for PFC to modulate VS 
DA function in a manner consistent with anatomical connections. 
Support: ES05017, ES05903, T32-MH19963.

565.7

SCH 23390 DOES NOT BLOCK THE DEVELOPMENT OF BEHAVIORAL 
SENSITIZATION TO 7-OH-DPAT. B.A. Mattingly*, T . Bonta, C. 
Himmler, J. Woods, & J. Jones. Department of Psychology, Morehead 
State University, Morehead, KY 40351.

Repeated treatments with the dopamine (DA) D2-type agonists, 
bromocryptine and quinpirole, result in the development of behavioral 
sensitization. This sensitization effect, however, may be prevented by 
the co-administration of the DA D1-type antagonist, SCH 23390. The 
purpose of this study was to determine whether co-administration of 
SCH 23390 would also block the development of sensitization to the 
D2/D3 DA agonist, 7-OH-DPAT. In two experiments, rats were tested 
for activity after treatment with 7-OH-DPAT (0.0 or 1.0 mg/kg, SC) 
combined with SCH 23390 (0.0, 0.1 or 0.2 mg/kg, SC). At the 
conclusion of repeated testing (7 or 9 sessions at 48 hr intervals), all 
rats were tested after a challenge injection of 7-OH-DPAT (1.0 mg/kg). 
Although both doses of SCH 23390 blocked the acute effects of 7-OH- 
DPAT, neither dose completely blocked the development of 
sensitization to 7-OH-DPAT. In fact, pretreatment with the 0.2 mg/kg, 
but not the 0.1 mg/kg, dose of SCH 23390 increased subsequent 
sensitivity to 7-OH-DPAT. These results suggest that the neurochemical 
mechanisms mediating the development of behavioral sensitization to 
7-OH-DPAT may differ from those of other D2-type agonists such 
quinpirole and bromocriptine.

This research was supported by NIDA grant DA 09687.

565.4
A NOVEL ACCUMBENS PROJECTION IN NEONATALLY 6-OHDA 
LESIONED RATS.
S.Y. G w ee, C M . Beckman1, M.S. Todtenkopf, J.F. Haque, R.W. S ikes* 1 and J.R. 
Stellar. Departments o f  Psychology and Physical Therapy1, Northeastern 
University, Boston, MA 02115.

Brain dopamine (D A ) has been shown to play a key role as a 
neurotransmitter involved in the regulation o f  a variety o f  mammalian behaviors 
ranging from simple motor function to the more com plex processes o f  reward 
motivation. Adult lesions o f  DA transmission in rats produce severe behavioral 
deficits such as akinesia, catalepsy, somatosensory neglect, ingestive deficits and 
reduced or blocked reward effects o f  food, brain stimulation, and cocaine self  
administration. Paradoxically, when similar lesions are made in neonatal rats (3 
days o f  age) with 6-hydroxydopamine (6-OH DA ), comparable behavioral deficits 
are not seen in either infancy or adulthood.

In normal rats, the DA projections from the ventral tegmental area 
(V TA) to the nucleus accumbens (N A c) core and shell are essential for mediating 
behavioral functions such as lateral hypothalamic se lf stimulation (LHSS). 
However, in adult rats that were neonatally 6-OHDA lesioned, this pathway is 
largely destroyed without any impairment to behavioral functions suggesting that 
a reorganization o f  DA projections from the VTA to the N A c may spare 
neonatally DA depleted rats o f  such behavioral deficits.

In lesioned rats, a projection from the caudal linear nucleus (CLi) may be 
responsible for the supply o f  dopamine contributing to the normal function o f  
behavior. Retrograde tracer studies using distinct dye injections into the N A c  
core and shell (different labels) has determined this anatomical connection and 
further immunocytochemistry shows the plasticity o f  DA projections in the CLi o f  
lesioned animals. (Supported by University funds to RS and JS.)

565.6

INTRA-NUCLEUS ACCUM BENS D 1 & D2 AGONIST  
EFFECTS ON FIXED INTERVAL SCHEDULE-CONTROLLED  
BEHAVIOR. M. Thiruchelvam, D.A. Cory-Slechta* and C. Zuch. 
Department o f Neurobiology & Anatomy, University o f Rochester 
School o f Medicine and Dentistry, Rochester, N Y  14642.

Nucleus accumbens (NAC) dopamine (DA) plays a critical role in 
modulating fixed interval (FI) schedule-controlled behavior (Cory-Slechta 
et al., in press). Intra-NAC administration of DA increases overall FI 
response rates in most subjects, but decreases rates in a small subset. Rate 
increases produced by DA derived from decreased postreinforcement 
pause times (PRP), since mean interresponse times (IRT) actually 
increased. Rate decreases produced by DA were the result of increased PRP 
and mean IRT times. To further elucidate the mechanism of DA mediation 
of FI performance, the role of D1 and D2 DA receptors was investigated. 
Once behavior of rats working on a FI-1 minute schedule of reinforcement 
had stabilized, effects on this performance of bilateral intra-NAC 
microinjections of the D1 agonist SKF 38393 (0.25,0.5,1 & 2.5 ug/side), 
the D2 agonist quinpirole (QUIN) (0.05,0.1,1,5,10 ug/side) or saline (all in 
a volume of 0.25 ul/side) were determined. Similarly to DA, most rats 
exhibited increases in FI rates (n=6) while a small subset evidenced 
decreases (n=3) following both QUIN and SKF38393 administration. Thus 
data were analyzed separately for these subgroups based on maximal 
change observed across doses. In rats exhibiting significant increases in FI 
overall rates, both QUIN and SKF38393 marginally decreased PRP and 
increased mean IRT values. Decreases in FI rates produced by QUIN 
resulted from significant increases in PRP and mean IRT values, while 
SKF38393 rate decreases derived primarily from increased mean IRTs. 
These data indicate that neither QUIN nor SKF 38393 alone can fully 
account for DA effects on FI performance, suggesting that the DA 
mediated response may require an interaction between D1 and D2 
receptors. ES05017, ES05903 and ES01247.

565.8

A RODENT MODEL OF OCCUPATIONAL Pb EXPOSURE: ALTERATIONS IN 
BEHAVIOR A N D  THE DOPAM INE SYSTEM . B.J. Brocket1*, J.J. Walter1, E.K. 
Richfield2, and D .A . Cory-Slechta1. 1Dept. o f  Neurobiology and Anatomy and 2Dept. 
of Neurology, Univ. Rochester Sch. Med. and Dent., Rochester, N Y  14642.

Although clinical studies have shown that occupational lead (Pb) exposure is related 
to behavioral deficits, few animal models o f occupational exposures have been used to 
examine these behavioral changes and the underlying neurochemical mechanisms. This 
study was designed to develop a rodent model o f occupational exposure by exposing  
rats to 0, 1000 or 2000 ppm Pb acetate in drinking water beginning at 9 m o f  age and 
continuing for the duration of the study. After 4 months of Pb exposure, rats were 
trained on a multiple fixed ratio (FR) fixed interval (FI) reinforcement schedule. Pb 
exposure showed a dose-dependent trend to increase run rates and decrease post- 
reinforcement pause (PRP) time in the FI component. Run rate during the FR  
component was higher in the 1000 ppm group. Follow ing 25 days o f stable multiple 
FR FI baseline (approximately 8 months o f exposure) rats were tested for differences 
in locomotor activity; both Pb concentrations increased locomotor activity particularly 
in the beginning o f the session. After the behavioral experiments, changes in 
dopamine (DA) D 1-like, D 2-like binding sites and D A  transporter (DAT) were 
measured autoradiographically in caudate-putamen, nucleus accumbens, and frontal 
cortex. Pb exposure was related to increased D1 and D2 binding in the caudate- 
putamen. D 1 binding was increased in the frontal cortex but only by the 1000 ppm 
concentration. These findings suggest that occupational exposure could potentially 
produce cognitive deficits. Unlike low-level postweaning exposures which specifically 
alter the m esolim bic D A  system, this higher adult exposure protocol is associated 
with alterations in the nigrostriatal DA system . This model could be used to 
investigate occupational Pb exposure as a risk factor for neurological disorders such as 
Parkinson’s Disease. Supported by ES05017, ES05903, ES01247.
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565.9
STR IA TA L N EU R O N A L ACTIVITY A N D  R ESPON SIVITY TO DOPAM INE  
A N D  GLUTAM ATE AFTER PHARM ACOLOGICAL BLOCKADE OF D 1 A N D  
D2 RECEPTORS. G .V . Rebec* and E .A .K iyatkin, Program in Neural Science, Dept. 
Psychology, Indiana University, Bloom ington, IN 47405

Although dopamine (D A ) is continuously released in the striatum, the role o f  tonic 
D A  release in regulating striatal neuronal activity and afferent responsivity remains 
unclear. To assess this role, single-unit recording was com bined with ionto-phoresis 
in awake, unrestrained rats. W e exam ined the activity and responsivity o f dorsal and 
ventral striatal neurons to D A  and glutamate (GLU) after system ic administration o f  
selective D A  receptor blockers (D 1 - SC H -23390 0.2 m g/kg, D 2 - eticlopride 0.2  
m g/kg, and their com bination). Both D A  antagonists had similar inhibiting effects 
on behavior, but they induced opposite changes in neuronal activity. After injection 
o f  SCH-23390, most units discharged at higher rates compared to the drug-naive state 
and were insensitive to DA. These cells also had more pronounced movement-related 
and GLU-induced excitations. The latter were characterized by a decrease in threshold, 
an increase in magnitude, and more frequent depolarization inactivation. Compared to 
SCH, eticlopride had a weaker and opposite effect on spontaneous unit activity and 
was com pletely ineffective in blocking DA-induced neuronal inhibitions. Although 
GLU excited striatal neurons after eticlopride, the response magnitude was lower, 
post-excitatory inhibitions were more pronounced, and depolarization inactivation 
was more frequent com pared to the drug-naive state. The SC H -eticlopride  
com bination increased im pulse activity and blocked responses to D A , but these 
effects were less pronounced compared to SCH alone and GLU responses were similar 
to those seen after eticlopride. Our data support the view  that tonically released DA  
acting via D1 receptors provides an inhibitory (restraining) action on both striatal 
neuronal activity and responsivity to GLU-mediated excitatory inputs. These results 
also help clarify the role o f  D 2 receptors, which are presumably localized on D A  and 
GLU terminals and may modulate D A  and GLU release within the striatum.

Supported by NIDA (DA02451 and D A 00335).

565.11

BRAIN DOPAMINE AND INSTRUMENTAL BEHAVIOR: ACCUMBENS 
DOPAMINE DEPLETIONS AFFECT TIME-CONSTRAINED PROGRESSIVE 
RATIO RESPONDING FOR FOOD REINFORCEMENT. K. Nowend*, S. Hamill, 
J. Trevitt, J. Aberman, J.D. Salamone. Dept. of Psychology, University of 
Connecticut, Storrs, CT USA 06269-1020.

Previous research demonstrated that accumbens dopamine (DA) depletions could 
suppress progressive ratio (PR) responding for food reinforcement. In that study, 
a time-constrained (30 min) session was used, and DA depletions suppressed 
response rate substantially, but only transiently affected time to complete the last 
ratio. In these previous studies, time to complete the last ratio was used as a measure 
of "breaking", i.e., the cessation of responding towards the end of the session. In 
the present study, two different PR progressions were investigated: PR1 had an 
increment of 1 response per ratio, while the PR5 schedule had an increment of 5 
responses. For both schedules, a 60 min session time was used. Although overall 
response rate on a continuous reinforcement schedule was not substantially affected 
by accumbens DA depletion, PR1 and PR5 responding was significantly reduced. 
Baseline rates of responding on the two PR schedules were roughly similar, and the 
degree of suppression resulting from DA depletion was about the same on both PR 
schedules. On the PR1 schedule, there was a persistent response rate deficit, 
although time to complete the last ratio was only suppressed over the first few days 
of testing (days 3-6 after surgery). With the PR5 schedule, there was more 
variability on the recovery of the time-to-completion measure; some animals 
recovered rapidly, while other animals showed persistent deficits in time to complete 
the last ratio.
(Research supported by a grant to J.S. from the NSF)

565.13

EFFECTS OF D2 R ECEPTO R A N T A G O N IST VS DA A G O N IST 
ON SEN SO RY  R E SPO N SIV E N E SS TO A U D ITO R Y  STIM ULI. 
S .M. Pitts*, and J.C. H orvitz , Dept. Psychology. Beh. N euroscience 
Lab., Colum bia U niversity. N Y , N Y  10027.

Electrophysiological and m icrodialysis studies have shown 
that dopam ine (DA) neurons respond to aversive and novel stim uli as 
well as rew ard events. We suggest that DA may play a functional 
role in prom oting sensory responsiveness. We investigated the direct 
effects o f  DA m anipulations on sensory responsiveness with the D2 
receptor blocker raclopride and the DA agonist am phetam ine. M ale 
albino Sprague-D aw ley rats w ere perm itted to freely consum e 
palatable 45 mg food pellets, w ith the tim e o f  each pellet 
consum ption recorded by com puter. Every 7th pellet rem oval 
triggered the delivery o f  an 8 sec 8Odb tone w hich was presented as a 
potential distractor to the feeding task. The tone had no further 
consequences and rats could resum e feeding at any time. In order to 
counteract any possible m otor reductions or elevations caused by DA 
m anipulations, the paradigm  w as designed to require no overt 
instrum ental response and, furtherm ore, predicts m ore behavioral 
output under conditions o f  reduced sensory responsiveness. The 
results dem onstrate a m odulatory role o f  DA transm ission on sensory 
responsiveness, under a paradigm  free o f  m otoric and motivational 
confounds. Supported by C olum bia U niversity.

565.10
BRAIN DOPAMINE AND INSTRUMENTAL BEHAVIOR: SUBSTANTIA NIGRA 
PARS RETICULATA IS THE MOST POTENT SITE FOR SUPPRESSION OF 
LEVER PRESSING BY SCH 23390. J.T. Trevitt*, B. Carlson, K. Nowend, and 
J.D. Salamone. Depts. of Psychology and Pharmaceutical Sciences, U. of 
Connecticut, Storrs, CT 06269-1020.

The D1 antagonist SCH 23390 is a very potent substance for suppression of 
instrumental lever pressing. Although it is common to think of the effects of DA 
antagonism in terms of actions on nucleus accumbens or neostriatum, it should be 
recognized that substantia nigra pars reticulata (SNr) also has a high concentration 
of D1 receptors. These receptors are largely localized on the terminals of GABA- 
ergic stri atonigral neurons. Thus, it is possible that D1 antagonists could be having 
behavioral effects by actions on SNr D1 receptors. Rats were trained on the fixed 
ratio 5 schedule, and were implanted with cannulae either in the nucleus accumbens, 
ventrolateral striatum, SNr, or control sites dorsal to striatum or substantia nigra. 
Different rats in each group received injections of either tartaric acid vehicle, or 
various doses of SCH 23390 (0.25-2.0 µg/side, 0.5 µl total volume). The least 
potent sites were the two dorsal control sites. Injections of higher doses of SCH 
23390 into nucleus accumbens or ventrolateral striatum suppressed lever pressing 
substantially. Of all the distinct brain areas tested, the SNr placement was the most 
potent site, with substantial suppression of lever pressing occurring at relatively low 
doses (e.g., 0.5 µg). Thus, D1 antagonists appear to suppress lever pressing through 
actions on multiple and distinct brain areas; injections into forebrain dopamine 
terminal regions and the substantia nigra pars reticulata were highly effective. It is 
possible that some of the behavioral effects of SCH 23390 result from a D1-mediated 
modulation of GABA release from striatonigral neurons.
(Research supported by a grant to J.S. from NSF)

565.12
BRAIN DOPAMINE AND INSTRUMENT AL BEHAVIOR: RATE DEPENDENCY 
OF THE RESPONSE SUPPRESSING EFFECTS OF ACCUMBENS DOPAMINE 
DEPLETIONS ON VARIOUS OPERANT SCHEDULES. J.D. Salamone*. Dept. 
of Psychology, University of Connecticut, Storrs, CT USA 06269-1020

It has been suggested that accumbens dopamine (DA) is involved in the process 
of enabling organisms to expend energy in various situations, including foraging, 
maze running, and lever pressing. Although accumbens DA depletions impair 
stimulant self-administration, the effects of these depletions on various food- 
reinforced schedules are highly variable. Accumbens DA depletions have little or 
no effect on the simplest schedule of food reinforcement, i.e., the fixed ratio 1. In 
addition, it has been clearly shown that the effects of accumbens DA depletions do 
not resemble the effects of extinction or pre-feeding to reduce food motivation. Over 
the last several years, our laboratory has investigated the effects of accumbens DA 
depletions on several schedules, including fixed ratio 1, variable interval 30 sec., 
fixed interval 30 sec, progressive ratio, and fixed ratio 4, 5, 16 and 64. These 
schedules generate very different rates of responding, ranging from 300-3000 
responses per 30 min. Regression analyses of all these studies indicates a significant 
linear relation between control rates of responding and the degree of suppression of 
responding produced by accumbens DA depletions. Schedules that generate relatively 
low response rates, such as fixed ratio 1 or variable interval 30 sec, are not affected 
by accumbens DA depletions, yet schedules that generate high response rates (e.g., 
fixed ratio 64) are severely disrupted. Pre-feeding and extinction show different 
patterns as a function of response rate. These results suggest that accumbens DA 
depletions do not blunt the reinforcing effects of food, but do suppress responding 
in a rate-dependent manner. It is possible that accumbens DA depletions produce 
subtle motor deficits, reduce energy expenditure, suppress behavioral activation, or 
alter the ability of rats to emit very short interresponse times (i.e., fast responses). 
(Research supported by a grant to J.S. from the NSF)

Society for Neuroscience, Volume 2 4 ,1998



1438 NEUROPEPTIDES AND BEHAVIOR II TUESDAY PM

566.1

ROLE OF OXYTOCIN GENE IN BEHAVIORAL RESPONSES TO 
STRESS. D.W. Pfaff1 *, K. Galindo1, S. Larcher1, C. Luedke2, L. Muglia3, 
S. Ogawa1 1:Lab. Neurobiol. & Behav.,The Rockefeller Univ., New York, 
NY10021, 2:Div. Endocrin., Children's Hospital, Boston, MA 02115,3: Dept. 
Peds., Washington Univ. School of Med., St. Louis, MO 63110

Effects of stress on parental behavior and anxiety were tested in 
homozyogygous oxytocin deficient (KO) mice and their wild-type (WT) and 
heterozygous (HZ) littermates. In Exp. 1, female mice were tested for parental 
behavior toward three newborn pups for 30min either in a home cage (HC) or 
a neutral cage (NC). In both tests, more WT mice showed a maternal 
crouching behavior compared to KO or HZ mice. HZ mice also showed 
infanticide (36% in HC and 54% in NC) whereas no KO and only one WT 
mouse did so in NC. In Exp. 2, effects of 1h restraint stress on parental 
behavior in HC were tested in both sexes. Overall, parental behaviors were 
severely affected by stress in male mice (p< 0.05) but not in female mice (ns). 
Male parental behaviors (number of pups retrieved, latency to retrieve the first 
or all three pups) were not different between genotypes without stress, but 
greatly reduced in both KO (p<0.05 vs WT) and HZ, but not in WT, mice 
after stress. No KO and only one HZ retrieved pups whereas WT mice 
showed similar levels of retrieving behavior regardless of stress. In females, 
only HZ, but not KO and WT, mice tended to show a slightly reduced pup- 
retrieving behavior after stress. In the light/dark transition tests (10min), male 
KO mice showed significantly higher anxiety (less active and spent less time 
in the light chamber) compared to WT mice whereas female KO mice were 
not different from WT females. After 1h restraint stress, activity in the light 
chamber was reduced in both sexes of KO, but not WT, mice. None of the KO 
mice emerged to the light chamber during the first 1min of the tests after 
stress. Finally, Immunostaining of oxytocin (cell bodies and fibers) was found 
to be completely abolished in KO mice but also reduced in HZ mice 
compared to WT mice. These data suggest that oxytocin may regulate certain 
behavioral responses in stressful situations. (NIMH 38273 to DWP.)

566.3
T H E  L O N G -T E R M  E F F E C T S O F  R E P E A T E D  IN T R A V E N O U S  CCK-4 
A D M IN IST R A T IO N : R E D U C E D  A N X IE T Y  I N  T H E  E L E V A T E D  PLUS- 
M A ZE . D.E.A. Bush1*, G.R. W underlich1, B .E. A llen1, and F.J. Vaccarino1,2. 
Depts. o f Psychology1 and Psychiatry2, and Clarke Institute o f  Psychiatry2, University 
o f Toronto, Toronto, ON, M 5S 3G3, Canada.

Cholecystokinin (CCK), a naturally occurring neuropeptide, has been reported to 
induce panic attacks in humans follow ing intravenous (iv) administration. Animal 
research has extended these findings by show ing that systemic, 
intracerebroventricular, and intra-amygdaloid injections o f  CCKB receptor agonists 
induce anxiety-like behavioral responses in both primates and rodents.

Substantial evidence has also accumulated to suggest that repeated presentations 
o f a stressor produce stable and enduring behavioral effects upon subsequent stress 
exposure. Given the acute anxiogenic effects o f  CCKB receptor activation, the present 
study was designed to test the extent to which repeated iv CCK-4 administration 
affects subsequent anxiety-related behavior. The acoustic startle response (ASR) and 
the elevated plus-m aze (EPM ) paradigms were em ployed to this end.

Male Wistar rats were surgically implanted with indw elling iv catheters. 
Follow ing recovery, anim als were assigned to one o f  two drug conditions such that 
pre-treatment startle responses were matched across groups. Drug treatment 
consisted o f  three daily iv CCK-4 infusions (0 or 10 µg/m l/kg) for five consecutive 
days. Ten days follow ing the final CCK-4 infusion, drug-free behavior was measured 
using both the EPM and ASR paradigms.

Results indicated that the repeated administration o f  iv CCK-4 produced a 
significant attenuation o f  anxiety-like behavior in the EPM, and a trend towards a 
similar effect in the ASR paradigm. These results introduce the possibility that 
repeated CCKB activation may lead to a compensatory long-term attenuation o f CCK- 
mediated anxiety responses. The neuroanatomical basis for repeated CCK-induced 
anxiety desensitization is presently under investigation.

Supported by a M edical Research Council o f Canada Group Grant to FJV.

566.5

PA R T IC IPA T IO N  O F G A B A A R E C E PT O R S IN T H E M O D U LA TIO N  OF  
E X P E R IM E N T A L  A N X IE T Y  B Y  N E U R O K IN IN  A G O N ISTS AND  
A N T A G O N IST S IN M IC E. R .L. R ibeiro , T .C .M . De L im a* D e p t  
Pharm acology, C C B , U FSC , Florianópolis, SC , 8 8 0 15-420, B razil.

The participation o f neurokinin receptors in the modulation o f experimental and 
clinical anxiety have been investigated in  the last years. Teixeira e t  a l . (Eur. J. 
Pharmacol.3 11:7-14, 1996) have demonstrated that activation o f N K 1 and NK2 
receptors promote anxiogenic-like effects whereas the inhibition o f  these receptors 
promote anxiolytic-like effects in the elevated plus-m aze test. On the other hand, the 
NK3 receptor shows a reverse profile (Ribeiro e t  a l , Neuropeptides, 1998). 
Moreover, G ABAergic system is undoubtedly involved in the modulation o f anxiety. 
The aim o f  this study was to evaluate the interrelationship between neurokinergic 
and G ABAergic systems in the modulation o f experimental anxiety. Adult female 
m ice were divided in two groups: the first was acutely treated with NaCl (0.9% i.p ), 
DZP (0.5 mg/kg. i.p.) or PTZ (20 mg/kg, i.p.) and. 15 min later. they received by 
i.c.v. route PBS, substance P (SP), neurokinin A (NKA), N K 1 and NK2 agonists, or 
Trp-7. a NK3 antagonist, respectively (DZP group) or PBS, FK888, SR48968, NK1 
and NK2 antagonists or senktide (SENK), NK3 agonist, respectively (PTZ group). 
The other group was chronically treated with DZP (0.5. 0.75 and 1.0 m g/kg for 28 
days) or NaCl 0.9%  i.p. (control group). At the end o f chronic treatment (test day), 
the anim als received DZP i.p or i.c.v. immediately before they were submitted to the 
elevated plus-m aze. Our results show that the acute treatment with DZP can prevent 
the anxiogenic-like effects induced by either SP or Trp-7. At the end o f the chronic 
treatment, both i.p. and i.c.v. DZP administration seem to revert the anxiogenic-like 
behaviour caused by DZP withdrawal . Our results suggest that in the acute treatment 
there is an unequivocal interrelationship between the GABAergic and the 
neurokinergic systems in the modulation o f  the experimental anxiety in mice. 
Contrariwise, in the DZP withdrawal-induced anxiety paradigm this 
interrelationship between both systems are not clear yet. Supported: CAPES/CNPq

566.2

POMC PEPTIDE ACTIVITY IN SELF-INJURIOUS A N D  AGITATED  
BEHAVIORS. A. Chicz-DeM et1*, L. Ang1, J. Ly1, O. Castellanos1, P .E. 
Touchette2, C A. Sandman1. 1Dept Psychiatry and Human Behavior, UC 
Irvine; 2Dept. Pediatrics, UC Irvine; Irvine, CA 92697.

Self-injurious behavior (SIB) and agitation behavior (A B) often co-exist 
and are problematic treatment issues among children and adults with neuro- 
developmental disabilities. Recent studies have reported that the 
endogenous opiate system, specifically beta-endorphin (BE), is disrupted 
in SIB. The present study examines baseline opiate and hypothalamic- 
pituitary-adrenal (HPA) axis function by measuring morning (peak 8am) 
and evening (nadir 4pm) BE, ACTH, and cortisol plasma levels in 40 
insitutionalized adults (ages 20-69 years) divided into four groups: nonSIB 
nonAB control (N=10), SIB (N = 12), SIBAB (N = 10), and AB (N=8). The 
highest morning and evening BE, ACTH, and cortisol levels were found in 
the AB group. Plasma morning BE (pooled t= -2 .10, p=0.05, df=T6) and 
evening BE (pooled t = -2.25. p<0.05, d f=14) levels were significantly 
higher for the AB group compared to the SIBAB group. Cortisol 
concentrations were higher (39-47%) in the morning than in the evening for 
all groups, but were not significantly different at either sampling. Morning 
and evening BE and ACTH levels covaried significantly for all groups 
except for the morning sample in the SIBAB group. These results establish 
a profile o f  opiate variation in SIB, SIBAB, and AB which may differentiate 
neuroendocrine responses to opiate blocker treatment in SIB 
Supported by Grants NICHD #H D 31571 and MRRC NICHD #H D 28202

566.4
EFFEC TS O F C C K A R E C E P T O R  A N T A G O N ISM  O N E X PLO R A TO R Y  
L O C O M O T O R  A C T IV IT Y  IN A N IM A L S SEN SIT IZE D  TO 
A M PH E T A M IN E. G.R. Wunderlich1* and F.J. Vaccarino1,2. Depts. o f Psychology1 
and Psychiatry2, and Clarke Institute o f  Psychiatry2, University o f Toronto, Toronto, 
ON, M 5S 3G3, Canada.

Numerous lines o f evidence suggest that dopam ine (D A ) release in the nucleus 
accumbens (N Acc) is a critical substrate for locomotor activation. D Aergic neurons 
originating within the ventral tegmental area have been shown to co-localize the 
neuropeptide cholecystokinin (CCK) in approximately 40%  o f  the DAergic perikarya 
projecting to the NAcc. Exogenous stimulation o f  CCKA receptors within the NAcc is 
known to potentiate D A  release and DA-m ediated behaviors. However, it has been 
demonstrated that CCKA receptor antagonism is without effect on baseline-, dark- 
cycle-, or acute amphetamine- (AMPH) induced locomotion.

Chronic treatment with AMPH produces an augmentation in the behavioral and 
neurochemical response to subsequent AM PH treatment. W e have recently shown 
that in anim als sensitized to AMPH, both systemic and intra-NAcc CCKA receptor 
antagonism dose-dependently decreases the locomotor response to subsequent AMPH 
challenge. The present study exam ined whether this upregulated CCK system in 
sensitized animals also mediates motivated behaviors not induced by psychostimulant 
challenge. Animals were injected with AM PH (1.5 m g/kg, i.p.) once per day for 
seven days in their home cage. Following a 10 day withdrawal, anim als were injected 
with the CCKA antagonist devazepide (0, 0.01, 0 .1 or 1.0 mg/kg, i.p.) and 30 minutes 
later placed in novel locomotor boxes. Exploratory locomotor activity was monitored 
for the ensuing 60 minutes.

Results indicated that in anim als sensitized to AM PH, devazepide significantly 
attenuated exploratory locomotor activity. These findings are consistent with previous 
results suggesting that chronic stimulant treatment results in an upregulation o f CCK 
systems, and provides further support for the notion that repeated stimulant treatment 
augments the contribution o f endogenous CCK to m esolim bic DA-mediated 
behaviors.

Supported by a Medical Research Council o f Canada Grant to FJV

566.6

THYROID STATUS DIFFERENTIALLY AFFECTS BEHAVIOR OF THE 
DEPRESSION-PRONE WISTAR KYOTO RAT. W,P. Pare, L. Solbere, F. 
Aird*, E.E. Redei. VA Medical Center, Perry Point, MD 21902: Dept. of 
Neurobiology and Physiology, Northwestern Univ.; Dept. of Psychiatry and 
Behavioral Science, Northwestern Univ. Med. School, Chicago, IL 60611.

The Wistar Kyoto (WKY) rat show hyper-responsiveness to stress, 
dysregulation of the hypothalamic-pituitary-thyroid axis and depressive and 
anxious behavior in classic behavioral paradigms. In this study, adult male 
WKY and Wistar rats were made hypo (propyl-thiouracil, PTU, 21 days)- and 
hyperthyroid (thyroxine, T4, 21 days) followed by open field test (OFT) and 
Porsolt forced swim test (FST) behavioral measures. The control “euthyroid” 
WKY rats had significantly higher T3 levels than the Wistars. Hypothyroid 
WKYs had significantly higher plasma TSH than hypothyroid Wistars, and 
WKYs, but not Wistars, showed significantly decreased climbing in the FST 
and increased response latency in OFT in response to PTU treatment. 
Unexpectedly, T4 treatment had no behavioral effect in WKYs, while it 
significantly increased immobility in the FST and decreased response latency 
in the OFT of Wistars. These results suggest that thyroid hormonal milieu 
differentially affects depressive (FST) and exploratory/anxious behavior 
(OFT) in WKYs and Wistars. Furthermore, the endogenously depressed 
WKYs are behaviorally sensitive to becoming hypothyroid, while the control 
Wistars are behaviorally reactive to become hyperthyroid.

Supported by Layton Bioscience Inc.
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566.7
A N T I-D E P R E S S A N T  B E H A V IO R A L  R E S P O N S E S  TO C EN TRA L A D M IN I
S T R A T IO N  O F P R E P R O T H Y R O T R O P IN -R E L E A S IN G  H O R M O N E -( 1 7 8 - 1 9 9 )  
AND - ( 1 9 1 - 1 9 9 )  IN  TH E R A T . M . A . O r g a n ,  L . Z h o u  a n d  E . R e d e i * . 
T h e  A s h e r  C e n t e r ,  D e p a r t m e n t  o f  P s y c h i a t r y  a n d  B e h a v i o r a l  
S c i e n c e s ,  N o r t h w e s t e r n  U n i v .  M e d .  S c h . ,  C h i c a g o ,  I I  6 0 6 1 1 .

R e c e n t  b e h a v i o r a l  s t u d i e s  i n d i c a t e  t h a t  p r e p r o - T R H ( 1 7 8 - 1 9 9 )  
f u n c t i o n s  a s  a n  e n d o g e n o u s  a n t i - s t r e s s  n e u r o p e p t i d e  i n  t h e  
b r a i n .  T h i s  e v i d e n c e  i s  b a s e d  o n  a n x i o l y t i c - l i k e  b e h 
a v i o r a l  r e s p o n s e s  a f t e r  i n t r a c e r e b r o v e n t r i c u l a r  ( I C V )  
a d m i n i s t r a t i o n  i n  r a t s .  We r e p o r t  h e r e  t h a t  2 . 3  n m o l / k g  
o f  p r e p r o - T R H ( 1 7 8 - 1 9 9 )  a d m i n i s t e r e d  i n  t h e  l a t e r a l  
v e n t r i c l e  t w i c e  b e t w e e n  t h e  p r e t e s t  a n d  t e s t  ( 5  m i n u t e s  
b e f o r e  t e s t i n g )  s i g n i f i c a n t l y  d e c r e a s e d  i m m o b i l i t y  i n  t h e  
F o r c e d  S w im  T e s t  ( F S T )  i n  t w o  s t r a i n s  o f  r a t  ( F i s c h e r  3 4 4  
x  B r o w n  N o r w a y  a n d  S p r a g u e  D a w l e y ) , a s  c o m p a r e d  t o  v e h i c l e  
c o n t r o l s .  T h e  C - t e r m i n a l ,  p r e p r o - T R H ( 1 9 1 - 1 9 9 ) , w h i c h  w a s  
f o u n d  t o  b e  m o r e  e f f i c a c i o u s  t h a n  t h e  f u l l - l e n g t h  p e p t i d e  
i n  v i t r o ,  w a s  s i m i l a r l y  e f f e c t i v e  i n  d e c r e a s i n g  i m m o b i l i t y  
i n  t h e  F S T .  I n  t h e  O p e n  F i e l d  T e s t ,  a l l  p a r a m e t e r s  
m e a s u r e d  t h a t  a r e  i n d i c a t o r s  f o r  a n t i - d e p r e s s i v e  b e h a v i o r  
—  a m b u l a t i o n ,  t i m e  s p e n t  a m b u l a t i n g ,  g r o o m i n g  t i m e ,  r e a r -  
i n g s ,  a n d  c e n t e r  c r o s s e s  —  w e r e  s i g n i f i c a n t l y  a f f e c t e d  
b y  p r e p r o - T R H 1 9 1 - 1 9 9 )  a d m i n i s t e r e d  I CV 5 m i n u t e s  b e f o r e  
t e s t i n g .  N o e f f e c t  o f  t h e  r a t  s t r a i n  w a s  f o u n d .  T h e s e  
r e s u l t s  s u g g e s t  t h a t  p r e p r o - T R H ( 1 7 8 - 1 9 9 )  a n d  p r e p r o - T R H -  
( 1 9 1 - 1 9 9 )  m a y  h a v e  c l i n i c a l  a n t i d e p r e s s a n t  e f f i c a c y .

S u p p o r t e d  b y  L a y t o n  B i o s c i e n c e  I n c .

566.9

Microinjection of Luteinizing Hormone-Releasing Hormone (LHRH) within the Medial 
Preoptic Nucleus (MPN) Stimulates Lordosis in the Dihydrotestosterone-Treated 
Female and Male Rat. P.C. Butler, R.H. Mills, M A  Malstrom, P. Olson, S. Garrard, P. 
Wong, R. Hill, G.J. Bloch* Dept. of Psychology, BYU, Provo, UT 84602 

5α-dihydrotestosterone (DHT) is a known potent inhibitor of lordosis in EB primed 
female rats, and we recently reported the same for male rats (Bloch et al. Neurosci 22, 
'96). Since LHRH facilitates lordosis behavior in female rats when microinjected into the 
MPN (Moss et al, Neuroendocrinology 20 ,'76), we investigated whether LHRH modifies 
the effects of DHT. Adult gonadectomized female and male rats were implanted with 
blank (BK) and DHT-filled Silastic capsules, and were given site-specific microinjections 
of 100ng LHRH or Saline (vehicle) into the MPN. Behavioral tests for lordosis were 
administered once a week in EB primed rats 1.5 hours after microinjection. We used the 
General Estimating Equations (GEE) method to account for the correlations inherent to 
weekly measurement of lordosis and the binomial nature of lordosis scores. As 
expected, LQ scores were lower in control (saline-microinjected) females treated with 
DHT than with no DHT (BK) and higher in BK-treated females microinjected with LHRH 
than with saline: Z's=-4.83 and 4.42, p's<0.0001; the same result was obtained in males: 
Z's=-3.32 and 6.15, p's<0.001. LQ scores remained low across sessions in DHT-treated 
saline controls while they rose in saline animals that received no DHT (Z's=-3.53 and - 
2.67, Steroid x Week interaction, p's<0.0001 and <0.01 for females and males). LHRH 
microinjected into the MPN dramatically increased LQ scores in DHT-treated animals 
(Z's=8.53 and 7.00 for females and males, p's<0.0001); any significant difference 
between BK- and DHT-treated rats was eliminated by LHRH (Z's=-1.25 and 0.25, 
p's=0.21 and 0.80 for females and males. These results differ from those of Erskine 
(Physiol. Behav. 45, ‘89), who observed no effect of LHRH injected into the lateral 
ventricle of DHT-treated females. Supported by HD 27334.

566.11

DIFFERENCES IN NEUROPEPTIDE Y IN DISCRETE BRAIN  
NUCLEI INCLUDING THE CENTRAL NUCLEUS OF THE 
AMYGDALA BETWEEN RATS SELECTIVELY BRED FOR HIGH 
AND LOW ALCOHOL PREFERENCE. Bang H. H w ang*, J.-K. 
Zhang, L . Lumeng and T.-K Li . Depts. o f  Anatomy and Medicine, 
Indiana Univ. Sch., o f Med., Indianapolis, IN 46202.

Neuropeptide Y (NPY) has been considered to be an endogenous 
anxiolytic mediator. This study examined if NPY in the brain is 
associated with voluntary alcohol consumption in rats selectively bred 
for high alcohol preference. Alcohol-preferring (P) and high alcohol- 
drinking (HAD) rats are selectively bred from different foundation 
stocks for high alcohol intake, along with opposing alcohol- 
nonpreferring (NP) and low  alcohol-drinking (LAD) rats bred for low  
alcohol intake. The NPY content was detected as NPY immuno
reactivity with a radioimmunohistochemical assay and measured using a 
computer-assisted densitometer system in discrete brain structures 
including the central nucleus o f  the amygdala (C eA ), paraventricular 
hypothalamic nucleus (PVN) and arcuate nucleus (ARC). Quantitative 
data indicated that there is more NPY content in the PV N  and ARC in P 
rats (n=5) than NP rats (n=5, p<0.01). In contrast, the NPY content in 
the CeA is less in P rats than N P rats (p<0.05). However, the NPY 
content in the PVN and ARC is less in the HAD rats (n=5) than LAD 
rats (n=5, p<0.01). The NPY content in the CeA is also less in HAD 
rats than LAD rats (p<0.01). Collectively, data indicated a consistent 
difference in NPY content in the CeA o f rats with high alcohol 
preference as compared with those with low  preference. It suggests that 
NPY neurons in the CeA may be associated with alcohol-consuming 
behavior. (Supported by PHS #P50 -A A  07611).

566.8
THE EFFECTS OF NALOXONE ON APPETITIVE AND CONSU MMATORY 
SEXUAL BEHAVIOR IN MALE JAPANESE QUAIL. L . V. Riters*, P. Absil, A. 
Foidart, and J. Balthazart Dept. Psychology, Johns Hopkins Univ., Baltimore, MD 
21218, USA; Lab.Biochemistry, Univ. of Liège B-4020 BELGIUM 

Previous studies in Japanese quail indicate that central administration of the opioid 
antagonist naloxone enhances consummatory sexual behavior (CSB; copulation). 
This effect could be related either to a decrease in sexual satiety or to previously 
documented stimulatory effects of naloxone on GnRH and therefore testosterone (T) 
secretion which could then increase sexual behavior independent of sexual satiety. 
The present studies were performed to investigate these two possibilities and to 
explore for the first time opioid involvement in appetitive aspects of sexual behavior 
(ASB) in male Japanese quail. Castrated male quail chronically treated with T were 
first trained in a two chamber test cage to acquire a social proximity response used to 
measure ASB. In this procedure, males learn to stay close to, and observe through a 
window, a female who is later released and allowed to interact with the male who Can 
then express CSB. (Balthazart et al. 1995. Behav. Neurosci. 109: 485-501). After 8 
training sessions, males were divided into two groups and tested with peripheral 
injections of naloxone ( 1, 10, and 50 mg/kg i.m.) or saline for 4 additional daily 
sessions. Although naloxone was found to produce a marginal increase in CSB this 
effect failed to reach significance. A second series of studies was then performed in 
which naloxone was administered directly into the 3rd ventricle via a cannula (20, 
100, and 500 nmol i.c.v.). Again marginal increases were observed in 
consummatory aspects of sexual behavior which were maintained during the test 
session following naloxone injection, when birds were treated with saline. No 
reliable change in ASB was detected after peripheral or central naloxone injections. It 
effects of naloxone on CSB are related to a change in the reward associated with 
copulation, it might be expected that birds treated with naloxone prior to copulating 
in the test arena would show alterations in the acquisition of the social proximity 
response that only develops after a bird copulates. Therefore, in a third study, birds 
received each day central injections (20 nmol) of naloxone or saline prior to being 
placed in the two chamber test cage for 7 consecutive daily sessions. Naloxone had 
no effect on the development of the social proximity response indicating that 
additional neurotransmitter systems must be involved in the acquisition of this 
response. Overall we found that naloxone did not enhance male quail sexual 
behavior to the extent described by previous repons, suggesting that naloxone effects 
on intact males may reflect enhanced gonadotropin/testicular activity.
Supported by NIMH 50388, AC 93/98-171 to JB and NSF (DBI-9750301) to LVR.

566.10
EFFECT OF INTRACEREBROVENTRICULAR INFUSIONS OF GALANIN OR OF 
GALANIN ANTAGONIST (M40) ON SEXUAL PARTNER PREFERENCE OF 
MALE AND FEMALE FERRETS J.-J. Park* and M.J. Baum . Dept. of Biology, 
Boston University, 5 Cummington St., Boston, MA 02215 

There are approximately two times more galanin immunoreactive (IR) neurons in the 
dorsal preoptic area/anterior hypothalamus (POA/AH) of intact breeding male than 
estrous female ferrets (Park et al., J. Comp. Neurol. 389:277, 1997). Lesions which 
destroyed the dorsal POA/AH, including this sexually dimorphic population of galanin 
neurons, caused male ferrets to switch their sexual partner preference from an estrous 
female to a sexually active stimulus male in a T-maze (Kindon et al., Horm. Behav. 
30:514, 1996). Thus, we hypothesized that exogenous galanin would inhibit the female- 
typical profile whereas the galanin antagonist (M4O) would inhibit the male-typical 
profile of sexual partner preference in ferrets. Gonadectomized, estradiol benzoate- 
treated male and female ferrets were given intracerebroventricular (icv) infusions of 3 
doses of galanin or M4O and were allowed to approach stimulus male or female ferrets 
placed behind wire-mesh barriers in the goal boxes of a T-maze. Although the latency 
of female subjects to approach the preferred, male stimulus animal was significantly 
lengthened by the highest dose (3.2 nmole) of galanin, male and female subjects 
continued to approach heterosexual stimulus animals in more than 75 % of trials. By 
contrast, both female and male subjects approached heterosexual stimulus animals on 
significantly fewer trials after icv infusion of the two highest doses (7.6 or 15.2 nmole) 
of M4O. Subjects’ approach latencies to the preferred stimulus animals were not affected 
by M4O treatment nor was males’ coital performance affected in separate tests with an 
estrous female. Contrary to our hypothesis which was based on the sexually dimorphic 
distribution of galanin-IR neurons in the ferrets’ dorsal POA/AH, our results raise the 
possibility that galanin neurotransmission may facilitate neural reward mechanisms 
which control sexual partner preference in both sexes. (supported by HD21094 and 
MH00392)

566.12

EVIDENCE OF ALTERED HYPOTHALAMIC PRO- 
OPIOMELANOCORTIN/NEUROPEPTIDE Y FUNCTIONS IN 
TU BBY  MICE. H. Y u, L.H.T. Van der Ploeg and X.-M . Guan*. 
Department of Obesity Research, Merck Research Laboratories, 
Rahway, New Jersey 07065
The tubby mouse is characterized by an autosomal recessive 
mutation which results in the development o f maturity-onset obesity 
and sensorineural hearing loss and retinal degeneration. Although 
the tubby mutation which leads to a splicing defect o f the tub gene 
has been identified recently, the mechanism by which it causes the 
obesity syndrome has not been established. In this study, the 
potential dysfunction o f several hypothalamic neuroendocrine 
pathways involved in the central regulation o f energy metabolism  
was investigated in tubby mice. We report the demonstration o f a 
significant reduction (20%) o f pro-opiomelanocortin (POMC) 
expression in the arcuate nucleus (ARC) o f the mature, obese but not 
in the juvenile, non-obese tubby mice. Similarly, an age and body 
mass-dependent induction (about 30-fold) of neuropeptide Y (NPY) 
mRNA was observed in the dorsomedial (DMH) and ventromedial 
(VMH) hypothalamic nuclei o f the tubby mice. On the other hand, 
NPY mRNA in the ARC was decreased in both juvenile and mature 
tubby mice. The hypothalamic expression patterns o f corticotropin 
releasing hormone (CRH) and leptin receptor (OB-Rb) were not 
significantly altered in the mutant mice. These results suggest that 
the altered hypothalamic POMC and/or NPY functions may be 
important etiological factors for the development o f obesity in this 
animal model. Supported by Merck & Co., Inc.
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566.13
C C K -IN D U C E D  FO S E X P R E S S IO N  IN E N T E R IC  N E U R O N S  
PA R A L L E L S  D IS T R IB U T IO N  O F C C K -A R E C E PT O R  
IM M U N O R E A C T IV IT Y . A .I. Say eg h * , J. G rahn and R.C. R itter. 
Department o f VCAPP, and Program in Neuroscience, Washington State 
University, Pullman, WA 99164-6520.

Cholecystokinin (CCK), released by intestinal endocrine cells, triggers a 
variety o f  gastrointestinal reflexes and appears to participate in the control 
o f food intake and gastric em ptying by intestinal nutrient infusions. To 
examine the distribution CCK sensitive enteric neurons in the rat small 
intestine, we examined CCK-A receptor immunoreactivity and neuronal 
Fos expression in small intestinal myenteric and submucosal whole mounts, 
2 h after CCK-8 (1-10 Tg/kg). CCK-A receptor immunoreactivity was 
most dense in fibers and terminals o f  the duodenal myenteric plexus. It was 
moderate in the jejunum  and faint in the ileum. Injection of exogenous 
CCK was associated with a significant increase in the number o f Fos 
im munoreactive nuclei in both m yenteric and submucosal plexuses, at all 
intestinal levels. However, the absolute numbers o f Fos expressing neurons 
in the duodenal myenteric (11.7 ±  4.0/20X field) and submucosal (16.1 ± 
4.2/20X field) plexuses were 3 to 8 times greater than in the jejunum and 
ileum. Thus, CCK -induced Fos im m unoreactivity in the enteric plexuses 
parallels the distribution o f  CCK-A receptor immunoreactivity. A similar 
distribution o f  enteric neuronal Fos also is observed after intestinal oleic 
acid infusion, which releases endogenous CCK. These results are consistent 
with a role for CCK -responsive enteric neurons in reflex and behavioral 
responses to CCK.

**CCK-A receptor antisera was generously provided by the the UCLA 
Antibody Core. This work was supported by NIH grant NS20561 to R.C. 
Ritter.

566.15
SPATIAL LEARNING PERFORM ANCE FOLLOW ING 
GALANIN TREATM ENT DIFFERS ACROSS RAT 
STRAINS. T . C. Gleason and J. N. Crawley*. Section on Behavioral 
Neuropharmacology, ETB, National Institute of Mental Health, Bethesda, MD.

In order to assess the spatial learning ability of rats following galanin 
treatment, several experiments were conducted with different rat strains and 
galanin doses in the Morris water task. Sprague Dawley rats were given 
hidden platform training for 4 trials/day for 4 days, followed by a probe trial.
Rats were administered 2 µl of saline or galanin (1 or 3 nmol) intraventricularly 
(icv) 5 min prior to training each day. Galanin impaired performance on the 
probe trial. Long Evans rats, tested in a similar manner, showed no effects of 
galanin at either dose. Wistar rats were administered 3 µl of saline or galanin 
( 1, 3, or 6 nmol) and then trained over five days with 8 trials/day. A probe trial 
was given after Day 5 training. Galanin impaired performance on the probe trial. 
A visible platform test was administered to naive animals treated with either 
saline or 1 nmol galanin icv. The groups did not differ in performance over 16 
trials. Naive rats treated with either 3 µl of saline or 1 nmol galanin icv were 
also tested in the open field to assess general levels of activity over 30 min. 
Galanin had no effect on levels of horizontal or vertical activity. These results 
provide further support that galanin has an inhibitory action that adversely affects 
performance in a spatial learning task and demonstrate strain differences in 
performing this task. Supported by NIMH Intramural Research Program.

566.17
ENHANCED CORTICAL RELEASE OF CHOLECYSTOKININ IN A NEW 
MODEL OF ANTICIPATORY FEAR. C. Becker, C. Spielewoy, D. Le Bars.
M. Hannon*, F. Cesselin and J.J. Benoliel, INSERM U 288, CHU Pitié 
Salpêírière, 91 Blvd de 1'Hôpital, 75634 Paris cedex 13, France.

Numerous data suggest that cholecystokinin (CCK) plays a role in the 
neurobiological mechanisms of stress and/or anxiety. This hypothesis was 
directly assessed by investigating whether an ethological stress (threat of 
social defeat) can be associated with changes in the activity of cortical 
CCKergic neurons in the rat. A male Sprague-Dawley (SD) rat was placed in a 
protective cage inside the home cage of an aggressive male Tryon Maze Dull 
(TMD) resident rat, allowing unrestricted visual, auditory and olfactory contact 
but precluding close physical contact during 30 min. The protective cage 
was then removed for 15 min, allowing the TMD rat to rapidly (< 30 s) attack 
the SD rat. This procedure was repeated four times once daily. The fifth day, 
a microdialysis guide cannula was implanted into the frontal cortex of SD rat 
in order to measure the local extracellular levels of CCK-like material 
(CCKLM) using a specific radioimmunoassay. Three days later, microdialysis 
was started up and the SD rat was reintroduced for 30 min into its protective 
cage inside the home cage with the TMD rat. This procedure elicited 
ultrasonic vocalization (USV) (26 min), immobility (24 min) and defensive 
posture which were absent in control SD rats subjected to the same protocol 
but without exposure to TMD rats. A marked increase in the extracellular 
cortical levels of CCKLM was observed in defeated SD rats (+80% over 
baseline) as compared to controls. Acute pretreatment with diazepam 
(5 mg/kg i.p.) or chronic treatment with imipramine (16 mg/kg/day orally, for 
3 weeks) reduced the duration of both USV and immobility (~10 and ~11 
min, respectively) and prevented the enhancement of cortical CCKLM 
outflow in defeated SD rats. These data show that cortical CCKergic neurons 
are activated during social stress. Our model should be suitable for both 
investigating the implication of other neuronal systems in anticipatory fear, 
and assessing the potential anxiolytic properties of drugs.

566.14
REDUCED FOS EXPRESSION IN ENTERIC AND HINDBRAIN 
NEURONS OF RATS MAINTAINED ON HIGH FAT DIET 
FOLLOWING INTESTINAL OLEATE INFUSION. M. Covasa*, J. 
Grahn and R.C. Ritter. Department of VCAPP, Washington State 
University, Pullman, WA 99164-6520, USA.

Previously we demonstrated that rats maintained on a high fat diet 
(34%) (HF) reduce their food intake less in response to exogenous 
cholecystokinin than rats maintained on low fat rations (5% fat) (LF). 
Reduced behavioral sensitivity to CCK observed in HF rats is 
accompanied by reduced expression of Fos-like immunoreactivity 
(Fos-li) in the nucleus of the solitary tract (NST), following CCK 
injection. Also, HF rats reduced food intake less than LF rats following 
infusion of intraintestinal oleic acid. To determine whether the change 
in behavioral response to intestinal oleate is accompanied by altered 
vagal sensory and enteric neuronal responsiveness, we examined 
expression of Fos-li in the dorsal hindbrains and the small intestinal 
enteric plexuses o f rats maintained on HF or LF, following 
intraintestinal infusion of oleate (0.03 kcal/ml) or maltotriose (0.26 
kcal/ml). After oleate infusion there were significantly more Fos-li 
neuronal nuclei in the upper small intestinal, but not ileal, submucosal 
and myenteric plexuses of the of LF rats than HF rats. Oleate also 
dramatically increased the number of Fos-li nuclei in the NSTs and 
area postremas of LF rats but not HF rats. In contrast to oleate, 
maltotriose significantly and similarly increased Fos immunoreactive 
nuclei in the hindbrains of both LF and HF rats. We conclude that 
maintenance of rats on high fat diet reduces sensitivity of enteric and 
vagal sensory circuits to intestinal oleate. Reduced neuronal 
sensitivity may account for the reduction in satietogenic potency of 
oleate in rats fed a high fat diet. Supported by PHS grant NS-20561.

566.16
TY R -W -M IF-1-IN D U CED  CO N D ITIO N ED  PLA CE PREFEREN CE 
IN RATS. W. L. N ores1*, R. D. O lson1, G. A. O lson1, A. L . V accarino1, 
R. L. B ell1, J. E. Zadina2, & A. J. K astin1,2. 1U n iv . o f  N ew  Orleans and 
2V A  and Tulane Univ. School o f  M edicine, N ew  Orleans, LA.

Previous studies indicate that the brain peptide, Tyr-Pro-Trp-G ly-N H 2 
(Tyr-W -M IF -1), selectively binds to µ-receptors, and in tests o f 
analgesia, it produces dose-dependent agonistic/antagonistic effects at 
this site. In several studies, µ-agonists produced conditioned place 
preference (CPP), and selective µ-antagonists blocked m orphine CPP. 
Therefore, we hypothesized that i) a high dose o f  Tyr-W -M IF -1 would 
induce CPP, and ii) low  doses o f  Tyr-W -M IF-1 w ould attenuate 
m orphine CPP. In Exp. 1, rats underw ent six 45-m in conditioning trials 
( 1/day), alternating betw een 3 icv saline and 3 icv Tyr-W -M IF-1 (200 
µg/5 µl) pairings, followed 24-hr later by a 15-min preference test. It 
w as found that rats spent significantly m ore tim e in the Tyr-W -M IF-1 - 
paired com partm ent, indicating that Tyr-W -M IF-1 produced CPP. In 
Exp. 2, rats underw ent the sam e CPP procedures as in Exp. 1, except 
they w ere conditioned w ith icv m orphine (10 µg) + Tyr-W -M IF-1 (0, 
25, 50, or 100 µg). Rats spent significantly m ore tim e in the morphine- 
paired com partm ent, and Tyr-W -M IF-1 did not affect m orphine CPP. 
T hese findings suggest that Tyr-W -M IF-1 produces rew arding effects 
sim ilar to other µ-agonists, but that it does not have antagonistic 
properties in the CPP test at these doses.

Supported by the U niv . o f  N ew  O rleans and the VA.

566.18
EFFECT OF FATHER’S PRESENCE ON OFFSPRING’S AGGRESSION AND 
VASOPRESSIN LEVELS IN THE MOUSE P E R O M Y S C U S  C A L I F O R N I C U S .

H. Wallace, C. Meredith, and C.A. Mailer*. Dept. of Psychology, Univ. of 
Wisconsin-Madison, Madison, WI 53706.

P e r o m y s c u s  c a l i f o n ic u s  males display high levels of paternal behavior and 
territorial aggression. An important question is whether paternal behavior 
shapes their offspring’s behavior and if that effect differs depending on the sex of 
the offspring. As a first step we examined the effect of the presence and absence 
of fathers during development on their offspring’s adult behavior. In the 
experimental group the father was removed 3 to 9 days prior to birth of the pups. 
In the control group males were left with the mother and the pups until weaning. 
Once offspring reached adulthood they were tested for aggression levels in a 
resident-intruder paradigm. Removal of the father resulted in a significant 
decrease in resident-intruder aggression in males, but not in females. Size of the 
litter (average number =  1.5) was not significantly correlated with aggression 
levels. There were also no significant effects of presence or absence of the father 
on mass of the adult offspring or anogenital distance. Female aggression, but not 
male aggression, was significantly correlated with the sex ratio of the siblings. 
The more male siblings, the higher the levels of female aggression. One of the 
potential underlying physiological mechanisms for the plasticity in male 
aggression, the neuropeptide vasopressin, will also be discussed. Vasopressin has 
been shown to play a role in aggression in several mammalian species. A 
comparison of vasopressin levels between males raised with and without the 
father will be made using immuocytochemistry and image analysis. These data 
will add to other studies in our laboratory examining plasticity in resident- 
intruder aggression and the underlying physiological mechanisms supporting 
these behavioral changes. Supported by NSF Grant IBN-9703309.
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566.19
DEVELOPMENTAL INFLUENCES ON ADULT PATTERNS OF 
VASOPRESSIN-IMMUNORE ACTIVE STAINING, AGGRESSION, AND 
PARENTAL CARE IN PEROMYSCUS MICE. J.K. Bester-Meredith* and CA. 
Marler. Department of Psychology, University of Wisconsin-Madison, Madison, WI 
53706.

Previous comparative studies have suggested that arginine vasopressin (AVP) is 
associated with species-typical patterns of social behavior. In contrast to previous 
comparative studies of AVP-immunoreactive (AVP-ir) staining in voles, our previous 
work found higher AVP-ir staining in the BNST and MA of males from a 
monogamous species, the California mouse, than in males from a polygamous species, 
the white-footed mouse. To clarify the relationship between AVP and social behavior 
in these two species of Peromyscus mice, we are examining how cross-fostering alters 
AVP and social behavior. Our results suggest that the two species and sexes respond 
differently to changes in the postnatal social environment. After cross-fostering, males 
from the more aggressive species, the California mouse, show less aggression in a 
resident-intruder test and no change in a neutral aggression test after cross-fostering. 
However, males from the less aggressive species, the white-footed mouse, show no 
change in the resident-intruder test and more aggression in the neutral aggression test. 
In contrast to males, females from both species show no change in aggression in a 
resident-intruder test after cross-fostering. While female white-footed mice also show 
no change in aggression in a neutral test, cross-fostered female California mice show 
less aggression. Preliminary results suggest that cross-fostering also produces changes 
in parental behavior that vary between the sexes. While these analyses suggest that 
cross-fostering produces little effect on female parental behavior, cross-fostering 
produces significant changes in male huddling behavior in the predicted direction. 
Possible asssociations of these changes in aggression and parental behavior with 
changes in AVP-ir staining will also be discusssed. These results will clarify the role 
of AVP in regulating species-typical patterns of aggression and parental care. 
Supported by NSF Grant IBN-9703309.

B E H A V IO R A L  P H A R M A C O L O G Y  III

567 .1

COMPARISON OF THE DISCRIMINATIVE STIMULUS 
PROPERTIES OF INDORENATE, TFMPP AND mCPP.
Ve lázq uez-M artínez D N *, Sanchez H , O sorio  A, R am irez J l, 
Castàñeda A. Depto. Psico fis iología, Fac. Psicología. Univers¡dad 
Nacional A u tónom a de México. México, D.F. 04510.

Indorenate (INDO ) is able to exert d iscrim inative control over 
operant responses; accord ing ly to its binding profile, som e 5-H T1A 
agonists produce partial stim ulus generalization. S ince INDO also 
binds to 5-H T 1B and 5-H T2C receptors, it was explored w hether 
agonists to these receptor sites produced cross genera lization with 
INDO. Subjects were m ale W ista r rats deprived o f food and trained 
to press a lever fo r sucrose reinforcem ent. O ne group was trained 
to discrim inate INDO (10.0 m g/kg ip 90 min before the session) 
from  vehicle fo r lever selection under a Fixed Ratio 10 (FR10). The 
other group w as trained to discrim inate TFM PP from  saline. In the 
INDO tra ined rats, TFM PP fully, and m CPP partia lly m im icked the 
stim ulus properties o f INDO. INDO and m CPP also produced 
stim ulus genera lization in the TFM PP tra ined rats, how ever the 
genera lization was asym m etric, since h igher doses o f INDO and 
m CPP w ere required to produce genera lization in the TFM PP 
trained rats than in the INDO tra ined rats. These results suggest 
tha t the stim ulus properties o f INDO m ay also depend upon the 5- 
H T1B and 5-HT2C receptor sites.

S upported by D G A P A -IN 210395 and C O N A C Y T 25090H.

567.2

DISCRIMINATIVE STIMULUS PROPERTIES OF INDORENATE 
USING A CONDITIONED TASTE AVERSION (CTA) 
PROCEDURE. M iranda F1, O strosky-Solis F2* , V e lázq uez-M artínez 
DN2. 2Depto. Psicofisio logía, Fac. Psicología. and 1EN EP-lztacala. 
Un iversidad Nacional Autónom a de M éxico. M éxico, D.F. 04510.

It has been described that Indorenate (INDO ) is able to exert 
discrim inative control over operant responses and that som e 5 -H T 1A 
agonists produce partial stim ulus generalization. To speed the 
train ing process and since INDO also binds to 5 -H T 1B and 5-HT2C 
receptors, it was explored if agonists to these receptor sites 
produce cross generalization with INDO in a C TA train ing 
paradigm. Subjects were m ale W ista r rats deprived o f water. In 
random ly alternating days, one group received the adm inistration of 
INDO (10.0 m g/kg ip) 90 min before a 30 min access to sucrose 
followed by an injection of LiCI, the other days subjects received 
saline before and a fter the access to sucrose solution. The other 
group had the contingencies reversed (e.g., the  adm inistration of 
saline corre lated with LiCI). It w as observed that -M e-5-HT, 
TFM PP, and m CPP produced full generalization, while 8-O H -D PAT 
and buspirone produced partial generalization. No generalization 
was observed a fter 2-M e-5-HT. The antagon ists ketanserin, 
m esulergine, ritanserin and m etergoline, but not m eth iothepin were 
able to revert the stim ulus properties o f INDO. It is suggested that 
the stimulus properties of INDO are corre lated preferentia lly  with 
the 5-H T1B and 5-HT2C receptor sites.

Supported by D G APA-IN 210395 and C O N A C Y T 25090H.

567.3

DAIZAC, A SELECTIVE HIGH-AFFINITY 5 -HT3 RECEPTOR 
ANTAGONIST, HAS ANXIOLYTIC-LIKE EFFECTS IN THE 
ELEVATED PLUS-MAZE. W.A. Hewlett*, Z.-J. Zhang, T. de 
Paulis, D.E. Schm idt, B.L. Trivedi, M .H. Ebert. Dept. of 
Psychiatry, Vanderbilt University, Nashville, TN 37232

We have reported that DAIZAC, a derivative of zacopride, has 
high affinity (KD 0.14 nM) and high selectivity for the 5 -HT3 
receptor (Soc. Neurosci. Abstr., 1995; 21: 776). The 5 -H T3 
receptor is thought to be involved in modulation of anxiety-related 
processes, and several 5 -H T 3 antagonists possess anxiolytic 
properties in animal models. In the present study, we sought to 
examine whether DAIZAC could alter mouse behavior in the 
elevated plus-maze in a manner consistent with an anxiolytic 
profile of action. Intraperitoneal injection of DAIZAC induced a 
dose-dependent increase in both the time spent in the open arm 
(up to 225% at 500 µg/kg, p< 0.001), and percentage of entries 
into the open arm of the maze (p< 0.001 by 50 µg/kg). Ten 
minutes after intraperitoneal injection with 500 µg/kg DAIZAC, 
animals showed a significantly decreased aversion to the open arm. 
This effect reached maximum by 20 minutes after the DAIZAC 
injection and returned to baseline levels by 60 minutes. The total 
number of entries into the arms of the maze was not affected by 
DAIZAC injection, suggesting that the DAIZAC effect is not related to 
increase locomotor activity. These preliminary data indicate that 
DAIZAC has potent anxiolytic-like effects in the mouse, without 
effects on motor activity. Supported by OCD/Tourette Program and 
Dept. of Psychiatry, Vanderbilt University.

567.4

5 -H T 1B R E C E PT O R  F U N C T IO N  IS B IP H A SIC A L L Y  A L T E R E D  D U R IN G  
A B S T IN E N C E  FR O M  C O C A IN E  S E L F -A D M IN IS T R A T IO N .
L .H. Parsons*, P.P. Sanna and G.F. Koob. Dept. of Neuropharmacology, The Scripps 
Research Institute, La Jolla CA 92037.

Recent evidence indicates that 5-HT1B receptor stimulation enhances the reinforcing 
and discriminative properties of cocaine. The present experiments were designed to 
investigate the effects of prolonged cocaine self-administration and subsequent 
withdrawal on 5-HT1B receptor function. The locomotor response to the 5-HT1B/1A 
receptor agonist RU 24969 ( 1 mg/kg, s.c.) was examined after various times of 
abstinence from cocaine self-administration (0.25 mg/infusion, i.v.). Three groups of 
male Wistar rats were tested: ( 1) animals given 21 days of limited-access (3 h/day) to 
cocaine; (2) animals gi/en 12 hours of extended-access to cocaine in addition to the 2 1 
day limited-access regimen; and (3) cocaine-naive controls (n = 8/grp). On the first day 
of cocaine abstinence, RU 24969 induced significantly less motor activity in cocaine- 
experienced animals than in controls. After 14 days of abstinence. cocaine-experienced 
animals displayed a supersensitive response to RU 24969 compared to controls. Both 
the early-abstinence subsensitivity and the later stage supersensitivity to RU 24969 
were more robust in animals given extended-access to cocaine compared with those 
given only limited-access to cocaine. Alterations in 5-HT1B receptor protein levels 
during cocaine abstinence were also examined in separate groups of animals using a 5- 
HT1B receptor antibody. Semi-quantitative Western blot analyses revealed that 5-HT1B 
receptor protein levels were increased several fold in the dorsal striatum after 14 days’ 
abstinence from both limited-access and extended-access to cocaine self-administration. 
These results suggest that 5-HT1B receptor function is biphasically altered during 
abstinence from cocaine self-administration, with an initial subsensitivity and later 
supersensitivity. The sensitized behavioral response to RU 24969 observed after 14 
days’ abstinence likely reflects an increase in striatal 5-HT1B receptor density.
Supported by NIDA grants DAI 1004 (L.H.P.) DA08667 (G.F.K.) and a NARSAD Young 
Investigator Award (P.P S.)
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567.5

EXAGGERATED AGGRESSION: ALCOHOL AND 5HT1A AND 1B 
RECEPTORS. E.W. Fish, S. Faccidomo, and K.A. Miczek*. Dept. of 
Psychology, Tufts University, Medford, MA 02155.

Models of exaggerated aggression may be particularly relevant to clinical 
concerns. Using ethologically validated forms of resident-intruder 
aggression for comparison, we developed two protocols for consideration: 1) 
Alcohol-Heightened Aggression, and 2) Instigation-Heightened Aggression. 
Male CFW mice were treated with 1.0 g/kg EtOH, the maximally effective 
dose to produce alcohol-heightened aggression towards a stimulus male 
mouse (Miczek et al, 1993). In a separate experimental procedure, resident 
male mice were instigated to aggressive behavior by brief exposure to a 
provocative stimulus male placed behind a screen in the resident’s home cage 
for 30 seconds to 5 minutes. Both procedures repeatedly engendered levels 
of aggression that exceeded the adaptive patterns normally exhibited by ca. 
100%. Maximal levels of instigated fighting occurred following the 5 minute 
provocation. Furthermore, instigated aggression persisted for at least 15 
minutes after the exposure to the provocative stimulus male. Agonists at the 
5HT1A and 1B receptor subtypes (8-OH-DPAT and CP 94,253) suppressed 
aggressive behavior. Antagonists at the 5HT1A and 1B receptors, WAY 
100,635 and GR 127,953, respectively, shifted the dose effect curves of 8- 
OH-DPAT and CP 94,253 to the right. Instigated aggression and alcohol- 
heightened aggression were suppressed at considerably lower doses than 
those necessary to suppress non-heightened aggression. In contrast to 8-OH- 
DPAT, the aggression-suppressing effects of CP 94,253 appeared to be 
specific to aggressive behavior. We conclude that the 5HT1A and 1B receptors 
may play a particularly important role in exaggerated forms of aggression. 
(Supported by AA05122)

567.7
Checking behavior of quinpirole-sensitized rats as an animal model 
OF OCD: IS THE BEHAVIOR COMPULSIVE. H Szechtm an*, MJ Eckert, W S Tse, J 
Boersm a, C Bonura, J M cC lelland, K Culver and D  E ilam . Dept. B iom edical 
S ciences, M cM aster U niv., H amilton, Ontario, L 8N  3Z5, C A N A D A  and Dept. 
Z oology, Tel A viv  U niv., Ramat A viv, ISRAEL.

In our previous work1, w e identified a set o f  performance criteria by which the 
behavior o f  rats treated chronically with quinpirole (0 .5  m g/kg, tw ice w eekly) was 
judged to have the form o f  com pulsive checking. Specifically, in a large open-field  
with 4 objects in it, quinpirole rats revisited tw o p laces/objects excessively  often  
and rapidly, com pared to other p laces in the environm ent or saline controls; 
performed a ritual-like set o f  behavioral acts at these tw o places; stopped in 
relatively few  locales before returning to the preferred places/objects; and, shifted 
their behavior to a new  location when the object was m oved there in a subsequent 
test. W hile these findings strongly suggest that the motor performance o f  quinpirole 
rats has th e  f o r m  o f  com pulsive checking, they are insufficient to indicate whether 
the associated experience is one o f  ‘com pulsion’ as required for an animal model 
o f OCD. The present study shows that given a choice, quinpirole rats do not engage 
in checking behavior but instead seek and remain in their hom e cage placed in an 
unattractive location o f  the open field . If an unfam iliar cage is located in the open 
field , they do not enter it and continue to engage in checking behavior. These 
findings are consistent with a defining experiential criterion o f  ‘com pulsion’, 
namely, a reluctance and resistence to engage in the behavior. Thus, the present 
study further strengthens the suggestion that the quinpirole preparation has strong 
face validity as an animal m odel o f  O CD and by im plication that dopam ine systems 
play a role in OCD.
I . Szechtman H, Sulis W, & D Eilam. Quinpirole induces com pulsive checking 
behavior in rats: a potential animal model o f Obsessive-Com pulsive Disorder (OCD). 
Behavioral Neuroscience, in press.
H S is a  S en io r  R esea rc h  F e llo w  o f  the O n ta r io  M en ta l H ea lth  F ou n da tion  (O M H F ). 
S u p p o r ted  b y  M ed ic a l R esea rch  C ou n cil o f  C a n a d a  (M T -12 8 5 2 ).

567.9

FLUOXETINE DECREASES THE SENSITIVITY TO THE LOCOMOTOR 
INHIBITORY EFFECTS OF THE α-2 RECEPTOR AGONIST, CLONIDINE.
E. Spreekmeester*, A . Mar, J. Rochford
D e p a r t m e n t s  o f  N e u r o l o g y  a n d  P s y c h i a t r y ,  M c G i l l  U n i v e r s i t y ,  D o u g l a s  H o s p i t a l  

R e s e a r c h  C e n tr e ,  6 8 7 5  B o u l.  L a s a l l e ,  V e r d u n ,  P Q ,  C a n a d a  H 4 H 1 R 3 .

Chronic antidepressant treatment is known to induce alterations in monoaminergic 
receptor number and affinity. The behavioral consequences of these changes have not 
been studied extensively. The present study examined putative changes in 
noradrenergic (NA) α-2 receptor function, following chronic fluoxetine 
administration. The experiment involved measuring the impact of the NA α-2 
agonist, clonidine, on open field behavior. In addition, we employed the olfactory- 
bulbectomy (OBX) model in order to assess whether monoaminergic receptors were 
differentially modulated by chronic antidepressant treatment in a neurally 
compromised rat.

Fluoxetine (10mg/kg/day) was given in drinking water to rats for 21 days starting 
one week following OBX surgeries. A two day washout period was then given to all 
groups of animals. Behavioral testing was conducted during which clonidine (0.25, 
0.5 or 1.0 mg/kg, i.p.) or saline was given 30 minutes prior to the open field 
exposure. Our findings suggest that all doses of clonidine decreased the total number 
of squares crossed in saline-treated animals. However, only the two highest doses of 
clonidine were able to significantly (P < 0.05) reduce the number of squares crossed 
in the fluoxetine-treated animals. This occurred independent of whether the animals 
received OBX or sham surgeries. These results suggest that fluoxetine reduced the 
sensitivity to the locomotor-inhibitory effects of clonidine in both OBX and sham- 
treated animals. Supported by MRCC.

567.6
QUINPIROLE-INDUCED LOCOMOTOR SENSITIZATION: INVOLVEMENT 
OF A MAOI-DISPLACEABLE QUINPIROLE BINDING SITE. Kirsten E. Culver* 
and Henry Szechtman. Dept Biomedial Sciences, McMaster University, 1200 Main St. 
W est, Hamilton, Ontario, CAN A D A  L8N 3Z5.

Repeated administration o f the dopamine D 2/D 3 receptor agonist, quinpirole (QNP), 
results in a progressive augmentation o f  the locomotor response to subsequent injections 
o f the drug (behavioral sensitization). In  v itro  studies have demonstrated that clorgyline, 
a potent monoamine oxidase A inhibitor (M AOI-A), selectively inhibits the binding o f  
QNP but not that o f the D2 antagonist, spiperone, to rat striatal membranes, suggesting 
that clorgyline may interact with a novel binding site that is either labeled by QNP or 
which modulates QNP binding (Levant et al., 1996). Our previous studies have 
demonstrated that chronic clorgyline ( 1 mg/kg/day) administration blocks the 
development and maintenance o f  QNP-induced locomotor sensitization. To determine 
whether this behavioral effect could be attributed to clorgyline’s action at the MAOI- 
displaceable QNP binding site (M QB), rats were chronically administered moclobemide 
(5 mg/kg/day), a potent MAOI-A that has no affinity for this binding site. Results 
indicated that chronic moclobemide treatment did not block the development o f QNP- 
induced locomotor sensitization, and moreover, it increased the locomotor activity of 
animals already sensitized to QNP. Therefore, the present findings are consistent with 
the hypothesis that QNP-induced sensitization is blocked by an activity at MQB, and not 
by an inhibitory effect on MAO-A. In further support o f this hypothesis, it was found 
that both clorgyline and moclobemide similarly inhibited M AO-A levels within the 
striatum. Furthermore, both MAOIs equally increased the levels o f  dopamine, and 
decreased the levels o f DOPAC in striatal samples o f MAOI-treated animals, compared 
to vehicle controls. Together, these findings suggest that MQB may play a critical role 
in the development and expression o f  QNP-induced locomotor sensitization (Supported 
by the MRC, M T -12852. HS is a research associated o f the OMHF).

567.8
THE ROLE OF SEROTONIN 1A, 1B and 5A RECEPTOR SUBTYPES IN SELF- 
ADM INISTRATION AN D  LOCOMOTOR RESPONSES TO DRU GS OF ABUSE. 
R. Hen1*, B .A. Rocha2, R. Grailhe1, and K. Scearce-Levie1. 1Center for Neurobiology 
and Behavior, Columbia University, N ew  York, N Y  1 0 0 3 2 . 2Dept. o f  Pharmacology, 
University o f North Texas Health Science Center, Fort Worth, TX 76107.

A recent quantitative trait loci study in has mapped the behavioral responses of 
m ice to acute and chronic cocaine to chromosomal loci that include the genes for 
serotonin (5-HT) 1B and 5-HT1A receptor subtypes. Basal locom otion was mapped 
to loci that include the 5-HT5A receptor. W e have evaluated basal locom otion, 
locomotor response to acute cocaine, self-administration o f  cocaine, and locomotor 
response to methylenedioxy-N-methamphetamine (M DM A) in knockout mice 
lacking either the 5-H T1A, 5-HT1B or 5-HT5A receptors.

In basal measures o f activity, 5-HT1B and 5-HT5A knockout m ice showed 
increased locom otion and exploration in novel environments relative to wild-type 
controls, although both strains showed normal basal activity in their home cages. 5- 
H T1A m ice showed reduced locom otion and exploration in novel environments, a 
trait that may relate to the increased anxiety displayed by these m ice on several tests 
o f anxiety. After acute injections o f cocaine (40 mg/kg), 5-HT1B and 5-HT1A  
knockout m ice showed increased locomotor responses relative to wild-types. The 
response o f 5-HT5A knockout m ice to acute cocaine was normal. These data suggest 
that 5-HT1A and 5-HT1B receptors may modulate the response to cocaine, while the 
5-HT5A receptor may be primarily involved in response to novelty.

W e also tested the responses o f these m ice to M DM A, a drug which has been 
suggested to increase locom otion through serotonergic mechanisms. 5-HT1B mice 
have an attenuated locomotor response to M D M A, while 5-HT1A and 5-HT5A  
appear to show normal locomotor responses to the drug. M D M A is able to inhibit 
exploratory activity (rearings and nose-pokes) normally in 5-HT1B, 5-HT1A and 5- 
HT5A knockout mice. These results suggest that the 5-HT1B receptor is essential for 
mediating the effects o f MDM A on locom otion, while neither the 5-HT1B, 5-HT5A  
nor 5-H T1A receptor are needed for the drug to reduce exploration.
S u p p o r ted  b y  N IH  g ra n t D A 0 9 8 6 2  a n d  an  H H M I p r e d o c to r a l  fe llo w s h ip  (K .S -L )

567.10
BEHAVIORAL PHARMACOLOGY OF THE NEW  SELECTIVE r5-HT1B 

RECEPTOR ANTAGONIST NAS-181 C.E. W allsten, C Johansson*, S Berg, 
C.N. Ryan and D.M. Jackson. Astra Arcus AB. Sweden.

The effect o f s.c. injections o f the selective r5-HT1B receptor antagonist, 
NAS-181 (Berg et al; J Med Chem, in press, (R -(+)-2-(3-morpholinomethyl- 
2tf-chromen-8-yl)oxymethylmorpholine methanesulfonate), was examined in 
rats in various paradigms known to be sensitive to 5-HT receptor ligands. 
Doses o f 3 mg/kg NAS-181 and higher blocked the locomotor stimulant effects 
of R U24969 without inducing any changes in activity by itself. NAS-181 (0.01 
to 10 mg/kg) was without effect on body temperature. N A S -181 (0.3 to 10 
mg/kg) had no effect on the acquisition or retention o f a passive avoidance task. 
However, it potently reduced the em ission o f ultrasounds by rat pups separated 
from their mothers and siblings. The minimum effective dose (MED) was 0.1 
mg/kg. In adult rats, NAS-181 consistently increased the incidence o f wet dog 
shakes (M ED between 1 and 3 mg/kg), while having no effect on the 5-HT 
syndrome (3 and 10 mg/kg). Furthermore, analysis indicated that NAS-181 
consistently increased prepulse inhibition o f the startle response (PPI) at 3, 9 
and 12 mg/kg without significantly altering the disruption o f PPI caused by the 
NM DA antagonist M K-801. In rats trained to a DRL-72 schedule, a model 
proposed to be sensitive to antidepressants, NAS-181 (M ED 10 mg/kg) in
creased the number o f pellets consumed while decreasing response rate, pro
ducing a pattern o f responding similar to imipramine. The significant increase 
in wet dog shakes indicates a tonic inhibitory effect o f 5-HT at r-5-HT1B re
ceptors in this paradigm and the inhibitory effect o f N AS-181 in rat pups sug
gests that r-5-HT1B receptors are tonically excited under the conditions o f the 
experiment. An antidepressant profile is suggested by the effect on the DRL-72 
paradigm.
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567.11
D IFFE R E N T IA L  EFFECTS O F A N TID E PR E SSA N TS ON REACTIVITY AND  
H A B ITU A TIO N  IN TH E O LF A C T O R Y  BU L BE C T O M IZ ED  RAT.
A. Mar*, E. Spreekmeester & J. Rochford. McGill University, Douglas Hospital 
Research Centre, 6875 Boul. Lasalle, Verdun, PQ, Canada H4H 1R3.

In rodents, olfactory bulbectomy (OBX) results in a hyper-reactivity to stressful 
situations, which is attenuated by chronic antidepressant administration. It has been 
hypothesized that OBX deficits may be the result o f  a failure in adaptation and/or risk 
assessment, and that antidepressants act by improving these adaptive processes. This 
hypothesis has never been tested, however, as studies to date have only screened for the 
presence or absence o f  overall behavioral effects (using measures averaged over several 
minutes), ignoring the temporal pattern o f  behavior where adaptive processes might be 
observed. The purpose this study was to exam ine the detailed time course o f  behaviors 
across various tests o f  anxiety to elucidate possible parameters o f  adaptation and explain 
how OBX and antidepressants might be exerting their behavioral effects.

Following bulbectomy or sham surgery, male Sprague Dawley rats were administered 
saline, fluoxetine, desipramine, amitriptyline or buspirone for 21 days (n=9 per group). 
Two days later, all animals were tested in the open field, the elevated plus maze, and in 
the acoustic startle paradigm.

To assess adaptation, time series analyses were conducted in which exponential 
curves were fitted to behavioral measures over successive 20 sec intervals. OBX rats 
showed increases in initial reactivity (but not habituation) compared to sham animals. 
Fluoxetine, desipramine, and amitriptyline acted by increasing the rate o f  habituation 
(but not decreasing initial reactivity) o f  OBX rats. Buspirone lowered both the initial 
reactivity and the habituation rate in both sham and OBX animals. Fluoxetine, and to a 
lesser extent amitriptyline and desipramine, lowered the overall startle amplitudes in 
both sham and OBX rats. Consistent with the findings above, detailed temporal analysis 
revealed that these overall antidepressant effects were due to increased rates o f  
habituation and not through alterations in initial reactivity. (S u p p o r te d  b y  the M ed ica l  
R esea rc h  C o u n c il  o f  C a n ada).

567.13

PARADOXICAL ANTAGONISM  OF THE HYPERPHAGIC EFFECTS OF 5HT1A 
RECEPTOR STIM ULATION B Y  SSRIs S . H ogg & P.B .F. Bergqvist* Pharmacological 
Research, H. Lundbeck A/S. Ottiliavej 9, D K -2500 Copenhagen-Valby, Denmark.

Stimulation o f  5HT1A receptors results in an increase in spontaneous feeding in the 
already satiated animal (so-called hyperphagia). This effect is due to a reduction in 
raphé cell firing mediated via the somatodendritic 5HT1A receptors and an indirect 
reduction in the stimulation o f  the post-synaptic 5HT receptors (Dourish e t  al. Appetite 
1986 7: 127). Selective serotonin re-uptake inhibitors (SSRIs) w ill reduce feeding via 
inhibition o f  5HT uptake and subsequent enhancement in stimulation o f post-synaptic 
5HT receptors (Gibson e t al. Eur. J. Pharmacol. 1993 242:83). Treatment o f rats with a 
dose o f  a 5HT1A receptor agonist which will com pletely inhibit firing o f the raphé 
neurones should therefore prevent the effects o f  SSRIs.

In the present study this hypothesis was investigated: adult male Sprague-Dawley rats 
were treated (s.c .) with the 5HT1A receptor agonist flesinoxan (Fles: 5.5µm ol/kg) alone 
or in combination with citalopram (Cit: 3.1, 12µm ol/kg) or paroxetine (Par: 6.5, 
l3 µ mol/kg) and the effects on free feeding during a 2 hour period were monitored 
(n=8/group). In parallel electrophysiological experiments activity o f dorsal raphé 
neurones was monitored in anaesthetised rats before and after administration o f Fles 
(5 .5µm ol/kg s.c.). The Fles challenge resulted in com plete inhibition o f raphé cell 
firing. Fles significantly increased feeding relative to vehicle-treated control animals 
(P<0.01: Rank Sum test). Cit and Par tended to reduce feeding but this failed to reach 
significance (possibly because o f low baseline feeding in the control rats). However, Cit 
and Par did significantly reduce feeding in anim als treated with Fles; complete reversal 
was observed with 12µm ol/kg Cit and both doses o f Par (P<0.05: ANOVA on Ranks).

In theory, SSRIs should require a certain level o f  neuronal activity to exert an effect. 
Fles inhibits this activity which should prevent the actions o f  SSRIs. Why this was not 
the case in the present study requires further investigation. It may be due to lower 
sensitivity o f  5HT neurones to inhibition by a 5HT1A receptor agonist in conscious 
anim als, SSRI enhancement o f  the action o f  5HT released independently o f neuronal 
firing (Ca2+ independent release) and/or action o f  these SSRIs at non-5HT receptors (eg 
NPY), an action already suggested for fluoxetine (Curzon e t  al. TiPS 1997 18:21).

567.15

COM PARISON OF THE EFFECTS OF A N  ALPHA-2-ADRENOCEPTOR  
AGONIST, DEXM EDETOM IDINE ON CARDIOVASCULAR FUNCTIONS IN 
ANAESTHETISED A N D  CONSCIOUS FREELY M OVING (IN HOME CAGE AND  
IN OPEN FIELD) RATS. M EASUREM ENT BY TELEMETRY TRANSMITTER
T. Leino & A. Haapalinna* Orion Corporation, Orion Pharma, P.O. Box 425, FIN- 
20101, Turku, Finland

Telemetry transmitter system (TTS) in the measurement o f heart rate (HR) and 
blood pressure (BP) can be used to avoid interactions with anaesthetics and studied 
compounds. However, in conscious animals, physical activity and environment (e.g. 
noise, stress...) have reflections on HR and BP. Furthermore, drugs causing sedation 
have indirect effects on these variables. The aim o f the experiments was to evaluate the 
benefits o f TTS in evaluation o f cardiovascular functions in pharmacological 
experiments. Dexmedetomidine (D EX) is a specific α 2 -adrenoceptor agonist. It is used 
as a sedative analgesic, but it also decreases HR and BP. W e studied the effect o f  
subcutaneously administered DEX on HR and BP in pentobarbital anaesthetised and in 
conscious rats. The effects o f DEX on HR, BP and level o f sedation with habituated, 
freely moving, conscious rats (with the transmitter) were tested in home cage conditions 
(with photo beam activity system) as well as in the open field (V ideo track). In the 
anaesthetised rats DEX at all doses (1, 3, 10 µg/kg s.c.) decreased equally HR and BP. 
In the home cage conditions, where locomotor activity was low as well in the control as 
in all drug groups (1, 3, 10 and 30 µg/kg s.c.), D EX dose-dependently decreased HR 
and increased initial BP (at 10 and 30 µg/kg ). In the open field test, control animals had 
high motor activity and DEX caused significant sedation only at the highest dose (10  
µg/kg). At not sedative doses (1 and 3 µg/kg), DEX did not have significant effects on 
HR and BP. Thus, 1) anaesthesia clearly disturbed the measurement o f cardiovascular 
responses o f DEX, 2) in conscious rats with low  motor activity level DEX had clear 
dose-dependent effects on HR and BP and 3) in m oving animals there was possible to 
see effect on HR and BP only at sedative doses. In conclusion, the HR and BP 
measurements in conscious rats is more accurate than in anaesthetised rats. A lso the 
importance o f the measurement o f motor activity simultaneously is authenticated.

567.12
DIFFERENTIAL EFFECTS OF TWO 5-HT4 RECEPTOR  
AGONISTS AND ANTAGONISTS ON ASSOCIATIVE  
OLFACTORY LEARNING TASK IN RATS. E. M archetti- 
Gauthier1*, F.S. Roman1, A. Dum uis2, J. Bockaert2 and B. 
Soumireu-Mourat1. 1Lab. Neurobiologie des Comportements - 
UM R 6562 CNRS - IBHOP, Traverse Charles Susini, 13388 
Marseille Cedex 13, France, 2CNRS-UPR 9023, 141, Rue de la 
Cardonille, 34094 Montpellier Cedex 5, France,

Olfactory association learning was used to investigate the 
involvement o f 5-H T4 receptors in learning and long-term  
memory. The behavioral role o f  5-HT4 receptors was studied 
using BIMU 1 (a m ixed 5-HT4 agonist/5-HT3 antagonist) or RS 
17017 (a selective 5-HT4 agonist) and two selective 5-HT4 
antagonists: GR 125487 and RS 67532. Injections were made 
intraperitoneally before beginning o f  the third training session. A 
substantial improvement was obtained with BIM U 1 at 1; 5; 10 
mg/kg. The effects o f  BIMU 1 were most likely to be mediated by 
5-HT4 receptors since they were blocked by GR 125487 at 
10 mg/kg. This latter has no effect when injected alone. N o effect 
was observed with RS 17017 at 1 m g/kg but this com pound was 
able to reverse the decrease in learning performance induced by 
RS 67532 at 1 mg/kg. By using two 5-HT4 agonists, a 
benzimidalone derivative (BIM U1) and a ketone relate to 
benzoate (RS 17017) the effects observed on olfactory association  
learning were different but are consistent with a role for 5-HT4 
receptors in cognitive processes in rats. The 5-HT4 agonists would 
act as potential therapeutic drug for cognitive disorders.

567.14

EFFECT OF PO TASSIUM  CHANNEL M ODULATORS IN MOUSE  
FO RCED SW IM M ING TEST C. G helardini*, N. Galeotti and A . 
Bartolini, Department o f Pharmacology, I-50134 Florence, Italy.

Recently it was observed that the KATP-dependent K+ channel 
blocker glyburide potentiated the effect o f  antidepressants in the forced 
swim m ing test (Guo et al., 1996). In contrast, the KATP-dependent K+ 
channel activator cromakalim antagonized the anti-immobility effect o f  
im ipram ine and am itriptyline in the same experim ental conditions 
(Redrobe et al., 1996). In the present work w e thought it worthwhile to 
better elucidate the role o f  K+ channels in a depressive-like condition. The 
effect o f  i.c .v . administration o f  different K+ channel modulators on 
im m obility time was evaluated in the m ouse forced swim m ing test, an 
animal m odel o f  depression (Porsolt et al., 1977). K+ channel blockers: 
tetraethylammonium (TEA; 5 µg per m ouse i.c .v .), apamin (3 ng per 
m ouse i.c .v .), charybdotoxin (1 µg per m ouse i.c .v .) and gliquidone (6 
µg per mouse i.c.v.), administered 20 min before the test, produced anti- 
im m obility comparable to that induced by the tricyclic antidepressants 
imipramine (30 mg k g 1 s.c.) and amitriptyline (15 mg kg-1 s.c.). In 
contrast the K+ channel openers: pinacidil (10-20 µg per mouse i.c .v .), 
m inoxidil (10-20  µg per m ouse i.c .v) and cromakalim (20-30 µg per 
mouse i.c .v .) increased immobility time when administered in the same 
experimental conditions. At the highest effective d oses, K+ channel 
modulators did not impair motor coordination, as revealed by the rota rod 
test, nor did they modify spontaneous motility as revealed by the Animex 
apparatus. These results suggest that modulation o f  K+ channels plays an 
important role in the regulation o f  immobility time in the m ouse forced 
swimming test. T h is  w o r k  w a s  s u p p o r t e d  b y  g r a n t s  f r o m  M U R S T .

567.16
CONSTITUTIVELY OVERACTIVE α 2C-ADRENOCEPTORS INDUCE 
SPATIAL NAVIGATION DEFECT IN α 2C-OVEREXPRESSING MICE.
M.G.Björklund*, J.Sirviö, M.Riekkinen, J.Sallinen, M .Scheinin, A.Haapalinna, 
B.K.Kobilka, and P.Riekkinen Jr. Dept. Neuroscience and Neurology, University 
o f  Kuopio, FIN-70211 Finland

We investigated the importance o f  stimulation o f  overexpressed α 2C- 
adrenoceptors (AR) by noradrenaline in the WM defect in α 2C-AR  
overexpressing (OE) mice. OE m ice swam more in the peripheral annulus o f  the 
pool and did not find a hidden escape platform as well as wild type (W T) mice.
A subtype-nonselective α 2-AR antagonist, atipamezole (ATI, 1000 µg/kg, s.c.), 
did not improve platform finding in WT mice, but fully reversed the defect in 
platform finding in OE mice. To address the problem o f  possible ectopic 
expression o f  α 2C-ARs in OE mice, we also tested α 2C-knockout (KO) mice, 
which we found to be less sensitive than their controls to the defect in spatial 
navigation induced by a subtype-nonselective α 2-AR agonist, dexmedetomidine 
(10 µg/kg, s.c.). This finding with KO mice supports our contention that α 2C- 
overexpression in anatomically relevant brain areas is responsible for the 
performance defect in OE mice.

Noradrenaline depletion (-95 %) induced by N-(2-chloroethyl)-N-ethyl-2- 
bromobenzylamine (D SP-4) did not impair platform finding o f  WT or OE mice. 
DSP-4 lesion slightly increased swimm ing in the peripheral annulus in WT mice, 
but not in OE mice. DSP-4 lesion produced a dissociable effect on the action o f  
ATI to improve platform finding and search strategy in OE mice: ATI did not 
alleviate platform finding defect in DSP-4 lesioned OE mice, but normalized 
abnormal search strategy o f  OE mice. These results suggests that abnormal 
search pattern and defect in the accuracy o f  platform finding are mediated by 
constitutive activity o f  overexpressed α 2C-ARs.(Sponsors: U niv. o f  Kuopio, 
Academy o f  Finland and Orion-Farmos Ltd)
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567.17
DISSIPATION OF CONTINGENT TOLERANCE TO ETHANOL’S 
ANTICONVULSANT EFFECT ON KINDLED SEIZURES IN RATS. M.J. 
Mana* and J. Silver. Dept o f  B iology, Chatham College, Pittsburgh, P A  15232.

Tolerance to ethanol ’s anticonvulsant effect rapidly develops if  kindled rats 
receive convulsive stimulation during periods o f  bidaily (every 48 hr) ethanol 
exposure, but not if  they are unstimulated during periods o f ethanol exposure. 
Similarly, ethanol withdrawal is not sufficient for this tolerance to dissipate over a 
16-day period; however, tolerance disappears completely if  tolerant rats receive 
bidaily stimulations in the absence o f  ethanol e v e n  i f  e th a n o l i s  a d m in is te r e d  a f te r  
e a c h  s tim u la tio n . This has been called c o n tin g e n t to le ra n c e , as both tolerance 
development and dissipation are contingent upon the relationship between 
stimulations and ethanol exposure. The present study exam ined the number o f  
stimulations necessary for the dissipation o f  contingent tolerance to ethanol’s 
anticonvulsant effect. K indled rats received ethanol (1.0 g/kg, ip) 1 hr before 
amygdalar stimulation (300 µA, 60 Hz, 1 sec) on each o f  10 bidaily Tolerance- 
Developm ent trials. Tolerant rats were then assigned to 4 groups so that the mean 
forelimb clonus duration on the last Tolerance-Developm ent trial was 
approximately equal (⋍ 43 sec). During the D issipation Phase, tolerant rats 
received either 2, 4, or 8 bidaily stimulations in the absence o f  ethanol; 48 hr after 
the last stimulation, the rats in that group received ethanol 1 hr before stimulation 
to assess ethanol’s anticonvulsant effect. There was no tolerance loss in the 
Two-Stim ulation group; a significant loss (75% ) in the Four-Stimulation group; 
and a com plete loss ( 100%) in the E ight-Stim ulation group. By comparison, 
tolerance was unchanged in a Control group that was unstimulated during the 
16-day dissipation phase. The monotonic, as opposed to step-wise, dissipation o f  
contingent tolerance to ethanol’s anticonvulsant effect has a timecourse that 
parallels its developm ent. suggesting a com mon underlying mechanism.

567.19

CONDITIONED TOLERANCE TO THE EFFECTS OF ETHANOL ON  
DIFFERENT BEHAVIORS. D.C. Roberts. A M . W hite, and P.J. Best.* Dept. o f  
Psychology and Center for Neuroscience, M iami Univ., Oxford, OH. 45056.

Tolerance to many drugs, including ethanol, can be modulated by cues present 
at the time o f  drug administration. Anim als develop tolerance more rapidly when  
they experience the drug in the same environment. In addition, the removal o f  
stimuli previously paired with daily injections o f  ethanol can interfere with 
tolerance to ethanol’s effects on ataxia and hypothermia (Siegel and Larson,
1996). The present study compares the conditions under which tolerance develops 
to the effects o f  ethanol on memory and ataxia. Rats were trained on a spatial 
memory task. Subjects were also assessed for motor coordination on the inclined  
plane test. Next, subjects were assigned to either an ethanol MEMORY group, an 
ethanol A TA X IA  group, or a saline CONTROL group. During the next 20 days, 
subjects were given exposure to ethanol ( 1.5g/kg), but no subsequent practice on 
either o f  the above tasks. The only difference between the M EM ORY group and 
the A TA X IA  group was the context in  which they received ethanol. The 
M EM ORY group received ethanol on the maze, in the m aze room, and saline ( 15 
m l/kg), inside the tilt-chamber, in the tilt-chamber room. In contrast, the 
A TA X IA  group received saline (15 m l/kg) on the maze, in  the maze room, and 
ethanol, inside the tilt chamber, in the tilt chamber room. The CONTROL group 
always received saline in both environments. Once tolerance developed, all groups 
were given ethanol (1 .5g/kg) and assessed on memory and ataxia. If tolerance to 
ethanol’s effects on memory and ataxia is conditioned to pre-drug cues, then the 
M EM ORY group should perform significantly better on the spatial memory task 
than the A TA X IA  group, whereas the A TA X IA  group should perform  
significantly better on the inclined plane test than the M EM ORY group. 
(Supported by a grant to P. J.B. from N SF.)

567.18
THE EFFECT OF ETHANOL AND HYPOGLYCEMIA ON RAT PERFOR
MANCE IN THE RADIAL-ARM MAZE. P.M. Duncan* and M . A . 
Gaffney. Psychology Dept, Old Dominion University, 
Norfolk, VA 23508.

Both ethanol (ETH) intoxication and hypoglycemia 
(HG) can produce behavioral depression and cognitive 
impairment. This experiment was an investigation of 
the effects of combining these two treatments in rats 
trained in an 8-arm radial maze. After achieving 
stable, low-error performance in retrieval of food 
rewards, eleven male rats were given either insulin 
(2 units/kg) or saline in combination with ETH at 0, 
250, 500, 1000, or 1500 mg/kg 20 min prior to the
maze-run. Each rat received all treatment combina
tions in a counterbalanced sequence. Insulin signifi
cantly decreased blood glucose (BG) levels, (mean 
after insulin=39.8 ； saline =59.2 mg/dl) ； ETH did not 
change BG level. Neither ETH nor HG decreased choice 
accuracy in maze performance, and the combination of 
treatments also did not increase errors in arm- 
choice. HG did significantly increase time to 
complete the maze-run: mean after insulin =228 sec, 
saline=l35 sec. ETH did not reliably increase 
running time in either the HG or in the euglycemic 
(normal) condition. These results indicate that HG 
slows locomotion, but under these conditions ETH 
does not further increase this indicator of behav
ioral depression, and neither ETH nor HG impair 
working memory.
Supported by Old Dominion University

567.20
COGNITIVE IMPAIRMENT IN A MURINE LUPUS MODEL RELATED TO 
LYMPHATIC INFLAMMATION. G.Tuck, J.Arbitrario, J-Y. Ma, Y. Wang, I. Kerr, 
M. Cheng and J. Kelleher*. Cell B iology and H istology Dept., Centaur 
Pharmaceuticals, Sunnyvale, CA 94086  

An MRL strain o f  m ice with a f a s  mutation, spontaneously develops systemic 
lupus-like symptoms. These pathological changes have been attributed to 
lymphocytosis and an increase in circulating immune com plexes, including 
autoantibodies and cytokines (e.g. TNFa). At Centaur w e have demonstrated that 
these m ice have a cognitive deficit in the acquisition phase o f  a discriminatory T- 
Maze task, as first described by Forster et al., 1988. We investigated whether the 
previously described immunological abnormalities play a role in the cognitive 
deficits. To determine i f  the systemically elevated circulating cytokine(s) may be 
causative o f  neurological inflammatory processes leading to the learning deficit, we 
em ployed several histopathological and immunohistochemical procedures. Following 
routine H&E staining o f  the tissue there was no obvious cell loss or inflammatory cell 
infiltrates (e.g. macrophages, neutrophils) in the cortex or hippocampus. We did note 
however, severe fiber restriction to the hippocampal com missure and corpus callosum  
concomitant with m assive lymphocyte accumulation in the subarachniod space both 
dorsal and ventral to these commissures. There was also a 30% increase in the 
expression o f  GFAP in these areas. An additional possible cause o f  cognitive 
impairment could be the progressive decline in BBB integrity. Following  
Immunostaining with anti-IgG w e observed positive labeling o f  both hippocampal 
and cortical neurons and diffuse labeling o f  surrounding extracellular space, 
indicative o f  a compromised blood brain barrier. Although the main pathology 
appeared in the form o f  commissural fiber restriction and subarachnoid lymphocyte 
accumulation, there also appears to be evidence for additional neural-specific immune 
mediated pathology.

EXCITOTO XICITY AND CELL DEATH V 

568.2568.1

BLOCKADE OF EXCITOTOXIC DEATH IN STRIATUM BY STIM ULATION OF 
CEREBELLAR FASTIGIAL NUCLEUS (FN) ARISES FROM INTRINSIC FN 
N EURO NS A N D  IS NOT DEPENDANT UPON RELEASE OF HYPOPHYSEAL  
HORM ONES. S.B.Glickstein*, E.V. Golanov and D .J. Reis. Dept. O f Neurol. & 
Neurosci., Cornell Univ. Med. Coll. N ew  York, N Y  10021.

Electrical stimulation o f  the cerebellar fastigial nucleus (FN) in rat for 1h elicits a long 
-lasting inhibition o f  the neuronal degeneration produced by ischemia or excitotoxins 
(see Reis et al., Ann N Y  Acad Med 8 35:168,1997). We investigated whether 
neuroprotection against excitotoxicity is attributable to activation o f  neurons or fibers in 
FN and depends upon release o f  hypophyseal hormones. In the first study Sprague- 
Dawley rats were anesthetized and ibotenic acid (IBO) (23 nmol in 360 nl)(n=6) or saline 
(sham injection) (n=5) were microinjected bilaterally into the rostral FN or dentate nuclei 
(D N )(n=4) to locally destroy neurons. Five days later the FN was stimulated for 1h 
while recording arterial pressure (AP) and cerebral blood fl ow (rCBF). Sham-stimulated 
rats (n=4) had an electrode inserted but not stimulated. After recovery, rats were 
reanesthetized and 72h later IBO (23 nmol in 360 nL) was injected into one striatum and 
PBS into the other. After 24h rats were sacrificed and lesion volum es measured. IBO 
microinjected into FN destroyed neurons in the rostral one-third o f  the nucleus without 
affecting the elevations o f  AP and rCBF elicited by FN stimulation. Stimulation o f  
saline-treated or D N lesioned rats reduced striatal damage by 44% and 68% respectively 
(from 4 1± 1.3 to 2 3 ± 6 .1 and 13±3.7 mm3; SEM; p<0.05). After destruction o f  FN, salvage 
was abolished with striatal lesion volum es not differing from those elicited after sham 
stimulation(29±7.5 vs 4 1± 1.3 mm3; p>0.5). In the second study the FN was stimulated 
(n=5) or sham-stimulated (n=5) in hypophysectom ized (H YPX ) rats and IBO was 
injected unilaterally into the striatum 72h later as above. FN stimulation reduced lesion  
volum es by 40% ( 14 ± 4 .1 vs 35 ± 15.3 mm3 in HYPX sham stimulated rats; p<0.05). We 
conclude: ( 1) Neuroprotection against excitotoxicity elicited by cerebellar stimulation is 
mediated by excitation o f  intrinsic FN neurons while effects upon AP and rCBF depend 
upon stimulation o f  axons within the nucleus; (2) Salvage is not mediated by a 
stimulation-evoked release o f  pituitary hormones; (3) Central neurogenic neuroprotection 
results from activation o f  central neuronal networks excited from rostral FN. (Supported 
by NIH H L 18974 & EY 07138)

EFFECT OF GLUCOCORTICOIDS ON KAINIC ACID-INDUCED HSP70 
EXPRESSION
O .A. Ajilore*, R.M. Sapolsky, Dept. o f  B ioSciences, Stanford Univ., Stanford, CA  
94305

Hsp7O, a member o f  the heat-shock protein family, is thought to play a protective 
role in neurons during an insult. Excitotoxicity and ischem ia have been shown to 
increase levels o f  hsp7O in the mam malian brain. Glucocorticoids, the steroid 
hormones secreted during stress, are known to damage the hippocampus and 
exacerbate the dam aging effects o f  excitotoxic and ischem ic insults. This 
exacerbation is currently thought to occur primarily due to energy disruption in  
neurons during insults. Glucocorticoids may also impair defense mechanism s utilized  
by a neuron during insults. In the present study, w e wanted to see i f  glucocorticoids 
can reduce the amount o f hsp70 induction that occurs during a neurotoxic insult. 
Kainic acid damage was measured in the follow ing set o f  experiments. Rats were 
either adrenalectomized or injected with 10 m g/kg corticosterone, and then injected  
stereotaxically with either 0, 0 .025, 0 .05, 0 .075 , 0 .1 , 0 .3 , 0 .5 , or 1.0 µg o f  kainic 
acid. Lesion size was quantified three days later, w hile hsp70 expression was 
assessed 24- hours later. Over a range o f  kainic acid doses, glucocorticoids 
significantly increased lesion size as compared to A D X  rats. W hile glucocorticoids 
did not change the absolute amount o f  hsp70 expression follow ing kainic acid  
treatment, it did cause a significant decrease in hsp70 w hen expressed per unit o f  
hippocampal damage.
Support was provided by NIH RO 1 M H 53814 (O AA ) and the Adler Foundation 
(RMS)
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568.3
SUBACUTE NEURONAL DEATH FROM MODERATE EXCITOTOXICITY IS 
INDEPENDENT OF C-JUN EXPRESSION IN ORGANOTYPIC HIPPOCAMPAL  
CULTURES.
R ebecca A. W ilson*, Jason R oss, Cheolsu Shin. Depts. o f M olecular Neuroscience, 
Pharmacology, and Neurology, M ayo Foundation, Rochester, M N 55905.

Excitotoxicity is thought to be the underlying mechanism for epileptic or ischemic 
neuronal damage, mediated thorough glutamate receptors. Our hypothesis is that 
immediate early genes (IEGs) are transiently induced in response to NM D A  receptor 
activation and that they play a critical role in causing neuronal death.

Organotypic hippocampal cultures from 8-day old rats were exposed to 50 uM NM DA  
for 30 minutes to cause a moderate amount o f subacute damage observed 24 hours later. 
c-Jun protein expression was exam ined using western blot or immunohistochemistry 
techniques at various times after NM D A  exposure. Other cultures were stained with the 
nuclear dye propidium iodide to visualize damaged cells. The amount o f damage was 
assessed quantitatively using Kontron image analysis software.

N M DA exposure results in a moderate amount o f  cell death in the hippocampal 
neurons by 24 hours after insult. c-Jun protein expression is increased in response to an 
N M D A  insult with maximum protein expression seen from 4-8 hours after N M DA and 
decreasing to baseline levels or lower by 24 hours. Antisense oligodeoxynucleotides 
against c-jun m RNA suppressed protein expression but did not protect the cultures from 
NM D A  induced damage at 24 hours after insult.

c-Jun protein is induced after a moderate N M D A  insult, but suppression o f  it’s 
expression does not protect the cultures from excitotoxic damage. Previous results have 
shown that c-Jun expression is a critical step in delayed neuronal death induced by a 
milder NM D A  insult. We conclude that the pathway leading to cell death is different 
depending on the severity o f  insult, with subacute damage being independent o f  c-Jun 
induction and delayed damage being dependent on c-Jun induction.
This work is supported by N S37125 and by M ayo Foundation.

568.5
GENETIC INFLUENCES ON THE EXTENT OF EXCITOTOXIC CELL 
DEATH AFTER SPINAL CORD INJURY. D.M. Inman* and O. Steward, 
University, of Virginia Department of Neuroscience, Charlottesville, VA, 
22908.
Different Inbred strains of mice exhibit substantial differences in 

vulnerability to kainic acid induced excitotoxic cell death in the 
hippocampus (P.E. Schauwecker and O. Steward, Proc. Natl. Acad. 
Sci. 94:4103-4108, 1997). Excitotoxic cell death is also thought to play 
a role in secondary degeneration following spinal cord injury (SCI). 
Hence, we evaluated whether there were differences in the extent of 
secondary degeneration following SCI that could be explained on the 
basis of differences in excitotoxic cell death. Spinal cord crush injuries 
were produced in female mice of 4 inbred strains (C57BI/6, Balb/c, 
FVB/N, and 129Sv/EMS). Mice of the C57BI6 and Balb/c strains are 
relatively invulnerable to kainic acid-induced excitotoxic cell death; 
mice of the FVB/N and 129SV/EMS strains are vulnerable. To evaluate 
the contribution of excitotoxic cell death to the development of the 
lesion after SCI, one group of animals from each strain was treated with 
the NMDA-R antagonist MK-801 (0.3 mg/kg); the control group received 
saline injections. Lesion size was evaluated at 1 week post injury. 
Quantitative morphometric analyses of lesion size in saline-treated 
(control) animals revealed substantial differences in lesion size in the 
different strains; FVB/N mice had the largest lesions whereas C57BI/6 
mice had the smallest. Treatment with MK-801 led to substantial 
increases in lesion size in the C57BI/6 mice, but did not significantly 
affect lesion size in the other strains. These results indicate that under 
the conditions of this experiment, blockade of excitotoxic cell death 
not only does not prevent, but actually exacerbates the development of 
a lesion site in the injured spinal cord. (Supported by NIH NS32280 to 
OS).

568.7
IN C R E A SE D  EX PR E SSIO N  O F T ISS U E  FA C TO R  IN V IV O  A N D  IN  
V IT R O  FO L L O W IN G  K A IN IC  A C ID  TR EA T M E N T . Z. Tan*, N. Sun 
and S.S. Schreiber. Dept. of Neurology, Univ. of Southern Calif. Sch.. of 
Med., Los Angeles, CA 90033.

Tissue factor (TF), also known as tissue thromboplastin, is a principal 
initiator of the extrinsic coagulation cascade in mammals. Under normal 
conditions TF is constitutively expressed by extra-vascular cells as well as 
astrocytes in brain. Recent studies demonstrate that TF is also involved in 
phagocyte activation and tumor metastasis. We hypothesized that prolonged 
generalized seizure activity might lead to alterations of brain hemostasis 
function. In the present study adult male Sprague-Dawley rats were treated 
subcutaneously with the excitotoxin, kainic acid (KA, 11 mg/kg), and 
sacrificed at specified times following KA-induced seizures. In situ 
hybridization on frozen sections using a TF riboprobe revealed a significant 
increase in TF mRNA in cells in the molecular layer of the hippocampus as 
well as neocortex. TF gene induction occurred as early as 4 hours and lasted 
until 16 hours after seizure-onset. Double-labeling indicated that some of 
these cells were astrocytes. To confirm astrocytic TF induction, primary 
astrocyte cultures were treated with 100 µM KA and analyzed by RT-PCR. 
A significant increase in TF mRNA was observed 6 hours after the addition 
of KA. These results suggest that the prolonged increase in TF expression 
associated with generalized seizures might promote a relative pro-coagulant 
state along with cerebral hypoperfusion that contributes to excitotoxic 
neuronal death.

Supported by NIH R01 NS33499 and Sankyo Co., Ltd.

568.4
ARE IMMEDIATE EARLY GENES PREDICTORS OF CELL DEATH 
FOLLOWING EXCITOTOXIC INJURY? P.E. Schauwecker*. Dept. of Cell and 
Neurobiology, Univ, of Southern California, Los Angeles, CA 90033.

The immediate early genes, c-jun and c-fos, have been hypothesized to play pivotal 
roles in the decision of neurons to die following epileptic seizures. Previous studies 
have shown that expression of c-fos protein may be an early predictor of excitotoxic 
cell damage and others have suggested that the c-Jun amino-terminal kinase (JNK) 
group of mitogen-activated protein kinases, protein kinases that activate c-jun 
following various types of stress, may play a critical role in the pathogenesis of 
glutamate neurotoxicity. In order to understand the molecular cascade that leads to c- 
jun activation and better understand its role in excitotoxicity, we have focused our 
study on the JNK intracellular signaling pathway. We have studied in resistant 
(C57BL/6) and susceptible (FVB/N) mouse strains the immunohistochemical 
expression of c-jun, JNK1, and SEK1/MEK4, a protein kinase that activates JNK, 
following kainic acid (KA) administration. We show that following KA 
administration, both strains exhibited induction of c-jun in hippocampal regions. 
Although FVB/N mice demonstrated prolonged increases in c-jun immunoreactivity 
throughout hippocampal cell layers, C57BL/6 mice displayed transient induction of c- 
jun. However, unlike previous observations with c-fos protein, increases in c-jun 
immunoreactivity were observed in both damaged and spared areas. In contrast, the 
expression of JNK/SAPK and MEK-4 protein was decreased as early as 6 hours post- 
KA injection in dentate hilar and CA3 pyramidal cells from mice (FVB/N) susceptible 
to KA-induced excitotoxicity. C57BL/6 mice (resistant) displayed moderate increases 
in JNK1 and MEK-4 immunoreactivity throughout the dentate granule and pyramidal 
cell fields between 2 and 72 hours following KA administration. These results suggest 
a disassociation between the expression of c-jun protein and the outcome of cells 
following KA administration. Upstream regulators of c-jun expression, JNK and 
MEK-4, appear to be more appropriate markers linking glutamate receptor activation 
with cell death. Supported by the Howard Hughes Med. Inst. Res. Resources Grant.

568.6
TISSUE-TYPE PLASMINOGEN ACTIVATOR IS NOT REQUIRED 
FOR KAINATE-INDUCED MOTONEURON DEATH IN  V IT R O .
W. Vandenberghe1, L . Van Den Bosch1, R. Vandenberghe2* and 
W. Robberecht1. 1Laboratory of Neurobiology and 2Department of 
Neurology, University of Leuven, 3000 Leuven, Belgium.

Tissue-type plasminogen activator (tPA) and plasmin have 
recently been shown to mediate kainate-induced neuronal death 
in the mouse hippocampus in  vivo. Spinal motoneurons are 
highly vulnerable to kainate both in  v ivo  and in  vitro. The aim of 
the present study was to determine whether the kainate-induced 
death of motoneurons in  v itro  is also mediated by tPA. A 
motoneuron-enriched neuronal population was isolated from 
the ventral spinal cord of wild-type (WT) and tPA-deficient (tPA7) 
mouse embryos. W T and tPA7 neurons were cultured on WT 
and tPA7 spinal glial feeder layers, respectively. WT and tPA7 
cocultures were morphologically indistinguishable. Expression 
of tPA in WT cocultures was demonstrated using RT-PCR. WT 
and tPA7 cocultures were exposed to kainate (20  and 100  µM) 
for 2 4  h. The neurotoxic effect of kainate did not differ 
significantly between WT and tPA7 cultures. The plasm in 
inhibitor α2-antiplasmin did not protect WT neurons against 
kainate-induced injury. These results indicate that the plasm in 
system is not a universal mediator of kainate-induced 
excitotoxicity.
Supported by the FWO-Flanders and the K.U.Leuven OT94/25.

568.8
CLENBUTEROL PROTECTS AGAINST KAINIC ACID -INDUC ED DAM AGE IN 
ORGANOTYPIC HIPPOCAMPAL CULTURES. C. Fonck*, N. Viquez, S. Standley 
and M. Baudry. Neuroscience Program, Univ. Southern California, Los Angeles, CA 
90089-2520.

Clenbuterol is a ß2-adrenergic receptor agonist capable o f NGF induction in the 
CNS. As such, clenbuterol has been proposed to represent a potential neuroprotective 
agent against neurotoxic processes including excitotoxicity and oxidative stress. The 
present study tested the ability o f clenbuterol to prevent damage caused by kainic acid 
(KA) applied to cultured rat hippocampal slices. Hippocampal organotypic cultures 
combine the advantage o f a relatively intact neuronal network exhibiting several 
features o f the adult system and the convenience o f in vitro experimental preparation. 
Hippocampi from 10 day old Sprague-Dawley rats were transversely cut (400 µm) and 
kept under culture conditions for 14 days. Cultures were then incubated in serum-free 
medium for 24 hours. Clenbuterol (100 µM ) was added and, one hour later, cultures 
were exposed to 50 µM KA for three hours. The slices were allowed to recover in 
serum-free medium containing 100 µM clenbuterol for 24 hours. Neuronal damage 
was assessed by semi-quantitative analysis o f propidium iodide (PI) uptake and by 
measuring LDH release in the medium. Incubation with KA resulted in a three fold 
increase in PI fluorescence and a 4 fold increase in LDH activity. Clenbuterol 
markedly reduced the damage caused by KA to the hippocampal slices (40 % 
reduction in PI fluorescence and 35 % decrease in LDH activity). Interestingly, 
clenbuterol was able to spare the CA3 region o f the hippocampus almost com pletely 
from damage as visualized by PI. These results and the fact that clenbuterol is a low  
molecular weight, blood brain barrier crossing compound are supportive o f its 
potential therapeutic application against neurodegenerative conditions.
Supported by grants from Sankyo, Pharmaceuticals, Inc., NIA and the Mellon 
Foundation.
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568.9
INTRASTRIATAL NGF-RELEASING BIODEGRADABLE MICROSPHERES 
PREVENT THE DEGENERATION OF CHOLINERGIC AND NON 
CHOLINERGIC STRIATAL NEURONS IN A MODEL OF HUNTINGTON 
DISEASE. P. Menei 1,2, J.M. Pean3, V. Nerrière-Daguin4, J.P. Benoit3, P. 
Brachet4*, (1INSERM U298, 2Department of Neurosurgery, 3UPRES EA 2169, 
University Hospital Angers, 4INSERM U437, Nantes, France)
Sustained and controlled release o f  neurotrophic factor from stereotaxically implanted 
biodegradable microspheres provides a new approach for neurotrophic factor therapy. 
We have investigated whether such NGF-releasing microspheres may counteract the 
neurodegenerative effect o f  intrastriatal quinolinic acid (QA) injection. Murine NGF- 
loaded poly(D,L,lactide-co-glycolide) microspheres were prepared by 
emulsion/evaporation/ extraction method. In  v itro , NGF was released for at least one 
month and its activity was confirmed by PC 12 cell bioassay. O,8mg o f  microspheres 
(representing 1 µg o f  NGF) were implanted by stereotaxy in the striatum o f  female 
Sprague-Dawley rats. Seven days later, 225 nmol o f  QA was infused into the striatum. 
The animals were sacrifíed 15 days later and the largest cross-sectional lesion area 
produced by QA was evaluated on N issl sections. Surviving ChAT- and NADPH- 
diaphorase-positive neurons were quantified on adjacent slices. Animals treated with 
NGF-releasing microspheres had smaller lesion areas than did the control group 
implanted with unloaded microspheres and the sham group with no microspheres 
(respectively a mean o f  4.6, 7 and 7.4 mm2). A  majority o f  ChAT-positive neurons 
survived within the striatum o f  rats that received NGF-releasing microspheres (63% o f  
survival). In contrast, there was a dramatic loss o f  ChAT-positive neurons within the 
striatum o f  control and sham animals (respectively 10 and 15.9% o f survival). In 
addition, NADPH-diaphorase-positive neurons sparing was noted in those animals 
treated by NGF releasing microspheres compared to the control and sham animals 
(respectively 20, 8 and 8% o f  survival). NGF was still detected inside the microspheres. 
These data show that microspheres provide a usefull way to deliver NGF in the brain. 
This strategy may ultimately prove relevant for the treatment o f  Fluntington disease.

568.11
DIFFERENTIAL INDUCTION OF HIPPOCAMPAL GRANULE CELL 
SPROUTING IN 129/SvEM AND ALBINO MICE BY KAINIC ACID. I. 
Cantallops1, J. Moskal*2 and A. Routtenberg1. 1Cresap Neuroscience Laboratory, 
Northwestern University, Evanston, IL 60208; 2Chicago Inst. of Neurosurgery, 
Chicago, IL 60614.

After seizures caused by kindling or kainic acid (KA) hippocampal granule cell 
axons (mossy fibers) grow sprouts into the supragranular layer in the rat. This growth 
has also been observed in epileptic humans and in aged humans and mice, 
constituting a widely used model of synaptic plasticity and clinical epilepsy. Three 
main hypotheses not mutually exclusive have been proposed: reactive 
synaptogenesis, activation of limbic circuits by kainate, and loss of a target- 
derived inhibitory growth factor. Our laboratory has previously shown that albino 
mice do not show mossy fiber sprouting after seizures caused by ƘA (McNamara, 
Namgung, and Routtenberg, M ol. B ra in  R es ., 1996), in contrast to rats, and albino 
mice do not appear to show hilar cell death after KA-induced seizures. Other 
strains of mice, however, do show hilar and pyramidal cell death after KA. One of 
those strains is 129/SvEMS (Schauwecker, and Steward, 1997). We therefore 
determined whether these mice would show granule cell sprouting, performing 
Timm’s staining in 129/SvEMS and albino mice after administration of ƘA or 
saline. The results from our experiments demonstrate for the first time that mouse 
strain 129/SvEMS displays mossy fiber sprouting, along with hilar cell death, after 
ƘA-induced seizures. Albino mice, which undergo behavioral seizures comparable 
to those displayed by 129/SvEMS mice do not show hilar cell death nor mossy 
fiber sprouting. 129/SvEMS mice treated with KA and not showing hilar cell loss, 
did not show mossy fiber sprouting. This result strengthens the view that reactive 
synaptogenesis after hilar cell death must accompany seizures in order to trigger 
mossy fiber sprouting. (Supported by NU Institute for Neuroscience, and Fundación 
Barceló Fellowship (Spain) to I.C. and Whitehall Foundation to A.R.).

568.13
NEUROPROTECTIVE ACTION OF INTERLEUKIN-10 IN M OUSE PRIMARY 
NEURO NA L CULTURES. I. Barbieri, R. Brusa, H. Basudev, C. Casati, M. Grilli*. 
Schering-Plough Research Center, San Raffaele Science Park, Milan, Italy.

A grow ing body o f  evidence points out a potential role o f  inflammatory and 
immune modulators in the pathophysiology o f  ischaemic brain damage. Increased 
levels o f  proinflammatory and antiinflammatory m olecules has been reported in the 
CSF o f  patients with stroke and reproduced in experimental animal models o f  brain 
ischaemia. Interleukin-10 (IL -10) is a potent TH2-type cytokine that suppresses 
gene expression o f  proinflammatory mediators. Recently, IL-10 production by 
human m icroglia has been reported and suggested to play an immune regulatory 
function in CNS. Furthermore, high levels o f  IL-10 have been demonstrated in the 
CSF o f  patients with stroke.

IL-10 knock-out mice, which have been extensively characterized for their 
im m unological abnormalities resulting in a chronic enterocolitis, represents a 
valuable m odel to study the function o f  this modulator in CNS. We have evaluated 
the contribution o f  IL-10 to neurodegeneration associated to ischemic damage in in 
vitro neuronal m odels derived from IL-10 gene KO mice. Primary cortical cultures 
were established from both IL-10 KO mice and the parental strain C57B/6 and 
exposed to neurotoxic concentrations o f  NM DA (15-60  µM) or to oxygen-glucose  
deprivation (15-30-60  min). Under both experimental conditions an increased 
neuronal vulnerability was reported in KO m ice-derived cultures compared to 
control. Furthermore exposure o f cultures to 0.1-100 nM IL-10 resulted in a 
significant reduction o f  ex c itotoxic-induced neuronal death in control cultures. To 
investigate if   IL-10 neuroprotective properties represented a neuronal or a glia- 
mediated effect, the antiinflamatory cytokine was also tested in the pure neuronal 
culture model o f  cerebellar granule cells. An IL-10 dose-dependent neuroprotective 
effect was observed to suggest a direct influence o f  the cytokine on neuronal 
susceptibility to excitotoxicity .

568.10
NEURITE DIFFERENTIATION AND NMDA RECEPTOR 
EXPRESSION IN RAT PHEOCHROMOCYTOMA CELLS USING A 
NEW METHOD. S. Darling*, E. Mazzio and K.F.A. Soliman . College of 
Pharmacy & Pharmaceutical Sciences, Florida A&M  University, 
Tallahassee, FL 32307

Excitotoxic mechanisms involving the NMDA receptors in neurons 
were examined using a newly developed in vitro procedure. The present 
method promoted cell differentiation o f PC 12 cells in adhering neurites. 
Further, this study also found evidence o f NMDA receptor expression in 
plastic attached neurons. Differentiated PC 12 cells have properties 
characteristic o f neurons and are commonly used to study neuronal 
function. Inherently, undifferentiated PC 12 cells adhere poorly to tissue 
culture plastic. Therefore, the use o f nerve growth factor (NGF) and an 
attachment substrate has been used to produce neurite-bearing cells. The 
results from the present study indicate that neurons developed in the 
presence o f NGF and collagen did not respond to excitotoxic cell death. 
However, with modification o f the culture substrate by elimination of 
NGF, collagen and a substitution to low serum medium resulted in a 
transformed neuronal cell line, adhering very strongly to plastic. And, the 
plastic adhering cells underwent cell death in a dose dependent manner 
with exposure to excitotoxins L-glutamate, quinolinic acid and NMDA. 
The presence of the NMDA receptor was confirmed by inhibition of 
toxicity to NDMA and L-glutamate by NMDA antagonists kynurenic acid, 
dl-2-amino-5-phophonovaleric acid and 7-chlorokynurenic acid. 
(Supported by NIH grants GM 0811 and RR 03020)

568.12
REGULATION OF c22 (rCRMP-1) mRNA EXPRESSION IN RAT BRAIN  
FOLLOWING KAINIC ACID-INDUCED SEIZURE ACTIVITY. M. Crispino*, 
W. Hoe, T.T. Quach1, A-M Duchemin2, G. Tocco, and M. Baudry. Neuroscience 
Program, Dept. Biological Sciences, U niv. o f  Southern California, Los Angeles, 
CA 90089; Neurobiotechnology Center1 and Department o f  Psychiatry2, Ohio State 
University, Columbus, OH 43210.

Members o f  collapsin/semaphorin gene family play important roles in axonal 
path-finding by inhibiting the extension o f  the growth cone. Recent studies 
indicated that this process is mediated by CRMP (Collapsin Response Mediator 
Protein), a putative component o f  the cascade machinery which couples collapsin 
binding receptor to signal transduction pathways. Four members o f  the CRMP 
gene family have been identified in rat brain, rCRMP-1 (c22), rCRMP-2, rCRMP3 
and rCRMP-4, suggesting that neurons may require more than one CRMP to 
respond to different signals. To investigate the regulation o f  c-22 gene expression 
and its possible involvement in neuronal regeneration and plasticity, we analyzed 
c-22 mRNA expression in rat brain follow ing kainic acid-induced seizure activity. 
In adult rat, kainate-induced seizures produce neurodegeneration in hippocampus 
and piriform cortex, and sprouting o f  the m ossy fiber terminals in the inner 
molecular layer o f  the dentate gyrus. We performed in situ hybridization using a c- 
22 oligonucleotide probe on brain sections from animals sacrificed at different time 
points after seizure onset. Hybridization signals were quantified in C A 1, CA3, 
dentate gyrus, cortex and dorsal thalamic nuclei, using a computer-aided 
densitometer. Levels o f  c-22 mRNA increased significantly only in the dentate 
gyrus by 8 hrs after seizure onset. The increase was transient as c-22 expression 
returned to control levels by 5 days. These results suggest that the expression o f  c- 
22 is regulated by neuronal activity and that c-22 may play a role in injury-induced 
synaptic reorganization.
Supported by Grant N S18427 (M B) and a fellowship from University o f  Naples, 
Italy (MC).

568.14
EFFECTS OF INTERLEUKIN-10 (IL-10) ON NEURO NA L SURVIVAL  
FOLLOWING EXCITOTOXIC SPINAL CORD INJURY. KL Brewer*, RP 
Yezierski and JR Bethea. The Miami Project to Cure Paralysis, University o f  Miami 
School o f  M edicine, Miami FL, 33136.

Intraspinal injection o f  quisqualic acid (QUIS) produces excitotoxic injury with 
pathological characteristics similar to those associated with ischem ic and traumatic 
spinal cord injury (SCI). Inflammatory responses are believed to be a major 
component o f  the secondary neuronal injury initiated by SCI and play a significant 
role in the pathogenesis o f  QUIS-induced injury. IL-10 is a potent anti-inflammatory 
cytokine that has been shown to reduce inflammation and improve functional 
outcome in human and animal models o f  inflammatory diseases. We propose the 
administration o f  IL-10 following excitotoxic SCI will attenuate the inflammatory 
response, thus resulting in increased neuronal survival, i.e. neuroprotection. Male, 
Long-Evans rats were given intraspinal injections o f  QUIS follow ed by either 
intraspinal or systemic injections o f  IL-10 (5ng intraspinally; 5µg intraperitoneally).
Survival times were varied in order to produce a range o f  injury severity and 

inflammatory involvement following QUIS injections. When administered 
intraspinally, IL-10 exacerbated the QUIS damage, resulting in larger lesions than 
with QUIS alone. However, when administered system ically, IL-10 significantly 
decreased lesion volume in the more severe injury, while having no significant effect 
on the more mild injury. These divergent effects were attributed to a lack o f  
inflammatory involvement in the mild injury, while the more severe injury is 
characterized by the presence o f  a more robust inflammatory response. In 
conclusion, reducing the inflammatory reaction o f  SCI results in a significant 
reduction in neuronal damage suggesting that targeting injury-induced inflammation 
may be an effective treatment strategy for acute spinal cord injury. Supported by 
State o f  Florida and U.S. Army.
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568.15
SITES OF ACTION OF IL-1 ON AMPA RECEPTOR MEDIATED 
EXCrrOTOXICITY WITHIN THE RAT STRIATUM. R.I.Grundy,
N.J. Rothwell*, S.M.Allan. School of Biological Sciences, University 
of Manchester, Manchester M 13 9PT, UK.
The cytokine interleukin-1ß (IL-1ß) has been proposed to mediate 
ischaemic, traumatic and excitotoxic brain damage.
Striatal co-injection of the glutamate receptor agonist S-AMPA and 
IL-1ß results in a large, separate, and distinct area of damage in the 
cortex not seen when S-AMPA is injected alone.
The objective of the present study was to determine if the actions of 
IL-1ß on the AMPA receptor mediated excitotoxic damage are 
specific to distinct sites within the striatum.
S-AMPA and IL-1ß were co-injected into sites medial, lateral, 
ventral, dorsal , rostral and caudal to the site of striatal injection used 
in the previous study: 0.7mm rostral, 2.7mm lateral, and 5.5mm 
ventral from Bregma.
The resultant cortical damage following the co-injection suggested 
that the main site of action for S-AMPA and IL-1ß was located in the 
ventral or lateral striatum. Subsequently S-AMPA and IL-1ß were 
injected into specific anatomical sites within the ventral striatum. The 
resulting data suggests that IL-1ß acts at specific sites within the 
striatum to synergise with AMPA and affect damage in the cortex. 
This work was funded by the MRC.

568.17
C H E M O K IN E  R A N T E S  A N D  M A C R O P H A G E  IN H IB IT O R Y  
P E P T ID E  (T K P ) P R O T E C T  C E R E B R O C O R T IC A L  N E U R O N S  
F R O M  H IV -g p 12 0 IN D U C E D  A P O P T O S IS . M arcu s K aul*  and  
Stuart A . L ip to n . C N S  R es. Institute, B righam  & W om en's H osp ita l, and 
Program  in N e u r o sc ie n c e , Harvard M e d ic a l S c h o o l, B o sto n , M A  0 2 1 1 5 .

A b out h a lf  o f  ch ildren  and a quarter o f  adults w ith  A ID S  ev en tu a lly  
d e v e lo p  d e m e n tia . T r a n sg e n ic  m ic e  e x p r e ss in g  th e H IV -1  e n v e lo p e  
g ly c o p r o te in  g p 12 0  m a n ifes t n e u r o p a th o lo g ic a l fea tu res  that re sem b le  
th o se  fo u n d  in A ID S  b rains (T o g g a s  et a l., N a t u r e  3 6 7 :1 8 8 , 1 9 9 4 ). 
R e co m b in a n t g p 12 0  a lso  in d u ces neuronal a p o p to sis  in cerebrocortica l 
c e ll  cu ltu re . H IV -1  in fe c te d  or g p 12 0 -s t im u la te d  m a c ro p h a g e s and  
m ic r o g lia  h a v e  b e e n  fo u n d  to  r e le a se  to x in s  that co n tr ib u te  to  the  
n eu ro d eg en er a tiv e  p ro ce ss  by e x c e s s iv e  stim u la tion  o f  N M D A  receptors  
(L ip to n  and G e n d e lm a n , N . E n g l .  J . M e d .  3 3 2 :9 3 4 , 1 9 9 5 ). V a r io u s  
strains o f  H IV -1 can  b ind to the ch em o k in e  receptors C X C R 4  or C C R 5  
v ia  g p 1 2 0 , and th is  fa c il ita te s  in fe c t io n  o f  T -c e lls  and m a c ro p h a g e s, 
r e s p e c t iv e ly .  R e c e n t ly , c h e m o k in e  r e ce p to r s , in c lu d in g  C C R 5  and  
C X C R 4 , h a v e  a lso  b een  fo u n d  on  n eu ron s and a str o cy te s . H ere, w e  
sh o w  that th e c h e m o k in e  R A N T E S  (2 0  n M ), w h ich  b in d s to C C R 1 , 
C C R 3 and C C R 5 , p ro tects  rat ce reb ro co rtica l neurons from  g p 120 (2 0 0  
p M )-in d u c ed  a p o p to sis . P rotec tion  by R A N T E S  co u ld  be due to e f fe c ts  
on m a c r o p h a g e s /m ic r o g lia , n eu ron s or a str o cy te s . H o w ev e r , w e fou n d  
that m acrop h age inh ib itory  p ep tid e  (T K P; 5 0  µ M ) a lso  protects neurons  
from  g p 1 2 0 -in d u ce d  a p o p to sis . T aken  to g eth er , th ese  fin d in g s  su g g est  
that g p 12 0  n eu r o to x ic ity  d ep en d s  p r e d o m in a n tly  on in teraction  w ith  
c h e m o k in e  recep tors  on m a c r o p h a g e s /m ic r o g lia  rather than on  neurons  
or a s tr o c y te s . S u p p o r te d  by D e u t sc h e  F o r sc h u n g g e m e in sc h a ft  (to  
M .K .), R01 E Y 0 9 0 2 4  and P01 H D 2 9 5 8 7  (to  S .A .L .).

568.19
E T H A N O L  P R E -E X P O S U R E  S U P P R E S S E S  T O X IC IT Y  O F HIV-1 gpl2O  
B U T  N O T  N M D A  IN R A T  B R A IN  SLIC E C U L T U R E S.
E .J . N eafsey*, J .Y . Zou, and M .A . C o llin s. D epts. o f Cell B iology, N eurobiol
ogy  & A natom y; and M olecular and Cellular B iochem istry; Loyola U niversity  
M edical C enter, M ayw ood, IL 60153.

N M D A  receptor activ ity  in part m ediates th e poten t tox icity  o f th e HIV-1 
coat protein  g p 120 in brain and is also reported  to  be inhibited  by ethanol. 
U sing tw o-w eek-old  organotyp ic slice cu ltures o f th e  entorhinal cortex and hip
p ocam pus taken from  8 day old rat pups, we assessed  th e  effect o f six days of 
continuous ethan ol (30 m M ) pre-exposure on cy to to x ic ity  (m edia lactate dehy
drogenase (LD H ) a ctiv ity ) caused  by exposure to  gpl2O  (100 pM  for 48 hrs) or 
to  N M D A  (100 µ M in M g+ + -free Locke’s so lution  for 30 m in , cu ltures allowed  
to  recover for 24 h). A s deta iled  in th e tab le, e than ol pre-exposure halved the  
tox ic ity  o f gpl2O  but failed to  significantly reduce N M D A ’s toxicity.

T hus, th e  “protective” effect o f low ethanol exposure against gpl2O -induced  
cy to to x ic ity  (C ollins et al., A lc C lin  E x p  R e s  22:1998) does not appear to  in
volve th e  N M D A  receptor. A n a lternative m echanism  we are investigating  
is inh ib ition  o f astrocytic proliferation  by ethanol, which could  lead to  a re
duction  in  gpl2O -induced astrocytic  secretion  of poten tia lly  neurotoxic factors 
(g lu tam ate, P A F , quinolinate, N O , cytokin es, e tc .) th a t trigger excitotoxic and 
non-excito tox ic  p athw ays. (Supported  by NIH A A 11723)

568.16
ACUTE EXCITOTOXIC INJURY INDUCES EXPRESSION OF THE 
MONOCYTE CHEMOATTRACTANT PROTEIN (MCP)-1 RECEPTOR, CCR2. 
IN NEONATAL RAT BRAIN. F.S. Silverstein,* J.M. Galasso, J .K. Harrison. M.J. 
Miller. J.S. Warren. University of Michigan, Ann Arbor, MI 48104 and University 
of Florida, Gainesville, FL 32610.

Chemokines are a family of structurally related proteins involved in the activation 
and directed migration of leukocytes into areas of inflammation. Chemokines mediate 
their effects by interacting with specific members of a large family of G-protein- 
coupled receptors. In neonatal rat brain, excitotoxic and ischemic injury induce 
expression of the potent monocyte chemokine, MCP-1. No published data have 
evaluated whether the MCP-1 receptor, CCR2, is expressed in the brain, either 
constitutively or in response to injury. We hypothesized that if MCP-1 regulates the 
microglia/monocyte response to acute brain injury, CCR2 must be upregulated in the 
injured brain. To evaluate regulation of CCR2 and MCP-1 expression in neonatal rat 
brain, we used a reproducible model of focal excitotoxic brain injury, elicited by 
direct intra-hippocampal injection of NMDA in 7 day old rats; this lesioning method 
evokes a robust microglia/monocyte response. Expression of a related chemokine 
receptor, CCR5, was also examined to assess the specificity of any observed changes 
in CCR2 expression. RT-PCR assays revealed a rapid induction of CCR2 mRNA 
expression, peaking at 16 h after lesioning and increases were sustained for up to 72 
h; MCP-1 mRNA peaked earlier (at 8 h) and declined more rapidly than did CCR2 
expression; increases in CCR5 mRNA were evident at later times (24-48 h after 
lesioning). Evidence of CCR2 protein accumulation at 24 h after lesioning was 
provided by Western blot analysis and immunocytochemistry assays that revealed 
CCR2 expression in both activated microglia/monocytes and injured neurons. These 
data lend support to the hypothesis that M CP-1 could be an important regulator of 
the inflammatory response in the acutely injured neonatal brain.
This research was supported by USPHS grant NS 35059 (to FSS).

568.18
HIV-gpl2O INDUCED NEURONAL APOPTOSIS IS 
MEDIATED BY CASPASE ENZYMES Danielle M. D'Emilia, 
Gwenn A. Garden, and Stuart A. Lipton*. CNS Research Institute, 
Brigham and Women's Hospital, and Program in Neuroscience, 
Harvard Medical School, Boston, MA 02115.

HIV infection causes a syndrome of cognitive decline which has been 
associated with dendritic and synaptic injury, neuronal loss, and 
apoptosis of multiple CNS cell types. One mechanism of HIV-1- 
related neuronal injury is thought to involve the HIV coat protein, 
gp120, which triggers the release of toxins from brain macrophages, 
resulting in overstimulation of neuronal NMDA receptors. Human and 
rodent primary cerebrocortical neurons undergo apoptosis after 
exposure to gp120 in vitro. Here we found that cultured rat cortical 
neurons manifest a 200% increase in apoptosis after exposure to 200 
pM recombinant gp120SF2 for 24 hr (P < 0.002). Pre-treatment for 3 
hr with the caspase inhibitor Z-VAD.fmk (50 µM) reduced the number 
of apoptotic cells to control levels. Z-VAD.fmk alone had no affect on 
the endogenous low level (<10%) of apoptosis in these cultures. 
Additionally, a control fluoromethylketone compound with no caspase 
inhibitory activity had no significant effect on gp120-induced 
apoptosis. Quantification of caspase enzyme activity, and 
immunolabeling of both caspase pro-enzymes and active caspase 
fragments will further elucidate the time course over which HIV-gp120 
induces apoptosis in cultured cortical neurons. These experiments are 
aimed at generating an in vitro system in which the molecular cascade 
of events leading from HIV-gp120 exposure to neuronal apoptosis can 
be studied.

Funded by NIH grants P01 HD29587 and R01 EY09024 (S.A.L.).
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569.1 569.2
MK-801 REDUCES NITRIC OXIDE PRODUCTION TO INHIBIT NEURONAL 
APOPTOSIS AFTER HYPOTHERMIC CIRCULATORY ARREST. E.E.Tseng, 
M.V.Brock, M. Annadata, M.S. Lange, W.A. Baumgartner, M.V. Johnston*. Johns 
Hopkins Medical Institutions and Kennedy-Krieger Institute, Baltimore, MD 21287.

Purpose: Prolonged hypothermic circulatory arrest (HCA) causes neurologic 
injury, involving neuronal apoptosis. We have previously demonstrated that HCA 
causes glutamate excitotoxicity and apoptosis. We hypothesized that MK-801 
reduces NO production to inhibit neuronal apoptosis after HCA.

M ethods: Eighteen dogs underwent 2 hours of HCA at 18°C and were sacrificed 
8 hours after HCA. Glutamate (glu), glycine (gly), and citrulline (cit), an equal co- 
product of NO. were measured. Group 1 was treated with MK-801; group 2 controls 
(CTL) vehicle only. Apoptosis was scored from 0 (normal) to 100 (severe injury).

Results: Peak levels of amino acids in each time period were compared to 
baseline (*. p<0.05); M K-801 was compared to HCA CTL (**, p<0.05). MK-801 
significantly inhibited apoptosis (group 1 vs. 2: 7.92±7.85 vs. 62.22±5.93, p<0.001).

µM Baseline HCA CPB ICU
CTL Glu 2.9±1.8 10.4±7.9* 7.6±3.5* 8.9±6.2*
MK Glu 3 .1± 1.4 11.0±6.8 4.4±2.0 4.8±2.5
CTL Gly 10.1 ±9.0 19.0± 15.9 36.9±29.1* 27.8±14.4*
MK Gly 6.3±2.9 7.4±5.0 9.4±9.0** 23.5±23.5
CTL Cit 1.1 ±0.9 2 .l± l.6 4.2±3.7* 3.0±2.3*
MK Cit O.6±O.4 1.8±1.6 0.2+0.2** 0.6±0.8**

C onclusions: Our results demonstrate that MK-801 inhibits NO production and 
HCA induced neuronal apoptosis. MK-801 did not significantly affect excitatory 
glutamate, but did reduce glycine levels. Reducing NO production by MK-801 or 
other means may be clinically efficacious in ameliorating neurologic injury after 
HCA. Work supported by NIH grant 2RO 1NS31238-05.

PROLONGED BLOCKADE OF BOTH N M D A  A N D  AMPA/KAINATE  
GLUTAMATE RECEPTORS INDUCES NEURO NA L APOPTOSIS IN CORTICAL 
CULTURES. J.Y. H wang1, Y.H. Kim2, M .B. Wie3, E.H. Joe4* , J.Y. K oh1. 1Dept. 
Neurology, Univ. Ulasn Sch. Med., Seoul 138-736, Korea, 2Dept. Molecular Biology, 
Seoul Natl. Univ., 3Dept. Veterinary M edicine, Che-Ju Univ., 4Dept. Pharmacology, 
Ajou Univ.

Expecting synergism, combined use o f  antagonists acting at the N M D A  and 
AMPA/kainate receptors has been proposed as a neuroprotective strategy. However, 
since activation o f  glutamate receptors promotes survival o f  certain neurons in cultures, 
conversely, prolonged com plete blockade o f  both receptors may have harmful effects. 
We examined this possibility in mouse cortical cultures.

Exposure o f  mature cortical cultures for 72 h to either 10 µM M K-801 or 50 µM 
CNQX alone did not induce neuronal death. However, simultaneous exposure to both 
for 48 h resulted in gradually developing neuronal apoptosis, accompanied by cell body 
shrinkage and internucleosomal D N A  fragmentation. The death was attenuated by 
anti-apoptosis measures such as cyclohexim ide, zVAD-fmk, or high K medium. The 
protective effect o f  high K medium was reversed by calcium channel blockers, 
nimodipine and cobalt.

Present results suggest that prolonged blockade o f  both ionotropic glutamate 
receptors are harmful to cortical neurons by promoting apoptosis. Since high K 
medium abrogated the apoptosis likely by increasing calcium influx, the glutamate 
antagonist-induced apoptosis may involve intracellular calcium.

Supported by Creative Research Initiatives from the Korean Ministry o f  Science and 
Technology (JYK).

569.3
GENE EXPRESSION IN RESPONSE TO KAINIC ACID. M P. van der Bru g, S 
Goodenough, P.A. W ilce*. D ept. o f Biochemistry, University o f  Queensland, St Lucia, 
Queensland, 4072, Australia.

Kainic acid (K A ) injection results in hyperexcitability and loss o f cells in the limbic 
system, by processes including programmed cell death (PCD). As the mechanisms 
involved in PCD are o f  considerable interest, it is important to gain an understanding 
o f the underlying genetic events. Male Wistar rats were injected with KA ( 12mg/kg, 
ip) and kept at 4°C for 5hr. This protocol restricts damage to the C A 1 and CA3 
regions o f the hippocampus and entorhinal cortex, but leaves the sensory cortex intact. 
This allow s comparison between stimulated regions with and without subsequent cell 
death RNA from the hippocampus, entorhinal and sensory cortices was screened by 
differential display reverse transcriptase-polymerase chain reaction, using 6 primer 
com binations o f  2Obp primers. Sixteen apparent changes in expression were revealed. 
Seven o f  these were screened by northern analysis and 3 exhibited altered expression 
patterns. Activin ßA  mR NA was induced between 5 and 24hr post injection in the 
hippocampus, sensory and entorhinal cortices. The second fragment corresponding to 
the 14-3-3 protein ζ  isoform, was identified. Peak expression o f  m RNA occurring 
between 5 and 10hr post injection. There was a 5 fold increase in expression in both 
the hippocampus, and the entorhinal cortex. The third fragment revealed increased 
expression at 24hr post injection. The fragment, designated E T A 1 ( 2 13bp), bears 
little hom ology to any currently known sequence. These alterations in gene 
expression may prove useful in elucidating the processes involved in KA-induced 
hyperexcitation and subsequent cell death. This work was supported by the National 
Health and M edical Research Council, in the form o f a project grant.

569.4
IDENTIFICATION OF mRNA SPECIES ASSOCIA TED WITH KAINIC  
ACID-M EDIATED NEURONAL DEATH. J.T. Chun1*, N. Sun1, A.J. Bruce3, 
M. Baudry 2, and S.S. Schreiber1. 1Dept. Neurology and 2Hedco Neuroscience 
Center. Univ. Southern California, Los Angeles, CA 90033. 3Dept. Anatomy 
and Neurobiology. Univ. Kentucky M edical Center, Lexington, KY 40536.

In an animal model o f  neuronal excitotoxicity, system ic administration o f  
kainic acid (KA) leads to selected neuronal death in several structures including 
the CA3 and CA1 regions o f  the hippocampus. Recent studies suggested that 
neurons degenerating in these regions follow  an apoptotic pathway. Since 
apoptotic pathways usually depend on d e  n o vo  protein synthesis, we have 
surveyed for the genes that are induced by these new ly synthesized proteins 
during KA-mediated neuronal cell death. Toward this end, we isolated 
poly(A )+ RNA from the hippocampus o f  KA-treated rats ( 16h after seizure 
onset), constructed a cD N A  library, and identified mRNA sequences that are up- 
regulated during KA-mediated cell death. Subsequent screening o f  the positive 
phages with heterogeneous cD N A  probes prepared from the hippocampal total 
RNA o f  animals pretreated with cyclohexim ide (CHX) enabled us to identify 
several apoptosis-related mRNA species whose induction is blocked by CHX  
pretreatment. DN A  sequence analyses o f  these K A(+)/C HX (-) cD N A  clones 
identified a m RNA for lysosom al membrane protein-1 (Sun et al. 1997, Mol. 
Brain Res. 45:353) and transcripts o f  mitochondrial genes encoding cytochrome 
c subunit III and ATPase subunit 6, as w ell as several other novel sequences. 
These preliminary findings suggest that newly synthesized proteins at the early 
stage o f  apoptosis may activate a subset o f  genes affecting cell redox and 
molecular transport across organelle membranes. (Supported by research grants 
from NIH R01 N S33499 and Sankyo Co., LTD.)

569.5
REGULATION OF BCL-2 AND BCL-XL BY KAINIC ACID-INDUCED 
SEIZURE. B. Y. Ahmed*, The Cain Foundation Laboratories, Department 
of Pediatrics, Baylor College of Medicine, Houston, Texas 77030.

Bcl-2 and Bcl-xl are homologous proteins implicated in protective 
regulation of apoptotic neuronal cell death. It is well known that kainic 
acid (KA) injection results in seizure behaviors and causes programmed 
cell death in epileptogenic regions of the brain. The present study was 
conducted to investigate whether expression of Bcl-2 and Bcl-xl proteins 
in rat hippocampus is associated with KA-induced seizures. Adult wistar 
rats were treated intraperitoneally with KA (10mg/kg) and sacrificed 2 
hrs, 24 hrs or 1 week following seizure onset. Western blot and 
immunohistochemical analyses were performed using Bcl-2 and Bcl-xl 
antibodies in kainate-treated and un-treated rat hippocampi. Decreased 
immunoreactivity and amount of Bcl-2 and Bcl-xl proteins were found in 
2 hrs (57 ± 4 %  and 8.6 ± 4 % , respectively) following Kainate-induced 
seizure in rat hippocampus. However, the immunoreactivity and amount 
of Bcl-2 and Bcl-xl proteins were found to be increased in 24 hrs 
(25 ± 3 %  and 202 ± 5 % , respectively) and 1 week (108 ±4 %  and 
234 ± 4 % , respectively) after KA-induced seizure in rat hippocampus. 
Sites of up-regulation of Bcl-2 and Bcl-xl proteins in the present study 
correlate with areas, which are resistant to cell death after a severe KA 
stimulated seizure involving rat hippocampus.

This work was supported by a grant from NIH NS 34504.

569.6
INCREASED EXPRESSION OF BCL-XS m RNA A N D  PROTEIN IN RAT 
HIPPOCAMPUS FOLLOWING SHORT DURATIONS OF STATUS  
EPILEPTICUS. AD.Kondratyev, N . Sahibzada, K .Gale*. Dept. o f  Pharmacology, 
Georgetown Univ. Med. Center; Washington, DC 20007.

A genom ically determined cascade, or "programmed cell death" (PCD), 
contributes to neuronal death follow ing prolonged continuous seizures (status 
epilepticus). Hippocampal CA subfields are especially vulnerable to this 
neurodegeneration. The expression o f  genes related to the b c l-2  family o f  proto- 
oncogenes (e.g. b cl-2 , bcl-X , b o x )  have been shown to influence susceptibility o f  
neurons to PCD in a variety o f  circumstances, including status epilepticus. The 
present study determined whether the expression o f  b c l-X S m RNA in rat hippocampus 
is altered follow ing status epilepticus o f  defined durations, and evaluated the extent to 
which parallel changes occurred in B cl-X S protein.

To induce status epilepticus, kainic acid ( 12 mg/kg, i.p.) was administered to adult 
male Sprague-Dawley rats and seizures were stopped by diazepam at various times. 
In control animals b c l-X S mRNA was close to the lower limit o f  detection. After 1 hr 

o f  status epilepticus a robust increase in a b c l-X short mRNA was observed 24 hr and 
48 hr (but not at 6 or 72 hr) after seizure termination. The most prominent increase 
occurred in C A 1 and 2 subfields, and less prominently in rhinal cortex. The increase 
o f  b c l-X S m RNA occurred in those areas where substantial neuronal apoptosis was 
indicated by in s itu  triple labeling with anti N euN  antibodies, Hoechst 33258, and 
TUNEL. Western blotting o f  hippocampal tissue identified two bands corresponding 
to short and long forms o f  Bcl-X. The amount o f  both proteins increased after status 
epilepticus but the increase in the amount o f  B cl-X S was tw ice that o f  B cl-X L. N o  
apparent changes in m RNA or protein levels o f  B cl-2 were detected under these 
conditions. B cl-X S is known to promote cell death by acting as dominant negative 
regulator o f  the "protective" Bcl-2 and B cl-X L proteins. Our results suggest that Bcl- 
X S contributes to the programmed neuronal death evoked by continuous seizure 
activity and that the induction o f  the b c l-X S gene may be triggered by relatively short 
durations o f  status epilepticus. S u p p o r te d  b y  N IH  g r a n t  N S 3 6 0 35.

S o ciety  for  N eu r o sc ien c e , V olu m e  2 4 ,1 9 9 8
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569.7
INHIBITION OF THE p44/42 M ITOGEN-ACTIVATED PROTEIN KINASE  
PATHW AY PROTECTS HIPPOCAMPAL NEURONS IN A  CELL-CULTURE  
MODEL OF SEIZURE ACTIVITY. B. Murray1,3*, A. Alessandrini2, A.J. Cole1, A.G. 
Yee3 and E.J. Furshpan3. 1Epilepsy Research Laboratory and 2Renal Unit 
Massachusetts General Hospital; 3Department o f  N eurobiology, Harvard Medical 
School, Boston MA 02115.

E xcessive release o f  glutamate and subsequent influx o f  calcium are associated with 
a number o f  neurological insults resulting in neuronal death. The calcium-activated 
intracellular signaling pathways critical for this excitotoxic injury are largely 
unknown. Here we report that PD 098059, an inhibitor o f  the calcium-activated 
p44/42 mitogen-activated protein kinase (M AP kinase) pathway, reduces neuronal 
death in a cell-culture m odel o f  seizure activity. Dissociated hippocampal neurons 
from newborn rats are grown for 6-7 weeks in the presence o f  kynurenate, a broad 
spectrum glutamate receptor antagonist, and elevated magnesium. Neurons undergo 
seizure-like activity within minutes o f  removing these blockers o f  synaptic 
transmission. Rem oving blockers for as little as 30 min results in delayed neuronal 
death within 24 h, as assayed by uptake o f  trypan blue and release o f  lactate 
dehydrogenase (LDH). Addition o f  P D 098059 (40 µM) during a 30 min washout o f  
synaptic blockers inhibited phosphorylation o f  p44/42 M AP kinase and reduced both 
trypan blue staining (n = 13) and LDH release (n = 16) at 24 h by 73% ± 18% and 
75% ± 19%, respectively (mean ± SD). Localization o f  phospho-p44/42 MAP kinase 
immunoreactivity follow ing 30 min o f  seizure-like activity revealed labeling o f  some 
synaptic terminals in addition to dendrites and somata. The observed neuroprotection 
could be due to either an anti-convulsant effect o f  PD 098059 or to inhibition o f  
downstream signaling pathways activated follow ing seizure activity. Either 
possibility indicates a novel function for the p44/42 MAP kinase pathway in neurons. 
(Supported by the Freudenberger Fund (BM ), the American Heart Association (A A), 
the Whitehall Foundation (AJC) and the National Institutes o f  Health (AJC, EJF).)

569.9
BLOCKING NF-κB NUCLEAR TRANSLOCATION 
ATTENUATES EXCITOTOXIN-ELICITED C-MYC AND P53 
INDUCTION AND APOPTOTIC RESPONSE IN RAT 
STRIATUM. Z -H . Q in 1*, Y . W an g1, R -W . C h e n 2 M . N a k a i1, D -M . 
C h u a n g 2 and T. N . C h a se 1. E x p erim en ta l T h erap eu tics  B ran ch 1, 
N IN D S  and S ectio n  on  M o le cu la r  N e u r o b io lo g y 2, N IM H , N IH , 
B eth esd a , M D  2 0 8 9 2 -1 4 0 6 .

T ranscrip tion  fac tor N F -κ B  appears to participate in the  
e x c ito to x in -in d u c e d  ap o p to sis  o f  striatal sp in y  n eu ron s. T o  fu rther  
e x a m in e  this p o ssib ility  and p rov id e ad d ition a l m e ch a n istic  in sigh t  
in to  the ro le o f  N F -κ B in e x c ito to x ic ity , rats w ere intrastriatally  
in fused  w ith  q u in o lin ic  acid  (Q A ), a N M D A  receptor a gon ist; N F -κ B 
n uclear translocation , c -M y c  and p 5 3  in d u ctio n  and the a p o p to tic  
re sp o n se  w ere m easured . Q A  treatm ent ind u ced  in tern u c leo so m a l  
D N A  fragm en tation , a hallm ark  o f  ap o p to sis , and increased  n u c le a r  
N F -κ B b in d in g  activ ity . L e v e ls  o f  c -M y c  and p 53  p rote in s were  
m arked ly  increased  at the tim e o f  Q A -in d u ce d  N F -κ B n u c lea r  
translocation  and in tern u c leo so m a l D N A  fr a g m en ta tio n . 
Im m u n o h isto c h e m ica l a n a ly sis  sh o w ed  that c -M y c  and p 53  in d u ctio n  
occurred  in the e x c ito to x in -se n s it iv e  m e d iu m -s iz e d  striatal n eu ron s, 
but not in the e x c ito to x in -re s is ta n t la rg e -s ized  in tem e u r o n s. N F -κ B  
n uclear translocation  as w e ll as c -M y c  and p 5 3  ind u ction  were 
b lo c k e d  by the ce ll-p e rm e a b le  recom b inan t pep tide , N F -κ B S N 5 0 .  
Pre- or post-treatm ent w ith  N F -κ B S N 5 0  a lso  su bstan tia lly  reduced  the 
in ten sity  o f  Q A -in d u ce d  in tern u cleo so m a l D N A  fragm en tation . T h e se  
results su g g est that N M D A  receptor stim u la tion  o f  striatal m e d iu m - 
s ized  neu ron s tr iggers an a p op to tic  ca sc a d e  in v o lv in g  N F -κB 
a ctiva tion  and c -M y c  and p 5 3  ind u ction .

569.11
CYCLOOXYGENASE-2 ACTIVATION MEDIATES NMDA-STIMULATED 
PROSTAGLANDIN PRODUCTION IN CORTICAL CELL CULTURE: S.J. 
Hewett*, T.F. Uliasz and J.A. Hewett Department of Pharmacology, University of 
Connecticut School of Medicine, Farmington, CT 06030-6125.

Cyclooxygenase isozymes (COX-1 and COX-2) are found to be constitutively 
expressed in rodent brain neurons in vivo  (Yamagata et al., 1993. Neuron 11:271) and in 
murine mixed cortical cell cultures in vitro  (Hewett and Hewett. 1997. Soc. Neurosci Abs. 
23:1666). While increased expression o f COX-2 has been demonstrated to occur 
following NMDA-dependent activity, the relative contribution of COX-1 and/or 
COX-2 to NMDA-induced neuronal prostaglandin production has not been explored.

Using an EIA screen for total PGs, we find that PGs accumulate in the medium of 
murine mixed cortical cultures in a time-dependent manner following a brief 
exposure to NMDA (5 min; 100 µM). PG accumulation was measurable after 90 min 
and continued for 4.5 hr after NMDA exposure. Later time points weren’t tested due 
to ensuing neuronal degeneration. The increase in PG accumulation paralleled 
changes in COX-2 protein expression which occurred one hr and appeared maximal 
2 hr following NMDA exposure as assessed by Western Blot analysis. COX-1 
protein expression remained constant. Pharmacological assessment of the 
contribution of the two isoforms to PG production revealed that the relatively 
specific COX-2 inhibitor, NS-398 (30 µM), but not the selective COX-1 inhibitor 
valeryl salicylate (100 µM), when administered during and following NMDA 
exposure significantly decreased NMDA-induced accumulation of PGs. This 
concentration of NS-398 was previously demonstrated to inhibit NMDA-induced 
neuronal injury by approximately 60%, whereas valeryl salicylate had no effect 
(Hewett and Hewett, 1997. Soc. Neurosci Abs. 23:1666). Present results suggest that 
COX-2 is the dominant isozyme responsible for NMDA-induced prostaglandin 
production. Supported by NIH NINDS grant NS 36812 (SJH).

569.8
C5a A N A PH Y LA TO X IN  PRO TECTS A G A IN ST G LU TA M A TE 
N EU RO TO X ICITY  H. Osaka*, P. M ukherjee, P.S. A isen and G.M . 
Pasinetti Neuroinfl am m ation Research Laboratory, D ept o f  Psychiatry, 
M t Sinai School o f  M edicine, N ew  York, N Y  10029 

In this study we report that the com plem ent-derived anaphylatoxin 
C5a may be a neuroprotectant against glutam ate neurotoxicity  in vitro, 
and kainic acid (KA) neurodegeneration in vivo. T reatm ent o f  prim ary 
m urine cortico-hippocam pal neurons with hum an recom binant (hr) or 
m ouse recom binant (m r) C 5a ( 100 nM ) reduced glutam ate 
neurotoxicity by greater than 40%  as assessed by trypan blue exclusion 
and M TT assay. This protection coincided w ith inhibition o f  glutam ate- 
mediated induction o f  nuclear factor (NF) transcription factor kB 
binding activity as assessed by electrophoretic m obility shift assay. 
M oreover, in pim ary neuron cultures hrC 5a m arkedly inhibited the 
expression o f  the p53 tum or suppressor gene, a m arker o f  neuronal 
viability. Co-intraventricular infusion o f  hrC 5a w ith KA in m ouse 
brain reduced hippocam pal excitotoxic neuronal dam age as assessed by 
the num ber o f  hippocam pal neurons w ith evident pyknotic nuclei and 
cytoplasm ic eosinophilia. This neuroprotection by hrC 5a coincided 
w ith inhibition o f  K A -m ediated induction o f  tum or suppressor p53 
m RN A  expression, confirm ing the in vitro results. These results 
indicate that C 5a m ay play a novel non-inflam m atory role in 
m odulating the neuronal response to excitotoxins. Supported by NIA 
A G 13799, A G 14239, A G 05138 (pilot grant) to GM P.

569.10
RELATIONSHIP OF GLUTAMATE-, CARBACHOL-, AND LEAD-INDUCED 
PRODUCTION OF REACTIVE OXYGEN SPECIES WITH NFƙB AND AP-1 BINDING 
AND APOPTOSIS IN HUMAN NEUROBLASTOMA CELLS.
1Dept. Pharmacol. Toxicol., Univ. Kuopio, POB 1627, FIN-70211 Kuopio, Finland, and 2Max- 
Planck-Institute of Neurobiology, Dept. Neuromorphology, Martinsried, Germany.
Jonne Naarala1,2 *, Simo Eerikäinen1, Jarkko Loikkanen1, and Kai Savolainen1.
We show here that increased production of reactive oxygen species (ROS) by glutamate, 
carbachol, or lead is linked to DNA fragmentation and to increased binding of transcription 
factors NFƙB and AP-1 to their target sequences in DNA. ROS production was measured with 
a fluorescent probe, 2’,7'-dichlorofluorescin, cell viability (necrosis) with Trypan Blue 
exclusion or propidium iodide assay, and apoptosis by DNA ladder formation. The target 
sequence binding of transcription factors was measured using EMSA technique. Glutamate 
and lead alone did not increase ROS production but carbachol was effective in causing ROS 
production alone. However, glutamate markedly increased ROS production if cellular 
glutathione levels were decreased, and lead greatly amplified glutamate-induced ROS 
production. Combination of lead and glutamate caused cellular necrosis, whereas carbachol 
did not have a marked effect on cellular viability. Apoptosis (DNA ladder formation) was 
detected after 48 hours with all used drugs and drug combinations excluding glutamate. 
Glutamate, lead, carbachol, and combinations of these drugs increased NFƙB binding after 6 
or 12 hours. Glutamate and carbachol increased AP-1 binding transiently at 3 hours. Lead 
alone did not have any effect on AP-1 binding, although in combination with glutamate AP-1 
binding was transiently increased at 12 hour time point. It seems that cell death elicited by 
lead/glutamate or lead/carbachol-induced ROS production is routed through both necrosis and 
apoptosis, and that binding of transcription factors is activated by these drugs. In addition, 
combination of lead with glutamate or carbachol modulates transcription factor binding. The 
SH-SY5Y cells may have two subpopulations which react differently to the combination of 
glutamate and lead. One part of the cells is more sensitive and will die necrotic in three hours 
and the less sensitive cell population undergo apoptosis after 48 hours. Supported by Jenny 
and Antti Wihuri Foundation, and by The Academy of Finland.

569.12
OXIDATIVE STRESS A N D  SIGNAL CASCADE ACTIVATION IN C Y A N ID E - 
INDUCED APOPTOSIS A N D  NECROSIS. P.G. Gunasekar, J.L . Borowitz and G.E. 
Isom* Department o f  Medicinal Chemistry and M olecular Pharmacology, Purdue 
University, West Lafayette, IN-47907.

In mice, cyanide (KCN) produces necrosis in the substantia nigra (SN) and 
apoptosis in the cortex (CX). In order to show that neurons from these brain areas are 
selectively vulnerable to cyanide, studies were conducted in cultured neurons from SN  
and CX. CX or SN  cells were exposed to K CN (50-300 µM) for 24 hrs and then 
exam ined for apoptosis by TUNEL. KCN induced a concentration dependent apoptosis 
in CX cells, whereas SN cells did not display apoptosis. At 300 µM  KCN, apoptosis 
was observed in 70% o f the CX cells. In the SN cells a dose dependent necrotic cell 
death was detected using two fluorescence dyes, SYTO-13 and propidium iodide (PI), 
whereas minimal necrosis was observed in CX cells. To characterize the mechanism(s) 
underlying K CN-induced necrosis or apoptosis, ROS generation was analyzed in the 
cells by using the oxidant-sensitive fluorescent dye, 2,7-dichlorfluorescin. Addition o f 
K CN (100 and 300 µM) generated twice the level o f ROS in the SN cells than CX cells, 
indicating a greater level o f oxidative stress associated with necrosis. To determine the 
link between oxidative stress and cell death, cells were pretreated with agents that alter 
the oxidative levels. Inhibition o f  NOS (7-N I) and scavenging ROS (SOD and NAC) 
reduced necrosis in the SN cells and apoptosis in the CX cells, showing that oxidative 
stress is com mon in both modes o f  cell death. On the other hand, inhibition o f caspases 
with Z-VAD pretreatment significantly reduced CX cell apoptosis and only slightly 
attenuated SN cell necrosis, indicating involvement o f  caspase signaling in KCN- 
induced apoptosis. EM  shift assay showed the activation o f  NFkB in both cell types, 
whereas API was activated in only CX cells in response to 100-300 µM KCN. While, 
inhibition o f  NFkB with SN50 pretreatment blocked KCN-induced apoptosis in CX  
cells by 25-30% , it did not protect against SN necrosis, suggesting that transcription 
factors may have differential roles in the two modes o f  death. These results show that 
the intensity o f  oxidative stress and signal activation leads to either apoptotic or 
necrotic cell death. (Supported by NIH grant E SO 4140)

Society for Neuroscience, Volume 2 4 ,1998



1450 EXCITOTOXICITY AND CELL DEATH VI TUESDAY PM

569.13
BASAL LOCALIZED DNA TURNOVER AND POLY (ADP- 
RIBOSE) POLYMERASE IN THE BRAIN REFLECT GLUTAMATE 
- NITRIC OXIDE NEUROTRANSMISSION. A.A. Pieper,1* S.

Verma,2 1Department of Neuroscience, Johns Hopkins Univ. Sch.
Med. Baltimore, MD 21287,2Dept. Neurol, Uniform. Serv. Univ. 
Health Sci., Bethesda, MD 20814.

Poly (ADP-ribose) polymerase (PARP) is activated by DNA 
strand breaks to use nicotinamide adenine dinucleotide (NAD) as a 
substrate to synthesize poly (ADP-ribose) (PAR) polymer on nuclear 
proteins, including PARP itself. Pronounced DNA damage elicits 
excessive PARP activation which leads to NAD depletion and cell death 
in several experimental systems, including glutamate toxicity in 
cortical neurons. Glutamate neurotoxicity via N-methyl-D-aspartate 
(NMDA) receptor activation proceeds via activation of nitric oxide 
synthase (NOS), which results in DNA damage and PARP activation.

To assess PARP activity in intact tissues, we have developed a 
rapid and highly sensitive assay, designated PARIS (Poly (ADP- 
Ribosylation) In Situ ), for the visualization of in  s i tu  PARP 
activation. PARIS activity occurs in discrete brain regions under basal 
conditions. Basal PARIS activity displays close similarity in 
localization to DNA strand breaks as measured through Klenow- 
mediated digoxigenin in - s i tu  end labelling. This basal PARIS activity 
does not correlate exactly with distribution of the enzyme or poly 
(ADP-ribose). DNA turnover and PARP activity reflect normal 
glutamate-NMDA and NO-mediated neurotransmission since both 
PARIS and ISEL signal rapidly decrease in  s i tu  in cortical cultures and 
in  v i v o  in rat brain following 30 min treatment with the NMDA 
antagonist MK801 or the neuronal nitric oxide synthase inhibitor 7- 
nitroindazole.

569.15

C A L B IN D I N -D 28k (CB) K N O C K O U T  M IC E  S H O W  D E C R E A SE D  
ISC H E M IC  CELL D E A T H  I N  V I V O : E V ID E N C E  A G A IN S T  A
N E U R O P R O T E C T IV E  ROLE O F CB. G. J. K lapste in 1*, M . M ey er2, and  I. 
M o d y 1. Dept of N eurology1, UCLA, Los Angeles, CA 90095, Dept. of 
Neurochemistry, Max-Planck Institute for Psychiatry, Martinsried, F.R. Germany2.

CB is a high affinity, high capacity intracellular calcium buffer found in 
many CNS neurons, and is thought to play important roles in Ca2+ 
homeostasis and the regulation of neuronal excitability. It is thereby believed 
to confer "neuroprotection" to neurons which contain it. Here we directly test 
the hypothesis that CB is neuroprotective against Ca2+ mediated damage 
using an in  v i v o  model of ischemia, comparing CB-/- null mutant mice with 
their CB+/+ wild-type littermates. Mice were subjected to a 12 minute 
bilateral common carotid artery occlusion under deep pentobarbital 
anesthesia (85-100 mg/kg, i.p.), with strictly maintained body temperature 
(35.6 ± 0.5°C during surgery, 36.4 ± 0.5°C during recover from anesthetic). 
Following surgery, mice were allowed to recover for 28 hours before being 
sacrificed under deep halothane anesthesia. Brains were fixed in 4% 
paraformaldehyde in 0.1 M phosphate buffer (PB) for 24-48 hours, 
cryopreserved in 20% sucrose in PB overnight, and sectioned coronally at 
30µm on a cryostat. Adjacent sections were stained with either cresyl violet or 
using terminal deoxyribonucleotidyl transferase (TdT)-mediated biotin-14- 
dUTP nick-end labelling (TUNEL) to detect DNA fragmentation associated 
with either apoptotic or necrotic cell death. TUNEL positive neurons were 
counted in 6 different hippocampal regions (3 in CA1, 1 in CA3, 2 in DG). In 
all regions, wild type mice showed significantly more TUNEL positive 
principal neurons following ischemia than did their CB-/- knockout 
littermates. Cresyl violet staining showed many shrunken somata with 
condensed nuclei in the principal cell body layers of wild-type mice, whereas 
the cell bodies in the CB-/- mice looked relatively healthy. Thus, CB is not 
neuroprotective, but may rather contribute to cell damage following ischemic 
insult. Supported by grant NS-27528 to IM; GJK holds an AHFMR postdoctoral fellowship.

569.17

ACTIVATION OF CASPASES DURING NMDA-INDUCED  
APOPTOSIS OF CULTURED CEREBROCORTICAL NEURONS.
Lalitha Tenneti,* and Stuart A. Lipton. CNS Research Institute, Brigham and 
Women's Hospital, and Program in Neuroscience, Harvard Medical School, 
Boston, MA 02115.

Excessive activation of glutamate receptors is thought to lead to cell death in 
a number of neurodegenerative diseases. The intracellular signaling pathways 
that mediate this type of neuronal death are only partly understood. Following 
mild insults via N-methyl-D-aspartate (NMDA) receptor activation, central 
neurons undergo apoptosis, but with more fulminant insults, necrosis 
intervenes (Bonfoco et al., P N A S  1995; Ankarcrona et al., N e u r o n  1995). 
Caspases are important in several forms of apoptosis. To determine the 
possible induction of caspases in NMDA-induced neuronal apoptosis, we 
used an affinity-labeling technique: biotinylated-DEVD.CHO preferentially 
labels conformationally active caspase-3-like proteases, allowing us to visualize 
affinity-labeled caspases with streptavidin-FITC under confocal microscopy. 
We found that NMDA-induced apoptosis of cerebrocortical neurons was 
associated with a time-dependent increase in conformationally active caspase- 
3-like proteases. The induction of caspases was apparent within 20 min of 
NMDA stimulation and was primarily localized in the cytosol. However, 
following incubation of neurons for 24 hr, conformationally active caspase 
became detectable in nuclei. Double labeling with propidium iodide to detect 
chromatin condensation indicated that affinity-labeled caspase was specifically 
expressed in apoptotic cells. In contrast, if DEVD.CHO was added at the same 
time as NMDA (rather than after fixation of the cells, as above), apoptosis was 
abrogated because of the tetrapeptide's ability to inhibit caspase activity. Our 
results suggest that caspase-3 like-proteases play a major role in excitotoxin- 
induced neuronal apoptosis. Funded by NIH grant P01 HD29587 (to S.A.L.).

569.14
POLY (ADP-RIBOSE) POLYMERASE KNOCKOUT MICE ARE 
PROTECTED FROM STREPTOZOTOCIN-INDUCED 
HYPERGLYCEMIA AND PANCREATIC ISLET CELL LOSS. D.J. 
Brat, A.A. Pieper, C.C. Watkins, S. Blackshaw, A.M. Snowman*. Z.-
Q._Wang,1 A. Verma,2 and S.H. Snyder. Dept. of Neuropath. and 
Neurosci., Johns Hopkins Univ. Sch. Med. Baltimore, MD 21287,
1IARC, Lyon, France, 2Dept. Neurol, Uniform.Serv.Univ.Health Sci., 
Bethesda, MD 20814

Streptozotocin produces diabetes mellitus in experimental 
animals through destruction of pancreatic islet ß cells. This destruction 
proceeds through the induction of DNA strand breaks which activates 
the enzyme poly (ADP-ribose) polymerase (PARP). PARP uses 
nicotinamide adenine dinucleotide (NAD) as a substrate for synthesis of 
poly (ADP-ribose) (PAR) polymer. Pronounced DNA damage causes 
excessive PARP activation resulting in NAD depletion and cell death in 
several experimental systems, including streptozotocin induced 
pancreatic islet cell death. PARP inhibitors protect from streptozotocin 
induced islet cell killing in cell culture. We have shown that PARP 
knockout (PARP -/-) mice do not become hyperglycemic up to 6 weeks 
following streptozotocin administration, whereas within one week wild 
type mice become markedly hyperglycemic. Histologic evaluation of 
pancreatic tissue from knockout and wild type mice shows that PARP - 
/- pancreas contains normal populations of pancreatic islet cells whereas 
wild type pancreas shows decreased numbers of islet cells and size of 
islets after streptozotocin injection. These results confirm that PARP 
is a cellular mediator of streptozotocin induced diabetes in  v i v o .

569.16

NEURODEGENERATION IN THE BRAIN A N D  SPINAL CORD OF 
GENETICALLY DETERMINED spa/spa RATS. A. Groom, B. Zhu,* G. 
Müller,1 and L. Turski. Eisai London Research Laboratories, University 
College London, London W C1E 6BT, UK and 1Harvard M edical School, 
M assachusetts General Hospital, Boston MA 02131, USA  

The spa/spa strain of Wistar rats is characterized by progressive 
neuronal degeneration of cerebellum, hippocam pus and spinal cord which 
follow s an autosom al recessive inheritance pattern. The phenotype in 
spa/spa rats is dom inated by age-dependent developm ent of motor 
disturbances, increase in m uscle tone, tremor, and bulbar palsy leading to 
death. To assess neuronal loss in the hippocam pus, cerebellum, and 
spinal cord a quantitative stereological disector technique w as used to 
estimate numerical density of pyram idal neurons, Purkinje cells, and α- 
motoneurons. Neuronal density in the hippocam pal subfield CA3 of 8-9 
w eek-old  spa/spa rats w as decreased by 38% (0.117 ± 0.005×106/m m 3), in 
the cerebellum by 38% (0.018 ± 0.001×106/m m 3), and in the spinal cord 
by 23% (0.0035 ± 0.0002×l0 6/m m 3) v s  age-matched controls. To assess  
whether apoptosis w as involved in the neurodegenerative process in the 
brain and spinal cord of spa/spa rats, a D N A  fragmentation assay  
(sandw ich ELISA) for cytosolic nucleosome detection and an assay for 
caspase-3-like activity were em ployed. At the age of 4 w eeks spa/spa rats 
show ed increased concentration of nucleosomes and caspase-3-like 
activity in the cerebellum, spinal cord and striatum, but not in the 
hippocampus. At the age of 8 w eeks increased nucleosom es concentration 
w as detected in the hippocam pus and spinal cord, but not in cerebellum 
or striatum. From these results it may be concluded that apoptosis may 
contribute to the pathogenesis o f the brain and spinal cord damage in 
spa/spa rats.

569.18
CASPASE INHIBITORS INHIBIT THE APOPTOTIC BUT NOT NECROTIC 
COMPONENT OF KAINATE INJURY IN YOUNG PRIM ARY CORTICAL 
NEURON CULTURES. A.J.M . Glassford, J.E. Lee, G. Cheng*, R.G. Giffard , Dept. 
o f Anesthesia, Stanford University, Med. Sch.; Stanford, CA 94305

Excitotoxicity has been demonstrated to play a major role in ischemic neuronal 
injury. While the necrotic component o f  excitotoxicity has been well demonstrated, 
apoptosis may also play a role. We sought to identify and modulate the apoptotic 
component o f  kainate induced injury in primary neuronal cultures. Cultures were 
produced from fetal mouse cortex at 16 days gestation. After 24 hours in vitro, the 
culture medium was enriched with glial conditioned medium and B-27 serum free 
supplement; cytosine arabinoside was also added at this point to inhibit glial cell 
proliferation. Experiments were performed at 3 days in vitro in a culture medium in 
which 89% o f the plating medium was supplanted with unsupplimented media, 
reducing growth factor concentrations to 11% o f original concentrations. Cell death 
was assessed by Hoechst/ propidium iodide staining after 48 hours o f  exposure. 
Apoptosis was further confirmed or excluded by the presence o f  the characteristic ladder 
pattern upon DNA gel electrophoresis.

The experimental media was sufficient to prevent growth factor withdrawal induced 
apoptosis. Exposure o f  neurons to 100µM  kainate produced an injury in which 56 ±  
0.9% o f cells showed apoptotic nuclei and 13.5 ±  2.0% showed necrotic nuclei (n = 12). 
Inhibition o f Caspase 1 (100 µM Z-VAD-FM K) reduced the apoptotic injury to 17 ±  
1.3% while not reducing the necrotic component (n = 12). Inhibition o f  Caspase 3 
( 1µM Z-DEVD-FM K) reduced the apoptotic injury to 34 ±  1.7%, while not reducing 
the necrotic component (n = 12). The protein synthesis inhibitor cyclohexamide (2µM) 
was effective in reducing the apoptotic injury to 24 ±  1.0%, and again did not reduce 
the necrotic injury (n=12). W e demonstrate here that kainate injury has apoptotic and 
necrotic components in this injury paradigm, and that the apoptotic component can be 
reduced through inhibition o f Caspase 1 and to a lesser extent, Caspase 3. Funded in 
part by GM 49831 to RGG.
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569.19

CASPASE INHIBITORS REDUCE APOPTOTIC INJURY OF PURE NEURONAL 
CULTURES DUE TO DEPRIVATION OF GLIAL CONDITIONED MEDIUM 
L.J. Xu* and R.G. Giffard. Dept o f Anesthesia, Stanford Univ. Med. Sch; Stanford 
CA 94305.

The interleukin 1 ß converting enzyme (ICE) family of caspases plays a key role in 
programmed cell death and has been implicated in stroke and neuronal injury induced 
by ischemia. We previously showed that deprivation o f serum and glial conditioned 
medium (DGCM) induced apoptotic death of primary neuronal cultures. We tested the 
possible involvement of an ICE-like protease by studying the effect of caspase 
inhibition in this injury paradigm.

Primary neuronal cultures (PNC) were made from cortices o f E 14 -15 fetal mice, 
glial cell replication was inhibited with cytosine arabinoside, and experiments 
performed after 4-6 days in v itro  (DIV). DGCM was performed by washing cultures 
into a balanced salt solution containing 5.5 mM glucose. Z-VAD-FMK (VAD; 
inhibitor of caspase-1, 3, and 7; 100µM); Z-DEVD-FMK (DEVD; irreversible inhibitor 
of Caspase-3; 50µM) or Ac-YVAD-CMK (YVAD; inhibitor of Caspase-1; 50µM) 
were added to the cultures after washing. Nuclear morphology was assessed by staining 
with Hoechst dye 33258 and propidium iodide, the number of apoptotic or necrotic 
cells was quantitated by cell counting after staining. Levels of cell lysis were 
quantitated by lactate dehydrogenase (LDH) efflux. Statistical significance was 
determined using ANOVA.

Morphologically, after 48 hours 77±3% of the cells stained with propidium iodide 
(n=12). Caspase inhibitors were able to markedly reduce the number of cells showing 
nuclear morphology consistent with apoptosis, and overall LDH release was also 
significantly reduced, though by a lower percent. This was consistent with an increase 
in the number of cells staining with propidium iodide with necrotic morphology. The 
number of apoptotic cells after 48 hr was significantly higher in control (58.5±2.9%) 
than in VAD (5.7±2.8%); DEVD ( 10.6±1.7%) and YVAD (22.0±3.5%) treated 
cultures. Our results suggest that caspase-1 like proteases play an important role in 
DGCM induced apoptotic death of mouse cortical neurons. Supported in part by grant 
GM49831 to RGG.

EXCITOTOXICITY AND CELL DEATH VII

570.1

REGULATION OF MITOCHONDRIAL GENE EXPRESSION 
DURING GLUTAMATE EXCITOTOXICITY IN RAT CEREBELLAR 
NEURONAL CULTURES. K. Chandrasekaran* and G. Fiskum. Dept. of 
Anesthesiology, University of Maryland School of Medicine, Baltimore, MD 
21201.
Mechanisms regulating mitochondrial gene expression are not well 

understood although altered expression likely contributes to the 
pathophysiology of neurodegenerative diseases. Previously, we have observed 
that elevation of intracellular sodium ([Na]i) markedly decreases levels of 
mitochondrial mRNA in cultured neurons (Chandrasekaran et al. Neurosci 
Abs. 637.2, 1997). This was unexpected since high [Na]i increases energy 
demand which normally up-regulates mitochondrial gene expression. We 
hypothesized that high [Na]¡ following exposure of neurons to excitotoxic 
levels of glutamate inhibits mitochondrial gene expression, affects their 
electron transport-dependent activities (e.g., [Ca 2+]i buffering, and free 
radical generation) and increases their vulnerability to both necrotic and 
apoptotic cell death. We evaluated this hypothesis by measuring the levels of 
mitochondrial mRNA, respective protein subunits and enzyme activity [i.e., 
cytochrome oxidase (C.O) activity] in primary rat cerebellar cultures after a 
transient exposure to glutamate. Addition of 100 µM glutamate + 10 µM 
glycine for 30 min followed by incubation in normal growth medium, resulted 
in a ~50% reduction in mtDNA-encoded C.O subunit III (C.O III) mRNA in 
the absence of acute cell death. Experiments are in progress to determine the 
temporal relationship between reduction in mtRNA, levels of protein subunits, 
enzyme activity and cell death. Supported by NS34152 and a grant from the 
IPSEN Institut Henri-Beaufour.

570.3

AGING A N D  THE DIFFERENTIAL INVOLVEM ENT OF MITOCHONDRIA  
IN BUFFERING INTRACELLULAR CALCIUM  FROM DIFFERENT 
SOURCES. W. H. Griffith* and D. Murchison. Med. Pharmacol. & Toxicol., 
Texas A& M  Univ. Health Science Center, C ollege Station, TX 77843-1114.

Age-related changes in neuronal calcium (Ca2+) homeostasis are believed to 
have important roles in the etiology o f  age-related neuronal dysfunction and pa
thology. Mitochondria (M itos) are thought to contribute to the maintenance o f  
Ca2+ hom eostasis in neurons and to be involved in mediating or preventing cell 
death. Our lab studies age-related changes in Ca2+ hom eostasis using the acutely 
dissociated F344 rat basal forebrain preparation. Here, w e have investigated the 
extent to which Mitos participate in the buffering o f  intracellular Ca2+ transients 
(Δ [Ca2+]i) arising from depolarizations induced by 30 mM K+ (HiK) and 300 µM 
glutamate (Glu) and from 20mM caffeine (Caf) applications. Neurons from 
young ( 1.5-4 m o) and aged (24-26 mo) rats were loaded with the ratiometric 
[Ca2+] indicator fura-2 AM . Control peak Δ [Ca2+]i was measured and compared 
to responses obtained during brief (25-60s) applications o f  the mitochondrial in
hibitor, CCCP (5 µM ). There were significant differences (p<0.02, two-tailed t- 
test) in the effect o f  CCCP in young cells for each source o f  Δ [Ca2+]i . The re
sponses to HiK and C af were increased 78.6 ± 9.6% (n = 17) and 26.7 ± 5.4% (7) 
respectively, while the response to Glu was decreased 30.4 ± 8.1% (5). In aged 
cells, CCCP increased the response to HiK 52.3 ± 7.4% (10) and to Caf 48.6 ± 
2.0% (3). The age-related difference in the Caf mediated response was significant 
(p<0.04). These results suggest that Mitos are differentially em ployed in buffer
ing Δ [Ca2+]i from different sources and that part o f  the mechanism o f  the previ
ously observed age-related reduction in the response to C af is an increase in the 
involvem ent o f  the Mitos in buffering Ca2+ released from intracellular stores. The 
HiK results appear to make it unlikely that increased mitochondrial buffering m e
diates the previously observed age-related increase in rapid buffering o f  Δ [Ca2+]i. 
(NIH A G 07805)

570.2

GLUTAMATE-MEDIATED INHIBITION OF OXIDATIVE PHOSPHORYLATION  
IN CULTURED RETINAL CELLS: A MAJOR ROLE FOR N M DA RECEPTOR  

ACTIVATION A. C. R ego1,2*, M. S. Santos1 and C. R. Oliveira1,2. 1 c enter for 

Neurosciences o f  Coimbra and 2Faculty o f  Medicine, University o f  Coimbra, 3000  
Coimbra, Portugal

Glutamate is an important excitotoxin, responsible for causing neuronal damage 
associated with mitochondria dysfunction. The relationship between the mitochondrial 
respiratory rate, the mitochondrial membrane potential (Δ Ψ ) and the activity o f  
mitochondrial com plexes was analyzed in retinal cells in culture, used as neuronal 
models. Glutamate (10-5-10- 2 M) induced a dose-dependent decrease in O2 consumption  
and membrane potential. The major effects were observed for low  glutamate 
concentrations (10 or 100 µM ), suggesting that mitochondrial respiratory chain was 
affected. Thus, w e evaluated the effect o f  100 µM glutamate exposure, for 10 min or 2 
h, on the activity o f  mitochondrial com plexes I (NADH-ubiquinone oxidoreductase), 
II/III (succinate dehydrogenase plus succinate-cytochrome-c-reductase) and IV 
(cytochrome oxidase). Glutamate-mediated the inhibition o f  com plex I (26.3 %), 
com plexes II/III (22.2 %) and com plex IV (26.7 %) activities, after exposure for 10 
min. MK-801 ((+)-5-m ethyl-10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5,10-imine
hydrogen maleate), a non-competitive antagonist o f  NM DA (N -methyl-D-aspartate) 
glutamate receptors, com pletely reverted the effect exerted by 100 µM glutamate at the 
level o f  com plexes I, II/III and IV, after exposure for 10 min. Nevertheless, no 
significant differences were found after a prolonged exposure to glutamate, for 2 h. 
Under these conditions, reduction o f  MTT (3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide) was decreased by 20 %, but the endogenous levels o f  
ATP, ADP or AM P, or the release o f  LDH (lactate dehydrogenase) were not 
significantly changed, suggesting a maintenance o f  retinal cells survival. These results 
indicated that activation o f  NM DA receptors play an essential role in mediating the 
uncoupling o f  oxidative phosphorylation upon a short exposure to glutamate, which 
occurs through the inhibition o f  the activity o f  mitochondrial com plexes.
[Supported by JNICT and the Human Capital M obility Program, EU]

570.4

EXCITOTOXICITY AND MITICHONDRIAL CA2+ LOAD WITH 
CULTURED CORTICAL NEURONS. G. Fischer and C. Hertel* 
Pharmaceutical Division, Preclinical CNS Research, PRRN-D, F. Hoffmann- 
La Roche Ltd., CH-4070 Basel, Switzerland.

Excitotoxicity triggered by overstimulation of NMDA receptors is 
dependent on Ca2+ flux through NMDA receptors and an overload of 
neurons with Ca2+. We studied the relationship between intracellular Ca2+ 
increases, mitochondrial Ca2+ load and neuronal cell death under different 
conditions of NMDA receptor overstimulation. Cortical cells from 16 day 
old rat embryos were cultured for 11 to 18 days on astrocyte feederlayers 
on coverslips (CS) in DMEM with 10% HS. Changes in [Ca2+]i during and 
after stimulation of NMDA receptors (100 µM NMDA & 10 µM glycine in 
buffer, pH 7.2, in mM: NaCl 120, KCl 5.4, MgCl2 0.8, CaCl2 1.8, Tris-HCl 
25, glucose 15) at RT were measured in a perfusion chamber with fura-2 or 
mag-fura imaging. After 5 min wash in Ca2+-free buffer Ca2+ release from 
mitochondria was induced by CCCP treatment (1 µM for 5 min). 
Propidium iodide staining was used to quantify cell death after various 
times of NMDA & glycine stimulation (see above) at RT followed by a 5 
min incubation in the Ca2+ - free buffer and a recovery for 6 to 8 h in 
BME + 100 µM AP-5 in the CO2 incubator at 37° C. With 11-12 day old 
cultures the Ca2+ load of mitochondria after 3 to 5 min NMDA receptor 
stimulation was similar to that of 15-18 day old cultures as estimated by 
Ca2+ imaging. However, the older neurons could not downregulate Ca2+ in 
the wash-out phase to the same extent as the young neurons and the Ca2+ 
load of mitochondria remained higher after a prolonged washing period of 
20 min. The older neurons were more sensitive to the transient NMDA 
toxicity. Whereas the young neurons survived even a 15 min stimulation of 
the NMDA receptors, about 25% of the older neurons died already after a 
5 min stimulation and all died after the 15 min stimulation. These results 
suggest that a high Ca2+ load of mitochondria per se is not responsible for 
neuronal cell death.
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570.5
DOES MITOCHONDRIAL DYSFUNCTION UNDERLIE THE GLUTAMATE- 
INDUCED DETERIORATION OF NEURONAL Ca2+ HOMEOSTASIS? O. Vergun1,
J. Keelan1, B. I. Khodorov2 and M. R. Duchen1*. 1Dept. of Physiology, University 

College London, London WC1E 6BT, U .K .; 2 Inst. of General Pathology and 
Pathophysiology, 125315, Moscow, Russia.

A sustained increase of intracellular free Ca2+ concentration ([Ca2+]i) in response to 
accumulation of glutamate (GLU) triggers neuronal death following ischemia and 
reperfusion. The objective of this study was to clarify the contribution of mitochondrial 
dysfunction to the destabilization of neuronal Ca2+ homeostasis by GLU. Digital 
fluorescence imaging techniques were employed to monitor changes in [Ca2+]i and 
mitochondrial potential in single hippocampal neurons in culture coloaded with fura-2 
and rhodamine 123 (Rh123). Neurons were exposed for 10 min to 100 µM GLU under 
conditions that favour the opening of NMD A channels (0Mg2+, 10µM glycine). In most 
cells at 6-7 days in  v itro  (DIV, n= 130/135) and in about 30% of neurons at 12-16 
DIV, (n=79/275) GLU caused a sustained increase in [Ca2+]i and a small transient 
mitochondrial depolarization (no more than two-fold increase of Rhl23 fluorescence). 
After termination of GLU challenge, this group of cells showed a complete 
mitochondrial repolarization and a slow and incomplete [Ca2+]i recovery. With the 
blockade of GLU receptors (using MK801 and CNQX in the washout solution), the 
[Ca2+]i recovered more rapidly and completely, suggesting that activation of GLU 
receptors by endogenous excitatory amino acids released following the GLU challenge 
slows restoration of resting [Ca2+]i. In the remaining 70% of neurons at 12-16 DIV, 
(n = 196/275) 10-min GLU exposure caused a biphasic profound and often complete 
mitochondrial depolarization (up to 6-fold increase of the basal R h123 fluorescence) 
which was greatly delayed and attenuated by pretreatment of the cells with cyclosporin 
A (5OOnM). In most of these cells (n= 186/196) [Ca2+]i remained at a high plateau 
level that was unaffected by blockade of GLU receptors after GLU washout, and that 
remained high over a 40 min period of observation A strong correlation was evident 
between the profound mitochondrial depolarization d u r in g  GLU exposure and failure 
of [Ca2+]i recovery on GLU washout, although there was some cell to cell variability 
in the recovery of mitochondrial potential after GLU washout. These data suggest that 
a dissipation of mitochondrial potential in response to GLU plays a dominant role in 
the destabilization of neuronal Ca2+ homeostasis caused by overstimulation of GLU 
receptors. (Supported by The Wellcome Trust and The Royal Society)

570.7
MITOCHONDRIAL CONTROL OF ACUTE CYTOPLASMIC Ca2+ TRANSIENTS IN
CULTURED CEREBELLAR GRANULE CELLS
D.G. Nicholls*, O. Hansson, S.L. Budd, and R.F . Castilho
Neurosciences Institute, Department of Pharmacology and Neuroscience, University of 
Dundee, Dundee DD1 9SY, Scotland, UK

We have previously reported that mitochondrial depolarization under conditions where 
cellular ATP generation is not compromised paradoxically d ec re a se s  the cytoplasmic Ca2+ 
([Ca2+]c) transients observed following activation of voltage-activated Ca2+ channels or 
the NMDA receptor (Budd, S L. and Nicholls, D.G. (1996) J. Neurochem. 66, 403-411; 
67, 2282-2291). In the presence ol i gomycin, the [Ca2+]c elevation induced by glutamate 
or NMDA is decreased by the further presence of rotenone or antimycin A (inhibiting 
respectively mitochondrial complexes I and III). A depression of the response to transient 
glutamate pulses was also observed with these inhibitors under conditions reported by 
others to increase the response (Khodorov et al. ( 1996) FEBS Lett.393, 135-138). In order 
to resolve whether the decreased [Ca2+]c was a consequence of inhibited uptake via the 
NMDA receptor or enhanced efflux, the rate of quenching of the fluorescence of 
cytoplasmic fura-2 in the presence of exogenous Mn2+ was determined. While an inhibition 
in the rate of quenching could be detected with concentrations of ketamine giving a similar 
depression in the [Ca2+]c response to glutamate, no decrease in the rate of Mn2+ quenching 
was seen in the presence of rotenone/oligomycin. Since the net accumulation of 45Ca by 
glutamate-exposed cells is decreased by rotenone/oligomycin, it is concluded that 
mitochondrial depolarization promotes the efflux of Ca2+ from the cell, perhaps by 
enhancing the activity of the plasma membrane Ca2+-ATPase. By adding rotenone to 
granule cells incubated in the presence ol igomycin at varying delays following glutamate 
addition it was found that the ability of granule cells to retain Ca2+ homeostasis in the 
continuous presence of glutamate is inversely related to the period for which the 
mitochondria were polarized and able to accumulate Ca2+.

S u p p o r te d  b y  the E u r o p e a n  U nion , the W e llco m e T ru st a n d  the M R C

570.9

EFFECTS OF VALINOMYCIN ON GLUTAMATE-MEDIATED EXCITOTOXIC 
SIGNALLING IN FOREBRAIN NEURONS. A.K. Stout* and I.J. Reynolds. 
Department of Pharmacology, University of Pittsburgh, Pittsburgh, PA 15261.

We have previously shown that the mitochondrial uncoupler FCCP enhances 
glutamate-stimulated increases in intracellular free Ca2+ concentrations ([Ca2+]i) but 
blocks glutamate-induced cell death in cultured rat forebrain neurons (Stout et al., Soc. 
Neurosci. Abstr. 23: 1666, 1997). Since other mitochondrial inhibitors also enhanced 
glutamate-stimulated increases in [Ca2+]i, we concluded that inhibition of mitochondrial 
Ca2+ uptake due to depolarization of mitochondrial membrane potential explained the 
observed effects of FCCP and that mitochondrial Ca2+ uptake was necessary for 
expression of glutamate toxicity. However, FCCP counteracts glutamate-induced 
intracellular acidification in these cells, suggesting another possible mechanism for the 
neuroprotection observed with FCCP. In an attempt to selectively investigate the effects 
of mitochondrial depolarization on glutamate toxicity, we have begun experiments using 
the selective K+ ionophore valinomycin. In studies using the potential-sensitive dye 
JC1, valinomycin caused a rapid and robust depolarization of the mitochondrial 
membrane potential similar to FCCP but was more potent than FCCP. In contrast to 
FCCP, valinomycin did not alter glutamate-induced intracellular acidification measured 
using BCECF. Interestingly, valinomycin also did not enhance glutamate-stimulated 
increases in [Ca2+]i as measured by the low-affinity fluorescent indicator Mag-fu ra-2. 
Although valinomycin depolarizes mitochondrial membrane potential, the Nernst 
equation predicts valinomycin will simultaneously hyperpolarize the plasma membrane. 
To investigate whether this effect of valinomycin accounted for the failure to enhance 
glutamate-stimulated increases in [Ca2+]i, we stimulated neurons with glutamate + 
valinomycin in the presence of 50 mM KCl. Under these conditions Mag-fura-2 
responses were significantly potentiated compared to glutamate + valinomycin alone. 
The ability of valinomycin to depolarize the mitochondria membrane potential was not 
different in the presence of 50 mM KCl. Future studies will investigate whether 
valinomycin is neuroprotective under these conditions. Supported by NIH grant NS 
34138 and the American Heart Association.

570.6
MITOCHONDRIAL CONTROL OF CALCIUM DEREGULATION IN GLUTAMATE- 
EXPOSED CEREBELLAR GRANULE CELLS
R.F. Castilho, M. Ward, B.G. Frenguelli*, S.L. Budd and D.G. Nicholls 
Neurosciences Institute, Department of Pharmacology and Neuroscience, University of 
Dundee, Dundee DD1 9SY, Scotland, UK

On exposure to glutamate cultured rat cerebellar granule cells undergo a delayed Ca2+ 
deregulation (DCD) which precedes and predicts cell death. We have previously shown 
that mitochondria control the sensitivity of the neurons to DCD (Budd, S.L. and Nicholls, 
D.G. (1996) J. Neurochem. 67, 2282-2291). Mitochondrial depolarization by rotenone/ 
oligomycin prior to glutamate addition is strongly neuroprotective, and the indication is 
therefore that mitochondrial Ca2+ loading leads to a delayed loss of bioenergetic function 
culminating in DCD and cell death. DCD does not represent the efflux of Ca2+ from 
mitochondria as a consequence of the mitochondrial permeability transition (MPT), since 
it occurs in the presence oí cyclosporin A, MeVal-4-cyclosporin or bongkrekic acid, and 
can occur in cells whose mitochondria are depleted of Ca2+ prior to the initiation of DCD. 
Inhibition of a specific metabolic step can also be eliminated since DCD occurs after 
essentially the same delay when metabolism is entirely glycolytic (glucose in the presence 
of oligomycin) or oxidative (pyruvate in the absence of glucose). Cells deregulating in the 
presence of glucose cannot be rescued by the further addition of pyruvate or lactate. 
However lactate confers some protection against DCD, relative to pyruvate, when present 
as main substrate, consistent with the importance of redox state. Granule cells generate 
basal superoxide (O2) and this is enhanced by antimycin A and glutamate (but not when 
mitochondria are depolarized by protonophore or rotenone/oligomycin. While menadione- 
generated O 2  enhances the DCD of cells exposed to glutamate, DCD is not seen in cells 
not exposed to glutamate. α-Tocopherol delayed but did not prevent DCD. It is concluded 
that a combination of mitochondrial Ca2+ accumulation and reactive oxygen species triggers 
DCD, but that the MPT is probably not responsible.

S u p p o r te d  b y  the E u r o p e a n  U nion , the W e llco m e T ru st a n d  the M R C

570.8
MITOCHONDRIAL MEMBRANE POTENTIAL DURING GLUTAMATE EXPOSURE 
OF CULTURED CEREBELLAR GRANULE CELLS 
M. Ward*. B.G. Frenguelli and-D.G. Nicholls
Neurosciences Institute, Department of Pharmacology and Neuroscience, University of 
Dundee, Dundee DD1 9SY, Scotland, UK

Activation of NMDA receptors on cultured rat cerebellar granule cells depolarizes the 
plasma membrane while the Ca2+ entering the cell is sequestered by the mitochondria., The 
cationic fluorescent probe tetramethylrhodamine methyl ester (TMRM) has been used to 
monitor changes in mitochondrial membrane potentials in response to glutamate, 
ionophores and mitochondrial inhibitors. At high concentrations of probe (~200nM) the 
single-cell fluorescence responds to glutamate with a transient increase followed by a 
prolonged decrease reversed by MK801. This has been interpreted as a consequence of 
mitochondrial depolarization. However the decrease is still seen in cells whose 
mitochondria are depolarized by rotenone/oligomycin, but not in cells where the plasma 
membrane is depolarized by elevated KCl, and is thus primarily signaling changes in 
plasma membrane potential. Authentic mitochondrial depolarization produces a transient 
increase in signal due to efflux of probe from the matrix and dequenching, followed by a 
decrease as the probe redistributes across the plasma membrane. The mitochondria within 
glutamate-exposed cells remain competent to generate ATP for a considerable period 
following glutamate addition, as monitored by the ability of the ATP synthase inhibitor 
oligomycin to induce a mitochondrial hypeipolarization. The temporal relationship between 
eventual mitochondrial depolarization, the consequent failure of mitochondrial ATP 
synthesis, and delayed Ca2+ deregulation can be investigated by this technique. Resolution 
of TMRM fluorescence at the single mitochondrion level by digital confocal microscopy 
confirms that failure to control for the responsiveness of the probe to plasma membrane 
depolarization exaggerates the extent of glutamate-evoked mitochondrial depolarization 

S u p p o r te d  b y  the E u r o p e a n  U nion , the W ellco m e T ru st a n d  the M R C

570.10

C h a r a c t e r iz a t io n  o f  CGP-37157, A n In h ib it o r  o f  t h e  
MITOCHONDRIAL NA+/CA2+ EXCHANGER, IN RAT FOREBRAIN NEURONS
J .M. Sca n lon*, A.K. Stout, and l.J. R eyno lds. D ept. o f Pharm acology, 
University o f P ittsburgh School o f M edicine, P ittsburgh, PA 15261.

Mitochondria buffer large changes in [Ca2+]i following an excitotoxic 
glutamate stimulus. Mitochondrial sequestration of [Ca2+]i can beneficially 
stimulate oxidative metabolism and ATP production. However, Ca2* overload 
may have deleterious effects on mitochondrial function and cell survival, 
particularly Ca2*-dependent production of reactive oxygen species (ROS) by 
the mitochondria. We recently demonstrated that the mitochondrial Na+/Ca2+ 
exchanger is selectively inhibited by CGP-37157, a benzothiazepine relative 
of diltiazem. In this study the effects of CGP-37157 on glutamate-induced 
production of ROS were examined in rat forebrain neurons using the 
oxidation sensitive dyes, dichlorofluorescein (DCF) and dihydroethidium 
(DHE), and confocal microscopic imaging. Our data shows that 25µM CGP- 
37157 decreases DCF fluorescence similar to 100µM glutamate. Also, CGP- 
37157 potentiated glutamate-induced quenching of DCF fluorescence. 
Interestingly, CGP-37157 did not increase DHE fluorescence and did not alter 
glutamate or 3mM H2O2 induced increases in DHE fluorescence. Based on 
these results, CGP-37157 does not appear to affect mitochondrial ROS 
production following glutamate exposure. However, CGP-37157 probably 
decreases DCF fluorescence by causing intracellular acidification, and 
apparently potentiates the acidification caused by glutamate. This suggests 
that, similar to glutamate, CGP-37157 stimulates quenching of DCF 
fluorescence as a result of metabolic acidosis. Mitochondrial Ca2+ cycling 
following glutamate exposure uncouples oxidative respiration from ATP 
production. Elevation o f intramitochondrial Ca2+ also stimulates respiration at 
several stages. These findings suggest that CGP-37157 may enhance 
respiration both by blocking Ca2+ cycling and by elevating intramitochondrial 
Ca2+, but without stimulating excess ROS generation.
Support Provided By: American Heart Association (IJR) and its Western 
Pennsylvanian Affiliate (JMS).
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570.11

MITOCHONDRIAL PERMEABILITY TRANSITION AND 
MEMBRANE POTENTIAL IN NMD A-INDUCED APOPTOSIS.
Samantha L. Budd* and Stuart A. Lipton. CNS Research Institute, Brigham & 
Women's Hospital, and Program in Neuroscience, Harvard Medical School, 
Boston, MA 02115.

Recently, it has been suggested that a number of apoptotic effectors and 
regulatory inputs converge at the mitochondria to provide a checkpoint in the 
control of apoptosis. Opening of the mitochondrial permeability transition pore 
(mPTP) and concomitant mitochondrial membrane potential (Δψm) 
depolarization are implicated in the signalling pathway to apoptosis induced by 
a number of insults. A brief overstimulation of NMDA receptors (300 µM 
NMDA/5 µM glycine, 20min) causes predominantly apoptosis (assessed at 18 
h) in approximately 30% of neurons in mixed primary cerebrocortical cultures. 
During NMDA receptor stimulation, the mitochondria in these neurons rapidly 
accumulate Ca2+ with ensuing partial Δψm depolarization. Subsequent failure 
to recover Δψm is associated with necrosis. However, many neurons which 
recover, and maintain a high Δψm for several hours, eventually apoptose 
(Bonfoco et al., PNAS 1995; Ankarcrona et al., Neuron 1995).
Here we show that specific inhibition of mPTP opening during NMDA 
receptor stimulation by incubation with either 1-10 µM bongkrekic acid (BA) 
or 10 µM cyclosporin A (CsA) prior to and during NMDA receptor activation 
reduces the number of apoptotic nuclei in this model (p<0.001). BA was more 
effective than CsA. Incubation with BA prevented Δψm depolarization induced 
by NMDA receptor activation and mitochondrial Ca2+ overload, and may act to 
reduce apoptosis by preventing the release of proapototic factors such as 
cytochrome c. Supported by the Wellcome Trust and PO1 HD29587.

570.13

CY CLO SPO RIN  A IN HIBITION  OF TH E PERM EA BILITY  
TRA N SITIO N  IN BRA IN  D EPEN D S U PO N  M ITO CHO N DRIA L 
POTEN TIA L. N. B rustovetsky and J.M . D ubinsky*, D epartm ent o f  
Physiology, U niversity o f  M innesota, M inneapolis, M N  55455.

W hile cyclosporin A (CsA ) pro tection  against glutam ate or N M D A - 
induced m itochondrial depolariza tion  or neuronal death has been 
reported, we have found great variability  in the ability o f  CsA to 
pro tect against a range o f  g lutam ate doses. Significant neuroprotection 
was observed for 1µM  CsA only for 500 µM  glutam ate w ith no 
significant shift o f  the dose dependence o f  survival. The reasons for 
the lack o f  a consistent CsA  effect w ere analyzed using isolated brain 
m itochondria, observing the m itochondrial perm eability  transition 
(m PT) as m itochondrial depolarization seen w ith a TPP+ electrode and 
as m itochondrial sw elling using an absorbance assay. 100µM  C a2+, 
om ission o f  external M g2+, 20 µM  palm itic acid or 20nM  FCCP 
exacerbated  C a2+-induced depolarizations and elim inated  CsA 
repolarizations. 0.05%  BSA restored CsA inhibition in m itochondria 
challenged with 100µM  but not 150µM  C a2+. CsA failed  to repolarize 
m itochondria w hen they w ere depolarized  beyond 150mV. Thus in 
brain m itochondria, CsA may only be an effective inhibitor o f  the mPT 
under conditions o f  partial depolarization. CsA neuroprotection may be 
lim ited to excito toxin  challenges sufficient to  induce the m PT but not 
so severe that m itochondria are depolarized beyond threshold.

Supported by NIH AG 10034 to JMD.

570.15

ASSESSMENT OF MITOCHONDRIAL PERMEABILITY IN THE BRAIN: 
EFFECTS OF EXCITOTOXIC DAMAGE. N.R. Sims1*, P.M. Nilsson2, and E. 
Zaidan1. 1Dept. of Medical Biochemistry and Centre for Neuroscience, Flinders Univ., 
Bedford Park, South Australia, Australia, 5042; 2Institute of Neurobiology, Univ. of 
Göteborg, Göteborg, Sweden.

A specific change in mitochondria, the mitochondrial permeability transition, has 
been implicated as an important contributor to some forms of cell death. However, 
there has been little investigation of the possible role of these changes during the 
development of tissue damage in the mature brain. The incorporation of radiolabel 
from [3H]deoxyglucose into mitochondria has been investigated as a potential marker 
of such reversible mitochondrial permeability changes in the intact brain. 
[3H]deoxyglucose (0.5ml, 1mM, 40 µCi) was injected via the right jugular vein of male 
Porton rats at 1 h prior to bilateral intrastriatal injections of 200 nmol N-methyl-D- 
aspartate (NMDA). Mitochondria were isolated from striatal tissue up to 12 h after 
NMDA injection and treated with digitonin to release radiolabel from structures such as 
synaptosomes that may contaminate the preparation. During the first 8 h following 
NMDA treatment, no differences were seen in the incorporation of radioactivity in the 
mitochondrial fraction compared with saline-treated controls. However, at 12 h after 
the treatment there was a marked increase in the incorporated radioactivity (160 to 
220% of controls) when expressed relative to either total protein or the activity of the 
mitochondrial marker, citrate synthase. This change was most likely due to an increase 
in permeability of mitochondria in the striatal tissue but changes in the composition of 
the mitochondrial fraction, as indicated by a decrease in the specific activity of citrate 
synthase, may also have contributed. At 12 h following NMDA injection, tissue 
damage, as assessed histologically, was well advanced. Thus, these findings provide no 
support for the possibility that the mitochondrial permeability transition develops 
during the early stages of neural cell loss following NMDA treatment but indicate that 
this may develop during progression to advanced tissue damage. Supported by Flinders 
University and the Flinders Medical Centre Research Foundation.

570.12

IS THERE A ROLE FOR THE MITOCHONDRIAL PERMEABILITY TRANSITION 
IN THE INITIAL STAGES OF GLUTAMATE EXCITOTOXICITY?
Julie K eelan, Olga Vergun and M ichael Duchen (SPON: British Neuroscience 
Association). D e p a r tm e n t  o f  P h y s io lo g y , U n iv e r s ity  C o lle g e  L o n d o n , L o n d o n . U .K .

Neuronal death following excitotoxicity may result from mitochondrial dysfunction. 
During toxic glutamate exposure, mitochondria depolarise, and as this response is 
attenuated by cyclosporin A (CsA), it has been widely assumed that the depolarisation 
signals opening of the mitochondrial permeability transition pore (PTP). We have used 
fluorescence imaging techniques to explore the role of NO in the glutamate induced 
mitochondrial depolarisation in hippocampal neurons ( 11 - 16 days in culture) coloaded 
with fu ra-2 (AM) and rhodamine 123 (Rh123) to measure [Ca2+]i and mitochondrial 
potential (Δψm). Inhibition of NOS by L-NAME ( 100 µM) decreased the glutamate 
induced change in Δψ m: 100 µM glutamate increased the Rhl23 signal by 3.2 ± 0.7 
fold (n=101 neurons), reduced to a 1 .6 ± 0.7 fold increase (n=83 neurons) in the 
presence of L-NAME. Cultures maintained in  v itro  for a shorter period showed only a 
modest change in Δψm during glutamate exposure In these cells. addition of an NO 
donor (5OOµM K+ -nitrosylpentachlorouthenate) together with glutamate (100 µM ) 
induced a profound change in Δψm, (3 .1 + 0 .1 fold increase in R h123 .n =69 neurons) 
which was prevented by scavenging the NO with 100 µM Hb.(l .6 ± 0.4, n=42 
neurons). Measurement of [Ca2+]i, confirmed that none of these manipulations 
significantly altered the [Ca2+]i responses CsA attenuated the mitochondrial 
depolarisation induced by glutamate (1.7 ± 0.4. 54 neurons) but had no effect on the 
mitochondrial depolarisation triggered by glutamate in the presence of the NO donor 
(3.0 ± 1.1, n = 100 neurons). CsA acts at a number of intracellular binding sites, and 
may inhibit the activation of NOS. These observations suggest that the attenuation of 
mitochondrial response to glutamate may reflect inhibition of NO production by CsA. 
These data suggest that PTP opening cannot be assumed as a mechanism of 
mitochondrial depolarisation and that sensitivity to CsA alone may not suffice as a 
diagnostic indicator of PTP opening.
(Sponsored by the Wellcome Trust and The Royal Society).

570.14
PRETREATMENT WITH CYCLOSPORIN A OR A CASPASE INHIBITOR 
PROTECTS NEURONS FROM KA-INDUCED CELL DEATH IN 
ORGANOTYPIC HIPPOCAMPAL CULTURE. W. Liu*, and M. Baudry. 
Neuroscience Program, Univ. of Southern California, Los Angeles, CA90089-2520.

Recent studies have shown that activation of mitochondrial membrane permeability 
transition pore (MPT) is a critical event in apoptosis. The opening of PTP causes the 
release of either apoptosis-initiating factor (AIF) or cytochrome c, both of which 
activate caspases. Caspases are family of cysteine proteases, which have been 
proposed to be responsible for several features of apoptotic morphology. We 
previously reported that DNA fragmentation was observed in injured pyramidal 
neurons in organotypic hippocampal cultures (OHC) after kainic acid (KA) 
treatment, suggesting that apoptosis was involved in KA-induced neurodegeneration. 
In the present study, we investigated the potential role o f MPT and caspase activity in 
KA-mediated neuronal death in OHC. Hippocampal slides (400 µm) were prepared 
from 7-9 days old Sprague-Dawley pups and cultured at the interface between culture 
medium and air (5% CO2) at 35°C for two weeks. Twelve-four hours following 
preincubation with serum-free medium, cultures were exposed to KA (50 µM) for 3 
hrs and further incubated in fresh serum-free medium for another 24 hrs. The 
mitochondrial MPT blocker, cyclosporin A (100 µM), or the caspase-3 inhibitor, Z- 
VAD-FMK (100 µM), was added during serum-free medium preincubation and was 
continuously applied during and after KA treatment. Neuronal damage was assessed 
by a semi-quantitative analysis of propidium iodide (PI) staining and by measuring 
the total LDH released into the medium. A significant decrease in PI staining as well 
as LDH release was observed in cultures pretreated with the caspase-3 inhibitor. 
Pretreatment with cyclosporin A also decreased neuronal PI uptake, but did not 
significantly reduced LDH release. These results indicate that malfunction of 
mitochondria and consequent activation of caspase-3 may play a role in mediating 
KA-induced neuronal apoptosis.
Supported by a grant from Sankyo Co., LTP.

570.16
REGULATION OF NMDA MEDIATED INDUCTION OF THE 

PERMEABILITY TRANSITION
C.C. Alano2*, G. Beutner2, R.A. Gross1,2, S-S Sheu2 

1Department of Neurology, 2Department of Pharmacology and Physiology, 
University of Rochester SMD, Rochester, NY, 14642 

Activation of the N-Methyl-D-Aspartate (NMDA) receptor leads to an 
increase in cytosolic Ca2+ concentration ([Ca2+]c) and therefore provides for a 
favorable condition for the induction of the permeability transition pore (PTP), a 
non-specific channel in the inner mitochondrial membrane. Opening of the 
permeability transition pore and the subsequent breakdown of the mitochondrial 
membrane potential are possible key events leading towards cell death. Using 
primary cultures o f rat pup striatum (E 17) we were able to monitor an increase 
in [Ca2+]c as well as in mitochondrial Ca2+ concentrations upon activation of 
the NMDA receptor using fluorescent calcium indicators. Around 30 minutes 
after addition of 1mM NMDA we observed an expected increase in [Ca2+]c, 
followed further by a sudden increase. In rhod-2 loaded striatal neurons we 
observed an initial increase upon NMDA receptor activation, followed by a 
precipitous decrease, following the same time frame as the [Ca2+]c assay. This 
process is inhibited by cyclosporin A ( 100nM). This effect can be explained by 
opening o f the PTP. We were still able to elicit the same response with a lower 
NMDA concentration (300µM), but with a longer time frame (~80m) of 
exposure. Long-term analysis (6h) shows a concentration dependency of 
necrotic death (60% and 15%) with 1mM and 300µM NMDA, respectively 
These results demonstrate one possible method for detecting PTP induction in 
intact cells. Supported by NIH grant 33333, CTR grant 4299R1, NS19163, and 
DA 10514.
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570.17
VULNERABILITY OF MITOCHONDRIAL DEPOLARIZATION IN 
LYMPHOBLASTOID CELLS FROM PATIENTS WITH HUNTINGTON'S 
DISEASE
G.W. Wiegand, C.A. Callaham, J. Lawler., L.J. Hanle, R.L. Margolis, A.H. 
Sharp. C.A. Ross. S.H. Snyder. and A.Sawa* Dept. of Neuroscience, Johns 
Hopkins Univ. Sch. of Med., Baltimore, MD 21205

Huntington's disease pathophysiology may reflect a gain-of-toxic mechanism 
of abnormal huntingtin, the responsible gene product of this disease. Nulcear 
aggregation is one gain of function of abnormal huntingtin, but the link between 
aggregate formation and cellular toxicity is not clear. Mitochondria may regulate 
programs for cell death, and there are reports of mitochondrial dysfunctions in 
Huntington's disease. We established lymphoblastoid cells immortalized by 
Epstein-Barr virus, and monitored several mitochondrial functions including 
mitochondrial depolarization which is an initial critical step of the cell death 
program. Six hours after the addition of 0 .2mM of sodium cyanide, the 
lymphoblastoid cells from patients, but not from normal control subjects, showed 
mitochondrial depolarization. The extent of depolarization was repeat length 
dependent. Another mitochondrial toxin, 3-nitropropionic acid, showed a similar 
effect. This depolarization was prevented to some extent by cyclosporin-A, which 
blocks the mitochondrial permeability transition pore. This finding is the first 
direct demonstration of a CAG repeat-dependent gain-of-function abnormality in 
cells from living patients.

supported by USPHS grant MH18501 to SHS, brain science grant (Japan) to AS

570.19

IN VIVO INVOLVEMENT OF NMDA RECEPTORS IN MALONATE INDUCED 
DOPAMINE LOSS OCCURS AT THE LEVEL OF THE CELL BODY IN THE 
SUBSTANTIA NIGRA. P. Sonsalla*L. Manzino, and G. Zeevalk Dept. o f Neurology, 
Robert Wood Johnson Med. Sch., Piscataway, N.J. 08854 

Dopamine (DA) neurons, with cell bodies in the substantia nigra (SN) and terminal 
projections to the striatum, are the major population o f neurons lost in Parkinson’s 
disease (PD). Defects in energy metabolism have been detected in patients with PD 
and have been proposed as a contributing factor in the disease The destruction of DA 
neurons by intrastriatal infusion of agents which inhibit energy metabolism, such as 
MPP , can be attenuated by peripheral administration of the NMDA antagonist MK- 
801, suggesting NMDA receptor involvement in the loss of DA neurons due to energy 
inhibition. Paradoxically, DA terminals in the striatum are relatively insensitive to 
infusion of NMDA agonists. To date, immunocytochemical studies fail to reveal the 
presence of NMDA receptors on striatal DA terminals. This suggests that if NMDA 
receptors are directly involved in damage to DA neurons due to energy impairment, 
involvement occurs at the level o f the cell body in the SN . To investigate this, Sprague 
Dawley rats received either an intrastriatal or intranigral infusion of the reversible 
succinate dehydrogenase inhibitor malonate into the left side. In some rats, MK-801 
(80nmol) was coinfused with malonate and again, by itself, 3 hr later. Rectal 
temperatures were monitored throughout the study to rule out hypothermic effects 
which can occur with peripheral infusion of MK-801 in energy impairment paradigms. 
No differences in temperature were observed in any treatment group. Intrastriatal 
administration of 2 umol malonate produced a 68 and 35% loss of striatal DA and 
GABA, respectively, when examined at 1 wk following infusion. MK-801 completely 
protected vs GABA loss, but had no effect on DA loss. In contrast, intranigral infusion 
of 0.5 umol malonate produced anterograde damage to DA terminals and a 30% loss 
of striatal DA at 1 wk. Intranigral administration of MK-801 significantly attenuated 
this loss Results demonstrate that NMDA antagonism is only protective to energy 
impaired DA neurons when it occurs at the level of the cell body. Anatomically, this 
may correspond to the location o f NMDA receptors on DA neurons in vivo. This work 
was supported by PHS grants NS 36157 and AG 08479.

570.21

ANTIOXIDANT PROTECTION AGAINST IODOACETATE-INDUCED 
NEUROTOXICITY IN PRIMARY CULTURES OF RAT CEREBELLAR 
GRANULE CELLS IS ENHANCED BY MK-801. C.S. Malcolm. K.R. 
Benwell, J. Connell, H. Lamb, M.J. Sheardown* and R.H.P. Porter. Dept. of 
Molecular Pharmacology, Cerebrus Limited, Winnersh, Wokingham, RG41 
5UA, UK.

Iodoacetate (IAA) is an inhibitor of the glycolytic enzyme glyceraldehyde- 
3-phosphate dehydrogenase (G-3-PDH) which is commonly used to induce 
“chemical hypoxia” both in v itro  and in v ivo . IAA is also believed to inhibit 
oxidative phosphorylation, albeit indirectly, by decreasing the availability of the 
glycolytic metabolite pyruvate for metabolism via the TCA-cycle. In  v itro  
studies using cultured rat cortical and hippocampal neurons have shown that 
IAA induces a delayed form of neurotoxicity that can be attenuated by the 
antioxidant vitamin E (Uto et a l ., 1995), suggesting that free radicals are 
involved in the neuropathogenesis of IAA-induced cell death in these cultures. 
We have investigated the mechanism of IAA-induced neurotoxicity in primary 
cultures of rat cerebellar granule cells (CGC) and the effect of the non- 
competitive NMDA receptor antagonist MK-801 and a variety of antioxidants 
on it. MK-801, although ineffective alone against IAA-induced toxicity, 
significantly enhances the ability of standard antioxidants such as trolox and 
butylated hydroxytoluene (BHT) to protect cultures against IAA-induced 
neurotoxicity. These data suggest that IAA-induced neurotoxicity in CGC 
cultures may comprise both excitotoxic and free radical mediated components. 
The above work was funded by Cerebrus Ltd., U.K.
Uto e t a l. (1995) J. N e u ro c h e m  64 , 2185-2192.

570.18
PAF POTENTIATES NM DA-INDUCED RELEASE OF REACTIVE OXYGEN 
SPECIES (ROS) FROM M ITOCHONDRIA TO NEURONAL CYTOSOL. 
M.A. Parker. M.A. DeCoster, N.G. Bazan* LSU Medical Center, Neuroscience 
Center, New Orleans, LA

Brain ischemia or seizures may cause the opening o f  mitrochondrial transition 
pores in neurons, allowing the release o f  ROS to the cytosol. ROS, in turn, may 
activate caspases and other events that promote neuronal cell death and damage. 
We have used neuronal primary cultures to investigate upstream signaling pathways 
that may contribute to the release o f mitochondrial ROS. Since cytosolic PLA2 and 
platelet-activating factor (PAF) are enhanced by NM DA receptor activity, leading 
to cell damage, we have studied the effects o f  PAF and o f a PAF antagonist, the 
synthetic hetrazepine, BN 50730, on NM D A induced ROS generation in rat 
primary neuronal cultures. Rat cortical or hippocampal neurons were loaded with 
either 4µM o f rhodamine 123 (Ru123), a cationic fluorophore that accumulates in 
the mitochondrial membrane, or 25 µM dichlorofluorescin diacetate (DCFH-DA), 
which is a diffusable cytosolic marker for ROS. Then cells were treated with 100 
µM NMDA and changes were measured by fluorescence microscopy. W hen cells 
were incubated with BN50730 prior to NM DA, fluorescence from these two 
markers was substantially decreased. NM DA caused a disruption o f mitochondria 
membrane potential, as measured by an increase in R ul23  fluorescence. 
Additionally, 100µM NMDA increased in cytosolic ROS species as measured by 
an increase in DCF fluorescence. BN50730 reduced these effects. The conclusions 
are that 1) the application o f 100 µM NM DA appears to perturb mitochondrial 
activity and increase cytoplasmic ROS activity in both cortical and hippocampal 
cell cultures, and 2) PAF stimulates this effect. Therefore, PAF generated by 
NMDA receptor activity may enhance the mitochondrial m embrane disruption that 
leads to increased release o f ROS to cytoplasm. (Supported by NS23002).

570.20
THE ALTERATION IN GLUTATHIONE STATUS IN MESENCEPHALIC 
CULTURES EXPOSED TO MALONATE IS NOT A DOWNSTREAM 
CONSEQUENCE OF A SECONDARY EXCITOTOXICITY. G. Zeevalk,* L. 
Bernard, and W. Nicklas Dept. of Neurology, Robert Wood Johnson Med. Sch., 
Piscataway, N.J. 08854

Inhibition of oxidative metabolism in mesencephalic cultures with the succinate 
dehydrogenase inhibitor malonate produces loss o f dopamine (DA) and GABA 
neurons. Our past studies have shown that MK-801 protects neurons from malonate 
exposure, thus implicating NMDA receptors in the pathological process. Other 
laboratories have provided evidence that NMDA receptor overstimulation results in 
the generation of reactive oxygen species. Consistent with this, free radical spin 
trapping agents protect vs either malonate exposure or direct overstimulation of 
glutamate receptors. These findings suggest that the oxidative stress formed during 
malonate exposure may be a downstream consequence of a secondary excitotoxicity 
To examine this, we followed changes in intra- and extracellular reduced and 
oxidized glutathione (GSH & GSSG) during a 1 or 6 hr exposure to 1 mM glutamate 
or 50 mM malonate, respectively. Malonate caused an increased efflux of both GSH 
and GSSG, an increase in total GSSG and decrease in tissue GSH. In contrast, 
glutamate caused an increased efflux o f GSH, but no change in intra- or extracellular 
GSSG or intracellular GSH. Blocking NMDA receptors did not modify malonate- 
induced alterations in glutathione status or glutamate-induced efflux of GSH. 
Reduction o f tissue GSH with buthionine sulfoxamine pretreatment, as shown 
previously, greatly potentiated malonate-induced toxicity to DA and GABA neurons, 
but had no potentiating effect on toxicity due to glutamate. The results suggest that 
although oxidative stress may mediate damage due to either energy deprivation or 
glutamate receptor overstimulation, the oxidative stress that is incurred during 
malonate exposure is not mediated via overstimulation of NMDA receptors. Results 
further suggest differences in the type of oxidative stress generated via the two 
insults.
This work was supported by PHS grants NS 17360 and NS 36157.
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571.1
PREVENTION OF BETA-AMYLOID25.35-INDUCED CELL DEATH BY 
ANTIOXIDANTS. M.A. Micci2, N.J. Macdonald1, S. Yallampalli1, P.C. Bickford3,
G. Taglialatela1*. Depts. o f HBC&G1 and Internal Medicine2, UTMB, Galveston, TX; 
3Dept of VA Med. Cntr, Denver, CO.

Characteristics of Alzheimer's disease include loss of brain neurons associated with 
the deposit of beta-amyloid protein (Aß) that is thought to be toxic to neurons 
possibly via induction of intracellular calcium and generation of free radicals. On 
these bases, we have determined the effect of ascorbic acid on the cell death and 
calcium increase induced by Aß in PC12 cells. We found that ascorbic acid 
completely abolished Aß-induced calcium increase and cell death in PC 12 cells, 
indicating that calcium elevation and cell death are associated phenomena induced by 
Aß that can be rescued by antioxidants. We also determined the effect of Aß on DNA 
fragmentation and NFƙB activity after in  v iv o  stereotaxic injection in the 
hippocampus o f both young and aged rats that were additionally treated with the 
nitrone spin trap N-tert-butyl-alpha-phenylnitrone (PBN). We found that there was a 
significant presence of fragmented DNA in the hippocampus o f aged, but not young, 
rats after stereotaxic local injection of Aß. The presence of fragmented DNA in the 
hippocampus induced by Aß was not observed in aged rats treated with PBN. In 
addition, PBN was able to abolish the age related increase in hippocampal NFκB, a 
transcription factor associated with the occurrence of oxidative stress. No effects on 
NFκB activity were observed after Aß injection, at least at the time points studied 
here, in either young or aged rats. These results are important to understand the 
mechanisms by which Aß is toxic to neurons and suggest that antioxidants may be 
part of future treatments for Aß toxicity associated with such neurodegenerative 
diseases as Alzheimer's disease.

Supported in by the grant 1R29-AG13945 (to GT) and by the grant AG04418 
(to PCB) from the National Institute of Aging.

571.3
INHIBITION OFCa-DEPENDENT NEUROTOXICITY BY ALZHEIMER 
PEPTIDE Aß1-42; KINETICS OF PEPTIDE AGGREGATION. 
V.M.Ingram*,B.J.BIanchard, A.E.Hiniker, C.C.Lu, Y.Margolin, 
J.H-Rosenblum, J.P.Vernon, A.M.Yu. Biology Dept.,M .l.T.Cambridge,MA 
01239.

Aggregated Alzheimer peptide Aß1 -42 has been shown to be toxic 
in neuronal cell cultures. We show that aggregates of Aß1-42 act on 
human neuronal hNT cells to cause immediate and dramatic influx of 
external Ca2+. This rise in cytosolic Ca2+ may be responsible for the 
neuronal dysfunction and cell death seen in Alzheimer's disease. We 
studied the aggregation of Aß1-42, and the consequent rise in Ca2+, 
using thioflavinT (ThT) fluorescence to monitor ß-sheet formation, SDS- 
PAGE to measure the kinetics of aggregation, electron microscopy (EM) 
to show the progress of fibril formation and fura-2 ratiometric analysis to 
measure [Ca2+]int. A characteristic response to aggregated Aß1-42 
begins with a sharp rise in [Ca2+]int , followed by an exponential decay to 
a plateau 150 to 300 percent higher than the original calcium levels.

Apparently astrocytes proliferate in the Alzheimer brain, while many 
neurons die. Interestingly, we find that astrocytes only rarely show a 
sustained elevated [Ca2+]int level when treated with aggregated 
Aß1-42, unlike neurons.

Certain antagonistic "decoy" peptides (DPs), selected from a 
combinatorial library of short D-amino acid peptides for their ability to 
complex with aggregated Aß25-35 or Aß1-42, abolish the calcium influx 
into nNT cells when co-aggregated with the Aß1-42 peptide. Additional 
DPs derived from the original decoy peptides have also been tested.
EM, ThT, and SDS-PAGE are being used to elucidate their effects on 
aggregation. [Supported by Amgen Inc., the Immerwahr Fund for 
Alzheimer Research, the Wilson Fund, and MIT's Undergraduate 
Research Opportunities Fund. We thank Dr. Klaus Beck, Amgen Inc, for 
supplying astrocytes.]

571.5
K ETO N E B O D IES SA L V A G E  SEPTUM  N E U R O N S EX PO SE D  OF A M Y LO ID  

β 1 -4 2  PEPTIDE. Y. Kashiwava,1 T. Takeshim a,1 N . M ori,1 K. Nakashim a,1 and 
R.L. V eech2. 1Div. Neurol., Inst. Neurol. Sci., Tottori Univ. Fac. Med., Yonago, Tottori 
683-8504. Japan.; 2LM BB-NIAAA , NIH., Rockville, M D 20852. USA.

D -(-)-β -hydroxybutyrate (DBHB) is a normal substrate for brain producing the 
reducing agent NADH. It is known that amyloid β 1-42 peptide (A β 1 -42) is increased 
up to 6 fold in brains from patients with A lzheim er’s disease and that A β 1-42  
inactivates the pyruvate dehydrogenase (PDH) com plex in septal neurons by activating 
the τ protein kinase. Inactivation o f PDH in cells metabolizing glucose leads energy 
depletion and results lack o f Acetyl choline synthesis, a neurotransmittor to the 
hippocampal neurons. We wished to test the hypothesis that DBHB could rescue septal 
neurons from the toxicity o f A β 1 -4 2  in microisland culture. l5 µ l o f 4 .0  ×  106/m l o f  
septal cells/m l which was taken from 18 day fetal SD rats were cultured in 8 chamber 
slides with neurobasal media supplemented with B27. On the 4th day, the media was 
switched to DM EM /F12, with or without the addition o f  8m M  Na DBHB. 12 hours later, 
5mM  A β 1 -4 2  was added and the cells stained with anti-microtuble associated protein 2

(M AP2) antibodies at 0, 12, 24, 48 
and 72 hours after exposure to A β 
1 -42 . DBHB increased neuronal 
survival from 12 to 48 hours after 
exposure to A β 1-42 . These data 
suggest that ketone bodies may 
overcome the blockade o f PDH  
induced by A β 1 -42 , and may 
therefore provide a form o f therapy 
for Alzheim er’s and other 
neurological diseases associated 
with increased levels o f A β 1 -42 .

571.2
A β -A SSO C IA TED  FR EE R A D IC A LS IN C R EA SE  P O L Y A M IN E  U PTA K E AND  
O R N IT H IN E  D E C A R BO X Y L A SE  A C T IV IT Y : P R E V E N T IO N  B Y  V IT A M IN  E.
S.M. Yatin,1* M. Yatin,3,4 K.B. Ain,3,4 and D.A. Butterfield1,2. 1Dept. Chem., Ctr. 
Membrane Sci.; 2Sanders-Brown Ctr. on Aging; 3Internal Medicine, University of 
Kentucky, Lexington, Kentucky 40506; 4VA Med. Ctr., Lexington, Kentucky 40511.

Amyloid ß-peptide, the main constituents of senile plaques in Alzheimer's Disease 
(AD) brain, is hypothesized to be an important factor in neurotoxicity observed in AD. 
Recent evidences indicate that alterations in brain polyamine metabolism may be 
critical for nerve cell survival after free radical initiated neurodegenerative processes. 
Elevated levels of ornithine decarboxylase (ODC) were observed in neocortical neurons 
and elevated levels of spermidine in hippocampus and frontal cortex of AD brain. ODC 
activity shown to be stimulated by oxygen free radicals after hypoxic treatment of 
developing rat brain slices. Aß(25-35) is toxic to neurons through a free radical 
dependent oxidative mechanism. In this study hippocampal neuronal cultures were 
exposed to Aβ(25-35), and ODC activity and spermidine uptake were measured in the 
presence and absence of the free radical scavenger vitamin E. Administration of α- 
difluoromethylornithine (DEMO), a suicidal inhibitor of ODC, enhanced spermidine 
uptake by 150% of the control, and supplementation of exogenous spermidine reduced 
the spermidine uptake to 25% of the control. This result suggests that cells were under 
tight control of requirements of polyamine metabolism and polyamine uptake was 
effective when ODC was disabled to synthesize polyamines. Treatment of neurons with 
Aβ (25-35) increased ODC activity by 170% and spermidine uptake by 185%; of the 
control, suggesting that oxidative stress upregulates the polyamine metabolism in 
response to free radical damage. In cells pretreated with vitamin E and exposed to Aβ , 
ODC activity and spermidine uptake decreased to control level, suggesting that 
polyamine metabolism upregulation is directly related to oxidative damage. This study 
is the first to demonstrate that Aβ treated neuronal cells show an increase polyamine 
metabolism is response to free radical mediated oxidative stress and vitamin E prevents 
the Aβ -induced increased polyamine uptake and ODC activity. The potential 
implications of these results to AD will be presented. Support; NIH (AG-05119).

571.4
MECHANISM OF ACTION OF BETA AMYLOID PEPTIDE (22-35) 
ALTERATION OF CALCIUM-DEPENDENT ACH RELEASE FROM 
CILIARY GANGLION CELLS AND PRESYNAPTIC TERMINALS . 
L.Kelly,_R._Ranciato, M. Ray, B. Tierney, and D. B. Gray*. Dept. of 
Biology, Simmons College, Boston, MA 02115.

It has been previously demonstrated that Ca-dependent basal 
acetylcholine (ACh) release from cultured avian ciliary ganglion (CG) 
neurons and intact presynaptic terminals is increased in the initial 10 to 
20 min of exposure to beta amyloid peptide (Aß], while evoked ACh 
release is significantly inhibited after 24 hrs (Jacobsen et al., 1996; Abstr. 
Soc. Neurosci. 22; 488; Andruchow et al., 1997, Abstr. Soc. Neurosci. 
23; 1884). Although the mechanism of action of Aß is unknown, it has 
been demonstrated that Aß can insert into an artificial phospholipid 
bilayer, resulting in increased inward calcium currents which are sensitive 
to 250 um zinc sulfate. However, two sets of results reported here do 
not support this model. First, exposure of CG cells to 250 um zinc sulfate 
had no effect on the 50 % increase in ACh release induced by 10 um Aß 
22-35 over two 5 min release periods. Second, after washout of soluble 
Aß, ACh release from terminals previously exposed to Aß is no longer 
enhanced relative to controls, unlike effects of a calcium ionophore (1 um 
A23187) which continue to stimulate ACh release after the same 
washout protocol. These results support the hypothesis that the effects 
of a 10 minute exposure of the Aß peptide 23-35 are readily reversible, 
and unlikely to be mediated by actual insertion of Aß into the cell 
membrane. Furthermore, 10 uM Vitamin E (tocopherol) significantly 
reduces Aß effects on ACh release suggesting involvement of free 
radicals in Aß short term mechanism of action. Additionally, effects of 
estrogen and anti-inflammatory agents are being tested on this system. 
Supported by the Simmons Fund for Research and by the Anne 
Coghlan Fund for Student Research.

571.6
NEUROPROTECTIVE ACTIVITY OF M ELATONIN AGAINST  
ALZHEIMER β -AM YLOID IS NOT MEDIATED BY M ELATONIN  
RECEPTORS. C-J. Chvan,1 B. Poeggeler,2 M. D ubocovich,3 R . Bick,4 R A . 
Omar,5 B. Frangione,6 C . Soto,6* J. Ghiso,6 and M .A. Paopolla,1 1Departments 
o f Pathology, Univ, o f South Alabama; 2 Univ, o f Maryland; 3Northwestern 
Univ.; 4Universitv o f  Texas at Houson, Univ. o f Louisville; 6N ew  York Univ.

It has been demonstrated that melatonin protects neuronal cells against 
oxidative damage and cell death induced by the Alzheim er’s amyloid peptide 
(A ß). To gain further insight into the pleotropic properties o f melatonin and the 
mechanism o f cytoprotection, we investigated the cytoprotective characteristics 
o f a spectrum o f molecular analogs o f  melatonin (mAn) exhibiting a range o f  
affinities to melatonin receptors. Cell survival experiments were performed on 
PC 12 rat pheochromocytoma and SK-N-SH  human neuroblastoma cell lines. 
The survival o f cells exposed to A β l-4 2  (10 and 50 µM ) either alone or to 
peptide plus melatonin or to peptide plus MAn was compared to cells exposed to 
the corresponding MAn alone or to no peptide. The compounds examined 
included; melatonin, phenyl-N-tbutylnitrone (PBN), 5 ’-methoxytryptamine (5- 
MT), N-acetyl-5-hydroxytryptamine (N AS), indole-3 propionic acid 8-methoxy- 
2-propionamidotetŕalin (8-M -PDOT) and 4-phenyl-2-propionamidotetralin (4-P- 
PDOT). A fraction o f cells exposed to Aß alone consistently underwent cell 
death. As expected, the addition o f melatonin totally protected cells against the 
toxic effects o f  Aß. N o cytoprotection was observed using the powerful 
melatonin against 8-M -PDOT or the partial receptor against NA S indicating that 
melatonin receptors do not mediate the phenomenon observed. In contrast, 
indole-3 propionic acid , an analogue species with low  affinity for melatonin 
receptor exhibited marked neuroprotective activity. In contrast, indole-3 
propionic acid, an analog species with low  affinity for melatonin receptors 
exhibited marked neuroprotective activity.
Supported by a grant from the National Institutes o f  Health.
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571.7

ESTROGEN NEU RO PRO TECTIO N AND B C L -X l 
EXPRESSION: STUDIES FROM NEURONAL CULTURE, 
AGED CANINES AND ALZHEIMER'S DISEASE TISSUE.
C.J. Pike*. E. Head. N.W. M ilgram*. 1Dept. Psychology, Univ. Toronto, Toronto, 
Canada; Inst. Brain Aging & Dementia, Univ. California, Irvine, CA 92697 USA.

Accumulating evidence suggests that estrogen protects against Alzheimer’s disease 
(AD). The cellular response(s) to estrogen underlying inhibition of AD are not 
definitively known. Here we present evidence that neuroprotection may significantly 
contribute to estrogen's antagonism of AD. First, in cultured hippocampal neurons 
we show that estrogen moderately but significantly attenuates neurotoxicity induced 
by aggregated β -amyloid peptides. Estrogen neuroprotection was inhibited by the 
anti-estrogen droloxifene, suggesting a classic estrogen receptor-dependent genomic 
mechanism involving increased protein expression. Second, we demonstrate that 
estrogen induces a significant, moderate increase in neuronal expression of the anti- 
apoptotic protein B c1-x l，suggesting a potential mechanism underlying estrogen's 
neuroprotection. Consistent with this possibility, we observed that estrogen 
inhibition of Aß neurotoxicity is associated with reductions in caspase proteolysis, an 
apoptotic step immediately downstream of Bcl-xp intervention. Next, to begin 
evaluating the in vivo relevance of the estrogen/Bcl-XL/neuroprotection relationship, 
we examined brain tissue from both aged canines (an animal model of early AD) and 
aged normal human and AD cases. Consistent with the predicted estrogen/Bcl-XL 
relationship, we observed neuronal colocalization of estrogen receptor and B cI-xl in 
select hippocampal regions. Using western blot and immunohistochemistry, we 
found high levels of both estrogen receptor and B cl-xl in neurons from CA2, CA3, 
and CA4, regions that are relatively spared from AD neurodegeneration. In contrast, 
AD vulnerable CA1 neurons showed relatively low levels of estrogen receptor and 
B c1-x l， These data suggest a novel mechanism of estrogen neuroprotection that 
involves modulation of apoptosis via regulation of B cl-x l  and may contribute to 
estrogen protection against AD. (Supported in part by NIA AG 12694)

571.9

DIFFERENTIAL PROTECTIVE EFFECTS OF NEUROTROPHINS ON ß- 
AMYLOID INDUCED DEATH OF MOUSE HIPPOCAMPAL NEURONS. T.T. 
Yeo* and F.M. Longo. Dept. Neurology, UCSF-VAMC, San Francisco, CA 94121.

ß-amyloid plaques, neurofibrilliary tangles, and profound loss of cortical and 
hippocampal neurons are fundamental pathologic features in Alzheimer’s Disease. 
Genetic and biochemical studies strongly link ß-amyloid neurotoxicity to 
neurodegeneration in Alzheimer’s Disease. Transgenic mouse models expressing ß- 
amyloid precursor protein with mutations associated with familial Alzheimer’s 
Disease demonstrated key morphological alterations similar to those found in 
Alzheimer’s brain. However, none of these mice demonstrated widespread neuronal 
loss, raising the question of whether mouse neurons are less vulnerable to ß-amyloid 
toxicity. In the present study we have established primary hippocampal neuronal 
cultures derived from mouse embryos to address whether ß-amyloid is neurotoxic to 
mouse neurons and whether neurotrophins can protect hippocampal neurons from ß- 
amyloid toxicity. Treatment of mouse E16 hippocampal cultures with 100 nM ß- 
amyloid (1-40) peptide resulted in a significant, 70% loss of neurons after 24 hours, 
while treatment with the reversed ß-amyloid (40-1) peptide had no neurotoxic effect. 
Neurotrophins including NGF, BDNF, and NT-3 displayed differential protective 
effects on ß-amyloid neurotoxicity. NGF (100 ng/ml) did not promote baseline 
survival nor protect the neurons from ß-amyloid toxicity. Both BDNF (20 ng/ml) and 
NT-3 (20 ng/ml) increased baseline survival. Co-treatment with BDNF (20 ng/ml) or 
NT-3 (20 ng/ml) with varying doses (0.8 nM - 100 nM) of ß-amyloid (1-40) peptide 
resulted in significant increases in neuronal survival. These results demonstrate that 
ß-amyloid is cytotoxic for mouse hippocampal neurons and that neurotrophins have 
differential protective effects for ß-amyloid toxicity. Whether these protective effects 
are mediated through Trk or p75 neurotrophin receptors is currently being 
investigated. [Support: Alzheimer’s Association, NIA-AG09873, VA Merit to FL.]

571.11

PROTECTION OF NGF-DIFFERENTIATED PC 12 CELLS BY AGED 
GARLIC EXTRACT™ FROM THE CYTOTOXICITY OF BETA 
AMYLOID
E.T.Gwebu*, B. Griffin, M. Selassie, and N. Gwebu. Department of 
Research, Oakwood College, Huntsville, Alabama 35896.

Alzheimer’s disease (AD) is the most common cause of progressive 
intellectual failure and memory impairment among the elderly, with no 
effective treatment. A hallmark of the disease is the accumulation of beta- 
amyloid, whose neurotoxicity, as a progenitor of oxidative stress, has been 
well documented. Garlic has antioxidant, anti-aging and anti-ischemic 
properties. The purpose of this study was to determine whether aged garlic 
extract attenuates the effect of the truncated neurotoxin beta-amyloid25.35 
(Aß) in neuronal PC 12 cells. Proliferating PC 12 cells were treated with 
the nerve growth factor for 10 days before experiments were initiated. Cell 
viability was determined using either the MTT (methylthiazol tetrazolium) 
(Sigma) assay or the MTS- based assay (Promega). Aged garlic extract™ 
(AGE™) was obtained as Kyolic® liquid from Wakunaga of America 
(Mission Vejo, CA), sterilized by filtration and diluted in cell growth 
medium. Our results show that AGE™ protects neuronal PC12 cells 
against Aß (70 µg/ml) toxicity in a dose dependent manner. Thus, it may 
be useful in amelioration of Alzheimer’s disease symptoms.

Funded in part by the NIGMS/NIH-MBRS #GSI4-GM48439.

571.8

CELLULAR MECHANISMS UNDERLYING THE ESTROGEN EFFECT 
AGAINST A #  -INDUCED CELL DEATH IN B103 CELLS. H. Kim, I. 
Joo,2 K. Huh,2 J. Shin,1 M.W. Jung,2 T.Y. Koh,1 and I. M ook-Jung,1* 
1Department of Neurology, Ulsan University, College of Medicine; 
2Department of Neurology, Ajou University Medical Center. Seoul. 
Korea.

Alzheimer's disease (AD) is an age-related neurodegenerative 
disorder. Clinical studies have shown that estrogen replacement therapy 
is associated with reduced risk of AD. We have previously shown that 
estrogen blocks neurotoxic effects of ß -amyloid(1-42) and induces 
neurite extension on B103 cells at physiological concentrations 
(Neurosci. Lett, 1997). Here we report results of investigations on the 
cellular mechanisms of the estrogen effect. We first examined whether 
or not the estrogen effect is mediated by estrogen receptors. 
Immunocytochemical and RT-PCR analysis showed that B103 cells 
contain relatively high levels of estrogen receptors. When 1CI 182,780. a 
high affinity estrogen receptor antagonist, was cotreated with estrogen 
and A ß ,  a similar level of cell death compared to A #  treatment group 
was observed. These results suggest that estrogen receptors are likely 
to mediate the protective effect of estrogen against A ß  toxicity. Since 
it has been reported that A ß  generates intracellular free radical, we 
examined whether or not estrogen reduces A ß -induced intracellular 
free radical. Thiobarbituric acid reactive substances (TBARS) assay 
was used to measure lipid peroxidation level after treatment of estrogen 
and A ß . Estrogen and A ß  cotreatment group showed marked 
reduction of lipid peroxidation compared to that of A ß  alone even in 
early time points, indicating that estrogen has an antioxidant effect. The 
downstream of estrogen receptor and intracellular signalling pathway 
associated with the protective effect of estrogen is under investigation. 
This work was supported by Dae Woo Foundation Dementia Research 
Grant, academic research fund of Korean Ministry of Education, 
Creative Research Initiatives of the Korean Ministry of Science and 
Technology.

571.10
GINKGO BILOB A EXTRACT (EGb 761) PROTECTS I N  V IT R O  RAT 
HIPPOCAMPAL CELLS AGAINST TOXICITY INDUCED BY ß-AMYLOID 
PEPTIDES. S, Bastianetto*, C. Ramassamy, Y. Christen, J. Poirier and R. Quirion. 
Douglas Hospital Res. Cent., Dpt. Psychiatry, McGill University, 6875 LaSalle Bid. 
Verdun, Quebec, H4H1R3 Canada.

Several evidence suggest that the formation of amyloid plaques and oxidative stress 
are implicated in the pathogenesis of Alzheimer’s disease (AD). We previously 
reported that a Ginkgo biloba extract (EGb 761, Tanakan®, IPSEN Laboratories), a 
well-defined plant extract, was able to protect hippocampal cells against death in 
models of oxidative stress likely because of its free radical scavenging properties. 
Moreover, clinical studies recently suggested the potential usefulness of EGb 761 in 
AD and in vascular dementia. Thus, we have investigated the effects of EGb 761 
against toxicity induced by amyloid peptides in rat hippocampal cell cultures

Mixed hippocampal cells were prepared from E 19 rat fetuses and plated at day 0 at 
a density of 5 x 104 viable cells/well in 96-well plates. Cells were grown in D-MEM 
supplemented with 1 mM pyruvate, 20 mM KCL. 15 mM HEPES and 10% (v/v) 
fetal bovine serum and maintained at 37°C in a 95% air/5% C 0 2 humidified 
atmosphere for 7 days. On day 7 of the experiment, the original medium was 
removed and cells were treated with Aß25-35 dissolved in D-MEM without serum in 
the presence or absence of EGb 761. Cell viability was then determined 24 hours 
after using the MTT (an indicator of mitochondrial activity) colorimetric assay.

Cell survival is decreased after a 24 hour exposure of Aß25-35 (25 µM) as 
estimated by the MTT assay. A co-treatment of cells with EGb 761 (10-100 µg/ml) 
concentration-dependently protected against the toxicity induced by Aß25-35 with a 
maximal effect at 100 µg/ml. Interestingly, EGb 761 was also able to rescue 
hippocampal cells from Aß25-35 (25 µM) after a 4 hour post-treatment. These 
results confirm that EGb 761 may be a useful therapeutic agent in treating aged- 
related CNS disorders such as AD. Supported by MRCC and by IPSEN Institute.

571.12

PROTECTIVE EFFECT OF THE ENERGY PRECURSOR CREATINE 
AGAINST TOXICITY OF GLUTAMATE AND BETA-AMYLOID IN 
RAT HIPPOCAMPAL NEURONS. G. J. Brewer * Southern Illinois 
Univ. Sch. Med., Springfield, IL 62794-1220.

The toxicity of glutamate and ß-amyloid are well-established in 
embryonic cell culture models of various brain diseases. Cells die if energy 
from ATP is insufficient to maintain ionic homeostasis. Faster than 
glycolysis and oxidative phosphorylation can generate ATP, cellular 
reserves of phosphocreatine are rapidly converted to ATP. We 
hypothesize that cells make more phosphocreatine to create larger energy 
reserves with consequent neuroprotection if they are supplemented with 
the precursor creatine. Embryonic hippocampal neurons were cultured in 
serum-free B27/Neurobasal medium. As little as 0.1 mM creatine, added 
24 hr. prior to 1 mM glutamate, completely blocked glutamate toxicity. 
Creatine at 1 mM could be added as late as 2 hr. after glutamate to achieve 
full protection at 24 hr. Embryonic neurons exposed to Aß (25-35) for 48 
hr. were partially protected by 1 mM creatine added at the same time. 
Neurons from adult rats (J. Neurosci. Meth. 71:145) were also partially 
protected from a 24 hr. exposure to Aß (25-35) by 1 mM creatine. These 
results suggest that bolstered energy reserves are able to protect neurons 
against important cytotoxic agents. The oral availability of creatine may 
be of some benefit to patients with neurodegenerative diseases. (NIH 
AG13435)
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571.13
DISCOVERY OF SMALL MOLECULE LIGANDS FOR FYN-SH2 
AS POTENTIAL AB NEUROPROTECTIVES FOR ALZHEIMER’S 
DISEASE H. Kirn,1,3 M. Lambert,2 K. Viola,2 L. Shuvalova,1 S.Weigand,1 
C Park.3 W. Anderson,1 W.L. Klein2 and G.A. Krafft1,3* 1Dept. of 
Molecular Pharmacology and Biological Chemistry, Northwestern Univ. 
Med. Sch.; 2Dept. of Neurobiology and Physiology, Northwestern Univ.; 
3Evanston Northwestern Healthcare Research Institute, Evanston, IL 
60201.

Alzheimer’s Disease (AD) is a progressive neurodegenerative disease, 
characterized by the cellular dysfunction, neuronal loss, and cognitive 
decline. Currently, there are no effective therapies that can block this 
unknown molecular processes. Studies from our laboratory have 
identified a new Aß signaling pathway involving increased tyrosine 
phosphorylation of focal adhesion kinase (FAK) and FAK/ fyn 
association. We also showed that organotypic brain slices from fyn-/- 
mice are resistant to Aß-induced neurotoxicity. These data imply that 
fyn may compromise Long-Term Potentiation. Therefore generation of 
small molecule ligands for the brain-specific SH2 domain of p59 fynB 
will mimic transgenic mice resistant to Aß, suggesting the possible use as 
therapeutic drugs for AD. The recombinant GST-SH2 fusion protein 
was expressed and immobilized on the immunoplates. The 
phosphopeptide ligand known to bind to SH2 domain, SETDDY*AEIID 
was synthesized and functionalized by biotin-labeling which facilitate 
colorimetric competitive binding assay. Biotin-labeled phosphopeptide 
binds to the SH2 domain of the fusion protein in a competitive manner 
with unlabeled phosphopeptides. A group of candidate chemicals is in 
the process of testing for the inhibition of the binding of phospho
peptides to the SH2 domain.
- Supported by NIA and the Alzheimer’s Association

571.14
INHIBITION OF B-AMYLOID NEUROTOXICITY IN PC 12 CELLS BY CLZ-1, 
CLZ-2 AN D  CLZ-3 ISOLATED FROM C U R C U M A  L O N G A , Z ĬN G IB E R A  C E A E : 
A N  APPROACH TOWARD A RATIONAL DRUG DISCOVERY OF ANTI- 
ALZHEIMER DISEASE. D .S.H .L. K im ,1* S.Y. Park,1 J.U. C hoh,2 H .B. Chai. 
1Department o f Medicinal Chemistry and Pharmacognosy, Program for Collaborative 
Research in Pharmaceutical Sciences, C ollege o f Pharmacy, 2Department o f Anatomy 
and Cell Biology, College o f M edicine, University o f Illinois at Chicago, IL 60612.

Since there is no known report on the discovery o f anti-ß-amyloid (ßA), thus, 
possible anti-Alzheimer Disease (anti-AD), compounds from natural resources such as 
plants, an approach toward a rational drug discovery o f potentially valuable anti-ßA 
agents (chemopreventive and chemotherapeutic) from plants was carried out. Herein, we 
report the discovery o f possible anti-ßA compounds for the first time from an edible 
plant C urcum a longa, Z in g ib era cea e .

By using bioassay-guided fractionation scheme CLZ-1, CLZ-2 and CLZ-3 were 
isolated from the C urcum a lo n g a  (EC50 = 0.5 - 1.0 µg/m L). The inhibition o f the 
ßA (25-35) neurotoxicity in PC12 cells by the samples was evaluated at the ßA level 
and cellular membrane level. The inhibition o f ßA neurotoxicity by the compounds or 
fractions at the ßA level was performed by adding the samples at various concentrations 
with ßA(25-35) (lµg/m L ) to the PC12 cells (co-incubation). The inhibition o f ßA 
neurotoxicity by the compounds or fractions at the cellular membrane level was 
performed by incubating the PC12 cells with the samples at various concentrations for 
two hours prior to adding ßA(25-35) ( 1µg/m L) (induction). The anti-ßA activity was 
measured by observing the differences in the cell viability o f ßA(25-35) treated cells, 
ßA(25-35) and the sample treated cells, and DM SO control. The cell viability was 
measured by using MTT staining. CLZ-1, CLZ-2 inhibited the ßA(25-35) 
neurotoxicity in the co-incubation method while CLZ-3 inhibited the ßA(25-35) 
neurotoxicity in the induction method. The structures o f CLZ-1, CLZ-2 and CLZ-3 
were elucidated by using NM R (1-D and 2-D) techniques, mass spectrometry, and UV. 
(Supported by UIC, faculty start-up fund and Swagger Foods Corp.).

571.15
MICROTUBULE STABILIZATION AND PROTECTION AGAINST APOPTO
SIS IN PRIMARY NEURONS. M l .  Michaelis*, Y. Chen, & N. Ranciat. Dept. 
Pharmacol/Toxicol., Univ, of Kansas, Lawrence KS 66045.

The neurofibrillary pathology in Alzheimer’s Disease (AD) suggests that dis
ruption of microtubule (MTs) is a major contributor to neurodegeneration and 
that MT-stabilizing drugs may protect neurons against loss of cytoskelet integ
rity. We recently reported that Taxol® protects primary neuronal cultures 
against amyloid peptide (Aß)-induced toxicity (J . N eu ro ch em . 70, 1623, 1998). 
Here we examined the effectiveness of Taxol® in protecting neurons against 
other apoptosis-inducing stimuli, namely, okadaic acid, staurosporine, and 
cycloheximide. We used multiple assays to assess neuronal viability. Pre
treatment of neurons with 100 nM Taxol® 2 h before addition of the toxic 
stimuli partially protected neurons against staurosporine and cycloheximide 
but not against okadaic acid, indicating that toxic events associated with 
blockade of phosphatase activity cannot be overcome by Taxol®. The extent 
of protection by Taxol® against staurosporine and cycloheximide was ~5O% 
less than protection against Aß toxicity, suggesting that destabilization of MTs 
may be less significant in the actions of these agents. In efforts to evaluate the 
role of MT stabilization in Taxol® protection against Aß, we investigated the 
relative potency of structurally diverse MT-stabilizing agents, i.e., Taxol, 
Taxotere, Epothilone, UK001 and GS-164 in protecting primary neurons 
against Aß. Results indicated that, while some level of MT-stabilizing activity 
seems to be required for protection against Aß, this activity alone is not suffi
cient. Thus it appears that Taxol® protection against Aß as well as some other 
agents that trigger apoptotic cascades involves intracellular signaling events in 
addition to stabilization of the MTs. Identification of those events may provide 
new drug development targets for AD. (Supported by Alzheimer’s Assoc., AG 
12993, & Inez Jay Fund).

571.16
HEPARAN SULFATE PROTECTS PC12 CELLS AGAINST 
THE CYTOTOXICITY INDUCED BY ß-AMYLOID 
PEPTIDES. J-P. Li1 and X. Zhang2*. 1Dept. of Medical and 
Physiological Chemistry, Univ, of Uppsala, The Biomedical Center, P. O. 
Box 575, S-75l 23 Uppsala; 2Dept. of Clinical Neuroscience and Family 
Medicine, Division of Molecular Neuropharmacology, Karolinska 
Institute, Huddinge hospital, B84, S-141 86 Huddinge, Sweden.

ß-Amyloid peptide (Aß) has been found to be a main component of the 
senile plaques in Alzheimer’s disease. The fragments of Aßl-42 and 25-35 
peptides have been believed to be toxic to neurons in vitro and in vivo. The 
sulphated glycosaminoglycan heparan sulfate is a complex carbohydrate 
which is invariably found in the cerebral amyloid lesions of the 
Alzheimer’s patients and binds to Aß. It has been reported that heparan 
sulfate can attenuate Aß(25-35) induced neurodegeneration in cultured 
hippocampal neurones. It is proposed that the interaction of Aß and 
heparan sulfate may provide a potential therapeutic target. The aim of this 
study is to look for a specific structure of heparan sulfate which will 
effectively protect PC12 cells against the cytotoxicity induced by different 
fragments of Aß. Human kidney heparan sulfate and its fragments are 
investigated for protection of cytotoxicity induced by Aß. The cell toxicity 
is measured by 3-(4,5-dimethylthiazol-2-yl)-2,5,diphenyl tetrazolium 
bromide (MTT) conversion in PC12 cells. Human kidney heparan sulfate 
at 1, 5, and 10 µg/ml did not affect MTT reduction in PC12 cells. At the 
same doses, human kidney heparan significantly protected PC12 cells 
against the cytotoxicity induced by 1, 10 and 20 µM of Aß(25-35). Resuts 
about the effects of different fragments of huparan sulfate on the 
cytotoxicity induced by different fragments of Aß will be reported.
This work is supported by KI foundation.
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572.2572.1
T O X IC ITY  OF Aß IN PR IM A R Y  N E U R O N A L  C U L TU R ES IS CAU SED  
EX C L U SIV EL Y  BY H IGH  M O L E C U L A R  W E IG H T  SPEC IES
D.R. Liston*, M. Collins, H.A. Stukenbrok, R. Ventimiglia, A.K. Shay, A.J. M ilici, L. 
Barbero and B.A. Martin. Department o f Neuroscience, Pfizer, Inc. Central Research 
Division, Eastern Point Road, Groton, CT 06340.

The main component o f senile plaques, A ß l-40 , has been shown to be toxic to 
neurons in culture. Formation o f amyloid fibrils appears to be required for toxicity, 
but the exact toxic species is uncertain. W e have asked if both high molecular weight, 
aggregated fibrils, and low mw forms are toxic by placing a physical barrier (a 
membrane with pores) between the Aß and cells. Primary fetal rat hippocampal 
cultures were prepared from day 18 embryos. Cell culture inserts (Nunc) containing 
porous polycarbonate membranes with pore diameters ranging between 0.02 µm and 
8.0 µm were placed in each well. A ß l-4 0  was “aged” 24h in media; the presence of 
fibrils was confirmed by EM and thioflavin-T staining. Aged A ß l-4 0  was placed 
within the insert chamber to yield a final concentration o f 50 µM. Cell viability was 
measured at 72 hours using the vital dye, MTT. To quantitate the amount o f aged 
A ß l-4 0  retained by the inserts, fibrils were labeled with l25I-A ß l-40  and radioactivity 
was measured in the external media. Aged, fibrillar A ß l-4 0  was found to be toxic to 
neurons, with 50 µM A ß l-4 0  typically producing 60-70% cell death. Inserts with 
pore sizes o f 0.02 and 0.2 µm blocked toxicity o f aged A ß l-4 0  almost completely, 
while 0.4 µm pores provided partial protection. Larger pores (3 or 8 µM ) offered no 
protection. Membranes with pore sizes o f  0.02 and 0 .2 µm retained >50% o f aged 
A ß l-4 0  within the insert, preventing contact with cells. There was a good correlation 
between the degree o f toxicity and the amount o f  A ß l-4 0  passing through the 
membrane. The A ß25-35 fragment was shown to be toxic to neurons without aging; 
membranes with pore sizes of 0.4  µm or less com pletely blocked toxicity from Aß25- 
35. W e conclude that the species o f A ß l-4 0  or Aß25-35 that is toxic to neurons in 
culture following aging o f the peptide is not a low molecular weight form o f Aß. 
Direct contact with high molecular weight forms o f Aß, presumably fibrils, appears to 
be required for neurotoxicity in cultured neurons. (supported by Pfizer, Inc.)

THE EFFECTS OF PHYSIOLOGICAL CONCENTRATION OF ß-AMYLOID ON THE 
SENSORY TRANSMISSION IN THE PRIMARY SOMATOSENSORY (SI) CORTEX OF 
ANESTHETIZED RATS. S.C. Jung,* S.J. Oh, J.H. Kim1, J.Y. Koh1 H.C. Shin Dept. of Physiol.. 
Coll, of Med.. Hallym Univ.. 1Dept. of Physiol.. Coll, of Med.. Kangwon Univ., Chunchon. 2Dept. 
of Neurol.. Sch. of Med.. Ulsan Univ., Seoul, Korea

ß-Amyloid (Aß) peptide is a polypeptide of 39-40 amino acids. It is reported the Aß is the main 
component of neuritic plaques of Alzheimer's disease. At the high dose (micromolar level). Aß is 
aggregated by metal ions such as Zn or Al. and disrupts the synaptic transmission. We previously 
reported that high dose (0.01-10µM) of Aß aggregated with Zn- -  caused dose-dependent suppression 
(-66.15+10.8 at 10µM) of neuronal response. This suppression was partially abolished by adding 
CaEDTA. Zn++ chelator. However. Aß is present at subnanomolar levels (225-625pM) in biological 
fluids, such as cerebrospinal fluid and plasma. Aß enhances the neuritic outgrowth of cultured 
hippocampal neurons at the physiological dose, and it also increases the tyrosine phosphorylation and 
adhesion of cell membrane. In the present study, we have tested whether Aß of physiological 
concentration may influence afferent sensory transmission in the SI cortex of anesthetized rat. 
Following topical application (10µl) of either Aß (100pM, 500pM, InM) or aggregated Aß (a.Aß; 
500pM. InM) with Zn. quantitative determination of the changes of afferent sensory transmission 
was done by generating poststimulus time histogram of unit response to the stimulation of receptive 
field located in the forepaw area. .After application of 100pM Aß, response was gradually mcreased. 
and reached at 20.09+7.3% after 100 min. 500pM Aß exerted much stonger effects than l 00pM 
(35.24+9.9%). but InM had no effects (2.23±2.6). These facilitations were abolished by adding 
EGTA. intracellular Ca++ chelator, restoring to the control value (1.20±8.1%). but not CaEDTA. 
Low dose (500pM) of aggregated Aß (aAß; with Zn+ +  10µM did not change the response (-0.39± 
l5.9% ). However, high dose (InM) of a,Aß as well as medium dose (5OOpM) Aß facilitated 
afferent sensory transmission (3 l.8 6 ±6.9ºo). CaEDTA did not also abolish the excitation by InM a.A 
ß. so it may not be the effect by the aggregation of Aß with metal ions. These results suggest that 
the physiological concentration of Aß may facilitate afferent sensory transmission, involving Ca++ 
ions but not Zn++ ions, while pathological concentration of Aß causes neuronal degeneration by 
aggregation in the presence of Zn++ ion.
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572.3

EFFECTS OF ß-amyloid (Aß1-42) ON CELLULAR FUNCTION IN NGF- 
DIFFERENTIATED PC12 CELLS. L. St. Pierre*, M. D. Kane and R. D. 
Schwarz Neuroscience Therapeutics, Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Co., Arm Arbor, MI 48105.

Aß plaque formation has been hypothesized as being the causative agent 
of neurodegeneration in Alzheimer’s disease (AD). Aß can exist in several 
states: a soluble non-toxic form and an insoluble, aggregated form which is 
in a ß-pleated sheet conformation. It is Aß in its aggregated state which 
has been shown to be neurotoxic to primary cultures of rat hippocampus. 
In the present experiments, NGF-differentiated PC12 cells have been used 
as a cellular model to examine the effects of Aß(1-42) with MTT dye 
conversion being used as an early indicant of changes in cell function 
associated with Aß(1-42) treatment. Experimental conditions were: Aß(1-42) 
treatment of 1 hour with MTT measurement at 24 hours, DMSO as the 
vehicle for structural confirmation, RPMI with 15% serum and a pH at 
7.0-7.5, Aß(1-42)dose-dependently reduced MTT conversion with a 
maximal 50% effect at l0µM. Congo Red, a disazo dye shown to interfere 
with the aggregation state of Aß, reversed the effects of Aß(1-42) with an 
EC5o of 2µM using the MTT assay. Thus, PC12 cells appear to be a 
reasonable model to study the effects of Aß on neuronal function. 
(Supported by Warner-Lambert Co.)

572.5

AMYLOID ß PROTEIN(l-40) - INDUCED CREB PHOSPHO
RYLATION : A POSSIBLE MECHANISM RESPONSIBLE FOR 
MEMORY LOSS IN ALZHEIMER'S DISEASE. N. Sato*1, K. 
Kamino l , N. Mitsuda*, Y. Hatanaka l , Y. Nishiwaki-Uedąl, A. 
Yoshiiwąl, T. Miki2, and T. Ogiharal . Dept. of Geriatric Medicine, 
Osaka Univ. Med. Sch.l ; Dept. of Geriatric Medicine, Ehime Univ. 
Med. Sch.2; Suita, Osaka 565, Japan.

The deposition of amyloid ß protein (Aß) in brain is the pathological 
characteristic of Alzheimer's disease (AD), and patients with AD suffer 
from progressive memory loss. Transgenic experiments have revealed 
that long-term memory is dependent on cyclic AMP-response element 
binding protein, CREB. CREB phosphorylation at serine-133 is 
essential for its transcriptional activity. Here we demonstrate that 1 µM 
A ß (1-40) induced CREB phosphorylation at serine-133 in rat 
pheochromocytoma PC 12 cells. A ß (1-40) also induced 
phosphorylation of p44/42 MAP kinases (Erkl/2) at Tyr-204 and 
PD98059, a MEK1 inhibitor, inhibited A ß ( 1-40)-induced CREB 
phosphorylation in a dose-dependent manner. We conclude that 
elevated Aß(1-40) level induces CREB phosphorylation at serine-133 
via p44/p42 MAP kinase-dependent pathway. Here we propose that Aß- 
induced CREB phosphorylation is a possible mechanism responsible 
for memory loss in Alzheimer's disease. This work was supported by 
Scientific Research Grant 07457156 from the Ministry of Education, 
Science and Culture of Japan.

572.7

T H E  E F F E C T  O F ß -A M Y L O ID  O N  C Y C L IC  A M P  A N D  G L U C O SE  
U P T A K E  B Y  C U L T U R E D  H IP P O C A M P A L  N E U R O N S . T. P rapong, W . 
H su , C. M a r t e n s ,  and Ę . U e m ura*. D epartm ent o f  B iom ed ica l S cien ces, 
Iow a  S tate U n iversitý , A m es, IA  50 0 1 1 .

A m p le  e v id e n c e  e x is ts  to  su g g est that g lu c o s e  m eta b o lism  m ay have  
ch a n g ed  in the brains o f  p atien ts w ith  A lzh eim e r's  d ise a se . For exam ple , 
studies using  PET scans detected  a d ecrease in g lu c o se  uptake in the cerebral 
c o r te x . I m m u n o h is to c h e m is tr y  a lso  r e v e a le d  a d e c r e a se  in g lu c o s e  
transporters in severa l reg ions o f  the brain, in c lu d in g  the h ippocam pus. T o  
study the m ech an ism s in v o lv e d  in ß -am ylo id -m ed ia ted  inh ibition  o f  g lu c o se  
uptake, g lu c o se  uptake and c A M P  w ere a ssa y ed  in cu ltured  h ippocam pal 
neurons ex p o sed  to ß -am ylo id  (ß 2 5 -3 5 ) for 24  hr or 4  days. N eurons w ere  
e x p o sed  to ß -am ylo id  by p lacing  a co v e rslip  coated  w ith ß -am yloid  on top o f  
them , ß -am yloid  inh ibited  g lu c o se  uptake in c e lls  ex p o sed  for either 24  hr or 4  
days. A  s ig n ifica n t increase in cA M P  le v e ls  w as found  in c e lls  ex p o sed  to ß- 
am ylo id  for 24  hr, but not in ce lls  ex p o sed  for 4  days. T o  exam in e the e ffec t  
o f  cA M P  on g lu c o se  uptake, cu ltured  h ippocam pal neurons w ere exp osed  to 
either forskolin  (1 0 -1 0 0  µ M ) or d ibutyryl cA M P  (0 .5 -5 0  µM ) for one hr. Both  
forsko lin  and d ibutyryl cA M P  inh ib ited  neuronal g lu c o se  uptake and their  
e f fe c t  w as d o se -d ep en d e n t. T h is inh ib itory  e f fe c t  o f  ß 2 5 -3 5  on neuronal 
g lu c o se  uptake w as p revented  by 1µ M  K T -5 7 2 0 , the P K A  inhibitor. T his  
su g g ests  that the inh ib itory  e f fe c t  o f  ß -a m y lo id  on g lu c o se  uptake in v o lv e  
cA M P  and PK A . Our data su g g est that the d ecrease in cerebral g lu cose  uptake 
reported in A lzheim er's patients m ay reflect, in part, decreased  g lu co se  uptake 
and u tiliz a tio n  at the c e llu la r  le v e l. Sup ported  by Iow a  S tate U n iv ersity  
S pecia l R esearch  Initiation Grant.

572.4

ACTIVATION OF THE CELL CYCLE BY ß-AMYLOID PEPTIDE IN CULTURE. 
Copani A.1, Sortino M.A.2 , Caruso A1, Condor e lli2, Vancheri C.3, Sala 
A.4, Canonico P L.5* and Nicoletti F2 ,6 . 1 nst. Biochem.,2Inst Pharmacol., 
and 3 Inst of Respiratory Diseases. Catania Univ.;4 Inst. Mario Negri Sud, 
Chieti; 5 Inst. Pharmacol. Univ, of Pavia; and 6I.N.M. Neuromed Pozzilli, Italy.

ß-Amyloid peptide (ßAP) induces neuronal apoptosis in culture, but the 
mechanism has not yet been identified. We have hypothesized that neurons 
exposed to ßAP undergo apoptosis because they enter an abortive mitotic 
cycle. For this reason, we have examined the effect of BAP on mitotic cycle in 
both proliferating cells (astrocytes or neuroblastoma cells) and cultured cortical 
neurons. In cultured astrocytes or neuroblastoma cells, ßAP activated the 
mitotic cycle, as indicated by FACS analysis. This effect was accompanied by 
an induction of immediate early genes and cycfin D1. When applied to highly 
pure cultures of rat cortical neurons (98-99% MAP-positive), ßAP induced 
apoptosis within 16-24 hours. Apoptosis was preceeded by an early induction 
of cydin D1 and by the entry of a defined percentage of neurons into the S 
phase of the cell cycle. No neurons were found in the G2/M phase of the ceN 
cycle. ßAP-induced apoptosis was substantially attenuated by a variety of 
inhibitors that limit the cell entry into the S phase of the replicative cyde. We 
suggest that the engagement of an abortive mitotic cyde is causally linked to 
ßAP-induced neuronal apoptosis in culture.
Supported by Progetto Nazionale Ricerche (P.N.R.) to FN.

572.6
BETA-AMYLOID DECREASE CREB DNA-BINDING ACTIVITY IN 
CULTURED RAT CORTICAL NEURONS. L. Tong* and C.W. 
Cotm an, Inst. for Brain Aging and Dementia, UC Irvine, Irvine, CA 
92697-4540 .

Alzheimer's disease (AD) is characterized by the presence of 
extracellular senile plaques, whose major constituent is beta- 
amyloid derived from APP (amyloid precursor protein). The cAMP 
responsive element binding protein (CREB) is a nuclear protein that 
m odulates the transcription of genes with cAMP responsive 
elements in their promoters. Activation of the CREB is thought to be 
important for formation of long-term memory. To explore the 
possible implication of beta-amyloid in molecular mechanisms of 
long-term memory, we examined the effects of beta-amyloid on the 
DNA-binding activity of CREB in cultured rat cortical neurons, using 
e lectrophoretic m obility sh ift assay. T reatm ent of sublethal 
concentration of beta-amyloid (1 µM ) for 90 min significantly 
decreased the CREB DNA-binding activity. Oxidative stress induced 
by hydrogen peroxide also decreased CREB DNA-binding activity. 
Since phosphorylation of ser 133 of CREB is critical for activation 
o f CREB, we a lso exam ined the im m u n o re a c tiv ity  of 
phosphorylated CREB in neurons after beta-amyloid treatment. 
Beta-am yloid trea tm ent decreased the im m unoreactiv ity  of 
phosphorylated CREB in neurons. Our results suggest that low 
concentration beta-am yloid may a ffect CR EB-related signal 
transduction pathways. Supported, by NIH grant AG13007 and a 
fellowship from Kemplen Foundation.

572.8
IN VIVO AND IN VITRO EFFECTS OF STEROIDAL ANTI
INFLAMMATORY AGENTS ON Aß IMMUNOREACTIVITY AND 
TOXICITY. J.J. Sigell  T. Chu1, B. Cai2* , and S.A. Frautschy1,2,3. Depts. 
Medicine1, Neurology2 UCLA, Los Angeles, CA 90095 and GRECC3, Sepulveda 
VAMC, Sepulveda, CA 91343

Estradiol- l7ß has multiple effects on the brain, including antioxidant and 
antiinflammatory effects as well as direct effects on neurons. Estrogen (E2) 
replacement therapy (ERT) correlates negatively with the incidence of Alzheimer’s 
(AD). Other steroidal anti-inflammatory agents, are also in clinical trials for AD, 
including synthetic glucocorticoids. Unlike E2 and NSAIDs, no correlation exists 
between the use glucocorticoids and the incidence of AD. Elevated glucocorticoid 
levels may in fact cause neurotoxicity in primates and rodents (Sapolsky, Stanford 
Univ., CA). We sought to determine the relative efficacy of two anti-inflammatory 
steroids on Aß-induced microglial activation and neurotoxicity in vivo.

We have employed both in vivo and in vitro models to test the effect of 
estrogen and prednisolone on Aß immunoreactivity and toxicity. In estrogen 
experiments, 19 month old Sprague Dawley were ovariectomized (OVX) two 
weeks prior to mini-osmotic pump implantation. Aß4O and Aß42 bound to a 
lipoprotein carrier were delivered to the lateral ventricle over 4 wks using mini- 
osmotic pumps. One group of rats was given silastic ERT capsules (containing 
17-ß estradiol powder) at the time of OVX. Initial analysis indicated that E2 
reduced microglial density but increased Aß-induced cell size. Aß ELISA of brain 
homogenates suggested E2 increased Aß deposition. We will discuss the 
association between soluble Aß and toxicity, as well as the differential effects of 
prednisolone and E2 on Aß-induced deposition, neurotoxicity, and microglial 
activation in vivo. We will compare the in vivo and in vitro effects of the steroids 
on Aß degradation and toxin production in microglia. Supported by AG 10685, VA 
Merit, and Bayer (SAF).
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572.9

C-TERM INAL FRAGM ENT OF ALZHEIMER’S DISEASE AM YLOID  
PRECURSOR PROTEIN INHIBITS MICROSOMAL M g2+-Ca2+ ATPase 
ACTIVITY A N D  DISRUPTS CALCIUM HOMEOSTASIS. H.-S K im 1, C.-H. 
Park1, S.-H. Cha2, W. Choi * and Y.-H. Suh1 , lDepartment o f  Pharmacol., 
C ollege o f  Med. & Dept. o f  Mol. Pharmacol., Neuroscience Res. Inst., Seoul 
National Univ., 28 Y ongon-dong, Chongno-gu, Seoul 110-799; Korea, 2Dept. 
o f Pharmacology, C oll. o f  M edicine, Catholic University, Seoul, Korea

There is numerous lines o f  evidence that some o f  the neurotoxicity 
associated with A lzheim er’s disease (A D ) is due to proteolytic fragments o f  
the amyloid precursor protein(APP). However, the possible role o f  cleaved 
products o f  APP except Aß is less clear. In this study, w e investigated the 
effects o f  recombinant carboxy-terminal 105-am ino-aeid fragment (CT 105) 
o f  APP on the M g2+-Ca2+ ATPase activity o f  endoplasmic reticulum and the 
calcium hom eostasis. We have found that CT 105 is a potent inhibitor o f  
M g2+-Ca2+ ATPase o f  endoplasmic reticulum at 10µM, whereas A ß25-35 shows 
no effect and CT 105 also disrupts intracellular calcium hom eostasis in PC 12 
cell, SK-N-SH cells, but not in U 2 5 1 cells, which are originated from human 
glioblastoma. These results suggest that the CT 105 disrupts calcium  
hom eostasis by inhibiting microsomal M g2+- Ca2+ ATPase activity in neuronal 
cells as one mechanism  and the disruption o f  calcium hom eostasis is possibly 
involved in inducing the neural toxicity characteristic o f  AD.

572.11

ENERGY M ETABOLISM IMPAIRMENT INDUCED BY AM YLOID ß-PEPTIDE. 
INVOLVEM ENT OF OXIDATIVE STRESS. C. Pereira1, M. S. Santos2 and C. R. 
Oliveira1 *. 1,2Center for Neuroscience o f  Coimbra. lFac. o f  M edicine and 2Dept. of 
Zoology. Univ, o f Coimbra. 3000 Coimbra. Portugal 

A deficit in glucose metabolism and a deposit o f  amyloid ß-peptide (A ß) aggregates 
each occur in vulnerable brain regions in Alzheimer's disease (AD). Furthermore. AD  
is w idely held to be associated with oxidative stress due. in part, to the membrane 
action o f Aß. In this presentation we describe that Aß induces alterations in the 
energetic metabolism o f  PC 12 cells by a mechanism involving the generation o f  
reactive oxygen species (ROS). It was shown that incubation o f  PC 12 cells for 24 h 
with the am yloid fragments ß l-4 0  and ß25-35 induce, in a concentration-dependent 
manner ( 1 pM -1 µM). the accumulation o f ROS. the decrease o f  cell survival and the 
depletion o f  intracellular ATP levels. Aß impairs mitochondrial function, leading to 
the inhibition o f  several com plexes o f  the mitochondrial respiratory chain, namely 
com plexes I (20% inhibition). II-III (40% inhibition) and IV (40% inhibition), an 
effect blocked by the antioxidants vitamin E (10 µM). idebenone (1 µM). GSH ethyl 
ester ( 1 mM) and vim pocetine (50 µM). The mitochondrial membrane potential was 
also shown to be decreased (approximately 3-fold). Although glucose uptake was not 
significantly decreased, its conversion to pyruvate through the glycolytic pathway 
seem s to be affected by Aß. The intracellular levels o f  pyruvate were significantly 
decreased after Aß treatment (30-45%  inhibition in comparison to controls), an effect 
prevented by the antioxidants above mentioned without a significant accumulation o f  
lactate. Taken together, these data suggest that inhibition o f  glycolysis and o f  the 
mitochondrial function after Aß exposure, by a mechanism involving the generation o f  
ROS. results in the impairment o f  energy metabolism o f the cells. The deficit in ATP 
could account for the cellular degeneration that occurs in the AD brain that exhibit 
neuritic plaques, entities com posed primarily o f  Aß aggregates.
Supported by: JNICT (Portuguese Research Council) and Human Capital Mobility 
Program (EU ) Proposal nº ERB 4050 PL 932039

572.13
AM YLOID ß-PEPTIDE MEDIATES NEUROTOXICITY OF SEPTAL 
NEURONS IN ORGANOTYPIC SLICE CULTURES. D.R. Beers*, S.H. Appel, 
and L.V. C olom . Department o f  Neurology, Baylor College o f  Medicine, 
Houston, TX 77030.

Cholinergic neurons o f  the basal forebrain, which strongly influence 
hippocampal and neocortical neuronal activity, are vulnerable to early and severe 
loss in Alzheim er’s disease (A D). Am yloid ß-peptide (A ß), a candidate 
neurotoxin found in the brains o f  AD patients, produces selective septal 
cholinergic cell loss in animal models. To investigate A ß 's role in cholinergic 
neuronal death, we developed organotypic slice cultures containing the septal 
region o f  the rat brain. Four hundred-micron coronal slices were obtained from 
postnatal rats, 2 -1 5  days old, placed on M illicell (M illipore) membranes, and 
cultured. Slices were examined for neuronal survival by choline acetyltransferase 
(ChAT) and microtubule associated protein-2 (M AP-2) immunohistochemistry, 
and cresyl violet (C V) staining. At 1 to 4 weeks post plating, the slices had 
thinned considerably to approximately 100 µm and were positive for both ChAT 
and M AP-2 staining. The ChAT staining was evident in neurons from septal 
regions (medial septum, diagonal band o f  Boca, and bed nuclei o f  the stria 
terminalus) and striatum. The effects o f  Aß on cultured neurons were 
investigated. One to 4 week old slices were treated with 20 µM A ß i1-40 and A ß40-1 
for 7 days. Preliminary results suggest that A ß 1_40 is toxic to neurons o f  the septal 
region as demonstrated by decreased ChAT and CV staining. In contrast, A ß40-1 
produced little damage. Our previous data with a septal cell line demonstrated that 

• Aß enhanced a delayed rectifier K+ current (Iĸ) and modulated cell death through 
an apoptotic pathway. We are currently investigating whether Aß induced Iĸ  
enhancement mediates apoptosis in septal neurons o f  organotypic preparations. 
S u p p o r te d  b y  Z en ec a  P h a rm a c e u tic a l g r a n t (L V C ) a n d  A D R C  g r a n t (L V C  a n d  
S H A ).

572.10
AN ETIOLOGICAL ROLE OF AM YLOIDOGENIC CARBOXY-TERM INAL  
FRAGM ENTS OF THE ß-AM YLOID PRECURSOR PROTEIN IN 
ALZHEIMER’S DISEASE. Y.-H. Suh*.  Department o f  pharmacology, College o f  
M edicine, Department o f M olecular Biology, Neuroscience Research Institute, 
Seoul National University ; 28 Youngon-dong, Chongno-gu, Seoul, 110-799, 
Korea

The recent concentration on the am yloidogenic products o f  ßAPP has produced 
interesting candidates, the most promising o f  which are the am ylodogenic carboxy- 
terminal (CT) fragments o f  ßAPP. We have previously shown that the recombinant 
carboxy-terminal 105 amino acid containing fragment o f  ßAPP (ßA PP-C T105) 
exerted significant toxic effects on cultured rat cortical and hippocampal neurons, 
PC12 cells and ShSY 5Y  cells in a concentration (from 10m M ) and tim e (from 48  
hr) dependent manner. Toxic effect o f  ßAPP-C T105 was more potent than any 
active A ß fragments. However ßAPP-CT105 did not affect the viability o f  the 
human glioblastoma cell line, U 2 5 l. The ßAPP-CT105 also induced strong 
nonselective inward currents in Xenopus oocytes, artificial, lipid bilayers and 
cultured cerebellar neurons. The several drugs could significantly attenuate the 
toxicity induced by A ß , but ßAPP-CT105 toxicity could not be significantly blocked 
by these drugs. In addition w e found that intracerebral injection o f  ßAPP-CT105 
was also significantly toxic to animals. W hile higher dose caused sudden death and 
a transient paralysis o f  hindlimbs, lower dose o f  ßAPP-CT105 induced a marked, 
dose-dependent reduction o f  step-through latency in the passive avoidance test and 
extensive g liosis in various areas o f  brain. C ollectively these results im ply that 
ßAPP-CT105 peptide can damage the neurons both in vitro and in vivo and the 
toxic effect requires the new  gene expression. Thus it is thought that both ßAPP-CT  
and Aß which are formed during the processing o f  ßAPP may participate in the 
neuronal degeneration in A lzheim er’s disease by different mechanisms.

572.12

IN SITU DETECTION OF ACTIVATED CASPASE-3 IN AN IN VITRO Aß (1-40) 
MODEL OF NEURONAL APOPTOSIS. L.A. Selznick,1 A.N. Srinivasan,2 and K.A. 
Roth1*. 1Dept. o f  Pathology, Washington Univ. School o f  Med., St. Louis, MO 
63110; 2IDUN Pharmaceuticals, Inc., LaJolla, CA 92037.

Caspase-3 (CPP32) is a cysteine protease that plays an important role in regulating 
neuronal apoptosis. Caspase-3 exists in neurons as an inactive zym ogen which, upon 
receipt o f  an apoptotic signal, undergoes proteolytic cleavage to generate large and 
small subunits. Together, these subunits form the active cysteine protease. We 
generated an antibody, C M I, specific for the carboxyl terminus o f  the large subunit o f  
caspase-3 and used it to detect caspase-3 activation in an in v itro  model o f  amyloid 
(A )β l-40  induced neuronal apoptosis.

Embryonic day 12 (E l2) mouse telencephalic cells were grown for 48 hours in an 
enriched, chemically-defined medium (ITS) to promote neuronal differentiation and 
survival. After 48 hours, cells were switched to basal medium (DMEM), DMEM  
containing A β l-4 0 , or DMEM containing the reverse peptide, A β40-1, as a control. 
Cells were fixed after an additional 48 hours and apoptosis was assessed by 
bisbenzimide staining, neuronal differentiation by microtubule-associated protein-2 
(M AP2) Immunostaining, and caspase-3 activation by CM1 immunolabeling. The 
percentages o f  apoptotic, MAP2 positive, and CM1 immunoreactive cells in basal 
medium were 12, 71, and 11%, respectively. At concentrations o f  6.25 and 12.5 µM, 
the control peptide had no effect on the percentage o f  apoptotic nuclei ( 15±3, 
mean±standard error o f the mean, n=8), MAP2 positive neurons (74 ± 2 , n=8), or 
CM1 reactive cells ( 13±2, n=8). In contrast, A β l-40  increased apoptosis (84±2, n=8) 
and CM1 reactivity (57±3, n=8) and decreased MAP2 positivity (10±1, n=8). Time 
course experiments showed that caspase-3 activation occurred within twelve hours o f  
A β l-40  administration and preceded apoptotic nuclear condensation and 
fragmentation. These studies indicate that CM1 is a useful in s itu  detector o f  caspase- 
3 activation and neuronal apoptosis in primary neuronal cell cultures.
Supported by NIH grant NS35107.

572.14

In vitro modeling of AD amyloid pathology in organotypic cultures
Radesäter A ., Thyberg J., Luthman J*.
Department o f Cell Biology, Preclinical R&D, Astra Arcus AB, S-151 85 
Södertälje, and Karolinska Institute, Stockholm, Sweden.

In particular pyramidal glutamatergic neurons o f hippocampus seem to be 
particularly vulnerable in Alzheimer’s Disease (A D). W e have developed an in 
v itro  model o f  AD by the use o f  organotypic cultures, where slices o f neonatal rat 
hippocampus are grown in a rollerdrum for several weeks; developing into a 
cellular monolayer. In the cultures different populations o f hippocampal neurons, 
including pyramidal neurons identified by their expression of the NMDAR1 
receptor subunit and GABA containing intemeurons, can be identified. Macroglial 
cells and microglial populations are identified as well. Following culturing in the 
presence o f β-peptide (25-35), but not ß-peptide (35-25), a concentration 
dependent loss o f NM DAR1-immunoreactive pyramidal neurons, but not GABA  
neurons, is observed concomitant with the occurrence o f plaque-like deposits in the 
tissue. The neuronal viability is particularly decreased in the immediate 
surroundings o f these deposits; and several neurons show loss o f their axonal 
complexity at a further distance. In the culture medium, large fibrillary networks 
develop within two days and the deposits similarity to AD plaques has been further 
characterized by light and electron microscopy. A relationship between the 
occurrence o f fibrillary deposits and pyramidal cell loss was observed, which in 
turn was found to be predominantly rapid and not showing TUNEL labeling. The 
effects o f several agents against the pyramidal cell loss have been studied. In 
general antioxidants, such as the spin trapping agent α-phenyl-N-tert-butyl nitrone 
(PBN) and trolox, were found to exert potent and dose dependent neuroprotective 
effects. Hence, a system has been developed that show several similarities with AD  
amyloid pathology; cellular loss can be studied in detail and the effects of 
neuroprotective therapies can be evaluated on both a cellular level and on the level 
of formation o f amyloid deposits.
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572.15

β -AMYLOID PEPTIDE INHIBITS ACETYLCHOLINE RELEASE FROM 
CHOLINERGIC SYNAPTOSOMES. Y. Satoh*, Y. Hirakura, S. Shibavama, 
N. Hirashima, T. Suzuiki and Y. Kirino. Laboratory of Neurobiophysics, 
School o f Pharmaceutical Sciences, The University of Tokyo, Bunkyo-ku, 
Tokyo 113-0033, Japan.

The characteristic pathological features of the brain of Alzheimer's 
disease (AD) patients include the presence of neuritic plaques composed of 
β -amyloid peptide (Aß) and the selective loss of cholinergic neurons in the 
basal forebrain. The degeneration of cholinergic nerve cells is often 
assumed to be caused by Aß but the mechanism by which Aß may contribute 
to neuronal degeneration is still unknown. In the present study, we 
investigated the effects of soluble and aggregated forms of synthetic Aß in 
cholinergic synaptosomes isolated from the electric organ of Japanese 
marine ray N a rk e  ja p o n ic a .

Freshly prepared solutions of A β (1-15) and A β (1-40), which are free from 
aggregation, did not inhibit acetylcholine (ACh) release evoked by high K+ (40 
mM) depolarization. On the other hand, aggregated forms o f Aβ (1-40) and 
A β (1-42) inhibited the ACh release depending on the peptide concentrarion. 
These results have demonstrated that the A β peptides, under acute 
conditions, can inhibit the high K+-evoked ACh release by acting on 
cholinergic nerve terminals. Furthermore, it was demonstrated that inhibition 
of ACh release by A β was accompanied by the appearance of a 
calciseptine-sensitive component, suggesting the involvement of L-type 
calcium channels in Aß neurotoxicity.

Support by Grants-in-Aid for Scientific Research from the Ministry of 
Education, Science, Sports and Culture, Japan and by a grant from Program 
for Promotion o f Basic Research Activities for Innovative Biosciences.

572.17
IMPLICATION OF BETA-AMYLOID AS A NOVEL PROTEASE. P. Elbaum,1,2 
M. Brzyska1 and D.L. A lkon*. 1Nencki Institut of Experimental Biology, Warsaw, 
Poland; 2NIH, NINDS, Bethesda, MD, USA.

Alzheimer disease (AD) is a heterogeneous disorder with a variety of molecular 
pathologies converging predominantly on abnormal amyloid deposition (as well as 
neurofibrillary tangles) particularly in the brain. Beta-amyloid aggregation into 
senile plaques is one of the pathological hallmarks of AD. Beta-amyloid is 
generated by a proteolytic cleavage of a large membrane protein, amyloid precursor 
protein (APP). We have observed a new property of beta-amyloid. The amyloid 1- 
42 beta fragment possesses a serine protease and esterase activity, in vitro. Three 
independent methods were used to test the enzymatic properties of beta-amyloid. 
While esterase activity involves imidazole catalysis, protease activity is consistent 
with participation of a serine peptidase triad: catalytic Ser, His and Glu (or Asp). 
The contribution of several sub-amyloid fragments (12-28, 40-1, 31-35, 25-35, 35- 
25), denaturation, chemical modification and free radical scavengers were 
investigated. Although the amino acid triad is a necessary requirement for the 
observed protease reactivity, it is not sufficient since the secondary structure of the 
protein significantly contributes to the proteolytic axtivity. The ability of beta- 
amyloid to cleave peptide or ester bonds could be thus responsible for either 
inactivation of other proteins and/or APP proteolysis itself. This property may be 
responsible for early pathogenesis of AD since there is emerging evidence that non
plaque amyloid is elevated in Alzheimer patients.

572.19

Aß(l-42) AND Aβ(l-40) HAVE DIFFERENT EFFECTS ON 
MITOCHONDRIAL ACTIVITY OF CULTURED ASTROCYTES. P. 
Kerokoski2, V. Huotari2*, T. Pirttilä1 and H. Soininen1. 1Dept. of Neurology, 
Kuopio University Hospital; 2Dept. of Neuroscience and Neurology, University 
of Kuopio, P.O. Box 1627, FIN-70211 Kuopio, Finland.

β-Amyloid (Aβ) is the major constituent of amyloid plaques in Alzheimer’s 
disease (AD). The plaques are surrounded by reactive astrocytes. Neurotoxicity 
of Aß is well-known. However, Aß may also be toxic to glial cells. We 
examined the effects of different Aß peptides on the cellular redox activity of rat 
primary astrocytes using MTT reduction assay measuring activity of some 
mitochondrial enzymes. Aβ(l-40) displayed inhibition of MTT reduction at 
micromolar concentrations, as did Aβ(40-1) control peptide suggesting a 
nonspecific effect of high peptide concentrations. However, Aβ(l-42) showed 
inhibition of redox activity starting at nanomolar concentrations. The 
aggregation stage of the Aß peptides did not have significant effect on the 
activities of the peptides. The inhibition of redox activity by Aß peptides was 
not due to cell death as there were no increases in lactate dehydrogenase release. 
Our results indicate that Aβ(l-42) has a harmful effect on astrocyte energy 
metabolism at low concentrations. It is possible that Aß may also alter secretion 
of neurotrophic factors by astrocytes. If so, our results suggest that impairment 
of astrocyte function may take place early in pathogenesis of AD since the 
accumulation of Aß42 occurs years before deposition of Aβ(l-40).

This work was supported by a grant from Health Research Council of the 
Academy of Finland

572.16
NEW PATHWAYS INVOLVED IN AMYLOID PEPTIDE TOXICITY 
REVEALED BY DIFFERENTIAL DISPLAY
D. Santiard-Baronl , A. Nicole1, P. Gosset1, B. Giros2*, Y. Christen3.

1CNRS URA1335 , CHU Necker-enfants malades, 75015 Paris, France ; 
2 INSERM U288, CHU Pitié-Salpetrière, 75013 Paris ; 3 Fondation IPSEN, 24, 
rue Erlanger, 75016 Paris, France.

Amyloid beta-peptide (Aß), the main component of Alzheimer’s disease (AD) 
plaques, has been implicated in the pathogenesis of AD. Although the molecular 
mechanisms by which Aβ causes neuronal death are not completly understood, 
several in vitro studies suggest that an intracellular increase in Reactive Oxygen 
Species (ROS) in response of cells to Aß may serve as a second message system to 
induce genes involved in Aß toxicity.

Thus, we have investigated whether Aβ-mediated cytotoxicity is associated with 
early alterations in expression of key genes on human preneuronal NT2 cells. By 
using the differential display technique, we have analyzed the effects of Aß 25-35, 
the minimal cytotoxic fragment of Aβ 1-42 on cellular gene expression in vitro. 
We identified several differentially expressed genes and most of them were never 
associated to amyloid cytotoxicity. Some of which are identical or highly 
homologous to sequences contained in the human cDNAs such as cyr 61, 
ubiquinol-cytochrome c reductase, dihydrolipoamide acetyl transferase, histones HI 
and H3.3, splicing factor SRp55. Another one corresponds to the human RNAm for 
KIA0099 of unknown function. The remaining cDNAs are not recorded in any 
sequence data banks. The identification of their role may be useful to determine new 
pathways involved in amyloid toxicity.

572.18
AMYLOID ß INHIBITS AMYLOID PRECURSOR PROTEIN SECRETION FROM 
HUMAN ASTROCYTOMA CELLS. C D . Carlson*, D.L. Czilli and B.D. Gitter. 
Neuroscience Research Division, Eli Lilly and Company: Indianapolis IN, 46285.

Amyloid Precursor Protein (APP) is enzymatically processed to produce 
neurotoxic/proinflammatory amyloid β (Aβ) or to the neuroprotective/neurotrophic secreted α- 
APP. Therefore, a balance in APP processing may influence the outcome between 
toxicity/inflammation and protection to CNS neurons in Alzheimer’s disease. Since it has been 
demonstrated that human astrocytes can respond to Aß by production of inflammatory 
cytokines that may influence the progression o f AD pathology, we wished to determine 
whether APP processing in astrocytes was affected by exogenous Aß.

Treatment of U-373MG human astrocytoma cells with Aβ (1-40), in a conformation 
and dose-dependent manner, causes a decrease in APP secretion to 30-10% o f control values. 
This decrease in secretion appears to be specific for APP since Aß treatment causes an 
approximately 2-fold increase in interleukin-8 (IL-8) secretion. While we have observed this 
effect in several Aß peptide lots, we used Bachem, lot #ZN571 to characterize this result. 
Maximal activity is observed after preincubation (aging) o f Aß at 37C for 24 hours prior to 
addition to astrocytoma cultures. The decrease in secreted APP is apparent within 6 hours after 
Aß treatment ( 1 day aged, 35 µM) and remains lowered for at least 48 hours. In contrast to the 
effect on APP secretion, Aß treatment causes an increase in cell-associated full length APP. 
Maximal increases o f 5-10 fold are observed when cells are treated with 35 µM peptide that 
has been aged for 24 hours or more. The increase in cell associated APP is also apparent as 
early as 6 hours following Aß treatment (1 day aged, 35 µM) and remains elevated for 48 
hours. The decrease in APP secretion and increased cell-associated APP following Aß 
treatment are specific for Aß (1-40) because the reverse peptide Aß (40-1) had minimal effect 
on APP secretion and cell associated APP levels. A ß’s effects on APP, therefore, result in part 
from a functional inhibition o f α-secretase activity. In addition, treatment with either peptide 
for up to 48 hours had no harmful effects on cell viability as monitored by an MTS toxicity 
assay. These data suggest that Aß may contribute to Alzheimer’s associated neuropathology 
by decreasing the secretion o f  neuroprotective α-APPs. In addition, increasing intracellular 
full length APP may provide increased substrate for generation o f amyloidigenic peptide 
within astrocytes.
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573.1
A β-IND UCED IL-1 PRODUCTION BY MONOCYTES REQUIRES MYOSIN  
LIGHT CHAIN KINASE (M LCK) A N D  CALCIUM CALM ODULIN KINASE II 
(CAM -KII) ACTIVATION. D. Lorton* and J. Schaller. Sun Health Res. Inst.., Sun 
City, AZ 85351

The presence o f  activated m icroglia and acute phase proteins within senile plaques o f  
Alzheimer's disease (A D ) brain suggests that plaques are foci o f  inflammation. The 
primary com ponent o f  senile plaques is the 39-43 amino acid ß-amyloid peptide (Aß). 
Aß stimulates macrophage production o f  proinflammatory cytokines and reactive 
oxygen intermediates. The intracellular events mediating these A ß stimulated effects 
are largely unknown. We have shown that Aß 1-42, fibrillar Aß 1-40 and Aß 25-35  
potentiate IL -lβ production in activated m onocytes and microglia. Moreover, 
Aß-stimulated IL -lβ production appears to be receptor mediated since it is calcium  
dependent and requires activation o f  specific G-proteins.

To determine whether specific protein kinases are necessary for this Aß-induced  
response, we have evaluated the ability protein kinase inhibitors to block Aß-induced  
IL -lβ production in activated THP-1 monocytes. THP-1 cells were incubated with 
various protein kinase inhibitors in the presence and absence o f  Aß. After 48 hours 
the cells and supernatants were separated. Supernatant IL -lβ levels were assessed 
using an ELISA. We report that the capacity o f  Aß 1-42 to increase lL - lβ 
production in m onocytes requires activation o f  MLCK and CAM-KII. PKC o f  PKA 
inhibitors failed to block A β -induced lL - lβ  production, however, this inhibition only 
occurred at doses that blocked baseline lL - lβ  production by the activating agent, 
lipopolysaccharide. This data supports a role for inflammatory cytokines in AD  
pathogenesis, has identified second m essengers required for Aß stimulated lL - lβ  
production and identifies possible molecular targets for therapeutic intervention in 
AD. Supported by NIM H # 1 R29M H49050-03 and Sun Health Research Institute.

573.3

FIBRILLAR BETA -AM YLO ID  (A ß) IND U CED  THE SELECTIVE 
P H O S P H O R Y L A T IO N  OF A D U L T  T A U  ISO FO R M S IN  
HIPPOCAMPAL NEURONS B Y  ACTIVATING THE MAP KINASE 
SIG N A L T R A N SD U C T IO N  PA TH W A Y . M. R apoport1 and A . 
Ferreira 1, 2 * 1 N orthw estern  Institute for N eu roscien ce  and 
^Department o f Cell and M olecular B iology, Northwestern University, 
Chicago IL 60611.

W e characterized a hippocampal neuronal culture system in which 
tau undergoes maturation in vivo: rat neurons maintained in culture for 
more than three w eeks replicated the splicing and phosphorylation  
changes that tau undergoes upon maturation in situ (Ferreira et al. Mol. 
Cell. Neurosci.9:220-234, 1997). Using this model system, we induced 
an Alzheimer-like neuritic dystrophy and the selective phosphorylation 
o f the adult tau isoform s follow ing the application o f fibrillar Aß (20  
uM) for 4 days. To determine whether the activation of the MAPK  
signal transduction pathway was responsible for the phosphorylation of 
adult tau isoforms, 30 days in vitro cultures were treated with fibrillar 
A ß in the presence o f PD 98059 (30 uM), a MEK1 specific inhibitor. 
Under these experimental conditions, both the activation o f MAPK and 
tau phosphorylation were prevented. In addition, PD 98059 partially 
prevented the neurite degeneration induced by fibrillar Aß. These results 
suggest that the aberrant activation o f the M APK signal transduction 
pathw ay induced by beta-am yloid  may lead to the abnormal 
phosphorylation o f tau and neuritic degeneration.
Supported by grants from the American Federation for Aging Research 
and Northwestern Institute for Neuroscience.

573.5

ALZHEIMER'S β-AMYLOID-ASSOCIATED FREE RADICAL OXIDATIVE 
STRESS: INSIGHTS INTO MECHANISM. S. Varadarajan,1 R.A. Yokel,3* and D.A. 
Butterfield,1,2. 1Dept. of Chemistry, Ctr. of Membrane Sci.; 2Sanders-Brown Center on 
Aging; 3College of Pharmacy, University of Kentucky, Lexington, KY 40506.

β -amyloid peptide (Aß), the central constituent in senile plaques (SP) in Alzheimer's 
disease (AD) brain, is assodated with oxygen-dependent free radical oxidative stress and 
is neurotoxic. A large number of studies has shown that antioxidants prevent Aß-induced 
brain membrane lipid peroxidation, protein oxidation, ROS production, Ca2+ 
accumulation, and ncurotoxidty [reviewed in Butterfield, Chem. Res. Toxicol. 10, 495 
(1997)]. Pike and co-workers [7. Neurochem. 64, 253 (1995)] reported that the C- 
terminal region of Aβ (25-35) was essential for toxidty. To gain more insight into 
mechanisms of Aß-assodated free radical oxidative stress, we present preliminary 
evidence suggesting the importance of methionine-35 of Aß(25-35) in this process. 
Where as Aß(25-35) forms free radical spin adducts with the spin trap PBN [in solutions 
containing the metal chelator desferrioxime] that are detected by electron paramagnetic 
resonance (EPR), inhibits the oxidatively-sensitive enzyme, glutamine synthetase (GS), 
causes protein oxidation, and is neurotoxic, substitution of methionine by norleucine 
[nearly same length, same hydrophobicity, same remaining amino acids, but lacking the 
sulfur atom of Met], substitution of Met by methionine sulfoxide [already oxidized form 
of Aβ], or elimination of the Met residue [i.e., Aß(25-34)], leads to no EPR signal with 
PBN, no inhibition of GS activity, no protein carbonyls, and no neurotoxicity. 
Additionally, replacement of the penultimate aliphatic Leu-34 residue with aromatic Phe 
modifies both the EPR properties and GS toxicity, suggesting important neighboring 
group participation. Radical formation and subsequent peptide modification, based on 
similar studies with smaller fragments of Aβ, also will be presented. These studies 
confirm the importance of the C-tenninal region of Aβ and demonstrate the importance 
of Met-35 in Aß-associated free radical oxidative stress. Support: NIH (AG-05119).

573.2
AM YLOIDOGENIC FRAGM ENTS OF THE H UM A N PRION A N D  ß-AM YLOID  
PRO TEIN S A C TIV A TE A N E U R O T O X IC  SIG N A LIN G  R E SPO N SE  IN A 
M ONOCYTIC CELL LINE. C.K. C om bs*, S .B. Cannady, D .E. Johnson, T.M. 
Lehman and G.E. Landreth. Departments o f  N eurology and N euroscience, Case 
Western Reserve University, School o f  M edicine, Cleveland, Ohio 44106.

W e have extended our observation that primary m icroglial cultures and the THP-1 
monocytic cell line are stimulated by fibrillar prion and ß-amyloid peptides to activate 
identical tyrosine kinase-dependent inflammatory signal transduction cascades. The 
tyrosine kinases Lyn and Syk are activated by the peptides and initiate a signaling  
cascade resulting in the activation o f  ERK1/2 as demonstrated by the ability o f  tyrosine 
kinase specific inhibitors (PP1, piceatannol, respectively) to block ERK activation. 
W e report that prion and ß-amyloid peptides stimulate a transient release o f  intracellular 
caclium which is required for subsequent signaling to dowstream elements. Inhibition 
o f calcium release using the CaATPase inhibitors, DTBHQ and lhapsigargin, as well as 
the intracellular calcium chelator, BAPTA, decreased protein tyrosine phosphorylation 
as w ell as ERK activation. The recently described calcium -sensitive tyrosine kinase, 
PYK2, is also activated by prion and ß-amyloid stimulation. PYK2 activation required 
the prior activation o f  Lyn, intracellular calcium  release and classical PKC activity. 
W e hypothesize that PYK 2 is positioned  downstream o f  Lyn and Syk but is a 
necessary interm ediate required for ERK activation. Importantly, the signaling  
response elicited  by ß-am yloid and prion stim ulation leads to the production o f  
neurotoxic products. W e have established  a tissue culture m odel to show  that 
conditioned media from prion and ß-amyloid stimulated THP-1 cells is neurotoxic to 
primary cultures o f m ouse cortical neurons. This toxicity can be ameliorated by 
treating THP-1 ce lls  with the sp ecific -enzym e inhibitors described above to target 
various elem ents in the inflammatory activation pathway we have defined. This work 
was supported by a grant from the NIH A G 08012.

573.4

T H E M E C H A N IS M  OF A M Y L O I D -β N E U R O T O X IC IT Y :  
R E L A T IO N SH IP B E T W E E N  A ß PR E PA R A T IO N S A N D  ITS  
NEUROTOXICITY. M. Hoshi*, K. Sato, M. Sato and N.R. Kobayashi. 
Mitsubishi Kasei Institute o f Life Sciences, 11 Minamiooya, Machida- 
shi, Tokyo 194-8511, Japan.

It has been postulated that amyloid-β (A β) induces neuronal death 
in Alzheimer's disease (AD). However, it is still largely unknown how  
Aß exerts its effect on neurons. On the basis o f our previous studies, 
we hypothesize that aggregated, toxic Aß (aged Aß) and fresh, non-toxic 
A ß (non-aged A ß) have different effects on neurons. Here, w e are 
investigating neurodegeneration induced by aged Aß in rat primary culture 
system s, which probably shares the general m olecular m echanism  o f  
neuronal death. First, we have prepared aged A β l - 4 0  in several ways 
including a standard method, which critically affects its property, and 
found that neurotoxicity o f aged A β l-4 0  was related with fibril morphology 
as evidenced by electron microscopy. The presence o f bundles o f parallel 
fibers increased neurotoxicity. Once this bundle was formed, it was stable 
after 2 weeks at 4°C . When neuronal death was monitored by phase- 
contrast light microscopy, aged A β l-4 0  preferentially decreased neurites 
combined with sw elling and disintegration o f  present neurites 5 hours 
after the treatment. Degeneration and complete loss o f cell bodies occurred 
after 24 hours. Reduction in MTT activity, i.e., mitochondrial dysfunction, 
preceded the neurodegeneration. By using less toxic A β l-4 0  analog in 
comparison with more toxic one, we are currently examining the relationship 
o f A ß l-4 0  neurotoxicity with TPKI/GSK-3ß induction. S u p p o rted  
in part by the Program for Promotion o f Fundamental Studies in Health 
Science of the Organization for Drug ADR Relief, R&D Promotion and 
Product Review o f Japan.

573.6

A M Y LO ID -ß PEPTIDE: ST R U C TU R E A N D  N E U R O -T O X IC IT Y
T.Ha.shimoto, H.Omae, K .Kobayashi, T.M iyagaw a, T.W atanabe, 
M.Nakagawa, M.Kuwada, H.Ogura, and Y.Nishizawa* Eisai Tsukuba 
Research Laboratories, Eisai Co.Ltd., Tsukuba, Ibaraki, 300-2635 
Japan

A lzheim er’s disease (AD) is a progressive neurodegenerative 
disorder which is characterized by the presence of extracellular 
deposits of am yloid-β (Aβ ). Aβ consists of a 39-43 amino acid 
peptide derived from the membrane-associated amyloid precursor 
protein. Recently, it was reported that a receptor for advanced 
glycation end products (RAGE) was a cell-surface acceptor site for 
A β and mediated the toxicity of A ß. In order to understand the 
mechanism of the Aß neurotoxicity in detail, we have investigated the 
relationship between the aggregation state and neurotoxic potency of 
Aß, and the molecular interaction between Aß and RAGE. We report 
here: (1) Aβ (l-40) adopted at least two secondary structures in the 
aggregation process, a random coil and a ß-sheet structure with the 
former being time-dependently converted to the latter during aging 
of the peptide; (2) the ß-sheet state of aggregates of A β ( l-4 0 )  
correlated with the neurotoxic potency of the peptide in cultured rat 
hippocampal neurons, although fibril formation was not necessarily 
associated with toxicity; (3) isolation of the random coil and ß-sheet 
molecules by the size exclusion chrom atography; (4) use of a 
biosensor matrix for surface plasmon resonance (BIAcore) to show 
association of recombinant sRAGE (extracellular domain of RAGE) 
with Aβ(l-40) and Aβ(l-42) as ß-sheets, but not with random coiled 
A β(l-40) or a reversed peptide, A β(40-1). Our results suggest that the 
secondary structure of Aß, not molecular size, is important for the 
neurotoxicity of Aß, and the difference in secondary structure of Aß 
can be recognized by certain kinds of proteins like RAGE.
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573.7

Aß 25-35 INDUCED CALCIUM DYSREGULALION IN COS-7 CELLS IS SELECTIVE 
AMONG MUSCARINIC RECEPTOR SUBTYPES A ND ANTAGONIZED BY PBN OR 
Ca2+ CHANNEL ANTAGONISTS. J.A. Joseph* and D . Fisher USDA-HNRC at Tufts 
University, Boston, M A 02111.

Previous research has indicated that selective vulnerability (SV ) to dopamine or H2 0 2- 
induced oxidative stress (OS) may be important in determining regional differences in 
functional declines in neuronal aging and neurodegenerative diseases, such as Alzheimer's 
disease, and OS SV may involve selective Ca2+ dysregulalion determined in-part by 
receptor subtype. In this regard, we have shown that the percent o f  COS-7 cells showing 
OS-induced loss o f the ability to extrude or sequester intracellular Ca24 (Recovery) and loss 
o f v iability was greatest in cells transfected with M ,, M 2 and M 4 AChR, while M3 or M 5 
AChR transfected cells were not affected. Present efforts assessed whether similar patterns 
o f SV  would be observed by Aß 25-35. Thus, we exposed COS-7 cells transfected with 
either M 1 or M3 AChR to 100 µM Aß 25-35 (24 hrs) and examined intracellular Ca2+ flux 
(via Fura II-Fluorescent imaging analysis) prior to and following 5OOµM oxotremorine 
(oxo) stimulation, as well as cell viability (Eukolite Viabil. Cytotox. Kit; Molec. Probes). 
R esults showed Aß-treated M 1-M3 transfected cells showed deficits in Ca2+ Recovery. 
However no loss in viability was observed with Aβ 25-35 treatment o f either transfected cell 
type. Pretreatment o f the M ,-transfected cells with the nitrone trap, PBN, or the calcium 
channel antagonists, nifedipine or conotoxin, prevented the Aß-induced decrements in 
Recovery, while the soluble Vitamin E, Trolox, was ineffective in this regard. In an effort 
to determine if  an anthocyanin/polyphenolic combination also might be effective in 
preventing these decrements in Recovery, the M 1-transfected cells were also pre-treated 
with a blueberry extract identified as being high in antioxidants. Results indicated that there 
was a partial effect on Recovery. Thus, these findings suggest that Aß effects on Ca2+ 
regulation might be specific for certain M receptor subtypes and might be reduced with 
nitrone traps, calcium channel antagonists or compounds high in anthocyanins. 
(Supported by U SD  A Intramural)

573.9
AM YLOID β-PEPTIDE STIM ULATES NITRIC OXIDE PRODUCTION IN RAT  
ASTROCYTES THROUGH A N  N F kB-DEPEN DENT M ECHANISM .
K.T. A k am ai*, C. Albanese2, R.G. Pestell2, and L.J. V anE ld ik1,3 . 1D ept. o f Cell and 
Molecular B iology, Northwestern Univ. Medical School; 2Dept. o f Medicine and 
Developmental & M olecular B iology, Albert Einstein C ollege o f Medicine; 
3Northwestern Drug Discovery Program, Northwestern University Medical School, 
Chicago, IL 60611-3008.

The major pathological features o f Alzheimer’s disease (AD) include amyloid 
plaques composed primarily o f the β-amyloid (A β) peptide, degenerating neurons and 
neurofibrillary tangles, and the presence o f numerous activated astrocytes and 
m icroglia. Although extensive genetic data implicate Aß in the neurodegenerative 
cascade o f AD, the molecular mechanisms underlying its effects on neurons and glia, 
and the relationship between glial activation and neuronal death are not well defined. 
Aß has been shown to induce glial activation, and a growing body of evidence 
suggests that activated glia contribute to neurotoxicity through generation of 
inflammatory cytokines and neurotoxic free radicals, such as nitric oxide (NO), potent 
sources o f oxidative stress known to occur in AD. It is therefore crucial to identify 
specific Aß-induced molecular pathways mediating these responses in activated glia. 
We report that A β stimulates the activation of the transcription factor N F kB in rat 
astrocytes, that N FkB activation occurs selectively from p65 trans-activation domain 
2, and that A β-induced NO synthase expression and NO production occur through an 
NFkB -dependent mechanism. This demonstration o f how Aß couples an intracellular 
signal transduction pathway involving N F kB to a potentially neurotoxic response 
provides a key mechanistic link between Aß and the generation o f oxidative damage. 
Our results also suggest possible molecular targets upon which to focus future drug 
discovery efforts for AD. (Supported by NIH grant #AG  13939.)

573.11

BETA-AM YLOID PEPTIDE FRAGM ENT (22-35) INCREASES  
VOLTAGE-GATED CALCIUM  CHANNEL EXPRESSION IN 
CHICK CILIARY GANGLION NEURONS. R.E. Poage*, M.G. 
White, and S.D. M eriney. Department of Neuroscience, University of 
Pittsburgh, Pittsburgh, PA 15260.

Amyloid peptides have been shown to influence calcium homeostasis 
in neurons (Fraser et al., TINS 20: 67-72; 1997). We have tested the 
hypothesis that the peptide fragment 22-35 (Aß 22-35) influences the 
ex p ress io n  o f v o ltag e -g a ted  ca lc iu m  ch a n n e ls  (V G C C s). 
Parasympathetic ciliary ganglion neurons innervate the intrinsic eye 
muscles (iris, ciliary body, and choroid coat) and parasym pathetic 
control over pupillary dilation has been shown to be affected in 
Alzheimer’s disease patients. Beta-amyloid peptides have been shown 
to influence transm itter release and survival in these neurons 
(Andruchow et al. Soc. Neurosci. Abst. 23; 1884; 1997). Embryonic 
day 14 (ST 40) ciliary ganglion neurons were cultured in the presence 
of 12.5 µM Aβ 22-35 or DMSO vehicle for 1-14 hours. VGCC density 
was measured using perforated patch clamp techniques. Less than 6 
hours of exposure had no effect, however, prolonged exposure (>7 
hours) significantly increased VGCC density from 54.8 ±  2.5 pA/pF in 
controls to 79.0 ± 2.5 pA/pF in A ß 22-35 treated neurons. 
Furtherm ore, this effect could be prevented by treatm ent with the 
transcription inhibitor actinomycin D (30 µM). The effect of Aß 22-35 
could be blocked by superoxide dismutase (200 units/ml). These data 
suggest that A β 22-35 increases the expression of VGCCs through a 
signalling pathway that involves superoxide generation. Supported by 
NIH N S32345 and a G rant-in-A id  from  the A m erican H eart 
Association.

573.8

C E L L  D E A T H -P R O M O T IN G  G E N E  D P 5 , W H IC H  IN T E R A C T S  W IT H  
B C L 2  F A M IL Y , IS  IN D U C E D  D U R IN G  N E U R O N A L  A P O P T O S IS  
F O L L O W IN G  E X P O S U R E  TO  A M Y L O ID  ß  -P R O T E IN . K  lm a iz u m i1,3,
T .M o r ih a r a 2, T .T a n a k a 2*, Y .M o r i1 ,A .W a n a k a 4, M .T o h v a m a 1, 1De p t .o f  
A n a t.&  N e u r o s c i . ;2D e p t .  o f  N e u r o p s y c h ia tr y , O sa k a  U n iv .M e d .S c h ,,O sa k a  
5 6 5 -0 8 7 1 , 3T a n a b e  S e iy a k u  C o .L td .,O sa k a  5 3 2 -0 0 3 1 , 4In s t i t u t e  o f  B io m e d 
ica l S c ie n c e s ,  F u k u s h im a  M e d .C o lle g e , F u k u s h im a  9 6 0 - 1 2 4 7 ,J a p a n .

A lz h e im e r 's  d is e a s e  (A D ) is  a p r o g r e s s iv e  n e u r o d e g e n e r a t iv e  d iso r d e r ,  
c h a r a c te r iz e d  p a th o lo g ic a l ly  by th e  p r e s e n c e  o f  la r g e  n u m b e r s  o f  n e u r it ic  
p la q u e s  an d  n e u r o f ib r il la r y  ta n g le s .  T h e  n e u r it ic  p la q u e s , w h ic h  a re  
la r g e ly  e x t r a c e l lu la r  le s io n s ,  c o n s is t  o f  d e p o s it s  o f  a 4 0 -4 3  a m in o  a c id  
p e p t id e  c a lle d  a m y lo id  ß  -p r o te in  (A ß ) .  A  ß  in d u c e s  a p o p t o s is  in 
n e u r o n s  o f  p r im a r y  c u ltu r e s .  E lu c id a t io n  o f  th e  m o le c u la r  m e c h a n is m s  
u n d e r ly in g  n e u r o n a l  d e a th  c o u ld  c o n tr ib u te  to  u n d e r s ta n d in g  o f  th e  
p a th o p h y s io lo g y  o f  n e u r o d e g e n e r a t iv e  d iso r d e r  su c h  a s  A D . P r e v io u s ly ,  
w e  i s o la t e d  a n o v e l  g e n e , n a m e d  D P 5 , w h ic h  is  in d u c e d  d u r in g  n e u r o n a l  
a p o p to s is  u s in g  th e  r a t  s y m p a th e t ic  n e u r o n  c u ltu r e  m o d e l d e p r iv e d  o f  
N G F . W e r e p o r t h e r e  a n a ly s i s  o f  th e  r o le s  o f  D P 5  in  n e u r o n a l  a p o p t o s is  
in d u c e d  by A ß  . T r e a t m e n t  o f  c u ltu r e d  r a t  c o r tic a l  n e u r o n s  w ith  A ß  

r e s u lte d  in in d u c tio n  o f  D P 5  g e n e  e x p r e s s io n , an d  th e  g e n e  p r o d u c t  
s h o w e d  a s p e c if ic  in te r a c t io n  w ith  B c l-x l. O v e r e x p r e s s io n  o f  th e  fu ll-  
le n g th  D P 5  in  s e v e r a l  c e ll  l in e s  or p r im a r y  n e u r o n s  w a s  s u f f ic ie n t  to  
in d u c e  a p o p to s is . T h e  c e ll  d e a th  w a s  b lo c k e d  by d a n t r o le n e , an  in h ib ito r  
o f  c a lc iu m  r e le a s e  from  E R , b u t n o t by n if e d ip in e , an  in h ib ito r  o f  L -ty p e  
v o l ta g e - d e p e n d e n t  c a lc iu m  c h a n n e ls .  T h e s e  r e s u lt s  s u g g e s t e d  th a t  
o v e r e x p r e ss io n  o f  D P 5  p r o m o te s  r e le a s e  o f  c a lc iu m  from  UR a n d  th e  
r e s u l t a n t  in c r e a s e  in c y t o s o lic  c a lc iu m  c o n c e n tr a t io n  c a u s e  c e ll  d e a th  
T h u s , e le v a t io n  o f  D P 5  g e n e  e x p r e s s io n  p la y s  a s ig n if ic a n t, ro le  in 
n e u r o n a l d e g e n e r a t io n  in d u c e d  by A ß  .

573.10
IONIC MECHANISMS FOR THE ACTIONS OF AMYLOID ß-PROTEIN ON RAT 
BASAL FOREBRAIN NEURONS. J. H. Jhamandas*, C. E. Cho, K. H. Harris,
J. C. Easaw and B. S. Jassar. Dept. of Medicine, Division of Neurology, University 
of Alberta, Edmonton, Alberta, Canada T6G 2B7.

Degeneration of cholinergic neurons in the basal forebrain, which includes the 
diagonal band of Broca (DBB), is linked to memory and spatial deficits in 
Alzheimer's disease (AD). The deposition of amyloid ß-protein (Aß), a 39-43 amino 
acid peptide, is a primary pathological feature of AD. Aß modulation of neuronal ion 
channel function may serve as a potential mechanism for its neurotoxic effects.. In 
this study we examined the effects of Aß 25-35 and Aß1-40 on voltage-dependent ionic 
currents in acutely dissociated rat DBB neurons.

Whole cell patch clamp recordings were performed on enzymatically dissociated 
DBB neurons. Bath application of Aß (1µM) resulted in an increased firing of DBB 
neurons. Aß (0.1-2µM) caused a reversible reduction in whole-cell currents in the 
range between -30 to +30mV (n=25). Aß had no effect on currents through Ca++ 
channels (n=9) In the presence of charybdotoxin (25nM, n=2O) and iberiotoxin 
(50nM, n=6), specific blockers of Ca++-activated K+ conductances, Aß caused a 
further small decrease in current. The Aß-induced reduction of whole-cell currents 
was preserved in the presence of external media containing 0 Ca++ and 5OµM Cd++ 
(n=5). However, the Aß response was completely occluded in the presence of 
tetraethylammonium ( 5mM), a blocker of voltage-gated K+ channels (n=5).

Aß's actions at an ionic level appear to be mediated by a reduction of Ca++- 
dependent K+ conductance and also the delayed rectifier-type of K+ conductance. 
Reduction of K+ currents results in hyperexcitability and our findings suggest that Aß 
may cause an increase in firing of DBB neurons through such a mechanism. As 
hyperexcitability can lead to neuronal dysfunction and cell death, our findings could 
provide a cellular basis for the neurotoxic actions of Aß in the basal forebrain. 

Supported by the Medical Research Council of Canada and the Alberta Heritage 
Foundation for Medical Research.

573.12

ALZHEIMER’S ß-AMYLOID PROTEIN, PRION PROTEIN  
FRAGMENT, AND ISLET AMYLOID PEPTIDE CAUSE THE 
INCREASE OF INTRACELLULAR CALCIUM IN NEURONAL 
CELLS. M. KAW AHARA* and Y. K U RO DA. Department o f  M ol.& Cell. 
Neurobiol., Tokyo Metropolitan Institute for Neuroscience, 2-6 Musashidai, Fuchu- 
shi, Tokyo 183-8526, Japan

Alzheimer's ß-amyloid protein (AßP) has an intrinsic tendency to form insoluble 
aggregates with ß-pleated sheet structures. The conformational change has been reported 
to enhance the neurotoxicity o f  AßP. Though the mechanisms underlie the 
neurotoxicity o f  AßP have remained elusive, we have reported that AßP [ 1 -40] formed 
cation selective ion channels on excised membrane patches from immortalized 
hypothalamic neurons (GT1-7 cells) (Kawahara e t  a l., B io p h ys ic a l J . 73, 67-75(1997)) 
as well as on artificial lipid bilayers (Arispe e t a l., P r o c .N a tl .A c a d .S c i., 90, 567-571  
(1993)). Here, we investigated the spatio-temporal changes o f  intracellular calcium  
([Ca2+]i) o f  GT1-7 cells after the bath application o f  AßP [1-40] using multisite 
fluorometry system o f  fura-2. The increase o f  [Ca2+]i were observed after the 
application o f  AßP [1-40] (2 .5-10µM ) in several but not all GT1-7 cells. The elevated 
levels o f  [Ca2+]i and the appearance o f  the spontaneous oscillation o f  [C a2+ ]i were also 
observed. Ratio o f  A ßP-sensitive cells and mean increase o f  [Ca2+]i per each cell were 
both dose-dependently increased. AßP [1-28] and AßP [40-1], the reverse sequence 
peptide o f  AßP[1-40], did not cause the increase o f  [Ca2+]i. W hile, PrP106-126, the 
prion protein fragment, and human amylin, islet amyloid peptide, both caused the 
similar increase o f  [Ca2+]i in GT1-7 cells. Both o f  PrP106-126 and human amylin were 
reported to cause neurotoxicity in cultured neurons, to form ß-pleated sheet structures, 
and to form ion channels in planar lipid bilayers. These characteristics are similar to 
those o f  AßP [1-40]. Thus, our results suggest that the mechanism o f neurotoxicity o f  
AßP is based on imbalances o f  calcium and other ions induced by 'ß-amyloid channels'. 
It is also supposed that Alzheimer's disease, prion disease, and diabetes mellitus may 
share a common cell death mechanism derived from peptides with ß-pleated sheet 
structures.

Society for Neuroscience, Volume 24 ,1998



TUESDAY PM DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: MECHANISM OF TOXICITY 1463

573.13
C O M P L E M E N T  A C T IV A T IO N  B Y  S M O O T H  M U S C L E  C E L L  
A S SO C IA T E D  ß -A M Y L O ID  P E P T ID E . M .D . W atson * , L .M . E v a n s, T. 
H a sk e , T. L ynch ,  H .X . L eV in e , K. S p ie g e l, B .D . Sh ivers and M .R . 
E m m erling . P ark e-D avis Pharm aceutical R esearch  D iv is io n , W arner- 
Lam bert C om pany, N e u r o scien ce  T herapeutics, 2 8 0 0  P lym outh  R d., Ann  
Arbor, M I 4 8 1 0 5 .

C ultures o f  dog  lep tom enin gea l sm ooth  m u scle  c e lls  w ere estab lished  and 
treated w ith  10 µM , so lu b le  b -am ylo id  p eptide (A β l -4 2 )  for up to 7 days  
cau sing  th io fla v in e  S -p o sit iv e  A β l - 4 2  d ep osits to  form  on the surface o f  the 
m u scle  ce lls . A ß  1-42 has been  sh ow n  to activate co m p lem en t by the c la ss i
cal and alternative pathw ays in vitro (C om plem en t Interactions w ith  
A m y lo id - β 1 -42: A  N id us for In flam m ation  in A D  B rains. 1997, A m y lo id , 4  
(3 ) 147). A ddition  o f  10% N H S  to the m edia  o f  th ese  cu ltures results in 
co m p lem en t activation  in e x c e s s  o f  that detected  in untreated cu ltures. 
W estern b lotting  o f  cu lture extracts reveals the p resence o f  C lq  and activa 
tion o f  C 3 and C 4  . T he anaphylatoxin  C 3a, C 3d g , and h igh -m olecu lar  
w eigh t adducts o f  C 3 and C 4 are a lso  d etected . Im m un ohistochem ica l stain
ing sh o w s that com plem en t activation  leads to the C 3-activa tion  product 
C 3d g  and the co m p lem en t m em brane attack co m p lex  (M A C ) on the A ß -  
treated c e lls . M oreover, sera dep leted  o f  co m p lem en t co m p o n en ts , sh o w  that 
the c la ssica l pathw ay is respon sib le for the ob served  co m p lem en t activation . 
C om plem en t activation  inhibitors F U T 1 7 5  and C l  inhibitor prevent activa 
tion from  occurring. In addition , co n g o  red, a com pou n d  k now n to bind to 
A ß , b lock s the b ind ing o f  C 3 to the A ß  d ep osits. It is ex p ec ted  that the a sso 
c iation  o f  aggregated  A β l - 4 2  to ce lls  surfaces and the a ssocia ted  activation  
o f  com p lem en t cou ld  lead to “by-stander” attack o f  ce lls . T his indirect attack  
cou ld  contribute to the know n loss  o f  sm ooth  m u scle  c e lls  in the vasculature  
o f  A D  brains.
Funded by P ark e-D avis

573.15
DIFFER EN T M E C H A N ISM S O F C ELL DEATH PR O D U C ED  BY 
A M Y L O ID O G E N IC  PEPTID ES IN PC12 AN D  R IN m 5F CELLS. G.A. 
M acG ibbon1,  G .J.S. C ooper2,4 and M. D ragunow  1,3. Depts. of 1Pharmacology 
and Clinical Pharmacology, :Medicine and 3Molecular Medicine, and 4School of 
Biological Sciences, The University of Auckland, Private Bag 92019, Auckland, 
New Zealand.

Recent studies suggest that Alzheimer’s disease and non-insulin-dependent 
(type 2) diabetes mellitus may share a common cell death mechanism, related to the 
toxicity of ß-amyioid (Aß) and human amylin, respectively. We have previously 
shown that both Aß and amylin compromise mitochondrial function of PC12 cells 
as assessed by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) 
reduction, while only human amylin decreased cell viability, by a mechanism 
predominantly of an apoptotic nature. This was not accompanied by increased 
expression of c-Jun or c-Fos inducible transcription factors. We here further 
characterize the mechanism of amylin-induced cell death in the pancreatic islet ß- 
cell insulinoma RINm5F cell line. In this cell line, acute application of human 
amylin (50µM) induces apoptosis within 24 h, as measured by terminal 
deoxynucleotidyl transferase-mediated dATP biotin nick end labelling (TUNEL) 
staining. In this model, amylin also induces the expression of c-Jun prior to 
apoptosis. Some studies suggest that phosphorylation may be necessary for c-Jun- 
mediated apoptosis. We found levels of phosphorylated-c-Jun (on Ser63) are 
increased concomitant to the increase in TUNEL staining. Thus amylin may induce 
apoptosis by different mechanisms in PC12 and RIN5mF cells.
Supported by the Health Research Council of New Zealand, Lottery Health New 
Zealand, and the Auckland Medical Research Foundation.

573.14

MULTIPLE EFFECTS OF Aß(25-35) ON THE PHOSPHOINOSITIDE 
SIGNAL TRANSDUCTION PATHWAY. C L  Fowler*, H. Hedin.
A.-K. Larsson and A. Rönnbäck. Department of Pharmacology, Umeå 
University, SE-901 87 Umeå, Sweden.

ß-Amyloid (Aß) peptides are known to affect Ca2+ homeostasis by a 
number of different mechanisms, including effects on the phosphoinositide 
signal transduction pathway (for review, see Mattson, Physiol. Rev. 77 
[1997] 1081-1132 ). It is not clear, however, whether these effects are due 
to the ability of Aß to produce free radicals or due to other properties of 
these peptides. In consequence, in the present study, we have investigated 
the actions of Aß(25-35) dissolved in DMSO as a free radical scavenger.

In human platelets (which lack L-type Ca2+ channels) assayed with the 
Fura-2 technique and in the standard HEPES buffer, Aβ(25-35) produced a 
large intracellular Ca2+ signal that was only partially reduced when extra
cellular Ca2+ was removed. In the absence of extracellular Ca2+, the effect of 
Aβ(25-35) was slightly reduced by pretreatment with dithiothreitol. The 
Ca2+ response to Aβ(25-35) was mimicked by Aβ(l-42) and Aβ(l-40) but 
not by Aβ(40-1). The magnitude of the Ca2+ response to Aß(25-35) was 
highly dependent upon the assay buffer composition.

In human platelet and in rat brain membranes, Aß(25-35) increased 
PH]Ins(l,4,5)P3 binding. In the rat brain membranes, the increase was 
additive with that produced by dithiothreitol. Aß(25-35) also inhibited in a 
time-dependent manner the activity of soluble Ins(l ,4,5)P3-5-phosphatase. 
It is concluded that Aß(25-35) has multiple effects on the phosphinositide 
signal transduction pathway even in the presence of DMSO.

Supported by a grant from the Swedish Medical Research Foundation.

573.16

AMYLOID-INDUCED AND NGF WITHDRAWAL-INDUCED  
APOPTOSIS IN DIFFERENTIATED PC12 CELLS: RELATION 
TO CELL-CYCLE. A ndrew  G iovann i*  and Friederike W irtz-
B rugger. H oechst M arion R ou ssel, N e u r o sc ien ce , B ridgew ater, NJ 
0 8 8 0 7 .

Several recent studies ind icate that neuronal lo ss in 
A lz h e im e r ’s d ise a se  (A D ) m ay occur v ia  a p optosis. E v id en ce is a lso  
accum ulatin g  that relates ce ll c y c le  to apoptotic p ro ce sses  in  v i t r o  and 
in  v iv o .  A d d ition a lly , post-m ortem  exam in ation s o f  A D  brains reveal a 
c lo se  relationsh ip  betw een  brain regions ex h ib itin g  ce ll lo ss, ev id en ce  
for ap optosis and an induction  o f  c e ll- c y c le  related proteins. W e, and 
others, have sh ow n  in  v i t r o  that A ß  can induce n eurodegeneration  via  
an apoptotic pathw ay. In d ifferen tiated  P C 12 c e lls , a p optosis induced  
by N G F -w ithd raw al has been linked to p ro ce sses  com m on  to those  
invo lved  in c e ll- c y c le  p rogression . In the exp er im en ts to be presented , 
w e have characterized  the e f fec ts  o f  a m ylo id  and N G F -w ithd raw al on 
d ifferentiated  PC 12 c e lls  w ith  respect to  ce ll v ia b ility  and apoptosis  
related markers. Furtherm ore, w e  w ill d em onstrate com m on  
m ech an ism s for inh ibiting both am ylo id  and N G F -w ithd raw al induced  
n eurodegeneration . P h arm acologica l to o ls  include protection  by 8-B r- 
cG M P , S N A P , P rop en to fy liin e, and the C D K  inhibitor flavop ir ido l. 
B ased  on th is and the g row in g  p ost-m ortem  ev id en ce  o f  a p optosis in 
A D , w e h y p o th esize  that neuronal function  in A D  is com prom ised  by 
ap optotic p ro cesses  initiated by a m y lo id -β -p ep tid e and that treatm ents 
d esigned  to inhibit th ese p rocesses  m ay represent v iab le  therapeutics. 
Funding has been  provided  by H M R.
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EVALUATION OF PESTICIDES AS NIGROSTRIATAL DOPAMINERGIC 
NEUROTOXICANTS IN THE MOUSE. C. Thiffault* J.W. Langston and D.A . Di 
Monte. The Parkinson's Institute, Sunnyvale, CA 94089.

The discovery that MPTP induces irreversible parkinsonism with the degeneration 
of nigral dopaminergic neurons and depletion of striatal dopamine (DA) levels 
raises the possibility that environmental toxicants play a role in the etiology of 
Parkinson's disease (PD). In this respect, epidemiological studies support an 
association between the risk for developing PD and the use of pesticides. However, 
direct evidence linking agricultural chemicals to nigrostriatal damage is lacking. The 
goal of this study was to investigate the acute effects of the pesticides paraquat (PQ, 
15 and 30 mg/kg, s.c.), diquat (DQ, 15 and 30 mg/kg, s.c.), dieldrin (40 and 80 
mg/kg, s.c.), rotenone (5 and 10 mg/kg, s.c.) and 2,4-d¡chlorophenoxyacetic acid 
(2,4-D, 100 and 200 mg/kg, s.c.) on striatal DA levels and metabolism in C57BI/6 
mice. These compounds were selected based on existing epidemiological, clinical 
and experimental evidences indicating their possible involvement in PD. The dosage 
regimens tested represent a half-maximal and maximal tolerated dose. No 
significant reduction in DA levels was detected in the mouse striatum 7 days after 
a single administration (s.c.) of any of the pesticides with either dosage protocol. 
However, a dose dependent reduction (10-17%) in the concentration of the striatal 
DA metabolite, 3,4-dihydroxyphenylacetic acid (DOPAC), was observed in PQ- and 
DQ-treated mice, whereas the level of homovanillic acid (HVA) remained 
unchanged. Furthermore, with 5 mg/kg (s.c.) of rotenone, a significant reduction in 
the striatal content of both metabolites, HVA and DOPAC, was measured at 7 days. 
Data indicate that PQ, DQ and rotenone, although not acutely neurotoxic, affect DA 
turnover via mechanisms that are currently under investigation. Results also 
suggest that, if one or more of these compounds play a role in the degeneration of 
nigrostriatal dopaminergic neurons, long term exposure is required. S upported by  
grant # 1R 03 E S  086 27 -0 1  from the  N IE H S  (D .D .)  a n d  a  fe llow ship  from the Fonds  
d e  la  R e ch erc h e  en  S anté  du Q u é b e c  (C . T.).

DEVELOPMENT OF AN ENVIRONMENTAL NEUROTOXICANT MURINE MODEL FOR 
PARKINSON’S DISEASE. H.J. Federoff, D.A. Cory-Slechta, H.A. Gelbard, E.K. Richfield* 
and A.I. Brooks. Departments of Microbiology. Immunology, Neurobiology & Anatomy 
and Neurology: Division of Molecular Medicine & Gene Therapy, University of Rochester 
School of Medicine, Rochester, NY 14642.

Links between environmental neurotoxicants and various neurodegenerative disease 
have been postulated in many studies. Parkinson’s disease is typified by a preferential 
degeneration of the nigostriatal dopamine system and results in classical motor symptoms 
and in some cases subtle changes in cognitive function. To address potential molecular 
mechanisms responsible for this selective degeneration we examined effects of paraquat, an 
environmental neurotoxicant, in mice. In addition to the structural similarities of paraquat 
to MPTP, an increased incidence of PD has been reported in regions where the herbicide, 
paraquat, is widely used. The neurotoxicant effects on this subpopulation of neurons in 
the nigrostriatal pathway was facilitated by a Fluoro-gold (FG) labeling method in mice in 
which a subset of dopamine neurons were retrogradely labeled by intrastriatal injection of 
FG. We assessed dopamine cell loss alter exposure to MPTP or paraquat. Behavioral 
assessments were also made in order to evaluate any motor dysfunction. Animals were 
stcreotaxicaly injected unilaterally into the striatum with a 2% FG solution 
(coordinates:AP +0.5, ML 2.0, DV 3.0). Five days later animals were injected i.p. with 
either MPTP (30 mg/kg) or paraquat (10 mg/kg), twice in the case of MPTP and three times 
in the case of paraquat. Motor activity was assessed 48 hr after the final injection of 
neurotoxicant in a 60 minute experimental session. Both MPTP and paraquat decreased 
ambulatory activity compared to saline. Twelve days after the last neurotoxicant dose 
animals were sacrificed for histological analysis. Quantitation of FG+ cell bodies 
throughought the substantia nigra was performed. We observed a 98% decrease in FG+ 
cel! number between saline and MPTP and a 9l% decrease in FG+ cell number between 
saline and paraquat. In addition we analyzed serial sections to determine the percentage of 
cells that were double labeled for FG and tyrosine hydroxylase (TFI; a marker for 
dopaminergic neurons). We found that in all groups greater than 80% of FG+ cells were 
also positive for TH, indicating that the cells lost after neurotoxicant treatment are 
dopaminergic. Future studies will address how such environmental agents may act as risk 
factors in conjunction with genetic predisposition. This work is supported by NIH 
ES01247 (to HJF/DACS/FIAG).
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574.3

SYSTEMIC ADM INISTRATION OF N-ACETYL-L-CYSTEINE PROTECTS 
AGAINST THE NEUROTOXIC EFFECTS OF INTRASTRIATAL DOPAMINE. 
M.G. Scafli di- D  A. Lewis, and T G. Hastings*. Departments o f Neurology. 
Neuroscience and Psychiatry. University o f  Pittsburgh. Pittsburgh. PA 15261.

O xidative stress is thought to play a role in the pathogenesis o f Parkinson s 
disease. Under oxidative conditions, dopam ine (DA) will metabolize to form 
reactive oxy gen species (ROS) and D A  quinone which may have deleterious effects 
on cellular function. We have previously shown that intrastriatal administration o f  
D A  results in the formation o f  protein-bound cvsteinyl-catechols at 24 h and the 
selective destruction o f D A  terminals at 7 d. as evidenced by loss o f tyrosine 
hydroxylase (TH) immunoreactivity. Furthermore, we have reported that co
administration o f the antioxidant glutathione with DA protects against toxicity. In 
this study, we sought to determine whether peripheral administration o f N -acetyl- 
L-cysteine (N AC), a thiol antioxidant, would protect against DA-induced  
neurotoxicity. NAC (500 mg/kg. i.p.) or saline was administered 30 min prior and 
3 h follow ing an intrastriatal injection o f  D A  (0.4 µntol/2 µl/20 min). At 24 h. 
biochem ical analyses o f dopam ine oxidation products in striatum revealed that the 
anim als receiving the NAC treatment prior to and following the D A  injection 
showed significant decreases in cysteinyl-D A (-43%) and cysteinyl-DOPAC (-62%) 
as compared to anim als injected with D A  alone (Cys-DA. 1.45 ± 0.27 nmol/g; Cys- 
DOPAC. 9.74 ± 1.44 nm ol/g. n= 7). At 7 d, preliminary qualitative exam ination of 
im munocytochemical staining suggests that the phy sical size o f the zone o f  TH loss 
was dim inished in anim als receiving NAC treatment as compared to those receiving 
DA alone. Taken together, these data suggest the thiol antioxidant. NAC. is 
protective against DA-induced toxicity in vivo and may be o f therapeutic value for 
the treatment o f  Parkinson's disease. (Supported by USPHS grant NS 19608).

574.5

EFFECT OF DOPAM INE RE-UPTAKE BLOCKERS IN M PTP-TREATED  
COMM ON M ARM OSETS. V. Bautista1,2, M .-T. Herrero2, M. Jackson1, J.A. 
O beso3*, P, Jenner1. 1Dept o f  Pharmacology. K ing's College. London. UK. 
2Neurología Experimental. Universidad de Murcia. Spain. 3Clínica Quirón. San 
Sebastián. Spain.

The administration o f 1-methyl-4-phenyl-1,2 ,3,6-tetrahydropyridine 
(MPTP) to com m on marmosets, C a i lith r is  ja c c h u s , induces a parkinsonian 
syndrome characterized: i) clinically by rigidity, bradykinesia and postural 
instability. ii) pathologically by a striking loss o f  neurons in the p a r s  c o m p a c ta  o f  
the substantia nigra, and iii) biochem ically by a decrease in the concentration o f  
dopam ine in the caudale-putamen.

The aim o f  the present study was to investigate the effect o f  four different 
dopam ine re-uptake blockers in MPTP-treated com m on marmosets. Those 
com pounds block the dopam ine transporter im peding the re-uptake o f  dopamine 
from the sy naptic cleft to the pre-synaptic terminal. Administration o f bupropion 
(25 .0  mg/kg), G BR -12909 (15.0 m g/kg). mazindol (10.0 mg/kg) and nomifensine 
(15.0 m g/kg) caused an improvement in alertness and checking. Bupropion, 
m azindol and GBR -12909 also produced an increase in the mean locomotor 
activity’ counts, lasting these during 3-4 hours. The improvement in motor 
disability produced by’ dopam ine re-uptake blockers may indicate that these drugs 
could be useful either alone or com bine with 1-DOPA (and peripheral 
decarboxylase inhibitors) in the treatment o f  Parkinson's disease.

574.7

RASAGILINE PROTECTS DOPAMINE CELLS FROM APOPTOSIS 
INDUCED BY PEROXYNITRITE W. Mamyamal * M. Naoj2 and M . 
B. H. Youdium3 . 1Dept. Basic Gerontology, National Inst. Longevity 
S ci., Obu; 2 Dept. Brain Sci. Inst. Applied Biochem ., Gifu, Japan; 
3Technion-Eve T opf and National Parkinson Foundation Rappaport 
Family Res. Inst., Haifa, Israel.

Selegiline and other inhibitors o f type B monoamine oxidase (MAO-B) 
have been reported to be protective to neurodegeneration. Recently we 
found selegiline can protect dopamine cells from apoptotic DNA damage 
induced by nitric oxide or peroxynitrite, or a parkinsonism-inducing 
neurotoxin, N-methyl(R)salsolinol. How ever, it is not clarified whether 
the effect o f  selegiline is derived from selegiline itself or its metabolite, N- 
desmethyl-deprenyl. Rasagiline [R(+)-N-propargyl-l-aminoindane], an 
N-desmethyl derivative o f N-methyl-propargyl-l-aminoindane (AGM  
1133), is a selective irreversible inhibitor o f  MAO-B, but is not 
metabolized to amphetamine-like derivatives. The protective effect o f  
rasagiline against apoptotic cell death was examined using human 
dopaminergic neuroblastoma, SH -SY5Y  cells by a single cell gel electro
phoresis (comet) assay. Rasagiline protected the cells from apoptosis 
induced by peroxynitrite by a dose-dependent w ay. Ten nM o f rasagiline 
was neuroprotective, which was ten to hundred times more potent than 
selegiline. The neuroprotection was effective only when it was added 20 
min before incubation with SIN -1, a peroxynitrite donor, but not effective 
when added simultaneously or 20 min after SIN-1 addition. Since SH- 
SY5Y cells contain only type A  MAO and this neuroprotective effect o f  
rasagiline should not be attributed to the inhibition o f MAO-B. The data 
suggest that some intracellular process may account for the neuroprotection 
o f rasagiline and the study on the mechanism in now on the way.

574.4

OXIDATIVE STRESS MAY BE IN VO LVED IN 
AMPHETAMINE INDUCED CELL DEATH. A.Y. Sun* , T.S. 
Kim-Han and B. Draczvnska-Lusiak. Department o f  
Pharmacology, Univ, of MO, Columbia MO 65212.

O xidative stress has been im plicated in the 
pathogenesis o f Parkinson’s d isea se . We have 
hypothesized  that am phetam ine (A m p) and its 
derivatives may cause continuous oxidative stress 
resulting in neuronal cell death and Parkinsonism. 
Amp was added to cultured PC12 cells and cell 
v ia b ility  a sse sse d  by a ssa y in g  la c tic  acid
dehydrogenase release or by the MTT test method. 
Amp at 200 µM caused a significant increase in cell 
death as compared with control. A ddition of
chelated iron (FeCl2 /DTP, 10 µM) greatly potentiated 
the cytotoxicity of Amp. The antioxidant vitamin C 
appeared to protect the cell from Amp toxicity . 
Results indicated that Amp is not only a drug of 
abuse, but it may also induce the production of 
reactive oxygen species and thus cause cell death by 
an oxidative mechanism. (Supported in part by the 
Research Board of the University of Missouri)

574.6
INVESTIGATION OF THE NEUROPROTECTIVE EFFECTS OF SIB-1508Y, A 
NOVEL NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR (nAChR) 
AGONIST, ON CHOLINERGIC AN D  DOPAM INERGIC PATHW AYS IN THE 
RAT T. S. Rao*, L.D. Correa, S. Burke, E. Santori, A .I. Sacaan, R.T. Reid and G.K. 
Lloyd. SIBIA Neurosciences, Inc., La Jolla, CA 92037.

Evidence for neuroprotective effects o f  nicotine and other nAChR agonists is 
beginning to emerge. In this study the effects o f  SIB-1508Y , a novel nAChR 
agonist, were examined on cholinergic and dopaminergic pathways. SIB-1508Y (10  
m g/kg,sc, bid, 14d) increased choline acetyltransferease (ChAT) activity in nucleus 
basalis magnocellularis (nBM) in adult (4 mo) Sprague Dawley (SD), but not Fisher 
rats, with partial Fimbria-Fornix (FF) lesions. ChAT activity in septum showed a 
trend towards an increase with no changes in other brain regions. In aged Fisher rats 
(24-27m o), SIB-1508Y (10 mg/kg, sc, bid, 2 1d) increased ChAT activity in ventral 
hippocampus (VH) and anterior dorsolateral cortex (ADL1). While a single 
injection was ineffective, SIB-1508Y  (1,5 and 10 mg/kg, sc, bid, 28 d) attenuated 
dopamine (DA) depletion in the rat striatum and substantia nigra (SN) following  
intrastriatal injection o f 6-O H DA (10  µg/rat, S IB-1508Y  given 15 min before). SIB- 
1508Y treatment also attenuated the decrements in striatal immunoreactive tyrosine 
hydroxylase (TH) density and the number o f  TH+ve cells in the rat SN. Delayed 
administration o f SIB-1508Y (1 or 10 mg/kg, sc, bid, 28 d, starting 3 days after 6- 
OHDA lesion) offered partial protection against nigral D A  depletion with no effect 
in the striatum. SIB-1508Y  did not affect the retrograde degeneration of 
nigrostriatal pathway evaluated by em ploying bilateral fluorogold labeling and 
unilateral 6-OHDA injection into the striatum. The protective effects o f  SIB-1508Y  
on SN D A  levels indicate preservation o f  TH+ve cells and/or induction o f  TH. The 
maximally protective effects o f SIB-1508Y  needed a pre-treatment and repeated 
administration for 4 weeks. These studies indicate neuroprotective effects o f  SIB- 
1508Y on D A  pathways in the 6-O H DA model and suggest a potential for 
protecting D A  pathways in Parkinson’s disease.

574.8
INCREASE OF STRIATAL LACTATE AFTER MPTP: SELECTIVE DA 
NEUROTOXICITY OR NON-SPECIFIC ACTIVATION OF THE BASAL 
GANGLIA? F. Fornai*1,2, L. Bassi2, F.S. Giorgi3, P. Esposito2  R. Guerrin1  

and M.G. A lessandri 1  1RCCS Stella Maris-INPE, 2D epartment of 

Neuroscience, University of Pisa, 3S.S.S.U.P. S. Anna, 56100 Pisa, Italy
Increase of s tria ta l lactate a fte r 1 -m ethy l-4-phenyl-1 ,2,3,6- 

tetrahydropyridine (MPTP) is considered to result from the impairment of 
mitochondrial respiration induced by 1-methyl-4-phenylpyridinium (MPP+) 
within the dopamine (DA) terminals. To test this hypothesis, in this study 
performed in rats, we measured extracellular striatal lactate in parallel with 
MPTP, MPP+ and DA levels using in vivo brain dialysis. We administered the 
DA neurotoxins MPTP and methamphetamine at different doses or we 
induced a mild tail pinch. As previously demonstrated, after MPTP 
administration, striatal lactate increased almost immediately. To investigate 
the significance of such an increase, we administered the selective MAO-B 
inhibitor selegiline (1 mg/kg, i.p.) 30 min before MPTP, this treatment 
attenuated the increase of lactate. We then co-administered MPTP with the 
selective DA uptake blocker GBR-12909 (5 mg/Kg). Despite protecting from 
experimental parkinsonism and preventing MPP+ to be taken up by DA 
neurons, we still detected the same increase of striatal lactate. Furthermore, 
in animals carrying a lesion of the DA nigro-striatal pathway induced by 6-OH
DA, MPTP still produced the same augmentation of striatal lactate. A similar 
increase was obtained when rats were injected with methamphetamine or 
received tail pinch. By contrast, microinfusion of the competitive NMDA 
antagonist AP-5 significantly diminished the increase in striatal lactate 
induced by these stimuli. These data suggest that MPTP-induced increase in 
striatal lactate represents a consequence of the stimulation of basal ganglia 
induced by MPP+ rather than a selective DA impairment of mitochondrial 
respiration.
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574.9

The neuroprotective effect of melatonin on iron-induced oxidative 
injury in rat nigrostriatal dopaminergic system. A.M.Y. Lin B.Y. 
Chyi1, S.D. Wang2, and L.T. Ho1. 1Department of Medical Research 
and Education, Veterans General Hospital-Taipei, 2Department of 
Anatomy, National Defense Medical Center, Taipei, Taiwan.

Neuroprotection by melatonin against iron-induced oxidative 
injury in CNS was investigated both in vitro and in vivo. The anti- 
oxidative effect of melatonin was studied using cortical homogenates. 
Auto-oxidation (without exogenous iron) was elevated after 4-hour 
incubation at 37 °C. Co-incubation with melatonin (0.1 - 4 mM) 
dose-dependently inhibited auto-oxidation. Iron-induced oxidative 
stress was induced by addition of ferrous citrate (iron, lµM) which 
produces hydroxyl radicals via Fenton’s reaction. Iron-induced 
increase in lipid peroxidation of brain homogenate was prevented by 
co-incubation with melatonin in a dose-dependent manner. 
Furthermore, in vivo study was performed using intranigral infusion 
of iron in anesthetized rats. Seven days after the infusion, an 
increase in lipid peroxidation in substantia nigra (SN) and a 
reduction in K+-evoked dopamine release in striatum were observed. 
Co-infusion of melatonin prevented the iron-induced increase in lipid 
peroxidation in SN and reduction in evoked dopamine release. Our 
data suggest that melatonin is capable of preventing iron-induced 
neurodegeneration of nigrostriatal dopaminergic system, (supported 
by NSC grants, Taipei, Taiwan)

574.11

ROLE OF NITRIC OXIDE IN LEVO D O PA -IND U CED  N EUR O 

TOXICITY TO DOPAM INERGIC NEUR O N S  

H. Takashima*, M. Tsuiihata, Section o f  Neurology, Nagasaki Ƙita 

Hospital, Nagasaki 852-8061, Japan.

The primary cause o f  cell death underlying Parkinson’s disease 

(PD ) is unknown. Levodopa , a precursor o f  dopamine, remains the 

drug o f  choice in the treatment o f  PD, but several studies have 

examined the possibility o f  its neurotoxicity in the brain, because its 

metabolism or autoxidation can give rise to potentially harmful free 

radical species. We studied the role o f  nitric oxide (N O ) in this 

neurotoxicity in cultured rat dopaminergic neurons. Levodopa showed  

neurotoxic effects on dopaminergic neurons in cultures. The 

neurotoxicity was suppressed by the supplementation o f  3-Br-7- 

Nitroindazole, a bNOS inhibitor, or Carboxyl-PTIO , a NO scavenger, 

and increased by the addition o f  NOC 18, a NO donor, into the 

culture medium. Neurotoxic effects o f  levodopa might be caused by  

production o f  highly toxic peroxinitrite (O N O O -) which produced by  

the reaction o f  NO and superoxide anion radical derived from the 

oxidation o f  dopamine in dopaminergic neurons.

574.13

Reductions in Glial Cell Line Derived Neurotrophic Factor (GDNF) in 
the Surviving Neurons of Substantia Nigra in Parkinson’s Disease. N .B.
Chauhan*1,2, J.M. Lec3 T. K han1,2, S. Sayers1 and G.J. S ie g el2. 1Reseach Service, 
Hines V A  Hospital, Hines, IL 60141; Departments o f  2N eurology, 3Pharmacology & 
Pathology, Loyola University Medical Center, M ayw ood, IL 60153.

Various neurotrophic factors (N TFs), including nerve growth factor (NGF), ciliary 
neurotrophic factor (CNTF), glial cell line derived neurotrophic factor (G DN F), brain 
derived neurotrophic factor (BD N F), neurotrophin-3 (NT-3) and neurotrophin-4 (NT-4) 
were analyzed by immunocytochemistry in the substantia nigra pars compacta (SN c) o f  
Parkinson’s disease (PD) brains obtained from the Loyola/H ines Brain Bank. Cases 
studied included 77y/o, 69y/o and 70 y/o  neurologically normal m ale control subjects 
and 77y/o , 79y/o and 76y/o  m ale PD patients. Imm unocytochem ical analysis was 
performed on 10% formalin-fixed, 5µm -thick Paraplast sections with Stemberger’s 
conventional peroxidase anti-peroxidase procedure. Quantitation o f  integrated optical 
densities (IOD) o f immunoreaction products and morphometric analyses were performed 
with a BioQuant Image Analyzer. Neurons were counted in 3 high power fields (hpf) 
(275µ n r/hp f) on adjacent H&E-stained sections in the 3 cases o f  each group. IODs 
were pooled and averaged over the neurons measured within 3 hpfs (275µm Vhpf), per 
section, in each o f  2 sections, in 3 cases o f  each group. Data were statistically analyzed 
by A N O V A , unpaired, two-tailed Student í-test. The results show  53.4% (p<0.0001) 
dropout o f SN c neurons in PD brains compared to age-matched controls. Despite the 
considerable neuronal dropout, the levels o f  immunoreactive NTFs other than G DNF in 
SN c exhibited much smaller reductions relative to age-matched controls: NGF, 7.4%  
(p=0.013); CNTF, 12.0% (p=0.0004); BD N F, 24.1%  (p<0.0001); N T-3, 3'.7% (not 
significant); NT-4, 8.7% (p=0 .0 1 3); G DNF, 37.9% (p<0.0001). Thus, G DNF declined 
most significantly in the surviving SN c neurons o f  PD brains than any other NTFs 
studied. The results o f 53% for neuronal dropout and 38% for G D N F depletion indicate 
that G DNF is a critical neurotrophic factor for the survival o f  dopaminergic neurons. 
(Supported by DVA. T K-B742-R A).

574.10
MPTP LESIONS IN MICE: ANALYSIS OF STRAIN AND SEX DIFFERENCES 
AT THE BEHAVIOURAL, NEUROCHEMICAL AND NEUROANATOMICAL 
LEVEL. M. Sedelis1*, K. Hofele2, S. Morgan1, G .W. Auburαer2, J.P. Huston1, 
R.K.W. Schwarting1. 1Inst. Physiol. Psychol. I and 2Dept. of Neurology Univ of 
Düsseldorf, 40225 Düsseldorf, Germany

The neurotoxin MPTP, which damages nigrostriatal dopamine (DA) 
neurons, serves as a model for Parkinson’s disease. Since the effectiveness of 
this toxin can be affected by factors like strain and gender, we performed a 
detailed analysis of male and female adult mice from the C57BI/6 and Balb/c 
strains, which received either systemic MPTP or saline treatment (controls). 
Testing included open-field and plus-maze behaviour, inhibitory avoidance, and 
tests of motor coordination (i.e. rotarod, grip- and pole-test). The neostriatal 
and ventral striatal contents of DA, norepinephrine, and serotonin were 
determined post mortem using HPLC-EC. In addition, TH-immuno-stained cells 
were counted in the substantia nigra and ventral tegmental area. Our analyses 
confirm and extend previously reported behavioural effects of MPTP treatment: 
The performance in tests of locomotion/exploration and motor coordination was 
markedly impaired in both strains but recovered within a few days. However, 
the two strains differed in their patterns of recovery. Further behavioural strain 
and sex differences of lesioned as well as control individuals were observed in 
plus-maze behaviour, inhibitory avoidance, rotarod, and the grip- and pole-test. 
These behavioural differences were paralleled by differences at the 
neurochemical level: The MPTP-induced striatal DA-depletion was more 
pronounced in the C57 strain. In contrast to strain, sex differences in MPTP- 
sensitivity were absent in our mice, contradicting the assumption of a major 
protective role of female hormones against MPTP-toxicity. Possibly, the 
marked strain differences of susceptibility towards the neurotoxin reflect a 
differential genetic basis, which will have to be addressed in future studies. 
Acknowledgements: M.S. and K.H are fellows of the DFG graduate program 
’’Pathologische Prozesse des Nervensystems: Vom Gen zum Verhalten".

574.12
NEUROPROTECTIVE EFFECT OF RILUZOLE, A  Na+ CHANNEL BLOCKER, IN A 
PRIMATE MODEL OF PARKINSON'S DISEASE. BEHAVIORAL AND HISTOLOGICAL 
EVIDENCE. M.C. Obinu, M. Reibaud, V. Blanchard, M. Karobath*, S. 
Moussaoui and A. Imperato. RHONE-POULENC RORER, Centre de 
Recherche de Vitry-Alfortville, 13 quai Jules Guesde, Vitry sur Seine, France, 
94403.

Riluzole (Ri!utek®), a Na+ channel blocker with preferential activity for the 
inactivated state of the channel, is the only neuroprotective drug approved for 
the treatment of Amyotrophic Lateral Sclerosis since it prolonges survival of 
patients. In addition, Riluzole has neuroprotective action in preclinical models 
of ischemia, trauma and Huntington disease. Moreover, Riluzole rescues 
striatal dopamine in models of Parkinson’s disease in rats and in mice after 6- 
OHDA and MPTP, respectively (Barnéoud et al., 1996; Boireau et al., 1994).

The aim of the present study was to evaluate the effect of Riluzole in the 
MPTP model in marmosets. Two injections of MPTP (2 mg/kg s.c., at an 
interval of β days) induced a progressive behavioral impairment characterized 
by hypo/bradykinesia, rigidity, a flexed posture, loss of vocalisation and 
tremor. We have also observed a massive destruction of nigrostriatal 
dopaminergic neurons as demonstrated both by immunohistochemistry of 
tyrosine hydroxylase (TH) (60% loss of TH-immunostained striatal nerve 
fibers/terminals and nigral cell bodies) and by histology of Nissl-staining (60% 
decrease in the number of nigral cell bodies). Riluzole, given orally for 4 weeks 
(10 mg/kg, twice a day, starting from the first day of MPTP injection), was able to 
improve both the neurological score and the locomotor activity in parkinsonian 
marmosets. Moreover, Riluzole protected not only dopaminergic nerve 
fibers/terminals within the caudate nucleus (+108%), but also dopaminergic 
neuronal cell bodies of the substantia nigra pars compacta (+50 to + 214% 
depending on the examined levels). Thus Riluzole which has no acute 
symptomatic effect in parkinsonian marmosets can prevent the degeneration 
of dopaminergic neurons induced by MPTP. These results suggest that 
Riluzole could modify disease progression in Parkinson’s disease.

574.14

ATTENUATION OF OXIDATIVE DAMAGE TO DNA BY TAURINE. & 
Messina and R. Dawson. Jr*. Dept. o f Pharmacodyanmics, Coll, o f Pharmacy, 
Univ, of Florida; Gainesville, FL 32610.

Taurine (2-aminoethane sulfonic acid) is present in high concentrations in 
the CNS and has been postulated to act as an endogenous antioxidant. The 
aim of the present investigation was to test the hypothesis that taurine could 
inhibit metal-stimulated catecholamine oxidation and subsequent oxidative 
damage to DNA bases. Dose-response and structure activity studies (N=6 
replications) were performed by exposing calf thymus DNA (100 µg/tube) 
to a Fenton type reaction (Ferric chloride, 60 µM; H2O2,  2.8 mM; L-DOPA, 
100 µM). Oxidative damage to DNA was measured by HPLC separation 
and electrochemical detection of hydroxylated bases (5-OH-cytosine, 5- 
OH-uracil, 8-OH-guanine & 8-OH-adenine). At high taurine concentrations 
(2OmM), the rank order of protection o f the bases was: 5-OH-uracil>8-OH- 
adenine>8-OH-guanine»5-OH-cytosine. Taurine (10 mM) significantly 
(p<0.05) inhibited the formation o f 8-OH-adenine and 5-OH-uracil 
formation was also inhibited by concentrations as low as 1 mM. Taurine 
(10-20mM) improved DNA recovery, suggesting a reduction in strand 
breaks. Taurine analogues with substitutions at the amino and sulfonic acid 
functional groups were tested along with a one carbon chain length 
extension. It was determined that both the amino and sulfonic acid groups 
contributed to the antioxidant properties of taurine. These studies suggest 
that taurine at physiological concentrations may function as an endogenous 
protectant of DNA in CNS regions associated with catecholamine oxidation 
and metabolism.
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574.15
t-THP: A POTENTIAL VISUAL MARKER FOR SUBSTRATES OF MPTP- 
INDUCED NEUROTOXICITY THAT IS NOT A DOPAMINERGIC 
NEUROTOXIN. B.G. Klein*, P. Jones, K.T. Fuhrman, and J.R. Bloomquist. 
Dept. of Biomedical Sciences and Pathobiology, and Dept. of Entomology, 
Virginia Tech, Blacksburg, VA 24061.

Many questions remain regarding mechanisms of MPTP-induced Parkinsonism. 
Better visualization of cells involved in the bioconversion and uptake of 
neurotoxic MPTP metabolites would greatly facilitate identification of cellular 
characteristics underlying this tetrahydropyridine-induced syndrome. The MPTP 
analog, t r a n s -1 -methyl-4-[4-dimethylaminophenylethenyl]-1,2,3,6-tetrahydro-
pyridine (t-THP), is a better substrate for MAO-B than MAO-A and can undergo 
MAO-mediated conversion to a pyridinium species that is highly fluorescent. We 
have previously demonstrated that t-THP can induce MAO-mediated fluorescence 
in mouse striatal synaptosomes and that its pyridinium metabolite, like MPTP, 
can interfere with the uptake and release of dopamine from these synaptosomes. 
To further explore the utility of this compound as a visual probe for substrates of 
MPTP toxicity, we used HPLC-ED to examine whether systemic t-THP induces 
dopaminergic neurotoxicity in the striatum of C57BL6 mice. IP saline was used 
as the vehicle control (n=10) and an IP dose of 50 mg/kg MPTP was used as a 
positive control (n=11). The remaining two groups were given either 50 mg/kg t~ 

THP (n=9) or 80 mg/kg t-THP (n=10), which is the molar equivalent of a 50 
mg/kg dose of MPTP. Both striata were removed and processed for HPLC after 7 
days and values were expressed as ng/striatal wet weight. One-way ANOVA 
revealed a significant (p=.0001) 72.8% decrease in mean striatal dopamine 
concentration in the MPTP group, relative to the vehicle control, while neither t- 
THP-injected group differed from the vehicle control. These data suggest that t -  

THP could be a useful visual marker for revealing characteristics of neurons or glia 
involved in MPTP neurotoxicity, without actually damaging those cells of 
interest. Thanks to Dr. Neal Castagnoli, Jr. for the t-THP. Support: Targeted 
Research Grant from the VA-MD Regional College of Veterinary Medicine.

574.17

NEUROPROTECTIVE EFFECT OF INTRANIGRAL INJECTIONS OF GLIAL DERIVED 
NEUROTROPHIC FACTOR (GDNF) ON MPTP-INDUCED PARKINSONISM IN MONKEYS 
T Subramanian*, T Wichmann, GW Hubert, RL Watts, Emory Univ. Sch. of Med., Atlanta,
GA, U.S.A

Intranigral injections of GDNF have been shown to produce behavioral recovery in monkey 
and rodent models of Parkinson's disease (PD). The current experiments sought to test the 
hypothesis that GDNF may also protect dopaminergic (DA) cells in the SN in primate models 
of parkinsonism.

In two rhesus monkeys the SN were mapped bilaterally using a combined 
injection/recording system. Using a microcannula containing a platinum-iridium wire electrode 
a total of 300µg of GDNF in 9µl of saline was injected in 6 equal portions into the SN while 

the opposite SN in the same animal received 9µl of saline alone. The SN that received 

GDNF in each animal was randomly chosen. Over the next 15 days, both animals received 3 
intravenous injections of 0.5 mg/Kg of MPTP. During and after the MPTP injections the 
severity of the parkinsonian signs was assessed repeatedly by an experienced clinical rater 
who was blinded to the side of GDNF treatment, using a modified Unified Parkinsons 
Disability Rating Scale (UPDRS).

Both animals developed severe bilateral but asymmetric parkinsonism. Average side- 
specific UPDRS subscores in the post-MPTP state for both animals was 32% higher 
contralateral to the SN into which saline had been injected. Histological examination of the 
brain 2 and 3 months after MPTP injections revealed electrode tracts accurately placed in the 
SN. Immunohistochemistry revealed bilateral severe loss of tyrosine hydroxylase 
immunoreactive (TH-ir) fibers in the striatum and loss of TH-ir cells in both nigra. However, 
qualitatively there appeared to be more TH-ir cells on the side treated with GDNF. 
Quantitative stereology of the TH-ir cells in the nigra is underway. We conclude that 
intranigral pretreatment with GDNF in primates partially protects them from MPTP-induced 
parkinsonism.
This study was supported in part by the Emory University Research Committee, American 
Parkinsons Disease Association and Amgen, Inc.

574.19

MPTP-INDUCED CHANGES IN IRON METABOLISM AND HO-1 LEVELS IN 
CULTURED ASTROCYTES. A.Stadlin* and C.K.Fu. Dept of Anatomy, Chinese 
University of Hong Kong, Shatin, N.T. Hong Kong.

Evidence suggests that redox-active iron promotes the conversion of hydrogen 
peroxide to hydroxyl radical and may therefore contribute to oxidative stress- 
mediated Parkinsonism. Astrocytes was shown to participate in the stress-related 
dysregulalion of neuroglia iron metabolism (Wang et al., J Neurochem.,64:1868, 
1995) thus suggesting an important role for astrocytes in the pathogenesis of 
Parkinson’s Disease (PD). The present study aims to examine the change in iron 
metabolism in cultured astrocytes after MPTP treatment. Astrocytes were cultured 
from neonatal C57BL/6 mice brains. Cells were obtained from the ventral 
mesencephalon, striatum and cortex in order to examine regional differences. 
Astrocytes were treated with 500 µM MPTP for 72 hrs and examined at different 
time intervals. Results showed that in mesencephalic astrocytes, there was a rapid 
increase in ferric iron (Fe3+) from ferrous iron (Fe2+) from 12 hr onwards, the order of 
Fe3+ increase was mesencephalĩOstriatal >cortical astrocytes. By 72 hr treatment, the 
Fe2/ Fe3+ ratio reached 1.5 from an initial value of 5.0 at 0 hr in mesencephalic 
astrocytes. For striatal and cortical astrocytes, this ratio decreased from 5.4 to 2.3 and 
5.0 to 3.7 respectively. There was also a 2.5 fold transient increase in ferritin protein 
levels at 8 and 12 hr post-treatment in mesencephalic astrocytes suggesting that the 
increase of Fe3+ was released from ferritin. A biphasic increase in ferritin levels was 
also observed in striatal astrocytes with minimal increase observed in cortical 
astrocytes. Protein expression of heme oxygenase-1, the inducible stress protein, 
showed that there was a maximum 6 fold increase in mesencephalic astrocytes at 48 
hr treatment. Striatal and cortical astrocytes showed a transient increase during 8 to 
48 hr reaching a maximum of 5 and 4 fold of control levels respectively. The rapid 
activation of iron handling system in mesencephalic astrocytes and to a lesser extent, 
striatal astrocytes, may render the dopaminergic neurons more vulnerable to oxidative 
damage in the pathogenesis of PD.

574.16
PROTEINS INVOLVED IN THE REGULATION OF INTRACELLULAR IRON (H- 
AND L-FERRITIN, IRON REGULATORY PROTEIN) IN THE MESENCEPHALON 
OF PATIENTS WITH PARKINSON’S DISEASE. B.A. Faucheux,1 * M.E. Martin,2 
C. Beaumont,2 J.J. Hauw,3 Y. Agid,1 and E.C. Hirsch1. 1INSERM U.289, Hôpital de la 
Salpêtrière, 2INSERM U.409, Faculté Médecine X. Bichat, 3INSERM U.360, Hôpital de 
la Salpêtrière, Paris, France.

In Parkinson’s disease (PD), the degeneration of nigral dopaminergic neurons is 
believed to be associated with free iron-induced oxidative stress. Iron catalyzes the 
formation of cytotoxic hydroxyl radicals and measurements performed at the regional 
and cellular levels show that iron accumulates in the substantia nigra pars compacta 
(SNpc) of PD cases as compared to controls. Ferritin (Ft) is a major protein for 
intracellular control of free iron concentration and its expression is regulated by iron 
regulatory proteins (IRPs) blocking Ft-mRNA translation. We have investigated the 
concentrations of H- and L-subunits of Ft (using ELISA with subunit specific 
antibodies) and the binding activity of IRPs to iron responsive elements (IRE) of Ft- 
mRNA (using gel retardation essay) in four mesencephalic regions of 6 patients with 
PD and 10 matched controls. Slight variations in Ft subunit concentrations were 
observed between the anatomical regions, with maximum amounts of H-Ft in SNpc 
(p<0.001) and of L-Ft in SNpc (p<0.001) and ventral tegmental area (p<0.001). The 
concentrations of L-Ft subunit were slightly increased in the ventral tegmental area 
(+50%, p<0.05) and SNpc (+22%, p<0.05) in PD patients while those of H-Ft subunit 
and binding activities of IRPs to IRE were very similar in all studied regions of the PD 
patients and controls. These data show that in tissue homogenates IRE dependent 
mediator of cellular iron homeostasis and concentrations of H-Ft and L-Ft subunits do 
not compensate for the increase in iron content reported in the SNpc of PD patients, 
suggesting a possible global dysregulalion and subtle cellular changes in vulnerable 
neurons. [Supported in part by INSERM, Association Claude Bernard, and National 
Parkinson Foundation (Miami, Florida)]

574.18
ANTI-PARKINSONIAN POTENTIAL OF CONANTOKINS. A.C 
Adams2*, R.T. Layer1, J.S. Nielsen1, L.M. Zhou1, R.T. McCabe1, and K.A. 
Keefe2, 1Cognetix, Inc., Salt Lake City, UT; 2Dept. of Pharmacology and 
Toxicology, Univ, of Utah, Salt Lake City, UT 84112.

Behavioral data from 6-hydroxydopamine (6-OHDA)-treated rodents 
indicate that NMDA receptor antagonists potentiate contralateral 
rotation induced by L-Dopa, an index for the anti-Parkinsonian potential 
of a compound. Conantokins are a novel class of peptides from C o n u s ,  

snails that are NMDA receptor antagonists. This study examined the 
effects of Conantokin-G (Con-G) and Conantokin T(G) (Con-T(G)) on L- 
Dopa-induced contralateral rotation in 6-OHDA-treated rats.

Male Sprague-Dawley rats received unilateral infusions of 6-OHDA (8 
µg/2 µL) into the medial forebrain bundle and guide cannulae were 
implanted above the right lateral ventricle. Rats were screened with 
apomorphine (0.05 mg/kg, s.c.) 2.5 weeks later. Four days later, Con-G or 
Con-T(G) (2 µL) was infused into the lateral ventricle. Benserazide (25 
mg/kg, i.p.) was given 15 min before and L-Dopa (4 mg/kg, i.p.) 15 min 
after the i.c.v. infusion. Rats receiving conantokin alone were given 
systemic injections of vehicle solution. Contralateral rotations were 
recorded for two hr following the injection of L-dopa or vehicle.
Con-G (0.2 - 1 nmol) potentiated L-Dopa-induced rotations in a dose- 

dependent manner, increasing the peak rate of rotation and prolonging the 
duration of the response. The effect was significant at the 1 nmol dose. 
Con-G (1 nmol) was also able to induce contralateral rotation when 
administered alone. Although not statistically significant, Con-T(G) 
(10nmol) also increased the rate of rotation to L-Dopa. The data suggest 
that conantokins may be useful in the treatment of Parkinson's disease. 
(Supported by Cognetix, Inc. and NS 35579).

574.20
MICROGLIA MEDIATED DOPAMINERGIC CELL DEATH IN THE 
SUBSTANTIA NIGRA: A NEW ANIMAL MODEL FOR PARKINSON’S 
DISEASE. G. Y. Bing*1, X. Lu1, N. Y. Zheng1, L.Jin1, C.A. Stewart1, R. A. Flovd1, 
and H. C. Kim2. 1Free Radical Biology and Aging Research Program, Oklahoma 
Medical Research Foundation, Oklahoma City, OK 73014, and 2Kangwon National 
University, College of Pharmacy, Chunchon 200- 701, Korea

An accumulating body of evidence indicates that inflammatory processes may 
play an important role in neurodegenerative diseases such as Alzheimer and 
Parkinson’s diseases (PD) and amyotrophic lateral sclerosis. Microglial activation 
is a common feature. We have injected lipopolysaccharide (LPS) into the 
substantia nigra pars compacta (SNpc) to induce local inflammatory changes and 
have observed dopaminergic neuronal loss. Using Nissl staining, 
immunocytochemistry, RNA protection assay, electron microscopy and DNA 
fragmentation detection, we have found that LPS produced marked microglial 
activation and a dose dependent cell loss in the SNpc. Neuronal cell loss in the 
SNpc is mediated by apoptosis. LPS induced up-regulation of the mRNA of the 
inflammatory cytokines (IL1, IL6, and TNFα), as well as activation of NFkB 
detected by nuclear translocation, and increased expression of the apoptosis-related 
genes (Fas, Caspasel, 2, and 3) in the SNpc. SNpc dopaminergic neurons are more 
susceptible to LPS toxicity than the cells in the adjacent ventral tegmental area. 
LPS-lesioned rats showed apomorphine and amphetamine induced rotational 
behavior similar to PD animal model induced by 6-OHDA injections. The LPS 
induced animal model for PD is a excellent tool to investigate the etiology, 
elucidate the inflammatory mechanisms of PD, and discover the therapeutics for the 
PD. Supported by grant from NIH, NS35747.
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575.1
PALLIDAL D1 DOPAMINE RECEPTOR EXPRESSION IS 
UNCHANGED IN PARKINSON’S DISEASE. M.J. Hurley, Q. 
Ouvang, M- Basile*, D.C. Mash and P.G. Jenner1. Neurology 
Dept., University of Miami School of Medicine, Miami, Florida 
33136, U.S.A. and 1Neurodegenerative Disease Research Centre, 
King’s College, London SW3 6LX, U.K.

Changes in dopamine receptor expression within the basal ganglia 
may contribute to the dyskinesias that are associated with chronic L- 
DOPA therapy of Parkinson’s disease. The level of D1 dopamine 
receptor mRNA in the internal and external segments of the globus 
pallidus was examined by reverse-transcription polymerase chain 
reaction in post-mortem brain tissue taken from patients dying with 
Parkinson’s disease and age-matched, neurological disease-free, 
control subjects. All the Parkinson’s disease patients had been 
receiving treatment with indirect or direct acting dopaminergic 
agonists at the time of death. The level of D1 receptor expression 
was compared to that of constitutively expressed ‘housekeeping’ 
genes (actin and cyclophilin), that are not altered in Parkinson’s 
disease, to enable the relative abundance of D1 receptor to be 
calculated in each sample. The level of D1 receptor mRNA was 
found to be unaltered in both the internal and external segments of 
the globus pallidus. These results indicate that alterations in the level 
of D1 receptor expression in the globus pallidus are not responsible 
for the dyskinesias associated with chronic L-DOPA treatment of 
Parkinson’s disease.
Supported by the National Parkinson Foundation, Inc. Miami, FL.

575.2
C A T E C H O L A M IN E  (C A ) A N D  T E T R A H Y D R O B IO P T E R IN  (B H 4) 
M E T A B O L IS M  IN  K A IN IC  A C ID -IN D U C E D  A P O P T O T IC  D E A T H  
O F S U B S T A N T IA  N IG R A L  N E U R O N S . J .A . F o ste r* 1, L . B e z in 1, P.L. 
C h ristop herson 1, R .B . S te a m 1, and R .A . L e v in e 1,2,3,4. 1G o ssett N eu ro lo g y  
L abs, H enry Ford H o sp ita l;2 D e p t. o f  P sych iatry , & 3D ept. o f  Pharm. 
S cien ce s , W ayn e State U n iv ., & 4D etroit V A M C , D etroit, M I.

P ark inson ’s d ise a se  (P D ) is characterized  by p ro g ressiv e  death o f  
d opam in e (D A ) neurons in the substantia n igra (S N ), w h ich  can occur by  
ap optosis. Striatal e x c ito to x ic  le s io n  d estroys neurons orig in ating  in the 
striatum  and spares the term inals o f  S N  D A  neurons. T h ese  ce lls  d ie  
later by an unknow n m ech an ism , w h ich  m ay m od el apoptosis seen  in 
P D . Striatal K A  ind u ces short-term  a ctiv it ie s  o f  striatal tyrosine  
h ydroxy lase  (T H ) and G T P c y c lo h y d ro la se , the in itia l en zy m e in B H 4 
b io sy n th esis . W e h y p o th e siz e  that C A  or B H 4 m eta b o lism  contributes to 
apoptotic death o f  n igrostriatal D A  neurons during lo ss  o f  support from  

striatal target c e lls  (i.e . n o n -D A  neurons). K ain ic acid  (2  µ g) w as  
in jected  into the left striatum  o f  m ale Sprague D a w le y  rats. In  s i tu  end  
labe lin g  o f  tissu e  sec tio n s revea led  ap optotic nigral neurons as early as 1 
w eek  p o st-le s io n . A  25-30%  decrease  in T H -p o s itiv e  D A  neurons w as  
o b served  in the ipsilateral S N  5 m onths p o st-le s io n . T h e se  data su ggest  
that rem oval o f  n igrostriatal D A  target c e lls  by k ain ic  acid  cau ses  
p ro g ressiv e  death o f  nigral D A  neurons by a p op tosis . E xperim ents are 
underw ay to d eterm ine i f  apoptotic death  o f  nigrostriatal D A  neurons  
can b e  prevented  by se le c tiv e  inh ib ition  o f  C A  or B H 4 m etab o lism .

575.3
TETRAHYDROBIOPTERIN IN DOPA-RESPONSIVE DYSTONIA : TETRA- 
HYDROBIOPTERIN IS AN IMPORTANT FACTOR FOR REGULATING THE 
PROTEIN A M OUNT OF TYROSINE HYDROXYLASE IN THE CELL. H. Ichinose, 
T. Ohye, T. Suzuki, H. Inagaki, H. Sawada, K. N ish ii, and T. Nagatsu*. Inst. for 
Comprehensive Med. Sci., Fujita Health Univ., Toyoake, Aichi 470-1192, Japan.

We demonstrated that dopa-responsive dystonia (DRD; hereditary progressive 
dystonia with marked diurnal fluctuation) is caused by genetic defect o f the GTP 
cyclohydrolase I (GCH) gene, which is a rate-limiting enzyme for the synthesis of 
tetrahydrobiopterin (BH4). W e measured the GCH activity in mononuclear blood cells 
after stimulation with PHA, and found that DRD patients had a decreasedactivity to less 
than 20% o f normal values, although one normal GCH allele is still present in the 
patients. The mechanism was unknown how the GCH activity was decreased.

In this study, we performed a Western blot analysis with anti-GCH antibody in cell 
lysates o f PHA-stimulated mononuclear blood cells. All DRD patients examined, 
including those who carries point mutation or unknown mutation, showed a markedly 
reduced GCH protein. This suggested that dominant-negative effect o f the chimerical 
protein consisting o f  wild and mutated subunits would not be a reason for the decreased 
activity. Next, we produced transgenic m ice carrying human GCH cDNA under the 
control o f a phosphoglycerate kinase (PGK) promoter to investigate the effects o f altered 
concentration o f  BH4 in the cells. In the mice, human GCH was expressed in almost all 
cells, but expression o f  endogenous m ouse GCH was suppressed probably due to the 
uncontrolled expression o f  human GCH. The GCH activity in the adrenal gland was 
slightly decreased because o f  the reduced mouse GCH activity, and the in v i t ro  tyrosine 
hydroxylase activity in the adrenal showed a parallel decrease to the GCH activity. This 
suggested that protein amount o f tyrosine hydroxylase is dependent on the concentration 
o f BH4 in the cell.

575.4
NADH INCREASES DOPAM INERGIC ACTIVITY IN NIGROSTRIATAL  
NEURONS: IMPLICATIONS FOR PAR KINSO N’S DISEASE. M .D .A ntion, 
S.M. Pearl*. G.D. Stanwood, J.D. Jaumotte, G. Kapatos* and M.J, Zigm ond. 
#Dept. o f  Psychiatry & Behavioral Neurosciences, Wayne State University and 
Dept, o f  Neurology, University o f  Pittsburgh, Pittsburgh, PA 15213.

One approach to the treatment o f Parkinson’s D isease (PD) might be to increase 
the rate o f D A  synthesis and release within the surviving neurons o f the 
nigrostriatal projection. D A  synthesis is dependent upon tetrahydrobiopterin 
(BFLt), a cofactor for tyrosine hydroxylase; BH4, in turn, requires nicotinamide 
adenine dinucleotide (NADH). Thus, NAD H  might serve to stimulate DA  
synthesis by increasing the availability o f BH4. Indeed there have been several 
reports that NADH supplements can reduce the neurological symptoms o f  PD. In 
the present study we have used adult male rats to exam ine D A  synthesis, release 
and reuptake follow ing NADH. NAD H  (350 and 700 µM) potentiated endogenous 
D A  overflow in striatal slices follow ing KCl (25 mM) stimulation (~66%  and 
-20%  above KCl stimulation, respectively), an effect which appears to persist in 6- 
O H DA-lesioned striatum. NADH (100 mg/kg, s.c.) also slightly increased 
substantia nigra tissue levels o f  D A  and DO PA (follow ing 100 mg/kg, i.p. NSD - 
1015, an inhibitor o f DOPA decarboxylation). Preliminary studies suggest that 
N AD H  also increases BH4 in striatal tissue and in the superfusate o f striatal slices. 
In contrast, NAD H  (0 .35 -2  mM) had no effect on [3H ]DA uptake into striatal 
synaptosomes, suggesting that the increased D A  overflow observed in slices is due 
to enhanced release rather than decreased reuptake. Collectively, these data 
suggest that NADH can increase the synthesis and release o f  D A  from nigrostriatal 
D A  neurons. Further studies will be required to determine if  NAD H  can reduce 
the deficits produced by degeneration o f  dopam ine neurons. [Supported by the 
American Parkinson Disease Association, and NIH (M H18903 and NS 19608)].

575.5
THE EFFECTS OF A G E  O N  A M O U SE  M O D E L  OF P A R K IN S O N ’S D ISE A SE . 
J.A. C ook 1* , S .L. Stoddard3, G.J. M erkel2 and S.W . Carmichael4 D epts. o f  A natom y1 
and M icrob io logy2, Indiana U n iv . Sch. o f  M edicine, Ft. W ayne, IN  4 6 8 0 5 , and M ayo  
M edical V entures3 and D ept. o f  A natom y4, M ayo C linic/Foundation , R ochester, M N  
55905 .

W e have reported that adrenal m edullary catecholam ines are severely  depleted in 
Parkinsonian patients', but w ere unable to observe a sim ilar effec t o f  /V-m ethyl-4- 
p henyl-l,2 ,3 ,6-tetrahydropyrid ine (M PTP), w h ich  produces an anim al m odel o f  
Parkinson’s d isease by depleting striatal dopam ine (D A ), on the m ouse adrenal gland. 
Since age has been  reported to affect the severity o f  M PT P-induced D A  depletion in 
the striatum2, w e hypothesized  that age m ay have sim ilar effec ts  on  the response o f  
the adrenal m edulla to M PTP. In the present study, young m ice (8-12  wk; n = 13) and 
old  m ice (32-38  wk; n = 28) w ere injected i.p. w ith either saline (n = 22) or M PTP (20  
m g/kg; 3 .0  m g/m l; n = 29) at 0, 4 , 8, and 24 hours, and sacrificed  4 w k  later. Adrenal 
catecholam ines and striatal D A  w ere quantitated b y H PLC -EC . Data w ere analyzed  
using a 2-factor A N O V A . M PTP significantly decreased D A  in the striatum in both 
young and old m ice (p < 0 .001). A  significant effec t o f  age w as found for adrenal D A  
(p < 0 .01), together w ith a significant age by drug interaction (p < 0 .05), indicating that 
M PTP reduced the h igh  leve ls o f  adrenal D A  in 
young m ice but did not affect the low  leve ls  o f  
adrenal D A  seen  in old m ice. These data suggest 
that age m ay be a factor in decreasing adrenal 
m edullary catecholam ines, w h ich  m ay be  
exacerbated by d iseases such as Parkinson’s.
1Stoddard eta l., Exp. N eurol. 1 0 4 :2 1 8 -2 2 2 ,1 9 8 9 .
2D ate et al., Brain R es. 5 1 9 :2 66-276 , 1990.
Supported by M ayo Foundation for M edical 
Education and Research.

575.6

GRADED LESIONS OF NIGROSTRIATAL DOPAMINE NEURONS 
FOR STUDY OF COMPENSATORY MECHANISMS. B.P.
NAFZIGER. T.A. WEIRICK, K.J. MASSA, B.P. BERGSTROM, Q. WU,
K.D. GARRIS AND P.A. GARRIS*. Dept. of Biological Sciences,
Illinois State Univ, Normal, IL 61790.
The nigrostriatal dopamine (DA) system exhibits a marked capacity to 

compensate for substantial losses of DA neurons. To further 
investigate these compensatory mechanisms, we developed 
procedures to lesion nigrostriatal DA neurons in a graded pattern. DA 
neurons in adult male rats were lesioned by stereotaxic microinjection 
of 6-hydroxydopamine (6-OHDA) and the degree of lesion was 
determined by analysis of striatal DA content using HPLC-EC.
Injection of 6-OHDA (8 to 16 µg) into the lateral edge of the substantia 
nigra resulted in a mediolateral gradient of DA content in the striatum. 
The lateral region was lesioned to the greatest degree and the medial 
region to the least degree. A lateromedial gradient of striatal DA was 
produced by injecting 6-OHDA (24 µg) into the ventral tegmental area. 
Concentrations of extracellular DA, measured by voltammetric 
microsensors, were also determined in the striatum after graded 
lesions. There was an excellent correlation between tissue content 
and extracellular levels of DA. These results indicate that graded 
lesions of nigrostriatal DA neurons are reproducibly obtained by 
judicious placement of 6-OHDA injections. One important advantage 
of this approach is that a wide range of lesions is available in a single 
animal for study of compensatory mechanisms. Supported by NS 
35298 and AHA 97-GB-09.

S ociety for N euroscience, V olume 2 4 , 1 9 9 8
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575.7
PHOSPHOLIPID METHYLATION IN PARKINSON’S DISEASE AND AS A 
MECHANISM OF ACTION FOR MPP+. E.Y. Lee* and C. G. Charlton. College of 
Pharmacy and Pharmaceutical Sciences, Florida A&M Univ.; Tallahassee, FL 32307.

Parkinson’s Disease (PD) is marked by the degeneration of dopamine (DA) neurons 
in the substantia nigra (SN), deficiency of DA in the neostriatal DA terminals and a 
disinhibition of striatal cholinergic activity. PD is an age-related disorder, implying 
that methylation which increases with aging may be involved. CNS administration of 
S-adenosyl methionine (SAM), the endogenous methyl donor, causes PD-like 

symptoms and biochemical changes. Neurodegeneration in PD may be explained by 
cell membrane perturbation via the methylation of phosphatidylethanolamine (PTE) 
to produce phosphatidylcholine (PTC) and the hydrolysis of PTC to form lyso-PTC. 
Lyso-PTC has detergent-like cytotoxic effects. PTC and lyso-PTC also generate 
choline, which may increase acetylcholine activity in PD. Since 1-Methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP) and its metabolite, 1-methyl-4-phenylpyridium 
(MPP+) cause PD symptoms, MPTP and MPP+ effects on our phosphalipid (PL) 
hypermethylation hypothesis, using radioenzymatic assays, TLC and HPLC. The 
results show that SAM dose-dependently increases the formation of PTC and lyso- 
PTC in both brain and liver membranes and that MPP+ potentiates the SAM-induced 
effects. In the brain, 10, 30, 60 and 100 nmol of SAM produce 46, 67.5, 124.2 and 
224.6 fmol of PTC/mg protein/hr and 6.7, 15.4, 30.4 and 55.3 fmol/mg/hr of lyso- 
PTC above basal levels. A 0.77 and a 1.54 mM cone, of MPP+ increase the SAM- 
induced PTC production by 28.1 and 80.5%, respectively. In the liver MPP+ (3 mM) 
increased the Vmax from a basal (SAM) level of 198 pmol to 310 pmol, and the 
affinity of phosphatidyl-N-methyltransferases for SAM from 135 to 98 uM. The 
effects of MPTP was blocked by deprenyl. These results show that SAM and MPP+ 
have parallel effects. Thus SAM-induced hypermethylation could be involved in the 
etiology of PD and increased PL methylation could be one of the mechanisms by 
which MPP+ causes parkinsonism. Supported by NIH NS 28432.

575.9
OPPOSING EFFECTS OF GLIA ON MPTP AND MPP+-INDUCED 
TOXICITY IN A CELL UNE EXPRESSING DAT. S.E. Stephans1*, G .W. 
Miller1, A.I. L evey1,2, & J.T. Greenamvre1,2. Departments o f Neurology1 
and Pharmacology , Emory University, Atlanta, GA 30322.

The toxicity produced by 1 -methy 1-4-phenyl-1,2,3,6- 
tetrahydropyridine (MPTP) is well characterized in vivo. MPTP must be 
converted via monoamine oxidase B to 1-methyl-4-phenylpyridinium  
(M PP+) for it to kill dopaminergic (DA) cells. The conversion of MPTP 
to MPP+ is hypothesized to occur within glia, but this has not been shown 
directly. Further, it is not known if glia modulate MPTP toxicity beyond 
the putative conversion to MPP+. A stable neuroblastoma cell line 
transfected with the dopamine transporter (DAT), and previously shown 
to be susceptible to the toxic effects o f MPP+, was used to examine the 
toxic effects o f MPTP and MPP+ in the absence and presence of glia. 
Delayed cell death was assessed over time by following intercalation o f  
ethidium homodimer into the DNA of dead cells with a fluorescent plate 
reader. MPTP (500 µM) produced significant death o f DAT-transfected 
cells only when they were co-cultured with glia, but did not kill glia or 
DAT-transfected cells plated alone. This toxicity was attenuated 
significantly by pretreatment with the dopamine uptake blocker GBR- 
12935. To understand the effects o f  glia on DAT cells subsequent to the 
conversion of MPTP to MPP+, MPP was applied directly to DAT cells 
cultured with and without glia. At 36 - 50 hours after beginning MPP* 
exposure (10 µM), there was significant death o f DAT cells plated alone 
(240% o f control at 50 hrs). However, in the presence o f glia, MPP+- 
induced death o f DAT-transfected cells was attenuated by almost 75%. We 
conclude: (i) there is an absolute requirement for glia in MPTP toxicity to 
DA neurons, (ii) MPP+ released from glia enters DA neurons via the DAT, 
and (Hi) glia may increase the antioxidant capacity o f adjacent DAT- 
transfected cells to decrease their susceptibility to MPP+. (Supported by 
NRSA grant N S10632)

575.11
THE EFFECT OF MANGANESE ON DOPAMINE RELEASE AND HYDROXYL 
RADICAL FORMATION IN THE STRIATUM OF RAT. R-M.Wu*, J-W. Guo. 
Dept. of Neurology, National Taiwan Univ. Hospital, Taipei, Taiwan.

Manganese(Mn) has been recognized as a neurotoxic agent causing psychiatric 
and extrapyramidal syndrome akin to Parkinson's disease after chronic exposure in 
industry and mining. Both humans and animal studied revealed that chronic Mn 
intoxication produced neuropathological changes in the basal gagnlia. Also, 
intracranial administration of Mn into rat striatum produced selective basal ganglia 
pathology that is very similar to that observed after chronic systemic exposure. The 
mechanism by which Mn caused cell damage is uncertain. Cytotoxic free radical 
formation induced by Mn2+-catalized autoxication of catecholamine has been 
suggested. In this study, we investigated the effect of MnCL2 on dopamine releasing 
and formation of hydroxyl radical after intrastriatal administration of MnCl2 in vivo.

Intrastriatal microdialysis brain perfusion and salicylate acid were used to study 
the effect of MnCl2 on the release of dopamine(DA) and the 2,3-dehydroxylbenzoic 
acid level (2,3-DHBA) in extracellular fluid elicited by intrastriatal administration of 
MnCl2(0.03-3mmol). A paired experimental design was adapted. After a 60 min 
washout of the microdialysis probe in the striatum with Ringer, MnCl2(0.002,0.02 & 
0.2M, 1 ul/min) was infused into the striatum of anesthetized rats for 15 min; 
salicylate was infused thereafter for 60 min to trap hydroxyl radicals reflected by 2,3- 
DHBA. Brain dialysate was collected every 15 min and assayed for DA and its 
metabolites and 2,3-DHBA by an HPLC-EC procedure.

Intrastriatal administration of MnCL2 (3.0 & 0.3 umol) significantly increase 
extracellular level of DA and its turnover, but no change of 2,3-DHBA over that of 
control baseline (p<0.05, n=5). These findings suggested that the overflow of
dopamine induced by Mn was not related to the OH radical formation in the striatum, 
at acute stage. The underlying neurotoxic mechanism of Mn in the basal ganglia may 
not be related to the free radical formation.

575.8

ANALYSIS OF ZINC IN STRIATUM  A FTER  1-M ETHYL-4- 
PHENYLPYRIDINIUM  ADM INISTRATION. P. Rojas 1* , C. Rojas2, 
J. C. Rojas2, R. M. Viαueras2, 3 and C. Rios1. N ational Institute of 
Neurology and Neurosurgery, Av. Insurgentes Sur 3877, México 
City 14269; 2National Institute of Pediatrics, Av. Insurgentes Sur 
3700, México City 04530; 3National Autonomous University of 
México, México City.

1-methyl-4-phenylpyridinium ion (M PP+) is the toxic agent of 1- 
m ethyl-4-phenyl-1,2,3,6-tetrahydropyridine (M P TP ), a 
parkinsonism-inducing drug. Oxidative stress, resulting from 
excess generation of free radicals, has been proposed to play a 
role in damaging striatal neurons in M PTP/M PP+ neurotoxicity. 
The protective effect of zinc (Zn) has been shown to be due to its 
ability to trap free radicals. The purpose of this study was to 
analyze the Zn content of corpus striatum by histochemistry after 
MPP+ administration. Adult male NIH mice (25-30 g) were injected 
with MPP+ (18 µg) into right lateral ventricle, and they were killed 
by decapitation 2 h, 24 h, and 7 days later. Zn content of corpus 
striatum was analyzed by Timm’s method. M PP+ reduced Zn 
content 34%, 28%  and 32%  at 2h, 24h and 7 days respectively. 
Our results suggest that M PP+ causes reduction of Zn content. 
Deficiency of this metal causes oxidative damage by accumulation 
of prooxidants. It is, therefore important to study further the role of 
Zn in this model of Parkinson’s disease.
Supported in part by CONACyT grant 0044P-M 9506.

575.10
DOPAMINE-DERIVED TETRAHYDROPAPAVEROLINE; ITS 
ENANTIO-SPECIFIC OCCURRENCE IN HUMAN BRAIN AND 
INDUCTION OF APOPTOSIS C. Minami1*, W. Maruyama2, M . 
Naoi3 , K. Sango1, M. Kawai1, and K. Matsubara4 1Dept. Appl. Chem., 
NIT, Nagoya, 2National Inst. Longevity Sci., Obu, 3Dept. Brain Sci., 
Inst. Appl. Biochem., Gifu, 4Deρt. Pharm. Asahikawa Med. Coll. 
Asahikawa, Japan

Tetrahydropapaveroline (THP) is synthesized from dopamine (DA) as an 
oxidation product by monoamine oxidase (MAO). However, the 
enantiomeric characteristic of THP has never been reported in human 
brain. We isolated THP from control human brain cortex by solid 
extraction column chromatography and applied to HPLC with a beta- 
cyclodextrin-bonded column and electrochemical detection. Only (S)- 
enantiomer of THP was detected in human brain and the concentration was 
0.1 to 0.48 pmol/g wet weight. There was no statistically difference 
between alcoholics and non-alcoholics. These results suggest that (5)- 
THP may be enantio-selectively synthesized by an enzyme from DA and 
3,4-dihydroxyphenylacetaldehyde, as in the case of (R)salsolinol.

The cytotoxicity of THP was examined by an Alamar blue assay using a 
redox indicator and human DA neuroblastoma SH-SY5Y cells. THP was 
found to be potentially cytotoxic to the cells until 10 µM. In addition,
THP was found to induce apoptosis in SH-SY5Y cells as quantitatively 
measured by a single cell gel electrophoresis (COMET) assay. The (5)- 
and (R )-THP were almost the same to induce the apoptosis. Catalase and 
superoxide dismutase protected the cells from DNA damage, suggesting 
that the generation of reactive oxygen species may initiate the apoptotic cell 
death program in SH-SY5Y cells.

These results may be relevant with a hypothesis that this endogenous 
DA-derived isoquinoline may be another candidate o f neurotoxins 
involved in neuro-degenerative diseases, such as Parkinson's disease.

575.12
THE ROLE OF THE IRO N-BINDING PROTEIN FERRITIN IN 
PROTECTING NEURONS OF THE SUBSTA N TIA  NIGRA  
AGAINST OXIDATIVE STRESS IN A N  MPTP M ODEL OF 
PARKINSON’S DISEASE. J. O. M o, J. K. A ndersen*. Ethel 
Percy Andrus Gerontology Center, Univ. o f  Southern California,
Los Angeles, CA 90089-0191

Free iron has been hypothesized to be a potent source o f highly 
reactive hydroxyl radical generated via the Fenton reaction by its 
interaction with H2O2. As the major iron storage protein in the brain, 
ferritin is likely a key component in protecting this organ from iron- 
induced oxidative damage. It is thought that neurons o f the substantia 
nigra (SN), the area o f the brain most affected in Parkinson's disease 
(PD), may be particularly vulnerable to the affects o f oxidative stress 
due not only to the presence o f peroxide-producing dopamine but also 
because the SN  appears to contain high levels o f  free iron and reduced 
levels o f ferritin compared with other parts o f the brain. In order to 
explore the role o f ferritin in protecting against the neuropathology 
associated with PD, a rat tyrosine hydroxylase (TH) promoter was 
used to drive the expression o f human ferritin heavy chain D N A  in 
transgenic mice. Six transgenic mouse lines were produced. High 
expression levels o f human ferritin heavy chain was detected in the 
SN  o f these m ice by immunohistochemistry. Currently these 
transgenic lines are being used in MPTP toxicity studies. These 
animals should allow us to assess how genetic variations in 
components involved in the regulation o f free iron levels in the brain 
might act to predispose individuals for or protect them against PD. 
Supported by NIH R 29A G 121141.
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575.13
L-DOPA DEPLETES S-ADENOSYLMETHIONINE AND INCREASES S-ADENOSYL 
HOMOCYSTEINE: RELATIONSHIP TO THE WEARING-OFF EFFECTS. X. Liu, N. 
Lamango and C. Charlton*. College of Pharmacy, Florida A & M University, FI. 32307.

L-Dopa is the major drug-treatment for Parkinson’s disease (PD). It replenishes the 
depleted dopamine (DA) in the neostriatum. Both L-dopa and its product, DA, are avid 
methyl acceptors. In turn, they can deplete S-adenosylmethionine (SAM), the biological 
methyl donor. This interaction may be a key in understanding the loss of efficacy of L-dopa. 
The high levels of L-dopa that occur in the body create great demands for the methyl group. 
To satisfy the demands the body increases the activity of the enzyme that synthesizes SAM 
and the one that transfers the methyl group from SAM to L-dopa and DA. These changes 
will increase the production of SAM and the metabolism of L-dopa and DA. Thus, L-dopa 
may induce changes that foster its own destruction and that of DA. To investigate the role 
of methylation in the pharmacology of L-dopa we studied the effects of L-dopa on the 
levels of SAM and on S-adenosylhomocysteine (SAH), the demethylated analog of SAM. 
L-dopa and DA were also measured. The results showed that, 30 min folloλving the 
injection of saline or 50, 100 and 200 mg/kg of L-dopa to mice, the brain levels of SAM 
were 24.9± 1.7. 13.0±0.8, 14.7± 0.8 and 7.7±0.7 nmol/g and SAH levels were 1.88±0.09. 
3.4±0.3, 4.2±0.3 and 6.2±0.4 nmol/g. The SAM/SAH ratio decreased from a value of 16.3 
to 1.1, indicative of increased methylation. The corresponding increase in DA were 9.2±0.7. 
12.7± 1, 10.7+2 and 20± 1 nmol/g. Time-course study shows that 0.5 hr following injection 
a 100 mg/kg of L-dopa decreased SAM by 64% and increased SAH by 89% of control 
values. SAM and SAH values returned to control levels within 4 hours. In another study the 
sequential doses (2, 3. 4) of L-dopa at 45 min intervals depleted SAM by 60, 65, and 76% 
and increase SAH to 296, 302 and 361% of control. The SAM/SAH ratio decreased from 
16.3 to 2.4, 1.6 and 1.1. The data show that L-dopa induces an increase in methylation, at 
a rate that is higher than the accumulation of DA. Thus, methylation may be important in 
the pharmacology of L-dopa. Supported by NIH NS 28432 and GM08 111.

575.15
POSSIBLE ROLE FOR DOPAMINE IN MALONATE-INDUCED 
TOXICITY TO DOPAMINE AND GABA NEURONS IN  VIVO AND IN  
VITRO. L.Y. Moy*, G.D. Zeevalk, and P.K. Sonsalla. Dept. of Neurology, 
UMDNJ-RWJMS, Piscataway, NJ 08854.

The inhibition of energy metabolism by the reversible inhibitor of succinate 
dehydrogenase, malonate, produces damage to various neuronal populations 
including dopamine (DA) and GABA neurons. In vivo, the infusion of malonate 
into the substantia nigra or striatum of animals results in the loss of DA and GABA 
content in the infused brain regions as well as a loss of nigral DA cell bodies. 
Likewise, exposure of mesencephalic cultures to malonate results in a loss of both 
DA and GABA neurons. To determine if DA may be involved in the resultant 
damage produced by malonate to these two neuronal populations, the effects of 
intrastriatal malonate were investigated in animals in which vesicular stores of 
dopamine were depleted by tetrabenazine (TBZ) and the tetrabenazine analog, Ro- 
4-1284. Intrastriatal infusions of mice with 4µmols of malonate reduced striatal 
DA levels to 37±22% of saline-treated controls (x±SD). In mice pre-treated with 
TBZ or Ro-4-1284, DA loss was significantly attenuated (67±18% and 81± 17% of 
controls, respectively). In other studies in mesencephalic cultures, a 24 h exposure 
to 50 mM malonate resulted in significant reductions in DA and GABA uptake (35 
±10% and 65±9% of controls, respectively). The treatment of cultures with Ro-4- 
1284 dose dependently protected against the loss of both DA and GABA uptake 
produced by malonate. These data suggest that DA or possibly oxidative 
metabolites of DA may be involved in the damage to DA and GABA neurons 
resulting from a metabolic stress. Studies are currently in progress to further 
elucidate the role of DA and the mechanisms by which pretreatment with TBZ or 
Ro-4-1284 protects against malonate-induced damage. This work was supported 
by grants AG08479, DA06236 and NS36177.

575.17

EVOLUTION OF DOPAMINERGIC PARAMETERS IN A 
DYNAMIC MPTP MOUSE MODEL OF PARKINSON'S 
DISEASE S. D overo*1, E. Bezard1, M, Jaber2, A. Boireau3, B. 
Bioulac1, and C.E. G ross1. (1) Basal Gang, CNRS UMR 5543 et 
(2) CNRS UMR 5541 Université de Bordeaux II, 33076 Bordeaux 
France, (3) Rhône-Poulenc Rorer, Vitry, France

Most experimental research on Parkinson's disease (PD) has 
investigated the normal and full parkinsonian states. Even animal 
studies o f partial lesion have evaluated a static situation at a given 
point in time. None have integrated the notion o f progressive 
degeneration, despite the fact that this progressiveness is a major 
characteristic o f PD.

The present study used a dynamic MPTP mouse model we 
have recently developed to trace the evolution o f three markers 
relevant to PD : (1) dopaminergic neuronal death in the SNc (TH 
immunohistochemistry), (2) dopamine and metabolites levels in the 
striatum (HPLC), (3) dopamine transporter levels in the striatum 
(DAT immunohistochemistry). A progressive decrease was observed 
for all three parameters. For dopaminergic neuronal death the 
decrease was exponential.

These are the first results obtained using a model o f this type. 
They attest the interest of a dynamic approach to the study of the 
physiopathological evolution o f PD.

supported by IFR and MESR grant-

575.14
EVIDENCE FOR NEUROPROTECTION AFFORDED BY 

DOPAMINE TRANSPORTER ANTISENSE IN TWO RODENT 
MODELS OF PARKINSON’S DISEASE

J.M. Van Kampen*, E.G. McGeer, and A.Jon Stoessl. Neurodegenerative 
Disorders Cent., Vancouver Hospital, University o f British Columbia, 
CANADA.

The plasma membrane dopamine transporter (DAT) is located on 
presynaptic nerve terminals and is responsible for the termination of 
dopaminergic neurotransmission by transporting dopamine from the 
synaptic cleft into the dopaminergic neuron. The DAT may also contribute to 
the pathogenesis of Parkinson’s disease (PD). DAT expression correlates 
well with susceptibility to neuronal degeneration in both PD and 1-methyl-4- 
phenyl-1 2,3,6-tetrahydropyridine (MPTP) -induced parkinsonism. A critical 
role for tne DAT has  been demonstrated in the uptake of this neurotoxin and 
its metabolite MPP . In these studies we have sought to further elucidate the 
importance of DAT in two rodent models of PD by using in vivo 
administration of phosphorothioate antisense oligonucleotides targeting the 
DAT to selectively reduce DAT expression in the striatum. Antisense was 
infused continuously into the left substantia nigra pars compacta ( 1 nM/day) 
for 7 days. Antisense treatment produced a significant contralateral rotational 
response both to levodopa (50 mg/kg, i.p.) and to amphetamine (1 mg/kg, 
i.p), demonstrating the functional significance of such treatment. In another 
study, similar antisense treatment was followed by bilateral intrastriatal 
infusion of MPP+ Two weeks later, those animals pretreated with unilateral 
DAT antisense demonstrated a significant ipsilateral rotational response to 
apomorphine (0.3 mg/kg. s.c.) resulting from selective protection of 
dopaminergic neurons on the antisense-treated side as determined by HPLC. 
Similar results were observed following bilateral infusion of 6- 
hydroxydopam me, accompanied by a reduction in striatal DAT binding on 
the non-antisense treated side as assessed by autoradiography. Thus, the 
DAT appears to play a critical role in determining susceptibility to the 
neurotoxins MPP+ and 6-OHDA and may serve as an important determinant 
in the pathogenesis of PD.
Supported by the Medical Research Council of Canada and the Parkinson’s 
Foundation of Canada.

575.16
DETERMINATION OF 6-HYDROXYDOPAMINE-INDUCED HYDROXYL 
FREE RADICAL STIMULATION: AN IN VIVO MICRODIALYSIS STUDY
B. Ferger, P. Teismann, C. Themann, K. Kuschinsky* Institute of Pharmacology 
and Toxicology, University of Marburg, D-35032 Marburg, Germany.

Hydroxyl free radicals are known to react with almost every biomolecule in their 
proximity, so that an increased hydroxyl radical formation is often the starting point 
and/or consequence of many neurodegenerative disorders. In previous microdialysis 
experiments we used local glutamate or MPP+ perfusion to stimulate hydroxyl free 
radical production which was followed by tissue damage. We found that 
concentrations higher than 5 to 10 mM in the microdialysate were necessary to 
stimulate hydroxyl radical formation in intact striatal tissue.

In the present study we used the monoaminergic neurotoxin 6-hydroxydopamine 
(6-OHDA) in concentrations which did not produce predominant tissue damage. 
Male Wistar rats were implanted with microdialysis probes (CMA 12, 4 mm) into 
the left striatum and perfused with calcium-reduced Ringer’s solution containing 
salicylic acid (5mM) to measure indirectly hydroxyl radicals as indicated by 2,3- 
dihydroxybenzoic acid (2,3-DHBA). After 3 h of perfusion (2µl/min) a stable 
baseline was obtained and the subsequent 20 min dialysate fractions were analyzed 
over a period of 180 min using HPLC and electrochemical detection. In order to 
investigate the effects of 6-OHDA, the perfusion fluid was changed, for 40 min, to a 
solution which contained additionally 100 µM or 1 mM of 6-OHDA. Furthermore, 
one experimental group was pretreated for 40 min with the hydrophilic spin trap S- 
PBN (1 mM) via the probe before 6-OHDA stimulation (100 µM).

6-OHDA perfusion (100 µM and 1 mM) led to a significant increase in 2,3- 
DHBA levels to 1300% and 4700%, respectively. This effect was reversible and 
basal levels were obtained during the next sixty min. Pretreatment with S-PBN 
reduced the 6-OHDA induced increase of hydroxyl radical formation to 
approximately 1000%. In addition, 10 days after 6-OHDA perfusion the rats were 
sacrificed and the ipsilateral and contralateral striata were analyzed for dopamine 
content using HPLC. There was only a slight dopamine depletion in the ipsilateral 
striatum (to 90% of contralateral levels) of the 6-OHDA perfused rats.

It is concluded that 6-OHDA is a stronger inducer of hydroxyl radical formation 
than glutamate and MPP+. This in vivo model of 6-OHDA-induced radical 
stimulation may be useful for the development of radical scavenging drugs and the 
investigation of oxidative stress in the striatum. (Supported by the DFG FE 465 1/2)

575.18
ABSENCE OF MPTP INDUCED NEURONAL DEATH IN MICE 
LACKING THE DOPAMINE TRANSPORTER M. Jaber*1, E. Bezard2, 
M.C. Fournier1, S. Dovero2, M.G. Caron3, B. Bloch1 and C.E. Gross2. (1) CNRS 
UMR 5541 and (2) Basal gang, CNRS UMR 5543, Université Bordeaux 2, 33076 
Bordeaux France, (3) HHMI labs, Duke University Medical Center, Durham NC 
27710, USA.

1-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) has been 
shown to induce parkinsonism both in human and non-human primates. 
The precise mechanism of dopaminergic cell death induced following 
MPTP treatment is still subject to intense debate. MPP, which is the 
oxidation product of MPTP, is actively transported into presynaptic 
dopaminergic nerve terminals through the plasma membrane dopamine 
transporter (DAT).

We have used mice lacking the DAT by homologous 
recombination and demonstrated that MPTP induced dopaminergic cell 
loss is dependent on the presence of the DAT. For this we have used 
tyrosine hydroxylase immunoreactivity (TH-IR) labelling of dopamine 
cells of the substantia nigra compacta in wild type, heterozygote and 
homozygote mice that were given either saline or MPFP (60 mg/kg) i.p. 
treatments. Our results show a significant loss of TH-IR in wild type 
(35%), less loss in heterozygotes (22%) and no loss in homozygote 
animals.

Thus dopamine cell loss is directly correlated to levels of the 
DAT. These results shed a new light into the degenerative process o f 
Parkinson’s disease and suggest that individual differences in 
developping this neurodegenerative disease in human may be related to 
differences of uptake through the DAT o f a yet unidentified ncurotoxin.

-Supported by CNRS and MESR grant-
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575.19

LACK OF COMPENSATORY DOWN-REGULATION OF 
DOPAMINE REUPTAKE IN MPTP-TREATED MICE R.
Bezard*2, F. G onon1, B. Bioulac2, and C.E. Gross2. (1) CNRS  
UM R 5541 and (2) Basal gang, CNRS UMR 5543, Université 
Bordeaux 2, 33076 Bordeaux France

The late appearance o f clinical signs o f Parkinson's disease 
and their relatively slow aggravation may be due to compensatory 
mechanisms which retard the consequences o f the long-term process 
o f dopaminergic nigral degeneration. It has been suggested that a 
down-regulation o f dopamine reuptake could, in this w ay, contribute 
to these compensatory mechanisms.

We tested this hypothesis in MPTP-treated mice (4 mg/kg, 
i.p. per day for 20 days), using three techniques : determination of 
the number o f TH-positive neurones in the S N c, measurement o f  
dopamine reuptake in striatal synaptosomes, in vivo monitoring of  
release and elimination o f dopamine following brief electrical 
stimulations o f the medial forebrain bundle (4 pulses at 15 Hz and at 
100 Hz) using carbon fiber electrodes combined with amperometry.

Our results show that MPTP treatment decreases both the 
number o f dopamine neurones in the SN c and dopamine reuptake by 
striatal synaptosomes by 75%. We observed no modifications in the 
kinetics o f dopamine elimination i.e. the period elapsing from the 
moment when dopamine overflow is at its maximum to the point of 
50% decay. Therefore, in this experimental model and contrary to 
previous reports by other teams, there would appear to be no 
compensatory regulation o f dopamine reuptake by surviving 
neurones.

-Supported by 1FR and MESR grant-

575.20

A N T ID Y S K IN E T IC  A N D  A N T IP A R K IN S O N IA N  
E FF E C T  O F ID A Z O X A N  IN  M P T P  M O N K E Y S . P.J.Bédard, 
R.Grondin, A.Hadj Tahar, L.Grégoire, M.Filion* and P.Ladure. Neuroscience 
Research Unit, Laval University Research Center: 2705 Boul Laurier Ste. Foy, 
Que. G1V 4G2 Canada and IRPF, BP 687, 31319 Labege Cedex France.

Treatment of Parkinson’s disease with levodopa is very efficient but is 
plagued in a majority of patients by important side effects, particularly dyskinesia. 
The aim of the present study was to test the potential antidyskinetic effect of the 
alpha-2 adrenoceptor antagonist idazoxan in combination with levodopa.
Six female Cynomolgus monkeys were previously rendered parkinsonian by the 
toxin MPTP and presented a stable syndrome for several months. All responded 
readily to levodopa but had developed dyskinesia which was manifested with each 
dose. They were housed in observation cages equipped with an electronic motility 
monitoring system (Datascience, St. Paul Minn.). Seven doses of idazoxan (from
0.25 to 10 mg/kg, p.o.) were tested, alone or in combination with a fixed dose of 
levodopa/benserazide (100/25). During each experiment (idazoxan alone, 
idazoxan/levodopa, levodopa alone), animals were observed continuously and 
scored for parkinsonian disability and dyskinesia.
Idazoxan, by itself, increased locomotor activity and improved the parkinsonian 
score without inducing dyskinesia (statistical effective doses : 0.25-1 mg/kg 
p.o.). In association with levodopa, idazoxan did not affect the antiparkinsonian 
response and significantly reduced the dyskinesia at doses of 7.5 and 10 mg/kg 
p.o.
Idazoxan appears to have some antiparkinsonian effect of its own and may 
represent a useful adjunct to levodopa therapy, since it produces in a dose 
dependent manner a reduction of the dyskinesia induced by levodopa in this 
primate model. (Supported by Institut Recherche Pierre Fabre).

DEGEN ERA TIVE DISEASE: O TH ER — IM M U N E RELATED

576.2576.1

R E L A T IO N S H IP  O F M A ST  C E L L  P R O L IF E R A T IO N  A N D  
M A C R O P H A G E  A C T IV A T IO N  TO  T H IA M IN E  D EFIC IEN C Y  
-IN D U C E D  F O C A L  LE SIO N S. M. Terry-Ferguson, R.C. M cRee, 
P.J. Langlais * D ept. o f Psychology, SD SU , San D iego, CA. 92182  

Glial changes are frequently reported in W ernicke’s encephalopathy 
(WE) and experimental models o f WE. The mechanisms responsible 
for these glial events and their relationship to the selective distribution 
o f lesions are unknown. R ecent experim ental studies have also 
demonstrated the presence o f large numbers o f granulocytes within 
thalamic regions prior to onset o f neuronal damage. In the present 
study, frozen brain sections (40 µm) were obtained at early prelesion 
and later symptomatic stages of PTD (pyrithiamine-induced thiamine 
deficiency) treated rats and stained with toluidine blue and antibodies 
to histamine to detect the presence of mast cells, and to the ED2 cell 
membrane antigen o f macrophages. Compared to controls, increased 
numbers o f mast cells were found within blood vessels in medial and 
lateral thalamic nuclei but not in hippocampus or frontoparietal cortex 
of early asymptomatic PTD rats. Both intact and degranulating mast 
cells were observed at all stages o f PTD treatment. In contrast, ED2 
im m unopositive macrophages w ere m ost frequently observed in 
nonvulnerable regions o f the thalamus and in the hippocampus, and 
rarely in association with mast cells. These observations suggest that 
the release o f cytokines and other vasoactive substances from mast 
cells rather than macrophages, may play a primary role in triggering a 
pathogenic cascade responsible for thiam ine deficiency-induced  
lesions within thalamus. Supported by funds from N S33157.

576.3

CONSTRUCTION OF A RECOMBINANT cDNA PHAGE DISPLAY 
LIBRARY FROM MULTIPLE SCLEROSIS BRAIN. Z Zhou*, and B.R. 
Apatoff. Multiple Sclerosis Clinical Care and Research Center, Dept. of Neurology & 
Neuroscience, Cornell University Medical College, New York, NY 10021.

Multiple sclerosis (MS) is a putative autoimmune disease characterized by B-cell and 
T-cell lymphocyte infiltration and demyelination in the central nervous system. One of 
the pathologic hallmark of this disease is the intrathecal production of the oligoclonal 
immunoglobulin (Ig) in cerebrospinal fluid (CSF) of MS patients. Recent studies on 
Ig variable region genes expressed in MS brain suggested that the oligoclonal Ig is an 
antigen-specific immune response. However, the natural target antigens the 
oligoclonal Ig is directed against are still not understood. In an attempt to clone the 
original target antigens, we have constructed a recombinant cDNA phage display 
library from MS brain. Poly A+ RNA purified from pooled total RNA from five MS 
patients brain were used to create the cDNA library by random priming. An oriented 
cloning strategy was utilized to clone the cDNAs into pComb 3.5 phagemid vector on 
the N-terminal of the C-terminal half of the phage surface protein gene III. 
Recombinant cDNAs were first transformed into XLl-Blue MRF bacterial strain by 
electroporation. Characterization of the cDNA library revealed that most of the original 
clones contain insert cDNA fragments. The size of these cDNA fragments ranged from 
100 bp to 1.0 kb with an average size of 300~400 bp. A cDNA fragment encoding the 
18.5 kDa isoform of the human myelin basic protein (MBP) was cloned into the same 
vector and used as a control. An ELISA assay was set up to confirm the expression oí 
human MBP on the surface of phage particles. After using two antisera which 
recognize different M13 phage surface proteins to normalize the number of coated 
phage, the microplate wells coated with recombinant MBP phage particles gave 
significant higher signals compared with those coated with VCSM13 helper phage 
alone, lmmunoscreening of this recombinant cDNA phage display library with Ig from 
pooled CSF of MS patients has generated several clones which are under further 
characterization. This approach may be helpful in the study of brain antigens in MS 
and other autoimmune disorders. (Supported by NIH grant NS01678 and generous 
funding from the Haas Foundation)

DIFFERENTIAL GENE EXPRESSION IN MULTIPLE SCLEROSIS IDENTIFIED 
USING cDNA MICROARRAYS. L.W. Whitney1*, K.G. Becker2, N.J. Tresser1, 
H.F. McFarland1, W.E. Biddison1, and J.M. Trent2 
1 Neuroimmunology Branch, NINDS and dancer Genetics Branch, NHGRI, 
National Institutes of Health, Bethesda, MD 20892.

Multiple Sclerosis (MS) is an autoimmune disease of the central nervous 
system characterized by inflammation and damage to myelin. The 
relapsing/remitting nature of the disease suggests a complex pattern of 
gene expression within MS lesions. Thus far, however, a limited number of 
genes that potentially contribute to the pathology of MS have been 
identified. Using cDNA microarray technology, we have performed 
experiments on MS specimens monitoring the expression pattern of over 
5,000 genes. mRNA for microarray hybridization was obtained from samples 
of human brains from patients with MS, and gene expression in 
demyelinating plaques and normal white matter was compared.
Differentially expressed genes included: ICAM-2, IGF-IA/-IB, TNF-α 
receptor, bFGF, IL-1 receptor antagonist, TGF-ß2, MBP, PLP, IGFBP-2, 
beta-tubulin, EGF-Iike growth factor, and apol¡poprote¡n D. Overall, 
changes in gene expression are consistent with altered cell 
metabolism/structure and a shift in cytokine and cell adhesion molecule 
expression indicative of inflammatory processes. Future studies are aimed 
at combining laser capture microdissection and in situ hybridization to 
identify the specific cell types within MS plaques in which gene expression 
changes occur. Further experiments are also underway using microarrays 
enriched for immune-system related cDNAs. This approach should be 
valuable for identifying genes contributing to the disease processes found 
in MS, as well as other complex neurodegenerative diseases. (This 
research is supported, in part, by the National Multiple Sclerosis Society.)

576.4
ASSOCIATION BETWEEN APOE e4 ALLELE AND MULTIPLE 
SCLEROSIS SUSCEPTIBILITY AND PROGRESSION RATE.
G.M. Knudsen, P. Hϕeh, M. Blinkenbere, O.S. Jϕrgensen*, P.S. Sϕrensen, O.B.
Paulson* . Dept. Neurobiology Research Unit 9201 and Neuropsychiatric laboratory, 
University Hospital Rigshospitalet, DK-2100 Copenhagen, Denmark.

The purpose of the study was to investigate the relation between APOE-genotype and 
multiple sclerosis (MS).

Fourty-eight patients (20M/28F, age 36±9 years, mean±SD) with clinically definite 
and classified MS were.consecutively enrolled in the study over a 12-month period. All 
patients were consulting the MS clinic on a regular basis. The patients were classified 
into one of three groups: Relapsing/remitting, primary progressive and secondary 
progressive. The rate of progression was defined as time span (days) from disease debut 
intil the patient reached EIS level 3. Using conventional PCR-techniques, the APOE- 
genotype was determined from saliva collected from the patients. The incidence of 
different APOE-genotypes was compared to the allele-distribution in 361 persons from a 
cross-sectional population.

Allele distribution in the control group was similar to the one which previously has 
reported in several european studies, e4/e4 allele combinations were significantly more 
frequent in the MS group as compared to the control group (p=0.001, with Yates 
continuity correction p=0.004) whereas frequencies of other genotypes did not differ 
significantly. The odds-ration for the difference in proportions of e4/e4 homozygotes 
was 5.01 with 95% confidence intervals [1.73:14.4]. With regard to progression rate, no 
APOE-genotype prevailed significantly, although there was a tendency towards a 
significant difference between e4/e4 and e4/e2 with e4/e4 homozygotes having a faster 
progression rate (p=0.08). There was no significant correlation between APOE genotype 
and clinical MS classification type.

e4/e4 homozygotes are at increased risk of having MS and the APOE-genotype might 
also affect the progression rate of the disease. These results need to be reproduced in a 
larger patient sample.
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576.5
CHARACTERIZATION OF A HYPER ACUTE MODEL OF EXPERIMENTAL 
ALLERGIC ENCEPHALOMYELITIS (EAE) IN CYNOMOLGUS MONKEYS.
L.l. Mortin* and C.J. Horvath. Department of Experimental Medicine,
PRIMEDICA Corporation, GTC Mason Laboratories, Worcester, MA 01608.

Experimental allergic encephalomyelitis (EAE), an inflammatory demyelinating disease 
of the central nervous system, has been used as an animal model of multiple sclerosis (MS) 
in humans. The objective of our work was to evaluate a model of EAE in cynomolgus 
monkeys (Macaca fascicularis) for the testing of novel therapeutics designed to treat MS. 
Two rhesus monkeys (Macaca mulatto) were euthanized and the brains dissected to 
separate much of the grey matter from the white matter. Rhesus white matter-enriched 
brain (RWMB) tissue was homogenized with complete Freund’s adjuvant (CFA) 
supplemented to 3 mg/mL of Mycobacterium tuberculosis protein. Twelve cynomolgus 
monkeys were challenged on Day 1 with 10 intradermal injections of approximately 
50 µL/site of RWMB in CFA in two columns along the upper back. The outcome was 
evaluated by monitoring clinical signs including neurological symptoms, appetite, body 
weight, vital signs (capillary refill time, body temperature, respiration and heart rate), 
clinical pathology parameters, immunophenotyping of PBMCs, and CSF analysis. A 
subjective EAE score (0-5) was recorded daily once clinical signs of EAE were observed. 
At euthanasia or death, the brain and spinal cord were collected and examined 
macroscopically for evidence of demyelinating lesions. Clinical signs or death from EAE 
occurred in 10 out of 12 animals. Disease onset varied from Day 11 to Day 50, with most 
animals developing acute EAE by Day 20; the 2 animals not showing clinical signs of EAE 
were euthanized as scheduled on Day 29. The onset and progression of clinical signs was 
sudden; two animals were found dead prior to any signs of EAE. Clinical neurological 
signs of EAE included head tilt, nystagmus, lethargy, ataxia, and tremors. CSF analysis 
showed increased total nucleated cells, neutrophils, total protein and gamma globulins in 
most animals with acute EAE. At necropsy, there were extensive gross lesions in the spinal 
cord and brain of most animals which had developed EAE.

576.7

HIV gp 120 EXPRESSED IN ADULT MOUSE BRAIN UNDER  
TETRACYCLINE REGULATION. M. West, and N . L. Nation,* 
Oklahoma Medical Research Foundation, Oklahoma City OK 73118.

HIV gp 120 protein in the brain has been implicated in AIDS Dementia 
Complex. Administration o f gp120 alone has been shown to induce 
nitric oxide (NO) formation and cause neuronal damage. A transgenic 
mouse model was developed to examine the molecular events induced 
by gp120 and the efficacy o f spin trap reagents for preventing neuronal 
damage. The gp 120 cDNA construct is under the control o f the glial 
fibrillary acidic protein (GFAP) gene promoter to direct expression to 
astrocytes. Included in the construct is the tetracycline operator 
sequences for repression by the tetracycline transactivating protein, 
expressed from a second transgene co-injected with the gp120 
construct. Transgenic mice have been generated that carry both 
constructs and expression of gp120 in the brain has been demonstrated 
in the absence o f tetracycline. Animals are being reared in the presence 
o f tetracycline or doxycycline, an analog o f tetracycline that crosses the 
blood:brain barrier with high efficiency, to repress transgene 
expression. These animals will be withdrawn from the tetracycline at 
adult ages in order to assess the affect o f gp120 expression on neuronal 
survival and glial function. This transgenic model allows expression of 
gp120 in adult mice, after neuronal development is complete. Spin trap 
reagents will be applied at different times during the course o f gpl2O  
expression to assess their ability to prevent neuronal damage.
Supported by NIH R01N S35747.

576.9

SELECTIVE RESPONSES OF MICROGLIA, ASTROCYTES AND BRAIN 
ENDOTHELIAL CELLS TO IN VITRO THIAMINE DEFICIENCY AND/OR 
INFLAMMATORY CHALLENGE L.C.H. Park*, N.Y. Calingasan, H. Zhang, G.E. 
Gibson. Cornell Univ. Med. Coll, at Burke Med. Res. Inst., White Plains, NY 10605 

Inflammation and abnormalities in oxidative metabolism accompany many 
neurodegenerative diseases. Thiamine deficiency (TD) is a useful model of the 
mechanisms by which chronic oxidative stress and inflammation lead to 
selective neurodegeneration. In TD rodents, neuronal death in select brain 
regions is preceded by BBB endothelial cell alterations, microglial iron accu
mulation and activation, and increased nitric oxide synthase (NOS) in microglia 
and endothelial cells, but few astrocytic changes. To determine whether the 
distinctive response of each cell type to TD reflects an inherent property of the 
cells, microglia, astrocytes and endothelial cells were cultured in thiamine 
depleted media containing the thiamine transport inhibitor, amprolium. The in 
vivo inflammatory response was modeled by adding lipopolysaccharide (LPS). 
LPS markedly increased NOS in microglia, but only moderately in astrocytes. 
TD decreased the activity of the thiamine dependent enzyme α-ketoglutarate 
dehydrogenase (KGDHC) in microglial and endothelial cells, and LPS p oten 
tiated the response. In contrast, astrocytic KGDHC activity was not altered by 
TD, LPS or both. Seven days of TD reduced the viability of microglial and 
endothelial cells by about 40%, whereas even 14 days of TD did not affect 
astrocyte viability. These data suggest that reduction of KGDHC precedes cell 
death and establish an enhanced response of microglial and endothelial cells 
to TD and inflammation. The results demonstrate that the select cell changes 
that accompany TD in vivo reflect inherent properties of these cell types. Thus, 
characterization of the response of various cell types to in vitro TD will help 
define their role in selective neurodegeneration. Supported by USPHS grant 
AG -14600 & Cornell Univ. Med. Coll. Training Grant NS07384

576.6
EXPRESSION AND PURIFICATION OF FUNCTIONALLY ACTIVE 
RECOMBINANT CX3C CHEMOKINE IN E COLI
Y. Iran*, W.T. Mueller, M. Yates, G. McMaster and F-Z. Chung Department of 
Molecular Biology, Paike-Davis Pharmaceutical Research, Division of Warner- 
Lambert Co. Ann Arbor. Michigan 48105.

It has been proposed that several neural degenerative diseases could be the result of 
brain inflammation. Chemokines are a family of soluble proteins known for their 
effects in mediating inflammation and migration of immune cells. Chemokines 
share a unique pattern of disulfide bound formation. Based on the positions of the 
first two cysteines, chemokines have been classified into isoforms, i e., a, b and g. 
Recently a new isoform of chemokines with a unique structure has been discovered. 
This new isoform contains a chemokine homology domain with a unique CX3C 
structure, and a large C-terminal sequence. It has been suggested that this isoform 
of chemokine could play an important role in brain inflammation. To further 
investigate its function, the chemokine homology domain has been cloned as GST 
and MBP fusion proteins and expressed in E. Coli. The GST-fusion proteins have 
poor solubility, whereas MBP fusion proteins are highly soluble. Four constructed 
MBP-fusion proteins induced chemotaxis in neutrophils and failed to do so in 
monocytes. Chemokine homology' domains of various length demonstrated different 
potency in inducing chemota\is of neutrophils. Interaction of CX3C chemokine 
with its putative receptors was also investigated. Our results indicate that large 
quantity of functionally active MBP fusion protein can be expressed in bacteria and 
the fusion constructs are useful in investigating the possible functions of CX3C 
chemokines.

576.8

A C E T Y L C H O L IN E S T E R A S E  I M M U N O L E S IO N IN G . EL
Tang , P. Hammond, L. Ermilov, S. Miller, and S. Brimijoin.* Depts. of  
Pharmacol., Physiol. & Biophys., Mayo Clinic, Rochester M N, 55905.

Systemic injections o f monoclonal antibodies (MAb) to acetylcholines
terase (AChE) produce selective biphasic lesions of preganglionic sympa
thetic neurons in rats. Within hours, MAb treatment destroys presynaptic 
inputs to sympathetic ganglia. Then, over several months, preganglionic 
neuronal cell bodies slowly disappear from the intermediolateral nucleus 
(IML) o f the thoracolumbar spinal cord. In a neuropathologic study, we 
found that 61-66% of these neurons were ultimately lost from IML at all 
levels o f the cord, but autonomic neurons in the central nucleus were 
spared. To study the mechanism o f neural lesions in the periphery, we 
have now created a purely in vitro model. Freshly dissected superior 
cervical ganglia (SCG) were incubated in normal human serum (NHS) 
15-20 hr at 37 °C. Synaptic responses persisted in 47 o f 48 neurons from  
6 control ganglia, but the responses failed in all 61 neurons from 5 ganglia 
incubated in NHS with anti-AChE MAb (0.16 mg/ml), although input 
resistance and membrane potential remained normal. To define the role of 
humoral factors, SCG were incubated with AChE M Ab in NHS  
pretreated to inactivate complement (58°C, 40 min) or to immunologically 
deplete complement C3. Synaptic input survived in 60-85% of neurons 
from these ganglia. Hence, neural damage required active complement. 
Likew ise, though choline acetyltransferase activity was lost from SCG  
incubated with MAb in NHS, it was not affected by M Ab in heat- 
inactivated or C3-deficient serum. These results, together with disruption 
o f AChE staining in SCG exposed to MAb and complement, show that 
humoral immune factors suffice for antibody-induced lesions o f pre
ganglionic sympathetic terminals. Supported by NIH Grant N S  32352

576.10

In vivo m ic r o g l ia  m o d u l a t io n  o f  n e u r o f il a m e n t o u s  a g g r e g a t e  f o r m a t io n  in  
ACUTE AND CHRONIC ALUMINUM NEUROTOXICITY. BP He and MJ Strong*. 
Neurodegeneration Research Group, The John P. Robarts Research Institute, London, 
Canada.

We have examined the relationship between microglial proliferation and the 
induction neurofilamentous aggregates in models of acute and chronic AlCl3 
neurotoxicity in vivo. Initially, a unilateral sciatic axotomy was performed 48 hours 
prior to the intracistemal inoculation of 1000 µg AlCl3 in 0.9% NaCl in young adult 
female New Zealand white rabbits, and the rabbits autopsied 48 hours later. Microglia 
were identified morphologically and by RCA-1 immunohistochemistry and 
neurofilamentous aggregates by silver staining. As previously described, increased 
microglial number were observed ipsilateral to the axotomy. Forty-eight hours 
following AICl3 injection, this was accompanied by a two-fold induction in 
neurofilamentous aggregate formation and a suppression of the microglial cell count 
(p<0.05). A separate group of rabbits were intracistemally inoculated with 100 µg 
AICI3 in 0.9% NaCl at intervals of 28 days for a total of 267 days, and either 
autopsied following the 2nd, 4th or 6th inoculums or allowed to survive without further 
AICl3 exposure at each interval. At each autopsy interval, the lumbar ventral horns of 
AlCl3-inoculated rabbits showed significantly less microglial cells than controls 
(p<0.001). Remaining microglia showed thinner, less complex branching patterns 
reminiscent of resting microglia. In the absence of further AICI3 exposure, the 
number of neurons containing neurofilamentous aggregates was reduced and 
microglial numbers returned to numbers similar to that of control rabbits.

These observations demonstrate that AICI3 suppresses the microglial proliferative 
response to neuronal injury in vivo. Interestingly, an axotomy-induced proliferation 
of microglia is associated with an induction of neurofilamentous aggregates following 
acute AICI3 exposure, while the suppression of microglia proliferation in chronic 
AICI3 exposure is associated with recovery. This observation suggests that microglial 
proliferation and activation may play a modulating role in neuronal degeneration.
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576.11

E V ID E N C E  FO R  IN C R E A S E D  H IS T A M IN E  R E L E A SE  A ND  
G R A N U L O C Y T E  P R O L IF E R A T IO N  IN A R A T  M O D E L  OF  
W E R N IC K E ’S E N C E P H A L O P A T H Y . R.C. M cR ee*1, M. Terrv- 
Ferguson1, P.J. L anglais1, Y. Chen2, J.W. N alw alk2, and L Hough2 
1Dept. o f  P sych ology, SD S U , San D iego , CA. 92182, 2Dept. of 
Pharmacol. & Neurosci., Albany Medical C ollege, Albany, NY 12208 

Increased permeability and breakdown o f the blood-brain-barrier 
have been observed within affected brain regions during prelesion 
stages o f the PTD (pyrithiam ine-induced thiamine deficiency) rat 
model o f Wernicke's encephalopathy. The mechanism(s) responsible 
for these changes and their specific contribution to the pathogenesis of 
lesions are unknown. The p ossib le role o f  histam ine, a potent 
vasodilator, in these early vascular changes was examined. In one 
study, histamine release was measured by in vivo microdialysis and 
was observed to increase sign ificantly within medial and lateral 
thalamus and dorsal hippocampus o f PTD compared to controls (CT). 
These increases occurred as early as day 9 of treatment and 4-5 days 
before neuronal loss within thalamus. The increase in histamine 
release within all 3 regions was similar across day 9 thru day 14 of 
PTD-treated animals. In a second study, brains from separate groups 
o f CT and PTD treated rats were perfused on days 9-12 o f treatment. 
Frozen (40 µm) sections containing thalamus and hippocampus were 
stained with periodic acid sch iff/n ile blue. Compared to controls, 
increased numbers o f granulocytes were observed within blood vessels 
in the medial and lateral thalamus of day 9-12 PTD treated animals. 
N o granulocytes were observed in hippocampus o f either PTD or CT 
animals. These observations suggest that that the release o f cytokines 
and other substances from granulocytes rather than histamine may be 
critical for the developm ent o f thiamine deficiency-induced lesions 
within thalamus. Supported by funds from NS33157.

DEGENERATIVE DISEASE: O TH ER — CENTRAL

577.1

ASTROGLIOSIS, ASTRODEGENERATION, AND NEURON LOSS 
IN FRONTOTEMPORAL DEMENTIA. J.A. M artin*, J.H. Su, and
C.W. Cotman. Department of Psychobiology, University of California, 
Irvine, CA 92697-4540.

Frontotemporal dementia (FTD) is likely the second most common 
cause of progressive dementia in the population under 70 years of age. 
It is characterized by personality and behavioral changes, as well as 
speech problems and often movement disorders. Neuropathologically, 
the disease is characterized by neuron loss, gliosis, and spongiform 
changes. These cases notably lack amyloid plaques, neurofibrillary 
tangles, Lewy bodies, and prion deposits.

We recently discovered that in several cases of FTD, the astrocytes 
were not only proliferated but degenerated as well. We hypothesize 
that the astrogliosis precedes the astrodegeneration and neuron loss.

To help elucidate the relationship between the astrogliosis, 
astrodegeneration, and neuron loss, we examine various regions of 
cortex and white matter from FTD and control brains. We use 
immunohistochemical methods to study expression of proteins, such as 
glial fibrillary acidic protein (GFAP) and SlOOß, as well as TdT DNA 
3'-end labeling to detect DNA damage. GFAP allowed visualization of 
reactive astrocytes and fragmentation of their fibrous processes. The 
calcium binding protein, S 100ß, identified reactive as well as non- 
reactive astrocytes, and is a potential link between the astrocyte activity 
and the neuronal cell death.

Based on the distribution of gliosis and degeneration of neurons and 
astrocytes, we find that there may be a spatial gradient of apparent 
disease progression across brain areas and within the white matter, 
which may reflect the temporal progression of the disease.

Supported by NIA grant #: AG 13007

577.3
DNA DAMAGE, CASPASE-3 EXPRESSION AND ASTROCYTE 
DEGENERATION IN FRONTAL TEMPORAL DEMENTIA. J. H.
Su* , G. Deng, T. Sitch, C. Chubb, P. Sheu and C. W. Cotman. Brain Aging 
and Dementia Institute. University o f California, Irvine. Irvine, CA 92697- 
4540 USA

Frontal temporal dementia (FTD) or frontal lobe dementia is a degenerative 
disease. Patients typically present with behavioral disturbances that lead to 
mutism and dementia. The neuropathological characteristics of FTD consist 
mainly of frontal and anterior temporal cortical degeneration with neuronal loss, 
gliosis, and microvacuolation of lamina I to III. No changes characteristic of 
Pick's disease or Alzheimer's disease were noted. Neuronal cell loss is a 
prominent feature of FTD. We have shown that the neurons with DNA damage 
in the absence of tangle formatiom may degenerate by tangle-independent 
mechanisms in the AD brain (Su '94, '96, '97). To understand the mechanisms 
of neuronal loss in FTD, it is necessary to examine whether DNA damage is 
present in the cells of FTD brain and other markers of apoptosis such as the 
caspases. Caspase-3 has been most intensively studied and has properties of a 
cell death protease. Consequently, we evaluated caspase-3 expression in 
relationship to DNA fragmentation in FTD brain. The results demonstrate that 
numerous nuclei were TdT-positve in all FTD brains examined. Caspase-3 
immunoreactivity was detected in both neurons and astrocytes and was elevated 
in the majority of FTD cases as compared to control cases. Many caspase-3 
positive cells were also TdT-positive. In addition, the cell bodies of a subset of 
astrocytes showed swelling, vacuolation and their processes were disintegrated. 
These degenerating astrocytes co-localized with robust TdT-labeled nuclei. These 
findings suggest that DNA damage and caspase-3 may contribute to neuronal cell 
death and that a subset of astrocytes exhibit degeneration in FTD brain. These 
results suggest that apoptosis may be a mechanism of neuronal cell death in 
FTD as well as AD.

577.2
TAU ISOFORMS IN FRONTOTEMPORAL DEMENTIA AND 
PARKINSONISM LINKED TO CHROMOSOME 17. Michael Neystat,* 
Margarita Rzhetskaya, Timothy Lynch. Dept. of Neurology, Columbia 
University, New York, NY 10032

Tau staining neurons and glial are found in Frontotemporal Dementia and 
Parkinsonism linked to chromosome 17 (FTDP-17); tau remains a strong 
candidate gene for FTDP-17. There are 6 tau isoforms expressed in adult 
human brain resulting from alternative splicing, including exon 10 resulting in 
either 3 or 4 repeat tau. However, expression of these isoforms is unknown in 
FTDP-17, but may be important to its pathogenesis. We designed tau (exon 9 
to 12) primers and performed RT-PCR using frontal cortex total RNA from 
FTDP-17, progressive supranuclear palsy (PSP), progressive subcortical 
gliosis (PSG), Alzheimer’s disease and normal controls. To normalize gene 
expression for neuronal loss we also studied Heme oxygenase (HO-2), 
GAPDH and β-actin. To quantify tau expression we performed ribonuclease 
protection assay using a probe designed to protect the exon 9 to 12 transcript. 
There was a greater expression of high molecular weight tau (100bp larger 
than low molecular weight tau) in FTDP-17 and PSG as compared to PSP, AD 
and controls in the RT-PCR assay. We confirmed this different high and low 
molecular weight tau distribution using the RPA assay. FTDP-17 and PSG 
may share a common genetic mechanism. High molecular weight tau probably 
represents 4 repeat tau, therefore FTDP-17 and PSG brains may contain 
greater amounts of 4 repeat tau compared to AD, PSP, and normal controls. 
The different tau expression pattern may contribute to the pathogenesis of 
FTDP-17. Supported by KO8 NS01966-01, The Parkinson’s Disease 
Foundation, NARSAD, Irving Scholar Award (TL).

577.4
DEMENTIA WITH LEWY BODIES: CLINICAL PREDICTORS OF 
MEDIAL TEMPORAL LOBE AREA. R. Johnson, CF Lippa, FD Lublin* 
*Allegheny University of the Health Sciences, Philadelphia PA 19129 

Measurement of medial temporal lobe (MTL) size helps distinguish aging 
from Alzheimer’s disease (AD), and may help diagnose other types of 
dementia including dementia with Lewy bodies (DLB; Ann Neurol 
1998;43:102-106). However, clinical variables such as disease duration or 
APOE genotype may also influence MTL size. To identify features that 
influence MTL shrinkage in DLB we assessed the influence o f age, gender, 
disease duration, APOE genotype and the presence of concurrent AD 
pathology on MTL cross-sectional area. We measured cross-sectional area of 
the combined hippocampus and parahippocampal gyrus at 2 rostrocaudal 
levels in 42 DLB patients (18 “pure DLB”, 24 with concurrent AD 
pathology) and 18 age-matched control cases. We captured images from 6 
micron paraffin embedded sections stained with hematoxylin-eosin using a 
SenSys digital camera (Photometries LTD, Munich, Germany), and analyzed 
them using an Image-Pro program (Media Cybernetics, Silver Springs, MD). 
APOE had a significant influence on MTL cross-sectional area at the rostral 
level (91,5±16.05 and 60.67± 17.90% of controls in the APOE-none4 and 
APOE-∈4 groups; T=2.627, p=0.034). DLB cases with concurrent AD 
pathology were smaller than those with pure DLB at rostral levels (67.0+23.5 
and 78.2+28.1% of controls; T=2.034, p=0.05). Disease duration also 
influenced MTL area (Pearson correlation coefficient = -0.567). Age at death 
and gender had less influence on MTL area. We conclude that APOE 
genotype, disease duration and concurrent AD pathology may effect MTL 
area in DLB. Supported by AG 13623 and the Robert Potamkin Fund.
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577.5
DEMENTIA WITH LEWY BODIES: SIGNIFICANCE OF EXTRAPYRAMIDAL 
SIGNS ON NEUROLOGIC EXAMINATION. C Tasaki, JK Johnson, K Santa Cruz, 
R Kim, CW Cotman*. Institute for Brain Aging and Dementia, UC, Irvine 92697.

Dementia with Lewy Bodies, DLB, may be the second most common cause of a 
progressive dementia. The Consensus Guidelines from the Consortium on DLB 
International Workshop have outlined 3 core features for the clinical diagnosis of 
DLB: Fluctuating cognition with pronounced variations in attention and alertness, 
recurrent visual hallucinations that are typically well formed and detailed, and 
spontaneous motor features of parkinsonism. The Consensus Criteria for a clinical 
diagnosis of probable DLB requires the presence of 2 of the 3 features, and 1 of the 3 
features are required for a diagnosis of possible DLB.

Cases of pathologically confirmed DLB and that were well characterized were 
reviewed with retrospective chart review. There were 8 cases where the initial 
evaluation demonstrated a performance on the Folstein Mini Mental Status 
Examination, MMSE, in the mild to moderately impaired range. The symptom 
duration ranged from 2 to 15 years. None of the patients were taking neuroleptic 
medications. The presence of extrapyramidal signs including cogwheel rigidity, 
resting tremor, bradykinesia, masked face, postural instability, and parkinsonian gait 
were reviewed. Only 4 exhibited any parkinsonian features. Two patients on the 
initial examination had significant signs consisting of bradykinesia, postural 
imbalance, and masked face in one patient, and bradykinesia, postural imbalance, and 
resting tremor in the other. Two others exhibited only mild signs. One had a masked 
face and the other had postural imbalance only. The remaining 4 did not exhibit any 
extrapyramidal signs at all. Therefore only 50% had any parkinsonian features. The 
findings suggest that there may be a need to redefine the core role of extrapyramidal 
features in the clinical diagnosis of Dementia with Lewy Bodies. Support: AG00539, 
ADRC

577.7
CLINICAL-PATHOLOGIC CORRELATION IN FAMILIAL MULTIPLE 
SYSTEM TAUOPATHY WITH PRE SENILE DEMENTIA. D.R. Brady4*, M.G. 
Spillantini5, M. Goedert6, R.A. Crowther6, J.R. Murrell3, M.R. Farlow2 and B. 
Ghetti1. Depts. of 1Pathology, 2Neurology, laboratory Medicine and 4Oral Biology, 
Indiana Univ.; 5MRC Cambridge Ctr. for Brain Repair, Univ. of Cambridge; 6MRC 
Lab. of Molecular Biology.

Familial multiple system tauopathy with presenile dementia (MSTD) is an 
autosomal dominant degenerative disease of the central nervous system associated 
with a mutation in the gene for microtubule associated protein, tau, recently 
identified as a G to A transition in the intron following exon 10. The topographic 
distribution of hyperphosphorylated tau in MSTD was defined for spinal cord and 
brainstem in affected subjects (n=9; ×= 58.5 yrs.) using a panel of phosphorylation- 
dependent and -independent anti-tau antibodies. Immunostaining for tau revealed 
neuronal and glial intracellular granular accumulations as well as fibrillary tangle 
profiles. In spinal cord, tau immunostained cells were present in dorsal and ventral 
gray matter, except for the dorsal nucleus of Clarke. Spinal cord white matter 
exhibited virtually no cellular staining. Tau immunoreactivity in brainstem was 
heterogeneously distributed, with the highest number of immunostained cells in the 
nucleus of Darkschewitsch, motor nuclei of cranial nerves III, IV, and VI, dorsal 
motor nucleus of X, nucleus ambiguous, substantia nigra, ventral pontine nuclei and 
the reticular formation. Although fewer in number, cells immunostained for tau were 
found in solitary, spinal trigeminal, vestibular, red and dentate nuclei. In contrast, 
the mesencephalic nucleus, facial nucleus, arcuate nucleus and the granular/Purkinje 
layers of the cerebellum were devoid of tau immunoreactivity. While many 
brainstem tracts did not exhibit tau immunoreactivity, corticofugal tracts in midbrain 
and pons contained immunoreactive processes and small cells resembling 
oligodendrocytes. Such immunoreactive profiles were not observed in the 
medullary pyramids or corticospinal tracts of the spinal cord. These results correlate 
with the early clinical findings of superior gaze palsy, dysphagia and disequilibrium 
in MSTD. Supported by grants AG 10133 and NS 14426.

577.9

COEXPRESSION OF THE ESTROGEN ALPHA RECEPTOR AND 
GALANIN IMMUNOREACTIVITY IN THE RAT CENTRAL 
NERVOUS SYSTEM: EFFECT OF OVARIECTOMY. A U. Kahl* and 
EJ. Mufson, Dept. Neurol. Sci., Rush Presbyterian Med. Ctr., Chicago, IL 
60612.

Recent studies indicate that estrogen administration effects galanin 
expression in the rat central nervous system (CNS). We used 
immunohistochemistry with antibodies directed against the estrogen 
receptor alpha (ERα) and galanin to compare changes in the expression 
of galanin in intact female (n=6) and ovariectomized (ovx; n=6) rats. In 
intact females, ERα immunoreactive neurons were found in close 
apposition to galanin immunoreactive fibers within the basal forebrain, 
bed nucleus o f the stria terminalis, lateral septum, thalamus, 
hypothalamus and central grey matter. Following ovariectomy, we 
observed an increase in galanin immunoreactive fiber staining only 
within the hypothalamus in ovx rats. Increased numbers of galanin 
immunostained neurons were found in the ventral pallidum, horizontal 
limb of the diagonal band and arcuate nucleus o f the hypothalamus in 
ovariectomized as compared to intact rats. Neurons dual labeled for ERα 
and galanin were seen in the bed nucleus o f the stria terminalis, 
amygdala, hypothalamic arcuate nucleus and the locus coeruleus. 
Changes in the number of dual labeled neurons was not observed in ovx 
rats. The present observations suggest that the inhibitory neuropeptide 
galanin may regulate ERα function in select regions of the 
neuroaxis.These findings may have implications for the treatment o f  
brain disorders such as Alzheimer’s disease. Supported by AG 10668, the 
MRC of Sweden and the Wallenberg Foundation.

577.6

DEM ENTIA WITH LEW Y BODIES (DLB): EVALUATION OF 
CONSENSUS CRITERIA FOR THE NEUROPATHOLOGICAL  
DIAGNOSIS. M. Gearing*, S.S. Mirra. Department o f Pathology & 
Laboratory M edicine, Emory Univ., Atlanta, GA 30322, and Department 
o f Pathology, SU N Y  Health Science Center, Brooklyn, N Y  11203.

Standardization o f the classification o f primary dementia cases 
showing neuropathological changes o f Parkinson’s disease, i.e. dementia 
with Lewy bodies (DLB) with or without concomitant Alzheimer’s 
disease (AD), is critical for clinical-pathological correlations and 
pharmacological studies. Recently, the Consortium on DLB proposed 
standardized neuropathological diagnostic criteria (McKeith et al, 
Neurology 1996;47:1113). Since these guidelines were published, 
however, few studies have examined their application. In the present 
study, we reviewed 76 autopsy cases with combined DLB and AD  
features (AD+DLB), applied the DLB consensus criteria, and classified  
each case into one o f the three proposed regionally defined categories: 
brain stem predominant, limbic/transitional, and neocortical. W e found 
that the majority o f cases (approximately two-thirds) fit criteria for the 
neocortical category. M ost o f the remaining cases fell into the 
limbic/transitional category. Only six cases (7.9%) could be classified as 
brain stem predominant. A significant subset (10.5%) could not be 
readily assigned to a regionally defined category using the guidelines.
For example, a case with widespread but sparse neocortical Lewy bodies 
could be classified as limbic/transitional or neocortical depending upon 
which variable - distribution or frequency of Lewy bodies - is assigned 
primary importance. Our findings suggest that further refinement of the 
neuropathology diagnostic criteria is warranted. Supported by 
A G10130.

577.8
COM POSITION OF UNIQUE N EUR O N A L INC LU SIO N S  
(C O LLIN S B O D IES) A SSO C IA T E D  W ITH  A NEW LY  
DESCRIBED FAMILIAL DEMENTIA. R.L. Davis*1, P.D. Holohan2,
A.E. Shrimpton1, Depts. of Pathology1 and Pharmacology2, SUNY-HSC at 
Syracuse, NY 13210.

Aggregation of abnormally folded proteins to form either extracellular or 
intracellular precipitates that may cause cellular dysfunction is emerging as an 
important phenomenon underlying many common neurodegenerative diseases 
both inherited and sporadically occurring. We have recently described a new 
familial dementia with apparent autosomal dominant inheritance that is 
characterized histologically by a previously unreported type of neuronal inclusion 
(Collins bodies, in honor of George H. Collins, who first observed them). 
Histochemical, immunohistochemical, and electron microscopic studies failed to 
disclose their precise chemical composition, but strongly suggested a 
glycoproteinaceous content (Davis et. al. J. Neuropath, and Exp. Neurol. 55: 
636, 1996). The Collins bodies are isolated from unfixed, frozen cerebral cortex 
by centrifugation after homogenization in a buffered sucrose solution, washed 
with detergent, digested with collagenase, and collected by ultracentrifugation. 
The final product is composed predominantly of Collins bodies as determined by 
light microscopy. SDS-PAGE analysis gives one predominant glycoprotein of 
57 kDa. This protein is not found in similarly treated tissue from age and gender 
matched controls. Amino acid and carbohydrate analyses are employed to further 
characterize the protein and to complement the ongoing effort to identify the 
defective gene. The objective is to learn more about the etiology of 
neurodegenerative dementias in relationship to the accumulation of abnormal 
conformational states of proteins. (Supported by CAP Found. Award (RLD), 
Hendricks Fund # 130283 (AES), and NIH GMS #41265 (PDH). Tissue was 
provided by Harvard Brain Tissue Resource Center #PHSMH31862.)

577.10
REDUCTION IN NEURONS DUAL IMMUNOSTAINED FOR ESTROGEN 
ALPHA RECEPTOR AND CHOLINEACETYLTRANSFERASE WITHIN THE 
BASAL FOREBRAIN IN OVARIECTOMIZED RATS. W. J. Cai*, S. Jaffar, J.H. 
Kordower, G. Stebbins and E.J. Mufson. Dept. Neurol. Sci., Rush Med. Ct., 
Chicago, IL 60612.

Recent studies indicate that estrogen administration effects cholinergic basal 
forebrain (CBF) neuronal function. We used immunohistochemistry with antibodies 
directed against the estrogen receptor alpha (ERα) and cholineacetyltransferease 
(ChAT) to compare changes in the expression of ERα within the medial septal (ms), 
vertical (vldb) and horizontal (hldb) nuclei of the diagonal band and the substantia 
innominota/nucleus basalis (si/nb) complex in intact female (n=6), ovariectomized 
(ovx; n=6) and intact male (n=6 ) rats. Both daddy (type 1) and lightly (type 2) ERα 
neurons were seen within the CBF. Numerous type 1 and type 2 labeled neurons were 
also seen within the islands of Calleja, lateral septum, bed nucleus of the stria 
terminalis, hypothalamus and amygdala, whereas only scattered labeled perikarya were 
found in cortex, hippocampus and piriform region. ERα stained neurons were not seen 
in the striatum. Qualitative and quantitative analyses revealed a striking reduction in 
ERα labeled neurons within the basal forebrain (BF) and other telencephalic regions in 
ovx rats. Counts of labeled neurons revealed a significant decrease in the total number 
of ERα positive neurons across all BF subfields between intact and ovx rats. A 
significant reduction of type 1 neurons occurred across all BF subfields following ovx. 
Dual staining for ERα receptor and ChAT revealed that 48.7, 39.7, 25.3 and 3.9 
percent of CBF neurons expressed both proteins in the ms, vldb, hldb and si/nb in 
intact female rats, respectively. Following ovx the percentage of double labeled CBF 
neurons declined to 18.7, 22.7, 13.8 and 2.1, respectively. In intact males, the 
percentage of dual stained neurons was intermediate between these groups. These 
observations suggest that estrogen affects neuronal ERα receptor expression within 
the forebrain but acts only upon a subpopulation of CBF neurons. Support:NIA.
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577.11

THE EFFECTS OF OVARIECTOMY ON CHOLINERGIC BASAL  
FOREBRAIN NEURONS IN NONHUMAN PRIMATES: 
PRELIMINARY OBSERVATIONS. Y.-P Chu1* ,  S. Ma1, J. 
Morrison2, P .H o f 2, E J . Mufson1, and J.H. Kordower1 Dept. o7 
Neurological Sciences, Rush-Presbyterian-St. Luke’s Medical Center, 
Chicago, EL. 60612, 2Department of Neurobiology, Mt. Sinai School o f  
Medicine, N.Y. 10029.

Degeneration o f the cholinergic basal forebrain (CBF) is one the 
earliest pathological features of Alzheimer’s disease (AD). Furthermore, 
CBF degeneration correlates with the severity and duration of AD. 
Estrogen has been demonstrated to enhance cholinergic markers in 
experimental animals and recent evidence suggests that estrogen may be 
neuroprotective in AD. To further explore the relationship between 
estrogen and the CBF, the number and size of CBF neurons were 
evaluated in two intact and two ovariectomized middle aged female 
monkeys. Using unbiased stereological procedures (NeuroZoom; San 
Diego CA), ovariectomy resulted in significant decreases in p75NTR - 
immunoreactive (ir) neurons within medial septum (MS; 56.3%), 
vertical limb of diagonal band (VLDB; 47.9%) and nucleus basalis o f  
Meynert (nbM; 21.1%) relative to intact controls. The number o f cresyl 
violet stained magnocellular neurons were also reduced in 
ovariectomized monkeys within the MS (51.2%), VLDB (55.8%), and 
nbM (34.8%) compared with intact monkeys. Using the stereological 
nucleator procedure, p75NTR -ir neurons from ovariectomized monkeys 
were reduced in neuronal volume by 64.0% in the medial septum, 
54.2% in the VLDB and 26.3% in the nbM. Within the hippocampus, 
the density o f acetylcholinesterase positive fibers were decreased in 
ovariectomized monkeys. These preliminary observations suggest that 
CBF neurons are negatively impacted by the loss of circulating 
estrogens. (Supported by NS25655, AG10668, AG06647).

577.13
METABOLIC TOXIN-INDUCED STRIATAL APOPTOSIS ASSOCIATED WITH  
THE RAPID INDUCTION OF CELL CYCLE PROTEINS (p53, cyclin D1 and c - 
Myc) BUT NOT WITH S-PHASE ENTRY. MA Schwarzschild1* , PG Bhide1, 
AM Kenney 1, Z-H P in2, Y-H Xu1, TN Chase2, J-F Chen1. 1 Dept. of 
Neurol., MGH; Boston, MA 02129; 2ETB, NINDS; Bethesda, MD 20892.

Mounting evidence links apoptosis of differentiated neurons with abortive 
attem pts to re-enter the cell cycle. We investigated whether metabolic toxins 
that induce striatal apoptosis in vivo, can also induce the expression of cell 
cycle proteins and the replication of DNA indicative of S-phase. M alonate 
and azide, both metabolic toxins that disrupt mitochondrial energy 
metabolism, were injected into the striata of adult rats. To assess DNA 
replication, rats received subsequent intraperitoneal injections of BrDU (a 
thym idine analogue that incorporates into and labels replicating DNA) every
4- 6 hours until formaldehyde fixation. By Western blot and immuno-
histochemical analyses malonate induced a marked ipsilateral increase in th e  
levels of p53 (a pivotal regulator of cell cycle arrest and apoptosis) and cyclin 
D1 (a G1-specific cell cycle protein.) The increases in p53 and cyclin D1 were 
detected within 10, peaked at 1-3 hours, and returned to basal levels after 24 
hours. These inductions preceded a parallel increase in ip s ila te ra l 
nucleosomal DNA fragmentation. Immunoreactivity for c-Myc (a transcription 
factor required for G1 entry) was also demonstrated to increase following 
malonate and azide treatments. Despite these rapid inductions of cell cycle 
proteins, we found no evidence of neuronal DNA synthesis in m alonate-treated 
striata. A lthough BrDU-positive cells were reproducibly induced in th e  
ipsilateral striatum, these were sparse and did not colocalize with NeuN, a 
neuronal marker. Our data indicate that apoptotic cell death of s tr ia ta l 
neurons induced by metabolic inhibitors may involve re-entry into the cell 
cycle at G1 or the G1/S-phase transition, but does not require passage through
5- phase . (Supported by NIH grants NS01729A and DA0746.)

577.15

PATTERNS OF CEREBELLAR ATROPHY IN INHERITED ATAXIAS AND AG
ING. A.R. Luft1*, M. Skalei1, Th. Klockgether2, J.B. Schulz3, K. Bürk3, K. Voigt1. 
1Dept. of Neuroradiology, University of Tübingen, 2Dept. of Neurology, University of 
Bonn, 3Dept. of Neurology, University of Tübingen, 72076, Germany.

Nonuniform patterns of cerebellar and brainstem atrophy have been recognized in 
various disease states' and normal aging2,3. The vermis has been shown highly sus
ceptible to atrophic change. Regional cerebellar and brainstem atrophy was investi
gated in 25 patients with autosomal dominant cerebellar ataxia (ADCA) type I at dif
ferent ages and compared to age-related atrophy in healthy individuals.

METHODS. Three-dimensional semi-automated magnetic resonance volumetry 
was used to determine the volumes of 11 regions in the cerebellum (lobules I-V, VI- 
VII, VIII-X in the vermis; corresponding sectors in the medial hemisphere; lateral 
hemisphere) and 3 regions in the brainstem (mesencephalon, metencephalon, me
dulla). Linear regression was calculated between each volume and age considering 
confounding effects of total intracranial volume (TICV) and gender. Pathologic vol
umes were compared to controls using a model with age, sex and TICV as covariants.

RESULTS. Normal aging and age-adjusted pathologic atrophy produced different 
patterns of cerebellar shrinkage with preponderance of the vermis in aging and the he
mispheres in ADCA. ADCA-atrophy was significantly greater than age-related atro
phy in all regions including the vermis. When correlated with age, cerebellar ADCA 
volumes formed a strikingly similar pattern as compared to normal aging. In the brain
stem, greatest shrinkage was observed in the pons in ADCA. Only the mesencephalon 
was affected by normal aging. In aged patients, the pons was still affected most.

DISCUSSION. Different patterns suggest unlike causes of atrophy for aging and 
inherited ataxia. In the latter group, age-related cerebellar atrophy seems superim
posed onto (hence not altered by) pathological degeneration. The patterns are com
pared to previous descriptions of atrophies caused by other diseases.
1. Escourolle, R., Gray, F. & Hauw, J.J. Rev Neurol (Paris.) 138, 953-965 (1982).
2. Raz, N., Dupuis, J.H., Briggs, S.D., et al. Am J  Neuroradiol 19,  65-71 (1998).
3. Luft, A.R., Skalej, M., Welte, D., et al. Magn Reson Med (1998), in press.

577.12
ALTERATIONS IN NEUROTROPHIN RECEPTOR mRNAs IN THE 
SEPAL/DIAGONAL BAND OF AGED COGNITIVELY IMPAIRED 
RATS. E. J. M ufson1 ,  M. Burke2, V. Charles1, T. Sobreviela* , M. 
Bothwell2, K. A Crutcher3, J. H, Kordower1 and T. J . Collier1. 1Dept. 
Neurol. Sci. Rush Presbyterian S t Luke’s Med. Ctr., Chicago, EL 60612, 
2Dept. of Physiol, and Biophysics, Univ. Washington, Seattle, WA. and 
3Dept. Neurosurgery, Univ. Cincinnati, Ohio.

Recent studies suggest that memory deficits in aging as well as those in 
Alzheimer’s disease may be related, in part, to decreased availability o f  
neurotrophins and their receptors. Therefore, we evaluated brain tissue 
from male F344 rats (3 and 24 months old) which were tested on a 
reference memory task in the Morris swim maze. Measures o f task 
acquisition and 24 h task retention distinguished 3 behaviorally distinct 
groups: young unimpaired (n=10), aged mildly-impaired (n=9), and aged 
severely-impaired (n=10). Following behavioral testing, frontal/parietal 
cortex and hippocampus were assayed for NGF content by ELISA, and 
the septal/diagonai band region was assayed for p75NTR, trkA and trkB 
receptor mRNA levels by RNAse protection assay. Cortical and 
hippocampal NGF protein content were unchanged in aged rats and 
exhibited no correlation with behavioral impairment in the swim maze. 
Changes in levels o f mRNA for trkA and p75NTR were non-significant. In 
contrast, trkB mRNA levels showed a statistically significant 101% 
increase in aged rats. None of these changes distinguished between mild 
and severe performance impairments in the aged population. Analysis o f  
ratios o f the mRNA levels revealed that mildly impaired aged rats 
exhibited significant increases in the ratio of both p75NTR and trkB to 
trkA. These findings suggest that imbalances in the expression of trie and 
the p75 receptor may play a role in neuronal and cognitive dysfunction in 
aging. Support: AFAR, NRSA10261, NS17131, NS33200 and AG14449.

577.14

NOTCH 3 M U T A T IO N S A N D  M U L T I-IN FA R C T  D E M E N T IA .
R. N. Kalaria*, A .B. Singleton, N. J. Thom as, S.C . Blank, D.J. Burn.
A. Coulthard, K. Bushby, P. Ince and C .M . Morris 
MRC Unit, Institute for the Health o f  the Elderly, Newcastle General 
Hospital and the Departments o f  Psychiatry, N eurology and Human 
Genetics, University o f New castle upon Tyne, UK.

Familial multi-infarct dementia or CADASIL appears increasingly common. 
CADASIL patients present with recurrent ischaemic attacks leading to 
dementia. MR imaging and neuropathological analyses demonstrate the 
presence of multiple subcortical lacunae, leukoencephalopathy and a 
vasculopathy that is non-atherosclerotic and non-amyloidotic. However, 
diagnosis of disease remains difficult due to the variable presentation. The 
disorder has recently been associated with missense mutations in the coding 
region of the Notch 3 gene on chromosome 19. We sequenced exons 3 and 4 
of the gene in a large kindred from the North East of England. All 7 affected 
members of the family had the missense mutation C to T at nucleotide 535 of 
the Notch 3 gene, creating a Pst I  restriction site, that results in an Arg to Cys 
amino acid change at codon 153. This mutation was not found in unaffected 
family members or in subjects with sporadic multi-infarct dementia or 
Alzheimer's disease. The mutations change the number of cysteine residues that 
may involve an alteration in the ligand binding or putative dimerisation 
properties of Notch 3. Given the high incidence of Notch 3 mutations in 
CADASIL we conclude that genetic screening in combination with 
neuroimaging is valuable in further defining suspected CADASIL kindreds. 
Supported by grants from MRC (UK), NINDS and Alzheimer’s Association.

577.16
UPREGULATION OF α1-ANTICHYMOTRYPSIN IN SCA1 TRANSGENIC MICE X. Lin1*, H.T. Orr2 and
H.Y. Zoghbi1 1Dept. of Pediatrics and Molecular and Human Genetics, and Howard Hughes Medical 
Institute, Baylor College of Medicine, Houston, TX 77030; 2Dept. of Laboratory Medicine and Pathology, 
Biochemistry and Institute of Human Genetics, University of Minesota, Minneapolis, MN 55455

Spinocerebellar ataxia type 1 (SCA1) is a member of a growing family of autosomal dominant 
neurodegenerative diseases caused by the expansion of unstable CAG trinucleotide repeats encoding 
for polyglutamine (poîy-Q) tracts in the respective proteins. Previous studies support the hypothesis that 
the expanded poly-Q tract renders the host protein toxic to selective neuronal populations. In order to 
gain molecular insights into the pathogenesis of neurodegeneration, we set out to identify genes whose 
expression is altered in SCA1 transgenic mice (B05), which harbor an expanded human SCA1 allele 
with 82 CAG repeats and develop ataxia and Purkinje cell degeneration. Towards this goal we 
analyzed the cerebellar mRNA from 2 months old B05 and wild-type mice using a PCR-based cDNA 
subtraction technique, suppression subtractive hybridization (SSH). One of the genes that we found to 
have differential expression patterns between B05 and wild-type cerebe!la is the mouse homologue of 
human a1-antichymotrypsin(ACT). ACT is a serine protease inhibitor and known as an acute phase 
response protein. It has been demonstrated to be upregulated in several neurodegenerative conditions 
including Alzheimer disease and Huntington disease, and be associated with astrocytosis and aging. 
Here we show that ACT expression is specifically upregulated at both mRNA and protein levels in BO5 
cerebellum, as revealed by Northern blot analysis and immunohistochemistry. This change is already 
striking at postnatal day 16 (P16), when no histopathology has been observed, suggesting the 
involvement of ACT in the pathogenesis. Moreover, another line of SCA1 transgenic mice 
overexpressing a wild-type human SCA1 allele with 32 CAG repeats do not show any change in ACT 
expression, indicating that ACT upregulation in B05 cerebellum is specifically related to the expanded 
polyglutamine tract since B05 and A02 mice have been shown to have similar levels of SCA1 protein, 
ataxin-1. In B05 cerebellum, both Purkinje neurons and the white matter are intensely stained with ACT 
antibody at P16, when there is no obvious astrocytosis, as judged by the staining pattern of GFAP 
antibody. At 3 months, when the mice develop apparent ataxia, the intensity of ACT staining in the 
white matter increases whereas that in Purk¡nje neurons is attenuated to low levels indistinguishable 
from wild-type. The altered expression pattern of ACT prior to onset of any phenotypic changes in 
SCA1 transgenic mice renders this gene an interesting candidate to be involved in SCA1 pathogenesis. 
Further investigations are currently underway to study its pathogenic role both in the transgenic mice 
and in SCA1 patients. (Supported by NIH Grant NS27699 and HHMI)
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577.17
THE SCA2 GENE PRODUCT IS MORE WIDELY DISTRIBUTED 
THROUGHOUT CNS NEURONS THAN IS NEUROPATHOLOGICAL 
DAMAGE IN SCA2.
E. Storey1*, Y. Brickman1, R. Cappai2. 1Dept. of Neuroscience, Alfred 
Hospital, Melbourne, Australia; 2Dept. of Pathology, University of 
Melbourne, Melbourne Australia.

Spinocerebellar ataxia type 2 (SCA2) is due to an expanded CAG repeat 
sequence, coding for an elongated polyglutamine tract. The sequence data 
suggests a novel gene product (ataxin 2), without known homology. The 
topographical pattern of neuropathological damage in SCA2 is distinct from 
that of other CAG repeat diseases, with involvement of Purkinje cells and 
pontine nuclei, but sparing of the dentatorubral system. To establish whether 
the distribution of the gene product matches that of the disease, polyclonal 
antibodies were raised against synthetic peptides derived from the published 
sequence data for ataxin 2. These recognise a 130 kDa band on Western 
blotting of rat brain homogenate and human lymphocyte lysate, and produce 
punctate immunostaining in the cytoplasm of neuronal cell bodies. 
Immunohistochemical analysis of ataxin 2 distribution in rat brain shows it to 
be widespread, with greatest immunoreactivity in the cytoplasm of larger 
neurons, including neurons of the lateral cerebellar nuclei, Purkinje cells of 
the flocculus, and pyramidal neurons of cortical layer 6 and hippocampal 
areas CA2 and 3, which are all spared in SCA2. We conclude that regional 
specificity in SCA2 is conveyed by factors other than distribution of ataxin 2. 
This is analogous to findings in other CAG repeat diseases studies to date, 
with the exception of SCA6. Supported by the Van Cleef/Roet Foundation 
(non-commercial).

577.19
SPINOCEREBELLAR ATAXIA TYPE 2 IN CHINA: MOLECULAR ANALYSIS 
AND GENOTYPE-PHENOTYPE CORRELATION IN NINE FAMILIES.
Y.X. Zhou1,2, G.X. Wang2, B.S. Tang3, H.S. Lee1, S. Nvamkhishig1, J.P. Moore 
Jr.5 . S. Tsuji*, B.X. Yang2, L.G. Goldfarb1. 1Clinical Neurogenetics Unit, Medical 
Neurology Branch, NINDS, NIH, Bethesda, MD 20892-4129; 2Neurogenetics Unit, 
Department of Neurology, China-Japan Friendship Hospital, Hepingli, Beijing 
100029, P.R. China; 3Department of Neurology, Institute of Neurology, Hunan 
Medical University, Chang Sha, P.R. China; 4Department of Neurology, Brain 
Research Institute, Niigata University, Japan; 5Section of Cellular and 
Developmental Neurobiology, Lab of Neurochemistry, NINDS, NIH, Bethesda, MD 
20892-4129.

Spinocerebellar ataxia is a heterogeneous group of neurodegenerative disorders. 
Several genetic types of autosomal dominant hereditary ataxia have been recently 
identified and the genes for spinocerebellar ataxia types 1,2,3,6 and 7 have been 
cloned. AH these genes carry an unstable CAG repeat in the coding region which is 
expanded in the affected individuals. Molecular identification of the type of ataxia is 
important to determine the disease prevalence and its natural history in various 
populations. We studied 74 Chinese families that included 108 patients affected with 
autosomal dominant spinocerebellar ataxia and 104 healthy unrelated control 
individuals. SCA2 was identified in nine families with 16 studied patients. All 
affected family members were heterozygous for a CAG repeat expansion in the SCA2 
gene containing 37 to 56 triplets. Normal alleles had 14 to 28 trinucleotide repeats; 
an allele with 22 repeats accounted for 97.1% of the tested normal alleles. Presence of 
one or two CAA triplets within the CAG tract was regularly seen in the normal, but 
not in the pathologically expanded alleles. We found a statistically significant inverse 
correlation between the number of CAG repeat units and the age of disease onset. 
SCA2 accounted for 12% of the studied Chinese families with ataxia, whereas SCA1 
and SCA3/MJD accounted for 5% and 34%, respectively.

577.18
DIFFERENCES IN A DINUCLEOTIDE REPEAT POLYMORPHISM IN 
THE TAU GENE BETWEEN CAUCASIAN AND JAPANESE 
POPULATIONS, IMPLICATION FOR PROGRESSIVE SUPRANUCLEAR 
PALSY. C. Conrad1*, N. Amano2, A. Andreadis3, Y..Xia1, K. Namekata4, F. 
Oyama4. K. Ikeda5, K. Wakabavashi6, H Takahashi7, L. J. Thai1, R. Katzman1,
D. A. Shackelford1, M. Matsushita2, E. Masliah1, and A, Sawa2. 1Dept, cf 
Neurosciences, UCSD, La Jolla, CA 92093-0624, 2Dept. of Neuropsychiatry, 
Univ. of Tokyo, Tokyo 113, Japan, 3Dept. of Biomed. Sci., E. K. Shriver 
Center for Mental Retardation, Waltham, MA 02116,4Dept. of Neuropathology, 
Univ. of Tokyo, Tokyo 113, Japan, 5Dept. of Neuropathology, Tokyo Inst. of 
Psychiatry, Tokyo 157, Japan, 6Brain Disease Res. Center, Brain Res. Inst., 
Niigata Univ., Niigata 951, Japan, 7Dept. of Pathology, Brain Res. Inst., 
Niigata Univ., Niigata 951, Japan

Previous studies of a tau polymorphism in Caucasian subjects with 
progressive supranuclear palsy (PSP) showed an overrepresentation of one 
genotype, A0/A0, versus normal control subjects. This result suggested that tau 
may be playing a genetic role in the progression of PSP.

This study examines whether the overrepresentation of A0/A0 is Caucasian 
specific or universal to PSP. Unfortunately, we found this dinucleotide repeat 
was relatively nonpolymorphic in Japanese subjects. As a result, the genotypes 
were virtually the same, A0/A0, between Japanese PSP and control subjects. 
However, this outcome, albeit negative does suggest two possible roles of the 
tau gene in PSP pathogenesis: 1) the role of this dinucleotide repeat in PSP may 
be different between Caucasian and Japanese populations, or 2) this repeat may 
not be causal for PSP but represents a marker for other molecular genetic risk 
factors within or close to the tau gene on chromosome 17.

This study has been supported by Univers Foundation (Tokyo, Japan), 
Alzheimer's Disease Research Center Grant P50-AG05131, and NIH grant 
NS28121.

577.20
BILATERAL POSTEROVERNTRAL PALLIDOTOMY TO TREAT 
GENERALIZED DYSTONIA. S.Z. Lin1*, J.J. Lin2, D.C. Chang2, C.C. Lee5, G.J. 
Chen1 and Y.H. Chiang1. 1Dept. of Neurosurgery, Tri-Service General Hospital, 
Taipei; and 2Dept. of Neurology, Chushang Show-Chwan Hospital, Nantou; 5Dept. 
of Radiology, Tz’u-Chi Buddhist General Hospital, Hualian, Taiwan, R.O.C.

Background and purpose Posteroventral pallidotomy (PVP) has been 
proven to be effective in treatment of the symptoms of rigidity, akinesia, as well as 
L-dopa-induced dyskinesia in Parkinson’s patients. We had a successful 
experience of application the bilateral PVP to a patient with generalized dystonia 
(GD). Postoperatively, there was marked improvement of her dystomia symptoms 
and daily activities. For a further investigation, we therefore conducted a study of 
application this surgery in a series of patients with GD.

Materials and methods Twenty-two patients with GD, caused by diverse 
etiologies, were included in this study. There were 9 males and 13 females with an 
averaged age of 24.5 years (ranging from 13 to 36 years). The duration of the 
disease was 7.4 years (3 to 30 years). Stereotactic procedures of the PVP were 
guided by MRI localization.

Results The bilateral PVP significantly improved the dystonic movements 
on the mouth and the neck. Postoperative complications included transient urinary 
incontinence in 3 patients and transient hallucination in 2 patients.

Conclusion This study indicates that the bilateral PVP can partially relieve 
the dystonic symptoms of patients with GD, particularly in the craniocervical 
region.

577.21
DOES THE SPATIAL DISTRIBUTION OF PUT AMIN AL D2 RECEPTORS 
DIFFER IN PATIENTS WITH BLEPHAROSPASM VS. HAND CRAMP?
J.S. Perlmutter, A.Z. Snyder/ V.K Tolia, F. Revilla, L. McGee-Minnich, S.M. Moerlein 
and K. J. Black. Depts. of Radiology, Neurology, and Psychiatry, Washington University 
School of Medicine, St. Louis, MO 63110.

We hypothesized that dopamine D2 receptor binding in the putamen might differ 
among patients with different focal dystonias. We examined 14 adult patients with 
blepharospasm and 8 with hand cramp using [Fl8]spiperone, which binds to D2-like 
receptors. PET images were acquired over 3 hours and spatially registered to each other. 
The last 30 min of PET data were combined into a single image (“late image”), 
reconstructed to 7 mm full width half maximum (FWHM) resolution, and transformed 
to stereotactic space using a novel method which optimizes registration of the late image 
by combining all possible automated registrations among early, middle, and late PET 
data and each subject’s MRI. The locations of the peak concentrations of [FI8] activity 
in left and right putamen were identified by a computerized search routine and averaged 
within each subject. The mean Talairach atlas coordinates are (±23.9, 0.4, 2.8) for the 
blepharospasm patients and (±24.5, -0.5, 4.9) for the hand cramp patients. The Z 
coordinates of these points differ significantly by t-test (p < 0.016, 2-tailed). Descriptively 
the blepharospasm subjects’ peaks were more medial, anterior and inferior than hand 
cramp patients’. Given the known somatotopic functional organization of putamen with 
the face area projecting more ventromedial, the feet projecting dorsolateral and the arm 
area in between, these data are consistent with the idea that focal dystonia may be 
associated with a somatotopic re-organization of dopamine receptors in putamen.

Supported by NIH grants NS01898, NS31001, NS32318; the Benign Essential 
Blepharospasm Foundation; the Charles A. Dana Foundation (Clinical Hypotheses 
Research Section); NARSAD; APDA; the McDonnell Center for Higher Brain Function; 
Mr. and Mrs. Jefferson Miller; and the Barbara and Sam Murphy Fund.
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578.1
A CLINICAL SYNDROME SIMILAR TO FAMILIAL ALZHEIMER’S DISEASE 
CAUSED BY A TI83A MUTATION OF THE PRION PROTEIN. R. M. Nitsch1’2*, 
U. Mann2,3, U. Finckh2,4, O. Windl5, V. Becker3, T Müller-Thomsen2,3, J.H. 
Growdon*6, D. Naber2,3, H. A. Kretzschmar5 and A. Gal2,4. 1Center for Molecular 
Neurobiology and 2Alzheimer‘s Disease Research Group, department of Psychiatry, 
4Department of Human Genetics, University of Hamburg, department of Neuro
pathology, University of Göttingen, Germany, and department of Neurology, MGH, 
Boston, MA

We identified a family with early onset autosomal dominant dementia that 
fulfilled the criteria for a clinical diagnosis of familial Alzheimer’s disease (FAD) 
without additional neurological signs, and without EEG abnormalities characteristic of 
Creutzfeldt-Jakob disease (CJD). There were no mutations in the coding regions of 
PS1, PS2, or in exons 16 and 17 of the APP gene. Sequencing of the coding region of 
the prion protein gene (PRNP) revealed an A to G mutation at the first position of 
codon 183, predicting the amino acid exchange TI83A. Segregation analysis 
demonstrated autosomal dominant inheritance of a disease-causing PRNP mutation. 
This mutation is known to be associated with the loss of glycosylation at codon 181, 
one of two consensus sites for N-glycosylation in the prion protein (PrP). This loss 
causes faulty targeting of PrP to the plasma membrane, and retention of the mutant 
PrP in the nerve cell bodies, suggesting that N-glycosylation of PrP at position 181 is 
important for its trafficking. We propose that this mutation may belong to a distinct 
subclass of prion diseases with a clinical phenotype that resembles FAD. This 
phenotype was characterized by slowly progressing (4 years) early-onset dementia is a 
key clinical sign, combined with global diffuse hypometabolism in PET scans, but 
without the rapid course of CJD, and without the characteristic signs of CJD including 
EEG abnormalities, cerebellar ataxia, startle reaction, or myoclonus. This clinical 
syndrome associated with the absence of mutations in the known FAD-associated 
genes should prompt the search for mutations in PRNP.

578.3
AN INSERT MUTATION IN THE PrP GENE IN A FRENCH GERSTMANN- 
STRÄUSSLER-SCHEINKER FAMILY WITH PSYCHIATRIC FEATURES. K .H . 
E l  Hachimi*1, J.L. Laplanche2, A. Destée3 and  J.-F. Foncin1 1EPHE and
U .106 INSERM Hôpital La Salpêtrière, 2Lab. Biochimie Hôpital 
Lariboisière, Paris 3Neurologie B CHU de Lille, France.

The M-E Family was first reported in 1982 (Foncin et al). Refinement 
o f pathological study and identification o f a new genotype linked with the 
disease phenotype are reasons for this presentation. 11 members o f the 
kindred are now known to be or to have been affected among 5 
generations. Mean age at onset was 28 years (range 22-34 years). 
Psychiatric symptoms caused in 6 instances hospitalisation in psychiatric 
institutions under various diagnoses, the most frequent reference being 
mania or mania-like symptoms. Dementia occurred progressively and late 
in the evolution. Histological studies were done on autopsy material from 
the proband and showed atrophy o f the cerebellar molecular layer which 
contained kuru and multicentric plaques. Ultrastructurally, the uni- or 
multicentric plaques were made o f radiating amyloid fibrillary bundles. 
Spongiosis was not prominent and largely limited to the periphery o f  
<<daisy plaques>>. Spongiosis was more marked in the thalamus, where 
plaques were scarce. Anti-PrP evidenced numerous plaques in the 
cerebellum; they were less abundant in the frontal and temporal cerebral 
cortex. Molecular biology studies were performed on DNA obtained 
from living collaterals o f the proband (5 samples). They showed an 
192bp insert (eight repeats o f 24bp) in the octapeptide coding region 
associated with the methionine polymorphism at codon 129. Early age at 
onset, prominence o f psychiatric symptoms and long evolution, among 
other features, are strongly reminiscent o f the «new variant>> o f  
Creutzfeldt-Jakob disease. (Supported by MENRT and INSERM)

578.5
PURIFICATION USING PREPARATIVE GEL ELECTROPHORESIS AND N- 
TERMINAL SEQUENCING OF PRION PROTEIN FROM HUMAN BRAINS 
AFFECTED WITH PRION DISEASES. W.O. Zou, P. Parchi, P. Gambetti, S.G. 
Chen*. Div. of Neuropathology, Case Western Reserve Univ.; Cleveland, OH 44106.

A substantial body of evidence has shown that an abnormal isoform of the prion 
protein (PrPres) is the major component of prions and that the conversion of cellular 
prion protein (PrPc) to PrPres is the key event in prion disease. In structural analyses 
and conversion studies of PrP, it is often essential to obtain PrPres from tissue, with a 
high degree of purity. We present here a simple and efficient method using Bio-Rad 
mini prep cell to purify PrPres from human brains with prion diseases. The brain 
homogenate in sarkosyl-containing buffer was subjected to a series of differential 
centrifugation, detergent extraction as well as nucleases and/or proteinase-K (PK) 
digestion. Silver staining and Western blot analysis showed the presence of ferritin in 
the resulting preparation, in addition to PrPres. To further purify and remove ferritin, 
samples were loaded onto a 12% SDS-PAGE tube gel (Bio-Rad Mini Prep Cell) after 
denaturation by boiling in sample buffer, eluted with ammonium bicarbonate, and 
collected into the fractions. The distribution of PrPres and ferritin in the fractions was 
identified by Western blot analysis using the monoclonal antibody 3F4 and an anti- 
ferrjtin polyclonal antibody. The fractions containing PrPres were pooled and 
lyophilized. The resulting preparations were applied to both mass spectrometry and 
amino acid sequencing. For the latter, purified PrPres was subjected to SDS-PAGE and 
blotted onto a Problott membrane. Coomassie brilliant blue-stained blot strips were 
sequenced in the Blot Cartridge. With this protocol, PrPres from 30 cases with prion 
diseases was purified and sequenced. Our results show that there are multiple N- 
terminal starting points after PK digestion, which may be associated with 
conformational difference present in PrPres. Further structural analyses may be 
facilitated by the present method which makes available in an efficient way highly 
purified PrPres.
Supported by NIH grants AG08I55, AG08992, AG 14359 and the Britton Fund.

578.2
PHYSICOCHEMICAL PROPERTIES OF PRION PROTEIN (PrP) IN 
GERSTMANN-STRÄUSSLER-SCHEINKER DISEASE (GSS) Q212P. F 
Piccardo1*, K. Young1, A. W illiam1, S.J. Kish2, L.C. Ang3, O. Bug iani4, 
F. Tagliavini4, S.R. Dlouhy 1, and B. G hetti1. 1Indiana Univ. Sch. Med., 
Indianapolis, IN 46202 ; 2Clarke Inst. Psychiatry, and 3University of 
Toronto, Toronto, Canada; 4lstitu to Carlo Besta, Mitano, Italy.

GSS, a neurodegenerative disorder caused by mutations in the PrP 
gene (PRNP), is characterized clin ica lly by ataxia and dementia and 
pa tho log ica lly  by deposition  o f PrP am ylo id  in the brain. We have 
found a mutation at PRNP codon 212 (Q212P) associated w ith GSS. 
We speculate that mutations in PRNP m ight affect PrP conformation, 
which may in turn affect the stability of the mutant isoforms and the 
formation of characteristic breakdown products. We analyzed PrP in 
crude brain extracts and m icrosom al-synaptosom al preparations and 
com pared the re su lts  o f GSS Q 212P  and GSS F198S. In GSS 
Q212P, im m unoblot analysis w ith  an ti-PrP antibody 3F4 showed a 
poorly defined smear in the 25-35 kDa region and tw o  major bands of 
ca. 18-19 and 10 kDa. These results differed from those obtained in 
GSS F198S, in which bands of 27-29, 18-19, and 8 kDa were seen. 
In both disorders, low molecular weight fragments were also seen in 
non PK-treated samples, suggesting that such peptides are generated 
in vivo. The results w ith purified membrane fractions revealed that in 
both GSS variants there are detergent insoluble and PK-resistant PrP 
peptides not seen in sporadic or fam ilia l C reutzfeldt-Jakob disease. 
The association of C-truncated PrP w ith  membranes may be due to 
protein-protein or protein-lipid interaction or to the attachment of the 
C-truncated peptide to the surface membrane via an anchor different 
from that present in normal PrP. PHS R01 NS 29822.

578.4
INTRINSIC PROPERTIES OF CA1 PYRAMIDAL CELLS FROM MICE 
HOMOZYGOUS OR HETEROZYGOUS FOR PrP NULL ALLELES Y-G 
Li*1, J.Collinge1 and J.G.R. Jefferys2. 1Department of Neurogenetics,
Imperial College Sch. of Med., St Mary's Campus, London W2 IPG, UK; 
2Dept of Physiology, The Med. Sch., Univ. of Birmingham, Birmingham B15 
2TT, UK.

The prion protein (PrP) is central to the aetiology of the prion 
diseases. We have previously demonstrated that PrP null mice lack late after
hyperpolarization (LAHP) (Simon et al, Neurosci. Lett., 209 (1996) 49-52) 
and have now studied the effect of gene dosage on this phenotype. Intrinsic 
properties of CA 1 pyramidal cells from in vitro hippocampal slices were 
examined among mice of three different genotypes which respectively 
express 100% (wild type, Prn-p+/+), 50% (heterozygous, Prn-p+/0) and 0% 
(homozygous null, Prn-pº/º ) normal PrP levels. Mean resting potentials (58.4 
± 0.5, 59.4 ± 1.4 & 60.0 ± 2.9 mV respectively) and time constants (10.9 ± 
0.6, 12.4 ± 0.8 & 12.5 ± 1.2 ms respectively) did not differ significantly 
between the groups (P>0.05, unpaired t-tests). However, the input resistance 
in the Prn-p+/+ mice was significantly greater than the other two (P=0.013 & 
P=0.022, unpaired t-tests; 49.7 ± 3.5, 35.7 ± 3.5 & 34.8 ± 3.5 MΩ 
respectively). Spike firing accommodations were similar in all three groups. 
However, excitability differed, with Prn-p+/+ mice having the highest and Prn-p+/+

 mice the lowest. LAHP were measured between 100ms and 700ms after 
various numbers of action potentials (AP) and differed between the groups. 
Following 3, 5, 7, up to 25 AP, LAHP was prominent in Prn-p+/+ mice, but 
was significantly reduced on average by 18% in Prn-p+/º (P=0.001, F-test) 
and by 44% in Prn-po/º mice (P=0.001, F-test). Furthermore, LAHP in Prn- 
p+/o mice was significantly greater than in Prn-po/º mice (P=0.038, F-test).
This suggests a gene dosage effect in the development of this PrP null 
phenotype. This work was supported by The Wellcome Trust.

578.6

ULTRASTRUCTURAL LOCA LIZA TIO N  O F CELLULAR PRION  
PR O TEIN  (PrPc) AT TH E N EUR O M USC ULA R  JU N C TIO N .
C. G ohel1, V. Grigoriev1, F. Escaig-Hayh C.I. Lasmezas2, J.-P. D eslys2, 
J. Langeveld3, M. Akaaboune1, D . Hantaï1*, and J.-G . Fournier1. 
TNSERM  U.153, Paris, France; 2CEA, Fontenay aux Roses, France; 
3Institute o f  Animal Science & Health, Lelystad, The Netherlands.

The transmissible spongiform encephalopathies are characterized 
by brain accumuladon o f  PrPsc which is the result o f  a 
posttranslational conversion o f  normal cellular PrPc known to be 
localized in brain synapses. In order to better understand the synaptic 
function o f  PrPc, we examined its localization in mammalian skeletal 
muscle neuromuscular junction (NMJ), which is an accessible model to 
study the synapse. By immunohistofluorescence and using several anti- 
PrP antibodies, the NMJ was clearly stained in human, m ouse and 
hamster skeletal muscle. Immunoelectron microscopy study using gold  
particles performed in mouse skeletal muscle revealed PrPc-gold  
immunolabelling in the subsynaptic sarcoplasm. The sarcolemma was 
devoid o f  gold particles while some gold particles were observed close 
to the presynaptic vesicles o f  the terminal axons.

These results indicate that the PrPc is expressed in mammalian 
skeletal muscle at the NMJ, where it may play a role in its subsynaptic 
part.

This work was supported by AFM and ACC-INSERM .
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578.7
Y EA ST PRION SUP35P FORMS AGGREGATES IN 
MAMMALIAN CELLS. Y. G. Kim1, H. S. Lee2, N. S. Kwon2,
K. T. Baek2 and H.-Y. Yun2*, 1Dept. of Biology, MIT, Cambridge, 
MA02109; 2Dept. of Biochemistry, Chung-Ang University, College 
of Medicine, Seoul 156-756, S. Korea.

Sup35p is a yeast nonsense suppressor gene product that acts 
as a non-Mendelian cytoplasmic genetic element and has
prion-like properties. The prion form of sup35p forms insoluble 
aggregates in yeast and in vitro by aid of a chaperon protein 
hsplO4. Overexpression of normal sup35p in yeast can also form 
de novo aggregates in the presence of hsp104. In this study, 
PC12 cells and Sk- Hepl cells were transfected with the
expression plasmids containing either sup35pN-EGFP or 
sup35pNM-EGFP (N, N -term inal domain; NM, N-term inal and 
middle domains; EGFP, enhanced green fluorescent protein). We 
found that both fusion proteins formed round or punctate
aggregates with GFP fluorescence in the cytoplasm. Maintenance 
of green fluorescence of GFP in sup35p aggregates suggested that 
GFP retained its native structure in the sup35p aggregates. 
Formation of aggregates was slow process that took 3-4 weeks 
after transfection. Number of aggregates per cell varied. The 
ability of sup35p to aggregate suggests the presence of
hsp104-like chaperon in mammalian cells. [Support: The
Chung-A ng University Special Research Grant]

578.9

EARLY INDUCTION OF PROTEIN NEXIN-I IN SCRAPIE. S . 
Cavallaro1, C. I. Gibbs 2 , and P. Perg a m i 3 *, 1lstituto di 
Bioimmagini e Fisiopatologia del Sistema Nervoso Centrale, 
CNR, p.zza Roma 2, 95125 Catania, Italy; laboratory of 
Central Nervous System Studies, NINDS, NIH, 20817 Bethesda, 
MD, USA; 3Istituto Neurologico "C. Mondino", 27100 Pavia, 
Italy.

Transmissible spongiform encephalopathies (TSE) are 
fatal transmissible neurological disorders afflicting animals 
and humans. Although TSEs are characterized by the 
accumulation of prion  protein, the  molecular mechanisms 
involved in the pathogenesis of prion diseases are largely 
unknown. We used RNA fingerprinting by arbitrary primed 
PCR to identify genes whose expression is up-regulated in 
the brain of hamsters affected by prion disease. One gene 
implicated by RNA fingerprinting encoded the hamster 
homolog of protein nexin-I (PN-I), a serine proteinase 
inhibitor, and was further investigated by Northern Blot 
analysis. PN-I mRNA levels were already increased at 
preclinical stages (19 days after inoculation) and remained 
elevated when the spongiform encephalopathy was 
anatomopathologically and clinically evident (at 50 and 80 
days). Future RNA screening conducted as illustrated here 
may help reveal a spectrum of genes relevant for the 
etiopathogenesis and/or diagnosis of prion disease.

578.11
[F-I8]FDG PET IN SPORADIC CREUTZFELDT-JAKOB DISEASE. S.E. Kim1*, 
D.L. Na2, J.Y. Choi1 and B.-T. Kim1. Depts. of 'Nuclear Medicine and 2Neurology, 
Sung Kyun Kwan Univ., Samsung Medical Center; Seoul 135-710, Korea.

The purpose of this study was to examine [F-I8]fluorodeoxyglucose (FDG) PET 
metabolic patterns in sporadic Creutzfeldt-Jakob disease (CJD) in comparison with 
Alzheimer’s disease (AD). Seven CJD patients (age 65±9 yrs), 33 AD patients (65±9 
yrs), and 17 healthy controls (66±4 yrs) were studied with [F-I8]FDG PET. From the 
radioactivity concentrations measured in the ROIs placed on cortical and subcortical 
regions, anterior (frontal)-posterior (temporoparietal) and regional lleft-rightl percentage 
differences (Δ%AP and Δ%LR, respectively) were calculated as the difference divided by 
the mean of the two values x 100. On visual examination of the PET images, six CJD 
patients at relatively early stages had reduced metabolism heterogeneously distributed 
throughout the cortical areas, including primary visual and sensorimotor cortex. Of 
note was that asymmetric bilateral frontal involvement was invariably seen. These 
patterns were distinct from those seen in the AD patients. In 5 of the 6 patients, 
reduced metabolism was most evident in the left cerebral hemisphere, while one patient 
had more severe reductions on the right. In one patient at a late stage of the disease, 
hypometabolism affected all cortical areas homogeneously with relative sparing of 
cingulate gyrus. In contrast, metabolism in the basal ganglia, thalamus, and cerebellum 
was relatively well preserved in all of the patients. The Δ%AP in the 6 CJD patients 
at relatively early stages (-9.5±9.1%) was significantly lower than those in the healthy 
controls (9.4±8.6%, p=0.0130) and AD patients ( 10.5±14.2%, p=0.0013), indicating 
frontal predominance of metabolic impairment over temporoparietal regions in CJD. 
The Δ%LR in the frontal (13.9±8.0%) and primary sensorimotor cortex (l4.6±5.4%) 
were significantly higher than those in the healthy controls (3.7±3.8%. p=0.0051: 
4.7±3.0%, p=0.0078, respectively) and AD patients (8.3±6.3%, p=0.0471; 7.0±6.9. 
p=0.0099, respectively). The present study demonstrates asymmetric and heterogeneous 
reductions in cerebral metabolism, with relative predominance of frontal involvement, 
in early stages of CJD, which is significantly different from metabolic patterns in AD 
and other degenerative dementia. The [F-18]FDG PET pattern of metabolic impairment 
may help in the diagnosis of CJD at an early stage.

578.8
IMPAIRMENT OF CALCIUM HOMEOSTASIS IS RESPONSIBLE FOR THE 

PRION PROTEIN FRAGMENT 106-126-DEPENDENT CELL DEATH.
*T. Florio+, S. Thellung+, C. Amico#, M. Robello#, M. Salmona0, C. Bugianî , F . 
Tagliayini ,̂ G. Forloni0 and G. Schettini+.
+Inst. Pharmacology, Medical School, Univ. Genova; Pharmacology and Neuroscience, 
Natl. Inst. Cancer Res. (1ST) and Adv. Biotech. Center (CBA), Genova, #Unit. INFM, 
Dept of Physics, Univ. Genova, ºlnst. Mario Negri l̂nst. Carlo Besta, Milan ITALY 

The prion protein (PrP) is the etiologic agent of transmissible neurodegenerative 
diseases, such as Creutzfeldt-Jakob disease in humans and scrapie in animals. PrP is 
expressed also in normal brains, but in these pathologies it is converted in a pathogenic 
form (PrPSc), that is distinguishable from the native protein (PrPc) for its resistance to 
proteolysis. A synthetic peptide, homologous to residues 106-126 of the PrPSc (PrP106- 
126), is able to mimic most of the entire PrPSc effects. Here we report the effect of 
PrP 106-126 on the survival of cerebellar granule cells (CGC) and cortical neurons, and 
a possible intracellular mechanism of action. Cortical neurons and CGC undergo to a 
neurodegenerative process upon treatment with 10µM PrP 106-126, showing apoptotic 
features. Microfluorimetric studies showed that, in CGC, PrP 106-126 was able to lower 
the [Ca++]i induced by 25mM KC1. To further investigate the intracellular mechanism 
involved, in PrP 106-126 induced cell toxicity, we employed the GH3 cell line, as a 
model of excitable cell. The treatment with PrP 106-126 induced apoptosis, an effect 
mimicked by the L-type VSCC blocker, nicardipine. The pretreatment of GH3 cells 
with PrP106-126 abolished the activation of VSCC induced by 40mM K+ 
depolarization. The involvement of L-type VSCC was further demonstrated by means of 
whole cell patch clamp experiments. In conclusion these data suggest that PrP 106-126 
induces neuronal cell death, likely through an inhibition of the L-type VSCC activity. 
(Financial support by Telethon, grant E.394 and CNR 97.04918.ST74 to GS and 
CNR97.044562 Ct.04 to TF is gratefully acknowledged)

578.10
ABNORMALITIES OF PLASMA MEMBRANE STRUCTURE AND FUNCTION IN 
SCRAPIE-INFECTED SYRIAN HAMSTERS. Essia Bouzamondo. Patricia 
Spilman. Stephen DeArmond and Henry, J Ralston*. Dept of Pathology, 
Neuropathology Unit, Univ. of San-Francisco, California. 94143.

To better understand neuronal degeneration in the CNS during scrapie 
infection, structural and functional studies have been performed comparing 
normal and scrapie-inoculated male Syrian hamsters.

Previous studies in scrapie-infected cell lines suggested that abnormal 
protease-resistant PrPSc accumulates in plasma membrane (PM) where it 
correlates with significant changes in PM properties and inhibits receptor- 
mediated signalling function. Here we are testing a membrane hypothesis of 
neuronal dysfunction and degeneration in vivo.

We found a 20 fold increase in total prion protein (PrPc+PrPSc) in p m  
Treatment of the homogenates with proteinase K shows that the increase in total 
PrP is specifically due to accumulation of PrPSc Purified synaptosomes were 
also found to contain PrPSc. Since differential regulation of neurotransmitter 
release may play an important role in the pathophysiological process of the prion 
disease, we are currently testing whether accumulation of PrPSc is associated 
with abnormal evoked release of gamma-aminobutyric acid and acetylcholine 
from scrapie-infected synaptosomes prepared from terminally ill animals. 
Structurally and metabolically viable synaptosomes have been purified from 
homogenates of freshly dissected hippocampal and cortical brains regions 
(using non-toxic isoosmotic gradient percoll). Their integrity and their viability 
have been assessed by using enzymatic assays, biochemical markers and 
morphological criteria. Studies exploring the localization of PrPc and its abnormal 
isoform, PrPSc are also currently being attempted by electron microscopy. 
Supported by NIH Grant AG10770.

578.12

NEURODEGENERATION PATTERNS IN A RAT MODEL 
OF TRYPANOSOME INFECTION. N. Quan*, M . Herkenham. 
M. Whiteside, J.D.M. Mhlanga, and K. K ristensson. Section on 
Functional Neuroanatomy, NIMH. Bldg. 36 Rin. 2D 15, Bethesda, MD 20892 
and Department o f Neuroscience, Karolinska Institute, Stockholm, Sweden.

We reported previously that infection by the parasite 
Trypanosoma brucei in the rat causes chronic over-expression of 
pro-inflammatory cytokines IL -lβ and TNFα in the brain. In this 
study, we investigated neurodegeneration patterns in 
trypanosome-infected rats using a silver stain. Degenerating nerve 
fibers were consistently observed in median eminence, 
infundibulum, and lateral olfactory tract beginning on day 41 post
infection. The density of the staining for these degenerating fiber 
tracts intensified in parallel to the disease progression. At later 
time points, degenerating axons and terminals occasionally 
appeared in the medial lemniscus, superior cerebellar peduncle, 
hippocampus, and vestibular nucleus. In addition, striking 
cytoarchitectonically defined clusters of degenerating astrocytes 
were found in posterior hypothalamus, superior colliculus, and 
medial geniculate body. All o f these degeneration patterns were 
found without any evidence for degenerating neuronal cell bodies. 
These results show that axonal and astroglial degeneration parallels 
chronic over-expression o f  IL -lβ and TNFα in the brain and may 
represent the initial stages of pro-inflammatory cytokine-mediated 
neurotoxicity in the normal brain. (Support: NIMH IRP; SIDA, 
Sweden; and UNDP/World Bank/WHO)
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579.1
TOLERANCE TO THE SUPPRESSING EFFECTS OF NALOXONE ON 
ALCOHOL INTAKE IS ACCOMPANIED BY INCREASES IN MU 
OPIATE RECEPTORS. F.T . Crews, D.H. Overstreet, A.B. Kampov- 
Polevoi, and R.T. Bartus*1  Bowles Center for Alcohol Studies, UNC, 
Chapel Hill, NC 27599-7178 and 1Alkermes, Cambridge, MA

To investigate the feasibility o f developing a slow release preparation of 
naloxone for the treatment o f alcoholism, alcohol-preferring P rats were 
implanted with osmotic minipumps. A 14-day minipump which released 
naloxone at the rate o f 1.1 mg/kg/hr (26 mg/kg/day) for 14 days suppressed 
alcohol intake by over 50% initially but tolerance development was evident 
within 8-10 days. Other rats which were treated with naloxone twice daily 
with 13 mg/kg to achieve the same total daily dose o f naloxone also 
developed tolerance for 24 hr intake, although drinking remained suppressed 
immediately after the injection. Similarly, rats injected once daily with 2 
mg/kg naloxone 15 min prior to a daily 1 hr test session o f alcohol availibility 
exhibited continued suppression o f alcohol intake during the 1 hr test session 
throughout the 14-day treatment period. Rats which became tolerant due to 
implantation o f minipumps and those which did not become tolerant after 
daily 2 mg/kg injections were sacrificed and brain mu opioid receptors were 
autoradiographically determined by incubation o f tissues with the selective 
ligand DAMGO. Mu opioid receptors were significantly increased in many 
brain regions (including dentate gyrus, CA1 o f the hippocampus, nucleus 
accumbens, and several cortical regions) only in the rats which became 
tolerant to the suppressant effects o f naloxone cm alcohol intake. These 
findings suggest that some procedures or techniques which delay or prevent 
tolerance development may need to be used in order to improve the 
therapeutic efficacy o f opiate antagonists. Supported by Alkermes & 
NIAAA.

579.3
ETHANOL INHIBITS SODIUM NITROPRUSSIDE-MODULATED  
β -ENDORPHIN SECRETION AND  cGMP ACCUMULATION IN 
HYPOTHALAMIC CELLS IN PRIMARY CULTURES. N. Boyadjieva and
D. K. Sarkar*. Department of Veterinary and Comparative Anatomy, 
Pharmacology and Physiology, Washington State University, Pullman, WA 
99164-6520.

Alcoholism is known to result in an aberrant immune function, resulting in 
infection and disease. Recently we have shown that nitric oxide (NO) is involved 
in ethanol and interleukin- 1β (IL-lβ)-regulated β-endorphin (β-EP) secretion 
from hypothalamic cells in primary cultures. The NO-cGMP signal transduction 
pathway has been extensively studied in many tissues, including the brain. To 
address the question of whether the cGMP pathway participates in the ethanol 
and NO-regulated β-EP neurotransmission, we determined the effect of ethanol 
on sodium nitroprusside (SNP; a nitric oxide donor)-modulated secretion of β- 
endorphin and accumulation of cGMP in cultured hypothalamic cells. The 
cultured cells were treated with SNP with or without ethanol or NO antagonist 
L-NAME for a period of 3 h, and the medium content of β-EP and cellular 
content of cGMP were assayed by radioimmunoassays. SNP inhibited β-EP 
secretion and stimulated cellular accumulation of cGMP Acute treatment with 
ethanol had no effect on basal cGMP, but it inhibited SNP-induced cellular 
accumulation of cGMP. Ethanol reduced the inhibitory effect of SNP on β-EP 
release. L-NAME prevented the effects of SNP on β-EP secretion and cGMP 
accumulation. These results, together with our previous finding that NO 
mediates the IL-β-regulated β-EP secretion, suggest that ethanol affects the 
NO-cGMP signal transduction pathway to control IL-β-regulated β-EP 
secretion. Supported by NIH Grants AA08757 and AA00220 .

579.5

ALCOHOL DRINKING BY THE HIGH-DRINKING AA RAT LINE DURING AND 
AFTER A CONTINUOUS NALOXONE INFUSION. P. Hvvtiä1*, S. Soini2, K. Ingman2 
and E.R. Korpi2. 1National Public Health Institute, Helsinki, Finland; 2Dept. of 
Pharmacology and Clinical Pharmacology, University of Turku, Turku, Finland.

Opioid receptor antagonists have been shown to be a useful adjunct in the treatment 
of alcoholism. Since chronic opioid antagonist administration could upregulate opioid 
receptors and thereby affect the outcome of the treatment, the aim of the present study 
was to evaluate the effects of a continuous naloxone infusion on alcohol drinking in AA 
(Alko, Alcohol) rats both during and after the antagonist administration. Once AA rats 
had acquired stable consumption of 10% alcohol in a 1-h limited access procedure, they 
were implanted with sc osmotic minipumps delivering either saline, a low dose (0.3 
mg/kg/h), or a high dose (3.0 mg/kg/h) of naloxone. Daily 1-h drinking sessions were 
then continued for 7 days, and daily food and water intake was measured. After 7 days, 
the pumps were removed and alcohol, food, and water intake was measured for another 
4 days. Compared with saline, both naloxone doses significantly suppressed 1-h alcohol 
intake during the 7-day test. Significant decreases were seen also in daily food and water 
intake during the first days, but they quickly returned to their previous baseline. After 
removal of the pumps, both naloxone groups rapidly increased their alcohol drinking and 
reached the pretreatment baseline, while their food and water intake significantly 
surpassed their baselines. Autoradiography with [3H]-DAMGO and [3H]-DPDPE showed 
an upregulation of both µ- and δ-opioid receptors in many brain regions in a separate 
group of rats treated with naloxone (3.0 mg/kg/h). These results suggest that continuous 
opioid antagonist administration could be useful in decreasing alcohol drinking, but 
termination of treatment may be accompanied by a rapid reinstatement of alcohol 
drinking and increases in other ingestive behaviours mediated by opioid receptors. These 
behavioural changes are probably caused by antagonist-induced opioid receptor 
upregulation. (Supported partly by The Finnish Foundation for Alcohol Studies and 
Yrjö Jahnsson Foundation)

579.2
CHANGES IN BRAIN OPIO ID  PEPTIDE LEVELS AFTER CHRONIC 
ETHANOL ADMINISTRATION AND WITHDRAWAL 
S. Lindholm1, K. Ploj2, J. Franck1* and I. Nylander2.
1Department of Clinical Neuroscience, Karolinska Institute, 2Department of 
Pharmaceutical Biosciences, University of Uppsala, Sweden.

The reinforcing effects of ethanol are pardy mediated via the endogenous 
opioid system. Volitional ethanol intake results in altered levels of opioids in the 
brain of ethanol-preferring rats. We have studied the effects of chronic ethanol 
administration and ethanol withdrawal on short- and long-term changes in brain 
opioid levels in unselected male Sprague-Dawley rats. Rats were treated with 
ethanol 18% v /v  in saline (2g/kg or 4g/kg, i.p.), or saline (controls), twice daily 
for 13 days. Brain opioid (Met-enkephalinArg6Phe7 [MEAP], dynorphin B [Dyn 
B] and nociceptin) levels were measured with RIA in the periaqueductal grey 
area (PAG), pituitary, hippocampus, striatum, ventral tegmental area (VTA) and 
cortex cinguli at three time periods after the last ethanol injection; 2 h, 5 days 
and 21 days. In the PAG, the high dose of ethanol increased Dyn B at 2 h and 
at 5 days, whereas MEAP was unchanged at 2 h but increased at 5 days. 
Treatment with the low dose increased MEAP at 21 days. At five days, the 
nociceptin levels were increased in striatum, but decreased in cortex cinguli in 
rats treated with the high dose of ethanol. At 21 days, Dyn B was increased in 
striatum in rats treated with the low dose, but decreased in the VTA. All 
changes were statistically significant (p< 0.05). The results suggest that chronic 
ethanol administration induce acute and long-term changes in brain opioid 
peptide levels in regions associated with reward and dependence.

579.4
NALOXONE DOES NOT ALTER THE ANXIOLYTIC EFFECT OF 
ALCOHOL. N. Badia-Elder*, R.B. Stewart and J.C. Froehlich.
Indiana University School o f Medicine, Purdue University School of  
Science, Indianapolis, Indiana, 46202.

This study investigated whether alcohol-induced activation o f the 
opioid system contributes to the anxiolytic effect o f alcohol. Rats 
selectively-bred for alcohol-preference (P line) and -nonpreference (NP 
line), which are known to differ in sensitivity to the anxiolytic effects of  
alcohol, were compared. Rats (8/line/dose) received alcohol (0.5 or 0.75 
g/kg BW , ip) or NaCl 10 min prior to testing anxiety in the elevated plus 
maze. P rats were more anxious that NP rats since they spent less time in 
the open arms of the maze (p<0.05). Alcohol was not anxiolytic in either 
line in a dose of 0.5 g/kg but was anxiolytic in the P line only in a dose of 
0.75 g/kg (p<0.05). In order to investigate whether the anxiolytic effect 
o f alcohol, seen in P rats, was due to alcohol-induced activation o f the 
endogenous opioid system, separate groups o f P rats (8/dose) were 
pretreated with naloxone (2.5, 5.0 or 10.0 mg/kg BW , sc) or saline 30 
min prior to testing the anxiolytic effect o f alcohol (0.75 g/kg BW , ip) in 
the elevated plus maze. To control for the possibility that naloxone alone 
may alter anxiety, an additional group o f P rats were given naloxone 
(10.0 mg/kg), followed by saline, prior to testing anxiety in the elevated 
plus maze. As expected, alcohol in a dose o f 0.75 g/kg BW  was 
anxiolytic in P rats. Naloxone alone did not alter anxiety and, when 
administered prior to alcohol, did not block the anxiolytic effects of  
alcohol. The findings suggest that alcohol-induced activation o f the 
opioid system may not contribute significantly to the anxiolytic effects of 
alcohol. Supported by A A08312 from the NIAAA.

579.6
REVERSE MICRODIALYSIS OF DOPAMINE (DA) UPTAKE INHIBITORS 
INTO THE NUCLEUS ACCUMBENS (NAc) OF ALCOHOL PREFERRING (P) 
RATS; EFFECTS ON EXTRACELLULAR DA LEVELS AND ETHANOL (EtOH) 
INTAKE. E.A. Enqleman*, W.J. McBride, A.A. Wilber, S.R. Shaikh, R.D. Eha, L. 
Lumeng, T.-K. Li, and J.M. Murphy. Depts. Psychiat. & Psychol., Inst. Psychiat. 
Res., Indiana U. Sch. Med., Purdue Sch. Sci., lUPUl, Indianapolis, IN 46202.

The mesolimbic DA system may mediate some reinforcing actions of EtOH. 
Local perfusion of the NAc with DA uptake inhibitors was tested for effects on 
extracellular DA levels and on EtOH drinking in adult female P rats. After stable 
intake of a 15% (v/v) EtOH solution (1.2±0.1 g/kg) was established in daily 1h 
access periods, rats were implanted with bilateral guide cannulae aimed 4mm 
above the NAc. After recovery of basal EtOH dririking, microdialysis probes 
(2mm membrane surface) were inserted into the NAc. Two days later, artificial 
CSF was perfused through the probes (1.0 µl/min) for at least 90 min before 
beginning sample collection (every 30 min.). After 4 basal samples were 
collected, rats were assigned to groups; one group was perfused with CSF and 
the other with CSF plus 100µM GBR12909 (GBR) or 10ûµM nomifensine 
(NOM) for 240 min. During the last 60 min of perfusion, rats were given their 
daily 1 hr EtOH access period. Following the EtOH access period, the drug 
group received CSF and perfusion continued for 120 min for both groups. The 
procedure was repeated 24h later, but group treatments were transposed. 
Microdialysis samples were collected into 5µl 0.1N perchlorate, stored at 
-7O°C, and analyzed by HPLC with electrochemical detection. GBR or NOM 
perfusion increased extracellular NAc DA levels to over 800% of basal 
(p<0.05), but did not alter EtOH intake (p>0.05). The finding that increasing the 
extracellular levels of DA in the NAc did not alter EtOH intake suggests that the 
NAc DA system is net involved in the maintenance of EtOH intake of P-rats. 
(Supported by; AA10717; P50 AA07611).
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579.7
MONOAMINERGIC ADAPTATION OF NEOSTRIATUM IN RATS 
UNDERGOING ETHANOL WITHDRAWAL SEIZURES. L. Yul*, G.C. Wagner2 ,
H. Fisher3. 1 Inst. Of Behavioral Medicine, National Cheng Rung Univ. Medical Coll. 
Tainan, TW 70101; 2Dept. of Psychology, Rutgers Univ.; 3Dept. of Nutritional 
Sciences, Rutgers Univ.; New Brunswick. NJ 08903.

Ample evidence indicated the involvement of dopamine and serotonin in 
ethanol withdrawal seizures. A previous report demonstrated the efficacy of combining 
dopaminergic and serotonergic agents in suppressing the audiogenic seizures in 
ethanol-dependent rats. Moreover, a greater dopamine and lower serotonin level in the 
striatum was associated with the seizures. The present study was designed to examine 
the neurochemical changes in the striatum associated with the seizure suppression 
exerted by amphetamine and fenfluramine in combination. Rats rendered susceptible to 
audiogenic seizures on a repeated withdrawal regimen were used to delineate the 
causative relationship between neurochemical changes in the striatum and seizure 
susceptibility. Ethanol-dependent rats undergoing audiogenic seizures exhibited a 
greater dopamine and lower serotonin levels in the striatum as compared to control and 
ethanol-dependent rats undregoing no seizures. Amphetamine and fenfluramine 
effectively suppress the audiogenic seizures by reversing these changes in the striatum 
back to the basal values. Ethanol-dependent rats exhibiting seizures in OWD 
(undergoing no withdrawal), 1WD (undergoing 1 episode of withdrawal) groups had 
greater dopamine and lower serotonin levels in the striatum as compared to matched 
controls exhibiting no seizures. However, highly seizure-susceptible rats (1WD, 3WD. 
5WD) did not demonstrate consistently greater dopamine and lower serotonin levels in 
the striatum as compared with low seizure-susceptible rats (OWD). Thus, greater 
dopamine and lower serotonin levels in the striatum was, at best, necessary but not 
sufficient to predispose audiogenic seizure susceptibility in ethanol-dependent rats.
Busch Biomedical Research Grant

579.9

MICROINJECTIONS OF DOPAMINERGIC AGENTS IN THE 
NUCLEUS ACCUM BENS OF RATS ALTERS ALCOHOL  
INGESTION. H . J. Kaczmarek* and S . W. K iefer. Dept. o f  
Psychology, Kansas State Univ.; Manhattan, KS 66506  

The purpose o f  this study was to determine if  ethanol palatability in 
Long-Evans rats could by changed by manipulating reinforcement 
experienced during ethanol consumption. Following an initial taste 
reactivity (TR) test with 10% alcohol, separate groups received bilateral 
microinjections (0.5 µl/side) into the nucleus accumbens o f  either the 
nonspecific dopamine agonist d-amphetamine sulfate (20 µg, n = 10), the 
D2 antagonist raclopride (1.0 µg, n=8), or physiological saline (n=5) at 
the same time each day for five consecutive days. Five minutes after 
microinjection , the fluid-deprived rats were given 30 minutes o f  access 
to 10% ethanol. The TR procedure with 10% alcohol was repeated. 
After this, the rats were once again given 30 minutes o f  access to 10% 
ethanol for 5 consecutive days, but without drug microinjection prior to 
alcohol access. A final TR procedure was performed at the end o f  the 
study. Raclopride and d-amphetamine treated animals showed reduced 
ethanol consumption in comparison to saline treated animals. 
Consumption levels among the three groups did not differ when drug 
treatment was discontinued. Initial analysis o f  TR data indicate that the 
drug manipulations had little or no effect on alcohol reactivity 
immediately after the drug treatments.
Research supported by Kansas State University D ept. o f  Psychology

579.11

TIME COURSE OF EXTRACELLULAR DOPAMINE AND SEROTONIN WITH 
A RESOLUTION OF FIVE MINUTES IN THE NUCLEUS ACCUMBENS 
FOLLOWING ADMINISTRATION OF LOW DOSE OF ETHANOL. Q-S. Yan*,
M.E.A. Reith, S.G. Yan, J.W. Dailey and P.C. Jobe. Department of Biochemical and 
Therapeutic Sciences, University of Illinois College of Medicine, Peoria, IL. 61656.

Previous studies have indicated that brain ethanol (EOH) concentrations reached 
a maximum within 10-20 min after ip injection. Since the reinforcing properties of 
EOH have been suggested to be related, at least in part, to its stimulation of the 
dopamine (DA) release in the nucleus accumbens (NACC), it is of great interest to 
measure extracellular DA in the NACC which corresponds directly to the ascending 
phase of the brain EOH concentration curve. Microdialysis has previously been used 
for measuring DA after EOH but the samples were usually collected at 20 min 
intervals, thus precluding knowledge of rapid changes during the first 5-10 minutes. 
This study was designed to examine the time course of extracellular DA and 5HT in 
the NACC following EOH with a time resolution of 5 min. A guide cannula was 
implanted over the NACC of male Sprague-Dawley rats. Seven days later, a dialysis 
probe was inserted, and 5-min dialysates were continuously collected. A microbore- 
microflow HPLC-EC system was used. The detection limit for DA and 5HT was 0.5 
fmol. After basal DA and 5HT were stable, 0.5 g/kg of EOH or saline was 
administered ip. The results showed that extracellular DA peaked between 10-20 
min after EOH with maximum increases of about 100 %. In two out of 8 rats, peak 
levels of DA occurred in the 1st samples (5 min) after EOH. EOH also caused 
immediate increases of 5HT. Extracellular 5HT reached maximum (approximately 
100%) by the 4th sample (20 min) and remained approximately at that level until 45 
min after EOH. No significant changes in DA or 5HT were observed following 
saline injection. The results extend the findings reported in the literature and support 
the hypothesis of the involvement of both DA and 5HT systems in the reinforcing 
actions of EOH. (Supported in part by NIAAA grant AA 10946)

579.8
INTRACRANIAL SELF-ADMINISTRATION OF ETHANOL INTO THE 
POSTERIOR VTA BY WISTAR RATS. Z.A. Rodd*; D.L. McKinzie; C.L. 
Dagon; J.M. Murphy; W.J. McBride. Depts. Psych. Indiana Univ. Sch.
Med. and Dept. of Psychol., Purdue Sch. Science, IUPUI, Indianapolis, IN 
46202.

The reinforcing properties of ethanol are thought to be governed, in 
part, by activation of the mesolimbic dopamine system. The current 
experiment assessed whether female Wistar rats would self-administer 
ethanol directly into the posterior VTA (>-5.2 bregma). Following surgery, 
subjects were placed in an operant box equipped with two levers. The 
depression of the 'active bar’ (FR1 ratio) caused the delivery of the infusate. 
The ‘inactive bar’ did not result in any infusion. The duration of each session 
was 4 hr and sessions occurred every other day. Rats (n=48) were randomly 
assigned to one of seven groups (n=5-8/group) which self-administered either 
artificial CSF (aCSF), 100, 150, 200, 250, 300, or 400 mg% EtOH in 
aCSF. Subjects received assigned infusate for the first four sessions 
(acquisition), aCSF in sessions 5 & 6 (extinction), and the originally assigned 
infusate during session 7 (reinstatement). Subjects readily self-administered 
200-250 mg% EtOH (25 ±  6 infusions), discriminated between the active 
(62 ± 14) and inactive (24 ± 6) levers (p<.05), and demonstrated extinction 
(session 6; active lever presses: 16 ± 2) and reinstatement (active lever 
presses: 49 ± 6). Rats given aCSF had low reinforcements (4 ± 2) and did 
not discriminate between the active (15 ± 7) and inactive (15 ± 8) levers. 
Overall, the data suggest that 200-250 mg% EtOH is reinforcing in the 
posterior VTA and that this region may be important for mediating alcohol 
drinking behavior. (Supported in part by AA10721 & AA07462)

579.10
EFFECTS OF D 1 AND D2 ANTAGONISTS ON THE FUNCTIONAL 
CONSEQUENCES OF ETHANOL IN RATS. L.J. Porrino* and C.T. 
Whitlow. Dept of Physiology and Pharmacology, Wake Forest University 
School of Medicine, Winston Salem, NC 27157.

Acute ethanol administration produces discrete, dose-dependent changes in 
rates of local cerebral glucose utilization (LCGU), with low doses (0.25 g/kg) 
increasing LCGU in mesolimbic structures and moderate doses (1.0 g/kg) 
decreasing LCGU in hippocampal regions and sensory structures. Because the 
2-[14C]deoxyglucose method is not pharmacologically specific, the contribution 
of various receptors can only be inferred. In order to identify the underlying 
neurochemical basis of these changes, specific antagonists have been 
administered in combination with ethanol. For example, pretreatment with the 
dopaminergic antagonist, α-flupenthixol blocked many of the increases in LCGU 
induced by low dose ethanol, but failed to reverse changes at moderate doses. 
The role of specific D1 and D2 receptors, however, was not addressed. 
Pretreatment with the D, selective antagonist, SCH23390 (.005 mg/kg, 30 min 
before .25 g/kg ethanol, ig), reversed increases in the olfactory tubercle and shell 
of the nucleus accumbens elicited by ethanol. In contrast, pretreatment with the 
D2 selective antagonist, eticlopride (.05 mg/kg before ethanol), blocked increases 
in the accumbens core and granular insular cortex. Neither antagonist altered 
functional changes produced by higher doses of ethanol. These data suggest that 
activity at D 1 and D2 receptors may mediate different aspects of ethanol’s effects 
and that it is feasible to dissociate these effects pharmacologically. Furthermore, 
areas like the nucleus accumbens and prefrontal cortex are not homogeneous with 
respect to the effects of ethanol the topography of which can be identified 
autoradiographically. Supported byAA09291.

579.12
R E PE A T E D  E T H A N O L  A D M IN IS T R A T IO N  P R O D U C E S  
S IG N IF IC A N T  C H A N G E S IN  A C C U M B A L  D O P A M IN E  
IN  P E R IA D O L E S C E N C E . R.M. Philpot*, C.L. Kirstein 
Department o f Psychology, Department o f  Pharmacology and 
Experimental Therapeutics, and The Neuroscience Program, University 
o f South Florida, Tampa FI, 33620.
Drug use and addiction are critical issues in today’s society. Drug use is 
significant during adolescence especially given that abuse in adults is 
most frequently initiated during the adolescent period. Research has 
shown that developing dopaminergic (DA) pathways are uniquely 
responsive to DA agonists/antagonists. Despite this, little research has 
investigated the effects of repeated drug use on the dopaminergic reward 
mechanisms during development. For this reason, the present study 
examined the effects o f acute or repeated ethanol (EtOH) administration 
on the responsiveness o f the nucleus accumbens septi (NAcc) to either 
EtOH or saline challenge during adolescence. Acute EtOH increases 
dopamine (DA) in the NAcc while repeated exposure to EtOH produced 
a temporal shift in the DAergic activity o f the N A cc, with peak activity 
occurring earlier in the repeated condition. Importantly, following  
repeated injections o f EtOH, a single saline injection alone was able to 
elicit increases in DA in the NAcc suggesting that the context o f alcohol 
administration produces fundamental changes in the way that 
neurochemical reinforcement mechanisms respond. The expectancy o f  
the drug alone elicited reward-related activity within the N Acc. The 
present research shows that during development ethanol changes the 
activity o f the mesolimbic DA pathway and importantly this response 
can be conditioned to environmental cues. Supported by: James B . 
Shannon NIH Directors Award
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580.1
COCAINE- AND METHAMPHETAMINE-EVOKED RELEASE OF 
SYNAPTIC DOPAMINE DURING EARLY WITHDRAWAL IN 
DOPAMINERGIC CELL BODY AND TERMINAL FIELD AREAS OF 
THE RAT BRAIN Y. Zhang*, P. Delgado, R. Baldeo, P. Noailles, and J.
A. Angulo. The Graduate School and the Department of Biological 
Sciences, Hunter College of the City University of New York, New York, 
10021.

In vivo microdialysis was used to compare psychostimulant-evoked release 
of synaptic dopamine between acute and early withdrawal. Rats were treated 
with methamphetamine (METH, 1 mg/kg) or cocaine (10 mg/kg) i.p. once 
daily for 7 consecutive days followed by the same dose challenge after 3 days 
of withdrawal. Synaptic dopamine release was assessed in the following areas: 
caudate putamen (dCPu), nucleus accumbens (NAc), ventral tegmental area 
(VTA), and substantia nigra compacta (SNc). Acute administration of METH 
increased dopamine release in all 4 regions: dCPu, 300%; NAc, 250%; VTA, 
590%; and SNc, 185% (percent values are expressed relative to baseline 
release which was normalized to 100%). A challenge injection of METH on 
day 3 of withdrawal from chronic treatment elevated dopamine release as 
well: dCPu, 300%; Nac, 500%; VTA, 550%; and SNc, 160%. Acute injection 
of cocaine increased dopamine release: dCPu, 285%; NAc, 215%; VTA, 
507%; and SNc, 190%. An injection of cocaine on the challenge day increased 
evoked dopamine release as follows: dCPu, 175%; NAc, 210%; VTA, 190%; 
and SNc, 160%. Interestingly, animals in early withdrawal from cocaine 
release significantly less dopamine in response to a challenge injection of 
cocaine in dCPu and the VTA. This is not observed with METH treatment. 
Experiments in progress will determine if vesicular dopamine levels are 
altered by chronic treatment with cocaine.

580.3

ACUTE EFFECTS OF METHAMPHETAMINE ADMINISTRATION 
ON CENTRAL MONO AMINERGIC TRANSPORTERS J.M . 
Kokoshka*, H.M. Haughey, R.R. Metzger, D.G. Wilkins, J.W. Gibb, G.R. 
Hanson and A.E. Fleckenstein. Department of Pharmacology and 
Toxicology, University of Utah, Salt Lake City, UT 84112

Methamphetamine (METH) administration causes a rapid and 
reversible decrease in dopamine transporter (DAT) function. Because 
the 5-hydroxytryptamine (5HT) transporter (5HTT), norepinephrine 
transporter (NET) and DAT possess considerable structural homology, 
effects of METH on the activities of these carriers were determined. 
Transporter activity was assessed by measuring [3H]monoamine uptake 
in synaptomes prepared from rat striatum or hippocampus. A single 
METH administration inhibited [3H]dopamine and [3H]norepinephrine 
uptake in synaptosomes prepared from treated rats 1 h after drug 
administration. Furthermore, multiple METH injections inhibited 
[3H ]dopam ine, [3H]5HT and [3H ]norepinephrine uptake in 
synaptosomes prepared 1 h after the final drug injection. The acute 
effects of METH on [3H]dopamine and [3H]5HT uptake were attributed 
to decreases in Vmax of uptake, and were not due to residual METH 
introduced by the original subcutaneous injections. The contribution of 
residual METH in altering NET activity remains to be determined. 
5HTT activity was fully recovered 24 h after multiple METH injections, 
while DAT activity was partially recovered at this time point. NET 
activity recovered 24 h after a single METH administration as well. 
These findings demonstrate that the activities of DAT, 5HTT and NET 
are altered by METH treatments. Possible mechanisms resulting in these 
METH effects will be discussed. (Supported by USPHS grants DA00869 
and DAI 1389)

580.5

EFFECTS OF INTRA-VENTRALTEGMENTAL AREA INJECTION OF 
QUINPIROLE ON AMPHETAMINE-INDUCED SENSITIZATION. J.D. Steketee*, 
C.E. BEYER AND D. RAMAGE. Department of Pharmacology and 
Therapeutics, Louisiana State University Medical Center, Shreveport, LA 
71130-3932

Repeated exposure to amphetamine produces an augmented motor-stimulant 
response, termed behavioral sensitization. Sensitization is reported to involve 
enhanced dopamine transmission in the mesolimbic dopamine system, which 
arises in the ventral tegmental area (VTA) and innervates the nucleus 
accumbens. The sensitized behavioral response is paralleled by an increase in 
the amphetamine-induced dopamine overflow in the nucleus accumbens as 
measured by in vivo microdialysis. A previous study has demonstrated that the 
acute motor-stimulant response to amphetamine could be blocked by injection 
of quinpirole into the VTA. The present studies determined the effects of intra- 
VTA quinpirole on the development of sensitization to amphetamine. Animals 
received bilateral cannulae implants above the VTA for microinjections and 
above the nucleus accumbens for microdialysis monitoring of dopamine. 
Following a one week recovery from surgery animals received bilateral injections 
of saline or quinpirole (0.15 nmol/s¡de) in the VTA 5 min before receiving 
systemic injections of saline or amphetamine (0.5 mg/kg). Motor activity and 
dopamine concentrations in the nucleus accumbens were monitored for 3 
hours following injections. Animals received the same treatment they received 
on day one over the next 3 days. One week later all animals received a systemic 
injection of amphetamine and motor activity and nucleus accumbens dopamine 
were monitored again. Preliminary data suggest that repeated injections of 
amphetamine produced sensitized motor-stimulant and neurochemical 
responses to the challenge injection of amphetamine. The sensitized 
response was blocked in animals pretreated with quinpirole in the VTA. The 
data provide additional support for the role of the VTA in the initiation of 
sensitization to amphetamine. This work was supported by a grant from the 
National Institute on Drug Abuse (DA08079).

580.2
DIFFERENTIAL EFFECTS OF SELECTED STIMULANTS ON 
DOPAMINE TRANSPORTER FUNCTION. A.E. F leckenstein*, J.E. 
H anson, J.M. Kokoshka, J.W. Gibb and G.R. Hanson. Dept, o f 
Pharmacology/Toxicology, Univ. o f  Utah, Salt Lake City, UT 84112  

Application o f methamphetamine (M ETH), but not fenfluramine 
(FEN ), readily altered dopam ine exchange at its transporter, as 
assessed  in vitro by measuring [3H]dopam ine uptake in rat striatal 
synaptosomes. Furthermore, both a single and multiple administrations 
o f  METH, but not FEN, effected  a rapid and reversible decrease in 
dopamine transporter (DAT) activity in vivo, as assessed by measuring 
[3H]dopamine uptake in striatal synaptosomes prepared from treated 
rats. Taken together, these data suggest that the capacity o f  a drug to 
alter dopamine exchange in vitro may predict its potential to modulate 
D A T activity in vivo. Consistent with this premise, administration o f 
some compounds which readily alter [3H]dopamine exchange in vitro, 
such as methylenedioxymethamphetamine, p-chloroamphetamine or 
methcathinone rapidly modified D A T function in vivo. In contrast, a 
single or multiple injections o f  maximal doses o f  either cocaine or 
methylphenidate, compounds which likew ise readily affect synapto
somal [3H]dopamine exchange in vitro, had little or no acute effect on 
D AT function in synaptosomes prepared from treated rats. These data 
demonstrate differential effects o f  psychostimulants on D A T function, 
and indicate that the capacity o f  a compound to alter [3H]dopam ine  
uptake in vitro may not predict its potential to modulate D A T in vivo. 
Possible mechanisms responsible for the acute effects on D AT activity 
w ill be discussed. (Supported by USPHS D A  11389 and D A  04222).

580.4

M U L T IP L E  F A C T O R S  C O N T R I B U T E  TO  T H E  
M ETH A M PH E T A M IN E -IN D U C E D  R A PID  D E C R E A SE  IN 
STRIATAL DOPAMINE TRANSPORTER FUNCTION.
R .R . M e tz g e r * 2, G .R . H a n so n 1 2, J.W . G ib b 1 2, and A .E .  
F leck en ste in 12. Department o f Pharmacology & T o x ico logy1 and 
Program in N euroscience2, University o f Utah, Salt Lake City, UT 
84112.

A single or multiple administrations o f methamphetamine (METH) in 
vivo decrease [3H]dopamine uptake into rat striatal synaptosom es 
prepared 1 hr after administration. It has been proposed that dopamine 
contributes to this effect on the dopamine transporter (DAT) due to the 
oxidative capacity o f this reactive catecholamine and the vulnerability of 
the DAT to modification by reactive oxygen species. This hypothesis 
was tested by depleting striatal dopamine levels by administering the 
tyrosine hydroxylase inhibitor, a-m ethyl-p -tyrosine (αMT), prior to a 
single or multiple injections o f METH. Depletion o f striatal dopamine 
content did not affect the decrease in DAT activity observed after a 
single administration o f  METH. H ow ever, dopam ine depletion  
attenuated the M ETH -induced effec t observed  after m ultip le  
administrations. In addition, pretreatment with αM T attenuated  
M ETH-induced hyperthermia. The role o f dopam ine, oxidative  
mechanisms, and body temperature in mediating the effects o f METH 
on DAT function w ill be discussed. (Supported by USPHS grants 
D A05859, DA00869 and DAI 1389)

580.6
DOPAMINE FLUCTUATIONS IN THE NUCLEUS ACCUMBENS 
DURING MAINTENANCE, EXTINCTION AND REINSTATEMENT OF 
INTRAVENOUS d-AMPHETAMINE SELF-ADMINISTRATION.
R. Ranaldi*, D. Pocock, R. Zareik and R.A. Wise. Department of 
Psychology, Concordia University, Montreal Canada H3G 1M8 
We investigated moment-to-moment fluctuations of nucleus
accumbens dopamine (DA) in rats self-administering or passively 
receiving “yoked” intravenous (iv) infusions of d-amphetamine. The 
initial lever-presses of a session caused elevations in DA 
concentration, often to a peak that was not maintained throughout the 
rest of the session. As the initial (“loading”) injections were 
metabolized, DA concentrations settled to elevated plateaus that 
remained constant for the last two hours of the 3-h sessions. During 
this period DA concentrations fluctuated phasically, time-locked to the 
cycle of lever-pressing. Consistent with the known pharmacological 
actions and dynamics of acute amphetamine, peak DA elevations 
were seen approximately 10 minutes after each injection, and mean 
DA concentration was at a low point in the phasic cycle at the time of 
each self-administered injection. During extinction periods where 
amphetamine was replaced with saline, DA levels quickly dropped to 
or near to baseline levels as lever-pressing rates increased 
dramatically. Non-contingent injections reinstated lever-pressing 
behavior and increased nucleus accumbens DA concentrations. The 
probability to self-administer amphetamine is highest when DA 
concentrations are significantly elevated, and falls as DA levels 
increase an order of magnitude above baseline. Supported by NIDA.
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580.7
TIME COURSE FOR LOSS OF DA CONTENT, [3H]-CFT BINDING, AND 
[3H]-DTBZ BINDING IN STRIATA OF METHAMPHETAMINE (METH) - 
TREATED MICE. K.A. Hogan*and P.K.Sonsalla. Dept. of Neurology, UMDNJ- 
RWJMS, Piscataway, NJ 08854.

Although METH-induced toxicity in animal studies is well-documented, there is little 
evidence that METH causes striatal DA nerve terminal damage in humans. Recently, 
Wilson and colleagues (1996) found some evidence which may reflect DA nerve 
terminal damage in post mortem brains of chronic human METH abusers who had 
ingested large quantities of METH within 24 h of death. In these brains, dopamine 
(DA) levels, tyrosine hydroxylase protein, and DA transporter (DAT) protein were 
reduced. Surprisingly, no significant loss of vesicular monoamine transporter 
(VMAT2) was observed, raising the issue as to whether the decrease in the other DA 
markers actually reflects a loss of striatal DA nerve terminals. The purpose of the 
present studies was to compare loss of VMAT 2 with loss of DA, DAT, and TH 
activity over time in male Swiss Webster mice administered a toxic dose of METH. 
Mice were administered METH (4×10 mg/kg) and randomly selected for sacrifice on 
days 1,2,3,4,6,13,20,35, and 55. DA levels, [3H]-CFT radioligand binding to DAT, 
and [3H]-dihydrotetrabenazine radioligand binding to VMAT2 were assayed in striatal 
tissue homogenate. Significant loss of DA (-83%) and [3H]-CFT binding (-77%) were 
observed on day 1 whereas significant loss of [3H]-DTBZ (-40%) was not observed 
until day 3. The decrease in these neurochemical measurements remained relatively 
constant for approximately 3 weeks after which some recovery was observed. 
Consistent with observations in rats, significant decrements in DA and [3H]-CFT 
binding, sustained over the course of 55 days post-METH in mice, are indicative of 
striatal nerve terminal damage. In addition, the differential loss of [3H]-DTBZ binding 
at the early time points, as compared to loss of DA and [3H]-CFT binding, may suggest 
a sequence of cellular events leading to nerve terminal loss. Studies are currently 
underway to determine the time course and extent of recovery of DA terminals after 
METH-treatment. This work was supported by DA 06236.

580.9
EFFECT OF THE PARTIAL DOPAMINE AGONIST TERGURIDE ON 
AMPHETAMINE SELF-ADMINISTRATION IN THE RAT E. Izzo*, 
G.F. Koob and L. Pulvirenti. Dept of Neuropharmacology, The Scripps 
Research Institute, La Jolla, CA 92037, USA.

Central dopamine neurotransmission is thought to play a critical 
role in the leinforcing effects of cocaine and amphetamine. Terguride 
belongs to a recently characterized class of compounds referred to as 
dopamine partial agonists. These drugs bind to the dopamine receptor of the 
D2 type with high affinity and low intrinsic activity, therefore behaving as 
functional antagonists in conditions of high dopaminergic tone, and as 
agonists in conditions of low receptor occupancy by dopamine.
The present stud) was carried out to evaluate the effects of terguride on the 
reinforcing effect of amphetamine as examined by intravenous self- 
administration (0.12 mg/kg/inj) in rats. For this purpose, three doses of 
terguride (0.1, 0.2 and 0.4 mg/kg IP) were tested.
Acute pretreatment with terguride significantly and dose-dependently reduced 
the acute reinforcing properties of amphetamine as demonstrated by an 
increased responding for amphetamine. Moreover, in rats trained to self- 
administer amphetamine on a progressive ratio schedule, terguride reduced 
the maximum fixed ratio (“breaking point”) for amphetamine 
reinforcement, thus further suggesting a decrease in the reinforcing 
properties of amphetamine.
The present data support the hypothesis that terguride may represent a 
potential novel means of pharmacological intervention in psychostimulant 
addiction, worth of further testing.

580.11

PLACE CONDITIONING EFFECTS OF D-AM PHETAMINE OR 
COCAINE INFUSED INTO THE NUCLEUS ACCUM BENS AND  
MEDIAL PREFRONTAL CORTEX IN THE RAT. Yea-Huey 
Chang and Ruey-Ming Liao*. Department o f  Psychology, National 
Cheng-Chi University, Taipei, Taiwan, Republic o f  China.

Previous work showed that the neural substrates for the 
conditioned place preference (CPP) induced by systemic injection o f  
d-amphetamine (AM P) or cocaine (COC) is related to the mesolimbic 
dopamine systems, in particular the nucleus accumbens (NACC) and 
medial prefrontal cortex (MPFC). In considering the heterogeneous 
function o f  the NACC and MPFC, the present work evaluated the 
place conditioning effects after local infusion o f  AMP (10, 15 µg/site) 
or COC (50, 100 µg/site) into the subareas o f  NACC and MPFC. A  
regular three-compartment CPP apparatus was used to test the place 
conditioning effect after 6 pairings o f  drug in one end compartment 
and 6 pairings o f  saline in the other one. The significant CPP was 
observed in either AMP infused in the core area o f  NACC or COC 
infused in the shell area o f  NACC. N one o f  the other manipulations 
in NACC was significantly confirmed. COC, but not AMP, infused 
in the MPFC significantly produced CPP. These results indicate 
important differences between the neural substrates for the reward 
effects o f  AMP and COC in the CPP task.
(Supported by National Science Council, Taiwan, ROC)

580.8
2-DEOXYGLUCOSE (2-DG) ENHANCES METHAMPHETAMINE 
(METH)-INDUCED STRIATAL DOPAMINE OVERFLOW. P. Chan*, 
X .W. Li, D.A. Di Monte, J.W. Langston. The Parkinson’s Institute, 
Sunnyvale, California 94089, USA

In spite o f increasing evidence that METH is a nigrostriatal 
neurotoxicant, its precise mechanism o f action remains unknown. It has 
been suggested that endogenous dopamine and glutamate, oxidative stress 
and energy impairment may play a role in METH neurotoxicity. Our 
earlier studies have shown that 2-DG, an inhibitor o f glucose transportation 
and utilization, can enhance METH-induced decrease in striatal levels of 
both ATP and dopamine (J Neurochem 62:2484-7, 1994). In the current 
study, the relationship between METH-induced energy impairment and 
dopamine release was investigated by measuring dopamine overflow using 
microdialysis in rats treated with 2-DG and METH. Intrastriatal perfusion 
of 2-DG (10 mM, 2ul/min) did not change striatal dopamine overflow by 
itself but significantly enhanced METH (5 or 10 mg/kg, i.p.) -induced 
striatal dopamine overflow. Furthermore, 2-DG perfusion increased the 
sensitivity of striatal dopamine terminals to METH-induced dopamine 
overflow since 2-DG shortened the time between the administration of 
METH (5 or 10 mg/kg, i.p.) and dopamine release. Our data further 
support a role o f energy impairment in METH neurotoxicity and indicate 
that a relationship exists between energy impairment and dopamine release 
in the METH model o f nigrostriatal damage.

580.10
POTENTIAL ROLE FOR THE MESOAMYGDALOID DOPAMINE PROJECTION 
IN ‘INCENTIVE-SENSITISATION’. G.D. Phillips*, P.K Hitchcott and CJ Harmer 
Dept. of Psychology, Univ. of York, Heslington, York YO1 5DD, UK.

Previous work in this laboratory has shown that pre-exposure to d-amphetamine, or 
post-session intra-amygdala activation specifically of the D3 dopamine receptor subtype 
facilitates consolidation of appetitive Pavlovian conditioning.

Here, experiment 1A used an appetitive conditioning task, stimulus CS+ being 
positively correlated, and stimulus  CS- negatively correlated with sucrose. Acquisition of 
CS+ elicited approach was selectively enhanced by post-session infusions of the D3 
dopamine receptor agonist R(+) 7-OH DP AT in the central nucleus (CeN), but not 
basolateral nuclei (BLN) of the amygdala. Experiment IB examined the effects of 
R(+) 7-OH DP AT on the ability of the stimuli to support leverpressing: depression 
presenting the CS+ or CS-. Stimulus CS+ supported higher rates of leverpressing and 
subsequent approach than stimulus CS-. Results revealed a double dissociation: intra- 
BLN R(+) 7-OH DPAT impaired CS+ leverpressing, but not conditioned approach, 
while intra-CeN R(+) 7-OH DPAT did not affect instrumental behaviour, and instead 
attenuated CS+ approach.

Experiment 2 examined the effects of post-session intra-amygdala infusions of the 
dopamine D3 receptor antagonist nafadotride on the conditioning task of Experiment 1 A; 
in sensitised (7 × 2mg/kg/day d-amphetamine) and unsensitised animals. Sensitisation 
facilitated, while nafadotride blocked acquisition. Experiment 3 monitored extracellular 
amygdala dopamine during enhanced performance of appetitive conditioning following 
sensitisation. CS+ sessions alternated with CS- sessions, each with an identical food 
delivery schedule. In vivo microdialysis showed that levels of extracellular dopamine 
increased only in the CS+ session, and were substantially larger in sensitised animals.

Thus, prior d-amphetamine exposure facilitates associative learning via sensitisation of 
the mesoamygdaloid dopamine projection, presumably through enhanced activation of 
D3 dopamine receptors within the central nucleus of the amygdala.
[Supported by The Wellcome Trust and Medical Research Council of the UK]

580.12
RESPONSIVENESS OF THE DOPAMINE SYSTEM DURING ABSTINENCE 
FOLLOWING UNLIMITED ACCESS TO D-AMPHETAMINE P. Di Ciano*2, 
C.D. Blaha1 and A.G. Phillips2 Depts. Psych., Univ. British Columbia2, Vancouver,
B.C., Canada V6T 1Z4 and Macquarie Univ.1, Sydney, NSW, Australia 2109.

Abstinence during ‘binge’ use of psychostimulants is hypothesized to be related to 
a depletion of synaptic dopamine (DA) in the nucleus accumbens (Nac) (Dackis and 
Gold, 1985, Neurosci Biobehav Rev., 9, 469-477). We have shown previously that 
abstinence from d-amphetamine occured at a time when DA levels fell to a nadir at 
or below pre-drug levels; resumption of responding occured after DA levels began to 
return to baseline (Di Ciano et a l, 1996, Behav Phamacol., 7, 714-729). The present 
study tested the pharmacological responsiveness of the DA system to d-amphetamine 
injections during this time. Rats were permitted to self-administer i.v. d- 
amphetamine (FR-1; 0.25mg/kg/inf) in 3 sessions, each separated by ~24 hrs: 1) to a 
criterion of 12 infusions, 2) for 24 hrs, and 3) for 48 hrs. During the third session, 
when rats ceased to self-administer the drug for at least 2 hrs, and DA levels began to 
decrease rapidly (abstinence), rats received single passive i.v. injections of d- 
amphetamine (0.25mg/kg/inf) every 30 min until the rat resumed drug intake. These 
injections produced no increase in the DA signal, as measured by in vivo 
chronoamperometry with stearate-modified graphite paste electrodes, suggesting that 
the DA system was unresponsive to d-amphetamine during abstinence. To further 
test this possibility, a separate set of rats received i.v. injections of d-amphetamine 
(0.2mg/kg/inf) during their abstinence in a yoked pattern similar to their own loading 
phase at the beginning of this session. This pattern of drug administration, which was 
associated with large increases in the DA signal at the start of the session, produced 
no significant change in the signal during abstinence. Further, for all groups of rats, 
the length of the abstinence was correlated with the time required for the DA signal 
to return to pre-abstinence levels. These results suggest that the DA system is 
pharmacologically unresponsive to the actions of d-amphetamine during abstinence, 
and that resumption of drug use is associated with the recovery of the DA system. 
Funded by MRC Canada.
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580.13
TIME COURSE FOR RECOVERY OF EVOKED OVERFLOW OF 
DOPAMINE IN RATS TREATED WITH NEUROTOXIC DOSES OF 
METHAMPHETAMINE. W.A. Cass* and M.W. Manning. Department of 
Anatomy and Neurobiology, University o f Kentucky College o f Medicine, 
Lexington, KY 40536.

The repeated administration o f methamphetamine (METH) to animals can 
result in decreases in striatal dopamine (DA) levels that last for at least six 
months. In addition, it has been reported that there are decreases in evoked 
overflow of DA in the striatum o f rats one week after METH treatment. 
However, whether these functional changes in DA release are permanent or 
tend to recover over time has not been established. In the present study we 
used in vivo electrochemistry and microdialysis to examine evoked overflow 
o f DA in the striatum of METH treated rats at several time points after 
treatment to determine to what extent evoked overflow of DA would 
recover. Male Fischer-344 rats were administered METH (5 mg/kg, s.c.) or 
saline 4 times in one day at 2 hour intervals. In vivo electrochemistry 
experiments in anesthetized rats, and in vivo microdialysis studies in awake 
rats, were carried out one week, one month, six months, and one year post
treatment. At one week post-treatment there were significant decreases in 
potassium- and amphetamine-evoked overflow of DA, and in clearance of 
DA, in the striatum of the METH-treated animals. Basal levels o f DA and 
its metabolites were also decreased. Evoked overflow had partially 
recovered by one month. By six months evoked overflow of DA appeared to 
be normal in the METH-treated rats. However, striatal DA levels were still 
significantly decreased at six months post-treatment. These results suggest 
that presynaptic dopaminergic functioning, but not DA levels, can recover to 
normal levels in the striatum of METH-treated rats by six months post
treatment. Supported by the USPHS grant DA 10115.

580.15

GBR12909 DECANOATE AFFORDS LONG-TERM ANTAGONISM OF 
METHAMPHETAMINE-INDUCED DOPAMINE RELEASE. M.H.Baumann*1, 
M.A. Ayestas1, D.B.Lewis2, K.C. Rice2, and R.B. Rothman1. 1 CPS, NIDA, NIH, 
IRP, Baltimore, MD, 21224; 2LMC, NIDDK, NIH, Bethesda, MD 20892.

Methamphetamine (METH) addiction is a growing health concern worldwide, 
yet no medicines for this disease are available. Recent findings indicate that 
DL699, a decanoate analog of GBR12909, can decrease METH self
administration in animals. In the present work, we used in vivo microdialysis 
to evaluate the effect of DL699 pretreatment on METH-induced elevations in 
extracellular dopamine (DA) in rat nucleus accumbens. Rats received a single 
im injection of DL699 or its oil vehicle on Day 1; rats were subsequently tested 
on Days 6 and 13. Microdialysis probes were inserted into previously 
implanted guide cannulae and perfused with Ringers’ solution overnight. In the 
morning, dialysate samples were collected every 20 min and assayed for DA 
by HPLC-EC. Basal dialysate DA levels were significantly elevated (2-fold) in 
the DL699 group on both test days. Moreover, DL699-pretreated rats 
displayed dramatic and persistent reductions in METH-induced stimulation of 
DA release when compared to vehicle-pretreated rats. Autoradiographic 
assessments of [125l]-RTI-55 binding showed the density of DA transporter 
sites was diminished in the DL699 group. Our data suggest that DL699 can 
antagonize the actions of METH on mesolimbic DA neurons and this effect 
involves blockade of DA transporters. Thus, DL699 or similar agents might be 
useful medications for treating METH addiction.
(Generously supported by NIDA, IRP)

580.14
NEUROADAPTATIONS TO METHAMPHETAMINE SELF-ADMINISTRATION 
IN RATS: CONTINGENT VS. NONCONTINGENT INFUSIONS OF DRUG.
R. Stefanski1*, B. Ladenheim2, J.L. Cadet2 and S.R. Goldberg1 
1Preclinical Pharmacology Laboratory & 2Molecular Neuropsychiatry Section, 
NIDA, Intramural Research Program; Baltimore, MD 21224 

The purpose of this study was to assess behavioral, as distinct from 
pharmacological factors, in determining neuroadaptations in dopaminergic and opioid 
systems of Sprague-Dawley rats withdrawn from chronic methamphetamine self
administration for 24 hours. A “yoked” procedure was utilized in which rats received 
a noncontingent infusion of either methamphetamine or saline each time a response- 
contingent infusion of methamphetamine was self-administered by a paired rat. 
Sessions were 2 hours in duration and were conducted Monday to Friday in operant 
chambers, each with two holes for nose-pokes (one active, one inactive). In rats self- 
administering methamphetamine, the number of active nose-poke responses required 
per injection was increased over a two-week period to a final value of FR-5 with a 
30-sec time-out after each injection. Nose-poke responses by the yoked rats had no 
programmed consequences. After 5 weeks, rats self-administering methamphetamine 
(0.1 mg/kg/inj) and littermates receiving yoked infusions of methamphetamine (0.1 
mg/kg/inj) or saline were sacrificed 24 hours after the last session and densities of 
DA uptake sites and Dl, D2, µ, δ and κ receptors were measured in different brain 
regions using in vitro quantitative autoradiography. In rats that had self-administered 
methamphetamine there were significant decreases in somatodendritic D2 
autoreceptors levels in the ventral tegmental area (32%) and the substantia nigra 
zonacompacta (23%) with a corresponding down-regulation of D1 receptors in the 
shell of the nucleus accumbens (18%) compared with littermates that had received 
yoked infusions of methamphetamine or saline. In contrast, densities of µ, δ and κ- 
opioid receptors were not significantly different in the three groups of rats. These 
patterns of change in the dopaminergic but not the opioid system may reflect 
motivational states that were only present when methamphetamine infusion was 
contingent on active drug self-administration behavior. Supported by NIDA

580.16
PRENATAL METHAMPHETAMINE EXPOSURE IN RATS: PERINATAL HEALTH, 
PHYSICAL AND REFLEX ONTOGENY, STRIATAL DOPAMINE CONTENT, AND 
SOCIAL BEHAVIOR OF OFFSPRING. S. Bucher1*, C. Yiannoutsos3, V. Denenberg1,2 
and J. Salamone1. Depts. of 1Psychology and 2Biobehavioral Sciences, Univ. of Connecticut, 
Storrs, CT 06269; 3Center for Biostatistics in AIDS Research, Harvard School of Public Health.

Methamphetamine (METH) abuse among the general population has skyrocketed in 
the past few years, particularly among persons age 26-44. Among females of this age 
group, emergency room admissions for METH-related problems have also increased. 
This implies that a growing number of women of childbearing age may be abusing 
METH. Our investigation was designed to assess the manner by which chronic in 
utero METH exposure influenced (1) perinatal litter characteristics; (2) physical and 
reflex development; (3) dopamine (DA) levels in striatum on postnatal days 21 and 36; 
and (4) social behavior of juvenile rats. One hundred eighteen Sprague-Dawley dams 
were bred in the laboratory and randomly assigned to one of three groups: METH- 
treated (n=40; 5 mg/kg, SC, gestational day 7-20); pair-fed/saline-injected (n=40; 
PFS); non-treated (n=38; NT). The day following parturition (PI), all litters were 
assessed for litter characteristics, after which 97 litters were culled to eight pups (four 
males/females, when possible) and fostered to surrogate dams. The other 21 litters 
were also culled, but remained with the biological dams as part of another study of 
maternal-offspring interactions. These litters were evaluated for the acquisition of 
physical and reflex milestones; the remaining 97 litters were used for assessment of all 
other variables. Compared to both the PFS and NT groups, chronic prenatal METH- 
exposure resulted in significantly lower birth litter weight, increased the number of 
observed perinatal complications and malformations, and altered the gender ratio. 
Decrements in litter weight observed among METH-treated offspring at PI persisted 
throughout the pre-weaning period. Drug-exposed offspring also demonstrated 
accelerated acquisition of the righting and free-fall righting reflexes. A trend was 
observed in which METH and PFS pups exhibited higher DA levels in striatum at P36. 
Gestational METH-exposure did not significantly influence attainment of physical 
milestones or social play interactions in juvenile rats.
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581.2581.1

THE DOPAMINE TRANSPORTER AND DOPAMINE RECEPTOR 
SUBTYPES IN FEMALE RATS FOLLOWING REPEATED DAILY IV 
COCAINE ADMINISTRATION. M. Wood*, C.F. Mactutus, M.A. Welch, S. 
Berry and R.M. Booze. Univ. of Kentucky, Graduate Center for Toxicology, 
Dept. of Anatomy and Neurobiology, College of Medicine and Div. Pharmacol, 
College of Pharmacy & THRI, Lexington, KY 40536-0084.

Repeated intermittent administration of cocaine is known to produce 
behavioral sensitization and alter dopaminergic functioning in male animals. 
The present studies explored whether changes in dopamine receptors (D1 or 
D2) and/or transporter (DAT) occurred in female rats in response to repeated 
IV cocaine administration. Adult female Sprague-Dawley rats (N=24) were 
surgically implanted with an intravenous access port (Mactutus et. al., 1994). 
Animals received 3.0 mg/kg IV cocaine once/day for 14 days (n=12) or saline 
(n=12). Immediately after injection, animals were placed in IR photocell activity 
chambers for 60 min. Female rats displayed significant behavioral 
sensitization over the 14-day time course of cocaine injections. Daily vaginal 
lavages indicated that female rats continued to cycle normally throughout the 
experiment. Rats were sacrificed 24hrs after the final cocaine dose and during 
estrus. Determination of D1 and D2 receptor density was accomplished using 
[3H]SCH2339O and [3H]raclopride autoradiographic analysis. Preliminary 
analyses found no significant changes in either D1 or D2 receptors as a 
function of cocaine. DAT density, determined using [3H]mazindol receptor 
auto-radiography, declined in both the striatum (32%) and nucleus accumbens 
(21%) in female animals treated with cocaine. These data indicate that 
selective alterations in the dopaminergic system occur in female rats following 
repeated IV cocaine. Thus, the IV dosing model may be particularly useful in 
exploring the estrogen dependent actions of cocaine.

(Supported by DA11337, DA09160 & ES06259).

EFFECT OF 6-HYDROXYDOPAMINE LESIONS OF THE MEDIAL 
PREFRONTAL CORTEX ON COCAINE-INDUCED MOTOR ACTIVITY 
C.E. Bever*and J.D. Steketee. Dept. of Pharmacology and Therapeutics, Louisiana 
State University Medical Center, Shreveport, LA 71130-3932.

Repeated, intermittent administration of psychomotor stimulants such as cocaine 
elicit an increase in exploratory or locomotor behavior. Such augmented behavior has 
been termed behavioral sensitization and is presumably responsible for components of 
compulsive drug cravings and overuse. Sensitization has been demonstrated to result, 
in part, from increases in dopaminergic neurotransmission within the mesolimbic 
dopamine (DA) system, in particular, increases in extracellular DA concentrations in 
the nucleus accumbens (NAc). Certain facets of the molecular alterations associated 
with cocaine sensitization have been established, and elucidation of other DAergic 
systems is now under investigation. In this regard, attention is beginning to focus on 
the medial prefrontal cortex (mPFC). Sensitization has been reported to be associated 
with decreased DA activity in the mPFC and is attributed to the inhibitory influence 
DA has on the excitatory amino acid afferents from this region. Thus, in the present 
studies, we examined the role(s) of chemically induced DA depletion on the acute 
motor-stimulant response to cocaine. Animals initially received bilateral injections 
(1µl/side) of either 6-hydroxydopamine or vehicle in the mPFC. Following 1 week of 
post-operative recovery, all animals were treated with cocaine (7.5, 15, 30 mg/kg, 
i.p.) or saline in a randomized fashion, and on the day of injection, motor activity was 
monitored 1 hr prior and 2 hrs post injection. Lesions to the mPFC produced a 
sensitized-like response to the two highest doses of cocaine tested. Microdialysis 
experiments will be conducted to determine the effects of mPFC lesions on DA 
transmission in the NAc. These data suggest a critical role of DA activity in the 
mPFC on the acute motor response to cocaine. This may reveal that neurochemical 
alterations in the mPFC underlie certain aspects of behavioral sensitization.

Supported by a grant from the National Institute on Drug Abuse (DA08079).
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581.3
PERGOLIDE EFFECTIVELY SUPPRESSES DOPAMINE RELEASE IN THE RAT 
STRIATUM AFTER A HIGH DOSE CHRONIC REGIMEN. A.T Franco2, S.A. 
Wanek2, G.A. Gudelsky1, and S.P. Berger2*. 1College of Pharmacy and 2Dept. of 
Psychiatry, Univ. of Cincinnati, Cincinnati, OH 45267 

It is widely known that cocaine elevates the extracellular concentration of dopamine 
(DA). These elevations in DA are believed to mediate the acute reinforcing effects of 
cocaine. In a clinical paradigm, we have shown that cue-elicited cocaine craving also 
results in DA elevation. DA autoreceptors, by virtue of suppressing DA release, may 
prove to effectively control cue induced cocaine craving by suppressing the release of 
DA in response to cues conditioned to cocaine stimuli. The autoreceptor agonist 
pergolide has been chosen to evaluate the effectiveness of autoreceptor activation in 
suppressing DA release. The effects of pergolide on the release of DA in the caudate 
nucleus of the rat were studied using in vivo microdialysis. The ip administration of 
pergolide resulted in a dose dependent suppression of the extracellular concentration of 
DA. Doses of 0.05 and 0.1 mg/kg produced a 60% decrease in the extracellular 
concentration of DA that persisted for at least 3 hrs. The effectiveness of pergolide to 
suppress DA release also was evaluated in rats treated chronically with the drug. Rats 
were treated with pergolide (0.5 mg/kg, ip) or its vehicle twice daily for 14 days. 
Three days following the last injection of pergolide or vehicle, dialysis samples of the 
caudate were obtained prior to and following the subsequent administration of 
pergolide (0.05 mg/kg, ip). Pergolide was equally effective in suppressing the 
extracellular concentration of DA by 60% in rats treated chronically with vehicle or 
pergolide. In addition, the chronic administration of pergolide did not diminish the 
effectiveness of pergolide (0.05 mg/kg, ip) to suppress locomotor activity. Thus, the 
effectiveness of autoreceptor stimulation in suppressing the release of DA and 
inhibiting locomotor activity is not diminished by the repeated administration of an 
autoreceptor agonist. Funded by NIDA U-19 SPIRCAP.

581.5

EFFECTS OF REPEATED COCAINE ADM INISTRATION 
ON THE NEUROCHEMICAL ACTIVITY OF THE 
PERIADOLESCENT NUCLEUS ACCUM BENS. R.M. Philpot, 
C.L. Kirstein* Department of Psychology, Department of Pharmacology 
and Experimental Therapeutics, and The Neuroscience Program, 
University of South Florida, Tampa FI, 33620.

Adolescence has been shown to be a critical time point in the 
establishment of drug abuse patterns. Brain reward areas are still 
developing during this time. Despite this, little research has investigated 
the effects of repeated drug use on the development and responsiveness of 
reward mechanisms in animal models of drug abuse. For this reason, the 
present study examined the effects of either acute or repeated cocaine 
administration on the responsiveness of the nucleus accumbens septi 
(NAcc) to either cocaine or saline administration. Acute cocaine increases 
dopamine (DA) in the NAcc and following repeated exposure to cocaine 
there is a temporal shift in the DAergic activity of the NAcc, with peak 
activity occurring earlier after drug administration in the repeated condition 
animals. Importantly, following repeated injections of cocaine, saline 
injections alone elicit increases followed by a suppression in DA in the 
NAcc. These data suggest that the context of cocaine administration 
produces fundamental changes in the way that neurochemical 
reinforcement mechanisms respond. The expectancy of the drug alone 
elicits reward-related activity within the NAcc. The present findings show 
that the DA system is functionally responsive to drugs of abuse during 
periadolescence and, more importantly, alters function in response to 
repeated drug administration as well as the expectancy of drug 
administration.

581.7

ACQUISITION OF COCAINE AND DOPAMINE AGONIST SELF
ADMINISTRATION IN NAIVE RATS. J.A Del Rio*, S. Knoski, M. Helmy, 
J. Ma, R. Varghese, L. Stein and J.D. Belluzzi. Department of Pharmacology, 
College of Medicine, University of California, Irvine, CA 92697-4625.

Cocaine and certain dopamine agonists are readily self-administered by rats 
trained first to work for food. Here we compare the rate of acquisition of self
administration of cocaine, the dopamine D 1 agonist SKF 82958, and the D2 
agonist (+)-PHNO in naive rats learning self-administration without prior food 
training. Rats with chronically indwelling catheters in the external jugular vein 
were tested for acquisition of self-administration when either a lever-press or a 
nose-poke response was required for drug delivery. Each rat was offered one of 
the following: cocaine, 250 or 750 µg/kg/inj; SKF 82958, 10 or 30 µg/kg/inj, 
PHNO, 1 or 3 µg/kg/inj; or SKF 82958/PHNO combinations, 10/1 or 30/3 
µg/kg/inj. After five daily 3-hr self-administration tests, rats working for cocaine, 
750 µg or SKF 82958/PHNO, 10/1 µg showed acquisition of lever-press self
administration. In tests employing a more “natural” nose-poke response, rats 
working for cocaine, SKF 82958 (10 µg), or SKF 82958/PHNO (10/1 and 30/3 
µg) showed good acquisition. These results 
suggest that cocaine or a D 1 receptor agonist, 
but not a D2 agomst alone, are sufficiently 
strong reinforcers to support acquisition of 
drug self-administration in rats with no 
previous operant experience. (Supported by 
NIGMS grant GM-16278 and NIDA grants 
DA07747 and DA05107)

581.4
PROGRESSIVE CHANGES IN THE EFFECTS OF SELF-ADMINISTERED 
COCAINE ON EXTRACELLULAR DOPAMINE IN THE RHESUS MONKEY.
R.L. Barrett-Larimore , S.R. Rubino, C.S. Baceeh and C.W. Bradberry. Yale Univ. 
Sch. of Med., Depts. of Psychiatry and Laboratory Medicine, and the West Haven 
Veterans Administration Hospital, West Haven, CT 06516.

Information on the neurochemical consequences of chronic cocaine exposure is 
lacking in primates. In rhesus monkeys trained to self-administer cocaine (0.5 
mg/kg/inf., i.v.) on an FR10 schedule, we conducted repeated microdialysis studies 
examining the impact of cocaine on extracellular dopamine in the rhesus striatum. 
Probes were inserted (always in fresh sites) using guide cannulae whose anatomical 
placement was confirmed by post-surgical magnetic resonance imaging. The 
following day, the chaired animal had lines attached, and a 90 min baseline passed 
prior to presentation of a visual cue signalling cocaine availability. Two self- 
administered injections of cocaine, separated by a 100 min interval, were permitted in 
each session. Microdialysis samples were collected at 2 min intervals. Our results 
indicate that in both of two animals examined, over six months, there is a 
progressive augmentation of the cocaine-induced increase in extracellular striatal 
dopamine. By Pearson’s correlation, p < 0.05, plotting week number of each 
experiment versus the average increase in extracellular DA in the first ten-minute 
period post-cocaine. To determine if there is a conditioned component to the increase 
in extracellular dopamine, two types of studies with cue exposure only were done. In 
one, the cocaine-associated cue was presented, and upon reaching contingency, saline 
was infused instead of cocaine. In the other, a similar visual cue which generalized to 
the cocaine cue (as indicated by rapid increases in lever pressing) was presented with 
no consequences of lever pressing. No change in extracellular dopamine occured in 
either case, indicating a lack of a conditioned component to the cocaine response, and 
perhaps, suggesting little impact of cocaine-associated cues on striatal dopamine. 
Support: DA08073, DA 04060, DA 10331 and die Yale-VA Center on Alcoholism.

581.6
THE EFFECTS OF THE DOPAMINE D1 RECEPTOR ANTAGONIST 
SCH 23390 ON THE DEVELOPMENT OF PSYCHOMOTOR 
STIMULANT SENSITIZATION. T.E. Koeltzow*1, M.E. Wolf1 and F.J. 
White.2 Depts. of 1Neuroscience and 2Cellular and Molecular Pharmacology, 
FUHS/ The Chicago Medical School, North Chicago, IL 60064.

Repeated administration of cocaine (COC) or amphetamine (AMP) results in 
the development of behavioral sensitization. The DA D1 receptor antagonist 
SCH 23390 does not prevent the development of sensitization to COC, but 
prevents sensitization of locomotor, but not stereotypical responses to AMP. To 
address this difference further, we pretreated rats with either saline or SCH 
23390 (0.1 mg/kg) prior to 5 daily injections of either COC or AMP and then 
tested for cross-sensitization on day 10 of withdrawal. COC challenge: rats 
treated with amphetamine (2.5 mg/kg/day) exhibited locomotor sensitization to 
COC (15 mg/kg) challenge, an effect that was completely prevented by SCH 
23390. AMP challenge: rats given COC (15 or 30 mg/kg/day) exhibited 
locomotor sensitization, but not sensitized stereotypy in response to AMP (2.5 
mg/kg). Locomotor sensitization in response to AMP challenge was not 
observed in rats pretreated with 5 daily injections of SCH 23390 + COC. Two 
conclusions can be drawn. First, because SCH 23390 does not usually prevent 
the development of sensitization to COC, it is surprising that it prevented the 
development of cross-sensitization to AMP. This suggests that both COC and 
AMP elicit neuroadaptations that require DA D1 receptor stimulation, but that 
such adaptations are necessary only for a sensitized response to repeated AMP. 
Second, it appears that repeated COC does not influence neural circuits 
associated with sensitization of stereotyped responses to AMP. Supported by 
DA 04093 and DA 00207 (FJW), DA07735 (MEW) and DA 05815 (TEK).

581.8

EFFECTS OF COCAINE SELF-ADMINISTRATION ON EXTRACELLULAR 
DOPAMINE DETERMINED BY MICRODIALYSIS IN THE SQUIRREL 
MONKEY. B.C. Ginsburg*, P.W. Czoty, J.M. Radke and L.L. Howell. 
Neuroscience Division, Yerkes Regional Primate Research Center, Emory 
University, Atlanta, GA 30322.

Microdialysis techniques were used to quantify extracellular levels of 
dopamine (DA) during intravenous self-administration of cocaine in the squirrel 
monkey. Behavior was maintained with a second-order, fixed-interval 900-sec 
schedule of cocaine (100 µg/injection) delivery with fixed-ratio 20 components. 
A session consisted of four consecutive intervals, each separated by a 60-sec 
timeout. Guide cannulae were implanted bilaterally in the caudate nucleus, and 
2 months were allowed for recovery from surgery before the insertion of a com- 
mercially-available analytical probe. HPLC and electrochemical detection were 
used to quantify levels of DA in dialysate. Equilibrium of dialysate DA was 
achieved within 2 hr o f probe positioning. Mean levels of DA uncorrected for 
probe recovery were 4.6 ± 0.9 nM during the last 30-min period preceding 
cocaine self-administration. Subsequently, the 1 -hr self-administration session 
was initiated, and schedule-appropriate behavior was engendered. During the first 
15-min interval of the session, extracellular DA increased to approximately 160% 
of basal levels even though drug delivery did not occur until the interval was 
completed. Extracellular DA continued to increase during the next three intervals 
to approximately 230% of basal levels as drug dose accumulated over the session. 
The results validate the use of in vivo microdialysis during drug self
administration in nonhuman primates. Moreover, the elevations in DA during 
drug-seeking behavior prior to drug delivery demonstrate the importance of 
behavioral and environmental influences on brain neurochemistry during drug use. 
(Supported by USPHS grants DA-01161 and RR-00165.)
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581.9

BEHAVIORAL PHARMACOLOGY OP THE SELECTIVE DOPAMINE 
UPTAKE INHIBITOR. RTI-113, IN THE SQUIRREL MONKEY. P.W. 
Czoty1*, M.J. Kuhar1, FT Carroll2 and L.L. Howell1. 1 Ύerkes Regional 
Primate Research Center, Emory University, Atlanta, GA 30322, and 
2Research Triangle Institute, Research Triangle Park, NC 27709.

The phenyltropane derivative, RTI-113, is a potent and selective 
dopamine uptake inhibitor with relatively slow entry into the brain. The 
present study compared its behavioral effects to those o f  cocaine using three 
operant conditioning protocols in squirrel monkeys. Drug effects on 
schedule-controlled behavior maintained by a fixed-interval 300-sec 
schedule o f reinforcement demonstrated that RTI-113 (0.03-1.0 mg/kg) had 
modest behavioral-stimulant effects that were less pronounced than cocaine 
(0.03-3.0 mg/kg). Also, RTI-113 was approximately 3-fold more potent and 
had a much slower onset and longer duration o f  action. In a separate group 
o f monkeys trained to discriminate cocaine from saline on a two-lever choice 
procedure, RTI-113 substituted fully for cocaine in a dose-dependent 
manner. In another group o f monkeys trained to self-administer cocaine 
under a fixed-interval 900-sec, second-order schedule o f  intravenous drug 
delivery, RTI-1 13 substitution reliably maintained self-administration in all 
subjects, but at lower response rates compared to cocaine. Collectively, the 
results indicate that RTI-113 has some pharmacological properties that are 
similar to those o f cocaine. However, its different pharmacokinetic profile 
in conjunction with greater potency and less pronounced behavioral- 
stimulant effects indicate that RTI-113 may be a useful candidate as a substi
tution therapy for cocaine abuse. (Supported by USPHS grants D A-01162 
and RR-00165.)

581.11

ACTIVATING VENTRAL PALLIDAL D1 AND D2 RECEPTORS 
INDUCED OPPOSITE EFFECTS ON LOCOMOTOR ACTIVITY IN 
RATS. W. Gong1 *, M. Lynn2, D. B. Neill2 and J.B. Justice1, Jr. Depts. of 
1Chemistry and Psychology, Emory University, Atlanta, GA 30322.

The mesopallidal dopamine system, which originates from the ventral 
tegmental area and projects to the ventral pallidum, has been recently 
shown to play an important role in psychostimulant reward and locomotor 
activation. The aim o f the present study was to examine the roles o f ventral 
pallidal D1 and D2 receptors in mediating locomotor activity. The D1 
agonist SKF 38393 and the D2 agonist quinpirole hydrochloride (0.3-3 
µg/0.5 µl) were bilaterally injected into ventral pallidum through pre
implanted cannulae. Low to moderate doses o f  SKF 38393 (0.3-1 µg) 
increased locomotor activities while the highest dose (3 µg) had no effect. 
The highest dose of quinpirole (3 µg) suppressed locomotion while low to 
moderate doses (0.3-1 µg) had no effect. Equigram (0.3 µg) mixtures of 
SKF 38393 and quinpirole significantly increased locomotion. However, 
locomotor activity induced by the combined dose, while significantly higher 
than that induced by quinpirole (0.3 µg), was not significantly higher than 
that induced by SKF 38393 (0.3 µg). These findings suggest a significant 
role o f ventral pallidal D1 receptor in locomotor activation. The lack 
synergy o f D1 and D2 agonists at ventral pallidum is discussed in 
comparison with nucleus accumbens. [Supported by NSF IBN-94021104, 
NIDA KO2 DA00179 and NRSA DA05707]

581.13
ANTAGONISM OF COCAINE DISCRIMINATIVE EFFECTS BY D1 -LIKE DOPAMINE 
ANTAGONISTS IN SQUIRREL MONKEYS. J.L. Katz* Psychobiology Section, NIDA 
Intramural Research Program, Box 5180, Baltimore, MD 21224 USA 

The discriminative stimulus effects of cocaine appear to be mediated by indirect dopamine 
receptor agonist actions initiated by the blockade of dopamine uptake. Previous studies have 
indicated that these effects of cocaine can be antagonized by the administration of 
antagonists selective for Dl-like dopamine receptors, suggesting these drugs as potential 
treatments for cocaine abuse. The present study compared antagonism, by several Dl-like 
antagonists (SCH 23390, SCH 39166, and A69024), of the discriminative stimulus effects 
of cocaine, as well as the effects of cocaine on rates of responding. These drugs were 
compared to the partial D1 agonists, (±)-SKF 38393, (+)-SKF 38393, and SKF 77434, as 
well as a full D1 agonist, SKF 82958. Each of the antagonists and the low efficacy partial 
agonist, SKF 77434, produced a shift in the cocaine dose-effect curve for discriminative 
effects, with maximal shifts about three fold. Higher doses produced no greater shift. The 
full agonist, SKF 82958 and the partial agonists, (+)- and (±)-SKF 38393, did not 
antagonize the discriminative effects of cocaine. Cocaine effects on rates of responding 
were not altered by co-administration of antagonists, even at doses that antagonized the 
discriminative effects of cocaine. It is tempting to speculate that the three-fold shift in the 
discriminative effects of cocaine would have been greater had the D1 antagonists also 
shifted the effects of cocaine on response rate, allowing higher doses to be tested. However, 
a comparison of these effects indicated that at antagonist doses that were greater than those 
maximally shifting the discriminative effects and at which there was still responding 
sufficient for an assessment, there no greater shifts in the discriminative effects of cocaine. 
The present results are consistent with previous suggestions that actions mediated by D1- 
like receptors contribute to the discriminative effects of cocaine, and further that these 
actions appear to be less involved in the effects of cocaine on response rates. Finally, the 
use of D 1-like antagonists as treatments for cocaine abuse may be limited by a lack of 
antagonism of effects that disrupt behavior, and a maximum to the degree of shift in the 
discriminative effects of cocaine.

581.10
SLOW-ONSET, LONG-LASTING PRODRUGS AS POTENTIAL 
MEDICATIONS FOR COCAINE ADDICTION: ELECTRICAL BRAIN 
STIMULATION REWARD AND IN VIVO BRAIN MICRODIALYSIS 
STUDIES. E.L. Gardner,1,2* M. Froimowitz,3 K.-M. Wu,3 X. Liu,1 W. 
Paredes,1 S. Dewey,4 A. Morgan,4 C.R. Ashby Jr.,1,5 R. Haves1,2 and M. 
Lepore1. Depts of 1Psychiatry and 2Neuroscience, Albert Einstein College of 
Medicine, New York, NY 10461; 3Pharm-Eco Laboratories, Lexington, MA 
02173; 4Dept of Chemistry, Brookhaven National Laboratories, Upton, NY 
11973; 5Dept of Pharmaceutical Health Sciences, St. John’s University, 
Jamaica, NY 11439.

Cocaine’s addictive potential is believed due to its rapid onset and short 
duration of action as a blocker of dopamine (DA) reuptake into presynaptic 
DA neurons of the mesolimbic DA pleasure/reward/reinforcement system. We 
have therefore developed a novel series of slow-onset, low-lasting compounds 
(requiring in vivo metabolism for maximum activity) as potential novel sub
stitution pharmacotherapies for cocaine addiction. We now report the activity 
of these compounds in two preclinical paradigms of drug action on the meso
limbic DA pleasure/reward/reinforcement system. These compounds enhance 
quantitative electrophysiological brain-stimulation reward functions, and 
augment nucleus accumbens synaptic DA - with slow-onset. long-lastiw time 
courses. Strikingly, this augmented brain reward and accumbens DA occurs 
at doses that do not produce locomotor stimulation. These neurophysiological 
and neurochemical profiles are highly suggestive of potential therapeutic utility 
in cocaine addiction. This work was supported by a grant from the Aaron 
Diamond Foundation (to ELG), NIDA contract N01 DA-7-8083 (to MF), and 
the U.S. Dept of Energy, Biology and Environmental Research (to SD).

581.12
EXPRESSION OF BEHAVIORAL SENSITIZATION EVOKED BY DOPAMINE 
AGONISTS PREDICTS THEIR ABILITY TO REINSTATE HEROIN- AND 
COCAINE-SEEKING BEHAVIOR IN RATS. L.J.M.J. Vanderschuren. A.N.M. 
Schoffelmeer, H.J. Groenewegen*. A.H. Mulder and T.J. De Vries Research Institute 
Neurosciences Vrije Universiteit. Dept. of Pharmacology, Medical Faculty. Free 
University, Van der Boechorststraat 7, 1081 BT Amsterdam. The Netherlands.

Long-term sensitization to drugs of abuse has been proposed to play an important 
role in the persistence of drug craving. To test this hypothesis, we evaluated the 
effects of priming injections with direct and indirect dopamine agonists on drug
seeking behavior following long-term extinction of cocaine and heroin self
administration, an animal model of drug craving. In parallel experiments, the ability 
of these drugs to elicit expression of long-term sensitization in amphetamine- and 
morphine-pretreated rats was investigated. Heroin-seeking behavior was reinstated 
by heroin, - amphetamine, cocaine, and the selective dopamine reuptake inhibitor 
GBR-12909, while the dopamine D1 receptor agonist SKF-82958. the D2 agonist 
quinpirole and the D1/D2 agonist apomorphine were ineffective. Likewise, in 
morphine-pretreated rats, the locomotor responses to morphine, amphetamine, 
cocaine and GBR-12909, but not to SKF-82958, quinpirole and apomorphine were 
sensitized. Cocaine-seeking behavior was reinstated by amphetamine, cocaine. GBR- 
12909 and quinpirole. but not heroin, SKF-82958 or apomorphine. Locomotor 
sensitization in amphetamine-preexposed rats could be evoked with amphetamine, 
cocaine, GBR-12909 and quinpirole, but not with morphine, SKF-82958 or 
apomorphine. Moreover, rats with a history of heroin- but not cocaine self
administration displayed a sensitized locomotor response to heroin, while both 
heroin and cocaine rats showed locomotor sensitization to amphetamine. The 
differences between direct and indirect dopamine agonists indicate a clear, but 
complex, involvement of dopamine in the persistence of drug-seeking behavior 
Moreover, the exact match observed between the drugs that induced sensitized 
locomotor responses in morphine- or amphetamine-pretreated rats and those that 
reinstated heroin- or cocaine-seeking behavior, respectively, indicates a strong 
relationship between drug-induced craving and drug hyperresponsiveness in long
term abstinent rats. Supported by NWO, grant no. 903-42-007

581.14
ACUTE AND CHRONIC ADMINISTRATION OF 7-OH-DPAT 
DIFFERENTIALLY ALTERS COCAINE-SEEKING BEHAVIOR 
R.A. Fuchs*, T.V. Khroyan, L.T.L. Tran-Nguyen, and J.L. Neisewander 
Dept. Psychology, Arizona State Univ., Box 871104, Tempe AZ 85287 

The D3-preferring agonist 7-OH-DPAT has been proposed as a 
substitution therapy for cocaine dependence. Thus, the present study 
examined the effects of 7-OH-DPAT on cocaine-seeking behavior, a 
measure of incentive motivation for cocaine. Rats were trained to press a 
lever for cocaine infusions (0.25 mg/kg/0.1 ml, IV) or received yoked 
saline infusions during daily 2-h sessions for 21 days. They were then 
withdrawn from the self-administration regimen and were given 7-OH- 
DPAT (0, 0.001, 0.01, 0.1, or 1.0 mg/kg, SC) daily on withdrawal days 7- 
22. They were tested for extinction of cocaine-seeking behavior (i.e., 
nonreinforced lever presses) following acute administration of 7-OH- 
DPAT on withdrawal day 7 and following chronic administration on 
withdrawal day 21 (15-22 h after their daily treatment). They were also 
tested for the effects of 7-OH-DPAT on the ability of cocaine (15 mg/kg, 
IP) to reinstate extinguished cocaine-seeking behavior on withdrawal day 
22. Acute administration of low doses (0.01-0.1 mg/kg) of 7-OH-DPAT 
attenuated cocaine-seeking behavior, whereas the highest dose (1 mg/kg) 
initially attenuated and then enhanced cocaine-seeking behavior relative 
to controls. In contrast, chronic administration of 0.1-1.0 mg/kg 7-OH- 
DPAT enhanced cocaine-seeking behavior relative to controls. 
Furthermore, 1 mg/kg 7-OH-DPAT enhanced cocaine reinstatement of 
extinguished cocaine-seeking behavior. These results suggest that 7-OH- 
DPAT alters incentive motivation for cocaine, but may not be suitable for 
treatment of cocaine dependence since chronic administration may 
enhance motivation for cocaine. (Supported by DA 11064 and 
DA05816).
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581.15
THE EFFECTS OF DOPAMINE ANTAGONISTS AND AGONISTS ON THE 
EXTINCTION OF CO CAINE-INDUCED CONDITIONED INCREASES IN 
LOCOMOTOR ACTIVITY
A  Pert* and T. Sullivan. Biological Psychiatry Branch, NIMH, NIH, Bethesda, 
MD 20892.

Contextual stimuli associated contiguously with cocaine develop the ability 
over time to elicit increases in locomotor activity when presented in the absence 
of the drug. Although considerable effort has been made toward understanding 
the acquisition and expression of such conditioning, nothing is known regarding 
its extinction. We report here the effects of dopamine agonists and antagonists 
on the extinction process. Rats (PAIRED) were trained for five days in 
locomotor activity chambers to associate environmental stimuli with cocaine. 
Control rats (UNPAIRED) received injections of cocaine in their home cages. 
Following conditioning, various groups (PAIRED & UNPAIRED) were 
pretreated over five consecutive days with either apomorphine, SCH 23390 
eticlopride, or saline prior to a second injection of saline and then placed in the 
conditioning chambers for an extinction session. Following five days of 
extinction, all rats were retested after injections of saline and low doses of 
cocaine. Rats pretreated with saline exhibited rapid extinction. A low dose of 
cocaine, however, was able to reinstate conditioned responding. Eticlopride 
pretreatment completely eliminated conditioned responding during the 
extinction sessions. Surprisingly, however, rats did not appear to extinguish 
under this drug regimen since conditioned effects were apparent following both 
saline and cocaine injections during the retest sessions. SCH pretreatment 
produced somewhat similar effects. Apomorphine pretreatment also altered the 
difference in behavior between the PAIRED and UNPAIRED rats since this 
drug pretreatment produced conditioning by itself. These findings would 
suggest that while DA antagonists may block the expression of conditioned 
behaviors, they will also hinder the extinction process.

581.17

LOCALIZATION OF D2 DOPAMINE RECEPTORS IN MALE 
JAPANESE QUAIL BRAIN AND LOCOMOTOR RESPONSE TO 
COCAINE. N. Levens*, T.A. Green, C.K. Akins, and M.T. Bardo. 
Dept. of Psychology, University of Kentucky, Lexington, KY 40506.

Japanese quail (Coturnix japonica) have been extensively used to 
study appetitive behaviors. However, little is known about appetitive
relevant neurochemical systems in this species. The present 
investigation examined the distribution of D2-like receptors in the 
quail brain. [3H] Spiperone (.03 nM -1 .5  nM) was incubated in brain 
tissue homogenates and nonspecific binding was defined using 10 
µM (-)-sulpiride. Scatchard analysis of whole brain without 
cerebellum indicated an approximate Kd of 0.1 nM. Regional 
analyses show that the highest densities of D2-like receptors are 
located in the forebrain. Moderate binding levels were found in the 
tegmentum, brain stem, and optic tectum, while low binding levels 
were found in the spinal cord and cerebellum. As a behavioral 
correlate, locomotor activity was significantly increased following 
administration of the dopamine uptake blocker cocaine (10 mg/kg, 
ip). Thus, taken together, these neurochemical and behavioral data 
indicate that the Japanese quail may be useful for examining the 
neuropharmacological mechanisms of dopaminergic stimulant drugs.

(Supported by USPHS grant DA05312 and NSF grant 4-61760.)

581.19

Neurochem ical and behavioral profile of two novel dopamine 
transporter inhibitors. Aloke K. Dutta* and Maarten E. A. Reith. 
Organix, Inc, Woburn, MA 01801. University of Illinois, Peoria, 
IL 61656.

The two dopamine transporter (DAT) specific inhibitors, 4-[2- 
(D ip h en y lm e th o x y )-e th y l]  - 1 -[(4 -f lu o ro p h e n y l)m e th y l]-  
p iperid ine and 4 -[2 -(D ip h en y lm eth o x y )-e th y l]-1 -[(4- 
ch lorophenyl)-m ethyl]p iperid ine were evaluated for their 
binding to monoamine transporters in both rat striatal tissues 
and in HEK cells expressing the cloned human transporters. 
These novel analogs were highly potent and selective for the 
DAT com pared to the serotonin and norepinephrine 
transporters. Under sim ilar experim ental conditions, these 
analogs were found to be more selective compared to GBR 
12909 for their binding to the cloned hDAT. In locomotor 
activity studies in Swiss-W ebster mice, these analogs exhibited 
a much less stimulatory effect compared to GBR 12909 and 
cocaine at similar doses. Thus, both these compounds were 
virtually w ithout any effect at lower doses ( 1, 10 mg/kg; i.p) 
and showed some locom otor stim ulation at an intermediate 
dose (30 mg/kg). Interestingly, at a higher dose (100 mg/kg) 
these two compounds showed initial depression followed by 
increasing stimulation at the end of an 1 h time period. When 
these compounds were injected in com bination with cocaine in 
mice, they attenuated the locomotor stim ulatory effect of 
cocaine. D etailed binding studies and locomotor activity studies 
will be presented. Supported by DA08647 (AKD) and NIDA 
m edication  departm ent.

581.16
STRESS INCREASES THE EFFECT OF COCAINE ON 
EXTRACELLULAR DOPAMINE IN THE NUCLEUS ACCUMBENS.
A.C. DeVries*, F.S. Hall, J. Sundstrom, & A. Pert. Biological Psychiatry 
Branch, NIMH, Bethesda, MD 20892.

The rewarding properties of psychomotor stimulants appear to be 
mediated, in part, by increases in extracellular dopamine (DA) 
concentrations. The present study assesses the effects of cocaine (10 mg/kg; 
IP) on extracellular DA one week after exposure to a moderate stressor. 
Stainless steel microdialysis guide cannula were implanted in the nucleus 
accumbens of male Sprague-Dawley rats. Two weeks later, the animals 
were randomly assigned to one of four experimental groups: STRESS-COC, 
STRESS-SAL, NOSTRESS-COC, or NOSTRESS-SAL. Animals in the two 
stress groups (STRESS-COC and STRESS-SAL) were placed in ambient 
temperature water for 15 min per day, on three consecutive days, beginning 
two weeks after implantation of the guide cannula. One week after the last 
swim session, the microdialysis probes were inserted and the rats were 
placed in the dialysis chambers to habituate for three hours prior to the first 
sample collection. Dialysis samples were collected at 20 min intervals. 
Baseline extracellular DA levels did not differ significantly between the four 
treatment groups. Twenty min after the cocaine injection, the STRESS-COC 
group exhibited a 250% increase in DA and the NOSTRESS-COC group 
exhibited a 100% increase in DA. There was no significant change in DA 
in the two saline groups. These data suggest that cross-sensitization between 
stress and cocaine occurs even when exposure to the stressor and cocaine are 
separated by as much as a week. Supported by NIMH.

581.18
ACTION OF DOPAMINE REUPTAKE BLOCKERS AS 
INHIBITORS OF ACETYLCHOLINESTERASE IN RAT 
STRIATAL MEMBRANE. L.M. Gracz* and M. Boutros.
Div. Of Pharmaceutical Sciences, Massachusetts College of 
Pharmacy and Allied Health Sciences, Boston, MA 02115.

The ability of the dopamine reuptake blockers, cocaine and 
(-)-2-β-carbomethoxy-3-β-(4-fluorophenyl)tropane (CFT; 
WIN 35,428) to inhibit acetylcholinesterase activity in 
homogenates of rat striatum was assessed by colorimetric 
determination using acetyl-β-(methyl)thiocholine iodide as an 
acetylcholinesterase-specific substrate. Both compounds 
inhibited striatal acetylcholinesterase in a competitive manner. 
Cocaine exhibited a Ki of 250 ± 50 µM (n=3) and CFT 
exhibited a Ki of 300 ± 60 µM (n=2). These values are 
comparable to that exhibited by acetylcholine, Ki = 210 ± 40 
µM (n=5).

The actions of these and other dopamine reuptake blockers 
are currently being investigated in striatum and other brain 
regions in rat.

Supported by a Glaxo Faculty Development Award.

581.20
HO W  DOES DIMINISHED LEVEL OF THE DOPAMINE 
TRANSPO RTER AFFECT CO CAINE-INDUCED BEHAVIORAL 
SENSITIZATION? Y. Itzhak1* , M.D. Black1, J.L. Martin1 and S.F. Ali2 
1Dept. Of Biochemistry & Mol. Biology, University of Miami School of 
Medicine, Miami, FL 33101 and 2Division of Neurotoxicology, National 
Center for Toxicological research, Jefferson, AR 72079.

In the present study we investigated how the depletion of striatal and 
nucleus accumbens (NAC) dopamine transporter (DAT) binding sites 
affects the induction and expression of cocaine-induced locomotor 
sensitization. The neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydro- 
pyridine (MPTP; 20 mg/kg x 4) given to C57BL/6 mice caused >70%  
depletion of dopamine and DAT sites in both the NAC and striatum. To 
determine the effect of the neurotoxin on the induction of sensitization 
to cocaine, MPTP was given three days before the administration of 
cocaine started (20 mg/kg once a day for 5 days). M PTP affected neither 
the acute nor the sensitized response to cocaine compared with mice 
treated only with cocaine. To investigate the effect of M PTP on the 
expression of sensitization, cocaine-sensitized mice received MPTP 
three days before a challenge cocaine injection was given. In this 
experiment, MPTP caused a significant augmentation in the sensitized 
response to cocaine. The present study suggests that while the 
expression of cocaine sensitization may be dependent on the level of 
DAT sites, the induction of sensitization is apparently independent of the 
number of NAC and striatal DAT binding sites.
Supported by NIDA DA08584 (Y.l.)
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582.1

A n ta g o n istic  actions o f  ga lan in  and m orp h in e in  brain  areas  
m ed iating  drug re in forcem ent. V. Zachariou and M. Picciotto*. 
Department o f Psychiatry, Yale University School of Medicine, New  
Haven, CT, 06508.
The neuropeptide galanin and its receptors are present in brain areas that 
mediate reinforcement, such as the nucleus accumbens and ventral 
tegmental area. In addition, a high level o f galanin and galanin binding 
sites is seen in the locus coeruleus, an area involved in the development 
of dependence and withdrawal. Using the conditioned place preference 
paradigm in C57B1/6 mice we found that galanin alone does not possess 
reinforcing or aversive properties but can attenuate morphine place 
preference. Quantitative receptor autoradiography revealed a decrease in 
galanin binding in the nucleus accumbens and an increase in galanin 
binding in the locus coeruleus following treatment with doses o f  
moiphine that condition a place preference. In contrast, acute naltrexone 
administration increased galanin binding in the nucleus accumbens, 
suggesting that tonic opioidergic activity can down-regulate the level of 
galanin binding. Chronic-intermittent morphine administration and 
morphine withdrawal also induced an up-regulation of galanin binding 
sites in the locus coeruleus, suggesting that increased activity of locus 
coeruleus neurons may regulate the level o f galanin binding in this brain 
area. This upregulation may be an adaptive mechanism that could 
regulate the firing o f LC neurons. These data provide evidence that 
opioids and galanin interact in the brain, and that endogenous 
galaninergic systems may play a role in regulation o f opiate 
reinforcement. Unlike in the spinal cord where galanin and morphine act 
synergistically to decrease pain sensation, galanin and morphine may 
have antagonistic functions in the brain. Supported by DA08227.

582.3

A R O L E  F O R  S E P T A L  T R H  IN  M E D IA T IN G  P L A C E  
A V E R S IO N  A N D  SO M A T IC  S Y M P T O M S  O F M O R P H IN E  
W IT H D R A W A L  IN T H E  R A T . K .A . S e v a r in o * . R .-X .
Z h a n g , T . N ek lesa  an d  T .A . K osten . D ep t. o f  P sy ch ia try , 
Y ale U niv . S ch oo l o f  M ed ic in e , C T M en ta l H ea lth  C en ter and  
C T V .A . H ea lth ca re  S ystem , W est H aven , C T 06516  

Systemic TRH ameliorates somatic symptoms of opiate withdrawal 
(WD) in rats. Consistent with this, preproTRH mRNA is regulated in rat 
amygdala during W D (Zhang et al., these abstracts). To further define 
how TRH mediates W D, Sprague-Dawley rats were implanted with one 
morphine pellet (75 mg) daily for 5 d. On day 6, W D was induced with 
naltrexone (2-100 mg/kg, i.p.). Rats were sacrificed at various time- 
points, brain loci were harvested and extracted, and TRH assayed by RIA. 
Reductions in TRH were found in the septal area at 15 min W D, with 
recovery to control levels by 60 min. TRH increased in several thalamic 
nuclei at 15 min, and returned to control levels by 30 min. Neither chronic 
morphine, nor acute naltrexone, altered TRH. W e have recently shown 
that methylnaloxonium (MN) in the medial septum (MS) produces con
ditioned place aversion (CPA) and somatic signs o f W D in morphine- 
pelleted rats. To examine whether TRH is involved in this septal function, 
rats were stereotaxically cannulated into the MS. Morphine- and sham- 
pelleted rats received ACSF or TRH (5 µg) infusions, followed by 10 
mg/kg i.p. naltrexone. Teeth chatters and chewing were reduced by TRH. 
In separate studies, infusions o f TRH (5 µg) or ACSF followed by MN  
(250 or 500 ng) into the MS, were paired with one side of a place con
ditioning apparatus. CPA occurred in morphine-pelleted rats given MN  
and this effect was attenuated by TRH pretreatment. These data support a 
role for TRH in the MS in somatic and aversive effects of morphine WD. 
Supported by NIH NIDA grants D A1O762, DA04060 and DA09994.

582.5

PREFERENTIAL FOS INDUCTION IN THE NUCLEUS ACCUMBENS SHELL 
BY ACUTE STRESS, MORPHINE, COCAINE AND D1 RECEPTORS AGONIST. 
M. Barrot* , D.N. Abrous, M. Le Moal and P.V. Piazza. INSERM U259, Univ. 
Bordeaux 2, rue Camille Saint-Saëns, 33077 Bordeaux cedex, France.

The nucleus accumbens shell was shown to be the region of the striatal complex 
with the highest dopaminergic reactivity in response to stress or drugs of abuse. We 
tested here whether this hyperreactivity is postsynaptically expressed by studying 
the density of Fos-like immunoreactive nuclei after acute stress or drugs of abuse 
injection. We compared the nucleus accumbens core (NAC) and shell (NAS) and 
the dorsolateral striatum (DLSt), for the expression of Fos in response to different 
stimuli: 1) two stressors (exposure to a novel environment; and injection of NaCl 
0.9%); 2) two drugs of abuse (morphine 2mg/kg, subcutaneous; and cocaine 
15mg/kg, intraperitoneal); 3) a direct D, agonist (SKF82958, 1.5mg/kg, 
intraperitoneal). We found a preferential Fos expression and Fos induction (Δ from 
controls) in the nucleus accumbens shell. The NAS was the most responsive region 
to novelty and the only region that responded to the minor stress of a vehicle 
injection. In response to morphine injection, Fos induction was the highest in NAS, 
and similar between NAC and DLSt. In response to cocaine injection, Fos induction 
was similar between the DLSt and the NAS, and the lowest in the NAC; however, 
the DLSt is the less sensitive region to a direct D1 agonist. Our results show that the 
dorsolateral striatum and the nucleus accumbens core present major functional 
differences and confirm that the nucleus accumbens shell is the more sensitive 
region of the striatal complex to emotional or rewarding stimuli.
This work was supported by the Institut National de la Santé et de la Recherche 
Médicale, 1FR 8 and the University of Bordeaux 2.

582.2

IN D U C T IO N  O F P R E P R O T H Y R O T R O P IN -R E L E A S IN G  
H O R M O N E  m R N A  IN  A M Y G D A L O ID  N U C L E I D U R IN G  
M O R P H IN E  W IT H D R A W A L . R .-X . Z h a n g * , T . N ek lesa  and  
K .A . S ev a r in o . D ep t. o f  P sych ia try , Y ale  U n iv . S ch . o f  M ed. 
and CT V .A . H ea lth care S ystem , W est H aven , C T 06516  

The amygdaloid complex is a heterogeneous collection o f nuclei 
implicated in opiate withdrawal (WD). Microinjection o f methylnaloxon
ium into the amygdala produces conditioned place aversion and somatic 
signs of WD in opiate-dependent rats. Further, systemic thyrotropin
releasing hormone (TRH) ameliorates some o f the physical symptoms o f 
opiate W D in rats. In this study, we investigated the role of TRH in 
amygdaloid nuclei in opiate W D by examining the regulation of prepro
TRH (ppTRH) mRNA during WD. Rats were implanted with one 
morphine pellet (75 mg) daily for 5 d. On day 6, rats were given naltrex
one (100 mg/kg, i.p.) to induce W D, and sacrificed at various timepoints. 
PpTRH mRNA was quantified by RNase protection assay (RPA) and in 
situ hybridization (ISH). During W D, RPA revealed that levels of ppTRFI 
mRNA increased to twice control at 3h in both rostral and caudal amyg
dala sections. Levels rose to 10 and 18 times control at 12h, and declined 
to 3 and 5 times control at 36h, in rostral and caudal amygdaloid nuclei, 
respectively. ISH revealed regulation in three areas of weak basal expres
sion, the posteromedial cortical amygdaloid nucleus (PMCo), the central 
amygdaloid nucleus (CeM), and the bed nucleus o f the accessory olfactory 
tract (BAOT). Regulation was not seen in surrounding cortical areas that 
display high basal expression of ppTRH mRNA. Neither chronic 
morphine, nor acute naltrexone, altered ppTRH mRNA levels. These data 
suggest that ppTRH products in the PMCo, CeM, and BAOT can mediate 
certain opiate W D symptoms. Supported by NIH NIDA grant D A10762.

582.4

FUNCTIONAL CONSEQUENCES OF C-FOS INDUCTION BY MORPHINE. 
Michael W. Sganga, Bryan K. Tolliver, Karen E. Solway, Susan Jaken and 
Frank R. Sharp*. Department of Neurology, UCSF and VA Medical Center,
San Francisco, CA 94121.

The expression of c-Fos at the mRNA and protein levels has been used for 
years as a marker of unconditioned neuronal activation by drugs of addiction. 
More recent evidence has pointed to a direct involvement of this transcription 
factor in the activation of genes that underlie drug response behaviors. Our 
recent work has focused on defining the gene targets of c-Fos activated by 
addictive drugs and on determining the involvement of these in drug response 
behavior. We have used in vitro neuronal cultures treated with c-fos antisense 
oligonucleotides, coupled with mRNA differential display, to identify c-Fos- 
dependent targets induced by morphine. One of these, rat gamma adducin, is 
particularly interesting in this context because of its proposed role in the 
regulation of cytoskeletal plasticity. The expression of gamma adducin after 
acute and chronic morphine treatments is being studied in the rat brain by in 
situ hybridization and immunocytochemistry. We have also established a 
model based on the intracranial administration of antisense oligonucleotides to 
determine the importance of c-Fos and its targets for the expression of 
conditioned place preference for morphine. We found that place preference 
could be acquired at 10 mg/kg in rats, a concentration that also induces 
distinct c-Fos immunoreactivity in the dorso-medial striatum. This suggests 
that c-Fos can also be used as a marker of conditioned neuronal activation. 
The identification of c-Fos target genes in this way will not only provide 
important information about the function of this ubiquitous immediate early 
gene and the pathways leading from receptor activation to behavioral 
response, but may also lead to novel therapeutic targets for intervention in 
addiction-related disease.
Supported by a grant from the UCSF Center for the Neurobiology of Addiction.

582.6
CHARACTERIZATION OF GENE EXPRESSION PATTERNS IN THE 
NUCLEUS ACCUMBENS AND AMYGDALA FOLLOWING OPIATE 
ADMINISTRATION AND WITHDRAWAL. B. S. Hilbush , J. Quan1, E. A. 
Thomas2, K. W. Hasel*1, J. G. Sutcliffe2, and R. Przewlocki3. 1Digital Gene 
Technologies, La Jolla, CA; 2The Scripps Research Institute, Dept. of Molecular 
Biology, La Jolla, CA. 92037; 1International Institute of Cell and Molecular Biology, 
Warsaw, Poland.

Addiction to opiates and other drugs of abuse develops as a consequence of neural 
adaptations to repeated drug exposure. Understanding the molecular basis of 
addiction and the development of potential therapeutics will require a detailed 
description of the genes and proteins linking short-lived cellular events to long-term 
neuronal changes. To identify the temporal sequence of transcriptional events 
accompanying these changes, we analyzed gene expression in striatum/nucleus 
accumbens and amygdala RNA samples following acute and chronic morphine 
treatment and after naloxone-precipitated withdrawal in mice. To tal Gene 
expression Analysis (TOGA™) technology was utilized to generate and compare 
expression profiles for more than 6,000 mRNA species across all treatment groups in 
both brain regions. From this survey, we found 59 mRNAs (~1%) whose levels 
changed by greater than 2-fold. Acutely regulated molecules (induced or repressed 
compared to placebo) accounted for more than half of the regulated mRNAs 
identified. In addition, several mRNA species displayed chronic- or withdrawal- 
specific regulation in one or both brain regions. Interestingly, we identified a subset 
of mRNAs in the amygdala that were up-regulated following chronic morphine and 
subsequently repressed by naloxone. These data reveal a complex cascade of gene 
regulatory events that is initiated during acute opiate exposure and is followed by 
more long lasting changes in the expression of a small subset of genes during 
chronic treatment.
This work was supported by Digital Gene Technologies and NIH grant GM32355 to 
JGS.
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582.7
5-HT3 RECEPTOR ANTAGONIST DOSE-DEPENDENTLY POTENTIATES 
MORPHINE-INDUCED IMMEDIATE-EARLY GENE EXPRESSION IN THE 
RAT CAUDATE PUTAMEN.
Paul S. Frankel*, R.E. Harlan and M.M. Garcia. Departments of Anatomy and 
Otolaryngology, Tulane Medical School., New Orleans, LA. 70112.

Previous studies from this laboratory have demonstrated that acute administration of 
morphine (10mg/kg) induces the immediate-early genes (IEGs) cFos and JunB in the 
rat caudate putamen (CPu). In the present study, we tested the hypothesis that the 
scrotonin-3 (5-HT3) receptor is involved in the induction of IEGs following morphine 
administration, using the selective antagonist to the 5-HT3 receptor, MDL 72222, as 
Genova and Hyman (Society for Neuroscience, 1997) have shown that this antagonist 
blocks amphetamine-induced cFos expression. Rats were divided into three 
pretreatment groups: MDL, lmg/kg or 10mg/kg; or vehicle (DMSO). Thirty 
minutes following the pretreatment, the rats were administered either morphine 
( 10mg/kg) or vehicle creating a total of six groups listed by pretreatment-treatment: 
vehicle-vehicle, vehicle-morphine, MDL (lmg/kg or 10mg/kg)-vehicle, MDL 
(lmg/kg or 10mg/kg)-morphine. Two hours after the second injection, rats were 
perfusion-fixed, brains removed and processed for immunocytochemistry for cFos and 
JunB using standard methods. The cells labeled by both antibodies were counted (NIH 
Image) and statistically analyzed using ANOVA followed by post hoc tests of 
statistical significance (StatView 4.5). Rats receiving either dose of MDL followed 
by morphine, displayed a significantly increased number of cells labeled for cFos as 
compared to vehicle-morphine: the MDL effect was not dose-dependent. MDL 
( 1mg/kg or 10mg/kg) followed by morphine also increased cells labeled with the 
JunB antibody which was a dose-dependent, with the lower dose being more potent 
than the higher dose. Furthermore, MDL (1mg/kg) followed by vehicle significantly 
induced JunB expression while the higher dose of MDL ( 10mg/kg) did not. These 
findings show that the 5-HT3 receptor antagonist, MDL 72222, can positively 
modulate morphine-induced IEG expression in the rat CPu in a dose-dependent manner 
which contrasts the suppressive effect observed when this antagonist is given prior to 
amphetamine, (supported by LEQSF-RD-A-29 to MMG.)

582.9

S T U D IE S  OF G EN E E X PR E SSIO N  IN MOUSE AM YGDALA  
INDUCED BY REPEATED MORPHINE ADMINISTRATION  
M. Ikemoto 1 , K. Inou e1,3 and M. Takita2*. 1Dept. o f Biomolecular 
Engineering, 2Dept. o f Biosignalling, National Institute o f Bioscience 
and Hum an-Technology, AIST, MITI, Tsukuba, 3 Master's program in 
Biosystem  studies, Tsukuba University, Tsukuba, Ibaraki 305, Japan.

W e have isolated clone 0 1  gene (#0 1 ) by the subtractive cDNA  
cloning from male ddy m ice (6-w eek-old) amygdala. A nalysis o f # 01 
cD N A  sequence indicated that this cDNA encoded a secreted calcium  
binding protein. In situ hybridization analysis demonstrated that # 0 1  
mRNA was up-regulated in basolateral amygdala nucleus (BLA) only by 
long-term morphine administration. Co-admmistration o f naloxone with 
morphine com pletely inhibited this up-regulation, suggesting that this 
phenomena is coupled to opioid receptor mediated signal transduction. 
Quantitative RT-PCR analysis also revealed that # 0 1  mRNA expression 
after withdrawal was peaked at 16 hours later and persisted for at least
14 days. Sensitization o f # 0 1  mRNA level in BLA was detected when 
an additional morphine (100 mg/kg, s.c.) was injected at 1, 7  and 14 
days after cessa tion  o f  m orphine. N ext, to study further the 
physiological role in CNS, we made a soluble form of full coding # 0 1  
protein fused to thioredoxm at N-terminal end (Trx-0 1 ) by pET TRX  
Fusion system  32 (N ovagen). This protein clearly show ed an anti- 
adhesive activity to freshly plated neuronal cell lines; C 6-B ul, NG108-
15 and N 18-T G 2 cells (EC50 values were 44 , 142 and 157 nM, 
resp ectively). Both heat denaturation and anti-Trx-0 1  polyclonal 
antibody treatments completely blocked this effect. These results suggest 
that # O l is involved in modulation o f neural networks and in regulation 
o f neuronal function in amygdala.

582.11

NGFI-B SUBFAMILY OF NUCLEAR ORPHAN RECEPTORS ARE REGULATED 
BY DRUGS OF ABUSE AND BY CHRONIC RUNNING: DIFFERENT RESPONSE 
IN LEWIS AND FISCHER RATS. S. Brené1*, M. Werme1, L. Olson1, P. Thorén2- 
Depts. of 1 Neuroscience and 2Physiology & Pharmacology Karolinska Institutet, S- 
171 77 Stockholm, Sweden

We have studied the effect of chronic running for 30 days and acute administration of 
morphine (10 mg/kg i.p) or cocaine (20 mg/kg i.p) on the levels of mRNA encoding 
NGFI-B and Norl in Fischer and Lewis rats. The aim was to analyze if there is any evi
dence of these molecules to be involved in mechanisms of drug abuse or the develop
ment of preference for high physical training. Two hours after cocaine administration 
levels of NGFI-B and Norl mRNA were induced in striatum in both Fischer and Lewis 
rats. Morphine induced an increase in mRNA encoding NGFI-B in striatum in Fischer 
rats. The two rat strains were also subjected to voluntary running in treadmills for 30 
days. The Lewis strain, which is known to develop preference for drug abuse to a larger 
extent than the Fischer strain, also displayed higher preference for high physical volun
tary behavior as indicated by the length of running/day in a treadmill. On the first day of 
running the Lewis rats covered approximately 2000 m whereas the Fischer rats had run 
approximately 400 m. Both strains progressively increased their amount of daily run
ning and by day 14 the Lewis rats had reached a maximal running of 10000 m/day 
which was slowly attenuated and by day 30 they covered approximately 8000 m/day. 
The Fischer rats did not reach a plateau of their daily running levels. By day 30 they 
covered approximately 1500 m/day. After 30 days of running the levels of NGFI-B and 
Norl was decreased in the striatum in Lewis rats. Data from the present study suggest 
that molecules of the NGFI-B family could be involved in mechanisms of drug abuse 
and preference for voluntary high physical activity. Supported by the Swedish MRC.

582.8
ANDROGEN ALTERS MK-801 AND MORPHINE-INDUCED FOS-B 
EXPRESSION IN THE STRIATUM OF THE RAT. D.N. D’Souza*, R. E. Harlan, 
and M.M. Garcia. Depts. of Anatomy and Otolaryngology and Neuroscience 
Training Program, Tulane University School of Medicine, New Orleans, LA 70112.

It has been suggested that there are sex differences in response to drugs of 
abuse in the brain. Our lab has shown that morphine induces the IEG c-fos in the 
striatum of the rat (Garcia et al., 1995). This is attenuated by co-administration of 
the N-rncthyl-D-aspartate antagonist MK-801 in a sexually dimorphic manner 
(D’Souza et al., Exper. Biol. 98). Here we have looked at the expression of the IEG 
Fos-B in response to morphine and MK-801 and determined whether the presence or 
absence of gonadal hormones can alter some of the IEG responses and thus play an 
important role in modulating glutamate mediated morphine-induced IEG expression. 
We examined the IEG induction in response to morphine and MK-801 in adult male 
and female Sprague-Dawley rats (16 males, 32 females) that were surgically castrated 
a week before further treatment. Half of the females were implanted with estradiol 
(E2). Gonadally intact animals (16/sex) served as controls. MK-801 (0.2 mg/kg, ip) 
or vehicle was given 30 mins before an injection of morphine (10 mg/kg) or vehicle. 
The brains were removed, blocked, post-fixed, cryoprotected, and frozen. 60 urn 
sections were cut on a freezing microtome and processed for immunocytochemical 
analysis of Fos-B expression. In intact male rats, morphine alone induced Fos-B 
expression in the dorsomedial caudate putamen and this effect was not blocked by 
MK-801. However, in castrated male rats the morphine-induced Fos-B expression 
was significantly blocked by MK-801. In females, there was no significant response 
to MK-801 or morphine in the intact, castrated, or castrated+E2 replacement groups. 
Our studies therefore suggest that androgen regulates the sexually dimorphic response 
to MK-801 and morphine in the striatum of the rat brain. We are currently 
investigating the hypothesis that gonadal steroids modulate glutamate receptors 
within the striatum of the brain. (Supported by LEQSF-RD-A-29 to MMG)

582.10
INCREASED C-FOS-LIKE IMMUNOREACTIVITY IN NUCLEUS CENTRALIS 
OF THE AMYGDALA DURING OPIATE WITHDRAWAL. S. Le Guen, C. 
Gestreau and J.-M. Besson*, INSERM U161 and EPHE, 75014 Paris, France.
The aim of this study was to gauge the possible involvement of nociceptive processes 
in dependence syndrome. For this purpose, we precipitated withdrawal by naloxone in 
morphine tolerant rats. Both behavioral reactions and c-Fos-like immunoreactivity 
(FLI) in the centralis nucleus of the amygdala (Ce) were monitored. Ce is the 
termination area of the spino(trigemino)parabrachioamygdaloid nociceptive pathway 
which have been shown to be involved in the emotional-affective aspects of 
nociception (Bernard and Besson, J. Neurophysiol., 1990; Bernard et al., J.C.N., 
1993). Rats (n=36) were treated for 4 consecutive days with increasing doses of 
subcutaneous morphine in sustained-release preparation (20, 40, 80 and 120 mg/kg) or 
vehicle and injected intravenously (iv) on day 5 with either saline or various doses of 
naloxone (0.1, 1 or 2 mg/kg). Systemic naloxone induced withdrawal symptoms in 
tolerant rats. The incidence of different signs was counted or checked every five 
minutes for one hour after naloxone injection and rats were sacrificed one hour later. 
Incidence of some behavioral signs was correlated to the dose of naloxone (eye 
twitching, ptose, diarrhea and loss of body weight), whereas incidence of others was 
not (teeth chattering, chewing, wet dog shakes, forepaw shakes, jump, writhing and 
abdominal spasms). In drug-naive and in tolerant rats that received iv saline, the 
number of FLI neurons was very low (6±4 and 2±1 FLI neurons/60µm section, 
respectively). Naloxone injected alone (2mg/kg) in naive rats induced a significant 
increase of FLI neurons in Ce (21 ±8, p<0.05). In withdrew rats, the number of FLI 
neurons was increased as a function of the dose of naloxone (2±1, 64±36, 117±44 and 
l64±66 FLI neurons in tolerant rats receiving saline, 0.1, 1 or 2mg/kg of naloxone, 
respectively, p<0.01, r=0.5). FLI neurons were clustered in the lateral (CeL) and the 
capsular subdivision (CeLC) of the Ce, two areas known to receive major inputs of the 
pontine parabrachial area and in which nociceptive neurons have been identified. 
These data support activation of these regions during opiate withdrawal and constitute 
a preliminary report allowing further pharmacological investigations. C.G. is 
supported by a Merck Pharmacology fellowship.

582.12
NEUROPEPTIDE mRNAs ARE REGULATED BY CHRONIC RUNNING: 
DIFFERENT RESPONSES IN FISCHER VERSUS LEWIS RATS. M. Werme1, P. 
Thorén2, L. Olson1, E. Lindqvist1* and S. Brené 1. Depts. of 1 Neuroscience and 
2Physiology & Pharmacology Karolinska Institutet, S-171 77 Stockholm, Sweden.

Lewis and Fischer rats are extensively studied in different models of drug abuse. 
Lewis rats develop high degree of self administration of many abused drugs whereas 
Fischer rats are less prone to do so. The aim of this study was to analyze whether the 
two rat strains also differ in their voluntary running behavior. In addition we have ana
lyzed how striatal neuropeptides that are known to be regulated by chronic drug admin
istration also are regulated by chronic running. The rats were housed individually in 
cages with a treadmill for 30 days. The first day of running the Lewis rats covered 
approximately 2000 m whereas the Fischer rats had run approximately 400 m. Both rat 
strains progressively increased their daily doses of running and by day 14 the Lewis rats 
were running approximately 10000 m whereas Fischer rats were running 1000 m. After 
30 days of running the levels of mRNA encoding dynorphin was analyzed. First, when 
comparing the basal levels in Lewis and Fisher rats we detected 27% higher levels of 
dynorphin in lateral striatum in Fisher rats. After chronic running there was a 23% 
induction of dynorphin mRNA in the medial striatum in Lewis rats whereas no change 
was detected in Fischer rats. Thus, after chronic running there is a differential response 
in dynorphin mRNA regulation in Fischer and Lewis rats in striatal subregions. Dynor
phin is suggested to have a role in the development of drug addiction. The data from the 
present study also suggest that dynorphin might have a role in preference for high 
physical training. Supported by the Swedish MRC.
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582.13
REGULATION OF CORTICOTROPHIN RELEASING FACTOR RECEPTOR-1 
(CRF-R1) AND BDNF BY MORPHINE WITHDRAWAL. Y. Lee*, R.Z. 
Terwilliger and R.S. Duman. Laboratory of Molecular Psychiatry and 
Pharmacology, Yale University School of Medicine. New Haven, CT 06508

Stress regulates both CRF and BDNF expression in the limbic areas. 
Interestingly, in the case of drug induced withdrawal, CRF not only mediates 
anxiety/stress responses associated with withdrawal, but also mediates several of the 
withdrawal symptoms. In the present study, we examined the effects of morphine 
withdrawal on CRF-R1 and BDNF expression in rats, by in situ hybridization .

Morphine pellets were implanted subcutaneously for three consecutive days, and 
on day 6, withdrawal was induced by i.p. injection of naltrexone. In both the 
amygdala and the cortex, morphine withdrawal significantly down-regulated CRF-R1 
mRNA without altering CRF-R2 mRNA. Neither CRF-R1 nor CRF-R2 was 
regulated by morphine itself. In a preliminary study, changes in CRF-R1 mRNA 
level following morphine withdrawal were attenuated by pretreatment with CP- 
154,526 (a CRF-R1 specific antagonist), consistent with our previous finding that 
pretreatment with CP-154,526 significantly attenuated behavioral symptoms of 
morphine withdrawal. CRF-R1 expression was not changed in the hippocampal 
dentate gyrus(DG), CA3 or CAL

Morphine withdrawal also significantly down-regulated BDNF mRNA in DG, 
similar to the effect of immobilization stress in the same region. Morphine 
treatment alone induced up-regulation of BDNF mRNA in DG. In the amygdala, 
BDNF mRNA levels were not altered. The effect of CP-154,526 pretreatment on 
regulation of BDNF mRNA at the level of the hippocampus is currently under 
investigation. If CP-154,526 reduces withdrawal-induced stress, as it effectively 
attenuates behavioral symptoms of withdrawal, it may also block the changes in 
BDNF mRNA expression in the hippocampus. Taken together, these data support 
the hypothesis that the amygdala CRF and hippocampal BDNF systems may play a 
critical role in mediating anxiety/stress responses associated with morphine 
withdrawal. Supported by MH 25624 to R.S.D.

582.15

SEVERITY OF N A LO XO N E-PR EC IP ITA TED  M O R P H IN E  
W ITHDRAW AL DEPENDS UPON FUNCTIONAL ACTIVITY O F  
CREB IN LOCUS CO ERULEUS. V.G. Olson, L.J. Punch, S.B. 
Lane-Ladd, R.L. Neve^, J.R. Taylor, W.A. Carlezon Jr., & E.J. Nestler*. 
Department of Psychiatry, Yale U. Sch. Med., New Haven CT, & 
^Molecular Genetics Laboratory, Harvard Medical School, Belmont MA.

Chronic morphine administration upregulates the cAMP pathway and 
alters the levels and function of the transcription factor CREB (cAMP 
response element binding protein) in the locus coeruleus (LC). CREB 
activity in the LC is known to influence the severity of naloxone- 
precipitated withdrawal: infusion of CREB antisense oligonucleotides 
into the LC decreases CREB levels and the symptoms of morphine 
withdrawal (Lane-Ladd et al., J Neurosci. 17: 7890, 1997). Through the 
use of herpes simplex virus (HSV) vector-mediated gene transfer, we 
now show that the severity of naloxone-precipitated morphine withdrawal 
is related directly to functional CREB activity in the LC. Rats received 
bilateral intra-LC microinjections of HSV-CREB (1.0 µl at 4 x 107 
iu/ml/side) or vehicle (10% sucrose in PBS), and then were implanted 
with morphine pellets (sc) and given naloxone (5.0 mg/kg, ip) on the test 
day to precipitate withdrawal. Rats given HSV-CREB exhibited a more 
severe withdrawal syndrome than rats given vehicle. In a parallel 
experiment, rats were given HSV-mCREB (a dominant negative mutant of 
CREB) or vehicle into the LC, and then were implanted with morphine 
pellets (sc). Following naloxone, rats given HSV-mCREB exhibited an 
attenuated withdrawal syndrome compared to rats given vehicle. 
Immunohistochemical analysis confirmed transgene overexpression 
specific to the LC. These results support the notion that CREB function 
mediates, at least in part, the neurobiology of opiate dependence and 
withdrawal in the LC. (Support: DA08227)

582.17

IDENTIFICATION OF SEVEN NOVEL ISOFORMS IN THE HIGHLY 
VARIABLE REGION OF RAT NEURONAL CELL ADHESION MOLECULE 
NrCAM. Q.-R. Liu*1, R. Revay1, D. Wather1, and G. Uhl 1  Mol. Neurobiol. 
Branch, IRP, NIDA, NIH; 2Depts. Neurol. & Neurosci., JHUSM, Baltimore, MD 
21224
Morphine addiction may involve changes in brain synaptic connections. Using 
DDRT-PCR and Northern blot techniques, a neuron-related cell adhesion 
molecule, NrCAM, mRNA was found to be upregulated in several regions of the 
brains of rats treated 4 hours prior to sacrifice with 20 mg/kg morphine. 
Multiple cDNA clones were isolated from rat brain cDNA library using the 
NrCAM DDRT-PCR hybridization probe. The full-length NrCAM cDNA 
encodes a transmembrane protein which contains a N-terminal signal peptide, 
six immunoglobulin domains, four to five fibronectin repeats, a transmembrane 
domain and a C-terminal cytoplasmic domain. A highly variable region was 
identified between the fourth fibronectin repeat and the transmembrane domain. 
The isoforms in this region include 0 , 3, 4 ,  12 , 14 , 15, or 125 amino acid residue 
insertions which may be produced by alternative splicing. Since NrCAM may act 
as a neuronal receptor mediating neurogenesis by heterophilic interactions with 
different ligands, these NrCAM isoforms could conceivably aid fine tuning 
mechanisms involved in synaptic plasticity. The distribution of NrCAM isoforms 
in different brain tissues and after morphine treatment will be discussed. 
Supported by NIDA Intramural Research Program.

582.14
LOCAL OPIOID WITHDRAWAL IN LOCUS COERULEUS (LC) 
NEURONS SUPPRESSED BY PROTEIN KINASE A (PKA) 
INHIBITORS. A.Y. Ivanov* and G. Aston-Jones. Dept. Psychiatry, University of 
Pennsylvania, Philadelphia, PA 19104.

Most hyperactivity in LC neurons during opiate withdrawal (OW) in the intact 
animal is mediated by elevated glutamate input. However, we and others have recently 
reported that LC neurons in brain slices from morphine-dependent rats exhibit a higher 
spontaneous discharge rate (SDR) after naloxone compared to cells from naive rats. 
Moreover, this increased SDR was not blocked by glutamate or GABA antagonists 
(Ivanov and Aston-Jones, Soc. Neurosci. 1997). This indicates that local OW may 
also occur in these cells. To test whether changes in the activity of the Na/K pump 
(Kong et al., 1997) or up-regulation in the cAMP cascade (Terwillinger et al., 1991) 
contributes to local OW in LC neurons, we tested the effect of ouabain (1 µM), 
forskolin (10 µM), 1,9-dideoxyforskolin (10 µM), Sp-cAMPS (1 µM), Rp-cAMPS 
(10-50 µM) and H-89 (1 µM) on the resting membrane potential (RMP) and SDR in 
LC neurons. Ouabain strongly depolarized LC neurons in both naive and dependent 
rats, and increased SDR. As the elevated SDR in LC neurons during local OW 
developed without a prominent depolarization (60.4 ± 0.3 mV in naive vs. 58.6 ± 0.7 
mV in dependent rats; n=23), these ouabain results indicate that inhibition of the 
Na/K pump may not cause local OW in LC. Forskolin, but not the inactive 1,9- 
dideoxyforskolin, evoked a small depolarization and increased SDR (0.9 ± 0.2 /s vs.
1.6 + 0.2/s after forskolin; n=7) in LC neurons from naive rats. The selective activator 
of PKA, Sp-cAMPS, increased the SDR without depolarizing LC neurons from naive 
rats (61.3 ±  0.9 mV and 0.9 ± 0.1/s before vs. 63.6 ± 0.7 mV and 1.9 ± 0.3/s after; 
n=9). The selective inhibitors of PKA, Rp-cAMPS and H-89, effectively suppressed 
the local OW in LC neurons (3.3 ± 0.3/s before vs. 1.6 + 0.2/s after Rp-cAMPS; 
n=6; 2.7 ± 0.3/s before vs. 1.5 ± 0.2/s after H-89; n=12). These data indicate that up- 
regulation of the cAMP/PKA pathway may cause the hyperactivity of LC neurons 
during local OW. The conductances underlying this hyperactivity are under 
investigation. Supported by PHS grant DA06214.

582.16
DISTRIBUTION OF NrCAM mRNA IN THE A DULT RAT BRAIN. 
Randal, S. Revay * 1, Qing-Rong L iu1, Donna W altherl, and George R. 
Uhl 1,2 1 Molecular N eurobiology Branch IRP/NIDA/NIH, 2Dept. 
Neurol. & Neurosci., JHUSM, Balto., M D 21224.
Acute morphine treatment upregulates expression o f  the mRNAs that 
encode a number o f  genes. One o f  these upregulated genes shows high 
hom ology to neuron-related cell adhesion m olecule (NrCAM) first 
discribed in chicken. In situ hybridization using [S35] radiolabeled 
oligonucleotides complementary to common NrCAM  sequences shared 
by each isoform s mRNA reveal a discrete distribution o f  NrCAM  
mRNA in adult rat brain. Intense signal was found in the inferior olivary 
complex. Other areas showing significant hybridization include the: 
medial habenula, piriform cortex, neocortex (layers 2 through 6, but 
especially layers 2 and 5), granule cell layer o f  the hippocampal 
formation, substantia nigra (SN) and the ventral tegmental area (VTA). 
The raphe nuclei and the locus coeruieus did not show  significant 
hybridization indicating that NrCAM is not common to all 
monoaminergic projection systems. These localizations point to region 
specific roles for NrCAM, perhaps in establishing or maintaining 
connections. This distribution does not fit any single neurotransmitter 
marker or pathway.
Supported by NIDA Intramural Research Program.

582.18
PRENATAL MORPHINE EXPOSURE INDUCES AGE- AND SEX- 
RELATED CHANGES IN SEIZURE SUSCEPTIBILITY. I. Vathv*. J. 
Velíšková and S.L. Moshé. Dept Psychiat. Neurosci., Albert Einstein Coll 
Medicine, Bronx, NY 10461.

This study investigated the effects of prenatal exposure to morphine (M) 
[5-10 mg/kg/twice daily on days 11-18 o f gestation] and gonadal steroids on 
flurothyl-induced seizure susceptibility in adult and developing male and 
female rats. In gonadally intact male rats, prenatal exposure to M did not alter 
the threshold for tonic-clonic seizures at any age. At postnatal day (PN) 15, 
drug exposure did not alter the clonic seizure threshold either. However, at PN 
25, clonic seizure thresholds decreased. By PN 38, the clonic seizure threshold 
increased, and this increase persisted into adulthood. Interestingly, in 
gonadectomized adult male rats, prenatal M exposure increased the threshold 
to both clonic and clonic-tonic seizures. In gonadally intact female rats prenatal 
M exposure decreased seizure thresholds for both clonic and tomc-clonic 
seizures at PN 15. At PN 25, prenatal M increased the threshold for tomc- 
clonic seizures only. At PN 38, prenatal M affected neither clonic nor tomc- 
clonic seizure thresholds. Females were ovariectomized at PN 55, and one 
week later some received estrogen (E) alone, progesterone (P) alone, or E+P 
prior to seizure testing. In M but not in control females, flurothyl-induced 
clonic seizure threshold increased 48 hr after E. In the presence of both E+P, 
tonic-clonic seizure thresholds decreased in drug-treated females but increased 
in control females. Thus, mid to late gestational M exposure permanently alters 
seizure susceptibility, and these alterations are age- and seizure-type specific in 
both sexes. Supported by DA-05833 to IV, NS-36238 to JV, NS-20253 to SLM
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582.19
EXPRESSION OF GABAa RECEPTOR mRNA IN SEIZURE 
SENSITIVE BRAIN REGIONS OF PRENATALLY MORPHINE 
EXPOSED RATS. C.J. Schindler* and I. Vathy, Depts o f Neuroscience and 
Psychiatry, Albert Einstein Col. o f Med., Bronx, NY 10461.

In humans, seizures are a recognized complication o f the abuse of various 
elicit drugs, including morphine. We have found that adult rats, exposed to 
10 mg/kg of morphine on gestational days 11-18/ 2x/day, show an altered 
susceptibility to several types o f seizures. Opioids have been shown to 
influence the GABA system, which is known to  be an important modulator 
of seizures. The present study investigated possible changes in GABAa α-1 
receptor mRNA in prenatally morphine-exposed rats. We have examined 
several brain regions known to be important in the control o f seizure spread, 
including the substantia nigra, medial amygdala, dentate gyrus, and 
entorhinal cortex. Animals were sacrificed during young adulthood, brains 
were removed, frozen, and stored at -8O°C. 15 micron coronal sections
were cut and processed-for GABAa α-1 in situ hybridization. An [35S]- 
labeled mRNA probe was used to identify cells expressing GABAa α-1 
receptor subunit. The hybridization ( 1.25x 106 cpm/slide) took place at 
49°C for 12 hours; autoradiography exposure - 7 days. GABAa α-1 receptor 
mRNA was down-regulated in the substantia nigra o f prenatally morphine- 
exposed rats compared to saline-exposed controls. GABAa α-1 receptor 
mRNA levels were unchanged in the medial amygdala, dentate gyrus and 
entorhinal cortex. Results suggest that prenatal morphine exposure can 
alter the GABAergic system in brain areas important to seizure propagation 
and may partially explain alterations in seizure susceptibility of prenatally 
morphine-exposed rats. Supported by DA 05833, awarded to IV.

582.20
EXPRESSION OF PROENKEPHALIN AND PRODYNORPHIN mRNA IN THE 
DENTATE GYRUS OF ADULT RATS TREATED PRENATALLY WITH 
MORPHINE. O.C. Hnatczuk* and I. Vathy. Dept of Psychiat. and Neurosci., 
Albert Einstein College of Medicine, Bronx, NY 10461

Endogenous opioid peptides acting in the dentate gyrus have been implicated in 
seizure activity. In this brain region, seizure activity alters proenkephalin (PENK) 
and prodynorphin (PDYN) mRNA levels. Previously, we found that prenatal 
morphine exposure (5-10 mg/kg/twice daily on days 11-18 of gestation) alters 
seizure susceptibility in adult offspring. This study examined whether this same 
drug exposure also alters PENK and PDYN mRNA levels in the dentate gyrus. 
Changes in PENK and PDYN levels could underlie alterations in seizure 
susceptibility. Using in situ hybridization, we examined the expression of PENK 
and PDYN mRNA in adult male rats exposed prenatally to morphine. One kb 
(PENK) and 1.7 kb (PDYN) 35S-labeled probes were used to recognize PENK 
and PDYN mRNA expressing cells. Slides were hybridized with 5 ×  107 
cpm/slide for approximately 20 hours at 60°C. Slides were exposed to 
autoradiographic film, developed 7 d later, and coated with photographic 
emulsion (NTB3) for identification of individually labeled cells. Prenatal 
exposure to morphine significantly decreased PENK mRNA levels (t = 4.24, p < 
0.01) and increased PDYN levels (t  = 2.2, p < 0.03) in the dentate gyrus. These 
data suggest that alterations in opioid peptide mRNA levels may partially 
underlie altered seizure susceptibility in rats treated prenatally with morphine. 
Further research will examine opiate mRNA levels in other brain regions 
important for seizure propagation and in female rats. (Supported by NIDA

NEUROPSYCHIATRIC DISORDERS; PHARMACOLOGICAL AGENTS—ANTIDEPRESSANT DRUGS

583.1
FETAL EXPOSURE TO SERT ANTAGONIST ANTIDEPRESSANTS IN RATS.
M. Owens*, A.L. Hostetler, D. L. Knight, J.C. Ritchie, A. Llewellyn, C.B. Nemeroff 
and Z,N. Stowe. Lab. of Neuropsychopharmacology, Dept. of Psychiatry and 
Behavioral Sciences, Emory University School of Medicine; Atlanta GA 30322.

Pregnancy and childbirth represent a period of unique neuroendocrine and 
psychosocial adjustment during which up to 10% of women meet criteria for major 
depression. Major depression during pregnancy is associated with both maternal and 
infant morbidity. Although antidepressant treatment benefits depressed pregnant 
mothers, the effects on the developing fetus are not clear. In the first study of its kind, 
we examined maternal and fetal exposure to three commonly used antidepressants 
(SSRIs) which selectively antagonize the serotonin transporter (SERT). Timed 
pregnant Sprague-Dawley rats were treated with either fluoxetine (10 mg/kg/day), 
sertraline (10 mg/kg/day), or paroxetine (8 mg/kg/day) via sc osmotic minipump 
between days 5-20 of gestation (normal gestation length is 21 days). These doses were 
chosen based upon previous experience in this laboratory which suggested that 
maternal serum concentrations would be similar to those observed clinically. On day 
20, the rats were anesthetized with methoxyfluorane and the following tissues were 
collected: maternal brain, maternal serum, pooled fluid/serum from umbilical cord, 
pooled fetal serum, and fetal brain. Antidepressant concentrations were measured by a 
specific and sensitive HPLC assay following solid phase extraction. The limit of 
detection was 2 ng/sample. We observed that fetal and maternal semm concentrations 
were similar for paroxetine, fluoxetine, and sertraline, whereas fetal 
desmethylsertraline and norfluoxetine were significantly less than maternal 
concentrations. Umbilical cord serum concentrations were nearly identical to that 
observed in fetal serum except for sertraline and desmethylsertraline which were 
undetectable in cord serum. Adult and fetal whole brain concentrations of paroxetine, 
fluoxetine, and norfluoxetine were similar. Fetal whole brain concentrations of 
sertraline and desmethylsertraline where somewhat less than those observed in adult 
brain. These preliminary data suggest potential differences in fetal brain exposure 
between several SSRIs.

583.3
CHRONIC TREATMENT WITH THE CRF RECEPTOR ANTAGONIST CP- 
154,526 DECREASES DEFENSIVE WITHDRAWAL BUT DOES NOT ALTER 
NEUROENDOCRINE RESPONSES TO AN ACUTE STRESSOR. L. Arboralius*, 
K.V. Thrivikraman, P.M. Plotsky and M.J. Owens. Dept. of Psychiat. & Sehav 
Sci, Emory University School of Medicine, Atlanta, GA 30322, USA 
It has been hypothesized that CRF receptor antagonists may represent a 

novel class of antidepressants and/or anxiolytics. The acute administration 
of peptide-based CRF receptor antagonists has previously been shown to 
have anxiolytic effects and to attenuate stress-induced increases in ACTH 
and corticosterone in rats. However, whether these effects persisr upon 
repeated administration is not known. Therefore, we have studied the effects 
of the nonpeptide CRF1 receptor antagonist CP-154,526 during chronic 
treatment on defensive withdrawal behavior and on neuroengocrine 
responses to a psychological stressor, the airpuff-startle. Male Sprauge- 
Dawley rats were treated with 3.2 (lowCP) or 32 (highCP) mg/kg/day of CP- 
154,526, or vehicle (Veh; 80% PEG) via osmotic mini pumps. The rats were 
handled daily during the course of treatment. After 8 days lowCP rats 
showed a significant (p <0 .01 ) decrease in time spent in the tube (1 2 0 ± 5 9  
s) in the defensive withdrawal test compared to Veh rats (4 5 4 ± 7 3  s), 
whereas highCP rats showed a tendency for an increase (550 ±  13 s; 
probably related to nonspecific effects of the drug). The latency to leave the 
tube was also decreased in lowCP rats (34 ± 2 3  s) and increased in highCP 
rats (307 ± 7 6  s) compared to V rats (130 ± 64 s), although not significantly. 
There was no significant difference in basal or stress-induced increase in 
plasma ACTH or corticosterone in lowCP or highCP rats after 14 days 
compared to Veh rats, although there was a faster return to baseline values 
of plasma corticosterone in rats treated with the low dose. The present 
findings suggest that no tolerance develops during subchronic treatment with 
CRF receptor antagonists to their anxiolytic effect, however the ability to 
attenuate the neuroendocrine responses to acute stress appears to be 
reduced. Supported by Pfizer Central Research.

583.2
THE NON-PEPTIDE CRF-R1 ANTAGONIST, PD171729, INHIBITS 
CORTICOTROPIN RELEASING FACTOR (CRF)-INDUCED NOREPINEPHRINE 
RELEASE IN THE CORTEX OF RATS. M.D. Davis* and L.W. Cooke. 
Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research Division, Warner- 
Lambert Co., 2800 Plymouth Road, Ann Arbor, MI 48105.

Hyperactivity of the hypothalamic-pituitary adrenal axis has been implicated in the 
etiology of stress disorders and elevated CRF levels in the brain may play an 
important role in this. Development of a CRF antagonist may offer an improved drug 
for the treatment of anxiety and depression. Here we report on the effects of 
PD171729, a non-peptide CRF-R1 preferring antagonist, in modulating brain 
norepinephrine (NE) levels in the rat.

Adult male Sprague-Dawley rats were anesthetized with urethane, placed in a 
stereotaxic frame and a microdialysis probe inserted into the medial prefrontal cortex 
for collection of perfused artificial CSF samples. Levels of NE and its metabolite, 
MHPG, were determined by HPLC with electrochemical detection. ICV infusion of 
10ug r/hCRFl-41 evoked an 80% increase of cortical NE levels above control and a 
smaller increase of MHPG levels. Oral administration of PD171729 up to 2Omg/kg 
by itself did not alter NE or MHPG levels. However, when PD171729 was 
administered 30 minutes prior to CRF infusion, the increase in NE levels was blunted 
in a dose dependent manner (50% at 5mg/kg; 72% at 10mg/kg and 100% at 2Omg/kg 
PO). The CRF-induced rise in MHPG levels was also attenuated by PD171729. 
These results show that the CRF-R1 antagonist, PD171729, is able to reduce the 
elevation of NE in the brain following central CRF administration. (Supported by 
Warner-Lambert Co.)

583.4
THE EFFECTS OF CHRONIC ADMINISTRATION OF THE BENZODIAZEPINES, 
ALPRAZOLAM AND LORAZEPAM, ON HYPOTHALAMIC AND 
EXTRAHYPOTHALAMIC CRF NEURONAL SYSTEMS. K. H. Skelton*, M. J. 
Owens, D. L. Knight, J. C. Ritchie, and C. B. Nemeroff. Dept. of Psychiatry and 
Behavioral Sciences, Emory University School of Medicine, Atlanta, GA 30322. USA 

Corticotropin-releasing factor (CRF) is the major regulator of the hypothalamic- 
pituitary-adrenal (HPA) axis, and much evidence has accumulated consistent with the 
hypothesis that it plays a role in coordinating the endocrine, as well as autonomic and 
behavioral responses of an organism to stress. Furthermore, direct intracerebral CRF 
administration has been shown to produce anxiogenic effects in animal models. 
Benzodiazepines, in contrast, are potent anxiolytics and have been demonstrated to 
possess many effects that oppose those of CRF. Specifically, benzodiazepines 
attenuate both stress-induced increases in CRF production and release, as well as 
anxiogenic effects of CRF. In order to characterize the actions of benzodiazepines on 
CRF neurons after chronic administration, two agonists, alprazolam and lorazepam. 
were administered to male Sprague-Dawley rats for 14 days. Serum drug 
concentrations were measured by HPLC, and radioimmunoassays were atelized to 
measure plasma ACTH and corticosterone In situ hybridizations were performed to 
examine expression of CRF, CRF,. CRF and Urocortin mRNA throughout the 
brain. Additionally, CRF peptide concentrations were examined via 
immunoautoradiography. Finally, CRF, and CRF2 receptor populations were 
examined individually via receptor autoradiography performed in the presence or 
absence of a specific CRF, receptor antagonist. Preliminary data indicate that chronic 
alprazolam treatment, at a semm concentration of 106 ng/ml, produced a 42.5% 
decrease in CRF mRNA in the central nucleus of the amygdala, a region strongly 
implicated in the neurobiology of fear and anxiety . In contrast, chronic lorazepam 
treatment, at a semm concentration of 55 ng/ml, had no effect on CRF mRNA in this 
same region. Supported by NIH Grant DA08705.
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05833 to IV) saline morphine
PENK mRNA 22.55 ± 3.8 7.36 ± 2.5
PDYN mRNA 16.14 ± 0.8 24.77 ± 4.4

(mean optical density ± sem)
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583.5 583.6
ANXIOLYTIC PROFILE OF THE SELECTIVE CORTICOTROPHIN RELEASING 
FACTOR RECEPTOR (CRF), ANTAGONIST, CP-154,526, IN THE VOGEL AND 
ULTRASONIC VOCALIZATION (USV) TESTS IN RATS. M. Brocco*, A. 
Dekeyne, G. Dorey, P. Casara and M.J. Millan, I.d.R. Servier, 125 Chemin de Ronde, 
78290 Croissy, Paris, France.

Inasmuch as cerebral pools of CRF may be involved in the induction of anxiety, we 
examined the potential anxiolytic properties of the selective CRF, receptor antagonist, 
CP-154,5261. For the Vogel test, water-deprived rats had access to the spout of a 
drinking bottle over 3 min and every 20th lick gave a mild shock (0.3 mA, 0.5 sec) 
via the spout. USV duration was measured over 10 min in a chamber in which rats 
had been previously exposed to an aversive stimulus and, as a measure of ataxia, the 
rotarod test was performed in mice.________________________________________

 Vogel ←  USV ← Rotarod
Drug ED50(95%CL) % ME ID50 (95% CL) % MI ID50 (95% CL) % MI
CP-154,526 a 54 (27-109) 71 > 20.0 48 > 80.0 0

Clorazepate b 12(3-50) 59 7(1-67) 63
a

4.1 (1.4-12.0) 93

Doses, given 30 min pre-testing, are in mg/kg base, i.p.a, or s.c.b. ED50 = Effective 
Dose50; ID50 = Inhibitory Dose50; 95 % CL = 95 % Confidence Limits; % ME = % 
Maximal Effect and % MI = % Maximal Inhibition.
CP-154,526 dose-dependently increased responses in the Vogel test, but was only 
partially active in the USV model up to the highest dose examined. It did not elicit 
ataxia. In contrast, the benzodiazepine, clorazepate, was active in both procedures, 
although it provoked ataxia. These data suggest that, under certain conditions, 
blockade of CRF, receptors may exert anxiolytic activity in the absence of a 
disruption of motor behaviour.
1Schulz, D.W. et al., Proc. Natl. Acad. Sci. USA, 93: 10477, 1996.
This work was supported by Servier Pharmaceuticals.

EVIDENCE FOR ANTIDEPRESSANT AND ANXIOLYTIC ACTIVITY OF 
SUBSTANCE P ANTAGONISTS IN PRECLINICAL ASSAYS. N.M.J.Rupniak,
E. Carlson, D. Smith, T. Harrison, C. Swain, M. Cascieri1, G. Chicchi1, S. 
Sadowski1, F. Hefti*, J. Hale1, S. Mills1, M. MacCoss1 and R. Hargreaves. Merck 
Sharp and Dohme Research Laboratories, Neuroscience Research Centre, Harlow, 
Essex CM20 2QR, England and 1Rahway, NJ07065, USA.

The tachykinin substance P is widely distributed in the brain and has been 
speculated to be involved in the response to psychological stress. Central infusion 
of substance P agonists was found to cause similar behavioural responses to 
psychological stress in small laboratory species that have NK, receptors with 
human-like pharmacology. Brain penetrant NK1 receptor antagonists inhibited 
stress responses in a qualitatively similar manner to that seen with established 
antidepressant (phenelzine, imipramine, fluoxetine) and anxiolytic drugs 
(diazepam, buspirone). Antidepressant and anxiolytic activity of the novel NK, 
antagonist MK-869 was confirmed in depressed patients with high anxiety. In 
preclinical studies, a synergistic interaction was observed when fluoxetine was 
coadministered with a centrally acting substance P antagonist, suggesting that 
combination therapy in man may improve clinical efficacy. Immunocytochemical 
studies indicated that release of substance P had occurred in the basolateral 
amygdala during psychological stress. The NK, receptor antagonists used in these 
studies did not to interact significantly with conventional sites for antidepressant 
drugs in vitro (monoamine oxidase, monoamine transporters and receptors) and 
did not augment norepinephrine or serotonin function in vivo. Conversely, a range 
of established antidepressant and anxiolytic drugs were found to have no 
significant affinity for the human NK, receptor. Centrally acting NK, receptor 
antagonists thus represent the first new mechanistic approach to antidepressant 
therapy for four decades.

583.7
DEMONSTRATION THAT THE NOVEL SUBSTANCE P NK, RECEPTOR 
ANTAGONIST MK-869 IS AN EFFECTIVE ANTIDEPRESSANT M. Kramer.
N. Cutler,2 J. Feighner,3 R. Shrivastava,4 J. Carman,5 G.Liu,1 D. Snavely,1 E. 
Wvatt-Knowles,1 S. Reines1, and N. Rupniak1*. 1Merck Research Laboratories, 
West Point, PA., and Terlings Park, U.K., 2 California Clinical Trials, Beverly 
Hills, CA.,3 Feighner Research Institute, San Diego, CA., 4Eastside Medical 
Group, NY, NY, 5Carman Research, Smyrna, GA. Background: Based on the 
limbic co-localization of tachykinins (i.e. Substance P; [SP]) with monoamines, 
and behavioral pharmacology data, we postulated that the selective NK, antagonist, 
MK-0869, would be antidepressant or anxiolytic in patients with major depressive 
disorder. Methods: Outpatients (N=213) at four investigative sites, scoring ≥ 22 
on the 17-item Hamilton Depression Scale (HAM-D) score and ≥ 15 on the total 
Hamilton Anxiety Scale, were randomized to 6 weeks of double-blind treatment 
with MK-0869 300 mg/day, paroxetine HC1 20 mg/day, or placebo. Results: 
Clinically relevant antidepressant efficacy was observed in patients receiving MK- 
0869 or paroxetine. Antidepressant effect of MK-0869 (scored on the HAM-D, the 
predefined primary outcome measure) was observed by week 1, and increased 
over the timecourse of the study. The mean change from baseline to week 6 for 
MK-0869 (-13.6 points), or paroxetine (-12.8 points), was greater (p=0.003 and 
P=0.010, respectively) than placebo (-9.3 points). Results were consistent. Robust 
anxiolytic effects were also observed with MK-0869, which was well-tolerated. 
Numerically, more patients receiving paroxetine (19 %) discontinued (mostly for 
nausea) for clinical adverse experiences compared with MK-0869 (9%) or placebo 
(9 %). A strikingly lower incidence of sexual dysfunction was observed in patients 
receiving MK-0869 (3%) or placebo (4%) compared with paroxetine (26 %) [p <
0.001 ]. Conclusions: Results indicate that MK-0869 in this study was an 
effective, well-tolerated antidepressant with potential anxiolytic activity, and 
support a role for SP acting at the NK, receptor in the pathophysiology of 
depression and perhaps anxiety.

583.9

PHARMACOLOGICAL PROFILE OF YKP 10A: A NOVEL ANTI
D EPRESSANT . R. Gordon,* P. Bernard, E. Paek, K. Lee and 
Y. M. Choi. SK Corp Biopharmaceutical R & D Center, Fairfield, N.J. 
and Daeduk, Korea.

YKP 10A has a profile that suggests the compound is different 
from currently available antidepressants. YKP 10A reduced 
immobility in the forced swimming test (FST); ED 50 mg/kg = 13.6 po 
mice; 7.4 po rats, and the tail suspension test (TST) in mice 

(ED50 mg/kg = 5 .2  p). The effects in the FST were reversed by the D 1 
antagonist SCH 23390 and completely abolished by the D 2 antagonist 
sulpiride. The reduction in immobility in both the mouse FST and TST  

was also completely abolished by glycine (2 g/kg ip). Further evidence 
for antidepressant activity was demonstrated against aggressive behavior 
in isolated mice (ED50 mg/kg = 25.9 po), and against reserpine-induced 
ptosis (ED 50 mg/kg = 9.9 ip) and hypothermia (ED50 mg/kg = 37.8 po). 
Neurotoxicity (T D 50) values in mice, as measured by rotorod 
performance, were 1618 and 286 mg/kg, for po and ip administration, 
respectively. M otor activity was not affected by YKP 10A up to 
100 mg/kg po. YKP 10A had no appreciable effect on inhibiting 
M AO-A, or on the uptake o f  serotonin, norepinephrine or dopamine 
in vitro. YKP 10A failed to demonstrate significant results in receptor 
binding studies. Experiments are in progress to further explore the role 
o f  dopamine and glycine receptors in the mechanism o f  action o f  
YKP 10A.

583.8
MODIFICATION OF THE INTERACTION BETWEEN G PROTEIN 
AND THE CYTOSKELETON AFTER CHRONIC ANTIDEPRESSANT 
TREATMENT. S. Toki* and M. M. Rasenick. Dept. of Physiology and 
Biophysics, University of Illinois College of Medicine, Chicago, IL, 60612 

Antidepressant treatment increases the physical coupling between Gsα 
and adenylyl cyclase which results in an increase of Gs-mediated 
stimulation of adenylyl cyclase. Furthermore, a direct effect of 
antidepressants on post-synaptic targets has been suggested by the 
observation that chronic exposure of C6 glioma cells to antidepressants 
increased Gpp(NH)p-stimuLated adenylyl cyclase. Thus, it is
hypothesized that the target of antidepressant action is some component 
of the post-synaptic membrane or cytoskeleton which might regulate 
coupling between G-protein and adenylyl cyclase. Rats were treated with 
a tricyclic antidepressant (amitriptyline), a non uptake inhibiting 
antidepressant (iprindole) or a selective serotonin reuptake inhibitor 
(fluoxetine) for 21 days. C6 glioma cells were treated with these same 
compounds for 3 days. G proteins were extracted from rat synaptic 
membranes or C6 cell membranes sequentially with Triton X-100 and 
Triton X-114 and the amount of Gsα in each extract was estimated by 
immunoblotting. Triton X-100 extracted more Gsα subunit from 
chronically treated rat and C6 cell membranes than that from control. 
The reciprocal was observed for Triton X-114 extracted Gsα. These 
results suggest Gsα was relocated from a more hydrophobic region to a 
less hydrophobic region of the membrane subsequent to chronic 
antidepressant treatment. Furthermore, fractionation studies on sucrose 
density gradients suggests slight movement of Gsα from a lighter fraction 
to a heavier fraction after chronic antidepressant treatment. These 
changes may be due to altered interaction between Gsα and cytoskeletal 
protein and this would makes Gsα more available to activate adenylyl 
cyclase. Supported by NIMH MH39595.

583.10
KAWAIN LIMITS EXCITATION IN THE HIPPOCAMPUS BY MODULATING 
IONIC CURRENTS AND ATTENUATING EXCITATORY SYNAPTIC 
TRANSMISSION H. Grunze1 and J. Walden2 (SPON: European Neuroscience 
Association) 1LMU Department of Psychiatry, Nussbaumstr.7, 80336 Munich, 
Germany; 2Department of Psychiatry, Hauptstr. 5, 79104 Freiburg, Germany 

Herbal remedies as kava extracts show increasingly evidence of positive 
psychotrophic efficacy in the treatment of anxiety and mood disorders. However, little 
is known about their mechanisms of action on the cellular level. The effect of kawain 
(KAW) was tested on field potential changes (fp) induced by omission of the 
extracellular Mg2+ in CA1 and CA3 of the hippocampal slice preparation of guinea 
pigs. The generation of these fp is due to an activation of NMDA receptors and 
voltage dependent calcium channels. KAW reduced reversibly the rate of fp in a 
concentration range from 5 to 40 µM. This suggests that NMDA receptors and/or 
voltage dependent calcium channels may be involved in the mechanism of action of 
KAW. In whole cell patch clamp recordings (Long- Evans rats, 20-25 d) from 
hippocampal CA 1 pyramidal cells, resting MP, AP threshold and input resistance 
remained unchanged with KAW (100 µM) in 8/8 neurons. Repetitive AP firing was 
elicited by injecting currents from 150- 450 pA. KAW reduced the AP frequency in 
4/8 neurons between 20-66 % (not significant). The AP duration remained unchanged, 
whereas in 5/8 cells a 15 ±5 % decrease of the AP amplitude was observed. In 4/8 
cells we observed an marked ( >60 %) prolongation of the time period from the onset 
of the depolarizing stimulus until the first AP, and also an significant increase of the 
interval between AP's. In response to SR stimulation, we saw in all cells a >50% 
reduction of the EPSP, accompanied only in one cell by a small increase of the IPSP. 
Taken together, KAW shows efficacy in limiting excitation as well on the level of 
ionic channels (sodium and calcium channels) as on excitatory synaptic transmission, 
similar to what has been observed with mood stabilizing anticonvulsants.
The authors receive support from a Stanley Foundation Grant program
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583.11

BIOCHEMICAL PROFILE OF SL65.0477, A NEW MIXED AND 
REVERSIBLE MAO-A/B INHIBITOR. O. Curet*, N. Sontag . ,  Aubin, 
C. Marc, S. Jegham, P. George and B.Scatton, CNS Research 
Department, Synthelabo, 92504 Rueil-Malmaison, France.

SL65.0477 is a new mixed potent and reversible inhibitor of MAO-A 
and B belonging to the family of the oxazolidinone. In vitro, it inhibits both 
MAO-A and MAO-B activities (IC50 MAO-A = 4.2 nM, MAO-B = 9.1 nM) in 
rat brain homogenates'but does not interact with a large population of 
neurotransmitter or drug receptors. Ex vivo, SL65.0477 causes a dose- 
dependent inhibition of MAO-A and MAO-B activities in the rat brain (ED50 
MAO-A = 0.34 mg/kg, po, MAO-B = 0.29 mg/kg, po). SL65.0477 
(3.5 mg/kg,po) induced a reversible short lasting inhibition of MAO-A and 
MAO-B activities in rat frontal cortex, striatum, liver and duodenum. 
Maximal inhibition of enzyme activity was observed at 1 hour after dosing 
and full recovery of MAO-A and MAO-B activities was observed at 24 and 
48 hours post-dosing, respectively. In the rat frontal cortex and striatum, 
SL65.0477 (3.5 mg/kg, po) increased the tissue levels of monoamines (NA, 
DA, 5-HT) and their methylated metabolites (NMN, 3-MT) and decreased 
the levels of the deaminated metabolites (DOPAC, HVA, 5-HIAA). In vivo 
microdialysis studies showed that in the guinea pig striatum, SL65.0477 (2 
mg/kg, ip) increased extracellular levels of dopamine (+166 %) and 3-MT 
(+765 %) and reduced extracellular levels of deaminated metabolites, 
DOPAC(-84 %), HVA (-70 %) and 5-HIAA (-52 %). In conclusion, 
SL65.0477 is a mixed and reversible inhibitor of MAO-A/B (in vitro, ex vivo, 
in vivo) active orally with a potential for the treatment of depressive states 
and Parkinson’s disease.

583.13
PAXIL® (PAROXETINE) FOR THE TREATMENT OF SOCIAL ANXIETY 
DISORDER L. Williams-Hemby*, D. J. Carpenter, J. Travers, C. Pitts, R. 
Oakes, and I. Gergel SmithKIine Beecham Pharmaceuticals. Clinical Research. 
Development and Medical Affairs. Philadelphia, PA.

Social anxiety disorder, also known as social phobia, is characterized 
by marked, persistent and potentially disabling anxiety stemming from the fear 
of being scrutinized by others. According to a recent community survey, social 
anxiety disorder is the third most common psychiatric disorder in the general 
population following major depression and alcoholism. Despite the high 
prevalence of social anxiety disorder, relatively little is known about the 
neurobiology of this disease. Several pre-clinical studies suggest that 
serotonergic neural pathways may be involved in the pathogenesis of social 
anxiety disorder. In keeping with these findings, several clinical studies and 
case reports indicate that selective serotonin re-uptake inhibitors are efficacious 
in the treatment of social anxiety disorder. The present study is a 12-week, 
multi-center, randomized, double-blind, placebo-controlled parallel group 
fixed-dose study which evaluated the efficacy of paroxetine in the treatment of 
social anxiety disorder. A total of 384 outpatients with a diagnosis of social 
phobia as their predominant psychiatric disorder were randomly assigned to 
one of four treatment groups: paroxetine 20 mg (n=97), paroxetine 40 mg 
(n=95), paroxetine 60 mg (n=97) or matching placebo (n=95). The primary 
efficacy variables employed in this study were the percentage of responders 
having CGI Global Improvement item scores of 1 or 2 (very much improved or 
much improved relative to baseline) and the mean change from baseline on the 
Liebowtiz Social Anxiety Scale. In addition, a number of secondary efficacy 
evaluations were also examined. The results of this study clearly confirm the 
efficacy of paroxetine in the treatment of social anxiety disorder.
This study was supported by SmithKIine Beecham Research and Development.

583.15
THE EFFECT OF IGMESFNE ON MONOAMINE NEURONAL UPTAKE IN THE 
RAT K Zoski, R. Brandon, H.C. Akunne, T.G. Heffner* and T.A. Pugsley. 

Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research Division of 
Warner-Lambert Co., Ann Arbor, MI 48105.

Igmesine (JO 1784 or CI-1019) is a highly selective sigma (σ)-l ligand (Ki = 75 
nM) with no significant affinity for σ-2 (Ki > 1000 nM) and a number of other 
neurotransmitter receptors. Sigma binding sites have been found in both the 
peripheral and CNS. Although the physiological functions of σ sites are not clearly 
understood, igmesine is reported to exert CNS actions. For example, igmesine was 
found active in preclinical animal models predictive of antidepressant and anxiolytic 
activities. In attempts to understand the possible mechanism of action of igmesine, 
we evaluated its actions on neuronal uptake for norepinephrine (NE), dopamine (DA) 
and serotonin (5-HT). Studies on monoamine neuronal uptake were conducted using 
sym ptosomes prepared from rat whole brain cortex (NE and 5-HT) and rat striata 
(DA). Of the compounds examined, the rank order of potency at σ-1 sites studied 
was igmesine (Ki = 75 nM) > fluoxetine (764) = imipramine (853) = clomipramine 
(940). The results also showed that igmesine weakly inhibited NE, 5-HT and DA 
neuronal reuptake with affinities (Ki, nM) of 637, 719 and 1168, respectively. In 
comparison, imipramine, clomipramine and fluoxetine exhibited affinities of 7, 3, 
and 156, for NE neuronal reuptake (Ki, nM), respectively. For DA, the respective 
affinities were 4367, 2832 and 3261 for imipramine, clomipramine and fluoxetine, 
while the respective affinities were 7, 3 and 18 for 5-HT neuronal reuptake. In 
conclusion, the weak effects of igmesine on monoamine neuronal reuptake suggest 
that an indirect modulation of the monoaminergic system or other actions may be 
involved in this drug’s effects. (Supported by Warner-Lambert Co.)

583.12
SELECTIVE SEROTONIN REUPTAKE INHIBITORS DOWN REGULATE 
GLUCOSE METABOLISM IN THE CAUDATE NUCLEUS IN PATIENTS WITH 
OBSESSIVE-COMPULSIVE DISORDER (OCD). ES Hansen1, SG Hasselbatch, I 
Law2, J Midtgaard3 *, and TG Bolwig1. 1Department of Psychiatry and 2The 
Neurobiology Research Unit, Rigshospitalet, Copenhagen University Hospital; 3The 
Institute of Medical Physiology, The Panum Institute, Copenhagen, Denmark.

Previous functional brain imaging studies suggest that OCD symptoms reflect a 
dysfunction of specific brain structures. The aim of this study was to determine the 
possible effect of selective serotonin reuptake inhibitors (SSRI) on the regional 
cerebral glucose metabolism (rCMRglc) in a large OCD group. Twenty non- 
depressed obsessive-compulsive patients (DSM-IV, disease duration > 3 y., 12 M, 8 
F; age: Mean: 33 y, range 19-59 y), were studied before and after treatment with 
paroxetine 20-80 mg/day for 12-weeks. The Hamilton Depression Scale ruled out 
major depression. The OCD severity was estimated by Yale-Brown Obsessive- 
Compulsive Scale (Y-BOCS). The Y-BOCS score was at least 20 at the time of 
inclusion. Subjects were PET scanned after i.v. injection of 200 MBq IXFDG and 
rCMRglc was calculated using the autoradiographic method. The images were 
analyzed using SPM96. Regionally significant changes in activity induced by 
treatment were evaluated at a threshold of p < 0.05, corrected for multiple 
comparison. Clinically, 18 patients improved significantly, one was a non-responder, 
one responded partially. Following SSRI treatment, a significant reduction in 
normalized rCMRglc was found in the right caudate nucleus. In line with this result 
previous PET and IMRI studies have found an increased blood flow or metabolism in 
the basal ganglia, the cingulate gyrus, and the orbitofrontal cortex modulated by 
compulsive symptoms suggesting a “resetting” of hyperactivity concomitant with a 
decrease in reported OCD symptoms. The hypothesis of a serotonergic dysfunction in 
the “four-neuron loop” connecting the basal ganglia with the frontal lobes is 
substantiated by these findings.

583.14
THE EFFECTS OF THE SIGMA-1 LIGAND, IGMESINE, ON 
NEUROTRANSMITTER ACTIVITY IN THE RAT AS ASSESSED BY 
INTRACEREBRAL MICRODIALYSIS. L.W. Cooke*, A.J. Acharya, and M.D. 
Davis, Parke-Davis Pharmaceutical Research Division, Warner-Lambert Co., 2800 
Plymouth Road, Ann Arbor, MI 48105.

Igmesine is a compound developed originally on the basis of its high affinity for 
brain sigma binding sites and which has shown anxiolytic and antidepressant activity 
in rodent behavioral tests. Because igmesine has weak activity for inhibiting the 
uptake of norepinephrine (NE) and dopamine (DA) in vitro, the present studies were 
designed to test igmesine’s ability to alter the extracellular accumulation of NE, DA 
and serotonin (5HT) in the rat brain.

Adult male Sprague-Dawley rats were anesthetized with urethane, placed in a 
stereotaxic frame and a microdialysis probe was inserted into the medial prefrontal 
cortex (MPFC) or striatum. Artificial cerebrospinal fluid was infused through the 
probe and samples collected every 30 to 40 minutes. Biogenic amine and metabolite 
levels were analyzed by HPLC with electrochemical detection. Drug doses were 
chosen based on their threshold efficacy dose in a behavioral despair test. Igmesine 
administered at 32 mg/kg i.p. produced a 63% increase in NE levels and a 33% 
elevation of DA levels in the MPFC. No effect on striatal or MPFC 5HT was seen. 
Igmesine caused only a small decrease in the dialysate levels of the NE metabolite 
MHPG (19%) and the DA metabolite DOPAC(9%). When tested at an equieffective 
behavioral dose, the NE uptake inhibitor imipramine ( 15mg/kg i.p.) produced a 
241% increase in MPFC dialysate NE levels and a 67% decrease in MHPG, and the 
DA uptake inhibitor nomifensine (2mg/kg i.p.) caused a 111% increase in cortical DA 
levels with a 35% decrease in DOPAC. Thus, igmesine appears to increase the 
extracellular levels of both NE and DA, but not 5HT, in brain. These effects are less 
prominent than with standard uptake inhibitors and igmesines mechanism of action is 
not yet clear. Supported by Warner Lambert.

583.16
THE NEUROCHEMICAL ACTIONS OF THE SELECTIVE SIGMA-1 LIGAND, 
IGMESINE: EFFECTS ON MONOAMINE OXIDASE A AND B, AND ON 
MONOAMINE UPTAKE AND CATECHOLAMINE SYNTHESIS. H.C. Akunne*,
J. Cordon, S.Z. Whetzel and T.A. Pugsley. Neuroscience Therapeutics, Parke-Davis 
Pharmaceutical Research Division of Warner-Lambert Co., Ann Arbor, MI 48105.

Igmesine is a selective sigma (σ)-l ligand with weak actions at the monoamine 
neuronal uptake systems (Zoski et al., this meeting). The affinities (Ki values) of 
igmesine for σ-1 and σ-2 binding sites were 75 and > 1000 nM, respectively. Two 
forms (A & B) of the outer mitochondrial membrane enzyme (MAO) have differing 
sensitivities to inhibition by acetylenic inhibitors such as clorgyline and deprenyl, 
respectively. In an attempt to determine the mode of action of this drug, the activity 
of igmesine on monoamine oxidases (MAO) A and B were evaluated in the brain 
using a radioenzymatic technique. The effect of igmesine in vivo, on catecholamine 
uptake and synthesis in several brain regions (brain stem, hippocampus, striatal and 
cortex) was also determined. The results indicated that igmesine did not exhibit 
affinity for either MAO A or B (Ki > 10 uM). In in vivo biochemical studies, 
igmesine at behaviorally active doses, did not appear to alter significantly NE, DA 
and 5-HT neuronal uptake. Furthermore, igmesine did not alter synthesis of 
monoamines in any brain regions studied including the NE-enriched brainstem 
suggesting lack of alpha-2 adrenergic antagonist activity. These findings indicate that 
igmesine is not exhibiting its CNS effects via inhibition of the MAO A and B, and 
probably not through the blockade of monoamine neuronal reuptake or alpha-2 
adrenergic receptor when compared to the effects obtained from reference 
monoamine neuronal reuptake ligands. All these suggest that igmesine may possess a 
unique mode of antidepressant action. (Supported by Warner-Lambert Co.)
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583.17
SEROTONIN N-ACETYLTRANSFERASE (AA-NAT) mRNA IN THE RAT 
HIPPOCAMPUS: MODIFICATIONS BY ACUTE ISOPROTERENOL AND
PROTRACTED FLUOXETINE TREATMENTS. T. Uz and H. Manev*. The Psychiatric 
Institute, Deptartment of Psychiatry, University of Illinois at Chicago, Chicago, IL 60612.

AA-NAT (EC 2.3.1.87) is the enzyme responsible for synthesis of N-acetylserotonin (NAS) 
from serotonin. In the pineal gland, NAS is metabolized into melatonin; AA-NAT expression is 
regulated by the cAMP response element binding protein (CREB). An upregulaton of CREB is 
a response common to chronic antidepressant treatments that may regulate specific target 
genes in the hippocampus. We hypothesized that AA-NAT gene might be one such target. We 
used the quantitative reverse-transcription/polymerase chain reaction (RT-PCR) assay of AA- 
NAT and cyclophilin (eye) mRNAs (eye is a constitutive gene; it can be used to normalize the 
mRNA responses of inducible genes). The oligonucleotide primers and the corresponding 
internal standards were designed to allow amplification of 51 to 493 bp (AA-NAT) and of 177 
to 474 bp (eye). The ethidium bromide-stained RT-PCR products were excised from gels and 
the radioactivity determined. We found that pigmented Brown-Norway (BN) rats express 
higher hippocampal levels of AA-NAT mRNA than albino rats; we used 2-month-old BN rats. 
They were housed under controlled temperature and illumination (14 hr light/10 hr darkness). 
Fluoxetine (5 mg/kg in 1% dimethylsulfoxide/saline; administered in a volume of 1 ml/kg body 
weight) or its vehicle were injected intraperitoneally either once (acute administration) or once 
daily for 21 days (chronic administration). Rats were sacrificed 18 hr after the last treatment. 
Isoproterenol (1 mg/kg) was injected i.p.; rats were sacrificed 4 hr later. Statistical analysis 
was performed using the non-parametric Mann-Whitney U test (significance was accepted at 
p<0.05). A protracted treatment but not the single fluoxetine injection resulted in about a 5-fold 
increase in hippocampal AA-NAT mRNA. Similar increase was observed after a single 
isoproterenol injection. The circadian rhythm did not affect AA-NAT mRNA in the 
hippocampus, but did increase its nocturnal levels in the pineal. Upregulation of extrapineal, 
e.g., hippocampal AA-NAT expression may lead to NAS formation; NAS might play a role in 
mediating the therapeutic action of antidepressant drugs. Deficits in the AA-NAT/NAS system 
might participate in the pathophysiology of depressive illness. Supported by the Psychiatric 
Institute, UIC. We thank D. R. Grayson and F. Impagnatiello for AA-NAT and cyc oligonucleotides.

583.19

H Y P E R IC U M  L I 160 IN H IB IT S U PT A K E  O F SER O TO N IN  A ND  
N O R E PIN E P H R IN E  IN  A ST R O C Y T E S. J.T. Neary* and Y. Bu.
Research Service, V A  M ed. Ctr. and Depts. Pathol. and Biochem. & 
M olec. B io l., U niv. Miami Sch. M ed., M iami, FL 33125.

Extracts o f  Hypericum perforatum, com m only known as St. John’s 
wort, are frequently used to treat mild to moderately severe depression 
in Germany and other European countries, but the mechanism o f  
antidepressant activity o f  Hypericum is not understood. Because known 
m echanism s o f  antidepressant activity include inhibition o f  serotonin 
and/or norepinephrine uptake, w e investigated the effect o f  standardized 
extracts o f  Hypericum LI 160 on the transport o f  these monoamine 
neurotransmitters into astrocytes, cells which surround synaptic terminals 
and can regulate neurotransmission by means o f  their uptake systems. 
W e found that LI 160 inhibited both serotonin and norepinephrine uptake 
in a dose-dependent manner. The two monoamine transport systems were 
affected differently by LI 160: for serotonin, the main effect was a 50% 
decrease in the rate o f  maximal transport, whereas for norepinephrine, 
the main effect was a 4 .5  fold reduction in the apparent affinity o f  
norepinephrine for its uptake sites. Upon removal o f  LI 160, uptake was 
restored, thereby indicating that the inhibition was not due to a toxic 
effect o f  Hypericum on the cells. These findings suggest that the ability 
o f  LI 160 to inhibit serotonin and norepinephrine uptake may underlie the 
antidepressant activity o f this Hypericum extract. (Supported by 
Lichtwer Pharma GmbH and the Department o f  Veterans A ffairs.)

583.18
ANTIDEPRESSANT DRUGS ENHANCE TRIIODOTHYRONINE 
CONCENTRATIONS IN MITOCHONDRIA AND MYELIN FROM 
RAT AMYGDALA. M. Eravci*, H. Prengel, O. Brödel, L. Hiedra, G. 
Pinna, H. Meinhold and A. Baumgartner. Department of Nuclear 
Medicine (Radiochemistry), Klinikum Benjamin Franklin, Free University 
of Berlin, Hindenburgdamm 30, 12200 Berlin, Germany 

Antidepressant drugs have been found to increase the concentrations of 
the metabolically active thyroid hormone triiodothyronine (T3) in 
homogenates of rat brain areas. In order to further characterize the 
functional implications of these findings, we measured T3 concentrations 
in 9 subcellular fractions of 6 rat brain areas after 14 days treatment with 
the tricyclic antidepressant desipramine (5mg/kg and 20mg/kg, per os) 
and the monoamine oxidase inhibitor tranylcypromine (1 mg/kg and 
5mg/kg, i.p.). Subcellular fractions (glial and neuronal nuclei, 
mitochondria, synaptosomes, myelin, cytosol and m icrosomes) were 
isolated by density gradient ultracentrifugations. T3 was determined by a 
highly sensitive radioimmunoassay. Desipramine and tranylcypromine 
had common effects only in the amygdala: T3 levels were significantly 
increased in both the mitochondrial and the myelin fraction. No significant 
increases in T3 levels were seen in the nuclear fractions in any brain area. 
As the amygdala is involved in generating emotions, these results raise the 
question whether the increases in T3 concentrations in the mitochondria 
and the myelin of this brain area are involved in the mechanism of action 
o f antidepressant drugs.
Supported by the Deutsche Forschungsgemeinschaft (Grant Ba 932/7-1).

583.20
HYPERFORIN REPRESENTS THE MAJOR REUPTAKE INHIBITING 
CONSTITUENT OF ST. JOHN'S WORT. W.E. Müller, * A. Singer and M. 
Wonnemann. Dept. of Pharmacology, Biocenter Univ. of Frankfurt, 60439 
Frankfurt, Germany.

Hyperforin is the major lipophilic constituent of the medicinal plant St. 
John's wort (Hypericum perforatum L.). The extracts of this plant are 
broadly used for the treatment of depressive disorders in Germany. Our 
previous studies have shown (Pharmacopsychiatry, 30, Suppl. 2, 102-107, 
1997) that the extract is an unspecific inhibitor of the synaptosomal uptake 
of several neurotransmitters. So far, very little is known about the 
constituents responsible for the pharmacological and antidepressant 
activity.
Here we demonstrate that hyperforin is a potent but nonselective uptake 
inhibitor of serotonin (5-HT), dopamine (DA), norepinephrine (NA), GABA 
and L-glutamate in synaptosomal preparations of mouse or rat brain, with 
the following order: NA > DA > GABA > 5-HT »  L-glutamate. The IC50- 
values are between 100-200 nM for the monoamines and GABA and 
about 1 µM for L-glutamate, respectively.
Kinetic analyses were performed to further characterize the mechanism of 
serotonin- and GABA-uptake inhibition. Hyperforin (2 µM) induced a 
decrease in Vmax from 0,248 pmol/min/mg protein to 0,112 pmol/min/mg 
protein for 5-HT-uptake and from 0,227 pmol/min/mg protein to 0,074 
pmol/min/mg protein for GABA-uptake and had no effect on Km, indicating 
non-competitive inhibiting properties of the substance.
To compare the mechanism of action of hyperforin to classical 
antidepressants like SSRI's and TCA's, the inhibition of 3H-paroxetine 
binding (a selective marker of the serotonin transporter) and of 3H- 
serotonin uptake was studied. The correlation of specific 3H-paroxetine 
binding and 3H-serotonin uptake inhibition was significant for classical 
antidepressants but not for hyperforin. Further investigations will be 
necessary to identify this new and unique neurobiological principle 
probably underlying the antidepressant action of this compound.

AGING : NONPRIM ATES

584.1

DIFFERENTIAL EFFECTS OF AGING ON NADPH-DIAPHORASE, 
NEUROPEPTIDE Y AND VASOACTIVE INTESTINAL POLYPEPTIDE 
NEURONS IN CEREBRAL CORTEX OF RATS. Y. Huh1, C. Park1, W. Lee,  H. 
Ahn1, H. H . Baik2*. 1Dept. of Anatomy, 2Dept. of Biochemistry, College of Medicine, 
Kyunghee University, Hoeki-Dong 1, Dongdaemun-Gu, Seoul, 130-701, South 
Korea.

Recent studies have shown that neurons containing NADPH-diaphorase 
(NADPH-d)/nitric oxide synthase (NOS) are relatively resistant to various toxic 
insults and neurodegenerative diseases. Despite the increasing amount of information 
being published about the distribution and ontogeny of NADPH-d, neuropeptide Y 
(NPY) and vasoactive intestinal polypeptide (VIP), few data are available about the 
possible morphological changes of NADPH-d-, NPY- and VIP-containing neurons 
during aging of the brain, in part due to the lack of detailed morphometric studies. 
The present study was, therefore designed to investigate the changes in the number 
and size of NADPH-d-, NPY- and VIP-containing neurons in the cerebral cortex of 
the aged rat using a morphometric method. The aged rats showed a significant 
increase in percentage of colocalization of NPY and NADPH-d in comparison with 
the control rats in most cortical areas. In the aged group, the number of NPY- 
IR/NADPH-d-positive neurons was not significantly decreased in the cerebral cortex 
compared to the control group. However, the number of NPY-IR/NADPH-d- 
negative and VIP neurons was significantly decreased in all cerebral cortical areas in 
the aged group. These results demonstrate that the NADPH-d containing NPY-IR 
neurons are less influenced by aging than the control group in the cerebral cortex of 
rats. Quantitative analysis of cell areas revealed a significant shrinkage of VIP and 
NPY-IR/NADPH-d-negative neurons in the aged group, whereas no further cell 
shrinkage was noted for NADPH-d-positive neurons as compared to the control 
group. These morphometric results demonstrate that the NADPH-d containing 
neurons are more resistant to aging than the VIP neurons in the cerebral cortex of 
rats. Supported by Kyunghee University Foundation.

584.2

AGE-RELATED CHANGES OF ENZYME ACTIVITIES OF MITOCHONDRIAL 
POPULATIONS FROM RAT CEREBRAL CORTEX. A. Gorini*, A. D'Angelo and 
R.F. Villa, Institute of Pharmacology, University of Pavia, Italy.

The maximum rates of mitochondrial enzyme activities related to energy 
transduction and glutamate metabolism were evaluated in non-synaptic ("free") 
and in intra-synaptic mitochondria ("light" and "heavy") from cerebral cortex of 
Wistar Kyoto rats, aged 2, 6, 12, 18, and 24 months. The following enzymes 
were evaluated: citrate synthase, malate dehydrogenase for Kreb's cycle, 
succinate dehydrogenase (Complex II), NADH-cytochrome c reductase 
(integrated activity of Complex l-lll) and cytochrome c oxidase (Complex IV) for 
the electron transfer chain; glutamate dehydrogenase, glutamate oxaloacetate- 
and pyruvate- transaminases for metabolism of glutamate.

In rat cerebral cortex the biochemical machinery, as evaluated by enzyme 
activities, was differenty expressed in non-synaptic and in intra-synaptic 
mitochondria at each single age, confirming that in various types of cerebral 
cortex mitochondria an intrinsic different characterization of energy-linked 
metabolic pathways exists. An age-related difference of the maximum rates of all 
the enzymes was observed: the activities of Kreb's cycle enzymes increased 
(malate dehydrogenase, "free" mitochondria) or decreased (citrate synthase), 
starting from 12 months of age, while the electron transfer chain linked enzymes 
starting to increase their activities (Complex l-lll), or to decrease (Complex II and 
Complex IV) at 12 months.

These data indicate that the biochemical enzyme systems undergo 
diversif¡cated pattern of activity during ageing; the fact that all enzyme activities 
starting to show differences in catalytic activities exactly from 12 months of age, 
may indicate that these are under a close control, probably originating at gene 
level. Our findings confirm the distinct nature of these three mitochondrial 
populations, that appears to be not a subtle and unclear problem of micro
heterogeneity, but a possible relevant factor with respect to ageing processes

Research Grant by Program of Pharmacological Research (CITFI).
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584.3
AGE-RELATED CHANGES OF ATP-ASES ACTIVITIES OF SYNAPTIC 
PLASMA MEMBRANES FROM RAT CEREBRAL CORTEX. R.F. Villa*, A. 
D'Angelo and A. Gorini. Institute of Pharmacology, University of Pavia, Italy.

The maximum rates of some ATP-ases enzyme activities related to ions 
homeostasis (Na, K, Ca, Mg) were evaluated in synaptic plasma membranes 
from cerebral cortex of male albino rats, aged 3, 12, 24 months. The following 
enzymes were evaluated: Na+, K+-ATPase, Ca++, Mg++-ATPase, Mg++- 
ATPase, Low and High affinity Ca++-ATPase. The ATPases located on 
synaptosomes, synaptic plasma membranes and synaptic vesicles are involved 
in the regulation of pre-synaptic nerve endings homeostasis and to post- 
synaptic activities.

Results of 3 months-old rats indicate that the catalytic properties of these 
enzyme systems in normal, steady-state cerebral tissue markedly differ 
according to their synaptosomal localization, i.e. on synaptic plasma 
membranes or on synaptic vesicles and thus the metabolic role of each 
individual ATPase is determined by its subcellular in vivo localization.

Results about ageing indicate that ATPase's enzyme catalytic activity 
tend to decrease, but in a complex fashion, depending on the age chosen as 
the "adult" reference age. In addition, if the results are expressed in S.l. Units, 
the profile of enzyme activities were completely different and this is due to the 
protin concentration and content.

These data indicate the hypothesis that the ATPase's modifications 
undergone by the adaptation to ageing are working to cause important 
physiophatological responses of the nerve endings and that these 
modifications in enzyme activities reflect the bioenergetic state of the cerebral 
tissue respect to the energy demand at each single age. However, the cerebral 
concentration and content of synaptic plasma membrane proteins was 
increased by ageing and the results may be influenced by this observation in 
that many defective non-catalytic proteins may be formed during ageing.

Research Grant by Italian Ministry of University.

584.5
AGE RELATED DEPLETION OF CHOLINERGIC SYNAPSES IN THE 
RAT CEREBRAL CORTEX G. Marchese1, T.P. Wong1, A. Ribeiro-da-Silva1,2* 
and A. C. Cuello1. 1Dept. Pharmacology & Therapeutics and 2Anatomy & Cell Bi
ology, McGill University, Montréal, Québec, Canada H3G1Y6

Recent studies have suggested a correlation between an age dependent loss of 
presynaptic boutons in parietal cortical layers V-VI of aged rats and an impaired 
performance in memory tasks. To investigate whether there is a preferential loss of 
cholinergic innervation, we utilized vesicular acetylcholine transporter (VAChT) 
immunocytochemistry combined to image analysis to compare the density of cho
linergic boutons in the parietal cortex of young (2-3 months old) and aged (24 
months old) rats. The results revealed a differential laminar distribution of VAChT- 
immunoreactive boutons in the parietal cortex with a higher density in layers II and 
V than in the other laminae. The comparison of values of bouton density in the dif
ferent cortical layers from young and aged animals showed that the age-related de
pletion of cholinergic boutons affects especially the three deeper layers of the pa
rietal cortex. No significant differences between young and aged were detected in 
the cell body size of the cholinergic cell bodies of the nucleus basalis magnocellu- 
laris.

Both the cholinergic input to the cortex and the parietal cortex itself are involved 
in the process of spatial learning and memory. Therefore the loss of cholinergic in
nervation which we detected in the present study provides a morphological substrate 
for the impaired performance in learning and memory-related behavioral tasks in 
aged rats that has been reported by several investigators. (Supported by NIA)

584.7
EFFECT OF CALORIC RESTRICTION ON LOCAL CEREBRAL BLOOD FLOW 
IN AGED RATS. C.D. Lynch*, W.E. Sonntag, P.T. Cooney, R.L.Ingram, S.A. Bennett,
P.L. Thornton, and A.S. Khan. Dept. of Physiology and Pharmacology, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157.

With increasing age, there is a rarefaction in the number of cerebral blood vessels 
on the cortical surface of the brain. Studies indicate that moderate caloric restriction 
(60% of ad libitum) decreases both functional and pathological changes with age and 
increases lifespan. We have previously reported that local cerebral blood flow (LCBF) 
decreases with age and that caloric restriction prevents the age-related loss of cerebral 
arterioles. In this study, we assessed whether moderate chronic caloric restriction had a 
concomitant effect on LCBF. The l4C iodoantipyrine method was utilized to measure 
LCBF in young (7-11 months) and old (31 months) ad lib or calorically restricted male 
Brown Norway rats anesthetized with ketamine/xylazine. LCBF was measured in the 
motor cortex, CA1, CA3 and dentate gyrus of the hippocampus (areas implicated in 
learning and memory) under either basal conditions or in response to 10% C02 for 5 
minutes to maximally dilate cerebral vessels. In the present study, basal LCBF levels 
increased significantly in calorically restricted old rats compared to age matched adlib 
controls in motor cortex (0.67± 0.09 vs 0.23 ± 0.01 ml/g/min; p<0.01), CA 1 (0.36 ± 0.05 
vs 0.18 ± 0.002 ml/g/min; p<0.016), CA3 (0.42 ± 0.05 vs 0.20 ± 0.01 ml/g/min; 
p<0.004), and dentate gyrus (0.38 ± 0.04 vs 0.19 ± 0.005 ml/g/min; p<0.016). In 
response to CO2, LCBF increased compared to basal levels in old ad lib animals (80- 
100%) in each area measured. However, CO2 had no effect on LCBF in old caloric 
restricted animals. These results indicate that moderate caloric restriction, in addition to 
ameliorating the age- related decline in cerebromicrovascular density, also increases basal 
LCBF in the cortex and hippocampus of old rats. The changes in LCBF in calorically 
restricted rats may have a role preventing age-related memory impairments. Supported 
by NIH grant AG 11370.

584.4
ENHANCED CEREBRAL CORTICAL SMase AND PLA2 ACTIVITIES IN 
SENESCENCE ACCELERATED MICE P/10 WITH AGING. S.- S. Kim1 C.- 
W. Park2*, and Y.-H. Suh2 . 1Dept. of Anatomy, Coll. Of Med. ChungAng 
Univ. ; 2Dept. of Pharmacol. Coll. of. Med. Seoul National Univ. ; 221 
HukSuk-dong, DongJak-gu, Seoul, 156-756, Korea

The SMase activities ofand 17 months old Senescence Accelerated Mice- 
P/10 (SAM-P/10) were about 1.3 times higher than that of 2 months. Similarly, 
the PLA2 activity from cerebral cortex of 17 months old one w*as 
approximately 1.3 times higher than that of 2 months old. However, no age- 
dependent change of the activities were shown in the other regions. 
Interestingly, prominent atrophy in neocortex, olfactory cortex and amygdala 
was revealed and neocortical neurons were lost with aging, throughout the life 
span in the brains of SAM-P/10. These findings in the SAM model suggest 
that the enhancement of the cerebral cortical SMase and PLA2 activities with 
advancing age may be related with neuro-degeneration and selective 
remarkable atrophy in brain of SAM-P/10. Although the precise molecular 
mechanism has not been elucidated, it is known that cognitive decline 
accompanied with aging is caused by neuronal loss in the brain. This 
observation also suggests that the learning and memory impairment of SAM- 
P/10 may be related with enhanced SMase and PLA2 activities in cerebral 
cortex in SAM-P/10.

584.6
EFFECTS OF AGE AND [D-ALA*]-GROWTH HORMONE RELEASING 
HORMONE ON LOCAL CEREBRAL BLOOD FLOW IN HIPPOCAMPUS AND 
CORTEX. A.S. Khan*, C.D. Lynch, P.L. Thornton, P.T. Cooney, S.A. Bennett, R.L. 
Ingram, W.E. Sonntag. Dept. of Physiology and Pharmacology, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157.

Previous studies in this laboratory have reported that a decline in the numbers of 
cerebral blood vessels occurs on the cortical surface with age and that arteriolar density 
increases in response to growth hormone administration. In order to investigate the 
consequences of vessel rarefaction and the effect of maintaining growth hormone pulse 
amplitude and plasma insulin-like growth factor (IGF) -1 levels, the 14C-iodoantipyrine 
method was utilized to measure local cerebral blood flow (LCBF) in specific brain 
regions in young (5 month) and old (30 month) male F344xBN rats anesthetized with 
ketamine/xylaxine. [D-Ala2]-growth hormone releasing hormone (GHRH) (2.3µgSQ) 
or saline were administered daily from 9 months to 30 months of age. LCBF was 
measured in anterior cingulate, motor cortex, retrosplenial cortex, CA1, CA3, and 
dentate gyrus of the hippocampus (areas implicated in learning and memory) under 
either basal conditions or in response to 10% CO2 for 5 minutes to maximally dilate 
cerebral vessels. LCBF declined significantly in response to CO2 with age in anterior 
cingulate (1.26±0.09 to 0.92±0.08 ml/g/min, p<0.02), motor cortex ( 1.04±0.09 to 
0.82±0.08 ml/g/min, p<0.045), and dentate gyrus (0.67±0.04 to 0.52±0.03 ml/g/min, 
p<0.009). A decrease was also observed in CA1, CA3, and retrosplenial cortex, but 
these changes did not reach statistical significance. These data demonstrate a decline 
in LCBF under maximally dilated conditions in young versus old animals. Non- 
parametric analysis suggested that chronic injection of [D-Ala2]-GHRH to old animals 
improved basal LCBF in all areas analyzed compared to age-matched saline injected 
animals. Our results suggest that a decline in growth hormone and IGF-1 levels may 
contribute to decreases in LCBF with age and that administration of [D-Ala2]-GHRH 
may partially prevent these declines. Supported by NIH grant AG 11370.

584.8
DIETARY RESTRICTION INDUCES PARTIAL SPARING OF 
NMDA SUBUNIT EXPRESSION DURING AGING. K.R. 
M agnusson*, G.E. Sammonds, and H. Wampler Dept. o f Anatomy 
& Neurobiology, Colorado State University, Fort Collins, CO 80523 

There is a decline in binding o f glutamate to the N-methyl-D- 
aspartate (NMDA) subtype o f glutamate receptors that is slightly 
spared by dietary restriction during the aging process in C57B1/6 
mice. We have also found a decrease in the mRNA expression for 
epsilon2 and zetal in the cortex and dentate gyrus o f aged mice. The 
goal of the present study was to utilize quantitative in situ 
hybridization to determine if dietary restriction can spare the NMDA 
subunit changes that occur during aging. Horizontal brain sections 
were obtained from male, C57B1/6 mice that were 3, 15, or 26-27 
months of age. The older mice were either ad libitum-fed or diet 
restricted since 3 months o f age. Oligonucleotide probes (45mers) 
were labeled with 33P-dATP and hybridized sections were exposed to 
film with 33P standards. The aged ad libitum-fed mice showed 
significant declines in epsilon2 mRNA expression in the frontal and 
parietal cortices. The aged diet restricted animals had higher average 
expressions of epsilon2 than ad libitum-fed aged mice and there were 
three rostral regions where the ad libitum-fed aged mice differed 
significantly from 3 month olds, but the diet restricted aged animals 
did not. The diet restricted mice also tended to have higher average 
expression of the zetal and epsilon 1 subunit mRNAs, but there were 
no significant aging changes in the ad libitum-fed mice. These results 
suggest that dietary restriction can partially spare the effects of aging 
on the expression of NMDA subunits.. Supported by NIA FIRST 
award AG 10607 and RCDA A G 00659 to K.R.M.

Society for Neuroscience, Volume 24 ,1998



1494 AGING: NONPRIMATES TUESDAY PM

584.9

A G E-A SSO C IA T ED  GLIAL A CTIV ATIO N  IN M IDDLE-AGED  
B N xF 344  RATS AFTER A CU TE FO OD RESTRICTION . T .E . 
M organ*, Y. S ong, Z. X ie , D.J. Stone, I. R ozovsky, C.P. Anderson, 
and C.E. F in ch . Andrus G erontology Center, Department of 
Biological Sciences, University o f Southern California, Los Angeles, 
CA 90089.

Previous work showed that chronic food restriction (FR) attenuates 
age-associated astrocyte and microglial hyperactivity in white and grey 
matter regions o f the rat brain (Morgan et al., 1997 Free Rad. Biol. 
M ed. 23:524-528; Morgan et al., 1998 N euroscience (in press)). 
Apolipoprotein J & E levels were coordinately regulated during aging 
and in response to FR. To explore the mechanism underlying FR’s 
regulation o f age-associated glial gene expression we asked whether an 
acute FR regiment implemented at middle-age would alter existing age- 
associated glial activation. Five groups o f Brown Norway x Fischer 
344 FI male rats were exam ined [ad lib itum -fed: 5 mo. & 24 mo.; 
ch ron ic  FR  (40% food restricted since reproductive maturity): 24 
mo.; acu te F R  (2 mo. FR): 5 mo. & 24 m o.]. Body weights were 
fo llow ed  over a 4 w eek period and remained stable for all groups 
except the acute FR 24 mo. group. Motor function as measured by the 
balance beam test was improved in the acute FR 24 mo. animals as 
compared to the ad libitum-fed 24 mo. animals. Regional astrocytic and 
microglia] activation is being measured with GFAP, apolipoprotein J & 
E, major histocompatibility class 2, and complement type 3 receptor. 
The effect o f acute FR on age-associated glial activation in middle-aged 
rat brains w ill be determined. Supported by AG -09793 & A G -13499 
(CEF) and the Alzheimer's A ssociation-Estate o f Ann Clark Hobson, 
FSA -95-033 (TEM).

584.11
DIETARY RESTRICTION IMPROVES REACTION TIME IN OLD C57BL/6 
AND B6D2F, MICE. M. J. Forster*, H. Lai and S. R. McDonald. Department of 
Pharmacology, Geriatrics Education and Research Institute, UNTHSC, Fort Worth, 
TX 76107.

Impairments in reaction time and motor performance occur as a function of ad
vanced age in both animals and humans. Dietary restriction (DR) is known to delay 
the onset of age-related decrements in a variety of sensorimotor capacities (Dubey et 
al., 1996). The purpose of this study was to determine if dietary restriction has a 
similar effect on the age-related increase in reaction time. This hypothesis was tested 
by measuring the maximum amplitude of response elicited from footshock (peak re
sponse) and the time to peak response (reaction time). Two strains were tested, 
C57BL/6 and B6D2F, at three ages (7,17 and 30 mo.) with either ad libitum access to 
food or 40 % dietary restriction (AL and DR). Nine intensities of footshock from .02- 
.64 mA were delivered at 3 different durations. In ad libitum C57BL/6 mice, the 
maximum amplitude of response declined as a function of age for all durations of 
shock. Lifelong dietary restriction decelerated the effects of age on peak response in 
C57BL/6 mice. The ad libitum B6D2F, exhibited no age-related declines in peak re
sponse, however dietary restriction increased the maximum amplitude of responding 
at all ages for all durations in B6D2F, mice. Maximum reaction times showed an age- 
dependent increase for both strains at all durations in ad libitum mice. The effects of 
age on reaction times in both strains appear to be retarded by lifelong dietary restric
tion. In summary, dietary restriction results in preservation of this reflexive sensori
motor capacity by ameliorating the effects of age. Whether such preservation occurs 
at the level of sensory, integrative or effector responses is yet to be determined. (NIH- 
NIA support: R01A607695)

584.13
ACCUMULATION OF OXIDATIVELY-INDUCED DNA DAMAGE, BUT NOT 
PROTEIN CARBONYL CONTENT, IN THE MOUSE NIGRO-STRIATAL 
SYSTEM DURING AGING F. Cardozo-Pelaez1*, S. Song1, C. Hazzi2, A. 
Parthasarathy1, K. Naidu1, J. Sanchez-Ramos1. 1Department of Neurology, 
2Department of Pharmacology and Experimental Therapeutics, University of South 
Florida, James Haley VA Hospital Research Laboratory, Tampa, FL 33612 

Parkinson’s Disease (PD) is a neurological disorder characterized by tremor at rest, 
slowness of movement and increased muscle tone. Loss of DA-ergic neurons in the s. 
nigra and presence of Lewy bodies are the pathological hallmarks of PD. Age is a 
major risk factor for PD and according to the oxyradical hypothesis of aging, it is 
postulated that dopaminergic neurons are more susceptible to oxidative damage. All 
classes of macromolecules, including proteins, lipids and nucleic acids are susceptible 
to attack from oxyradicals despite numerous antioxidant defenses. To determine 
whether free radical induced-damage to DNA and protein accumulates during aging 
in the nigrostriatal pathway of the mouse, levels of a marker of DNA damage, 8- 
hydroxy-2’-deoxyguanosine (oxo8dG), were measured in striatum and midbrain at 3, 
18 and 34 months of male C57BL6/NIA mice. Carbonyl content was determined as 
an index of oxidative damage to protein. An age-dependent increase in oxo8dG , but 
not in carbonyl content, was found to occur in both regions. The activities of the 
antioxidant enzymes superoxide dismutase and glutathione peroxidase were also 
determined in the same brain regions of the 3 , 18 and 34 months old mice. There 
were no changes in activity with age. Levels of striatal dopamine (DA) were reduced 
with aging, DA loss was accompanied by an increase in the index of DA turnover. 
Our results indicate that age-dependent oxidative damage affects DNA significantly, 
while sparing protein, in the s. nigra and striatum. Such accumulation of DNA 
damage could be detrimental to the stability and function of the nigrostriatal pathway, 
as evidenced by age-dependent changes in mouse motor behavior. (Supported by VA 
Merit Review Grant and, in part, by the National Parkinson Foundation).

584.10
CALORIC RESTRICTION DECELERATES THE AGE-RELATED 
DECLINE OF SENSORIMOTOR FUNCTION IN MICE. P. Morris*, C. 
Beeny, R. Reynolds, J.F. Mishalanie, C.L. Hart, H. Lai and M.J. Forster. 
Department of Pharmacology, University of North Texas Health Science 
Center. Fort Worth, TX 76107.

The purpose of this investigation was to determine the usefulness of 
non-invasive tests of brain function in assessing biological aging by 
determining their sensitivity to experimental interventions which increase 
longevity. Accordingly, in a longitudinal study, beginning at 6 months of 
age C57BL/6 and B6D2F ì mice were assessed at 6 month intervals 
across their lifespan, using a battery of tests of sensorimotor function. 
These included tests of spontaneous activity, wire suspension, bridge 
walking, motor coordination and auditory startle responding. For each 
strain, separate groups were fed under either ad libitum conditions, or 
from 4 months of age, under conditions of 40% restriction of caloric 
intake. When considered between 6 and 18 months of age, regardless of 
the strain, the ad libitum group showed a gradual age-related decline in 
performance in all tests of the battery. By comparison, the caloric 
restriction group showed virtually no decline in performance with age, 
performing better than the ad libitum group at all ages examined. 
Furthermore, these differences in performance observed between the two 
groups were accompanied by parallel differences in longevity. Both the 
level of mortality and the rate of mortality were greater in the ad libitum 
group, underscoring the improved longevity in the caloric restriction group. 
Taken together, these results suggest that measures of sensorimotor 
performance are valid indicators of biological aging and may provide an 
important component of established methods for assessing potential anti
aging interventions. Supported by NIA grant AG07695.

584.12
ANALYSIS OF AGE-RELATED CHANGES IN ANTIOXIDANT 
DEFENCE MECHANISMS IN THE RAT HIPPOCAMPUS.
E. O’Donnell* and M. A. Lvnch. Department of Physiology, Trinity College, 
Dublin 2, Ireland.

Previous studies found that interleukin-l β (IL-lβ) and lipid peroxidation were 
increased in hippocampal tissue prepared from the aged rat. IL -lβ has been 
shown to increase the activity of the antioxidant enzyme superoxide dismutase 
(SOD) while increased SOD activity can cause overproduction of superoxide 
radicals with resulting damage to neuronal tissue. The activity of SOD was 
significantly increased (14.9 ± 2.0 to 23.9 ± 3.6 U/mg protein) and the activity of 
catalase significantly decreased (0.13 ± 0.02 to 0.07 ± 0.012 enzyme units) in the 
hippocampus of aged, compared with young, animals while the activity of 
glutathione peroxidase was similar in both groups. The concentration of 
glutathione was significantly decreased (1.3 ± 0.2 to 0.8 ± 0.1 µmol/g) and the 
concentrations of vitamin C and vitamin E were also reduced in hippocampal 
tissue of aged rats. The activity of Interleukin-l β Converting Enzyme (ICE) was 
increased in the hippocampal tissue of aged animals in parallel with an increased 
concentration of IL-lβ. These results indicate that the global antioxidant capacity 
in the hippocampus of aged animals is compromised. This evidence is consistent 
with the hypothesis that an accumulation of reactive oxygen species arising from 
a compromised antioxidant defence system is accompanied by an increase in the 
concentration of IL -lβ and implies a role for this cytokine in age-related 
neurodegeneration. Supported by BioResearch Ireland.

584.14
ANTIOXIDANT EFFECTS OF INDOLE-3-PROPIONIC ACID.
P. Guidetti*, B. Poeggeler1, 1M. Pappolla, 2R. Hardeland, A. Rassoulpour, 
P.S. Hodgkins and R. Schwarcz. Maryland Psychiatric Research Center, 
Baltimore, MD 21228, 1Dept. Pathol., Univ. S. Alabama, Mobile, AL 
36617 and 2Zool. Inst., Univ. Göttingen, Germany.

Indole derivatives such as melatonin, tryptophan and indole-3-pyru- 
vic acid are effective scavengers of hydroxyl radicals, the most reactive 
and toxic oxygen species. We now identify another tryptophan metabo
lite, indole-3-propionic acid (IPA), with potent hydroxyl radical scav
enging properties. IPA is produced by symbiotic bacteria in the intestine 
of mammals where its concentration can reach 100 µM. Blood and peri
pheral tissue levels are in the low µM range, whereas nM concentrations 
are found in the CSF. In kinetic competition studies with 2 -2 ’ azino- 
bis-(3-ethyl-benz-thiazoline-6-sulphonic acid), IPA scavenged hydro
xyl radicals with a rate constant o f 7.8 x 1010 mol 1-1 x s-1. Moreover, 
the antioxidant effect of IPA was synergistically increased in the pre
sence of 100 µM glutathione. IPA also dose-dependently reduced hydro
gen peroxide-induced lipid peroxidation in striatal homogenate (IC50 = 
180 µM). Furthermore, formation of the endogenous marker o f oxida
tive stress, malondialdehyde (MDA), was reduced in the presence of 
mM concentrations of IPA (IC50 = 990 µM ). In vivo, both an intrastriatal 
injection of 20 nmoles/1 µl or systemic administration of 20 mg/kg 
(i.p.) IPA prevented the increase of MDA formation induced by intra
striatal infusion of hydrogen peroxide (100 nmol/1 µl). These data sug
gest that IPA or structurally related agents may be useful as antioxidant 
adjuvants against oxidative damage.

Supported by USPHS grant NS 28236.
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584.15
OXIDATIVE STRESS AND AGE-RELATED ASTROCYTIC 
GENE EXPRESSION. M. W ei, I. Rozovsky, D.J. S tone, L.M . 
L o p ez , N.J. Laping*, C .E . F in c h , and T.E. M organ. Andrus 
Gerontology Center and Department of Biology, University of 
Southern California, Los Angeles, CA 90089, Smith-Kline Beecham 
Pharmaceuticals, King of Prussia, PA 19406-0939.

Mechanisms of oxidative stress may underly age-related ehanges 
within the brain. We are examining the potential role oxidative stress 
has on age-related astrocytic gene expression. Astrocytic glial 
fibrillary acidic protein (GFAP) shows increased expression during 
aging throughout the brain. GFAP transcription and mRNA levels 
are increased by the oxidative stressors, hydrogen peroxide (H2O2) 
and cysteamine (Morgan et al , Free Rad. Bio. & Med. 1997 23:524- 
528). In contrast to GFAP, H2O2 treatment of cultured astrocyte 
decreased apoE and apoJ mRNA levels and secretion. Thus, 
oxidative stress may alter astrocytic gene expression during aging.

On-going studies in the lab are examining the putative response 
elements in the 5’-upstream region of the rat GFAP promoter that 
mediate the increase in GFAP expression in response to aging and 
oxidative stress. In particular, we are investigating activities of 
several NF-kB and AP-1 sites. Because activity of the 1.9 kb of the 
exogenous GFAP prom oter was 2-fold higher in astrocytes 
originated from 24mo old animals versus 3mo animals (Rozovsky et 
ah., Neurobiol. Aging 1998 19:97-103) we are also analyzing the 
promoter elements that might be involved in the increased GFAP 
transcription in aged astrocytes in vitro. Supported by AG 13499 and 
AG09793 (CEF) and the Alzheimer's Association-Estate of Ann 
Clark Hobson, FSA-95-033 (TEM).

584.17
A COMPARATIVE ANALYSIS OF REGIONAL VARIATIONS IN 
ADENYLVL CYCLASE 2 GENE EXPRESSION IN THE BRAINS OF 
YOUNG AND AGING F344 RATS. 1Douglas B. Holmes* and 123 Paula
C. Bickford. 1 Dept. o f  Pharmacology a n d  2Dept. o f  Neuroscience, 
University o f  Colorado Health Sciences Center, Denver, CO 80262;
3 Research Service, Department o f  Veterans A ffairs Medical Center,
Denver, CO 80220.

There is a demonstrable decrease in function and signal transduction in 
the β-adrenergie receptors of aging F344 rats, with observable 
decrements in electrophysiological response and behavioral efficiency. To 
help determine at what point the transduction process breaks down, the 
β receptor coupled adenylyl cyclase 2 (AC2) isoform’s gene expression 
was analyzed using a RNase Protection Assay (RPA) to assess relative 
AC2 mRNA levels. Using β -Actin as the control gene, antisense (AS) 
probes to β -Actin and AC2 mRNA were hybridized in the presence of 
total RNA from various regions of young (6 mo) and aged (22-24 mo)
F344 rats. Significant reductions in AC2 mRNA levels, which have been 
shown to correlate with reduced enzyme presence and activity, were seen 
in the cerebellum and other brain regions of aging F344 rats. These 
results lend support to a potential mechanism or contributing factor in the 
decline in receptor function seen with aging and give direction for further 
investigation into the causal factors contributing to the breakdown of 
signal transduction with aging. (Supported by USPHS grants AG04418, 
AG00728, AA09014, and the VAMRS).

584.16
PIVOTAL ROLES FOR SUPEROXIDE AND PEROXYNITRITE 
IN THE APOPTOSIS-PROMOTING ACTION OF PRESENILIN- 
1 MUTATIONS: STUDIES FROM PS-1 M146V KNOCK-IN 
MICE AND TRANSFECTED PC6 CELLS Q. Guo1*, W. Fu1, B.
Sopher4, M. Miller4, F. W. Holtsberg2, s. M. Steiner2, G. M. Martin4 and M. P. 
Mattson1,3 1Sanders-Brown Research Center on Aging, 2Molecular and Cell 
Biology Division, Department of Biological Sciences, 3Department of Anatomy & 
Neurobiology, University of Kentucky, Lexington, KY 40536. 4 Department or 
Pathology, University of Washington. Seattle, WA 98195-7470.

We report that cultured PC6 cells and primary mouse hippocampal neurons 
expressing mutant human PS-1 exhibit enhanced production of superoxide anion 
radical following exposure to amyloid β-peptide (Aβ). The increased superoxide 
production was associated with increased peroxynitrite production and membrane 
lipid peroxidation. Mitochondrial calcium accumulation and membrane
depolarization following exposure to Aβ were enhanced in cells expressing mutant 
PS-1. Overexpression of human manganese superoxide dismutase (Mn-SOD) 
protected PC6 cells against the apoptosis-enhancing action of PS-1 mutations. Cells 
overexpressing Mn-SOD exhibited greatly reduced superoxide and peroxynitrite 
accumulation, membrane lipid peroxidation, intramitochondrial calcium 
accumulation and membrane depolarization following exposure to Aβ. Treatment of 
cells with the antioxidant peroxynitrite scavenger uric acid prevented membrane lipid 
peroxidation and apoptosis in PC6 cells overexpressing mutant PS-1. Collectively, 
the data suggest a pivotal role for superoxide production, and subsequent 
peroxynitrite production and membrane lipid peroxidation, in the pathogenic 
mechanism of PS-1 mutations. We are currently in the progress of studying the 
vulnerability of cortical and hippocampal neurons of PS-1 M146V knockin mice to 
excitotoxicity. Supported by grants to M.P.M. from the NIH (AG 14554,
AG05I44, NS35253. AG10836 and AG) and to G.M.M. from the NIH (AG10917).

584.18
REGIONALLY SELECTIVE GROWTH OF MEGANEURITES IN 
CORTEX: CATHEPSIN SUPPRESSION LEADS TO FEATURES OF 
THE AGED BRAIN. A.P. Yong, 1*E. Bednarski,2 C.M. Gall,1 G. Lynch,1 
and C.E. Ribak1. 1Dept. of Anat. & Neurobiol., 2Ctr. for Neurobiol. of 
Learning & Memory, and 3Psychiatry and Human Behavior., Univ. of 
Calif., Irvine, CA 92697.

Layer III pyramidal neurons of the aged human brain exhibit 
lysosome-laden expansions of the axor; hillock region known as 
meganeurites. Experiments were conducted to determine if treatment 
of slice cultures of rat frontal cortex with an inhibitor of cathepsins B 
and L resulted in meganeurite formation. Exposing slices to N-CBZ- 
L-phenyl-alanyl-L-alanine-diazo-methyl-ketone (ZPAD) for 6 days 
caused an increase in the number of lysosomes in the somata and 
dendrites of pyramidal and non-pyramidal neurons. Pyramidal 
neurons in layer III differed from those in layer V in that they tended 
to collect great numbers of lysosomes in the basal portion of the 
soma. Slices given an additional four days to “recover” from ZPAD 
treatment contained layer III pyramidal neurons that 1) had almost 
completely cleared their cell bodies and dendrites of lysosomes, and 
2) exhibited meganeurites between the soma and axon initial segment 
that appeared very similar to those found in the aged cortex. 
Meganeurites were not found in pyramidal neurons of other layers. 
These results are consistent with the selective appearance of 
meganeurites in layer III pyramidal neurons of the aged human 
cortex. (Supported by NIH grants AG00538 and NS 15669)
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585.1 585.2
NEUROPHYSIOLOGY OF NORMAL AGING AND DEPRESSION. E.A.
Witte*, A.F. Leuchter, I.A. Cook, J. Dunkin, D, Broumandi, M. Abrams, and S. 
Rosenberg-Thompson, A. Lightener, S. Thomas, A. Babaie, N. Badiatia. 
Quantitative EEG Laboratory, Dept. of Psychiatry and Biobehavioral Sciences, 
Neuropsychiatric Institute and Hospital, 760 Westwood Plaza, Los Angeles, CA 
90024.

Some researchers have proposed that increased heterogeneity in outcomes of 
depression in older patients is related to an increased level of brain disease. We 
compared brain function in 42 depressed and 46 control subjects (22-88 years old) to 
determine if there were functional brain differences associated with aging. We 
examined quantitative electroencephalographic (QEEG) cordance, a measure which 
has a moderately strong association with cortical perfusion. Under 25% of young 
and older controls had low cordance, while 34% of young depressed and 64% of 
older depressed subjects had low cordance.

We then examined the MRI scans of normal control subjects to determine whether 
those subjects with low cordance had neuroanatomic differences from those with 
high cordance. Controls with low cordance had significantly lower volumes of right 
anterior gray matter than did those subjects with high cordance, lending support to 
the proposition that alterations in brain structure may be responsible for the 
functional abnormalities prevalent in late-life depression. These findings suggest 
that older depressed subjects have an increased level of brain dysfunction that may be 
related to neuroanatomical changes not associated with normal aging. Future studies 
should examine the association between cordance and structural change in a depressed 
population.

This work was supported by a NARSAD Young Investigator Award to I AC, and 
research grant R01-MH40705 and Research Scientist Development Award K02- 
MH01165 from the National Institute of Mental Health, and a grant from Eli Lilly 
and Company and from Wyeth-Ayerst Pharmaceuticals to AFL.

GENDER DIFFERENCES IN THE PHARMACOKINETICS OF DEHYDROEPI- 
ANDROSTERONE (DHEA) FOLLOWING SINGLE AND MULTIPLE-DOSE 
ADMINSTRATION IN HEALTHY OLDER ADULTS. P. Kroboth,1* R. Frye,1 A. 
Linares,1 M. Folan,1 C. Hakala, R. Stone,2 F. Kroboth3, 1Dept, of Pharm. Sciences, 
2Dept. of Biostatistics, 3Dept. of Medicine, Univ. of Pittsburgh, Pittsburgh, PA. 15261.

The pharmacokinetics of exogenously administered DHEA has not been well characterized 
despite its increasing use in therapeutic and research investigations. This study evaluated the 
pharmacokinetics of DHEA and its sulfated metabolite (DHEA-S) after single and multiple- 
dose administration of 200mg DHEA. Twelve healthy older adult volunteers (6 women and 6 
men) between the ages of 65 and 79 participated. Subjects were studied on 4 visits, each 
separated by 1 week. Subjects received daily administration of either placebo (days 1 -  7) or 
200 mg DHEA (days 8 -  22). Multiple blood samples (n= 12) were collected for 24 hours on 
days 1, 8, 15, and 22 for DHEA and DHEA-S determinations by RIA. Pharmacokinetic 
Darameter estimates were calculated bv non-comnartmental methods. (Data are Mean(SD)).

Day 8 (Dose 1) Day 22 (Dose 15)
Men Women Men Women

DHEA AUC (ng×hr/ml) 185(17) 240(14)* 182(22) 216(34)*
Cmax (ng/ml) 22.4(1.6) 27.9(2.5)* 21.9(1.6) 28.6(2.6)*
Tl/2 (hours) 7.4(1.2) 11.4(5.4) 6.9(1.1) 6.7(3.0)

DHEA-S AUC (mcg×hr/ml) 125.0(23.4) 126.3(20.2) 125.8(26.9) 125.1(21.9)
Cmax (mcg/ml) 7.0(0.6) 7.6(0.6) 7.2(0.7) 7-5(0.5)

(AUC = area under concentration-time curve; Cmax = maximum observed concentra
tion; Tl/2 = apparent half-life; * = p<0.05 men vs. women). Following a single dose of 
200 mg DHEA, concentrations of DHEA and DHEA-S increased 4-5 and 5-20 fold 
relative to baseline endogenous concentrations, respectively; the relative increase in 
DHEA-S concentrations was much higher in women (21-fold) compared to men (6- 
fold). The DHEA AUC was higher in women after the 1st and 8th doses, and the Cmax 
values were higher in women after all three doses assessed; DHEA-S parameter 
estimates were similar. The implications of this apparent gender difference in DHEA 
pharmacokinetics are under investigation. This study was supported by MH-55756,
MH-52247 and NIH/NCRR/GCRC #5M0l RR00056.
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585.3
CLINICAL- CORRELATES OF BRAAK’S NEUROPATHOLOGICAL 
STAGING OF ALZHEIMER’S DISEASE C. Bourns'*, G. Gold1, E. Kövàri1, H.
Malky1, P.R. Hol2, J.-P.  Michel1 and P. G iannakopoulos1 1Departments of
Geriatrics and Psychiatry, University Hospitals of Geneva, 1225 Geneva, 
Switzerland; 2Mount Sinai Sch. Med., New York, N.Y. 10029, USA.

Braak’s neuropathological staging assumes that the evolution of neurofibrillary 
tangles (NFT) pathology follows a hierarchical anatomical sequence. This model 
includes six stages based on the location and densities of NFT within the cerebral 
cortex. To address correlations between clinical staging of cognitive functions aid 
Braak’s model, we performed a retrospective review comparing neuropathological 
Braak’s stages with the clinical assessment of cognitive functions as measured by 
the clinical dementia rating sale (CDR) in 100 consecutively autopsied individuals 
with either no cognitive impairment or very mild to severe Alzheimer’s disease 
(AD). Cases with other cerebral pathologies were excluded. There was a strong 
positive correlation between Braak’s staging and CDR scores (Spearman’s 
correlation coefficient = 0.63; p<0.001). Among stage I cases, 81.3% had a CDR 
score of 0 or 0.5. This percentage was 70% for stage II cases, but only 34.4% for 
stage III cases. Importantly, 35% of cases with CDR 0.5, 46.6% of cases with 
CDR 1 and 50% of cases with CDR 2 showed NFT pathology compatible with 
stage III. Stages IV and V correspond consistently to CDR scores of 1 or more. 
These data suggest that Braak’s staging system is relatively well correlated with 
the clinical progression of cognitive impairments which may lead to dementia. lit 
particular, stages I and II are associated with normal brain aging and stages IV, V 
and VI with AD. The frequent presence of stage III cases in non demented and 
mildly as well as severely demented individuals indicates that this stage may 
represent a transition step from clinically silent NFT formation to the 
development of overt clinical signs of AD. Supported by NIH grant AG05I38.

585.5
CHANGES IN CEREBRAL BLOOD FLOW OF AGED RHESUS 
MONKEYS. M L. Voytko1*, R.L. Ehrenkaufer2, H.D. Gage2, R.H. Mach2,
B.A. Harkness,  and J.R. Tobin3 Depts. of 1Pathology, 2Radiology, and 
 3Anesthesiology, Wake Forest School o f Medicine, Winston-Salem, NC 

27157.
Alterations in regional cerebral blood flow (rCBF) are well-documented 

for aged human populations but few studies have been conducted in aged 
nonhuman primates. The present study investigated the effects o f age and 
duration o f anesthesia on rCBF in adult (n=6, 10-17 yrs) and aged (n=4, 
25-37 yrs) rhesus monkeys. Four positron emission tomography (PET) 
scans were performed at 90-min intervals and rCBF was measured using 
injected H213O (30-60 mCi) in each monkey. Arterial blood sampling was 
performed for 9 min following each injection and blood was reinfused to 
the animal following each PET scan. Blood gas and hemodynamic 
parameters were controlled and measured prior to each scan. Anatomic 
regions o f  interest were identified in each hemisphere by coregistration with 
MRI. Age effects on rCBF were significant for the following areas; 
prefrontal, inferior temporal, prestriate and parietal cortices, hippocampus, 
putamen and caudate. rCBF was not altered with age in the cerebellum or 
temporal pole. In the adults, rCBF was maintained throughout the study in 
prefrontal cortex, hippocampus, caudate, putamen and cerebellum. In the 
elderly, rCBF varied with time in most regions despite comparable blood 
gases and mean arterial pressures to the adult monkeys. The only 
hemispheric effect noted was a greater rCBF in the left inferior temporal 
cortex than the right. These findings indicate that cerebral blood flow is 
significantly altered with advanced age in monkeys and may be 
contributing to the changes in cognitive function noted in aged monkeys. 
Supported by AG 13922.

585.7
AGE-RELATED ALTERATIONS OF APOPTOSIS IN HUMAN 
PERIPHERAL BLOOD CELLS. K. Schindowski , S. Leutner1, J. Walter*2, A. 
Eckert1, W.E. Müller1 2Centr. Inst. Mental Health, Dept. Mol. Biol., 68159 
Mannheim, Germany; 1Univ. of Frankfurt, Dept. Pharmacology, Biocenter, 60439 
Frankfurt, Germany.

Apoptosis is involved in aging by elimination of presumably dysfunctional and 
essential postmitotic cells, which cannot be replaced and may lead to pathology. 
Particularly in lymphocytes, programmed cell death (apoptosis) plays an important 
physiological role and is mediated by various surface receptors like CD95 (Apo-1/ 
Fas). Expression of activation markers e.g. CD25 (IL2-Ra), CD69, HLA-DR or CD95 
probably determines the cells fate to undergo activation induced cell death. Oxidative 
stress appears to increase with aging and even more in neurodegenerative dementia as 
demonstrated by increased oxidative defects of mitochondrial DNA in brains of aged 
and demented individuals compared to young and non-demented controls respectively. 
A chronic state of oxidative stress can also trigger peripheral blood lymphocytes to 
undergo programmed cell death. We provide evidence that the vulnerability of 
lymphocytes from aged individuals (older than 60 years) to undergo apoptosis is 
increased compared to younger individuals (up to 35 years). Quiescent and short-term 
cultured (PHA for two days followed by 1L-2 treatment for two days) lymphocytes 
from elderly individuals are shown to accumulate apoptosing cells to a higher extent 
in spontaneous and in activation-induced apoptosis. Thereby, cell death was initiated 
with oxidative stressors (2-deoxy-D-ribose, H2O2), CD95-agonistic antibody, 
dexamethasone and Tumor-necrosis-factor-α. Nuclear DNA fragmentation was 
quantitatively detected by flow cytometry (propidiumiodide staining). Cell 
morphology was investigated by fluorescence microscopy. Expression of apoptosis
relevant Bcl-2 was determined by ELISA and seems to be elevated in aging. 
Preliminary experiments also indicate altered gene expression of other apoptosis
relevant proteins (e.g. caspases, bax). In addition, significant higher extent of HLA- 
DR and CD95 and altered proliferative activity of lymphocytes derived from elderly 
subjects were also found.
(supported by grants from Fond der chemischen Industrie and from Alzheimer 
Forschungszentrum Frankfurt)

585.4

A POSITRON EM ISSION TO MOGRAPHY STUDY OF AGE- 
RELATED CHANGES IN REGIONAL CEREBRAL BLOOD  
FLOW S.K. Schultz, D.S. O ’Leary, N.C. Andreasen*, L.L. 
Boles Ponto, G.L. Watkins & R.D. H ichwa. Mental Health 
Clinical Research Center, University of Iowa, Iowa City, IA 
52242.

The present study examined adult age-related  
differences in regional cerebral blood flow (rCBF) using 
positron emission tomography (PET) with [15 -0 ]H 20 . 
Understanding age-related changes in baseline cerebral 
blood flow is relevant to the interpretation of flow differences 
during activation tasks and facilitates the understanding aging 
effects on brain function. W e examined 37 healthy volunteers 
ranging in age from 19 to 50 years. PET images were  
obtained during an eyes-closed resting baseline condition. 
W e observed a significant negative correlation between age  
and rCBF in the right hippocampal region (r = -0.63, p<0.001) 
as well as a negative correlation between age and rCBF in 
mesial frontal cortex (r = -0.67, p<0.001). These findings may 
reflect subtle differences in rCBF occurring from early to mid
adulthood which later mediate changes in memory and 
executive functioning manifesting in late-life.

585.6
MULTICOMPONENT HPLC ANALYSES OF HUMAN CEREBROSPINAL 
FLUID (CSF) IN NORMAL AGING. S. M. Brock, P. Huettl*, M. Davidson1.
D.P. van Kammen2, J.A. Lieberman3, A. Pandurangi4, C. Risch5, D. Pickar6, R.J. 
Wyatt7, F. Issa7, A. Pfefferbaum8, D.G. Kirch9, R. Freedman, G.A. Gerhardt. 
Dept. of Psychiatry Univ. of Colorado Health Sciences Center, Denver CO 
80262, 1Bronx VA Medical Center, Bronx, N.Y., 2Highland Drive VA Medical 
Center, Pittsburgh PA, 3Dept. of Psychiatry Neuroscience’s Hospital, Hillside 
Hospital, Chapel Hill NC, 4Dept. of Psychiatry, Medical College of Virginia. 
Richmond VA, Institute of Psychiatry, Medical Univ. of South Carolina, 6NIMH 
Experimental Therapeutics Branch, Chevy Chase, MD, 7NIMH Neuropsychiatry 
Branch, Washington D.C.,8VA Medical Center, Stanford Univ., Palo Alto CA. 
9Medical College of Georgia, Augusta GA.

We have carried out neurochemical studies of normal human CSF (n>300, 18- 
63 year old subjects (mean 34 years)). Sample analyses included the compounds 
4-hydroxy-3-methoxyphenylglycol (MHPG), 5-hydroxyindole-3-acetic acid (5- 
HIAA), homovanillic acid (HVA) as well as other related neurotransmitters and 
metabolites, and were performed using HPLC coupled with electrochemical array 
detection. An important aspect of our study was to examine any changes in CSF 
neurochemistry which occur in aging, and to establish a database of control 
information for additional studies. Preliminary results showed age-related 
changes in 5-hydroxytryptophan (5-HTP) and 5-hydroxytryρtophol (5-HTOL). 
However, our data indicated minimal age-related changes for many compounds 
including MHPG, 5-HIAA and HVA. Factors that were analyzed and did 
contribute to changes in analyte levels were examined including gender, sample 
storage time, CSF fraction and the presence of medicines and other compounds. 
Together, these data support the hypothesis that the serotonin neuro-transmitter 
system is altered in aging. Supported by AG06434 and NS09199.

585.8
THE ANALYSIS OF DNA STRAND BREAKS IN PARALYSIS. 
DEMENTIA HYPERTENSION AND DIABETIES USING SINGLE CELL 
GEL ELECTROPHORESIS Kyung-Hea Cho* and So-Young Oh Dept. of 
Biology, Seoul Women's Univ., Seoul, 139-774, KOREA

In this study, we examined the correlations between DNA damage and 
the diseases of the ages (paralysis, dementia, hypertension and diabetics) 
using SCGE(single cell gel electrophoresis). The SCGE is a sensitive 
method of measuring DNA strand breaks in individual cells, and is also 
capable of identifying apoptotic cells which contain highly fragmented 
DNA. We obtained lymphocyte from paralysis, dementia, hypertension 
diabeties and age-matched control. The cells were embeded in agarose, 
lysised to remove proteins and electrophoresised to allow broken peices of 
DNA to migrate. 100 cells from each subject were classified visually to 
five grades according to DNA damage. The SCGE analysis by T-test 
presented that there were severe DNA damage in paralysis (p<0.025). 
dementia (p<0.044), diabeties (p<0.046) and hypertension (p<0.053) 
patients, compared to age-matched control.

This results suggest that there are significant correlations of DNA 
damage and the diseases of the ages (paralysis, dementia, hypertension 
and diabeties).
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585.9
BIOCHEM ICAL DIFFERENCES BETW EEN Y O U N G  A N D  OLD 
RHESUS M ONKEYS AS DETECTED BY  MAGNETIC RESONANCE  
SPECTROSCOPY. J. G. Herndon*, I. Constantinidis and M. B. Moss. 
Yerkes Regional Primate Res. Ctr., and Department o f Radiology, Emory 
Univ., Atlanta, GA 30322, and Department o f Anatomy and Neurobiology, 
Boston University School o f M edicine, Boston, MA 02118.

Brain metabolites were measured by proton magnetic resonance 
spectroscopy in five young (4 to 10 years o f age) and six old (24 to 30 
years o f age) adult rhesus monkeys most o f which had been characterized 
with respect to their cognitive performance. The results indicate that 
young and old m onkeys had similar levels o f  N-acetylaspartate and o f  
choline relative to creatine. M yo-inositol/creatine ratios were, however, 
higher in old than in young rhesus monkeys. There was no statistically 
significant relationship between and o f the metabolite ratios and cognitive 
performance. This may reflect the absence o f  an influence o f these 
m etabolites on cognitive ability, or may sim ply be due to the small 
sample size available to evaluate the question o f metabolite-cognition  
relationships in this study. The pattern o f change is some, but not other, 
metabolites with age is consistent with the theory that the aging brain 
contains the same number o f neurons as the young brain, but that significant 
changes occur in white matter, including glial cells. This change in 
white matter and associated changes in m yo-inositol may be partly 
responsible for cognitive declines observed in aging. (NIH grants POl 
AG00001 and RR 00165).

585.10
CONSTITUTIVE EXPRESSION OF INDUCIBLE HEAT SHOCK 70 GENE 
IS AS HIGH IN NON-HUMAN PRIMATE BRAIN AS IN HUMAN.
S. Pardue and M. Morrison-Bogorad* Laboratory o f  Neurosciences, National 
Institutes o f  Health, Bethesda, MD 20895

Heat shock genes are highly conserved and some members are induced in 
response to environmental or physiological stress. The constitutive member of the 
heat shock 70 family, hsc70, is expressed at high levels in brain of both non- 
stressed rodent and human. Inducible members of the family (hsp7O) are expressed 
at very low levels in non-stressed rodent brain, and are transiently expressed at high 
levels following stress. In contrast, hsp70 is expressed at approximately 100 fold 
higher levels in all human brains assayed, even in persons who died suddenly and 
unexpectedly, with no documented agonal stress. Expression is high in persons 
ranging in age from 9 to 91 years. Despite our precautions, there remained the 
possibility that the high levels of inducible heat shock mRNAs and proteins in 
human brain resulted from non-documented stress. In tissue culture, non-human 
primate cells display a level of basal hsp70 expression which is similar to cells from 
human and higher than cells derived from rodents, suggesting the possibility that 
hsp7O levels might also be elevated in brains of non-human primates. RNA and 
protein was isolated from brains of rhesus (Macaca mulatto) monkeys (kindly 
donated by S. Rapoport. NIA). Hsc70 and hsp70 mRNA levels were similar to 
those in human. As in human, hsp70 protein was constitutively expressed at high 
levels, only several fold less than the levels of hsp70 protein. A specific function 
of the constitutively expressed hsp70 might be to protect non-dividing neurons 
throughout the long life span of these primates. Alternatively, the high levels may 
be specific to primates. Comparison of constitutive levels of hsp70 in long-liv ed 
non-primates and in short-lived non-human primates will distinguish between these 
alternatives.

585.11
EXPRESSION OF THE BASIC HELIX-LOOP-HELIX TRANSCRIPTION FACTOR, 
MASH 1, IN ADULT HUMAN BRAIN. C. Glackin,  1C. Zarow,3 M. Lee,  1G. Lowe1 
and S. Flanagan2*. 1City of Hope Medical Center and 2Beckman Research Institute, 
Duarte, CA 9 1010, and 2Rancho Los Amigos Med. Ctr., Downey, CA 90242.

The mammalian homologue of the Drosophila achaete scute (MASH I) transcription 
factor is developmentally regulated in the neural crest. In autonomic nervous system 
development, MASH1 expression is evident in the early stages of neuronal progenitor 
cell differentiation and at later stages of glial cell elaboration. MASH1 is a member of 
the basic helix-loop-helix (bHLH) family of transcription factors. Basic HLH factors 
have also been studied in olfactory progenitors, where cycles of transcription factor 
expression cascade through different members of the bHLH family. Presumably, each 
bHLH factor directs the synthesis of the gene products that are required for each 
characteristic stage of differentiation.

The degeneration of neurons, which occurs during the normal aging of the human 
brain and is accelerated by Alzheimer's disease, is known to elicit a proliferation of 
brain accessory cell types, e.g., astrocytes. We hypothesized that the proliferation of 
progenitor cells would be accompanied by a heightened expression of developmentally 
significant transcription factors. In order to obtain evidence for this hypothesis, we are 
beginning a systematic investigation of bHLH factor expression in adult brain.

Using a rodent MASH cDNA clone (gift of D. Anderson, Caltech) as a probe, human 
MASH1 (HuMASHI) was isolated from a human brain stem cDNA library prepared 
from a two year old female. The HuMASHI cDNA clone was characterized, 
sequenced, and used as a probe for in situ hybridization studies in adult human brain. 
To increase the prospects for verification of our hypothesis, autopsy samples from the 
cortex of Alzheimer patients, two genotyped as ApoE ε4/ε4. were chosen for in situ 
hybridization studies. Among the ApoE ε4/ε4 samples, HuMASHI was detected within 
a population of cortical neurons and a minor population of white matter non-neuronal 
cells. [Supported by NIH R29 AR4I978 (C.G.); NIH PO1 AGI2435 and P50 
AG05142 (C.Z.)]
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SY M PO SIU M . REVEA LING  THE K A INA TE R ECEPTOR  
FUNCTION. J. Lerma, Cajal Institute, Madrid (Chairman); L 
Marshall, Brown University, RI; D . Bleakinan, Lilly Research 
Laboratories, IN; S. F. Heineinann, Salk Institute, CA.

Despite the substantial analysis o f the structure, functional properties 
and anatomical distribution o f  kainate receptors subunits in the brain, 
their participation in brain physiology remains poorly understood. 
However, we are now starting to define processes in which these 
receptors play a role. In this symposium, Juan Lerma will examine the 
properties and mechanisms o f  kainate receptors in modulating 
reliability o f  GABA synapses. Work will be presented by John 
Marshall indicating that members o f  the SAP90/PSD-95 family 
colocalize and associate with kainate receptors in vivo and in vitro. 
Indeed, coexpression o f  SAP90 with kainate receptor subunits results 
in receptor clustering and decreased desensitization, a fact that could 
be relevant for physiological function. David Bleakinan will examine 
the selectivity profiles o f  several pharmacological agents for the 
kainate receptors subtypes. Finally, Steve Heineinann will present the 
analysis o f synaptic transmission and behavior in control and mice 
carrying mutations in the kainate receptor genes. The novel findings 
on kainate receptors provide a foundation for their participation in 
epilepsy, and also indicate that we might be forced to revise the 
current models on glutamate receptors signaling.

585.12
NIGRAL PATHOLOGY AND PARKINSONIAN SIGNS AMONG OLDER 
PERSONS WITH AND WITHOUT ALZHEIMER’S DISEASE (AD). J.A. 
Schneider, L.A. Beckett, R.S. Wilson* and D.A. Bennett. Rush Alzheimer’s 
Disease Center, Rush-Pres-St. Luke’s Med Center, Chicago, 1L, 60612.

Parkinsonian signs are common in older persons with and without AD and 
predict morbidity and mortality; yet, the neuropathology underlying these signs, in 
person’s without Parkinson’s disease, is often uncertain. We evaluated the 
substantia nigra (sn), in 53 members of the Religious Orders Study, a longitudinal 
clinicopathologic study of older persons. The mean age at death was 83, and 10 
had a CERAD autopsy diagnosis of AD. Parkinsonian signs were assessed on 
average 6.4 months prior to death using a modified Unified Parkinson’s Disease 
Rating Scale (mean 12.6, s.d. 7.0). Semiquantitative estimates of neuronal loss 
(NL), pigmentary incontinence (PI), and neuropil threads (NT), and the numbers 
of Lewy bodies (LB) and neurofibrillary tangles (NFT) were assessed on 5µm 
hemisections of paraffin-embedded sn, using hematoxylin and eosin, paired helical 
filament immunostain after bleach, and ubiquitin immunostain. We estimated NL 
as mild to severe in 18% of the cases, and PI was discernible in all cases. Ten cases 
had LB, 35 had NFT, and 49 had NT. Using correlational analyses (Spearman 
rank), we found relationships between NL and PI (r=4).43, p<0.01), NL and LB 
(r=0.34, p<0.05), PI and LB (r=0.61, p<0.001), and NFT and NT (r=0.78, 
p<0.001). NFT also tended to be related to PI (r=0.26, p=0.06). There was no 
relationship between the number of LB and NFT or NT. In preliminary analyses 
comparing nigral measures and parkinsonian signs, we found a composite measure 
of NL and PI was related to rigidity (r=0.27, p=0.05); NT and NFT tended to be 
related to bradykinesia (r=0.28, p<0.05; r=0.24, p<0. 1, respectively) and NT 
tended to be related to the gait disturbance (r=0.25, p<0.1). More work is needed 
to determine the relationships between nigral pathology and parkinsonian signs in 
older persons. Supported by NIA AG 10161 and The Heller Fund.

587
SYMPOSIUM. THE CELLULAR AND MOLECULAR BASIS OF 
MYELIN DISEASES. S.S. Scherer, Univ. Penn. (Chairperson); LX 
Colman, Mt. Sinai Sch. Med.; U. Suter. ETH Zurich; K.-A. Nave. 
ZMBH, Univ. Heidelberg

Mutations in the connexin32 (Cx32), protein zero (P0), peripheral 
myelin protein 22 kDa (PMP22), and proteolipid protein (PLP) genes 
cause a diverse group of inherited disorders of myelin. All o f these 
genes encode intrinsic membrane proteins o f the CNS and/or PNS  
myelin sheath. Dr. Scherer will discuss the role o f the gap junction 
protein Cx32 in the myelin sheath, and how Cx32 mutations cause 
X-linked Charcot-Marie-Tooth disease (CMTX); Dr. Colman, the 
structures of N- and E-cadherin and P0, their functions in peripheral 
nerve, and how certain mutations o f P0 are related to CMTIB; Dr. 
Suter. the structure and function o f PM P22, and how changes in 
gene dosage as well as missense mutations of PMP22 cause CMT1A 
and other inherited neuropathies; Dr. Nave, the different mutations of 
PLP that underlie CNS dysmyelination in various mouse models of 
Pelizaeus-Merzbacher disease and spastic paraplegia (SPG-2) in 
humans, and how these mutations can affect axonal integrity. The 
common themes of these talks are how mutations alter the synthesis, 
trafficking, and/or function of the mutant proteins, and the usefulness 
of transgenic animal models of the human diseases. This analysis 
provides a direct genotype-phenotype link between these mutations 
and the diseases they cause, and illuminates how the mechanisms of 
neurodegenerative diseases can be unraveled at the cellular and 
molecular levels.
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590.1
ROSTRAL SUPERIOR COLLICULUS INACTIVATION INFLUENCES SMOOTH 
PURSUIT EYE MOVEMENTS . M.A. Basso*, R.J. Krauzlis and R.H. Wurtz. Lab. 
of Sensorimotor Research, National Eye Institute, Bethesda, MD 20892, USA.

The intermediate and deep layers of the rostral superior colliculus (rSC) contain 
neurons tuned for contralateral target positions around and including the fovea. We 
have recently shown that increasing the activity of these neurons with electrical 
microstimulation influences smooth pursuit eye movements, as well as saccades. In 
particular, stimulation of the rSC at a site corresponding to the same hemifield as the 
direction of target motion can accelerate pursuit, whereas stimulation in the opposite 
hemifield decelerates pursuit (Basso et al. 1997). We now show that decreasing the 
activity of these neurons with microinjections of the GABA agonist muscimol also 
affects smooth pursuit eye movements.

Using the microinjection technique described described by Dias and Segraves (1997), 
we made small (0.3 -  0.5ul) injections of muscimol into the SC. Before and after the 
microinjections, we measured the pursuit eye movements made to targets moving at 
constant speeds of 15 deg/s to either the left or the right, and the saccadic eye 
movements made to targets placed at locations from 2 to 20 degrees ipsilateral and 
contralateral to the side of the injection. At a site where stimulation evoked small 
saccades, injection of 0.5 µl of muscimol produced changes in pursuit eye movements. 
The velocity of pursuit toward the contralateral side was reduced, although the latency 
of pursuit was unaffected. The reduction in velocity persisted until subsequent catch
up saccades were used to acquire the target. The velocity and latency of pursuit toward 
the ipsilateral side were unaffected. As demonstrated previously, injection also 
produced saccades with increased latency and hypometria. These results are consistent 
with our previous findings using microstimulation and provide further evidence for a 
position signal within the SC that is used by both the pursuit and saccadic eye 
movement systems. Supported by the National Eye Institute.

590.3
MULTI-ELECTRODE RECORDINGS IN RHESUS MONKEY SUPERIOR 
COLLICULUS. N. L. Port*, M. A. Sommer, & R. H Wurtz. Laboratory of 
Sensorimotor Research, National Eye Institute, NIH, Bethesda, MD 20892.

Activity in the intermediate layers of the superior colliculus (SC) precedes the 
initiation of saccadic eye movements, and this activity has been argued to occur at 
sequentially different times depending on the type of SC neuron and its location 
on the SC movement map. These inferences have been made based on 
comparisons between recordings during different saccades and during different 
sessions (Munoz and Wurtz, 1995). To better examine the relation between 
neurons during generation of the same saccade, we introduced two or more 
electrodes at different rostral-caudal sites in the SC. We isolated one or more 
neurons on each electrode. The neurons had movement fields aligned in the same 
direction. Each neuron was categorized as having an open ended movement field 
(if the neuron continued to discharge with saccades much larger than its optimal 
amplitude) or a closed movement field (if it ceased discharging with larger 
saccades). To make this distinction, we trained the monkey to make saccades 
along the optimal direction for the neurons in eight amplitude steps (2, 5, 10, 20, 
30, 40, 50 and 60°). In 95 neurons in two monkeys, we found open movement 
fields more frequently in the caudal than in the rostral SC: the median eccentricity 
from the fovea was 20° (range 2 - 60°) for open movement field cells (n = 37) 
and 5° (range 2 - 20°) for closed movement field cells (n = 58). We recorded from 
15 pairs in which both neurons had open ended movement fields. When we 
compared the activity of these pairs of neurons we found substantial variation in 
the time of peak discharge. Pairs included those in which the peak discharge of 
rostral neurons followed that of caudal neurons which is consistent with a rostral 
spread of activity in these cells. Supported by the N.E.I.

590.2
COMPARISON OF SACCADES PERTURBED BY STIMULATION OF THE 
SUPERIOR COLLICULUS AND THE OMNIPAUSE REGION. N.J. Gandhi1* and
E. L. Keller2. 1Division of Neuroscience, Baylor College of Medicine, Houston, TX 
77030, and 2Smith-Kettlewell Eye Research Institute, San Francisco, CA 94115.

Stimulation at saccade onset of either the rostral pole of the superior colliculus (SC) -  
equivalently, the fixation zone -  or the omnipause region (OPR) reportedly interrupts the 
ongoing eye movement. Thus, fixation neurons located in the fixation zone and the 
omnipause neurons (OPNs) found in the reticular formation have been hypothesized to 
be functionally similar. To test this theory, we simulated SC sites uniformly sampled 
along the rostrocaudal extent of the SC or the OPR at the onset of 30° saccades and 
compared the metrics of the perturbed movements. Specifically, we sought to determine 
whether the saccades altered by fixation zone stimulation more closely resembled those 
modified by OPR or caudal SC stimulation. Endpoint accuracy, latency of perturbation, 
initial amplitude and direction deviation of each spatial trajectory were measured.

Most perturbed saccades, regardless of the stimulation site, were as accurate as control 
trials. The latency of perturbation for stimulation of the SC was relatively constant but 
~2 ms longer than the equivalent measure determined from OPR stimulation. Both the 
initial saccade amplitude and the direction deviation decreased as the SC stimulation site 
was moved rostral. Stimulations in the fixation zone produced a smooth continuation of 
this trend. In fact, the direction deviation of saccades perturbed from the rostral pole was 
minimal but significantly different from zero. These results suggest that the reported 
interrupted saccade phenomenon produced by stimulation in the fixation zone is not 
induced by the same mechanism invoked during stimulation of the OPR. Instead, we 
hypothesize that stimulation of any SC site alters the ongoing saccade by modifying the 
collicular "drive" to the brainstem burst neurons which produce the saccadic trajectory. 
Support for the latter idea is provided by our previous observation that, relative to control 
trials, OPNs resume discharge later with respect to initial saccade end for saccades 
perturbed by SC stimulation. (Research supported by NIH grant EY08060)

590.4
DISCHARGE PROPERTIES OF MONKEY SUPERIOR COLLICULUS NEURONS 
ORTHODROMICALLY ACTIVATED BY LATERAL INTRAPARIETAL SULCUS 
STIMULATION. M. Pare* & R.H. Wurtz. Lab. of Sensorimotor Research, National 
Eye Institute, N.I.H., Bethesda, MD 20892.

Our effort to understand the neural events underlying the sensorimotor trans
formation particular to the saccadic system has focused on the projection from the 
parietal cortex to the superior colliculus (SC). We have previously characterized the 
parietal efferent neurons located in the lateral bank of the intraparietal sulcus (area 
LIP) that project to the SC (Paré & Wurtz, J. Neurophysiol., 1997). We now report on 
the activity of identified SC neurons that receive inputs from parietal cortex. Neurons 
in the intermediate layers of the monkey SC were orthodromically activated (negative 
results in collision test) by single pulses delivered by electrodes located in area LIP at 
sites where efferent neurons had been antidromically activated by SC stimulation. In 
general, area LIP stimulation produced SC responses consisting of an excitation 
followed by an inhibition. The excitatory response latencies were variable and ranged 
from 2 to 10 ms, whereas the inhibitory response lasted from 10 to 30 ms after the 
stimulation. The excitation is considered to reflect the direct monosynaptic parietal 
projection. The inhibition resulted possibly from an indirect activation of local SC 
networks. Nearly all SC LIP-recipient neurons had saccade-related discharges and 
were categorized using visual and memory delayed saccade tasks. Buildup neurons 
had low-frequency discharges between target and saccade onsets, i.e., during the 
delay period. Burst neurons lacked such low-frequency activity. The majority of the 
identified SC neurons were buildup neurons, but some were burst neurons. In 
comparison, all LIP efferent neurons with saccade-related activity have delay activity. 
In summary, most SC LIP-recipient neurons share the delay activity with LIP efferent 
neurons, and may represent an intermediate stage from a saccadic plan towards the 
elaboration of a saccadic command, which is neurally represented by the saccade- 
related discharges of SC burst neurons. Supported by the N.E.I.

590.5 590.6
FURTHER STUDIES OF THE ROLE OF THE PRIMATE SUPERIOR COLLICULUS 
IN THE INITIATION OF EXPRESS SACCADES. D.L. Sparks,* W.H. Rohrer, Y. 
Zhang. Div. of Neuroscience, Baylor College of Medicine, Houston, TX 77030, USA 

We studied the activity of visual, visual-motor, and motor cells in the superior 
colliculus while monkeys were performing step, delayed, and gap tasks. Over a large 
range of reactions times, the visual response of visual and visual-motor cells has a 
relatively fixed latency and is a poor predictor of reaction time. In contrast, the motor 
burst of visual-motor and motor cells is tightly coupled to saccade onset. We conclude 
that the high-frequency burst of collicular motor 
cells triggers both regular and express saccades.
During express saccades what allows the motor 
burst of motor and visual-motor cells to occur 
almost simultaneously with the visual burst? Our 
analysis of the activity of collicular cells indicates 
that after the offset of the fixation target there is a 
period of reduced activity (approximately 100 
msec in duration) followed by a period of 
increased low frequency activity of variable 
duration (depending upon the gap interval). We 
only observed express saccades with gap intervals 
which allowed visual responses to occur during 
the period of increased low frequency activity. Our findings are compatible with the 
hypothesis that express saccades occur when visual activation is superimposed upon a
preexisting state of increased excitability1,2. This superposition facilitates the occurrence 
of a motor burst with extremely short latency.

Supported by EY 01189
1. Dorris, Pare, Munoz. J. Neurosc. 17: 8566-8579, 1997.
2. Sommer. Vis. Res., 37: 2745-2756, 1997.

TWO TYPES OF PRELUDE NEURONS IN THE MACAQUE SUPERIOR 
COLLICULUS. C.D. Horwitz* and W.T. Newsome. Howard Hughes Med. 
Inst. and Dept. of Neurobiology, Stanford Univ., Stanford, CA 94305.

Prelude cells in the intermediate layers of the SC begin firing when 
an animal acquires sufficient information to plan a saccade into the  
movement field, even if the saccade is delayed by several seconds. W e 
have previously reported that prelude cells 'predict' the perceptual 
choices of monkeys performing a 2AFC direction discrimination task. The 
monkeys discriminated between opposed directions of motion in a noisy 
visual display, and reported their choices by making a saccade to a visual 
target in the perceived direction of motion. Predictive neurons responded 
well when the monkey selected a saccade into the movement field, but 
responded poorly when the selected saccade was directed elsewhere.

The activity of such cells could play an integrative role in linking 
the visual stimulus representation to an appropriate motor response, or 
alternatively, could simply reflect a motor plan established elsewhere in 
the brain. We now report that predictive cells appear to be distributed 
along a continuum between these roles. For cells at the 'sensory' end, 
predictive activity depended upon the strength of the motion signal in the  
visual stimulus. Remarkably, these cells yielded directional visual 
responses even when discrimination was not required and saccade planning 
was strictly controlled. Importantly, activity during the 50 ms prior to the 
saccade was modest and uncorrelated w ith saccade velocity. For cells a t 
the 'motor' end, predictive activity was largely independent of the 
strength of the motion signal. These cells did not respond to motion stim uli 
outside the discrimination task, and their pre-saccadic bursts were large 
and correlated w ith saccade velocity. Our results suggest that prelude 
cells span two distinct levels in the sensorimotor hierarchy: one th a t 
integrates sensory information required for saccade planning and another 
that specifies the metrics of the selected saccade. Supported by EY05603.
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590.7
ORBITAL POSITION EFFECTS ON SACCADE-RELATED NEURONS IN 
THE DORSAL PONTINE NUCLEI OF RHESUS MONKEYS P.W. Dicke and 
P.Thier (SPON: European Neuroscience Association) Section on Sensorimotor 
Research, Dept of Neurology, Univ. of Tübingen, D-72076 Tübingen, Germany.

The pontine nuclei (PN) are a key link between the cerebral cortex and the 
cerebellum. Their dorsal part (DPN) is a major recipient of fibers from saccade- 
related (SR) posterior parietal (PP) areas such as areas LIP and 7a. SR-neurons in 
these areas exhibit visual, memory and SR responses whose amplitudes depends on 
the starting position of the eyes. In more than 80% of neurons this orbital position 
dependence can be adequately described by 2-dimensional regressions with 
significant linear components (‘planar gain fields’, Andersen et al. J. Neurosci. 10: 
1176). We have recently demonstrated the existence of SR-neurons in the DPN, 
predicted by the strong posterior parietal input, and we asked if their responses 
exhibit a similar orbital position dependence. As yet, 28 SR-neurons have been 
tested in 2 monkeys. We compared responses evoked by visually-guided and, in 
many cases, also by memory-guided saccades of similar direction and amplitude, 
starting from 9 evenly spaced starting positions in the frontoparallel plane. 
Responses were quantified by measuring the mean discharge rate evoked by target 
presentation, the mean discharge rates immediately before, during and after the 
saccade and (if applicable) in the memory period. 15/28 units exhibited a significant 
(non-parametric ANOVA, p<0.05) orbital position dependence of at least one of the 
response components. Out of these 15, only 4 showed a significant (p<0.05) linear 
dependence on orbital position, which, moreover, was in any case confined to the 
postsaccadic response component. Planar gain fields in PP cortex are probably 
important computational elements in the synthesis of a distributed representation of 
target location in an intermediate, non-retinal and non-motor frame of reference. 
Their virtual absence in a major projection target of PP cortex, the DPN, may 
therefore reflect the mapping of saccade-related information into a new frame of 
reference, possibly closer to the oculomotor plant. Supported by DFG SFB 307-Al.

590.9

NO CO-CONTRACTION DURING CONVERGENCE.
T.M. Miller*. Smith-Kettlewell Eye Research Institute;
San Francisco, CA 94115.

M easurements of abducens firing rates suggest that the 
slope of the rate-position curve for abducens motor neurons 
during  vergence (kv) is lower than during conjugate 
m ovem ent (kc). One study puts kv/ k c = 0.62 (Mays & Porter 
1984), and another = 0.50 (Gamlin, et al. 1989). Any value < 1 
implies that w hen an eye adducts in vergence, its lateral 
rectus (LR) does not relax as m uch as w hen it makes the 
same conjugate rotation. Forces m ust then be higher in both 
LR and medial rectus (MR) for the same eye position reached 
in vergence, that is, the horizontal recti m ust co-contract.

In 2 trained rhesus monkeys w ith binocular eye coils we 
chronically im planted muscle force transducers (MFTs) on 
LR and MR of one eye. Near (7 cm) and far (200 cm) targets 
were aligned to the eye w ith MFTs, so that this eye was in 
the same position before and after vergence movements of ~ 
20 deg. Any changes in muscle force would have to be due 
to changes in innervation.

Neither LR nor MR tension increased w ith convergence 
-  we saw no co-contraction.

Supported by N IH /N EI EY06973 and the Smith- 
Kettlewell Eye Research Institute.

590.11
LISTING’S LAW IN PATIENTS WITH FOURTH NERVE PALSY.
D. Straumann1*, H. Steffen2, D.S. Zee2, K. Landau3, Obzina1. Neurology 
Depts., 1Zurich Univ. Hosp., Switzerland, and 2Johns Hopkins Hosp., 
Baltimore, USA; 3Ophthalmology Dept., Zurich Univ. Hosp., Switzerland.

Listing’s law states that all axes used to describe eye positions during 
fixations as single rotations from the reference position, lie in one plane 
(Listing’s plane) in three-dimensional (3D) space, if the head is not moving. 
We asked whether Listing’s law is violated or modified in the presence of a 
fourth nerve palsy. - Movements of both eyes in 17 patients (acquired: 7; 
congenital: 10) were recorded with the 3D search coil technique. Ten normal 
subjects served as controls. Here we report on the 3D configuration of 
positions (rotation vectors) of the viewing eye, with the other eye covered.

The thickness o f Listing’s plane in affected eyes was not different from 
contralateral eyes or eyes of normal subjects (significance level o f t-tests: p 
< 0.05). In fact, surfaces o f affected eyes were less twisted than surfaces of 
contralateral eyes or eyes in normal subjects. Primary positions of affected 
eyes were shifted temporally by 14.6 ± 8.7°, which was more then the 
contralateral eyes (4.5 ± 3.1°) or the eyes in normal subjects (5.3 ± 4.5°). 
This temporal shift did not correlate with horizontal, vertical or torsional 
phoria, as measured when the unaffected eye fixed straight ahead. There was 
a small upward shift of the contralateral eye’s primary position relative to 
the affected eye (4.6 ± 6.9°), which correlated with horizontal phoria.

We conclude that, in eyes with fourth nerve palsy, Listing’s law for 
fixations is not violated. The observed temporal rotation o f primary position 
seems to be a specific feature o f eyes with fourth nerve palsy and is 
independent of phoria.

Supp. by SNF 323J-051938.97, DFG Ste 860/2-1, and NIH  EY01849.

590.8
CHEMICAL INACTIVATION OF CELL GROUPS OF 
PARAMEDIAN TRACTS IMPAIRS GAZE HOLDING IN THE 
CAT. K. Nakamagoe, Y. Iwamoto* and K. Yoshida 
Dpt. o f Physiology, Univ. o f Tsukuba, Ibaraki 305, Japan 

Previous works have suggested that cell groups o f the paramedian 
tracts (PMT, Büttner-Ennever et al. 1989), lying along the midline o f  
the pons and medulla, project to the flocculus and receive direct input 
from premotor regions involved in the control of eye movement.
PMT neurons in the pons have been shown to carry signals related to 
vertical (Nakamagoe et al. 1997) or horizontal (Nakao et al. 1980; 
Cheron et al. 1995) eye movements. In the present study, we made 
injections o f muscimol (1.0 µg/µl saline, 0.3-0.6 µl) into a 
paramedian brainstem region at various rostrocaudal levels, from ~4  
mm rostral to ~3 mm caudal to the abducens nucleus, and at a depth 
~ 1 mm ventral to the fourth ventricle in three alert cats. In 16 of 27 
injections, the animals showed vertical gaze-paretic nystagmus 
(GPN) with exponentially decaying slow phases. The null point was 
often well above the primary position and the GPN took the form o f  
downbeat nystagmus. The time constant in darkness (n =11) ranged 
from 1.0 to 2.7 s. These characteristics were similar to those o f  
GPN caused by bilateral flocculectomy (Zee et al. 1981). The 
effective injection sites for vertical GPN distributed along the 
midline, between ~3 mm rostral and ~2 mm caudal to the abducens 
nucleus. In 5 o f the above 16 injections, horizontal GPN was also 
observed. The time constant in darkness (n=5) ranged from 1.1 to
2.4 s. Results suggest that the PMT-cell groups in the pons and 
medulla play an important role in the maintenance o f eye position. 
Supported by CREST of JST.

590.10
PRE- AND POSTOPERATIVE TORSIONAL ORIENTATIONS OF THE 
PARETIC AND NONPARETIC EYE IN FOURTH NERVE PALSIES. IT 
Steffen1, Straumann2, D.S. Zee1. Neurology Depts., 1Johns Hopkins Hosp., 
Baltimore, USA and 2Zürich Univ. Hosp., Switzerland.
We explored how eye muscle surgery affects torsional eye position in 
patients with IV nerve palsy. In 11 patients with unilateral fourth nerve palsy 
(9 congenital and 2 nontraumatic acquired) eye movements were recorded 
pre- and postop with dual search coils. Either an ipsilateral inf. oblique 
myectomy and/or a contralateral rectus inf. recession was performed. At 
straight ahead fixation the torsional position o f the (monocularly) viewing 
eye was set to zero and then the relative changes in torsional eye position 
(ΔT) in 20° Lipgaze versus 20° downgaze were computed. 5 normal subjects 
served as controls. Preop, the relative ΔT of the paretic eye was larger in 
patients with acquired (8.5 ± 2.5°) than in those with congenital palsies (3.1 
± 5.0°) or normal subjects (3.3 ± 1.6°). The nonparetic eye in patients with 
an acquired palsy had an increased ΔT (3.9 ± 0 .6° )  when compared to either 
the nonparetic eye of patients with a congenital palsy ( 0.8 ± 2.4°) or the eyes 
of normal subjects. Surgery reduced ΔT only in the paretic eye o f patients 
with an acquired palsy (4.3 ± 1.1°) but not in those with a congenital palsy 
(2.0 ± 1.5°). ΔT of the nonparetic eye did not change in patients with an 
acquired palsy (4.4 ± 1.1°) but slightly increased in patients with a congenital 
palsy (2.0 ± 1.5°) independent o f the type o f surgery performed. These 
findings suggest that in the longterm the relative change in torsion in the 
vertical meridian is little affected by surgery of vertical extraocular muscles. 
Supported by DFG Ste 860/2-1, SNF 3231-051938.97, and NIH  EY01849.

590.12
A NEURAL MODEL OF THE SACCADE GENERATOR IN THE 
RETICULAR FORMATION. G. Gancarz* and S. Grossberg. Dept. of 
Cognitive and Neural Systems, Boston University, Boston, MA 02215.

A neural model of the reticular formation circuitry that is used to 
generate saccadic eye movements simulates the behavior of identified 
cell types- long-lead burst neurons, short-lead excitatory and inhibito
ry burst neurons, omnipause neurons, and tonic neurons- under many 
experimental conditions. Simulated phenomena include: saccade stair
cases, duration and amplitude of cell discharges for saccades of variable 
amplitude, component stretching during straight oblique saccades, satu
ration of saccade velocity after saturation of saccade amplitude to high 
stimulation frequencies, tradeoffs between saccade velocity and duration 
to generate constant saccade amplitude, conservation of saccade ampli
tude in response to sufficiently brief stimulation of omnipause neurons, 
and high velocity smooth eye movements evoked by high levels of elec
trical stimulation of the superior colliculus. Previous saccade generator 
models have not explained this range of data, and have invoked mech
anisms for which no neurophysiological data are known. The present 
model utilizes only known reticular formation neurons. It uses inhibitory 
feedback from short-lead to long-lead burst neurons via inhibitory burst 
interneurons, in response to excitatory feedforward signals from long-lead 
to short-lead burst neurons. Model omnipause neurons are inhibited by 
long-lead burst neurons, which code motor error. When these properties 
are combined with opponent interactions between agonist and antagonist 
muscle-controlling neurons, and motor error inputs from the superior col
liculus and other saccade-controlling brain regions, all these data can be 
explained. Supported in part by DARPA, NSF, and ONR.
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591.1

ST R U C T U R A L  A N A L Y SIS  O F ISO LA T ED  PO STSY N A PTIC  
DENSITIES FROM  RAT CEREBRAL CORTEX. T.S. R eese.
J. D. P etyrsen , ,M . Brigh tm an* an d  A . D o s e m e ci. Laboratory 
of Neurobiology, NINDS, NIH, Bethcsda, MD 20892.

A  p o stsy n a p tic  d e n s ity  (PSD ) fraction  w a s  p rep ared  
c o n v e n tio n a lly  b y  trea tm en t o f  sy n a p to s o m e s  w ith  T riton  X- 
100. R ep licas w ere  m a d e  fo llo w in g  a d so r p tio n  o f  P S D s o n  
g la ss , s la m  free z in g  an d  rotary sh a d o w in g . S tereo  e lectron  
m ic ro sco p ic  ex a m in a tio n  o f  rep lica s  re v ea led  tw o  d is tin c t  
ty p e s  o f  su rfaces  w h ich  ap p ear to  corresp on d  to  th e  sy n a p tic  
cleft an d  cy to so lic  faces  o f  th e PSD . E xtraction  o n  g la ss  w ith  
the d e terg e n t so d iu m  d eo x y ch o la te , w h ic h  s o lu b iliz e s  
p rim arily  th e actin  an d  a b o u t h a lf o f  th e  a sso c ia ted  sp ectr in  
in th e P SD  fraction , th in n ed  th e  P SD  an d  le ft b eh in d  a grid -  
lik e  layer  en cru sted  w ith  n u m e ro u s  p articu la te  stru ctu res. 
L oca liza tion  o f  CaM KII w ith in  th is  gr id -lik e  stru ctu re w a s  
a n a ly ze d  b y  im m u n o g o ld  la b e lin g  after th e  P S D s w ere  
ad sorb ed  on  g la ss  an d  str ip p ed  w ith  d eo x y ch o la te . T h ese  
s tu d ie s  re v ea led  that CaM KII is  h ig h ly  con cen tra ted  in  
d iscre te  p a tch es  on  th e  PSD . C ertain  u n attach ed  stru ctu res  
w ith  a d ia m eter  s im ilar  to the p a tch es  w ere  a lso  lab eled . 
T h ese  o b se rv a tio n s  o p en  the p o ss ib ility  that at lea st p art o f  
th e in so lu b le  CaM KII is  a sso c ia ted  w ith  d iscre te  p artic les o f  
u n ifo rm  s iz e .

591.2

VISUALIZATION OF ACTIN MOTILITY IN  SPINES
S. Kaech, M. Fischer and A. Matus*. Friedrich Miescher Institute, 
P.O.Box 2543, 4002 Basel, Switzerland.

Green fluorescent protein (GFP) can be used in gene fusions as a self- 
fluorescent tag which allows the dynamics of various cytoskeletal 
proteins to be examined in living cells (Ludin and Matus (1998) TICB 
8:12). We have used this approach to follow actin dynamics in a variety 
of cell types including fibroblasts and primary neurons. In the 
fibroblastic line REF52 both stress fibers and actin accumulations at sites 
o f membrane ruffling were clearly visualized and, similarly, in neurons 
actin was visibly enriched in growth cones where it was associated with 
the dynamic activity o f filopodia and lamellipodia. In both cases motile 
functions of GFP-tagged actin expressing cells were indistinguishable 
from those of neighboring untransfected cells in the same culture. W e 
conclude that GFP-actin can be used to follow bone fide actin dynamics 
in living cells.

Recently, we have shown that epitope-tagged cytoplasmic actin 
isoforms target specifically to dendritic spines. Many studies have 
suggested that learning and memory are associated with changes in spine 
shape and the high enrichment o f actin in spines suggests that they may 
be motile. Video recordings from rat hippocampal neurons expressing 
GFP-actin confirmed that this is indeed the case. Changes in spine shape 
were actin-dependent since they are reversibly blocked by actin 
polymerization cycle drugs such as cytochalasin D  and they were 
detectable over a time-course o f seconds, suggesting that anatomical 
plasticity at synapses can be extremely rapid. As well as providing a 
molecular basis for plasticity, actin-based morphological adjustments 
may be a constant feature o f synaptic structure.

591.3

INHIBITORY CONTROL OF ACTION POTENTIALS IN THE  
DENDRITES OF LAYER 5 NEOCORTICAL PYRAMIDAL CELLS.
M. Larkum1, J.J. Zhu1, H.-R, Lüscher * & B. Sakmann1. 1Max-Planck-lnstitut für 
med. Forschung, D-69120 Heidelberg; 2Physiologisches Institut, CH-3012, Berne.

Pyramidal cells of the neocortex have been shown to have Ca2+ action 
potentials (APs) that can be evoked in the distal apical dendrite and that 
propagates for some distance towards the soma. We found that in juvenile 
rats (P28-56), the Ca2+ AP usually caused enough depolarization at the initial 
segment to initiate 1-3 Na+ APs which then propagated back into the 
dendrites. We were thus interested to know what influence inhibition might 
have on the initiation and propagation of both types of APs.

300 µm thick slices of rat cortex were used with triple patch recordings to 
examine the propagation of APs along the dendrite. Inhibition was evoked 
either by an additional extracellular electrode, placed in the superficial layers 
up to 500 µm from the pyramidal cell with 50 µM APV and 20 µM CNQX in the 
external solution, or by using the 3rd patch electrode to evoke an AP in a 
presynaptic inhibitory neuron.

Inhibitory pulses had a small effect on the amplitude of Na+ APs evoked at 
the soma and propagating back along the apical dendrite when timed to be 
coincident. Na+ APs at high enough frequencies (> ~70 Hz) caused a 
marked broadening of the back-propagating APs in the dendrites which was 
due to Ca2+ influx. At high enough frequencies they evoked a Ca2+ AP in the 
dendrite. The broadening and Ca2+ APs was abolished completely by 
inhibition.

Furthermore, inhibition could completely abolish the initiation of Ca2+ APs 
due to injection of current into the dendrite. The inhibition was effective 
even when applied up to 500 ms in advance.

We conclude that inhibition has a stronger effect on Ca2+ events in the 
apical dendrite than on the back-propagating Na+ AP.
M.L. was supported by the von Humboldt-Stiftung, Germany

591.4

THE IMPACT OF LOCAL UNITARY SYNAPSES ON ACTION  
POTENTIAL GENERATION OF THEIR CO RTICAL TARG ETS. 
Shaul Hestrin*. Dept. of Anatomy and Neurobiology, University of 
Tennessee, Memphis TN 38163.

The ability of single axons to modulate the firing patterns of 
the neurons they contact is critical for encoding of information. 
Pyramidal neurons or fast-spiking cells in cortical slices were 
stimulated by white noise (Mainen & Sejnowski, 1995) and the 
impact of activity in a single paired presynaptic cell on spiking in the 
postsynaptic cell was tested. The white noise stimulation of the 
postsynaptic cell produced an average firing rate of 15-40 Hz. Up to 
1000 runs each generated with a different pattern were recorded.

The synaptic gain, defined as the probability of adding a 
spike in the postsynaptic cell, ranged from 0.3 to below detection 
level. If the relationship between the EPSP amplitude and the 
synaptic gain is linear then, under these conditions, about 25-50  
EPSPs averaging 1 mV at resting potential are required to generate 
a single postsynaptic spike. The time constant of the EPSPs at the 
resting potential ranged from about 5-10 ms in FS-cells to about 30- 
80 ms in pyramidal neurons. However, the time window during 
which postsynaptic spikes are impacted lasted less than 2 ms and 
was centered on the EPSP peak. Thus, suggesting that cortical 
synapses are well suited for encoding temporal information.

Supported by NIH Grant EY09120.

591.5
ACTIVE SUMMATION IN HIPPOCAMPAL CA3 PYRAMIDAL CELLS
N. N. Urban* and G. Barrionuevo Dept. o f Neuroscience, Univ. o f Pittsburgh and 
Ctr. for the Neural Basis o f Cognition, Pittsburgh, PA 15260.

We have examined the role that postsynaptic voltage dependent channels play 
in the integration of synaptic inputs by pyramidal cells in hippocampal area CA3. 
Whole cell EPSPs were measured in CA3 pyramidal cells following stimulation of 
single and multiple inputs. EPSPs elicited by two near-simultaneous inputs were 
compared to the linear sum of those recorded following stimulation of each input 
singly, and also to the predictions of passive compartmental models.

Previously (Society for Neuroscience Abstracts, 1997) we have shown that 
summation of mossy fiber (MF) and perforant path (PP) EPSPs in CA3 pyramidal 
neurons is active and sub-linear. Specifically, prior MF stimulation reduces PP 
EPSPs by approximately 50%. Here, we show that this sublinearity is blocked by 
4AP (5 mM, internal) a blocker of transient potassium channels (PP= 118 ± 9% of 
control) but is unaffected by blockade of sodium, nickel-sensitive calcium, and 
NMDA-R coupled channels. We also show that summation of distal EPSPs with 
steady state somatic voltage changes between -60 and -85 mV is super-linear (4.2 ± 
2.1% increase in EPSP peak/10 mV depolarization) and active. This super-linearity 
is partially eliminated by APV (50 µM) and also by Ni2+ (30 µM). Simultaneous 
blockade of NMDA-R by APV, and of Ih by extracellular Cs+(2 mM) or 
intracellular ZD7288 (200 µM), resulted in a reduction of EPSP amplitude with 
depolarization (16 ± 2.1% decrease/10 mV depolarization) that is indistinguishable 
from that predicted by passive simulations (14% decrease in EPSP peak/10 mV 
depolarization).

These data demonstrate that subthreshold changes in somatic membrane 
potential result from a complex interaction of synaptic and voltage dependent 
currents and suggest that the computational properties of active dendrites might be 
more complex than appreciated previously. This work was supported by NS24288 
and a Howard Hughes Medical Institute predoctoral fellowship (to NNU).

591.6
IN F O R M A T IO N  M A X IM IZ A T IO N  IN  S IN G L E  N E U R O N S .
Christof Koch1* and M. Stemmier2.
1 Computation and Neural Systems, Caltech, Pasadena,CA 91125. 2Theor. 
Biologie, Humbold-Universität, Berlin, Germany.

Information from the senses must be compressed into the limited 
range of firing rates generated by spiking nerve cells. Optimal com
pression uses all firing rates equally often, implying that the nerve 
cell’s response matches the statistics of naturally occurring stimuli. As
suming that the avergae firing rate is fixed, gives rise to a different—  
exponential—firing-rate distribution. Since changing the voltage depen
dent ionic conductances in the cell membrane alters the flow of informa
tion, an unsupervised, non-Hebbian, local developmental learning rule 
is derived that adapts the conductances in Hodgkin-Huxley model neu
rons. By maximizing the rate of information transmission, each firing 
rate within the model neuron’s limited dynamic range is used equally 
often. We discuss experimental predictions based on simple, in  v iv o , 
current injecting experiments that should lead to measurable changes in 
the cell’s discharge curve. Supported by HHMI, ONR and NSF.
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591.7
EXPERIMENTAL TEST OF TIME-VARYING INTEGRATE-AND-FIRE- 
LIKE MODEL OF in vitro CORTICAL NEURON REPETITIVE FIRING. 
A. M. Zador*, and C. F. Stevens . MNL/S, Salk Institute, La Jolla, CA 92037.

While Hodgkin and Huxley-like models can in principle account for the 
input-output behavior of most spiking neurons, fitting such models to the behav
ior of complex cortical neurons is often impractical because of poor space clamp, 
the non-uniformity of channel distributions, and because the problem is under
constrained. When a simple account of the input-output behavior is needed, the 
usual alternative is to fall back on an integrate-and-fire (IF) model

Using in vitro patch clamp recording in cortical slices, we have tested a novel 
IF spiking model derived from the generalized Hodgkin-Huxley equations,

where V(t) is the membrane voltage, C is the cell capacitance, g,(t, V(t)) are the 
N tune- and voltage-dependent conductances, E, are the associated batteries, 
and I(t) is an externally injected current. This equation can be rewritten as

where we have defined R(t) = ∑ gt(t. V(t )) and E(t) = R(t) ∑  Et gt (t. V(t))
R(t) and E(t) are, respectively, the time varying resistance and driving force fol
lowing an action potential. When E(t) and R(t) are measured experimentally 
in cortical neurons, they follow a stereotyped trajectory between spikes that is 
almost completely independent of l ( t ) We therefore use the time-varying pa
rameters R(t) and E(t) to describe voltage trajectories rather fixing R and E as 
in the usual IF models. This simple model predicts the input-output behavior of 
cortical neurons remarkably well. (Supported by HHMI and Sloan).

591.9

SYNAPTICALLY-DRIVEN INTRADENDRITIC CA2+ WAVES IN RAT 
HIPPOCAMPAL CA1 NEURONS.
T. Jäger1, K.G. Reymann2 and T. Behnisch2*.
1Leibniz Institute for Neurobiology, Project Group Neuropharmacology, 2Institute for 
Applied Neurosciences, POB 1860, 39008 Magdeburg, Germany.

LTP has for a long time been believed to be input-specific. However, Engert & 
Bonhoeffer have recently shown (Nature 388, 279-284) that input specificity of LTP is 
not detectable within 70 µm from the stimulated synapse and that synapses in close 
proximity to a site of potentiation are also potentiated. We postulate, that the 
propagation of the second messenger Ca2+, which we were able to observe in the form 
of Ca2+ waves, represents a special kind of intracellular signaling in neurons during 
LTP induction, possibly being responsible for the lack of input-specifity.

We show, using confocal microscopy, that local LTP-relevant electrical stimulation 
of the Schaffer collaterals of CA1 neurons can elicit an increase in intradendritic Ca2+ 
concentration which propagates as a wave within the dendrite. In 7 of 10 cells (Na+ 
spikes blocked by QX-314; 30 mM) the fluorescence signal could be described as 
biphasic: consisting of a fast initial component due to Ca2+-influx, primarily through 
NMDA receptor channels; and a second component, which propagates as a wave with 
the speed of up to 100 µm/s. The characteristics of the first component of the transients 
remained comparable in several dendritic regions, whereas the second component 
showed obvious differences in the time after which its maximal value was reached. 
Furthermore, we found the existence of a threshold for the appearance of the late 
component of the Ca2+ transients. The relatively high speed of waves, points to the 
involvement of mechanisms other than Ca2+ diffusion, e.g. InsP3- and/or Ca2+-induced 
Ca2+ release from internal stores.

We conclude that synaptically-driven slow-spreading Ca2+ waves might function in 
support of mechanisms essential for the induction and maintenance of synaptic 
plasticity, by potentiating neighboring synaptic inputs that have not been synaptically 
activated. Supported by the Deutsche Forschungsgemeinschaft (SFB 426).

591.11
INTERNEURON-RELATED SYNAPTIC TRANSMISSION MODULATED BY POSTSYNAPTIC 
C a 2+ a n d  C a 2+/C a l m o d u l in  s ig n a l  p a t h w a y s . Jin-Hui Wang* and Paul Kelly. 
Department o f Neurobiology and Anatomy, University o f Texas Medical School at 
Houston, Houston, Texas 77030.

Postsynaptic Ca2+/calmodulin (CaM) signal pathways modulate excitatory 
synaptic transmission (Wang & Kelly, Neuron 15:443-452; Wang & Kelly, J. 
Neuroscience 17:4600-4611). It is important to know whether these mechanisms 
also affect inhibitory synaptic activity at CA1 pyramidal neurons in rat hippocampal 
slices. Bicucullin-sensitive IPSCs, isolated by 10 µM CNQX plus 40 µM D-AP5, 
were increased by postsynaptic perfusions of Ca2+/CaM (l77±5% relative to 100% 
baseline, n=6) or adenophostin (a potent trigger of IP3-mediated Ca2+ stores; 
156±5%, n=3) compared to those of control pipette solution (lO2±3%, n=4). Paired 
whole-cell recording from interneuron to pyramidal neuron showed that perfusing 
adenophostin into the pyramidal neuron enhanced the amplitude of unitary IPSCs 
evoked by action potentials on the interneuron. These results indicate that 
postsynaptic Ca2+/CaM signal pathways regulate inhibitory synaptic transmission, 
which may function as balancing the excitation output of pyramidal neurons. We 
also examined whether Ca2+/CaM signal pathways regulate excitatory synaptic 
activity on CA1 interneurons. Postsynaptic perfusions of Ca2+/CaM or adenophostin 
increased EPSCs, and the amplitude of increased EPSCs on stratum pyramidale 
interneurons (SP-IN) was larger than that on stratum radiatum interneurons (SR- 
IN), i.e., Ca2+/CaM potentiation being 221± 12% in SP-IN (n=6) and 161 ±6% in SR- 
IN (n=5); adenophostin potentiation being 382±28% in SP-IN (n=8) and 22l±l6% 
in SR-IN (n=4), respectively. The positive effect of Ca2+/CaM signal pathways on 
excitatory synaptic transmission on interneurons may contribute to controlling the 
CNS excitation. In contrast to excitatory synaptic transmission, inhibitory synaptic 
transmission shows paired-pulse depression during recording both population and 
unitary IPSCs. (supported by NS32470).

591.8

SIMULTANEOUS PATCH CLAMP RECORDING AND 
CALCIUM IMAGING IN A FUNCTIONALLY INTACT 

NEURONAL NETWORK FROM MOUSE
T. Lade wig and B.U. Keller*. Center for Physiology & Pathophysiology, 
University of Göttingen, HumboldtalJe 23, D-37073 Göttingen, Germany.

While changes in intracellular calcium concentrations in neurones have 
previously been determined with high spatial and temporal resolution, little is 
known about the profile of calcium concentrations in functionally intact neurones 
during ongoing network activity. In the brain stem of mouse, motoneurones in 
the nucleus hypoglossus can be isolated in a functionally intact state in slice 
preparations containing all relevant elements to generate their normal, rhythmic 
pattern of respiratory - related activity. Simultaneous patch clamp measurements, 
electrophysiological nerve recordings and microfluorometric calcium imaging 
allowed us to monitor intracellular calcium signals during ongoing rhythmic 
activity of hypoglossal (XII) nerves. Ratiometric calcium measurements were 
performed by recording calcium dependent and independent fluorescence (390nm, 
360nm) of fura-2 with either a photomultiplier or a high resolution CCD camera 
system. On the cellular level, rhythmic activity was represented by clusters of 
excitatory postsynaptic potentials leading to bursts of action potential activity. 
Rhythmic electrical signals were paralleled by oscillations in intracellular 
calcium concentrations in selected neuronal compartments (soma, dendrites), 
allowing us to directly correlate local changes in intracellular calcium 
concentrations with defined functional states of the network. Our results suggest 
a substantial heterogeneity of calcium signals in different compartments, but also 
in different types of neurones involved in generation and modulation of 
hypoglossal nerve activity.

Supported by the Graduiertenkolleg ""' Organization and Dynamics o f Neuronal 
Networks", and SFB 406.

591.10
DEPOLARIZATION-INDUCED CALCIUM ACCUMULATION IN MITOCHON
DRIA OF SYMPATHETIC NEURONS. S.B. Andrews,1* N.B. Pivovarova,1 
J. Hongpaisan1 and D.D. Friel2. 1Lab. Neurobiology, NINDS, NIH, Bethesda, MD 
20892 and 2Dept. Neuroscience, Case Western Reserve Univ., Cleveland, OH 44106.

Several recent lines of research suggest that mitochondria can function as Ca2+ 
buffers following neuronal activity. For example, sympathetic neurons in culture 
respond to depolarizing stimuli with a rise in cytosolic free Ca2+, [Ca2+]i followed by a 
slower recovery phase that exhibits a pronounced plateau. This plateau appears to 
reflect Ca2+ release from mitochondria since it is abolished by proton ionophores such 
as FCCP. Nonetheless, there has previously been no direct demonstration—in these 
neurons or any others—of depolarization-evoked mitochondrial Ca2+ uptake and 
release. Here, we report elevations in total Ca within mitochondria which occur as a 
result of membrane depolarization. These experiments were carried out by x-ray 
microanalysis of rapidly frozen neurons within isolated bullfrog ganglia; these neurons 
respond to depolarization in essentially the same manner as do cells in culture. In 
unstimulated neurons the total Ca concentrations in cytoplasm, (CaT)cyt(0) and mitochon
dria, (CaT)mito, were 3.1± 1.2 (mean ±SEM) and - 0.4±0.5 (i.e., undetectable), respec
tively. Following a 2-min depolarization with 30 mM K+ (Vm ≈ -35 mV, steady state 
[Ca2+]i ≈ 300 nM), (CaT)mito increased modestly to 12.8±8.7 mmol/kg, while 2-min 
depolarization with 50 mM K+ (Vm ≈ -20 mV, [Ca2+]i =600 nM) increased (CaT)mito 
dramatically, to 32.7± 10.9 mmol/kg. In both cases, parallel but smaller increases in 
(Caҭ)cyto were recorded. The rise in (CaT)mito was reversible: Within 5 min of repolari
zation following a 2-min, 50 mM K+ depolarization, (CaT)mito had returned to pre
stimulus levels. Mitochondrial Ca2+ accumulation was totally abolished when cells 
were depolarized (50 K+, 45 sec) in the presence of FCCP. Thus, depolarization- 
induced Ca2+ entry in sympathetic neurons leads to mitochondrial Ca2+ accumulation 
which is graded, reversible, and dependent on the mitochondrial membrane potential. 
The results indicate that the mitochondrion is the structural correlate of the rapidly 
Ca2+-accumulating compartment previously identified pharmacologically as the 
“FCCP-sensitive store”. Supported by AHA 96011490 and by the NIH Intramural 
Research Program

591.12

S yn ap tic  D evelopm en t and P la stic ity  in G lutam ate  
R eceptor M utants o f  D rosoph ila  A. D iA n to n io * ,
S.A. P e te r s e n , and C.S. G oodm an , Dept. of Mol. Cell. Biol.,
UC Berkeley, CA 94720.

To study the role of postsynaptic activity in the growth and 
plasticity  of synapses, we have undertaken a genetic analysis 
of glutam ate receptors at the D rosophila neurom uscular 
junction. Two such receptors, D G lu R llA  and D G lu R IIB , are 
expressed by muscle. Deleting both genes results in 
em bryonic lethality that can be rescued by the transgenic 
expression in muscle o f either receptor alone. A lthough 
either receptor is sufficient for viability , they have m ajor 
differences in their physiology, sensitivity  to toxin, and 
regulation by second m essenger systems. We have 
dem onstrated that at synapses expressing low levels of 
D G lu R IIB  there is a large decrease in postsynaptic sensitivity 
to transm itter that is com pensated for by a presynaptic 
increase in transm itter release, suggesting the presence of a 
retrograde mechanism  regulating  p resynaptic  function . We 
now show that this same regulation occurs at synapses 
expressing either low levels o f D G lu R I IA  or overexpressing a 
dom inant negative, pore-b locking , D G lu R l lA ,  dem onstrating  
that this regulatory mechanism is sensitive to the activity, 
and not just amount, of the postsynaptic receptor. This 
ac tiv ity-dependent, hom eostatic regulation may be used 
during developm ent to match presynaptic release capacity to 
the increasing needs of the grow ing postsynaptic cell.
[Support by HHWF to AD and HHMI to SAP and CSG.]
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592.1
CHARACTERIZATION OF THE PS/APP TRANSGENIC MOUSE MODEL 
FOR ALZHEIMER’S DISEASE, K. Duff*, H. Knight, D. Hernandez, C. Zehr,
S. Sanders, X. Yu, 1K. Hsiao, M. Farrer, E. McGowan, Mayo Clinic, 
Jacksonville, FLA, 32224, 1University of Minnisota, Minneapolis, MN 55455

A cross between a transgenic mouse that over-expresses a mutant presenilin 
(PS1) transgene (Duff et al. Nature 383, p710, 1996) and the Tg2576 mutant 
amyloid precursor protein (APP) transgenic line (Hsiao et al, Science 274, 
p.99, 1996) generated offspring with four different genotypes: PS1, APP, non 
transgenic or PS/APP. These animals are an ideal model system for studying 
the effects of mutant PS 1 and APP, both singly and together, on AD related 
phenotype. Compared to their APP littermates, PS/APP mice show elevated 
levels of Abl-42 initially. Levels of both Abl-40 and Abl-42 rise dramatically 
after 12 weeks of age and this elevation correlates with the deposition of 
amyloid in the brain (Holcomb et al. Nat. Med 4, p97 1998). In APP singly 
transgenic littermates, this occurs between 9 and 12 months. Both PS/APP and 
APP animals show a decrease in spontaneous alternation preceding the 
deposition event which suggests that APP overexpression alone has some effect 
on hippocampal dysfunction. An analysis of the composition of the deposits 
and time-course of the deposition event will be presented as well as data 
showing changes in the brain in tau, the immune response and the cholinergic 
system as amyloid deposition progresses. Progress towards enhancing the 
phenotype through crosses with other transgenic mice (such as human tau, 
ApoE etc) will also be presented.

In addition, transgenic mice over-expressing mutations in α-synuclein have 
been created to model Parkinson’s disease. An analysis of their phenotype will 
be presented.
Supported by NIH AG146133

592.3

PROGRESSION OF NEUROPATHOLOGY IN TRANSGENIC MICE 
EXPRESSING BOTH AMYLOID PRECURSOR PROTEIN AND PRESENILIN-1 
MUTATIONS. M.N. Gordon*1, P.E. Gottschall1, J.P. O'Callaghan2, K. Hsiao3, K. 
Duff4 & D.G. Morgan1. 1Alzheimer's Research Lab, Dept. of Pharmacology, Univ. 
of South Florida, Tampa, FL 33612-4799,2CDC/NIOSH, Morgantown, WV 26505, 
3Dept. of Neurology, Univ. of Minnesota, Minneapolis, MN 55455 and 4Mayo 
Clinic, Jacksonville FL 32224.

Doubly transgenic mice carrying both mutant presenilin-1 (PS-1 ,MI46L,
K. Duff) and mutant amyloid precursor protein-695 (APP,K67ON/M67IL, Tg2576, 
K. Hsiao) were killed at 3, 6, 9 and 12 months of age, along with non- and 
singly-transgenic litter mates. Hemispheres were collected for anatomical measures 
or solid-phase immunoassay from each mouse. Congophilic deposits in the cerebral 
cortex and hippocampus immunostained for both Aβ 1-42 and Aβ 1-40. In addition, 
a band of Aβ immunoreactivity restricted to the inner 1/3 of the dentate molecular 
layer was particularly striking in older animals. At 9 months of age, striatal deposits 
were stained with Aβ 1-42, but not with Aβ 1-40; this brain region is devoid of 
deposits at younger ages. Congophilic deposits contained dystrophic neurites that 
were immunostained for APP (22c 11), synaptophysin, abnormally phosphorylated 
neurofilaments (SMI-312) and ubiquitin, and were surrounded by GFAP 
immunoreactivity. At 9 and 12 months of age, immunoassay revealed that GFAP 
levels increased > 3-fold in brain regions of high Aβ+ deposit density, but not in 
brain regions devoid of Aβ deposits. However, there was no apoptotic neuronal cell 
death in 12-month-old doubly transgenic mice by TUNEL staining. In summary, 
these doubly transgenic mice recapitulate some, but not all neuropathological 
features typical of Alzheimer's disease.
Supported by P01 AG 14633.

592.5

Apoplipoprotein E and Amyloid Deposition in Transgenic Mice 
Overexpressing APPV717F. K.R.Bales1*, T. Verina2, J.Saura3, R.C. Dodel3, Y. 
D u1,3, D.J.Cummins4, P.Piccardo2, B.Ghetti2, and S.M.Paul1,3. 1Neuroscience 
Discovery Research, Eli Lilly & Co., 2Dept. of Pathology and Laboratory 
Medicine and 3Pharmacology,Toxicology, and Psychiatry, Indiana University 
School of Medicine, 4Statistical and Mathematical Sciences, Eli Lilly & Co.

Inheritance of an ε4 allele of the apolipoprotein E gene influences the 
pathogenesis of Alzheimer’s disease (AD) by increasing the relative risk as well as 
decreasing the age of onset for developing AD. One hypothesis as to how apoE 
influences the relative risk (and age of onset) is that apoE somehow facilitates 
amyloid deposition consistent with neuropathological studies demonstrating 
increased brain amyloid burden in ε4 carriers. By crossing transgenic mice 
overexpressing APPV7I7F with apoE knockout mice, we have identified apoE 
expression as being critical (perhaps necessary) for the age-and region-dependent 
amyloid deposition observed in these mice (Nature Genetics 17:263,1997). We 
have now extended our study to an older cohort of APPv717F+/- mice (with various 
apoE genotypes) to determine if APPV7171+/-: apoE-/- mice will eventually develop 
thioflavine-S fluorescent amyloid deposits. As we previously observed for 
homozygous mice which lacked apoE, no thioflavine-S fluorescent amyloid 
deposition was found in APPV717f+/-; apoE-/- mice as old as 22 months of age, 
whereas age-matched APPV717f+/-; apoE +/- and apoE-/- mice have robust 
thioflavine-S fluorescent amyloid deposits. Although these data suggest that apoE 
plays a direct and necessary role in facilitating β-amyloid deposition, gene rescue 
experiments using the three human isoforms of apoE will be required to confirm 
the importance of apoE in facilitating β-amyloid deposition and are underway.

592.2

DEVELOPMENT OF β-AMYLOID DEPOSITS IN MUTANT APP AND  
PS-1 YEAST ARTIFICIAL CHROMOSOME TRANSGENIC MICE
K.A. Bardel1, E.J. Hœger1, G. Holtz2, J.J. Anderson2 S.L. Wagner2, D.R. Borchelt3 S. 
S. Sisodia4, B.T. Lamb1*. 1Department of Genetics, Case Western Reserve University, 
Cleveland, OH 44106; 2SIBIA Neurosciences, Inc., La Jolla, CA 92037; 
3Neuropathology Laboratory, Johns Hopkins University School of Medicine, 
Baltimore, MD 21287; 4Department of Pharmacology and Physiological Sciences, 
University of Chicago, Chicago, IL 60637.

To generate an accurate genetic animal model of Alzheimer’s disease (AD) we have 
focused on introducing the entire human amyloid precursor protein (APP) and 
presenilin-] (PS-1) genes containing familial AD (FAD) mutations cloned in yeast 
artificial chromosomes (YACs) into the mouse germline. The APP and PS-1 genomic 
sequences contain the transcriptional regulatory elements required for proper spatial and 
temporal expression with appropriate splice donor and acceptor sites needed to generate 
the entire spectrum of alternatively-spliced transcripts and protein isoforms. We have 
recently demonstrated that mutant APP and PS-1 YAC transgenic mice exhibit altered 
APP and β-amyloid (Aβ) metabolism in vivo.

We now document that R1.40, a high expressing mutant APP YAC transgenic 
mouse line containing the K670N/M671L FAD mutation develops Aβ deposits in the 
frontal cortex and hippocampus of aged animals when mated to homozygosity. The 
deposits were large and diffuse and did not stain with silver, suggesting that they are 
similar to early Aβ deposits observed in AD and Down Syndrome. Moreover, when the 
R1.40 line was mated to a mutant (A246E) PS-1 cDNA-based transgenic line, aged 
animals developed compact, silver-positive Aβ deposits scattered throughout the frontal 
cortex. Our results suggest that YAC transgenic mice will provide a unique animal 
model system to study the environmental and genetic modifiers of Aβ deposition and 
other phenotypes observed in AD.

Supported by NIH AG 14451 and AG08012.

592.4
CEREBRAL AMYLOID ANGIOPATHY IN APP TRANSGENIC MICE 
WITH AMYLOID PLAQUE FORMATION.
M. Jucker1 *, M. Stalder1, M. Tolnay1, K.H. Wiederhold2, D. Abramowski2, B. 
Sommer2, M. Staufenbiel2, M.E. Calhoun1.
1 Neuropathology, Institute of Pathology, Univ. of Basel, Basel, Switzerland. 
2Novartis Pharma AG, Basel, Switzerland.

Cerebral amyloid angiopathy (CAA) occurs as a sporadic disorder in the 
elderly and occurs abundantly in Alzheimer's disease. APP-transgenic mice 
overexpressing mutant human amyloid precursor protein (APP-23 line; 
Stürchler-Pierrat e t  al., PNAS 94: 13287-92,1997) develop CAA in addition to 
amyloid plaques. CAA-related pathology ranged from Aß-pos¡tive thickening 
of the vascular wall to large amyloid deposits extending from the vessels into 
the neuropil. At the ultrastructural level amyloid fibrils were associated with the 
basal lamina. Where this amyloid infiltrated the surrounding neuropil, activated 
microglia and dystrophic neurites were observed. Staining of adjacent 
sections with Congo-Red and Aß revealed that the majority of vessel- 
associated amyloid is fibrillary. Regional specificity of CAA (primary sites: 
cortex, hippocampus, thalmus) was similar to the location of amyloid plaques. 
However, the extent of amyloid plaque deposits versus CAA in various 
regions exhibited significant variation (cortex: high plaque load, moderate 
CAA; hippocampus: high plaque load, minimal CAA; thalamus: low plaque 
load, high CAA). Blood vessels in the leptomeninges were also affected. 
Overall, mice with a high plaque load had more CAA than mice with a low 
plaque load, as revealed by quantitative analysis in 15 transgenic mice 
(R2=0.88; p<0.0001). Use of a brain- and neuron-specific Thy-1 promoter 
element to express APP illustrates that a neuronal source of APP can be 
sufficient to induce both CAA and amyloid plaque formation. Qualitative 
evidence of neuronal death was observed in the vicinity of vessels with 
perivascular amyloid. This model will be instrumental to clarify common 
mechanisms of vessel and neuropil-associated amyloid deposition. 
Supported by the Swiss National Science Foundation.

592.6
EFFECTS OF ENTORHINAL CORTEX LESIONS ON 
HIPPOCAMPAL β-AMYLOID DEPOSITION IN PDAPP  
TRANSGENIC MICE.
K. S. Chen*, F. Soriano, W. Lyn, H. Grajeda, E. Masliah# and D. 
Games. Athena Neurosciences, 800 Gateway Blvd., South San 
Francisco, CA 94080; and #University of California, San Diego, 
Department of Neurosciences, La Jolla, CA 92093.

Transgenic mice overexpressing mutant beta-amyloid precursor 
protein 717 V->F have been previously shown to develop a number of 
neuropathological characteristics that are observed in A lzheimer’s 
disease including deposits of beta-amyloid protein into plaques. The 
deposition of beta-amyloid in the hippocampus of the PDAPP 
transgenic mice was found to be sub-regionally specific, such that 
dense deposits of beta-amyloid are consistently observed in a 
characteristic band in the outer one-third of the molecular layer of the 
dentate gyrus. This regional deposition in the outer molecular layer of 
the dentate gyrus coincides with the pattern of innervation from the 
entorhinal cortex. Therefore, we hypothesized that a disruption of 
these well-characterized, uni-directional afferents from the entorhinal 
cortex would reduce beta-amyloid deposition within the terminal 
fields in the hippocampus. Electrolytic lesions of the cells of origin 
located in the entorhinal cortex were performed on PDAPP transgenic 
and non-transgenic mice. The effects of disruption of the projections 
from the entorhinal cortex to the dentate gyrus were examined at a 
time point before amyloid plaques begin to accumulate (8 months of 
age), after amyloid plaques have already started forming (10 months 
of age), and after significant amyloid plaques are present (15 months 
of age). Beta-amyloid deposition were assessed using antibodies that 
recognize beta-amyloid plaques or neuritic plaques. The effects of 
these lesions on astrocytosis and microgliosis were also examined.
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592.7
SODIUM AZIDE POTENTIATES THE PATHOGENIC EFFECTS OF AMYLOID 
IN TRANSGENIC MICE. P.T. Jantzen1, M.N. Gordon1, P.E. Gottschail1*, K. 
Hsiao2, K. Duff3 and D.G. Morgan1. 'Alzheimer’s Research Laboratory, Dept. of 
Pharmacology, Univ. of South Florida, Tampa, FL, 33612-4799,2Dept. of 
Neurology, Univ. of Minnesota, Minneapolis, MN, 55455, and 3Mayo Clinic, 
Jacksonville, FL, 32224.

There exists a growing body of evidence that defects in energy metabolism 
contribute to the pathogenesis of Alzheimer's Disease (AD). In particular, 
cytochrome c oxidase (CO) activity is decreased in both brain and peripheral tissues 
in late-onset AD. Thus far, transgenic mouse models of AD have not resulted in 
neurodegeneration. One hypothesis is that reduced CO activity is essential to cause 
these changes. Doubly transgenic mice carrying both mutant presenilin-1 (PS-1,
M146L, K. Duff) and mutant amyloid precursor protein-695 (APP, K670N/M671L, 
Tg2576, K. Hsiao) and non-Aβ-depositing littermates were treated with sodium 
azide at a dose of 1.0 mg/kg/hr for four weeks. CO activity in the brains of azide- 
treated animals was decreased by 22%. In untreated doubly transgenic mice, there is 
little microglial activation associated with Ap deposits. In azide treated mice, most 
deposits were associated with activated or phagocytic microglia. Similarly, untreated 
mice do not have TUNEL positive profiles, while azide-treated doubly transgenic 
mice have numerous TUNEL-positive nuclei, and considerably more than 
nontransgenic azide treated mice. Thus, chronic sodium azide challenge potentiates 
microglial activation in PS-Tg2576 mice and exacerbates the pathology of Aβ 
deposition in these mice.
Supported by P01 AG 14633.

592.9
INFLAMMATION IN PSAPP ALZHEIMER'S TRANSGENIC MICE BRED 
INTO COMPLEMENT SUFFICIENT, BUB/BNJ, MOUSE STRAIN. K.L.Wright1, 
K.Hsiao2. K.Duff3, D.G.Morgan*1, M.N.Gordon1. 'Alzheimer’s Research 
Laboratory, Dept. of Pharmacology, Univ. of South Florida, Tampa, FL 33612-4799, 
2Dept. of Neurology, Univ. of Minnesota, and 3Mayo Clinic, Jacksonville, FL.

Several inflammatory markers are co-localized with plaques in Alzheimer's 
Disease (AD) including complement proteins and reactive astrocytes and microglia. 
There is evidence that the plaque component, Ap, may exhibit its neurotoxicity in 
vitro through its interaction with complement and/or microglia. Aβ has been shown 
to activate the complement cascade as well as elicit microglia in vitro to release 
neurotoxins, among which may be complement components. The PSAPP mice are 
doubly transgenic for the Tg2576 (Hsiao) APP mutation and the PS1 (Duff) 
presenilin mutation. These mice have been shown to develop AD-associated 
pathology at earlier time points and to a greater extent than the singly transgenic 
Tg2576 mice, however there is no evidence of neurotoxicity. We hypothesize that 
this is due to the lack of complement activity in the background strains of the 
standard doubly trangenic mice (C57BL/6, DBA, Swiss Webster, and SJL) therefore 
we have bred these transgenes into complement sufficient BUB/BNJ mice. Doubly 
transgenic mice on the standard genetic background develop substantial numbers of 
congophilic Aβ deposits by 6 months. However, these are not associated with 
reactive microglia. In doubly transgenic mice bred with BUB/BNJ mice, the plaque 
density is roughly the same, but the deposits are now associated with reactive 
microglia. These results are consistent with the idea that low levels of complement 
activity limit the pathogenic responses to Ap deposits in most mouse strains. 
Supported by the Benjamin Alzheimer's Disease Research Trust and AG14633.

592.11
Caspase activation and synapse loss in aged APPsw transgenic mice and 
Alzheimer’s Disease. G._M. Cole*. F. Yang, P.P Chen, S.A. Frautschy and K. 
Hsiao2 Sepulveda VAMC GRECC 11E, Sepulveda, CA 91343 and UCLA 
Depts. Med. and Neurol., L.A., CA 90095, Dept. Neurol., U. 
Minn.,Minneapolis, Mn.55455
An antibody, (“fractin”) which detects actin fragments with cleavage at Asp244 
by ICE-related “CASPase” proteases has been used as an in situ probe to detect 
focal caspase activation in cell bodies and processes in cultured cells and tissue 
sections (Am J. Pathol. 1998, 152:379-389). Using triple-labeling with confocal 
microscopy, caspase activation was detected in synaptophysin-positive terminals 
in and around neuritic plaques in aged APPsw mice and in Alzheimer’s Disease 
(AD) cases. While many plaques showed caspase-activation co-localized with 
synaptophysin, TUNEL-positive perikarya were comparatively rare. Comparable 
fractin staining was not detected in aged transgene-negative littermates or control 
brains. Preliminary data show that synaptophysin is reduced in regions 
(entorhinal cortex and hippocampus/ subiculum) of aged APPsw mice showing 
extensive caspase-activation in nerve terminals. Although there was some 
overlap with phosphotau (AT8)-stained neurites, caspase-activation in nerve 
terminals often appeared to be independent of dystrophic neurite formation. 
Therefore, we have used fractin-immunolabeling in synapses as an index of 
synapse loss in tests of potential neuroprotective treatments in aging APPsw 
mice and other animal models for AD. The results of these ongoing experiments 
will be discussed. Inhibition of caspase-activation in nerve terminals may be an 
effective surrogate marker for an inhibition of synapse loss - a process widely 
believed to lead to dementia. Supported by grants from VAMerit and AG 13741.

592.8
DEVELOPMENT OF A BETTER MOUSE MODEL FOR INVESTIGATING THE 
ROLE OF COMPLEMENT IN ALZHEIMER'S DISEASE. D.H. Cribbs*1. S.D. 
Webster2, T.L. Poulos2  and A.J. Tenner2,  'Institute for Brain Aging and Dementia, 
Department of Neurology and 2Department of Molecular Biology and 
Biochemistry, University of California, Irvine, CA 92697.

Some pathological features of Alzheimer's disease (AD) have been replicated 
in transgenic models, including the deposition of beta-amyloid (AB) into senile 
plaque-like structures and colocalization of activated astrocytes and microglia. 
However, in the transgenics studied thus far, neuronal loss and behaviorial 
deficients have been observed only after a much greater “amyloid load” than 
generally seen in the human disease. One explanation for the lack of these 
pathological events is that the mouse is deficient or altered in some way that 
prevents it from displaying a complete AD profile. There is increasing evidence 
for a role of the classical complement pathway in triggering a significant 
inflammatory component in the pathogenesis of AD. We have previously 
demonstrated that a specific sequence of the human C1q A chain is critical in 
binding AB and the resulting activation of complement. The sequence of this 
region of mouse C1q differs significantly from the human in that two of three 
arginines capable of interacting with fibrillar forms of AB are missing in the mouse 
sequence. A peptide based on the mouse C1q A chain sequence was ineffective 
at blocking Aβ activiation of human complement, in contrast to the inhibitory effect 
of the human C1q A chain peptide (residues 14-26). Additional studies suggest 
that mouse complement is less efficiently activated by fibrillar AB than is human 
complement. These results may explain the less robust beta-amyloid driven cycle 
of complement activation, inflammatory events and neurodegeneration seen in 
murine models expressing large amounts of AB.
Supported by NIH NS35144.

592.10
EVIDENCE OF GLIAL-MEDIATED INFLAMMATION IN AGED APPSW 
TRANSGENIC MICE. W.C. Benzing.*§ L.H. B u rgess,§ J.R. Wujek,§ E.K. Ward, δ 
D. Shaffer, § A.M. Piotrkowski,§ K. Hsiao,γ S.G. Younkin ¶ and K.R. Brunden .  
§Discovery Research Group, Gliatech Inc., Cleveland, OH 44122; γ Univ. Minnesota, 
Minneapolis, MN.,  ¶ Mayo Clinic, Jacksonville, FL.

Chronic expression of inflammatory cytokines by glia may underlie, in part, the 
neurodegenerative events that occur within the brains of patients with Alzheimer's 
disease (AD). Activation of the classical complement cascade and consequent 
formation of anaphylatoxias and the membrane-attack complex (MAC) may also 
contribute to AD pathology. The present study examined whether such markers of 
inflammation could be observed within the brains of the recently described 
Tg(HuAPP695.K670N/M671L)2576 transgenic mouse (Tg2576). 
Immunocytochemical techniques were used to examine 18-month old Tg2576 and 
control mice for the presence of the cytokine IL-1β, the C5b-9 (MAC) end-stage 
complement activation product, amyloid β peptide (AB) deposition and activated 
microglia. Thioflavine-S was used to demonstrate fibrillar Aβ deposition. Anti-murine 
IL-1B (Endogen) antisera revealed the presence of 1L-1β within activated microglia 
associated with fibrillar (thioflavine-positive) AB deposits. Competitive PCR 
techniques demonstrated substantial levels of IL-1β mRNA in brain regions containing 
activated microglia. In addition, a polyclonal anti-C9 antibody that recognizes the C5b- 
9 complex (kindly provided by B.P. Morgan) revealed the presence of MAC within 
plaque-associated structures that resembled dystrophic neurites. As with the IL-1β 
positive microglia, these MAC-positive profiles were observed in association with 
fibrillar AB deposits. These findings provide a clear indication that Tg2576 mice 
exhibit features of the inflammatory pathology seen in AD and suggest that these mice 
are a useful animal model for studying the role inflammation may play in Alzheimer's 
disease. Support: Gliatech Inc. and Janssen Pharmaceutica, N.V.

592.12
EFFECTS OF INHIBITING COMPLEMENT ACTIVATION AND 
MICROGLIAL ACTIVATION ON Aβ DEPOSITION AND TOXICITY. S.A. 
Frautschy* J.J. Sigel. M.E. Harris. A. Thomasian. F. Yang, P.P. Chen, D. 
Horn. A. Tenner2 VAMC GRECC 11E, Sepulveda, CA 91343 and UCLA 
Depts. Med. and Neurol., L.A., CA 90095, 2Mol. Biol. Bioch., UC Irvine 

Neuropathologic evidence of microglial activation and the negative correlation 
of NSAIDs with risk for Alzheimer’s disease (AD) suggest that chronic brain 
inflammation might be a critical pathway causing progression of the disease. 
Multiple inflammatory pathways could be responsible for neurodegeneration in 
AD brain including activation of the complement cascade. In vitro, Aβ peptide 
can bind Clq and activate complement via an antibody-independent pathway. 
Modified A 42  (IsoAsp7AB42) forms amyloid fibrils and binds Clq, but unlike 
unmodified Aβ42, does not activate complement (Nature Med. 3:77-79,1997). 
To test the hypothesis that activation of the complement cascade by AB is an 
important pathway for neurodegeneration, we infused AB42 with a lipoprotein 
carrier into the lateral ventricle of the rat brain. A separate group of rats received 
IsoAsp7AB42 and lipoprotein carrier. Our results show that compared to native 
AB42 infusion, rats infused with modified AB had reduced deposition of AB, 
reduced microglial activation, no astrocytic reaction to AB deposits, and reduced 
TUNEL-labeled nuclei in neuron layers of the frontal and entorhinal cortex. 
These results support the hypothesis that inhibition of complement activation 
dramatically reduces gliosis and toxicity associated with DNA fragmentation. 
NS AID treatment of AB42-infused rats similarly reduced microglial activation. 
NSAID effects on neurotoxic responses are currently being evaluated and will be 
compared with defective complement-activation. Supported by grants from VA 
Merit and AG10685 and by a gift of Mrs. Kimberly Siegel/UCLA Center 
Aging(SAF).
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592.13
APP AND AMYLOID BETA IN A GUINEA PIG MODEL OF 
FOCAL STROKE N.J. Thomas, Y. Zhou, M. Buzek, W .R .S. 
Selman, W.D. Lust and R .N .  Kalaria (SPON: Society of 
Neuroscientists of Africa) MRC Unit and IHE, Newcastle General 
Hospital, and Department of Psychiatry, University of Newcastle upon 
Tyne, UK, Department of Neurological Surgery, Case Western Reserve 
University, Cleveland, OH 44106 ,USA and IPR, Kenya.

Previous studies from our laboratory suggest enhanced amyloid precursor 
protein (APP) reactivity in astroglia surrounding the infarcted regions in the 
rat but not in human tissue. In an effort to develop a model compatible with 
the presence of Alzheimer neuronal and vascular pathology in humans, we 
have initiated a series of studies of focal stroke induced by middle cerebral 
artery occlusion (MCAO) in guinea pigs and baboons. MCAO in guinea pigs 
revealed increased accumulation of APP detected with human specific 
antibodies (APP75 and APP 95) in neurons in the perifocal region and 
adjacent cortical areas. However, immunoreactvity in astrocytes was 
remarkably absent with these antibodies. The earliest time point such a 
response could be observed was at 6 hours after MCAO. Antibodies to 
amyloid beta protein showed accumulation within dystrophic neurons 
predominantly in the perifocal regions but extracellular deposition was rare. 
Further studies are in progress to assess whether concentrations of amyloid 
beta are increased in the perifocal regions and assess other factors which 
might contribute to its deposition. We conclude that the guinea pig is a more 
realistic model to investigate human APP metabolism than the rat. 
Supported by grants from NINDS and the Alzheimer’s Association.

ISCHEMIA: ION HOMEOSTASIS, METABOLISM AND HYPOTHERMIA

593.1

INCREASE IN EXTRACELLULAR OSMOLALITY INDUCES BOTH 
NEUROPROTECTIVE AND CYTOTOXIC EFFECTS IN A CELLULAR 
MODEL OF “OSMOLYTIC” NEURONAL DEATH. V.V. Senatorov*. P. 
Stys and B. Hu. Loeb Research Institute, Ottawa, Ontario K1Y 4E9.

Osmotherapy is frequently used to combat acute neuronal injury caused by 
Na+ overloading such as in trauma and stroke. We studied the mechanisms 
underlying osmotherapy in rat thalamic neurons acutely injured by Na+- 
overloading through the application of Na+-ionophore monensin (50 µM) plus 
Na,K-pump inhibitor ouabain (250 µM). Drugs were applied in either isotonic 
(300 mOsm/kg) or hypertonic (330, 350, 370 and 400 mOsm/kg) media. Cell 
viability was assessed with fluorescent indicators calcein AM and ethidium 
homodimer. [Na+]; and [Ca2+]j were monitored using Na+ and Ca2+ 
fluorophores Sodium Green and Calcium Orange. In isotonic media, drug 
application resulted in a rise in [Na+]i and [Ca2+]i and the death o f 74% 
neurons. When drugs were applied in 10% hyperosmotic (330 mOsm/kg) 
medium, [Na+]i and [Ca2+]i did not rise and cell death rate dropped to 11%. 
However, drug application in solutions with higher osmolality (350, 370 and 
400 mOsm/kg) resulted in higher death rate (26, 40 and 53% respectively) and 
a rise in [Na+]i and [Ca2+]i. Remarkably, the majority o f neurons killed in these 
hyperosmotic solutions (370 and 400 mOsm/kg) showed no sign o f necrosis 
including swelling and membrane disintegration. These data suggest that 
osmolality increases may produce opposite effects on neuronal viability 
depending upon the magnitude of media hypertonicity. Supported by the MRC 
and Heart and Stroke Foundation o f  Canada.

593.3

DISTINCT SODIUM ENTRY PATHWAYS CRUCIALLY INFLU
ENCE NEURONAL DAMAGE AFTER HYPOXIA/HYPOGLYCE- 
MIA IN ORGANOTYPIC HIPPOCAMPAL SLICE CULTURES. 
J. Breder*, C.F. Sabelhaus. K.G. Revmann and U.H. Schroder. Leib- 
niz Institute for Neurobiology and Institute of Applied Neurosciences, 
Brenneckestr. 6, POB 1860, 39008 Magdeburg, Germany 

Na+ influx during cerebral ischemia is responsible for some of the 
acute injury seen in CNS. In the present study we investigated the 
influence of different Na+ entry pathways on ischemic damage in 
organotypic hippocampal slice cultures (OSC) from 10-days-old rats. 
After 14 days in vitro OSC were subjected to hypoxia/hypoglycemia. 
The synaptically evoked population spike in the CA1 region was taken 
as a measure of neuronal viability. Furthermore neuronal damage was 
assessed by propidium iodide staining 24 h after the ischemic insult. 
Tetrodotoxin, an inhibitor o f voltage-gated Na+ channels and the 
NMD A receptor blocker MK 801, but not the AMPA/kainate receptor 
blocker NBQX, prevented ischemic cell death. Na+-dependent exchan
gers are also involved in neuronal damage. Harmaline, an inhibitor of 
Na+/H + exchange, and the novel Na+/Ca2+ exchange inhibitor KB-R 
7943, which preferentially acts on the reverse mode o f the exchanger, 
reduced neuronal cell death. In the present study we show that besides 
Na+ channels and the NMDA receptor the Na+/H + exchanger and the 
Na+/Ca2+ exchanger in reverse mode also contribute significantly to 
neuronal cell death after hypoxia/hypoglycemia in vitro.
This study is supported by BMBF grant 0319998B.

593.2
STEPWISE BREAKDOWN OF ION-HOMEOSTASIS AND NEURONAL 
FUNCTION CORRELATES WITH TRANSIENT DEPOLARIZATIONS IN BORDER 
ZONES OF CAT FOCAL ISCHEMIA. K. Ohta*. R. Graf. G. Rosner, W -D, Heiss. 
Max-Planck-Institut fur neurologische Forschung, D-50931 Cologne, Germany

Characteristics of spreading depression-like transient cortical depolarizations (TCD) 
were analyzed in border zones of focal cerebral ischemia focusing on progressive 
deterioration of ion-homeostasis.

In 22 halothane anesthetized cats, the left middle cerebral artery was occluded 
(MCAO) for 18 hours. A laser Doppler probe, an ion-selective microelectrode and an 
NO electrode measured rCBF, DC potential, ECoG, and extracellular Ca2+ and nitric 
oxide (NO) concentrations, respectively, in ectosylvian gyrus (EG) and suprasylvian 
gyrus (SG) of the left cerebral cortex.

In EG, which is more proximal in the MCA territory than SG, TCD was not observ ed. 
In SG, TCD was detected in 4 out of 12 animals with vehicle treatment, while it was 
totally absent in 10 animals with MK-801 treatment (5 mg/kg i.v. 30 min before 
MCAO). TCD developed only in cases with moderate ischemia, and it appeared 
repeatedly 10-22 times in 3 animals and once in one animal. The amplitude of TCDs 
ranged from -20.8 to -27.6 mV, and its duration was less than 4 min. At the final stage, 
repeated TCDs turned into terminal depolarization without recovery. During TCD. 
ECoG was markedly suppressed, and ECoG recovery after TCD worsened stepwise with 
consecutive depolarizations. Extracellular Ca2+ activity showed triphasic changes with a 
first small increase followed by a deep decrease of about 0.9 mM and a final recovery to 
baseline. Regional CBF alterations were not consistently observed, and NO was not 
changed transiently during TCD.

In conclusion, TCD is not a common finding in ischemic border zones in cats, and it 
is completely suppressed by the NMDA antagonist MK-801. However, if repeated TCDs 
are generated, they seem to result in a stepwise, progressive breakdown of ion- 
homeostasis and of neuronal function.

593.4
IDENTIFICATION AND CLONING OF A NEW PROTEIN FROM RAT 
BRAIN RELATED TO THE SODIUM BICARBONATE COTRANSPORTER. 
R.G. Giffard.I*-M.R. Emond.1 R. Giuffrida,2 and H. Monver3  1 Dept of 
Anesthesia, Stanford Univ. Med. Ctr; Stanford CA 943052 2Instituto di Chimica 
Biologica, University of Catania, 95125 Catania, Italy, JCenter for Molecular 
Biology, Heidelberg, Germany.

The sodium-bicarbonate cotransporter (NBC) is thought to play an important 
role in the regulation of brain pH. Evidence suggests it is primarily present on 
glial cells and may participate in the directional flow of ions between the 
interstitial space and the bloodstream. The NBC is implicated in the response of 
astrocytes to ischemic acidosis, and may participate in glial modulation of 
neuronal excitability via interstitial pH modulation. Little information about the 
developmental and regional distribution of this transporter is currently available, 
and no other family members had yet been identified. A PI 5 rat hippocampal 
cDNA library was screened using a PCR fragment amplified from the rat NBC. 
We isolated a cDNA encoding a sequence related family member. The longest 
open reading frame encodes a protein which is most closely related to the NBC 
on a search of the GenBank database, with about 50% similarity at the amino 
acid level. The protein is 1100 amino acids long, and two different splice 
variants have been identified by the absence or presence of an exon encoding 30 
amino acids. The regional distribution and developmental expression of the new 
clone and of the known sodium-bicarbonate cotransporter were determined by 
in situ hybridization. The new gene is widely expressed in brain, with 
expression beginning just before birth (El 9) and increasing from P0 to P1 5. The 
NBC is also first detected about E l9 particularly in spinal cord, and is expressed 
in most brain regions at increasing levels from P0 to P1 5. Localization of NBC 
as seen on emulsion dipped sections is consistent with expression in Bergmann 
glial cells in cerebellum. Despite the similar developmental timecourse of 
expression, the regional distribution o f the two genes in brain is distinct. The 
new transporter has been subcloned into a eukaryotic expression vector and 
further cellular and functional studies are in progress.
Supported in part by Stanford University and the Schilling Foundation.
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593.5
REDUCED INWARDLY RECTIFYING K+ CURRENTS IN GLIAL 
CELLS SURROUNDING ISCHEMIC LESIONS. H. Koeller*. M. 
Schroeter, S. Jander, G. Stoll and M. Siebler. Dept. Neurology, 
Heinrich-Heine-University Dủsseldorf, P.O. Box 101007, D-40001 
ü , Germany.

In the border zone o f ischemic lesions glial cells are activated as 
shown by an increased expression of GFAP and vimentin. Here, we 
investigated the electrophysiological properties of these glial cells.

Adult Wistar rats were sacrificed 3 to 4 days after permanent middle 
cerebral artery occlusion and acutely dissociated cells from the border 
zone o f the infarct and from the intact contralateral hemisphere were 
studied by means o f the patch clamp technique. Cells with membrane 
potentials o f more than -  50 mV and membrane resistances o f more 
than 200 MOhm were included. Cells were identified as glial cells by 
the absence o f action potentials after intracellular current injection.

Cells surrounding the ischemic infarct were characterized by a 
prominent delayed outwardly rectifying K+ current (Kd) and a small or 
absent inwardly rectifying K+ current (Kir). Cells from the contralateral 
hemisphere possessed large Kir currents with amplitudes exceeding 
those o f the Kd currents.

We conclude that glial cells in the border zone o f an ischemic infarct 
express a different pattern o f  K+ currents which may affect glial cell 
functions such as maintenance o f local ion homeostasis. (Supported by 
the Deutsche Forschungsgemeinschaft, SFB 194, B6 and B7)

593.7
CRITICAL ROLE OF POLYAMINE CATABOLISM IN THE MEDIATION OF 
CEREBRAL ISCHEMIC DAMAGE. S. Ivanova*1. G. Botchkina1, F. 
Batliwalla3, Y. Al-Abed1. P. Gregersen3 and K. J. Tracey1,2. 1Lab. of Biomed. 
Sci., The Picower Inst, for Med. Res, 2Dept. of Neurosurgery, 3Div. of Biol, 
and Human Gen., North Shore Univ. Hospital, Manhasset, NY 11030.

The polyamines spermine, spermidine and putrescine are released 
by dying cells during cerebral ischemia (stroke). The enzyme, tissue 
polyamine oxidase (PAO), catabolizes spermine and spermidine generating 
the non-toxic polyamine, putrescine, and the cytotoxic aldehyde, 3- 
aminopropanal. We subjected rats to permanent forebrain ischemia and 
analyzed polyamine catabolism by employing a high performance liquid 
chromatography (HPLC) assay detecting the derivatized stable product, 3- 
aminopropanal-2,4-dinitrophenyl hydrazine (3-AP-2.4-DNP). Here we report 
that 3-aminopropanal levels were not detectable in normally perfused brain, 
but were significantly elevated 2 hr post ischemia (3.8 ± 0.3 pmol/g protein or 
0.81 ± 0.06 mM), and were further progressively increased for at least 25 hrs 
(2.66 ± 1.8 mM). Electrospray ionization mass spectroscopy (EIMS) 
confirmed the identity of the HPLC-purified product, 3-AP-2.4-DNP (m/z 251). 
Extensive cellular degeneration developed following stereotactic intracortical 
administration in 3-aminopropanal (25 µg/2 µ ), but not in vehicle-treated rats. 
In vitro exposure of glial and neuronal cell lines to 3-aminopropanal, and flow 
cytometric analysis by the TUNEL and Annexin V/Propidium Iodide methods 
showed that 3-aminopropanal caused caspase-1-mediated apoptosis in glial 
cells, whereas neuronal cell death was necrotic. Brain PAO activity was also 
shown to be significantly upregulated post-ischemia (15.8 ± 0.9 nmol/h/mg 
protein; vs. control 7.4 + 0.5 nmol/h/mg protein; p<0.05). Taken together, our 
results establish the first etiological link between PAO-generated 3- 
aminopropanal and the development of brain cytotoxicity in ischemia.

593.9
PROTECTION AGAINST ISCHEMIA IN VITRO BY INHIBITION OF 
NEURONAL METABOLISM WITH MAGNESIUM PLUS MEXILETINE. C.S. 
Ogilvy*, A. Quinones-Hinojosa, and K.I. Maynard. Department of Neurosurgery, 
Massachusetts General Hospital and Harvard Medical School, Boston, MA, 02114

We have previously shown that mexiletine (Mex) (300 µM), a use-dependent Na+ 
channel blocker, plus Mg 2+ (1 mM), a blocker of calcium and NMDA receptors, 
provide functional neuroprotection using the in vitro retina (Maynard et al., Soc 
Neurosc Abs, 1997). In this study, we used the same model to measure the effect of 
Mex and M g2+ on glucose utilization and lactate production, under control 
conditions, and for up to 3 h following a 2 h ischemic insult.

Retinas (n=8) exposed to Mex (300 pM) had significantly decreased glucose 
utilization when compared to untreated retinas (p<0.01) but no significant effect on 
lactate production. M g2+ (1 mM) (n=8) did not have an effect on glucose utilization 
or lactate production. The combination of Mex (300 pM) plus Mg 2+ (1 mM) (n=8 
per group), however, significantly decreased glucose consumption (p<0.01) and 
lactate production (p<0.05). Following two hours of ischemia, Mex (300 µM, n=6), 
Mg 2+ (1 mM, n=4), and the combination of Mex (300 pM) plus Mg 2+ (1 mM) (n=6) 
significantly improved recovery of function as indicated by glucose utilization when 
compared to controls (Repeated Measures (RM) ANOVA, p<0.01). However, the 
improvement of lactate production was noticeable only in the retinas treated with the 
combination of Mex (300 pM) plus M g2+ (1 mM) (n=6, RM ANOVA, p<0.01).

Our studies indicate that Mex plus Mg 2+reduce neuronal energy requirements in 
the in vitro retina and protect against the secondary energy failure following transient 
neuronal ischemia as indicated by the marked recovery of glucose utilization and 
lactate production. Our findings suggest a causal relationship between the recovery 
of neuronal energy demands and functional neuroprotection by Mex plus Mg 2+.

CSO supported by NIH, AQH supported by HHMI, and KIM supported by AHA.

593.6
BLOCKADE OF CENTRAL POTASSIUM CHANNELS REVERSES THE 
NEUROPROTECTIONAGAINST FOCAL ISCHEMIC INFARCTION ELICITED 
FROM FASTIGIAL NUCLEUS Reis.D.J.* Christensen J. and Golanov.E.V .Div. of 
Neurobiol., Depts. o f Neurol. and Neurosci., Cornell Univ. Med. Coll., New York, NY 
10021.

Electrical stimulation of the cerebellar fastigial nucleus (FN) in rat for 1h 
reduces by ~50%the volume of the focal ischemic infarction produced by occluding 
the middle cerebral artery (MCAO). This central neurogenic neuroprotection 
persists for weeks and shares similarities with the protection of brain and heart 
elicited by brief antecedent non-injurious episodes of ischemia (ischemic 
preconditioning, IP). In heart,IP is associated with opening of K+ATPchannels. We 
investigated whether opening of central K+ATP channels is also protective. Sprague- 
Dawley rats were anesthetized and instrumented. In the first experiment saline 
orthe selective K+ATP channel blocker glibenclamide (Glib) were administered icv 
followed by 1h of stimulation of FN or, as control, thedentate nucleus (DN). Twenty 
four hours after MCAO infarction volumes were measured. In controls (DN 
stimulation+icv saline) lesion volume averaged 127± 18 mm3 (n=5) while after FN 
simulation (+saline)it was ~40% smaller (to 79+9 mm3, p<0.05, n=5). Glib (1 umol 
in 5 uL icv) abolished salvage (135+34 mm3; n=5; compared with DN+saline 
controls; n=5; ns). To determine whether the K+ATP channel opening was required 
for sustained protection, the FN or DN were stimulated for 1 h, rats allowed to 
recover, and 72h later Glib or saline wereadministered icv followed by MCAO. 
Twenty-four h later lesions were measured. FN stimulation+saline (n=5) 
comparably reduced infarction volumes by ~ 40% (83+24 vs 139± 18 mm3 in 
DN+saline controls ( n=5/group;p<0.05, n=5). Glib also abolished salvage (147±22 
mm3, p>0.1, n=5). The results indicate that: (a) closure of K+ATP channels can block 
immediate (1h) and conditioned (72h) neuroprotection elicited from FN ; (b) FN 
stimulation elicits long-lasting opening of K+ATp channels, (c) The findings can 
explain the observation (Golanov and Reis, JCBFM, S381, 1997) that FN 
stimulation reduces electrical excitability of cerebral cortex suppressing peri- 
infarction depolarizing waves (PIDs). Opening of the potassium channels may be 
a mechanism responsible for neuroprotection elicited from cerebellum. (Supported 
by AHA 9640199N Establ. Inv. Award to Golanov E.V.).

593.8
SEVERITY OF HYPOXIC BRAIN DAMAGE IN NEONATAL RAT MODEL 

INFLUENCED BY BODY WEIGHT.

J.N. Halle1*. J.M, Giddav.2 J.P. MighdolL1 L Patron.1 V.S. Sardaryanst,’ and B J. 
Koos'. ‘Nicholas Assali Perinatal Research Laboratory. Brain Research Institute. 
UCLA School of Medicine. Los Angeles, CA and 2Department of Pediatric 
Neurosurgery, Children’s Hospital, School of Medicine, Washington University, 
St Louis.

The Rice-Vannucci Model (1981) is a well-established neonatal hypoxic- 
ischemic (H-I) encephalopathy model used in evaluating neuroprotective agents. 
However, the severity of damage is often not reproducible in the hypoxia control 
group when the rat pups are exposed as pairs in hypoxic chambers. The rate of 
oxygen utilization is directly proportional to body surface area and consequently 
body size. Because the larger brain of heavier pups should make them more 
vulnerable to H-I. we hypothesized that the variability of damage between litters 
exposed to the same H-I insult was related to their mean body weight. Each litter 
(N=17) of 7 day old Sprauge-Dawley pups underwent a left carotid artery ligation 
followed by 3 hrs of hypoxia (8% FIO2). Paired littermates (experimental drug, n 
= 73; hypoxia control, n = 71) were placed in weight-matched hypoxia chambers 
connected by a central oxygen distribution port. Seven days later, brain injury was 
assessed by percent reduction in ipsilateral hemispheric weight compared to the 
contralateral hemisphere. The results revealed a strong, positive linear relationship 
(R = 0.87) between mean rat pup weight/litter (12.7-18.3 g) and control group 
brain damage (3.0-44.3%), with damage consistently > 30% when body weight > 
16 gms. In conclusion, severe brain damage following an H-I insult at 7 days old 
is more probable if mean litter weight is increased. Reducing litter size to eight 
pups at birth increases mean pup weight and improves reproducibility of brain 
injury. Supported by NIH NR-07049 & HD-18478.

593.10
INFLUENCE OF HYPERGLYCEMIA ON CLINICAL OUTCOME AND 

INFARCT SIZE AS MEASURED BY MR-IMAGING AFTER INTRAVENOUS 
THROMBOLYSIS IN FOCAL CEREBRAL ISCHEMIA

Th. Els, M. Qrszaqh1, T. Naumann*2", C-H Lucking. Dept. of Neurology, 
Dept.of Neuroradiology-1, Dept, of Anatomy2, University of Freiburg, FRG 

The aim of the present study was to investigate whether hyperglycem ia 
influences the clincal outcome or the infarct size after thrombolysis of a 
focal cerebral ischemia in humans.

Hyperglycemic (n=5) and normoglycemic patients (n=6) with an acute 
focal cerebral ischemia (<3 hours) in the MCA-territory received rtPa 
(0.9mg/kg body weight) intravenously. Clinical outcome was measured 
using the NIH stroke scale on admission, day 1, 2, 3 and 7. Infarct size was 
measured by diffusion-weighted MR imaging on admission, day 1 and 3.

Mean blood glucose level at admission was 288±74mg/dl in the 
hyperglycemic group and 102±27mg/dl in the normoglycemic group 
(p<0.05). The neurological outcome on day 7 was significant worse in the 
hyperglycemic patients than in the normoglycemic group (NIH stroke score 
13 versus 8 (p<0.05)). Infarct size in diffusion-weighted MR-imaging on day 
3 was significantly increased in hyperglycemic patients A=59.4±18.3% as 
compared with normoglycemic patients A=36.7±11.3% (p<0.05).

Animal models have shown a possible beneficial effect of hyperglycem ia 
due to a delay of spreading depression like transients in the acute phase 
after focal cerebral ischemia*. The present study, however, suggests that 
hyperglycemia can increase infarct size and worsen clinical outcom e 
despite of a restoration of cerebral blood flow by thrombolysis. This may be 
due to an accentuated lactate accumulation and pH decrease by elevated 
energy levels which can not be compensated for by the restoration of blood 
flow. *T. Els, et al. J Cereb Blood Flow Metab (1997), 17: 591-595
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593.11
HYPOTHERMIA DURING ISCHEMIA IMPROVES RECOVERY OF 
NEURONAL METABOLISM AND FUNCTION IN THE IN VITRO RETINA. A. 
Quinones-Hinoiosa*, C. S. Ogilvy, and K. I. Maynard. Dept. of Neurosurgery, 
Massachusetts General Hospital and Harvard Medical School; Boston, MA 02114

We describe experiments on an in vitro rabbit retina preparation where we measure 
metabolism and function under control conditions and following “ischemia” (induced 
by decreasing glucose from 6 mM to 1 mM and oxygen from 95 % to 15 %). To 
assess the effects of hypothermia during ischemia, glucose utilization and lactate 
production are measured during and following a 2 h ischemic insult as an index of 
metabolic recovery. Functional recovery is quantified by measuring light-evoked 
compound action potentials (CAPs) from the optic nerve after lh of ischemia.

Control retinas going from normothermia (36 °C) to hypothermia (t=30 °C) (n=4) 
exhibit a significant decrease (40 %) in the rate of glucose utilization and lactate 
production (p<0.01), while control retinas going from hypothermia to normothermia 
show a 100 % recovery of glucose utilization and lactate production (n=4).

While all ischemic retinas exhibit decreased rates of glucose utilization and lactate 
production, retinas treated with hypothermia during ischemia showed a greater 
decrement in the rates of glucose utilization and lactate production (40% and 30% 
respectively) compared to normothermic retinas during ischemia (p<0.01). Maximum 
recovery rates of glucose utilization and lactate production during 3 h of “return to 
control” conditions were 70 % and 75 % for the hypothermia treated retinas (n=6) in 
contrast to 20 % and 50 % for the controls (Repeated Measures (RM) ANOVA, 
p<0.005). Maximum CAPs recovery was 75 % (n=4) in the retinas treated with 
hypothermia and 20 % (n=7) in the controls (RM ANOVA, p<0.005).

Our studies uniquely demonstrate a strong correlation between decreased energy 
demands of “tissue at risk” and protection against ischemic injury in an avascular 
neuronal model of ischemia.

AQH supported by HHMI, CSO supported by NIH and KIM supported by AHA.

593.12
CEREBRAL RESUSCITATION WITH PROLONGED, DELAYED SPONTANEOUS 
HYPOTHERMIA AFTER ASPHYXIAL CARDIAC ARREST IN RATS RW Hickey*, 
HN Ferimer, HL Alexander. RH Garman., CW Callaway, P Safar, SH Graham and PM 
Kochanek University of Pittsburgh, Departments of Pediatrics, Neurology, and 
Anesthesia/CCM Pittsburgh, PA 15213

A spontaneous reduction in core temperature occurs after asphyxial cardiac arrest in 
rats. To determine if spontaneous hypothermia influences neurologic damage after 
asphyxial arrest, we compared neuropathology in rats permitted to develop spontaneous 
hypothermia vs rats managed with controlled normothermia.

Male, Sprague-Dawley rats (n=25) were anesthetized, intubated,paralyzed and then 
disconnected from the ventilator for 8 min. Following 8 min of asphyxia, rats were 
resuscitated with chest compressions, epinephrine, sodium bicarbonate, and resumed 
ventilation. Rats were extubated one h post-resuscitation. Following extubation, 14 rats 
were returned to a temperature-controlled room (23.3 C) while 6 rats were housed 
separately for 48 h in servo-controlled incubators set to maintain rectal temp at 37.4 C. 
Rats were sacrificed at 72 h. H&E stained sections were examined by a pathologist 
blinded to group and damage was scored for 40 brain regions using a five-point ordinal 
scale (0=none, 5=severe). The time course and extent of spontaneous hypothermia was 
assessed in an additional cohort of 5 asphyxiated rats (housed at 23.3 C) with con
tinuous monitoring of rectal temp for 48 h or until normothermia was achieved.

Median injury scores were reduced in temportal cortex (0 vs 2.5), parietal cortex (0 vs 
2), thalamus (0 vs 3), CA1 hippocampus (1.5 vs 4.5), CA2 hipocampus (0 vs 3.5), 
subiculum (0 vs 4), and cerebellar purkinje cell layer (2 vs 4) in rats with spontaneous 
hypothermia vs controlled normothermia (all p<05). Mean rectal temp in rats 
permitted to develop spontaneous hypothermia (N=5) was 36.5±.6, 34.8±.5, 34.5± 9, 
35.2+1.7, 36.7±.7, at 2, 8, 12, 24, and 36 h respectively.

We conclude that rats resuscitated from asphyxial cardiac arrest develop delayed, 
prolonged hypothermia and that this hypothermia is neuroprotective.

Supported by Children’s Hospital of Pittsburgh

VISUAL CORTEX: EXTRASTRIATE VIII 

594.2594.1
ILLUSORY CONTOUR AND ORIENTATION-SELECTIVE DOMAINS IN VI 
AND V2 OF THE MACAQUE MONKEY: ORGANIZATION AND
INTERACTIONS REVEALED BY INTRINSIC OPTICAL IMAGING AND 
ELECTROPHYSIOLOGICAL METHODS. B.M.Ramsden,*  C.P.Hung, F.L.Healy 
and A.W. Roe. Section of Neurobiology, Yale University School of Medicine, New 
Haven, CT 06520.

Distinct from Area V1, primate Area V2 has shown a significant number of cells 
responsive to perceptual borders seen even in the absence of explicit contrast borders 
(von der Heydt & Peterhans, 1989). To further examine the relative roles of V1 and 
V2 in border perception, we have studied V1/V2 responses to both lower order ‘real’ 
and higher order ‘illusory’ contour stimuli.

Optical imaging and electrophysiological methods were used to examine the 
organization of macaque monkey V1 and V2 regions activated by real and/or illusory 
contours. Optical maps obtained in response to illusory contour stimuli revealed a 
clustered functional organization, with some V2 activation domains precisely co
localized with those of similarly oriented real contour stimuli. Other V2 and V1 
activation domains were co-localized with domains associated with real stimulus 
elements (e.g. the orientation of inducing lines). Targeting of imaged regions with 
multiple independent microelectrodes confirmed the presence of neurons selective for 
the orientation of real and/or illusory contour stimuli. Examination of interactions 
between targeted cells, using cross-correlation methods, revealed stimulus-dependent 
interactions in response to real and illusory stimuli.

The findings support the existence of at least three cell types underlying contour 
perception, each with characteristic V1/V2 distributions: (i) V1/V2 cells that signal 
real contour orientation; (ii) V1/V2 cells that signal the perceptual grouping of 
stimulus elements (e.g. line-ends); and, (iii) cells, only found in V2, that co-signal 
illusory contours and similarly oriented real contours (putative perceptual contour 
cells). Support: NIH R01-EY11744, Whitehall, Sloan, Brown-Coxe Foundns

POPULATION ANALYSES OF SELECTIVITY FOR CONTOUR  
AND GRATING STIMULI IN MACAQUE VISUAL AREA V2
J. Hegde* and D.C. Van Essen, Washington University School of 
Medicine, St. Louis, MO, USA 63110.

We have previously reported (Soc. Neurosci. Abstr. 23:1395) that many 
cells in area V2 of alert macaque monkeys are selective for complex 
stimuli when tested systematically with a set of 48 grating stimuli (12 
Cartesian and 36 non-Cartesian gratings at three spatial frequencies) and 
80 contour stimuli (lines, angles, arcs and intersections of two sizes and 
various orientations). Here, we use Hierarchical Cluster Analysis (HCA) 
and metric Multi-Dimensional Scaling to analyze (i) clustering of cells 
according to similarities in their response (tuning) profiles, and (ii) 
clustering of stimuli according to pairwise correlations in the effectiveness 
of stimuli in driving V2 neurons.

HCA applied to the entire stimulus set revealed three primary cell 
clusters that showed numerous differences in their average tuning profiles. 
When HCA was applied separately to grating stimuli and to contour 
stimuli, a comparably small number of primary clusters were identified. 
The primary cell clusters were all tuned for orientation and spatial 
frequency, but such low-level stimulus parameters were only partially 
successful in accounting for the shape preferences for non-Cartesian 
gratings and complex contours. Similarly, preferences for particular 
grating shapes (e.g., radial) in any given cluster showed only a modest 
correlation with preferences for analogous contour shapes (e.g., 
intersections).

HCA based on pairwise correlations in stimulus effectiveness revealed a 
strong dichotomy between grating vs. contour stimuli. Spatial frequency 
dominated over orientation and non-Cartesian shape characteristics in 
distinguishing among grating stimuli. Distinctions among contour stimuli 
were heavily influenced by size, orientation and more complex shape 
features. Supported by NIH EY02091.

594.3
CONTRAST MODULATION SENSITIVITY IN PERIPHERAL VISION 
OF MACAQUES AND HUMANS: DEPENDENCE ON EXTRASTRIATE 
CORTEX? W.H. Merigan*, H. A. Pham and K. Huxlin, Dept. 
Ophthalmology and Center for Visual Science, University of Rochester, 
Rochester. NY.
Eccentric receptive fields in macaque V4 are large (approximately 4 deg 
diameter at 5 deg eccentricity). This study examined the contribution o f  
these receptive fields to the visibility o f texture patterns. We tested human 
subjects to examine how contrast sensitivity for different textures varies 
with stimulus size. Macaques with V4 lesions were then tested at an 
eccentricity of 5.7 deg with texture stimuli of different spatial extents. 
Stimuli were squares of narrow band isotropic noise, modulated in 
contrast by a Gabor stimulus, and the observer discriminated the 
horizontal or vertical orientation of the Gabor. Sensitivity in the two 
species was similar, as was the variation in sensitivity with changes in the 
spatial extent (sigma) of the Gabor stimulus. Macaques showed some 
sensitivity loss for all tested contrast modulated stimuli at the site 
corresponding to a V4 lesion. However, the magnitude of loss was greater 
for stimuli of greater spatial extent (larger sigma). This result suggests 
that extrastriate cortical areas may help mediate the visibility of extended, 
peripherally viewed textures.
Supported by grant EY08898, and an unrestricted grant from  Research to 
Prevent Blindness

594.4
IMPLICIT MEMORY FOR SCENES GUIDES VISUAL EXPLORATION IN THE 
MONKEY. D. L. Sheinberg* and N. K. Logothetis. Max Planck Institute for Biologi
cal Cybernetics, Spemannstrasse 38, Tubingen, Germany, 72076.

Although our visual world is exceedingly complex, the visual system hides this 
complexity from conscious experience. In everyday vision, we constantly locate and 
recognize objects even when they are embedded in visually complicated contexts. To 
begin to understand how the brain solves this task, we trained a rhesus monkey to 
locate known objects appearing in natural scenes. Initially the monkey learned to cate
gorize six classes of objects by pulling one of two levers (left lever for lions, monkeys, 
and ducks, right lever for parrots, cows, and salamanders). He then classified the same 
objects when they were presented either in isolation or embedded in natural scenes. 
As expected, upon initial exposure to novel scenes, the monkey’s ability to perform 
the classification task was significantly slowed in the scene condition. However, his 
performance improved dramatically as a function of experience with specific scenes. 
This improvement occurred even when many scenes were introduced in the same ses
sion, and when target location and class were randomized. We found a more specific 
benefit of familiarity when consistent relationships between objects and scenes were 
introduced. For eight scenes, randomly selected known objects were initially placed 
around one of two scene-specific locations. In subsequent testing, classification times 
for targets appearing at one of the initial two locations were speeded compared to RTs 
for targets appearing at one of two novel positions. This indicates that the animal’s 
exploration behavior was guided by implicit recognition of the context.

In general, we found that search for known objects depends not only on the physi
cal attributes of the object and its context, but also on familiarity with that context. This 
occurs even in the absence of any explicit instruction to remember the context, suggest
ing that visual memories for complex scenes are passively stored with experience. In 
current neurophysiological experiments, we are investigating how representations of 
objects and their contexts are encoded by neurons in the cortex of the temporal lobe.

Supported by the Max Planck Society.
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594.5
TUNING FOR CONTOUR FEATURE ORIENTATION, CONVEXITY, 
ACUTENESS AND CURVATURE IN MACAQUE AREA V4. C.E. Connor* 
and A. Pasupathv. Krieger Mind/Brain Institute, Dept. of Neuroscience and Dept. of 
Biomedical Engineering, Johns Hopkins University, Baltimore MD 21218.

Prior evidence suggests that intermediate stages of shape processing involve 
extraction of elementary contour features like curves and angles (Hubei & Wiesel, 
1965; Versavel et al., 1990; Hegde & Van Essen, 1997; Pasupathy & Connor,
1997). We studied contour feature representation in area V4 using a large, 
parametric stimulus set with 4 shape dimensions (listed below). Here we describe 
the range of tuning functions in these 4 dimensions for a sample of 153 V4 cells 
recorded from 2 awake macaque monkeys.

(i) Contour feature orientation. The contour features (angles and curves) pointed in 
8 directions (spaced at 45° intervals). Approximately half the sampled cells showed 
systematic tuning functions with significant peak to trough differences. There was no 
bias among the tuning peaks towards a particular direction. Tuning in this dimension 
clearly distinguishes cells as representing contour features rather than just single 
edges. For this reason, contour feature orientation tuning was used as the criterion 
for selecting 77 cells for further analysis in the other 3 dimensions.

(ii) Convexity. The features were rendered as either convex projections, line 
drawings, or concave indentations. The large majority of cells (70/77) showed 
significant variation across these three conditions, with most strongly preferring 
either convex (31) or line (32) and few cells preferring concave (7) stimuli.

(iii) Acuteness. The angles tested were 45°, 90° and 135°, and the curves were b- 
spline approximations to these angles. Close to half the cells (34/77) showed 
significant tuning for acuteness. Of these, the majority (25) strongly preferred the 
sharpest (45°) stimuli; few cells preferred 90° (7) or 135° (2).

(iv) Curvature. Most cells responded to both straight angles and their b-spline 
curve analogues. Of those cells showing a significant difference (30/77) the majority 
preferred straight angles (19) over curves (11).

In summary, we find a substantial representation of contour features (angles and 
curves) in area V4, with systematic tuning for the direction in which features are 
pointed, and with a bias towards sharp, convex features.
Supported by the Lucille P. Markey Charitable Trust.

594.7
PROPERTIES OF THE MIDDLE OCCIPITAL GYRUS: AN FMRI STUDY 
CW Tyler*1 & HA Baseler2 Smith-Kettlewell Institute1 & Stanford University2

The lateral surface of human occipital cortex is generally associated with 
abstraction of higher-order features of visual images such as long-range structure and 
object properties. We focus on the middle occipital gyrus (MOG), an anatomical 
feature running up the lateral bank of occipital cortex to the parietal/occipital border. 
Differential fMRI responses have been reported in this region to texture (Oostende et 
al., 1997), objects (Malach et al., 1995) and faces (Clark et al., 1996), but these 
responses were typically secondary to a main focus of differentia! response 
elsewhere, and do not seem to cohere into a unitary conceptual domain. We report 
fMRI evidence that the MOG is preferentially activated by the presence of pattern 
symmetries or texture regularities in the image.

A sequence of 26 x 25° test frames of 1.5 s duration was divided into an 18 s 
period of purely random dots (the null stimuli) alternating with an 18 s stimulus 
period of symmetry structure imposed on the random dots. The sequence was 
repeated 6 times to generate fMRI responses from 3 observers in a 1.5T scanner 
recording in 8 planes (1x1x4 mm voxels) through the occipital lobe. The significant 
differential symmetry response was analyzed with correction for multiple occurrences 
from the Fourier fundamental extracted at every voxel at the structured/random 
alternation rate of 1/36 Hz. Most of the middle occipital gyrus (MOG) was 
differentially activated in three observers by the presence of horizontal and vertical 
bilateral symmetry, four-axis reflection symmetry ("Persian rugs"), translational 
repetition (“wallpaper “) and fourth-order random plaids. The activation signal was 
only mildlly retinotopic and was not impaired by removal of the fovea! structure. 
The same symmetry/random cycles produced only weak activation of retinotopically- 
defined areas VI-4, LO and MT/V5 (all strongly activated by a random/blank 
alternation).

Thus, the MOG appears to be specialized for processing of multiple pattern 
symmetries, perhaps reflecting the implicit spatial transformations of such patterns. 
Stimuli previously shown to activate this area may have included such symmetries. 
See http://www.ski.org for further details. 2Supported by F32-EY06733.

594.9
THE PARAHIPPOCAMPAL PLACE AREA: PERCEPTION,
RECOGNITION, OR ROUTE-PLANNING?
R. Epstein 1, N. Kanwisher* 1,2, D. Stanley 1, & A. Harris 1. 1Department of 
Brain & Cognitive Sciences, MIT, 2MGH-NMR Center, Charlestown, MA, 
02129.

Epstein & Kanwisher (1998) reported that a bilateral region in posterior 
parahippocampal cortex (the"parahippocampal place area", or PPA) responds 
strongly and automatically to photos of places (natural landscapes, urban scenes, 
bare empty rooms, etc.), but much less to objects and faces. Here we used fMRI 
at 3T to ask whether the PPA is involved in place perception, place recognition, 
or route-planning.

Two initial scans served to functionally localize the PPA in each subject as 
described previously. Then the subjects (4 MIT students and 4 Tufts students) 
were scanned while viewing either entire outdoor scenes or "cut-out" buildings 
from either the MIT or Tufts campus. The PPA responded strongly and 
similarly to familiar (1.9% increase in MR signal from fixation) and unfamiliar 
(1.8%) scenes. However the response to buildings was significantly stronger 
when they were familiar (1.5%) than unfamiliar (1.1%), perhaps because the 
spatial context could be better "completed" for familiar buildings. In a second 
experiment all five subjects showed a greater PPA response to fully-furnished 
rooms (average 1.6% increase from fixation), empty rooms (1.6%), and 
mazelike"scenes" made out of Legos (1.2%) than to novel "objects” made of 
Legos (.7%), familiar objects (.6%), or faces (.12%).

These results strengthen earlier evidence that the PPA responds selectively 
to images of places, particularly to their spatial layout. The lack of a familiarity 
effect on the response to scenes and the relatively high response to Lego "scenes" 
suggest that this area is more involved in perceptual than mnemonic or 
navigational functions.
Supported by Human Frontiers and NIH grant MH56037 to NK.

594.6
PICTURES OF ANIMALS AND TOOLS DIFFERENTIALLY ENGAGE OBJECT 
FORM-RELATED AND MOTION-RELATED BRAIN REGIONS 
L.L. Chao*. J.V. Haxby, F.M. Lalonde, L.G. Ungerleider, and A. Martin 
Laboratory of Brain and Cognition, NIMH, Bethesda, MD 20892

We investigated object category-related activations in extrastriate cortex with fMRI. 
Gradient echo echoplanar images (TR = 3 sec; TE = 40 msec; FOV = 20 cm) from 
18, 5-mm coronal slices were obtained while subjects (N=12) performed viewing and 
delayed match-to-sample tasks. Stimuli were photographs of animals and tools and 
phase-scrambled pictures of the same objects for control tasks. Data were analyzed 
with multiple regression to identify regions that responded differently to each object 
category.

The viewing and matching tasks revealed consistent category-related activations 
bilaterally in the posterior temporal cortex. Specifically, a bilateral region in the 
occipitotemporal sulcus and lateral aspect of the fusiform gyrus showed a greater 
response to animals than to tools whereas an adjacent bilateral region in the collateral 
sulcus and medial aspect of the fusiform gyrus showed a greater response to tools 
than to animals. In addition, a bilateral but asymmetric (right > left) region in the 
superior temporal sulcus (STS) was more responsive to animals whereas a bilateral 
region with opposite asymmetry (left > right) in the middle temporal gyrus and 
inferior temporal sulcus was more responsive to tools.

These results demonstrate that bilateral regions of the posterior temporal lobes are 
differentially involved in processing pictures of animals and tools. The consistent 
topological arrangement of animal and tool responsive areas suggests a functional 
architecture that may be based on features shared by members of these categories. 
Differential activation of the medial and lateral aspects of the fusiform gyrus may be 
associated with category-related differences in object form while activation of STS 
and middle temporal gyrus may be associated with category-related differences in 
object motion (i.e., biological and object use-associated motion, respectively).

Supported by NIMH-IRP

594.8
R IV A LR Y  FOR V ISU A L A W A R EN E SS IN HUM AN  
EXTRASTRIATE CORTEX. F, Tong1, K. Nakavama1 * and N. 
Kanwisher2’3. 1Dept. of Psychology, Harvard University; 2Dept. of 
Brain & Cognitive Science, MIT; 3MGH-NMR Center, Charlestown, 
MA 02128.

We used fMRI to study whether human visual awareness during 
binocular rivalry would correlate with activity in high level visual areas, 
specifically the fusiform face area (FFA) which responds to faces and the 
parahippocampal place area (PPA) which responds to houses and places. 
The FFA and PPA were first functionally localized in each subject. Then 
on rivalry scans, a single face and house were projected to different eyes. 
Although the retinal image remained constant, subjects reported 
alternating percepts of face or house. For all four subjects, fMRI data 
revealed that during reported transitions to a face-dominant percept the 
FFA showed increasing activity over time whereas the PPA showed 
decreasing activity. Transitions to a house percept led to the opposite 
pattern of neural activity. In subsequent nonrivalry control scans, 
alternating unambiguous images of either face or house alone were 
shown using the same timing parameters reported by the subject during 
rivalry scans. For most subjects, the neural modulations during rivalry 
were of equal magnitude to those during nonrivalry control scans. The 
fact that comparable neural responses were found for changes in visual 
awareness (during constant retinal stimulation) and changes in retinal 
stimulation suggests that activity in the FFA and PPA reflects the 
perceived rather than the retinal stimulus. Furthermore, it suggests that 
by this stage of visual processing, neural competition during binocular 
rivalry has been resolved.
Supported by NSERC PGS to FT, Human Frontiers and NIH grant MH56037 to NK.

594.10
NEURONAL ACTIVITY OF MONKEY INFEROTEMPORAL CORTEX 
DURING TACTO-VISUAL MATCHING TASK. T. Haseaawa* & K. Tanaka. 
Lab. Cognitive Brain Mapping, RIKEN Brain Science Institute, 351-0198 Japan.

To reveal the neural substrate forcrossmodal aspects of object recognition, 
we examined activity of cells in the inferotemporal cortex (area TE), which is 
thought to be purely visual, while a monkey (M. fuscata) performed a tacto-visual 
matching task. A table with pulling switches of different 3D shapes was placed in 
front of the monkey, and hidden from the monkey’s sight by a plate. The 
monkey pulled one of the switches, which was randomly presented by turning 
the table. A fte r the monkey kept pulling fo r  5 o r  2 s (pull period), visual images of 
the switches were presented one after another on a display each for 0.5 s with 
0.5 s interval. The monkey released the switch when the visually presented 
image matched to the switch which it was pulling. All of 18 switches were always 
presented as visual stimuli, while either all o r 6 of them were presented as tactile 
stimuli. Visual fixation was required. The performance was >90%. We observed 
significantly (p<0.05) increased discharge rates during the pull period compared 
with the spontaneous rates before the pulling. The increases in 93 cells (14% of 
the recorded 685 cells) were also differential among different tactile stimuli 
(p<0.05). The differential component of increase was 3.9 ± 2 .9  spikes/s while 
the spontaneous rate was 6.6 ± 6.2 spikes/s. We also observed modulations of 
visual responses by the tactile stimulus. Out of the 273 cells with differential 
visual responses, 18 cells showed significantly (p<0.05) smaller responses 
while the visual and tactile stimuli matched than responses in non-match 
conditions, and 8 cells showed greater (p<0.05) responses in match conditions. 
These results indicate that the inferotemporal cortex can directly contribute to 
the crossmodal association between tactile and visual images in object 
recognition. Supported by RIKEN BSI, JST CRESTO, MESC and HFSP.
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594.11
IPSILESIONAL VISUAL ACTIVATION IN VENTRAL EXTRASTRIATE 
CORTEX IN PATIENTS WITH BLINDSIGHT. R.Goebcl*1. P.Stocrig2. L.Muckli1, 
F.E. Zanella3 and W.Singer1. 1Max Planck Institute for Brain Research, D-60528 
Frankfurt, Germany. 2Institute of Physiological Psychology II, Heinrich-Heine- 
University, D-40225 Duesseldorf, Germany. 3Klinikum der J. W. Goethe-Universitat, 
Neuroradiologische Abteilung, D-60528 Frankfurt, Germany.
Physiological recordings in monkeys and imaging studies in humans have revealed 
that areas in the dorsal (occipito-parietal) stream remain visually responsive to 
moving stimuli in the absence of functional primary visual cortex and conscious 
vision, while ventral (occipito-parietal) stream areas are rendered visually 
unresponsive. Blindsight has therefore been suggested to involve only dorsal stream 
visual cortical areas. Using functional magnetic resonance imaging and visual stimuli 
known to activate the ventral stream areas in normal observers, namely images of 
natural objects, we investigated whether ipsilesional ventral stream areas respond to 
such stimuli presented in the blind visual field in the two blindsight patients FS and 
GY. Images subtending 5° x 5° were presented at corresponding positions in the left 
(sighted) and right (blind) visual field. Functional images for activation by objects 
were measured in two sessions sampling 15 contiguous slices oriented parallel to the 
AC-PC plane. Further scanning sessions included retinotopic mapping in order to 
assess functionally the responsivity of early visual areas in the normal and lesioned 
hemisphere and the presentation of motion stimuli. Although the patients did not 
consciously perceive the objects, two ipsilesional ventral-stream areas, LO (lateral 
occipital) and a region in the collateral sulcus, responded strongly to objects 
presented in the blind visual field, but no concomitant response was found in 
ipsilesional VI, V2 and V3/VP. The two activated ipsilesional regions responded 
strongly when the stimuli were presented in the blind or the sighted visual field 
whereas the contralesional areas responded strongly only to objects in the sighted 
(left) visual field. These findings indicate for the first time that ventral stream areas 
can be visually activated in the absence of functional primary visual cortex and 
conscious vision. Supported by DFG (Sto 206/4-3). and by the Max-Planck-Society.

594.13
VARIABILITY AND CORRELATED NOISE IN THE SPIKE ACTIVITY OF 
NEURONS IN PERIRHINAL (PRh) CORTEX OF THE MACAQUE. B.
Jagadeesh*. C.A. Erickson, and R. Desimone. Laboratory of Neuropsychology, NIMH, 
NIH, Bethesda, MD 20892.

Variability in spike activity limits the ability of individual neurons to represent 
complex stimuli. In addition, if activity is correlated among cells in populations of 
neurons, the population will be constrained in its ability represent the stimuli. If, on the 
other hand, the responses of neurons are largely independent, the capacity of the system 
will be increased. To understand how these constraints affect the coding of visual 
stimuli in PRh, we examined the variability in the activity of single neurons and the 
correlations between cells during the presentation of complex visual images under two 
behavioral conditions: 1) visual paired association with novel and familiar stimuli 2) 
passive fixation. Pairs of neurons were recorded on single tungsten electrodes, on single 
tetrodes, or on separate tetrodes. The relationship between variance and mean of the 
responses to the images was described by a power function with slope 1.0 and intercept 
1.2. The relationship between the variance and the mean was described by power 
function fits for most of the individual neurons (n = 478, median exponent 1.1, median 
intercept 1.2). Neither the exponent nor the offset was affected by novelty or familiarity 
of the stimuli, or by the relevance of the stimuli to the task.

Signal correlation is the correlation between the mean responses of the two cells to 
the stimuli. Noise correlation is the correlation between the cells’ trial by trial responses 
(calculated as the deviation on each trial from the mean response to the stimulus). The 
signal correlation was significantly greater for cells recorded on the same electrode (n = 
198, mean r = 0.21) than for cells recorded on different electrodes (n = 220, mean r = 
0.07). The noise correlation was not significantly different for cells recorded on the 
same (mean r = 0.05) and different electrodes (mean r = 0.03). The signal and noise 
correlations between nearby cells in PRh are low, and comparable to those reported for 
TE (Gawne, J Neurosci., 1993). Low signal correlation could be one strategy for 
improving the signal in PRh about these complex stimuli. (Supported by NIMH-IRP).

594.12
EXPERIENCE-DEPENDENT ALTERATIONS IN NEURONAL 
ACTIVITY IN PERIRHINAL (PRh) CORTEX OF RHESUS MONKEYS 
C.A. Erickson*, B.K. Changizi, & R. Desimone, Laboratory of 
Neuropsychology, NIMH, Bethesda, MD 20892-4415.

To test the possible role of PRh cortex in association learning, cells were 
recorded while monkeys performed a paired-associate learning task. The 
behavioral paradigm was a GO/NO-GO discrimination task in which each 
choice stimulus was preceded by a different predictor stimulus. Association 
learning was inferred if reaction times were faster to frequently paired 
predictor-choices than to infrequent pairings of the same stimuli. Monkeys 
learned new paired associates during the course of a single recording session 
or performed the task with previously learned associates. We observed two 
differences in neuronal properties for novel paired-associate stimuli, learned 
during the recording session, compared to familiar paired associates that had 
been learned in previous sessions. First, for the stimulus selective neurons 
recorded with novel stimuli (n = 46) the correlation between responses to 
predictors and choices was not different from chance (mean Pearson 
correlation of = 0.075). In contrast, for familiar pairs, stimulus selectivity for 
the predictors and choices was correlated, with a mean correlation of 0.132 
across the population of cells (n = 136). Second, for novel stimuli, delay 
activity between the predictor and choices was primarily retrospective, i.e. 
highly correlated with the cell’s stimulus preference for the preceding 
predictor. However, for familiar stimuli, delay activity was both 
retrospective and prospective, i.e. correlated with the cell’s stimulus 
preferences for both predictors and choices. Thus, both stimulus-evoked 
responses and delay activity appear to become linked for temporally- 
associated stimuli in PRh cortex. Supported by NIMH IRP.

CHEM ICAL SENSES I

595.1
BRAIN ACTIVATION INDUCED BY AN AIR-BORNE CHEMICAL - WITHOUT 
AWARENESS. N. Sobel*1. V. Prabhakaran1. C.A. Hartley2 J.E. Desmond3. G.H. 
Glover4  .E.V. Sullivan5,1 J.D.E. Gabrieli3,1  Prog. in Neuroscience 1, symbolic 
systems2, Dept. of Psychology3, Radiology and Psychiatry & Behavioral Sciences5
Stanford University, Stanford, CA 94305.

The compound estra-l,3,5(10),16-tetraen-3yl acetate has been suggested as a 
candidate human pheromone that activates the vomeronasal organ (VNO). We used 
functional magnetic resonance imaging and air-dilution olfactometry in order to 
localize brain activation induced by this compound. Eight men, mean age 29, were 
scanned in three conditions: a high concentration (10-2m), low concentration (10-8m), 
and sham scan (no compound). Throughout each 8 min. scan, subjects performed a 
repeated forced-choice detection task. Functional data were acquired from eight 4mm 
slices, 2mm skip, taken at an oblique plain from frontal to temporal pole (31° to 
AC-PC ) at 1.5 T using a T2* sensitive gradient echo spiral sequence (TR=720, 
TE=40, flip angle=65°). Data were analyzed using the cross-correlation method.

All subjects reported that they were guessing in all detection tasks. Analysis of 
their forced choice responses, however, revealed above chance detection of the high 
(56.4%, p<.04) but not low (49%) concentration. This poses as an additional 
example for the dissociation between objective and subjective measures of awareness. 
A composite image revealed significant group activations in the thalamus, inferior 
frontal gyrus bordering the premotor area, amygdala, hippocampus, and hypothalamus. 
Activation in the inferior frontal gyrus was significantly greater in the right than left 
hemisphere. A non-significant trend towards compound-concentration-dependence was 
seen in the fMRI signal, primarily in the anterior thalamus.

It remains to be shown whether these activations were mediated via the VNO, and 
thus may reflect activation induced by a pheromone, or in turn, if the activations were 
mediated by any of the other nerves enervating the nasal passage, such as CNV 1 or 5, 
and would thus merely represent activation induced by a subthreshold odor. A control 
experiment addressing this critical question will be presented.
Supported by grants # NIH-AA10723, AA05965

595.2
AVERSIVE TASTES AND SMELLS ACTIVATE THE ANTERIOR

V. Pardo Cognitive Neuroimaging Unit, VA Medical Center and Dept. of 
Psychiatry, University of Minnesota, Minneapolis, MN 55417

The posterior portions of the orbitofrontal cortex (OFC) receive strong 
projections from both the amygdala and the primary olfactory and 
gustatory cortices. In contrast, the anterior portions of the OFC do not 
appear to receive significant projections from these regions. Based on this 
differential pattern of connections, it has been hypothesized that the 
posterior OFC processes information related to emotions and chemo- 
sensory functions, whereas the anterior OFC performs higher associative 
or executive functions. However, little is actually known about the 
functions of the anterior OFC. We report data from a pair of studies in 
which subjects were exposed to highly aversive tastes and smells while 
cerebral blood flow (rCBF) was measured with PET. Exposure to both 
aversive tastes and smells significantly activated the left anterior OFC near 
the inferior boundary of Brodmann area 10 and the anterior boundary of 
Brodmann area 11. In contrast, we have only observed nonsignificant 
rCBF increases in the anterior OFC during studies of pleasant 
chemosensory stimulation. These findings are incompatible with the view 
that only more posterior OFC regions are involved in functions related to 
chemosensory and emotional processing. Finer dissection of the anterior 
OFC’s contribution to these processes warrants further research.

This work was supported by the Department of Veterans Affairs, the 
Minnesota Obesity Center, and NIMH (1 F32 MH11641-01 Al)
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595.3
LATERALIZATION OF TASTE PERCEPTION IN A SPLIT-BRAIN PATIENT

Vis. Sci., Physiology Section, Univ. of Verona, Italy; 2 Dept, of Psychology, 
Univ.of Auckland, New Zealand

A patient with a complete section of the corpus callosum and a right prefrontal 
lesion was tested for discrimination o f taste stimuli applied to the right or left 
sides of the tongue. The basic taste stimuli (bitter, salt, sour and sweet) were used, 
but most tests were run with acid and salt stimuli. Responses were made either by 
naming the stimulus or by pointing with either hand to written words 
corresponding to the simuli. Accuracy and speed of performance were good when 
stimuli were applied to the the left hemitongue, whereas the patient performed 
virtually at chance and with overlong response times when stimuli were applied 
to the right hemitongue. This right-left difference occurred independent of the 
type of response. While this difference may depend on the fact that all responses 
were based on language, or the partial involvement o f cortical gustatory areas by 
the right lesion, or both, the results indicate that like the olfactory pathways, the 
organization o f the pathways for taste is strictly ipsilateral, and the corpus 
callosum is necessary for interhemispheric transfer o f taste information.

(Supported by grant CT ERB CHRXCT 940 507 from the European Community).

595.5
OLFACTORY RECEPTORS FROM DIFFERENT EPITHELIAL ZONES 
SH OW  SY ST E M A T IC  D IFFER E N C ES IN PO TEN TIA L O D O R -
BINDING  RESIDU ES. M .S. Singer* and G.M . Shepherd. Section o f  
N eurobiology and Interdepartmental N euroscience Program, Yale Univ. 
School o f  M ed., N ew  Haven, CT 06510.

The m ouse olfactory system  appears to sense odor m olecules by 
means o f  ~ 1000 different G protein-coupled receptors. Each receptor 
subtype is restricted to one o f  four zones in the olfactory epithelium, yet 
the reasons for this pattern remain poorly  understood. N either  
chromosomal location nor overall sequence correlate with zonal location. 
H owever, recent studies show distinct odor sensitivities between zones  
(Scott et a l, 1997). We postulated that receptors in different zones show  
system atic amino acid differences that account for these zonal patterns in 
odor sensitivity. W e therefore surveyed 21 m ouse receptor subtypes 
from predetermined epithelial zones, as reported by Sullivan et a l  (1996). 
With the computational method o f  correlated mutational analysis, nine 
am ino acid residues were found to correlate with zonal specificity . 
Remarkably, these residues were clustered in the predicted odor-binding 
pocket (p  < 0.05). Three o f  the nine had been predicted to bind odors in 
previous molecular models. Most notable was Histidine 159 (430), which 
may bind carbonyl compounds preferentially and was restricted to zone 1, 
consistent with the electrop hysiological data. The results provide the 
first evidence o f  system atic d ifferences across the epithelial zones and 
provide clues to how  thousands o f  d iverse odors may be sensed and 
discriminated in the olfactory pathway.

Supported by grants to GMS from NID C D  and NID CD , N A SA  and 
NIM H (Human Brain Project) and to MSS from the Yale Univ. MSTP.

595.4
Mechanism of Modulation of Spontaneous Activity in Mouse 
Vomeronasal Sensory Neuron by Putative Pheromones
C.R.Yu*. and L.W.Role. Center for Neurobiology and Behavior, 
Columbia University, 722 W. 168lh Street, New York, NY 10032

The vomeronasal organ (VNO) is the sensory organ of the 
accessory olfactory system responsible for detection of species- 
specific odorant cues. The VNO is functionally and physically distinct 
from the main olfactory epithelium. It also expresses a distinct set of 
molecular machinery for signal transduction.

We have previously demonstrated that the VNO sensory 
neurons are spontaneously active (basal action potentials frequency 2- 
8 Hz). The firing frequency is modulated by exposure to putative 
pheromone preparation (PPP). We now present evidence that the 
effect of PPP can be mimicked by GTP-γ-S, suggesting that it is 
mediated by G-protein coupled signaling. We further delineate the 
ionic mechanisms underlying the modulation of VNO neuron 
excitability by PPP. PPP elicits a rise in intracellular calcium and 
activates a Ca2+ sensitive K+ current, causing a hyperpolarization of the 
resting potential. Concurrent suppression of a voltage dependent 
chloride conductance further hyperpolarizes the neurons since at rest 
this conductance is tonically active and the high intracellular Cl 
concentration maintains VNO neurons at depolarized rest potentials. 
Thus, coordinate regulations of Ca2+, K+ and Cl conductances by PPP 
result in a net hyperpolarization of the VNO neurons and a decrease in 
the frequency of spontaneous activiy. (Supported by NS29832.)

595.6
TRANSDUCTION PATHWAYS IN FISH OLFACTORY CILIA. H. Cadiou.
S. Bendahhou and H. Duclohier.* UMR 6522 CNRS-Universite de Rouen, 
76821 Mont-Saint-Aignan, France; Present address: Eccles Institute of Human 
Genetics, Univ. of Utah, Salt Lake City, UT 84112.

It has been recently shown that in addition to c-AMP, the binding of odorants 
to seven spanning membrane olfactoiy receptors evokes inositol 1,4,5- 
trisphosphate (IP3) generation although IP3 receptors are usually located in 
endoplasmic reticulum membranes. In order to elucidate the role of these two 
transduction pathways in fish, reconstitution techniques were implemented. 
Carps (Cyprinus carpio) were anesthetized by electric shock and olfactory 
rosettes were deciliated by calcium shock and ultracentrifugation on sucrose 
cushion. Membrane fragments were then fused to the cis-side of virtually 
solvent-free planar lipid bilayers (POPC/DOPE: 7:3). Addition of 50 µM  c- 
AMP to the trans-side evolved electrical activity characterized by three 
conductance levels (60, 190 and 310 pS), modulated by the further addition of 
L-arginine (a well-known potent odorant in fish). On the other hand, addition of 
20 pM of IP3 disclosed two conductance levels: 80 and 230 pS. These were 
compared to IP3-induced activity in rat cerebellum membrane fragments both 
through the ‘tip-dip’ and patched-giant liposomes. ATP- and calcium- 
dependencies together with inhibition by heparin were also studied. Western 
blot using specific rat brain antibodies against different IP3 receptor subtypes 
suggests the presence of a type III IP3 receptor in carp olfactory cilia. Our 
results suggest i) the involvement of both c-AMP and IP3-mediated 
transduction pathways in the modulation of the electrical activity in carp 
olfactory neurons and ii) IP3 receptors (type III) would be located in the 
plasma membrane of olfactory neurons.

595.7
ORAL IRRITATION BY CARBONATED WATER IS REDUCED BY 
THE CARBONIC ANHYDRASE INHIBITOR, ACETAZOLAMIDE. 
J.-M. Dessirier1,2,3*, M. O’Mahonv2. J.-M. Sieffermann3 & E. 
Carstens1. 1 Section of Neurobiology, Physiology & Behavior;2 Dept.. of 
Food Science & Technology, Univ. of California, Davis, USA; 3 Dept. 
Sciences Alimentaires, ENSIA, Massy, France.

The tingling sensation produced by carbonated drinks is thought to 
involve activation of intraoral nociceptive trigeminal nerve endings by 
C 0 2, which is converted to carbonic acid in a reaction catalyzed by 
carbonic anhydrase. To test whether irritation by C 0 2 requires this 
enzymatic step, we investigated if topical application of the carbonic 
anhydrase inhibitor, acetazolamide, affected irritation by carbonated 
water using a 2-alternative forced-choice discrimination test coupled with 
magnitude rating. When acetazolamide (1%) was applied to one side of 
the tongue, significantly more subjects chose the non-treated side as 
yielding stronger irritation when carbonated water was delivered to the 
tongue bilaterally, and intensity ratings of irritation were significantly 
higher on the non-treated side. Acetazolamide had no effect on irritation 
produced by citric acid (125 mM) or on tactile sensitivity. 
Desensitization of the tongue by prior capsaicin (5 applications of 5 ppm) 
significantly reduced irritation produced by both carbonated water and 
citric acid, indicating that both sensations are partly mediated via 
capsaicin-sensitive fibers. These results support the hypothesis that 
irritation produced by carbonated water results partly from the conversion 
of C 0 2 to carbonic acid to excite chemo-nociceptive lingual afferent 
fibers.

Supported by grants from the Danone Group, France and Calif. 
Tobacco-Related Disease Research program #6RT-0231.
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596.1
MITOCHONDRIAL DEPOLARIZATION ACCOMPANIES CYTO
CHROME C RELEASE DURING APOPTOSIS IN PC6 CELLS.
K.M. Heiskanen1. M.B. Bhat2. J.J. Ma2. L. Dell’Osso3* and A.-L. Nieminen1, 
Departments of 1Anatomy, 2Physiology and Biophysics, and 3Neurology, 
School of Medicine, Case Western Reserve University, Cleveland, OH 
44106.

Mitochondria release cytochrome c into the cytosol in cells undergoing 
apoptosis. This release participates in the activation of caspases. The mo
lecular mechanism responsible for the release of cytochrome c remains un
known. In this study, we explored temporal relationship between cytochrome 
c release and the decrease of mitochondrial membrane potential (Δψm) using 
laser scanning confocal microscopy in cells undergoing apoptosis. We pre
pared a fusion construct of green fluorescent protein (GFP) and cytochrome c 
and transfected PC6 cells. Co-staining of cells with Mitotracker Red demon
strated that cytochrome c-GFP fusion protein was localized to mitochondria. 
Cells were treated with staurosporine (5 µM). Release of cytochrome c and 
Δψm were monitored simultaneously in single living cell from green fluores
cence of cytochrome c-GFP and red fluorescence of TMRM, a potential- 
indicating fluorophore. After 3 h, Δψm decreased 48 ± 14 %. Simultaneously, 
cytochrome c-GFP entered the cytosol to produce diffuse green fluorescence. 
Individual cells behaved asynchronously and began the process of cyto
chrome c-GFP redistribution and mitochondrial depolarization at variable 
times. After 7 h of staurosporine treatment, Δψm decreased 86 ± 11%. These 
results show a strong temporal relationship between mitochondrial depolari
zation and cytochrome c release in PC6 cells undergoing apoptosis. Sup
ported by American Heart Association.

596.3
OXIDATIVE GLUTAMATE TOXICITY IN PC -12 CELLS: 
MECHANISMS OF PREVENTION BY VIP. K. Dickman, A. 
Bandyopadhyay, and S.I. Said*. VA Medical Center, Northport, NY 
& Dept. of Medicine, SUNY at Stony Brook, Stony Brook, NY 
11794-8172.

In addition to inducing excitotoxicity through overactivation of 
specific receptors, glutamate may, at high concentrations, also kill 
neurons through oxidative stress, e.g., by interfering with cystine 
uptake, thereby depleting intracellular glutathione (GSH) levels. We 
have examined the mechanisms of protection by VIP against oxidative 
glutamate neurotoxicity in neuronal-like PC -12 cells. Glutamate (10 
mM) produced 90% killing of the cells at 24 h, as judged by MIT 
assay. VIP (10 µM) fully protected against this killing, as well as 
against toxicity due to buthionine sulfoximine (30 µM), a specific 
inhibitor of GSH synthesis, and DL-homocysteic acid (1 mM), which 
also inhibits cystine uptake. Despite this protection, VIP did not block 
the glutamate-induced depletion of GSH. In parallel experiments, VIP 
(1 µM) totally prevented the downregulation (40%) of the expression 
of anti-apoptotic bc l-2 mRNA in PC-12 cells by glutamate. The results 
suggest that: 1) VIP protected PC -12 cells against death due to 
oxidative stress by glutamate, without preventing the associated decline 
in GSH levels; and 2) VIP prevented the downregulation of bcl-2 
expression caused by glutamate. The neuroprotective effect of VIP in 
PC-12 cells, therefore, involves anti-oxidant mechanisms that are 
independent of GSH synthesis, and the promotion of anti-apoptotic 
pathways, both leading to enhanced cell survival.

Supported by the VA and NIH.

596.5
NEUROTOXICITY OF 3-NITROPROPIONATE POTENTIATED BY 
NMDA ANTAGONISTS. L. Turski* and C. Ikonomidou1. Eisai London 
Research Laboratories, University College London, London WC1E 6BT, 
UK and 1Pediatric Neurology, Charite, Humboldt University, Berlin, 
Germany

3-Nitropropionate (3-NP) irreversibly blocks succinate dehydrogenase 
(complex II) and is a selective striatal neurotoxin in rodents and 
primates. Chronic adm inistration of 3-NP to rats leads to metabolic 
disturbances in the striatum and neuronal damage which can be 
prevented by the AMP A antagonist NBQX (Turski and Ikonomidou, Soc. 
Neurosci. Abstr. 20: 1677, 1994). Aged (18-24 month-old) Wistar rats 
were subjected to chronic treatment with 3-NP (0.5 or 1 m g /k g /h  over 
28 d) or w ith 3-NP and the NMDA antagonists dizocilpine (MK 801; 0.2 
m g /k g /h  over 28 days) or 3-(carboxypiperazin-4-yl)-propyl-l-phospho- 
nate (CPP; 1 m g /k g /h  over 28 days) by means of osmotic minipumps 
implanted i.p. Neurological scores (0: no deficit; 1: reduction of 
spontaneous locomotor activity; 2: unsteady gait; 3: loss of righting 
reflex) were assessed prior to sacrifice. Immediately or 7 days after 
discontinuation of the treatment, the rats were sacrificed by transaortic 
perfusion-fixation and the brains processed for histological analysis. 
Dizocilpine and CPP significantly increased lethality, neurological 
sequelae and brain damage caused by both 3-NP dose-regimen. 
Neuropathological analysis of the damage caused by chronic treatment 
w ith 3-NP revealed that degenerating cells stained positive with 
TUNEL. We conclude that in adult rats, neuronal death triggered by 3- 
N P and the resulting neurological sequelae are potentiated by NMDA 
antagonists. Our results suggest that stimulatory input via NMDA 
receptors may be vital for neurons with compromised mitochondrial 
energy production.

596.2
CALCIUM INFLUX THROUGH VOLTAGE-GATED CALCIUM CHANNELS AND 
CALPAIN  ACTIVATION ALONG CULTURED MURINE AXONS. E.B. George* 
and L.-P. Deng. Depts. of Neurology, Wayne State University and the John Dingell VA 
Medical Center, Detroit, MI 48201

Initiation of axonal degeneration in murine dorsal root ganglion (DRG) cell cultures 
requires an influx of calcium into the axon, and results in activation of axonal calpains. 
Both calcium-channel antagonists and calpain inhibitors can inhibit axonal degeneration 
(George, E.B., et al. 1995. J. Neurosci. 15:6445-6452). Axonal degeneration is 
inhibited by drugs selective for L-type calcium channels in our system. Similar results 
have been described by Waxman (1995. J. Neurophys. 74:369-77) in optic nerve. To 
clarify the types and distribution of calcium channels present and their coupling to 
calpain activation, we have used a scanning laser cytometer with indo-1, a fluorescent 
probe of intracellular calcium, and 7-amin-O-4-chloromethylcoumarin,t-BOC-L-leucyl-L- 
methionine (t-BOC-leu-met), a membrane permeant calpain substrate with a fluorescent 
product which remains trapped within the axon.

Small segments of axon, typically 15-20 pm long and 1-2 pm diameter were imaged 
after loading with indo-1 - AM ester or with t-BOC-leu-met. The axons were depolarized 
for approximately 60 seconds either by perfusing with 60 mM KC1 in media, or by a 
train of square-wave pulses applied with extra-cellular electrodes. Calcium influxes 
appear to be uniformly present along axons. Inhibition with L-type calcium channel 
antagonists reduced the rapid early influx of calcium but may enhance a prolonged 
increase in intra-axonal calcium, possibly due to mobilization of intra-axonal calcium 
stores. Calpain activity was significantly increased by calcium influx initiated by 
calcium ionophore but not by brief depolarization in control axons, and was elevated but 
showed no depolarization-related changes in acrylamide exposed axons. Our results 
suggest that brief intra-axonal calcium increases do not activate calpain but prolonged 
calcium influx or membrane-permeant ionophore-induced calcium entry can result in 
calpain activation, due to compartmentalization.
Supported by the Fund fo r  Medical Research & Education, Wayne State University

596.4
IN VITRO TRANSFER OF PLATELET DERIVED MITOCHONDRIA INTO 
PRIMARY NEURONAL CELLS: IMPLICATIONS FOR 
NEURODEGENERATION R.D. Martinus1. P.A.Lawlor1. J. Hesketh1 and M.J. 
During1* 1Dept. of Molecular Medicine,Uni. of Auckland School of Medicine, 
Auckland, New Zealand

Mitochondria not only play a key role in providing the CNS with its energy 
requirements but are also vital for cellular lipid metabolism, secondary messenger 
generation, regulation of cellular redox balance and calcium homeostasis. Indeed. 
changes to mitochondrial metabolism is though to be a critical factor in the cascade 
of events leading to apoptosis and is implicated to play a central role in the 
progressive neuronal degeneration observed in a number of neurodegenerative diseases 
(including Parkinson’s and Alzheimer’s diseases) as well as in the process of cellular 
ageing. We have investigated a novel in vitro mitochondrial transformation strategy 
based on the ability to repopulate mitochondrial DNA-less cells with platelet derived 
mitochondria through fusion in the presence of PEG. The non-invasive nature of 
platelet isolation, their prolonged viability and the ability to use an individual’s own 
blood platelets in a clinical setting makes them an ideal source of mitochondria for 
this study. We show that platelet derived mitochondria, labeled with a specific 
mitochondrial dye (MitoTracker-H2Red) can be successfully transformed into primary 
cortical, hippocampal and striatal neuronal cells isolated from 15-18 day rat 
embryo’s. Transformation efficiencies of 5-20% have been obtained using the 
cationic liposome-mediated reagent DOSPER. The functional consequences of 
loading exogenous mitochondria into cultured neuronal cells will be presented and 
discussed as well as responses to a number of mitochondrial insults such as exposure 
to ß-amyloid peptides. This novel transformation strategy opens-up the possibility 
of being able to in vivo ameliorate the mitochondrial impairment documented in 
neurodegenerative diseases.

Supported by a grant from The Neurological Foundation of New Zealand.

596.6
Q UINO LINIC ACID IN VIVO SY N T H E SIS RATES AND  
INTERCOMPARTMENTAL DISTRIBUTIONS IN NORMAL AND IMMUNE- 
ACTIVATED BRAIN AS DETERMINED BY MULTIPLE-ISOTOPE 
MICRODIALYSIS. P.F. Morrison*. K.E. Beagles and M.P. Heyes. Lab. of 
Neurotoxicology, NIMH, Bioengineering and Physical Science Program, ORS, NIH.

Quinolinic acid (QUIN) kills neurons by activation of NMDA receptors accessed via 
the extracellular fluid (ECF). In vivo multiple-isotope microdialysis was employed to 
quantify the dynamics of ECF QUIN via the simultaneous determination of five source 
rate and mass transport parameters. | 13C7]QUIN was perfused through the probe for in 
vivo calibration to accurately quantify ECF QUIN levels. Osmotic pumps infused 
[2H3]QUIN subcutaneously to quantify blood contributions to ECF and tissue levels. 
Local QUIN production rates, and influx and efflux rates across the blood-brain barrier 
were calculated from the extraction fraction of l13C7]QUIN, probe geometry, tissue 
diffusion coefficients, the extracellular volume fraction, [2H3]QUIN:QUIN ratios in 
blood and dialysates. In normal brain, 85 % of extracellular fluid QUIN levels (110 
nM) originated from blood, whereas 59 % of tissue homogenate QUIN (130 pmol/g) 
originated from local de novo synthesis Efflux rates exceed influx rates by 3-fold. 
Probenecid perfused through the microdialysis probe progressively increased ECF 
QUIN levels, indicating that QUIN is actively transported out of the brain. During 
systemic immune activation (intraperitoneal injection of endotoxin), blood QUIN 
levels increased (10.2-fold) and caused a rise in homogenate (10.8-fold) and ECF (18.5- 
fold) QUIN levels with an increase in the proportions of QUIN derived from blood. 
During CNS inflammation (local infusion of endotoxin) increases in brain 
homogenate (246-fold) and ECF QUIN levels (66-fold) occurred because of an increase 
in local synthesis rate (146-fold) and a reduction in effl ux:influx ratio (by 53 %). 
These results demonstrate that brain homogenate measures are a reflection of ECF 
concentrations, although there are quantitative differences in the values obtained. The 
mechanisms that normally maintain ECF QUIN levels at low values cannot do so 
when there arc large increases in local brain synthesis or when there are large 
elevations in blood QUIN levels. (NIH Intramural)

Society for Neuroscience, Volume 24, 1998



WEDNESDAY AM NEUROTOXICITY 1511

596.7
ADAPTIVE RESISTANCE TO NITRIC OXIDE IN MOTOR NEURONS
Amy Bishop1. Neil R. Cashman2*,John C. Marquis1, and Bruce Demple1. 
1Dept. of Cancer Cell Biology, Harvard School of Public Health, Harvard 
Univ.; Boston, MA, 02115. 2Dept. of Neurology & Neurosurgery, Montreal 
Neurological Inst., McGill Univ.; Montreal, H3A, Canada.

Nitric oxide (NO) is a free radical gas produced by mammalian cells, 
including neurons. High levels are cytotoxic, while low levels function in 
intercellular signalling. NO is implicated in neurodegenerative diseases 
such as Amyotropic Lateral Sclerosis (ALS). We show that immortalized 
mouse motor neurons (NSC34) respond to sub-lethal fluxes of pure NO gas by 
activating adaptive resistance mechanisms that counteract cytotoxic NO 
exposure. Resistance of NSC34 cells was measured as the percentage of cells 
that excluded trypan blue. NSC34 cells that are pretreated with a sub- 
lethal NO flux are significantly more resistant to a cytotoxic NO flux than 
non-pretreated cells. Adaptive resistance can also be demonstrated in 
primary motor neurons isolated from rat embryo spinal cords. Resistance of 
primary neurons was measured as the percentage of non-apoptotic cells as 
assayed by Hoechst staining. Primary neurons that are exposed to a sub- 
lethal NO flux are significantly more resistant to a cytotoxic NO flux than 
non-pretreated neurons. NO resistance correlates with induction of an 
oxidative stress enzyme heme oxygenase 1 (HO-1). An HO-1 inhibitor 
(which also blocks guanylate cyclase activation) eliminated the adaptive 
resistance. Partial resistance was restored by adding 8-bromo-cGMP. Thus, 
both HO-1 and cGMP-dependent pathways contribute to adaptive 
resistance. The elucidation of the mechanism NO resistance in motor 
neurons may offer therapeutic targets for counteracting age- or disease- 
related neurodegeneration. (Work supported by NIH T32 awarded to A.B. 
and by NIH CA3783 awarded to B.D.)

596.9
DEVELOPMENT OF NEUROPROTECTIVE STRATEGIES IN 
CHEMOTHERAPY INDUCED PERIPHERAL NEUROPATHY
J. S. Gill*and A. J. W indebank. M ayo Clinic and M ayo Foundation, 
M olecular N euroscience Program, Rochester, MN 55905 USA.

Suramin is a novel chemotherapeutic agent used in the treatment o f  
breast and prostate cancer. Severe peripheral neuropathy is a dose 
limiting side effect. Previous reports from our laboratory have described 
apoptotic cell death in dorsal root ganglion (DRG) neurons ( in vitro  and 
in v ivo )  and in cancer cell lines exposed to suramin. In both primary 
neuronal cultures and cancer cells, suramin induced cell death was preceded 
by intracellular accumulation o f  ceramide. The objective o f  the present 
study was to investigate the role o f  N F kB  in suramin mediated neuronal 
death. DRG neuronal cultures exposed to suramin (300 µM) and the cell 
permeable ceramide analog C2-ceramide (10 µM ) revealed NFkB 
activation by gel shift assays. Activation was inhibited in suramin treated 
neurons cultured in the presence o f  oligonucleotides corresponding to the 
N F kB DN A binding domain. Utilization o f  the N F kB decoy elem ent 
strategy prevented translocation o f  the transcription factor to the nucleus 
and increased neuronal viability in suramin treated cultures (79%  ± 5.6 
with N F kB decoy element; 54% ±  6.1 without). Furthermore, neuronal 
cultures treated with suramin and N F kB decoy oligonucleotides reduced the  
level o f  cyclin D1 protein expression, a G1 phase specific cellular 
elem ent, as compared to cultures exposed to suramin alone. These  
findings would suggest that suramin, via a ceramide mediated m echanism , 
activates N F kB with subsequent re-entry into the cell cycle by these  
post-m itotic neurons. Inappropriate entry renders the neurons susceptible 
to apoptotic cell death. Studies are underway to over-express the cell 
cycle inhibitory elem ent p21 and a dominant negative Ik B α  elem ent via  
adenoviral gene delivery. (Supported by N S 29739).

596.11
METHYL BROMIDE DECREASES EXCITABILITY IN RAT HIPPOCAMPAL 
NEURONS WITHOUT IMMEDIATE TOXIC EFFECTS. M.L. Zeise* J. Espinoza. 
D. Jofre. University of Santiago de Chile, Faculty of Technology, Santiago 71770-3, 
Chile.

Methyl bromide, a gas used worldwide in agriculture for disinfection of soils, and 
In transportation of perishables, produces severe neurotoxic clinical symptoms in 
man. The mechanisms of this neurotoxicity are unknown.

We investigated the acute action of methyl bromide on the synaptic responses and 
electric properties of CA1 pyramidal neurons of the rat hippocampus in vitro. Methyl 
bromide that is fairly well soluble in water, was added to the perfusate for 8 minutes 
at a concentration (1.4 mM) that had been measured in the serum of patients with 
severe intoxications. Only a small, irreversible (during one hour of wash) diminution 
in population spike amplitude was observed. Intracellular current clamp recordings 
revealed that this was at least partly due to a reduction in excitatory postynaptic 
potentials. Resting membrane potential, spike accomodation and amplitude and 
membrane input resistance remained unchanged. Bromide produced a similar, dose- 
dependent but, different from methyl bromide, reversible decrease in population spike 
amplitude at about a third of the concentration (0.5 vs. 1.4 mM).

We suggest that methyl bromide, in the short term, even at millimolar 
concentrations, does not affect neuronal tissue. The decrease in synaptic excitability 
observed may be due to a slow liberation of bromide formed when methyl bromide is 
trapped in lipid structures and diverse molecules are methylated. The toxicity 
observed clinically must be attributed to metabolites formed later, like S-methyl- 
glutathione, methylated amino acids or methylmercaptane.

This study was supported by the University of Santiago (DICYT 04 9543Z).

596.8
CPI-1189, ATTENUATES THE TOXIC EFFECTS OF TNFα IN SK-N-MC 
CELLS I. Irwin *, E. MacGowan, W.D. Flitter, W.A.Garland. Centaur 
Pharmaceuticals, Inc. 484 Oakmead Parkway, Sunnyvale. CA 94086, USA

The pro-inflammatory cytokine Tumor Necrosis Factor Alpha (TNF-α) is a 
candidate etiological agent, associated with a number of neurodegenerative 
disorders including Parkinson’s, Alzheimer’s, Multiple Sclerosis, and HIV- 
related dementia. One of the major pathways of TNF-α   induced cytotoxicity 
involves the generation of reactive oxygen species and the induction of apoptotic 
cell death. The purpose of the present study was to assess the neuroprotective 
effects of a novel antioxidant CPI-1189 in a human neuronal cell culture model. 
SK-N-MC cells, a neuroblastoma cell line, were differentiated into neurotypic 
cells by incubation with 5 µM retinoic acid for 5 days. Differentiated SK-N-MC 
cells, exposed to increasing concentrations of TNF-α (0.03, 0.3 and 3.0 ng/mL) 
for 16 hours, underwent dose-dependent apoptosis. Apoptosis was measured 
using an ELISA kit that detects histone-associated DNA fragmentation and was 
confirmed by TUNEL staining. Apoptosis was preceded by the increased 
formation of reactive oxygen species (ROS) after 4 hrs TNF-α exposure and by 
reduction in levels of the anti-apoptotic protein bcl-2 after 6 hrs TNF-α exposure. 
CPI-1189 (0.1-100 µM) added to cultures 1 hour prior to TNF-α  exposure 
showed dose-dependent protection against apoptosis . CPI-1189 was also found 
to significantly attenuate the effects of TNF-α on ROS formation and bcl-2 
protein levels. Together these results indicate that CPI-1189 is an anti-apoptotic 
compound which can attenuate TNF-α induced toxicity in a human neuronal cell 
line. These actions may contribute to the neuroprotective effects observed in vivo 
(Bjugstad et al, Brain Research, In press).
(Supported by NIMH R43MH56814-01 and Centaur Pharmaceuticals)

596.10
INTERMITTENT COCAINE PRETREATMENT DECREASES 
COCAINE-INDUCED DEGENERATION BUT INTERMITTENT 
PHENCYCLIDINE (PCP) INCREASES PCP NEUROTOXICITY. CL 
Ellison. Dept Psychology, UCLA. 405 Hilgard Ave, Los Angeles, CA 
and R.C Switzer III*. NeuroScience Associates. Knoxville. TN.

The mechanisms underlying drug-induced neural degeneration are 
apparently quite different for different drugs in different structures.

Cocaine (COC) blocks amphetamine-induced degeneration in caudate. But 
in fasciculus retroflexus (FR), the two drugs summate to produce greater 
degeneration than following either drug alone. A lso, continuously 
administered COC induces neural degeneration in FR, intermittently 
administered COC does not. But when animals are pretreated with 14 daily 
injections o f COC and then, 2 weeks later, implanted with a COC pellet, the 
amount o f  degeneration in FR induced is markedly attenuated, even though 
the amount o f  motor stereotypy induced is markedly enhanced. Thus there is 
a clear dissociation between behavior induced and degeneration induced.

Continuous PCP induces degeneration in several limbic structures. Animals 
pretreated with intermittent PCP and given 2 weeks drug-free show a 
dramatic increase in degeneration induced by continuous PCP in entorhinal 
and piriform cortex, but not in retrosplenial cortex. Thus, prior drug 
experience has markedly different effects on cocaine and PCP neurotoxicity, 
and many neurotoxic effects are com pletely different in diverse brain 
structures. Generalizations cannot be made to predict degenerative patterns 
for a given compound— the results o f  each paradigm must be experimentally 
tested. (supported by NIDA DA 07344)
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597.1
REDUCED INHIBITORY FUNCTION IN THALAMIC RETICULAR NUCLEUS 
IN MICE DEVOID OF GABAa RECEPTOR β3 SUBUNIT GENE. MM 
Huntsman1*. DM Porcello1, GE Homanics2. TM DeLorev3. RW Olsen3 and JR 
Huguenard1. 1Dept Neurology and Neurol Sciences. Stanford Univ, Stanford. CA 
94305,2Dept Anesth, U of Pittsburgh, 3Dept Pharmacol, UCLA 

The GABAa receptor is the primary target of fast inhibitory neurotransmission in 
the mammalian central nervous system. The subunit combination determines ion 
channel function, including the selectivity of several drugs. The exact stoichiometry 
of the GABAa receptor is uncertain but likely brain isoforms are pentamers 
containing 2 a, 1-2 (β and 1-2 γ subunits. The reticular nucleus of the thalamus (RTN) 
has a limited number of GABAa receptor subunits and differs from most brain 
regions because the major β subtype is the β3 subunit, as opposed to the β1 or β 2. In 
this study, we examined inhibitory function in RTN neurons by measuring 
spontaneous GABAa receptor-mediated inhibitory postsynaptic currents (sIPSCs) in 
mice harboring a β3 subunit inactivated by gene targeting. These β3 deficient mice 
exhibit absence-epilepsy-like behaviors. Whole cell voltage-clamp recordings of 
sIPSCs in the RTN were examined in thalamic slices of adult mice in the presence of 
the excitatory amino acid blockers, CNQX and APV. sIPSCs duration was 
significantly reduced in β3 knockout (KO) mice (weighted τ, 35.68 ms) in comparison 
with wild type (WT) control mice (weighted τ, 78.11 ms) and in most cases, could not 
be fit to a double exponential decay. In addition, sIPSCs were significantly reduced in 
both amplitude (KO: 10.0 pA, WT: 18.0 pA) and frequency (KO: 0.6 Hz, WT: 3.6 
Hz), and evoked IPSCs were reduced. In contrast, sIPSCs frequency and amplitude 
in relay neurons of the adjacent ventral basal complex (where predominately β2 
subunits are expressed) was similar in both knockouts (11.31 Hz, 21pA) and wild 
types (11.37 Hz, 18 pA). These data indicate that inhibitory function in the RTN is 
dramatically reduced in mice lacking the β3 subunit of the GABAa receptor. We 
conclude that this subunit is a major component of thalamic GABAa receptors in the 
RTN and likely contributes to the long lasting and powerful IPSCs necessary to 
regulate synchronous thalamocortical firing observed in slow wave sleep and absence 
epilepsy. Supported by NIH grants NS0647, NS072280, NS28722, AA10422, 
GM52035 and NS34774 and the Pimley Research Fund.

597.3
THALAMIC NEURONS COMPUTE THE PHASE DIFFERENCE 
BETW EEN VIB RISSAL INPUT AND BARREL CORTEX 
OSCILLATIONS. E. Ahissar* and S. Haidarliu, Dept. of Neurobiology, 
The Weizmann Institute of Science, Rehovot 76100, Israel.

Thalamocortical neurons are traditionally considered to merely relay 
sensory information to the cortex. However, such a simple function 
seems to be at odds with (i) the massive corticothalamic feedback and
(ii) the significant transformations that occur at the thalamocortical level. In 
contrast, a comparator function, in which thalamic neurons compare 
cortical expectations against sensory inputs, and feedback the result of 
the comparison (the “error signal”) to the cortex, is consistent with these 
two observations. We tested the predictions of these two models of 
thalamic function in the vibrissal system of anesthetized rats. Sensory 
information from rat whiskers is encoded both in space (across whiskers) 
and in time (by rhythmic whisking) and is conveyed to thalamocortical 
loops that involve the barrel cortex and two thalamic nuclei -  the VPM 
and the POm. Previous results indicate that the VPM is suitable for 
spatial, and high-frequency temporal, decoding, whereas the POm is 
suitable for temporal decoding at whisking frequencies. We recorded 
simultaneously multiple neurons in the POm (1-6 neurons) and the barrel 
cortex (1-9) during periodic whisker stimulations (3-15 Hz). A relay 
function predicts that thalamic neurons should preserve the constancy, 
over stimulus frequencies, of latency and spike counts observed in the 
brainstem, and that cortical neurons should phase-lag the thalamic 
neurons. However, thalamo-cortical pairs often stabilized in states in 
which (i) the thalamic neurons phase-lagged cortical neurons, (ii) the 
latencies of thalamic neurons increased with the stimulus frequency, and
(iii) the population outputs of thalamic neurons decreased with the 
stimulus frequency. These characteristics are typical of a phase 
comparison function performed by the thalamus and not with a relay 
function. S.H. was Supported by The M inistry of Absorption, Israel.

597.5
MORPHOLOGICAL AND PHYSIOLOGICAL CHANGES IN THE 
SOMATOSENSORY THALAMUS OF MONKEYS SUBJECTED TO UPPER LIMB 
DEAFFERENTATION FOR MANY YEARS. E.G.Jones1* and T.P.Pons2. 1Dept. of 
Anatomy & Neurobiology, Univ., of California, Irvine 92697 and 2Dept. of 
Neurosurgery, Bowman Gray Sch. of Med. Winston-Salem, NC 27157.

Eight fascicularis monkeys were subjected to unilateral or bilateral dorsal rhizotomies 
from Cl to T4 and survived for 12-20 years. In the somatosensory cortex contralateral 
to the deafferentation the region of the former upper limb representation was shown to 
have become responsive to stimulation of the lower jaw/face, the representation of the 
latter having expanded over a distance of ~12mm in comparison with normals (Pons et 
al., Science, 1991, 252:1857).

In two of the deafferented monkeys, microelectrode mapping of the affected 
ventroposterior (VP) thalamic nucleus was carried out as a terminal experiment and the 
brains and spinal cords of all the animals were examined by Nissl, histochemical and 
immunocytochemical staining.

The cuneate fasciculus had completely disappeared and there was a 30-45% shrinkage, 
with neuronal loss and gliosis of the cuneate and external cuneate nuclei (see Woods et 
al., accompanying abstract). The VP nucleus had also shrunken by 15-25% due to 
transneuronal degeneration. Its posteromedial aspect was replaced by calbindin 
immunoreactive cells of the posterior and related nuclei. The degeneration of the upper 
limb representation in VP was associated with a loss of the posterodorsal aspect of the 
arcuate lamella, leading to collapse of the VPM nucleus into the degenerated zone. In 
this region, neurons with receptive fields on the face or head lay adjacent to those with 
receptive fields on the shoulder region but a large part of the region was occupied by 
neurons with receptive fields on the lower jaw, adjacent part of the face and neck, 
unlike in normal monkeys. This expansion, which may depend upon a variety of 
potential mechanisms, is sufficient to explain the corresponding expansion of the face 
representation in the somatosensory cortex.

Supported by NIH grants NS22317 and MH53369.

597.2
WHISKER-EVOKED SLOW OSCILLATION (7-12 Hz) IN SINGLE NEURONS 
OF THE RAT BARREL CORTEX. J. Julius Zhu* and Bert Sakmann. 
Department of Cell Physiology, Max-Planck Institute for Medical Research, 
Jahnstr. 29, Heidelberg D-69120, Germany.

We studied whisker-evoked synaptic responses in single neurons from layer I- 
VI in the rat barrel cortex with whole-cell in vivo recording technique. Biocytin 
was included in the intracellular solution to recover cell morphology. Based on 
their characteristic firing patterns, neocortical neurons were classified into either 
regular-spiking (RS) cells (n = 24), intrinsically burst-spiking (IB) cells (n = 6), 
or fast-spiking (FS) cells (n = 5). Morphologically, these cells were correlated 
with pyramidal cells or spiny stellate cells, large layer V pyramidal cells, and 
sparsely spiny or smooth nonpyramidal cells respectively. Six neurons generated 
large, slow action potentials, suggesting intradendritic recordings. The dendritic 
recording sites, located typically at the trunk or tufts of the apical dendrite of layer 
5 pyramidal neurons, were identified after the recovery of cell morphology.

A brief deflection of 1-4 whiskers on the contralateral face evoked a fast initial 
EPSP, a prolonged IPSP, and delayed EPSPs in all cell types. The initial EPSP 
could follow the a train of 3-5 deflections. The amplitudes of the initial EPSPs 
evoked by later deflections depended on the frequency of the stimuli. They were 
typically suppressed at high frequency (> 20 Hz), but facilitated at lower frequency 
(< 10 Hz). In many cells, a train of deflections induced a slow (7-12 Hz) 
subthreshold membrane oscillation, which could outlast the stimuli for up to 800 
ms and synchronize the spontaneous firing. The oscillation usually had a more 
synchronized frequency, lower threshold and longer duration in IB cells and some 
dendritic recordings formed at the proximal dendrite, suggesting that IB cells may 
function as the pacemakers of the whisker-evoked slow oscillation.

Supported by MPG Fellowships

597.4
REDUCTION IN VOLUME OF THE CUNEATE NUCLEUS IN ADULT  
MONKEYS FOLLOWING LONG-TERM DEAFFERENTATION OF 
THE UPPER LIMB. T.M. W oods*, G.J. Popken and E.G. Jones. Dept. 
o f Anatomy & Neurobiology, Univ. of California, Irvine 92697.

Following chronic dorsal rhizotomies which deafferented the 
upper limb, the representation o f the upper limb in area 3b became 
responsive to neighboring portions o f the periphery, the lower jaw/neck  
and face representations expanding over an order of magnitude greater 
than had previously been seen (Pons et al., 1991, Science, 252:1857). 
This expansion could depend on divergence o f thalamocortical 
projections, but the reorganization o f representations at the level o f the 
brainstem could also play a role.

In the present study, the volumes o f the gracile, cuneate and 
external cuneate nuclei were examined follow ing chronic upper limb 
deafferentation lasting for 12-20 years in M. fascicularis monkeys. 
Compared to the unaffected contralateral nuclei, the cuneate and external 
cuneate nuclei exhibited a 35-55% reduction in volume, while the 
volumes o f the gracile nuclei were approximately equal. This reduction 
suggests that any representational plasticity occuring at the brainstem 
level will be complicated and probably limited by transneuronal 
degeneration. The ventral posterior lateral (VPL) nucleus o f the 
thalamus in the same chronically deafferented monkeys also displays 
transneuronal degeneration, as well as an expanded representation o f the 
lower jaw/neck (see Jones and Pons, accompanying abstract). Divergence 
of thalamocortical connections from this expanded representation may 
be a major cause o f the large expansion o f this representation in area 3b.

Supported by NIH grant number N S21377

597.6
SENSORY DEPRIVATION MODIFIES SHORT-TERM 
DEPRESSION OF LAYER 4 TO 2 EXCITATORY SYNAPSES IN 
RAT SOMATOSENSORY CORTEX. G.T. Finnertv*. L.S. Roberts and 
B.W. Connors. Dept. Neuroscience, Brown University, Providence R I02912.

The somatosensory periphery is mapped onto the neocortex. Evidence suggests that 
experience alters cortical maps even in adults. However, the cellular mechanisms of 
such plasticity are not understood. Here, we investigate how sensory deprivation in 
relatively mature rats affects short-term plasticity at the excitatory pathway from 
layer 4 spiny cells onto layer 2 pyramidal cells in rat primary somatosensory cortex.

Starting at PI 1 - P16 we trimmed either the top 3 rows or the bottom 2 rows of 
whiskers from both right and left whisker pads every day for 10 days in 8 rats. On 
the day of testing, rats were deeply anaesthetized with metophane and all whiskers 
acutely removed bilaterally so that the person performing electrophysiological tests 
was blind to the rat’s sensory history. Brain slices were cut across the whisker barrel 
rows (PMBSF). Each whisker barrel row could be reliably identified in vitro by 
transilluminating the living slice. We tested the frequency dependence of synaptic 
depression at the excitatory layer 4 - 2 synapse in deprived and nondeprived barrel 
columns of the same slice. NMDA receptors were blocked with 50 µM APV in the 
bathing solution. Fast IPSPs were blocked by local bicuculline application. Layer 4 
was stimulated with 5 - 40 Hz stimulus trains and sharp intracellular recordings 
were made from layer 2/3 cells. The amplitudes of EPSPs in layer 2 pyramidal cells 
depress with repeated stimulation, but approach a steady state after 4 - 6 stimuli in 
the train. We found less depression in the deprived barrel columns compared with 
the nondeprived barrel columns with 5 and 10 Hz stimulus trains. Our data suggest 
that sensory deprivation can alter short-term dynamics of excitatory cortical 
synapses.

Supported by the Wellcome Trust (GTF) and NIH (BWC).

Society for Neuroscience, Volume 24 ,1998



WEDNESDAY AM SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS 1513

597.7
PROPERTIES OF SYNAPSES AND INTERNEURONS MEDIATING 
FEEDFORWARD THALAMOCORTICAL INHIBITION IN LAYER 4 OF 
NEOCORTEX. J.R. Gibson* and B.W. Connors. Dept. of Neuroscience, Brown 
University, Providence, RI, 02912.

Projections from thalamus synapse upon both excitatory and inhibitory neurons of 
layer 4 in primary sensory neocortex. Thalamocortical (TC) input to inhibitory cells 
generates strong feedforward inhibition, which is thought to play an important role in 
sensory processing. We have recorded from the inhibitory interneurons involved in 
this feedforward circuit, and studied the short-term dynamics of their TC synapses, 
their intrinsic membrane properties, and their morphology. Whole-cell electrodes 
were used in somatosensory thalamocortical slices of 15-17 day old rats under 
IR-DIC visualization. Slices were bathed in 50 µM APV and kept at 32°C. Neurons 
with large, vertically oriented somata reliably displayed intrinsic fast-spiking 
behavior. Unitary monosynaptic EPSPs evoked from the ventrobasal thalamus were 
often large (Mean=3.6 mV, Range=0.2-16). Disynaptic IPSPs could sometimes be 
evoked on interneurons, but only at stimulus intensities well above the thresholds for 
TC-EPSPs. TC stimulus trains from 1-40 Hz resulted in strong depression of EPSPs; 
occasional longer-latency monosynaptic EPSPs (presumed to be antidromic 
corticothalamic) were facilitated. Tetanic stimulation of intracortical pathways in 
layer 2/3 about 500 µm lateral to the recorded neuron usually evoked depression. 
When stained with biocytin these neurons were nonpyramidal, with smooth or 
sparsely spiny dendrites, and usually had a vertical, bitufted dendritic arrangement. 
Axonal arbors were most often vertically oriented, extending from layer 2/3 to layer 
6. Some cells had horizontally oriented axons in layers 3 and 4. We conclude that 
large, fast-spiking interneurons receive strong TC input, and generate feedforward 
inhibition onto extended columnar and horizontal arrays of both excitatory and 
inhibitory neurons.
Supported by NS 10478 (JRG) and NS25983 (BWC) from NIH.

597.9
ANALYSIS OF GAMMA ACTIVITY IN CULTURED NEOCORTICAL 
SLICES B. Antkowiak* and H. Hentschke. Max-Planck-Institut für 
biologische Kybernetik, Spemannstr. 38, 72076 Tübingen, Germany.

High frequency oscillations have been detected in cultured neocortical 
brain slices during intra- and extracellular recordings (Plenz D, Kitai ST J 
Neurophysiol 76:4180-4184 1996; Antkowiak B, Hentschke H Neurosci Lett 
231:87-90 1997). Clinically relevant concentrations of general anesthetics, 
which decreased neuronal activity by enhancing GABAA-receptor mediated 
synaptic inhibition, also slowed the frequency of these rhythms (Antkowiak B, 
Helfrich-Förster C Anesthesiology 1998 in press). Similar observations were 
made in hippocampal slices (Traub RD et al J Physiol 493:471-484 1996). 
Interestingly, the effects of the volatile anesthetic isoflurane were 
quantitatively equivalent to those reported from EEG-studies on humans. Bath 
application of the GABAa antagonist bicuculline enhanced the frequency of 
gamma rhythms without abolishing oscillations. Application of acetylcholine 
prolonged oscillatory activity and increased the amplitudes, leaving the 
frequency unchanged. Induction of LTP seems to enhance synchronous activity 
strongly. When co-culturing a single neocortical slice with a second one, 
episodes of gamma-activity appeared markedly prolonged. On comparing 
gamma oscillations in cultured neocortical and acute hippocampal slices, a 
number of different features became evident: In neocortical tissue (1) episodes 
of gamma activity occurred spontaneously, or could be induced by stimuli of 
moderate strength, (2) frequency was independent of stimulus strength, (3) 
blockade of GABAb receptors was not necessary to obtain gamma activity, (4) 
blockade of metabotropic glutamate receptors did not abolish the rhythm. We 
propose that in cultured neocortical brain slices, gamma activity arises from 
recurrent excitatory connections between pyramidal cells rather than from 
activation of metabotropic glutamate receptors, as shown in hippocampal 
slices. Supported by the Max-Planck society.

597.11
SYNCHRONOUS FIRING IN THE SECOND SOMATOSENSORY CORTEX 
(SII) COVARIES WITH THE ATTENTIONAL STATE OF ALERT MONKEY. 
P.N. Steinmetz, A. Roy, P. Fitzgerald, S.S. Hsiao, E. Niebur, K.O. Johnson* 
Zanvyl Krieger Mind/Brain Institute, Johns Hopkins University, Baltimore, 
Maryland.

The degree of correlated activity of pairs of neurons recorded simultaneously in 
area SII of an alert behaving monkey was examined. During the recordings, the 
animal's focus of attention switched between performing a tactile discrimination 
task, where the animal was required to match the orientations of two sequentially 
presented bars pressed onto the monkey's fingerpad, and performing a visual task, 
where the animal was required to detect the dimming of a figure presented on a 
screen while receiving identical tactile stimulation (see Fitzgerald, Lane and 
Hsiao, this volume for details). The neurons of each pair were recorded from 
different electrodes separated by at least 400 µms. Correlations were determined 
after applying a shift predictor to correct for variations in evoked firing rate.

Of the total 101 neurons examined, 50 (50%) were members of at least one pair 
that showed significant effects of attention on correlation. A total of 150 pairs was 
examined. 18 pairs (12%) showed significant (p<0.01) synchronous firing, with 
the half-width of the cross-correlation peak approximately 25 ms, and with the 
degree of correlation covarying with the attentional state of the monkey (8% 
positive, 4% negative). An 8 additional pairs (5%) showed significant correlation 
(p<0.01) with a wider cross-correlation peak (half-width ~50 ms). 6 pairs (4%) 
showed significant (p<0.01) inhibition of one neuron by the other which was 
affected by attention, typically within 50 ms. Correlation between the remaining 
118 pairs (79%) was unaffected by attention.

These results indicate that attention changes not only the mean rate of firing of 
neurons (Hsiao et aί, J. Neurophys. 7:444, 1993) but also, for nearly one half of 
the neurons examined, the degree of synchronization with other neurons as well. 
Supported by NIH Grant: NS34086 and the Sloan Foundation.

597.8
PROPERTIES OF THALAMOCORTICAL SYNAPSES ONTO LAYER 6 
NEURONS IN RAT NEOCORTEX. M. Beierlein* and B.W. Connors. 
Dept. of Neuroscience, Brown University, Providence, RI 02912.

Layer 6 provides the main source of synaptic input from the neocortex to 
the thalamus. In turn, layer 6 cells also act as an important target of 
thalamocortical afferents. To help understand the role of layer 6 feedback in 
controlling information flow through thalamus, we have studied the synaptic 
properties of thalamic and cortical input to layer 6 cells. Recordings were 
obtained using whole-cell techniques in combination with IR-DIC 
visualization in somatosensory thalamocortical slices of 2-3 week old rats. 
Slices were bathed in solution containing 50 µM APV and kept at 32-33 °C. 
The intrinsic firing properties of recorded cells were characterized, and 
classified as either regular-spiking or fast-spiking. Extracellular stimulation 
in thalamus (VPL or n. reticularis) yielded fast, excitatory, monosynaptic 
responses in layer 6 cells, at latencies ranging from 2-8 ms (3.4 ±1.9 ms, 
mean ± SD, n=l7). Trains of 8 stimuli at 10, 20 and 40 Hz were used to 
characterize the short-term dynamics of these synaptic responses. All EPSPs 
with latencies of less than 3 ms (n=5) showed short-term depression, 
whereas responses with latencies of 3 ms or longer (n=8) displayed short
term facilitation. These characteristics were independent of postsynaptic 
intrinsic firing type. We suggest that the short-latency responses are due to 
the activation of relatively fast thalamocortical afferents, whereas longer- 
latency responses arise locally from layer 6 cells whose axons are activated 
antidromically from the thalamus. Cortical and thalamic afferents that 
interact on layer 6 cells therefore display distinctly different short-term 
dynamics. Supported by NS25983 from NIH.

597.10
RESPONSE PATTERNS IN MONKEY SECOND SOMATOSENSORY 
CORTEX (SΠ) DURING A PASSIVE TOUCH, FEATURE CONSTANCY 
ROUGHNESS CLASSIFICATION TASK. J. Pruett. Jr.,* R. Sinclair and H. 
Burton. Department of Anatomy & Neurobiology, Washington University Sch. Med., 
St. Louis, MO 63110.

The objectives of this study are to understand better the role that SII plays in tactile 
roughness perception and to explore the contribution that SII makes to perceptual 
constancy for roughness during manual exploration. Roughness perceptual constancy 
has been demonstrated for active touching of surfaces over wide ranges of finger 
contact force and scanning speed. An understanding of the neural basis of perceptual 
constancy is extremely important because it relates to our ability to recognize objects 
under changing sensory conditions. The proper study of this phenomenon requires the 
manipulation and precise, independent control of multiple stimulus variables. 
Response functions for single neurons in SII were studied with passively applied 
tactual gratings while two monkeys (M. mulatta) performed a roughness classification 
task. The gratings were delivered to a single finger pad using a precision-controlled 
tactile stimulator. Maintained closure of micro-switches with the unstimulated fingers 
was required during a trial and ensured the monkeys did not move their fingers or 
hands during stimulation. In this way the effects of changing stimulus roughness 
(grating groove widths 1.07, 1.42, 1.90, 2.53mm), contact force (30, 60, 9Ogms), 
and scanning speed (40, 80, l20mm/s proximal to distal) could be assessed free of 
any potential confounds introduced by hand movements. The monkeys had to ignore 
stimulus contact force and scanning speed to indicate correctly the grating roughness 
with a pedal response (using the foot ipsilateral to the recorded hemisphere). Findings 
include sub-populations of SII cells (current total N =  30) with positive and negative 
relationships between average firing rates and stimulus roughness, force, and speed. 
Population analyses show that information about the roughness component of a 
stimulus may be extracted from the distributed representation of a compound, 
roughness, force, and speed stimulus, by performing simple linear operations on the 
sampled SII cell response functions. The positive and negative cell response functions 
may serve as a form of signal amplification for the roughness component of the 
stimuli. (Supported by NS 31005)

597.12
RATE DEPENDENCE OF UNITARY EVENT ANALYSIS.
A. Roy, P.N. Steinmetz*, E. Niebur. Zanvyl Krieger Mind/Brain Institute, Johns 
Hopkins University, Baltimore, MD.

Unitary event (UE) analysis has recently been proposed (Riehle et al., Science 
278: 1950, 1997) as a tool for detecting excess coincidences between neuronal 
spike trains. We show analytically and by computer simulation that the method 
becomes unreliable at low but realistic spike rates (<10 spikes/s) when using 
conventional coincidence windows (e.g. 5ms).

Because the null hypothesis used to compute the chance level of coincidence 
incorporates a varying firing rate, the occurrence of UEs is independent of the rate 
of firing when the same level of significance can be applied to each time interval 
tested. When the rate of firing is low, however, the discrete nature of neuronal 
firing results in discrete possible significance levels and it becomes impossible to 
assign similar significance levels to different time intervals.

We demonstrate this with data recorded in somatosensory area II. The activity 
of 30 pairs of cells was recorded during tactile stimulation in a controlled 
attentional state (Fitzgerald, Lane, Hsiao, this volume) and analyzed using UE 
analysis. In all pairs, the frequency of UEs changed with the firing rate of the 
neurons, typically 2-5 spikes/sec. Furthermore, the frequency of UEs in 9 pairs 
(30%) varied with the attentional state of the animal. The difference between 
attentional states could be accounted for, however, by the different discrete 
significance levels. Not only this difference, but indeed the UEs themselves, 
disappeared when similar significance levels were obtained by using a larger 
analysis interval (1500 ms).

These results suggest that careful interpretation of variations in the occurrence 
of UEs is required, particularly in the presence of low firing rates. Specifically, 
when analyzing 150 trials of an experiment using an analysis window 100 ms 
wide with a 5 ms coincidence window, rates lower than 10 spikes per second 
require caution.
Supported by a Sloan Fellowship to E.N.
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597.13

Somatotopically organized and area-specific inhibition in the 
ipsilateral postcentral gyrus during tactile and not
proprioceptive/motor stimulation revealed with fMRI C. I.
Moore1*S. Corkin1, B. Fischl2, C. Stern2, A. C. Gray1, B. R. Rosen2, 
A. M. Dale2 1 MΓΓ Dept of Brain and Cog. Sciences, Cambridge, MA 
and 2 MGH-NMR Center, Charlestown, MA 

We recently described the segregation of three somatosensory areas in 
the contralateral central sulcus region during tactile and
proprioceptive/motor stimulation (Moore et al., 1997). Here we describe 
the ipsilateral hand area representation during performance of these tasks.

Subjects (N = 5, right-handed) were scanned in a 3 T GE magnet using 
a birdcage head coil. Functional images (16 slices, 3 mm x 3 mm 4 mm) 
were acquired parallel to the course of the central sulcus (TR = 2 sec, TE 
= 50 msec). Subjects engaged in tactile (3 Hz stim. with 5.88log 10mg von 
Frey hair) and proprioceptive/motor (3 Hz open-closing of fingers) tasks. 
Analyses were conducted using a fourier analysis or t-test (p < .01, 
Bonferroni corr.) and 3D-visualization (Sereno et al., 1993).

We observed a consistent decrease in signal in the ipsilateral postcentral 
gyrus (PoCG: N = 5/5) and precentral gyrus (PreCG: N = 4/5) hand area 
(defined as the posterior convexity of the central sulcus; Moore, 1998; 
Yousry et al., 1995) during tactile stimulation. We did not observe 
inhibition in the central sulcus (CS: N = 1/5).During proprioceptive

— Palaor~ * ~ -------- /motor stimulation, we observed a complementary
pattern, with activation in the PreCG (N = 4/5; Kim 
et al., 1993) and PoCG or postcentral sulcus (N = 
4/5), without activation in the CS (N = 1/5). These 
findings suggest area-specific and somatotopically 
organized ipsilateral inhibition during tactile 
stimulation. Supported by the SCRF/PVA

597.14
THE EFFECTS OF ACTIVE AND PASSIVE MOVEMENT ON THE TIME COURSE AND 
MAGNITUDE OF MOVEMENT-RELATED SUPPRESSION OF TACTILE DETECTION IN 
HUMANS. Williams S.R., and Chapman C.E*. CRSN, Un¡versité de Montréal, Montréal, 
Québec, Canada, H3C 3J7

We recently reported (Williams et al. 1998, J. Neurophysiol. 79: 947-963) that detection of 
near-threshold electrical stimuli applied to the moving index finger is decreased up to 70 ms 
before the onset of electromyographic (EMG) activity, with peak decreases occurring up to 50 
ms before movement onset. These results suggested that central influences related to the 
motor command may contribute to the modulation. This hypothesis was tested by comparing 
the time course of suppression during active movement with that seen during passive 
movement (no motor command) in 13 subjects. Stimuli consisted of weak electric pulses 
delivered to the glabrous tip of the right index finger. The intensity of stimulation was set at a 
level where 90% of the stimuli were detected at rest.

Movement tasks evaluated include: 1) active abduction of the right index finger (rD2), 2) 
passive abduction of rD2, 3) active extension of the right elbow, and 4) passive extension of 
the right elbow. Data from the subjects were pooled and the time course and amplitude of the 
movement-related suppression of tactile perception was examined for each movement task in 
relation to the onset of movement (all tasks) and the onset of movement-related EMG 
activity (active only).

Significant (p<0.001) and sustained decreases in detection performance were observed 
during both active and passive movement. The time course and peak magnitude of 
perceptual suppression were similar during active and passive movement, peak decreases 
occurring 40-50 ms before movement onset during finger abduction and 100-120 ms before 
movement onset during elbow extension. The equations best describing perceptual 
performance during active movement were not significantly different from those best 
describing passive movement (p>0.05, Kolmogorov test). These results show that active 
movement is not necessary to suppress detection of tactile stimuli before movement begins. 
Backward masking of tactile stimuli by peripheral reafference during movement could explain 
these results. Supported by the MRC, FRSQ and FCAR (GRSNC).
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598.1
SOX10 AS A REGULATOR OF NEURAL CREST DEVELOPMENT. M Wegner1*.
K. Kuhlbrodt1. B. Herbarth1,R. Peirano1. D.E. Goerich1. V. Pingault2. N. Bondurand2. 
and M Goossens2. 1Center for Molecular Neurobiology (ZMNH), UKE, Hamburg, D- 
20246, Germany; 2INSERM U468, Hopital Henri Mondor, Creteil, F-94010, France.

The Sox family is an evolutionary conserved group of transcription factors with 
diverse functions during development. All members of this family contain as their DNA- 
binding domain a variant form of the HMG-box that was first described in the sex 
determining factor SRY. We have recently identified Sox10, a novel member of the Sox 
gene family. During late development and in the adult, Sox10 expression was primarily 
detected in glial cells of the peripheral and the central nervous system. During early 
development, Sox10 is already expressed in the emerging neural crest.

The neural crest gives rise to a number of different cell types and tissues, which 
include cells of the peripheral and the enteric nervous system as well as melanocytes. 
Accordingly, mutation of one Sox10 allele in the naturally occurring Dominant 
megacolon (Dom) mouse leads to aganglionosis of the colon combined with 
pigmentation defects. Mutation of both alleles is embryonic lethal and is characterized 
by severe defects in various parts of the peripheral and the central nervous system. 
Heterozygous Sox10 mutations have also been detected in 3 sporadic and 1 familial case 
of humanWaardenburg-Hirschsprung disease. This disease combines the classical features 
of Waardenburg syndrome (deafness and pigmentation defects) with the aganglionic 
megacolon of Hirschsprung disease and thus bears resemblance to the phenotype of the 
Dom mouse.

So far, however, it is unclear how Sox10 performs its function during neural crest 
development on the molecular level, and how the identified mutations interfere with this 
function. To better understand Sox10 function, we are attempting to identify potential 
Sox10 target genes in a tissue-culture system and have analyzed the impact of naturally 
occuring mutations on Sox10 function in vitro. The results of these analyses will be 
presented. (Sponsored by BMBF and Deutsche Forschungsgemeinschaft)

598.2
FUNCTIONAL DNA RECOGNITION PROPERTIES OF NEURAL POU 
PROTEINS. E. E. Turner1,2*, M. Trieu1, J. Rhee1, K. Gratwick1, and N. Fedtsova1. 
1Dept. of Psychiatry, Univ. Calif. San Diego, 9500 Gilman Drive, La Jolla, CA 
92093-0603, and 2San Diego VA Medical Center.

The POU-domain proteins are a class of homeodomain transcription factors 
which have critical roles in the development of the hypothalamus (Bm-2), retina 
(Brn-3.2/3b), sensory ganglia (Brn-3.O/3a), vestibulo-auditory system (Brn-3.l/3c, 
Brn-4), and in the myelination of peripheral axons (SCIP). However, the distinctive 
DNA recognition properties of the major POU subclasses have not been well 
defined, and the transcriptional targets of the neural POU proteins are largely 
unknown. Usual methods for detecting DNA-protein interactions, such as 
footprinting and gelshift assays, are often misleading because they easily detect 
binding to DNA sequences with affinity 100-fold lower than that required to 
activate transcription. In recent work we have used substantially improved methods 
to determine the optimal DNA recognition sites of the major classes of POU 
proteins, including the POU-1I (Oct-1, Oct-2), POU-III (Bm-1, -2, -4, SCIP, drifter) 
POU-IV (Brn-3.x, I-POU, Unc-86) and POU-V1 (Bm-5) factors, and have shown:
1) The POU protein subclasses have clearly distinguishable functional DNA binding 
properties, although they may exhibit similar affinity for certain complex sites. 2) 
Within each subclass, the DNA binding properties of the invertebrate and the 
multiple vertebrate genes are indistinguishable. 3) The proteins exhibit optimal 
affinity for DNA sites which are surprisingly long and highly specific, and which 
can accommodate POU binding in multiple conformations. 4) The POU-III and 
POU-IV class proteins exhibit highly cooperative homodimerization on appropriate 
symmetrical sites, but may also bind and function as monomers. 5) There is a 
strong correlation between binding affinity and transcriptional activation, at least for 
monomeric binding sites. Together these findings form the necessary basis for 
recognizing functional targets of the POU-domain factors in the regulatory regions 
of neural genes. Funded by NIH HD33442, MH01581, MH58447, VA MERIT 
funding, and NARSAD.

598.3

CHANGES IN THE PROPERTIES OF GAP JUNCTIONS DURING 
NEURONAL DIFFERENTIATION. R. Rozental*. M. Morales. M.F. 
Mehler. M, Urban. M. Kremer. R. Dermietzel, J.A. Kessler and D.C. 
Spray. Depts. Neuroscience, Anesthesiology and Neurology, Albert Einstein 
College of Medicine, Bronx, NY 10461; Dept. Int. Medicine and IPTESP, 
Federal Univ. Goiás, Goiânia, Brazil; Ruhr University Bochum, Germany.

Gap junctions (GJ) mediate intercellular communication in most tissues 
and may play a role in cellular differentiation. Although the expression of 
different GJ proteins (connexins; Cx) is temporally patterned in the 
developing brain, such changes have not been specifically investigated in 
maturing neurons. In this study, we examined the identity and functional 
properties of GJ during neuronal differentiation. In immortalized murine 
neuronal hippocampal progenitor cells (MK3l), in vitro differentiation was 
induced by either interleukin (IL)-7 alone or concurrently with TGFα and 
bFGF and evaluated under electrophysiological, immunocytochemical and 
molecular biological (Northern blot and RT-PCR) techniques (J. 
Neuroscience, 18: 1753, 1998). Neuroblasts were found to be strongly 
coupled by Cx43 during early ontogeny. However, as progenitor cells 
underwent differentiation under the influence of cytokine alone or combined 
with growth factors, coupling strength decreased and two other connexin- 
types were expressed. Specifically, Cx43 expression declined and both Cx33 
and Cx4O were detected. Because functional channels are not formed by 
pairing Cx4O with Cx43 or by pairing Cx33 with itself or additional Cxs, our 
data raise the possibility that the loss of coupling during neuronal ontogeny 
may involve down-regulation of Cx43 coupled with potentiation of expression 
of Cx33 and Cx4O (Supported by N.I.H. grants).

598.4
DIFFERENTIAL EXPRESSION OF THREE NOVEL GENES IN  
DEVELOPING CORTICAL LAYERS. V. Tarabykin, N. Usm an. A. 
Stoykova, G. Alvarez-Bolado* and P. Gruss D ept, of Mol. and Cell 
Biology; Max-Planck Inst. of Biophysical Chemistry; G öttingen 37077; 
Germany.

To identify genes that encode regulatory proteins involved in cortical 
lam ination w e u sed  subtractive hybrid ization . To iso late  genes  
preferentially expressed w hen newborn cells are m aking the decision  
about their laminar fate we subtracted E18.5 from E15.5 m ouse cortex 
cDN A libraries. Three of the genes w e have isolated (Kora 1, Kora 2 
and SveT 1) are expressed in different non overlapping cell populations 
of embryonic cortex. The SveT 1 gene is expressed within the population  
of cells in the subventricular zone of develop ing dorsal telencephalon  
during the tim e of generation of upper layer neurons. Later in 
developm ent its expression is shifted to the cortical plate, where it is 
detected in the upper layer neurons but not in the cells of layers V and 
VI. The Kora 1 gene appears to be expressed by cells destined to form  
layer V after they have arrived in the cortical plate. The Kora 2 gene 
is expressed by young neurons of layer VI. In addition the gene is 
expressed  in the CA3 region of both  d ev e lo p in g  and m ature  
hippocam pus. The spatial and tem poral expression patterns of these 
genes suggest their involvem ent in the specification or differentiation  
of cortical layer neurons.
This work was supported by Max-Planck Society, V.T.-is a recipient of 
EMBO fellowship, G. A.-B. is a recipient of EU fellowship.
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598.5
A RECΈPTOR ΊΎR()SINIE KINASE INVOLVED IN CEREBELLAR GRANULE 
CELL DIFFERENTIATION. R. Bhatt. T. Tomoda, .J. Alder*, and M .E. Hatten. 
Laboratory of Developmental Neurobiology, The Roekefeller University, New York, 
NY.

To understand the moleeular mechanisms of neuronal development we have 
performed a screen for receptor tyrosine kinases expressed in the developing 
cerebellum. One kinase, Neuroepithelial Protein, NEP, has been the focus of this 
study. This kinase is a member of the Discoidin Domain Related (DDR) tyrosine 
kinases, whose members contain a discoidin-like region in their extracellular 
domains. NEP is expressed highly in the developing cerebellum as well as in other 
tissues. Retrovirus-mediated infection of a putative dominant negative form of NEP 
reduces granule cell neurite extension. Additionally, the ligand for NEP has been 
localized to the pial surface of the cerebellum. Others have found the identity of the 
ligand to be collagen. Granule cells, when cultured on top of pial cell cultures as 
well as on collagen-coated dishes are capable of extending processes. Thus, NEP is a 
receptor tyrosine kinase that is expressed in the cerebellum and is important in 
supporting the differentiation of cerebellar granule neurons.

This work was suppoiled by NIH I MSTP grant GM07739 (RB).

598.7

TRINUCLEOTIDE REPEAT BINDING PROTEINS (TRIPs) ARE 
RNA BINDING PROTEINS IN NEURONS AND ENHANCE 
NEURITE OUTGROWTH. H. Yano-Yanagisawa. B .-E . W ang, I. 
Ahmad. J. Zhang, T. Abo. J. Nakavama and Y. Kohwi*. Lawrence 
Berkeley National Laboratory, University of California, Berkeley, CA 
94720.

The expansion of trinucleotide repeats (CAG)∏ and (CGG)∏ has been 
found in the genes responsible for several triplet repeat disorders. We 
isolated cDNAs encoding the trinucleotide repeat binding proteins 
TRIP-1 and TRIP-2, that are homologous, from mouse brain. Both 
TRIP-1 and TRIP-2 recognize RNA and single-stranded DNA that 
have (CAG)∏ and (CGG)n repeats, as well as purine-rich sequences. 
These include mRNA of the growth-associated protein GAP-43 that is 
known to be expressed in neurons during the development and 
regeneration of neuronal connections. TRIP-1 and TRIP-2 expression 
increased postnatally in the brain in parallel and were predominantly 
expressed in neuron in adult brain. Transfection of TRIP-1 expression 
into PC 12 pheochromocytoma cells, which lack de novo TRIP-1 
expression, prom oted neurite outgrowth and induced neuronal 
differentiation in the absence of Nerve Growth Factor. The transfected 
TRIP-1 in PC 12 cells was detected in the cell body, along with the 
neuronal fiber and growth cone. These data suggest that, in neuron, 
expression and localization of TRIPs that bind to purine-rich mRNA 
may be important for neurite outgrowth and the maintenance of 
neuronal network formation in vivo. W hether there is a link between 
triplet diseases and the expression of TRIPs remains to be studied. 
However, the existence of TRIPs in neuron may provide an intriguing 
clue to understanding a mechanism of triplet diseases.

Supported by NIH CA51377 and the Hereditary Disease Foundation.

598.6
GLIAL CELL GUIDANCE IN THE DROSOPHILA EYE 
IMAGINAL DISC: THE ROLE OF THE GILGAMESH  GENE.
S. Attix,1,3 D.Gunning,2 D. Schmucker,3 and S.L. Zipurskv2,3*. 
'Program in Neuroscience, University of California, Los Angeles; 
2Howard Hughes Medical Institute, Univ. o f California, Los Angeles; 
3Department of Biological Chemistry, Univ. o f California, Los 
Angeles; CA 90095.

The gene gilgamesh (gig ) was identified in a screen for mutations 
disrupting axonal projection patterns in the Drosophila visual system 
gig mutations affect glial cell migration in the Drosophila visual 
system. During normal development of the compound eye, glia 
migrate from the optic stalk into the developing eye disc. Glial cells 
terminate migration at a specific location along the basal surface o f the 
epithelium, and photoreceptor cells extend axons in close association 
with glia into the optic stalk. In a gig mutant, glial cells fail to 
terminate their migration and instead migrate further anteriorly beyond 
their normal termination site. As a consequence of this defect, 
photoreceptor neurons often project anteriorly along misplaced glia, 
rather than posteriorly as they do in wild type. Similar migration 
defects are seen in the larval visual system. We propose that gig 
functions in a pathway regulating glial cell migration in the visual 
system. Progress on molecular characterization o f gilgamesh and 
interaction with other glial cell migration mutants will be presented.

S.L. Zipursky is an Investigator with the Howard Hughes 
Medical Institute.

598.8
EXPRESSION OF TRANSFECTED N-CADHERIN ADHESION 
MOLECULES IN CHICKEN NEURAL TUBES IN VIVO. B.A. 
Murray*, M.I. García-Castro and M.E. Bronner-Fraser. Division of 
Biology, California Institute of Technology, Pasadena, CA 91125

Loss or modulation of cell-cell adhesion may be important for the 
epithelial-to-mesenchymal conversion of migrating neural crest cells. We 
used partially degraded dendrimers (Superfect, Qiagen) to express full- 
length and partially-deleted (dominant negative) cDNAs encoding the 
calcium-dependent adhesion molecule N-cadherin in neural tube 
fragments from day 2 chicken embryos. The neural tube fragments were 
grafted into host embryos and allowed to develop in vivo or in whole- 
embryo explants for 24 to 48 hours. Coexpression of an enhanced green 
fluorescent protein (GFP) cDNA allowed monitoring of cell behavior and 
morphology during migration. GFP expression in vivo was detected as 
early as 6 hours following transfection and remained easily visible until 
the end of the experiment. After fixation and sectioning, green cells were 
observed in the neural tube and in migratory pathways. Distributions of 
cells expressing GFP alone or in concert with wild-type or dominant 
negative N-cadherin constructs were compared. Rounding of some cells 
expressing dominant negative N-cadherin constructs in the neural tube 
was observed, but the neural crest marker HNK-1 was not prematurely 
expressed in these cells. Supported by NIH grant HD 15527 and by 
American Heart Assn. Research Fellowship 1140-FIl to MIGC.
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599.1 599.2

CEREBRAL ENERGY M ETABOLISM  IN H UNTINGTIN M UTANT  
R6/2 TRANSGENIC MICE. S.E. Brow ne1*, S.C. Berger1, L. M angiarini2, 
A. M ahal2, G.P. Bates2 and M.F. B eal1. 1Neurochem istry Laboratory, 
Massachusetts General Hospital and Harvard M edical School, Boston, 
MA; 2M edical and M olecular Genetics, G uy’s Hospital, London, UK.

R6/2 transgenic m ice express mutant huntingtin protein, resulting 
from insertion o f a human transgene carrying 145-150 CAG repeats 
into the murine hom ologue. M ice exhibit a rapidly progressing  
neurological phenotype, with onset at approximately 8 weeks o f age o f a 
m ovem ent disorder exem plified by resting tremor, shuddering, 
stereotypic behaviour and epileptic seizures. By 12 weeks brain weight 
is significantly reduced. M ice can survive to approximately 17 weeks. 
Neuronal intranuclear inclusion bodies (N ІІ) are evident in the brain by 
4 weeks o f age. Given the evidence o f energetic defects associated with 
the human huntingtin mutation in Huntington’s disease, we measured 
activities o f  key respiratory enzym e activities in hom ogenate preparations 
from forebrain and cerebellum  o f  R6/2 m ice and wild type littermates, 
over the lifespan o f these animals (3.5, 8 and 12 weeks o f age). 
Com plex I and II-III enzym e activities (corrected for m itochondrial 
density by citrate synthase activity) were significantly increased in the 
forebrain o f R6/2 mice by 12 weeks o f age, relative to wild type 
activitities (p<O.O5), but did not markedly differ at earlier time points, or 
in the cerebellum. Com plex IV activity was unaltered in both regions. 
However, activity o f the glycolytic enzym e glyceraldehyde-3-phosphate  
dehydrogenase (GAPDH) was significantly elevated in cerebellum  o f  
R6/2 mice (p<0.05), and showed a trend to increase in forebrain. Results 
imply the involvem ent o f m etabolic dysfunction in the etiology o f the 
neurological disorder in these transgenic m ice, but do not show evidence 
o f a metabolic defect preceding N ІІ formation. (Supported by the 
H DSA Coalition for the Cure.)

QUANTITATIVE ANALYSIS OF GOLGI-STAINED PURKINJE CELLS 
IN COMPOUND HETEROZYGOUS, TOTTERING/LEANER (tg/tgla) 
MICE. L.C. Abbott*,  J. McKean1, T. Pindell1 and R.F. Mervis1 Dept. 
of Veterinary Anatomy & Public Health, Texas A&M University, College 
Station, TX 77843-4458. 1Neuro-Cognitive Research Laboratories, 2109 
West Fifth Ave., Columbus, OH 43212.

Compound heterozygous, tottering/leaner mice (tg/tgla) exhibit ataxia, 
intermittent myoclonus and absence seizures. These mice carry one allele 
each of two autosomal recessive mutations in the voltage-sensitive P-type 
αlA Ca2+ channel subunit. One mutation is the tottering (tg) mutation; the 
other is the leaner (tgla) mutation. To investigate relationships between 
morphology and abnormal phenotypic expression, we examined several 
morphologic parameters of tg/tgla Purkinje cells (Pcs) compared to age- 
matched wild-type (+/+) controls. Cerebella from adult tg/tgla (n=6) and 
+/+ (n=5) mice were prepared using the Golgi-Cox method. Stained
cerebella were embedded in nitrocellulose, 120µm sections were cut, 
reacted with 10% ammonium hydroxide and 5% sodium thiosulfite, 
dehydrated and mounted using Permount. 10 PCs displaying complete 
staining of dendritic processes were analyzed per mouse.

The following was observed:____________ +/+ (± SEM) tg/tgla (± SEM)
Branch Density (Ave. # dendritic intersections) 91.3 ± 2.0 91.8 ± 2.6*
Terminal Tip Spine Density (Ave. # spines/µm) 2.2 ± 0.05 1.9 ± O.O5
Branching Area (Ave. area in sq. µm x 1000) 16.3 ± 0.45 13.7 ± 0.38
_______ * = p>0.05 ǂ  = p<0.00l___________________________________

Previous data revealed multiple synaptic contacts between Pc 
dendritic spines and parallel fiber varicosities (Rhyu et al., Soc. Neurosci. 
Abst. 23:1873, 1997), implying tg/tgla terminal spine tip density might be 
increased, but the opposite is true. Decreased branching area and spine 
density could result in impaired Pc function, contributing to the abnormal 
tg/tgla mouse phenotypes. Supported by NIH (K08NS01681) grant to L.C.A.
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599.3
A GENOME-WIDE SCAN FOR NEUROLEPTIC RESPONSIVENESS QTL's IN A

Departments of Psychology and Psychiatry. S.U.N.Y. Stony Brook. Stony Brook, NY.
Previous studies from our laboratory have demonstrated that both neuroleptic 

responsiveness and dopamine D2 receptor binding in mice are highly heritable, complex 
traits apparently under the influence of similar genetic mechanisms. Various strategies 
have indicated that a QTL for catalepsy exists near Drd2 on chromosome 9 at D9Mit2l . 
Allelic differences at this locus appear to be associated with a higher density of 
somatodendritic D2 autoreceptors in the striatum of nonresponsive individuals 
(Hitzemann et a l ., 1991; Kanes et al., 1993). In order to confirm and expand upon these 
findings, we conducted a genome-wide QTL analysis using the highly polymorphic 
Balb/c (C) and LP inbred lines. The C (responder) and LP (nonresponder) parental lines 
were chosen because they represent the extremes of the distribution for neuroleptic 
responsiveness, and because they allowed us to exploit any divergence of coat color 
associated with responsiveness in the segregating F2 sample. A two-dose strategy of 
haloperidol was used to categorize some of the F2 mice (n=1032) into phenotypic extreme 
responder (RR) and extreme nonresponder (NN) groups. The extreme groups each 
contain 18% of the total sample and collectively represent approximately 80% of the 
relevant linkage information (Lebowitz et al., 1987; Lander and Botstien, 1989; Davarsi 
and Soller, 1992). Selective genotyping of RR and NN individuals was conducted using 
microsattelite markers spaced approximately at 2OcM intervals along the genome. 
Provisional QTL's were detected on chromosomes 9 and 14. The relevance of the Drd2 
region was confirmed (D9Mit2l: x2=7 p=.008). However, the region of greatest 
significance detected on chromosome 9 was at D9Mit75 (χ2=21; p=. 00001), 5cM 
proximal to Htrlb. Two possible QTL's were detected on chromosome 14. One QTL is 
near the Chat locus (Dl4Mitl5: χ2=14; p=.0001), and the second is further downstream 
near the Htr2a and Ednrb loci (D14Mit196: χ2=9.1; p=.0002). Additional QTL's of 
smaller effect size may exist on chromosomes 6, 10, and 15.

Supported by MH-51372 and VA Merit Research.

599.5
CHARACTERIZATION OF ß-AMYLOID DEPOSITS IN APP TRANSGENIC
M IC E . M - S ta n fe n h ie l* ,  D  A b r a m o w sk i, C . S turc ·h1eτ-P ie rra t, K .-H .  W iederhold ,

A. Probst, B. Sommer. Nervous System Research, Novartis Pharma Inc., CH-4002 
Basel Switzerland.

Brains of APP 23 transgenic mice which overexpress human APP751 containing the 
"Swedish” double mutation at position 670/671 and APP 22 transgenic mice 
overexpressing human APP harboring the V717I mutation in addition to the 670/671 
mutation (Proc. Natl. Acad. Sci. (1997) 94. 13287-13292) were analyzed for their 
morphology . kinetics of Aß deposition and associated inflammatory processes.

Constant Aß amounts at about 150 pmol/g tissue were determined in the brains of 3 
to 6 month old APP 23 mice. Between 6 and 18 months of age, Aßl-40 and 1-42 both 
accumulated in an exponential manner with total Aß exceeding 150000 pmol/g of 
tissue at 18 months of age. More Aßl-40 than Aß 1-42 was deposited. Even the 
smallest deposits consisted of compact amy loid showing Congo red birefringence and 
different inflammatory markers and microglia cells.

In contrast, in APP 22 mice most plaques appeared diffuse and lacked Congo red 
birefringence although they could be stained with thioflavin S and probably contain 
fibrils. Little inflammatory reactivity was detected. As expected, the presence of the 
additional V717I mutation in these APP transgenic mice changed the ratio of the Aß 
species towards an increased amount of Aßl-42.

When APP 23 mice were crossbred with animals harboring a mutated human 
presenilin-1 (H163R) under the control of the murine Thy-1 expression cassette, the 
double transgenic offspring also contained more Aßl-42 than Aßl-40. The time 
course of Aß accumulation in these mice was accelerated by several months as 
compared to APP 23. Whether different PS1 mutations have different effects on Aß 
production and deposition in vivo is further examined.
Funded by Novartis Pharma Inc.

599.7
P R O T O N  A N D  P H O S P H O R U S  N M R  S P E C T R O S C O P IC  A N A L Y S IS  O F  
C O M P L E T E  A N D  P A R T IA L  T R IS O M Y  16 M U R IN E  B R A IN . F .S . Y a o 3* ,  M .T . 
C a s e rta 1 .3 ,A .M . W v rw ic z2, 3. 1D ept. P sychiatry, N orth w estern  Univ. M ed . Sch., 
C hica g o , IL 606 1 1  an d  2C e n te r for M R  R ese arch , E N H  R e s e a rc h  Institute, 
and  N o rth w e s te rn  Univ. Inst. for N eu ro sc ien ce , E van ston , IL 6 020 1

T h e  A ß  peptid e , found in am yloid  p laq u es  of A lzh e im er's  D is e a s e  (A D ) 
p atien ts , is deriv ed  from  am ylo id  p rec ursor protein  (A P P ). T rip lication of the  
A P P  g en e , found on hum an ch ro m o so m e 2 1 , is though t to cau s e  A D  
n euro patho logy in D ow n S yn d ro m e (D S ). In this study, m ouse trisom y 16  
w a s  used as  a  m odel of D S  an d  A D . N M R  spec troscopy w a s  used  to 
e x a m in e  th e  b ioch em ical effec ts  of trip lication of ch ro m o s o m e  16  in co m p le te  
trisom y 16  (ts16 ) m ice w hich d ie  in utero, and  seg m en ta l trisom y 16  (T s 6 5 D n )  
m ice , which surv ive past birth. Brain extra ctions using th e  Folch m ethod  
w e re  fo llow ed by proton and  phosp horus N M R  spectroscopic analys is  of the  
cytosolic and  m e m b ra n e  co m p artm en ts , resp ective ly . C ytoso lic  m etabo lites  
w e re  low er in th e  ts 1 6  fe ta l b rains w ith taurin e , c rea tin e , and  g lu tam ate  levels  
ach iev ing  sign ificance w h en  c o m p ared  to th e ir eup lo id  litte rm a te  contro ls. In 
the  adult T s 6 5 D n  m ice, how ever, m etabo lite  leve ls w e re  h igher c o m p ared  to 
th e ir contro ls, w ith G A B A  an d  a la n in e  leve ls  a ch iev in g  s ign ificance. 
P h osphorus N M R  spectroscopy reve a led  that phospholip id  leve ls  in th e  ts 1 6  
brain w e re  low er co m p ared  to control w h e re a s  th ey  w e re  h igher in the  
T s 6 5 D n  brains. A lthough both m ode ls involve triplication of th e  A P P  gene , 
th e s e  d a ta  suggest that triplication of m urin e c h ro m o so m e 16  in its entire ty  
m ay be n ece ssary  for the  b ioch em ical deficits in both th e  cytosolic and  
m e m b ra n e  co m p artm en ts . T h e  b ioch em ical d iffe re n ces  b e tw e en  th ese  two  
re la ted  g enetic  m ode ls  of D S  a n d  A D  n eed  to be further exp lored  to 
d eterm in e  th e  specific  genetic  contributions to th e  n euro patho logy of A D .

- S up p o rted  by N IM H  K 0 7 -0 1 0 5 6  a n d  th e  B ueh ler C e n te r  on Aging , 
N orthw estern  Univ. (M T C ) an d  N IH  R 0 1 G M -5 3 1 7 5  (A M W )

599.4
HIPPOCAMPAL NEURON LOSS AND BEHAVIOURAL ABNORMALITIES IN 
APP 23 TRANSGENIC MICE. B. Sommer*, C. Sturchler-Pierrat, D. Abramowski, 
M. E. Calhoun@, K.-H. Wiederhold, A. Probst@ M. Jucker@ P. Kelly, K. Dixon, 
M. Staufenbiel. Nervous System Research, Novartis Pharma Inc., CH-4002 Basel 
Switzerland and lnstitute for Pathology, University o f Basel, Switzerland.

We recently described a transgenic mouse model (APP 23) which overexpresses 
human APP751 containing the “Swedish” double mutation at position 670/671 
driven by the mouse Thy-1 promoter and develops multiple features of AD 
pathology besides deposition o f dense core Aß plaques (Proc. Natl. Acad. Sci. 
(1997)94, 13287-13292).

Using unbiased stereological methods a reduction of synaptophysin-positive 
buttons in the neocortex which correlates with the plaque load has been quantified 
throughout the brains of these mice. In the hippocampal pyramidal cell layer a 
reduction in neuron number adjacent to the Aß depositions was apparent. This 
reduction did not appear to be caused by passive cell displacement owing to the 
deposited Aß since compression o f cell bodies could not be detected. A quantitative 
assessment o f these changes by state-of-the-art unbiased stereological methods 
revealed a significant reduction in neuronal cell bodies which was found for the 
CA1 field o f the hippocampus when APP 23 mice were compared to controls. This 
reduction was directly related to plaque load. In contrast, the neuron number in the 
neocortex appeared to be largely unaffected in the APP 23 mice.

When subjected to analysis in the Morris water maze, 18 month old APP 23 mice 
showed a significant increase in platform finding latency throughout the entire trial 
as well as a reduced duration in the platform containing quadrant during the probe 
trial when compared to non-transgenic littermates. No differences in swimming 
speed and motivation were found during the visible platform test. Mice o f different 
age groups are currently subjected to behavioural analysis. (supported by Novartis 
Pharma)

599.6
EFFECT OF HYDROGEN PEROXIDE AND TRANSITION 
METALS ON AP -1 DNA-BINDING ACTIVITY IN TISSUE 
CULTURES OF TRISOMY 16 MOUSE BRAIN (E16).
M. Scortegagna and I. Hanbauer*. Lab. of Molec. Immunology, 
NHLBI, NIH, Bethesda, MD 20892 

Our previous studies showed that in trisomy 16 mouse brain 
cultures, the metallothionein (MT) content and the degree of protein 
oxidation were increased, whereas, the H20 2-elicited induction of MT 
was blunted in comparison to euploid littermates (Scortegagna et al., 
Br.Res. 787: 292-298; 1998). Here, we study the effect of H20 2 and 
transition metals, which are known to induce MT, on AP-1 activity 
in euploid and trisomy 16 mouse. The DNA-binding activity of AP-1, 
a redox-sensitive transcription factor present in the MT promoter 
region, was measured by Gel Mobility Supershift Assay in nuclear 
extracts of euploid and trisomic cell cultures. When neuron-enriched 
cortical cultures of trisomy 16 mouse were exposured for 15 min to 10 
µM H20 2, AP-1 binding was maximally increased lh  thereafter. 
Whereas, in euploid cultures, a maximal increase of A P-1 binding was 
measured after 3h. In contrast, in euploid neuronal cultures, AP-1 
binding was activated by 25 µM Pb after a 3 h-exposure. But in 
trisomy 16 cells, a similar activation was elicited by 100 µM Pb after 6 
h. A similar concentration/time relationship was observed with Zn. 
Since the induction of AP-1 involves a cascade of different MAPK it 
appears that in trisomy 16 mouse brain this upstream signaling process 
may be altered and, hence, may contribute to an increased level of 
oxidative stress in this phenotype.

599.8
Baculoviral p35, a caspase inhibitor, contributes to increased  
survival o f neurons in response to various apoptotic stimuli. V een a  
Viswanath*,Qize W ei, Carlos Fonck. and Julie Andersen. A n d ru s  
Gerontology Center, Univ o f Southern California, Los Angeles- 
9 0 0 8 9  +Programmed cell death or apoptosis, a process of fundamental 
importance to all multicellular organisms, occurs in the absence of a concomitant 
inflammatory response. There is accumulating evidence that defects in apoptosis 
may lead to several pathologies like neurodegenerative disorders, and ischemic injury 
.The precise biochemical pathways involved in mammalian programmed cell death 
remain ill-defined, but it is now clear that a central feature involves caspases, a 
family of cysteine proteases that specifically cleave proteins after aspartate residues. 
Several inhibitors of caspases have been identified including the baculoviral protein 
p35. p35 targets a broad range of caspases and is shown to block apoptosis in a 
diverse range of animals and thus appears to act at a conserved step in the apoptotic 
pathway. We have created a line of transgenic mice in the lab which express the p35 
gene in neurons with a particularly high level of expression in both the 
hippocampus and the cerebellum. Cerebellar granular neuronal cultures from brains 
of neonatal p35 mice are much less susceptible to staurosporine and lowered 
potassium-induced cell death. Preliminary analysis with cerebellar granular cell 
cultures induced to die by lowered potassium levels reveals an increase in activity of 
caspase-3 as tested by the specific substrate DEVD-AFC. PARP cleavage to the 85 
KDa fragment is also significantly lower in the transgenic cells. We are currently 
using the mice to explore the role of caspases in apoptosis associated with beta- 
amyloid toxicity. Decreased susceptibility of hippocampal neurons from the p35 
transgenic lines vs. control mice would imply that caspases are involved in beta- 
amyloid toxicity and would suggest that caspase inhibitors may be useful as a 
preventive measure in Alzheimer's disease. Experiments are also underway to dissect 
out the caspase pathways responsible for apoptotic cell death induced by either 
kainic acid, a model for acute ischemia and oxidative stress. Sources of funding: 
Brookdale foundation.
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599.9
MEMORY IMPAIRMENT IN AN ANIMAL MODEL OF 
AMYOTROPHIC LATERAL SCLEROSIS. J.Borg*, L.Gori. N.Leclerc 
and P.Poindron. Faculté de Pharmacie, Université L.Pasteur, 67400 
Illkirch, France

Mutations o f superoxide dismutase (SOD) have been described in 
familial form o f amyotrophic lateral sclerosis (ALS). However dementia 
has been shown to be sometimes associated with ALS. Transgenic mice 
with G93A mutation o f hSODl gene hâve been shown to develop a 
disease similar to human pathology, with muscle weakness, as well as 
electromyographical signs o f motoneuron degeneration. In the present 
study reference and working memory have been studied in G93A mice 
with a radial maze protocol, prior to initiation o f motor impairment. 
Significant decrease o f working memory has been shown in 2 months old 
transgenic mice (number o f errors in reinforced arms). However 
reference memory and locomotor activity were not impaired (total 
number o f entries was similar to control groups)

In addition, SOD activity was measured in nervous tissue and muscles. 
Enzymatic activity was found to be higher in spinal cord than brain. 
Activities measured in fast or slow muscles were similar, and higher than 
in nervous tissue; activity was constant except in brain where it 
decreased with age. It is suggested that neuronal lesion related to 
mutation of SOD gene may not be restricted to motoneurons, but may 
also affect central neurons. This animal model may prove useful for 
study o f the role o f free radicals in CNS neurodegenerative diseases.

599.10
LATE-ONSET NEUROLOGICAL SYMPTOMS IN TRANSGENIC 
MICE EXPRESSING A CALCIUM-PERMEABLE GluR-B SUBUNIT. R. 
Kolhekar,1 H.-C. Komau,1 P.H. Seeburg,1 I. Bresink,2 G. Müller,3 J. 
Taylor4* and L. Turski4. 1Max-Planck-Institute for Medical Research, 
D-69120 Heidelberg, Germany 2Research Laboratories of Schering AG, 
D-13342 Berlin, Germany, 3Harvard Medical School, Massachusetts 
General Hospital, Boston MA 02131, USA and 4Eisai London 
Research Laboratories, University College London, London WC1E 
6BT, UK

Calcium permeability of GluR-B-containing AMPA receptor 
channels is low due to the presence of an arginine at the Q /R  site in 
the pore-lining region M2 of . Mutation of this arginine to 
asparagine renders the channels permeable to Ca2+. To assess the 
functional consequences of this mutation in vivo, a minigene including 
6 kb of the 5' regulatory region and intron 1 of the mouse GluR-B gene 
was introduced into the mouse genome. In one transgenic line, 23% of 
brain GluR-B mRNA carried the codon substitution. The phenotype in 
these mice was dominated by changes in muscle tone and motor 
disturbances (e.g. increased stride length) which became manifest at 
the age of about 12 months and progressed with time. Density of α- 
motoneurons in the spinal cord was decreased in transgenic vs age- 
matched wildtype mice beginning at the age of 12 months. These 
observations suggest that expression of the Ca2+-permeable GluR-B(N) 
subunit in the CNS results in slow, progressive cell loss and 
consequently, abnormal motor behavior.

VISUAL SYSTEM: ROLES OF ACTIVITY AND NEUROTROPHINS IN THE 
DEVELOPMENT OF RETINAL AND CORTICAL CONNECTIVITY

600.2600.1
SPONTANEOUS ACTIVITY IN THE DEVELOPING LGN IN VIVO: 
DIFFERENTIAL REGULATION OF CORRELATIONAL STRUCTURE BY 
RETINAL AND CORTICAL INPUTS. M. Weliky*1, L.C. Katz2. 1Dept. of Brain and 
Cognitive Sciences, Meliora Hall, University of Rochester, Rochester, NY 14627, 
2HHMI and Dept. of Neurobiology, Duke Univ. Med. Cntr., Durham, NC 27710.

Spontaneous activity has been proposed to provide instructive cues for 
guiding the development of cortical functional architecture. Beyond the retina, in vivo 
patterns of spontaneous activity within the developing visual pathway are unknown. 
The correlational structure of LGN spontaneous activity was assessed using multi
electrode extracellular recording in awake behaving ferrets prior to eye opening, 
postnatal age (P) 24-27 (n=10). These recordings revealed synchronous bursts of cell 
activity across all LGN eye-specific and ON/OFF layers. Bursts were typically 5 to 10 
seconds long with 15 to 40 second intervals between bursts. Within a burst, cross 
correlation analysis revealed that cells within the same eye-specific layer were most 
strongly correlated, with cells located in the same center-type sublamina more highly 
correlated than cells within opposite center-type sublamina. Significant correlations 
were also present between cells located in different eye-specific layers. Removal of 
cortico-thalamic feedback did not significantly alter the temporal pattern of LGN 
bursting; however, between eye correlated activity was abolished but within eye 
correlated activity was unaffected. Removing all retinal input to the LGN sharpened 
and increased the frequency of bursts across all layers. While this also increased 
overall levels of correlated activity, differences in correlated activity between lamina 
still remained. This bursting was completely abolished by removal of cortico-thalamic 
feedback. Selective removal of monocular retinal inputs revealed a strong bias of the 
contralateral eye in driving the normal pattern of LGN spontaneous activity. These 
results support an instructive role of LGN spontaneous activity in guiding visual 
cortical circuit development, and demonstrate the importance of feedforward and 
feedback connections in regulating this activity in vivo. Supported by NIH grants 
EY09760 and EY11488.

MULTI-PHOTON MICROSCOPY REVEALS THAT BDNF OVEREXPRESSION 
IN CORTICAL NEURONS DESTABILIZES DENDRITIC ARBORS AND SPINES. 
H. Wilson Horch*, S. D. Portbury, and L. C. Katz. Howard Hughes Med. Inst., and 
Dept. of Neurobiology, Duke Univ. Med. Cntr., Durham, NC 27710.

Neurotrophins regulate formation of cortical neurons’ dendritic arbors (McAllister et 
al. 1995, 1997). We examined whether the stability of more established dendritic 
arbors was influenced by brain derived neurotrophic factor (BDNF), by using particle 
mediated gene transfer (Biolistics) to transfect neurons either with GFP alone or with 
GFP and BDNF-myc. Transfected pyramidal neurons in layer 2/3 were repeatedly 
imaged with a 2-photon microscope over time-periods of 2-24 hours to assess turnover 
in spines and dendrites.

The overall dendritic structure of neurons transfected with GFP alone remained 
remarkably stable for up to 18 hours. While individual dendritic branches showed 
minor growth or retraction, the overall number of basal dendrites remained constant 
(n=10 time-lapse pairs, X = 4.6 ± 0.7). Dendritic spines, however, were far less 
stable; of an initial 144 spines (6 time-lapse pairs), 23 spines were lost (16%), and 39 
new spines were added, increasing the spine population by 27% over 16 hours.

Co-transfection with BDNF and GFP dramatically changed the stability of dendrites 
and spines. BDNF overexpressing cells produced pronounced halos of short dendrites 
from their cell bodies and proximal portions of their apical dendrites ( X=15.3  1.8). 
In contrast to control cells, these halos were highly unstable. Over 16 hours cells lost, 
on average, 12 ± 3% of existing dendrites and added 26  6% new dendrites (n=l2 
time lapse pairs). Even more dramatically, BDNF overexpression eliminated almost 
all dendritic spines. While control cells averaged 27 spines per 100 µm of dendrite, 
BDNF overexpressing cells had only 4 spine-like protuberances per 100 µm. Unlike 
controls, where a substantial subset of spines (84%) remained stable over 16 hours, 
BDNF-expressing cells completely turned over their small complement of spines. 
Taken together these results indicate that BDNF overexpression alters normal dendritic 
maintenance and leads to high levels of instability. Supported by NIH (NEI) 
EY11553, HPSF, and generous gift of reagents by Regeneron Pharmaceuticals.

600.3
SEGREGATION OF GENICULOCORTICAL AFFERENTS IN THE ABSENCE 
OF THE RETINA. J. C. Crowley* and L. C. Katz. Howard Hughes Med. Inst. and 
Dept. of Neurobiology, Duke Univ. Med. Cntr., Durham, NC 27710.

Spontaneous activity in the developing visual system has been strongly implicated 
in the formation of ocular dominance and orientation columns. To assess whether 
spontaneous retinal activity or other retina! influences are required for the formation of 
cortical functional architecture, ferrets were bilaterally enucleated at P8 and P15. At 
P8, LGN afferents have not yet reached cortical layer 4, while at P15 they have just 
arrived. Animals survived until at least P70, well after both ocular dominance and 
orientation systems have reached their adult organization in normal animals.

The hallmark of ocular dominance columns is the segregation of geniculocortical 
afferents into eye specific regions in cortical layer 4. We previously reported 
(Crowley and Katz, Soc. Neurosci. Abs., 1997) that retrograde transport of fluorescent 
microspheres following injection into visual cortex indicated that geniculocortical 
afferents were segregated in enucleated animals. We have now used anterograde 
transport of biotinylated dextran amine (BDA, 10,000 MW) injected into a single 
lamina of the LGN, to visualize the arborization pattern of that lamina’s axons in 
visual cortex.

The pattern of thalamocortical afferents in visual cortex following such injections 
was remarkably similar between enucleated and control animals. In both cases, 
afferents across a large areal extent of visual cortex were visualized and thè pattern of 
label was clearly patchy with both large and small domains. These data indicate that 
the critical feature of the functional architecture responsible for ocular dominance can 
be generated in the absence of retinae from an early age. If such patterning requires 
activity, our results suggest that spontaneous activity in the geniculocortical circuit is 
sufficient to pattern a major feature of the developing cortex. Alternatively, rather 
than acting in an instructive manner, activity in this system may act permissively, to 
allow axons to decode activity-independent patterning forces in the developing LGN or 
cortex. Supported by NIH (NEI) EYO796O.

600.4
A PRECOCIOUS DEVELOPMENT OF THE VISUAL CORTEX AND VISUAL ACUITY IN 
TRANSGENIC MICE OVEREXPRESSING BDNF IN THE POSTNATAL FORBRAIN. 
Z.J.Huanα*1 A. Kirdwood2 . V.Porciatti3 'T.P¡zzorusso3, M.Bear4 L.Maffe3 and 
S.Toneαawa1 1Dept. of Biology and Center for learning and Memory, MlT, Cambridge, 
MA, USA. 2Zanvyl Kriege Mίnd/Brain Inst., Johns Hopkins University, Baltimore, MD, 
USA. 3Scuola Normale Superiore and Istituto Neurofisiologia CNR, Pisa,Italy. 4 Dept. of 
Neuroscience, Brown Univ, Providence, Rl, USA

Increasing evidence suggests that functional inhibitory process may be a key aspect 
in shaping the visual cortical development and its activity-dependent plasticity. A 
number of in vitro studies implicate members of the neurotrophin family in the maturation 
and activity-dependent changes of inhibitory interneurons. However, whether and how 
neurotrophins regulate inhibitory interneurons in vivo, and whether such a mechanism 
contributes to the development of the visual cortex and vision is unknown.

We have generated transgenic mice overexpressing BDNF in the postnatal forbrain 
using the aCamKII promoter. We have focused our analysis on the development of 
inhibition and visual acuity in these transgenic mice. In a visual cortical slice 
preparation, the amplitude of the layer III LTP induced by white matter (WM) stimulation 
declines with a time course that coincides with the critical period. Such a reduction of 
LTP amplitude is thought to reflect the gradual maturation of cortical inhibition. In the 
BDNF transgenic mice, the developmental decline of the amplitude of the Layer III LTP 
induced by WM stimulation is significantly accelerated. Consistent with this 
physiological finding, the emergence of the mature pattern of the inhibitory presynaptic 
boutons (“punctas”) in the visual cortex, assayed by GAD65 and parvalbumin 
immunohistochemistry, is also accelerated in the BDNF transgenic mice. To access the 
behavioral consequence of BDNF overexpression, we analyzed the development of the 
visual acuity. Visually evoked potentials (VEPs) revealed a precocious maturation of 
visual acuity in the BDNF transgenic mice, with a time course that correlates well to the 
accelerated development of the inhibitory circuitry. Therefore, overexpression of a 
single neurotrophic factor (BDNF) damatically accelerates the development of the visual 
cortex. Our results suggest that, in addition to the proposed role as an activity - 
dependent retrograde signal at the excitatory synapses, BDNF might promote the 
development of the visual cortex through its trophic effects on the inhibitory 
interneurons. Such a mechanism could contribute to the regulation of the critical period 
and visual experience-dependent cortical plasticity.
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600.5
Long-term Alterations in Activity-Dependent Gene Expression 
Following Ablation of Subplate Neurons. E. S. Lein*, E. M. Finney, P.
S. McQuillen and C. J. Shatz. HHMI and Dept0 of Molecular and Cell Biology, 
University of California, Berkeley, CA 94720.

Deletion of subplate neurons with the excitotoxin kainic acid during the first 
postnatal week in kittens disrupts the formation of ocular dominance columns.
Since subplate neurons make excitatory connections in the overlying cortical plate, 
removal of this input may affect the segregation of thalamocortical axons by 
altering cortical excitability and the expression of activity-dependent genes. To test 
this hypothesis, we assayed the expression levels of several genes known to be 
involved in ocular dominance column formation and plasticity using in situ 
hybridization following subplate ablation. Long-lasting upregulation of BDNF, 
trkB and NMDA-R1 mRNA and downregulation of NT-3 mRNA is observed within 
visual cortex in the region where subplate neurons are most affected as late as 6 
weeks following subplate ablation. The region of BDNF mRNA upregulation 
correlates closely with the region of visual cortex in which ocular dominance 
columns are absent. GAD-67 protein levels are also altered: the size of 
immunoreactive neurons, as well as the intensity of cell body and neuropil labeling, 
increase near the injection sites in layers 2/3, while the number of immunoreactive 
cells in deep cortical layers decreases. The gene expression changes observed here 
are consistent with an increase in cortical activity levels following subplate 
ablation. Furthermore, since increases in BDNF levels by exogenous 
administration are known to prevent ocular dominance column formation, our 
observations also suggest that subplate ablations could prevent ocular dominance 
column formation by increasing endogenous cortical BDNF levels. Thus, subplate 
neurons may be necessary for maintaining cortical excitability and the regulation of 
activity-dependent genes whose expression is essential for synaptic remodeling.

Supported by NIH Grant EY02858 (CJS), NSF predoctoral fellowship (ESL), 
HHMI predoctoral fellowship (EMF) and NIH Grant K12HD00850 (PSM).

600.7
DEVELOPM ENT OF SYNAPTIC IN H IBITIO N  IN INTRACORTICAL  
PATH W AYS OF RAT V ISU AL CORTEX. Z.Shao* and A.Burkhalter. D ept. 
o f  Anatom y and N eurobiology, W ashington U n iv . Sch. o f  Med.; St. Louis, 
MO 63110.

We have shown previously in rat visual cortex (VC) that synaptic 
inhib ition in inter-areal feedback connections (FB) is weaker than in 
forw ard, horizontal intra-areal (HC) and interlaminar pathways (Shao and 
Burkhalter, 1996). More recent results have shown that these d ifferen ces are 
due to distinct organizations o f synaptic connections betw een inhibitory and 
excitatory neurons (Johnson and Burkhalter, 1996; G onchar and Burkhalter, 
1997). Physiological studies have dem onstrated that the balance o f  cortical 
excitation (E) and inhib ition (I) is developm entally  regulated (Sutor and 
Luhmann, 1994). To test w hether the E /I  balance em erges from  an 
equilibrium  shared by all imm ature circuits, we have recorded disynaptic  
IPSPs and IPSCs in slices from  rat VC after stim ulation o f  d ifferen t 
intracortical pathways. To control for d ifferen ces in intrinsic properties 
responses o f  the same cell to FB and HC inputs were compared. At all ages, 
IPSP am plitude is positively  correlated with the m agnitude o f  IPSCs. In PI 8-  
P29 animals IPSCs evoked by FB and HC have sim ilar am plitudes but the 
decay tim e constant o f  HC responses are slightly longer. While the decay time 
constants o f  IPSCs in FB and HC remain unchanged with increasing age, HC 
responses in P30-P40 animals double in size. No comparable increase in IPSPs 
is seen in FB o f P30-P40 animals. In both pathways the developm ental profile  
o f EPSC am plitudes was sim ilar to that o f  IPSCs. These find ings suggest that 
throughout develop m ent the synaptic organization o f  inhib ition in the FB 
pathway d iffers from  that in HC circuits. The strengthening o f  inhibition in 
the HC pathway is due to both stronger excitation  o f inhibitory neurons and 
more e ffec tiv e  inhib ition provided by these cells.

Supported by NIH grant EY0 5935.

600.9
A  C R IT IC A L  TIM E W IN D O W  FO R  A C T IV IT Y -D E P E N D E N T  
S Y N A P T IC  C O O P E R A T IO N  A N D  C O M PE T IT IO N  B E T W E E N  
D E V E L O P IN G  R E T IN O T E C T A L  C O N N E C T IO N S  
H-z. W. Tao*. L. I. Zhang. C. E. Holt'. W, A. Harris1, and M-m. P oo.
Dept. o f  B iol. Univ. o f  California at San D iego, La Jolla, CA 92093,
1 Dept. o f  Anatomy, Univ. o f  Cambridge, CB23DY , UK  
Electrical activity is known to play an important role in the refinement o f  
retinotectal connections. But the precise cellular m echanisms underlying 
activity-dependent modification o f  developing connections is poorly  
understood. In this study we aimed at elucidating the rule by which various 
patterns o f  activity affect the strength o f  developing retinotectal synapses. In 
vivo whole cell recordings were made from developing tectal neurons o f  
Xenopus larvae at stage 40-41. Studies o f  the interaction between convergent 
inputs from different retinal ganglion cells onto the same tectal neuron revealed 
that retinotectal synapses undergo persistent hom o- or hetero-synaptic 
m odification following correlated pre- and post-synaptic spiking. The direction 
and extent o f  the changes in synaptic efficacy are determined by the relative 
timing between the synaptic input and the postsynaptic spiking. A subthreshold 
input becom es potentiated (LTP) if  it arrives within about 20m s before a 
suprathreshold input, while it becom es depressed (LTD) i f  it arrives within 
about 20m s after a suprathreshold input. Subthreshold inputs can also help 
strengthen each other by activating synchronously to initiate action potentials 
in the tectal neurons. The antagonist to N M D A receptor can block the changes 
in the synaptic efficacy. Thus both the initial synaptic strength and the relative 
timing o f  synaptic activation are critical for activity-dependent cooperation and 
competition among convergent retinotectal inputs in establishing functional 
neuronal connections. (supported by NIH grant NS 22764)

600.6
ACTIVITY REGULATES INTRINSIC CO NDUCTANCES IN VISUAL  
CORTICAL NEURONS. N .S. Desai*, S .B. N elson and G.G. Turrigiano. 
Biology Dept., Brandeis University; Waltham, M A 02254.

A neuron’s electrical properties are produced by a variety o f voltage- 
and time-dependent ionic conductances. M odulation o f these 
conductances can dramatically alter both the sensitivity o f individual 
neurons and the dynamics o f neural networks. This raises the possibility  
that neurons maintain appropriate electrical behavior in the face o f large 
fluctuations in activity (for example, those that accompany development) 
by regulating their intrinsic currents in an activity-dependent manner. 
Previously we demonstrated that pyramidal neurons becom e substantially 
more excitable when subjected to prolonged activity blockade. Here we 
examine which ionic currents underlie this increase in excitability.

W hole-cell patch recordings were obtained from pyramidal neurons 
from cultures o f  P4-6 rat visual cortex after 6-8 DIV. Activity was 
blocked in test cultures for 48 h prior to experiments by incubation in 
TTX. After the TTX was removed, individual currents were measured by 
holding cells in voltage clamp and using standard voltage step protocols 
and pharmacological blocking agents to isolate them. The amplitude of  
the fast sodium current was 3 l± l4 %  larger in TTX-treated neurons than 
in control neurons (p<0.05, N=2O each), while the shape o f the I-V curve 
was unaltered. Persistent potassium currents were also affected: TEA- 
insensitive currents were reduced by 5 7 ± ll%  (p<0.05, N =8) while 
preliminary data suggest that TEA-sensitive currents were reduced by 
29±I7%  (p<0.18, N=8). Left unchanged were 4-A P-sensitive potassium  
currents (A-type) and high-voltage-activated calcium  currents. These 
data indicate that inward and outward currents are reciprocally regulated 
by activity to modulate neuronal excitability.
(Supported by NIH, NSF, and the Sloan Foundation.)

600.8
BDNF PROTECTS AGAINST NITRIC OXIDE INDUCED RETINAL GROWTH 
CONE COLLAPSE. A. Ernst, G. Gallo. P. Letourneau and S. McLoon*. Dept, of Cell 
Biology and Neuroanatomy, Univ. of Minnesota; Minneapolis, MN 55455.
Nitric oxide (NO) is believed to be released by tectal cells and cause the retraction of 

mistargeted retinal axon branches. If NO functions as a retraction signal to remove 
mistargeted axons, some mechanism may protect appropriately connected axon 
branches from NO induced retraction. Exogenously administered neurotrophic factors 
have been demonstrated to preserve inappropriate connections. Since both NOS and 
BDNF are expressed in retinal axon targets, it is possible that target-derived BDNF may 
protect certain axon branches from NO induced retraction. We tested the ability of 
neurotrophic factors to protect against NO induced collapse of growth cones extending 
from explants of embryonic chick retina. Three different NO donors, SIN-1, NOC-5 
and NOC-7 induced growth cone collapse and retraction of fibers. BDNF, but not NGF 
nor NT-3, prevented growth cone collapse and retraction elicited by NO donors in a 
dose-dependent manner. Furthermore, growth cones exposed to both BDNF and NO 
became morphologically frozen; this effect was not observed in cultures exposed only 
to BDNF. Preliminary evidence suggests that a subset of actin filaments are stabilized 
in growth cones exposed to both BDNF and NO, as indicated by resistance to 
cytochalasin D treatment. Decreased actin filament dynamics resulting in relatively 
stable filaments may account for the frozen morphology of growth cones in cultures 
treated with both BDNF and NO. These data are consistent with the hypothesis that 
within the target BDNF may protect retinal axon terminals from NO induced 
withdrawal. Also, it is possible that BDNF plus NO may be responsible for stabilization 
of axon branches. (Supported by NIH grants HD19950, EY11926 and EY07133)

600.10
P E R S IS T E N T  E F F E C T S  O F  D A R K  R E A R IN G  ON  T H E  
D EV ELO PM EN T OF TU R TLE R E TIN A L G A N G LIO N  C E LLS. DK
Merwinel. NM Grzvwaczl . and FR Amthor2*. The Smith-Kettlewell Eye Research 
Institute1, S.F., CA; University of Alabama at Birmingham2, Birmingham, AL.

It has been shown that after 1 month of dark rearing from birth, receptive-field 
(RF) areas of ganglion cells (GCs) from turtles ( Pseudemys) are 2.54 ±  0.92 times 
those of 1-month and adult normally-reared animals (Sernagor & Grzywacz, 1996). 
Dark rearing for 1 month was also found to spare the bursty spontaneous firing found 
in embryonic turtle GCs, while light rearing caused a rapid decrease (Sernagor & 
Grzywacz, 1996). We wondered whether genetic or epigenetic mechanisms would 
eventually compensate for these abnormalities. Here, we report that the RF increase 
persists for at least 6-8 months. Our small-spot and concentric-disk measures of RFs 
yielded dark/light ratios of 2.08 ±  0.61 and 2.48 ±  0.86 respectively. Additionally, 
at 6-8 months, we found higher spontaneous firing in dark reared as compared with 
light reared animals (one-sided t-test, t=2.41, d.f.= lO, p<0.025). The spontaneous 
firing of GCs in dark reared animals was found to increase (for at least 1 hour) as the 
cells sat without stimulation, while the spontaneous activity in light reared animals 
remained relatively steady. Curiously, we found much higher spontaneous activity 
rates in both groups than previously reported, which we feel may be due to our using 
a higher bath temperature. This “unusually” strong activity was often bursty, like in 
embryonic and neonatal retinas

We conclude that neither genetic or epigenetic mechanisms can compensate 
for the retinal RF abnormalities induced by dark rearing. These abnormalities are 
established during the first month of dark rearing and then persist for at least 6-8 
months. Additionally, it seems unlikely that the mechanisms that produce burstiness 
in embryos are eliminated by light rearing during the first month of postnatal life. 
Rather, it appears that it is the GC excitability that is reduced, preventing the 
expression of reliable bursts. (Supported by EY08921 and EY 11170 to NMG)
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601.1
ATROPHY AND HIGH INTENSITY LESIONS: COMPLEMENTARY 
NEUROBIOLOGICAL MECHANISMS IN LATE-LIFE DEPRESSION.
A. Kumar*. W. Bilker. J. Zhisong. and J. Udupa. Departments of Psychiatry, 
Radiology and Biostatistics and Epidemiology, University of Pennsylvania 
School of Medicine, Philadelphia, PA 19104.

Objective: The primary objective of our study was to examine the role of 
atrophy, high intensity lesions and medical comorbidity in the 
pathophysiology of major depressive disorder in the elderly (late-life MDD) 
Methods: Our sample was comprised o f 51 patients with late-life MDD (36 F, 
15 M, Mean age 74.3, SD=6.56) and 30 non-depressed controls (23 F, 7 M, 
Mean age 69.43, SD=6.09). All subjects were scanned on 1.5 tesla magnetic 
resonance imaging scanner (MRI) and absolute and normalized measures of 
brain and lesion volumes were obtained and used for comparison between 
groups. Results: Patients with MDD had significantly smaller total and focal 
brain volumes, together with larger lesion volumes when compared with 
controls (p<0.05). Whole brain lesion volumes correlated significantly 
(r=0.36, p=0 .017) with overall medical comorbidity. The odds ratio for 
existing MDD increases significantly with a decrease in total brain volume and 
an increase in whole brain lesion volumes (p<0.05). Conclusions: Our 
findings suggest that atrophy and high intensity lesions represent relatively 
independent pathways to late-life MDD. While medical disorders lead to 
neuropathological changes that are captured on MR imaging as high intensity 
lesions, atrophy may represent a relatively autonomous phenomenon. Such 
complementary neurobiological processes can compromise integrated neural 
circuits and late-life MDD may represent an overt clinical manifestation of 
cumulative neuronal injury.
Funding source: NIH

601.2
IMAGING SEROTONIN 1A RECEPTOR BINDING IN DEPRESSION USING PET 
AND [CARBONYL-11C]WAY-100635. W.C.Drevets*. J.C .Price. D.J.Kupfer, 
D.HoIt. S.M.Proper. B.Lopresti. C.A.Mathis. PET Facility and Department of 
Psychiatry, University of Pittsburgh School of Medicine; Pittsburgh, PA, 15213 

Evidence from pharmacological challenge and post mortem studies suggests that 
dysfunction of the serotonin-1A receptor (5HT1A) system may be involved in the 
pathophysiology of major depression, and preclinical data indicate that antidepressant 
treatments alter 5HT1A function. The recent development of [carbonyl-11C]WAY- 
100635, a PET radioligand that is highly selective for 5HT1A receptors, has 
permitted in vivo quantitation of 5HT1A receptor binding. As part of an ongoing 
investigation of 5HT1A binding in depression, we measured the distribution volume 
(DV) derived binding potential (BP) of 5HT1A receptors in various tissues using PET 
and [11C]WAY-100635. Dynamic images were acquired in 6 healthy subjects (mean 
age= 3 2 +1 0) and 3 unmedicated-depressed subjects (mean age 26+.12) using a 
Siemens/CTI H R +and i.v. infusion of 10 mCi of [11C]WAY-IOO635. Regions-of- 
interest (ROI) were defined on MRI images that were coregistered to the PET 
images. Arterial blood was sampled to determine the time course of unmetabolized 
[ΠC]WAY-100635 and its metabolite concentrations. The radioactivity of the 
unmetabolized [11C]WAY-100635 in plasma was used as the input function in a 
kinetic analysis using a 3-compartment model with 4 parameters and a blood volume 
term. The BP was estimated as [(DV of ROI/DV of cerebellum)-1]. The mean 
BP±SD was 14.+3.6 in hippocampus (HIP), 12 +  3.2 in mesiotemporal C (MTC), 
7.5_+l.9 in pregenual anterior cingulate (PAC), 5 .9 ± l .6  in lateral orbital C (LOR), 
and 0 .20+ 0.20  in thalamus. This rank order is consistent with that of 5HT1A 
receptor densities shown by post mortem analyses of [3H]WAY-100635 binding in 
human brain (Hall et al 1997). The BP values for the depressives were reduced, being 
7 .9+0.20 in HIP (p<  .01), 5 .8+0.92 in MTC (p <  .01), 4 .3 ±  2.8 in PAC, 2 .9 ± l.9  
in LOR (p <  .05). In HIP and MTC, the BP values for the depressives were <  the 
mini-mum BP value of the control sample. MH5l 137, MH54715, Stanley Foundation

601.3
MEG-FMRI study of abnormal 
temporal patterns in affetive 
in akinetic catatonia 
G. Northoff 1*, A. Richter 
FI. Schlagenhauf 1, R. Ba 
schinger 1, H . Scheich 2, 
Bogerts 1
1 Department of Psychiatry 
biology; University of M a 
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601.4
RESPONSE TIME VERSUS REGIONAL CEREBRAL BLOOD FLOW, NORMAL 
VOLUNTEER VERSUS SCHIZOPHRENIC PATIENT GROUP CONTRASTS, A 
PARAMETRIC MAPPING STRATEGY. H.H. Holcomb*. Ning Ma, 
A . C . Lahti, D.R. Medoff, M. Weiler, and C.A. Tamminga . 
MPRC, Univ. Maryland; Baltimore, MD 21228-0247.

Conflicting reports attribute different types of 
prefrontal lobe dysfunction to patients with 
schizophrenia (SZ). Recognition of ambiguous stimuli, 
such as two tones that are similar to one another, 
activates the right inferior frontal cortex in normal 
healthy volunteers (NV) and SZ patients.In this analysis 
of 12 NV and 12 SZ subjects, the relationship between RT 
and regional brain blood flow is contrasted in these two 
groups by Statistical Parametric Mapping (SPM95/96). 
Results shown here indicate that NV and SZ differ 
significantly in STG and GFI regions. NV exhibit maximum 
rCBF rates in GFI in association with progressively 
longer RT, SZ generate maximum rCBF rates in association 
with longer RT in STG. These results suggest that time 
is utilized abnormally in SZ frontal lobes.

SZ
positive 
in STG
NV
positive 
in GFI

Funded by National Institute of Mental Health.

601.5
Imaging Motor Function in the Autistic Cerebellum G. Allen1,2,, 
R.A. Müller1,3 E. Courchesne* 1.4 1Research on the Neuroscience o f Autism, 
Children’s Hospital Research Center.; 2SDSU/UCSD, Prog. in Clin. Psych.; 3 
Dept. of Cog. Sci., UCSD; 4Dept. o f Neurosci., Sch. Med., UCSD; La Jolla, CA 
92037.

Autopsy and structural imaging studies have demonstrated that the most 
consistent site o f neural abnormality in autism is the cerebellum, with a bias 
toward posterior (or neo-) cerebellar abnormalities and regional sparing o f the 
anterior (or paleo-) cerebellum in most patients. In this study, functional magnetic 
resonance imaging (fMRI) was used to investigate whether the autistic 
paleocerebellum is functionally spared as well. 6 autistic patients and 6 normal 
controls matched for age, sex, handedness, and scores on the WAIS-R Block 
Design and Object Assembly subtests were imaged at 1.5 T using an echo-planar 
imaging (EPI) pulse sequence and gradient hardware modified for EPI of the 
cerebellum. Subjects alternately rested and performed a self-paced thumb tapping 
task known to activate the paleocerebellum in normal subjects. A time series of 
EPI images was acquired at 5 coronal slice locations through the cerebellum. The 
number of activated voxels (i.e., those in which the time course MR signal data 
significantly correlated with a hemodynamic model response function) within 3 
anatomically defined volumes of interest (VOIs: paleocerebellar vermis and right 
and left paleocerebellar hemispheres) was calculated and compared between groups. 
This VOI analysis showed no reduction in activation in the autistic group relative 
to normal  An interesting and unexpected finding was a strong positive correlation 
between rate of movement and activation of the ipsilateral paleocerebellar 
hemisphere in autistic subjects but not in normal controls. While our findings 
thus suggest relative functional sparing o f the paleocerebellum in autism, they may 
also indicate atypical functional specialization o f this region.
Supported by NINDS (2-ROl-NS-19855); NIMH (l-ROl-MH-3684O); 
McDonnell-Pew Center for Cognitive Neuroscience

601.6
FOREBRAIN FUNCTION DURING REM SLEEP IN DEPRESSION: [l8F]-FDG PET 
STUDIES. E.A. Nofzinger*, T.E. Nichols, D.J. Kupfer, R.Y. Moore. Sleep and 
Chronobiology Center, PET Center, Depts. Of Neurology and Neuroscience, University 
of Pittsburgh; Department of Statistics, Carnegie Mellon University, Pittsburgh, PA 
15213

REM sleep alterations are among the more reliable biological findings in mood disorders 
but the pathophysiologic mechanisms of these alterations are unknown. Recent functional 
brain imaging studies of healthy human REM sleep have shown a selective activation of 
primary limbic and paralimbic structures in comparison with both waking and NREM sleep. 
Therefore, we hypothesized that alterations in REM sleep in mood disorders patients reflect 
a functional dysregulation within limbic and paralimbic forebrain structures during that sleep 
state. METHODS: Six unipolar depressed subjects and eight healthy subjects underwent 
clinical evaluations, 3-nights sleep EEG, brain MR scans, and [l8F]2-fluoro-2-deoxy-D- 
glucose ([18F]FDG) PET scans during waking and REM sleep. Statistical parametric 
mapping contrasts were performed to detect patterns of activation from waking to REM 
sleep in each group as well as interactions in patterns of activation between groups. Clinical 
and EEG sleep comparisons from an undisturbed night of sleep were also performed. 
RESULTS: In contrast to healthy controls, depressed patients failed to activate anterior 
paralimbic structures (sub- and pregenual anterior cingulate and medial prefrontal cortices) 
in REM sleep compared to waking. Depressed subjects also showed activation in the tectal 
area (pretectum, tectum, superior colliculus and periaqueductal gray), and a series of left 
hemispheric areas including sensorimotor cortex, inferior temporal cortex, uncal gyrus- 
amygdala, and subicular complex. CONCLUSIONS: Depressed patients demonstrate 
distinctly different patterns of activation in REM sleep compared to waking when contrasted 
with healthy controls. These observations indicate that the neurobiology of REM sleep 
differs significantly from normal in depression and suggest that there is an impairment of 
limbic-paralimbic function in REM sleep that contributes to the maladaptive behavior 
expressed in the waking state.
Support: Theodore & Vada Stanley Foundation, MH01414, MH30915, RR00056, 
MH49815, MH24652, MH52247, MH37869, and MH00295.
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601.7
LIMITED WORKING MEMORY CAPACITY IN SCHIZOPHRENIA
JH Callicott'*. A Bertolino1, VS Mattay1, KM Jones'. T Ellmore2. JA Frank2. DR 
Weinberger1.
Clinical Brain Disorders Branch, NIMH, NIH Bethesda, MD 20892; 2laborato ry  of 
Diagnostic Radiology Research, NIH, Bethesda, MD, 20892.

Patients with schizophrenia (SCZ) often have difficulty with cognitive tasks that 
require working memory. While numerous functional neuroimaging studies have 
examined working memory in SCZ, the physiological mechanisms underlying their 
inability to perform such tasks remains controversial. Previously, we have reported 
that the neurophysiological response to increasing working memory load in SCZ is 
similar to that of healthy controls pushed past capacity. In other words, SCZ reach 
their capacity to activate the cortical network subserving WM sooner (i.e. at a lower 
level of memory load), but otherwise show a load response resembling controls both 
within and beyond their capacity. In an effort to replicate our earlier findings, we 
studied 11 SCZ and 11 matched controls using fast multishot spiral BOLD fMRI (2s 
effective whole brain TR, 24 ms TE, 240 mm' FOV, 38 slices, 3.75 mm isotropic 
voxels) and the “n-back” WM task. After pairwise matching between groups for 
movement and variance (Callicott et al., Neuropsvchopharmacol 1998), we created 
individual activation maps for 8 SCZ and 8 controls using a pseudo-generalized least 
squares sinusoidal regression technique (Bullmore et al., MRM 1996). Individuals in 
both groups activated a common cortical network, particularly involving prefrontal, 
premotor, and parietal cortices. The groups differed mainly in their load-response 
characteristics within this network, again suggesting that SCZ fail to perform at 
higher levels of WM load due to inherently limited physiological capacity, likely due 
to dysfunction of the prefrontal cortex.

601.8
A novel non-invasive phase modulated Near-Infrared Imaging method demonstrates 
abnormal cortical activation in schizophrenics during cognitive testing.
S. Eleff, P Rivkin2. M Grvgorcewicz2. V Calhoun2. Y Chen3. B Chance3* and G Pearlson2 
Johns Hopkins University School of Medicine Departments of Anesthesiology1 and 
Psychiatry ,University of Pennsylvania Department of Biochemistry and Biophysics 

Cerebral cortex is thought to be functionally abnormal in schizophrenia. Cortical 
activation is known to increase the local concentration of oxy-hemoglobin and is the basis 
for functional imaging techniques such as PET and fMRI. We used an array of 18 low 
power lasers tuned to either 750 nm or 830 nm modulated at 50 MHz and 52 MHz and 
coupled to four detectors in a phased array (difference) mode to measure quantitatively 
relative phase changes in 16 discrete anterior brain regions. At these two wavelengths, 
phase differences are primarily due to changes in amounts of and relative concentrations 
o f oxy and deoxy-hemoglobin. The device was placed on the forehead and requires no 
invasive lines or confining equipment. This non-threatening, non-invasive apparatus 
allowed 15 of 16 schizophrenics, and all 15 controls, to complete a 40 minute study. Data 
were collected for several discrete, well known neuropsychological tasks. The difference 
between the color identification and color-word interference components o f the Stroop task 
is summarized in the table.

Stimulation

Control

Schizophrenic

Right-most 
Frontal Lobe 

8 ± 1*

27 ± 4

Anterior 
Cingulate Gyrus 

39 + 4*

18 ± 2

Left -most 
Frontal Lobe 

13 ±  1

19 + 2

(Arbitrary phase units, mean ± std err, * = p <0.05)

Schizophrenic patients failed to show the expected cingulate activation response to the 
interference trials and instead tended to activate portions of frontal lobe.

Support: AHA, NIMH MH43326, MHA3775, NIH NS36633

601.9
The relationship between prefrontal neuronal integrity and striatal amphetamine- 
induced dopamine activity in patients with schizophrenia A. Bertolino*, A. Breier1, 
J.H. Callicott, C. Adler1, V.S. Mattav. M. Shapiro. ,J.A. Frank. D. Pickar1, D.R. 
Weinberger CBDB. and 1ΈTB, NIMH. NIH Bethesda. MD 20892 USA
We have previously shown direct correlations between neuronal pathology (as assessed 
by proton magnetic resonance spectroscopic imaging, 1H-MRSI, measures of N-acetyl- 
containing compounds, NAA) in dorsolateral prefrontal cortex (DLPFC) and striatal 
steady-state dopamine activity (as assessed by radiotracer imaging) in patients with 
schizophrenia. We also showed congruous correlations in monkeys with developmental 
prefrontal pathology between NAA measures in DLPFC and steady-state as well as 
amphetamine-induced striatal DA activity. The objective of this study was to assess the 
correlation between NAA in DLPFC and amphetamine-induced striatal release of DA 
(as assessed with 11C-raclopride PET) in patients with schizophrenia. We studied 8 
patients with schizophrenia (age 40.1 +-2.1, drug free for at least 2 weeks) and 10 
similarly aged healthy subjects. 1H-MRSI allows imaging of NAA, choline-containing 
compounds (CHO), and creatine-phosphocreatine (CRE) signals. Metabolite signals are 
reported as ratios of the integrals NAA/CRE, NAA/CHO, and CHO/CRE. PET scanning 
was performed on a GE Advance scanner obtaining 35 planes with a resolution of 6 mm 
isotropic. [11C] raclopride was administered as a bolus followed by constant infusion 
over 2 hr. Fifty minutes after beginning the raclopride administration, amphetamine (0.2 
mg/kg i.v.) was infused over 1 min. The specific raclopride binding was expressed as a 
ratio striatum/cerebellum and the delta between the two conditions calculated. Spearman 
analysis showed in patients significant negative correlations between NAA/CRE and 
NAA/CHO in DLPFC with delta binding in the striatum (rho=-.76, p<.02, and rho=-.69 
p<.05, respectively). No correlation was found in the patients for CHO/CRE in DLPFC 
(rho=-0 4) or for any ratio in DLPFC of healthy subjects (rho=.4, p>.2). The results of 
this study show that in schizophrenia lower NAA measures in DLPFC are correlated 
with higher decrements in amphetamine related raclopride striatal binding and suggest 
that in schizophrenia larger stimulus-induced release of striatal DA is correlated to 
neuronal integrity of DLPFC.

601.11
DIFFERENCES IN MEMBRANE PHOSPHOLIPID METABOLISM OF 
SCHIZOPHRENIA PATIENTS BASED ON FAMILY HISTORY: AN IN VIVO 31 
MRS STUDY. J.A. Stanley. M.S. Keshavan. K. Panchalingam. R.J. McClure and 
J.W. Pettegrew*. Neurophysics Lab., Dept. of Psychiatry, W.P.I.C., University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261.

Several in vivo phosphorus magnetic resonance spectroscopy (31P MRS) studies 
have reported decreased phosphomonester (PME) levels, in the prefrontal region of 
schizophrenia (SCHZ) patients compared to controls, which reflects decreased 
synthesis of membrane phospholipids, while others have reported no differences in 
PME levels. A factor that may contribute to these inconsistencies is family history 
(FH). Therefore, in this study the effect of FH on first episode, drug-naive SCHZ 
patients is investigated. In vivo 31P MRS examinations of the combined right and left 
dorsal prefrontal cortex were conducted (including repeated measures taken at 4 
weeks, 6 months, 1 and 2 years following the initial exam) on first episode, drug- 
naive SCHZ patients without a FH (23 exams on 5M/2 F; 2O±2 yrs) and with a FH 
(30 exams on 8 M /l F; 2 l±2 yrs), and compared to age-matched normal control 
subjects without a FH (64 exams on 31 M/ 11 F; 2l±2 yrs), using a surface coil 
technique for localization (Arch. Gen. Psychiatry, 48:563-8,1991). The time-domain 
quantification method used ensured that the PME and phosphodiester (PDE) levels 
reflect freely mobile membrane phospholipid precursors and breakdown products, 
respectively, by omitting the first 5ms of the 31P signal. Looking at the first 
measurement prior to medication, PME levels tended to be lower (p=0.07) in the 
combined SCHZ group compared to controls. However, when comparing the SCHZ 
group with a FH and controls, the reduced PME is significant (p=0.003) while there 
is no PME difference between the SCHZ subjects without a FH and controls. In 
terms of the measurements over time, the PME inversely correlated with time 
(r=-0.46, p=0.03) in the SCHZ group without a FH and this is supported by the 
significant decrease in PME at the 2 year time point compared to controls. These 
preliminary results suggest that the time courses of the PME changes are different 
based on FH. Support: NIMH MH46614 grant.

601.10
MULTIDIMENSIONAL SCALING ANALYSES OF TRIADIC COMPARISON 
TASKS IN SCHIZOPHRENIA AND THEIR RELATIONSHIP TO THOUGHT 
DISORDER. T.E. Goldberg,* K.A. Tallent, D.R. Weinberger. Clinical Brain 
Disorders Branch, IRP, NIMH Neurosciences Center ätT>t. Elizabeths,
Washington, DC 20032

Formal thought disorder is a pathognomonic feature of schizophrenia. 
Recent studies of schizophrenia have suggested that thought disorder may be a 
result of abnormalities in semantic processing. In the following study, the cognitive 
system used for organizing and associating entities and concepts (i.e., putative 
semantic space) was examined in order to characterize the cognitive processes 
underlying thought disorder in schizophrenia. The semantic space of schizophrenic 
patients with high thought disorder (n=5) was compared to that of schizophrenics 
with low levels of thought disorder (n=5) and normal controls (n= l0) using triadic 
comparison tasks. In these tasks, subjects are required to state which two of three 
words are most similar. All possible triadic combinations from 12 word lists (one 
of which was comprised of names of animals, the other of living and nonliving and 
artefactual and natural entities) were rated by subjects. Cognitive maps were 
constructed using multidimensional scaling to provide a spatial representation of 
the semantic systems for the three groups. A test retest comparison was performed 
in order to assess the stability of cognitive maps over time. At initial testing and at 
retest, a measure semantic maps’ consistency and organization was highly 
correlated with clinically rated thought disorder. Patients with high levels of 
thought disorder exhibited consistently lower semantic distance scores and failed to 
map results of triadic comparisons along well-defined dimensions. The results of 
this study suggest that formal thought disorder in schizophrenia is related to a 
disturbance in the organization of semantic networks in cognitive space, such that 
semantic nodes are not mapped along well defined dimensions 
Supported by IRP, NIMH

601.12
HALOPERIDOL EFFECTS ON BRAIN DOPA DECARBOXYLASE ACTIVITY 
IN SCHIZOPHRENIA. G. Grunder*. E. Davids. N. Hevdari, P. Benz1, R. Schlösser, 
J. Andreas2. P. Stoeter3. D.F. Wong4. A. Gjedde5. Depts. of Psychiatry, Nuclear 
Medicine2, Neuroradiology3, and PET Center1, Univ. of Mainz, 55131 Mainz, Ger
many; 4Dept. of Radiology, Johns Hopkins Med. Inst., Baltimore 21287, MD; 
5Aarhus PET Center, 8000 Aarhus, Denmark

Dopa decarboxylase (DDC) activity has been reported to be increased in the 
striatum of schizophrenic patients. In this study in schizophrenic patients, positron 
emission tomography (PET) and 6-[l8F]fluorodopa as the radiotracer were used to 
test, whether dopa decarboxylase activity is influenced by antipsychotic treatment 
and to which extent it would probably correlate with the psychopathological patient 
status before and under treatment.

After written informed consent, eight neuroleptic-free schizophrenic patients were 
treated with haloperidol at doses clinically determined. Two PET scans - at baseline 
and under treatment - were performed in each subject. Brain radioactivity was 
measured for 120 min after IV injection o f the radiotracer using a Siemens EC AT 
EXACT whole-body scanner. Unchanged tracer and labeled metabolites were de
termined in arterial plasma by HPLC. Regions of interest were positioned according 
to a T1-weighted 3D gradient echo magnetic resonance scan. Tracer uptake and de
carboxylation were determined graphically using arterial plasma input as well as by 
calculating the ratio between radioactivity in the striatum and in the occipital cortex.

Preliminary data analysis revealed no significant change o f striatal DDC activity 
with treatment. There was no correlation with positive or negative symptoms as 
rated with standard rating scales, neither before nor under treatment, although most 
patients improved significantly. Also, DDC activity under haloperidol treatment was 
not correlated with the administered dose. Subject to studies in normal controls, our 
results could suggest that elevated striatal DDC activity in schizophrenia is a trait- 
marker not affected by antipsychotic treatment and independent from the psycho- 
pathological patient state. Supported by Univ. o f Mainz
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601.13
SCHIZOPHRENIA SUBJECTS SHOW fMRI ACTIVATION OF 
DORSOLATERAL PREFRONTAL CORTEX AND BASAL 
GANGLIA DURING A WORKING MEMORY TASK.
D.S. Manoach*1. R.L. Gollub2. M.M. Searl1. E. Benson2, S.L. 
Rauch2. D.C. G off. E. Halpern2 & C.B. Saper1 1Dept. of 
Neurology, Beth Israel Deaconess Med. Ctr.; 2Dept. of Psychiatry, 
Mass. Gen. Hosp.; Harvard Med. Sch., Boston, MA 02215.

Schizophrenia subjects have working memory (WM) deficits. WM 
is thought to be mediated by frontostriatal .neural circuitry. While 
WM performance in schizophrenia has been associated with 
dorsolateral prefrontal cortex (DLPFC) dysfunction, it is not clear if 
basal ganglia function is also abnormal. We investigated regional 
brain perfusion during performance of a WM task, the Sternberg Item 
Recognition Paradigm, in 9 normal and 9 schizophrenia subjects. 
Using a GE l.5T scanner with EPI, and fMRI BOLD contrast, we 
acquired 15 slices parallel to the intercommisural plane (voxel size: 3 
X 3 X 8mm). Both subject groups showed DLPFC activation. 
However, only the schizophrenia group showed activation in the 
head of the caudate and lentiform nuclei. Inspection of the data from 
individual subjects revealed that 7 of the schizophrenia subjects and 
none of the normal subjects showed basal ganglia activation. The 
basal ganglia activation may reflect increased task difficulty, 
neuroleptic exposure and/or dysfunction of frontostriatal circuits that 
are involved in schizophrenia WM deficits. This finding supports a 
role for the basal ganglia in WM neural circuitry.

Support: NARSAD (DSM); Mathers Charitable Foundation Award 
(CBS)

LEARNING AND MEMORY: PHYSIOLOGY

602.1
THREE DIFFERENT FORMS OF LONG-LASTING FACILITATION OF 
APLYSIA SENSORY TO MOTOR NEURON SYNAPSES: SYNAPSE SPECIFIC, 
SYNAPTIC CAPTURE AND CELL WIDE. A. Casadio*. K.C. Martin. H. Zhu, 
M. Chen, C.H, Bailey, and E.R. Kandel. Ctr. Neurobiol. & Behav., Columbia 
Univ., HHMI, NewYork, NY 10032.

We have used a culture system consisting of a single Aplysia sensory neuron with 
a bifurcated axon making synaptic contact with two spatially separated target motor 
neurons to define three mechanistically distinct forms of long-term facilitation 
(LTF). First, local application of five pulses of serotonin (5-HT) onto the connec
tions made by the sensory cell onto one of the motor neurons produces synapse 
specific LTF of that connection without any change in the strength of that made onto 
the second cell. This synapse specific LTF requires CREB-mediated transcription 
and the growth of new varicosities, and persists for at least 48 hrs. Synapse specific 
facilitation also requires local protein synthesis in the processes of the sensory cell 
activated by one site of a cell, we can capture LTF at a second site with only a 
single pulse of 5-HT (which normally produces only transient facilitation) given to 
that second branch after the application of five pulses of 5-HT at the first branch. 
Like the establishment of synapse specific facilitation, synaptic capture is associated 
with the growth of new varicosities and persists stably for at least 48 hrs. Synaptic 
capture does not, however, require local protein synthesis in the branch receiving a 
single pulse of 5-HT. Third, in addition to synapse specific facilitation and synaptic 
capture, application of five pulses of 5-HT to the cell body of the sensory cell 
produces LTF at both branches. This facilitation requires CREB-mediated trans
cription but does not involve the growth of new synaptic varicosities and does not 
persist beyond 48 hrs. When one now applies a single pulse of 5-HT to one branch. 
growth is captured selectively at that branch. Thus, different modulatory inputs 
ending on different areas of a neuron can, in principle, produce either a very 
selective action (synapse specific), a spatial amplification of that action (capture) or 
a transient and distributed cell wide process. (Supported by HHMI and DANA.)

602.2
SEROTONIN IS CAPABLE OF REGULATING LOCAL PROTEIN 
SYNTHESIS IN THE PROCESSES OF APLYSIA SENSORY NEURONS. 
K.C. Martin*, M. Barad, Yaping E, H. Zhu, and E.R. Kandel. Ctr. for 
Neurobiol. & Behav., Columbia Univ., HHMI, New York, NY 10032.

To study the synapse specificity of long-lasting plasticity, we have 
developed a culture system consisting of a single bifurcated Aplysia sensory 
neuron making synaptic contact with two spatially separated target motor 
neurons. Repeated pulses of serotonin applied selectively to the connections 
made by the sensory neuron onto one motor neuron produce synapse-specific, 
transcription-dependent long-term facilitation at that synapse but not at the 
parallel untreated synapse. This synapse-specific long-term facilitation can be 
blocked by local application of protein synthesis inhibitors, suggesting that 
synapse specific long-term facilitation is dependent on local protein synthesis 
in the sensory neuron process. In fact, we find that sensory cell processes 
deprived of their cell bodies can incorporate radioactively labeled amino acids 
into TCA precipitable proteins, and that this local protein synthesis is 
stimulated three-fold by serotonin treatment. As a first step in examining the 
mechanisms whereby serotonin stimulates the machinery for local protein 
synthesis, we find that the immunosuppressant rapamycin blocks the ability of 
serotonin to stimulate translation, indicating that serotonin modulates the 
activity of the S6 kinase of the EIF4E-binding protein. These studies indicate 
that in addition to mediating fast synaptic actions by ionotropic receptors, 
slower synaptic actions by activating metabotropic receptors and second 
messenger kinases, and still more enduring actions by recruiting nuclear 
transcription factors and gene expression, neurotransmitters can mediate still a 
fourth synaptic actions — regulating local protein synthesis. (Supported by 
HHMI, DANA, NARSAD, and the Burroughs Wellcome Fund.)

602.3
CYCLIC AMP MIMICKS CHANGES IN CENTRAL CHOLINERGIC SYNAPTIC 
TRANSMISSION BETWEEN DUNCE MUTANT NEURONS.
Daewoo Lee* and Diane K. O'Dowd, Depts. of Anatomy and Neurobiology, Dev. and 
Cell Biol., UCI, Irvine, CA 92697

Activity-dependent changes in the properties of synaptic signaling in CNS are 
the cellular substrates underlying complex behaviors such as learning and memory. 
Molecular genetic studies in Drosophila have identified a number of genes involved 
in learning and memory. However, in Drosophila the neuromuscular junction (NMJ) 
has been the only functionally accessible synapse to analyze the role of these genes in 
synaptic plasticity. Our previous study (Lee et al., 1997, SFN abstr 23:375) 
demonstrated that the majority (>70%) of cultured Drosophila neurons are 
cholinergic and they form intemeuronal excitatory synapses mediated by nAChR. The 
current study asks whether cholinergic synaptic transmission is altered by single gene 
mutations that result in olfactory learning defects. Embryonic neurons from dunce 
and latheo were cultured for 2-9days and miniature excitatory postsynaptic currents 
(mEPSCs) were recorded using the whole cell patch clamp technique. The frequency 
of mEPSCs in dunce neurons was dramatically increased (~4-fold) when compared to 
wildtype. This alteration appears to be distinct from the changes seen in the 
peripheral glutamatergic NMJ (Zhong and Wu, 1991, Science 251:198). Neurons 
from a second learning mutant, latheo, also showed a high mEPSC frequency, similar 
to dunce. No differences in biophysical properties of mEPSCs suggest that the change 
in cholinergic synaptic transmission in these mutants is presynaptic. This alteration 
was mimicked by differentiation of wildtype neurons in the presence of membrane 
permeable dibutyryl cAMP ( l00µM). Furthermore, exposure of differentiated neurons 
to a cAMP pulse (4hrs) was enough to result in a transient increase of mEPSC 
frequency that peaked by 24hrs after treatment. All of these findings indicate that 
cAMP-regulated changes in cholinergic synaptic transmission may be important in 
Drosophila olfactory learning. (Supported by NIH grant NS-27501)

602.4
SYNCHRONIZED ACTIVITY IN NEURONS STORING THE MEMORY OF EYE 
POSITION. H. S. Seung*1, E. Aksay1,2, D. D. Lee1, D. W. Tank1. 'Bell Labs, Lucent 
Tech., Murray Hill, NJ 07974; 2Dept. Physiol, and Neurosci., NYU Med. Ctr., New 
York, NY 10016.

Reverberating activity has long been hypothesized as a mechanism for short-term 
memory. Many reverberating circuit models can be reduced to a description of neural 
activity in terms of continuously variable rates. In contrast, the discrete nature of action 
potentials is essential to the “synfïre” conception of reverberating activity. To 
distinguish between these two viewpoints, it is important to look for precise timing 
relationships in the spike trains of memory-related activity. With this goal in mind, we 
performed dual extracellular single-unit recordings in the oculomotor velocity-to- 
position integrator of the awake restrained goldfish Carassius auratus (5 pairs, 3 
animals). Previous studies have shown that neurons in this brainstem nucleus store a 
short-term memory of the current eye position. Recordings were performed during 
spontaneous oculomotor behavior consisting of static gaze-holds punctuated by 
horizontal saccadic movements every 1-4 seconds. Eye position was measured using the 
scleral search coil technique. Three unilateral pairs of neurons exhibited 
synchronization, with a narrow peak in the cross-correlogram centered at zero lag. The 
peak was judged to be statistically significant in comparison with correlograms of 
synthetic spike trains generated by randomly shuffling the interspike intervals of the 
original spike trains within each gaze-hold. When the entire range of eye positions was 
divided into bins, the location of the peak was the same in the correlograms of all bins. 
Thus there was no evidence that synchronization depended on the internal state of the 
integrator. In a fourth unilateral pair and one bilateral pair, no significant correlation 
was found. The lack of peaks at nonzero lags does not support the synfíre conception of 
reverberating activity. The peaks at zero lag existed even when time intervals 
containing saccades were removed, and therefore cannot be explained as the result of 
common feedforward input from saccadic command neurons, although other extrinsic 
sources might be involved. Common input might also arise from recurrent feedback in a 
reverberating circuit. (Supported by Lucent Technologies.)
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602.5
SYNAPTIC AND EXCITABLE MEMBRANE PROPERTIES OF NEURONS THAT 
MAINTAIN A SHORT-TERM MEMORY OF EYE POSITION. S.S.-H. Wane*1. E. 
Aksav1,2, R. Baker2, H.S. Seung1, and D.W. Tank1. ‘Bell Labs, Lucent Technologies, 
Murray Hill, NJ 07974; 2Physiol. and Neurosci., NYU Med. Ctr., New York, NY 10016.

In the oculomotor system, an eye movement command lasting tenths of a second is 
translated into a stable gaze hold that is maintained for up to tens of seconds. In order to 
better understand cellular and network mechanisms that could generate this form of 
short-term memory, we are studying neurons in the goldfish (Carassius auratus) 
brainstem velocity-to-eye-position integrator, where firing rates store eye position 
memory (Pastor et al., PNAS (1994) 91:807). Whole-cell patch recordings were made in 
vitro from putative integrator neurons, which were located based on anatomical markers 
determined from in vivo experiments (see abstract by Aksay et a i). With zero injected 
current, cells were silent or fired tonically up to 10 Hz. With positive current injection, 
firing rates increased nearly linearly up to 70-150 Hz, similar to the maximum rate found 
in vivo. Action potentials were followed by a slow afterhyperpolarization consistent with 
Ik(ca)· In voltage clamp, depolarizations from -90 mV gave a transient, I 4-like outward 
current. Both lA and lK(Ca) are known to linearize the dependence of rate on injected 
current in model neurons. We did not observe voltage bistability, a proposed mechanism 
for persistent activity in short-term memory. In voltage clamp, excitatory and inhibitory 
spontaneous synaptic currents were 5-200 msec in duration. Excitatory currents had a 
slow component lasting 50-200 msec that was blocked by the antagonist (±)-APV (n=3), 
indicating synaptic input through NMDA-type glutamate receptors. Stimulation by a 
saline-filled glass electrode placed ipsilaterally within 200-300 µm of the recorded 
neuron gave monosynaptic excitatory currents that matched the NMDA-type 
spontaneous events in time course and pharmacology (n=2). Contralateral stimulation 
evoked both excitatory and inhibitory responses (n= 2). The cellular and synaptic events 
we have observed are much shorter than the time constant of gaze holding. Explanation 
of the time scale o f this short-term memory therefore requires either longer cellular 
events or a network mechanism. (Supported by Lucent Technologies.)

602.7
EVOLUTION OF ACTIVITY IN SM ALL POPULATIONS OF NEURONS IN 
THE CEREBELLAR CORTEX A N D  NUCLEI DURING ACQUISITION OF 
THE CONDITIONED EYEBLINK REFLEX IN THE RABBIT. James R. 
BloedeL* Vlastislav Bracha and David A. W underlich. Div. o f Neurobiology, 
Barrow Neurological Inst., Phoenix, AZ 85013.

The purpose o f these experiments was to examine the relationship of  
the neuronal activity in the relevant regions o f the cerebellar cortex and nuclei 
during the acquisition o f the classically conditioned eyeblink reflex in rabbits. 
M oveable bundles o f five microwires were inserted into the anterior lobe or 
lobule HVI o f the cortex and into the critical region o f the interposed nuclei. 
M ultiple single units were then isolated in each location, and a conventional 
delay paradigm (tone conditioned stimulus and an airpuff unconditioned 
stimulus) was used to condition the eyeblink reflex. This abstract reports initial 
observations obtained from very short recording tracts (130-270 microns in 
length) over acquisition periods lasting up to six days. Some neurons were 
recorded over multiple days. Data were processed by constructing population 
histograms as well as histograms characterizing the responses o f  individual 
neurons for successive blocks o f 10 trials over the time course o f acquisition. 
The data revealed the existence o f excitatory responses within the interstimulus 
interval at both recording sites well before the onset o f any behavioral 
conditioned responses (CRs). This was true also for complex spikes. In general 
these changes occurred in parallel at both locations. The depth o f modulation 
was particularly marked during the initial stages o f acquisition, although some 
cells displayed robust CR-related responses after acquisition was complete. 
The data will be discussed in the context o f  the cerebellum ’s contribution to the 
acquisition and execution o f conditioned eyeblink reflexes. Supported by NIH 
grant N S30013 and N S21958.

602.9
SKILL LEARNING OCCLUDES LTP IN HORIZONTAL CORTICAL 

CONNECTIONS M.-S. Rioult-Pedotti*. D. Friedman, and J.P. Donoghue. 
Dept. of Neuroscience, Brown University, Providence, RI02912.

We have recently shown that synaptic responses in layer ll/lll horizontal 
connections of the primary motor cortex (Ml) are strengthened in rats trained in 
a skilled reaching task. Less LTP was induced In trained rats following a single 
high frequency stimulation suggesting that learning engages an activity 
dependent mechanism. Here we test the hypothesis that LTP-like 
mechanisms strengthen horizontal connections during skill learning.

Adult rats (N=27) were trained in a reaching task with one forelimb for 3 or 5 
successive days. Extracellular field potentials were recorded 20 to 45 hours 
later in layer ll/lll of coronal slices containing the Ml forelimb area of both 
hemispheres. Simultaneous recordings were done both in the ‘trained MI (trMI) 
and the ‘untrained MI (untrMI) for a single rat. Field potential amplitudes of 
horizontal connections in the trMI were significantly larger than in the untrMI 
over a range of stimulation intensities. No such interhemispheric difference was 
detected in the hindlimb area or in controls (N=23). We used LTP and LTD 
saturation to determine if the synaptic strengthening caused by skill learning 
utilized an LTP/D-like mechanism and to define if learning affects the dynamic 
range for synaptic modification. Saturation levels were defined by repeated 
application of high and low frequency stimulation. In the trMI LTP was saturated 
after an average of 1.1 ±.11 (N=12) attempts reaching an average upper limit of 
115% of baseline and LTD was saturated after 2.5±.28 (N=5) attempts at 57% 
of baseline. In the untrMI LTPsat was at 150% and LTDsat at 70% after 2 .7 ± .I8  
(N=8) and L2± .2  (N=5) attempts respectively. The tr/untr ratio for LTPsat and 
LTDsat in trained rats is 0.3 and 1.43 while in controls the left/right ratios are ~1, 
indicating that learning shifted the baseline field potential amplitudes towards a 
physiological ceiling but does not influence the dynamic range for modification. 
These data suggest that skill learning-induced strengthening of horizontal 
cortical connections uses an activity-dependent synaptic mechanism. 
Supported by NS22517.

602.6
DEFICITS IN MEMORY TASKS OF MICE WITH CREB MUTATIONS DEPEND 
ON GENE DOSAGE. P. Gass1. D. Balschun3*. D.P. Wolfer2. D. Rudolph1, H.-P. 
Lipp2. U, Frey3 and G. Schütz1. 1Dept. of Molecular Biology of the Cell I, German 
Cancer Research Institute, Heidelberg, Germany; 2Dept. of Anatomy, University of 
Zürich, Switzerland; 3Dept. of Neurophysiology, Leibniz Institute for Neurobiology, 
Brenneckestr. 6, POB 1860, D-39008, Magdeburg, Germany.

Studies in Aplysia, Drosophila and mice have shown that the transcription factor 
CREB is involved in formation and retention of long-term memory. In order to 
analyze the impact of differential CREB levels on learning and memory we varied 
the gene dosage of CREB in two strains of mutant mice: i) CREBαΔ mice, in which 
the α  and Δ isoforms are disrupted, but a third isoform ß is strongly upregulaied; ii) 
CREBcomp, a compound strain with one α∆ allele and one CREBnull allele, in 
which all CREB isoforms are disrupted. To avoid genetic background effects, CREB 
mutations were backcrossed into a C57BL/6 and FVB/N strain, respectively, and 
studies were performed in FI hybrids from these lines. CREBcomp but not CREBαΔ 
FI hybrids were impaired in watermaze learning and fear conditioning, 
demonstrating a CREB gene dosage effect. However, analysis of the platform 
searching strategies in the watermaze task suggested that CREBcomp mutants arc 
impaired in behavioral flexibility rather than in spatial memory. In contras', i∩ 
previous experiments using CREBαΔ mice with varying genetic background the FI 
hybrid CREBαΔ and CREBcomp mice did not show deficits in a social transmission 
of food preference task nor in dentate gyrus and CA1 LTP as recorded from slice 
preparations. These data indicate that the hybrid vigor typical for FI hybrids may 
compensate for a reduction in CREB levels in some tests. On the other hand, the 
persistence of clear behavioral deficits as shown by the FI hybrid CREB comp mice 
in watermaze and fear conditioning indicates a robust and repeatable phenomenon 
that will permit further functional analysis of CREB.

Supported by Land Saxony-Anhalt to U.F.

602.8
ENHANCEMENT OF SYNAPTIC TRANSMISSION IN THE RAT PIRIFORM 
CORTEX ASSOCIATED WITH INCREASED LEARNING CAPABILITY 
D. Saar1*. Y. Grossman1 and E. Barkai2
Dept of Physiology1 and Morphology2, Faculty of Health Sciences and Zlotowski Center 
for Neuroscience, Ben-Gurion University of the Negev, Beersheva 84105, Israel.

Cellular modifications were studied in the rat piriform cortex following olfactory 
operand-conditioning. Rats were trained to discriminate positive cues in pairs of odors, 
until they demonstrated dramatic increase in acquiring the same task with unfamiliar 
odors ( ‘rule learning’). We have previously shown that ‘rule learning’ was accompanied 
by reduced spike-afterhyperpolarization (AHP) in layer II pyramidal neurons in brain 
slices of the piriform cortex. In the present study, afferent and intra-cortical synaptic 
inputs to these cells were examined. Paired-pulse facilitation (PPF) of EPSPs evoked by 
stimulating the intrinsic fibers was significantly smaller in the ‘trained’ rats, (e.g. at 
inter-stimulus interval of 50 ms: 1.14±0.11, mean ± SD, n =19 in ‘trained’ group, vs.
1.33 ± 0.15, n=38 in ‘pseudo trained’, and 1.27 ± 0.22, n=23 in ‘naive’ group, p<0.02, 
one way ANOVA test). This PPF reduction, which appeared 3-7 days after training, 
returned to control within 8 days. No further change was observed in other rats that were 
trained to memorize 35-50 odors. PPF of EPSPs evoked by stimulating the afferent 
fibers, originating from the olfactory bulb, increased for 1-2 days after training 
(l.37±0.l3 , n =7 in ‘trained’, vs. 1.21 ± 0.13, n=23 in ‘pseudo trained’, and 1.22 ± 0.1, 
n=l 1 in ‘naive’ , p<0.03). When Ca+2 concentration in the perfusing solution was 
reduced, PPF in the intrinsic pathway increased in all animal groups, and to a 
significantly greater extent in the ‘trained’ group (2.3l±0 .6, n=8 in ‘trained’, vs. l.89± 
0.23, n=23 in ‘pseudo trained’, and 1.85 ±0.18, n=7 in ‘naive’ group, p<0.05), 
suggesting that the synaptic release was close to its maximal value under normal 
conditions, leaving less room for facilitation. The transient nature of the change in PPF 
suggests that the phenomenon is related the increased learning capability, which is 
reduced within few days after training, rather than to the memory for specific odors, 
which lasts for weeks. Supported by a grant from the Israeli Science Foundation.

602.10
SHORT-TERM  DEPRESSION AND PO ST-TETA NIC PO TENTIA TION 
OF SYNAPTIC TR ANSM ISSION IN RA T PREFRO NTA L CORTEX.
C M. Hem pel*, K. Hartman, G.G. Turrigiano. S.B. Nelson. D ept. of 
Biology, Brandeis University; W altham, M A 02254.
To investigate synaptic mechanism s which may contribute to sustained 
activity during short-term memory tasks, we measured the dynam ic 
properties of excitatory synapses in rat medial prefrontal cortex in vitro. 
Post-synaptic currents (PSCs) were elicited by extracellular layer II/III 
stimulation and recorded in layer V, either directly using whole cell patch 
clamp or extracellularly as synaptic field potentials (SFPs). In either case, 
PSCs in prefrontal cortex exhibited frequency dependent short term 
depression sim ilar to that previously observed in visual cortex. Prefrontal 
PSCs and SFPs also exhibited post-tetanic potentiation (PTP), a 
phenomenon not observed in prim ary visual cortex. The m agnitude of this 
effect varied as a function o f tetanus frequency and duration. For example, 
15 stimuli at 1 Hz produced a l5±6%  (mean ± sem, n=5) increase in SFP 
amplitude while 15 stimuli at 50 Hz produced a 41 ±22%  increase (n=5). As 
few as 5 stimuli were sufficient to produce detectable PTP. Decay was bi-
exponential with time constants o f about 10 and 100 seconds. PTP was also 
observed in paired whole cell recordings (n=4) from synaptically connected, 
adjacent layer V pyramidal cells, indicating that the phenom enon is present 
at intrinsic synapses within prefrontal cortex. (Supported by NSF, NIH, the 
W hitehall Foundation, and the Sloan Foundation.)

Society for N euroscience, Volume 24 ,1998



WEDNESDAY AM LEARNING AND MEMORY: PHYSIOLOGY 1523

602.11
ISO- AND CROSS-DIRECTIONAL INHIBITION IN THE SPATIAL TUNING OF 
REGULAR- AND FAST-SPIKING NEURONS IN PRIMATE PREFRONTAL 
CORTEX. G.V. Williams, S.G. Rao, and P.S. Goldman-Rakic*. Section of 
Neurobiology, Yale Univ. Med. Sch.,New Haven. CT 06510.

Both iso- and cross-orientation inhibition are believed to contribute to the 
spatial tun ing  o f  neurons in visual cortex. Previous work in this laboratory has 
provided evidence o f  cross-directional relationships betw een putative 
pyram idal cells and interneurons at distances o f  up to 400 pm  in prefrontal 
cortex (W ilson et al., 1994). How ever, we have recently  found that fast- 
spiking (FS) units are iso-directional in tuning  with their im m ediately adjacent 
regular-spiking (RS) neighbors (recorded sim ultaneously at the same electrode 
site), th roughout the sensory, m nem onic, and response epochs o f a spatial 
oculom otor delayed response task.

In order to directly  exam ine the contributions o f  iso- and cross-directional 
inhibition to spatial tuning in prefrontal cortex, we have now analyzed the 
effects o f  G A B A a b lockade on the responses o f  both FS (20) and RS (66) units 
during the w orking m em ory task. Iontophoresis o f  b icuculline provoked a 
significant increase in activity  in ~ 70% o f  both cell types, indicating the 
presence o f  substantial inhibitory input to these cells. The m ajority o f RS 
(12/18) and FS units (7/9) that were tuned in the delay period showed 
attenuation o f  their spatial-tuning, prim arily  due to loss o f  cross-directional (or 
circu lar) inhibition. A m inority  o f  previously untuned cells (13/55 RS, 4/16 FS 
units) showed unm asking o f  tuning, m ainly due to loss o f  iso-directional 
inhibition. W e suggest that spatial-tuning in prefrontal cortex arises from the 
sum m ation o f  tuned excitatory, and diverse inhibitory inputs which are 
activated during w orking m em ory. Supported by NIMH, P50 MH44866.

602.12
fMRI of Brain Regions Involved in Acquisition versus Performance 

of Human Fear Conditioning
D.C. Knight1*, C.N. Smith1, D.T. Cheng1, E.A. Stein2, & F.J. Helmstetter1,2

University o f  Wisconsin-Milwaukee1, Medical College o f  Wisconsin2 
Milwaukee, Wisconsin 53201

The present study used functional magnetic resonance imaging (fMRI) to examine which 
regions of the brain are involved in acquisition and extinction of a conditional fear response 
and how the pattern of activation within these regions changes over time. Previous studies from 
our lab have demonstrated that Pavlovian fear conditioning produces large, learning-related 
changes within the anterior cingulate, insula, superior temporal lobe, dorsal medial thalamus, 
and caudate during acquisition (Knight et al., 1997). To further explore extinction, healthy 
volunteers were exposed to one of three conditioning procedures in which 15sec flashing light 
(CS) and brief (0.5sec) electrical stimulation (UCS) were presented over 8 blocks. Two groups 
received co-terminating light and shock presentations during 4 acquisition blocks. Half of these 
subjects continued to receive paired light and shock presentations while the others received 
light alone during 4 extinction blocks. A control group received explicitly unpaired 
presentations during the first four blocks and light alone during extinction. Whole brain 
imaging was completed (TR=3, TE=40msec, FOV=24cm, Flip Angle=90°) using a GE 1.5 
Tesla Signa scanner throughout the 8 blocks of stimulus presentations. Activated regions were 
identified based on cross-correlation with a phase-shifted canonical representing the temporal 
pattern of visual stimulation. Training produced large learning-related changes in functional 
activation within a number of regions. The number of activated voxels within the anterior 
cingulate, medial dorsal thalamus, caudate, putamen, and temporal pole selectively increased in 
the paired groups over the course of training. Differences in the putamen and cingulate were 
maintained with continued reinforcement, but gradually dissipated during extinction. 
Differences in functional activation acquired over training within the temporal pole and insula 
immediately disappeared with removal of the UCS during extinction. Functional activation 
within the medial dorsal thalamus decreased at equivalent rates for both paired groups over the 
last four stimulus blocks regardless of whether subjects received extinction or continued 
reinforcement trials.

Supported by NIMH fellowship MH11722 (DCK), NIDA grant DA09465 (EAS),
NIMH grant MH50864 (FJH), McDonnell Foundation grant (FJF)
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603.1

AN ERP STUDY OF PAIRED ASSOCIATE LEARNING IN NORMAL HUMAN 
SUBJECTS. A. Puce*. Dept of Neurosurgery, Yale University School of Medicine, 
New Haven CT 06510 and Neuropsychology Lab VAMC, West Haven CT 06516.

Nine subjects learned to associate 10 Japanese Kanji form-English word pairs 
during 3 presentations of the stimulus list (Encode 1-3). A Distracter task followed, 
in which subjects made true/false decisions on 10 mental arithmetic problems. 
Paired associate learning was then tested using Recall or Recognition (Recog). 
During Recall, the 10 Kanji forms were presented and subjects verbally supplied the 
corresponding words. During Recog, 10 form-word pairs (probability of correct 
original pairing was 50%) were presented and subjects verbally indicated whether 
pairs were correct or incorrect. The experiment was repeated 10 times with new 
form-word lists and alternating runs of Recall and Recog. A 3-sec ISI was used for 
all stimuli. Averaged ERPs were recorded from a 50-channel head cap during all 
conditions in each subject. Peak amplitudes and latencies of P 100, N170 and P290, 
and area under the ERP waveform at 400-650 and 651-900ms post-stimulus were 
measured. One-way ANOVAs with repeated measures were performed on the 5 
experimental conditions at selected electrode sites.

Accuracy of performance was around 82% in all tasks. The main ERP results 
were: (I) larger N170 amplitudes occurred in Recall and Recog relative to Encodes 
1-3 at the temporal scalp; (II) larger P290 amplitudes occurred in the Encode 
conditions relative to either Recall or Recog, particularly at the temporal scalp; (III) 
the largest area measures (450-600ms) were noted for the Encode 3 condition 
relative to Recall, Recog or Encode 1, particularly at frontal sites. The results 
suggest that encoding occurs in temporal and frontal regions, and that information 
retrieval associated with a familiar stimulus can augment neuronal responses at the 
occipitotemporal scalp. Hence, the retrieval of information associated with known 
objects may modulate perceptual mechanisms in temporal cortex.

Supported by the Dept, of Veterans Affairs and NIMH Grant MH-05286.

603.3
DISSOCIATION BETWEEN RECOGNITION AND RECALL AFTER EARLY 
HIPPOCAMPAL DAMAGE F. Vargha-Khadem1. K.E. Watkins1. A. D. 
Baddelev2. and M. Mishkin3* ‘Cognitive Neuroscience Unit, Institute of Child 
Health, London WC1N 1EH, 2Dept of Psychology, University of Bristol, BS8 1TN, 
UK and 3Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892, USA.

We recently reported the case of Jon (Vargha-Khadem, et al., Science 277: 376- 
380, 1997) who is amnesic as a result of an hypoxic/ischaemic insult and associated 
bilateral hippocampal pathology suffered perinatally. Jon has developed normal 
semantic memory, as judged by his normal intelligence, language and literacy, in 
the face of a chronic and pronounced impairment in episodic memory, as judged by 
his extremely poor ability to remember everyday events. He was also found to have 
a marked dissociation between recall and recognition performance with both verbal 
and nonverbal material. Thus, Jon’s scores were at about floor level on standard 
verbal and nonverbal tests of delayed recall, yet he scored within the range of 
normal controls on computerized tests of one-trial item recognition for words, 
nonwords, familiar faces, and unfamiliar faces, as well as of one-trial associative 
recognition for the same material (with one exception, i.e. associative recognition 
for pairs of familiar faces, in which he performed at chance). Because these recall 
and recognition tests were not directly comparable, we examined Jon on the Doors 
and People Test (Baddeley et al., Thames Valley Test Company, 1994), which was 
designed specifically to allow such a comparison; that is, subtests of verbal and 
nonverbal recognition and recall were standardized and equated for difficulty. Jon’s 
scores on the recall tests were below the 1st percentile, but on the recognition tests 
they were above the 50th percentile. Because stimulus recognition ability in animals 
is known to depend mainly on the subhippocampal cortices, the results obtained in 
Jon support the proposal that these cortices provide the substrate not only for his 
intact recognition but perhaps also for his relatively preserved semantic memory. 
SUPPORTED IN PART BY THE WELLCOME TRUST

603.2
STIMULATION OF THE NORADRENERGIC SYSTEM ENHANCES, AND 
BLOCKADE REDUCES, MEMORY FOR EMOTIONAL MATERIAL IN MAN. 
R.E. O’Carrol,l*  E.Drysdale.1 L. Cahill,2 P. Shajahan 3 and K.P. Ebmeier3. 
1 Psychology Dept., University of Stirling, FK9 4LA, U.K. 

2Ctr.Neurobiol.Learn.Mem. UCI, and 3MRC Brain Metabolism Unit, Edinburgh.
Cahill et al.( 1994), Nature, 371, 702-704 reported that administration of 40mg of 

the beta blocker propranolol selectively reduced memory for a central, emotionally 
arousing phase of a narrated slide show. We tested the hypothesis that stimulation 
of the noradrenergic system would result in an enhancement, and blockade 
impairment, of long term memory for emotional stimuli, using essentially the same 
stimulus materials and protocol as described by Cahill et al. (1994). Thirty-six 
young adults were randomly allocated to one of three conditions; (a) 20 mg 
yohimbine hydrochloride (Yo), which stimulates noradrenergic function, (b) 50 mg 
metoprolol (M), a widely used beta blocker, or (c) matched placebo (P). The three 
groups were matched for age, sex, intelligence, general memory functioning, 
personality variables, basal blood pressure and pulse rate. All capsules were taken 
orally 90 minutes prior to viewing the narrated 11 slide show in a double-blind 
design. Yo significantly elevated and M reduced heart rate during the slide show. 
One week later, in a “ surprise” test, memory for the slide show was assessed. Yo 
subjects recalled significantly more, and M fewer, total number of slides relative to 
placebo (Yo mean=7.2, sd=(2.1), M=4.8 (1.8), P=6.3 (1.4), F=5.59, p=0.008). Post- 
hoc analysis of number of slides recalled by story phase identified a significant 
difference restricted to the central, emotive phase of the story (Yo mean=3.3, sd=0.6, 
M=2.0(0.9), P=2.8(0.6), F=8.95, p=0.0008). We conclude that stimulation of the 
noradrenergic system results in the enhancement, and blockade reduction, of recall 
for emotional material in man.
This work was funded by the Wellcome trust UK, ref-048090/Z/96/Z.

603.4
CONTRASTING CORTICAL ACTIVITY ASSOCIATED WITH  
DECLARATIVE AND NONDECLARATIVE MEMORY.
Paul J. Reber,1* Craig E. L. Stark,1 and Larry R. Squire1,2,3. Departments of 
Psychiatry1 and Neurosciences2 UCSD and VAMC, San Diego3.

A key question in the study of memory systems has been whether 
nondeclarative memory phenomena such as priming or category learning influences 
recognition memory performance (declarative memory). The two types of memory 
could operate independently, or recognition memory judgments could be based partly 
on a feeling of familiarity derived from priming. We collected functional 
neuroimaging data while volunteers performed similar categorization or recognition 
memory tasks. Strikingly different patterns of brain activity in visual processing areas 
were observed for the two tasks. Prior to scanning, volunteers were shown either 40 
dot patterns derived from an underlying prototype dot pattern or 8 repetitions of each 
of 5 target dot patterns (40 total). fMRI data were then collected during the 
performance of either a categorization or recognition memory test (categorization, n=8; 
recognition, n=10). To identify brain areas where activity varied with stimulus type, 
the stimuli were blocked as mostly targets or mostly foils (categorical or non- 
categorical; old or new). During the categorization task, decreased activity was 
observed in posterior occipital cortex for the more familiar categorical stimuli. The 
decreased activity associated with the categorical stimuli is similar to previous findings 
in neuroimaging studies of priming. During recognition, increased activity was 
observed in posterior occipital cortex for the familiar stimuli. No evidence was found 
for priming-like effects during recognition memory (i.e., decreased activity for “old” 
stimuli). These findings indicate that the two types of memory have contrasting effects 
on early visual processing and reinforce the view that declarative and nondeclarative 
memory operate independently.

Supported by the Medical Research Service of the Department of Veterans 
Affairs and NIMH Grants MH24600 (LRS),F32 M H11150 (PJR), and the 
McDonnell-Pew Center for Cognitive Neuroscience, San Diego (PJR & CELS).
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603.5
CHANCE RECOGNITION MEMORY PERFORMANCE IN SEVERE AMNESIA: 
NO EVIDENCE FOR THE USE OF PRIMING IN FAMILIARITY JUDGMENTS.
C.E.L. Stark.1 and L.R. Squire*1,2,3. Depts. of Psychiatry1 and Neurosciences2 UCSD, 

and VAMC3, San Diego, CA 92161
The severely amnesic patient E.P. has extensive bilateral medial temporal lobe damage 

resulting from herpes simplex encephalitis. In previous work, he demonstrated normal 
levels of repetition priming despite at-chance recognition performance (Hamann & 
Squire, 1997). One explanation for the failure of his intact priming to assist recognition 
memory performance is that whatever sense of familiarity that can be used to make a 
recognition memory judgment is not based on the same mechanism responsible for 
priming. However, it is also possible that priming is the basis for the feeling of 
familiarity used in recognition memory judgments, but that the recognition tests that were 
used with patient E.P. and other amnesic patients discouraged the use of familiarity and 
encouraged reliance upon episodic memory. This issue was addressed in three 
recognition memory experiments with E.P., 3 other amnesic patients with hippocampal 
formation damage, and 8 control volunteers. In each of the experiments, participants 
were required to make their recognition judgments rapidly (1.5s) and they were 
encouraged to rely on their first impression about each test item. In Exp. 1, participants 
were asked to decide rapidly which of two words presented (forced-choice) was on the 
study list using their “gut feeling.” In Exps. 2 and 3, the instructions made no reference 
to the study episode and participants were asked to make familiarity judgments on the 
presented words. In Exp. 2, a forced-choice paradigm was used. In Exp. 3, a yes-no 
paradigm was used in which participants responded “yes” if the word “felt familiar.” In 
all three experiments, the amnesic patients were impaired relative to controls, and E.P. 
performed at chance. These data support the idea that while recognition memory 
judgments may be made on the basis of familiarity, priming is not the source of this 
feeling of familiarity.

Supported by McDonnell -Pew Center for Neuroscience, San Diego #INC0006 (CS), 
NIMH #MH24600 (LS), and Veterans Affairs Medical Centers

603.7

AMNESIC PATIENTS DO NOT SHOW NORMAL BIAS EFFECTS 
IN A FORCED-CHOICE PERCEPTUAL IDENTIFICATION TASK. 
M.M. Keane*. M. Verfaellie, J.D.E. Gabrieli, and B.M. Wong. Dept. 
of Psychology, Wellesley College, Wellesley, MA 02181; Memory 
Disorders Research Ctr., Boston Univ. School of Medicine, Boston, 
MA 02130; Dept. of Psychology, Stanford Univ., Stanford, CA 94305.

Amnesic patients show normal perceptual priming despite impaired 
recall and recognition. One theory proposes that such priming is due to a 
bias to interpret test stimuli as items encountered in a recent study 
episode. The critical feature that distinguishes this theory from others is 
the notion that priming induces costs as well as benefits in performance. 
Thus, following study of the word cake, a subject will subsequently 
show a benefit in identifying the same word, but a cost in identifying a 
similar word (e.g., sake) because of a bias to interpret that word as the 
studied word cake. To examine whether the bias theory can account for 
preserved priming in amnesia, we examined performance in amnesic 
patients and age-matched control subjects in a task in which a study 
phase was followed by a forced-choice perceptual identification (FCPI) 
task. In the FCPI task, words were shown very briefly on a computer 
screen. Each word was followed by a choice of 2 words presented in 
full view and differing from each other by 1 letter. Subjects were asked 
to select which word matched the just-shown word. Control subjects 
showed costs and benefits in performance, but amnesic patients showed 
benefits alone (and no costs) in performance. These results suggest that 
preserved perceptual priming in amnesia cannot be easily accommodated 
by the bias theory, and that bias patterns observed in normal subjects in 
the FCPI task reflect the operation of memory processes that are 
impaired in amnesia. Supported by grants NS 26985 and MH 57681

603.9

ACTIVATION OF THE HUMAN AMYGDALA BY A COGNITIVE 
REPRESENTATION OF FEAR: AN FMRI STUDY.
E.A. Phelps1. K.J. O’Connor1. J.C. Gatenby2. A.K. Anderson1, C. Grillon* M   
Davis3 and J.C. Gore.2 Depts. of Psychology1, Radiology2 and Psychiatry3, 
Yale Univ. and Med. Sch.: New Haven, CT 06520

Studies on the neural basis of fear and anxiety have suggested the 
amygdala is a critical structure in responding to neutral stimuli that signal 
aversive events. Typically, these studies have used a fear conditioning paradigm 
in which a neutral stimulus (the CS) is linked with a fearful stimulus (the US) by 
virtue of prior CS-US pairings. Using fMRI we have previously shown 
activation in the human amygdala during fear conditioning. Another method that 
humans may use to link a CS and US is to be told that a US may follow a CS. In 
the present study, we examined acitvity in the human amygdala when subjects 
have a cognitive representation of the relationship between the CS and US by 
virtue of verbal instructions rather than any direct experience with CS-US 
pairing.

Using fMRI we examined amygdala activity during three conditions: 
threat, safe, and rest. During threat and safe two colored squares were presented. 
One color (the CS+) represented the possibility that the subject might receive the 
US, a shock (threat). The other color (the CS-) represented an interval in which 
no shock would be received (safe). The subjects never received a shock during 
the experiment.

During the threat condition there was an increase in activity in the 
amygdala in relation to safe and res t. In most subjects, this activation was 
lateralized to the left amygdala. These results are similar to studies showing 
amygdala activity during fear conditioning and suggest that activation of the 
amygdala may occur when a neutral stimulus acquires aversive properties 
through either experience or cognitive representation.
Supported by McDonnell-Pew 97-26 to EAP and R01 MH53618 to CG

603.6

DO YOU RECOGNIZE THIS FACE? ELECTROPHYSIOLOGICAL 
MEASURES OF MEMORY FOR FACES. K.A. Paller*. V.S. Bozic. 
C. Ranganath. M. Grabowecky. and S. Yamada. Department of 
Psychology, Northwestern University, Evanston, IL 60201-2710.

Usually when you look at someone’s face, you can quickly determine 
whether or not it’s someone you know. To investigate the brain 
mechanisms underlying this memory feat, we recorded EEG signals 
time-locked to familiar and unfamiliar face presentations (Event-Related 
Potentials). In a learning phase, 12 subjects viewed a set of 40 faces. 
For 20 of these faces, voices simulating people introducing themselves 
were concurrently presented (e.g., “I’m Jimmy. I was a roadie for the 
Grateful Dead”). We told subjects to remember these people (R-faces) 
and to forget the other people (F-faces). Next, faces were presented 
without voices (R, F, and new in random order, 1 every 3 sec, 300-ms 
duration). Subjects were asked to respond to target trials, defined as 
when a face was presented twice in succession (9% of the trials), as well 
as to rehearse the associated biographical information whenever an R- 
face was shown. Electrophysiological responses to faces included a 
positive potential that was largest at parietal scalp locations from 400-900(X) 
ms after face onset and that was larger in amplitude for R-faces than for 
both F-faces and new faces. This potential may reflect recollection of 
facial and biographical information, given that recognition tested later 
was more accurate for R- than for F-faces (81% vs. 52%). Some 
subjects also exhibited an earlier right temporal potential for both R- and 
F-faces that may reflect familiarity rather than recollection. Results will 
be compared to potentials associated with recollection and priming in 
verbal paradigms, and to brain activations from a parallel study using 
functional magnetic resonance imaging. (Supported by NIH grant NS34639.)

603.8
IM P L IC IT  M EM ORY D E F IC IT S  FO R  C O N T E X T U A L  
IN FO RM A TIO N  IN HUM AN A M N E S IC S . M. M. Chun, and E. A. 
Phelps*. Department of Psychology, Yale University, New Haven, CT, 06520-8205.

The hippocampus and medial temporal structures are considered important for 
explicit memory but not for implicit memory. Another view is that these structures 
encode spatiotemporal context information. We present evidence that the medial 
temporal lobe is indeed important for encoding contextual information, even though 
memory for episodic context does not reach awareness in our task.

We tested a group of amnesic subjects and controls in a new visual search 
paradigm called contextual cueing (Chun & Jiang, in press, Cognit. Psychol.). 
Subjects searched for visual targets which either appeared in invariant (Old) global 
contexts which were repeated across blocks, or randomized (New) global contexts 
which were newly generated in each block. Visual contexts were defined as the 
spatial layout of the distractors in the search arrays. There are two learning 
components in this paradigm. The first is standard skill learning, a general 
facilitation in performance as subjects practiced the search task. The second context- 
dependent component is revealed by faster performance for searching Old displays 
relative to New displays. This contextual cueing benefit represents learning of visual 
context information. The memory is implicit as both groups of subjects were at 
chance for explicitly recognizing the Old contexts. In sum, this paradigm tests two 
forms of implicit learning, one context-independent and another that is highly 
context-specific. We hypothesized that relative to controls, amnesic patients would 
demonstrate intact context-independent implicit learning, but impaired context- 
dependent implicit learning. In support of this, skill learning was intact, but 
context-dependent implicit learning (contextual cueing) was totally absent in our 
group of amnesic subjects. The controls exhibited both types of learning.

Thus, medial temporal structures play an important role for encoding spatial 
context information in humans. This implicit contextual information facilitates 
important visual behaviors such as search without supporting explicit recognition.

Supported by NIH MH50812 to E.A.P.

603.10
USING ACTIVATION AND DISRUPTION METHODS TO MAP 
CONCEPTUAL AND PERCEPTUAL MEMORY PROCESSES.
T.A. Blaxton* Maryland Psychiatric Research Center, Univ. of MD School 
of Medicine, Baltimore, MD 21228.

Behavioral dissociations are frequently observed between memory tasks 
requiring conceptual or semantic processing and those requiring perceptual 
processing. In addition, functional mapping studies show that these process 
dissociations reveal the operation of separable brain regions. This 
presentation will describe several lines of evidence which suggest that 
conceptual and perceptual transfer between encoding and retrieval and 
subserved by dissociable brain regions. Results from permanent (brain 
lesioned patients) and temporary (electrical cortical stimulation, rTMS) 
disruption mapping paradigms in neurological patient groups agree with 
those produced from activation (PET and fMRI) procedures in normal 
subjects. Conceptual processing on such tasks as semantic cued recall, word 
association, category member production, word-to-picture priming and others 
is subserved by left mesial and lateral as well as left frontal lobe structures. In 
contrast, perceptual transfer in such paradigms as implicit and explicit word 
fragment completion, auditory recognition of musical passages, recognition of 
abstract figures, picture-to-picture priming and others is subserved by sensory 
regions involved in initial perception (visual cortex and associated regions for 
visual tasks; auditory cortex and associated regions for auditory tasks). The 
importance of obtaining converging evidence from disruption and activation 
methods when mapping cognitive function onto brain structures is 
emphasized.
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603.11
HIPPOCAMPAL VOLUME AND EVERYDAY MEMORY IN ADOLESCENTS

University College London Medical School, and Great Ormond Street Hospital for 
Children, London WC1N 1EH, UK. (SPON: European Brain and Behaviour Society) 

As a result of advances in neonatal medicine, there has been an increase in the 
survival rate of premature infants. One cost of this is an increased risk of cognitive 
and learning difficulties. We have carried out MRI and neuropsychological studies 
of a group of 11 right-handed neurologically normal adolescents (mean age 13yr 
6m), all of whom had required at least seven days of ventilation after premature birth 
(27-29 weeks gestation). Birth weight was less than 1500g in all cases. Comparisons 
were made with 8 age-matched controls who had been born full term (38-41 weeks 
gestation). The preterm group attained literacy skills that were commensurate with IQ 
(VIQ = 92.4 ± 10.2; PIQ =  92.3 ± 10.6) and were not significantly different from 
those of the control group (VIQ = 110.3 ± 16.6; PIQ = 106.5 ± 15.7). This was not 
true of numeracy skills; the premature group scored significantly lower than the 
controls on the subtests of the Wechsler Objective Numerical Dimensions test, and 
their scores on the Numerical Operations subtest were significantly lower than those 
predicted by their IQ. They also showed significantly lowered scores on the 
Rivermead Behavioural Memory Test, particularly on the items involving route 
finding, orientation and remembering a message, indicating deficits in certain aspects 
of everyday memory function. Analysis of 3D MRI datasets revealed that the preterm 
group had markedly reduced hippocampal volumes bilaterally compared with the 
controls (mean ± SD in cubic mm, corrected for intracranial volume: 3415 ± 264 vs 
3989 ± 256). The mean intracranial volumes were similar in the two groups of 
children. The deficits in everyday memory could not be accounted for by generalised 
brain atrophy, and are best explained by the reduction in hippocampal volume. 
Supported by the Medical Research Council and Wellcome Trust

603.12
RECOGNITION MEMORY IN NORMAL AGING AND ALZHEIMER’S DISEASE AS 
A FUNCTION OF IQ AND SEVERITY OF DISEASE PATHOLOGY: AN H T o  PET 
STUDY. Y. Stern*. J.R. Moeller. K.E. Anderson. N. Zubin. A. DiMauro, A. Park, C. 
Campbell. B. Luber. R. Van Heertum and H. Sackeim. Departments of Neurology. 
Psychiatry & Radiology, Columbia University College of Physicians & Surgeons, New 
York, NY, 10032.

Performance on many tasks correlates with IQ. Further, higher IQ may be protective 
against the clinical expression of Alzheimer’s disease (AD) pathology such that, in patients 
matched for clinical severity, pathology is more advanced in those with higher premorbid 
IQ. To better understand how these effects are mediated, we imaged 9 healthy elders and 
10 patients with mild AD at rest and during 2 conditions of a serial verbal recognition 
memory task: 1) easy: study list size (SLS) =1, and 2) titrated: SLS adjusted so that each 
subject recognized words at 80% accuracy throughout the task. Scaled Subprofile 
Modelling (SSM), applied to titrated minus easy subtraction images in controls identified 
a topographic pattern that changed in expression across conditions. Differential expression 
o f this topography by controls correlated positively with their titrated SLS and also with an 
index of IQ. A separate SSM analysis of patients’ activation scans identified a separate 
topography whose expression by patients correlated with their SLS. However. 4 AD 
patients exclusively expressed the controls’ topography. These 4 patients were comparable 
to the other 6 in clinical severity, but they had higher SLS and lower prernorbid IQ. 
Evaluation of resting images suggested that AD pathology was less advanced in these 4 
patients — they had less temporoparietal and frontal hypo-perfusion than the other 6 
patients. We conclude that: 1) The relation between task performance and IQ in normal 
elders may be a function of differential ability to utilize the brain network represented by 
the controls’ topography. 2) Patients with less severe AD pathology continue to use the 
same network as controls. 3) Patients with more pathology use a different, compensatory 
topography to mediate task performance.

This work was supported by NIA AG14671 and the Higginbottom Foundation
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604.2604.1

CELL PROLIFERATION IN THE LAMPREY CNS. G.P. Swain*, I. Vidal, D. Vining, 
S.A. Keeney and M.E. Selzer. Dept. of Neurology and Inst, of Neurological Sciences; 
University of Pennsylvania, School of Medicine, Philadelphia, PA 19104.

Lamprey spinal axons regenerate selectively in their correct directions following spinal 
transection. It has been proposed that absence of proliferation and migration of injured 
glial cells maintains the glial architecture and enforces a longitudinal orientation of glial 
processes in the transection scar that guides regenerating axons. On the other hand, the 
reconstitution of the ependymal layer in the scar suggests that some proliferation and/or 
migration must occur. Therefore, we measured proliferation rates in lamprey CNS in 
both larvae and adults, beginning with uninjured animals. In most animals, BrdU was 
injected intraperitoneally and the animals allowed to survive 3.5 hrs, after which the 
brains and spinal cords were processed for BrdU immunohistochemisry. Surprisingly, in 
both brain and spinal cord, a large number of dividing cells was detected. In the 
rhombencephalon of larvae, mitotic index (MI, % positive nuclei) decreased with age. 
Almost all dividing cells were in the ependymal layer (MI up to 3.6%). A very small 
number of BrdU positive cells were found in the subepedymal and parenchymal regions. 
However, when animals were permitted to survive 24 hrs or longer after injection, up to 
50% of the labeled cells were found in the parenchyma, suggesting that they had 
migrated from the ventricular zone after dividing. There was a suggestion of seasonal 
variation in mitosis, with most occurring in the spring and almost none after July. 
However, in all specimens examined, regardless of age or season, large numbers of 
BrdU positive cells were found in the caudal habenula. Dividing cells were much less 
numerous in the spinal cord and not restricted to the ependymal zone, with Mis of 1.8% 
and 0.9% in the ependymal/subependymal and parenchymal zones, respectively. There 
was no difference between MIs in rostral and caudal spinal cord levels, and no 
correlation with the age of the larva. Some of the cells were double labeled with 
antibodies to glial keratins. No BrdU labeled neurons were seen in any part of the CNS. 
Seven animals undergoing metamorphosis from larva to adult were examined. 
Interestingly, there was no explosion of mitosis during this time. Supported by NIH 
Grant NS25581 and NSF Grant IBN9319702.

604.3
EXPRESSION OF MITOGENIC FACTORS DURING LESION-INDUCED 
RENEWAL OF OLFACTORY SENSORY NEURONS IN ADULT MOUSE. S. 
B auer1. C. M auduir2. F. Jourdarn1. M. Benahmed2. E, Moyse1*. 1Upresa 5020 CNRS- 
UCB.Lyon, France; 2U407 INSERM, Hosp. Lyon-Sud, Pierre-Benite, France. 
Odorant-receptive neurons make up 80% of olfactory epithelium in adult mammals 
and are renewed throughout life due to mitotic activity of local neuronal progenitors. 
Olfactory neuron turn-over can be accelerated in vivo by removal of their unique 
synaptic target: olfactory bulb. In adult C57B1 mice, this lesion (bulbectomy) 
sequentially induces massive apoptosis of sensory neurons and then synchronous 
stimulation of progenitor proliferation, peaking respectively 36 hours and 5 days post
lesion. In this paradigm, we investigated expression of major mitogenic messengers in 
olfactory mucosa by using a semi-quantitative RT-PCR approach.
Whole olfactory organs were sampled at various time intervals (8 hours to 8 days) on 
adult C57BI mice. After total RNA extraction from frozen tissues, we amplified 
mRNAs for β-actin, EGF (Epidermal Growth Factor), LIF (Leukemia Inhibitory 
Factor), BDNF (Brain-Derived Neurotrophic Factor), TGFβ1 (Transforming Growth 
Factor beta 1). TGFβ , 2 TGFβ3, and receptors for , LIF, TGFβs. After poly
acrylamide gel electrophoresis and autoradiography, PCR products were quantified by 
computerized densitometry and normalized to β-actin signals. Transient surge of LIF 
mRNA 8h post-lesion suggested LIF would trigger in vivo progenitor proliferation. 
TGFβ  increased after 2 days post-lesion, whereas TGFβ-receptor I (receptor which 
triggers signal with TGFβ-receptor II) expression remained constant and TGFβ- 
receptor III (which controls availability of TGFβ) decreased until 3 days post-lesion. 
Altogether, these results suggested that TGFβ1 signalling rose up concomitantly with 
mitotic stimulation.
This study indicates which paracrine signals might mediate in vivo the mitotic 
stimulation consecutive to neuronal apoptosis within adult olfactory epithelium.
Supported by ARC n°1377 to EM.

HYPOTHALAMIC LESIONS TRIGGER NEURONAL 
PRODUCTION IN THE ADULT RING DOVES.
J. Cao and M-F. Cheng* Department of Psychology, Rutgers 
University, Newark, NJ 07102

We have recently shown that adult ring dove brains exhibit a greater 
number of newly generated neuronal precursors when the 
hypothalamus sustained electrolytic lesions than when left intact 
(Cheng & Cao,1996). In this study, we sought to validate this basic 
finding using two different markers to distinguish two populations of 
new born cells, those induced by lesions from those occurring 
normally. Neuronal phenotype of these new bom cell was then 
identified with Hu protein as marker: lesions-induced changes in 
neuronal production was derived by subtracting BrdU/Hu double 
labeled neurons from Thymidine/Hu double labeled neurons. Adult 
male and female doves were given single injection of BrdU (i.p. 
3mg/l00g). One week later, electrolytic lesions in the ventromedial 
nucleus (VMN) were performed in the experimental birds, and control 
group received sham lesions. At various intervals following surgery (3 
d. 7 d. 2 wks. 1 mo), birds received single injection of tritiated 
thymidine and underwent perfusion 24hr later. Paraffin sections at 6pm 
were immunostained with Hu monoclonal antibody. Anti-BrdU. or 
both. This paradigm will allow us to ascertain the time course of 
lesions-induced changes in neuronal production.

The preliminary results confirm our previous finding that lesions in 
the hypothalamus trigger neuronal production .

Supported by NS/HD 36924

604.4
FGF-8 SUPPORTS THE PROLIFERATION OF OLFACTORY 
EPITHELIUM-DERIVED PRECURSOR CELLS. A. Gloster*. 
Cameco MS Neuroscience Research Center, University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada. S7K 0M7

EGF supports the proliferation of neonatal (P1-10) olfactory 
epithelium-derived precursor cells, which are nestin 
immunopositive, and can be induced to differentiate into astrocytes, 
oligodendrocytes, and neurons. EGF does not support the 
proliferation of these precursor cells from older animals (> P10), 
however TGFα does support a limited proliferation, although the 
precursor cells isolated from the older animals grown in the 
presence of TGFa only differentiate into neurons. Preliminary 
results now demonstrate that FGF-8 supports the extensive 
proliferation of olfactory epithelium-derived precursor cells from 
both young and older animals. The developmental potential of the 
FGF-8 generated precursor cells isolated from neonatal and adult 
mice is presently being determined.

This work supported by University of Saskatchewan and the 
Cameco MS Neuroscience Research Center.
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604.5

NOGGIN INDUCES A NEURAL PHENOTYPEJN ES CELLS, WHICH 
IS ANTAGONIZED BY BMP-4. K.S. O’Shea and T.E. Gratsch. 
Univ. of Michigan, Ann Arbor, Ml 48109 .

Primary induction of the nervous system relies on precise local 
titration of secreted molecules, including the proneural factors 
follistatin, and noggin; with BMP-4 acting as a repressor of neural 
fate. To examine the role of these factors in neural 
differentiation, we have developed a system for the controlled 
differentiation of embryonic stem (ES) cells into a neuronal 
phenotype. In the current investigation, the mouse noggin gene 
was cloned using D3 ES genomic DNA and PCR. The resulting 
product was cloned and sequenced into the pCS2 vector. D3 ES 
cells were electroporated with pCS2 alone or pCS2-noggin, and 
cells grown in N2 on laminin coated substrates. As early as 24h 
post-transfection, neurons were present in noggin expressing 
cultures, by 72h, the majority of these cells had a neuronal 
phenotype. RNAs were harvested at intervals and the pattern of 
expression of: stem cell, neuronal, and ectoderm restricted genes 
examined using RT-PCR. To determine if noggin transfectants 
produced active noggin protein, two culture paradigms were 
employed. In the first, control ES cells were co-cultured with 
noggin transfected ES; in the second, defined medium conditioned 
by noggin transfected ES was added to untransfected ES cells. 
Both paradigms resulted in neuronal differentiation. Neuronal 
differentiation was inhibited by adding BMP-4 (10 ng/ml, Genetics 
Institute), which noggin binds and inactivates, to noggin 
transfected ES. Current investigations are in progress to identify 
unique, early genes expressed downstream of noggin.

604.7

M EC H A N ISM  O F N E G A TIV E R E G U L A TIO N  O F OLFACTORY 
N E U R O G E N ESIS BY BO N E M O R PH O G EN ETIC  PR O TEIN S. J. 
Shou*, P.C . Rim, and A.L. C alof. D ep t. o f  A natom y & N eu ro b io lo g y , 
U niversity  o f C aliforn ia  School o f  M edicine, Irvine, C A  92697-1275.

In a co lo n y -fo rm in g  assay to detect developm ent o f  neuronal stem  
cells o f  the o lfactory ep ithelium  (OE), d ifferentia ted  olfactory  recep to r 
neurons (ORN s) have been show n to p roduce a signal that feeds b ack  
to inhibit neurogenesis by their own p rogen ito rs [M um m  et al., 1996, 
PN AS 93: 11167-11172]. M olecu lar candidates for m ediating  such 
signaling include the bone m orphogenetic  pro teins (BM Ps), w hich are 
m em bers o f the  T G F -β  superfam ily  o f grow th inhib itory  factors. We 
have shown that BM Ps 2 and 4 m im ic the an ti-neurogen ic  effect o f  
d ifferen tia ted  ORNs in the O E neuronal co lo n y -fo rm in g  assay [Shou 
et al., 1997, Soc. N eurosci. Abstr. 23: 298]. In the present study, we 
show that addition o f BM Ps to OE exp lan t cu ltures causes an increase 
in cell death and a decrease in the num ber o f  p ro liferating  p ro g en ito r  
cells present in the cultures. A ddition  o f BM Ps does not, however, 
affect the survival o f d ifferen tia ted  ORNs. Instead, our experim en ts 
indicate that the inhib itory  effects o f  BM Ps on O E neurogenesis are 
due to BM P action at an early  stage in the O R N  lineage. T he 
transcrip tion  factor M am m alian A chaete-S cute  H om ologue 1 
(M A SH 1) is expressed  by an early-stage transit am plify ing  p ro g en ito r  
in the ORN lineage, and M ASH1 expression  is know n to be essential 
for O R N  developm ent [G ordon et al., 1995, M CN  6: 363-379], so we 
perfo rm ed  experim ents to determ ine if M A S H 1-expressing  
progenitors are specifically  affected by BM Ps. O ur results indicate that 
B M P treatm ent causes rap id  degrada tion  o f M A SH 1, resu lting  in 
cessation o f developm ent in the O R N  lineage.
Supported  by N IH  grant D C 03583 to A .L .C

604.6
EX PRESSIO N OF NOGG IN IN  TH E O L FA C TO R Y  E P IT H E L IU M  OF 
TRANSGEN IC M ICE: A N  A P PR O A C H  TO  D E T E R M IN E  TH E RO LE 
O F BM PS IN TH E RE G U L A TIO N  OF O L FA C TO R Y  N EU RO G EN ESIS 
R.C. M urray, K.J. A skins, S.W . O sburn , and A .L . C a lo f* . D ep t. o f  
A natom y & N eurobiology and the D evelopm ental B iology C en ter, 
U niversity  o f  C aliforn ia  School o f  M edicine, Irvine, CA  92697-1275.

The generation o f  o lfactory  recep to r neurons (O RN s) in the o lfa c to ry  
epithelium  (O E) o f  the m ouse is know n to  be regulated by cell-cell 
in teractions. W ork from  our laboratory  has shown th a t a crucial 
in teraction  is m ediated by an inhib itory  signal: in tissue culture assays, 
differentia ted  ORNs produce a signal th at feeds back to inhib it 
neurogenesis by their ow n p rogenitors [M um m  et al., 1996, PN AS 93: 
11167-11172]. A  likely candidate for this inh ib itory  signal is bone 
m orphogenetic  pro tein  4 (BM P4), w hich is expressed in the  O E and 
w hich m im ics the ORN inhib itory  signal in v itro  [Shou et al., 1997, Soc. 
N eurosci. Abstr. 23: 298]. To determ ine if  B M Ps are im portan t regulators 
o f  O E neurogenesis in vivo, tw o independent transgenic  m ouse lines h ave  
been established in w hich the soluble BM P antagonist, noggin, is expressed 
by differentiated ORNs. To allow  expression  to  be detected  in transgen ic  
m ice, a m yc epitope-tagged version  o f  X enopus noggin (X nogg in -m yc) 
was constructed and was shown to  possess neural inducing ac tiv ity  in a 
Xenopus anim al cap assay. In transgenic  m ice, X noggin-m yc is expressed 
under the contro l o f  tissue specific genom ic regulatory  elem ents derived 
from  the o lfactory m arker protein gene (D anciger et al., 1989, PN AS 86: 
8565-8569). Expression  o f  the X noggin-m yc by ORNs in the transgen ic  
m ouse lines has been dem onstrated  using both R T -PC R  and 
im m unohistochem istry . C urrent experim en ts are directed tow ard 
determ ining if  neurogenesis is altered in the O E o f  the transgenic  mice. 
Supported  by N IH  gra n t D C 03583 to A.L.C .

604.8
CO N TR O L OF RETIN A L GA NGLION C ELL NEUROGENESIS.
A. Rodriguez-Tebar*. Instituto  Cajal, CSIC. Av. Doctor Arce, 37. E28002 
M adrid, Spain.

Cell lineage analysis has revealed that progenitor cells may differentiate 
into any of the various neuronal phenotypes that exist in the vertebrate retina, 
such processes being influenced by extracellular factors. A positive regulator 
o f  retinal ganglion cell (RGC) neurogenesis is the extracellular matrix 
component vitronectin (VN). W e show that this protein is, on the one hand, 
expressed in the retina at preneural stages o f developm ent and, on the other 
hand, specifically induces the differentiation o f cultured neuroepithelial cells 
into retinal ganglion cells (RGCs). Furtherm ore, the blockage of VN activity 
by anti-VN antibodies in vivo results in retinas in which RGCs are absent or 
their number reduced, whilst the other neuron phenotypes appear normal. The 
m echanism o f action o f VN involves upregulation o f neurogenic genes.

Once posmitotic, about one third of m igratory RGCs die by apoptosis. 
Pigment epithelium-derived BDNF lends trophic support to these cells (Frade 
et al., Developm ent 124: 3313-3320, 1997), whereas NGF is able to kill the 
cells via the p75 receptor (Frade et al., Nature  383: 166-168, 1996). We 
show that NGF acts as a negative regulator o f RGC number. This 
neurotrophin is first expressed in the RGC layer together with trkA and p75 
receptors. W hen the num ber o f layered RGCs increases, the extracellular 
concentration o f NGF may surpass a threshold sufficient to kill a fraction of 
incoming RGCs, which express p75 but not trkA nor trkB. The 
pharm acological ablation o f layered RGCs largely decreases the death of 
migratory RGCs. Our data support the view that RGCs control their own final 
cell num ber by producing NGF.

Supported by the Program m e Biotech o f the EU (no .960024)

604.9

INHIBITION OF GLYCOGEN SYNTHASE KINASE 3β  ACTIVITY 
REGULATES CEREBELLAR PROGENITOR PROLIFERATION. H. 
Cui* and R. F. Bulleit. Dept. of Pharmacology, University of Maryland 
Sch of Med, Baltimore, MD 21201.

Insulin-like growth factor I (IGF-I) is a mitogen for several types of 
neuronal progenitors including cerebellar granule neuron progenitors. The 
present study confirms that IGF-I can function as a mitogen in purified 
cultures of cerebellar granule cells and identifies intracellular signal 
transduction molecules that mediate this mitogenesis. The phosphoinositide 
3 kinase (PI3-K) inhibitor LY294002 completely inhibited IGF-I induced 
proliferation with half maximal inhibition occurring at a concentration (1.5 
pm) close to its reported IC50 value for inhibition of PI3-K. This 
experiment suggests the involvement of PI3-K activation in IGF-I induced 
granule cell mitogenesis. PI3-K activation can result in down stream 
signaling events that lead to the inhibition of glycogen synthase kinase 3 
(GSK-3) activity. In cultured granule cells IGF-I inhibits GSK-3 activity 
and leads to phosphorylation o f serine9 an inhibitory site on GSK-3β . 
Lithium chloride (LiCl), a direct inhibitor of GSK-3β , stimulates granule 
cell proliferation in the absence o f IGF-I and enhances proliferation in the 
presence of IGF-I. LiCl can also reverse the inhibitory effect of 
LY294002 on granule cell proliferation. Experiments further show that the 
expression of a dominant active form of GSK-3β antagonizes IGF-I 
induced mitogenesis. These studies support a role for activation of PI3- 
K and inhibition o f GSK-3β activity in the signal transduction pathway by 
which IGF-I induces CNS neuronal progenitor proliferation. (Supported by 
NIH ES/OD08087)

604.10
A Single Peripheral Injection of bFGF Increases Neuronal C ell  
Number and Cerebellar Growth in Newborn (PI) Rats Y. Cheng*. Y. 
Tao, I. B. Black and E. DiCicco-Bloom. Graduate Program in Physiology and 
Neurobiology, Rutgers Univ. and UMDNJ/Robert Wood Johnson Med. Sch., 
Piscataway, NJ 08854.

The control of neuronal cell number is critical to coordinating innervation and 
target organs requirements. While classical studies indicate that local mitogenic and 
trophic factors play roles, evidence suggests that peripheral factors, such as adrenal 
steroids, also participate in neurogenetic regulation. Recently, we found that a single 
subcutaneous injection of bFGF increased mitosis 8 hrs later in the cerebellar 
proliferative zone, the EGL. We now report that enhanced mitosis yields increased 
granule cell number and cerebellar size at 3 days.

PI pups were injected subcutaneously with bFGF (20ng/gm) at zero time and the 
mitotic marker, BrdU, at 6 hrs, and were assessed at 3 days by immunohistology and 
morphometry, and for DNA content. bFGF increased BrdU (+) cells in the EGL by 
46%, indicating that the progeny of enhanced precursor proliferation survived long 
term. Moreover, there were twice as many BrdU (+) cells in the IGL, which also 
expressed neuronal marker TOAD64 (S. Hockfield). Consequently, the generated 
precursors migrated to normal, final destinations and underwent neuronal 
differentiation. Since bFGF may have prolonged action, and the rapidly-cleared BrdU 
label likely underestimates the generated neurons, we assessed total cell number in 
the IGL: bFGF elicited a 33% increase in IGL cells/mm2 (p<0.001). This effect was 
apparently due to enhanced proliferation and not altered survival, since there was no 
change in cell death (TUNEL assay). Furthermore, total cerebellar DNA was 
increased by 16%, and volume by 22%, whereas body weight was unaffected, 
indicating that peripheral bFGF promoted cerebellar growth by enhancing 
neuronogenesis.

Our observations indicate that a single bFGF injection has a rapid and prolonged 
effect on brain neurogenesis, suggesting heretofore unexpected roles for peripheral 
growth factors in regulating neuronal numbers during development. (supported by NIH
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604.11
G A B A ER G IC  IN TER N EU RO N S O F C EREBELLA R C O RTEX  ARE 
G E N ER A TED  FR O M  A M IT O TIC  PO PU LA TIO N  LO C A T ED  IN TH E 
FO LIA L W H ITE M A TTER. S. M. M aricich* and K. H errup . D ep t. o f 
N eurology and A lzheim er R esearch Laboratory, Case W estern Reserve 
U niversity , C leveland, O hio 44106.

The large neurons o f the cerebellum  (P urkinje, Golgi II, and deep  nuclear 
neurons) are generated  in the ven tricu la r neuroepithelium  (V Z) in  the roof 
o f  the fourth ventricle, while granule cells are bo m  in the ex ternal granular 
lay er (EGL). The site o f  orig in  o f  m olecu lar layer (M L) in tem eurons 
(basket and stellate cells) has long been a m atter o f  debate. Cajal proposed 
their origin as the VZ, while others suggested the EG L, a v iew  that 
predom inated  until recent cell lineage studies conducted in  chick again 
suggested the VZ. A single study in rat suggests a third a lternative, nam ely 
that these cells are bom  within the developing cerebellar white m atter. We 
present evidence that validates this latter view . From  E13-E15, Pax-2 
protein defines a subpopulation  o f V Z  cells found throughou t the 
m ediolatcral axis o f  the cerebellum . F ollow ing the fates o f  these cells 
reveals that they becom e G A B A ergic in tem eurons in the  cortex (Golgi II, 
basket, and stellate cells) and deep cerebellar nuclei. As cells m ature and 
establish their adult connectivity , Pax-2 expression is lost. D uring the first 
postnatal week, Pax-2+ cells are also found in the cerebellar white m atter. 
B rdU /Pax-2 double-labeling  o r coexistence o f  m ito tic  figures w ith Pax-2 
shows that these cells constitute a m itotically  active population. A nalysis in 
P7 dissociated culture show s that these cells also express T u J l and PSA - 
N C A M , both m arkers o f  early  neurons. Pax-2+ cells do not express 
m arkers o f  any glial lineage, e ither in vivo o r in vitro. Based on previous 
birthdate studies in m ouse, the only G A B A ergic in tem eurons that arc bom  
postnatally  are basket and stellate cells. W e propose that the divid ing  Pax- 
2+ population  in the folial white m atter tracts is neuronally-restric ted  and 
contains the precursors for these M L in tem eurons.
Supported by NIH grant NS 18381 to KH
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605.2605.1

SONIC HEDGEHOG ENHANCES BOTH NEURONAL AND OLIGO- 
DENDROGLIAL DIFFERENTIATION AND INHIBITS THE ACTIONS OF BMP2 
ON CULTURED PROGENITOR CELLS. G. Zhu*. M. F. Mehler and J. A. Kessler 
Depts. Neurol. & Neurosci, Albert Einstein Coll, of Med., Bronx, NY 10461

Sonic Hedgehog (Shh) appears to play a critical role in the development of a 
number of brain regions. However, the cellular actions of Shh on neural 
stem/progenitor cells have not been clearly defined. First, we investigated the 
expression mRNAs which encoding Shh and its putative receptor-associated genes 
Patched (Ptc) and Smoothened (Smo) on EGF or bFGF generated neural progenitor 
cells derived from periventricular generative zones of embryonic, postnatal and adult 
rats by RT-PCR. Both Ptc and Smo were expressed by embryonic, postnatal, and 
adult EGF and bFGF generated progenitor cells, but the highest levels of expression 
were found in embryonic cells. These cells did not express Shh itself. Treatment of 
cultures of bFGF generated progenitor cells derived from the forebrains of E l2.5 rats 
with the recombinant human amino-terminal fragment of Sonic Hedgehog protein 
(Shh-N) significantly increased the proportions of both β-tubulin-(neuronal marker) 
and 04-(oligodendroglial marker) immunoreactive cells, and reduced the proportion 
of nestin-(neural stem cell marker) immunoreactive cells. By contrast Shh-N had no 
effect on the elaboration of GFAP-(astroglial marker) immunoreactive cells. Similar 
results were obtained when primary E l5.5 progenitor species were exposed to bFGF 
and Shh-N. Co-treatment with Shh-N and bone morphogenetic protein-2 (BMP2) 
antagonized the astroglial inductive and oligodendroglial suppressive effects of 
BMP2. Moreover, Shh-N significantly enhanced BrdU incorporation by these 
progenitor species whereas BMP2 inhibited proliferation. Our observations suggest 
that Shh-N selectively promotes the differentiation of both neuronal and 
oligodendroglial lineage species, antagonizes the effects of BMP2 on progenitor cell 
differentiation and may act through the Shh receptors present on neural progenitor 
cells.
Supported by Danziger Foundation (GZ) and NIH NS20778, NS20013 (JAK)

605.3
DIFFERENTIATION OF Ntera2 (NT2) CELLS: ARE Bcl-2 RELATED  
PROTEINS INVOLVED ?
I. Chaudieu*. S, Gabovard. I. Guillemain, A. Privat and G, Patey.. U 336 
INSERM, 8 rue de l’Ecole Normale, 34296 Montpellier cedex 05, France

A possible involvement of the Bcl-x protein in the development of the central 
nervous system (CNS) has been recently suggested. Indeed, knocked-out Bcl-x' 
mice show massive apoptotic cell death in the CNS at a time when these cells should 
become mature postmitotic neurons (Motoyama et al., Science 267, 1506-1510, 
1995). To address the question of the possible role of Bcl-x during the development, 
we used NT2 embryonic carcinoma cell line as a model. These cells display 
characteristics of neuroepithelial progenitors, which can be induced to differentiate 
into mature central neurons with retinoic acid (RA).

The first differentiated neurons were observed after 7 days of RA treatment and 
RA was maintained during 28 days. In this work we used specific antibodies to 
follow by immunocytochemistry the expression of Bcl-x and other survival proteins 
like Bcl-2, Bad and Bax during RA treatment. Low levels of Bcl-x immunoreactivity 
were found in undifferentiated cells. This protein became first detectable in 
morphologically differentiated cells at 14 days of RA treatment. The protein Bax was 
also detected at the same stage, whereas Bcl-2 or Bad remained undetectable. The 
early detection of Bcl-x and Bax in differentiated cells coincided with that of specific 
neuronal markers, GABA and tyrosine hydroxylase, as well as markers of 
cytoskeletal proteins like MAP-2 or MAP-5. Between 14 and 28 days 
immunostaining levels were stable.

W e then tried to modify the time-course of the differentiation process with 
pharmacological agents. As previous reports have indicated that NO could be 
involved during neuronal differentiation, we tested the effects of L-NAME, a NO 
synthase inhibitor. We observed that when administered simultaneously with RA, L- 
NAME accelerates the appearance of cytoskeletal and phenotypical markers described 
above, as well as the Bcl-x and BAX proteins.

Supported by INSERM

BONE MORPHOGENETIC PROTEIN RECEPTO R AND NEURITIN  
ARE EX PR E SSE D  IN NEURAL STEM  CELLS FROM  ADULT RAT  
H IPPO C AM PU S. I, Nakano1,2, K. Tashiro2, J. Takahashi1  K. Tanigaki3, N. 
Hashimoto1, T. Honjo3. 'Dept, of Neurosurgery, 3Dept. of Medicalchemistry, Faculty of 
Medicine and 2Center for Molecular biology and Genetics, Kyoto University, Kyoto 
6 0 6 ,Japan.

The ability to propagate central nervous system stem cells in continuous culture 
provides a valuable resource for examining factors that regulate the early stagesof fate 
determination and differentiation. We are using adult rat hippocampal stem cell cultures 
(Mol. Cell. Neurosci. 8:389-404) to reveal molecular mechanisms of neuronal and glial 
development. A signal sequence trap (Science 261:600-603) is a simple, rapid technique 
for simultaneously isolating large numbers of cDNAs encoding secreted proteins, which 
include cytokines, membrane receptors and cell adhesion molecules. By using this 
technique, we have isolated several cDNAs from undifferentiated monoclonal stem cells. 
One of the molecules we have isolated was bone morphogenetic protein (BMP) receptor 
II which are involved in neurulation and dorsoventral patterning. So, the expression of 
BMP-associated molecules was investigated by RT-PCR. Hippocampus-derived stem 
cells express , as far as we know now, noggin, chordin and sonic hedgehog. Another 
molecule we have isolated was neuritin, which is reported to be expressed in 
postmitotic-differentiating neurons and to promote neurite outgrowth and arborization in 
primary embryonic hippocampal and cortical cultures. Of the two molecules, BMPs are 
known to promote astroglia] lineage elaboration, on the other hand, neuritin is reported to 
promote neuritogenesis. This reflects a diversity of stem cell ontogeny. Ongoing work 
examines how the application of exogenous agents such as BMPs and neuritin can be used 
to influence early fate choice events and sequential differentiation. It may be possible that 
BMPs and neuritin play roles in glial and neuronal determination of neural stem cells. 
Supported by the Naitoh Foundation and Kyoto University Foundation.

605.4
PHENOTYPIC AND MORPHOLOGICAL CHARACTERIZATION OF 
THE DIFFERENTIATED NTera2 CELLS.
I. Guillemain*. G. Patey. G. Alonso. A. Privat and I. Chaudieu. INSERM U. 336. 8 . 
rue de I’ecole Normale, 34296 Montpellier, France.

The NT2 cell line is derived from a human embryonic teratocarcinoma. These cells 
exhibit properties characteristic of a committed neuronal precursor at an early stage of 
development. Following a treatment with retinoic acid, these cells can be 
differentiated into postmitotic central nervous system neurons, termed NT2-N. 
During the course of this differentiation process, NT2 cells lose progressively 
neuroepithelial markers while they acquire markers specific for mature neurons.

We investigated by immunohistochemistry the neuronal phenotypes present in 
NT2-N cultures. NT2 neurons synthesize a large variety of classical 
neurotransmitters: catecholamines, acetylcholine, GABA, serotonin, as well as 
neuropeptides: CGRP, NPY, substance P, enkephalins, oxytocin and vasopressin. 
The possible colocalizations of these different molecules was characterized by 
confocal microscopy: various combinations of neurotransmitters and neuropeptides 
were observed in NT2-N cells.

Moreover, NT2-N cultures were studied using electron microscopy to characterize 
their morphology and assess their functionality. We observed a morphological 
heterogeneity in NT2-N population and the presence of synaptic contacts which are 
mostly heterologous.

In order to investigate the role of Bcl-2 related proteins during maturation, their 
presence in NT2-N cells was examined. Among the various Bcl-2 related proteins, 
Bcl-x and Bax were the most abundant..

Thus, NT2-N neurons are able to synthesize most of classical neurotransmitters 
and several neuropeptides. Moreover they display several characteristics of functional 
neurons. These data indicate that these neurons should provide a useful model to 
study the neuronal development and plasticity in vitro.

Supported by INSERM and IRME
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605.5

N O T C H  A N D  D E L T A  G E N E  E X P R E S S IO N  D U R IN G  T H E  
P R O L IF E R A T IO N  O F  E G F -R E S P O N S IV E  CN S S T E M  C E L L S .
A. C h o jnack i* , T . S h im azak i and  S. W eiss. N e u ro sc ie n c e  R esea rch  
G roup , D ep artm en t o f  A nato m y , U n iv e rs ity  o f  C a lg a ry , F acu lty  o f 
M edicine, Calgary, AB.

M u ltipo ten t neural stem  cells , iso la ted  from  the em bryon ic  m ouse 
striatum , will pro liferate  in response to ep iderm al grow th facto r (EG F) to 
form  spheres com prised  o f und iffe ren tia ted  cells. A fter 7 days in vitro, 
a p p ro x im ate ly  5% o f  the ce lls  w ith in  each  sp h e re  a re  th em se lv es  
m u ltip o ten t p recu rso rs , the  rem a in d e r be ing  m ore res tric ted  to  e ith er 
neuronal o r glial lineages. H ere we asked  w hether N otch-D elta  signaling 
w ithin spheres m ight regu la te  the proportion  o f  m ultipo ten t precursors. 
To determ ine w hich gene fam ily m em bers are expressed  in the progeny 
o f E G F -resp o n siv e  stem  cells , E G F -g en era ted  spheres w ere exam ined 
using RT-PC R. N otch 1, N otch 3, D elta  1, D elta 3 and Jagged 2 were all 
expressed  in E G F -generated  spheres. On the o ther hand N otch 2, Notch 
4 and Jag g ed  1 w ere not de tec ted . W e have recen tly  found that co -
incubation  with ciliary  neurotrophic  fac to r (C N T F) doub les the num bers 
o f  m u ltip o te n t p recu rso rs  w ith in  sp h e res  g en e ra ted  by sin g le  EG F- 
responsive stem  cells (see Shim azaki and W eiss, this m eeting). U sing RT- 
PC R Southern  analyses, we asked w hether N otch-D elta  fam ily  m em bers 
m ay be involved  in m ed iating  the actions o f  C N TF. In com parison  to 
spheres genera ted  in E G F  alone, spheres genera ted  in the  p resence  of 
E G F + C N T F  exh ib ited  enhanced  N otch  1 ex pression  levels at 1 and 3 
days in vitro, w hile D elta  3 levels w ere reduced  at 3 and 5 days in vitro. 
Experim en ts are underw ay to de te rm ine  w hether these changes in gene 
e x p re s s io n  m ed ia te  C N T F -in d u c e d  in c re a se s  in th e  n u m b ers  o f  
m ultipo ten t p recursors.

Supported  by the M edical R esearch  Council o f  C anada.

605.7

MITOGEN AND SUBSTRATE DIFFERENTIALLY AFFECT THE LINEAGE 
RESTRICTIO N O F ADULT RAT SVZ STEM  CELLS 
S.R. Whittemore*1.2;W.M. Walters. R.-H. Liu3, D.J. Morassutti3 and D.S.K.
Magnuson3. 1The Miami Project and 2Dept. Neurological Surgery, Univ. Miami Sch. 
Med., Miami, FL 33136 and 3Dept. Neurological Surgery, Univ. Louisville, 
Louisville, KY 40202
The effects of specific mitogens and substrates on the proliferative capacity and the 
differentiated phenotypic plasticity o f stem cells isolated fr om the adult rat 
subventricular zone (SVZ) was examined. SVZ cells were grown on uncoated tissue 
culture plastic, poly-D-omithine (PO) plus laminin, PO plus fibronectin, or 
extracellular matrix. Our results show that: 1) SVZ stem cells could not be 
generated with PDGF, GM-CSF, SCF, HB-EGF, G-CSF, or CNTF, but could be 
with EGF, FGF2, and FGF2 plus heparin. 2) Combinations of substrate and mitogen 
result in very different expansion rates and/or lineage potential. 3) Neurons, 
oligodendrocytes, and astrocytes differentiated from all cultures, but EGF-generated 
stem cells were more restricted to the astrocytic lineage and FGF2-generated stem 
cells had a greater capacity for neuronal differentiation. 4) FBS increased the 
number o f astrocytes, T3 oligodendrocytes, PDGF neurons, and BDNF neurons only 
from EGF cells. 5) Electrophysiological analysis o f differentiated cells showed 3 
distinct phenotypes, glial, neuronal, and presumed precursor cells, although the 
neuronal properties were immature. Collectively, these data indicate that CNS stem 
cells isolated with different mitogens and substrates are intrinsically different and 
their characteristics cannot be directly compared. Supported by the Miami Project 
to Cure Paralysis, NIH/NINDS-96-07, and the Alliant Community Trust.

605.9

THE NON-CELL AUTONOMOUS SPHERE FORMING ABILITY OF NEURAL STEM CELLS. C.M. 
Morshead*, V. Tropepe, A-K. Hadjantonakis#, A. Nagy#, and D. van der Kooy. Univ. of Toronto, 
Anatomy & Cell Biology., #Mt. Sinai Hosp., Dept. of Med. Genetics, Toronto, Ontario.

Neural stem cells have been isolated from the entire neuraxis of both the murine geгminative 
zone and the adult subependyma. In vitro, the neural stem cells isolated from embryonic and 
adult tissue clonally proliferate to form multipotential and self-renewing neurospheres in 
response to EGF and/or bFGF. The progeny of the adult forebrain neural stem cells in vivo are 
the constitutively proliferating (cp) subependymal cells. We have previously shown that 
changing the proliferation kinetics of the cp population in vivo can affect the proliferation of 
stem cells in vivo. Using the in vitro stem cell assay we have examined the environmental 
signals that influence the proliferation kinetics of stems cells and further addressed the 
hypothesis that one “mother of all" stem cells exists within the central nervous system. Neural 
stem cells isolated from E14 animals elicit a greater than proportional density-dependent 
proliferation not seen using adult tissue. Over a range of 1-10 cells/ul there is a 25 fold 
increase in the number of neural stem cells which proliferate to form spheres at E14. No 
comparable effect is seen when adult tissue is plated at 1-50 cells/ul; the number of adult 
neurospheres generated is proportional to the total number of cells plated. However, plating 
density does effect the total number of neurospheres generated from adult tissue if the kinetics 
of the cp cells have been altered in vivo. Using high doses of trit¡ated-thymidine to kill the cp 
cells in vivo results in a >50% reduction in the number of neurospheres forming at low 
densities, but this reduction is entirely overcome at higher densities. This suggests that neural 
stem cells require a positive signal from cp cells to proliferate in vitro, and at high plating 
densities after a kill this loss of a proliferation signal (normally supplied by the cp cells) can be 
overcome by cell-cell interactions. Further support for environmental regulation of proliferation 
comes from mixing experiments of adult and embryonic tissue. Adult tissue suppresses the total 
number of embryonic neurospheres which form, however the self-renewal capacity of single 
E14 derived spheres is dramatically enhanced. Conversely, an embryonic environment 
increases the total number of adult derived neurospheres compared to control cultures. Hence 
there may be only one ''mother of all" stem cells that is maintained at all ages along the entire 
neuraxis, and whose proliferation is differentially regulated by surrounding progenitor and 
mature cells present at different ages. MRC Canada and Neurospheres Inc.

605.6
C N T F  I N C R E A S E S  T H E  N U M B E R S  O F  S E C O N D A R Y  
M U L T I P O T E N T  P R E C U R S O R S  P R O D U C E D  B Y  E G F -  
R E S P O N S IV E  C N S S T E M  C E L L S . T. S h im azak i*  and  S . W eiss. 
N eurosc ience  R esearch  G roup, D epartm ent o f  A natom y, U niversity  o f 
C algary, Faculty o f M edicine, C algary, AB.

M u ltipo ten t neural stem  cells , iso la ted  from  the em bryon ic  m ouse 
striatum , will p ro liferate in response to epiderm al grow th factor (EG F) to 
form  spheres com prised  o f und iffe ren tia ted  cells. A fter 7 days in vitro, 
a p p ro x im ate ly  5% o f  the ce lls  w ith in  each  sp h ere  are  th em se lv es  
m u ltip o ten t p recu rso rs  c ap ab le  o f  fo rm in g  seco n d ary  sp h e res , the 
rem ain d er being  m ore restric ted  to  e ith e r n euronal o r g lia l lineages. 
H ere we report that w hen CN S stem  cells , e ith e r in p o p u lations or at 
c lo n a l d e n s ity , p ro life ra te  in the  p re se n c e  o f  b o th  E G F + c ilia ry  
neuro troph ic  fac to r (C N T F) for 7 days in vitro, the resu ltan t spheres 
con ta in  tw ice  as m any m u ltip o ten t p recu rso rs  co m p ared  to  spheres 
generated with EG F alone. The actions o f C N T F required  an incubation 
period greater than 24 hours, yet were essentia lly  com plete  after 3 days 
in vitro. S u rp rising ly , the C N T F  doub lin g  o f m u ltip o ten t p recurso rs 
could also be produced by delaying  adm inistration  until the final 4 days 
o f  in vitro stem  cell p ro liferation . W hen popu lations o f  E G F -generated  
spheres were sub-cultured  sequentially , single spheres yielded  secondary 
spheres only until the third passage, while those generated  in the presence 
o f E G F + C N T F  continued  to y ield  secondary  spheres beyond  the third 
passage. The presence o f C N T F did not change the num bers o f  EG F- 
genera ted  spheres in prim ary  cu ltu re  nor the num bers o f cells  w ithin 
each sphere, suggesting that the cytokine is likely not a survival factor for 
m ultipotent stem  cells or their progeny. T hese observations suggest that 
C N TF m aintains m ultipotent precursors in an u n d ifferen tia ted  state, thus 
supporting the enhanced  expansion o f EG F -responsive stem  cells.

Supported by the M edical R esearch C ouncil o f  C anada.

605.8
IN VIVO INFUSION OF EGF, bFGF AND HEPARIN INCREASES 
PROLIFERATION OF CELLS LINING THE FOURTH VENTRICLE AND 
CENTRAL CANAL OF THE ADULT MOUSE BRAIN. D.J. Martens* and D. van 
der Koov. Neurobiology Research Group, Dept. Anatomy and Cell Biology, Univ. of 
Toronto, Toronto, ON, M5S 1A8.

Stem cells exist throughout the entire ventricular neuraxis of the mouse brain. In 
vitro forebrain stem cells proliferate in response to EGF or bFGF to give rise to 
clonal aggregates of cells called neurospheres, which both self-renew and generate 
neurons, astrocytes and oligodendrocytes. In vivo, within the subependyma lining the 
lateral ventricles of the forebrain, these stem cells exist in a relatively quiescent state, 
proliferating occasionally to maintain a population of constitutively proliferating (CP) 
progenitors, some of which generate neurons that migrate to the olfactory bulb. 
When EGF or bFGF are infused into the lateral ventricles, stem cells and CP cells 
proliferate and give rise to new neurons, astrocytes and oligodendrocytes that migrate 
radially fro m the ventricles into the brain parenchyma. Stem cells isolated from the 
fourth ventricle and spinal cord form neurospheres in vitro in response to 
ЬFGF+Heparin (H) or EGF+bFGF together. It is not known if these growth factor 
conditions are sufficient to induce stem cells within the fourth ventricle and spinal 
cord to proliferate in vivo. This was addressed by infusing EGF+bFGF or 
EGF+bFGF+H into the fourth ventricle for six days via osmotic minipumps. We 
showed that infusions into the fourth ventricle will diffuse into the central canal of the 
cervical spinal cord. Animals were injected with bromodeoxyuridine (BrdU) on days 4, 
5 and 6 of growth factor infusion to label cells proliferating in response to the growth 
factors. The results showed that, compared to saline infused controls, infusion of 
EGF+bFGF+H significantly increased the number BrdU+ cells lining the fourt h 
ventricle and central canal of the cervical spinal. Current experiments are examining 
1) the effects of single growth factor infusions, 2) the later in vivo differentiation of 
new neurons, astrocytes, or oligodendrocytes and 3) the expansion of the stem cell 
population as assayed in vitro. (MRC Canada)

605.10
NEURAL STEM CELLS IN THE ADULT AND EMBRYONIC MOUSE EYE.
B.L.K. Coles1. B.J  Chiasson1. V. Tгоp℮p℮1. R. R. Mclnnes2 and D. van der Kooy*1. 
‘Neurobiology Research Grp., Dept. of Anatomy & Cell Biology, 2Dept. of Molecular 
and Medical Genetics, U. of Toronto, Toronto, Canada M5S 1A8.

Neural stem cells have been identified in the brain and spinal cord of embryonic and 
adult mammals. We now report that neural stem cells also exist within the embryonic 
and adult mouse eye. Using an in vitro assay, clonally derived spheres of cells have been 
isolated in serum-free and exogenous growth factor- fr ee conditions. In adult mice these 
spheres were derived from single peripheral retinal pigment epithelial layer cells near the 
ciliary margin, with no spheres arising fro m either the central RPE or the neural retina. 
These RPE spheres demonstrate self-renewal through repeated passaging. After rigorous 
enzymatic treatment to dissociate the adhesive RPE spheres, present experiments suggest 
that a single RPE sphere is capable of giving rise to a maximum of 45 new spheres. In 
embryonic mice, clonal spheres do arise from the neural retina but only the RPE derived 
spheres have the capability to self-renew in passaging experiments. Although arising 
fro m a single black RPE cell from pigmented mice, the proliferating spheres (both 
primary and passaged) have a mottled appearance due to the presence of both pigmented 
and non-pigmented cells. Immunostaining of sphere sections demonstrated that many ď  
the non-pigmented cells stain positive for nestin (an early neuroectodermal marker) or 
with CHX10 (a homeobox protein expressed in embryonic retinal neuroblasts but not 
RPE). Downregulation of these progenitor markers occurred when the RPE derived 
spheres were plated down on laminin in the presence of EGF, FGF2 and serum which 
facilitated the differentiation of cells. In these conditions many of the cells exhibit 
positive immunochemical staining for several markers not normally present in the RPE; 
specifically, a large proportion of the cells stained positive for neuronal markers 
(MAP2,ßIII-tubulin, NF and NSE) and some for astrocyte markers. In addition many of 
the cells that were stained with the neuronal markers demonstrate morphological 
characteristics o f mature neurons found in the eye. The RPE contains a small number of 
self-renewing stem cells that do not regenerate in vivo in response to injury alone (unlike 
the amphibian eye) suggesting that there may be factors keeping these cells in an 
undifferentiated and nonproliferating state in the adult mammalian eye in vivo. Supported 
by NCE Canada.
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605.11
Conditionally Immortalized Neuronal Restricted Cell Lines 
From Human Spinal Cord. R, Li1, S. Thode1. J. Zhou1, N, 
Richard1. J. Pardinas1 M. S. Rao2 ,an d  D. W. Y. Sah1*. 1Department of 
Neurobiology, Signal Pharmaceuticals Incorporated, San Diego, CA 
92121; 2Department of Neurobiology and Anatomy, University of Utah 
Medical School, Salt Lake City, UT 84132.

Human motoneuron cell lines will be valuable for spinal cord research 
and drug discovery. To create such cell lines, we immortalized NCAM+ ∕  
neurofilamen+ precursors from human fetal spinal cord with a retrovirus 
containing a tetracycline repressible V-myc oncogene and NeoR. Clonal 
NCAM+ ∕  neurofilament+ cell lines differentiated exclusively into neurons 
with extensive processes. These neurons exhibited immunoreactivity for 
mature neuron-specific markers such . as tau  MAP2a/b, and 
synaptophysin, and action potentials upon current injection. In addition, 
differentiated immortalized cell lines expressed functional purinergic 
receptors as well as mRNA for P2X З. Moreover, a clonal precursor cell 
line gave rise to multiple types of spinal cord neurons including CҺAT+ 
motoneurons and GABA+ interneurons.

These neuronal restricted precursor cell lines represent the first 
examples of immortalized spinal cord precursor cells that differentiate into 
functional human motoneurons. These cell lines will expedite the 
elucidation of the molecular mechanisms that regulate the differentiation, 
maturation and survival of specific subsets of spinal cord neurons, 
including motoneurons, and the identification and validation of novel drug 
targets relevant to motoneuron diseases and spinal cord injury.

This work was supported by Signal Pharmaceuticals, Inc.

605.13
E x press ion  of E m x2  in cu ltu res  of m ul tip o te n t stem  cells from  th e  
subependym al lay e r of the  ad u lt m ouse cen tra l nervous system
R . Galli1. A. L . Vescovi1, A. Gritti1, S. Gangemi2, E . A. Parati1*, M. Ferrario1. M. 
Pellegrini4 and G. Corte2,3 1National Neurological Institute “C. Besta,'', Milan - 
2 Advanced Biotechnology Center, IST, Genoa - 3 Dept. of Clinical and Experimental 
Oncology, Univ. of Genoa - 4 Dept. of Embriology, Univ. of Modena, Italy.

Emx2 iś`an homeodomain-containing gene which, together with Em xl , Otxxl and 
Otx2 , is expressed in the embryonic mammalian forebrain where it regulates the 
development of rostral areas and the patterning of telencephalic structures (Simeone et 
al., 1992, Nature, 358:687). Emx2 is also expressed in the the subependymal layer 
(SEL) of the adult murine neocortex (Gulisano et al., 1996, Eur. J. Neurosci., 8:1037). 
Since mitotically active neural precursors are known to reside within this region, we 
monitored the expression pattern of Emx2 in the multipotent neural stem cells which 
can be isolated from the adult mouse SEL precursors and expanded in vitro in the 
presence of 20 ng/ml of either epidermal (EGF) or basic fibroblast growth factor 
(FGF2). The expression of Emx2 mRNA transcripts was initially identified in both 
stem cell culture models by RT-PCR and in situ hybridization analysis. Using a 
specific polyclonal antiserum raised against EMX2, western blot analysis confirmed the 
presence of a single 30 kD band in whole cell extracts from both EGF- and FGF2- 
generated stem cell cultures; an indirect immunofluorescence assay using the same 
antiserum further showed that, in both culture models, more than 85% of the overall 
cell population was strongly immunoreactive for EMX2. This finding, together with the 
observation that cells immunoreactive for EMX2 also express the CNS precursor- 
specific antigen nestin, indicate that high levels of expression of Emx2 are associated 
with undifferentiated adult neural precursor cells. Functional analysis using specific 
expression vectors is currently underway to define the role of Emx2 in regulating adult 
CNS stem cell activity and the neurogenic process known to occur within the SEL of 
the adult mouse CNS (Lois and Alvarez-Buylla, 1994, Science, 264:1145).

605.12

TRANSFECT ION AND STABLE TRANSFORMATION OF GLIAL CELL 
PROGENITORS FROM HUMAN SPINAL CORD G. Moretto*. S. Mazzucco,
B . Bonetti, R. Tanel and N. Rizzuto. Dept. o f Neurological and Visual Sciences, 
University of Verona, Italy

The source o f human non neoplastic glial cells to study normal and 
pathological processes o f the central nervous tissue (CNS) is limited and hamperd 
by ethical issues. Therefore, we have generated permanent cell lines from human 
fetal CNS. Primary cultures of neural cells from spinal cord, enriched in astrocytes, 
were transfected with a plasmid carrying the SV-40 large T antigen. After 
several weeks o f selection with G418, 7 clones were obtained and expanded. 
Transformed cells permanently expressed the T antigen in their nuclei and 
exhibited a high degree o f proliferation that persisted unchanged after more than 
thirty passages in vitro. Cells were all positive to Vimentin, but showed no 
reactivity for mature neuronal, astrocyte, oligodendrocyte and microglia markers 
such as Neurofilaments, Neuronal Specific Enolase, GFAP, S-100, 
Galactocerebгoside and CD68. More than 50% of Vimentin-positive elements, 
from one out of seven clones that underwent further investigations, displayed a 
strong reactivity for the A2B5 antigen and a smaller percentage of them 
exhibited also a weak positivity to 0 4  antigen. These features are characteristic of 
glial cell progenitors. After exposure to CNTF, 10 to 20% of elements became 
GFAP-positive astrocytes, while bFGF and retinoic acid did not induce any 
phenotypic differentiation. Cell lines from human neuroepithelium are useful tools 
to investigate mechanisms of cell diffeгentiation/maturation and regional 
specialization, and to explore the possibility o f progenitor- or mature glial cell- 
based therapeutical strategies.

Supported by a grant from the MURST 60% AF 1997

605.14
PROGENITOR CELL DIFFERENTIATION IS REGULATED BOTH BY GROWTH 
FACTOR CONCENTRATION AND BY THE TIMING OF EXPOSURE. P.C. Mabie. 
M.F. Mehler, S. Seto*, J.A. Kessler. Depts. of Neurology and Neuroscience, Albert 
Einstein College of Medicine, Bronx NY, 10461.

Mitogenic growth factors such as basic fibroblast growth factor (FGF2) and epidermal 
growth factor (EGF)/transforming growth factor α bias the fate of progenitor cells toward 
specific lineages, but other growth factors such as bone morphogenetic proteins (BMPs) 
and ciliary neurotrophic factor (CNTF) influence lineage commitment. In order to define 
the role of these growth factors in the lineage development of CNS progenitor cells, rat 
embryonic day 16 cortical cells were cultured at a density (10 cells per well) sufficiently 
low to allow the fate of all cells to be followed. The cells failed to survive in the absence 
of FGF2. Culture in 0.1 ng/ml FGF2 enhanced survival and proliferation, and virtually 
100% of the'cells generated were neurons. In 10 ng/ml of FGF2, many cells proliferated 
and differentiated into neurons and oligodendrocytes, but a significant number remained 
undifferentiated. Addition of EGF with FGF2 had no effect on survival or proliferation 
during the first 4 div, but subsequently increased proliferation and decreased the 
percentage of cells that differentiated. Addition of BMP2 increased the percentage of 
neurons generated and completely inhibited the generation of oligodendrocytes. However 
astrocytes were generated if BMP2 treatment was delayed for 4-5 days, or after addition 
of CNTF. The effects of EGF, BMP2, and CNTF all depended on cotreatment with FGF2. 
These observations suggest that early multipotent cells are biased towards a neuronal fate, 
but that increasing concentrations of FGF2 allow glial as well as neuronal differentiation. 
The oligodendrocyte (OL) is the default pathway for glial differentiation, but OL 
differentiation is blocked by BMP signaling. Astrocytic differentiation requires BMPs 
and/or CNTF-like signals. Finally, the EGF-responsive subventricular zone progenitor 
cell, a later multipotent cell which generates predominantly glia, develops from the 
progeny of the earlier FGF2-responsive progenitor cell
Supported by the NIH (P.C Mabie, M.F. Mehler, J.A. Kessler).
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606.2606.1

DEVELOPMENTAL ABNORMALITIES IN THE CNS OF M AS H I  MUTANT 
MICE. S.E. Horton1, R. Tuttle2, S. Verma-Kuгvari1*, J.E . Johnson1, 1Center for 
Basic Neuroscience, University of Texas-Southwestern Medical Center, Dallas, TX 
75235; 2Salk Institute, La Jolla, CA 92037
The Mammalian Achaete-Scute Homolog-1 (Mash1) is a member of the basic helix- 
loop-helix (bHLH) class of transcription factors that are involved in early neural 
development. M ashl is expressed transiently in both the peripheral nervous system 
(PNS) and the central nervous system (CNS). The initial characterization of the 
M ashl mutant mouse revealed striking deficits in the PNS but no obvious 
developmental defects in the CNS despite its high expression levels. Mashl 
expression in temporally and spatially restricted patterns in the CNS suggested 
important roles in the development of the CNS, therefore, we have undertaken an 
intense comparative study between M ashl wildtype and mutant mouse brains 
utilizing histological, immunohistochemical and molecular genetic techniques to 
elucidate M ashl's function in the CNS. Nissl staining of matched brain sections 
from E l5.5 M ashl wildtype and mutant mouse embryos revealed perturbations in 
axonal tracts (including the internal capsule, fornix and anterior commissure) and a 
smaller proliferative zone in the mutant. BrdU incorporation and Tujl 
immunohistochemistry studies confirmed these findings. In addition, morphological 
differences were apparent in the size and shape of the ventricles and the ganglionic 
eminences of the mutants, a region that gives rise to the striatum and highly 
expresses M a sh l . Subsequently, other genes involved in neural development and 
expressed in the forebrain will be examined to determine if their expression patterns 
are affected by the absence of M ashl. These studies characterizing the forebrain of 
M ashl mutant mice will provide insights into the role of this transcription factor in 
CNS development.
Supported by NIH R01NS32817, NSF Postdoctoral Fellowship (SEH). JEJ is an 
Established Investigator of the AHA.

PU R IFIC A TIO N  O F IM M A TU R E C A LLO SA L PR O JEC T IO N  
N EURO NS A N D CH A R A C T ER IZA T IO N  O F SU R V IV A L A N D 
D IFFE R EN TIA TIO N  FA CTO RS IN  C U LTU RE. L.A.Catapano*,
M.A.Arnold, F.A.Perez, and J.D.Macklis. Dept, of Neurology & Prog, in 
Neuroscience, Harvard Medical School; Division of Neuroscience, Children's 
Hospital, Boston MA 02115

Identifying the m olecular signals that control neuronal survival and  
differentia tion  is an essential step toward u n d erstand ing  b rain  
developm ent and repair. W e have purified  im m ature callosal 
projection neurons from  defined stages o f  em bryonic  and neonatal 
m ouse cortex and partially  characterized  their gene expression  and  
requirem ents for survival and d iffe ren tia tion . N eurons were 
retrogradely  labeled with fluorescent m icrospheres injected in to  
contralateral projection fields and isolated by fl uorescence-ac tiva ted  
cell sorting (FACS) p roducing  ≥ 99.5%  pure cu ltures. W hen c o -
cultured  with cortical cells isolated by m em brane inserts, p u rif ied  
pro jection  neurons survive for weeks and acquire  progressively  
stereotypical pyram idal m orphology. They express glutam ate, 
aspartate, GABA, and m ultiple neuro troph in  and grow th fac to r 
receptors, including TrkA, TrkB and CN TFR , and are activated by T rk  
ligands. Consistent with results o f work by others, survival and  
differentia tion  o f these purified  CNS neurons appear to depend on a 
com bination o f neurotrophic and grow th factors, activating  agents and 
free radical scavengers, in contrast with sim pler peptide trophic  fac to r 
requirem ents o f  PNS neurons. F urther characterization  will 
potentially  provide insight regard ing  controls over d iffe ren tia tion  o f  
this lineage, the selective vulnerability  o f cortical pro jection  neurons in 
neurodegenerative disease, and m anipulation  o f im m ature n eu ro n a l 
precursors for cellu lar repopulation and pro jection  therapies. Supported 
by HD28478, MRRC HD18655, Alzheimer’s Assoc. RG1-96-045, and an HHMI 
predoctoral fellowship to LAC.
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606.3
FGF2-RESPONSIVE NEURAL STEM CELLS ARE THE LINEAGE PRECURSORS OF EGF- 
RESPONS!VE NEURAL STEM CELLS DURING MOUSE FOREBRAIN DEVELOPMENT.
V. Tropepe*, B.G. Ciгuna*, J. Rossant*, and D. van deг Kooy. Neurobiology Research Group, 
Dept. of Anatomy & Cell Biology, University of Toronto, Toronto, Canada M5S 1A8. *Samuel 
Lunenfeld Research Institute, Mount Sinai Hospital, Toronto, Canada M5G 1X5.

FGF2 and EGF can elicit the proliferation of multipotent, self-renewing neural stem cells 
fro m the E14.5 mouse forebrain ventricular zone (VZ). Previous quantitative analyses have 
revealed that FGF2 and EGF act independently to promote stem cell proliferation to form 
clonal spheres of cells in vitro, and that in the presence of FGF2 and EGF combined, the 
numbers of stem cell-derived spheres are additive. These observations suggest that the 
FGF2- and EGF-responsive stem cells represent two separate subpopulations within the VZ 
FGF2-responsive, but not EGF-responsive, stem cells are present in the E8.5 neural plate. 
However, FGFR1(-/-) embryos die by E9.5 before EGF-responsive stem cells emerge, thus 
preventing an analysis of EGF-responsive stem cells in these mutants that lack FGFR1 
signaling. In order to determine if a lineage relationship exists between these two 
populations, we examined the growth factor responsiveness of stem cells isolated from the 
E14.5 VZ from diploid chimeric embryos containing a mixture of wildtype (CD1) cells and cells 
containing either an FGFR1 homozygous null mutation (fgfr1∆tmk/gfr1∆tmk or a heterozygous 
mutation (fgfr1∆tmk¦ +;control). In both of these latter cases, cells also expressed ß-gal. We 
hypothesized that if the EGF-responsive stem cells arose independently of the FGF2- 
responsive stem cells during development, then an FGFR1 null mutation would not influence 
the numbers of EGF-responsive stem cells isolated, but would cause an attenuation in the 
number of FGF2-responsive stem cells. The results show that at E14.5 compared to controls, 
there was a greater than 90% reduction in the numbers of both FGF2- and EGF-responsive 
stem cells containing the null FGFR1 mutation (ß-gaľ+) that were isolated in vitro from the VZ 
Thus, the results are consistent with the hypothesis that EGF-responsive stem cells are 
lineage descendants of FGF2-responsive stem cells during forebrain development. In 
addition, ß-gal+neuronal progenitor cells that migrate from the VZ into the developing cortical 
mantle appear to be distributed within the VZ and intermediate zone in control chimeras. 
However, ß-gal+ cells containing the FGFR1 homozygous null mutation are mostly confined to 
the VZ. This observation suggests that FGFR1 signaling also plays a role in neuronal 
progenitor cell migration from the VZ. Supported by MRC Canada.

606.5
OTXl PROTEIN LOCALIZATION IN DEVELOPING CORTICAL NEURONS 
Y.A. Zhang*and S.K. McConnell. Department of Biological Sciences, Stanford 
University, Stanford, CA 94305

Otxl is a mammalian homolog of the Drosophila orîhodentical gene and its 
expression is restricted to the deep layer neurons (layers 5 and 6) and to the early 
progenitors which give rise to deep layer neurons (Frantz et al, 1994). In progenitor 
cell the Otxl protein is localized to the cytoplasm; it translocates to the nucleus 
after neurons migrate to their final destination. Although the Otxl protein is present 
in most if not all of the early progenitors, in layer 5 of postnatal cortex, the Otxl 
proteins is found only in a subset of neurons which project subcortically. Analysis 
of Otxl mutant mice has revealed that the precise targeting of subcortical projection 
requires O txl. To study the regulation of Otxl translocation, we have made GFP 
fusion proteins that enable us to follow the subcellular localization of O txl. GFP is 
a small auto-fl uorescent protein which is found in both nucleus and cytoplasm when 
expressed in cells. When Otxl-G FP DNA constructs are transfected into ЗTЗ 
fibroblast cells, however, the Otxl-G FP protein is found only in the nucleus, 
indicating that the Otxl protein is normally localized to the nucleus. Since there is 
no obvious nuclear localization signal (NLS) sequence present in the Otxl protein, 
we have made a series of truncated forms of Otxl fused with GFP and transfected 
these Otxl fusions into ЗTЗ cells. We have found that a small portion of the Otxl 
protein which contains the homeodomain is able to direct GFP into the nucleus. To 
confirm that Otxl localization is cytoplasmic in the early cortical progenitor cells, a 
Biolistic gene gun (Bio-Rad) has been used to transfer DNA constructs into 
progenitor cells in E 14 rat brain slices. Indeed, the Otxl-GFP protein is found to be 
retained in the cytoplasm. These results suggest that in progenitor cells, the Otxl 
protein is prevented from entering the nucleus by binding to unknown cytoplasmic 
components. In postmitotic neurons, once a differentiation program is initiated the 
Otxl protein is released to go into the nucleus.
Supported by NIH (HD08346, EY08411).

606.7
POSTNATAL CEREBRAL CORTEX CONTAINS SEPARATE EGF- AND FGF- 
RESPONSIVE MULTIPOTENT PROGENITOR POPULATIONS INDEPENDENT 
OF PERIVENTRICULAR GENERATIVE ZONES. S. Gokhan, J.A. Kessler, P.C. 
Mabie, R. Marmur, G. Zhu. S.M.Crain* and M.F. Mehler. Depts. of Neurology and 
Neuroscience, Albert Einstein College of Medicine, Bronx, NY 10461.

The early postnatal and adult cerebral cortex both contain significant complements of 
EGF-responsive multipotent progenitors independent of periventricular generative zones 
(Mehler et al, Soc. Neurosci. Abstr. 23:580, 1997). In this study, we examined the 
hypothesis that different populations of such progenitors may be necessary to precisely 
meet local needs for specific lineage species and to reconstitute regional cellular pools 
after injury. Proliferative progenitor populations were generated from microdissections 
of the subventricular zone (SVZ) or the cerebral cortex in the presence of either EGF or 
bFGF (0.01-30 ng/ml). Higher cytokine concentrations (10-30 ng/ml) enhanced viability 
and lineage maturation but reduced cellular proliferation. Clonal analysis and 
differential immunoselection using EGF receptor antibodies demonstrated that EGF- 
responsive progenitors preferentially gave rise to astroglial lineage species, whereas 
bFGF-responsive progenitors exhibited a greater propensity for generating 
oligodendrocyte progenitors and nascent neuroblasts. bFGF- and EGF-responsive 
progenitors also elaborated different complements of protoplasmic and stellate 
astrocytes. The characteristics of cortical multipotent cells differed from those of SVZ- 
derived progenitors. For example, oligodendroglial progenitors (OLPs) derived from 
cortical EGF-responsive multipotent cells proliferated in response to neurotrophin-3 
whereas OLPs derived from SVZ multipotent cells did not respond to the neurotrophin. 
Treatment with bone morphogenetic proteins (BMPs) preferentially enhanced astroglial 
differentiation and inhibited both OL and neuronal lineage development. These 
observations suggest that separate, region-specifi c multipotent progenitors present within 
the postnatal cortex may contribute to lineage diversity during neural development and 
may act as a reservoir of cells available for the reconstitution of injured areas of brain. 
Support: NIH NS35320 (MFM) NS20778 and NS20013 (JAK).

606.4
NEURONAL COMMITMENT OF PROLIFERATING NEUROBLASTS. 
Aiw u Cheng, Linda L. Bambrick and Bruce K. Krueger*. Dept. of 
Physiology, Univ. of Maryland School of Medicine, Baltimore, MD 21201 

Proliferation of cells expressing neuroepithelial (nestin) and neuronal 
(MAP5) markers was studied in cultured cells from embryonic (E16) 
mouse cortex. MAP5 (M) and nestin (N) immunocytochemistry revealed 
overlapping patterns of staining and the relative prevalence of each of the 
four cell types, N+M- , N+M+, N-M+, N- M- , was determined. Proliferation 
was determined by measuring incorporation of BгdU, a thymidine 
analogue taken up into DNA in S phase of the cell cycle. By double 
staining for BгdU (19 hr labeling time), and either nestin or MAP5, we 
determined the proliferation index (PI) for N+ ,N- , M+, M- cells. From these 
measurements, we calculated that N+M- cells have the highest rate of 
proliferation (PI=90-95%), N+M+ cells have an intermediate rate (PI=2O- 
30%) and N- (N- M+ and N- M-) cells have stopped proliferating. We also 
found double-staining for BгdU and MAP5 as soon as 30 min after a BгdU 
pulse, indicating that cells committed to a neuronal fate are still 
proliferating in vitro. Our results are consistent with the hypothesis that 
uncommitted neuroblasts express only nestin, with expression of the 
neuron-specific marker, MAP5, first appearing near the time of their last 
mitosis. Subsequently, these MAP5+ neurons continue to differentiate, 
lose nestin and stop proliferating. Expression of both nestin and MAP5 
may define a population of neuroblasts as they commit to the neuronal 
lineage and exit the cell cycle. This work is supported by Zeneca 
Pharmaceutical Co. (BKK), NIH grant AG10686 (BKK) and Bressler 
Foundation (LLB).

606.6
CNS Progenitors Possess Cell Autonomous Regional Identities, 
That Are Maintained After Transplantation Erqian Na, Maria 
McCarthy. Christine Nevt, Esang Lai§ and Gord Fishell*, The 
Skirball Institute of Biomolecular Medicine, NYU Medical Center, 
550 1st Ave, New York, NY, 10016 and §Sloan-Kettering Cancer 
Center, Cornell University, New York, NY, 10021 

To study  the deve lopm enta l p o ten tia l of fo rebrain  progenitors, E12 
and E14 mouse telencephalic  and  d iencephalic  progenitors w ere 
injected into the E14 mouse or the E16 rat forebrain  ven tricle  and 
exam ined for th eir ab ility  to in teg rate  and  d iffe ren tia te  in  novel 
environm ents. C ontrary  to the notion th a t CNS progenitors a re  
plastic , we see evidence th a t progenitors m ain tain  reg ional id e n t i ty  
even  after he te ro top ic  tran sp lan ta tio n . Specifically, we observe t h a t  
d iencephalic  progenitors a lm ost en tire ly  in teg rate  h o m o to p ic a lly  
w ith in  the diencephalon . Those d iencephalic  cells th a t in te g ra te  
into the telecephalon  form turn or-like clusters w hich  ad h e re  to th e  
w all of the  la te ra l ventricles. In contrast, telen cep h alic  progenitors 
are capable of in teg rating  and  m igra ting  w ith in  a w ide range of C N S 
divisions. To determ ine if these cells a d o p t the fate  of ho st regions or 
m ain tain  th eir  telencephalic  id en tity , we used transgenic an im als in 
w hich  LacZ expression is d irected  by the BF1 prom oter, a gene 
expressed  th ro u g h o u t the en tire  telencephalon. W e observe th a t even 
neurons in teg rated  w ith in  he te ro top ic  regions, such as th e  
d iencephalon  and m esencephalon, m ain tain  BF1 gene expression. 
These results strongly suggest th a t precursors are  able to m a in ta in  
aspects of reg ional id en tity  even w ith in  ectopic environm ents, 
(supported  by  N IH  g ran t RO132993~O2).

606.8
CYTOKINE-INDUCED DA NEURON CONVERSION IN PROGENITOR 
CELLS E.D. Potter*, Line,Z.D.. and P.M. Carvey. Dept. of Pharmacology, Rush 
Presbyterian-St. Luke’s Medical. Ctr., Chicago, IL 60612

We have previously shown that a combination of cytokines [interleukin (IL)-1, 
IL-11, leukemia inhibitory factor (LIF), glial cell line-derived neurotrophic factor 
(GDNF)ļ, striatal conditioned media (15%), and mesencephalic cellular fragments 
converts rat fetal (E l5) mesencephalic progenitor cells into tyrosine hydroxylase 
immunoreactive (TH-ir) neurons in vitro. The cytokine mixture induces DA neuron 
conversion in mesencephalic progenitors but not in striatal progenitors (p=0.001; 2- 
way ANOVA). This argues for classifying the cells as lineage-restricted progenitors, 
and not omnipotent stem cells. Progenitor cells were taken from cultures that were 
Nestin- and bromo-deoxyuridine (BrdU)-positive following at least 3 weeks 
expansion. Incubation in the cytokine mixture yielded double-labeled cells that 
were TH and BrdU-positive, and in these cultures, TH-ir cell number increased in 
a time-dependent fashion. We assessed mesencephalic progenitor cell cultures 
(plated at 125,000 cells/cm2) incubated 7 days in the cytokine mixture, or in 
complete media (CM, negative control), using monoclonal antibodies against Hu (an 
early marker for neurons), growth-associated protein (GAP)-43 (a marker for 
neuronal, but not glial process extension), and glial fibillary associated protein 
(GFAP, a marker for astrocytes). While GFAP-positive cells formed nearly a 
confluent layer in both types of cultures, numbers of TH-ir, Hu-ir, and GAP-43 cells 
in the cytokine-incubated cultures far exceeded those in CM-incubated controls 
(p=0.0001; p=0.0003; p=0.0001; 1-way ANOVA). This demonstrates cytokines 
“drive” the conversion of progenitor cells into differentiated neurons, and 45% of 
the Hu-ir neurons were TH-ir in this particular experiment. In a different experiment, 
addition o f GDNF to progenitor cultures incubated with IL-1, IL-11, LIF 
significantly increased process extension in TH-ir and GAP-43 cells, demonstrating 
a GDNF trophic effect. (Support: NS10302, NS33174, Blowitz-Ridgeway 
Foundation; Hu antibody was a generous gift from H. M. Furneaux, GDNF was a 
generous gift from Amgen)

Society for Neuroscience, Volume 24 ,1998



WEDNESDAY AM CELL LINEAGE AND DETERMINATION III 1531

606.9
SYNUCLEIN EXPRESSION IS REGULATED BY ENGRAILED-1 AND 
-2. H.H. Simon* and D.D.M. O'Leary.
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA 92037.

Synuclein is a membrane-associated nuclear and presynaptic molecule 
of unknown function that is expressed by the dopaminergic neurons of 
the substantia nigra. Four un-related Greek and Italian families with a 
high incidence of Parkinson’s disease (PD) have been found to carry a 
point mutation in a-Synuclein, the human homologue. Furthermore, a- 
Synuclein has been shown to accumulate in the substantia nigra of 
individuals afflicted with PD. The murine engrailed genes, En-1 and En- 
2, are homeodomain containing transcription factors, which are 
expressed by the dopaminergic neurons of the substantia nigra and the 
ventral tegmentum from early phases of their postmitotic life until adult. 
We have shown that En-1 and En-2 expression is essential for the 
survival of these midbrain dopaminergic neurons. In mutant mice with 
targeted deletions of both En-1 and En-2 these dopaminergic neurons 
differentiate normally at around E l l  to E13 but disappear soon 
thereafter. In contrast these neurons develop normally in mutant mice 
null for only En-1 or En-2. Since PD is caused by the degeneration of 
the dopaminergic neurons of the substantia nigra, we became interested 
in determining genes regulated by En-1 and En-2 which might be 
relevant to the survival of these cells and to PD. We cloned the mouse 
homologue of Synuclein gene and found that the expression of 
Synuclein is absent in midbrain dopaminergic neurons in double 
engrailed mutants at E l2, a developmental phase when these neurons are 
still present in the mutant mice. In En-1 mutant mice of the same age, the 
expression of Synuclein is detectable but diminished. This finding 
suggests that the engrailed genes are involved in the regulation of 
Synuclein. Supported by R01 NS31558 and F32 NS 10284.

606.11
NOVEL GENES WITH DIFFERENTIAL AND TEMPORAL EXPRESSION IN 
THE VENTRAL MIDBRAIN OF DEVELOPING RAT EMBRYOS. S.E.Witta , 
M.S. Hurlber, F·G. Kaddis* ,W. Zhou, K.P. Bell, and C.R. Freed. Division of 
Clinical Pharmacology, Departments of Medicine and Pharmacology, and 
Neurosciences Center, University of Colorado Health Sciences Center, Denver,
CO 80262

Several molecules have been identified which play a role in the neurogenesis of 
the dopaminergic cells in the substantia nigra including FGF-8, Shh, Wnt-1, 
HNFЗß, En-1, En-2, Otx-1, Otx-2, Ptx-3, and Nurrl. However, evidence from 
developmental studies suggests the contribution o f additional factors in 
determining the differentiation of these cells. In this study, we used PCR-Select 
Subtractive Hybridization as a tool to identify genes specific to the ventral 
midbrain of developing rat embryos with potential roles in dopamine cell 
neurogenesis. Total RNA isolated from ventral midbrain of rat embryonic day E9, 
10, 11, or 12 was subtracted from total RNA isolated from embryonic rat dorsal 
midbrain or spinal cord E9, 10, 11, or 12. Additionally, temporal gene regulation 
was analyzed subtracting total RNA isolated from rat E10 ventral midbrain from 
RNA isolated from rat E9 midbrain. Eleven hundred forty clones were isolated. 
Seven hundred clones were subjected to differential screening to exclude false 
positive clones. Partial sequence was obtained from true positive clones. 
Differential expression of selected clones was confirmed by northern blot analysis 
and whole-mount in situ hybridization. Thereafter, the complete sequence of 
transcripts has been obtained by screening El 1 mouse cDNA library. Novel genes 
potentially involved in dopaminergic neurogenesis have been identified.
[support: NINDS NS 18639, National Parkinson’s Foundation, and the Program to 
End Parkinson’s disease]

606.13
ECTOPIC RETINA IS FORMED IN THE MICROPHTHALMIA 
MUTANT MOUSE. Ƙ.M. Bumsted* and C.J. Barnstable. Department of 
Ophthalmology and Visual Science, Yale University School of Medicine, 
New Haven, CT 06520.

Microphthalmia (mi), a bHLH-zip transcription factor, plays a key role in 
retinal pigment epithelium (RPE) differentiation as well as neural crest, 
hematopoesis and melanocyte development. During eye development, mi 
expression is detected at Embryonic day (E)10 in the optic vesicle. By 
El 1.5, in situ hybridization shows that mi expression is restricted to the 
outer layer of the optic cup and is RPE specific for the remainder of 
embryogenesis and into adulthood. To further investigate a role for mi 
during RPE development, we determined whether RPE cell fate is altered in 
an mi mutant which has a three base pair deletion in the DNA binding 
region. At E14, the wild type eye has a single layer pigmented epithelium 
which is adjacent to the neural retina. The mi mutant RPE is unpigmented 
and thickened with a dorsal region that is morphologically similar to the 
developing retina. By birth, the mutant retina is structurally similar to wild- 
type retina except for a colomboma that can be detected in the mutant. The 
RPE remains single layered and unpigmented except where it'becomes 
histologically similar to the neural retina dorsally. At postnatal 2.5 and 3.5 
weeks, the heterogeneous RPE morphology is more pronounced. The 
thickened RPE stains with neural retina makers and is oriented such that the 
ectopic photoreceptor layer is adjacent to the appropriately placed neural 
retina photoreceptor layer. Where the RPE is single cellular layer, it does 
not stain with RPE or neural retinal markers. These data indicate that 
during eye development, mi is expressed in the presumptive RPE at a 
critical time in the differentiation of neural retina and RPE. The mutant RPE 
phenotype demonstrates that mi is involved in restricting progenitor cells to 
a RPE fate and that retina may be a default phenotype of optic vesicle 
neuroepithelium when m i is non-functional. Supported by NIH grants 
NS20483, EY06890.

60610
NURR1 OVEREXPRESSION ENRICHES FOR NEURONAL PHENOTYPE IN 
MULTIPOTENT, NEURAL STEM-LIKE CELLS
Ernest Arenas1*, Peter Åkerud1 ,Pontus Holm1 , Dioso Castro2 ,Evan Snyder3 ,Thomas 
Pęrìmanņ 2  and Joseph Wagner1.
1Lab of Molecular Neurobiology, Dept. Medical Biochemistry and Biophysics, and 
2Ludwig Inst. for Cancer Research, Karolinska Institute, Stockholm, Sweden. 3Dept.’s 
of Neurology and Pediatrics, Harvard Med. Sch., Children’s Hospital, Boston, MA.

The identification of multipotent, renewable “stem cells” from the adult CNS has led 
to the idea that such cells might serve as a renewable source of material for use in the 
treatment of neurodegenerative disease. However, although they survive transplantation 
after expansion in vitro, the vast majority of these cells fail to adopt desired neuronal 
phenotypes. Thus, the identification of factors that restrict multipotent precursors to 
specific phenotypes represents a vital step for the development of transplantation 
strategies for the treatment of neuronal degeneration.

Recently, it has been shown that mice carrying a targeted deletion of the 
transcription factor Nurrl completely lack ventral mesencephalic dopamine neurons, 
suggesting a necessity for this factor in the development of the dopaminergic 
phenotype. We seek to examine whether Nurrl is sufficient to induce the expression 
of dopaminergic traits. Using C17.2, an immortilized multipotent neural progenitor 
line derived from the external germinal layer of the cerebellum, we have created and 
expanded multiple clonal lines overexpressing N urrl. Although none of these clones 
demonstrate spontaneous tyrosine hydroxylase expression upon differentiation in 
vitro, N uư l-overexpressing clones did selectively adopt neuronal phenotypes (50-98% 
of postmitotic cells) as compared to mock-transfected clones (15-30%). These data 
suggests that Nurr l restricts phenotype within multipotent neural cells to neuronal 
lineages; we are cuưently identifying additional factors that may further restrict these 
cells to dopaminergic phenotypes. Supported by BIOMED Program of the European 
Commission and the Swedish MRC.

606.12
EXPRESSION OF LIGANDS FOR THE FIBROBLAST GROWTH FACTOR 
RECEPTOR IN THE DEVELOPING RETINA O F  XENOPUS LAEVIS. A. Patel* 
and S. McFarlane. Neuroscience Research Group, Univ. Calgary, Calgary AB, T2N 
4N1.

The extracellular environment has been shown to be the major determinant of cell 
fate decisions made in the maturing retina. Fibroblast growth factor receptors 
(FGFRs) are expressed in the developing retina of the South African clawed frog, 
Xenopus ίaevis. We have previously shown that these receptors transduce a signal 
that biases cell fate decisions made by the retinal progenitors. However, it remains 
unknown as to the identity of the FGFR ligands that are present in the developing 
eye. Therefore, we investigated the spatial and temporal aspects of the expression 
of the FGFR ligands that have been cloned in Xenopus, specifically FGF-2, FGF-3. 
FGF-4 (℮FGF), FGF-9 and an FGF related ligand, FRL-2. Expression of ligand 
mRNA was examined using digoxygenin labeled antisense riboprobe in the eyes of 
stage 22-40 embryos spanning the period from when there are only neuroepithelial 
cells to when the fully differentiated, layered retina is formed. FGF-2, FGF-3, FGF- 
9 and FRL-2 were expressed uniformly in the eye primordium early in 
development. As development proceeded, cells became committed to particular 
fates and expression of the ligands became more restricted. The expression of FGF- 
2, FGF-3, FGF-9 and FRL-2 message in the maturing eye indicates that these 
ligands may be involved in retinal cell genesis. These data will lead to studies 
based on the effects of misexpression of FGF-2 and other ligands on the 
development of the neural retina.
(Supported by AHFMR of Alberta and MRC of Canada)

606.14
NOVEL HOMEOBOX GENES INVOLVED IN NEURONAL 
DIFFERENTIATION.
T. Saito1* , D. J. Anderson2 ,K. Mikoshiba3 ,and N. Nakatsuii1. 
1 Mammalian Development Laboratory, National Institute of 
Genetics, Mishima, Shizuoka 411-8540, Japan; 2Division of 
Biology, Caltech, CA91125, 3RIKEN, Tsukuba, Ibaraki 305.

Vertebrate neurogenesis invloves regulatory networks 
of transcription factors. bHLH transcription factors, such as 
MASH1 and neurogenin, play critical roles in neuronal 
differentiation. Using the differential PCR method, we have 
obtained several novel homeobox genes, which may function 
downstream or upstream of Mаshl. PHD1, mammalian 
paired like homeobox gene, which is most closely related to 
C. eleдans unc-4, is expressed downstream of Mаshl in 
lineages of olfactory sensory and dorsal spinal cord neurons. 
MBH1, mammalian homologue of Drosophila BarH genes, is 
expressed with nonoverlapping patterns to Mаshl in the 
developing diencephalone and retina. Forced expression of 
MBH1 in differentiating P19 cells causes downregulation of 
Mаshl and upregulation of neuroдenin2, reflecting in vivo 
expression patterns of these genes. This suggests that 
MBH1 is a potential regulator of bHLH genes.
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607.1
NEURAL DIFFERENTIATION AND TRANSMITTER EXPRESSION 
IN THE FOREBRAIN OF EMBRYONIC ZEBRAFISH.
B. Ellingsęn, A, Fjose, K, Edvardsen* and Holmqvīst, B.
Dept. Molecular Biology, University of Bergen, HIB, N-5020 Bergen, Norway.
Although the knowledge regarding the morphogenesis and genetic mechanisms of early 
brain formation in zebrafish is increasing rapidly, relatively little is known about the 
neurogenesis and formation of functional neuronal circuits. Thus, we have undertaken a 
study of the spatial and temporal pattern of formation of specific neuronal circuits in the 
early zebrafish forebrain.

Immunocytochemical techniques were employed on whole mounts and sections, using 
antibodies against proliferating cell nuclear antigen (PCNA), for detection of mitotic 
activity, α-acetylated tubulin (AT), for detection of newly differentiated neurons, and γ- 
butyric acid (GABA), tyrosine hydroxylase (TH, the catecholamine converting enzyme) 
and serotonin (5HT) for studies of transmitter ontogeny.

Significant regional decreases of PCNA immunoreactive (iг) cells were seen in the most 
ventricular and superficial cell layers of the early brain, in part corresponding with regions 
displaying ATir, GAB Air, THir and 5HTir cells. ATir was first detected at 16-18h, 
appearing in cells of the dorsorostral cell cluster (drc) and the ventrorostral cell cluster 
(vrc). GABAir, THir and 5HTir cells were found in the same cell clusters but representing 
only a fraction of the total number of cells. The first GABAir cells were detected 20Һ in the 
drc and vrc. THir cells were first seen in the same cluster, also at 20Һ, constituting a 
bilateral subpopulation of 4-8, relatively large cells. A smaller, bilateral cluster of 5HTir 
cells appears in the vrc at 24 h. At 28h, additional 5HTir cells are detected in the 
epiphyseal complex.

These results indicate that neural differentiation in the forebrain starts around 16Һ post- 
fertilization. Within 4 hours, a sequencial transmitter expression occures in restricted 
neuronal subpopulations located within the drc, vrc and the epiphysis. In the stages 
studied, the most heterogenous expression is found in a subset of neurons of the vrc, 
exhibiting GABA, catecholamines, and 5HT. These neurotransmitter molecules have 
previously been shown to have trophic action on cells and thus may be involved in brain 
formation and maturation of neural circuits. Further studies of transmitter ontogeny of 
shown subpopulations may reveal their relationship to the future complex neural circuitry 
of the adult zebrafish. (Supported by the Norwegian Research Council).

607.3
PREOPTIC NEUROEPITHELIUM GIVES RISE TO ACҺE 
NEURONS IN THE BASAL FOREBRAIN L.L. Bruce1*, D.H. Rowitch2, 
N. Zee2, and D.H. Nichols1. 1Dept. Biomed. Sci., Creighton Univ., Omaha, 
NE 68178; 2Dept. Cell. & Dev. Biol., Harvard Univ., Cambridge, MA 02138.

Mouse embryos carrying a wnt-1 enhancer/lacZ fusion construct 
(WZT9B; Echelard et al , Development 120: 2213-24, 1994) were used to 
follow cell migration from embryonic day (E) 8.5 to postnatal ages. The 
location of cells that transcribe the construct was determined by processing 
the tissue for the blue ß-galactosıdase (ß-gal) reaction product. ß-Gal- 
labeled cells first appear in the roof plate at the rostral pole of the 
telencephalon at E8.5. The size and intensity of the labeled area increases 
prior to closure of the rostral neuropore (~E9.5). From E l0.5 and older 
labeled cells moved progressively laterally and caudally into the substantia 
innominata and globus pallidus nuclei. At older ages ß-gal-labeled cells 
were identified in the medial septum and diagonal band nuclei, lateral 
preoptic area, substantia innominata and globus pallidus, including the basal 
nucleus of Meynert. Tissue stained for both ß-gal and acetylcholinesterase 
(ACҺE) revealed that most if not all ß-gal cells in these areas also express 
ACҺE. In wnt-1 knockout embryos regions corresponding to the medial 
septum, diagonal band, lateral preoptic area, and basal nucleus of Meynert 
were severely reduced or not identifiable. Studies are currently underway to 
determine the expression pattern of ACҺE and choline acetyltransferase in 
these wnt-1 knockout embryos. These data suggest that cells bom in the 
rostral pole of the telencephalon express the wnt-1 construct and are the 
source of most if not all ACҺE-expressing neurons in the forebrain. 

Supported by NIH grant P01 DC00215.

607.5

L h x 7 : A NOVEL LIM-HOMEOBOX GENE EXPRESSED 
IN THE DEVELOPING FOREBRAIN. Sylvie Rétaux1. 
Monique Rogard1, Inqolf Bach2, Vieri Failli1, Jean-Piѳrre 
Bourgeois* and Marie-Jo Besson1. 1Labora to ir e d e  
Neuroch¡m ie-Anatom ie, Institut des Neurosciences, 9 quai St Bernard, 
75005 Paris, France and 2Howard Hughes M edical Institute, University 
of Californ ia, School of Medicine, LaJolla, CA92093, USA.

We report the isolation of a novel LIM-homeodomain 
gene : Lh×7. It encodes a protein that is closely related to 
Drosophila apterous and rodent Lhx2 proteins. Lhx7 
spatiotemporal pattern of expression during embryogenesis is 
similar but distinct from Lhx2. Highest expression levels are 
found in the diencephalon, telencephalic vesicles and dorsal 
mesencephalon. Domains of expression respect the proposed 
forebrain neuromeric boundaries (Puelles and Rubenstein, 
J.Neurosci.13, pp3155,1993). While Lhx7 expression is 
sustained in diencephalon and mesencephalon from embryonic 
day (E) 10.5 to postnatal stages, it is transient in the future 
cerebral cortex where it is turned off between E14.5 and E16.5. 
Lhx7 protein was tested for interaction with cofactors of LIM-hd 
proteins and was found to interact with CLIM1 and CLIM2. The 
expression pattern and structural characteristics of Lhx7 
suggest that it encodes a transcription factor that might be 
involved in the control of differentiation of several neural cell 
types. Supported by AFIRST, FRM and CNRS.

607.2
OLFACTORY-LIKE STRUCTURES IN SMALL EYE (SEY) MICE . M.C.García. 
J,A.De Carlos*, F, Valverde and L. López-Mascaraque. Laboratorio de Neuroanatomía 
Comparada. Instituto Cajal, CSIC, Madrid, Spain.

We have recently reported the existence of an olfactory bulb-like structure in the 
prosencephalon of the Small eye (Sey) mice homozygous for mutations in the Pax-6 
gene (López-Mascaraque et al., Ann. N.Y. Acad. Sci.,1998, in press). Homozygous 
mice die soon after birth having failed to develop eyes and nasal cavity. Although the 
cell ectopias are normal in this mutant, we found a well delimited ovoid-shaped cell 
cluster localized in the rostro lateral part of each hemisphere. This structure is bilateral 
and it can be subdivided in three different areas (A 1 A2. A3) according to its 
cytoarchitecture and the histochemical positivity1 to the enzyme ACҺE. In thionin and 
AChE histochemistry the ovoid structure was seen as early as E l 1. In the present study 
different antibodies (GABA, CS-PG, T u Jl. GAP-43) were used as potential markers 
for cell populations in this structure. The axonal projections were studied with 
fluorescent tracers Dil and DiA. These experiments showed that some cells of this 
structure send their axons toward the piriform cortex forming a presumptive lateral 
olfactory tract. We are currently using cocultures in collagen matrices of olfactory 
placode explants from wild type animals with the ovoid structure from Sey/Sey embry os 
at different embryonic ages. Preliminary' results show that olfactory receptor axons from 
the olfactory placode invaded the ovoid structure at E l 1. while at E15 those axons 
avoid the same area. We conclude that the referred structure is an olfactory bulb. which 
fails to develop because the mutation in the Pax-6 gene affects the formation of nasal 
external structures. Moreover, these data confirm our previous hypothesis (López- 
Mascaraque et al., Neuroscience 70: 255-266, 1996) that fibers of the olfactory receptor 
neurons are necessary for the protrusion and layered formation of the olfactory bulb. 
but these inputs are not necessary for the establishment of the central olfactory 
projections. Supported by DGES Research grant PB96-0813 from the Ministerio de 
Educación y Cultura

607.4
DISRUPTION OF GLYPICAN-4, A PROTEOGLYCAN HIGHLY 
EXPRESSED IN HIPPOCAMPUS AND CORTEX
C.l. Ja rv is , W .C. S karnes$, and R.W. Davies*
U n ive rs ity  of G lasgow  IB L S -M o le cu la r G ene tics , 54 D um barton  Road 
G lasgow G 11 6NU Scotland, UK
§ U n ivers ity  of C a lifo rn ia ; B erke ley, D epa rtm en t o f M o le cu la r and C ell 
B iology, 589 Life Sciences Addition, Berkeley, CA 94720-3200, USA 
W e have generated a loss of function m utation in the  neuronally expressed, 
X-linked gene, GPC4. The gene has been d isrupted v ia  a gene-trap plasm id 
insertion in mouse em bryonic stem  cells, creating a fusion  at am ino acid 54 
to the ßgal marker. Mutant anim als have thus been generated which express 
ßgal under the transcrip tiona l contro l of the  G PC 4 locus. G lyp ican-4  is a 
m e m b e r o f a G P I-a n c h o re d  h e p a ra n -s u lfa te  p ro te o g ly c a n  fa m ily . 
Biochem ical and genetic studies suggest that g lypicans act as a co-receptors 
fo r various s igna lling m olecules such as IG Fs, FG Fs and BM Ps. The HS 
sugar m oieties act as low -affinity b inders to recruit ligands to the ir receptors, 
as w ell as to  con tro l the  d iffus ion  o f these  fac to rs  in the  e x trace llu la r 
environm ent, such as at m orphological boundaries in the kidney, developing 
m uscle and o the r tissues w here g lyp ican -4  is h igh ly  expressed. G PC 4 is 
w ide ly  expressed in the  brain at m id-gesta tion, but express ion  is greatly 
downregulated in neonates. A fte r postnata l day 5, expression in the dentate 
gyrus and specific  layers w ith in  the  co rtex  are  upregula ted, lead ing to a 
striking pattern of expression: extrem ely abundant in the DG and also in the 
2nd and 4th layers of the cortex leading to, and connecting w ith , expression 
in the CA1, in the adult. P re lim ina ry  phenotype ana lysis has shown tha t the 
hem izygous anim als are viab le  and fertile . Tests to ana lyse  learning and 
memory, and hippocam pal LTP are ongoing.
Funding has been provided by the European Comm ision Human Capital and 
Mobility Programme and Exelixis Pharmaceuticals, Inc.

607.6
ECTOPIC BMP-2, -4, -7 DISRUPTS CHICK TELENCEPHALIC
DEVELOPMENT THROUGH REPRESSION OF Shh AND Fgf8 GENE 
EXPRESSION AND APOPTOSIS. Y. Ohkuho and J.L.R. Rubenstein*. 
IRELAND LAB, UCSF; 401 Parnassus, San Francisco, CA 94143-0984

Bone morphogenetic proteins (BMPs) play important roles in dorso- 
ventral polarization during neural tube formation. During forebrain 
development, expression of BMPs is detected mainly along the dorsal midline. 
To clarify the role of BMPs in the developing chick forebrain, we performed 
gain of function experiments using heparin acrylic beads containing 
recombinant BMP-2, -4 or -7. The beads were implanted in the anterodorsal 
midline of chick embryonic forebrains at HH stage 10-11. After 2 or 3 days of 
incubation, embryos were harvested and analyzed.

Telencephalic and eye development were radically inhibited, and the 
telencephalic region was replaced by a pigmented epithelium. The severity of 
the induced malformations varied with the three BMP types and their 
concentrations, while the range of malformations were constant for the three 
BMPs. In situ hybridization revealed that ectopic BMP led to mispatterning in 
the forebrain. Neither BF-1 nor Tbr-1 could be detected, and Msx-2 expression 
moved laterally. Nkx 2.1, a ventral marker, could not be detected. Furthermore, 
gene expression of both Shh and Fgf8 was not detectable in the telencephalon 6 
hours after BMP bead implantation. A whole mount TUNEL assay showed that 
apoptosis was induced in the antero-dorsal region of the forebrain.

These data suggest that BMPs regulate telencephalic morphogenesis 
through modulating regional patterning, apoptosis and proliferation.
Supported by JSPS(Y.O.) and HFSP(J.L.R.R.)
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607.7
DIFFERENTIAL GLUTAMATE RECEPTOR EXPRESSION ALONG 
THE TRIGEMINAL NEƯRAXIS DURING WHISKER-RELATED 
PATTERN FORMATION. M.E. B lue*', A. Nishimura' and S. Jhaver2. 
‘Kennedy Krieger Res. Inst., Johns Hopkins Univ. Med. Inst., Baltimore, 
MD 21205 and 2Dept. Brain and Cognitive Sci., M.I.T., Cambridge, MA,

Glutamate receptors have been implicated in trigeminal pattern 
formation. In this study, we compare the ontogenetic expression pattern oí 
metabotropic receptors (mGluRs) and AMPA receptor subunits GluR2,3, 
with that of NMDA receptor subunit NR1 along the trigeminal neuraxis.
In  the brainstem (BSTC), from P1-P10, the neuropil within barrelettes was 
immunoreactive (IR) for NR1, for mGluR5, and for the AMPA receptors, 
whereas cells were IR only for NR1.
In  ventrobasal thalamus (VB) from P2-P10, barreloid neuropil was IR for 
mGluRl,5 and AMPA receptors, whereas barreloid cells were IR for NR1. 
Putative thalamocortical afferents (TCAs) were also IR for mGluR2,3.
In  barrel fie ld  cortex (PM BSF), contrasting patterns of receptor expression 
were seen, with higher densities of mGluRs versus lower densities of AMPA 
receptors in barrels.  ̀ Somatotopic patterning was observed first with 
mGluR5 IR, while patterning of AMPA receptors occurred several days 
later (Blue et al. JCN 386:16-28 and 29-45). By PI, IR for mGluRl,5 and 
for NR1 was present in the cortical plate (CP), whereas mGluRl,5, NR1, 
and GluR2,3 staining was also observed below the CP. There was little 
evidence of NR1 being localized to layer IV neurons. By P10, IR for NR1 
and AMPA receptors became concentrated in layer II/IIĬ and layer V 
pyramidal cells, while IR for the mGluRs was dense in layer IV barrels.

Our data suggest that the involvement of NR1 in whisker-related pattern 
formation most likely occurs at the level of the BSTC and/or the thalamus; 
AMPA receptors and mGluRs may also regulate pattern formation in the 
BSTC. In PMBSF, mGluRs (and not NR1) may have a closer association 
with the TCAs, and thus with cortical barrel formation. Supported by NIH 
grants HD24061 and ES08131 (M.E.B) and NS 26768 (S.J.).

607.9
DIFFERENCES BETWEEN THE IMMUNOCYTOCHEMICAL AND 
AUTORADIOGRAPHIC TIMECOƯRSE OF THE SEROTONIN TRANSPORTER 
IN THE RAT’S PRIMARY SOMATOSENSORY CORTEX.
C.B. Boylan*. C.A. Bennett-Clarke. and R.W. Rhoades. Dept. of Anatomy and 
Neurobiology, Medical College of Ohio, Toledo OH 43699

Recent experiments from our lab liave shown that thalamocortical afferents (TCAs) 
transiently express serotonin (5HT) transporter as demonstrated by 3H-citalopram 
autoradiographic binding. These data indicate that the 5HT transporter forms a 
somatotopic representation of the body surface for a limited period during postnatal 
development of the primary somatosensory cortex (SI). With the recent availability of 
an antibody to the 5HT transporter, we undertook the present study to examine the 
immunocytochemical (ICC) distribution of the 5HT tansporter and to compare this 
localization and timecourse with the autoradiographic localization of these sites in the 
developing SI. Immunocytochemical demonstration of the 5HT transporter indicated 
that the somatotopic barrel pattern is visible from postnatal (P) day 3 and disappears 
from the developing rat’s SI by approximately P 14, which is past the time when 
patterned 5HT ICC is visible (P9). Autoradiographic localization of these sites with 
3H-citalopram remained patterned until approximately P22. The discrepancy between 
the ICC and autoradiographic data, as well as tire sustained presence of 5HT 
transporters past the 5HT ICC, prompted us to ask how long these 5HT transporters 
remain functional. Injection of 3H-5HT into the SI and uptake of this amine into slabs 
of dissected SI of P6, P12 and P 18 animals indicated that the 5HT transporters are 
functional until at least P 18. These results suggest that the 5HT transporters 
expressed by TCAs remain functional past the point at which the patterned 5HT ICC 
is visible. The reason for the discrepancy between the ICC and autoradiographic 
timecourse of the 5HT transporter and well as their sustained presence past the ICC 
patterning of 5HT is not yet understood.
Supported by: DA10030 & DE07734

607.11
IN UTERO CNS INJECTION OF AN APOPTOSIS-BLOCKING 
CASPASE INHIBITOR DISRUPTS TRIGEMINAL BARREL-LIKE 
PATTERN FORMATION T. A. Henderson*. C. Tung. D.M. Holtzman, & 
M·F. Jacquin. Dept. of Neurology and the Center for the Study of Nervous 
System Inįury, & Dept, of  Molee. Biol. & Pharm., Washington Univ. Sch. 
Med., St. Louis MO 63110
Apoptosis has been implicated in the development of trigeminal (V) 

somatotopic patterns. Increased availability of nerve growth factor during 
embryogenesìs via different methods reduces V ganglion cell apoptosis. Yet, 
the effects on V brainstem pattern formation have been contradictory 
(Henderson et al., J. Neurosci. 14, ’94; Jhaveri et al., J. Comp. Neurol. 374, 
’96). Little is known about the role of neuronal apoptosis in pattern formation 
in the V principal sensory nucleus (PrV), or in higher portions of the V 
neuraxis. Recently, boc-aspartyl (OMe)-tiuoro-methylketone (BAF), a general 
inhibitor of caspases, has been shown to inhibit apoptotic cell death in NGF- 
deprived sympathetic neurons. Moreover, treatment with intraventricular (IVC) 
BAF protects against injury in a neonatal hypoxia-ischemia model (Cheng et 
al., J. Clin. Invest. , in press). Here, we report preliminary data showing that 
IVC injections of BAF in rat embryos aged E18 & E2O, disrupt whisker- 
related pattern formation in the barrel cortex and brainstem. Timed-pregnant 
rats were anesthetized on E18 and again on E20 and the uterine horns exposed. 
Each embryo in one horn received a 10 µ\ IVC injection of BAF (25 mM in 
25% DMSO), while those in the other horn received 10 µ\ of 25% DMSO. 
Embryos were allowed to survive until postnatal day 3. Our preliminary data 
showed an absence of somatotopic patterns in the V brainstem and barrel 
cortex of BAF treated rats, as demonstrated by cytochrome oxidase staining. 
Vehicle controls displayed normal whisker-related patterning. Since BAF 
injections were made after the peak of naturally occurring cell death in the V 
ganglion, but at the peak of PrV neuronal apoptosis, these results implicate 
PrV cell apoptosis in whisker-related CNS pattern formation. Studies are in 

progress to examine the numbers, projections, and organization of surviving 
PrV neurons in rats that lack CNS whisker-related patterns after IVC BAF 

injection. Supported by NS35902, DE07734, NS 17763, DE07662.

607.8
NEONATAL ADMINISTRATION OF CLORGYLINE ELEVATES CORTICAL 
SEROTONIN LEVELS AND ALTERS THE SIZE OF VIBRISSAE-RELATED 
THALAMOCORTICAL AFFERENTS. C.L, Young-Davies*. C.A. Bennett-Clarke. 
R.D.Lane and R.W.Rhoades. Dept. Of Anatomy and Neurobiology, medical College of 
Ohio, Toledo, OH 43699

Experiments, both our own and other laboratories, indicate altering levels of serotonin 
(5-HT) in the developing primary somatosensory cortex (SI) of a rat* influences 
thalamocortical afferent development. Recently, it was shown that mice with either 
permanent or transient inactivation of MAO-A during cortical development exhibit 
significantly increased cortical 5-HT and a qualitative disorganization of the SI barrel field 
(Cases et al. 1996). The present study was designed to assess the effects of developmental 
MAO-A inactivation on cortical 5-HT levels and thalamocortical afferents development 
in the rat’s SI. Litter mates were injected twice daily with either 20mg/kg clorgyline 
(N=54) or vehicle (N=76) from the date of birth through postnatal day (P-) 6. On P-6, 
they were killed and brains were processed for 5-HT immunocytochemistry or HPLC (to 
assess cortical 5-HT levels) and AChE histochemistry (a marker for thalamocortical 
afferents). Clorgyline treatment increased cortical 5-HT by 700%. In treated animals, 5- 
HT immunoreactivity in SI barrelfield was no longer distinctly “patched.” In contrast, 
AChE staining in treated animals demonstrated a qualitatively normal pattern of 
thalamocortical afferents throughout the somatotopic map in SI. Measurements were taken 
of the AChE cortical patches related to the long mystacial vibrissae. In clorgyline-treated 
animals the mean cross-sectional area of the vibrissae-related lamina IV patch was 
increased by 13% (p< .0005). The most rostral patches corresponding to the rostral nose, 
lower jaw and forepaw were qualitatively normal. Treatment with clorgyline did not 
significantly influence body, brain or cortical weight, or the overall dimensions of the SI 
cortex. In distinction to the mouse, clorgyline-treated rats show well organized patterns 
of thalamocortical afferents in the caudal portion of the barrel field which are sightly 
larger than normal rats of the same age.

Supported by DA10030 and DE07734

607.10
EFFECTS OF ACTIVITY BLOCKADE ON CHANGES IN VIBRISSAE-RELATED 
PATTERNS IN THE RAT’S PRIMARY SOMATOSENSORY CORTEX INDUCED 
BY SEROTONIN DEPLETION. C.A.Bennett-Clarke*,N.L.Chiaia. R.D. Lane, and 
R.W. Rhoades. Dept. Of Anatomy and Neurobiology, Medical College of Ohio, Toledo, 
OH 43614-5804.

Depletion of cortical serotonin (5-HT) during development results in a decrease in the 
size of the patches of thalamocortical afferents representing the mystacial vibrissae in 
lamina IV of the primary somatosensory cortex (SI). We previously suggested that this 
change may be due to a reduction in 5-HT-induced suppression of thalamocortical activity 
in these animals (Bennett-Clarke et al., 1994). The present experiments directly tested 
the role that modulation of activity may play in the morphologic changes observed after 
reducing cortical 5-HT concentrations. Serotonin was depleted from the cortex by 
systemic administration of 5,7-dihydroxytryptamine (5,7-DHT, lOOmg/kg) on the day 
of birth (P-0) in animals that also had either tetrodotoxin-(TTX) impregnated or control 
implants placed unilaterally over the developing SI on this day. Other groups of rats were 
treated with TTX-impregnated or control implants alone. Patches of thalamocortical 
afferents corresponding to the long mystacial vibrissae were demonstrated by staining for 
acetylcholinesterase when animals reached P-6. Administration of 5,7-DHT reduced 
cortical serotonin levels by 92.4+_6.7% and this effect was not significantly modified by 
the presence of either control or TTX-impregnated cortical implants. Administration of 
5,7-DHT reduced the cross-sectional area of the patches corresponding to the vibrissae 
by 19.9% (p<0.05). A similar reduction (21.7%, p<0.05) was observed in the animals 
treated with both 5,7-DHT and TTX-impregnated implants. Treatment with TTX- 
impregnated implants alone resulted in a 3.1% increase in patch size (p>0.05). None 
of the treatments significantly altered either brain weight, cortical weight, or the overall 
area of the part of SI devoted to the representation of the long mystacial vibrissae. These 
results are consistent with the conclusion that the effects of 5-HT depletion on the size 
of the cortical patches representing the long vibrissae are independent of activity that can 
be blocked by administration of TTX. Supported by DA10030 and DE07734.

607.12
CLOSE LINK BETWEEN PROTEOGLYCANS (PG) AND DOPAMINE FIBRES 
IN THE DEVELOPING STRIATUM. I Charvet. F.J. Hemming. N. Cristina*. C. 
Feuerstein and R. Saxod. Lab. de Neurobiologie du Développement and LAPSEN, 
INSERM U318, Univ. J. Fourier, CERMO, 38041 Grenoble, France.

PG are known to influence axonal growth and guidance in many ways. In order to 
determine whether they play a role in the development of the nigrostriatal tract, the 
first step was to study the spatio-temporal distributions of some identified PG, 
neurocan, phosphacan and phosphacan/KS (Keratan Sulphate), as well as of several 
glycosaminoglycans (GAG), using immunohistochemistry on brain sections of both 
pre- and postnatal rats. These distributions were compared to those of the 
dopaminergic fibres of the developing nigrostriatal pathway revealed by an anti
tyrosine hydroxylase (TH) antibody.

Phosphacan was homogeneously distributed at all stages studied (from E14 to 
P20). Phosphacan/KS was particulary visible in scattered highly ramified cells until 
P15 when the distribution became uniform. These cells did not double label with 
Bandeiraea isolectin B4, often used to identify microglia. Neurocan, however, 
displayed a transient compartmental expression, closely related to the postnatal 
development of dopaminergic patches: it was homogeneous prenatally and after P15, 
but during the first two weeks it was restricted to the matrix compartment of the 
striatum and clearly absent from the TH-positive patches. The various anti-GAG all 
gave different distributions. The patch-matrix organisation of the postnatal striatum 
was however outlined, in one way or another, by all the antibodies, except for the 
CS-56 which gave uniform labelling. Nevertheless, none of these antibodies 
colocalized with neurocan, although there was slight overlap with the anti 
chondroitin 6-sulphate or more particularly with the anti-unsulphated chondroitin.

The widespread distributions of PG in the developing striatum and their temporal 
variations strongly suggest their possible involvement in dopaminergic axonal 
guidance. Supported by PRT Region Rhône-Alpes.
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607.13
The Development Of The Striatum In A Tyrosine Hydroxylase Deficient Mouse. M. 
Rios1, D.M. Chikaraishi2, and S. Roffler-Tarlov1*. 'Dept. of Neurosci., Tufts, ưniv., 
Boston, MA. 02111; 2Dept. of Neurobiol., Duke Univ. Med. Sch., Durham, NC.

The mammalian striatum, the brain region that receives the most abundant 
dopamine-containing innervation, is composed of several compartments defined by cell 
birthdates, immunohistochemical properties, and afferent and efferent connections. The 
mechanisms that control the formation of striatal compartments are unknown. We have 
begun examining compartmentation of the striatum in a tyrosine-hydroxylase (TH) 
deficient mouse to test the putative role of dopamine in pattern formation. The first step 
was to establish birthdates of the neurons that furnish the striosomal and matrix 
compartments. Pregnant females were injected with BrdU (100 ug/gm body weight) for 
incorporation into the DNA of proliferating cells. Injections were made twice with a 
two hour interval on embryonic days (E) 10.5 to 14.5. Wild-type pups born of injected 
females were sacrificed at P5 and their striata stained for BrdU immunoreactivity. It was 
found that the birth of striosomes in mice is confined to a narrow window; most are 
born on E 11.5 and E 12.5, whereas most of the matrix cells are born later.

Formation of striatal compartments was examined in TH-null mice. Because 
compartmentalization takes place shortly before birth and because elimination of TH is 
lethal to embryos, the mutants were rescued to birth by administration of dihydroxy- 
phenylserine (L-Dops) to their mothers. As L-Dops is converted to norepinephrine but 
not to dopamine, mice are dopamine deficient. The TH-null pups live for several weeks 
after birth without further treatment. The striosomal compartment was marked with 
BrdU administered on Ell.5. TH-null and wild-type mice were analyzed at P5 and P16. 
The size of the striatum was normal in the mutants and clusters of striosomal cells were 
present. However, the proportion of the striatum occupied by striosomal cells born on 
El 1.5 was reduced in the mutants: both size and numbers of striosomes were 
diminished. The result indicates that cells destined to be part of the striosomal 
compartment do cluster in the absence of normal dopamine content, but that the 
developmental pattern is altered. NS31673

607.15
EPHRIN-A4 BINDING DELINEATES THE MATRIX 
COMPARTMENT IN THE DEVELOPING STRIATUM. L. S,
Janis* and L. F. Kromer. Department o f Cell Biology, Georgetown 
University Medical Center, Washington, D.C. 20007.

The striatum is a major integrative center for limbic and neocortical 
inputs and plays a critical role in the regulation o f sensorimotor and 
psychomotor behavior. This integrative function o f the striatum is 
dependent upon the segregation o f striatal projection neurons into 
organized compartments within the striatum, such as the segregation 
into patches (striosomes) and matrix regions. In the present study, the 
binding pattern of several different ephrin-A (Efn-A) cell surface 
ligands to EphA receptor tyrosine kinases within the developing 
striatum was determined. Using Efn-A/Fc fusion proteins (provided by 
Regeneron Pharmaceutical, Inc.) to bind and histochemically localize 
EphA receptors in fixed tissue sections from postnatal striatum (P0-15), 
we observed a distinct mosaic pattern for the binding o f Efn-A4 that 
closely matched that reported for the matrix compartment of the 
striatum. Adjacent sections incubated with µ-opioid receptor 
antibodies confirmed that the patches lacking Efn-A4 binding were 
positive for µ-opioid receptors. These observations suggest that Efn- 
A4/EphA interactions provide important cell-cell signals for the 
segregation of striatal projection neurons into patch/matrix 
compartments during development. Supported by NIH grant HD07549

607.14
EPHA4 AND EPHA7 mRNA EXPRESSION REVEAL UNIQUE 
MOSAIC PATTERNS IN THE POSTNATAL STRIATUM.
R. M. Cassidy* and L. F. Kromer. Dept. o f Cell Biology and 
Interdisciplinary Program in Neuroscience, Georgetown University 
Medical Center, Washington, DC 20007.

The mammalian striatum serves as a major center for the 
processing of sensorimotor and psychomotor activity. Crucial to this 
integrative function is the compartmental organization o f neurons and 
their afferents in the striatum. The molecular mechanisms which 
orchestrate this compartmentalization are largely unknown. We 
therefore investigated the role o f Eph receptor tyrosine kinases (RTKs) 
in the compartmentalization o f the striatum during postnatal 
development using in situ hybridization. Here we show that two Eph 
RTKs, EphA4 and EphA7, are expressed in unique and overlapping 
mosaic patterns within the striatum. Within the ventral striatum, EphA4 
and EphA7 mRNA is expressed in similar overlapping patterns in 
nucleus accumbens and olfactory tubercle. However, within the 
caudate-putamen hybridization patterns become unique with EphA4 
mRNA expression having a similar pattern to the characteristic matrix 
compartment and EphA7 mRNA expression having a unique patchy 
distribution. These results suggest that Eph RTKs serve to orchestrate 
the clustering of neurons and/or their afferent inputs in the dorsal 
striatum into anatomically distinct compartments. Supported by NIH 
grant HDO7549.

FORMATION AND SPECIFICITY OF SYNAPSES III 

608.2608.1
A GENETIC ANALYSIS OF AGRIN. R.W. Burgess. O. Nguyen, J.W. 
Lichtman,* and J.R. Sanes, Department o f Anatomy and Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110.

Agrin is thought to be a critical nerve-derived organizer of 
postsynaptic differentiation at the neuromuscular junction. However, 
embryonic muscles as well as motoneurons synthesize agrin. A potential 
resolution o f this paradox came with the discoveries that the agrin gene is 
alternatively spliced, that only splice variants with inserts at a “ Z ” site are 
bioactive, and that only neurons express Z+ agrin. We recently showed 
that both pre- and postsynaptic differentiation are disrupted in agrin- 
deficient mutant mice: axons sprout excessively, few acetylcholine 
receptor clusters form, and most are unapposed by nerve (Gautam et a!., 
Cell, 1996). However, the allele we generated not only deleted the Z 
exons but also reduced levels of all agrin isoforms by ~9O%. The relative 
contributions o f nerve and muscle agrin to the nerve and muscle 
phenotypes therefore remained uncertain. To address these issues, we 
have now manipulated Z+ and muscle agrin expression separately. First, 
we generated a new mutant in which the Z exons were deleted by 
homologous recombination followed by cre/loxP-deletion of the neo-r 
selectable marker. Despite the presence of nearly wild-type levels of 
muscle agrin, these mutants displayed pre- and postsynaptic defects 
indistinguishable from those o f the original mutants. Second, we 
transplanted neonatal muscles from the original mutants into adult wild- 
type hosts. Both pre- and postsynaptic specializations formed normally 
when the agrin-deficient muscles were reinnervated by wild-type axons 
Finally, we generated an agrin-null mutant, and found that its 
neuromuscular phenotype is similar to that of the original hypomorphic 
allele. Thus, neuron-derived Z+ agrin is both necessary and sufficient for 
normal development of the neuromuscular junction. The role o f muscle 
agrin remains to be determined. (Supported by NIH.)

MUSCULAR DYSTROPHY AND IMPAIRED AGGREGATION OF 
ACETYLCHOLINE RECEPTORS IN a-DYSTROBREVIN-DEFICIENT 
MUTANT MICE. H. Zhou, R.M. Grady and J.R. Sanes,* Department of 
Anatomy and Neurobiology, Washington University School o f Medicine, 
St. Louis, MO 63110

oc-Dystrobrevin (α db) is an 87kDa cytoplasmic protein that interacts 
directly with dystrophin, whose gene is mutated in Duchenne muscular 
dystrophy and “mdx” mice. Dystrophin-associated proteins have also 
been implicated in postsynaptic development at the neuromuscular 
junction (NMJ). To determine the roles of db in vivo, we used gene 
targeting to generate mice deficient in α . Homozygous mutants (adb-/-) 
are viable and fertile, but exhibit a myopathy similar to that previously 
observed in mdx mice. In addition, acetylcholine receptors (AChRs) are 
disordered at adb-/- NMJs: overall synaptic geometry is preserved, but 
AChR plaques appear fragmented and feathered when viewed “en face”. 
Thus, α db is required for synaptic maturation. To determine whether this 
defect is neurogenic or myogenic, we cultured myoblasts from adb-/- and 
control pups and induced AChR clustering with agrin after the myoblasts 
had fused to form myotubes. AChRs on control myotubes formed 
uniform plaques, whereas those on adb-/- myotubes consisted of groups 
of microclusters. Thus, effects of α db on postsynaptic maturation are 
cell-autonomous. Interestingly, however, AChR plaques appeared 
qualitatively normal at NMJs in mdx mice, in mice deficient in utrophin 
(the synaptic homologue o f dystrophin), in dystrophin/utrophin double 
mutants, and in myotubes cultured from these mutants. Thus, even though 
α db complexes with dystrophin and utrophin, its synaptic role may be 
dystrophin/ utrophin independent. (Supported by NIH and MDA.)
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608.3
OLIGOMERIZATION AND TARGETTING OF ACETYLCHOLINES
TERASE (ACHE): THE MODEL OF THE COLLAGEN-TAILED FORMS. 
Eric Krejci, Stephanie Simon. Claire Legay, Janez Sketelj, Stéphane 
Supplissot* and lean Massoulié. ENS, CNRS URA 1857, 46 rue d'u lm, 
75005 Paris, France.

AChE is accumulated at the neuromuscular junction as 
collagen-tailed forms, in which tetramers of AChET subunit are 
associated with a specific collagen, ColQ. A single gene encodes 
this modular protein that organizes all cholinesterase collagen
tailed forms. Through interactions of their C-terminal-peptide, 
AChET monomeric subunits assemble as tetramers around the 
PRAD, a small peptide domain (Protein Rich Attachment 
Domain). These tetramers are then exported to their site of 
destination, e.g. the neuromuscular junction.

We analysed the quantity of ColQ and AChET mRNAs in 
muscles. We found that in the soleus, ColQ mRNA is relatively 
abundant compared to AChE mRNA. This ratio explains the 
abundance of A8, an unsaturated collagen-tailed form in which 
one of the collagen strands does not carry an AChE tetramer. The 
same molecules could be obtained by co-expressing the adequate 
ratio of mRNA encoding ColQ and AChET, in Xenopus oocytes.

The collagen domain and the C-terminal domain of ColQ 
serve to tether AChE clusters in the basal lamina. Expression of 
truncated and mutated collagens may help to understand the 
possible function of these domains.

608.5
AGRIN DEPOSITION BY CHICK SPINAL CORD NEURONS CULTURED 
ALONE AND WITH RAT MYOTUBES. J. Ma.' B. Lugo.' S. Shah'. E. Godfrey2 
and M.P. Daniels'*. 'Lab. Biochem. Genetics, NIH, Bethesda, MD 20892, 2Dept. 
Cell. Biol. & Anat., Medical College of Wisconsin, Milwaukee, WI 53226 

Agrin secreted by embryonic motor neurons is believed to be the primary 
inducer of the aggregation of acetylcholine receptors (AChRs) and other 
postsynaptic molecules at the developing neuromuscular junction. We have used 
a species-specific antibody to chick agrin with co-cultures of embryonic chick 
spinal cord neurons (enriched in motor neurons) and rat myotubes to identify sites 
of neuronal agrin deposition and assess the relationship between the deposition of 
agrin and nerve-induced AChR aggregation. Further, we have studied the 
distribution of secreted agrin in cultures of neurons alone to look for intrinsic 
targeting of agrin secretion. Neurons from E6 ventral spinal cords were cultured 
on polylysine-laminin for 20 hr - 5 d or were co-cultured with rat myotubes for 1-2 
d. Secreted neuronal agrin was detected by immunofluorescent labeling of living 
cultures. In isolated neurons, agrin was deposited around developing axons, 
dendrites (distinguished by morphology and immunoreactivity for MAP2 and 
SNAP25) and somata (see Cohen et al., J. Neurosci. 14: 3293 (1994)). However, 
deposition was heaviest on the distal portion of developing axons in the first 2-3 d 
of culture. This suggests that agrin is secreted predominantly at the distal ends of 
growing neurites but is not specifically targeted to axons in early stages of 
development. Sequential labeling of “old” and “new” agrin was utilized to 
evaluate agrin deposition as neuronal processes grew and branched. We often 
detected “new” agrin alone on distal portions or branches of axons while 
proximal portions showed “new” as well as “old” agrin. This suggests that agrin 
is continually secreted as neurites are extended. In co-cultures, neuronal agrin 
was deposited in a punctate distribution along both axons and dendrites and in 
wider areas colocalized with nerve-induced AChR aggregates. The heaviest 
deposits of agrin were found along axons, at or close to nerve-induced AChR 
aggregates, indicating accumulation of agrin at developing synaptic sites. 
Supported by grants to E.G. from the MDA and NIH (MH57545).

608.7
STRUCTURAL AND FUNCTIONAL ALTERATIONS OF 
NEUROMUSCULAR JUNCTIONS IN NCAM DEFICIENT MICE. 
V.F. Rafuse*. R. Fatkhiyev. U. Rutishauser and L.T. Landmesser. 
Dept. of Neurosciences, Case Western Reserve Univ. Sch. of Med., 
Cleveland, OH 44106.

The process of synaptic maturation was studied from P0-P30 in 
mice that were (+/+), (+/-) or (-/-.) for an NCAM null mutation. The 
process of neonatal synapse elimination in the semi tendinosis muscle 
was delayed for approximately 1 week in (-/-) mice compared to (+/+) 
and (+/-) littermates. In addition, when the total area occupied by 
AChRs was quantified, (-/-) junctions were 26% smaller than (+/+) at 
PI 1 and 12% smaller at P30. In contrast (+/-) junctions were larger 
and less compact than (+/+) junctions. With respect to function 
measured by nerve evoked tension or EMG, the junctions of NCAM 
null mice had a markedly lower safety factor for transmission than 
wild type junctions. They also exhibited facilitation with repetitive 
stimulation at low frequencies (50Hz) which was not seen at wild 
type junctions which either did not change or exhibited depression at 
these frequencies. It is thus clear that altering the amount of NCAM at 
the neuromuscular junction alters both the size of the junction and the 
efficacy of transmission. Intracellular analysis of transmitter release 
properties is currently underway to determine the basis for the 
functional alterations that have been observed. Supported by NIH 
grants NS 19640, NS23678, NS32779, HD18369 and a McKnight 
Senior Investigator Award to L.T.L.

608.4
A ROLE FOR UTROPH1N IN POSTSYNAPTIC MEMBRANE ORGANIZATION. 
W. Chung*-#, J.P. Kahl~, and J.T. Campanelli~^. -Department of 
Biochemistry, ^Program in Neuroscience, #College of Medicine, University of 
Illinois at Urbana-Champaign, Urbana , IL 61801.

The Dystrophin-glycoprotein complex (DGC) serves as a linkage between 
the extracellular matrix (ECM) and the membrane cytoskeleton by binding 
laminin extracellularly and dystrophin intracellularly. Utroph¡n, the autosomal 
homolog of dystrophin, is also thought to interact with the DGC. Dystroglycan, 
a transmembrane protein of the DGC, is known to bind dystrophin, suggesting 
that utrophin will similarly interact with the cytoplasmic portion of dystroglycan. 
While differences in function of dystrophin and utrophin are uncharacterized, 
the specific localization of utrophin at the neuromuscular junction suggests 
that such an interaction provides a synapse specific linkage between the ECM 
and the cytoskeleton.

Here we demonstrate and characterize a specific interaction between ß- 
dystroglycan and utrophin and the dimerization of utrophin. To localize and 
characterize the utrophin-dystroglycan interaction and utrophin dimerization 
domains, we reconstitute the interaction in vitro using deletion constructs of 
the carboxyl-terminus of utrophin and ß-dystroglycan fusion proteins and in 
vitro translated dystroglycan and utrophin. We demonstrate that the cysteine- 
rich region of utrophin constitutes a binding site for ß-dystroglycan, and the 
carboxyl-terminal region of utrophin mediates the dimerization interaction. We 
also show a similar interaction with a ß-dystroglycan fusion protein missing the 
last fifteen residues corresponding to one of the four proline-rich motifs within 
the cytoplasmic tail. The characterization of these associations provides further 
insight into the structure and molecular organization of the glycoprotein 
complex at the post-synaptic membrane of the neuromuscular junction and will 
be helpful for studying the formation and mechanical integrity of synaptic 
structure. Funded by a grant from the Markey Charitable Trust.

608.6
PSA-NCAM SUPPRESSES ABERRANT MOSSY FIBER 
INNERVATION AND ECTOPIC SYNAPTOGENESIS IN
THE HIPPOCAMPUS. T. Seki12*and U . Rutishauser2. 1Dept. of 
Anatomy, Juntendo Univ.; Toky 113, Japan; 2Depts. of 
Neurosciences and Genetics, Case Western Reserve Univ.; Cleveland, 
OH44I06
10900 Euclid Ave., Cleveland, OH 44106.

The mossy fiber axons of both the developing and adult dentate 
gyrus express the highly polysialylated form of NCAM as they 
innervate the dendritic processes of pyramidal cells in the CA3 region 
of the hippocampus. The present study uses PSA-deficient and 
NCAM mutant mice to evaluate the role of PSA in mossy fiber 
development. The results indicate that removal of PSA by either 
specific enzymatic degradation or mutation of the NCAM-180 isoform 
that carries PSA in the brain, causes an aberrant and persistent 
innervation of the pyramidal cell layer by mossy fibers, including 
excessive collateral sprouting and/or defasciculation of these processes 
as well as formation of ectopic mossy fiber synaptic boutons. These 
results are considered in terms of two possible effects of PSA removal: 
an increase in the number of mossy fibers that can grow into the 
pyramidal cell layer, and an inhibition of process retraction by 
formation of stable junctions including synapses. As these defects on 
granule cells persist in the adult animal, and PSA-positive granule cells 
continue to be produced in the mature brain, the present findings may 
be relevant to previous studies suggesting that PSA-NCAM function is 
required for LTP, LTD and learning behaviors associated with 
hippocampus.

608.8
REDUCTION OF INTRACELLULAR COUPLING AFFECTS CHEMICAL 
TRANSMISSION AT IDENTIFIED SYNAPSES IN CULTURE. T.M. Szabo* and 
M.J. Zoran. Dept. of Biology, Texas A&M University, College Station, TX 77843.

The establishment of appropriate synaptic connections during development requires 
cell-specific communication. Electrical and chemical connectivity of identified 
Helisoma buccal neurons, B19 and VB10, have been characterized. Previous studies 
established that B19 and VB10 function out-of-phase in the feeding cycle and possess 
no electrical or chemical connections, while bilaterally paired Bl9's are strongly 
electrically coupled. During regeneration, B19 and VB10 formed a transient electrical 
connection, followed later by a unidirectional cholinergic chemical connection.

Previously, we demonstrated that application of curare hinders maturation of 
electrical coupling between these cells pairs, as B19-B19 coupling fails to strengthen 
and B19-VB10 coupling fails to diminish over time. In the present study, we tested 
whether disruption of electrical synapse formation using 100 µM α -glycyrrhetinic 
acid (AGA) affected the emergence of chemical synaptic transmission between VB10- 
B19 cell pairs in culture. Our results demonstrated that AGA is an effective 
suppressant of electrical coupling between Helisoma neurons. B19-B19 pairs, which 
are never chemically coupled, do not form chemical connections in the presence of 
AGA. Interestingly, B19-VB 10 pairs, which do form novel chemical connections 
during regeneration, form these connections earlier in the presence of AGA.

On d 1 in cell culture, 83% of AGA-treated B19-VB10 cells pairs possessed 
negligible electrical and strong chemical coupling. All chemically coupled pairs 
possessed low electrical coupling coefficients. In pairs with strong electrical 
coupling, chemical transmission was rarely detected. By d 5 of cell culture, chemical 
coupling was no longer detected in cell pairs exhibiting chemical transmission on d 1, 
demonstrating that these chemical synapses had been eliminated. Thus, the 
establishment of an appropriate dialogue between neurons during regeneration is 
crucial to the maintenance or elimination of these connections.

This work was funded by National Science Foundation Grant IBN-9421372.
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608.9
SYNAPTIC FUNCTION OF IDENTIFIED MOTONEURONS IS REGULATED IN 
A TARGET-SPECIFIC FASHION. M.J. Zora∩*. M.B. Turner and T.M. Szabo. 
Department of Biology, Texas A&M University, College Station, TX 77843.

Connectivity of identified motoneurons of the snail, Helisoma, have been 
characterized based on electrophysiological analyses. Hyperretractor motoneuron 19 
(B19) and retractor motoneuron 10 (VB10) are activated during different phases of the 
feeding cycle. These neurons possess no direct electrical or chemical connections in 
adult buccal ganglia. Although active during motor phases, both neurons possess 
cholinergic chemical connections with similar sets of peripheral muscle targets.

Both B19 and VB10 are connected chemically to the supralateral radular tensor 
(SLrT) muscle and the anterior jugalis (AJ) muscle. However, B19 innervation of 
the SLrT is significantly more efficacious than that of VB10. Action potentials 
(APs) elicited in B19 produce excitatory junction potentials (EJPs) of greater 
amplitude than those elicited by VB10 activation. Activation of Bl9-SLrT synapses 
also elicits significantly greater muscle contractions than VBlO-SLrT activity. In 
contrast, these characteristics are reversed in AJ muscle. Here, activation of VB10-AJ 
synapses resulted in the more efficacious signaling and contraction.

These results demonstrate that synapses of a single motoneuron can possess target- 
specific functions. To test the hypothesis that these differences are regulated by 
retrograde effects, identified motoneurons were studied in cell culture. Upon neurite- 
target contact, the ability of neurites to release acetylcholine where monitored. B19 
released ACh in a target-specific fashion, with SLrT-contacted processes exhibiting 
greater evoked ACh release. Studies with VB10 are ongoing; however, they indicate 
that VB10 gains the ability to release ACh in a target-independent fashion. We are 
investigating whether targets have inhibitory effects on its ability to release ACh.

This work was funded by National Science Foundation Grant IBN-9421372.

608.11
HETEROGENEITY IN ANCHORING MECHANISMS FOR 
POSTSYNAPTIC PROTEINS AT GLUTAMATE AND GABA 
SYNAPSES. D.W. Allison, A.S. Chervin, V.l. Gelfand, and A.M. Craia*.
Dept. of Cell and Structural Biology, University of Illinois, Urbana, IL 61801.

We have used actin depolymerization and detergent extraction to reveal 
differences in cytoskeletal anchoring for AMPA and NMDA type glutamate 
receptors on cultured hippocampal neurons (Allison et al., J. Neurosci. 
18:2423-2436, 1998). We extended these studies to determine the modes 
of cytoskeletal attachment of putative anchoring, scaffolding, and signal 
transducing proteins of both glutamate and GABA postsynaptic sites. Control 
neurons were compared to neurons after 24 hours of latrunculin A treatment 
to depolymerize actin, and neurons extracted with Triton X-100 to remove 
soluble proteins. PSD-95, the putative NMDA receptor anchoring protein and 
a core component of the postsynaptic density (PSD), was still present in 
numerous synaptic clusters following either actin depolymerization or 
detergent extraction. In contrast, CaMKIlα, another core component of the 
PSD, showed a marked reduction in postsynaptic clustering upon actin 
depolymerization and a decrease in apparent intensity of spiny clusters upon 
detergent extraction. Drebrin, an actin-binding protein concentrated in 
spines, became diffusely localized upon actin depolymerization, and was not 
affected by detergent extraction. Thus each of these proteins of glutamate 
synapses exhibits a different mode of cytoskeletal attachment. A potential 
anchoring protein at GABAergic postsynaptic sites, gephyrin, was not affected 
by actin depolymerization or detergent extraction, consistent with attachment 
to microtubules. GABAaR localization was also not affected by actin 
depolymerization. Detergent extraction selectively removed the diffuse pool 
of GABAaR from the non-synaptic plasma membrane, but retained clusters in 
a synaptic-like pattern. These studies reveal an unsuspected heterogeneity 
in the modes of attachment of postsynaptic proteins to the cytoskeleton and 
support the idea that PSD-95 and gephyrin may be core scaffolding 
components. Supported by NIH, NSF and Pew and Markey Charitable Trusts.

608.13
CITRON, A RHO-TARGET, INTERACTS WITH PSD-95 AT 
GLUTAMATERGIC SYNAPSES IN THE THALAMUS.
T. Furuvashiki1. K. Fujisawa1. A. Fujita1. P. Madaule1. S. Uchino2.
M. Mishina3, H.__ BitQ1* and S,__ Narumiya1 1 D e p t .of
Pharmacology, Kyoto Univ. Fac. of Medicine, Kyoto 606-8315; 
2Pharmaceuticals Discovery Lab.,Yokohama Res. Ctr., Mitsubishi 
Chemical Corp., Yokohama 227-8502, and 3Dept. of Pharmacology, 
Univ. of Tokyo Fac. of Medicine, Tokyo 113-0033, Japan.

Proteins of the MAGUK family have recently been shown to be 
involved in the anchoring and clustering of neurotransmitter 
receptors in the postsynaptic density at many cental synapses. 
However, relatively little is known as to how and whether at all 
these multifunctional scaffold proteins might serve as targets for 
activity-dependent and cell type-specific control of the postsynaptic 
signaling machinery. Here, we show that Citron, a Rho-effector in 
the brain, colocalizes and associates with PSD-95 both in vivo and 
in vitro. Elevated Citron expression was found in a predominant 
population of thalamic excitatory neurons, but not in the principal 
neurons of the hippocampus and the cerebellum in the adult mouse 
brain, thereby suggesting a region- and cell-type-specific role for 
Ċitron-PSD-95 interaction. Furthermore, using a heterologous 
expression system, we found that NMDA receptor subunits can 
form a complex with Citron and PSD-95. Thus Citron via its 
association with PSD-95 may link the Rho signaling cascade 
implicated in axonal outgrowth, dendrogenesis and cell migration, 
and the NMDA receptor-dependent signaling complex in the 
thalamus. Supported by grants-in-aid from the Ministry of Education of Japan, 
and grants from Kyoto University, the Japan Brain Foundation and the Yamanouchi 
Foundation for Research on Metabolic Disorders.

608.10
EXPRESSION AND ORTHOGRADE TRANSPORT OF NEUROPEPTIDE 
mRNA IN APLYSIA SENSORY NEURONS ARE REGULATED BY 
SPECIFIC POSTSYNAPTIC TARGET. S. Schacher*. F. Wu. Z.-Y. Sun and D. 
Wang. Cư. Neurobiol. & Behav. and Dept. Microbiol., Columbia Univ. College 
of P & S, NYSPI, New York, NY 10032.

Mechanosensory neurons (SNs) of Aplysia establish synapses in culture with 
some target motor neurons (L7) but fail to form synapses with others (L1 1). This 
specificity is observed despite the expression of neurotransmitter receptors 
(glutamate) on the non-target neuron. Recent studies suggest that the distribution 
and expression of a SN-specific neuropeptide, sensorin (Brunet et al., 1991), are 
regulated by contact with L7 and by applications with neuromodulators that evoke 
long-term plasticity in the structure and function of SN synaptic connections 
(Santarelli et al., 1996). However, little is known about the function of sensorin. 
To explore the role of sensorin in the formation, maintenance and/or modulation 
of SN synapses, we examined the expression of sensorin mRNA with single cell 
RT-PCR in cell bodies and neuritic processes of a) SN, L7 and L1 1 cultured 
alone, b) SN co-cultured with L7 (SN-L7) or c) SN co-cultured with L ll (SN- 
L11). Differences in expression were analyzed by comparing fluorescent intensi
ties of the PCR fragments amplified with primers specific for sensorin to those 
synthesized with primers specific for actin or apCAMs (cell adhesion molecules) 
in the same preparations at 1 or 4 days in culture. Sensorin mRNA was detected 
in SN cell bodies and SN neurites only. The sequence in the level of sensorin 
mRNA in SN cell bodies was SN-L7>SN>SN-L11. The level of sensorin 
mRNA in SN neurites contacting L7 was significantly greater than the expression 
in SN neurites contacting L11. The results indicate that specific target interaction 
leads to an increase in expression and orthograde transport of sensorin mRNA. 
Since local protein synthesis at SN-L7 synaptic sites might contribute to synaptic 
function or plasticity (Martin et al., 1997), the results suggest the possibility that 
local synthesis and release of sensorin may contribute to synapse formation and/or 
maintenance with specific targets. Supported by NIH Grant NS-27541.

608.12
SUBCELLULAR TARGETING AND CYTOSKELETAL ATTACHMENT 
OF SAP97 TO THE EPITHELIAL LATERAL MEMBRANE. H. Wu*. 
S.M.Reuver. S.Kuhlendahl. C.C.Gamer. Department of Neurobiology, 
University of Alabama at Birmingham, Birmingham, AL 35294.

The synapse associated proteins, which include SAP90/PSD-95, 
SAP97, SAP102 and Chapsyn-110, have recently emerged as central 
players in the molecular organization of synapses. These multidomain 
proteins have binding sites for voltage and ligand gated ion channels, 
protein 4.1, GKAP/SAPAPs and cell adhesion molecules containing C- 
terminal T/SXV motif. In neuronal cells, SAPs are d ifferentia lly  
localized to the pre- and/or postsynaptic sites of excitatory or 
inhibitory synapses. One of the family member, SAP97, is also 
expressed in epithelial cells and localized along the lateral membrane 
at cell-cell contact sites. At present, the cellular mechanisms th a t 
regulate the targeting of SAPs to their distinct compartments are 
unknown. In this study, we employed epithelial cells to evaluate the 
contribution of individual domains in SAP97 to their subcellular 
targeting. We find that the PDZ, SH3 and GK domains as well as 13 
insert are not essential in this respect, though both PDZ1-2 and 13 insert 
affect the efficiency of localization. Instead, we show that the first 65 
amino acid residues in SAP97, which are absent from SAP90 and 
SAP102, direct both the selective subcellular localization and 
cytoskeletal attachment of SAP97 in epithelial cells. Our data  
indicate that it is the sequence unique to SAPs that direct its assembly 
at specific membrane specializations. (NIH AG065609)

608.14
ANALYSIS OF PSD-93 KNOCKOUT MICE. J.R. Topinka. 
A.W. McGee. H. Misawa* and D.S. Bredt. Department of 
Physiology, University of California at San Francisco, San 
Francisco, CA 94143-0444.

PSD-93 is a member of the membrane associated guanylate 
kinase (MAGUK) family of proteins. MAGUKs have been 
proposed to cluster ionotropic receptors, channels, and other 
transmembrane proteins. However, in mammals, evidence in vivo 
has not yet been obtained to implicate MAGUKs in localizing 
proteins to synaptic sites. Although the expression patterns of 
several MAGUKs overlap within the brain, PSD-93 is the only 
known family member present in Purkinje cells of the cerebellum.

To address the function of PSD-93 we generated mice containing 
a targeted deletion within the PSD-93 gene. Homozygous mutant 
mice are viable and have no gross anatomical abnormalities. PSD- 
93 protein is undetectable in mutant mice by western blotting and 
immunostaining. Further analysis with a broad specificity antibody 
to MAGUK proteins suggests that PSD-93 is the only MAGUK 
expressed in Purkinje cells. Results of behavioral and 
electrophysiological analyses which assess cerebellar function and 
plasticity, the immunohistochemical characterization of Purkinje cell 
morphology, and the localization synaptic markers in these mutant 
mice will be presented.
Supported by NIH grant R01GM36017 to DSB.
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608.15
IDENTIFICATION OF A NOVEL LIGAND-RECEPTOR PAIR 
LOCALIZED TO SPECIFIC SYNAPSES IN THE DEVELOPING 
MOUSE CEREBELLUM. J.M. Miwa, I. Ibanez-Tallon, and N. Heintz*. 
Laboratory of Molecular Biology, HHMI,The Rockefeller University, NY, 
NY 10021

The proper wiring of the brain depends on the formation of stereotyped 
synaptic connections between pre-synaptic terminals onto precise 
compartments of the post-synaptic neuron. The molecular mechanisms 
underlying the consolidation of supernumerary, immature synapses into 
those seen in the final circuit are largely unknown. Here we report the 
identification of a ligand receptor pair, localized to specific synapses late in 
neuronal development, when such synapse consolidation is taking place. 
The ligand, GC26, is a GPI-linked protein localized to discrete subfields 
within the entire dendritic arbor of some neurons, such as the cerebellar 
Purkinje cell, CA3 pyramidal neuron, deep layer cerebral cortical neuron 
and olfactory bulb mitraLcell. Using an Fc-GC26 fusion protein to bind to 
mouse brain sections, we have localized the GC26 receptor in the 
cerebellum to inhibitory neurons presynaptic to the GC26 expressing 
Purkinje cell. We believe GC26 and its receptor to represent a novel ligand 
receptor pair localized to synaptic partners in multiple circuits in the CNS. 
We are currently using a transgenic approach to investigate the role of this 
ligand receptor system in neuronal development, and the possibility of its 
involvement in synapse maturation during the final stages of circuit 
formation.

This work sponsored by the Howard Hughes Medical Institute. IIT funded 
by AT Children's Project

608.16
A NOVEL GENE IMPLICATED FOR THE SYNAPTIC 
FORMATION AND REGENERATION IN THE RAT OLFACTORY 
BULB AND DENTATE GYRUS. Joji M. Otaki and Stuart Firestein* 
Department of Biological Sciences, Columbia University, New York, 
NY 10027.

The olfactory system is a useful system to study the molecular 
mechanisms of synaptic formation: Olfactory sensory neurons 
expressing a given olfactory receptor terminate in a few descrete targets 
in the olfactory bulb, and granule cells in the olfactory bulb and dentate 
gyrus have been known to regenerate throughout adult life. We have 
cloned a novel receptor-type gene from rat olfactory bulb that may play a 
role in regeneration and synaptic formation in the olfactory bulb. The 
cDNA sequence analysis revealed that this novel gene encodes a long 
2765 amino acid residues with a putative transmembrane domain and 
several other motifs including EGF-like repeats and tyrosine kinase 
phosphorylation sites. Overall, this gene has a significant homology to 
one of the neuregulins, raising the possibility that it may play a role in 
synaptic formation. Multiple-tissue Northern blot shows this gene is 
expressed almost specifically in the brain. In situ hybridization study 
further revealed that this gene is highly expressed in the olfactory bulb 
granule cells, as well as in the hippocumpal granule cells. Expression is 
also seen in other differentiating neurons but not in the mature or 
nondifferentiating cells. We are now trying to clarify its role in the 
synaptic formation during olfactory neurogenesis.
Supported by NIDCD.

608.17
INVOLVEMENT OF THE DROSOPHILA ß-AMYLOID PRECURSOR 
PROTEIN IN THE DEVELOPMENT OF SYNAPSES. M. Packard. L.
Torroja, KL Whitt* and V. Budnik . Dept. Biology, U. Massachusetts, 
Amherst, MA 01003; Dept. Biology, Brandeis U. Waltham, MA 02254 
The ß-amyloid precursor protein (APP) has been implicated in the 
regulation of synapse formation and excitability of mammalian neurons. 
However the exact mechanisms of these actions are poorly understood. We 
have initiated a genetic analysis of APPL, a Drosophila homolog of APP. 
We find that in flies lacking APPL, the number of glutamatergic synaptic 
boutons is slightly but significantly reduced. In contrast, targeted 
overexpression of Appl in these motorneurons results in an over 100% 
increase in the number of synaptic boutons. This increase is the result of the 
sprouting of small "satellite" boutons around normal glutamatergic boutons. 
Although small, these satellite boutons have normal pre- and postsynaptic 
specializations. In an effort to dissect the APPL domains responsible for 
this synapse sprouting phenotype, we are using targeted expression of 
truncated forms of Appl. In addition we are dissecting the mechanisms 
underlying this Appl function by looking for interactions with other genes 
that alter synapse structure. We expect that these studies will contribute to 
our understanding of the role of APPL in synapse formation and maturation. 
Supported by NIH grants ROl NS30072 and KO4 NS01786.

608.18
EFFECTS OF PRENATAL PROTEIN MALNUTRITION IN THE NUMBER OF 
SYNAPSES IN THE CA3 HIPPOCAMPAL FORMATION. L. Granados*1, L. 
Cintra2, J. Laưiva-Sahd2, G. Gutiérrez-Ospina2 , A. Rondán3, A. Aguilar2, N. 
Serrano1,2 & S. Díaz-Cintra2. *lnstituto Nacional de Pediatría S.S., México D. ,  
C.P. 04530, 2Centro de Neurobiología UNAM, A.P. 1-1141, Juriquilla, Querétaro, 
México, C. P. 76001 & 3Facultad de Medicina, UNAM.

The objective of this study was to quantify the number of synapses established by 
the mossy fibers (the axons from granule cells), with their most important target, the 
dendritjc excrescences of CA3 pyramidal cells (MF-CA3 synapses) in adult 
prenatally malnurished rats (220 days old). Sprague Dawley rats bom from dams 
fed either 6% or 25% casein diet during gestation were randomly cross-fostered at 
birth to 25% casein diet dams and maintained on this diet until sacrificed. We made 
two types of analysis, one at the light microscope level, the reference volume of the 
stratum lucidum was estimated in Timm-stained material. In the second study, the 
numerical density of MF-CA3 synapses was measured with the physical dissector 
method at the electron microscopic level. The total number of MF-CA3 was 
calculated as the product of these two parameters. These findings in prenatal protein 
malnourished rats produces significant decrements on their stratum lucidum 
volume, as well as in the numerical density of MF-CA3 synapses and also the total 
number of MF-CA3 synapses. All these effects remain until 220 days of age and 
probability alters the appropriate integration and function of the neuronal trisynaptic 
circuit of the hippocampal formation. This result may help to understand the 
physiological, learning and memory changes observed in prenatal malnor i shed 
rats. (Supported by CONACyT No. 26293, DGPA-UNAM (PAPIIT IN209195 and 
IN206796). LG is fellow from CONACyT.
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609.1

IFNy AND IL-10 PRODUCTION BY CD4+, CD8+ AND yō rich T CELLS 
BEFORE AND AFTER TREATMENT OF MULTIPLE SCLEROSIS WITH 
INTERFERON ß -1a, AVONEX . M.P. Leuschen*1,2. M. L. Filipi2 and R. 
M. Bashir2. Dept Cell Biology & Anatomy1, Div Neurology, Dept. Internal 
Medicene2 Nebraska Health Systems (NHS). Omaha, NE 68198 

Patients with relapsing remitting Multiple Sclerosis (MS) verified by the 
MS Clinic at NHS were evaluated during an active exacerbation prior to 
treatment (n=16). MS patients served as their own controls and were 
studied again 1 mo. after treatment with interferon ß-1a, Avonex. CD3+ 
cells were purified using anti-CD3 labeled magnetically labeled beads 
(MACS, Miltenyi Biotech), and cultured in RPMI supplemented with 
antibiotics, 10% FBS, PHA (1µg/mL) and IL-2 (3µg/mL). After 10-14d, 
T cell subtypes, CD4+, CD8+ and yō rich (CD3+, CD4-, CD8-) were 
isolated using the MACS system, cultured and harvested after 3d for 
evaluation of IFNy and IL-10 by ELISA. All 3 T cell subtypes, CD4+, 
CD8+, and yō rich T cells, produced measurable IFNy and IL-10 during 
an active exacerbation. IFNy decreased, often to levels below the 
detection limit, following Avonex treatment in CD4+, CD8+, and yō rich 
T cells. IL-10 exhibited inter-patient variability following Avonex with 
significant decrease in some patients and increases in others. Highest 
IL-10 levels were measured in yō T cells of two MS patients who had 
received Avonex and exhibited an increase in IL-10 for CD4+ and CD8+ 
T cells following treatment as well.

Funded by Biogen Inc. and Reynolds Chair in Neurology, NHS.

609.2
IS INTERLEUKIN-6 INVOLVED IN THE REGULATION OF 
NEURONAL APOPTOSIS? D.R. Rosell. N.B. Hastings, H.M. Chao*. B.S. 
McEwen. Laboratory of Neuroendocrinology, The Rockefeller University; NY, 
NY 10021.

The focus of this work was to elucidate the signal transduction processes which 
underlie the regulation of neuronal apoptosis in the central nervous system. 
Understanding these processes has significant implications for developing 
therapeutic approaches, and further characterizing the pathophysiology of the 
numerous neurological disorders which all share neuronal cell death as a 
fundamental characteristic. A number of in vitro studies, and preliminary in vivo 
findings support interleukin-6 (IL-6) as having neurotrophic activity. Owing to 
the fact that IL-6 is involved in apoptosis and differentiation in various cell types, 
we investigated the possibility that IL-6 regulates neuronal apoptosis. We first 
replicated, using in situ hybridization histochemistry (ISHH), the finding that 
both IL-6 and its receptor are co-expressed in the rat hippocampus, 
predominantly in the dentate gyrus. Secondly, we designed synthetic 
oligonucleotide probes, for use in ISHH, to characterize hippocampal expression 
of the apoptotic regulatory genes bax, bcl-2 and bcl-xL. Similar to IL-6, all show 
significant levels of expression in the dentate gyrus. It has been demonstrated 
that adrenalectomy (ADX) results in the induction of apoptosis of dentate granule 
cells and, thus, serves as a useful model to study the physiological mechanisms of 
programmed cell death. Therefore, we are employing this model to investigate 
whether a coưelation exists between expression levels of IL-6 and its receptor, 
and ADX-induced apoptosis. Secondly, we seek to determine whether the degree 
of apoptosis and the expression of apoptosis-regulating genes is modified with 
attenuation or potentiation of IL-6 activity in the hippocampus. Supported by 
GM07739.
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609.3

Immunohistochemical staining of the Interleukin-6-
receptor complex in human brain tissue

A. Haslingeг, J . Unger * ,Ғ. Padberga , P. Fischerc, X. Peschld, B. Mendelc, L. 
Steina ,A. Mü llera , T. Schӧna , M. Scheloskec. M. Berovac, S. Galuschkac, D. 
Pongratzc, H.-J· Mӧllera and H. Hampela. aDepartment of Psychiatry, Geriatric 
Psychiatry branch, bDepartment of Anatomy, cFriedrich-Baur Institut, d Institute of 
Pathobgy, Ludwig-Maximilian University Munich, 80336 Munich, Germany 

The Interleukin-6 receptor complex (IL-6 RC) serves a variety of 
important physiological functions, such as proinflammatory and 
neurotrophic actions within the human CNS. To establish a method to 
detect the IL-6 RC in human brain slices, immunohistochemical staining 
was performed on 10µm serial sections of formalin-fixed hippocampus, 
parahippocampus and cortex of AD-patients and healthy subjects. We 
stained tissue with antibodies against IL-6, IL-6 R and gp 130. Microglia 
were identified by staining of CD 45/CD 45R, neurons were detected 
by staining of neurofilament and astrocytes were marked with an 
antibody against GFAP. Antigen detection was performed with FITC- 
labelled antibodies and with the APAAP method.
We demonstrate immunohistochemical staining of the IL-6 RC, 
showing IL-6, IL-6 R and gp 130 expression in post-mortem 
hippocampus, parahippocampus and cortical tissue. We show IL-6 R 
complex expression and expression of CD 45/CD 45R, GFAP and 
neurofilament to identify microglia, astroglia and neurons. Supported by a 
grant o f  the Volkswagen Foundation.

609.5
ACΉ VAΉ ON OF FGF-2 GENE BY A T1 AND AT2 AII RECEPTORS - NEW 
TRANSDUCTION PATHWAY Hu Peng1,2 , J. Moffett1, J. Mvers1,2, J.Hines3, S.J. 
Fl uharty3·P.A. Maher4, W. Shapiro1*, E.K. Stachowiak1,2, M.K. Stachowiak1,2. 1Barrow 
Neurol. Inst., Phoenix, AZ 85013,2SƯNY Buffalo, NY 14214,3Univ. of Pennsylvania, 
Philadelphia, PA 19104,4The Scripps Inst., La Jolla, CA 92037.

Angiotensin II (All) stimulates cellular growth by increasing the expression of the 
mitogenic protein FGF-2. The mechanisms whereby AII activates the FGF-2 gene 
were examined in bovine adrenal medullary cells (BAMC). BAMC expressed both 
AT1, and AT2 receptors ( 5 : 1 )  which synergistically activated the FGF-2 gene 
promoter-luciferase constructs. An upstream promoter fragment (-555/-453bp) was 
sufficient to confer AII activation to a minimal FGF-2 core promoter. It contains a 
unique protein binding sequence (-555/-525 bp) deletion of which abolished AII 
activation. Promoter activation by A T1 and AT2 correlated with the increased in vitro 
binding of 50, 55, 125, 140, and 170 kDa proteins to the AII-responsive element and 
increased tyrosine phosphorylation of the 50-55 kDa proteins. Protein phosphorylation 
and promoter activation were prevented by treatment of cells with genistein, losartan, 
or PD 123319. A ll induced a rapid accumulation FGF-2 protein and its receptor 
FGFR1 directly in the cell nucleus. To determine if they could act as nuclear mediators 
of All we cotransfected FGF-2-promoter-luciferase construct with plasmid expressing 
FGF-2, FGFR1, or control CMVNeo into TE67l cells. Recombinant FGF-2 and 
FGFR1 accumulated predominantly in the nucleus and trans-activated the FGF-2 
promoter. The transactivation by FGF-2 or FGFR1 was not prevented by IP6, an 
extracellular-acting FGF antagonist. In contrast AII activation of FGF-2 promoter was 
prevented by cotransfection of dominant negative FGFR1 mutant with deleted tyrosine 
kinase domain. Thus, AII activates the FGF-2 gene through AT, and AT2, by 
coordinately stimulating tyrosine phosphorylation and the interaction of trans-activating 
proteins with the novel angiotensin I I  element. Nuclear FGF-2 and FGFR1 
serve as new-type transcription transducers for AII. (NIH,NSF, Arizona Disease 
Research Commission, and March of Dimes).

609.7
P H A R M A C O L O G IC A L  S E L E C T IV IT Y  IN T H E  M O D U LA TIO N  O F  
F G F -2  E X P R E S S IO N  W IT H IN  T H E  RA T BR A IN . M.A. Riva,1* Ŗ . 
M olteni,1 G.U. Corsini,2 G. Racagni,1 R. Maggio2. 1 Center of Neuropharmacology, 
University of Milan, Italy and 2 Dept of Pharmacology, University of Pisa, Italy.

Basic fibroblast growth factor (FGF-2) is not only a potent neurotrophic polypeptide 
for several neuronal phenotypes, but exerts a remarkable neuroprotective activity against 
various types of cell injury. Such observation suggests its potential use in acute and 
chronic degenerative diseases that can be characterized by an increased vulnerability of 
neurons to damage. As several limitations could occur with the direct employment of 
neurotrophic factor in vivo, the possibility to increase the biosynthesis of FGF-2 and 
other trophic molecules within the CNS could represent an alternative strategy for the 
treatment of degenerative disorders. Although several neurotransmitter systems can 
produce marked and w idespread alterations in the expression of neurotrophic molecules, 
some drugs can elicit a regional-specific elevation of their expression. We found that 
systemic injection of (-) nicotine, an alkaloid that possesses neuroprotective properties 
for dopaminergic neurons, produces a selective increase of FGF-2 mRNA and protein in 
rat striatum and parietal cortex, an effect antagonized by co-administration of the 
dopamine D~l receptor blocker SCH 23390. Such specific up-regulation of FGF-2 
expression could be explained on the basis of brain nAch receptors heterogeneity and 
their regulatory activity on neurotransmitter release in different brain structures. 
However, the concomitant modulation of different neurotransmitters might also elicit 
specific changes in FGF-2 expression. Indeed, we found that clozapine, an atypical 
antipsychotic with antagonistic properties for several neurotransmitter receptors, can 
produce a very specific elevation of FGF-2 in the striatum. This induction is not 
mimicked by other antipsychotic drugs, with similar or different receptor profiles, 
suggesting that the singularity of clozapine effect might not be closely linked to the 
blocking properties of classical neurotransmitter receptors. According to our results, we 
might be able to define alternative interventions in neuroprolection based on the 
possibility to modulate the production of neurotrophic molecules with a very specific 
fashion in selected brain structures.

609.4
INTERLEUKIN-6 AND THE SOLUBLE INTERLEUKIN-6 RECEPTOR ARE 

DECREASED IN CEREBROSPLINAL FLUID OF PATIENTS WITH 

GERIATRIC DEPRESSION: S. Stübnera, T. Schӧna, F. Padberga*, T. Noldea, M. J. 

Schwarza, K . Bucha, S. J. Teipela, A. Haslineeгa, C . Schneidera, H. U. Kӧttera, N. 

Müllera, T. Sunderlandb, R. Dukoffb, R. Lasserb, H.-J. Mӧller3 and H. Hampela. 

aDepartment of Psychiatry, Geriatric Psychiatry Branch, Ludwig-Maximilians 

University, Nussbaumstrasse 7, 80337 Munich, Germany; bNational Institutes of 

Health, National Institute of Mental Health, Geriatric Psychiatry Branch, 10/ЗD41, 

9000 Rockville Pike, Bethesda, MD 20892; USA.

Interleukin-6 (IL-6) is viewed as an important factor in the interaction between the 

central nervous and the immune system. The biological activity of IL-6 is strongly 

augmented by the soluble IL-6-receptor (sIL-6R). We investigated IL-6 and sIL-6R 

levels in cerebrospinal fluid (CSF) of 20 geriatric patients (mean age 67,3 ± 8,36) 

with clinically diagnosed major depression (MD) and 20 healthy control subjects 

(HC) (mean age 65,80 ± 9,14). Patients with MD were treated with antidepressant 

drugs. CSF levels of IL-6 and sIL-6R showed statistically significant differences 

between patients with MD and HC subjects. We found a significantly decreased 

concentration of IL-6 (p= 0.000, Mann-Whitney U-Test) and of sIL-6R (p=0.005, t- 

Test) in the CSF of the MD patients compared to the HC subjects.

609.6
T H E  E X P R E S S IO N  O F  IN T E R L E U K IN -6  A N D  ITS R E C E P T O R  IN 
SC H W A N N  C E LLS A N D  SC IA TIC  N E R V E IS R E G U L A TED  BY  18 KD 
F IB R O B L A S T  G R O W T H  FA C TO R -2 AN D N E R V E LESIO N . K. H eese1, 
C. G ro th e 2, C. M e is in g er2, R .A . G a d ie n t1*, P. C attin i3 and U, Q tten1· 
1Department of Physiology, Vesalgasse 1, CH-4051 Basel, Switzerland; 2Hannover 
M edical School, Center of Anatomy OE 4140, D-30623 Hannover, Germany; 
3Department of Physiology, University of Manitoba, 730 William Ave., Winnipeg, 
Manitoba RЗE ЗJ7, Canada.

Cytokines are important factors regulating the development and regeneration of the 
nervous system. The expression of interleukin-6 (IL-6) and basic fibroblast growth 
factor 2 (FGF-2) has been shown to be increased after nerve crush injury. To study 
possible interactions of FGF-2 and IL-6 in the lesioned peripheral nerve we have 
analyzed mutual effects of exogenous IL-6 and FGF-2 on the expression of the 
endogenous molecules in a Schwann cell line, since Schwann cells might supply IL-6 
and FGF-2 to lesioned neurons in vivo. We found that IL-6 did not exert any effects 
on the expression of FGF-2 and FGF receptor type I whereas FGF-2 strongly 
increased the expression of the mRNAs of IL-6 and its receptor. The finding that 
clonal Schwann cells which over-express the 18 kD FGF-2 isoform but not those 
which over-express the high-molecular weight isoforms of FGF-2 showed elevated 
levels of IL-6 and IL-6 receptor, suggests that the 18 kD FGF-2 isoform is 
responsible for this effect. This is supported by our finding that FGF-2 expression is 
up-regulated very early after lesioning with a similar time course to IL-6. Further 
analysis revealed that the increase in FGF-2 is mainly confined to the 18 kD isoform. 
These results point to a functional coupling of growth factors where FGF-2 triggers 
an upregulation of the IL-6 system early after lesioning.
This study was supported by the Swiss National Foundation for Scientific Research 
(Grant No 3100-049397.96/1) and by Deutsche Forschungsgesellschaft SFB 505.

609.8
DEVELOPMENTAL REGULATION OF ACIDIC FIBROBLAST GROWTH 
FACTOR mRNA IN FACIAL MOTOR NEURONS. M.Moghaddam* and B.J. 
Wilcox. Division of Cytokine Biology, CBER, Food and Drug Administration, 
Bethesda, MD 20892.

Facial nerve axotomy is a commonly used paradigm for investigating motor neuron 
degeneration. This model often forms the basis for pre-clinical investigations used to 
support clinical trials of novel therapies for human motor neuron disease. Transection 
of the facial nerve on the first postnatal day (P1) results in massive neuronal cell death 
in the facial motor nucleus (FMN). However, the same lesion applied in adult rats 
results in very little neuronal death. The reason for this difference is not understood.

We hypothesize that developmental changes in local neurotrophic factor expression 
within the FMN may contribute to the developmental difference in motor neuron 
vulnerability to axotomy. Acidic fibroblast growth factor (aFGF) is expressed in adult 
rat motor neurons and recent evidence suggests that aFGF may have a trophic role for 
these neurons. To better understand the role of aFGF in support of motor neurons, we 
investigated the developmental expression of aFGF mRNA in the facial rat FMN 
using in situ hybridization. Radiolabelled ohgonucleotide probes were used to detect 
aFGF mRNA in FMN of rats at a series of developmental ages from E16 to adult. 
Additionally, aFGF mRNA expression in the FMN following axotomy was studied in 
the adult and neonatal rat.

Preliminary results suggest that aFGF mRNA is expressed in facial motor neurons 
of adult rat but not at P 1. Further, aFGF mRNA expression may be increased in the 
adult FMN after axotomy but not at P 1. These data suggest that aFGF may 
contribute to the developmental change in facial motor neuron reponse to axotomy. 
Supported by: US Food and Drug Administration.
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609.9
ACIDIC FIBROBLAST GROWTH FACTOR IS RELEASED FROM INJURED 
RAT SCIATIC NERVE. J.Y. Sheu*1 a n d  F.P, Eckenstein1’2 1Neuroscience 
Graduate Program, and 2Dept. of Cell and Developmental Biology, Oregon Health 
Sciences University, Portland, OR 97201 

Acidic Fibroblast Growth Factor (FGF-1) stimulates mitogenesis of non-neuronal 
cells and promotes the survival of various neuronal cell types. High levels of FGF-1 
are expressed by motor and sensory neurons that project their axons through 
peripheral nerves. The factor is present in the cytoplasm of the cell body and the 
processes. Although the in vitro activities of FGF-1 have been well characterized, 
little is known about the functions of FGF-1 in vivo. Because FGF-1 acts on the 
FGF receptors by binding to the extracellular binding sites, and because FGF-1 lacks 
a N-terminal signal peptide that directs secretion, we have hypothesized that FGF-1 is 
released after axonal injury, either by activation of a novel pathway or simply 
through breaches in the plasma membrane. To test this possibility, we used in vitro 
and in vivo models of axonal injury. Sciatic nerves from adult female rats were 
transected and incubated either in vitro, by placing nerve fragments in a petri dish, or 
in vivo, by inserting the end of the distal stump into a tube containing collection 
medium. Using a bioassay, we detected significant quantities of a heparin-dependent 
mitogenic activity in the collection medium. High levels of FGF-1 like mitogenic 
activity were released within the first hour of injury, and continued to be released for 
up to 3 hours, after which the release of the mitogenic activity declined over the next 
24 hours. The mitogenic activity released from the injured nerve was abolished by 
FGF-1 blocking antibodies. This set of data strongly suggest that immediately 
following injury FGF-1 is released from damaged axons into the extracellular space, 
where it may initiate repair responses in neighboring cells. This conclusion is 
consistent with our previous observation that activation of the mitogen-activated 
kinase cascades occurs within minutes after nerve injury. (Supported by NIA).

609.11
QUANTIFICATION OF TNF PROTEIN IN HOMOGENIZED RAT 
SCIATIC NERVE BY ELISA: A METHODOLOGICAL STUDY.
A. George*, A. Weishaupt, A. Bühl, C. Sommer. Neurologische Universitäts- 
klinik, 97080 ü , Germany.

Tumor necrosis factor-α (TNF) levels determined by ELISA in supernatants 
of homogenates of rat tissue critically depend on the extraction procedure used. 
To calculate the loss of a protein during the homogenization procedure, in 
most assays recovery rates of exogenously added protein standard are used.
Here we investigated the influence of different homogenization protocols on the 
detectability of endogenous TNF as well as on the recovery of exogenously 
added TNF standard. For each experiment sciatic nerves (n1 0 ) of Sprague- 
Dawley rats were pooled, homogenized and aliquots (containing or lacking 
TNF standard; 1 ng/ml) were treated in absence or presence of a detergent 
(Triton X-100) added in different concentrations and at different time points 
during the homogenization protocol. After centrifugation, the absolute amount 
(pg/ml) and the relative distribution (%) of TNF in the supernatant and pellet 
phase was determined by ELISA. Western blot was used to distinguish 
between the soluble ( 17 kD), transmembrane (26 kD) and trimeric (51 kD) form 
of the TNF molecule. We observed that the detergent improves detection of 
endogenous TNF in a concentration dependent manner (factor 0.5-3); but 
decreases recovery o f exogenous TNF (factor 0.5). Trimeric, 26 and 17 kD 
TNF molecule forms were found in supernatants o f aliquots treated with low 
detergent concentrations; higher concentrations of detergent were associated 
with pronounced dimer and monomer forming. We conclude, that ( l ) recovery 
studies of exogenous TNF cannot be used to calculate loss of endogenous TNF 
during homogenization and may be even misleading; (2) application of a 
detergent leads to higher levels o f measurable TNF by ELISA; however, this is 
not only due to an improved solubilization of membrane bound TNF, but 
mainly to a dissociation o f the trimeric molecules.
Funding: DFG So 328/2-1

609.13
EXPRESSION OF CYTOKINES AND CHEMOKINES·IN THE ADULT MOUSE 
SPINAL CORD AFTER DORSAL COLUMN INJECTIONS OF LYSOLECITHIN 
AND LIPOPOLYSACCHARIDE. Shalina Ousman* and S. David. Centre for 
Research in Neuroscience, Montreal General Hospital Research Institute and McGill 
University, 1650 Cedar Ave., Montreal, Canada, HЗG 1A4.

Myelin which contains axon growth inhibitors is cleared very slowly after CNS 
injuries. The slow removal of myelin may contribute to the failure of axons to 
regenerate in the injured adult mammalian CNS. In contrast, myelin is cleared 
rapidly from injured peripheral nerves. The slow myelin removal in the CNS is 
attributed to a delayed immune response (l8d) as compared to that in the PNS(Зd). 
However, lysolecithin(LYS) can induce a rapid immune response (3d) in the CNS 
white matter and removal of myelin within the same time course as that in the injured 
PNS. In comparison, lipopolysaccharide(LPS) induces recruitment but not 
extravasation of immune cells into the CNS parenchyma. We are interested in 
identifying the signalling molecules that promote immune cell recruitment and/ 
extravasation into the CNS parenchyma. To this end, we have used RT-PCR to assess 
the expression of various cytokines (IL-1 ß, IFN-γ, TNF-α, IL-1 α, TGF-ß, IL-10) and 
chemokines(RANTES, M IP-lα, MCP-1, GM-CSF, M-CSF) at various times (0.5Һ, 
lh , Зh, 6h, 12Һ, Id, 2d, 4d) after LYS ( 1µg/µl), LPS (2µg/µl) or PBS injections into 
the adult mouse dorsal columns. In LYS treated animals RANTES, MCP-1, M-CSF, 
GM-CSF and IFN-γ were expressed at the earliest time point but appeared much 
later in the LPS injected animals. IL-1 ß, TNF-α and TGF-ß were present at the same 
levels in all time periods in the LYS, LPS and PBS treated animals. These results 
suggest that RANTES, MCP-1, M-CSF, GM-CSF and IFN-γ may contribute to the 
rapid immune ceil recruitment and extravasation seen after LYS injections. Supported 
by the MRC and M S Society o f  Canada.

609.10
A FACTOR FROM INJURED NERVE INDUCES INTERLEUKIN- 
6 mRNA IN DORSAL ROOT GANGLION NEURONS. P.G. 
Murphy* and PM . Richardson. Div. of Neurosurgery, Montreal 
General Hospital, Montreal, PQ, HЗG 1A4.

Previous data indicate that a subpopulation of medium and large 
dorsal root ganglion (DRG) neurons produce interleukin-6 (IL-6) for 
approximately one week after sciatic nerve transection. We have now 
shown that motor and sympathetic neurons also produce IL-6 mRNA 
in response to nerve injury. Because the time course of induction of 
Њ-6 after nerve injury is unusual, we investigated the nature of its 
triggering factors. Three pieces of evidence indicate that IL-6 is 
induced by a postive signal from the injured nerve rather than 
interruption of normal retrograde axonal transport. Injection of the 
microtubule and axonal transport inhibitor colchicine into uninjured rat 
sciatic nerves did not induce IL-6 mRNA in DRG neurons but did 
induce GAP43 whereas injection of colchicine into the stump of a 
transected nerve blocked induction of IL-6 but not GAP43 mRNA. 
Second, killed isogenous nerve fragments from injured but not 
uninjured nerves induced EL-6 in DRG neurons upon apposition to the 
DRG. Finally, intraneural injection of the mast cell degranulating agent 
48/80 but not saline into uninjured sciatic nerve induced IL-6 mRNA 
in DRG neurons. The cellular and molecular nature of the nerve injury 
factor that induces IL-6 are being investigated. (funded by mrc).

609.12
M ONOCYTE CHEM OATTRACTANT-1 (MCP-1) IS EXPRESSED 
IN THALAM US FOLLOW ING CORTICAL LESIONS M L  
Muessel, L K . Felzien, R.M. Klein* and N.E.J. Berman Dept . o f  
Anatomy and Cell Biology, University o f  Kansas Medical Center, 
Kansas City KS 66160.

Retrograde degeneration o f  thalam ic neurons occurs following 
damage to the cerebral cortex, but the m olecular m echanism s which 
control these events are unknown. Recent studies by Finsen’s group 
have shown that microglial activation occurs in thalam ic nuclei 
before the onset o f  neuron death. O ur previous studies have shown 
that M CP-1, a  ß  chemokine which attracts monocytes to  sites o f  
injury, is expressed in cortex rapidly following injury (Hausm ann et 
al., 1998). The present study examined expression o f  M CP-1 in the 
thalam us following focal cortical injury. Aspiration lesions o f  visual 
cortex were m ade in adult mice. A t survival times o f  1, 6, 12, 24 and 
48 hours., brain was harvested and dissected into regions including 
cortex and thalam us ipsilateral and contralateral to  the lesion. RNA 
was extracted and northern analysis for M CP-1 expression was 
performed. M CP-1 m essage was present in injured cortex and in 
ipsilateral thalam us as rapidly as 1 hr. following the damage. 
Ipsilateral cortex and thalam ic expression peaked at 6 hrs and was 
still detectable at 48 hrs. These results suggest that one o f  the earliest 
events o f  retrograde thalam ic degeneration is expression o f  this ß 
chemokine which attracts monocytes to  the region. M onocytes and 
microglia respond to  chemokines and express cytokines and other 
mediators which regulate neuron survival. Supported by A G  96-003, 
H D 02528 and the Lied Foundation.

609.14
CYTOKINE mRNA EXPRESSION DURING NERVE REGENERATION 
THROUGH A NERVE GRAFT, A SILICONE TUBE AND A COLLAGEN TUBE. 
A.S. Bonnard1,2, M. Tadié2, M. Schumacher3* & M. Fontaine1. 1INSERM U78, BP73, 
76230 Bois-Guillaume Cedex, France. 2Lab. of Experimental Neurosurgery, 3INSERM 
U488, Bicêtre Hospital, 94275 Le Kremlin-BicêtгeCedex, France.

To investigate the role of inflammatory cytokines in peripheral nerve regeneration, 
especially when polymer tubes are used to bridge a defect, it is first essential to know 
whether these potent mediators of inflammation are regulated, and if they are, when, 
where and how? Thus, we have examined the time course of expression of IL-lß, TNF- 
α , IL-6 and TGF-ß2 mRNA 2, 7, 14 and 28 days (d#) after three types of rat sciatic 
nerve surgical repair. A 7 mm gap was createdby transection and a guiding device was 
sutured to both nerve stumps : peripheral nerve graft (G); silicone tube (S); collagen 
tube (C). Non operated animals were used as controls. mRNA expression was assessed 
by semi-quantitative RT-PCR. Results were compared to controls in each group. In 
both tube groups, the cytokine mRNA expression was increased except for IL-6 in 
group S. IL-lß and TNF-α mRNA expressions followed nearly the same pattern in 
both groups, with 2 peaks at d2 and d l4 , but TNF-α mRNA did not return to the 
control level in group C. TGF-ß2 mRNA expression remained at a high level from d2 
to d28 in group C, but showed a single peak at d l4  in group S. In group C, IL-6 
mRNA expression dramatically increased to reach a maximum at d2 and maintained at a 
high level until d28. In group G, only the expression of this latter was increased 
between d2 and d 14. The comparison of the 3 groups showed an obvious effect of the 
tubes versus the graft, on cytokine message modulation. Indeed, the analysis of IL-lß, 
TNF-α and TGF-ß2 mRNA expression demonstrated either a long lasting or a transient 
increase. We also observed a « collagen effect », as group C provided the higher levels 
of expression for all the mRNA, in addition, TNF-α, IL-6 an d  TGF-ß2 mRNA levels 
at d28 were still higher than the control one. However, in group C, the most 
interesting pattern of expression is that of IL-6 mRNA. It has been demonstrated that 
exogenous IL-6, as well as the use of a collagen tube, promote peripheral nerve 
regeneration. Thus the hypothesis that IL-6 could participate to the promoting effect ď  
collagen tubes on axonal regeneration cannot be excluded. (Supported by AFM, France)
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609.15
CC-CHEMOKINE mRNAS ARE RAPIDLY UPREGULATED IN THE RAT 
BRAIN FOLLOWING INTRACEREBRAL CYTOKINE INJECTION.
R.C.Dempster1, K.Walker', D.Anthony 1*, J.Clements2 and V.H.Perry1. 1Dept. of 
Pharmacology, University of Oxford, 0X1 ЗQT, UK; 2British Biotech Ltd, Oxford, 
OX4 5OY, UK.

Chemokines are important mediators of leukocyte recruitment, and are rapidly 
induced in most tissues following diverse proinflammatory challenges. In the rat brain, 
leukocyte recruitment after injection of cytokines or other proinflammogens is 
restricted, suggesting that there may be deficient synthesis of chemokines in these 
paradigms. In this study we investigated the profile of CC-chemokine mRNA 
induction by proinflammatory cytokines. IL -lß  ( 1 ng) or TNF-α (0.33µg) were injected 
stereotaxically into the rat striatum, the injected region was dissected out and mRNA 
extracted. A synthetic cDNA standard containing priming sites for rat chemokines was 
then used to quantify chemokine mRNA expression by competitive RT-PCR. IL-lß 
induced a rapid and transient (4-24h) upregulation of M IP -lα , M IP-lß and MCP-1 
mRNAs, but had little effect on RANTES mRNA levels. TN F-α induced a similar 
transient rise in M IP -lα  and M IP-lß mRNA levels, but induced a more protracted rise 
in MCP-1 and RANTES (4-72h).

Despite this early upregulation in chemokine mRNAs, there was little recruitment 
of neutrophils or T cells around the injection site, and no increase in mononuclear 
phagocyte numbers was apparent until 72h after either cytokine injection. In the 
meninges however, IL-lß recruited large numbers of neutrophils and TN F-α recruited 
monocytes and T cells following cytokine injection to the striatum. These results 
indicate that chemokine transcripts may be induced in the CNS without producing the 
leukocyte recruitment typically associated with their presence in most tissues. Other 
levels of regulation may exist beyond mRNA synthesis.
(Supported by Wellcome Trust studentship to R.D.)

609.17
CYTOKINES REGULATE MET PROTEIN EXPRESSION IN CULTURED 
RAT HIPPOCAMPAL ASTROCYTES. K. Shimazaki*, K. Yoshida, Y. Hirose. 
H. Ishimori,  A. Kondo, H. Kagami, H. Sasaki and T. Kawase. Dept. of 
Neurosurgery. KEIO Univ. Sch. of Med. , Tokyo 160. Japan.

We have previously demonstrated that astrocytes have unique neurotrophic 
effects for cholinergic neurons, which are enhanced by several cytokines such as 
fibroblast growth factor (FGF). transforming growth factor-β 1 (TGF-ßl). etc.. 
These cytokines arc considered to be supplied to the brain following injury. The 
c-met proto-oncogene product (c-MET) has been identified as the cell surface 
receptor for hepatocyle growth factor (HGF). We have demonstrated that some 
human neoplastic and reactive astrocytes expressed c-MET, while normal 
astrocytes did not in vivo. These results suggest that c-MET might be an 
important mediator of neuron-glia and glia-glia interactions during the process of 
tumor progression and/or regeneration. In order to elucidate the roles of c-MET 
during the regenerative process in the central nervous system (CNS), we 
investigated c-MET expression in astrocytes and their regulation by cytokines. 
Astrocyte-enriched cultures obtained from hippocampi of new born rats (Wister 
albino) were used for the present study. Immunocytocheinical staining for c- 
MET in cultured rat astrocytes revealed that c-MET was expressed in control and 
cytokine-activated astrocytes, and the localization of c-MET in astrocytes was 
not changed by cytokines. However. Western blot analysis revealed that several 
cytokines enhanced c-MET expression in cultured rat astrocytes. In conclusion. 
it was suggested that c-MET. which present on cytokine-activated astrocytes. 
may have important roles during the regenerative process in the CNS. (Support: 
the Ministry of Education. Science and Culture No.08671615)

609.19
INHIBITION OF CYTOKINE ACTION BY PAF ANTAGONISTS IN 
IMMORTALIZED ASTROCYTES. J-H Wang, W Li, V. L. Marcheselli, 
N. G. Bazan and G Y. Sun*, Nutrition Sciences Program and Biochem. 
Dept., Univ. Missouri, Columbia, MO 65212 and Neuroscience Center, LSU 
Medical Center, New Orleans, LS 70112.

Several compounds from Ginkgo leaves are potent antagonists of platelet 
activating factor (PAF) and can offer neuroprotection on neurons due to 
ischemic insult. Previous studies by Bazan’s group further showed the 
ability of BN50730 to act on intracellular sites and inhibit PAF action 
through transcriptional reguation. In this study, we tested the effects of three 
PAF antagonists (BN50730, BN52021 and PCA4248) on their ability to 
inhibit cytokine-induced iNOS and sPLA2 using an immortalized astrocyte 
cell line (DITNC). Cytokines such as IL-lß  and TNFα could individually 
induce sPLA2 but induction of iNOS required the presence of interferon γ 
(IFNγ) together with IL-l ß or TNFα. When DITNC cells were pretreated 
with the PAF antagonists (20 µg/ml) prior to addition of cytokines (TNFα, 
IL-lß and IFNγ), complete inhibition of NO production was observed with 
BN50730, no effect with BN52021, and PCA4248 gave 35% inhibition. A 
dose-response curve for BN50730 and PCA 4248 indicated IC50 o f 10 and 
30 µg/ml, respectively. BN50730 also inhibited cytokine induced release of 
sPLA2 as well as mRNA levels for iNOS and sPLA2 . These results are in 
agreement with the intracellular site of action of BN50730 and further 
indicated the ability of this PAF antagonist as an effective anti-inflammatory 
agent. (Supported in part by AA06661 from NIAAA).

609.16
DIFFERENTIAL EXPRESSION OF CNTFRα. LIFRß AND GP130 IN RAT 
FACIAL MOTONEURONS AFTER PERIPHERAL AXOTOMY. M, Kirsch*, H -D. 
Hofmann, M. Frotscher and C.A. Haas. Institute of Anatomy I, University of Freiburg. 
79001 Freiburg, Germany

There is evidence that the neurotrophic cytokines ciliary neurotrophic factor (CNTF) 
and leukemia inhibitory factor (LIF) play a role for the ability of adult facial 
motoneurons to regenerate after axotomy. In order to investigate the expression of the 
receptor components necessary for CNTF or LIF action following lesion we performed 
an in situ hybridization study using digoxigenin-labeled riboprobes. The post
operative time course covered the following time intervals: 1d, 5d, 7d. l4d. 21d and 
six weeks. Unoperated control animals served as controls. In situ hybridization 
revealed a differential expression pattern of the three receptor components in the 
motoneurons of the facial nucleus. Axotomy resulted in a massive induction of LIFRß 
mRNA within 24 hours as compared to the unoperated contralateral side. This strong 
upregulation of LIFRß mRNA was maintained up to three weeks. Six weeks after 
nerve transection. coinciding with successful regeneration. LIFRß expression had 
decreased to control levels. In contrast, axotomy resulted in the downregulation of 
CNTFR(x expression in the facial nucleus within one day. Six weeks after axotomy 
CNTFRα expression had increased again to control levels. gp 130 was constitutively 
expressed in motoneurons and its expression was not affected by axotomy at all 
postoperative time points.

Our results show that the three CNTF receptor components are regulated 
differentially in axotomized facial neurons. Selective upregulation of LIFRß and 
downregulation of CNTFRα correlates well with the postlesional changes in the 
expression of LIF and CNTF at the site of lesion. Increased expression of LIFRß could 
thus lead to increased responsiveness of facial motoneurons to LIF released from 
Schwann cells in the vicinity of the lesion and could contribute to survival and 
regeneration of motoneurons.
(Supported by the Deutsche Forschungsgemeinschaft)

609.18
M O LECULAR H ETERO G EN EITY  O F A STRO G LIA L RESPON SE TO 
DIFFERENT INJURY-INDUCED INFLAM M ATORY REACTIONS. A. Ho
and M. Blum.* Fishberg Res Ctr for Neurobiology. The Mount Sinai School of 
Medicine, New York, NY 10029.
In response to traumatic brain injury, microglia migrate to the site of injury and begin 
to produce pro-inflammatory cytokines including IL-1 which then can stimulate 
astrocytes to produce neurotrophic factors. We have previously shown, for example 
that intraventricular infusion of IL-1 stimulates the production of astroglia-derived 
bFGF. However, in contrast to traumatic brain injury or intraventricular 
administration of IL-1, we observed a different glial response following a 
neurotoxin-induced brain injury. When we challenged mice with the dopaminergic 
neurotoxin MPTP, we found that there was not a rapid induction of IL-1 in activated 
microglia. Rather, we detected a later onset of IL-1 induction in reactive astrocytes. 
Moreover, no secondary induction in astroglial bFGF expression was observed. 
These findings led us to hypothesize that both microglia and astroglia can be 
stimulated to synthesize different cytokine/neurotrophic factor profiles depending on 
the type of brain injury. To determine whether MPTP is directly eliciting a different 
glial response, we prepared mixed glial cultures and compared glial responses to 
endotoxin LPS, a potent inducer of microglial IL-1. We found, as expected, that LPS 
caused a rapid induction of IL-1 within 2 days in microglia which was followed by a 
secondary induction of bFGF. However, when cultures were challenged with MPTP, 
induction of IL-1 was not detected until 8 days after treatment and a secondary 
induction in bFGF was not detected. Immunocytochemical analysis revealed that 
while microglia were the predominant cellular source for IL-1 production after LPS 
stimulation, both microglia and astroglia begin to express IL-1 after MPTP. 
Pretreatment with MPTP resulted in a failure of astrocytes to respond to IL-1 
application by inducing bFGF expression. Thus, these findings support our 
hypothesis that different types of immune activators can alter the molecular profile 
and responsiveness of astroglia. Supported by NIH-AG08538.

609.20
THE ROLE OF MICROGLIA IN CYTOKINE PRODUCTION, ASTROGLIOSIS, 
AND NEUROTROPШ SM  IN THE CNS. L. M. Herx1, S. Rivest2 and V.W. Yong1*. 
1Dept. of Neuroscience, University of Calgary, Calgary, AB, Canada T2N 4N1; 2Dept. 
of Molecular Endocrinology, Laval University, Quebec, PQ, Canada G1V 4G2.

Following injury to the adult CNS, astrocytes become reactive and produce 
neurotrophic factors in what appears to be a failed attempt to promote recovery. 
Identification of the molecular mediators of this process, known as astrogliosis, is 
necessary in order to establish suitable conditions for axonal regeneration and 
remyelination. Using a corticectomy model of injury in adult mice, proinflammatory 
cytokines IL- lß  and TNF-α mRNA levels become elevated within 30 minutes and 1 hour, 
respectively, as measured by RT-PCR. This elevation of proinflammatory cytokines 
precedes the rise in GFAP mRNA, the earliest discernible manifestation of astrogliosis, and 
the upregulation of neurotrophic factor transcripts, such as CNTF. No upregulation of 
CNTF has been observed in IL-lß knock-out mice, implying a significant role for this 
cytokine in the production of CNTF. Induction of IL-lß transcripts was detected by in situ 
hybridization in a specific population of cells around the injury site and within the corpus 
callosum. An in vitro co-culture system of LPS-activated microglia with astrocytes 
indicates microglia-derived soluble factors in the activation of astrocytes. Current 
experiments test the hypothesis that microglial-derived proinflammatory cytokines activate 
astrocytes to become reactive and influence their production of neurotrophic factors. 
{Supported by the Medical Research Council o f  Canada & the Alberta Heritage 
Foundation fo r  Medical Research)
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609.21
TROPHIC EFFECT OF MICROGLIAL CULTURE SUPERNATANT ON 

NEURONAL DAMAGE INDUCED BY GLUTAMATE. H·Watanabe,*  H.Abe.
S.Takeuchi, R.Tanaka. Dept. of Neurosurgery, Niigata Univ. Niigata, 951 Japan 

Microglias are considered to be the first cells to react to neuronal damages in an 

ischemic insult and seem to concern neuronal survival. The purpose of this study is to 
evaluate neurotrophic effect of microglias on damaged neurons induced by glutamate 
using supematant of cultured microglias. Neurons and microglias were isolated from 

17- to 19-day embryonic SD rat cerebral cortex and were separately cultured. Cultured 

neurons and microglias were used for experiments 7 and 14 days after the isolation. 1 

mM of glutamate was applied to cultured neurons and microglias as a substitute for an 

ischemic insult. The number of surviving neurons was counted and the supern atant of 

cultured neurons. Cultured neurons were divided into four groups: a control group 

without any additional factors (group A), a group exposed to glutamate for 5min. 

(group B), a group exposed to glutamate for 5min. following with supernatant of 

cultured microglias alone (group C), a group exposed to glutamate for 5min. following 

with supernatant o f cultured microglias stimulated by glutamate (group D). In group 
B, neurons rapidly died. On the other hand more neurons were alive in group C andD, 
especially in D. The number of surviving neurons 24 hours after exposure to glutamate 

or medium alone was 50.1 /mm2, 7.6, 17.4 and 24.5 in group A, B, C

and D, respectively. Thease results indicate that microglias may produce and release 
some trophic factor for neuronal damage induced by glutamate especially in case of 

glutamate exposure to microglias themselves.

609.23
Cytokine expression in human microglia infected with mycobacteria 
F.Gremo,*  G. Palmieri, S. Angioni, V. Sogos, M. Curto, M.G. Ennas,
M.A. Marcialis, M.L. Schivo. School of Medicine, Cagliari (Italy)

Infection of the central nervous system (CNS) is one of the most lethal 
forms of tuberculosis, especially in children. However, the cell target of 
the mycobacterium as well as the cascade of events which lead to brain 
damage are unknown. Since microglia, the resident macrophages of CNS, 
are likely to play a key role, we approached the problem using human 
microglia pure cultures. In brief, cells were infected with 1. 6 to 1. 7 CFU/ml 
of either the two variants of Mycobacterium avium: smooth transparent 
(SmT) and smooth domed-opaque (SmD), or of Mycobacterium 
tuberculosis (MTBC). At different times, cells were assayed through PCR 
for interleukin-1 (IL-1), -6 (IL-6), -10 (IL-10), tumor-necrosis factor α (TNF- 
α) and inducible NO-synthase (iNOs). Results showed that microglia 
expressed different levels of interleukines at different times from infection 
depending on the mycobacterium strain. Indeed, the expression was the 
more precocious the more pathogenic the mycobacterium was. Also, iNOS 
appeared high in microglia infected with MTBC and low in microglia 
infected with the non-pathogenic SmD. Expression of chemokines 
RANTES, MCP-1, MIP, interleukin-8 (IL-8) was assayed through 
immunocytochemistry. Results showed an increase in positivity for IL-8 
and MCP-1 already after 30 minutes from infection with SmT and for 
RANTES with MTBC, further substantiating the hypothesis that microglia 
chemokine production can occur promptly in brain infection. In conclusion, 
our data show that microglia is indeed involved in brain infection by 
mycobacteria, can be their target and can produce molecules which might 
lead not only to inflammation but also to brain damage.
Supported by Progetto Nazionale Tubercolosi ISS Grant n. 39 to F.G.

609.22
INDUCTION OF HEPATOCYTE GROW TH FACTOR (HGF) IN RAT 
MICROGLIA BY PROSTAGLANDIN E2. L.L. Zhang*, T. Him i and 
S. M uro ta . D epatm ent of Physiological Chem istry, G raduate  School, 
Tokyo M edical and  D ental University, Tokyo 113-8549 JAPAN 

M icroglia is a m ajoy im m une effector cell in the brain , and  it 
m ediates cytotoxicity to neurons by releasing cytotoxic substances. 
To know  if m icroglia also plays any n eu ro p ro tec tiv e  role in  the 
brain  d u ring  inflam m ation, w e exam ined the effect of p rostag land in  
E2 (PGE2), one of the m ost im p o rtan t inflam atory  m ediators, on the 
release of n euro troph ic  factors in m icroglial cu ltures. W e disclosed 
that microglia had a capacity of secreating HGF, a  novel neurotrophic  
factor in the brain, in response to PG E2. The m icroglial cu ltures w ere 
obtained  from 20-day-old em bryonic ra t brain . HGF induction  w as 
exam ined by both im rnunohistiochem istry and W estern b lo t analysis. 
The production  of HGF m arkedly increased a t 8 h r after the PGE2 (1 
µM ) trea tm en t and  reached the m axim al level at lό  hr. The high  
level of HGF production  w as kept a t least u p  to 36 h r after the PGE2 
treatm en t. W e then exam ined  the expression  o f HGF in p rim ary  
cultures of neuron  and astrocyte, b u t HGF production  w as detectable 
neither in neurons nor in astrocytes even after PGE2 treatm ent. These 
resu lts  suggest th at m icroglia show s n o t only neurotoxic  b u t also 
neuroprotective effects after brain injury. W ork supported  by Fujisawa 
Foundation.

609.24
PROINFLAMMATORY CYTOKINES: MODULATORY ROLE ON
NEUROTROPHINS IN CULTIVATED NEURONS. S. Di Loreto*, L. Corvetti, R. 
Maccarone A . Confaloni and D. Adorno. Inst. Tipizz. Tiss. C.N.R. 67100 L ' Aquila, 
Italy.

Neurotrophic factors, such as nerve growth factor (NGF) and transforming growth 
factor-beta (TGF-ß), have been shown to protect central neurons against diverse 
excitotoxic injuries and their expression is stimulated by proinflammatory cytokines 
interleukin-1 beta (IL-lß) and tumor necrosis factor- alpha (TNF-α). The present 
study has investigated the effects of short-term exposure to hypoxic stimulation and 
reoxygenation in the relationship between growth factor and cytokine expressions. 
Hypoxic injury was induced in primary cultures of rat hippocampus and, in order to 
establish the pattern of expression of both cytokines and growth factors, the cultures 
were subjected at different times of reoxygenation and semiquantitative reverse 
transcription-polymerase chain reaction (RT-PCR) was performed. To block the 
putative activatory action of IL -lß  and TNF-α, the neutralizing antibodies to both 
cytokines were used before hypoxic exposure. All cytokines and growth factors were 
already detectable in normoxic condition. The expression of IL -lß  and TNF-α 
decreases at the end of hypoxic stimulation but returns to normal levels six hours 
later. Blockade of IL -lß was capable of decreasing both NGF and TGF-ß expression 
in the normoxic condition and after six hours of reoxygenation. On the other hand, 
in the presence of a neutralizing antibody to TNF-α, gene expression of NGF and 
TGF-ß increased in normal conditions but decreased at the end of hypoxia. These 
observations suggest that neuronally expressed cytokines IL -lß  and TNF-α may have 
a complementary and modulatory role in regulating homeostasis of neural cells. This 
autocrine action is effective both in physiological conditions and in the presence of 
the neuronal insult.
Supported by grant of National Council of Research (C.N.R.)

BIOLOGICAL EFFECTS OF CYTOKINES AND OTHER FACTORS V

610.1

REGULATION OF NOREPINEPHRINE TRANSPORTER 
EXPRESSION IN CHOLINERGIC SYMPATHETIC NEURONS.
B. Packard1, M. Klein2, and B. Habecker2*. 1Mt. Vernon Nazarene 

College, Mt. Vernon, Ohio, 2Dept. of Physiology and Pharmacology, 
Oregon Health Sciences University, Portland, OR 97201

Functional noradrenergic transmission requires the production, 
storage, and removal of norepinephrine (NE). Vesicular storage and 
the removal of released NE are carried out by the neuronal vesicular 
monoamine transporter (VMAT2) and the plasma membrane NE 
transporter (NET), respectively. We have investigated the expression 
of these NE transporters in sympathetic neurons which have undergone 
a change in phenotype from producing NE to making acetylcholine 
(ACh) and vasoactive intestinal peptide (VIP). Treatment of cultured 
sympathetic neurons with leukemia inhibitory factor or ciliary 
neurotrophic factor, which induces ACh and VIP while suppressing 
tyrosine hydroxylase (TH) mRNA and NE production, decreases 3H- 
NE uptake via NET and expression of NET mRNA as determined by 
RNase protection. Surprisingly, preliminary results suggest that sweat 
gland cells induce ACh and decrease TH mRNA and NE content in 
these neurons without significantly decreasing 3H-NE uptake. In vivo, 
immunohistochemical analysis of the developing sweat gland 
innervation indicates VMAT2-IR is detectable in sympathetic neurons 
which no longer produce NE or contain vesicular NE stores.
Supported by: MRF Oregon, American Heart Association, NINDS DIR

610.2
SU BPO PU LA TIO N S O F M O TO N EU RO N S IN TH E FA CIA L 
NU CLEUS O. deLapeyrière, J-M . Philippe, R.A. P ollock, V. Arce, B. 
deBoyis, J. Livet, G. Chazal* P. Filippi IN SER M  U .382.
D evelopm ental B iology Institute o f M arseille (C N R S-IN SER M - 
Université de la M éditerranée), C am pus de Lum iny, Case 907, 13288 
M arseille Cedex 09, France
D uring developm ent m otoneurons are dependen t on trophic  factors 
for their survival. Evidence from  knockout m ice suggests that som e 
neurotrophic factors are required by only a subset o f m o to n eu ro n s. 
This raises the possibility that d ifferent subpopu la tions o f  
m otoneurons m ight be distinguished  by their n eu ro tro p h ic  
requirem ents. To test this hypothesis we studied the expression  o f  
receptors for trophic factors in the facial nucleus by in situ
hybridization. On sections from  P0 m ouse facial nucleus, the level o f  
expression o f L ifrß  varies according  to subnuclei whereas nearly all 
facial m otoneurons express C N T F R α  and c -Ret. This partial 
expression o f the Lifrß  within the facial nucleus is not transient and  
does not correspond to a variation in the tim e course  o f the 
developm ent o f subsets o f m otoneuron  since both at ea rlie r stages 
( E 18) and later on (P5), L·ifrß expression  varies according  to  
subnuclei.
W e have established a protocol to dissect the facial nucleus and to 
culture facial m otoneurons. W ork is in progress to assess w hether the 
different levels of expression o f the receptors are co rrela ted  with the
capacity  o f the m otoneurons in culture to respond to the
correspond ing  neurotrophic  factors.
(Supported by INSERM , CN RS, AFM ,EU and IRM E)
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610.3
LIF IS AN AUTOCRINE SURVIVAL FACTOR FOR SCHWANN CELLS.
B.J. Dowsing1* , W.A. Morrison1, N.A. Nicola2, G.P. Starkey2, T. Bucci2, and T.J. 
Kilpatrick2. 1Bernard O’Brien Institute of Microsurgery, St. Vincent’s Hospital 
Melbourne, Fitzroy, Australia 3065, and 2Walter and Eliza Hall Institute of Medical 
Research, Parkville, Australia, 3052.

Schwann cells play a major role in promoting nerve survival and regeneration after 
injury. They provide trophic support for damaged axons, proliferate, and migrate to 
bridge the gap between the proximal and distal axonal stumps and in so doing 
provide ECM components and cell adhesion molecules to promote axon regeneration. 
Following nerve transection, leukemia inhibitory factor (LIF) is upregulated by 
Schwann cells at the injury site within 3 hr. LIF receptors are also upregulated at the 
nerve injury site but their cellular localization and consequent function have not been 
fully characterized.

We demonstrate by RT-PCR and Northern blot analysis that Schwann cells express 
mRNAs for LIF and the LIF receptor components LIFRß and gp130 in vitro. 
Addition of LIF to cultured Schwann cells increased DNA synthesis (3H-thymidine 
incorporation) by 42%, whereas the addition of the soluble LIF receptor LIFBP 
inhibited DNA synthesis by 34% which was reversible by the simultaneous addition 
of LIF. Exogenous LIF had little effect on cell survival (cells with Thiazolyl blue- 
stained mitochondria), whereas LIFBP significantly reduced survival by 55% and 
72% after 24hr and 48hr of culture, respectively. The reduction in cell viability was 
reversible by the simultaneous addition of LIF to the cultures, suggesting that the 
LIFBP effect was specific to the LIF signaling pathway. The addition of LIFBP for 
24hr resulted in a decrease by 66% in the number of viable cells bearing any 
processes (of ≥ 1 cell body diameter) and also in the number of cells exhibiting 
bipolar morphology. These results indicate that Schwann cell activity following 
nerve injury is potentially modulated by LIF.

This project was supported by The Bernard O ’Brien Institute of Microsurgery, The 
Jack Brockhoff Foundation, a National Health & Medical Research Council grant to
T.K. and The Sylvia and Charles Viertel Charitable Foundation.

610.5
T R O PH IC  E FFEC T S O F C A R D IO TR O PH IN -1 A N D  
IN TER LEU K IN -11 ON R A T D R G  N E U R O N S IN VITRO  
J. W e is1’4, M, Hall2. J . K. Heath2, D. Pennica3, M. Thier1. Inst. of Neuro- 
pathol., Univ. of Aachen (RWTH), Germany1, School of Biochem., Univ. 
of Birmingham, Edgbaston, UK2, Dept. of Mol. Biol., Genentech Inc., S. 
San Francisco, CA, USA3, Inst. of Pathology, Univ. of Bern, Switzerland4.

Cardiotrophin-1 (CT-1) was originally isolated for its effects on hyper
trophy of cardiac myocytes whereas interleukin-11 (IL-11) was identified 
due to its ability to stimulate an interleukin-6 (IL-6) dependent plasmocy- 
toma cell line. Both cytokines are structurally and functionally related to 
the neuropoietic cytokines IL-6, ciliary neurotrophic factor (CNTF), leu
kemia inhibitory factor (LIF), and oncostatin M (OSM).

In the present study we examined the effects of recombinant CT-1 and 
IL-11 on cultured newborn rat dorsal root ganglion (DRG) neurons using 
the thiazolyl blue (MTT) survival assay. CT-1 showed prominent trophic 
effects that were comparable to those of CNTF. IL-11 alone did not en
hance the survival of DRG neurons, but soluble IL-11 receptor rendered 
neurons sensitive to IL-11. Surprisingly, this soluble receptor component 
even had slight trophic effects by itself indicating that DRG neurons al
ready might secrete IL-11. Possibly, DRG neurons secrete IL-11, but 
cannot respond to it unless soluble IL-11 receptor is present as well. 
These results suggest that CT-1 and IL-11 might be involved in the 
physiological regulation of sensory neuron survival. Thus, they might, like 
CNTF, also become tools for the therapeutic intervention in neurodegen
eration due to trauma or disease. (Support: CNS center Aachen Univer
sity)

610.7
A ROLE FOR MAMMALIAN HEDGEHOG PROTEINS IN 
PERIPHERAL NERVE DEVELOPMENT AND FUNCTION. K.E. 
Hunter-Schaedle1*, X. Gan1, I. Karavanov1, K.P. Williams2, M. Rich3, 
S.S. Scherer3, and N.K. Mahanthappa1. 1Ontogeny, Inc., Cambridge, 
MA 02138; ‘Biogen, Inc., Cambridge, MA 02139; 3Dept. Neurol., Univ. 
of Penn., Philadelphia, PA 19104.

Three mammalian homologues of the D. melanogaster gene, 
hedgehog, have been identified: Sonic hedgehog (Shh), Indian hedgehog 
(Ihh), and Desert hedgehog (Dhh). In the central nervous system, Shh 
protein has been shown to be critical for ventral phenotype 
specification during development, and as we have previously shown, 
Shh has trophic effects for specific CNS neuron populations. In 
contrast, Dhh is of special interest in the peripheral nervous system 
since its expression is observed in putative Schwann cells late in 
embryogenesis (Bitgood and McMahon, Dev. Biol. 172:126-138 
(1995)), and deletion of this gene (Bitgood, Shen, and McMahon, Curr. 
Biol. 6:298-304 (1996)) results in perturbation of normal epineurial 
and perineurial morphology (Parmantier, Jessen, and Mirsky, personal 
communication; Jessen and Mirsky, TINS, 1998, 2l:in press). In this 
report, we: i) review the neural phenotype of Dhh -/- mice; ii) measure 
the motor nerve conduction velocity in these mice and normal 
littermates; iii) examine the normal patterns of Dhh and putative Dhh 
receptor expression on cells in the perineurium of developing and adult 
peripheral nerve; and iv) examine the effects in vitro of Dhh and Shh 
on peripheral nerve cells. (This research funded by Ontogeny, Inc. and 
Biogen, Inc.)

610.4
COOPERATIVE ACΉONS OF LIF AND NT-3 ON A SUBSET OF MOUSE 
DRG NEURONS. A.J. Jackman and W.D. Snider*. Dept. of Neurology, CSNSI, 
Washington Univ., St. Louis, MO, 63110.
Several lines of evidence suggest that regulation of neuronal morphology is 
influenced by the cooperation of multiple neurotrophic factors. In the PNS, most 
neurons are powerfully regulated by one or more members of the neurotrophin 
family. In addition, many peripheral neurons express one or more components of 
the cytokine receptor complex. Cytokines are implicated in the control of a variety 
of developmental events and in the response of neurons to injury. The cytokine 
LIF is expressed in the DRG from E13, furthermore, LIF and CT-1 are expressed 
in the limb bud during the time of peripheral axon outgrowth, yet their influence 
on neuronal morphology is largely unexplored. As a first step, we have examined 
the developmental expression pattern of the cytokine receptor component LIFRß, 
which is necessary for the actions of LIF, CNTF, and CT-1. At E l l ,  LIFRß is 
expressed at low levels in the DRG in contrast to the trk receptors which are 
already heavily expressed by this age. Expression at E l3 is restricted to a subset of 
DRG neurons, but by E l5 LIFRß is expressed at significant levels by all DRG 
neurons. Expression levels increase further in the postnatal period and appear to be 
restricted to neurons at all developmental stages. In order to assess any influences 
of neurocytokines on axon growth and branching, we tested the effects of LIF in 
highly dissociated sensory neuron cultures at E13. In agreement with previous 
studies, little effect on sensory neuron survival was obtained with any 
neurocytokine alone. However, the combination of LIF and NT-3 resulted in twice 
the neuronal survival seen with NT-3. The morphology of neurons in the 
combined condition also differs from neurons cultured only in the presence of 
NT-3. Preliminary data suggests that LIF substantially reduces branching in a 
subset of NT-3 responsive neurons. We conclude that a common cytokine receptor 
subunit is expressed at high levels by DRG neurons and that neurocytokines may 
act cooperatively with neurotrophins to regulate sensory neuron survival and 
morphology. Supported by NINDS.

610.6
COMPARISON OF PLASMID AND VIRAL DNA FOR THE TRANSFER 
OF GENES TO MOTONEƯRONES I.P . Johnson1, M. S kaгlil1, G .
Goldspink1,  P. Erabadda1, R.S. Coffin2, M. Wagstaff2  and D.S. Latchman2 
SPON: British Neuroscience Association. 1Dept. Anatomy and Developmental 
Biology, Royal Free Hospital School o f Medicine, London NWЗ 2PF and 
2Dept. Molecular Pathology, University College London. UK

To compare the retrograde transfer o f genes to motoneurones using different 
vectors, plasmid DNA (300mg/ml) or a modified (non-replicating, non-lytic, 
non-neurovirulent) Herpes Simplex Type I viral vector (108 pfu/ml) containing 
the lac-Z reporter gene was injected into facial muscles, tibialis anterior 
muscles, or the proximal stumps o f facial nerves o f adult Sprague-Dawley rats.

After 3d, reporter gene expression was detected histochemically in facial 
motoneurones or lumbar spinal motoneurones. After injection o f 5µl into the cut 
nerve, the viral vector labeled approximately 30%  of all facial motoneurones, 
while 5-10% were labeled with the plasmid vector. Neither the viral- or 
plasmid- vector labeled more than 20 motoneurones per rat after Юµl 
intramuscular injection. Despite failure to transfer the gene to all motoneurones, 
application to the cut facial nerve o f the viral vector containing a heatshock 
protein-27 gene prevented the expected increase in calcitonin gene-related 
peptide immunostaining o f cell bodies throughout the nucleus at 3d. This 
increased immunostaining was nevertheless seen after application o f the lac-Z 
containing viral vector, or buffer to the cut nerve.

While the efficiency of gene transfer to motoneurones varies markedly with 
the type o f vector and method of delivery, gene transfer to all motoneurones may 
not be necessary for a wider biological effect.

Support: Peter Samuel Royal Free Fund, British Heart Foundation and MRC.

610.8
R e d u c t io n  o f  S o n ic  h e d g e h o g  s ig n a l in g  r e s u l t s  in  a
DECREASE IN PROLIFERATION FOLLOWED BY CELL DEATH IN THE 
CRANIAL NEURAL TUBE. S.C. Ahlgren*, M. Bronner-Fгaser, 
Biology Department, MC-139, Caltech, Pasadena, 91125.

The expression pattern of Sonic hedgehog (shh) in the 
developing branchial arches suggest a role in head development. To 
separate the early affects of shh on the neural tube from later events 
which might be involved in patterning head structures, we treated 8- 
12s chick embryos with a hybridoma cell line which secretes a 
function-blocking anti-shh antibody. The cells were injected into the 
lateral head mesenchyme. At 2, 6 and 24 hours the antibody binds to 
those tissues of the head which are known to express shh mRNA. 24 
hours after cell injection head development is slightly delayed 
compared to embryos injected with a control hybridoma cell line. 
After 48 hours, there is a dramatic reduction in head development 
with no increase in embryo death. There is a reduction in both neural 
and non-neural tissues, and the branchial arches are poorly 
developed. Six hours after injection of anti-shh hybridoma cells, a 
one hour pulse of BRDU demonstrates a dramatic reduction in 
proliferation of neural tube cells. However, 24 hours after injection 
of hybridoma cells there is no longer a reduction in proliferating cells, 
but rather an increase in cell death in the neural tube and in adjacent 
mesenchyme. Thus it appears that a reduction of shh signaling in the 
developing head leads to decrease in proliferation of the neural tube 
and to widespread cell death in several cell populations of the head.

This work was supported by NIH training grant NS07251.
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610.9

ACTIVE FRACTION OF A CULTURED SCIATIC NERVE CONDITIONED 
MEDIUM (SNCM) CONTAINS MEMBERS OF PROTEIN FAMILIES 
EXHIBITING NEUROTROPHIC ACTIVITIES. R. Villegas, G.M. Villegas*, R. 
García, C. Castillo, M. Longart, M. Hernández, and B. Maqueira. Instituto de 
Estudios Avanzados•IDEA, Apartado 17606, Caracas 1015-A, Venezuela.

The molecular basis of the neurotrophic activity exhibited by SNCM (Brain 
Res. 685: 77, 1995) and by fractions obtained along its purification (Soc. 
Neurosci. Abstr. [229.21], 22:744, 1996 and [56.19], 23:1433, 1997) was 
investigated. SNCM induces neuronal differentiation and neurite outgrowths 
from rat PC12 cells and also survival and neurite outgrowths from eight-days 
chick embryo (E8) ganglia and spinal cord explants. The active fractions were 
obtained by concentration of the SNCM by ultrafiltration, ionic exchange 
chromatography, Cibacron Blue affinity chromatography and fractionation of 
the most active Blue fraction (BF 1.2) by size exclusion HPLC. Presently, the 
protein bands observed in the SDS-PAGE of BF 1.2 located in the 50-70 
kDa range, corresponding to that of the active HPLC fraction, were 
sequenced (Harvard Microchemistry Facility). The peptide sequences reveal 
100% homologies with corresponding sequences of the following proteins, 
belonging to families with neurotrophic active members: (a) in the 58-60 kD 
band, collapsing response mediator protein, CRMP-62 (Goshima et al., 
Nature 376:509,1995) / turn on after division protein, TOAD-64 (Minturn et 
al., J. Neurosci. 15: 6757, 1995); (b) in the 54 kDa band, serine protease 
inhibitor (serpin) SPI-3 (Pages et al., Eur. J. Biochem. 190: 385, 1990) / spi
2.3 (Simar-Blanchet et al., Eur. J. Biochem. 236: 638, 1996), fibronectin and 
glypican; and (c) in the 51 kDa band, serpin SPI-3 /spi 2.3 and fibronectin. 
The role played by these proteins and their relationship with the SNCM 
activity are at present being investigated. Supported by CONICIT Grant S1- 
95000709 and the Vollmer Research Fund of CEC-Caracas. Collaboration of 
Dr. M.A. Santana is acknowledged with thanks.

610.11

INTRAMUSCULAR TREATMENT WITH A PROSAPTIDE 
MIMETIC PROMOTES RECOVERY OF EA E*. Deborah A .C. 
Otero and John S. O’Brien* Departments o f Neurosciences, School 
o f Medicine, University of California at San D iego, La Jolla, CA 
92093.

Prosaposin has recently been identified as a myelinotrophic factor. 
The active portion of the molecule resides in an 11 amino acid 
stretch in the saposin C domain. We have made a peptidomimetic 
compound called D5 (m.w. 1244) which is completely stable to 
proteases when given systemically. D5 is active in vitro as a 
myelinotrophic factor and crosses the blood brain barrier in 
sufficient quantities to be therapeutic. EAE was induced in Lewis 
rats by injection of an emulsion of g.p. spinal cord and CFA. At 14 
days when symptoms were obvious D5 treatment IM was begun at 
200 µg/kg every 24 hours for 8 days. After 22 days stride lengths 
of vehicle injected (C) group versus the treated (D5) group were 
measured (11.4 cm ± 2.4, C; 14.1 cm ± 1.5, D5; p< 0.02); 
cholesterol ester contents of one hemisphere were 3.45 µg/mg ±
0.17, C; 2.44 µg/m g ±  0.30, D5; p<0 .0 0 l and lesions/m m2 in the 
spinal cord were 2.38 ±  0.40, C; 0.71 ±  0.20, D5, p<0 .0 0 l . There 
were no differences in weight loss between the 2 groups. All three 
measurements indicated a significant clinical, biochemical and 
morphological reverseal o f EAE after systemic treatment with D5 
with a 70% reduction in lesions after 8 days. D5 may be an effective 
therapeutic for reversal o f demyelination in humans.
*Supported in part by a grant from M yelos Neurosciences to JSO.

610.13

TRANSGENIC MICE EXPRESSING THE PDGF B-CHAIN UNDER 
CONTROL OF THE MYELIN BASIC PROTEIN PROMOTER DEVELOP 
GLIOSIS AND ABNORMALITIES OF THE RETINA. K. Forsberg-Nilsson 
1)*, A. Fors 1), A.C. Peterson,2) M. Nistér 1) and B. Westermark1) 
1) Department of Genetics and Pathology, University of Uppsala, 75185 
Uppsala, Sweden and 2) Department of Molecular Oncology, McGill 
University, Montréal, H3A1A1 Québec, Canada.

We have generated transgenic mice that express a human platelet-derived 
growth factor B-chain (PDGF-B) cDNA driven by the mouse myelin basic 
protein (MBP) promoter. Transgenic mRNA was expressed in brain, spinal 
cord and optic nerve and the expression profile of transgenic PDGF protein 
during development closely paralleled that of the endogenous MBP.

An increase in the number of GFAP-positive cells in the brain, particularly 
in the corpus callosum and the cerebellar white matter was observed. 
Investigation of eye structure revealed a striking disorganization of retinal 
architecture. While all retinal cell types could be discerned, the retina was 
folded with cells collected in papillary or follicular-like structures. Retinal 
whole mount preparations after india ink perfusion revealed capillary 
disorganization with large caliber vessels supporting only a few fine branches. 
Also, the normally restricted pattern of retinal astrocytes was perturbed such 
that GFAP-positive cells were distributed through all cell layers.

This investigation demonstrates that the generation of astrocyte numbers in 
the developing brain is sensitive to changes in the levels of PDGF. Our 
results also support the notion that PDGF is involved in regulating the two- 
dimensional organization of the retina.
This study was supported by a grant from the Swedish Cancer Society (K.F.)

610.10

REGULATION OF IONIC CURRENTS IN PC12 CELLS BY RAT SCIATIC 
NERVE CONDITIONED MEDIUM (SNCM) C.Castillo, F.Carreño and
R.Villegas*. Instituto de Estudios Avanzados, Apartado 17606,Caracas 1015- 
A, Venezuela.

It has been described that upon application of SNCM to PC12 cells, they 
extend neurites (Villegas et.al., Brain Res., 685:77, 1995). However, there is 
no knowledge about what happens to ionic currents after SNCM exposure. 
Also, it has been well studied that Nerve Growth Factor (NGF) increases the 
expression of Na currents after long-term exposure, and that induces the 
expression of T type calcium channels (Garber et al. J. Neurosci. 9: 
3976,1989).

We have measured whole cell currents after chronic application of SNCM 
and as a control we used PC12 cell treated with NGF. Voltage-dependent Na 
currents were observed in a small fraction of the PC12 cells in the absence of 
NGF or SNCM. Besides, we confirmed that NGF induced the expression of 
Na currents in virtually all PC12 cells, whereas there was neither an increase 
in the number of cells that expressed voltage-dependent Na currents nor 
there was an increase in the Na current density when stimulated with SNCM. 
K current densities remained the same, when cells were either treated or not 
with NGF or SNCM. We have also found that this particular PC12 cells did 
not expressed T-type Ca channels even when treated with NGF. On the 
other hand, we found that both SNCM and NGF increased the expression of 
high-threshold Ca currents. Ca current density increased 60% after 
stimulation with SNCM and 100% with NGF.

(Supported by Vollmer Research Fund of CEC-Caracas and CONICIT 
grants S1-95000709 and S1-95000727).

610.12

C-M ET R ECEPTO R GENE KNOCK-DOW N IN HUMAN 
GLIOBLASTOMA CELLS. R. Abounader*, S. Ranganathan, S. Fan, EM. 
Rosen and J. Laterra. Johns Hopkins University School of Medicine and 
Kennedy Krieger Institute, 707 N. Broadway, Baltimore, MD 21205, USA.

Scatter Factor (SF), also known as Hepatocyte Growth Factor (HGF), and 
its tyrosine kinase receptor c-MET stimulate cell motility, proliferation, 
morphogenesis and carcinogenesis. SF and c-MET expression correlate w ith 
human glioma malignancy and overexpression of SF increases glioblastoma 
malignancy. In this study, we have knocked down c-MET gene expression in 
human glioblastoma cells and examined the effects of this knock-down on SF 
induced signal transduction and tumor cell sensitivity to cytotoxic drugs, c- 
MET gene knock-down was achieved by transfecting human glioblastoma 
cells with a transgene consisting of U 1-snRNA, hammerhead ribozyme and 
anti-cMET antisense. c-MET expression in knock-down clones was reduced 
to as little as 5% of control levels as determined by Northern analysis of 
mRNA levels and Western blot analysis of protein levels. The induction o f c- 
MET expression by SF, serum and PMA (Phorbol 12-Myristate 13-Acetate) 
was reduced 10-fold in knock-down clones. SF significantly induces c-FOS 
and c-JUN expression in control glioblastoma cells. c-FOS/c-JUN induction 
by SF was completely abolished in knock-down cells, while c-FOS/c-JUN 
induction by serum and PMA was unaffected. SF protected control 
glioblastoma cells from death induced by doxorubicin, paclitaxel and cisplatin. 
This protection was significantly diminished (50-80%) in c-MET knock-down 
cells. The results indicate that targeting c-MET receptors in human gliomas 
may have therapeutic potential. Supported by N IH  NS 32148.

610.14

CORNEAL RE-EPITHELIALIZATION IS ACCELERATED BY 
OPIOID RECEPTOR BLOCKADE. I.S. Zagon1*, J. Sassani2 
and P.J. McLaughlin1. Departments of 1Neuroscience and 
Anatomy, 2Ophthalmology, and 2Pathology, Penn State 
University College of Medicine, Hershey, PA 17033.

[Met5]-enkephalin, opioid growth factor (OGF), serves as a 
constitutively expressed and autocrine produced inhibitory 
molecule related to developing, neoplastic, renewing, and 
healing tissues. To examine the effects of blockade of the 
OGF-ζ receptor interaction during re-epithelialization of the 
cornea in the rat, systemic injections or topical application of 
the potent opioid antagonist naltrexone were utilized. A 4 mm 
diameter epithelial defect was made in the center of the 
cornea and NTX was either injected twice daily or applied as 
eyedrops 4 times daily; control animals received sterile water. 
Beginning as early as 8 hr after wounding, both the systemic 
and topical NTX treatment groups had defects that were 10- 
67% smaller than control abrasions. Rate of healing for NTX 
groups was 4.7- and 2.8-fold greater than controls for 
systemic and topical paradigms, respectively. These results 
indicate that the native opioid peptide exerts a tonically active, 
inhibitory influence at the receptor level on repair of corneal 
epithelial injuries. Sponsored by NIH grant EY10300.
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611.1

EXPRESSION ANALYSIS OF GFRα-3, A GLIAL CELL LINE-DERIVED 
NEUROTROPHIC FACTOR FAMILY RECEPTOR, AND AN ATTEMPT TO 
ISOLATE ITS LIGAND(S). S. Nomoto*, S. Ito, K. Adachi, L.-X. Yang, and K. 
Kiuchi. Laboratory for Genes of Motor Systems, Bio-Mimetic Control Research 
Program, RIKEN; Nagoya, Aichi 4630003, Japan.

Glial-cell-line-derived neurotrophic factor (GDNF) and neurturin (NTN) are 
structurally related to TGF-β and are survival factors for sympathetic, sensory, and 
central nervous system neurons. GDNF transmits its signal primarily through a 
receptor complex containing the receptor tyrosine kinase Ret and a glycosyl- 
phosphatidylinositol (GPI)-linked receptor, GDNFRα. NTN utilizes a receptor 
complex system that consists of Ret and another GPI-linked receptor, NTNRα. We 
have identified a mouse cDNA, termed GFRa-3. that encodes a putative GPI-linked 
receptor using the mouse expressed sequence tag database. At the protein level, mouse 
GFRα-3 is 35% identical to mouse GDNFRα and 36% identical to mouse NTNRα. 
Northern blot analysis showed that GFRa-3 is expressed in fetal mouse heart, brain, 
lung, and kidney and adult heart. These results indicate that the tissue distribution of 
GFRa-3 mRNA is different from that of GDNFRα or NTNRα mRNA. and suggest 
that GFRα-3 may function in differentiation of embryonic cells expressing its mRNA. 
The ligand(s) for GFRα-3 has not been identified yet. GDNF does not activate Ret 
when GFRα-3 is expressed in cultured cells. To isolate the ligand(s) for GFRα-3, we 
applied a phage display system. GFRα-3 protein containing a 6xHis affinity tag was 
purified by Ni-NTA resin and attached to bottoms of 96-well plates. A T7 phage 
display cDNA library was constructed using mRNA purified from embryonic mouse 
brain. T7 phage display cDNA clones that bind GFRα-3 protein will be then selected 
by several rounds of biopanning. The cDNA clones will be sequenced. This screening 
is currently progressing. In conclusion, GDNFRα and NTNRα are expressed in the 
fetal and adult brain, whereas GFRa-3 is mainly expressed in the fetal brain, suggesting 
that GFRα-3 plays a role in cell differentiation in the brain.

Supported by the Frontier Research Program of RIKEN.

611.3

MOLECULAR ANALYSIS OF THE cDNA AND GENOMIC DNA ENCODING 
MOUSE GFRα-1 AND IDENTIFICATION OF A NOVEL ISOFORM OF GFRα-1

L.-X. Yang* and K. Kiuchi. Lab. for Genes of Motor Systems, Bio-Mimetic 
Control Research Program, RIKEN; Nagoya, Aichi 463-0003, Japan.

Glial cell line-derived neurotrophic factor (GDNF) and neurturin (NTN) are potent 
survival factors for a variety of neuronal populations in the peripheral and central 
nervous systems. GDNF receptor alpha (GDNFR-α), also named as GFRα-1, a 
glycosyl-phosphatidylinositol (GPI)-linked cell surface protein was recently identified. 
GDNF and NTN signal via a receptor complex of GFRα-1 as a ligand binding subunit 
and Ret, the receptor tyrosine kinase, as a signaling subunit in vitro. In order to 
investigate the mechanisms underlying the regulation of GFRα-1 gene expression in 
vivo, we cloned the cDNA for GFRα-1 from the mouse midbrain, screened out several 
genomic clones of mouse GFRα-1 gene, and devised a PCR approach and genomic 
walking for locating all the exon-intron boundaries and the promoter region. By 
performing 5'- and 3'-RACE, we obtained two types of full-length cDNA clones for 
the mouse GFRα-1 gene with different sequences in the 5'-untranslated region (5'- 
UTR). Studies of the genomic structure and RT-PCR reveal that the 446 bp sequence 
of the 5'-end cDNA designated as exon 1A is located downstream of TATA box in the 
promoter region, the heterogeneity in the 5'-UTR is generated by alternative RNA 
splicing of the exon 1B locating downstream of exon 1A, and the initiation codon 
ATG is located in exon 2. We identified three isoforms of GFRα-1 mRNA existing 
in mouse brain. The major isoform, termed as GFRα-1 (a), has an identical sequence 
encoding a protein of 468 amino acids with the exon 1A connecting or deleting the 
exon 1B. The second isoform, named GFRα-1(b), shows a deletion of 5 amino acids. 
The third one, designated as GFRα-1(c), a novel isoform of GFRα-1, contains a 30 
bp insertion in coding region resulting in a single long open reading frame encoding a 
protein of 478 amino acids. Both GFRα-1(b) and GFRα-1(c) are splice variants from 
the single gene, mouse GFRα-1 that comprises 13 exons. (Supported by the Frontier 
Research Program of RIKEN)

611.5

DEVELOPMENT AND CHARACTERIZATION OF NOVEL RET 
SPECIFIC MONOCLONAL ANTIBODIES, 
J.S. Hongo*, K.A. Schroeder and B. Devaux. Department of 
Antibody Technologies, Genentech, Inc., South San Francisco, CA 
USA

Neurturin, a structural and functional relative of glial cell line 
derived neurotrophic factor (GDNF), was originally identified 
based on its ability to support the survival of sympathetic neurons 
in culture. Similar to GDNF, Neurturin has been shown to bind to a 
high affinity GPI-linked receptor and induce phosphorylation of 
the tyrosine kinase receptor Ret, resulting in the activation of the 
MAP kinase signalling pathway.

A panel of seven murine monoclonal antibodies (MAbs) specific to the 
extracellular domain of the Ret receptor have been developed and 
characterized. All of the MAbs bind the soluble receptor w ith high 
affinity, as determined by direct and indirect ELISA, and also have 
been shown to be useful reagents for immunoblotting. Novel, specific 
MAbs with varying epitope specificities and functional characteristics 
should be valuable reagents for both in vitro and in vivo 
characterization of Ret and its functional relationship to the GFR- 
alphal and GFR-alpha2 receptors, Neurturin and GDNF.

(Genentech, Inc.)

611.2

EXRESSION AND REGULATION OF G F R α 3, A NOVEL GDNF 
RECEPTOR FAMILY MEMBER PRESENT IN THE SURVIVING 
NEURONS OF THE GDNF MUTANT MICE. C. Baudet1, P. Naveilhan1, 
Å. Mikaels1, B. Meister2*, L. Shen3, H. Westphal3 and Patrik Ernfors1. 1Dept. of 
Molecular Neurobiology, Karolinska institute, S 17177 Stockholm, Sweden. 2Dept. 
of Neuroscience, Karolinska institute, SI7177 Stockholm, Sweden, 3Laboratory of 
Mammalian Genes and Development, National Institutes of Health, Bethesda, 
20892, USA.

We report the identification of a novel member of the GDNF receptor family, 
termed GFRα3, that is homologous to the previously identified GDNF and 
neurturin ligand binding receptors GFRα1 and GFRα2. GFRα3 is 32% and 37% 
identical to GFRαl and GFRα2, respectively. In contrast to gfrα1 and gfrα2 
which are abundant in the brain, gfrα3 is specifically expressed in the peripheral 
nervous system and in peripheral organs of the adult. However, all three gfrα 
receptors are expressed during embryonic development of the brain. Gfrα3 is also 
different from gfrαl and gfrα2 since it is only expressed in ret expressing cells and 
tissues. In situ hybridisation was used to identify mRNA expressing cells in the 
trigeminal ganglion. Results show that gfrα2 and gfrα3 are expressed in different 
subpopulations of neurons, whereas gfrαl is coexpressed in some gfrα2 and gfrα3- 
positive neurons. We find that the gfrα1-population of neurons is the only one that 
is lost in GDNF null mutant mice suggesting that GDNF signals in vivo by 
interacting with GFRα1, but not with GFRα2 or GFRα3. Thus, our results 
show that there are at least three members in the GDNF family of ligand binding 
receptors and that these receptors confer ligand specificity in vivo. The expression 
and coexpression of these receptors in subpopulations of trigeminal ganglion 
neurons suggest specific roles in distinct classes of sensory neurons.
(This work was funded by the Swedish Medical Research Council)

611.4

EXPRESSION OF THE RET COMPONENT OF THE GDNF RECEPTOR COMPLEX 
IN A MESENCEPHALIC DOPAMINERGIC CELL CULTURE K. Shimoda1*, J. M. 
Johnston2, D. Maric3,  I. Maric3 and J.W. Commissiong4. 1Div. Neurol., Natl. Nishitottori 
Hosp., 876 Mitsu, Tottori 689-020, Japan; 2Dept. Neurol. Surg., Univ. Hosp. Albert 
Einstein Col. Med. 111 East 210th Street, Bronx, NY 10467, USA; 3Lab. Neurophysiol., 
NINDS-NIH, Bldg. 36/2C02, 36 Convent Dr., Bethesda, MD 20892; USA; 4 Neurotrophic 
Res. Corp., 8200 Wisconsin Ave./Suite 100, Bethesda, MD 20892, USA.
The use of fetal dopaminergic cell cultures of rat as a test system in the development of 

dopaminergic neuroprotective molecules to treat Parkinson’s disease assumes that 
“dopaminergic” neurons in vitro express the array of cellular and molecular markers as do 
dopaminergic neurons in vivo. We used the microisland culturing method, combined with 
a cell culture that contains a high (20%) percentage of dopaminergic neurons (J. Neurosci 
Meth. 67: 27-41, 1996) to test for the development of glial cell line-derived neurotrophic 
factor (GDNF) receptor complex, since GDNF is neuroprotective to dopaminergic neurons 
in vivo. Using immunocytochemical techniques, combined with fluorescence activated 
cell sorting, we demonstrated that RET, the tyrosine kinase signaling component of the 
receptor complex was not expressed at plating (DIVO), but that 5.3% of the cells expressed 
RET at DIV3. However, GDNF (1.0 ng/ml) failed to elicit a calcium signal in cells 
previously loaded with fluo-3 at DIVO and DIV3, suggesting that the glycosyl- 
phosphatidylinositol (GPI)-linked binding component of the receptor (GDNFRα) was not 
expressed at DIV3. In a careful, control experiment, a potent dopaminergic neurotrophic 
factor under development elicited a strong calcium signal in 10% and 39% of the cells at 
DIVO and DIV3 respectively, under identical experimental conditions. These experiments 
demonstrate that RET develops in mesencephalic cells in culture. Longer-term 
experiments are in progress to study the development of GDNFRα, and to test for co-
localization of tyrosine hydroxylase/RET and GDNFRα/RET. These experiments are 
designed to discover the optimal conditions that support the development of 
“dopaminergic” neurons in vitro, that are similar to dopaminergic neurons in vivo.

611.6
BINDING OF GDNF AND NEURTURIN TO HUMAN GFRα1-3; COMPARISON 
OF CELL-BASED AND CELL-FREE ASSAY SYSTEMS. M. Cik, A. S. Lesage*,
I, Van Der Linden, S. Masure, P. Van Gompel, M. N. Pangalos, R. Gordon, and
J. E. Leysen. Janssen Research Foundation, Turnhoutseweg 30, 2340 Beerse, Belgium.

Glial cell line derived neurotrophic factor (CDNF), neurturin (NTN) and persephin 
(PSP), distant members of TGF-β superfamily, are potent neurotrophic factors with 
various effects on central and peripheral nerve cells. GDNF and NTN bind to the 
glycosyl phosphatidyl inositol (GPI)-anchored membrane protein, GDNF family 
receptor alfa (GFRα). This receptor, ligand complex subsequently binds to and activates 
cRET. Three members of the GFRα have been cloned: GFRα1, GFRα2 and GFRα3. 
GDNF is the preferred ligand for GFRα1 and NTN for GFRα2 but both ligands show 
cross reactivity for GFRα1 and GFRα2. The ligand for the novel GFRα3 receptor is 
still to be found, in order to further investigate GDNF and NTN binding to GFRα1-3. 
we used a receptor binding assay on transiently transfected CHG cells and a cell-free 
immunoadhesin system. Using the whole cell binding assay, we found that 50 pM 
[125I]-GDNF labels specifically GFRα1 and 50 pM [125I]-NTN GFRα2. Neither of the 
ligands labels GFRα3. Also in the presence of cRET no specific binding of 
[l25I]-GDNF to GFRα2 and [l25I]-NTN to GFRα1 was detected. Remarkably, using a 
cell-free immunoadhesin binding assay, 50 pM [125I]-GDNF bound specifically to both, 
GFRα1 and GFRα2. Competition binding analysis with whole cells expressing 
GFRα1/cRET showed that GDNF displaces [125I]-GDNF with two affinities. The EC50 
for the high affinity site was 22 pM and that for the low affinity site was 4.8 nM. When 
only GFRα1 was expressed, GDNF displaced [l25I]-GDNF with an EC50 of 1.7 nM. 
These results demonstrate that [125I]-GDNF binds to GFRα1 with the high affinity only 
in the presence of cRET. Our findings show that binding properties of [l25I]-GDNF 
depend on the presence or absence of the cRET and on the assay system. NTN inhibited 
[125I]-GDNF binding with an EC50 of 58 nM in the presence of cRET and EC50 of 
28 nM in the absence of cRET. These results show that binding of NTN to the GFRα1 
does not depend on the presence or absence of cRET.
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611.7

EX PRESSIO N  OF GDNFα-1 R EC E PT O R  IN GABAergic NEURONS
Sarabi A, Hoffer B. J and M Morales*. Intramural Research Program. 
National Institute on Drug Abuse, NIH, Baltimore, MD 21224.

Glial cell line derived neurotrophic factor (GDNF) is a potent 
neurotrophic factor for several neural populations. Two of the cloned 
GDNF receptors (GDNFα-1 and GDNFα-2) are expressed in several areas 
of the adult brain (Nosrat et al., 1997; Trupp et al., 1977; Widenfalk et al., 
1977) suggesting that the GDNF receptors are present in specific subsets 
of neurons. It has previously been shown that the number of GABAergic 
neurons in embryonic septal transplants increases following treatment with 
GDNF (Price et al., 1996), thus implying that embryonic GABAergic cells 
may contain GDNF receptors. By using a combination of in situ 
hybridization and immunohistochemical techniques, we found that adult 
septal GABAergic cells expressed G D N Fα-1. In addition to the lateral 
septum, GABA and GDNFα-1 transcripts were colocalized to several areas 
of adult brain including the anterior olfactory nucleus, dorsal 
endopiriform nucleus, somatosensory cortex, hippocampus, reticular 
thalamic nucleus (rtn), inferior colliculus and substantia nigra pars 
reticulata. Moreover, GDNFα-1 might be expressed in different types of 
GABAergic neurons depending upon their regional distribution. For 
instance, parvalbumin was detected in most of GDNFα-1 expressing cells 
in the rtn and some interneurons in the hippocampus. In contrast, 
GABAergic neurons that express GDNFα-1 lack parvalbumin in cortical 
areas and hilus.

Our results suggest that activation of GDNFα-1 might affect inhibitory 
neurons that are likely to be involved in diverse brain functions. 
(Supported by the IRP, NIDA/NIH).

611.9

DIFFERENTIAL REGULATION OF GDNF, NEURTURIN, c-RET, GFRα-1 and α-2mRNAs 
AFTER BRAIN INSULTS IN THE RAT. Z. Kokaia1*, M. S. Airaksinen2, A. Nanobashvili1 
Elin Larsson1, Eila Kujamäki2, Olle Lindvall1 and Mart Saarma2

1Section of Restorative Neurology, Wallenberg Neuroscience Center, University 
Hospital, S-221 85 Lund, Sweden; 2Department of Physiology, Institute of Biomedicine, 
University of Helsinki, 00014 Helsinki, Finland.

Expression of mRNAs for glial cell line-derived neurotrophic factor (GDNF), 
neurturin (NTN) and their receptors, c-Ret, GFRα-1 and α-2, was studied using in 
situ hybridization after 40 rapid hippocampal kindling stimulations (400 µA, 10 Hz, 1 
ms square wave pulses for 10 s with 5 min intervals) or 10 min of global forebrain 
ischemia. Animals were decapitated at 2, 6 and 24 h and at 7 days after the last 
stimulus-evoked seizure or at 2, 6 and 24 h after the end of ischemia, respectively. 
Electrode-implanted, non-stimulated or sham-operated animals were used as controls. 
GDNF and NTN mRNAs were transiently upregulated only in the dentate gyrus 
granule cell layer. The GFRα-1 gene showed a more widespread pattern of changes 
and, in addition to the dentate gyrus, elevated levels of GFRα-1 mRNA were also 
detected in the CA1 and CA3 pyramidal layers, hilus, parietal cortex and basolateral 
amygdala at different times after the recurring seizures. In contrast, GFRα-2 mRNA 
expression was transiently decreased in the CA1 region and basolateral amygdala. 
Increased level of GFRα-2 mRNA was observed in thalamus and piriform cortex. A 
transient increase of c-Ret mRNA was found in the hilus and stratum radiatum and 
oriens of the hippocampus. Ten min of global forebrain ischemia induced increased 
expression of GDNF and GFRα-1 mRNAs in the dentate gyrus granule cell layer and 
of GFRα-1 mRNA in the hilus. In addition, this insult caused a transient 
upregulation of the GFRα-2 gene in the parietal cortex. We propose that the insult- 
induced differential alterations of genes within the GDNF family may be important for 
the effectiveness of neuroprotective responses after brain insults but could also play a 
role for plastic changes, e.g.,those underlying the development of epileptic syndromes.

611.11

MULTIPLE PATHWAYS REGULATE NT3- AND GDNF-RESPONSIVENESS OF 
DEVELOPING SYMPATHETIC NEURONS IN CULTURE
I. Matsuoka*, S. H. Thang, M. Kobayashi, and K. Kurihara. Graduate School of 
Pharmaceutical Sciences, Hokkaido University, Sapporo 060-0812 Japan

Mature sympathetic neurons of rat superior cervical ganglia (SCG) depend their 
survival on the target-derived nerve growth factor (NGF) that interacts with TrkA 
receptor. However, preceding to the onset of TrkA expression, developing SCG 
neurons express TrkC and c-Ret that transduce signals of neurotrophin-3 (NT3) and 
glial cell line-derived neurotrophic factor (GDNF), respectively. It is, therefore, 
suggested that NT3 and GDNF support survival and functional differentiation of the 
developing SCG neurons. In the present study we examined the effects of various 
factors on the regulation of the NT3- and GDNF-responsiveness. Neurons dissociated 
from E17 rat SCG were cultured in serum-free medium for 4 days before the number of 
surviving neurons was counted and the levels of trkC, c-ret, GFRα-1 and GFRα-2 
mRNA were measured by isotopic RT-PCR. NT3 alone or GDNF alone exerted rather 
weak neurotrophic activity on the survival of SCG neurons (≃20% or ≃10% survival, 
respectively). As we have reported previously, treatment of SCG neurons with bone 
morphogenetic protein-2 (BMP2) induced the trkC expression and promoted the NT3- 
dependent survival. Retinoic acid (RA) further promoted the action of BMP2 on the 
induction of NT3-responsiveness. On the other hand, treatment with RA increased the 
GDNF-dependent survival (≃40%). RT-PCR analysis indicated that the expression of 
GFRα-1 mRNA was remarkably increased by the RA-treatment, while the expressions 
of c-ret and GFRα-2 mRNA were almost unchanged. BMP2 further promoted the action 
of RA on the GFRα-1 mRNA level and GDNF-responsiveness (≃80% survival). These 
results indicate that BMP2 and RA synergistically induce the NT3- and GDNF- 
responsiveness in the developing SCG neurons by regulating the expressions of trkC 
and GFRα-1. Furthermore, convergence of NT3- and GDNF-signaling pathways was 
suggested by the fact that survival of the majority of the SCG neurons (>85%), was 
supported by the presence of both NT3 and GDNF, although the levels of trkC and 
GFRα-1 mRNAs were unchanged. Supported by grants from Monbu-Sho.

611.8

RET, GFRα-1, 2 AND 3 EXPRESSION WITHIN SENSORY NEURONS 
INNERVATING DIFFERENT TARGETS AND THE RESPONSE TO 
NERVE INJURY. D.L.H. Bennett*a, T. Boucher a, M.P. Armaninib, H.S. 
Phillipsb, S.B. McMahona and D.L. Sheltonb. a. Dept Physiol., UMDS, London, 
b. Dept. Neuroscience, Genentech, South San Francisco, USA

The receptors for the GDNF family of neurotrophic factors consist o f a signal 
transducing domain (RET) and one of a family of ligand binding domains 
termed GFRα-1, GFRα-2 and GFRα-3. To study receptor expression within 
different populations of sensory neurons the sciatic (mixed afferents), sural 
(cutaneous afferents), gastrocnemius (muscle afferents) and pelvic (visceral 
afferents) nerves of adult rats were labelled for 24-48hr with the retrograde tracer 
Fluorogold (FG). Two other groups of animals underwent sciatic axotomy for 
either 1 day or 2 weeks. FG labelled DRG sections were photographed and then 
processed for in-situ hybridization using 35S labelled riboprobes.

60%, 46%, 28% and 36% of sciatic afferents expressed RET, GFRα-1, 
GFRα-2 and GFRα-3 respectively. RET and GFRα-1 were expressed in DRG 
cells of all sizes whilst GFRα-2 and GFRα-3 were expressed principally in small 
diameter DRG cells. RET and GFRα-1 were expressed by significant 
populations (>50%) of cutaneous, muscle and visceral afferents. GFRα-2 and 3 
were both expressed by cutaneous but very few muscle or visceral afferents. 
There was no significant effect on GDNF receptor expression 1 day following 
sciatic axotomy. However 14 days following sciatic axotomy there was a large 
up-regulation in the expression of RET and GFRα-1 by sensory neurons. There 
are therefore marked differences in the expression of receptor components within 
sensory neurons innervating different targets and in the response to nerve injury. 
Supported by the MRC of Great Britain.

611.10

M ID B R A IN  D O P A M IN E R G IC  N E U R O N S  LA C K IN G  G FRα-1 DO  
NO T RESPO N D TO  EITH ER G D N F OR NTN, IN C U LTU R E  L.-C. 
W ang *#, A. Shih#, G. C acalano@, A. Rosenthal* and M. Hynes#,
Depts. of Neuroscience#, M olecular B iology@, Genentech, Inc., So. San 
Francisco, CA 94084.
GDNF and Neurturin (NTN) are equally potent survival factors for 
m idbrain dopam inergic (DA) neurons in vitro, in vivo and in com promised 
neurons. GDNF and NTN both signal through the tyrosine kinase ret, 
but m ust first bind to an accessory m olecule to activate ret. Two 
accessory m olecules have been identified, GFRα-1 and G FRα-2. 
Binding studies have suggested that GFRα-1 is the preferred 
accessory molecule for GDNF, and that G FR α-2 is preferred by NTN. 
W e previously show ed that GFRα-1 is h ighly expressed on E14 
midbrain DA neurons (the age from  which our cultures are derived), but 
that G FR α-2 is absent from  these neurons, or expressed at very low 
levels. Here, we show, using a com bination of cell based binding 
assays, and in vitro cultures derived from  w ild  type and GFRα-1 
knockout mice, that G DNF and NTN bind to GFRα-1 and G FRα-2 in cell 
b inding assays. W e further show, using in vitro survival assays of 
w ild type rat or mouse DA neurons, that G DNF and NTN have no 
additive effects on DA neurons in culture. Finally, we show that the 
effects of both GDNF and NTN are abolished in anim als lacking the 
GFRα-1 receptor, suggesting that this is the only active accessory 
molecule available to mediate the effects of either GDNF or NTN, in 
vitro. The response to both factors can be restored by the addition of 
soluble G FR α-1. In sum, GDNF and NTN bind to GFRα-1 in cell 
binding assays, and produce a biological effect in DA neurons at 
equipotent concentrations, prim arily through a single accessory protein, 
G FRα-1.

611.12
C -JU N  P H O S P H O R Y L A T IO N  IN A X O T O M IZ E D  N IG R O S T R IA T A L  
N E U R O N S  IS R E D U C ED  BY G D N F B U T N O T  BY B D N F WDJ van
de Berg, X Lu*, T Hagg Anat & Neurobiol, Dalhousie Univ, Halifax, Canada 

Dopaminergic neurons of the substantia nigra compacta die after axotomy 
by nigrostriatal transection in adult rats over a 2-4 week period. Early after 
axotomy the transcription factor c-Jun is induced but it is unclear whether this 
is related to cell death or attempts of regeneration. Here, we used antibodies 
against the phosphorylated (activated) forms of c-Jun (ser63 and ser73) to 
determine whether the c-Jun pathway is activated in the nigrostriatal neurons 
of adult rats between 3 and 28 days post-axotomy. C-Jun63 and 73 
immunoreactivity was observed in many nuclei of nigral neurons at all time 
points, with a maximum number at 7 days, when almost all neurons appeared 
to be c-jun positive. After 28 days, c-jun63 and 73 staining was almost 
completely absent. Double labeling for c-jun73 and TH revealed that ~75% 
of the neurons contained both c-jun73 and tyrosine hydroxylase (TH) after 3 
days, and ~6O% contained both after 7 days. After 14 days most c-Jun- 
positive cells did not contain TH. Infusion of glial cell line-derived 
neurotrophic factor (GDNF) and brain-derived neurotrophic factor (BDNF) can 
rescue injured nigrostriatal neurons. After infusion with GDNF for 14 days, the 
axotomy-induced upregulation of c-Jun63 and 73 immunoreactivity was 
prevented. In contrast, BDNF (a gift from Regeneron) infusions did not alter 
the number of c-Jun63 or 73 positive neurons at 14 days. These results 
suggest that c-Jun activation plays a role in the degeneration of axotomized 
nigrostriatal neurons. Moreover, they suggest that GDNF inhibits cell death 
by reducing c-Jun activation and that BDNF acts on other death-inducing 
pathways or downstream from c-Jun. Support: Parkinson Foundation 
Canada, MRC Canada (MT14456), STIR/SWOLL Netherlands.
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611.13

CHARACTERIZATION OF GDNF-INDUCIBLE GENES IN  
VIVO. K.-W . Park1, C. K. Hwang1, Y .-S. Lau2*, M. M. 
Mouradian1. 1Genetic Pharmacology Unit, Experimental 
Therapeutics Branch, N IN D S, NIH, Bethesda, MD 20892.; 
2Division o f Pharmacology, University o f Missouri-Kansas City, 
MO 64108.

Glial cell line-derived neurotrophic factor (GDNF) has potent 
trophic effects on dopaminergic neurons in vitro and exerts 
neuroprotective as well as neurorestorative effects in vivo. This wide 
range o f  biologic effects is likely to be mediated through the 
modulation o f expression levels o f multiple genes analogous to the 
actions o f NGF. To search for GDNF-induced genes in vivo, human 
recombinant GDNF (5 µg and 10 µg/2 µl) or vehicle was injected 
intraventricularly in mice. One week later, brain poly(A)+ RNA was 
isolated and subjected to the PCR-select cDNA subtraction 
hybridization method. Forty four cDNA fragments isolated from this 
screen were radiolabled and used as probes in Northern blot analysis 
with RNA blots from GDNF- vs. vehicle-treated mice. Northern 
analysis confirmed that steady-state mRNA levels hybridizing with 
two o f the clones were increased significantly 2 and 3 fold following 
GDNF treatment compared with vehicle. Sequence analysis revealed 
that these two clones represent novel cDNA's not submitted to 
GenBank. Molecular characterization o f these genes should contribute 
to our understanding o f the intracellular mechanisms that mediated the 
neurotrophic effects o f GDNF and could give us hints about alternate 
molecules with similar potential therapeutic effects.
(Dr. Park is supported by a research grant from KOSEF and from 
Korea University, Korea)

H O R M O N E S  A ND  D E V E L O P M E N T : T E S T O S T E R O N E  A ND N E U R O S T E R O ID S

612.2612.1

E F F E C T  O F  A N T ISE N S E  O L IG O D E O X Y N U C L E O T ID E S  O F  
G R A N U L IN  T O  N E O N A T A L  M A L E  R A TS O N  T H E IR  SEX U A L 
B E H A V IO R  A F T E R  M A T U R IT Y .
M . S uzuk i* , M . B an n a i, M . N ish ih a ra , M . T ak ah ash i.
D ep t. o f  V e te rin a ry  P hysiology, T he U niv. o f T okyo, 1-1-1 Y ayoi, 
B unkyo -ku , T okyo 113-8657, Ja p a n .

M ale sexual d im o rp h ic  changes o f th e  ro d e n t b ra in  is induced  
by te sto ste rone  d u rin g  a n eo n a ta l period . W e iden tified  a g ran u lin  
(g rn ) gene by cDNA s u b trac tio n , as a te sto ste rone  induc ib le  gene 
in the  hy p o th a lam u s o f n eo n a ta l ra ts . G rn  encodes a 6 kD a 
po lypep tide  know n as a g ro w th  p ro m o tin g  o r  inh ib itin g  fac to r o f 
ep ithe lia l cells o r hem atocy tes. To te st th e  ro le  o f g rn , the  
an tisense o ligodeoxy-nucleotide (A S-O D N ) o f g rn  p re c u rs o r  gene, 
o r  con tro l s c ram b led  O D N  o r  vehicle w as in fused  in to  the  th ird  
ven tric le  o f e ith e r m ale o r  fem ale ra ts  a t 2 day-o ld . A S-O D N  
affec ted  n e ith e r  th e  g row th  ra te  n o r  th e  locom oto r ac tiv ity , b u t 
m ales tre a te d  w ith  A S-O D N  a fte r  th e ir  m a tu ra tio n  d isp layed  
significantly  less scores th a n  co n tro l m ales on vario u s  p a ram e te rs  
assessing sexual b ehav io r, i.e. m o u n t, in trom iss ion  an d  
e jacu la tion . F em ales th u s  tre a te d  exh ib ited  no changes in  fem ale 
sexual beh av io r an d  e s trous  cyclicity. P re sen t resu lts  suggest th a t 
te sto ste rone  induc tion  o f the  g rn  gene expression  in th e  neo n a ta l 
hy p o th a lam u s is ob liga to ry  fo r lead ing  the m ascu lin iza tion  o f the 
ro d en t b ra in . (S u p p o rted  by JS P S -R F T F  97L00904)

DEVELOPMENTAL CRITICAL PERIOD FOR SEXUAL DIFFERENTIATION OF 
DOPAMINERGIC NEURONS IN THE ANTEROVENTRAL PERIVENTRICULAR 
NUCLEUS (AVPV). M.A. Ibanez, J. Zee, M. Crabtree and R.B. Simerly*. Division 
of Neuroscience, Oregon Regional Primate Research Center, Beaverton, OR 
97006 and Oregon Health Sciences Univ., Portland, OR, 97201.

The AVPV is a sexually dimorphic nucleus in the preoptic region that has been 
implicated in the neural control of gonadotropin secretion and contains a greater 
number of dopaminergic neurons in females relative to that of males. Previous 
work from this laboratory established that the sexual differentiation of these 
dopaminergic neurons occurs postnatally under the control of sex steroid 
hormones and is dependent on a functional estrogen receptor α. In the present 
study we prepared organotypic explant cultures of the AVPV derived from rats and 
mice to study the time course and direct regulatory action of testosterone (T) and 
estradiol (E2) on AVPV dopaminergic neurons. Explant cultures of the AVPV were 
prepared from newborn male and female animals (PO) and were maintained for 
10 days in vitro (DIV10) under defined conditions (see Annis et al., 1993). During 
the first 24 hrs. in vitro either T (10-7M), E2 (10-9M), or vehicle was added to the 
medium of the cultures, after which all cultures were maintained in defined 
medium lacking sex steroid hormones. On DIV10 each explant was fixed and 
stained immunohistochemically for tyrosine hydroxylase (TH). In both rats and 
mice short term exposure to either T or E2 caused a dramatic reduction in the 
number of TH immunoreactive neurons in the AVPV, and E2 was more effective 
than T. In a second experiment explant cultures were prepared from males on the 
day of birth and treated with T on DIV2, DIV4, DIV6 or DIV8. Explants were 
maintained in hormone containing medium until fixation on D IV 10 and stained for 
TH. Hormone treatment beginning on DIV 2 or DIV 4 caused a reduction in TH 
immunoreactive neurons that was similar to that seen with a 24 hr. treatment on 
PO, but the masculinizing effects of hormone exposure were much less robust in 
cultures treated after DIV6. These results suggest that sex steroids act directly on 
the AVPV during a restricted neonatal critical period to permanently determine the 
number of cells that display the dopaminergic phenotype. Supported by MH49236.

612.3

TERMINAL SCHWANN CELL NUMBER IN THE LEVATOR ANI 
MUSCLE, BUT NOT THE EDL, CHANGES IN RESPONSE TO 
CHANGES IN TESTOSTERONE LEVELS. D.M. Bebinger, J.L. 
Lubischer and W.J. Thompson*. Department of Zoology, University of 
Texas, Austin, TX, 78712.

The number of terminal Schwann cells (tSCs) at each neuromuscular 
junction (NMJ) in rat extensor digitorum longus (EDL) muscles increases 
with age -- rapidly during postnatal NMJ maturation and more slowly later in 
life. It is possible that tSC number is regulated to match endplate area, thus 
providing sufficient SCs to cover nerve terminal arborizations and provide 
the support functions normally assumed by these cells. Alternatively, the 
increase in tSC number may reflect a developmental process that is 
independent of endplate size. To begin to address this question, we are 
comparing a muscle that is highly sensitive to testosterone (T), the levator 
ani (LA), to one that is less sensitive to T, the EDL. We manipulated LA 
size, and therefore endplate area, by altering circulating T levels. Ninety 
days after castration or sham castration of adult male rats (n=3 per group), 
LAs and EDLs were removed, and NMJs were labeled using fluorescence 
immunohistochemistry. The number of tSC bodies over each endplate was 
counted and acetylcholine receptor (AChR) area was measured at ~ 40 
endplates per muscle. LA endplates were smaller in castrated rats than in 
sham-operated rats (578 ± 60.6 vs 754 ± 65.8 µm2). LAs from castrated 
rats also had fewer tSCs per endplate than did LAs from sham-operated rats 
(4.1 ± 0.50 vs 5.2 ± 0.39). In EDL muscles, endplate area and tSC number 
did not differ between castrates and shams. Together with previous work, 
these data suggest an active regulation of tSC number throughout the life of 
the animal. Either tSC number is regulated in concert with endplate size or 
tSCs in the LA are more sensitive to T effects than are tSCs in the EDL. The 
cellular site of T action is not known. Supported by NIH NRSA F32 
NS09687 (JLL) and NIH NS20480 (WJT)

612.4

N eon atal and Peripubertal O ntogeny o f A ndrogen and p75 
N eurotrophin  R ecep tor m R N A  in the SN B o f M ale and Fem ale  
M ongolian  G erbils. G.S. Fraley* and C. Ulibarri. D ep t o f V et. and 
Com p. Anat., Pharm., and Phys. and Program  in N euroscience, 
C ollege o f V et. M ed., W ash. State U niv., Pullm an W A  99164-6520.

The spinal nucleus o f the bulbocavernosus (SN B ) and the 
dorsolateral nucleus (D L N ) are sexually dim orphic pools of 
m otoneurons in spinal cord o f the M ongolian  gerbil. D evelopm en t of 
the sexual dim orphism s appears to b e largely under the control of 
androgen although neurotrophins may also play a role. This study 
exam ined the expression o f androgen receptor (A R ) and p75 
neurotrophin receptor m R N A  expression  in the SNB and D L N  of 
developing neonatal m ale and fem ale gerbils as w ell as assessing the 
effect o f peripubertal gonadal horm ones on the expression o f A R  and 
p75 neurotrophin receptor proteins. This study dem onstrated that 
during norm al neonatal developm ent, there is a significant increase  
in A R  m R N A  within the SN B  and D L N . In the SNB, this increase in 
A R  m R N A  precedes that o f p75 m R N A  suggesting a role for 
androgen in developm ent o f neurotrophin  actions on  the SNB. 
Peripubertally, a high level o f  co localization  o f A R  im m unoreactivity  
(ir) and p75ir within the SNB com pared to the D L N  was noted. This 
colocalization  within SN B m otoneurons, but not D L N  m otoneurons, 
was sensitive to circulating peripubertäl androgens.

Supported by N IH C H H D -H D  30299 to C U .
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612.5
TESTOSTERONE ALTERS NUMBERS OF VENTRAL HORN NEURONS IN THE 
CERVICAL SPINAL CORD OF SHEEP. B. M. Alexander*, J. D. Rose, R. S. 
Townsend, R. S. Stobart, G. E. Moss. Depts. of Psych. and Anim. Sci., Univ. 
Wyoming, Laramie 82071.

Human sexual dimorphism entails greater neck and shoulder muscle mass in males. 
Sheep have a comparable dimorphism and permit experimental study. In the present 
study, mature, intact male sheep had 60% more ventral horn neurons in Nissl stained 
sections (P< 05)at C2 than intact, mature female sheep; however, neuron numbers were 
similar in male and female lambs less than 1 wk of age. To determine if testosterone 
influenced the development of ventral horn neurons in the C2 region, the cervical 
spinal cord from intact males (n=7), males castrated during the first week of life (n=5), 
intact females (n=8), and testosterone treated females (n=6) were compared at 1 yr of 
age. Testosterone was administered as a twice-weekly injection or as a subcutaneous 
implant. The splenius muscle, a dimorphic neck muscle in sheep, was significantly 
heavier in intact males than in intact females at one year of age, however, the number of 
ventral horn neurons did not differ. Castrated males had 20% fewer C2 ventral horn 
neurons than intact males at 1 yr of age (P<.05), even though splenius weights were 
similar. Females treated with testosterone from 3 months to 1 yr of age had 16% fewer 
ventral horn neurons at C2 than control females (P<.05) but had a heavier splenius 
muscle. The testis thus appears to have a sparing effect on ventral horn neurons 
(presumably those innervating neck muscles) without an effect on splenius muscle 
mass. However, in female sheep, testosterone in the doses administered increased neck 
muscle mass but decreased numbers of ventral horn neurons suggesting that the 
endocrine environment of the intact female modulates testosterone effects on ventral 
horn neurons.
Supported by Wyo. Agri. Exp. Station and NSF grant IBN 9319633 to J. D. R.

612.7

ANDROGEN RECPTOR IMMUNOREACTIVITY (AR-IR) IN THE 
DEVELOPING RAT FOREBRAIN: COMPARISON TO 
MESSENGER mRNA. C. Huppenbauer, K. Grabowski, M. McAbee, L.L. 
DonCarlos*. Dept. Cell Biol., Neurobiol., & Anat., Loyola Univ. Stritch Sch. 
Medicine, Maywood, IL 60153.

Estrogenic metabolites of testosterone appear to play the major role in 
masculinization of the rat forebrain, whereas androgens per se have a lesser role, 
even though AR mRNA is present in the rat forebrain by embryonic day 20 
(McAbee and DonCarlos, 1998). In the present study, we sought to determine 
qualitatively whether AR protein levels parallel steady state AR mRNA levels. 
Immunocytochemistry, with the PG-21 antibody (gift of Gail Prins), was used to 
detect AR-immunoreactive (AR-ir) cells in postnatal day 0 ,4  & 10 (PND; PND 
0=day of birth) male and female rats. Dihydrotestosterone-proprionate was given to 
the animals 30 m before perfusion to insure nuclear localization of the receptor 
population. In PND 0 animals, AR-ir was discernable in most but not all of the 
regions where AR mRNA was present. The amount of immunoreacivity was 
consistent with the amount of mRNA in some regions; for example, moderate 
levels of AR mRNA and light to moderately labeled AR-ir cells were present in the 
lateral septum, premammillary n. and periventricular hypothalamic n. In other areas, 
e.g. bed n. stria terminalis, amygdala, CA1, supraoptic n., moderate levels of AR 
mRNA were present, but no AR-ir was detected. There were only small increases in 
AR mRNA and AR-ir expression between PND 0 and 4. Between PND 4 and 10, 
and consistent with the pattern of AR mRNA, AR-ir increased dramatically in all 
regions where it was present at earlier ages. In addition, AR-ir was robust in the bed 
n. stria terminalis, medial preoptic n., CA1, CA3, and cerebral cortex of PND 10 
rats. In summary, there appears to be a lag of several days between the onset of 
mRNA expression and robust protein expression in some brain regions such that 
robust AR protein expression does not develop until after PND 4. Thus, the delayed 
translation of AR during the first 5 days postnatal may explain the reportedly 
limited role of AR in masculinization of the brain. Supported by NIMH grant 
MH48794 and NSF IBN-9604487.

612.9

BDNF REGULATION OF ANDROGEN RECEPTOR EXPRESSION IN THE SNB 
MOTONEURONS OF MALE RATS. A. P. Arnold* and L. Y. Yang. Dept. of 
Physiological Science and the Laboratory of Neuroendocrinology of the Brain 
Research Institute, University of California, Los Angeles, CA 90095-1527.

Neurotrophins control a variety of neuronal responses including neuronal 
survival, neuronal plasticity, and neuronal differentiation during development and 
throughout adulthood. Recently we demonstrated that application of brain-derived 
neurotrophic factor (BDNF) to the cut axons of the spinal nucleus of 
bulbocavernosus (SNB) motoneurons immediately following axotomy can prevent 
axotomy-induced loss of androgen receptor-like immunoreactivity (AR-LI) in the 
SNB motoneurons (AI-Shamma and Arnold, 1997). In this study, we extended our 
previous work to determine the relationship between BDNF dose and AR-LI in the 
SNB motoneurons immediately following bilateral axotomy. In addition, we 
investigated whether the axotomy-induced loss of AR-LI can be reversed by delayed 
application of BDNF (5.8 mg/mL) (one week after axotomy) to the axotomized SNB 
axons and determined the time course effect of BDNF on the AR-LI. All three 
doses of BDNF (1.45 mg/mL, 2.9 mg/mL, and 5.8 mg/mL) significantly prevented 
loss of AR-LI induced by axotomy compared to the contralateral side treated with 
phosphate-buffered saline (PBS) (p<0.0l). Moreover, the highest dose of BDNF 
(5.8 mg/mL) could maintain AR-LI at the normal level of intact SNB motoneurons. 
Most importantly, the axotomy-induced loss of AR-LI in the SNB motoneurons 
could be reversed by delayed application of BDNF to the cut end of SNB axons. 
The AR-LI in the SNB motoneurons decreased significantly one week after 
axotomy, but increased significantly 4 days following the BDNF application to the 
axotomized SNB axons (p<0.0l), and returned to the normal level of intact SNB 
motoneurons 10 days after BDNF application. Our findings demonstrate that 
BDNF regulates the androgen receptor expression in the SNB motoneurons. This 
research was supported by NIH Grant HD 15021.

612.6

EARLY POSTNATAL HORMONE MANIPULATION AND 
RETINAL AND VISUAL CORTICAL THICKNESS. D.L. Salyer,
R.H. Mills, M. E. Cortes, and D. E. Fleming*. Dept. of Psychology, 
Brigham Young University, Provo, UT 84602-5543.

To examine the effects o f early hormonal manipulation on the visual 
system, neonatal male and female rats were submitted to the following 
procedures; males— bilateral castration within 24 hrs. of birth (GDX); 
females— injections of testosterone propionate (TP, 5 mg in 0.1 ml of 
peanut oil) on the day of birth and every other day thereafter totaling three 
injections. Control animals were either submitted to a sham operation 
(males) or were injected with peanut oil (females) in the same pattern and 
volumes as the TP animals. At 90 days of age the animals were sacrificed 
and retinal and visual cortical (O C1M, O C 1B, and OC2L) thicknesses were 
determined. In terms o f retinal thickness, control males and females did not 
differ from one another but measures from these groups were significantly 
greater than the TP and GDX groups. With the visual cortex, control males 
and females did not differ significantly in terms of thickness measures but 
did differ from the TP and GDX groups in a pattern similar to the retina. 
There were significant areal differences between groups with O C1M,
O C1B, and OC2L measures but were not in the same direction for groups. 
Sex differences were minimal. The early modulation of the early postnatal 
hormonal environment had a profound effect on the development of both 
retinal and cortical structure.

(Supported by BYU Family, Home & Social Sciences funding)

612.8
ANDROGEN RECEPTOR mRNA IN RAT SCIATIC NERVE REVEALED BY 
RT-PCR AND IN SITU HYBRIDIZATION. C. L. Jordan,1* R. H. Price Jr.,2 M. 
Bollnow,2 & R. J. Handa.2 1Dept. Psych., UC Berkeley, CA 94720, 2CBN & 
Anat., Loyola Univ. Med. Ctr., Maywood, IL, 60153.

Gonadal androgens exert a wide variety of effects on neuromuscular 
systems, including controlling the developmental fate of motoneurons and 
neuromuscular synapses and promoting the growth of adult dendrites and 
axons. Paramount to understanding the molecular mechanisms behind 
androgen action is to determine where androgen acts. Does androgen act 
directly or indirectly on cells to change their fate and function? One step 
toward answering this question has been to determine which cells express 
androgen receptors (ARs). Motoneurons and skeletal muscles both have ARs 
and are therefore potential sites of androgen action. However, recent 
evidence based on AR immunocytochemistry suggests additional potential 
androgen targets in peripheral nerve, presumably glia (C.L. Jordan, Soc. 
Neurosci. Abstr. 23: 628). The present study examines whether AR mRNA is 
present in sciatic nerve. AR in situ hybridization was performed on cryostat 
sections of lower lumbar spinal cord and sciatic nerve from gonadally intact 
adult males (N=4) using an in vitro transcribed AR cRNA probe labeled with 
[35S]UTP. Dense aggregates of silver grains were found in the medial and 
lateral aspects of the ventral horn of the lumbar spinal cord, confirming the 
presence of AR mRNA in those spinal cord regions. The density of silver 
grains over sciatic nerve was higher than over background (nontissue area) 
and expectedly, was relatively uniformly distributed across the entire section of 
sciatic nerve. RT-PCR performed on total isolated RNA from dissected sciatic 
nerve (pooled from 3 normal adult males) revealed a distinct band of the 
appropriate size (263 bp) representing AR mRNA signal. Based on RT-PCR, 
the relative level of AR mRNA is less than in the hippocampus or prostate. 
Thus, AR message and protein are present in cells in peripheral nerve and 
indicates that peripheral nerve represents another potential androgen target for 
androgen effects on neuromuscular systems. Supported by NSF IBN 9309856 
(C.L.J.) and NSF IBN 9604723 (R.J.H.).

612.10

AXOTOMY DECREASES BDNF EXPRESSION IN THE SNB MOTONEURONS 
OF MALE RATS. L. Y. Yang* and A. P. Arnold. Dept. of Physiological Science 
and the Laboratory of Neuroendocrinology of the Brain Research Institute, 
University of California, Los Angeles, CA 90095-1527.

In male rats, the spinal nucleus of bulbocavernosus (SNB) motoneurons express 
high levels of androgen receptors. Axotomy of SNB motoneurons significantly 
decreased the androgen receptor-like immunoreactivity (AR-LI) in the SNB 
motoneurons. Application of brain-derived neurotrophic factor (BDNF) to the cut 
axons of SNB motoneurons immediately following axotomy can maintain the AR- 
LI at the normal level. This study investigated whether the SNB motoneurons of 
male rats express BDNF protein and whether axotomy of SNB motoneurons or 
manipulations of testosterone influence the BDNF-like immunoreactivity (BDNF- 
LI) in the SNB motoneurons. We found that BDNF-LI was present in the majority 
of the SNB motoneurons. One week after application of 75 µL BDNF (5.8 mg/mL) 
or phosphate-buffered saline (PBS) to the cut end of SNB axons, BDNF-LI was 
significantly higher on the BDNF treated side than on the PBS treated side. This 
finding suggested that BDNF was retrogradely transported to the SNB motoneurons 
or BDNF stimulated production of BDNF protein in the SNB motoneurons or both. 
Moreover, we examined the BDNF-LI in the SNB motoneuron one week and three 
weeks after axotomy. The BDNF-LI in the SNB motoneurons significantly 
decreased on the axotomized side compared to the intact side three weeks but not 
one week after axotomy. Finally, manipulations of testosterone did not affect the 
BDNF-LI in the SNB motoneurons. The level of BDNF-LI was not different among 
castrated rats given Silastic implants of testosterone, castrated rats given control 
blank implants, and intact rats given control blank implants. Our findings 
demonstrate that the SNB motoneurons express the BDNF protein which is reduced 
by axotomy but not influenced by manipulations of testosterone. This research was 
supported by NIH Grant HD 15021.
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612.11

A GE-RELATED CHANGES IN PERINEAL M OTONEURONS OF 
MALE RATS. A. Matsumoto*, Dept. Anat., Juntendo Univ. Sch. Med., 
H ongo, Tokyo 113-0033, Japan

Androgen receptor (AR) immunoreactivity and synaptic inputs were 
examined in androgen-sensitive motoneurons o f  the spinal nucleus o f  the 
bulbocavernosus (SN B ) in young (2 months o f  age) and old (19-20  
months o f  age) male rats. In young animals, intense AR immunoreactivity 
w as confined to the cell nucleus, but not in the nucleolus o f  SNB  
motoneurons. In old animals, both the intensity o f  AR immunoreactivity 
in the nuclei and number o f  AR immunoreactive nuclei o f  the SNB  
motoneurons w ere significantly reduced. For ultrastructural analysis, 
cholera toxin horseradish peroxidase (CT-HRP) was injected into the 
bulbocavernosus muscles to identify SNB motoneurons in both young and 
old male rats. Neuronal structures apposing the membranes o f  120 CT- 
HRP-labeled SNB motoneurons were analyzed by measuring the 
percentage o f  somatic membranes covered by synaptic contacts, 
synaptoid contacts, and neuron-neuron contacts. Most o f  the neuronal 
structures in the young and old SNB motoneurons consisted o f  synaptic 
contacts. Mean percentage o f  somatic membranes covered by synapses 
in old rats was significantly smaller than that in young ones. Size and 
number o f  synaptic contacts per unit length o f  somatic membranes in old 
animals were also significantly reduced. Plasma levels o f  testosterone in 
old males were significantly smaller than those in young ones. These age- 
related changes in the AR immunoreactivity, synaptic inputs to SNB  
motoneurons and plasma levels o f  androgen seem to correlate with aging 
o f  the SNB system. (Supported by grants from the Ministry o f  Education, 
Culture and science o f  Japan).

612.13

SEX DIFFERENCES IN CALCIUM BINDING PROTEINS IN THE 
NEONATAL RAT HYPOTHALAMUS
D.H. Brager, M.J. Sickel, and M.M. McCarthy*. Dept. of Physiology, University 
of Maryland School of Medicine, Baltimore, MD 21201

There is a critical period of sexual differentiation during development when 
the brain is permanently influenced by gonadal steroids. The GABAergic 
system, which has excitatory postsynaptic effects during the early part of this 
critical period, and the glutamatergic system are also regulated by the level of 
gonadal steroids. The action of testosterone and/or estrogen on these transmitter 
systems has been proposed as a mechanism for the masculinization of the brain 
(Brain Res Bull. 1997, 44:487-95). It is speculated that the increased excitatory 
GABAergic and glutamatergic transmission in males leads to elevated cytosolic 
calcium. Buffer-type calcium binding proteins are a mechanism to control 
cytosolic calcium levels. We compared the levels of two calcium binding 
proteins, calbindin and calretinin, in the developing male and female 
hypothalamus.

Immunocytochemical analyses showed immunopositive staining of cell bodies 
in the arcuate nucleus, dorsomedial nucleus, and the area immediately 
surrounding the ventromedial nucleus (VMN) for both calbindin and calretinin. 
Cell body staining was absent from the VMN proper for both calbindin and 
calretinin. Using western blot analysis, we compared the levels of calbindin and 
calretinin in the hypothalamus of postnatal day (PN) 0, PN2, PN4, PN6, PN8, 
and P N I0 rats. ANOVA of mean calbindin levels showed a significant effect of 
sex (p<0.00l), age (p<0.000l) and a significant interaction (p<0.02). Post-hoc 
Neuman-Keuls analysis revealed that PN0 and PN2 males had significantly 
elevated calbindin levels over PN0 and PN2 females (p<0.05). ANOVA of mean 
calretinin levels also showed significant effects of sex (p<0.01) and age 
(p<0.00l) with males having higher levels on PN0 and PN4. Our observed sex 
differences in calcium binding proteins parallel sex differences in excitatory 
GABA early in development and then appear to increase independent of sex. 
This work was supported by NIH grant MH52716 to MMM.

612.15

DEVELOPMENTAL INCREASES IN MUSCIMOL BINDING TO GABA-A 
RECEPTOR IN RAT BRAIN EXCLUDES VENTROMEDIAL NUCLEUS 
AND MAY CORRELATE WITH α 1 AND α2 SUBUNIT EXPRESSION.
A. M. Davis* and M. M. McCarthy Dept. of Physiology, University of 
Maryland School of Medicine, Baltimore MD, 21201.

GABA is the major inhibitory neurotransmitter in the adult rat brain and is 
critically involved in sexually dimorphic physiological responses and 
behaviors. We have examined the neonatal rat brain for sex differences in 
the GABAergic system and have previously reported differences in both 
GABA levels and mRNA levels for GAD, the rate limiting enzyme in GABA 
synthesis. On the first day of life, males have significantly greater levels of 
both GABA and GAD mRNA when compared to females (Horm Behav 30: 
538-52; Brain Res Bull 44:487-95).

The GABA-A receptor is a ligand gated chloride channel which consists of 
a variety of subunits. We have examined the receptor during development 
by both immunocytochemistry for the α l  and α 2 subunits and muscimol 
autoradiography in postnatal day 1-20 brains. Though neither of these 
characteristics is highly sexually dimorphic, both change across 
development. In regard to muscimol binding, many brain areas, including 
the medial amygdala, cingulate cortex, preoptic area, ventral thalamus and 
hippocampus have increased binding with increased developmental age (2 - 
way ANOVA, p<.01). Interestingly, this developmental increase in binding is 
not present in the ventromedial nucleus (VMN, 2-way ANOVA, p=.182) 
despite a high level of muscimol binding. The ventral thalamus and the 
VMN exhibit dramatic, but opposite, developmental switches in α l  and α2 
immunocytochemistry. In many other brain areas both α 1 and α2 levels 
increase across development, but the VMN is the only brain region where α 1 
levels decrease and α2 levels increase with development. These data suggest 
the VMN is a hypothalamic region with unique GABAergic characteristics 
and this may be an important aspect of the role of the VMN in mediating 
sexually dimorphic behaviors. Supported by NIH grant MH52716 to MMM.

612.12

BRAIN CALBINDIN-D28K AND CALRETININ IN MALE RATS 
DURING POSTNATAL DEVELOPMENT. E D. Lephart*, H . Taylor, 
N,A, Jacobson and M .A. W atson. D ept. o f  Zoology, Cellular Biology 
Division, Brigham Young University, Provo, Utah 84602.

Calcium-binding proteins play important roles in neurogenesis and 
neuroprotective mechanism(s) by their ability to buffer intracellular Ca2+ 
levels. Some evidence exists that brain calbindin-D28K： (CALB) is 
regulated by androgens during prenatal development [Neurosci. Res 
1998 (in press)]. In this study, calretinin (CALRET) and CALB patterns 
were determined by Western analysis in the medial basal hypothalamus 
(MBH) from male rats along with assaying plasma testosterone levels (via 
RIA) during postnatal development. Testosterone levels were very low in 
7, 10 and 30 day-old animals (≈ 0.5 ng/ml), increased in a stair-step 
fashion to peak levels at 90 days (≈ 3.8 ng/ml), then declined with 
increasing age to very low levels at 300 days o f  age (≈ 0.3 ng/ml). At 7 
and 10 days, MBH CALRET and CALB levels were low; however, at 
day 30 a significant 2-fold increased was observed. Thereafter, in 60, 
120, 180 and 300 day-old animals MBH CALRET and CALB levels 
were, in general, comparable to 30 day-old values. These findings 
suggest that, there is not a clear correspondence between the androgen 
status in male rats and the calcium-binding proteins (CALRET & CALB) 
expressed in the MBH. Therefore, it appears that brain CALRET and 
CALB are regulated in a developmental fashion with significant increases 
in expression occurring around the 4th postnatal week.

612.14
DEVELOPMENTAL AND SEX DIFFERENCES EXIST IN GLUTAMIC ACID 
DECARBOXYLASE (GAD) AND GABA TRANSPORTER 3 (GAT-3) MRNA IN 
THE DEVELOPING RAT HIPPOCAMPUS. D. Solum* and R.J. Handa. Dept. of 
Cell Biology, Neurobiol. and Anatomy, Loyola Univ. Chicago, Maywood, IL 60153.

GABA (γ-aminobutyric acid), a fast acting synaptic transmitter in the CNS, is 
synthesized from glutamate by GAD. Functionally, in the developing rat 
hippocampus, GABA induces strong depolarizing effects, at a period when there is 
very little glutamatergic activity. This excitatory action of GABA may be 
neurotrophic in the developing hippocampus. Changes in GAD mRNA levels have 
been positively correlated with changes in steady-state GABA levels and GABA 
turnover. Two GAD isoforms have been identified. GAD65 is critical in the 
production of GABA for synaptic transmission of GABAergic signals, whereas 
GAD67 provides GABA for the metabolic pool and for supporting tonic levels of 
synaptic transmission. Using RT-PCR to detect relative levels of mRNA in the rat 
hippocampus at postnatal days 0, 4, 7, 10 and 15, we observed age and sex 
differences in GAD mRNAs. Females have significantly higher concentrations of 
GAD65 mRNA than males at all ages analyzed. For both sexes, the mRNA levels 
increase to their highest levels in the first postnatal week, then decrease slightly to 
adult levels. While GAD67 appears to change less during development, females do 
have higher levels of mRNA at early ages.

The actions of GABA released upon nerve stimulation are terminated by its rapid 
re-uptake via GABA transporters into presynaptic neurons and nearby glial cells. We 
have also detected sex differences in mRNA levels for the neuronal GABA 
transporter, GAT-3, in the developing rat hippocampus. The levels of GAT-3 mRNA 
are much higher in females than males, however, this difference is gone by postnatal 
day 10. Additionally, the mRNA levels are much lower in males and females at PO, 
compared to P7, and these levels approximate those of the adult. These data suggest 
that sex differences in developing GABAergic systems may underlie previously 
reported sex differences in hippocampal function.

Supported by National Science Foundation 96-04723

612.16

C H A N G E S  IN  T H E  N U M B E R  O F  G A D 67 IM M U N O
R E A C T IV E  C E L L S  IN  T H E  P E R I-O V L T  R E G IO N  IN  
IM M A T U R E  M A L E  R A T S . Dai Mitsushima* and Fukuko Kimura 
Department o f Physiology, Yokohama City University School o f 
Medicine, Yokohama 236-0004, Japan

Most gonadotropin-releasing hormone (GnRH) neurons distribute 
over the diagonal band of Broca (DBB), organum vasculosum lamina 
terminalis (OVLT) and medial preoptic area in rats. Gamma-aminobutyr 
ic acid (GABA) has been known as a potent regulator for the GnRH 
secretion. In the present study, to examine whether the number of 
GABAergic neurons changes around the sexual maturation, 
immunocytochemistry for GAD67, a GABA synthetic enzyme, was 
performed in 4  prepubertal (d16), 8 peripubertal (d25 and d30) and 4  
adult male rats. The immunocytochemical incubation and staining in all 
the 16 rats was performed simultaneously. In our laboratory stock, 
testicular spermatozoa were consistently observed in the rats at 45 days 
of age but not in the rats at 31 days of age. In lateral region of the 
OVLT, the mean number of GAD67 immunoreactive (ir) cells was low 
in the d16 group, and significantly increased in the d25, d30 and adult 
group to 4.6, 6 .4  and 7.4  fold of d l6  group, respectively. Also in the 
DBB, the mean number of GAD67-ir cells was low in the d16 group, 
and significantly increased in the d25, d30 and adult group to 1.9, 2.3 
and 3.1 fold of d16 group, respectively. In contrast, no significant 
change in the mean number of GAD67-ir cells was observed in the 
cingulate cortex (p > 0.05). These results suggest that the number of 
GABAergic neurons in the lateral OVLT and DBB starts to increase 
before the sexual maturation in immature male rats.
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612.17
SEXUAL EXPERIENCE DOES NOT ALTER ADULT MOTONEURONAL 
M O R PHO LO G Y. T. Atkinson, G . Britton, J. Lipar, S. Raouf, S. 
Schlossberg, B. Van Roo and D. Sengelaub*. Program in Neural 
Science, Indiana University, Bloomington, IN 47405.

Motoneuron morphology in the spinal nucleus of the bulbocavernosus 
(SNB) is not affected by sexual experience in intact adults (Beversdorf 
et al,, '90), but Breedlove ( '97) reported small differences in 
copulating vs. noncopulating castrated rats m aintained on 
subphysiological testosterone (T). SNB somata and nuclei size, target 
muscle (the bulbocavernosus, BC) and seminal vesicle (SV) weights 
were reduced in copulators (albeit not significantly for the SV). 
However, these features are all androgen-sensitive, potentially 
confounding sexual behavior effects. W e attempted to replicate this 
experiment and included RIA measures of T and corticosterone.

Adult males were castrated and given 5mm Silastic T implants, and 
housed with constantly receptive females (copulators), nonreceptive 
females (noncopulators) or housed alone (singles; n=9 per group). 
After 27 days, bloods were drawn, and BC muscles and spinal cords 
removed. No differences were observed in corticosterone levels; 
despite identical implants, T titers in single males were significantly 
higher than those of copulators and noncopulators, indicating that 
differences in experience can alter T titers under these implant 
conditions. However, no differences in BC weight or SNB somata and 
nuclei size were observed between copulators, noncopulators, or 
singles; as expected, all measures were significantly reduced relative 
to intact males (n=6). These results are consistent with our earlier 
finding that adult sexual experience does not affect SNB motoneuron 
morphology. Supported by NSF DIR-9413220.

612.19
CASTRATION DECREASES BRDU LABELING IN THE BRAIN OF 
ADULT GOLDEN HAMSTERS L. Huang and E. L. Bittman*. Department 
of Biolo g y  and Program in Neuroscience and Behavior, University o f 
Massachusetts, Amherst, MA 01003.

Short photoperiods increase incorporation of new cells in adult hamster 
brain. In order to determine whether the decline in androgen secretion in 
short days can account for this effect, we quantified cell incorporation in 
long day adults which were either sham operated, castrated and given blank 
Silastic implants, or castrated and implanted with testosterone (T). Beginning 
3 weeks after the operation, animals were treated with the cell birth marker 
bromodeoxyuridine (BrdU, 50 mg/kg b.w., 3 times over a course of a week). 
BrdU immunostaining was assessed after 7 weeks.

Serum T concentrations of androgen-implanted castrates were 
comparable to those of intact hamsters, while those o f blank-implanted 
controls were undetectable. Castration reduced the number of BrdU-ir 
cells/section (mean±SEM) in the dentate gyrus but a similar trend in
s u b e p e n d y m a l z o n e  ( S E Z )  w a s  n o t  s ta t is t ic a lly  s ig n if ic a n t :

612.18
AROMATASE INHIBITION REDUCES DENDRITIC GROWTH IN A SEXUALLY 
DIMORPHIC RAT SPINAL NUCLEUS. K.A . Burker *, M. Kuwajima and D.R. 
S e n g e la u b . Program in Neural Science, Indiana University, 
Bloomington, IN 47405.

Motoneuron dendrites in the spinal nucleus of the bulbocavernosus 
(SNB) grow exuberantly through postnatal day (P)28. This growth 
is steroid dependent: dendrites fail to grow in males castrated at P7, 
but grow normally in castrates treated with testosterone (T )' or its 
metabolites, dihydrotestosterone (DHT) combined with estrogen (E). 
Treatment with either metabolite alone supports dendritic growth, 
but not to the level of T -treated or intact males. In this study, we 
tested the hypothesis that aromatization of androgens to estrogens was 
involved in the masculine development of SNB dendrites.

Dendritic morphology was assessed in normal males and males 
treated daily (P7-P28) with fadrazole, a potent aromatase inhibitor 
(0.25 mg/kg, s.c.) or saline vehicle (n=4-6 per group). SNB 
motoneurons were retrogradely labeled with cholera toxin-HRP at 
P28 (when dendritic length is normally maximal) and reconstructed 
in three dimensions (Eutectic NTS). Comparable labeling was seen 
across groups, being equivalent in both the rostrocaudal and radial 
extents. However, dendritic lengths (3134.8 µm) in fadrazole- 
treated males were significantly below those of intact (5614.2 µm) 
or saline-treated males (5339.7 µm). Neither SNB somata size nor 
target muscle weight differed across groups. These results suggest 
that aromatization of androgens to estrogens is necessary for 
development of masculine SNB dendritic morphology. Supported by 
NSF DIR-9413220 and Sigma Xi (to KAB).

612.20

MORPHOFUNCTIONAL RELATIONSHIP BETWEEN CHOLINERGIC NEURONS 
AND CELLS EXPRESSING NEUROSTEROIDOGENIC ENZYMES. N. A. 
Compagnone, L.D. Griffin, P.C. Goldsmith*, S.H. Mellon. Dept. of OB&GYN 
University of California at San Francisco, SF, CA 94143-0556.

The expression of the steroidogenic enzymes, P450scc and P450cl7, necessary for 
the de novo production of pregnenolone and dehydroepiandrosterone (DHEA) in the 
developing central nervous system (CNS), are regionally and developmentally regulated 
in glia (P450scc) and neurons (P450cl7). Although the distribution of P450cl7- 
expressing neurons and their projections were similar to the catecholaminergic system, 
P450cl7 and dopamine-β-hydroxylase did not co-localize in the peri-locus coeruleus 
area. We now show that in the developing mouse brain, P450c 17 is co-localized with 
choline-acetyl-transferase (ChAT), and is thus in cholinergic neurons. These 
P450c 17+/ChAT+ neurons were restricted to the meso-pontine cholinergic system in the 
hindbrain. In the cortex and in the thalamus, P450c17+ neurons are not ChAT+. This 
result defines two different systems of P450cl7+ neurons, and establishes a direct 
relationship of P450cl7+ hindbrain neurons with cholinergic neurons. As we previously 
showed that DHEA promotes axonal growth and synapse formation in the neocortex, 
we hypothesize that there is an autocrine action of DHEA on the maturation of the 
meso-pontine-cholinergic system and its connections to the cortex. The steroidogenic 
enzyme P450scc is highly expressed in the forebrain and in the basal ganglia Since 
cholinergic neuron maturation is dependent upon glial coverage, we tested the 
hypothesis that P450scc-expressing glia are involved in cell-axon and cell-cell contacts 
with cholinergic neurons in the septal area Our results show a high occurrence of 
those contacts, suggesting a possible role for neurosteroids, derived from P45Oscc 
enzymatic activity, in the maturation of cholinergic neurons. These results support the 
hypothesis that neurosteroids like DHEA, pregnenolone, and their sulfate derivatives, 
may play a role in the establishment/maintenance of cholinergic neurons and their 
functional circuits, which may be relevant to Alzheimer disease.
Supported by grants from the Alzheimer's Association and NIH HD27970

NEURONAL DEATH VII

613.1
IRON CHELATORS INDUCE TWO HYPOXIA -INDUCIBLE 
ENHANCER DNA BINDING ACTIVITIES IN CORTICAL NEURONS: 
ROLE IN PROTECTION FROM OXIDATIVE STRESS-INDUCED 
APOPTOSIS? K. Zam an, G. Sem enza, and R. R. Ratan (sponsored by K. 
Allen*) Dept. of Neurology, Harvard Medical School, Beth Israel Deaconess 
Medical Center, Boston, Mass. 02115  

Glutamate or glutamate analogs such as homocysteate inhibit cystine 
transport in immature cortical neurons leading to cellular cystine deprivation, 
glutathione depletion and oxidative stress-induced apoptosis. W e have 
shown that iron chelators such as mimosine (M IM) and deferoxamine (DFO) 
prevent cell death induced by glutathione depletion and have correlated the 
protective effect of these agents with the transcriptional induction of 
glycolytic enzymes such as lactate dehydrogenase and aldolase. As iron 
chelators have been shown to stimulate expression of glycolytic mRNAs by 
inducing the transcription factor, hypoxia-inducible factor-1, we examined 
whether iron chelators induce this factor in immature cortical neurons. Gel 
shift assays using an oligonucleotide containing the hypoxia response 
element revealed that several complexes are induced. Supershift analysis 
using subunit specific antibodies showed that one of the induced complexes 
is a heterodimer of HIF-1 α  and HIF-1 β . A faster mobility complex was 
composed of ATF-1 and CREB. Both factors were also induced by hypoxia in 
immature cortical neurons. These observations suggest that iron chelators 
may activate protective cell responses by inducing multiple hypoxia-inducible 
enhancer DNA binding factors.

613.2
A MULTIPOTENT ANTIDEATH ACTIVITY IN A BOVINE LIVER 
CATALASE PREPARATION IS DUE TO ARGINASE NOT
c a t a l a s e  R.R. Ratan*, K-I Lin, K. Zaman, J.M. Baraban, S. Chatterjee.
L.Rubin, D.E. Ash, and F. Esch. Dept. of Neurology, Harvard Medical School, 
Beth Israel Deaconess Medical Center, Boston, Mass. 02115  

Catalase is an antioxidant enzyme which has been shown to inhibit 
apoptotic or necrotic neuronal death induced by hydrogen peroxide. W e  
report the purification of a contaminating antiapoptotic activity from a 
commercial bovine liver catalase preparation by following its ability to inhibit 
apoptosis when applied extracellularly in multiple death paradigms. The  
antiapoptotic activity was identified by microsequencing as arginase, a urea 
cycle and nitric-oxide regulating enzyme, and confirmed by demonstrating 
the presence of antiapoptotic activity in a >97%  pure preparation of 
recombinant arginase. The pluripotency of recombinant arginase was 
demonstrated by its ability to inhibit apoptosis in multiple death paradigms 
including rat cortical neurons induced to die by glutathione depletion and 
oxidative stress, by 100 nM staurosporine treatment, or by Sindbis Virus 
infection. The protective effects of arginase in these apoptotic paradigms, in 
contrast to previous studies on excitotoxic neuronal necrosis, are 
independent of nitric oxide synthase inhibition. Rather, arginase-induced 
depletion of arginine leads to inhibition of protein synthesis, resulting in cell 
survival. Because inhibitors of nitric oxide synthesis and of protein synthesis 
have been shown to decrease necrotic and apoptotic death, respectively, in 
animal models of stroke and spinal cord injury, arginine depleting enzymes, 
capable of simultaneously inhibiting protein synthesis and nitric oxide 
generation, may be propitious therapeutic agents for acute neurological 
diseases. Supported by NIH, Eisai Company of Japan
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* Significantly different from Castrate+blank (p≤0.05).
T prevented the castration-induced decline i n  BrdU-ir cell number, but 
resulted in values which did not differ from blank-implanted castrates. T 
treatments increased BrdU-ir cell number in the olfactory bulb of castrates. 
We are using neuronal and glial markers to evaluate effects of castration on 
the differentiation of these newly generated cells. Although the testis 
regulates incorporation of newborn cells in adult hamster brain, photoperiod 
effects cannot be explained by the influence of daylength on androgen 
secretion. Photoperiod and androgens may interact to regulate cell 
incorporation. Supported by NIM H44132 and KO2 MH00914.

Dentate gyrus SEZ Olfactory Bulb
Intact 10.35 ± 0 .82a 11.94 ± 0 .3 9 312.25 ± 26.28
Castrate+blank 6.96 ±  0.82 9.53 ± 0.81 217.33 ±  33.61
Castrate+T 9.11 ± 0 .9 5 10.16 ±  0.97 322.83 ±  42.02a
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613.3

CELL CYCLE EVENTS REGULATE CORTICAL NEURON SURVIVAL  
OR APOPTOSIS Z-P. L iu * 1, S .L. W ood1, L.A. M am ou n as1, V.E. 
K olia tso s1-4. Departments of a th o lo g y 1, N e u r o lo g y 2,
N e u r o s c ie n c e 3, and Psychiatry and Behavioral S c ie n c e s 4. T he  
Johns Hopkins Medical Institutions, Baltimore, MD 21205

Neuronal apoptosis may share mechanisms with apoptosis in 
other types o f cells. C ell cycle-specific genes, especially  
cyclin ∙ D, , appear to be involved in the regulation o f apoptosis. 
Last year, we reported that cyclin D 1 is upregulated at 8h after 
bulbectomy, a in vivo  model for cortical neuron apoptosis, 
with RT-PCR. In the present study, we further identified the 

s c e d l i s t hexpressing cyclin D 1 with peroxidase and fluorescence 
im m uno-histochem istry. C yclin D 1 im m unoreactivity in 
piriform cortex was increased at 6-14h, with a peak at 10h 
after bulbectomy; some of the immunoreactive ce lls are 
neurons. To further test the hypothesis that neuron apoptosis 
is m echanistically related to cell cycle in terminally 
differentiated neurons, olom oucine(2m M ,5ul), an inhibitor of 
cdk 1, 2 and 5 and deferoxamine ( 10nM,5ul), a G 1/S transition 
blocker were respectively injected into piriform cortex 
immediately after bulbectomy. As compared to vehicle- 
injected animals, the number of apoptotic neurons was 
decreased approximately up to 50% after injection of 
olomoucine; deferoxamine was less effective. The results 
demonstrate that cell cycle events may play important roles in 
mediating neuron apoptosis. Supported by grants from the 
NIH(NS 20471, AG05146, AG07914, NS 10580)

613.5

INJURY-INDUCED UPREGULATION OF THE HEAT SHOCK 
PROTEIN HSP27 IN THE PERIPHERAL NERVOUS SYSTEM.
M Costigan1,2*, RJ Mannion1,2, G Kendall2, SE Lewis1, RE Coggeshall 3, S Tate4 & 
CJ Woolf1,2.
1Deptartment of Anesthesia and Critical Care, MGH and Harvard Medical School, 
Charlestown, MA 02129.2UCL, London, WCIE 6BT, UK. 3UTMB, Galveston, TX 
77551.4Glaxo-Wellcome R&D, Stevenage, SG1 2NY, UK.
Using PCR-based subtractive hybridization, we have identified the small heat shock 

protein HSP27 as an mRNA species markedly upregulated in the adult rat dorsal root 
ganglion (DRG) following sciatic nerve section. Northern blot analysis shows HSP27 
mRNA to be upregulated approximately tenfold 2 days post axotomy with high levels 
persisting for at least 7 days. In contrast, mRNA for HSP56, HSP60, HSP70 and 
HSP90 are not similarly regulated. HSP27 mRNA is constitutively expressed at low 
levels in medium/large A-fibre neurons. After peripheral axotomy, high levels of 
expression are seen in all cell types including those with nociceptive C-fibres. HSP27 
protein is upregulated in the DRG cell bodies in a pattern which mimics that of the 
mRNA, and is transported anterogradely to the central terminals in the dorsal horn and 
dorsal columns, where it persists for several months. HSP27 mRNA and protein are 
also upregulated in axotomized motoneurons. In development, HSP27 mRNA levels 
within the DRG increase from very low amounts at E 15 to approaching adult levels 
at P21, in contrast to many growth associated/injury induced genes such as GAP43, 
which are down regulated as axonal growth is completed. Dorsal rihzotomy fails to 
upregulate HSP27 mRNA. These results suggest that HSP27 upregulation may be 
triggered by removal of a peripheral target derived factor and that increased levels of 
this protein are not part of a general stress response to injury. Given HSP27’s role in 
protection against apoptotic and necrotic cell death in many non-neuronal systems, it 
is possible that HSP27 is a nerve-injury induced survival factor in primary sensory 
neurons, preventing cell death after damage to the peripheral axons.
We are grateful for the support of MRC, UK and Glaxo-Wellcome Pic.

613.7

INDUCTION OF THE TUMOR SUPRESSOR GENE P53 BY THE 
APOPTOGENIC SPHINGOMYELIN-DEPENDENT SIGNALING 
PATHWAY IN PRIMARY NEURONAL CULTURES. B. Brugg,3 S. 
Willaime,3 J. Weitzman,1 M. Ruberg,2 N. D elhaye-Bouchaud ,3 J. 
Marian,3*. 1CNRS URA 1644, Institut Pasteur, Paris, France; 2INSERM  
U289, Hôpital de la Salpêtrière, Paris, France; 3Université P&M Curie, 
Institut des Neurosciences (CNRS, UMR 7624), Paris, France.

Previous results have shown that activation by cell-permeant C2- 
ceramide of the apoptogenic sphingom yelin-dependent signaling 
pathway in primary neuronal cultures resulted in a transient and short-
lived emission of mitochondria-derived reactive oxygen species. This 
event is immediately followed by nuclear translocation of the 
transcription factor NF-κB. The production of reactive oxygen species 
was necessary for the translocation of NF-κB and the subsequent 
apoptotic cell death. The neurons start to die after a lag phase of 14-16 
hours when dissipation of the mitochondrial membrane potential was 
observed, suggesting that free radical production and activation of NF- 
κB occurs early, whereas mitochondrial dysfunction is a late event in the 
apoptotic process. Protein synthesis inhibitors showed that the apoptotic 
process is dependent on macromolecular synthesis.

We have begun to elucidate gene expression during activation of the 
apoptogenic sphingomyelin-dependent signaling pathway using a gene 
candidate approach. Our. results show that the tumor supressor gene 
p53, which includes a NF-κB binding site in its promotor, is induced 
after the activation of the apoptogenic sphingom yelin-dependent 
signaling pathway in neurons. Preliminary results using prim ary 
neuronal cultures from p53 knock-out mice suggest that p53 is essential 
for this apoptotic pathway.

613.4

HEAT SHOCK PROTEIN 27- AN ANTIAPOPTOTIC FACTOR FOR SENSORY 
NEURONS AND PC 12 CELLS?
S.E. Lewis*1, J.L. Martin2, S. Neumann1, R.J. Mannion1, M. Costigan1, W.H. 
Dillmann2 and C.J. Woolf1. 1Neural Plasticity Research Group, Mass. General 
Hospital, Boston, MA 02129 and 2Dept. of Medicine, UCSD, San Diego, CA 92093.

Heat shock protein 27 is induced in non-neuronal cells in response to a wide variety 
of stressors and has been shown to play a role in maintaining the structural integrity 
of the cytoskeleton and in promoting cell survival after insults causing both necrotic 
and apoptotic cell death. We have shown that HSP27 mRNA and protein levels are 
dramatically elevated in the vast majority of primary sensory neurons in the dorsal 
root ganglia (DRG) of adult rats after transection of the sciatic nerve. The previous 
finding that there is little or no death of axotomized DRG neurons in adult rats until 
16 weeks post-axotomy combined with the survival-promoting role for HSP27 in 
non-neuronal cells suggested that HSP27 may have a similar role in injured or trophic 
factor-deprived neurons. In the present study, we manipulated HSP27 levels in vitro 
by transfecting or infecting PC 12 cells and dissociated cultures of rat E15 DRG with 
sense or antisense HSP27 vectors. Transfection or infection of naive PC 12 cells with 
vectors expressing HSP27 antisense induced rounding up of cells by 24 hours, 
followed by extensive membrane blebbing, cell shrinkage, nuclear condensation and 
fragmentation- all characteristics of apoptotic cell death. By these criteria, the cells 
looked identical to PC12s undergoing apoptosis after serum withdrawal. NGF, which 
prevents serum-withdrawal induced apoptosis of PC12 cells and induces neuronal 
differentiation, did not rescue the hsp27 antisense-producing cells; in fact, cell death 
occured more rapidly when serum was withdrawn and NGF was added. Control and 
HSP27 sense vectors had no effect on morphology or cell survival. However, when 
PC12 cells were treated with staurosporine, which rapidly induces apoptosis, cells 
overexpressing HSP27 had 50% fewer apoptotic nuclei after 4 hours than control 
cells. We are currently examining the effects of overexpressing HSP27 on apoptosis 
induced by NGF withdrawal from NGF-differentiated PC1 2s and E15 DRG cultures. 
Supported by MGH Department of Anesthesia.

613.6
EXPRESSION OF HEAT SHOCK PROTEIN 27 IN NEONATAL DRG 
NEURONS IS ASSOCIATED WITH CELL SURVIVAL AFTER 
NERVE INJURY. R.J.Mannion1*, F.A.White1, M.Costigan1, S.E.Lewis1.,
R.E.Coggeshall2, and C.J.Woolf1. 1Department of Anesthesia and Critical Care, 
MGH/Harvard, Charlestown, MA 02129, 2Department of Anatomy, UTMB, 
Galveston, TX 77555.

We have recently found that HSP27 is upregulated in adult primary sensory 
neurons after peripheral nerve injury. We are currently investigating whether HSP27 
confers a survival advantage on the injured sensory neurons by comparing its 
expression in DRG neurons after sciatic nerve injury in adult animals, when cells do 
not die for several months, with newborn animals, when approximately 50% of 
injured neurons are thought to die. At postnatal day 0 (PNO), less than 5% of 
dissociated DRG neurons in vitro express high levels of HSP27. By 4 days of culture 
in the absence of NGF, over 50% of cells die. However, greater than 80% of 
surviving cells are now highly immunoreactive (IR) for HSP27. During the period 
when NGF-dependent neurons die, double-labelling for HSP27 and Hoescht 33342 
reveals that cells with apoptotic nuclei are not HSP27-IR. In vivo, HSP27 is 
constitutively expressed at low levels by a subpopulation of DRG neurons in 
newborn animals. Forty-eight hours after sciatic axotomy at PNO, HSP27 is 
significantly upregulated. Unlike adults, however, there is no increase in the number 
of cells expressing HSP27; only an increase in the amount of HSP27 per cell. We are 
investigating whether the DRG cells that die after peripheral nerve injury at PNO are 
those that do not express HSP27. In summary, in vitro data suggests that neonatal 
DRG neurons that do not express HSP27 in the absence of NGF are those that die. 
The majority of surviving cells express high levels of HSP27. HSP27 expression 
may thus be a nerve injury-induced survival factor in neonatal and adult sensory 
neurons. Why HSP27 is upregulated in all injured neurons in the adult and only a 
subpopulation in the neonate remains a key question. We thank the ISRT for 
financial support.

613.8

p38 M A P K  IN  C E L L  C Y C L IN G  A N D  O S M O T IC  S H O C K - 
IN D U C E D  A P O P T O S IS  O F  T H E  C N S  N E U R O N A L  C A D  CELL 
LIN E. J.A. Kerner*, C .D. Horton, S. Levine and J.K.T. W ang. Dept. of 
Neuroscience, Tufts University Medical School, Boston, MA 02111.

The CAD cell line is a variant o f  the catecholaminergic CATH.a cell 
line which was derived from a brain tumor in a transgenic mouse 
expressing the SV40 T antigen. C A D  cells express neuronal markers 
including neurofilaments, synaptophysin, synaptotagmin, SNAP-25, 
GAP 43, and class III ß tubulin, but not glial markers such as GFAP. 
C AD cells undergo morphological differentiation upon serum 
withdrawal (Qi et al., J. Neurosci. 17:1217-25, 1997) and undergo 
apoptosis in response to a variety o f  stimuli. We now  investigate the 
role o f  stress-activated signaling pathw ays, p38 M APK and 
SAPK/JNK, in osm otic shock-induced apoptotic death.

By immunoblotting with phospho-specific antibodies, w e show that 
350 mM sorbitol causes a rapid phosphorylation o f  both p38 M A PK  
and SAPK/JNK in proliferating and differentiated C AD cells, followed  
by apoptosis within 24 hours. Inhibitors o f  p38 M APK activity 
(SB 203580 and SB 202190) do not prevent sorbitol-induced apoptosis. 
Further, using transient transfection, overexpression o f  p38 M A PK  
together with a constituatively active upstream kinase (M KK6) results 
in decreased cell number which cannot be accounted for by increased 
cell death. Thus, activation o f  the p38 M A PK  pathway in CAD cells 
is not necessary for osm otic shock-induced apoptosis, and the major 
consequence o f  this activation appears to be cell cycle arrest.

Society for Neuroscience, V olume 2 4 ,19 9 8
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613.9

D O E S  D E P R E N Y L  T R E A T M E N T  R E S C U E  D O P A M IN E  N E U R O N S  
FR O M  A P O P T O S IS  IN TH E  D E V E L O P IN G  S U B S T A N T IA  N IG R A ?
L. Groc1,2,3,4, R.A. Levine1,2,3, R.B. Steam 1, D. Weissmann4. L. Bezin1,4* . 
1Gossett Neurol. Labs, Henry Ford Hospital, 2Detroit VAMC, 3Dept. Pharm. Sci, 
Wayne State University Detroit, Ml; 4Lab. Neuropharmacologie Moléculaire 
CNRS-UMR5542, F-69008 Lyon, France.

Parkinson’s disease (PD) is characterized by death of dopamine 
neurons in the substantia nigra (SN) via apoptosis. In rats, naturally occurring 
cell death via apoptosis has also been reported in the developing SN. 
culminating during the perinatal period. Deprenyl has therapeutic benefits in 
PD and neuroprotective effects in animal models of neurodegenerative 
disorders. The present study investigated whether daily treatment with 
deprenyl (0.1mg/kg) from embryonic day E18 to post-natal day P42 could 
rescue the population of neurons in the SN which normally undergo apoptosis 
during that period. Rats were transcardially perfused at P42, and 2 sets of 
serial cryostat-cut sections were collected throughout the SN. Dopamine 
neurons were counted on one set of sections following immunohistochemical 
detection of tyrosine hydroxylase, the rate-limiting enzyme in dopamine 
biosynthesis. Total neurons were counted following Nissl-staining on the 
other set of sections. Deprenyl treatment did not alter the number of 
dopamine neurons or total neurons in the pars compacta and the pars 
reticulata of the SN. These results exclude the ability of deprenyl treatment to 
rescue neurons from cell death in the developing SN. It is possible that the 
mechanism of deprenyl’s protective action in adults was not yet mature during 
the peak of apoptosis in the developing SN. It is also possible that multiple 
pathways can lead to neuronal apoptosis within the SN, some of which are not 
sensitive to deprenyl treatment.
(supported by grant from Henry Ford Hospital HFH#23-4112)

613.11

NEUROPROTECTION BY  A NOVEL C OM POUND, N S 5 2 1. M . 
Grønborg, J. Drejer*, T. E. Johansen, P. K. Ahring, D. Peters, A. 
Møller and L.H. Jensen. NeuroSearch A /S, Smedeland 26B , D K -2600  
Glostrup, Denmark.

N S 5 2 l belongs to a group o f novel benzim idazolones, which  
exhibits neurotrophic activities in several in vitro  and in vivo  systems. 
In vitro, 10 µM  N S 5 2 l prevented death in serum deprived neuronally 
differentiated PC12 cells. The protective effect o f  N S 5 2 l on PC 12 
cells is unlikely to be mediated through TrkA, as N S 5 2 l did not 
induce M AP kinase phosphorylation in these cells. Moreover, N S 52 l 
did not preserve the neurites o f the rescued cells. In vivo, N S 52 l 
provided significant protection (2p<0.002) against loss o f  
hippocampal C A 1 neurons in a gerbil m odel o f  transient global 
ischemia, when dosed 30 m g/kg sc. 15 min. postocclusion and once a 
day the follow ing two days. The neuroprotective effect o f  N S 5 2 l in 
vivo  was also observed on PNS neurons in rats after transection o f  the 
sciatic nerve, where daily oral doses o f  N S 5 2 l (30 mg/kg) 
significantly (p<0 .001 ) inhibited the reduction in number o f  
myelineated fibers 0.5 mm proximal to the nerve cut. In addition, 
N S 52 l was able to prevent sensory neuropathy induced by taxol, as 
daily treatment for 6 days with 1 m g/kg N S 5 2 l inhibited the taxol- 
induced increase in tail flick threshold temperature in m ice (p<0.001). 
In conclusion, N S 5 2 l may be useful in the treatment o f  various 
neurodegenerative conditions.

613.13
Activation of the complement cascade in the human brain following
HEAD INJURY.
B.M. Bellander1, J. Lindberg1, B. Meijer1, H. Aldskogius2*, M. Svensson1. Dept. of 
Clinical Neuroscience, Section for Neurosurgery, Karolinska Institutet and Karolinska 
Hospital, Sweden1. Dept of Neuroscience, Biomedical Center, Uppsala, Sweden2. It has been 
shown in previous studies that the complement cascade is activated in the brain 
following an experimental brain contusion in adult rats. The activation occurs 
around the contusion i.e. in the “penumbra”. A local synthesis by reactive microglia 
seems to be an important source of complement components. Reactive microglial 
cells have been shown to produce several neurotoxic substances e.g. free radicals, 
glutamate-like substances and complement with potential impact on the 
development of so called “secondary brain injuries”. In the present study we have 
sampled human tissue blocks from patients suffering from brain contusions. The 
patients were operated with resection of the contusion because of high intracranial 
pressure. The preoperative Glasgow Coma Score ranged from 3 to 8. The patients 
were operated at various posttraumatic times up to one week after the head injury, 
via a craniotomy using routine anesthesia. The tissue blocks were snap frozen or 
fixed by immersion in 4% paraformaldehyde. Cryostat sections were analyzed with 
respect to various complement factors by immunohistochemistry or in situ 
hybridization. We found high expressions of complement component Clq as well as 
C3, indicating activation of the complement cascade, which is in line with previous 
animal experiments. Complement activation may have several biological effects 
such as stimulation of phagocytosis by recruitment of macrophages and 
opsonization as well as contributing to edema. The end product of the complement 
cascade, “the membrane attack complex”, may induce cell death by creating small 
holes in the membrane of a target cell, which in turn cause a lethal inflow of water 
and ions e.g. calcium. We suggest that activated complement represent a mechanism 
that contributes to the development of secondary brain injuries following head 
trauma. The project has been supported by grants from Karolinska Institutet and 
Magnus Bergvalls Foundation.

613.10
EFFECT OF THE EXTRACT OF GINKGO BILOBA (EGb 761) ON DNA 
FRAGMENTATION AM ) c-FOS EXPRESSION IN THE OLFACTORY 
EPITHELIUM FOLLOWING BULBECTOMY. A. Dide r*1, F. Jourdan1 and 
M. -T. Drov -Lcfaix2 Neuroscience et Systemes Sensoriels. UPRESA5020
CNRS. Universite Claude Bernard. F-69622. Villeurbanne. France. 2IPSEN 
Institute. 75781 Paris cedes. France

The primary olfactory neurons undergo apoptosis within 3 to 5 days following 
ablation of their target organ the olfactory bulb, c-fos is transiently expressed in 
the mouse olfactory epithelium, just before the onset of apoptosis suggesting a 
link between these two events. We have tested the effect of the extract of Ginkgo 
biloba  (EGb 761. Ipsen France), a free radical scavenger, on lesion-induced 
DNA fragmentation and c-fos expression EGb 761 was administred to adult 
rats (daily oral dose of 50 or 100 mg/kg) for ten days before and following a 
bilateral bulbectomy performed under anesthesia (Equitesine .3 m l/100g). A 
control group received no drug treatment but was bulbectomized. At 24. 48 or 
96 hours post lesion, animals were sacrificed by decapitation. The nasal cavity 
was dissected out and Irozen Subsequent DNA and ARN extractions were 
performed Genomic DNAs were 32P-end-labe lled and electrophorezed. 
Autoradiogramms obtained from dried agarose gels were quantitatively 
analysed (Biocom). RNA was reversed transcribed and PCR was performed. 
Results indicate that both DNA fragmentation and c-fos expression arc reduced 
in EGb 761-treated animals compared to controls in a dose dependant manner. 
We conclude that EGB791 is protective toward olfactory apoptosis and this 
protection may operate early in the molecular apoptolic cascade, through a 
reduction of c-fos expression
Supported by the Ipsen Institute and ( entre National de la Recherche 
Scientifique

613.12

E N D O N U C L E O L Y T IC  D N A  F R A G M E N T A T IO N  IS  N O T  
R E Q U IR E D  F O R  A P O P T O S IS  O F  C U L T U R E D  
C E R E B E L L A R  G R A N U L E  N E U R O N S .
S. Beinroth, M.Weller, R. von Coelln*, Ul. Wüllner, T. Klockgether and
J. B. Schulz. Department of Neurology, University of Tübingen, Tübingen, 
Germany

The maturation of cerebellar granule neurons (CGN) is promoted by 
depolarizing concentrations of potassium (K+). Simultaneous withdrawal 
of potassium to physiological K+ concentrations and withdrawal of serum 
from differentiated neurons induce morphological and biochemical 
features of apoptosis, including membrane blebbing, activation of 
caspases, nuclear condensation, and internucleosomal DNA 
fragmentation, detected by TUNEL (terminal deoxynucleotidyl- 
transferase-mediated dUTP end-labeling) and PANT (DNA polymerase I- 
mediated biotin-dATP nick translation) staining, quantitative DNA 
fluorometry, and DNA gel electrophoresis. Significant DNA fragmentation 
is detectable at 6 hr after K+ withdrawal and slowly increases thereafter. 
Two observations indicate that endonucleolytic DNA degradation is 
neither required nor sufficient for K+ withdrawal-induced apoptosis in 
cerebellar granule neurons: (i) Neurons are rescued from apoptosis by 
readdition of K+ up to 8 hr after the apoptotic stimulus when DNA 
fragmentation has already occured. (ii) Aurintricarboxylic acid, an 
endonuclease inhibitor, inhibits DNA fragmentation as assessed by 
TUNEL staining, quantitative DNA fluorometry, and DNA gel 
electrophoresis, but not cell death or chromatin condensation induced by 
K+ withdrawal.
Supported by SFB 430 B8.

613.14
UP-REGULATION OF CYCLIN D 1, C-JUN AND OTHER GENES DURING 
PROGRAMMED CELL DEATH OF CEREBELLAR GRANULE NEU RONS. 
K. Sakai,*  K .Suzuki, S. T a n ak a  and T. Koike. G raduate Program in 
Biological Sciences. Hokkaido University. Faculty of Science, Sapporo 060- 
0810, Jap an .

Cerebellar granule cells isolated from 7-day-old ra ts  and cultured in 
normal medium began to degenerate and decrease their num bers 
progressively, while they rem ained healthy  under depolarizing conditions 
w ith high K+ (25 mM) or in the presence of BDNF. We have searched for 
genes th a t  are specifically induced during cell death. Northern blot 
analysis w as also m ade on several genes known to be up-regulated during 
program m ed cell death. We found th a t  the cyclin D 1 gene w as strikingly 
up-regulated, while only a m odest induction of c-jun occurred which w as 
pers is ten t during cell death. In  contrast, we have failed to detect the 
m essage of c-fos during cell death. Imm unohistochemical analysis revealed 
th a t  enhanced expression of the cyclin D 1 gene w as observed in cerebellar 
granule neurons them selves as  well a s  in microglia. Several other genes 
were found to be up-regulated. These gene expression p a tte rn  w as 
com pared to th a t of granule neurons isolated from the external granular 
layer (EGL). The cyclin D 1 gene h as  been shown to be an  essential m ediator 
of apoptosis in sym pathetic neurons following NGF deprivation, b u t 
rem ained un-stim ulated  during the cell d ea th  of granule neurons following 
combined serum  deprivation and low K+ shift, suggesting th a t our culture 
system  is su itab le  for further analysis of molecular events of cell dea th  in 
cerebellar granule neurons. (Supported by PFSH SJ 96-14)

Society for Neuroscience, Volume 2 4 ,1 9 9 8



1552 NEURONAL DEATH VII WEDNESDAY AM

613.15
INVOLVEMENT OF THE TRANSCRIPTION FACTOR NFAT IN 
MEMBRANE DEPOLARIZATION MEDIATED-SURVIVAL OF SUPERIOR 
CERVICAL GANGLION CELLS IN VITRO. K. Ikegami and T. Koike*. 
G raduate Program in Biological Sciences. Hokkaido University, Faculty of 
Science, Sapporo 060-0810, Jap an .

M embrane depolarizatioin with elevated K+ promotes neuronal survival, 
independently of trophic factor support, by developing a loop of autocrine 
functions or by undefined mechanisms. In superior cervical ganglion (SCG) 
cells, neuronal survival is correlated with a sustained  increase in 
intracellular Ca2+ levels. The target of this sustained  levels is, however, 
unclear. Calmidazolium (R24571). the calmodulin inhibitor a t  less than  
1µM im paired the survival only partially: a complete im p a irm e n t was 
obtained by the co-presence of LY 294002 (25µM), the specific inhibitor of 
PI-3 kinase. The la tte r  drug a t more than  5OµM completely abolished the 
survival. Homology search reveals th a t the calcium/calmodulin binding 
domain in the PI-3 p 110 isoforms, suggesting th a t calcium regulation occurs 
independently of p85. The other target is nuclear factor in activated T cells 
(NFAT) th a t  responds to a sustained  increase in intracellular Ca2+ and 
m ediates cytokine gene transcription. RT-PCR analysis revealed the 
presence of NFAT 1a in SCG neurons, ca 90% homologous to mouse NFAT1a. 
W estern blot w ith a pan-NFAT antibody showed a band corresponding to 
120-130 kDa. Moreover, nuclear localization occurred upon Ca2+ 
stim ulation in SCG neurons. Consistent with this, cyclosporin A (CsA) or 
ascomycin, both the blockers of calcineurin. im paired the survival only 
slightly, b u t exacerbated the effect of LY 294002. These findings suggest 
th a t a  sustained  increase in Ca2+ stim ulates diverse pathw ays including 
NFAT in SCG neurons. (Supported by PFSH SJ 96-14)

613.17
INHIBITORS OF P38 MITOGEN-ACTIVATED PROTEIN KINASE  
PROMOTE NEURONAL SURVIVAL IN  VITRO 
S. Horstmann1, P.L Kahle2 and G.D. Borasio1*. 1Dept. of Neurology, 
Ludwig-Maximilians Univ., Klinikum Grosshadern, D-81366 Munich, 
Germany; 2Dept. of Neurobiology, Stanford Univ. School o f Medicine, 
Stanford, CA 94305-5401.

Mammalian mitogen-activated protein kinases include the 
extracellular signal-regulated protein kinase, the c-Jun amino-terminal 
kinase, and the p38 subgroups. Sustained activation o f  Jun kinase and 
p38 have been shown to precede apoptosis o f  PC12 pheo- 
chromocytoma cells induced by withdrawal o f  trophic factors. To 
investigate the possible role o f  p38 in neuronal apoptosis, we tested 
the effect o f  two selective p38 inhibitors, the pyridinyl imidazole 
compounds SB203580 and SB202190, on different populations o f  
chick embryonic neurons in vitro. Both substances promoted the in 
vitro survival o f  sensory, sympathetic, ciliary and motor neurons in a 
dose-dependent fashion. When assayed in nerve growth factor- 
stimulated PC12 cells, SB203580 pretreatment inhibited the activation 
o f  both ribosomal S6 k inases-1 and -2 with the same IC50 
(approximately 30 µM) that inhibited apoptosis in primary neurons. 
Thus, p38 inhibitor-sensitive pathways may be involved in apoptosis 
o f  neurotrophic factor-deprived primary neurons, and in activation o f  
ribosomal S6 kinases. Due to their low  in vivo toxicity, p38 inhibitor 
might prove o f  interest in the search for new treatment avenues for 
neurodegenerative disorders such as amyotrophic lateral sclerosis.

613.19
PHYSICAL IMPLANTATION OF “ACTIVATED “ IRIDIUM 
MICROELECTRODE AND NEURONAL DEATH WITHIN THE 
LATERAL GENICULATE. R. Carter*and C. Dirks. Dept. Biological 
Sciences. California State University Sacramento. CA 95823.

The purpose of this study is to determine the neuronal death due to 
immediate, sort-term, long-term, and prolonged microelectrode implantation. Male 
Sprague Dawley rats (Rattus norvegicus) between 200-250g were surgically 
implanted with pure “activated” Iridium microelectrode (into the lateral geniculate 
of the thalamus). Animals were sacrificed at 1, 30, 60. and 90 days after 
implantation. Five animals per time period were implanted with an electrode in 
the right lateral geniculate nucleus of the thalamus (LGN). The left LGN was used 
for the control. Thirty-four micron sections were cut at a direction perpendicular 
to the wound edge, and stained with cresyl violet. All observations were made with 
a light microscope. The LGN surrounding the microelectrode was systematically 
scanned for density and distribution of neurons in 100 um bins.

The data indicate a decrease in neuronal death as a function of both distance 
and time from the microelectrode shaft. The percent difference between the 
control and experimental groups were used to make comparisons of neuronal death 
over distance. Neuronal death for the 100 micron bin was significantly higher 
(α=0.05) in all groups (0,30, 60, and 90 day) compared to that of the 200 micron 
bin. Within the 100 micron bin, a significant ((α=0.05) increase in neuronal death 
over time was observed. Bins 200 through 500 for all groups illustrated a linear 
decrease in neuronal death as a function of distance. These data offer valuable 
information regarding the interrelationships of physical implantation, time and 
distance on the neuronal population before stimulation.

613.16
GROUP-1 METABOTROPIC GLUTAMATE RECEPTORS SUPPORT CELL 
SURVIVAL IN THE DEVELOPING RAT CEREBELLUM. M.V. Catania1, M. 
Bellomo2 , A. Copani3 , R. Giuffrida2 *, G.l. Ragonese3 , V. D i Giorgi Gerevini3 ,
T. Knopfel4 and F. Nicoleth3 ,5.  1I.B.F.S.N.C. C.N.R. Catania; 2 Dept. Physiol. 
Sci. and 3 lnst. Pharmacol. Catania Univ., Italy; and 4Brain Sci. In t, RIKEN, 
Japan. Suported by C.N.R., Italy.

It has been suggested that group-l metabotropic glutamate (mGlu) receptors 
play a role in developmental plasticity. We have examined the role of mGlu1 
and/or -5 receptors in the development of rat cerebellum, a process that 
largely occurs after birth. Newborn tats were IntracranialIy injected in the 
cerebellar region with either group-1 mGlu receptor antagonists or mGlu1 a 
antisense oligonucleotides (AO). The following drugs were used: (+)-2- 
methyl-4-carboxyphenylglycine (LY367385), which behaves as a potent and 
highly selective mGlu1a receptor antagonist; and (±)-α-thioxantylmethyl-4- 
carboxyphenylglycine (LY367366), which antagonizes both mGlu1a and -5 
receptors. Repeated injections with LY367385 (20 nmol/2 µl once every 2 
days, from PND2 to PND8) reduced the number and alter the morphology of 
Purkinje cells in the posterior portion of the cerebellum. Injections of mGlu1a 
AO (12 nmol/2 µ l at PND3 and PND5) reduced the expression of the mGlu1a 
receptor protein and resulted into a shrinkage of the ceil body and an 
alteration of the dendritic branching of Purkinje cells. Injections of LY367366 
(20 nmo1/20 µl) altered the morphology of Purkinje cells, but also reduced cell 
number in the internal granular layer. We suggest that activation of mGlu1a 
and -5 receptors controls the maturation of Purkinje cells and granule cells, 
respectively, in the developing rat cerebellum.
LY compounds were kindly provided by Dr. Ann Kingston (Eli Lilly, U.K.).

613.18
CELLULAR REDOX STATE AND FREE METAL ION LEVELS ARE 
IMPORTANT FOR THE CONTROL OF PYRROLIDONE DITHIOCARBAMATE- 
INDUCED NEURONAL CELL DEATH BY MODULATING NF-κB ACTIVITY. 
K.C. Chung1, J.H. Park1, Y Uchiyama2, and Y.S. Ahn1* . 1Dept. of Pharmacology, 
Yonsei University College of Medicine, Seoul 120-752, Korea; 2Dept. of Cell 
Biology and Anatomy I, Osaka Univ. Med. Sch. Osaka 565, Japan

Nuclear factor κB (NF-κB) is a transcription factor involved in the expression of 
a wide range of genes, most of which code for proteins which play a role in immunity 
and inflammation. It is triggered by a great variety of proinflammatory or pathogenic 
stimuli including inflammatory cytokines, phorbol ester, T cell mitogens, and 
lipopolysaccharide, as well as ionizing and UV irradiation. Pyrrolidine 
dithiocarbamate (PDTC) is well known NF-κB inhibitor. Although its mechanism of 
action is conferred by its antioxidant property, other mechanisms that PDTC can act 
as prooxidant, metal chelator, and affecting thiol group modulation of NF-κB binding 
site were suggested recently. Using PC12 cells as a model for neuronal cell death, we 
studied how PDTC can affect on the neuronal cell death and how it couples to MAPK 
signaling cascades. We identified that PDTC caused dual effect on cell survival and 
apoptosis in PC12 cells. At low concentration PDTC caused cell death and at 100 µM 
concentration PDTC caused maximum 60-70% cell death in 24 hrs. But over 100 µM 
to 500 µM range, its toxic effect was blocked and cell survival was observed. In 
serum deprivation condition, co-addition of several divalent free metal ions such as 
copper, zinc, and nickel with PDTC selectively potentiates the toxic effect of low 
PDTC dose. Furthermore intracellular redox-controlling agents such as gluthathione 
(GSH), N-acetylcystein and divalent metal-chelating reagents, such as BCPS, blocked 
its cell death effect. In addition, we observed that PDTC differentially activates ERK 
and JNK, and co-addition of GSH, other antioxidant, and metal ions also modulate 
their activities. Interestingly, although stable Bcl-2 expression blocked neuronal PC 12 
cell death resulted from PDTC stimulation or serum deprivation, the potentiated cell 
death caused by co-addition of metal ion plus PDTC was not blocked by 
constitutively expressing Bcl-2. Our results suggest that cellular redox state and free 
metal ion levels are important for the controlling PDTC-indüced neuronal cell death 
and its effects are mediated by the differential activation of MAP kinase signaling 
pathways, (supported by Basic Medical Research Fund from Korean Ministry of 
Education)
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614.1
NUCLEAR EXCLUSION OF TRANSCRIPTION FACTORS IN RETINAL 
APOPTOSIS. L. B. Chiarini*, F. G. Freitas,  H. Petrs-Silva, M.L. Leal-Ferreira 
and R. Linden. Institute de Biofi sica da UFRJ, Rio de Janeiro, Brasil, 21949-900. 
E-mail: chiarini@ibccf.biof.ufrj.br

The multiple pathways leading to apoptosis depend on cell type, stage of 
differentiation and the form of induction o f cell death. We are studying apoptosis in 
the developing retina, using in vitro explants that preserve the structure, cell 
interactions and the extracellular matrix similar to the tissue in situ. Here we 
examined the expression and sub-cellular distribution of several transcription 
factors in apoptotic retinal cells. Explants from the retina o f developing rats were 
kept in vitro. Apoptosis was induced by axotomy of the retinal ganglion cells 
(RGCs), inhibition of protein synthesis, thapsigargin, okadaic acid, γ-irradiation or 
heat shock. Sections of the explants were processed by immunocytochemistry for c- 
Jun, JunB, c-Fos, ATF2, c-Myc or Max proteins. Apoptotic bodies were positive 
for c-Jun, JunB, c-Fos and c-Myc, while healthy cells were mostly negative. 
However, after axotomy some healthy-looking RGCs already showed cytoplasmic 
labeling for c-Jun. In the apoptotic cells, most of the staining for these 4 factors was 
excluded from the nucleus, as shown by double labeling with either DAPI or 
TUNEL. Both ATF2 and Max were found in the nucleus of relatively differentiated 
cells and were absent from most apoptotic bodies. In explants from 2 week-old rats, 
in which apoptosis of axotomized RGCs proceeds at a slower pace than in newborn 
retinae, the immunoreactivity for Max progressively drifted into the cytoplasm and 
dendrites o f the axotomized RGCs, preceeding its disappearance in the dead cells. 
These data suggest that the nuclear exclusion of transcription factors is an early 
event of apoptosis in nerve cells. (CNPq, FINEP, FAPERJ, FUJB-UFRJ, 
PRONEX-MCT).

614.3

PHOSPHORYLATION OF BAD IN CEREBELLAR GRANULE NEURONS IS 
MODULATED BY POTASSIUM DEPRIVATION, INSULIN LIKE GROWTH 
FACTOR-1 AND WORTMANNIN. M. Gleichmann, S. Beinroth, J. B. Schulz* 
and M. Weller. Department of Neurology, University of Tübingen, Tübingen, 
Germany

Cerebellar granule neurons (CGN) cultured in the presence of serum and 
depolarizing potassium (K+) concentrations undergo apoptosis when 
switched to serum-free medium containing physiological potassium 
concentrations, but they remain viable after serum deprivation alone.

Using RT-PCR and immunoblotting we analyzed expression of Bcl-2, Bcl- 
Xl+s, Bag-1, Bax and Bad at the RNA and protein level. No significant 
regulation was found after potassium deprivation when compared with serum 
deprivation alone. As a next step we looked for posttranslational 
modifications of Bcl-2 family proteins. We showed by immunoprecipitation 
that K+ deprivation is followed by dephosphorylation of Bad protein. 
Dephosphorylation is known to be required for the proapoptotic function of 
Bad. Dephosphorylation of Bad, caspase activation and apoptosis were 
inhibited by treatment with insulin like growth factor-1 (IGF-1). All these 
effects of IGF-1 were reversed by wortmannin (10µM), indicating that IGF-1 
mediates survival and Bad phosphorylation through the activation of Pl(3) 
kinase.Pl(3) kinase activity was not essential for maintaining Bad 
phosphorylation in high K+serum deprived neurons since the Pl(3) kinase 
inhibitor wortmannin triggered neither apoptosis nor Bad 
dephosphorylationunder these conditions. Rescue from apoptosis by IGF-1 
did not depend on protein synthesis. Since cycloheximide prevented K+ 
deprivation-induced apopptosis, but not dephosphorylation of Bad, additional 
events are required to induce apoptosis.
Supported by SFB 403 B6.

614.5

APOPTOSIS INDUCED BY DIFFERENT STIMULI IS ASSOCIATED 
WITH DISTINCT MODE OF DNA FRAGMENTATION IN NEURO 
BLASTOMA CELLS. V. Solovyan*, V. Huotari and A. Salminen. Dept. 
of Neuroscience and Neurology, Univ. o f Kuopio, P.O. Box 1627, FIN- 
70211 Kuopio, Finland.

Exposure of mouse NB 2a neuroblastoma cells to genotoxic 
(etoposide and cytosine arabinoside) and nongenotoxic challenges 
(serum deprivation and okadaic acid) resulted in progressive cell 
death with characteristics typical of apoptosis. Apoptosis in the cells 
treated with genotoxic or nongenotoxic inducers was invariably 
associated with the formation of HMW-DNA fragments, while 
internucleosomal DNA fragmentation was only observed in the cells 
treated with nongenotoxic inducers. Cycloheximide and suramin 
both prevented the internucleosomal and HMW-DNA fragmentation 
in the cells exposed to nongenotoxic inducers but had only a slight 
inhibitory effect on the apoptotic DNA fragmentation induced by 
genotoxic challenges. Aurintricarboxylic acid and Zn2+-ions 
inhibited the formation of both oligonucleosomal and HMW-DNA 
fragments in serum-deprived cells, but had a slight inhibitory effect 
on the apoptotic DNA fragmentation induced by genotoxic 
challenges. Results indicate that distinct mechanisms underlay DNA 
disintegration in NB 2a cells induced to undergo apoptosis by 
different stimuli. (Supported by the Academy of Finland).

614.2
CLONING AND EXPRESSIO N O F THE PR O G RAM M ED CELL 
DEATH REGULATOR BAD IN THE RAT BRAIN. V. D ’A a a ta 1, G. 
M agro2, S. Travali3, S. M usco3, and S. C a va lla ro1* . 1lstituto di 
Bioimmagini e Fisiopatologia del Sistema Nervoso Centrale, Italian 
National Research Council (CNR), in s titu te  of Pathological 
Anatom y and General Pathology3, University of Catania, Catania, 
Italy.

Apoptosis is an active form  of cell death which is im plicated in the 
developm ent of the nervous system  and in a num ber of 
neurodegenerative states, including cerebral ischemia, A lzhe im er’s 
and Parkinson’s disease. Am ong the m ore prom inent regulators of 
apoptosis are m embers of the Bcl-2 fam ily of proteins. These 
proteins appear to regulate a distal step in an evolutionarily 
conserved pathway, with som e m em bers function ing as 
suppressors (e.g., Bcl-2) and others as prom oters (e.g. Bax) of 
apoptosis. In the present study we cloned the cDN A encoding the 
rat brain BAD, a distant m em ber of the Bcl-2 fam ily that was shown 
to prom ote cell death. The cloned cDNA encoded a protein of 205 
am ino acids, containing three putative Bcl-2 hom ology dom ains 
(BH1, BH2 and BH3) and no C-term inal signa l-anchor sequence. 
Imm unohistochem ical analysis in the rat brain revealed the 
exclusive expression of Bad in the epithelial cells of the choroid 
plexus, a result which is consistent with a very specia lized function 
of Bad in the brain.

614.4

DOWN REGULATION OF p75 NGFR AND TRK BY 
MANGANESE-INDUCED APOPTOSIS IN PC12 CELLS.
Y. Hirata*, K. Adachi, S. Muraguchi, and K. Kiuchi. Lab. for 
Genes of Motor Systems, Bio-Mimetic Control Research Center, 
The Institute of Physical and Chemical Research (RIKEN), 
Nagoya 463-0003, Japan.

Manganese is known to induce neurological disorders 
similar to parkinsonisms. A dopamine deficiency has been 
demonstrated in Parkinson's disease and in chronic 
manganese poisoning. However, the details of the neurotoxic 
effects of the metal ion have yet to be elucidated. We have 
previously reported that manganese causes characteristic 
internucleosomal DNA fragmentation, a biochemical hallmark 
of apoptosis, in PC12 cells (Hirata et al., Soc. Neurosci. Abstr. 
23: 631, 1997). It was transcription-dependent, specific for 
manganese and blocked in Bcl-2 overexpressed PC12 cells. 
Further study showed that some membrane proteins such as 
p75 NGFR and Trk are down-regulated in manganese-treated 
PC12 cells although the integrity of plasma membrane seems 
to be preserved. In contrast, the protein levels of neuronal 
markers such as tyrosine hydroxylase, dopamine transporter, 
and β-adrenergic receptors were not changed during 
manganese treatment. Protein kinase C, protein kinase Cλ, 
and protein kinase Cζ that are suggested to be involved in 
apoptic signal transduction showed stable expression. In 
addition, the expression of Bcl-2, Bax, and hsp70, known as 
apoptosis-related proteins, were not changed. (This work was 
supported by the Frontier Research Program.)

614.6
DIFFERENTIALLY EXPRESSED GENES IN NEURONAL 
DEGENERATION: DOWNREGULATION OF IGF BINDING 
PROTEIN 5. M. Roschier* , E. T. Kuusisto and A. Salminen. Dept. of 
Neuroscience and Neurology, Univ. of Kuopio, P.O. Box 1627, FIN- 
7021 1 Kuopio, FINLAND.

The aim of the study was to identify changes in gene expression level 
during neuronal degeneration using standard differential display (DD) 
analysis. Cerebellar granule cell cultures were prepared from 7-day-old 
Wistar rats. Neuronal degeneration was induced by reducing the KCl- 
concentration from 25 mM to 5 mM. Total RNA for DD analysis was 
extracted from potassium deprived cells at 24 h and 48 h after lowering 
the potassium concentration. Control samples were taken at 0 h and 48 
h. In the DD analysis a total of 24 different primer combinations were 
used to detect differences in gene expression and differentially 
expressed bands were cloned. An SSCP analysis in combination with 
reverse slot blot hybridization was used to detect clones containing the 
right inserts. The differential expression was confirmed by Northern 
blot analysis and a total o f 9 genes were sequenced. One o f these 
cDNAs was identified as IGF binding protein 5 (IGFBP5). A Northern 
blot analysis using the IGFBP5 fragment as a probe confirmed the 
differential expression of a 6 kb transcript. IGFBP5 mRNA was found 
to be markedly downregulated after potassium deprivation. These 
results suggest that IGFBP5, which regulates IGF-1 action, is involved 
in neuronal degeneration and apoptosis. Supported by Academy o f  
Finland.
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614.7

DIFFERENTIALLY EXPRESSED GENES IN NEURONAL 
DEGENERATION: UPREGULATION OF A SEIZURE RELATED 
GENE. E. T. Kuusisto, M. Roschier, T. Suuronen* and A . Salminen. 
Dept. o f Neuroscience and Neurology, Univ. of Kuopio, P.O. Box 
1627, FIN-70211 Kuopio, FINLAND.

The aim of the study was to identify changes in gene expression 
level during neuronal degeneration using standard differential 
display (DD) analysis. Cerebellar granule cell cultures were 
prepared from 7-day-old Wistar rats. Neuronal degeneration was 
induced with potassium deprivation. Total RNA for DD analysis 
was extracted from potassium deprived cells at 24 h and 48 h after 
lowering the potassium concentration. Control samples were taken 
at 0 h and 48 h. In the DD analysis a total o f 24 different primer 
combinations were used to detect differences in gene expression and 
30 differentially expressed bands were cloned. An SSCP analysis in 
combination with reverse slot blot hybridization was used to detect 
clones containing the right inserts. The differential expression was 
confirmed using Northern blot analysis and a total o f 9 clones were 
sequenced. One of these cDNAs was found to be identical to a 
previously cloned seizure related PTZ-17 cDNA (pentylenetetrazol- 
related cDNA; Kajiwara et al, Brain Res. 671:170-174, 1995). In 
Northern blot analysis, a 2.1 kb transcript is visible, with maximum 
upregulation at 24 h after KCl withdrawal. Supported by Academy o f  
Finland.

614.9

D ISIN TEG RA TIO N  OF N U C L EA R  D N A  IN A CELL-FREE 
SYSTEM : H M W -D N A  CLEA V A G E PRO CEED S IN D E PE N
D EN TLY  ON CA SPA SE-3 A CTIV A TIO N  A ND  IN TERN U C- 
LEO SO M A L D N A  FRA G M EN TA TIO N . Z. B ezvenyuk*, V. 
Solovyan and A. Salm inen. Dept. of Neuroscience and Neurology, 
Univ. of Kuopio, P.O. Box 1627, FIN-70211 Kuopio, Finland.

Treatment o f  nuclei isolated from normal N B-2a neuroblastoma 
cells with apoptotic cytosol prepared from serum-deprived N B-2a  
cells resulted in disintegration o f  nuclear D N A  into HMW- and 
oligonucleosom al D N A  fragments. Inhibition o f  caspase-3 activity 
in apoptotic cytosol either with Ac-DEVD-CHO or with z-V A D- 
fmk had no effect on D N A  fragmentation pattern. Normal (non- 
apoptotic) cytosol, which possessed no caspase-3 activity, failed to 
produce oligonucleosom al D N A  fragments when incubated with 
isolated nuclei but provoked disintegration o f  nuclear D N A  into 
HM W -DNA fragments. Results suggest that formation o f  HMW- 
D NA  fragments, which are invariably associated with apoptosis, 
may proceed independently on caspase-3 activation and inter- 
nucleosomal D N A  fragmentation. (Supported by the Academy o f  
Finland).

614.11

NEONATAL INFRAORBITAL NERVE CUT INDUCES APOPTOSIS IN 
THE RAT DORSAL THALAMUS. A. Baldi*, E. Calia, N. Onori,
A. Persico and F. Keller. Laboratory of Neuroscience, Dept. of Physiology, 
Università “Campus Bio-Medico”, Rome, Italy.

Apoptosis plays an important role in regulating the number and connectivity 
of neurons during development of the PNS and CNS. The somatotopic 
organization of the whisker representation in the trigeminal sensory system is 
an attractive model to investigate the role of apoptosis in the development of 
topographic maps. It has been shown that an intact sensory imput is essential 
for the correct development of central sensory maps. Disruption of 
somatotopic maps in the primary somatosensory cortex following neonatal 
transection of the infraorbital nerve (ION) could be partly due to decreased 
availability o f peripheral trophic factors such as BDNF and NT-3 (Calia et al., 
submitted). In order to confirm this hypothesis, we performed unilateral 
sections of the ION in neonatal rats and looked at the number of apoptotic 
cells in the dorsal thalamus, using in situ end labeling of DNA fragmentation 
(TUNEL). Counts of positive cells revealed increased cell death in the dorsal 
thalamus controlateral to the sectioned nerve already 24 hours after ION 
section (16,6+0,8 vs. 8,6±0,43 labeled cells, N=4, mean±s.e.m., p=0,0 0 l). The 
number of labeled cells increased further at 48 hours post lesion (41,9±l,9 vs. 
10,3± l,l 1, N=4, p<0,00l).

These data indicate that neurons in thalamic sensory nuclei may undergo 
rapid cell death after afferent deprivation, suggesting that apoptosis is 
involved in the development o f topographic maps in thalamic sensory nuclei. 
Supported by the Margherita Lama Caputo Memorial Fund.

614.8

NEURONAL APOPTOSIS INDUCED BY HISTONE DEACETYLASE 
INHIBITORS. A. Salminen*, T. Tapiola and T. Suuronen. Dept. of 
Neuroscience and Neurology, Univ. o f Kuopio, P.O. Box 1627, FIN- 
7021 1 Kuopio, Finland.

Histone acetylation is a key step in transcriptional activation, whereas 
histone deacetylation is correlated with transcriptional repression and 
silencing o f genes. Genetic repression apparently has an important role in 
neuronal atrophy and degeneration. Our aim was to study how histone 
deacetylase inhibitors, trichostatin A (TSA) and sodium butyrate, affect 
the metabolism of cultured rat cerebellar granule neurons and N2a 
neuroblastoma cells. Cultured cells were exposed to 1-3 µM TSA and 1- 
10 mM butyrate for 2 days. Both of these inhibitors induced a prominent 
neuronal apoptosis characterized by morphological changes and by the 
activation of caspase-3. The activities o f caspase-3 reached the highest 
activities on the 2nd day after treatment, slightly higher in proliferating 
neuroblastoma cells than in cerebellar granule neurons. The activation of 
caspase-3 and morphological changes were prevented by cycloheximide 
treatment. Histone deacetylase inhibitors also induced a prominent 
increase in the DNA-binding activities o f AP-1, CREB and NF-kB. These 
observations show that an excessive level of histone acetylation induces 
stress response and apoptotic cell death in neuronal cells. (Supported by 
the Academy of Finland)

614.10
APOPTOSIS AFTER TRAUMATIC HUMAN SPINAL CORD INJURY. L  
Emery1, P.Aldana2, W.Puckett2, A. Srinivasan4, R.W.Keane3, J.Bethea2, M.B.Bunge2, 
A.Levi2,*. 1Service de Neurochirurgie, Hopital Beaujon, Clichy 92118, France;
2 The Miami Project to Cure Paralysis & Dept. of Neurosurgery, 3Dept. of 
Physiology & Biophysics, University of Miami School of Medicine. Miami, FL 
33136; 4IDUN Pharmaceuticals Inc., La Jolla, CA.

Apoptosis is a form of programmed cell death seen in a variety of developmental 
and disease states including traumatic injuries. To determine whether apoptosis 
contributes to the tissue damage after human spinal cord injury (SCI), we examined 
the spinal cord of 15 patients who died 3 hours to 2 months after a traumatic SCI as 
well as 3 non-SCI controls.

Cross sections were obtained at the epicenter and at consecutive root levels above 
and below the injury. All cases except one showed significant destruction of the 
spinal cord parenchyma at the epicenter of the injury. Apoptotic nuclei were found in 
14 /15 cases on H&E, cresyl violet and Hoechst 33342 stained sections. Apoptotic 
cells appeared at the edges of the lesion epicenter and in the adjacent white matter, 
particularly in the ascending tracts. This observation was supported by TUNEL 
staining and confirmed by immunostaining for CPP32, a member of the ICE/CED-3 
family of proteases which has an essential role in inducing programmed cell death. 
Apoptotic cells were mostly found at 2-3 levels above and below the epicenter level, 
with a good correlation with the presence of Wallerian degeneration. They were 
often randomly distributed in the rim of surviving tissue around the epicenter within 
the white matter, but were not seen in the gray matter. A portion of the apoptotic 
cells were found to be oligodendrocytes by immunostaining with CNPase. Apoptotic 
bodies were not seen in astrocytes (GFAP positive). Macrophages or activated 
microglia containing apoptotic bodies were also observed (CD45, CD68 positive).

The above results support the hypothesis that apoptosis occurs in human SCI 
and is dependent upon the activation of the member of the ICE/CED-3 family 
of proteases. This mechanism of cell death may have important clinical 
implications for the further development of protease inhibitor drugs to prevent 
programmed cell death. (Supported by The Health Foundation of South Florida 
and The Miami Project to Cure Paralysis)

614.12

THE EFFECTS OF CALBINDIN D-28K A N D  PARVALBUM IN  
ANTISENSE OLIGONUCLEOTIDES ON THE SURVIVAL OF 
CULTURED PURKINJE CELLS. P.J.S. V ig* , D .O. M cDaniel, S.H. 
Subramony and Z.Qin. Dept. o f  Neurology, Univ. o f  M iss. Med. Ctr., 
Jackson, MS 39216.

The role o f  calcium binding proteins (CBPs), calbindin D-28k (CaB) 
and parvalbumin (PV) in Purkinje cell survival was investigated using 
oligonucleotide antisense strategy. Purkinje cell enriched cultures were 
prepared from the cerebella o f  0-1 day old Balb/c mouse pups. Purkinje 
cells were identified by size, asymmetric arbors, immunoreactivity to CaB 
and PV, uptake o f  γ-aminobutyric acid (GABA) and failure to express 
glial fibrillary acidic protein. The cells at different days in vitro were 
treated with antisense or mismatched antisense phosphorothioate 
oligonucleotides for CaB and PV mRNA (complexed with lipofectin). 
Neuronal specific [3H]-GABA uptake was used as a measure o f  Purkinje 
cell survival. The cultures treated for 24 h with antisense oligos 
(CaB+PV) showed a significant decrease in [3H ]-G ABA uptake as 
compared with the cultures treated with lipofectin alone or with lipofectin 
+ mismatched antisense oligos to CaB and PV mRNA. The results o f  the 
present study suggest that the expression o f  calcium buffering proteins 
CaB and PV may have a significant involvement in Purkinje cell viability. 
Supported by UMMC Intramural Research Support Program.
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614.13

C P P 3 2 -L IK E  P R O T E A S E S  A R E  M A JO R  M E D IA T O R S  O F  
A P O P T O S IS  IN  A X O T O M IZ E D  R E T IN A L  G A N G L IO N  C E L L S  
IN  VIVO
Pawel Kermer* 1, Nikolaj Klöcker1, Monika Labes1, Anu Srinivasan2, 
Kevin Tomaselli2 and Mathias Bähr1
1 Dept. of Neurology, University of Tübingen, D-72076 Tübingen, FRG 
2IDUN Pharmaceuticals, La Jolla, CA 92037, USA

The majority o f  retinal ganglion cells (RGCs) die after transection 
o f  the optic nerve (O N ) in the adult rat by apoptosis. W e investigated, 
whether activation o f  caspases contributes to delayed death o f  RGCs after 
axotomy. Intraocular application o f  the broad-range protease-inhibitor 
ZVAD-fmk rescued 22 % o f  RGCs 14 days after ON transection. Using a 
modified affinity-labeling technique, w e detected the upregulation o f  a 
protease subunit after axotomy, which w as inhibited by ZVAD-fmk. This 
17 kD protein w as identified as a CPP32-like protease. These results 
could be confirmed by western blotting and a fluorogenic CPP32 activity 
assay. Specific and irreversible inhibition o f  CPP32-like proteases with 
ZDEVD-cmk revealed a significantly increased RGC rescue rate o f  34 %. 
Long-term experiments showed a persisting neuroprotective effect of 
caspase inhibition. Furthermore, w e were able to localize CPP32 in RGCs 
by immunocytochemistry. In summary, w e conclude that CPP32 and 
CPP32-like caspases are important mediators o f  apoptosis in axotomized 
RGCs. These data provide further insight into the mechanisms o f  injury- 
induced neuronal apoptosis, which could give rise to more effective 
treatment strategies in CNS trauma and neurodegenerative diseases, 
(supported by BMBF Neurotraumatology and IKFZ 01 KS 9602).

614.15

RECEPTOR M E D IA TED  A PO PTO SIS IN  N TER A 2 CELLS. 
B rendan B ingham *, S tan ley  C. Sm ith , L orayne P. Jenkins, and  
A n d rew  W o o d . M olecu lar and C ell B io logy , C N S D isord ers, 
W yeth -A yerst R esearch, C N  8000, Princeton , NJ 08543-8000.

The TNF- and Fas ligand-stimulated apoptotic pathways are 
under investigation in the human neuronal cell line, NTERA2. These 
cells are derived from a human teratocarcinoma and when fully 
differentiated in culture present a late embryonic neuronal 
phenotype. RT-PCR cloning has confirmed the expression of Fas and 
TNF-Rl in these cells. These receptors couple to the caspase- 
mediated apoptotic cascade, of which MORTl (FADD) and Caspase-8 
(MACH, FLICE) are among the most proximal members. Several 
isoforms of these genes have been cloned as amino-terminal fusions 
with the EGFP reporter into the Clontech expression vector pEGFP- 
N1. Transient expression of these constructs allows discrimination of 
transfected from non-transfected cells, tracking of cell fates, and 
subcellular localization of the overexpressed gene product.

Treatment of NTERA2 stem cells with 1000 u/m L TNF, coupled 
with 1 µg/mL cycloheximide, causes cell death in 24-48 hrs., 
demonstrating an intact TNF signalling pathway in these cells. That 
pathway can also be activated by overexpression of certain of its 
members. MACHαl and MORTl are each cytotoxic upon transient 
transfection, with the MORT1-induced apoptotic cell death being 
partly reversible by the cell permeable caspase inhibitor BAF. 
Interestingly, the MORT1-EGFP product localizes to the nucleus.

614.17

C H A R A C T E R IZ A T IO N  O F A  N O V E L  T Y R O S IN E  K IN A S E  IN TH E  
CN S . M. Tom om ura*, K. Kohda, T. Kondo, and M. Yuzaki . St. Jude 
Children’s Res. Hosp., Memphis, TN 38105.

Tyrosine kinases, both receptor and non-receptor types, are involved 
in many important functions of mature neurons including neurotrophic 
factor responses and synaptic plasticity. In the process of cloning of 
glutamate receptor-related molecules from cerebellar Purkinje cells by 
degenerate PCR approach, we isolated a novel non-receptor type of ty
rosine kinase that has homology with the tyrosine kinase domain of in
sulin receptor family. In this study, we characterized this neuron- 
derived tyrosine kinase (NTYK) in the CNS. The size of mRNA was ~6 
kb and it was exclusively expressed in the brain. By in situ hybridiza
tion, we confirmed that NTYK was mainly expressed in neurons but not 
in other types of cells in the CNS. NTYK was ubiquitously expressed 
throughout the CNS, but there were highly expressing regions such as 
CA1-CA3 in the hippocampus. In the cerebellum, the expression was 
first detected around the 1st postnatal week and increased steadily 
during development. Interestingly, the expression of NTYK was rapidly 
induced in cultured cerebellar granule cells after removal of mem
brane-depolarizing level of KCI from the medium, which induced syn
chronous and massive apoptosis. These data suggest that NTYK may 
be involved in the apoptosis or survival of post-mitotic neurons. This 
work was supported in part by NIH Cancer Center Support CORE grant 
P30 CA21765 and by the American Lebanese Syrian Associated 
Charities (ALSAC).

614.14

KAINIC ACID INDUCES CALCIUM-DEPENDENT NEUROTROPHIC 
RESPONSES IN DEVELOPING CORTICAL NEURONS. Y.H. LEE1*, K.-M. 
FANG1, C.-M. YANG2, C.-P. YANG1, L.-H. TSAI1, AND J.-Y. WU3. 1Dept. of 
Physiology, Taipei Medical College, Taipei, and 2Dept. of Pharmacology, Chang 
Gung Univ., Taoyuan, Taiwan, R.O.C.; 3Dept. of Physiology and Cell Biology, Univ. 
of Kansas, Lawrence, KS 66045.

The ionotropic glutamate receptors are known to induce various intracellular 
signaling pathways which may involve in determination of neuronal survival for brain 
development. Some of their neurotrophic effects may be associated with the 
induction of neurotrophic factors, such as the nerve growth factor (NGF). In this 
presentation, we used 4 days-in-vitro (DIV) primary cultured cortical neurons 
isolated from embryonic rat brains as a model of developing neurons to demonstrate 
the involvement of the α-amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) 
/kainate (KA) receptors in regulation of cell survival. KA, an excitotoxic agent and 
also a common agonist for AMPA/KA receptors, has neglect neurotoxicity in 4 DIV 
neurons. Blocking the action of NGF-related events by adding NGF antibody or 
inhibitors of the NGF receptor TrkA (AG879 and K252a), significantly enhanced the 
KA neurotoxicity, suggesting that KA may induce NGF release to protect neurons 
from its own toxicity. KA-induced TrkA phosphorylation was attenuated not only 
by addition of NGF antibody and AG879, but also by the intracellular calcium 
chelator BAPTA and the phospholipase C (PLC) inhibitor U73122. This calcium 
dependency also occurred in the KA-induced poly-phosphoinositides (poly-PI) 
turnover, which is a transient event in development and is directly mediated by a 
GDPβS-sensitive AMPA/KA receptor. This KA-induced PLC activity primarily 
mediate neuronal death, and is required for the activation of TrkA for neuronal 
survival. Therefore, the activation of the AMPA/KA receptor elevates intracellular 
calcium to present it neurotrophic effects by balancing and determination the 
neuronal survival for proper development. (Supported by grant from National 
Science Council, Taiwan, NSC87-2314-B-038-038)

614.16
Anti-apoptotic activity as a novel prostacyclin function through activation 
of a CNS-specific receptor. Takumi Satoh1*,Yasuvuki Ishikawa2,Yosky 
Kataoka1, Koichi Katoh3, Yumiko Watanabe1, Kazuhiko Nakadate1,Kiyoshi 
Matsumura1 , Hiroshi Hatanaka2,Ryoii Novori3, Masaaki Suzuki4, Yasuyoshi 
Watanabe1, 1Department of Neuroscience, Osaka Bioscience Institute, 6-2-4 
Furuedai, and 2Department of Protein Biosynthesis, Institute for Protein 
Research, 3-2 Yamadaoka, Suita-shi, Osaka 565, Japan, 3Department of 
Chemistry and Molecular Chirality Research Unit, Nagoya Nniversity,
Nagoya 464-01. 4Department of Biomolecular Science, Faculty of Engineering, 
Gifu University, Gifu 501-11, Japan.

Our previous papers have demonstrated that a novel subtype of 
prostacyclin receptor (IP2), which is distinct from a peripheral subtype (IP 1) 
in terms of ligand specificity, is expressed in the rostral region of the brain 
such as cortex, hippocampus, thalamus and striatum, and that 15R-16m-Tolyl-
17,18,19,20- tetranorisocarbacyclin (15R-TIC) and 15-deoxy-16m-Tolyl-
17.18.19.20- tetranorisocarbacyclin (15-deoxy-TIC) specifically bind for IP2. 
Here, we report that 15R-TIC and 15-deoxy-TIC prevented apoptotic cell 
death of hippocampal neurons induced by high oxygen (50%) atmosphere, 
xanthine (XA) + xanthine oxidase (XO), and serum deprivation. However, 
other prostaglandins did not show a neuroprotective effect. IC50s for neuronal 
death were around 30 and 300 nM forl5-deoxy-TIC and 15R-TIC , 
respectively, which well correlated with the binding potency for IP2 in the 
CNS. While oxidative stress triggered increasing production of superoxide 
anion (O2- ) and hydrogen peroxide (H2O2), 15R-TIC and 15-deoxy-TIC did 
not affect the level of either O2- or H2O2. Prostacyclin itself significantly 
protected hippocampal neurons from high oxygen. These results indicate that 
prostacyclin has a survival effect on CNS through activation of a CNS-specfic 
subtype of its receptor. We propose a novel action of prostacyclin as a 
regulator of neuronal survival in addition to a regulator of microcirculation.

614.18

COMPARATIVE STUDY OF SURVIVAL SIGNAL WITHDRAWAL- AND 
4-HYDROXYNONENAL-INDUCED CELL DEATH IN CEREBELLAR 
GRANULE CELLS
K. Ishige*,M. Arakawa, Y. Ito and H. Fukuda. Dept. o f Pharmacology, 
Coll. o f Pharmacy, Nihon Univ., Funabashi 274-8555, Japan.

Cerebellar granule cells undergo apoptosis by deprivation o f survival 
factors, K+ and serum. Reactive oxygen species have been implicated as 
mediators o f excitotoxic and apoptotic neuronal cell death. The lipid 
peroxidation product, 4-hydroxynonenal (HNE), has been shown to induce 
apoptosis in PC12 cells and hippocampal neurons, suggesting that HNE is 
a mediator o f oxidative stress-induced apoptosis. However, the 
mechanism underlying HNE-induced cell death in cerebellar granule cells 
still remains to be determined. We compared the degree o f cell death 
induced by survival signal withdrawal with that induced by HNE, and 
examined whether agents which block survival signal withdrawal-induced 
apoptosis could rescue HNE-induced cell death in cultured cerebellar 
granule cells. Cell death induced by K+ and serum deprivation was 
inhibited by a CPP 32-like protease inhibitor, Ac-DEVD-CHO and 
pituitary adenylate cyclase-activating polypeptide (PACAP) 38 in a 
concentration-dependent manner. In addition, nuclear AP-1 DNA-binding 
activity was increased 2 h after K+ and serum withdrawal, and the 
increased AP-1 DNA-binding activity was inhibited by Ac-DEVD-CHO 
and PACAP 38. The HNE-induced cell death was also blocked by these 
agents, consistent with their effects on the survival signal 
withdrawal-induced cells death. Cycloheximide (10 µM) also blocked 
both the survival signal withdrawal- and HNE-induced cell death. These 
results suggest that survival signal withdrawal and HNE share, at least in 
part, common pathway to promote cell death in cerebellar granule cells.
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614.19
MECHANISMS OF KCI-MEDIATED SURVIVAL IN SUPERIOR CERVICAL GANGLION 
NEURONS. A.R. Vaillant, U. Zirrgiebel*, D.R. Kaplan and F.D. Miller. Center for Neuronal 
Survival, Montreal Neurological Institute, Montreal, Canada H3A 2B4.

Postnatal day 1 superior cervical ganglion (SCG) neurons require nerve growth 
factor (NGF) for their survival. However, after 4 days in culture in the presence of NGF, SCG 
neurons can survive when switched to 50µM KCI. We are currently investigating how KCI 
mediates neuronal survival. Our approach is to use inhibitors of intracellular enzymes that 
have potential roles in survival processes to obtain clues about the nature of KCI-induced 
survival pathways. In addition, we also asked if KCI-mediated survival signals are similar to 
those mediated by NGF.

Unlike NGF, KCI does not stimulate Trk activity, however both agents increased 
tyrosine phosphorylation of MAP kinase (ERK). Using the MTT assay to measure neuronal 
survival, we then compared the effects of various enzyme inhibitors on NGF- and KCI- 
mediated survival. KCI-mediated survival was not inhibited by the Trk inhibitor K-252a 
(200nM) but was reduced by the CaMII kinase inhibitor KN-62 (1µM). We then inhibited the 
activity of the downstream enzymes PI3-K and MEK using LY294002 (10µM) and PD98059 
(20µM). KCI- and NGF-mediated survival were both inhibited by LY294002 and PD98O59 but 
with different potencies; KCI-mediated survival showed a higher sensitivity to PD98O59 while 
NGF-mediated survival was more sensitive to LY294002.

These results suggest that CaMII kinase plays a role in KCI-mediated survival while 
Trk receptor signaling is not involved.. Although NGF- and KCI-mediated survival are 
dependent on both PI3-K and MEK, the PI3-K pathway plays a greater role in NGF signaling 
while KCI mediated survival is more dependent on the MEK / ERK pathway. We are currently 
investigating the significance of these differences. This work was supported by a Rick 
Hansen Man in Motion Fellowship to A.R.V, a NCE fellowship to U.Z. and a MRC grant to 
F.D.M. and D.R.K.

614.20
GREEN FLUORESCENT PROTEIN REVEALS NUCLEAR TRANS
LOCATION OF GAPDH DURING APOPTOSIS IN LIVING CELLS. 
P. Shashidharan*, R. Redman-Chalmers, T. Yuen, A. Fraser, V. Rodic, 
A. Pong, W.G. Tatton and S.C. Sealfon. Department of Neurology and 
Fishberg Center for Neurobiology, Mount Sinai School of Medicine, 
One Gustave L Levy Place, New York, NY 10029

Apoptosis mediates neuronal selection during nervous system 
development and has been implicated in neurodegenerative diseases. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was considered 
to only function as a glycolytic enzyme but now is known to be a 
multifunction protein involved in uracil-DNA-glycolase activity, tRNA 
binding, mRNA binding and translation, cytoskeletal organization and 
pinocytosis. Recent studies suggests a role for GAPDH in neuronal 
apoptosis. GAPDH is primarily a cytosolic protein but has been shown 
to undergo nuclear translocation during early apoptosis. Here we report 
a method to investigate the dynamics of GAPDH nuclear translocation 
during apoptosis in living cells. Chim aeric rat GAPDH-GFP fusion 
protein was expressed transiently in COS-1 and stably in HEK293 and 
PC 12 cells. Apoptosis was induced by treatment of cells with H2O2, rose 
bengal, an NO donor or by serum and NGF withdrawal. Fluorescence 
confocal laser microscopy was used to repeatedly image GAPDH-GFP 
in cells undergoing apoptosis on coverslips m aintained in an 
environmentally controlled chamber for periods up to 12 hours. Before 
treatment, GAPDH-GFP fusion protein fluorescence was found to be 
exclusive to the cytoplasm of cells. Following the induction of apoptosis, 
however, beginning as early as 90 minutes, GAPDH-GFP fluorescence 
gradually increased in the nucleus and decreased in the cytoplasm. The 
tim e course o f G APD H-G FP nuclear translocation  relative to 
cytoskeletal, mitochondrial and other nuclear events characteristic of 
apoptosis will be discussed.

D E V E L O P M E N T  AND R E G E N E R A T IO N : S O M A T O SE N S O R Y  AND F O R E B R A IN

615.1
INVOLVEMENT OF STOMATIN AND MDEG-LIKE ION CHANNELS IN 
MECHANOTRANSDUCTION IN MAMMALS A.G. Mannsfeldt*, S.L. 
Mcllwrath, C.L. Stucky and G.R. Lewin. Dept. of Neuroscience, Max-Delbrück- 
Centrum for Molecular Medicine, 13122-Berlin, Germany 

The molecular basis for mechanotransduction in mammals is unknown. A model 
for a mechanotransduction complex has been proposed based on genetic evidence 
from C. elegans. Here we wanted to address the question whether mammalian 
homologues of the C. elegans mechanotransduction proteins could be involved in 
mechanosensitivity of sensory neurons. We have studied the expression of 
stomatin, the homologue of mec-2 in C. elegans and MDEG1, MDEG2, ASIC and 
DR ASIC (homologues of mec-4 and mec-10). Using in situ hybridization and 
immunocytochemistry, we have shown that stomatin and all four members of the 
degenerin family are expressed in neurons of the dorsal root ganglia in mice. We 
generated antibodies against a C-terminal peptide of stomatin and an extracellular 
peptide sequence common to all members of the MDEG family of ion channels. 
Using these antibodies we found that both proteins have a punctate distribution on 
somatic and axonal membranes. This data led us to hypothesize that they might be 
colocalized in the same membrane domains. We have transfected cultured adult 
primary sensory neuron with epitope-tagged stomatin and mdeg as well as with 
GFP fusion proteins using a gene gun. Up to two days after transfection with this 
method neurons are able to generate normal somal action potentials and normal 
whole cell currents. All recombinantly-expressed proteins show a punctate 
membrane distribution and are thus likely to be targeted to the correct membrane 
compartment. In addition, we cloned a new stomatin-like protein in mammals 
which has 69% identity to stomatin. We are currently examining its subcellular 
distribution in sensory neurons. With this system, we now have the tools to make 
detailed colocalization studies of stomatin and the degenerin ion channels in mature 
mammalian sensory neurons. Supported by the MDC and DFG.

615.2
PROPRIOCEPTIVE AFFERENT SURVIVAL IN MASSETER MUSCLE OF trkC 
KNOCKOUT MICE S. Matsuo*, K. Kiyomiya,  K∙ Kurebe, I. Silos-santiago & M. F. 
Jacquin. Toxicology Sch. of Vet. Med., Osaka Pref. Univ., Sakai 599-8531 Japan; 
Neurology and Center for the study of Nerveous System Injury, Washington Univ., 
Sch.of Med.,St. Louis, Mo 63110; Millennium Pharmac. INC. ,Cambridge, MA 02139.

Neuronal survival during the development of the mammalian nervous system is 
dependent upon access to specific neurotrophic factors. Mice homozygous for the deletion 
of the kinase domain of high-affinity neurotrophin receptors (trk) are characterized by the 
lost of specific neuronal populations. Perphaps, most impressive is the complete absence 
of dorsal root afferents innervating stretch and tension receptors in skeletal muscle of 
trkC knockout mice. However, in these preparations, little is known of the fate of jaw 
muscle afferents whose distinct pseudounipolar cell bodies constitute the mecencephalic 
trigeminal nucleus (Mes V). Innervation patterns of proprioceptive afferents from dorsal 
root ganglia and Mes V were assessed in trkC kinase deficient mice by 
immunohistochemistry for PGP 9.5 and parvalbumin. In the trkC knockout mice, spinal 
proprioceptive afferents were completely absent in the limb skeletal muscles, as 
perviously reported. However, in these same animals, stained afferent fibers innervated 
muscle spindles and formed proprioceptive endings in masseter muscles. 6 heterozygote 
controls averaged 32.2 spindles profiles (range: 27-41). 4 homozygotes averaged 32.8 
spindles (range: 26-42). Moreover, the survival of large numbers of Mes V cells in these 
animals lends further support to the idea that spinal and Mes V proprioceptive afferents 
have different neurotrophic requirements. Parvalbumin-stained profiles of Mes V cells 
were counted blind to genotype in complete series of 10 µm cryosections from 4 mice. 
trkC kinase deficient mice (n=2) had 340±9.2 Mes V cells versus 597±21.2 Mes V cells 
in control mice (n=2). These data indicate that while Mes V cells are significantly reduced 
in number by trkC deletion, they certainly are not absent. Therefore, unlike spinal 
proprioceptive afferents, trigeminal proprioceptive afferents survive and give rise to 
normally appearing stretch receptor complexes in trkC knockout mice.
Supported by NIH DE07662, DE07734, NS17763.

615.3
DISTRIBUTION OF SUBSTANCE P-IMMUNOREACTIVE CELLS IN 
THE TRIGEMINAL GANGLION AFTER INFERIOR ALVEOLAR 
NERVE TRANSECTION IN RAT. M .K .Kim*, Y.S.Lim , K .S.Paik. Dept of 
Oral Anatomy, College of Dentistry, Seoul National University, Seoul 110-749.

The purpose of this study was to investigate the distribution of substance 
P-immunoreactive(SP-IR)cells in the trigeminal ganglion after inferior 
alveolar nerve transection in rat by means of immunohistochemistry. The 
Sprague-Dawley rats weighing about 2OOgm were used. Experimental animals 
were sacrificed 7, 14, 21 and 31 days after inferior alveolar nerve transection. 
The rats were anesthetized with urethane and perfused via an ascending 
aorta with 4% paraformaldehyde in 0.1M phosphate buffer (pH7.4). The 
mandibular part of trigeminal ganglion was postfixed in the 4% 
paraformaldhyde in 0.1M phosphate buffer(PH 7.4). Serial frozen 30µm thick 
sections were cut on a cryostat The rabbit substance P antibody was used 
as a primary antibody. The sections were placed into goat anti-rabbit IgG as 
a secondary antibody and incubated in rabbit PAP. The peroxidase reaction 
was visualized by incubation the sections in 0.05% 
3,3'-dianinobenzidine-tetrahydrochloride containing 0.02% H2O 2. The sections 
were stained with toluidine blue and cresyl violet for counterstaining. 
Quantitative analysis of SP-IR cell bodies were performed in the 4 selected 
sections each from 6 rats. Appearance of the SP-]IR cell body in the 
trigeminal ganglion was as follows ； normal 9.4%, experiments ： 7days ； 

7.1%, l4days ； 4.6%, 2ldays ； 6.9%, 3ldays ； 9.1%. SP-IR cell bodies 
gradually decreased up to l4days and increased thereafter. The results 
indicate that there is a transient decrease of SP-IR cell bodies in the 
trigeminal ganglion following inferior alveolar nerve transection and recover 
normally with regeneration of the inferior alveolar nerve. This work was 
supported in part by the grant from Korean Basic Medical Scientists Fund.

615.4
Perinatal ra t trigem inothalam ic neurons express the low-affinity 
neurotrophin receptor (p75): An im m unotract-tracing study. D.P. 
Crockett*, P. Morcos, S.L. Harris and M.D. Eager. Dept. Neuroscience and 
Cell Biology, UMDNJ-Robert Wood Johnson Med. Sch., Piscataway, NJ 
08854-5635.

Transient, vibrissae-related patterns o f p75-immunoreactivity (IR) are 
observable postnatally within the ventral posteromedial nucleus (VPM) of the 
thalamus. Intense p75-IR can be seen as early as embryonic day 15.5 and as 
late as postnatal day (P)10 and is undetectable shortly thereafter. Clear 
patterning emerges on P4. To specify the source of the p75-IR terminals 
within VPM, we stereotaxically injected small quantities o f a monoclonal 
antibody to p75 (<l.5 µl; 250-500 µg/ml; Boehringer-Mannheim) into the 
VPM of P4-P5 rat pups. All injections were unilateral. Two days following 
injections, the brains were processed by conventional immuncytochemistry. 
Controls included injection of normal mouse serum and elimination of the 
secondary antibody. At the thalamic injection site, there was intense p75-IR 
in both the VPM and the reticular nucleus. p75-IR could be traced within the 
medial lemnicus through the caudal diencephalon and mesencephalon. The 
contralateral trigeminal principal sensory nucleus (PrV) contained many cell 
bodies labelled by p75-IR. In PrV the absence of labelling o f trigeminal 
primary afferents, known to express p75 at this developmental stage, strongly 
suggests that the p75-IR cells were labelled by antibodies retrogradely 
transported from the VPM.
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615.5

SYNAPTIC DISTRIBUTION OF IONOTROPIC GLUTAMATE 
RECEPTORS DURING POSTNATAL DEVELOPMENT OF MOUSE 
THALAMUS. Xiao-bo Liu*. Alberto Muñoz and Edward G. Jones. 
Department of Anatomy and Neurobiology, University of California Irvine, 
Irvine, CA92697.

During postnatal development of the mouse thalamus, cortico-thalamic 
synaptic responses mediated by NMDA, non-NMDA and metabotropic 
(mGluRs) glutamate receptors undergo a series of maturational steps in which 
an early predominant NMDA responses is gradually replaced by a mixed 
NMDA and non-NMDA responses and the late appearance of mGluRs 
responses (Golshani et al., J. Neurophysiol., 1998, in press), the mGluRs 
response is associated with a re-distribution of mGluRs reçeptors on relay 
neurons (Liu et al., J. Comp. Neurol., 1998, in press). The present study 
examined the distribution of the ionotropic glutamate receptors. 
Preembedding immunoperoxidase staining and immunogold electron 
microscopy were combined to study subcellular localization of NMDA 
(NMDARl) and non-NMDA (GluR1 and GluR2/3) receptor subunit 
immunoreactivity from postnatal day 0 (P0) to P21. From PO, NMDARl, 
GluR1 and GluR2/3 immunoreactivity was detected in dendrites and somata. 
Approximately 30% of NMDAR1 immunolabeled profiles were associated 
with immature thalamic synapses, but less than 9% of GluR1 and GluR2/3 
immunolabeled profiles were associated with identified synapses. At P7, 50% 
of NMDAR1 immunolabeled profiles were associated with synapses; GluR1 
and GluR2/3 immunolabeled synapses increased to 20-30%. From P14-P21, 
the percentage of NMDAR1 associated synapses was about 50-60%, and that 
of GluR1 and GluR2/3 associated synapses approximately 40%. Thus, 
NMDARl1 is strongly expressed and associated with developing thalamic 
synapses from early postnatal ages; non-NMDA receptors show increasing 
expression and association with thalamic synapses only after the first postnatal 
week.

Supported by NIH grant 21377.

615.7

ANALYSIS OF DENDRITES FROM INTRACELLULARLY FILLED 
NEURONS IN THE SOMATOSENSORY THALAMUS OF THE 
NEONATAL RAT P.T. Ohara*1, L A. Havton2, and Alberto Granato3. 
1Dept of Anatomy and W.M Keck Center, UCSF, CA 94143-0452; 2CIMR 
and Dept of Neurology, SCVMC, San Jose. CA 95128; 3Institute of 
Anatomy, Catholic University. Rome 00168. Italy.

To understand how the dendritic pattern of adult rat thalamic neurons 
develops, we have examined the dendritic structure of thalamic neurons in 
neonatal rats (P13-P20) using quantitative analysis.

Rat pups of either sex (P13-P20) were anaesthetized with a 
Ketamine/xylazine mixture. Standard techniques were used to record 
receptive fields and label neurons using glass micropipettes containing 2% 
Neurobiotin. The animals were perfused with aldehyde fixatives and 50µm
coronal sections through the thalamus were cut, processed with the Elite 
ABC kit (Vector) with DAB as the chromogen and mounted for LM

The labeled neurons in animals between P13 and P20 had a general 
appearance similar to that described in adult tissue, however, quantitative 
analysis revealed several changes in the dendritic trees. In P 16 neurons the 
path distance (distance from cell body to dendritic end) was larger (mean 
218.47. SD 43.06, n=54) than in the adult (mean l5 1µm. Ohara and 
Havton. JCN. 341, 159-171. 1964). The percentage of the dendritic length 
confined to terminal segments was less (73.15%) than that reported for the 
adult (88%). These results show that some pruning and plastic changes of 
dendritic trees takes place during first postnatal weeks.
Supported by a grant from the Koret Foundation.

615.9

EFFECTS O F S E N S O R Y  DEPR IVATIO N ON THE 
DEVELO PM ENT O F S Y N A PTIC  PATTER NS IN M O U S E  
BARRELS. Y. Sadakat*, D. L. Dimitri, E. W einfeld and E.L. W hite. 
Z lowtowski Center fo r Neuroscience, D ept. of M orphology, Faculty of 
Health Sci., Ben-G urion Univ., Beer Sheva, ISRAEL.

This work exam ines the effects of deprivation of w h isker activity on 
synaptic deve lopm ent in the barrel cortex. Tw o approaches are 
taken to bring about senso ry deprivation: the large mystacial
vibrissae on the contralateral side of the snout (the entire D-row or all 
the contralateral v ib rissae) are pulled daily from P6, or alternative ly, 
they are trimm ed at the skin line with fine scissors from P0 ; at p8 or at 
P20 mice are perfuse-fixed. P0 w as chosen as the starting point for 
whisker trimming to maximize the effect of this relative ly benign 
approach on sensory deprivation. W hisker pulling is perform ed at P6 
because gross barrel formation appears complete by this time and 
presum ably would be unaffected by any associated damage to the 
whisker follicle. P8 and P20 were chosen as end points because 
these days bracket the period of rapid synap tic  growth (W hite et al., 
‘97). Hem ispheres contralateral to the deprived side are dissected 
out, osmicated, sectioned at 40 µm and em bedded in plastic for thin 
sectioning. Initial light m icroscopic examination of sensory deprived 
tissue indicates that gross barrel formation is normal in groups. Initial 
electron microscopic exam ination of sensory deprived (whisker 
trimmed) tissue at P8 indicates that it does not demonstrate any  
obvious alteration in fine structural characteristics compared w ith 
normal tissue. S upported by Israel Science Foundation 335/96 to 
E.L.W

615.6

THE EFFECT OF ISCHEMIC STROKE OR UNILATERAL 
VIBRISSAE REMOVAL ON EXPLORATORY BEHAVIOR IN 
UNTRAINED RATS. D.M. Nicklous, T. Katona, J. Andris, S. Besu, C. 
Bogatiuk, P. Brennan, C. Calderon, S. Chvotzkin, M. Colkitt, S. Cook, K. 
DeGrafft, M. Elkan, K. Fahie, R. Gieringer, S. Lanzillotti, K. Leung, M. 
McCormick, T. Miller, S. Moyer, C.-L. Roberts, J. Rowand, M. Shenin, W.
Sung, J. Wilson, P.J. Hand1, K. Takahashi2, J.H. Greenberg2, R.L. Craik3*, J.R. 
Hoffman. 1Dept. Animal Biol. & 2Cerebrovas. Res. Ctr., Univ. of Penn., 
Philadelphia PA 19104 and Dept. 3Phys. Ther. & Biology Beaver College, 
Glenside PA, 19038.

Previous research has shown that alterations in the vibrissae-barrel cortex 
connections dramatically change the learning and completion of trained 
behavior in rodents. In this study, we examined the effect of unilateral vibrissae 
removal or ischemic stroke on the behavior of rats completing two distinct 
tasks. The first task was an elevated Y-maze with no sides, while the second 
task was an elevated circle maze composed of a runway flush against the wall 
of a 125 cm cylinder, with the inner edge of the runway forming a cliff. Both 
tests were conducted under red light illumination to minimize visual stimuli. 
On the Y maze, rats preferentially turned toward the side with intact vibrissae, 
and on the elevated circle maze they preferred to explore with their intact 
vibrissae against the outer wall of the runway. Similarly, rats with strokes 
prefer to keep their functional vibrissae against the wall of the elevated circle 
maze. These deficits decreased over time as the animals compensated for the 
loss of sensory information. These tests are sensitive in assessing deficits in 
untrained behaviors of rats following stroke.
Supported in part by NIH-NS33785.

615.8

EXPRESSION OF HINDLIMB INPUT BY INDIVIDUAL NEURONS 
WITHIN THE ALTERED CORTICAL FORELIMB REPRESENTATION IN 
ADULT RATS THAT SUSTAINED NEONATAL FORELIMB REMOVAL. 
A.S. Stojic*, R.D. Lane and R.W. Rhoades. Dept. of Anatomy and Neurobiology, 
Medical College of Ohio, Toledo OH 43699

Neonatal forelimb removal in rats results in the development of cuneothalamic 
neurons with receptive fields that include both the hindlimb and the forelimb- 
stump. However, this brainstem reorganization is almost completely unexpressed 
in the primary somatosensory cortex (SI) (P.N.A.S. 92:4264-8, 1995). Hindlimb 
inputs to the SI stump representation can be detected via multiunit recordings 
when the cortex is treated with the GABA receptor antagonists bicuculline 
(GABAA) and phaclofen (GABAB). Under these conditions, 44.2% of recording 
sites respond to both peripheral fields (J. Neurophysiol. 77:2723-35, 1997) In this 
study, we sought to determine whether the multi-unit dual-field responses 
observed during GABA blockade reflected single neurons with dual fields and/or 
cells that responded to one site or the other. Of 30 granular and infragranular 
layer cells in the SI stump representation tested prior to GABA blockade, only 7 % 
(n=2) responded to innocuous stimulation of the hindlimb. One of these two cells 
could also be activated by touching the stump. After application of bicuculline 
and phaclofen, 11 of 30 cells (37%) expressed hindlimb receptive fields. Of 
these, 9 cells were also activated by touching the forelimb-stump. Eight of these 
cells had only stump receptive fields prior to GABA blockade. These results 
indicate that most hindlimb responses in the SI stump representation revealed by 
GABA blockade are from neurons that also respond to the stump and that blocking 
GABA receptors generally reveals latent inputs to already responsive neurons 
rather than the activity of normally silent cells.

Supported by NS 28888 and DE 07734.

615.10
TRANSIENT EXPRESSION OF THE DOPAMINE D3 RECEPTOR IN THE 
BARREL CORTEX IN THE RAT
Eugenia Gurevich*. William Himes, and Jeffrey Joyce. Sun Health Research 
Institute, Sun City, AZ

During early postnatal period there is a clustering of neurons in layer IV of the 
primary somatosensory cortex in barrel-like structures that depends on patterning 
activity arising from peripheral vibrissae and transmitted through the trigeminal 
nucleus and thalamic ventrobasal complex. While several receptors are transiently 
expressed in the barrel cortex in early postnatal development, the role of dopamine 
and its receptors has not been previously explored. In P7-P18 animals D3, but not 
D2, receptor binding sites and mRNA are observed in the primary and secondary 
somatosensory cortex and in the auditory cortex. In the present study in situ 
hybridization and radioligand analysis were employed to study spatiotemporal 
distribution of the D3 receptor mRNA and binding sites in the somatosensory 
cortex during postnatal development. In layer IV of the barrel cortex D3 receptor 
mRNA and binding sites reach high levels by the end of first postnatal week, persist 
during second and third weeks, and slowly decline afterwards to adult levels by P35. 
When viewed in a tangential plane, D3 receptor mRNA and binding sites delineate 
precisely whisker-related barrel pattern in layer IV at P5-P16. Both binding sites and 
mRNA are also found in the barrels corresponding to the front and hind paws, trunk, 
jaws, and shorter more rostral facial hairs. Binding site density is the highest in the 
whisker barrels, whereas mRNA is equally expressed in the whisker, jaw, and front 
paw fields. While overall D3 receptor mRNA expression in the barrels do not 
change between P8 and P18, per neuron expression increases alone with decreased 
cell density as revealed by quantitative analysis of emulsion-coated sections. In situ 
hybridization combined with immunohistochemistry for glutamate decarboxylase (to 
label GABAergic neurons) or neuronal glutamate transporter (to label 
glutamatergic neurons) demonstrated that D3 receptor mRNA is expressed primarily 
in GABAergic presumably inhibitory neurons, though occasional glutamatergic 
neurons expressing D3 mRNA were observed. Funded by MH 56824
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615.11

LONG-TERM DEPRESSION AT THALAMOCORTICAL SYNAPSES IN 
DEVELOPING BARREL CORTEX. D.E. Feldman‡*, J.T.R.Isaac†, R.A.Nicoll¶& 
and R.C.Malenka‡&. Departments of Psychiatry, &Physiology, and ¶Molecular and 
Cellular Pharmacology, University of California, San Francisco, CA 94143, USA, 
and the †Department of Anatomy, University of Bristol, Bristol BS8 ITD, U.K.

Neurons in layer IV of the somatosensory (SI) barrel cortex exhibit a critical 
period for experience-dependent plasticity of whisker receptive fields that is likely to 
reflect plasticity at thalamocortical synapses. Recently, it has been shown that 
thalamocortical synapses in a slice preparation exhibit long-term potentiation (LTP) 
during a similar developmental period. Here we show that during this same period, 
thalamocortical synapses also exhibit long-term depression (LTD).

Whole-cell recordings were made from layer IV neurons in barrel cortex slices and 
excitatory postsynaptic currents (EPSCs) were evoked by electrical stimulation of 
the ventrobasal (VB) thalamus. LTD was induced by holding the cell at -40 to -50 
mV while stimulating the VB at the baseline rate. LTD was input-specific and 
NMDA receptor-dependent, and was most readily induced in slices from animals at 
postnatal day 4-5 (P4-5). The amount of depression that could be induced declined 
with age between P4 and P9, and LTD was absent, on average, after P9. The 
developmental decline in the ability to induce LTD was independent of the 
appearance of GABAA-mediated inhibitory currents, and was not caused by changes 
in the voltage-dependence of NMDA receptor-mediated currents. Minimal 
stimulation experiments showed that LTD was expressed primarily as a decrease in 
EPSC amplitude with no detectable change in failure rate. This finding suggests that 
LTD may represent a reversal of only a subset of the mechanisms of expression of 
LTP at this synapse. The existence of LTD and LTP during a developmental 
window similar to the critical period for experience-dependent plasticity suggests 
that these processes may contribute to the refinement of thalamocortical inputs in 
vivo. Supported by N.I.H. and The Wellcome Trust.

615.13

CROSS-MODAL COMPENSATIONAL PLASTICITY OF CORTICOTHALAMIC 
CIRCUITS IN RATS ENUCLEATED ON THE FIRST POSTNATAL DAY. L. 
Négyessy,1 J. Páli1 and V. Gál1. SPON: European Neuroscience Association. 
1Neurobiology Research Group, Semmelweis University Medical School, H-1094 
Budapest, Hungary.

We studied the reorganization of reciprocal corticothalamic connections, a possible 
anatomical substrate of cross-modal compensation of missing retinal activation of the 
visual cortex by somatosensory evoked activities, in rats enucleated on the first 
postnatal day. Injection of the retrograde tracer horseradish peroxidase (HRP) into the 
visual cortex of enucleated rats resulted in the labeling of neurons in the visual thalamic 
nuclei (dLGN, LP, LD) similar to the normal, sighted animals. However, the 
quantitative analysis revealed that the LP contains a higher percentage of retrogradely 
labeled neurons, while their proportion is decreased in both the dLGN and LD of 
enucleated rats when compared to controls. Using biotinylated dextrane amine (BDA) 
as anterograde tracer a relatively dense terminal arborization of afferents from the 
barrel cortex were labeled in the LP of the enucleated rats. BDA-labeled 
somatosensory, and visual cortical axon terminals were characterized as small or large 
types, both containing round synaptic vesicles and establishing asymmetric synaptic 
contacts in the LP following enucleation. Comparing the distribution of the diameter of 
the postsynaptic dendrites of BDA-labeled, small axon terminals it was observed that 
somatosensory corticothalamic afferents innervate mean diameter dendrites in a lower 
percentage, while smaller, and larger caliber dendrites are contacted in a higher 
percentage, than those targeted by visual corticothalamic axon terminals. These results 
indicate that rearrangement of corticothalamic circuits in the LP can contribute to the 
improved orientational behaviour occuring after the loss of vision early in life, and 
suggest that competitive mechanisms may play crucial role in cross-modal 
compensational plasticity of corticothalamic connections. Supported by OTKA grants F 
019289,T 022297.

615.12
DEVELOPMENT OF PROLONGED SYNCHRONOUS CORTICOTHALAMIC 
BURSTS INDUCED BY 4-AMINOPYRIDINE AND BICUCULLINE. P. 
Golshani, Z. Toth*, and E.G. Jones. Dept. of Anatomy and Neurobiologv, 
University of California. Irvine. The corticothalamic projection synchronizes 
spindle oscillations across large distances in the thalamus as well as potentiates the 
genesis of spindle and delta oscillations. There has been little study of the 
corticothalamic projection in the generation of paroxysmal oscillatory activity. 
Whole cell recordings of ventroposterior thalamic neurons (VP), reticular nucleus 
neurons (RTN) and layer VI cortical neurons were performed in thalamocortical 
slices obtained from P2-P17 mice. After postnatal day 6, joint application of the 
potassium channel blocker 4-aminopyridine and GABAa receptor antagonist 
bicuculline elicited prolonged depolarizations crested with action potentials in layer 
VI neurons, RTN neurons, and VP neurons. Prolonged bursts were typically 2-120 
seconds in duration and occurred every 20-600 seconds. Paired whole cell recordings 
in neurons in layer VI and VP or RTN revealed that the prolonged bursts occurred 
synchronously in the cortex, VP and RTN. To determine the site of origin of the 
prolonged bursts, the thalamus was disconnected from the cortex prior to the 
recording. No prolonged bursts were detected in the isolated thalamus, while 
prolonged bursts could still be recorded in the isolated cortex, suggesting that 
prolonged bursts originate in cortex and are transmitted to thalamus. The non- 
NMDA glutamate receptor antagonist CNQX blocked the prolonged bursts at all 
postnatal ages, while the NMDA receptor antagonist APV only blocked or almost 
blocked the prolonged bursts before P9. After P9, APV only shortened the 
duration of the prolonged bursts. These results indicate that the corticothalamic 
projection plays an important role in the synchronization of the 
thalamocorticothalamic loop during paroxysmal activity, and that NMDA receptor 
mediated activity is critical during the early postnatal period for the genesis of 
paroxysmal activity. Supported by NIH grant 30109
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616.1 616.2

DEMYELINATION PLUS SCHWANN CELL TRANSPLANTATION ENHANCES 
AXONAL REGENERATION IN MYELIN-FREE AND MYELIN-LADEN 
REGIONS OF THE INJURED ADULT RAT SPINAL CORD 
H,S. Keirstead*, M.J. Wilby and J.W. Fawcett. MRC Cambridge Centre for Brain 
Repair, University of Cambridge, Robinson Way, Cambridge U.K., CB2 2PY

We have treated spinal cord injured rats with demyelination plus Schwann cell 
transplantation, and assessed neurite outgrowth in a quantifiable model of axonal 
regeneration (Keirstead et al., 1998). Axonal injury was induced using a 
micromanipulator-controlled Scouten knife and was varied in different animals at the 
time of surgery. Demyelinated regions were produced so as to overlap with the injury 
site by the injection of galactocerebroside antibodies plus complement one segment 
cranial to the injury site. Schwann cells were isolated from the sciatic nerve, expanded 
in vitro, and transplanted into the injury site one day later. Animals were killed after a 
further 8 days. Schwann cells were present throughout the region of demyelination, 
which contained myelin debris and was surrounded by a partially demyelinated 
region. Non-transplanted animals had myelin-free regions of demyelination with 
sharp borders. The severity of axonal injury was quantified by counting degenerate 
axons in transverse resin sections. Growth cones were identified by their ultrastructure 
and were found within the regions of demyelination and partial demyelination only; 
no growth cones were identified adjacent to, or rostral or caudal to these regions, or in 
animals with an injury but no demyelination. Quantification of growth cones indicated 
a strong linear relationship (p<0.001) between the number of growth cones and the 
number of severed axons; this relationship was significantly greater in transplanted 
animals as compared to demyelinated animals without a transplant. These findings 
indicate that Schwann cells enhance axonal regeneration in the demyelinated and 
partially demyelinated adult rat spinal cord. HSK holds a Fellowship from Downing 
College, Cambridge.

CLINICAL-RANGE RADIATION THERAPY OF THE LESION SITE IN 
SEVERED ADULT RAT SPINAL CORD LEADS TO FUNCTIONAL MOTOR 
RECOVERY. N . K A L D E R O N * A N D  Z . F U K S . S L O A N -K E T T E R IN G  IN S T IT U T E  
f o r  C a n c e r  R e s e a r c h , N e w  Y o r k , N Y  1 0 0 2 1  .

I n t r a n s e c t e d  s p in a l  c o r d , w e  f o u n d  t h a t  b o t h  t h e  p a t h o l o g y  a n d

P A R A LY S IS  ARE LA R G ELY P R E V E N T A B L E  P R O V ID E D  T H A T  SO M E  C E L L S  AT TH E  
DA M A GE S IT E  ARE D E S TR O Y E D  A T A S P E C IF IC  T IM E -W IN D O W  A F TER  IN JU R Y  
X -IR R A D IA T IO N  (S IN G L E -D O S E , 2 0  G Y ) OF L E S IO N  ED A D U L T  RAT S P IN A L  CORD  
(S E C T IO N E D  A T T 10) D E L IV E R E D  W IT H IN  T H E  3 R D  WK P O S T IN J U R Y  E N A B L E S  
A N A TU R A L  R EPA IR  OF B O TH  S T R U C T U R E  A N D  F U N C T IO N . C O N S E Q U E N T L Y , 
S T R U C T U R A L  C O N T IN U IT Y  IS R E S T O R E D , A N D  T H E  S E V E R E D  C O R T IC O S P IN A L  
F IB E R S  R E-G R O W  ACRO SS T H E  L E S IO N  S IT E , R E -IN S T A T E  SO M E OF TH E  
D IS R U P T E D  C IR C U ITR Y  A N D  R EG A IN  C O N T R O L  OVER  H IN D L IM B  M U S C LE
FUNCTION. T h u s , r a t s  w h o s e  s p i n a l  c o r d s  h a d  b e e n  c o m p l e t e l y

S E V E R E D  R EC O VE R ED  (A T  ~ 5 O %  IN C ID E N C E ) S O M E  A B IL IT Y  TO SU P P O R T  
BODY PO S TU R E  A N D  W E IG H T  W IT H  T H E IR  H IN D L I M B S A F TE R  T H E  LO C A LIZED  
X-RAY TH E R A P Y  ( P N A S , 1 9 9 6 ,  9 3 :  1 1 1 7 9 - 8 4 1 & 9 3 :  1 1 1 8 5 - 9 0 2).

H e r e  w e  r e p o r t  t h a t  p r o t o c o l s  o f  f r a c t io n a t e d  r a d ia t io n  t h e r a p y

S IM IL A R  TO T H O S E  U S E D  C L IN IC A L L Y  TO E R A D IC A T E  H U M A N  S P IN A L  CORD  
TU M O R S  W H E N  D E L IV E R E D  W IT H IN  T H E  3 R D  WK P O S T IN J U R Y  ( P I )  PR O M O TED  
M OTOR  R ECOVERY IN  C O M P L E T E L Y  S E V E R E D  A D U L T  RAT S P IN A L  CORD, 
Y IE L D IN G  A H IG H E R  IN C ID E N C E  ( 1O O % ) A N D  A B E T T E R  D EG R EE OF F U N C T IO N 
A L R ECOVERY T H A N  T H E  S IN G L E -D O S E  D ID . T W O  D O S E -F R A C T IO N A T IO N  
PR O TO C O LS W ER E E X A M IN E D : A 2 4 G Y  D O SE (N =  7 )  OR 2 8 .2 G Y  (N =  5 ) ,
d e l i v e r e d  i n  f r a c t i o n s  o f  4  G y  o r  2 . 6  G y , r e s p e c t i v e l y , s t a r t i n g  o n  
DAY 1 5  P1. T h e  m o t o r  b e h a v i o r  o f  t r e a t e d  a n d  U N TR E A T E D  (N  =  6 )  
R A TS , 3-9 MO P1, W A S M O N IT O R E D 2 . IN  A L L  IR R A D IA T E D  R A TS SO M E  OF TH E  
P A R A LY S IS  D IS T A L  TO  T H E  C U T  W A S P R E V E N T E D . T R E A T E D  R A TS R E G A IN E D  
P LA N T A R  FOOT P L A C E M E N T  A N D  T H E  A B IL IT Y , P A R T IA L  TO C O M P L E T E , TO  
SU P P O R T  PO S TE R IO R  BODY W E IG H T  A N D  S T A N D IN G  P O S T U R E . T H E S E  PRE- 
C L IN IC A L  PR O TO C O LS MAY SE R V E AS A B A S IS  FOR D E V E L O P IN G  R A D IA T IO N  
PR O TO C O LS FOR P R E V E N T IN G  P A R A LY S IS  IN  H U M A N  IN J U R Y . N O  G R A N T OR 
C O M M E R C IA L  F U N D S  S U P P O R T E D  T H IS  R E SE A R C H  P R O JEC T.
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616.3
AXONAL REGENERATION THROUGH A MODIFIED CNS LESION SCAR 

C.C. Sliehel*, H. Niermann, F. Lausberg, S. Hermanns, D. D'Urso and H. W. 
Müller. Molecular Neurobiology. Dept. of Neurology. University of Düsseldorf. 
Moorenstr. 5. D40225 Düsseldorf. FRG.

The lesion-induced basal membrane (BM) impedes axon regrowth across the 
lesion site and is one major constraint to effective regeneration in the adult 
mammalian CNS. The objectives of the present study were to analyse (1) the 
effects of acute and subacute BM depletion on axonal regeneration and (2) scar 
organization after traumatic lesion, and (3) to define the spatial/tcmporal 
relationships of crossing axons to remaining scar components.

The lesion model was the mechanically transected postcommissural fornix of the 
adult Wistar rat.

Immediate or subacute (up to 3d postlesion) injection of dipyridyl, an inhibitor 
of collagen IV (Coll) formation, resulted in reduced BM deposition. This reduction 
was a prerequisite and sufficient condition for injured axons to cross the lesion 
site. The regenerating fibers were remyelinated, reinnervated their normal target 
and retained normal conduction properties. While deposition of Coll+. chondroitin 
sulfate proteoglycan (CSPG)+, lammin+ BM was significantly reduced, the 
distribution patterns and densities of microglial cells, astrocytes and macrophages 
were not changed. Keratan sulfate proteoglycan and CSPG expression in the 
perilesion area was even increased. Axons regenerating through this modified scar 
were closely associated with various glial cell types and crossed a prominent 
chondroitin/keratan sulfate proteoglycan matrix.

The present approach demonstrates impressively that the lesion-induced basal 
membrane itself is the primary determinant of scar impermeability. Modulation of 
scar formation emerges as a promising strategy to improve the clinical prognosis 
following brain and spinal cord injury. (Supported by the DFG)

616.5

A RECOM BINANT HUM ANIZED IN-1 Fab-FRAGM ENT 
PROM O TES AXONAL REG EN ERA TIO N  O F LESIONED 
CO RTICO SPIN AL FIBERS IN ADULT RAT. C. Brösamle*, A. Huber,
M. Fiedlerº, A. Skerraº, and M. E. Schwab. Brain Research Institute, University 
and Swiss Federal Institute of Technology Zurich, Switzerland and °Department 
of Biochemistry, Technical University Darmstadt, Germany 

Axons in the CNS of higher vertebrates generally fail to regenerate after injury. 
This lack of regeneration has been ascribed to inhibitory protein constituents of 
CNS myelin. A monoclonal antibody (IN-1) was raised that is capable of 
neutralizing these myelin-associated growth inhibitors both, in vitro and in vivo 
thus promoting long-distance growth of axotomized corticospinal fibers in adult 
rats. The cDNA of this monoclonal antibody has been cloned and a recombinant 
Fab-fragment that contains the IN-1 antigen binding site and a human constant 
region was expressed in E. coli.

Humanized IN-1 Fab' neutralizes the inhibitory properties of CNS myelin in 
vitro (3T3 spreading, DRG neurite outgrowth) and in vivo. Adult rats underwent 
a bilateral dorsal section of the spinal cord at T8. The IN-1 Fab-fragment solution 
was delivered via a osmotic mini-pump to the spinal cord, close to the lesion site. 
Controls received a BSA solution. The corticospinal tract was traced 
anterogradely with biotin dextran amine (BDA) and after 2-3 weeks the animals 
were perfused and the spinal cord processed for the neuronal tracer. Regenerated 
CST fibers were found in 4 out of 7 animals. Maximal regeneration distances 
exceeded 8 mm and regenerating fibers arborized profusely in the grey matter. In 
control animals no regenerated fibers were observed.
Supported by: Swiss National Science Foundation, International Research 
Institute for Paraplegia, and American Paralysis Association.

616.7

M YELIN-ASSOCIATED NEURITE OUTGROWTH INHIBITORY  
FACTORS: RECOMBINANT EXPRESSION OF N ogo (NI-220/250)
M. E. van der Haar*, M.S. Chen, A.B. Huber and M.E. Schwab. Brain 
Research Institute, University o f Zürich and Swiss Federal Institute of 
Technology, August Forelstrasse 1, CH 8029 Zürich, Switzerland

After injury o f the mammalian CNS, interrupted fiber tracts in general do 
not regrow. The application o f the monoclonal antibody IN-1 (raised against 
a rat 250 kD myelin protein) has been shown to promote axonal regeneration 
and enhance long-distance regrowth of injured axons. We have previously 
described the purification and characterization of the IN-1 antigen from 
bovine spinal cord myelin (bNI22O). Six peptide sequences have been 
obtained from the purified protein, and several rat and bovine cDNAs have 
been cloned. Molecular analysis o f these clones indicates that they are 
alternatively spliced products of the same gene. We name the gene nogo. The 
longest clone is about 4.7 kb and is expressed by oligodendrocytes. To verify 
the identity o f the encoded protein, this cDNA was recombinantly expressed 
in eukaryotic cell lines, in order to test for its inhibitory activity. We show that 
recombinant protein runs at an apparent molecular weight o f 180-190 kD on 
SDS-PAGE, which is indistinguishable from that o f the native protein 
expressed by rat oligodendrocytes. The recombinant protein was recognized 
by the mAB IN-1 in immunofluorescence on transfected cells. The staining 
was largely intracellular, presumably associated with ER.We are currently 
investigating the inhibitory properties o f the purified recombinant protein in 
the previously established fibroblast spreading and DRG outgrowth assays.

Supported by the Swiss National Science Foundation.

616.4
SUCCESSFUL REGENERATION OF DORSAL COLUMN FIBERS FOLLOWING 
ADULT SPINAL CORD INJURY Simona Neumann*1, Martin Schwab2, Clifford J. 
Woolf1 1Dept. of Anesthesia & Critical Care, MGH and Harvard Medical School, 
Charlestown, Boston, MA 02129 2Institut fur Hirnforschung der Universitat Zurich, 
Switzerland

It is well established that little or no regeneration of injured axons occurs following 
injury to the adult mammalian central nervous system (CNS), in contrast to the 
peripheral nervous system (PNS) where injured axons can regenerate successfully into 
the distal stump and beyond, to the peripheral target. In this study the regenerative 
capacity of injured dorsal column axons in the adult spinal cord was assessed after 
different manipulations. These included: conditioning the dorsal column fibers into a 
growth state by a peripheral nerve transection (conditioning lesion); neutralizing an 
oligodendrocyte myelin-associated inhibitor protein using the IN-1 antibody; and a 
combination of the two. A retrograde labeling technique, with a tracer for A-fibers (B- 
HRP), was used to detect the lesioned fibers.

Dorsal column injury by itself resulted in total failure of regeneration, fibers 
stopped at the injury site with no collateral growth or growth into the lesion site. The 
conditioning peripheral nerve lesion alone enabled the injured axons to grow 
extensively into the lesion site, on the surface of the cord, and into injured dorsal 
roots, but not into the denervated dorsal columns distal to the lesion. Treatment with 
IN-1 antibody also enabled a subpopulation of injured fibers to grow into the lesion 
site, but not to the same extent as with the conditioning lesion. However, in IN-1 
treated animals growth into the denervated/demyelinated dorsal columns occurred. A 
combination of the two did not have a synergistic effect, with massive growth into the 
lesion site, and only a few fibers beyond the lesion site. In some animals fibers regrew 
all the way back into the dorsal column nuclei, demonstrating that successful 
regeneration of a long ascending spinal cord tract can be achieved in the adult rat.
We thank the ISRT for their support.

616.6

DEVELOPMENTAL EXPRESSION PATTERN AND FUNCTIONAL 
ANALYSIS OF NOGO (FORMERLY NI-35/250), A MAJOR 
INHIBITOR OF CNS REGENERATION.
A.B. Huber*, M.S. Chen, M.E. van der Haar, and M.E. Schwab. Brain 
Research Institute Dept. of Neuromorphology, University of Zurich and 
Swiss Federal Institute of Technology, Switzerland.

Myelin-associated neurite outgrowth inhibitors have been implicated in 
regenerative failure and restriction of structural plasticity in the adult 
mammalian CNS. The lack of CNS regeneration can be overcome by 
application of the mAb IN-1. We have recently purified Nogo, a major 
oligodendrocyte-derived neurite outgrowth inhibitor, and have shown that 
the activity of Nogo can be blocked by mAb IN-1. The nogo gene is novel 
and encodes for 3 major alternative splice products.

To verify the identity of Nogo, we raised antisera against synthetic 
peptides and against a recombinant protein which is included in all 3 
mRNAs. On Westernblots, two of the antisera recognize a protein of the 
same molecular weight as Nogo, from both rat and bovine myelin. In 
agreement with results from Northern blotting, Westernblot analysis using 
the affinity-purified antisera showed tissue specific expression of Nogo 
and the two shorter splice forms in various rat tissues (brain, spinal cord, 
muscle). Some of these antisera also neutralized the inhibitory activity of 
the myelin protein Nogo in 3T3 spreading- and DRG neurite outgrowth- 
assay. Immunohistology showed the expected oligodendrocyte and 
myelin-specific expression. The staining pattern, in particular with regard 
to the shorter splice forms and development was more complex, however, 
and it included neuronal subtypes and peripheral tissues like skin, muscle 
and epithelia.

Supported by: Swiss National Science Foundation

616.8
REGENERATION OF THE AXOTOMIZED AUDITORY NERVE OF THE 
ADULT RAT. M. Tatagiba1*, S. Rosahl1, A. Gharabaghi1, A. Brandis2. A.
Skerra3, M. E. Schwab4, M. Samii1. 1Dept. of Neurosurgery, Hannover Univ. 
Medical School, Hannover, Germany; 2Institute of Neuropathology, Hannover Univ. 
Medical School, Hannover, Germany; 3Institute of Biochemistry, Technische 
Hochschule, Darmstadt, Germany; 4Brain Research Institute, Univ. of Zurich, 
Switzerland.

This study was undertaken to investigate whether axonal regeneration of injured 
acoustic nerve of the adult rat can be promoted by the application of a recombinant 
Fab fragment of the antibody IN-1, which neutralizes the myelin-associated neurite 
growth inhibitory proteins. The adult rat auditory (cochlear) nerve is composed 
almost entirely of CNS glial tissue, and its injury normally leads to complete 
degeneration of the central nerve portion, as well as to severe loss of primary 
auditory neurons of the spiral ganglion. Adult Lewis rats underwent a cut lesion of 
the central cochlear nerve at the internal auditory meatus. Electrophysiological 
studies were carried out by recording the brainstem auditory evoked potentials 
(BAEP) before and after the lesion for a total of 2 months. The lesions completely 
interrupted the cochlear nerve axons at the lesion site producing ipsilateral deafness in 
all rats. The animals were infused with a recombinant Fab fragment of the antibody 
IN-1 for one to two weeks via an osmotic pump into the ipsilateral cerebello-pontine 
angle cistern. Cochlear nerve fibres were anterogradely traced by biotinylated dextran 
amine (BDA) injected into the spiral ganglion.

After a two-months survival time, axonal sprout was seen crossing the lesion site 
in 1/4 of the untreated rats. Following a IN-1 Fab treatment the number of rats 
showing axonal sprout crossing the lesion site increased to 2/3 of the rats. In about 
half of these animals fibres were seen in the cochlear nuclei in the brainstem. 
Electrophysiological studies have shown evidence for recovery of the axotomized 
auditory nerve in treated rats only. No evidence was shown for recovery of the 
brainstem-generated BAEP components in these animals, however.

Supported by DFG grant (Ta 225 1/1)
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616.9

MONOCLONAL ANTIBODIES AGAINST THE MYELIN-DERIVED AXON 
GROWTH INHIBITOR ARRETIN. R. Janani¶ , Z-C.Xiao§, J. Lian¶ V. Kottis §,
C. Essagian †, P.E. Braun §*, L. McKerracher † and S. David¶ . ¶ Centre for Res. 
Neurosci., and §Dept. Biochem., McGill University, 1650 Cedar Ave., Montreal, 
Quebec, H3G 1A 4; † Dépt. de pathologie, Univ. de Montréal, Que., Canada.

We have previously reported that separation of bovine myelin extracts on a 
DEAE ion exchange columns yields two peaks of axon growth inhibitory activity. 
The first peak contains myelin-associated glycoprotein (MAG) and tenascin-R. 
Further lectin chromatography of the second inhibitory peak revealed an ~70 kDa 
band which has strong inhibitory activity. This band separated into three spots 
on 2-D gel electrophoresis We have now raised two monoclonal antibodies 
against this ~70 kDa band One antibody recognizes a surface antigen on 
oligodendrocytes in vitro, while the other recognizes a surface antigen on 
astrocytes and some neurons. Both antibodies were able to block neurite growth 
inhibition associated with octylglucoside extracts of bovine CNS myelin. 
Immunofluorescence labeling show that these antibodies bind to the white and 
gray matter of adult mouse spinal cord. In addition to the ~70 kDa band on 
Western blots of brain and myelin, several higher MW bands were also seen 
which differed with the two antibodies.
Supported by grants from the NeuroScience Network, Canada

616.11
PRIMING NEURONS WITH GROWTH FACTORS BLOCKS INHIBITION 
BY MAG AND MYELIN Y. Shen*, D. Cai, M.DeBellard and M. T. Filbin. 
Biol Dept., Hunter College, CUNY, 695 Park Ave., New York, 10021.

The mature mammalian CNS does not regenerate due largely to the presence of 
myelin-specific inhibitors of axonal growth. Myelin-associated glycoprotein 
(MAG) is a potent inhibitor of a variety of post-natal neurons. In vivo, however, a 
number of growth factors are present in the damaged CNS which should promote 
growth. We assessed how different growth factors affect inhibition by MAG and 
by myelin in culture. First, for cerebellar neurons grown on MAG-expressing or 
control CHO cells, when BDNF, GDNF or NGF was included in the cultures 
(200 ng/ml) there was no effect on inhibition by MAG; growth on the MAG- 
expressing cells was still about 70% less than on the control cells. However, if 
we first grew these neurons, overnight, in the presence of BDNF or GDNF and 
then transferred them to the MAG-expressing or control cells, the inhibition by 
MAG was completely abolished; growth on the MAG-expressing and control cells 
was indistinguishable. In contrast, priming cerebellar neurons with NGF had no 
effect on MAG's inhibition. Similarly, when cerebellar neurons were primed with 
BDNF or GDNF but not with NGF, neurites were up to 4-times longer when 
subsequently grown on CNS myelin. Second, when adult DRG neurons were 
used, inhibition by MAG and myelin was also blocked by priming the neurons 
with not only BDNF and GDNF but also with NGF. Priming neurons with 
growth factors did not affect binding of MAG to these neurons, therefore, 
expression of the MAG receptor appears to be unaffected by priming. We also 
showed that the inhibition of axonal growth by MAG was reversed if the cAMP 
levels were elevated by addition of db-cAMP to the cultures. Following from 
this, if an inhibitor of protein kinase A (activated by cAMP), KT5720, is included 
during the priming, there is no block of MAG's or myelin's inhibition. These 
results suggest that inhibition by MAG and myelin can be prevented if the cAMP 
levels in neurons are elevated PRIOR to when the neuron encounters the inhibitor 
by exposure to specific growth factors. NS37060, MS Soc., AHA

616.13

REGENERATION OF ADULT RAT RETINAL GANGLION CELL (RGC) 
AXONS AFTER MICROLESION AND INACTIVATION OF THE 
GTPASE RHO BY TREATMENT WITH C3 ENZYME. I.Selles-Navarro,
A. Fournier, P. Dereham, M. Lehmann, and L. McKerracher*. Département 
de pathologie et biologie cellulaire, Université de Montréal, C.P.6128, 
Succursale Centre-ville, Montréal, Québec, Canada H3C 3J7.

Growth-inhibitory myelin proteins and the glial scar are both barriers to CNS 
regeneration. The neuronal response to growth inhibitory proteins is regulated 
at the level o f the growth cone. The small GTPase Rho has been implicated in 
signaling to the growth cone cytoskeleton and in neurite retraction. To 
investigate if inactivation of Rho can stimulate axon regeneration, we have used 
C3 enzyme from Clostridium botulinum to inactivate Rho. Treatment of 
dissociated retinal neurons with C3 allowed neurite extension on myelin- 
associated glycoprotein, a growth inhibitory protein present in myelin. To 
explore regeneration of damaged RGC axons in white matter after C3 treatment, 
we crushed optic nerves with a microlesion to reduce the extend o f the glial scar, 
and we treated the site of the lesion with C3 or with buffer as a control. RGC 
axons were anterogradely labeled and visualized in longitudinal sections two 
weeks later. In PBS controls, the labeled axons stopped abruptly at the crush 
site. By contrast, the lesion site was not clearly defined after C3 treatment 
because many RGC axons regenerated past the lesion in the distal white matter. 
These axons showed a twisted pattern o f growth characteristic o f regenerating 
axons. Our data provide compelling evidence that targeting intracellular 
signaling mechanisms converging to Rho stimulates axon regeneration directly 
on the complex native terrain o f CNS. Supported by MRC.

616.10

MAPPING THE INHIBITION SITE FOR AXONAL REGENERATION ON 
MYELIN-ASSOCIATED GLYCOPROTIEN (MAG). S. Tang*, J Oiu, M. 
Domeniconi and M.T. Filbin Dept.of Biol., Hunter College, New York NY 10021 

Both in vitro and in vivo studies have demonstrated that MAG is a potent inhibitor 
of neurite outgrowth and could contribute to the lack of regeneration in the mammalian 
CNS after injury. MAG is a member of the sialoadhesin family which not only binds 
sialic acid but also shares considerable sequence similarity in their four N-terminal Ig- 
domains. We have established that sialic acid-dependent binding of MAG to neurons, 
alone, is not sufficient to inhibit axonal growth. This view is supported by the finding 
that another member of the sialoadhesin family, sialoadhesin (Sn), can also bind to 
neurons but has no effect on neurite outgrowth. However, abolishing the sialic acid 
binding by MAG, via mutation of Arg118, abolished the inhibitory effect of soluble 
MAG-Fc (extracellular domain fused to Fc). Surprisingly, the mutated MAG, when 
expressed on CHO cells, can still inhibit axonal regeneration as effectively as 
unmutated MAG. Therefore, sialic acid-binding by soluble, but not cell-expressed 
MAG, is necessary for its inhibition on axonal regrowth. We suggest that sialic acid
binding merely serves to bring MAG into close proximity with neurons so that a 
second site on MAG, distinct from the sialic acid-binding site Arg118, can elicite the 
inhibitory effect. The fact that a truncated form fo MAG-Fc, consiting of the first three 
N-terminal Ig-domains, MAG(d1-3)-Fc, binds to neurons but does not inhibit 
outgrowth implies that the inhibition site resides in Ig-d4-5, or between Ig-d3 and -d4. 
In order to test this, chimeric proteins consisting of Sn(d1-3) fused to MAG(d4-5) have 
been constructed both as a soluble Fc-chimera and a full-length protein with the 
transmembrane and cytoplasmic domains of MAG. The Fc-chimeric constructs have 
been transfected into COS cells and the full-length chimera into CHO and Schwann 
cells, and their protein expression analysed by Western blotting and 
immunocytochemistry. Their ability for sialic acid-dependent binding and inhibiting 
neurite outgrowth will be analysed. We predict that Sn(d1-3)-MAG(d4-5) can still 
inhibit axonal regeneration. Identification of the inhibition site on MAG will have 
significant therapeutic implications in nerve regeneration. NS 37060, MS Soc., AHA.

616.12
W HITE MATTER CAN SUPPORT OR IN H IB IT  N EURITE 
GROWTH DEPENDING ON GEOMETRY. D.B. Pettigrew* and K.A. 
Crutcher. Dept. of Neurosurgery, U. of Cincinnati, Cincinnati, OH. 45267-0515.

It is well-accepted that the adult mammalian central nervous system (CNS) does 
not support extensive axonal regeneration. Several lines of evidence have indicated 
that CNS white matter contains potent inhibitors of neurite growth that may 
contribute to abortive regeneration. For example, growth cones have been reported to 
collapse on contact with oligodendrocytes (Bandtlow et al., 1990). Moreover, factors 
have been purified from CNS myelin that possess neurite-growth inhibiting 
properties in vitro (Schwab et al., 1993; Filbin, 1995). However, axonal 
regeneration has been reported to occur from neural tissue grafted into myelinated 
fiber tracts such as the corpus callosum, fimbria and internal capsule (Wictorin et al., 
1992; Davies et al., 1997). The present study sought to determine whether CNS 
white matter supports or inhibits neurite growth depending on the geometric 
relationship between growing neurites and the fiber tract they encounter.

Tissue section culture provides a sensitive assay of neurite growth-promoting or 
inhibiting properties of the adult brain (Crutcher, 1993). In this study, explants of 
embryonic chick sympathetic ganglia were seeded onto unfixed, coronal whole-brain 
sections and cultured in B27-supplemented Neurobasal™ medium. These explants 
were subsequently labelled with a vital dye and neurite outgrowth was assessed using 
NIH Image software. Explants attached to both gray and white matter regions of the 
sections, but preferentially attached to gray matter. Neurites initiated on white matter 
were confined to the fiber tract and grew parallel to it. In contrast, neurites initiated 
on gray matter were inhibited from crossing fiber tracts they encountered.

These observations suggest that inhibitory influences, normally associated with 
myelinated axons, may serve to restrict neurite growth on white matter to a trajectory 
parallel to the fiber tract, whereas these same inhibitory influences may be an 
obstacle to neurites that approach the fiber tract obliquely. These results suggest that 
axonal regeneration within myelinated CNS fiber tracts may be regulated by complex 
factors that include the geometry of the fiber tract. Supported by the NIH (NS 
17131).

616.14
MODIFIED ACTIVATION OF GLIAL CELLS IN PROTEIN TYROSINE 
PHOSPHATASE PTPIC MUTANT MICE DURING REGENERATION OF THE 
AXOTOMISED FACIAL NERVE. A. Horvat1, F.-W. Schwaige1 , G. Hager1, R. Streif1, 
J.C. Probst*1, A. Ullrich2 and G.W. Kreutzberg1∙ 1Department o f  Neuromorphology, Max-Planck- 
Institute o f  Neurobiology, 2Department o f  Molecular Biology, Max-Planck-Institute o f  Biochemistry, Am 
Klopferspitz 18a, D -82152 Martinsried, Germany.

Activation of astrocytes are common cellular hallmarks in many different 
pathological processes of the central nervous system. Recently data showed that after 
deafferentation in the chick auditory brainstem as well as after injury in the rat 
hippocampus, a subset of astrocytes showed increased immunoreactivity to the 
cytosolic protein tyrosine phosphatase PTPIC. To elucidate the further role of 
PTPIC in the injured central nervous system we examined the regulation of PTPIC 
and the effects in PTPIC mutant (motheaten viable) mice following axotomy of the 
facial nerve.

In wild type controls (C57B1/6J), transection of the facial nerve led to a massive 
up-regulation of PTPIC mRNA and protein in astrocytes 3 days after axotomy with 
a maximum at day 7. Compared with their wild type litter mates, PTPIC mutant 
mice showed a strong general induction of GFAP immunoreactivity on astrocytes in 
brain stem slices, whereas no obvious difference was found with the microglial 
marker 5C6. After facial nerve axotomy GFAP immunoreactivity was virtually 
unchanged in the operated facial nucleus compared to wild-type animals. The 
microglial cell number was decreased suggesting a reduced proliferation rate. In 
contrast the immunoreactivity for 5C6 per micro glial cell was increased in 
motheaten viable mice. No obvious change in neuronal response was found using 
different markers, e.g. for c-Jun, STAT3 or GAP-43.

These results suggest that PTPIC might negatively regulate the activation of signal 
transduction pathways in astrocytes. In addition, astrocytes and microglia are both 
affected by the reduction of PTPIC activity, emphasizing the role of PTPIC in the 
global regulation of posttraumatic cellular activation. If the reactive astrocytes are 
the primary affected cells the selective release of different cytokines and growth 
factors important for the microglial response to axotomy might be disturbed.
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616.15

ARE NEWLY FORMED VESSELS THE GUIDING STRUCTURES FOR THE 
LONGITUDINALLY ORIENTATED SCHWANN CELL FRAMEWORK IN THE 
LESION SITE FOLLOWING RAT SPINAL CORD COMPRESSION INJURY? 
D. Plate, G.A. Brook, A .B. Schmitt, R. Franzen, D. Martin, G. Moonen, J. 
Schoenen, W. Schmidt*, J. Noth and W. Nacimiento. Dept. of Neurology, Aachen 
Techn. Univ. Med. School, D-52057 Aachen, Germany and Dept. of Physiology 
and Pathophysiology, University of Liège, B-4020 Liège, Belgium

Spinal cord compression, by inflation of a subdurally positioned balloon (40 µl, 
5min) at T10-11, resulted in massive destruction of the cord and complete paralysis 
of the hindlimbs. Previous immunohistochemical examinations showed that the 
phase of lesion induced haemorrhagic necrosis was followed by infiltration by 
Schwann cells which formed a longitudinally orientated framework which sup
ported substantial orientated axon regeneration. To test the hypothesis that newly 
formed vessels are responsible for the high degree of longitudinal orientation ob
served in the Schwann cell framework, we assessed the neovascularisation of the 
injury site using RECA1 immunohistochemistry and did double immunofluores
cence for blood vessels and NGFr-positive Schwann cells. As early as two days post 
operation (p.o), fine RECA-positive endothelial cells began to grow towards the 
lesion centre in a predominantly longitudinal direction. Between 7 and 28 days 
p.o., the lumen of blood vessels within the lesion appeared largely normal in size. 
Although many of the vessels were randomly dispersed, a substantial proportion (in 
particular those located close to the midline) displayed a marked degree of orien
tation in parallel with the longitudinal axis of the spinal cord. Double immunofluo
rescence revealed a lack of any major correlation between newly formed blood 
vessels and Schwann cells within the lesion. We conclude that newly formed vessel 
walls might be used by Schwann cells during migration, but that they do not 
constitute the main cue for the remarkable degree of Schwann cell orientation. 
(Supported by grants from the DFG (102/2-2), BMBF (TP9) and BIOMED.2)

616.17

AN IN VITRO MODEL OF THE PNS/CNS INTERFACE 
K.H. Adcock*, M.J. Wilby and J.W. Fawcett Physiological Laboratory, 
Downing Street, Cambridge, CB2 3EG and MRC Cambridge Centre for Brain 
Repair, Forvie Site, Robinson Way, Cambridge, CB2 2PY 

Animal models have shown that some regeneration of central neurons can 
occur if tissue from the PNS is transplanted into the brain or spinal cord. 
However, the astrocytic scar also prevents re-entry of central axons from the 
PNS graft into CNS tissue. We have developed an in vitro model that mimics 
the interface of the PNS and CNS by co-culturing astrocytes and Schwann cells 
with a view to manipulating the environment to promote axonal growth from 
the peripheral to central tissues. We show that early postnatal dorsal root 
ganglion axons tend not to cross from primary Schwann cells onto astrocytes. 
This behaviour is observed whether nerve growth factor or neurotrophin-3 are 
supplied in the medium and also in the absence of additional neurotrophic 
support. However these axons are more likely to cross from a Schwann cell 
line onto the astrocyte cell line, A7, which has been shown to be more 
permissive to axonal outgrowth than primary astrocytes. We conclude that it 
may be possible to encourage axons to cross from a Schwann cell environment 
to an astrocytic one by changing the molecular characteristics of the glia. 
Financial support from the British Medical Research Council and the ISRT.

616.19

MYELINATION OF REGENERATING RAT SCIATIC NERVE OCCURS IN THE 
ABSENCE OF CHOLESTEROL REUTILIZATION. J.C. Brown1, T.W. Bouldin2 
and J.F. Goodrum2,3*. 1School of Medicine; 2Dept. of Pathology and Laboratory 
Medicine; 3Neuroscience Center, University of North Carolina at Chapel Hill, Chapel 
Hill, NC 27599.

Macrophages infiltrate degenerating nerve and rapidly phagocytose the 
degenerating myelin debris. Much of this debris is degraded, but the myelin 
cholesterol is conserved within the macrophages and subsequently reutilized for 
myelin assembly during regeneration. To test if this reutilization is required for 
myelination in regenerating nerve, we blocked macrophage processing of cholesterol 
with a hydrophobic amine which has been shown in vitro to block export of 
cholesterol from lysosomes. Imipramine was administered chronically to crushed 
nerves using an osmotic pump connected to a chamber surrounding the nerve. 
Crushed nerves, permanently transected nerves, and imipramine-treated crushed 
nerves were examined 2 weeks after injury. Crushed nerves contained many 
regenerating, myelinating axons and numerous macrophages, each containing one or 
two large masses of myelin debris. Transected nerves contained numerous debris- 
filled macrophages, but no regenerating axons. In contrast to the macrophages in 
crushed nerves, those in transected nerves had greatly increased cytoplasmic volumes 
and contained more numerous, but smaller, masses of myelin debris. Imipramine- 
treated crushed nerves contained many regenerating, myelinating axons and debris- 
filled macrophages morphologically similar to those observed in transected nerves. 
We suggest the morphologic similarity of the macrophages in permanently transected 
nerve and in imipramine-treated crushed nerve results from the lack of cholesterol 
export from macrophages; in transected nerve due to the absence of myelinating 
axons, and in imipramine-treated nerve due to the pharmacologic block. The presence 
of myelinating axons in the imipramine-treated crushed nerve indicates that 
myelination can take place in the absence of cholesterol reutilization.

Supported by USPH grant NS36614 (JFG) and a UNC School of Medicine 
Holderness Medical Fellowship (JCB).

616.16

SPROUTING AND REGENERATION OF PURKINJE CELL 
AXONS IN CEREBELLAR SLICE CULTURES. Domenico 
DelTurco, Bernd Heimrich* and Josef P. Kapfhammer. 
Anatomisches Institut I, Universität Freiburg, AG Neuronale 
Plastizität, Hansastr. 9A, D - 79104 Freiburg, Germany.

Purkinje cells (PCs) in the adult cerebellum survive after 
axotomy in vivo, but do not show any axonal regeneration. By 
using cerebellar slice cultures of postnatal rats and mice (P0 - 
10) we have studied factors affecting Purkinje cell regeneration. 
In cultures derived from early postnatal animals we consistently 
observed regeneration of severed Purkinje cell axons that could 
even reconnect to the deep cerebellar nuclei. In contrast, no 
regeneration was observed in cultures from later postnatal 
stages. We have tried to induce regenerative growth in older 
cultures (P8 - P10) by transplantation of Schwann cells into the 
lesion zone. Under these conditions, some Purkinje cells 
extended fine processes into, but not beyond the lesion site. 
Thus, only a limited sprouting behavior of PC axons could be 
elicited by primary Schwann cells in our slice culture system. 
When small cerebellar explants (P8-10) were cultured on 
Schwann cell monolayers outgrowth of long PC axons from a 
small number of PCs was observed.

Our findings show that early postnatal Purkinje cells are still 
able to regenerate after axonal lesions. In contrast, no 
regeneration was observed in older cultures. Transplantation of 
Schwann cells into these cultures only induced a limited 
sprouting behavior of Purkinje cells axons.
Supported by the Förderprogramm Neurobiologie des Landes Baden-Württemberg.

616.18

NAALADase INHIBITION ENHANCES MYELINATION IN DORSAL 
ROOT GANGLIA-SCHWANN CELL CO-CULTURES B.Shah1 , Y.-M.Yao.
J. Estrada*, B.S. Slusher2. 1Pharmaceutical Discovery, SRI International, Menlo 
Park, CA. and 2Guilford Pharmaceuticals, Inc., Baltimore, MD.

Inhibition of N-acetylated-alpha-linked acidic dipeptidase (NAALADase; 
carboxypeptidase G2) results in a significant increase in the number of myelinated 
axons and myelin thickness as compared to vehicle-treated mice following sciatic 
nerve cryolesion (Soc. Neurosci. Abstr., Vol. 23(2), p 2302,1997). We have proposed 
that NAALADase plays a role in signaling myelin fomation and inhibition of 
NAALADase may facilitate myelination (see accompanying abstract Yao et al). To 
test this proposal, we examined the effects of 2-phosphonomethyl) pentanedioic acid 
(2-PMPA), a potent and selective NAALADase inhibitor, using a well established in 
vitro model system. Dorsal root ganglia-Schwann cell co-cultures were established 
as previously described (Einheber, et al. J Cell Biol, Vol 123, p 1223). Following 7 
days in co-culture, myelination was initiated following the addition of serum and 
ascorbic acid with various doses of 2-PMPA (1 nM, 100 nM, 1 µM, l00µM) or 
progesterone (20 nM; positive control). The extent of myelination was examined 
between days 14-21 using immunocytochemical staining for myelin basic protein 
(MBP), a known myelin marker. Qualitiative analysis of the immunostained cultures 
revealed a significant dose-response related increase in the number of myelinated 
axons following the addition of 2-PMPA as compared to axons in vehicle-treated 
cultures. Interestingly, cultures treated with high dose 2-PMPA (1 µM, 100µM) had 
a greater extent of myelination than cultures treated with maximal doses of ascorbic 
acid and progesterone when rated qualitatively by a blinded observer. Quantitative 
morphometric studies are underway to further characterize the effect of 2-PMPA on 
myelination. These results suggest that inhibition of NAALADase may facilitiate 
myelination.

616.20

AN INFLAMMATORY RESPONSE IS NECESSARY TO INDUCE 
RETINAL GFAP-IMMUNOPOSITIVE ASTROGLIA AFTER A PARTIAL 
CRUSH OF THE OPTIC NERVE. R. Engelm ann*#§, A. Bien#§, C.I. 
Seidenbecher#§, T.M. Böckers#, E.D~ Gundelfinger#, B.A. Sabel§, M.R. 
Kreutz# Leibniz-Institute for Neurobiology, Magdeburg, F.R.G. § AG 
Mol.&Cell. Neurobiol., Inst. Med. Psych. Otto-von-Guericke Univ., 
Magdeburg, F.R.G.

Partial crush injury of the optic nerve leads to a massive degeneration of 
retinal ganglion cells (RGC) within two weeks. We characterized time course 
and occurence of GFAP-immunopositive reactive astroglia in the retina in 
response to optic nerve crush. Surprisingly we found no increase in GFAP- 
staining in retinal whole mounts or cryostat sections after a partial crush of 
the optic nerve over a time course of two week period. Local retinal lesions 
induced by xenon-irradiation, however, was followed by a significant 
increase in GFAP-immunoreactivity in the injured area, demonstrating that 
the used staining method was sensitive to detect astroglia proliferation. 
Moreover, western blot analysis confirmed, that GFAP-immunoreactivity is 
not increased in retinal protein homogenates, whereas increased GFAP- 
immunoreactivity was found in optic nerve protein preparations after crush. 
This increase was confined to the most proximal part of the optic nerve and 
the crush site. Systemic administration of the inflammatory agent 
lipopolysaccharide (LPS) alone had also no effect on GFAP- 
immunopositive cells in the retina and the optic nerve. Interestingly a 
combination of optic nerve crush with a parallel administration of LPS leads 
to a significant increase of GFAP-immunoreactivity in retinal cryostat 
sections as judged by immunostainings and western blot analysis. These 
data demonstrate, that despite a cell loss of about 80% of all RGC after optic 
nerve crsuh increased GFAP-immunopositive astroglia is only found in 
close proximity to the lesion site but not in the retina. Moreover, a parallel 
inflammatory response is necessary to induce reactive astrogliosis in the 
retina after optic nerve injury.
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617.1
C L O N IN G  OF c D N A s E N C O D IN G  A G L U T 1 G LU C O SE  
TRAN SPO R TER  m R N A  STABILIZING CIS-ELEM ENT. J.Y. L i, 
M .R. V erardo, R.J. B oado, W .M . Pardridge and A .V . E scueta*. 
Departments o f  M edicine and Neurology, and Brain Research Institute, 
UCLA School o f Medicine, Los Angeles, CA 90095.

The G L U T 1 glu cose  transporter is regulated at the post- 
transcriptional le v e l, and a cis-regulatory elem ent located within  
nucleotides 2100-2300 o f bovine G L U T l 3'-untranslated region (UTR) 
binds to a 80 kDa protein in brain capillary endothelium and in C6 glioma 
cells to stabilize the G L U T 1 mRNA. The aim o f the present study was 
to determine if transcripts other than G LUT1 contain the same stabilizing 
cis-elem ent. Total λ-D N A  was isolated from a C6 λgt11 cD N A  library 
and it was subjected to PCR am plification using a 43-m er primer 
corresponding to the G L U T 1 cis-element and either forward or reverse λ- 
primers. PCR products were separated by agarose gel electrophoresis 
and transferred onto GenScreen Plus membrane. Ethidium bromide 
staining o f gel show ed PCR products o f ~2.3, 1.9, 1.7, and 1.0-0.4 kb, 
respectively. Southern blot hybridization with a 32P-GLUT1 cD N A  
under high stringency conditions demonstrated that only the larger size 
products (2.3 and 1.9 kb) cross-hybridize with G LU T1. In summary, 
the present data provide evidence that non-related G LUT1 cD N A s in C6 
cells contain a G LU T1-stabilizing cis-regulatory element, suggesting that 
those mRNAs may be under similar post-transcriptional regulation. 
Supported by NIH N S-25554.

617.3
REGULATION OF ASPARTATE TRANSPORT ACROSS THE BLOOD- 
BRAIN BARRIER BY ADENOSINE. G.A. Grant*, J. Meno, K.A. Stanness, 
D. Janigro Dept. of Neurosurgery Harborview Med. Ctr. Univ. of 
Washington, Seattle, WA.

The extracellular accumulation of aspartate and glutamate underlies 
ischemic brain damage. In spite of the importance of their homeostasis in 
the CNS, little is known about the regulation of their transport across the 
blood brain barrier (BBB). In contrast, the role of adenosine (ADO) in the 
regulation of cerebral blood flow and the modulation of neuronal activity 
has been well characterized. In addition to its neuroprotectant role, ADO 
modulates brain endothelial cell permeability and transport. Using isolate 
rat cortical penetrating arterioles and a dynamic in vitro BBB model (DIV- 
BBB, Brain Res.771, 329-42, 1997; rat brain endothelial cells + neocortical 
astrocytes), we previously characterized a stereoselective (L-isomer 
preferring) aminoacid transport across the BBB. We also showed that the 
extraluminal application of ADO (1 µM) significantly decreased the net 
stereoselective transport of the L- enantiomer of aspartic acid. At the same 
time, ADO increased the paracellular transport of sucrose. We now report 
that theophylline (10 µM), a nonselective ADO receptor antagonist, does 
not block the effect of ADO on L-aspartate transport. In contrast, NBTI (100 
µM), an inhibitor of adenosine transport, blocks ADO effects on L- 
Aspartate and sucrose permeation. These data suggest that the specific 
effects of ADO on the transport of aspartate across the BBB are not ADO 
receptor mediated, but are modulated by adenosine transport. A 
modulation of the effect of ADO on BBB endothelial cell function may have 
implications in the treatment of ischemic brain damage. [NIEHS, ES 07033 
NIH-NS 51614],

617.5
AMINO ACID TRANSPORT ACROSS THE ABLUMINAL MEMBRANE 
OF THE BLOOD-BRAIN BARRIER. O ’Kane, R., DeJoseph, M., and 
Hawkins, R.A.* Dept. of Physiology and Biophysics. Finch University 
of Health Sciences/The Chicago Medical School, North Chicago, IL 
60064.

The blood-brain barrier comprises luminal (facing blood) and 
ablum inal (facing brain) membranes of capillary endothelial cells. 
Luminal membranes have facilitative transporters while ablum inal 
membranes have facilitative and Na+-dependent transporters. The 
facilitative transporter, L1, is located on both membranes and allows 
bidirectional transport of neutral amino acids. The Na+-dependent 
transporters (A, N, B º ,+ and an anionic carrier) are located on the 
ablum inal membrane and actively extrude amino acids from brain. 
We isolated abluminal membranes and studied substrates of systems 
A, N, and Bo,+. The amino acid analog MeAlB (methylamino 
isobutyric acid) is transported only by system A. By observing inh ib i
tion of radiolabeled MeAlB transport by common amino acids, we 
determined putative substrates to be pro, ala, his, asn, gly, ser, g ln. 
System N was studied by measuring radiolabeled g ln uptake with a 
blocking dose of MeAlB and a variety of amino acids. Presumed 
substrates include his, ser, asn, and thr. To study system Bo,+, radio- 
labeled lys transport was measured in the presence of other am ino 
acids and sodium. Alleged substrates of system Bo,+ are arg, cys, ser, 
phe, his, gin, ala, gly. In addition, Na+-independent transport of lys 
was observed, possibly system y+, a previously unidentified trans
porter on the abluminal membrane of the blood-brain barrier, fa c ili
tating transport of ornithine, arg, cys, leu, met, val, phe, his, try, ala. 
The Na+-dependent amino acid transporters (A, N, Bo,+) remove many 
non-essential amino acids from brain extracellular fluid. The fa c ili
tative transporters (L1, y+) permit entry of a range of amino acids, 
many of which are essential. (Supported by NIH 31017)

617.2
MECHANISMS OF GLUCOSE TRANSPORT IN A DYNAMIC, IN VITRO 
MODEL OF THE BLOOD-BRAIN BARRIER. I. Luvisi2, R.J. Naftalin1, K.C. 
Pedley1,  K.A Stanness2, L.G. Costa*, D. Janigro2. Depts. of Physiology1, King’s 
College, London, UK and Neurosurgery2, Univ. of Washington, Seattle, WA 98104.

The blood-brain barrier (BBB) is composed of specialized endothelial cells (EC). 
Owing to its “barrier” properties, in situ brain EC express a variety of specialized 
transporters, including the glucose transporter GLUT1. The mechanisms of BBB 
glucose transport remain, however, poorly understood. In vitro models of the BBB 
have been extensively used to overcome the intricacy of in vivo studies, but most 
available models are characterized by non-physiologic leakiness (Psucrose>10-5 cm/sec) 
and are therefore of little use for in-depth studies of trans-endothelial transport. We 
have used the DIV-BBB model characterized by physiological “tightness” 
(Psucrose<10-6 cm/sec, TEER ~ 1,500 Ω  cm2; Brain Res.771, 329-42, 1997) to 
investigate the mechanisms of glucose transport. DIV-BBB EC co-cultured with 
abluminal glia exhibited both GLUT1 and hex (HEX) molecules, the latter being 
expressed in large amounts in the endothelial layer at the abluminal but not at the 
luminal surface; HEX expression was much less evident in glia. Consistent with the 
abluminal localization of HEX, steady-state glucose concentrations and 
measurements of 3H-DOG fluxes from and to the lumen demonstrated asymmetry, 
whereby abluminal glucose levels were consistently lower than [Glu]lumen. These 
results support the hypothesis linking the asymmetric distribution of glucose to 
subcellular asymmetry of endothelial HEX expression. This form of regulated 
asymmetry might have utility in stabilizing interstitial glucose concentration in the 
range 0-2-0.5mM despite large local changes in brain activity thereby ensuring that 
brain activity is not rate limited by substrate supply. We conclude that in addition to 
physiological electrical resistance and permeability to molecules, the DIV-BBB 
reproduces several other relevant features of the BBB in situ [NIH 07033, 51614].

617.4
PYRIMIDINE ENTRY INTO THE CENTRAL NERVOUS SYSTEM. 
M.B. Segal* and S.A. Thomas. Division o f Physiology, UMDS St 
Thomas’ Hospital, Lambeth Palace Road, London SE1 7EH, UK.

Nucleosides are composed of two structural units, namely a pentose and 
a nitrogenous base, which can be a pyrimidine (6-membered ring) or a 
purine (5-membered ring). Nucleoside transport into the brain is of 
clinical significance, because nucleoside analogs (e.g. 3 ’azido, 3’deoxy- 
thymidine (AZT) & 2’,3’didehydro, 3’deoxythymidine (D4T)) have been 
shown to be effective in the treatment o f HIV infection and the brain is 
thought to be a site of infection, viral replication and sanctuary for HIV-1. 
Although the movement of thymidine, AZT and D4T across the blood- 
brain and blood-CSF barriers has been investigated, comparatively little is 
known about their pyrimidine base, thymine. This study aims to address 
this issue by means of the bilateral in situ brain perfusion technique in 
anaesthetised guinea-pigs (*Brain Res. 741: 230-239, 1996). The results 
indicated that the uptake of [3H]thymine into the brain (7 .50± 0.32) and 
CSF (6.91 ±  1.08) was not significantly different to that previously 
obtained for [3H]thymidine (6 .4 4 ± 0 .60 & 6 .55± 0 .75 , respectively*) 
(Mean %±S.E.M.; n=4-7; 20 min time point; Students t-test). Octanol- 
saline partition coefficients (lipophilicity) were found to be 0.227±0.005  
and 0 .05 7 ± 0.002 for [3H]thymine and [3H]thymidine, respectively.
Overall these results would suggest that [3H]thymine and [3H]thymidine can 
enter the CNS to a similar extent, but further studies are needed to explore 
the presence of a nucleobase-specific transport mechanism in this model. 
Supported by the Special Trustees of St. Thomas Hospital.

617.6
RAT BRAIN, CHOROID PLEXUS A N D  CSF UPTAKE OF 14C-GABA 
DURING DEVELOPMENT. H. Al-Sarraf*† and M.B. S eg al. Physiology 
Dept., UMDS, London SE1 7EH, UK. † Present address: D ept. 
physiology, Faculty of Medicine, Kuwait University.

γ-aminobutyric acid (GABA) is a major inhibitory amino acid  
neurotransmitter in the CNS. Therefore, its entry into the brain from 
blood is carefully controlled by the presence of barriers between blood 
and brain; namely blood-brain barrier and blood-CSF barrier. In our 
earlier study, we have shown a decline in the entry of excitatory  
neurotransmitters aspartate and glutamate from blood to brain w ith age 
in the rat (Al-Sarraf et al, 1994). In this investigation using the  

bilateral in situ brain perfusion (Preston et al, 1995), the uptake of 14C- 
GABA from blood to brain, choroid plexus and CSF was studied in adult 
and 2 week old rats. The brain w as perfused w ith Ringer containing 14C- 
GABA for 2 ,10 , 20, or 30 min. The unidirectional transfer coefficient, Kin, 

of 14C-GABA into the above compartments was calculated as a measure 
of uptake. The uptake into each compartment w as greater in the neonate 
compared to the adult (p<0.05). Choroid plexus showed the greatest 
accumulation of 14C-GABA compared to brain and CSF, both in the  
adults and neonates (p<0.05). The uptake into all compartments was 
inhibited in the presence of unlabelled GABA in both age groups. The 
above results, suggest that neonatal rat blood-brain and blood-CSF 
barriers show  greater permeability towards GABA compared to that o f
the adult. The uptake into brain, choroid plexus and CSF w as found to be 
through carrier-mediated system (s) both in the adult and neonatal rat.

Supported by Wellcome Trust & Kuwait University

Society for Neuroscience, Volume 24 ,1998



WEDNESDAY AM BLOOD-BRAIN BARRIER III 1563

617.7

EFFECTS OF ANTENATAL STEROIDS ON BLOOD-BRAIN BARRIER 
(BBB) PERMEABILITY IN EARLY GESTATION OVINE FETUSES. B.S. 
Stonestreet,1* K.H. Petersson,1 G.B. Sadowska,1 C.S. Patlak2 1 Brown 
University, Women and Infants’ Hospital, Department of Pediatrics, 
Providence, Rl, 2SUNY at Stony Brook, Surgery, Stony Brook, NY.

Antenatal corticosteroid therapy reduces the incidence o f intraventricular 
hemorrhage. The mechanism(s) for this effect is not well understood. We 
have been interested in the development of the blood-brain barrier (BBB) as 
an important maturational event, which may enhance microvascular integrity. 
Based upon findings in adults, there was evidence to suggest that the BBB 
was under hormonal control. We have previously shown that antenatal 
treatment with corticosteroids reduces blood-brain barrier permeability across 
brain regions in the ovine fetus at 80% of gestation. We now examine the 
effect of maternal corticosteroid treatment on blood-brain barrier permeability 
in the ovine fetus at 60% or 88 days of gestation. Chronically instrumented 
88 days o f gestation (term=150 days) ovine fetuses were studied 12 hrs after 
the last o f four 6 mg dexamethasone (n=5) or placebo (n=5) injections had 
been given over 48 hours to the ewes. BBB function was quantified with the 
blood-to-brain transfer constant (Ki) to α-am inoisobutyric acid using 
previously published procedures. In the fetuses of the ewes, which received 
antenatal dexamethasone vs. placebo, the Ki in the cerebrum was 2.90±0 .55 
vs. 3.92±0.37, in cerebellum was 5.43±1 .14 vs. 5.68±0 .92, and in the medulla 
was 4.34±0 .66 vs. 5 .15±0.78 µl∙g Brain-1∙m in-1 (M±SEM, ANOVA: F=0.87, 
p=0.38). Therefore, in contrast to our findings at 80% of gestation, maternal 
treatm ent with corticosteroids did not reduce BBB permeability in the ovine 
fetus at 60% of gestation. Supported by NIH HD/NS 34618-01

617.9

INSULIN POTENTIATES ENKEPHALIN ANALOG PERMEABILITY 
ACROSS THE BLOOD BRAIN BARRIER

K.A.Witt, R.D. Egleton, T.P.Davis*. Department of Pharmacology, 
University of Arizona, College of Medicine, Tucson, AZ. 85719.

[D-penicillamine2,5] enkephalin (DPDPE), a δ-opioid selective peptide 
analog of enkephalin, has been shown to enter the brain via a saturable mechanism 
(Williams et al. J. Neurochem. 66,1289. 1996). However, the BBB generally 
inhibits the passage of peptides from blood to brain via tight endothelial cell 
junctions. Previous studies, using the in vitro BBMEC model, have shown that 
insulin may affect DPDPE transport across the BBB (Thomas et al. J. Pharm. Exp. 
Ther. 280, 1235. 1997).

The aim of this investigation was to further characterize the brain 
uptake of [3H]DPDPE with coadministration of insulin by means of the in situ 
brain perfusion technique. Adult rats were anaesthetized and heparinized, the 
carotid arteries were cannulated, and the animal was perfused with a oxygenated 
saline, Evans-blue medium, at 70-90mmHg.. The jugular veins were sectioned 
and [3H]DPDPE was infused into the perfusion medium. At 20 minutes the rat 
was decapitated, and brain and perfusate samples taken for radioactive counting 
and capillary depletion. The above procedure was repeated with various 
concentrations (0.10 to 10uM) of insulin present in the media.

Results indicate that addition of insulin (0.10 to 10uM) can 
significantly increase the uptake of DPDPE by 65 % (p < 0.05, 10uM insulin), 
while not affecting the vascular compartment (i.e. sucrose space). These data 
provide evidence that insulin can improve delivery of peptide drugs by a 
mechanism that does not involve expansion of the vascular space. The actual 
mechanism by which insulin potentiates DPDPE transport is presently under 
examination.

This work was supported by NIH grants #DA-06284 and DA-11271.

617.11

A TIM E-COURSE A N A LY SIS OF THE EFFECTS OF INTRA- 
VENTRICULARLY-INFUSED FGF-2 ON EPENDYM AL WALL 
ST R U C T U R E  A N D  R E SIST A N C E  TO C SF OUTFLO W .
C. Johanson,1* J. Szm ydynger-Chodobska,1 B. W ojcik,1 E .Stopa,2 
P. C h a n , 1 A. B aird ,3 and A. C h od ob sk i,1 1Dept. o f C lin ical 
N euroscience and 2Dept. o f Pathology, Brown University and R.I. 
Hospital, Providence, RI 02903; 3Prizm, San D iego CA 92121.

Basic FGF or FGF-2 administered into the CSF system for 12 
days induces ventriculom egaly. To study the time course o f  
developm ent o f this hydrocephalus, w e administered FGF-2 by 
osmotic mini-pump into a lateral ventricle at 1 µg/day. After 2, 3, 5 or 
12 days o f infusion o f  FGF-2 or vehicle (control), the animals were 
analyzed for structural alterations in the ventricular wall (and 
underlying brain parenchyma) or for functional changes in ability to 
reabsorb CSF. The lateral ventricles began to enlarge by day 3. 
However, there were no elevations in intraventricular pressure above 
the control value o f 2.63 ±  0.27 mmHg, for any length o f infusion up 
to 12 days. At days 3 and 5, but not at day 12, there was hypertrophy 
o f lateral and 3rd ventricle ependym al ce lls , i.e., increased cell 
volum e and enlarged nucleus. Ependymal hyperplasia was ruled out 
due to the negative staining with proliferating cell nuclear antigen. 
G liosis o f subependymal regions developed at the later time points 
analyzed. R esistance to CSF absorption (m m Hg∙m in∙µl-l) was 0.88 
±  0.08 in control rats, and it was significantly increased to values o f  
2.32 , 2 .51 , 1.23 and 1.69 on days 2, 3, 5 and 12, respectively. 
Thus, FGF-2 induced-ventriculomegaly has an early onset (day 3) of 
structural and functional changes in the CSF system. (Supported by 
NIH N S 27601 (C.J.), N S/A G -91-03 (E.S), and by R.I. Hospital.)

617.8
NOVEL POTENT ENHANCER OF BLOOD BRAIN BARRIER
PERMEABILITY FOR DRUG DELIVERY TO THE BRAIN:
MICRODIALYSIS STUDY R.Kamburg*, A.Yaar, M.Polyak, and A.Kozak, 
D-Pharm Ltd., Rehovot, 76123, Israel

One approach to solving the problem of drug delivery to the brain is to use 
pharmacological agents that will transiently open the BBB, and facilitate the entry of 
a particular drug into the brain. Hyperosmolar BBB disruption in brain tumor therapy 
is controversial because the opening of BBB is too short, non-selective and is 
associated with many side effects.
A new BBB-opening drug, DP-M, was examined in this study. Intracerebral 
microdialysis was performed on free moving male Sprague-Dawley rats. 
Methotrexate (MTX 75 mg/kg total dose) was administered either as i.v. bolus or i.v. 
infusion for 240-270 min (at steady state) and its levels were determined in plasma 
and dialysate by immunoassay. DP-M was infused in a concentration of 40 µg/ml 
(total volume 3 ml) in the external carotid artery at a rate of 6 ml/min. AUCECF of 
MTX on the ipsilateral side was 37.2 µg/ml x min and on contralateral side 4.1 µg/ml 
X min after one-side modulation of BBB (bolus paradigm). Accumulation of MTX in 
the extracellular fluid (ECF) of the brain was determined: concentration of MTX in 
the ipsilateral hemisphere was 0.41 µg/ml 120 min after DP-M administration, in 
control ipsilateral hemisphere the MTX concentration was 0.095 µg/ml. (at steady 
state paradigm). Increased BBB permeability persisted for several hours and was 
reversible, without any manifest toxicity.

Conclusion, DP-M is a unique compound, representative of promising drug 
candidates for the transient and selective permeability of BBB for selective delivery 
of several drugs into the brain. Funded by D-Pharm Ltd.

617.10

PR EG N A NC Y  A LTER S BLO O D -BR A IN  B A R R IE R  PA SSA G E OF  
G R A N U LO C Y TE-M A C R O PH A G E C O LO N Y  STIM U L A T IN G  
FA C TO R  (G M -C SF). M. Kimura1*, W .A . Banks2, G.A. Maresh2, S. 
Inoué1, and A.J. Kastin2. 1Tokvo Med. & Dent. Univ.. Tokyo 101-0062; 
2Va  Med. Ctr. and Tulane Univ. Sch. o f  Med., N ew  Orleans, LA 70146.

Granulocyte-macrophage colony stimulating factor (GM-CSF) is a 
glycoprotein affecting the CNS. Although it was originally described as a 
hemopoietic cytokine, its production is induced in the periphery during 
infection and during the gestational period. We previously reported that GM- 
CSF crosses the blood-brain barrier (BBB) and also affects luteinizing 
hormone-releasing hormone release. It is not known that weather pregnancy 
changes the entry of GM-CSF into the brain. The present study examined 
differences in passage o f GM-CSF from blood to the brain over the course of 
pregnancy. Under pentobarbital anesthesia, pregnant and cycling female rats 
received intravenous (IV) injection of 125I-labeled GM-CSF. Serum and brain 
samples were collected and counted separately. Blood-to-brain transport rates 
were determined by multiple-time regression analysis. In early and mid 
pregnancy (pregnant days 1 and 10), IV injected GM-CSF was transported into 
the brain faster than the albumin control as seen in non-pregnant cycling rats. In 
late pregnancy (pregnant day 20), however, labeled GM-CSF did not cross the 
BBB, in contrast to another cytokine, TNFα, which entered the brain similarly 
as in non-pregnant rats. The presence of a binding protein for GM-CSF in 
blood during late pregnancy did not explain the decreased entry since such 
molecules were not detected in serum samples after passage through a column 
of Sephadex G-75. Increased blood-bome GM-CSF in late pregnancy may 
interfere with the entry o f labeled GM-CSF; this is supported by the significant 
entry of GM-CSF in late pregnancy when perfused in a blood-free solution. 
Thus, the results show that pregnancy alters passage of GM-CSF. (Supported 
by ONR N00014-92-J-1384, Nakayama Foundation & Monbusho 09771259)

617.12
DISTRIBUTION AND CLEARANCE OF INTRAVENTRICULARLY INJECTED 
IGF-1 IN RAT. T.N.Nagaraja1, M.Gorski1, B.K.Boctor1, P.Gorevic2 and 
J.D.Fenstermacher1*. 1Dept. of Anesthesiology, Henry Ford Hospital, Detroit, MI 
48202. and 2Dept. of Medicine, Mt. Sinai Hospital, New York, NY 10029.

Intraventricularly administered insulin like growth factor-1 (IGF-1) appears to be 
neuroprotective following cerebral ischemia. After intraventricular injection in 
normal rats, the 40-residue amyloid-β peptide (Aβ) is rapidly and nearly completely 
cleared from the CSF and brain with only some retention in the subarachnoid cisterns 
and pial blood vessels. In the present study, we tested if IGF-1, another peptide, 
distributes in a pattern similar to that of Aβ. 125I-labeled IGF-1 was injected into one 
lateral ventricle in anesthetized rats. Arterial blood was regularly sampled. From 30 
to 180 min after injection, rats were decapitated, and their heads were instantly frozen 
at -45° C. The entire brain plus its cerebrovasculature, meninges, and CSF was 
removed as a single specimen, and its total radioactivity was measured. The local 
distribution of radioactivity throughout the specimen was subsequently assayed by 
autoradiography. The half-life of [125I] IGF-1 in the entire specimen after 
intraventricular injection was about 16 min, longer than that of Aβ but considerably 
less than that of sucrose. About 80% of the IGF-1 was cleared by 30 min, and only 
10-12% more was removed over the next 150 min. Indicating rapid loss from CSF 
and brain, radioactivity in blood appeared at 5 min, rose sharply over the next 55 mm, 
and remained constant thereafter (60-180 min). At 30 min, the label was distributed 
throughout the ventricular system and in the basal and midbrain subarachnoid cisterns 
plus the lateral recesses of the 4th ventricle. This pattern only changed slightly over 
the next 60 min. Possibly because of intraparenchymal diffusion plus some uptake 
from blood, radioactivity was distributed within much of the periventricular, 
periaqueductal, medullary, cerebellar, and cortical tissue at 180 min. In summary, 
most IGF-1 is quickly cleared into the blood after intraventricular administration, and 
the remainder accumulates in pial blood vessels and slowly distributes into brain 
tissue. (Supported by NIH grant NS 34839).
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617.13

CENTRAL ANALGESIC ACTIONS OF LOPERAMIDE 
FOLLOWING TRANSIENT PERMEATION OF THE BLOOD BRAIN 
BARRIER WITH CEREPORT (RMP-7) D.F. Emerich1*, P. Snodgrass1, M. 
Pink1, F.E. Bloom2 and R. T. Baitus1 1Alkermes, Inc., Cambridge, MA 02139 and 
2The Scripps Research Institute, La Jolla, CA 92037.

The bradykinin analog, Cereport™ (RMP-7), was designed to increase permea
bility of the blood brain barrier (BBB). Early evidence indicated a particularly robust 
and reliable effect of Cereport as a means of increasing permeability of the blood 
brain tumor barrier. The present series of experiments were intended to determine 
whether Cereport might also be used to increase delivery of pharmacological agents 
across the normal (i.e., non-tumor) BBB. This was accomplished by testing the 
ability of Cereport to enhance delivery of the peripherally acting opiate agonist, 
loperamide, to the brain, as evidenced by induction of a centrally mediated analgesic 
effect. Intravenous administration of a combination of Cereport and loperamide 
produced a significant analgesic effect (2-fold increase in response times) when 
animals were tested on a hotplate apparatus. Loperamide alone did not produce 
analgesia. An analysis of the time course of analgesia revealed a graded onset of 
analgesia which peaked at 30 minutes, maintained asymptote at 60 minutes, and 
began to diminish by 120 minutes following Cereport and loperamide administration. 
Finally, the analgesic effects of combining Cereport and loperamide were completely 
blocked when animals were pre-treated with the opiate antagonist naloxone, 
demonstrating that the analgesia was mediated through opiate receptors.
Collectively, these results suggest that Cereport was able to increase delivery of 
loperamide across the BBB, allowing it to gain access to opiate receptors in the CNS 
to produce a centrally-mediated analgesic effect. They therefore provide clear evidence 
that safe and well-tolerated doses of Cereport can increase permeability of the normal 
BBB. Moreover, they provide the first evidence of a pharmacological effect 
specifically enabled by controlled (i.e., receptor-mediated) modulation of the BBB.

617.14
DRUG CONJUGATION AND POLARIZED EXCRETION OF CONJUGATES AT 
THE RAT BLOOD-CEREBROSPINAL FLUID BARRIER. N. Strazielle and J.F. 
Ghersi-Egea*. INSERM U325, Institut Pasteur de Lille. 59000 Lille. France.

Choroid plexus (CP) epithelium forms the interface between the blood and the 
ventricular cerebrospinal fluid (CSF). The epithelial cells sealed by tight junctions are 
strongly polarized and possess numerous apical and basolateral specific transport 
proteins that participate to their selective barrier properties toward endogenous and 
exogenous compounds. In addition, previous studies have evidenced the presence of 
several drug-metabolizing enzymes in the choroid plexus. Among them UDP-glucuro- 
nosyltransferase (UGT) catalyses the conjugation of drugs to UDP-glucuronic acid 1,2

The aim of this work was to test the efficacy of this conjugation pathway in the 
CP. and to elucidate the fate of the conjugates formed in the epithelial cells.

An in vitro cellular model was used, in which the epithelial cells from newborn 
rats are seeded on a porous membrane. The cell monolayer displays the main morpho
logic and physiologic features of choroidal epithelium, i.e. polarity, barrier properties, 
elevated activities of drug metabolizing enzymes. Using 1-naphthol as a model 
substrate for UGT. we showed that the glucuronoconjugation pathway is efficient in 
cultured choroidal cells, and resulted in a complete metabolic barrier preventing the 
blood to CSF transfer of the xenobiotic in the micromolar range. HPLC analysis 
showed that the corresponding conjugate was mainly excreted at the basolateral (i.e. 
blood-facing) membrane, by a probenecid-and glutathione conjugate-inhibited 
mechanism. In conclusion the CP can form a metabolic barrier toward drugs, and 
possess basolateral transporters) responsible for the efflux of drug conjugates. 
1Ghersi-Egea JF et al. Blood-brain interfaces: relevance to cerebral drug metabolism. 
Toxicol Lett, 1995, 82/83:645-653. 2Strazielle N. Ghersi-Egea JF. Drug metabolism 
in newborn rat choroid plexuses from lateral, third and fourth ventricle. 
Developments in Animal and Veterinary Sciences. 1997. 27, 895-902.
Supported by ANRS grant 98002. N. Strazielle is supported by an ANRS fellowship

G E N E  R E G U LA TIO N

618.1

T R I-  A N D  D IN U C L E O T ID E  R E P E A T  P O L Y M O R P H IS M S  IN 
T H E  T R Y P T O P H A N  H Y D R O X Y L A S E  G E N E . J.H. Chung1*, m .j. 
Kim1, S.V. Yim1, S.J. Park1, J.C Jung1, K.C. Ko1 and T.H. Joh2. 1Dept. of 
Pharmacology, College of Medicine, Kyunghee University, Seoul, Korea, 130-701; 
2Lab. of Molecular Neurobiology, Cornell University Medical College at the Burke 
Medical Research Institute, White Plains, NY, 10605.

The serotonin (5-HT) system is implicated in the pathophysiology of psychiatric 
disorders, such as affective disorders, schizophrenia, autism, anxiety disorders, 
eating disorders and drug addiction. 5-HT is also thought to modulate many 
physiological functions including appetite, sexual behavior, nociception, emesis, 
learning, and sleep. Tryptophan hydroxylase (TPH) is the rate-limiting enzyme in the 
biosynthetic pathway of 5-HT.

Most neuropsychiatric disorders have a genetic component, as suggested by twin, 
family, and adoption studies. Several groups have demonstrated the utility of simple 
repeated sequences as polymorphic markers. Microsatellite polymorphisms in 
candidate genes were also studied for possible associations with neuropsychiatric 
disorders.

To identify the presence of the simple repeated sequences, we cloned and 
sequenced the mouse and human TPH gene. For the detection of any allelic variants, 
PCR and subsequent nonisotopic single-strand conformation polymorphism (SSCP) 
analyses of repeat-covering sequences were conducted. Here, we report tri- and 
dinucleotide repeat polymorphisms in the TPH gene. Therefore, we believe that 
these polymorphic repeats of the TPH gene could be used as valuable markers for 
genetic analysis of neuropsychiatric disorders. Supported by Kyunghee University 
Foundation.

618.3

Effect of chemical hypoxia on cytokine gene expression in PC12 cells.

H.M. Hwang, M.T. Liu, S.J. Hsieh and P.Y. Wang*1. Dept. of 

Medical Research, and 1Sect. Neurology, Taichung Veterans General 

Hospital, Taichung, Taiwan 407

In human brain and animal models of ischemic brain, interleukin-1 (IL-1), 

tumor necrosis factor α (TNF-α), and IL-6 mRNA are detected. Cytokine- 

induced inflammatory processes by neuron and glia cells may lead to irre

versible structural changes and permanent loss of the function of the cells.

PC12 cells exposured to KCN increases cytosolic calcium which activates 

tyrosine hydroxylase gene expression; and nerve growth factor can stimulate 

IL-1 gene expression. Therefore we were interested to study whether KCN 

stimulated cytokine gene expression in PC12 cells. The result show's that 

cytokine genes were activated in hypoxic PC12 cells that that IL-1, TNF-α, 

and IL-6 mRNA levels were peaked at 30 min after treatment with 0.5 mM 

of KCN to PC12 cells under glucose deprivation. Calcium chelator, EGTA (1 

mM) could partially reduce the cytokine gene expression in PC12 cells. The 

cytokine expressions in PC12 cells under chemical hypoxia suggests their 

pathophysiology roles in brain ischemia.

618.2

LEAD INTERFERES WITH DEVELOPMENTAL GENE EXPRESSION BY 
PERTURBATION OF ZINC IONS IN THE ZINC FINGER PROTEIN SP1.
M. Razmiafshari, A. M. Nyanda, N. H. Zawia*. Dept. of Pharmacology, Meharry 
Medical College, Nashville, TN 37208-3599.

The zinc finger protein (ZFP), SP1, is a component of the transcriptional 
complex that is involved in the regulation of a variety of genes. SP1, has a DNA- 
binding domain composed of three contiguous zinc finger motifs (26 residues), 
which binds to the GC box and activates transcription by DNA polymerase II. This 
motif requires Zn(II) for its proper structural folding and activity. Pb and Zn are 
divalent cations known to compete at several physiological sites and the binding and 
activity of ZFP have been shown to be modulated by heavy metals. Previous in vivo 
and in vitro studies have demonstrated that low concentrations of Pb promote SP1 
DNA-binding, while higher concentrations abolish such binding. Pb-modulated 
alterations in SP1 DNA-binding have been correlated with changes in critical 
developmental gene expression. Therefore, we have established a hypothesis, which 
states that Pb may perturb gene expression through displacement of zinc ions in ZFP. 
Initially, incorporation characteristics o f several divalent ions (Ca, Mg, Co, Cu, Zn, 
Cd, Hg and Pb) into a synthetic zinc finger motif, P-Y-K-C-P-E-C-G-K-S-F-S-Q-K- 
S-D-L-V-K-H-Q-R-T-H-T-G were spectrophotometrically studied. The binding 
characteristics of all these metals were similar except for calcium and magnesium. In 
order to test the hypothesis that Pb(II) can displace Zn(II) from zinc finger motifs, 
the above metals were added to a peptide-Zn2+ complex. Among these metals tested, 
only Pb(II) was able to displace Zn(II) from its tetrahedral site. These data suggest 
that Pb(II) can selectively alter gene expression through perturbing the structural 
integrity of SPl.
This project was supported by EPA T-902887 and NTH R29-ES08 104-01A2 grants.

618.4

INHIBITION OF THE PROENKEPHALIN GENE EXPRESSION  
IN THE HYPOTHALAMUS BY MUSCIMOL: A PUTATIVE 
ROLE FOR ICERγ. O. Smirnova, L. A. Kobierski, D. Borsook*. 
Neural Plasticity Research Group, Dept Anesthesia and Critical Care, 
Massachusetts General Hospital, Boston MA 02114 

Muscimol, a GABA-A agonist, inhibits the expression of the 
proenkephalin gene in the paraventricular nucleus (PVN) of the 
hypothalamus. One possible mechanism of gene inhibition is by 
transcriptional repressors. CREM/ICER, a potential antagonist or 
repressor, may be important in downreglating the expression of CRE- 
regulated genes such as proenkephalin. Phosphorylation of CREB, on 
the other hand may be an important transcriptional factor in 
upregulating this gene. Both CREB and ICER are present in the PVN. 
Male Swiss Webster mice (2Og) were used to determine the effect of 
muscimol on the induction of phosphoCREB by Western analysis or 
ICERγ by RNAse protection assays from the PVN. Following 
muscimol (5mg/kg, i.p.) a clear inhibition of phosphoCREB vs. 
baseline expression was observed over a 6 hour time period with a 
concommitent induction of ICERγ. To further clarify the role of 
ICERγ in proenkephalin gene regulation we cotransfected primary 
hypothalamic cultures with the proenkephalin reporter plasmid (enkat- 
12) and a plasmid that constitutively expresses ICERγ protein. As 
expected, a cAMP agonist stimulates enkat-12 expression 4-5 fold. 
Consistent with its role as an inhibitor of transcription, co-expression of 
ICERγ blocked this induction. Since muscimol inhibits phosphoCREB 
and induces ICERγ, we propose that the relative levels of CREM/ICER 
(the repressor) vs.phosphoCREB (the inducer) may result in a decrease 
in the expression of the target gene. A similar mechanism may be 
involved in downregulation of the proenkephalin gene by opioids.
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618.5
TYROSINE HYDROXYLASE mRNA STABILITY AFTER RESERPINE
treatment. N. Faucon-Biguet*, J. Alterio, A. Condat, E. Bayard and J. Mallet.
LGN. CNRS. Hôpital Pitié-Salpètrière. PARIS, FRANCE.
A single injection of reserpine increases in the transcription of the tyrosine 
hydroxylase (TH) gene for 24h has shown by run on experiments on isolated nuclei 
of adrenal medulla while the same dose causes a long lasting enhancement of the 
activity of TH for at least 18 days. These results suggest that the observed differences 
in amplitude of the response to reseipine may result from a difference in the stability 
of THmRNA.
The 3'-untranslated region of the THmRNA contains a pyrimidine-rich sequence 
which acts as a binding site of a specific hypoxia inducible protein, putatively 
implicated in the regulation of the half-life of the THmRNA (Czyzyk-Krzeska et al. 
J.Biol.Chem 1994, 269, 9940-9945).
We have utilized the same pyrimidine-rich sequence to test the role of the 3'UTR in 
the regulation of the RNA in reseipine model. Rats were treated with 10mg/kg and 
the cytosolic proteins wère extract from different catecholaminergique nuclei. The 
binding of these proteins with the pyrimidin-rich sequence was detected by gel retard 
migration after UV-cross-linking. The variations of binding intensity were quantified 
by densitometry and the size of the proteins implicated analysed by Northwestern. 
Binding of the cytosolic proteins from adrenal medulla on the 3'UTR site is increased 
in the first hours after treatment, and decreased after 24hours. The kinetic of binding 
mirrors the increase in the amount of THmRNA. The same pharmacological model 
is being utilized for the study of THmRNA stabilisation in central catecholaminergic 
nuclei (locus coeruleus and substantia nigra) and other peripheral tissues. The 
comparison of the stabilisation kinetics of the THmRNA in these different structures 
will be presented. This work was supported by CNRS, Rhône-Poulenc RORER.

618.7
CHARACTERIZATION OF A CIS-ACTING SILENCER ELEMENT WITHIN THE 
GOLLI-MBP GENE THAT MODULATES THE TRANSCRIPTION IN PC12 CELLS. 
M.I.Givogri, K.Kampf, V.Schonmann and A.T. Campagnoni*. Developmental Biology 
Group, Mental Retardation Research Center,University of California Los Angeles 
Medical School, 760 Westwood Plaza, Los Angeles, California 90095.

We are interested in the identification and characterization of regulatory elements that 
are responsable for the transcription of the GOLLI-MBP gene. This gene consists of 11 
exons that encodes for two families of gene products: the MBP proteins (generated from 
transcription start sites (TSS) 3 and 2) and the GOLLI proteins (transcribed from TSS 
1). Transcription from TSSI is particularly interesting since it is seems to be 
developmentaly regulated in many cells. Moreover, TSSI is active in selected group of 
cells within the CNS and the immune system. To identify regulatory elements upstream 
of TSSI , a series of GOLLI-MBP promoter fragments of varied lengths were inserted 
into PGL2 plasmid with luciferase as a reporter gene and transfected into different cell 
lines. With this approach a silencer region was identified that repressed the transcription 
of the reporter gene in PC 12 cells. This region consisted of 345 bp and was located at 
-2.68Kb from TSSI  of the gene. A 14 bp motif within this repressor region showed 78% 
identity with a consensus motif from the NRSE(neuron-restricted silencer element). The 
deletion of this NRSE-like motif led to a decrease of 20% in the silencing activity. A 
deletion of 50 bp in the 3' end of this 345 bp fragment caused a decrease of 60% of the 
repressor activity. Gel shill assays revealed the presence of at least two sequence-specific 
silencer-binding proteins, that could be involved in the silencer activity. Taken together, 
our results suggest the presence of two silencer motifs in this 345 bp region. The 
complete silincing activity appears to be the result of a cooperative effect of both motifs 
since the deletion of each one of these elements alone does not inhibit the repression 
completely. (Supported by NHI grant NS33091 and NMSS grant RG 2693)

618.9
THE NEURONAL nACHR β43 ’ ENHANCER IS NEURON-SELECTIVE AND 
PREFERENTIALLY ACTIVE IN RETINAL VERSUS SYMPATHETIC  
N E U R O N S . Nicole Francis and Evan Deneris*. Dept.of Neurosciences, Case 
Western Reserve University, Cleveland, Ohio, 44106.

The clustered nAChR genes (β4, α3, α5) are expressed in restricted 
patterns in the brain, in retinal ganglion cells, and in peripheral neurons. We are 
investigating the mechanisms that control expression of α3 and recently 
identified an enhancer upstream of the α3 gene in the ß4 3'UTR, which we 
designated β43'. To determine the cellular activity of β43' we are analyzing it in 
cultures of neurons and nonneuronal cells isolated from peripheral 
sympathetic ganglia or retinae. Luciferase reporter plasmid constructs 
containing β43' or the SV40 enhancer upstream of a minimal promoter are 
transiently transfected into neural cultures. The type(s) of cells expressing 
reporter constructs are determined using immunocytochemistry with 
antibodies against luciferase and a neuronal marker while the level of reporter 
expression is quantitated by measuring luciferase enzyme activity. A construct 
containing β43' upstream of the α3 minimal promoter is selectively active in 
neurons rather than nonneuronal cells. Over 90% of the cells expressing the 
reporter gene in cultures from either retina or sympathetic ganglia are neurons. 
In contrast, when the reporter is driven by the SV4O promoter and SV4O 
enhancer, only 30% of the reporter-expressing cells are neurons in cultures 
from sympathetic ganglia, and 47% in retinal cultures. Neuronal selectivity of 
β43' does not depend on the α3 promoter as constructs containing β43', in 
either orientation, upstream of either of two viral promoters, SV4O or the 
adenovirus major late promoter, show similar neuronal selectivity. β43' 
activates the α3 promoter to a much greater extent in cultures from retina (27- 
fold) than in cultures from sympathetic ganglia (4-fold). Our results establish 
β43' as a neuron-selective enhancer. The preferential activity of β43' in retinal 
versus sympathetic neurons suggests it may regulate one or more of the 
clustered nAchR genes in a subset of the neuronal populations that express 
them. Supported by NS29123.

618.6
B IN D IN G  S IT E  O F  T H E  U B IQ U IT O U S  T R A N S C R IP T IO N  
F A C T O R S  S P 1 A N D  M A Z  IS  R E S P O N S I B L E  F O R  
IN D U C T I O N  O F  N M D A R 1 E X P R E S S IO N  D U R IN G  
N E U R O N A L  D IF F E R E N T IA T IO N  O F  P 1 9  C E L L S . S .- i .  
O k am o to * , K. S herm an  and  S .A . L ip to n . C e re b ro v a sc u la r  and  
N euroS cience R esearch  In s titu te , B righam  and W om en 's  H osp ita l; 
Program  in N euroscience, H arvard M edical School, Boston, M A  02115.

W e are studying the regulation o f the N M D A  receptor subunit type 1 
(N M D A R 1) gene as a model for transcriptional contro l during neuronal 
differentiation. A  model has been proposed for the regulation o f neuronal 
genes involving the silencing factor, N R SF (N euron-R estrictive Silencer 
Factor, also term ed REST), w hich inhibits expression  o f  neuronal genes 
in nonneuronal cells (Chong et al., C e ll 1995, Schoenherr et al., Science 
1995). The absence o f  N RSF/REST allow s neurons to express neuronal 
genes. L ast year we reported  tha t the absence o f  N R S F /R E S T  is 
necessary but not sufficient for N M D A R 1 expression in neurons, and that 
additional mechanism s are necessary for neuron-specific expression o f the 
N M D A R 1 gene. To characterize these m echanism s further, by mutational 
analysis w e determ ined the prom oter elem ent responsible for N M D A R 1 
expression in retinoic acid-treated (neuronally  differentia ted) P19 cells. 
W e identified a G C-rich region proxim al to the m ajor transcriptional start 
site. G el shift assays show ed that the ubiquitous transcrip tion  factors, 
S P 1 and M A Z, b ind  to  this G C -rich  region . H ow ever, the b ind ing  
activities o f S P 1 and M A Z were very sim ilar in both undifferentiated and 
neuronally differentiated P19 cells. W e are now  characterizing additional 
factor(s) that associate with S P 1 or M A Z to produce high-level expression 
o f the N M D A R 1 gene in neurons.

Funded by N IH  grant P01 H D 29587 (to S .A .L .) and A H A  research 
fellow ship (to S.-i.O .).

618.8
NEGATIVE REGULATION OF CHOLINE ACETYLTRANSFERASE 
EXPRESSION BY NUCLEAR FACTOR KAPPA B. T. Toliver-Kinsky1, D.
Rassin1,2*,and J.R. Perez-Polo1. 1Dept. of Human Biochemistry and Genetics, 
2Dept. of Pediatrics, University of Texas Medical Branch; Galveston, TX 
77555-0652.

Choline acetyltransferase (ChAT) is the rate-limiting enzyme in the synthesis 
of the neurotransmitter acetylcholine and is expressed in the basal forebrain 
cholinergic neurons which innervate the hippocampus and cerebral cortex. 
ChAT enzyme and mRNA levels are decreased in the aged brain, and may be 
responsible for age-associated decreases in acetylcholine release and cognitive 
function. Nerve growth factor (NGF) increases ChAT expression, but the 
mechanism of transcriptional regulation by NGF is not understood. The mouse 
ChAT promoter region contains a potential binding site for the transcription 
factor nuclear factor kappa B (NFκB) within the NGF-responsive promoter 
element. We tested the hypothesis that NFκB regulates ChAT promoter 
activity . Electrophoretic mobility shift assay using the specific NFκB 
consensus sequence from the ChAT promoter and DNAse I footprinting 
analysis using a 337 basepair promoter fragment indicate that NFκB proteins 
bind to the consensus sequence within the ChAT promoter. Additionally, 
ChAT promoter-chloramphenicol transferase reporter constructs were 
transfected into rat pheochromocytoma cells and used to measure ChAT 
promoter activity. Mutation of the NFκB consensus sequence results in 
increased nerve growth factor induction of the ChAT promoter. These results 
suggest that NFκB regulates ChAT expression by interaction with the NGF- 
inducible promoter element. NFκB DNA-binding activity increases in the aged 
basal forebrain and may contribute to decreased ChAT expression in the aged 
brain. Supported in part by NINDS NS 33288.

618.10
DOWNSTREAM ELEMENTS DETERMINE GLYCINE RECEPTOR β 
SUBUNIT GENE EXPRESSION. H. T in trup1, M. Fischer2, H. B etz1* and J. 
Kuhse1. 1M ax-Planck-Institute for Brain Research, Department o f  
Neurochemistry, Deutschordenstrasse 46, 60528 Frankfurt, Germany; 
2Present address: Friedrich Miescher Institute, P.O. Box 2543, CH-4002 
Basel.

The gene encoding the β subunit o f the inhibitory glycine receptor 
(GlyR) is widely expressed throughout the mammalian CNS. To study its 
transcriptional regulation, we isolated and analysed its 5'-noncoding and 
upstream flanking regions. Primer extension experiments revealed 
transcriptional start site heterogeneity around a putative initiator element. 
The 5'-noncoding region o f the GlyR β subunit gene is interrupted by an 
intron, which is not present at the homologous positions o f GlyR α 1 and 
GlyR α 2 subunit genes. Transfection experiments with luciferase reporter 
gene constructs showed that sequences encompassing 1.76 kb o f upstream 
flanking region and 180 bp o f the first non-coding exon (exon 0) displayed 
high promoter activity in two neuroblastoma cell lines, but not in non 
neuronal cells. Analysis o f various deletion constructs revealed that the 5 - 
flanking region preceding the putative initiator is not essential for prom oter 
activity. In contrast, deletion o f sequences downstream from the 
transcription start sites drastically reduced expression of the luciferase 
reporter gene. The deleted region contains consensus motifs for the 
transcription factor SP 1. Band shift assays confirmed binding o f SP1 to a 
site within the deleted sequence. Our data indicate that neural specific 
expression o f the GlyR β subunit gene might depend on a direct interaction 
o f SP1 like transcription factors with cis elements, which are located 
downstream from an initiator element.
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618.11
STRUCTURE/FUNCTION ANALYSIS OF THE HUMAN NOREPINE
PHRINE TRANSPORTER GENE: A CRITICAL ROLE OF THE FIRST 
INTRON IN TRANSCRIPTIONAL ACTIVATION. C.H. Kim, H.S. Kim, J.F. 
Cubells1, and K.-S. Kim*. Dept. of Neurology and Anatomy & Neurobiology, 
Univ. of Tennessee, College of Medicine, Memphis, TN 38163.; 1Dept. of 
Psychiatry, VACHS & Yale Univ. Sch. of Medicine, West Haven, CT 06516.

The synaptic action of norepinephrine is terminated by NaCl-dependent uptake 
into presynaptic noradrenergic nerve endings, mediated by the norepinephrine 
transporter (NET). To understand the control mechanisms underlying human NET 
(hNET) gene expression, we isolated 8 genomic clones by screening a λ phage 
genomic library with an hNET cDNA probe. Restriction mapping and Southern 
blotting showed one of these clones to encompass approximately 9.5-kb of the 5' 
region proximal to the translation initiation site. Remarkably, sequence analysis 
revealed that the hNET gene contains an as-yet-unidentified intron of 476 base 
pairs in the middle of the 5' untranslated region. Furthermore, primer extension 
and 5'-RACE showed that there are multiple transcription start sites. Northern 
blot analyses demonstrated that NET mRNAs of 5.8-kb and 3.6-kb size are 
expressed in several noradrenergic cell lines but not in non-catecholaminergic cell 
lines. To address whether the 5'-flanking region can direct cell-specific hNET 
expression, we generated a series of hNET-chloramphenicol acetyltransferase 
(CAT) reporter constructs containing different lengths of 5' sequences, and assayed 
CAT expression after transient transfection into NET-positive and -negative cell 
lines. These assays strongly indicated that the 5’ hNET upstream sequence can 
confer the noradrenergic-specific gene expression and the first intron sequence 
plays a critical role in NET transcriptional activation. (Supported by MH48866, a 
Gerwin Neurodegenerative Grant, & the USDVA)

618.13

AN LIF-RESPONSE ELEMENT FOR THE RAT GALANIN-GENE 
PROMOTER CAN BE FOUND WITHIN 3.2 KB OF 5’-FLANKING 
SEQUENCE. J. Corness1, J. Quinn2, A. Symes3, T. Hökfelt1*. 1Dept. of 
Neuroscience/Histology, Karolinska Institutet, 171 77 Stockholm, Sweden; 
2Dept. o f Veterinary Pathology, University of Edinburgh, Edinburgh EH9 
1QH, Scotland; 3Dept. of Pharmacology, Uniformed Services University of 
the Health Sciences, Bethesda, MD 20814.

The rat galanin gene has been shown to be upregulated in dorsal root 
ganglion (DRG) neurons in vivo in response to leukaemia inhibiting factor 
(LIF). Using a cloned copy of the promoter region for the rat galanin gene, 
which includes a putative STAT 3 binding site, we tested whether 3.2 kb of 
5’-flanking sequence could confer LIF-induced regulation o f a luciferase 
reporter gene in selected cell lines and in primary DRG culture. While the 
level of basal expression was substantial for this construct, we found that in 
neuroblastoma cells such as NBFL, SK-N-MC and SH-SY-5Y, neither LIF 
nor CNTF (ciliary neurotrophic factor) was able to elicit an increased 
transcriptional response. Conversely, luciferase values were seen to increase 
by more than 10-fold when 3.2 kb of galanin 5’-flanking sequence was 
microinjected as part of a luciferase construct into primary cultures of adult 
rat DRG neurons. We therefore conclude that a portion o f the cytokine 
response element for the rat galanin gene lies within 3.2 kb of the 
transcriptional start site of the galanin gene, and that this element is either 
inhibited or non-functional in selected neuroblastoma cell lines which have 
conventionally been used as a model for cytokine response.
This work was funded by Swedish MRC grant # 11976.

618.15

INVESTIGATION OF CYTOKINE RESPONSE ELEMENT (NF-IL6 
BINDING SITE) ON OPIOID RECEPTOR PROMOTER. 1Hee-Jeong 
Im. 1S. Kang, 2E .E. El-Fakahany*, 1H.H. Loh. 1Dept of
Pharmacology, 2Division of Neuroscience Research in Psychiatry, 
Medical School, University of Minnesota, Minneapolis, MN 55455.

Previous studies suggested that the potential cytokine response elements 
(NF-IL6 binding sites) on opioid receptor promoter region may have a 
role in the cytokine effects on opioid receptor gene expression. The 
functional significance of these cytokine response elements on opioid 
receptor promoter region was investigated by constructing tandemly 
repeated core potential cytokine response elements of µ - and δ-opioid 
receptor genes fused to a heteropromoter SV40. These constructs were 
then transiently transfected into the cytokine-responsive cell line U266, 
with and without cytokine treatment (IL-1α+β and IL-6). Our results 
from transient transfection assays demonstrated that the potential cytokine 
response element DNA sequences have no functional significance. 
Therefore, this observation ruled out the possibility of the previous 
hypothesis that the potential cytokine response element in opioid receptor 
promoter regions may have a role for the cytokine effects on the opioid 
receptor gene expression through direct DNA-protein interaction. 
Supported by NIH grants DA00546,DA-01583,DA-05695,KO5-DA- 
70554, and A & F Stark fund of the Minnesota medical foundation.

618.12
SkM1 PROMOTER E BOX INFLUENCES MUSCLE-SPECIFIC GENE 
EXPRESSION THROUGH AN INTERACTION WITH UPSTREAM REPRESSOR 
ELEMENTS. S.D.Kraner*, M.M.Rich, M.A.Sholl, RG.Kallen, and R.L.Barchi. Dept. 
of Neuroscience, University of Pennsylvania, Philadelphia, PA 19104.

We have characterized several cis-regulatory elements that control muscle-specific 
expression of the rat skeletal muscle type 1 sodium channel (SkM1), and demonstrated 
the importance of two E boxes in the regulation of this gene. One E box, located 
within the promoter, regulates positive expression, while the second E box, located 
within an upstream repressor element, contributes to negative modulation of the gene. 
Heterologous promoter experiments in which the upstream repressor was fused to the 
rat brain type II sodium channel (RBII) promoter resulted in repression in both NIH 
3T3 cells and muscle cells, demonstrating that muscle-specificity of gene expression 
arises out of an interaction between the upstream repressor and native promoter. 
Further evidence that the promoter regulates the cell-type specificity of the upstream 
repressor was obtained by expressing heterologous promoter constructs in PC12 cells, 
which express the RBII gene. In this cell type, activity of the repressor was inhibited. 
Chimeric constructions of the heterologous promoter mutants in which a 12 bp 
sequence containing the RBII promoter E box was switched to a 12 bp sequence 
containing the SkM1 promoter E box were created and tested in muscle and PC12 
cells. Although the SkM1 E box was not sufficient to allow the repressor to function 
in PC12 cells, it disrupted repression in muscle cells, demonstrating that the SkM1 E 
box contributes to the muscle-specific activity of the upstream repressor.
Furthermore, point mutations of the SkM1 E box within its native sequence disrupted 
muscle-specific activity of the repressor. These results demonstrate that the SkM1 
promoter E box interacts with the upstream repressor elements to contribute to muscle- 
specific expression of the SkM1 gene. This work was supported by NIH grants NS- 
34954 (RLB) and NS-01852 (MMR).

618.14

MECHANISMS OF REPRESSION BY THE NEURAL SILENCER 
REST/NRSF. N.J. BUCKLEY* and A. ROOPRA. W ellcom e 
Laboratory for M olecular P harm acology, U niversity  C o llege  
London, London W CIE 6BT, U.K.
REST/NRSF is the only neural specific silencer c h a r a c te r iz e d  
to date. REST/NRSF is a Zn finger protein that is recru ited  v ia  
R E 1/NRSE elem ents and is responsib le  for silencing  n e u r o n a l  
gene expression of numerous neuronal specific genes in n o n -
neuronal cells and may also be responsib le  for silencing  o r  
ac tivating  gene expression in some neuronal cells. S in c e  
many tra n sc rip tio n a l m echanism s are conserved b e tw e e n  
yeast and m am m alian cells, we reasoned that we could ta k e  
advantage of the small, defined genome of yeast and its ease o f  
m anipula tion  to explore m olecular m echanism s r e s p o n s ib le  
for REST/NRSF mediated rep ression . We have shown that, in  
yeast, REST/NRSF can be recru ited  by REl/N RSE elem ents to  
repress the ga14p activated G AL1 prom oter. F u r th e r m o r e ,  
using a com bination  of genetic and b iochem ical studies, w e 
have shown that this rep ression  is mediated via th e
corepressor sin3. The m am m alian hom ologues, mSin3A a n d  
mSin3B, have previously been shown to m ediate r e t in o id  
receptor and Mad/Max repression  but thus far have not b e e n  
shown to have any role in neuronal gene expression . T h e se  
studies show the usefulness of yeast to dissect r e p r e s s io n  
m echanism s responsib le  for s ilencing  neuronal g e n e
e x p re s s io n .

This work is supported by the Wellcome Trust

618.16

ID EN TIFICATION  AND ANALYSIS O F TH E 5’ UNTRANSLATED 
REGION O F ESTROGEN RECEPTO R BETA. I. Topalli and A.M. 
Etgen*. Dept. Neurosci., Albert Einstein Coll. Med., Bronx, NY 10461 

Estrogen receptor beta (ERß) is a recently identified member of the 
nuclear hormone transcription factor gene family. While modulation of 
promoters by ERß has been characterized, the transcriptional regulation of 
ERß itself has not been determined, and little is known of either the extent 
or regulation of expression of this important gene product. Due to its 
importance in regulating a variety of physiological states, and the 
neuroendocrine modulation of behavior, our lab has endeavored to study 
ERß in detail. It is likely that the 5’ untranslated region (5’UTR) of ERß 
contains regions of transcriptional control for ERß and that identification of 
these regions and factors that bind them will elucidate the factors that 
control ERß expression. To this end we designed PCR primers biased 
toward the 5’ end of the ERß cDNA and analyzed a human PAC library for 
sequences containing the 5’ end of ERß. We successfully retrieved a PAC 
clone of approximately a 120kb that tested positive for ERß. A GenBank 
search also verified that we have a genomic clone of ERß. The size of the 
insert and initial sequence suggest that we have a large section of the 
5’UTR as well as the entire ERß gene. The initial sequencing of the 5’UTR 
should prove to be useful in functional testing of putative promoter regions 
as well as identification of transcription factors that modulate ERß 
expression and eventually factors that will differentially control the two 
estrogen receptors.
Supported by R37 MH414 and R01 HD2956
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618.17
ID E N T IF IC A T IO N  O F A C A N D ID A T E  cD N A  E N C O D IN G  
B R A IN -S P E C IF IC  F A C T O R  1 ( B S F 1). R . H e llw ig , W . 
L ichtensteiger* , and B. L üscher. Institute o f Pharm acology, University 
of Zurich, W interthurerstrasse 190, 8057 Zurich, Switzerland.

The 5 '-flanking  region o f the rat G A B A a receptor δ subunit gene 
contains a tandem ly repeated  purine elem ent recognized  by several 
ubiquitous and tissue-specific  D N A -binding  pro teins. O ne o f these, 
B S F 1, is only observed in extracts from  brain  and show s a spatio- 
tem poral expression pattern that is consistent w ith a role as a positive 
regulator o f δ subunit gene transcription (M otejlek et al., 1994, J. Biol. 
Chem. 269, 15265-73). In order to further characterize B S F l and to 
iso la te  B S F 1-encod ing  cD N A s, a yeast on e-h y b rid  screen  w as 
designed  based  on yeast strains tran sfo rm ed  w ith  repo rter genes 
containing B S F 1 binding sites in the ir 5 ’-flanking region. One o f the 
cD N A  isolates corresponded  to M IB P 1 (M akino et a l., 1994, N ucl. 
A cids Res. 22, 5679-85), a pu ta tive zinc finger transcrip tion  factor 
encoded  by an m R N A  h igh ly  en rich ed  in b ra in . T he in situ  
hybrid ization  pattern  o f M IB P 1 m R N A  in brain w as sim ilar to the 
regional distribution o f B S F 1 binding activity. In bandshift assays, the 
prototype M IB P 1 recognition sequence o f the c-m yc intron recognized 
a brain  factor, M IB C 1, tha t w as sim ilar or iden tical to B S F 1. In 
particu lar, the tw o com plexes d isp layed sim ilar m obility  and sim ilar 
sensitivity  to D N A  com petitors in bandshift assays. In addition, they 
copurified over w heat germ  agglutinin and contained sam e size DNA- 
b ind ing  po lypep tides as show n by U V -cross link ing  o f B S F 1 and 
M IB C 1 b andsh ift reac tions. Thus, B S F 1 and M IB C 1 are closely  
related or identical com plexes possibly encoded by M IB P 1

618.18
EXPRESSION OF HEAT SHOCK TRANSCRIPTION FACTORS H SF1 
AND HSF2 DURING POSTNATAL NEURAL DEVELOPMENT 
I.R. Brown*, A.J. Morrison and S.J. Rush. Dept. of Zoology, University of 
Toronto at Scarborough, Toronto, Ontario, Canada M IC 1A4

The heat shock (stress) response is regulated at the transcription level by 
heat shock transcription factor (HSF) which binds to a specific heat shock 
element (HSE) which is present in the promoter region of heat shock genes. In 
mammalian cells, HSF1 mediates the induction of heat shock genes in response 
to temperature elevation and other stresses while HSF2 is thought to be involved 
in developmental regulation of heat shock gene expression. HSF1 and HSF2 
demonstrated pronounced changes in abundance levels during postnatal 
differentiation of the rat brain. HSF1 showed a progressive increase from 
postnatal day 1 to 30 days in brain regions with the adult cerebellum exhibiting 
the highest levels of this transcription factor. In contrast, levels of HSF2 were 
highest early in postnatal neural development and declined thereafter. 
Immunocytochemistry revealed that HSF1 was localized to the nucleus of neural 
cells at all postnatal stages in both control animals and in animals which received 
a fever-like temperature shock. HSF2 showed a cytoplasmic localization in adult 
neural cells in both control and hyperthermic animals, however, in the 
developing brain at postnatal day 2, nuclear localization of HSF2 was apparent. 
Fever-like temperature induces hsp70 protein in Bergmann glial cells in the 
cerebellum but not in neighbouring Purkinje neurons. Lack of hsp70 protein 
induction is not due to the absence of H SF1 in these neurons since 
immunocytochemical analysis revealed its presence in these cells.
(Supported by MRC, Canada)

618.19
EVIDENCE FOR TWO DIFFERENT SIGNALLING PATHWAYS INDUCED BY 
WNT-1 IN PC12 CELLS. A. H. Chou, S. Zheng, T. Itsukaichi and B. D. 
Howard*. Dept. of Biological Chemistry, School of Medicine, Univ. of 
California; Los Angeles, CA 90095.

Wnt-1 is a paracrine/autocrine protein that alters gene transcription by 
binding to its receptor, a seven-transmembrane domain called frizzled (FZ). 
Several mammalian FZ genes have been identified. Expression of Wnt-1 by 
PC12 cells is known to cause irreversibly an altered morphology, an inhibition 
of nerve growth factor (NGF)-induced neurite outgrowth, and a 
downregulation of tyrosine hydroxylase and several other genes, properties 
also exhibited by spontaneously occurring PC12 flat cell variants that do not 
express Wnt-1. Wnt-1 also causes a reversible upregulation of expression of 
the ret protooncogene in PC12 cells Whereas wild type PC12 cells express 
predominantly FZ5, Wnt-1 expressing PC12 cells and the spontaneously 
occurring flat variants express predominantly FZ2. Expression of a truncated 
form of FZ2 in PC12 cells caused them to exhibit an increased level of ret 
mRNA in the absence of added Wnt-1, but these cells did not exhibit an 
altered morphology, inhibition of NGF-induced neurite outgrowth, or 
downregulation of tyrosine hydroxylase. Wnt-1 was expressed in a controlled 
and reversible fashion by use of a tetracycline-responsive transactivator that 
allowed Wnt-1 to be expressed in the absence of tetracycline but not in its 
presence. Cells expressing Wnt-1 in the absence of tetracycline exhibited 
inhibition of NGF-induced neurite outgrowth but not an increase level of ret 
mRNA. Activity of the transcription factor Tcf/Lef was increased in these cells 
in the absence of tetracycline as it is known to be in other Wnt-1 -expressing 
cells. However, cells expressing the truncated FZ2 did not exhibit an 
increased activity of Tcf/Lef. These results indicate that Wnt-1 can act via two 
different signalling pathways in PC12 cells.

618.20
OVEREXPRESSION OF HuD INCREASES GAP-43 GENE EXPRESSION 
AND NEURONAL DIFFERENTIATION IN PC12 CELLS. K.D. Anderson1, A. 
Beckel Mitchener1, M.Morin1, T.lsaacson1, J.P.Noedel1, C.D.Mobarak1, H.M. 
Furneaux3, S.L.Rogers2 and N.l. Perrone-Bizzozero1* 1Depts. Neurosciences 
and 2Cell Biol./Physiol., Univ. New Mexico Sch. Med., Albuquerque, NM 
87131 and 3Sloan Kettering Cancer Inst., New York, NY 10021.

We have previously shown that HuD, a neuronal-specific RNA-binding 
protein, binds to a U-rich regulatory element of the 3’ untranslated region (3’ 
UTR) of the GAP-43 mRNA (Chung et al., J. Biol. Chem. 272: 6597, 1997; 
Tsai et al., J. Neurosci. 17: 1950, 1997). Rat pheochromocytoma PC12 cells 
differentiate into a neuronal phenotype in the presence of nerve growth 
factor (NGF), which is known to upregulate GAP-43 expression by inducing 
specific changes in the stability of the mRNA. In this study, we examined 
the effects of HuD on GAP-43 gene expression and neuronal differentiation 
by overexpression of the protein in PC12 cells. Cells were permanently 
transfected with pcDNA3 containing a HuD cDNA in the sense orientation 
(pcHuD). pcHuD cells were found to differentiate into a neuronal phenotype 
independent of NGF. Immunocytochemical and Western blot analysis 
showed that pcHuD cells contained higher levels of HuD and GAP-43 
relative to control PC12 cells. Using mRNA decay assays, we found that the 
increased HuD expression resulted in the stabilization of the GAP-43 mRNA 
in the cells. Overexpression of a truncated form of HuD (HuD l+ll), which 
lacks its third RNA-recognition motif (RRM) but retains the ability to bind to 
the GAP-43 3’UTR, had only a partial effect on cell differentiation, indicating 
that the third RRM is necessary for this effect. In conclusion, our results 
demonstrate that HuD is sufficient to increase GAP-43 expression and PC12 
cell differentiation in the absence of NGF and that this protein acts by 
increasing the stability of the GAP-43 mRNA. Supported by NIH NS30255 
and GM52576 (NPB), NSF NS-29682 (HF) and a HHMI grant to UNM SOM.

M E C H A N IS M S  O F  N E U R O T R A N S M IT T E R  R E L E A SE : S IG N A L  T R A N SD U C T IO N  AND P R O T E IN -P R O T E IN  IN T E R A C T IO N S

619.1
CO M PLEXIN  REGULATES N EU ROTRAN SM ITTER RELEASE AT 
H IPPO CA M PA L AUTAPSES. T.A. Blanpied*, H. Tokumaru, and G.J. 
Augustine. Dept. Neurobiology, Duke Medical Center, Durham NC 27710.

Complexin (also known as synaphin) binds to syntaxin in vitro and 
influences the binding of SNAP to the 7S SNARE complex. We have studied 
the role of complexin in glutamate release at synapses formed by individual 
hippocampal neurons in microisland cultures. These neurons receive synapses 
only from themselves (autapses), so that whole-cell patch-clamp recordings 
can both measure neurotransmitter release and gain diffusional access to all 
presynaptic terminals. We included in the patch pipette either of two 
complexin peptides, SBD-1 or SBD-2, derived from adjacent regions of the 
central, syntaxin-binding domain of complexin. Introducing either of these 
peptides into the neurons strongly inhibited excitatory postsynaptic currents 
evoked by action potentials. Inhibition developed gradually during the 20 
minutes following establishment of the whole-cell configuration, presumably 
due to diffusion of the peptides to synaptic terminals. The inhibition was 
complexin-specific, because a control peptide containing the same amino 
acids as SBD-1 in a scrambled order did not inhibit release. Furthermore, the 
amplitude of spontaneous miniature synaptic currents was not substantially 
reduced even when evoked release was nearly eliminated, indicating that the 
peptides reduce transmitter release rather than glutamate receptor function.

These results identify complexin as an essential protein for neuro
transmitter release at CNS synapses, and suggest that complexin binding to 
syntaxin may regulate the ability of the 7S SNARE complex to undergo 
additional interactions that are necessary for release. We propose that the 
complexin-syntaxin interaction playsarole in priming docked vesicles for 
release. [Supported by NS-21624, NS-17771, and NS-10200]

619.2
SYNAPHIN/COMPLEXIN , A CYTOSOLIC PROTEIN
CRITICAL TO TRANSMITTER RELEASE, BINDS TO THE 
H3 DOMAIN OF SYNTAXIN TERUO ABE*, HIDEO SAISU and 
TORU ISHIZUKA. Department of Cellular Neurobiology, 
Brain Research Institute, Niigata University, Niigata 
951-8585, Japan.

Synaphin (also called complexin) is a cytosolic 
protein associated with the 7S SNARE complex. We have 
previously shown that synaphin binding to syntaxin is 
required for transmitter release from the presynaptic 
terminal. In this study, we have determined the 
syntaxin domain involved in synaphin binding, and 
examined the relationship of the binding to the other 
SNAREs. Fusion proteins of glutathione S-transferase 
and various fragments of syntaxin lA were immobilized 
on glutathione-Sepharose and incubated with His6- 
synaphin in the presence or absence of His6-VAMP 
(synaptobrevin)-2 and His6-SNAP-25. The H3 domain 
exhibited synaphin binding comparable to that of the 
entire cytoplasmic portion of syntaxin, whereas the 
cytoplasmic portion lacking the E3 domain showed no 
significant binding. Synaphin binding was negligible in 
the absence of VAMP-2. These results show that the H3 
domain of syntaxin is responsible for synaphin binding 
and that affinity of the binding is greatly increased 
by VAMP. Supported by grants from the MESSC, Japan.
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619.3
OVEREXPRESSION OF SNAP-25 IN RAT HIPPOCAMPAL NEURONS 
IMPAIRS SYNAPTIC TRANSMISSION. B. Owe-Larsson*, M.M. Berglund, 
K. Kristensson, H. Garoff, D. Larhammar, L. Brodin and P. Low. Dept. o f 
Neuroscience. Karolinska Institutet, S-171 77 Stockholm, Sweden.

Clostridial toxins which cleave SNARE proteins have distinct effects on 
synaptic transmission; those that cleave synaptobrevin/VAMP (Tetanus toxin. 
Botulinum toxins B.D F and Gy cause an efficient blockade of Ca2+-evoked 
transmitter release, whereas those cleaving the C-terminal of SNAP-25 
(Botulinum toxins A and E) produce an inhibition that can be relieved by 
treatments which facilitate release, including repetitive stimulation. In the 
present study we used rat hippocampal neurons to examine the effect of 
overexpression of SNAP-25 on synaptic transmission. Overexpression of full 
length SNAP-25, using the Semliki Forest Virus (SFV) vector, significantly 
reduced the number of responding neurons (p<0.01) and also reduced the 
amplitude of autaptic responses in neurons still responding (p<0.05). Repetitive 
stimulation could not relieve the inhibition. Partially inhibited responses 
exhibited activity-dependent depression, contrasting with the facilitation seen 
after Botulinum toxin A inhibition. The overexpressed SNAP-25 was 
palmitoylated to about 50% and an increase was seen in both cell bodies and 
neurites. To show that use of the SFV vector in itself did not cause a general 
rundown of synaptic transmission, we also overexpressed the human transferrin 
receptor, which had no effect on autaptic responses. These results show that 
perturbation of SNARE function by overexpression of SNAP-25 inhibits 
autaptic transmission in a manner that differs from the effect of cleaving the C- 
terminal of SNAP-25. Our study also shows that protein overexpression with 
the SFV vector can be employed in electrophysiological analysis of synaptic 
transmission. Supported by grants from MFR.

619.5
LOCALIZATION OF RSEC6 AND RSEC8, SUBUNITS OF THE 
MAMMALIAN EXOCYST COMPLEX, IN RAT BRAIN.
S. Davanger*, L.A. Reisæter, J. Eidet, E.O. Vik-Mo, S.C. Hsu, R. Scheller 
Department of Anatomy and Cell Biology, University of Bergen, 5009 
Bergen, Norway.

The exocyst complex is essential for exocytosis in yeast, and the 
mammalian homolog is enriched in nervous tissue and secretory cells. The 
complex may possibly not be essential for the basic membrane fusion 
process, but in yeast one of its protein components (sec3) has been proposed 
to define the site of vesicular docking and fusion in exocytosis. We have 
used monoclonal antibodies raised against the mammalian subunits rsec6 
and rsec8 to localize the exocyst complex in rat brain tissue. The proteins 
showed the same overall distribution in immunocytochemically labeled 
(HRP/DAB) brain sections, similar to that of the t-SNARE SNAP-25. 
Specifically, strong labeling is present in synapse-rich regions: cortex, 
hippocampus, caudoputamen, thalamic nuclei, and cerebellar cortex. Only 
weak labeling is seen in predominantly axonal areas like the corpus 
callosum. The anti-sec8 clones generally produced stronger labeling of cell 
bodies and dendrites than did the anti-sec6 clones. The latter produced 
distinct terminal-like labeling in areas like cortex, hippocampus and 
cerebellar cortex, with small dots bordering dendrites and cell bodies. After 
embedding and ultrathin sectioning, these dots were confirmed to be 
terminals. (Supported by the Research Council of Norway, the Odd Fellow 
Society, and Meltzers College Fund.)

619.7
R E G U L A T I O N  B Y  C A L C IU M  O F  S Y N A P T O T A G M IN  
IN T E R A C T IO N  W IT H  S N A R E  P R O T E IN S . M . P o p o li* , M . 
V erona, S. Zanotti1, C. G aggianesi, T . Schafer2, G. R acagni. Centre o f 
N europharm acology, U niv . o f  M ilano (Italy); 1IRCCS S. G iov. di D io, 
Sacred H eart H ospital-FBF, B rescia (Ita ly); 2Friedrich M iescher Institute, 
Basel (Sw itzerland).
Synaptotagm in (tagm in), the putative calcium  sensor in exocytosis, binds 
SN A R E  prote ins im plicated  in  the control o f release, and it is thought to 
confer calcium -dependence in the final steps o f  regulated neuroexocytosis. 
T he in terac tion  o f  tag m in  w ith  S N A R E  p ro te in s  w as m easu red  by 
im m u n o p rec ip ita tio n  w ith  tagm in  m onoc lonal Ab and detec tio n  o f  
associa ted  syn tax in  (syn t) and  SN A P-25. A t variance w ith  previous 
studies calcium  slightly inhibited synt binding (m ean -18.1% ; free calcium  
range: 10-7-10-3 M ); S N A P -25  w as unaffec ted  (-3 .1% ). W hen  G ST- 
fusion  p ro te in  c o n ta in in g  tagm in  I/II w as incubated  w ith  the sam e 
m e m b ran e  e x tra c t used  fo r  im m u n o p re c ip ita tio n , c a lc iu m  dose- 
dependently  stim ulated  the binding o f synt (m ax. 3 .3-fold at 10-3 M  free 
calcium ). T herefore from  these data  it appears tha t the basal b inding o f 
S N A R E  p ro te in s  by n ative  tag m in  is  no t ca lc iu m -d ep en d en t as fo r 
recom binant pro tein .H ow ever, preincubation o f m em branes in  conditions 
favoring phosphatase activity  resulted in a  m arked decrease in  the am ount 
o f  sy n t bound  in the p re sen ce  o f  c a lc iu m  (-6 9 .2 % ). C on v erse ly  
p re incubation  w ith  phosphatase  inh ib ito rs, o r  in  con d itio n s  favo ring  
calcium -dependent protein kinases, restored m axim al binding  o f  synt by 
tagm in. These results suggest tha t ca lcium  m ay regulate the interaction o f 
ta g m in  w ith  S N A R E s th ro u g h  an  in te rm e d ia te  s tep , like  ca lc ium - 
dependent phosphorylation. Supported by grants from: IRCCS S.Giov. di Dio, 
Knoll Pharma, Hoffmann-La Roche.

619.4
M OLECULAR CLONING O F A NOVEL SYNTAXIN-BINDING 
PROTEIN  FROM  HUMAN BRAIN Guifang Lao, Divina S. 
Gryder*, and Zu-Hang Sheng. Synaptic Function Unit, National 
Institute of Neurologic Disorders and Stroke, National Institutes of 
Health, Bethesda, MD 20892.

In an attempt to understand the molecular mechanisms of 
synaptic vesicles docking/fusion process at release sites, the yeast two- 
hybrid system has been used to identify proteins that interact with the 
core SNARE components. In this study, we report the cloning of a 
novel syntaxin-binding protein from human brain cDNA library. 
Northern analysis demonstrated that it is exclusively expressed in 
brain. Its specific interaction with syntaxin was confirmed in both in 
vitro binding assays with recombinant syntaxin and 
immunoprecipitation studies with native syntaxin from rat 
synaptosomes. The open reading frame of the novel gene encodes 
for a 538 amino acid protein with a predicted molecular mass ~60 
kDa. It is composed of a carboxyl terminal putative transmembrane 
segment and an amino terminal coiled coil region, a conserved 
domain presented in different families of vesicular fusion proteins. 
The in vitro binding studies showed that the coiled coil domain is 
required for the interaction with syntaxin. The nature of this 
interaction is being further investigated. (Supported by DIR, NINDS, 
NIH).

619.6
NONERYTHROID SPECTRIN-SPECIFIC A NTIBO D Y  INHIBITS 
SYNAPTIC TRANSMISSION IN HIPPOCAMPAL NEURONS Stuart
D. Critz*, Aleksander F. Sikorsky, José Sangerman, and Steven R. 
Goodman. Department o f  Structural and Cellular B iology, University 
o f  South Alabama, M obile, AL.

Spectrins are cytoskeletal proteins found in all tissues but their 
function in neurons is not well known. Our previous data on synapsin 
I-mediated binding o f  neuronal spectrin to synaptic vesicles suggested  
a role in synaptic transmission. To exam ine this issue, w e prepared a 
rabbit polyclonal antibody against the putative synapsin-binding domain 
(amino acid 417-428) o f  neuronal brain spectrin (βl lE 1). This β l l 2 l -  
specific antibody was microinjected in cultured presynaptic 
hippocampal neurons during w hole-cell patch clamp recording. Rat 
hippocampal neurons (postnatal day 2) cultured for 14-19 days were 
examined. Follow ing rupture o f  membrane patches, excitatory 
postsynaptic currents (EPSCs) w ere evoked by brief depolarizations ( I 
H z) from rest (-70 mV) to 10 m V  as βl l 2 1-specific antibody diffused 
from the recording pipette into presynaptic neurons. The amplitude o f  
EPSCs decreased in a dose- and tim e-dependent manner. In contrast, 
injection o f  equivalent doses o f  pre-immune rabbit serum did not affect 
EPSC amplitude. Immunoblotting confirmed this βl l E 1 antibody was 
specific for rat neuronal spectrin. These data suggest a role for 
β l lS 1 spectrin in the release o f  neurotransmitter (NIH: R O 1-N S35937)

619.8
SBP66, A NOVEL SYNAPTOTAGMIN-BINDING PROTEIN. A. Mizutani1*, M. 
Fukuda1, and K. Mikoshiba1,2. 1Dept. of Developmental Neurobiology, Brain 
Science Institute (RIKEN); 2Dept. of Molecular Neurobiology, The Institute of 
Medical Science, Univ. of Tokyo; Wakoh, Saitama, Japan 351-01.

The inositol high-polyphosphate series (InsP4, InsP5 and InsP6; IHPS) inhibit the 
neurotransmission through binding to the 2nd C2 domain (C2B domain) of 
synaptotagmin(Syt), synaptic vesicle membrane proteins (Fukuda et al. 1994. J. 
Biol. Chem. 269:29206; Fukuda et al. 1995. Proc. Natl. Acad. Sci. USA 
92:10708). We have found several proteins from mouse brain were eluted by affinity 
elution chromatography from the C2 domain (C2AB domain) of synaptotagmin II- 
immobilized Sepharose using 50 µM of inositol hexakisphosphate (InsP6) but not 
by 50 µM of inositol trisphosphate (InsP3).

A 66 kDa protein was one of these proteins and was revealed to be a novel protein 
by partial amino acid sequencing. We cloned cDNAs encoding the 66 kDa protein, 
SBP66(Synaptotagmin-binding protein with 66 kDa of molecular mass), and 
determined the primary structure. SBP66 contained 3 sets of RNP motif in the middle 
portion, and Tyr-rich region containing putative SH3 domain-binding motif and WW 
domain-binding motif in the C-terminal portion. SBP66 bound to poly(A) RNA in 
vitro. SBP66 bound SytII, III, and IV through its C terminal portion. The expression 
of SBP66 was regulated during the development of mouse brain which pattern was 
similar to that of SytIV.

These results suggest that SBP66 may play a role with SytIV in the regulation of 
neural activity during neurogenesis.

This work was supported by grants-in-aid for Scientific Research from the Ministry 
of Education, Science, Sports, and Culture, Japan
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619.9
DIFFERENTIAL EFFECTS OF SYNAPTOPHYSIN ON THE EXOCYTOSIS OF 
TWO DIFFERENT TYPES OF SYNAPTIC VESICLES. M. ITAKURA1,2, 
H.MISAWA3, M. TAKAHASHI1*. 1Mitsubishi Kasei Inst. of Life Sci., Machida, 
Tokyo 194, Japan, 2Tokyo Inst. of Tech., Kanagawa 226, Japan, and 3Tokyo 
Metropolitan Inst. of Neurosci., Tokyo 183, Japan.

Neurotransmitters are released from synaptic nerve terminals by exocytosis of 
synaptic vesicles. Many proteins are involved in these process, but their precise roles 
are still in obscure. An unique method of transient co-expression of a plasmid for 
human growth hormone (GH) and a plasmid of any protein in clonal rat 
pheochromocytoma PC12 cells has been successfully used to study functional roles 
various synaptic proteins (Wick et al., J. Biol. Chem.268: 10983-10989, 1993). GH is 
expressed in secretory vesicles and undergoes Ca2+-dependent secretion similarly to 
endogenous catecholamine. However, GH is stored in large dense-cored vesicles 
(LDCVs) of PC12 cells which are distinct from synaptic vesicles in many aspects. 
Here, we developed a new technique to measure the exocytosis of small clear vesicles 
by transfecting choline acetyltransferase (ChAT) in PC12 cells. Since most of the 
PC12 cells which have obtained from several sources have almost lost the ability to 
synthesize ACh, it is possible to express ChAT transiently. The transfected PC12 
cells released ACh upon depolarization with elevated K+, and about 5% of total ACh 
stored was release during 3 min stimulation. The observed ACh release was Ca2+- 
dependent and was almost abolished by removing Ca2+ from the extracellular solution. 
ACh release was increased 2.5-fold by co-transfecting rat vesicular acetylcholine 
transporter. Co-expression of synaptophysin suppressed GH secretion extensively, 
whereas, it had almost no effect on ACh release. Thus, by comparing the effects on 
GH and ACh release, we can evaluate functions of any proteins on the exocytosis of 
LDCVs and synaptic vesicles, independently.
Supported by JSPS Research Fellowships for Young Scientists, to M. I.

619.11
THE MEK INHIBITOR, PD-98059, REDUCES PHOSPHORYLATION OF SITE 
4/5 SYNAPSIN I AND PROTECTS AGAINST OXYGEN/GLUCOSE 
DEPRIVATION-MEDIATED NEURONAL INJURY. A.W. Probert1*, R. Nath1, 
S.S. Basu1, S.A. Borosky1, P.A. Boxer1, R.G. MacKenzie1, P. Greengard2 and A.J 
Czernik2. 1Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Co., 
Ann Arbor, MI 48105; 2The Rockefeller Univ., New York, NY 10021.

PD-98059, a selective inhibitor of mitogen-activated protein kinase (MAPK) kinase 
(MEK), protects neuronal cultures from glutamate-mediated oxygen/glucose 
deprivation (OGD) but not excitotoxicity after direct application of glutamate. 
Elevation of glutamate in the culture milieu during OGD is also reduced by PD- 
98059. This suggests that reductions in MAPK activation prevent OGD-mediated 
injury via presynaptic mechanisms that limit levels of excitotoxic glutamate at 
postsynaptic terminals. One mechanism by which this may be achieved is through 
the inhibition of MAPK-mediated phosphorylation of Synapsin I, a protein involved 
in the distribution of synaptic vesicles within neuronal synaptic terminals. In its 
dephosphorylated state, Synapsin I polymerizes and bundles actin into a lattice 
network which in turn anchors synaptic vesicles into a distal pool limiting their 
ability to migrate to the plasmalemma. Phosphorylation of Synapsin I leads to a 
breakdown in distal pool retention of synaptic vesicles, increasing their mobility and 
availability for synaptic release. Using an antibody specific for MAPK 
phosphorylated sites 4/5 on Synapsin I, we found that PD-98059 markedly reduces 
Synapsin I phosphorylation under conditions where it also prevents OGD-mediated 
45Ca2+ uptake, glutamate release, and neuronal injury. Western blot densitometry 
readings show a significant difference in ratios of site 4/5 Synapsin I phosphorylation 
to total Synapsin I between control and PD-98059 treated cultures exposed to OGD. 
Current data suggest an association between reductions in site 4/5 Synapsin I 
phosphorylation and protection afforded by an inhibitor of the MAPK cascade during 
OGD. (Supported by Warner-Lambert Co.)

619.13
NO-GENERATING COMPOUNDS MODIFY TAURINE RELEASE IN 
DEVELOPING AND ADULT MOUSE HIPPOCAMPUS. P. Saransaari* and 
S.S. Oja. Tampere Brain Research Center, Univ. of Tampere Medical School, 
FIN-33101 Tampere, Finland.

Nitric oxide (NO) participates in signal transduction in the central nervous 
system as a short-lived modulator and/or second messenger. The inhibitory 
amino acid taurine is essential for the development and survival of neural cells. 
It also protects neural cells against excitotoxicity induced by excitatory amino 
acids and prevents metabolic events induced by ischemia or hypoxia. We 
characterized now the effects of the NO-generating compounds hydroxylamine 
(HA), sodium nitroprusside (SNP) and S-nitroso-N-acetylpenicillamine 
(SNAP), and the NO synthase inhibitors nitroarginine and 7-nitroindazole on 
taurine release from superfused hippocampal slices from adult (3-month-old) 
and developing (7-day-old) mice. The basal release of taurine was enhanced by 
the NO donors, more markedly in the adult than in the developing 
hippocampus. The K+-stimulated (50 mM) release o f taurine was generally 
inhibited by the NO-generating compounds in both age groups. NO is thus 
able to act directly at presynaptic terminals, modulating taurine release as a 
retrograde messenger. The N-methyl-D-aspartate (NMDA) -evoked taurine 
release was reduced by the NO donors in the adult hippocampus, particularly 
by SNP, while HA and SNAP markedly potentiated the release in developing 
mice. In the immature hippocampus the HA-enhanced taurine release seems to 
involve a Ca2+-indcpendent, Na+-dependent and carrier-mediated process while 
in adult mice only a part o f the HA-enhanced release is mediated by the same 
mechanism. The enhanced NMDA-receptor-evoked release may be an 
important mechanism protecting the immature brain against excitotoxicity.

619.10
IMPAIRED INHIBITORY SYNAPTIC TRANSMISSION IN MICE 
LACKING SYNAPSIN I Tetsuhiro Tsujimoto1*, Sumio Terada2,3, Yosuke 
Takei3, Nobutaka Hirokawa2,3 and Tomoyuki Takahashi1.  1 Dept. of 
Neurophysiology, 2Dept. of Neuronal Cell Biology, 3Dept. o f Cell Biology and 
Anatomy, University o f Tokyo Faculty of Medicine; Tokyo 113-0033 Japan 

The synapsin I-ablated mice developmentally express epileptic seizures in 
spite of normal excitatory synaptic transmission and modulation but for an 
enhancement of paired-pulse facilitation. We have examined whether the 
inhibitory synapse is intact in hippocampus from mutant mice using 
electrophysiological and morphological means. At the cultured hippocampal 
synapse from mutant mice, repeated hypertonic application largely suppressed 
the subsequent transmitter release associated with an accelerated vesicle 
replenishing time at the inhibitory synapse, but not at the excitatory synapse. 
In the mutant, synaptic vesicles failed to accumulate after hypertonic 
treatment at the inhibitory preterminals, whereas the excitatory preterminal 
was unaffected. In hippocampal CA3 pyramidal cells in slice from the 
mutant mice, inhibitory postsynaptic currents evoked by stimulating the 
interneuron in the striatum oriens were characterized with reduced quantal 
content compared with those in wild type. We conclude that synapsin I 
contributes to anchoring synaptic vesicles, thereby saving transmitter from 
depletion at the inhibitory synapse. This may explain, at least in part, the 
epileptic seizures occurring in the synapsin I-ablated mutant mice. 
Supported by a grant-in-aid for COE Research from the Japan Ministry of 
Education, Science, Sports and Culture.

619.12
MODULATION OF GLUTAMATE RELEASE IN HIPPOCAMPAL NERVE 
TERMINALS: INHIBITORY EFFECTS OF MEK INHIBITORS AND OF 
NITRIC OXIDE. D.B. Pereira, S.M. Sequeira, C.M. Carvalho, A.P. 
Carvalho* and C.B. Duarte. Centre for Neuroscience of Coimbra, Dept. of 
Zoology, Univ. of Coimbra, 3000 Coimbra, Portugal.

The mitogen activated protein kinase (MAPK) pathway is an ubiquitous 
serine/threonine kinase signalling cascade activated by calcium influx and 
tyrosine kinase activation, and by NO. We have previously demonstrated a 
modulatory role for both tyrosine kinases and nitric oxide (NO) in the release 
o f glutamate from hippocampal nerve terminals. In this study, we give 
evidence of the involvement of the MAPK cascade in the regulation o f 
glutamate release and investigate how the effects of NO are related to this 
signalling cascade. 2-(2-Amino-3-methoxyphenyl)-4H-1-benzopyran-4-one 
(PD098,059), an inhibitor of the MAPK kinase (MEK), reduced the [Ca2+]i 
response to 15 mM KCl and concomitantly decreased glutamate release from 
hippocampal synaptosomes. When incubated with inhibitors of voltage gated 
Ca2+ channels, the effect of the MEK inhibitor was additive with ω-CgTx 
GVIA, partially additive with ω-Aga IVA, and non-additive with nitredipine in 
inhibiting the KCl-evoked [Ca2+]i.P D 098,059 also inhibited the [Ca2+]i rise in 
the presence of all VGCC inhibitors, as compared to the effect of all VGCC 
inhibitors in the absence of PDO98,059. These results suggest that the MAPK 
cascade modulates glutamate release by acting upon Ca2+ influx through class 
A (P,Q,O type) and resistant VGCC. In addition, the ionomycin-evoked 
release of glutamate was inhibited by the MEK inhibitor suggesting the 
exocytotic machinery as an additional target for MAPK modulatory action. 
(Supported by PRAXIS XXI)

619.14
THE RELEASE OF INTERLEUKIN-1β (IL-1β) FROM ACUTE  
RAT HYPOTHALAMIC EXPLANTS IS M ODULATED BY  
CYCLIC GMP. G Tringali, C. Dello R usso, G. Pozzoli, P. Preziosi 
and P. Navarra*. Institute o f  Pharmacology, Catholic University 
Medical School; Largo F. Vito 1,100168 Rome.

It was previously shown that immunoreactive IL -1β is released from 
rat hypothalamic explants in short-term (20-min) experiments. Such 
release was significantly enhanced by a depolarizing stimulus (56 mM  
KCl); K+-induced release seemed to be Ca++-dependent, because it was 
antagonized by blockers o f  the N-type Ca+ channels.

In the present study, w e show that IL-1β release can be also 
modulated by the guanylyl cyclase-cyclic GMP pathway, since it is 
significantly increased by iso-butyl-methylxantine, which blocks cyclic 
GMP degradation, and by cyclic GMP analogs such as 8-Br-cyclic 
GMP and dibutirryl-cyclic GMP. Sodium nitroprusside, which 
increases intracellular cyclic GMP contents by releasing nitric oxide, 
also strongly stimulates IL -1β release.

The K+ and cyclic GMP patterns o f  IL-1 secretion are converging at 
some stage, because specific inhibitors o f  soluble guanylyl cyclase, 
such as compound LY 83583, are able to significantly reduce K -  
induced cytokine release. Thus, cyclic GMP, possibly induced by 
depolarization, contributes to regulating acute IL-1 release.

Supported by MURST, Fondi Ateneo  1997.
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619.15

FUNCTIONAL IMPLICATIONS OF MUNC18-1 PHOSPHORYLATION. K.J. 
de Vries1, A. Geiitenbeek2, W.E.J.M. Ghijsen2 and M. Verhage1*. 1Rudolf Magnus 
Institute for Neurosciences, Utrecht University, Universiteitsweg 100, 3584 CG 
Utrecht, The Netherlands and Institute for Neurobiology, Faculty of Biology, 
University of Amsterdam, Kruislaan 320, 1098 SM Amsterdam, The Netherlands.

Secretion of neurotransmitters from small synaptic vesicles is tightly regulated 
by a cascade of protein-protein interactions. From studies with knock-out mice it 
became clear that the syntaxin binding protein munc18-1 is the first protein known 
to be essential in the docking step of this proces. In addition, synthetic munc18-1 
was found to be a substrate for protein kinase C (PKC) in vitro which influences 
the affinity for syntaxin lA/B. Here we show that munc18-1 is phosphorylated in 
nerve terminals from rat brain. The resting phosphorylation state is low, increased 3 
fold after adding phosphatase inhibitors and up to 15 fold by additional PKC 
activation with phorbol ester. The effect of munc18-1 phosphorylation on the 
interaction of munc18-1 with syntaxin lA/B was studied in lysed synaptosomes 
with glutathion S-transferase-syntaxin lA/B and immunoprecipitations. PKC- 
dependent phosphorylation of munc 18-1 leads to a decreased affinity for synthetic 
syntaxin lA/B by 45% compared to control conditions. Under similar conditions 
we found that both the total amount of immunoprecipitated munc 18-1 and co- 
immunoprecipitated syntaxin lA/B, using munc18-1 antibodies, decreases 
comparable. This implicates that the epitopes recognized by the munc18-1 antibody 
are not accessible probably due to the formation of other protein complexes. 
Depolarization of synaptosomes with KCl resulted in an increased phosphorylation 
of munc 18-1 with a maximum of 50% above control after 5 sec.

Our data indicate that endogenous munc 18-1 undergoes rapid phosphorylation 
cycles in vivo. High phosphatase activity is responsible for a low resting 
phosphorylation state. Phosphorylation of munc 18-1, also with physiological 
stimuli, changes the affinity for other proteins. This may alter docking/priming 
processes and modulate presynaptic secretion. Supported by NWO (project grant 
903-42-012).

619.17

CORTICOTROPE HAS A SMALLER POOL OF READILY RELEASABLE 
GRANULES THAN OTHER PITUITARY CELLS. A. Tse* & F.W. Tse Dept. 
Pharmacology, U. Alberta, Edmonton, Alberta, Canada.

Arginine vasopressin (AVP) and norepinephrine (NE) can stimulate the 
secretion of the stress hormone, adrenocortiocotropin (ACTH) from pituitary 
corticotropes. Both AVP and NE triggered intracellular Ca2+ release from IP3- 
sensitive stores and in turn triggered exocytosis. Here, we investigated Ca2+- 
dependent exocytosis in single, identified rat corticotropes by simultaneously 
monitoring [Ca2+]i (indo-1 or indo-1FF fluorometry) with changes in membrane 
surface area (capacitance measurement). Flash photolysis of caged IP3 (10 µM) 
triggered a transient rise in [Ca2+]i and the mean peak [Ca2+]i was 1.9 ± 0.08 µM. 
Exocytosis started when Ca2+ had almost reached its peak and the accompanying 
increase in membrane surface area was 1.6 ± 0.3% (n = 11). Exocytosis was 
typically followed by endocytosis and the membrane capacitance was restored to 
the basal value within ~ 10 s. Interestingly, the amplitude of this exocytic burst was 
~3 fold smaller than that elicited in pituitary gonadotropes (same experimental 
condition). Since a large transient Ca2+ rise typically exhaust the entire pool of 
most readily releasable granules in gonadotropes, we examined whether the weaker 
exocytic response in corticotropes is related to pool size of the readily releasable 
granules. In corticotropes, rapid [Ca2+]i elevation beyond 15 µM (via flash 
photolysis of caged Ca2+) triggered a fast exocytic burst that reflected the 
exhaustion of the readily releasable pool. The mean increase in cell surface area 
was 2.8 ± 0.1% (n = 14). In contrast, the exhaustion of the most readily releasable 
pool in gonadotropes typically added 4.7% to the cell membrane. Thus, the weak 
exocytic response in corticotropes may be partially attributed to a smaller number 
of readily releasable granules. (Supported by Canadian MRC and AHFMR).

619.16

C a 2+-E V O K E D  5 -H T  S E C R E T IO N : S IG N A L  T R A N S D U C T IO N  
BY  P H O S P H A T ID Y L IN O S IT O L 3 ’-K IN A S E , P L D  A N D  P K C . H.
Tamir1,2 *, K.P Liu1, S.C Hsiung1, M. Adlersberg1, T.Sacktor3, and M.D. 
Gershon2. 1Div . o f  N eurosci., N Y S  Psych. Inst. N ew  York N Y  10032. 
2D pt. A nat. C e ll B io l. P& S , N ew  York, N Y  10032. 3Department of  
Pharmacology, SU N Y  Health Science Center. N ew  York N Y l 1203.

Increased extracellular Ca2+ stimulates a Ca2+ receptor (CaR) on 
parafollicular (PF) ce lls to secrete 5-HT and calcitonin. The role(s) 
played by PKC isoforms in Ca2+-evoked secretion were investigated. PF 
cells express conventional (α, β1, γ), novel (δ, ε, µ), and atypical (τ/λ  and ζ) 
PKCs, as w ell as the p85 and p 110 subunits o f  phosphatidylinositol 3 ’- 
kinase (P I3’-K ). Phorbol esters (PM A) induced secretion  and 
translocated PKCγ and PKCα to the plasma membrane. D own regulation 
o f  conventional and novel PKCs by overnight exposure to PM A  
abolished PM A -evoked secretion, but only partially inhibited Ca2+- 
stimulated secretion. After down regulation, Ca2+-evoked secretion was 
blocked by inhibitors o f the catalytic (chelerythrine, pseudoZ), but not 
the regulatory domains o f PKC (calphostin, Gö 6976, and pseudoA). 
Ca2+-evoked secretion by downregulated ce lls  was antagonized by 
inhibitors o f PI3’-K (wortmannin and LY -294002), PLP (P 6 09 and n- 
butanol), and phosphatidic acid phosphohydrolase (propranolol). These 
data support the hypothesis that stimulation o f the CaR induces secretion 
(i) via  conventional and/or novel PKCs and (ii) via  Gq (βγ subunits), 
P I3 ’-K , PK Cζ, P L P , p h osp h atid ic  acid , p h osp h atid ic  acid  
phosphohydrolase and diacylglycerol. The CaR, PI3’-K, and PKCζ co- 
immunoprecipitate and may form an activation com plex. Supported by 
PK 52139.

619.18
THE INHIBITORY PROTEIN FACTOR CAPABLE OF REDUCING 
VESICULAR GLUTAMATE ACCUMULATION CAUSES A DECREASE IN 
EXOCYTOTIC RELEASE OF GLUTAMATE. Y. Tamura,1 E.D. Özkan1 and T. 
U eda1,2*. 1Mental Health Research Institute, 2Depts. of Pharmacology and 
Psychiatry, Med. Sch., Univ. of Michigan, Ann Arbor, MI 48109-0720.

Neurotransmission can be regulated by presynaptic as well as postsynaptic 
mechanisms. Presynaptic mechanisms include regulation of ion channels, 
vesicle docking, release process per se, and neurotransm itter synthesis. 
Theoretically, exocytotic release could be m odulated by changes in the 
am ount of transmitters stored in the synaptic vesicle. There has been little 
study on this type of regulation. Recently we have isolated a potent, 
endogenous inhibitory protein factor (IPF) which reduces ATP-dependent 
accumulation of glutamate into isolated synaptic vesicles. It is likely that α- 
fodrin is the precursor for IPF. However, isolated fodrin was found to be 
devoid of inhibitory activity. W hether IPF leads to inhibition of exocytotic 
glutamate release remained to be seen. In an effort to address this issue, we 
have incorporated isolated IPF into isolated synaptosomes and determined its 
effect on exocytotic release of glutam ate. We present evidence that 
introduction of IPF into the synaptosome causes reduction of depolarization- 
induced, Ca2+-dependent release of glutamate at all the incubation times 
tested. The degree of reduction was dependent upon the amount of IPF. 
However, IPF not allowed to enter the synaptosome had no significant effect. 
M oreover, w hen isolated fodrin, which has no inhibitory activity, was 
introduced into the synaptosome, it exhibited no effect on exocytotic 
glutamate release. These results support the notion that IPF can modulate 
glutamate release through regulation of vesicular glutamate storage.

Supported in part by a NIH Javits Neuroscience Investigator Award (NS 
26884) to T.U. and a NIMH Postdoctoral Fellowship (MH 15794-18) to E.D.Ö.

L O N G -T E R M  PO T E N T IA T IO N : P H Y S IO L O G Y  V I 

620.2620.1

D E F IC IE N T  C E R E B E L L A R  L T D  IN  M U T A N T  M IC E  
L A C K IN G  T H E  α  S U B U N IT  O F  H E T E R O T R IM E R IC  G 
P R O T E IN  G q . MIYATA*, M .1, HASHIMOTO, K .2,3 , OFFERM ANNS, 
S .4, SIM ON, M. I.4 and KANO. M 1-3. Lab. Cellular Neurophysiol., Brain 
Science Institute, RIKEN, Saitama 351-0198, Japan.1 Dept physiol., 
Kanazawa Univ. Sch. Med., Kanazawa 920-8640, Japan.2 CREST, Japan 
Science and Technology C orp.3, Div. Biol. 145-75, Caltech., Pasadena, 
CA 91125, U SA 4.

Several lines o f evidence suggest that the type 1 metabotropic glutamate 
receptor (m G luR 1) is a crucial element for cerebellar LTD. mGluR1 is 
considered to couple to two similar members o f the heterotrimeric Gq 
family, Gαq and G α 1 1 .Thus, we studied LTD in mice lacking Gαq to 
identify whether Gαq transduces signals from mGluR1 to induce LTD. 
The Gαq mutant mice were viable but slightly ataxic. Morphology o f the 
cerebellum was normal, and excitatory transmission from climbing fiber 
(CF) to Purkinje cell (PC) and that from parallel fiber (PF) to PC were 
functional. Because about 40% o f mature Gαq mutant PCs were multiply- 
innervated by CFs, PCs with full-size complex spikes in response to CF 
stimulation were selected for LTD experiments. Conjunctive PF and CF 
stimulation ( 1Hz, 300 pulses) effectively induced LTD (55 .6± 5.0% at 30 
min after the onset o f the conjunctive stimulation, n = 17) in the wild type 
mice. However, the same stimulation protocol failed to induce LTD 
(112 .0± 11.6%, n = 10) in the Gαq mutant mice. These results strongly 
suggest that Gαq is the major transducer o f signals from mGluR1 that lead 
to LTD induction.

Partly supported by grants fro m  The Japanese M inistry o f  Education, 
Science, Sports and Culture.

CEREBELLAR CELLULAR PHYSIOLOGY IN SCA1 TRANSGENIC MICE. 
P.L. Malen*, H.T. Orr & L.M. Boland. Depts. of Physiology, Lab Med. & Path. 
& Inst. of Human Genetics, University of Minnesota, Minneapolis, MN 55455.

Spinocerebellar ataxia type 1 (SCA1) is a hereditary neurodegenerative 
disease caused by a trinucleotide repeat expansion in the SCA1 gene. Although 
the gene that causes this disease has been identified, the physiological 
mechanism(s) that cause ataxia and Purkinje cell death are unknown. Transgenic 
mice have been created in which either the normal (30 repeats) or the mutant (82 
repeats) human SCA1 gene is targeted for expression in cerebellar Purkinje 
cells. Mice that express the mutant gene have altered motor learning, 
demonstrate Purkinje cell death and develop ataxia (Clark et al. (1997) J Nsci. 
17:7385) . This research utilizes whole-cell patch clamp electrophysiology in 
cerebellar slices to study the physiology of Purkinje cells in SCA1 mice.

Early results indicate that intrinsic properties of Purkinje cells from SCA1 
mice (P17-P28) remain normal. There was no significant difference in resting 
membrane potential between cells obtained from B05 mice (that express the 
mutant protein) and control mice (B05 = -56 ± 5.3 mV; control = -54 ± 2.7 mV, 
n = 5-6). There was also no significant difference in the threshold to trigger the 
formation of a single action potential in response to a 1 ms somatic current 
injection (B05 = 1.0 ± 0.14 nA; control = 0.96 ± 0 .10  nA). Longer current 
injections (10 or 100 ms) induced bursts of action potentials in Purkinje cells for 
both control and B05 mice. The range of maximal firing rate for cells from B05 
animals was 60-180 Hz while the range from control animals was 80-150 Hz. 
Current studies compare the cerebellar synaptic physiology and plasticity in B05 
and control mice. Supported by the McKnight Foundation and the Bob Allison 
Ataxia Research Center (LMB) and the NIH (HTO).
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620.3
V O L T A G E -D E P E N D E N T  C O N T R O L  O F  M O SSY  F IB R E  
G R A N U L E  L T P  IN T H E  R A T  C E R E B E L L U M . S. Armano*, P. 
Rossi, V. Taglietti, F. D'Angelo. Istituto di Fisiologia Generale, 
Universita ' di Pavia, 1-27100, Pavia, Italy.
NMDA receptor-dependent LTP can be induced at the mossy fibre - 
granule cell relay o f the cerebellum. Here we addressed two functional 
questions using perforated-patch current-clamp recordings from granule 
cells in cerebellar slices (P19-P23). Firstly, since cerebellar granule cells 
receive on average only 4 mossy fibre inputs, we considered whether burst 
stimulation o f a single synapse can drive membrane potential into the range 
needed to induce LTP. The second question is whether synaptic inhibition 
can effectively prevent burst depolarisation and therefore LTP. Putative 
single and double synapse EPSPs were identified by varying the stimulus 
intensity, as reported previously (D’Angelo et al., J. Physiol. 484:397-413, 
1995). A theta-burst stimulation was applied following a 10 min control 
period. When synaptic inhibition was blocked (10 µM bicuculline), bursts 
generated by both single- (n=5) and double-synapse (n=5) stimulation 
depolarised granule cells to spike threshold (-42±2 mV; n= 10). LTP was 
evidenced as a stable 3 1± 12% EPSP increase and an enhanced probability 
o f spike activation in single- and double-synapse recordings, respectively. 
However, when membrane potential was hyperpolarised from rest (10 µM 
bicuculline; n=5). or when synaptic inhibition was active (no bicuculline; 
n=5), bursts remained below spike threshold (between -65 and -48 mV) and 
LTP was prevented (-4±3% EPSP change; n= 10). A voltage-dependent 
control o f  LTP provides the substrate for associative learning at the input 
stage o f the cerebellum.

Supported by MURST, (N R  and INFM o f Italy.

620.5
POLARITY OF LONG-TERM SYNAPTIC PLASTICITY IS RELATED TO 
POSTSYNAPTIC SPIKE FIRING AT A CEREBELLAR INHIBITORY SYNAPSE. 
C.D. _Aizenman*1, P.B. Manis1,2 and D.J . Linden1. Depts. of 1Neuroscience & 
2Otolaryngology-HNS, Johns Hopkins Univ. School of Med., Baltimore, MD 21205.

A model has been proposed in which long-term potentiation and depression (LTP & 
LTD) can coexist at an excitatory synapse, LTP being induced by stimuli that will 
result in a large postsynaptic excitation and associated Ca2+ transient, whereas LTD is 
induced by stimuli which produce a smaller postsynaptic excitation. It has not been 
determined whether these rules also apply to LTP and LTD of inhibitory synapses. 
We have examined this idea by studying LTP and LTD of the GABAergic inhibitory 
synapses between Purkinje cells and the neurons of the deep cerebellar nuclei (DCN). 
Synaptic plasticity at this site has been proposed to be required for certain types of 
motor learning. Microelectrode recordings were made from the DCN in coronal slices 
of rat cerebellum. DCN neurons exhibit a prominent after-depolarizing potential 
(ADP) which can be evoked after a hyperpolarizing current pulse, or a train of 
hyperpolarizing IPSPs. The ADP is typically accompanied by a spike burst and its 
induction is consistent with the activation of low-threshold (T-type) Ca2+ channels. 
The ADP provides a mechanism by which inhibitory potentials can drive postsynaptic 
excitation. Brief, high-frequency trains of IPSPs, which effectively drive the ADP and 
associated spike burst result in LTP of IPSPs, whereas the same stimulation protocol 
can result in LTD when given while the DCN cell is tonically hyperpolarized, thus 
limiting the amount of excitation caused by the ADP. Likewise, intracellular blockade 
of voltage-gated Na+ channels with QX-314, can convert an LTP-inducing to an LTD- 
inducing stimuli. Activation of the ADP alone, via intracellular injection of 
hyperpolarizing current pulses, induces LTP of IPSPs. Across all conditions, the 
polarity of change in synaptic strength was related to the amount of postsynaptic spike 
firing during the induction protocol. Ca2+ imaging experiments revealed that the size 
of the intracellular Ca2+ transient during the ADP was proportional to the number of 
spikes evoked during the associated spike burst. These results support the idea that 
some computational rules that apply to activity-dependent changes in excitatory 
synapses can be extended to inhibitory synapses as well. Supported by HHMI (CDA).

620.7
N M D A  recep to r-dependen t and voltage-gated  Ca channel-dependen t 
long-term  po ten tia tions require the respective ac tivation  o f pro tein  
phosphatases and kinases in developing rat visual cortex. T. K urotani*, 
X -L. Jin and K . T oy am a. D ep t. o f P hysiology, Kyoto P refectural Univ. 
o f M ed., K aw aram achi-H irokoji, K am igyo-ku, Kyoto 6020841 , Japan.

W e dem onstrated  that theta burst stim ulation  (TBS) produces 
N M D A  recep to r-dependen t long-term  potentia tion  (NMDA-LTP) and 
N M D A  recep to r-independen t L -type voltage gated calcium  channel- 
dependent LTP (VGCC-LTP) o f field potentials in layer 4 o f  developing 
rat visual cortical slices evoked by w hite m atter stim ulation. NMDA-LTP. 
show ing a fast time course, is independent o f protein or RNA synthesis 
w hereas VGCC-LTP. dem onstrating  a slow  lim e course, depends upon 
the m acrom olecu lar syntheses (K urotani et al., 1996). In the present 
study, we tested w hether protein kinases and phosphatases are involved 
in the induction o f these LTPs. NMDA-LTP and VGCC-LTP were studied 
separately in the presence o f an L-type V GCC antagonist, nim odipine, 
and an N M D A  recep to r an tagon is t, dl-A PV , respective ly . A bath 
application o f serine/threonine kinase inhibitor staurosporine reduced the 
incidence o f VGCC-LTP in a dose-dependent m anner but did not affect 
NMDA-LTP. A pplication of either a protein phosphatase 2B inhibitor. 
FK -506, or a protein phosphatase 1/2A inhib itor, Calyculin  A , reduced 
the incidence o f NMDA-LTP. In contrast, FK-506 increased the incidence 
o f VGCC-LTP. N either staurosporine or FK -506, if applied after TBS, 
show ed any significant effec ts on either o f the LT Ps. These results 
suggest that VGCC-LTP requ ires the ac tivation  o f  serin e /th reo n in e 
k inase s  fo r induc tion  w hile  N M D A -LTP requ ires that o f pro tein  
phosphatases instead. Supported by grants from Ministry of Education, Science, 
Sports and Culture, Government of Japan (09780771, 09480233 and 08279103).

620.4
N M D A  R E C E P T O R -D E P E N D E N T  L T P  O F  M O SSY  F IB R E  - 
G R A N U L E  C E L L  E P S C S  IN T H E  R A T  C E R E B E L L U M . E.
D'Angelo*, P. Rossi, S. Armano, V. Taglietti. Istituto di Fisiologia 
Generale, Universita ' di Pavia, I-27100, Pavia, Italy.
Long-term changes in synaptic transmission are thought to play an 
important role in brain learning and computation, in particular, long-term 
potentiation (LTP) o f synaptic transmission has been reported at 
glutamatergic synapses expressing N-methyl-D-aspartate (NMDA) 
receptors in the hippocampus and neocortex. NMDA receptors are activated 
during mossy fibre - granule cell synaptic transmission in the cerebellum. 
To investigate whether this synapse could develop LTP, we performed 
whole-cell patch-clamp recordings from granule cells in rat cerebellar slices 
(P19-P23). A brief high-frequency mossy fibre stimulation (theta-burst) 
paired with membrane depolarisation (-40 mV) led to a stable EPSC 
potentiation for 30 minutes. Pairing with a lower potential (-60 mV), or in 
the presence o f the NMDA receptor blocker, APV, prevented LTP. LTP 
was expressed through an increase in both the NMDA and non-NMDA 
receptor-mediated current (32±13% and 47±13% increase, respectively; 
n=10), and potentiation o f NMDA receptor-dependent transmission was not 
prevented by blocking non-NMDA receptors with CNQX. These 
observations are consistent with a voltage-dependent induction mechanism 
based on NMDA receptor activation. LTP at the mossy fibre - granule cell 
relay may have important implications for cerebellar computation and 
learning.

Supported by MURST, CNR and INFM o f Italy.

620.6
UNSUPERVISED AND REINFORCEMENT LEARNING BY PYRAMIDAL 
NEURONS IN A LAYERED MODEL OF NEOCORTEX M. Eisele* and 
T. Sejnowski, Computational Neurobiology Laboratory, Salk Institute, San 
Diego CA 92186-5800

We previously demonstrated that computational models of pyramidal 
neurons are capable of a simplified version of indirect, or model-based, rein
forcement learning. They can detect temporal correlations in their excitatory 
input, use them to predict future inputs, infer the impact of their present 
firing on future inputs, detect which excitatory inputs are followed by a re
ward signal like dopamine, and change their firing patterns so that they have 
a positive impact on the occurence of rewards. A major limitation of this 
learning algorithm is that neurons can not easily detect delayed impacts, like 
those produced by the motor output of the neocortex on its sensory input. 
Here we demonstrate computationally how this problem can be solved by a 
layered network of similar, but more specialized neurons, whose connections 
resemble those of layers 2&3, 5, and 6 of the neocortex. Layers 2&3 in our 
model detect temporal invariances on which predictions of the sensory input 
can be based. Neurons of layer 6 learn to predict the sensory input to the tha
lamus. This works best if the network goes through a sleep-wake cylcle, with 
layer 6 driving the thalamus during sleep. Neurons of layer 5 learn to detect 
how their motor output affects the predictions made by layer 6 neurons. The 
learning rule in basal dendrites is similar to temporal difference learning, but 
the apical learning rule is quite different, as it is specialized in detecting the 
feedback from other, nearby neurons. Together, these unsupervised learning 
processes produce a network that can perform efficient, model-based reinforce
ment learning in layer 5. A few reward signals are enough to change the motor 
output in the right way, even if its impact on sensory input is quite delayed.

Supported by the german DFG grant EI 373/1-2

620.8
ACTIVATION OF MUSCARINIC Ml RECEPTORS FACILITATES SYNAPTIC 
PLASTICITY IN LAYER 2/3 OF KITTEN VISUAL CORTEX. L. Kojic*, O. Gu, 
R.M. Douglas, M. Cynader. Dept. of Ophthalmology, Univ. of British Columbia, 
2550 Willow St., Vancouver, B.C., Canada V5Z 3N9 

Both acetylcholine-mediated neurotransmission and modulation have been reported 
in the visual cortex. Muscarinic Ml, M2 and M3 receptors are transiently expressed 
in layer 4 in the kitten visual cortex during the first few weeks of postnatal 
development. After postnatal day 70 an adult laminar distribution develops with the 
most dense labeling in the superficial layers. In addition, agonists of cholinergic 
receptors have been demonstrated to facilitate the induction of LTP in visual cortical 
slices suggesting a role of both nicotinic and muscarinic receptors in the control of 
activity-dependent plasticity in developing visual cortex. To test the role of Ml and 
M2 muscarinic receptors in visual cortical plasticity, we recorded field potentials in 
visual cortex slices from 70-90 day old kittens. Field potentials were recorded from 
layers 4 and 2/3 after white matter stimulation, before and after a period of low 
frequency (LFS; 1Hz, 15 min), high frequency (HFS), or theta-burst (TBS) 
stimulation. At these ages, the protocols used almost never induced LTD or LTP in 
layers 2/3 or 4. The M1 receptor agonist McN-A-343 facilitated induction of LTP in 
layer 2/3 (LTP) induced with HFS (8/17 slices) and TBS stimulation (4/8 slices), 
with no effect in layer 4. This facilitation was largely blocked by the M1 receptor 
antagonist pirenzepine. There was no facilitatory effect of M1 receptor activation with 
LFS stimulation. Oxotremorine-M, the M2 receptor agonist did not induce any 
facilitatory effect with all three stimulation protocols. The receptor subtype- and 
laminar-specific facilitatory effects suggest that Ml receptors might play a permissive 
role in experience-dependent changes of synaptic efficacy, mediating the gating effects 
of the cholinergic nonretinal projection system. The pattern and the level of their 
expression may determine the probability and the level of activity-dependent changes 
during development of kitten visual cortex.
Supported by Medical Research Council of Canada.
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620.9
LONG-TERM POTENTIATION (LTP) IN THE RAT VISUAL CORTEX IN VIVO 
INDUCED BY TETANIC STIMULATION OF THE LATERAL GENICULATE 
NUCLEUS (LGN): A CURRENT SOURCE-DENSITY (CSD) ANALYSIS.
A.J. Heynen*, E. Sklar, and M.F. Bear. HHMI / Department of Neuroscience,
Brown University, Providence, RI 02912.

In a previous report (Heynen et al., Soc. Neurosci. Abstr. 22:1506) we described 
LTP induced by theta-burst stimulation (TBS) of the geniculocortical pathway in the 
anesthetized rat. In these studies, adult rats (Long-Evans, 250-400g) were anesthetized 
with pentobarbital (65 mg/kg i.p.) and field potentials (FPs) recorded from superficial 
cortical layers (II/III) in response to electrical stimulation of the ipsilateral LGN 
(0.2ms, 50-150µA). Significant potentiation of the FP amplitude (>140% of 
baseline) was observed 60 min. post-TBS. The induction of LTP was blocked by 
prior administration of the N-methyl-D-aspartate (NMDA) receptor antagonist CPP 
((±)-3-(2-carboxypiperizin-4-yl)-propyl-l-phosphonic acid, 10 mg/kg i.p.).

In the present study, we have used a one-dimensional CSD analysis to determine 
the magnitude, laminar distribution, and time-course of the synaptic activation 
produced by this LTP paradigm. FP depth profiles were recorded along a track normal 
to the surface of visual cortex at l 00µm intervals from the pial surface to white 
matter both pre- and post-TBS. The locations of the recording sites were confirmed 
histologically post-mortem. Ten consecutive responses (l51H z) were recorded at 
each depth and averaged. CSDs were computed using a spatial differentiation grid of 
200-300µm after the method described by Mitzdorf (Physiol. Rev. 65:37).

CSD analysis revealed that stimulation of the ipsilateral LGN resulted in current 
sinks in visual cortex first in layer IV and deep layer III, followed sequentially by 
sinks in supragranular and infragranular layers. Following TBS, increases were seen 
in all of these sinks. There was no evidence of antidromically-triggered sinks in layer 
VI. These results are consistent with the conclusion that our electrical stimulation 
paradigm recruits the same cortical circuitry as photic stimulation (cf. Kenan-Vaknin 
& Teyler, Brain Res. 635:37), and that synaptic activation in layers II/III, IV, and V 
is increased by TBS of the geniculocortical pathway. [Supported by HHMI.]

620.10
DIFFERENTIAL INDUCTION OF LTP AND LTD IN NEOCORTICAL 
PYRAMIDAL CELLS IS NOT DEPENDENT ON ABSOLUTE POSTSYNAPTIC 
CALCIUM CONCENTRATIONS. C. Hansel* and W. Singer. Max-Planck-Inst. for 
Brain Research, Deutschordenstr. 46, 60528 Frankfurt, Germany. *Present address: 
Johns Hopkins University Sch. of Med., Dept. of Neuroscience, Baltimore, USA 

Previously, we have reported that a higher rise in postsynaptic [Ca2+]j is required for 
the induction of long-term potentiation (LTP) than for the induction of long-term 
depression (LTD) (Hansel et al., Eur. J. Neurosci. 9: 2309-2322,1997; see also Singer, 
Science 270: 758-764, 1995). Here, we address the question whether the respective 
thresholds correspond to absolute Ca2+ concentrations, or whether they vary as a 
function of the stimulation conditions. Using the fluorescent Ca2+ indicator fura-2, we 
measured dendritic Ca2+ signal amplitudes in layer II/III pyramidal cells of rat visual 
cortex slices during application of a low-frequency stimulation protocol (5Hz) which 
induced LTP in cells not loaded with the dye. The resulting Ca2+ signal amplitudes 
were compared to those previously determined with two different high-frequency 
stimulation protocols (50Hz) which induced LTP and LTD, respectively, in cells not 
loaded with fura-2. The Ca2+ signal amplitudes associated with 5Hz-stimulation were 
significantly lower than those resulting from the LTP-inducing 50Hz-stimulation, but 
they were not significantly different from the amplitudes obtained with the 50Hz- 
stimuli that induced LTD. Reducing the effective Ca2+ concentration evoked with 
5Hz-stimulation by intracellular application of a Ca2+ chelator led to the induction of 
LTD. An important caveat that should be applied to the present findings is that Ca2+ 
signals could not be monitored selectively in dendritic spines. Despite of this 
limitation, however, the most apparent interpretation of these results is that LTP and 
LTD induction thresholds are not associated with absolute Ca2+ concentrations.
Rather, the levels of Ca2+ required for the induction of LTP and LTD depend on the 
temporal pattern of activation. Threshold levels required for induction of LTP are 
higher when changes are induced with short (50 s) high-frequency stimuli than with 
long (5 min) low-frequency stimuli. However, irrespective of shifts in absolute 
threshold levels, relatively more Ca2+ is required for the induction of LTP than for the 
induction of LTD as long as activation conditions are kept constant.

620.11

LONG LASTING MODULATIONS OF A SYNAPSE IN THE BARREL FIELD 
OF RAT SOMATOSENSORY CORTEX. V.Egger, D.Feldmeyer, D.Spergel* and 
B.Sakmann. Max-Planck-Institut für med. Forschung, D-69120 Heidelberg 

In the CNS the efficacy of synaptic connections can be modified by synchronized 
pre- and postsynaptic activity (‘pairing’). In hippocampal CA1 and in cortical layer V 
(L5) pyramidal cells such ‘pairing’ results in a long-lasting increase in EPSP 
amplitude (1,2). After ‘pairing’ of spiny stellate pairs in layer IV of rat barrel cortex 
(Wistar rats, age P12-P14) we observed a long lasting decrease in EPSP amplitude 
(67% of control ± 6% s.e.m., n=17), while presynaptic stimulation alone did not 
induce depression. In L2/3 pyramidal cells in the same preparation an identical 
protocol resulted in potentiation (130 ± 9%, n=5), similar to the earlier observations 
in L5 and CA1 cells. Thus, depression after ‘pairing’ appears to be specific for spiny 
stellate cells. Shifting the postsynaptic AP train 10 ms prior to the presynaptic AP 
train did not change the degree of depression (57 ± 9%, n=3). Increased influx of 
calcium into the postsynaptic cell during synchronized activity is supposed to trigger 
signalling cascades which lead to changes in synaptic efficacy. Moderate concentrations 
of both BAPTA and EGTA, a fast and a slow calcium buffer, in the postsynaptic cell 
reduced depression. With 0.2 mM BAPTA depression was still observed (57 ± 7%, 
n=4), whereas 0.5 mM BAPTA blocked depression (92 ± 10%, n=4) and with 2 mM 
BAPTA no depression was observed in any experiment (110 ± 11%, n=7). If the 
postsynaptic cell was dialyzed with 0.5-2 mM EGTA, no sub-stantial decrease in 
EPSP amplitude was observed as well. In L5 and CA1 cells the potentiation in EPSP 
amplitude was strongly dependent on the activation of NMDA receptors. In contrast 
the NMDA-receptor blocker APV did not suppress ‘pairing’-induced depression in 
spiny stellate connections. We have shown previously that spiny stellate connections 
are highly reliable (CV 0.29, failure rate 6.1%, n=68) and may act as cortical 
amplifiers of thalamic inputs. Thus, correlated high pre-and post-synaptic activity may 
lead to downregulation of barrel response. 1. Magee and Johnston, Science 275, 209- 
213; 2. Markram et al., Science 275, 213-215 (1997); V.E. was supported by the 
Graduate Program in Cellular and Molecular Neurobiology, University of Heidelberg.

620.13

LONG-TERM  DEPRESSION OF INHIBITORY TRANSM ISSION  
IN THE DEVELOPING AUD ITO R Y  SYSTEM . V. C. Kotak* and 
D.H. S anes. Center for Neural Science, N ew  York University, NY, 
N Y , 10003.

Inhibitory synapses from the medial nucleus o f the trapezoid body 
(M N TB) to the lateral superior olivary nucleus (LSO) display use- 
dependent plasticity during early postnatal developm ent in gerbil 
(Kotak and Sanes, 1996). To exp lore the activity-dependent 
modulation o f inhibitory synaptic strength in LSO, evoked inhibitory 
postsynaptic currents (IPSCs) were recorded from P6-11 brain slices 
in voltage-clamp (in the presence of kynurenic acid; Vh=0 mV) before 
and after low  frequency stimulation ( 1Hz, 15 min) o f the M NTB. 
F ollow in g  low  frequency stim ulation, the M N T B -evoked IPSC  
amplitude was depressed by 30 to 90% for at least one hour (long-term 
depression o f IPSCs, LTD). Surprisingly, the IPSCs that could be 
evoked by ipsilateral stimulation were also depressed by the same 
magnitude (heterosynaptic LTD). The mean M N TB-evoked IPSC  
amplitude decreased significantly from 136 ± 16 pA during the initial 
control period, to 40  ± 5 pA during the final 10 mins o f recording 
(mean ±  SEM; p<0 .0 0 1 ; n = 12). Similarly, the ipsilaterally-evoked  
IPSC amplitude decreased significantly from 82 ± 6 to 22 ± 4 pA  
(p<0 .001; n=8). An inward shift in holding current accompanied each 
LTD (control = 51 ± 6 pA; LTD = 26 ±  5 pA; p<0.005; d f=19). These 
data indicate that inhibitory activ ity  can produce hom o- & 
heterosynaptic depression during the postnatal development in the 
central auditory system. (Supported by NIH DC 00540.)

620.14
PERTUSSIS TOXIN-SENSITIVE G-PROTEINS ARE INVOLVED IN LONG
TERM DEPRESSION AT CORTICOSTRIATAL SYNAPSES. K.C. Tang* and 
D.M. Lovinger Department of Molecular Physiol. & Biophys., Center for Molecular 
Neuroscience, Vanderbilt University Medical School, Nashville, TN 37232.

We have investigated the effect of inhibition of pertussis toxin (PTX)-sensitive G- 
proteins on induction versus maintenance of long-term depression (LTD) at 
corticostriatal synapses. LTD was examined using extracellular and whole-cell 
voltage-clamp techniques to record field potential/population spikes (PS) and 
excitatory postsynaptic current (EPSC), respectively, in acute corticostriatal slices 
from 14-27 day-old rats. LTD was induced by high frequency stimulation (HFS) 
during extracellular recordings and by HFS paired with depolarization in whole-cell 
voltage-clamp recordings. LTD could not be induced in PTX-treated hemislices at 24- 
48 hrs after PTX injection (1 µg in 2 µl) in 8 out of 8 slices (PS=123.9 ± 10.6% of 
baseline). In 6 out of 7 control hemisphere slices, LTD could be induced (PS=48.6 ± 
9.8% of baseline). In vehicle-injected animals, LTD could be induced in both vehicle- 
treated (PS=44.3 ± 8.9% of baseline, n=5) and non-vehicle-treated (PS=43.6 ± 8.4% 
of baseline, n=5) hemislices. Perfusion of N-ethylmaleimide (NEM, 200 uM), an 
inhibitor of PTX-sensitive G-proteins, blocked the induction of LTD and revealed 
potentiation of both PS (144.8 ± 12.2% of baseline, n=5) and EPSC (134.5 ± 3.9% of 
baseline, n=5) amplitudes. Application of NEM for 10-15 min beginning 30 min after 
HFS reversed LTD and revealed potentiation of EPSC amplitude (124.1% of baseline, 
n=2). However, NEM alone also potentiated both PS (116.3 ± 7.4% of baseline, n=5) 
and EPSC (133.3 ± 17.0% of baseline, n=5) amplitudes. In addition, NEM increased 
the frequency of miniature of EPSCs (mEPSC) and decreased paired-pulse facilitation 
(PPF) ratio. Postsynaptic dialysis with NEM (50-200 µM) did not affect the frequency 
of mEPSCs and PPF ratio. These findings suggest that PTX-sensitive G-proteins have 
a tonic inhibitory influence on the corticostriatal synaptic transmission, probably due 
to a decrease in neurotransmitter release from terminals. Activation of PTX-sensitive 
G-proteins is involved in striatal LTD induction and maintenance. (Supported by 
NS30470 and Tourette Syndrome Association)
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620.12
INTERACTION BETWEEN SHORT- AND LONG-TERM SYNAPTIC 
PLASTICITY IN RAT AUDITORY CORTEX. D. Buonomano*. Departments of 
Neurobiology and Psychology, UCLA, Los Angeles, CA 90095.

The strength of excitatory synapses is known to vary on both a short- and long-term 
time-scale. While it is widely assumed that long-term plasticity is involved in 
learning and memory, the functional role of short-term plasticity is much less clear. 
It has been suggested that short-term changes in synaptic strength may contribute to 
temporal processing. Critical to understanding the functional role of these different 
forms of plasticity will be to determine the interaction between them. Studies in CAl 
have shown that LTP does not generally produce significant changes in short-term 
plasticity. In contrast, LTP in the mossy-fiber-CA3 pathway, and between layer-V 
pyramidal neurons seems to dramatically alter short-term plasticity.

In the current study intracellular recordings were made from L-II/III pyramidal 
neurons from rat auditory cortex. A horizontal (Hor) and a white matter pathway 
were stimulated to elicit pairs or trains of EPSPs. Associative LTP was induced with 
a pairing protocol in which EPSPs from the Hor pathway were paired with 
postsynaptic depolarization for 6 -  10 min. Analysis of the average paired-pulse

ratio for a 50 ms interval revealed a 
significant change from a small 
degree of PPF to no PPF 30 min 
after the induction of LTP 
(1.12±0.05× 1 .0 0 ± 0 .0 4, n=19). 
The response to a train of 10 pulses 
(40Hz) revealed a larger degree of 
potentiation to the first pulses as 
compared to the latter pulses 
(figure). Nevertheless there was a 
potentiation of the “steady-state 
response”. Since these experiments 

were performed in pharmacologically intact slices, changes in inhibitory synapses 
could be contributing to the observed plasticity. Overall, these results are consistent 
with the notion that LTP of excitatory synapses onto L-II/III pyramidal neurons does 
not simply increase the gain of a synapse, but rather results in larger increase in the 
response to a transient input, as compared to the steady-state response.
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620.15

THE ROLE OF CHOLINERGIC NEUROTRANSMISSION IN MODULATION 
OF ACTIVITY-DEPENDENT CHANGES AT STRIATAL SYNAPSES
J.G. Partridge*1,3 and D .M . Lovinger1 ,2 ,3  1 D ept. o f Pharmacology, 2 D ept. o f Molecular 
Physiology and Biophysics, Vanderbilt Univ. School o f M edicine. 3Vanderbilt Center for 
Molecular Neuroscience. Nashville, T N  37232.

Levels of acetylcholine in the striatum are among the highest of any brain structure and 
arise from giant, aspiny cholinergic interneurons. We have studied the effects of various 
agents on cholinergic signaling at cortico-striatal synapses in the neonatal rat brain slice 
preparation. Neostigmine (10 µM) and carbachol (3 µM) .decreased the population spike 
(PS) amplitude by 41± 17% and 36±13%, respectively, as measured by field potential 
recordings. These effects were blocked by the muscarinic receptor antagonist, scopolamine 
(1µM). Agents described as binding at M1-type muscarinic receptors had little effect on PS 
amplitude compared to control values. Pirenzapine (30µM) and McN-A-343 (10 µM) 
changed the PS amplitude by 0±5% and -2±12%. In attempts to completely block 
cholinergic actions, a combination of scopolamine (10 µM) and hexamethonium(50 µM) 
was examined. Results from these experiments revealed that the PS amplitude was increased 
by 17±16%. Activity-dependent recordings revealed a long-term depression (LTD) of 
evoked PS following high-frequency stimulation (HFS) to the white matter overlying the 
lateral striatum while long-term potentiation (LTP) occurred when HFS to more medial 
regions of the striatum was examined. This medial LTP was dependent upon the activation 
of NMDA-type glutamate receptors, as the PS amplitude did not change after HFS in the 
presence of 100 µM (+/-)-APV. We have also characterized synaptic transmission onto 
large, presumably cholinergic interneurons (viewed with Nomarski optics) by whole-cell 
voltage clamp. Focal stimulation of afferents impinging on large striatal cells resulted in a 
synaptic I-V relationship which reverses around 0 mV. The magnitude of evoked EPSC's 
decreased 53±10% (n=6) for up to 30 minutes following HFS at these striatal synapses, 
suggesting that large cholinergic interneurons are capable of forming plastic synapses. The 
average evoked EPSC before HFS was 280±80pA (n= 6) with a corresponding current 
density value of 9.50 pA/pF. These studies offer an opportunity for a more complete 
understanding of cholinergic modulation of striatal physiology. Supported by NS30470 
and the Tourette Syndrome Association.

620.17

TEMPOLARY-DISTINCT INDUCTION OF TWO PHASES OF LONG-TERM 
POTENTIATION IN BULLFROG SYMPATHETIC GANGLIA.. K. Fujita, H. Tokuno 
& K. Kuba* First Dept. of Physiology* Nagoya Univ. Sch. Med.. Nagoya 466-8550. 
Japan.

Fast excitatory postsynaptic potentials (íEPSP) were recorded by an intracellular 
recording technique in a low Ca2+, high Mg2+ solution. Their quantal content and size 
were analyzed by a failure or variance method. A relatively short tetanus (50 pulses) of 
50 Hz to the preganglionic nerve produced the enhancement of the amplitude and 
quantal content of fEPSP lasting for one to one and half hours. When the duration of a 
conditioning tetanus (50 Hz) was increased to 100 pulses, two distinct phases of long-
term potentiation (LTP) appeared. Following the initial potentiation of fEPSP and the 
subsequent period of no potentiation for 20 to 30 min, the amplitude of fEPSP increased 
again. This late phase of LTP was accompanied by increases in both quantal content and 
size, and lasted for more than 8 hours. Tetanus of 300 pulses at 50 Hz consistently 
caused both the initial and late phases of LTP. which were interrupted by a period of no 
potentiation. Thus, the initial phase of LTP are predominantly induced by an increase in 
transmitter release from the presynaptic nerve terminals, while the late phase is 
expressed by both the pre- and post-synaptic mechanisms. The initial phase of LTP 
could be caused by the activation of Ca/calmodulin-dependent protein kinase II and 
subsequent protein phosphorylation (Minota et al.. 1991, J. Physiol. 4.35. 421-438). 
while the late phase appears to be produced by the activation of a much slow er process, 
such as protein synthesis.

620.19

Heterogeneity of gap junctional communication between indiv idual 
afferents and a common target neuron. Pereda, A.*, Smith, M., and Faber 
D .S. Allegheny University of the Health Sciences, Philadelphia, PA 19129.

Auditory afferents terminate as mixed, single, ’’large myelinated club 
endings” (LMCE) on the lateral dendrite of the goldfish Mauthner (M-) cell. 
This group of afferents undergoes activity-dependent potentiations (LTP) of 
not only their chemically-mediated EPSPs but also the gap junction-mediated 
electrical EPSPs. Using simultaneous pre- and postsynaptic recordings we 
have found that, in control conditions for each fish, unitary electrical EPSPs 
vary in amplitude, from 0.25 to 2 mV (n=55). This finding most likely reflects 
the highly dynamic nature of electrical transmission at these fibers and results 
from different functional states of gap junctions between individual LMCEs 
because: i) no correlation was found between electrical EPSP size and its 
time to peak, ii) HRP injections showed that both small and large electrical 
EPSPs belong to LMCEs terminating in the distal portion of the lateral 
dendrite, iii) intradendritic injections of the tracer Neurobiotin revealed 
dissimilar staining of LMCEs in the same fish. Furthermore, tetanization of the 
posterior VIIIth nerve modified the amplitude of the unitary electrical EPSPs. 
However, the degree and sign of the modification of the unitary electrical 
EPSP did not necessarily correspond to the potentiation of the population 
electrical EPSP (n=7). That is, individual modifications presumably reflected 
the previous functional state of the specific afferent connection. Finally, Vlllth 
nerve tetanization increased the number of LMCEs detected by dye 
coupling. For this purpose neurobiotin was injected in both M-cells after only 
one of the Vlllth nerves was tetanized (n=5). The ratio between non- 
tetanized vs. tetanized side was 0.5 (+/-0.67 SEM, p<0.005).

These results demonstrate that the degree of gap junctional 
communication between a neuron and a population of coupled neighbors is 
heterogeneous and subject to dynamic modulatory control.

(Supported by NIH grants DC03186 to A.P., and, NS15335 to D.S.F.)

620.16
Potentiation of spontaneous excitatory postsynaptic currents by high frequency 
stimulation in the rat supraoptic nucleus in vitro. S.B. Kombian1*, M. Hirasawa2, D. 
Moueinot2, X. Chen2 , L. Bauce2 and Q.J. Pittman2. 1 Faculty of Pharmacy, Kuwait 
University, Safat, Kuwait& 2 Neuroscience Research Group, University of Calgary, 
Calgary, Canada.

High frequency afferent stimulation (HFS) of high cortical centres, such as the 
hippocampus, leads to LTP, an enhanced synaptic transmission that lasts several minutes 
to hours. The supraoptic nucleus (SON) is a hypothalamic nucleus whose output is 
strongly controlled by afferent inputs. We tested if HFS of excitatory afferents to this 
nucleus would lead to changes in synaptic strength as in the hippocampus. By using 
whole-cell nystatin perforated patch technique, we examined the effects of HFS on 
spontaneous EPSCs (sEPSCs) in biophysically identified magnocellular and 
parvocellular neurons in the SON.

The sEPSCs recorded in the SON were insensitive to TTX and thus were also pure 
miniature EPSCs. HFS of 100Hz for 1sec consistently and repeatedly induced a short 
term potentiation (STP) in >95% of magnocellular neurons but not in parvocellular 
neurons (n=7) tested. sEPSC frequency showed an initial large enhancement 
(3141±615%; n=15) similar to LTP, then gradually returned to baseline within 20min. 
sEPSC amplitude also increased. Increases in sEPSC frequency were observed at 
stimulation frequencies ranging from 10 to 200Hz. At 100Hz and over varying train 
durations, there was also a strong correlation between number of pulses and duration of 
STP (r=0.87). The induction, but not the maintenance, of this STP was blocked by TTX 
lµM (n=6). The excitability of magnocellular neurons (as determined by action potential 
frequency at threshold) was increased during STP (2.4±1.7 vs. 6.1± 1.9, p<0.05; n=6).

Thus, HFS of excitatory afferents to the SON magnocellular (but not parvocellular) 
neurons leads to STP of sEPSC frequency, leading to an increase in the excitability of 
magnocellular neurosecretory neurons. (Supported by MRC)

620.18
CALCIUM  D EP E N D E N T  IN D U CTIO N  O F IN H IBITO RY  L T P  TH A T 
U N D ERLIES AUDITORY CONDITIONING O F G O LD FISH  ESCA PE 
R E S P O N S E  Y . Oda*, M . Takahashi, H . M atsui and K . K aw asaki 
Div. of Biophysical Engineering, G raduate School of Engineering Science, 
O saka Univ., M achikaneyam a 1-3, Toyonaka, O saka 560-8531, Jap an  

A link between long-term potentiation (LTP) and behavioral 
modification was dem onstrated in  goldfish M authner (M-) cell recently.
The glycinergic inhibitory synapse of the auditory pathw ay to the M-cell 
can be potentiated in vivo by n a tu ra l acoustic stim ulus. Comparable 
acoustic stim ulation produced a parallel decrease in  the probability of the 
sound-evoked escape reflex initia ted by M-cell firing (Oda et al., Nature , in 
press). Here we studied the mechanism s th a t m ediate sound-induced 
LTP. Repeated tone bu rs t (50ms of 500Hz, every 4s for 3min), w ith 
intensity (90-100dB) subthreshold for M-cell firing, induced a long-lasting 
(>40min) increase in inhibitory postsynaptic current (by 45±11%, n=6, 
p<0.01, t-test) or relative inhibitory synaptic conductance (r’=Gipsp/Gm, 
63±15%, n= 17, p<0.001) in  the M-cell. D uring tone burst, a large 
depolarization (10-20mV) was observed in the la tera l dendrite, 150-350 
µm  from the soma. Clam ping the soma a t -95 to -105mV during  the 
conditioning (4.8±2.4%, n=9, p>0.08) or superfusing the brain with d,l-AP5 
(100µM; -1.1±4.l%, n= 11, p>0.7), prevented the LTP of r ’. W hen a 
calcium chelator, BAPTA (1.5-5mM), was injected into the M-cell, r ’ was 
not significantly increased (4.7±7.7%, n=5, p>0.5). Furtherm ore, confocal 
microscopy analysis showed th a t the repeated tone bu rs t produced a 
fluorescence increase (6.3±0.6%, p<0.01, n= 11) in  M-cells of zebrafish 
larvae th a t were retrogradely labeled w ith a Ca indicator, calcium green. 
The fluorescence increase was not observed (-2.0±1.0%, n=26) under b a th  
application of AP5(100µM). Taken together, these findings suggest th a t 
the sound evoked Ca-increase in the M-cell, m ediated by NMDA-type 
glutam ate receptors, is involved, a t least in part, in  the induction of the 
inhibitory LTP. [Supported by Japan MESSC Grant #09260218 to Y. O. ]
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621.1

N O R E P IN E P H R IN E  M O D U L A T E S  H V A  C A L C IU M  C H A N N E L S  
V IA  M U L T IP L E  P A TH W A Y S  IN C O R T IC A L  P Y R A M ID A L  C E LLS .
S.D. Timmons*, and R.C. Foehring, Department of Anatomy and 
Neurobiology, University of Tennessee, Memphis, TN 38163 

Noradrenergic modulation in cortex is thought to play an important role in 
modifying states of alertness, and may be involved in such processes as 
learning and information processing. Previously we found that Ca2+ currents 
were modulated by α2 and β (not α1) agonists and that these effects were 
prevented by α2 and β antagonists (Foehring & Lorenzon, Soc. Neurosci. 
Abstr., 1993). To examine the mechanisms underlying these modulations, 
we performed whole cell recordings in acutely isolated pyramidal neurons 
from rat cortex. The α2-modulation was rapid, whereas the β-modulation 
was slow. A rapid β-mediated component was also seen in some cells. The 
α2-modulation appeared to be membrane-delimited and voltage-dependent. 
The ß-modulation appeared to have both voltage-dependent and voltage- 
independent components. These results support the hypothesis that β - 
agonist modulation occurs via two pathways, one membrane-delimited 
(voltage-dependent, rapid), and the other cytoplasmic (voltage-independent, 
slow). This component is likely mediated by the protein kinase A pathway 
(Pineda and Foehring, Soc. Neurosci. Abstr., 1995). To determine if the 
Gi/Go subclass of G-proteins was involved, we tested cultured cells with 
pertussis toxin and acutely dissociated cells with n-ethylmaleamide (NEM). 
Gi/Go G-proteins mediated the α-2 effect but not the β-effect. We assessed 
which subtypes of calcium channels were modulated by application of type- 
specific toxins (nifedipine, ω-agatoxin IVA, ω-conotoxin GVIA), as well as by 
evaluating for tail current modulation in the presence of BayK-8644, an L- 
type calcium channel agonist. This work was supported by NIH Grant 
RS33579 (RCF).

621.3

PERTUSSIS TO X IN-IN SEN SITIV E M U TA NTS OF G-PROTEIN, 
G αo/i RECONSTITUTE V O LTA G E-D EPEN DEN T INHIBITION  
OF CALCIUM  CURRENTS IN RAT SYM PATHETIC NEURONS. 
S.W . Jeon g1, R .S. A ronstam 2* and S.R. Ikeda1. 1 Laboratory o f  
M olecular Physiology; 2Laboratory o f Neurobiology, Guthrie Research 
Institute, Sayre, PA 18840.

W e tested whether pertussis toxin (PTX )-insensitive mutants o f Gαo  
and G αi are capable o f reconstituting the Ca2+ current inhibition  
mediated by activation o f different receptors. G αo and G αi were 
rendered PTX-insensitive by mutating cysteine to glycine at the fourth 
position from the C-terminus. The mutants were coexpressed with G β1γ2 
subunits by intranuclear injection o f CMV-driven plasmids into PTX- 
treated rat sym pathetic neurons. V oltage-gated  Ca2+ currents were 
measured using the w hole-cell variant o f the patch clamp technique. In 
control neurons, all tested  agonists in clud ing adenosine, NE, 
prostaglandin E2 (PGE2), and somatostatin significantly inhibited the 
Ca2+ currents via P T X -sen sitive pathway. W hen heterologously  
exp ressed , both G o A (C 3 5 1G) and G o B (C 3 5 1G) s ign ifican tly  
reconstituted the current inhibition by NE, PGE2, and adenosine. The 
som atostatin-induced inhibition was rescued by G oB (C 35lG ) and 
G i2(C 352G ). Interestingly, G i2(C 352G ) more effec tively  coupled  
adenosine receptors to the Ca2+ channels than G oA/B mutants. Taken 
together, these data suggest that although both G αo and G αi subunits 
can m ediate the Ca2+ current inh ib ition , sp ecific  Gα-receptor 
combinations are required for more efficient coupling.
Supported by NIH grants GM 56180 and NS 37615.

621.5

M ULTIPLE C O M BIN ATIO N S OF G-PRO TEIN β γ  SU BU N ITS  
PR O D U CE V O LTA G E-D EPEN D EN T INH IBITION OF N -TYPE  
C A L C IU M  C H A N N E L S  IN R A T SU P E R IO R  C ER V IC A L  
GANGLION (SCG) N EURONS. V.J. Ruiz-V elasco* and S.R. Ikeda. 
Laboratory o f Molecular Physiology, Guthrie Research Institute, Sayre, 
PA 18840.

Recently, it has been reported that the G βγ dimer is responsible for 
the voltage-dependent (V D ) inhibition o f mammalian N -type Ca2+ 
channels. To determine which Gβγ subunits produce VD inhibition, we 
heterologously overexpressed several com binations o f G β  and Gγ 
subunits in SCG neurons by intranuclear m icroinjection o f plasmid 
cD N A  containing inserts coding for the desired subunit. Injected  
neurons were assayed using w hole-cell voltage-clam p to determine if  
basal facilitation (i.e ., tonic inhibition in the absence o f  agonist) 
increased. Control neurons had a basal facilitation  o f  l.3± O .l 
(mean±SE). In neurons coinjected with β 1γ2, β2γ2, β3γ4, β3γ5 or β5γ2 
cD N A s (0.1 µg/µ l), basal facilitation was significantly increased (range 
2 .1 -2 .7 ). Injection o f G β  or G γcD N A  alone had no significant effect on 
basal facilitation. Since the interaction between G β 3 and various Gγ 
subunits has been reported to be weak or absent, we further examined 
combinations o f G β 3 and Gγ subunits (2, 3, 4, 5, 7, and 12) at a 10-fold 
less cD N A  concentration (0.01 µg/µl). In these experiments, mean basal 
facilitation  for control neurons was 1.2± 0 .0 3 whereas in Gβ3γ- 
expressing neurons basal facilitation ranged from 1.8 to 2.1. These data 
suggest that multiple com binations o f G β γ  dimers, including those 
comprised o f G β 3, are capable o f producing V D  inhibition o f N-type 
Ca2+ channels. Supported by NIH grant GM 56180.

621.2
GLYCINE REVERSES THE MUSCARINIC MODULATION OF Ca2+ 
CURRENTS IN RAT SENSORIMOTOR NEOCORTICAL PYRAMIDAL 
CELLS A.E. Stewart* and R.C. Foehring. Dept. of Anatomy and Neurobiology, 
Univ. of Tcnn., Memphis, TN 38163

Previously we have shown that muscarine reversibly reduces the Ca2+ channel 
current by two distinct pathways in rat sensorimotor pyramidal cells. We recently 
observed that the combination of N-mcthyl-D-aspartaie, (NMDA: 1µM), and 
glycine (1µM) can reverse the membrane-delimited muscarinic modulation (isolated 
by recording with internal chelation). The modulation returned after glycine and 
NMDA were removed. The combination of glycine and NMDA either reversed or 
prevented the modulation in the presence of the NMDA receptor antagonist APV, 
suggesting that NMDA receptor activation was not required. Consistent with this 
hypothesis, NMDA alone did not affect the muscarinic modulation while glycine 
reversed or prevented the modulation without directly affecting Ca2+ currents. 
Therefore, it is glycine that induced the reversal of the muscarinic modulation.

We hypothesize that glycine acts as a negative allosteric modulator of muscarinic 
receptors. Glycine’s effect was dependent on dose and was at least partially 
mimicked by serine or taurine. We also tested (1) the effects of glycine on the 
cytoplasmic pathway activated by muscarine as well as membrane-delimited 
modulations mediated by other ncurotransmiltcr receptor subtypes ( 5HT1A and 
α2), (2) the effects of other compounds known to interact with various glycine 
binding sites (e.g. strychnine, 7-chlorokynurenic acid, etc.). Supported by 
NS33579 to R.C.F. & MNFP to A.E.S.

621.4

HETEROLOGOUS EXPRESSION OF A PERTUSSIS TOXIN S 1 
S U B U N IT  FU SIO N  C O N ST R U C T  D ISR U P T S C A LC IU M  
CHANNEL MODULATION IN RAT SYMPATHETIC NEURONS. 
M.M. K ing, S.W. Jeong, V.J. R uiz-V elasco, P.J. Kammermeier, C.L. 
W illiam s* and S.R. Ikeda. Laboratory o f  M olecular Physiology, 
Guthrie Research Institute, Sayre, PA 18840.

D NA  encoding the S 1 subunit (an NAD-dependent ADP-ribosyl- 
transferase) o f Bordetella  pertussis toxin (PTX) was ligated into the 
plasmid pEGFP-C 1 (Clontech) to form the fusion construct pEGFP- 
PTX. Injection o f pEGFP-PTX (100 ng/µl) into the nucleus o f  
dissociated rat sympathetic neurons resulted in functional expression  
as determined from the diffuse green fluorescence and disruption o f  
N-type Ca2+ channel modulation. In control (uninjected) and pEGFP- 
PTX expressing neurons, norepinephrine inhibited Ca2+ currents by 
57±6 (n=5) and 10+6% (n=4), respectively. Sim ilar results were 
obtained from neurons injected with 0 .1 -1 0  ng/µl pEGFP-PTX. The 
expressed toxin retained specificity for Gi/o-dependent pathways as 
VIP-mediated modulation o f Ca2+ channels (via Gs) and muscarine- 
mediated inhibition o f M-type K + channels (via Gq/11) persisted in 
pEGFP-PTX expressing neurons. These data demonstrate that the S 1 
subunit o f  PTX is readily expressed in mammalian neurons and 
remains functional follow ing fusion to the C-terminus o f another 
protein. Using this strategy, it should be possible to target PTX to 
discrete subcellular domains by fusing the PTX S 1 subunit to the C- 
terminus o f G protein-coupled receptors.

Supported by grants GM 56180 and NS 37615 from the NIH.

621.6

E X PR E SSIO N  OF R G S2 M O DIFIES THE C O U PLIN G  OF 
METABOTROPIC GLUTAM ATE RECEPTOR lA  (m G luR 1a) TO 
N-TYPE CALCIUM A ND M-TYPE POTASSIUM CHANNELS. S.R. 
Ikeda* Laboratory o f  M olecular P hysio logy , Guthrie Research  
Institute, Sayre, PA 18840.

Application o f 100 µM  L-glutamate (GLU) produced inhibition of 
both N-type Ca2+ and M-type K+ channels in rat sympathetic neurons 
expressing the group I metabotropic glutamate receptor, m G luR 1a. 
Following pertussis toxin (PTX) pretreatment, Ca2+ current inhibition 
was primarily voltage-independent as measured by prepulse voltage 
protocols. C o-expression o f RGS2, a member o f the regulator o f G 
protein signaling fam ily, converted the inhibition to a voltage- 
dependent form. Prepulse facilitation and current inhibition (in PTX- 
treated neurons) during GLU application in the absence or presence o f 
RGS2 expression was 1.1± 0.1 vs. 1.5±0 .1 , and 34±4 vs. 33±5% (n=4), 
respectively. The voltage-dependent inhibition induced by RGS2 
expression was also present in neurons treated with both PTX and 
cholera toxin. Calcium current inhibition in non-PTX treated neurons 
produced by application o f norepinephrine or VIP was unaffected by 
RGS2 expression. In addition, RGS2 expression abrogated m GluR1a- 
mediated M-current inhibition. M-current inhibition produced by GLU 
in control and RGS2 expressing neurons was 69±9 and 7.4±5% (n=4), 
respectively . These data are con sisten t with R GS2 interacting  
selectively  with the activated (i.e ., GTP-bound) form o f a PTX- 
insensitive G α such as G αq or G α 11.

Supported by grants GM 56180 and NS 37615 from the NIH.
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621.7

HOM ER ALTERS M ETABOTROPIC GLUTAM ATE RECEPTOR 
IN H IBITIO N  OF CALCIUM  C U R R E N T . P.J. Kamm erm eier†*, B . 
X iao‡, J. Tu‡, P .F . W orley ‡ and S .R . Ikeda†. †Laboratory of 
Molecular Physiology, Guthrie Research Institute, Sayre, PA 18840. 
†Department o f N euroscience, Johns H opkins U niversity School of 
M edicine, Baltim ore, M D 21205.

Sympathetic neurons from  the rat superior cervical ganglion (SCG) 
do not natively express metabotropic glutamate receptors (mGluRs) 
and bath applied glutamate does not alter calcium  currents in these cells 
(Ikeda et al., N euron, 1995, 14: 1029). H ow ever, following nuclear 
injection o f m G luR 1a cD N A, calcium currents were inhibited 54% by 
100 µM  L-glutamate (n = 15). W e tested the ability o f the original IEG 
form o f H om er (H -1a; Brakeman et al. Nature, 1997, 386: 284), as 
well as several novel m embers o f this protein family (H-1 splice 
variants, H-2 and H-3), to alter glutam ate receptor inhibition of calcium 
currents. The H om er family o f proteins bind to m G luR 1a/5 and are 
believed to play a role in cellular protein distribution. W e have found 
that H -2b, when coexpressed with m G luR 1a, reduces calcium current 
inhibition by L-glutamate to 7% (n = 11). Inhibition in the presence of 
other H om er isoform s (H -1a, - 1c, -3) was also decreased. Finally, we 
noticed that w hen H -1c was coexpressed w ith an m G luR 1a-EGFP 
fusion construct (G FP fused to the C-term inus o f m G luR 1a) in SCG  
neurons, the distribution o f the receptor appeared to be altered. These 
data indicate that expression o f H om er disrupts m G luR 1a-mediated 
modulation o f  ion channels. Supported by grant NS 37615 (SRI) and 
DA 10309 (PFW ) from  the NIH.

621.9

VOLTAGE-INDEPENDENT G-PROTEIN MEDIATED MODULATION OF Ca2+ 
CURRENTS OCCLUDES AND REVERSES SOM VOLTAGE-DEPENDENT 
MODULATION. L. Polo-Parada, G. Pilar*. Case Western Reserve University, 
Medical School, Dept. of Neurosciences, Cleveland, OH.

We previously demonstrated that ACh release by KC1 depolarization was inhibited 
by SOM and opioids. In this study we analyze the modulation of SOM and opioids 
on Ca2+ channels, and how more than one peptide modulates Ca=∙ channels. Total 
Ca2+ currents (Ica2+) were recorded from isolated neurons (St. 40) with whole cell 
and perforated patch voltage-clamp. Application of SOM (100 nM) induced a 40- 
60% block of ICa2+ with kinetic slowing. The specific K-agonist (U-50488) 
inhibited this current 5-40% and µ-agonist (DAMGO) 2-30% with a characteristic 
inactivation time course. PTX blocked Som and opioid modulation, suggesting 
that these peptides modulate Ca2+ channels via G-proteins. When opioids were 
applied after SOM they reversed the effect of SOM by releasing the block on the 
ICa2+. Prior application of opioids prevented the modulation by SOM. These two 
phenomena has been termed demodulation. Application of NOR-BNI (10 µM), 
prevented the de-blocking effects of the κ-agonist, but did not prevent SOM 
modulation on the Ica2+, showing that opioids are not competing for the SOM 
receptor. Addition of GTP-analogues such as GTP-γ-s and Gpp(NH)p induced a 
block of the ICa2+ which could not be demodulated by opioids. Therefore, 
demodulation is not due to a competition of the G-proteins subunits for the same 
Ca2+ channel binding site. Double prepulse-facilitation released the block of the Ca2+ 
induced by SOM but not by κ and µ-agonists, demonstrating a voltage dependent 
G-protein inhibition by SOM and not by opioids. Demodulation during the double 
prepulse-facilitation resulted in an exchange of voltage-dependent inhibition by 
SOM to a voltage independent block by opioids. Therefore, we postulate that this 
Ca2+ channel modulation may be attributed to exchange of the G-protein subunits. 
Partially supported by NIH-NS-10338.

621.11

INFLUENCE OF AUXILIARY SUBUNITS ON SINGLE CHANNEL 
PROPERTIES OF CALCIUM CHANNEL α 1 SUBUNITS CO-EXPRESSED IN 
COS7 CELLS 
A. Meir, E. Fitzgerald and A. C. Dolphin. Dept. of Pharmacology, UCL, Gower 
Street, London, WC1E 6BT UK.

Voltage dependent calcium channels (VDCCs) are heteromeric proteins composed 
of a pore forming α1 subuint an intracellular β and a membrane spanning but mainly 
extracellular α2-δ. Expression of VDCCs in COS7 cells yields channels with 2 main 
conductance modes which have different voltage dependencies1 .

We examined the influence of the accessory subunits on the single channel 
properties of α 1B, which is probably one of the channels involved in synaptic 
transmission. The single channel conductance of both the large and small modes was 
not affected by the subunit composition and was 5-6 pS and 13-19 pS (depending on 
the voltage range) respectively. We analysed only patches which were confirmed as 
single channel patches 2 as observed for the large mode. The number of patches 
acquired were: α 1B (7), α 1B-α2-δ (4), α 1B-β2a (7) and α 1B-α2-δ-β2a (5). The 
open probability (Popen) of the small conductance mode was up to 10%, and not 
significantly different for the different compositions. For the large mode Popen for 
αlB, α 1B-α2-δ, α 1B-β2a and α 1B-α2-δ-β2a maximal values were: 6%, 22%, 55% 
and 76% respectively. These differences in Popen arise from attenuation of partial 
inactivation of αlB  and αlB-α2-ô ensemble currents by β2a, decrease in the 
latency to first opening in the combinations including β2a and increase in the mean 
open time (for α 1B and α 1B-β2a: 3.2 ms and 9.7 ms respectively).

The effect of β2a co-expression on α 1B is not restricted to increase in the number 
of channels expressed 3 , rather it also modifies the biophysical properties of α 1B 
channels (supported by Wellcome Trust).
1. Meir, A. & Dolphin, A. C. (1998). Neuron 20, 341-351.
2. Colquhoun D. & Hawkes A. G. (1995). In Single channel recording, B Sakmann, 
and E Neher, eds. (New York: Plenum Press), 397-482
3. Brice, N. L., Berrow, N. S., Campbell, V., Page, K. M., Brickley, K., Tedder, I., & 
Dolphin, A. C. (1997). Eur J  Neurosci. 9, 749-759.

621.8
CYTO PLASM IC ALTERA TIO NS IN THE V O LTAG E-DEPENDENC E  
OF G PRO TEIN-M EDIATED INHIBITIO N OF N-TYPE Ca2+ 
CURRENT IN PARASYM PATHETIC NEURO NS. J.E. Simples Jr.* & 
S.D. Meriney. Department of Neuroscience, University of Pittsburgh, 
Pgh, PA 15260.

In this study, we have examined the voltage-dependence of 
somatostatin-mediated modulation of N-type calcium currents in 
acutely dissociated (stage 40) chick parasympathetic ciliary ganglion 
neurons. Previously, we have reported that some characteristics of 
somatostatin-mediated inhibition of calcium currents are altered by 
whole-cell dialysis of the neuronal cytoplasm, and that inhibitors of 
cyclic GMP-dependent kinase (PKG) can mimic cytoplasmic dialysis 
(Meriney et al., 1994, Nature 369: 336-9). This prompted us to 
investigate the possibility that alterations in the voltage-dependence 
of inhibition might be mediated by cytoplasmic messengers. Strong 
voltage pulses (to +100 mV for 30 msec) did not reveal a significant 
difference in voltage sensitivity between PP and WC recordings. 
However, there was a shift in the sensitivity of modulated current to 
moderate prepulses such that weaker voltages (-20 to +35 mV) and 
shorter prepulses (1 to 4 ms) could relieve significantly more inhibition 
when cytoplasmic messengers were lost. In contrast, there was little 
difference in relief of inhibition between PP and WC recordings when 
the interval between the prepulse and test pulse was varied. These 
studies demonstrate that a cytoplasmic pathway alters the voltage- 
dependence of modulated calcium current, but not the reblock 
kinetics. Supported by NIH NS32345 and a Grant-in-Aid from the 
American Heart Association.

621.10
INVOLVEMENT OF THE N-TERMINAL TAIL OF NEURONAL CALCIUM 
CHANNELS IN G-PROTEIN MODULATION C. Canti, K.M. Page, G.J. Stephens,
N.S. Berrow and A.C. Dolphin*. Dept. Pharmacology, University College London, 
Gower Street, London WCIE 6BT, U.K.
The molecular determinants for G-protein regulation of neuronal calcium channels 

remain controversial. We have generated a series of α 1B/α1E chimeric channels, 
since rat brain α 1E (rbEII), unlike human α 1E, showed no G protein modulation (1). 
The study, carried out in parallel using D2 receptor modulation of calcium currents 
in Xenopus oocytes or Gβγ modulation of calcium currents in COS-7 cells, 
consistently showed an essential role for domain I (from the N terminus to the end of 
the I-II loop) of the α1B Ca2+ channel in G-protein regulation, with no additional 
effect of the C terminal of αlB. The I-II loop alone of αlB, or the I-II loop together 
with the C terminal tail, was insufficient to confer G protein modulation on 
α 1E(rbEII) (2). We have further observed that the rat α 1E clone rbEII is N- 
terminally truncated compared to human and mouse α 1E, or to α 1B, and we isolated 
a PCR product from rat brain equivalent to a longer 5 ’ isoform, corresponding to an 
additional 50 amino acids. The long N-terminal α 1E, unlike the short form, showed 
G-protein modulation, although to a smaller extent than α 1B. When the 
corresponding N terminal region from αlB  was added to rbEII, the resultant chimera 
showed modulation intermediate between that of α 1E(long) and α 1B. Furthermore, 
the equivalent truncation of α 1B (ΔNl-55) abolished G protein modulation of α 1B 
(3). Thus, we propose that the N-terminal 50/ 55 amino acids of the α 1E/α1B 
calcium channels respectively, contain essential molecular determinants for 
membrane-delimited G-protein inhibition, and that in the absence of this region, 
other domains, including the I-II loop and the C-terminus are ineffective at 
conferring G protein modulation. (Supported by Wellcome Trust)
1. Page, K.M. et al. (1997). J. Neurosci. 17, 1330-1338.
2. Stephens, G.J et al., (1998) J. Physiol 509, 163-170
3. Page, K.M. et al., (1998). J. Neurosci. in press.

621.12

KINETIC CHANGES IN CA2+ AND K+ CURRENT MODULATION BY 
G-PROTEIN-COUPLED RECEPTORS IN NEURONS FROM G αo
KNOCKOUT MICE. G.J. Greif1*, U. Mende2, E.J. Neer2 and B .P.Bean1 
1Dept. Of Neurobiology and 2Cardiovascular Division, Brigham and 
Women’s Hospital, Harvard Medical School; Boston, MA 02115.

We studied transmitter modulation o f ion channels in mice lacking both 
isoforms of Gαo (Valenzuela et al., PNAS. 94:1727,1997). In hippocampal 
CA3 neurons of Gαo -/- mice, baclofen and 2-chloro-adenosine (2-CA) in
hibited Ca2+ currents and activated inwardly rectifying K+ currents, with 
magnitudes of effects indistinguishable from wild-type litter-mates (wt). 
However, recovery kinetics from transmitter effects were greatly slowed. In 
SCG neurons of Gαo -/- mice, Ca2+ current inhibition by norepinephrine 
(NE), somatostatin, and 2-CA was similar to wt, but again had slowed re
covery kinetics. Magnitude and kinetics of VIP effects, which uses Gs, were 
unchanged in Gαo -/- mice. PTX abolished >90% of the inhibition by 
somatostatin and 2-CA of Ca2+ currents in G αo (similar to wt), suggesting 
that a Grprotein mediates this effect in Gαo-/-. In contrast, ~60% of the NE- 
mediated inhibition was PTX-insensitive in Gαo-/- (~40% in wt). Effects of 
VIP were not affected by PTX in either G αo-/- or wt. Our results suggest that 
in the absence of Go, other G-proteins can effectively mediate the fast, 
membrane-delimited neurotransmitter effects on ion channels in CA3 and 
SCG neurons. The slowed recovery kinetics might reflect different GTPase 
acitvity of substituting G-proteins, different interactions with RGS proteins, 
or the effects o f a diminished amount of βγ. (NIH HL35035 and HL52320)
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621.13
M O D U L A T IO N  O F N -T Y P E  C A L C IU M  C H A N N E L S  B Y  PR O T E IN  K IN A S E  C, 
C urtis F. B arrett1* and A nn R. R itten h o u se1,2, 1Program  in C ellu lar and M olecu lar  
P h y sio lo g y  and 2Program  in N eu ro sc ien ce , U n iversity  o f  M assach u setts M edical 
C enter, W orcester, M A  0 1 6 5 5 .

P hosphorylation  is a w e ll-reco g n ized  m ech an ism  for regu lating  ion channel activity. 
P revious stu d ies have sh ow n  that G T P -b in d in g  proteins (G -p rote in s) a sso c ia te  w ith  N - 
typ e ca lc iu m  ch an n els and can to n ica lly , or by recep tor-m ed ia ted  activation , inhibit 
w h o le -c e ll barium  currents (Sw artz. 1993. Neuron. 11 :305). S u b seq u en t phosp h ory la 
tion by protein k inase C (P K C ) leads to a r e lie f  o f  G -protein  inh ib ition  (Z am poni et al. 
1997. Nature. 3 8 5 :4 4 2 ) . W e have  con firm ed  and further an a lyzed  the e ffec ts  o f  
activa tin g  PKC on w h o le -c e ll ca lc iu m  currents in acu te ly  d isso c ia ted  neonatal rat 
superior cerv ica l gan g lio n  neurons. T he experim ental approach w as to e lic it  w h o le 
ce ll barium  currents by a p p ly in g  vo lta g e  steps to + 1 0  m V  ev ery  tw o  or four secon d s  
from  a h o ld in g  potential o f  - 9 0  m V ; 0 .4  m M  G T P w as included  in the p ipette  
so lu tion . Bath app lication  o f  the PKC activator phorbol 12-m yristate 13-actetate  
(P M A , 5 0 0  nM ) led to  an ap proxim ate 30%  en h an cem en t o f  w h o le -c e ll current 
am plitude, and an increase in both activation  and inactivation  rates. T he w eak  PKC  
activator 4 -α -p h o rb o l 1 2 ,13-d id ecan oate (5 0 0  nM ) w as w ith ou t e ffec t, and ce lls  
pretreated w ith  the P K C -sp ec ific  inhibitor b is in d o ly lm a le im id e  (B L M , 100 nM ) w ere  
not a ffected  by su b seq u en t app lication  o f  PM A . P repu lses to + 8 0  m V  and/or  
substitu tion  o f  0.1 m M  G D P -β -S  for G T P  in the p ipette so lu tion  resulted  in the sam e  
en h an cem en t and k in etic  ch a n g es in w h o le  ce ll currents as ob served  w ith  PM A . T hese  
results support the m odel that r e lie f  o f  G -protein  inh ib ition  can accou n t for the 
am plitude and k inetic  ch an ges in w h o le -c e ll ca lc iu m  currents observed  w hen  PKC is 
activated  by PM A . H ow ever , it rem ains unclear w hether ph osp h orylation  o f  the 
ch an n el has any direct e ffec ts  on channel gating . T o  address th is, w e  exam in ed  the 
v o ltage  d ep en d en ce  o f  N -ty p e  channel activation  under a variety  o f  con d ition s. In the 
ab sen ce  o f  G -protein  activation  (b y  substitu ting  0.1 m M  G D P -β -S  for G T P ), neither  
activation  nor inh ib ition  o f  PKC caused  a ch an ge  in the activation  curve, su ggestin g  
that p h osphorvlation  by PKC d o es not affect N -ty p e  channel activation . Supported by 
N IH  (R 2 9 -N S 3 4 1 9 5 ).

621.15

PKC STIMULATION SLOWLY REVERSES G-PROTEIN ACTIVATION 
BY  INTERNAL AlF4 WHICH PARTIALLY PROTECTS THE TARGET 
OF PKC UNTIL 5-HT IS ADDED. YChen*,Y.D.Yao and N.J.Penington, 
Pharmacology. SUNY (HS.C.) Brooklyn N.Y. 11203.

The phorbol ester PMA decreases the inhibitory response to 5-HT o f  
calcium current in dorsal raphe neurons by activating the enzyme protein 
kinase C (PKC). Previous results indicated that the functional 
phosphorylation site may reside the G-protein. To test this hypothesis, we 
used the patch-clamp technique. Intracellular aluminofluride (AlF4) bypassed 
the receptors and stimulated the G-protein reversibly. PMA slowly and 
partially reversed the response to AlF4; consistent with a phosphorylation site 
on or downstream o f the G-protein. When AlF4 was present in the pipette, 
but PMA had not reached its maximum effect on AlF4 stimulation, 5-HT 
was applied for the first time and the response to 5-HT quickly waned before 
it was washed off. This effect resembled a desensitization (not normally 
observed). A lF4 appeared to competitively protect the target (G-protein) from 
PKC until 5-HT was added; this is evidence for an action o f  PKC on the G- 
protein and it appears to exclude an action on the channel. The off-rate o f  
G-protein binding, reflecting the affinity between the G-protein and calcium 
channel, was not changed by PMA. Partially uncoupling the receptor and G- 
protein with N -ethylmalemide did not alter the effect o f  GTP-γ-S. The 
voltage-independent component o f  5-HT inhibition, measured by analyzing 
tail currents was 28.9±7.7% o f  the response. PMA had a similar effect on 
both components o f  the response to 5-HT These results are consistent with 
an effect o f  PKC on the inactive state o f  the G-protein, releasing fewer 
activated G-βγ subunits. Supported by NIH grant MH5504101 to N.J.P.

621.17
AB N O R M A L T Y R O SIN E H Y D R O X Y L A SE EX PR E SSIO N  IN 
CEREBELLAR PURKINJE CELLS OF TOTTERING (TG/TG) MICE IS 
REGULATED BY L-TYPE CALCIUM CHANNELS. B.E. Fureman*, D.B. 
Campbell and E.J. Hess. Department of Neuroscience & Anatomy, The 
Pennsylvania State University College of Medicine, Hershey, PA 17033.
Ion channel mutations are emerging as a major cause of episodic neuropathy in both 
mouse and human. The neurological mouse mutant tottering displays abnormal 
behaviors including ataxia, spike and wave discharges resembling those observed in 
human absence epilepsy, and episodic motor convulsions. In addition, tyrosine 
hydroxylase (TH) is aberrantly expressed in cerebellar Purkinje cells of adult 
tottering mice. These behavioral and cellular abnormalities are a result of a point 
mutation in the α 1A subunit gene encoding P/Q-type voltage-sensitive calcium 
channels. Previous studies in our lab have shown that tottering mice exhibit a 
compensatory upregulation of L-type calcium channels in the cerebellum, and that 
administration of L-type calcium channel antagonists prevent the expression of 
tottering mouse motor convulsions. Here we demonstrate that the abnormal 
expression of TH in tottering mice can also be regulated using a specific L-type 
calcium channel antagonist, nimodipine. Tottering mutant mice were injected 
every twelve hours over a fourteen day period with either 10 mg/kg nimodipine or 
vehicle, and TH expression was assayed by in situ hybridization. Chronic 
nimodipine administration significantly reduced TH mRNA in the Purkinje cells of 
tottering mice compared to vehicle-injected tottering mouse controls. Although 
calcium responsive TH expression has been demonstrated in vitro, this study is the 
first to demonstrate that the expression of TH can be manipulated in vivo using 
pharmacological agents that affect L-type calcium channel activity. Supported by 
PHS NS33592.

621.14

BI-PHASIC MODULATION OF N-TYPE CALCIUM CHANNELS 
BY  PHORBOL ESTERS. A . Hasson* and T. P. Snutch Biotechnology 
Lab., Univ. o f  British Columbia, Vancouver, BC, V 6 T 1Z3, CANADA.

The phosphorylation of voltage-gated calcium channels has been proposed to affect 
their role in neuronal processes such as neurotransmission and learning and 
memory. While protein kinase C (PKC) has been shown to phosphorylate calcium 
channels, there have been conflicting reports as to the exact effect of PKC-dependent 
phosphorylation on channel activity. In some studies, treatment with phorbol esters 
enhances o1c L-, α 1B N- and α 1E-type calcium currents (1,2), while in other studies, 
a decrease in calcium current amplitude is related to PKC activation (3,4).

Utilizing a stable cell line expressing N-type calcium channels (α1B, βlb, α2δ), we 
investigated channel modulation using phorbol 12-myristate-13-acetate (PMA) as a 
PKC activator. The data shows that application of PMA has a dual effect in that it 
both inhibits and enhances N-type current amplitudes (IBa2+ ). At all concentrations 
tested (1-600 nM), PMA caused an initial rapid decrease in IBa2+ accompanied by an 
accelerated inactivation rate. At PMA concentrations between 5-200 nM. the 
decrease in IBa2+ was followed by a slower enhancement of IBa2+. The maximal 
increase in IBa2+ was achieved by application of 20-40 nM PMA. Above 80 nM. PMA 
mainly decreased IBa2+ and above 200 nM PMA. the only effect was a large stable 
inhibition of IBa2+(60-100% inhibition compared to controls). The data suggests that 
the activation of PKC by phorbol esters has a bi-phasic modulation of N-type 
calcium channels that is both highly concentration- and time-dependent.
References:- 1)- Yang and Tsien, 1993, Neuron 10, : 127-136. 2)- Stea, Soong and 
Snutch, 1995, Neuron 15,: 929-940. 3)- Rane et al„ 1989, Neuron 3,: 239-245. 4)- 
Redman et al., 1997, J. Physiol. (London), 501.1,: 41-48
Supported by the Medical Research Council o f Canada and the Human Frontier 
Science Program Organization.

621.16
Regulation of N-type Calcium Currents By Tyrosine Kinase in Human 
NT2-N NEURONS. A.P.J. King*1, and R.L. Macdonald1,2. Dept. Neurology, Dept. 
Physiology, University of Michigan Medical School, Ann Arbor, MI 48104.

Tyrosine kinases (TKs) may modulate calcium currents, and have been 
implicated in regulation of currents by G-linked receptor agonists in peripheral 
neurons and other cell types. Here we examined the effects of TK inhibitors on 
specific calcium currents and their regulation by baclofen (BAC) and norepinephrine 
(NE), in the human NT2-N neuronal cell line, which has a central neuron-like 
phenotype. Genestein (GEN), but not daiziden, maximally decreased basal barium 
currents (IBa++) evoked by a step to +5 mV from Vh -80 mV by 51 ± 4% (EC50 35 
µM). Inhibition was rapid and reversible (t1/2 approx. 30 sec), and did not affect the 
voltage-dependency of activation. In contrast to inhibition of IBa++  by BAC and NE, 
GEN did not appreciably slow activation kinetics. Prepulses to +180 mV relieved 
75-90% of inhibition of IBa++ by BAC and NE, but relieved only 10-15% of GEN 
inhibition. The N-channel blocker ω-conotoxin GVIA substantially occluded 
inhibition by subsequent 100 µM GEN, which led to only a further 10 ± 4% decrease 
of total in current. In contrast, the L-blocker nifedipine was additive in effect with 
GEN, suggesting that GEN acted on N- but not L-type channels in these neurons. 
Specific inhibitors of MEK (PD98059) and hck/fyn/lyk (PPl) TKs did not inhibit 
IBa++, whereas the p140c-trk inhibitor tyrphostin AG879 inhibited IBa++ by 30% (EC50 
= 15 µM). Although GEN as well as BAC and NE all appeared to inhibit N-type 
calcium currents, 100 µM GEN did not attenuate the ability of the agonists to inhibit 
IBa++ amplitude or to slow the rate of activation of IBa++ in the residual current. 
Thus while endogenous tyrosine kinase activity appeared to regulate calcium current 
dynamically, it did not appear to be involved directly in the coupling of G-linked 
receptors to calcium channels in these human neurons.
Supported by NIDA Grant R01-DA0412211 (R.L.M.) and NI DA Postdoc Fellowship 
2T32DA07268 (A.P.J.K.)

621.18
INSULIN-LIKE GROWTH FACTOR-1 (IGF-1) ENHANCES
SKELETAL MUSCLE L-TYPE CALCIUM CHANNEL EXPRESSION. 
Zhong-Min Wang,1 María Laura Messi1 and Osvaldo Delbono1,2 *. 1Dept. 
of Physiology and Pharmacology; 2 Dept. of Internal Medicine, Wake 
Forest University School of Medicine; Winston-Salem, NC 27157.

We recently demonstrated that hypersecretion of IGF-1 exclusively in 
skeletal muscle increases the number of dihydropyridine-sensitive calcium 
channels in adult transgenic mice (Renganathan et al„ FEBS Let. 417:13- 
16, 1997). In the present work we explored whether IGF-1, a potent 
myogenic factor, stimulates L- type calcium channel gene expression and 
consequently potentiates charge movement. To test this hypothesis we 
applied a combination of whole-cell patch-clamp and T7-polymerase 
mRNA amplification techniques to single cultured rat skeletal myotubes. 
The maximum charge movement (Qmax) using a holding potential of -80 
mV and increasing depolarizing voltage steps (Delbono, J. Physiol. 451: 
187-203, 1992) was 21.8 nC µF-1. To isolate the L-type calcium channel 
charge movement, long depolarizing prepulses were applied to immobilize 
other channels gating currents. Qmax recorded using this protocol was 7.3 
and 12.5 nC µF-1 in control and IGF-1 (20 ng/ml), respectively. IGF-1 -  
dependent charge movement potentiation was not associated with 
significant changes in charge-voltage distribution. The cells exposed to 
IGF-1 that exhibited charge movement potentiation showed systematic 
increase in L-type calcium channel expression.

These results support the concept that the skeletal muscle L-type calcium 
channel gene and its functional expression is regulated by IGF-1 what may 
have significant impact on excitation-contraction coupling at different 
ages. (Supported by NIH/NIA).
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621.19
CALCIUM DEPENDENT ACTIVATION OF P TYPE CALCIUM CHANNEL BY 
PYK2 MEDIATED PHOSPHORYLATION OF AN AUXILIARY SUBUNIT. H. 
Moreno1*, S. Ley3, J. Hernandez4, J. Schlessinger2, B. Rudy1 & R. Llinás1. 1Depts. 
Physiology/Neuroscience; 2Pharmacology, NYU School of Medicine, NYC; 3Dept. 
Neurobiology, The Weizmann Institute of Science, Rehevot, Israel, 4SUGEN Inc., Ca.

Protein kinase phosphorylation of voltage gated calcium channels (VGCC) 
activated by transmitters, trophic factors or peptides can provide an important 
neuronal regulatory mechanism . We examined the effectof PYK2 activation on the 
properties of a putative P type calcium channel formed by the combination of α 1A, 
α2δ and β1b subunits. PYK2 is a calcium sensitive protein tyrosine kinase which is 
highly expressed in the CNS and is also activated by protein kinase C activation. 
293T cells expressing α 1A, α2δ and β1b were tested using whole cell patch 
clamping, before and after stimulation with the phorbol ester PMA (300 nM). Barium 
currents produced by this subunit combination were highly potentiated by PMA 
application. Cells expressing α 1A, α2δ, β1b and GFP-PYK2 responded similarly to 
PMA. The effectof PMA on α 1A, α2δ, β1b currents was abolished in cell 
coexpressing a kinase negative mutant of PYK2 (PKM) which is known to exert a 
dominant negative function (Lev, Nature 1995). When recorded under high fre< 
calcium the α 1A, α2δ, β1b channel showed a progressive current decay. In contrast 
cells cotransfected with the same combination plus PYK2 showed an initial decay , 
followed by recovery and then potentiation of the current. This phenomenon was not 
observed under barium supported currents or high intracellular EGTA concentrations. 
Currents were also supported by α 1A, α2δ and β2a or β3. However, PMA application 
had no effect. We next analyzed tyrosine phosphorylation of the different calcium 
channel subunits, by expressing constructs containing haemagglutinin tag, and 
immunoprecipitation with anti HA antibodies followed by blotting with anti phospho- 
tyrosine antibodies. Tyrosine phosphorylation of β1b was highly enhanced by PMA in 
cells cotransfected with PYK2. This data provides a potential mechanism for rapid and 
highly localized control of the presynaptic calcium channel (P type) in which calcium 
ions induce modulation of calcium currents by activation of PYK2 in a subunit 
specific manner. (Support: NS13742 to RL, NS30989, NS35215 to BR)

PO TASSIUM  C H A NN EL STRU C TUR E, FUNCTION AND EX PR ESSIO N  I

622.1
Regulation of Ca2+-activated K+ currents by target-derived TGF-β in 
chick ciliary ganglion neurons developing in vivo and in vitro.
Jill S. Cameron* and Stuart E. Dryer
Department o f  Biology and Biochemistry, University o f  Houston, 
Houston, TX 77204-5513

During development, the functional expression o f Ca2+-activated K+ 
channels (I KCa) in chicken ciliary ganglion (CG) neurons is regulated by 
trophic factors released from preganglionic nerve terminals, as well as 
from target tissues in the eye. Here we demonstrate, both in vitro and in 
vivo, that the target-derived factor is an isoform of TGF-β . We have 
previously shown that application o f an iris extract to CG neurons 
developing in vitro can stimulate functional expression o f IKCa Here we 
show that this stimulatory effect is blocked by a polyclonal pan-TGF-β 
neutralizing antiserum and mimicked by addition of recombinant TGF-β 1, 
but not TGF-β2 or TGF-β3, to CG neurons developing in vitro. These 
results are confirmed by in vivo studies in which intraocular injection of 
TGF-β1 resulted in full stimulation of IKCa in CG neurons at 
developmental stages before it is normally detectable. This stimulation 
was restricted to CG neurons ipsilateral to the injected eye. Further, 
intraocular injection of TGF-ß neutralizing antiserum inhibits normal 
increases in the functional expression o f IKCa in CG neurons developing in 
vivo. These data indicate that the functional expression of IKCa is regulated 
by target-derived TGF-ß. Supported by NS-32748.

622.2
TGF-ß promotes the functional expression of a specific type of Ca2+- 
activated K+ channel in developing chick ciliary ganglion neurons.
Loic Lhuillier* and Stuart E. Dryer
Department o f  Biology and Biochemistry, University o f  Houston, 
Houston, TX 77204-5513
The expression of Ca2+-activated K+ (KCa) currents in developing chick 
ciliary ganglion (CG) neurons requires interactions with target tissues in 
the eye. We have recently shown that TGF-ß is the target-derived factor 
responsible for this stimulatory effect. Here we show that this effect is 
exerted selectively on one type o f large-conductance KCa channel. Two 
large conductance KCa channels (45 pS and 115 pS with Ko = 37.5 mM 
and Ki = l5o mM) are expressed in CG neurons. These channels vary in 
their voltage- and Ca2+-dependence. Inside-out patches excised from E9 
CG neurons cultured in the presence o f aqueous iris extract (IRX) or 
TGF-β1 contain a significantly larger number o f 115-pS channels than 
patches excised from non-treated cells. However the number o f 45-pS 
channels is not altered by IRX or TGF-β1 treatment, although their Ca2+- 
sensitivity is modified. Macroscopic KCa tail currents o f IRX- or TGF- 
β1-treated cells can be fitted with a single exponential over a wide range 
of command potentials. Spectral density analysis of macroscopic KCa 
current fluctuations also suggests a homogeneous population of KCa 
channels. These results suggest that target-derived TGF-β triggers the 
functional expression of a single type o f KCa channel, most probably the 
115-pS channel. Supported by NS-32748.

622.3
R E G U L A T E D  E X P R E S S IO N  O F K v4 .3  P O T A S S IU M  C H A N N E L S  IN PC 12 
C E L L S. Y .T A N G * , A .B E N E D IC T 2, J .N E R B O N N E 2 and A .L .W IL L A R D 1 . 1D e p t. 
o f  P h y sio lo g y . U n iversity  o f  N orth  C arolina . C hapel H ill. N C  2 7 5 9 9 -7 5 4 5 . 2D cpt. o f  
M olecu lar  B io lo g y  &  P h arm aco logy . W a sh in gton  U n iversity . St. Louis. M O  6 3 1 1 0 .

C a lc iu m  in flu x  du rin g  neuronal e lectr ica l activ ity  is a m ajor determ inant o f  
in tracellu lar C a con cen tra tion . B esid es v o ltage-d ep en d en t Ca ch an n els , vo ltage-  
d ep en d en t K c h a n n e ls  can  a lso  regu late the in flu x  o f  Ca ions into ce lls . W e have  
used  ch ro n ic  d ep o la r iza tio n  o f  cu ltured  neural c e lls  as a m odel for stu d y in g  a c tiv ity-
d ep en d en t regu la tion  o f  the ex p ressio n  o f  v o lta ge-d ep en d en t p otassiu m  ch an n els.

PC  12 c e lls  w ere d ifferen tia ted  by treatm ent w ith  N G F  for 7 -10  days prior to 
treatm ent w ith  m ed iu m  co n ta in in g  25 m M  K C l. O ur previous report (L ile s  & 
W illard . 1 995) sh o w ed  that 4 -a m in o p y r id in e -sen s itiv e  (A -typ e) K current is 
dram atica lly  in creased  fo llo w in g  treatm ent w ith  25m M  K Cl. T o identify potassium  
c h a n n e ls  resp on sib le  for the up -regu lated  current, w e  ex a m in ed  the effects  o f  
m icro in jectin g  a n tisen se  o lig o n u c le o tid e s  (A O N ) sp ec ifica lly  d irected  a ga in st K v4.3 . 
4 8  hrs after in jection s. A  current ex p ressio n  w as reduced from 80%  (8 /1 0 )  o f  c e lls  to 
20%  (3 /1 5 )  o f  c e lls .

K ch a n n el p rotein  may be in creased  via transcrip tional, translational or 
p o sltran sla tion a l m ech a n ism s. Q u an titative R T-PC R  sh ow ed  that K v4.3 m R N A  is 
com parab le a m o n g  u nd ifferentiated . 25m M  KCl treated. N G F differentiated , and  
N G F  d ifferen tia ted  p lu s 25m M  K C l treated PC 12 ce lls . W estern blot a n a ly sis  u sin g  
K v4.3  an tiseru m  sh o w s that K v4.3  an tiseru m  recogn ized  a s in g le  peptide population  
o f  M r =  71 kD  in PC 12 ce ll m em branes. In response to N G F  and 25m M  KCl 
treatm ent, le v e ls  o f  K v4.3  p o lyp ep tid e  in PC 12 m em branes in creased  4 or 2 tim es  
resp ectively .

W e h y p o th esize  that th is is a novel function  o f  K v4.3  by w h ich  exc itab le  ce lls  
protect th em se lv es  ag a in st e x c e s s  Ca in flux  during  electr ica l activ ity . Supported by
an N IH  research  grant.

622.4
INDUCIBLE GENETIC SUPPRESSION OF NEURONAL ACTIVITY. D. C. Johns1, 
R. Marx2, R. E. Mains2*, and E. Marban1. 1 Section of Molecular and Cellular 
Cardiology, Dept. of Medicine; 2Department of Neuroscience, The Johns Hopkins Uni
versity School of Medicine; Baltimore, MD 21205 

The ability to modulate excitability is useful experimentally as well as therapeuti
cally. The vast majority of treatments designed to influence excitation rely on pharma
cology. Problems inherent in this approach include lack of specificity, short duration of 
effects, and adaptation. The inwardly rectifying potassium channel Kir2.1 is capable of 
altering excitability by affecting the resting membrane potential and membrane resis
tance; we thus reasoned that exogenous expression of this channel would modulate 
neuronal activity. We have previously demonstrated the utility of viral gene transfer to 
modify neuronal and cardiac excitation (J.Biol.Chem. 272:31598 [1997]). Here we re
port the development and use of new viral constructs in which an ecdysone-inducible 
promoter modulates the expression of the ion channel which is linked to green fluores
cent protein either directly or via an internal ribosome entry site. We constructed vi
ruses which expressed GFP and Kir2.1 (GFP-Kir2.1) or GFP alone. Induction of Kir 
2.1 hyperpolarized the neurons and suppressed excitability. The resting membrane po
tential was shifted by -20 mV in Kir2.1 infected cells (n=7) as compared to GFP in
fected cells (n=7; p<0.001). To gauge the contribution of expressed Kir2.1 channels to 
excitability we measured the amount of current (I) required to reach action potential 
threshold before and during superfusion with 50 µM barium (Ba [to block Kir2.1 chan
nels]). In GFP infected cells, I did not change significantly (-2%, n=7) with the addition 
of Ba, whereas in GFP-Kir 2.1-infected cells Ba reduced I to 34% (n=7) of its value 
prior to Ba addition. Spontaneous electrical activity was seen in 37% of GFP-infected 
cells but in none of the GFP-Kir2.1-infected cells, although addition of barium revealed 
spontaneous activity in 28% of the latter. In conclusion, somatic gene transfer of ion 
channels driven by an inducible promoter enables titratable, drug-independent ma
nipulation of excitability. DA-00266 and Tanabe Seiyaku Co. Ltd.
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622.5
REGULATION OF KV3.1 POTASSIUM CHANNELS IN CEREBELLAR 
GRANULE CELLS DURING DEVELOPMENT AND BY GROWTH 
FACTORS. Y.H. Liu*, T.M. Perney. Center for Molecular & Behavioral 
Neuroscience, Rutgers University, 197 University Avenue, Newark, NJ 07029

The expression levels of the Kv3.1 channel has been shown to be 
developmentally regulated in whole brain. Here we have investigated the 
developmental regulation of Kv3.1 in cerebellar granule cells. Quantitative 
RT-PCR was used to detect Kv3.1 mRNA levels in developing cerebellum. 
Kv3.1 expression levels increased 5.2% from postnatal day (PD) 1 to PD8 , 
but then sharply increased by 170% between PD 8  and PD 14. After PD 14, 
expression levels increased gradually until adult levels were reached. 
Overall, Kv3.1 immunostaining showed a similar developmental pattern. 
However, Kv3.1 immunostaining was not detectable in the external granule 
cell layer or in migrating granule cells, but was observed only in granule 
cells residing in the internal granule cell layer and in the parallel fibers of 
the molecular layer suggesting that Kv3.1 expression may be regulated by 
synaptic contact or activity.

A number of growth factors have been shown to enhance survival and 
maturation of cultured cerebellar granule cells. To examine whether Kv3.1 
expression in granule cells is regulated by growth factors, we cultured 
granule cells in defined media and determined Kv3.1 mRNA levels after 
treatment with various growth factors. We found that IGF (50 ng/ml), NGF 
(50 ng/ml) and bFGF (50 ng/ml) all increased Kv3.1 mRNA levels to similar 
extent but with different timecourses, such that bFGF had greatest effects 
after 1-2 days in culture whereas NGF and IGF had greatest effects after 5 
days in culture. The increases in Kv3.1 mRNA levels were independent of 
the growth factor effects on cell survival. IGF also increased Kv3.1 
immunostaining in cultured cerebellar granule cells. These results support a 
role for growth factors in regulating Kv3.1 levels during development and 
the maturation of the granule cell phenotype.
Supported by grant PHS D C02728

622.7
EXPRESSION AND SUBCELLULAR LOCALIZATION OF TWO KV  
α-SUBU NITS MEDIATING RAPIDLY INACTIVATING A -TY P E  
CURRENTS IN RAT NEUROHYPOPHYSIS
S. Fehr, J. Roeper, O. Pongs, M. Schweizer*, Center for Molecular 
Neurobiology, 20246 Hamburg, Germany

it has been shown that rapidly inactivating (A-type) Kv channels may 
contribute to the regulation of neuropeptide release from nerve terminals of 
the posterior pituitary. The two major classes of hormone releasing terminals 
secrete vasopressin or oxytocin.

We investigated the subcellular distribution of two rapidly inactivating A-type 
potassium channels, the Shaker-related Kv1.4 and Shaw-related Kv3.4 α- 
subunits. We employed in situ hybridization and double labelling 
immunohistochemistry using antibodies against the neuropeptides 
enkephalin, oxytocin and vasopressin. The subcellular localization was 
evaluated by preembedding electronmicroscopy.

The Kv1.4 α-subunit was predominantly found in fine processes of pituicytes 
and to a much lesser extent in nerve terminals. No colocalization with any of 
the employed neuropeptide antibodies could be observed. The Kv3.4 α- 
subunit on the other hand was strongly expressed in terminals which were 
almost all vasopressin positive. No double labelling with Kv3.4 and oxytocin 
antibodies could be found. A few terminals were enkephalin positive.

These results indicate, that different α-subunits which both mediate rapidly 
inactivating A-type currents are differentially expressed and targeted and 
thereby may contribute to the specialized function of hormone release in the 
neurohypothesis.

622.9
A N  IN W A R D L Y  R E C T IF Y IN G  P O T A S S IU M  C H A N N E L , 
K ir4 .1  (Kab-2), IN  S A T E L L IT E  C E L L S  O F  C O C H L E A R  
G A N G L I O N S :  I T S  S P E C I F I C  S U B C E L L U L A R
L O C A L IZ A T IO N  A N D  P U T A T IV E  F U N C T IO N .
H . Hibino1,2*, Y. Horio1, A . Fujita1, A. Inanobe1, K. D oi2, T. Kubo2, 
Y. Kurachi1. 1Dept. o f Pharmacology II and 2Otolaryngology, Fac. of 
Med., Osaka Univ., 2-2 Yamadaoka, Suita, Osaka, 565-0871, Japan.

Satellite cells are glial cells wrapping the bodies o f sensory and 
autonomic ganglion cells. Neither their functional roles nor electrical 
properties have been clarified so far. W e report here that an inwardly 
rectifying K+ channel subunit, Kir4.1 (K a b -2), is expressed in the 
satellite ce lls  o f cochlear ganglions. Im m unohistochem istry and 
immunogold electron microscopic examinations revealed that the Kir4.1 - 
im m unoreactivity was localized  specifically  at the m yelin sheaths, 
suggesting the possibility that this channel is responsible for the K+ 
buffering action o f satellite cells in the ganglions. Developmentally, the 
K ir4.1-im m unoreactivity was first detected at 8  day after birth and 
reached the adult level at 14 day, when the auditory function o f inner ear 
is established. Furthermore, the Kir4.1-immunoreactivity in the satellite 
ce lls  was markedly decreased in the kanamycin-treated deaf rats. 
Therefore, the expression o f Kir4.1 in the satellite cells may be closely  
related with the neural activity o f cochlear ganglion cells.

622.6
EXPRESSION AND POLARIZED DISTRIBUTION OF INWARDLY  
RECTIFYING POTASSIUM CHANNEL, KAB-2 (K ir 4 .1), IN 
RETINAL PIGMENT EPITHELIAL CELLS. S. Kusaka.12* Y. Horio,  1A. 
Fujita,1 A. Inanobe, 1A. Hayashi,2 Y. Tano2and Y.Kurachi*. Departments o f  
1Pharmacology II and 2Ophthalmology, Osaka University Medical School, 
Osaka 565-0871 JAPAN

The retinal pigment epithelium (RPE) is monolayer of cells between the 
photoreceptor and the choroid. One of the functions of RPE is to keep the 
homeostasis of K+ions in the subretinal space, in which inwardly rectifying 
K+ (Kir) channels are supposed to play a critical role. The molecular 
properties and subcellular distribution of Kir channels in RPE are, however, 
unknown. In this study, we have examined expression and subcellular 
distribution o f one of Kir channels, Kir 4 .1 , in RPE. RT-PCR analysis of 
the total RNA obtained from RPE showed the expression of mRNA of Kir 
4.1. Immunohistochemical study using polyclonal antibody specific to 
Kir 4.1 revealed the predominant distribution of Kir 4.1 immunoreactivity 
at the apical processes, but not at basolateral membrane, o f RPE cells. 
Single channel recording from the apical membrane of the RPE showed the 
functional expression o f Kir of ~25pS (with 150 mM K+ ), which was 
identical to Kir 4.1.

These results strongly suggest that Kir 4.1 is Kir channel of RPE cells 
responsible for homeostasis of K+ ions in the subretinal space.

622.8
EXPRESSION OF OUTWARD- A ND  INWARD-RECTIFYING K 
CHANNELS IN RAT LACTOTROPHS. I. Wulfsen, C .K. Bauer,  J.R. 
Schwarz (SPON: European Neuroscience Association). Inst. Physiol, 
Univ. Hamburg, Martinistraße 52, D -20246 Hamburg, Germany.

In clonal rat somato-mammotroph cells (GH3/B 6) thyrotropin
releasing hormone increases prolactin secretion by changes in the 
resting membrane potential and in the frequency and shape of action 
potentials. In these changes o f the membrane potential K currents play 
an important role. To identify the K channels involved we investigated 
the expression pattern of outward- and inward-rectifying K channels 
mediating voltage-dependent K currents in GH3/B 6 cells. RT-PCRs 
were performed with specific oligonucleotide primer pairs. For primer 
synthesis all K channel genes as yet published in GeneBank/EMBL 
data bank were used. Transcripts for the follow ing members o f K 
channel families were found: Outward-rectifying (K v1.2, 1.4, 1.5, 2.1, 
3.2, 4.1, 5.1), inward-rectifying (Kir 1.1, 2.3, 3.2 (GIRK2) and 3.3 
(GIRK3) and ether-à-go-go K channels (ERG1, ERG2, E A G 1, ELK1, 
ELK2). Interestingly, in tissue from rat pituitary mRNAs for K v1.2, 
K v1.5 and Kir2.3 were not detectable. The attempt to correlate these 
results with electrophysiological recordings o f voltage-dependent 
outward- and inward rectifying K currents revealed that the number of 
K currents which can be distinguished on the basis of their 
pharmacological and time- and voltage-dependent properties in GH3/B 6 
cells is smaller than the number o f K channel genes expressed in these 
cells and that the correlation o f a particular K current to a particular K 
channel is ambiguous.
Supported by the Deutsche Forschungsgemeinschaft

622.10
DISTRIBUTION OF THE POTASSIUM CHANNEL SUBUNIT KV3.2
IN RAT CEREBELLUM. M. Bobik*1, M. E. Martone1, A. Chow2, B.
Rudy2, M. Ellisman1 . 1. University of California San Diego, Dept. of 
Neurosciences, La Jolla, CA 92093. 2. Depts of Physiology & Neurosci. 
and Biochemistry, New York University Medical Center, N.Y.. 10016.

The distribution of the potassium channel subunit Kv3.2, a member of 
the Shaw-like subfamily of potassium channels, was studied in the rat 
cerebellum using light and electron microscopic lmmunocytochemistry. 
An isoform-specific rabbit polyclonal antiserum generated against a 
synthetic peptide corresponding to a sequence in the intracellular amino 
domain was used. At the light microscopic level, the most intense staining 
in the cerebellum was found in the pinceau, a structure formed by the 
descending axon collaterals of basket cells converging on the Purkinje cell 
axon initial segment. Lighter staining was observed in small structures in 
the molecular layer and in the glomeruli of the granule cell layer. 
Preliminary electron microscopic analysis of the pinceau region using a 
pre-embedding peroxidase-based method confirmed that labeling was 
present in basket cell axons in the pinceau region. Labeling was punctate 
and associated with the plasmalemma in vesicle-containing regions of the 
basket cell axons but not with the plasmalemma in the main axonal shaft. 
Pre-synaptic boutons synapsing onto the Purkinje cell body were 
sometimes stained. However, the reaction product was not associated with 
the synaptic active zone but was located at membrane sites not apposed to 
the Purkinje cell. In several cases, focal labeling for Kv3.2 was present in 
basket cell terminals apposed to thin, glial-like processes. The 
physiological significance of the pinceau is unknown but Kv3.2 can be 
added to the growing number of potassium channel subunits concentrated 
in this structure, including Kv1.1, 1.2 and 3.4 (e.g., McNamara, 1996). 
This work was supported by NIH grants RR04050, NS 14718, DC03192, 
and NS30989.
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622.11
KV3.1 AND KV3.2 PROTEINS DISTINGUISH THREE SUBPOPULATIONS OF 
GABA-ERGIC INTERNEURONS IN THE MOUSE CORTEX. A. Chow1, A. Erisir2, 
C. Farb 2, D.H.P. Lau1 and B. Rudy1* 1Depts of Physiology and Neuroscience and 
Biochemistry, New York University Medical Center, New York, NY 10016 2Center 
for Neural Science, New York University, New York, NY 10003.

Inhibitory GABAergic intemeurons in the cerebral cortex play roles in suppression 
and modulation of cortical circuits. The firing patterns of these intemeurons are 
heterogeneous and reflect their repertoire of ionic conductances. Kv3.1 and Kv3.2, 
two members of the Shaw-related subfamily of potassium channel α subunits genes, 
exhibit nearly identical fast activating and deactivating delayed rectifi er-type 
potassium currents which start activating at -10 mV in heterologous expression 
systems. Kv3.1 and Kv3.2 currents may be involved in shaping action potential 
waveforms and modulating firing frequencies. To examine neocortical localization of 
Kv3.1 and Kv3.2 protein and the nature of the neuronal populations that express them, 
we have employed immunoflourescence techniques to double label neurons in the 
mouse cortex. We found that Kv3.1 and parvalbumin (PV) are highly co-localized 
(1256 double positive cells vs. 6 single positive cells). Kv3.2 demonstrated 75% co
localization with PV (2059 double positive vs. 683 single positive). Interestingly, in 
Layers I-IV, 89.4% of the cells are double positive for Kv3.2 and PV (913 vs. 108).
In contrast, in Layers V-VI we observe that only 66.6% of the cells are double 
positive (1146 vs. 575). To examine if all Kv3.2 positive cells are GABAergic, we 
double stained for Kv3.2 and GABA and observed that most Kv3.2 positive cells were 
also GABA positive (814 vs. 21 single positive). In conclusion, there exists three 
distinct subpopulations of GABAergic intemeurons with respect to Kv3.1 and Kv3.2. 
One population is positive for Kv3.1 and PV, another is positive for Kv3.1, PV, and 
Kv3.2 and lastly a population of Kv3.2 positive intemeurons in deep cortical layers 
which does not express PV or calbindin.

Supported by grants from the NIH.

622.13
EAG POTASSIUM CHANNELS IN MANDUCA SEXTA: CLONING AND 
mRNA TISSUE DISTRIBUTION M. Keyser1, S. Titus2, E . M. Waters1,
B. Ganetzky* and J. L. Witten1. 1Department of Biological Sciences, University 

of Wisconsin, Milwaukee, WI, 53201; 2Laboratory of Genetics, University of 
Wisconsin, Madison, WI, 53706

Ion channels control the excitability of neuronal and muscle tissue.
Modulation of these channels is a likely mechanism for regulation of neuronal 
development and plasticity. Eag (ether a-go-go) is of special interest because it 
contains a putative cyclic nucleotide binding domain and multiple 
phosphorylation sites unique to the voltage-gated potassium channels. 
Furthermore, physiological studies of Drosophila Eag mutants show alteration of 
four distinct K+ currents at the neuromuscular junction suggesting a modulatory 
role for the Eag subunit. Such a role is of special interest in Manduca sexta 
where the influence of steroid and peptide hormones on nervous system 
development and function are well characterized at the cellular level. 
Degenerative PCR screening of a genomic library yielded a partial Manduca eag 
sequence from the highly conserved central core region. This genomic fragment 
was then to probe a cDNA library to obtain the sequence. Southern blot analysis 
confirmed Manduca eag as a single copy gene. RT-PCR revealed tissue 
distribution of eag message in the CNS of embryo through adult stages of 
development and in non-neuronal tissues including heart, skeletal muscle and 
gut. Future studies will utilize RNA in situ hybridization to localize eag to 
identified neurons.

Research supported by GSRC Award from U.W.-Milwaukee and NS34l 17-01 to 
JLW.

622.15
IDENTIFICATION OF STRUCTURAL ELEMENTS REQUIRED FOR 
MEMBRANE LOCALIZATION OF G-PROTEIN GATED INWARDLY 
RECTIFYING K+ CHANNELS. T. Mirshahi* and D.E. Logothetis. Dept. of 
Physiology and Biophysics, Mt. Sinai School of Medicine, New York, NY 10029

G-protein gated inwardly rectifying K+ channels function as 
heteromultimeric proteins. Thus far, 5 different channel subunits have been cloned 
(GIRK1-5). Highly active native channels are composed of GIRK1 and at least one 
of the other 4 subunits. Previous studies from this laboratory have shown that 
GIRKl subunits tagged with the Green Fluorescent Protein (GFP) expressed in 
oocytes show strong cytoplasmic distribution and very weak membrane targeting. 
Co-expression of the non-GFP tagged GIRK4 subunit with the GIRK1-GFP targets 
the fluorescence to the cytoplasmic membrane. Additionally, the GFP-tagged 
GIRK4 shows very strong membrane targeting upon homomeric expression. These 
data suggest that specific components of the GIRK4 are required for membrane 
localization of these channels. In the present study, we have used the oocyte 
expression system to map the regions critical for membrane localization of these 
channels. GIRK1-GFP was co-expressed with non-GFP tagged chimeras containing 
GIRK4 and successively longer C-terminal portions of the GIRK1 subunit. 
Additionally, several of these chimeric constructs where tagged with GFP and their 
subcellular localization was assessed. Using confocal microscopy, channel 
localization was assessed by the fluorescence of the associated GFP tag. Channel 
combinations were also assessed for function using two-electrode voltage clamp. 
Constructs containing the N-terminus, transmembrane regions and the proximal C- 
terminus of GIRK4 showed strong membrane localization. Additionally, these 
chimeras where able to target GIRK1-GFP to the membrane. Constructs containing 
the entire C-terminus of GIRK1 and the N-terminus and transmembrane regions of 
GIRK4 however where not targeted to the membrane. Together, these data suggest 
that the proximal C-terminus of GIRK4 contains the structural elements required for 
membrane localization of these channels. Supported by HL54185.

622.12
DETECTION AND LOCALIZATION OF KvATP CHANNEL 
MESSENGER RNA IN TISSUES OF CATFISH. C. C. Chang*1 and R. B. 
Puchalski1,2. 1Monell Chemical Senses Center, Philadelphia, PA 19104; 
2Department of Pharmacology, School of Medicine, University of 
Pennsylvania, Philadelphia, PA 19104.

A full-length cDNA encoding KvATP, an ATP sensitive voltage-dependent 
potassium channel, was previously cloned from taste tissue of catfish. To 
determine the tissue distribution of messenger RNA in catfish and to localize 
these molecules in tissue sections, Northern blot analysis and in situ 
hybridization were performed. The 519 bp templates for probe synthesis were 
generated from the catfish KvATP cDNA, corresponding to the 3’ coding 
region. The 519 bp cDNA insert was subcloned into a transcription vector, 
and then the plasmid DNA was amplified and linearized with specific 
restriction enzymes. Sense and antisense RNA probes were synthesized using 
T7 and SP6 RNA polymerases, respectively. Northern blot analysis shows 
that the expression of mRNA was found at high levels in catfish brain. In situ 
hybridization analyses demonstrate that mRNA is expressed specifically in 
several brain structures, particularly in the regions o f the telencephalon, 
olfactory bulb, and layer three of the periventricular gray zone o f the optic 
tectum. These results suggest that Kv ATP might play a role in the processing 
of gustatory and olfactory stimuli in the peripheral and central nervous 
systems.

Supported by Monell Institutional Fund.

622.14
DEVELOPMENTAL EXPRESSION OF SHAKER POTASSIUM ION 
CHANNELS IN THE TOBACCO HORNWORM, MANDUCA SEXTA.
G.C. Ekman,1 F.J. Teiedor,2 J.L. Witten1*. 1Dept. of Biological Sciences, 
University of Wisconsin-Milwaukee, Milwaukee, WI 53201; 2 Instituto de 
Neurociencias, Universidad de Alicante, San Juan, 03550, Alicante, Spain.

Potassium ion channels are likely the most diverse class of ion channels. 
Regulation of their expression or function may generate neuronal plasticity. 
Using a polyclonal antiserum that recognizes the central core region of 
Drosophila Shaker potassium ion channels, α-ShHX1, (Rogero and Tejedor, 
1995), we have begun to investigate the cellular distribution and developmental 
regulation of the Shaker family in Manduca sexta.

Western blot analyses of larval and adult brains revealed a broad 
immunoreactive band between 65-85 kDa. This is similar to the size of the large 
Drosophila Shaker isoforms. Our immunocytochemical studies demonstrated a 
widespread distribution of Shaker-like immunoreactivity within the CNS of 
larvae. In the brain, the most intense immunoreactivity was found in the 
mushroom bodies, optic and tritocerebral neuropils, and antennal and optic 
nerves. Within the segmental ganglia, intense immunoreactivity was also 
detected in axons within the nerve roots, connectives and neuropil. However, 
Shaker-like immunoreactivity was not found in the nerves innervating or cell 
bodies within the cephalic neuroendocrine organs, the corpora cardiaca and 
corpora allata, or in the peripheral neurohemal sites for the segmental ganglia. 
This data suggests that Shaker channels may not be present in axons of 
neurosecretory cells in Manduca. Completion of the developmental study is in 
progress.

Research supported by a GSRC Award from U.W.-Milwaukee and NS34l 17- 
01 to JLW and a grant from Generalitat Valenciana to FJT.

622.16
IDENTIFICATION OF THE PEPTIDE SEQUENCE ESSENTIAL FOR 
CELL SURFACE TARGETING OF Kv CHANNEL PROTEINS 
D. Li, K. Takimoto*, N.A. Burke and E.S. Levitan Dept. of Pharmacology, 
University of Pittsburgh, Pittsburgh, PA 15261 

Functional ion channel expression depends on transport of these 
proteins to plasma membrane. Using GFP-tagging and confocal 
microscopy, we previously found that C-terminal peptide of Kv channel 
proteins plays an essential role in determining the efficiency of plasma 
membrane targeting. To identify the essential sequence, various EGFP- 
Kv channel subunit fusion proteins with deletions or mutations were 
constructed. The efficiency of cell surface expression was then 
evaluated by counting transfected HEK293 cells with or without cell 
surface localization of fluorescence. All the EGFP-tagged subunits 
containing the amino acid sequence GVKESL located near the C- 
terminus of Kv1.4 were efficiently transported to plasma membrane 
(>93%). Deletions eliminating this hexamer peptide completely 
disrupted cell surface appearance of the fusion proteins. Likewise, 
inverting the sequence blocked cell surface expression. Replacing S or 
L with A in the identified peptide markedly reduced plasma membrane 
localization to ~40%, while changing V with A produced a moderate 
effect (~70%). In contrast, altering KE to QQ had no effect (~93%).
Like wild-type Kv1.4 proteins, fusion proteins were present as two 
distinct sizes; highly and slightly glycosylated forms. Appearance of the 
heavily glycosylated form was correlated with cell surface targeting. 
Thus, the core sequence SL and its N-terminal proximal peptide may be 
essential for an early step of Kv channel protein processing and 
targeting. (Supported by NIH HL55312 and AHA Est. Inv. Awd.).
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622.17
DIFFERENTIAL TARGETING OF KV3.1-KV3.2 CONTAINING POTASSIUM 
CHANNELS PRODUCED BY ALTERNATIVELY-SPLICED C-TERMINI.
A. Ozaita1*, E. Veea-Saez de Miera1, A. Chow1, T.R. Muth2, M.J. Caplan2 and B. 
Rudy1. 1Departments of Physiology/Neuroscience and Biochemistry, NYU Medical 
Center, New York, NY 10016; Department of Cell Biology, Yale University School 
of Medicine, New Haven, CT 06510.

The role that a given potassium channel may play in neuronal excitability depends 
on its subcellular localization within the neuron. Several K channel genes encode 
multiple alternative spliced proteins which differ only in their C-terminal sequence 
and produce channels with similar electrophysiological properties. We have 
previously shown that alternatively-spliced products of the Kv3.2 gene are 
differentially localized when expressed in a polarized system such as MDCK cells 
(Ponce et al., 1997), suggesting that the intracellular C-terminal domain is 
responsible for the differential expression pattern. The apical targeting of Kv3.2b 
can be changed to that of Kv3.2a by replacing the last residue of Kv3.2b (L638) for 
threonine (the C-terminal residue in Kv3.2a). Modification of the amino terminal 
domain of these proteins by adding EGFP does not affect their pattern of 
localization in MDCK cells. These experiments suggest that the alternatively- 
spliced C-termini are important in the regulation of the subcellular localization of 
Kv3 channels. To assess the relevance of this conclusion to the localization of Kv3 
channels in neurons we raised antibodies against Kv3. 1a and Kv3.1b proteins and 
studied their distribution in the mouse brain. The two alternatively-spliced proteins 
show different subcellular localizations consistent with the conclusions obtained 
from MDCK cells.

Supported by grants from the NIH and NSF

622.19
CHARACTERIZATION OF THE T1 DOMAIN CONTRIBUTION TO THE ION 
CONDUCTION PATHWAY OF THE SHAKER POTASSIUM CHANNEL. S. J. 
Cushman*, D. DeRubeis and P. J. Pfaffinger Division of Neurosicence, Baylor 
College of Medicine, Houston, TX, 77030

Assembly of voltage gated K+ channels in a subfamily specific manner is driven by 
the tetramerization of the T1 domain, a conserved region of the K+ channel cytoplasmic 
N-terminus (Shen et al., 1993; Shen and Pfaffinger, 1995). In order to gain further in
sight into the mechanisms for the regulated assembly of K+ channel subunits, and other 
potential functional roles for the T1 domain, we have obtained the three dimensional 
crystal structure of a soluble T1 domain protein fragment (Kruesch et al., 1998). This 
structure confirms that the T1 domain assembles into tetramers about a central axis of 
symmetry and further reveals an aqueous pore down the central axis consistent with a 
potential role for tire T1 domain in lining a cytoplasmic extension of the ion permeation 
pathway. We now wish to test the following hypothesis: the T1 pore is a part of the ion 
conducting pathway. As a first test, we functionally characterized 15 individual T1 pore 
mutations and found no significant differences in the selectivity of the mutant channels 
compared to wildtype. Several mutants have been identified that significantly reduce 
current expression; however, most of these mutants also show a severe assembly phe
notype in a yeast 2-hybrid T1 domain assembly assay. Interestingly, one mutation,
R115Q was identified that dramatically reduced current expression without affecting T1 
domain assembly, as measured by the yeast 2-hybrid assay. R115 is located just inside 
the cytoplasmic mouth of the T1 pore and is involved in the co-ordination of water 
molecules with the pore. Other mutations at this site, R115D or R115C, show a similar 
dramatic decrease in expressed current. The selective effect of R115 mutagenesis on 
function but not T1 assembly suggests that this residue is important for proper ion pore 
function. We are currently investigating the hypothesis that residue R115 may function 
to exclude a cytoplasmic pore blocker from gaining access to the channel. These studies 
will significantly increase our knowledge of the fundamental factors influencing K+ 
channel function. Supported by the NINDS and AHA.

622.18
FORMATION OF INTERMEDIATE CONDUCTANCE CALCIUM- 
ACTIVATED POTASSIUM  CHANNELS BY INTERACTION OF 
SLACK AND SLO SUBU N ITS. W. J. Joiner1*, M. D. Tang1, L.-Y. 
W ang1, S. I. Dworetzky2, C. G. Boissard2 , L. Gan1, V. K. Gribkoff2  &
L. K- Kaczmarek1 1Departments of Pharmacology and Cellular and 
Molecular Physiology, Yale University, New Haven, CT 06520, and 
2Neurosciences Drug Discovery, Bristol-Myers Squibb Pharmaceutical 
Research Institute, Wallingford, CT 06492.

Mammalian Slo channels have a large unitary conductance 
exceeding 200 pS in symmetrical potassium. In contrast, channels 
with the general characteristics of maxi-K channels recorded in 
excitable cells have unitary conductances between ~45 pS and 280 pS, 
and more than one conductance has been detected in a single cell. We 
have isolated a novel potassium channel gene termed S lack  (for 
Sequence like a calcium -activated  K channel) that is expressed  
abundantly in the nervous system , particularly in the cortex, 
hippocampus, cerebellar Perkinje cells, in certain brainstem nuclei 
and in nuclei such as the deep cerebellar nucleus, reticulotegmental 
nucleus of the pons, preoptic nucleus, and substantia nigra, as 
dem onstrated by in situ  hybridization. Slack channels rectify 
outwardly with a unitary conductance of ~40-65 pS and are inhibited 
by intracellular calcium. In contrast, when Slack is coexpressed with 
Slo, channels with pharmacological properties and single channel 
conductances that do not match either Slack or Slo are formed. The 
Slack/Slo channels have intermediate conductances of ~60-180 pS, and 
are activated by cytoplasmic calcium. Our findings suggest that some 
intermediate conductance channels in the nervous system may result 
from an interaction between Slack and Slo channel subunits.

1 Supported in part by NIH grant DC01909.

622.20
PROPERTIES OF EXTRINSIC FLUORESCENCE QUENCHING IN THE 
SHAKER K+ CHANNEL. A. Cha* and F. Bezanilla. Depts. Of Physiology 
and Anesthesiology, UCLA School of Medicine; Los Angeles, CA 90024.

When attached to specific sites near the S4 segment o f the Shaker potassium 
channel, the intensity of the fluorescent probe tetramethylrhodamine 
maleimide (TMRM) undergoes substantial changes in response to voltage 
(Mannuzzu et al., 1996; Cha and Bezanilla, 1997). We examined the voltage- 
dependent quenching of TMRM in more detail, using a new optical technique 
which yields in excess of 10  times more light than previously possible with 
the cut-open oocyte technique. Although a voltage-dependent shift in the 
absorption spectrum of TMRM occurs at a site near the S2 segment, there is 
no such shift at sites near the S4 segment. Polarization studies indicate that 
although orientation changes o f TMRM are not responsible for the 
fluorescence Quenching, the fluorophore is constrained by its environment in 
a voltage- and site-dependent manner. Differences in TMRM accessibility to 
different collisional quenchers imply that these residues may reside within a 
vestibule formed by other regions o f the protein. Varying the external pH 
modulates TMRM fluorescence, indicating that TMRM may be interacting 
with a pH-titratable region o f the channel. Different mutations in the external 
pore of the channel also change the characteristics of the fluorescence signal. 
These observations support the view that the region o f Shaker just 
extracellular to the S4 segment lies in close proximity to another region of the 
protein whose characteristics change in response to pH. Supported by NIH 
grants GM08042 and GM30376.

ACETYLCHOLINE R ECEPTORS: M USCARINIC I 

623.2623.1
Non-Quantal Acetylcholine Participates In Control Of Membrane 
Potential In Muscle Fibers Via M1-Cholinoreceptors A. Urazaev1,2, N. Nau
menko1, A. Malomough1, M. Mukhtarov1, E. Nikolsky1, G.M. Peterson2,* and F 
Vvskocil3. 1Med. Univ., Kazan. Russia, 2East Carolina Univ.. Greenville. NC. USA. 
3Charles Univ. and Inst. Physiol. AS Czech Rep.. Prague. CR.

The early denervation decrease (8-10mV) of membrane potential (MP) which oc
curred within 3 h in vitro, was substantially smaller when rat diaphragms were incu
bated with 50 nM ACh, carbachol (Cch) or oxotremorine (Oxo). This concentration is 
produced by non-quantally released ACh (NQACh). The effect of cholinomimetics was 
not influenced by the nicotinic antagonist (+)tubocurarine (5µM), but completely 
blocked by 5µM nitrocaramiphen or pirenzepine (Pir), selective antagonists of M1- 
muscarinic receptors. Atropine (Atr; 0 .1-5µM) also blocked the action of Cch in a dose- 
dependent manner, K1=2µM. The K1 of Pir is 0.06µM for the most effective concentra
tion of Oxo (100nM). It follows that the effect of cholinomimetics in nanomolar doses 
might be mediated by M1 -subtype muscarinic cholinoreceptors. Cch and ACh protect 
the MP in denervated fibers by activating the muscle NO-synthase (NOS) with subse
quent release of NO [NeuroReport 8 (1997) 403], We propose that NQACh may be one 
of the neuronal factors which control ion transport systems involved in maintaining the 
MP by regulating the synthesis of NO. We estimated the NQACh by the hyperpolariza
tion (H-effect) following curarization of muscles with inhibited AChE. It was shown 
that the H-effect virtually disappeared within 4 h after nerve section and this may be a 
trigger for the development of muscle depolarization. On the other hand, the H-effect 
was increased in innervated muscles of rats with inhibited NOS in vivo. At the same 
time these muscles underwent denervation-like depolarization by about 14 mV. The) 
were much less sensitive to the hyperpolarizing effect of Cch and Oxo. Moreover, the 
effects of Cch and Oxo were not completely removed by 5µM Pir and 1µM Atr sug
gesting that NQACh is not the only factor controlling muscle MP. Other factors such as 
glutamate [cf. Physiol. Res. (1995) 205] released from motor terminals might also par
ticipate in the regulation of MP. Supported by VS 97099, RFBR 98-04-48044, Physiol 
Soc. Lond., ISSEP, and EU Grant *Nesting*.

FROG GASTRIC MUSCLE AS A MODEL ASSAY FOR PHARMACOLOGICAL AND 
MORPHOLOGICAL STUDIES: CHARACTERIZATION OF CHOLINERGIC AND 
ADRENERGIC RECEPTORS. M. Rubio-Dávila1,3, R.E. Blanco2,3* and G. Escalona de 
Motta1,3. University of Puerto Rico, Rio Piedras Campus, 1Dept. of Biology, and Medical 
Sciences Campus 2Dept. of Anatomy and 3Institute of Neurobiology, San Juan, PR 
00901.

The contractility of gastrointestinal smooth muscle is influenced by both 
cholinergic and adrenergic outflows conducted through the peripheral nervous 
system and the localized neuronal plexi. We used isolated gastric muscularis 
muscle strips from the frog Rana pipiens, to examine the relative roles of these 
outflows on the spontaneous contractile activity exhibited in these muscles. Four 
functional stomach regions were identified, the upper cardias or upper region being 
the most active. Strips from this region ( 1 and 2) exhibited both tonic and phasic 
responses to ACh (10nM to 10μM) and rhythmic spontaneous contractions. This 
contractile activity was inhibited by atropine, a non-specific antagonist, suggesting 
the presence of cholinergic muscarinic receptors. Using the specific blockers 
pirenzepine (M1), AF-DX 116 (M2) and 4-DAMP (M3), we demonstrated that 
muscarinic receptors of the M3 subtype mediate both spontaneous and ACh- 
induced contractions in this muscle. Application of norepinephrine (NE) inhibited 
both the amplitude and the frequency of these spontaneous contractions. This 
inhibitory effect was blocked in the presence of propranolol, a β-adrenergic 
antagonist but not in the presence of tolazoline, an α-adrenergic antagonist 
muscles blocked with the M3 muscarinic blocker 4-DAMP, no direct NE effect was 
observed. Use of the specific α- and ß-receptor agonists revealed a potent 
inhibitory action for the ß-agonist isoproterenol. These results indicate that this 
preparation is a sensitive and reproducible assay for compounds acting on 
muscarinic M3 subtype, cholinergic receptors. It is proposed that adrenergic input 
exerts a negative modulatory effect on this ACh-mediated spontaneous contractility 
of amphibian gastric musde. (Supported by NIH Grants GM08102 and MH48190).

Society for Neuroscience, Volume 24 ,1998



WEDNESDAY AM ACETYLCHOLINE RECEPTORS: MUSCARINIC I 1581

623.3
DIRECT EFFECTS OF THE CHOLINESTERASE INHIBITOR SARIN ON 
MEMBRANE EXCITBALITY OF HIPPOCAMPAL NEURONS. S.R. Chebabo1,2*,
E. S. Rocha1, and E.X. Albuαuerque1 ,2. 1Dept. Pharmacol. Exp. Ther., Univ. 
Maryland Sch. Med., Baltimore, MD 21201, U.S.A.; 2Dept. Farmacol. Bás. Clin., 
ICB, CCS, UFRJ, Rio de Janeiro, RJ 21941-590, Brazil.

The convulsant effects of the organophosphorous compound (OP) sarin 
have long been attributed to the ability of this OP to block acetylcholinesyterase 
(Sawyer et al., Fund. Appl. Toxicol. 17: 208, 1991). However, inhibition of 
y-amino butyric acid type A (GABAA) receptors and/or enhancement of 
transmitter release are possible mechanisms of action for several OPs, including 
the pesticide paraoxon (Rocha et a/., J. Pharmacol. Exp. Ther. 2 78 :1175,1996). 
In this study, the pre- and postsynaptic effects of sarin (1 nM-1 µM) on 
hippocampal neurons in slices and in culture were investigated by means of the 
patch-clamp technique. After hippocampal neurons in slices were superfused 
for several minutes with low concentrations of sarin (< 10 nM), there was a 
reduction of the peak amplitude of evoked inhibitory postsynaptic currents and 
no changes on evoked excitatory postsynaptic currents. In cultured neurons, 
sarin (1 µM) caused an enhancement of the spontaneous release of glutamate 
as evidenced by the increase of the frequency and amplitude of spontaneous 
glutamate-mediated postsynaptic currents. The effect of sarin on the release of 
glutamate occurred within 5-10 s after exposure of the neurons to the OP, and 
could also be reversed within 5-10 s after washing of the neurons with sarin-free 
physiological solution. The present findings that sarin can decrease the evoked 
release of the inhibitory neurotransmitter GABA and increase the TTX-sensitive 
spontaneous release of glutamate may lay the groundwork for the 
understanding of the neurotoxic effects of this OP, and may help the 
development of efficacious therapeutic countermeasures to treat and/or prevent 
sarin-induced intoxication. Support: U.S. Army Med. Research & Development 
Command Contract DAMD-17-95-C-5063; FINEP and CNPq-Brazil.

623.5
DISTINCT NICOTINIC RECEPTORS (nAChRs) MODULATE GABA RELEASE 
FROM CA1 INTERNEURONS IN RAT HIPPOCAMPAL SLICES. M.
Alkondon*1, E.F.R. Pereira1, and E.X. Albuquerque1,2 1Dept. Pharmacol. Exp. 
Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, U.S.A.; 2Dept. 
Farmacol. Bás. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21941-590, Brazil.

In this study, we investigated the pharmacological identity and the 
physiological role of the nAChR subtypes present in CA1 interneurons of 
250-300 µm-thick slices obtained from the hippocampus of 12 -24-day-old rats. 
The interneurons were visually identified using infrared assisted 
videomicroscopy, and whole-cell patch-clamp recordings were performed on 
the cell soma. Nicotinic agonists were rapidly applied to the interneurons via a 
modified U-tube. Each of the interneurons was exposed to the α7-nAChR- 
selective agonist choline (10 mM) and the non-selective agonist acetylcholine 
(ACh; 1 mM) in the presence of the muscarinic antagonist atropine (1 µM). 
Both agonists produced fast-decaying nicotinic currents that were blocked by 
the α7-nAChR-selective antagonists methyllycaconitine (MLA; 10-100 nM) and 
α-bungarotoxin (α-BGT; 100 nM). Although both agonists also elicited GABA- 
mediated postsynaptic currents (PSCs), ACh was much more effective than 
choline in inducing PSCs in most neurons. MLA or α-BGT blocked choline- 
induced PSCs completely, whereas most of the ACh-induced PSCs were 
blocked by dihydro-ß-erythroidine (10 µM). Tetrodotoxin (TTX) abolished the 
agonist-evoked PSCs indicating that preterminal nAChRs are involved in 
modulating GABA release from CA1 interneurons. In a few interneurons, ACh, 
but not choline induced small slowly-decaying nicotinic currents, which were 
sensitive to blockade by DHβE. The present results indicate that α7 and α4β2 
nAChRs are able to modulate GABA release from CA1 interneurons. The 
results also suggest that α7 nAChRs are located predominantly on the somato
dendritic region and α4β2 nAChRs on the preterminal regions of the 
interneurons. Support: USPHS grants NS25296 and ES05730.

623.7
A BASAL α4β2 NICOTINIC RECEPTOR (nAChR) ACTIVITY CONTROLS 
THE RELEASE OF GABA FROM HIPPOCAMPAL NEURONS. E.X. 
Albuquerque1,2*, E.F.R. Pereira1, and M.F.M. Braga1,2 1Dept. Pharmacol. Exp. 
Then, Univ. Maryland Sch. Med., Baltimore, MD, 21201; 2Dept. Basic & Clin. 
Pharmacol., IBC, CCS, UFRJ, RJ 21944, Brazil.

It has been reported that preterminal α7 and α4β2 nAChRs control the 
release of γ-amino butyric acid (GABA) from hippocampal neurons (Alkondon 
e t al., J. Pharmacol. Exp. Ther. 283: 1396, 1997 and J. Neurosci., submitted; 
Braga et al., this issue). In the present study, applying the patch-clamp to 
hippocampal neurons in culture, we demonstrate that perfusion of the neurons 
with physiological solution containing the α4β2 nAChR antagonist dihydro-ß- 
erythroidine (100 nM) increases the evoked release of GABA, as evidenced by 
an increase in the amplitude of GABA-mediated postsynaptic currents indirectly 
evoked by field stimulation of neurons synaptically connected to the neurons 
under study. This result indicates that a basal α4β2 nAChR activity, ensured 
most likely by the ongoing activity of cholinergic terminals in culture, attenuates 
the release of GABA from GABAergic neurons. In agreement with previous 
findings (see Braga et al., this issue), in the beginning of a 60-s pulse 
application of acetylcholine (ACh; 100 µM) to the hippocampal neurons, there 
is an increase of the frequency of GABA-mediated, tetrodotoxin-sensitive 
spontaneous postsynaptic currents (SPSCs). This is immediately followed by 
a reduction of the SPSC frequency due to agonist-induced nAChR 
desensitization. Of interest, however, by the end of the agonist pulse, the 
frequency of GABA-mediated SPSCs is lower than that observed prior to the 
agonist application to the neurons, supporting the concept that a basal nAChR 
activity controls the ongoing activity of GABAergic hippocampal neurons in 
culture. Support: USPHS grants NS25296 and ES05730; PRONEX, CNPq & 
FINEP from Brazil.

623.4
NICOTINIC RECEPTOR ACTIVATION MODULATES GABA RELEASE FROM 
NEURONS IN HUMAN CORTICAL SLICES. C. Hilmas1*, M. Alkondon1, H.M. 
Eisenberg2 and E.X. Albuquerque1,3. 1Dept. Pharmacol. Exp. Ther. and 2Dept. 
Neurosurgery, Univ. Maryland Sch. of Med., Baltimore, MD 21201 and 3Dept. 
Basic Clin. Pharmacol., UFRJ, 21944-590, Brazil.

The existence of diverse subtypes of functional nicotinic receptors (nAChRs) 
and the role of these receptors in modulating transmitter release have beer, 
documented in neurons of rodent and avian brain. The existence of nAChRs in 
neurons of the human brain has been inferred from the behavioral effects of 
nicotine, binding and autoradiographic studies using radiolabelled nicotinic 
ligands, and, recently, by molecular biological techniques. However, 
demonstrations of the presence of functional nAChRs in neurons of the human 
brain are very scanty. In an earlier study using acutely dissociated neurons from 
the human cortex, we showed the feasibility of studying functional ligand-gated 
channels in specimens obtained from healthy areas of the brain of patients 
subjected to corrective surgery for epilepsy (Soc. Neurosci. Abs 23: 374,1997). 
Here, we report that human cortical brain slice is a viable preparation for studies 
of the roles of various ligand-gated channels, including the nAChRs, in synaptic 
function. Surgical samples were removed from the temporal cortex of patients 
subjected to temporal lobectomy. Slices that were 250-µm thick were obtained 
from these samples and stored in oxygenated ACSF. Live neurons on the 
surface of the slices were identified by means of infrared videomicroscopy, and 
whole-cell patch-clamp recordings were made from the cell body of the neurons. 
Agonists were applied to the neurons using a modified U-tube. Both GABA and 
ACh induced inward whole-cell currents at -60 mV. Spontaneous postsynaptic 
currents mediated by GABA were also observed in the absence of tetrodotoxin, 
and exposure of the neurons to ACh in the presence of muscarinic antagonist 
atropine (1 µM) increased the frequency and amplitude of these synaptic 
currents. The present results indicate that, as in different regions of the rodent 
and avian brain, activation of nAChRs in neurons of the human cortical slices 
modulates GABA release. This finding may be of major relevance for the 
treatment of pathological conditions such as epilepsy, schizophrenia, and 
Alzheimer’s disease. Support: USPHS grant NS25296.

623.6
THE NERVE AGENT VX INCREASES MEMBRANE EXCITABILITY AND 
MODULATES THE RELEASE OF GABA AND GLUTAMATE FROM RAT 
HIPPOCAMPAL NEURONS. E.S. Rocha*1,2 and E.X. Albuquerque1,3 1Dept. 
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, 
2IBCCF, and 3Dept. Farmacol. Bás. Clin., ICB, CCS, UFRJ, 21941-590 Brazil.

The neurotoxic effects of the organophospate compound (OP) VX has long 
been attributed to the blockade of cholinesterase. However, several studies 
from our laboratory have demonstrated that VX and other OPs including sarin 
and paraoxon (Monograph, US Army Med. Res. Devel. Command, 1994; JPET 
278:1175, 1996; Abs. Soc. Neurosci. 23:915,1997) may act at different sites 
in the peripheral and central nervous systems. OPs have been shown to alter 
ACh release at the neuromuscular junction and the release of different 
neurotransmitters in the central nervous system (CNS) and to inhibit the 
activation of muscle nicotinic receptors and that of GABAa and glutamate 
receptors in the CNS. In this study, we used the patch-clamp technique to 
investigate the effects of VX on synaptic transmission and membrane excitability 
of hippocampal neurons in culture. VX was applied to the neurons via an array 
of parallel tubes mounted in a motor-driven system controlled by computer. At 
concentrations as low as 100 pM to 1 nM, VX increased the membrane 
excitability of the neurons, as evidenced by the appearance of repetitive firing 
during the recording of evoked-action potentials with no changes in input 
resistance or resting membrane potential. This effect, which was due to the 
interaction o f VX with voltage-gated Na+ channels, may underlie the ability of VX 
to increase the frequency of tetrodotoxin-sensitive, GABA- and glutamate- 
mediated spontaneous postsynaptic currents recorded from the hippocampal 
neurons. These findings may be extremely relevant for the development of 
efficacious therapeutic approaches to treat and/or prevent VX-induced 
neurotoxicity. Support: U.S. Army Med. Res. Devel.Comm.Contract DAMD-17- 
95-C-5063.

623.8
INTERACTIONS OF DIPYRONE, A NON-STEROIDAL ANTI-INFLAMMATORY 
DRUG (NSAID), WITH MUSCLE AND NEURONAL NICOTINIC RECEPTORS. 
J .A.Lima1, M.D.Santos1, M.E.Matheus1, Y. Aracava1,2, Y .-T. Ma*2, and E.X. 
Albuquerque1,2. 1Dept. Basic Clin. Pharmacol.. Federal Univ. Rio de Janeiro 
RJ, 21944-590, Brazil; 2Dept. Pharmacol. Exp. Ther., Univ. Maryland Sch. 
Medicine, Baltimore, MD 21201.

The mechanisms of actions of dipyrone (metamizol) are still poorly 
understood. Nicotine and other nicotinic acetylcholine (ACh) receptor (nAChR) 
agonists have analgesic effects as indicated by hot-plate and tail-flick tests, 
suggesting that neuronal nAChRs are involved in the central mechanisms of 
analgesia (Neuropharmacology 35:393, 1996; J.Pharmacol. Exp. Ther. 
274:771, 1995). In the present work, we evaluated the effects of dipyrone on 
neuronal and muscle nAChRs, and the interactions between nicotine and 
dipyrone on the tail-flick test. Whole-cell and single-channel currents were 
recorded from hippocampal neurons in culture and frog skeletal muscle fibers, 
respectively. The majority of neurons tested responded to ACh with α- 
bungarotoxin (αBgt)-sensitive type lA currents, which are subserved by α7- 
bearing nAChRs. On these neurons, dipyrone (10-100µM) did not elicit 
macroscopic currents but blocked type lA currents. At the muscle fibers, 
dipyrone (1-100µM) evoked single-channel currents that were sensitive to 
blockade by αBgt (0.3µM). Comparatively with ACh (0.05-0.2µM), the frequency 
of openings was much lower, and the currents showed a higher number of fast 
closures that increased at 100µM dipyrone. The tail-flick test showed an 
antagonism between nicotine (5-10mg/kg) and dipyrone (50 mg/kg) since the 
simultaneous intraperitoneal injection of these drugs decreased the analgesic 
response induced by each of them. In summary, dipyrone acts as a partial 
agonist at muscle nAChRs and blocks the ACh-activation of αBgt-sensitive 
neuronal nAChRs. The interactions of dipyrone with this and other subtypes of 
neuronal nAChRs in the mammalian CNS may partly account for its analgesic
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623.9

PYRIDOSTIGMINE AT NANOMOLAR CONCENTRATIONS POTENTIATES 
EXCITATORY NEUROTRANSMISSION AT SCHAFFER-CA1 HIPPOCAMPAL 
SYNAPSES. R.R.B. Caruso1, S.R. Chebabo1,2, N.G. Castro*1, Y. Aracava1,2, and
E.X. Albuquerque1,2. 1Dept. Farmacologia Básica e Clinica, ICB, Univ. Federal do 
Rio de Janeiro, RJ, 21944-590, Brazil; 2Dept. Pharmacol. Exp. Ther., Univ. 
Maryland School of Medicine, Baltimore, MD 21201.

The cholinesterase inhibitor pyridostigmine (Pyr) is usually thought of as a 
peripherally-acting compound, because it is a quaternary ammonium salt. However, 
neurological symptoms have been reported among Pyr users, including myasthenic 
patients and Gulf War veterans, and recent data show that brain cholinesterase is 
inhibited after systemic administration of the drug in stressed rats (Nature Med. 
2:1382, 1996, and refs, therein). Considering that only a small fraction of the 
administered drug might reach the brain, we have investigated whether at low 
concentrations pyridostigmine can affect synaptic transmission in the hippocampus. 
Extracellular field potentials were recorded with a glass microelectrode positioned 
in the stratum radiatum of the CA1 field of fresh slices of the rat hippocampus. 
Excitatory postsynaptic potentials (EPSPs) were elicited every 100 s by orthodromic 
stimulation of Schaffer collaterals. After 30 min of stable recording, Pyr 0.1 nM to 
100 µM was added to the perfusion. In 4 out of 4 slices from different rats, Pyr (1 nM) 
increased by 30% to 88% the mean amplitude of the EPSPs (P < 0.01). In another 
slice, Pyr (10 nM) caused only a transient increase in the EPSP amplitude. 
Concentrations ranging from 100 nM to 10 µM either had no effect or induced a 
decrease in EPSP amplitude. A reduction of the EPSP was consistently observed 
at 100 µM Pyr (4 out of 4 slices). At micromolar concentrations, Pyr also caused an 
increase in the spontaneous activity. Thus, Pyr showed dual effects in hippocampal 
synaptic transmission: enhancement and depression of EPSPs. The potentiation 
seen at very low concentrations of Pyr is likely to be of significant clinical relevance. 
Support: CNPq, CNPq/PIBIC, FUJB/UFRJ, PRONEX & Finep/UMB Mol. Pharm. 
Trng. Prog.; US Army Med. Res. & Devel. Comm. Contr. DAMD-17-95-C-5063.

623.11

DIFFERENT MUSCARINIC RECEPTORS MEDIATE ENHANCEMENT OF 
SPONTANEOUS GABA RELEASE AND REDUCTION OF EVOKED 
POSTSYNAPTIC CURRENT IN THE CHICK BRAIN. J.-Z. Guo* and V .A. 
Chiappinelli. Dept. Pharmacol., The George Washington Univ. Sch. of Med. 
and Health Sci., Washington DC 20037

A previous study has shown that nicotinic acetylcholine receptors enhance 
GABAergic spontaneous postsynaptic currents (sPSCs) in the chick lateral 
spiriform nucleus (SpL; Neuroscience 59: 689, 1994). Using whole cell 
recording in the SpL of embryonic chick brain slices, we now examine the 
functional roles of muscarinic acetylcholine receptors (mAChRs) on sPSCs and 
also on evoked PSCs (ePSCs, field stimulation of the afferent cholinergic fibers 
lateral to the SpL which evokes responses blocked by bicuculline). Muscarine 
(3-100 µM) increased the frequency of sPSCs and blocked the polysynaptic 
ePSCs. McN-A-343 (3-10 µM), a M l selective agonist, enhanced sPSCs but 
did not block the ePSCs. Pirenzepine (1-10 µM) and telenzepine (0.5-1 µM), 
two M 1 selective antagonists, blocked muscarine’s enhancement of sPSCs and 
prevented muscarine’s blockade of ePSCs. Methoctramine (1-10 µM), a M2 
selective antagonist, potentiated muscarine’s enhancement of sPSCs and 
protected against muscarine’s blockade of ePSCs. Tropicamide (0.5-1 µM), a 
M4 selective antagonist, blocked muscarine’s enhancement of sPSCs but did 
not prevent muscarine’s blockade of ePSCs. All these antagonists potentiated 
the ePSCs, indicating endogenous acetylcholine is released upon stimulation. 
These results indicate that at least two different types of muscarinic receptor are 
present in SpL: one of which enhances GABAergic sPSCs whereas the other 
blocks the evoked PSCs.
Supported by NIH Grant NS33135 to V.A.C.

623.13

PILOCARPINE IS TOXIC TO RETINAL GANGLION CELLS
E.B. Dreyer,1* P. Simon, 1 M. Gorla, 1 W. Katowitz,1 D. Zurakowski,2 

L.A. Levin3 and C.K. Vorwerk1. 1Department o f Ophthalmology, 
Veterans Administration and the University of Pennsylvania, 
Philadelphia, PA 19104; 2Research Computing and Biostatistics, 
Children’s Hospital, Boston, MA 02115; 3Department of 
Ophthalmology, University of Wisconsin Medical School, Madison, WI 
53792

Pilocarpine is a leading anti-glaucoma agent, that reduces eye 
pressure by stimulating ciliary muscle contraction. However, pilocarpine 
is also a well characterized neurotoxin, and is widely used to generate 
animal seizure models. We therefore investigated whether pilocarpine 
was also toxic to retinal ganglion cells.
Dissociated whole retinal preparations were prepared from postnatal day 
16-19 rats. Retinal ganglion cells had been previously back-labeled with 
Fluorogold. Retinal cells were incubated with pilocarpine, lithium, and 
inositol derivatives, and viability of the retrogradely labeled retinal 
ganglion cells assayed after 24 hours.
Pilocarpine was toxic to retinal ganglion cells in a dose-dependent 
fashion. This toxicity was potentiated by lithium, and blocked by epi- 
and myo-inositol. Pilocarpine is toxic to retinal ganglion cells in a mixed 
culture assay. This toxicity appears to depend upon the inositol 
pathway, and is similar to its mode o f action in other neurons. 
Supported by NIH R01EY 10009

623.10
T H E  IN V O L V E M E N T  O F  CA 1, CA 3 AND D E N T A T E  G Y RU S 
C E L L S  IN  C A R B A C H O L -IN D U C E D  O S C IL L A T IO N S  IN  T H E  
H IP P O C A M P A L  S L IC E . J.-M. Fellous* and T.J . Sejnowski. The Salk 
Institute. 10010 N. Torrey Pines Road, La Jolla, CA 92037.

Cholinergic projections from the septal nuclei affect the state o f  activity 
in the hippocampus. We studied the rhythms induced by carbachol, a 
muscarinic agonist, in an in vitro preparation. Perfusion o f  high 
concentrations (15-50 µM) o f  carbachol induced a spontaneous theta-like 
(4-10 Hz) AMPA-mediated network oscillations in the transversal rat 
hippocampal slice. Lower concentrations (1-10 µM) induced slow  
rhythmic delta-like discharges in the 0.2 to 2 Hz range. Intermediate 
concentrations (8-20 µM) produced irregular transient episodes o f  50-80 
Hz oscillations often intermixed with the two other rhythms.
Using simultaneous field and patch-clamp recording techniques, we 
examined the involvement o f pyramidal and GABAergic cells in regions 
CA1, CA3 and dentate gyrus o f  the transversal hippocampal slice, and in 
the CA3 region o f  the longitudinal slice. Whereas intemeurons fire more 
than one action potential at each cycles o f  the theta- or delta-like 
discharges, pyramidal cells usually fire at most once per cycle, and are 
active only during few cycles per theta-like episodes.
These findings suggest that the level o f  activity o f  the cholinergic inputs 
to the hippocampus may control the mixture o f  oscillatory rhythms 
observed in vivo. Supported by the Howard Hughes Medical Institute.

623.12

PILOCARPINE INCREASES SUBSTANTIALLY THE EXCITABILITY OF RAT 
HIPPOCAMPAL NEURONS: A POSSIBLE RELATIONSHIP TO PILOCARPINE- 
INDUCED STATUS EPILEPTICUS. M.R. Priel1, A. Eldefrawi*1 and E.X. 
Albuquerque1,2 1Dept. Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., 
Baltimore, MD 21201; 2Dept. Basic & Clin. Pharmacol., CCS UFRJ, RJ, Brazil.

Among the epilepsies, the temporal lobe epilepsy (TLE) is the most 
frequently observed. To understand the mechanisms that underlie this 
pathology, several animal models have been used. Turski et al. (1983) 
described the potent pro-convulsant and damaging effect of pilocarpine 
(PILO). This model is well characterized showing that after an acute period 
marked by status epilepticus, the rats present recurrent spontaneous 
seizures, mimicking the clinical features of TLE. However, the molecular 
mechanisms involved in this process are not well elucidated. The aim of our 
study is to identify the molecular targets for PILO, and, therefore, to provide 
the basis for a better understanding of TLE. Using the whole-cell mode of 
the patch-clamp technique, tetrodotoxin-sensitive spontaneous postsynaptic 
currents were recorded from cultured hippocampal neurons in the absence 
and in the presence of PILO (10 µM). PILO increased the frequency of 
spontaneous excitatory postsynaptic currents (EPSCs). The increase by 
PILO in EPSC frequency was blocked by atropine (1 µM), indicating that this 
effect of PILO was mediated by its agonist action on muscarinic receptors. 
In addition, in the presence o f PILO, smaller depolarizing steps (low 
threshold) were needed to trigger action potentials in the hippocampal 
neurons, an effect blocked by TTX. Thus, neuronal excitability is greatly 
increased by PILO, an action that could be important for the generation of 
status epilepticus observed in animals treated with PILO. Support: USPHS 
grant NS25296; FAPESP fellowship.

623.14
M U S C A R IN IC  R E C E P T O R -A C T IV A T E D  A R A C H ID O N IC  A C ID  R E L E A SE  IS 
E N H A N C E D  B Y  C Y T O K IN E S  IN  A 2 0 5 8  H U M A N  M E L A N O M A  CE L L S. 
M .W . W o o d 1*, J.H. Joon 2, E .M . B riley 2 and C .C . F e ld er1,2. 1N eu rosc ien ce  
R esearch, Eli L illy  and C o., Ind ianapolis, IN  4 6 2 8 5 , 2N ational Institute o f  M ental 
H ealth, Laboratory o f  C ell B io lo g y , B ethesda, M D  2 0 8 9 2 .

T he human m elanom a ce ll line A 2 0 5 8  exp resses  on ly  the m 5 subtype o f  
m uscarinic receptor. In these ce lls , treatm ent w ith the ch o lin erg ic  agonist, 
carbachol (C C ) induces a 2 -4  fo ld  increase in arachidonic acid  (A A ) release over  
basal lev e ls . C C -induced  A A  release is b lock ed  by the m uscarinic antagonist, 
atropine. T he C C -induced  A A  release is potentiated  2 -3  fold by pretreatm ent o f  

A 2 0 5 8  c e lls  with either o f  the inflam m atory cy tok in es, tum or n ecrosis factor-α  

(T N F α ) or interleukin 1-β  (I L -1β ). E nhancem ent o f  C C -induced  A A  release by 

T N F α  pretreatm ent peaks near one hour, con sisten t with a transcriptionally  derived  

event. W estern analysis o f  I κ B α , the inhibitory subunit o f  the NFκB com p lex , 
su ggests  that both cy tok in es are capab le o f  activating  κ B -driven  transcription. 
Pretreatm ent o f  A 2 0 5 8  c e lls  with either o f  the proteasom e inhibitors, M G -115 or 

M G -132, b lock  the cy tok in e-d ep en d en t degradation o f  Iκ B α  but do  not a ffect the 
enhancem ent o f  C C -induced  A A  release. W estern analysis dem onstrates that both  
cy tok in es can trigger the phosphorylation  (and activation) o f  p38  M A P  kinase. 
Furtherm ore, pretreatm ent o f  A 2 0 5 8  c e lls  with the p 38  kinase inhibitor, S B 2 0 3 5 8 0 .  
ablates cytok in e-d ep en d en t augm entation  w ithout interfering with C C -induced  A A  
release. F inally , no change in the phosphorylation  state o f  the p 4 4 /4 2  M A P  k inases  
fo llo w s cy tok in e  treatment. Thus, inflam m atory cy tok in es m ay regu late m uscarinic  
sign alin g  through the p38 M A P  k inase pathw ay. A d d ition a lly , this study provides  
ev id en ce  that potentiation  o f  m uscarinic receptor-m ediated  signal transduction  may  
be a d irect result o f  inflam m ation.IκBα
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623.15
4-DAMP MUSTARD-TREATMENT REVEALS A CONTRACTILE RESPONSE 
MEDIATED BY BOTH M2 AND M3 MUSCARINIC RECEPTORS IN THE 
GUINEA PIG COLON. G. W. Sawyer,1 and F. J. Ehlert1*. 1Dept. of Pharmacology 
Univ. of California, Irvine; Irvine, CA 92717.

The role of M2 and M3 receptors in the contractile and phosphoinositide responses was 
investigated in the guinea pig colon. Both contraction and phosphoinositide hydrolysis 
were insensitive to pertussis toxin-treatment and irreversibly antagonized by 4-DAMP 
mustard. After 4-DAMP mustard-treatment, the remaining contractile response became 
sensitive to pertussis toxin and was weakly antagonized by the M2 and M4 selective 
antagonist AF-DX 116. The sensitivity of the remaining contractile response to 
pertussis toxin suggests that the M2 receptor contributes to the response even though it 
was weakly antagonized by AE-DX 116. To explain the conflicting pharmacology of 
the residual contractile response after 4-DAMP mustard-treatment, we investigated a 
mathematical model for receptor action based on the interaction of two receptor subtypes 
(i.e. M2 and M3). This model corroborated the observations in the guinea pig colon, 
predicting that a response mediated by both M2 and M3 receptors can be pertussis toxin- 
sensitive yet weakly antagonized by AF-DX 116. Interestingly, the phosphoinositide 
response remaining after 4-DAMP mustard-treatment remained insensitive to pertussis 
toxin-treatment indicating that the M2 receptor does not contribute to phosphoinositide 
hydrolysis in the guinea pig colon even after most of the M3 receptors have been 
inactivated.

This work was supported by National Institutes o f Health grant NS 30882.

623.17
A L L O S T E R IC  IN T E R A C T IO N  O F  Q U IN A C R IN E  A N D  
C H L O R O Q U IN E  W IT H  M U S C A R IN IC  R E C E P T O R S : R O L E  
IN  T H E  IN H IB IT IO N  O F  M U S C A R IN IC  A G O N IS T - 
IN D U C E D  D E S E N S IT IZ A T IO N . S. Horio*, T. Nagare, Y. Ishida 
and H. M oritoki. Dept. o f Pharmacology, Fac. o f Pharmaceutical 
Sciences, Univ. o f Tokushima, Shomachi, Tokushima, 770-8505, Japan.

Amine local anesthetics and related compounds like quinacrine and 
chloroquine have been shown to inhibit muscarinic receptor-mediated 
desensitization in intestinal smooth muscle. In the present study, we 
examined the interaction o f these drugs with muscarinic receptors, and 
verified whether the inhibition o f desensitization was due to their 
blocking action on the receptors in guinea-pig ileal smooth muscle. 
Quinacrine, chloroquine, tetracaine and procaine inhibited [3H]N- 
methylscopolamine binding to solubilized membrane from ileal muscle 
with pKi values o f 7 .0 3±0 .10 , 6 .59±0 .02, 5 .40±0.10 and 5.03±0 .04, 
respectively. The combined dose-ratio test(Paton and Rang, 1965) 
showed that some o f these drugs, quinacrine and chloroquine, interacted 
non-competitively at muscarinic receptors. These drugs reduced 
receptor occupancy(%) by agonist from 99.0(without inhibitor drug) to 
96.8, 95.1, 89.4 and 49.8, respectively, under the conditions where each 
drug induced half maximum inhibition o f desensitization, indicating that 
they(except for procaine) did not effectively block muscarinic 
receptors. However, there remained the possibility that these drugs 
bound to an allosteric site on the receptor, modified agonist-receptor 
interaction, e.g., the coupling between the receptor and a G-protein, and 
thus inhibited the pathway specific to the desensitization process.

623.19
MUSCARINIC CONTROL OF EXCITABILITY AND [Ca2+] i SIGNALING IN 
LAYER II AND III PROJECTION NEURONS OF THE MEDIAL ENTORHINAL 
CORTEX. T. Gloveli, A. V. Egorov, D. Schmitz, U. Heinemann and W. Müller*. 
Department of Neurophysiology at the Charité, Humboldt University Berlin, 
Tucholskystr. 2, 10117 Berlin, Germany.

The entorhinal cortex (EC) gives rise to a powerful projection that constitutes the 
major cortical input to the hippocampus. The perforant path, which originates in 
superficial layers of the EC provides a glutamatergic excitatory input from layer II 
cells to the dentate gyrus and the CA3 region and from layer III to the CA1 region 
and the subiculum. The EC itself receives a strong cholinergic input from the basal 
forebrain that terminates in both superficial and deep layers. Using intracellular 
injection of fura-2 in layer II and III projection neurons of the medial EC (mEC) of 
rat combined hippocampal-entorhinal cortex slice we measured changes in resting 
membrane potential and postsynaptic [Ca2+]i concentration evoked by intracellular 
current injection or application of carbachol (CCh). In contrast to layer III cells, 
depolarization of layer II stellate cells with intracellular current injection to about -60 
mV evoked intrinsic substhreshold membrane potential oscillations and detectable 
increases in [Ca2+]i suggesting Ca2+ influx into these neurons through low voltage 
activated Ca2+ channels. Pressure-pulse application of low concentration of CCh (1 
mM) evoked only a small depolarization in layer II cells and a small depolarization 
and/or hyperpolarization in layer III cells without any detectable changes in [Ca2+]i. 
Higher concentration of CCh (10 mM) evoked rhythmic (synaptieally mediated) 
potential oscillations and seizure-like events in both, layer II and III cells. [Ca2+]i  
increase associated with seizure-like events were larger in layer III cells compared 
with layer II cells. Our results demonstrate differential cholinergic control of 
excitability of projection cells in layer II and III of the mEC.

Supported by DFG Mu 809/6-1.

623.16
RAT PRIMARY SKELETAL MUSCLE CULTURES EXPRESS MUSCARINIC 
ACETYLCHOLINE RECEPTOR COUPLED TO PHOSPHOLIPASE C. R.O. 
Godinho*, M.C.W. Avellar and M.O.R. Borges. Dept. of Pharmacology, Escola 
Paulista de Medicina-UNIFESP, São Paulo, SP, Brazil 04044-020 

The coupling of muscarinic cholinergic receptors (mAChR) to phospholipase C 
(PLC) second messenger system has been demonstrated in avian tissue cultured 
myotubes (Godinho and Rotundo, Cholinergic Synapse Meeting p 5.6, 1994). In 
the present study we investigated the expression of mAChR at mammalian 
skeletal muscle culture and its involvement in the stimulation of diacylglycerol 
(DAG) production. In membrane fractions from 7-8 day-old cultured rat myotubes, 
3H-methyl-quinuclidinyl benzilate ( 0.05-10 nM) saturation experiments showed 
the existence of a homogeneous population of binding sites (KD = 0.21 ± 0.06 nM; 
Bmax=1.4 fmol/mg protein). The coupling of mACh to PLC activation and 
subsequent DAG production was determined by measurement of [3H] cytidine 
diphosphate diacylglycerol accumulation. In 7-day cultured myotubes, 
acetylcholine, carbachol, bethanechol and oxotremorine-M increased the DAG 
production in a dose dependent manner. Carbachol effect was proportionally 
inhibited by increasing concentration of muscarinic antagonists atropine (IC50 = 
1.2 × 10-10M ± 0.2 × 10-11 M) and pirenzepine (IC50 = 1.9 x10-8 M ± 0.4 x 10-9 M). 
The presence of the five muscarinic receptor mRNA subtypes was analyzed in 
rat myotubes by RT-PCR using as positive control a sample from rat brain. All 
five subtypes of mAChR mRNA were detected in the rat brain whereas only m 1, 
m2 and m3 transcripts were found in the rat cultured myotubes. Taken together, 
these results show that rat cultured myotubes express functional mAChR coupled 
to PLC activation. Supported by FAPESP 96/1271-0 (R.O.G.); 96/1777-1 
(M.C.W.A.)

623.18
M USCARINIC AG O NISTS EXHIBIT FU NC TIO NA L DO PA M INE  
AN TA G O NISM  - PO SSIBLE M ECHANISM  OF AC TIO N
A. Fink-Jensen1*, P. Kristensen1, H.E. Shannon2, D.Q. Calligaro2, N.W. 
Delapp2, C. Whitesitt2, J.S. Ward2, C. Thomsen1, T. Rasmusseen1, M.J. 
Sheardown1, L. Jeppesen1, P. Sauerberg1 and F.P. Bvmaster2. Novo 
Nordisk A/S, 2760 Måløv, Denmark1 and Eli Lilly and Company, 
Indianapolis, Indiana2.

PTAC ((5R,6R) 6-(3-Propylthio-1,2,5-thiadiazol-4-yl)-1 - 
azabicyclo-[3.2.1]octane) is a selective muscarinic ligand with agonist 
mode of action at the muscarinic m2 and m4 receptor subtypes. In the 
present study PTAC inhibited contralateral rotation in unilaterally 6 - 
OHDA lesioned rats induced by the dopamine D1 receptor agonist SKF 
38393 and by the dopamine D3/D2 receptor agonist quinpirole. A 
similar effect was observed with the muscarinic agonists oxotremorine, 
RS8 6  and pilocarpine. SKF 38393 induced Fos protein 
immunoreactivity in the rat dorsolateral striatum on the lesioned site, 
an effect that was inhibited by PTAC. Both muscarinic m4 receptors 
and dopamine D1 receptors are localized on medium spiny striatal 
neurons projecting to the substantia nigra. PTAC inhibits adenylate 
cyclase activity whereas SKF 38393 stimulates adenylate cyclase 
activity. This interaction is one possible mechanism by which the 
functional dopamine antagonism of PTAC in intact animals could be 
explained.

Novo Nordisk A/S and Eli Lilly and Company

623.20
THE ROLE OF RHO IN RELEASE OF ARACHIDONIC ACID BY 
THE MUSCARINIC ACETYLCHOLINE RECEPTOR. L.G. M ay*, C. 
Bohenick, R.S. Aronstam, Guthrie Research Institute, Sayre, PA,
18840.
The involvement o f rho in arachidonic acid release by the muscarinic 
acetylcholine receptor (mAChR) was determined using CHO cells that 
had been stably transfected with both the M3 subtype o f mAChR and 
either the wild type rho protein or a constitutively active form of the rho 
protein. CHO cells were verified for stable integration and expression of 
proteins by sequencing and immunoblotting. Stably transfected CHO 
cells were cultured in H A M ’s F-12 with 5% FBS for 2 days. The cells 
were labeled overnight with 0.2 µCi [3H]arachidonic acid/ml and then 
washed three times in fresh media prior to analysis. Treatment with 
carbachol for 15 minutes yielded a normal dose response in control CHO 
cells that were stably transfected with a construct coding for the zeocin 
selection marker. Maximal responses were obtained with 10 µM  
carbachol. In three clones o f CHO cells expressing wild type rho, the 
release o f arachidonic acid by carbachol was diminished by an average of 
48% at 10 µM carbachol (range 34-69%). In CHO cells stably 
expressing the constitutively active rho protein, carbachol stimulation of 
arachidonic acid release was diminished to an even greater extent; release 
of arachidonic acid by 10 µM carbachol was inhibited by an average of 
70% in CHO cells expressing constitutively active rho (range 44-92% in 
5 clones). These results suggest a role for rho in release o f arachidonic 
acid although it is unknown whether the involvement is due to direct or 
indirect action. (Supported by the Department of the Army Grant DAM D  
17-94-J-4011).

Society for Neuroscience, Volume 24 ,1998



1584 ACETYLCHOLINE RECEPTORS: MUSCARINIC II WEDNESDAY AM

624.1

CHOLINERGIC MUSCARINIC M 1 RECEPTORS POTENTIATE 
CRH STIMULATION OF A DENYLYL CYCLASE THROUGH βγ 
SUBUNITS OF Gq/11 IN RAT FRONTAL CORTEX P. Onali* and 
M.C. Olianas, Section on Biochemical Pharmacology, Dept. 
Neuroscience, University o f  Cagliari, Cagliari, Italy.
In membranes o f  rat frontal cortex, concomitant activation o f  muscarinic 
M 1 receptors potentiates the stimulation o f  adenylyl cyclase (a.c.) 
activity elicited by corticotropin-releasing hormone (CRH). The 
muscarinic facilitation is not affected by the phospholipase C inhibitor U- 
73122, the protein kinase inhibitor staurosporine and the arachidonic 
acid metabolism inhibitors indomethacin and nordihydroguaiaretic acid. 
Intracortical injection o f  pertussis toxin reduces the M 2 muscarinic 
receptors-mediated inhibition o f  a.c. but does not affect the M 1 
stimulatory effect. On the other hand, the M 1-mediated facilitation o f  
CRH receptor activity is significantly reduced by the Gq antagonist 
GPant-2A and by membrane treatment with the GDP-bound form o f  the 
α  subunit o f  transducin, a βγ scavenger. M oreover, the M 1 potentiation 
o f  CRH-stimulated a.c. is mimicked by the addition o f  exogenous βγ 
subunits. The βγ-induced enhancement is not additive with that elicited 
by M 1 receptors. The data provide evidence that in rat frontal cortex 
muscarinic M 1 receptors positively modulate CRH receptor activity 
through βγ subunits o f  Gq.
(Supported by M .U.R.S.T.).

624.3
THE EFFECTS OF LEAD (Pb2+) ON NICOTINIC CURRENTS EVOKED BY 
ACETYLCHOLINE AND CHOLINE IN CULTURED HIPPOCAMPAL 
NEURONS. A. Mike* and E.X. Albuquerque Dept. Pharmacol. Exp. Ther., 
Univ. Maryland Sch. Med., Baltimore, MD 21201.

Hippocampal neurons in culture express at least one of three types of 
nicotinic receptors (nAChRs) composed of α7, α4β2, and α3β4, which 
subserve type lA, II, and III currents, respectively (J. Pharmacol. Exp. Ther. 
265: 1455,1993). Given that Pb2+ blocks ACh-evoked, type lA currents and 
Ca2+ modulates the α7 nAChR activity (rev. J. Pharmacol. Exp. Ther. 280: 
1117, 1997), this work was aimed at characterizing the interactions between 
Ca2+ and Pb2+ with the α7 nAChRs in hippocampal neurons. Pb2+ inhibited 
to a similar extent type lA currents evoked by ACh and by the α7-nAChR- 
selective agonist choline; the IC50 for Pb2+ was ~ 3 µM. Pb2+-induced inhibition 
of type IA currents developed within a minute after beginning the perfusion of 
the neurons with Pb -containing external solution. Accordingly, when Pb2+ 
was applied to the neurons exclusively as an admixture with ACh, no changes 
in ACh-evoked type lA currents were observed. Pb2+ did not change the time 
constants of desensitization of type lA currents, but it accelerated the recovery 
from desensitization. Inhibition by Pb2+ of ACh-evoked type lA currents was 
more intense in the presence of low extracellular Ca2+ concentrations. The 
interaction between Ca2+ and Pb2+ with the α7 nAChR takes place in an 
extracellular site on the receptor, because within minutes after obtaining the 
whole-cell patches, subnanomolar concentrations of free Pb2+ applied 
intracellularly did not cause a decrease in the amplitude of ACh-evoked 
currents. In nystatin-perforated patches, the extent of inhibition by Pb2+ of type 
lA currents was similar to that observed in conventional whole-cell patches. 
It is likely that in vivo Pb2+-induced inhibition of type lA currents will be affected 
by oscillations in extracellular Ca2+ concentrations during ongoing synaptic 
activity. Support: Fogarty International Fellowship TW05389 and USPHS 
grant ES05730.

624.5

IN VITRO PHARMACOLOGICAL A N D  FUNCTIONAL  
CHARACTERIZATION OF SCH 57790, A NOVEL M2 
M USCARINIC RECEPTOR ANTAGONIST. V Ruperto, RA 
D uffy , LA Tay lor, R M cQuade, J K ozlow ski, H Guzik, D Lowe, JG 
Berger, JW Clader, CD Strader and JE Lachowicz*. Departments of 
CNS/CV Medicinal Chemistry and CNS/CV Biological Research, 
Schering-Plough Research Institute, Kenilworth, NJ 07033.

A decline in central cholinergic activity may be partly 
responsible for the memory loss characteristic o f  Alzheimers disease 
(A D), as decreased numbers o f  cholinergic neurons in brain regions 
such as the nucleus basalis have been observed in AD. Available 
treatments for AD include acetylcholinesterase inhibitors, which act by 
increasing the amount o f  acetylcholine in the synaptic cleft. Evidence 
suggests that in the CNS, acetylcholine release is modulated by 
negative feedback at M2 muscarinic receptors. Identification o f a 
selective antagonist o f  these presynaptic autoreceptors should provide 
another means o f  increasing acetylcholine levels. For this purpose, 
SCH 57790 (4-cyclohexyl-α-[4-[4-m ethoxyphenyl] (S)-sulfinyl]- 
phenyl]-1-piperazineacetonitrile) was synthesized. The compound 
displaces [3H] NMS and [3H] QNB from cloned human M 2 

muscarinic receptors expressed in CHO cell membranes with a Ki o f  
3-10 nM. Selectivity for M 2 over M 1 binding is 40 to 50-fold. 
Binding o f  57790 to M 2 receptors is competitive and stereoselective. 
SCH 57790 blocks the inhibition o f  adenylyl cyclase activity mediated 
by the muscarinic agonist oxotremorine. SCH 57790 is a novel, 
selective, high affinity M2 muscarinic receptor antagonist.

624.2

COMPARATIVE EFFECTS OF THE LOCAL ANESTHETICS PIPEROCAINE 
AND BUPIVACAINE ON MUSCLE AND NEURONAL NICOTINIC RECEPTORS.
W.S. Côrtes2,3, B.S.Nascimento1, Y.-P. Yu2, D.R. Burt*3, Y. Aracava1,2,3 and 

E.X. Albuquerque1,3 1Dept. Basic Clin. Pharmacol., Fed. Univ. Rio de Janeiro. 
RJ, 21944-590, Brazil; 2 IBCCF, UFRJ, RJ, 21944-590,Brazil; 3Dept. Pharmacol. 
Exp. Ther., Univ. Maryland Sch. Medicine, Baltimore, MD 21201.

Piperocaine has been shown to produce voltage-dependent reduction of 
both peak amplitude and decay-time constant of the endplate currents 
(Mol.Pharmacol. 16:909,1979), whereas bupivacaine acts as an open channel 
blocker at muscle nicotinic acetylcholine (ACh) receptors (nAChR) 
(Mol.Pharmacol. 26:293,1984). The effects of bupivacaine and of the hydro
chloride and methiodide forms of piperocaine were analyzed in cultured 
hippocampal neurons on α-bungarotoxin (αBgt)-sensitive (type lA) and on 
insensitive whole-cell currents at hippocampal neurons in culture. In addition, we 
analyzed the effects of piperocaine on whole-cell currents recorded from cultured 
myoballs and single-channel currents from frog muscle fibers. Both forms of 
piperocaine (30-100µM) reduced the peak amplitude and caused no changes in 
the decay phase of the type lA currents evoked by ACh (0.1 and 1 mM), whereas 
it accelerated the decay phase of the αBgt-insensitive slowly decaying currents. 
In myoballs, piperocaine (100µM) produced a marked voltage-dependent 
reduction of the peak amplitude of the whole-cell currents elicited by ACh (2µM) 
with clear shortening of the duration of these currents. Piperocaine (0.5-5µM) 
produced a drastic time- and voltage-dependent reduction of the frequency of 
channel openings with shortening of open channel duration. Bupivacaine 
affected both the peak amplitude and decay phase of type lA, as well as of the 
slowly decaying currents. Our results show that both piperocaine and 
bupivacaine are open channel blockers at neuronal nAChRs, but piperocaine’s 
effect is restricted to the nAChR of slowly decaying currents. Supp: USPHS grant 
NS25296, CNPq, Capes, Pronex &Finep/UMB Mol. Pharm. Training Program.

624.4
LEAD (Pb2+) BLOCKS MODULATION OF GABA RELEASE BY NICOTINIC 
RECEPTORS IN HIPPOCAMPAL NEURONS IN CULTURE. E.F.R. Pereira1* ,
M.F.M. Braga1,2, and E.X. Albuquerque1,2 1Dept. Pharmacol. Exp. Ther., Univ. 
Maryland Sch. Med., Baltimore, MD, 21201; 2Dept. Basic & Clin. Pharmacol., 
IBC, CCS, UFRJ, RJ 21944, Brazil.

When present on presynaptic neurons in the central nervous system, 
ligand-gated channels, including neuronal nicotinic receptors (nAChRs), are 
capable of modulating differently the release of a variety of neurotransmitters. 
In hippocampal neurons, α7 and α4β2 nAChRs have a critical role in controlling 
the tetrodotoxin (TTX)-sensitive spontaneous release and the evoked release of 
Y-amino butyric acid (GABA) (Alkondon e t al., J. Pharmacol. Exp. Ther. 283: 
1396,1997; Braga et al., this issue). Considering that Pb2+ blocks α7 nAChRs 
with an IC50 ~ 1 µM (Ishihara e t al., J. Pharmacol. Exp. Ther. 273:1471,1995), 
we applied the whole-cell mode of the patch-clamp technique to hippocampal 
neurons to investigate whether Pb2+ could affect nAChR modulation of GABA 
release. Prior to the perfusion of the neurons with Pb2+ (1 µM)-containing 
physiological solution, a 1-s pulse of acetylcholine (ACh; 100 µM) increases the 
frequency of TTX-sensitive, GABA-mediated postsynaptic currents (SPSCs). 
When the neurons are perfused with Pb2+ (1 µM)-containing physiological 
solution, the frequency of GABA-mediated SPSCs is reduced by approximately 
80% in comparison to the control condition. This effect, which occurs rapidly 
after exposure of the neurons to Pb2+, is reversed by 3-4-diamino pyridine, 
indicating that it is likely to be accounted for by Pb -induced blockade of 
voltage-gated Ca2+ channels. Of major interest, however, is the finding that 
following the exposure of the neurons to Pb2+ (1 µM), the ability of ACh to 
increase the frequency of GABA-mediated SPSCs is reduced by about 50%. 
These findings indicate that Pb2+ can affect synaptic function in the 
hippocampus not only by directly blocking voltage-gated Ca2+ channels, but also 
by blocking nAChR-mediated modulation of transmitter release. Support: 
USPHS grant ES05730; CNPq & FINEP from Brazil.

624.6
THE PESTICIDE ALDICARB BLOCKS THE GABAA RECEPTOR ACTIVITY IN 
HIPPOCAMPAL NEURONS. Y. Aracava1*, E.S. Rocha1,2, M.F.M. Braga1,3, and 
E.X. Albuquerque1,3 1Dept. Basic & Clin. Pharmacol., IBC and 2IBCCF, CCS 
UFRJ, RJ 21944, Brazil; 3Dept. Pharmacol. Exp. Ther., Univ. Maryland Sch. 
Med., Baltimore, MD, 21201.

Increasing lines of evidence indicate that the neurotoxic effects of the 
pesticide aldicarb cannot be accounted exclusively by its ability to block 
cholinesterase (Lifshitz e t  al., J. Toxicol. Clin. Toxicol. 35:25, 1997). In this 
study, we used the patch-clamp technique to analyze the effects of aldicarb on 
transmitter release and on ligand-gated ion channels in hippocampal neurons 
in culture. In the presence of tetrodotoxin (TTX, 200 nM), aldicarb (0.1 -10 µM) 
reduced the amplitude and accelerated the decay phase of γ-amino butyric acid 
(GABA)-mediated miniature postsynaptic currents (MPSCs). In the absence of 
TTX, the amplitude of GABA-mediated postsynaptic currents (SPSCs) was also 
reduced. The frequency of MPSCs and SPSCs was not altered by aldicarb, 
indicating that the pesticide does not affect the release of GABA. Instead, the 
pesticide apparently blocks the GABAa receptors subserving both events. 
Accordingly, aldicarb reduced the amplitude and accelerated the decay phase 
of GABA-mediated postsynaptic currents indirectly evoked by electric stimulation 
of neurons synaptically connected to the neurons under study, and it reduced 
the amplitude of whole-cell currents evoked by application of GABA to the 
hippocampal neurons. Considering that the concentrations of aldicarb found to 
block the GABAa receptor activity are close to its IC50 to block cholinesterase 
activity (~ 3 µM), the present results strongly indicate that some of the neurotoxic 
effects of aldicarb may be accounted for by its ability to block GABAa receptors 
in the central nervous system. Support: U.S. Army Medical Research & Devel. 
Command Contract DAMD-17-95-C-5063; PRONEX, CNPq & FINEP from 
Brazil.
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624.7

A NOVEL SELECTIVE M4 ANTAGONIST 3 α-TRCPYL 2-(p-BR0MGPHENYL) 
PRCPIONATE V . M arehese, C. Ghelardini, N. Galeott, 1C. Bellucci. 1F. 
Gualtieri and A. Bartolini Depts of Pharmacology and °Pharmaceutical 
Sci., Univ. o f Florence, Italy, SPON: Eur. Neurosci. Ass.*

The pharm acological profile of the com petitive muscarinic 
antagonist 3 α-tropyl 2-(p-bromophenyl)propionate, abbreviated PG-9, 
was evaluated by functional and binding studies. PG-9 concentration - 
dependently blocked the M cN-A-343-induced inhibition o f twitch 
contractions of rabbit vas deferens (M1； pA2= 6.71±0.05) and antagonized 
the negative inotropic carbachol-induced effect in guinea-pig left atrium 
(M 2; pA 2= 6.85±0.10), the contractile responses to ACh in guinea-pig 
ileum (M3; pA2= 6.84±0.08) as well as the carbachol-induced contractions 
in immature guinea-pig uterus (M4 ; pA 2= 7.72±0.05). Arunlakshana- 
Schild regression lines for PG-9 were not significantly different from 
unity. The pKi values determined by competition for the binding between 
PG-9 and [3H]-N-methylscopolamine on the five human muscarinic 
recep to r subtypes expressed  in C H O -K 1 are the follow ing: 
m 1=6.23±0.05; m2=6.31±0.06; m3=6.19±0.11; m4= 7.20±0.09 and m5 
= 6.67±0.05. Binding isotherms of PG-9 were characterized by Hill 
number not significantly different from unity and are consistent with 
interaction at a homogeneous population of receptors. PG-9 showed up to 
10-fold selectivity for M 4-m 4 receptors over M 1-m 1. PG-9 shows an 
affinity for the M4 receptor subtype higher than tropicamide, the only 
available M4 antagonist. As a novel selective M4 antagonist, PG-9 may 
be considered an important pharmacological tool for understanding the 
functional role of M4 receptor subtype.
This work was supported by grants from MUR ST.

624.9

α7 AND α4β2 NICOTINIC RECEPTORS (nAChRs) MODULATE EVOKED  
AND SPONTANEOUS RELEASE OF GABA FROM HIPPOCAMPAL 
NEURONS. M.F.M . Braga1,2*, E.F.R. Pereira1 and E.X. Albuquerque1,2 1Dept. 
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD, 21201 ; 2Dept. 
Basic & Clin. Pharmacol., IBC, CCS, UFRJ, RJ 21944, Brazil.

In this study, the patch-clamp technique was used to analyze the effects of 
acetylcholine (ACh) on γ-amino butyric acid (GABA) release from hippocampal 
neurons in culture. All experiments were performed in the presence of the 
muscarinic receptor antagonist atropine (1 µM) and of the α-amino-3-hydroxy-5- 
methyl-4-isoxazole-propionic acid (AMPA) receptor antagonist 6-cyano-7- 
nitroquinoxaline-2,3-dione (CNQX; 10 µM). A 1-s pulse application of ACh 
(1-1000 µM) to the neurons increased the frequency of GABA-mediated 
spontaneous postsynaptic currents (SPSCs). The blockade of the SPSCs by 
tetrodotoxin (TTX) indicated that they resulted from activation of nAChRs located 
in preterminal sites or on the somato-dendritic regions of presynaptic GABAergic 
neurons. With an IC50 ~ 100 µM, ACh also reduced the amplitude of GABA- 
mediated postsynaptic currents indirectly evoked by stimulation of a neuron 
synaptically connected to the neuron under study. It is likely that the 
depolarization induced by activation of preterminal nAChRs creates an area of 
blockade of conduction of action potentials, and, ultimately, leads to a reduction 
of the evoked release of GABA. The admixture of the α7 nAChR antagonist 
methyllycaconitine (1 nM) and the α4β2 nAChR antagonist dihydro-β- 
erythroidine (100 nM) completely blocked the effects of ACh on GABA release, 
supporting the concept that preterminal α7 and α4β2 nAChRs modulate GABA 
release from hippocampal neurons (Alkondon e t al , J. Neurosci., submitted). 
Such a mechanism may account for the apparent involvement of nAChRs in the 
psychological effects of tobacco smoking, in brain disorders (e.g. Alzheimer’s 
disease and schizophrenia), and in physiological processes, including cognition 
and nociception. Support: USPHS grant NS25296; CNPq & FINEP from Brazil.

624.11

G PR O TEIN -LIN K ED  RECEPTORS: PH ARM ACOLOG ICAL
EVIDENCE FOR THE FORMATION OF HETERO-OLIGOMERS R. 
M aggio*, P Barbier, A C olelli, F Salvadori, M. Scarselli, M. Armogida 
and G.U. Corsini Department o f Neuroscience, University o f  Pisa, Via 
Roma 55 - 56126 Pisa, Italy
By means o f  the expression o f  two chim eric receptors, a2/m3 and 
m 3/a2, in w hich the C-term inal receptor portions, containing  
transmembrane domains VI and VII, were exchanged between the a2C 
adrenergic and the m3 muscarinic receptor, it has been shown that G 
protein-coupled receptors are able to interact functionally with each other 
at the molecular level to form (hetero)dimers. In the present study, we 
tested the hypothesis that interaction between two different muscarinic 
receptor subtypes can lead to the formation o f a hybrid muscarinic 
receptor with a new pharmacological profile. Initially, muscarinic m2 or 
m3 wild type receptors were expressed together with gene fragments 
originating from m3 or m2 receptors, respectively. Antagonist binding 
performed with pirenzepine and tripitrarnine revealed the presence o f  
two populations o f binding sites: one representing the wild type m2 or 
m3 receptors, the other the hybrid m 2/m 3 receptor. In another set o f  
experiments we constructed a point mutant m2 receptor m2(Asn4O4- 
>Ser), in which asparagine 404 was replaced by serine. W hile this 
receptor alone did not show any binding for N-[3H]methylscopolamine 
(up to 2 nM), when cotransfected together with m3 it resulted in the 
rescue o f  a high affinity binding for tripitrarnine. These findings 
demonstrate that m2 and m3 muscarinic receptor subtypes can cross- 
interact with each other and form a new pharm acological hybrid 
receptor.

624.8
DISCOVERY OF SCH 57790, A NOVEL SELECTIVE MUSCARINIC M2 
ANTAGONIST. JA Kozlowski, H Guzik, D Lowe, JG Berger, JW Clader, R 
McOuade, V Ruperto, RA Duffy*, LA Taylor, and J Lachowicz. Departments of 
CNS/CV Medicinal Chemistry and CNS/CV Biological Research, Schering-Plough 
Research Institute, Kenilworth, NJ 07033.

The cognitive deficit of Alzheimer's disease is associated with progressive loss 
of cholinergic neurons and other cholinergic markers. Current approaches to the 
treatment of Alzheimer’s disease involve enhancement of cholinergic activity, mainly 
by inhibition of acetylcholinesterase or by use of agonists of the post-synaptic m 1 
receptor. We sought to increase acetylcholine release by selective antagonism of the 
presynaptic m2 receptor. Screening of the SPRI compound file identified a series of [4- 
(phenylsulphonyl)phenyl]methylpiperazines with promising potency and modest 
selectivity for the m2 versus the m 1 receptor. Structure-activity studies showed that 
selectivity could be improved by optimization of the sulfur oxidation state and the 
substituent at the benzylic position. This led to the synthesis 4-cyclohexyl-oc-[4-[[4- 
methoxyphenyl]sulfinyl]-phenyl]-l-piperazineacetonitrile. The absolute stereochemistry 
at sulfur was shown to have a strong influence on receptor selectivity. Separation of the 
(S)-sulfoxide isomer of this compound yielded SCH 57790, a compound with m2 Ki= 
3-10 nM and 40-50 fold selectivity for m2 versus the m1 receptor.

624.10

MODULATION OF AN IDENTIFIED SENSORY PATHWAY BY MUSCARINIC 
RECEPTORS. B. Leitch, S. Judge and R. M. Pitman, Department of Biological 
Sciences, University of Durham, UK. SPON. Britsh Neuroscience Association 

The locust forewing stretch receptor neuron (fSRN) makes monosynaptic 
cholinergic connections with the first basalar motoneuron (BAl). Release of 
acetylcholine from the fSR terminals in the locust Schistocercα gregαriα, is down- 
regulated by activation of muscarinic acetylcholine receptors (Leitch and Pitman,
1995; J. Neurobiol. 28: 455-464). These muscarinic receptors appear to be 
autoreceptors located on presynaptic terminals. We have recently shown that the 
muscarinic antagonist scopolamine ( l0-6 and 10- 7 M) also increases the amplitude of 
EPSPs recorded from BA1 in the locust Locusta migratoria. At higher concentrations 
(10-4 M). however, the same antagonist depresses EPSP amplitude. These results 
suggest that low concentrations of the antagonist block presynaptic muscarinic 
receptors that normally mediate a reduction in the amount of acetylcholine released 
from fSRN terminals, while high concentrations may also block postsynaptic 
muscarinic receptors, so decreasing the amplitude of the postsynaptic response. We 
have also investigated the possibility that an inhibitory feed-forward neuronal loop, 
activated via muscarinic receptors, may also contribute to down-regulation of 
transmission at this synapse. Muscarinic receptors located on GABAergic interneurons 
(contributing to the loop) could inhibit the fSRN and thereby reduce acetylcholine 
release. Electron-microscopical immunocytochemistiy has revealed that GABA- 
immunoreactive neurons make synaptic inputs onto fSRN terminals. Complementary 
electrophysiological and pharmacological studies support electron-microscopic 
findings; bath application of 10-6 M picrotoxin (a GABA antagonist) to the 
preparation causes a marked increase in the amplitude of EPSPs recorded from BA1, 
but prevents the augmentation of EPSPs normally caused by muscarinic antagonists. 
These results suggest that GABAergic interneurons, activated via muscarinic receptors 
may be involved in modulation at this synapse in Locustα. This work was supported by 
a BBSRC studentship grant and an equipment grant from the University of Durham.

624.12

D IFFER E N T IA L REG U LA TIO N  OF TH E m2 AND m4 
MUSCARINIC ACETYLCHOLINE RECEPTORS BY G PROTEIN- 
COUPLED RECEPTOR KINASE-2 AND ßARRESTIN-1. M. L.
Schlador* and N. M. Nathanson. Dept. of Pharmacology, Univ. of Washington, 
Seattle, WA 98195.

The m2 and m4 muscarinic acetylcholine receptors (mAChRs) belong to the 
family of G protein-coupled receptors (GPCRs) which couple to intracellular effector 
molecules through the actions of heterotrimeric G-proteins. Following agonist 
exposure, GPCRs are rapidly phophorylated by GPCR kinases (GRKs) leading to 
desensitization, sequestration, and down-regulation of receptor number. When 
transiently expressed in JEG-3 choriocarcinoma cells, the m2 and m4 mAChRs can 
lead to stimulation of a cAMP-responsive luciferase reporter gene unless coexpressed 
with an inhibitory G-protein such as Giα, which leads to receptor-mediated 
suppression of cAMP-stimulated luciferase expression. Previously, we used this 
system to demonstrate that coexpression of G protein-coupled receptor kinase 2 
(GRK2) and ßarrestin-1 leads to a complete blockade of m2-mediated suppression of 
luciferase expression. Recently, we have found that coexpression of GRK2 and 
ßarrestin-1 has little or no effect on the ability of m4 to couple to suppression of 
luciferase expression. However, in cells lacking transfected G protein, expression of 
either GRK2 or ßarrestin-1 leads to a partial blockade of both m2- and m4-mediated 
stimulation of luciferase expression while coexpression of both GRK2 and ßarrestin- 
1 leads to a complete blockade of m2- and m4-mediated stimulation of luciferase 
expression. In addition, coexpression of GRK2 and ßarrestin-1 leads to enhanced 
sequestration of the m4 mAChR following exposure to agonist, similar to that seen 
with the m2 receptor. Finally, GRK2 and ßarrestin-1 coexpression leads to 
increased agonist-induced down-regulation of the m2 mAChR but has much smaller 
effects on the m4 mAChR. Taken together, these data suggest that GRK2 and 
ßarrestin-1 can differentially regulate the m2 and m4 receptors, promoting different 
subsets of actions following agonist exposure. (Supported by the NIH)
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624.13

A MUTANT Hml MUSCARINIC ACETYLCHOLINE RECEPTOR WITH 
ENHANCED SENSITIVITY TO CHOLINERGIC AGONISTS. X.-P. Huang *, P. I. 
Nagy, F. E. Williams, S. Peseckis, and W. S. Messer, Jr. Department of Medicinal 
and Biological Chemistry, The University of Toledo, College of Pharmacy, 2801 W. 
Bancroft St., Toledo, OH 43606-3390

An Hm5 receptor containing the Ser465Tyr and Thr466Pro mutations at the C- 
terminal portion of TM VI was reported to have constitutive activity (Spalding et al., 
1995). We created an Hm1 receptor with equivalent (Ser388Tyr and Thr389Pro) 
mutations. The mutant receptor, [Hm1(S388Y, T389P)], was stably expressed in A9 
L cells and exhibited enhanced sensitivity to classical muscarinic agonists with 
significantly increased potencies. Choline, a normal component of media, displayed 
full agonist activity, yet low potency, at the mutant receptor. Choline activity was 
inhibited by l -hyoscyamine, which modestly inhibited basal activity as did classical 
muscarinic antagonists. Binding affinities for agonists were greatly increased, while 
antagonist affinities were unchanged at the mutant receptor. All agonists, including 
choline and methylcarbachol, exhibited multiple affinity binding sites at Hm1(S388Y, 
T389P) receptors in the absence of the nonhydrolyzable GTP analogue, GppNHp. 
High affinity agonist binding was shifted in the presence of GppNHp. Differences in 
receptor expression levels and possible changes in G-protein activity did not account 
completely for the enhanced agonist activity and binding affinity.

Preliminary molecular modeling studies suggested that the double mutations change 
the geometry of key amino acid residues within the m1 receptor binding pocket. The 
results indicate that Hm1(S388Y, T389P) is conformationally favorable for agonist 
binding and receptor activation, and Hm1 receptors may adopt conformational states 
favorable for only agonists. Selective agonists that take advantage of such 
conformational changes would be valuable lead compounds for drug design and 
development.

This work was supported by NS 01493, NS 31173, and NS 35127.

624.15

HOMOLOGOUS MUTATIONS INCREASE AGONIST  
A FFIN ITY  AT m 1, m3, AND m5 MUSCARINIC RECEPTORS.
J. E llis*, D.J. Porter, and M. Se idenberg . Departm ents of Psychiatry 
and Pharm acology, Penn State C o ll. o f M edicine, Hershey PA 17033.

The m 1, m3, and m5 muscarinic acetylcholine receptors are highly 
homologous, especially within the trans-m em brane regions, and all three 
couple to Gq/11 proteins. The m5 receptor has been shown to be 
constitutively activated by a mutation in TM6, Ser465Thr466 to TyrPro; in fact, 
many substitutions at the serine residue lead to constitutive activity and to a 
proportional increase in affinity toward agonist [Spalding et al., Biochem 
36:10109, 1997]. W e have mutated the corresponding residues in the m 1
(Ser388Thr389) and m3 (Asn514Thr515) receptors to TyrPro. The ability of 
carbachol and acetylcholine to inhibit the binding of [3H]N- 
m ethylscopolam ine was examined in membranes from COS-7 cells that 
had been transiently transfected with the mutated and wild-type m 1, m3, 
and m5 receptors. W e found that both agonists possessed about 60-fold 
higher affinity for the mutated m5 than for the wild-type m5, in agreement 
with the previous study. The mutation had almost as strong an effect on 
the other two subtypes, where approximately 30-fold increases in affinity 
were observed. The m2 subtype couples preferentially to Gi/o proteins. 
Nonetheless, the related mutation in m2 (Asn410Thr411 to TyrPro) led to a 5- 
fold higher affinity for the agonists; we have not examined the 
corresponding m4 mutant. Detailed studies of the m5 subtype [ibid.] 
suggested that higher agonist affinity and constitutive activity are 
intrinsically related; it therefore seems likely that the other mutated 
receptors, especially the m 1 and m3 mutants, may also be found to be 
constitutively activated. [Supported by R01 AG05214]

624.17

ANALYSIS OF THE PROMOTER REGION OF THE HUMAN M3 
MUSCARINIC ACETYLCHOLINE RECEPTOR GENE. H.L. Puhl*, J.D. 
Noti and R.S.Aronstam, Guthrie Research Institute. Sayre. PA 18840.

Ligation-mediated PCR (LMPCR) was used to isolate and sequence 
over 25 kb of the 5’-untranslated region of the gene encoding the 
human M3 muscarinic acetylcholine receptor. 5 ’-Rapid amplification of 
cDNA ends (RACE) on cDNA from human cerebral cortex was used to 
identify 8  products representing distinct transcriptional start sites. The 
RACE products revealed a complex pattern of splicing within the non-
coding region when compared to genomic sequences. Through compari
son of LMPCR and RACE sequences we confirmed the presence of a 
large (>20kb) intron 17 bp upstream from the translational start site and 
identified a second intron with a 3 ’ splice site about 130 bp upstream 
from the first intron. The potential transcription start sites are clustered 
within three regions upstream from the 5’ end of the second intron. The 
first region contains 3 potential start sites clustered in a region within 25 
bp of the second intron. The second region contains 2 sites and is lo
cated 220-260 bp from the second intron. The final region contains start 
sites situated 720, 680 and 520 bp from the 3’ end of the second intron. 
To bypass these introns, the LMPCR method was used to walk in a 5’ 
direction from the ends of the RACE products. Specific LMPCR primers 
were chosen to anneal just downstream from the longest and shortest 
RACE products. The genomic LMPCR fragments were assayed for 
promoter activity in a luciferase assay system. The genomic fragment 
produced by LMPCR from the shortest RACE product was 2.0 kb in 
length and produced negligible promoter activity compared to vector 
alone. The genomic fragment generated from the longest RACE product 
was 3.5 kb in length and yielded a 5-fold increase in promoter activity in 
M3-expressing SK-N-SH cells over reporter vector alone. (Supported by 
the Department of the Army Grant Number DAMD17-94-J-4011).

624.14
ASN382 IS CRITICAL IN LIGAND BINDING AND ACTIVATION OF HUMAN 
ml MUSCARINIC RECEPTORS. W. S. Messer, Jr., X.-P. Huang, F. E. 
Williams, S. Peseckis, and C. L. Hinman*. Center for Drug Design and 
Development, Department of Medicinal and Biological Chemistry, College of 
Pharmacy, The University of Toledo, Toledo, OH 43606

Transmembrane domain VI (TM VI) of muscarinic acetylcholine receptors plays an 
important role in ligand binding and receptor activation processes. An Hm1 mutant 
receptor, Hm1(S388Y,T389P), with double mutations (Ser388 to Tyr and Thr389 to 
Pro) at the C-terminus of TM VI showed favorable conformational states for agonist 
binding and activation. We took advantage of this mutant receptor to re-examine the 
functional role of Asn382 in ligand binding and receptor activation processes of 
Hm1(S388Y,T389P) mutant receptors.

The receptor with triple mutations [Hm1(N382A,S388Y,T389P)] was expressed at 
a comparable level as Hm1 wild-type [Hm1(WT)] and Hm1(N382A) mutant receptors 
in A9 L cells, and exhibited similar antagonist binding profiles as Hml(N382A) 
mutant receptors. Compared with Hm1(S388Y,T389P) receptors, ACh stimulated 
maximal PI hydrolysis activity yet with 1600-fold lower potency and 200-fold lower 
binding affinity at Hm1(N382A,S388Y,T389P) receptors. Similar results were 
obtained for classical muscarinic full agonists, such as carbachol and oxotremorine- 
M, while partial agonists, such as arecoline, displayed negligible activity. Compared 
with Hml(N382A), Hml(N382A,S388Y,T389P) receptors exhibited higher maximal 
responses by classical full agonists yet similar reduced potencies relative to 
Hm1(WT) receptors. Generally, muscarinic agonists showed a rank order of binding 
affinity: Hm1 (S388Y,T389P) >> Hm1(WT) > Hml(N382A, S388Y, T389P) > 
Hml(N382A). The data suggest that Asn382 plays critical functional roles in both 
antagonist and agonist binding and receptor activation processes in 
Hm1 (S388Y,T389P) receptors. This work was supported by NS 35127.

624.16

BIOPHYSICAL STUDIES ON PURIFIED RECOMBINANT M l 
MUSCARINIC RECEPTORS. E.C. Hulme and C .A .M . Curtis. 
SPON: Brain Research Association, MRC National Institute for 
Medical Research, Mill H ill, London NW 7 lA A , U.K.

Structural studies on muscarinic acetylcholine receptors require 
large quantities o f  purified receptor protein. To this end, we have 
produced a protease-resistant construct in which 129 amino acids 
have been deleted from the third intracellular loop o f  the M 1 mAChr, 
and a 9-His tag introduced at the C-terminus, followed by a Gly-Gly 
sequence. Expression as a malE-fusion protein gave levels up to 40 
pmol mAChR binding sites/mg membrane protein in E. Coli. These 
levels were at least 40-fold greater than those given by the wild-type 
sequence. The receptor fusion protein has been solubilised as a 
[3H]N-methylscopolamine com plex, stabilised by the allosteric 
modulator strychnine, and has been purified to homogeneity in 
milligramme amounts as a monomeric species o f  molecular mass 78 
KDa, and the expected amino acid com position, by immobilised 
metal ion chromatography, using the C-terminal His-tag, and gel- 
filtration chromatography. Circular dichroism measurements indicate 
an alpha-helix content o f  76 % for the mAChR component o f the 
fusion protein. Supported by the Medical Research Council, U.K.

624.18

MUSCARINIC M l AND  M3 RECEPTOR DISTRIBUTIONS IN 
THE CHICK BRAIN TRHOUGHOUT THE DEVELOPMENT.
M.A. Paniagua1, N. González-Caballero1, N .S. Bucco2, L.G. Nakano3 

and A. Fem ández-Lóoez1* 1Dpt. B iología Celular. Universidad de 
León. Leon. Spain. 2Dpt. Ciências. Universidade de Cruz Alta. Cruz 
Alta. Rio Grande do Sul. Brazil. 3Dpt. Farmacia e Bioquimica. 
Universidade Paranaense. Umuarama. Paraná. Brazil.

The autoradiographic distribution o f  the muscarinic M 1 and M 3 

receptors in chick brain through E 11 to P30 development stages is 
described in this work using |3H]N-methylscopolamine (NM S) as a 
radioligand. The non-specific NM S binding was determined using 100 
µM atropine as inhibitor. Specific M l binding was calculated as the 
difference between NM S specific binding and NM S binding in 
presence o f  pirenzepine 100 µM while specific M3 binding was 
calculated using 100 µM 4-DAM P.

Paleostriatum augmentatum and tectum opticum showed NMS  
labelling from the E 11 stage. Structures such as nucleus isthmi 
displayed NM S labeling from E 14 stage. A  progresive increase in 
muscarinic binding and NM S labeled structures appeared in the 
following embrionary stages. Most o f  the structures with muscarinic 
labeling in P30 appeared already labeled in P 1 stage.

This work has been supported by FISS 96/1442.
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625.1
GABABR 1a AND lb RECEPTOR mRNA EXPRESSION IN RAT SPINAL 
CORD AND DORSAL ROOT GANGLIA:
A.Billinton1*, S.Towers1, B. Bettler2, L.Urban3, & N.G.Bowery1,
1Dept. of Pharmacology, University of Birmingham, B15 2TT, UK. 2Novartis 
Pharma Inc, CH-4002, Basel Switzerland & 3London, WCIE 6BN, UK.

GABAB receptors have been reported to be present on presynaptic terminals in the 
spinal cord with highest densities in lamina II of the dorsal horn. We have examined 
the distribution of the mRNAs for the two isofonns of the GABAB receptor (GBR1a 
and GBR1b) reported by Kaupmann et al (1997) by in-situ hybridisation in the rat 
spinal cord. Lumbar SC and DRG were obtained from adult male rats (3OOg) and 
frozen in liquid nitrogen. In situ hybridisation was performed using a standard 
protocol with 35S-labelled antisense oligonucleotides on paraformaldehyde - fixed 
sections ( l0µm).

GBR1a mRNA distribution in dorsal and ventral laminae was similar with a slightly 
higher expression observed in the DRG. However, GBR1a distribution was higher 
than that of GBR1b mRNA in all regions analysed. GBRlb mRNA distribution was 
highest in the dorsal laminae with lower expression levels observed in the ventral 
laminae. Strikingly, GBR1b was virtually absent in the DRG with 90-95% less 
GBR1b than GBR1a mRNA in this region. The presence of GABAb mRNA in the 
dorsal root ganglia in this study is consistent with the presence of presynaptic GABAb 
receptors on capsaicin-sensitive primary afferent terminals within the superficial 
laminae of the spinal cord. Thus, as this protein is encoded entirely in the DRG and 
GBR1a mRNA predominates over GBR1b it seems possible that the GBR1a mRNA 
encodes for a presynaptic receptor. Our data suggest that the two isoforms have 
distinct differences in their distributions in the rat spinal cord. However, further work 
into this area is necessary to elucidate the possibility of pharmacologically distinct 
GABAB receptor subtypes.

625.3
IMMUNOLOCALIZATION OF GABAb RECEPTORS IN RAT BRAIN. 
A.Princivalle1,2*, C.Frassoni1, M.C.Regondi1, K.Raming3, B.Bettler4, N.G.Bowery2, 
and R.Spreafico1. 1Dept. of Neurophysiology, Neurol. Inst. "C.Besta", Milan, Italy; 
2Dept. of Pharmacology, Univ. of Birmingham, B15 2TT Birmingham, UK; 3Bayer 
AG, Leverkeusen 51368, Germany; 4Novartis, Basle CH4002,Switzerland

The main inhibitory neurotransmitter in the mammalian brain is GABA, 
which acts mainly through GABAa and GABAb receptors. The GABAAreceptors are 
ligand-gated ion channels and GABAb are metabotropic receptors coupled to G 
protein. Recent cloning and characterization of the GABAb receptor has provided the 
basis for the production of probes and antibodies. The aim of the present work was to 
study the distribution of GABAß receptor protein in the rat brain.
Antibodies were raised against different oligopeptides in the aminoterminal domain of 
the protein and the immunocytochemistry was performed on paraffin embedded 
tissues and on paraformaldehyde-fixed free floating sections. The paraffin embedded 
sections were pretreated by microwaving for 15 minutes in citrate buffer (pH 6.0). 
Preliminary immunocytochemical data showed a diffuse labeling throughout the rat 
brain. However there was specific immunolabelling present in the cerebral cortex, 
mainly in layer VI, with less dense, but still specific labelling, in dentate gyrus, CA1, 
CA2, and CA3 of the hippocampal formation. Weaker labelling was evident in many 
regions of the thalamus with the highest signal in the reticular thalamic nucleus. In the 
cerebellum there was dense labelling in the deep cerebellar nuclei, in the Purkinje 
cells, and in the Purkinje dendrites. These data indicate that there is a good agreement 
between the receptor mRNA distribution and the localization of the receptor protein. 
Supported by EU Biomed 2

625.5
IMMUNOHISTOCHEMICAL DISTRIBUTION OF GABAbR 1 IN  
THE RAT CNS. R. Shigemoto1*., A. Kulik1, Y. Tamaru1, B . 
Malitschek2, R. Kuhn2, B. Bettler2. 1Department o f  Morphological Brain 
Science, Faculty o f Medicine, Kyoto University, Kyoto 606-8501, 
Japan. 2Novartis Pharma Inc., Research Department, Therapeutic Area 
Nervous System, CH-4002 Basel, Switzerland.

G A BA bR 1 is the first cloned subtype o f metabotropic γ-amino-butyric 
acid receptors. For immunohistochemical localization o f GA BA bR 1, we 
developed two antibodies, one (B 1b) against a sequence specific for R 1b 
splice variant, and the other (B17) against a carboxy terminal sequence 
common to R 1a and R 1b. On immunoblot, B17 reacted with 100 and 
130 kD products in rat whole brain whereas B 1b reacted only with 100 
kD product corresponding to R 1b. With B17, strong pan R 1 labeling in 
neuropil was found in the glomeruli o f the olfactory bulb, superficial 
layers o f the cerebral cortex, stratum lacunosum moleculare o f the 
hippocampal CA3 area, thalamus, medial habenula, interpeducular 
nucleus, spinal trigenimal nucleus, and molecular layer o f  the cerebellum. 
Intensely immunopositive cell bodies were also observed in the cerebral 
cortex, hippocampus, striatum, basal forebrain regions, paraventricular 
hypothalamic nucleus, lateral hypothalamus, substantia nigra pars 
compacta, dorsal raphe nucleus, locus coeruleus, lateral ventricular 
nucleus, and deep cerebellar nucleus. Distribution o f immunoreactivity 
for R 1b was similar to that for pan R1 but very little labeling was 
detected in the glomeruli o f  the olfactory bulb, paraventricular 
hypothalamic nucleus, locus coeruleus, lateral ventricular nucleus, and 
deep cerebellar nucleus, suggesting that R 1a is a major variant in these 
regions. The distribution of GABAb R 1 immunoreactivity corresponds 
very well to that o f ligand binding and mRNA for GABABR1.

625.2
BINDING OF [3H]CGP 62349, A HIGH AFFINITY ANTAGONIST  
OF THE GABAB RECEPTOR, IS NOT ALTERED IN 
ALZHEIMER’S DISEASE
P. Meoni, M. Uroda, A. Billinton and N.G. Bowery* Dept. of Pharmacology, 
University of Birmingham, B15 2TT, UK.

Electrophysiological and behavioural studies have suggested a role for GABAb 
receptors in memory processes in experiment animals (see Bowery, Ann. Rev. 
Pharmacol. Toxicol. 1993; 33: 109-147). In line with this, binding studies conducted 
on human post-mortem brain samples with [3H]GABA have suggested that binding to 
GABAB receptors is severely reduced in Alzheimer’s disease (AD) brain (Chu et al.; 
Neurol. 37:1454-1459). The aim of this study was to examine whether levels of 
binding of [3H]CGP 62349, a high affinity antagonist of the GABAb receptor (Bittiger 
et al., Pharm. Rev. Comm. 1996, 8:97-98), would show a similar decrease in the 
prefrontal cortex of AD brain.
Levels of [3H]CGP 62349 binding to control and age and pH-matched samples from 
AD brains were measured with the Biospace (Paris, France) Beta-Imager 2000 
avalanche β-ray detector, and levels of radioactivity normalised with plastic 
microscales (Amersham, UK). Sections (12 µrn) of human control (n=5) and AD (n=6) 
prefrontal cortex were incubated with 6 concentrations of [3H]CGP 62349 ranging 
from 0.125 to 8 nM, and the resulting saturation curve was fitted to a one-site binding 
hyperbola (Prism, Graph Pad software Inc., USA). Saturation studies revealed a Kd of 
1.1 nM in control tissue, with no significant difference in Kd or Bmax between the 
control and AD group.
The present data show that antagonist binding to the GABAb receptor is not affected 
in AD and also suggest that binding of agonists and antagonists to the GABAb 
receptor might be differentially affected in this pathology.
We thank Novartis for the supply of [3H]CGP62349.

625.4
IDENTIFICATION OF GABAB RECEPTOR SUBUNIT PROTEINS 
GB1A AND GB1B IN RAT BRAIN: DIFFERENTIAL DEVELOP
MENTAL, REGIONAL AND SUBCELLULAR DISTRIBUTION.
M. Honer*, J.-M. Fritschy, H. Mohler, and D. Benke. Institute of 
Pharmacology, ETH and University of Zurich, CH 8057 Zurich.

To analyze native GABAb receptors, splice variant-specific antibodies 
were generated against selective synthetic peptide sequences. On 
Western blots of crude rat brain membranes, G B1a and G B 1b were 
identified as proteins with apparent molecular sizes of 130 kDa and 100 
kDa, respectively, that were N-linked but not O-linked glycosylated. 
Subcellular fractionation demonstrated that native receptors in rat brain 
were enriched in synaptic plasma membranes, although considerable 
intracellular pools of G B1a and G B1b were observed. Interestingly, 
G B1a, but not GB1b, was found to be preferentially localized in 
postsynaptic densities. In rat brain sections, G B1a displayed a 
widespread distribution at moderate levels throughout the brain, whereas 
G B 1 b was more restricted, with highest levels of immunoreactivity in the 
outer layer of cerebral cortex, thalamus and the molecular layer of the 
cerebellum where it was exclusively found in Purkinje cells. Moreover, 
G B1a expression was high in neonatal brain and then progressively 
decreased to adult levels, whereas G B1b levels were low at birth and 
peaked around postnatal day 10. Thus, the GABAb receptor splice 
variants GB1a and G B1b are differentially expressed in the developing 
and adult brain and are targeted mainly to different subcellular 
locations, pointing to distinct functional roles of each splice variant in 
GABAergic neurotransmission.
Support: Swiss National Science Foundation.

625.6
THE REGIONAL DISTRIBUTION AND CELLULAR LOCALIZATION OF 
GABAB1 RECEPTOR MESSENGER RNA IN THE RAT BRAIN. X.-Y. Lu1*, 
M.B. Ghasemzadeh2 and P.W. K a livas2. 1Graduate Program in 
Pharmacology and Toxicology, 2Alcohol and Drug Abuse Program, 
Washington State University, Pullman, WA 99164-6520.

The distribution of GABAßi receptor mRNA-containing cells in the brain of 
adult rats was determined with in situ hybridization histochemistry. The vast 
majority of neurons expressed GABAßi receptor mRNA. However, there 
were nuclei of relative high density and in some nuclei the majority of 
neurons did not express detectable levels of GABAB1 receptor transcripts. 
Areas where the majority of neurons expressed a high density of mRNA 
included the medial habenula, the septohippocampal, periventricular, 
suprachiasmatic and supraoptic nuclei, as well as Purkinje cells in the 
cerebellum and the pyramidal and granule cells of the hippocampus and 
dentate gyrus, respectively. Also, brainstem  nuclei conta in ing 
monoaminergic neurons and neurons in the thalamic motor nuclei contained 
relatively high levels of expression. mRNA was low or absent in neuronal 
populations in regions with well-developed cytoarchitecture, such as in the 
stratum radiatum and stratum oriens of the hippocampus, the molecular and 
granular layers of the cerebellum, and the molecular layer of the cortex. Low 
expression was also observed in many extrapyramidal nuclei such as the 
globus and ventral pallidum and the substantia nigra, pars reticulata. 
Expression was also low in the reticular thalamic nucleus and zona incerta. 
Neurons lacking detectable G ABAßi receptor mRNA were generally in 
nuclei that contain largely GABAergic neurons. This work was supported by 
USPHS grants' DA03906, MH40817 and DA00158 to P.W. K.
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625.7
GENE EXPRESSION OF GABAB RECEPTORS IN WEAVER MUTANT 
M ICE BRAIN. S. Bischoff*, S. Leonhard, K. Kaupmann, V. Schuler and 
B. Bettler. Novartis Pharma, CH-4002 Basel, Switzerland.

The first cloned GABAß receptor (GABAB-R 1) is present in the rat 
CNS in the form of two splice variants, 1a and 1b (Kaupmann et al., 
Nature 1997). Although these variants are highly expressed and broadly 
distributed in the brain, m ajor differences in localization o f mRNA 
transcripts were seen in the cerebellum. Thus, the la  variant was only 
found in the granular and molecular layers, whereas the lb  was almost 
exclusively located in the Purkinje cells (Bischoff et al., Soc. Neurosci. 
Abst. 1997). To confirm this clearcut neuroanatomical dissociation, we 
examined the distribution of GABAB mRNA in the CNS of weaver mice 
(wv/wv). These mutant mice suffer from a severe shrinkage of the 
cerebellum with a massive loss of granule cells. In situ hybridization was 
carried out with riboprobes specific for la  and lb , and a pan probe 
detecting both splice variants. The distribution pattern of each o f the 
three probes was similar in wildtype mouse (+/+) and in the rat brain. In 
the wv/wv as compared to the +/+ brain, we firstly confirmed the marked 
reduction in the size o f the cerebellum. 2) The expression o f the la  
variant was dramaticallly decreased as a result o f disappearance of the 
granular layer. The weak expression that persists in the wv/wv cerebellum 
is attributable to expression in stellate and basket cells. 3) The high 
expression of lb  restricted to Purkinje cells remained unchanged. 4) The 
signal seen with the pan probe was high but diffuse in the Purkinje cell 
layer suggesting expression of the GABAß-Rl in Bergmann glial cells as 
well as in Purkinje cells. In conclusion, our analysis in wv/wv confirms 
that at least in the cerebellum, the la  and lb  variants are expressed in 
different neuroanatomical entities. These findings further support the 
notion of distinct functional specializations of G A B A ß-R l receptor 
subtypes generated by alternative splicing.

625.9
INTRACELLULAR RETENTION OF RECOMBINANT GABAB
RECEPTORS. A. Couve+ψ, B. I. M cDonald*+ψ, A. K. F ilippov+ and S. I. 
Moss+ψ. MRC Laboratory of Molecular Cell Biologyψ and Department of 
Pharm acology+, University College London, Gower Street, London WCIE 
6BT, U.K.

γ-amino-butyric acid type B (GABAß) receptors mediate the transmission 
of slow and prolonged inhibitory signals in the central nervous system. Two 
splice variants of GABAB receptors, GABABR1a and GABABR1b, were 
recently cloned from a mouse cortical and cerebellar cDNA library. As 
expected, these receptors belong to the G protein-coupled receptor 
superfamily. We have used amino-terminal epitope tagged versions of 
GABAßRla to study the subcellular distribution of this protein in several 
non neuronal and neuronal cell types. Using immunofluorescence, 125I- 
conjugated antibody binding and flow cytometry we report that recombinant 
GABAß receptors fail to reach the cell surface when expressed in 
heterologous systems. In addition, we demonstrate that recombinant 
receptors are specifically retained in the endoplasmic reticulum when 
introduced into COS cells. Furthermore, we show that recombinant GABAß 
receptors are excluded from the plasma membrane when overexpressed in 
dorsal root ganglion (DRG) and superior cervical ganglion (SCG) neurons. 
Finally, we dem onstrate that recombinant receptors suppress the activity of 
native GABAß receptors when microinjected into SCG neurons. Taken 
together, our observations suggest that GABAßRla receptors require 
additional information for functional targeting to the plasma membrane.

This work was supported by the MRC and the Wellcome Trust.

625.11
MAPPING OF THE GABAb RECEPTOR LIGAND BINDING DOMAIN.
N. Klix, C. Schweizer, K. Kaupmann, B. Maltitschek, V. Schuler, J. Mosbacher, 
and B. Bettler*. Novartis Pharma AG, TA Nervous system, CH-4002 Basel.

The cloning of GABAb receptors revealed extended sequence similarity with 
metabotropic glutamate receptors (mGluRs), the Ca2+-sensing receptor, a family of 
vomeronasal receptors and periplasmic bacterial amino acid binding proteins, such 
as the leucine isoleucine valine binding protein (LIV-BP). By now only the two 
GABAb receptor splice variants GABABR1a and GABABR1b have been 
identified. They differ at the N-terminus but share ligand binding and signalling 
properties. This information suggests defined structural and functional domains for 
GABAb receptors. We have started to test the modular structure of GABAb 
receptors by mapping the ligand binding domain. Several GABAb receptors 
mutants were created and expressed in heterologous expression systems. The 
binding pharmacology of these receptor mutants for various agonists and 
antagonists was determined by using [125I]-labelled high affinity GABAb receptor 
antagonist CGP64213. Based on the data obtained we have started experiments 
that aim at the purification and subsequent crystallization of the ligand
binding domain of GABAb receptors. We present our attempts to express a 
soluble GABAb receptor domain that retains the binding characteristics of wild- 
type receptors.

625.8
LOCALISATION OF THE NATIVE AND RECOMBINANT RAT 
GABAb  RECEPTORS IN PRIMARY CULTURES AND COS1 CELLS.

M.J. Keir1, B.Bettler2 and J.M.Henley ,1*. 1Department of Anatomy, University 
of Bristol, UK; 2Novartis Pharma Inc., Basel, Switzerland.

Despite the recent cloning of the GABAß receptor from rat brain, 
(Kaupmann et al., 1997, Nature, 386) much remains unknown about the 
functional coupling of the recombinant receptor and the distribution of the native 
receptor in neurons.

We have investigated the localisation of the recombinant receptor, 
GABAßRla, transiently expressed in COS1 cells, and the native rat GABAß 
receptor in cultured cerebellar granule cells and hippocampal neurons. 
Antibodies to the N-terminal domain (AK176a), and the C-terminus (AK174) of 
the GABABR1a, were used (Novartis, Basel). Intracellular expression was 
analysed following methanol fixation and extracellular expression was assessed 
using either live or 4% paraformaldehyde-fixed (non-permeabilised) cells.

In fixed and permeabilised COS1 cells, 3 days after transient transfection, 
AK176a detected a large amount of staining in the cell soma. However, no 
specific labelling was detected using the same antibody on live, non- 
permeabilised cells. These results indicate either that the recombinant GABAB 
receptor is not expressed on the cell surface, or that the antibody does not 
recognise the surface expressed glycosylated form of the receptor. In 
hippocampal neurons and cerebellar granule cells, both antibodies strongly 
labelled the soma of methanol-fixed cells, and some limited punctate labelling on 
the dendrites was also observed.

Supported by a BBSRC-CASE award with Novartis.

625.10
SU BCELLU LA R LO CA LIZA TIO N  OF M ETA BO TRO PIC γ- 
AMINOBUTYRIC ACID RECEPTOR, GABAbR 1 IMMUNOREACTIVITY 
IN THE RAT BRAIN. A. Kulik,1* S. Nomura,2 Y.Tamaru,1 B. 
Malitschek,3 R . Kuhn,3 B. Bettler3 and R. Shigemoto1. 1Dept. Morph. 
Brain Science, Faculty of Medicine, and 2College of Medical Technology, 
Kyoto University, Kyoto 606-8501, Japan; 3Novartis Pharma Inc., Research 
Department, Therepautic Area Nervous System, CH-4002 Basel, 
Switzerland.

The metabotropic γ-aminobutyric acid receptor subtype GABAbR 1 is 
widely distributed throughout the rat brain. In the present study the 
cerebellum and thalamus were selected for the focus, in order to reveal the 
subcellu lar location of G ABA bR 1 by using pre-em bedding 
im m unoperoxidase as well as pre- and post-embedding immunogold 
techniques. In the cerebellum the peroxidase reaction end-product could be 
detected mainly in Purkinje cell spines establishing type I synapses with 
axon terminals, in parallel fibers and ocassionally in presynaptic boutons. 
Postsynaptically, immunoparticles are either concentrated at the edge of 
asymmetrical synapses between Purkinje spines and parallel fiber terminals 
or organized in clusters in the extrasynaptic sites. Immunoparticles are also 
found in parallel fibers along the preterminal axon and in presynaptic 
membrane specialization. Post-embedding immunogold method has 
confirmed these results. In the ventral posterior (VPM; VPL) nuclei of the 
thalamus immunoparticles are rather evenly distributed at both peri- and 
extrasynaptic sites of dendrites making either symmetrical or asymmetrical 
synaptic contact with axon terminals. No presynaptically localized 
immunostaining was found in the thalamus.
The present results suggest that GABAbRI is involved in regulation of 
excitatory neurotransmission at parallel fiber - Purkinje cell synapses and in 
postsynaptic excitatory and inhibitory processes in thalamic nuclei. Grants: 
JSPS P96319; Ministry of Education, Science, Sports and Culture of Japan.

625.12
A MODEL FOR THE GABA-B RECEPTOR BINDING SITE SUGGESTS A 
"VENUS FLYTRAP" MECHANISM FOR RECEPTOR ACTIVATION.
J.P. Pin*, T- Galvez, C. Joly and M.L. Parmentier. Centre National de la Recherche 
Scientifique, UPR 9023, 141 rue de la Cardonille; F-34094 Montpellier; France.

The GABA-B receptor is a new member of the so-called family-3 of G-protein 
coupled receptors (GPCRs) that also includes the metabotropic glutamate, the 
calcium-sensing and some pheromone receptors. Like all other GPCRs, these 
receptors possess 7 putative transmembrane domains, but possess many specific 
characteristics distinct from any other GPCRs. One of these is a large N-terminal 
domain that shares low sequence similarity with some bacterial periplasmic amino 
acid binding proteins. These bacterial proteins are involved in the active transport of 
amino acids into bacteria, and the crystal structure of some of these has been resolved. 
Many different approaches led to the conclusion that the large extracellular domain of 
family-3 GPCRs constitutes their ligand binding domain. However, precise 
characterization of these binding domains has not been carried out yet because of the 
lack of high affinity radioactive ligands. Because such ligands exist for the GABA-B 
receptor, it was chosen as a receptor model for the study of the binding domain of 
family-3 GPCRs.

A tree dimensional model for the GABA-B extracellular domain was constructed 
based on the known 3D structure of the leucine-isoleucine-valine binding protein 
(LIVBP) and leucine binding protein (LBP) that revealed a protein constituted of two 
lobes stabilized by two disulfide bounds. Binding experiments performed on wild- 
type and mutated receptors confirmed the importance of these 4 cysteines for the 
correct binding of the ligand. They also reveal that amino acids involved in the 
binding of 125I-CGP64213 and GABA are all located in the same lobe. Of particular 
interest, the amino acids in the GABA-B binding domain that aligned with those 
involved in the leucine binding in LIVBP play an important role in GABA binding.

Taken together, our data indicate the extracellular domain of family-3 GPCRs share 
structural homology and molecular determinants involved in ligand binding with 
periplasmic binding proteins. This further supports the "Venus flytrap" hypothesis for 
family-3 GPCR activation. Supported by CNRS and the European Community.
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625.13
CHARACTERIZATION OF THE STIMULATION OF GTP(γ)35S BINDING BY 
ACTIVATION OF NATIVE AND RECOMBINANT GABAB RECEPTORS 
S. Urwyler*, K.Kaupmann and H. Bittiger, Novartis Pharma AG, CH-4002 Basel, 
Switzerland

The stimulation of the binding of (GTP(γ)35S) in membrane preparations was used to 
measure the functional activity of native and recombinant GABAB receptors. When 
GTP(γ)35S binding was measured in a membrane preparation from recombinant CCL39 
or CHO cell lines expressing human R1a and R1b GABAb receptors, respectively, only 
little agonist-induced stimulation was observed, indicating a weak receptor-effector 
coupling in these cells. In a native receptor preparation from rat brain cortex, however, 
established GABAb receptor agonists such as baclofen, APPA or GABA itself all stimu
lated GTP(γ)35S binding by approximately a 2-fold of basal activity, in a manner which 
was compatible with the assumption of a single receptor population. Antagonists inhibi
ted the stimulation induced by a fixed concentration of agonist with the expected rank 
order of potencies, and the inhibition curves also best fitted to a single receptor site mo
del. Thus, with the pharmacological tools used in this study, no indications for the exis
tence of GABAb receptor subtypes were found. The presumed partial agonist CGP- 
47656, on its own, stimulated GTP(γ)35S binding to less than half the maximal level of 
full agonists, thus confirming the partial agonistic nature of this compound. The affini
ties of agonists and, to some extent, also antagonists were found to be modulated by 
calcium ions, in addition to the effects of magnesium ions, the presence of which is 
needed for the stimulation of GTP(γ)35S binding. The affinities of agonists were gene
rally increased by millimolar Ca2+, but, surprisingly, to very different degrees. As a 
result, the rank orders of potencies of various agonists were different in the presence 
or absence of calcium. These effects of calcium ions correlated with similar effects on 
agonist and antagonist affinities found in binding experiments using native as well as 
recombinant receptor preparations and [125I]-CGP64213 as a radioligand. It is conclu
ded that calcium and magnesium ions exert positive modulatory effects on agonist 
affinities in an additive fashion.

625.15

PRESYNAPTIC GABAB RECEPTOR ACTIVATION ATTENUATES 
INHIBITORY SYNAPTIC TRANSMISSION TO PARAVENTRICULAR 
MAGNOCELLULAR NEUROSECETORY CELLS FROM THE 
SUPRACHIASMATIC NUCLEUS IN THE RAT IN VITRO. L -N. Cui*, E. M. 
Coderre and L. P. Renaud Neurosciences, Loeb Research Institute, Ottawa Civic 
Hospital and University of Ottawa, Ottawa, Ontario, CANADA, KlY 4E9

The suprachiasmatic nucleus (SCN) in the hypothalamus acts as a main biological 
clock in the mammalian brain. Neuronal projections from SCN to the magnocellular 
neurosecretory cells (MNCs) of the hypothalamic paraventricular nucleus (PVN) 
play an important role in the circadian regulation of neurohypophysial hormone 
secretion. Effects of presynaptic GABAb receptor activation on the inhibitory 
synaptic transmission in MNCs from SCN in hypothalamic slices were investigated 
using whole-cell patch-clamp techniques. Frequencies of bicuculline-sensitive 
spontaneous and miniature IPSCs were attenuated by bath application of baclofen (1- 
100µM) in a dose-dependent manner in all cells tested. Saclofen (100-300µM) 
increased frequencies of spontaneous and miniature IPSCs and it could also reverse 
baclofen effects. Paired-pulse depression was observed in SCN-evoked IPSCs with 
the stimulus intervals at 100-150 ms (ratio of second IPSC amplitude to the first 
=0.69±0.02; n=10). Application of baclofen attenuated the amplitude of the evoked 
IPSCs and saclofen increased amplitude of the evoked IPSCs without changing 
kinetics of the evoked IPSCs. Baclofen increased the ratio of evoked IPSCs to 
l.26±0.34 (n=6, P<0.05 vs control, Mann-Whitney test). At the concentrations used 
there was little effect on membrane currents and conductance. By contrast, stimuli 
with the same intervals delivered to the area lateral to PVN evoked paired-pulse 
facilitation of IPSCs (ratio=1 .28±0.14, n=7). These results suggest that presynaptic 
GABAB receptor activation modulates GABAa receptor-mediated inhibitory inputs 
from SCN to PVN and may contribute to the circadian variation of neurohypophysial 
hormone secretion.

Supported by MRC and the Heart and Stroke Foundation o f Canada.

625.17

IN C R E A S E D  N E U R O N A L  A C T IV IT Y  O F  N IG R A L  
D O P A M IN E  N E U R O N S  B Y  T H E  G A B A B-R E C E P T O R  
A N T A G O N IS T  S C H  50911 S. E rha rd t1, H. N issb rand t2,
J. G renhoff1* and G. E ngberg1. 1K arolinska Institute, Departm ent of 

P hysio logy and Pharm acology, D ivision  o f Pharm aco logy , SE 171 
77 Stockholm , Sw eden and 2Department o f P harm acology, G öteborg 
U niversity, P.O. Box 431, SE 413 90 G öteborg Sw eden

P rev ious studies have show n that system ic as w ell as local 
adm inistration o f  the G ABAB-receptor agonist baclofen is associated 
w ith a decrease in firing rate, a regularisation o f  firing rhy thm  and a 
decrease in bu rs t activity  o f  dopam ine (D A ) con tain ing  midbrain 
neurons. In the present electrophysiological study we have utilised the 
novel, selective and potent G ABAB-receptor antagonist SCH  50911 in 
order to further analyse the im portance o f G ABAB-receptors for the 
overall activity o f rat nigral DA neurons. SC H  50911 (1-64 m g/kg, 
i.v .) was found to increase firing rate, deregularise the firing rhythm 
and increase the bu rs t activity . T he p resen t data  suggest tha t the 
G ABAB-recep to r an tagon is t b locks  som atodendritic  recep to rs  on 
nigral DA neurons and that this G A BA -receptor input appears to be o f 
a tonic nature. It is proposed that the activation o f  nigral DA neurons 
may underlie the beneficial effects o f  G ABA B-receptor antagonists in 
the m odulation  o f  cogn ition  and tha t G A B A g-receptor antagonists 
m ay be o f therapeutic value in the treatm ent o f P ark in so n 's  disease. 
(Supported  by the M edical R esearch C ouncil o f  S w eden , grant no 
7484, 12208, K arolinska Institute and Å hlen-stiftelsen).

625.14

GABA-B RECEPTORS A CTIV ATE BO TH  INW ARDLY RECTIFY IN G  
POTASSIUM  CHANNELS AND ADENYLYL CYCLASES IN 
XENOPUS OOCYTES EXPRESSING RA T CEREBELLAR PO L Y (A ；)+

Qoishi3, H. Yamashita2 and F. Izumi1. Depts. 1Pharmacol. and 2IstPhysiol., 
Univ. o f Occup. & Environ. Health, School o f Medicine, Kitakyushu 807- 
8555, Japan, and 3Rosai Hospital for Silicosis, Tochigi, Fujiwara 321-2523, 
Japan.

GABA-B receptors are known to activate inwardly rectifying K+ channels 
(GIRKs) or enhance adenylyl cyclase (AC) activity induced by Gs-coupled 
receptors such as adrenergic β2 receptors. We investigated whether the 
GABA-B agonist baclofen activates GIRKs or enhances the Gs-coupled 
receptor-mediated activation of AC with the Xenopus oocyte expression 
system. For the electrophysiological measurement we coexpressed poly(A)+ 
RNAs derived from rat cerebellum together with either cloned inwardly 
rectifying potassium channels (GIRK1 and GIRK2), or the cystic fibrosis 
transmembrane conductance regulator gene (CFTR) as a reporter for cAMP 
changes in the oocytes. Baclofen elicited GIRK currents, or enhanced CFTR 
currents induced by the β2 agonist isoproterenol or vasoactive intestinal 
peptide. The GIRK currents and enhanced CFTR currents elicited by baclofen 
were inhibited by the selective GABA-B antagonist 2-OH saclofen. The 
enhanced CFTR currents by baclofen was further augmented by coexpressing 
AC type II, an isotype activated by Gβγ and Gα s, but not by AC type III, an 
isotype insensitive to G βγ. Both the GIRK currents and CFTR currents elicited 
by baclofen were attenuated by coexpression of Gα transducin which 
scavenges the released Gβγ subunits. These findings indicate that GABA-B 
receptors in the rat cerebellum are functionally expressed in Xenopus oocytes 
and that the Gβγ released upon GABA-B receptor stimulation may activate 
both GIRKs and AC.

625.16
A POWERFUL GABAB RECEPTOR-MEDIATED AUTOINHIBITION OF 
IDENTIFIED GABAergic NEURONS IN THE HYPOTHALAMIC ARCUATE 
NUCLEUS. E.J. Wagn er* , M.A. Bosch, M.J. Kelly and O.K. Rønnekleiv. Dept. 
of Physiol. & Pharmacol., Oregon Health Sciences Univ., Portland, OR 97201.

The present study examined electrophysiological γ-aminobutyric acid 
(GABA)ergic responses in identified GABAergic neurons in the arcuate nucleus 
(ARC) of the mediobasal hypothalamus. Intracellular recordings were made in 
hypothalamic slices prepared from ovariectomized female guinea pigs using 
biocytin-filled electrodes. Following recording, GABAergic phenotype was 
ascertained either by combined histochemistry and in situ hybridization or, in 
some cases, by dual histochemistry using glutamic acid decarboxylase (GAD) as 
a marker. Spontaneous postsynaptic potentials were present in over 90% o f ARC 
neurons, including GAD-positive neurons, and the GABAa receptor antagonist 
bicuculline methiodide blocked these potentials. In addition, over 90% of ARC 
neurons responded to the GABAB receptor agonist baclofen with a membrane 
hyperpolarization or an outward current due to the activation o f an inwardly- 
rectifying K+ conductance. The baclofen-induced hyperpolarization was dose- 
dependent, and the GABAb receptor antagonist CGP 35,348 produced a 
rightward shift in the agonist dose-response curve in GAD-positive neurons with 
an estimated K1 of 8.1 µM. The potency of baclofen was lower (EC50: 6.5±0.2 
vs. 3 .1±0.8 µM), and the efficacy greater (16.7±1.9 vs. 9.8±1.3 mV), in GAD- 
positive neurons compared to GAD-negative neurons. These results indicate that 
GABAergic ARC neurons receive a GABAa receptor-mediated synaptic input, 
and contain GABAb autoreceptors whose activation elicits a powerful inhibition 
of these neurons. These results also provide further evidence of GABAb receptor 
heterogeneity. (Supported by NS 35944, DA 05158 & DA 00192.)

625.18
THE EFFECT OF THE ADMINISTRATION OF DIFFERENT DRUGS ACTING ON 
GABAb RECEPTORS INTO THE MEDIAN RAPHE  NUCLEUS (MRN) TO THE LOCAL 
GLUTAMATE LEVEL AND HIPPOCAMPAL ACTIVITY. V. Varga*1, A. K. Kekesi2, G. 
Juliasz2, B. Kocsis1,3. 1Dept. of Physiol., Natl. Inst. of Neurosurgery, Dept. of Comp. Physiol., 
Eotvos Lorand Univ. Budapest - Hungary. Dept. of Psychiatry, Harvard Medical School, 
Boston, MA, USA.
The serotonergic input from the MRN plays an important role in the control of the electrical 
activity of the hippocampus. Both GABAa and GABAb receptors are present in the midbrain 
raphe nuciei and our previous studies indicated that GABAergic control of the serotonergic 
cells, and in turn of the hippocampal activity, involves both GABAa and GABAb receptors. 
We have show n, in particular, that injection of GABAb agonist Baclofen into MRN exerted a 
biphasie effect on the hippocampus first eliciting lasting, uninterrupted theta activity 
switching later to a complete cessation of theta in the hippocampal LEG (Varga et al. Soc. 
Neurosci Abstr., 1997). The present study was designed to address several issues concerning 
the role of GABAb receptors in this regulation. The experiments were performed on 49 
Sprague-Dawley rats under urethan anesthesia. Hippocampal EEG was recorded bipolarly 
using a pair of stainless steel wires. A microdialysis probe was inserted into the MRN and 
perfused with ACSF at a perfusion rate of 80 µl/h . GABAb agonist and/or antagonists were 
added to the ACSF after a 40-60 min control period according to one of four different 
experimental protocols.
We found that the effects of baclofen could be antagonized by GABAb antagonist 2-OH- 
saclofen and CGP3534K while the antagonists alone failed to alter the hippocampal activity. 
It was also observed (n=2) that glutamate level in the MRN decreased during baclofen 
administration suggesting that GABAb receptors suppress serotonergic activity directly and 
indirectly. Preliminary results indicate that the second phase is due to increased activity of 
serotonergic cells since the desynchronizing effect of baclofen could be reduced by the 
application of procaine These datas suggest that the GABAb receptors may phasically inhibit 
the serotonergic cells directly and indirectly as short term effect and can release the 
seiotonergic cells under inhibition due to the long lasting effect of their activation by 
interacting with GABAa receptors. This study was supported by ETT grant 085/1 996 to B. 
Koesis.
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626.1
CHARACTERIZATION STABLE CELL LINES AND DIVALENT METAL ION 
BINDING TO RAT GALR1 AND HUMAN GALR2 RECEPTOR SUBTYPES. H. 
Khosbeui1, A.Tharian1, S.R. Broussard1, M.P. Johnson1, J. Mark VanNess1*, L.F. 
Kolakowksi, Jr.1,2. 1Departments of Pharmacology and 2Biochemistry, University of 
Texas Health Science Center at San Antonio, San Antonio, TX, 78284;

To characterize the pharmacological properties of galanin receptors we have 
produced Chinese hamster ovary (CHO) cell lines which express high levels of 
galanin receptor subtypes GALR1 and GALR2. Production of cell lines for the 
GALR3 receptor are underway. The cells lines selected for further analysis of 
express 1.2 pM/mg and 1.9 pM/mg of protein for GALR1 and GALR2, respectively. 
The affinity of these cell lines for [125I] human galanin was assessed by saturation 
binding. The resulting affinities of rat GALR1 and human GALR2 are 120 pM and 
250 pM. The affinity if human galanin for GALR2 is ten-fold higher than for the 
same receptor in COS-7 cells. Further characterization of ligand binding to the cell 
lines showed that galanin binding to rat GALR1 is specifically inhibited by ZnCl2 
with an IC50 of 10 µM. Other divalent metal ion salts, MgCl2 and CaCl2, have no 
effect. In contrast, human GALR2 receptor binding is not inhibited by ZnCl2, MgCl2 
or CaCl2. The sites reported to be crucial for the binding of Zn2+ in the GALR1 
binding site are not conserved in GALR2. These details may provide more details for 
the characterization of ligand binding determinants for galanin and galanin-like 
peptiomimetics.

Funded in part by grants from Merck Research Laboratories.

626.3
GALR3 AND GALR1 GALANIN RECEPTORS ACTIVATE GIRK IN 
XENOPUS OOCYTES. W.-J. Yao*, J  .A. Tamm, K.E. Smith, J.A. Bard, T.A. 
Branchek, C . Gerald and K.A. Jones. Synaptic Pharmaceutical Corporation, 
Paramus, NJ 07652.

A third galanin receptor subtype (GALR3) has been cloned that exhibits 
significant homology to the other two members of this family of peptide 
receptors. Here we utilize the expression capabilities of Xenopus oocytes to 
examine the coupling of the Ga1R3 receptor to second messenger systems. 
Oocytes injected with mRNAs encoding human GALR3 plus K+ channel 
subunits GIRK1 and GIRK4 produced inward currents when voltage clamped 
and stimulated with galanin. These currents were dependent upon co-expression 
of the GIRK subunits and demonstrated a Ba++-sensitive, inward rectification. 
Currents having a similar nature, but larger in amplitude, were also elicited by 
galanin in oocytes co-expressing GALR1 receptors and GIRK subunits. There 
was no evidence for activation of the Ca++-sensitive Cl- current by either 
GALR1 or GALR3 receptors, although such currents were stimulated in 
oocytes expressing the GALR2 subtype. Pertussis toxin abolished responses 
mediated by GALR1 and GALR3 but not GALR2 receptors, implying that G- 
proteins of the Gαi or Gαo class are participating in the signal transduction 
pathway in oocytes. EC50 measurements established the rank order of potency 
of the following peptides at GALR3; M32 = porcine  C7 > galanin(-7- 
29) = galanin (1-16) = M40. Other chimeric peptides (M 15, M35) also acted as 
agonists while D-Trp2-galanin and galanin 3-29 were inactive. The present 
results suggest that both GALR3 and GALR1 subtypes can regulate K+ 
channels and that this action may be responsible for some of the observed 
effects of galanin on neuronal excitability and neurotransmitter/hormonal 
release.

This work was supported by Synaptic Pharmaceutical Corporation.

626.5
MOLECULAR DISCOVERY AND EXPRESSION OF THE HUMAN GALANIN 
RECEPTOR GALR3. M. Sawzdargo,1 T. Nguven,1 L.F. Kolakowski Jr.,2 S.R. 
Broussard,2S. Kargm an,4 A .D. Howard,3 K.A. Sullivan,3 R.G. Smith,3 G.P. O’Neill,4 
J.F. Evans,4 R. Cheng,1 S.R. Georαe1, 5 and B.F. O’Dowd*1, 5. 1Univ. of Toronto, 
Toronto, Ontario M5S 1A8; 2Univ. of Texas, San Antonio, TX 78284; 3Merck 
Research, Rahway, NJ 07065; 4Merck-Frosst, Kirkland, Quebec H9H 3L1; 
5Addiction Research Foundation, Toronto, Ontario M5S 2S1.

Galanin is a 29 or 30 amino acid neuroendocrine peptide that modulates a 
spectrum of physiological processes including neurotransmitter release, 
nociception, feeding behavior and cognitive functions. The pharmacology and 
galanin receptor distribution data indicate the presence of multiple receptor 
subtypes. To date, three rat and two human galanin receptors, members of the G 
protein-coupled receptor (GPCR) family, have been cloned. Using a homology 
search of the GenBank sequence database with known GPCR amino acid 
sequences, a ~300 bp fragment demonstrating homology to GalR1/2 was 
identified. Alignment of the fragment’s flanking sequences with known galanin 
receptors allowed for the assignment of the coding regions. The hGalR3 
sequence, encoded on two exons, shares 36% and 58% identity with the human 
GalR1 and GalR2 receptors, respectively. PCR amplification of human genomic 
DNA was used to obtain a full length gene that was employed as a probe for library 
screening. An intronless version of hGalR3 was constructed and used for 
expression and tissue distribution studies. Northern blot analysis revealed a 
heterogeneous population of mRNAs expressed throughout many central and 
peripheral regions. The rGalR3 mRNA was shown to be expressed in many rat 
brain areas using in-situ hybridization with the highest expression in hippocampus, 
primary olfactory cortex, olfactory tubercle, islands of Calleja and hypothalamic 
ventromedial, arcuate, paraventricular and supraoptic nuclei. Fluorescence in-situ 
hybridization was performed to localize hGalR3 to chromosome 22q12.2-13.1. 
(Supported by MRC Canada and Merck-Frosst)

626.2
CLONING, CHARACTERIZATION, AND GENOMIC MAPPING OF MOUSE 
GALANIN RECEPTOR SUBTYPES GALR2 AND GALR3. L.F. Kolakowksi, Jr.
1,2*, S.R. Broussard1, A.Tharian1, H. Khosbeui1, M.P. Johnson1, B.E. Reus3 and R.J. 
Leach3. 1Departments of Pharmacology, 2Biochemistry and 3Cellular and Structural 
Biology, University of Texas Health Science Center at San Antonio, San Antonio,
TX, 78284;

We have cloned the murine genes for the galanin receptor subtypes, Galr2 and 
Galr3. These genes, like their human orthologues have two exons within their coding 
region interrupted by a 1060 bp and 429 bp intron, respectively. Within the intron of 
Galr2, a series of cryptic splice acceptors were identified, which may explain the 
cloning of incompletely spliced cDNAs. The expression of the murine cDNAs were 
investigated by northern blot and RNase protection experiments, and show a broad 
expression in both the CNS and periphery for both receptors, the Galr2 mRNA being 
more abundant. Expression constructs for both genes were produced in the 
mammalian expression vector pCIneo, and [125I] human galanin binding was assessed. 
Galr2 expressed in COS-7 cells produced high levels of receptor in transient binding 
assays, and showed a Kd=5 nM. Galr3 expressed in COS-7 cells expressed very 
poorly. Binding assays performed with very high levels of membranes did show 
specific binding with a Kd=2nM. The production of inositol phosphates was 
measured using [3H]-myo-inositol, for both murine Galr2 and Galr3 as well as human 
GalR2. In these assays both human and murine Galr2 receptors produced a strong 
stimulation of PLC-β with an EC50 of 10 nM and 14 nM, respectively. The murine 
genes for Galr2 and Galr3 were mapped using a M. spretus and C57/B6J backcross 
panel to mouse chromosomes 11 and 15. Galr2 mapped close to Smstr2 and Galr3 
nearby to Smstr3. These somatostatin receptor subtypes are closely related to galanin 
receptor subtypes, and their cosegregation on murine chromosomes may suggest an 
evolutionary mechanism for generating receptor diversity.

Funded in part by grants from Merck Research Laboratories and NIH.

626.4
GALANIN GALR3 RECEPTORS: CLONING AND FUNCTIONAL EXPRESSION 
OF RAT AND HUMAN RECEPTORS. K.E. Smith*, M.W. Walker, K.A. Jones, R. 
Artymyshyn, J.A. Bard, B. Borowsky, J.A. Tamm, P.J.-J. Vaysse, T.A. Branchek and
C. Gerald. Synaptic Pharmaceutical Corporation, Paramus, NJ 07652.

The neuropeptide galanin has been implicated in the regulation of processes such 
as nociception, cognition, feeding behavior and hormone secretion. Multiple 
receptors mediate the effects of galanin, but only two functionally coupled receptors 
have been reported. We now report the cloning of a third galanin receptor distinct 
from GALR1 and GALR2. The receptor, termed GALR3, was isolated from a rat 
hypothalamus cDNA library by both expression and homology cloning approaches. 
The rat GALR3 receptor cDNA can encode a protein of 370 amino acids with 35% 
and 52% identity to GALR1 and GALR2, respectively. Localization of mRNA by 
solution hybridization/RNase protection demonstrates that the GALR3 transcript is 
widely distributed but expressed at low abundance, with highest levels in the 
hypothalamus and pituitary. We also isolated the gene encoding the human 
homologue of GALR3. The human GALR3 receptor is 90% identical to rat GALR3 
and contains 368 amino acids. Binding of 125I-porcine galanin (125I-pGAL) to stably 
expressed rat and human GALR3 receptors is saturable (rat KD = 0.98 nM; human 
Kd = 2.23 nM) and displaceable by galanin peptides and analogues in rank order: rat 
galanin, porcine galanin - M32, M35 - pGalanin (-7-29), galantide, human galanin 
> M40, galanin(1_16) > ID-Trp2]galanin(1-29), galanin(3-29). This profile resembles that 
of the rat GALR1 and GALR2 receptors with the notable exceptions that human 
galanin, galanin (1-16), and M40 show lower affinity at GALR3. In Xenopus oocytes, 
activation of rat GALR3 receptors co-expressed with potassium channel subunits 
GIRK1 and GIRK4 resulted in inward K+ currents characteristic of Gi/Go-coupled 
receptors. These data confirm the functional efficacy of GALR3 receptors and further 
suggest that GALR3 signaling pathways resemble those of GALR1 in that both can 
activate potassium channels linked to the regulation of neurotransmitter release.

This work was supported by Synaptic Pharmaceutical Corporation.

626.6
LOCALIZATION OF G A L A N IN -1 RECEPTORS O N  GASTRIC  
ENDOCRINE CELLS AND ENTERIC NEUR O N S. C. S tem ini*1-3,

1CURE Dig. D is.Res. Ctr., Dept. o f Med. and 2Dept. o f Neurobiol., 
and 3B rain Res. Inst., UCLA, Los A ngeles, CA 90073.

Galanin exerts a multitude o f biological effects by activating distinct 
G protein-coupled receptors. The aim o f the present study was to 
investigate the distribution of galanin-1 receptors (G A LR 1) in the rat 
gastrointestinal tract by means o f  im m unohistochem istry with a 
polyclonal antibody raised to the third intracellular loop o f rat GA LR 1 
(G A L R lY225-238)∙ GA LR 1 immunoreactivity (IR) was localized to the 
cell surface of numerous cells o f  the gastric mucosa o f the secretory 
region, the vast majority o f  which are enterochrom affin ce lls , as 
indicated by double labeling with m ouse m onoclonal antibodies to 
calbindin, a marker for this type o f endocrine cells. G A LR 1-IR was also 
localized to numerous enteric neurons in the stomach and intestine, 
where it was predominantly concentrated at the ce ll surface, and to 
processes distributed to the enteric p lexuses, interconnecting strands, 
muscle layer, vasculature and mucosa. In the mucosa, G A LR 1-IR fibers 
were particularly abundant in the stomach, where they ran parallel to the 
epithelial cells from the base o f the mucosa to the lumen. Specificity of 
the antiserum was determined by Western blot analysis o f KNRK cells 
transfected with rat G A L R 1 cD N A  and by elim ination  o f the 
im m unostaining by preadsorption with the peptide used for the 
immunization. This study suggests that in the gastrointestinal tract 
galanin effects mediated by the activation o f  the G A L R 1 involve  
neuronal and non-neuronal pathways.
Supported by NIH grants DK 54155 and 41301.
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626.7
RABBIT BRAIN AND KIDNEY PANCREATIC POLYPEPTIDE-BINDING 
NEUROPEPTIDE Y (NPY) RECEPTORS DIFFER FROM Y1 RECEPTORS 
IN SENSITIVITY TO CHAOTROPIC AGENTS, FMRF-AMIDE 
ANALOGUES AND AMILORIDE DERIVATIVES
S. L. Parker1/*, M. S. Parker2/ and W. R. Crowley1/, Department of 
Pharmacology, University of Tennessee College of Medicine1/, and Department of 
Microbiology, University of Memphis 2/, Memphis, TN 38163

The recently cloned pancreatic polypeptide (PP)-responding Y4 and Y5 NPY 
receptors have been detected in several human and rodent tissues, and the Y5 subtype 
was implicated in central stimulation of feeding; Y5-like sites were also shown to 
participate in regulation of natriuresis. Utilizing (Leu31,Pro34) human PYY (LPYY), 
which can label both Y1 and Y5 sites, we found a large population of PP-sensitive 
receptors in rabbit kidney (S.L. Parker et al., Regulatory Peptides, accepted). In this 
study, employing [l25I]-labeled human and rat pancreatic polypeptides (hPP and rPP), 
we found that PP-sensitive receptors represent up to 10% of total LPYY-labelled sites 
in rabbit hypothalamus, and more than 30% of such sites in rabbit kidney cortex. As 
different from the cloned Y4 and Y5 species, this binding showed a principal (>=70%) 
high affinity displacement with either hPP, rPP, LPYY, NPY or PYY (Kdiss < 30 pM 
for all), while being quite insensitive to Y2-selective ligands. The PP binding had a 
much lower sensitivity to guanine nucleotides than Y1-LPYY binding, and also was 
more resistant to inactivation at 24-37 °C. The PP binding was much more sensitive 
than the Y1-LPYY binding to FMRF-amide derivatives (Ki ~50 nM vs. 500 nM with 
NRNFLRF.NH2) and to substituted amilorides (Ki ~4 µM vs. 50-80 µM with 
ethylisopropylamiloride), and at least 50 times more sensitive to chloroethylclonidine. 
Sensitivities to several other alkylators, phospholipase C inhibitors, monomeric 
cations and polycations, however, were quite similar for the PP and the Y1-LPYY 
binding. Thus, in rabbit hypothalamus or kidney, the principal PP-responding sites 
are distinguished from Y1 sites by sensitivity to sodium transport-affecting agents and 
to an alkylator also selective vs. the alpha-1B adrenergic receptor. These PP/NPY 
receptors could be associated with membrane structures involved in control of ion 
balance and in osmotic responses. [Supported by NIH 13703].

626.9
ID E N T IF IC A T IO N  O F R E S ID U E S  IN V O L V E D  IN T H E  B IN D IN G  O F TH E  
A N T A G O N IS T  S N A P  6 6 0 8  TO  T H E R A T  Y 5 R EC E PT O R . N . A d h am *, J.A. Tam m , 
P. D u , C. H ou , M .W . W alker,  I. Islam , N . B o y le, Y . S h ifm an , C. G lu ch ow sk i, 
T .A . B ranchek, C. Gerald and J.A. Sa lon . Synaptic Pharm aceutical C orporation, Param us, 

NJ 0 7 6 5 2 .
N europeptide Y  (N P Y ) is a 36-am ino acid peptide w hich causes hyperphagia and obesity  

when adm inistered centrally. T he pow erful e ffect o f  N P Y  on food  intake is b elieved  to be 
m ediated by the recently clon ed  Y 5 receptor subtype. S N A P  6 6 0 8  is a potent (pK i for rat 
Y 5 = 7 .3 0  ±  0 .0 2 , n= 6) and se lec tiv e  non-peptide Y 5 receptor antagonist (antagonism  o f  
agonist-m ediated inhibition o f  forskolin-stim ulated cA M P  release, p K b = 6 .86  ± 0 .0 9 ,  n=3) 
exhibiting > 100-fo ld  selectiv ity  over other cloned rat N P Y  receptor subtypes ( Y 1, Y 2 and 
Y 4) as m easured in porcine [ 125I]-P Y Y  b inding assay. To investigate potential 
receptor/antagonist interactions, w e perform ed site-d irected  m utagenesis on the rat Y 5  
receptor and com pared the b inding affinity o f  S N A P  6 608  and a series o f  structurally related 
com pounds with N P Y . Out o f  75 m utations, three residues (F 222 , H 398  and G 424) in the 
rat Y5 receptor were found to decrease binding affin ity  for the antagonist S N A P  6 6 0 8  and 
related series by approxim ately 10-fold. H ow ever, mutation o f  these sam e residues had little 
effect on the b ind ing affin ity  o f  the agon ist N P Y , su ggestin g  that th ese am ino acids were  
selective ly  interacting with the antagonists. C onversely, m utation o f  residues important for 
agonist (D -T rp32-N P Y ) binding (e.g ., Q 132) had little effect on antagonist b inding affinity. 
Taken together the data su ggest certain residues are used e x c lu s iv e ly  by the antagonist. 
Substitution o f  H 398 by different am ino acids and analysis o f structural analogues o f S N A P  
6 6 0 8  su g g ests  that H 398  m ay be invo lved  in hydrogen bonding interaction with the 
su lfon am id e  group o f  S N A P  660 8 . A n understanding o f  the m olecu lar interactions 
responsib le  for ligand bind ing w ill be critical for the develop m en t o f  m ore se lective  
a n tagon ists  for the Y 5 receptor and for the d iscovery  o f  new  antagonists for related G 
protein -coup led  receptors.

T h is work w as supported by N ovartis Pharma A G  and Synaptic  Pharm aceutical 
C orporation.

626.11

NEUROPEPTIDE Y INCREASES INTRACELLULAR CALCIUM IN RAT 
PINEAL CELLS. V. Simonneaux1*, J.L Rodeau2 and P. Pévet1. 1UMR-CNRS 
7518, Université Louis Pasteur, 12 rue de I ʾ Université; 2UPR-CNRS 9009, 5 rue 
Blaise Pascal, 67000 Strasbourg, France.

The pineal gland is a neuroendocrine organ which transduces day/night 
information into a hormonal message; the rhythmic synthesis and release of 
melatonin. The pineal gland is mainly innervated by sympathetic fibers 
containing norepinephrine (NE) and neuropeptide Y (NPY). NE released at 
night stimulates melatonin synthesis via a β1-adrenergic-induced increase in 
cAMP concentration potentiated by an α1-adrenergic-induced increase in Ca2+ 
concentration. NPY effects and mechanisms of action on melatonin synthesis 
are still controversial. We previously showed that NPY inhibits NE release via 
presynaptic Y2 receptors, and slightly stimulates and potentiates melatonin 
synthesis via postsynaptic Y1 receptors acting on melatonin-synthesizing 
enzymes. Our preliminary data indicated that the postsynaptic NPY effect was 
dependent on Ca2+-related mechanisms. Therefore, we studied the effect of NPY 
on intracellular Ca2+ concentration in cultured rat pineal cells using a fu ra-2 
imaging system. About 92% of pineal cells responded to a 1 min long 
application of 1 µM NE by an increase in Ca2+ level, from a 93 ± 3 nM baseline 
up to a 245 ± 7 nM peak value (n = 127 cells, 5 dishes); the first rapid and 
transient peak was followed by a plateau lasting the duration of NE application. 
Depending on cell culture 15 to 100% of NE-responsive cells showed an 
increase in Ca2+ level upon application of 10 or 100 nM NPY for 1 min. This 
response was rather monophasic and lasted the duration of NPY application. 
The average increase in Ca2+ with respect to baseline was 33 ± 7 nM (n = 77). 
A standard dose-response curve could not be established because NPY appeared 
to induce a desensitization of its own receptors. These data strengthen our 
hypothesis that NPY is able to stimulate the metabolic activity of the rat pineal 
gland.

626.8
A N A L Y S E  O F Y 2  R E C E P T O R  F U N C T IO N S  B Y  G E N E  T A R G E T IN G  

P .N a v e ilh a n 1, H. H assan i* , I. N ev eu 2 * and P. E m fo r s1. 1Lab. o f  M olecu lar  
N eu ro b io lo g y , D ep t. o f  M edical C hem istry  and B io p h y s ic s , K arolinska Institu te , 

S 17177  S to ck h o lm , Sw eden . 2 i n SE R M  U 4 3 7  H ôtel-d ieu , 3 0  Bd Jean M on n et, 
4 4 0 9 3  N antes ced ex  01 , France

N europeptide Y  (N P Y ) is a 3 6  am ino acid peptide in v o lv ed  in the control o f  
energy balance, neuroendocrine s ig n a llin g , an x iety , pain as w e ll au tonom ic  
fu n ction s. It m ediates its b io lo g ica l a ctiv ity  through different receptors called Y 1, 
Y 2 , Y 5  and Y 6 , and it has been  suggested  that each receptor m ediates sp ec ific  
a ctiv ities  o f  N P Y .
T o  sp ec ify  the exact role o f  Y 2  receptor, w e  have generated a m ice  carrying a null 
m utation on Y 2  receptor gen e. For th is purpose, a cassette  co n ta in in g  the fusion  
protein IR E S Tau/L aeZ  and the gen e  conferring n eo m y c in e  resistance was 
integrated in the exon  o f  Y 2  gen e. T he m utant an im als w ere norm al and fertile . T o  
analyze the effect o f  Y 2  m utation  on exp ression  o f  the other receptors or N P Y , 
their m R N A  le v e ls  w ere determ ined by R N a se  protection  assays. W e did not found 
any difference in N P Y , Y1 and Y 5  m R N A  le v e ls  in the brain o f  + /+ , + /- and -/- 
anim als. T he e ffec ts  o f  N P Y  on food  intake and body w e ig h t has been  ex ten s iv e ly  
studied but the receptor (s) im plicated  in th is p h en om en on  rem ains to be clearly  
determ ined . T o in vestiga te  this poin t, the body w e ig h t o f  Y 2  m utants and w ild  type  
m ice  w ere com pared. O ver a period o f  2 0 0  days, w e  did not found any difference in 
body w eig h t for neither m ale nor fem ale. Further exp erim en ts u sin g  h igh  fat diet 
and ob /ob  m ice  are currently perform ed. Y 2  has been  su ggested  to  b e  im plicated  in 
the an tin ocicep tive e ffec t o f  N P Y . T herefore, the resp on ses o f  w ild  type and m utant 
m ice  were analysed fo llo w in g  acute or persisten t pain. N either in tail flick  
exp erim en ts nor in form alin  test, w e  have found any difference betw een  w ild  type  
and m utant an im als. In co n c lu s io n , prelim inary exp erim en ts on body w e ig h t and 
sen sitiv ity  to pain did not reveal any difference betw een  Y 2 + /+  and -/- m ice . T h is  
w ork w as funded by the S w ed ish  M R C  and Astra.

626.10
NEUROPEPTIDE Y RECEPTOR (Y1)-G  ALPHA SUBUNIT FUSION  
PROTEINS EXHIBIT HIGH-AFFINITY NPY BINDING AND NPY-INDUCED 
SIGNAL TRANSDUCTION. D.N. Cortright*, T.A. Pitler, R.M. Brodbeck, R.J. 
Primus, C.O. Baltazar, D.W. Gallager, M.K. Arzubi and J.E. Krause. Dept. of 
Biochemistry and Pharmacology, Neurogen Corporation, Branford, CT 06405.

G-protein coupled receptor (GPCR) signal transduction is dependent on the 
activation of GTP for GDP exchange by G alpha subunits. The efficiency of this 
activation is dependent, in part, on the interaction of agonist-activated GPCR 
with the the appropriate heterotrimeric G protein complex. Recent studies have 
demonstrated that GPCRs covalently fused to their cognate G alpha subunits 
can activate appropriate signaling pathways in response to agonist, possibly 
with greater efficiency. In order to more fully characterize the interaction of 
GPCRs with fused G proteins, we have generated several receptor-G alpha 
subunit fusions with the Gi-linked neuropeptide Y (NPY) receptor Y1. These 
include Y1-Gi2, Y1-Gs and Y1-Gq/i2. Gq/i2 is a chimeric G alpha q protein in 
which the C-terminal 5 amino acids have been replaced with the correspond
ing Gi2 residues. Previous studies have shown that this protein confers Gq- 
mediated signal transduction to Gi-coupled receptors. The Y1-Gi2 and Y1-Gs 
fusions expressed in CHO cells exhibit high affinity NPY binding. These fu
sions were functionally characterized in Xenopus laevis oocytes by coinjection 
of RNAs encoding the receptor and a G-protein gated potassium (GIRK) chan
nel. In this assay, both Y1-Gs and Y1-Gq/i2 mediated activation of GIRK by 
treatment with NPY. In both cases this activity was blocked by pretreatment of 
the cells with pertussis toxin. Furthermore, Y1-Gq/i2 mediates activation of a 
calcium-sensitive chloride conductance in oocytes, whereas Y1 and Y1-Gs do 
not. Activation of adenylyl cyclase by Y1-Gs was not observed. These results 
indicate that Y1-G alpha subunit fusions bind NPY with high affinity and can 
mediate signaling via pertussis toxin-sensitive (i.e. Gi/o or Gq/i2) pathways. 
The increased calcium signaling by Y1-Gq/i2 may be due to increased recep
tor expression compared to wild-type Y1 or to activation of phospholipase C by 
the fused Gq/i2 alpha subunit.

626.12

EVOLUTION OF NEUROPEPTIDE Y RECEPTORS: CLONING IN 
CHICKEN AND FROG. S.K.S. Holmberg, S. Mikko, E Salaneck, P. 
Sharma, and D. Larhammar*. Dept of Neuroscience, Pharmacology, 
Uppsala University, Box 593, SE-75124 Uppsala, Sweden.

Neuropeptide Y (NPY) and peptide YY (PYY) are highly conserved 
peptides present in all vertebrates. NPY influences many functions 
including feeding-metabolism, blood pressure, and circadian rhythms. 
The receptors for NPY and PYY belong to the superfamily of G- 
protein-coupled receptors. Five receptor subtypes have been cloned 
in mammals, i.e., Y1, Y2, Y4, Y5 (the “feeding” receptor), and Y6 . We 
have previously cloned three distinct NPY receptor subtypes in the 
zebrafish. As we have not yet found any of these receptor subtypes 
in both zebrafish and mammals, the object of this study was to isolate 
receptor genes from species representing two other animal groups, 
namely birds and frogs, to clarify orthology relationships.

By PCR and homology screening, we have isolated chicken Y1 and 
Y2 clones. Both have high identity to mammals, confirming that both 
subtypes evolve very slowly. The full-length Y2  sequence is 80% 
identical to the human protein. We are now in the process of isolating 
genomic clones that will allow a chromosomal walk from Y1 to Y5, as 
these two genes are only 2 0  kb apart in the mammals that have been 
studied. These clones will be used to study functional expression and 
mRNA distribution. Previously, we have isolated a X e n o p u s  la e v is  Y1 
cDNA clone (80% amino acid identity to human Y1 ) and work is in 
progress to isolate R a n a  rid ib u n d a  Y1. In consideration of the high 
degree of identity for Y1 between chicken, X e n o p u s  la e v is  and 
mammals, it is surprising indeed that no orthologue has yet been found 
in zebrafish. The remaining mammalian and zebrafish receptor 
subtypes will also be sought in chicken and frogs in order to unravel 
the extent of their NPY receptor subtype repertoires.

Supported by the Swedish Natural Science Research Council.
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626.13

C LO N IN G  AN D  C H AR AC TER IZA TIO N  O F THE G U IN EA PIG NPY Y1 
AN D  Y2 R E C E PTO R S M.M. Berg lu nd*, S.K.S. H o lm berg, P. S harm a, 
H. E r iksso n , L. G ru n d e m a r# , U. Lange l§ and D. Larham m ar Dept. 
N eurosc ience , Pharm aco l., U ppsala Univ., Box 593, 75124 Uppsala, 
Sw eden. #D ept. C lin ica l Pharm acology, Lund Univ. Hospital, Sw eden 
§D ept. Neurochem . and Neurotox., Stockholm  Univ., Sweden.

Neuropeptide  Y (NPY) and peptide YY (PYY) are structura lly related 
pep tides . N P Y is a po ten t s tim u la to r of feed ing  and a ffec ts  a lso 
c irca d ia n  rhy th m s and b lood  p ressu re . Both pep tides  b ind to a 
h e te ro g e n e o u s  fa m ily  o f G -p ro te in  coup led  recep to rs  w h ich  in 
m am m als consis ts  of subtypes Y1, Y2 and Y4-Y6. The receptors are 
defined by the ir d istribu tion and affin ity fo r analogues of NPY and PYY.

W e have c loned the Y1 and Y2 receptors from  guinea pig (gp). The 
am ino acid sequences of gpY1 and gpY2 are 26%  identica l to each 
o ther but 90-92 % identical to the ir hum an and rat orthologues.

It has p rev io us ly  been show n that gp vena cava (Y1) responded 
equa lly  well to NPY 2-36 (Y2-pref.) as to NPY, yet the contraction was 
abo lished by the Y 1 -specific  an tagon ist BIBP3226. The binding profiles 
o f the c loned gpY1 and gpY2 are s im ila r to those of hum an and rat Y1 
and Y2 .G uinea pig Y1 binds NPY 2-36 (K i=260 pM) with six tim es lower 
a ffin ity  than NPY (K i= 40 pM ) in agreem ent w ith Y1 in o ther species 
reported in the lite ra ture  (5-30-fo ld). Thus add itional Y 1 -like receptors 
m ay con tribu te  to the response of the caval vain to NPY. W ork is in 
progress to assay functional responses of the cloned receptors.

W e have a lso tested the  binding of a ga lan in /N PY hybrid peptide, 
M 32 (ga lan in1 -13 -N P Y  25-36) w ith a reported unexpected binding to 
NPY receptors in rat h ippocam pus. The cloned gpY1 receptor bound 
M 32 w ith  a Ki o f 12 nM (com pared  to  280 nM fo r NPY 18-36), 
suggesting  tha t the galanin m oie ty  m ay som ehow substitu te fo r the N- 
term inal part of NPY. This m ay be useful fo r ligand-receptor m odelling.

S upported by the Swedish Natural Science Research Council.

626.15

EVALUATION OF SHORT C-TERMINAL CGRP ANTAGONISTS FOR THE 
CGRP1 RECEPTOR SUBTYPE.S.Landry1, Y. Dumont1, S. St-Pierre2* and R. 
Ouirion1. 1Douglas Hospital Research Center and Dept. Psychiatry, McGill 
University, Montréal, QC, Canada, H4H 1R3. 2Dept. Chemistry, Université du 
Québec (UQAM), 2101 Jeanne-Mance, Montréal, QC, Canada, H2J 2G6.

The existence of two CGRP receptor subtypes, CGRP1 and CGRP2, has been 
proposed on the basis of the antagonistic properties of C-terminal fragments such as 
CGRP8-37 in the atrium (CGRP1) and the agonistic effects of the linear analogue 
[Cys(Acm)2’7] in the vas deferens (CGRP2) (Dennis et al., JPET, 151:718-725,1989 
: JPET, 254:123-128,1990). The shorter C-terminal fragment, [Tyr27]CGRP27-37, 
also acts as an antagonist but with a lower potency than CGRP8-37 (Chakder and 
Rattan, JPET, 253:200-206, 1990). We now investigated the antagonistic properties 
of various CGRP27-37 analogues in prototypical CGRP1 and CGRP2 preparations 
and in a CGRP binding assay. At lµM, [Tyr27, Asp31, Pro34, Phe35] CGRP27-37 and 
[Tyr27, Pro34, Phe35] CGRP27-37 had no agonistic activity in the atrium. However, 
both analogues and CGRP8-37 demonstrated antagonistic effects in the guinea pig 
atrium with apparent pA2 values of 6.69, 7.42 and 7.66 ([Tyr27, Asp31, Pro34, Phe35] 
CGRP27-37, [Tyr27, Pro34, Phe35] CGRP27-37, and CGRP8-37, respectively). As with 
hCGRP8-37, these two fragments induced only a slight shift of the CGRP dose- 
response curve in the rat vas deferens, a prototypical CGRP2 bioassay with apparent 
pA2 values lower than 6.0. In rat brain binding assays, both analogues competed 
against [125I] CGRP binding sites with apparent IC50 values of 51 nM for [Tyr27, 
Asp31, Pro34, Phe35] CGRP27-37 and 102 nM for [Tyr27, Pro34, Phe35] CGRP27-37. 
Hence, [Tyr27, Asp31, Pro34, Phe35] CGRP27-37 and [Tyr27, Pro34, Phe35] CGRP27-37 
behave as potent CGRP receptor antagonists and can be used as template toward the 
rationale design of selective and potent non-peptide antagonists (supported by the 
MRCC).

626.17

DIFFERENTIAL INTRACELLULAR TRAFFICKING OF NEUROTENSIN AND 
OF ITS RECEPTOR IN COS-7 TRANSFECTED CELLS F. Vandenhulcke1*, D. 
N oud1, JP. Vincent2 and A. Beaudet1. 1 McGill University, Montreal, H2A 2B4, 
Canada; 2 CNRS, 06560 Valbonne, France
The neuropeptide neurotensin (NT) was shown to be internalized in a receptor- 
dependent fashion into its target cells. To gain insight into the mechanisms regulating 
this process, we monitored in parallel the migration of the receptor and of a 
fluorescent analog of NT (Fluo-NT) in COS-7 cells transfected with a NTRh-VSV 
construct. After incubation with 10-20 nm of fluo-NT for 0-15 min, both fluo-NT and 
NTRh immunoreactivity were colocalized at the surface of the cells as well as in small 
intracellular compartments distributed throughout the cytoplasm. On the cell surface, 
there was complete overlap between NTRh and clathrin immunoreactivities indicating 
that the internalization proceeded through clathrin-coated pits. Within the cells, fluo- 
NT hot spots stained positively for acridine orange, a vital dye documented to 
accumulate in acidic compartments. Moreover, these compartments concentrated 
transferrin and immunostained for rab 5, indicating that they correspond to early 
endosomes. After 30-45 min, the ligand and its receptor no longer colocalized. Fluo- 
NT was found next to the nucleus, in a compartment immunopositive for rab7. This 
compartment was not stained by acridine orange and was therefore unlikely to 
correspond to endosomes. It did, however, stain positively for syntaxin-6, a marker of 
the trans golgi network (TGN). At the same time, the receptor was detected in Lamp-1 
immunoreactive lysosomes. Our results show that NT and NTRh are internalized 
together into acidic endosomes where the ligand dissociates from its receptor. The 
latter is then targeted to lysosomes for degradation. The ligand is concentrated in a 
non acidic compartment, likely the TGN, from which it may possibly be secreted back 
into the extracellular fluid.
Supported by MRC of Canada and La Fondation pour la Recherche Medicale.

626.14

ADRENOMEDULLIN (ADM) AND TWO CALCITONIN GENE- RELATED 
PEPTIDE (CGRP) TYPE1 RECEPTORS IN HUMAN BRAIN VESSELS, 
MICROVASCULAR CELLS AND/OR TRIGEMINAL GANGLIA. . 
Moreno*, D. Stanimirovic1 and E. Hamel. Montreal Neurological Institute. 
McGill University- Montreal, QC, and 1NRC, Ottawa, Canada H3 A 2B4.

Pharmacological studies in human and rat cerebral arteries suggest that 
αCGRP and ADM both mediate dilation through a receptor sensitive to the 
C G R PI-receptor antagonist CGRP8-37 However, a specific ADM receptor 
(Hänze et al, BBRC 240:183,1997) and two different human genes encoding a 
CGRP type1 receptor (Kapas & Clark, BBRC 217 (3): 832, 1995 and Aiyar et al, JBC 
271 : 1325,1996) have been cloned in man. Using human trigeminal ganglia (the 
main source o f cerebrovascular CGRP fibers), pial vessels, intracortical 
microvessels and capillaries, microvascular endothelial and smooth muscle cells 
and astrocytes in culture, we studied the expression o f ADM and the two CGRP 
type1 receptors by RT-PCR Functional receptors were assessed in cell cultures 
by measuring the ability of αCGRP and ADM to stimulate the production of 
cAMP, in the presence or absence of corresponding CGRP 1 and ADM receptor 
antagonists. The results show expression o f mRNA for both CGRP type1 
receptors in all cerebrovascular tissues and cells investigated, as well as in 
astrocytes and trigeminal ganglia. In contrast, only trigeminal ganglia, isolated 
capillaries and astrocytes expressed message for ADM receptors. αCGRP and 
ADM both significantly increased (p<0.05, up to 80 fold) cAMP production in 
vascular and astroglial cell cultures and, in vascular cells, this response was 
significantly inhibited (80-100%, p<0.05) by the CGRP 1 receptor antagonist 
CGRP8-37. These results suggest that both CGRP and ADM most likely exert 
vasodilation in human brain vessels through a CGRP type1 receptor. However, 
since two different CGRP type1 receptor genes are expressed in human 
trigeminal ganglia and cerebral blood vessels, more information will be needed 
to define their respective roles in these tissues. Supported by a grant from the 
MRC o f Canada with Boehringer Ingelheim Pharma KG, and the FRSQ.

626.16

RAMPS: A FAMILY OF PROTEINS, WHICH REGULATE 
THE TRANSPORT AND LIGAND SPECIFICITY OF THE 
CALCITONIN RECEPTOR-LIKE RECEPTOR. S.M. Foord,
F.H. Marshall* N.J. Fraser, M.J. Main, A. Wise, J. Brown,
N. Thompson, L. M. McLatchie, R. Solari and M.G.Lee.
Receptor Systems and Cell Biology Units, GlaxoWellcome 
Medicines ResearchCentre, Gunnels Wood Road,
Stevenage, Hertfordshire, SG1 2NY. U.K.

CGRP and adrenomedullin are related peptides with distinct 
pharmacologies. We have shown that a seven transmembrane receptor, the 
Calcitonin Receptor Like Receptor (CRLR), can function as either a CGRP 
receptor or an adrenomedullin receptor, depending upon the co-expression 
of a novel family of single transmembrane proteins, which we have called 
Receptor Activity Modifying Proteins or RAMPs. RAMPs are required to 
transport CRLR to the plasma membrane. RAMP1 presents the receptor at 
the cell surface as a mature glycoprotein and a CGRP receptor. RAMP2 
transported receptors are not further glycosylated and represent 
adrenomedullin receptors. RAMP3 transported receptors are also not 
further glycosylated and show a novel receptor pharmacology. These 
observations have been made by reconstituting the receptors by co
expression in Xenopus oocytes or human embryonic kidney (HEK293T) 
cells. Northern blots show that RAMP mRNAs are expressed in many 
tissues at relatively high levels. Moreover RAMP mRNA is expressed in cell 
lines that do not express mRNA encoding CRLR. This study has 
unambiguously identified the CGRP and adrenomedullin receptors, 
identified a novel family of transport proteins and described a regulatory 
mechanism of potential physiological importance.

626.18
DIFFERENT PHARMACOLOGICAL PROFILES OF THE HUMAN 
NEUROTENSIN RECEPTORS: EVIDENCE FROM MICROPHYSIOMETRY 
EXPERIMENTS USING AGONISTS AND ANTAGONISTS. Vita, N ., Guillemot, 
M., Moulin Ph., Le Fur G*., Caput D. and Ferrara, P. Sanofi Recherche, Labège 
Innopole, BP 137, 31676 Labège France.

We have used a Cytosensor Microphysiometer to study agonist and antagonist 
responses on the human neurotensin type 1 (hNT-1R) and type 2 (hNT-2R) 
receptors stably expressed in CHO cells.
Agonists such as neurotensin and neuromedin were able to activate CHO cells 
expressing hNT-lR in a dose-dependent manner. The EC50 obtained were in the 
nanomolar range and similar to the Ki values found for these compounds in 
binding experiments using the same cells.
The agonistic responses of neurotensin were completely inhibited by SR48692 and 
SR 142948A, two well known non-peptide neurotensin antagonists of hNT-1R. 
Using other related compounds (SR48527, SR49711), a good correlation have been 
observed between the inhibition potency in microphysiometry and in binding 
experiments.
In contrast, classical agonist molecules for hNT-1R (neurotensin, neuromedin N) 
were not able to elicit any cellular response in CHO cells expressing the recently 
cloned human levocabastine-sensitive neurotensin receptor (hNT-2R). However, 
some of the antagonists described for the hNT-1R (SR48692 and SR 142948A) 
behave as agonists of the hNT-2R. This agonistic response was specific since it was 
not observed either on CHO-hNT-1R or on non-transformed CHO cells and was 
completely inhibited by neurotensin.
The results presented here show that the human levocabastine-sensitive neurotensin 
receptor (hNT-2R) is able to elicit biological responses following binding to 
SR48692 and SR 142948A but not to neurotensin suggesting the existence of a 
natural ligand other that neurotensin.
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626.19
EXPRESSION AND CHARACTERIZATION OF AGLYCOSYLATED RAT V1A 
VASOPRESSIN RECEPTOR Y.S. Lee1*, S.H. Lee1, H. Son1, K.H. Lee1, S .S. Kang1, 
K-S. Kim2 and H Chin3 1Institute of Mental Health, Hanyang University; 2Dept. of 
Physiology, Hanyang Univ. College of Medicine; Seoul 133-791, KOREA; 3Division 
of Basic and Clinical Neuroscience Research, National Institute of Mental Health, 
National Institute of Health, Rockville, MD 20857

Post-translational glycosylation of proteins are believed to play a role in the 
biosynthesis and function of many membrane protein and receptors. V1a vasopressin 
receptor has 2 tentative N-glycosylation sites at 14th and 27th amino acid asparagine. 
In the present study, the possible roles of N-glycosylation in V1a vasopressin receptor 
were examined using site-directed mutagenesis and confocal microscope. Three 
kinds of aglycosylated mutant receptors, of which asparagine was replaced with 
glutamine, were constructed (Mut N14Q, Mut N27Q and Mut N14,27Q). And they 
were fused with enhanced green fluorescent protein(EGFP) to detect their 
intracellular localization. With the aid of monoclonal antibody against EGFP, the 
molecular weight of fully glycosylated rat V1a vasopressin receptor was determined 
as 52kD on SDS-PAGE gels. The maximal ligand binding capacities of three 
mutant receptors were observed to be similar to that of wild-type (17.01 pmol/mg 
protein). Under confocal microscope, no difference can be observed between the 
trafficking of wild-type and mutant recptors. These results suggest that N- 
glycosylation of the rat V1a vasopressin receptor does not affect the expression or 
trafficking of receptor proteins. However, the mutant lacking glycosylation at 
Asn27 (Mut N27Q and Mut N14,27Q) showed decreased ligand binding affinity 
while the mutant lacking glycosylation at Asnl4 showed similar Kd value to that of 
wild-type receptor.
Supproted by the Academic Research Fund of Ministry o f Education, Republic of 
Korea (97-214)

626.20
CORRELATION BETWEEN PHOSPHOINOSITIDE SIGNALING 
DESENSITIZATION AND V1a VASOPRESSIN RECEPTOR REGULATION 
IN CULTURED CORTICAL NEURONS. M.C. Son* and R.D. Brinton. Dept. of 
Molecular Pharmacology & Toxicology, University. of Southern California, Los 
Angeles, CA. 90033.

Earlier autoradiographic studies from our laboratory detected vasopressin 
recognition sites in the mammalian cerebral cortex (Brinton et al. PNAS, 1984, Chen 
et al. Hippocampus, 1990). More recently, we have detected mRNA for the V1a 
vasopressin receptors (V1aRs) in cultured cortical neurons (Yamazaki et al. Mol. 
Brain Res., 1996). Our most recent studies have indicated that V1a vasopressin 
receptor activation leads to induction of the phosphoinositide signaling pathway and 
a rise in intracellular calcium in cortical neurons (Son et al. Brain Res., 1998). We 
have sought to understand the relationship between V1a receptor activation and V1a 
receptor gene expression. To determine this relationship, cultured cortical neurons 
(as described in Son and Brinton, 1998) were exposed to V1a receptor agonist for 
varying periods of time followed by analysis of phosphoinositide signaling pathway 
activation and semiquantitative RT-PCR of V1a receptor mRNA. Time course 
analysis of V1 agonist-induced accumulation of [3H]IP1 showed that phosphoinositide 
signaling was desensitized within 2 hours of pre-exposure to 250 nM V1 agonist 
(94.0% ± 2.4; p=0.77) compared to non-pre-exposed (136.5% ± 5.7; p<0.00l). In 
addition, this desensitization remained throughout the presence of 250 nM V1 
agonist up to 48 hrs. Our preliminary analysis of V1aR mRNA regulation by 250 
nM V1 agonist suggests a gradual down regulation of V1aR mRNA expression from 
6 to 2 hours of exposure to 250 nM V1 agonist. These results suggest a possible 
regulation of V1aR mRNA expression by V1aR activation. Future studies will 
investigate the long term effects of V1 agonist and various components of the 
phosphoinositide signaling pathway on V1aR mRNA expression on cultured cortical 
neurons. Supported by NSF grant IBN-9511423 toR.D.B.

OPIO ID  A ND OPIATE R ECEPTORS: σ

627.1

MOLECULAR CLONING AND PHARMACOLOGICAL  
CHARACTERIZATION OF RAT SIG M A1 RECEPTOR.
J. Mei*,G.W. Pasternak . The Cotzias Laboratory o f  Neuro- 
Oncology, Memorial Sloan-Kettering Cancer Center, N ew  
York, N Y 10021.

A  cD N A  clone amplified from rat brain total RNA, using 
RT-PCR and 5 ’ and 3 ’ RACE, has high hom ology to the 
predicted protein sequence o f  the mouse (94% ), guinea pig 
(91%) and human (94%) Sigma1 receptors. Expression o f  the 
clone in CHO cell lines led to a pronounced increase in (+)- 
[3H]Pentazocine binding with a selectivity profile consistent 
with Sigma1 receptors; To study the pharmacology action o f  
Sigma1 receptor in central nervous system (CNS), w e applied 
the selective Sigma1 agonist (+)Pentazocine in periaqueductal 
gray (PAG) and rostroventral medulla (RVM ) which have 
shown very sensitive opioid action sites and had synergistic 
actions. (+)Pentazocine blocks morphine analgesia in great 
degree in both locations. (Suppt. by N ID A  grant D A 06241)

627.2
IDENTIFICATION OF LIGANDS FOR THE SIGMA RECEPTOR  
FROM NON-PEPTIDE COMBINATORIAL LIBRARIES
C.T. Dooley* and R.A. Houghten
Torrey Pines Institute for Molecular Studies, San D iego, CA 92121.

Screening o f  mixture-based combinatorial libraries composed o f  large 
numbers (105- 108) o f  compounds have been used to identify selective 
ligands for the µ, δ and k receptors. Ligands for sigma receptor(s) are 
typically not receptor specific and many bind to k receptors. Using a 
receptor binding assay for the sigma receptor with [3H]-(+)pentazocine as 
radioligand, w e have identified active compounds (K i = 5-50 nM) with 
high selectivity from five different combinatorial libraries. The libraries 
screened included 126,000 ureas, 650,000 acyl amines, 53,000 dipeptido- 
mimetics, 45,000 tetrahydroisoquinolines and 102,000 bicyclic 
guanidines. Screening o f the libraries, deconvolution and identification 
o f  individual compounds, binding properties and receptor selectivity o f  
the individual compounds will be described.
This work was funded by NIDA grant D A 09410 and Trega Biosciences, 
Inc.

627.3
IDENTIFICATION OF A M IN O  A CID RESIDUES IN TRANSMEMBRANE 
DOMAIN OF THE TYPE-1 σ RECEPTOR INVOLVED IN LIGANDBINDING
H. Yamamoto 1, R. M iura2, T. Yamamoto 1,3, K. Shinohara 1, M. W atanabe1, *. 
S. O kuyam a4, T. N ukada2. Departments of 1 Psychopharmacology, and 
2Neurochemistry, Tokyo Institute of Psychiatry, Tokyo 156-8585, 3Molecular 
Recognition, Yokohama City University, Yokohama 236-0027,4The 1st 
Laboratory, Medicinal Research Laboratory, Taisho Pharmaceutical Co., Ltd., 
Saitama 330-8530, Japan.

Recently, cDNAs of the type-1 sigma receptor ( σ Rl) have been cloned 
and its amino acid sequences are deduced. These cloning studies show 
that the prim ary structures of σ Rl are finely preserved among the 
m am m alian  species and tissues, indicating its importance of σ Rl in 
cellular functions. Despite.pharmacological characterization of σ 
receptors by the use of selective σ -1 ligands is currentl y in progress, the 
structure-affinity relationship of σ Rl remains unknown now. To 
address this issue at the molecular level, we cloned a cDNA encoding σ Rl 
from guinea pig liver. σ Rl expressed in Xenopus oocytes showed a 
binding ability for NE-100, a ligand of σ Rl, as observed in native tissues. 
Site-directed mutagenesis in the putative transmembrane domain of σ Rl 
did not alter expression levels of m utant σ Rl in Xenopus oocytes when 
determ ined byim m unoblot analysis using an antibody raised against a 
heneicosapeptide derived from a Rl. By contrast, the NE-100 binding 
was abolished by triple mutations (Ser99Ala, Leul05Ala and Leu 106 Ala) or 
only by a single m utation  (Phel03Tyr) in this domain. These findings 
provide evidence that the transmembrane domain of σ Rl plays a critical 
role in ligand binding.

627.4
INVESTIGATION OF THE INVOLVEMENT OF HETEROTRIMERIC 
GUANINE NUCLEOTIDE-BINDING REGULATORY PROTEINS IN 
SIGMA, (σ1) RECEPTOR SIGNALING IN RODENT BRAIN. W. Hong*1 
and L. L. Werling,1,2 1Neuroscience Program and 2Department of 
Pharmacology, The George Washington University Medical Center, 
Washington, DC 20037.

Sigma (σ) receptors have been implicated in psychosis, cognition and locomotion. 
The involvement of pertussis-sensitive heterotrimeric guanine nucleotide-binding 
proteins (G proteins) in σ1 receptor signaling in the central nervous system has been 
suggested by several earlier studies. The purpose of this study is to examine the 
possible coupling between σ1 receptors and G proteins in rodent brain. In membrane 
preparations from both guinea pig and rat cerebella, in which σ1 receptors are 
enriched, the competitive binding curves of two σ1 agonists: (+)-pentazocine and 
BD737, were unaffected by the addition of 10 µM GTPγS. In another set of 
experiments measuring agonist-stimulated GTPase activity in cerebellar membrane 
preparations, (+)-pentazocine (1 - 100 µM) and BD737 (0.01 - 10 µM) did not 
stimulate GTPase activity significantly above basal level. In contrast, 100 µM 
GABAB agonist baclofen, and 500 nM neuropeptide Y stimulated GTPase activity up 
to 60% and 30% above basal respectively in the same membrane preparations. 
Although the above results did not demonstrate the direct coupling between σ1
receptors and G proteins, further investigations are underway using the method of 
agonist-stimulated [35S]GTPγS autoradiography, in which receptor-G proteins 
coupling may be tested under conditions maintaining a more intact membrane 
structure. (Supported by a NIDA grant and a Faculty Research Enhancement Award 
grant from GWU to LLW.)
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627.5
SIGMA RECEPTOR LIGANDS ROBUSTLY STIMULATE [35S]GTPyS BINDING 
TO INTACT SK-N-SH NEUROBLASTOMA CELLS BUT NOT TO SK-N-SH 
CELL MEMBRANE PREPARATIONS. D.B. Joseph* and W.D. Bowen. 
Laboratory of Medicinal Chemistry, NIDDK, NIH, Bethesda, MD 20892.

We have previously shown that sigma receptor ligands failed to stimulate 
[35S]GTPγS binding to either human SK-N-SH neuroblastoma or rat cerebellar 
membranes at concentrations up to 10 µM (Joseph and Bowen, Soc. Neurosci. 
Abstr. 23: 2319,1997). These data, along with the known sigma-1 receptor 
structure, are inconsistent with previous suggestions that sigma receptors are 
directly coupled to heterotrimeric G-proteins. However, the possibility remains 
that sigma receptors can activate G-proteins in intact cells indirectly via an 
alternative mechanism. This possibility was tested using agonist-stimulated 
[35S]GTPγS binding in a novel, non-permeabilized whole cell assay. To confirm 
the validity of this assay, we tested the ability of the µ-opioid receptor agonist 
DAMGO and the muscarinic receptor agonist carbachol to stimulate [35S]GTPγS 
binding. DAMGO and carbachol stimulated [35S]GTPγS binding to SK-N-SH 
cells with magnitudes comparable to those observed in membrane assays. 
Stim ulation by DAMGO and carbachol was inhibited by the antagonists 
naloxone and atropine, respectively, confirming that agonist stimulation was 
receptor mediated. In contrast to the weak to negligible sigma ligand effects in 
SK-N-SH membranes, the sigma ligands haloperidol, DTG and BD737 
produced robust and dose-dependent stimulation of [35S]GTPγS binding to 
SK-N-SH cells. For example, stim ulation by 10 µM haloperidol was not 
significant in membranes (5.8 ± 8.2%), in contrast to significant stimulation 
observed in intact cells (34.2 ± 3.0%). Maximal stimulation by these sigma 
ligands was at least 45%, and the rank order of potency was: haloperidol > 
BD737 ≥ DTG. The sigma receptor antagonists BD1047 and BD1063 
attenuated sigma ligand-stim ulated [35S]GTPγS binding, supporting the 
involvement of sigma receptors in this response. These results suggest that 
sigma receptor-mediated activation of G-proteins may require intracellular 
signalling components rather than direct G-protein interaction.

627.7

(+)PENTAZOCINE INHIBITS POTASSIUM-STIMULATED  
[3H ]DOPAMINE ([3H]DA) RELEASE FROM SH-SY5Y HUMAN 
NEUROBLASTOMA CELLS VIA A  SIGMA1 (σ1) RECEPTOR. D.T. A ult1* 
and L.L. W erlino1,2 ,1Neurosciences Program and 2Dept. o f Pharmacology 
The George W ashington Univ. Med. C tr., W ashington, D.C. 20037.

We have previously reported tha t agonists at σ1 receptors, including 
(+)pentazocine and 1S,2R-(-)-cis-N-[2-(3,4-dichlorophenyl)ethyl]-N- 
m ethyl-2-(1-pyrrolidinyl)cyclohexylamine (BD737) inhibit release o f 
NMDA-stim ulated [3H]DA from  rat striatal, accum bal, and prefronto- 
cortical tissues. In contrast, Neuropeptide Y (NPY) enhanced NMDA- 
stim ulated [3H]DA release from  these tissues. Antagonists o f σt 
receptors and the Y receptor antagonist Ac-[3-(2,6-dichlorobenzyl) 
Tyr27,D-Thr32]NPY-(27-36) amide (PYX-1) reversed both the inhibition by 
(+)pentazocine and the enhancem ent o f release by NPY, suggesting a 
com m onality o f a subpopulation o f σ/Y receptors. To facilitate  study o f 
the intracellular second m essengers m ediating these processes, we 
developed a cell model o f [3H]DA release using SH-SY5Y cells, which 
store and release catecholam ines and bear σ  and NPY receptors. In 
contrast to  the results from  brain tissue, in these cells, both 
(+)pentazocine, acting through σ1 receptors, and NPY, acting through Y 
receptors, inhib it potassium -stim ulated [3H]DA release. Also in contrast 
to data collected in brain tissue, (+)pentazocine-m edίated inhibition was 
reversed by σ , but not by PYX-1, and NPY-mediated inhibition was 
reversed by PYX-1, but not by σ  antagonists. These findings support 
tha t the SH-SY5Y cells are an appropriate model fo r studying regulation 
o f DA release by σ  and Y receptors, but tha t these receptors are 
separate entities in th is cell type. Supported by an NRSA predoctoral 
F30 award from  NIDA to DTA and an R01 from  NIDA to LLW.

627.9

SIGMA2 (σ2)RECEPTOR AGONIST-MEDIATED ENHANCEMENT OF 
AMPHETAMINE-STIMULATED [3H]DOPAMINE ([3H]DA) RELEASE 
FROM PC12 CELLS IS BLOCKED BY CALCIUM/CALMODULIN 
(Ca2+/CaM) KINASE II INHIBITORS. J. K. W eatherspoon* R.M.Mody. A.E. 
Derbez, and L.L. W erling Dept. o f Pharmacology, The George 
W ashington Univ. Med. C tr. W ashington, D.C. 20037.

We have previously reported tha t (+)pentazocine a t concentrations 
above 100 nM enhances 25 µM am phetam ine-stim ulated [3H]DA release 
from  PC12 cells. The pharm acology o f the (+)pentazocine-m ediated 
enhancem ent is consistent w ith its action through σ2 receptors, as it is 
blocked by the selective σ2 antagonist endo-N-(8-m ethyl-8-azabicyclo 
[3 .2 .1]oct-yl)-2,3-dihydro-(1-rnethyl)ethyl-2-oxo-1 H-benzim idazole-1- 
carboxam ide hydrochloride (BIMU-8), as w ell as the non-subtype selective 
σ2 antagonists ditolyiguanidine (DTG) and /V-[2-(3,4-dichlorophenyl)ethyl] 
N-m ethyl-2-pyrrolidinyl)ethylam ine (BD1008). When EGTA (1 mM) was 
included in the buffer, (+)pentazocine no longer enhanced amphetamine- 
stim ulated [3H]DA release. Blockers o f L- or N-type VDCC had no e ffect 
on the (+)pentazocine-m ediated enhancement. In contrast, the addition 
of the Ca/CaM II kinase II inhibitors 1-[N ,0-bis-(5-isoquinolinesulfonyl)-N - 
methyl-L-tyrosyl]-4-phenylpiperazine (KN-62) and N -[2-[[[3-(4'-chloro 
phenyl))-2-propenyl]m ethylam ino]phenyl]-N -b-hydroxyethylH '-m ethoxy- 
benzenesulfonam ide phosphate (KN-93) prevented the enhancement o f 
amphetamine stim ulated release by (+)pentazocine, while the inactive 
isom er o f KN-93 did not block the enhancem ent by (+)pentazocine.
These results suggest the involvem ent o f Ca/CaM II kinase in the ability 
o f the σ2 receptor to  regulate DA transporter activity. Supported by the 
GWU Faculty Research Enhancement Award and a grant from NIDA to LLW.

627.6
RELATIONSHIP OF SIGMA-2 RECEPTOR-MEDIATED INCREASES IN 
INTRACELLULAR CALCIUM TO INDUCTION OF MORPHOLOGICAL 
CHANGES AND APOPTOSIS IN HUMAN SK-N-SH NEUROBLASTOMA 
CELLS. B.J. Vilner* and W.D. Bowen. Laboratory of Medicinal Chemistry, 
NIDDK, NIH, Betheada, MD 20892.

Sigma-2 receptors induce a transient rise in intracellular calcium ([Ca++]i), 
mediate morphological changes, and induce apoptosis in cells (Vilner and 
Bowen, Soc. Neurosci. Abstr. 21:1608,1995 and 23:2319,1997). The rise 
in [Ca++]i is evident within seconds of addition of drug and the levels return to 
near baseline within 10 min. This effect occurs in the absence of extracellular 
calcium and is eliminated by pretreatment of cells with thapsigargin (THAP), 
suggesting that this calcium derives from stores in the endoplasmic reticulum 
(ER). Subsequent studies have now shown that sigma-2 ligands also induce 
a secondary and sustained rise in [Ca++]i upon continued exposure to drug, 
which occurs some time after termination of the initial transient rise. This latent 
rise is not eliminated by prior treatment of cells with THAP or by removal of 
extracellular calcium, suggesting mitochondria as the source. We then 
investigated the relationship of these two calcium signals to morphological 
changes and induction of apoptosis. Cells were pre-treated with THAP for 30 
min to deplete ER calcium stores, followed by addition of the sigma-2 agonist 
CB-64D (100 µM) for up to 4 hours. THAP treatment had no effect on the 
morphological or cytotoxic effects of CB-64D. Similar results were obtained 
with BAPTA (an intracellular calcium chelator), which was previously found to 
abolish the transient rise in [Ca++]i induced by CB-64D, but to only partially 
reduce the latent rise. Annexin-V staining was used to  assess the early 
stages of apoptosis in cells treated with 100 µM CB-64D for either 10 min or 2 
hr. No morphology changes or apoptotic cells were detected after 10 min. 
However, many cells were rounding and apoptotic after 2 hr. This indicates 
that morphological changes and apoptosis may be associated with the 
sustained, mitochondria-derived rise in [Ca++]i and that the transient, ER- 
dθrived calcium signal is not required for the initiation of these effects.

627.8
NEUROST EROIDS AS ENDOGENOUS LIGANDS FOR Gi-COUPLED 
SIGMA RECEPTOR, BUT NOT σ1 BINDING PROTEIN H. Ueda1*, S. 
Tokuyama1, H. Nomura1, K. Hirata1, A. Yoshida1, J. Maruo2, K. Matsuno2, 
and S Mita2. 1Dept. of Mol. Pharmacol. and Neurosci., Nagasaki Univ., Sch. 
o f  Pharmac. Sci., Nagasaki 852-8521, Japan. 2Santen Pharmac., Osaka 533, 
Japan.

From many observations of rapid steroid effects, nongenomic steroid 
action has been widely recognized only recently. Neurosteroids may be 
locally produced in the brain, and high concentrations o f the steroids may 
interact with GABAA receptors. There are the pharmacological observations 
of interest such that some of the neurosteroids work as agonists, while some 
others as antagonists, suggesting that the action of the steroids is mediated 
through specific receptors. In the present study, dihydroepiandrosterone and 
its sulfate (DHEA and DHEAS), representative neurosteroids stimulated the 
in vitro and in situ [35S]GTPγS binding throughout the mouse brain in a σ - 
receptor antagonist- and progesterone-reversible manner. These 
stimulations were blocked by pertussis toxin treatment and recovered by 
reconstitution with Gi1. On the other hand, single-transmembrane type σ 1

 protein (Hanner, et al.PNAS(1996) 93:8072) showed no significant 
coupling with Gi1, Go1, G2, G11 nor G12 in in vivo reconstitution experiments 
using baculovirus-infected Sf21 cells. Neither DHEA, DHEAS nor 
progesterone had significant binding activities to membrane-bound mouse- 
type and purified human-type σ1-binding protein in the baculovirus 
expression system. Our observations suggest that neurosteroids are good 
candidates for the endogenous ligands of such Gi-coupled σ -receptor.

627.10
[PHE1Ψ(CH2-NH)GLY2]NOC/OFQ(1 -13)NH2 IS A PARTIAL 
AGONIST AT THE NOCICEPTIN/ORPHANIN FQ RECEPTOR. 
J.E. Hawkinson*1 S.A. Espitia, M. Acosta-Burruel, and C.S. 
Konkoy. CoCensys, Inc., 201 Technology D r., Irvine, CA 92618.

[Phe1Ψ(CH2-NH)G ly2]Noc/OFQ(1-13)NH2 (Ψ-Noc/OFQ(1-13)NH2) 
was recently shown to  antagonize nociceptin/orphanin FQ (Noc/OFQ) 
responses in the guinea pig ileum  and m ouse vasdeferens (G uerrini 
et al., Brit. J. Pharmacol. 123:163 - 165, 1998). W e have com pared 
the potency and efficacy o f Ψ -Noc/OFQ (1-13)NH2 w ith Noc/OFQ(1- 
13)NH2 and Noc/OFQ in the com petitive [3H]Noc/OFQ and functional 
[35S]G TPγS binding assays as w ell as in X enopus oocytes expressing 
hORL1, GIRK1, and XIR. Noc/OFQ(1-13)NH2 (IC 50 ~ 100pM ) was 5- 
to  10- fo ld  m ore potent thanΨ -Noc/O FQ (1-13)NH2 and Noc/OFQ in 
displacing [3H]Noc/OFQ from  ra t brain and human recom binant ORL1 
receptors expressed in HEK cells. Noc/OFQ(1-13)NH2 (EC50 ~ 1 nM) 
was also 5- to 10- fold more potent than Noc/OFQ fo r enhancing 
[35S]GTPγS binding, whereas the peptides had sim ilar potency fo r 
evoking K+ currents in oocytes. As expected, Ψ-Noc/OFQ(1-13)NH2 
inhibited 100 nM Noc/OFQ -stim ulated [35S]GTPγS binding at ra t brain 
receptors ( IC 50 ~ 100 nM) and antagonized Noc/OFQ -elicited K+ 
currents in oocytes. Surprisingly, it showed weak partial agonism  at 
ra t brain receptors and in oocytes (re la tive efficacy ~ 0.1 - 0.2) and 
fu ll agonism  a t hORL1 receptors in the [35S]GTPγS assay. We 
conclude tha t Ψ-Noc/OFQ(1-13)NH2 is a partia l agonist rather than a 
pure antagonist a t Noc/OFQ receptors.
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627.11
IDENTIFICATION OF MULTIPLE ALTERNATIVE SPLICE 
VARIANTS OF THE KOR-3/ORL-1 RECEPTOR GENE THAT ARE 
EXPRESSED DIFFERENT ALLY IN MOUSE BRAIN. J. Xu. Y.-X. Pan. 
B.-L. Wan, A.B. Zuckerman. and G.W. Pasternak*. Cotzias Laboratory of 
Neuro-Oncology, Dept. of Neurology, Memorial Sloan-Kettering Cancer 
Center, New York, New York, 10021, U.S.A.

Using an RT-PCR approach we identified at least five alternatively spliced variants 
of the mouse KOR-3/ORL-1 receptor gene. The first clone (KOR-la) had a 34 bp 
insertion between the first and the second coding exons. The second clone ( KOR-3b) 
had a 98 bp insertion and the third (KOR-3c), a 139 bp insertion which includes the 98 
bp in the KOR-3b within the same location as the KOR-la. The fourth one (KOR-3d) 
was a 15 bp deletion in the first coding exon. The fifth clone (KOR-3e) has a 81 bp 
insertion between the second and the third exons. All the cDNA sequences were 
identical to the KOR-3 cDNA’s except for the insertion sequences, while all the 
insertion sequences were aligned to the intron 2 or the intron 3 of the KOR-3 gene with 
100% identity. All of the splice sites used in the alternative splicing are in agreement 
with GT/AG rule. Northern blot analysis using mRNA from whole brain revealed 
different sizes and abundances of the variant transcripts. Regional expression of the 
variants in brain examined using an RT-PCR and Southern Blotting approach showed 
different distributions and abundance of the variants. Pharmacological characterization 
of the variants was investigated in CHO cells stably transfected with pcDNA3 
constructs containing the full length cDNAs of the variants. Although these variants 
bound OFQ/N, they also bound the kappa3 ligand, naloxone benzoylhydrazone. This 
work is supported by DA00296 (Y.-X.P.) and DA02615 (G.W.P.).

CATECHOLAM INES: ANATOMY AND PHYSIOLOGY

628.1
AMINERGIC SYSTEMS SHOW AN AGE-RELATED DECLINE IN AVIAN 
PROSENCEPHALON AND MESENCEPHALON
S. Gotti1, C. Viglietti-Panzica1*, N. Thompson2, M.A. Ottinger2, G.C. Panzica1. 
1Dept of Anatomy, Pharmacology and Forensic Medicine, University of Turin, Torino 
(ITALY) 2Dept. of Animal and Avian Sciences, University of Maryland, College Park, 
MD 20742 (USA)

Previous studies demonstrated an age-related deterioration in neuroendocrine, 
endocrine, and behavioral components of reproduction of the Japanese quail. These 
changes parallel a more general decrease in nearly all physiological functions. In the 
present experiment we investigated age-related changes in aminergic systems using 
immunohistochemical detection of tyrosine hydroxylase (TH), one of the key enzymes 
in the synthesis of biogenic amines. Male quail were categorized, according to age and 
reproductive condition, in three experimental groups: young 6 month-old sexually 
active birds (YA), 18 month-old middle aged birds (MA), 36 month-old senescent 
birds (OS). In YA animals, intensive stain was found in the telencephalon, particularly 
in the basal ganglia (paleostriatum augmentatum. nucleus accumbens and lobus 
paraolfactorius) and in the lateral septum. In the diencephalon, the intensity of 
immunoreactivity was lower and localized in more restricted areas (nucleus lateralis 
anterior thalami, nucleus paraventricularis and nucleus mammillaris lateralis). 
Mesencephalic staining increases progressively (rostral to caudal) to its maximum 
intensity in the area ventralis of Tsai (AVT) and in the substantia nigra (SN). Middle- 
aged males had a distribution of the immunoreactivity similar to that observed in YA 
males. In OS males stained elements were dramatically reduced notably the fibers’ 
supply of basal ganglia and the neuronal cell bodies of AVT and SN. Neurons in this 
last region are part of the nigrostriatal pathway and project to the basal ganglia, which 
are critical in the control of the movement. Loss of function of the nigrostriatal pathway 
results in akinesia, bradykinesia and rigidity. Therefore, the Japanese quail may 
provide a model for age-related motor deficits associated with degeneration of the 
nigrostriatal pathway.
Work supported by grants from NR1 (MAO), NATO (GCP and MAO) and MURST

628.3
IMMUNOHISTOCHEMICAL LOCALIZATION OF CBP40 IN RAT 
BRAIN. Goto. A., Nair, V., Mishra, R.K*. Department o f Psychiatry, 
McMaster University, Hamilton, ON L8N 3Z5, Canada)

Catecholamine Binding Proteins (CBP) are membrane-bound proteins that 
have been detected in the neuronal tissue o f a variety o f species including 
human (J. Neurochem., 65; 2783, 1995; Eur. J. Pharm., 299; 213, 1996). 
CBP40 is considered to be brain specific because it has not been detected in 
tissues outside o f the CNS. Importantly, CBPs have no identity with known 
proteins or receptors present in the brain. Dopaminergic compounds selectively 
label CBPs present in bovine, human, rat, and mouse brain synaptosomal / 
mitochondrial preparations. Furthermore, CBP levels can be modulated by 
dopaminergic compounds such as haloperidol, SCH 23390, and cocaine. This 
modulation o f CBPs by various dopaminergic agents suggests that CBPs are 
involved in neurochemical processes involving DA and structurally related 
catecholamines. Using [125I]DATN, a synthetic high specific-activity and 
affinity probe the rank order o f protein density for various brain regions has 
been determined. The descending rank order being striatum > nucleus 
accumbens > olfactory tubercle > frontal cortex > hypothalamus > 
hippocampus > cerebellum. The following study investigated the 
immunohistochemical localization pattern o f the 40kDA CBP in the rat brain by 
using the avidin-peroxidase method. Since CBPs bind to catecholamines in 
vitro, we expected the distribution pattern o f CBPs to be similar to the 
distribution pattern determined for the terminal fields o f catecholaminergic 
pathways. Brains from Sprague-Dawley rats were fixed in 4% 
paraformaldehyde and sliced coronally at 8µm. Sections were incubated in CBP 
primary antisera (1:1000 dilution) for 48 hours at 4°C. Sections were visualized 
using the 3-amino-9-ethylcarbazole (AEC) chromogen. Initial results show that 
this protein is primarily a nuclear membrane-bound protein. However, cell 
membrane and dendritic staining has also been found. Consistent with 
dopaminergic and noradrenergic projections, this protein is highly abundant in 
the cortex and in the striatum. Supported by MRC, Canada.

628.2
ANATOMICAL RELATIONSHIPS BETWEEN AROMATASE CELLS AND 
DARPP-32 OR DOPAMINE IMMUNOREACTIVE STRUCTURES IN THE 
QUAIL FOREBRAIN. M. Baillien1, A. Foidart1, P. Absil*l H.C. Hemmings Jr2, 
P. Green gard3  H. Steinbusch4. G.E Ball5 & J. Balthazart1 Lab. Biochemistry. 
Univ. Liége, B-4020 Liềge, Belgium (1); Dept. of Anesthesiology, Cornell Univ., 
New York, NY (2); Rockefeller Univ. New York, NY (3); Univ. Maastricht, Dept. 
Psychiatry & Neuropsychol., NL (4); Dept. Psychology, Johns Hopkins Univ., 
Baltimore, MD21218 (5).

We recently demonstrated in vitro that dopamine modulates aromatase activity 
(AA) presumably by acting as an alternative substrate for the enzyme and that, in 
vivo, DA is able to regulate AA presumably by modifying enzyme synthesis. The 
anatomical substrate for these interactions is unknown. Tyrosine nydroxylase- 
immunoreactive (TH-ir) fibers and punctate structures have been observed in the close 
vicinity of aromatase-immunoreactive (ARO-ir) cells in the quail medial preoptic 
nucleus (POM) and bed nucleus striae terminalis (BST) but these fibers could reflect a 
noradrenergic innervation. We also do not know whether aromatase cells are 
dopaminoceptive. The visualization of DA and of the D 1 receptor associated protein 
DÂRPP-32 by immunocytochemistry was used to address these questions. DA-ir 
fibers were present in the quail forebrain and overlapped extensively with nuclei that 
contain high densities of ARO-ir cells such as the POM and BST. This confirmed the 
dopaminergic nature of the previously reported TH-ir innervation of ARO-ir cells. 
DẮRPP-32-immunoreactive cells were present in a periventricular position 
throughout the hypothalamus where they specifically outlined a dense cell cluster, 
previously shown to be TH-ir positive and thought to be homologous to the rat 
anteroventral periventricular nucleus (AVPv). DARPP-32-ir cells were also noted in 
telencephalic and mesencephalic areas (hyperstriatum accessorium, paleostriatum, 
nucleus intercollicularis, optic tectum). DARPP-32-ir fibers were widespread in tel-, 
di-, and mes-encephalic areas; the highest densities were observed in the lobusparolfactorius, paleostriatum augmentatum and substantia nigra/area ventralis of Tsai, 
In double-labeled sections, close contacts between DARPP-32 fibers and ARO-ir cells 

were observed in the dorsolateral POM and BST but DARPP-32 immunoreactivity 
was not detected in the ARO-ir perikarya. These data confirm the presence of a 
dopaminergic innervation of ARO-ir cells in the quail brain but provide no evidence 
that these cells are dopaminoceptive. The presence of D1 receptors not associated with 
DARPP-32 or of D2 receptors remains to be investigated in ARO-ir cells.
Supported by NIMH 50388, FRFC 9.4565.96F, AC 93/98-171, MH40899.

628.4
PARAVENTRICULAR THALAMIC AFFERENTS TO THE RAT 
PREFRONTAL CORTEX AND NUCLEUS ACCUMBENS SHELL: 
SYNAPTIC TARGETS AND RELATION TO DOPAMINE AFFERENTS.
A Pinto* and SR Sesack. Departments of Neuroscience and Psychiatry, 
University of Pittsburgh, PA 15260.

The paraventricular nucleus of the thalamus (PVT) participates in the 
functional integration of limbic cortical and striatal circuitry. In the rat, the 
PVT is known to project to the deep layers of the ventral prefrontal cortex 
(PFC) and to the shell of the nucleus accumbens (AcS). However, the synaptic 
organization of PVT terminals within each of these regions remains 
undescribed. Furthermore, although dopamine (DA) modulates excitatory 
glutamatergic transmission in both areas, possible anatomical substrates for 
modulation of PVT inputs have not yet been investigated. To address these 
issues, injections of the anterograde tracer BDA were made into the rostral and 
caudal PVT. After 5 days, PFC and AcS sections were stained with 
immunoperoxidase labeling for tyrosine hydroxylase (TH) to identify DA 
terminals, and immunogold-silver labeling for BDA. Preliminary observations 
in both regions revealed that PVT terminals formed primarily asymmetric 
axospinous synapses. Moreover, PVT terminals were often seen in direct 
apposition to TH-immunoreactive terminals, especially in the AcS, where the 
DA innervation is particularly dense. Studies are currently in progress to 
determine whether PVT and DA terminals converge synaptically onto common 
targets. Neverthless, the observed appositions of PVT and DA terminals, and 
their frequent presence in closely adjacent regions of the neuropil, suggest 
potential anatomical substrates for DA modulation of PVT input to both the 
PFC and the AcS. Support: USPHS MH50314.
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628.5
MIDBRAIN DOPAMINE NEURON NUMBER IN RQI AND RI MOUSE 
STRAINS USING UNBIASED STEREOLOGICAL METHODS. P.
Anderson. C. Vadasz*& L, Zaborszky. Center for Molecular and Behavioral 
Neuroscience, Rutgers University, Newark, NJ 07102 and Laboratory of 
Neurobehavior Genetics, The Nathan S. Kline Institute for Psychiatric Research, 
Orangeburg, NY, 10962, USA
Dysfunction of the midbrain dopamine system (DA) has been reported in 
Parkinson's disease, depression, schizophrenia, and drug abuse (Fibiger and 
Phillips, 1986). For better understanding the genetic and environmental 
organization of the mesencephalic DA system, the number of midbrain DA 
neurons was estimated in the C57BL/6By (B6, background), B6.Cb4i5-alpha6 
(RQI), and CXBI (RI) strains, which are known to express intermediate, high, 
and low mesencephalic tyrosine hydroxylase (TH) activity (TH/MES), 
respectively (Vadasz et al., 1998). Alpha6 is a quasi-congenic strain with B6 
background, carrying introgressed BALB/cJ (C) genes for high TH/MES. Mice 
from each strain (n=4) were perfused and cut into 50 min coronal sections. Every 
third section was stained against TH. The total number of midbrain TH cells was 
estimated separately in the A8, A9, A 10 groups using the optical fractionator 
method (West, 1993). According to our preliminary calculations, in the 
background strain the total number of midbrain DA cells (including both sides) 
was estimated as 34,615, while this value was 27,714 in the Alpha6 strain and 
39,293 in the CXBI strain. Previously, we reported that genes for high TH/MES 
were successfully transferred from C to B6 background (Vadasz et al.,1998). 
The preliminary results of this study are compatible with our working 
hypothesis that some of the genes that predispose for higher TH/MES are also 
responsible for lower midbran DA neuron number. Confirmation and extension 
of these findings may shed new light on developmental compensatory processes 
in the mesotelencephalic DA system, the neural substrate of several complex 
behavioral disorders.

Supported by NS 23945 and AA 11031.

628.7
OVARIAN DOPAMINE-1 RECEPTOR AND DARPP-32. A. Mayerhofer1*. 
H.C. Hemmings Jr,2, G.L. Snvder3 P, Greengard3. S. Boddien1, U. Berg4, C.

Brucker 4. 1Anatomical. Inst. ,  Technische Univ., D-80802 Mûnchen, 
Germany, 2Dept. Anesth. & Pharmacol., Cornell Univ. Med. Coll., New York, 
NY 10021, USA, 3Rockefeller Univ., New York, NY 10021, USA, 
4Frauenklinik Ludwig- Maximilians Univ. , D-80337 ü , Germany.

The catecholamines norepinephrine (NE) and dopamine (DA) are present in 
the human ovary, in particular in follicular fluid. While NE activates ovarian 
alpha- and beta-adrenergic receptors and plays a role in modulating 
steroidogenesis and induction of follicular growth, the significance of ovarian 
DA is unclear. We have now examined whether a dopamine receptor of the 
D1 -subtype (D1-R) is present in human ovary and in cultured human 
granulosa luteal cells (GC). Using RTPCR, we isolated cDNAs from adult 
human ovary and GC with sequences identical to the human D1-R. 
Immunocytochemistry localized D1-R protein to granulosa cells of large antral 
follicles and to endocrine cells of the corpus luteum in ovarian sections, as 
well as to cultured GC. In Western blots, a D1-R immunoreactive band of 
approximately Mr 50,000 was found in GC. The D1-R of these cells was 
functional, since the D1-R agonist SKF-38393 caused a significant increase in 
cAMP. SKF-38393 failed to affect basal and hCG-stimulated progesterone 
and estradiol release, indicating that this receptor was not directly linked to the 
synthesis of steroids. Using RTPCR and immunohistochemistry we found that 
human GC express “DA- and cAMP-regulated phosphoprotein of Mr 32,000” 
(DARPP-32), a protein typically associated with neurons bearing the D1-R. In 
GC, SKF-38393 induced threonine-phosphorylation of DARPP-32, which 
acts as a protein phosphatase-inhibitor. In the primate ovary DA can be 
released from sympathetic nerve fibers and neuron-like cells. The results of 
this study, showing ovarian D1-R and DARPP-32, therefore indicate that a 
novel, physiological regulatory pathway involving DA exists in the human 
ovary. (Supported by grants from DFG Ma 1080/10-1, Volkswagen-Stiftung, 
USPHS MH-40899)

628.9
ANATOMICAL SUBSTRATES UNDERLYING ELECTROTONIC 
COUPLING IN THE RAT LOCUS COERULEUS (LC). E. Veznedaroglu*. M.
Dareshuri-Daou, V. Alvarez Maubecin, J.T. Williams and E.J. Van Bockstaele. 
Dept. of Path., Anat. & Cell Biol., Thomas Jefferson Univ., Phila., PA 19107; 
Vollum Institute for Advanced Biomedical Research, OHSU, Portland, OR 97201.

Noradrenergic LC neurons are the first monoaminergic cell group to 
differentiate in the rat brain. Norepinephrine release from LC efferents has been 
implicated in trophic control of target areas during neuronal differentiation. The 
intrinsic physiological activity of LC neurons varies during development and may 
account for their involvement in trophic processes. Electrophysiological recordings 
from neonatal LC neurons in brain slices display calcium-dependent, subthreshold 
oscillations of membrane potential which are synchronous throughout the entire 
nucleus. The frequency of oscillations increases from 0.3 Hz to 3 Hz until about 
three weeks of age when they disappear. The synchronous activity observed in 
neonatal LC neurons is suggested to be the result of electrotonic coupling. 
Coupling of LC neurons has also been suggested by dye-coupling experiments in 
animals less than 7 days old (Christie and Jelinek Neurosci. 56: 129-137; 1993). 
However, gap junctions which are the morphological correlate of electrotonic 
coupling have not been demonstrated in the LC at the ultrastructural level. Thus, 
we used dual immunoelectron microscopy to examine the subcellular localization 
of antibodies directed against specific connexin (Cx) proteins (Cx32 and Cx26) 
with respect to LC neurons at postnatal day 7 and in adult rats. Peroxidase 
labeling for Cx32 and Cx26 was associated with the cell membranes separating 
astrocytic processes as well as on the plasma membranes of astrocytic processes 
which were directly apposed to dendrites containing gold-silver labeling for 
tyrosine hydroxylase (TH). Peroxidase labeling for Cx32 was also identified on 
the plasma membranes of adjacent TH-labeled dendrites. These data demonstrate 
ultrastructural evidence for gap junction proteins associated with LC neurons and 
glial processes as well as between LC dendrites. Supp.: NIDA R29 DA09082, R03 
DA 10450. AHA 96002240. MH40008 to E.J.V.B.

628.6
CO-LOCALIZATION OF TRIIODOTHYRONINE (T3) AND  
CATECHOLAMINES (CA) IN ADRENAL MEDULLA (Adr.M) 
M.B.Dratman* and C .B.Rozanov Dept.Medicine, Allegheny University 
and Med. Research Service, VA Med.Center, Philadelphia, PA 19104 

B a ck g ro u n d  Recent observations demonstrating co-localization of 
T3 and tyrosine hydroxylase (TH) in locus coeruleus and lateral 
tegmental nuclei and evidence that T3 may be axonally transported 
from CA centers to T3 receptors in distant CA targets support the view 
that T3 may function as an adrenergic cotransmitter. (Neurosci. 74* 
897 ,'96). Since survival during acute cold stress requires both CA and 
T3, we examined their relationship in Adr.M. M eth od s (1) Adrenals 
o f rats given i.v. 125I-T3 were processed for thaw-mount 
autoradiography (ARG); (2 ) Immunohistochemical (IHC) analyses o f  
rat adrenals were performed with TH-specific and (3 ) T3-specific 
antisera. R esu lts  (1) ARG: Heaviest T3-derived labeling was in Adr.M  
with an abrupt decrease in density extending from medullary rim to zona 
glomerulosa, where labeling was intensified. (2) TH-IHC revealed 
similar distribution and intensity o f signal in Adr.M as in ARGs; 
immunoreactive fibers were seen in capsule and among glomerulosa and 
reticularis cells, appearing to arise from, or extend into, the medulla. (3 )  
T3-IHC, reflecting endogenous T3, showed strongest reaction in 
chromaffin cells, much less stain in zona glomerulosa and cortical 
capsule and minimal stain in rest o f cortrex. Intensely T3-stained 
processes in capsule were morphologically similar to those defined by 
TH. C o n c lu sio n s  Two seperate T3-imaging methods demonstrate that 
TH and T3 are similarly distributed in adrenal gland. Because TH labels 
all Adr.M cells but not all are labeled by T3, T3 may differentially co
localize with noradrenaline. NIMH #45252;Pat Kind Fund for Brain Research ; Med. 
Res. Serv.of Phila VA Med Center

628.8
ELECTRICAL COUPLING IN RAT LOCUS COERULEUS
V. Alvarez Maubecin & J.T. Williams*. Vollum Institute for Advance 
Biomedical Research, O.H.S.U.; Portland, OR 97201.

Locus coeruleus (LC) neurons differentiate very early and form 
widespread projections throughout the brain suggesting that the LC 
may influence its diverse targets during periods of differentiation and 
synaptogenesis.

Synchronous subthreshold oscillations of the membrane potential 
are recorded from neonatal LC cells in brain slices. They are 
inhibited by drugs that inhibit the spontaneous firing of the LC cells 
and also by substances that inhibit gap junction communication. 
These observations suggest that the subthreshold oscillations are a 
consequence of electrotonic coupling between spontaneously active 
cells. Although dye-coupling has been demonstrated in animals less 
than 7 days-old, more direct evidence of electrotonic coupling of LC 
cells is lacking.

Paired current-clamp recordings from LC neurons were performed 
to evaluate the electrical coupling between LC neurons of neonates 
and adults rats. Current was injected in one cell and the change in 
the membrane potential was recorded in the second cell. These 
experiments were successful even in animals older than 7 days-old, in 
spite of the developmental differences found in the characteristics of 
the synchronous oscillations in animals of different ages. In brain 
slices from 1-2 weeks-old rats, the subthreshold oscillations can be 
completely blocked by TTX and nimodipine. Whereas in adult rats, 
they persist after the superfusion of these drugs.

This study demonstrates direct coupling between LC cells through 
the neonatal period during which the electrophysiological 
characteristics that regulate activity are changed dramatically. 
S uppo rted  b y  N IH  D A04523.

628.10
THE NEURAL PATHWAY FROM THE SUPRACHIASMATIC NUCLEUS 
(SCN) TO THE LOCUS COERULEUS (LC): A TRANSSYNAPTIC 
TRACING STUDY. G. Aston-Jones, S. Chen, M. Yang*† and R. R. Miselis† 
Dept. Psychiatry, School of Medicine and †Dept. Anatomy, School of Veterinary 
Medicine, University of Pennsylvania, Philadelphia, PA 19104.

It has been proposed that the SCN assures sleep-wake circadian rhythms by 
actively promoting wakefulness. The LC has been widely implicated in mechanisms 
regulating arousal and alertness. In a previous study we reported that SCN neurons 
were transsynaptically labeled following injection of pseudorabies virus (PRV) into 
the LC of the rat (Chen et al., Soc. Neurosci. 1997). We hypothesized that SCN’s 
arousal promoting effect may be mediated, at least in part, via the LC-noradrenergic 
system. In the present study, we performed a temporal analysis of PRV labeling 
following LC injections to identify the possible relay(s) between the SCN and LC, 
and used double immunostaining to determine the chemical identity of those SCN 
neurons indirectly regulating the LC. A cocktail (60 nl) of PRV (Bartha strain, 
36,450 pfu), plus the conventional retrograde tracer cholera toxin subunit B (CTb, 
0.05%), was injected into the rat LC. Extensive technical analyses were used to 
validate neuronal labeling from such viral deposits (S. Chen et al., adjacent 
abstract). After a survival period of 23 to 66 h, rats were perfused and brain sections 
were immunostained for PRV, or for PRV plus vasoactive intestinal peptide (VIP) 
or vasopressin (VP). We found that (i) PRV labeling began to occur in the SCN at 
44-46 h after injection; (ii) at 23-35 h after injections, PRV-labeled neurons were 
observed in areas that receive projections from the SCN, and that also project to the 
LC or LC dendritic zone, including the preoptic area, paraventricular nucleus and 
lateral hypothalamus; (iii) most PRV-labeled neurons in the SCN following LC 
injections were neither VIP- nor VP-positive. These data indicate that (i) the 
circuitry from the SCN to LC is a two-neuron pathway; (ii) neurons in the preoptic 
area and paraventricular nucleus are likely relays between the SCN and LC; and (iii) 
the SCN neurons that regulate the LC are separate from those containing 
neuropeptide VIP or VP. Supported by grants NS24698 and GM27739.
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628.11
CHARACTERIZATION OF TRANSSYNAPTIC TRACING WITH  
CENTRAL APPLICATION OF PSEUDORABIES VIRUS. S. Chen*. 
M. Yang†, R. R. Miselis† and G. Aston-Jones. Department of Psychiatry, 
School of Medicine and †Department of Animal Biology, School of 
Veterinary Medicine, University of Pennsylvania, Philadelphia, PA 19104 

Although transsynaptic tracing with peripheral injection of pseudorabies 
virus (PRV) has been extensively characterized, several methodological 
issues related to central application of PRV have not been addressed. In the 
present study, we addressed the following three issues by using 
microinjection of 30-60 nl of a cocktail containing PRV (Bartha strain, 607 
plaque forming units per nl) and cholera toxin subunit B (0.05%) into 
different sites in the rat brain. First, we estimated PRV diffusion by 
examining PRV injection sites at different times after application. Second, 
we tested whether PRV is taken up by fibers of passage by injecting PRV 
into the olivocerebellar pathway. Third, we developed criteria for leakage of 
PRV into cerebral ventricles. Our data indicate that (i) centrally injected 
PRV diffuses very little and produces focal injection sites; (ii) PRV is taken 
up and transported by fibers of passage, although less prominently than 
found for CTb; (iii) PRV produces specific and easily identifiable 
ependymal cell as well as neuronal labeling following ventricular injection. 
This labeling can be used as a criterion for determining if labeling obtained 
was due to injected tracer leaking into brain ventricles. In addition, our 
results suggest that transfer of PRV from one neuron to another may occur at 
gap junctions. In summary, the present study provides new and important 
information about using PRV to trace central multisynaptic circuitry. 
Supported by PHS grants NS24698 and GM27739.

628.13
PROJECTIONS FROM THE RAT PREFRONTAL CORTEX TO THE 
VENTRAL TEGMENTAL AREA. I. ASSOCIATION WITH GABA- OR 
TH-IMMUNOREACTIVE MESOACCUMBENS NEURONS D.B. Carr* and 
S.R. Sesack. Depts. ofNeuroscience & Psychiatry, Univ. ofPittsburgh, PA 15260.

Excitatory afferents to the ventral tegmental area (VTA) from the prefrontal 
cortex (PFC) have been suggested to play an important role in regulating the 
activity of VTA neurons and the extracellular levels o f dopamine (DA) in the 
nucleus accumbens. Previous anatomical investigations have demonstrated that 
PFC terminals synapse on dendritic shafts o f DA and non-DA neurons in the VTA. 
However, the projection targets o f these VTA neurons are not known. To address 
the hypothesis that PFC afferents innervate VTA neurons that project to the 
nucleus accumbens, retrograde transport of Fluorogold from the nucleus 
accumbens and anterograde transport o f BDA or PHA-L from the PFC was 
combined with immunogold-silver labeling for either tyrosine hydroxylase (TH) or 
GABA. Preliminary electron microscopic observations indicate that PFC terminals 
within the VTA formed asymmetric synaptic contacts onto dendritic shafts that 
contained immunogold-silver labeling for either TH or GABA. Some of the GABA- 
immunoreactive dendritic shafts contacted by PFC terminals also contained 
immunoperoxidase labeling for Fluorogold. This data indicates that a population 
of PFC afferents to the VTA target GABA-containing neurons that, in turn, project 
to the nucleus accumbens. Studies are currently in progress to determine whether 
PFC afferents also target TH-immunoreactive VTA neurons that project to the 
nucleus accumbens. This work is supported by USPHS grants MH50314 (SRS) 
and MH1 1368 (DBC).

628.15
GTP CYCLOHYDROLASE I IN THE HUMAN BRAIN IS STAINED BY 
ANTIBODY TO THE C-TERMINAL OLIGOPEPTIDE SEGMENT OF 
THE e n z y m e . L.N agatsu1*,K. Ikemoto1,K .K itahama2,A .  
Nishimura3  H. Ichinose4.T. Nagatsu4  1Dept. of Anatomy, School of 
Medicine, Fujita Health Univ., Toyoake, Aichi 470-1101, Japan; 2Dept. 
de Medecine Experimentale, CNRS ERS5645, INSERM U52, Faculte de 
Medecine, Univ. Claude Bernard, Lyon, France; 3Dept. of Legal 
Medicine, Shiga Univ. of Medical Science, Otsu 520-21, Japan; 
4Institute for Comprehensive Medical Science, School of Medicine,
Fujita Health Univ., Toyoake, Aichi 470-1101, Japan.

We previously raised an antibody against an oligopeptide segment 
of rat GTP cyclohydrolase I (GCH) corresponding to the N-terminal 
(GCH-N) amino acid sequences (residues 12-23, GFPERELPRPGA), and 
characterized the anti-GCH-N antiserum by Western blotting and 
immunocytochemistry. The anti-GCH-N antiserum recognized GCH-N 
terminus in the brain [dopaminergic (DAnergic), noradrenergic, 
adrenergic and serotonergic neurons], in the adrenal medulla, and in the 
liver of mice [Nagatsu,I. et al., Neurosci.Lett., 224 (1997) 185-188].

However, this antibody did not stain the DAnergic neurons in the 
human substantia nigra. We have raised an antibody to the C-terminal 
(GCH-C) amino acid sequences (residues 231-241, TREEFLTLIRS), which 
is common in GCH of humans, rats, and mice. The anti-GCH-C antiserum 
recognized human GCH in the human substantia nigra. The antibody 
raised against the GCH-C terminal peptide is useful to investigate 
GCH in the human tissues.

628.12
PROJECTIONS FROM THE RAT PREFRONTAL CORTEX TO THE 
VENTRAL TEGMENTAL AREA. II. ASSOCIATION WITH GABA- OR 
TH-IMMUNOREACTIVE MESOCORTICAL NEURONS. S.R. Sesack* and
D.B. Carr. Depts. ofNeuroscience & Psychiatry, Univ. ofPittsburgh, PA 15260.

The prefrontal cortex (PFC) receives a prominent innervation from dopamine- 
containing neurons in the ventral tegmental area (VTA). The PFC, in turn, projects 
to the VTA, with PFC terminals forming synaptic contacts onto the dendritic shafts 
of DA and non-DA neurons. However, the projection targets o f the VTA neurons 
that receive synaptic contact from PFC terminals are not known. To address the 
hypothesis that PFC afferents innervate VTA neurons that project back to the PFC, 
retrograde transport o f Fluorogold from the PFC and anterograde transport of 
BDA or PHA-L from the PFC was combined with immunogold-silver labeling for 
either tyrosine hydroxylase (TH) or GABA. Electron microscopic observations o f  
the VTA revealed neuronal somata and dendrites double-labeled for Flurogold and 
TH or Fluorogold and GABA. Thus, in addition to the well-characterized 
mesocortical DA projection, these observations support a population of GABA- 
containing VTA neurons that project to the rat PFC. PFC terminals within the VTA 
formed asymmetric synaptic contacts onto dendritic shafts that contained 
immunogold-silver labeling for either TH or GABA. Our preliminary observations 
suggest that some of the TH-immunoreactive dendritic shafts contacted by PFC 
terminals also contained immunoperoxidase labeling for Fluorogold. This data is 
consistent with a population o f PFC afferents to the VTA that target DA neurons 
projecting, in turn, to the PFC. Studies are currently in progress to determine 
whether PFC afferents also target GABA-immunoreactίve mesocortical VTA 
neurons. This work is supported by USPHS grants MH50314 (SRS) and 
MH11368 (DBC).

628.14
ULTRASTRUCTURAL RELATIONSHIPS BETWEEN DOPAMINE 
TERMINALS AND TERMINALS EXPRESSING THE SEROTONIN 
TRANSPORTER IN THE RAT PREFRONTAL CORTEX LAH Miner1*. 
S Schroeter2, RD Blakely2 and SR Sesack1. 1Depts of Neuroscience & Psychiatry, 
Univ o f  Pittsburgh, PA 15260; 2Dept of Pharmacol & Ctr for Mol Neuroscience, 
Vanderbilt Univ Sch of Med, Nashville, TN 37232.

Biochemical studies have demonstrated that dopamine (DA) levels within the 
prefrontal cortex (PFC) are increased by local administration of antidepressants, 
including selective serotonin reuptake inhibitors. However, the cellular 
mechanisms responsible for these actions are not known. In order to begin 
addressing this issue, the ultrastructural relationships between DA terminals and 
varicosities expressing the serotonin transporter (SERT) were examined within the 
rat prelimbic PFC. DA varicosities were identified by immunoperoxidase labeling 
of tyrosine hydroxylase (TH) and varicosities expressing SERT were labeled with 
immunogold-silver. Our preliminary ultrastructural examination revealed that 
within layers V/VI, SERT-immunoreactive and TH-labeled varicosities were 
observed within the same 5.7 µm2 field only 7% of the time. Less frequently, 
SERT-positive and TH-labeled axons or varicosities were directly apposed to each 
other. These results suggest that, within the deep layers of the rat PFC, 
interactions between serotonin and DA occur via extrasynaptic mechanisms 
mediated over considerable distances and rarely involve close spatial convergence 
of their axons. Further characterization of the exact spatial relationship between 
DA terminals and varicosities expressing SERT will be useful in understanding 
the normal interactions between these transmitters and the mechanisms underlying 
pharmacological treatments for affective disorders. This work supported by 
USPHS grants MH50314 to SRS and DA07390 to RDB.
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629.1
EFFECTS OF DOPAMINE ON N-TERMINUS-DELETED HUMAN TYROSINE 
HYDROXYLASE TYPE 1 EXPRESSED IN ESCHERICHIA COLI AS A  
MALTOSE-BINDING PROTEIN FUSION. A. Nakashima1, K. Mori1. K. 
Matsubara3*, T. Nagatsu2, and A. Ota1. 1Dept. Physiology, Sch. Med. and 2Div. 
Molecular Genetics, Inst, for Compr. Med. Sci., Fujita Health Univ., Toyoake, 470- 
1192, Japan; 3Dept. Hospital Pharmacy and Pharmacology, Asahikawa Med. Col., 
Asahikawa, 078-8510, Japan.

Tyrosine hydroxylase (TH) is a rate-limiting enzyme in the biosynthesis of 
catecholamines and the activity is regulated by the feedback inhibition of the 
catecholamine products. In order to identify the specific portion in the N-terminus 
that affects the efficiency of the inhibition, wild-type and N-terminal 29-, 31-, 33-, 
35-, 37-, 38-, 39-, 40-, 44-, and 49-amino acid-deleted mutants (del-29, 31, 33, 35, 
37, 38, 39, 40, 44, and 49) of human TH type 1 (hTHl) were expressed in 
Escherichia colί (E. coli) with pET3c vector, and the effects of dopamine on the 
enzyme activities were examined with the supernatants of the cell lysates. The 
deletion up to 35 amino acid residues retained the inhibitory effect of dopamine, 
whereas the deletion up to no less than 38 amino acid residues resulted in the 
reduction of the dopamine inhibition. Moreover, to exactly define the specific 
portion, wild-type and the three deleted mutants (del-35, 38 and 44) were expressed 
in E. coli as a maltose-binding protein fusion with pMALc2 vector and purified as a 
tetrameric forms giving high specific activity by affinity and size-exclusion 
chromatography. The inhibition by dopamine of the deleted mutants gave similar 
results as that of the mutants expressed with pET3c vector. In addition, the Km 
values of the three deleted mutants for the natural cofactor, 6R-tetrahydrobiopterin 
(6RBPH4), exhibited about one half of that of wild-type at a high concentration (0.20 
mM) of tyrosine. These results suggest that the amino acid sequence Gly36-Arg37- 
Arg38 is deeply involved in the dopamine inhibition of TH activity and the N- 
terminal 44 amino acid residues affect the affinity of 6RBPH4 to catalytic domain.

629.3
A P1 AND CRE ELEMENTS MEDIATE REGULATION OF BOTH BASAL 
AND INDUCIBLE TYROSINE HYDROXYLASE PROMOTER 
ACTIVITIES. N. Liu*, C. Tinti, T.H. Joh and H. Baker. Cornell Univ Med. 
Coll, at The Burke Med. Res. Inst; White Plains, NY 10605.

Tyrosine hydroxylase (TH) is the rate-limiting enzyme in the catecholamine 
biosynthetic pathway. The TH gene promoter contains A P1 and CRE cis- 
acting elements that mediate the effects o f PKC and PKA pathways, 
respectively. Studies in cell lines suggested that the CRE was the primary 
mediator o f basal and inducible TH gene expression. However, the 
importance o f the TH A P1 remains controversial. To further clarify this issue, 
the current studies investigated effects o f an AP 1 mutation (mut) on both 
basal and inducible TH promoter activities. 5.6 kb TH constructs containing 
either A P1 mut, CREmut or A Plmut/CREmut generated by site-directed PCR 
mutagenesis were ligated to a CAT reporter gene and transiently transfected 
into SK-N-BE(2)C cells. TPA and forskolin were administered to activate the 
PKC and PKA systems, respectively. A Pl mut decreased basal TH promoter 
activity 70-80%. CRE mut decreased basal activity 90-95%. Activity o f the 
combined APlmut and CREmut was only 1-2% o f the WT. TPA induced 
CREmut TH promoter activity by 5.4 fold almost twice as much as WT (2.6 
fold). Similarly, the APlmut showed a higher forskolin inducibility (3.2 fold) 
as compared to induction o f the WT promoter (2.6-fold). Mutation o f the 
CRE prevented forskolin induction o f TH promoter activity. Similarly, APl 
mutation abolished the TPA-inducibility o f the TH promoter. These data show 
for the first time that the consensus TH A P-1 in the context of the native 
promoter mediates basal and PKC-induced TH transcription The data also 
indicate that supression o f either pathway results in stronger stimulation of 
TH gene expression mediated through the other regulatory system.
Supported by AG09686 (HB).

629.5

REGULATION OF THE TYROSINE HYDRO XYLASE BY  STEROID 
HORMONES
B. Hermann1, C. Beyer2, A. W inkler1, F. Holsboer1, R. Rupprecht1*
1Max Planck Institute o f  Psychiatry, Munich; 2Department o f  Anatomy 
and Cell B iology, University Ulm, Germany.

The tyrosine hydroxylase (TH) is the rate limiting enzyme for the 
biosynthesis o f  catecholamines in the central nervous system. A 
regulation o f  TH expression by glucocorticoids is already w ell known. 
However, no comparable data are available for the effects o f  other steroid 
hormones on TH expression and activity. We therefore studied the effects 
o f  estrogens, androgens, gestagens and mineralocorticoids on TH 
expression and activity in PC 12 cells that express TH endogenously. 
Treatment o f  PC 12 cells with 10 nM dexamethasone or estradiol caused 
an upregulation o f  TH mRNA and protein levels as detected by 
competitive PCR and Western blot as w ell as an increase in TH activity. 
Aldosterone, progesterone, R5020 and R1881 were without effects. 
However, there was an upregulation in TH expression and activity by 
mineralocorticoids, gestagens or androgens when expression vectors for 
either the mineralocorticoid receptor, the progesterone receptor or the 
androgen receptor were cotransfected. These data show that steroid 
hormones may regulate TH expression and activity via their cognate 
intracellular receptors. Thus, the concentrations o f  steroid hormones are 
important for the maintainance o f  the homeostasis o f  catecholamines in 
the central nervous sytem.

629.2
IMMOBILIZATION INDUCED EXPRESSION OF THE 
TYROSINE HYDROXYLASE GENE IN THE BRAIN OF 
TRANSGENIC MICE EXPRESSING THE TH-AP 
TRANSGENE. ,C.A Ostẹrhout D . M. Chikaraishi,  A .W. 
Tank. Department of Pharmacology, University of Rochester, 
Rochester, NY 14642.

The objective of this investigation was to determine the effects 
of immobilization stress on the regulation of the tyrosine 
hydroxylase (TH) gene in noradrenergic and dopaminergic 
neurons of the mouse brain. We have previously shown that 
TH gene transcriptional activity is regulated by multiple 
mechanisms in the mouse adrenal medulla in response to single 
and repeated immobilizations. We utilized transgenic mice 
which express 4.5 kb of the 5 ’ flanking region of the TH gene 
linked to placental alkaline phosphatase reporter gene (TH-AP) 
to test whether immobilization stress regulates TH gene 
promoter activity in the mouse locus coeruleus (LC) and 
midbrain. Our preliminary results show that multiple 
immobilizations lead to increases in alkaline phosphatase activity 
in the LC but not in the midbrain. The increase in alkaline 
phosphatase activity in the LC is accompanied by an increase in 
endogenous TH activity. These results suggest that the TH gene 
transcriptional activity is increased in the noradrenergic neurons 
of the LC in response to repeated immobilization stress, but not 
in the dopaminergic neurons of the midbrain. (Supported by DA 
05014, STRC 0481, and GM08427)

629.4

INVIVO MODULATION OF DOPAMINE ß HYDROXYLASE AND 
TYROSINE HYDROXYLASE mRNA BY CARBACHOL WITH AGE. 
N. Tümer*, C. Broxson. and P. J. Scarpace. GRECC, VA Medical 
Center & Dept of Pharmacol, Univ of Florida, Gainesville, FL 32608.

Aging is associated with increased tyrosine hydroxylase (TH) and 
dopamine ß hydroxylase (DßH) activity in rat adrenal medulla (AM). 
Cold exposure increases TH expression in AM of young rats but not in 
senescent rats. Because the cholinergic pathway is believed to be 
involved in the cold-stimulated increase in TH expression in AM, we 
hypothesized that carbachol, a mixed nicotinic-muscarinic agonist, would 
preferentially stimulate TH or DBH expression in young (Y) compared 
with old (O) rats. We examined TH activity, TH mRNA and DßH 
mRNA in AM of 4 and 24 mo-old male F-344 rats with or without 
carbachol (0.5 mg/kg every 12 hr for 3 days, ip).
TH activity (n m/AM/hr) TH mRNA (OD units) DßH mRNA (OD units) 

Control Carbachol Control Carbachol Control Carbachol 
Y 12 ± 1  21 ± 1  40 ± 3  60 ± 7 44 ± 6  48 ± 5
O 5 6 ± 8 1 1 4 ± 2 6  6 0 ± 6 140 ±  21 64 ± 6  9 3 ± 4

Sacrifice was 5 hrs after the last dose. As expected, TH activity, TH 
mRNA and DßH mRNA were significantly higher in AM from control 
old rats compared with young rats (p<.05). Carbachol significantly 
elevated TH activity and TH mRNA in AM of both young and old rats 
(p<.05). In contrast, there was no significant change in DßH mRNA in 
AM of young rats following carbachol. However, carbachol elevated 
DßH mRNA in AM of old rats compared with controls (p<.05). These 
results indicate that cholinergic induction of TH or DßH are not impaired 
with age, suggesting that the failure of cold exposure to induce TH 
activity and gene expression in senescent rats is not due to an impaired 
cholinergic pathway. (Supported by VA Medical Research).

629.6
DIFFERENTIAL REGULATION OF TRANSCRIPTION FACTORS FOR 
TYROSINE HYDROXYLASE IN DOPAMINERGIC AND 
NORADRENERGIC NEURONS Y.S. Kim, C. Tinti, B. Conti, H. Baker, J.H. 
Son and T.H. Joh*, Cornell Univ Med Coll at The Burke Med Res Inst., White 
Plains, NY 10605

The tyrosine hydroxylase (TH) gene is regulated by various factors, and CRE 
and AP-1 motifs in TH promoter are two important sites for basal and inducible 
TH gene transcription. However, the TH gene is differentially regulated in TH 
expressing phenotypically distinct neurons, dopaminergic (DA), substantia 
nigra pars compacta, and noradrenergic (NE), locus ceruleus systems: e.g. the 
TH gene is never induced in DA neurons but readily induced in NE neurons. 
Using immortalized cell lines of DA and NE neurons, we have analyzed 
regulation of possible factors which are known to participate in TH gene 
induction: protein kinase A, CREB, phospho-CREB, CBP, CREM, c-fos and 
c-jun. Immunocytochemistry and/or Western blot analysis of these factors in 
control and forskoline (fsk) treatment ( 10µM, 20 min) shows that: 1) cPKAα 
migrates into the nucleus o f DA cells, while induced immunoreactivity is 
confined to the cytoplasm in NE cells; 2) CREB is activated by fsk in both cell 
lines as observed by increased immunostaining o f P-CREB; 3) CREM-related 
polypeptides are abundant in DA but more robust induction by fsk is observed 
in NE cells; 4) CBP immunoreactivity is increased by fsk only in NE; and 5) 
c-Jun is upregulated only in DA cells.These results indicate that basal and 
inducible TH gene transcription is regulated by multiple factors and 
differentially regulated in TH expressing cells. CRE/CREB/CBP and AP-l/IEG 
all participate in this complex process of TH induction. (Sup. by MH24285)
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629.7
NICOTINE TRIGGERED ACTIVATION OF TYROSINE 
HYDROXYLASE GENE EXPRESSION. IN PC 12 CELLS. DIFFERING 
TEMPORAL REQUIREMENTS FOR CALCIUM AND cAMP. V. 
Gueorguiev,1*R. Zeman2, B . Hiremagalur1 & E.L. Sabban1. Depts 1Biochem. 
&Mol. Biol. and 2Cell Biol. & Anat. NY Med. Coll. Valhalla, NY 10595.

Exposure to nicotine produces many physiological changes including elevation 
of plasma catecholamines from the sympathetic nerve endings and the adrenal 
medulla, which are associated with the accompanying alterations in heart rate 
and arterial pressure. Prolonged nicotine treatment elevates gene expression for 
catecholamine biosynthetic enzymes. The precise mechanism of activation of 
gene expression by nicotine is still unclear, and conflicting results have been 
reported. The roles o f cAMP- and calcium- mediated pathways in the activation 
of tyrosine hydroxylase (TH) gene expression by nicotine were examined in 
PC12 cells. Extracellular calcium and elevations in [Ca2+]1 were required for 
induction o f TH mRNA. Nicotine elicited a rapid rise in [Ca2+]i that was 
inhibited by blockers of either L, -or N-and to lesser extent P/Q, but not T-type, 
voltage gated calcium channels. With continual nicotine, [Ca2+]i returned to 
basal levels by 3-4 minutes. After a lag of about 5-10 minutes there was smaller 
elevation in [Ca2+]i which persisted for the entire 6 hr exposure. BAPTA-AM, 
when added before or even 2 hrs after nicotine, prevented elevation of TH 
mRNA. Nicotine treatment significantly raised cAMP levels. Addition of the 
adenylyl cyclase inhibitor, 2 ’,5’ dideoxyadenosine prevented the nicotine- 
elicited phosphorylation of CREB and the elevation of TH mRNA when added 
after the initial transient rise in [Ca2+]i but not after 1 hr. This study reveals 
several temporal phases, with differing requirements for calcium and cAMP, 
involved in induction of TH gene expression by nicotine (Support: STRC #251, 
AHA fellowship to VG).

629.9
LITHIUM CHLORIDE INDUCES THE EXPRESSION OF TYROSINE 
HYDROXYLASE IN hNT NEURONS. T. Zigova1*, A. E. Willing1, C.V. 
Borlongan1, S. Saporta1,2, G.L. Snable3, and P.R. Sanberg1. 1Dept. of 
Surgery, 2Dept. o f Anatomy, Univ. o f South Florida, Tampa, FL 33612; 
3Layton BioScience Inc., Atherton, CA, 94027.

Lithium has been shown to increase the synthesis and secretion of  
catecholamines and the activity of protein kinase C in cultured 
catecholamine secreting adrenal medullary cells (Terao et ah, Biol. 
Psychiatry, 31; 1038, 1992). It was of interest to determine if lithium can 
induce TH activity in hNT neurons, of which less than 1% are TH- 
positive. We found that treatment of hNT cells with lithium chloride (1.0 
mM/L) for 4 days, significantly increased the number o f TH-positive 
neurons in culture. In addition, we found that lithium did not affect the 
survival o f cultured hNT cells, suggesting that lithium is increasing the TH 
phenotype and not the general survival o f hNT cells. It has been reported 
that TH activity in hNT neurons can be induced by culturing with aFGF 
and a number o f co-activator molecules including activators o f the protein 
kinase A and C pathways (Iacovitti and Stull, NeuroReport, 8; 1471, 
1997). The present results with lithium may be related to increased 
activity of protein kinase C. These data suggest that hNT cells are 
responsive to certain TH-inducing cues and may serve as a continual 
source of TH expressing neurons for cell transplantation.

629.11

TEMPORAL RELATIONSHIP BETWEEN SITE-SPECIFIC PHOSPHORYL
ATION OF TYROSINE HYDROXYLASE (TH) AND DOPA SYNTHESIS IN 
STRIATAL SLICES. M.-X. Yang, A. Garcia-Espana, J.Y. Lew*, M. Goldstein, 
J.W. Haycock1 and E. Meller. Dept Psychiatry, NYU Med Ctr, New York, NY 
10016; 1Dept Biochem Molec Biol, LSU Med Ctr, New Orleans, LA 70119.

TH is phosphorylateo at Ser8, Ser19, Ser31 and Ser40 by different signaling 
pathways/protein kinases. Although PKA-mediated phosphorylation (PHOS) at 
Ser40 is known to increase TH activity, the relative contributions of PHOS at 
the other sites remain unclear. Rat striatal slices were used to study the time- 
course (0-45 min) of effects of agents which selectively activate specific protein 
kinase pathways on site-specific PHOS of TH (by quantitative blot 
immunolabeling using site- and phosphorylation state-specific antibodies) and 
on the in situ activity of TH (by accumulation of L-DOPA in the presence of the 
decarboxylase inhibitor NSD-1015). Forskolin (1.5 µM) selectively increased 
Ser40 PHOS. The increase was apparent within 5 min and was maintained (7- 
10 fold) for at least 45 min. L-DOPA accumulation was increased in concert 
with the increase in Ser40 PHOS. In contrast elevated [K+]o (60 mM) produced 
a rapid (< 2 min) and selective, but transient increase in Ser19 PHOS that was 
associated with a complex pattern of changes in L-DOPA accumulation. These 
differential effects generally parallel those observed previously in PC12 cells. 
Data for other activators and combinations thereof will also be presented. 
[Supported by MH 02717 and NS25134].

629.8
DOPAMINE AND DOPA RELEASE/SYNTHESIS FROM/IN ATT20 CELLS 
EXPRESSING RECOMBINANT TYROSINE HYDROXYLASE ISOFORMS.
K. Harada*, R. Saito, K. Kudo. E. Tachikawa and T. Kashimoto. Dept. of 
Pharmacology & Life Science, Iwate Medical University, School of Medicine 
Morioka, Iwate 020-8505 Japan.

Tyrosine hydroxylase (TH), the rate limiting enzyme for catecholamine 
synthesis, is phosphorylated at multiple serine residue sites and concomitantly 
activated. We have established stablely transfected AtT20 cells, rat pituitary cell 
line, with three isoforms of TH; one is wild type (WT) and the others are point- 
mutated TH (S19L- and S40L-TH in which serine19 and 40 are substituted to 
Leu, respectively). In the present study, we analyzed cellular dopamine (DA) 
levels, in  s itu  TH activity, and DA and DOPA release from these cells. The basal 
levels of TH activity of the cells expressing WT-. S19L-, or S40L-TH were 20±2, 
35±3, and 220±11 (ng DOPA production /mg cell protein/15min at 37°C), 
respectively. Western analysis using anti-TH revealed that S19L-TH protein 
was expressed approximately 2 times more than WT- or S40L-TH. Treatment of 
the cells with elevated K+ medium (55mM K+, 15min) increased in  s itu  TH 
activity by ~60% in all three TH isoforms. The release of DA and DOPA from the 
cells remained constant over a 60 min incubation in Hepes-buffered Ringer 
(10µM L-tyrosine, 2.5mM Ca2+), and the levels of DA efflux from the cells 
expressing WT-, S19L, or S40L-TH were 1.5±0.2, 2.8±0.2, and 10±0.3 (ng/mg 
cell protein/15 min), respectively. Elevated K+ increased DA release by 45- 
70%, and the increase was Ca2+ dependent. Whereas the efflux of DOPA was 
not affected by elevated K+. These data suggest that the genetically imposed 
TH isoforms associate with the vesicular storage/release processes 
endogenous to the AtT20 cells. (This study was partially supported by the 
Promotion and Mutual Aid Corporation for Private Schools of Japan)

629.10
DECREASED ACTIVITY OF DOPAMINE (DA) NEURONS IS ASSOCIATED 
WITH INCREASES IN STRIATAL TYROSINE HYDROXYLASE (TH) 
ACTIVITY AND SITE-SPECIFIC INCREASES IN TH PHOSPHORYLATION.
J.Ύ. Lew, A. Garcia-Espana, K.Y, Lee. M. Goldstein, J.W. Havcock1 and E. 
Meller*. Dept Psychiatry, NYU Med Ctr, New York, NY 10016; 1Dept Biochem 
Molec Biol, LSU Med Ctr, New Orleans, LA 70119.

Treatments that increase the activity of DA neurons (such as neuroleptics 
and electrical stimulation) have been shown to increase the phosphorylation 
(PHOS) and activity of TH. However, γ-butyrolactone (GBL) decreases DA 
neuronal activity but increases TH activity. Quantitative blot immunolabeling 
with site- and phosphorylation state-specific antibodies was used to determine 
if an increase in TH PHOS is also associated with the latter increases in TH 
activity. GBL (750 mg/kg, 35 min) significantly increased PHOS of TH at Ser40 
(+217%) and Ser19 (+40%) without altering PHOS at Ser31. Pretreatment with 
the DA agonist N-propylnorapomorphine (NPA; 30 µg/kg, 40 min) prevented 
the increase in PHOS at both sites. GBL treatment (together with the 
decarboxylase inhibitor NSD-1015, 100 mg/kg, 30 min) increased in vivo 
striatal L-DOPA accumulation (+167%;) and in vitro TH activity (+189%); both 
effects were abolished by NPA pretreatment Kinetic analysis of TH activity 
demonstrated that GBL decreased the for tetrahydrobiopterin (from 0.90 to 
0.29 mM) without altering the Vmax; NPA reversed the effect Cerebral hemi- 
transection had analogous effects on PHOS and activation of TH, which were 
likewise prevented by NPA. Thus, TH activity is regulated by PHOS in both 
hyper- and hypoactive DA neurons. [Supported by MH02717 and NS25134].

629.12
INHIBITORY EFFECTS OF PHTHALIDEHSOQUINOLINE ALKALOIDS 
ON DOPAMINE BIOSYNTHESIS IN PC12 CELLS. M.K. Lee,* J.S. Shin.
E.L Kim.1 M. Kai2 and H.S. Kim1. 1College of Pharmacy, Chungbuk Natl. Univ 
Cheongju 361-763, Korea; 2Faculty of Pharmaceutical Set., Nagasaki Univ 
Nagasaki 852, Japan.

The rat pheochromocytoma PC 12 cells have many properties of the 
adrenal medullary chromaffin cells including the synthesis, storage and 
secretion of catecholamines. PC 12 cells also express the catecholamine 
biosynthetic enzymes such as tyrosine hydroxylase (TH), aromatic L-amino 
acid decarboxylase (AADC) and dopamine β-hydroxylase.

In this study, the effects of phthalide-isoquinoline alkaloids such as 
noscapine, hydrastine and bicuculline on dopamine biosynthesis and their 
intracellular mechanisms in PC 12 cells were investigated. Noscapine and 
(1R,9S)-hydrastine showed 74.5 and 51.2% inhibition, respectively on the 
dopamine content for 24 hr at 20 µM. IC50 values of noscapine and 
hydrastine were 7.6 and 9.3 µM. Noscapine and hydrastine at concentrations 
up to 40 µM did not alter the secretion of dopamine into medium Theretore. 
the total dopamine content, both stored in the cells and secreted into the 
medium, was significantly reduced by these alkaloids. Noscapine and 
hydrastine at 20 µM inhibited the TH activity by 21-28% relative to me 
control. Noscapine and hydrastine also decreased the intracellular Ca2+ ([Ca2+]) 
content by 18-22% at 20 µM compared with the control, suggesting that the 
decrease in [Ca2+]i may partially contribute to the inhibition of TH activity in 
PC 12 cells. However, AADC activity and TH mRNA level were not reduced 
by the treatment of these alkaloids.

These results indicate that nosacpine and hydrastine with a single 
treatment may cause the inhibition of TH activity but not the regulation of TH 
gene expression. The inhibition of TH activity by these alkaloids may play a 
role in the decreased dopamine content in PC 12 cells.
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629.13
AROMATIC L-AMINO ACID DECARBOXYLASE (AADC)- 
POSITIVE NEURONS IN HUMAN CEREBRAL CORTEX: 
DO THEY SYNTHESIZE DOPAMINE?
K. Ikem oto1*, R. A rai1, A. N ishim ura2, K. Nishi2, K. 
K itaham a3, I. Nagatsu1. 1Dept of Anatomy, Fujita Heath 
Univ., Sch. of Medicine, Toyoake, Aichi, 470-1101, Japan, 
2Dept. of Legal Medicine, Shiga Univ. of Medical Science, 
Otsu, 520-2121, Japan, 3Dépt. de Médecine Expérimentale, 
Univ. Claude Bernard, 69373 Lyon, France 

We dem onstrated  in the hum an cerebral cortex neurons 
im m unoreactive for arom atic L-amino acid decarboxylase 
(AADC: the second step dopam ine-synthesizing enzyme) 
using im m unohistochem istry . The nu m b er of AADC- 
positive neurons were large in the frontal area (area 9, 10, 
11, 12), and an terio r cingulate cortex (area 24). Most of 
positive neurons located in the layer V and VI. A small 
num ber was occasionally found in the layer III or IV. At 
p re sen t we can n o t d e tect any AADC-positive neurons 
w hich coexist w ith tyrosine hydroxylase (TH: the  first 
dopam ine-synthesizing enzyme), suggesting that they are 
not catecholam inergic. However, cortical AADC neurons 
m ight synthesize dopam ine when exogenous L-dopa is 
adm inistered .

629.15

PHENYLETHANOL AMINE N-METHYL TRANSFERASE 
(PNMT)mRNA IN LYMPHOCYTES. J.G. Freeman, J.J. Ryan, N. 
Narasimhachari and J.K. Stewart . Dept. o f Biology, Virginia 
Commonwealth Univ., Richmond, VA 23284-2012.

Recently we detected PNMT mRNA in the spleen and thymus o f  
rats, but it was unclear whether lymphoid cells or other cell types 
express the PNMT gene. We now have used the reverse transcription 
polymerase chain reaction (RT-PCR) to detect PNMT mRNA and the 
endogenous control ß-actin in two cultured murine cell lines. To 
control for contamination with genomic DNA and previously amplified 
DNA, PCR primers were chosen to span introns in the PNMT and ß- 
actin genes and samples were assayed without reverse transcription. 
PNMT mRNA was detected in a murine B lymphoma cell line 
(M l2.4.1) but not in murine bone marrow-derived mast cells. ß-actin 
was evident in all cells. Southern hybridization with a PNMT cDNA 
probe indicated that the PCR products were derived from the PNMT 
gene. These findings raise the possibility that epinephrine is produced 
in B lymphoma cells. Supported by NINDS Grant NS-26992.

629.17
EFFECTS OF AGING AND GLUCOCORTICOID TREATMENT ON 
MONOAMINE OXIDASE SUBTYPES IN RAT CEREBRAL CORTEX:
THERAPEUTIC IMPLICATIONS J.C. Ritchie.1 * T.A. Slotkin,2 and F.J. Seidler2.
1 Department of Pathology & Laboratory Medicine, Emory University School of 
Medicine, Atlanta, GA 30322; 2 Department of Pharmacology & Cancer Biology, 
Duke University Medical Center,

Dysregulation of the hypothalamus-pituitary-adrenal axis is more common in 
elderly depression than in younger cohorts, resulting in elevated glucocorticoid 
levels. Effectiveness of antidepressant drugs is also impaired in these 
patients. We evaluated the effects of continuous infusions of dexamethasone 
on MAO subtypes in aged Sprague-Dawley rats to determine whether unique 
interactions of glucocorticoids and aging could contribute to abnormal 
transmitter disposition. We employed an experimental design which featured 
continuous dexamethasone infusion over a period of several weeks (to avoid 
episodic peaks of hormone levels that occur with injection paradigms), doses 
which straddle the threshold for HPA axis suppression in aged rats 
(comparable to established glucocorticoid models of stress, depression, and 
therapeutic intervention), and examination of the frontal/parietal cortex (a 
region known to exhibit age-dependent differences in glucocorticoid effects on 
monoaminergic systems).
Aged rats given dexamethasone showed robust induction of both MAO A 
(three-fold increase) and B (30% increase) in the frontal/parietal cortex, effects 
in the opposite direction from those seen in young rats treated with 
glucocorticoids. Our results support the view that depression in the elderly 
may have biologically discrete components that make it differ from depression 
in younger people. These distinctions may influence the etiology and therapy 
of depression, while at the same time providing potential biomarkers (such as 
platelet MAO) that may serve to predict successful treatment outcome in 
patient subpopulations. Supported by USPHS MH40159.

629.14
LACK OF PHOSPHORYLATION OR ACTIVATION OF AROMATIC L- 
AMINO ACID DECARBOXYLASE IN CHROMAFFIN CELLS BY 
TREATMENTS WHICH INCREASE CATECHOLAMINE BIOSYNTHESIS
Jack C. Waymire and John W. Haycock*. Univ Texas Medical School, Houston. TX 
and LSU Medical Center, New Orleans, LA

The conversion of tyrosine to DOPA by tyrosine hydroxylase (TH) is thought to 
be rate-limiting in catecholamine (CA) biosynthesis and to be controlled by the 
phosphorylation state of TH. However, reports of in situ modulation of aromatic L- 
amino acid decarboxylase (AADC) activity, which converts DOPA to dopamine, by 
treatments which promote protein phosphorylation have led to the suggestion that 
AADC activity may also be regulated by its phosphorylation. In the present studies, 
primary cultures of bovine adrenal medullary chromaffin cells were treated with 
elevated K+o (+50 mM, 1-5 min), phorbol dibutyrate (0.5 µM, 5 min), forskolin (5 
µM, 5 min), or okadaic acid (2 µM, 30 min). TH and AADC phosphorylation was 
analyzed in cultures preincubated for 90 min with 32P, After prelabeling and 
treatment, TH and AADC were isolated from cell extracts by quantitative 
immunoprecipitation and SDS-PAGE. Whereas each of the treatments increased TH 
phosphorylation above a clearly discernible basal level of 32P incorporation. 32 P 
incorporation into AADC was not discernible in extracts from either treated or 
untreated cells. Moreover, AADC activity in cell extracts, determined by HPLC-EC 
assay of dopamine production from L-DOPA. was not affected by any of the 
treatments. These results indicate that AADC does not undergo phosphorylation and 
that alterations in its activity are not involved in the short-term regulation of CA 
biosynthesis in bovine chromaffin cells. [Support: NS 11061. NS25134. MH55208]

629.16
FUNCTIONAL CHANGES IN THE DOPAMINE SYSTEM AND THEIR 
BEHAVIORAL CONSEQUENCES IN MICE LACKING MONOAMINE 
OXIDASE B. L. Chen*1, E. Sibille1, Z. Sarnyai2, H. Baker3,T, Shippenberg4 and 
M. Toth1, 1Dept of Pharmacology, Cornell University Medical College, New York, 
NY 10021; 2Rockefeller University 3Burke Medical Research Institute 4National 
Institute of Drug Addiction.
Biochemical and pharmacological studies have im plicated monoamine 
oxidase B (MAOB) as a key enzyme in the metabolism of dopamine. Due to 
its putative role in regulating dopamine turnover in presynaptic neurons, 
MAOB has been regarded as one of the candidates for involvement in 
schizophrenia, addiction, and other psychiatric disorders. Here we show 
that lack of MAOB in knockout mice results in an increased responsiveness 
of the dopamine system. However, this change in responsiveness is not due 
to an altered dopamine metabolism (Nature Genet 17: 206-210, 1997), but 
rather the consequence of postsynaptic changes in the dopam ine system. 
Mice lacking MAOB showed increased D2-like receptor density in caudate- 
putam en and augm ented D1 receptor-m ediated signaling in nucleus 
accumbens. Consistent with these postsynaptic changes, m utant animals 
showed behavioral abnormalities such as increased drug seeking behavior 
and behavioral sensitization to cocaine. These functional and behavioral 
changes may be explained by the effect of high levels of ß-phenylethylamine 
(PEA) on the dopamine system. PEA is a major substrate for MAOB and 
has been shown to be dramatically increased in MAOB m utant mice raising 
the possibility that it has a more significant role in pathological behavior 
than previously thought.
Supported by NARSAD

629.18
FURTHER INDICATIONS FOR THE INVOLVEMENT OF CYTOCHROME 
P450 2E1 IN THE METABOLISM OF DOPAMINE IN THE SUBSTANTIA 
NIGRA. H. Nissbrandt*, F. Bergquist and J. Jonason, Department of Pharmacology, 
Göteborg University, P.O. Box 431, SE 405 30 Göteborg, Sweden.

We have earlier presented measurements of dopamine (DA) synthesis and 
catabolism in the substantia nigra (SN) suggesting that a substantial part of 
synthesised DA in this brain part is metabolised by unknown non-classical metabolic 
pathways.

Several isoenzymes of cytochrome P450 have been identified in the CNS of 
several species, including man. Although the activities of the different cytochromes 
in the brain are very low as compared to in the liver, relatively high densities of 
cytochrome P450 2E1 have been detected by immunohistochemical techniques in the 
DA containing area, the SN.

Previously we have shown that administration of the cytochrome P450 2E1 
inhibitor, diallyl sulfide, increases the extracellular DA concentration in the SN but 
not in the striatum suggesting a role for cytochrome P450 2E1 in the metabolism of 
DA in the SN.

We have now investigated the effects of another cytochrome P450 2E1 inhibitor, 
phenylethyl isothiocyanate, on the DA, 3, 4-dihydroxyphenylacetic acid (DOPAC) 
and homovanillic acid (HVA) concentrations in dialysate from the SN and the 
striatum in awake rats. Systemic administration of phenylethyl isothiocyanate (100 
mg/kg i.p) increased nigral DA dialysate by maximally 120%, whereas no effect was 
observed in the striatum. The DA metabolites were not significantly effected in 
neither the SN nor in the striatum, although insignificant increases of both DOPAC 
and HVA were observed in the SN.

The data suggest the possibility that cytochrome P450 2E1 directly or indirectly is 
involved in the metabolism of DA in the SN. The presence of the enzyme in the SN 
is especially interesting since the enzyme is known to produce superoxide radicals 
which can induce cell injury and cell death.

Supported by Swedish Medical Research Council and Åhlến and Lundström Found.
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630.1
P2X RECEPTOR-MEDIATED CURRENTS IN DORSAL ROOT GANGLION 
NEURONS. EC Burgard*. W Niforatos. MF Jarvis. EA Kowaluk. Neurological and 
Urological Diseases Research, Abbott Laboratories, Abbott Park, IL, 60064.

P2X3 receptors are known to be expressed on peripheral sensory neurons where they 
may modulate nociceptive signaling. However, it is still not known to what extent 
native P2X3 subunits exist as components of homomultimeric or heteromultimeric 
receptors. We have examined P2X receptor-mediated currents in adult rat lumbar dorsal 
root ganglion (DRG) neurons 2-24 hr following acute dissociation. Whole-cell patch 
clamp recordings were obtained from small diameter neurons (<30 µm) labelled with 
fluorescein-tagged lectin BSI-B4. Thirty percent of these neurons responded to a 
depolarizing voltage command (-60 to +20 mV) with a single fast inward current, and 
the remaining 70% responded with multiple, prolonged inward currents resembling the 
long duration action potentials previously described in type C nociceptive neurons. 
Rapid extracellular application of either ATP or α,ß-methylene ATP (10 µM) evoked 
transmembrane currents that reversed near 0 mV and displayed inward rectification. In 
40% of neurons, both agonists evoked non-desensitizing inward currents at -60 mV, 
consistent with activation of P2X2/3 heteromeric receptors. The remaining 60% of 
neurons showed either fast (τ = 30 msec) desensitization of ATP responses, indicative 
of P2X3 homomeric receptor activation, or mixed fast (τ = 30 msec) and slow (x > 300 
msec) desensitization kinetics. In neurons with mixed desensitization kinetics, the 
rapidly desensitizing component disappeared when either ATP or α,ß-methylene ATP 
was applied at shorter application intervals, leaving the slow component intact.

These results indicate the presence of both desensitizing and non-desensitizing P2X 
receptors on BSI-B4-positive DRG neurons. Since expression levels of the P2X3 
subunit are relatively high in the DRG, the P2X3 subunit may be expressed both as a 
homomer as well as in combination with the P2X2 subunit as part of a 
heteromultimeric receptor in these neurons. Supported by Abbott Laboratories.

630.3
POTENTIATION OF ATP-GATED HUMAN RECOMBINANT P2X3 
RECEPTOR RESPONSES BY CIBACRON BLUE. K. Alexander. W. 
Niforatos, B. Bianchi, E. Touma. KJ. Lynch. E.C. Burgard. M.F. Jarvis. E.A. 
Kowaluk and T. van Biesen*. Neurological and Urological Diseases Research, 
Abbott Laboratories, Abbott Park, IL, 60064.

Pharmacological characterization of ionotropic (P2X) and metabotropic 
(P2Y) receptors is complicated by the paucity of available selective ligands. 
The present data describe the selective potentiation of P2X3-mediated responses 
by cibacron blue 3GA, a dye which functions as an antagonist at P2X1 and 
P2X2 receptor subtypes. In 1321N1 human astrocytoma cells stably transfected 
with human P2X3 cDNA, a 4-5-fold increase in the Emax of ATP-mediated 
calcium influx was observed in the presence of cibacron blue. Cibacron blue 
did not affect the EC50 values of P2X3 agonists, including ATP (EC50 = 350 
nM) and αß-meATP (EC50 = 750 nM). The onset of cibacron blue-mediated 
potentiation was rapid (<l min) and selective for P2X3 over other P2X receptor 
subtypes. Potentiation of P2X3-mediated calcium influx was not affected by 
changes in extracellular Mg2+ levels but was completely blocked by chelation 
of extracellular Ca2+ with EGTA. Similar results were obtained using voltage- 
clamped P2X3-expressing oocytes. Potentiation of ATP-induced currents by 
cibacron blue was long lasting and dependent upon Ca2+ in the recording media. 
In contrast, ATP-evoked current in P2X2 expressing oocytes were inhibited by 
cibacron blue. These data describe a novel effect of cibacron blue unique for 
both its ability to potentiate a P2X receptor-mediated signal and its selectivity 
for the P2X3 receptor subtype. These studies may serve to define the unique 
pharmacological and physical properties of P2 receptors both in vitro and in 
vivo. (Supported  by A bbott L a b o r a to r ie s )

630.5
INHIBITION OF PROTEIN KINASES PERMITS P2Y, RECEPTOR ACTIVATION TO 
CAUSE CALCIUM INFLUX IN DORSAL SPINAL CORD ASTROCYTES. S.R. Fam and 
M.W. Salter*. Brain and Behaviour Program, Hospital for Sick Children, 555 Univ. Ave. & 
Dept. Physiol., Univ. Toronto, Toronto, ON, Canada, M5G 1X8.

Astrocytes from the dorsal spinal cord respond to activation of P2Y1 receptors with an 
increase in intracellular [Ca2+] ([Ca2+]i) due to release of Ca2+ from intracellular stores. 
Evidence indicates that P2Y1-mediated responses do not involve the influx of extracellular 
Ca2+(Ho, Hicks & Salter. Br.J.Pharm. 116,2909,1995). P2Y1 receptors are members of the 
superfamily of G-protein coupled receptors and the aim of this study was to determine 
whether protein kinases regulate P2Y1-mediated responses. We recorded from single 
astrocytes in primary cultures of dorsal spinal cord from El7-El8 rats. [Ca2+]i was measured 
by means of the Ca2+-sensitive fluorophore, fura-2. Cells were bathed in extracellular solution 
containing (in mM)NaCl 140, KCl 5.4, CaCl2 1.3, HEPES 25, glucose 33. Pharmacological 
agents were applied either by pressure ejection through a micropipette or by bath. The P2Y 
agonist, 2-methylthio-ATP (2meSATP, 5-10µM) was used to evoke Ca2+ responses. These 
responses were abolished by the P2Yi-selective antagonist, adenosine-3'-phosphate-5'- 
phosphosulfate (100µM), in each of the cells tested (n=4) indicating that the responses were 
mediated via P2Y1 receptors. Applying 2meSATP for periods of 3-7 min induced Ca2+ 
responses which peaked within 10 s and progressively declined to basal levels during the 
application: the mean time for [Ca2+]i to return fully to baseline was 195+19 s (mean±SEM, 
n=32 cells). In contrast to untreated cells, in astrocytes pre-treated with the broad spectrum 
protein kinase inhibitor, staurosporine (500nM), prolonged application of 2meSATP induced 
a secondary sustained plateau phase during which [Ca2+]i was stable at a level 31±7% of the 
peak amplitude (n= 14 cells). The peak of the Ca2+ response was unaffected by staurosporine. 
Removal of extracellular Ca2+, by means of bath solution with no added Ca2+and 100µM 
EGTA, abolished the plateau phase (n=5 cells). Moreover, applying Mn2+(lmM) during the 
plateau phase resulted in quenching of the fura-2 signal (n=3 cells). Taken together these 
results indicate that inhibition of protein kinases allows activated P2Y1 receptors to couple 
to a Ca2+ and Mn2+ permeable influx pathway in dorsal spinal cord astrocytes. (Supported by 
the Medical Research Council of Canada and the Nicole Fealdman Memorial Fund)

630.2
ADENOSINE 5’-TRIPHOSPHATE INDUCES P2X PURINOCEPTOR- 
AND NON-NMDA RECEPTOR-MEDIATED INWARD CURRENTS OF 
THE SOLITARY COMPLEX NEURONS IN RAT BRAINSTEM SLICE. 
KATO, Fusao*. Dept. Pharmacol. II, JikeiUniv., Tokyo 105-8461, Japan.

Lines of evidence indicate an abundant expression of functional 
P2X receptors (ionotropic purinoceptors) in the solitary complex (SC). 
To elucidate their involvement in the central cardiorespiratory 
regulation, whole-cell currents of the neurons in the nucleus of solitary 
tract (NTS) and dorsal motor nucleus of vagus (DMX) were recorded 
from transverse brainstem slices (300-400 µm thick within* 500 µm 
rostral to 1000 µm caudal to obex) prepared from young Wistar rats 
under visual identification with infra-red differential interference 
contrast videomicroscopy. In 45% of DMX neurons tested, adenosine 
5’-triphosphate (ATP; 0.03-3 mM) induced a rapidly rising slowly 
desensitizing inward current resistant to TTX (2 µM)1 CNQX (10), APV 
(50), bicuculline (10), strychnine (5), suramin (50), and α,ß-methylene 
ADP (100), a blocker of 5’-nucleotidase. Small neurons (diameter <~15 
µm) in NTS did not respond to ATP. This inward current was 
consistently accompanied with burst-like postsynaptic inward currents 
which were insensitive to α,ß-methylene ADP, but abolished by CNQX 
and TTX. A stimulation of solitary tract evoked various postsynaptic 
currents in SC neurons, however, no direct evidence was obtained 
showing an involvement of purinergic transmission in the solitary tract 
to SC neuron pathways. The neurons expressing P2X receptors in SC 
may form a glutamate-mediated local excitatory network whose 
excitability is globally and synergistically regulated by extracellular 
ATP. Supported by Grant-in-Aide from MESC Japan 09680773.

630.4
P2X-RECEPTORS IN THE RAT RETINA: AN RT-PCR 
STUDY COMBINED WITH PATCH-CLAMP ANALYSIS.
R. Jabs1*,T. H. W heeler-Schilling1, E. Guenther1, C. lrrle2, and U. 
Brändle2. 1Experimental Ophthalmology, University Eye Hospital 
Tuebingen, Germany; 2Department o f  Otolaryngology, Universiy o f  
Tuebingen, Germany.
P2X receptors are ionotropic ATP gated cation ion channels. They are 
expressed in a broad variety of tissues. Beside of several regulatory 
functions they are also known to mediate fast synaptic transmission in 
the CNS. By now eight P2X receptor subunits (P2X1-P2X7, P2XM) 
have been cloned. Despite the considerable evidence for signaling by 
extracellular nucleotides in other sensory systems, only few studies 
have been undertaken in the retina. Here we demonstrate the 
expression of purinergic P2 receptors on retinal ganglion cells under 
physiological conditions. Therefore a combination of
molecularbiological and electrophysiological methods was used. RT- 
PCR for the detection of P2X subunit mRNA in the pigmented rat 
retina (Brown Norway) of different developmental stages (P1-P210) 
revealed the presence of P2X2, P2X3, and P2X4-mRNA. In contrast, 
there was no evidence for P2X1, P2X5, P2X6-mRNA in the retina of all 
developmental stages under investigation. Employing the whole cell 
patch clamp technique in retinal slice preparations the expression of 
functional P2 receptors was shown for ganglion cells of different aged 
rats. Consequently, our data strongly suggest that extracellular ATP 
acts directly on retinal ganglion cells and may provide both 
neuromodulatory and trophic influences on visual processing.

630.6
AN EXAMINATION OF THE EFFICACIES OF HPLC-PURIFIED 
ADENINE NUCLEOSIDE DI- AND TRIPHOSPHATES AT THE HUMAN 
P2Y1 RECEPTOR (hP2Yl). R.K. Palmer. J. Boyer, J.B. Schacter*, and 
T.K. Harden. Dept. o f Pharmacology, Univ. o f North Carolina at Chapel 
Hill, Chapel Hill, NC 27599

The relative efficacies of nucleoside di- and triphosphates were evaluated 
by measuring rapid intracellular Ca2+ responses of fura-2 loaded hP2Yl- 
expressing 1321Nlhuman astrocytoma (hP2Yl-1321Nl) cells grown at low 
density on glass coverslips, encased in a flow-through chamber, and 
continuously superfused with buffer ± agonist. Recent evidence has indicated 
that ATP and 2MeSATP purified of contaminating nucleoside diphosphates 
do not exhibit agonist activity and are weak antagonists at hP2Yl expressed 
in Jurkat T cells (FEBS Lett. 403:26, 1997.) Therefore all nucleotides were 
purified by strong anion exchange HPLC before testing on hP2Yl-1321Nl 
cells. A 30 sec superfusion of hP2Yl-1321Nl cells with HPLC-purified 
ATP, ADP, 2MeSATP, or 2MeSADP resulted in rapid Ca2+ responses, with 
EC50 values of 304+51, 10+5, 116+50, and 2+1 nM, respectively. Similar 
peak responses were observed to maximal concentrations of all the 
nucleotides. However, in cells pretreated by 24 hr incubation with 100 µM 
ADPßS, the capacity of ATP to elicit a response was markedly reduced 
relative to ADP. ATP (30 µM) partly blocked the Ca2+ response to ADP 
(300 nM) in ADPßS-pretreated cells. HPLC-purified ATP and 2MeSATP 
also were full or near full agonists at the natively expressed hP2Yl of 
HEK293 cells. We conclude that the observed pharmacological activity of 
adenine nucleoside triphosphates at hP2Yl is apparently dependent on the 
extent of receptor reserve. This work supported by USPHS grants 
GM18464-02, GM 38213-1 1 and by a grant from INSPIRE Pharmaceuticals.
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630.7

P2Y receptor subtypes couple to 
brain inward K+ and HVA Ca2+ channels

Johannes Mosbacher, Tage Honore* and Graeme Bilbe,
Novartis Pharma AG., S-360.401; CH-4002 Basel

The function of metabotropic receptors activated by extracellular uridine 
nucleotides in the central nervous system is still unclear. We investigated the 
response of cultured cortical neurons to UTP and found that HVA Ca2+ channels 
were inhibited in a voltage-dependent manner by 10 µM extracellular UTP. 
Furthermore. UTP applied to NG108 neuroblastoma cells transfected with 
inward rectifying Kir3 1/2 (GIRK1/2) channels upmodulated the inward 
potassium current (lK15). Since the P2Y2 receptor was originally cloned from 
NG 108 cells, it is expected that this subtype is responsible for the coupling to 
Kir3 channels. While we could not find evidence for the activation of PKC by 
UTP-sensitive P2Y receptors in cultured neurons. we detected a slowly 
developing decrease of basal lKir in NG 108 cells. The latter finding can be 
explained by a downmodulation of lKir by PKC activated by P2Y2 receptors 
coupling to PLC. Recordings in Xenopus oocytes coexpressing P2Y2 receptors 
with Kir3.1/2/3/4 channels show that the upmodulation of IKir- is pertussis toxin 
sensitive while the downmodulation is not. In contrast, another P2Y subtype, 
P2Y6. did only couple to PLC and therefore only downmodulated IKir.

 studies indicate that UTP sensitive P2Y receptors subtype-specifically couple 
to two different G protein families (GαP/Q and Gαq/11) and may be involved in the 
regulation of transmitter release as they inhibit Ca2+ channels and hyperpolarize 
cells by activating IKir.

630.9
KINETIC PROPERTIES OF AGONIST ACTIVATION AT THE 

RECOMBINANT HUMAN GLYCINE RECEPTOR.
A.M.L. McClellan*1, P.R. Schofield2 & R.E. Twyman1, 1Program s in 

Neuroscience, H um an M o lecu la r B io logy a nd  Genetics, D epartm ents o f  
N euro logy and  Pharm acology, U n ivers ity  o f  Utah, S a lt Lake City, Utah, USA  

2G arvan Institu te  o f  M edica l Research, Sydney, Aus tra lia
Activation of the glycine receptor by different agonists (glycine, ß- 

alanine and taurine) is thought to involve different binding and transduction 
mechanisms (Lynch et al., 1997), however, kinetic properties underlying 
these processes have not previously been determined. Ultrafast ligand 
exchange techniques (100 µs exchange time) were used to resolve binding 
and gating transitions of glycine, ß-alanine and taurine agonists at 
recombinant homomeric human glycine α1 receptors (GlyR α1). Excised 
outside-out patches from transiently transfected HEK 293 cells were voltage 
clamped at -75 mV at room temperature and rapidly exposed to agonists 
(<1ms or >50 ms duration; 0.01-10 mM). Chloride currents were measured at 
high resolution (100 kHz sampling, 10 kHz filtering).

Maximal activation rates of GlyR α1 receptors were similar for all 
agonists (10-90% rise time ~ 300 µs), although times to peak current during 
equilibrium were agonist- and concentration-dependent (i.e. ~ 10, 15 & 16 ms 
for 100 µM glycine, ß-alanine and taurine). The deactivation phase of glycine- 
evoked responses were fit best by two exponential time constants (5-11 ms & 
20-83 ms each), while ß-alanine- and taurine-evoked responses were fit best 
by a single decay time constant (3-6 ms & 1.5-3 ms respectively). 
Experimental data were modeled to predict binding and gating transitions 
under non-stationary and equilibrium conditions. Results suggest agonist- 
dependent differences in human GlyR α1 binding and transduction are 
determined at least in part by different unbinding kinetic rates for glycine ß- 
alanine and taurine. [S uppo rted  b y  N IH  g ra n t N S 31519]

630.11
DISTRIBUTION OF GLYCINE RECEPTORS ON THE MEMBRANE OF RAT 
ABDUCENS MOTONEURONS :A STUDY IN CONFOCAL AND ELECTRON 
MICROSCOPY
H. Bras*, M. Russier and A. Barbe
CNRS UPR 9041, 280 Bd Ste Marguerite, 13009 Marseille, France 
Contrarily to spinal system where glycine plays the leading role to the 
inhibitory transmission to motoneurons, we showed that both GABA and 
glycine are involved in neurotransmission to rat abducens motoneurons, with 
a major quantitative contribution of GABA. In addition, we showed that 
both neurotransmitters are colocalized in 9% of the terminals impinging on 
the membrane o f these motoneurons. The present work focused on the 
detection of the glycine receptors on the membrane of these neurons. We 
used double staining procedure to achieve this study: motoneurons were 
labeled either retrogradelly or intracellularly. The receptors were detected 
immunocytochemically, using IgG directed against Gephyrin, a sub-
membrane anchoring peptide of the glycine receptor. The two markers were 
detected with different fluorescent dyes (Rhodamine for the motoneurons, 
and FITC for the receptors). The first part of the analysis was carried out in 
confocal laser microscopy (LSCM), which revealed a low number of 
gephyrin immunoreactive patches on the motoneuronal cell bodies. Same 
conclusions were done whatever the size o f the motoneurons or their 
location in the different regions of the abducens nucleus. Control 
experiments revealed that Gephyrin immunoreactivity strongly labelled the 
membrane of spinal motoneurones. To verify that the patches of gephyrin 
corresponded to synapses contacting the neurons, the fluorescent dyes were 
"soldified" into electron dense reaction products, and the cell body of one 
motoneuron was serially cut in ultrathin sections, for an EM analysis. At 
membrane sites corresponding to gephyrin patches previously detected in 
LSCM, we found post synaptic electron dense IR differentiation with 
characteristic curved shapes of glycine receptors

630.8
RESPONSES TO DIRECT ATP APPLICATION ON INTERNEURONS IN 
HIPPOCAMPAL BRAIN SLICES SHOW PROLONGED DESENSI- 
TIZATION. W. R. Proctor* and T . V. Dunwiddie. Dept. of Pharmacology, 
Univ. of Colo. Hlth. Sci. Ctr., and Veterans Admin. Med. Ctr, Denver, CO

When ATP is briefly applied to hippocampal pyramidal neurons, it is 
quickly converted to adenosine by ecto-nucleotidases in the  e x tra c e llu la r  
matrix. However, ATP can also bind to P2-receptors to elicit fast inward 
currents. In the present investigation, we characterized the responses to 
direct pressure application of adenosine and ATP on interneurons in rat 
hippocampal brain slices, which were continuously superfused with 
normal aCSF. Interneurons in the stratum radiatum of the CA1 region 
were visualized with DIC optics and voltage-clamped using whole-cell 
electrophysiological recording techniques. Direct application of adenosine 
(200 µM) to the soma or proximal dendrites of interneurons gave no 
significant response, unlike the outward currents elicited by identical 
adenosine application to pyramidal neurons. Bath application of 
adenosine (100 µM) also did not produce an outward current in the 
interneurons. In contrast, baclofen (50 µM), which also activates a G- 
protein coupled K+ channel, did elicit outward currents when delivered 
either by bath perfusion or by local application onto hippocampal 
interneurons. Brief application of ATP (200 µM; 10 ms at 15 psi) onto 
interneurons elicited fast inward currents that were blocked by suramin 
(100 µM), a P2-receptor antagonist. Consistent responses could only be 
obtained by waiting approximately 10 min between applications. These 
results suggest that ATP elicits a fast, inward current mediated by P2 
receptors on interneurons in intact brain slices, and that this response 
shows long-lasting desensitization.

Supported by NS29173 and the Veterans Admin. Med. Res. Service.

630.10
MOLECULAR DETERM INANTS OF GLYCINE RECEPTOR  
SUBUNIT ASSEMBLY.
N. Griffon. J. Kuhse . J. Kirsch* and H. Betz
Dept. of Neurochemistry, Max-Planck-Institut for Brain Research,
Deutschordenstr. 46, 60528 Frankfort, Germany

The inhibitory glycine receptor is a pentameric transmembrane 
protein composed o f two types (α and ß) o f subunits. Heterologous 
expression o f the α subunits leads to functional hom o-oligom eric 
receptors, whereas α/ß subunits form hetero-oligom ers with an 
invariant (3:2) stoichiometry. Previous analysis o f  different α/ß 
chimeric constructs indicates that this d ifference in assem bly  
behavior is mediated by the N-terminal extracellular regions o f the 
receptor subunits.

Using site-directed mutagenesis and heterologous expression in 
Xenopus oocytes, we identified amino-acid residues within the N- 
terminal region o f the α1 subunit which are required for the 
formation of functional receptor channels. In order to determine 
whether these mutations affect the correct targeting of the α1 subunit 
to the plasma membrane, we also analysed the subcellular 
localization of the mutant proteins after transient expression in a 
mammalian cell line by immunostaining and confocal microscopy. 
Mutant subunits which failed to generate detectable glycine 
responses in oocytes were not expressed at the plasma membrane 
but retained in intracellular compartments. Thus, the identified 
amino-acid residues are crucial for the assembly and/or targeting of  
the α1 subunit to the plasma membrane.

630.12
STRYCHNINE-SENSITIVE GLYCINE CURRENTS IN THE RAT 
BASOLATERAL AMYGDALA. Shaleen K. Botting* and Brian A. 
McCool. Dept. o f Medical Pharmacology and Toxicology, Texas A&M 
Health Science Center, College Station, TX 77843.

Glycine is a major inhibitory neurotransmitter in the central nervous 
system. In neonatal rats, strychnine insensitive glycine receptors are widely 
expressed in the spinal cord, brainstem, and some higher brain regions. With 
postnatal development, these receptors are generally replaced by a stychnine 
sensitive form similar to those found in adults and their expression becomes 
more restricted. Previous mRNA expression and immunocytochemistry 
studies have shown the predominate location o f the α l  subunit to be the 
brainstem and spinal cord in adult rats. Also binding studies o f the glycine 
antagonist, [3H]Strychnine, have indicated a high density o f receptors in the 
brainstem and spinal cord, and very low levels in other brain regions, 
suggesting the restriction o f strychnine-sensitive glycine receptors to areas 
involved in external sensory information processing and motor coordination. 
It is therefore possible that strychnine-sensitive glycine receptors may 
participate in the integrative processes in higher brain regions as well. Since 
the basolateral amygdala (BLA) is well known for its information integratory 
function, we have utilized whole-cell patch-clamp electrophysiology to 
examine glycine-gated currents in acutely isolated BLA neurons from 
juvenile/adult rats (85-150g). Surprisingly, substantial strychnine-sensitive 
currents were present in all BLA neurons examined. We are currently 
addressing such issues as synaptic activation o f glycine receptors, age 
dependence o f the glycine current expressed, and the possibility of 
stychnine-sensitive glycine currents in other brain regions. Supported by 
State o f Texas and the Dept. of Med. Pharm. & Tox., TAMU H.S.C.
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631.1
PHARMACOLOGICAL CHARACTERIZATION OF [3H]-(+)-4- 
FLUOROBENZYLTROZAMICOL (FBT) BINDING IN RAT BRAIN. J.R. Tobin1*. 
L.C. Moore1, S.M.N. Efange 2, M.L.Vovtko 3, 1Dept. of Anesthesiology, 3Dept. of 
Pathology, Wake Forest Univ. Sch. of Med.; Winston-Salem, NC 27157; 2Depts. of 
Radiology and Medicinal Chemistry, Univ. Of Minnesota, Minneapolis, MN 55455.

Fluorobenzyltrozamicol (FBT) has recently been reported as a potent compound 
which binds to the vesicular acetylcholine transporter (vesamicol receptor). Due to its 
potency and ability to cross the blood brain barrier, it has become useful in positron 
emission tomography study of the cholinergic system. We proposed to define basic 
pharmacologic binding properties of this novel agent. Preliminary studies were 
performed to optimize specific binding to semipurified rat brain. Whole rat brain was 
homogenized and semipurified by centrifugation @ 4 C (1000 g x 15 min, 15000 g 
x 30 min) and P2 used. Initial binding assays with [3H]-(+)-FBT varied pH (7.2-8.0) 
of 50mM Tris buffer at 22 C; 15-60 min incubations, and with protein concentrations 
ranging from 50 to 500 ug/ml. The displacer used was 10 uM cold FBT. Saturation, 
kinetic and competition experiments were performed and curves constructed. Specific 
binding at 30 min was 77-83% at pH 7.2 -8.0, and from 80-91% at 15 - 60 min (pH 
7.8). Binding was linearly related to protein concentration from 50 - 420 ug/ml . 
[3H]FBT binding demonstrated a  KD = 4.71 nM and Bmax =212 pmol/mg protein 
with a best fit to one binding site. Competition studies demonstrated specificity of 
high affinity binding. IC50 values were > 10-5 M for atropine, serotonin, pentazocine, 
norepinephrine, SCH 23390, and > 10-7 M for eticlopride and DTG. The 1C50 of 
haloperidol was 3 x 10-8 M. [3H]-(+)-FBT is a specific, potent radioligand for study 
of the vesicular cholinergic transporter. Supported by NIH grants NS33742 and 
AG 13922.

631.3
REVELATION OF SILENT CHOLINE COTRANSPORTERS.
M.P .__Kemp*3, R.F.__Newkirk1, M.T. Ivy1, M.R. Karim2, and ,I.G.
Townsel3, Depts. of 1Biological Sciences and 2Chemίstry, Tennessee 
State University; 3Dept. of Anatomy and Physiology, Meharry 
Medical College, Nashville, TN 37208.

Choline cotransporters (ChCoT) provide choline for acetylcholine 
(ACh) synthesis in cholinergic neurons. Numerous studies 
implicate upregulation of transport in response to high frequency 
stimulation. Hemicholinium-3 (HC-3) binding studies have shown 
that this upregulation results from an increase in the number o f  
active ChCoTs. In these experiments, hemi-slices of Lim ulus  brain 
were treated with hemicholinium mustard (HCM), washed with  
Chao’s and then [3H]choline transport or [3H]HC-3 binding
determined. Results showed 80% inhibition of transport and 75% 
inhibition of binding. Treatment with HCM, exposure to I20mM  
potassium chloride (KC1) for 15 mins resulted in greater than 50% 
recovery of uptake and binding. Hemi-slices treated with 10mM 
chelerythrine(Che), resulted in doubling of [3H]choIine transport but 
binding was unchanged from controls. When antecedal exposure to 
120mM KCl was followed by treatment with Che, their effects were 
additive for transport but were not for binding. Che unmasked a 
population of silent ChCoTs, possibly resident in the plasma 
membrane. These ChCoTs are subject to HC-3 binding and become 
activated by Che, perhaps via dephosphorylation. These results 
suggest that a population of silent ChCoTs are present in the 
plasma membrane of cholinergic neurons. {Supported by NIH Grants 
GM08037, RR030321, MH19843, and 1P20RRI1808.}

631.5
RECRUITMENT OF THE CHOLINE COTRANSPORTER REQUIRES 
FUSOGENIC ACTIVITY. M.T. Ivy,3* B.D. Ford.1 R.F. Newkirk,3 C.P. Mtshali.2 
and J.G. Townsel2. 1Dept. of Neurobiology, Harvard Medical School, Boston, MA 
02115; 2Dept. of Anatomy and Physiology, Meharry Medical Col., Nashville, TN 
37208; 3Dept. of Biological Sciences, Tennessee State Univ., Nashville, TN 37209.

Antecedant treatment of Limulus brain hemi-slices with 120mM potassium 
chloride (KCl) Chao’s caused a doubling in both [3H]choline uptake and 
[3H]hemicholinium-3 (HC-3) specific binding (Reid et al., Soc. Neurosci. Abs. 
23(2); 1239, 1997). The increase in uptake is accounted for by the enhanced HC-3 
binding, a marker for an increase in the numbers of choline cotransporters 
(ChCoTs) in the terminal membrane. Previous studies reported by our laboratory 
suggest that the augmentation in terminal membrane ChCoTs results from the 
recruitment of these transporters from a cytoplasmic source. In the current studies 
we found that the exclusion of calcium (Ca++) from the incubation medium 
prevented this antecedent elevated KCl triggered ChCoT recruitment to the plasma 
membrane. The phospholipase A2 (PLA2) inhibitor, quinacrine (100 µM) reduced 
the antecedent elevated KCl-induced upregulation of choline transport by greater 
than 88%, with a similar attenuation of HC-3 binding, and the inactive arachidonic 
acid analog, AACOCF3 (100 µM) resulted in a 40% decrease of these two effects. 
Contrastingly, neither a calmodulin inhibitor, W-7 (5 µM), nor a Ca++/calmodulin 
protein kinase (CamK) inhibitor, KN-62 (5 µM), altered choline uptake. The Ca++ 
ionophore, Bay K8644 (100 nM) stimulated [3H]acetylcholine (ACh) release from 
brain hemi-slices preloaded by incubation with [3H]choline, but did not affect basal 
choline uptake. The inhibition of the recruitment of ChCoTs by quinacrine and 
AACOCF3 as well as the Ca++ requirement suggest that this recruitment to the cell 
surface requires the induction of a fusogenic membrane (Nishio et al., Biochem. J. 
318:981-987, 1996) [Supported by NIH grants GM08037, MH19843, MH57067 
and P20-RR11808],

631.2
EQUILIBRIUM ORGANOMERCURIATION OF THE TORPEDO 
VESICULAR ACETYLCHOLINE TRANSPORTER. L. Quintanar 
and S.M. Parsons*. Neuroscience Research Inst. and Dept. o f  
Chemistry, University o f  California, Santa Barbara, CA 93106.

[3H]Vesamicol binding to the vesicular acetylcholine transporter 
(VAChT) in synaptic vesicles from Torpedo is inactivated when two 
cysteines termed one and two (C 1 and C2) react with p- 
iodomercuriphenylsulfonate (IMPS). C 1 is at the ACh/vesamicol 
binding site and C2 is near a critical histidine. In high iodide 
concentrations only partial inactivation occurs, reaching an equilibrium. 
This curious phenomenon was characterized. An increase in iodide 
concentration partially restores [3H]vesamicol binding, but this ability 
decays at 0.26 min-1 at pH 7.0. Lower pH protects from inactivation. 
Modification o f  C2 with methylmethanethiosulfonate eliminates the 
iodide and pH effects, suggesting that they are localized to C2. Proton 
nmr spectroscopy demonstrated higher coordination o f  IMPS by iodide 
(Kd = 11 ± 2 mM). [3H]Vesamicol competition studies demonstrated 
positively cooperative binding o f  iodide to VAChT with a Kd o f  70 mM 
that is dependent on a protonation event o f  pKa 7.05 ± 0.03. A model 
based on these observations involving irreversible modification o f  C 1 is 
proposed. It was successfully fit to experimental data by regression 
analysis. (Supported by NIH grant NS 15047.)

631.4
HEMICHOLINIUM MUSTARD REVEALS A CONSTITUTIVE 
CYCLING CHOLINE COTRANSPORTER.
R.F, NewJurk1,* M .T. Ivy1, M,R. Karim2, and J.G. Townsel3, D epts. 
of 1Biological Sciences and 2Chemistry, Tennessee State U niversity; 
3Dept. of Anatomy and Physiology, Meharry Medical C ollege, 
Nashville, TN 37208.

Cholinergic neurons require a continuous supply of choline for 
the synthesis of acetylcholine(ACh). Numerous studies have shown  
that a highly specific choline cotransporter (ChCoT) serves this 
need and it is subject to upregulation that is activity driven. The 
objective of this study was to demonstrate molecular mechanisms 
involved in regulating the ChCoT. We have used hemicholinium  
mustard (HCM), an irreversible, specific ligand for the ChCoT to  
study this in hemi-slice preparations from Lim ulus  brain. Our 
studies revealed that the number of ChCoTs in the plasma membrane 
doubles after exposure to 120 mM potassium chloride KCI. 
Additionally, after inhibition by 100µM HCM, a 2 hr. wash with  
Chao’s solution resulted in 80% recovery of uptake and 
hemicholinium-3 (HC-3) specific binding. However, recovery is  
attenuated in a paradigm of antecedal exposure to 120mM KCl in 
Chao’s followed by treatment of hemi-slices with lOOµM HCM and 
a subsequent 2 hr. wash. These results can be explained by ChCoTs 
being cycled to the plasma membrane from an occluded pool. 
Diminution of the occluded pool of ChCoT by antecedent KCl  
recruitment results in the attenuation of this cycling. These results 
demonstrate that ChCoTs are supplied to the plasma membrane of 
cholinergic neurons by constitutive cycling process. {Supported by 
NIH Grants GM08037, RR030321, MH19843, and 1P20RR11808.}

631.6
QUANTITATION OF UPTAKE AND RELEASE OF ACETYLCHOLINE IN 
PC-12 CELLS OVEREXPRESSING THE RAT VESICULAR 
ACETYLCHOLINE TRANSPORTER. A. Roehani and P.T. Carroll . Dept. of 
Pharmacology, Texas Tech Univ. Hlth Sci. Ctr., Lubbock, Tx. 79430 

Vesicular acetylcholine (ACh) transporter (VAChT) cDNAs have been cloned 
from several species. VAChT is thought to be responsible for the transport of 
ACh into synaptic vesicles for evoked release. In a recent study, membrane 
fractions prepared from the pheochromocytoma (PC-12) cells overexpressing the 
human VAChT accumulated ~ 6 times as much [3H]ACh during incubation as did 
membrane fractions from control cells. Also, vesamicol, a potent inhibitor of 
VAChT, blocked this accumulation (Varoqui and Erickson, 1996). In the present 
study, we investigated whether transfection of PC-12 cells with rat VAChT cDNA 
would augment the accumulation of newly synthesized [14C]ACh by a particulate 
fraction; also, whether high K+ depolarization would release more [14C]ACh from 
transfected than from untransfected cells. Western blot analysis o f a membrane 
fraction of transfected PC-12 cells revealed a 100-fold overexpression of VAChT. 
However, the particulate fraction of transfected cells did not accumulate any more 
newly synthesized [14C]ACh than did the particulate fraction of untransfected 
cells. In addition, vesamicol blocked the filling o f the particulate fraction of 
untransfected cells with newly synthesized [14C]ACh by ~75%, but was 
significantly less effective when tested on transfected cells. High K+ 
depolarization did not release any more newly synthesized [14C]ACh from the 
transfected cells than it did from the untransfected cells. These results show that 
a substantial increase in the number of VAChTs in PC-12 cells does not lead to 
an increase in the amount of newly synthesized ACh accumulated by a particulate 
fraction. Supported by NIH NS35656 (A.R) and NIMH R03MH057989 (P.T.C.).
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631.7
THE EFFECT OF TEMPERATURE ON ADENOSINE RECEPTOR AND 
ADENOSINE TRANSPORTER FUNCTION IN RAT HIPPOCAMPAL SLICES. 
L.H.Diao* and T.V. Dunwiddie. Department of Pharmacology and Program in 
Neuroscience, University of Colorado Health Science Center, and Veterans 
Administration Medical Center, Denver, Colorado.

The effects of temperature on the function of adenosine receptors and transporters are 
poorly understood, but may play a significant role in determining the tonic level of 
adenosine receptor activation in brain. In the present studies, the function of adenosine 
receptors and adenosine transporters was compared at two different temperatures (25° 
or 32°C) in rat hippocampal slices. The adenosine-mediated inhibition of field 
excitatory postsynaptic potentials (fEPSPs) was used to characterize changes in 
adenosine responses. The inhibitory effect of adenosine (5µM) on fEPSPs was 
significantly greater at 25°C than at 32°C. 5’-N-ethylcarboxamidoadenosine (NECA, 
50 nM), an adenosine agonist that is a poor substrate for uptake, was also more 
effective at 25°C. We also examined the ability of two inhibitors of adenosine transport 
to potentiate responses to low concentrations of adenosine at the two temperatures. 
Dipyridamole (DIPY, 5µM) potentiated the inhibitory effect of adenosine at 32° C, and 
its effect at 25°C was slightly reduced. S-(4-nitrobenzyl)-6-thioinosine (NBTI, 100nM) 
had no effect on adenosine responses at 32° C, but did potentiate adenosine actions at 
25°C. Furthermore, the inhibition produced by superfusion with NBTI alone at 25°C 
was significantly bigger than that at 32° C. These results suggest that at 25°C, coupling 
of adenosine A1 receptors to the inhibition of transmission is enhanced. The effects of 
the NBTI sensitive transporter are also enhanced at the lower temperature, while the 
effects of DIPY on transport are if anything inhibited. The net effect of these actions on 
endogenous adenosine, and the tonic inhibition of synaptic responses by such 
adenosine is difficult to predict.

This research was supported by R01 NS 29173, AA 03527, and the Veterans 
Administration Medical Research Service.

631.9
NUCLEOSIDE TRANSPORTER SUBTYPES IN RAT 
HIPPOCAMPUS. C. Anderson,3 F. La Bella.3* J. Young.1 C. Cass,1 S. 
Baldwin1 and F.Parkinson3. 1Membrane Transport Group, Univ. of  
Alberta; 2Dept. o f Biochemistry and Molecular Biology, Univ. o f Leeds; 
3Dept. o f Pharmacology, Univ. o f Manitoba; Winnipeg, MB R3E 0W3.

Three rat nucleoside transport processes that enable adenosine to 
cross cell membranes have been cloned and are termed ENT1, ENT2 and 
CNT2. Endogenous adenosine levels increase up to 100-fold during 
cerebral ischemia and activation o f  adenosine A 1 receptors limits the 
extent o f ischemic neuronal damage in many regions o f  brain including 
hippocampus. The role o f specific nucleoside transporter subtypes in the 
cellular release and re-uptake o f adenosine during and following ischemia 
in hippocampus is not known. Previously, we and others have shown that 
hippocampus has a very low abundance o f  [3H]nitrobenzylthioinosine 
binding sites, indicating low expression o f ENT1 transporters. In the 
present study we used in situ hybridization (ISH) to investigate the 
distribution o f  mRNA for rat nucleoside transporters in hippocampus. 
ISH, using antisense 35S-labeled riboprobes, indicated that pyramidal and 
granule neurons in hippocampus express mRNA for each subtype o f  
nucleoside transporter. These data indicate a wide overlap in distribution 
o f transcripts for different nucleoside transporter subtypes. Ascertaining 
the relative importance o f  specific subtypes for regulating adenosine 
concentrations in the vicinity o f  hippocampal adenosine receptors remains 
to be determined. Support provided by The Medical Research Council o f 
Canada and The Heart and Stroke Foundation o f Canada.

631.11
EFFECT OF Mn2+ ON Na +-DEPENDENT myo-INOSITOL CO-
TRANSPORT IN PRIMARY RAT ASTROCYTE CULTURES. R.E. 
Isaacks*, A.S. Bender, and M.D. Norenbera . VA MED. Ctr. & Univ. 
Miami Sch. Med., Miami, FL, 33125.

Cells require m yo-inositol for the synthesis o f membrane 
phosphatidylinositol by M n2+-dependent CDP-diacylgiycerol:phosha- 
tidylinosito l transferase (EC 2.7.8.11) and for the maintenance of 
intracellular free myo inositol levels as it functions as an osmolyte. 
myo  inositol transport is Na +-dependent and presumably driven by a 
Na+ gradient. The possibility tha t Na+ acts as an allosteric effector 
of the inositol transporter or tha t the transporter has additional ionic 
requirements has received little  attention. Previous data showed that 
m yo -inositol transport in astrocytes is M g2+-dependent (Soc of 
Neurosc 2 3 :1 3 7 ,1 9 9 7 ) and recent studies w ith  cardiac sarcolemmal 
vesicles (J Mol Cell Cardiol 2 5 :721 , 1993) suggest tha t myo-inositol 
transport may be dependent upon M n2+ as well as Mg2+, by affecting  
the rate of transport and the a ffin ity  of the transporter. We evaluated 
the ability of Mn2+ to alter m yo -inositol transport in rat astrocyte 
cultures. Initial rates were determined at 0 .05  and 5.0 mM of MnCI2. 
Vmaxs for myo-inositol at 0 .05  and 5.0 mM Mn2+ were 15.7 ± 1 . 8  
and 6.2  ± 0 .4  nmoles/mg protein/hour w ith  Kms of 29.8  ± 7.1 and
10.2 ± 1 .9 µ M, respectively. In summary, M n2+ affects  the kinetics 
of m yo -inositol transport. Also, since brain levels of Mn2+ are 
elevated in patients w ith  hepatic encephalopathy (HE), a Mn2+ 
induced disturbance in m yo -inositol transport may contribute to the 
pathogenesis of HE.

631.8
DUAL-PHOTON IMAGING OF ADENOSINE UPTAKE SITES IN 
MOUSE HIPPOCAMPAL SLICES K. Kasischke*. M. Büchner. M.
Timmler, A. C. Ludolph, M. W. Riepe. Department of Neurology, University of 
Ulm, 89075 Ulm, Germany.

Repeatedly, it was shown that induction of chemical preconditioning in 
hippocampal slices is associated with activation of KATP-channels. At least in 
part this can be simulated with adenosine. Populations spike amplitudes are 
suitable for functional investigations. The goal of the present study was to 
investigate whether functional investigations can be supplemented with imaging 
of agonists/antagonists at neurotransmitter receptors or uptake sites.

Mouse hippocampal slices were prepared from male animals (25 -  30 g). 
Population spike amplitudes (PSAP) were recorded in hippocampal region CA1 
while simultaneously measuring fluorescence in a chamber mounted on a Zeiss 
inverted microscope with objective Zeiss C-Apo (63x, N. A. 1,2 water 
immersion). A TiSa Laser was pumped with a 5 Watt solid state laser. In 
standard configuration the TiSa Laser was pumped at 4.5 Watts. Dependent on 
the wavelength the excitation power for 60 fs pulse duration is 350 - 800 mW.

Upon superfusion of hippocampal slices with 10 µM dipyridamole PSAP 
decreased to less than 20 % of onset in 10 to 15 min. Image analysis showed that 
decrease of PSAP in hippocampal region CA1 was associated with a coincident 
increase of dipyridamole fluorescence.

We conclude that dual-photon microscopy allows imaging of agonists/ 
antagonists at neurotransmitter receptors and uptake sites with simultaneous 
investigations of neuronal function with electrophysiological recordings.

Supported by a grant from the Deutsche Forschungsgemeinschaft and a grant 
from the University of Ulm to MWR.

631.10
NUCLEOSIDE TRANSPORTER SUBTYPES IN RAT BRAIN ENDOTHELIAL 
CELLS AND ASTROCYTES. F.E. Parkinson1*, C.M. Anderson1, C.E. Cass2, J.D. 
Young2, S. Baldwin3, K. Stanness4and D. Janigro4. 1Department of Pharmacology 
and Therapeutics, University of Manitoba, Winnipeg, Canada R3E 0T6; 2University 
of Alberta, Edmonton, Canada; 3University of Leeds, Leeds, UK; 4Department of 
Neurological Surgery, University of Washington School of Medicine, Seattle, 
Washington, 98104-2499.

Four nucleoside transporter subtypes have been cloned from rat. These 
transporters belong to two gene families: ENT1 and ENT2 are equilibrative, 
bidirectional transporters while CNT1 and CNT2 are sodium-dependent symporters. 
These transporters mediate the cellular uptake of physiological and synthetic 
nucleosides, including chemotherapeutic and antiviral agents and the endogenous 
neuromodulator adenosine. Molecular and functional evidence for the presence of 
each of these transporters in brain has been described (Anderson et. al. Mol. Brain 
Res. 1996, 42 :358-361). To investigate which nucleoside transporter subtypes are 
present in the cell types that comprise the blood brain barrier, we examined for the 
presence of mRNA for each subtype in total RNA isolated from cultured rat blood 
brain barrier endothelial cells or cortical astrocytes. We performed reverse 
transcriptase polymerase chain reaction (RT-PCR) with oligodeoxynucleotide primers 
specific for each of the four transporter subtypes. The primers were designed to 
amplify 153, 211,480 and 234 bp fragments of ENT1, ENT2, CNT1 and CNT2, 
respectively. Using either endothelial cell or astrocyte total RNA, RT-PCR products 
of the predicted sizes were obtained for each of the four transporters. These data 
indicate that the genes for multiple nucleoside transporter subtypes are transcribed in 
brain endothelial cells and astrocytes. The abundance and maximum activity of 
functional transporter proteins in these cell types remains to be determined.

Supported by: the Medical Research Council of Canada and NIH-NS 51614

631.12
Na7Ca2+ EXCHANGE ACTIVITY IS INCREASED IN H20 2 TREATED 
PRIMARY RAT CORTICAL CULTURE. C. Wang*, A. Lewark, Y. Wang, N. 
Davis, and R. A. Colvin Program in Neurobiology, Dept. of Biological Sci., Ohio 
Univ., Athens, OH 45701

The Na7Ca2+ exchanger is an important plasma protein which maintains the 
calcium homeostasis of neurons. Our recent work showed that hydrogen peroxide 
(H20 2) can enhance Na7Ca2+ exchanger activity in primary rat cortical culture. 
Dissociated rat neurons were derived from E-18 rat brains and cultured in 
Neurobasal medium supplemented with B-27. The neurons were incubated with 
different concentrations of H2Oz for 1 hour in Lock’s solution. The neurons then 
were Na+-loaded in buffer containing 137mM NaCl, 1mM ouabain, 25µM nystatin, 
2mM MgCl2, and 10mM HEPES on ice for 10 minutes. Ca2+ uptake was initiated by 
incubating Na+ loaded neurons at 37°C for 15 minutes with either buffer A 
containing 137mM NaCl, 0.lmM EGTA, 0.55mM CaC03, ImM ouabain, 10mM 
HEPES and 0.83µCi/ml 45Ca2+ or buffer B which was the same as buffer A but 
contained 137mM choline chloride instead of NaCl. The free calcium concentration 
in the above solutions was 257µM. The calcium uptake was terminated by addition 
of 500µM LaCl3 in HEPES buffer. The neurons were washed with La3+ three times, 
then lysed with NaOH and lysate radioactivity was determined by liquid scintillation 
counting. There was a significant increase in Na7Ca2+ exchange activity while the 
concentration of H2O2 increased (EC50=1.04mM). Comparing 4 day and 9 day 
cultures, it was found that exposure to H2O2 resulted in a greater increase in Na7Ca2+ 
exchange in 9 day cultures. Immediate LDH analysis showed that there was no 
membrane leakage during the H2O2 treatment. It was shown that 5mM nickel could 
block the increase in calcium uptake seen with H2O2. PBN (10mM) could inhibit the 
effect of 30µM H2O2 but not with higher concentrations of H2O2. One hour incubation 
of neurons with 100µM 4-hydroxynonenal, a product of lipid peroxidation, resulted 
in increased Na7Ca2+ exchange activity. The increased exchange activity also could 
be blocked by 5mM nickel. This work was supported by a grant from the AHA Mid- 
America Research Consortium.

Society for Neuroscience, Volume 24 ,19 9 8



WEDNESDAY AM TRANSPORTERS: ACh—OTHER 1605

631.13
cDNA CLONING AND CHARACTERIZATION OF SYSTEM L 
NEUTRAL AMINO ACID TRANSPORTERS IN BRAIN Y. Kanai1 *,
H. Segawa1,2 , K. Miyamoto2 , E. Takeda2 and H. Endou1. 1Dept. of 
Pharmacology and Toxicology, Kyorin Univ. Sch. of Med., Tokyo 181, 
Japan and 2Dept. of Clinical Nutrition, Tokushima Univ. Sch. of Med., 
Tokushima 770, Japan.

Neutral amino acid transport system L plays a fundamental role in 
cellular nutrition to provide cells with several essential amino acids. In the 
central nervous system, it is also important to supply Phe, Tyr and Trp, 
precursors for monoamine biosynthesis, to monoaminergic neurons. 
System L transporters situated in blood-brain-barrier, astrocytes and 
neurons in concert accomplish this task. Because of lack of information 
on the molecular nature of system L, its actual significance in brain 
function has never been clarified. In order to isolate cDNA cording for a 
system L transporter, we have performed expression cloning using 
Xenopus oocyte expression system. A 3.5 kb cDNA was isolated from rat 
C6 glioma cells by screening the cDNA library based on 14C-Leu uptake. 
The cDNA contained a single open reading frame encoding a protein 
designated as LAT1 with putative twelve membrane spanning domains. 
LAT1 exhibited classical system L transport activity when expressed in 
Xenopus oocytes. LAT1 transported Leu, Ile, Val, Phe, Tyr, Trp, Met and 
His as high-affinity substrates. LAT1, in addition, transported L-DOPA and 
thyroid hormones T3 and T4. Northern blot analysis revealed that LAT1 
mRNA was expressed in brain, spleen, placenta, colon and testis. We 
isolated LAT1 cDNAs from mouse brain cDNA library to confirm the 
LAT1 expression in normal brain tissue. A LAT1 homologous sequence 
was also isolated which seemed to encode a functionally related 
transporter. The in situ hybridization analysis is in process to determine 
the cellular localization of LAT1 and the related transporter in brain.

This research was supported in part by Grant-in-aid for Scientific 
research from Ministry of Education, Science,Sports and Culture of Japan.

631.15
CARRIER-MEDIATED UPTAKE OF THE ENDOGENOUS CANNABINOID 
ANANDAMIDE BY RBL-2H3 CELLS. E.L. Barker1*, F. Rakhshan1, and R.D. 
Blakely2 1 Dept. of Med. Chem. and Mol. Pharmacol., Purdue University School of 
Pharmacy, W. Lafayette, IN 47907;2 Dept. of Pharmacology and Ctr for Mol. 
Neuroscience, Vanderbilt University, Nashville, TN 37232-6600.

Anandamide (N-arachidonylethanolamide) and related fatty acid amides have 
been isolated from both brain and peripheral tissues and shown to possess in vivo and 
in vitro cannabimimetic activity through activation of the cloned cannabinoid 
receptors. Evidence suggests that anandamide is synthesized, released, and inactivated 
by mechanisms similar to many other neurotransmitters and neuromodulatory 
substances. Recently, a facilitative transport process responsible for anandamide 
uptake following release has been described. We have found that the cognate mast cell 
line, RBL-2H3, exhibits robust anandamide uptake activity that is saturable, 
temperature-sensitive, and inhibited in a concentration-dependent manner by structural 
congeners of anandamide. Additional characterization revealed anandamide transport 
sensitive to long chain fatty acids, phloretin, and other cannabinoid ligand. Isotonic 
replacement of extracellular sodium and chloride failed to alter anandamide uptake 
suggesting that these ions do not provide the driving force for anandamide transport. 
Whereas endogenous serotonin transport activity in the RBL-2H3 cells was sensitive to 
proteolytic digestion and inactivating reagents such as phenoxybenzamine and N- 
ethylmaleimide, anandamide uptake was not altered by these treatments suggesting 
that the anandamide transporter lacks extracellular or hydrophilic domains accessible 
to these reagents. Our data confirm reports of a transport process for anandamide and 
extend those findings to a peripheral cell type. We believe that the anandamide 
transporter plays a major role in the inactivation of anandamide both in the brain and 
periphery and may serve as a yet unrecognized target for synthetic and marijuana- 
derived cannabinoid drugs.
(This work funded by Bristol-Myers Squibb)

631.17
pH REGULATION OF CA1 NEURONS ISOLATED FROM NHE-1 NULL MICE. 
H. Yao1, E. Ma1, C.J. Barnstable3* and G.G. Haddad1,2. Depts. of Peds-Respίr. 
Med1., Cell & Molecular Physiol2., & Ophthalmology3, Yale Univ. Sch. Med., New 
Haven, CT 06520

Several cell types regulate their intracellular pH (pHi) by activation of Na+/H+ 
(NHE) and Cl- /HCO3 exchange systems. It is not known, however, how cells and in 
particular nerve cells, regulate pHi when NHE1, a major acid extruder, is not 
operative. We took advantage therefore of NHE 1 null mice (null, confirmed by PCR- 
based techniques), and compared them to wild type mice (wt) at 21-30d of age. 
Neurons isolated from the CA1 region were loaded with pH-sensitive fluorescent dye 
carboxy-seminaphthorhodafluor-1 (SNARF-1) to study pHi regulation. In Hepes 
solutions, steady-state pHi for null neurons was lower (7.17±0.20, N=l 12) than that 
for wt neurons (7.24±0.16, N=108, P<0.05) (mean±SD). When neurons isolated from 
wt mice were acid loaded with the NH4+-prepulse technique, the pHi recovery rate 
was higher (0.62±0.28 pH unit/min, pHi=6.8, N=8) in the presence of C02/HC03- 
than in the absence of CO2/HCO3 (0.27±0.13, pHi=6.8, N=6, P<0.05). Null neurons 
displayed different recovery rates when challenged with the same technique. The null 
recovery rates fell into 2 categories. In null-Gl (43/55), neurons recovered from an 
acid-load, whether they were in Hepes or HC03- solutions. However, in both Hepes 
and HC03- solutions, the recovery rates were similar to those of wt in Hepes solution. 
In null-G2 (12/55), neurons did not recover from acid load. Their recovery rate was 
-0.04+0.02 (pHi=6.8) (N=4). In addition, the steady-state pHi values was 
significantly lower (7.03+0.23, N=l2) in null-G2 than that in null-Gl (7.2210.18, 
N=43, P<0.05).We conclude from these preliminary results that: 1) there are 2 groups 
of neurons in the null CA1 region in terms of a recovery strategy when acid-loaded 
and 2) contrary to expected, null-Gl down-regulated HCO3--dependent mechanisms. 
(Supported by HD32573 and NS35918)

631.14
ALTERNATIVE ENERGY SUBSTRATES FOR MORPHOLOGICAL 

AND FUNCTIONAL INTEGRITY DURING GLUCOSE DEPRIVATION 
A.M. Benz. Y. Izumi* and C.F. Zorumski Dept. of Psychiatry, 
Washington Univ., School of Med., St.Louis, MO 63110.

Several lines of evidence suggest that glucose is not the only single 
energy substrate utilized by the central nervous system. , Using rat 
hippocampal slices, we have examined effects of alternative energy 
substrates other than glucose on morphological integrity, ATP levels and 
synaptic transmission during glucose deprivation. Reduction of ATP 
levels (33 ± 6 % compared to 10 mM glucose) and dark cell appearance 
induced by 3 hour glucose deprivation were not blocked by 
administration of 10 mM sorbitol or xylitol (N=3, respectively). Both 
agents also failed to restore EPSPs in the CA1 region suppressed by 1 
hour glucose deprivation. In contrast, 10 mM mannose administered 
during 3 hour glucose deprivation maintained ATP levels (88 ± 10 %, 
N=3) and blocked the production of dark cell appearance (N=4). 
Furthermore, EPSPs depressed by 1 hour glucose deprivation were 
restored following administration of 10 mM mannose (EPSP slope 
compared to initial values prior to glucose deprivation; 107 ± 9%, N=9). 
The restored EPSPs were not affected by 200 µM α-cyano-4- 
hydroxycinnamate, a monocarboxylate transport inhibitor (EPSP slope; 
103 ± 6%, N=5), but were suppressed by 50 µM cytochalasin B, an 
inhibitor of hexose transporters (EPSP slope; 6 ± 4%, N=4). These 
results are consistent with recent findings by Maher et al. that suggest 
that sugars other than glucose can be transported by GLUT3, a neuron- 
specific hexose transporter. Supported by ADRC (YI) and NIMH (CFZ).

631.16
EXPRESSION OF THE PEPTIDE TRANSPORTER PEPT2 BY ASTROCYTES 
AND EPENDYMAL CELLS IN THE RAT NERVOUS SYSTEM. U.V. Berger* 
and M. A. Hediger, Brigham and Women's Hospital, Harvard Medical School, 
Boston, MA 02115.

The transport of di- and tri-peptides across biological membranes occurs via specific 
H+-coupled transporter proteins. So far, three different mammalian peptide 
transporters have been isolated: PEPT1 and PEPT2, which are 50% identical, and a 
third, weakly related transporter PHT1 (12-17% identical to PEPT1 and PEPT2). 
While PEPT1 is exclusively expressed in peripheral tissues, PEPT2 is expressed both 
in. the periphery and in the central nervous system. PHT1, in contrast, is primarily 
expressed in the CNS by neurons and glia. The present study determined the 
distribution of PEPT2 mRNA in the rat nervous system using non-radioactive in situ 
hybridization. PEPT2 mRNA was found to be expressed by astrocytes throughout the 
brain, as evidenced by co-localization of the PEPT2 signal with antibody staining for 
the astrocytic marker GFAP. The labeling intensity for PEPT2 in astrocytes is 
relatively moderate and homogeneous throughout the brain, except for an area with 
lower expression levels in ventral forebrain which includes the diagonal band of 
Broca, ventral septum, the preoptic area, ventral pallidum, globus pallidus and the 
substantia innominata. PEPT2 mRNA is also expressed by the following glial-type 
cells: subependymal cells, ependymal cells, Müller cells in retina and satellite cells in 
peripheral dorsal root ganglia. The Bergmann glia in the cerebellum express relatively 
low levels of PEPT2 mRNA. The expression of PEPT2 in astrocytes is moderately 
increased during reactive gliosis, induced by an intrastriatal injection of the 
glutamatergic neurotoxin quinolinic acid. Our results show that PEPT2 is a glial-cell 
specific transporter in the nervous system. The area of reduced PEPT2 expression 
levels in ventral forebrain coincides with the presence of a large number of 
neuropeptide-containing neurons, which may provide clues about the regulation of 
PEPT2 expression in brain. Supported by NIH grant 32001.

631.18
DEVELOPMENTAL AND STRESS-INDUCED PROFILE OF TWO CNS pH 
REGULATORY PROTEINS: THE Na/H EXCHANGER AND THE Na /HCO3 
COTRANSPORTER. R.M. Douglas1*, Y. Xia1, B.M. Schmitt2, M.O. Bevensee2.
D. Biemesderfer3, W.F. Boron2, and G.G. Haddad1,2. Departments of 'Pediatrics, 
2Cellular and Molecular Physiology and 3Internal Medicine, Yale University School 
of Medicine; New Haven, CT 06520.

Two major transport proteins that function as acid extruders in a variety of cells 
are the isoelectric sodium-hydrogen exchanger (NHE) and the electrogenic sodium- 
bicarbonate cotransporter (NBC). Though physiological evidence has demonstrated 
that these transporters play a critical role in pH homeostasis in the CNS, information 
is scarce as to their expression during development. Since it is very likely that pH 
changes occur during prolonged hypoxic stress, we also studied the expression of 
these transmembrane proteins during chronic hypoxia. Rats were maintained in an 
atmosphere of 9.5% O2 for varying periods beginning at P3, and removed and 
processed for membrane protein content, in comparison to age-matched controls, at 
specified times. The developmental- (E l6, PI, PI3, P23, P33 and P105) and 
chronic hypoxia- (10, 20, and 30 d) induced protein expression of NHE-1 and NBC 
were examined in cortex, cerebellum and subcortical structures in the rat CNS 
utilizing western blotting. NHE-1 and NBC levels increased 3 to 5x from E16/P1 to 
adult levels (P105) in the cortex and subcortical structures. In the cerebellum, 
however, NHE-1 and NBC achieved 50% of adult levels by P1 and P13, 
respectively. There was an abundance of NHE-1 in the cortex and subcortical 
structures whereas NBC predominated in the cerebellum and subcortical regions. 
During chronic hypoxia, NHE-1 and NBC did not demonstrate any significant 
changes in protein expression, though NBC expression appeared to be up-regulated 
in the cerebellum. In conclusion: 1. There is an age-dependent increase in the 
expression of NHE-1 and NBC, 2. There is regional and temporal heterogeneity in 
the expression of NHE-1 and NBC in the CNS and 3. NHE-1 and NBC membrane 
protein expression is maintained or enhanced during chronic hypoxia.
Supported by NIH Grants: TG HL07778, P01 HD32573.
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631.19

MITOCHONDRIAL GLUTATHIONE-TRANSPORT 
IN PC 12 CELLS J.Sey fried, T .K lockgether, U .W ü llner* 
D ep t. o f N eurology, Eberhard-Karls-University, H oppe-Seyler-Str.3, 
72076T übingen, Germany.
Reduced glutathione (GSH) is one o f the most abundant intracellular thiols 
in the central nervous system  and acts as a major cellular antioxidant. A  
loss o f GSH presumably contributes to the pathogenesis o f Parkinson's 
disease (PD) as GSH - levels are specifically reduced in PD substantia 
nigra and m oreover in incidental L ew y body disease. W e have shown  
previously, that depletion o f GSH in animal m odels o f PD indeed renders 
cells of the substantia nigra more vulnerable for the metabolic compromise 
by the com plex I inhibitor l-methyl-4-phenylpyridinium (MPP+). GSH is 
synthesized solely in the cytosol and transported into the mitochondria 
which are the major intracellular source o f reactive oxygen intermediates. 
A decrease o f GSH dim inishes the capacity o f ce lls to com pensate 
oxidative stress. D epletion o f mitochondrial GSH leads to the generation 
o f free radicals and subsequent cell death in PC 12 cells.
W e have therefore characterized the transport o f  GSH in isolated  
mitochondria o f PC 12 cells. At external GSH - levels from 0.05 -1 0  mM  
we observed a transport into the mitochondrial matrix that fits a single step 
kinetic (V max: 6.51 nmol /  mg / 15sec; IQ: 1.8 mM ). These transport 
characteristics correspond to the "low affinity" component described by 
M eister and colleagues in hepatozytes (PN A S, (1990) 87:7185) and 
suggest the existence o f a similar mitochondrial GSH transport system in 
neuronal cells.

Supported by the fortune program of the University of Tübingen (UW).

631.21
CLONING OF A NEW  M EM BER OF THE 
NEUROTRANSM ITTER TRANSPORTER FAMILY  
J. L. Sloan*and S. Mager. D ept. o f  Physiology and Curriculum in 
Neurobiology, University o f  North Carolina, Chapel Hill, NC 27599.

Here w e report the molecular cloning o f  NTT5, a new member o f  
the N a+ and Cl- dependent neurotransmitter transporter family. Two 
EST clones (A A 403002, A A 551407) with considerable hom ology to 
the neurotransmitter transporter family were identified. A  human 
Marathon Ready testis cD N A  was amplified by PCR with primers 
designed based on EST sequence. A  cD N A  with an open reading 
frame that predicts a protein o f  735 amino acids was cloned. 
Sequence analysis suggests tw elve transmembrane domains and two 
large extracellular glycosylated loops. An additional isoform  
containing a 200 base pair insert was found. This insert contains a 
stop codon, and predicts truncation o f  the protein after the seventh 
putative transmembrane domain. PCR analysis o f  cD N As from 
various tissues suggest that the 200 base pair insert is present in about 
30% o f  the mammary gland cD N A  and 15% o f  the adult brain cD N A, 
and was not found in cD N A  from other tissues (fetal brain, trachea, 
lung and colon). NTT5 exhibits approximately 18% hom ology to 
hDAT and hSERT and 30% hom ology to the “orphan” transporters, 
rV73 and rNTT4. W e hope to identify the substrate, or other function 
o f  this novel gene. (supported in part by NAR SAD  Young 
Investigator Award grant to SM)

631.20
IDENTIFICATION OF MONOCARBOXYLATE 
TRANSPORTERS MCT1 AND MCT2 IN RAT ASTROCYTES 
IN VITRO AND IN VIVO. R. Hanu, M. McKenna. A. O’Neill. L Hopkins. 
W. Resneck. X. Huang and R.J. Bloch *. Dept. of Physiology and Dept. of
Pediatrics, University of Maryland School of Medicine, Baltimore, MD 21201.

We are characterizing the carrier-mediated uptake and release of lactate by 
astrocytes and its subsequent trafficking to neurons. Here we use 
immunoblotting and immunofluorescence procedures to study the 
monocarboxylate transporters, MCT 1 and MCT2 in rat astrocytes. In all our 
experiments, labeling by both antibodies was specific, as it was blocked by the 
appropriate but not by the inappropriate peptide. In western blots of cortical 
astrocytes in culture, affinity-purified chicken antibodies to the C-terminus of 
MCT1 and MCT2 recognize appropriately sized bands at 45kDa and ~60kDa, 
respectively. In immunofluorescent labeling and confocal microscopy, both 
antibodies exhibit a punctate label of the plasma membrane of the cell body and 
processes. Some cells are more brightly labeled than others. Double labeling 
with antibodies to GFAP reveals the cells that are more intensely labeled for 
MCT2, but not for MCT1, have a higher content of GFAP. In frozen sections 
from adult rat brains, anti-MCTl labels GFAP positive structures in the cortex 
and sub-cortical areas. In neonatal (P1) brains, anti-MCTl primarily labels blood 
vessels. In preliminary experiments, anti- MCT2 distinctly labels a small 
population of astrocytes in adult brain and shows no specific labeling at P1. Our 
results suggest that the expression of both MCT1 and MCT2 is developmentally 
regulated in vivo and in vitro. Supported by POl HD 16596.

HPG REGULATION V 

632.2632.1

NEGATIVE CORRELATION BETWEEN HYPOTHALAMIC 
CYTOKINES AND LHRH GENE EXPRESSION IN
OVARIECTOMIZED RATS DURING STRESS. H. N ishijo 1*, K. 
Tanebe1, 2, A. Muraguchi3, and T, Ono1 Depts. o f 1Physiol.,
2Obstetrics and G ynecol., and 3Immunol., Fac. o f Med., Toyama Med. 
& Pharmaceu. Univ., Toyama 930-0194, Japan.

Influence o f chronic stress on gene expression o f IL -lβ and IL-2 in 
ovariectomized rat brains, and physiological roles o f these cytokine 
expression in the central nervous system in the hypothalamic-pituitary- 
gonadal (HPG) activity were investigated. Using PCR-assisted semi- 
quantitative analysis, w e demonstrated alteration o f the mRNA 
expression levels o f the IL -lβ and IL-2 during repeated cold stress in 
specific areas o f  the hypothalamus, namely the medial preoptic area 
(MPOA), arcuate nucleus and median eminence (ARC-ME), 
ventromedial hypothalamus (VM H), and lateral hypothalamic area 
(LHA). When the rats were chronically stressed, both IL -1β and IL-2 
mRNAs increased in the MPOA and VMH, while decreased in the 
LHA. In the ARC-ME, the IL-2 mRNA levels dramatically decreased 
in contrast to the increase in IL -1β. Concomitant analysis o f LHRH 
mRNA transcription indicated significant suppression o f its synthesis in 
the chronic phase and a negative correlation with cytokine levels in the 
MPOA. The same stress significantly prolonged or stopped the estrous 
cycle o f intact non-ovariectomized rats. These results, along with 
previous pharmacological studies, suggest that chronic stress induces 
reproductive dysfunction through effects o f stress-induced endogenous 
cytokines in the central nervous system on LHRH neurons. The results 
strongly suggest a physiological role o f the brain-borne cytokines as 
neuromodulators in the neuroendocrine axis at the hypothalamic level.

SYNAPTOPHYSIN IM MUNOREACTIVE CONTACTS ONTO 
GONADOTROPIN-RELEASING HORMONE NEURONS IN 
MICE: A CONFOCAL MICROSCOPIC STUD Y  G. Raiendren* and 
M.J. Gibson. Div. o f  Endocrinology, Department o f  Medicine, The 
Mount Sinai Medical Center, N ew  York, N Y  10029.

Synaptophysin is a specific marker for presynaptic neuronal termi- 
nals. Studies were undertaken to investigate synaptophysin immunore- 
active (IR) contacts onto gonadotropin-releasing hormone (GnRH) 
cell bodies in female mouse brain. Brain sections were immunofluores- 
cently labeled for synaptophysin and GnRH. From each brain two co
ronal sections, one passing through anterior septum (anterior section) 
and the other passing through organum vasculosum o f  lamina termina- 
lis (OVLT) (posterior section), were selected and were analyzed under 
confocal laser scanning microscope. Images were collected at an inter
val o f  1 µm from each GnRH cell, and the stack o f  images obtained 
from each cell was analyzed for synaptophysin IR contacts. GnRH 
cells located at the anterior part o f  the brain received only half as many 
synaptophysin IR contacts as compared with those located at the level 
o f  OVLT. Thus, the results suggest that synaptic density o f  GnRH cell 
may depend on the location o f  the cell in the brain.
Supported by HD19077
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632.3
HETEROLOGOUS REGULATION OF THE OXYTOCIN RECEPTOR IN RAT 
BRAIN M. M. McCarthya, D. M. Dorsa*b, and T. L. Balec Dept. of Physiology, 
University of Maryland, Baltimore, MD 21201a, Dept. of Psychiatry and Behavioral 
Neurosciences, University of Washington, Seattle, WA 98195b, and Clayton 
Foundation Laboratories for Peptide Biology, The Salk Institute, LaJolla, CA 92037c 

Comparison of oxytocin receptor (OTR) binding in the central nucleus of the 
amygdala (cAmyg) and ventromedial hypothalamus (VMH) reveals an intriguing 
contrast in estrogen (E2) sensitivity despite substantial E2 receptor content in both 
brain regions. The VMH exhibits high levels of E2-induced OTR binding which is 
paralleled by changes in OTR mRNA and OTR immunoreactivity. However, the 
cAmyg does not exhibit E2 induced increases in OTR mRNA or protein and retains its 
OTR binding ability after extended periods without E2- These findings suggest that 
OTRs in the cAmyg may be under fundamentally different transcriptional control than 
that seen in the VMH. Sequence analysis of the OTR promoter has revealed putative 
transcriptional response elements which could account for the induction of OTR 
transcription seen in the absence of E2, including several activator protein-1 sites (AP- 
1) and a cAMP response element (CRE). In order to assess the variation in regulation 
of the OTRs expressed in the VMH vs the cAmyg, we have acutely injected these 
nuclei with activators and inhibitors of protein kinase C (PKC) and protein kinase A 
(PKA) followed by quantitative in vitro receptor autoradiography for OTR binding. 
Inhibition of PKA by H89 in the cAmyg lead to decreased OTR binding. However, 
H89 had no effect on E2 induced binding in the VMH. Similarily, inhibition of PKC 
by BIM in the VMH in the presence of E2 resulted in decreased OTR binding, but this 
inhibitor had no effect on OTRs in the cAmyg. Two important findings here are the 
heterologous regulation of OTRs in the brain and the indirect action of E2 acting 
through PKC on transcription in the VMH. In summary, these results demonstrate a 
novel heterologous regulation of the rat OTR in the VMH and cAmyg. Work supported 
by USPHS Grants NS-20311 to DMD,Molecular and Cellular Biology Training Grant 
T32-GM-07270 to TLB,and MH52716 to MMM.

632.5
GnRH (1-5) binds with high affinity to rat brain. Bindiya Moorjani*, Marc 
J. Glucksman, & James L. Roberts. Fishberg Research Center for 
Neurobiology, Mount Sinai School of Medicine, New York, NY 10029.

Gonadotropin-releasing hormone (GnRH) is released from nerve 
terminals in the median eminence to reach the anterior pituitary 
gonadotropes. Alteration in the production and availability of GnRH 
throughout development and during sexual maturation affects 
functioning of the hypothalamo-pituitary-gonadal axis. GnRH undergoes 
cleavage at the Tyr5-Gly6 bond by the metalloendopeptidase EC 
3.4.24.15 (EP24.15) producing a GnRH (1-5) fragment, which does not 
bind the GnRH receptor. Interestingly, it has been shown that GnRH (1 - 
5) functions as an antagonist to the NMDA subtype glutamate receptor 
(Bourguignon et. al., 1994) when analyzing hypothalamic GnRH release.

We have examined binding of radio-iodinated GnRH (1-5) to rat 
cortical membranes. Utilizing a saturation binding assay, high affinity 
specific binding (Kd ~ 60 nM) was observed. Binding assays on medio
basal hypothami of peri-pubertal rats indicated a trend towards a 
decline in affinity at puberty and post-puberty compared to pre-pubertal 
times. The Kd values for pre-puberty, puberty and post-puberty are 40 
nM, 63 nM and 80 nM respectively. There appeared to be a slight 
increase in Bmax at puberty compared to pre-puberty or post-puberty.

Our results demonstrate a high affinity, saturable and 
displaceable binding of [125I]GnRH (1-5) to rat cortical and medio-basal 
hypothalamic membranes. Glutamate (1 mM) was unable to displace this 
GnRH (1-5) binding, whereas previous studies demonstrated GnRH (1-5) 
displacement of [3H]L-glutamate binding in the micromolar range. Thus 
the pentapeptide could function as a non-competitive antagonist binding 
to a site other than glutamate on the NMDA receptor, or binding • to 
another protein associated with the NMDA receptor which could then 
modulate receptor signaling. We acknowledge support from NARSAD (to 
MJG).

632.7
COLOCALIZATION OF IMMUNOREACTIVITY FOR µ- AND δ-OPIOID 
RECEPTORS WITH CHOLECYSTOKININ (CCK), LUTEINIZING 
HORMONE-RELEASING HORMONE (LHRH) AND TYROSINE 
HYDROXYLASE (TH) IN THE HYPOTHALAMUS AND LIMBIC SYSTEM 
OF FEMALE RATS. C. B. Eckersell* and P. E Micevych. Dept. of 
Neurobiology, Laboratory of Neuroendocrinology, UCLA School of Medicine, Los 
Angeles, CA 90095.

Opioid peptides acting through opioid receptor systems within the hypothalamus 
and limbic system regulate reproductive function. Opioid systems produce their 
effects* by modulating the expression and release of neuropeptides and 
neurotransmitters that are important in the control of reproduction. Opioid peptides 
regulate the expression and / or release of CCK, LHRH and dopamine, however 
whether this regulation is direct or indirect is as yet undetermined. In this study, 
confocal laser microscopy of double-label fluorescent immunohistochemistry was 
used to determine whether the µ- and δ-opioid receptors (MOR and DOR 
respectively) are colocalized with CCK, LHRH and TH in the limbic system and 
hypothalamus of ovariectomized estrogen-treated female rats. DOR 
immunoreactivity (DORi) and CCKi were colocalized in very few fibers within the 
MPN suggesting that DOR regulation of CCK neurons is mainly indirect. MORi 
was colocalized in CCKi cells in the posterodorsal medial amygdala suggesting that 
opioidergic neurons directly regulate CCK neurons in this area. Both MORi and 
DORi were colocalized in LHRH fibers throughout the hypothalamus providing 
evidence that opioidergic neurons act directly on LHRH neurons to regulate their 
activity. Fibers containing DORi were observed in close proximity to, but were not 
colocalized in THi neurons within the hypothalamus suggesting that DOR activity 
indirectly regulates dopaminergic neurons. In contrast, MORi and THi were 
colocalized in several areas of the hypothalamus suggesting that MOR activity can 
directly regulate dopaminergic neurons of the hypothalamus. Supported by 
NS21220, HD 07228 and NIDA DA-05010.

632.4
EXPRESSION OF GAD65 AND GAD67 mRNA IN THE FEMALE GUINEA PIG 
DIENCEPHALON M.A. Bosch*, B.R. Naylor and O K. RΦnnekleiv 
Dept. Physiology and Pharmacology, Oregon Health Sciences University, 
Portland, OR 97201 and Division of Neuroscience, Oregon Regional Primate 
Research Center, Beaverton, OR 97006.

PCR DNA fragments corresponding to guinea pig (GP) GAD sequences were 
amplified and cloned in order to study the expression and effects of estrogen on 
GAD65 and GAD67 mRNA in the GP diencephalon. The GP GAD65 PCR fragment 
was 89 and 90 % homologous, respectively to rat and human GAD65, whereas, 
GP GAD67 was 90 and 94 % homologous, respectively. Adult GP were 
ovariectomized (OVX) for one week, then treated with estrogen or oil for 24 or 
36 h at which time they were sacrificed and the brains prepared for in s itu  
hybridization or ribonuclease protection assay analysis. Sections through the 
diencephalon of the OVX GP revealed a strong GAD65 hybridization signal in 
areas such as the OVLT, the medial preoptic, the bed nucleus of the stria 
terminalis, the SCN, the PVH, the arcuate, the ventromedial and ventrolateral 
nuclei of the hypothalamus and the reticular nucleus of the thalamus. An 
estrogen injection (25 µg s.c.)1 caused reduced hybridization signal in the POA 
after 24 h. For more quantitative measurements, the POA, rostral and caudal 
basal hypothalamus (rBH, cBH), and rostral and caudal thalamus (rTh, cTh) 
were dissected and total RNA extracted in oil and estrogen treated GP. The 
contents of GAD65 and GAD67 mRNAs were measured by nuclease protection 
assay. In all regions, GAD67 mRNA was expressed in higher quantities than 
GAD65 (1301 ± 50.5 fg/µg vs. 942.7 ± 21.3 fg/µg in the POA; 1053.2 ± 26.3 fg/µg 
vs. 790.7 ± 2.5 fg/µg in the rBH), but the distribution profile was the same: POA 
>rBH:>rTH>cBH>cTH. Experiments are in progress to investigate the effects of 
estrogen on GAD mRNA expression at the different time points. Supported by 
NIH grant NS35944.

632.6
ESTRADIOL DECREASES proGnRH IMMUNOREACTIVITY IN FEMALE 
WILD TYPE, BUT NOT ESTROGEN RECEPTOR α KNOCK OUT MICE. S.R. 
Wersineer*. K. I. Barron, and E. F. Rissman. University of Virginia, Department 
of Biology, Charlottesville VA, 22903.

Plasma luteinizing hormone (LH) is significantly elevated in female estrogen 
receptor α knock out (ERαKO) mice compared to their wild type (WT) littermates. 
Ovariectomized (OVX) WT mice have a significant rise in LH, which is blocked 
by treatment with estradiol (E2). Plasma LH does not rise further after ovariectomy 
in ERαKOs, most likely because steroid negative feedback on LH secretion is not 
operating in intact ERαKOs. Treatment with E2 does not suppress plasma LH in 
OVX ERαKOs. We asked whether the lack of negative feedback in ERαKO 
females is reflected in the gonadotropin-releasing hormone (GnRH) system. We 
compared the number of GnRH peptide immunoreactive (IR) and proGnRH-IR 
neurons in OVX female WT and ERαKO mice implanted with either a blank (B) 
Silastic capsule or a capsule containg E2 (5mm, i.d.=0.04”, o.d.=0.085”; diluted l :l  
E2:cholesterol). Ten days later the animals were perfused with acrolein. Their 
brains were cryosectioned into 4 individual series of 30 µm sections. One series 
was processed immunocytochemically for GnRH peptide (SMI-41, 1:15,000; 
Stemberger Monoclonals) and another for proGnRH (1:15,000 generously 
provided by Dr. R.P. Millar). A standard ABC protocol was used for both, and 
nickel-DAB was used as the chromagen. There were fewer proGnRH-IR neurons 
in the medial septum (MS), diagonal band of Broca/organum vasculosum of the 
lamina terminalis (DBB/OVLT) and the preoptic area (POA) of WTs given E2 than 
the other groups. There was no significant difference in the number of GnRH 
peptide-IR neurons among the groups. These data suggest that the processing of 
GnRH from its precursor is regulated by E2 via the estrogen receptor α.
This work was supported by NRSA award NS 104444 (SRW) and NIH awards 
R01NS35429 and K02MH01349 (EFR).

632.8
cDNA OF A SECOND FORM OF LUTEINIZING HORMONE-
RELEASING HORMONE, CHICKEN LHRH-II, ISOLATED FROM THE 
NON-HUMAN PRIMATE BRAIN. L. A. Abler1 N. M. Sherwood2 R. L. 
Grendell1, T. G. Golos1, and E. Terasawa*.1 1Wisconsin Regional Primate 
Res. Ctr., Depts. Peds, and Ob/Gyn, Univ. Wisconsin, Madison, WI 53715, 
2Dept. Biology, Univ. Victoria, Victoria, BC, Canada, V8W 2Y2.

Previously, we have shown the presence of a second form of LHRH, 
chicken LHRH-II (cLHRH-II), in the monkey brain (E n d o c r in o lo g y , 138: 
5618, 1997): 1) cLHRH-II immunopositive cells were found in the 
midbrain of adult and fetal rhesus monkeys with specific antisera, and 2) a 
peak corresponding to cLHRH-II, distinct from mammalian LHRH, was 
identified by HPLC from extracts of adult stumptail monkey brains as well 
as adult and fetal rhesus monkey brains. In order to further identify this 
second form of LHRH in the non-human primate brain, we carried out RT- 
PCR on adult rhesus monkey brainstem mRNA with primers based on a 
portion of the upstream signal peptide and the downstream processing 
region of tree shrew cLHRH-II cDNA. The resulting PCR product was 
cloned and sequenced. The cDNA sequence encoding the cLHRH-II 
decapeptide in the monkey midbrain was identical to that reported in 
humans and only differed by one nucleotide substitution from that 
reported in the tree shrew. Further, the cDNA region for the signal peptide 
in the primate midbrain showed 80.5% sequence identity to that in tree 
shrews, and 90.3% sequence identity to that in humans. The corresponding 
amino acids, deduced from signal peptide cDNA of the rhesus monkey, 
showed 75% sequence identity to that in tree shrews, and 87.5% sequence 
identity to that in humans. Therefore, cLHRH-II is present in the midbrain 
in the rhesus monkey, and this form of LHRH is well conserved throughout 
vertebrate evolution. (Supported by NIH grants HD15433, HD 11355, 
RR00167 to ET, and a Canadian MRC grant to NMS).
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632.9
SEQUENCE AND NEUROANATOMICAL DISTRIBUTION OF ESTROGEN 
RECEPTOR BETA IN THE QUAIL BRAIN. A. Foidart*1, B. Lakaye1  ,T. Grisar1, 
G.F. Ball2 and J. Balthazart1 Lab. Biochemistry, University of Liége, B-4020 Liége, 
Belgium (1); Dept. Psychology, Johns Hopkins Univ., Baltimore, MD 21218 (2).

In quail as in other vertebrates, estrogens play a key role in the control of a host of 
behavioral and physiological processes ranging from the sexual differentiation or 
activation of sexual behavior to the modulation of gonadotrophic hormone secretion or 
the maintenance of bone mineral density. In mammals, the recently identified second 
form of nuclear estrogen receptor (named estrogen receptor beta, ER-ß) has suggested 
new ways in which estrogens could act in a variety of tissues because the distribution, 
ligand-binding specificity and transactivation properties of the two forms of receptors 
(ER-ß and ER-α) appear to be different. To our knowledge, ER-ß has not been 
formally identified in other vertebrate classes. A partial ER-ß cDNA was isolated from 
testicular quail RNA by RT-PCR with two sets of degenerate primers specific to the 
rat ER-ß sequence that were presumably conserved (DNA binding domain) or had been 
shown to discriminate between ER-ß and ER-α in rat (ligand binding domain). Using 
nested PCR, we amplified a fragment of the expected size (482 bp). 5’ and 3’ RACE 
were subsequently used to identify the rest of the quail ER-ß sequence. The amino acid 
sequence of the quail ER-ß was found to be closely related to the mammalian ER-ß 
sequences (over 80% homologies with rat, mouse, and human) but overlapped only 
partly (±50% homology) with the known mammalian or avian ER-α sequences. A 
nigh expression of ẾR-β was demonstrated by RT-PCR in the telencephalon 
(excluding nucleus taeniae), diencephalon (including the preoptic area and 
hypothalamus), pituitary, testis, liver and kidneys of male quail but very low or no 
expression was detected in the cerebellum, pectoral muscle and adrenal gland. in situ 
hybridization with three different 33P-labelled 45-50 bases oligoprobes (or with 
cocktails of these probes) that represent parts of the quail ER-ß sequence having little 
or no homology with the ER-α in chicken and zebra finches identified a high 
expression of the ER-ß mRNA in the medial preoptic nucleus, bed nucleus striae 
terminalis, nucleus taeniae, tuberal hypothalamus and intercollicular nucleus. 
However, the presence of a lower expression in other brain areas (e.g. telencephalon) 
cannot be excluded at present. These data demonstrate for the first time the presence of 
an ER-ß in brain areas implicated in the control of reproduction in a non-mammalian 
species.
Supported by NIMH 50388, NINDS 35467, FRFC 9.4565.96F, AC 93/98-171.

632.10
DISTRIBUTION OF AROMATASE MESSENGER RNA IN THE BASAL FOREBRAIN 
AND AMYGDALA OF ADULT MALE CYNOMOLGUS MONKEYS. J. Luthi. S.A. 
Klosterman. J.A. Resko*, and C.E. Roselli. Dept. of Physiology and Pharmacology, 
Oregon Health. Sciences Univ., Portland, OR 97201.

Testosterone is metabolized to estradiol by cytochrome P450 aromatase (Arom). The 
estrogen that is synthesized within the brain of nonhuman primates appears to play an 
important role in feedback regulation of gonadotropins and in hormonal regulation of 
masculine sexual behavior. To further understand the anatomical sites of Arom function 
in the primate brain, we employed reverse transcriptase and polymerase chain reaction 
to synthesize an Arom cDNA using total RNA from primate ovary. The cDNA construct 
produced was a 254-base pair fragment that spans exons 2 and 3. The cDNA product was 
inserted into the pAMPIO plasmid and sequenced revealing 96% homology between 
monkey and human and 80% between monkey and rat. Ribonuclease protection analysis 
identified a single protected band in total RNA from the ovary, testis, and amygdala. 
These are tissues known to contain significant aromatase enzyme activity. In contrast, 
no band was protected in incubations with total RNA from the parietal cortex, a tissue 
that contains little or no enzyme activity. The anatomical distribution of neurons 
expressing aromatase mRNA in the monkey brain was examined by in situ hybridization 
using 33P-labeled cRNA probes. Four adult monkeys weighing 5-10 kg were used in this 
part of the study. We observed strongly-labeled cells in the posterior medial portion of 
the bed nucleus of the stria terminalis, anterior hypothalamic area, cortical and medial 
amygdala. Moderately-labeled cells were seen in the medial preoptic area, and the lateral 
portion of the ventromedial nucleus of the hypothalamus. Lightly-labeled cells were 
found in the lateral septum and lateral preoptic area. These observations provide a good 
foundation for future studies on the regulation of cytochrome P450 aromatase gene 
expression and its function at the cellular level in the primate brain. (Supported by NSF 
IBN9421759).

632.11

CLONING OF THE ESTROGEN RECEPTOR BETA cDNA FROM THE 
PREOPTIC AREA-ANTERIOR HYPOTHALAMUS OF EUROPEAN 
STARLINGS D.J. Bernard1*, G.E. Bentley2, J. Balthazart3, F.W. Turek1, G.F. Ball2; 
1Dept. Neurobiol. Physiol., Northwestern Univ., Evanston, IL 60208; 2Dept. 
Psychol., Johns Hopkins Univ., Baltimore, MD 21218; 3Lab. Biochem., Univ. of 
Liềge, B-4020 Liềge, Belgium

In adult songbirds, sex steroid hormones modulate singing behavior and 
morphology of brain nuclei in the neural circuit controlling song learning and 
production, the song control system. Several song nuclei contain androgen and 
estrogen receptors; therefore, steroids may act directly within the song system. 
Recently, a second estrogen receptor (ER-ß) has been identified in mammals and in 
Japanese quail. It is unknown whether this receptor is expressed in songbirds or is 
involved in mediating estrogen’s effects on the song system. To begin to address 
these issues, we cloned the ER-ß cDNA in European starlings (Sturnus vulgaris). 
First, we used RT-PCR to amplify a small fragment (297-bp) of the ER-ß cDNA 
from starling brain total RNA. Primers were designed from highly conserved regions 
of the DNA and ligand binding domains of ER-ß in mice, rats, and quail. Second, we 
used this PCR product to screen a starling preoptic area-anterior hypothalamus (POA- 
AH) cDNA library. Two positive clones (~2.7 kb) were isolated. One clone (ERβl-1) 
contains a putative open reading frame of 1383 bp, encoding 461 amino acids, and a 
1.3 kb 3’-untranslated region. This sequence is 24 amino acids shorter in the N- 
terminus relative to the sequences described for other species. The first methionine 
residue occurs at amino acid 44, but no in-frame stop codons exist 5’ to this 
position; therefore, it is likely that ERβ l-1 contains most, but not all, of the starling 
ER-ß cDNA. No additional 5’ sequence was derived from the other clone (ERßl-6). 
The 461 amino acids represented share greater than 78% sequence identity with the 
mouse, rat, and quail sequences. The highest degree of cross-species sequence identity 
exists in the DNA (100%) and ligand binding domains (>89%). Finally, we examined 
ER-ß expression in multiple starling tissues using RT-PCR analyses. Detectable 
levels of expression were observed in POA-AH, telencephalon, heart, liver, adrenal, 
kidney, intestine, ovary, and skeletal muscle. We are currently using in situ 
hybridization to map the distribution of ER-ß expression in the song control nuclei 
and other brain regions. Supported by NIH MH11493, HD28048, MH50388, 
DS35467.

632.13

INDUCTION OF FOS IMMUNOREACTIVITY IN THE MEDIOBASAL 
HYPOTHALAMUS AND MEDIAN EMINENCE BUT NOT IN 
GONADOTROPIN RELEASING HORMONE (GnRH) NEURONS BY 
PERIPHERAL KAINIC ACID ADMINISTRATION.
O. Evigor* and L. Jennes. Dept. Anat. & Neurobiol., Univ.
Kentucky, Lexington, KY 40536.

In the female rat about 40-50% of the GnRH neurons express the 
glutamatergic kainate-2 receptor subunit and these neurons are found in a 
distribution pattern similar to the one described for the subpopulation of 
GnRH neurons that expresses the transcription factor fos during the 
preovulatory LH surge. In order to determine if these two populations of 
GnRH neurons are identical, dual immunohistochemistry for fos and GnRH 
was performed after intravenous administration of kainic acid into 
ovariectomized (ovx) and ovx-short term estradiol treated female rats. The 
results show that kainic acid treatment caused an increase in circulating LH 
levels without a parallel induction of fos-like immunoreactivity in GnRH 
neurons. However, the kainic acid treatment caused a dramatic increase in 
the number of fos-positive neurons in the mediobasal hypothalamus and 
glial cells of the median eminence. The results suggest that activation of c- 
fos expression in GnRH neurons is not required for a kainic acid-induced 
GnRH-mediated LH release; the mediobasal hypothalamus appears to be an 
important site at which non-NMDA receptor activating glutamate analogs 
stimulate GnRH release; the glial cells in the median eminence which 
contain kainate receptor subunit mRNA may participate directly in the 
regulation of GnRH release from the axon terminals into the vasculature. 
Supported by NIH AG 13444.

632.12
CHARACTERIZATION OF THE PREPRO-GONADOTROPIN-RELEASING 
HORMONE cDNA IN SIBERIAN HAMSTERS D.E. Kolker1*, D.J. Bernard1, J.A. 
Roby2, F.W. Turek1: 1Dept. Neurobiol. Physiol. and 2Dept. Biochem., Mol. Biol., 
Cell Biol., Northwestern Univ., Evanston, IL 60208 

Gonadotropin-releasing hormone (GnRH) is the primary neuropeptide through which 
the brain regulates pituitary gonadotropin synthesis and secretion. In seasonally 
breeding animals, changes in the GnRH system are thought to mediate changes in 
reproductive physiology. Using heterologous probes for in situ hybridization (ISH) 
analyses, we and others have failed to observe significant differences in prepro-GnRH 
mRNA expression in Siberian and golden hamsters in short-day (non-reproductive) and 
long-day (reproductive) conditions. In addition, in both species, the number of cells 
with detectable prepro-GnRH mRNA is significantly lower than the number of GnRH 
cells detected by immunocytochemistry (ICC). This difference may reflect low mRNA 
levels or a lack of sensitivity of the heterologous probes used. To help discriminate 
between these possibilities, we cloned the prepro-GnRH cDNA in Siberian hamsters. 
We used RT-PCR to amplify a 192-bp fragment of the prepro-GnRH cDNA from 
preoptic area-anterior hypothalamus (POA-AH) total RNA. We then used this PCR 
product to screen a Siberian hamster POA-AH cDNA library. One clone (GnRHl-1) 
contained a 530-bp insert with a predicted open reading frame of 270-bp, encoding 90 
amino acids. Siberian hamster prepro-GnRH shares 83, 80, and 71 amino acid sequence 
identity with mouse, rat, and human. The GnRH decapeptide  is 100% conserved. 
Northern analysis of POA-AH poly(A)+ RNA (4 µg) indicated a single band of 
approximately 0.6 kb. Therefore, it is likely that GnRH 1-1 contains the full-length 
prepro-GnRH cDNA. Next, we performed ISH using full-length 33P-labeled antisense 
riboprobes. Positively labeled cells were localized in the medial septum, diagonal band 
of Broca, medial and lateral POA, and AH. Double-label ISH/ICC experiments showed 
co-localization of the prepro-GnRH mRNA within GnRH-immunoreactive (-ir) 
neurons. Clusters of silver grains were most often detected overlying darkly stained 
GnRH-ir cells; however, most GnRH-ir neurons were not double-labeled. In summary, 
these results indicate that the prepro-GnRH cDNA in Siberian hamsters is similar in 
structure to that described for other mammals. In addition, the limited number of cells 
detected by ISH using the homologous full-length probe suggests that prepro-GnRH 
expression is low in Siberian hamsters, at least under the physiological conditions 
examined. Supported by NIH MH11493, HD28048, HD21921.

632.14
STAGE- AND SEX-DEPENDENT EXPRESSION OF ESTROGEN α RECEPTOR 
SPLICE VARIANTS DURING P ITUITARY ONTOGENY. K.T. Nguyen Ba- 
Charvet*, D. Guivarc’h, Y. von Boxberg, F, Nothias. J-D. Vincent. P. Vernier and 
C- Pasqualini. Inst. A. Fessard, UPR 2212, CNRS, 91198 Gif sur Yvette, FRANCE.

In order to study the expression pattern of the estrogen α receptor (ERα) during 
pituitary development, RNA from foetal, newborn and adult rat pituitaries was 
subjected to RT-PCR, using gene-specific primer for ERα. In addition to full-length 
transcript, three other ER messenger RNAs were detected which were subsequently 
identified by cloning. Sequence analysis showed that these isoforms corresponded 
to ER mRNAs lacking either exon 3 (which encodes a zinc finger in the DNA 
binding domain), exon 4 (which encodes the nuclear localization signal and a part of 
the steroid binding domain) or both exon 3 and 4. The existence of the 4 ER 
transcripts was further confirmed by Ribonuclease Protection assays. During 
pituitary development, presence and respective expression levels of the different 
transcripts varied drastically, short forms appearing 5-6 days before full-length 
mRNA. All 4 ER mRNAs are translated in vivo: on Western blots of rat pituitary 
from different ages, an ER specific antibody stained four protein bands, the 
molecular weights of which correlated well with the size of the observed transcripts. 
Finally, an immunocytochemical study revealed a cytosolic staining in the 
intermediate lobe, corresponding to short forms of the ER, 5 days before a nuclear 
staining of full-length receptor was detectable in the anterior lobe of pituitary. 
Western blot analysis, performed on separated pitutary lobes around birth, showed 
the expression of the different splice variants to be both lobe- and sex-dependent.

These data suggest that, during the perinatal period, the activity of the estrogen 
receptor in both sexes might be specifically regulated by differential splicing of the 
primary transcript of the ERα, resulting in differential cellular localization of the 
ER proteins, (supported by CNRS)
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632.15
DIFFERENTIAL COEXPRESSION OF GALANIN RECEPTOR (GalRl, 
GalR2) AND PROOPIOMELANOCORTIN (POMC) mRNAs IN THE RAT 
ARCUATE NUCLEUS. S. Bouret1. V. Prevot1, A D. Howard2, E. Habert-Ortoli3, 
S. Jegou4, H. Vaudry4. P. Vermersch1*, J.C. Beauvillain1 and V. Mitchell1. 
1INSERM U422, Laboratoire de Neuroendocrinologie et Physiopathologie 
Neuronale, Place de Verdun, 59045 Lille Cedex, France, 2Merck Research 
Laboratories, Rahway, NJ 07065, USA 3Rhone-Poulenc Rorer, Vitry, France, 
4INSERM U413, 76821 Mont-Saint-Aignan Cedex, France 

Cells of the rat arcuate nucleus (AN) 'contain a number of neuropeptides 
including galanin and POMC-derived peptides such as β-endorphin (β-END), 
which are involved in the control of gonadotropin secretion. A previous study have 
shown that galanin fibers synapse on β-ENDergic neurons. Furthermore, both 
galanin receptors (GalRl and GalR2) have been shown to be expressed in the AN. 
The present study tested the hypothesis that POMC neurons expressed GalRl or 
GalR2 mRNAs. A dual-label in situ hybridization histochemistry using 35S-labeled 
(GalRl or GalR2) and digoxigenin-labeled (POMC) riboprobes was performed on 
AN tissues obtained from male rats. We first report that some, but not all, POMC 
neurons expressed GalRl or GalR2 mRNAs. There were more POMC neurons 
expressing GalR2 (~20%) than GalRl (~ 10%). POMC neurons expressing GalRl 
are homogeneously distributed throughout the rostro-caudal level of the AN 
Conversely, most neurons coexpressing GalR2 and POMC are distributed more 
rostrally. Moreover, at a same rostro-caudal level, the majority of POMC neurons 
expressing GalRl are located ventrally whereas those expressing GalR2 are 
located laterally. These results suggest that there are at least two populations of 
POMC neurons. Taking into account that rostral POMC neurons project 
preferentially to the preoptic area where gonadotropin-releasing hormone (GnRH) 
cells are located, GalR2 may be more implicated in the regulation of reproduction 
than GalRl (Supported by LARC network and University of Lille II)

632.17
EXPRESSION OF PORCINE GONADOTROPIN-RELEASING  
HORMONE M RNA IN THE HYPOTHALAM US OF WEANING  
A ND MATURE GILTS. H.-J. W ang1*, C.S.J. Yang2, S.L. Wu3. 
Depts. o f  1Physiology and 3Biochemistry, China Medical College, 
Taichung, Taiwan 404; 2Dept. o f  Nursing, Hungkuang Institute o f  
Technology, Shalu, Taichung, Taiwan 433.

Luteinizing hormone (LH) secretion increases during puberty o f  
the pig. Whether gonadotropin-releasing hormone (GnRH) gene 
expression is increased after sex maturation is unclear. In the present 
study, we compared GnRH mRNA levels in the mediobasal 
hypothalamus o f  5 week-old weaning (n=3) and 11 month-old 
mature (n=3) gilts by in situ hybridization. We first cloned a partial 
porcine GnRH cD N A  from porcine hypothalamic total RNA. 
Nucleotide sequence analysis indicated that the cD N A  shared 89%, 
84%, and 80% identities with human, sheep, and rat GnRH cDNA  
sequence, respectively. GnRH cD N A  was subcloned into the 
phagemid pGEM-1 lZf(+). An 35S-labeled antisense cRNA probe 
was generated and applied to porcine hypothalamic cryosections. 
Our results showed that the number o f  neurons containing GnRH 
mRNA was higher in sexually mature gilts than that in weaning 
animals (p<0.05). However, silver grains/section and grains/neuron 
were not different between these two groups. (Supported by NSC  
86-2314-B -039-013 and NSC 86-2313-B-241-001)

632.16
POST-TRANSCRIPTIONAL REGULATION OF 
GONADOTROPIN-RELEASING HORMONE (GnRH) GENE 
EXPRESSION BY A SPECIFIC PURINE-RICH SEQUENCE IN 
THE mRNA. T.J. Wu* and J.L. Roberts. Fishberg Research Center for 
Neurobiology, Mount Sinai School of Medicine, New York, NY 10029.

The regulation of mRNA stability has emerged as an important control 
mechanism which govern its levels. Our laboratory and others have reported that 
treatment of immortalized hypothalamic GT1-7 cells with the phorbol ester, 
phorbol 12-myristate 13-acetate (PMA), inhibits transcription of the pro-GnRH 
gene and decreases its mRNA level. In order to distinguish between 
transcriptional and mRNA turnover mechanisms in this effect, a transfection 
paradigm was designed to express GnRH mRNA independently of its promoter. 
We constructed a CMV promoter-driven GnRH cDNA expression vector that is 
distinguishable from the endogenous GnRH mRNA by a mutation in the 5’- 
untranslated region and transfected into the GT1-7 cells. Cells were treated with 
or without PMA and total cytoplasmic RNA was analyzed for the endogenous and 
exogenous GnRH mRNA using RT-PCR with unique primers. Treatment with 
PMA resulted in a concommittant decrease in both species of GnRH mRNA, 
even when the GnRH promoter was absent; the half-life of both the endogenous 
and exogenous GnRH mRNA species was decreased from 18 h in the control to 
less than 10 hours with PMA treatment. This PMA effect on the GnRH mRNA 
levels was abolished in the transfected species when the GnRH cDNA contain a 
deletion within a purine-rich sequence (Δ200/240) located in the translated region 
of the GnRH mRNA. RNA gel-shift analyses reveal specific-protein binding to 
this region of the GnRH mRNA; the proteins may possibly mediate RNA 
turnover. The present study supports our hypothesis that GnRH mRNA stability 
has an important role in the regulation of its gene expression. We have further 
identified a cis-element on the mRNA that may involved in the regulation of the 
GnRH mRNA stability. Supported by DK39029 and T32DK07645.

632.18
A SECOND GENE FOR GONADOTROPIN-RELEASING  
HORMONE IS EXPRESSED IN THE RHESUS MACAQUE. 
Richard B . W hite. H. F. Urbanski*, and R. D. Fernald*.
Program in Neuroscience, Stanford University, Stanford, CA 94305  
and #Oregon Regional Primate Research Center, D ivision of 
Neuroscience, Beaverton, OR 97006.

In addition to hypothalamic GnRH, a second GnRH peptide (pGln- 
His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly; GnRH-II) has been found in 
the midbrain o f many vertebrates. Recently, the gene (GNRH2) 
encoding this second form was characterized in humans (White et al., 
1998; PNAS 95(1): 305-309), and is highly expressed in tissues 
outside the brain (including the kidney and prostate) as well as within 
the brain. To extend these findings in another primate, we used the 
reverse transcriptase polymerase chain reaction on rhesus macaque 
RNA. Identical cD N As encoding GnRH-II were isolated from several 
tissues including kidney, prostate, spleen, placenta, and brain. The 
predicted amino acid sequence o f the rhesus GnRH-II prohormone 
(i.e., signal sequence, decapeptide, cleavage site, and GnRH- 
associated peptide) is 88% identical to the human prohormone, while 
the GnRH-II decapeptide itself is 100% identical to that found in all 
species where it has been characterized. We localized GnRH-II 
mRNA to the periaqueductal region o f the midbrain by using in situ 
hybridization with a 35S-labelled rhesus cRNA probe. Supported by 
NIH NS 34950 to RDF and HD 29186 and Medical Research 
Foundation o f Oregon to HFU.

N EU R A L-IM M U N E IN TER A CTIO N S I

633.1

ACUTE RESPONSES TO ENDOTOXIN ARE NOT ALTERED IN ICE 
KNOCKOUT MICE. D.M. Nance*, B.J. MacNeil and A.H. Greenberg. Dept. of 
Pathology and Manitoba Institute of Cell Biology, Univ. of Manitoba, Winnipeg, 
Manitoba, Canada R3E 0W3.

Systemic administration of bacterial endotoxin (lipopolysaccharide, LPS) elicits 
several neuroendocrine responses. The intervening steps which mediate these effects 
are not entirely known; however, IL-1 has been forwarded as a necessary intermediary 
signal. To assess the role of IL-1 β  in mediating central and systemic responses to iv 
LPS, we used a knockout (KO) strain of mice which are deficient in IL-1 ß converting 
enzyme (ICE). These mice are unable to generate the mature IL-1 ß protein from the 
precursor molecule. Control strain (C57BL/6), wild-type (+/-) or ICE KO mice (-/-) 
were injected iv with 0.2 ml saline, 25 µg LPS, or 100 µg Staphylococcal enterotoxin 
B (SEB). Additionally, pentoxyphylline was used to block the expression of TNF-α, 
another potential mediator of LPS effects. Separate groups of mice were pretreated 
with PTX (100mg/kg ip), 60 min prior to iv injections. 60 min after iv injections 
spleens and blood were collected prior to transcardiac perfusion with 4% 
paraformaldehyde. Brains were postfixed for 3 hrs and cryoprotected. Plasma 
corticosterone levels were measured by RIA and splenic cytokine mRNA (IL-lβ and 
TNF-α) was determined by quantitative Northern blot techniques. Expression of c-fos 
in the paraventricular nucleus of the hypothalamus (PVN) was assessed by 
immunocytochemistry. ICE KO mice responded similarly to control mice for all 
outcome measures (corticosterone, PVN c-fos, IL-1 and TNF mRNA). Thus, IL-lβ is 
not a critical mediator of the activational effects of LPS on the CNS and immune 
system. Unexpectedly, PTX enhanced splenic TNF mRNA induction by LPS and 
SEB, regardless of ICE status (F1,19=87.4, p<0 .0 0 1 ) In contrast, PTX reduced PVN 
c-fos expression following LPS (F1,19=13.5, p=0.0016) and a similar effect was 
observed on c-fos expression in the supraoptic nucleus. Thus, ICE mutation did not 
affect LPS responses whereas PTX altered both central and systemic responses to 
endotoxin. Supported by NIMH (#MH43778).

633.2

THE IMMUNOSUPPRESSIVE EFFECTS OF STRESS ON SPLENIC  
CYTOKINE mRNA LEVELS ARE MEDIATED BY  ADRENAL  
DEPENDENT AND INDEPENDENT M ECHANISMS. J.C. Meltzer*. 
B.J. MacNeil. V. Sanders. P.C. Grimm. J. Vriend, A.H. Jansen. A.H. 
Greenberg and D M . Nance. Depts. o f Anatomy, Pathology, and The 
Manitoba Institute o f Cell Biology, Winnipeg, MB, Canada R3E OW3.

Glucocorticoids are potent immunosuppressive hormones that are 
released in response to both inflammatory agents and stress. However, 
there are neural-immune interactions that can not be attributed to the 
action o f glucocorticoids. We have investigated the role o f the 
sympathetic nervous system (SNS) on in vivo levels o f splenic cytokine 
mRNA after iv. lipopolysaccharide (LPS) and following stress. Adult 
rats were given combinations of sham surgeries, splenic nerve cuts, and 
adrenalectomies and allowed to recover for 7-10 days. Surgeries were 
verified by measuring splenic, plasma catecholamines and plasma 
corticosterone levels at the end of the study. Rats were injected iv with 
0.1 µg of LPS and either left in their cages or given 15 min o f  
intermittent footshock. Spleens were harvested 60 min after LPS 
injection and mRNA levels were analyzed by Northern blotting and 
expressed as ratios relative to loading controls. Footshock significantly 
reduced splenic cytokine mRNA levels and the immunosuppressive 
effects o f stress were still present in adrenalectomized animals. Cutting 
the splenic nerve abrogated the immunosuppressive effects o f stress in 
adrenalectomized animals, but not in animals with intact adrenals. Thus 
the SNS can regulate splenic immune function independent o f the adrenal 
gland. Supported by NIH Grant #  M H43778.
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633.3
SENSITIZATION TO LPS AFTER SOCIAL STRESS IN RATS 
S.G.Carobrez1,3,O.C.Gasparotto23,B.Buwalda3 and B.Bohus3 
1Department of Microbiology, Immunology and Parasitology, Federal 
University of Santa Catarina, Brazil; departm ent of Physiological 
Sciences, Federal University of Santa Catarina, Brazil; departm ent of 
Animal Physiology, University of Groningen, The Netherlands.

Long term sensitization to lipopolysaccharide (LPS) were studied in 
Wistar rats exposed to social stress of defeat by measuring plasma 
corticosterone (CORT) levels, food intake, body weight and survival 
percentage. Social defeat was induced by two confrontations with 
trained aggressive dominant male rat in an interval of 7 days. One 
week after the second defeat, the rats were intraperitoneally injected 
with 150 or 375 ig/kg of LPS. As controls, non-defeated rats housed in 
isolation also received LPS. Expose to social defeat and blood 
sampling took place in the light phase. Food intake and body weights 
were decreased after the first and second defeat. CORT levels two 
hours after defeat were markedly elevated (20 and 25 ig/100 ml) in 
contrast to baseline levels (1.4 ig/100 ml). Surprisingly, the non- 
defeated rats had the highest plasma CORT response (65 and 70 
ig/100 ml) to LPS challenge. Non-defeated rats showed a 100 percent 
survival rate following LPS challenge, whereas only 84 and 33 percent 
of the LPS challenged animals in the defeated group survived. The 
findings suggest long term consequences of social stress on the 
animals’ response to single immune challenge.

Supported by 1CAPES/Brazil, 2 CNPq/Brazil, and 3Center for 
Behavioral and Cognitive Neurosciences (BCN)

633.5
NEURO-IMMUNE INTERACTION IN THE CNS INDUCING PERIPHERAL 
INFLAMMATION. L. Jasmin*1,2, G. Janni1, and S.D. Rabkin1 , 3 , Neurosurgery, 
2Cell Biology, 3Microbiology & Immunology, Georgetown University;
Washington, DC 20007.

Neuro-immune interactions occur in peripheral inflammatory responses. 
Removal of peptidergic and/or autonomic fibers prevents or reduces inflammation, 
indicating a role of the nervous system. Although it is well established that the 
CNS can affect inflammation through the HPA axis, it is still largely unknown if 
the CNS can primarily modulate peripheral peptidergic fibers via neural routes 
during inflammation. We describe a rat model of non-infectious neurogenic 
cystitis in which invasion by the neurotropic virus pseudorabies virus (PRV) in 
specific CNS circuits, and the associated immune response, is causal in the 
appearance of this localized peripheral inflammation. A key element in this 
model is that PRV is inoculated in a tail muscle to induce viral invasion of 
specific CNS circuits and the cystitis. In contrast, inoculation of the bladder itself 
does not lead to cystitis despite similar CNS viral spread. Bladder inflammation 
was documented by behavior, histology and Evans blue plasma extravasation. 
Immunocytochemistry using a PRV antiserum delineated the progression of the 
virus in the CNS, while the ensuing immune response was documented with an 
antiserum to inductible nitric oxide (iNOS) as well as with the EDI antiserum. 
Temporal correlation of cystitis with viral spread and immune response in 
autonomic areas indicated a circuit-specific effect, consisting mainly of spinal 
preganglionic neurons and brainstem areas projecting to these pre-ganglionic 
neurons. Discrete lesions localized to the Barrington/locus coeruleus nuclei, but 
not the adjacent reticular formation, or interruption of the bulbo-spinal tract by 
dorso-lateral funiculus (DLF) section at T8, prevented the cystitis, confirming that 
this effect is circuit-specific. While these lesions did not affect overall viral 
spread, they prevented behavioral as well as histological signs of bladder 
inflammation. Since the neural networks involved consist of lower brainstem and 
spinal circuits, our results suggest the existence of a neuro-immune regulatory 
system possibly independent from the HPA axis. MRC (Canada).

633.7
CHEMOKINES INCREASE INTRACELLULAR CALCIUM AND ACTIVATE 
CYCLIC AMP RESPONSE ELEMENT-BINDING PROTEIN IN NEURONS FROM 
THE RAT AREA POSTREMA AND NUCLEUS OF THE SOLITARY TRACT.
S. E. Gillard, C. C. Lee and R. J. Miller*. Dept. of Pharmacol, and Physiol. Sci.. 
Univ. of Chicago, Chicago, IL 60637.

Important interactions are known to occur between the CNS and immune systems 
although the mechanisms by which these occur are unclear. Chemokines are small 
secreted proteins which mediate recruitment of leukocytes to sites of inflammation. 
In addition to their immune mediator function chemokines have also been shown to 
be involved in the pathogenesis of AIDS. HIV-1 utilizes CCR5, CXCR4 and other 
chemokine receptor subtypes as coreceptors to infect cells and C-C chemokines 
were recently found to be potent inhibitors of HIV-1 infection.

We have recently demonstrated that cultured rat hippocampal neurons have 
functional chemokine receptors (Meucci et al , this volume). We have also 
investigated the effect of several chemokines on [Ca2+ ]i in acutely isolated 
neurons from the rat area postrema (AP) and the nucleus of the solitary tract 
(NTS), adjacent areas which are outside and inside of the blood brain barrier, 
respectively. Bath application of RANTES, 1-309, SDF-la and fractalkine produced 
an increase in [Ca2+ ]i in isolated neurons from both the AP and the NTS. 
Administration of MDC, however, produced [Ca2+]i responses only in neurons from 
the AP. In several experiments a second chemokine was tested following washout 
and reversal of the first response. In many of these cells we also observed a 
response to the second chemokine suggesting that these neurons may express 
multiple chemokine receptors.

Chemokines were also found to activate other signalling pathways in hindbrain 
slices. Incubation of slices with MDC, TARC, 1-309 and fractalkine increased the 
phosphorylated form of cyclic AMP-dependent transcription factor (pCREB). These 
results indicate that chemokines may have important regulatory functions in the 
CNS including communication between the brain and immune systems.
Supported by Eli Lilly and co. (SEG) and grants DA02121 and MH40165 (RJM).

633.4
ENVIRONMENTAL STRESS MODULATES THE CYTOKINE GENE 
EXPRESSION IN RATS AND MICE. Take, S.1*, Ho2 A.2. Hori2 T.1 
Dept of Physiology, Kyushu Univ. Fac. of Medicine1, Fukuoka 812-8582, Japan; 
Dept of Cell Biology, Oregon Health Sciences University2, Portland, OR 97201, USA

The brain and the immune system communicate with each other by sharing 
common signal molecules such as cytokines. It is well known that the brain modu
lates the immune system. For example, various types of stressors may alter the 
immune functions. We previously reported that immobilization stress (IMB), an 
inescapable type of stress, suppresses the cytotoxic activity of natural killer (NK) cells 
through activation of the hypothalamo-pituitary-sympathetic pathways and that both 
hypothermia and hyperthermia also reduce NK activity both in vitro and in vivo.

In the present study, we have examined whether or not the environmental stress 
changes cytokine gene expression in male adult Wistar rats, which may affect the 
immune functions, by a multiprobe ribonuclease protection assay. In addition, we 
have compared differences of stress-induced cytokine gene expression between 
C57BL mice, which are Thl dominant, and Balb/c mice, which are Th2 dominant.

Intraperitoneal injection of lipopolysaccharide (LPS, 1000µg/kg), a model of 
infection stress, markedly enhanced the gene expression of interleukin (IL)-lα , IL-lβ, 
IL-6, and tumor necrosis facter (TNF)α in the spleen, and of IL-lα, IL-lβ, IL-3, IL-6 
and TNFα in the hypothalamus and in the hippocampus. IMB, a model of 
noninflamatory stress, slightly reduced the gene expression of IL-lβ in the spleen, 
and enhanced it in the adrenal gland, in the hypothalamus and in the hippocampus. 
Warm environment (33°C for 1hr) enhanced the gene expression of IL-lβ in the 
hypothamus. Cold environment (0°C for 1hr) did not significantly affect the gene 
expression of cytokines. These changes of cytokine gene expression may play a role in 
strees-induced modulation of the immune functions.

633.6
BARRINGTON’S NUCLEUS: EVIDENCE FOR INVOLVEMENT IN THE 
MODULATION OF SYMPATHETIC OUTFLOW G. Cano*, A.F. Sved, L. 
Rinaman, B.S. Rabin. J.P. Card. Departments of Neuroscience & Pathology, 
University of Pittsburgh, Pittsburgh, PA 15260.

Barrington’s nucleus (BN) has been classically considered as a pontine center 
that controls micturition. Recently, it has been reported that its functions are more 
diverse and BN seems to -modulate sacral parasympathetic activity at multiple 
levels in pelvic viscera. However, in a previous study we found that BN was 
involved in the pre-sympathetic innervation of the spleen. To assess the relation 
between BN and the sympathetic system, we injected a neurotropic swine alpha 
herpesvirus (pseudorabies virus) as a specific retrograde transynaptic tracer into 
two sympathetically-innervated organs: spleen or kidney. In anesthetized Sprague- 
Dawley rats, six 1-ul or four 0.5-ul injections of virus (4 x108 pfu/ml) were made 
into the hilar axis of the spleen (n=36) or the parenchyma of the kidney (n=13), 
respectively. Immunohistochemical localization of viral antigen at different post-
inoculation times (60-96 h) revealed infected neurons in BN 72 h after injection of 
either organ. The possibility of viral spread to adjacent organs is unlikely since 
control rats (transected nerve) did not show viral immunoreactivity and 
preganglionic parasympathetic neurons innervating adjacent viscera were not 
infected. Our data suggest that a subpopulation of BN neurons projects to 
sympathetic preganglionic neurons, and provide anatomical support for the 
involvement of this nucleus in the control of renal and splenic activity. The 
functional relevance of these projections might include splenic and renal 
responses to stress since BN is mainly composed of CRF-immunoreactive neurons 
and exhibits increased activity after acute and chronic stress.
Supported by USPHS grants MH43411 and MH53574.

633.8

LYMPHOCYTE-DERIVED FACTOR ENHANCES CATE
CHOLAMINE EFFLUX FROM ADRENAL MEDULLARY 
CELLS. N. Y a n a g ih a ra *, Y. T oyo h ira , Y. U ezono and F. 
Izumi. D ept. o f P harm acol., Univ. o f Occup.& Env. 
Health, Sch. of Med., K itakyushu 807-8555, Japan.

Recent s tud ies report th a t cy tok ines p lay ro les in the 
m odula tion  o f endocrine  and neura l fu nc tions  in 
add ition  to th e ir ro les as immune m ediators. To 
investigate  an in te raction  betw een lym phocytes and 
adrena l m edulla ry  ce lls , we exam ined the e ffect of 
lym phocytes or th e ir co nd itioned  m edium  on 
catecholam ine e fflux  from  cu ltu red  bovine adrenal 
m edu lla ry  ce lls . 1) C o-culture  o f adrena l m edulla ry  
ce lls  w ith lym phocytes for 3 days stim ula ted 
catecho lam ine e fflux from  the ce lls . 2) T rea tm ent of 
adrena l m edulla ry  ce lls  w ith  a co nd itioned  medium 
prepared from lym phocytes a lso enhanced  ca te cho l
am ine e fflux  in time (8-48 h )-d ependen t m anner. 3) 
Heat treatm ent o f the cond itioned  m edium  reduced its 
s tim u la to ry  effect. A fter d ia lys is  (< 8kDa cutoff) or gel 
filtra tio n , the s tim u la to ry  a c tiv ity  w as found in a high 
m olecu la r fraction . These p resen t fin d in g s  suggest 
tha t lym phocytes release a hea t-sens itive  and high 
m olecu la r (>8kDa) factor(s) w hich  enhances ca te cho l
am ine e fflux from adrenal m edu lla ry  ce lls .
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633.9
GAM M A INTERFERON -  A LINK BETWEEN STRESS AND  
THE ENHANCEMENT  OF SKIN IM M UNE FUNCTION.
F. S. Dhabhar1*, A. R. Satosk ar2, J. R. D avid2, H. Bluethmann3, & 
B. S. M cEwen1. /. Lab. of Neuroendocrinology, Rockefeller Univ., NY, NY; 
2. Dept. Immunol. & Infectious Diseases, Harvard School Public Health, Boston, 
MA; 3. Dept. PRPG, F. Hoffmann La-Roche AG, Switzerland.

We have shown that acute stress induces a significant enhancement 
of an immune response (delayed type hypersensitivity or DTH) in the 
skin. Here we examine gamma interferon (IFNγ) as a potential 
cytokine link between stress and skin immune function. DTH was 
induced by.challenging the pinnae o f previously sensitized mice with 
2,4-dinitro-l-fluorobenzene (DNFB). W ildtype and IFNγR -/- mice 
showed a robust corticosterone stress response and a large stress- 
induced redistribution o f blood leukocytes. Acutely stressed wildtype 
mice showed a significantly larger DTH response than non-stressed 
wildtype mice. In contrast, stressed IFNγR -/- mice failed to show an 
enhancement o f skin DTH when compared with non-stressed IFNγR - 
/- mice. Similarly, immuno-neutralization o f IFNγ significantly 
reduced the stress-induced enhancement o f skin DTH. In addition, 
direct administration o f recombinant IFNγ to the skin o f wildtype mice 
produced a significant inflammatory response and acute stress applied 
prior to IFNγ administration significantly enhanced this response.

These studies suggest that IFNγ is an important link between the 
physiologic stress response and the stress-induced enhancement o f 
skin immunity. Thus, a physiologic stress response may enhance 
certain immune responses by preparing the immune system of an 
organism for potential immunologic challenges (such as wounding or 
infection) for which stress perception by the brain may serve as an 
early warning signal. Supported by The Mac Arthur Foundation.

633.11

E N D O T O X IN  S IG N A L IN G  R O L E S FO R  V A G U S  N E R V E  
A N D  C IR C U M V E N T R IC U L A R  O R G A N S: C O R R E L A T E S  
O F D O S E -R E L A T E D  IN D U C T IO N  O F C -FO S A N D  
I N T E R L E U K IN -l β RPA Gavkema*, LE Goehler, KT Nguven, BA 
Schwartz. M Bohl, J Khorsand, SF Maier & LR Watkins. Dept. o f  
Psychology, Univ. o f Colorado, Boulder, CO 80309-0345.
Current views on how intraperitoneal (i.p.) bacterial endotoxin signals 
the brain to induce brain-mediated symptoms o f sickness include both 
neural (i.e., vagal) and humoral mechanisms. The dose o f endotoxin 
may well be a major factor as to which mechanism is predominant. To 
address this issue, we studied the effects of different doses o f endotoxin 
(LPS) on the induction o f c-Fos and interleukin-l β (IL-lβ ) in brains o f  
rats that received either sham surgery or subdiaphragmatic vagotomy. 
Also, we assessed the appearance o f LPS and IL -lβ in the general 
circulation following i.p. administration of LPS in sham-operated rats. In 
these rats, higher (≥ 100 µg/kg), but not lower (<20 µg/kg), doses o f  LPS 
gave rise to circulating LPS and IL -lβ. A minimum dose o f 100 µg/kg 
was required for the induction o f IL -lβ immunoreactivity (IR) in brain 
circumventricular organs (CVOs) in both sham and vagotomized rats, 
suggesting that circulating LPS or IL -lβ was necessary for this 
induction. The induction o f c-Fos-IR in brain regions such as PVN and 
NTS occured with both higher and lower doses o f LPS. Vagotomy 
attenuated c-Fos induction following the lower (<20 µg/kg) doses, but 
not higher (≥ 100 µg/kg) doses o f LPS. These results indicate that the 
vagus nerve is an important signaling route for lower doses o f LPS, but 
not for higher doses. The latter lead to appearance o f LPS and IL -lβ in 
the general circulation, and to induction o f IL -lβ-IR in brain CVOs. 
Supported by NIH Grants M H55283 and RSA M H 00314 and 
Undergraduate Research Opportunities Program.

633.13

S T A P H Y L O C O C C A L  E N T E R O T O X IN  B IN D U C E S  C -F O S  
IM M U N O R E A C T IV IT Y  IN  R A T N E R V O U S  S Y S T E M  LE
Goehler*, RPA Gavkema, J Khorsand, J. Kleiner, BA Schwartz. SF  
Maier & LR Watkins. Department o f Psychology, University of 
Colorado, Boulder, CO 80309-0345.

Intraperitoneal (i.p.) administration o f immune stimulants, such as 
lipopolysaccharide from cell walls o f gram negative bacteria and 
immune products such as cytokines, induces activation o f specific 
neural areas. These include the nodose (vagal) ganglia, the nucleus 
tractus solitarius (nTS) o f the brainstem and the paraventricular nucleus 
o f the hypothalamus (PV N ), areas thought to be involved in host 
defense. However, other types o f pathogens may also activate neural 
pathways. Recently, i.p. enterotoxin B from Staphylococcus (SEB, 
from gram positive bacteria) in mice was reported to activate the PV N , 
as indicated by induction o f the neuronal activation marker c-Fos. To 
determine whether SEB activates brain neurocircuitry mediating host 
defense in rats, we injected rats i.p. with a low (250 µg/kg) dose o f  
SEB, or vehicle. After 3-5 hrs, the rats were perfused and their brains 
and vagal sensory ganglia were processed for c-Fos
immunohistochemistry. Preliminary results indicate that c-Fos 
immunoreactivity is induced 3-4 hrs after injection in the nodose, nTS, 
and PVN. In contrast, vehicle injections did not induce c-Fos 
expression in any o f these areas. These results suggest that a variety of 
pathogens may activate neural neurocircuitry subserving host defense 
mechanisms. Supported by NIH Grants M H55283 and RSA MH00314  
and Undergraduate Research Opportunities Program.

633.10

PERIPHERAL IMMUNE STIMULATION INDUCES REGION- AND 
CELL-SPECIFIC CHANGES IN CYTOKINE AND CYTOKINE 
RECEPTOR GENE EXPRESSION IN THE PITUITARY GLAND. 
M .K .-H. Schafer*. C. U lke, S. Thomas. M. Bette. D ept. o f Mol.. 
Neuroimmunology, Inst. o f  Anatomy and Cell B iology, Philipps 
University , 35033 Marburg, Germany.

Peripheral activation o f the immune system causes a pronounced 
induction o f cytokine biosynthesis in circumventricular organs including 
the pituitary gland. While recent studies have demonstrated local cytokine 
expression in the pituitary and its modulatory role o f  pituitary hormone 
synthesis and release, the cellular sources o f  pituitary cytokine production 
are still controversially discussed. In this study w e analyzed the cellular 
expression pattern o f members o f the cytokine families IL1 and TNF and 
their specific receptors by ISH, and identified the chemical phenotypes of 
cytokine producing cells in the different lobes o f rat pituitary after 
peripheral LPS treatment. IL -lα ,ß  and TN Fα showed lobe-specific 
expression kinetics reaching peak levels within 1h in the anterior lobe, 
while IL-lra and IL-lreceptor displayed delayed responses. Using non- 
radioactive ISH IL-1 and TNFα was localized to a small S 100-negative 
subpopulation (1-2%) o f pituitary cells scattered through the anterior and 
posterior lobe, which stained positive for markers o f the macrophage/ 
monocyte lineage. No evidence was obtained for cytokine expression in 
endocrine cells. Cytokine receptors displayed a more widepread 
distribution. Based on these results local cytokine effects on endocrine cells 
caused by FS cells and pituicytes can now be differentiated from those 
caused by resident macrophages and microglia, respectively. This may 
provide further insights into the functional importance of  
macrophages/microglia for cytokine-mediated paracrine modulation of 
pituitary functions. Supported by the DFG.

633.12
IN T R A P E R IT O N E A L  IN JE C T IO N S  O F IN T E R L E U K IN -lβ 
IN D U C E  C -FO S IM M U N O R E A C T IV IT Y  IN V A G A L  
S E N S O R Y  N E U R O N S JL Hinde, SE Hammack, RPA Gaykema, 
LE Goehler. SF Maier & LR Watkins*. Dept. o f  Psychology, Univ. o f  
Colorado, Boulder, CO 80309-0345.
Intraperitoneal (i.p.) injections o f bacterial endotoxin induce expression 
of the neuronal activation marker c-Fos in vagal sensory neurons, and 
induce brain-mediated symptoms of sickness as well, indicating that one 
pathway by which endotoxin may signal the brain is via the vagus 
nerve. Because the cytokine interleukin-l β (IL -lβ) both a) induces 
sickness symptoms and b) is expressed in response to endotoxin by 
immune cells associated with the vagus nerve, IL -lβ may be a molecular 
link between the immune system and the vagus nerve. We therefore 
assessed whether i.p. injections o f IL-β  induce c-Fos expression in 
vagal sensory neurons, as does endotoxin. Rats were injected with 
either IL -lβ (2 µg/kg) or vehicle. After 90 min, the rats were perfused 
through the aorta with 4% paraformaldehyde, and the left and right 
vagal ganglia removed and processed for c-Fos immunohistochemistry. 
I.p. IL-1β  induced c-Fos immunoreactivity (IR) in vagal sensory 
neurons o f both the left and the right ganglia. Approximately twice as 
many c-Fos-IR neurons were located in the left ganglia, compared to the 
right. In contrast, no c-Fos-IR neurons were observed in vehicle treated 
rats, consistent with findings from earlier work. These results support 
the possibility that IL -lβ, induced by immune stimuli, signal the vagus 
nerve to convey information about immune activation the brain. 
Supported by NIH Grants MH55283 and RSA M H 00314 and 
Undergraduate Research Opportunities Program.

633.14

TH E R O LE O F T H E  V A G U S  N E R V E  IN  IM M U N E  
R E S P O N S E S  J.D. Johnson*, M. Fleshner1, T. D eak, L.E. Goehler. 
S.F. Maier, L.R. Watkins. Depts. o f Psychology & 1Applied 
Physiology, Univ. o f Colorado at Boulder; Boulder, CO 80309.

The vagus nerve may carry immune information to brain since 
subdiaphragmatic vagotomy (VAGOT) blocks many centrally mediated 
illness responses to peripheral immune activation. Since VAGOT 
eliminates afferent & efferent information that would normally occur 
during an immune response, this raises the possibility that VAGOT 
may alter innate &/or specific immunity as well. To test this, sham & 
VAGOT rats were injected 4 wks after surgery with 100 µg/kg i.p . 
lipopolysaccharide (LPS) & decapitated after 90 min. Trunk blood 
was collected endotoxin-free & assayed for TN F-α & nitric oxide 
(NO). Peritoneal, mesenteric lymph node, & spleen cells were 
cultured under 3 conditions: 1) unstimulated, LPS-, & Concanavalin A  
(ConA)-stimulated. At 48 hrs, culture supernatants were assayed for 
NO & cell proliferation. VAGOT resulted in significantly less plasma 
TNF-α & NO production by unstimulated peritoneal & spleen cells, 
but had no effect on plasma NO levels, NO production by unstimulated 
mesenteric lymph node cells, LPS or ConA stimulated cells, or the 
ability o f peritoneal, spleen, & mesenteric lymph node cells to 
proliferate. Other sham & VAGOT rats were injected i.p.with 200 µg 
o f keyhole limpet hemocyanin (KLH) and blood samples were taken 
over 28 days to assay for KLH antibodies. VAGOT significantly 
reduced anti-KLH IgM & IgG, compared to shams. These results 
suggest that an intact vagus nerve is needed for normal expression of  
some measures o f innate & specific immune response. Supported by 
NIH grants MH55283 & M H45045.
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633.15
TIMECOURSE AND CONTROLLABILITY EFFECTS ON THE 
BRAIN INTERLEUKIN-l β PROTEIN RESPONSE TO ACUTE 
STRESS. KT Nguyen*, T Deak, MJ Will, AC Busby, BN Hunsaker,
M Fleshner1 ,LR Watkins, & SF Maier. Dept. of Psychology &
1 Kinesiology, University of Colorado, Boulder, CO 80309-0345.

Interleukin-l β ( IL - lβ) has been detected in the brain under normal 
physiological conditions and after immunological challenge. Brain 
IL -lß  is thought to play physiological roles in sleep induction, 
hypothalamic-pituitary-adrenal activation, and neural inflammation. 
Exposure to acute stress has been shown to increase IL - lβ mRNA in the 
brain. Recently, we have detected an increase in brain IL - lβ protein as 
measured by ELISA in adrenalectomized (ADX) rats 2 hr after exposure 
to inescapable shock [IS] (100 1.6 mA 5-s tailshocks).

Stressor controllability has been shown to modulate many effects of 
stress on neural functions. Therefore, we sought to determine whether 
stressor controllability can modulate brain IL - lβ protein. Brain IL - lβ 
protein was evaluated immediately, 2, 24, & 48 hr following IS and at 2 
hr following controllable tailshock.

IS increased IL - lβ protein immediately and 2 hr later in the 
hypothalamus and pituitary of both sham operated control and ADX 
rats. IS also increased IL - lβ in the hippocampus and nucleus tractus 
solitarius at 2 hr in ADX rats. A controllability effect on brain IL - lβ 
protein was observed only in the amygdala, where IS increased IL -lβ and 
escapable tailshock did not. IS and escapable shock had equal effect in 
all other regions. These data further support the role of stress in 
modulating brain IL - lβ protein production, and this increase in brain IL- 
l β may modulate other, neural and peripheral consequences to stress. 
Supported by NIH Grants MH45045, MH552831 and RSA MH00314.

633.17

P A R A L L E L S  B E T W E E N  IM M U N E  A C T IV A T IO N  A N D  
A C U T E  S T R E S S O R  E X P O S U R E . Molly M. McGorry *, T. 
D eak, K.T. N guyen, E. D. Milligan. M. Fleshner1, L.R. Watkins & 
S.F. Maier. Depts o f Psychology & 1K inesiology, University of  
Colorado, Boulder CO 80309-0345.

The similarities between the behavioral sequelae o f immune 
activation and stressor exposure have recently received a great deal of  
attention. For example, both immune stimulation and acute stress 
reduce food and water intake, decrease sexual behavior, increase slow  
wave sleep, decrease locomotor activity and decrease social interaction. 
The goal o f the following experiments was to examine the extent to 
which the physiological sequelae o f immune activation and acute 
stressor exposure also overlap. Specifically, w e examined whether 
changes in acute phase proteins, elevated basal levels o f corticosterone, 
and fever would be observed in rats exposed to inescapable tailshock 
(IS) or lipopolysaccharide (LPS). Rats were exposed to 100 
intermittent IS’s (1.6 mA, 5 secs each, 60 sec variable ITI) or LPS 
(.02 mg/kg - 2 mg/kg). Both IS and LPS (at doses o f 0.5 - 1.0 mg/kg) 
produced long term changes in acute phase proteins, elevated basal 
levels o f corticosterone, and produced fever 24 hrs after stress or LPS 
treatment. Interestingly, icv administration o f rhIL-lβ (5 ng) produced 
elevated basal corticosterone, but no changes in acute phase proteins. 
The effects of icv rhIL-lβ were blocked by prior administration of 
rhIL-1 receptor antagonist. These findings suggest that the 
physiological consequences of immune activation and acute stressor 
exposure might occur via common pathways. Supported by NIH grant 
M H 45045.

633.19

D IS T R IB U T IO N S  OF EOS A N D  N A D P H -D  P O S IT IV E  
N E U R O N S  O F R A T  H Y PO T H A L A M IC  
P A R A V E N T R IC U L A R  N U C L E U S  A F T E R  S Y S T E M IC  
A D M IN IS T R A T IO N  O F I L - l β. K.Todaka1, Y. Ishida1 Y. 
Ishizuka1, T. Nishimori2, K. Kato3, H. Kannan3   H. Kobavashi4* 
and Y. Mitsuyama1. 1Depts. o f Psychiatry, 2Biology, 3Physiology 
and 4Pharmacology, Miyazaki Medical College, 5200 Kihara, 
Kiyotake-cho, Miyazaki-gun, Miyazaki 889-1692, Japan.

Double staining for Fos and nicotinamide adenine dinucleotide 
phosphate-diaphorase (NADPH-d) was used to investigate the 
distribution o f activated neurons that synthesize nitric oxide in the 
hypothalamic paraventricular nucleus (PVN) after intraperitonea! 
administration o f interleukin-1ß (IL-lß; 4 µg/kg). The Fos positive 
neurons were detected predominantly in the parvocellular part, while 
the NADPH -d neurons were detected predominantly in the 
magnocellular part o f PVN. In a quantitative analysis, the number of 
Fos positive neurons significantly increased, whereas the number of 
NADPH -d neurons did not change after IL-lß  administration. 
Furthermore, the percentage o f neurons positive to both NADPH-d 
and Fos within the PVN was significantly increased. The data 
suggest that a part o f NADPH-d neurons was activated after 
systemic administration o f IL-lß, however, most o f activated 
neurons were negative to NADPH-d in the parvocellular part of 
PV N .

633.16

E X P O S U R E  TO A C U T E  S T R E S S  F A C IL IT A T E S  
R E C O V E R Y  FR O M  P E R IP H E R A L  IN F E C T IO N . T. D eak*, 
K.T. N guyen, M. Fleshner1, L.R. Watkins & S.F. Maier. Depts o f  
Psychology & K inesiology1, University o f Colorado, Boulder, CO 
80309-0345.

The effects of stress on the immune system vary with both the 
duration and type of stressor. Many studies suggest that stress may 
compromise an organism’s ability to recover from immune challenge. 
However, recent findings from our laboratory and others suggest that 
some types o f stress may actually enhance innate immune function. For 
example, exposure to a single session (~2 hrs) o f intermittent 
inescapable tailshocks (IS) has been shown to activate the acute phase 
response and increase some aspects o f macrophage function. Thus, the 
following experiments assessed whether the IS-induced activation of 
innate immunity would alter local inflammation produced by peripheral 
injection o f (streptomycin killed) bacteria. Briefly, rats were exposed to 
100 IS’s (1.6mA, 60 sec variable intertrial interval) and injected with 
Escherichia coli (~2.5 x 108 s.c. posterior to the shoulder blades). The 
area of inflammation was measured and subjectively scored by a blind 
observer until the inflammation had completely resolved (7-8 days). 
When bacteria was administered immediately after IS, rats resolved 
inflammation significantly faster than did nonstressed rats. Since 
adrenalectomy did not reduce the effect o f IS, it is unlikely that this 
effect is a result of elevated corticosterone levels. Furthermore, since 
no swelling o f lymph nodes or signs o f chronic HPA activation were 
observed, IS exposure does not appear to alter the hosts ability to 
sequester the bacteria. Supported by NIH grant M H45045.

633.18
FLUCTUATING SYMPTOMS AFTER MILD HEAD TRAUMA: STRESS AND 
NEUR0IMMUNE LATENT LESION POSSIBILITIES. F. F. LeFever* 
Helen Hayes H o s p ita l,  West H averstraw , NY 10993.

Postconcussion symptoms may be f lu c tu a t in g ,  n o t s t a t i c ;  
"poor memory" may r e f le c t  poor a t te n t io n ,  sp orad ic  la p se s , 
n o t f ix e d  d e f ic i t s  in  memory. E xp lanations in  terms o f  
neuroimmune a c t iv i t y  have been proposed (LeFever, INS 1995, 
SFN 1996). Another model: a " la te n t  le s io n " ; caudate damage, 
asymptomatic u n t i l  catecholam ine d e p le tio n  by s tre s s  (Snyder 
e t  a l.  1985). Evidence re q u ire d  severe damage, bu t maybe 
because re le v a n t locus ( la te r a l  caudate) was reached o n ly  
a f te r  e x te n s ive  damage to  in te rv e n in g  a reas; and on ly  gross 
m o to r ic , no t s u b tle  c o g n it iv e  d e f ic i t s  were assessed.
SPECT a b n o rm a lit ie s  were re p o rte d  in  symptomatic m ild  head 
trauma (Masdeu e t a l . 1995); a p re lim in a ry  re p o r t  o f  a focus 
in  the caudate ( in  a long s e rie s  o f  cases) is  re le v a n t to  
s u b tle  e xe cu tive  fu n c tio n  d e f ic i t s  in  postconcussion 
syndrome. These models may converge: IL -1  ac ts  l i k e  a 
s tre s s o r ,  d e p le tin g  catecholam ines in  p re fro n ta l c o rte x  and 
accumbens a t le v e ls  w ith o u t much HPA a c t iv a t io n  (Shanks e t 
a l . 1994) and IL -1  can be increased by both p sych o lo g ica l 
and p h y s io lo g ic a l s tre s s o rs . The hippocampus is  though t 
e s p e c ia l ly  vu ln e ra b le  in  c ra n ia l im pacts. The caudate maybe 
e s p e c ia l ly  a ffe c te d  by IL -1  induced neurodegenera tion  a f te r  
trauma (A lla n  e t  a l .  SFN 1997). Do remote ( s t r i a t a l )  changes 
a f te r  hippocampal trauma (T c h e lin g e r ia n  e t  a l . 1997) p rov id e  
a basis  fo r  u p -re g u la tio n  o f IL -1  o r s e n s i t i v i t y  to  i t  
in  the caudate?

633.20
THE MEDULLARY VISCERAL ZONE IS A STATION IN NEURO- 
IMMUNO-MODULATORY NETWORK. Z. R. RAO*, Z. J. YANG, G. JU. 
Dept. Neuromorphology, Inst.Neurosciences, 4th Mil. Med. Univ.,
Xi'an 710032, P. R. China

Recently we have shown that an arch zone from dorsomedial to 
ventrolateral medulla across the reticular formation in middle-caudal segment of 
the medulla oblongata is a morphologically specific region, and is related to 
the vital functions, we named it the " medullary visceral zone ( MVZ) " To study 
the functional connections of MVZ,the following experiment was performed. In 
12 SD rats 2% WGA-HRP (0.2ul) was injected into the paraventricular nucleus 
(PVN ) of the hypothalamus, after 48h, LPS (100ug/ 300ul saline) was injected 
intraperitoneally. he animals were sacrificed and fixed 3h later, and the brainstem 
was removed and sectioned (30um thick). The sections were reacted according to 
TMB-ST method at first and then stained by using anti Fos and anti tyrosine 
hydroxilase (TH) immunohistochemical ABC technique. The result was as 
follows. HRP injection area was confined in unilateral PVN. Seven kinds of 
positive labeled neurons were observed in MVZ, i.e. HRP, TH and Fos single 
labeled neurons, HRP/TH, HRP/Fos and Fos/TH double labeled neurons, and 
HRP/TH/Fos triple labeled neurons. HRP/Fos, HRP/TH, HRP/TH/Fos neurons 
comprised 8.8%,2.8%,6.9% of total labeled neurons respectively. The above data 
suggested that. 1. the neurons in MVZ responded to immune stimulation, 2. 
some of them are catecholaminergic cells, and 3. some of them send fibers to 
PVN. Therefore, it is concluded that MVZ is a neuro-immunomodulatory station. 
Supported by National Natural Science Fund, of China-39770251 to ZRR.
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634.1
LOCALIZATION OF FRACTALKINE AND CX3CR1 MESSENGER RNAs IN RAT 
BRAIN: FRACTALKINE PLAYS A ROLE IN SIGNALING FROM NEURON TO 
MICROGLIA? Atsushi Nishivori3. Ma$abumi Minamia,*, Yoshikazu Ohtania. Shinya 
Takamia. Junki Yamamotoa  , Nami Kawaguchia  , Toshiaki Kumeb, Akinori Akaikeb and 
Masamichi Satoha. aDepartment of Molecular Pharmacology and bDepartment of Phar- 
macology, Faculty of Pharmaceutical Sciences, Kyoto University, Kyoto 606-8304. Ja- 
pan.

Fractalkine is a novel protein belonging to the fourth class of chemokines. It possesses 
a CX3C motif in the chemokine domain followed by a mucin-like domain. The receptor 
for fractalkine, CX3CR1, was recently identified. The mRNAs both for fractalkine and 
CX3CR1 have been shown to express in human and rat brains. In this study, localization 
of these mRNAs in the rat brain was investigated by in situ hybridization. Fractalkine 
mRNA was dominantly expressed in neuronal cells particularly in the olfactory bulb, ce
rebral cortex, hippocampus, caudate putamen and nucleus accumbens. On the other hand. 
CX3CR1 mRNA was dominantly expressed in glial cells throughout the whole brain. The 
expression of these mRNAs in enriched neuronal and glial primary cultures was investi
gated by a RT-PCR method. Fractalkine mRNA was expressed intensely in cultured cere
bral cortical neurons and weakly in cultured microglia and astrocytes. On the other hand. 
CX3CR1 mRNA was expressed dominantly in microglia, though the expression was not 
detected in cerebral cortical neurons and astrocytes. Thus, fractalkine appears to function 
as a signal molecule from neuron to microglia.
Supported by Grant-in-Aid for Scientific Research from the Ministry of Education. Sci
ence, Sports and Culture, Japan.

634.3
The effects of excitotoxic lesions on the expression of Fractalkine and 
ITS RECEPTOR. J. Eggold, A.M. Vana, G. Barry, M. Clark. A.C. Foster*. G.S. 
Naeve. Neurocrine Biosciences, Inc., San Diego, CA, 92121.

Numerous studies implicate chemokines in mediating the inflammatory response 
in brain tissue following traumatic injury or in models of neurodegenerative 
disease. Recently, a novel membrane anchored chemokine, termed Fractalkine, 
was identified that is highly expressed in the CNS. We cloned the rat homolog of 
Fractalkine, and along with its corresponding receptor, CX3CR1, we characterized 
their expression profiles in the normal and lesioned rat brain. In situ hybridization 
histochemistry shows that Fractalkine is primarily expressed in neurons and 
CX3CR1 message is found at low amounts in non-neuronal cells in the normal 
brain. The expression profile of these two molecules changes following an 
excitotoxic lesion of the hippocampus. One hour following unilateral intra- 
hippocampal injections of quinolinic acid, the levels of Fractalkine message 
declines in neurons that are susceptible to cell death. Analysis of CX3CR1 
message levels on serial sections shows that it is not measurably upregulated in the 
ipsilateral hippocampus until 24 hrs, at which time Fractalkine message in the 
same region is no longer detectable. The receptor message co-localizes to 
isolectin B4 positive cells and suggests that the increased expression of CX3CR1 
correlates with activated microglia. The receptor hybridization signal increases as 
the inflammatory response continues and the number of activated and infiltrating 
isolectin B4 positive cells accumulate. The upregulation of the receptor in 
microglia and the accumulation of receptor expressing cells following injury 
suggests an important role of CX3CR1 in neuroinflammatory response. However, 
the lack of Fractalkine upregulation during injury indicates that if it is involved in 
the activation or recruitment of microglia it occurs by a method other than at the 
level of transcription.

634.5

INTERLEUKIN-18 INDUCES INTERLEUKIN-1 β IN ASTROCYTES.
A. C . Culhane, F. M olina-Holgado, S. Toulmond*, N. J. Rothwell and
G. N. Luheshi. School of B iological Sciences, University of 
Manchester, Manchester M l3 9T, UK.

Interleukin-1 (IL-1) is an important neuroimmune mediator, which 
has been implicated in neurodegeneration. The novel cytokine, 
interleukin-18 (IL-18) shares protein hom ology with IL -lβ and has 
many IL-1-like features. The enzym e caspase-1 cleaves both pro-IL -lβ 
and pro-IL-18, and IL-18 signals via IL-IRrp, a member of the IL-1 
receptor family, and activates the same intracellular pathway as IL -lβ .

W e have cloned IL-18 from rat brain, and examined its expression in 
different brain regions using RT-PCR. EL-18 is expressed constitutively 
throughout the brain. The aim o f this study was to investigate the 
central actions o f IL-18 and to determine the possible relationship 
between IL-18 and IL-1 in the brain.

W e examined the effects o f  IL-18 on rat primary astrocyte cultures. 
Recombinant rat IL-18 was added to the culture medium at various 
concentrations (o . 1µ g -10µg/m l) for 1-24 hours. IL-18 induction o f IL- 
l β mRNA was measured by quantitative RT-PCR and release of 
immunoreactive IL -lβ into the cell supernatent was assessed using 
ELISA. Recombinant rat IL-18 induced both I L -lβ mRNA and the 
release of I L -lβ from astrocytes. This induction was not significantly 
inhibited by IL-lra (100ng/ml). Thus, IL-18 has actions on glia and 
may act as a neuroimmune mediator. This work was funded by the 
MRC.

634.2
CHARACTERIZATION OF RAT FRACTALKINE AND ITS RECEPTOR CX3C-R1 
IN PRIMARY CELLS OF THE CNS

D. Maciejewski-Lenoir*, S Chen § ,  Feng§, R. Maki and K. B. Bacon
§

Neurocrine Biosciences, Inc. San Diego CA 92121 and The Scripps Research 
Institute, La Jolla, CA 92037

Chemokines are small secreted proteins which are induced during 
inflammation and stimulate cell motility. Fractalkine, a recently cloned 
chemokine bearing a CX3C m otif is, unlike other chem okines, 
particularly abundant in the brain. Using primary cell cultures of fetal 
neurons, astrocytes and microglia, we have begun to characterize the 
role this chemokine may play in the CNS. RNase protection assays 
showed that fractalkine is constitutively expressed in neuronal cultures 
(cortical and hypothalamic). Various stimuli (cytokines, free radicals, 
serum/glucose deprivation, PKA/C activators) however did not increase 
fractalkine expression. Pure astrocyte cultures showed little if any 
constitutive expression, but cytokines such as TNFα or IL-lß highly 
upregulated fractalkine expression.. Pure microglia did not express 
fractalkine, even after cytokine stimulation. Further PCR analyses 
with microglial cells revealed very robust expression of CX3C -R 1, 
the fractalkine receptor. Chemotaxis assays showed that microglia 
exhibit strong migratory activity when in the presence of the chemokine 
domain of fractalkine, peaking at 3 nM. This activity was abolished 
by a specific antibody directed against CX3C-R1. Fractalkine also 
induced Ca++ m obilization.Both this response and that of migration 
were inhibited when cells were preincubated with Pertussis toxin, 
indicating Gαi-dependent activation events.
These results infer the participation of fractalkine in CNS 
physiology and potentially during inflammatory episodes.

634.4
EFFECTS OF ANANDAMIDE ON NITRIC OXIDE AND INTERLEUKIN-6 
PRODUCTION IN RESPONSE TO LPS IN PRIMARY ASTROCYTES 
MOUSE CULTURES ARE NOT MEDIATED BY CYCLOOXYGENASE-2 
Francisco Molina-Holgado*1, Eduardo Molina-Holgado2, Jonathan Moore1,
Carmen Guaza2 and Nancy J. Rothwell1, 1School of Biological Sciences. 
University of Manchester, Oxford Road, Manchester, M13 9PT, UK.. 2Instituto 
Cajal, CSIC, Avda. Dr Arce n.37,28002 Madrid, Spain.
Anandamide (arachidonyl-ethanolamine), an endogenous ligand for the central 
cannabinoid receptor (CB1), has been reported to act as a transcellular 
cannabimimetic messenger in the central nervous system (CNS) by specific actions 
on astrocytes. However, the signal transduction pathways of anandamide action in 
astrocytes are unknown. Incubation of primary cultures of neonatal mouse astrocytes 
with LPS (lµg/ml) for 18h led to the appearance of nitric oxide (NO), as a 
consequence of the inducible nitric oxide synthase enzyme (iNOS) activity, and 
interleukin-6 (IL-6) in the culture medium. Treatment of the astrocytes cultures with 
anandamide (10, 50 and 100µM) modulates the appearance of NO and IL-6 in the 
culture medium. NS-398 (25µM), a specific inhibitor of the inducible cyclooxygenase 
enzyme (COX-2), was used to evaluate the participation of this enzyme in the 
inhibitory effects of anandamide on NO and the IL-6 release after LPS exposure. 
There was no significant decrease in iNOS activity with NS-398 (25µM) after co-
incubation with anandamide (10, 50 and 100µM) and LPS(lµg/ml). No significant 
changes in basal accumulation of NO in the astrocyte culture medium were observed 
after incubation of primary cultures with NS-398 (25µM) alone or in combination 
with anandamide (10, 50 and 100µM). Similarly the enhancement of IL-6 production 
after co-incubation with LPS and anandamide were not modified by NS-398. These 
results demonstrate the existence of a COX-2 independent mediated pathway for 
anandamide action in primary astrocytes cultures, that could have important 
implications in the modulation of inflammatory processes by cannabinoids.
Supported by The Welcome Trust and CICYT (MEC, Spain)

634.6
SIGNAL TRANSDUCTION CONSEQUENCES OF DIFFERENTIAL TUMOR 
NECROSIS FACTOR RECEPTOR EXPRESSION IN GLIAL CELLS. J. M.
Dopp*, R. Cole, and J. de Vellis. UCLA MRRC, Los Angeles, CA, 90024.

Although ligands in the tumor necrosis factor (TNF) family are strongly implicated 
in the immunopathogenesis of CNS demyelinating diseases, their effects on glial cells 
are not homogeneous: they induce astrocyte proliferation, microglia activation, and 
oligodendrocyte injury and apoptotic death. TNF ligands induce cellular effects 
through p55 and p75 receptors. Binding of TNF to p55 activates NF-κB and 
concomitantly initiates an apoptosis pathway, whereas binding of TNF to p75 
primarily activates NF-κB and the transcription of selected genes. Rat glia 
differentially express TNFRs in vitro: astrocytes and oligodendrocytes predominantly 
express p55, whereas microglia express both p55 and p75. To determine whether 
differential TNF receptor expression among glia contributes to their different 
responses to TNF, we analyzed TNF-induced signal transduction events in primary 
glial cells and glial cell lines.

Primary rat glia and cell lines were incubated with rat TNFα for 0, 15, or 30 min, 
and levels of NF-κB subunits in cytoplasmic and nuclear protein fractions were 
determined by Western blotting. Little or no translocation of NF-κBl (p50) was 
induced by TNF in p55+ astrocytes, oligodendrocytes, and CG-4 cells, whereas strong 
translocation was induced in the p55+/p75+ RAW macrophage and BV-2 microglia cell 
lines. TNF-induced NF-κB2 (p52) translocation was not observed in any of the above 
types of cells. Thin-layer chromatography indicated that, following 24-hr incubation 
with TNF, ceramide levels did not change significantly in primary astrocytes and 
immature oligodendrocytes. However, TNF prevented the detachment from plastic, 
decreased viability, and increased ceramide levels observed during the same incubation 
period in primary microglial cells. We are presently examining relationships among 
TNF receptor expression, TNF-induced reactive oxygen intermediates (ROIs), and 
ROI-neutralizing proteins in glial cells from normal and TNF-receptor knockout mice. 
(Supported by NMSS grant #RG 2751-A-l and NICHD grant #HD06576.)

Society for Neuroscience, Volume 24 ,1998



1614 NEURAL-IMMUNE INTERACTIONS II WEDNESDAY AM

634.7

CYTOKINE REGULATION OF CD40 EXPRESSION IN FETAL HUMAN 
NEURAL CELL CULTURES. N. Abdel-Hag, H-N. Hao and WD Lyman*. 
Department of Pediatrics and the Children's Research Center of Michigan, 
Wayne State University, Detroit, Michigan 48201.

Inflammation in the central nervous system (CNS) can contribute to the 
initiation, progression and outcome of neurologic diseases. In addition to 
immune system cells and soluble mediators of their functions, other factors, 
some yet to be defined completely, are believed to play a role in CNS 
inflammation. Amongst these, CD40 receptor (CD40R), a member of the 
tumor necrosis factor (TNF) receptor superfamily of genes, can participate in 
inflammatory processes after binding its congate ligand (CD40L). CD40R has 
been shown to be expressed on antigen presenting cells including B-cells, 
dendritic cells, fibroblasts and endothelial cells. However, little is known 
about CD40R expression on neural cells. For the present study, cultures of 
fetal human astrocytes and microglia were analyzed for the expression of 
CD40R and CD40L using nucleic acid hybridization for mRNA after 
application RT-PCR. In addition, immunocytochemistry and western blot for 
CD40R and CD40L proteins were used. Results show that astrocytes and 
microglia constitutively express CD40R and CD40L mRNAs and proteins. 
However, upon incubating cultures in the presence of proinflammatory 
cytokines (TNF-α, IL-1β , IL-6, γ-interferon) or with lipopolysaccharide (LPS), 
CD40R expression increased significantly and correlated positively with 
augmented expression of trascription-activator nuclear factor kB (NFkB). 
These observations suggest that CD40R may have an important role in CNS 
inflammation because CD40R may transduce signals that result in elevated 
levels of transcription factors associated with exacerbation of CNS 
inflammatory mechanisms. The present data also imply that CD40R/CD40L 
autocrine or paracrine pathways may mediate this role. (Supported by 
USPHS grant MH46815 and the Children’s Hospital of Michigan Endowment)

634.9

REGULATIO N OF M IC R O G LIAL-EX PR ESSED  CX 3C R 1  
AND M OTOR NEUR O N -D ER IV ED  FRACTALKINE IN THE  
FACIAL MOTOR NUCLEUS AFTER PERIPHERAL NERVE  
IN JU R Y . Y. Jiang1, W.J. Streit2, L. Feng3, and J.K. Harrison1*, 
1Dept. of Pharmacology and Therapeutics, 2Dept. of Neuroscience, Univ. 
of Florida, Gainesville, FL 32610; 3Dept. o f Immunology, The Scripps 
Research Institute, La Jolla, CA 92037.

Fractalkine is a novel member of the pro-inflammatory chemokine gene 
family that is distinguished structurally from other chemokines by the 
presence of a CX3C motif as well as transmembrane spanning and mucin-
like domains. It shows atypical constitutive expression in a number of non- 
hematopoietic tissues including brain. A functional receptor for fractalkine 
has been identified by specific binding and signal transduction analysis of 
receptor-transfected ceils. The expression of rat fractalkine and its receptor 
CX3CR1 in brain raises issues concerning the function and regulation of 
this ligand:receptor pair in the CNS. The purpose of this study was to 
characterize the cellular localization of fractalkine and CX3CR1 in the CNS 
and the regulation of their expression using an animal model involving 
microglial and astrocytic activation, the facial motor neuron regeneration 
model. Four days after facial nerve transection, adult rats were perfused 
transcardially with PBS followed by paraformaldehyde and prepared for in 
situ hybridization analysis. Our data demonstrated that CX3CR1 is 
expressed primarily in microglia and fractalkine is expressed principally in 
motor neurons of the facial motor nucleus. While CX3CR1 mRNA level 
was up-regulated, fractalkine mRNA expression was down-regulated after 
facial nerve transection. The interaction between this ligand:receptor pair 
may be a mechanism by which neµrons and microglia communicate with 
each other, exerting some functional role(s) during motor neuron 
regeneration. (Supported by NIH NS34901 to J.K.H.)

634.11

PRIMARY ASTROCYTES AND MICROGLIA EXPRESS INTERLEUKIN 
18. B. Conti*, L.C.H. Park. N.Y. Calingasan. Y. Bae, H.C. Kim, G.E. Gibson 
and T.H. Joh. Cornell Univ. Medical College at The Burke Medical Research 
Institute; White Plains, NY 10605, USA.

Interleukin 18 <IL-18 or interferon-γ inducing factor) is a recently 
discovered pro-inflammatory cytokine and a powerful co-stimulator of the 
cell-mediated immune response. IL-18 is produced by mononuclear cells 
following inflammatory or infectious challenge or by the adrenal gland under 
stressful conditions, but has never been demonstrated in the brain. We 
investigated the expression of IL-18 in astrocytes and microglia since these 
cells are known to produce various cytokines that mediate inflammatory 
reactions in the brain (e.g. IL-lβ and TNF-α). IL-18 was detected by RT-PCR 
and Northern blot analysis in primary culture of mouse astrocytes and 
microglia, and the mouse microglia cell line BV2. Although stimulation of 
the cells with the endotoxin lipopolysaccharide (LPS) treatment (1 mg/ml per 
six hr) had no effect on astrocytes, LPS robustly increased IL-18 mRNA in 
primary microglia and BV2 cell as measured by RT-PCR and Northern blot, 
respectively. In mononuclear cells IL-18 is produced as precursor and 
converted into its secretable active form by interleukin-l β converting enzyme 
(ICE; caspase 1). Immunocytochemistry demonstrated the presence of ICE in 
astrocytes, microglia and BV2 cells indicating that IL-18 may be matured and 
secreted by these cells. The present results show that astrocytes and microglia 
are possible source of brain IL-18 and add a new member to the family of 
cytokines produced in the brain. (Supported by MH24285, AG14600 and The 
Burke Foundation).

634.8

CHARACTERIZATION OF MICROGLIAL-SPECIFIC GENE 
EXPRESSION. M. J. Carson*+. M. T. Almazan#, P. E. Danielson+.B. S. 
Hilbush#. K. W. Hasel#. J. G. Sutcliffe+. +The Scripps Research Institute 
and #Digital Gene Technologies, La Jolla, CA 92037 

Microglia activation is a common feature of numerous neuropathologies, 
including AIDS dementia, trauma, abscess, ischemia, multiple sclerosis, 
Alzheimer’s, and Down’s syndrome. As yet, unique markers which 
distinguish microglia from macrophage have not been identified. Thus, it 
has been difficult to discern the relative contribution of microglia vs 
infiltrating macrophage towards neurodegeneration vs neuroprotection. 
Here, we use a PCR-based gene expression assay, TOGA™ (TOtal Gene 
expression Analysis), to characterize mRNAs expressed by microglia and 
macrophage so as to recognize activation-specific and cell type-specific 
gene expression that would distinguish microglia from infiltrating 
macrophage. Comparing unstimulated and LPS/IFNγ-stimulated 
microglia isolated from murine mixed glial cultures with unstimulated and 
stimulated peritoneal macrophage, we found that: 1) approximately 50% 
of 5400 mRNAs detected were commonly expressed between all four 
types of cells, indicating moderate similarity of these cell types; 2) 
LPS/IFNγ  stimulation altered the expression (both induction and 
repression) of common and distinct subsets of genes in the microglia and 
macrophage populations; 3) Cell type-specific markers were Identified by 
TOGA™ analysis. Although microglia and macrophage are both believed 
to be of myeloid lineage and to act as part of the innate immune system, 
their unique patterns of gene expression suggest that they have distinct 
functional roles. This work was supported by MH47680, GM32355 and 
Digital Gene Technologies.

634.10

PNEUMOCOCCAL CELL WALL COMPONENTS INDUCE 
APOPTOSIS IN BRAIN MICROGLIAL CELLS. D. Stennke1, D. Freyer1, R. 
Gusinda1.W. Bürger, K. Angstwurm1*, U. Dimagl1 and J.R. Weber1. 1Dept. of 
Neurology and 2Institute o f Microbiology, Charité, Humboldt-University to 
Berlin. D -10098, Germany.

Programmed cell death (apoptosis) plays an important role in a number of 
physiological and pathological processes. Microglia, the main immune cell of the 
brain, have been shown to undergo apoptosis upon stimulation with certain 
cytokines (e.g.TGF-β l) or growth factor withdrawal. Cell wall components from 
S. pneumoniae cause meningeal inflammation and activation o f microglia in the 
CNS. Here we report that brain derived microglia exhibit characteristic features 
of apoptosis 24 hrs after exposure to cell wall components from heat-inactivated 
pneumococci. For in vitro studies primary glial cell cultures were obtained from 3 
day old rat pups and cultivated in DMEM, supplemented with 10 % FCS. After 
7-11 days they were shaken off and seeded into 6-well-plates. Cells were then 
exposed to PCW (500x103 CfU/ml) for different periods of time. Cell viability 
was assessed using LDH-release. Additionally, DNA was extracted and submitted 
to agarose gel electrophoresis.6 and 12 hrs after exposure to PCW LDH-release 
was not significantly elevated and DNA-fragmentation was not apparent. 
However. 24 hours after stimulation DNA-fragmentation, the hallmark feature of 
apoptosis. was detectable and also an increase in the release o f LDH (220 ± 37 % 
of controls. n=3) was seen. Morphologically we observed chromatin condensation, 
membrane blebbing and formation o f apoptotic bodies. In summary, our results 
demonstrate that apoptosis is involved in the down-regulation of microglia during 
pneumococcal meningitis
Supported by DFG SFB 507-A3 and DFG Di 454/8-1

634.12

CYCLOOXYGENASE-2 EXPRESSION AND ACTIVITY ARE 
BLUNTED IN NITRIC OXIDE SYNTHASE-2 NULL ASTROCYTES. 
M.A. Hilfers* and S.A. Moore. Department o f Pathology, The 
University of Iowa, Iowa City, IA 52242-1181

Nitric oxide synthase (NOS) and cyclooxygenase (COX) regulate a 
variety of physiologic and pathophysiologic responses. The inducible 
isoforms (NOS-2 and COX-2) may interact in pathological situations 
because of their similar response patterns and cellular localization. Glial 
COX-2 expression and prostaglandin (PG) production were evaluated 
following 3 to 6 h incubations with proinflammatory cytokines in 
murine astrocytes from NOS-2 wildtype and knockout mice. In 
unstimulated primary cultures COX-2 mRNA expression in NOS-2 null 
cells was slightly less than wild type cells, however, no differences were 
seen in cytokine stimulated mRNA. Although COX-2 protein was 
similar in null and wildtype astrocytes from either condition, NOS-2 
null cells produced less PG following cytokine activation. More 
dramatic effects were observed with passaged astrocytes where much 
less COX-2 protein was seen in cytokine-stimulated NOS-2 null cells as 
compared to wild type astrocytes. Similarly, PG production was 
decreased more than 2-fold in the cytokine-stimulated NOS-2 knockout 
astrocytes. These results suggest that COX-2 expression and activity 
may be blunted when NOS-2 is not expressed. Thus, NOS-2 expression 
and activity may be necessary for normal cytokine induction of COX-2 
in astrocytes. The greater differences seen between null and wildtype 
cells in the passaged cultures might be explained by larger numbers of 
microglia in the primary astrocyte cultures, or by alterations in signal 
transduction exacerbated by time in culture or passage number.

Supported by NS-24621.T32MH-15172, and AHA 96-5066IN.
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634.13
CHARACTERIZATION OF THE INFLAMMATORY RESPONSES OF A 
MURINE MICROGLIAL CELL LINE, BV2. W. Chen*, R.C.C. Chang and J.-S. 
Hong. Neuropharmacology Section, Laboratory of Pharmacology and Chemistry, 
NIEHS/NIH, Research Triangle Park, NC 27709.

Inflammation in the CNS is an important cause leading to neurodegeneration in 
many types of neurological disorders. Among different cell types in the CNS, 
microglia are the first line of defence against injuries and infections. We have 
previously demonstrated that inhibitor of tyrosine kinase could inhibit production of 
nitrite and proinflammatory cytokines by microglia. To further study the intracellular 
signaling events of microglial activation, we utilize a murine microglial cells BV2. 
In this study, we first characterized the inflammatory responses of this cell line.

BV2 was stimulated with various concentrations of lipopolysaccharide (LPS) for 
different periods of time. Production of nitrite, TNF-α , IL-lα , and release of LDH 
were assessed. Primary glial cultures were obtained from postnatal day 1 mouse 
brain, and were cultured for 16 days prior to the treatment.

BV2 stimulated with LPS (1 ng/ml - 1 µg/ml) showed a dose-dependent increase of 
nitrite and IL-lα production at 48 hr. While production of nitrite was markedly 
increased with the increasing doses of LPS, BV2 stimulated with high concentration 
of LPS (over 625 ng/ml) showed cytotoxicity, whereas the same concentration of 
LPS did not increase media LDH level in the primary glial cultures. Secretion of 
TNF-α by microglia reached a maximum after 24 hr stimulation of LPS. At this 
time point, secretion of TNF-α showed a biphasic response with a first peak at 1 
ng/ml and a second peak at 1 µg/ml of LPS. The biphasic secretion of TNF-α was 
not unique to this microglial cell line. Primary cultured glia also showed such bi
phasic secretion of TNF-α.

Taken together, inflammatory responses of BV2 are very similar to what we 
observed in glia. This indicates BV2 is a very useful cell line for studying 
mechanisms of activation of microglia.

634.15
b r a in  e n d o t h e l i a l  c e l l s  a r e  a  s o u r c e  OF CNS
CYTOKINES T. Rey es* , C Coe, and Z Fabry 1 D ept. o f  Psychology  
and P ath ology, University o f  Wisconsin, Madison, WI 53715.

Proinflammatory cytokines act on the brain, but the path by which 
they reach the CNS remains controversial. Our previous studies with 
rhesus monkeys (Macaco mulatta) have shown that IL-1 administered 
into the bloodstream causes the release o f  IL-6 into the CNS and 
specifically the intrathecal compartment. Further, this IL-6 in 
cerebrospinal fluid (CSF) is centrally produced and not a result o f  
diffusion from the blood across the blood-brain barrier. Therefore, the 
question arises as to how peripheral IL-1 can stimulate the central 
production o f  IL-6. Endothelial cells o f  the blood brain barrier (brain 
endothelial cells; BEC) were investigated as one potential source for 
CSF IL-6. Monkey BECs were isolated from both a neonatal and an 
aged animal. With the use o f  flow  cytometry, cultured cells were 
shown to express the endothelial specific markers Factor VIII and ulex 
europaeus agglutinin (U EA), as well as low  density lipoprotein 
uptake. A  low  level o f  IL-6 production was seen in cultured cells, 
however, IL-6 production increased over 9-fold after stimulation with 
EL-lß (1 ng/ml). Because these cells have ready access to circulating 
cytokines in the blood, they may represent a novel pathway whereby 
peripheral immune signals can impact the brain.
Supported by NIMH grant MH41659, NSF and NRSA Predoctoral Fellowships.

634.17
INTERLEUKIN-1 INDUCTION OF CYCLOOXYGENASE-2 EXPRESSION IN 
ED2-POSITIVE PERIVASCULAR MICROGLIA. J. C. Schiltz* and P. E. 
Sawchenko. The Salk Institute. La Jolla, CA 92037.

Induced synthesis and local release of prostanoids by cells associated with the 
intracerebral vasculature has been suggested as playing a key role in immune-brain 
signaling by cytokines, including interleukin-1 (IL-1). Although perivascular cells 
express IL-1 receptors, and display inducible cyclooxygenase (COX-2) expression in 
response to certain immune challenges, the identity of the cell type(s), and the 
conditions under which they express COX-2, remain unsettled. In line with an effort 
to clarify the mechanisms underlying IL-1-mediated activation of neurons comprising 
the central limb of the hypothalamo-pituitary-adrenal (HPA) axis, we have explored 
the distribution of induced COX-2 mRNA expression in response to intravenous IL-1 
at a dose moderately above the threshold required for HPA activation, and have used 
dual immunostaining methods to ascertain the phenotype of responsive perivascular 
cells. Rats fitted with jugular catheters were given an iv infusion of vehicle or IL-lβ 
(1.87 µg/kg), and were killed at varying intervals post-injection. Vehicle-treated 
animals showed low to moderate basal levels of COX-2 expression associated 
principally with non-neuronal elements of the meninges, choroid plexus and brain 
vasculature. Weak neuronal labeling was detected in a few cortical structures. 
Following an IL-1 challenge, COX-2 mRNA and protein expression were markedly 
increased at 1 and 2 hr, respectively, particularly in the vasculature associated with 
isocortex, the preoptic region and the caudal medulla. Material from rats sacrificed 2 
hr after an IL-1 challenge prepared for dual immunolabeling revealed that essentially 
all COX-2-labeled cells stained positively with an ED2 monoclonal antibody, which 
recognizes macrophage-derived cells, and is commonly considered as a marker for 
perivascular microglia. These findings demonstrate that IL-1 treatment parameters 
which elicit HPA secretory and biosynthetic responses provoke increased expression 
of a key enzyme in prostanoid biosynthesis in a discrete population of perivascular 
cells. The extent to which these may conform to sites of IL-1 receptor expression 
remains to be determined. (supported by NS-21182)

634.14
INFLUENCE OF NEURONS ON GLIAL IMMUNE RESPONSES. R.C.C. 
Chang*, P. Hudson, B. Wilson, G.-H. Jeohn and J.-S. Hong. Neuropharmacology 
Section, Laboratory of Pharmacology and Chemistry, NIEHS/NIH, Research Triangle 
Park, NC 27709.

It has been long known that the mammalian CNS is an immune-privileged site, 
meaning that the cascade of immune responses is somehow delayed. The underlying 
mechanisms are still unclear. We have previously demonstrated that neurons have 
inhibitory effects on transcription factors and in turn the expression of proenkephalin 
mRNA and GFAP in cultured glial cells. This study aims to elucidate the roles of 
neurons in glial immune responses.

Cultured glial cells were prepared from postnatal day 1 CD-1 mice, and were 
cultured for 16 days. Thereafter, neurons were seeded onto a confluent layer of glia and 
were cultured for another six days. Cultured glial cells and mixtures of neurons and 
glia were  stimulated with lipopolysaccharide (LPS, 1 ng/ml - 5 µg/ml) for a 
maximum of 96 hr. The production of nitrite, secretion of TNF-α and cytotoxicity 
were assessed at different time points. Glia stimulated with LPS showed a dose- 
dependent (n = 6) production of nitrite. The presence of neurons on cultured glia 
inhibited (p < 0.0001, n = 6) nitrite production by glia by about two-fold. In 
addition, the dose-response curve shifted to the right indicating that the responsiveness 
of glia to LPS was decreased. Besides nitrite, secretion of TNF-α was also decreased 
(p < 0.05, n = 3) by 20-30%. The decreased production of nitrite or TNF-α was not 
due to any cytotoxic effect of LPS because the concentration range of LPS doses that 
we used did not significantly (n = 6) increase LDH release.

This study demonstrates that neurons exert inhibitory influences on the 
responsiveness of LPS-induced production of nitric oxide and TNF-α in glial cells. 
These findings provide a possible explanation why the cascade of immune responses 
in the mammalian CNS is somewhat delayed or diminished compared with what 
occurred in the peripheral system.

634.16
GROWTH HORMONE STIMULATES PRODUCTION OF INTERFERON- 

GAMMA BY HUMAN PERIPHERAL MONONUCLEAR CELLS. A. Mustafa.

M. Mustafa, M. Bakhiet, B.Winblad, A. Adem. Dept. of Clinical Neuroscience 

and Family Medicine, Karolinska Institute, Stockholm, Sweden. (SPON: SONA) 

There are substantial evidences describing interactions between the immune and 

endocrine systems at different levels. In the present study we wish to determine 

whether human growth hormone (hGH) could stimulate proliferation of interferon- 

γ secreting cells (IFN-γ sc), and production of IFN-γ. Human peripheral blood 

mononuclear cells (PBMC) taken from 15 normal subjects were incubated with 

varying doses (200, 400, 600 and 800 ng/ml) of recombinant hGH. Sample of 

cells were incubated with PBS buffer (0 ng/ml, hGH) to serve as controls. Effects 

of hGH were studied by enumerating interferon-γ secreting cells (IFN-γ sc) and by 

measuring the concentration of IFN-γ using an immunospot assay and an enzyme- 

linked immunosorbent assay (ELISA), respectively. The results showed that hGH 

significantly increased both the number of IFN-γ sc and the concentration of IFN-γ 

in a dose-dependent manner. The maximum effects were obtained in the presence of 

(400 ng/ml) hGH (15±5 IFN-γ sc/106 PBMC and 300±55 U/ml IFN-γ) compared 

to controls (4±2 IFN-γ sc/106 PBMC and 50±10 U/ml IFN-γ) respectively.

634.18
MICROGLIAL-DERIVED TISSUE PLASMINOGEN ACTIVATOR 
CONTRIBUTES TO THE NEUROTOXIC PROPERTIES OF 
MICROGLIA. A.D. Rogove1*, C.-J. Siao1 and S.E. Tsirka1,2. 1Dept. of 
Pharmacology and 2Dept. of Psychiatry University Medical Center at Stony 
Brook, Stony Brook, NY 11794-8651.
Activation of microglia occurs as an early event in response to central 

nervous system (CNS) damage. However it is not clear whether this 
activation has a causal role in neuronal death. To study this question we 
used an excitotoxin-mediated brain injury model, in conjunction with 
macrophage/microglia inhibitory factor (MIF). MIF is an endogenous tri- 
peptide (Thr-Lys-Pro) that retards microglial activation. Using mouse 
mixed cortical cultures, we show that MIF both attenuates the activation of 
microglia and suppresses the rapid release of microglial tissue plasminogen 
activator (tPA), a serine protease involved in neuronal death. In vivo, 
infusion of MEF into the mouse hippocampus prior to excitotoxin injection 
results in a diminished microglial response and in the protection of neurons 
from excitotoxin-mediated cell death. Therefore a neurotoxic role for 
microglia is demonstrated in such CNS injury. Conditioned media from 
LPS-treated C57 microglia substantially reduced neuronal viability, but 
conditioned media from tPA-/- microglia had no effect. Additionally, 
neuronal survival was reduced when neurons were co-cultured with 
microglia from C57 mice, but was unaffected when co-cultured with tPA-/- 
microglia. These data suggest that secreted tPA is a contributing factor to 
the neurotoxic properties of microglia.
Supported by NIH.
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634.19

PERFORIN EXPRESSION AND SECRETION IN HUMAN 
ASTROCYTE CULTURES ARE UPREGULATED BY HIV VIRUS AND 
CYTOKINES. H-N. Hao, N. Abdel-Haq, J. Zhao, W.E. Grever, K.M. 
Weidenheim* and W.D. Lyman. Children’s Research Center of 
Michigan and the Department of Pediatrics, Wayne State Univ., 
Detroit, Ml 48201; *Dept. of Pathology, Albert Einstein College of 
Medicine; Bronx, NY 10461.

Perforin is a potent cytolytic pore-forming protein expressed in the 
cytoplasm of, in addition to other cell types, cytotoxic T lymphocytes, 
natural killer cells, and astrocytes. These cells may directly or 
indirectly participate in brain inflammation and damage in the central 
nervous system. Using RT-PCR1 Western blot and 
immunocytochemical techniques, we analyzed the effects of cytokines 
(recombinant interleukin-1, 2, 4, 6, 10, TNF-alpha and INF-gamma), 
purified HIV, heat-inactivated HIV, HIV glycoproteins (gp120, gp41) or 
LPS on cultures of fetal human astrocytes. Only cultures exposed to 
gp41, LPS or IL-6 produced significant perforin mRNA and protein 
expression. IL-2, purified HIV and heated-inactivated HIV exposed 
astrocyte cultures showed less perforin protein in both cellular and 
supernatant fractions. Control cultures (not exposed to cytokines or 
virus/viral proteins), as well as fetal human brain tissue sections from 
normal abortuses, did not reveal any specific signals or staining. 
Perforin-associated toxicity was detected using a MTT dye assay and 
quantified by measurement of supernatant perforin and viable neurons 
on neuron/astrocytes co-culture with/without IL-6 activation. Neuron 
toxicity was found associated only with IL-6 exposed astrocyte co-
cultures. IL-6 in the absence of astrocytes did not induce any neural 
toxicity. These results suggest that elevated perforin concentrations in 
the CNS may participate in neuropathogenesis. Furthermore, specific 
factors including IL-6, gp41 and LPS may contribute to these 
processes. (Supported by USPHS grant MH46815 and Children’s 
Hospital of Michigan Endowment)

634.20

CALCITONIN GENE RELATED PEPTIDE-IMMUNOREACTIVITY (CGRP-LI) IN 
THE HIPPOCAMPUS AND ITS RELATIONSHIP TO THE ACUTE PHASE 
RESPONSE, APOPTOSIS AND CHANGES IN MICROGLIA AND ASTROCYTE 
DYNAMICS FOLLOWING EXPOSURE TO TRIMETHYLTIN (TMT).
K. Bulloch* M. Sadamatsu 2, A. Patel1, S. Pathak1, V.Kimonides1 B.S. McEwen1
1 Lab. Neuro-endocrinology, Rockefeller University,, N.Y.,N.Y10021; 2Dept. of 
Psychiatry, Shiga University Med. School, Shiga Japan 

Calcitonin gene related peptide (CGRP) is regionally expressed in damage models 
targeting limbic structures. Immunologically, CGRP is an acute phase response (APR) 
peptide associated with vasodilatation, apoptosis and cellular immune modulation while 
CNS antatomic and behavioral studies have indicated it is involved in limbic structure 
functions such as fear and avoidance behavioral tasks. Given its dual role, in the 
limbic\CNS and in immune systems, we carried out a study to examine the anatomic 
expression and distribution of CGRP (CGRP-LI) via immunocytochemistry, during 
the onset of the Trimethyltin (TMT) syndrome. We chose this model because TMT 
causes dramatic changes in the autonomic nervous system (ANS)-limbic related 
nervous, endocrine structures as well as in the and immune system. In addition, we 
compared the distribution of CGRP in TMT-treated brains vs controls with the patteren 
of apoptosis (via TUNEL staining), changes in microglia (OX 42-LI) and astrocyte 
(GFAP-LI) immunocytochemistry and cell division (Ki67-LI) immunocytochemistry. 
Results showed a marked change in CGRP-LI in the dentate gyrus and CA1-3 regions 
during the sixteen day experimental time course that anatomically correlated with 
apoptosis and changes in microglia, astrocytes and cell cycle marker. Preliminary 
experiments suggest that CGRP enhanced the Ki-67 expression in microglia 
hippocampal cultures. Given CGRP known effects on these cells types and on 
programmed cell death, these findings are consistent with a regional immuno- 
regulatory/injury response role for CGRP following CNS trauma. (Supported by MH 
41256, MH42834 (BSM.KB))

GASTROINTESTINAL AND UROGENITAL REGULATION: BLADDER

635.2635.1

THE TWO PONTINE MICTURITION CENTERS IN CATS ARE NOT INTERCONNECTED: 
IMPLICATIONS FOR THE CENTRAL ORGANIZATION OF MICTURITION 
Bertil F.M. Blok* and Gert Holstege Department of Anatomy and Embryology, 
University of Groningen, The Netherlands
The smooth muscle of the urinary bladder and the external urethral sphincter (EUS) are 
innervated by sacral cord motoneurons. Neurons coordinating the activity of these 
muscles during micturition and urinary continence are not located in the spinal cord, but 
in two pontine regions, the M(=medial)-region and the L(=lateral)-region. The M-region 
excites the smooth muscle of the bladder via direct projections to its sacral motoneurons, 
and inhibits the EUS via direct excitatory projections to the GABA interneurons, that in 
turn inhibit the EUS motoneurons. The L-region, via direct projections, excites the EUS 
motoneurons. The present study investigated whether there are interconnections between 
the M- and L-regions. If so, micturition is the result of a coordinated activity of the two 
pontine regions, if not, they probably control micturition and continence independently. 
Ten adult cats were injected with antero- and retrograde tracers. First, wheat germ- 
agglutinin horseradish peroxidase (WGA-HRP) was injected in 1 cat in the sacral cord 
segments S 1 and S2 in order to delimit the neurons in M- and L-regions in the pons. In 
3 other cats WGA-HRP or cholera toxin subunit B (CTB) was injected in the M-region 
in order to localize projecting neurons in the pons. Projecting fibers from the M- or L- 
region were labeled with WGA-HRP and tritiated leucine. The WGA-HRP injection in 
the sacral cord resulted in retrograde labeling in the M- and L-region, and the nucleus 
subcoeruleus. M-region injections resulted in anterogradely labeled fibers in the IML 
containing bladder motoneurons, but not to Onufs nucleus. In these cases no specific 
projections were found to either to the ipsilateral L-region or to the contralateral M- and 
L-regions. L-region injections resulted in a distinct projection of labeled fibers to the 
sacral nucleus of Onuf, but not to the sacral IML. In these cases no specific projections 
were observed to either the ipsilateral M-region, or to the contralateral M- and L-regions. 
The results indicate that the M-region produces micturition via direct projections to the 
sacral cord, but not via an inhibitory projection to the L-region,which has a continuous 
excitatory effect on the EUS, but does not influence the M-region. It is concluded that 
the M- and L-regions are two separate functional systems which act independently.

635.3

ESTROUS VARIATIONS IN BLADDER HYPER-REFLEXIA INDUCED BY 
BLADDER INFLAMMATION IN THE RAT. O.L. Lyons* and K.J. Berkley. 
Program in Neuroscience, Florida St. Univ. Tallahassee, FL 32306-1270.

McMahon and Abel (1987) developed a model in female rats of inflammation of 
the urinary bladder (cystitis). The model uses repeated cystometrograms (CMGs) to 
assess the development of bladder hyper-reflexia over a 3-hour period following 
intravesicular infusion of 0.5ml of 50% turpentine in olive oil via a transurethral 
catheter. Using this model, the present study tested the hypothesis that susceptibility 
to bladder hyper-reflexia varies with estrous stage. Subjects were 32 young adult, 4- 
day regularly cycling, urethane-anesthetized rats. Each rat was in either diestrus, 
proestrus, estrus, or metestrus on the day of the experiment. For each CMG, bladder 
pressure changes were measured for 14-min while saline was slowly infused 
(0.05ml/min) into the bladder. Five CMGs were obtained for each rat: two pre-
turpentine controls (ctl #1; ctl #2) with a 5-min interval between them, and at 1-, 2-, 
and 3-hrs post-turpentine. During ctl #1, bladder contractility was very low in all rats 
and did not vary with estrous stage. Bladder hyper-reflexia (i.e., lowered micturition 
threshold or increased number of contractions/total contraction time) was observed, as 
expected, following the turpentine infusion, but also, surprisingly, during ctl #2. 
During ctl #2, bladder hyper-reflexia was significantly (p<0.05) least likely to occur 
in proestrus (0%) and most likely in diestrus (63%). Post-turpentine, bladder hyper- 
reflexia again was least likely to occur in proestrus (29%), and most likely in 
diestrus/estrus (50%). Thus, rats are less susceptable to the bladder hyper-reflexic 
consequences of bladder irritants during proestrus, an estrous stage when the rat 
becomes fertile and more sensitive to noxious cutaneous hindlimb stimulation and 
inflammation (Kayser et al., 1996; Ruda et al., this mtng). Furthermore, during 
proestrus, responses of neurons in the gracile nucleus to skin stimulation are enhanced 
while those to cervix stimuli become inhibitory (Bradshaw et al., this mtng). 
Together, these and other results suggest that the estrous condition of proestrus has 
opposing effects on the nociceptive sensitivity of skin and some pelvic viscera. 
Supported by NIH grant NS 11892.

NEURONAL EXCITATION IN THE VENTRAL TEGMENTAL AREA 
CONTROLS THE MICTURITION REFLEX OF RATS MEDIATED 
THROUGH DOPAMINE D1 AND D2 RECEPTORS. K. Hashimoto1, T. 
Oyama2, Y. Ukai2*, K. Kimura2, T. Sugiyama1, Y.-C. Park1 and T. Kunta1. 1D ept. o f  
Urology, Kinki Univ. School o f  Medicine, Osaka, 589-8511; 2Research Laboratory, 
Nippon Shinyaku Co. Ltd., Kyoto, 601-8550; Japan.

Patients with Parkinson s disease often exhibit various types o f  voiding dysfunction, 
but the mechanisms underlying this dysfunction remain unclear. In our recent study, 
dopamine neurons originating in the ventral tegmental area (VTA) were demonstrated to 
play an important role in the control o f the micturition reflex in rats (Neurourol. Urodyn. 
16: 470, 1997). In the present study, we investigated the effects o f  chemical stimulation 
o f the VTA on the micturition reflex in rats, as well as the roles o f  dopamine D 1 and D 2 
receptors in mediating these effects. Female rats were anesthetized with urethane and a 
single-lumen catheter was inserted into the bladder through the dome. The rats were 
placed in a stereotaxic apparatus and monitored by continuous cystometry. After 
confirming a sustained series o f  bladder contractions, a 0.5-µl portion o f various doses 
o f DL-homocysteic acid (DL-HCA) was unilaterally injected into the VTA. A selective 
dopamine D 1 antagonist, SCH23390, or a D 2 antagonist, eticlopnde, was administered 
subcutaneously 15 min before the injection o f  the DL-HCA. A low dose (3 µg) o f DL- 
HCA injected into the VTA decreased the intercontraction interval and increased the 
peak pressure during micturition, whereas a high dose (30 µg) increased the 
intercontraction interval and increased the micturition threshold pressure. Eticlopride, 
but not SCH23390, completely reversed the effect o f  the low dose o f  DL-HCA. In 
contrast, SCH23390, but not eticlopride, partially inhibited the effect o f  the high dose o f  
DL-HCA. Neuronal excitation in the VTA caused facilitation o f the micturition reflex 
when the dose o f  DL-HCA was low and suppression o f  the micturition reflex when the 
dose was high. Dopamine D 2 receptors may be involved in the facilitation, and D 1
receptors in the suppression, o f  the micturition reflex.

635.4

Redistribution and Increased Numbers of Fos-Immunoreactive (IR) Cells in the 
Lumbosacral (L6-S1) Spinal Cord Induced By Urinary Bladder Distension Following 
Chronic Cyclophosphamide (CYP)-Induced Urinary Bladder Inflammation in the Rat: 
Effects of Capsaicin. G.V. Doone and M.A. Vizzard*, University of Vermont, 
Departments of Neurology and Anatomy/Neurobiology, Burlington, VT 05405.

The functional reorganization of the L6-S1 spinal cord (sc) following CYP-induced 
bladder inflammation (75 mg/kg, i.p., q 3rd day (d) for 10-14 d) was studied by mapping 
the saline (non-noxious) bladder distension (0.21 ml/min, urethral outlet open) evoked 
distribution of Fos-IR cells. Saline bladder distension (2 hr) in controls induced the 
expression of Fos-IR in four areas of the L6-S1 sc: medial dorsal horn (MDH), lateral 
DH (LDH), dorsal commissure (DCM) and sacral parasympathetic nucleus (SPN). 
Saline distension in controls induced the majority of Fos-IR cells in the SPN (70%) 
with smaller percentages in the DCM (21%), MDH (5%), LDH (4%). Few Fos-IR cells 
were present in the L1-L2 sc. When saline was infused into the bladder of CYP-treated 
animals, the number (100-130 Fos-IR cells (c)/section (s) in CYP-treated animals vs. 
30-50 Fos-IR c/s in controls) and distribution of Fos-IR cells were altered compared to 
controls. The majority of Fos-IR cells was present in the DCM (48%) with smaller 
percentages in the SPN (28%), MDH (15%) and LDH (9%). This distribution resembled 
that following acetic acid (0.5%) bladder infusion (noxious) in controls. Fos-IR cells 
were also present in the DH, dorsal commissural nucleus and the intermediolateral cell 
column in the L1-L2 sc. Capsaicin treatment (C-fiber neurotoxin; 125 mg/kg, s.c.) of 
CYP-treated animals blocked the increased expression and redistribution of Fos-IR cells 
in the L6-S1 sc induced by saline bladder distension. Phosphorylated cAMP responsive 
element binding protein (pCREB)-IR was detected in fluorogold-labeled bladder afferent 
cells in the L6-S1 dorsal root ganglia in control and CYP-treated animals following 
saline bladder distension. These results demonstrate that: (1) chronic bladder
inflammation can reveal a “nociceptive” Fos expression pattern in the sc in response to a 
non-noxious (saline) bladder stimulus; (2) this “nociceptive” Fos expression is mediated, 
in large part, by C-fibers; (3) changes in the numbers and distribution of Fos-IR cells 
induced by bladder distension in CYP-treated animals may involve neurotrophic factors 
or neural activity arising within the urinary bladder. [Support: DK51369 aand ICA]
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635.5

NEUROTROPHIN mRNA EXPRESSION IS INCREASED BY 
CYCLOPHOSPHAMIDE (CYP)-INDUCED URINARY BLADDER 
INFLAMMATION. I.T. Jewett, V. May, K.M. Braas, R.W. Hamill* and M.A. 
Vizzard. Univ. of Vermont, Depts. of Neurol. and Anat./Neurobiol., Burlington, VT.

Previous studies have demonstrated changes in the expression of nitric oxide 
synthase-immunoreactivity in bladder afferent neurons in dorsal root ganglia, as well 
as changes in the numbers and distribution of Fos-IR cells in the L6-S1 spinal cord 
induced by saline bladder distension in animals with CYP-induced bladder 
inflammation (75 mg/kg; i.p. q 3rd day for 10 days). The mechanisms underlying 
tnese changes in lower urinary tract (LUT) pathways following bladder inflammation 
may involve neurotrophins and/or neural activity arising in the bladder. The urinary 
bladder from control and CYP-treated animals was analyzed using a RNase protection 
assay (RiboQuant; Pharmingen) for quantification of neurotrophins (ßNGF, BDNF, 
GDNF, CNTF, NT3, NT4). Adult female rats were killed by decapitation and bladders 
were dissected, weighed and frozen prior to RNA isolation and hybridization. 
Following RNase treatment, protected probes were fractionated on polyacrylamide 
denaturing gels; radioactivity was quantified by phosphorimaging. Bladder weights 
increased (p≤0.001) in the CYP-treated (189 ± 21 mg) animals compared to control 
(73 ± 17 mg). Following CYP-treatment, all neurotrophin transcripts except for 
CNTF mRNA, significantly (p≤0.005) increased; however, the magnitude of change 
differed. The largest increases in transcript abundance were detected for NT4 (7.7-fold), 
BDNF (6.0-fold) and NGF (5.4-fold). Smaller increases occurred for NT3 mRNA (3.2- 
fold) and GDNF mRNA (1.9-fold). Although the relative abundance of bladder NGF 
mRNA increased following inflammation, total bladder NGF protein decreased (31- 
fold) as detected by an NGF ELISA (Promega). These studies demonstrate that: (1) 
increased neurotrophin mRNA expression occurs in hypertrophied urinary bladder 
following bladder inflammation; (2) increased NGF mRNA does not result in increased 
NGF protein in the bladder following inflammation and (3) changes in the 
neurochemistry of bladder afferent neurons and organization of LUT pathways 
following bladder inflammation may be mediated by changes in neurotrophin 
expression (neuron-target organ interactions). [Support: DK51369 and ICA]

635.7

INTRAVESICAL CAPSAICIN OR RESINIFERATOXIN TEMPORARILY DECREASE 
SENSORY PEPTIDES IN THE MUCOSA AND MUSCULAR LAYER OF THE RAT 
URINARY BLADDER. A. Avelino*, F.Cruz and A. Coimbra. Institute of Histology and 
Embryology, Faculty of Medicine of Porto, 4200 Porto, Portugal.

The naturally occurring vanilloids capsaicin (CAP), extracted from Capsicum peppers, or its 
potent analogue resiniferatoxin (RTX), extracted from Euphorbia plants, activate a specific 
membrane receptor in unmyelinated primary afferent fibers, which causes their selective 
desensitization with impaired sensory transmission. In the bladder, desensitization of 
unmyelinated afferents by intravesical administration of those substances is currently under 
investigation to control micturiction dysfunctions or bladder pain. In the present work the 
effect of the two vanilloids on the bladder peptidergic innervation is studied. Adult male 
Wistar rats were injected through the bladder dome with 0.5 ml of 1 mM CAP , 0.5 ml of 100 
nM RTX or 0.5 ml of vehicle for 30 min. Twenty-four hours, one, two, three, four and eight 
weeks later the bladders were fixed with paraformaldehyde and 40 µm frozen free-floating 
sections through the trigone were immunostained for CGRP, SP, VIP and NPY. 
Immunoreactive (IR) fibers were quantified in the mucosa and in the muscular layer. Six 
images of each layer were acquired per animal with a frame grabber and the 
immunoreactive profiles were plotted on a graphical program and counted.

Twenty-four hours after CAP or RTX application a marked reduction in CGRP-IR and SP- 
IR nerve fibers was found in the muscular layer and in the mucosa, the levels of CGRP-IR 
being respectively 5% and 13% of control for both vanilloids and those of SP-IR varying 
between 2-8% in the muscular layer and between 9-20% in the mucosa after CAP or RTX, 
respectively. A gradual reappearance of CGRP and SP-IR fibers started in both layers by the 
second week, reaching control levels at eight weeks. VIP and NPY were not affected. This 
study shows that desensitization of unmyelinated bladder afferents by intravesical vanilloids 
is correlated with a transient disappearance of neuropeptides in sensory fibers. This may be 
due to intraneuronal depletion of peptides or degeneration of the peripheral terminals 
followed by sprouting. (Supported by JNICT project PECS/SAU/185/95).

635.9

NERVE GROWTH FACTOR (NGF) EXPRESSION IN THE RAT BLADDER AND 
DORSAL ROOT GANGLION NEURONS USING HERPES SIMPLEX VIRUS (HSV) 
VECTORS. M B. Chancellor1, H. Ozawa1 , W. F Goins2, J.C. Glorioso2,I. Araki3*, W. C. 
de Groat3 and N. Yoshimura3. 1Div. of Urologic Surgery, 2Dept. of Molecular Genetics 
& Biochemisitry and 3Dept. of Pharmacology. Univ. of Pittsburgh Sen. Mec. Pittsourgh. 
PA 15261

We have examined the erficacy of HSV vector-mediated NGF expression in me 
urinary bladder and bladder afferent pathways using replication competent and 
replication defective herpes simplex virus type 1 (HSV-1) vectors which express a 
functionally active form of mouse nerve growth factor (ß-NGF). NGF expression during 
acute (3 days) and latent (21 days) infection was examined by ELISA and 
immunohistochemistry following an injection of HSV vector into the bladder wall of the 
adult rats. HSV vectors in which the strong human cytomegalovirus (HCMV) IE 
promotor was employed to drive ß-NGF gene expression exhibited increased NGF at 3 
days post-infection in the bladder and L6-S1 dorsal root ganglia (DRG) where bladder 
afferent neurons are located. Analysis by ELISA revealed that NGF levels in the bladder 
tissue and DRG were increased respectively by 7-9 fold and 2-4 toig over comro. by the 
replication competent HCMV-IEp vector. Increased NGF expression in L6-G. DRC 
neurons was also detected by immunohistochemical staining using β-NGF antibodies. 
Replication defective vectors containing HSV-1 latency promoter , LAP-2) driving β- 
NGF were able to express NGF in the bladder and DRG at 21 days after bladder 
injection. ELISA analysis confirmed an approximately 4 fold increase of NGF 
expression in both bladder and L6-S1 DRG. These results indicates that the NGF gene 
could be transfered and expressed in the urinary bladder and bladder afferent pathways 
using HSV vectors. This technique of gene transfer might be useful for treating certain 
types of neurogenic bladder dysfunction such as diabetic cystopathy. in which a decrease 
in NGF transport might be a causative factor. (Supported by NIH grant DK 49430)

635.6

EFFECTS OF Ca2+ ANTAGONIST ON BLADDER HYPERACTIVITY 
INDUCED BY CEREBRAL ISCHEMIA IN RATS. Y. Nakamura1, O.
Yokoyama1*, K. Komatsu1, Y. Ishiura1, E. Mita1 and M. Namiki1, T.Tsuji2 
and H. Kontani2. 1Dept.of Urology, Kanazawa Univ.; Takaramachi 13-1, 
Kanazawa 920; 2Dept. of Pharmacology, Fac. of Pharmaceutical Science, 
Hokuriku Univ.; Kanakawamachi Ho-3, Kanazawa 920-11, Japan.

In patients with brain ischemia urinary frequency occasionally appears. 
As we could prepare a model of frequency in rats by induction of cerebral 
ischemia, we studied the effects of Ca2+ antagonist, nifedipine (Nif), on the 
bladder motility. Seven days after implantation of a bladder catheter, 
cannula a for intracerebro-ventricular injection was implanted and the left 
middle cerebral artery was occluded with nylon thread according to the 
modified Koizumi's method in male SD rats (weighing 270-300 g). 
Twenty-four hrs after the induction of cerebral ischemia saline was infused 
into the bladder at a constant rate (0.2 ml/min) and cystometrogram was 
measured in conscious state. Micturition interval (MI) in rats with cerebral 
ischemia was significantly shorter than that in the sham-operated rats. 
Nif, which were cumulatively injected in 0 .15ng-0.15µg range, prolonged MI 
in rats with cerebral ischemia but not in sham-operated rats. N if was 
effective to increase bladder capacity even at very low concentration. These 
results suggest that N if may suppress the hyperactivity of the micturition 
center. As Nif is vasodilators, it is likely that the inhibitory control to the 
micturition center is reactivated by an increase in blood flow in the 
penumbra around the infraction.

635.8

DESENSITIZATION OF BLADDER AFFERENTS BY RESINIFERATOXIN 
FOR TREATMENT OF DETRUSOR HYPERREFLEXIA. F. Cruz*, C. Silva. M. 
Guimaräes and M. Reis. Dept of Urology of Hospital S. João and Institute of 
Histology and Embryology, Faculty of Medicine of Porto,4200 Porto, Portugal.

Desensitization of bladder afferents with intravesical capsaicin, albeit useful to 
treat detrusor hyperreflexia, is hampered by bladder pain felt during the 
instillation. Resiniferatoxin (RTX), by being several thousand times more potent 
in desensitization than capsaicin but only a few hundred times more in noxious 
excitation, may induce desensitization in concentrations so low that no pain is felt.

Fourteen patients had detrusor hyperreflexia due to multiple sclerosis (4), spinal 
cord injury (7), extradural abscess (1), transverse myelitis (1) or a cerebrovascular 
accident (1). Eight had received intravesical capsaicin before. A volume of 100 ml 
of a 50 nM (6 patients) or 100 nM (8 patients) RTX solution in 10% alcohol 
(Afferon Corp. USA) were instilled into the bladder for 30 minutes. The 
procedure, approved by our Ethics Committee, was carried out without local 
anaesthesia.

Itching or mild discomfort during the first minutes of the treatment were the 
only symptoms evoked in some patients, regardless of the RTX concentration 
used. A temporary deterioration of urinary symptoms, common after capsaicin 
administration, did not occur. Full continence or expressive improvement occurred 
in 9 out of 12 incontinent patients. At 3 months, average frequency in 8 patients 
with spontaneous micturitions decreased from 12±7 to 9±4 times per day and 
maximal cystometric capacity increased from 158±84 ml to 368±200 ml (p<0.05). 
In addition, the ice-water test became negative in 8 cases. Clinical and urodynamic 
improvements were long-lasting.

We concluded that RTX may substitute with advantage capsaicin as the 
desensitizing agent of the bladder sensory fibers in cases of detrusor hyperreflexia.

Funded by JNICT scientific project PECS/C/SAU/185/95

635.10

AGING AND PREGNANCY EFFECTS ON I N  V IV O  AND I N  V IT R O  
BLADDER FUNCTION IN FEMALE RATS Helen M. Wilfehrt*. Culley 
C. Carson. Ill and Lesley Marson. Division o f Urology, School o f Medicine, 
University o f North Carolina. Chapel Hill, NC. 27599-7235.

Bladder disorders arc common in females o f all ages; both pregnancy and 
aging may contribute. We examined in vivo cystometrographic micturition 
reflexes and in vitro bladder tissue strip responses in virgin Young (14-16 
wks). virgin Aged (8 mon.) and retired breeder (RB: 8-9 mon.) female Sprague 
Dawley rats in order to establish if the urologic function was altered.

Young rats had significantly smaller residual volumes, bladder opening 
pressures and resting bladder pressures, but significantly greater void durations 
than cither the aged or RB rats (aged = RB). The aged rats exhibited 
significantly smaller voided volumes and void-to-void intervals compared to the 
young rats and RB. No differences in bladder capacity or peak bladder 
pressures were detected. In addition, the RB had an increased level o f EUS 
activity between voids compared to other groups.

In vivo bladder strip studies revealed K+ KREBs (80mM)-induccd- 
contractions: young > aged > RB. Acetylcholine responses suggest pregnancy 
related effects. Acetycholinc antagonism by atropine (lµM ) seemed to differ 
with age. Aged rats showed greater sensitivity to ATP than young rats.

These studies demonstrate that changes in bladder and urethral function alter 
with age and that multiple pregnancies may have an effect on micturition. The 
results suggest that bladder compliance has altered. Further work is necessary 
to differentiate between age and pregnancy effects on bladder function.

Research supported by NIH DK49503 and Glaxo-W ellcome.
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635.11
THE EFFECT OF CAPSAICIN PRETREATMENT ON DETRUSOR SPHINCTER 
DYSSYNERGIA IN CHRONIC SPINAL RATS. C.-L. Cheng1* ,C.-R. Yang1 ,J.-S. 
Kuo2, and W.C. de Groat3. 1Div. Urology, Dept. Surgery, and 2Dept. Medical Research, 
Taichung Veterans General Hospital, Taichung Taiwan 407; Republic o f China and 3Dept. 
Pharmacology, Univ. o f Pittsburgh, Pittsburgh, Pa. 15261 

Spinal cord injury (SCI) rostral to the lumbosacral level alters the coordination between 
bladder and external urethral sphincter (EUS) leading to detrusor-sphincter dyssynergia, 
DSD. Previous studies revealed that voiding in SCI rats occurred after a long series of 
non-voiding detrusor contractions and that in normal rats the EUS exhibits burst type 
activity which facilitates voiding whereas in SCI rats the EUS exhibits tonic activity which 
inhibits voiding. This study examined the role o f capsaicin sensitive afferents on the 
dysfunction o f the lower urinary tract after SCI in rats. Experiments were conducted on 
urethane-anesthetized female Sprague-Dawley rats (200-300 g, T6-7 cord transection 6-8 
weeks before the experiment). Intravesical pressure and EUS electromyogram (EMG) were 
recorded. Capsaicin (CAPS, 125 mg/kg, s.c. in divided doses on 2 consecutive days) or 
vehicle was administered 4 days prior to experiments. After vehicle or CAPS pretreatment 
spontaneous bladder contractions were elicited in all animals by continuous infusion of the 
bladder (transvesical CMG with infusion rate o f 0.123 ml/min). Sixty percent of vehicle- 
pretreated spinal rats exhibit non-voiding bladder contractions during CMGs. Non-voiding 
contractions in SCI rats were eliminated after CAPS pretreatment. The amplitude of 
bladder contractions was significantly decreased by CAPS pretreatment (45 ± 3 cm H2O 
in control rats versus 34 ± 2 cm H2O in CAPS pretreated rats). The duration o f bladder 
contractions was decreased 35% by CAPS (30 ± 3 sec versus 20 ± 2.5 sec). All control 
spinal rats exhibited tonic EUS EMG, but CAPS-pretreated SCI rats exhibited bursting 
EUS EMG. Residual urine decreased 45% in CAPS-pretreated animals. These data 
indicate that prominent functional changes occur in chronic SCI rats after CAPS 
pretreatment including a decrease in bladder contraction amplitude and duration, as well 
as a normalization o f EUS-EMG patterns leading to an increase in efficiency of voiding 
and a decrease in residual urine. It is concluded that DSD in rats after SCI is mediated via 
CAPS-sensitive afferent fibers. (Supported by NIH grants DK 49430 & DK 51402.)

635.13
SECRETONEURIN-IMMUNOREACTIVE NERVES OF THE FEMALE RAT 
REPRODUCTIVE SYSTEM. Collins. J.J.1, K. Wilson2 and Papka. R.E.1*. 
1Dept. Neurobiology, Northeastern Ohio Universities College of Medicine; 
2Dept. Anatomical Sciences, Univ. Oklahoma, Oklahoma City, OK, 73190.

Secretoneurin (SN) is a 33-amino-acid peptide derived from 
secretogranin II (a member of the acidic chromogranins). SN- 
immunoreactivity has been localized in the spinal cord, sensory ganglia, 
autonomic ganglia and gut. SN exerts potent chemotactic activity for 
monocytes and neutrophils and may play a role in inflammation. We 
suspect that peptides released from primary afferent nerves may play a 
role in a controlled inflammatory condition as part of cervical ripening in 
preparation for parturition and SN may fit into this process. Thus, we 
undertook a study of SN-immunoreactivity in nerves of the female 
reproductive system. SN-immunoreactive (-ir) neurons were present in the 
dorsal root ganglia (DRG) and nodose ganglia. Many of these are small to 
medium-sized neurons. Retrograde tracing with Fluorogold indicated that 
some SN-ir neurons of the DRG project axons to the cervix and uterine 
horns. SN-ir terminal-like structures were associated with many neurons in 
the pelvic parasympathetic paracervical ganglia (PG) and some of these 
neurons projected axons to the uterus and cervix A moderate plexus of 
SN-ir nerves were present in the myometrium and endometrium of the 
uterus and smooth muscle and endocervix of the cervix Many of these 
fibers were associated with the vasculature. The distribution of SN-ir is 
very similar to that of calcitonin gene-related peptide (CGRP). Double- 
immunostaining indicated coexistence of CGRP with SN in some terminals 
of the PG. Release of SN from sensory nerve endings could influence 
activity in the PG, smooth muscle and vasculature of the reproductive 
tract. (Supported by NIH NS-33081, NS-22526).

635.15
EFFECT OF MK-801, AN NMDA RECEPTOR ANTAGONIST, ON THE CENTRAL 
CONTROL OF URETHRAL SMOOTH MUSCLE FUNCTION IN THE FEMALE RAT. 
H. Ozawa1, M. O. Fraser2, M. B. Chancellor1, S. Y. Jung1, M. Yoshiyama2, R. T. Layer3,*, 
W. C. de Groat2, Depts. of Surgery1 and Pharmacology2 , Univ. o f Pittsburgh, Pittsburgh, 
PA and Cognetix Inc.3, Salt Lake City, UT.

The role of glutamatergic receptors in the neural control of the urinary bladder and 
external urethral sphincter has been examined previously. The following experiments were 
performed to investigate the role of glutamatergic receptors in the reflex urethral relaxation 
associated with micturition. Female rats (n=10) were anesthetized with urethane (1.2 g/kg 
sc) and fitted with tracheostomy tubes and iv lines. Isovolumetric bladder pressure and 
urethral perfusion pressure in a novel, functionally-separated bladder/urethra preparation 
were measured during reflex micturition and after direct electrical stimulation of the 
bladder dome. Responses were examined in the control state, following atracurium (a short 
acting neuromuscular antagonist; 0.5 mg/kg), and following increasing doses of MK-801 
(an NMDA receptor antagonist; 0.01-30 mg/kg). After the dose of MK-801 that eliminated 
striated external urethral sphincter (EUS) activity (0.3-1 mg/kg), synergic bladder 
contractions and urethral smooth muscle relaxations were evident. At increasing doses of 
MK-801, bladder contractions and urethral relaxations were also reduced in amplitude. 
Direct electrical stimulation of the bladder wall, however, resulted in bladder contraction 
amplitudes and urethral relaxations that were indistinguishable from pre-MK-801 
spontaneous activity following atracurium. Urethral relaxations were still evident in 
response to direct electrical stimulation of the bladder at doses o f MK-801 that eliminated 
spontaneous bladder contractions (1-3 mg/kg), Much higher doses of MK-801 (30 mg/kg) 
were required to eliminate urethral relaxation. In some cases, this dose was not sufficient 
to completely eliminate urethral relaxation and administration o f hexamethonium (25 
mg/kg) resulted in total abolishment of urethral relaxation. The finding that MK-801 blocks 
reflex activation of the three muscle groups suggests that they are all dependent on spinal 
cord NMDA receptor activation. The differences in doses required to block these reflexes 
implies that different subtypes of glutamate receptors may be involved for each reflex.

635.12
CHOLINERGIC NEURONS OF THE FEMALE RAT PELVIC AUTONOMIC 
GANGLIA AND UTERUS. Papka. R.E.1. H.H. Trauriα2*, M. Schemann3, T. 
Copelin4 and K. Wilson4. 1Dept. Neurobiology, Northeastern Ohio Universities 
College of Medicine; 2Dept. Anatomy and Neurobiology, Univ. Kentucky; 3 
Physiol. Institut, Tierärtzliche Hochschule, Bischofs holer Damm, Germany; 
4Dept. Anat. Sci., Univ. Oklahoma, Oklahoma City, OK, 73190.

Parasympathetic nerves supplying the uterus and cervix have their cell 
bodies of origin in the pelvic paracervical ganglia (PG), contain several 
neuropeptides and classical transmitters. Parasympathetic cholinergic nerves 
provide an important input to the uterus and acetylcholine stimulates 
contraction of the myometrium. Previous reports of the uterine cholinergic 
innervation have used indirect markers of cholinergic characteristics, i.e. 
histochemical staining for the hydrolytic enzyme acetylcholinesterase (ACHE), 
thus, reliable identification and study of peripheral cholinergic neurons has 
been limited since ACHE is not associated exclusively with cholinergic 
nerves. We have used antibodies against the acetylcholine synthetic enzyme, 
choline acetyltransferase (CHAT), and the acetylcholine vesicular transporter 
molecule (VAChT), which immunostains cholinergic nerves in the peripheral 
nervous system, to reevaluate the cholinergic characteristics in the PG and 
cholinergic innervation to the uterus. In addition, retrograde axonal tracing 
with Fluorogold confirmed the origin of cholinergic fibers from the PG. CHAT 
neurons form the major population of neurons in the PG. Cholinergic nerves 
form a substantial network of nerves in the smooth muscle of the cervix and 
around the vasculature of the endocervix They are numerous with the 
intermuscular vascular plexus of the uterus, innervate the myometrium and 
are prevalent in the endometrium. Autoradiography demonstrated binding of a 
radiolabeled muscarinic cholinergic receptor ligand to neurons in the PG. 
(Supported by NIH NS-33081, NS-22526).

635.14
CONANTOKINS DISCRIMINATE BETWEEN GLUTAMATERGIC RECEPTORS 
THAT REGULATE PARASYMPATHETIC AND SOMATIC PATHWAYS 
CONTROLLING LOWER URINARY TRACT FUNCTION. M.O. Fraser1,  M.

and R.T. McCabe3 Depts. o f Pharmacology1 and Surgery2, Univ. o f Pittsburgh, Pittsburgh, 
PA, and Cognetix Inc.3, Salt Lake City, UT

Conantokins G, R, and T are polypeptide venom derivatives from the predatory Cone 
snails (Conus geographus and3Conus tulipa, respectively) and have been previously shown 
to have NMDA receptor antagonist action. Blockade o f NMDA receptors by the MK-801 
and LY274614, either via intrathecal (it) or systemic injection, have been shown to 
preferentially inhibit striated muscle activity o f the external urethral sphincter (EUS) to a 
greater extent than detrusor contractility during cystometrograms (CMG) in urethane 
anesthetized rats. Because the latter drugs cross the blood brain barrier, and therefore may 
cause undesirable effects on other, unrelated CNS functions, we examined the ability of 
it conantokin administration to produce selective inhibition o f EUS activity. To this end, 
15 urethane anesthetized (1.2 g/kg sc) female Sprague-Dawley rats were implanted with 
a PE-10 catheter inserted through a slit in the atlanto-occipital membrane and passed 
caudally to the L6 level o f the spinal cord. A transurethral PE-50 catheter was used for 
continuous CMG infusion and pressure recording, and fine wire EMG electrodes were 
placed percutaneously in the EUS to record electrical activity. A cumulative dose response 
curve for the conantokins (n=5 / conantokin) was achieved by administering: 0.03, 0.3, 3.0 
and 30 nmol (it) at hourly intervals. The results show that all conantokins preferentially 
inhibited external urethral sphincter activity (80-100% by 30 nmol it), while detrusor 
contractility was inhibited only by 30-60% for the same doses. The discriminatory power 
of the conantokins appears to be even greater than that seen previously for MK-801 and 
LY274614, and is most prominent with Conantokin R. The potential clinical importance 
of such localized and selective antagonistic effects on the different NMDA receptor 
subtypes by local injection o f the conantokins is obvious, because it allows for selective 
inhibition of external striated urethral sphincter activity. Such treatment would be 
extremely valuable for patients suffering from detrusor-sphincter dyssynergia.

635.16
CO-LOCALIZATION OF PARVALBUMIN AND c-FOS IN SACRAL SPINAL 
NEURONS INVOLVED IN REGULATION OF MICTURITION 
Warren M. Grill*. Selma Hadziefendic. Bernadette O. Erokwu, and Musa A. Haxhiu. 
Depts. Biomed. Eng., Medicine, Anat., Case Western Reserve Univ., Cleveland, OH 

The purpose of these experiments is to determine the location of inhibitory spinal 
intemeurons involved in regulation of the genitourinary system. We used expression 
of the c-fos gene encoded protein c-Fos to identify sacral spinal neurons that were 
active during reflex micturition, and co-localization with parvalbumin (PV), a 
calcium binding protein present in GABAergic neurons, to identify putative 
inhibitory neurons. Adult male cats were anesthetized with α-chloralose and 
underwent a 1-2 h period of isometric micturition induced by ligating the proximal 
urethra and infusing saline into the bladder (1 ml/min) until spontaneous periodic 
bladder contractions occurred. Animals were perfused 1 -2 h after the cessation of the 
stimulus, and double labeling was used to define co-expression of c-Fos with PV or 
GABA. Operated unstimulated controls exhibited few neurons expressing c-Fos 
which were localized to the superficial dorsal horn (laminae I and II). In stimulated 
animals, neurons expressing c-Fos were found bilaterally in Sl-S3 and were localized 
to the lateral portion of the superficial dorsal horn (laminae I and II), the 
intermediolateral region (lateral laminae V-VII), and around the central canal (lamina 
X and medial laminae V-VII). The number of neurons expressing only c-Fos 
immunoreactivity (463), only PV immunoreactivity (119), or immunoreactivity for 
both c-Fos and PV (25) were counted in 3 sections from each of 3 animals. Within 
the three regions where neurons exhibiting c-Fos immunoreactivity were identified, 
only 25/463 cells (5%) also expressed PV. Cells co-localizing both PV and c-Fos 
were found mostly around the central canal with fewer double labeled cells in the 
intermediolateral region, and none in the dorsal horn. Qualitatively similar results 
were obtained when c-Fos was co-localized with GABA. These results indicate that a 
relatively small sub-population of neurons activated during reflex micturition express 
GABAergic traits. Such cells may function to inhibit somatic motoneurons leading 
to a reduction in urethral pressure during micturition.
(Supported by NIH NINDS Neural Prosthesis Program, NS-5-2331 to WMG).
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635.17
SACRAL SPINAL CO RD NEURONS RESPON SIVE TO  BLADDER PELVIC 
AND PERIN EAL INPUTS IN CATS. E.M. Coonan, J.W. Downie*. and H.-J. Du. 
Depts. of Pharmacol, and Urol., Dalhousie Univ., Halifax, NS, Canada, B3H 4H7.

The sacral spinal cord is the initial site of integration of inputs from the bladder, 
urethra, and perineal skin. Our goal was to categorize the peripheral nerve inputs 
impinging on populations of spinal cord neurons. Male cats were anesthetized with 
halothane in 0 2/N 0 2 during surgical preparation and decerebrated or switched to 
chloralose anesthesia for recording. In some experiments the spinal cord was 
transected at T10-11. Silver foil electrodes were secured on a bladder branch of the 
pelvic (PL) nerve in the abdomen. The central cut ends of the superficial perineal 
(SFP) nerve, sensory pudendal (sPUD) nerve, caudal cutaneous femoral (CCF) 
nerve, and posterior biceps/semi-tendinosus (PBSt) nerve were mounted on platinum 
wire electrodes in a mineral oil pool fashioned from skin flaps. The inputs from 
these afferents to sacral spinal neurons were assessed by extracellular recording. 57 
cells responded to PL nerve stimulation, 45 of which were located in the S2 segment. 
Of these 57 cells, 16 responded only to PL nerve stimulation. This group of neurons 
may represent a "private path" for bladder input, or preconvergent neurons in a multi- 
neuronal path. All of the other 41 cells with PL nerve input also received inputs 
from the urethra or perineal skin (sPUD 24/41; SFP 37/41). Two-thirds of these cells 
were clustered primarily in the regions of the sacral parasympathetic nucleus and 
dorsal gray commissure. In contrast, only 2/41 cells received inputs from hindlimb 
muscle (PBSt). O f 33 cells tested for input from the hindlimb skin (CCF), 10 
responded. These data indicate that cells identified as responsive to PL nerve 
stimulation receive convergent input more commonly from urethra and perineum 
than from hindlimb skin and muscle. This convergence is particularly important for 
micturition in neonatal cats and for development of reflex bladder contractions after 
spinal cord injury.
Supported by MRC of Canada.

635.19
EXCITATORY POSTSYNAPTIC CURRENTS ELICITED IN LUMBOSACRAL 
PREGANGLIONIC NEURONS BY DORSAL COMMISSURE STIMULATION IN 
NEONATAL RAT SPINAL CORD SLICES M . Imaizumi2*, A. Miura1, M . Kawatani2 
and W. C . de Groat1, 1Dept. of Pharmacology, Univ. of Pittsburgh Sch. of Med. Pittsburgh, 
PA 15261; 2Dept. of Physiology, Akita Univ. Sch. of Med. Akita, Akita 010, Japan 

Excitatory postsynaptic currents (EPSCs) in parasympathetic preganglionic neurons 
(PGN) were examined using the whole-cell patch-clamp recording technique in 
lumbosacral spinal slice preparations from the neonatal rat. Synaptic responses were 
evoked in PGN by extracellular stimulation of neural pathways in the dorsal commissure 
(DCM) in the presence of bicuculline methiodide ( l 0µM) and strychnine (lµM). PGN were 
labeled by a fluorescent tracer (Fast Blue) injected into peritoneal space prior to the study. 
The mean amplitude of EPSCs evoked by DCM stimulation was 57.9 ± 7.1 pA (n = 35). 
Single-shock electrical stimulation of DCM evoked short latency (3.4 ± 0.2 ms) fast 
EPSCs. Two patterns of EPSCs were observed, “type 1” (n = 28) and “type 2”(n = 7), 
which were different in their time course. The type 1 response was monophasic composed 
a fast monosynaptic component. The type 2 response was biphasic composed of an initial 
monosynaptic response followed by a slow component with superimposed fast polysynaptic 
currents. The fast monosynaptic component had a linear current-voltage relationship and 
reversed at a membrane potential of -16.4 ± 3.3 mV (n = 4). Type 1 fast synaptic EPSCs 
were pharmacologically dissected into two components. The fast component was blocked 
by 6-cyano-7- nitroquinoxaline-2,3-dione (CNQX, 5 µM) and a slowly decaying 
component was blocked by D (-) (2-amino-5-phosphonovalerate (APV, 50 µM). Type 2 
polysynaptic currents were blocked by 5 µM CNQX and the slow component was blocked 
by 50 µM APV. Paired-pulse facilitation of EPSCs was observed in PGN (143.5 ± 0.8 %, 
n = 6). The results indicate that PGN receive monosynaptic and polysynaptic 
glutamatergic excitatory inputs from pathways in the dorsal commissure. These pathways 
could mediate projections from the contralateral cord, from the brain or from visceral 
afferent axons that terminate in the DCM. Supported by NIH grant DK 37241.

636.1

NOREPIN EPHRIN E, ACETYLCHOLINE AND CAPSAICIN EVOKED 
NITRIC OXIDE RELEASE IN THE URINARY BLADDER EPITHELIUM , 
M EASURED USING A PORPH YRINIC MICROSENSOR.
L A. Birder*. W.C. de Groat A.J. Kanai, S T. Truschel and G. Apodaca. University 
of Pittsburgh, Pittsburgh, PA 15213.

Nitric oxide (NO) may play a role in regulating epithelial cell function. Thus, our 
goal was to determine if NO can be released from primary uroepithelial cell cultures 
or from isolated urinary bladder (UB) strips, obtained from anesthetized New Zealand 
white rabbits. Release of NO from UB strips was evoked by the α-ß adrenergic 
agonist, norepinephrine (NE), acetylcholine (ACh), DMPP (nicotinic agonist) and 
capsaicin. Mechanical removal of the urothelium from underlying smooth muscle or 
chemical disruption with protamine sulfate (1 mg/ml) applied to the UB mucosal 
surface ablated NE evoked release. In uroepithelial cell cultures, NE (1 µM), ACh (1 
µM) and DMPP (1 µM) released NO (ave 620 ± 90 nM NO, n=25) from superficial 
umbrella cells that express nNOS immunoreactivity, ZO-1 (marker for tight 
junctions), and a uroepithelial selective antigen (recognized by AE-31). H-7 (20 µM), 
an inhibitor o f PKC and cAMP-dependent protein kinase, ablated NO production due 
to ACh but not NE. In contrast, capsaicin (500 nM), evoked the release of NO (450 ± 
95 nM, n=24) preferentially from undifferentiated basal urothelial cells and was 
blocked by the capsaicin antagonist, capsazepine (10 µM). Agonist evoked NO 
release was reduced by removal and chelation (100 µM EGTA) of extracellular Ca2+, 
and blocked by intracellular Ca2+ chelation (2 µM BAPTA), demonstrating the Ca2+ 
dependence o f constitutive NOS. The NO donor, SNAP (5 mM), but not PBS vehicle 
or ferrocyanide (control), increased paracellular permeability (as measured by 14C 
mannitol flux across the urothelium) and reversibly decreased (ave. 80-90%) the high 
transepithelial resistance of superficial uroepithelial cells (7000-10000 Ωcm2). Our 
results, demonstrating that various agonists evoke NO release from the uroepithelium 
and that NO donors alter paracellular epithelial resistance, suggest a role for NO in 
uroepithelial function. Supported by NIH grant DK49430.

635.18
EXCITATORY POSTSYNAPTIC CURRENTS ELICITED IN LUMBOSACRAL 
PREGANGLIONIC NEURONS BY ELECTRICAL STIMULATION OF THE LATERAL 
FUNICULUS IN NEONATAL RAT SPINAL CORD SLICES.
W. C. de Groat1*, A. Miura1 and M. Kawatani2, 1Dept. of Pharmacology, Univ. of 
Pittsburgh Sch. of Med. Pittsburgh, PA 15261; 2Dept. of Physiology, Akita Univ. Sch. of 
Med. Akita, Akita 010, Japan

Excitatory postsynaptic currents (EPSCs) in parasympathetic preganglionic neurons 
(PGN) were examined using the whole-cell patch-clamp recording technique in lumbosacral 
spinal slice preparations of the neonatal rat. Synaptic responses were evoked in PGN by 
field stimulation o f the lateral funiculus (LFS) in the presence of bicuculline methiodide (10 
µM) and strychnine (1 µM). PGN were labeled by a fluorescent tracer (Fast Blue) injected 
into peritoneal space prior to the study. The mean amplitude of EPSCs evoked by LFS was 
62.2 ± 9.3 pA (n = 26). Single-shock electrical stimulation o f LF evoked short latency (3.0 
± 0.1 ms) fast EPSCs. Two patterns of EPSCs were observed, "type l(n = 20)" and "type 
2 (n = 6)", which were different in their time course. The type 1 response was monophasic 
and occurred after a short latency (monosynaptic). The type 2 response was biphasic 
consisting o f an early monosynaptic component plus a late component composed of long 
latency (10.5 ± 0.5 msec) fast polysynaptic currents superimposed on a slow inward current. 
The fast monosynaptic component had a linear current-voltage relationship and reversed 
at a membrane potential of -1.84 ± 5.92 mV. Type 1 fast synaptic EPSCs were 
pharmacologically dissected into two components. The fast component was blocked by 6- 
cyano-7- nitroquinoxaline-2,3-dione (CNQX, 5 µM) and a slowly decaying component was 
blocked by D (-) (2-amino-5-phosphonovalerate (APV, 50 µM). Type 2 fast monosynaptic 
and polysynaptic currents were reduced by 5 µM CNQX. Co-application of 5 µM CNQX 
and 50 µM APV substantially reduced the type 2 slow component. Paired-pulse inhibition 
o f LPS-evoked EPSCs was observed (68.5 ± 0.4 %, n = 11). The results indicate that PGN 
receive monosynaptic and polysynaptic glutamatergic excitatory inputs from axons in the 
lateral funiculus. These axons might originate in part from the pontine micturition center. 
Supported by NIH grant DK 37241.

635.20

ESTROGEN IS REQUIRED FOR M AINTAINING TH E  
INNERVATION AND DIFFERENTIATION O F DETR USO R  
M YOCYTES IN MATURE FEM ALE RATS. Q .Zhu1, 
C .Tannenbaum 1, M .Salas-Prato1, A .E Ibadaw i2, N .R esnick3 
and G .A .Kuchel1*, 1Geriatrics, Montreal General Hospital, 
Montreal, Quebec, Canada H3G 1A4; 2SUNY, Syracuse, NY; 
3Brigham & W om en’s Hospital, Boston, MA.

Although the detrusor of the mammalian bladder appears to 
be an estrogen-responsive target, the effects of ovariectomy 
(OOPHx) on its ultrastructure are unknown. Mature (9 m. old) 
retired breeder F-344 rats underwent OO PHx or sham-surgery. 
Four months later, there was evidence of axonal degeneration in 
OO PHx animals, involving many, but not all axons. Myocytes 
were also affected with a 23%  overall atrophy (p<0.05) and a 
28%  decrease in the numbers of caveolae per length of 
sarcolemma (p<0.005). Smooth muscle actin protein was 
unchanged after OOPHx, yet in the same blots caveolin-1 protein 
levels were lowered by 30% (p<0.05), a decrease which could be 
reversed with 17ß-estradiol administration. Both caveolae and 
caveolin-1 protein increased during post-natal development and 
maturation of the female rat detrusor. Thus, “normal” estrogen 
levels appear to be required for the maintenance of detrusor 
innervation and of the fully differentiated myocyte phenotype. 
(FR S Q , The Drum m ond Foundation)

REGULATION: b l a d d e r  a n d  o t h e r

636.2
ALTERATIONS IN NITRIC OXIDE (NO) PRODUCTION AND NK2 
IM M UNOREACTIVITY IN URINARY BLADDER FROM  CATS W ITH 
FELINE INTERSTITIAL CYSTITIS. K. Erickson, C .A . Buffington1, A .J. Kanai, 
W.C. de Groat A  Bullo2, L. D ’Alatri2, D. Edwards*, and L.A. Birder. 1Ohio State 
University, Columbus OH, 43210; 2A. Menarini Ricerche Pomezia Italy; University 
o f Pittsburgh, Pittsburgh PA 15213.

Interstitial cystitis (IC) is a chronic disorder in humans characterized by sensory 
symptoms such as urinary urgency, frequency and pain. Cats suffer a naturally 
occurring chronic idiopathic cystitis, termed feline interstitial cystitis (FIC), with 
features similar to IC. Changes in NO production have been detected in IC, thus we 
determined if NO production was also abnormal in FIC. Urinary bladder (UB) strips 
were obtained from deeply anesthetized cats and NO release was measured in 
response to locally applied chemicals using a Nafion-coated porphyrinic microsensor 
placed directly on the surface of the UB epithelium. Sections of UB were processed 
for NK2 receptors using specific antisera. Release of NO from normal bladder could 
be evoked by the mixed α-ß adrenergic agonist, norepinephrine (1 µM NE; 750 ±125 
nM NO) and the neurotoxin capsaicin (500 nM CAP; 450 ± 95 nM NO). Basal 
release of NO was not detected. NO production was ablated by α -ß  receptor 
antagonists (α1 prazosin, 20 µM; ß1ß2 propranolol, 20 µM; ß1 butoxamine 10 µM), 
the capsaicin antagonist, capsazepine (20 µM), as well as the NOS inhibitor, L-NMA 
(20 µM). In FIC cats, NO production evoked by NE or CAP was significantly 
reduced (ave. 50%) in the UB. In addition, a constant, basal release of NO (range 
200-450 nM NO) due to calcium independent, inducible nitric oxide synthase (iNOS) 
was evident. We also detected a significant increase in density of neurokinin 2 
(NK2)-positive immunoreactive fibers in the base and to a lesser extent in the body of 
the UB from FIC cats. These data suggest that FIC can alter the chemical properties 
of bladder nerves as well as the release of NO from nerves/urothelium. Thus, 
neuroplasticity and altered NO release may contribute to bladder dysfunction in FIC 
cats. Supported by NIH grant DK4943O.
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636.3

INTERACTION BETWEEN M 1 MUSCARINIC ANDα1 ADRENERGIC PRESYNAPTIC 
FACILITATION IN ADULT AND NEONATAL RATS BLADDERS. G.T. Somogyi. T. 
Yamamoto. A M, Booth* and W .C. de Groat . University of Pittsburgh. Pittsburgh. PA 
15261.

In rat isolated bladder strips facilitation of ACh release and neurally evoked contractions 
is mediated via M 1 muscarinic receptors and α 1 adrenergic receptors (Somogyi et al., J. 
Physiol. 480: 81, 1994; Brit. J. Pharmacol. 114, 1718. 1995 ; Braverman et a1. AJP, 43. 
R517. 1997)). M 1 facilitation can be activated by the endogenously released ACh during 
continuous long train stimulation (70-100 shocks, CS) but not during intermittent short 
train stimulation (10 shocks. IS). The facilitation can be evoked by applying the α 1 
agonist phenylephrine (PE) in a dose range of 0.5 - 32 µM.  The goal of the present 
investigation was to study 1) α1 facilitation of neurally evoked biadder activity and 2) 
interaction between M 1 and α 1 facilitation in bladders of neonatal and adult rats (7 
month). Bladder strips were electrically stimulated with 20 Hz, 10 shock (IS) or 20 Hz. 
8Oshocks (CS). and PE was applied in a cumulative manner (0.5-32 µM). PE in a 
concentration of 8 µM facilitated neurally evoked contractions by IS in the bladders of 
both adult and neonatal rats (l69±9.%  and l56±9%. respectively P>0.05) and increased 
the basal tone in adult but not in young rat bladder strips. The contractions evoked by IS 
exhibited a significantly greater facilitation than those evoked by CS in both adult and 
neonatal bladders. During IS stimulation the facilitatory effect of PE was of the same 
magnitude when cholinergic responses were inhibited by atropine (1 µM), or when the 
purinergic responses were inhibited by α , ß-methylene ATP (50µM). suggesting that both 
the cholinergic and purinergic components of the contractile curves are facilitated to the 
same extent. It is concluded that 1) α1 receptors are present in parasympathetic nerve 
terminals in both neonatal and adult bladders, whereas, they are present in the smooth 
muscle only in adult rat bladders 2) α 1 facilitation is mediated exclusively by presynaptic 
receptors in neonates, 3) α1 presynaptic facilitation is more effective under conditions of 
IS in the absence of M 1 presynaptic facilitation and 4) there is a negative interaction 
between the α 1 and M 1 presynaptic facilitation. (Supported by the NIH grant DK-45741)

636.5

NORADRENERGIC INNERVATION OF SPINAL NEURONS DESTINED TO THE 
PENIS : A CONFOCAL AND ELECTRON MICROSCOPY STUDY. E.D. Yaïci, O. 
Rampin, Y. Tang, K.E. McKenna, G. Benoit, A. Jardin and F. Giuliano*. Hôpital de 
Bicêtre, F-94270 Le Kremlin-Bicêtre.

The spinal cord contains autonomic and somatic motoneurons controlling penile 
erection. It receives a dense noradrenergic projection issued from supraspinal A5, A6 
(locus coeruleus) and A7 nuclei of the caudal midbrain and pons. We searched for 
relationships between spinal autonomic and somatic motoneurons and noradrenergic 
fibers in the rat. Male rats underwent application of a retrograde neuronal tracer either 
in the major pelvic ganglion (MPG, n=5) or in the ischiocavemosus (IC) and 
bulbospongiosus (BS) muscles (n=8). Immunohistochemistry o f dopamine-beta- 
hydroxylase (DBH), the key enzyme o f norepinephrine synthesis, was performed on 
coronal sections of the spinal cord and compared to that of phenylethanolamine N- 
methyltransferase (PNMT, the key enzyme of epinephrine synthesis, n=2). Neurons 
retrogradely labeled from the MPG were located in the sacral parasympathetic nucleus 
(SPN, L6-S1 spinal cord). Those retrogradely labeled from the IC and BS muscles were 
located in the dorsolateral (DL) and dorsomedial (DM) nuclei of the L5-L6 spinal cord. 
DBH immunoreactive fibers were present in the whole spinal cord and widely 
distributed in the intermediolateral cell column (IML, T 12-L2), SPN, DL and DM. 
Sparse PNMT-positive fibers were present in IML and SPN. Neurons retrogradely 
labeled in SPN, DL and DM were closely apposed by DBH immunoreactive fibers. 
Synapses between these neural profiles were suggested by confocal microscopy and 
confirmed by electron microscopy. This morphological demonstration o f contacts 
between noradrenergic fibers and spinal autonomic and somatic motoneurons destined 
to the penis suggests that the spinal cord is a potential pharmacological target for 
proerectile agonists/antagonists o f adrenergic receptors that cross the blood-brain 
barrier.

636.4

AN OXYTOCIN-NO-CGMP PATHWAY REGULATES PENILE 
ERECTION AT THE SPINAL CORD LEVEL IN RATS. O. Rampin,1* J 
Bernabé1 and F. Giuliano2 1INRA, F-78352 Jouy-en-Josas and 2Hôpital de 
Bicêtre, F-94270 Le Kremlin-Bicêtre.

Evidence for a proerectile role of oxytocin (OT) at the spinal cord level has 
been provided in the rat. Intraspinal regulation of the OT proerectile effects 
remains unknown. We hypothesized that an OT-NO (nitric oxide)-cGMP 
pathway may play a role in this regulation. In urethane-anesthetized males, 
implantation of an intrathecal (it) catheter at the lumbosacral spinal cord and 
an intravenous (iv) catheter was performed and blood pressure (BP) and 
intracavemous pressure (ICP) were continuously recorded. OT (10 and 30ng 
it) had no effect on BP and reliably elicited ICP increases, with OT 3Ong 
eliciting more numerous ICP increases with a greater amplitude (p<0.05). 
The effects o f OT ( 10ng) were abolished by the ganglionic blocking agent 
hexamethonium (50mg/kg iv) but not by the curarizing agent gallamine 
triethiodide (3Omg/kg iv). The nitric oxide synthase inhibitor L-NAME iv 
(50-500µg) and it (5-50µg) decreased the number of rats that displayed ICP 
rises in reponse to OT 10ng. The guanylate cyclase inhibitor methylene blue 
(4OOµg) completely abolished the ICP response to OT lOng. The results 
demonstrate the activation o f autonomic neural pathways taking their origin 
in the lumbosacral spinal cord by oxytocin. The neuropeptide acts on these 
neurons through an OT-NO-cGMP pathway.

636.6

E F F E C T S  OF NO RA D RE N A LIN  AND A TP ON CYTOSOLIC CALCIUM  
IN  CU LTU RED  CO RPU S CAVERNOSUM  SM OO TH M U SC LE CELLS 
O F T H E  RABBIT. M. S a to ,* a n d  M. K a w a ta n i. D e p t. of P hysiology, A k ita  
U niv . Sch. of M ed., A k ita  010-0825, J a p a n

W e exam ined  th e  effects of n o rad re n a lin  (NA) an d  ATP on cytosolic 
calcium  ([C a2+]i) in  c u ltu red  co rpus cavernosum  cells of th e  rab b it u s in g  
fu ra-2  m icrofluorom etry . NA and /o r ATP in creased  [C a2+]i in  cells w hich 
co n ta ined  α  -sm ooth m uscle  a c tin  an tibody-responsive  m icro filam en ts  
a n d , th ere fo re , could be id en tified  sm ooth  m uscle  cells. A resp o n se  of 
[Ca2+]i to  NA (0.5-10 µM) in creased  dose-dependen tly , an d  th e  resp o n se  
occurred  a t  10 µ M  in  37% of cells (n=54). T he resp o n se  w as p a rt ia l ly  
dec reased  by rem oval of ex trace llu la r  C a2+. P h en o x y b en zam in e  (5-100 
µ M ) an d /o r p roprano lo l (10-100 µ M ) red u ced  th e  resp o n se  in  a  dose 
d e p e n d en t m an n e r. A resp o n se  of [C a2+]i to  A T P (0.3-10 µ M ) also 
in creased  d o se-dependen tly , an d  th e  resp o n se  occurred  a t  10 µ M  in 
73% of cells (n=52). T he resp o n se  w as d ec reased  as  a  tim e  of C a 2+ 
rem oval w as in creased . N i2+ (1m M ) in h ib ite d  th e  resp o n se . T he 
re sp o n se  w as a lso  in h ib ite d  by P2 rec e p to r a n ta g o n is ts  (10-100 µM ), 
p y ridoxal-phosphate-6 -azopheny l-2 '-4 ’-d isu lphonicacid , reac tiv e  b lue  2 
a n d  su ra m in . S im u lta n e o u s  ap p lica tio n  of NA (0.5 µ M ) w ith  A TP (0.5 
µ M ) ) e licited [C a2+]i in crease  in  not responsive  cells to  th e  respec tive  
tra n s m it te r  ( l  µM ). T h ese  re s u lts  su g g est th a t  N A -induced [C a2+]i 
in crease  w as m ed ia te d  th ro u g h  α  -and/or ß - ad ren o recep to rs, A TP 
induced  [Ca2+]i in cre a se  w as m ed ia te d  th ro u g h  P2X a n d /o r P2Y  
recep to rs . In  co rpus cav ern o su m  tis su e  NA an d /o r A TP m ig h t ac tiv a te  a 
system  for in creasin g  [Ca2+]i of sm ooth  m uscle  cells.

_____________________________________  SOM ATIC AND VISC ERA L A FFERENTS: TR IG EM INA L N ERV E

637.1 637.2

Paresthesia-inducing pungent compound activates tactile and cooling-sensitive 
neurons in rat lingual trigeminal nerve. B.P. Bryant and I. Mezine. Monell 
Chemical Senses Center, Philadelphia, PA 19104.

Chemically-induced sensory irritation arises from the excitation of subsets of 
sensory neurons and pathways, not all of which have been identified, much less 
characterized. We have isolated and confirmed the structure of a major pungent 
principle (N-(2’-methyl-2’ -  hydroxypropyl)-dodeca-2E,6Z,8E,10E-tetraenamide: 
hydroxy-α-sanshool (HOαS) from the fruit of Zanthoxylum spp. Unlike capsaicin 
(CAP), which gives rise to sensations ranging from warming to burning and pain, 
this compound elicited distinctly different sensations described as tingling and 
buzzing. Extracellular single-unit recordings from rat lingual trigeminal nerve 
indicate that HOαS activated previously silent neurons and provoked increases in 
ongoing activity in low threshold thermoreceptive and low-threshold tactile neurons. 
In addition, HOαS sensitized these latter tactile neurons to become sensitive to 
cooling, and cooling-sensitive neurons to respond to mechanical stimuli. Moreover, 
treatment with HOαS induced sensitivity to noxious cooling (8°C). Sensitivity to 
CAP and HOαS were independently distributed among some neurons. The all-trans 
isomer of HOαS and its saturated analogue were inactive in sensory and neural 
assays, suggesting that unlike CAP, a conjugated system of double bonds in a certain 
configuration is required for activity. Together these findings suggest that other, 
important CAP insensitive mechanism(s) participate in chemically induced 
paresthesias and that this compound may be valuable in studying the peripheral 
bases of paresthesias.

Funded by Monell Chemical Senses Center and PA Dept. of Agriculture

ELECTRICAL PR OPERTIES OF RETROGRADELY-LABELED RAT 
TRIG EM INAL GANGLION M ASTICATO RY M USCLE AFFER ENT  
NEURONS. D. Dessem*, P. Luo, and P. Somohano. Dept. OCBS, 
University of Maryland, Baltimore, MD 21201.

Non-spindle masticatory muscle afferents have been implicated in the 
altered jaw-muscle activity that occurs in some oro-facial disorders. To 
examine the electrical properties of these neurons tetramethylrhodamine- 
labeled dextran was injected into the jaw-elevator muscles of adult rats. 
Forty-eight to 96 hours later, the trigeminal ganglia (TG) were removed and 
enzymatically dissociated. Non-trigeminal brainstem nuclei were examined 
for labeled neurons indicative of tracer spread. After dissociated TG  
neurons were placed in a chamber and perfused with Locke’s solution, 
retrogradely labeled neurons were identified using brief epifluoresent 
illumination. Thirty-two labeled neurons were measured (60x60 - 3 1x20µm) 
and impaled with sharp microelectrodes within 1 2  hrs. of dissociation. 
Neurons with membrane potentials >50 mV and action potentials 
overshooting OmV yielded the following: membrane potential (50- 
6 6 mV, x=55mV,SD=4.4); spike threshold (0 .2 -2 .5nA,x=0.8nA,SD=0.8); 
input resistance (7.9-51.3M Ω ,x=32.8M Ω ,SD=13.5); time constant (0.6- 
2.36m s,x=1.55m s,SD=0.6). Neurons which generated a single action 
potential during depolarizing current injection were significantly larger 
(P=0.04) than neurons which elicited multiple action potentials. Prominent 
humps were present on the descending phases of the action potentials of 
a subset of medium-sized neurons. These data overlap those reported 
from unidentified TG neurons in vivo. The diversity of electrical responses 
observed in these neurons implies that the trigeminal ganglion contains a 
variety of masticatory muscle afferent modalities. Support:NIH DE10132.
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637.3

ELECTROPHYSIOLOGICAL PROPERTIES OF TRIGEMINAL  
GANGLION A -DELTA NEURONS IN N EUR O K IN IN-1 
RECEPTOR KNOCKOUT MICE. C. Cabanes, M. López de 
Armentia, C. D e Felipe. C. Belmonte*. Instituto de Neurociencias, 
Universidad Miguel Hernández, San Juan de Alicante, Spain.

We have studied the electrophysiological properties o f  trigeminal 
ganglion neurons from neurokinin-1 receptor (NK1) knockout mice. 
Trigeminal ganglia were excised and superfused in vitro at room 
temperature. Neurons were recorded in current clamp conditions with 
microelectrodes filled with 3M  KC1 (80-110 M Ω). The maxillary 
nerve and the central root were stimulated electrically. Based on their 
conduction velocity, tw o different subpopulations o f  trigeminal 
neurons were distinguished: Aδ neurons (> l.5m /s), and C neurons 
(<l.5m /s). Aδ neurons o f  N K 1  animals had smaller action potential 
(AP) and AP overshoot, and reduced rate o f  depolarization. Moreover, 
in preliminary experiments in which Ca2+ was replaced with Co2+ 
some N K 1  Aδ neurons showed a dramatic decrease o f  the amplitude 
o f  AP. The observed changes may be associated with a change in the 
density o f  sodium and calcium channels in the membrane o f  the cell. 
Thus, the possibility exists that SP in primary sensory ganglion  
neurons plays a trophic role in the development o f  the wild type 
animals.
Supported by DGICYT PM 95-0167.

637.5

M ECHANO SENSITIVE ION CHANNELS IN RAT TRIGEM INAL  
GANGLION NEURONS. T.K. Baumann*1,2 and M.E. Martenson1, 
Department of Neurological Surgery1 and Department of 
Physiology and Pharmacology2, Oregon Health Sciences 
University, Portland, OR 97201.

Very little is presently known about the membrane transduction 
mechanisms for mechanical stimuli in trigeminal ganglion 
neurons. Using cultured rat trigeminal ganglion neurons, we 
searched for ion channels which transduce mechanical stress 
applied to the cellular membrane. Patch-clamp recordings were 
performed in the cell-attached mode. Mechanical stimuli 
consisted of negative pressure applied to the lumen of the 
recording electrode. When graded mechanical stimuli (pressure 
steps of -1 kPa up to -4 kPa) were applied, the probability of 
some channels being open (p0) increased with the magnitude of 
the mechanical stimulus. At resting membrane potential, the 
mechanosensitive ion channels had slope conductances between 
17 and 217 pS. W e conclude that trigeminal ganglion neurons 
are endowed with a variety of ion channels which are capable of 
transducing membrane tension. Supported by NIDR R01 
DE11652.

637.7
THE EFFECTS OF POTASSIUM  CH A N N EL BLOCKERS O N  THE 
STRETCH-EVOKED DISCHARGES OF THE BUCCAL STRETCH 
RECEPTORS OF RATS. T. Y am am oto1* and A. H irayam a2. 1D epartm en t 
of P hysio lo g y  an d  L a b o ra to ry  of R adio iso topes, T okyo  D ental College, 
Chiba 261-8502, Japan.

The buccal stretch receptor (BSR) is a m echanorecep to r that is located on  
the surface of the jaw  closing m uscles of rodents. In rats, the threshold  
stretch am p litu d e  of the  BSR to exhibit sustained discharges falls from  10 
days to 3 w eeks after b irth  and  its static sensitivity  increases be tw een  2 and  4 
w eeks after b irth . This investiga tion  exam ined co n tribu tion  of potassium  
channels in the  sensory  n erv e  end ings of the BSR to its functional m aturation . 
Afferent discharges to ram p-and-ho ld  stretches w ere recorded  from  BSR 
units isolated from  5 w eeks o ld rats. W hen effects of potassium  channel 
blockers on  their discharges w ere analyzed , te trae th y lam m o n iu m  (TEA, 
0.1-1 m M )depressed  the frequency of d ischarge of all BSR units tested (n=18) 
o v er the response range . At h ig h er concentrations (1-10 mM), TEA m ade 
the response  of BSRs phasic. 4 -am inopyrid ine  (0.1-1 mM) induced 
sp o n tan eo u s d ischarge in all un its tested (n=l6) and depressed  the static 
sensitivity  in  d o se-d ep en d en t m anner. These findings suggest that the 
delayed  rectifier current at the encod ing  site of nerve  en d in g s  of the BSR 
induces the static response  of this receptor, and  that the A -type current at a 
sim ilar site m ay  influence its static sensitivity. Im m unohistochcm istry  on  
BSRs isolated from  1 w eek old rats revealed  positive  labeling  w ith an 
an tib o d y  against K v l.4 su bun it of A -type potassium  channel in preterm inal 
u n m yelinated  axons. After 3 w eeks of age, K v l.4 was detected o n ly  in 
in te rnodal segm ents of the axons, su ggesting  A -type potassium  channels in 
p reterm inal axons w ere covered  by form ation  of m yelin  sheaths.

637.4
IM M U N O H IST O C H E M IC A L  ID E N T IF IC A T IO N  O F TH E  
K v l .2 P O T A S S IU M  C H A N N E L  S U B U N IT  IN  R A T  
SE N SO R Y  G A N G L IA . Shigeru Y okoyama*, H isashi Takeda 
and Haruhiro Higashida. D ep t. o f B iop h ysica l G enetics, 
Kanazawa University Graduate School o f M edicine, Kanazawa 
920-8640, Japan

K v l.2, a member o f the Shaker-related gene subfam ily, 
encodes a pore-forming subunit o f voltage-gated  potassium  
channels. To exam ine if  the K v l .2 protein is expressed in 
primary sensory neurons, an antibody w as generated by 
immunizing rabbits with a synthetic peptide corresponding to the 
amino-terminus o f the predicted rat K v l.2 gene product. The 
antibody specifically recognized ~75 kD protein on immunoblots 
o f rat brain membranes. Im m unostaining o f the rat central 
nervous system exhibited essentially the same pattern as those 
previously reported. Using this polyclonal antibody, w e stained 
dorsal root and trigem ial ganglia  o f  adult rats. Strong 
immunoreactivity was detectable in a limited number o f neurons, 
with other neurons being weakly or negatively stained. W e next 
performed double-labeling experiments using anti-peripherin and 
RT97 anti-neurofilament m onoclonal antibodies. The intense 
K v l.2 immunoreactivity was more frequently observed in RT97- 
positive large neurons than in peripherin-positive small neurons. 
These data suggest that K v l.2  channels might be involved in a 
unique role in the sensory system.

637.6
RHODAMINE 123 STAINING OF TRIGEMINAL GANGLION CELLS IN THE 
SNAKE TRIMERESURUS FLAVOVIRIDIS. S. Terashima*. Dept. of 
Physiology, University of the Ryukyus School of Medicine, 
Nishihara-cho, Okinawa 903-0215 Japan

To determine whether rhodamine 123 (Rhl23) stains 
trigeminal ganglion cells differently at high and low 
temperatures as in the free nerve endings of the pit 
membrane (Terashima, J.J.P., 48: suppl. 1998, in press),
I used Rhl23 for supravital staining through perfusion 
(2.5 mg/1 for 10 min) on Trimeresurus flavoviridis.
Fixation was done with aldehyde perfusate. Specimens were 
optically sectioned (1.0 um) and measured the distribution 
of the dye density in the somata was observed with an 
Olympus FLUOVIEW microscope. I used the density of nucleus 
of Schwann cells as a reference. The dye density of 
medium-sized (ca. 40 um in diameter) ganglion cells was 
most stable on the average between low (15°C) and high 
(30°C) temperatures. The staining tendency of Schwann 
cells was similar to those in the pit membrane. In conclu
sion there is a smaller difference in staining tendency of 
medium-sized trigeminal ganglion cells (mainly temperature- 
sensitive cells) between high and low temperatures than 
in larger and smaller cells. This suggests that Rhl23 
uptake of ganglion cells in relation to temperature change 
differs according to their sensory modality.

637.8
PUZZLES POSED BY DATA ON THE TRIGEMINAL SYSTEM IN 
TRANSGENIC MICE. M.F. Jacquin*. Department of Neurology and the 
Center for the Study of Nervous System Injury, Washington University School 
of Medicine, St. Louis, MO 63110.

This presentation will summarize our lab’s recent anatomical data on 
trigeminal (V) nociceptive, proprioceptive and mechanoreceptive systems in 
transgenic mice. There are discrepancies with prior studies of intact rodents and 
inconsistencies with prior studies o f spinal afferents. Example 1: Others report 
that 40-80% of DRG cells that are CGRP + and presumed to be nociceptors are 
trkA + ; the remainder are ret+ . Yet, we (Mosconi et al) find that only 10% of 
V nociceptors defined by a projection to the tooth pulp or cornea are trkA + 
and only another 15% are ret+ ; but, we (Matsuo et al) and others also find that 
trkA knockouts (-/-) lack pulp and corneal afferents. Example 2: Others report 
that trkC -/- lack limb skeletal muscle spindles and their afferent projections to 
the spinal cord; and that myogenic NT3 overexpressors have excess spindles 
and proprioceptive afferents. Yet, we (Arends, Matsuo et al) find that trkC -/- 
have normal #s of spindles in masseter muscle and about half the normal # of 
MesV cells, and that NT3 overexpressors have excess MesV cells. Example 3: 
We (Henderson et al) report that fetal NGF (and possibly caspase inhibitor) 
injections impede whisker-related pattern formation in the CNS, possibly via 
rescue of excess cells or a peripheral hyperinnervation; yet, we also find that 
trk -/- (Mosconi et al) and BAX -/- (Good et al) have normal CNS patterns; 
others report that NGF overexpressors have normal CNS patterns. Example 4 : 
We (Henderson et al) and others find that TTX application to the immature V 
system does not alter barrel-like pattern formation or maintenance, whereas 
others find that the NMDAR1 receptor -/- lack such patterns.

Theoretical and technical bases for reconciliation will be offered.
Supported by NIH DE07662, DE07734, NS 17763, NS33939.
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638.1
GASTRIC VAGAL AFFERENTS CHARACTERIZED FROM AN IN  VITRO 
STOMACH PATCH PREPARATION. Jen Yu Wei* and Yu Hua Wang. Dept, of 
M ed., CURE Digest. Dis. Res. Ctr. and BRI, UCLA, Los Angeles, CA 90095.

For characterization of gastric vagal afferents (GVAs), it was shown that the 
sampling bias, the accessibility o f receptive field and the interference from different 
levels of reflexes were significantly improved if the study is conducted on an isolated 
organ preparation in vitro (Gastroenterology lOO:A5O7, 1991; A JP  273:R833, 1997). 
Due to the complexity o f the stomach, it is very likely that the condition will be further 
improved if the unit activity can be recorded from a stomach patch preparation. To 
examine the hypothesis each experiment was started from the organ preparation. After 
single unit activities were recorded and the mechanoreceptive field was located, the 
dorsal half o f the stomach was removed. The size o f the ventral half was further 
reduced to a small patch, which enclosed only the mechanoreceptive fields of identified 
units. The nerve and artery connecting to the patch were preserved. The unit 
activities were continuously on-line recorded and analyzed. Response magnitude: Q 
=  5 min spike count after/before each treatment, is presented as means ± SEM, and 
assessed with ANOVA or t-test. The interval o f intra-arterial injections (ia) was ≥ 3 0 
min. Thirteen mechanoresponsive units have been identified from 3 stomach patch 
experiments. Only 6 units responded also to CCK-8 ia (10 pmol) and the action was 
blocked by Devazepide (20 µg) pretreatment. The Qs to vehicle, CCK-8, Devazepide 
and CCK-8 are l .4 3 ± 0 .l7 , 3.20 ± 0 .72, l .6 0 ± 0 .3 4  and 0 .9 3 ± 0 . 10, respectively (p <  
0.05 ANOVA). The other 7 units were mechanoresponsive specific. In addition, 
evidence also suggests that there are units responding only to CCK ia. The results 
indicate that our setup can preserve the viability o f patch preparation for more than 5 
hours. The high proportion of mechanoresponsive specific unit suggests that the 
distribution o f GVA populations resulting from the patch may be different from the 
whole stomach preparation. (Supported by NIH Grant DK48476)

638.3
REGIONAL VARIATION IN IMMUNOREACTIVTTY TO CALRETININ 
AND CALBINDIN OF VAGAL AFFERENTS PROJECTING TO THE 
ESOPHAGUS. M. Kressel* and W.L. Neuhuber. Institute of Anatomy, 
University of Erlangen, D-91054 Erlangen 

Afferent fibers to the esophagus have been investigated in experimental 
studies. Vagal afferents have been implicated in the control of peristalsis 
and spinal afferents in transmission o f pain. A study was conducted to 
further investigate the vagal afferents in an attempt to correlate their 
unmunohistochemical characteristics to their proposed function. Vagal 
afferents were labelled in rats by injection o f WGA-HRP into the nodose 
ganglion. Anterogradely transported tracer in the esophagus was revealed 
by tyramide amplification in combination with immunohistochemistry o f 
one of the Ca-bmding proteins calretmin (CR) or calbmdin (CB), together 
with either CGRP or Substance P (SP). As already described vagal 
afferents stained positively for CR and CB. It was observed, however, that 
the staining intensity for CR and CB was variable. Whereas in the upper 
third o f the esophagus most vagal afferents showed intense 
immunofluorescence for CR and CB, the intensity was lower in the middle 
and lower third. In the lower part a population o f vagal afferents was 
found with no or almost no immunoreactivity to CR and CB. In contrast 
CGRP and SP was never found in vagal afferents. The variation o f CR 
and CB immunoreactivity along the esophagus points to functional 
differences in vagal afferents depending on their localization Absence of 
CGRP and SP further supports the hypothesis that they are not involved in 
pain perception. (Supported by DFG KR1665/2-1).

638.5
A CTIVATIO N OF ISCHEMICALLY SENSITIVE CARDIAC AFFERENTS BY 
SEROTONIN T H R O U G H  5-HT3 RECEPTORS. L .-W . Fu* a n d  J.C. Lon ghurst. Div. 
of Cardiovas. Med., Univ. of Calif., Davis, CA 95616 

Activation of cardiac sympathetic afferents elicits excitatory cardiovascular reflexes 
and nociception during ischemia. Previous studies have shown that the concentration 
of serotonin or 5-hydroxytryptamine (5-HT) is increased in coronary sinus blood 
during formation of a coronary thrombus. In the present study, we hypothesized that 
endogenous 5-HT plays a role in activating cardiac sympathetic afferents during 
ischemia. Nerve activity of single unit cardiac afferents was recorded from the left 
sym pathetic chain or rami com m unicans (T2 - T5) in anesthetized cats. Receptive 
fields of 18 cardiac afferents (CV = 0.34-6.83 m/s) were identified in the left ventricle 
with a stimulating electrode. Five min of myocardial ischemia stimulated 11 of 18 
cardiac afferents (3 Aδ, 15 C-fibers) and increased their activity from 0 .40± 0 .13  to 
2 .1 3 ± 0 .22 imp/s. Injection (20-40 µ g/kg) of 5-HT into left atrium (LA) increased 
activity of all 6 ischemically sensitive afferents (0 .42± 0 .20  to 2.06 ± 0 .39  imp/s). 
Also, 2-methyl-5-HT ( l00 µg/kg, LA) and phenylbiguanide (100µg/kg, LA), specific 
5-HT3 receptor agonists, stimulated 5 of 6 afferents (0 .58± 0 .28  to 2 .1 4 ± 0 .4 8  and 
0.55 ± 0 .1 8  to 2 .0 9 ± 0 .3 9  imp/s, respectively). α-methyl-5-HT (100µg/kg, LA), a 5- 
HT2 receptor agonist, stimulated 2 of 6 afferents. Specific 5-HT, and 5-HT4 receptor 
agonists did not alter the activity of any afferents. Tropisetron (300 µg/kg, iv), a 
specific 5-HT3 receptor antogonist, attenuated the activity of 5 other afferents during 
5 min of ischemia from 2 .2 8 ± 0 .36 to 1.41 ±2.21 imp/s. In addition, 5-HT did not 
stimulate any of 7 ischemically insensitive cardiac afferents (0 .4 5 ± 0 .14 vs. 
0 .4 4 ± 0 .I7  imp/s), although each responded 10 µg of bradykinin (0 .6 3 ± 0 .23 vs. 
2.63 ± 0 .6 5  imp/s, p < 0 .0 5 ). These data indicate that 5-HT produced during 
myocardial ischemia contributes to stimulation of isch-emically sensitive but not 
ischemically insensitive cardiac sympathetic afferents through 5-HT3 (and possibly 
5-HT2) receptors. (Supported by NIH HL52165)

638.2

COEXISTENCE OF FUNCTIONAL IP3 AND RYANODINE RECEPTORS IN 
ADULT RABBIT SENSORY NEURONS. R.E. Hoesch1, K.H. Yienger1, D. 
Weinreich2 and J.P.Y. Kao13*. Depts. o f  1Physiology & 2Pharmacology and 
Experimental Therapeutics, 3Medical Biotechnology Center, Univ. of 
Maryland School of Medicine, Baltimore MD 21201.

Ca2+ release from intracellular stores can occur through ryanodine 
receptors (RyRs) or IP3 receptors (IP3Rs). Previous studies of Ca2+-induced 
Ca2+ release (CICR) in adult rabbit vagal sensory (nodose) neurons have 
revealed the existence of functional RyRs, which are stimulated by caffeine 
and blocked by ryanodine (Cohen et ai. 1997. J. Physiol. 499:315). 
Although considerable work has been devoted to elucidating the physio
logical role of RyRs in intracellular Ca2+ release in nodose neurons (Moore 
et  al. 1998. J. Neurophysiol. 79:688), the existence of functional IP3Rs has 
not been demonstrated. In the present experiments, we have used photo- 
release techniques in conjunction with single-cell microfluorimetry of the 
Ca2+ indicator fluo-3 to probe IP3R function. By monitoring the transient rise 
in [Ca2+]1 elicited by intracellular photorelease of caged IP 3, we have demon
strated the existence of functional IP3Rs in acutely isolated nodose neurons. 
Moreover, our observation that both pulsed caffeine application and IP3 
photorelease can elicit [Ca2+]i transients in the same neuron indicates that 
functional IP3Rs and RyRs can coexist in the same nodose neuron. 
Additionally, immunofluorescence confocal microscopy revealed a spatially 
non-uniform distribution of RyRs (near the plasma membrane and in the 
center of the neuron), whereas IP3Rs were diffusely distributed within the 
neuron. The demonstration of the existence of functional IP3Rs, and the 
differences in spatial and functional characteristics of IP3Rs and RyRs, 
provide insight into the mechanisms governing Ca2+ signaling in these 
sensory neurons. (NIH grants GM-56481 to JPYK & NS-22069 to DW)

638.4
AFFERENT INNERVATION OF THE RAT ESOPHAGUS AND 
HYPOPHARYNX. M. Wank1, U. Eichhon1, H.R. Berthoud2 and W .L . 
Neuhuber*1. 1 Anatomy Inst., Univ. Erlangen-Nürnberg, D-91054 Erlangen, 
and 2 Pennington Biomed. Res. Ctr, Baton Rouge, LA 70808

The upper aerodigestive tract is the source of various reflexes which are 
mediated mainly by the vagus nerve (Cunningham et al. 1992). Little is known 
about the types of sensors involved in the initiation of these reflexes. To 
provide baseline morphological data on the sensory mucosal innervation of 
the hypopharynx and upper esophagus, immunocytochemistry combined with 
retrograde fluorogold tracing was used. Calretinin was used as a fairly specific 
marker for vagal afferents (Dütsch et al. 1998, JCN in press) and was 
checked for colocalization with calbindin and CGRP, respectively. The 
mucosa of the hypopharynx and the oralmost 10  mm of the cervical 
esophagus showed a tremendously dense mucosal innervation with calretinin 
positive fibers. Most of them costained for calbindin while colocalization with 
CGRP was less common. In the upper esophagus, laminar Ruffini-like 
sensors which penetrated into the epithelium and intraepithelal finger-like 
terminals were the most conspicuous calretinin-positive structures derived 
from thick calibre fibers. Densitiy of innervation in the hypopharynx was higher 
than in the esophagus. The pattern was net-like in contrast to the longitudinal 
arrays of fibers in the esophagus. There were no Ruffini-like endings. A 
mucosal pit in the dorsal wall of the pharynx was particularly rich in 
intraepithelial endings which contained calretinin and CGRP, either alone or 
colocalized. Neurons in the nodose-jugular-petrosal ganglion complex 
retrogradey labeled from the pharyngo-esophageal junction displayed the 
same markers. The calretinin-positive mucosal innervation in the esophagus 
almost completely disappeared upon bilateral section of the superior laryngeal 
nerve. These results demonstrate distinctly different vagal innervation 
patterns and sensor types in the hypopharynx and esophagus, respectively, 
most likely reflecting different functions. (Supported by DFG/SFB 353/B9 and 
Graduiertenkolleg Schmerz)

638.6
ALLERGIC AIRWAY INFLAMMATION IN VIVO ROUSES FUNCTIONAL 
NK-2 TACHYKININ RECEPTORS IN VAGAL AFFERENT SOMATA. D .
Weinreich*, K . A. Moore,  B. J. Undem1 and G. E. Taylor. University of Maryland 
School of Medicine and 1Johns Hopkins University School of Medicine, Baltimore, MD.

Challenging the airway of actively immunized guinea pigs with nebulized allergen 
(chick ovalbumin, OVA) increases the number of vagal somata (nodose ganglion 
neurons, NGNs) expressing tachykinins by 25 % (J Clin Invest 98: 2284, 1996). NK-2 
tachykinin receptors are present in many NGNs; however, they are non-functional as no 
measurable membrane potential changes (> 2 mV) are evoked by exogenously applied 
substance P (SP) over the range of 0.1 - 10 µM (J  Neurosci 17: 7683, 1997). In the 
present work, we asked whether tachykinin receptors in NGNs are also upregulated by 
allergic airway inflammation.

The airways of passively immunized guinea pigs were exposed to nebulized OVA for 
three consecutive days. Twenty-four hr after the last application of OVA, 65 % (59/91) 
of acutely isolated NGNs were depolarized 11 ±  0.8 mV (n=59) by 100 nM SP. 
Unmasked SP depolarizations were completely blocked by 100 nM SR48968, a NK-2 
receptor antagonist (n=3) but not affected by CP99994 or SR 142801 (NK-1 and NK-3 
receptor antagonists, respectively).

No SP responses were measured in NGNs (n=l4, two animals) 7 to 10 days after 
sectioning the right vagus nerve > 10 mm caudal to the nodose ganglion. In passively 
immunized animals with unilateral vagotomy subjected to nebulized OVA, 53 % of 
NGNs removed from ganglia with intact vagi showed SP-induced membrane 
depolarizations (13 ± 2.0 mV; 17/32 neurons). In marked contrast, only 1/14 NGNs 
with an ablated vagus nerve showed a measurable response to SP (6 mV). We conclude 
that allergic airway inflammation can unmask functional NK-2 receptors in NGNs. It is 
unlikely that blood-born factors mediate unmasking of NK-2 receptors; rather, vagal 
impulse traffic and/or trophic factors appear to be required. (Supported by NS22069, 
DW; NS07375, KAM; HL38095, BJU.)
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638.7
SEROTONIN ROUSES FUNCTIONAL TACHYKININ RECEPTORS IN 
GUINEA PIG VAGAL AFFERENT NEURONS IN VITRO K. A. Moore*, G. E. 
Taylor and D. Weinreich. Department of Pharmacology and Experimental Therapeutics, 
University of Maryland School of Medicine, Baltimore, MD 21201.

Allergen-induced mast cell activation in isolated nodose ganglia evokes a long-lasting 
(days) expression of neuronal NK2 tachykinin receptors (J Neurosci 17: 7683, 1997). 
To determine which of the mast cell-released mediators unmask NK2 receptors, we 
incubated acutely isolated adult nodose neurons with inflammatory mediators and 
measured membrane effects produced by substance P (SP) using standard intracellular 
recording techniques. Passive and active membrane properties of control neurons were 
not measurably affected by SP (0.1 -10 µM). In marked contrast, following a 30 - 60 
min incubation with 5-HT (10 µM), 64% of nodose neurons were depolarized 10 ± 0.7 
mV (n=8O) by SP ( 100 nM) and was decreased 48 ± 4.4%. The depolarization was
completely blocked by a NK2 receptor antagonist, SR48968 (100 nM, n=6), and 
unaffected by NK1 and NK3 receptor antagonists (n=3 for each). The estimated EC50 
value for 5-HT-induced unmasking of NK2 receptors was 14 nM. A 5-HT3 receptor 
agonist, CPBG (1 µM), mimicked the unmasking effects of 5-HT (n=7/13) while a 
nonselective 5-HT agonist devoid of action at 5-HT3 receptors, 5-CT (10 µM), did not 
(n=l8). ICS205-930 (1 µM), a 5-HT3 receptor antagonist, completely blocked NK2 
receptor unmasking (n= l0). In 68% of the neurons tested, bath applied 5-HT (10 µM) 
evoked a 167 ± 29.0 nM increase in [Ca2+]1 (n=l5) that was blocked by ICS205-930 (1 
µM, n=3). In the presence of nominally zero [Ca2+]0, only 1 of 13 nodose neurons 
incubated with 5-HT responded to SP. ATP, bradykinin or histamine also produced 
increases of [Ca2+]1 yet they failed to unmask SP responses, suggesting elevation of 
[Ca2+]1 alone is not adequate. In sum, these data indicate that activation of 5-HT3 
receptors is sufficient to unmask NK2 receptors in isolated nodose ganglion neurons. 
With an EC50 value of 14 nM, mast cell-released 5-HT may be sufficient to unmask NK2 
receptors in the intact ganglia. (Supported by NS22069 to DW and NS07375 to KAM.)

638.9

PATHW AYS FOR A C TIV A T IO N  OF C 1-C 2 DORSAL HORN (DH) 
CELLS BY PERICARDIAL A D M IN ISTR A TIO N  OF ALGOGENIC  
CHEMICALS IN RATS M .J. C h and ler*, C .Q in , K.E. Miller, and R.D. 
Foreman. Dept. Physiology, Univ. Okla. HSC, Okla. City, OK 7 3 1 9 0 .

Electrical stimulation of vagal afferents or cardiopulmonary 
sympathetic afferent fibers excites C 1-C 2 cells. The purposes of this 
study w ere to determine 1) responses of C 1-C 2 DH cells to chemical 
stimulation of cardiac afferents, 2 ) the relative contribution of vagal 
and sympathetic afferent pathways for transmission of noxious 
cardiac afferent input to C 1-C 2 DH cells. Extracellular potentials of 
single C 1-C 2 DH cells w ere recorded in pentobarbital anesthetized 
male rats. A  catheter was placed in the pericardial sac to administer 
0 . 2  ml "inflam m atory soup" (adenosine 1 0  3M , bradykinin, histamine, 
serotonin, prostaglandinE2 10 -5M each). 6 1 /1 0 7  (57% ) C1-C 2 DH 
neurons responded to pericardial injection of inflam m atory soup; 27  
were excited (E), 29  were inhibited (I) and 5 w ere excited/inhibited 
(E-l). Ipsilateral vagotomy abolished responses of 7 /2 0  (5E ,21) cells 
tested; bilateral vagotomy abolished responses of 4 /1 2  (3E, 11) cells 
tested. Spinal transection at C 6-C 7 abolished responses of 6 /7  
(3E ,31) cells tested that still responded after bilateral vagotomy. 
4 9 /6 0  (8 2 % ) cells tested for somatic fields had convergent input 
from head, neck, arm or shoulder; 16 were W DR , 3 0  w ere HT, 3 
responded only to joint movem ent. Results of this study supported 
the concept that C 1-C 2 DH cells responsive to vagal and/or 
sympathetic afferent inputs from the heart contribute to a neural 
mechanism for cardiac pain referred to neck and head. (H L52986)

638.11

EFFECT OF PLATELET ACTIVATING FACTOR ON GASTRIC VAGAL 
AFFERENT FIBERS IN THE RAT. N.Ozaki*, J,N. Sengupta and G.F. 
Gebhart. Dept. of Pharmacology, Univ. of Iowa; Iowa City, IA 52242.

Chronic idiopathic dyspepsia is likely associated with 
hypersensitivity of vagal and/or spinal afferents innervating the upper 
gastrointestinal tract. Platelet activating factor (PAF) is an endogenous 
phospholipid which is an important mediator of inflammation. This study 
was undertaken to investigate the peripheral effects of PAF on vagal 
afferent fibers innervating the stomach of the rat. Single fiber 
recordings were made from the cervical vagus nerve. Vagal afferent 
fibers innervating the stomach were identified by distending the 
stomach. Twenty-three fibers responded to gastric distension (GD). 
Conduction velocities of sixteen fibers were identified by electrical 
stimulation. All tested fibers were unmyelinated C-fibers (mean 
conduction velocity: 0.64 ±  0.16 m/s). Mean spontaneous activity was
1.04 ± 1.33 imp/s. All fibers gave monotonic increases in firing with 
increasing distending pressure (5-60 mmHg). Fourteen fibers were 
tested with PAF (1000 or 2000 ng/kg) injection into the gastric artery. 
Eight fibers exhibited increases in spontaneous activity. The intragastric 
pressure also slightly increased during the injection. Responses to GD 
were studied after PAF injection (10 -120 min). Seven of 9 fibers did 
not exhibit any change. Two fibers exhibited desensitization 30 min 
after PAF. These results suggest that PAF injection stimulates 
mechanosensitive gastric vagal afferent fibers, but acute inflammation 
produced by PAF does not induce sensitization to GD. Supported by 
NS 35790.

638.8

RESPONSES OF C 1-C 2 DORSAL HORN (DH) CELLS IN RATS TO  
CERVICAL OR THORACIC ESOPHAGEAL DISTENSION BEFORE AND  
AFTER VAGAL AN D SYM PATH ETIC TR AN SEC TIO NS. C.J. Jou, 
C.Q in, M .J. Chandler. J.P. Farber*, K.E. Miller, and R.D. Foreman. 
Dept. Physiology, Univ. Okla. HSC, Okla. City, OK 7 3 1 9 0 .

Esophageal pain can mimic angina pectoris. Since cardiac vagal 
and sympathetic inputs activate C 1-C 2 cells, w e hypothesized that 
stimulation of thoracic esophagus also would activate C 1-C 2 cells. 
This study compared 1) responses of C 1-C 2 DH cells to noxious 
cervical and thoracic esophageal distensions (CED, TED), and 2) 
afferent pathways for CED and TED inputs to  C 1-C 2 DH cells. 
Extracellular potentials of single C 1-C 2 DH cells were recorded in 
pentobarbital anesthetized male rats. Graded CED or TED were  
produced by w ater inflation (0 .1 -0 .5  ml) of a latex balloon. CED 
activated 2 6 /6 6  (39% ) cells; 16 excitatory (E), 8  inhibitory (I), 2 (E-l). 
CED elicited responses for 12 of 12 cells after ipsilateral vagotomy, 
for 8 /9  cells after bilateral vagotomy, and for 6 /7  cells after 
vagotomy and C6-C 7 spinal cord transection. TED activated 13 /7 9  
(16% ) cells (11 E,2I). Ipsilateral vagotomy abolished responses of 2 /6  
cells; C7 transection abolished responses of 2 cells; 2 cells were lost. 
Results showed that CED more often affected activity of C 1-C 2 DH 
cells than TED. Thus, sensations from thoracic esophagus seem less 
likely to depend on upper cervical segments than sensations from  
cervical esophagus or heart. Input to C 1-C 2 DH cells from CED might 
enter upper cervical dorsal roots, whereas input from TED might use 
vagal pathways and/or enter thoracic dorsal roots. (H L 52 986 )

638.10

CONVERGENCE OF VISCERAL AFFERENT INPUTS FROM THORACIC  
AND PELVIC ORGANS ON C 1-C 2 DORSAL HORN (DH) CELLS IN 
RATS. C. Q in * , M .J. Chandler. K.E. M iller, and R.D. Foreman. Dept. 
Physiology, Univ. Okla. HSC, Okla. City, OK 7 3 1 9 0 .

Electrical stimulation of afferent nerves arising from thoracic organs 
activates C1-C 2 cells. The purpose of this study w as to determine 
responses of C 1-C 2 DH cells to chemical or mechanical stimulation 
of thoracic and pelvic visceral organs. Extracellular potentials of 
single C1-C 2 DH cells were recorded in pentobarbital anesthetized 
male rats. Cardiac noxious input (CNI) w as produced by injecting 0 .2  
ml of "inflammatory soup" (adenosine 1 0 -3M , bradykinin, histamine, 
serotonin, and prostaglandin E2 10 -5M  each) into the pericardial sac. 
Latex balloons w ere inflated w ith w ater to distend cervical or thoracic 
esophagus (CED,TED, 0 .1 -0 .5  ml) and to distend urinary bladder 
(UBD, 1 .0 -2 .0  ml). Colorectal (CRD) and gastric distensions (GD) 
were produced by air inflation of balloons (8 0 mmHg). Responses of 
C1-C 2 DH cells to single inputs were: 6 1 /1 0 7  (57% ) to CNI, 2 6 /6 6  
(39% ) to CED, 8 /5 6  (14% ) to TED, 1 1 /4 8  (2 3 % ) to GD, 4 /2 8  (14% ) 
cells to UBD, 9 /1 5 8  (6 % ) cells to CRD. Responses to 2 visceral 
organs were: 2 0 /5 8  (3 5 % ) CED-CNI, 4 /4 7  (9% ) TED-GD, 1 /3  (33% )  
CNI-GD, 1 /4 7  (2% ) GD-CRD and 1/2 8  (4% ) GD-UBD cells. Responses 
to 3 visceral organs were: 1 /4 6  (2% ) TED-GD-CRD, 2 /2 8  (7% ) TED- 
GD-UBD, 1 /28  (4% ) GD-CRD-UBD. Convergent visceral inputs on C1- 
C2 DH cells from different organs suggests that upper cervical 
segments integrate visceral information entering near and distant 
spinal segments. (H L 52986)
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639.1
REACTIVE OXYGEN SPECIES AUGMENT NEUROPEPTIDE RELEASE FROM RAT SENSORY 
NEURONS. V.L. Jones, L.A. Bolyard* and M.R. Vasko. Dept. of Pharmacol./Toxicol., 
Prog. in Med. Neurobiology, Indiana U. School of Medicine, Indianapolis, IN 46202.

During tissue injury and inflammation, substance P (SP) and calcitonin gene-related 
peptide (CGRP) are released from endings of small diameter sensory neurons. Release of 
these neuropeptides from peripheral endings can contribute to vasodilation, leukocyte 
recruitment, and release of other chemical mediators of inflammation, whereas release 
from endings located in the spinal cord can alter pain perception. Another event 
accompanying tissue injury is the generation of reactive oxygen species, predominantly 
superoxide and H2O2, by activated leukocytes. Critical to microbial defense, H2O2 can 
also effect surrounding tissue, including sensory neurons. Consequently, we examined 
whether peroxide exposure could augment release of peptides from sensory neurons.

Sensory neurons were dissociated from fetal rat dorsal root ganglia (E l6) and grown 
in culture, supplemented with nerve growth factor, for 10-13 days. The effect of 
peroxide exposure on peptide release was assessed by treating neurons with either 
hydrogen peroxide or tert-butyl hydroperoxide (TBH) in the presence and absence of 
bradykinin, a release-stimulating agent. The amount of SP and CGRP released was 
measured by radioimmunoassay.

Exposing cells to six consecutive ten-minute treatments of 100 µM TBH increases 
SP and CGRP release up to ten-fold over resting release in a time- and calcium- 
dependent manner. In contrast, exposure to six consecutive treatments of 100 µM H2O2 
does not augment peptide release directly; however, cells treated first with 100 µM 
H 2O 2 for ten minutes, then with H2O 2 in solution with 100 nM bradykinin for ten 
minutes show a two-fold increase in peptide release over release in the presence of 
bradykinin alone. Both TBH-stimulated release and H2O 2-potentiated release are 
attenuated in the presence of antioxidant N-acetyl cysteine (50mM), while 10 mM 
sodium salicylate, a hydroxyl radical scavenger, is ineffective in blocking peroxide- 
evoked peptide release. These results support a role of peroxides in modulating release 
of SP and CGRP from sensory neurons. Because these peptides contribute to 
neurogenic inflammation and nociception, our findings suggest that reactive oxygen 
species contribute to enhanced pain sensation. Supported by NS 34159.

639.3
NEUROTENSIN IS ANTI-ANALGESIC FOLLOWING PHYSIOLOGICAL OR 
PHARMACOLOGICAL MANIPULATIONS THAT PRODUCE 
ANTINOCICEPTION. J.P. Smith*, A.A. Hawranko, D.L. Smith, K.E. Patterson and 
D.J. Smith. Depts. of Pharmacol./Tox, & Anesth., Robert C. Byrd HSC, Morgantown, 
WV 26506

The effect o f neurotensin on pain modulation is dose dependently biphasic with low 
doses (pmol range) producing facilitation, and high doses (nmol range) resulting in 
inhibition of nociception (JPET 265: 580, 1993). However, facilitation of 
nociception (i.e. decreased response latencies) is not always apparent in studies using 
high intensity thermal stimulation, like the tail flick test, where short baseline 
latencies are designated as the starting point. On the other hand, it is more clearly 
discriminated with other drugs when baseline latencies are increased by either 
decreasing the stimulus intensity, or inducing basal antinociception via stress-induced 
analgesia or administering antinociceptive drugs (JPET 282: 899, 1997). Thus, the 
ability o f neurotensin to facilitate nociception was evaluated in rats stressed by 
repetitive exposure to noxious heat (Analgesia 3:101, 1997), and in non-stressed rats 
given morphine. Doses of the peptide, from 0.003 to 0.03 nmol, produced anti-
analgesia when administered either intracerebroventricularly, or into the nucleus 
raphe magnus (RMg), a terminal field for neurotensin neurons projecting from the 
periaqueductal gray region (PAG) of the midbrain. In addition, the anti-analgesic 
action was observed when 0.01 or 0.03 nmol doses of neurotensin were injected in 
the RMg of non-stressed rats given morphine in the PAG. As expected, higher doses 
o f neurotensin produced antinociception in the stressed rats, and also exhibited an 
additive interaction with the antinociceptive action of morphine. These data confirm 
a biphasic action of neurotensin on nociception, and demonstrate that the facilitation 
opposes antinociception produced either physiologically or pharmacologically.

Supported by NIH GM0076 and a WVU School o f Medicine Research Grant

639.2
Tissue Cooling Reduces Release of iCGRP in Rat Dental Pulp. H.E. Goodis*, W.R. 
Bowles, K M. Hargreaves. Schools of Dentistry, University of California. SF. CA: 

UTHSCSA. TX; and University of Minnesota. Mpls., MN.

Neuropeptide release from sensory neurons evokes neurogenic inflammation in 
various tissues. Treatment modalities that modulate such release may alter or 
prevent the inflammatory response. In this study. we tested the hypothesis that tissue 
cooling reduces release of immunoreactive calcitonin gene-related peptide (iCGRP). 
from capsaicin-sensitive fibers terminating in rat dental pulp. Rat dental pulp was 
extracted from incisors (n-12/chamber). placed into I cc chambers and superfused 
with oxygenated Krebs buffer (pH 7.4 at 270 uL/min). iCGRP levels were measured 
by a previously validated RIA. This in vitro method permits application of precisely 
measured temperatures to the isolated peripheral terminals. After a baseline 
recovery period, the tissue, buff er and drug temperatures were lowered from 37 C 
baseline to 25 C and 17 C. The reduction in temperature lowered basal levels of 
iCGRP release by 32.8%  at 25 C. Moreover, reduced temperatures inhibited the 
ability of capsaicin (30 uM) to evoke iCGRP release. As compared to 37 C. 
reducing temperature to 17 C continued to inhibit the stimulatory effect of capsaicin. 
This inhibitory effect was not due to cytotoxicity since tissues regained their ability to 
respond to capsaicin following warming to 37 C. The results of these studies 
suggest that environmental temperature represents a physiologically relevant 
parameter which substantially modulates the stimulatory effect of agents applied to 
isolated terminals of capsaicin-sensitive fibers. Moreover, this mechanism may have 
clinical relevance for a non-invasive. reversible, noil-pharmacological method for 
temporary inhibition of capsaicin-sensitive nociceptors.

639.4
NEUROPEPTIDE FF ATTENUATES THE ALLODYNIC RESPONSE 
TO CHRONIC INFLAMMATORY AND NEUROPATHIC PAIN 
FOLLOW ING INTRATHECAL AND
INTRACEREBROVENTRICULAR ADMINISTRATION. N. A ltier*, P. 
Cusson, A. Dray and D. Ménard. Dept. of Pharmacology, Astra Research 
Centre Montréal, Montréal, Québec, Canada, H4S 1Z9.

Experiments were performed to explore the effects of Neuropeptide FF 
(NPFF) acting at spinal and supraspinal sites in animal models of chronic pain. 
NPFF was administered intrathecally (i.t.; 10.0, 25.0, and 50.0 nMoles/10.0 
µl) or intracerebroventricularly (i.e.v.; 2.5-15.0 nMoles/10.0 µl) either 24 
hours after inflammation-inducing injections of Freund's Complete Adjuvant 
in one hind paw (10.0 µl in top surface; 10.0 µl in plantar surface) or 7 days 
after sciatic nerve constriction (Mosconi & Kruger, 1996) in one paw. Evoked 
pain was assessed by measuring the withdrawal response threshold (in grams 
of pressure) to a mechanical von Frey filament stimulus applied with 
escalating pressure to the plantar surface of the injured paw. The allodynic 
response (i.e., increased reactivity to an innocuous stimulus) to inflammatory 
and neuropathic pain was attenuated dose-dependently by NPFF administered 
both spinally (ED50—23.6 and ED50—36.8, respectively) and supraspinally 
(ED50-12.6 and ED50= 13.9, respectively). Pretreatment with the opioid 
receptor antagonist naloxone (2.0 mg/kg; s.c.) blocked the anti-allodynic 
effect of NPFF administered i.t. or i.e.v. in rats experiencing inflammatory 
pain. These findings indicate that NPFF acting spinally and supraspinally 
displays analgesic properties in animal models of chronic pain. Supported by 
the Astra Research Centre Montreal.

639.5 639.6
THE EFFECT OF INTRATHECAL SELECTIVE AGONISTS OF Y 1 
A ND Y2 NEUROPEPTIDE Y RECEPTOR ON THE FLEXOR  
REFLEX IN NORMAL AND AXOTOMIZED RATS. X .-J. X u*, I. 
S. Xu, J .-X . Hao, T. Hökfelt1 and Z. Wiesenfeld-Hallin, Karolinska 
Institute, Dept. Med. Lab. Sci. Technol. and Dept. N eurosci., 
Huddinge and Stockholm, Sweden.

W e have examined the effects o f intrathecal (i.t.) administration o f  
[Leu31,Pro34]-neuropeptide Y (NPY) or NPY (13-36), selective 
agonists o f NPY Y 1 or Y2 receptors, respectively, on the excitability o f  
the flexor reflex in normal rats and after unilateral transection o f  the 
sciatic nerve. In rats with intact and sectioned sciatic nerves, i.t. 
[Leu31,Pro34]-N PY  induced a similar dose-dependent, biphasic effect 
on the flexor reflex with facilitation at low doses and depression at high 
doses. In contrast, i.t. NPY-(13-36) only facilitated the flexor reflex in 
normal rats, and at high dose it caused ongoing discharges in the 
electromyogram. NPY-(13-36) caused dose-dependent depression o f  
the flexor reflex in rats after sciatic nerve transection, in addition to its 
facilitatory effect. Topical application o f [Leu31,Pro34]-NPY or NPY- 
(13-36) caused a moderate, brief, dose-dependent reduction in spinal 
cord blood flow. No difference was noted between the vasocontrictive 
effect o f [Leu31 ,Pro34]-NPY and N PY -(13-36). It is suggested that 
activation o f Y1 receptors may be primarily responsible for the reflex 
depressive effect o f i.t. N PY in rats with intact sciatic nerves, whereas 
both Y1 and Y2 receptors may be involved in mediating the depressive 
effect o f NPY after axotomy. (Supported by Swedish MRC, European 
Commission and Astra Pain Control).

EFFECT OF NEUROPEPTIDE Y ON CAPSAICIN-EVOKED iCGRP 
RELEASE FROM PERIPHERAL TERMINALS.
KM Hargreaves*, PA Claude, N  Gracia, L Wagner, CM Flores. Dept 
Endo, UTHSCSA, San Antonio, TX 78284.
Despite considerable electrophysiologic and behavioral studies on 
interactions between sympathetic fibers and capsaicin-sensitive 
nociceptors, comparatively few studies have evaluated whether 
sympathetically-derived factors modulate neurosecretion from peripheral 
terminals o f capsaicin-sensitive fibers. In the present study, we 
evaluated whether neuropeptide Y (NPY) modulates the release o f  
immunoreactive calcitonin gene-related peptide (iCGRP) from peripheral 
endings o f capsaicin-sensitive fibers terminating in dental pulp. Dental 
pulp was selected as a model tissue since it is innervated predominantly 
by nociceptive afferent and sympathetic efferent fibers. Dental pulp from 
rat incisors was pooled (n=12) and placed into chambers. Chambers 
were pumped with an oxygenated Kreb’s buffer (37C pH 7.4 at 270 
uL/min); 8 min fractions were collected and iCGRP levels determined by 
RIA. Data were analyzed by ANOVA. Administration o f  NPY (100  
nM) increased basal rates o f  iCGRP release about two-fold. Moreover, 
pretreatment with NPY (100 nM) more than doubled capsaicin (30 uM) 
evoked release o f iCGRP as measured by peak rates o f  release. 
Collectively, these studies indicate that administration o f NPYstimulates 
efferent neurosecretion from peptidergic afferent fibers and enhances 
their responsiveness to challenge by capsaicin. These results are 
consistent with the hypothesis that *sympathetically-derived factors 
modulate neurosecretory activity o f capsaicin-sensitive fibers. Supported 
in part by a UTHSCSA grant and D A10510.
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639.7
ANTIHYPERALGESIC EFFECTS OF INFECTION OF MOUSE SKIN WITH A 
HERPES VIRUS WHICH ENCODES ANTISENSE FOR CGRP. Lu, Y.* Wilson, 
S. P. And D. C. Yeomans. Depts. o f Anatomy and Cell Biology and Anesthesiology, 
University of Illinois at Chicago. Chicago, IL 60612 and Dept o f Pharmacology, 
University of South Carolina School o f Medicine, Columbia, SC, 29208

Calcitonin gene related peptide (CGRP) has long been associated with 
nociception, particularly with the development o f hyperalgesia. The goal o f this 
study was to determine whether nociceptive sensory transmission, particularly as 
pertains to hyperalgesia, could be attenuated by herpes-mediated introduction into 
primary nociceptive afferents o f a transgene expressing antisense to CGRP mRNA.

The cDNA for the near full length rat CGRP was cloned into a shuttle 
plasmid in reverse orientation and a recombinant herpes simplex type I virus was 
generated using this construct (KantiCGRP). A similar virus was generated which 
expressed the bacterial marker peptide gene lac-Z which was used in these 
experiments for control purposes (KZ). The dorsal hindpaw skin of female Swiss- 
Webster mice was scarified and topically treated with vehicle or a solution containing 
either KantiCGRP or KZ. Four and 6 weeks after infection, baseline foot withdrawal 
latencies evoked by a C fiber-selective low rate o f heating were measured. C fiber 
nociceptors innervating the infected skin area were then sensitized with topical 
capsaicin, following which response latencies were again measured and compared 
across the 3 groups.

Sensitization o f the foot withdrawal response following application of 
capsaicin was reduced or eliminated in mice infected with KantiCGRP compared to 
KZ-infected or vehicle treated mice. Thus, herpes vector introduction of antisense to 
CGRP mRNA into cutaneous nociceptive afferents produces antihyperalgesia, 
presumably mediated by the inhibition o f the synthesis o f endogenous CGRP. This 
study was supported by USPHS Grant DA08256 (DCY).

639.9
SY STEM ICA L 5 -H T 2A R E C E PT O R  A N T A G O N IS T , 
SA R PO G R E LA TE HCL, ATTEN U A TES PA IN  BEHAVIOR A F T E R  
IN TR A TH ECA L GABA -A A N TA GON ISM  AND PAW F O R M A L IN  
IN JEC T IO N . H. K oba2 ,  I. F u k u i2,  T I sh ik a w a 1, M Y o sh in a ri2 and O 
N a k a n ish i2*  1Dept of A n e s th es io lo g y -R e su sc ito lo g y , Y am ag u ch i 
Univ. and 2Dept o f Dental A n esth esio lo g y , K yushu Dental C o l le g e ,  
K itakyushu 803 Jap an

Although peripheral and spinal serotoninergic (5HT) neurons have recently been 
suggested to modulate individually afferent nociceptive processing in spinal cord and 
inflammation in peripheral sites. The present study was designed to characterize the 
effect of systemic and spinally delivery of 5HT or various type of 5HT ergic receptor 
agents including newly produced compound, Sarpogrelate HC1(MCI) on the pain 
behaviour (tactile-allodynia or hyperalgesia) evoked by i) spinal delivery of GABA- 
A antagonist or by ii) paw formalin injection. Male Sprague-Dawley rats previously 
implanted with intrathecal PE-10 catheter were employed in the study. In the first 
group. 5Oµl o f 5% formalin was injected subcutaneously into left hind paw. During 
60 min period after injection pain behaviour expressed as flinching of the injected paw 
was counted in 5 min intervals. In the second group, GABA-A antagonist, bicuculline 
10µg was injected intrathecally. After injection the presence of touch-evoked 
agitation was assessed as three-graded score. Specific 5HT2A receptor antagonist, MCI 
given peripherally, amelioratedly attenuated pathological pain state both evoked 
flinches by formalin paw injection and tactile-allodynia evoked by spinal GABA-A 
antagonism and these effects were reversed by co-delivery of α-methyl-5HT (5HT2A 
receptor agonist), suggesting involvement of activation of 5HT ergic nerve, especially 
5HT2A receptor in developing hyperalgesia and allodynia at peripheral sites and / or 
afferent activating system.

639.11
PERIAQUEDUCTAL GRAY STIMULATION-INDUCED
ANTINOCICEPTION IN RATS IS MEDIATED BY THE RELEASE OF 
NOREPINEPHRINE, SEROTONIN AND AMINO ACIDS IN THE LUMBAR 
DORSAL HORN
M. Cui,* Y. Feng and W. D. Willis. M arine Biomedical Institute, The University of 
Texas Medical Branch, Galveston, TX 77555-1069 

Stimulation of the periaqueductal gray (PAG) produces behavioral analgesia in 
animals and humans. The analgesia is believed to be due to the inhibition of 
nociceptive transmission by neurons of the dorsal horn with ascending projections. 
Serotonin (5-HT) and alpha-2 adrenoceptor antagonists are known to attenuate PAG- 
induced inhibition of nociceptive dorsal horn neurons in primates and rats. 
Furthermore, antagonists of glycine and GABAa receptors also significantly reduce 
such inhibition. Our previous study demonstrated that the inhibition induced by PAG 
stimulation was associated with the release of 5-HT, glycine, aspartate and glutamate. 
This study further investigated whether long-lasting PAG stimulation produced a 
release of norepinephrine (NE) and if an inhibition of the evoked nociceptive 
responses of dorsal horn neurons was in parallel with the release of the 
neurotransmitters. The study also examined the effect of different frequencies of 
stimuli on the release of neurotransmitters in the spinal cord. Microdialysis in 
combination with high-pressure liquid chromatography was used to measure the 
concentrations of neurotransmitters in the lumbar dorsal horn. Samples were collected 
every 10 min. The PAG was stimulated with 1 s trains of electrical pulses every 3 s at 
333 Hz (0.2 ms) first and then at 67 Hz (0.5 ms) with same intensity for 27 min, 
respectively. Stimulation produced an increase in NE in the spinal dialysate. Low 
frequency stimulation resulted in a greater release of the neurotransmitters than did 
high frequency stimulation. The results suggest that the inhibition induced by PAG 
stimulation is mediated, in part, by the release of 5-HT, NE and inhibitory amino 
acids. (This study was supported by NIH grants, NS 09743 and NS 11255).

639.8
DIFFERENTIAL EFFECTS OF NEURONAL NICOTINIC RECEPTOR AGONISTS 
ON CAPSAICIN-EVOKED CGRP RELEASE FROM PERIPHERAL TERMINALS 
OF PRIMARY SENSORY NEURONS. G.O. Dussor,2 A.S. Leong,1 N.B. Gracia,1 
K.M. Hargreaves,1,2 S.P. Arneric,3 and C. M. Flores1,2*. Departments of 1Endodontics 
and 2Pharmacology, Dental and Graduate Schools, University of Texas Health Science 
Center, San Antonio, TX 78284 and 3Abbott Laboratories, Abbott Park, IL 60064.

There is accumulating evidence for the ability of neuronal nicotinic receptor agonists 
to modulate pre-synaptically the release of a variety of transmitter substances. The 
purpose of the present studies was to evaluate the effect of several, pharmacologically 
distinct nicotinic agonists on capsaicin-evoked calcitonin gene-related peptide (CGRP) 
release from sensory neuronal terminals located in the rat buccal mucosa. The 
experimental approach utilized the method of in vitro superfusion. Buccal mucosa from 
adult, male, Sprague-Dawley rats was liberated from the underlying buccinator muscle, 
dissected and placed into chambers containing oxygenated Kreb's buffer. The tissue was 
perfused with buffer alone for several fractions to establish a stable baseline, followed by 
the application of drugs and a washout period. Fractions were then evaluated for 
immunoreactive CGRP (iCGRP) levels by radioimmunoassay. Co-treating the tissue 
with capsaicin (100 µM) plus nicotine (1-100 µM) for 10 min resulted in a significant, 
concentration-dependent enhancement of iCGRP release that was completely abolished 
by the nicotinic receptor antagonist chlorisondamine. Similarly, co-treatment with 
cytisine (1 nM - 10 µM) or epibatidine (100 pM - 10 nM) potentiated capsaicin-evoked 
iCGRP release in a concentration-dependent fashion. Potentiation by these compounds 
was also observed using a pre-treatment paradigm, although the magnitude of the effect 
was attenuated under these conditions. In contrast, co-treatment of the tissue with 
anabasine (1 - 100 µM) or ABT-594 (10 nM - 1 µM) led to a significant, concentration- 
dependent inhibition of capsaicin-evoked iCGRP release. None of the nicotinic drugs 
tested exhibited any direct releasing activity by themselves. The differential effects of 
these nicotinic receptor agonists in modulating peripheral neurosecretion may reflect 
distinct pharmacological profiles with respect to selectivity for multiple neuronal 
nicotinic receptor subtypes. To the extent that CGRP may serve as a marker for 
neurogenic inflammation, these data suggest that nicotinic receptor agonists, acting in 
the periphery, can manifest either pro-inflammatory or anti-inflammatory actions.

This work was supported by grant DA10510 from NIDA and by Abbott Laboratories.

639.10

W ITHDRAW N

639.12
E FF E C T S OF IN TR A TH ECA L A D M IN ISTRA TIO N  O F 5-H T3 AG O N IST 
ON JAW  M USCLE ACTIVITY EV OK ED BY M USTARD O IL IN JE C T IO N  
INTO TEM PO RO M A ND IB ULA R JO IN T  (TM J) IN  RATS. K. S eo1* , G. 
S om eya1 an d  J .  W. H u 2, 1D ept. of D en ta l A n esth esia , N iig a ta  Univ., 951- 
8514, Ja p a n , 2Fac. of D e n tis try , U niv. of Toronto, M 5G 1G6, C anada .

The agon is t of 5-H T3 recep to r is rep o rted  to m o d u la te  the  sp in a l 
nociceptive reflex  (G laum  e t  al, B ra in  Res., 510: 12-16, 1990). We have  
rep o rted  th a t  GABAa recep to r m ech an ism  is involved in  th e  m od u la tio n  of 
jaw  m uscle e lectrom yograph ic  (EM G) ac tiv ity  evoked by ap p lica tio n  of th e  
sm all fiber ex c ita n t an d  in flam m ato ry  i r r i t a n t  m u s ta rd  oil (MO) in to  th e  
TM J region  of ra ts  (N eurosci. A bst., 23: 1813, 1997). To te s t  th e  possib ility  
th a t  5 -HT3 recep to r m ech an ism  is involved in  th e  m o d u la tio n  of EM G 
ac tiv ity  evoked by MO, 5-H T3 a g o n is t 2 -m ethy l 5-HT (2-m 5HT) w as in jected  
in tra th e c a lly  (i t.) v ia  a can n u la  overly ing  th e  left ( ip s ila te ra l, IP) trig em in a l 
su bnucleus cau d alis  (Vc) in  a d u lt  m ale  r a ts  an e sth e tiz e d  w ith  h a lo th an e  
N 2O/O2. EM G ac tiv ities  w ere recorded  b ila te ra lly  from  d ig as tric  an d  IP- 
m asse te r  m uscles an d  MO (20 %, 20 µl) w as app lied  in to  IP -T M J. A dosage 
of 1 µg, 30 µg or 100 µg of 2-m 5H T w as in jected  i.t. 10 m in  before MO 
app lica tion  in to  TM J. O ne µg of 2-m 5H T its e lf  (n=4) d id n o t induce any  
increase  in  EM G activ ity , b u t  MO evoked a s ign ifican tly  la rg e r  in crease  in  
EM G activ ity  th a n  th a t  of th e  contro l group (n=7) w hich  did  no t receive any  
2-m 5H T prio r  to ap p lica tion  of MO (M ann-w hitney  U -tes t, p<0.05). T h irty  
µg of 2-m 5H T (n=4) in creased  EM G ac tiv ity  evoked by MO w hich w as 
sm a lle r  th a n  th a t  of 1 µg 2-m 5H T. In tra th e c a l  in jection  of 100 µg 2-m 5H T 
(n=6) resu lte d  in  no increase  of EM G ac tiv ity  a t  all, a n d  th e  decrease  of 
M O -induced EM G ac tiv ity  by 2-m 5H T w as d o se -d ep en d en t (ANOVA, 
p<0.05). T hese re su lts  su g g est th a t  th e  5-HT3 recep to r m ech an ism  m ay be 
involved in  th e  m o du la tion  of th e  nociceptive reflex w hich  is re lay ed  th ro u g h  
Vc.
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639.13
LY334370, A SELECTIVE 5-HT1F AGONIST, INHIBITS THE CENTRAL AND 
PERIPHERAL PROJECTIONS OF RAT TRIGEMINAL SENSORY NEURONS. 
Mary A. Katofiasc, Kirk W. Johnson and Lee A. Phebus.* Neuroscience Research 
Division, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285 USA 

Administration of some serotonin agonists and indeed serotonin itself relieve migraine 
headache pain. Recent studies have suggested that the serotonin receptor subtype 
responsible for this action is the 5-HT1F. LY33437O, a selective 5-HT1F agonist
currently under development for the treatment of migraine, was examined in two well 
established in vivo models of migraine pain.

Inhibition of peripheral trigeminal afferents was measured using the neurogenic dural 
inflammation model of migraine pain, in which trigeminal neurotransmitter release is 
indirectly measured by quantifying plasma protein extravasation in the dura following 
unilateral electrical stimulation of the trigeminal ganglion in anesthetized rats. The ratio 
of the level of plasma protein extravasation in the dura from the stimulated side 
compared to the unstimulated side was calculated. A compound which effectively 
inhibits stimulation induced extravasation would produce a ratio of approximately 1.0. 
I V. or oral pretreatment with LY33437O showed an attenuation of dural protein 
extravasation with ID50 values of 20 and 30 pg/kg respectively.

Inhibition of central trigeminal sensory projections was investigated using 
immunohistochemistry to measure the expression of Fos protein in the nucleus caudalis 
of the brainstem and in the rostral spinal substantia gelatinosa, areas known to receive 
nociceptive input from dural trigeminal afferents. Unilateral stimulation of the 
trigeminal ganglion induced the expression of Fos protein in second order nociceptive 
neurons in the ipsilateral brainstem and spinal cord. Oral pretreatment with LY33437O 
at doses of 1-100 micrograms per kilogram significantly attenuated trigeminal 
stimulation-induced Fos protein expression in these neurons.

These data suggest that 5-HT1F receptors, when activated, inhibit both the peripheral 
and central branches of trigeminal sensory neurons thought to participate in migraine 
nociception. These results support the clinical study of LY33437O in acute migraine.

(Funded by  Eli Lilly & Co.)

639.14

INVOLVEMENT OF DORSAL RAPHE SEROTONERGIC SYSTEMS 
IN ANTINOCICEPTION OF SYSTEMIC CALCITONIN IN RATS 
N. Yamazaki and Y. Kuraishi*, Dept. o f  Applied Pharmacol., Fac. o f  Pharm. 
Sci., Toyama Med. & Pharm. Univ., Toyama 930-0194, Japan

We have shown that repeated systemic injections o f  [Asu17]eel 
calcitonin (ECT) inhibits inflammatory hyperalgesia and that the inhibition 
is suppressed by intracerebroventricular (ICV), but not intrathecal, injection 
o f  the serotonergic neurotoxin 5,7-dihydroxytryptamine (DHT). The present 
experiments were conducted to examine the involvement o f  brain 
serotonergic terminals and two serotonergic nuclei, dorsal raphe nucleus and 
raphe magnus nucleus. Male Sprague-Dawley rats (4-5 weeks old) were 
used. They were given ECT (4 U kg-1 day-1, SC) daily for 7 days and dilute 
formalin was injected into the hind paw 15 min after the last ECT injection. 
Formalin significantly decreased the mechanical nociceptive threshold 1-2 h 
after injection which was completely inhibited by the repeated 
administration o f  ECT. This antinociceptive effect o f  ECT was almost 
abolished by an ICV, but not intrathecal, injection o f  the serotonergic 
methiothepin (3 nmol/rat), cyproheptadine (3 nmol/rat) and ketanserin (30 
nmol/rat). An injection o f  DHT into the dorsal raphe nucleus, but not raphe 
magnus nucleus, almost abolished the ECT effect. The results suggest that 
ascending serotonergic systems and dorsal raphe nucleus are involved in the 
antinociceptive effect o f  repeated systemic injections o f  ECT. The 
descending serotonergic systems and raphe magnus nucleus may not be 
involved in the ECT antinociception.

PAIN M O DULATION: PH AR M A C O LO G Y — C H A NNELS, CHANNEL BLOCKERS AND L O C A L ANESTHETICS

640.1
BLOCKADE OF SPINAL CALCIUM CHANNELS DOES NOT POTENTIATE 
THE ANTINOCICEPTIVE EFFECT OF MORPHINE: AN ELECTROPHYSIO- 
LOGICAL STUDY. A. Diaz1,  V. Chapman2* and AH, Dickenson2. 1 Departament 
of Pharmacology, University of Cantabria, Santander 39011, Spain. 2 Department of 
Pharmacology, University College London, Gower Street, London WC1E 6BT, UK.

Behavioural studies have reported a potentiation of morphine analgesia by calcium 
antagonists. We have investigated the effect of preadministration of different 
calcium channel antagonists (verapamil, ω-Conotoxin GVIA and ω-Agatoxin IVA) 
on the antinociceptive effect of spinally administered morphine Single unit 
recordings were made from convergent spinal dorsal horn neurones of anaesthetised 
rats. Transcutaneous electrically evoked (Aß-, Aδ- and C-fibre) responses, including 
wind-up and post-discharge were recorded following C-fibre activation. Drugs were 
applied spinally in a 50 µl volume. Morphine (n= 8; 0.25-5 µg) produced dose- 
dependent, naloxone sensitive, inhibitions of the C-fibre evoked responses (29% and 
93% inhibition for 0.25 and 5 µg respectively). Similar morphine inhibitions of the 
Aδ-fibre evoked responses were observed. Only high doses of verapamil (n= 8; 5- 
500 µg) significantly inhibited the C-fibre, Aδ-fibre evoked responses and 
postdischarge. Wind-up was reduced by all of the doses. ω-Conotoxin-GVIA (n= 9; 
0.1-2.5 µg) had dual effects: 44% of the neurones were either uninfluenced or were 
slightly facilitated, 56% of the neurones were inhibited (27%, 3% and 10% of control 
values for C-fibres, postdischarge and wind-up respectively). ω-Agatoxin IVA (n= 6. 
0.125-2.5 µg) did not influence the C-fibre evoked responses and only weak 
inhibitions of the post-discharge and wind up were seen with the highest dose. The 
possible potentiation of spinal morphine antinociception by calcium channel 
blockade was studied. The calcium antagonists were administered before a 
submaximal dose of morphine (0.25 µg). Neither verapamil (n= 10; 5 and 50 µg, 40 
min prior), ω-Conotoxin GVIA (n= 10; 0.1 and 0.4 µg, 30 min prior) or ω-Agatoxin 
IVA (n = l0; 0.125 and 0.5 µg, 30 min prior) potentiated the antinociceptive effect of 
morphine. This electrophysiological study suggests that interactions between 
calcium channel blockers and morphine are not important at the spinal level.
This work was supported by Wellcome Trust, UK.

640.3
EFFECTS OF CALCIUM  CHANNEL AGONISTS AND ANTAGONISTS ON 
NOCICEPTIO N AND BLOOD PRESSURE IN RATS. O. C hen1 and B. 
C ulver1,2 *. Neuroscience Program1 and School of Pharmacy1,2, University of 
Wyoming, Laramie, WY 82071

Previous studies in our laboratory have demonstrated that BAY K 8644, an 
L-type calcium channel activator, produces a significant enhancement of nicotine- 
induced antinociccption in rats as measured by the tail-flick method. This 
antinociceptive effect of BAY K 8644 was blocked by the L-type calcium 
antagonist, nimodipine.

Since drugs acting on L-type calcium channels affect the heart and vascular 
smooth muscle, it is possible that at least part of their effects on nociception may be 
associated with indirect cardiovascular mechanisms. Therefore, studies were 
designed to monitor blood pressure as well as latency to tail flick in rats following 
administration of BAY K 8644 (0.8 mg/kg IP) or nimodipine (5-10 mg/kg IP). 
Blood pressure (BP) was measured using a tail cuff method (IITC) in conscious 
animals 30 min before injections and at two 60 min intervals after injections. 
Latency to tail flick (TF) was recorded in each animal 10 min after BP 
measurements, both before and after injections. BAY K 8644 administered in a 
dose (0.8 mg/kg) that enhanced nicotine-induced antinociception, did not produce 
significant changes in BP or TF measures. Nimodipine (5 and 10 mg/kg) produced 
dose-related decreases in BP (-12% and -25%, respectively) compared to baseline 
control measures but did not significantly change latency to TF. These findings of 
enhanced nicotine-induced antinociception with BAY K 8644 at doses that don’t 
alter BP, together with findings of unaltered TF latency following nimodipine in 
doses causing significant reduction in BP, argues against a primary role of BP in 
mediating changes of nociceptive responsiveness by these drugs acting on L-type 
calcium channels.

640.2
ANTINOCICEPTIVE PROPERTIES OF A SELECTIVE, NEURONAL N- 
TYPE CALCIUM CHANNEL BLOCKER, ZICONOTIDE (SNX-111), IN A 
RAT MODEL OF POST-OPERATIVE PAIN. Y.-X. Wang*, M. Pettus, C. 
Philips. D. Gao. S.S. Bowersox and R.R. Luther. Department o f Pharmacology, 
Neurex Corporation, Menlo Park, California 94025.

Ziconotide (SNX-111), a selective blocker o f neuronal N-type voltage- 
sensitive calcium channels (VSCCs), is antinociceptive in animal models o f acute, 
persistent, and neuropathic pain when it is administered intrathecally. It is 
currently under clinical investigation for the treatment o f malignant and non- 
malignant pain syndromes. The present study was undertaken to compare and 
contrast the antinociceptive properties of ziconotide, morphine, and clonidine in a 
rat model of post-operative pain.

Pain was produced by making a longitudinal incision through the skin, 
fascia, and muscle of the plantar aspect o f the left hindpaw as described by Brennan 
et al., (Pain 64: 493, 1996). This procedure produced immediate (0.5 hr after 
surgery) and long-lasting (4-7 days post-surgery) heat hyperalgesia and mechanical 
allodynia. Pain thresholds in the contralateral foot were unaffected. Intraperitoneal 
injections of 2.6 µmol/kg morphine or 9.4 µmol/kg clonidine blocked heat 
hyperalgesia in the injured foot; morphine, but not clonidine, also elevated pain 
thresholds to thermal (heat) stimulation of the normal foot. When administered 
intrathecally, morphine dose-dependently blocked heat-induced nociceptive 
responses in both the injured (ED50=2.l nmol) and normal (ED50=3.6 nmol) 
hindpaws. These effects were immediate and short-lasting (<l hr). Intravenous 
bolus injection of 1.1 µmol/kg ziconotide, administered either before or after foot 
incision, had no effect on thermal pain thresholds measured in either foot. 
Intrathecal bolus injection of ziconotide, however, blocked heat hyperalgesia in the 
injured foot in a dose-dependent manner (ED50 = 49 pmol) but had no effect on 
heat-induced nociceptive responses in the normal foot. When administered by this 
route, ziconotide (112 pmol) also produced a long-lasting (>4 hr) blockade of 
mechanical allodynia.

The results of this study show that intrathecal ziconotide is antinociceptive 
in a rat model of post-operative pain and is superior to morphine with respect to 
potency, duration of effect, and specificity of action. (Supported by the Neurex 
Corp.)

640.4
ALTERED MORPHINE ANALGESIA IN GIRK2 NULL MICE. I. Mitrovic1*.
M. Margeta-Mitrovic2,3, M. Stoffel4, L.Y. Jan2,3, A.I. Basbaum.1,2 Dept. Anat. and 
W.M. Keck Fdn. Ctr. for Integrative Neurosci.1, Dept. Physiol.2, HHMI3, UCSF, 
San Francisco, CA and Lab. Metab. Diseases4, Rockefeller Univ., NY.

G-protein linked opioid receptors mediate the analgesia produced by morphine 
via one of the following mechanisms: I) presynaptic decrease of neurotransmitter 
release, through the inhibition of a Ca2+ conductance and 2) postsynaptic 
hyperpolarization, through an increase in a K+ conductance. Agonist-mediated 
opening of G protein receptor-coupled inwardly rectifying K+ channels (GIRKs) is 
presumed to mediate the latter. In the CNS GIRK channels are most commonly 
assembled from two GIRK1 and two GIRK2 subunits. In mice with a null 
mutation of the GIRK2 subunit, hippocampal postsynaptic responses to Gi/o- 
coupled agonists are reduced; presynaptic effects of these agonists are preserved. 
Here we used the tail flick test to study morphine-induced antinociception in 
GIRK2 null-mutants. There was no difference in baseline responses between the 
mutant and wild-type mice (latencies: 3-4 sec). GIRK2 mutant mice, however, had 
a significant reduction in the antinociceptive effect of morphine at 10 mg/kg 
compared with the wild-type mice. At lower (5.0 mg/kg) and higher doses (50 
mg/kg), the mice did not differ. These data suggest that inhibition of transmitter 
release via decreased Ca2+ influx may be the predominant morphine 
antinociceptive mechanism at lower doses, and that an increase in the GIRK 
conductance comes into play at higher doses. Conceivably activation of other K+ 
conductances contributes to the reestablishment of analgesia at 50 mg/kg. 
Supported by DA08377 and NS 21455 (A.I.B.) and MH 48200 (L.Y.J).
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640.5
THE ACTION OF NA+ CHANNEL BLOCKING DRUGS USED FOR 
NEUROPATHIC PAIN THERAPY ON TETRODOTOXIN-RESISTANT NA+ 
CHANNELS IN RAT DORSAL ROOT GANGLION NEURONS. M .E. Bräu,1* 
M. Dreimann,2 G. Hempelmann1 and W. Vogel2. 1Department of Anesthesiology and 
Intensive Care Medicine and 2Physiological Institute, Justus-Liebig-University, 
Giessen, Germany

Neuropathic pain following peripheral nerve injury can be alleviated by systemically 
administered Na+ channel blocking agents like local anesthetics, antiarrhythmics, and 
anticonvulsants. Due to their rapid repriming kinetics and their availability at more 
depolarized potentials, tetrodotoxin (TTX) -resistant Na+ channels can contribute to 
spontaneous discharges at ectopic sites responsible for chronic pain and may thus be 
the target for the therapeutic action of Na+ channel blockers. In this work the effect of 
lidocaine, mexiletine, and carbamazepine upon TTX-resistant Na+ channels in rat 
sensory neurons was investigated.

Experiments were conducted on enzymatically dissociated dorsal root ganglia of 
adult rats using the whole cell configuration of the patch clamp method. Externally 
applied TTX (100 nmol/1) was used to suppress TTX-sensitive Na+ currents. TTX- 
resistant Na+ currents were elicited by applying a 2 Hz train of ten 50 ms depolarizing 
pulses to -10 mV. Relative block was measured at the first (tonic) and tenth pulse 
(phasic) at different drug concentrations.

TTX-resistant Na+ currents are reversibly blocked by all three substances in a 
concentration dependent manner. All substances produce tonic and phasic (use- 
dependent) block which is augmented at more depolarized potentials. Under these 
electrical conditions, blocking concentrations of the drugs lie in the range of plasma 
concentrations achieved in pain therapy. (Supported by the DFG Grant, Vo188-13)

640.7
AN ANTISENSE OLIGODEOXYNUCLEOTIDE TO THE NOVEL, TTX- 
RESISTANT SODIUM CHANNEL PN3 PREVENTS AND REVERSES 
HYPERALGESIA AND ALLODYNIA AFTER PERIPHERAL NERVE INJURY. F. 
Porreca1, Di Bian1, L. Kassotakis2, J. Lai1, S. Novakovic*2, L. Sangameswaran2, E. 
Tzoumaka2 and J.C. Hunter2. 1Dept. Pharmacol., Univ. Arizona and 2Center for 
Biological Research, Roche Bioscience, Palo Alto, CA.

Electrophysiological and immunocytochemical evidence suggests that the TTX- 
resistant sodium current mediated by the sodium channel subtype PN3 might play an 
important pathophysiological role in the sustained, repetitive firing o f the peripheral 
neuron following injury (see Rogers et al., this meeting). Selective blockade of PN3 
might therefore be expected to attenuate behavioral hyperesthesias (hyperalgesia and 
allodynia) associated with nerve and tissue injury. In order to test this hypothesis we 
synthesized 20mer antisense (AS) and mismatch (MM) oligodeoxynucleotides (ODNs) 
to a specific sequence of PN3 and tested the effect on thermal hyperalgesia and tactile 
allodynia produced by tight ligation of spinal nerves L5 and L6 (SNL). After twice 
daily intrathecal dosing of 45µg for 36 hr, starting on day 7 following the injury, the 
AS, but not MM, ODN produced a complete, time-dependent, reversal o f both thermal 
hyperalgesia and tactile allodynia. The reversal was sustained in the presence o f the AS 
ODN for a further 5days but recovered within 48 hours after cessation of ODN 
administration. No overt behavioral effects were observed at any time. 
Immunocytochemical analysis o f the DRG tissue showed that the AS, but not MM, 
ODN produced an almost complete “knockdown” of PN3 protein. No effect was 
observed on the TTX-sensitive sodium channels PN1 and PN4/SCP6. Pretreatment with 
PN3 AS, but not MM, ODN prior to nerve injury also prevented the development of 
SNL-induced behavioral hyperesthesias. Similarly, the AS, but not MM, ODN probe 
produced a reversal of thermal hyperalgesia after CFA but not carrageenan-induced 
inflammation. Neither ODN affected the acute, high threshold, thermal nociceptive 
threshold in the tail flick test. The present study suggests that a selective inhibitor of 
PN3 may produce analgesia with a substantially improved therapeutic window for 
treatment of chronic pain. Supported by Roche Bioscience

640.9
SYSTEMIC LIDOCAINE DISRUPTS SENSITIZATION OF THE TAIL-FLICK 
RESPONSE TO RADIANT HEAT. M.S. Osmanski, J.J. Quinn, M.J. Mahometa, 
K.R. Herbert, and J.T. Cannon*. Department of Psychology and Neuroscience 
Program, University of Scranton, Scranton, PA 18510-4596.

Research in our lab has found evidence that exposure to a single prolonged 
test stimulus can induce what appeared to be two forms of sensitization during 
tail-flick testing in pentobarbital anesthetized rats (Baldwin & Cannon, 1996). 
First, there was a moderate reduction tail-flick latency that appeared rapidly 
throughout the length of the tail. Second, after some delay, a robust sensitization 
emerged at the tail spot that received the suprathreshold stimulus. Several labs 
have begun to examine the interactions between systemically administered 
lidocaine and nociceptive mechanisms (e.g., Abram & Yaksh, 1994; Bittencourt 
&Takahashi, 1997; Rigon & Takahashi, 1996). The present study sought to 
determine the effects of systemic lidocaine on the forms of sensitization that we 
have been studying.

Thirty-two rats (8/group) were assigned to lidocaine/prolonged, 
lidocaine/normal, saline/prolonged, or saline/normal conditions. Animals were 
anesthetized with pentobarbital (50 mg/kg/ml, i.p.) and maintained by continuous 
infusion (12 mg/kg/hr, i.p.). The test stimulus was a radiant heat source directed 
toward the blackened ventral tail surface. Fifteen baseline latencies were obtained 
at 1 min intervals from 5 test spots separated by 2 cm. Lidocaine (20mg/kg), or a 
control injection, was given after the 8th trial. The prolonged test stimulus (7 sec), 
or normal testing, occured on the 16th. Testing then continued for 30 min.
Surface tail temperatures were recorded for each trial.

Paralleling our earlier work, exposure to a single suprathreshold tail-flick 
stimulus produced robust sensitization at the stimulated spot. Lidocaine virtually 
eliminated this form of sensitization. Analysis of covariance indicated that this 
effect was independent of variations in baseline tail-flick latency and tail 
temperature. Surprisingly, we did not observe sensitization at tail spots that were 
not exposed to suprathreshold heating in either saline or lidocaine treated animals.

640.6
ROLE OF K+ CHANNELS IN THE ANTINOCICEPTION INDUCED  
B Y  G U A N A B E N Z  F. F o llegatti, C. G helardini, N. G aleotti, A. 
Bartolini Dept. o f Pharmacology, Univ. of Florence, Italy, SPON: ENA*  

Many electrophysiological studies have demonstrated that agonists 
o f  α 2-adrenoceptors open K+-channels in neurons (Morita & North, 
1981). More recently it has been reported that the i.c.v. administration o f  
the K+-ch an nel b lock ers g lip iz id e  and g liq u id on e, but not 
tetraethylammonium or 4-aminopyridine, antagonized the antinociception 
induced by clonidine (Ocaña & Baeyens, Br. 1993). In the present work 
we thought it worthwhile to employ different K+-channel modulators to 
better elucidate the role o f K+-channels in the antinociception induced by 
the α 2-adrenoceptor agonist guanabenz. To this purpose w e evaluated, 
using the m ouse hot-plate test, the effects produced by K+-channel 
blockers: apamine (2 ng per m ouse i.c .v .) and gliquidone (6 µg per 
mouse i.c.v.) and the K+-channel activators: minoxidil (10 µg per m ouse 
i.c .v .), pinacidil (25 µg per m ouse i.c .v .) and diazoxide (100 mg kg-1 
per os) in the antinociception induced by guanabenz (0.10 - 0.50 mg kg-1 
s.c.). A ll K+ATP-channel openers exerted a potentiating effec t on 
guanabenz induced antinociception w hile K+ATP-channel activator 
gliquidone but not Ca++-gated K+-channel blocker apamine prevented the 
guanabenz increase in the pain threshold. In the same experimental 
conditions, neither d iazoxide, m inoxid il, pinacidil nor gliquidone  
m odified the licking latency values o f  m ice when given alone. These 
results indicate that the neuronal A TP-sensitive K+-channels play an 
importat role in the m echanism  o f  the antinociceptive action o f  
guanabenz in mice.
This work was supported by grant from MURST.

640.8
ALTERA TION S IN TTX -R ESISTA N T SO DIUM  CH A N N EL PN3 
EX PRESSIO N AND DISTRIBUTIO N FO LLO W IN G  PER IPH ER A L N ERV E 
AND TISSU E INJURY. S.D. R ogers1, P. H onore 1, J .C . H unter*2 and P.W . 
M antyh1. 1D ept. o f  Prev. Sci., Univ. o f  M inn., M inneapolis, M N a n d 2Dept. o f  
Analgesia, Center for Biological Research, Roche B ioscience, Palo A lto, CA.

The sustained, TTX -resistant sodium  current, at least in part m ediated by the 
sodium channel subtype PN3, has been suggested to  play a key role in 
peripheral and central neuron sensitization, a prom inent feature o f  neuropathic 
and inflam m atory pain states. The present study has therefore investigated, by 
im m unocytochem istry, the cellular expression and d istribution o f  PN3 in DRG 
neurons following either tight ligation o f  spinal nerves L5/L6 (SN L) or acute, 
persistent (form alin, carrageenan) and chronic (CFA ) inflam m atory pain 
conditions. In contrast to our previous findings w ith a chronic, sciatic nerve 
constriction injury, after SNL, a sm all but significant increase in PN3 
expression was observed in the num ber o f  small (<700µm 2) d iam eter cells and 
a much larger increase (approx. 2-fold) in the num ber o f  larger d iam eter cells 
( > l l 00µm2). In addition to these changes in the DRG som ata, there was a 
concom itant appearance o f  intense PN3 im m unolabeling in the peripheral axons 
o f  the sciatic nerve. A fter CFA induced chronic inflam m ation, a sim ilarly  small 
but significant increase was observed in the sm all cell population but a decrease 
in the num ber o f  large cells expressing PN3. In both the SNL and CFA m odels, 
changes in the im m unolabeling pattern correlated closely w ith changes in 
behavioral hyperalgesia and/or allodynia. N o changes w ere observed in PN3 
distribution after either carrageenan or form alin. This study dem onstrates that 
alterations in PN3 expression and distribution m ay contribute to  the  abnorm al 
processing o f  nociceptive inform ation that results in the paraesthesias and pain 
associated with neuropathic and chronic, inflam m atory pain conditions. 
Supported by Roche Bioscience.

640.10
IMPULSE BLOCKADE BY LIDOCAINE OF SCIATIC SENSORY AND MOTOR 
FIBERS IN VTVO. A.P.Gokin*, G.R.Strichartz, Pain Research Center, Anesthesia 
Research Laboratories, Brigham and Women’s Hospital; Harvard Medical School, 
Boston, MA 12115

Lidocaine’s (L) ability to block different classes of nerve fibers was examined in 
vivo in pentobarbital anesthetized rats. L was injected in 0.1 ml volume at 0.25 - 
1% (9.5-38 mM, pH 6.8) percutaneously around the sciatic nerve. Sensory and 
motor fiber activity was elicited by electrical stimulation o f sciatic nerve distal to 
the L injection site and recorded from small filaments teased from L4-L5 dorsal and 
ventral roots. The activity of large fibers (Aα,ß sensory and A α motor) was 
evaluated by their CAPs (compound action potential area), and that of small, slowly 
conducting myelinated fibers (γ motor, δ sensory), as well as of C-fibers, by their 
unitary activity. Low concentrations of L (0.25%, n=7) partially reduced large fiber 
activity, lasting ~ 25 min and reaching a maximum mean level 53 ±12% of control 
CAPs for sensory fibers and 45±5.8% for motor. Low L acted differently on small 
fibers, fully blocking Aγ,δ, but only weakly blocking C-fibers. The fastest onset of 
block (at 1 minute after injection) and longest duration (51 min) occurred in γ  motor 
fibers (9.5-38 m/s, n=16). The ‘faster’ of the Aδ afferent impulses (8.5 - 25 m/s, 
n=l7) also disappeared quickly (by 3.8 min after injection), but recovered by 36 
min. ‘Slower’ Aδs (1.7-3.6 m/s, n=8) were blocked later (at 5.2 min) and recovered 
at 46 min. Sensory C-fiber activity (0.7-1.2 m/s, n= l4) was resistant to low L; in all 
experiments (n=4) no C-unit impulses were blocked, but only slowed by 3-18%. At 
0.5%, L abolished activity in all myelinated fibers, but only half of the impulses in 
C-fibers. At 1% L, impulses were abolished in all fiber types. These data 
demonstrate the presence of differential fiber blockade and provide a physiological 
bases for the experimental neurobehavioral findings with L, wherein proprioceptive 
and motor functions are most inhibited and nocifensive thermal and mechanical 
(pinch) responses are affected least. Supported by NIH grant GM 35647.
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640.11
SY N ER G ISTIC  EFFECTS OF TH E SIGM A AG O N IST 
C A R B ETA PEN TA N E W ITH LID O CA IN E IN A M O U SE TA IL-FLICK  
M ODEL. P. C haiyaku l1*, K.W . Locke2 and T.J. M aher1. 1Div. Pharm aceutical 
Sciences, M assachusetts College o f  Pharm acy and Allied Health Sciences, 
Boston, M A 02115 and 2Interneuron Pharm aceuticals, Inc., Lexington, MA 
02173.

In this study, we determ ined the ability o f  the sigm a receptor agonist 
carbetapentane (CA R ) alone and in com bination with lidocaine (L) to produce 
local anesthesia /analgesia. Tail-flick latencies were determ ined in m ale Swiss- 
W ebster m ice prior to the local bilateral s.c. adm inistration o f  saline (SAL), L 
(0.05 m g/m ouse). CAR (0.02, 0.04 m g/m ouse) or com binations o f  L and CAR 
into the root o f  the tail (sixth caudal vertebra). The presence o f a sensory 
block was subsequently determ ined by m easuring tail-flick latencies every 10 
m inutes for 90 m inutes. CAR alone produced a weak, but significant (p<0.05) 
analgesic response. L alone produced a dose-dependent analgesic response 
that was significantly (p <O.O5) potentiated by CAR. Q ualitatively sim ilar 
results were obtained with CAR and other local anesthetics including 
procaine, m epivacaine and bupivacaine. O ther sigm a receptor agonists, 
including 1,3-di(2-tolyl)guanidine and (+)-N -allynorm etazocine, sim ilarly 
potentiated the local analgesic activity o f L. The sigm a receptor antagonist 
BD 1047 had no effect on L activity and blocked the potentiating effects o f  
CAR. Taken together, these results dem onstrate that sigm a receptor agonists 
potentiate the local sensory block produced by L and other local anesthetics, 
m ost likely via a sigm a receptor-m ediated m echanism .
Supported by a grant from Interneuron Pharm aceuticals, Inc.

640.12
BUPIVACAINE STEREOISOMERS AND EPINEPHRINE IN INFILTRATION 
ANESTHESIA. A. Khodorova, F. Popitz* and G. Strichartz. Pain Research Center, 
Dept. of Anaesthesia, Brigham and Women's Hosp., Harvard Med. Sch.; Boston, Ma 
02115.

Bupivacaine (B) stereoisomers show different potencies for neuronal Na+ channel 
inhibition, R-B being more potent than S-B under physiological conditions. The 
effectiveness for cutaneous analgesia of B stereoisomers was investigated in male rats. 
As a model of infiltration anesthesia, inhibition of the cutaneous trunci muscle reflex 
(CTMR) by subcutaneous injection of 0.6 ml of 0.0375% and 0.075% of R, S and 
racemic (M) B was used. CTMR (characterized by reflex movement of the skin over 
the back in response to noxious pin pricks) was evaluated quantitatively every 5 min 
after injection. Elicited functional changes were expressed as percentage of maximal 
possible effect (%MPE, mean±SE). At the dose of 0.0375% (1.35 mM) R- B induced 
anesthesia at 10 min in 33.3% (4/12) of rats, M - in 62.5% (5/8) of rats, and S failed to 
produce anesthesia. R was more effective than S at the dose of 0.075%: 100% animals 
were blocked by R and M at 15-20 min and 63.6% (7/11) by S. Epinephrine (Epi) 
(1:100,000) dramatically enhanced and prolonged the blocking effects of both B 
stereoisomers. R- and S-B at both doses induced a complete CTMR block in the 
presence of Epi. The duration of full block for R- B (0.0375%) was 150 ± 12.6 min , 
compared to 12.3 ± 3 min (n=4) without Epi, and for S- B 146 ± 9.3 min, compared to 
none. CTMR fully recovered at 3-3.5 hours (for S +Epi) and 4 hours (for R + Epi). At 
0.075%, Epi prolonged the complete CTMR block by S- B to 146.7 ± 14.3 min (from 
49.1 ± 7 .1  min, n=7, in control); complete block by 0.075% R + Epi continued for 
more than 3.5-4 hours (compared to 98.2 ±5.3 min, n = l l ,  in control). Epi itself (at 
1:100,000) induced a partial temporal CTMR block with the onset at 15 ±  1.6 min and 
full recovery at 91 ± 8.9 min (n=5). The role of local vasoconstriction versus direct 
neuronal actions of adrenergic agonists in cutaneous anesthesia should be considered. 
Supported by a grant from Chiroscience, Ltd, U.K.
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641.1
THE ANTINOCICEPTIVE EFFECT OF Δ9-THC AND MORPHINE DIFFERS 
IN RATS WITH NEUROPATHIC PAIN 1J. Mao* , 2 D.D. Price, 1J. Lu, 1L. Keniston 
and 1D.J. Mayer, 1Dept. Anesthesiology, Medical College of Virginia, Richmond, VA 
23298; 2Health Science Center, University of Florida, Gainesville, FL 32610

We have previously reported that the antinociceptive effect of morphine is 
reduced in rats with neuropathic pain resulting from chronic constriction nerve injury 
(CCI). In the present study, we examined the antinociceptive effect of Δ9- 
tetrahydrocannabinol (Δ9-THC) in CCI rats. In contrast to reduced morphine 
antinociception in CC1 rats, the antinociceptive effect (tail-flick test, cumulative 
dose-response curve) of intrathecal (i.t.) Δ9-THC did not differ between CC1 and 
sham-operated rats on Day 8 after surgery (P> 0.05). The non-competitive NMDA- 
receptor antagonist MK-801 (10 nmol, i.t.), given either before or after Δ9-THC 
injection, did not change Δ9-THC-induced antinociception indicating that the NMDA 
receptor is not involved in Δ9-THC antinociception. Moreover, the antinociceptive 
effect of Δ9-THC (160 µg, i.t.) was not different between morphine-tolerant and 
morphine-naive rats (P> 0.05), nor was there a difference in the antinociceptive 
effect o f morphine (10 µg, i.t.) between Δ9-THC-tolerant and Δ9-THC-naive rats (P> 
0.05), indicating that there is no cross-tolerance between the antinociceptive effects 
of morphine and Δ9-THC. Intrathecal injection of 80 µg Δ9-THC on Day 8 after CC1 
also reliably reversed thermal hyperalgesia (P< 0.05). These results indicate that the 
antinociceptive effect o f cannabinoids remains unchanged in CCI rats and that 
cannabinoid antinociception is likely to be independent of the NMDA and opioid 
systems. In view of the previous report of reduced morphine antinociception in CCI 
rats, the present data suggest that there exist dual analgesic systems in rats and that 
the cannabinoid system may be particularly effective in pathological pain states.

Supported by PHS grant DA08835.

641.3

INTRAPLANTAR INJECTION OF THE CANNABINOID RECEPTOR 
AGONIST CP 55,940 ATTENUATES CAPSAICIN-EVOKED 
NOCIFENSIVE BEHAVIOR AND HYPERALGESIA IN RATS. J. Li,
R S. Daughters. R. Bengiamin and D.A. Simone*. Depts. o f Psychiatry and 
Preventive Sci., University of Minnesota, Minneapolis, MN 55455.

Previous studies have demonstrated that cannabinoids possess 
antinociceptive properties. We have shown that intravenous administration of 
cannabinoids attenuate nocifensive behavior and hyperalgesia produced by 
intraplantar (i.pl.) injection o f capsaicin (CAP) in rats. In this study, we 
examined whether i.pl. administration of the cannabinoid receptor agonist CP 
55,940 blocks nocifensive behavior and hyperalgesia produced by i.pl. injection 
of capsaicin. Separate groups of rats were given one injection of the 
cannabinoid receptor agonist CP 55,940 at doses of 1, 10, 20 or 30 µg (in 100 
µl), or vehicle (VEH) 5 minutes before injection o f 10 µg of CAP into the same 
paw. The duration of nocifensive behavior (guarding of the injected paw) was 
measured for 5 min after CAP, and withdrawal responses to mechanical (von 
Frey monofilament) and heat stimuli applied to the plantar surface o f each hind 
paw were obtained 30 min before, and at 5 and 30 min after CAP. Pretreatment 
with CP 55,940 followed by CAP significantly decreased the duration of 
nocifensive behavior and hyperalgesia to mechanical (increase in frequency of 
withdrawal) and heat (decrease in withdrawal latency) stimuli in a dose- 
dependent manner. I.pl. injection o f the highest dose of CP 55,940 did not alter 
nocifensive behavior or hyperalgesia when injected into the contralateral paw. 
These results suggest that cannabinoids diminish CAP-evoked nocifensive 
behavior and hyperalgesia via peripheral mechanisms. Supported by NS31223 
and DE07288.

641.2
EFFECTS OF CANNABINOIDS ON NOCICEPTIVE-SPECIFIC NEU
RONS IN THE MEDIAL THALAMUS. KARIN H. CHAO* AND J. MI
CHAEL WALKER. SCHRIER RESEARCH LABORATORY, DEPART
MENT OF PSYCHOLOGY BROWN UNIVERSITY, PROVIDENCE, RI 
02912.

The existence of an endogenous cannabinergic neural system is supported 
by the cloning of specific G-protein-coupled cannabinoid receptors and the 
discovery of the putative endogenous ligand anandamide. Because exogenous 
cannabinoids inhibit nociceptive responses to noxious thermal, mechanical 
and chemical stimuli, cannabinoids have been suggested to play a role in pain 
modulation. Previous work in our laboratory demonstrated that selective can- 
nabinoid agonist WIN 55,212-2 suppressed noxious stimulus-evoked activity 
in the ventral posterolateral nucleus of the thalamus and in the lumbar spinal 
cord. The purpose of this study was to determine whether intravenous admin
istration of the cannabinoid WIN 55,212-2 changes the responses of nocicep
tive specific (NS) neurons in the medial thalamus. Extracellular recordings 
were obtained from the medial thalamus of urethane-anesthetized rats. NS 
neurons were identified by their lack of responses to innocuous brushing and 
light pinch of the hindpaw while exhibiting marked increases in firing with 
noxious thermal and pressure stimuli. Noxious stimulation was applied to re
gions of the contralateral hindpaw corresponding to the receptive field of iso
lated NS neuron. WIN 55,212-2 (250 ug/kg, i.v.) produced an inhibition of 
firing in response to noxious thermal and pressure stimuli. Intravenous admin
istration of the cannabinoid-inactive enatiomer WIN 55,212-3 (250 ug/kg, 
i.v.) failed to alter noxious-evoked activity. These data provide evidence that 
cannabinoids suppress nociceptive processing at the level of the medial thala
mus and they further support the hypothesis that endogenous cannabinoids act 
as non-opiate modulators of pain neurotransmission. Supported by NIH 
grants K02MH01083, NS33247, DA10043 and DA 10536.

641.4
ANTI-ALLODYNIC EFFECTS OF SPINAL CANNABINOIDS IN RATS WITH 
PERSISTENT HINDPAW INFLAMMATION.
A.I. Basbaum,* C.M. Loo , W.J. M artin. Depts. of Anatomy and Physiology and 

Keck Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143.
Cannabinoid receptor (CB1) agonists strongly inhibit behavioral responses to 

acute noxious stimuli, but their effects on behavioral responses in persistent pain 
states is less clear. Here, we examined the effects of intrathecal (i.t.) administration of 
a CB1 agonist, WIN55,212-2 (WIN), on mechanical allodynia (decreased withdrawal 
threshold) produced by injections of complete Freund's adjuvant (CFA) in the plantar 
surface of the rat hindpaw. We measured mechanical thresholds with calibrated von 
Frey filaments before and after CFA and used Fos expression as marker of activity of 
spinal cord neurons during inflammation and in response to a CB1 agonist and 
antagonist. One day post CFA injury, mechanical thresholds were significantly 
increased ipsilateral to the tissue injury, as was the number of neurons that express 
Fos. Intrathecal injection of WIN significantly reversed the allodynia at doses that had 
no effect on mechanical threshold in the contralateral paw or on Fos expression. By 
itself, the CB1 antagonist, SR141716A (SR), had little effect on either normal or 
allodynic mechanical thresholds, but it reversed the anti-allodynic effects of WIN. 
Although i.t. injection of SR increased Fos expression in both normal and inflamed 
animals, the laminar distribution of the increases in Fos expression differed. In 
normal animals, the increase was primarily in laminae III and IV; in animals with 
persistent inflammation SR increased the number of Fos neurons in laminae I,II, V 
and VI. These results demonstrate that WIN reverses inflammation-induced allodynia 
at doses that do not produce analgesia and that SR differentially affects the pattern of 
Fos expression in the spinal cord depending on the presence or absence of 
inflammation. Together, these results suggest that the CB1 receptor system is 
tonically active in the spinal cord under normal conditions and that its activity is 
increased in response to injury.
Supported by: DA08377.
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641.5
PHORBOID LIGANDS THAT DISTINGUISH BETWEEN R- AND C-TYPE 
VANILLOID RECEPTORS (VRs).
A. Szallasi*, T. Biro, S. Modarres, P.M. Blumberg, J.E. Krause and G. 
Appendino. Dept. Anatomy & Neurobiology, Washington Univ. Sch. Med., 
St. Louis, MO 63110; Natl. Cancer Inst., NIH, Bethesda, MD 20892; Dip. 
Scienza e Tecnologia del Farmaco, Univ. Torino, I -10125 Torino, Italy.

C-type (more sensitive to capsaicin, hence the name) VRs are non- 
selective cation channels with a preference for calcium. R-type (named after 
their preferred ligand, resiniferatoxin; RTX) VRs, by contrast, do not appear to 
gate any channels directly. Interestingly, the phopboid vanilloid phorbol 12- 
phenylacetate 13-acetate 20-homovanillate (PPAHV) is recognized by both 
VRs with similar affinities. Since capsaicin; RTX, and PPAHV share a 
homovanillyl moiety as a feature essential for vanilloid-like activity, the VR 
subtype-specificity of these ligands seems to be a function of their side-chain. 
To test this idea, various phorboid vanilloids have been synthesized and 
evaluated in the assays of [3H]RTX binding and 45Ca2+-uptake, respectively, by 
intact rat dorsal root ganglia (DRG) neurons. The 12,13-bis-phenylacetate 
derivative of PPAHV showed a modestly (by 4-fold) enhanced selectivity for R- 
type VRs. The 12-cyclohexylacetate and the 12-p-azidobenzoate derivatives, by 
contrast, displayed a 20-fold selectivity for C- over R-type receptors. Thus 
these latter phorboid ligands are as selective as capsaicin for C-type VRs, but 
they are considerably (approximately 10-fold) more active on both receptors. 
The binding affinity of other phorboid vanilloids relative to their potency in 
the calcium-uptake assay showed intermediate values. It is concluded that by 
modification of the phorbol pharmacophore vanilloids with different degree of 
selectivity for C- vs R-type VRs can be obtained. These ligands promise to be 
valuable tools in delineating the functions of VR subtypes.

641.7
CAPSAICIN RESPONSE M ODULATION BY NICOTINIC R E C E P
TOR LIGANDS IN RAT DORSAL ROOT GANGLION (DRG). X-F. 
Zhang. D.G. McKenna and C.A. Briggs*. Neurological and Urological Diseases 
Research, Abbott Labs, D-47W, Bldg. AP10, Abbott Park, IL 60064.

Nociceptive neurons, such as those in DRG, are activated by the vanilloid receptor 
agonist capsaicin as well as endogenous inflammatory mediators. Epibatidine and 
other nicotinic acetylcholine receptor (nAChR) agonists have been found to reduce 
pain sensation in rat behavior models (Bannon et al. (1998) Science 279: 77-81). As 
one approach to evaluating the analgesic mechanism of nAChR agonists, the whole- 
cell patch-clamp approach was used to record from neurons dissociated from 7-14 day 
old rat DRG and cultured for 2-48 hours. Epibatidine (1 µM) or nicotine (100 µM) 
elicited an inward (excitatory) current in about 25% of the neurons, while capsaicin 
(1-10 µM) elicited an inward current in about 70%. Even in the absence of an overt 
response, however, epibatidine (0.01-3 µM) reversibly inhibited the response to 
capsaicin (3 µM) in 45 of 70 neurons and appeared to potentiate the capsaicin 
response in 3 others. Surprisingly, the nAChR antagonists mecamylamine (100 
µM) and methyllycaconitine (MLA, 10 nM) also inhibited the capsaicin response. 
Mecamylamine, at concentrations more likely to be achieved in vivo, was less 
effective at 10 µM and ineffective at 1 µM. The effects of these nAChR ligands may 
be due to direct interaction with the vanilloid receptor or channel, rather than through 
activation of nAChR, because both nAChR agonist and antagonists had similar 
influence on the capsaicin response. Nevertheless, these effects occurred at 
concentrations of epibatidine and MLA relevant to nAChR pharmacology. The 
ability of epibatidine to block capsaicin represents a potential mechanism by which 
nAChR ligands may modulate vanilloid receptor signalling in sensory or 
inflammatory responses. [Supported by Abbott Laboratories]

641.9

INTRATHECAL ADENOSINE Al AGONIST BLOCKS NMDA-EVOKED 
RELEASE OF EXCITATORY AMINO ACIDS AND ADENOSINE AS 
MEASURED BY INTRATHECAL LOOP MICRODIALYSIS. C .M . C o n w a y * , 
and T .L . Y a k sh . Anesthesiology Research Laboratory, University of California. 
San Diego, CA 92093-0818.

Intrathecal (IT) adenosine has been used clinically to provide pain relief,[1] but the 
mechanism(s) underlying this analgesic effect are poorly understood. N-methyl-D- 
aspartate (NMDA) receptor activation has been implicated in spinal nociceptive 
transmission. IT administration of NMDA triggers a secondary, protracted release of 
spinal amino acids and a transient release of adenosine.121 Adenosine Al receptor 
activation can suppress NMDA receptor current in vitro.[3] The present study sought to 
characterize in vivo the effect of adenosine Al agonism on the NMDA-evoked release of 
spinal amino acids and adenosine. Loop dialysis catheters[4] (coupled with IT catheters 
for drug delivery) were implanted intrathecally in male Holtzman-Sprague-Dawley rats. 
After 3-5 days, spinal dialysate (10 µl/min) was collected under 1% Halothane and 
dialysate content was quantified by phenylisothiocynate derivatization using an HPLC 
and fluorescence detector (adenosine) or UV detector (amino acids). Half the animals 
were pretreated intrathecally with N6-cyclopentyladenosine (CPA; 10 µg; 10 µl) 20. 
min prior to IT NMDA (1 µg; 10 µl). Intrathecal NMDA produced significant (p<.05) 
time-dependent increases in the dialysate content of adenosine and the amino acids 
glutamate, aspartate and taurine with peak release occurring within five min of NMDA 
injection. CPA pretreatment blocked the NMDA-evoked release of both adenosine and 
the amino acids. These data indicate that adenosine Al receptor agonism is sufficient to 
block the release of amino acids that occurs secondary to NMDA receptor activation, 
and suggests that the clinical analgesic effects of spinal adenosine may be mediated in 
part by such suppression. 1Acta Anaesthesiol Scand Suppl, 1997, 110:135*6. 2Neurosci 
Abs, #401.4, 1997, 3Neuroreport, 1995, 6, 1097-100. 4J Neurosci Methods, 1995, 62. 
43-53. Supported by NIH grants NS 10022 (CMC) and NS 16541 (TLY).

641.6

PATCH CLAMP ANALYSIS OF SYNAPTIC CURRENTS 
INDUCED BY CAPSAICIN OF SUBSTANTIA GELATINOSA 
NEURONS IN SPINAL CORD SLICES K. Yang1, E.

Physiology., Saga Med. S ch ., Saga 849 and Dept. Physiology, 
Tokai U niv. Sch. Med. Isehara 259-1193, Japan

Capsaicin is known to release transmitter such as substance P 
and other sensory neuropeptides from a subset o f primary afferents. 
However, its mechanism is not known. In the present study, whole 
cell recordings were made from substantia gelatinosa (SG ) neurons 
in the rat spinal cord slices to analyze the capsaicin induced currents. 
Bath applied capsaicin (0 .2  - 5 µM) produced an initial inward 
current in more than 80 % o f neurons. The slow  inward current was 
followed by an increase in frequency of EPSCs in all neurons tested. 
The inward currents induced by second application o f capsaicin 
exhibited marked desensitization. The amplitude produced by 2 µM 
capsaicin (35 ± 5 pA) in normal Krebs was reduced to 16 ± 3 pA in 
the presence o f TTX (0.5 µM), suggesting that the inward currents 
were in part mediated by a release o f transmitter which was activated 
by propagation o f Na spike. While the increase in frequency of 
EPSCs was not affected by TTX. The increased EPSCs were 
completely abolished by CNQX (10 µM). Capsaicin receptor 
antagonist capsazepine (10 µM) reversibly depressed both inward 
currents and increase in EPSCs. Peptides, particularly substance P, 
are likely a transmitter released from primary C afferents by 
capsaicin. Substance P, however, had no effect on the membrane 
current. Peptide other than substance P seems to be a transmitter 
released by capsaicin. Supported by HFSP for Yoshimura.

641.8
IN TR A TH ECA L CLONID IN E ALLEVIA TES A LLOD YN IA IN 
NEU RO PA TH IC RATS: IN TER A C TIO N  W ITH SPINA L
M USCARINIC/NICOTINIC RECEPTO RS AND N ITRIC OXIDE. Z  X u ,* 
S-R. C hen , JC  E isenach, H-L Pan. D ept. o f Anesthesiology, W ake Forest 
University School o f M edicine, W inston-Salem , NC 27157.

Intrathecal clonidine increases release o f spinal acetylcholine and nitric 
oxide (NO), which may be related to its analgesic action in neuropathic pain. 
The present study determined the role o f spinal m uscarinic/nicotinic receptors 
in the effect o f intrathecal clonidine in spinal nerve-ligated rats. W e also 
tested a hypothesis that both muscarinic and nicotinic receptors play a role in 
spinal NO release caused by clonidine exposure. A llodynia was produced in 
rats by ligation o f the left L5/L6 spinal nerves. A llodynia was determ ined by 
application o f von Frey filaments. In the behavioral experim ents, 20 µg of 
clonidine was injected through an im planted intrathecal catheter 15 min after 
intrathecal injection o f saline, atropine, m ecam ylam ine or hexamethonium . 
In the in vitro spinal cord perfusion experim ents, clonidine-evoked nitrite 
release was assessed in the presence o f different concentrations o f atropine or 
mecamylamine. The antiallodynic effect produced by intrathecal injection of 
clonidine was attenuated significantly by pretreatm ent with atropine, 
mecam ylam ine or hexamethonium . Both atropine and mecamylamine 
inhibited dose-dependently the NO release caused by clonidine. This study 
indicates that both spinal muscarinic and nicotinic receptors play a role in the 
effect of intrathecal clonidine in neuropathic pain. Furtherm ore, these results 
show that muscarinic and nicotinic receptors mediate clonidine-elicited NO 
release in spinal cords of neuropathic rats. Supported by GM -35523 from NIH.

641.10
CAPSAICIN INDUCED HYPERALGESIA IS REVERSED BY ADENOSINE 
PRECURSORS DELIVERED TO THE SPINAL CORD
S.L Patterson*,1, K.A. Sluka1,2, M.A. Arnold1,3, 1Neuroscience Graduate Program, 
Physical Therapy Graduate Program, 3Chemistry Department, University of Iowa, 
Iowa City, IA 52242.

Adenosine triphosphate (ATP) and cyclic adenosine monophosphate (cAMP) may 
be extracellular metabolic precursors to adenosine which mediates analgesia in the 
spinal cord. To investigate the presence of extracellular precursors to adenosine, 
adenosine monophosphate (AMP), adenosine diphosphate (ADP) and cAMP were 
injected via intrathecal catheters into the lumbar region of the spinal cord of male 
Sprague Dawley rats. Additionally, the enzyme inhibitors of their metabolism to 
adenosine were injected. The action of these exogenous compounds to reduce the 
hyperalgesia produced by intradermal capsaicin was compared to control injections of 
adenosine, artificial cerebrospinal fluid (ACSF) or A1 receptor antagonists.

Intradermal capsaicin reduces the threshold to mechanical stimuli applied outside 
the site of injection for up to three hours. Intrathecal administration of cAMP 
increased threshold responses slightly above those seen after capsaicin. Following 
AMP, the mechanical threshold to von Frey filaments increased above that observed 
after capsaicin. The 5’nucleotidase inhibitor α,ß-methylene ADP and AMP reduced 
the threshold response to that observed after capsaicin injection. This suggests that 
AMP is involved in a metabolic pathway to produce adenosine. ADP had no effect on 
the decreased mechanical threshold that occurs after capsaicin injection and following 
administration of ADP and ß,γ-methylene ATP the threshold remained decreased.
This data suggests that ADP is not involved in the formation of adenosine 
extracellularly. These studies suggest that cAMP may be the initial precursor or that 
ATP is metabolized via the cAMP intermediate to AMP and then adenosine and 
support the hypothesis that there are sources of adenosine in the extracellular fluid of 
the spinal cord. Supported by the University of Iowa Chemistry Department.
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641.11
ADENOSINE A1 RECEPTOR MODULATION OF SYNAPTIC TRANSMISSION 
AND NEURONAL EXCITABILITY IN THE SPINAL SUPERFICIAL DORSAL 
HORN. I. Karastoianova, T .J. Grudt, J . Li a n d  E. R. Perl*. Dept. of Physiology,
CB #7545, University of North Carolina-CH, Chapel Hill, NC 27599 

Adenosine acts both presynaptically and postsynaptically (J.Li and E.R.Perl, J. 
Neurophysiol. 72: 1611, 1994) to produce potent inhibitory actions on excitatory 
synaptic transmission between primary afferent fibers and some neurons of 
superficial dorsal horn (SDH-spinal laminae I and II). These adenosine actions do 
not desensitize quickly which suggests that adenosine could act tonically to 
modulate synaptic transmission in the SDH. To investigate this possibility we 
prepared transverse spinal cord slices (400-1000µm) with attached ipsilateral dorsal 
roots (DR) from deeply anesthetized, 3-4 week old hamsters and made in vitro, 
whole cell, voltage clamp recordings from neurons of the SDH. Pharmacological 
agents acting on adenosine receptors were tested for effects on DR-evoked EPSCs 
and spontaneous, miniature EPSCs (mEPSCs). Adenosine and specific A1 
adenosine receptor agonists <CHA: N6-cyclohexyladenosine; CCPA: 2-chloro-N6- 
cyclopentyladenosine) inhibited DR-evoked EPSCs in a subset of SDH neurons. In 
some cases, not necessarily identical to those in which the DR-evoked responses 
were affected, adenosine A1 receptor agonists suppressed the mEPSC frequency 
without significant effects on mEPSC amplitude. The selective A2 receptor agonist 
DPMA (N6-[2-(3,5-Dimethoxyphenyl)-2-(2-methylphenyl)-ethyl]adenosine) had 
little or no effect on either DR-evoked EPSCs or on mEPSC frequency. The A, 
receptor antagonist, DPCPX (8-cyclopentyl-l,3-dipropylxanthine), at 0.5 to 5 µM 
produced modest increases of DR-evoked EPSCs in some neurons and often 
markedly increased mEPSC frequency without significantly altering mEPSC 
amplitude. Taken together these observations indicate that adenosine acting on A1 
receptors has a selective continuing background modulatory effect on primary 
afferent transmission to a subset of spinal SDH neurons, an action that is at least 
partially presynaptic. Supported by research grant NS 10321 from the National 
Institute of Neurological Diseases and Stroke.

641.13

PERIPHERAL ANTIHYPERALGESIC EFFECT OF ADENOSINE A 1 
RECEPTOR AGONISTS IN A RAT NEUROPATHIC PAIN MODEL X.J. Liu. 
AND J. Sawvnok* Dept. of Pharmacology, Dalhousie University, Halifax,
N.S., Canada, B3H 4H7

Systemic or intrathecal administration of adenosine and adenosine analogs 
has been showed to reduce spontaneous and evoked neuropathic pain both 
in human and in animal studies. The present study examined the effect of 
peripheral administration of adenosine agonists on thermal hyperalgesia and 
mechanical allodynia induced by L5/L6 spinal nerve ligation in rats. Drugs 
were administrated subcutaneously X5Oµl) to the dorsal aspect of the 
neuropathic paw or contralateral paw under brief anaesthesia. The adenosine 
A1 receptor selective agonists N6-cyclopentyladenosine (CPA), L-phenyl- 
isopropyladenosine (L-PIA) produced a dose-dependent (5-50nmol) thermal 
antihyperalgesic effect. This effect was peripherally mediated, as 
contralateral paw injection of equivalent doses of CPA and L-PIA did not 
produce any effect. Peripheral administration of the adenosine A2 receptor 
selective agonist 2-p(2-carboxyethyl) phenenthylamino-51-ethylcarboxamindo 
adenosine (CGS-21680)(15-50nmol) did not produce either an 
antihyperalgesic or a hyperalgesic effect. Coadministration of the adenosine 
A1/A2 non selective antagonist caffeine (1500nmol) with CPA (15-50nmol) 
completely blocked the antihyperalgesic effect produced by CPA. Caffeine 
itself did not show an effect on hyperalgesia. Mechanical allodynia was 
assessed by von-Frey hairs. CPA and L-PIA, at doses which showed an 
obvious antihyperalgesic effect, did not produced an antiallodynic effect. 
These results demonstrate a peripheral adenosine A1 receptor mediated 
thermal antihyperalgesia but not a mechanical antiallodynia in the rat 
neuropathic pain model. The different effects of A1 receptor agonists on the 
two aspects of neuropathic pain symptoms may reflect the selective 
distribution of adenosine A1 receptors on different peripheral fiber types. 
Supported by MRC Canada.

641.15
α1-α2 ADRENOCEPTOR INTERACTIONS ON NOCICEPTIVE RESPONSES 
A.K. Houghton*, K.J.Bradley & P.M.Headley University of Bristol, BS81TD, UK. 
Activation of supraspinal α1-adrenoceptors enhances α 2-adrenoceptor mediated 

depression of a withdrawal reflex in the anesthetized rat (Capner et α l., 1997 Br J 
Pharm. 122 7 1P). We have now tested whether this effect i) occurs in awake rats and 
ii) is mediated via an action in the dorsal horn (DH). In awake Wistar rats, hindpaw 
withdrawal latencies (PWL) to radiant heat were established and the rats were then 
injected (s.c.) with: vehicle (VEH); tizanidine (TIZ, a mixed α 2- α1-adrenoceptor 
agonist, 60-500µg/kg in Hartmann’s) followed after 25 min by VEH, prazosin (PRZ. 
an α1-adrenoceptor antagonist; lmg/kg in DMSO/glucose/Hartmann’s); TIZ (125 or 
5OOµg/kg) followed by PRZ (+25min, lmg/kg); atipamezole (ATI, an α 2-adrenoceptor 
antagonist; 32Oµg/kg in Hartm ann’s), or TIZ (5OOµg/kg) followed by ATI (+25min; 
32Oµg/kg). The baseline PWL to radiant heat was 7±0 .ls  (mean±sem). TIZ. at 
concentrations > 6Oµg/kg, increased PWL with a peak effect at 30 min when 500 
µg/kg TIZ increased PWL by 9±ls (n=7). PRZ or ATI injected after TIZ (5OOµg/kg) 
reduced the hypoalgesic effect of TIZ by 55% (P< 0.035, Mann Whitney test) and 88% 
(P<0.007; Mann Whitney test). PRZ or ATI alone had no effect. In 
electrophysiological tests on rats anesthetized with α-chloralose, a noxious heat 
stimulus (49.5-52ºC) was applied for 25 sec every 200 sec. to the cutaneous receptive 
field of DH cells; this stimulus evoked a mean increase in firing rate of 33±3 spikes/s 
(n=9). When responses were stable TIZ was administered (i.v.) in a dose doubling 
regime at 6.6 min intervals (5-320µg/kg) followed after 17 min by PRZ (lmg/kg) and 
then after a further 20 min by ATI (320 µg/kg). TIZ dose-dependently reduced heat 
responses (Friedman’s ANOVA, P<0.01); after a cumulative dose of 320 µg/kg the 
response was 34±8% of control (P<0.01, Dunn’s post-hoc test). Administration of 
PRZ after TIZ did not have any effect. The inhibitory effect of TIZ was reversed by 
ATI from 34±8% to 80± 14%. These data suggest that although α1 -adrenoceptors 
contribute to the hypoalgesic effects of a mixed α 2- α1 -adrenoceptor agonist, this 
effect is probably not mediated via neurones in the DH of the spinal cord. Supported 
by the Wellcome Trust (C04053) and NIH (GM35523).

641.12
EXOGENOUS AND ENDOGENOUS ADENOSINE ENHANCES SPINAL MORPHINE 
ANALGESIA IN A RAT MODEL OF NEUROPATHIC PAIN. P. M. Lavand'homme, C. 
Tong. J. C  Eisenach*. Departments of Anesthesiology, St Luc Medical School, UCL, 
Brussels, Belgium, and Wake Forest University School of Medicine, Winston Salem, NC 
27157.

In the spinal nerve ligation rat model of neuropathic pain, intrathecal (i.t.) morphine 
(MO) is ineffective to relieve mechanical allodynia, whereas other agents, including 
adenosine (AD) are effective. Since MO acts in part via spinal AD release, one can 
hypothetize that reduced MO efficacy in this model may reflect an uncoupling of the 
opioid-adenosine link. We tested the ability of exogenous AD and enhanced endogenous 
AD to improve spinal MO analgesia.

After ACUC approval, the left spinal L5-L6 nerves were ligated in male Sprague Dawley 
rats. Two weeks later, mechanichal allodynia was evaluated by foot withdrawal to von Frey 
filaments and lumbar i.t. catheters inserted. Withdrawal thresholds were tested before and 
after i.t. MO 30 µg, MO 30 µg with pretreatment by AD 30 µg or AD kinase inhibitor 
(5amino deoxyAD; 5NH2dAD) 10 µg and MO 30 µg with post-treatment by the 
nucleoside transport inhibitor (dipyridamole; DPR) 10 µg.

I.t. MO minimally relieved mechanical allodynia (12%). Pretreatment by AD resulted in 
a greater effect (42%) than MO but the combination AD/MO (49%) was not significantly 
different from AD alone. In contrast, pretreatment with 5NH2dAD or posttreatment by 
DPR significantly increased MO analgesia (respectively 73 % and 75 %).

Although exogenous AD displayed an antiallodynic effect in this model, MO effect was 
not significantly amplified with AD pretreatment, in contrast with the endogenous AD 
modulators combinations.

Pre-treatment by 5NH2dAD which preloads cells with AD and post-treatment by DPR 
which blocks AD cellular movements significantly potentiated MO. These results suggest 
that MO reduced efficacy in this model might be related to a defect in spinal AD release.

Supported in part by GM35523 and GM48085.

641.14
EFFECTS OF ADENOSINE AND CLONIDINE IN A RAT MODEL OF 
ACUTE PAIN. A. Chiari, L. Moore*, J. Eisenach. Departments of 
Anesthesiology, University of Vienna, Austria and Wake Forest University 
School of Medicine, Winston-Salem, NC 27157.

Intrathecal (i.t.) clonidine and synthetic adenosine analogs produce 
analgesia in acute pain models in animals by themselves and interact 
synergistically in combination. We therefore investigated whether i.t 
adenosine itself could produce analgesia or enhance analgesia from i.t. 
clonidine in rats with acute pain. Analgesia was assessed as increased paw 
withdrawal latency to a radiant heat stimulus. I.t. clonidine produced a 
dose-dependent antinociception (ED 50: 17 ug). Adenosine by itself produced 
statistically significant thermal analgesia at doses >50 ug, although the peak 
effect was only 10% of the maximum possible analgesic effect. Adenosine's 
side effects included transient sedation but no motor blockade. In contrast, 
addition of a low dose of adenosine which had no effect alone doubled 
antinociception from clonidine. Our results confirm previous human data, that 
i.t. adenosine has no analgesic effect in acute pain in contrast to synthetic 
adenosine analogs. This is surprising since endogenous adenosine has been 
proposed to be involved in physiological pain control at the spinal level. Our 
data further show a synergistic antinociceptive interaction of i.t. adenosine 
and clonidine. After appropriate neurotoxicity testing o f adenosine, these 
findings could provide a rationale for a combined neuraxial 
adenosine-clonidine administration with lower doses and fewer side effects. 
Supported by GM35523 Max Kade Foundation.

641.16
THE REGULATION OF PERSISTENT INFLAMMATORY NOCICEPTIVE 
PROCESSING BY NORADRENERGIC (NA) ACTIVITY. B.K. Taylor*, R.E. 
Roderick, M.B. Kedzior, and A.I. Basbaum. Depts. of Anatomy, Physiology 
and the W.M. Keck Foundation Center for Integrative Neuroscience, UCSF, 
San Francisco, CA, 94143-0452.

Previous studies have shown that the sympathetic nervous system not only 
reacts to noxious stimuli but may also contribute to persistent pain. To assess 
the extent to which there is coordinate regulation of cardiovascular and 
behavioral responses in a persistent pain condition, we evaluated the effects of 
NA blockers on behavioral and cardiovascular responses to the intraplantar 
injection of dilute formalin in animals with indwelling jugular (for drug 
administration) and femoral (for measurement of mean arterial pressure (MAP) 
and heart rate (HR)) catheters. To inhibit sympathetic function, guanethidine 
(Guan, blocks peripheral NA release) was given 24 hours prior to testing (60 
mg/kg, i.p.). Compared to saline controls, Guan completely blocked formalin- 
evoked increases in HR but not MAP, and did not significantly affect flinching 
or licking responses. To block alpha-adrenergic receptors, we administered 
saline or phentolamine (Ph) as a 2.0 mg/kg bolus one min before formalin, 
followed 90s later with a 100 µg/kg/min infusion. At doses that blocked 
phenylephrine-elicited increases in MAP and HR, Ph blocked formalin-evoked 
increases in MAP, but it only slightly reduced behavioral responses compared 
to controls. To inhibit beta-adrenergic receptors, we administered saline or 
esmolol (Es) as a 1.0 or 10 mg/kg bolus one min before formalin, or a 10 
mg/kg bolus followed 10 min later with a 30 mg/kg/hr Es or saline infusion. 
Although Es blocked formalin-evoked HR responses and reduced MAP 
responses, it did not reduce behavioral responses. We conclude that noxious 
stimulus-evoked activation of adrenergic systems, viz., those involved in blood 
pressure and heart rate, is not a major contributor to behavioral measures of 
nociception in the formalin test. Supported by DA 10356, NS 21445, NS 14627.
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641.17
HEAT HYPERALGESIA IN HUMANS FOLLOWING INTRADERMAL 
INJECTIONS OF α 1 AND α2 AGONISTS. S. N. Raja1*, P. N. Fuchs2, and R. A. 
M eyer2,3, Depts. of 1Anesthesiology, 2Neurosurgery and Applied Physics Laboratory, 
Johns Hopkins Univ., Baltimore, MD 21287.

The development of adrenergic sensitivity in nociceptors has been suggested as a 
mechanism of neuropathic pain. We sought evidence for adrenergic sensitivity of 
nociceptors in the skin of normal subjects by investigating the effects of intradermal 
administration of norepinephrine (NE), phenylephrine (PE, an α 1 agonist) and 
brimonidine (BR, an α2 agonist) on heat pain sensitivity. Saline, NE, PE or BR (30 
ul) in concentrations ranging from 0.01 µM to 10 µM (by factors of ten) were 
injected in a random, double-blind manner to 
different sites on the volar surface of the 
forearm. Before and after the injections, heat 
testing was performed with a non-contact 
laser thermal stimulator. Subjects pressed a 
key to indicate heat pain threshold (HPT) to 
a ramped heat stimulus (l°C/s from 3O°C).
Intradermal injections of NE, PE and BR 
produced little evoked pain. However, heat 
hyperalgesia was observed after injection of 
all three agents. The HPT decreased in a 
dose dependent manner. At the highest drug 
dose injected, all three adrenergic compounds produced a significant decrease in heat 
pain threshold (Post HPT - Pre HPT: NE=-2°C±0.6, p < 0.001; PE=-1°C±0.3, p < 
0.05; BR=-1°C±0.5, p < 0.05) compared to saline injection (+0.4°C±0.2). These 
results indicate that α 1- and α2 adrenoceptor mediated mechanisms may play a role in 
sensitization of nociceptors to heat stimuli in normal skin. (Supported by NIH grants 
NS26363 and NS32386)

641.19

REDUCTION OF CHRONIC CENTRAL PAIN FOLLOWING SPINAL CORD 
INJURY BY TRANSPLANTS OF ADRENAL MEDULLARY CHROMAFFIN 
CELLS. B .C. Hains*, K.M. Chastain, A.W. Everhart and C.E. Hulsebosch. 
Department o f Anatomy and Neuroscience and Marine Biomedical Institute, 
University of Texas Medical Branch, Galveston, TX 77555.

Spinal cord injury (SCI) often results in abnormal pain syndromes in patients. We 
recently developed a mammalian SCI model of chronic central pain in which the 
spinal cord is hemisected at T13 in rats resulting in the development of chronic 
mechanical and thermal allodynia. To reduce allodynia after SCI it would be 
desirable to transplant non-tumorigenic cells that secrete analgesic substances. 
Subdural transplants of adrenal medullary chromaffin cells, used in other neuropathic 
pain models, secrete catecholamines (dopamine, norepinephrine, and epinephrine) 
and opioid peptides in vivo, all o f which are antinociceptive. Three groups o f 30 day 
old male Sprague-Dawley rats were spinally hemisected at T13 and allowed 4 weeks 
for adequate recovery of locomotor function and development of mechanical and 
thermal allodynia. Injured animals received either control striated muscle or adrenal 
medullary chromaffin cell transplants. Nociceptive behavior was tested for 4 weeks 
post-transplant as measured by paw withdrawals to von Frey filaments and thermal 
stimuli. Spinally hemisected animals receiving adrenal medullary chromaffin cell 
transplants recovered locomotor function, and demonstrated statistically significant 
reduction in mechanical and thermal allodynia when compared to controls receiving 
striated muscle transplants. High performance liquid chromatography analysis of 
cerebrospinal fluid samples from animals receiving adrenal medullary chromaffin 
cell transplants demonstrated elevated levels of dopamine, norepinephrine, and 
epinephrine several weeks following transplant. In conclusion, these results 
demonstrate that adrenal medullary chromaffin cell transplants significantly reduce 
chronic central pain following spinal hemisection injury.

Supported by the Spinal Cord Research Foundation of the Paralyzed Veterans of 
America and NIH NS11255.

641.18
BETA -A D REN ERG IC RE C EPTO R -M ED IA T ED  M EC H A N IC A L 
HY PER A LG ESIA  AND IN  VITRO N O CICEPTO R SE N SIT IZ A T IO N  IN  
TH E RA T G.C. M cCarter*, S.G. K hasar & J.D . Levine D epartm ents o f  
A natom y, M edicine, and Oral and M axillofacial Surgery, U niversity  o f  
C alifornia at San Francisco, CA  94143-0452, USA.

Intraderm al injection o f ep inephrine or isopro terenol into the d o rsu m  
o f the hindpaw  o f the rat produced d ose-dependen t m echanical 
hyperalgesia, quantified by the Randall-Selitto  paw -withdrawal test. In  
both cases the hyperalgesia  was significantly  attenuated  by in traderm al 
injection of propranolol, a ß-adrenerg ic  receptor antagonist, but not by  
phentolam ine, an α -adrenerg ic  receptor an tagonist. E p in ep h rin e -in d u ced  
hyperalgesia was not affected by indom ethacin , an inhib itor o f  c y c lo - 
oxygenase, or by surgical sym pathectom y. C o-in jection  o f [D -A la2,N- 
M e-P he4,G ly5-ol]-enkephalin  (DA M G O, a µ-opio id  receptor agonist), 
R p-adenosine 3 ',5 '-cyclic m onophosphate  (Rp-cA M PS, a protein k inase 
A inhibitor) or bisindoly lym aleim ide (a protein kinase C inhibitor) with 
epinephrine, all s ignificantly  attenuated epinephrine hyperalgesia.

In whole-cell patch-clam p experim ents, ep inephrine  (1 µM ) sensitized 
cultured small d iam eter dorsal root ganglion  cells from  rat in a 
propranolo l-sensitive  m anner, causing an increase in the num ber o f  
action potentials and a decrease in the latency to the first spike during  a 
ram ped depolariz ing  stim ulus. E p inephrine and isoproterenol also 
increased the tetrodotoxin-resistan t voltage-gated  N a+ current (TTX -R  
INa). This effect was also inhibited by p ropranolo l, Rp-cA M PS and 
bisindoly lm aleim ide. Thus, ep inephrine appears to p roduce m echanical 
hyperalgesia by acting at ß-adrenerg ic  receptors to activate the 
cAM P/PKA and PKC second m essenger system s, which results in the 
potentiation o f TTX -R  INa. (Funded by NIH N S21647)

641.20
LOCAL PERIPHERAL ACTION OF AN TIDEPRESSA NTS IN RAT  
MODELS OF NEUROPATHIC PAIN AND INFLAM M ATION.
M.J. Esser* and J. Sawynok, Department of Pharmacology, Dalhousie University, 
Halifax, Nova Scotia B3H4H7.

Front line therapy for the treatment of neuropathic pain often involves use of 
antidepressants. While antidepressants are known to act at spinal and supraspinal sites, 
there is no evidence for a local peripheral site of action. In this study, we examined the 
local effectiveness of amitriptyline, desipramine and fluoxetine in animal models of 
inflammation (formalin) and of neuropathic pain (spinal nerve ligation: Kim and 
Chung 1992) . Formalin (2.5%) was injected into the hind paw of male Sprague 
Dawley (100-150gm) rats and the animals observed for 60 minutes for flinching and 
biting / licking behaviours. Amitriptyline, desipramine and fluoxetine (10-300nmol) 
all dose-dependantly reduced phase 2 and phase 1 (only at the highest doses) behaviours 
after concurrent injection with formalin. Only fluoxetine (100 and 300 nmol) 
produced a dose-dependant increase in paw volume. Male Sprague-Dawley rats (100- 
150 gm) were rendered neuropathic through tight ligation of the L5 and L6 spinal 
nerves with 6-0 silk. Behavioral tests of thermal hyperalgesia and allodynia were then 
conducted 7, 12, and 17 days post-surgery. After initial baseline value determinations, 
the rats were lightly anaesthetized and injected with amitriptyline, desipramine, 
fluoxetine (100 nmol each) or saline in the dorsal surface of the nerve injured or non- 
injured paw. Changes in the withdrawal thresholds were then measured. No 
significant anti-allodynic effect was observed for any of the agents. In contrast, both 
amitriptyline and desipramine produced a complete reversal of thermal hyperalgesia 
without any effect on the thermal threshold of the contralateral paw. No effect on 
thermal threshold was observed after fluoxetine injection. These results suggest it 
may be possible to develop cream or patch formulations to increase the local 
concentrations of the agents while reducing the occurrence of side effects mediated by 
systemic absorption. (Supported by the Medical Research Council of Canada)

SUBCORTICAL VISUAL PATHWAYS III 

642.2642.1

THE PHYSIOLOGICAL BASIS OF THE SPRAGUE EFFECT? H. Jianα*, B. E. 
Stein and J. G. McHaffie. Dept. Neurobiology & Anatomy, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157.

The physiological basis of Sprague’s observation that visual hemianopias 
produced by unilateral visual cortical lesions are ameliorated by a subsequent 
lesion of the contralateral superior colliculus (SC ) has remained an enigma 
since the 1960's. Presumably, after losing excitatory influences from the 
ipsilateral cortex, the SC becomes dominated by intercollicular inhibition and 
can no longer support visuomotor behaviors (Sprague, Science 153:1544, 
1966). Although it has now become clear that such lesions are effective 
because they damage crossed nigrotectal axons coursing through the SC 
rather than the SC per se (Wallace et al., JCN  284:429, 1989), nothing is 
known about the physiological properties of these neurons. In the present 
experiments, nigrotectal neurons (n=37), identified by antidromic activation 
from indwelling stimulating electrodes,' were studied in semi-chronic, 
ketamine-anesthetized cats (n=3). In contrast to the well-known phasic 
cessation of activity evoked by visual stimuli in the majority of uncrossed 
nigrotectal neurons (n= 19, 61%), all of the crossed neurons (n=6, 100%) 
proved to be excited by such stimuli. The receptive fields of crossed neurons 
were large, often bilateral, and heterogeneously organized. Combined 
retrograde HRP and GAD immunohistochemistry suggests that the crossed 
projection is, like its uncrossed counterpart, GABA-ergic. Consequently, 
lesions that disrupt crossed nigrotectal neurons remove a potent source of 
inhibition derived from the basal ganglia, now rendering the SC ipsilateral to 
the ablated cortex capable of supporting visual orientation. Presumably, in 
normal animals, these crossed nigrotectal neurons inhibit the opposite SC in 
order to avoid the generation of competing responses during movements 
mediated by the ipsilateral SC. Supported by NIH grant NS35008

THE IMPACT OF VARYING THE EFFECTIVENESS OF SINGLE-
M ODALITY STIM ULI ON M ULTISEN SO RY R ESPO NSES IN 
SUPERIO R CO LLICULUS (SC) NEURONS. M.T. W allace*, D .C. 
Kadunce and B.E. Stein, Dept. of Neurobiology & Anatomy, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157.

One of the principles of multisensory integration is "inverse effectiveness," 
whereby larger proportionate enhancements in a neuron's responses are produced by 
combinations of weakly effective cross-modality stimuli than by combinations of 
highly effective stimuli. Although this principle deals well with the relative changes 
in neural activity that are induced by combinations of cross-modality stimuli, it says 
little about the absolute changes in this activity. Two important and interrelated 
questions arise in this context, both related to the concept of a "ceiling effect." First, 
do multisensory responses, regardless of the level of stimulus effectiveness, simply 
represent a saturation of the neuronal response? Second, can multisensory responses 
reliably exceed the maximal response evoked by a single-modality stimulus? To 
examine these questions, visual and auditory stimuli were systematically varied in 
effectiveness and were presented both individually and in combination while 
recording from single neurons in cat SC. No evidence was obtained to support the 
idea that weakly effective combinations of cross-modality stimuli could saturate a 
neuron's response capability. Rather, combinations of weakly effective stimuli 
reliably produced responses of lower magnitude than did combinations of more 
effective visual and auditory stimuli. A plateau in the absolute magnitude of the 
multisensory response was seen when the visual and auditory stimuli were at 
intermediate levels of effectiveness. Nonetheless, this multisensory response often 
exceeded the maximal single-modality response, suggesting that the maximal 
response capability of these neurons is rarely reached with single-modality stimuli. 
Supported by NIH grant NS22543.
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642.3
TH E  E F F E C T  O F  A L T E R E D  V ISU A L E X P E R IE N C E  ON T H E 
D E V E L O P M E N T  O F  M U L T IS E N S O R Y  P R O C E S S E S  IN  CA T 
S U P E R IO R  C O L L IC U L U S  (SC ). J.H. Graham*, M.T. W allace, J.G. 
M cHaffie and B.E. Stein. Dept. of Neurobiology & Anatomy, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157.

Sensory experience plays an important role in the development of precisely 
aligned visual, auditory and somatosensory representations in the SC. In cat, this 
cross-modality correspondence emerges gradually during the first two months of 
postnatal development and is driven, in large measure, by receptive field 
consolidation in multisensory neurons. Cross-modality register is most readily 
apparent in multisensory neurons, where it likely has significant functional 
consequences, given that the development of adult-like receptive field size and cross-
modality register is well correlated with the appearance of adult-like multisensory 
integration. To further examine the relationship between the emergence of cross-
modality registry and multisensory integration, attempts were made to degrade this 
register by depriving animals of experience with visual patterns (i.e., binocular lid 
suturing). Following surgical opening of the eyes in adulthood, there was found to 
be a substantial decline in the incidence of visually-responsive neurons, and a 
corresponding increase in auditory- and somatosensory-responsive neurons. Despite 
the finding that a reasonable alignment among the sensory modalities had developed, 
the average degree of receptive field register of visual-auditory neurons declined from 
the normal range of 80-84% to 41%. This decline appeared to be due, in large part, 
to the development of very poor cross-modality receptive field register (<4O%) in 
over half (55%) of the visual-auditory population. Nevertheless, even in these 
neurons, cross-modality interactions could still be generated as long as stimuli were 
presented within their respective receptive fields (even if they were well outside the 
area of receptive field overlap). These results suggest that neither substantial 
degradation in cross-modality receptive field alignment, nor the absence of early 
experience with visual form eliminates the capacity for multisensory integration in 
visual-auditory SC neurons. Supported by EY06562 and DC00252.

642.5
STUDIES OF THE PROJECTION FROM THE ROSTRAL POLE OF THE INFERIOR 
COLLICULUS TO THE SUPERIOR COLLICULUS. J.K. Halting* and D.P. Van 
Lieshout; Dept. of Anatomy, Univ. of Wisconsin; Madison, WI 53706

The superior colliculus plays a central role in the integration of visual, somatosensory, 
and auditory information into purposeful motor responses. This sensorimotor integration 
occurs primarily in the stratum griseum intermediale (SGI), which exhibits a distinct 
modular organization. All SGI afferents thus far studied terminate in patches or puffs that 
distribute in specific horizontal “tiers” across the dorsoventral dimension of the SGI. 
Functionally related afferents commingle within the same patches of these tiers and exhibit 
particular spatial relationships with SGI efferent/projection neurons.

There is ultrastructural evidence showing that overlapping functionally related afferents 
differ in their morphology and postsynaptic relationships with SGI neurons, suggesting 
that commingling afferents of the same modality differ functionally. For example, 
trigeminotectal terminals overlap with terminals from higher cortical somatosensory areas 
within patches across the middle of the SGI. Electron microscopic (EM) studies have 
shown that trigeminal terminals are relatively small, contain round vesicles (RSs) and 
make asymmetrical synapses on small, presumably distal dendrites. Such inputs are 
thought to provide SGI cells with their receptive field characteristics. In contrast, 
corticotectal terminals are relatively large, contain round vesicles (RLs), and make 
asymmetrical synapses on proximal dendrites. Such terminals are thought to provide the 
integrative properties of somatosensory-related SGI neurons.

The current study was initiated to corroborate and extend the general principles 
discussed above by examining auditory related input to the SGI. Our data show that the 
rostral nucleus (or pole) of the inferior colliculus (RNIC) provides a robust projection to 
the SGI, that terminates in discontinuous patches, especially in the ventral portion of the 
SGI. EM data reveal that RNIC-tectal terminals exhibit some of the characterisitcs of RLs, 
although they are significantly smaller in size, are never involved in triads, and are rarely 
presynpatic to pale vesicle-filled profiles. Such terminals have not been observed 
presynaptic to proximal dendrites. Finally, RNIC RLs are similar to trigeminal terminals, 
in that their vesicles are more densely packed and usually only presynaptic to one profile.

642.7
ELECTROPHYSIOLOGICAL AND MORPHOLOGICAL PROPERTIES OF 
NEURONS IN THE SUPERFICIAL LAYER OF THE RAT SUPERIOR 
COLLICULUS. T. Endo* and T. Isa. Dept. of Integrative Physiol., Natl. Inst. 
Physiol. Sci., Myodaiji, Okazaki 444-8585, JAPAN.

We investigated electrophysiological and morphological properties of neurons in 
the superficial layer of the rat superior colliculus (SC), using whole-cell patch clamp 
technique in slices obtained from 17- to 21-day old rats. According to the pattern 
of firing responses to depolarizing current pulses, the neurons (n=l73) were 
classified into five subclasses: (1) Regular spiking neurons (n=88) ; these neurons 
generated successive spikes with constant interspike intervals. (2) Burst spiking 
neurons (n=65); these neurons showed transient burst spikes at their firing threshold. 
(3) Late spiking neurons (n = ll) ; the onset of spike generation was remarkably 
delayed. (4) Neurons with rapid spike inactivation (n=5) ; spike amplitude was 
rapidly reduced, and only a few spikes were generated. (5) Neurons with short 
spike train (n=4) ; several full-sized spikes were generated, however, spike 
generation was stopped immediately. Majority of recorded neurons were classified 
as type (1) or type (2). In response to hyperpolarizing current pulses, 47% of 
recorded neurons showed time-dependent inward rectification (“voltage sag”) caused 
by hyperpolarization-activated current (Ih) and 25% showed time-independent 
inward rectification. Based on the morphological criteria proposed by Langer & 
Lund (1974), the neurons visualized by intracellular staining with biocytin (n=69) 
were classified into five subclasses; (a) piriform cells (n=l4), (b) stellate cells (n=7), 
(c) horizontal cells (n=l2), (d) narrow field vertical cells (n=l7) and (e) wide field 
vertical cells (n=l9). All morphological subclasses included type (1) and type (2) 
neurons. Although neurons with time-dependent and time-independent inward 
rectification were observed among type (a)~(d) neurons, all type (e) neurons showed 
the former. In addition, voltage clamp analysis revealed that type (e) neurons 
expressed Ih with faster activation kinetics ( τ =0.12 ±0.01 sec, m ean ±S .E .) and 
larger current amplitude (I=10.8 ± l.lp A /p F ) than the other subclasses ( τ =0.30 ±
0 .04sec, I=3.15 ±  0.3pA/pF). These findings add further insight into the elemental 
basis for dynamic properties of visual processing in the SC.

Supported by Grants from Ministry of Education, Science, Culture of Japan and 
CREST, Japan.

642.4
A VISU AL D ETECTIO N  D EFIC IT IN D U CED  BY REV ER SIB LE 
INA CTIVA TIO N OF TH E SU PERIO R CO LLICU LU S IN T H E CAT. M.C. 
FitzMaurice, L.A. Palmer and A .C . Rosenquist* . Department o f Neuroscience, 
University o f Pennsylvania, Philadelphia, PA, 19104-6074.

Unilateral inactivation o f the superior colliculus (SC) of the cat results in a 
deficit in the ability o f the animal to orient toward peripheral visual stimuli in the 
contralateral hemifield. (Payne, B. R. et a l ,  Proc. Natl. Acad. Sci., USA 93:290- 
294, 1996; Ciaramitaro, V. and FitzMaurice, M. C., unpublished results) This 
effect has thus far only been demonstrated using a perimetry task in which an 
animal is trained to fixate a central target and to orient its head and eyes toward a 
rapidly introduced peripheral visual stimulus. A failure to orient in this task could 
be due to a sensory detection deficit, a motor deficit or to the disruption o f an 
intermediate stage o f processing. In order to examine the nature of the deficit that 
occurs during SC inactivation, we have designed a detection task that requires the 
animal to fixate a central visual target and either press a foot pedal to indicate that 
it detected a peripherally presented visual stimulus or maintain fixation if  no 
peripheral stimulus is presented. Preliminary results indicate that unilateral 
inactivation o f the SC with micro-injections (0.6 - 1.0 µl) o f the GABAa agonist 
muscimol (0.3 - 1.0 mg/ml) produces a detection deficit in the contralateral visual 
hemifield. In addition, an improvement in stimulus detection was observed at the 
most peripheral stimulus location in the ipsilateral visual hemifield following two 
out o f three collicular injections. These same injections also resulted in an 
inability to orient to visual stimuli but not to auditory stimuli as assessed in the 
perimetry task. These results suggest that activity in the SC can influence 
perceptual processing in the cat. (Supported by EY02654)

642.6
MULTIPLE SUBTYPES OF NEURONS IN THE LOWER STRATUM 
GRISEUM SUPERFICIALE OF THE GROUND SQUIRREL SUPERIOR 
COLLICULUS REVEALED BY IN VITRO CELL FILLING.
D.E. Major1*, H. Luksch2 and H.J. Karten1. 1Dept. of Neuroscience, Univ. of 
California, San Diego, CA 92093; 2Lehrstuhl fur Zoologie, Inst, fur Biologic, 
Aachen, Germany.

Previous research has demonstrated that a band of large cells in the lower 
half of the stratum griseum superficiale (SGSL) of the mammalian superior 
colliculus possess widely spreading dendritic arbors superficially and dense 
axonal arbors in the stratum opticum. The inferior pulvinar of primates and the 
caudal pulvinar of rodents is also known to receive a significant projection from 
the SGSL. In the current study, in vitro cell filling in slice preparations of the 
ground squirrel tectum were performed with iontophoretic injection of biocytin. 
All cells filled in the SGSL had dendritic arbors up to 2000 µm in diameter 
ending in either one of two distinct superficial layers. Within the layer of 
termination, dendrites displayed a unique spiny morphology we term a 
"bottlebrush ending." Several subtypes of SGSL cells were identified by the 
relative depth of their somata and the layer of dendritic termination. Axons 
were identified projecting ventrolaterally through the stratum opticum, with a 
dense collateralization immediately ventral to their cells of origin. These cells 
possess a striking morphological and physiological resemblance to cells in the 
avian optic tectum that project to the nucleus rotundus, consistent with a 
proposed homology between the mammalian colliculopulvinar and avian 
tectorotundal pathway. Based on comparative morphological and physiological 
data, a model is formulated to explain motion detection in this system. 
Supported by NIH/NEI EY06890 and NIH/NINDS NS24560 to H.J.K.; DGF 
Lu622/1-1 to H.L.

642.8
TH E RELA TIO N SH IP O F SU PERIO R C O LLICU LU S INPU TS TO ZONES 
O F PU LVINA R N EURO NS PR O JEC T IN G  TO  A REA M T IN M ONKEYS. 
I. Stepniewska*, H.-X. Oi and J. H. K aas. D ep t. o f  Psychology, V anderbilt 
University, Nashville, TN 37240

In the present study, we tried to  resolve som e o f the questions concerning 
the possible relay o f  superior colliculus (SC) inform ation via pulvinar to the 
m iddle tem poral visual area (M T) in prim ates. Injections o f  wheat germ  
agglutinin conjugated with horseradish peroxidase (W G A -H R P) were placed 
in the superior colliculus o f  three owl m onkeys (Aotus trivirgatus) and one 
squirrel m onkey (Saimiri sciureus). In each owl m onkey, additional 
injections o f  fast blue (FB) were m ade in M T to determ ine the relation o f SC 
inputs to the pulvinar neurons projecting to M T. For injections, visually 
evoked m ultineuron activity was used to establish the location o f the superior 
colliculus, whereas location o f M T was estim ated by position relative to the 
caudal tip o f  the superior tem poral sulcus. The locations o f W G A -H RP 
labeled term inals and FB labeled neurons were related to four architectonic 
nuclei o f  the inferior pulvinar distinguished in cytochrom e oxidase, 
acetylcholinesterase, calbindin-D 28K  and substance P preparations. In both 
species, superior colliculus projections were unevenly distributed in the 
inferior pulvinar with a concentration o f inputs in the posterior nucleus o f the 
inferior pulvinar, PIp, and the central m edial nucleus, PIcM. Sparser inputs 
were to the central lateral nucleus o f the inferior pulvinar, PIcL as well as 
locations in the lateral pulvinar and the dorsal lateral geniculate nucleus. FB 
injections in M T labeled neurons largely in the m edial nucleus o f  the inferior 
pulvinar, PIm. A few labeled neurons were in the adjoining central m edial 
nucleus, PIcM, as well as locations in the lateral pulv inar and the dorsal 
lateral geniculate nucleus. The results indicate that the m ajor p rojection zone 
o f the pulvinar to area M T (PIm ) does not receive a significant input from  the 
superior colliculus. (Supported by N EI G rant E Y 0 2686).
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642.9
THE PH Y SIO LO G ICA L FIN E STR U C TU R E O F M OTIO N SEN SITIV E 
NEURONS IN TH E P IG E O N ’S TEC TU M  O PTICUM . N. F. Troje and B. J. 
Frost * . D ept. o f  Psychology, Q ueen’s Univ., Kingston, Ont. K7L3N6,
Canada.

The optic tectum  o f pigeons contains cells that selectively respond to small 
dots m oving across large receptive fields. Som e o f these cells show a fine 
structure in their response pattern that has not been described before. The pat
tern is in particularly  interesting in the light o f recent anatom ical studies, 
describing a class o f  cells found in the stratum  griseum  centrale (SGC) o f the 
avian tectum  (K arten et al., J. Com p. N eurol., 1997, 387:449-465; Luksch et 
al., J. Com p. N eurol., in press).

A nesthetized pigeons were visually stim ulated with a small, m oving light 
dot. We recorded extracellularly from  the dorsal tectum  betw een depths o f 500 
and 1000 µm. The m ost noteworthy feature o f  some neurons’ responses were 
that single spikes occurred in regular bursts with very precise interspike inter
vals o f less than 2 ms and interburst intervalls betw een 40 and 80 ms. Within 
the same recording and with the stim ulus param eters held constant the in ter-
spike intervals were rem arkably stable (std. dev. typically 0.5 ms).

It is suggested that each burst originates from  a single bottlebrush ending 
of type I SGC neurons, and that the interburst interval represents the spacing 
between the fairly sparsely arranged bottlebrush endings. Param etric variation 
of stimulus velocities will help clarify the relationship betw een these distinc
tive structure entities and equally distinctive physiological responses.

Supported by the A lexander-von-H um boldt Foundation.

642.11
VELOCITY RESPO N SE PR O F IL E S  O F C O L L IC U L A R  N E U R O N S : 
PARALLEL AND CO N V ERG EN T VISUAL CH A N N ELS. B. Dreher, 
W.J. Waleszezyk, C. Wang, W. Burke and D. F. Davey*. Institute for Biomedical 
Research, University of Sydney, NSW 2006, Australia

The mammalian superior colliculus (SC) plays an important role in the selection 
of targets for visually guided behavior and initiation of goal-directed orientation 
responses towards novel sensory stimuli. The superficial layers of SC receive 
massive visual inputs which originate either directly in the retinae or are relayed via a 
number of visual cortical areas. In the cat, direct retinal input to the SC appears to 
originate from only two, the so-called W2- and Y- channels, of the several parallel 
information channels present in the visual system of this species. In the present 
study, in order to assess to what extent, if any, there is a convergence of W- and Y- 
channels on single neurons in the retinorecipient layers of the SC, we have examined 
quantitatively in anaesthetized and paralysed cats the velocity response profiles of 
neurons in these layers. We have found that: 1) cells responding only to slowly 
moving photic stimuli (presumably receiving W-input only) differ significantly in 
their laminar location and in a number of other properties (lower "spontaneous" 
activities, lower peak discharge rates, smaller receptive fields) from cells responding 
to fast-moving photic stimuli (presumably receiving Y-input); 2) about 45% of cells 
respond well over a wide range of stimulus velocities (2-1000/ s) suggesting 
convergence of different information channels; 3) a significant proportion of cells 
(about I59% of the sample) appears to receive excitatory input from the W-channel 
(excitatory responses to slowly moving photic stimuli) and an inhibitory input from 
the Y-channel (inhibitory responses to fast-moving photic stimuli); 4) the inhibitory 
receptive fields of these cells (Y-input) overlap much smaller receptive fields 
excitatory (W-input). Cells receiving convergent, antagonistic inputs from W- and Y- 
channels are likely to play an important role in initiation of visually triggered 
saccadic eye movements.

Supported by the NH&MRC o f Australia.

642.13
PRECOCIOUSLY INDUCED INHIBITION BLOCKS MATURATION OF 
GLUTAMATERGIC SYNAPSES J. Shi, S. Aamodt and M. Constantine-Paton..* 
Molecular, Cellular & Developmental Biology Department, Yale University, New 
Haven, CT 06520.

We are analyzing activity-dependent synaptogenesis in the superficial visual layers of 
the superior colliculus (sSC) in the early postnatal rat. We previously reported that 
termination of retinocollicular map refinement is closely correlated with an abrupt func
tional down-regulation of NMDA receptor (NMDAR) currents at collicular synapses. 
These processes occur between postnatal days 10 and 11 (P10-P11), three days before 
eye-opening and the onset of pattern vision. In addition, between P17 and P 18 GABAA- 
mediated inhibition becomes pronounced in the superficial collicular neuropil.

We have implanted slabs of the slow-release plastic ELVAX infiltrated with NMDA 
over the midbrain on P8 and analyzed the superficial colliculus from sham-treated and 
NMDA-treated animals. Chronic agonist exposure begun at P8 resulted in a precocious 
development of GABAA-mediated inhibition: spontaneous activity of collicular neurons 
recorded in a slice were significantly suppressed in NMDA- versus sham-treated colliculi 
as early as P 11, and bicuculline-sensitive currents were significantly larger in amplitude 
in NMDA treated as compared to sham-treated neurons. In addition, the spontaneous 
miniature synaptic currents recorded in the presence of tetrodotoxin and bicuculline in 
the the NMDA-treated collicular slices revealed that excitatory synaptic currents show 
characteristics of immature glutamatergic transmission. Some neurons lacked AMPA- 
/KA-mediated channels, and all neurons had slow NMDAR current fall times. Quantit
ative western blotting revealed significant increases between NMDA- and sham-treated 
tissue only in levels of GAD 67 and GAD 65; levels of NR1, NR2B and NR2A did not 
change with chronic NMDA exposure. We conclude that both excitatory and inhibitory 
neurotransmission is under the control of activity in the sSC. Our results suggest that 
abnormal early activity in this neuropil can precipitate early inhibition, which essential
ly halts the normal development of glutamatergic neurotransmission. These findings 
imply a pervasive and potentially very disruptive influence of early overexcitation that 
may not be detectable in the maturing vertebrate brain unless later events require greater 
activation of an already overtaxed inhibitory system. (N.I.H. Grant No. NS09569.)

642.10
THE SUPERIOR COLLICULUS, SUBSTANTIA NIGRA AND DORSAL 
LATERAL GENICULATE NUCLEUS OF THE HEMISPHERECTOMIZED 
MONKEY : A STEREOLOGICAL EVALUATION OF CELL LOSS.
H. Théoret, D. Boire, M. Herbin and M. Ptito*. Depts o f Psychology and Optometry, 
Université de Montréal, Qc, CAN, H3C 3J7

An unbiased stereological technique, the optical fractionator, was used to 
determine cell loss in superior colliculus (SC), substantia nigra (SN) and dorsal 
lateral geniculate nucleus (dLGN) of Vervet monkeys which sustained complete 
unilateral removal o f the left cerebral cortex.
The SC ipsilateral to the lesion suffered a 32% reduction in total volume compared 
to the intact side. Cell density was slightly reduced in the ipsilateral SC of the 
lesioned animal (contro = 22 707 cells/mm3, ipsi = 20 649 cells/mm3) compared to 
normal animal (23 307 cells/mm3). In SN pars reticulata (SNpr) and pars compacta 
(SNpc) of the hemispherectomized animal, we did not observe a significant loss of 
neurons when compared to normal. The total number o f neurons in the normal 
animal (SNpr left = 107 827, right = 109 010; SNpc left =235 982, right = 256 295) 
is very similar to that o f the lesioned animal (SNpr left =107 931, right = 105 845; 
SNpc left = 256 753, right = 246 771). However, in an animal which suffered 
surgical damage to the striatum in addition to the cortical lesion, we observed a 42% 
(SNpc = 141 787) and 20% (SNpr = 87 267) reduction in the total number of neurons 
in the ipsilateral side. The dLGN ipsilateral to the lesion suffered a size reduction in 
the order of 70% and is practically devoid of neuronal cells; only sparsely distributed 
neurons can be observed. Gliosis is heavy in the ipsilateral dLGN in both the 
parvocellular and magnocellular layers when compared to the contralateral dLGN 
and the normal control. These results show that thalamic visual structures are more 
prone to retrograde degeneration than mesencephalic structures.
Supported by NSERC (Canada) and FCAR (Québec).

642.12
PRESYNAPTIC CALCIUM  TRANSIENTS IN TH E FR O G  OPTIC 
TECTUM  A FTER LOADING OPTIC  NERVE FIBERS W ITH  CALCIUM  
SENSITIVE DYES. E .A. Dudkin*, P.Z. Myers, J.A. Ramirez-Latorre, and 
E .R  Gruberg. Biology Dept., Temple University, Philadelphia, PA 19122.

We have developed a method of loading a dextran conjugate of fluorescent 
calcium indicators into frog optic nerve axons and subsequently observing 
presynaptic changes in intracellular free calcium levels in the optic tectum upon 
stimulation of the optic nerve in vitro.

Adult leopard frog extracranial optic nerves were injected with approximately 
100 nl of a solution of 25% Calcium Green-1 3000 mw dextran (Molecular Probes) 
in 1-2% Triton. The dye is actively transported 8-10 mm over a period of 6-8 days. 
This transport time is similar to that o f orthogradely transported HRP. We have 
found that Fura-2 dextran is transported at approximately the same rate to the 
tectum whereas Fura-2AM is not transported. Transverse sections of the optic 
tectum imaged with a confocal microscope show the dye is loaded primarily into 
retinal ganglion cell fibers terminating in layers C and E. This pattern suggests 
that Calcium Green-1 dextran may be transported primarily in myelinated fibers.

Determining changes in fluorescence with a CCD camera, we find that 
stimulation of the optic nerve increases the fluorescence of Calcium Green-1 in the 
tectum up to 25%. The dynamics of the change in fluorescence suggest that the 
dye is not saturated by influx of calcium.

Addition of 100 nM nicotine to the bath increases the magnitude of the change in 
dye fluorescence in the tectum when the optic nerve is stimulated, providing 
evidence that neuronal nicotinic acetylcholine receptors on the retinal ganglion cell 
fibers may enhance presynaptic intracellular calcium levels. Nucleus isthmi 
provides the sole cholinergic input to the optic tectum and likely plays a role in 
presynaptic facilitation of retinotectal fibers. Supported by NIH grant EY04366 
and Temple University.
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643.1
A U D IT O R Y  ST E A D Y -S T A T E  R E S P O N S E S : U S IN G  P H A S E  T O  
M E A S U R E  L A T E N C Y . M . S. John, T. W. Picton and C. A lain* . Rotm an 
R esearch Institute and U niversity  o f  Toronto, Toronto, C anada, M 6A 2E1.

A uditory steady-state responses recorded from the hum an scalp in response 
to am plitude-m odulated  tones are m ost efficiently  evaluated in the frequency- 
dom ain w here they are m easured as the am plitude and phase o f  the recorded 
signal at the frequency o f  m odulation. M ultiple stimuli can be presented 
sim ultaneously  and, if  each carrier-frequency is m odulated by a d ifferent 
m odulating-frequency, the responses to each stim ulus can be analyzed 
separately. W e recorded steady-state responses to four d ifferent stim uli, with 
carrier frequencies 750, 1500, 3000 and 6000 Hz, presented sim ultaneously at 
60 dB SPL. Each carrier-frequency was m odulated by a specific m odulation- 
frequency (80.5, 85.5, 90.3 and 95.2 Hz) and four different recording 
conditions allow ed us to record responses for each com bination o f  carrier- 
frequency and m odulation-frequency. The phase delays o f  the responses were 
unw rapped and converted to latency using the equation: latency in seconds = 
(phase in degrees)/(360*m odulation frequency in Hz). The num ber o f  
com plete  cycles o f  the stim ulus w hich occurred prior to the generation o f  the 
response was estim ated by analyzing the effect o f  m odulation-frequency on 
the responses to the sam e carrier frequency. O ur final calculations provided 
response-latencies o f  18.3, 15.8, 13.9 and 13.5 ms for carrier-frequencies 750, 
1500, 3000 and 6000 Hz. The latency-difference betw een low and high 
frequencies is greater than that estim ated for the cochlear travelling wave 
using o toacoustic em issions. This indicates further frequency-specific delays 
(from  conduction or filtering) betw een the cochlea and the generator o f  the 
steady-state responses. Supported by the M edical Research Council o f  Canada.

643.3
BEHAVIORAL EVIDENCE OF CHRONIC TINNITUS IN RATS WITH 
UNILATERAL NOISE TRAUMA. C.A Bauer, L A. Herr, a n d  T. J . Brozoski*. Dept. of 
Surgery, Div. of Otolaryngology, S.I.U. School of Medicine, Springfield, IL 62794.

In humans tinnitus is commonly caused by noise-induced hearing loss. In this 
study Long-Evans rats were unilaterally exposed (0, 1 or 2 hrs) to narrow-band noise 
(bandwidth 10 - 30 kHz; 130 dB SPL peak at 16 kHz). Acoustically evoked brainstem 
responses taken immediately following trauma, at 30 days, and at the conclusion of the 
study, showed persistent threshold elevations of 50 to 90 dB in the exposed ear of the 1 
and 2 hr animals. No threshold changes were observed in the 0 exposure group, nor 
were thresholds changed in the unexposed ear o f the noise-treated subjects. Histological 
examination revealed dramatic hair-cell loss in the cochleas of exposed ears, and no loss 
in those from unexposed ears. Half of the 40 subjects were exposed to noise trauma 
before training and testing (NB) on a behavioral conditioned-suppression task, and half 
after (NA). This paradigm has been used successfully to indicate tinnitus in salicylate- 
treated animals (Bauer, et al., 1996. 1998). Both NB and NA groups were composed of 
0, 1. and 2-hr exposed animals. In the paradigm animals are trained to lever press for 
food pellets in the presence of white noise (60 dB, SPL), and to suppress responding 
during randomly scheduled silent periods (SP). Testing consists of adding randomly 
scheduled tone periods (10, 15. 20, or 30 kHz. from 0 to 80 dB SPL) during which the 
animals are free to suppress or respond. Following noise trauma NB subjects suppressed 
significantly less to the test tones than their controls (0 exposure). In contrast, following 
noise trauma, NA subjects suppressed significantly more to the test tones than their 
controls. This symmetrical difference between NB and NA groups and their respective 
controls can be economically explained by assuming background tonal activity in their 
auditory system. NB animals suppressed less than controls because tinnitus during 
training and testing decreased tone-noise discrimination. NA animals suppressed more 
than controls because tinnitus present after training and only during testing, increased 
tone-noise discrimination. Support: Academy of Otolaryngology -  Head and Neck 
Surgery and NIH #CD96-003.

643.5

R ED U C ED  SPO N TA N EO U S A C TIV ITY  IN TH E DO RSA L CO CH LEA R 
N U C LE U S OF SCN8A M U TA N T M ICE. K. C h e n 1*, L. K. Sprunger2 , M. H. 
M eisler2, H. J. W aller3 , and D. A. G o d frey 1, Depts. o f  O tolaryngology1 and 
N eurological Surgery3 , M edical College o f  O hio, Toledo, OH 43614, and 
D ep t. o f  Hum an G enetics2 , U niversity  o f  M ichigan, Ann Arbor, MI 48109.

The voltage-dependent neuronal sodium  channel Scn8a plays an important 
role in spontaneous and repetitive firing o f  cerebellar Purkinje cells (Ram an, et 
al N euron 19:881, 1997). The cartw heel cells o f  the dorsal cochlear nucleus 
(D CN ) show  m any sim ilarities to the cerebellar Purkinje cells, including 
bursting, or com plex spiking, activity. W e have studied spontaneous activity in 
the DCN in brain slices o f  m ice with m utations in Scn8a. The jolting  m utation 
is a single am ino acid substitution (A 1071T), w hile the m ed-J allele is a severe 
hypom orph due to a splice site m utation. In control m ice (n=7), 174 
spontaneously  active neurons w ere identified in 61 penetrations, an average o f 
2.9 units/penetration. In the jolting  and med-J m ice (n=4 each), the num ber o f 
spontaneously active neurons was 23 in 25 penetrations, and 40 in 45 
penetrations, respectively, for an average o f  0.9 units/penetration. Bursting 
behavior w as detected in 42%  o f  control neurons (73/174), but in 0/23 jolting  
neurons and 3/40 med-J neurons. The rem ain ing  neurons in control m ice fired 
sim ple spikes at either regular (66/174 cells, 38% ) or irregular (35/174 cells, 
20% ) intervals. Regularly- and irregularly-firing  neurons w ere identified with 
about equal frequency in both m utants. These results suggest that Scn8a is 
im portant for spontaneous neuronal activ ity  in m ouse cochlear nucleus and 
plays a predom inant role in the bursting activ ity  o f  cartw heel cells in the DCN. 
(Supported by N IH  grant D C 00172, H L 02972 and NS 34509)

643.2
AN AUDITORY PROSTHESIS BASED ON MICROSTIMULATION IN THE  
COCHLEAR NUCLEUS. Douglas B. McCree ry,* T .G .H. Yuen. W . F. Agnew & L. 
Bullara Neurologic Research Laboratory, Huntington Medical Research Laboratory, 
Pasadena, Ca. 91105

The auditory brainstem implant developed at the House Ear institute (Los Angeles, 
Ca) provides a workable auditory prosthesis for patients whose auditory nerve has 
been destroyed during resection of 8th nerve tumors. At HMRI, we have been 
developing an auditory prosthesis based on an array of penetrating microelectrodes 
distributed across the tonotopic gradient of the posteroventral cochlear nucleus 
(PVCN). Studies conducted in the feline PVCN, and using multi-unit recording 
techniques and current source-density analysis have demonstrated that intranuclear 
microstimulation can excite separate populations of neurons along the tonotopic axis 
of the PVCN. Thus, intranuclear microstimulation could form the basis of a multi
channel auditory prosthesis for patients with little or no auditory nerve survival.

Activated iridium microelectrodes have been implanted in the posteroventral 
cochlear nucleus of adult cats for up to five years. In one cat, the threshold and 
recruitment of neurons around the microelectodes electrodes has remained stable 
for more than 1,800 days. Other cats have received 7 hours of stimulation on 10 to 
26 consecutive days, using a 250 Hz train of charge-balanced current pulses that 
were amplitude-modulated according to a logarithmically-compressed human voice. 
This stimulation regimen does induce some depression of the electrical excitability 
of the neurons very close to the microelectrodes. However, recordings in the inferior 
colliculus indicate that the neurons in the cochlear nucleus continue to respond to 
most of the stimulus’s dynamic range if the stimulus pulse amplitude does not 
exceed 3 nC/ph (20 µ A  with a 150 µsec pulse duration) and the pulse rate is limited 
to 250 Hz per electrode. Histologic examination of the cochlear nuclei revealed no 
tissue injury or other changes that could be attributed to the prolonged electrical 
stimulation.

Supported by contracts NO 1-DC-2400 and NO 1-DC-5-2105 (from the NIDCD)

643.4
DO RSAL CO CH LEAR NUCLEUS (DCN) PR IN CIPA L CELLS ARE 
INHIBITED BY CONTRALATERAL STIMULI: FURTHER EVIDENCE 
OF THE W IDEBAND INHIBITOR? K.A. Davis* and E.D. Y oung. D ept. 
o f B iomed. Eng. and C enter for H earing Sciences. Johns H opkins 
University, Baltimore, MD 21205.

DCN principal cells typically exhibit so-called type IV unit response 
properties to ipsilateral stimulation: type IV units are inhibited by most tones 
in their receptive field, except those in the vicinity of best frequency (BF) 
near threshold, yet they are excited by broadband noise (BBN). Many 
features of this response can be explained by assum ing that type IV units 
receive excitatory input from the auditory nerve and inhibitory input from 
type II units, DCN inten eurons which are strongly activated by tones but 
weakly, if at all, activated by BBN. However, this model o f type IV unit 
behavior now appears incomplete because in response to band-reject (notch 
noise) stimuli, type IV units are inhibited but type II units are largely 
inactive; therefore, a second source of inhibition to type IV units has been 
postulated. This source, called the wideband inhibitor (W BI), should be 
weakly activated by tones but strongly activated by BBN; a candidate neuron 
is the onset-C cell, a large, multipolar cell located in the ipsilateral ventral 
CN. Interestingly, anatomical studies suggest that the DCN also receives 
inhibitory input from large, multipolar cells in the contralateral VCN (Cant 
and Gaston 1982; W enthold 1987). To test the hypothesis that this projection 
has the properties associated with the W BI, the responses o f type IV units 
were recorded in response to contralateral tones, BBN, and notch noise 
stimuli. Consistent with the observations o f Young and Brownell (1976), 
type IV units are only weakly, if at all, inhibited by contralateral BF tones, 
but are strongly inhibited by BBN. The threshold of inhibition to BBN is 
approximately the same as that for effective BF tones. As expected, type IV 
units are also inhibited by contralateral notch noise. These results thus 
suggest that contralateral inhibition of DCN principal cells is m ediated by 
the WBI. Supported by NIDCD grants D C 00115 and DC00023.

643.6
TRANSIENT POTASSIUM CURRENTS IN SOMATIC OUTSIDE-OUT PATCHES 
FROM DORSAL COCHLEAR NUCLEUS PYRAMIDAL CELLS. P.O. Kanold*, P. 
B. Manis. Depts. of Otolaryngology-HNS and Biomedical Engineering, The Johns 
Hopkins University School of Medicine, Baltimore, MD 21205.

Pyramidal cells in the dorsal cochlear nucleus (DCN) can show three distinct 
temporal discharge patterns: pauser, buildup and regular firing. The discharge 
pattern depends on the potential from which the cell is depolarized, and it was 
reasoned that a transient A-type K+-current (Ia) might provide the explanation of the 
pauser/buildup behavior. In a previous study we provided experimental evidence for 
IA in DCN pyramidal cells by whole cell recording in acutely isolated cells and in 
slice. The half-inactivation voltages between the two preparations were different, and 
we hypothesized that undamped dendritic channels in the slice preparations altered 
the apparent voltage dependence of the conductance. To test this hypothesis we 
studied the properties of the somatic IA in morphologically identified pyramidal cells 
in slice by recording from somatic outside-out patches (N=35). We found that all 
patches contained an IA that showed half-activation at -16 mV and half-inactivation 
at -62 mV. The decay of IA was best described by a single (N=17; τ1=10-30 ms) or a 
double exponential (N=14; τ1=10-30 ms; τ2= 80-200 ms). Application of 10 mM 
TEA or 2 mM 4-AP reduced the slow component of IA more than the fast component. 
Recovery from inactivation was described by a single exponential (N=8; τ≈ l9  ms). In 
whole cell recording the voltage dependence of the onset latency (for a buildup) or 
the first interspike interval (for a pauser) was described by a Boltzmann function 
with a half voltage of -68 mV (N=31) whereas the relationship of the duration of the 
hyperpolarizing step and first spike latency can be described by a single exponential 
(N=12; τ≈ 10 ms). Since the inactivation properties of IA in the somatic patches and 
isolated cells are similar, the inactivation measured in whole cell recording in slice 
maybe due to undamped large dendritic IA. The voltage and time dependence of the 
discharge pattern is consistent with the proposed role of IA in shaping the discharge 
pattern of DCN pyramidal cells. Supported by NIDCD grant ROl DC00425.
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643.7
CARTWHEEL CELLS OF THE DORSAL COCHLEAR NUCLEUS HAVE 
AUGMENTED RESPONSES TO A CLICK CS AFTER PAIRING WITH 
GLUTAMATE. A. Beroukha, E. Gruen and C. Woody*. Depts. of 
Neurobiology, Psychiatry and Biobehavioral Sciences, UCLA Med. Ctr, 
Los Angeles, CA 90024.

Ten cartwheel cells of the dorsal cochlear nuclei of awake cats were iden
tified by their bursting activity and complex spikes. The effects of ten pair
ings of clicks with glutamate delivered iontophoretically at the site of in vivo 
recording (0.5M, 300 ms, 9OnA) were assessed in seven cells by comparing 
histograms of responses to click before and after pairing. The mean peak 
response to click increased from 31+6 to 58+8 spikes per sec after pairing 
(p<0.001, two-tailed t test of difference of means). Six of the seven celis de
veloped an enhanced response to click. Mean baseline activity increased 
from 25 to 31 spikes per sec. There was no associated enhancement of re
sponse to a concurrently (backward) paired hiss stimulus.

Cartwheel cells are thought to be inhibitory interneurons. Neither they nor 
any other specific cell type of the dorsal cochlear nucleus have been previ
ously identified as undergoing facilitation although it is known that unidenti
fied neurons of this nucleus demonstrate paired pulse facilitation and an en
hanced response to click after behavioral conditioning. In addition to bursting 
and classical complex spikes, doublet spikes of >800 Hz were found in each 
cell, and seven cells had doublet discharges that exceeded 1000 Hz. We 
suggest that the higher firing rates are indicative of different sites of spike 
initiation: one in cartwheel cells and another in an electrically coupled neu
ron. (Supported in part by the Deafness Research Foundation)

643.9

EFFECTS OF HIGH K + AND PDC ON AMINO ACID CONCENTRATIONS 
IN RAT COCHLEAR NUCLEUS SLICES. L. Zheng1, D.A.Godfrey1, 
H.J.W aller2*, K.Chen1 and T.G.Godfrey1. Depts o f 1Otolaryngology and 
2Neurological Surgery, Medical College o f Ohio, Toledo, OH 43614.

We found previously that 10 min exposure of rat dorsal cochlear nucleus 
(DCN) slices to 50 mM K + induced large increases o f  Gln concentrations in DCN 
layers, compared with unexposed slices. To test the hypothesis that Gln 
concentrations are affected by Glu transport, we have exposed slices to the Glu 
transport inhibitor PDC (100 µM, 15 min) before and during exposure to 50 mM 
K+ for 10 min. At the end o f high K + exposure, slices were quickly frozen. 
Concentrations o f amino acids (mmol/kg dry wt) in microdissected samples were 
measured by HPLC.

G L U G L N G L Y T A U G A B A S E R
D C N m control 2 2 6 2 3 6 3 9

h ighK + 21 2 8 2 8 12 3 14
P D C + h ig h K + 19 9 21 6 2 8

D C N f control 12 4 2 3 3 3 6
h ighK + 12 17 2 6 6 3 9
P D C + h ig h K + 11 4  . 19 3 1 4

D C N d contro l 8 2 16 2 2 5
h ighK + 6 12 21 3 3 6
P D C + h ig h K + 10 5 19 3 2 4

Glu concentration in effluent, but not Gln or other amino acids, was increased 
in the presence o f PDC (by 5 7 .8 ± 8 .l% ). Gln concentrations in all three DCN 
layers o f slices exposed to both PDC and high K + were much lower than in slices 
exposed to high K + alone. The results suggest that glial uptake and metabolism of 
Glu released during high K + leads to increased concentrations of Gln, and to a 
lesser extent Tau and Ser (Supported by NIH Grant # DC00172).

643.8
TIME COURSE OF AMPA RECEPTOR-MEDIATED MINIATURE EPSCs IN 
THE MOUSE COCHLEAR NUCLEI. S.M. Gardner. L.O. Trussell, and D. Oertel*. 
Dept. of Physiology, University of Wisconsin-Madison.

AMPA receptors (AMPARs) mediate rapid, glutamatergic synaptic transmission in 
the mouse cochlear nuclei (CN). Recent anatomical work investigating the 
distribution of AMPAR subunits in the mammalian CN has suggested that receptors 
may be specialized according to the source of input (Hunter et al., 1993; Rubio and 
Wenthold, 1997; Wang et al., 1998). Miniature EPSCs (mEPSCs) were recorded 
from bushy, T stellate, and octopus of the ventral CN (VCN) and fusiform and 
cartwheel cells of the dorsal CN (DCN). All o f the projection neurons of the CN 
receive input from the auditory nerve. The fusiform cell o f the DCN has two 
anatomically segregated glutamatergic inputs; the basal dendrites are contacted by 
auditory nerve fibers whereas the apical dendrites are contacted by the axons of 
granule cells (parallel fibers) of the CN. Cartwheel cells have parallel fibers as the 
source o f glutamatergic input.

DNQX-sensitive, TTX-insensitive mEPSCs were recorded in the whole-cell 
voltage-clamp mode with cesium-filled electrodes while holding the cells at the 
resting membrane potential (-65 to -70 mV). Events from all of the cells had 
widely distributed amplitudes that were not significantly different from one another 
(p>0.05, t-test) AMPAR-mediated mEPSCs from the cells of the VCN had 
significantly faster decay time constants than did those in cells of the DCN (p<0.05, 
t-test). Decay time constant means ranged from 0.36 to 0.50 ms in the VCN cells 
and 2.27 to 5.05 ms in the DCN cells. These data are consistent with the idea that 
AMPARs postsynaptic to the auditory nerve have rapid kinetics while those 
postsynaptic to parallel fibers have slower kinetics as a function of the subunit 
composition. (Supported by NIH DC-00176 and DC-02004)

643.10
OPTICAL IMAGING OF NEURAL ACTIVITY IN A CULTURED ORGANOTYPIC 
BRAIN SLICE OF THE RAT’S SUPERIOR OLIVARY COMPLEX. H. Kawaguchi,1* 
R. Tokioka,1 S.H. Wu.2 J.B. Kelly2 and K. Fukunishi1. 1Advanced Research Lab., 
Hitachi, Ltd., Hatoyama, Saitama Japan 350-0395 and 2Lab. Sensory Neuroscience, 
Carleton University, Ottawa, Canada K1S 5B6.

Optical recordings were made with an absorbent dye (RH482) to determine the spatial 
and temporal pattern of neural activity evoked in the rat’s superior olivary complex 
(SOC) by electrical stimulation of the trapezoid body. The brain slices were prepared 
according to Lohmann, Ilic and Friauf (J. Neurobiol., 34,97-112,1998). Tissue was cut 
at 450 - 550 µm in the frontal plane through the SOC of 6-7 day old Wistar albino rats. 
The slices were then placed on a Millipore membrane and incubated for a period of 1-2 
months in a culture medium containing 25 mM potassium chloride. The tissue culture 
formed a thin layer o f cells that facilitated optical recordings. The slices were placed in 
a small chamber containing artificial cerebrospinal fluid and two concentric electrodes 
were placed on the trapezoid body near the midline and just lateral to the SOC. 
Responses were evoked by current pulses delivered to one or the other electrode 
separately or both together at various interpulse intervals. The recording chamber was 
mounted on a fixed-stage microscope and optical responses were recorded through a 
MOS image sensor (900 µm ×  900 µm). The resolution of the system was 28 µm X×0.6 
ms. The optical recording revealed an evoked response that progressed from the site of 
stimulation to the SOC. A systematic shift in latency by location within the lateral 
superior olive (LSO) was seen in some preparations. Bilateral stimulation revealed 
evidence of an interaction component in LSO that was sensitive to the time difference 
between current pulses. Our data show that the organotypic brain slice is active, retains 
its functional connectivity and responds to current pulse stimulation in a manner 
consistent with our previous electrophysiological studies of SOC in acute brain slices.

Research supported by funds from NSERC of Canada.

643.11 643.12
REGULATION OF INTRACELLULAR CL BY DIFFERENT CATION 
CHROLIDE COTRANSPORTERS IN DEVELOPING LATERAL 
SUPERIOR OLIVE NEURONS. Y. Kakazu*, J. Nabekura, N. Akaike. Dept. 
of Physiol., Fac. of Med.,Kyushu Univ., Fukuoka 812-8582, Japan.

The lateral superior olive (LSO) receives glycinergic inputs from the medial 
nucleus of the trapezoid body. GABA and glycine evoke the membrane 
depolarization mediated by an efflux of CL through the ligand-gated anion 
channels during early postnatal life in many areas of CNS. In mature neurons, 
these ligands evoke hyperpolarization resulting from the influx of CL. The 
difference in these responses is due to an alteration of intracellular CL 
concentration ([Cl-]i) at different developmental stages. Thus, we focused on an 
involvement of the Na+-K+-Cl- (NKCC) and K+-Cl- (KCC) cotransporters 
controlling [Cl-]i in the LSO neurons acutely dissociated from rats aged 
between postnatal day 0 (P0) and P15 by using a gramicidin perforated patch 
recording mode. In more than 60% of immature LSO neurons, the reversal 
potentials of glycine-induced currents (EGlys) were more depolarized than the 
resting membrane potentials (Erests). In a voltage-clamp conditions, EGlys 
shifted toward a holding potential (VH) with either furosemide (1mM) or 
removal of extracellular Na+ . On the other hand, EGlys, which were more 
hyperpolarized than Erests in the majority of mature neurons, became 
depolarized with furosemide and increasing extracellular K+ at a Vh  of -50 mV. 
The results suggest that NKCC is the main mechanism on accumulating CL 
inside the cell in immature LSO neurons while KCC plays an important role in 
excreting CL in mature LSO neurons.

INHIBITORY SYNAPTIC RESPONSES IN THE RAT'S DORSAL NUCLEUS OF 
THE LATERAL LEMNISCUS STUDIED IN BRAIN SLICES. L. Chen, J.B. Kelly 
and S.H. Wu*. Laboratory o f Sensory Neuroscience, Institute o f Neuroscience, 
Carleton University, Ottawa, Canada, K1S 5B6.

Transverse brain slices (400 µm) of the dorsal nucleus o f the lateral lemniscus 
(DNLL) were obtained from Wistar rats (10-16 days old). The slice was placed in a 
small recording chamber, where a warm, oxygenated saline solution continuously 
circulated. The fibers of the commissure o f Probst, the afferent input from the 
opposite DNLL, were stimulated by current pulses, 0.1 ms in duration, delivered 
through a bipolar tungsten electrode. Whole cell patch clamp recordings were made 
from neurons of the DNLL. Synaptic potentials were recorded from 34 DNLL 
neurons. Electrical stimulation o f the commissural fibers elicited EPSPs in 6 cells and 
IPSPs in 28 cells. In all 6 cells with EPSPs, IPSPs became apparent after the EPSPs 
were blocked by application o f kynurenic acid (2 mM). The reversal potential of the 
IPSP was -75±13 mV (average and SD, n=4). The IPSPs were completely and 
reversibly blocked by bicuculline at 10-20 µM (n=l6), but not by strychnine (1 µM). 
Temporal summation of the IPSPs was examined by the stimulation with multiple 
pulses. The average amplitude and duration o f the IPSPs to one pulse were 3.1 mV 
and 100.5 ms. With 2, 3 and 4 pulses at 500 Hz, the average amplitudes and durations 
were 3.8 mV and 116.8 ms, 4.4 mV and 146.3 ms, and 4.9 mV and 157.8 ms, 
respectively (n=6). Spatial summation o f the IPSPs was examined by increment of the 
stimulation strengths. The amplitude o f the IPSPs was graded as a function o f the 
voltage with which the commissural fibers were stimulated. The IPSPs in individual 
neurons had at least five different amplitudes, reflecting the summation o f inputs from 
at least five commissural fibers. The results suggest that all DNLL neurons sampled in 
this study received inhibitory inputs from the opposite DNLL via the commissure of 
Probst. The inhibition is mediated by GABA through GABAa receptors, and can sum 
spatially and temporally. Research supported by NSERC (Canada) and NOHR (US).
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643.13

CLASSICAL CONDITIONING AND NEUROPHYSIOLOGICAL 
STUDIES OF BINAURAL DETECTION IN THE RABBIT.
L. H. Carney1,2*, S. J. Moscynski1,2, C. R. Mason1,3, F. Idrobo4, and J. M. 
Harrison1,4. 1Boston University Hearing Research Center, 2Dept. of 
Biomedical Engineering, 3Dept. of Communication Disorders, 4Dept. of 
Psychology, Boston University, Boston, MA 02215.

The goal of this work is to associate features of a set of reproducible 
(frozen) noise stimuli to both the temporal response properties of neurons 
in the inferior colliculus (IC) and to performance in the binaural detection 
task. Detection of tones in the presence of noise maskers, with different 
binaural stimulus configurations, was studied using a classically 
conditioned eyelid response in the rabbit. Binaural masking level differences 
(BMLDs) and sensitivity in terms of signal-to-noise ratio were comparable 
to those reported in human, cat, and ferret. Differences in performance for 
different noise maskers were also demonstrated, as have been reported for 
human listeners. Recordings made from low-frequency cells in the IC of the 
awake rabbit demonstrate cyclic sensitivity to interaural time differences of 
wideband noise, as has been reported in anesthetized cat. The responses of 
many IC cells to different reproducible noises are characterized by different 
temporal patterns, which cannot be explained simply by the frequency 
tuning of the neurons, nor by straightforward correlation-based analyses. 
Supported by NIDCD DC01641-06.

643.15
IONIC BASES OF RESPONSE PATTERNS OF RAT INFERIO R 
CO LLICULUS NEURONS. S. Sivaramakrishnan* and D. L. Oliver. 
Department of Anatomy, University of Connecticut Health Center. 
Farmington. CT 06030-3405.

The inferior colliculus (IC) acts as an integrating center and relay in the central 
auditory pathway. Both the intrinsic response characteristics of IC neurons as 
well as the synaptic input they receive contribute to the output of the IC to the 
medial geniculate body. As a first step towards elucidating the respective 
contributions of these two factors to the processing of sound information in the 
IC, we are examining the properties of ion channels present in three types of 
IC neurons identified by their firing patterns in response to intracellularly 
injected current pulses: regular sustained firing, adapting and onset neurons 
(Peruzzi & Oliver; Neurosci. Abstr. 210:321 (1994); ARO Abstr. 20:190 
(1997)). We use whole cell patch-clamp recording techniques on IC neurons 
in brain slices. The firing pattern of an IC neuron is determined under current- 
clamp and voltage-dependent currents are examined under voltage-clamp.

Preliminary results suggest that the activation and inactivation kinetics of 
voltage-gated potassium channels differ in the three types of neurons. Regular 
sustained neurons have at least three distinct potassium currents - a rapidly 
inactivating current which has some characteristics of an ‘A ’type current, a 
calcium-dependent potassium current and a non-inactivating current which 
may be a delayed rectifying current. Adapting neurons have a low-threshold 
non-inactivating potassium current as well as a more rapidly inactivating 
potassium current. Onset neurons may be distinguished by the presence of a 
low threshold delayed rectifier potassium current and a high-threshold 
potassium current sensitive to low concentrations of 4-aminopyridine. We are 
continuing to characterize these currents in detail and to examine their 
possible roles in the respective firing patterns of IC neurons.
Supported by NIH grant # DC00189 to DLO.

643.17

REMOVAL OF INPUT FROM THE MONAURAL NUCLEI OF THE 
LATERAL LEMNISCUS ALTERS RESPONSE PROPERTIES OF 
NEURONS IN THE INFERIOR COLLICULUS OF THE BIG BROWN BAT. 
B.Boatright, D. Mittmann and E. Covey*. Dept. of Psychology, University of 
Washington, Seattle, WA 98195.

The inferior colliculus (IC) receives convergent input from a number of brainstem 
auditory structures, including the monaural nuclei of the lateral lemniscus (mNLL). 
The cell groups of the mNLL receive input from the contralateral cochlear nucleus 
and send dense projections throughout most of the IC. They are especially large and 
highly differentiated in echolocating mammals such as the bat. Because it is highly 
likely that the response properties of IC neurons are shaped in part by inputs from 
the mNLL, we examined the effects of selectively removing input from each 
subdivision o f the bat’s mNLL on the response properties o f IC neurons, With one 
micropipette, we injected the glutamate antagonist, kynurenic acid, in a 
physiologically characterized region of the mNLL; with a second micropipette, we 
recorded responses of tonotopically matched IC neurons to sounds. The effects of 
inactivating groups of neurons in the mNLL depended on the initial response 
properties of the IC neuron and on the subdivision of mNLL that was inactivated. 
Response properties that were altered by reversibly inactivating mNLL included 
response latency, discharge patterns, selectivity for amplitude- and frequency- 
modulated stimuli, and duration tuning. Inactivation of the intermediate (INLL) and 
ventral (VNLL) subdivisions generally had opponent effects: INLL inactivation 
decreased responsivness of IC neurons, whereas VNLL inactivation increased 
responsiveness of IC neurons.

Research supported by NIH grant DC-00607 and NSF grant IBN-9511362.

643.14

SPECTRO-TEMPORAL AND ADAPTIVE RESPONSES 
TO AM STIMULI IN THE INFERIOR COLLICULUS 
M. Kvale, C. E. Schreiner, and P. A. Leake*, Sloan Center for 
Theoretical Neurobiology, UC San Francisco, San Francisco, CA 
94143

We look at two aspects of response to AM stimuli of unit 
in the central nucleus of the inferior colliculus (IC) of the cat; 
spectro-temporal receptive fields and temporal adaptation. To 
study spectro-temporal receptive fields in the IC, we created 
a new kind of stimulus, the spectro-temporal m-pulse sequence. 
These stimuli allow us to calculate the linear kernel in both time 
and frequency in a time-efficient manner. Using these stimuli, we 
find two interesting behaviors: asymmetric inhibition sidebands 
and direction selectivity to FM sweeps.

To study adaptation in the IC, we studied the dynamic re
sponse of units to time-varying white noise modulation sources. 
We show that in addition to the well-known adaptation to con
stant stimuli, units also adapt to the statistical properties of the 
modulation function, such as the variance. This suggests that 
cells seek novelty at several levels.
This work is supported by a grant from the Sloan Foundation.

643.16
THE FU N C TIO N A L A N A T O M Y  O F SO U N D  DUR A TIO N  
C H A NG E D ETECTIO N. L. Thivard, S. McAdams. B. Smith, N. 
Boddaert, S. Savel, P. Belin, M. Zilbovicius, S. Samson and Y. Samson*. 
SHFJ-CEA, Orsay, IRCAM, Paris and Urgences Cérébro-Vasculaires, La 
Salpêtrière, Paris, France.

Neurophysiological correlates of time processing have only recently started 
to be described. In order to investigate the neural structures involved in the 
detection of changes in sound duration, we performed a PET-H215O activation 
study in 8 normal subjects. Subjects were trained in a go/nogo paradigm to 
detect deviant sounds presented with a slightly longer duration than a standard 
harmonic sound (duration; 300 ms, inter-onset-interval 1s, 75dB SPL, f0 : 200 
Hz). Individual psychometric curves were assessed. Subjects were scanned 
while passively listening to the standard sound, and actively detecting deviants 
in duration (25%) at an equivalent performance level (d’). PET data were 
analyzed with SPM software. Compared to the passive baseline, active 
detection (p<0.05 corrected for multiple comparisons) yielded activation in the 
right prefrontal cortex (24, 52, -6 mm in Talairach’s space), bilaterally in the 
cerebellum (-30, -62, -26 and 34, -58, -26) and in the striata (24, 8, 4 and -18, 
-2, 4). Additional activations were found in the right thalamus (6,-12,10) and 
Insula (38, 20, -2). Thus, duration processing in the auditory modality 
involves a fronto-cerebello-striatal network, which shares similarity with the 
brain network involves in duration detection in other sensory modalities, but 
this network is distinct from the one that we previously found with the same 
experimental procedure for sound intensity processing (P. Belin et al., Soc. 
Neurosci. Abstr. 1997). Supported by GIS-Sciences de la Cognition.

643.18
LATERAL INHIBITION IN BAT INFERIOR COLLICULAR NEURONS IS TIME 
AND INTENSITY DEPENDENT. Y. Lu* and P. H.-S. Jen. Div Bio Sci, Univ 
Missouri-Columbia, MO 65211

Frequency discrimination is one o f the most essential functions o f auditory 
neurons. Using two-tone inhibition method, we have previously demonstrated that 
lateral inhibition sharpens frequency tuning of bat inferior collicular (IC) neurons 
through GABAergic and/or glycinergic inhibition. Since the timing and intensity of 
excitation and inhibition inputs determine the excitability o f a postsynaptic neuron, 
we hypothesize that sharpening of frequency tuning by lateral inhibition is both time 
and intensity dependent. Specifically, this study is to demonstrate that lateral 
inhibition can only function within a specific temporal window and the degree of 
inhibition is determined by the ratio of excitation to inhibition. As IC neurons show 
tuning to pulse duration, this study is also to determine if the temporal window for 
lateral inhibition is correlated with pulse duration.

Our study show the followings. (1) Lateral inhibition only functioned when the 
inhibitory tone (the test-tone) was presented prior to or simultaneously with the 
excitatory tone (the fixed-tone) regardless of pulse duration. (2) The temporal 
window for lateral inhibition and the interpulse interval for maximal lateral 
inhibition increased with increasing pulse duration and vice versa. (3) Within the 
temporal window, the degree of lateral inhibition increased with increasing test-tone 
intensity but decreased with increasing fixed-tone intensity. In other words, 
increasing the test-tone intensity increased the excitatory minimum threshold (MT) 
and reduced the excitatory area. In contrast, increasing the fixed-tone intensity 
increased the inhibitory MT and reduced the inhibitory area. The intensity dependent 
characteristics of lateral inhibition and the correlation between the temporal window 
and pulse duration suggest that bats can perform fine frequency analysis throughout 
the whole hunting process. (Supported by NSF to P Jen).
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643.19
LINEAR SPECTRAL INTEGRATION IN THE INFERIOR COLLICULUS 
OF DECEREBRATE CATS. R. Ramachandran, K.A. Davis, and B.J. 
May*. Depts. of Biomed. Eng. and Otolaryngology-HNS and Center for 
Hearing and Balance. Johns Hopkins University, Baltimore, MD 21205.

Neurons in the central nucleus of the inferior colliculus (ICC) of 
decerebrate cats can be classified into three distinct populations based on the 
distribution of excitation and inhibition in their frequency response maps. 
The most common unit type, the type O unit, is excited by best frequency 
(BF) tones near threshold, but is inhibited by high-level tones at all 
frequencies. Dorsal cochlear nucleus (DCN) type IV units show similar 
response map features and project directly to the ICC, and are therefore 
presumed to be the dominant source of input for type O units. However, 
unlike type IV units which are inhibited by high-level tones but excited by 
high levels of broadband noise, type O units are inhibited by both tones and 
broadband noise at high stimulus levels. This difference in the responses of 
DCN and ICC units to narrowband and wideband stimuli suggests that 
spectral integration properties established in the DCN may be made more 
linear by local processing in the ICC. This hypothesis was tested by 
measuring the responses of type O units to broadband, bandpass, and band- 
reject (notched) noise. Bandpass and notched noise stimuli were centered on 
a unit’s BF with bandwidth ranging from 200 Hz to twice the unit's BF; 
complementary bandpass and notched noise stimuli encompassed the 
frequency range of broadband noise. The sum of the responses of type O 
units to complementary noisebands and notched noise at all bandwidths 
predicted the shape of rate-level functions to broadband noise over a wide 
range of sound levels, although the predictions based on broader bandwidths 
underestimated the driven rates for broadband noise. These results suggest 
that ICC type O units provide a more linear rate representation of spectral 
information than their DCN inputs. Supported by NIDCD grant DC 00979.

643.20

A CO M PARISON OF SING LE-UNIT R E SPO N SES R ECO RD ED FROM  
THE INFERIOR COLLICULUS OF DO M ESTIC  AND W ILD STRAINS  
OF MONGOLIAN GERBILS. M.D. McGinn1* , S.M. Jones2, T.A. Jones2. 
1Dept. of Otolaryngology, University of California, Davis, CA 95616, 
2Dept. of Surgery-ENT, University of Missouri, Columbia, MO 65212 

The laboratory (domestic) strain of gerbils develop degeneration of 
the auditory brainstem that can be shown with both Nissl stains and the 
silver degeneration methods. Offspring of gerbils wild-trapped in Tuva, 
CIS, born and reared in our vivarium, showed little evidence of 
brainstem degeneration (McGinn and Faddis, Microscopy Research and 
Technique, in press). To determine whether this form of degeneration 
affects auditory function, we compared single-unit responses recorded 
from the central nucleus of the inferior colliculus (ICC) of our Tuvan 
gerbils with those of domestic gerbils obtained from Charles Rivers. 
Mean ICC single-unit pure tone thresholds from domestic gerbils were 
significantly higher than those of Tuvan gerbils (48.8 vs. 20 dB; t=3.14, 
p=0.0054). Forty per cent of the ICC single units from domestic gerbils 
responded only to complex sounds. These units did not respond to pure 
tone stimuli, either tone bursts or frequency sweeps, at any intensity. All 
the ICC units from Tuvan gerbils responded to both pure tone stimuli 
and complex sounds. These group differences were also statistically 
significant (p=0.0106, Fisher's Exact Test). Eighteen per cent of the 
single units from domestic gerbils responded so sluggishly that neither 
their monaural or binaural input/output functions could be obtained. No 
such sluggish responders were found in the Tuvan gerbils. Other 
binaural responses were also recorded and are being analysed.

THALAM US

644.1

NEUROTRANSMITTERS OF THE SUBSTANTIA 
NIGRA - THALAMIC PATHWAY IN THE RAT.
H.T. Kha*, D.I. Finkelstein and M.K. H om e. Department o f  
Anatomy, Monash University, Clayton, Victoria, Australia 3168.

The rat substantia nigra pars reticulata (SNr) nucleus is a major 
output pathway to the basal ganglia. This study combines retrograde 
labelling and immuno-histochemistry to identify neurotransmitters 
within this pathway. A ll surgical procedures conformed to the 
Australian NH&MRC code o f  practice. Brains from adult male 
Wistar rats (280-320 g, n=6) were fixed and serially sectioned. 
Sections containing SNr were immuno-labelled for choline acetyl 
transferase (ChAT), GABA, and glutamate. These labelled cells were 
counted and shown to be distributed throughout the SNr. A  further six 
rats were injected with Fluoro-gold (20 nl) into the ventromedial and 
ventrolateral thalamic nuclei. After seven days, the brains were 
serially sectioned and immuno-labelled for the same antibodies. The 
proportions o f  retrogradely filled cells that were also immuno-positive 
for ChAT (62%), GABA (25%) and glutamate (61%) were 
determined. These findings show that GABAergic, cholinergic and 
glutamatergic neurons exist within the substantia nigra - thalamic 
pathway.

(Supported by Aust. NH&MRC and Bethlehem Griffiths Foundation)

644.2

THALAMIC INPUTS TO THE LATERAL PREMOTOR AREAS AND THE 
PRIMARY MOTOR CORTEX OF THE CEBUS MONKEY. R.P. Dum* and 
P.L. Strick. Research Service, VAMC and Depts. Neuroscience / 
Physiology & Neurosurgery, SUNY-HSC@Syracuse, NY 13210.

The extent of pallida! and cerebellar projections to the motor areas in the 
frontal lobe has been controversial. The degree of segregation of the 
thalamic neurons that project to homologous representations in these motor 
areas is also unresolved. In separate animals, we used intracortical 
stimulation to identify: 1 ) the digit representations in the dorsal premotor area 
(PMd) and primary motor cortex (M1), 2) the digit representations in the 
ventral premotor area (PMv) and M1 or 3) the digit and shoulder 
representations in M1. Then, each region was injected with a different 
fluorescent tracer. We found that ~2/3 of the labeled neurons in the 
thalamus were located in various subdivisions of the ventrolateral nucleus 
(VL). These thalamic subdivisions can be divided into those that are the 
target of pallidal efferents and those that are the target of cerebellar 
efferents. Independent of the representation or cortical area injected, 35- 
40% of the labeled neurons in VL were located in subdivisions that receive 
pallidal efferents, and 60-65% were in subdivisions that receive cerebellar 
efferents. Thus, the ratios of pallidal to cerebellar inputs were similar for the 
digit representations in the PMd, PMv and M1 and for the shoulder 
representation in M1. In general, each representation received thalamic 
input from a separate region of VL. Furthermore, few, if any thalamic 
neurons were double labeled in these experiments. These findings are 
consistent with the hypothesis that each cortical area is the target of largely 
separate output channels from both the basal ganglia and cerebellum. 
Support: USPHS 24328 (PLS).

644.3

RECIPRO CAL CO RTICO CO RTICA L AND THALAM OCORTICAL 
PROJECTIO NS TO LAYER I OF TH E RAT PRIM ARY M OTO R AND 
PREFRONTAL CORTEX. B.D. Mitchell* and L.J. Cauller. Neuroscience 
Program, GR4l, University of Texas at Dallas; Richardson, TX 75083-0688.

Layer I of the neocortex is a dense synaptic zone consisting of horizontal axons 
projecting in all directions across the underlying topography (Cauller et al, JCN, 
1998). In addition to the “backward” corticocortical and widespread layer VII 
projections to layer I (Clancy and Cauller, Soc. Neurosci. Abst. 1996), thalamic 
inputs also terminate in layer I of the rat. We have studied the origin and extent of 
cortical and thalamic projections to layer I of primary motor area (MI) of rat 
neocortex as well as the reciprocal cortical connections between MI and other cortical 
areas, including the rostral (pre)frontal cortex and secondary somatosensory areas. 
MI was identified electrophysiologically, and cortical origins of layer I inputs were 
identified by the retrograde tracer, diamidino yellow (DY), applied directly to the pial 
surface with penetration no deeper than layer II. Applications on the surface of MI 
retrogradely labeled cells in layers II/11I, V, and VII of ipsilateral rostral (prc)frontal 
cortex (Fr2/M2) as well as in contralateral Fr2/M2. Dense retrograde labeling was 
also present in layers II/III, V, VI, and VII in ipsilateral secondary somatosensory 
cortex (SII). Injections of the anterograde tracer, tetramethylrhodamine 
dextranamine 10kMW, in deeper layers at the same site of MI as the surface 
application of DY revealed reciprocal anterograde projections to all cortical areas 
which where retrogradely labeled from layer I (Fr2/M2 and SII). The terminations of 
these reciprocal projections from MI were dense and horizontally confined to 
columns < 0.5mm in width. Thalamic origins of inputs to layer I of MI identified by 
surface DY applications were found in VA, VL, VM, VPL, and Po. We conclude that 
the organization of reciprocal connections in rat frontal areas places MI at the bottom 
of the hierarchy with top-down projections from rostral frontal and higher order 
somatosensory areas.

644.4
ELECTROPHYSIOLOGY AND MORPHOLOGY OF RAT'S NUCLEUS REUNIENS 
THALAMI NEURONS IN VITRO. S. Miyahara1*, K. Nose2, H. Ochiai1, H. Kannan2 
and S. Wakisaka1. Departments of 1Neurosurgery and 2Physiology, Miyazaki Medical 
College, Miyazaki, 889-1601 Japan

A modulatory role of the nucleus reuniens thalami (RE) neurons in normal 
functioning of the hippocampus has been suggested based on anatomical and 
electrophysiological data. Additional evidence of the functional relevance for the RE is 
the involvement of the midline thalamic nuclei in early stages o f Alzheimer’s disease 
and in diencephalic amnesia. Furthermore, strong evidence suggests that the RE 
neurons participate in the modulation of temporal limbic excitability and seizure 
development. So far basic electrophysiological properties and morphology of the RE 
neurons have not been demonstrated. The present study aimed at describing major 
intrinsic membrane properties and morphology of the RE neurons in the developing rat 
thalamic slices with the use of patch-pipette recordings and subsequent biocytin- 
staining of neurons in slices. The RE neurons exhibited a homogeneous tendency to 
generate intrinsic bursts of action potentials, a phenomenon that is reminiscent of the 
low-threshold electrogenesis described in several subcortical and cortical neurons. The 
low threshold electrogenesis was caused by Ca2+ . The presence of neurons in the RE 
with intrinsic bursting capability may facilitate the propagation of cortical seizure 
discharges. Morphologically, the stained neurons were tufted neurons or multipolar 
neurons described previously in many thalamic nuclei. The results define the basic 
electrophysiology and cellular morphology of the RE neurons of the rat brain as a step 
toward understanding o f the physiology and pathology o f the RE neurons.
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644.5
TOPOGRAPHIC ORGANIZATION OF THE THALAMIC CONNECTIONS OF THE 
RAT MEDIAL AGRANULAR CORTEX. T.M. Van Vleet1*, R.L Reep2, J. V. Corwin1, 
an d  K.J. Burcham1. 1Psychology Dept., Northern ILUniv., DeKalb, IL 60115; 2Dept. of 
Physiological Sciences, Univ. of FL, Gainesville, FL 32610.

Studies of AGm-induced neglect have revealed that lesions of caudal AGm result in 
severe multimodal neglect, whereas rostral AGm lesions produce allesthesia/allokinesia 
(King & Corwin, 1990). However, lesions of adjacent lateral agranular cortex (AG1) do 
neither. These, and other, functional differences between rostral and caudal AGm led 
us to examine the cortical-thalamic connectivity for the rostral and caudal AGm.

Each of 21 rats was injected with 'H leucine-proline or FluoroRuby. In each case the 
distribution o f retrograde and anterograde labeling are largely overlapping, indicating 
that thalamic afferents and efferents involve the same nuclei. Overall, the thalamic 
connections of AGm were organized in a  continuous gradient whereby more caudal 
portions of AGm had connections with progressively more lateral and caudal regions 
of the thalamus. Rostral AGm injections produced terminal field labeling in three foci. 
The first involved the medial and lateral MD and the adjacent portion of CL. The 
second focus of labeling was a strip that started in the central region of VL and 
continued medially into CM and Rh. The third focus of labeling was in the rostral VM. 
Injections in caudal AGm produced far less labeling in the lateral MD and a  shift in 
labeling laterally and caudally, emphasizing VL, Po, LD, and LP.

The results indicate that rostral and caudal AGm have differing patterns of thalamic 
connections, but share connections with VL and CL. It remains to be determined how 
this difference in topographic organization of thalamic projections corresponds to 
known functional differences between rostral and caudal AGm.

Supported by the Univ of FL College of Veterinary Medicine and the Maxwell Fund.

644.7

C O N N EC TIO N S B E TW EEN  T H E TH A LA M IC PA R A V EN TRICU LA R 
AND R E T IC U L A R  N U CLEI IN TH E RAT
Z ,-C . Peng*, M. Bentivoglio Inst. Anatomy and Histology, University o f  
Verona, Italy

A few incidental observations in the literature have indicated that the midline 
thalam ic paraventricu lar nucleus (PVT) is reciprocally connected with the 
anteromedial portion o f  the thalam ic reticular nucleus (Rt). W e aimed at 
investigating in detail these connections in the rat combining anterograde and 
retrograde trac t tracing  and the immunohistochemical detection o f  parvalbum in 
(Pv) and calretinin (Cr). Electron m icroscopy was also employed to study the 
anterograde labeling in Rt after tracer injections in PVT. lontophoretic 
injections o f  Fluoro-Gold (FG) and biotinylated dextran amine (BDA) were 
perform ed in different parts o f  PV T, and BDA was injected iontophoretically in 
the regions o f  Rt, or bordering Rt, which were found to contain neurons 
retrogradely labeled from  PVT. FG injections in PV T resulted in the retrograde 
labeling o f  a few Pv-im munoreactive (ir) neurons at the most rostral levels o f  
Rt. However, num erous FG -labeled neurons, which were not Pv-ir, were also 
seen at the ventrom edial border o f  Rt and ventral to the medial tip o f  the 
nucleus. BDA injections restricted to the areas containing FG -labeled neurons 
resulted in anterogradely labeled fibers and term inal-like elements in PVT. 
D ouble labeling retrograde experiments exploiting FG injections in the anterior 
portion o f  PV T and injections o f  Fast Blue in the posterior part o f  PV T resulted 
in neurons labeled by either tracer intermingled in the above region bordering 
Rt. The present data  indicate that m any Pv-immunonegative neurons in an area 
bordering the rostromedial pole o f  R t represent a m ajor source o f  input to PVT.

644.9
FLUORESCENCE MEASUREMENTS OF INTRINSIC ACTIVITY IN 
THALAMIC SLICES USING FLUO-3. H R . P am *, L.J. Howells, T .J. Gould and 
V. Crunelli. Physiology Unit, MOMED, University of Wales, Cardiff, UK.

350µm slices containing the ventrobasal thalamus were prepared from 6-9 day 
old rats and loaded with the acetoxymethylester form of the calcium sensitive dye 
Fluo-3 by incubation for 30-60 mins at 28°C. Fluorescence recordings from a 
26Oµm X 360µm field over 10-20 mins revealed a variety of patterns of activity in 
individual cells, with increases in fluorescence lasting from <10 sec to >200 sec. 
Spontaneous fluorescence increases persisted when 1 mM TTX was included in the 
perfusate to block synaptic activity, and when 1 mM Ni2+ was included to block any 
activity generated by the low threshold calcium current IT. In these conditions 
approximately 20% of cells exhibited transient rises in fluorescence, lasting 5-45 
sec at half maximal. The 10-90% rise time of these events was l4.7±0 . 1 sec (n=29), 
and the time between events occurring in the same cell was 97.3±0 .8 sec (n=9). 
The fluorescence increases were not blocked by 1 mM thapsigargin (n=3 slices) but 
were abolished by 1 mM Co2+ (n=5 slices). These events therefore do not appear to 
be due to release of intracellular calcium nor to the activity of IT.

Supported by the Wellcome Trust (grant 37089) and the EU (Biomed 2).

644.6
INTENTION BEHAVIOR TO ACOUSTIC INPUT THROUGH "NON-SPECIFIC 
ASCENDING PATHWAY" Y. TAMAI*, T. DONISHI, T. SAKODA, A. 
KIMURA AND M. HAZAMA Department of Physiology, Wakayama Medical 
College, Wakayama 640, Japan

A general idea of the cortex is that cortical input and output signals are treated in 
different sensory and motor cortices. However, our series of experiments using eye 
and neck movements in cats suggested that the input and output signals is performed 
in the same cortex of various cortical area, and the total output from the whole 
cortex seems to drive purposeful movements. In the present study, a “non-specific 
ascending pathway" to the cortex other than the classical auditory pathway through 
the medial geniculate body was studied using retrograde WGA-HRP tracing and 
electrophysiological methods in the cat. All surgical procedure and acute experiment 
were performed under α-chrolarose anesthesia.

Labeled cells in the superior colliculus (SC) and nucleus reticularis pontis oralis 
(NPO) were observed following WGA-HRP injection in the nucleus lateral thalami 
(LP), the nucleus lateralis medialis-nucleus supurageniculatus (LM-Sg) and the 
nucleus centri mediani (CM) in which neurons responsive to acoustic stimulation 
were found. While labelled cells were proved in the LM-Sg following injection of  
WGA-HRP in the anterior ectosylvian sulcus (AES) of the cortex in which acoustic 
neurons were found. The neurons responsive to the acoustic stimulation in the SC 
and NPO were identified as being antidromically activated with a latency of 0.9 - 1.0 
ms following electrical stimulation in the LM-Sg and CM in which acoustic 
neurons were detected. Further, the LM-Sg neurons were antidromically activated by 
electrical stimulation of the AES where acoustic neurons were found. These results 
indicate that there is a direct ascending pathway of the acoustic input from the brain 
stem (SC or NPO) to the cortex (AES) through the thalamus (LM-Sg). This 
ascending pathway differs from early acoustic pathway through the lateral geniculate 
body and a common idea of the "non-specific ascending pathway" to the cortex was 
discussed in association with our behavior.

Supported by Wakayama Medical College.

644.8

TH A LA M IC ALTERA TION S IN PILOCARPIN E-IN DU CED EPILEP SY  
L. C orreia1*  R. Spreafico2, S. De Biasi3, E.A. Cavalheiro4, M. Bentivoglio1 1
Inst. Anat. Histol., University o f Verona; 2Neurological Institute C. Besta, 

M ilan; 3Dept. Physiol. Biochem., University o f  M ilan, Italy; 4Dept. Exp. Neurol., 
U N IFESP, Sao Paulo, Brazil
The involvement o f  the thalamus in the pathology o f chrome epilepsy was 
investigated in the model provided by systemic administration o f pilocarpine. 
Adult rats were examined after pilocarpine-induced status epilepticus, during the 
following two week seizure-free period, and after 4-9 m onths o f spontaneous 
recurrent seizures that follow such “silent” period. Immunocytochemically 
labeled neuronal and glial markers were studied in the thalam us o f  these anim als, 
compared with the findings obtained in saline-injected normal rats. Striking 
changes were detected in the thalamus o f the chronic epileptic rats com pared with 
the other experimental and control groups: the principal nuclei and midline nuclei 
were relatively spared, whereas considerable shrinkage, cell loss, and glial 
reaction were detected in the anterior intralam inar nuclei. The num ber o f 
calbindin-imm unoreactive neurons. which include intralam inar cell subsets in the 
rat thalam us, was significantly decreased in the chronic epileptic animals. 
Regional changes were also detected in the thalamic reticular nucleus, where 
parvalbumin-im munoreactive neurons in the most dorsal and/or ventral portions 
o f the nucleus displayed shrinkage, with a limited num ber o f  imm unostained 
proxim al dendrites. The calretin in-immunostained cell subset in the thalamic 
reticular nucleus was significantly reduced. The electron m icroscopic 
investigation o f changes which may occur in the thalamus after status epilepticus 
is at present in progress. Supported by CNR and CNPq

644.10

ALL THALAMOCORTICAL NEURONES POSSESS AN IT ‘WINDOW’ 
CURRENT THAT ALLOWS THE EXPRESSION OF BISTABILITY-MEDIATED 
BEHAVIOURS. D.W. Cope*, S.W. Hughes, T.I. Tóth, S.R. Williams and V. 
Crunelli. Physiology Unit, MOMED, University of Wales, Cardiff, UK.

Recent studies have shown that in a small group (15%) of thalamocortical (TC) 
neurones the low threshold Ca2+ current (IT) is responsible for an intrinsic bistability 
produced between its putative ‘window’ component, IT∞, and the leak current, II^, that 
is manifest as input signal amplification, novel slow oscillations and membrane potential 
bistability (Williams et al., J. Physiol., 505, 1997, 689-705). Modelling studies have 
revealed that for this intrinsic bistability to exist, both an appropriately large ratio of IT to 
Iuak conductance (i.e. gi/gus*), and a non-negligible IT« must be present. However, 
whether the majority of TC neurones appear nonbistable because their intrinsic ionic 
membrane properties are essentially different (i.e. lack of physiologically relevant It®), or 
simply because they possess an IT or Il«* conductance that is insufficiently small or large 
respectively, remains to be elucidated.

Using a dynamic clamp system in rat and cat TC neurones in vitro, we have found that 
either augmentation of endogenous IT by an artificial, i .e. computer-generated, analogue, 
or introduction of an artificial inward Iu* can transform all nonbistable TC neurones to 
bistable cells that express the full array of bistability-mediated behaviours. Moreover, 
since i) all neurones that were tested only with a reduction of Leak displayed 
bistability-mediated phenomena, and ii) in experiments involving an enhancement 
of It, artificial It∞ alone was too small to account for bistable behaviour, we can 
conclude that a physiologically relevant IT∞  exists in all TC neurones. This also 
firmly suggests that rather than being a novel group of neurones, bistable cells are 
merely representative of an interesting region of dynamical modes in the (gT,gLeak) 
parameter space that may be expressed by all TC neurones given certain conditions.

Supported by the Wellcome Trust (grant 37089).
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644.11
NEUREAL: REAL-TIME MODELLING SOFTWARE FOR INTEGRATING 
BIOLOGICAL AND SIMULATED NEURONES AND NETWORKS. S.W. 
Hughes. T I . Tóth*, D.W. Cope, H.R. Parri and V. Crunelli. Physiology Unit, 
MOMED, University of Wales, Cardiff, UK.

We demonstrate a user friendly computer system that allows the transparent 
inclusion of real neurones into real-time neural simulations. The software, which is 
designed to run under Windows 95 on Pentium class computers, communicates at 
speeds of up to 100kHz with real neurones via conventional electrophysiological 
hardware. The heart of the system involves a user-defined database that takes 
advantage of the natural hierarchy that exists between neural modelling elements 
such as conductances, synapses, compartments, neurones and networks. All such 
elements can be easily created and combined to build realistic neurones and 
networks.

In addition to providing the ability to perform simple dynamic clamping and 
hybrid network construction, the system also enables the user to include real 
neurones as single compartments in multi-compartment models. In this way, user- 
designed, active dendritic tree structures can be attached to real neurones so that 
they become fully integrated electrical components. This provides an invaluable tool 
in the analysis of the effect of dendritic ion channel variations on neuronal 
behaviour that is limited purely by the experimenter’s imagination. In particular, 
the effectiveness of the software has been tested in vitro with thalamocortical 
neurones, a group of cells known to express a variety of electrical behaviours.

Supported by the Wellcome Trust (grant 37089).

644.13
RE-EVALUATION OF THE MODE OF TERMINATION OF CORTICO
THALAMIC AFFERENTS IN THE VENTRAL LATERAL THALAMIC NUCLEUS 
(VL) OF RHESUS MONKEY: AN ELECTRON MICROSCOPIC STUDY.
Kh. Agassandian, K. Kultas-Ilinsky and I.A. Ilinsky*. Dept. of Anatomy and Cell 
Biology., Univ. of Iowa, College of Medicine; Iowa City, IA 52242.

It is well established that the main source of cortical afferents to VL - cerebellar 
afferent territory of the thalamus - is the primary motor cortex. Majority of these fibers 
terminates as small boutons with round vesicles and asymmetric synapses (SR) on distal 
dendrites of thalamocortical projection neurons (PN). In some other thalamic nuclei, in 
mediodorsal nucleus for example, large size boutons of cortical origin at proximal PN 
locations have been described. We compared the mode of termination of WGA-HRP 
labeled afferents from three cortical areas, primary motor (PM), supplementary motor 
(SMA) and posterior parietal (PP), in the VL using serial ultrathin sections. In addition 
to SR boutons (mean area 0.57 um2, range; 0,32 - 0.74), majority of which synapse on 
distal PN dendrites and some on dendrites of local circuit neurons (LCN), a population 
of larger size terminals from PM (mean area 1.54 um2, range: 0.82 -2.1) was found to 
terminate proximally on PN, on LCN and in complex synaptic arrangements. The two 
types of PM terminals have been observed in approximately equal proportion in the VL. 
In contrast, more cortical terminals labeled from SMA were presented by large boutons 
with round vesicles and asymmetric contacts (LR). The mean area of these SMA 
boutons was 2.41 um2 (range: between 0.81 - 9.14). These synapse preferentially on 
LCN and in complex synaptic arrangements with proximal PN dendrites. The majority 
of PP terminals were of LR type (mean area 4.05 um2, range: 0.79 - 9.69) and 
terminated similarly to the labeled LR boutons from SMA. Both SMA and PP gave rise 
also to a moderate number of SR and intermediate size terminals similar to those of PM 
origin.

The results suggest different functional role of afferent inputs from different cortical 
regions in processing of information from the cerebellum in the VL.

Supported by NIH grant R01NS36739.

644.12
LEADING ROLE OF THALAMIC OVER CORTICAL NEURONS DURING POST- 
INHIBITORY REBOUND EXCITATION. F. Grenier*, I. Timofeev and M. Steriade. 
Lab. Neurophysiol., Sch. Med., Laval Univ., Quebec, Canada G1K 7P4.

The post-inhibitory rebound excitation is an intrinsic property of thalamic and 
cortical neurons which is used during normal and abnormal network activities. In order 
to uncover the relationship between the post-inhibitory rebound of thalamic and 
cortical neurons, we used dual intracellular recordings (n = 32) of thalamocortical (TC) 
neurons from the VL nucleus and cortical neurons from area 4, along with local field 
potentials, in cats under ketamine-xylazine or barbiturate anesthesia. The post- 
inhibitory rebound excitation was elicited by thalamic or cortical electrical stimulation. 
Following stimulation, TC neurons displayed a short-latency EPSP followed by a 
biphasic (GABAa-GABAb) IPSP produced by thalamic reticular (RE) neurons. The 
prolonged hyperpolarization led to a low-threshold spike (LTS) crowned by a burst of 
action potentials and followed by a spindle sequence. In cortical cells, a short-latency 
EPSP was followed by hyperpolarization and a rebound excitation. Wave- and spike- 
triggered averages revealed that the rebound burst in TC cells occurred before the 
rebound excitation in cortical cells. The first spike in the rebound of TC cells preceded 
the cortical rebound activity by more than 10 ms (p< 0.0001), thus indicating that the 
TC rebound primes the rebound in cortical neurons. We found however that the 
rebound excitation in cortical cells was sustained for hundreds of msec, whereas the TC 
cells remained hyperpolarized due to RE activity following their rebound LTS. To 
confirm the importance of TC connections for the post-inhibitory cortical rebound, we 
compared the effect of cortical stimulation in intact-brain animals with that obtained in 
a cortical slab preparation devoid of TC connections. In the latter case, the sequence of 
hyperpolarization followed by rebound excitation was not seen; instead, local 
stimulation evoked a prolonged excitation lasting up to a few seconds. We conclude 
that the role played by intrathalamic processes in initiating a cascade of cortical events 
should be taken in consideration when successive intracortical steps are exclusively 
thought to underlie complex information processing.

Supported by MRC, HFSP, Savoy Foundation and FCAR.
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645.1

SEROTONIN INCREASES SYNAPTIC ACTIVITY WITHIN ORGANOTYPIC 
CULTURES OF RAT TEGM ENTAL PEDUNCULOPONTINE NUCLEUS. 
SUBSTANTIA NIGRA, AND SUBTHALAMIC NUCLEUS. R.S. Scroggs* J. 
Rohrbacher, N. lchinohe, and S.T. Kitai. Department o f Anatomy and 
Neurobiology, University o f  Tennessee College o f Medicine, Memphis, TN 38163.

The tegmental pedunculopontine nucleus (PPN) is involved in the regulation of 
sleep and locomotion. The PPN as well as the substantia nigra (SN) and the 
subthalamic nucleus (STN) receive serotonergic innervation from the dorsal raphe. 
To better understand the role of serotonin (5HT) in the interaction of these three 
nuclei, the effects o f 5HT were studied on the electrical properties o f PPN neurons 
in organotypic cultures of PPN, SN, and STN. After 2-3 weeks of culture to allow 
for the development o f synaptic connections between the three nuclei, the PPN 
neurons were superfused with artificial cerebral spinal fluid (ACSF) and recorded 
from under current clamp conditions using sharp electrodes filled with 3M KCl or 
2M K-acetate. The PPN neurons were filled neurobiotin after recording for later 
morphological and anatomical analysis, and NADPH-d staining to determine 
whether they were cholinergic.

Superfusion o f the cultures with 10 µM 5HT in ACSF had no detectable effect on 
resting membrane potential or input resistance in PPN neurons, however an 
increase in the frequency and amplitude o f incoming spontaneous synaptic 
potentials was observed, which triggered action potentials when the resting 
membrane potential was depolarized to -55 mV.

In conclusion, it is possible that 5HT may alter the excitability o f certain neurons 
within the cultures o f PPN, SN, and STN, resulting in changes in synaptic input to 
other neurons in the culture.

This work was supported by NIH, NINDS, NS 20702 and NS 26473

645.2

ELECTROPHYSIOLOGICAL AND MORPHOLOGICAL STUDIES OF 
TEGMENTAL PEDUNCULOPONTINE NUCLEUS (PPN) AND SUBSTANTIA 
NIGRA (SN) IN ORGANOTYPIC CULTURES. J. Rohrbacher*, N. Ichinohe, B. 
Teng and S.T. Kitai. Department of Anatomy and Neurobiology, University of 
Tennessee, College of Medicine, Memphis, TN 38163.

Electrophysiological characteristics of PPN and SN neurons and PPN inputs to 
SN were studied. Organotypic cultures consisting of subthalamic nucleus (STN), SN 
and PPN were developed from coronal slices (500µm) obtained from Sprague 
Dawley rat (postnatal day 1-2). Cultures were grown for up to 4 weeks in a roller 
tube. For recordings, the cultures were submerged in an oxygenated ACFS solution 
(36°C). Whole-cell recording (electrode resistance 3-5MΩ, filled with (in mM): K- 
gluconate 120, NaCl 10, CaCl2 0.25, HEPES 10, EGTA 5, Mg-ATP 2, GTP 0.4, 
glucose 10 and 0.2% neurobiotin, pH 7.3) and sharp electrode recording (electrode 
resistance 100-150MΩ, filled with 2M K-acetate and 2% neurobiotin) were used to 
record from PPN and SN neurons. All recorded neurons were filled with neurobiotin 
and visualized with Texas Red and further processed for either tyrosine hydroxylase 
(TH) immunohistochemistry or NADPH diaphorase histochemistry to examine their 
morphology and transmitter phenotype. Using ABC method with subsequent reaction 
with DAB, the axonal branching of the labelled PPN neurons were studied. Synaptic 
inputs from PPN to SN neurons were tested using a monopolar stimulation electrode 
in PPN (duration 0.2ms, intensity 10-30µA, and frequency 0.2-1Hz).

PPN neurons had spontaneous discharge with a mean frequency of 1 to 7Hz, 
sometimes interrupted by a burst firing. They can be fired with depolarizing pulses up 
to 100Hz. Axon collaterals of neurobiotin filled PPN neurons were found to 
terminate in close apposition to TH-positive neurons. TH-positive as well as non-TH- 
positive SN neurons were synaptically activated with EPSPs by electrical stimulation 
of the PPN. Our data indicate that morphological and electrophysiological 
characteristics of PPN and SN neurons are quite similar to those in in vivo.
Supported by NIH NINDS NS 20702 and NS 26473.
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645.3
THE TEMPORAL ORGANIZATION OF A SLOW OSCILLATION (0.3-2 Hz) IN 
THE SUBTHALAMIC NUCLEUS-GLOBUS PALLIDUS SYSTEM. D. Plenz* and S. 
T. Kitai. Dept. of Anatomy and Neurobiology, Univ. of Tennessee, College of 
Medicine, Memphis, TN 38163.

Recent studies suggest a role of the subthalamic nucleus (STN) in the generation of 
low-frequency, tremor-like activity within the basal ganglia. The excitatory STN is 
reciprocally connected with the inhibitory external globus pallidus (GP) thereby setting 
up a negative feedback system. We examined the temporal structure of spontaneous 
activity arising in both nuclei when co-cultured with their two major input structures, 
the cortex (Cx) and the striatum (CPu). Slices from frontal Cx, dorsolateral CPu, STN, 
and GP were taken from rats at postnatal day 0-2 and were cultured for 5 -6  weeks in 
vitro. The morphology, single cell electrophysiology and spontaneous activity of STN 
and GP neurons were analyzed using either intracellular sharp electrodes or whole-cell 
patch electrodes filled with Neurobiotin. In addition, extracellular multi-unit activity 
was recorded and sorted using spike-template matching. The location of intracellularly 
labeled neurons and unit recording sites were identified using parvalbumin 
immunohistochemistry which clearly marked the GP and the STN.

Spontaneous spike activity in the STN and the GP was characterized by up to several 
minutes of complex bursts oscillating at 0.3-2 Hz. Complex bursts were composed of 
elementary burst units (EBU) oscillating at higher frequency. Most EBU consisted of a 
single spike, followed by a brief inhibition followed by 2-5 spikes lasting in total 200- 
400 ms. Further analysis at the intracellular level revealed that, particularly in GP 
neurons, single spikes within an EBU originated from a giant, compound postsynaptic 
potential (GPSP). GPSPs displayed an intrinsic temporal structure reminiscent of many 
smaller PSPs phase-locked to each other within 2-4 ms. Cortical stimulation only 
weakly influenced this basic temporal organization of the STN-GP system.

Our study demonstrates that the STN-GP system displays a spontaneous slow oscilla
tion with an intricate complex temporal structure thereby organizing neuronal activity 
from a few milliseconds up to several minutes. Supported by USPHS grants NS20702 
and NS26473 and the National Parkinson Foundation.

645.5
CALCIUM CHANNELS THAT ACTIVATE Ca2+ ACTIVATED K+ CURRENTS 
IN NEOSTRIATAL PROJECTION NEURONS M.C.Vilchis, G.X. Avala, E. 
Galarraga and J. Bargas* Instituto de Fisiología Celular UNAM México DF 
04510 México.

Calcium influx during the action potential activates at least two types of 
Ca2+-activated K+-currents [IK(Ca2+)s] in neostriatal neurons: one generated by 
BK channels and the other generated by SK channels; the first helps in action 
potential repolarization and the second produces most of the 
afterhyperpolarization (AHP) that regulates the firing pattern (J. Neurophysiol. 
6 8 , 287). The presence of Cd2+-, apamin- charybdotoxin- and 
iberiotoxin-sensitive IK(Ca2+)s generated by BK and SK channels in acutely 
dissociated neostriatal projection neurons has also been demonstrated 
(Neuroscience, in press). In addition, different types of Ca2+-channels, including 
N, P, Q, R and L types (J. Neurosci 14, 6667) are also present in these 
neurons. The question addressed is whether all these types of Ca2+-channels 
are involved in IK(Ca2+) activation or else, a certain type of Ca2+-channel is 
preferentially involved.To answer this question the action of specific peptidic 
toxins against the different types of Ca2+-channels was tested upon the 
IK(Ca2+)s obtained by voltage-clamping dissociated neostriatal neurons.

ω-AgaTxIVA (100 nM) a blocker of P/Q-type of Ca2+-channels reduced about 
17±4% (n=5) of the the outward current; ω-CgTxGVIA (1 µM) a N-type channel 
blocker reduced the outward current by 3O±3% (n=5); and nitrendipine an 
L-type calcium blocker had no consistent effects on the outward current: only a 
small reduction of about 4±2% was achieved. In all cases the sequential 
addition of Cd2+(400 µM) reduced an additional percentage of the outward 
current. Since IK(Ca2+)s represent more than 50% of the sustained outward 
current in these neurons (Neuroscience, in press), it is concluded that the 
N-type channel is preferentially associated with IK(Ca2+) activation. 
[DGAPA-UNAM (IN201597; IN201397) & CONACyT-Mex (0115P-N)].

645.7

PROPERTIES OF NACH R ION CHANNELS IN ACUTELY DISSOCIATED 
NEURONS OF THE MARGINAL DIVISION IN THE NEONATAL RAT 
STRIATUM. S.Y. Shu,*  F. Zhou, XM  Bao, and JX. Zhen. Institute for 
Neuroscience, First M ilitary Med. Univ., Guangzhou 510282, China

The marginal division (MrD) is a new subterritory o f rat striatum firstly 
discovered by Si Yun Shu et al in 1987. It is a layer o f fusiform neurons locating 
at the caudal extent of the striatum. Leaning and memory behavior depressed 
significantly following MrD injury. The nAchR in CNS plays an important role in 
learning and memory function. In the present study, the properties o f  nAchR ion 
channels was tested by patch-clamp technique in acutely dissociated MrD neurons to 
investigate the mechanism involving in the learning and memory function o f MrD. 
Brain slices o f neonatal(l-3 days) S-D rats were digested with trypsin. Cell-attached 
configuration o f patch clamp technique was used to examine the activities o f ion 
channels in the spindle-shaped isolated MrD neurons. The pipette tip resistance is 
more than 10 megaohm. All data was analyzed with PCLAMP 6.0 program.

N a+ and K+ channels were blocked by TTX and Cs+ respectively. Ion current 
only appeared after adding luM  Ach into the pipette. The resting membrane 
potential o f MrD neurons is about 60mV. Almost same current amplitudes were 
observed in different patches under the same voltage. Noise increased obviously 
when nAchR channels were activated. The current amplitude enlarged following 
the increasing o f clamp voltage. I-V(current amplitude-membrane voltage) curve 
can be fitted to a line, the reversal potential was 0.7-2.4 mV. The channels of 
nAchR are labile in opening duration and the labile state may reflect different types 
of channels within the same patch. Two distinct conductance states, about 25ps and 
6Ops respectively, were observed in the M rD neurons. The conductance values o f 
nAchR channels varied from patch to patch. NAchR channels could be classified as 
short opening and long opening channels. The mean open probability o f  25ps state 
was 0.223 ±  0.076. The mean open probability o f 6Ops state was 0.025 ±  0.018.

645.4
MORPHOLOGICAL STUDY OF TEGMENTAL PEDUNCULOPONTINE  
NUCLEUS (PPN) AND MIDBRAIN EXTRAPYRAMIDAL AREA (MEA), AND 
THEIR RELATIONSHIP WITH SUBSTANTIA NIGRA (SN) IN ORGANOTYPIC 
CULTURE. N. Ichinohe, B. Teng*, S.T. Kitai. Department of Anatomy and 
Neurobiology, University of Tennessee, College of Medicine, Memphis, TN 
38163.

Morphological organization of PPN and MEA (Rye et al., 1987) and the 
interrelationship among PPN, MEA, SN and subthalamus (STN) were studied 
in rat organotypic culture using immunohistochemistry and NADPH-diaphorase 
(NADPH-d) histochemistry. Three coronal sections (one with PPN and MEA, 
one with SN and one with STN) were obtained from postnatal day 1-2 rats and 
co-cultured for 3-5 weeks using the roller tube technique. ChAT-immunoreactive 
(ir) neurons were found almost exclusively in sections containing PPN. Only 
those ChAT-ir neurons displayed NADPH-d activity. The distribution pattern of 
these cholinergic neurons were similar to that found in in vivo study. We could, 
therefore, identify the subdivisions of PPN (i.e., pars compacta and pars dissipata) 
and MEA. Glutamate-ir neurons were also found in PPN and MEA. In PPN, at 
least 10% of NADPH-d-positive neurons were also glutamate-ir. NADPH-d 
stained axons originating from PPN were traced into SN and were often in 
close apposition to tyrosine hydroxylase-ir neurons. SN Parvalbumin-ir fibers 
(from putative GABAergic neurons) projected heavily to MEA, sparsely to PPN 
but not to STN. These findings indicate that our organotypic cultures have 
retained their basic morphological organization and its specific connectivity as 
in vivo. That is, PPN consists of cholinergic and glutamatergic neurons and 
sends its axons to SN dopaminergic neurons. SNr GABAergic neurons project 
mainly to MEA, some to PPN but not to STN. Supported by NIH NINDS 
NS-20702 and NS 26473

645.6
FUNCTIONAL ANTAGONISM BETWEEN MUSCARINIC RECEPTOR 
ANTAGONISTS IN THE NEOSTRIATUM E. Galarraga*, S. Hernández-López, 
C. Vilchis, M.l. Miranda, A. Reves, F. Bermudez-Rattoni and J. Bargas 
Instituto de Fisiología Celular UNAM México DF 04510 México.

Acetylcholine (ACh) released from interneurons modulates membrane 
excitability of neostriatal medium spiny projection neurons through the 
activation of muscarinic receptors. Administration of 1 µM muscarine or 5 µM 
physostigmine increase apparent input resistance (RN) in the whole 
subthreshold range of spiny neurons and enhance firing (e.g., EJP 281, 271). 
The increase in RN remains in the presence of 1 µM TTX or 400 µM Cd2+, i.e., 
it is direct and can be blocked by the M1,4 selective muscarinic antagonist 
pirenzepine (5 µM) but not by the M2 or M3 antagonists. Cs+ blocks the effect 
only at hyperpolarized potentials (<-7O mV), but only Na+ absence blocks the 
effect at depolarized membrane potentials (>-6O mV); thus suggesting the 
involvement of both an inward rectifier and a cationic conductance.
Pirenzepine has no effect by itself. However, the M2 receptor antagonist 
AFDX-116 (100 nM ), has the ability to mimic muscarinic agonists by 
increasing input resistance and firing of spiny neurons significantly. This effect 
of M2 antagonism could be blocked by the M1 antagonist pirenzepine, thus 
having a functional antagonism between two different muscarinic receptor 
antagonists in the neostriatum. To investigate if the M2 antagonist effect was 
due to evoked ACh release produced by the blocking of M2 autoreceptors 
present on cholinergic interneurons, HPLC measurements of ACh release were 
done in the same brain slices used for electrophysiological recordings. It 
appeared that AFDX-116 but not pirenzepine greatly increased the release of 
ACh. Only unespecific antimuscarinic drugs have been used clinically. 
Opposing actions of antimuscarinics rise the possibility of trying more specific 
muscarinic antagonists on Parkinson's disease. [DGAPA-UNAM (IN201597; 
IN201397) & CONACyT-Mex (25812N; 3260PN9608)].

645.8
CALCIUM DYNAMICS IN A MATHEMATICAL M ODEL OF A MID-
BRAIN DOPAM INE NEURON. 1B. Amini, 1J. W. Clark, 2C. C. Canavier*
1 D ept. of Electrical and Com puter Engineering, Rice University, 2 D ept. of 
Psychology, University of New Orleans, New Orleans, LA 70148.

A m athem atical model of m idbrain dopamine neurons has been developed 
in order to understand the mechanisms underlying two types of calcium- 
dependent firing patterns th a t these cells exhibit in vitro. The first is the 
regular, pacemaker-like firing th a t these cells normally exhibit in a  slice 
preparation, and the second is a  burst firing pa tte rn  th a t  these cells some
times exhibit in the presence of apamin. Since both  types of oscillations 
are blocked by nifedipine, we have focused on the slow calcium dynamics 
underlying these firing modes. Therefore, we have modeled the underlying 
oscillations in m embrane potential th a t are observed when action potentials 
are blocked by the application of TTX , which converts the  regular single-spike 
firing mode to  slow oscillatory potentials (SOP) and apam in-induced b urst- 
ing to  a  square-wave oscillation. We hypothesize th a t the SOP result from 
the interplay between the L-type calcium current (I Ca,L) and the apamin- 
sensitive calcium-activated potassium  current. We further hypothesize th a t 
the square-wave oscillation results from the alternating  voltage activation 
and calcium inactivation of ICa,L . The model, which consists of an electrical 
equivalent circuit m embrane model coupled to a  calcium balance in a  single 
somatic com partm ent, was calibrated using both  voltage-clamp and calcium 
imaging da ta  from the literature. The model reproduces the experimentally 
observed graded modification of the am plitude and frequency of the SOP in 
response to  injected current, as well as the elongation of the  plateau  duration 
of the square wave oscillations in response to  calcium chelation. Finally, this 
model of the calcium dynamics has been incorporated into a  previous model 
of the sodium dynamics in these cells in order to  explain how apam in and 
NMDA interact in the generation of burst firing activity.

Supported by a  Biomedical Engineering Research G ran t from the W hitaker 
Foundation and NIH grant 1R01NS37963-01.
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645.9

GABAa RECEPTOR STIMULATION INTERFERES WITH BURST 
FIRING BY INCREASING A LINEAR CONDUCTANCE IN RAT 
MIDBRAIN DOPAMINE NEURONS. S.W . Jo h nson1* and C.C. 
Canavier2. 1Dept. Physiology and Pharm acology, O regon H ealth  Sci. Univ., 
Portland, O R  97201 and 2Dept. Psychology, U niversity o f  N ew  Orleans, LA.

B urst firing  w as evoked in ra t m idbrain  dopam ine neurons by  perfusing 
brain slices w ith N -m ethyl-D -aspartate (N M D A ; 20 µM ) and apam in  (100 
nM ). W hile recording intracellularly with m icroelectrodes, we found that the 
GA BA a receptor agonist isoguvacine (100 µM ) converted  burst firing to  a 
single-spike firing  pattern  (n =  3). This effec t o f  isoguvacine w as m ediated 
by G A BA a receptors because inhibition o f  bursting w as com pletely  blocked 
by pretreatm ent w ith b icuculline free base (30 µM , n = 2). How ever, 
perfusion with bicuculline (30 µM ) or picrotoxin (100 µM ) did not facilitate 
burst firing in the presence o f  a subm axim al concentration  o f  N M D A  (10 
µM , n =  7). U sing w hole-cell record ing  under voltage-clam p, isoguvacine 
(100 µM ) produced a linear increase in m em brane conductance (5.43 ±  0.78 
nS) with a reversal potential o f  -85 m V (n =  5). C om puter sim ulations show 
that a  linear current o f  this m agnitude and w ith this voltage-dependence is 
sufficien t to  account for the observed annih ilation  o f  burst firing  in these 
neurons. W e hypothesize that the increase in G A B A A-m ediated  chloride 
conductance interferes with burst firing by elim inating the region o f  negative 
slope conductance produced by N M D A  and w hich is essential for burst firing 
in these neurons. This w ork w as funded by a B iom edical Engineering 
R esearch G rant from  the W hitaker F oundation (C .C .C .), and N IH  grants 
NS37963 (C .C .C .) and M H 40416 (S .W .J.).

645.11

SEROTONERGIC M ODULATION OF THE PERSISTENT POTASSIUM  
CURRENT IN RAT STRIATAL NEURONS.J.F. Consiglio*, L.A. Gabel, and 
E.S. Nisenbaum. Dept. of Psychology, University of Connecticut, Storrs, CT 06269.

Previous studies have shown that serotonin (5-HT) receptor stimulation enhances the 
frequency of spike discharge in striatal neurons. Voltage-clamp experiments have 
demonstrated that this enhanced excitability is due in part to a decrease in the amplitude 
of a subthreshold depolarization-activated potassium (K) current. Of the K currents which 
have been identified in striatal neurons, a likely target of 5-HT receptor stimulation is the 
persistent K current (IKrp) which is known to activate at subthreshold membrane 
potentials. The hypothesis that 5-HT receptor stimulation can depress IKrp was tested 
using patch clamp recording in acutely isolated striatal neurons.

Consistent with previous findings, application of 200 µM 5-HT reversibly reduced the 
total K current evoked by long (1 s) depolarizing voltage steps (-80 mV to +35 mV). A 
similar depressive effect on the total K current could be produced by the 5-HT2a/2c 
agonist, DOI (10 µM). The large decrease in the total K current at the end of a I s 
depolarization suggested that IKrp was a target of 5-HT modulation, indeed, DOI 
depressed IKrp in a concentration-dependent manner having an EC50 of 8.9 µM.
Although a similar effect was produced by the 5-HT1a agonist, 8-OH-DPAT, much 
higher concentrations were required (EC50 ~ 100 µM). The possible involvement of a G- 
protein-dependent signaling pathway was tested by intracellular dialysis of the non- 
hydrolyzable GTP analog, GDP-ß-S. In the presence of GDP-ß-S, the DOI-induced 
decrease in IKrp was significantly attenuated. Consistent with a decrease in IKrp - 
5-H T 2A/2C receptor stimulation reversibly increased the frequency of spike discharge.

The present data suggest that IKrp can be modulated by 5-HT2a/2C receptor stimulation 
and that this modulatory effect involves a G-protein-dependent signaling pathway. Given 
the role IKrp plays in limiting the depolarizing episodes of striatal neurons in vivo, 5-HT 
receptor modulation of this current would be expected to reduce its ability to dampen the 
depolarizing responses, leading to an increased probability of spike discharge. Support: 
NS 34254.

645.13

DOPAMINE RELEASE FROM INDIVIDUAL DENDRITES OF NEURONS IN 
THE SUBSTANTIA NIGRA PARS COMPACTA. J. C. Callaway*1, C. J. Wilson1 
and G.V. Rebec2. 1Dept. Anatomy & Neurobiology, Univ. of Tennessee, Memphis, 
TN 38163; 2Dept. Psychology, Indiana University, Bloomington, IN, 47405.

The dendrites of dopaminergic neurons in the pars compacta release dopamine in a 
calcium dependent manner and support voltage gated calcium currents that can be 
activated by intrinsic slow pacemaker oscillations or dendritic sodium spikes. Local 
synaptic inputs that depolarize the dendrites to the threshold for these currents are 
also expected to contribute to local Ca2+ entry. The contribution of these Ca2+ 
changes to dendritic dopamine release is not known.

To measure release o f  dopamine from individual dendrites in the pars compacta, 
300µm coronal slices from 13-18 day old rats were visually identified and patched 

using the whole cell method. Fura-2 (100-200µm) was included in the pipette to 
measure Ca2+ levels. Under visual control a carbon fiber electrode (5-8 µm diam.) 
was placed next to a dendrite of the patched neuron. Dopamine levels were 
monitored using fast-scan cyclic voltammetry while neurons were depolarized to 
evoke dendritic Ca2+ entry. Dopamine release was detected during sustained 
depolarizations that elevated dendritic Ca2+ into the 200-300 nM range, but only in the 
presence of 5 µM nomifensine implicating dopamine uptake mechanisms in 
extracellular dopamine removal. Dopamine levels increased for the duration of 
depolarizing steps up to 4 s and decayed after the fall in Ca2+ levels. Often it was 
impossible to detect any changes in dopamine levels from dendritic sites suggesting 
that sites of dendritic release may be punctate and might correspond with dendro- 
dendritic synapses known to exist between dopamine cell dendrites.

Dendritic dopamine release was also measured in the pars compacta during 
stimulation of the subthalamic nucleus (STN) in 5OOµm thick saggital slices. 
Extracellular stimulation of the STN with high frequency trains caused summing 
EPSP’s monitored in a patched dopamine neuron. During strong stimulations 
dopamine release was detected in response to the stimulus but again only in the 
presence of 5µM nomifensine. Supported by NIH NS36843.

645.10

P R E F E R E N T IA L  E X P R E S S IO N  O F A  N O V E L  N -T Y P E  
C A L C IU M  C H A N N E L  IN  M O N O A M IN E R G IC  N U C L E I.
M. Behnam Ghasemzadeh*, R. Christopher Pierce. Steven M. 
Thompson. Peter W. Kalivas. Depts of VCAPP and 
biochemistry, Washington State University, Pullman, WA 
99164-6520.

The N-Type calcium channels play a significant role in 
neurotransmitter release from neurons and therefore can 
modulate neurotransmission. Using PCR, we have identified a 
new splice variant of the N-type calcium channel which is 
preferentially localized in substantia nigra compacta (SNc), 
ventral tegmental area (VTA), dorsal raphe (DR) and locus 
coeruleus, all monoaminergic nuclei. However, in the 
monoamine nerve terminal regions prefrontal cortex, striatum, 
nucleus accumbens, hippocampus and cerebellum the 
expression of the known splice variant (rbB-I, genbank 
accession # M92905) is dominant. In situ hybridization with a 
specific probe for the new splice variant confirmed the 
preferential expression in SNc, VTA and DR nuclei. This novel 
form of the N-type calcium channel may play a significant role 
in regulation of somatodendritic monoamine release and 
secondary neuronal processes. Supported by USPHS grants DA 
03906, DA 00158, MH 40817 to P.W.K. and a Washington State 
Alcohol and Drug Abuse Program grant to M.B.G.

645.12
PO STN A TA L D EV ELO PM EN T OF M EM BR A N E PR O PER TIES AND 
PO STSYN A PTIC  CU RR EN TS IN N U CLEUS AC CU M B EN S N EURO NS 
L. Zhang, M. Belleau and R .A . W arren*. Centre de recherche F.-Seguin and 
D ept. o f  Psychiatry, University o f  M ontréal, M ontréal, Canada, H 1N 3V2

The mem brane potential o f  nucleus accum bens (nAcb) medium spiny (MS) 
neurons alternates between 2 stable states in vivo: an hyperpolarized-inactive 
state and a depolarized-active one. The m em brane bi-stability o f  MS neurons 
is enabled through interactions between their basic m em brane properties and the 
convergence o f  distinct synaptic inputs. In several regions o f  the neuraxis. 
intrinsic and synaptic properties o f  neurons have been found to evolve during 
postnatal development and to stabilise once the adult characteristics are attained 
Similar changes in the nAcb during the postnatal period would suggest that 
nAcb activation is different in young than  in adult. In order to test that 
hypothesis, we have recorded MS neurons in vitro during the first 3 postnatal 
weeks in rats.

In young MS neurons, the m em brane potential was m uch closer to spiking 
threshold and got m ore negative with time to become stable around the end o f 
the 3rd postnatal week. In addition, the input resistance w as much higher and no 
anomalous inward rectification was observed before the second postnatal week 
Postsynaptic currents sensitive to GA BA ergic and glutam atergic antagonists 
were could be evoked early after birth. Together, these results suggest that 
membrane potential bi-stability is absent in young nAcb MS neurons and that, 
therefore, M S neurons can be m ore readily synaptically activated than in adult. 
Supported by the National Science and Engineering Research Council o f  
Canada and Fonds de la recherche en santé du Québec.

645.14

Dynamics of paired-pulse plasticity at synapses in the rat striatum. G. Akopian and J.
P. Walsh. Andrus Gerontology Center, USC Program in Neuroscience, University of 
Southern California, Los Angeles, CA 90089-0191.

Whole cell and intracellular recording were used to examine paired-pulse plasticity 
induced at excitatory synapses in immature (p11-p18) and adult (3-6 mo.) striatal neurons. 

All experiments were performed with GABAa receptor antagonist bicuculline methiodide 
(BIC) 30 µM to eliminate GABAergic synapses from the study. Our analysis focussed 
upon the plasticity produced by pairings with short interstimulus intervals (ISI’s) of 50 and 
100 msec and the plasticity induced by pairings with longer ISI’s (250, 500, 1000, and 
2000 msec). At intensities of half-maximum of saturation, that recruited many synapses, 
short duration ISI’s produced both paired-pulse potentiation and paired-pulse depression 
at immature and adult synapses. Long duration ISI’s produced a paired-pulse depression 
at all synapses that did not disappear, on average, until the ISI was 2 sec or greater. This 
property of the long-duration pairing relationship was true in immature and adult synapses. 
We found in both age groups that the response to short-duration ISI pairing was sensitive 
to a high Mg2+ low Ca2+ solution and to different holding potentials (-90 mV and -5 0  mV). 
By contrast, longer duration ISI’s were insensitive to these changes.

We also investigated the receptor specific aspects of paired-pulse plasticity in adult 
animals by pharmacologically isolating AMPA and NMDA receptor mediated synaptic 
events. After block of GABAa receptors with BIC and block of AMPA receptors with CNQX 
(10 µM) large NMDA receptor-mediated EPSPs were produced that could be blocked with 
AP-5 (50 µM). In contrast to the AMPA receptor mediated EPSPs, the NMDA receptor 
mediated EPSPs consistently produced dramatic paired-pulse potentiation at short 
duration ISI’s. A component of the paired-pulse potentiation was postsynaptic, since it was 
dependent upon the cell's holding potential and it was reduced by L-type Ca2+ channel 
blocker nifedipine (10 µM).

(Supported, in part, by NIA grants 2PO1AG09793 a nd  AG00093).
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645.15
SHORT- AND LONG-TERM PLASTICITY OF GABA-MEDIATED 
RESPONSES IN MEDIUM SPINY NEURONS OF RAT STRIATUM
J.S. Fitzpatrick*1 and J.P. Walsh1’2. 1 Program in Neurobiology and 2School of 
Gerontology, University of Southern Cialifornia, Los Angeles, CA 90089.

We have studied plasticity at GABAergic synapses using intracellular recordings 
from medium spiny neurons in slices of rat striatum. In the presence of glutamate 
receptor antagonists, intrastriatal stimulation evoked a response which reversed 
polarity around -60 mV and was blocked by bicuculline (30 p,M), indicating that it 
was mediated by GABAa receptors.

Varying the membrane potential affected both response amplitude and duration. 
Response amplitude increased as the neuron was hyperpolarized away from the 
reversal potential. This is expected due to the increase in driving force. However, the 
increase in response amplitude was not uniform at all membrane potentials. The 
increase was greater at potentials from -60 to -80 mV than at potentials from -80 to 
-100 mV. Response duration increased as the neuron was depolarized. This seems to 
be due to an increase in input resistance.

We evaluated short-term plasticity by looking at paired GABAergic synaptic 
responses with interstimulus intervals ranging from 10 ms to 5 s. We observed 
paired-pulse depression in two ranges (10 to 20 ms and 200 ms to 2 s) but no effect 
at other intervals. This pattern is similar to the one we have observed in glutamate
mediated responses.

We also attempted to induce short- and long-term plasticity via high frequency 
stimulation (100 Hz for 1 to 3 s, 3 to 4 times). In the majority of cells high 
frequency stimulation induced post-tetanic potentiation, but in several cells we 
observed a short-term depression lasting 3 to 4 min. On average there was no 
significant long-term change in the response. In previous experiments with 
glutamate-mediated responses, we also observed on average no long-term change in 
synaptic efficacy. However, in that case the results were much more variable, with 
many instances of long-term depression and long-term potentiation. None of our 
GABAergic responses showed long-term potentiation.

Supported by grants from NIH (R29A612679, 2P01AG09793, F31MH11381).

645.16
Modulation of ventral tegmental area dopamine cell activity by the 
ventral subiculum
C. L. Todd* and A. A. Grace Depts. of Neuroscience and Psychiatry, Univ. 
Pittsburgh, Pittsburgh, PA, 15260

Chemical stimulation of ventral subiculum (vSub) has been shown to 
increase extracellular dopamine (DA) levels in the nucleus accumbens. In 
addition, electrical stimulation of vSub or fimbria fornix (Fi/Fo) has been 
shown to evoke an inhibition followed by an excitation in VTA DA cells, 
with this excitation containing burst-discharge events. We investigated the 
effects of chemical stimulation of the vSub on the electrophysiological 
activity of VTA DA neurons in anesthetized rats using single-unit 
recordings. After vehicle infusion into the vSub, 12.0 ± 2.8 spontaneously 
firing DA cells were recorded in 9 electrode tracks, which is similar to 
values previously obtained in intact rats. Their mean firing rate was 4.7 ±
0.6 spikes/sec, and their mean percentage of spikes fired • in bursts (% SIB) 
was 34.5 ± 4.7. In contrast, following infusion of O.75pg of NMDA into the 
vSub, 28.7 ± 4.0 DA cells were recorded in 9 electrode tracks. Their mean 
firing rate was 4.5 ± 0.3 spikes/sec, and the mean % SIB was 44.0 ± 5.9. 
These results suggest that the ventral subiculum potently modulates VTA 
DA cell activity, and that this modulation may selectively affect the number 
of spontaneously firing DA cells without significantly affecting firing rate or 
burst firing. Furthermore, these data strongly suggest that 'silent' Da cells 
are present in the VTA in the anesthetized rat, and can be activated under 
certain conditions, e.g. activation of the ventral subiculum. Supported by MH 
45156, 57440 (AAG) and an NSF predoctoralfellowship (CLT).

645.17 645.18
PALLIDO-STRIATAL INHIBITION OF FAST SPIKING
INTERNEURONS IN THE NEOSTRIATUM. T. Koós* & J. M. Tepper, 
Center for Molecular and Bahavioral Neuroscience and Program in Cellular and 
Molecular Biodynamics, Rutgers University, Newark, NJ 07102 USA.

Anatomical evidence shows that the pallido-striatal input preferentially targets 
GABAergic interneurons in the rat neostriatum. The effects of this inhibitory input on 
striatal fast spiking (FS) interneurons have not yet been characterized.

Whole cell recordings from physiologically identified FS interneurons were 
obtained in vitro in oblique horizontal slices from 23-25 day old Sprague-Dawley rats. 
E[Cl-jwas -60 mV. The globus pallidus (GP) was stimulated with bipolar electrodes 
with single shocks or triplets (250 Hz) of 0.2-3 mA and 0.5 ms duration stimuli.

Stimulation of GP evoked short latency (<5 ms) IPSPs in FS interneurons (n=2) 
of an average of 22 ms duration and -3.5 mV amplitude (measured at 5 mV below 
action potential threshold, lower trace). The response was depolarizing at rest and 
reversed near E[q-j.

Since FS neurons are strongly hyperpolarized and inactive at rest the effect of 
synaptic stimulation was tested on the firing of the intemeurons activated by 
intracellular injection of depolarizing current (0.4-0.8 nA). FS neurons fired 
spontaneous bursts at irregular intervals with constant intraburst frequencies of 30-60 
Hz under this condition. Bursts could be initiated by injecting short (10-30 ms) 
hyperpolarizing current pulses (5-10 mV deflections).
We found that GP evoked IPSPs are also capable of
initiating the firing of a burst (upper trace). This
paradoxical activation suggests that depending on the
temporal pattern of in vivo activity within the
population of GP neurons innervating a FS cell

THE CONTROL OF SPIKING BY SYNAPTIC INPUT IN STRIATAL MEDIUM 
SPINY NEURONS: AN IN VITRO STUDY USING DYNAMIC CURRENT 
CLAMPING. J. E. Hanson. L. A. Hill, and D. Jaeger*. Dept. of Biology, 1510 
Clifton Rd., Emory University, Atlanta GA 30322.

Medium spiny cells receive thousands of excitatory cortical and thalamic inputs 
every second, yet the output of these cells is only in the range of 1-10 spikes per 
second. We addressed the question of how so many inputs may be integrated using 
whole cell, recording in the rat brain slice preparation. Input conductances were 
constructed by computer simulation to reflect the total activity of excitatory and 
inhibitory synapses, and were applied with dynamic current clamping. We found 
that a baseline level of excitation was required to push cells into an up state from 
which spikes could be triggered. By repeating the same input patterns multiple times 
we determined that a large proportion of spikes was accurately timed within ±1 ms 
across trials, indicating that our input conductances controlled the output spike 
pattern. Spike-triggered averaging showed that there was a significant increase in 
excitatory input preceding many spikes. This result confirms previous findings that 
once in the up state, additional synchronous excitatory input can trigger spiking. 
Surprisingly, a reduction in inhibition prior to spiking was found to be even more 
consistently present than the increase in excitation. Even a small reduction in 
inhibition could trigger a spike without requiring additional excitation. These 
findings suggest that the activity of striatal inhibitory intemeurons may have a large 
influence on spike timing of striatal medium spiny neurons. Furthermore, normal 
activity patterns in medium spiny neurons may depend on the presence of a 
continuous baseline of inhibitory as well as excitatory inputs.

645.19

EXPRESSION OF A DOPAMINE D2 RECEPTOR-ACTIVATED K+ CHANNEL ON 
IDENTIFIED STRIATOPALLIDAL AND STRIATONIGRAL NEURONS. B.L. 
Waszczak*, LP, Martin, G.J. Greif and J.E. Freedman. Department of 
Pharmaceutical Sciences, Northeastern University, Boston, MA 02115.

One view of the efferent circuitry of the basal ganglia holds that dopamine Di and 
D2 receptors are segregated to striatonigral and striatopallidal neurons, respectively. 
We investigated whether functional D2-like receptors are in fact restricted to 
striatopallidal neurons. Single freshly dissociated cells from rat striatum were 
identified as either striatonigral or striatopallidal projection neurons by fluorescence 
retrograde labeling. Using cell-attached patch-clamp recordings, neurons of each 
efferent group were evaluated for the presence -of a D2-like receptor-activated 85 pS K+ 
channel as a measure of receptor function. We now report the presence of this D2 
reccptor-mediatcd response on both striatal efferent populations, but observed an 
approximately 2-fold higher likelihood of encountering the channel on pallidal- versus 
nigral-projecting neurons. Specifically, the channel was observed -on 8 (17%) of 47 
striatonigral and 9 (38%) of 24 striatopallidal neurons. The channel’s conductance 
properties, as assessed from current-voltage plots, appeared identical in both 
populations, suggesting that the 85 pS K+ channel expressed on the two cell groups is 
likely the same molecular entity. To assess possible differences in D2 receptor density 
or functional modulation of channel gating for the two efferent populations, the 
fractional open probability (Po) of individual channels was determined from all-points 
amplitude histograms. There was a significantly greater open probability for channels 
detected on striatopallidal versus striatonigral neurons (0.76 versus 0.48, p<0.01). 
These results indicate that functional D2 receptors are not segregated to striatopallidal 
neurons, but may be expressed in a higher proportion of, or at a higher density and/or 
efficiency of coupling on, pallidal- versus nigral-projecting striatal efferents. 
Supported by NS 23541 (BLW) and MH 48545 (JEF).

645.20
HYPERPOLARIZATION CHANGES THE FIRING MODE OF RAT 
SUBTHALAMIC NUCLEUS NEURONS BY ENABLING GENERATION 
OF A PLATEAU POTENTIAL. W.-J. Song*,T. Otsuka, and F. Murakami, 
Lab. of Neurosci., Div. of Biophys. Engn., Grad. Sch. of Engn. Sic., Osaka 
Univ., Toyonaka 560-8531, Japan.

The subthalamic nucleus (STN) controls the output of the basal ganglia by 
exerting excitatory effect on its output structures. Blockade of the activity of STN 
neurons induces severe motor defects. It is therefore important to understand how the 
activity of the STN neurons is regulated. We have studied the contribution of intrinsic 
membrane properties to the regulation of the activity of STN neurons.

Whole-cell recordings were obtained from visually identified STN neurons in thin 
slices from P10-20 rats. At resting membrane potentials (—60 mV), depolarizing 
spontaneous synaptic potentials were observed at irregular intervals, with action 
potentials triggered' occasionally at the peak of the synaptic potentials. When the 
membrane potential was hyperpolarized to -70—80 mV by injecting a constant current, 
spontaneous synaptic potentials apparently increased in amplitude and triggered a short 
train of spikes which was followed by a plateau potential. Asa result, the membrane 
potential exhibited episodes of hyperpolarization interrupted by depolarizing episodes 
each of which was associated with a short train of spikes. Thus hyperpolarization 
turned the firing mode of STN neurons (a subset, 34/73) into a bursting mode. 
Application of a low-threshold Ca2+ channel blocker amiloride (250 pM) blocked the 
generation of plateau potential. The duration of plateau potentials were greatly reduced 
by an L-type calcium channel blocker nifedipine (10 pM; n=5) and enhanced by a 
potassium channel blocker TEA (50 mM; n=2).

These results suggest that synaptic potentials in STN neurons can trigger a low- 
threshold Ca2+ spike which is available only at hyperpolarized potentials; the low- 
threshold Ca2+ spike subsequently recruits a plateau potential which is Ca2+- and K+- 
dependent. These intrinsic membrane properties may contribute to the generation of 
bursting activity of STN neurons observed in vivo. (Supported by Japan MESSC)
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646.1
LOW DOSES OF Dj AGONIST INHIBIT GABAa CURRENTS IN RAT 
NEOSTRIATUM MEDIUM SPINY NEURONS. Toree Flores-Hernandez, 
Salvador Hemapdg^Joan Qpris* and D. James Syirmeigr. Dept. of 
Physiology/NUIN, Northwestern U. School of Medicine, Chicago, IL 60611.

Dopamine is a potent modulator of several voltage-dependent ionic 
conductances in striatal medium spiny neurons. In addition, dopamine has 
been reported to modulate ionotropic glutamate receptors. Other ligand 
gated receptors may be targeted by dopamine receptors. We have recently 
shown that Ds receptor stimulation in cholinergic intemeurons increases a 
Zn2+ sensitive GABAa receptor mediated current. It is unclear whether 
similar modulatory mechanisms are mediated by D2 receptors in medium 
spiny neurons.

Whole cell voltage clamp recordings were obtained from cultured and 
acutely isolated rat medium spiny neurons. At low concentrations (100 nM-1 
pM), the Dj agonist SKF 81297 reduced whole cell currents evoked by GABA 
by 15-40%. These responses were antagonized by SCH 23390. Low 
concentrations (50-200 nM) of the cAMP analogs cpt-cAMP or cBIMPS 
mimicked this effect. Rp-cAMPs blocked the receptor mediated effect. 
Protein phosphatase inhibitors (okadaic acid and calyculin A), potentiated 
the modulation. In contrast, high agonist concentrations (10 pM) increased 
GABA evoked currents, as previously reported. To identify the targets of 
these signaling cascades, single neurons were profiled for GABAa receptor p 
subunits using single cell RT-PCR. These studies revealed that (31 and (33 
mRNAs were consistently coexpressed. Antisense experiments are underway 
to determine whether the differential regulation of these subunits underlies 
the impact of strong and weak Di receptor stimulation.- This work was 
supported by NIH grants NS 34696 and MH 40899.

646.2

SODIUM PUMP EVOKES HIGH DENSITIY CURRENTS IN RAT 
MIDBRAIN DOPAMINE NEURONS. k-Z. Shen* and S.W, Johnson. 
Dept. of Physiology & Pharmacology, Oregon Health Sciences 
University, Portland, OR 97201.

Pipettes contained various concentration of Na+ ([Na+]pip) in order to 
record strophanthidin-sensitive currents under voltage-clamp in 
dopamine neurons in slices of rat substantia nigra and ventral tegmental 
area. When [Na+]pip was 40 mM and [K+]o was 2.5 mM, strophanthidin 
(lOpM) evoked 461 ± 121 pA of inward current. This effect was 
concentration-dependent, with an EC50 of 7.1 ± 2.6 gM. Strophanthidin 
currents were not associated with significant conductance change at -60 
to -120 mV. Strophanthidin (10 pM) evoked 234 ± 43 and 513 ± 77 pA 
of inward current when [Na+]pip was 0.6 and 80 mM, respectively. 
Sodium pump currents were half-maximal when the [Na+]pip was about
1.3 mM. Maximum pump current was estimated at 830 pA at saturating 
concentration of intracellular Na+ (50 - 100 mM). Strophanthidin 
currents were smaller in a reduced [K"]o. Our results show that 
intracellular Na+-loading evokes relatively large pump, which are 
consistent with the physiological role of the sodium pump in burst firing 
in midbrain dopamine neurons. Supported by PHS grant NS31889.

646.3
D2 AND D4 DOPAMINE RECEPTORS MODULATE NEUROTRANSMITTER 
RELEASE: ELECTROPHYSIOLOGICAL EVIDENCE FROM RECEPTOR 
DEFICIENT MUTANT MICE. K.L. Altemus1*, C. Cepeda1, J-C. Liu1, R.S. Hurst1, M.A. 
Ariano2, M.J. Low3, M. Rubinstein3, D.K. Grandv4 and M.S. Levine1. ‘MRRC, UCLA, 
LA, CA 90024; 2N euro sci., FUHS/CMS, North Chicago, IL 60064;3 Vollum Inst, and 
“Dept. of Physiol. & Pharmacol., OHSU, Portland, OR 97201.

Dopamine (DA) D2 family receptors have been implicated in inhibitory processes in 
the striatum and cortex. The present studies used intracellular recording techniques in 
striatal and cortical slices to assess changes in DA receptor function in D2 and D4 receptor 
deficient mice. In the striatum, we examined corticostriatal transmission in D2 receptor 
deficient mice because of the high abundance of this receptor subtype in this area and its 
putative presynaptic role. In the mutants but not in control littermates, both high 
amplitude (10-15 mV) membrane oscillations and low amplitude (2-5 mV) spontaneous 
depolarizations occurred. These potentials appeared to be mediated by activation of non- 
NMDA receptors as they were blocked by 6-cyano-7-nitroquinoxaline-2,3-dione. The 
low amplitude spontaneous potentials were enhanced in the presence of 4-aminopyridine 
(4-AP, 100 pM) and the GABAa antagonist, bicuculline (BIC, 10//M).This enhancement 
was greater in the D2 mutants than in their littermate controls. These findings provide 
evidence that D2 receptors may regulate glutamate release from corticostriatal terminals. 
In the neocortex, we examined changes in spontaneous activity from D4 mutants because 
this receptor subtype has been localized to cortical pyramidal cells and intemeurons. 
Slices from mutants and control littermates were bathed in 4-AP (100//M) and BIC 
(10/yM). Rhythmic, cortical epileptiform activity was induced more frequently in the 
cells from D4 mutants than from controls suggesting that the D4 receptor has an inhibitory 
role. Taken together, D2 family receptors may play a gatekeeper role in striatum and 
cortex and the absence of these receptors may expose neurons to increased transmitter 
release. Supported by USPHS Grants NS 35649, NS 33538 (MSL) and DA 9620 (DKG).

646.4
DOPAMINE MODULATION OF EXCITATORY AMINO ACID-INDUCED 
CURRENTS IN RAT SUBTHALAMIC NUCLEUS NEURONS. J.N. Itri, C.Cepeda,
D.L. Birt* and M.S. Levine. Mental Retardation Research Center, University of 
California, Los Angeles, CA 90095.

We have previously demonstrated that dopamine (DA)-induced modulation of 
responses mediated by activation of glutmate receptors is dependent upon the subtype 
of glutamate receptor activated. N-methyl-D-aspartate (NMDA)-evoked responses in 
medium-sized neostriatal neurons are potentiated by DA. Responses induced by 
activation of non-NMDA receptors are attenuated. The aim of the present study was to 
characterize the modulatory effects of DA on NMDA- and kainate (KA)-induced 
currents in the rat subthalamic nucleus (STN). Whole-cell patch-clamp recordings were 
used in conjuction with infrared videomicroscopy for cell identification. All recordings 
were made from neurons in the STN of rat pups (16-20 days of age). The location of 
patched neurons was verified by filling cells with biocytin and counterstaining the brain 
slice with cresyl violet. NMDA, KA and DA were applied iontophoretically. DA 
produced mixed effects on peak NMDA-evoked currents (5/11 increased, 2/11 
decreased, 4/11 did not change). In contrast, in the same group of neurons DA reversibly 
increased KA-evoked currents in the majority of cells examined (8/10 increased, 2/10 
did not change, one cell was not tested). The increase in peak inward current was 
statistically significant [252±21 versus 278+26 pA (mean+S.E); t=3.92, df=9, p=0.004]. 
Blockade of tetrodotoxin-sensitive Na+ and Cs+/tetraethylammonium-sensitive K+ 
conductances did not alter the ability of DA to enhance KA currents. Thus, as in the 
striatum, DA modulation appears to be dependent upon the glutamate receptor subtype 
activated. However, the direction of DA modulation in the STN is different. These 
results suggest that the possible mechanisms for DA-mediated enhancement of KA 
currents are unique, considering that NMDA currents in the same neurons failed to 
display enhancement in the presence of DA. Supported by USPHS Grants NS35649 and 
NS33538.

646.5

PATTERNS OF EXPRESSION OF mGLuR SUBTYPES la AND 2/3 IN THE 
RAT STRIATUM DURING DEVELOPMENT. E.R. Garduno.N.A. Buchwald* 
and M.S. Levine. Mental Retardation Research Center, University of California, 
Los Angeles, CA 90095.

In the developing brain, metabotropic glutamate receptors (mGluRs) have 
been implicated in a number of regulatory processes including mechanisms 
underlying cell growth and synaptic development and plasticity. The purpose of 
the present study was to examine the developmental patterns of expression 
associated with mGluR subtypes in the rat striatum. Using standard 
immunohistochemical techniques and commercially available antibodies, we 
assessed changes in expression of mGluRla and mGluR2/3 at postnatal days 
(PNDs) 0,1,7,14,21, and in the adult (2-3 months). For mGluRl a, the neuropil 
of the striatum was stained throughout development and displayed a patch-like 
pattern of expression at PNDs 0 and 1 which disappeared after PND 7. In 
addition, this subtype displayed intense immunoreactivity in the subcallosal 
streak at PNDs 0, 1 and 7. mGluR2/3 immunoreactivity was expressed in the 
white matter of the striatum and in fibers in the corpus callosum at PNDs 0 and
1. By PND 7, the white matter staining became less intense as neuropil staining 
became more intense. By PND 14, and in older animals, staining was most 
prominent in the neuropil and fiber staining was less visible but still occurred 
in the corpus callosum and the anterior commissure. Developmental changes in 
the expression of mGluR2/3 may parallel changes that occur during 
synaptogenesis associated with maturing corticostriatal afferents since they 
follow similar time courses. Synaptic density increases markedly after PND 7 
and appears to peak at about PND 21. Supported by USPHS Grant NS35649.

646.6

EFFECTS OF CALCIUM CHANNEL ANTAGONISTS ON DOPAMINE 
POTENTIATION OF NMDA-INDUCED DEPOLARIZATIONS IN 
STRIATUM. J-C. Liu*, C. Cepeda and M.S. Levine. Mental Retardation 
Research Center, UCLA, Los Angeles, CA 90095.

In previous whole-cell patch clamp studies, dopamine, acting on D, receptors, 
produced enhancement of NMDA-mediated responses. This effect was reduced 
by blocking Ca2+ currents. The present study examined the effects of Ca2+ 
channel blockers on the D,-mediated modulation. Membrane potential changes 
of striatal neurons were recorded from rat brain slices using current-clamp 
techniques. Iontophoretically applied dopamine (+40 to +80 nA) or the D, 
agonist, SKF 38393 (+2 to +60 nA), caused current-dependent potentiation of 
NMDA-induced depolarizations. Short pulses (10 s) of SKF 38393 consistently 
produced potentiation of NMDA responses while prolonged iontophoresis (over 
2 min) caused attenuation of NMDA responses. Iontophoresis of Cd2+ (+20 to 
+150 nA) reduced the dopaminergic effects in a current-dependent maimer. At 
higher currents, Cd2+ also reduced the NMDA-mediated depolarization. In 
contrast to whole-cell patch clamp studies, perfusion of methoxyverapamil (100 
pM) or nifedipine (10 pM) produced only a small attenuation of dopamine’s 
potentiating effects. This difference may be due to the contribution of voltage- 
sensitive Na+ and K+ conductances in the current-clamp study. These results 
provide additional evidence that activation of Dj receptors facilitate Ca2+- 
dependent conductances which contribute to dopamine modulation of NMDA 
responses. Furthermore, different Ca2+ channel antagonists appear to vary in their 
ability to alter D, receptor-dependent modulation of NMDA responses. 
Supported by USPHS Grants NS 35649 and NS 33538.
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646.7
DIFFERENTIAL SENSITIVITY OF MEDIUM AND LARGE STRIATAL 
NEURONS TO NMDA RECEPTOR ACTIVATION. C. Cepeda*, J.N. Itri and
M.S. Levine. Mental Retardation Research Center, University of California, Los 
Angeles, CA 90095.

This study compared the sensitivity of large- and medium-sized striatal neurons 
to excitatory amino acid (EAA) receptor activation using morphological and 
electrophysiological techniques. A method that we have used to examine effects 
of EAA receptor activation consists of visualizing neurons in slices with infrared 
videomicroscopy and differential interference contrast optics to determine 
changes in somatic area (cell swelling) after agonist application. In the present 
study we compared N-methyl-D-aspartate (NMDA)- and kainate-induced cell 
swelling in medium- and large-sized striatal neurons. Increasing concentrations 
of NMDA produced a dose-dependent increase in somatic area in medium-sized 
neurons. In contrast, similar concentrations produced only minimal changes in 
somatic area in large neurons. Application of kainate produced similar swelling 
of both large- and medium-sized cells. In another group of cells, whole cell 
patch-clamp recordings were performed to estimate current densities. NMDA 
currents were significantly smaller in large- than in medium-sized striatal 
neurons while kainate-induced currents were approximately similar. In addition, 
a number of large neurons displayed less voltage-dependent NMDA receptor 
activation than medium-sized neurons. We hypothesize that differences in 
NMDA receptor subunit composition underlie the differential vulnerability of 
medium- and large-sized striatal neurons to NMDA challenge. The present 
observations may be particularly relevant to understand the selective sparing of 
large intemeurons in Huntington’s disease. Supported by USPHS Grants NS 
35649 and NS 33538.

646.8
LATE DEVELOPMENT OF NMDA RECEPTOR-MEDIATED SYNAPTIC 
CURRENT IN THE RAT STRIATUM. R. S. Hurst, J. P. Villablanca* and M. S. 
Levine. Mental Retardation Research Center, UCLA, Los Angeles, CA 90095.

The NMDA subtype of glutamate receptor plays a dominant role in excitatory amino 
acid (EAA)-mediated synaptic transmission during early postnatal development in 
essentially every brain region examined. Here we report that in the rat striatum NMDA 
receptor-mediated synaptic current develops relatively late in the medium-sized neurons 
compared to that of non-NMDA receptors. Medium-sized neurons were identified in 
a slice preparation using infrared video microscopy and voltage-clamped using the 
whole-cell patch-clamp technique. Excitatory synaptic current was evoked by 
intrastriatal stimulation in the presence of the GAB Aa receptor antagonist bicuculline. 
Though most cells from animals younger than postnatal day (PND) 10 failed to respond 
to a stimulating pulse, postsynaptic responses were occasionally evoked in cells as 
young as PND 5. Synaptic currents from cells between PND 5 and PND 7 had a large 
contribution by non-NMDA receptors as evidenced by the fast kinetics and sensitivity 
to the non-NMDA receptor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX). 
The relative contribution of the NMDA receptors was determined by the ratio of the 
current amplitude at -20 mV in the presence of CNQX to the current at -70 mV prior to 
the addition of CNQX. This analysis showed that the relative contribution of NMDA 
receptors increased approximately two fold from the first to the third postnatal week; no 
further change was observed through PND 60. At roughly the same time that the 
NMDA receptors contributed maximally to the synaptic current, the decay time constant 
of the NMDA receptor-mediated current decreased from -166 ms to -92 ms. The 
increasing weight of NMDA receptor-mediated current may reflect a change in the 
number of functional synaptic receptors since there was no change in the voltage- 
dependence of the current. Thus, unlike other brain regions, NMDA receptors in the 
striatum do not peak in their contribution to EAA-mediated synaptic transmission until 
about the third postnatal week. Supported by USPHS Grants NS35649 and NS33538.

646.9
BOTH AMPHETAMINE AND CART PEPTIDE SUPPRESS PREFRONTAL 
CORTICOACCUMBENS SYNAPTIC TRANSMISSION. A.A. Grace .M.J. 
Kuhar2. P.P. Lambert2. P.R. Coucevro 2, S-P. Onti* Departments of Neuroscience & 
Psychiatry, University of Pittsburgh, Pittsburgh, PA 15260. 2Yerkes Regional Primate 
Center, Emory University, Atlanta, GA 30329.

Acute administration of psychostimulants induces expression of CART (cocaine- 
and amphetamine-regulated transcript) peptides in the nucleus accumbens (NAc). In 
this study, we used combined in vitro intracellular recording and labelling techniques 
to examine the effects of CART peptide on the intrinsic membrane excitability and 
excitatory synaptic transmission in morphologically identified NAc neurons. Current- 
clamp recordings were obtained from fifteen MAc neurons^ prefrontal cortical-evoked 
synaptic responses were elicited in 6 of these neurons by the white matter stimulation. 
All recorded neurons that were stained by neurobiotin injection (N=l 5) exhibited a 
medium spiny morphology. Bath application of CART (82-103) to PFC-NAc slices 
was found to either decrease the probability or completely suppress spike discharge in 
accumbens spiny neurons in which PFC synaptic responses were elicited prior to drug 
application (4 out of 9 cells recorded). This synaptic suppression occurred in absence 
of any significant changes in the postsynaptic membrane conductance or excitability 
(N=9), suggesting a presynaptic site of action. Furthermore, this suppression did not 
wash out readily; instead, the EPSPs were suppressed to 23 ± 2.7% of pre-drug 
baseline at 1-1.5 hr. Subsequent application of dopamine-related antagonists (i.e., 
SCH23390, haloperidol, clozapine) did not reverse this synaptic depression. Similar 
observations were made in 6 other NAc neurons in response to d-amphetamine (10- 
30pM). These results indicate that CART peptides appear to act similar to d- 
amphetamine in their suppression of prefrontal cortico-accumbens synapse thereby 
decreasing the efficacy of PFC excitatory transmission in the nucleus accumbens. 
(Support: MH 01055, MH 57440 & DA 10732).

646.10
6-OHDA-INDUCED LESIONS IN THE SUBSTANTIA NIGRA ENHANCE VENTRAL 
PALLIDAL NEURONAL RESPONSES TO NMDA. M.S. Turner* and T.C. Napier. 
Dept. of Pharmacol, and the Neuroscience Program, Loyola Univ. Chicago, Sch. of 
Med., Maywood, IL 60153.

Lesions in the substantia nigra increase neuronal activity in the subthalamic 
nucleus (DeLong, Science 249:4957,1990). The hyperactive subthalamic nucleus 
may alter AMPA and NMDA receptor message in its projection sites (Bernard et al, 
J Comp Neurol 368:553,1996). We demonstrated that the ventral pallidum (VP) 
receives an excitatory input from the subthalamic nucleus that activates NMDA and 
AMPA receptors. To determine if VP responses to NMDA or AMPA are altered by 
nigra lesions, electrophysiological experiments were conducted in chloral hydrate- 
anesthetized rats 21-28 days after they received unilateral injections of 6-OHDA 
(8pg/4ql) into the substantia nigra. When VP neurons ipsilateral to the lesions 
(n=19) were compared to those obtained in unlesioned controls (n=19 neurons), no 
change in the firing frequency or pattern, or number of cells per tract was found. 
With iontophoretic applications of NMDA (50 mM) and AMPA (10 mM), all recorded 
VP neurons increased firing at low ejection currents, whereas higher currents 
decreased firing (presumably due to a depolarization block). This response profile 
differed between the control and the lesioned state. For NMDA, the maximal firing 
rate prior to depolarization block (MAX) decreased from 31 to 19 spikes/sec, as did 
the iontophoretic current required to achieve MAX (from 70 to 40 nA), and the 
ejection current producing 50% maximal firing frequency (cur50; from 30 to 15 nA). 
The MAX for AMPA decreased slightly (from 26 to 19 spikes/sec), but the current 
required for MAX (45 nA) and the cur50 (19 nA) did not change. In sum, nigral 6- 
OHDA treatments increase the sensitivity of VP neurons to NMDA. The 
observation that NMDA-induced depolarization block occurred at lower firing rates 
indicates that the physiological state of VP neurons also may be altered. The 
potential relationship of these findings to current circuitry models of Parkinson’s 
Disease will be discussed. Work is supported by a USPHSG NRSA #MH11607 to 
MST and Loyola Univ. Graduate School.

646.11

EFFECTS OF INDIVIDUAL AND CONCURRENT-STIMULATION OF STRIATAL 
D, AND D2 DOPAMINE (DA) RECEPTORS ON BEHAVIORAL AND 
ELECTROPHYSIOLOGICAL OUTPUT OF THE RAT BASAL GANGLIA. L.P. 
Martin*, H. Finlay, J.R. Stellar and B.L. Waszczak. Depts. of Pharmaceutical 
Sciences and Psychology, Northeastern University, Boston, MA 02115.

Bilateral infusions into the rat ventral-lateral striatum (VLS) of mixed D,/D2 
agonists cause a robust behavioral activation consisting of primarily oral movements 
and sniffing. However, contrary to a key prediction of the basal ganglia model, these 
infusions did not cause an inhibition of firing of substantia nigra pars reticulata (SNr) 
neurons. Indeed, during the period of peak behavioral activation, we noted an average 
increase in SNr firing (Soc. Neurosci. Abst. 23: 190, 1997). Here, we have assessed 
the effects of bilateral infusions into VLS of drug combinations intended to selectively 
stimulate Dj, D2, or both receptors concurrently. Selective stimulation of D2 receptors 
by infusions of the D2 agonist quinpirole (QUIN; 30 pg/pl) + the Dj antagonist SCH 
23390 (10 p.g/p.1) failed to elicit a behavioral response, and caused only modest and 
variable changes in SNr cell firing (n= 13). On the contrary, selective stimulation of 
Di receptors by infusions of the Dj agonist SKF 82958 (SKF; 10 pg/pl) + the D2 
antagonist YM 09151-2 (2 pg/pl) caused a modest but sustained increase in oral 
movements, although not to the same extent as with Di + D2 stimulation. Likewise, 
we observed changes >±20% of baseline for 8 of 11 SNr cells, and the average 
response was again an increase in firing. Finally, when the Dt agonist (SKF) and D2 
agonist (QUIN) were infused concurrently, effects of the mixed Di/D2 agonists were 
reinstated, i.e. robust oral movements and sniffing occurred over the same time period 
that 7 of 10 SNr cells exhibited marked (>±20%) changes in firing, again with an 
average increase in firing. These data confirm and extend our earlier finding that 
concurrent D| + D2 stimulation in VLS of normal, unlesioned rats elicits a strong 
behavioral response that is correlated temporally with a net excitation rather than 
inhibition of SNr firing, whereas selective Di, but not D2, receptor stimulation evokes 
a similar pattern but lower magnitude of these responses. Supported by NS 23541.

646.12
A SUBTLE UNILATERAL 6-OHDA LESION, SPECIFIC OF THE A9 CELL-GROUP, 
CHANGES THE A9 AND A10 FUNCTION IN BEHAVIORAL PROGRAMS OF TWO 
TYPES OF WISTAR RAT. R.V. van Oosten*, S.V. van de Witte, P. Voom, H.J. 
Groenewegen, J.C. Stoof, and A.R. Cools. Psychoneuropharmacology, Univ. of Nijmegen,
P.O.9101,6500HB, Nijmegen, The Netherlands.
Unilaterally 6-hydroxydopamine (6-OHDA) lesioned rats are often used for the in vivo 
evaluation of putative antiparkinson agents. The goal of our study was to improve the 
validity of this model. Male High Responders (HR) and Low Responders (LR) to novelty 
(Wistar rats: ± 200 gr.) that were selected according to previously described procedures, 
received either a sham operation (controls; HR: n=l 1; LR: n=9), 1 or 5 pg/pl 6-OHDA 
(right A9); adrenergic neurons were protected by desimipramine (25 m/kg, ip). In 
comparison with control rats, LR with a large lesion (1-LR; n=12), but neither LR with a 
small lesion (s-LR; n=8) nor HR with a large (1-HR; n=l3) or small lesion (s-HR; n=l 1) 
showed strong apomorphine-induced turning towards the left, illustrating that only LR, and 
HR only to a less extent, with a large lesion developed supersensitivity of dopaminergic 
receptors in the A9 terminal region. S-LR, but none of the other rats, showed changes in 
novelty-induced open field behavior that are characteristic and selective for an enhanced 
activity of A10 neurons, suggesting that the lesion produced a hyperfunction of A10 neurons 
in LR, but not HR. In comparison with control rats, already s-LR and, to greater degree, 1- 
LR, but not s-HR and 1-HR comparable to s-LR showed a reduction in preference for the left 
hindlimb in the "paw test", illustrating that especially LR suffered from a hypofunction of 
the A9 system. It is concluded that a subtle lesion in A9 cells reveals two distinct types of 
lesion-induced processes of which their occurrence depends on lesion size and the 
individual-specific features of dopaminergic neurons: apart from fire known supersensitivty 
of dopaminergic receptors in the A9 terminal region, it produces a shift in the function A9- 
A10 balance in favor of a dominance of the A10 system. This improved 6-OHDA model 
not only allows a more concise evaluation of putative antiparkinson agents, but also helps us 
to understand why PD patients can compensate their A9-specific "shifting aptitude disorder" 
by adhering to the AlO-specific capacity to assess externally guided strategies.
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646.13

THE ROLE OF D2, D3 AND D4 DOPAMINE RECEPTORS IN 
AMPHETAMINE-STIMULATED MOTOR BEHAVIOR AND 
FOS EXPRESSION IN THE RAT STRIATUM. G.J. LaHoste*, 
B.L. Henry and J.F. Marshall. Department of Psychobiology, University of 
California, Irvine, CA 92697-4550.

Dopamine agonists elicit motor behavior and immediate-early gene 
expression via a synergistic interaction of DI and D2 receptors. 
Although the mechanism of this interaction is unknown, recent findings 
on the cellular co-localization of members of the DI (D„ D5) and D2 
(D2, D3, D4) subfamilies limit the number of candidate hypotheses. In 
striatal cells expressing Fos in response to amphetamine, Dj receptors 
are abundant and often co-localized with D3 or D4 receptors, but rarely 
with D2 receptors (Surmeier et al., J Neurosci 16:6579, 1996). In the 
present experiment, novel D2-, D3- and D4-selective antagonists were 
given to rats 30 minutes prior to amphetamine (5 mg/kg) or saline and 
the resulting effects on behavior and striatal Fos expression were 
examined. Amphetamine-stimulated rearing and sniffing were strongly 
attenuated in a dose-dependent manner by the selective D2 antagonist L- 
741,626 (3.2-10 mg/kg), but not by the selective D3 antagonist U- 
99194A (16 mg/kg) or the D4 antagonist L-745,870 (10 mg/kg). 
Similarly, striatal Fos expression induced by amphetamine was 
attenuated by the higher dose of the D2 antagonist, but not by the D3 or 
D4 antagonists. These data suggest that amphetamine-stimulated 
behavior and Fos expression in the striatum do not depend on D3 or D4 
stimulation but rather are mediated by a synergistic interaction 
specifically between D, and D2 receptors, which are rarely found within 
the same neuron. (Supported by MH49690 andNS22698.)

646.14

DI AND D2 DA RECEPTORS IN THE GLOBUS PALLIDUS ME
DIATE IN PART THE TURNING BEHAVIOR INDUCED BY 
APOMORPHINE IN 6-OHDA LESIONED RATS. A. Galvan*,
B. Floran, A. Delgado and J. Aceves. Departamento de Neurociencias. 
CINVESTAV-IPN. 07300 México, D.F. México.

DA receptors in the rat pallidum appear to play a critical role 
modulating the flow of motor information through the indirect pathway. 
To test whether apomorphine-induced turning was mediated by 
dopamine receptors in the globus pallidus, we studied whether DI and 
D2 antagonists applied into the pallidum affected the apomorphine- 
induced turning in rats with 6-OHDA unilateral lesions of the 
mesostriatal DA innervation. 6-OHDA was applied into the mfb to 
produce the lesion. The antagonists were applied into the globus pallidus 
through a guide cannula previously implanted just above the nucleus. 
Apomorphine (0.5 mg/kg s.c.) induced contralateral turning. Sulpiride 
(176 pmoles/1 pi) reduced by 50% the maximum turning induced by 
apomorphine. SCH 23390 (185 pmoles/1 pi) also reduced by about the 
same percentage apomorphine turning. The effect of both antagonists 
was dose-dependent. The simultaneous injection of both antagonists did 
not reduce further the number of turns. These results suggest that both 
DI and D2 receptors in the globus pallidus mediate, in part, the 
contralateral turning behaviour induced by apomorphine in rats with 
unilateral lesions of the dopaminergic innervation of the basal ganglia. 
Supported by a grant (3539P-N) from CONACYT (México)

646.15
EARLY TRANS-SYNAPTIC EFFECTS IN MICE WITH TARGETED 
EXPRESSION OF A TOXIN GENE TO DI DOPAMINE RECEPTOR 
NEURONS. S. Ross, P. Padungchaichot, J.Y.F. Wong, J.S, Massalas, A.L, Natoli, 
T. Aumann*, D.L Finkelstein and John Drago. Neurosciences Group, Dept. of 
Anatomy, Monash University, Wellington Road, Clayton, Victoria, Australia.

The expression of DI and D2 dopamine receptors and neuropeptides were examined 
in postnatal day 4 (P4) mutant mice generated by the insertion of a diphtheria toxin 
gene into the DI dopamine receptor (DIR) locus. DIR, substance P and dynorphin 
mRNA were not detectable by in situ hybridisation. Quantitative in situ hybridisation 
analysis showed a 22% increase in D2 dopamine receptor (D2R) mRNA and a 26% 
increase in enkephalin mRNA expression levels in the striatum of mutant pups. 
Receptor autoradiographic studies confirmed the lack of Dl-like binding in the 
mutant brain with a 33% reduction in striatal D2-like binding. The nigrostriatal 
pathway in the mutant pups is intact with normal expression of dopamine transporter 
(DAT) and tyrosine hydroxylase immunoreactivity, however, quantitation of DAT 
density using [3H]-mazindol showed a reduction of 26%. Furthermore, vesicular 
acetylcholine transporter (VAChT) immunohistochemistry performed to identify 
nascent cholinergic intemeurons revealed an increase in the number of VAChT 
positive ceils, whereas, the number of neuropeptide Y intemeurons was 
downregulated in the mutant striatum.

This study was supported in part by the National Health & Medical Research Council 
of Australia, the Australian Commonwealth Department of Veterans Affairs.

646.16
DELAYED TRANS-SYNAPTIC EFFECTS IN MICE WITH TARGETED 
EXPRESSION OF A TOXIN GENE TO DI DOPAMINE RECEPTOR 
NEURONS. J.Y.F. Wong, P. Padungchaichot, J.S. Massalas, A.L, Natoli, D.I. 
Finkelstein* and J. Drago. Neurosciences Group, Dept. of Anatomy, Monash 
University, Wellington Road, Clayton, Victoria, Australia.

A model of movement disorder has been created by expressing the attenuated form 
of the diphtheria toxin gene exclusively in DI dopamine receptor (DIR) positive 
cells. Mutant pups showed myoclonic jerks, periodic breathing and changes in 
baseline .locomotor activity. Most pups died in the first postnatal week but some 
survived to 4 weeks. This study focussed on the neurochemical changes in the 
striatum of the older pups (P14-P19). As found in younger pups (P4), DIR, 
substance-P and dynorphin mRNA expression was not detected by in situ 
hybridisation. In contrast, quantitative in situ hybridisation showed a 43% increase in 
D2 dopamine receptor (D2R) mRNA and a 52% increase in enkephalin mRNA 
levels. Receptor autoradiographic studies also confirmed the lack of Dl-like binding 
in the mutants but showed a significant 53% increase in striatal D2-like binding in 
contrast to P4 mutant pups that have a 33% decrease in D2-like binding. 
Autoradiographic quantitation of dopamine transporter (DAT) using [3H]-mazindol 
binding showed a 28 % increase in DAT density, confirming a trans-synaptic effect 
on the nigrostriatal pathway. The parallel increase in both D2R mRNA and protein, 
enkephalin mRNA level and the increase in DAT density may result from 
compensatory increase in activities in D2R neurons, or changes in dopaminergic 
projection neurons respectively, seen after the loss of DIR neurons. These sustained 
compensatory mechanisms may underlie the longer survival of some mutant progeny.

This study was supported in part by the Australian National Health & Medical 
Research Council and Commonwealth Department of Veterans Affairs.

BASAL GANGLIA: DOPAMINE III

647.2647.1

ESTABLISHMENT AND CH/JLACTERIZATION OF A NEURONAL CELL 
LINE DERIVED FROM THE SUBSTANTIA NIGRA OF THE ADULT RAT. C 
Arriagada", R. Caviedes" and P. Caviedes+O*. "Program of Physiology & 
Biophysics; iCBM, Faculty of Medicine, Univ. of Chile, and °Centro de Estudios 
Científicos de Santiago, Chile.

The Substantia Nigra (SN) is a nucleus of the basal ganglia which contains 
dopaminergic neurons and has an important role in the control of motor and 
associative functions. The SN is known to degenerate in Parkinson's disease, and 
considering its discrete location in the nervous system, it appears as a worthy 
candidate for cell transplant therapy, upon generation of adequate cell models. In 
the present work, we report the establishment of a cell line named RCSN, derived 
from the SN of an adult rat donor. Briefly, priman’ cultures of rat SN were treated 
with media conditioned from the UCHT1 rat thyroid cell line, a process that 
reportedly induces transformation in vitro. With this treatment, transformation was 
evident after 2 months in culture. The cell line grows on monolayers, with a 
doubling time of 52 hrs, a plating efficiency of 21% and a saturation density of 
41000/cm2. The cells possess receptors for tetanus toxin, and immunohistochemical 
studies demonstrated the presence of neuronal markers MAP-2. 200 kD 
neurofilament, parvalbumin ai d tirosine hidroxilase. Conversely, glial markers 
GFAP and S-100 are not evident. Also, the cells exhibit intense intracellular 
fluorescence with paraformaldehyde-glioxilate, indicating the presence of 
catccolamines. The results show that the RCSN cell line has neuronal traits, and 
possesses mechanisms for dopaminergic function. This cell line could then serve as 
a model for pharmacological and toxicological in vitro studies, and eventually as a 
cell transplant therapy in the rat with rotatory síndrome after lesioning the SN with 
stereotaxic surgical procedures, a possibility that is currently being evaluated. 
Supported by Fondecyt 1950485, 1980906, and IBRO Travel grant.

STRIATAL NEUROPEPTIDE GENE EXPRESSION AND BEHAVIOR AFTER 
GABAa RECEPTOR BLOCKADE IN BASAL. D, AGONIST AND D2 
ANTAGONIST TREATED RATS. E.A. Jones*, J.Q. Wang, and J.F. McGinty. 
Dept. Anat & Cell Biol, East Carolina U. Sch. of Medicine, Greenville, N.C. 27858.

Systemic administration of the full D, agonist SKF-82958 induces 
preproenkephalin (PPE) and substance P (SP) mRNA expression in medium spiny 
neurons of the dorsal striatum. The D2 antagonist eticlopride blocks the SKF-82958 
induced increase in striatonigral but not striatopallidal gene expression. These 
striatal efferents innervate each other, are GABAergic. and express GABAa 
receptors. Therefore, the possible role of GABA in mediating the striatal D|/D2 
"interactions" was investigated using the GABAa receptor antagonist, bicuculline. 
Bicuculline (0.075pg in lpl) was unilaterally microinjected into the dorsal striatum 
of chronically cannulated Wistar rats followed by eticlopride or saline, then SKF- 
82958 or saline, each injection being separated by 10 minutes. The behavior of the 
rats was rated by an independent observer using a nine-point rating scale. Three 
hours later the rats were euthanized and the brains were processed for quantitative m 
situ hybridization. Intrastriatal administration of bicuculline did not affect basal or 
Ü! agonist and/or D2 antagonist stimulated behavior. Further, bicuculline did not 
change basal striatonigral SP mRNA expression, or SP mRNA expression in 
eticlopride (0.5 mg/kg s.c.), SKF-82958 (2.0 mg/kg) or eticlopride + SKF-82958 
treated rats. In striatopallidal neurons bicuculline did significantly increase basal 
PPE mRNA expression. However, there was no effect of intrastriatal bicuculline on 
eticlopride, SKF-82958 or eticlopride + SKF-82958 induced striatal PPE mRNA 
expression.. These data indicate that striatal GABAa receptors present on 
striatopallidal neurons minimally regulate basal, but not dopamine 
agonist/antagonist stimulated PPE mRNA expression. Regulation of SP mRNA 
expression in the rat striatum does not appear to involve GABAa receptors. 
(Supported by DA03982)
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647.3
MK-801 REVERSES THE D1-AGONIST-INDUCED UPREGULATION OF 
PREPRODYNORPHIN mRNA LEVELS AFTER L-DOPA PRIMING IN THE 
UNILATERALLY 6-OHDA-LESIONED RAT STRIATUM
S.V. van de Witte, H.J. Groenewegen and P. Voorn*. Res. Inst. Neurosci., 
Vrije Universiteit, Dept. of Anatomy, 1081 BT Amsterdam, The Netherlands.

Single L-DOPA pretreatment potentiates contralateral turning behavior 
evoked by the D1-receptor agonist SKF-38393 in rats with a unilateral 
6-hydroxydopamine (6-OHDA) lesion of the nigrostriatal dopamine pathway. 
This effect, which is known as ‘priming’, is prevented when the L-DOPA pre
injection is co-administered with the NMDA-receptor antagonist MK-801. In 
the present study, we investigated the effects of priming on the mRNA levels 
of preprodynorphin (ppDyn) and preproenkephalin (ppEnk) in the rat striatum 
by using quantitative in situ hybridization. Rats lesioned 17 days before with 
6-OHDA were pretreated with a single injection of saline, L-DOPA (50 mg/kg,
i.p.) or L-DOPA co-administered with MK-801 (0.1 mg/kg, i.p.). Three days 
later, the rats were challenged with saline or SKF-38393 (3 mg/kg, s.c.). The 
dopamine-depleted striatum of rats that had received two saline injections 
showed decreased ppDyn mRNA levels and increased ppEnk mRNA levels. 
In sallne-pretreated rats, administration of SKF-38393 turned the lesion- 
induced decrease of ppDyn mRNA levels into a marked increase compared 
to the non-lesioned side. Priming with L-DOPA further enhanced the SKF- 
38393-induced increase of ppDyn mRNA levels in the lesioned striatum. 
However, when the L-DOPA injection was co-administered with MK-801, the 
increase In ppDyn mRNA was reversed to the levels obtained after saline 
pre-treatment and SKF-38393 challenge. The levels of ppEnk mRNA were 
not affected by any drug treatment. The present findings show that the 
increased behavioral response Induced by primmg is positively correlated to 
changes in ppDyn mRNA levels in the ‘direct’ pathway of the dopamine 
depleted rat striatum.

(Supported by grant PGN 903-49-093 of NWO, The Netherlands.)

647.4
DIFFERENTIAL MODULATION OF GABA AND GLUTAMATE 
RELEASE BY D2 AND DI DOPAMINE RECEPTORS IN THE 
GLOBUS PALLIDUS. I.P. Limón*, D. Martinez-Fong, A. Núñez,
M.G. Rosales and J. Aceves. Depto. Neurociencias. CINVESTAV-IPN, 
AP 14-740. 07000, México, DF.

D2 receptors in striadopallidal terminals inhibit GABA release (Floran 
et al., Neurosci. Lett. 237: 1, 1997). Immunocytochemical studies have 
shown the presence of D1 receptors in Globus pallidus (GP), but their 
localization and function are unknown. The aim here was to study by 
microdialysis the role of DI and D2 receptors on DA, GABA and 
glutamate (GLU) release. DA was measured by HPLC with 
electrochemical detection and GABA and GLU by precolumn derivation 
HPLC with spectrophotometric detection. Activation of D2 receptors with 
quinpirole (100 pM) inhibited DA and GABA release (65 ± 10% and 50 
± 10% of basal respectively), without affecting Glu release. Blockade of 
D2 receptors by sulpiride (200 pM) increase DA and GABA release (280 
± 19% and 148 ± 14% of basal respectively). Activation of DI receptors 
by SKF 38393 (400 pM) enhanced Glu (300 ± 45%) and DA release 
(150 ± 20%), but decreased GABA release to 45 ± 10% of basal. These 
data suggest that D2 receptors, localized on nigropallidal and 
striadopallidal terminals, modulate the release of dopamine and GABA 
respectively, whereas DI receptors, localized on subthalamopallidal 
terminals, modulate the glutamate release.

Supported by CONACYT (Mexico).

647.5
Effects of 6-OHDA lesion and chronic treatment with a Dl- 
dopamine receptor agonist on GAD65 and GAD67 mRNA levels 
in the adult rat striatum. Nathalie Laprade* and Jean-Jacques 
Soghomonian, Unité de recherche en Neuroscience, CHUL, Université Laval,
Ste-Foy, Quebec, Canada, G1V 4G2.

We have previously shown that dopamine is involved in the regulation of 
mRNA levels encoding for GAD65 and GAD67, the two isoforms of the 
GABA-synthesizing enzyme, in the rat striatum (Laprade and Soghomonian 
1995, Mol. Brain Res., 34, 65-74). To provide a better understanding of these 
regulations, we determined dose-response relationships between the Dl- 
dopamine receptor agonist SKF-38393 and GADs mRNA levels in rats 
unilaterally depleted of dopamine as adults with intranigral injections (6 pg) of 
6-hydroxydopamine (6-OHDA). GAD65 and GAD67 mRNA levels were 
measured in the striatum at two different rostro-caudal levels following in situ 
hybridization of 35S-labeled cRNA probes. Lesioned rats received daily 
injections of either vehicle or 2 mg/kg of SKF-38393 during four days and on 
the fifth day an injection of vehicle or 0.1, 1 or 10 mg/kg of SKF-38393. 
Consistent with previous studies, striatal GAD65 mRNA levels were not 
significantly changed following a 6-OHDA lesion. Differences in GAD65 
mRNA levels were observed between the ipsi- and contralateral side following 
SKF-38393 administration at two rostro-caudal levels. At the lower dose of 
SKF-38393 (0.1 mg/kg), GAD65 mRNA levels were higher on the 
contralateral compared to the ipsilateral or contralateral side of vehicle-treated 
rats. With doses of 1 and 10 mg/kg GAD65 mRNA levels were increased on 
the ipsilateral compared to the contralateral or ipsilateral side of vehicle-treated 
rats. GAD67 mRNA levels were significantly increased on the ipsilateral side 
following the 6-OHDA lesion. Treatment with any dose of SKF-38393 did not 
significantly change this asymmetry. These results provide further evidence for 
a differential regulation of GAD65 and GAD67 gene expression in the adult rat 
striatum by DI-dopamine receptors (Supported by NSERC-0155607, FRSQ 
and M.R.C. N. Laprade holds a studentship from the FRSQ).

647.6
QUINPIROLE ATTENUATES THE STRIATAL IMMEDIATE EARLY GENE 
EXPRESSION BUT NOT THE HYPERACTIVITY INDUCED BY RU24969. 
D.F. Cook* & D, Wirtshafter. Department of Psychology, 
University of Illinois at Chicago, IL 60607-7137.

Systemic administration of the mixed 5-HT1A/1B agonist RU- 
24969 in known to produce a dramatic increase in locomotor 
activity and we have recently shown that this compound 
induces robust c-Fos expression in the rat striatum. 
Results from our laboratory have also demonstrated that 
pretreatment with the D2-like dopamine agonist quinpirole 
virtually abolishes RU24969-induced striatal c-Fos 
expression. In order to extend our previous findings, the 
current study attempted to determine whether RU24969 could 
induce other immediate early genes (IEG) within the 
striatum by detecting the transcription factors c-Fos, FosB 
and Fra-2. Additionally, we quantitatively examined the 
effect of quinpirole pretreatment on RU2 4969 - induced 
striatal IEG expression and elevated locomotor activity.

RU24969 produced elevations in locomotor activity in 
photocell cages and induced clear expression of c-Fos, FosB 
and Fra-2 with varying staining intensities. Quinpirole 
pretreatment virtually abolished RU24969-induced IEG 
expression for all three transcription factors but did not 
alter the increased locomotor effects of RU24969. The 
current results demonstrate that RU24969 is capable of 
inducing several IEG's within the striatum and that this 
expression does not appear to play a mediating role in 
locomotor activity. Research supported by NS33992.

647.7

L-DOPA-INDUCED EXPRESSION OF FOSB-RELATED PROTEINS IN THE 
DOPAMINE-DENERVATED RAT STRIATUM: COMPARTMENTAL AND 
CELLULAR PHENOTYPES; CORRELATIONS WITH DYSKINESIA 
M.A. Cenci-Nilsson*, A. Tranberg, A. Hilbertson, and M, Andersson. Wallenberg 
Neuroscience Center, Institute of Physiology and Neuroscience, University of Lund, 
Solvegatan 17, 223 62 Lund.

Rats with a complete unilateral lesion of the mesostriatal DA pathway were 
administered with either a single or repeated doses of methyl L-DOPA (10 
mg/kg/dose/day, plus 15 mg/kg benserazide, i.p.), and were euthanized at 3 hours or 
2 days after the last L-DOPA injection. Striatal sections were processed for double
labeling immunohistochemistry in order to examine the compartmental and cellular 
phenotypes of L-DOPA-induced FosB-related proteins (32 to 40 kDa). A 
homogeneous distribution of FosB-positive cells was seen in the DA-denervated 
caudate-putamen (CPu) of acutely L-DOPA-treated rats. Following chronic L-DOPA 
treatment, FosB-like immunoreactivity was increased in striosomes, and decreased in 
matrix within the medial CPu, and markedly enhanced in both striatal compartments 
in the lateral (sensorimotor) CPu. Extrastriosomal expression of FosB-related 
proteins in the latter region was absent in animals that did not develop dykinetic-like 
movements during the L-DOPA-treatment period. The drug-induced FosB-like 
proteins were localized to dynorphin-positive cells. Besides, about 8% of all NADPH 
diaphorase-positive intemeurons expressed FosB-like immunoreactivity in the 
chronic L-DOPA cases (cf. with 1% and 0 in the acute and lesion-only animals, 
respectively; p < 0.05). Another group of DA-denervated rats was treated with 6 
mg/kg/day of methyl L-DOPA (plus benserazide) for 21 days, and scored for L- 
DOPA-induced dyskinesia three times a week. The severity of L-DOPA-induced 
orolingual, forelimb, trunk and head movements was strongly correlated with FosB- 
like immunoreactivity in the lateral part of the DA-denervated CPu at all rostrocaudal 
levels examined. In the medial CPu, FosB-like immunoreactivity was only correlated 
with L-DOPA-induced rotation. The present results suggest a particularly important 
role for the matrix compartment of the sensorimotor CPu in the development of L- 
DOPA-induced dyskinesia. (Supported by T. Nilson's, A. Wiberg's and NHR funds)

647.8
REGULATION OF DOPAMINE D2-RECEPTOR BINDING IN THE 
SUBTHALAMIC NUCLEUS FOLLOWING 6-OHDA LESIONS OF THE 
SUBSTANTIA NIGRA/VENTRAL TEGMENTAL AREA. L, Kailstrom. H, 
Coirini and A. E, Johnson*,. Department of Psychiatry, Uller&ker, Uppsala 
University Hospital, S-750 17 Uppsala, Sweden.

The subthalamic nucleus (STh) is a key structure of the basal ganglia which 
provides excitatory afferents to the substantia nigra and entopeduncular nucleus. 
Changes in the activity of STh are thought to be an important factor in regulating 
the display of extrapyramidal movements characteristic of clinical disorders of the 
dopamine (DA) system such as tardive dyskinesia and Parkinson’s disease. A 
direct role for DA in modulating STh activity is suggested by studies showing 
that midbrain DA neurons innervate the STh, STh neurons respond to 
exogenously administered DA compounds and that STh displays DA receptor 
binding sites. The precise subcellular distribution of DA binding sites is poorly 
understood, however. The purpose of the present study was to determine whether 
DA receptors of the D2- subtype are located on midbrain DA projection neurons. 
For these studies, adult, female Sprague-Dawley rats were anesthetized and given 
desimpramine (20mg/kg). Thirty minutes later, rats were unilaterally infused with 
6-OHDA HBr (8pg/4pl over 8 minutes) through a cannula aimed at the 
substantia nigra/ventral tegmental area (SNc/VTA). One later, lesion efficacy was 
tested using the apomorphine stimulated rotation model. Animals were sacrificed 
seven days later and brains sectioned through the STh and SNc/VTA for receptor 
autoradiographic and in situ hybridization studies. These experiments showed 
that 6-OHDA lesioned animals which displayed more than 25 apomorphine 
stimulated contralateral rotations during a 5 minute test also showed greater than 
95% reductions in TH mRNA expression. Animals with significant reductions in 
TH mRNA expression displayed significant increases (approximately 25% 
compared to the unlesioned side) in dopamine receptor binding of the D2- 
subtype as indicated by increases in [l25I]NCQ-298 binding. These data indicate 
that the majority of STh D2-receptors are not located on fibers originating on 
midbrain DA neurons. However, significant depletions of DA result in a 
compensatory increase in D2-receptor binding. Supported by grant’#11274 and 
#8318 from the Swedish MRC.
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647.9

LATERALIZATION OF DOPAMINE RECEPTORS MAY CONTRIBUTE TO THE 
ASYMMETRICAL PROTECTION ON POSTISCHEMIC STRIATAL NEURONS 
AFTER DOPAMINE DEPLETION. Z.C. Xu*, W. Chwang and X. Li, Dept. of 
Anatomy, Indiana University School of Medicine, Indianapolis, IN 46202 U.S.A.

Neurons in the dorsal neostriatum (ST) are highly vulnerable to transient cerebral 
ischemia. We previously reported an asymmetrical protection on postischemic ST 
neurons after unilateral dopamine (DA) depletion (Ren et al., Exp. Neurol. 97). The 
present study investigated whether this asymmetry is due to the difference in residual 
DA or lateralization of DA receptors in ST.

Adult Wistar rats were divided into two groups by sex. Two weeks after unilateral 
6-OHDA (8 p.g/4 |il) injection into SN, -22 min ischemic depolarization was induced 
in ST using 4-VO method. DA concentration in ST was monitored during ischemia 
using voltammetric technique in vivo. The neuronal damage was evaluated by 
counting the surviving neurons in the dorsal ST 24 h after reperfusion.

In both male and female rats, DA concentration in ST of lesion side was 
significantly lower than that of intact side during ischemia. No significant difference 
in DA concentration was detected in ST of lesion side between the animals with left or 
right SN lesion. However, in male rats, the surviving neurons in ST of lesion side 
(-80% as control) was significantly more than those' of intact side (-20% as control, 
P<0.01) with right SN lesion while no such difference was observed in animals with 
left SN lesion (-20% in both side). In female rats, the surviving neurons in ST of 
lesion side (-35% as control) was higher than that of intact side (-20% as control, 
P<0.05) regardless which side of SN was lesion.

The results indicate that this asymmetrical protection is not due to the difference 
in residual DA after SN lesion. Because the lateralization of D2 receptors in ST is 
opposite between male and female rats, the sexual difference in postischemic outcomes 
after DA depletion suggests that the lateralization of DA receptors in ST may 
contribute to the asymmetrical protection. (Supported by NIH NS33103, NS38O53)

647.10

DENERVATION SUPERSENSITIVITY OF D2 DOPAMINE RECEP
TORS MODULATING STRIATOPALLIDAL TRANSMISSION. E. 
Ouereieta, A, Delgado and J, Aceves*. Dept. de Neurociencias. CIN- 
VESTAV-IPN. 07300 México D.F., México.

Previous studies have revealed that D2 receptors are overexpressed in 
the globus paliidus of DA-denervated rats. In this condition, we explored 
the D2 function on striatopallidal transmission. DA denervation was 
obtained by 6-OHDA. The experiments were done in ketamine- 
anesthetized rats. A NaCl-filled electrode was stereotaxically placed in 
the globus paliidus to record unitary neuronal activity. Quinpirole (0.2 
nmole/200 nl) was applied via a cannula placed close to the recording 
electrode. Tungsten unipolar electrodes were introduced in the striatum 
to activate the striatopallidal pathway. Supramaximal striatal stimulation 
(SSS) inhibited by 85% the spontaneous firing in denervated rats, while 
in intact rats it inhibited firing only 40%. Quinpirole (QUIN) reduced 
the SSS-induced inhibition about 50% in both denervated and intact rats, 
but the number of neurons responding to QUIN was greater in DA- 
denervated rats. In addition, QUIN increased by 250% spontaneous 
firing in DA-denervated rats. The same concentration of QUIN evoked 
only a 150% increase in neuronal firing in intact rats. The experiments 
indicate that D2 receptors modulating the striatopallidal transmission are 
oversensitive in DA-depleted rats.
Supported by a grant (3539P-N) from CONACYT (México)

647.11

SLOW, PERIODIC OSCILLATIONS IN FIRING RATE IN THE GLOBUS 
PALLIDUS (GP) ARE MODULATED BY D! AND D2 DOPAMINE RECEPTOR 
AGONISTS. J.R. Walters, P.A, Bergstrom* and D.N. Ruskin. ETB, NINDS, NIH, 
Bethesda, MD 20892-1406.

We have recently reported the presence of slow (20-40 sec), periodic oscillations 
in firing rate in extracellularly-recorded basal ganglia neurons (including GP 
neurons) in awake rats. In addition to increasing pallidal firing rates, the mixed 
Di/D2 agonist apomorphine also modulates the slow periodicities in firing rate in 
the GP, in a manner that is reversed by either Dj or D2 receptor antagonists (Ruskin 
et al., this meeting). Here, we further investigate the importance of dopamine 
receptor subtypes in the pallidal slow periodicities with the use of selective Di and 
D2 agonists. A majority of GP neurons had significant baseline periodicities, as 
assessed with Lomb algorithm power spectra. These slow oscillations had a wide 
range of periods, with a population mean of 33 ± 3 sec (n=39). Vehicle injection 
(i.v.) had small, inconsistent effects on slow periodicities. Administration of the Di 
agonist SKF 81297 (6-chloroPB; 1.0 mg/kg i.v., n=17) significantly changed these 
periodicities, shifting them to a faster mean period (16 ± 3 sec). The D2 agonist 
quinpirole (1.0 mg/kg i.v., n=14) caused apparent changes in the slow periodicities 
of many neurons; however these effects were inconsistent and there was no 
significant population change. Notably, the combination of SKF 81297 and 
quinpirole (1.0 mg/kg each; n=14) induced a more marked reduction in period than 
SKF 81297 alone (mean after combination: 8.8 ± 1.1 sec). The same large shift was 
observed with a SKF 82958/quinpirole combination (n=8). The results demonstrate 
a D,/D2 receptor interaction in control of slow periodicities in pallidal firing rate. 
The results also dissociate changes in periodicities and mean rate, since SKF 81297 
modulated periodicities without changing mean rate, while quinpirole increased rate 
without consistently modifying periodicities. Slow oscillations in firing rate 
represent a novel influence of dopamine on central neuronal function.

647.12

ROBUST MODULATION OF SLOW (<0.5 Hz) FIRING RATE OSCILLATIONS 
IN THE BASAL GANGLIA BY D,/D2 DOPAMINE RECEPTOR ACTIVATION 
IN THE RAT. D.N. Ruskin,* P.A, Bergstrom, Y, Kaneoke, B.N. Patel, M.J. Twery 
and J.R, Walters. ETB, NINDS, NIH, Bethesda, MD 20892-1406.

There has been a growing interest in oscillatory firing pattern as having 
functional importance in the central nervous system. Most studies of oscillation 
have focused on the thalamus or cortex during sleep or anesthesia. We have found 
in single-unit extracellular recordings that many neurons in the substantia nigra 
pars reticulata (SNPR), entopeduncular nucleus (EPN) and globus paliidus (GP) 
have slow, periodic oscillations in firing rate in awake, locally-anesthetized rats, 
typically with periods of 20-40 sec as determined from power spectra. The mixed 
D]/D2 agonist apomorphine (APO; 0.32 mg/kg i.v.) increases both the power and 
frequency of rate periodicities in all three nuclei (periods shifted into the 10-20 sec 
range; n=10-15). APO had more consistent effects on periodicities than on rate per 
se in the SNPR and EPN. APO effects were reversed by either Dj or D2 antagonist, 
indicating a necessity for activation of both receptor subtypes. The use of selective 
D) and D2 agonists also supports the role of both subtypes in this phenomenon (in 
the GP: Walters et al., this meeting). Significant rate periodicities (either basal or 
post-APO) were not found in anesthetized rats (tested in SNPR, n=10), suggesting a 
dependence upon ongoing activity in afferent structures. The data show that slow 
periodicities in neural activity are not limited to sleep or anesthesia states, and in 
the basal ganglia are stronger after stimulant administration. The modulation of 
slow rate periodicities by dopaminergic agonists suggests the involvement of these 
patterns in behaviors and cognitive processes that are affected by dopamine. 
Periodic rate oscillations in the SNPR and EPN are likely to strongly affect the 
firing patterns of target neurons. Dopamine agonist-induced changes in these 
periodicities should therefore be transferred to motor thalamocortical cells, and so 
could be involved in the shift from normal to stereotypic motor behavior.

647.13

QUANTITATION OF D1, D2, D3, D4, D5 DA RECEPTOR PROTEIN 
STAINING AFTER SHORT-TERM DA LOSS. M.A. Ariano1*, A. 
Koppel,2 M.S. Levine.2 ’Neuroscience, FUHS/CMS, N. Chicago, IL; 
2MRRC, UCLA, Los Angeles, CA.

Rat striatal DA receptor subtypes were examined after unilateral 6- 
OHDA infusion into the medial forebrain bundle. Striatal DA depletion 
was profound as determined using histofluorescence. DA receptor 
protein staining was determined using subtype specific anti-receptor 
antisera. We used quantitative fluorescent confocal microscopy to 
assess changes in receptor expression due to the lesion. The analysis 
compared cellular staining intensities in the dorsal striatum between 
the DA deafferented side and contralateral side, and to unlesioned 
control animals. The 2-week DA loss altered the protein expression of 
all five DA receptor subtypes. D1 staining was nearly equivalent, while 
D5 fluorescence was attenuated, indicating a decrease in protein 
expression. D2 staining was elevated markedly on the deafferented 
side, confirming previous reports of striatal receptor up-regulation after 
DA depletion. D3 staining was decreased by DA loss. D4 staining 
was not altered by the DA lesion, however proportionately fewer 
neurons displayed very high or very low levels of the receptor protein 
(i.e. less variability). The data suggest that DA depletion produces a 
complex series of compensatory changes in DA receptor subtypes. 
These results have implications for improving current DA replacement 
therapies that are employed to alleviate the symptoms seen in Parkin
son’s disease.

Supported by USPHS NS 32277 (MAA) and NS 33538 (MSL).
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648.1
THE SENSITIZATION TO THE CATALEPSY-INDUCING EFFECTS OF HALO
PERIDOL IS CONTEXT-DEPENDENT AND IS NOT BLOCKED BY MK-801. 
W.J. Schmidt, T.M. Tzschentke and BD, Kretschmer*. Dept. of Neuro
pharmacology, Zool. Inst., Univ. of Tübingen, 72074 Tübingen, Germany.

It has been shown previously that repeated administration of haloperidol can cause 
an increase ( sensitization ) in the cataleptic response of rats. The goal of the present 
study was to further investigate this effect and, in particular, to examine whether 
coadministration of the non-competitive NMDA-antagonist MK-801 (dizocilpine) 
would prevent the development of this sensitization of catalepsy. A first experiment 
confirmed that the strengthening of the cataleptic response to repeated haloperidol 
administration is strongly context-dependent. Only animals that were tested daily for 
catalepsy on a horizontal bar and on a vertical grid showed an increase in catalepsy 
but not animals that were injected in their home cages. In a second experiment, 
animals that received daily tests after treatment with haloperidol plus MK-801 
showed an increase in catalepsy similar to those animals receiving haloperidol alone. 
Thus, MK-801 did not block the development of sensitization of catalepsy. Only 
when the co-treated animals received haloperidol subsequently, they showed a degree 
of catalepsy similar to that on day 1, i.e. an apparent lack of sensitization of catalep
sy. These results may be explained by state-dependency effects. If MK-801 made the 
learning of the increased cataleptic response state-dependent, this increased response 
would only be displayed in the presence of MK-801 but not when the animals are 
challenged with haloperidol alone. These results are very similar to what has been 
found for the behavioral sensitization to stimulants where MK-801 was unable to 
prevent the day-to-day increase in locomotion during repeated treatment and where 
animals failed to show a sensitized response when they were challenged subsequently 
with the stimulant alone. Since catalepsy is a behavioral state very different from 
locomotor stimulation the present findings underline the general applicability of the 
state-dependency interpretation. Supported by the DFG (SFB 307).

648.2
STRIATAL NMDA RECEPTOR-MEDIATED STIMULATION OF cAMP 
INVOLVES ADENOSINE A2a RECEPTOR ACTIVATION AND IS 
ENHANCED IN PARKINSONISM
J.E, Nash, J.M. Brotchie (SPON: British Neuroscience Association). Manchester 
Movement Disorders Laboratory, School of Biological Sciences, University of 
Manchester, Manchester, U.K.

The neural mechanisms underlying die generation of symptoms in Parkinson's 
disease involve overactive transmission at both NMDA and adenosine A2a 
receptors in die striatum. Thus, blockade of NR2B-containing NMDA receptors 
and adenosine A2a receptors, alleviates parkinsonian symptoms in rats and 
primates. The anti-parkinsonian actions of NR2B-seleclive NMDA receptor 
antagonists are mediated in die rostral striatum. Adenosine A2a receptor 
activation leads to elevation of cAMP levels. In striatal slices prepared from the 
rat, NMDA receptor activation also elevates cAMP levels to 100% ± 21 of basal. 
In striatal slices prepared from rats lesioned unilaterally with 6-OHDA. NMDA- 
induced cAMP was 449% ± 68 of basal levels. The adenosine A2a receptor 
antagonist, DMPX blocked the NMDA-evoked increase in cAMP, suggesting 
diat NMDA-induced elevation of cAMP involves stimulation of adenosine A2a 
receptors. Furthermore, NMDA-induced increase in cAMP was more profound 
in rostral compared to caudal regions of die striatum. We propose that, in 
animal models of Parkinson’s disease, increased NMDA-induced cAMP levels in 
die rostral striatum may be responsible for die production of parkinsonsian 
symptoms. Therefore, either NR2B selective NMDA antagonists and adenosine 
A2a receptor antagonists may mediate their anti-parkinsonian actions via a 
mechanism involving reduction of cAMP levels in the rostral striatum. Research 
funded by MRC.

648.3

THE NMDA RECEPTOR ANTAGONIST, MK-801, AND THE DOPAMINE D2 
RECEPTOR ANTAGONIST, HALOPERIDOL, REGULATE THE 
EXPRESSION OF STRIATAL GLUTAMIC ACID DECARBOXYLASE AND 
PREPROENKEPHALIN mRNAs IN THE RAT. J. Yu*. A. E. Johnson. L. 
Kalistrom. F.-A. Wiesel. Department of Neuroscience, Psychiatry, Uller&ker. 
Uppsala University Hospital, S-750 17 Uppsala, Sweden.

Striatal neurons are regulated principally by dopaminergic input from the 
substantia nigra and glutamatergic input from the cortex. Striatopallidal neurons 
primarily contain dopamine (DA) D2 receptors and enkephalin whereas in 
striatonigral neurons contain D, receptors and substance P predominates. 
Striatopallidal and striatonigral neurons use GABA as the major transmitter and 
contain both isoforms of the GABA synthesizing enzyme, glutamic acid 
decarboxylase (GAD6J and GAD67). The purpose of the present study was to begin 
to investigate the interaction of glutamate and DA systems in the regulation of 
striatal GAD65 and GAD67 and preproenkephalin (PPE) mRNAs.

Adult rats (N=6/group) were injected once daily for 10 days with distilled water, 
haloperidol (Img/kg), MK-801 (0.2mg/kg) or both. Animals were killed 24 hours 
after the last injection and brain sections were processed for in situ hybridization 
studies using oligodeoxyribonucleotide probes for GAD65, GAD67 and PPE 
mRNAs. Two-way ANOVA (factor 1: MK-801; factor 2: haloperidol) revealed that 
MK-801 and haloperidol independently increased striatal GAD67 mRNA, whereas 
GAD65 mRNA levels were increased only by haloperidol. Both MK-801 and 
haloperidol enhanced striatal PPE mRNA levels. These data suggest that NMDA 
receptor blockade selectively regulates GAD67 mRNA expression and the NMDA 
receptors are probably coupled with D2 receptors which might be involved in the 
modulation of the striatopallidal pathway. Supported by grant #8318 from the 
Swedish MRC.

648.4
EFFECTS OF MK-801 ON DI DOPAMINE RECEPTOR-MEDIATED 
IMMEDIATE EARLY GENE EXPRESSION IN INTACT AND 
DOPAMINE-DEPLETED STRIATUM A. Ganguly*, K.A. Keefe. Dept of 
Pharmacology & Toxicology, University of Utah, Salt Lake City, UT 84112

Previous studies have shown that systemic administration of the NMDA receptor 
antagonist MK-801 completely blocks amphetamine-induced expression of the 
immediate early gene (IEG) zif 268 in the striata of intact animals. However, our 
previous work indicates that intrastriatal administration of MK-801 has no effect on 
DI dopamine (DA) receptor agonist-induced zif 268 expression in the DA-depleted 
striatum. To address the hypothesis that DI DA receptor-mediated IEG expression is 
dependent on NMDA receptors in intact, but not DA-depleted rats, identical 
experiments have been performed in neurologically intact and DA-depleted animals. 
Depletion of striatal DA was accomplished by infusing 6-hydroxydopamine (6- 
OHDA, 8 pg/2 pL) unilaterally into medial forebrain bundle. MK-801 (0.01 & 1 
mg/kg) was systemically administered 15 min prior to the full DI DA receptor 
agonist SKF 82958 (SKF; 1 mg/kg i.p ). Expression of zif 268 was examined using 
in situ hybridization histochemistry. Systemic administration of SKF significantly 
increased zif 268 expression in the striata of both intact and DA-depleted animals. In 
intact rats, MK-801 (0.01 mg/kg) partially but significantly suppressed SKF-induced 
zif 268 expression in the striatum. At the high dose, MK-801 completely suppressed 
the response to SKF. Preliminary data from DA-depleted animals indicate that the 
low dose of MK-801 has no effect on SKF-induced zif 268 expression in the depleted, 
as well as the intact (contralateral), striatum. The high dose of MK-801 does have an 
effect, but suppresses the SKF response by only 20% in the DA-depleted striatum 
and only 57% on the intact (contralateral) side. Thus, our data suggest that DI DA 
receptor-mediated zif 268 expression is significantly less dependent on NMDA 
receptor activation in the DA-depletedas compared to the intact striatum. (Supported 
by NS 35579 and the University of Utah)

648.5

LOCALIZATION OF ALTERNATIVELY SPLICED NMDAR1 
RECEPTOR ISOFORMS IN RAT NEOSTRIATAL NEURONS
K.D. Kueppenbender*-1 >2, D.S. Albers1, G.B. Landwehrmever2. M.J. 
Iadarola3* and P.G. Standaert1 Depts. of Neurology, 1Mass. Gen. 
Hospital, Boston, USA, and 2Albert-Ludwigs-Universitat, Freiburg, 
Germany, 3National Institute for Dental Research, Bethesda, USA

Alternative splicing of the NMDAR1 receptor subunit mRNA at the N- 
terminal (N1) and at the C-terminal (C1, C2, and C2‘) changes the 
structural, physiological and pharmacological properties of NMDA 
receptors. We have used dual label immunocytochemistry and confocal 
microscopy to localize the alternatively spliced segments of NR1 (N1, 
C1, C2, and C2') in rat neostriatal neurons. Projection neurons and four 
populations of intemeurons were studied. Projection neurons were 
identified by immunolabelling for calbindin D28k and were the only 
neuronal population studied which displayed C1 immunoreactivity; this 
staining was cytoplasmic. Calbindin-positive cells, like all other 
neurons studied, were C2-immunopositive. They displayed no C2' 
immunoreactivity. Only Parvalbumin-immunopositive interneurons 
displayed distinct N1 immunoreactivity. These cells were also 
intensely C2' immunolabelled. Calretinin- and choline acetyltransferase 
immunopositive cells reacted less intensely with C2‘ antiserum. Nitric 
oxide synthase immunolabelled cells displayed less C2-labelling than 
the other neurons studied, but were intensely C2'-immunopositive.

Our results suggest that the striatal neurons studied synthesize 
NR1 subunit protein, but projection neurons and different populations 
of interneurons contain distinct NR1-isoforms, which may affect function 
and selective vulnerability to neuronal injury.
Supported by USPHS grant NS34361, NS31579, a Cotzias Fellowship from 
the APDA (DGS), and the National German Scholarship Foundation (KDK).

648.6
METABOTROPIC GLUTAMATE RECEPTOR 7 (mGluR7) mRNA 
AND mGluR7a PROTEIN IN THE RAT BASAL GANGLIA.
C.M. Kosinski1 S.R. Bradley2, P.J. Conn2, A.I. Levey3, G.B.
Landwehrmever4, J.B, Penney Jr. \ A.B. Young1, and P.G. Standaert1*
'Neurology Service, Mass. General Hosp., Boston, 02114; Depts. of
Pharmacology2 and Neurology3, Emory Univ., Atlanta, 30322; 4Dept. of 
Neurology, Albert-Ludwigs-University, Freiburg, Germany

Localization of the mGluR7 mRNA and mGluR7a protein was 
studied in rat basal ganglia. Strong mGluR7 hybridization signals were 
found in cerebral cortex and striatum but much less intense signal was 
present in other components of the basal ganglia. Abundant mGluR7a 
immunoreactivity was found in striatum, globus pallidus and substantia 
nigra pars reticulata. Examination using confocal microscopy together 
with dendritic and presynaptic markers, studies in lesion models, and 
electron microscopy provided evidence for the presence of mG!uR7a 
on presynaptic terminals in all three structures.

Our data demonstrate that mGluR7a is located not only on 
presynaptic glutamatergic terminals of the corticostriatal pathway, 
where it may serve as an autoreceptor, but also on terminals of 
striatopallidal and striatonigral projections, where it may modulate the 
release of GABA. This suggests that mGluR7 may have a particularly 
crucial role in modulating neurotransmitter release in major basal ganglia 
pathways.

Supported by USPHS NS31579, NS31373 and NS34361; the 
National Parkinson Foundation; a grant from Wyeth-Ayerst Research; 
DFG Grants Ko1696/1-2, La701-2 and SFB505; and a Cotzias 
Fellowship from the American Parkinson's Disease Association.
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648.7
SEROTONIN AND GLUTAMATE REGULATION OF SUBSTANCE P 
RELEASE FROM PRIMARY CULTURES OF STRIATAL NEURONS.
V.H, Chan. S. Garside and M.F, Mazurek*. Programme in Medical 
Sciences (Neuroscience), Depts of Psychiatry and Medicine (Neurology), 
McMaster University Medical Centre, Hamilton,ON, CANADA L8N 3Z5

Substance P (SP) is localized in one of the major subpopulations of 
striatal projection neurons. We studied the effects of glutamate (GLU) 
and serotonin (5-HT), alone and in combination, on SP release from 
primary cultures of striatal neurons.

The following effects were observed: (1) 5-HT induced a 
dose-dependent increase in SP release: Iff6 M 5-HT produced a minimal 
effect (114% over baseline, N= 11); Iff5 M, a 162% increase (N=15); 
and Iff4 M, a 310% increase in SP (N=19). (2) GLU likewise induced 
a dose-dependent release of SP: 10s M produced a minimal effect (105% 
over baseline, N=3); Iff4 M, a 201% increase (N=6); and 10'3 M,
> 100-fold increase (N= 10). The stimulatory effect of Iff3 M GLU was 
only partially blocked by 10 uM MK-801, and was not affected by the 
presence of Mg2+ in the medium. (3) 5-HT and GLU in combination 
produced an additive effect on substance P release.

These results indicate that (1) substance P release from primary striatal 
neurons can be stimulated by serotonin and glutamate through independent 
dose-dependent mechanisms; and that (2) glutamate-induced substance P 
release at Iff3 M is mediated by both NMDA and non-NMDA glutamate 
receptors.

Supported by the Natural Science and Engineering Research Council of 
Canada.

648.8
BLOCKADE OF GABAa RECEPTORS ACTIVATES NMDA RECEPTORS IN THE 
GLOBUS PALLIDUS OF RATS. L.-N. Hazrati* and R, Robitaille, Dept. de Physiol., 
Univ. de Montréal, Canada, H3C 3J7.

Dyskinesia can be induced experimentally in intact animals by blocking GABAergic 
inhibition in the globus pallidus (GP), which is shown to generate hyperactivity in GP cells. 
The present study was initiated to determine whether glutamatergic mechanisms would be 
implicated in such increase following the desinhibition of GP cells by bicuculine (bic).The 
brains of fifty-eight rats (13-16 days) were cut into thick slices and incubated in the 
membrane permeant calcium indicator, fluo3-Am. A patch-pipette filled with glutamate 
(glut; 500/zM) or bic(0.5-lmM) was placed close to Nomarski-identified cells and the drugs 
applied with positive pressure pulses. Ca2+ responses were recorded with a confocal 
microscope and changes in fluorescence expressed as %AF/F. Glut ellicited Ca2+responses 
in GP neurons with a mean amplitude of 137 ±93 % and a mean duration of 47 ± 17sec. Glut 
responses were due to the activation of AMPA, NMDA and metabotropic receptors all 
present on single GP cells. Bic also activated GP neurons and induced Ca2+ responses with 
a mean amplitude of 108 ±89% and a mean duration of 27 ±10%. These responses were 
completely abolished when the NMDA antagonist was applied. Sequential applications of 
bic significantly lengthened the duration of Ca2+ responses (up to 75sec) and cells eventually 
engaged into a lasting oscillatoiy state. Oscillatory Ca2+responses could also be ellicited by 
local applications of NMDA or by electrical stimulation of subthalamic nucleus (STH). 
Although STH acted synaptically through AMPA receptors the period of the oscillations was 
affected by NMDA antagonists, indicating that NMDA receptors are also implicated in the 
GP response to STH. These results indicate that 1) In GP, inhibition of GABAergic or 
activation of glutamatergic afferents have convergent effects on NMDA receptors. And 2) 
most GP cells are under a tonic GABA influence. Complete release of the inhibition 
activates NMDA receptors and this could be the basis for abnormal movements.
This work was suported by MRC grant to RR and by Herbert Jasper fellowship to LNH

648.9

ALPHA-ACTININ-2 IN RAT STRIATUM: LOCALIZATION AND 
INTERACTION WITH NMDA RECEPTOR SUBUNITS.
A.W. Dunah1*, M. Wyszvnski2. Y-H, Wang3’ K.D. Kuppenbender1. B.B. Wolfe3,
M. Sheng2, and D.G. Standaert1. Depts. of Neurology1, and Neurobioiogy2 
Massachusetts General Hospital and Harvard Medical School, Boston, MA 
02114; 3Dept. of Pharmacology, Georgetown University School of Medicine, 
Washington, DC 20007.

NMDA glutamate receptors play pivotal roles in the regulation of 
movement by the striatum. Alpha-actinin-2 is an actin-binding protein that 
interacts with the NR1 subunit, and is believed to participate in aggregation of 
receptors at synaptic sites. We have used confocal microscopy and quantitative 
immunoprecipitation to study the localization of a-actinin-2 and its interaction 
with NMDA receptor subunits in the rat striatum. Intense a-actinin-2 
immunoreactivity was found in the striatal neuropil and within striatal neurons 
that also contained neuronal nitric oxide synthase, parvalbumin, calretinin and 
calbindin. Only cholinergic interneurons lacked a-actinin-2 immunoreactivity. 
Using immunoprecipitation from striatal extracts, we found evidence for the 
interaction of a-Actinin-2 with NMDA, but not non-NMDA or metabotropic 
glutamate receptors. Precipitation with an antibody to NR1 co-precipitated most 
(70-80%) of the NR2A and NR2B present, but only about 16% of the total a- 
actinin-2. Precipitation with an antibody to a-actinin-2 co-precipitated only 10- 
30% of the NR1, NR2A and NR2B subunits. In addition, the NMDA receptor 
complexes precipitated were relatively enriched in NR2B subunits. These 
results suggest that a-actinin-2 is associated with some but not all of the NMDA 
receptor complexes present in the striatum, and that both the localization and 
composition of receptors which interact with a-actinin-2 may be distinct. 
Supported by Grants NS31579 and NS34361 (DGS), CA66268-02 (MW), 
NS35050 (MS), and NS2830 (BBW) and a Cotzias Fellowship from the 
American Parkinson Disease Association (DGS).

648.10
DIFFERENTIAL LOCALIZATION OF IONOTROPIC AND METABOTROPIC 
GLUTAMATE RECEPTORS IN THE RAT SUBSTANTIA NIGRA.
K.K.L, Yung* and Y.C. Tse. Department of Biology, Hong Kong Baptist Univ., Hong 
Kong, China.

Parkinson’s disease is characterized by a depletion of dopaminergic neurons in the 
substantia nigra pars compacta (SNc). Although the cause for the neuronal 
degeneration is largely unknown, ionotropic glutamate receptor-mediated 
excitocytotoxicity is suggested. The localization of different ionotropic glutamate 
receptors in the substantia nigra (SN) is therefore of critical importance in relation to 
glutamate excitocytotoxicity and Parkinson’s disease. In the present study, rats were 
perfuse-fixed under deep anesthesia. Sections of the SN were obtained using a 
vibrating microtome. Receptor immunocytochemistry using commercially available 
antibodies against ionotropic and metabotropic glutamate receptors was performed. 
Results were analyzed in a light microscope. Immunoreactivity for GluRl, GIuR2. 
GluR2/3, NMDAR1 and NMDAR2B subunits was mainly localized in the perikarya 
and proximal dendrites of the compacta neurons and also in a number of substantia 
nigra pars reticulata (SNr) neurons. In contrast, GIuR4-immunoreactivity was mainly 
found in the reticulata neurons. Less immunoreactivity for NMDAR2A and 
NMDAR2C subunits was detected. Immunoreactivity for mGluRla and mGluR2/3 
was primarily detected in the neuropilar elements in the SNr. Occasionally some 
mGluRla-immunoreactive perikarya were seen in the SNr. The present results 
indicate that there is a differential localization of ionotropic and metabotropic 
glutamate receptor subunits in the SN. Acknowledgement: Supported by HKBU 
2006/97M, Hong Kong Research Grant Council.

648.11

DEPLETION OF GLUTAMATE RECEPTOR GluR2-IMMUNOREACTIVE 
NEURONS IN THE RAT NEOSTRIATUM BY IMMUNOLESIONING. 
K.H.H. Kwok. R.N.S. Wong and K.K.L. Yung. (SPON: The Hong Kong 
Society of Neurosciences) Dept. of Biology, Hong Kong Baptist Univ., Hong 
Kong, China.

Glutamate is the major excitatory neurotransmitter in the basal ganglia, a 
group of subcortical nuclei that is associated with movement. The function of 
glutamate is mediated by different classes of glutamate receptors. In order to 
investigate the localization and receptor physiology of the GluR2 subunit of 
the a-amino-3-hydroxy-5-methyI-4-isoazole propionic acid (AMPA)-type 
glutamate receptor in the neostriatum, the principle region in the basal 
ganglia, immunolesioning was performed using an indirect immunotoxin 
(Kwok et al. [1997] Soc. Neurosci. Abr. 23, 188). The immunotoxin was 
produced by conjugating a commercially available anti-GluR2 antibody with a 
ribosome-inactivating protein, trichosanthin. Results of the present study 
showed that there was no obvious adverse effect observed in the motor 
functions of the rats after unilateral intraventricular or intrastriatal injections 
of the anti-GIuR2 immunotoxin. In those striatal sections obtained from the 
lesioned rats, a depletion in numbers of the GluR2-immunoreactive neurons 
was found in the neostriatum, whilst immunoreactivity for GluR2 was 
primarily found in the perikarya medium-sized spiny neurons of the non- 
lesioned side. These results indicate that immunolesioning is a useful tool in 
selective cell killing experiments and may provide physiological implications 
of the of GluR.2 receptor functions in the neostriatum.

648.12
EFFECT OF BLOCKADE OF NMDA RECEPTORS OF EITHER THE 
ENTOPEDUNCULAR NUCLEUS OR THE SUBSTANTIA NIGRA PARS RETICULATA 
ON REACHING PERFORMANCE IN THE RAT. S.L. Campbell* and M. Pisa. Dept. 
Biomed. Sci., McMaster Univ., Hamilton, On, Canada, L8N 3Z5.

In the rat, the two major output nuclei of the basal ganglia, the entopeduncular 
nucleus (EP) and the substantia nigra pars reticulata (SNpr), receive excitatory 
aminoacid (EAA) input from the subthalamic nucleus. Based on current theories, a 
blockade of EAA input to the EP and the SNpr is predicted to result in hyperkinetic 
changes akin to human ballismus. It might be hypothesized that such hyperkinetic 
changes would interfere with performance of skilled motor tasks. One objective was, 
therefore, to examine the effect of NMDA receptor blockade in the output nuclei of the 
basal ganglia on reaching performance. Recent reaction-time studies suggest 
functional differences between the EP and the SNpr, however. Accordingly, a second 
objective was directly to compare the effects of NMDA receptor blockade in the two 
nuclei. Male Wistar rats previously trained in both forelimb and tongue reaching tasks 
were treated with bilateral microinfusions of either the NMDA receptor antagonist CPP 
(2nmol in 0.2gl) or vehicle saline into either the EP or the SNpr (N=5) through 
chronically implanted cannulae. The behavioural tests were administered at 1, 2 and 
5 h after infusions. The forelimb reaching task consisted of trials of retrieving 45mg 
food pellets placed inside a graduated tube at distances between 16 and 40 mm from 
the tube’s opening. Performance was measured by the maximal distance at which 
pellet retrieval was successful. The tongue reaching task consisted of trials of 
extending the tongue through a slot, and licking at a graduated bar evenly smeared 
with lab chow mash. Performance was measured by the length of bar cleared of food 
by the end of each trial. Preliminary results suggest performance deficits in both tasks 
after CPP injections into either nuclei compared with control treatments, and with no 
apparent differences between nuclei. More definitive results from larger group samples 
will be presented at the meeting. (Supported by NSERC, Canada).
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648.13

ACTION OF GLUTAMATE, GABA AND DOPAMINE ON 
SINGLE SUBTHALAMIC NEURONS: MICROIONTOPHORETIC 
INVESTIGATION. D.M. Gao. A, Benazzouz*. Z.G. Ni, and A.L, 
Benabid. INSERM U.318, CHU 38043 Grenoble, France

The subthalamic nucleus (STN) plays a pivotal role in motor 
regulation. To investigate the interactions between neurotransmitters, 
we tested the direct effect of dopamine, glutamate and GABA activities 
on the STN neurons using micro-iontophoretic technique. A total of 
113 subthalamic neurons were recorded. 96.15% percent of tested 
neurons (75/78) were excited by dopamine with an intensity- 
dependent manner. DI receptor agonist, SKF-38393, induced an 
excitatory effect in 74% of STN tested neurons, while D2 agonist 
(quinpirole), DI antagonists (SCH 23390) and D2 antagonist 
(sulpiride) had no clear effetcs. 100% of STN tested neurons were 
inhibited by GABA and excited by bicuculine (Bic). The majority of 
STN tested neurons were excited by GLU, while MK-801 inhibited 
the spontaneous firing of these cells. In addition, MK801 could not 
only inhibit STN sponaneous activity but also suppress the effect of 
Bic. When GLU, DA and GABA were tested on the same neurons, 
100 % of these neurons could be inhibited by GABA. GLU and DA 
excited 87.5% of them. These results show clearly that GLU, GABA 
and DA activities converge on single STN neurons and at rest 
condition GLU and GABA exert a tonic effects on STN neurons, but 
not DA. This work suggests the presence of an important interaction 
between GLU, DA and GABA afferences in the subthalamic nucleus.

648.14
SUBSYNAPTIC LOCALIZATION OF METABOTROPIC GLUTAMATE 
RECEPTORS (mGluRs) IN THE GLOBUS PALLIDUS AND SUBTHALAMIC 
NUCLEUS IN MONKEYS. G.W. Hubert^ J-F.^Pare-L. A.M, Robida^, S.R,

2Dept Pharmacology and 3Dept Neurology, Emory Univ., Atlanta, GA 30322.
Three groups of mGluRs have been characterized in the brain. To better understand 

the role of these receptors in regulating basal ganglia functions, we analysed the 
synaptic localization of mGluRs in the external and internal globus paliidus (GPe and 
GPi) and the subthalamic nucleus (STN) in monkeys using immunoperoxidase and 
immunogold techniques at the electron microscopic level (EM).

Group I mGluRs (mGluRla and mGluRS): Both subtypes of group I 
mGluRs displayed the same pattern of immunoreactivity (IR) in GPe, GPi and STN, 
but mGluR5 IR was usually stronger than mGluRla IR. At the EM level, those 
receptors were exclusively postsynaptic, except in the STN where occasional vesicle- 
filled structures that received asymmetric synapses displayed mGluRla IR. In the 
immunogold material, both receptors were found mostly at extrasynaptic sites along 
the plasma membrane, but in GPe and GPi they also occurred at symmetric synapses 
established by GABAergic striatal-like terminals. In contrast, the asymmetric 
synapses of STN-like boutons were usually devoid of IR. Group II mGluRs 
(mGluR2/3): The mGluR2/3 IR was found mostly in glial cell processes and small 
unmyelinated axons and rarely in terminals that formed asymmetric synapses in GPe, 
GPi and STN. Small STN dendrites also displayed strong IR. Group III mGluRs 
(mGIuR7a): In the STN, mGluR7a IR was mainly expressed in small axons and 
terminals that formed asymmetric synapses, although small labelled dendrites were 
occasionally found. Analysis of mGluR7a in GPe and GPi is in progress.

In conclusion, these findings suggest: (1) that mGluRs are localized to subserve 
both pre- and post-synaptic regulation of pallidal and subthalamic neuronal activity 
and (2) that group I mGluRs may regulate the transmission at GABAergic 
striatopallidal synapses. (Supported by NIH Grants R01 NS37423-01 and RR00165).

648.15
SUBSYNAPTIC DISTRIBUTION OF GABA-A RECEPTOR SUBUNITS IN 
THE GLOBUS PALLIDUS AND SUBTHALAMIC NUCLEUS IN MONKEYS. 
A. Charara* and Y. Smith. Yerkes Regional Primate Research Center and 
Department Neurology, Emory University, Atlanta, GA 30322.

The GABA-A receptors ligand-gated chloride channels are composed of different 
subunits belonging to at least five different classes with multiple isoforms. To 
better understand the role of these subunits in controlling the GABAergic 
transmission in the basal ganglia, we looked at the subsynaptic localization of al 
and [32/3 GABA-A receptor subunits in the external (GPe) and internal (GPi) 
pallidum and subthalamic nucleus (STN) of monkeys by means of light and 
electron microscope immunolabeling using specific antibodies (Fritschy and 
Mohler, 1995). In the light microscope, many neuronal cell bodies and dendritic 
processes displayed strong immunoreactivity (IR). When viewed at higher 
magnification, the IR was mostly localized on the plasma membranes of 
immunoreactive elements. At the electron microscopic level, the 
immunoperoxidase reaction product of al and [32/3 was associated with 
postsynaptic structures including dendrites and perikarya in both pallidal segments. 
In many cases, dense IR was associated with symmetric synapses established by 
boutons that resembled striatal afferents. Numerous small unmyelinated axons also 
displayed al and (32/3 IR. Occasionally, IR was found in axon terminals and at 
asymmetric synapses. In STN, both al and (32/3 IR were associated 
predominantly with the postsynaptic membrane of symmetric synapses. However, 
some preterminal axonal segments and a few terminal boutons also displayed al 
IR. Since the diffusion of the peroxidase reaction product from post to presynaptic 
membranes might occur, immunogold methods, which offer a higher level of 
resolution for the synaptic localization of receptors, are currently used to clarify 
this issue. Moreover, other GABA-A receptor subunits such as a2 and 82 are 
under investigation.

{Supported by NIH grants RO1NS37423-01 and RR00165, and FCAR}

BASAL GANGLIA: PHYSIOLOGY II

649.1

EFFECTS ON MOTOR BEHAVIOR OF DOPAMINE ANTAGONISTS APPLIED 
LOCALLY IN THE PUTAMEN OF AWAKE MONKEYS. M.E, Anderson12 5*, M, 
Dubach3,5, M. Ruffo4, R. Eaton1, and J.A. Buford1 ,s. Depts. of ’Rehab. Med., 
2Physiol. and Biophys., 3Psych. and Behav. Sci., 4Neurobiol.and Behav. Prog, and 
5Reg. Primate Res. Cent., Univ. of Washington, Seattle, WA 98195.

The effects of DI- and D2-class dopamine antagonists applied locally in the 
putamen have been examined in awake monkeys during a targeted arm movement 
task. Either the Dl-class antagonist, SCH23390, or the D2-class antagonist, 
raciopride, were administered by dialysis from continuous flow (3 pl/min) through 
an access fiber implanted along a slightly curved longitudinal course through the 
putamen. Drug was applied while the animal performed arm movements across a 
work surface to targets presented visually or to a learned sequence of target 
positions. Administration of either antagonist to the dorsal putamen eventually 
interrupted task behavior, which was restored after washout with saline. While the 
animal worked, however, the error rate, time to behavioral task interruption and 
time to behavioral recovery were all dose dependent. The major failure during the 
onset of drug action was drift of the hand from the required hold position. The 
movement time and velocity during drug application did not differ from those 
measured during saline control periods. These data suggest a larger effect on 
attention and/or motor preparation than on the kinematics of task performance. 
Concurrent changes in the activity of pallidal neurons are being examined. 
Supported by NS15017, NS07395, and RR 00166.

649.2

EFFECT OF DIFFERENT DOPAMINERGIC AGONISTS ON 
THE ACTIVITY OF PALLIDAL NEURONES IN THE NORMAL 
MONKEYS T. Boraud*, E. Bezard, C. Imbert, B. Bioulac, and C.E. Gross. 
Basal gang, CNRS UMR 5543, Université de Bordeaux II, 33076 Bordeaux 
Cedex France.

The classic schema of Alexander and Crutcher (1990) 
proposes that cortical information is processed by basal ganglia 
throughout the direct and indirect pathways, which are respectively 
modulated by DI and D2 dopamine receptors. The effect of 
dopaminergic manipulations on the electrophysiological activity of 
the entire pallidum, both external (GPe) and internal (GPi), remains, 
however, subject to debate.

We tested the effects of three different dopaminergic 
agonists (apomorphine, piribedil, and SKF-38393) on the pallidal 
neuronal activity of two calm awake monkeys (Macaca fascicularis). 
Extracellular unit recordings gave data on firing frequency and firing 
pattern for the GPe and GPi neurones.

The effects of drug administration were diverse. The D1/D2 
agonist apomorphine and the D2 agonist piribedil decreased the 
firing rate of both GPe and GPi neurones but only modified the 
pattern of GPi neurones. The DI agonist SKF-38393 modified the 
firing pattern of both GPe and GPi neurones but only decreased the 
firing rate of GPi neurones.

These results provide considerable interest since GPe does 
not appeared as important that predicted by the proposal of Delong's 
team.

-Supported by IFR and MESR grant-
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649.3
REINFORCEMENT LEARNING OF ACTION SEQUENCES IN A 
BIOPHYSICAL MODEL OF THE NEOSTRIATUM

J, R. Gobbel*. Center for the Neural Basis of Cognition/Department of 
Psychology, Carnegie Mellon University, Pittsburgh, PA 15213

This poster describes an extension of an existing biophysical model of the 
neostriatum. The model is based on a previously-presented model of the 
striatal medium spiny neuron which includes dopaminergic and cholinergic 
modulation of voltage-gated conductances[l]. Dopamine acts in the model 
as a gating signal which allows new representations of motor set to be 
loaded into the network. The original model is capable of executing com
plex sequences of actions, and exhibits degraded performance when 
dopamine levels are reduced, with a pattern of errors which matches the 
results of behavioral studies using Parkinson's disease patients [2].

In the previous version of the model, all connections and synaptic 
weights were preset. The current model extends the existing model by 
learning synaptic weights, using a temporal-difference (TD) learning 
scheme, in which dopamine acts as both a gating signal and a predictor of 
reinforcement which drives learning.

[1] Gobbel, J. R. (1995). Dopamine-acetylcholine interactions in a bio- 
physically-based model of the neostriatum. Neuroscience Abstracts, 21.

[2] Gobbel, J. R. (1997). A biophysical model of sequence generation in 
the neostriatum. Neuroscience Abstracts, 23.

Supported by MH 47566-06.

649.4
MONKEY CAUDATE NEURONS HAVE DESIRE FIELD.
R, Kawagoe . Y. Takikawa and O, Hikosaka*Dept. of Physiol., Juntendo 
Univ. School of Medicine, Tokyo 113-0033, Japan

We have shown that visual responses of caudate (CD) neurons were 
strongly dependent on whether or not an upcoming saccade to the visual 
stimulus was rewarded (Soc Neurosci Abstr 23: 464, 1997). We now report 
that another type of CD activity, 'expectation-related activity' (Hikosaka et al, 
J Neurophysiol 61: 799, 1989), shows strong spatial preference. In a 
memory-guided saccade task, a cue stimulus was presented while the 
monkey was fixating and later the monkey had to make a saccade to the 
location of the cue. In our modified version (called 1DR), the correct saccade 
was rewarded only for one out of four directions: the monkey had to make a 
correct saccade even for the non-rewarded direction. The rewarded 
direction was fixed in a block of 60 trials.

We confirmed that many CD neurons showed expectation-related 
activity: activity preceding the presentation of the cue. Interestingly, the 
magnitude of the pre-cue activity varied depending on which direction was 
rewarded. For example, a left CD neuron would show strong pre-cue activity 
only when the right direction was rewarded. 40 out of 45 neurons with pre
cue activity showed significant directional preference (one-way ANOVA, 
P<0.01), usually for contralateral directions. We call this 'desire field', since 
the monkey would desire, during the pre-cue period, that the cue appear in 
the rewarded direction but each CD neuron was active only for a particular 
rewarded direction. The desire field is distinct from 'memory field' which is 
manifested as sustained activity starting after the cue. We did find CD 
neurons that showed clear memory fields, but they formed a different group. 
These results suggest that 'desire' is encoded by a population of CD 
neurons, each of which represents a specific location ('desire of where'), in a 
way similar to the representation of spatial memory ('memory of where').

Supported by CREST of Japan Science and Technology Corporation.

649.5

COMPUTATIONAL ANALYSIS ON REWARD-MODULATED ACTIVITIES 
OF CAUDATE neurons. H, Nakahara*l.XTjapcenbcisJ^ Htkosaka2„&. 
Kawagoe2, and Y, Takikawa2. lLab for Info. Synthesis. Brain Science Institute, 
RIKEN, Wako, Saitama, 351-0198, Japan. 2Dept. of Physiol., Juntendo Univ. 
Sch. of Med. Tokyo, 113-0033. Japan.

It has been proposed that the spiny neurons (Sps) in the striatum are involved in 
reinforcement learning (RL) based on the actor-critic scheme hy use of a prediction 
error carried hy nigro-striatal dopamine neurons (e.g. Houk et al., ’95). This 
hypothesis, however, has not been examined quantitatively with respect to neural 
activities in the striatum.

Takikawa et al. (Soc Neurosci Abstr 23: 464, '97) reported a variety of reward- 
modulated Sp activities in the caudate (CD) in a memory-guided saccade task in 
which only one of four directions was rewarded in each session. Many Sps responded 
to the directional cue, but the response was modulated in two ways: 'reward- 
dependent'. the preferred direction changed so that the response was greatest for the 
rewarded direction in each session: 'reward-conditional', the preferred direction did not 
change across sessions, but the response was enhanced for the rewarded direction.

The present study shows that these Sps activities can be described hy our minimal 
model derived from a simple RL in the actor-critic scheme in which the 'critic' works 
to evaluate a current state while the 'actor' works to choose an optimal action given 
the state. In our model, the 'critic' showed activity similar to the reward-conditional 
Sp response, while the 'actor' showed activity similar to the reward-dependent Sp 
response. Our model also successfully simulated the time course of change in these 
Sp responses after the reward direction was changed. We also suggest that the 
'reverse' reward-conditional Sp response found in the experiment (i.e., the least 
response for the rewarded direction) can he accounted for by our model, taking into 
account of the direct and indirect pathways in the BG. Finally, we show that further 
extensions of our model provide several specific predictions that are experimentally 
testable. Supported by SPRF of RIKEN to HN, CREST of JST and JSPS Research for the 
Future Program to OH, RK. YT. and HN.

649.6
TONICALLY ACTIVE NEURONS IN PRIMATE 
STRIATUM RESPOND TO STIMULI BEFORE, DURING 
AND AFTER LEARNING A JOYSTICK TASK. T.M. 
Thomas*, J.E. Hanson and M.D. Crutcher. Department of Neurology, 
Emory Univ. School of Medicine, Atlanta, GA 30322.

The basal ganglia are implicated in various aspects of learning and 
memory, however, their specific role in these processes has yet to be 
determined. The tonically active neurons (TANs) in the major input 
nucleus of the basal ganglia, the striatum, are thought to play a key role 
in basal ganglia function and have provided clues as to the basal ganglia’s 
involvement in learning. Our studies further show that the TANs, and 
therefore, the basal ganglia do indeed seem to be involved in operant 
learning processes. We performed extracellular single-unit recording 
from striatal TANs in an awake monkey (Macaca mulatto) before, during 
and after she learned a visually guided joystick task. Our data show a 
post-learning increase in TAN responsiveness to both the cue signaling 
arm/joystick movement and the reward following such movement. The 
variability in response type (i.e. inhibition, excitation or both) also 
increased post-learning. These increases were detected in striatal regions 
anterior and posterior to the anterior commissure, however, the 
responses in the anterior areas were both more frequent, robust and 
complicated. These data demonstrate that stimuli associated with a 
simple, visually guided joystick task can invoke TAN responses and that 
TANs are involved in some aspects of operant learning. Their 
involvement, however, seems to be more complicated and less uniformly 
distributed than was once thought. Studies are underway in our 
laboratory to further address these issues.

Supported by NINDS 1P01NS31937.

649.7

SINGLE-UNIT ACTIVITY IN THE SUBSTANTIA NIGRA PARS RETICULATA 
OF RATS BEHAVING IN AN OPEN-FIELD ARENA. J.M. Gulley*, M, 
Kuwajima, E, Mayhill and G.V, Rebec. Program in Neural Science and 
Department of Psychology, Indiana University, Bloomington, IN 47405.

Relatively little information is available on the behavioral responsiveness 
of neurons in the substantia nigra pars reticuluta (SNr), which along with the 
entopeduncular nucleus, serves as the major basal ganglia output nucleus 
in the rat. A classic view (Chevalier & Deniau, TINS, 13:277,1990) predicts a 
high level of SNr basal activity that declines during movement. The 
Implication is that tonically active inhibitory SNr outputs normally keep 
"downstream" movement generators in check to suppress inappropriate or 
unwanted behavior. To test this hypothesis, we recorded SNr single-unit 
activity in rats that were placed in a 1.3 m2 open-field arena and allowed to 
move about freely. During periods when rats rested quietly, SNr neurons 
could be characterized in one of three ways: (1) regular, which fired at high 
tonic rates (up to 80 spikes/s), (2) slightly irregular, which exhibited high, 
tonic activity (~80 spikes/s) interspersed with periods of much lower firing 
(~20 spikes/s), or (3) irregular, with alternating periods of high and low 
activity (0-60 spikes/s) that often resembled bursting. Primarily increases 
(up to 300% above baseline), but also decreases (40-100% below baseline) 
and no change in firing rate, occurred in close temporal association with 
head movements, sniffing, gross body movements and locomotion. While 
these changes occurred In all types of SNr units, they were observed most 
often in the regularly firing type. Subsequent to behavioral characterization, 
several rats were given injections of d-amphetamine (1.0 mg/kg, sc). In most 
cases, SNr activity decreased coincident with amphetamine-induced motor 
activation and regardless of the pre-drug firing type or behavioral 
responsiveness of the cell. Our results, while not consistent with the classic 
view, support recent data from primates suggesting SNr neuronal activity 
plays a role In the focal selection of desired motor mechanisms and the 
inhibition of others. Supported by NiDA (DA-02451)

649.8
ACTIVITY OF MIDBRAIN DOPAMINE NEURONS DURING 
LEARNING SEQUENTIAL PUSH BUTTON TASKS IN 
MONKEYS. T. Satoh, and M. Kimura*. Fac. Health Sci., Osaka 
Univ., Osaka, 560, Japan.

We showed, previously, that primate striate neurons acquire 
responses to reward predictive stimuli through behavioral conditioning, 
and that the nigrostriate dopamine system plays an essential role for the 
learning. We recorded activity of single dopamine neurons in the 
midbrain in 3 monkeys performing sequential push button tasks. The 
dopamine neurons were identified by their spike shape, slow tonic 
discharges, location and antidromic activation after an electrical 
stimulation in the putamen. In the behavioral task, three out of 9 buttons 
on the computer display, placed 30 cm in front of monkeys, were 
illuminated. Monkeys tracked by pressing the illuminated buttons in 
sequence and obtained a drop of reward water after completion of 
correct button pushes. As reported previously, many dopamine neurons 
(11 out of 26 neurons) responded either to the reward predictive 
sensory stimuli or to the reward itself with increase of their discharges, 
but few neurons (n=2) responded to the neutral stimuli or hand 
movement. In some of these neurons (4 out of 26), showed very strong 
activity to the illumination of buttons or click noise preceding reward 
delivery specifically when the monkey started to learn new sequence of 
movements. But the activity decreased in parallel with the progress of 
learning indicated by decrease of serial reaction times. In the learned 
sequence, most of neurons (5 out of 8) showed responses to the 
illumination of the first button, while neurons responded to the first, 
second and the third button in various combinations, in new sequences 
(n=4). Supported by research for the future grant 96L0020, 08279106.
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649.9
ELECTROPHYSIOLOGICAL MAPPING OF THE PALLIDAL 
ACTIVITY LINKED TO PASSIVE LIMB MOVEMENT IN THE 
NORMAL MONKEY C.E. Gross*, T. Boraud,E. Bezard, C. Imbert, and B. 
Bioulac CNRS UMR 5543, Université de Bordeaux II, 33076 Bordeaux Cedex 
France.

Comprehensive electrophysiological mapping of the pallidum (GP) and 
particularly of its internal part, the GPi, considered the main output structure of 
the whole basal ganglia network for the command of body movements, is 
becoming a prerequisite for the successful surgical treament of Parkinson’s 
disease using techniques such as high frequency stimulation or pallidotomy.

Extracellular unit recordings were carried out in two calm, awake and 
drug naive monkeys (Macaca fascicularis) to investigate any correlations between 
passive limb or oculomotor movements and modifications in the neuronal 
activity of the external pallidum (GPe) and the GPi.

Existing anatomical data would have led us to expect a somatotopic 
organization in the pallidum. Our results show, on the contrary, that GPe and 
GPi cells are organized in clusters which present no somatotopic organization. In 
the GPe arm and leg related-neurones are located in clusters on the oral part and 
less oculomotor related-neurones located in a cluster in the medial part. In the 
GPi we only found limb clusters in the medial part. No occulomotor cell was 
recorded. With regard to the firing frequency, the vast majority (89%) of both 
GPe and GPi cells increased their firing during movement, but a reduction in 
firing frequency was observed for the remaining 11%.

It would seem important to pursue the exploration of pallidal activity in 
experimental models since GP would appeared not to be somatotopically 
organized but in clusters. The implication for deep brain surgery in the treatment 
of Parkinson's disease are wide-reaching.

-Supported by IFR and MESR grant-

649.10
MULTIPLE SINGLE-UNIT ACTIVITY OF STRIATAL NEURONS IN 
UNANESTHETIZED NORMAL AND 6-HYDROXYDOPAMINE (6-OHDA)- 
LESIONED FISCHER 344 RATS. L. J. Kish*, M. R, Palmer and G.A, Gerhardt. 
Departments of Pharmacology and Psychiatry', and the Neuroscience Training 
Program, University of Colorado Health Sciences Center, Denver, CO 80262.

Multiple single-unit activity of dorsomedial striatal neurons was monitored in 
normal rats and in the unilateral 6-OHDA-lesioned rat model of Parkinson"s disease 
using chronically implanted microwire electrode arrays. This technique allows for 
the ability to record from ensembles of neurons with high stability under freely- 
moving conditions. Over 40 neurons were recorded in each of three groups of 
striatal cells: normal, intact (contralateral to the 6-OHDA lesion) and 6-OHDA 
lesioned. All three neuronal groups had average basal unit activity of <1.0 Hz. In 
contrast to what has been reported from anesthetized or immobilized preparations, 
little difference was found in the basal level of activity between the three groups of 
striatal neurons. Rats were treated with d-amphetamine (5.0 mg/kg. s.c.) or 
apomorphine (0.05 mg/kg, s.c.) to assess the underlying electrophysiological 
changes in striatal unit activity which might be associated with the drug-induced 
rotational behavior seen in lesioned rats. At peak behavioral effect following d- 
amphetamine, firing rates of the majority (70%) of neurons had increased by 
twofold over basal levels, while neurons from the lesioned striata were not 
significantly affected. Following apomorphine treatment, little difference was 
found in the striatal unit activity between the three groups of neurons despite the 
active rotational behavior of the 6-OHDA-lesioned rats. These data support the 
hypothesis that apomorphine-induced rotational behavior is not associated with an 
overall difference in the dorsomedial striatal firing rates between neurons on the 
lesioned and intact sides. Supported by NS09199, MH50787, and HDO7408.

649.11
METHODS OF TETRODE CALIBRATION, IMPLANTATION, NEUROIMAGING, 
AND ANALYSIS OF MULTIUNIT RECORDINGS IN STRIATUM. M.S. Jog1*, C. I. 
Connolly2, Y. Kubota3, D.I. Iyengar3, A.M. Graybiel3. ’University of Western Ontario, 
London Ont. N6A 5A5 Canada; 2SRI International Menlo Park CA; 3Dept. of Brain and 
Cognitive Sciences, Massachusetts Institute of Technology, Cambridge MA 02139.

The tetrode is an extracellular recording microelectrode with four closely-spaced 
tips whose relative positions are distinct in three-dimensional coordinates. This 
geometry allows resolution of putative neuronal sources superior to that obtainable by 
single-tip electrodes in the extracellular field, as demonstrated by Gray et al. (1995, J 
Neurosci Meth, 63:43-54). We have adapted, modified and significantly improved the 
technology and data analysis methodology for use of tetrodes in recording from 
subcortical, anatomically non-laminar structures, such as the striatum, in freely 
moving rodents. A plastic, non-magnetic headstage with six microdrives for chronic 
implantation has been designed and built to reduce weight and electrical noise. This 
headstage is MRI-compatible, and thus tetrodes can be localized in the striatum in 
vivo. A calibration protocol was devised to determine the relative direction and 
distance between recording tips in each tetrode. Using this information and the ability 
of the tetrode to “image” electrical sources in four-dimensional space, an error- 
minimization clustering algorithm, coupled with template matched spike sorting, was 
devised. This allowed reliable unit separation, noise elimination and computation of 
approximate three-dimensional unit locations around each tetrode. Functions standard 
to data analysis packages such as raster displays, peri-event time histograms and 
cross/auto-correlograms, together with a graphical interface, were incorporated. This 
system permitted reliable recordings from the caudoputamen, in which most neurons 
have low firing rates and small amplitude action potentials. The recordings remained 
stable over weeks, so that learning-related changes in neuronal activity could be 
directly examined. Supported by MRC, Canada, SRI International and NIMH grant 1- 
R03-MH57878-01.

649.12
THE BASAL GANGLIA REVISITED: NEW INSIGHTS FROM 
COMPUTATIONAL AND EXPERIMENTAL STUDIES. J.L. 
Contreras-Vidal* and G.E. Stelmach. Motor Control Laboratory, Ari
zona State University, Tempe, AZ 85287-0404.

Neurophysiological and anatomical evidence suggest separate basal 
ganglia systems for movement initiation and execution. The caudate —> 
dorsomedial globus pallidus pars interna (GPi) pathway may be critical 
in the initiation of behavioral responses, whereas the putamen -> ven
trolateral GPi pathway appears to be involved in movement execution. 
However, studies assessing the effects of inactivation, activations or ab
lations of GPi neurons on reaction time and movement time apparently 
indicated that basal ganglia output was not involved in movement initi
ation.

Recent data in the MPTP-treated monkey suggest that the segrega
tion of neural mechanisms for movement initiation and execution may be 
compromised in Parkinsonism (e.g., Tremblay et al., Brain Res. (1989) 
498:17-33). Specifically, pallidal neurons become less selective to pe
ripheral and striatal inputs which may result in decreased signal-to-noise 
ratios in the pallidal output. We show through computer simulations of a 
basal ganglia network that paraxodical observations about basal ganglia 
function may be explained by 1) changes in both tonic and phasic striatal 
modulation of GPi, 2) reduced selectivity of GPi cells to striatal inputs, 
and 3) nonhomogenous distribution of dopamine in striatal regions.

Supported by NIH NS33173.

649.13

A COMPUTATIONAL MODEL OF SELECTIVE PROPERTIES WITHIN 
BASAL GANGLIA: A REINTERPRETATION OF FUNCTIONAL ANATOMY 
K, Gurney*, P, Redgrave and T.J. Prescott. Dept Psychology., University of 

Sheffield, Sheffield S10 2TP, U.K.
We have recently suggested (Redgrave et al 1997) that the basal ganglia (BG) 

play a crucial role in solving the action selection problem in vertebrates. We now 
present a quantitative model of intrinsic BG processing which shows how this might 
occur. We assume that several command systems with different levels of salience 
are requesting their actions to be enabled by the BG. Under dopaminergic control 
the striatum extracts the salience, and selects a subset of actions for subsequent 
processing by running a series of winner-take-all competitions mediated by short- 
range recurrent connections. Each such winning command system defines a channel 
of information flow through individual BG nuclei with the exception of the 
subthalamic nucleus (STN) which integrates information across channels. The 
model has been subject to an analysis of its equilibrium states and full dynamic 
computer simulation. There are three main results: (i) Diffuse excitation from STN 
and focused inhibition from striatum combine to provide input to a feedforward, off- 
centre on-surround network whose output layer is the globus pallidus internal 
segment (GPi) and substantia nigra reticulata (SNr). This network operates in 
conjunction with local striatal competitions so that the striatum-STN-GPi/SNr 
complex forms the primary selection pathway within the BG. (ii) The GPe forms the 
output of a separate control pathway (whose input is also provided by STN and 
striatum) which supplies control signals to the switching network. For example, GPe 
dynamically Emits excitation of STN when the latter is driven by a variable number 
of competing actions, (iii) Differential modulation of each pathway by increased 
dopamine D1/D2 receptor activation works synergistically to induce less exclusive 
action selection. We conclude that the functionality of the BG anatomy may be more 
accurately described in terms of selection and control pathways rather than the more 
usual direct and indirect pathways, and that more promiscuous action selection is 
fostered by the increased presence of dopamine.

649.14
REWARD DISCRIMINATION IN PRIMATE STRIATUM, H.C. Cromwell*. 
O.K. Hassani. W. Schultz. Institute of Physiology, University of Fribourg, CH- 
1700, Fribourg, Switzerland.

A version of the spatial delayed response task was used to examine reward 
discrimination in monkey striatum. Monkeys were trained to perform a lever press 
(left or right) in response to a trigger signal with the spatial information given by a 
preceding instruction cue. Delays were used between the instruction cue and trigger 
and between the trigger and reward reception. Previously, it has been shown that 
striatal neuron activity increases in relation to each of the task components which 
include; 1) instruction cue, 2) trigger signal, 3) movement and 4) reward. Activity 
increases prior to each of these events has been hypothesized to represent an 
expectation/preparation for the forthcoming event. The aim of the present study 
was to determine if these different task relationships show activity changes 
dependent upon different liquid or food outcomes. In order to examine this 
discriminability, different fruit juices or food items were paired with different 
instruction pictures (cues). Results were obtained from 3 monkeys. Each of the 
aforementioned response types showed activity increases which varied dependent 
upon the reward outcome. The largest number of discriminating neurons were seen 
in the reward reception response type (30-40%). Several of these neurons which 
discriminated between the rewards within the task did not show reward 
discrimination when the liquid was given outside of the task paradigm. This 
indicates that the sensory features of the reward may not be the sole attribute 
underlying the discrimination. Neuronal activity related to the instruction cue, 
trigger signal and motor response also showed discrimination between reward 
outcomes, albeit to a lesser extent. These findings support the idea that non-motor 
responses of striatum can be dependent upon behavioural outcomes and, in general, 
the results identify in greater detail the reward processing abilities of this basal 
ganglia structure. This work was supported by the Swiss National Science 
Foundation and the European Community Biomedll Foundation.
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649.15
MODELING THE BASAL GANGLIA: SUPPORT FOR A THEORY ON ITS 
INVOLVEMENT IN MOTOR CONTROL. A, Bischoff-Grethe* and 
M, A, Arbib. University of Southern California, Los Angeles, CA 90089- 
2520.

There have been a number of proposals of basal ganglia function in recent 
years, from preparing and facilitating motor commands to action selection 
and the inhibition of competing programs. We suggest the basal ganglia are 
instead involved in two tasks: the estimation of next sensory state and the 
inhibition of movement. We further suggest that these roles may be 
represented via the direct and indirect pathways. In Parkinson's disease, 
the loss of dopamine results in a breakdown of motor function, including 
akinesia, bradykinesia, and pauses between movements in a sequence. W e 
believe the loss of dopamine leads to an imbalance in behavior between the 
two pathways. The increased inhibition of the basal ganglia upon the 
thalamus led to a decrease in cortico-thalamic activity, impacting the 
basal ganglia's ability to both inhibit motor commands and to provide next 
sensory state information to the supplementary motor area, a region 
hypothesized to play a role in sequential behavior. In support of our theory 
of basal ganglia function, we have constructed a model capable of 
performing three tasks: a sequence of three reaching movements, a 
reciprocal aiming task, and an elbow flexion-extension task. Each task 
demonstrates the interaction between the direct and indirect pathways to 
provide next sensory state information or inhibit movements. Further, 
reducing the dopamine available within the model produces parkinsonian 
symptoms; both the sequential movement task and the reciprocal aiming 
task exhibit pauses between movements, and all three tasks exhibit 
akinesia and bradykinesia.
Supported by NIH grant MH52194-04.

649.16
EXPERIMENTS ON MODELLING FRONTAL LOBES FOR TEMPORAL 
SEQUENCE LEARNING. J.G.Tavlor1’2*, N.Tavlor'.’Dept. of Maths.,King’s 
Coll., London, UK;2Research Centre, Juelich, Germany.

Mammalian frontal lobes (including premotor and supplementary motor 
cortices, striatum, globus pallidum, appropriate nuclei of the thalamus) are 
involved in learning sequences of movement. Coupled together (with possible 
internal lateral connections as well) there is a considerable number of patterns 
of connectivity and learning styles. Including various models of the single 
neuron (mean firing rate, bistable) lead to a very large number of possible 
neural models. We attack the problem of finding optimal neural models of 
frontal lobes for temporal sequence learning by constructing a ‘benchmark’ 
model able to learn to regenerate a sequence of 4 patterns out of 4, and then 
compare the success of other types of connectivity, etc, in the same task. The 
benchmark uses reward learning of in->sma, sma-»out & sma->striatum 
connections, with fixed lateral connections on sma &striatum. After over 200 
simulations on variations of this connectivity, with preleamt patterns on 
in->sma and sma->out, no, or a reduction of, improvement, of the system was 
found when: thalamus->sma is all-to-all learning, in->sma has a reduced 
Gaussian spread, or striatal lateral connectivity is reduced in strength. Learning 
of the pattern sequence can also be achieved if in addition the lateral 
connections on sma and striatum and of thalamus->sma are learnt. This same 
system can learn longer sequences if scaled in the number of neurons. Addition 
of premotor cortex with fixed connections and suitable initialisation of in->sma 
and sma->out connections (corresponding to genetic prewiring) leads also to a 
system for learning the 4 patterns. General conclusions: 1) considerable 
flexibility through learning is necessary to achieve temporal sequence learning 
2) creation of working memory cells by sma-»striatum->GP->thalamus->sma 
loops is needed to learn timed internal transfer of patterns.

650.1

RESPONSES OF PATENT AND PLUGGED SEMICIRCULAR CANALS TO 
LINEAR AND ANGULAR ACCELERATION. R.D. Rabbitt1*, R. Bovle2 and
S.M. Highstein3. ‘Dept. Bioengineering, Univ. Utah, Salt lake City, UT 84112; 
2Depts. Otolaryngology & Physiology, Oregon Health Sciences Univ., Portland, 
OR 97201; Dept. Otolaryngology, ’Washington Univ., St. Louis, MO 63110.

Comparison of the response modulation of semicircular canal afferents before and 
after surgical occlusion of the duct shows that the procedure does not completely 
block angular motion sensitivity of the modified canal. Plugging the membranous 
duct of the horizontal canal attenuates the gain (spikes/sec per °/s) by two orders of 
magnitude for rotational stimuli at 0.1 Hz, but only by a factor of two for stimuli at 
10 Hz. The phase is advanced by -90° (toward angular acceleration) relative to 
patent canals at 0.1 Hz, but becomes nearly identical to patent canals above ~5 Hz. 
Hence, semicircular canal plugging is effective in attenuating afferent responses at 
low frequencies but has very little effect at high frequencies in this species. To 
understand this response we modeled the endolymph and perilymph as 
incompressible Newtonian fluids, the membranous labyrinth as a curved viscoelastic 
tube of variable cross section, and the temporal bone as an elastic solid. Parameters 
were determined directly from the morphology and physical material properties. 
Model predictions for rotational stimuli are in quantitative agreement with the data 
and indicate that the response of plugged canals is due to membranous duct 
distention caused by translabyrinthine pressure gradients. The very same model 
predicts semicircular canal sensitivity to linear accelerations, in the absence of 
rotation, for both patent and plugged canals. These results suggest that the 
semicircular canals may contribute to linear motion sensation and thereby may play 
a role in putative otolith mediated systems such as the linear vestibulo-ocular reflex. 
(Supported by NIH DC01837)

VESTIBULAR SYSTEM II

650.2
VESTIBULAR NEURON RESPONSES TO LINEAR MOTION IN ALERT 
RHESUS MONKEYS. J. David Dickman1,2*, M. Quinn McHenry2, and Dora
E. Angelaki1’2. Depts. of Surgery (Otol.) 1 and Anatomy2, University of 
Mississippi Medical Center, Jackson, MS 39216

Vestibular nuclei neuron (VN) responses to dynamic linear motion 
stimulation were obtained in awake head fixed rhesus monkeys that were 
implanted with bilateral three-dimensional dual search coils to monitor eye 
movement responses. Each animal was pre-trained to perform several 
behavioral tasks, including visual fixation, smooth pursuit, and VOR 
cancellation. Isolated vestibular neurons were first classified according to 
their sensitivity to eye position, eye velocity and synaptic input from the 
labyrinth. Next, each neuron was further classified according to horizontal or 
vertical semicircular canal and otolith (utricular) inputs using plane specific 
rotations and linear motion. Linear translations (0.1 - 0.4g; 0.3 - 5 Hz) at 
different spatial orientations were then delivered both in the dark and during 
head fixed near target fixation (VOR cancellation).

Responses from vestibular neurons show that many cells are responsive to 
linear motion, including vestibular only, position-vestibular-pause, gaze 
velocity, and others. To date, the results suggest that the gain increases as 
stimulus frequency increases, through the stimulus range tested. VN neurons 
also appear to vary in their spatial tuning to linear motion. Finally, some, but 
not all VN neurons also received convergent input from the semicircular 
canals and otolith organs.

Supported in part by NIH EY-10851 , NASA NAGW-4377 & NAG5-5157, 
and AFOSR F49620.

650.3
FREQUENCY MODULATION CAPABILITIES OF VESTIBULAR NEURONS IN 
GUINEA PIG SLICES. L.Ris1*, M.Hachemaoui1, N.Vibert1. E.Godaux2, P.P. Vidal1 
and L. Moore1. 1Laboratoire de Neurobiologie des Réseaux Sensorimoteurs, 
CNRS ESA 7060, Paris, France; laboratoire de Neurosciences, Université de 
Mons-Hainaut, 7000 Belgique.

Previous in vitro recordings have shown that guinea pig medial vestibular 
neurons (MVNn) appear to be a heterogeneous population whose membrane 
properties are distributed between two general categories specified as type A and 
B cells. We have suggested that the MVNn intrinsic membrane properties partially 
determine their dynamic properties.

In the present in vitro slice study, this hypothesis has been tested by measuring 
the frequency modulation capabilities of type A and B MVNn, using the paradigm 
of du Lac and Lisberger (J.Neurosc. 15:8000, 1995). Sinusoidal currents were 
injected intracellularly over a range of frequencies and polarization levels. For 
each cell, a voltage and frequency range was found in which the firing rate was 
modulated linearly. In this range, the behavior of both types of MVNn could be 
explained by voltage-dependent potassium conductances. The amplitude of the 
response moderately increased with frequency. The discharge first exhibited a 
slight phase lead at low frequencies and then an increasing phase lag at higher 
frequencies. The modulation range depended on the mean spontaneous firing 
rate. Increasing the firing rate by depolarizing the cell caused a shift of the 
amplitude response to higher modulation frequencies. The highest frequency at 
which the injected current could modulate the firing rate varied according to the 
type of neurons. It was lower in type B MVNn (3 -7 Hz) than in type A MVNn 
(15 Hz), due to the occurrence of periodic plateau potentials in type B neurons.

Hence, our results confirm at the level of the performances of the spike 
generator the existence of two subpopulations in the MVNn which could 
correspond to the phasic and kinetic neurons observed in vivo.
This research has been supported by the Belgian CGRI, the Tournesol Program 
(CNRS, D.R.I., France). L.Ris is a fellow of the Belgian FNRS.

650.4
HISTAMINERGIC LIGANDS ATTENUATE BARREL - ROTATION IN 
UNILATERAL LABYRINTHECTOMY RATS J-B Pan*. A.B, O’Neill. A.A. 
Hancock, J.P, Sullivan and J.D. Brioni Neurological and Urological Disease 
Research, Abbott Laboratories, Abbott Park, IL 60064

Unilateral labyrinthectomy (UL) removes ipsilateral primary vestibular 
afferents. This procedure results in a number of postural and dynamic reflex 
deficits including head tilt, barrel rotation and nystagmus. On the basis of 
previous reports, we explored a modified procedure of performing UL. The 
usefulness of this model was evaluated by testing the ability of several anti - 
vertigo drugs to attenuate UL - induced body rotation.

UL was performed in male Long Evans rats (250-300g) by injecting 100% 
ethanol into the right inner ear. Rats showed abnormal asymmetrical behaviors 
upon recovering from anesthesia. The elevated body rotation test (EBRT) was 
used to assess the abnormal rotational behavior. Briefly, each rat was elevated a 
few centimeters above the bench top by holding its tail for thirty seconds. Scores 
of "3" to "0" were used to characterize the degree of abnormal behavior according 
to the interval between elevation and starting rotation. Rats with a score of "3" 
two hours after surgery were given either betahistine, astemizole, thioperamide, 
or GT 2016 (i.p). EBRT scores were recorded every thirty minutes for four 
hours after agent treatment. Data were analyzed by Mann-Whitney U test.

Our results demonstrated that: 1) 100 pi ethanol (but not 50 pi) induced more 
constant EBRT scores, which offered a relatively stable baseline that enabled 
evaluation of compound effects; 2) astemizole, an anti-vertigo drug used in 
clinical practice, significantly attenuated • EBRT scores in UL rats; 3) in 
comparison to betahistine (a weaker H3 antagonist), two more potent H3 
antagonists, thioperamide and GT 2016, were more effective in reducing the 
abnormal rotational behavior.

These data implicate that the present UL model possesses the potential ability 
to reveal antivertigo effects of novel compounds.
[Supported by Abbott Labs.]
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650.5
EXCITATORY AND INHIBITORY INPUTS FROM UTRICULAR AFFERENTS 
TO SINGLE VESTIBULAR NEURONS IN THE CAT Y. Ogawa,1 H. Sato*,2 K. 
Kushiro,2 M. Zakir,2 M. Imagawa,2 and Y. Uehino.2 1Dept. of
Otorhinolaryngology and ¿Physiology, Tokyo Medical College, Tokyo 160-0022, 
Japan.

It has been determined that saccular afferents from one population of hair cells 
monosynaptically activate vestibular neurons and that afferents from another 
population of hair cells located on the opposite side of the striola disynaptically 
inhibit the same vestibular neurons, which is termed Cross-Striolar Inhibition 
(Uehino et al., J. Neurophysiol. 1997). The sensitivity to linear acceleration may 
increase by a disinhibitory mechanism due to the Cross-Striolar Inhibition. We 
examined here, whether or not the Cross-Striolar Inhibition also exists in utricular 
afferents of vestibular neurons. Focal stimulation of the utricular macula was 
performed in 3 ways ; 1) one of the electrodes was inserted into the medial and the 
other into the lateral edge of the utricular macula, 2) one pair of electrodes was 
placed on the lateral edge of the macula and another on the medial edge, 3) after the 
macula and the nerve were sagittaly incised at the middle, a pair of electrodes were 
placed in each part. In 14 of 86 vestibular neurons tested, the stimulation of the 
medial part of the utricular macula evoked mono- (11/14) or disynaptic excitory 
postsynaptic potentials (EPSPs) (3/14), some of which were followed by inhibitory 
postsynaptic potentials (IPSPs), while the stimulation of the lateral part evoked 
disynaptic IPSPs. In 11 of 86 vestibular neurons, the stimulation of the lateral part 
evoked mono- (9 /ll) or disynaptic EPSPs (2/11), including EPSP-IPSP sequences, 
while in the medial part, stimulation evoked disynaptic IPSPs. In the remaining 
vestibular neurons, 34 neurons received the same PSPs mono- or disynaptically 
from both medial and lateral parts, and 27 neurons received inputs from stimulation 
of either the medial or lateral side of the macula.

650.6

CONVERGENT INPUTS FROM SACCULAR AND UTRICULAR 
AFFERENTS TO SINGLE VESTIBULAR NEURONS IN THE 
CAT
K. Kushiro,1 M. Zakir,1 Y. Ogawa,2 M, Katsuta,3 N, Isu,4 H, Sato,1
M. Imagawa,1 Y. Sugiura1* and Y. Uehino1.
department of Physiology, 2Otorhinolaryngology and 3Orthopedic 
Surgery, Tokyo Med. Coll.; Tokyo 160-0022; 4Faculty of 
Engineering, Tottori Univ.; Tottori, Tottori 680-0945, Japan.

We observed’saccular (SAC) and utricular (UT) convergent inputs 
in single vestibular neurons using selective SAC and UT nerve 
stimulation. Postsynaptic potentials (PSPs) were recorded in the 
lateral and descending vestibular nuclei neurons. Successful data 
were obtained from 10 decerebrated cats. SAC stimulation evoked 
mono- and disynaptic excitatory (E) and inhibitory (I) inputs in 126 
vestibular neurons. The majority (111/126) were excitatory inputs. 
Forty-seven (37%) vestibular neurons were also activated by UT 
stimulation. The dominant input (43/47) pattern from UT stimulation 
to these 47 neurons was mono- and disynaptic EPSP. About half of 
these neurons projected to the spinal cord, while about 15% projected 
to the oculomotor neuron pool. The axonal trajectory properties of 
the remaining neurons (79/126) were similar to those of the 
convergent neurons. We also recorded 16 UT activated neurons 
which had no input from SAC. Input patterns in response to 
stimulation of the UT nerve and axonal trajectory were similar to 
those of the convergent neurons.

650.7

CONVERGENCE OF THE POSTERIOR SEMICIRCULAR CANAL AND 
UTRICULAR INPUTS ON SINGLE VESTIBULAR NUCLEAR NEURONS IN 
CATS.'
M.Zakir1, K-Kushiro1, Y.Ogawa2, M.Katsuta3, M.Imagawa1, H.Sato1, N.Isu4,
J.Yamada3* and Y-Uchino1. Department of Physiology1, Otorhinolaryngology2 , 
Orthopedic Surgery3 and Anatomy3 , Tokyo Medical College, Tokyo 160-0022; 
Faculty of Engineering4, Tottori University, Tottori 680-0945, Japan.

The convergence of the posterior semicircular canal (PC) and utricular (UT) 
nerves inputs on single vestibular neurons (VNs) in the lateral and descending 
vestibular nuclei, was studied intracellularly in 10 decerebrate cats. All vestibular 
afferents in the labyrinth except for those innervating the UT macula and PC 
ampulla were transected. Electrical stimulation of UT and PC nerves evoked 
negative (Nl) potentials in the vestibular nuclei, with mean thresholds (NIT) of 
11/zA and 14/zA, respectively. Each neuron was tested for their ascending and 
descending branches, by antidromic stimulation to the oculomotor nuclei (OMN) 
and spinal cord, respectively.

PC stimulation evoked mainly mono- or disynaptic excitatory inputs in 123 VNs. 
Fifty (41%) of 123 VNs also responded (34/50, 68% excitatory' and 16/50, 32% 
inhibitory) to stimulation of the UT nerves (convergent VNs). About half of the 
convergent neurons projected to the spinal cord and one third also projected to the 
OMN. The remaining convergent neurons showed connectivity neither to the spinal 
cord nor to the OMN. Seventy-three (59%) of 123 VNs have no input from UT 
nerves. The axonal trajectory of these 73 VNs to the spinal cord and OMN was 
similar to that of convergent VNs.

These patterns of input from the PC and UT nerve to single VNs were consistent 
regarding their role in different set of muscles, involving movement in vertical 
planes.

650.8

EFFECTS OF PROTEIN KINASE C (PKC), A (PKA) and G (PKG) 
INHIBITORS ON VESTIBULAR COMPENSATION. C.P, Balaban12*. M. 
Frgilino1 and GG, Romero3. Depts. of 'Otolaryngology, Neurobiology and 
’Pharmacology, University of Pittsburgh; Pittsburgh, PA 15213

Adult male Long-Evans rats, anesthetized with halothane-NO2-O2, received 
a 5 lintracerebroventricular bolus of either vehicle (distilled water, 6 rats), the 
PKC, PKG and PKA inhibitor H-7 (1 mM, 5 rats; 10 mM, 5 rats), a specific 
PKC inhibitor [Iso-H-7 (10 mM, 4 rats; 50 mM, 5 rats) or bisindolemaleimide 
I (Bis-I, 10 pm, 6 rats)] or the PKC and PKA inhibitor A-3 (1 mM, 6 rats). 
Surgical unilateral labyrinthectomy (UL) was then completed within 15 min. 
Spontaneous nystagmus was recorded under ambient illumination with video 
methods at 1, 2, 3, 4, 5, 6, 7, 8, 24, 48 and 72 hr after UL. The number of 
quick phases of spontaneous nystagmus was averaged during 3 20 sec periods 
for analysis of variance and post hoc tests. Control groups given a 5 1 icv 
bolus of the highest dose of each drug prior to sham operations (surgical 
exposure of middle ear cavity) showed no nystagmus. The 3 drugs that 
inhibit PKC (Bis-I, H-7 and Iso-H-7) produced a significant retardation of 
loss of spontaneous nystagmus. Nystagmus was significantly greater than 
controls (p<0.05) in the 10 mM H-7 group at 4, 5, 6 and 48 hr post-UL, but 
only at 6 and 24 hr post-UL in the 1 mM H-7 group. Both Iso-H-7 doses 
significantly retarded recovery from spontaneous nystagmus during the first 8 
hr post-UL, but more nystagmus (p<0.05) was present in the 50 mM than the 
10 mM group at 7 and 8 hr post-UL. Bis-I produced the same effects as Iso- 
H-7. The rats given the PKG/PKA inhibitor A-3 did not differ from vehicle 
controls. These data support the hypothesis that PKC is an important early 
signalling substrate for vestibular compensation during the acute post-UL 
period. Supported by NIDCD grant R01 DC02556.

650.9

EFFECTS OF INFERIOR CEREBELLAR PEDUNCLE TRANSECTIONS ON 
AMINO ACID DISTRIBUTIONS IN RAT VESTIBULAR NUCLEI. Y. Sun*, T, G. 
Godfrey, D. A. Godfrey, and A. M. Rubin. Dept. of Otolaryngology, Medical 
College of Ohio, Toledo, OH 43614.

Plasticity in the vestibular system after lesions may be partly related to interactions 
between the vestibular nuclear complex and cerebellum (Smith and Darlington,
1991). Previous studies have reported cerebellar lesion effects on GABA chemistry 
in the lateral vestibular nucleus (Fonnum et al., 1970; Houser et al., 1984). We have 
measured the effects of unilateral inferior cerebellar peduncle transection on 
concentrations of 12 amino acids in all major vestibular nuclei: medial (MVN), 
lateral (LVN), superior, and spinal. Postoperative survival times were 2, 4, 7, and 30 
days, with five rats per group. Methods included microdissection of freeze-dried 
sections combined with high performance liquid chromatography (HPLC). Data from 
lesioned rats were compared with those from control and sham-operated groups.

GABA concentrations decreased bilaterally (more ipsilaterally) 2 days 
after surgery in all major nuclei except ventral MVN, with the largest decrease in the 
ipsilateral dorsal LVN (80%). There was partial or complete recovery by the end of 
the first week. Taurine concentration changes were generally smaller and recovered 
faster than those for GABA. Glycine concentrations increased at 4 days by about 
60% and remained elevated through 30 days in the ipsilateral dorsal LVN. Both 
glutamate and aspartate concentrations decreased at 2 days bilaterally in all nuclei, 
especially ipsilaterally by 37 - 48%, and generally recovered to control values by 30 
days after surgery. Glutamine concentrations increased bilaterally at 2 days in all 
nuclei and returned close to control levels by 30 days. Serine concentrations were 
increased and arginine decreased in most nuclei at 7 days after surgery. These results 
suggest that functional changes in the vestibular nuclei after cerebellar lesions may 
be related to widespread changes of amino acid neurotransmitters. (Supported by 
NIH grant DC02550)

650.10

Synaptic innervation in the early posnatal mouse utricular macula.
A. Lvsakowski*. Dept. of Anatomy and Cell Biology, University of 
Illinois at Chicago, Chicago, IL 60612.

As part of an ongoing study on early postnatal development of the 
mouse utriculus, we have been re-examining the question of early synaptic 
innervation. We chose to examine the developmental stages of PD0 (day of 
birth), PD4, PD7, PD10 and PD28, in order to correlate these data with 
our morphological studies on the transition from supporting cells to hair 
cells, and with subsequent type I and type II hair cell development (Riisch 
et al, 1998). We are also interested in these early stages as a means to es
tablish baseline data for future spaceflights involving developing mammals.

Multiple samples were taken from each of the 5 postnatal stages. 
Dissector counts of synaptic ribbons were made as described previously in 
a study of the chinchilla crista ampullaris (Lysakowski & Goldberg, 1997). 
Results revealed that synaptic innervation in both types of hair cells 
proceeds at an orderly rate. Our results differ from a previous study of syn
aptic innervation in cats in which the numbers of synaptic ribbons in type I 
hair cells decreased 93% from birth to adulthood (Favre & Sans, 1979).

The average number of ribbons per hair cell increases with each 
postnatal day, from 10.4 (PD4) to 14.8 (PD10) to 20.8 (PD28). Immature 
hair cells had fewer synaptic ribbons than mature hair cells at each 
developmental stage. There was also some tendency for type II hair cells 
to have more synaptic ribbons than type I hair cells, especially later in 
development. Comparing our results to the previous study by Favre and 
Sans, the differences may perhaps be explained either by a species 
difference, or by our use of serial sections, or by our use of the disector 
method compared to their use of a ratio method of counting.

Supported by NIH R01 DC2290 and NASA NAG5-4593.
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650.11

EFFECTS OF THE GABA AGONISTS BACLOFEN AND THIP ON 
LONG-TERM COMPENSATION IN HEMILABYRINTH- 
ECTOMISED RATS. Anna K. Magnusson“, Birgitta Eriksson” Richard 
Than? and Ann-Charlott Ericson“*. Dept. of Biomedicine and Surgery“ 
and Dept. of Neuroscience and Locomotion”, Fac. of Health Sciences, 
Linköping University, S-581 85 Linköping, Sweden.

Horizontal eye movements, elicited by sinusoidal rotation in 
darkness, were recorded with a magnetic search coil technique in 
pigmented rats, hemiiabyrinthectomised 8-12 weeks before the 
investigation. Separate gains during rotation towards the lesioned side 
(LS) and the intact side (IS) were calculated by a computer program, 
demonstrating an asymmetry. Systemic single administration of the 
GABAB agonist baclofen caused a dose related temporary rebalancing 
of the compensatory eye movements to the LS and the IS. At an 
optimal dose of 14 jLtmol/kg b. wt. symmetry was achieved by 
excitation of eye movements during rotation to the LS and depression 
during rotation to the IS. Administration of the GABAa agonist THIP 
did not obviously reduce the asymmetry. It is suggested that 
stimulation of GABAb receptors modifies the tonic imbalance between 
the bilateral vestibular nuclei and/or the central processing of the input 
from the peripheral sensory organs.

Supported by the Swedish Council for Work Life Research (#96- 
0561), Swedish Society for Medical Research (#960057) and County 
Council of Ostergotland (#97/120).

650.12
BRN 3.1 KNOCKOUT AFFECTS THE RESPONSE OF CIRCADIAN 
RHYTHMS TO 2G. D. M. Murakami*, L. Erkman1, M. G. Rosenfeld1, and C. A. 
Fuller. Section of NPB, University of California, Davis, CA 95616; Howard Hughes 
Medical Institute1, University of California, San Diego, CA 92093.

Our previous studies have demonstrated that 2G exposure via centrifugation 
significantly attenuated the daily mean and circadian rhythm amplitude of rat body 
temperature (Tb), heart rate, and activity (Act). These results suggest that vestibular 
stimulation can affect physiological homeostasis and the expression of circadian 
rhythms. The Brn 3.1 deletion in mice results in a loss of hair cells from the inner 
ear. Therefore, this study compared the effect of 2G exposure in Brn 3.1 knockout 
(KO) versus Wildtype (W) mice to determine if vestibular input mediates the effect of 
2G exposure on mean daily Tb, Act, and circadian rhythms measured via implanted 
biotelemetry units (Minimitter). In addition, the c-Fos activity of neurons in KO and 
W were examined following an acute exposure to 2G to determine which CNS nuclei 
and pathways may mediate the vestibular effect on circadian function. Following 
baseline, mice were exposed to chronic 2G for 3 weeks, and circadian rhythms were 
compared between W and KO mice. After a 3 week recovery, mice were exposed to a 
2 hour 2G pulse at CT 9, sacrificed immediately, and histologically prepared for c- 
Fos immunohistochemistry (Oncogene Sci.). At 1G W and KO mice exhibited a 
stable mean daily Tb and robust entrained circadian rhythms. Following exposure to 
2G, W mice exhibited a significant fall in mean Tb, attenuation of circadian rhythm 
amplitude, and required 5-6 days to recover a stable phase. However, the KO mice 
exhibited small changes in mean Tb, circadian rhythm amplitude and required 1-3 
days to recover a stable phase following 2G. In addition, there were differences in 
the pattern of c-Fos reactivity within vestibular, autonomic, and hypothalamic 
associated nuclei. These results suggest that the single gene deletion of BRN 3.1 
significantly reduces the sensitivity of those neural structures that mediate 
homeostasis and circadian rhythms to 2G exposure. (Supported by NASA Grant 
NAGW-4552 to DMM and NIH Grant to MGR).

650.13

EFFECT OF EGb 761 ON VISUOVESTIBULAR PERFORMANCES DURING 
VESTIBULAR COMPENSATION IN THE RAT. A, Reber1. M.T. Droy-Lefaix2, Y, 
Christen2*. J.J. Malandai# .' Neurosciences Lab., University of Rouen, Mont Saint 
Aignan ; 2IPSEN Institute, Paris, France.

Labyrinthectomy is known to induce vestibular dysfunction and visual responses 
disorders. The objective of this work was to study the effect of the Ginkgo biloba extract 
(EGb 761) on the origin of the possible functional recovery, after unilateral 
labyrinthectomy in adult rats.. Groups of animals were treated with EGb 761 (50 mg/kg 
or 100 mg/kg), given orally 8 days after the lesion or 10 days before and 8 days after the 
lesion. Other groups, altered or not, received only placebo. The eye movements were 
recorded by search coil technique during horizontal visual surround rotation (l-407s) 
or vestibular stimulation (table oscillation 0.03 to 0.2 Hz) from postlesional day 1 to 8. 
The eye velocity and the stimulus velocity were compared by gain evaluation. The 
comparative analysis of the responses between the different groups, showed a 
restoration of the symetry of the responses, already on day 3 after the postlesional EGb 
761 treatment of 50 mg/kg/d. Pre and postoperative treatment with EGb 761, 100 mg/ 
kg/d, added higher gain and restored gain variation in function of the stimulus velocity 
or the frequency as seen in normal animals. Beneficial effect of EGb 761 was clearly 
evident on the visual system since vestibular responses in light were more improved 
than vestibular responses in darkness. The origin of the functional recovery could be 
correlated with the acceleration of the axonal transport detected by HRP (Horse radish 
peroxidase) label in the optic tract pretectal ending and in the mossy fiber endings 
around the Purkinje cells, as shown on brain slices. It could also result from facilitating 
the exchanges between LCR and vestibular nuclei, as observed on scanning electron 
microscopy, by the greater density of cilia in ependymal cells. In conclusion, EGb 761 
can prevent, according to the dose, the visuo-vestibular assymetry following the 
labyrinthectomy, improving the vision performances.

650.14
CALYX- AND BOUTON-ONLY AFFERENTS COMPRISE FORTY PER CENT 
OF THE VESTIBULAR NERVE IN GERBIL. G.A. Kevetter*, A.D. Shoherand 
R.B, Leonard. Depts. of Otolaryngology, Anatomy & Neurosciences, and Marine 
Biomedical Inst. Univ. TX Med. Branch, Galveston, TX 77555-1063

We wished to determine the number and proportion of low-gain afferents in the 
vestibular nerve that belong to the calyx-only, most irregularly firing or bouton- 
only most regularly firing subdivisions. To accomplish this, we took advantage of 
the immunocytochemical properties in these two groups that allow them to be 
distinguished both from each other and also from the remainder of the vestibular 
nerve. We have used a disector method to determine the number and proportion of 
total neurons, calretinin-positive, and calbindin-positive neurons in Scarpa’s 
ganglion. The total number of ganglion cells was determined in archival material. 
Cells in eight ganglia were counted. The material had been embedded in paraffin, 
sectioned at 10 pm in both horizontal and coronal planes. An optical dissector 
stereological method was used. The total number of calretinin and calbindin 
positive ganglion cells was determined with the physical dissector. The total 
number of ganglion cells in the gerbil Scarpa’s ganglion is 3962 ±135.30 (SEM). 
The number of calretinin positive ganglion cells is 773 ±10.44 (SEM). The number 
of calbindin positive ganglion cells is 1113 ± 134.68 (SEM). Using a less rigorous 
method to estimate peripherin positive neurons it was determined that the number 
of peripherin positive neurons are 711 ±270.66 (SD) ±135.33 (SEM). This means 
that the calyx-only, low gain, irregularly firing afferents comprise 20% of the nerve 
and the bouton-only, low gain, regularly firing afferents comprise 18%. It has not 
yet been determined in gerbil if a select population of neurons stains with 
calbindin. These studies indicate that almost 30% of the nerve stained with 
calbindin, a finding that indicates that it might stain an additional, distinct subset of 
vestibular afferents. These findings further indicate that, in gerbil the proportion of 
calyx-only fibers is more similar to monkey than chinchilla (Fernandez et al.,
1997), but the bouton only endings are more prevalent in gerbil and chinchilla, than 
monkey (Fernandez et al., 1997). Supported in part by DRF and UTMB.

650.15

PERIPHERIN IS CONTAINED IN VESTIBULAR EFFERENTS IN GERBILS.
R.B. Leonard* & G.A. Kevetter. Depts. of Anat. & Neurosci., and Otolaryn. and 
the Marine Biomed. Inst., Univ. TX Med. Branch, Galveston, TX 77555 
Peripherin is an intermediate filament protein found in some neurons with 
processes in the periphery. When vestibular end organs from gerbils are stained 
using antibodies to peripherin, label is found in small diameter axons and 
bouton-like structures. Most of these are concentrated in the peripheral zones.
The morphology of these bouton sprays resembles that of bouton-only afferent 
endings. Peripherin is found in small ganglion cells and in the central terminals 
of afferents. In addition to this afferent label, peripherin is also found in fibers 
and terminals in the central zones. The morphology and pattern of these terminals 
resembles that of anterogradely labeled efferents. Since there are no bouton-only 
afferent terminals in the central zone, the morphology of the labeled fibers 
resembles the efferents, and there are peripherin labeled cell bodies in the area of 
the efferents, we hypothesize that peripherin is contained in some efferent 
neurons. To support our hypothesis, we performed double-label experiments in 
which a retrograde tracer (e.g., fluro-gold) was injected into the periphery and 
the brain stem also stained for peripherin using a different flurophore (e.g., 
tetramethylrhodamine). The retrograde tracers labeled neurons in the ipsi- and 
contralateral dorsal group as well as neurons of the ventral group. Double-labeled 
neurons were found in both the ipsi- and contralateral dorsal groups, but not in 
the ventral group. Not all neurons in the dorsal group were double-labeled. Our 
conclusion is that peripherin is found within the cell bodies and peripheral 
processes of a substantial subpopulation of vestibular efferent neurons.
Supported by grants from UTMB and the Deafness Research Foundation.

650.16

VOLTAGE-DEPENDENT SODIUM AND POTASSIUM CURRENTS IN ACUTELY 
ISOLATED RAT MEDIAL VESTIBULAR NUCLEUS NEURONS. S.W. Chun1* 
M Y Lee2, M.S. Kim2, B.R. Park2 Dept. of Physiology, Wonkwang Univ. Sch. of 
1Dentistry and 2Sch. of Med, Iksan 570-749, Korea

Medial vestibular nucleus (MVN) neurons are second-order afferent neurons 
that involved in the reflex control of the head and eyes. Voltage-dependent sodium 
and potassium currents were investigated in acutely isolated MVN neurons of 
postnatal rats using whole cell patch clamp techniques. Transverse slice (400 um) 
of the vestibular nucleus region was sequentially treated with pronase 0.2 mg/mi 
and thermolysin 0.2 mg/m£, then single neurons were mechanically dissociated. 
With a holding potential of -80 mV, sodium currents were activated around -60 mV 
and exhibited peak currents around -30 mV. These currents showed that the half
maximum activation potential was -43 mV and half-maximum inactivation potential 
was -60 mV. And the currents were blocked totally by application of 100 nM 
tetrodotoxin. In a Ca2+ free solution with TTX, low-threshold transient (lA) and 
high-threshold sustained (lK> currents were recorded. IA was activated rapidly (t =
1.0—2.3 ms at 10 mV) and inactivated in 10-60 ms. And the half-maximum 
activation and inactivation potential was -13 mV and -60 mV, respectively. When a
4-aminopyridine of 10 mM was applied, lA was almost totally blocked. IK was 
activated (x = 4.0-12.4 ms at 10 mV) and inactivated (x = 180-720 ms at 10 
mV) more slowly than lA. These currents showed that the half-maximum activation 
and inactivation potential was 2 mV and -40 mV, respectively. In a solution with 2 
mM Ca2+, calcium dependent potassium currents were identified by application of 
2 mM Co2+ and consisted of a transient and a sustained components. These 
results suggest that MVN neurons express a variety of voltage-dependent ionic 
currents which are responsible for intrinsic membrane properties of MVN neurons. 
This work was supported by the Ministry of Science and Technology (BT-2-3-01)
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650.17
EXCITABILITY AND K+ CURRENTS IN NEWBORN CHICK CENTRAL 
VESTIBULAR NEURONS. G. Gamkrelidze*, C. Giaume and K. Peusner. Dept. of 
Anat., George Washington Univ. Sch. Med., Washington, DC 20037

The principal cells (PCs) of the chick tangential nucleus are second-order vestibular 
neurons involved in the 3-neuron vestibuloocular and vestibulocollic reflexes. 
Previous studies performed on embryos at 13 and 16 days (E13-E16) have shown that 
in response to depolarization, the vast majority of PCs fire a single action potential 
(AP), and that a dendrotoxin-sensitive low-threshold K+ current (IDS) is responsible for 
this accommodation at El6. In order to further characterize excitability, we have 
analyzed the firing properties and expression of IDS in PCs in newborn chicks of 1-3 
days. Whole-cell recordings in current and voltage-clamp modes and recordings from 
large outside-out patches in voltage-clamp mode were performed on brain slices of 
identified PCs. In response to 300 ms depolarizing current steps, two subtypes of PCs 
were distinguished: PC, first fired a single AP, and then typically on increasing 
depolarization fired trains of irregularly-spaced APs (n = 7); PC2 routinely fired trains 
of regularly-spaced APs on depolarization, without an intermediate stage of 
accommodation (n=9). In every tested PC, APs were blocked in the presence of 1 pM 
TTX (n= 11). In both whole-cell (n = 8) and outside-out patch (n=5) recordings, by 
applying 600 ms voltage steps from -80 to 0, preceded by presteps to -120 or -40 mV, 
sustained and transient currents were identified. In all tested cells using 200-400 nM 
dendrotoxin in whole-cell recordings, IDS was identified in PC, (n=4), but not in PC, 
(n=4). Typically, PC2 displayed spontaneous discharge which suggests that these cells 
are more mature than PC, (n=7). Our data confirm our earlier report that PC 
excitability changes during development, and further suggests that differential 
expression of IDS may contribute to the distinct firing patterns of PCs in hatchlings. 
Finally, the data support the hypothesis that the developmental loss of IDS contributes to 
the establishment of the mature pattern of excitability in these second-order vestibular 
neurons. Supported in part by NIH grant RO1 DC00970.

650.18
PRODUCTION AND CHARACTERIZATION OF MONOCLONAL ANTI- 
CITRULLINE ANTIBODIES TO LOCALIZE NITRIC OXIDE-CONTAINING 
NEURONS IN THE VESTIBULAR NUCLEAR COMPLEX. G.P. Martinelli* and 
G.R, Holstein. Depts. of Surgery, Neurology, and Cell Biology/Anatomy, Mount 
Sinai School of Medicine, N.Y., NY 10029.

Nitric oxide (NO) is a novel CNS messenger molecule. The equimolar formation 
of NO and L-citrulline from L-aiginine depends on the enzyme nitric oxide synthase 
(NOS). Since NO cannot be localized directly in tissue, cells expressing neuronal 
NOS (nNOS) have been visualized using nNOS antisera, in situ hybridization for 
nNOS mRNA, and histochemical staining based on the nicotinamide adenine 
dinucleotide phosphate-diaphorase (NADPH-d) reaction.

To visualize vestibular neurons that utilize NO for intercellular signaling, we 
have produced and immunochemically characterized monoclonal antibodies to 
citrulline. The rationale stems from two observations: (1) only NADPH-d positive 
neurons stain for die presence of L-citrulline (Pasqualotto, 1991); and (2) only a 
portion of NADPH-d (+) neurons are L-citrulline-immunoreactive, suggesting that L- 
citrulline(+) cells are a functionally-distinct subpopulation of NADPH-d(+) neurons.

BALB/c mice were immunized with L-citrulline conjugated to keyhole limpet 
hemocyanin using glutaraldehyde. After the third boost, all mice displayed high anti- 
citrulline antibody titers. Five days after the last boost, mice were sacrificed and their 
spleen cells were fused with myeloma cells by established procedures. Screening was 
performed by ELISA. Positive clones were further tested using a battery of amino 
acid-BS A conjugates to select clones producing antibodies specific for citrulline. Four 
such hybridomas were identified and cloned twice. Supernatants from these displayed 
negligible cross-reactivity with other amino acid and neurotransmitter conjugates.

To test the suitability of these antibodies for immunocytochemistry, Sprague 
Dawley rats were sacrificed by transcardiac perfusion with saline followed by 4% 
paraformaldehyde/0.35% glutaraldehyde. Brain tissue was then processed for pre
embedding immunocytochemistry using a series of dilutions of the supernatants of 
the monoclonal hybridoma cultures for primary antisera, and then further processing 
using the ABC method. We observed specific immunostaining of vestibular cells in 
discrete brainstem regions with two of the four monoclonals, and both stained 
specifically at the highest antibody dilution tested (1:100).

Aided by NIH Grants DC 01705, DC 02451, and NASA NAG 2-946.

650.19
IMMUNOCYTOCHEMICAL VISUALIZATION OF NITRIC OXIDE-RELATED 
MARKERS IN THE RAT VESTIBULAR NUCLEAR COMPLEX. G.R. 
Holstein* and G.P. Martinelli. Departments of Neurology, Cell Biology/Anatomy, 
and Surgery. Mount Sinai School of Medicine, N.Y., NY. 10029.

The goal of this study was to identify the neurons and circuits in the vestibular 
nuclei (VN) and nucleus prepositus hypoglossi (NPH) that utilize nitric oxide (NO) 
for intercellular signaling. NO-producing neurons were identified by: i) 
immunocytochemistry using polyclonal antibodies directed against neuronal NO 
synthase (nNOS), ii) histochemistry based on the nicotinamide adenine dinucleotide 
phosphate-diaphorase (NADPH-d) reaction, and iii) immunocytochemistry 
employing a monoclonal antibody directed against L-citrulline, which can be fixed 
in situ by perfusion and therefore can serve as an immunocytochemical marker for 
nNOS activity, as described in the previous abstract

Sprague Dawley rats were deeply anesthetized with pentobarbital and perfused 
transcardially with saline immediately followed by 4% paraformaldehyde/0.35% 
glutaraldehyde. The brains were removed, post-fixed, and Vibratome-sectioned. For 
NADPH-d staining, sections were incubated in a solution of 0.4 mg/ml nitroblue 
tetrazolium, 1 mg/ml NADPH, and 0.2% Triton X-100 for 45 min. After rinsing, 
the reaction was stabilized by brief immersion in 0.1% OsO4. For L-citrulline 
immunocytochemistry, Vibratome sections were processed using a series of 
dilutions of the supernatants of monoclonal hybridoma cultures. These sections, 
and those reacted with a polyclonal anti-nNOS antiserum, were further treated using 
the ABC method. Diaminobenzidine (0.05%) was used to visualize reactive cells.

NADPH-d histochemistry stained numerous multipolar, fusiform, and globular 
neurons in NPH, and a moderate density of such cells in VN. Long processes 
extended from many of these cells, and coursed primarily in a ventral or medial 
direction. Anti-citrulline staining was minimal in NPH, but robust in VN, 
particularly the medial and superior nuclei. Results using the three methods 
suggest that L-citrulline(+) cells are a subpopulation of NADPH-d(+) neurons, and 
that the presence of immuno-detectable levels of L-citrulline in neurons is due 
primarily to nNOS activity, rather than to slower citrulline turnover rates.

Aided by NIH Grants DC 01705, DC 02451, and NASA NAG 2-946.

650.20
IMMUNOCYTOCHEMICAL LOCALIZATION OF N-METHYL-D- 
ASPARTATE (NMDA) RECEPTOR SUBUNITS (NR1, NR2A/B, 
NR2B AND NR2C) IN THE RAT VESTIBULAR NUCLEAR 
COMPLEX. L.W. Chen', K.K.L. Yung2 and Y.S. Chan1*. ’Dept. of 
Physiology, Faculty of Medicine, The University of Hong Kong, and 2Dept. of 

Biology, Hong Kong Baptist University, Hong Kong, P.R. China.
Glutamate is the principle excitatory neurotransmitter in the vestibular nuclei. 

To investigate the cellular distribution of NMDA receptors in the vestibular nuclear 
complex, immunocytochemistry was performed using commercial available antibodies 
(NR1, NR2A/B, NR2B and NR2C) on perfuse-fixed sections of the brainstem of adult 
Sprague Dawley rats. Immunoreactivity for NR1, NR2A/B or NR2C was primarily 
detected in the somata and proximal dendrites of neurons in the four major vestibular 
nuclei (superior, medial, lateral, and spinal) as well as in the group x and group y 
nuclei. Immunoreactivity for NR2A/B was also found in a number of fine varicose 
processes and in astrocytes. However, NR2B immunoreactivity was hardly detected in 
these areas. Double labeling experiments demonstrated that all the NR1-containing 
neurons exhibited NR2A/B or NR2C immunoreactivity, indicating that the native 
NMDA receptors are composed of NR1 and NR2 (NR2A and/or NR2C) subunits in a 
hetero-oligomeric configuration. Among individual vestibular nuclear neurons, the 
NMDA receptors were also found to co-express AMPA receptor subunits, viz. GluRl, 
GluR2, GluR2/3, and GluR4. These data reveal that most of the vestibular nuclear 
neurons co-express both NMDA-type and AMPA-type receptor subunits, in which 
heteromeric NMDA-type subunits are likely to be expressed by individual neurons in 
the vestibular nuclear complex. Our results also suggest the involvement of glial- 
neuronal interaction in glutamatergic transmission in the rat vestibular nuclei.

VESTIBULAR SYSTEM: OR

651.2651.1

EFFECTS OF MUSCIMOL INACTIVATION OF NODULUS AND UVULA IN 
MONKEY. B.M.Sheliga*. E.V. Buharin. T.Raphan, B.Cohen. Dept. Neurol., Mt. 
Sinai Sch. of Med., NY & Comp. & Inform. Sci., Brooklyn College, CUNY, NY

Eye movements of the rhesus monkey were investigated after unilateral micro
injection of the GABA agonist muscimol (1 pg/pl) into the nodulus and uvula of the 
cerebellar vermis. Animals were (1) kept stationary in darkness, (2) received 
velocity steps in yaw and pitch about a vertical axis, (3) were given horizontal 
optokinetic stimulation, or (4) were rotated in yaw about tilted axes (off-vertical axis 
rotation, OVAR). Injection location was verified in vivo by MRI. (1) Muscimol 
injection consistently resulted in nystagmus with horizontal, vertical and roll 
components. The nystagmus developed within 5-10 minutes after the injection, was 
maximal during the first hour and gradually diminished in the course of 3-4 hours. 
Slow phase velocity (SPV) of the evoked nystagmus was contralateral to the side of 
injection. The direction of the eye velocity vector was altered as a function of head 
position re gravity: it was directed to the left when the monkey was left side down, 
and reversed direction as the monkey was progressively tilted rightward. (2) Time 
constants (Tc) of the horizontal aVOR during steps of yaw velocity were 
dramatically reduced, as were the Tc of optokinetic afternystagmus (OKAN). (3) A 
major change was that horizontal-to-vertical cross-coupling, characteristic for the 
OKAN of the intact animal when put on side, was absent or minimal following 
muscimol injection. (4) During OVAR steady-state velocity was reduced in one 
direction, with an increase in the opposite direction. This effect was accompanied 
by an increase in amplitude and a phase shift of sinusoidal modulation of horizontal 
velocity as a function of head position re gravity. These data show that inactivation 
of the nodulus and uvula by muscimol induces position-dependent nystagmus with 
vertical and roll as well as horizontal eye velocities. It also abolishes vertical/roll 
cross-coupling that is the basis for the spatial orientation of velocity storage. 
SUPPORT: DC03284, EY11812, EY04148 and EY01867

POSITION-VESTIBULAR-PAUSE NEURON DISCHARGE PATTERNS DURING 
VOLUNTARY GAZE SHIFTS AND GAZE PURSUIT. J.E. Roy* and K.E. Cullen, 
Aerospace Medical Research Unit, Dept. of Physiology, McGill University, Canada.

We recorded the activity of neurons in the vestibular nuclei of alert monkeys during 
voluntary eye-head gaze shifts and gaze pursuit. Here we report on two types of 
position-vestibular-pause (PVP) neurons: 1) type 1 neurons which were sensitive to 
ipsilateral head movements and contralateral eye movements, and 2) type 11 neurons 
which had the opposite sensitivities. Neurons were first characterized in the head- 
restrained monkey during fixation and during sinusoidal smooth pursuit, VOR 
cancellation, and VOR in the dark (0.5 Hz, 40 and 807s peak velocity).

During gaze shifts, discharges of type I PVP neurons were poorly described by a 
linear model based on a neuron’s resting discharge, eye position sensitivity and head 
velocity sensitivity during head-restrained paradigms (model 1). A model which 
included separate head and eye velocity terms, in addition to head-restrained resting 
discharge and eye position terms, better predicted neuronal discharges (model 2). 
However, the head velocity sensitivities estimated in model 2, remained less than those 
estimated during head-restrained paradigms. We found that the head velocity signal 
carried by these neurons was reduced in an amplitude-dependent manner (35% ±15 and 
58% ±10 for 20-30° and 50-60° gaze shifts, respectively: P <0.05). A possible source of 
this inhibitory signal is type II PVP neurons, which tended to ‘burst’ during ipsilateral 
saccades and gaze shifts. Model 1 also poorly predicted the discharge of PVP neurons 
during gaze pursuit (0.5 Hz, 807s peak velocity). Moreover, during gaze pursuit model 
2 provided estimates of head velocity sensitivities that were significantly less than those 
estimated during head-restrained paradigms (31% ±12 and 33% ±6 for type I and type 
Il PVP, respectively; P <0.05). We were surprised to find that PVP neurons were not 
modulated during passive rotation of the monkey’s body under its head, suggesting that 
neck afferent information is not responsible for the observed attenuation in head 
velocity sensitivities during voluntary head movements. Our data are consistent with 
the hypothesis that PVP neurons do not transmit vestibular information to motoneurons 
in a stereotyped way, but rather in a manner that depends on an animal’s current gaze 
strategy (stabilization vs. redirection). Supported by the MRC (Canada).
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651.3
THE FREQUENCY DEPENDENT EFFECTS OF NMDA RECEPTOR 
ANTAGONISTS ON THE VESTIBULO-OCULAR REFLEX. A.J, Priesol, J.A. 
Sharpe*, and P.M. Broussard. Playfair Neuroscience Unit, Division of 
Neurology, University of Toronto, Toronto, Canada, M5T 2S8.

We studied effects of NMDA receptor antagonists on vestibulo-ocular reflex 
(V0R) dynamics at different frequencies of head rotation. Two cats were given 
i.m. injections of the NMDA receptor antagonist, ketamine. In a third cat the 
NMDA receptor antagonists MK801, AP5, or ketamine were each pressure 
injected into the third ventricle. The VOR was elicited by sinusoidal whole 
animal rotation in the dark with head fixed at frequencies from 0.1 Hz to 8.0 Hz 
and peak velocity 10 deg/s. For ketamine we used a sum-of-sines stimulus 
composed of linear combinations of stimuli with frequencies 0.5, 1.0, 2.0, 4.0, 
and 8.0 Hz and peak velocity 5 deg/s. For all cats a frequency dependent decrease 
in VOR gain occurred when NMDA receptors were blocked. The decrease in 
VOR gain was inversely related to stimulus frequency but the gain was reduced 
at all frequencies. VOR phase was shifted in the direction of eye leading head 
with the greatest shift occurring at the lowest stimulus frequencies. Theoretical 
estimates of neural integrator function showed it contributes significantly to VOR 
gain only at frequencies less than 1 Hz. Loss of neural integrator function can 
account for this frequency dependent effect at rotation frequencies less than 1Hz 
but not at higher frequencies. The frequency dependent effect at higher 
frequencies shows that NMDA antagonists cause a decrease in VOR gain 
independent of effects on the neural integrator.

Supported by MRC grant MT-12245 and the Clinician-Scientist Award, 
University of Toronto.

651.4

THEORETIC ANALYSIS OF ADAPTATION OF VESTIBULO-OCULAR 
REFLEX (VOR) IN PATIENTS WITH LOW VOR GAINS. E.Viirre* 
Division of Otolaryngology, University of California San Diego, School of 
Medicine, San Diego, California, 92037 and Human Interface Technology 
Laboratory, University of Washington, Seattle WA 98195.
Objectives: Patients with low VOR gains may fail to adapt their VOR because the 
adaptation mechanism has failed or because it has been overwhelmed by a large deficit. If 
the mechanism has been overwhelmed, it may be possible, with appropriate manipulation 
of visual scene motion, to drive adaptation. We wished to test this hypothesis and model 
the results. Methods: We tested 6 patients in a computer graphics generated virtual 
environment. The relative motion of the visual scene to the motion of the subject’s head 
was varied. The subject’s initial VOR gain was measured in darkness. The visual scene 
magnification was then set to be approximately 5% greater than the VOR gain. Active 
head movements were used to drive adaptation. Every 5 minutes, the scene motion was 
set 5% faster. There was a total of 30 minutes of adaptation. The VOR was measured after 
the adaptation. A group of normal subjects was tested with the same apparatus with a 
0.5X magnification for 30 minutes. Results: At all frequencies tested (0.16, 0.32 and 
0.64 Hz) there was an increase in VOR in all subjects. The average increase was 16%. A 
significant increase occurred at 0.32 Hz (t-test, p>0.01 ) and at 0.64 Hz(t-test, p>0.01). 
The normal subjects showed a significant decrease in VOR gain. Conclusions: It is 
interesting that visual scene motion slower than head motion appears to be able to 
increase VOR gain in patients. Shelhamer et. al. (Exp Brain Res. 100:328-336, 1994) 
found that optotkinetic (OKN) stimuli could induce VOR gain changes in humans. They 
proposed a model that incorporated the OKN signal and an error signal non linearity that 
reduced the error signal if the error signal inputs were too large. Analysis of the data from 
the present experiment appears to fit this model. The small OKN stimulus with the low 
VOR gain and the reduced visual scene motion has allowed VOR adaptation to occur in 
subjects with chronically low VORs.
Funding provided by: Human Interface Technology Laboratory, Seattle WA.

651.5
MODELING OTOLITH-OCULAR PATHWAYS: SIMULATION OF STATIC 
VESTIBULAR BRAINSTEM SYNDROMES. S, Glasauer, M. Dieterich,
Th. Brandt and U. Büttner*. Dept. of Neurology, Ludwig-Maximilians-Univ. 
Munich, D-81377 Munich, Germany.

Graviceptive inputs to the otoliths modify static eye position: roll tilt of the head 
induces ocular counterroll, which is equivalent to a shift of Listing’s plane. 
Likewise, pitching the head forward or backward induces a tilt of Listing’s plane. 
These changes in static eye position are relatively small. Clinical signs such as 
ocular torsion and skew deviation observed after unilateral peripheral or central 
lesions of the vestibulo-ocular pathways are larger in amplitude but show similar 
properties. Therefore, they are usually attributed to lesions of the otolith-ocular 
pathways.

Our three-dimensional model, based on brainstem anatomy and experimental 
data in humans and animals, aims to explain both the gravity-induced eye position 
deviations and pathological signs due to lesions. It includes detailed bilateral 
modeling of the otoliths and eye muscles and the known anatomical inter
connections between vestibular system, vestibular nuclei, and oculomotor nuclei. 
Since otolith-ocular pathways are, to a large extent, yet unrevealed, the model uses 
the well-known canal-ocular pathways forming the vestibulo-ocular reflex arc.

The model simulations quantitatively match data from patients with different 
types of peripheral and central disorders such as vestibular neuropathy or 
brainstem lesions affecting the central pathways. Thus, model simulations suggest 
that pathological ocular torsion and skew deviation can indeed be attributed solely 
to lesions of the otolith-ocular pathways. Moreover, modeling otolith-ocular inter
connections as sharing the same pathways as canal-ocular inter-connections 
appears to be appropriate for the simulation of static vestibular brainstem 
syndromes.

Supported by Deutsche Forschungsgemeinschaft, SFB 462.

651.6
CONTEXT-SPECIFIC ADAPTATION OF THE PHASE OF THE LINEAR VOR.
V. Patel, S. Hegemann, M. Shelhamer*, D. Zee. University of Saskatchewan,

College of Medicine, Saskatoon, Canada, Friedrich-Schiller-University, Jena,
Germany, and Johns Hopkins University, School of Medicine, Baltimore, MD.

The phase of the linear VOR (LVOR) in response to translation can be adaptively 
modified by exposure to visual-vestibular mismatch. We extend here our basic 
findings on LVOR phase adaptation, and present evidence for its context-specificity.

Ten subjects were oscillated laterally at 0.5 Hz, 0.3 g peak acceleration, while 
sitting upright on a linear sled. LVOR was assessed before and after adaptation with 
subjects tracking the remembered location of a target at 1 m in the dark. Phase was 
measured by fitting sine waves to the desaccaded eye movements, and comparing sled 
and eye position. To adapt LVOR phase, the subject viewed a computer-generated 
stereoscopic visual display, at a virtual distance of 1 m, that moved so as to require 
either a phase lead or a phase lag of approximately 50 deg. Adaptation lasted 20 min, 
during which subjects were oscillated as before at 0.5 Hz, 0.3 g. Four of 5 subjects 
produced an adaptive change in the lag condition (range 1-46 deg), and 4 of 5 
produced a change in the lead condition (range 19-43 deg), as requested.

Further experiments induced context-specific phase adaptation in four subjects. 
Each subject looked up for 3 min while a phase lead was requested, then down for 3 
min while a lag was requested (or vice versa), alternately for the 30 min adaptation 
period. Although not as robust as conventional phase adaptation, there was after the 
adaptation session a tendency for phase changes to be associated with vertical eye 
position. These changes were small and dissipated quickly, but provide evidence that 
vertical eye position can be used as a context cue for adapted LVOR responses, as we 
found previously for AVOR gain adaptation.

Supported by NIH Grants DC02849 and DC00979, and the National Space Biomedical 
Research Institute.

651.7
COMPENSATORY EYE MOVEMENTS DURING RAPID HEAD 
PERTURBATIONS REVEAL MECHANISMS OF ADAPTATION TO 
VESTIBULAR LOSS. G.C.Y. Peng*, L.B. Minor. M. Shelhamer, D.S. Zee. Johns 
Hopkins University, School of Medicine, Baltimore, MD 21287

It is known that asymmetric VOR responses are elicited in patients with unilateral 
vestibular loss (UVL) during rapid head perturbations. These asymmetric responses 
are created by nonlinearities of vestibular afferent dynamics and range. Last year 
we described how these patients adapt to the asymmetric VOR with compensatory 
eye movements generated independently of vision and voluntary effort. These eye 
movements contain both slow and fast corrections (discontinuities). We now 
describe the characteristics of these corrections, and suggest that their temporal 
patterns with respect to the head are related to the progress of vestibular adaptation.

We applied rapid head perturbations (500-10,000°/s2, 5O-35O°/s, ±15-30°) to 9 
normal subjects, 5 patients with chronic UVL, 12 patients with acute UVL, and 3 
patients with bilateral vestibular loss. Eye and head movements were recorded 
using 3D search coils. To characterize the eye movement discontinuities (within 
the longer time-varying trajectory), we applied wavelet analyses techniques to the 
signals. Wavelets allow us to localize better the short amplitude onsets and match 
better velocity and acceleration trajectory patterns to our wideband signals.

Our analysis showed that after the onset of the head movement, first a low- 
velocity correction is triggered around peak head acceleration and reflects the head 
velocity trajectory; later a high-velocity correction is triggered around peak head 
velocity’ and does not reflect the head velocity trajectory. The first correction may 
be afferent driven and acts to diminish the gaze velocity error. The second 
correction may be centrally programmed and acts to diminish gaze position error. 
These adaptive corrections appear to be developed soon after the vestibular lesion, 
and sharpen their patterns relative to the length of adaptation.

Supported by NIH Grant DC00979

651.8
RESPONSES TO ACTIVE AND PASSIVE HIGH ACCELERATION YAW HEAD 
ROTATIONS IN SUBJECTS WITH VESTIBULAR LOSS. R.A. Black? 
M.J.Thurtell,1 G.M.Halmagyi1* and I.S.Curthoys2. 'Eye and Ear Research Unit. 
Royal Prince Alfred Hospital, Sydney, 2050 NSW Australia; 2Dept. of Psychology, 
University of Sydney.

The ability to maintain gaze fixation during passive (unpredictable) and active 
(predictable) head “impulses” was studied in four unilateral vestibular deafferented 
(uVD) (two left and two right) and two bilateral vestibular deafferented (bVD) 
subjects. A typical head impulse is a brief, low amplitude (15-25°). high velocity 
(15O-35O°/s), high acceleration (4000-6000°/s2) yaw head-on-trunk rotation. Eye and 
head rotations in space were recorded using the magnetic search coil technique.

In response to passive, ipsilesional head impulses, all subjects accrue a gaze error 
due to low vestibulo-ocular reflex (VOR) gain. The gaze error is corrected or 
reduced by catch-up saccades occurring after the end of the head acceleration period. 
During active, ipsilesional impulses in uVD subjects, the initial VOR gain was found 
to be either similar or lower when compared with the passive head impulse response. 
Further, the catch-up saccade was generated earlier, occurring at or after the peak 
acceleration towards the lesioned side. Contralesional, active impulses were also 
found to have higher VOR gain than passive impulses. In bVD subjects, active head 
impulses, directed to either side, were found to have lower gain than passive 
impulses. The catch-up saccade occurred at the same point as for ipsilesional 
impulses in uVD subjects. Responses to contra- and ipsilesional active head impulses 
were found to be the same in all subjects with or without a fixation point.

The findings show that the catch-up saccade is unlikely to be of vestibular origin or 
mediated by pursuit, but that both the catch-up saccade and increased early 
contralesional VOR gain are generated by a single mechanism.

Supported by NH&MRC (Australia) and RPAH Dept. of Neurology Trustees
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651.9

EFFECT OF VERTICAL EYE POSITION ON THE HUMAN VOR IN RESPONSE 
TO PASSIVE AND ACTIVE HIGH ACCELERATION YAW HEAD ROTATIONS. 
M.J. Thurtell,1 R.A. Black? I.S. Curthoys,2* A.A. Migliaccio1 and G.M. Halmagyi1.
’Eye and Ear Research Unit, Royal Prince Alfred Hospital, Sydney, 2050 NSW 
Australia; 2Dept. of Psychology, University of Sydney.

The effect of vertical eye-in-head position on the three-dimensional VOR in 
response to passive and active head “impulses” was studied in eight normal human 
subjects. The impulse stimuli consisted of brief, low amplitude (15-25°), high 
acceleration (4000-6000°/s2) yaw head rotations with respect to the trunk. Peak head 
velocity was 150-350°/s. Eye and head rotations in space were recorded using the 
magnetic search coil technique.

In response to unpredictable passive head impulses, the head and eye velocity axes 
remained well aligned regardless of vertical eye-in-head position until about 50ms 
after impulse onset. Following the initial 50ms period, the eye and head velocity axes 
remained well aligned when gaze was directed towards a target at 20° up. The eye 
velocity axis tilted progressively forward relative to the head velocity axis as gaze was 
directed towards targets at 0° and then 20° down. In response to active head impulses, 
the axis tilts became apparent within 5ms of the onset of the stimulus. When gaze was 
directed towards a target at 20° up, the eye velocity axis tilted back relative to the 
head velocity axis. When gaze was directed towards a target at 0°, the axes remained 
well aligned, while the eye velocity axis tilted forward relative to the head velocity 
axis when gaze was towards a target at 20° down.

The findings show that the VOR compensates well for head motion in the early 
part of the response to an unpredictable stimulus, and that the mechanism responsible 
for the eye position-dependence of the VOR is relatively slow to produce its effects. A 
model utilizing a VOR-Listing’s law compromise strategy did not accurately predict 
the patterns in the data, raising questions about how the eye position-dependence of 
the VOR is generated. (Supported by RPAH Dept. of Neurology Trustees.)

651.10
EYE STABILIZATION MECHANISMS AFTER BILATERAL
HORIZONTAL SEMICIRCULAR CANAL PLUGS. Gavin E. G. Jones and 
Dianne M. Broussard* Playfair Neuroscience Unit and Dept. of Physiology, 

University of Toronto, Toronto, Canada, M5T-2S8.
Several aspects of the horizontal eye movements evoked by vertical axis 

rotation were studied after plugging the hprizontal semicircular canals (hSCC) 
in two cats.

After the plugs, one possible contribution to the horizontal vestibulo-ocular 
reflex (hVOR) is termed residual function. This refers to the remaining 
transducing properties of the plugged canals. Another is cross coupling. Cross 
coupling describes activation of the h VOR by the other four (intact) canals.

These factors were separated after plugging by calculating gain and phase 
while the subject was rotated at different frequencies, from 0.1 to 8 Hz. 
Different rotation axes were applied with respect to the head, with some axes 
tilting in the pitch plane. The rotation axis remained Earth-vertical in all 
cases. A persistently phase led response was observed at high frequencies (5- 
8Hz). This is consistent with the idea that residual function contributed to our 
recorded response. When the canal plugged animals were rotated about axes 
that should stimulate the vertical canals, a small horizontal response was 
observed.

The cervico-ocular reflex (COR) was also tested. This was measured by 
rotating the cat’s body while the head was stationary.

Together, our results are consistent with the observation that residual 
function, cross coupling, and the COR contribute to our observed response. 

Supported by MRC grant MT-12245 (Medical Research Council, Canada).

651.11
INITIATION OF MACAQUE LINEAR VESTIBULAR OCULAR 
REFLEX (LVOR): DEPENDENCE ON TARGET LOCATION AND 
NON-VISUAL CUES. W.M. King*, Wu Zhou, and B.F Tang. Depts. of 
Neurology and Anatomy, Univ. Mississippi Medical. Center., Jackson, MS 39216

The direction and amplitude of the LVOR are determined not only by the 
linear motion stimulus, but by the distance and eccentricity of the fixation 
point with respect to the head. Monkeys, equipped with binocular search coils, 
were trained to maintain visual fixation during brief linear head accelerations 
(0.2G peak). Targets were either head-fixed, requiring suppression of die 
LVOR, or were world-fixed, requiring a compensatory LVOR. The initial 100 
ms of the eye movement responses were measured. During this interval, the 
LVOR is believed to be “open-loop” since there is insufficient time for visual 
signals to modify the initial compensatory eye movements. The latency of the 
LVOR was found to be 20 ms, much longer than that of the angular VOR (7-14 
ms). Modulation of the LVOR with target distance occurred at the onset of the 
response. For example, during the interaural LVOR, greater initial eye speeds 
were associated with nearer targets. During the nasal-occipital LVOR, if the 
target was eccentric and aligned with the optic axis of one eye, the aligned eye 
was stationary during the open-loop interval whilst the other eye initiated the 
compensatory response. Regardless of whether targets were world or head 
fixed, an initial LVOR was generated. However, the responses apparently 
were modulated by the monkey’s expectation. If it was cued that the target 
was head fixed, the LVOR was partially suppressed at its onset, and the eye 
stopped accelerating 20 ms later during the open-loop interval. These results 
suggest that the LVOR can be modulated by non-visual cues such as task 
context as well as by target location and the direction of the linear motion 
stimulus. (Supported by NIH EY04045 to W. M. King)

651.12
MULTI- VS. SINGLE SINUSOIDAL FREQUENCY VESTIBULOOCULAR 
REFLEX GAIN PERFORMANCE AND ADAPTATION. T.G. McEIligott* 
Dept. of Pharmacology, Temple Univ. School of Medicine, Phila., PA 19140 
The vestibuloocular reflex of goldfish in the horizontal plane was investigated 
using multi- (1/8, 1/4, 1/2, 1, & 2 Hz) or single (1/8 or 1 Hz) sinusoidal 
frequency visual-vestibular (Vis-VOR) or vestibular (VOR) stimulation. Using 
Fast Fourier Transform analysis, reflex gains for individual frequency bands 
were determined. The ability of goldfish to augment or suppress initial non- 
adapted performance of the Vis-VOR was assayed by presenting whole field 
visual stimuli, respectively, out of- or in-phase, with vestibular stimuli. For 
single frequency presentation at 1/8 Hz, goldfish could augment (gain = 1.4) or 
suppress (gain = 0.3) Vis-VOR gain (A modulation [1.4-0.3] = 1.1). Multi
frequency presentation reduced the ability to modulate gain in the 1/8 Hz 
frequency band (augment gain = 1.2; suppress gain = 0.7; A modulation = 0.5). 
Similarly, during the 1 Hz single frequency stimulus presentation, augmentation 
(1.2) and suppression (0.6) of reflex gain (A modulation = 0.6) was larger than 
that recorded during multi-frequency stimulation (@ 1 Hz band - augment gain = 
1.1; suppress gain = 0.7; A modulation = 0.4). Adaptive training towards a gain 
of 3 over a period of 3 hours using a single frequency of 1/8 Hz, produced a VOR 
gain increase (from 0.8 to 1.9; 138% increase) that was significantly greater than 
that obtained during multi-frequency adaptation (75% @ 1/8 Hz band). 
Similarly, single frequency training at 1 Hz produced a higher gain increase 
(from 0.8 to 2.0; 150%) than that obtained during multi-frequency adaptation 
(125% @ 1 Hz band). These results indicate that there is a positive correlation 
between the stimulus predictability/periodicity inherent in single frequency 
presentation and the reflex parameters, i.e., initial non-adapted Vis-VOR gain 
modulation & VOR gain adaptation. These effects on performance and 
adaptation are more prominent in the lower frequency region (1/8 Hz) where 
visual stimuli exert a more pronounced effect.
(Supported by a grant from NIH-NIDCD DC 01094).

651.13
OTOLITH SIGNALS IN VERTICAL VERSUS HORIZONTAL VESTIBULO- 
OCULAR REFLEX OF THE RAT. J.F. Baker*, J.E. Killian. C.G. Harrod, and K.J. 
Johnson. Dept. Physiol., NUIN, Northwestern University, Chicago, IL 60611.

Otoliths influence vestibulo-ocular reflex (VOR) by velocity estimation, central tilt 
signals, and other mechanisms. We have compared otolith actions on yaw horizontal 
and roll vertical VOR in 12 rats, using sinusoidal rotations (0.02-2 Hz), static tilts 
(±180°), and constant velocity rotations (4-256°/s) about an earth-horizontal axis 
oriented dorsoventrally or rostrocaudally through the rat. Eye position was monitored 
in darkness with chronically implanted scleral search coils. Vertical VOR during 
horizontally-oriented rostrocaudal axis rotations was most accurate near the upright 
posture and near the inverted posture was generally anticompensatory during both low 
frequency oscillations and all constant velocity rotations. Modulation exceeded the 
bias, or average, vertical eye velocity at all constant velocities tested. Bias and 
modulation increased with head velocity (bias gain <0.1), with bias peaking at 1287s. 
Yaw VOR during oscillations in the nose-up posture was phase accurate, but in the 
nose-down posture was phase advanced at low frequencies (+97° at 0.05 Hz). There was 
little dependence of yaw eye position on static body posture (±2° vs. ±11° for vert, eye 
pos.). During constant velocity rotations, periods of anticompensatory horizontal eye 
velocity were observed near the nose-down posture at velocities <327s, but bias 
exceeeded modulation at higher velocities. Horizontal eye velocity bias during yaw 
constant velocity rotations was greater (gain >0.1) and modulation less than observed 
for vertical eye velocity during corresponding roll rotations. These results show that 
while velocity estimation occurs for both vertical and horizontal VOR in rats, it is 
more prominent in horizontal VOR. Responses to static tilt may be sufficient to 
explain the depth of eye velocity modulation during roll rotation at high constant 
velocity. We conclude that velocity estimation is important for yaw VOR in rats, but 
that roll VOR may be dominated by static deviation of the eye proportional to the 
laterally-directed gravitational stimulus to the utricle. Support: EY07342, DC01559.

651.14
EYE MOVEMENT RESPONSES TO STATIC TILTS AND CONSTANT 
VELOCITY ROTATIONS IN THE MOUSE. J.E. Killian*. K.J. Johnson. C.G. 
Harrod and J.F. Baker. Department of Physiology and Northwestern University 
Institute for Neuroscience, Chicago IL 60611

We used chronically implanted scleral search coils in five mice (C57BL/6) to 
monitor horizontal and vertical eye position in the dark during static tilts (up to 
± 180°) and during constant velocity rotations (± 4-2567s) about an earth- 
horizontal axis.

Static tilt data consisted of five-second averages of eye position taken 15 seconds 
after repositioning the animal. We found a small (<2°) static change in eye 
position for roll tilts up to 180° from the prone position or yaw tilts up to 180° 
from the nose-up position.

Constant velocity eye position traces were edited manually to remove saccades 
and differentiated to produce slow phase eye velocity. Horizontal axis constant 
velocity rotations produced both a modulation and an offset, or bias, in eye 
velocity. For yaw rotations, horizontal eye velocity bias was greater than 
modulation at speeds of about 327s or higher. For roll rotations, vertical eye 
velocity modulation exceeded bias at all tested velocities. When modulation 
exceeded bias, anticompensatory eye velocities were produced, usually near the 
posture inverted with respect to gravity, i.e., with the mouse's nose down for yaw 
or supine for roll. Both bias and modulation increased with head velocity.

We conclude that mice, like other mammals, have a velocity estimator, a neural 
mechanism for estimating head angular velocity from otolith signals.

Supported by EYO7342 and DC01559
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651.15
GENERATION OF VERTICAL EYE MOVEMENTS BY THE VOR DURING 
LOCOMOTION. S.T, Moore1,2*. E. Hirasalg1. B. Cohen1. T. Raphan2. ’Dept. of 
Neurol., Mt Sinai Sch. of Med., NY 10029,2CIS, Brooklyn Coll. CUNY.
During locomotion head pitch movement is compensatory for vertical translation, i.e. 
as the head translates up the head pitches down, and vice versa (Pozzo et al., 1990), 
with a magnitude and frequency sufficient to trigger the linear and angular VOR 
Head vertical translation and pitch movements during locomotion were measured 
using a video motion analysis system (OPTOTRAK 3020, Northern Digital Inc). 
Vertical eye movements were recorded using a video pupil tracker (ISCAN). Subjects 
(four) walked on a linear treadmill (Quinton Q55) at 1.66 m/s while viewing a target 
screen placed at distances ranging from 0.25-2.0 m at 0.25 m intervals. There was a 
phase reversal of the eye velocity re head pitch velocity over the range of target 
distances. For near targets eye velocity was in phase with head pitch velocity (phase 
lead of 7.1°). Eye velocity increasingly lagged head pitch as target distance increased, 
and was compensatory (180° phase lag) at 2.0 m. For far targets the gain (0.8) and 
phase of eye re head pitch velocity indicated that the aVOR was generating the eye 
movement response. The IVOR gain is augmented for near targets, and the eye 
velocity phase suggested that the IVOR was generating the vertical eye movement 
response. The IVOR gain at 0.25 m was 0.37 deg/cm/m , which was consistent with 
vertical IVOR gains previously reported (Paige, 1989). The compensatory nature of 
head pitch and vertical translation tends to align the naso-occipital axis of the head at 
a fixed point in space, which was 1.25 m in front of the subject in our study. At this 
distance the target would appear to be fixed to the head. At closer distances the target 
would appear to move with the head pitch (Demer & Vine, 1996). If the aVOR was 
not modified it would generate paradoxical eye movements. The IVOR response may 
be sufficient at near target distances to over-ride the aVOR Experiments with self
generated pitch head rotations at 2 Hz while viewing a near head-fixed target show 
that vidial pursuit can modify the gain and phase characteristics of the aVOR This 
may also be a factor in generating eye movements for near targets during locomotion. 
Supported by DC03284, NSBRI (NASA) and NY State HEAT Grant

651.16
HIGH-FREQUENCY DYNAMICS OF THE HORIZONTAL VOR IN SQUIRREL 
MONKEYS. I. RESPONSES IN NORMAL MONKEYS AND FOLLOWING 
LENS-INDUCED ADAPTATION. L.B. Minor*, R.A. Clendaniel, and D.M. Lasker. 
Dept. of Otolaryngology, Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21203.

We studied the horizontal VOR (scleral search coil recordings) evoked by sinusoidal 
head rotations (2 - 20 Hz) and steps of head acceleration (30007s2) given in darkness 
in 5 squirrel monkeys. Gain remained constant with increasing frequency (.83 ± .06, 
mean ± s.d.) for sinusoidal rotations with an amplitude of 207s and a small phase lag 
was noted at the highest frequencies (-9.9 ± 1.6° at 20 Hz). Gain increased with 
velocity at frequencies > 2 Hz. At 4 Hz, gains for 20 and 1007s rotations were 
.83 ± .05 and .99 ± .04 , respectively (p < .01). A similar nonlinearity was noted in the 
responses to acceleration steps. Gain during the acceleration (Ga =1.04 ± .08) was 
greater than gain at the velocity plateau (Gv) which averaged .91 ± .04 (p < .01).

Adaptation of the horizontal VOR to 2.2X magnifying spectacles showed an 
analogous relationship to frequency and velocity of head movement. Ga after animals 
had worn these spectacles for 4 days increased to 2.04 ± . 16 whereas Gv rose only to 
1.42 ± .06 (p < .001). For sinusoidal rotations, gain decreased from 1.49 ± .08 at 0.5 
Hz to 1.07 ± .06 at 15 Hz, and a phase lag of -15.1 ± 1.0° was noted at 15 Hz. 
Responses to higher velocity rotations at 2 - 6 Hz showed a gain increase comparable 
to that observed in the data before lens adaptation.

We have modeled these data based upon linear and nonlinear inputs to the central 
pathways controlling the VOR. The linear inputs are described by a transfer function 
representing the known dynamics of regularly discharging vestibular-nerve afferents. 
The nonlinear pathway is described by a transfer function containing a term with the 
square of head velocity passing through a pole and zero, the values of which were 
calculated to fit the normal data at higher frequencies and velocities. The responses 
following lens-induced adaptation are modeled by selective modification of the linear 
and nonlinear pathways. Adaptation of the signal through the linear pathway is low- 
pass filtered. (Supported by NIH DC 02390).

651.17
HIGH-FREQUENCY DYNAMICS OF THE HORIZONTAL VOR IN SQUIRREL 
MONKEYS. II. RESPONSES FOLLOWING UNILATERAL PLUGGING OF THE 
THREE SEMICIRCULAR CANALS. D.M. Lasker1, D.D. Backous2*, L.B. Minor1. 
’Dept. of Otolaryngology, Johns Hopkins Univ. Sch. of Med.; Baltimore, MD 21203; 
2Dept. of Otolaryngology, Virginia Mason Med. Ctr., Seattle, WA 98111.

We studied the horizontal VOR evoked by sinusoidal head rotations (2-15 Hz) and 
steps of head acceleration (30007s2 to 1507s peak velocity) given in darkness in 4 
squirrel monkeys following unilateral plugging of the three semicircular canals. Gain 
decreased to .54 ± .04 after plugging and remained constant with frequency for 
sinusoidal stimuli with a velocity amplitude of207s. Phase remained similar to 
values determined before plugging. An asymmetry in half-cycle gain was noted for 
rotations at frequencies > 2 Hz as velocity increased toward 1007s. This asymmetry 
resulted from an increase in half-cycle gain for contralesionai rotations with 
increasing head velocity. At 4 Hz with velocity amplitude of 207s, gain was .61 and 
.57 for contra- and ipsilesional rotations, respectively. At 4 Hz with velocity 
amplitude of 1007s, gain was .80 for contralesional rotations and .55 for ipsilesional 
rotations. These responses at 4 Hz, 1007s also displayed nonlinear properties with 
increased distortion and a shift in the zero-crossing of the eye velocity.

Asymmetries were also seen in responses to steps of angular acceleration. Ga 
measured during the period of acceleration for contra- and ipsilesional rotations 
averaged .90 ± .16 and .53 ± .04, respectively (p < .001). Gv measured from eye 
movements at the plateau of head velocity was symmetric: Gv for contralesional 
rotations = .66 ± .10; Gv for ipsilesional rotations = .58 ± .11 (p > .29).

The model developed from the high-frequency, high-acceleration data in normal 
squirrel monkeys was used to simulate responses after unilateral canal plugging. The 
asymmetries and nonlinearities noted after canal plugging were predicted from the 
simulations based upon elimination of inputs from the nonlinear pathway on the 
ipsilesional side and selective adaptation of the linear and nonlinear pathways on the 
contralesional side. (Supported by NIH DC 02390)

651.18
HIGH-FREQUENCY DYNAMICS OF THE HORIZONTAL VOR IN SQUIRREL 
MONKEYS. III. RESPONSES FOLLOWING UNILATERAL 
LABYRINTHECTOMY. T.E. Hullar* and L.B. Minor. Dept. of Otolaryngology, 
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21203.

We studied the horizontal VOR evoked by sinusoidal head rotations (2 - 20 Hz) and 
steps of head acceleration (30007s2 to 1507s peak velocity) given in darkness in 2 
squirrel monkeys following unilateral labyrinthectomy with removal of Scarpa’s 
ganglion. Animals were maintained in darkness for 4 days after labyrinthectomy. 
Spontaneous nystagmus was noted to decrease postoperatively from an initial level of 
about 207s (slow phases directed ipsilesionally) to 107s. Following return to light, 
however, the nystagmus worsened to immediately postoperative levels for about a day 
and then recovered an equal amount. Ga measured from the step acceleration during 
this period was 0.66 ± .14 contralesionally and 0.53 ± .10 ipsilesionally while animals 
were in darkness. During the first day after returning to light, Ga for contralesional 
rotations improved to 1.01 ±.11 but only increased to .67 ± . 12 ipsilesionally.

Responses to sinusoidal rotations showed a diminished gain immediately after 
labyrinthectomy (.61 ± .04) that improved with time after the lesion (.78 ± .05, at 21 
days). A phase lag measuring -13.7 ± 1.1° at 20 Hz immediately postoperatively 
grew to -32.6 ± 1.5° at 21 days after the lesion.

The findings indicate that asymmetries and non linearities similar to those identified 
initially after unilateral canal plugging are also present after labyrinthectomy. A 
major difference between the effects of the two lesions is the prominent phase lag 
noted at higher frequencies after labyrinthectomy but not after canal plugging. 
Restoration of tonic activity in the vestibular nuclei on the lesioned side as well as 
recalibration of gain may involve the addition of signals that are time-delayed and/or 
low-pass filtered relative to direct pathways. These signals, which are due to reinal 
slip after return of the animal to light, are used for VOR recalibration and are 
responsible for a temporary increase in spontaneous nystagmus and G„. (Supported 
by NIH DC 02390).

651.19
THE COMMISSURAL INHIBITION ON OTOLITH-ACTIVATED 
VESTIBULAR NEURONS IN THE CAT. Y. Uchino1 *, H. Sato K. Kushiro1. 
Y. Ogawa2, M. Iniagawa 1 and M. Zakir1. Depl. of 1 Physiology and 
¿Otolaryngology, Tokyo Medical College; Tokyo 160-0022, Japan.

The commissural inhibition on utricular-(27) or saccular-activated (40) 
secondary vestibular neurons from the contralateral otolith system in the same 
geometric plane was studied by selective electrical stimulation of each nerve. We 
recorded synaptic potentials intracellularly from neurons in the lateral, descending 
and medial nuclei in the decerebrated cats. The secondary vestibular neurons were 
identified by their orthodromic latency (^1.2 ms) to stimulation of the ipsilateral 
side to recording and the axonal trajectory oi these neurons was tested by 
stimulation of the lateral (L) and medial (M) vestibulospinal tracts (VSTs) in the 
Cl segment. About half ofthe utricular-activated secondary vestibular neurons 
(13/27, 47%) received commissural inhibition from the contralateral utricular 
nerve with a latency in disynaptic potentials (<£ 1.8ms). One (3%) and 13 of 
27(48%) neurons received facilitation and no visible response following 
stimulation of the contralateral utricular nerve, respectively. On the contrary, the 
majority of saccular-activatcd secondary vestibular neurons (30/40, 75%) received 
no visible potentials in response to stimulation on the contralateral saccular nerve. 
Nine (22.5%) and I of 40 (2.5%) neurons received inhibition and facilitation with 
polysynaptic latency (^ 1.8ms) following stimulation of the contralateral saccular 
nerve, respectively. About half of the utricular- and saccular-activated secondary 
vestibular neurons tested were activated by the LVST. The amplitude of the 
commissural inhibitory potentials in response to stimulation of the utricular nerve 
was larger [ 1400± 1300 /zV(mean±SD), n=l3] than that of saccular nerve 
activation [225±54 /iV(mean±SD), n=9].
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652.1
DETERMINING ACCELERATION, VELOCITY AND DISPLACEMENT PSYCHO
PHYSICAL DETECTION THRESHOLDS AND EMG RESPONSES IN QUIETLY 
STANDING YOUNG ADULTS TRANSLATED HORIZONTALLY C.J, Robinson1-2 
and L.W. Faulkner' ‘VA Pittsburgh Healthcare System Rehabilitative Neuroscience 
Lab and Dept. of Rehabilitation Science and Technology, Univ. of Pittsburgh, Pittsburgh 
PA, 15260.-Depts. of Electrical Engineering, Orthopaedic Surgery and Bioengineering.

Psychophysical tests of the detection thresholds to uniaxial horizontal movements of a 
surface upon which someone stands were made possible by our innovative Sliding Linear 
Investigative Platform For Assessing Lower Limb Stability (SLIP-FALLS), that uses air- 
bearings to produce ultra-low vibration linear translations. Displacements from 5 pm to 
0.277 m, velocities from 5 pm/s to 0.3 m/s. and accelerations up to 2.5 m/s2 are achiev
able with precise control, but all three maxima cannot be reached simultaneously.

Young adults, with no known neurological or vestibular deficit, participated in Two- 
Altemative-Forced-Choice studies, where they were forced to signal whether a forward 
translation occurred in either the second or third 4 s interval, where the first interval was 
used to record the profile of the pre-move AP and ML Center-of-Pressures and the TA 
and Gastroc-soleus EMGs. The decision was signaled in the fourth interval. Masking 
noise, voiced commands and the signaled single or double pulse tone were provided to 
blindfolded subjects via earphones. No feedback was provided as to the correctness of a 
response. Thresholds were determined by Parameter Estimation by Sequential Testing 
(PEST) methods, adjusting the independent variable (peak acceleration), based on the 
correctness of three previous trials. Up to 30 trials each were presented at displacements 
of 0.16, 0.8, 4, 20 and 100 mm where the acceleration profile was ramped to reduce jerk.

A negative log-log relationship was seen between acceleration threshold and displace
ment, where 0.16 mm moves required accelerations in excess of 100 mm/s2 but where 
100 mm moves were detected at peak accelerations near 2 mm/s.2 The corresponding 
measured peak velocities exhibited a positive log-log relationship with displacement, 
from 4 mm/s @ 0.16 mm to 15 mm/s @ 100 mm. When plotted on the same scale, the 
acceleration and velocity curves intersected at threshold values that were within the quiet 
standing CoP values for length, velocity and frequency. The EMG signals were then 
compared to determine if a change in strategy from acceleration to velocity sensing 
occurred for displacement lengths greater than those at this cross-over.
Funding: NIDRR training grant Hl33P3002 andVA Rehab. R&D Project #E91-355AP

652.2

THE UTILIZATION OF STOCHASTIC RESONANCE IN 
HUMAN POSTURAL CONTROL. Ribeiro, P* & Jeka, J. Dept. 

of Kinesiology, Univ. Maryland, College Park.
Stochastic resonance (SR) is an event in which the output response 

of a nonlinear system to a weak aperiodic input signal is amplified for a 
nonzero level of noise. SR implies that the current flow of information through 
a system is optimized when the input noise degree reaches a specific 
boundary limit. In the present study, our objective was to utilize SR in the 
control of upright stance. A stochastic Gaussian-noise signal was introduced 
by a small loudspeaker placed over a circular metal plate. The plate was 
mounted on a tripod positioned to the right of a standing subject approximately 
hip level to provide the stimulus (i.e., somatosensory w/noise) through fingertip 
contact. A rigid piece of plastic was glued to the loudspeaker in order to 
produce a horizontal noise vibration. Subjects (N = 6) were tested in a side-by- 
side stance with eyes closed under three conditions of fingertip contact: no 
contact, light touch contact (<0.98 N of force) and light touch contact w/noise. 
The pilot data showed that center of pressure displacement is highest in the no 
contact condition. No differences were found between the light touch and the 
noise condition. These findings suggest that SR has no efffect when baseline 
levels of sway are present. Futher investigations will clarify the importance of 

SR in the control of posture.

652.3
WAVELET AND NEURAL NETWORK ANALYSIS OF EEG 
TRANSIENTS PRECEDING CUED MOTOR TASKS. E.L. Ohayon*, P.W, 
Tsang, and H.C, Kwan, Department of Physiology, University of Toronto, 
Toronto, Ontario, M5S 1A8.

The identification of significant components of EEG requires the ability to 
distinguish signal transients and the complex relationship these may hold 
with respect to ensuing motor events. Although averaging can highlight 
coarse trends, short-lived trends with variable temporal onsets may be 
overlooked. The ability to identify EEG components in non-averaged 
recordings is thus an important practical requirement for elucidating the link 
between brain activity and on-going motor events as well as the on-line 
detection of the characteristic features of such activity.

In this study we examined the advantages of a two step approach to the 
identification of motor task related potentials. The analysis was applied to 
healthy human non-averaged EEG recordings obtained from parietal, central 
and frontal electrode sites sampled at 1 kHz. During the recordings, subjects 
were either at rest or performing computer cued motor tasks. Application of 
wavelet analysis in the identification of transients was coupled with a neural 
network algorithm used to distinguish the complex relations which exists 
between these transients, the presentation of task cues, and the onset of 
movement. This study highlights some of the advantages of wavelet 
algorithms over traditional windowed Fourier methods in identifying task- 
related transients. The requirement of neural networks further underscores 
the complex spatio-temporal distribution of sensori-motor processing in the 
central nervous system.

This work was supported by the Medical Research Council of Canada

652.4
AUTOMATIC DETECTION OF CHANGES IN NEURONAL 
DISCHARGE PATTERNS. Z, M. Xu, D. W. Bourke, J. Ivanusic, E.G. Butler 
and M.K. Home*. Dept of Anatomy, Monash University, Clayton, Australia, 3168.

We have developed an automatic system to detect changes in neuronal 
discharge patterns based on a self-organizing method. In this system, the 
raw data were spike trains recorded from the thalamus (VPLo and VPLc) of 
a monkey performing consecutive trials of skilled wrist movements. The 
system firstly translated the raw data into values that represent the features 
of the neuronal discharge patterns. These values were then put into a 
detector to calculate the rate changes and the time changes for each trial. A 
pattern change point of neuronal discharges in each trial was determined 
when the product of the rate change and the timing change reached the 
maximum value. A total of 4240 trials recorded from 38 thalamic neurons 
were used to test this automatic system for detecting the onset of neuronal 
discharges. The results were then compared with the values obtained from 
two independent experienced researchers using visual inspection. We have 
previously shown that human observers are more reliable in detecting the 
onset of neuronal discharge than the cumulative sum (CUSUM) technique. 
In this study, we found that there is a high correlation between the outputs 
of the automatic system and the human observers (Pearson’s r =0.559), and 
that was similar to the correlation between the outputs from the two human 
observers (r =0.675). The system can also be used to detect the offset of 
neuronal discharges and the amplitude and duration of neuronal activities in 
each trial. These preliminary results have shown that the automatic system 
provides a fast, reliable, and unbiased method for detecting changes in 
neuronal discharge patterns. Supported by NH&MRC (Australia).

652.5

EXTRAPOLATING TRUE MAXIMAL MUSCLE FORCE. A. Shah2. 
V.K. Ranganathan1, V, Siemionow1,3, J.Z, Liu1, and G.H, Yue1,3*. Depts
of 'Biomedical Engineering, 2Biostatistics and ’Rehabilitation Medicine,
The Cleveland Clinic Foundation, Cleveland, OH 44195

Whether the maximal voluntary contraction (MVC) force in
human subjects is the true maximal force has been a subject of scientific 
inquiry for decades. Among a number of methods used in studying this 
question, twitch interpolation (TI) in which a supramaximal electrical 
stimulation is applied to the muscle during an MVC is most frequently 
used. If no twitch force is added, the MVC force is considered maximal 
and the voluntary activation is 100% (Merton, J Physiol 123:553,1954). A 
majority of the TI studies have concluded that healthy human subjects 
can fully activate most of the limb muscles. Recent studies (Dowling et 
al., Neurosci Let 179:25, 1994; Kent-Braun & le Blanc, Muscle Nerve 19:861, 
1996; Yue & Siemionow, Soc Neurosci Abst 23:1050,1997) have found that 
the accuracy of the TI method is questionable largely because of the 
difficulty in eliciting a twitch force on MVC force. To overcome this 
difficulty, some investigators have attempted to extrapolate the maximal 
muscle force by curve-fitting multiple twitch force values evoked at 
different levels of voluntary contraction. These studies also concluded 
that MVC force equals the true maximal muscle force (Behm et al., J 
Appl Physiol 81:2267,1996; De Serres & Enoka, J Appl Physiol 84:284,1998; 
Phillips et al., J Gerontol 47:M45,1992). Based on the twitch force elicited 
from seven levels of voluntary elbow flexion contractions of 14 young 
subjects using TI technique, we fit a non-linear mixed effects model to 
the untransformed data and estimated the maximal elbow flexion force. 
The estimated maximal force was greater than the MVC force.

Supported by NIH grant (NS 35130).

652.6
VISUALIZATION OF MUSCLE ACTIVATION. P.A. Hardy*. Y.M. 
Liu, and G.H, Yue. Department of Biomedical Engineering, The 
Cleveland Clinic Foundation, Cleveland, OH 44195.

The proton transverse relaxation time (T2) of skeletal muscle 
has a linear relationship with joint torque and muscle EMG. Magnetic 
Resonance images of skeletal muscle thus measure directly the spatial 
distribution of muscle activation. In this study subjects performed four 
tasks with their dominant arm: elbow flexion with the forearm 
supinated, elbow flexion with the forearm at neutral position (between 
pronation and supination), supination of the forearm, and elbow flexion 
to exhaustion. Immediately after exercising, subjects entered the MR 
imager and T2 images were collected. T2 was measured from three 
cross-sectional slices covering the midsection of the upper arm with the 
middle slice positioned at the belly of the biceps brachii muscle (inter
slice space = 20 mm). Calculated T2 images were analyzed using a 
computer program which color-coded the T2 of each image pixel. 
Results from two volunteers were analyzed and base-line values were 
established from the images obtained from each volunteer taken at rest. 
The major findings were: (1) a selective group of muscle fibers in the 
biceps brachii was preferentially activated during forearm supination; 
(2) the activation pattern of the elbow flexors was different between the 
two elbow flexion tasks (forearm in neutral position and in supinated 
position); and (3) not all muscle fibers were activated, or activated to 
high intensity even during exhaustive exercise. With these techniques, 
muscle function can be visualized and quantified. Functional 
compartmentalization may exist in elbow flexor muscles. Complete 
activation of the elbow flexor muscles is difficult.

Supported by NIH grant (NS 35130).
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652.7
DEVELOPMENTS IN LONGITUDINAL INTRA-FASCICULAR ELECTRODES 
FOR PERIPHERAL NERVE RECORDING AND STIMULATION. K. Yoshida1*, 
K. Jovanovic2 and R.B. Stein2. ‘Center for Sensory-Motor Interaction, Aalborg Univ., 
DK9220 Aalborg, Denmark; 2Div. of Neuroscience, Univ. of Alberta, Edmonton, AB, 
Canada T6G 2S2.

Longitudinal intra-fascicular electrodes (LIFEs) are fine electrodes threaded into the 
extracellular space between axons in peripheral nerves or spinal roots. The primary 
advantages of LIFEs are that they offer greater recording/stimulation selectivity than 
with extraneural electrodes, and can be implanted ‘into smaller nerves. Presently, we are 
evaluating LIFEs in two preparations, the chronic walking cat and the in-vitro 
mudpuppy (necturus maculatus) spinal cord preparation.

In cats trained to walk within a walker, electrodes were implanted in peripheral 
nerve fascicles innervating the triceps surae. After a recovery period recordings were 
made during unrestrained awake walking. Electrode impedance and signals were tracked 
for a period up to eight months. We find that the signal strength stabilizes within the 
first week post implant while the EMG content and motion artifact are minimal in 
recordings during walking. Currently, we have recorded neural activity beyond eight 
months in the walking cat.

In the in-vitro mudpuppy spinal cord preparation, we tested LIFEs for stimulation 
and recording. Stimulation was characterized with recruitment curves of the elbow 
extensor and flexor EMG evoked through stimulation of cervical ventral roots with 
LIFEs. Recording was characterized by LIFE recording of compound action potentials 
in cervical ventral roots during stimulation of elbow muscles through intramuscular 
electrodes. They have proven to be useful for delivering patterned stimulation during 
ongoing in-vitro locomotion without causing problems with nerve conduction or 
locomotion. Moreover, they simplify our in-vitro setup, which requires multiple 
stimulation sites, since they do not require additional external support.

This work was funded by the Alberta Heritage Foundation for Medical Research and 
the NeuroScience Network of Canada

652.8
ENHANCED ACCESS TO SCIATIC NERVE FIBERS USING AN ARRAY OF 

PENETRATING, VARYING LENGTH ELECTRODES.
A. Branner*, R.A. Normann. John Moran Lab. in Applied Vision & Neural Sciences,
University of Utah, Salt Lake City, UT 84112

In previous work we showed that the Utah Electrode Array (Bionic Technologies 
Inc.) can be used as a peripheral nerve interface. Up to 100 electrodes can 
simultaneously be inserted in the peripheral nerve using a pneumatically actuated 
insertion device, causing only minor physiological and histological damage. In acute 
experiments, stimulation threshold and the corresponding contracting muscle group 
for each electrode were determined visually and using EMG recordings. 
Additionally, we determined the types of mechanical stimuli evoking single unit 
activity that was recorded using the electrode array. Oftentimes, different electrodes 
picked up or stimulated the same kind of fibers whereas other sensory or motor 
fibers could not be accessed at all. Nevertheless, single units could be recorded from 
several different sensory receptors and various muscle groups could be stimulated 
using low current stimuli. Recording and stimulation was stable over a time-course 
of 2-3 days at which point the experiments were concluded.

The original design of the electrode array limits access to all nerve fibers: all 
electrodes are of equal length, access only nerve fibers in one plane below die 
surface of the nerve and there are always nerve fascicles and fibers in an experiment 
diat are neglected. We are developing and testing a new design of an electrode array 
having electrodes ranging from 0.5-1.5 mm in length. The electrode array comes in 
two sizes: 5x5 or 10x10 electrodes. The spacing between electrodes is 400 pm and 
the height difference between neighboring electrodes is 200 pm (5x5) or 100 pm 
(10x10). We are currently testing the new design for the kinds of fibers it can reach 
in the same way we tested the old array. We expect the new electrode array to 
provide less duplicity and enhanced access to a larger variety of sensory as well as 
motor fibers.

This work was supported by die Deutscher Akademischer Austauschdienst 
(DAAD), a State of Utah Center of Excellence Grant and a NSF grant IBN94-24509.

652.9
APPLICATION OF ADVANCED DATA VISUALISATION TECHNIQUES IN 
MOTOR CONTROL RESEARCH. J.D. Cooke1' J.Symaznik2, G.S.Michaels3,
J.Krichmar4, G.Ascoli4, 1School of Physical Therapy, Univ. Western Ontario, 
London, Ontario N6G 1H1, 2Center for Computational Statistics, 3lnst. 
Computational Sciences and Informatics, 4Krasnow Institute for Advanced 
Study, George Mason Univ., Fairfax, VA 22030

Over the past decades the technology available for recording 
movement has advanced dramatically. While new technology opened up the 
possibility of study of more complex and “natural” movements it raised an 
associated problem of presenting researchers with overwhelming volumes of 
data. Each receiver in a magnetic tracking system, for example generates six 
parameters; the x, y and z positions in Cartesian space and the pitch, roll and 
yaw angles. In a simple application of monitoring arm position, 18 variables 
are generated. Add to this EMG’s from associated muscles arrd the number of 
parameters rises to at least 24 (in the simplest case). With sampling at 100Hz 
for seconds at a time, the number of variables and data volume become 
significantly large and unwieldy.

A common approach has been to decrease data volume by only 
looking at parts of the data sets which, a priorim, one thinks should be 
important. Data sets are also combined or compressed in various ways; for 
example, working with joint angles rather than 3D segment positions. In both 
approaches one runs the risk of losing significant information.

We are applying advanced statistical graphic visualization techniques 
to “mine” data from human arm movements. Movement data is recorded with a 
magnetic Flock of Birds system. The data is visualized and analyzed with 
graphical statistical methods as parallel co-ordinate plots, the “Grand Tour” 
(projections of n-dimensional data arrays), density plots and linked brushing 
across multiple windows. Using these methods we identify co-ordinated 
patterns within these multi-dimensional data sets.
Supported by NSERC and NSF

652.10
DYNAMIC RESPONSE OF HUMAN MUSCLE SPINDLE AFFERENTS TO 
STRETCH DURING VOLUNTARY CONTRACTION. N.Kakuda* and 
M.Nagaoka. Dcpl. of Neurology, National Rehabilitation Center for the Disabled, 
4-1 Namiki, Tokorozawa, 359, JAPAN.

We investigated the central control of the dynamic and static fusimotor action 
on (he human muscle spindles.

The response of muscle spindle afferents from in. extensor carpi radialis 
brevis to large amplitude stretch and release at the wrist joint was recorded 
during steady voluntary contraction. The imposed movement consisted of stretch 
(0.94s), hold (3.87s) and release (J.45s) of wrist extensor muscles with the 
amplitude of 16 degree and the initial position of 180 degree. The subjects 
maintained a steady contraction at a predetermined level (1, 3, 6 , 12 and 20 % 
of the maximal voluntary torque) of wrist extension. The dynamic index was 
calculated as the difference between the firing rate just before end of stretch and 
that during the hold phase after stretch.

The analysis was performed on 23 la and 5 II afferents recorded from 15 
healthy subjects. During voluntary contraction the firing rate was increased up to 
24 imp/s at a constant muscle length. The dynamic index was increased in 10 
and reduced in 13 Ia afferents with the range of -10 - 20 imp/s. The change in 
dynamic index was less than 2 imp/s in II afferents. The sudden reduction in Ia 
firing on the release of stretch in the relaxed muscle was replaced by the smooth 
decrease in firing rate during voluntary contraction in 17 of 23 Ia afferents.

The increase in dynamic index is a clear evidence of dynamic fusimotor 
action, while the smooth decrease in firing rate on the release of stretch indicates 
the sialic action. In conclusion, both dynamic and static fusimotor action is 
common on the human muscle spindles during voluntary contraction. This result 
implies that the human central nervous system controls not only the firing rate of 
muscle spindles, but also the sensitivity to stretches during voluntary contraction. 
This work was supported by the Ministry of Health and Welfare of JAPAN.

652.11
SHORT AND LONG LATENCY RESPONSES OF THE
MECHANICALLY EVOKED STRETCH REFLEX DURING
CONCENTRIC AND ECCENTRIC MUSCLE ACTIONS. A.G. 
Cresswell1*. W.N. Loscher2, M. Liippert1 and A. Blomqvist1. ’Dept. of 
Neuroscience. Karolinska Institute. Stockholm. S-l 14 86, Sweden; "Dept. of 
Neurology . Landesnervenklinik. Salzburg, A-5020, Austria.

The purpose of this study was to investigate the short and long latency 
components of the stretch reflex response evoked in the human triceps surae 
muscles during voluntary concentric (CON) and eccentric (ECC) muscle 
actions. Eleven male subjects performed submaximal ECC and CON efforts 
of the plantar flexor muscles at 5° s’1 and matched for; i) constant plantar 
flexor torque: or ii) constant efferent drive, via soleus electromy ographic 
amplitude. During all efforts, a mechanically induced stretch reflex was 
elicited in the triceps surae muscles via a rapid ankle dorsiflexion of 10 at 
112C s’1 using a microprocessor controlled torque motor. Soleus and medial 
gastrocnemius activities were recorded using surface electromyography, 
along w ith plantar flexor torque, ankle position and angular velocity. For 
matched torque efforts, significant lower amplitudes of both the short and 
long latency components of the stretch reflex were found for both soleus and 
gastrocnemius during the eccentric actions. When these eccentric efforts 
w ere adjusted to their underlying level of efferent drive, the long latency 
component for soleus was greater than that found during the concentric 
effort w ith the same level of underlying torque. For matched efferent drix e 
efforts, a significant increase of the long latency component of the soleus 
stretch reflex was observed. These findings point to a different neural 
strategy in the control of eccentric actions, with differences occurring in the 
long loop reflex pathways.
Karolinska Institute Research Fund

652.12
PERCEPTUAL RESOLUTION OF MOVEMENT VELOCITY USING
PROPRIOCEPTIVE INFORMATION. G. Kerr* and C. Worringham. School of Human 
Movement Studies, Queensland University Technology, Brisbane, Australia.

Kinematic information about joint position and velocity is consciously perceived and 
used to coordinate movement. However, the ability ofiihe nervous system to 
consciously discriminate between different velocities is unknown. Because movement 
occurs in time over a distance control of these variables is important to ensure that 
subjects do not use these cues rather than velocity.

Subject’s (12) right elbow was passively moved at a specified constant velocity (15, 
30,45, 60 & 75 7s) over a fixed distance (30°; reference movement). The arm was 
rapidly returned to the start position and, after 500ms, was moved at a different velocity 
over the same distance (comparison movement). An adaptive forced choice stair-case 
procedure was used in which the initial difference between the two velocities (+/-170%) 
was decreased by 80% on subsequent trials until there was a convergence on a velocity 
level. Upper and lower boundaries of perceptual threshold were determined using 
ascending and descending series. Subjects were asked to estimate whether the 
comparison movement was different to the reference movement under three different 
instruction sets: attend to velocity differences irrespective of time and distance; time 
differences irrespective of velocity and distance; distance differences irrespective of 
velocity and time.

Perceptual thresholds were less when using a velocity instruction set. However, there 
was a velocity-dependent relationship. At lower velocities thresholds for discerning a 
difference between the reference and comparison velocities were similar for all 
instruction sets ( 15°/s =4.47s;307s=8.7°/s). Above 30°/s perceptual thresholds for the 
distance instruction set increased linearly as a function of velocity to 31.8% at 757s.
For both the time and velocity instruction sets, respective maximum thresholds of 12.9 
7s and 9.37s were reached. Thus, when proprioceptive information is used, conscious 
perception of movement velocity is more accurate than either time or distance.

Supported by Australian Research Council Large Grant
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652.13
ERRORS ASSOCIATED WITH MOVEMENTS TO SERIAL TARGETS VARY 
AS A FUNCTION OF VISUAL INPUT. M.A. Pizzimenti*, R. Spitznagle, W.G. 
Darting Dept. of Exercise Science, University of Iowa, Iowa City, IA, 52242

Building on previous work (Pizzimenti et al., SFN abstr 23:2087) we 
investigated the effects of randomly varying availability of visual information after 
completion of 50% of movement length versus 90% of movement length to 
determine how loss of visual information beginning at these times affects movement 
errors. We hypothesized that a visuomotor transformation is made such that each 
target-to-target movement in a series is programmed in advance of the movement to 
the first target, but this transformation can be updated depending on the amount of 
visual information available to the subject.

Subjects were instructed to accurately point to three targets, in the order they 
were presented, on a computer monitor equipped with a touchscreen to record motion. 
Visual information available during the task was varied under 11 conditions: normal 
vision; at movement initiation no vision or no targets available; 8 conditions where 
targets or vison were not available after completing 50% or 90% of length of 
movements to the first and second targets. A general trend of decreasing error with 
increasing visual information was observed (p< 05). Errors to the first and second 
targets were similar whether available visual information was altered at 50% or 90% 
of movement length. Errors for movements to the second and third targets in a series 
were significantly dependent on the amount of visual information allowed during 
movement to the preceding targets (p<.05). Thus, these data suggest that availability 
of visual information after 50% of movement length is covered has little influence on 
endpoint errors. However, the visual information available during movement is used 
to update the transformation for movement to the next target(s) in a series. This 
update may be based on peripheral visual information on subsequent target locations 
acquired during movements to preceding targets. It may also assist in maintenance of 
the memory of these target locations.

652.14

INCREASED GAIN OF HUMAN SOMATOSENSORY EVOKED 
POTENTIALS (SEPs) WHEN A VARIABLE CUE TO TARGET LOCATION 
MUST BE ACQUIRED. A.J, Nelson1*, J.P, Brooke1, W.E. McIlroy2, D.C. 
Bishop1, R. G, Norrie1. A. Matthews1. 1 Neurophysiology Lab, Depts. 
Human Biol. & Nutr. Sci., University of Guelph, and 2 Grad. Rehab. 
Science, University of Toronto, Canada

Discharge of sensory receptors often is integrated into the neural 
transformations leading to motor acts. We tested one aspect of how this 
integration is modulated. With 8 subjects, the foot plantarflexed about 
the ankle to a target which was 15° beyond occurrence of a cutaneous 
stimulus (cue) to the lateral border of the foot. Conditions were (a) 
stationary sat, pre and post, (b) simple active movement without 
specified target (c) cue randomly at 1 of 3 positions followed immediately 
and without instruction by (d) cue fixed in position, then (e) a repeat of 
*c'. Initial cortical SEPs, as averages of 30 - 50 trials, were recorded at 
Cz’, 2 cm caudal to Cz, following single pulses to sural nerve at the ankle 
or tibial nerve at the popliteal fossa. M waves or perceptual thresholds 
maintained stimulus constancy. Twenty practice trials were given before 
data collection. Accuracy was high; all subjects were in error on the 
catch trial post *d', showing the cue was no longer being fully attended 
to. SEPs were depressed during simple movement and during fixed 
following variable cueing (p<.05). Secondary complex SEPs followed 
similar changes to initial ones. Between conditions, constancy was 
maintained in, movement velocity, M waves, integrated EMGs in soleus, 
and H reflex magnitudes (all p>.05). We conclude that discovered 
predictability of target location is associated with the brain downgrading 
environmental input, likely in favour of internal representation of the 
movement. Supported by NSERC Canada.

652.15
Response characteristics of human muscle afferents during unrestrained wrist 
movements. Kelvin E, Jones1^Johan Wessberq*2 and Ake Vallbo*2. 
1Physiology, Univ. Manitoba, Winnipeg, MB. 2Fysiologi, Göteborgs Univ., 
Göteborg, Sweden.

This series of experiments was undertaken to explore the responses of 
muscle afferents during three dimensional movements at the wrist joint.

The kinematics of the hand movements were monitored by an optoelectronic 
system that provided values for wrist rotations which were used to control the 
movement of a cursor on a monitor placed in front of the subject. Ten single 
muscle afferents were recorded from the radial nerve. The subject began with 
the cursor in a central home position and moved to one of 8 targets 
surrounding the home position. Mean vectors were calculated based on the 
firing response of a unit during different phases of the movements to the 8 
targets and were tested for directional sensitivity.

None of the cells showed a significant increase in firing rate in the reaction 
time phase prior to movement. Four extensor carpi radialis (ECR) spindle 
afferents showed directional sensitivity during the phase of movement to the 
target whereas they lacked a significant response during the target holding 
phase. The other ECR spindle afferent lacked directional sensitivity during any 
phase. This was in contrast to the responses from extensor carpi ulnaris 
spindles and extensor digitorum communis spindles which showed directional 
sensitivity during both the movement to the target and while holding on the 
target. The data illustrate the complex spatio-temporal signal from the forearm 
muscle afferents during unrestrained wrist movements.

Supported by the Human Frontier Science Program, Swedish MRC (project 
3548) and The Bank of Sweden Tercentenary Foundation.
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653.2653.1

IMPROVED LOCOMOTION IN PERSONS WITH SCI USING COMBINED 
BODY WEIGHT SUPPORT AND FES. E.C. Field'12, B. Calancie1. 
University of Miami School of Medicine, Miami Project to Cure Paralysis1 
and the Division of Physical Therapy2, Miami, FL 33136.

In the presence of spastic paresis due to incomplete spinal cord injury 
(iSCI), unregulated spinal reflexes and inadequate or delayed voluntary 
motor recruitment result in deficits of movement. Due to alterations in 
supraspinai input to the spinal cord, motor responses are often dramatically 
influenced by sensory stimuli.

In the present study, we investigated the effect of manipulating the 
sensorimotor environment and the consequent changes in locomotor 
parameters in individuals with chronic iSCI. Subjects (n=8) with iSCI (ASIA 
C) participated in a 12-week program that incorporated treadmill walking in 
conjunction with body weight support (BWS) and functional electrical 
stimulation (FES) to the common peroneal nerve. The amount of BWS was 
adjusted to optimize gait quality and FES was used to facilitate an 
appropriately-timed stepping response.

Subjects were evaluated at training weeks 0, 6, 12 and at follow-up (1 - 
3 months post training). Significant differences were found in unassisted 
(no BWS/no FES) treadmill walking speed (p < 0.01), treadmill walking 
distance (p < 0.01), and functional overground walking speed (p <0.01). 
Following training, lower extremity EMG records indicated decreased 
agonist-antagonist cocontraction and more normal phasing between 
muscles. These data suggest that locomotor responses in individuals with 
¡SCI can be shaped by sensorimotor input. The data further suggest that 
these locomotor patterns can be reinforced through training and that 
positive and persistent changes in locomotor function can be effected. 
Supported by NIH grant HD01193 (ECF) & DOD grant DAAH0494 (BC).

INTERSEGMENTAL COUPLING DURING NATURAL AND FAST 
WALKING IN THE ELDERLY AFTER HIP ARTHROPLASTY Joël 
Monzée*, François Prince and Réiean Dumais. Sherbrooke Geriatric University 
Institute, Sherbrooke (QC) Canada, J1H 4C4 & Centre de recherche en sciences 
neurologiques, U. Montréal, Montréal (QC) Canada, H2G 2K9.

In a previous study (Monzée et al., SFN, 1997), we examined the leg joint angle 
patterns in healthy elderly subjects walking at natural and fast speeds. The phase 
plane shapes were highly stereotyped in all subjects and at both walking speeds. The 
intersegmental relationships did not change even though the magnitude of the joint 
angles changed. In this study, we assessed the intersegmental relationships in six 
hip arthroplasty elderly patients who had recovered their autonomy and were free of 
motor or neurological disabilities. A position tracking Optotrak system digitized the 
XY coordinates of LEDs attached to the skin of the trunk and legs recorded at 60 
Hz. Angle-angle diagrams and phase planes were constructed. The shapes of 
diagrams were expressed using the encoded-chain technique that encoded the 
shapes into a sequential set of single digits determined by the direction of the curve 
between two XY coordinates. Cross-correlation of the encoded-chains were used at 
two walking speeds to evaluate the symmetry (similarity of the interjoint coupling 
between the legs at each speed) as well as the congruity (similarity of the inteijoint 
coupling between the speeds at each leg). The results showed that (a) the ipsilateral 
hip-knee congruity is significantly lower in the patients than in the healthy subjects, 
(b) the congruity was higher than the symmetry in the patients, (c) the hip and 
ankle phase planes have an high variability. Thus, these results suggested that, 
except for ipsilateral hip-knee, the intersegmental relationships did not change even 
though the walking speed increased and the magnitude of the joint angles changed. 
This supports the hypothesis that the intersegmental relationships is one of the 
parameters controlled during healthy human locomotion. Supp. by MRC of Canada.
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653.3
RECRUITMENT OF LOWER LIMB MUSCLES DURING THE SIT- 
TO-STAND MOVEMENT PERFORMED BY STROKE SURVIVORS.
R.M. Thornton, E.A. Roy* and J.S. Frank. Dept of Kinesiology, 
University of Waterloo, Waterloo ON, N2L 3G1.

This study investigated how cerebrovascular accidents alter individuals’ 
ability to recruit their lower limb muscles as they stand up from the seated 
position. Electromyographic (EMG) activity was recorded from the 
bilateral vastus lateralis, tibialis anterior and gastrocnemius muscles of 10 
people who had suffered a stroke, and 10 age-matched healthy adults. 
Both the timing and the magnitude of activity in these muscles were 
studied. The results showed that as the stroke participants stood up they 
turned on their affected tibialis anterior significantly later than the 
controls; whereas all other muscles turned on at similar times in the two 
groups. In addition, the three muscles in the hemiplegic leg of the stroke 
participants reached peak activity later than the muscles in the healthy 
adults, a delay which was especially marked in the affected vastus 
lateralis. In terms of muscle magnitudes, it was found that the stroke 
survivors demonstrated reduced activity in their affected vastus lateralis 
and tibialis anterior and overactivity in the gastrocnemius of their 
unaffected leg. These findings demonstrate that a cerebrovascular accident 
affects the timing and magnitude of the muscle activity recruited in the 
hemiplegic lower limb as an individual stands up from the seated position. 
In addition, a stroke appears to induce altered muscle recruitment patterns 
in the so-called nonaffected leg.
Funding for this project was provided by Drs Roy and Frank’s Natural 
Sciences and Engineering Research Council grants.

653.4
MOTOR REHABILITATION IN HEAD INJURED SUBJECTS
M.C. Dault. C. Dugas*. Dept. des Sciences de Tactivite physique, Universite du 
Quebec a Trois-Rivieres, Trois-Rivieres, Qc, CANADA, G9A 5H7 
Head injured (HI) subjects present postural control and coordination deficits in 33% 
of the cases (Wober and al., 1993). These deficits seem to persist years after the 
subjects have completed the rehabilitation process. Berrol and Katz (1985) have 
shown that dance therapy is an effective approach to reduce postural instabilities. 
Eight head injured subjects participated in a 12 week training program. The 
program consisted of aerobics, Step and Slide training. Five subjects followed the 
training and three subjects continued the usual rehabilitation training, which 
consisted mostly of muscular training. The subjects were evaluated pre and post 
training. A group of ten normal subjects were evaluated at a 12 week interval for 
the balance test without following a training. Balance testing consisted of a series 
of altered sensory tests. Displacement of center of pressure, maximum antero
posterior (AP) sway and sway area were analysed using a force plateform.. 
Coordination was evaluated with a Peak Performance system in order to analyse 
movement during a Jumping Jack test. Subjects in the experimental group 
demonstrated significant difference pre and post training in the spatial variable (T = 
339; z =-2,72; p<0,01) and in the temporal variable of the coordination test (T = 
166,5; z = -3,8; p< 0,01). The control group did not show any significant difference 
pre and post training. Both balance measures showed significant differences in 
experimental conditions of the sensory altering test by group (F(10,75)= 2,49; 
p<0,05). This indicates that HI subjects swayed a lot more than the normal subjects. 
The group by pre-post interaction did not show significant differences. However, 
the experimental group showed a reduction of sway area that is larger than the 
control group; 5.59 cm2 compared to 0.56 cm2. The same situation appears for AP 
sway. Research supported by a grant from NSERC Canada.

653.5
MUSCLE ACTIVITY PHASING DURING ASYMMETRICAL PEDALING IN 
HEALTHY AND HEMIPLEGIC SUBJECTS.
M.M, Slavin2. P.A. Brown1, S.A, Kautz1 * and K.R, Williams2 ’Rehabilitation 
R&D Center, VA Palo Alto HCS (153), Palo Alto, CA, 94304; 2 Exercise Science 
Dept., Univ. of Califomia-Davis, Davis, CA 95616.

Persons with post-stroke hemiplegia show significant differences in timing of 
muscle activity during pedaling. Plegic leg power phase muscles (soleus, vastus 
medialis) show prolonged activation and transition phase muscles (medial 
gastrocnemius, rectus femoris, semimembranosus, and biceps femoris) show 
phase-advanced excitation (Kautz & Brown, 1998). Are these strategies 
appropriate for generating the asymmetrical force outputs seen in hemiplegic 
pedaling or are they inappropriate responses more reflective of post-stroke 
neurologic pathology? This study investigated the timing and amplitudes of EMG 
activity in seven muscles as five healthy subjects pedaled a modified ergometer at 
a constant workload (130 J/cycle) and cadence (35-40 rpm). Subjects were asked 
to match visual real-time feedback of actual torque vs. crank angle from one leg to 
two different sinusoidal templates with reduced positive and increased negative 
work representative of a plegic leg profile (plegic condition). Plegic vastus 
medialis (r=0.66; p=.001) and rectus femoris (r=0.75; p=0.007) third quadrant 
activity increased significantly as plegic net work decreased to 55.6 and 41.7% of 
work done by the leg during symmetrical pedaling. Biceps femoris and 
semimembranosus had similar timing across the normal and plegic conditions. As 
in hemiplegic subjects, nonplegic EMG phasing did not change. The timing 
changes were largely confined to the plegic vastus medialis and rectus femoris. 
Because these muscles alter their timing in both normal and hemiplegic subjects 
relative to normal pedaling, they may be the primary adaptation to the mechanics 
of asymmetrical torque generation. Supported by the Rehabilitation R&D Service 
ofthe DVA.

653.6
CORTICOSPINAL FUNCTION FOLLOWING INCOMPLETE SPINAL CORD 
INJURY; CHANGES OVERTIME. H.C. Smith1, N.J. Davey1 \ G. Savic2 and P.H. 
Ellawav1. ’Division of Neuroscience & Psychological Medicine, Imperial College 
School of Medicine, Charing Cross Hospital, London W6 8RF, UK; National 
Spinal Injuries Centre, Stoke Mandeville Hospital, Aylesbury, Bucks HP21 8AL, UK

We have previously reported a reduction of corticospinal inhibition in incomplete 
spinal cord injury (SCI) patients as revealed by a change in the silent period to 
transcranial magnetic stimulation (TMS) of the motor cortex (Davey et al., 1998. J 
Neurol Neurosurg Psychiatr 68). With ethical approval, we studied a total of 21 SCI 
patients (on admission: neurological level C2-C7; ASIA grades A-D; ages 18-72 
years) and 10 healthy control subjects (ages 27-57 years). Neurological assessments 
were performed and responses of weakly contracted thenar muscles to TMS w’ere 
assessed on a number of occasions as early as 19 days and as late as 37 months post
injury. At the time of the first electrophysiological assessment all patients had some 
function in thenar muscles (ASIA grades improved to C or D). Data from all patient 
recording sessions were grouped into different post-injury epochs and then averaged. 
Seven of the patients (ages 29-72 years) were studied on 7 or more occasions and 
were also assessed individually. Individual and grouped data suggested that MVC 
and neurological scores tended to peak and stabilise by around 300 days post-injury. 
In contrast, the mean (± SE) latency for both compound motor evoked potentials 
(cMEPs) (25.6 ± 2.7 ms) and suppression of voluntary contraction (SVC) (49.9 ± 2.2 
ms) were significantly (Mann-Whitney; P<0.05) longer than control values (cMEPs
19.9 ± 0.5 ms; SVC 32.3 ± 1.5 ms) at the time of first assessment. There was no 
significant change in latency of cMEPs or SVC on subsequent sessions for either the 
grouped or individual patient data. We conclude that changes in excitatory and 
inhibitory corticospinal function seen following incomplete SCI are established close 
to the time of spinal cord trauma and remains stable thereafter.
Supported by the Wellcome Trust.

653.7
RHYTHMIC ENTRAINMENT OF HEMIPARETIC ARM MOVEMENTS IN STROKE 
PATIENTS. M.H. Thaut*1, V. Hoemberg2, C.P. Hurt1. G.P. Kenyon1. 'Center for 
Biomedical Research in Music, Colorado State University CO 80523, USA; Neurological 
Therapy Center, Heinrich-Heine University Duesseldorf, 45944 Duesseldorf, Germany.

Rhythmic entrainment of gait patterns in stroke and parkinsonian patients and its beneficial 
effect in gait rehabilitation has been shown in previous research (Thaut et at, 1993, 1996, 
1997; McIntosh et al., 1997). In this study the effect of rhythmic auditory stimulation (RAS) 
to facilitate repetitive flexion-extension movements of the paretic arm in stroke patients was 
compared to internal cuing of the same movement Eleven hemiparetic stroke patients (mean 
age 55+/-10) moved their arm for 30 s between 2 touch sensors which they depressed 
slightly before reversing their movement direction. The sensors were vertically aligned in 
front of the patient on a tilted table surface. Movements were executed with and without a 
metronome cue which was matched to each patient's preferred movement frequency. 
Condition order was counterbalanced across patients. Sensor data, video motion analysis, 
and EMG were assessed to study experimental effects.

Variability of movement time and arm trajectory in the yz-plane decreased significantly 
(p<.05) with RAS (time=-35%; trajectory=-40.5%). Elbow range of motion increased by 
a mean of 13.8%, accompanied by reduced forward shoulder displacement in the x-plane. 
Movement by movement analysis revealed significantly reduced time and trajectory 
variability for RAS compared to internal cuing already at the first reaching motion (after 
listening to 2 pacesetting metronome clicks before moving), steady state attainment within 
2-3 motions, and maintenance of significantly lower variability levels throughout the trial. 
Plots of velocity profiles of reaching motions showed a tendency during RAS to shift profiles 
from iterative correction to single pulse control. Data strongly suggest support for rhythmic 
facilitation of paretic arm movements, involving fast acting central physiological 
mechanisms to enhance temporal and spatial movement stability.
German Research Council DFG / SFB 194

653.8
AMPLITUDE SCALING IN RAPID AIMING MOVEMENTS IS IMPAIRED 
AFTER UNILATERAL SENSORIMOTOR AREA DAMAGE . B.E.Fisher*
C.J.Winstein, and M.R.Velicki. Motor Behavior Lab, University of Southern 
California, Los Angeles, CA 90033.

In contrast to previous work (Favilla et al., 1989), both stroke and control 
subjects performing goal-directed aiming movements in a timed-response 
paradigm demonstrated serial specification of direction and amplitude (Velicki 
et al., 1993). This was supported by the finding that neither group scaled wrong 
direction responses. However, with correct direction responses control subjects 
(CS) were always more accurate. For the present project multiple regression 
was used to determine the strategy that CS used for improved accuracy 
Analyses were completed on 6 sensorimotor area stroke subjects (SS) 
performing with the ipsilesional upper limb, and 6 age-matched CS to 
determine the effect of movement planning (indexed as the average velocity 
from onset to peak velocity, AV) and scaling (indexed by the additional 
explanation of movement displacement due to adding target to the regression 
equation) on end-point accuracy. In correct direction responses, end-point 
accuracy was largely explained by AV for both SS and CS when preparation 
time was >100 ms, (R2ss =.57; R2cs=-41). However, CS were more capable of 
using target information to modify an already planned action. For CS, a greater 
proportion of variance in end-point accuracy was explained by the addition of 
target (R2=.8O) than for SS (R2=.67). In wrong direction responses no 
substantial increase in variance was explained by the addition of target for 
either group (CS: AV R2=.25, AV+target R2=.26; SS: AV R?=.58, AV+target 
R2=.6O. These findings provide additional evidence that the CS and SS specify 
direction and amplitude in a hierarchical serial sequence. Correctly specifying 
direction appears to trigger the scaling of amplitude to the target amplitude. In 
addition, the performance of SS suggest that the sensorimotor cortical area has 
a role in the modification or scaling of an already planned action (Supported in 
part by a grant from the Foundation for Physical Therapy to BEF).

Society for Neuroscience, Volume 24,1998



1664 POSTURE AND MOVEMENT: INJURY AND REHABILITATION WEDNESDAYAM

653.9
EFFECTS OF THALAMIC STIMULATION ON ESSENTIAL TREMOR.
KM Zackowski*. AJ Bastian, S Hakimian, WC Koller. JS Perimutter. & WT Thach
Dept of Anatomy and Neuro, Program in Physical Therapy, Department of Neurology, 
Washington University School of Med., St. Louis, MO 63110.

The implantation of thalamic stimulators, one treatment for essential tremor (ET), 
diminishes ET. The mechanism responsible for the tremor and the improvement is 
unknown. One idea is that essential tremor is dependent on at least two oscillators, a 
peripheral-mechanical oscillator, influenced by somatosensory reflex pathways, and 
a central oscillator.

We examined ET subjects with implanted thalamic stimulators, with stimulation on 
and off, to determine how they respond to mechanical torque pulses (TP) at the wrist 
joint, compared with controls. Using a computer controlled wrist manipulandum, TP’s 
of 1 .ONm lasting 100ms were given in the wrist flexor direction. All subjects were 
tested in conditions of maintained flexor torque loads of 0.25Nm. EMG’s were 
recorded from wrist flexor and extensor muscles.

With stimulation off, ET subjects showed evidence for a mechanical reflex oscillator 
with an inverse relationship between amplitude and frequency of oscillations, 
following a TP perturbation. The invariant tremor frequency (4-6 Hz) that occurs 
independently or inertial load is evidence for a central oscillator. Also, baseline EMG 
activity was rhythmical and paralleled the tremor pattern.

Thalamic stimulation had little effect on the peripheral mechanical-reflex 
component. ET subjects, with stimulation on, showed no changes in stretch reflex 
latency and continued to show the inverse relationship between amplitude and 
oscillation frequency. By contrast, EMG activity in ET subjects with thalamic 
stimulation showed diminished baseline oscillations. Also, damping of the oscillations 
following the TP was increased with thalamic stimulation but was not as high as 
control values.

We conclude: 1 ) thalamic stimulation in ET affects tremor primarily through changes 
in the central oscillator, evidenced by the diminished baseline EMG tremor;
2) thalamic stimulation in ET affects the mechanical-reflex oscillator minimally, 
evidenced by the maintained amplitude/frequency relationship following stimulation, 
(supported by NIH grant NS 12777, and the International tremor foundation)

653.10

TREMOR SUPPRESSION WITH ELECTRICAL STIMULATION: 
COMPARISON BETWEEN ANALOG AND DIGITAL DEVICES. 
Deborah M. Gillard, Tracy Cameron and Arthur Prochazka*, Division Of 
Neuroscience, University of Alberta, Edmonton AB, T6G 2S2, CANADA

In this study we compared digital and analog versions of a tremor suppression 
stimulator. The device was based on a closed-loop control system designed to attenuate 
signals in the tremor frequency range without significantly affecting voluntary 
movement (Prochazka et al. 1992, Am. Biomed. Eng., 20; 205-224). Testing of the 
digital filter was done on 3 patients with parkinsonian tremor and the results were 
compared to those of an analog functional electrical stimulation device evaluated in a 
previous study (Javidan etal. 1992, Ann. Biomed. Eng., 20: 225-224). The digital 
system incorporated complex poles and zeroes designed to give improved tremor 
attenuation. Additional testing of both the analog and digital filter was done on 3 
normal subjects performing tremor-like movements and slow voluntary movements.

The results of tests performed on the normal subjects performing fast tremor 
movements showed a mean attenuation of 83% for the digital system and 69% for the 
analog system. As intended, neither system appreciably attenuated slow voluntary 
tracking movements. Tests of the digital controller on the parkinsonian patients 
provided a mean tremor attenuation of 84%, compared to 62% for the original analog 
controller. Each system achieved tremor attenuation within 10% of its maximum 
theoretical value (90% for the digital system and 72% for the analog system).

We are currently starting an outpatient trial of the tremor suppression system 
in 5 parkinsonian patients with simple flexion-extension hand tremors. The device 
consists of a forearm cuff with integral electrodes and a thin battery-driven 
controller-stimulator. The active garment is small enough to be worn under a 
shirt-sleeve. This trial will provide important feedback on the utility of the device 
in the “real” world.
Supported by Canadian MRC, Neuroscience Partners Fund and AHFMR.

653.11
ARM STIFFNESS AT THE ACTIVE WORKSPACE BOUNDARY 

IN SPASTIC HEMIPARESIS
D.J. Reinkensmever*, B.D. Schmit, and W.Z, Rymer, Rehab. Inst, of Chicago, IL 60611

To examine the biomechanical consequences of neurologic impairment we have de
signed an “ARM Guide” capable of measuring workspace boundaries and contact 
forces during guided reaching. In previous experiments with the ARM Guide we found 
that stroke subjects exhibited highly repeatable limits to active range of motion during 
guided reaching. These workspace limitations could not be accounted for by mechani
cal limits in the passive range of motion of the arm. One possibility is that they arise 
from hyperactivity in antagonist muscles, due to reflex and/or descending co-activation 
during voluntary movement. This antagonist restraint should manifest itself as in
creased resistance to imposed movement at the workspace boundary, i.e. as an in
creased terminal stiffness.

To quantify arm stiffness at the workspace boundary, we asked a chronic hemiparetic 
stroke subject with a well-defined workspace boundary to make targeted reaching 
movements to a location 4 cm short of the boundary. For each reach, when the hand 
had stopped moving for 100 msec, a rapid 4 cm stretch was applied that moved the 
hand to the boundary, and the force resisting movement was measured. For compari
son, the resisting force to an identical terminal stretch was recorded, both after a slow 
(peak velocity < 3 cm/sec) passive stretch to the target and after rapid passive move
ment with the same velocity profile as the active movement. Surface EMG recordings 
were taken from elbow and shoulder muscles.

Our findings were that the resistance to terminal stretch was significantly increased by 
a factor of 2.5 after voluntary movement as compared with the slow and fast passive 
movements. This increased resistance was accompanied by increased activity in an
tagonist muscles at the elbow during stretch. These findings suggest that arm stiffness 
may increase following voluntary movement in spastic hemiparesis in part due to al
tered stretch reflex sensitivity. Supported by NIH-F32HD08067, NIH-NS19331, and 
the Ralph and Marion C. Falk Medical Research Trust.

653.12
ALTERATION OF A BIMANUAL SYNERGY FOR OBJECT SUPPORT 
IN PATIENTS WITH HEMIPLEGIA. J.P. Scholz1* and M L. Latash2. 
’Physical Therapy Dept. and Interdisciplinary Neuroscience Program, 
University of Delaware, 307 McKinly Laboratory, Newark, DE 19716; 2Dept. 
of Kinesiology, Pennsylvania State University, University Park, PA 16802.

A bimanual synergy for supporting an object was studied in 5 patients with 
varying degrees of recovery from a stroke. All patients held a cup aloft in the 
involved hand using a cylindrical grasp. Eight, five sec trials were performed 
during which an assistive supporting force was applied to the bottom of the cup 
by either the subject or experimenter while the eyes were either open or closed.

Unlike healthy adults who show anticipatory decreases and increases in their 
grip force (GF) when they apply and release, respectively, a supporting force 
(SF) (Scholz & Latash, 1998), hemiplegic patients exhibited either delayed or 
simultaneous GF adjustments in the same direction as their self-generated SF. 
This response was often followed by the expected GF decrease at a latency 
typically >200 ms. GF adjustments, and changes of the ECR, EPL and FPL 
EMGs were typically of small amplitude despite moderate support force 
application. Co-contraction of EPL and FPL was common. These alterations 
of the bimanual synergy occurred even in the one patient who apparently had 
fully recovered clinically. Thus, the synergy’s organization reflected an 
apparent “distrust” of the involved hand. On the other hand, subject-initiated 
SF releases typically were accompanied by the expected GF increase seen in 
healthy subjects, but their timing was more consistent with a triggered reaction 
than anticipation. The EMGs exhibited clearer bursts of activity than during 
the support phase, but still with much FPL and EPL co-contraction.

653.13
THE CONTROL OF REPETITIVE BIMANUAL INDEX MOVEMENTS 
AND THE INFLUENCE OF EXTERNAL TIMING SIGNALS IN 
PARKINSON’S DISEASE. F.-M. Lin*, K. R. Bell, J. A. Buford and M. E, 
Anderson. Department of Rehabilitation Medicine, University of Washington, 
Seattle, WA 98195.
Twelve patients with idiopathic Parkinson’s disease and age-matched 
control subjects were tested for repetitive movements that require both 
speed and accuracy. Subjects controlled the 2-dimensional movement of 
a cursor on the screen so that the right index finger moved the cursor in 
the X-axis and the left index finger, in the Y-axis. The tests included 
unilateral movements that did or did not require stabilization of the other 
hand, as well as bimanual movements that required in-phase or anti
phase coordination between both index fingers. The effects of external 
timing signals were also tested. For parkinsonian patients, bradykinesia 
was more profound in the bimanual tasks than in unilateral movements. 
When cued by an auditory tone faster than their self-paced movement, 
most patients were able to speed up their movement. As in control, most 
parkinsonian patients favor an in-phase over an anti-phase coordination 
pattern between two hands. Parkinsonian patients seemed able to predict 
the occurrence of auditory cues, but they had more difficulty 
synchronizing their movement with external signals. Movement pace 
was less stable in parkinsonian patients, and the presence of timing 
signals does not improve the temporal stability of their performance. 
(Supported by HD07424.)

653.14
CONTROL OF ARM MOVEMENTS rN NORMAL, CEREBELLAR, 
AND PARKINSONS DISEASES. A.M. lannone*, M. Hallet, S 
Stanhope. Div. of Neurology, Dept. Of Medicine, Med. Coll. Ohio, 
NINDS, NINDS, Med. Coll. Ohio, Toledo, OH 43614.

We studied arm movements with the vicon system in 1989. We studied 
a reach to a target, followed by a nose touch.

We studied 3d (side and top) views of movements and generated stick 
figure pictures ,with position, velocity, and trajectory of each move 
printed out.
All 4 control subjects used different strategies to reach the same targets 
All 4 control used their own pattern of movement for long and short 
reaches. The pattern of use of the shoulder varied the most because there 
are 3 degrees of movement at this joint. Long reaches were associated 
with forward movement of the shoulder of 10 cm.

The Parkinson patients had linear trajectories, less forward movement 
of shoulder and trunk, and low velocity of movement. There was an 
increase of the velocity after treatment with L-dopa. The pattern of the 
moves was identical to the normal.. In contrast cerebellar patients had 
non-linear trajectories towards the end of movement. There was twice the 
normal forward movement of spine, and this group overshot the target 
with fast moves. In the mild cerebellar pt there was ataxic tremor at end 
of reach, and with each move the pattern was slightly different.
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653.15

DEFICITS IN MOTOR PROGRAM ACQUISITION AND CONTROL BUT NOT 
LEARNING AFTER UNILATERAL SENSORIMOTOR SYSTEM DAMAGE. 
KJ.Sullivan* and C.J.Winstein Motor Behavior Lab, University of Southern Calif., 
Los Angeles, CA 90033.
Human imaging studies suggest that with practice the sensorimotor cortex has 

a role in the establishment of motor routines, termed “fast-learning” (Kami et al,
1995). However, trial-by-trial changes in motor control cannot be assessed using 
imaging technology. The contribution of the sensorimotor cortical system (SMCS) 
in the acquisition and learning of a rapid movement was studied in 20 individuals 
with unilateral SMCS stroke and 20 healthy controls. Subjects practiced a rapid 
upper limb continuous movement with 3 flex-ext reversals within 1000 ms for 200 
trials on Day 1, and returned Day 2 for retention tests. Kinematic analyses were 
used to quantify changes in motor control with practice. Trajectories were 
proportionately scaled in time and amplitude to determine residual-RMSE 
(rRMSE), a measure of program accuracy. The acceleration profiles were used 
to determine the frequency of discontinuous movements (DC). In addition, the 
correlation between key kinematic landmarks across trials was determined to 
assess differences in the process of skill acquisition between groups. Throughout 
the first 100 trials of practice, the stroke group was not as proficient in motor 
programming compared to controls; however, by the end of practice both groups 
had acquired programmed movements. The SMCS has a role in the acquisition 
and execution of motor programs that is influenced by hemisphere. Left 
hemisphere damage resulted in greater motor programming error (rRMSE: Group 
x Arm-used, p <.01). Subjects with right hemisphere damage required more trials 
to acquire continuous movements (DC: Group x Arm-used, p =.01). The findings 
suggest that the SMCS has a major role in the acquisition and control of motor 
routines that are influenced by hemisphere. However, the longer-term learning of 
these programmed actions was not affected by SMCS damage regardless of 
hemisphere.
Supported in part by a grant from the Foundation for Physical Therapy to KJS.

653.16

STRONG PREFRONTAL ACTIVITY DURING SIMPLE HAND 
MOVEMENTS IN HEMIPLEGIC PATIENTS. J.Z, Liu1*, V. 
Siemionowhi YLK, Ranganathan1. T.C, Ng2, and G.H, Yue13. Depts of 
’Biomedical Engineering, 2Radiology and rRehabilitation Medicine, The 
Cleveland Clinic Foundation, Cleveland, OH 44195

It has been suggested that human prefrontal cortex plays an 
important role in initiating voluntary movements. In healthy individuals 
the prefrontal cortex may only activate briefly to issue the initial 
command; the detail of the movement, however, is planned, 
programmed, and executed by the lower-order motor centers. Because 
hemiplegic patients have difficulties to generate movements, we 
hypothesize that the prefrontal cortex would need to continuously 
reinforce the movement command. This would lead to higher prefrontal 
activation. The purpose of this study was to determine whether 
prefrontal activation was higher during simple hand movements in 
hemiplegic patients than in healthy volunteers. Functional MRI studies 
were performed during handgrip and finger tapping movements in 8 
stroke patients and 8 healthy subjects. Brain images were acquired 
during rest (baseline condition) and hand or finger movement. Brain 
activation was determined by statistical pixel-to-pixel comparisons 
between the rest and movement images, and activation volume was 
calculated based on the number of significant pixels. The activation 
volume in the prefrontal cortex was significantly larger in stroke 
patients than that in healthy volunteers. Activation of the prefrontal 
cortex may be important in relearning the lost motor skills in stroke 
patients.

Supported by NIH grant (NS 35130).

653.17

CONTEXTUAL INTERFERENCE EFFECTS ON REACH TIME IN 
PATIENTS WITH HEMIPARESIS D.Nichols*. TKarakostas.
P.Quesada. M. Fishman, M. Kubo. Physical Therapy Division, The 
Ohio State University, Columbus, OH 43210.

The purpose of this project was to evaluate the effect of contextual 
interference on reach time in patients with hemiparesis due to stroke. 
Subjects were trained daily for 8 days to reach to 3 horizontal targets 
at shoulder level in standing. Data from 12 subjects was available for 
analysis. One group (n=5) was trained in a blocked paradigm; the 
second group (n=7) was trained in a variable paradigm. Pre- and post
testing was conducted, involving one trial of 6 reaches in a blocked 
trial to each target and a variable trial (2 reaches to each target). 
Transfer of learning was evaluated using a swipe movement from one 
lateral target to the other. The Vicon motion analysis system was used 
to record kinematic data with reflective markers placed on the wrist, 
lateral epicondyle, acromion, sternum, and C7. Both the paretic and 
nonparetic arms were tested. A decrease in reach time was found for 
both the paretic and nonparetic arms for all blocked trials and for the 
paretic arm on the variable trial for both groups. The variable group 
demonstrated a decrease in reach time for the paretic arm compared to 
an increase for the blocked group on the transfer task. This suggests 
that contextual interference enhances motor relearning after stroke. 
Supported by Foundation for Physical Therapy. Grant 494R-15-NIC-02.

653.18
EFFECTS OF RHYTHMIC AUDITORY CUEING ON TIMING VARIABILITY 
OF SEQUENTIAL ARM MOVEMENTS IN PARKINSON’S DISEASE 
PATIENTS. T. Liberzon* and S.H. Brown. Center for Human Motor Research, 
Division of Kinesiology, Univ. Michigan, Ann Arbor, MI 48109.

The effects of rhythmic auditory cueing and type of movement sequence on the 
performance of a sequential grasp and place task were examined in young normal and 
Parkinson’s disease (PD) subjects. The task required grasping a series of eight balls 
from a midline position and placing them in a box located to the side or in front of 
the subject. Subjects were asked to move rhythmically at a comfortable speed with or 
without an auditory tone. Three types of movement sequences were examined: 
simple repetitive, involving side placement (SR); complex repetitive, involving 
alternating side and forward placement (CR); simple repetitive side placement, 
interspersed with one random forward placement (SR-RF). Tasks were performed in 
a standing position. Variability (coefficient of variation) was calculated for the time 
interval between placement of one ball and the placement of the next ball.

In the absence of auditory cueing timing variability was lowest in the SR sequences 
and highest in the SR-RF sequences in both normal and PD subjects. The effects of 
auditory cueing differed between normal and PD subjects. A small reduction in 
timing variability was observed across all sequences in normal subjects. In PD, the 
direction and magnitude of the change in timing variability was dependent upon 
sequence type. During SR sequences, variability increased slightly while, for both CR 
and SR-RF sequences, variability decreased. SR-RF sequences showed the greatest 
decrease in timing variability where, on average, variability decreased by 25%.

These data suggest the1 auditory cueing is most effective in reducing timing 
variability in PD subjects during movement sequences which require on-line 
modification of motor commands, as represented by the SR-RF sequence used in this 
study. (Supported by NIH grant R29-AG12168-01 A3)

653.19

PLANAR AND OFF-PLANAR WRIST FORCES. R.L Segal*,
P.A Catlin, P.J Bradford, G.C Clissold, M.H Dennard, J.A Prussack.
Div. Physical Ther, Dept. Rehab. Med., Emory Univ Sch of Med , 
Atlanta, GA 30322.

Planar and off-planar wrist forces in able-bodied individuals occur 
together during wrist movements. However, the magnitude and 
direction of wrist forces in individuals post-stroke are unknown.
The purpose of this study was to investigate planar and off-planar 
wrist forces produced during isometric wrist contractions in flexion, 
extension, radial deviation, and ulnar deviation. Subjects included 
eight able-bodied subjects and eight subjects post-stroke. A three- 
dimensional force transducer measured the magnitude and direction 
of wrist forces at maximal and two, sub-maximal effort levels Able- 
bodied subjects produced significantly (p<0.05) greater non- 
normalized planar forces than subjects post-stroke Few significant 
differences were found between groups in amounts of non- 
normalized and normalized off-planar forces and ratios of off-planar 
to planar forces. Off-planar force magnitudes differed little between 
groups, and directions of off-planar forces were generally similar 
between groups. These coupled planar and off-planar directions may 
help to rehabilitate wrist control following a stroke
Supported by NICHD NCMRR grant HD 32571.

653.20
A NOVEL MUSCLE STRATEGY FOR NORMAL-LIKE KINEMATICS OF 
ARM REACHING IN A PERSON AFTER SPINAL-CORD INJURY. G.F, 
Koshland, J.C, Galloway Dept. Physiology, Univ. Arizona, Tucson, AZ 85724

Patients’ abilities to deal with complex mechanical effects of the mulitjoint arm 
appear to be diminished after cerebellar disease and after peripheral sensory loss. 
This ability to control the multi-linked arm has not been examined, however, in 
persons after cervical spinal cord injury. In this case, the limb is still subject to 
mechanical interactions and the nervous system is normal above the level of the 
lesion, but the person has a reduced repertoire of muscles to call upon to deal with 
the mechanics of the limb. For this study, arm reaching to 12 equidistant targets 
in the horizontal plane was performed by a person with a complete C5-6 lesion, 
and compared to performance of a typical uninjured person. Path of the finger and 
joint excursions were very similar to all targets, while movement durations were 
increased to 1.2s. Most surpirising, the muscle activities at all joints of the SC- 
injured person were atypical. Elbow (BIC) and wrist (ECR) muscles showed a 
low-level tonic activity, suggesting that elbow and wrist joint excursions were 
achieved primarily through passive mechanical effects. Despite the ability to recruit 
all shoulder muscles, the typical reciprocal pattern at the shoulder was observed for 
only 2 directions. For the other 10 directions, one muscle alone, the flexor (PEC) 
or extensor (PDL), was activiated in a pulsing manner throughout the movement, 
and often was accompanied by multiple acceleration/decelerations at the shoulder 
joint. We propose that in order to achieve the desired amount of motion at the 
elbow joint and at the same time avoid unwanted mechanical consequences of too 
much acceleration/deceleration of the upperarm, the SC injured person must 
activate one shoulder muscle in repeated pulses. More generally, the results imply 
that making use of the mechanical interactions is a conserved feature of arm 
movement, while the muscle plan for the whole arm can be altered.
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654.1

fMRI STUDY OF THE FUNCTIONAL REORGANIZATION OF 
SENSORIMOTOR CORTEX IN PARAPLEGIA: ULNAR NERVE SURGICAL 
TRANSFER AS A MODEL. D.PERANI. G.BRUNELLI. M.TETTAMANTI.
V.BLASI, P.SCIFO. E.PAIJLESU* AND F.FAZIO. INB-CNR, SCIENTIFIC 
INSTITUTE H SAN RAFFAELE, MILANO, University nf Milann and Brescia, Italy.

Chronic deafferentation induces reorganization whithin the cortical somatosensory 
and motor maps in mammals. A neurophysiological study in adult monkeys 
demonstrated that after median nerve transection, the corresponding cortical 
representations were completely occupied by input from radial and ulnar nerves 
(Merzenich et al., 1983). The aim of our study was to investigate by means of 
fMRI the functional brain reorganization occurring in paraplegics after spinal cord 
injury with and without ulnar nerve transfer: this consists of transferring the ulnare 
nerve from its forelimb location to the ipsilateral quadriceps and hip muscles. To 
this purpose we studied four normal subjects, two paraplegic patients with complete 
transection of spinal cord at dorsal level, and a paraplegic subject (A.C.) who 
underwent bilateral ulnar nerve surgical transfer in order to provide a re-innervation 
of leg muscles and, as a consequence, the possibility of voluntary contraction. The 
subjects underwent an fMRI study during the following tasks: 1) whole aim 
movement; 2) leg movement; 3) movement imagery of the dominant hand and leg, 
separately. Data were analyzed using SPM-96 (London, UK). In the control group 
movements of the arm or the leg mapped onto the corresponding somatotopic 
representations within the sensorimotor cortex (BA 4 and 1,2,3). During whole-arm 
movements, the two paraplegic subjects activated the adjacent arm and leg area in 
the controlateral primary sensory motor cortex, while A.C. activated only the 
contralateral arm area, as in normal controls. The ulnar nerve transfer and adequate 
training protocol allowed A.C. to voluntary contract the leg muscles and produce 
leg movements which, during fMRI, scan activated the corresponding leg and hand 
sensorimotor areas. In all subjects, movement imagery tasks activated only 
contralateral premotor and parietal areas (BA 6 and 40). These findings indicate a) 
functional reorganization of sensorimotor cortex associated with paraplegia and b) 
functional recovery within sensorimotor cortex after ulnar nerve transfer.

654.3
THE CONTRIBUTION OF OSCILLATOR FREQUENCY GRADIENTS ALONG 
THE LAMPREY SPINAL CORD TO ROSTROCAUDAL PHASE LAGS OF 
LOCOMOTOR ACTIVITY. A. Hagevik* and A.D. McClellan. Div. of Biological 
Sciences, University of Missouri, Columbia, MO 65211.

In the lamprey, and most other fish, locomotion is characterized by caudally 
propagating body undulations that are produced by a rostrocaudal phase lag for 
ipsilateral burst activity. The purpose of the present study was to determine if 
descending drive to different levels of the spinal cord in the lamprey produced 
oscillator frequency gradients that might contribute to the generation of rostrocaudal 
phase lags. This was tested in partitioned in vitro brain/spinal cord preparations from 
larval lamprey (P. marinus, n = 8) in which locomotor activity was elicited by 
chemical microstimulation in the brainstem. Cycle times of locomotor activity 
recorded from the rostral or caudal spinal cord (locomotor activity blocked in the 
remainder of the cord) were compared to those generated by the entire spinal cord.

First, during brainstem-evoked locomotor activity, cycle times (= 1/frequency) of 
locomotor activity from the isolated rostral spinal cord (activity blocked in middle and 
caudal cord) usually were slightly shorter than those that occurred when the entire 
spinal cord was generating locomotor activity. The differences were greatest when 
the overall control cycle times were relatively long. Second, cycle times of locomotor 
activity from the isolated caudal cord (activity blocked in rostral and middle cord) 
usually were longer than those that occurred when the entire spinal cord was 
generating locomotor activity. The differences were greatest when the overall control 
cycle times were relatively short. Thus, no one region of the spinal cord appears to 
act as a "pacemaker" and dictate the overall cycle times of locomotor activity- 
generated by the entire spinal cord. Finally, although oscillator frequency gradients 
along the spinal cord may contribute to rostrocaudal phase lags, these gradients do 
not appear to be essential for this component of locomotor activity.

Supported by NIH Grant NS29043 and APA Grant MAI-9605 awarded to A.D.M.

654.2
PYRIDOXINE INDUCED PROPRIOCEPTIVE NEURONAL LOSS 
DURING EMBRYOGENESIS ALTERS BOTH EMBRYONIC AND 
POST-HATCH MOTILITY. A.A. Sharp*. C.A. Boyle and A. Bekoff. Pent, 
of EPO Biology, University of Colorado, Boulder, CO, 80309.

We are interested in how sensory information is utilized during embryonic 
motility and if proper sensory input during embryogenesis is required for the 
development of normal adult behavior in chicks. Large doses of pyridoxine 
(vitamin B6) have long been known to cause a selective proprioceptive 
neuropathy in adult vertebrates (Antopol and Tarlov, 1942; Bishop et al., 
1997), but the effects of pyridoxine on development have not been studied. We 
have found that single, daily injections of pyridoxine (4-15 mg) into the yolk 
sac for one, two or three days prior to examination on either embryonic days 9 
or 13 cause a marked effect on embryonic motility. Kinematic examination of 
leg motility reveals that neither the duration nor periodicity of motility 
episodes is effected. However, the posture of the leg is more flexed than 
normal and the amplitude of movements is reduced. Histological examination 
of the spinal cord and dorsal root ganglia of E9 embryos indicate that 
pyridoxine is selectively killing large neurons in the dorsal root ganglia in a 
dose dependent fashion. Animals which received a single injection on E7 do 
not show motility deficits post-hatch whereas some animals which received 
injections on E7-E9 have difficulties standing and walking. Some animals 
which received single injections on El3, at the end of programmed cell death, 
also show deficits in motility. These results indicate that proprioception 
modulates embryonic motility and that partial loss of proprioceptive neurons 
prior to completion of programed cell death leads to deficits in adult motility 
under some conditions. Supported by NRSA Fellowship HD07884 to A.A.S. 
and NSF Grant IBN9630498 to A.B.

654.4
EFFECTS OF MOTONEURON STIMULATION IN THE LAMPREY SPINAL 
CORD. J.T. Buchanan*, S. Kasicki, & K.A. Quinlan. Department of Biology, 
Marquette University, P.O. Box 1881, Milwaukee, WI 53201-1881.

Application of acetylcholine to the lamprey spinal cord speeds the fictive swim 
rate and depolarizes spinal neurons, mainly via nicotinic receptors. To assess 
whether motoneurons are providing feedback to the spinal cord, ventral roots were 
electrically stimulated while recording from various types of spinal neurons.

Ventral root activity was recorded by placing the tip of a suction electrode on a 
root near its exit point from the spinal canal. When the ventral root was stimulated 
with this electrode below antidromic spike threshold for an intracellularly-recorded 
motoneuron, small depolarizing potentials were observed in the motoneuron. 
These potentials appeared to be electrotonic because they persisted in low calcium. 
Similar depolarizing potentials were observed in lateral interneurons and CC 
interneurons, which are components of the proposed lamprey locomotor network, 
but were not observed in a class of primary sensory neurons, the dorsal cells.

These depolarizing potentials were often larger in low calcium or in the 
presence of cholinergic blockers compared to their size in normal solution 
suggesting the presence of inhibitory potentials. Longer latency hyperpolarizing 
and depolarizing potentials were also observed with ventral root stimulation in 
some spinal neurons in normal physiological solution, and cholinergic antagonists 
blocked these responses. Paired intracellular recordings occasionally revealed 
disynaptic ipsps in individual interneurons produced by intracellular stimulation of 
a motoneuron. Ventral root stimulation could also induce multi-unit discharges in 
the spinal cord and could alter the discharge patterns of ventral roots during fictive 
swimming.

These data suggest that motoneurons have feedback connections to spinal 
neurons and that these connections may be of sufficient strength to influence the 
locomotor network. Supported by NIH NS35725.

654.5
NEURAL CIRCUITS MODELING ENHANCEMENT OF MOTONEURON 
ACTIVITY IN CAT ANKLE EXTENSOR MUSCLES. K. Stecina, J. 
Kendall. D. P. Bashor* and P.A McCrea^. Dept. of Biology, UNC Charlotte, 
NC 28223, ^Dept. Physiology, U. Manitoba, Canada
Stimulation of plantaris (PL) group I afferents produces short latency 
IPSPs in medial gastrocnemius (MG) motoneurons (MNs) at rest that reverse 
to disynaptic EPSPs during the extension phase of fictive locomotion in cats 
(McCrea et al. 1995). These observations indicate that both excitatory and 
inhibitory intemeurons with input from PL contact MG MNs. With a 
computational model (Bashor 1998) we examined the extent to which 
separate modulation of excitatory and inhibitory intemeuron (IN) excitability 
would result in an increase of simulated MN activity during locomotion. In 
the model each cell and fiber population consisted of 100 elements. We 
began with networks in which afferent stimulation caused net inhibition of 
MNs (i.e., only the inhibitory INs were active). Facilitating the excitatory 
interneuron pool to mimic walking conditions decreased this inhibition and in 
some cases weakly enhanced MN activity. Simulations showed that MN 
activity was more enhanced at lower (90 Hz) than higher (280 Hz) 
frequencies of PL afferent activity. However, combining decreased inhibitory 
interneuron activity with increased excitatory intemeuron activity was 
required for the reflex effects be reversed to a substantial excitation of MG 
MNs. These simultations suggest the need for an active inhibition of 
inhibitory group I intemeurons in order to produce the group I evoked 
enhancement of extensor MN activity that occurs during locomotion. 
Supported by UNC Charlotte and the MRC of Canada.

654.6
TRANSNEURONAL LABELING OF CNS NEURONS AFTER INJECTION OF 
THE BARTHA STRAIN OF PSEUDORABIES VIRUS INTO THE SCIATIC 
NERVE OF ADULT RATS. E.-S. Kim *, H. Li1. P.F. McCulloch *. L.A. Morrison2, K.-
W.P. Yoon \ K. R. Smith. Jr.3 *. and X.M. Xb . Depts. of Anat. & Neurobio?., Mol. 
Microbiol. & Imm., and ’Surgery, St. Louis Univ. Sch. of Med., St. Louis, MO 63104.

To provide a normal baseline for studying neural circuitry after spinal cord injury and 
regeneration, the distribution of retrogradely and transneuronally labeled neurons in the 
propriospinal and supraspinal regions was studied using the Bartha strain of pseudorabies 
virus (PRV). After the PRV injection into the sciatic nene, rats were perfused at 2, 4,5 
and 7 days postinoculation (PI). Sections of selected cord segments (C7, T6, L4, and L5) 
and entire brain were processed immunohistochemically to identify PRV labeled neurons. 
In addition, fast blue (FB) was simultaneously injected into the L6 spinal segment to 
identify PRV labeled neurons whose axons also project to the lumbar cord. At 2d PI, PRV 
labeled cells were identified only in the ipsilateral ventral hom of the L5 spinal segment. 
By 4d PI, PRV labeled cells were identified in the gray matter of all the spinal segments 
that were studied. Supraspinally, PRV labeled cells were seen in the caudal raphe, ventral 
medullary reticular nuclei, A5 cells, locus coeruleus and subcoeruleus, and a few 
hypothalamic nuclei. Interestingly, there was only sparse PRV labeling in the vestibular 
complex and red nucleus and no labeling in the caudal pontine reticular nuclei was found. 
These three nuclei project heavily to the cord as elucidated by FB retrograde labeling. By 
5d PI, PRV labeled cells were observed in all above mentioned nuclei. In addition, labeled 
cells were found in the nucleus tractus solitarius, area postrema, brainstem central grey, 
deep mesencephalic nuclei, substantia nigra, Edinger-Westphal nucleus, posterior 
hypothalamic, pretectal and retrochiasmatic areas and sparsely in the hindlimb area of the 
motor cortex. By 7d PI, PRV labeled cells were observed in brain areas such as caudate 
putamen, amygdala, and septal nuclei, whose axons do not project to the spinal cord 
noimally . Our results indicate that specific transncuronal labeling of PRV occurs in third 
or higher order neurons, although a gradual loss of specificity of labeling may happen. 
(Supported by the Paralyzed Veterans of America and International Spinal Research Trust''
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654.7

CONFOCAL CALCIUM IMAGING OF SPINAL INTERNEURONS 
DURING SWIMMING IN LARVAL ZEBRAFISH. D. Ritter and J.R. 
Fetcho*. Dept of Neurobioiogy and Behavior. SUNY at Stony Brook, 
NY 11794.

One of the goals of our laboratory' is to elucidate the circuitry involved 
in the escape and swimming behaviors of larval zebrafish, as well as the 
degree of overlap between the circuitry of these two distinct behaviors.
To that end we have developed a preparation that allows us to image the 
activity of spinal intemeurons during swimming movements in intact 
zebrafish larvae. Spinal intemeurons are retrogradely labeled by 
intraspinal injections of 50% calcium green dextran (CGD). The rostral 
half of the larva is embedded in agarose so that it is held motionless, and 
cells there may be imaged via confocal microscopy. The caudal half of 
the fish is left free. Larvae are then induced to attempt swimming by 
exposure to bright light. These induced swimming movements are 
qualitatively similar to those of freely swimming fish. To date we have 
focused on determining the involvement of ventral longitudinal 
descending (VeLD) cells in swimming. VeLD cells are one of the two 
descending interneuron types described in larval zebrafish; the other type 
is the circumferential descending (CiD) cells. We find that VeLD cells 
are active during swimming but not during the escape response (C-start 
or fast start). However, contrary to their original description we find that 
VeLD cell axons do not descend ipsilateral to the cell body but are 
commissural, and first cross to the opposite side of the spinal cord before 
descending as many as 12 segments. This anatomy is suggestive of an 
inhibitory cell type similar to the commissural intemeurons of Lamprey 
and Xenopus tadpoles. Supported by NIH NS26539 and NIH NS07371.

654.8
PHOTOABLATIONS OF SERIALLY HOMOLOGOUS RETICULOSPINAL 
NEURONS SUPPORT THEIR DIFFERENTIAL CONTRIBUTIONS TO ESCAPE 
BEHAVIOR IN LARVAL ZEBRAFISH. K.S. Liu* and J.R. Fetcho.
Dept. Neurobioiogy and Behavior. SUNY at Stony Brook, NY 11794.

Larval zebrafish produce significantly larger escape responses to head-directed 
stimuli than those directed to tail. Foreman and Eaton have suggested that this 
difference in behavior can be explained by differential activity in an array of serially 
homologous hindbrain neurons - Mauthner, MiD2cm, and MiD3cm. We have 
previously shown that all three homologues are active during head-elicited escapes, 
whereas only the Mauthner cell is active during tail-elicited escapes. To further 
investigate their roles, we photoablated the cells in the Mauthner array and looked for 
subsequent behavioral changes. Escape responses (elicited by a measured pulse of 
water) were recorded at 1,000 frames per second and analyzed for several factors, 
including the latency to response initiation and the peak angular velocity attained during 
the initial bend. Behavioral responses elicited from the lesioned side were compared 
with escape responses elicited from the unlesioned side and either side prior to lesion by 
using analysis of variance.

Animals in which all three homologues were ablated still produced recognizable 
escape-like responses. However, latency to movement for both head and tail-elicited 
responses increased by about 10-fold. In addition, the peak angular velocity for both 
head and tail decreased significantly. Photoablation of the Mauthner cell alone resulted 
in significant increases in latency and decreases in angular velocity for tail-elicited 
responses while head-elicited responses appeared unaffected. The results suggest that 
while Mauthner is active during head-elicited escapes, the activity of the two 
homologues, MiD2cm and MiD3cm, is sufficient to account for the latency and 
angular velocity of the observed behavior. Furthermore, our results strongly support a 
distributed control of this important behavior, with serially homologous neurons 
contributing differentially to performance in escapes elicited by head and tail-directed 
stimuli. (Supported by NIH NS26539 and the Helen Hay Whitney Foundation.)

654.9
NETWORK BURSTING BY ORGANOTYPIC SPINAL SLICE CULTURES 
INDUCED BY STRYCHNINE AND BICUCULLINE. M.Galante and L. 
Ballerini*. Biophys. Lab.. Int Sch Adv Studies (SISSA), 34013 Trieste, Italy.
In the neonatal rat spinal cord coapplication of strychnine and bicuculline elicits 
clocklike spontaneous bursts synchronously expressed by ventral roots. A relatively 
small neural network confined to the ventral quadrant of 2-3 segments supports such 
a regular rhythm. These results raised the issue of the expression of this rhythmic 
activity by ventral horn intemeurons deprived of extensive intersegmentai 
interactions. This aspect has been explored with whole-cell patch clamp recordings 
from ventral intemeurons in the embryonic organotypic co-culture of dorsal root 
ganglia and spinal cord. This in vitro model allows direct visualization of and 
recording from spinal intemeurons in a structure where the elementaiy 
cytoarchitectural organization of a spinal segment is preserved. Furthermore, this 
type of organotypic culture allows one to follow the generation of rhythmic activity 
during in vitro development. Co-application of strychnine (lp.M) and bicuculline 
(20pM) to spinal cord cultures of 8 or 14 days in vitro (div) induced, in 90% of 
ventral intemeurons. a regular pattern of activity detected as bursts of inward current 
against a background of intense synaptic activity. Unlike burst duration, burst 
frequency significantly differed in the tw o groups of cultures. In 6/10 intemeurons at 
14div application of CPP (10pM) during bursting decreased burst duration, leaving 
the frequency of bursting unchanged, an effect absent at 8div. Application of CNQX 
(lOpM) fully suppressed bursting and ongoing synaptic activity at 8div. while in 50% 
of recorded intemeurons at 14div. despite suppression of interburst synaptic activity, 
did not abolish bursting patterns. Thus, rhythmic activity in the absence of inhibition 
w as consistently observed at 8 and 14div in ventral intemeurons of a monolayer slice 
culture with developmental differences in terms of periodicity and pharmacological 
sensitivity. Supported by Telethon (#823).

654.10
GENERATION OF RHYTHMIC PATTERNS OF ACTIVITY IN ORGANOTYPIC 
SPINAL SLICE CULTURES. L. Ballerini, M. Galante and A. Nistri*, Biophys. Lab, 
Int Sch Adv Studies (SISSA), 34013 Trieste, Italy.
In the neonatal rat spinal cord spontaneous rhythmic activity can be induced by block 
of inhibitory pathways or by activation of excitatory ones. A model to investigate the 
spinal networks related to patterned activity is the organotypic co-culture of dorsal root 
ganglia (DRG) and spinal cord from which extracellular field and whole cell patch 
clamp recordings from ventral intemeurons were simultaneously obtained. This 
preparation in culture allows direct access to visually identified intemeurons in a well- 
developed spinal synaptic network. In the present study increasing extracellular K’ 
induced a persistent rhythmic pattern of activity (recorded as bursts of inward current) 
in 90% of ventral intemeurons. The frequency of such bursting ranged from 0.2 to 1 
Hz (6mM and 8mM K+, respectively). In 84% of cells CPP (lOpM ) did not change the 
frequency of bursting, but significantly reduced burst duration. Application of TTX 
(1pm) or CNQX (lOpM) fully suppressed rhythmicity in all cases. In low Ca44 
(0.5mM) and high Mg44 (2.5mM) solution increased extracellular K’ became 
ineffective to induce bursts. Under those conditions evoked synaptic responses from 
DRG stimulation were also suppressed. Spontaneous bursting was occasionally evoked 
by co-application of 5-HT (30pM) and NMDA (4pM) and, in all tested cells, by 
removing extracellular Mg44. The Mg’4' free induced rhythmic activity had 0.3 Hz 
frequency, was fully suppressed by CPP, and insensitive to CNQX. Extracellular field 
recordings from the contralateral ventral horn showed network bursting timelocked 
with whole cell events during rhythmicity induced by high K+ or Mg44- removal, 
indicating widespread partecipation in the bursting pattern. We conclude that 
embryonic spinal slices possess a network capable of expressing rhythmic activity 
which can be activated whenever neuronal excitability is raised. Supported by Telethon 
(#823).

654.11

MOTONEURON ACTIVITY PATTERNS DURING SPONTANEOUS 
LOCOMOTOR BEHAVIOR OF THE ZEBRAFISH EMBRYO.
L. Saint-Amant and P. Drapeau*. CTR. Res. Neurosci., McGill Univ. & 
Montreal Gen. Hosp. Res. Inst., Montreal, Canada H3G 1A4.

We are interested in defining the network underlying early locomotion 
in zebrafish embryos. When freed from the egg zebrafish embryos show 
a transient period of alternating side to side contractions. On average this 
spontaneous activity appeared at 17 hours post fertilization (hpf) at a 
frequency of 0.5 Hz, peaked at 19 hpf with a frequency of 1 Hz and 
gradually decreased by 26 hpf to less than 0.1 Hz. Primary motoneurons 
(PMNs) are one of only four types of neurons that have extended axons 
in the spinal cord when this behavior arises. There are three PMNs per 
hemisomite and they are readily identifiable as being the largest neurons 
at the ventral border of the spinal cord. We have recorded PMN activity 
by whole-cell patch clamping in the in-vivo spinal cord of curarized 
embryos. The PMNs showed regular and repetitive bursts of spiking 
activity that were well correlated to the pre-curarized frequency of 
contractions. These bursts usually consisted of action potentials occuring 
at a frequency >20 Hz within the bursts (<0.5s). When the PMNs 
occasionally failed to burst we still observed a burst of excitatory 
¿ostsy.icptiC Kv.iv.Jtials (FFSFsy whtiv ii,v ¿piking activity as expected. 
This suggests that the bursts of EPSPs are instances where the incoming 
drive is insufficient to reach firing threshold for the PMNs. We are 
exploring the role of extrinsic and intrinsic properties underlying 
rhythmic firing of PMNs. The study of single neurons in vivo 
throughout the formation of the locomotor network should provide a 
definition of how central pattern generators are formed and mature to 
yield adult behaviors.
(Supported by the MRC and NSERC of Canada)

654.12
A COMPARISON OF THE LOCOMOTOR ACTIVITY INDUCED BY 
NMDA AND 5-HT, MUSCARINE AND DOPAMINE IN LUMBAR 
MOTOR NEURONS OF THE NEONATAL RAT SPINAL CORD. B.R. 
Johnson*, M. Enriquez-Denton and O. Kiehn. Sect. Neurophysiology, The 
Panum Institute, University of Copenhagen, Copenhagen, Denmark.

We are examining the organization of the central pattern generators (CPGs) 
for locomotion in the neonatal rat spinal cord. A push/pull alternation 
between excitation and inhibition has been reported to be the dominating 
mechanism for the rhythmic modulation of motor neurons (MNs) during 
NMDA and 5-HT-induced locomotion in this preparation (J. Neurosci. 
16:298, 1996; J. Neurophysiol. 79:743, 1998). This type of rhythmic 
modulation suggests a half-center organization of the CPG circuits. Here we 
used whole cell recordings from lumbar MNs (L3-L5) in both current and 
voltage clamp modes to compare the locomotor modulation induced by 
NMDA and 5-HT, dopamine (DA) and muscarine (MUS). These agonists 
each elicit a different motor rhythm. We monitored flexor and extensor 
activity from the ventral roots L2 and L4-L5 to identify a MN’s activity 
phase. We found that a MN active in one motor rhythm was also active in 
motor rhythms elicited by the other agonists. A few MNs switched their 
phase of activity with different motor rhythms. The rhythmic modulations 
were of variable composition: most appeared dominated by excitation, some 
appeared to be mediated by a push/pull mechanism, and a few were 
dominated by inhibition. Excitation had both NMDA and non-NMDA 
mediated characteristics (determined by the dependence of EPSC amplitude 
on membrane polarization). MUS often produced a conjoint flexor and 
extensor activity, with inhibition and excitation arriving simultaneously to the 
MNs, but in unequal proportions. Thus, the locomotor CPG in the neonatal 
rat can produce rhythmic modulation of MNs which is not dependent on a 
half-center organization. Supported by the Danish-America Fulbright 
Commission, The Novo Foundation and the Danish MRC.
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654.13

SPONTANEOUS BURSTING ACTIVITY IN RANDOMIZED 
SPINAL CORD NETWORKS. L Scicluna* and J.Streit.
Physiologisches Institut, Universität Bern, Bühlplatz 5,3012 Bern, 
Switzerland

In isolated spinal cord preparations from neonatal rat, spontaneous 
regular bursting appears under conditions of disinhibition by strychnine 
and bicuculline. Whether this is a phenomenon specifically related to 
organised spinal networks is an open question since bursting activity has 
also been reported in neuronal networks which have been randomized by 
dissociation. To address this question we studied spontaneous synaptic 
currents in neurons dissociated from the spinal cord of E14 rat foetuses at 
various in vitro ages. To test the randomized network in a more unbiased 
way, we used two standard culture mediums for neuronal cells which are 
different in composition. The first is a normal serum containing medium, 
the second, Neurobasal, lacked glutamate and serum, allowing the 
assessment of network activity under conditions of altered glial cell 
growth and limited serum factors. Spontaneous activity appeared in all 
cultures at day 7 to 10 in vitro. Such activity was usually random but could 
be burst like. This activity could be turned into a bursting mode by 
disinhibition. Bursts appeared irregularly with large variations in burst 
duration and rate within and between individual cultures. No significant 
change in the bursting patterns were seen with development in vitro up to 
day 16. These results were similar in both culture systems. Such findings 
suggest that a randomized spinal network develops the bases for burst 
generation, however not to the level of regular bursting.

Supported by S.N.S.F. grants No. 31-39419.93 and 31-049277.96

654.14

BIOELECTRIC ACTIVITY RECORDED FROM SPINAL SLICE 
CULTURES BY MULTIELECTRODE ARRAYS M. O. Heuschkel1, P. 
Renaud1, C. Blanchet2, D. Bertrand2 and J. Streil3*, ’EPFL-IMS, Lausanne; 
2CMU, University of Geneva; and ’Physiological Institute, University of 
Bern, Switzerland.

Lithographic microtechnology allows the development of electrical 
devices for long term stimulation and recording of biological tissues. 
Significant cost reduction and recording quality improvement were obtained 
by designing micro-structure devices in which indium-tin oxide (ITO) 
electrodes are insulated by a photoepoxy (SU-8). Connection from the 
structure micropads to a small printed circuit board through anisotropic glue 
allows quick, cheap and reliable mounting. We used such devices to study the 
localization of pattern generating networks in spinal slice cultures of the fetal 
rat as well as their functional development in vitro. As reported previously, 
spinal networks isolated in slice cultures provide a patterned output to 
motoneurons if they are pharmacologically disinhibited. Under the same 
conditions patterned extracellular signals of biological origin were recorded 
by the microelectrode arrays mainly but not exclusively in the ventral parts of 
the spinal slices. These were synchronized in both hemispheres of the cord. In 
contrast to older cultures (12-20 days in vitro), patterned activity in young 
cultures (5-8 days in vitro) appeared when lowering the extracellular Mg2+ in 
the absence of disinhibition. In addition, experiments carried out with 
dissociated neurons have demonstrated a good biocompatibility of the 
multielectrode arrays over long culture times and their adequacy for isolated 
cells investigations. These findings demonstrate that multielectrode arrays are 
an appropriate tool for studying pattern generation in spinal cord cultures. 
Supported by SNF grants 3100-49277.96 and 3150-47344.96

654.15

CALCIUM IMAGING OF RHYTHMIC NETWORK ACTIVITY 
IN THE MOUSE SPINAL CORD. A. Bonnot, J. Tabak. U. 
Cohen. P. Wenner, M.J. O'Donovan*, Lab of Neural Control, NIH, 
Bethesda MD 20892.

Spontaneous motoneuronal activity was recorded from the lumbar ventral 
roots in isolated spinal cords of mice from El5 embryonic stage to birth. 
Wideband (DC-1 KHz) recordings revealed the existence of spontaneously 
occurring depolarizing events that were synchronized in both left and right ventral 
roots. Developmental variations were seen in the frequency, the duration and the 
regularity of the bursts in parallel with changes in the role of excitatory and 
inhibitory neurotransmitters (See Tabak et al., this meeting).

We have used calcium imaging to monitor the activation of spinal 
neurons loaded with calcium-sensitive dyes during such spontaneous activation of 
rhythm generating networks. Lumbar ventral roots and the thoracic (T10-11) 
ventrolateral funiculus were retrogradely loaded with calcium green-dextran 
(25mM) at room temperature to label motoneurons and intemeurons.

Only four hours of loading at room temperature was enough to obtain a 
strong labelling of both soma and dendrites of the motoneurons, while, after six 
hours, interneuronal fibers were successfully labelled a few segments away from 
the injected sites. Spontaneous activity was imaged from the ventral surface of the 
cord using an intensified CCD camera. Rhythmic fluorescence changes in phase 
with motoneuron electrical activity were recorded during episodes of spontaneous 
rhythmic motor activity.

These observations suggest that the isolated mouse spina! cord will be a 
useful preparation for studying the mechanisms of spontaneous spinal network 
activity.

654.16
DEVELOPMENTAL CHANGES OF THE EFFECTS OF GABAERGIC 
AND GLYCINERGIC TRANSMISSION IN THE SPINAL CORD OF 
MOUSE FETUS AND NEONATE. J, Tabak*, A, Bonnot, C, G. Wilson and
M. J, O'Donovan. Lab. of Neural Control, NIH, Bethesda MD 20892.

We have examined the effect of the inhibitory neurotransmitters antagonists 
bicuculline (BIC) and strychnine (STR) on the spontaneous activity recorded from 
ventral roots of mouse spinal cord, from embryonic day (E) 15 to birth.

At El5, the spontaneous episodes of activity consisted of single (or sometimes 
multiple) bursts lasting a few seconds and occurring every 2-5 minutes. After 
application of 20 pM BIC the burst amplitude decreased (initially almost to zero) but 
not their rate of occurrence. Larger dose of the antagonist (50 pM BIC) abolished the 
activity, but an hour later spontaneous burst reappeared with control amplitude but a 
larger interburst interval (about 15 minutes). These findings suggest that GABA is 
functionally excitatory at this stage.

The effect of bicuculline was less clear at El6, increasing the intervals but also burst 
duration and amplitude. At El8, BIC (10-20 pM) clearly had an excitatory effect, 
inducing episodes of activity similar to those observed at the earlier stages. A similar 
effect was observed under strychnine. Therefore, GABA and glycine may be functionally 
inhibitory by El8.

At P0, application of 20 pM BIC greatly enhanced spontaneous activity, but episode 
duration and frequency were erratic. However, stronger blockade of the inhibitory 
receptors by 30-50 pM BIC and 10 pM STR produced a very regular activity consisting 
of single bursts occurring every 20-30 seconds and lasting 5-10 seconds. Multiple busts 
were sometimes observed, particularly just after drug application. These results suggest 
that there is a switch from excitation to inhibition in the effect of GABA and glycine 
between E15 and El8.

We obtained evidence that the regular activity observed at the earliest stages involves 
activity-dependent network depression as in the chick embryo. Later in development 
with the emergence of functional inhibition episode termination may be caused mainly 
by inhibition. At this developmental stage blockade of inhibition can uncover regular 
activity and network depression be the primary determinant of this activity.

654.17
THE BEHAVIOR OF RHYTHMICALLY ACTIVE NETWORKS IN El5-18 
CHICK EMBRYOS. P.J. Whelan* & M.J, O’Donovan. Lab. of Neural Control, 
NINDS, NIH, Bethesda, MD 20892-4455

Spontaneous neural activity is present in many species during development 
and has been hypothesized to help shape appropriate patterned connections. The in- 
vitro spinal cord of the embryonic chick can generate episodic bursts of multi-cycle 
spontaneous activity across a broad spectrum of embryonic ages (E3-E18). Previous 
experiments (E5-12), have shown that the network that generates this spontaneous 
activity is remarkably robust and can recover the ability to generate activity in the 
presence of excitatory (glutamatergic & cholinergic) or inhibitory (GABAergic, 
glycinergic) neurotransmitter blockade. The present experiments were designed to 
examine the network behavior of older (El5) embryos.

Spontaneous multi-cycle episodes were obtained from El5-18 embryos 
(n=5). In El5 embryos following 1-2 hours of control activity, CNQX (20 JlM) and 
AP5 (100 pM) were bath applied to block glutamatergic excitation (n=2). During the 
glutamatergic blockade, which was maintained for 3-4 hours, no spontaneous activity 
occurred. Following washout of the CNQX/AP5 spontaneous activity resumed after 
25 minutes ± 5.7 SD. In contrast, addition of the inhibitory blockers bicuculline (40 
pM) and strychnine (20 pM) did not block the occurrence of spontaneous activity 
although the number of cycles within an episode were reduced and the inter-episode 
intervals increased (n=2). These results suggest that the networks have become more 
dependent on excitatory transmission. One possible explanation is that the 
equilibrium potential for GABA/glycine has become more negative than at earlier 
stages.
Supported by NSERC and AHFMR.

654.18
ROLES OF HIGH-VOLTAGE ACTIVATED CALCIUM CHANNEL IN A 
VERTEBRATE LOCOMOTOR NETWORK. M. A. Wikstrôm*, A. Büschges, S. 
Grillner and A. El Manira. Department of Neuroscience, Karoiinska Institutet, S- 
171 77 Stockholm, Sweden

Spinal lamprey neurons possess high-voltage activated (HVA) and low-voltage 
activated (LVA) Ca2+ channels that have pharmacological profiles similar to those 
of mammalian CNS. To elucidate the HVA Ca2+ channel contribution to the 
operation of the spinal locomotor system, we have investigated the role of L-, N- 
and P/Q- type Ca2+ channels in spinal neurons with regard to (a) the activation of 
Ca2+-dependent K+ channels generating the slow afterhyperpolarization (sAHP) 
following the action potential, (b) the generation of bistable NMDA-activated 
TTX-resistant oscillations, (c) synaptic transmission between spinal network 
neurons and (d) the overall locomotor network operation. Blockade of N- and to a 
lesser extent P/Q-type Ca2+ channels reduced the sAHP and decreased the spike 
frequency adaptation, whereas L-type channels blockade or potentiation had no 
effect. NMDA-induced oscillations were strongly affected by agonists and 
antagonists of L-type channels. The oscillations were also affected by N-, but not 
by P/Q-type channel blockade. Excitatory and inhibitory synaptic transmission in 
the locomotor network was depressed both by N- and P/Q-type channel blockers. 
At the locomotor network level, blockade of N-type Ca2+ channels always induced 
a severe disruption of the locomotor rhythm whereas blockade of L-type channels 
led to a decrease of the locomotor frequency. Blockade of P/Q-type channels had 
no significant effects. In conclusion N- and L- type Ca2+ channels significantly 
contributes to the operation of the locomotor network operation through effects on 
cellular and synaptic properties.
This study was supported by the Swedish MRC (11562) and SSMF (970094).
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654.19
SPINAL INTERNEURONS THAT GENERATE WALKING RHYTHM IN THE 
MUDPUPPY Jianguo Cheng* and Richard B. Stein, Division of Neuroscience, 
University of Alberta Faculty of Medicine, Edmonton, Alberta, Canada T6H 2S2

We have recently identified and localized the neural networks for walking in 
the mudpuppy spinal cord (Cheng et al., J. Neurosci. 18(11), 1998). There are 
flexor and extensor centers that are distinctly localized in the spinal cord and can 
generate rhythmic motor output independent of each other, although inhibitory 
interconnections do exist between this pair of centers. It is not known whether the 
walking rhythm is generated by intrinsic mechanisms in the cell membrane of 
interneurons or by synaptic interactions between the intemeurons. In this study, 
we identified intemeurons in the flexor and extensor centers that discharged 
rhythmically during NMDA-induced walking in vitro. Discharges of some 
interneurons were locked in time to the excitation of the elbow flexor or extensor 
muscles, as revealed by spike triggered averaging. Bath application of 
tetrodotoxin (TTX, l^zM), which abolished action potentials and therefore 
synaptic interactions between neurons, revealed intrinsic membrane oscillations 
in these interneurons. The frequency of the TTX-resistant oscillations, ranging 
from 0.3 to 2 Hz with amplitudes of 2 to 12 mV, was determined by the cell 
membrane potential within the range of-90 to -45 mV. At comparable membrane 
potentials, the oscillations assumed a similar frequency as observed for rhythmic 
bursts of the same cells during walking. These observations suggest that the 
pacemaker properties of these interneurons contribute to the generation of 
locomotor patterns, that the frequency of the walking rhythm is a function of the 
membrane potentials of these cells, and that the interneurons that rhythmically 
drive the extensor motoneurons also trigger inhibition of the antagonist, probably 
through inhibitory intemeurons. Supported by MRC of Canada and AHFMR.

654.20
Intrinsic voltage oscillations in spinal neurons are mediated by NMDA 
RECEPTOR-CHANNELS AND/OR L-TYPE CALCIUM CHANNELS. P. A. Guertin* and J. 
Hounsgaard. Dept of Medical Physiology, University of Copenhagen, 
Copenhagen 2200N, Denmark.

Rhythmic activity induced by exogenous application of various combinations 
of N-methyl-D-aspartate (NMDA), muscarine and serotonin was monitored 
intracellularly in lumbar motoneurons and intemeurons in a slice preparation from 
adult turtles. Selective blockers were used to examine the role of NMDA receptor 
channels and L-type calcium channels in rhythmogenesis. We found that rhythmic 
activity induced by NMDA was consistently abolished by AP5 but also by various 
L channel antagonists (nifedipine, diltiazem, D600). Rhythmic activity induced by 
subthreshold concentrations of NMDA in combination with serotonin, muscarine or 
even potassium was also blocked by AP5. On the other hand, rhythmic activity 
induced by cholinergic agents such as muscarine and D-tubocurarine was found to 
be abolished by nifedipine, but not by AP5. Similar results were obtained in the 
presence of tetrodotoxin. The results show that TTX-resistant voltage oscillations 
in lumbar neurons can be induced by a variety of neuroexcitatory substances. It is 
also shown that oscillatory properties of mature neurons, that may contribute to the 
production of more complex rhythmic motor behaviours (e.g. locomotion, 
scratching), can be mediated by NMDA receptor channels and by L channels. In 
some conditions, only L-type calcium channels appeared to be necessary for 
rhythmogenesis. These results complement those from Wallen and Grillner (1985) 
which provided evidence that rhythmogenesis in spinal neurons involves specific 
NMDA receptor channel properties. We propose the existence of additional ionic 
mechanisms that are maybe common to all types of intrinsic voltage oscillations and 
could involve calcium-induced-calcium release via unspecific entry of calcium. This 
work was supported by Lundbeck Foundation, MRC Denmark and Rick Hansen 
Foundation of Canada.

654.21
CELLULAR MECHANISMS UNDERLYING PLATEAU POTENTIALS IN 
LAMPREY RETICULOSPINAL NEURONS. E. Pearlstein and R Dubuc*, Dép. De 
Kinanthropologie, Université du Québec à Montréal, H3C 3P8 and CRSN, Université 
de Montréal, Québec, H3C 3J7 Canada.

Previous studies in this laboratory have shown that sensory inputs elicit sustained 
depolarization and Ca2+ plateaus in reticulospinal (RS) neurons of lampreys. Both 
types of plateaus are blocked by the NMDA receptor antagonist AP5. Furthermore, 
intracellular injection of BAPTA into single RS neurons abolishes the sustained 
depolarization, suggesting a Ca2+ dependent mechanism. This study concerns the 
cellular mechanisms of plateau potentials in RS neurons. Experiments were performed 
in larval lampreys (Petromyzon marinus) using an in vitro isolated brainstem/spinal 
cord preparation with the skin covering the dorsum of the head kept for mechanical 
stimulation. To test whether entry through NMDA channels was the sole source of 
Ca2+, blockers of high-voltage activated Ca2+ channels (nifedipine, lOpM) and of 
release from intracellular stores (Thapsigargine, 5pM; Ryanodine, lOpM) were bath 
applied. None did affect the plateau potentials, suggesting that Ca2+ entry through 
NMDA receptors plays a major role in the rise of [Ca2+],. Since the sustained 
depolarization is Ca2+ dependent, the possible involvement of a Ca2+ activated non
selective cationic current (ICAN) was tested. Bath and local application of flufenamic 
acid (O.lmM and 1 mM respectively), a specific blocker of 1CAN, reversibly blocked the 
plateaus. We also have tested whether exogenous events could terminate the plateaus. 
ICAN does not display voltage dependence (Partridge et al., Brain Res. Rev 1994). To 
test whether the plateaus could be terminated by hyperpolarization, glycine was locally 
applied (ImM) onto the recorded RS cell, mimicking an inhibitory input. This did not 
abolish ongoing plateau potentials in the recorded cell. This finding may have 
important functional consequences since plateau potentials evoked in RS cells by 
sensory inputs, activate the spinal locomotor networks and they should last long 
enough to allow the animal to swim away from the stimulus. (Funded by the Canadian 
MRC, Min. Educ. of Québec and FCAR.)

654.22

FICTIVE SWIMMING ELICITED BY ELECTRICAL STIMULA
TION OF THE TURTLE SPINAL CORD: INTERACTIONS WITH 
SCRATCH REFLEX. J. Juranek and S.N. Currie*, University of California, 
Riverside, CA 92521.

We evoke fictive forward swimming in the hindlimb muscle nerves of low-spinal 
immobilized turtles by electrically stimulating the contralateral dorsolateral funiculus 
(cDLF) at the level of the third postcervical segment. This method was used in 
earlier work to elicit actual hindlimb swimming in turtles with movement (Lennard & 
Stein ’77, J Neurophysiol 40:768; Stein & Johnstone ’86, Soc Neur Abstr 12:790). 
We elicit fictive rostral scratching in the same animals by cutaneous stimulation of 
the shell-bridge, anterior to the hindlimb (Robertson et al. ’85, J Neurophysiol 
53:1517). As previously noted in electromyogram recordings (Stein & Johnstone 
’86), we find that rostral scratch and forward swim motor patterns display similar 
phasing in hip and knee motor pools, but differ in the relative amplitudes and 
durations of ENG bursts. Both fictive behaviors display rhythmic alternation 
between hip flexor (HF) and hip extensor (HE) activity, with mono-articular knee 
extensor (KE, femtib) discharge during the latter part of each HF burst. However, 
while fictive swim cycles are dominated by long lasting large-amplitude HE bursts, 
with brief low-amplitude HF discharge, fictive rostral scratching is strongly HF 
dominated with weak HE bursts. In addition, preliminary data indicate that the swim 
and rostral scratch display significant phasing differences in the biarticular KE nerves 
(iliotib, ambiens) within each hip cycle. We have also investigated interactions 
between swim and scratch motor patterns. Brief activation of the rostral scratch 
during an ongoing fictive swim episode can insert one or more cycles of rostral 
scratch into the swim motor pattern and permanently reset the motor rhythm. 
Similarly, brief swim stimulation can interrupt and reset an ongoing fictive rostral 
scratch. These results support the hypothesis that shared CPG circuitry participates 
in both behaviors. Supported by NSF grant 1BN-9723973 to S.N.C.

654.23

EFFECT OF REDUCED PERIPHERAL AFFERENT INPUT ON LUMBAR CPG 
IN SPINAL CORD INJURY SUBJECTS. M. R. Dimitrijevicl,3*,
Y. Gerasimenko^, M. Pinter^. ^Dept. Physical Medicine 
and Rehabilitation, Baylor College of Medicine; 2pavlov 
Institute of Physiology, St. Petersburg, Russia; 3Ludwig 
Boltzmann Institute for Restorative Neurology, Vienna, 
Austria.

We have reported that spinal cord stimulation of the 
upper segments of the lunbar sacral cord in complete 
paraplegics elicited locomotor-like EMG activity and 
stepping movement. We will describe the effect of reduc
tion of peripheral afferent input on externally induced 
stepping movement by spinal cord stimulation. After 
inducing stepping movement, we reduced afferent input by 
temporary cuff ischemia applied over the thigh muscles, 
or by peripheral selective nerve block for large afferents. 
We observed that reduced afferent input resulted in 
diminished amplitude and increased frequency of step
like EMG and movement.

This work was supported by the Kent Waldrep National 
Paralysis Foundation, Dallas, Texas and the Ludwig 
Boltzmann Association of Austria, Vienna, Austria.

654.24
SEROTONIN RECEPTOR PHARMACOLOGY OF THE MAMMALIAN 
LOCOMOTOR CPG: ACTIVATION BY A 5-HT, RECEPTOR AGONIST IN 
THE ISOLATED RAT SPINAL CORD. Cima Cina* and Shawn Hochman. Dept. 
Physiology, University of Manitoba, Winnipeg, MB, Canada R3E 0W3.

Serotonin (5-HT) reliably activates the hindlimb locomotor CPG in the in vitro 
neonatal rat spinal cord. Cazalets et al (1992) showed that both 5-HT, and 5-HT-, 
receptor antagonists were capable of blocking 5-HT-induced locomotion. However, 
these drugs were applied at concentrations (e.g. 50 -75 pM) which grossly exceed 
their subtype specificity (e.g. Wallis et al 1991; for Kj values see Ziffa and Fillion 
1992 & Hoyer et al 1994). Further, other 5-HT receptor subtypes which increase 
neuronal excitability may contribute to locomotor rhythmogenesis, but remain 
untested (e.g. 5-HT4 & 5-HT,). Hence, we undertook additional studies to 
characterize the role of 5-HT receptor subtypes on locomotor rhythmogenesis.

Split-bath experiments were employed (L1-L2) in the isolated spinal cord of rat 
pups (P1-P4). Dual L5 ventral root recordings monitored motor output. Drugs were 
applied to the rostral chamber to test actions on the locomotor circuitry without 
concern for complex interactions on segmental circuitry and motoneurons at L5.

We show that 5-HT-induced locomotion was not blocked by selective antagonists 
at 5-HT,a (NAN-190) or 5-HT2c (normethyl-clozapine) receptors even at 10 pM, 
while a 5-HT,c/, receptor antagonist (ritanserin) blocked locomotion at 0.1 pM. 
Locomotor activity was not activated, but tonic motoneuron activity was induced, by 
selective agonists at 5-HTla7, (8-OH-DPAT), 5-HTlb (CGS-12066B) and 5-HT2c 
(DO1) receptor sites (0.1 - 10 pM). Interestingly, the 5-HT, receptor agonist 5-CT 
was able to initiate locomotor activity (1-10 pM; in the presence of 0.1 pM NAN- 
190 to block any competing actions on 5-HTla receptors). Thus, 5-HT, receptor 
activation can account for 5-HT induced locomotion in the neonatal rat.

Supported by the Manitoba Health Research Council and the MRC (Canada).
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654.25
SYNAPTIC RELATIONSHIPS AND PROPERTIES OF INTERNEURONS 
LOCATED IN THE PERITRIGEMINAL AREA. M.-J. Bourqu *and A. Kolta . 
Centre de Recherche en Sciences Neurologiques & Dép. de stomatologie, Univ. de 
Montréal, C.P. 6128, Suce. Centre-Ville, Mtl, P.Q., Canada, H3C 3J7.

The largest input to the trigeminal motoneurons is conveyed by neurons of the 
peritrigeminal zone (PeriV) encompassing the supra-, juxta- and inter-trigeminal 
areas (SupV, JuxtV, and IntV respectively) and the parvocellular reticular 
formation (PCRt) ventral and caudal to the trigeminal motor nucleus (MotV). In 
spite of the presumably crucial role that these neurons play in patterning of 
orofacial movements and gating of oral reflexes, little is known about their synaptic 
interactions and intrinsic properties. These were examined in the present study 
using intra- and extracellular recordings in an in vitro slice preparation. 
Iontophoretic injections of neurobiotin were used to reveal the morphology and 
termination site of recorded neurons. EPSPs and IPSPs were recorded in PCRt, 
JuxtV and SupV neurons following stimulation of other divisions of PeriV. These 
responses occurred at varying latencies but most followed 20 Hz stimulation, 
suggesting monosynaptic projections. Stimulation of MotV also evoked both 
EPSPs and IPSPs in these neurons suggesting the existence of a population of 
intemeurons within MotV. All PSPs tested were blocked by antagonists of amino
acid transmitter receptors. Neurons recorded extracellularly in all divisions of 
PeriV were spontaneously active. Some of those recorded in SupV and PCRt 
exhibited spontaneously or in presence of NMDA a rhythmic pattern of firing that 
was sometimes insensitive to DNQX. Biocytin injections indicate that subdivisions 
of PeriV are reciprocally connected and that all of them have contralateral targets 
in or around MotV. These findings suggest that the circuitry established by neurons 
of PeriV is complex and has some ability to generate rhythmic activity. This work 
was supported by the Canadian Natural Sciences and Engineering Research 
Council and Medical Research Council.

CIRCUITRY AND PATTERN GENERATION: MODELING AND ANALYTIC METHODOLOGY

655.1
UNITARY EVENTS IN NON-STATIONARY MULTIPLE-NEURON ACTIVITY
S. Griin1* and A. Aertsen2. ’Dept. of Neurophysiology, Max-Planck Institute for Brain 
Research, Frankfurt, FRG; 2Dept. of Neurobiology and Biophysics, Albert-Ludwigs 
Univ., Freiburg, FRG

It has been proposed that cortical neurons organize dynamically into functional groups 
(‘cell-assemblies’) by the temporal structure of their spiking activity. Thus, cortical 
activity would be characterized by synchronous spike volleys, wandering through the 
sparsely firing cortical network. In order to investigate this postulate we developed a 
method that detects the presence of conspicuous spike coincidences and evaluates their 
statistical significance, while enabling us to uncover their relation to behavioral events.

The simultaneous observation of spiking events from N neurons is transformed to
N-dimensional joint-activity vectors, reflecting the various activity constellations across 
the neurons. Using the null-hypothesis of independently firing neurons, the expected 
number of occurrences of any activity vector and its probability distribution can be 
calculated analytically on the basis of the single neuron firing rates. Joint-activity 
constellations which violate this null-hypothesis are called ‘unitary events’ (UEs).

In order to normalize for changes of firing rate, we developed two methods: ‘unitary 
events by cluster analysis’ (UECA) and ‘unitary events by moving window analysis’ 
(UEMWA). UECA is based on the assumption that the neurons’ firing rates can be in 
any of a finite number of states. After segmenting the data by cluster analysis into joint- 
stationary time sections, UE-analysis is performed separately in these sections. This 
approach is appropriate for coincidence levels which co-vary with the firing rates of the 
neurons. UEMWA performs the analysis in overlapping time segments by sliding a time 
window along the data. This method is specifically sensitive to unitary joint-events 
which cluster in time, independently of the firing rates. Thus, it is especially suited to 
reveal precise spike synchrony which is loosely-time locked to behavioral/stimulus 
events [Riehle et al. Science 278, 1950 (1997)]. Current investigations focus on the 
influence of background activity on the occurrence of unitary events.
Partial funding was received from Minerva, BMBF and HFSP.

655.2
QUANTAL RELEASE OF NEUROTRANSMITTERS AND DETERMINISTIC 
DYNAMICS OF SYNAPTIC NOISE. Ph. Faure* and H. Korn. Biologie 
Cellulaire et Moleculaire du Neurone, INSERM U261, Institut Pasteur, Paris 
(France).

Amplitude fluctuations of unitary postsynaptic potentials comprised in synaptic 
noise (SN) are determined by the quantal release properties of activated presynaptic 
neurons. We thus questioned whether these properties contribute to the temporal 
structure of SN previously revealed by non linear analysis. Specifically we found 
that SN, which is inhibitory in the Mauthner-cell, is a continuously varying 
mixture of periodic and/or chaotic patterns (Faure & Korn, PNAS 97). This notion 
was supported by the comparison of Poincare maps (PM) or In+ i=f(In), where I„ and 
ln+i are intervals between consecutive postsynaptic events detected in the SN. 
Successive PMs were constructed with a progressively increasing number of events 
selected according to their amplitude by a variable "threshold", T. For intermediate 
values of T, a geometrical figure, triangular in shape, and centered around 
frequencies in the mean range of 40-60 Hz, consistently emerged in the PMs. The 
presence of unstable periodic orbits and the values of classical parameters (such as % 
of determinism and Kolmogorov entropy) were consistent with the conclusion that 
this figure is indicative of noisy quasi periodic and/or chaotic processes. 
Mathematical models demonstrated that SN with similar temporal patterns can be 
reproduced provided that i) the presence of periodic discharges (in the observed 
frequencies) in the presynaptic inhibitory networks and ii) a non homogeneous 
distribution of the mean quantal contents, according to values extracted by 
physiology (Korn et al, J. Neurophysiol 1986), are incorporated in the algorithms. 
Although the binomial model of release best approximated the data it was found 
that compound binomial statistics can also be implemented in the algorithms with 
satisfactory results.

Supported in part by a grant (N00014-97-0226) from ONR.

655.3
SPIKE SORTING AND ARTIFACT REJECTION BY INDEPENDENT 
COMPONENT ANALYSIS OF OPTICAL RECORDINGS FROM TRITO- 
NIA. G. D. Brown*, S. Yamada, H, Luebben, and T. J. Sejnowski. Computa
tional Neurobiology Laboratory, The Salk Institute for Biological Studies, La 
Jolla, CA 92037.

We are applying independent component analysis (ICA) and other signal 
processing tools to the problem of multiple-neuron, multiple-detector opti
cal recording data. Voltage-sensitive dye optical recordings were made in the 
isolated-brain preparation of the seaslug Tritonia. A brief electrical stimulus 
applied to a nerve root activates a Active swimming pattern in this prepara
tion. Many neurons important for swimming burst in phase with the Active 
pattern and are therefore easy to recognize. Many other neurons are inhibited 
during swimming. Action potentials from the same neuron often appeared on 
multiple detectors, while each detector often recorded multiple neurons.

Spikes could be recovered with the ICA algorithm because the voltage 
across the membrane of each neuron is approximately a temporally indepen
dent source. Artifacts and noise also appear as independent sources in this 
step, but can be distinguished from spike trains by source identification tech
niques. A difference-of-gaussians filter was used to detect individual spikes. 
We can optimize the algorithm for our data set, for example by adusting the 
nonlinear-transfer function on the inputs to more accurately reflect the cumu
lative probability distribution of the neural signals. We are also exploring the 
possibility of using combined spatio-temporal ICA. Using ICA as the back
bone of the analysis should reduce the time necessary for analysis of this type 
of data. These techniques will also apply to other types of multiple-unit record
ing, including arrays of extracellular wire electrodes.

655.4
THE ROLE OF DEPRESSION OF A GRADED SYNAPSE IN AN OSCILLATING 
NETWORK OF NEURONS. F. Nadim1*, Y. Manor1, N. Kopell2, L.F. Abbott1 and E.
Marder1 'Volen Center, Brandeis University, Waltham, MA 02254.2Center for 
BioDynamics and Department of Mathematics, Boston University, Boston, MA 02215.

The pyloric rhythm in the stomatogastric ganglion of the lobster Panulirus interruptus 
is a ~1 Hz rhythm generated by a group of pacemaker neurons that includes the Pyloric 
Dilator (PD) neurons. The PD neuron and the Lateral Pyloric (LP) neuron make 
reciprocally inhibitory connections and oscillate out of phase. The connection from LP to 
PD provides the sole synaptic feedback from the rest of the pyloric network to its 
pacemaker group. This synapse has a large graded component which shows depression. At 
normal pyloric frequencies this synapse is always partially depressed and therefore sensitive 
to changes in frequency. To understand the role of synaptic depression in network 
dynamics, we constructed a model consisting of a pacemaker (PD) and a follower (LP) 
neuron, connected with reciprocally inhibitory synapses. The dynamics ofthe synapse from 
the follower to the pacemaker were modeled from our experimental measurements of the 
LP to PD synapse. We show that the maximal conductance (gmax) ofthe depressing synapse 
acts as a switch between two distinct mechanisms of network operation. When gmix is 
smaller than some threshold conductance g*, the oscillation period is completely 
determined by the pacemaker neuron and is not affected by the follower neuron. Increasing 
gm;ix above g* activates a positive feedback mechanism in the network. The positive 
feedback mechanism acts as a gain amplifier, making the actual conductance of the 
depressing synapse during rhythmic activity extremely sensitive to gmax. In this regime the 
oscillation period is determined by the strength of the depressing synapse and the properties 
of the follower neuron. We have experimental evidence for the existence of such a synaptic 
switch. In some preparations LP did not have any effect on the pyloric rhythm, whereas in 
other preparations it slowed down the rhythm by 10-50%. To confirm the existence of this 
switch mechanism, we replace the biological connection with an artificial synapse, using 
the dynamic clamp method.
Support: NSI7813 (EM), NIMH/MH47150 (NK) and the Alfred P. Sloan Foundation.
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655.5
SPECTRAL NOISE-SHAPING IN NETWORKS OF COUPLED 
NEURONS. D. J. Mar,1’2 C. C. Chow,1’3 W. Gerstner,4 R. W. Adams,5 
and J. J. Collins1,2#. Center for BioDynarnics, Boston University; 
2Dept. of Biomedical Engineering, Boston University; 3Dept. of Mathe
matics, Boston University, Boston, MA 02215; 4Center for Neuromimetic 
Systems, Swiss Federal Institute of Technology, Lausanne (EPFL), CH- 
1015; 5Analog Devices Corporation, Wilmington, MA 01887.

Spectral noise-shaping is a technique used to improve the signal-to- 
noise ratio in signal processing systems. Neural systems may use a vari
ant of this technique to obtain a system-wide performance improvement. 
Here we demonstrate how spectral noise-shaping can be implemented in 
networks of coupled neurons. In computer simulations we monitor the 
population firing record for a network of leaky integrate-and-fire oscilla
tors with noisy thresholds. Wc show that a coupled network, exhibiting 
noise-shaping, displays a substantial improvement in its dynamic range 
over that obtained for the uncoupled network. To explain these results, 
we have developed a theory that treats the population firing rate as a 
stochastic process that is modulated by the interactions between the in
dividual neurons. Noise-shaping is a network property that may be at 
work in systems of sensory and motor neurons that require large dynamic 
range and large signal-to-noise ratios at frequencies higher than those of 
the individual elements.

This work was supported at Boston University by a contribution from 
Ray Stata of Analog Devices, Inc.

655.6
GAIT PATTERN GENERAIION IN A MODELED FOUR-NEURON RING 
( IR( TIT <*. Luo1,3. A. A. DeTrnn« «'se‘hil. .1. \V. Clark1*. C. C. ('nnnvier.
D. A. Baxter3 and J. II. Byrne3 1 Depart incut of Electrical and Computer En
gineering. Rice University. Houston. TX 77005: '-'Department of Psychology. 
University of New Orleans. New Orle ans. LA 701 18: :,Deparl ineiit of Neurobiol- 
ogy and Anatomy. University of ’lexas Medical School. PO Box 2070X. Ilousioii. 
IX 77225
Mode'led R 15 neurons in A/dyMiti have been shown to exhibit bursting ami si- 
leme-e. as well as bi-stability. Previous studii's. based on re'due’ceL moelels of 
RI5 neurons, show that networks forunxl by synaptically coupling four of these- 
neurons, can be* used as a central pattern generator to emulate' c|iiadriip<-rial 
locomotion (('anavier et al.. Biol. Cybern. 1007). In the present study, the 
same' model is studie<e| in its full dimensionality. It is a large- anel computation
ally challenging model (56 state variables: 12 for neuron anel 2 for < a< h 
syna|>se). With the' help of a Convex SPP-2000 computer, we' have' performed 
the' full-model simulation of gait patterns and have analyzed the' network base •< I 
on tile' phase'-sensitive' properties of the' lie'll re, n-sy II apse- pair, llie'se' properties 
are* summarized in terms of phase-re*spe>nse curves (PRCs). The' bursting neu
ron model ntilizeel (Butcra e, al.. J. Comp. Neurosci. 1005) prewieles PRCs that 
predict two principal modes of behavior (walk, bound). This same* model is alse, 
sensitive' to the' iieuromodulatory agents serotonin (5-HT) ami dopamine- (DA). 
'I'hese agents aifee-t the* shape' of the» PRC. Dopamine is partic ularly useful in 
sc ulpting the' PRC for the purpose' of providing multiple stable' modes of behav
ior (walk, bound, trot, gallop). Furthermore, the' dopaminc'-altcrc'd PRC «an 
I»«' list'd in gait pattern swite'hiug. inelmeel by external current input into on«' 
of the' four component neurons of the network. Preliminary results show that 
switching can be aeeomplishc'd between all mode's. This work was support«'«! by 
Offic e of Naval Re'searc h grant N00011-92-0579.

655.7
RECURRENT INHIBITORY INFLUENCES ON MOTOR ACTIVITY IN A 
COMPUTER MODEL OF SPINAL CIRCUITRY AND DURING FICTIVE 
LOCOMOTION IN THE CAT. L.M. Jordan'. Y. Dai. B, Fedirchuk. K.E. Jones & 
D.P, Bashori. Dept. of Physiol., Univ. of Manitoba, Winnipeg, Canada and fDept. of 
Biology, Univ. North Carolina, Charlotte NC, USA.

The nicotinic ACh antagonist mecamylamine (MEC) blocks rhythmic activity of 
Renshaw cells during Active locomotion and causes increased firing of motor units, 
without disrupting the alternation typical of Active locomotion (Noga, Shefchyk, Jamal 
and Jordan 1987). Recently, a large scale computer model of spinal neuronal circuitry 
has been developed to investigate network properties influencing motor output (Bashor 
1998, Biol Cybem 78; 147-157). Modeling potential interactions between recurrent 
inhibitory and reciprocal inhibitory systems predicted that blockade of recurrent 
inhibitory pathways could cause changes in the timing of the motor output. This 
prediction was tested by examining the effects of MEC on the the relative timing of 
electroneurographic (ENG) bursts during Active locomotion in the decerebrate cat.

During Active locomotion the onset of ENG activity in the ankle flexor tibialis 
anterior (TA) usually follows the offset of activity in ankle extensor ENGs with some 
cycle by cycle variability. After application of MEC, TA ENG activity is still delayed 
from the offset of gastrocnemius ENG activity, but the relationship is strengthened and 
less variable. This reduction in step by step variability of burst timing and facilitation 
of a more tightly coupled antagonistic activity pattern supports the prediction that 
Renshaw cells impinge on reciprocal inhibitory interneurons and inhibit their activity 
during locomotion. Further, this data supports the concept of reciprocal inhibitory 
pathways contributing to the inhibition of antagonist motoneuronal pools during 
locomotion. In addition, after MEC, activity of the semitendinosus ENG occupies a 
larger proportion of the flexion phase of the Active step cycle. This suggests that 
recurrent inhibition also plays a role in shaping the activity patterns of particular 
motoneuron pools during Active locomotion. Supported by the M.R.C. of Canada and 
UNC Charlotte.

655.8
REGULAR RHYTHMS FROM THE MUTUAL SYNAPTIC INTERACTION OF 
IRREGULAR BURSTERS. R.C, Elson*, M.P, Maher, P, Varona, J.J. Torres. M.I. 
Rabinovich, H.D.I, Abarbanel and A.I. Selverston. Departments of Biology and 
Physics, and Institute of Nonlinear Science, UCSD, La Jolla CA 92093.

How do coherent rhythms emerge from neuronal circuits when the intrinsic 
bursting activity of neurons is irregular or demonstrably chaotic? To answer this 
question, we study neurons and subcircuits of the pyloric network in the lobster 
stomatogastric ganglion, using experiments, nonlinear analysis and modeling 
approaches.

When synaptically isolated from other circuit neurons, the single lateral pyloric 
(LP) and paired pyloric dilator (PD) cells each generate irregular bursting activity 
that shows low-dimensional, chaotic dynamics. We study the effects of two types 
of synaptic interaction. (1) Electrical coupling. Natural electrical coupling between 
PDs effectively synchronizes their chaotic, slow oscillations but not their spikes. 
Full spike synchronization is achieved by adding artificial (positive) electrical 
coupling. Net, negative coupling produces not only antiphasic coordination but 
also the regularization of slow oscillations. (2) Reciprocal, chemical synapses. 
When connected by reciprocal inhibition (their natural type of interaction), LP and 
PD burst in a quasi-periodic, alternating pattern, and chaotic activity is regularized. 
When the polarity of one of the mutual connections is changed - to excitation - 
regularization of bursting is lost.

Two-compartment models of stomatogastric neurons, where each cell 
incorporates six active membrane currents and nonlinear calcium dynamics, 
replicate many of these findings.

Thus, the interplay of reciprocal inhibition and bursting membrane properties 
affects not only the phase, but also the temporal coherence, of activity in 
subcircuits of irregularly bursting neurons. We now seek the underlying 
mechanism(s) of dynamic regularization.

We gratefully acknowledge support from O.R.D., Dept of Energy, NSF and 
NIH.

655.9

DOES A CHAOTIC SKELETON SUPPORT LAMPREY SWIMMING?

S. Lesher #, M. R. Zochawski +, N.M, Mellen A, S, Dykstra #, L, Guan #,
L. B. Cohen +* and A, H, Cohen #.
# Dept. Biology, Univ. of Maryland, College Park, MD 20742.
+ Dept. Mol. & Cell. Phys.,Yale Univ. Med. Sch., New Haven, CT 06520 
A Dept. Physiol. Sci, UCLA, Los Angeles, CA 90024-1527

We have previously demonstrated nonlinear determinism and unstable 
periodic orbits (UPOs) in lamprey locomotion, both real and fictive, 
pervasively, in preparations of different species, ages, and stages of dissection. 
We now compare these results with evidence from phase synchronization / 
entrainment and other experimental manipulation of UPOs in different 
preparations, and from symbolic dynamic analysis of unstable periodic orbits 
and other modeling. Through this we better characterize the physiological 
underpinnings and consequences of having locomotion determined by an 
attractor composed of a skeleton of UPOs from oscillators that we suspect may 
be chaotic in isolation but whose chaos is suppressed by coupling. Control of 
chaotic oscillators through the feedback from other similar elements (and then 
through synchronization or phase-lock with them) is a common phenomenon. 
Work supported by NIH grant MH 44809 to AHC

655.10
UNIFIED POPULATION-TEMPORAL (PT) CODES
C. H. Anderson* Dept. Anatomy and Neurobiology, Washington Univ. 
School of Medicine, St. Louis, MO 63110. cha@shifter.wustl.edu.

A principled approach to PT codes is developed starting with the 
Georgopoulos Population Vector, a linear decoder where an encoded vec
tor S is estimated as a weighted sum of the neuronal activities an(£), 
5est _ Yjnan(S)H>n. Salinas and Abbott found the prefered directions Sn 
using a least squares estimator LSE < [S°- Snan(Sa)]2 >a, where <>Q 
indicates an appropriate ensemble average over the set of stimuli §a. Bialek 
and colleagues also found that a linear decoder can estimate a temporal 
signal S(t) encoded by a spike train i[t], where the decoding filter, h(t) is 
found using a similar LSE. The simplest PT code is obtained by combining 
these two linear decoders, Se8t(t) — / dt'Snh(t — t') S(tf — ¿„[i]). In
deed, the analyses of temporal decoding using the fly’s Hl neuron (Bialek) 
and the cricket cereal system (J. Miller) are based on a population of 
2 (‘on/off’) neurons. This linear PT code can be generalized to densi
ties for multipeaked representations of parameters such as stereo depth, 

Encoding and
decoding 0n(S) function pairs found using a LSE enable densities to be 
encoded into a PT code of spike trains that can be decoded with little loss, 
leading to generalized attractor networks (S. Seung and K. Zhang). This 
framework provides a mechanism for the construction of complex networks 
without the use of learning, against which other models can be compared. 
Supported by the McDonnell Center for Higher Brain Function and NSF 
IBN-9634314.
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655.11
A REALISTIC MODEL OF THE COORDINATION OF SEGMENTAL 
OSCILLATORS OF THE HEARTBEAT NEURONAL NETWORK OF THE 
LEECH. A.A.V. Hill*, M. A. Masino, J. Lu, and R.L. Calabrese. Biology 
Dept., Emory Univ., Atlanta, GA 30322.

Neuronal networks that control rhythmic motor activities such as locomotion, 
respiration, feeding, and heartbeat can often be described as a chain of coupled 
segmental oscillators. The heartbeat central pattern generator of the leech 
represents a relatively simple chain of two segmental oscillators located in the 
3rd and 4th ganglia that are coupled via coordinating fibers of heart intemeurons 
located in the 1st and 2nd ganglia (Calabrese and Peterson, 1983). Theoretical 
studies have shown that the phase lag between coupled oscillators is generated 
by either a difference in the inherent periods of the oscillators (Cohen et al., 
1982) or by asymmetric coupling (Kopell and Ermentrout, 1986, 1988). In the 
leech there is a -15% phase lag between the segmental oscillators of the 3rd and 
4th ganglia (Calabrese and Peterson, 1983). We have used a realistic 
conductance based model of the segmental oscillators and their coordinating 
fibers to explore the range of inherent cycle periods and synaptic interactions 
that can give rise to the observed phase lag. For example, the influence of 
inherent cycle period on phase lag has been tested by varying the cycle period of 
one segmental oscillator while maintaining the inherent cycle period of the other 
oscillator constant. Under these conditions the faster segmental oscillator leads 
the slower one in phase and the cycle period of the entire coupled oscillator 
follows that of the faster segmental oscillator. We have also explored the 
dependence of phase lag on the strength the coordinating fiber synapses. The 
model has also been used to test the ability of one segmental oscillator to entrain 
the other to its cycle period. Supported by NIH grants NS-24072 and NS-34975 
to R.L.C. and fellowship NS-10130 to A.A.V.H.

655.12
A NUERAL MECHANISM OF ADJUSTING TIMING OF 
SPIKES BY INTENSITY OF INPUT FOR DYNAMIC CODING.
K. Mitrakoshi, K. Nakamura*. Interdisciplinary Grad. Sch. of Sci. and Eng., 
Tokyo Inst, of Tech., Yokohama, 226-8502, Japan

We propose a concept for dynamic coding based on a neural mechanism of 
adjusting timing of spikes by intensity of input. First, we investigated the relation 
between the intensity of stimulus and the timing of firings through the Hodgkin- 
Huxley equation in which it is assumed that a input synaptic current is an alpha- 
function /(£) tx — exp(— where tp is the time providing maximum amplitude 
of synaptic current. The results show that the intensity of input can change the. 
timing of firings; for example, the maximum time to firing is 4.5 [ms] at rp = 1.5 
[ms] while it is 3.5 [ms] at Tp = 0.3. The range of time to firing and intensity of 
input at slower current peak rp = 1.5 is wider than that at faster current peak 
rp = 0.3

Second, we show that feedforward neural networks can adjust timing of spikes. 
We indicate two feedforward networks: the feedforward lateral inhibition networks 
can lengthen the intervals between spikes while the feedforward lateral excitation 
ones can shorten them. For example, when we input the simultaneous stimuli that 
are different intensity, the former two layers networks can lengthen the interval of 
spikes by 2.2 [ms] from the initial interval 1.7 [ms]. On the other hands, the later 
two layers ones can shorten it to almost simultaneous timing (within 0.1 [ms]). 
Supported by Res. for the Future Prog., the Japan Soc. for the Promotion of Sci.

655.13

PRECISELY REPEATING PATTERNS AND VARIABILITY 
IN ODOR-EVOKED OLFACTORY MITRAL CELL SPIKE TRAINS

R. Lestienne*1, M. Chaput2, A M. Chalansonnet2 and H.C. Tuckwell1'3 
1 Institut des Neurosciences, UMR 7624, Université de Paris 6 , 9 quai St Bernard 
75005 Paris; 2 Lab Neurosciences et systemèmes sensoriels, ERS 5643, Université 
Lyon I ;3 Dpi de Mathematics, University of California at Irvine.

A comparison of a series of 118 records from 45 mitral cell discharges under 
odor stimulation from freely breathing anesthetized rats was performed with 
simulations obtained through a non homogeneous Poisson process (NHPP). The 
simulation reproduced exactly the time course of the discharges during each 
respiratory cycle and included minimum interspike interval values comparable 
to those observed in physiological data.

A systematic search for precisely replicating triplets of spikes in both data 
and simulations showed that in many records the number of replicating patterns 
(precision of interval replication 0.5 ms, max interval duration 50 ms, sliding 
window 200 ms) largely exceeded those found in NHPP simulations (Lestienne 
and Tuckwell, Neuroscience 82:315-336, 1998; Lestienne et al, submitted).

In a similar analysis performed on LGN discharges of awake monkeys, it has 
been shown that the number of replicating patterns can be predicted from the 
greater than 1 coefficient of variation of discharges upon repeated simulations 
in this nucleus (Oram et al, submitted). We show that in the present data the 
coefficient of variation of mitral cell discharges is consistently smaller than 
unity. From the 24 records for which a large (> 2.5 STD) excess of precisely 
replicating triplets was found, as many (12) had a spike count variance smaller 
than their NHPP simulation counterpart than the reverse. This observation 
leaves open the question of the stochastic nature of the production of precisely 
replicating patterns in these discharges. Supported by CNRS.

655.14
GRAVITY ANALYSIS OF MULTIPLE SPIKE TRAINS: RESOLUTION OF AMBI
GUITIES. G.L.Gerstein*, P.Ramachandran, Department of Neuroscience, University 
of Pennsylvania, Philadelphia PA 19104.

The original gravity analysis for multiple spike trains represents each of the N 
recorded neurons by a particle moving in an N space. Each particle receives a time 
varying charge which is a low pass filtering of the corresponding neuron’s firing pat
tern. Particles start from equidistant positions, but move because of attractive forces 
between like charges. With appropriate normalization for local mean charge, particle 
aggregation into clusters reflects the excess correlation structure in the recorded spike 
trains, and this, in turn, can be interpreted in terms of neuronal assemblies.

From simulation studies we know that if the neurons are organized into distinct 
assemblies, the gravity analysis produces distinct clusters. However, if there are over
lapping assemblies, the clustering structure is more complex, and the backward infer
ence of neuronal organization from the gravity clustering becomes ambiguous. This is 
because particles representing "overlap" neurons may be equally attracted to each of 
the clusters representing the core assemblies. We demonstrate a solution to this ambi
guity by deletion: neuron groups represented by each of the originally observed grav
ity clusters are deleted from the data singly and then in multiples, repeatedly running 
the gravity analysis. This is a combinatorial process, and may be tedious, but, as 
demonstrated, resolves the interpretation of simple assembly overlap situations.

A second type of ambiguity in the original gravity analysis results in similar 
aggregation of particles representing neurons which are synaptically coupled or alter
natively which share synaptic input. This ambiguity can be resolved by using the two 
charge variant of gravity, so that the particle representing a post-synaptic neuron 
moves towards the approximately stationary particle which represents the pre-synaptic 
neuron. Trajectories are plotted in a three dimensional coordinate system: z - dis
tance between particles; x — distance of x particle from its origin; y - distance of y 
particle from its origin. The plot clearly differentiates between interactions through 
shared input versus through direct synaptic coupling. MH46428, DC01249.

MUSCLE AND MOTOR UNITS II

656.1

MORPHOMETRIC AND HISTOCHEMICAL DIFFERENCES BETWEEN 
PRIMATE AND FELINE NECK MUSCLES. F.J.R. Richmond*, K. Singh and
B. Comeil. MRC Group in Sensory-Motor Neuroscience, Dept. of Physiology, 
Queen’s University, Kingston, ON, Canada K7L 3N6.

The use of monkeys to study head movement depends upon a systematic 
understanding of musculoskeletal arrangements in the neck and shoulder. We 
have analyzed the morphometry and fiber-type composition of rhesus monkey 
neck and shoulder muscles and have compared their properties with homologous 
muscles in cats. The largest differences between cats and monkeys were seen in 
muscles linking the head and cervical vertebral column to the shoulder girdle.
The clavicular attachments of trapezius and sternocleidomastoid muscles in 
monkeys were rearranged into a pattern much like that in man. Simian trapezius 
and rhomboideus had a disproportionate reduction in the percentage of cross- 
sectional area (CSA) attaching to the cervical vertebrae compared to thoracic 
vertebrae. The CSA of dorsal extensor muscles, biventer cervicis and complexus, 
was also reduced disproportionately to other neck muscles. However, the largest 
relative reduction in CSA was that of obliquus capitis inferior, a suboccipital 
muscle oriented perpendicularly to the long axis of the neck, which was only 
about one-third of the absolute size of the feline homologue. Despite differences 
in size, simian and feline obliquus muscles shared a similar, unusual pattern of 
fiber-type distribution characterized by a steep gradient from the dorsal surface, 
composed primarily of fast fibers, to a deep core composed predominantly or 
exclusively of slow fibers. Most other neck muscles in primates had fiber-type 
compositions resembling those in feline muscles, although the proportion of slow 
fibers was typically about 10% higher than in the homologous cat muscle.

Supported by the Medical Research Council of Canada.

656.2
A PHYSIOLOGICAL MODEL OF THE DYNAMIC FORCE-PRODUCING 
PROPERTIES OF MAMMALIAN FAST-TWITCH SKELETAL MUSCLE. I.E, 
Brown* and G.E. Loeb. MRC Group in Sensory-Motor Neuroscience, Dept. of 
Physiology, Queen’s University, Kingston, ON K7L 3E6, CANADA

While there have been many qualitative descriptions of the dynamic force-producing 
properties of muscle during physiological patterns of activation, there has not yet been 
an accurate quantitative description. We undertook the task of collecting and modeling 
a data set to quantify these properties for mammalian fast-twitch muscle. These 
experiments were conducted using the exclusively fast-twitch feline caudofemoralis 
muscle, which can be prepared in vivo with almost no in-series compliance. We used a 
whole-muscle preparation at 37° C in which cut ventral roots were split into five, 
equal-force-producing bundles that were stimulated asynchronously to produce smooth 
contractions. Stimulus frequencies employed ranged from 15-120 pps (~10%-100% of 
maximal force), with sequences designed to maintain a steady potentiated state.

We observed that the isometric force-length (FL) relationship was highly length 
dependent: at lower stimulus frequencies its peak was shifted to longer lengths. We 
observed that the isovelocity force-velocity (FV) relationship was frequency 
dependent, becoming flatter at progressively lower stimulus frequencies. There was 
also a length effect at sub-maximal activation, whereby the FV relationship flattened 
further at shorter lengths. Close inspection of the force transients revealed that these 
effects were mediated through a time delay in length-dependent changes of activation 
and not through changes in the instantaneous FV relationship.

We also observed complex interactions of length and stimulus frequency on sag, rise 
time and fall time, with fall time further affected by velocity. Our model accounts well 
for all of these effects with relatively simple equations. We validated the predictions 
of the model by comparing them to force data collected while length, velocity and 
stimulus frequency were varied simultaneously in a physiological manner.

This research was funded by the Canadian Medical Research Council.
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656.3

WITHDRAWN

656.4
MEASUREMENT OF FORCE-RELATED ALTERATIONS IN FORELIMB 
TREMOR IN RATS. J.A. Stanford1*. S.C, Fowler2, & E.Y. Vorontsova1. 
‘Dept. of Human Development, ’Depts. of Human Development, 
Pharmacology & Toxicology, and Life Span Institute, University of Kansas; 
Lawrence, KS 66045

Rats were trained to press downward on an isometric force transducer to 
raise a water-filled dipper cup and maintain force to keep the dipper in the 
upright position while licking. Force requirements were then manipulated 
parametrically in order to measure the effects of escalating force output on 
forelimb tremor and other variables. In the “Peak-Force” manipulation, the 
forces required to raise the dipper were 20-, 40-, and 60-g (13 days/condition), 
while the force required to maintain the dipper in the upright position 
remained 6.7-g for all three conditions. In the “Peak- and Hold-Force” 
manipulation, rats were required to maintain the “dipper-up” force throughout 
the response. The forces required were 20-g (14 days), 40-g (15 days), and 60- 
g (14 days). For both manipulations, data were analyzed within and across 
conditions. As expected, force output increased with increased force 
requirements. Spectral analysis of force-time records revealed that during both 
manipulations, high-frequency (>10 Hz) forelimb tremor increased with 
increased force output, an effect that is consistent with human studies and that 
may reflect increases in motor units firing at higher rates (i.e., recruitment). 
Additionally, with the exception of the 60-g “Peak- and Hold-Force” 
condition, there were within-condition decreases in tremor (a weight training 
effect?) and increases in task engagement. The lack of training effects on task 
engagement and tremor during the 60-g “Peak- and Hold-Force” condition 
suggests that force requirements around 60-g, at least during this time frame 
and in this procedure, may approach a “break-point” for task engagement as 
well as a limit for training-related decreases in muscle tremor in rats. 
Supported by NIMH Grant MH43429

656.5

RELIABILITY OF TWITCH-INTERPOLATION TECHNIQUE IN 
SUBJECTS OF DIFFERENT AGE OR UNILATERAL DEFICIT 
S, Vanden Noven*. C.L, Beach, Dept. of Rehabilitation Sciences, The 
Hong Kong Polytechnic University, Hung Hom, Kowloon, HONG 
KONG (SAR China).

Recently, investigators have advocated the use of the twitch 
interpolation technique in the assessment of muscle performance in 
patient groups. To track changes in performance over time for 
individuals, further information is needed on the reliability of 
measurements using twitch interpolation (Allen et al., Muscle & Nerve,
1995). Maximal voluntary contractions (MVC) and the degree of 
voluntary activation were measured in lower limb muscles (Rice et al., 
Muscle & Nerve, 1992; e.g., quadriceps, tibialis anterior and triceps 
surae) for subjects of different age (range: 19-70+ years) or with a 
unilateral deficit. Healthy subjects with a history of unilateral lower limb 
surgery (e.g., repair of anterior cruciate ligament, Achillis tendon repair) 
were tested bilaterally. During a maximal voluntary contraction, the 
contracting muscle was stimulated electrically. If a twitch was 
superimposed on the voluntary force record, it indicated that the subject 
was not able to fully activate the muscle. Preliminary results support that 
the twitch interpolation technique can be a reliable method to quantify 
muscle performance in individual subjects. (This study was supported by The 
Hong Kong Polytechnic University: Central Research Grants and the Rehabilitation 
Sciences Departmental Research Committee.)

656.6
MYOSIN ISOFORMS ARE DIFFERENTIALLY EXPRESSED IN CRAYFISH 
MUSCLE. B. Griffis*, W. A. LaFramboise1. P. Bonner, W. Warren, and R. L. 
Cooper. Sch. of Biol. Sci., Univ. of Kentucky, Lexington, KY 40506; Dept. of 
Pediatrics, Allegheny Univ. of the Health Sciences, Pittsburgh, PA 15024'.

Contraction of striated muscle is achieved through an evolutionarily conserved 
sarcomeric architecture for the transduction of chemical energy into mechanical force. 
The dominant molecule underlying this contractile structure is the myosin heavy chain 
(MyHC). Isoforms of MyHC contain ATPase and nucleotide binding sites, an actin 
binding site for cross-bridge formation, and a coiled-coil a-helical region for self
association and thick filament formation. Muscle fiber diversity is largely attributable 
to the differential expression of MyHC gene family members that determine critical 
physiological, histochemical, and enzymatic properties. Hypotheses to explain 
myofiber diversity range from intrinsic control based on myoblast lineage to extrinsic 
control by factors including innervation, hormones, physiological use, etc.

The crayfish (Procambarus clarkii) provides an interesting model to test these 
hypotheses given the unique innervation and specialized function of crayfish 
appendicular and abdominal musculature. The walking leg opener and superficial 
abdominal extensor muscles are innervated by tonic excitatory motoneurons. High 
resolution SDS-PAGE revealed that these muscles express the same MyHC profile. In 
contrast, the deep abdominal extensor muscles are innervated by phasic motoneurons. 
MyHC analysis indicated that deep abdominal medial and lateral extensors express 
MyHC profiles identical to each other but different from tonic profiles. The claw closer 
and leg extensor muscles are dually innervated by tonic and phasic motoneurons and 
a concomitant mixed phenotype was observed in the claw closer muscle. These data 
suggest that variations in MyHC expression are associated with variation in muscle type 
and function in the crayfish. Supported by Univ. of KY Research and Graduate Studies 
(R.L.C.).

656.7

FIBER TYPE REGIONALIZATION IN RAT LOWER HINDLIMB. L.C. 
Wang and D.Kernell* Dept.Med.Physiol., Univ. Groningen, 
Bloemsingel 10, 9712 KZ Groningen, The Netherlands.

Although it is known since long that skeletal muscles 
may show marked regional differences in fiber type 
composition, this phenomenon has attracted little 
systematic analysis. We measured the degree and direction 
of fiber type regionalization for all muscles of the 
rat's lower hindlimb. Cross-sections were stained for 
myofibrillar ATPase, and fibers were classified as type 
I or II. Most muscles had a heterogenous distribution 
of type I fibers. Within cross-sections the degree of 
regionalization was quantified as: 1/ the percentage 
of total area containing interspersed type I fibers;
2/ the relative distance (normalized vs. muscle diameter) 
between the center of mass for the muscle and that for 
only the type I fibers. Both measures showed a 
significant correlation with muscle size (weight or 
midlevel diameter): large muscles were more regionalized 
than smaller muscles. For all the five muscles that 
were subjected to a lengthwise analysis, the density 
of type I fibers was smaller, and the degree of 
regionalization greater, in distal than in proximal 
portions. Within a cross-section, the direction of 
regionalization was often, but not always, such that 
type I fibers tended to lie in deep rather than in 
superficial (i.e. close to skin) muscle regions.

Source of support: University of Groningen.

656.8
PROLONGED CONTRACTION-RELAXATION CYCLE OF FAST- 
TWITCH MUSCLES IN PARVALBUMIN-KNOCK-OUT MICE
B. Schwaller1, J. Dick2, G. Dhoot2, S. Carroll3, G. Vrbova2, P. Nicotera3, D.
Pette3 , A. Wvss4, H, Bluethmann4, W. Hunziker4 and M. R. Celio1* 11nst, of
Histology & Gen. Embryology, Univ. of Fribourg, Switzerland 2Dept. of 
Anatomy, Univ. College, London, 3lnst of Toxicology, Univ. of Konstanz, 
Germany, 4Roche Vitamins Div., Hoffmann-LaRoche Ltd., Switzerland.

The low-molecular weight, high-affinity calcium-binding protein parvalbumin 
(PV), occurs at high concentrations in fast-contracting vertebrate muscle 
fibres. Its putative role in facilitating the rapid relaxation of mammalian fast- 
twitch muscle fibres by acting as a temporary buffer for Ca2+-ions is still 
controversial. Ca2+-transients and the dynamics of contraction of the fast- 
twitch muscles in knock-out mice for parvalbumin (PV-/-) were measured and 
compared with those from heterozygous (PV+/-) and wild-type (wt) mice. The 
rising phase and the peak of the Ca2+-transient after 20 ms stimulation were 
identical in the 3 genotypes, but the decay of [Ca2+], was slower in PV (-/-) 
mice. This was reflected in the prolonged time required to attain peak twitch 
tension force in the PV (-/-) mice and in the extended half-relaxation time of 
their muscles. The integral [Ca2+]i in muscle fibres of PV (-/-) mice was higher 
and consequently the force generated during a single twitch was -40% 
greater than in PV (+/-) and wt animals. We conclude that PV causes a 
shortening of the time required for maximal contraction and an increase in the 
relaxation-speed of fast-twitch muscle fibres at the expense of twitch force. 
Analysis of the proteins of the contractile complex (myosin heavy chain 
(MHC), troponins I and T) in fast-twitch muscle of PV (-/-) mice revealed the 
isoforms specific for fast-twitch muscles indicating that the absence of PV is 
not linked to the transformation to slow-twitch muscle fibres. To summarize, 
acceleration of the contraction-relaxation cycle of fast-twitch muscle fibres by 
PV may confer an advantage in the performance of rapid, phasic movements.
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656.9
AQUAPORIN-4 WATER CHANNEL PROTEIN IN THE RAT SKELETAL 
MUSCLE: AN IMMUNOGOLD STUDY. L.Bergersen13, Y.Takomi1. S.Nielsen2,
E.Nagelhus1* and O.P.Ottersen *. ’Dept of Anatomy, Inst, of Basic Medical 
Sciences, Univ. of Oslo, N-0317 Oslo, Norway, department of Cell Biology, Inst, 
of Anatomy, Univ. of Aarhus, DK-8000 Aarhus, Denmark. 3The Norwegian Univ. 
of Sport and Physical Education, N-0806 Oslo, Norway.

Water flux through mammalian plasma membranes is facilitated by aquaporin 
water channels. Variation in water permeability is due to different expression of 
aquaporins. It has previously been reported that rat skeletal muscles contain a 
member of the aquaporin family, aquaporin-4 (AQP4). However, the distribution of 
AQP4 between different type of skeletal muscle fibers is unknown. To study this we 
used an in situ hybridization method with riboprobes to AQP4 mRNA, as well as 
light and electron microscopical immunocytochemistry with antibodies to the AQP4 
protein. In situ hybridization revealed labeling of most fibers in the muscle extensor 
digitorum longus (EDL), while in the muscle soleus (SOL) only some fibers were 
labeled. EDL consists predominantly of type lib fibers, while SOL mostly contains 
type I and some scattered type lib fibers. Immunoblot analysis with antibodies to 
the AQP4 protein gave a band of 29-30 kDa in both type of muscles. 
Immunofluorescence labeling of AQP4 extended along the surface of most fibers in 
EDL, while this was true for only a few fibers in SOL. Postembedding immunogold 
procedures showed labeling restricted to the sarcolemma of fibers in EDL. In 
contrast, we could not detect labeling in any SOL fibers (probably due to the small 
size of the tissue sample used in the electron microscopical investigations). These 
results suggest that AQP4 is localized in the glycolytic type of muscle fibers and not 
in the oxidative type.

This work was supported by The Norwegian University of Sport and Physical 
Education.

656.10
AGING INCREASES MUSCLE PRE-ACTIVATION DURING 
STEPPING. T. Hortobdgyi*. P. DeVita. R. Hansen, J. Barrier and J. 
Money. Biomechanics Lab., East Carolina U., Greenville, NC 27858.

At previous meetings we reported that elders had a significantly more 
extended lower extremity than young adults at the time of ground contact 
during stepping. In the present report, we examined the hypothesis that 
elders prepare for landing by using greater muscle activation than young 
adults prior to landing, leading to age-related differences in lower extrem
ity kinematics during stepping. Healthy elderly (n=24, age 70) and 42 
young (age 20) men and women stepped down from a platform set at 
10% and 20% of body height. Vastus lateralis (VL) and biceps fern oris 
(BF) surface EMG activity were sampled at 1 kHz for 5 trials of stepping. 
Peak RMS EMG was determined in a 200-ms window prior to ground 
contact and normalized to the peak EMG activity measured during a 90°/s 
maximal voluntary quadriceps and hamstring eccentric contraction. The 
Table shows that the age group by stepping height interaction for the 
mean percent pre-activation was not significant but the group main effect 
('Combined') was significant (VL *F = 53.1, p = 0.001; BF **F = 17.5, 
p = 0.001). These data suggest that elders select a different movement 
strategy prior to movement execution compared with young adults during 
self-selected downward stepping, leading to a straighter lower extremity.

VL10% VL20% Combined BF10% BF20% Combined
Young 15 21 18* 12 20 16**
Old 41 50 45 40 44 42

Funded by NICHD, ECU's Faculty Senate, and NC Inst, on Aging

656.11
EFFECT OF STIMULUS PATTERN ON FATIGUE AND FORCE-FREQUENCY 
PROPERTIES OF EXTENSOR HALLUCIS BREVIS MUSCLE. D.F. Schach,
S.F. Woodring, and A.J. Fuglevand*. Dept. Physiology, Univ. of Arizona, 
Tucson, AZ 85721

Higher stimulus frequencies may be required to attain the same relative level 
of isometric force following prolonged intermittent activation of single motor 
units (Fuglevand et al. Soc. Neurosci Abstr. 1995) or whole human muscle 
(Binder-MacLeod & McDermond, Phys. Ther. '1992). It is not known, however, 
whether this change in the force-frequency relation is a general consequence 
of fatigue or is a specific effect of intermittent stimulation. To address this 
issue, we elicited force-frequency responses in extensor hallucis brevis (EHB) 
muscle of 10 human subjects before and after five fatigue protocols involving 
different patterns of activation. Supramaximal stimulation of the nerve 
supplying EHB was used in four of the protocols. The temporal pattern of 
stimulation was different for each protocol but the number of stimuli delivered 
was the same. These included: 1) continuous stimulation at 10 Hz, 8 min, 2) 
continuous stimulation at 20 Hz, 4 min, 3) continuous random-interval 
stimulation, mean frequency 20 Hz, 4 min, and 4) intermittent stimulation at 40 
Hz, 0.5 s trains, 1/s, 4 min. The fifth protocol involved a sustained voluntary 
contraction (4 min) at an initial target level 65% of the pre-fatigue maximum 
voluntary contraction force. Mean (±SD) tetanic force (% pre-fatigue) declined 
by a similar amount following the five fatigue protocols (10 Hz, 50±12%; 20 Hz, 
56±13%; 20-Hz random, 53±11%; intermittent 40-Hz, 48± 6%; and voluntary, 
57±18%). Likewise, the stimulus frequency to generate half-maximal force 
nearly doubled from the pre-fatigue value of 12.3±1.7 Hz (10 Hz, 183±25%; 20 
Hz, 176±40%, 20-Hz random, 172±20%, intermittent 40-Hz, 185±25%; and 
voluntary, 170±38% of pre-fatigue). Thus, the degree of force loss and the 
rightward shift in the force-frequency relation appear to be independent of the 
activation pattern perse used to induce fatigue. Supported by NIAMS 42893.

656.12
AN ANALYSIS OF WITHIN TRAIN VARIATION DURING REPETITIVE 
ACTIVATION OF PARALYZED MUSCLE IN HUMANS. YJ, Chang. R.K, 
Shields. M, Bilodeau*. Physical Therapy Graduate Program, The University of Iowa, 
Iowa City IA 52242.

M-waves elicited by electrical stimulation were found to vary within a tetanic 
contraction. Possible causes may be attributable to fatigue or related to a geometrical 
change of tlie muscle architecture underneath the recording electrode during isometric 
contractions. We analyzed the within train M-wave variation before, during and 
after fatigue of the chronically paralyzed soleus muscle in humans.

Seven individuals with complete spinal cord injury (6 chronically paralyzed and 1 
acutely paralyzed) had tlieir soleus muscle fatigued using a modified Burke protocol 
(20 Hz trains every second for 330 ms for 2 minutes) via supramaximal tibial nerve 
stimulation. Before and at various times after the fatigue protocol the tibial nene 
was activated with six 15 Hz trains ( duty cycle on/off = 726ms/1452ms). The M 
waves generated during electrical stimulation were measured with surface electrodes.

The results revealed that, in the chronically paralyzed soleus muscle, the within- 
train M-wave coefficient of variation (CV) significantly decreased (P<0.05) for 
amplitude (10, 15, 20 min recovery), duration (all times post fatigue), and median 
frequency (post fatigue, 10, 20 min recovery) as a result of the fatigue protocol. 
During the two minute Burke protocol, the within-train CV significantly decreased 
(P<0.05) in duration and median frequency. The within-train CV for area was not 
changed. Conversely, tlie CV of all the M wave parameters in the acutely paralyzed 
soleus muscle did not change.

We conclude that the geometric change between the recording electrode and the 
muscle fibers contributes to the decrease in M-wave variability during repetitive 
activation of the chronically paralyzed soleus muscle in humans. These findings have 
implications to the use of EMG to control neuromuscular stimulation.

656.13

ADAPTATIONS OF CAT SOLEUS MUSCLE FIBER SIZE AND 
PHENOTYPE TO CHRONIC NEUROMUSCULAR INACTIVITY. FL 
Zhong.1 R.R. Roy1 *, B. Siengthai2, R.J. Talmadge2, E.J. Grossman2,
J.A. Hodgson2 and V.R. Edgerton1’2. 1 Brain Research Institute and 
Physiological Science Department, UCLA, Los Angeles, CA 90095.

Neuromuscular inactivity was produced in the hindlimbs of adult female 
cats via spinal cord isolation (SI), i.e. complete transections at T12-13 and 
L7-S1 and bilateral deafferentation between the transection sites. In some 
SI cats, mechanical activity was imposed via stimulation of the soleus 
nerve at 40 Hz for 300 ms, 1 train/s for 30 min/day, 5 days/week during 
either the lengthening (SI-L) or shortening (SI-S) phase of a stimulated 
step cycle or isometrically (SI-I). Based on myosin heavy chain (MHC) 
immunohistochemistry, control (C) muscles were comprised of 99% pure 
Type I and 1% Type IIa±IIx fibers. Inactive muscles had 70% Type I, 
14% Type I+II, 7% Type IIa±IIx and 9% pure Type IIx fibers. Except for 
the absence of pure Type IIx fibers, the SI-S and SI-L groups had a fiber 
type distribution similar to SI cats. In contrast, the SI-I training protocol 
maintained the percentage of Type I fibers to C levels. Type I fiber size 
decreased by 81, 60, 56 and 47% in the SI, SI-S, SI-L and SI-I groups. 
The size of Type IIa±IIx fibers was unaffected by SI. The muscle cross- 
sectional area comprised of pure Type I fibers was 99, 71, 79, 82 and 88% 
in C, SI, SI-S, SI-L and SI-I cats. Thus chronic inactivity induced by SI 
results in a marked atrophy of slow fibers and a shift toward faster MHC 
isoforms, to include de novo pure Type IIx fibers, in the normally slow 
soleus. Short daily periods of L, S or I contractions blunt the decrease in 
fiber size, with the isometric regime having the largest effect. In contrast, 
only the isometric protocol was effective in ameliorating the shift in the 
MHC profile induced by inactivity. (Supported by NIH Grant NS 16333)

656.14
ROLE OF MUSCLE IGF-I SYSTEM IN MEDIATING THE ANABOLIC 
EFFECTS OF NANDROLONE. M. Fournier*, D.R. Clemmons and M.I. 
Lewis. Division of Pulmonary/Critical Care Medicine, Cedars-Sinai Medical 
Center, UCLA School of Medicine, Los Angeles, CA 90048 and Division of 
Endocrinology, University of North Carolina, Chapel Hill, NC 27599.

Recent studies suggest that the anabolic effects of testosterone on skeletal 
muscle strength and protein synthesis may in part be mediated through an 
intramuscular insulin-like growth factor (IGF) system. The purpose of this 
study was to examine the effects of nandrolone (NAN) on IGF-I and IGF 
binding proteins (BP) in rat diaphragm (DIA). One-year old female rats were 
treated with either a 17 day course of continuously infused NAN (n=7) or 
received sham surgery only (CON; n=7). The DIA was rapidly excised and 
frozen for histochemical and biochemical analyses. DIA muscle fibers were 
classified immunohistochemically and fiber cross-sectional areas (CSA) 
determined quantitatively. DIA serial sections were also reacted with a 
polyclonal antibody against IGF-I and the intensity of the immunoreactivity 
within individual fibers determined. IGFBPs were determined from muscle 
homogenates by electrophoresis and Western ligand blotting and measured 
by scanning densitometry. The initial dose of NAN was 6 mg/kg/day. There 
was an increase in body weight in the NAN group compared to CON (9.4 ± 
4.5% vs. -0.6 ± 3.1%). There were no changes in muscle fiber composition. 
NAN increased DIA fiber CSA of type Ilx/b fibers by 30%. IGF-I 
immunoreactivity within DIA type Ilx/b fibers was also increased in the 
NAN group by 29%. NAN resulted in a 69% increase in IGFBP-3 while 
IGFBP-4 decreased by 40%. We conclude that NAN promotes body weight 
gain and hypertrophy of DIA type Ilx/b fibers. This is consistent with an 
anabolic response that may be mediated by coordinated changes in IGFBPs to 
liberate more free IGF-I to bind receptors.
Supported by NIH grant HL47537 and UC-TRDRP grants 4RT-0132 and 6RT-0144

Society for Neuroscience, Volume 24,1998



WEDNESDAYAM________________________________________ MUSCLE AND MOTOR UNITS II_______________________________________________________ 1675

656.15
PRELIMINARY ANATOMIC EVIDENCE OF NEUROMUSCULAR SEGMENTS 
IN THE HUMAN GRACILIS MUSCLE. B.W, Bakkum*. The National 
College ot Chiropractic, Lombard, IL 60148.

Neuromuscular segments, subvolumes of named muscles that are 
each innervated by a separate muscle nerve branch and individually 
contain motor unit territories with a unique array of functional 
characteristics, appear to exist in many mammals. This 
arrangement of discreet and consistent subdivisions of individual 
muscles may represent an anatomic correlate of a functional 
hierarchy of control of muscular action. In the several human 
muscles have been investigated for such an arrangement, these 
segments appear to exist. The human gracilis muscle has not been 
investigated for anatomic evidence of these neuromuscular segments. 
From each of 6 embalmed adult cadavers, one thigh (3 - right, 3 - 
left) was dissected to expose the gracilis muscle and the muscular 
branches of the anterior division of the obturator nerve. In another 
4 cadavers, the dissection was performed bilaterally (n=14). In all 
cases (100%), a thick perimysial partition completely separated 
the muscle fibers into two groups. One group represented the 
anteromedial portion of the muscle. These fibers originated from the 
inferior pubic ramus and longitudinally formed the anterior portion 
of the tendon of insertion. The other group of fibers was the 
posterolateral portion of the muscle. These fibers originated from 
the ischial ramus and longitudinally formed the posterior portion of 
the tendon of insertion. In all cases (100%), there was a single 
nerve branch that ran to the muscle, but this branch invariably 
split into two, one to each segment, before entering the substance of 
the muscle. Supported by National College of Chiropractic.

656.16
IS THERE A DISTINCT SPECIES OF MUSCLE SPINDLE IN 
EXTRAOCULAR MUSCLES? A. Maier* Department of Cell Biology, 
University of Alabama at Birmingham, Birmingham, AL 35294.

The structure of over 200 muscle spindles from bovine extraocular muscles 
(EOM) was examined with morphological and immunohistochemical methods 
to determine how similar or different these receptors are compared to typical 
mammalian spindles of the limbs. Intrafusal fiber content in EOM ranged from 
1 to 16 fibers. In this respect they resembled more avian than mammalian 
spindles. No typical nuclear bags were encountered in EOM intrafusal fibers. 
Instead, nuclear placement in all fibers resembled a chain type of 
arrangement. After incubation with monoclonal antibodies, for three of four 
myosin heavy chains (MHC) examined, expression at the equator was less 
than at the poles. Based on cross-sectional areas and MHC profiles, two 
basic groups of intrafusal fiber could be recognized. Fibers with larger cross- 
sectional areas expressed more embryonic and slow MHC than smaller fibers. 
Intrafusal fibers of small size expressed more fast MHC than larger fibers. 
Thus, despite the absence of distinct nuclear configurations at the equator, the 
larger and smalller fibers of EOM spindles resembled nuclear bag and nuclear 
chain fibers of the limbs, respectively. There was some variation in MHC 
profiles within the larger fibers, but no definite subgroups were recognized. 
Numbers of entering small and large axons were similar to receptors in the 
limbs. The ratio of small (presumed equivalent of nuclear chain fibers) to large 
(presumed equivalent of nuclear bag fibers) fibers was greater in OEM than in 
limb muscles. This feature, together with the prevalence of the nuclear chain 
configuration, may impart on extraocular spindles a largely static afferent 
outflow. Their much shorter length (about 1,200 qm in EOM vs. 5,000 um in 
limbs), and the static afferent outflow, should make EOM spindles a suitable 
receptor for monitoring the small length changes that occur in EOM.

Supported by departmental funds.

656.17
DEHYDRATION REVEALS EARLY ONSET OF THE PATHO
GENESIS OF STREPTOZOTOCIN-DIABETIC MICE. M.A. Fahim1*.
H.^Shaheen2 W.,_ B, Al^Shuaib.3 S. -Singh1 and N. .Davidson*
1 Department of Physiology, Faculty of Medicine and Health Sciences, 
department of Biology, Faculty of Science, UAE University, United 
Arab Emirates; department of Physiology, Faculty of Medicine, Kuwait 
University, Kuwait.

Animal models of diabetes suffer large body weight loss causing non
specific changes in skeletal muscle similar to those seen in starvation. 
We report here that after only two weeks of streptozotocin-induced 
diabetes (STZ-D) in TO mice showing no muscle weight loss, there is no 
change in tension produced by 1 and 5 Hz stimulation both of muscle 
directly and nerve (indirect stimulation). However at 30 Hz there is a 
significant reduction in tension (indirect 4.4 g to 3.3 g, direct 4.9 g to 3.3 
g). After 24 hours of water deprivation, there is no change in control 
mice, but STZ-D mice show significant reduction in tension at all 
frequencies (e.g. 30 Hz indirect, 3.3 g to 2.0 g; 30 Hz direct, 3.3 g to 2.0 
g). Uitrastructural studies show no change in nerve or muscle after two 
weeks STZ-D, but with STZ-D plus water deprivation there is reduction 
in nerve cytoplasm, reduction in synaptic vesicle numbers at the 
neuromuscular junction and disruption of mitochondria both pre- and 
post-synaptically. These results indicate that diabetic pathology, although 
functionally subliminal, exists at a very early stage in the onset of the 
disease. Water deprivation provides a useful technique for study of the 
early onset of diabetes.

656.18
EFFECTS OF 4 WEEKS OF INACTIVITY ON MYOSIN HEAVY CHAIN 
EXPRESSION IN RAT SOLEUS AND TWO GASTROCNEMIUS MEDIALIS 
COMPARTMENTS. B. Cormerv1,2, J.F Marini1. P.F, Gardiner2*. 'Unite cfe 
Neurobiologie Cellulaire, CNRS; Marseille, 13007, France; 2Neuromuscular Plasticity 
Laboratory, Univ. de Montreal; Montreal, Québec, H3C 3J7, Canada.

The expression of five myosin heavy chain (MHC) isoforms was analysed in the rat 
soleus (Sol) and the deep and superficial medial gastrocnemius (GM) muscle after 
chronic tetrodotoxin (TTX) paralysis (2 and 4 weeks). TTX paralysis causes severe and 
identical atrophy (50%) of both Sol and GM muscles. The evolution of MHC change 
among originally pure type I fibers was similar in Sol and GMd. In Sol, after 4 weeks 
of paralysis, originally pure type I fibers were either pure type I (14%), or also 
contained developmental (D; 66%), Ila (23%) or IIx (16%) MHC. Corresponding 
values for GMd were 8.5%, 63%, 37% and 21%. Also by four weeks an increase was 
seen in the proportion of fibers expressing Ila MHC in Sol (From 16% to 32%) and 
GMd (from 24% to 74%). A dramatic increase occurred in proportions of fibers 
expressing IIx and D MHC, in both Sol and GMd after two weeks. More interestingly, 
in comparing the deep and superficial type lib fibers in the GM the pattern of 
expression of MHCs was different. At two weeks the fibers expressing lib MHC in the 
GMd co-expressed all other MHCs except type I. Futhermore, there remained almost 
no pure lib fibers in GMd after only two weeks of paralysis. However, in GMs, the 
major proportion of lib fibers remained pure in MHC, with the remainder co
expressing lib and IIx (14%). These data show that the evolution of change in MHC 
expression with complete inactivity is similar in type I fibers in Sol and GMd, and 
that previously shown results for Sol are therefore not muscle-specific. For type II 
fibers, however, the effect of complete inactivity results in a muscle region-specific 
evolution of MHC co-expression. This probably reflects fundamental differences in the 
properties of lib fibers, and their control, within these 2 distinct muscle compartments 
in GM. Supported by CRSNG Canada, AFM France.

656.19

WHOLE MUSCLE LENGTH-TENSION PROPERTIES VARY WITH 
ACTIVATION IN AREFLEXIVE CAT MEDIAL GASTROCNEMIUS 
MUSCLE T, G, Sandercock* and C.J, Heckman Physiology, Northwestern
U. Med. Sch., Chicago IL, 60611.

Our long term goal is to characterize the mechanical properties of cat medial 
gastrocnemius muscle (MG) during natural activation. The properties of such 
a heterogeneous muscle are expected to change with activation level, due to 
changes in firing rates, and the recruitment of type S before type F units.
Initial attempts to measure force-velocity properties were confounded by 
dramatic changes in the length-tension properties at low firing rates. Thus, the 
purpose of this study was to characterize the length-tension properties of the 
MG during natural activation.

Normal motor unit recruitment and firing patterns were preserved by 
activating the muscle via the crossed-extension-reflex in the decerebrate cat 
preparation. An ipsilateral dorsal rhizotomy eliminated reflexes. 
Methoxamine, a noradrenergic agonist, was applied to the surface of the spinal 
cord to potentiate motor output and compensate for the loss of excitation from 
the rhizotomy. The MG was attached to a servomechanism to control length 
and measure force. Each trial began by mechanically compressing the 
contralateral leg to reflexively activate the MG. Following a 4 mm release, 
force was allowed to redevelop. Thus, force could be measured at two 
lengths, the start length and end length after the step. Repeat trials at different 
lengths allowed estimates of the full length-tension curves at activation levels 
generating force between 5 and 25% of maximal tetanic tension. The 
ascending limb of the length-tension curves were much steeper than those 
measured during tetanic stimulation at 100 Hz, and were inversely correlated 
with the level of activation.

These results suggest that the length-tension characteristics of normally 
activated muscle may be more important than the force-velocity characteristics 
in the overall behavior of the MG. (NIH AR34382)
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657.1
CONTRIBUTIONS OF EYE GAZE PERCEPTION TO FACE RECOGNITION.
E.A. Hoffman*. L.E. Webb and J.V. Haxbv. NIH, Bethesda, MD 20892.

Perception of the eye region is a critical component of the face recognition system, 
in part because of the sociobiological information that the eyes convey (e.g., threat). 
We conducted two experiments to investigate the interaction between perception of eye 
gaze direction and perception of characteristics of the entire face (identity and gender). 
In Experiment 1, we examined the effect of face inversion on perception of eye gaze 
direction, identity, and gender. In Experiment 2, we examined differences in the 
perception of the identity and eye gaze of a face that is looking at an observer (direct 
gaze), versus one that is looking away (averted gaze).

In Experiment 1, 11 healthy subjects performed delayed match-to-sample tasks. 
Subjects indicated which of two choice faces matched a sample face on a given 
characteristic (identity, gender, or eye gaze ). Each of these conditions was tested in 
both inverted and right-side-up orientations. In Experiment 2, eight different subjects 
performed one-back repetition detection of identity and eye gaze. In the identity task, 
subjects decided if the person was the same as the one they saw in the previous trial. 
In the eye gaze task, subjects decided if the eye gaze direction on a face matched that 
seen in the previous trial.

In Experiment 1, face inversion slowed perception of characteristics of the entire face 
(identity and gender ), but not gaze direction (Orientation x Condition interaction, 
P<0.05). This result suggests that eye gaze direction can be perceived independent of 
the perception of whole face configuration. In Experiment 2, subjects were faster to 
respond to a face that had a direct, rather than an averted gaze (P<0.05), for both 
identity and eye gaze perception. That eye gaze direction affects the efficiency of face 
perception, even when subjects are not explicitly attending to eye gaze, suggests that 
although eye gaze direction is perceived independent of whole face configuration, direct 
gaze can enhance attention to a face, perhaps at an automatic level.

Supported by NIMH-IRP

657.2
INTERHEMISPHERIC INTERACTION FOR NOVEL FIGURES. M. Milham*, M. 
Banich, & W. Sallas. The Beckman Institute, University of Illinois, Urbana- 
Champaign, 61801

The present study examines whether interhemispheric interaction can aid 
performance of a complex task requiring computations to be performed on visual 
forms with which an individual has had minimal prior experience. Previous studies 
using highly familiar visual forms (e.g., letters) demonstrate interhemispheric 
interaction to benefit the performance of computationally complex tasks. For 
example, in a series of tachistoscopic matching tasks, Banich and Belger (1990) found 
interhemispheric interaction to aid task performance when participants decided if two 
letters shared the same name (i.e., Aa), and hinder it when deciding if two letters were 
physically identical (i.e., AA). Since the name identity task requires at least one more 
computational step than the physical (i.e., case transformation), their data suggest the 
benefits of interaction increase with the number of computational steps. However, 
such findings do not necessarily generalize to visual information with which an 
individual has had little experience.

To determine whether such benefits are independent of prior experience, we used 
a paradigm based on Banich and Belger (1990) but with Japanese characters. For the 
low complexity task, participants decided if two Japanese characters were physically 
identical. For the high complexity task, participants were trained to recognize 
arbitrary pairings of Japanese characters (display time = 500 msecs.) and then tested 
on whether two items were properly paired together (display time = 200 msecs.). In 
both tasks, information critical to the decision was either divided between the visual 
fields requiring interaction (across-hemisphere trials), or presented to the same visual 
field, not requiring interaction (within-hemisphere trials). The low complexity task 
yielded a within advantage, and the high complexity task, an across advantage. Thus, 
our results imply that previous findings generalize to novel forms, and are 
inconsistent with suggestions that the effect is dependent on the nature of the visual 
form (e.g., Nicholas and Marsolek, 1997). (Supported by the Beckman Institute)

657.3
AN fMRI STUDY OF TASK-RELATED ACTIVATION DURING SHAPE 
FROM SHADING PATTERN RECOGNITION Steven Kalik1, Nicholas Schiff1, 
Joy Hirsch1’2, and Keith Purpura1*. 1 Cornell University Medical College, New 
York, NY; ¿Memorial-Sloan Kettering Cancer Center, New York, NY 10021.

Pattern recognition requires monitoring multiple features in a display while 
comparisons are made to a template held in memory. We used a pattern 
recognition task employing shape from shading cues to identify regions activated 
by the demands of a pop-out task in which the entire display is monitored in 
parallel. Three right-handed subjects in a 1.5 T MRI scanner maintained fixation 
at the central junction within one central hexagonal subunit, while viewing a serial 
presentation of arrays of 10 shaded hexagons. These 2-D images carry a 3-D 
interpretation if the hexagons contain 3 shaded regions joined by a Y-junction. 
New arrays of hexagons with varying Y-junction orientations were presented every 
500 ms. Subjects were asked to either (1) maintain fixation while passively 
viewing the stimulus, or to (2) fixate and respond when the array of hexagons had 
all of the Y-junctions aligned in one orientation.

During passive viewing, BOLD signal activations above threshold were seen 
in striate and extra-striate visual areas, inferior temporal cortex, and inferior 
parietal lobule. During pattern recognition, significant activation was seen in the 
above regions, but territories were larger in area, extending into medial temporal 
gyrus, and more superiorly within the parietal lobule. The recognition task also 
produced activity in the pulvinar, inferior frontal cortex (typically considered a 
language area), medial frontal cortex, and in the anterior cingulate. Activity was 
greater in the right hemisphere in all cases except inferior frontal. Thus, even a 
preattentive task recruits attentional networks involving frontal cortex and 
thalamus and reorganizes and expands activity in the visual cortex. Supported by: 
EY07138(SK); NS02014(NS); Charles A. Dana Foundation, Johnson & Johnson 
Focused Giving Foundation, Cancer Center Support Grant NCI(JH); and 
NS01677, NS36699(KP).

657.4

HORIZONTAL LINE BISECTIONS IN UPPER AND LOWER BODY 
SPACE
A.M. Barrett1,2*, B. Crosson1, G.P. Crucian1, and K.M. Heilman1,2
’Department of Neurology, University of Florida College of Medicine; 
2Neurology Service, Department of Veteran’s Affairs Medical Center; 
Gainesville FL 32610.

Whereas the ventral visual stream is important for the recognition of 
objects, the dorsal visual stream is important in spatial localization. In 
addition to the ventral-dorsal dichotomy, there are right and left 
hemispheric asymmetries in this visual processing; the left hemisphere 
may play a larger role in recognizing objects, and the right in specifying 
spatial locations. To determine if visual stimuli in upper and lower body 
space evoke different hemispheric activation, we had 12 normal subjects 
bisect horizontal lines both above and below eye level. Subjects erred 
significantly rightward in upper body space relative to lower body space 
(mean 0.4225 mm and -1.3345 mm respectively, p =.011). In upper 
body space, bisection errors did not significantly differ from zero, but in 
lower body space, leftward errors tended to occur (mean -1.3345 mm, 
differs from null set at p =.0755). These results are consistent with 
dorsal stream-right hemisphere activation when performing a spatial 
task in lower versus upper body space.

Study supported by the Department of Veteran’s Affairs.

657.5

AUDITORY EVENT-RELATED POTENTIALS (ERPs) DURING 
DIFFERENT AROUSAL LEVELS. Astrid D.< Checa A., Meneses S.*. Instituto 
de Neurociencias, Universidad de Guadalajara. México.

The aim of the present study was to evaluate the relationship between 
the arousal level and auditory detection processes. We analyzed changes in the 
ERPs obtained during awake, rapid eye movement sleep (REM) and slow 
wave sleep (SWS).

Thirteen healthy subjects (6 females, 7 males) ranging in age from 19 
to 29 years old, spent a night in the laboratory. ERPs were recorded on Fz, 
Cz, Pz, and Oz, referred to earlobe. Two speakers, 15 mm diameter, were 
fixed on both mastoids. Stimuli were tones of 2 and 4 Khz (50 ms duration). 
We use the oddball paradigm. The infrequent tone was presented with a 
probability of 0.1.

We recorded the ERPs in different behavioral conditions, when subject 
was awake, with eyes closed and eyes open, and during all the sleep stages. 
Two way analyses of variance (Zone and State) were done for peak amplitude 
and latency of all the components, as well as for the amplitude, in ranges of 50 
ms, of the difference wave.

During awake conditions we observed an increase in the negativity 
components in the latency range of 100-220 ms, while during sleep we 
observed an increase in the positivity in the same latency. The amplitude of 
these positive components was lower during REM sleep. These results suggest 
that the response to acoustic stimuli is modulated by the arousal level.

Supported by CONACYT 465100-5-1492PH

657.6
FRONTAL EVENT-RELATED POTENTIALS ASSOCIATED WITH READINESS FOR AUDITORY 
perception. G.R.J. Christoffersen.* L.E, Nielsen. J. Pallesen and T, Andersen, 
Neuroscience Cntr. for Cognition & Memory, Univ. of Copenhagen, Copenhagen, 
DK-2100.

While effects of attention on auditory evoked potentials have been extensively studied, 
event-related potentials (ERPs) associated with anticipatory attention to an expected 
sound are far less investigated. Furthermore, previous recordings of such (negative) ERPs 
have been contaminated by motor readiness potentials. Therefore, it became the aim of 
the present work to record purely perceptually anticipatory ERPs.

Electrodes were placed at positions: Fpl, Fp2, AF7, AF8, AFz, FI, F3, F7, F2, F4, F8, 
T7, T8, C3, C4, and Cz on eleven healthy subjects (age 24-29). During an attended 
recording session, 300 tone-pairs were presented bilaterally using 3 sec. tone intervals. 
The second tone (400 msec.) followed an oddball paradigm using 440 Hz as "common" 
and 480 Hz as "odd" (20%). Subjects were asked to anticipate the second tone and to 
silently count the number of "odds" and report it after the session (no within-session 
motor activity). A similar non-attended session was recorded in which subjects were 
asked not to pay attention to sounds and to silently perform specified numerical 
calculations. Averaged attended minus non-attended ERPs during tone intervals were 
calculated. The means from all subjects of such differential ERPs were obtained.

Negative differential mean ERPs appeared with amplitudes increasing towards the 
second tone. A numerical maximum of -5gV just before the second tone was observed 
at Fpl declining in the posterior direction. An analogous anterior-posterior gradient was 
present in the right hemisphere - though at lower amplitudes. Surface Laplacian 
transformations confirmed the presence of a fronto-polar current sink.

Earlier investigations have reported numerical maxima near the primary motor cortex. 
The presently observed prefrontal maximum comply with the interpretation that it 
represented a perceptual readiness potential uncontaminated by motor activity.
Support: Grant 9502216 from four Danish National Research Councils to GRJC.
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657.7

EFFECT OF TONE PULSES WITH FLUCTUATING INTER-STIMU
LUS INTERVALS ON AUDITORY EVOKED MAGNETIC FIELDS
N. Harada1, T. Masuda1,2, H. Endo1,2 and T, Takeda312*
National Inst, of Bioscience and Human-Tech.; 2Core Research for 
Evolutional Science and Technology (CREST), Japan Science and Tech
nology Corporation (JST); 3Dept. of Mathematical Eng. and Information 
Physics., University of Tokyo; 1-1 Higashi, Tsukuba, 305-0046, JAPAN.

We are interested in the capability of humans to extract regularity from 
environmental stimuli, and are looking for its functional basis and loca
tion in the human brain. In a power spectrum of the fluctuations expressed 
by 1/fn, n shows the steepness of the power spectrum.

We investigated the effects of tone pulses with inter stimulus interval 
times given by three fluctuations, 1/f°, 1/f1 and 1/f2, and with a fixed 
interval on Magnetoencephalographic (MEG) auditory evoked fields 
(AEF). The diminution of the 100 msec latency component (NIOOm) of 
the AEF was examined for three human subjects.

All subjects received 630 presentations of a 1000-Hz tone burst (7 
runs of 90 tone bursts). Each stimulus was of 95 msec duration, with a 
rise/decay time of 5 msec and an intensity of 60 dB sensation level. The 
fixed interval wasl.06 sec, and the fluctuation intervals werel.06 sec on 
average ranging from 0.5 to 2.1 sec.

The progressive diminution observed for the NIOOm is examined for 
the four conditions. The amount of diminution of the NIOOm source local
ized to the right hemisphere was significantly increased by the exponent 
of the fluctuation (F(3/6)=5.196: p<0.05).

The capacity to extract regularity from environmental stimuli was 
reflected in the diminution of the response of the NIOOm source.

COGNITION: ATTENTION—SPATIAL AND INTERMODAL SELECTION

658.1
INTRAPARIETAL INFUSIONS OF SCOPOLAMINE SLOW COVERT 
ORIENTING TO VISUAL TARGETS IN RHESUS MONKEYS.
M.C. Davidson* & R.T. Marrocco. Institute of Neuroscience, University of 
Oregon, Eugene, OR 97403.

Recent work from this lab has shown that covert orienting, as assessed by the 
Posner (1980) paradigm, is modulated by two neurotransmitter systems. The 
cholinergic system facilitates the shifting of attention through space, while the 
noradrenergic system facilitates the utilization of temporal information (Witte et 
al., 1997; Witte and Marrocco, 1997). The present work attempted to localize 
the site of the cholinergic modulation of spatial attention by comparing the 
behavioral effects of scopolamine administered through systemic injections and 
direct infusions in lateral intraparietal (LIP) cortex.

Two rhesus monkeys were trained to detect peripherally cued targets (releasing 
a lever) and reaction times (RTs) to target appearance were measured. Four 
types of peripheral trials were used: valid (cue and target spatially coincident), 
invalid (cue and target not coincident), double (two cues presented) and no-cue. 
In addition, two central conditions measured attentional effects at the fixation 
point. We assessed performance by calculating the validity effect (invalid minus 
valid RTs) and the alerting effect (no-cue minus double cue RTs). Infusion sites 
within LIP were first identified electrophysiologically by response to visual 
stimuli and by receptive field properties.

Both administration routes produced a dose-dependent slowing of overall RTs 
and a reduction in the validity effect, relative to control injections. There were 
no significant changes in the alerting effect and performance in the central 
conditions was unaffected through either route. We conclude that covert 
orienting depends in part on cholinergic modulation within the parietal cortex. 
Supported by NIH grant NS32973, ONR grant N00014-96-0273 and the 
McDonnell-Pew Foundation.

658.2

A NEURAL NETWORK MODEL OF VECTOR SUBTRACTION AND 
VARIABLE 'REDIRECT MECHANISMS FOR SELECTIVE VISUAL 
ATTENTION IN AREA LIP AND FEF. J, Bickle*. M. Bernstein and C. 
Wodey. Focused Research Program in Computational Neuroscience, 
Brewster A-327, East Carolina University, Greenville, NC 27858-4353

Previously we mimicked cell properties and connectivities in primate lateral 
intraparietal area (LIP), frontal eye fields (FEFs), and intermediate layers of 
superior colliculus (ISC), in a computer implemented neural net. Initial 
results widi our model suggest that this circuitry is a neural mechanism for 
selective visual attention. Pre- and postsaccadic activity in LIP and FEF 
implement vector subtraction, computing a sequence of saccades from an original 
fixation point. These sequences can be interrupted by a 'redirect' mechanism 
that inhibits ptesaccadic activity and sends a <0, 0> saccade message that 
combines with postsaccadic messages to return attention to the original 
fixation point. This 'redirect' mechanism is variably controlled. When its 
threshold is high, activation requires numerous postsaccadic inputs; when 
low, a single postsaccadic message from initial fixation area can activate it. 
Threshold setting determines how quickly attention is redirected to fixation 
point after a peripheral distraction.

Recent electrophysiological evidence suggests that the FEF itself contains 
cells capable of performing this variable 'redirect' task. We interpret recent 
experimental results by Berman and Bruce in light of our model. Their 
‘suppression sites’ in FEF have both the anatomical connectivities and the 
physiological response profiles needed to realize the 'redirect' mechanism 
hypothesized in our neurocomputational model.

658.3
AN ELECTROPHYSIOLOGICAL ANALYSIS OF THE SPATIAL DISTRIBUTION 
OF ATTENTION. S.D. Slotnick1, J.B. Hopfinger2, E.E. Sutter3*, S.A. Klein1, and T. 
Carney1,4. 'Dept. of Vision Science, Univ. of California, Berkeley; 2Dept. of 
Psychology, Univ. of California, Davis; 3Smith-Kettlewell Eye Research Institute,
San Francisco, CA.; 4Neurometrics Inst., Berkeley, CA.; San Francisco, CA. 94115.

It has been shown behaviorally (e.g., Downing & Pinker, 1985) that attention to a 
location in space produces a facilitation of processing that is maximal at the attended 
position and gradually falls off with increasing distance from that position. This 
"gradient-model" of attentional facilitation has been confirmed electrophysiologically, 
as early components of the event-related potential (ERP) generated by visual stimuli 
have been found to be facilitated most at the attended location, with a gradual decrease 
in the facilitory effect at locations 5" and 10° from the locus of attention (Mangun & 
Hillyard, 1988). Previous studies, however, have examined relatively few spatial 
locations within the visual field, and all locations were relevant to the subjects’ task. 
To understand the dynamics and distribution of attention throughout space, we have 

utilized a novel technique which uses a multi-stimulus array to probe 60 different 
positions across the central 15.6" of the visual field. Subjects were instructed to 
maintain central fixation while counting the number of randomly occurring color- 
reversals of a small solid circle. The attended circle was superimposed on a stimulus 
patch at 3" eccentricity in the left or right hemifield (subjects attended only to the right 
or only to the left in separate blocks of trials). The ERPs generated by each stimulus 
patch were measured with an electrode array to determine the modulatory effect of 
attention across the visual field.
Attention to a specific location resulted in a facilitation of the ERPs generated by 

stimuli within an elliptical "window" extending from the point of fixation to the 
attended location. This region of facilitation was surrounded by a region of inhibition. 
Previous dipole source localization results using an identical multi-stimulus array 
indicate that these attentional modulations may have occurred in primary visual cortex 
(Slotnick, 1998). Supported by NIH Grant EY06961

658.4
MODALITY-SPECIFIC FRONTAL AND PARIETAL AREAS FOR 
AUDITORY AND VISUAL SPACE PERCEPTION IN HUMANS. K.O. 
Bushara', R, Weeks', K. Ishii1, M, Catalan', L.G, Cohen1 J.P, Rauschecker2 
and M. Hallett * Human Motor Control Section, NINDS, NIH, Bethesda,
U.S.A., Georgetown Institute for Cognitive and Computational Sciences, 
Washington, DC USA.

While the important role of the human dorsolateral prefrontal cortex 
(DLPFC) and the posterior parietal cortex in spatial localization of visual 
stimuli is well established, their role in auditory space perception remains a 
matter of debate. Also remaining unresolved is whether these classical 
association areas function as supramodal cortical fields where spatial 
information is processed independent of the physical properties of the 
sensory input or whether they contain modality-specific areas. We used 
positron emission tomography in normal human subjects during 
immediate response as well as delayed response tasks involving azimuthal 
localization of both visual and auditory stationary stimuli, in the absence of 
eye movements. A head-phone presented sounds with spectral and 
binaural localization cues mimicking those of sounds arriving from 
speakers in the free field. Experimental conditions of visual and auditory 
localization were matched in design so that differences in the patterns of 
task-related changes in rCBF could only be attributed to the modality of 
the spatial stimuli. The results showed that the human posterior parietal 
cortex contains a polymodal area (located in inferior parietal lobule) as well 
as distinct, modality-specific areas for visual and auditory spatial localization 
(located in the superior parietal lobule;SPL). Distinct modality-specific 
areas were also identified in DLPFC. In both the SPL and DLPFC, the 
visual area was more rostral and medial to the auditory area. Our results 
may explain the dissociation of visual and auditory spatial deficits reported 
in the literature in patients with lesions involving these regions.
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658.5
CUED SHIFTS OF INTERMODAL ATTENTION: PARIETO OCCIPITAL 
8-14 Hz ACTIVITY REFLECTS ANTICIPATORY STATE OF VISUAL 
ATTENTION MECHANISMS. J.J. Foxe1, G.V. Simpson1’2 and S.P. Ahlfors2* 
'Dept. Neurosci. and 2Neurol., Albert Einstein Coll. Med., Bronx, NY 10461.

We examined whether cueing attention between the visual and auditory 
modalities results in differential parieto-occipital 8-14 Hz activity, indicative of 
the to-be-attended modality, prior to the occurrence of the attended stimulus.

Subjects were cued (SI) on a trial by trial basis to attend a specific sensory 
modality. The cue-stimuli were the visually presented words “BEEP”, “FLASH” 
and “PAUSE”. One second after SI, subjects received a compound 
auditory/visual stimulus (S2), and performed a go/no-go discrimination task in the 
cued modality. Since all S2s had simultaneous auditory and visual stimulation, the 
information content in the SI’s had to be used for successful task completion. 
Evoked-potential recordings from 12 subjects were obtained from 128 scalp 
electrodes. Two measures of activity in the frequency band of 8-14 Hz were 
derived for a 300ms period preceding S2 onset: root-mean square amplitude of 
current-source-density (CSD) waveforms, and temporal spectral evolution 
amplitude of voltage waveforms.

Cueing attention to the auditory features of an upcoming compound audio
visual stimulus resulted in significantly higher 8-14 Hz amplitude in the period 
preceding the onset of this stimulus than when attention was cued to the upcoming 
visual features.

We propose that this parieto-occipital 8-14 Hz activity reflects a disengaged 
visual attentional system in preparation for anticipated auditory input that is 
attentionally more relevant. Conversely, the lower activity seen during the attend- 
visual condition may reflect the active engagement of parieto-occipital areas in 
the anticipatory period. These results support models that implicate parieto
occipital areas in the control of visual attention. (NS27900-GVS, MH11431-JJF)

658.6
INTRAMODAL AND CROSSMODAL SPATIAL ATTENTION TO AUDITORY 
AND VISUAL STIMULI. AN EVENT-RELATED POTENTIAL (ERP) STUDY. 
W. A. Teder-Salejarvi*, T.F. Miinte, F.-J. Sperlich, & S.A. Hillyard. Department of 
Neurosciences 0608, University of California, San Diego, La Jolla, California.

This study investigated whether ERPs to auditory stimuli are modulated by spatially 
selective attention to visual stimuli at a common location and vice versa. Noisebursts and 
light flashes were presented in random order at a rate of about 6 stimuli/second to left and 
right field locations separated 60° in free-field. Two different groups of 15 healthy young 
subjects each were instructed to attend selectively to stimuli in one modality at one of the 
two locations in each run. The subjects in the auditory group were instructed to attend only 
to the noisebursts and in the visual group only to the light flashes. The subject’s task was 
to press button to infrequent target stimuli in the designated modality. The subjects in the 
auditory group were instructed to attend only to the noisebursts and in the visual group only 
to the light flashes. ERPs to all stimuli were recorded from 44 electrodes referenced to the 
right mastoid.
Auditory ERPs: In the auditory group, noisebursts at the attended location elicited a 
sustained negativity beginning at 70 ms with a biphasic morphology and a broad ffonto- 
central distribution. The crossmodal spatial attention effect in the visual group was very 
similar in morphology, but was reduced in amplitude relative to the intramodal effect. 
Visual ERPs: In the visual group, flashes at the attended location elicited an enhanced 
posterior Pl wave (100 ms), followed by a posterior Nl (peaking at 184ms) and two more 
negative peaks (N268, N352) that all showed enhanced amplitudes relative to unattended- 
location flashes. The crossmodal effect in the auditory group had a different morphology 
that included small but significant enhancements of anterior (118-162 ms) and posterior 
(174-194 ms) negativities and a broad positive deflection at 200-300 ms. It was concluded 
that spatial attention has a polymodal organization at early levels of processing. 
Supported by grants: NIMH (MH25594), ONR (N00014-93-1-0942), and NIH (NS17778)

658.7
ATTENTION EFFECTS IN MACAQUE AUDITORY CORTEX CE
Schroeder, AD Mehta*. I Ulbert, RW Lindsley & DC Javitt Program in 
Cognitive Neuroscience and Schizophrenia, Nathan Kline Institute, 140 Old 
Orangeburg Rd, Building 35, Orangeburg, NY 10962.
Wq investigated attentional modulation of auditory processing in 
macaques, trained to alternate between auditory and visual stimulus 
discriminations. Laminar event related potential (ERP), current source 
profiles were sampled during penetrations in auditory cortex with linear 
array multielectrodes. Local patterns of postsynaptic potentials and action 
potentials were indexed by current source density (CSD), and multiunit 
activity (MUA), respectively. Attention effects were defined by 
comparing cortical response profiles evoked by tones and more complex 
stimuli when attended, with the responses to the same stimuli when 
ignored. Over the small range of tones and complex sounds used, there 
was indication that attention effects at a given recording site were larger 
for stimuli preferred at that site. Generally, attentional modulation began 
20 ms or more after the onset of the local sensory response and had a clear 
bias toward the supragranular laminae. Little or no modulation of short 
latency activity in Lamina 4 was seen. This pattern is consistent with a 
feedback model of attention. Attention produced a relative negativity in 
the supragranular ERP at many sites. The CSD profile revealed local 
contributions to the effect. This may relate to the processing negativity 
observed under similar experimental circumstances in the human scaip 
ERP. (Supported by MH47939, 55620 and by the McDonnell-Pew 
Foundation)

658.8
VISUAL PRECUES ON TARGET LOCATION ARE PROCESSED 
WITHOUT ATTENTION. O. Bock* and U.Eversheim, Dept. of 
Physiology, German Sport Univ., 50927 Köln, Germany;

It is well known that manual reaction time (RT) is reduced when 
precues about potential target positions are provided. We have shown 
(Soc.Neurosci.Abstr. 22, p. 1641, 1996) that precues don't influence 
the selection or preparation of motor responses, and thus are probably 
related to sensory processing. The present work scrutinizes this view.

12 humans pointed as fast as possible at visual targets. In a portion of 
trials, precues were displayed as luminous dots in several potential target 
locations. 3-D fingertip position was measured by the Fastrak® system.

As in our previous study, we found that precues reduced RT, by an 
amount which depended on the spatial extent rather than the number of 
precued locations. This effect was preserved when eye movements 
towards precues were prevented (Exp. 1), when an attention-demanding 
task was added (Exp. 2), or when visual short-term memory was cleared 
by a 500 ms gap following the precues (Exp. 3). Thus, the effect of 
precues is not based on eye movements, attention, or visual memory.

In control tests, precues were coded by the conjunction of shape and 
hue of symbols in an array, thus demanding attentive processing. Their 
effect on RT was still present, (Exp. 4), but could now be eliminated by 
adding an attention-demanding task (Exp. 5).

We conclude that the processing of precues normally bypasses 
attention-demanding mechanisms. Supported by DLR.

658.9
STIMULUS PROBABILITY RE-DIRECTS SPATIAL ATTENTION IN MON
KEY V. M. Ciaramitaro* and P. W. Glimcher Center for Neural Science, New 
York University; New York, NY 10003.

There is an on-going debate in the human psychophysical literature as to whether 
the re-direction of spatial attention improves performance by increasing sensitivity, 
or by shifting a subject’s response bias. Recent evidence from the monkey literature 
suggests that many attentional effects may be attributable to changes in response 
bias. We developed a behavioral task in the monkey where (1) the allocation of spa
tial attention to a particular location in space could be systematically re-directed and 
quantified and (2) the consequent changes in performance could, in our task, be 
restricted to changes in sensitivity.

While the monkey fixated, a 12 degree eccentric suprathreshold brightness dis
crimination stimulus was presented, in blocks of trials, with 100% probability of 
occurrence, at one of two possible locations. The bright/dim discriminative stimulus 
pairs which supported threshold performance were determined for each location 
under these conditions. Then the probability of discriminative stimulus occurrence at 
the two possible locations was parametrically varied in blocks of 800 trials. We 
tested several probabilities (93, 84, 69, 50, 31, 16, and 7%) at each of the two loca
tions.

Percent correct, sensitivity, and bias were computed at each of the two locations as 
a function of the probability that the stimulus would appear at that location. At both 
locations, sensitivity and percent correct increased as a function of stimulus proba
bility. In this task, these changes in sensitivity were not the consequence of a trade
off between accuracy and response latency.

Thus, in a psychophysical paradigm where probability of discriminative stimulus 
occurrence was systematically manipulated and attention was quantified, we found 
evidence in the monkey for changes in luminance discrimination sensitivity. 
Supported by 5 T32 EY07136-04 and The McKnight Foundation.

658.10
WHICH VISUAL CUES MONKEYS USE TO FOLLOW ATTENTION: A 
STUDY OF SOCIAL COMMUNICATION E.N. Lorincz', Cl Baker2. D.L 
Perrett2, and R.C. Miall'*. 1 Univ. Laboratory of Physiology, Oxford, OXI 3PT, 2 
Dept of Psychology, Univ. of St Andrews, St Andrews, KY16 9JU, U K

It is now well established that great apes follow human gaze direction. Despite 
physiological evidence showing cells in macaque temporal cortex responding 
selectively to biologically important stimuli such as faces, there has been a lack of 
evidence in non-ape species of similar abilities. The aim of this study was to 
investigate, at a behavioural level, whether monkeys can make use of body cues of 
conspecifics to interpret the direction of attention of others and if so, what factors 
contributed to this social awareness The eye movements of 2 rhesus monkeys 
elicited at the presentation of photographs of conspecifics directing their attention 
either in space or towards 1 of 2 identical objects were recorded. We studied the 
relevance of head, body and gaze as cues to give attention direction, as well as the 
incidence of the presence of the attended object (target position) and its mirrored 
non-attended homologue (distracter position). The study of photos of monkey- 
stimuli whose head and body were oriented in different directions showed that the 
head but not the body was used by the monkey-subjects to orient their own 
attention. The comparison of this category of stimuli with those whose head and 
body were oriented in the same direction did not show any differences in the 
pattern of inspection as well as the time spent on the target and the distracter 
positions. This suggests that the body is not used at all as an attentional signal 
when the head is present. The addition of an attended object and its mirrored image 
on each side of the monkey-stimulus suppressed any differences in the inspections 
and duration spent on target and on distracter positions. By using photos of monkey 
faces whose head was looking at the camera and the gaze was averted in one of the 
four cardinal directions, we demonstrated that monkeys are able to spontaneously 
follow gaze of conspecifics We also compared the efficiency of gaze versus head 
We found that the head is a cue as relevant as the gaze to elicit attention following. 
Study funded by Fyssen Foundation - France and HFSP, U.K.
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658.11

COMPARISON OF THE CEREBELLUM AND BASAL GANGLIA 
IN SHIFTING ATTENTION
S. M. Ravizza* and R. B. Ivrv. Dept. of Psychology, U.C., Berkeley; 
Berkeley, CA 94720.

Both the basal ganglia and cerebellum have been implicated in attention 
shifting, but the contribution of these two subcortical systems has not been 
directly compared. We tested Parkinson patients and patients with focal 
cerebellar lesions on a series of attention shifting tasks. Subjects 
monitored two stimulus streams, responding to targets on either one 
dimension (focused attention) or alternating between the two streams 
(divided attention). Both of our patient groups were impaired on the 
divided attention condition when two targets appeared in rapid succession. 
These results are similar to what Courchesne and colleagues have 
observed in children with autism and focal cerebellar lesions. The 
Parkinson findings suggest that this deficit is not specific to cerebellar 
pathology. In a second experiment, we tested the two patient groups and a 
group of autistic individuals on a variant of the divided attention condition 
in which the subjects only made overt responses to one of the two targets. 
In this way, the attentional requirements were maintained, but the motor 
demands were reduced. Parkinson patients continue to show a problem in 
shifting attention. In contrast, the performance of the cerebellar and 
autistic patients was greatly improved, suggesting that their problems in 
the initial study were related to the demands imposed by making two overt 
responses in rapid succession. These results suggest that the basal ganglia 
are essential for shifting attention and present a challenge for similar claims 
regarding cerebellar function.
Funding for this research was provided by NIH grants NS 17778 and 
NS 30256.

658.12
THE LEFT PARIETAL CORTEX AND MOTOR ATTENTION. M.F.S Rushworth12, 
M Krams2, RE Passingham1,2 Dept. Experimental Psychology, Univ. of Oxford, Oxford, 
Wellcome Department of Cognitive Neurology, Institute of Neurology, 12 Queen Square, 
London WC1N 3BG, U.K, England, OXI 3UD. (SPON: British Neuroscience 
Association).

It is widely held that the right posterior parietal cortex plays an important role in covert 
orienting of attention. We suggest that the left parietal cortex plays an analogous role in 
the covert preparation of limb movements.

Subjects were asked to prepare finger movements while in the PET scanner. In the 
Prepare condition subjects were shown a visual display of a hand. The darkening of the 
nail of a finger in the picture cued the subject to covertly prepare to move the 
corresponding finger. Three seconds later an auditory tone instructed the subject to 
actually make the movement. In the Execute condition, the visual cue instructing which 
finger was to be moved and the auditory cue instructing the actual execution of the 
movement were presented simultaneously. The same type and number of movements 
were made in both conditions, but the subjects only had the opportunity to prepare in the 
Prepare condition and not in the Execute condition.

Different groups of subjects have performed the task while using either the right or the 
left hand. We compared regional cerebral blood flow (rCBF) in the Prepare and Execute 
conditions. Regardless of the hand used rCBF increases associated with covert 
preparatory activity are almost entirely restricted to the left hemisphere. This is the 
opposite of the pattern of hemispheric dominance recorded in covert orienting paradigms.

Within the left parietal cortex, covert preparation is associated with rCBF increase in 
the supramarginal gyrus. This is anterior to the parietal rCBF foci recorded in covert 
orienting paradigms. The results are consistent with a previous demonstration that lesions 
of the left parietal cortex impair the ability to disengage from the preparation of one 
finger movement to the preparation of another finger movement. Other rCBF increases 
were recorded in the dorsal premotor cortex and the pars opercularis of Broca’s area. 
Like the rest of premotor cortex, the pars opercularis of Broca’s area has a motor 
function. This work was supported by the Wellcome Trust.

658.13
EFFECTS OF ENDOGENOUS VS. EXOGENOUS ATTENTION ON DIRECTION 
OF HAND MOVEMENT IN HUMAN SUBJECTS. D. Lee*. Dept. Neurobiology 
and Anatomy, Wake Forest Univ. Sch. Med., Winston-Salem, NC 27157.

Processing of sensory information is influenced by whether attention is directed 
towards or away from the location of a target. Previous studies have shown that 
visual attention can be controlled in at least two distinct modes. A suddenly 
appearing peripheral visual stimulus tends to capture attention automatically 
(exogenous attention). Attention can be also directed by a symbolic visual stimulus 
that indicates the location of an upcoming target with high probability (endogenous 
attention). In the present study, effects of different types of attention on visually- 
guided hand movements were examined. Hand movements were monitored by 
tracking a reflective marker attached to the right index finger with a 3D optical radar. 
Hand position was displayed as a feedback cursor on a computer monitor located -90 
cm from the eyes. When the subject located the cursor within the central target, 4 
equally-spaced gray circles were presented 8 cm away. After a random delay of 400- 
800 msec, a peripheral target was presented inside one of the 4 circles, and the subject 
was required to relocate the cursor into it. As a central cue, a short radial line 
segment was presented near the central target when the gray circles were displayed. 
The central cue correctly indicated the location of the peripheral target with 82% 
probability. As a peripheral cue, one of the gray circles turned yellow for 100 msec at 
various times before the presentation of the peripheral target (SOA=0, 100, 200, or 
300 msec) without providing any information about target location (i.e., 25% 
validity). Regardless of cue type, movements beginning earlier than 200 msec from 
the onset of the peripheral target were initially in the cued direction, whereas initial 
directions of movements with longer latencies gradually shifted towards the target as 
latency increased. When both cues were presented in the same trial, their effects were 
bistable, although initial movement direction was influenced by central cues more 
often. These results suggest that both central and peripheral cues can be utilized as 
initial values during the gradual specification of movement direction.

658.14

NICOTINE EFFECTS ON ATTENTION AND ALERTNESS 
IN NON-SMOKERS. W.S. Griesar, D. Zajdel, B.S, Oken*. 
Clinical Neurophysiology, Oregon Health Sciences University.

Attention is one cognitive faculty reportedly enhanced by 
nicotine in habitual smokers. Most cognitive studies to date have 
evaluated smokers, who were perhaps suffering from withdrawal at 
the time of nicotine administration. We examined nicotine’s 
behavioral effects on attention in non-smokers using a covert 
orienting of spatial attention task, in which subjects covertly 
oriented their attention based on a cue stimulus and responded 
when they detected a target stimulus. Nicotine, delivered by 
Nicoderm CQ patches, decreased subject reaction times to targets. 
We also examined nicotine’s electrophysiologic effects in response 
to varying nicotine doses. Nicotine produced changes in EEG 
measures of alertness and in evoked potentials recorded following 
target detection. We conclude that the pattern of behavioral and 
electrophysiologic changes in response to nicotine reflects 
improvement in attention. Since we studied non-smokers, this 
effect is not simply related to relief of withdrawal symptoms.

Funded by the National Institute on Drug Abuse (training grant)

COGNITION: ATTENTION—VISUAL AND RESPONSE SELECTION AND TASK CONTROL

659.2659.1

COMPETITION BETWEEN SINGLETONS IN VISUAL 
SEARCH. G. A. Patel*, K. Sathian. Department of Neurology,
Emory University School of Medicine, Atlanta, GA.

A unique target (singleton) pops out of a display of homogeneous 
non-targets. We asked how the nature and number of irrelevant 
(distractor) singletons affect visual search for a target singleton. 
Subjects viewed displays of 14 or 18 bars oriented at 45° to detect a 
target bar oriented at 5°. Reaction time (RT) to target detection was 
significantly prolonged when distractors differed from other non
targets in orientation (85°), length or shape, but not when distractors 
were distinguished by color, luminance or flicker. All tested pairs of 
distractors significantly delayed target detection. The most effective 
distractor pairs, orientation-length and length-shape, produced RT 
increases of similar magnitude as the largest set (6) of distractors 
tested. When subjects had to determine whether the target singleton 
was oriented at 5° or -5°, a similar pattern of results emerged.
Overall, irrelevant singletons were less effective distractors in this 
task, suggesting that task difficulty modulates the interference effect. 
In most instances, RT increases as a function of display size averaged 
10 ms or less per item, indicating that the distractors did not 
necessarily abolish popout. These results argue for a process of 
attentional competition in visual search that is most marked between 
singletons differing on the same or related dimensions.
(Supported in part by a grant from the Emory University Research Committee.)

TASK-DEPENDENT EFFECTS OF A SINGLETON IN VISUAL 
SEARCH: A PET STUDY. K. Sathian*1, G. A. Patel1, T. J. Simon3, 
S. T. Grafton1,2. Department of Neurology' and PET Imaging Center2, 
Emory University School of Medicine; School of Psychology3, Georgia 
Institute of Technology; Atlanta, GA.

We investigated the neural basis of task-dependence of perceptual 
effects due to a unique object (singleton) in a visual display. We used 
H2,5O PET imaging to study changes in regional cerebral blood flow in 6 
right-handed males. Subjects viewed displays, in which no two objects 
had the same form, to indicate if a target bar was oriented at +5° or -5°. 
Relative to this condition (Absent), the presence of an irrelevant color 
singleton (Distractor) did not significantly affect reaction time (RT) or its 
increase as a function of display size (70 ms/item). Active sites on 
subtraction images of D-A were found in right primary visual cortex, 
presumably due to sensory effects of the singleton, and left superior 
parietal cortex, possibly reflecting increased attentional load associated 
with suppression of the irrelevant singleton. When the color singleton and 
target bar coincided, task performance was significantly more efficient (E), 
RT increasing by 17 ms/item, and activated a locus (E-A) in the right 
superior temporal gyrus; the inverse subtraction (A-E) revealed activity in 
left superior occipital and middle frontal gyri. D-E (distractor singleton vs. 
target singleton) activated opercular and medial hemispheric zones of left 
parietal cortex. Conversely, E-D recruited loci in the right inferior frontal 
gyrus, thalamus, and medial cerebellum. These sites could reflect the 
capture of attention by the singleton when it was the target.
(Supported in part by an Emory/Georgia Tech Biomedical Research Grant).
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659.3

ELECTROPHYSIOLOGICAL STUDIES OF DYADIC 
SEARCH. D. L. Woods*, K. Ogawa, S. J. Thomas and E. W. 
Yund, Dept. of Neurology, UC Davis, VA Medical Center, 
Martinez, CA, 94553

The neurophysiological mechanisms of visual search were 
examined in a feature conjunction task where either one or two 
stimuli were randomly presented on each trial. Stimuli varied in 
shape (circle, oval, square or rectangle) and color (red, orange, 
green or blue). They were randomly presented in the different 
visual quadrants at a high rate (mean 2/sec). In each block, one of 
the 16 stimuli was designated the target. Reaction times, accuracy 
and false alarm rates were generally similar on singlet and dyadic 
trials. Event-related brain potentials (ERPs) were extracted 
following all stimuli, and ERPs to dyads were compared to the sum 
of corresponding singlet ERPs. Similar procedures were used to 
examine attention-related difference waves associated with feature 
processing and conjunction. Some ERP components were 
comparable following singlet and dyadic trials, suggesting that they 
reflect integrated visual processing operations. Others reflected the 
location and number of stimuli in the display. The results show 
that parallel, interactive processing occurs during visual search. 
Supported by NS32893, and the VA Research Service.

659.4
COMBINED FUNCTIONAL MAGNETIC RESONANCE IMAGING AND 
EVENT-RELATED POTENTIAL ANALYSIS OF SELECTIVE AND DIVIDED 
ATTENTION TO COLOR, SHAPE, AND SPEED
L-Dien1*, K..B.yoao.cQre3,. J, B-Hopfinger12, G- R, Mapgun1’2
‘Ctr. for Neuroscience and 2Depts. of Psychology and 3 Radiology, UC, Davis, 95616

Corbetta, Miezin, Dobmeyer, Shulman, and Petersen’s classic 1991 positron emission 
tomograpy (PET) study of divided and selective attention found increases in different 
extrastriate regions depending on whether the subjects selectively attended to color, 
shape, or speed information. This finding suggested that attention to a neural channel of 
information is mediated by increasing the activity in this channel. However, these 
effects could have been due to preparation or memory processes rather modulation of 
input.

This study was therefore replicated with functional magnetic resonance imaging 
(fMRI) and high-density (92-channel) event-related potentials (ERP). Both techniques 
permit analysis of the time course of the activations and of aggregating data into 
analysis groups according to individual trial parameters.

Subjects were presented with an array of moving colored rectangles twice in a row 
(2.75 seconds apart). Subjects looked for changes between the two presentations in 
either color, shape, or speed (selective attention) or in all three (divided attention). A 
passive (random response) task was also included as a control condition. The tasks were 
performed in alternating blocks as a boxcar design, which provides more analytic power 
than a comparison of separate scans as necessitated by PET.

FMRI results replicate and extend findings of differential task activation patterns.
ERP measures revealed increased posterior negativities at 200 msec for the shape and 
color tasks and an increased parietal positivity in the 300 msec range for the speed task.

Comparison of the attention effects in response to the initial stimulus and to the 
second stimulus support the presence of both channel specific facilitation (Harter & 
Aine, 1984) and attentional representational traces (Naatanen, 1982). Results also shed 
light on the comparability of evoked potential data and cerebral blood flow measures.

Research supported by HFSPO, NIMH, NINDS, and NSF.

659.5

ELECTROPHYSIOLOGICAL MEASUREMENT OF RAPID ATTENTION 
SHIFTS DURING VISUAL SEARCH. G.F, Woodman and S.J, Luck*. The 
University of Iowa, Iowa City, IA 52242.

A fundamental issue in visual perception is whether object recognition within 
multiple-element displays occurs in serial or in parallel. The present study addressed 
this dispute by using an electrophysiological measures of attention to determine 
whether attention moves rapidly among items during a visual search task.
Specifically, we recorded event-related potentials (ERPs) from normal human subjects 
while they performed a visual search task, and we examined the N2pc component, a 
posterior negativity recorded at electrode sites contralateral to the location of an 
attended target. The visual search arrays consisted of outline squares with a gap on one 
side, and the subjects were required to report whether one of these squares (i.e., the 
target) had a gap on the left side. In most visual search tasks, the order in which the 
subjects search the arrays is unknown, making it difficult to measure the moment-by
moment focus of attention; to circumvent this problem, we biased the order in which 
attention might be shifted by presenting the target item in a specific color on 75% of 
target present trials (called C 75 trials) and in a different color on the remaining 25% 
(called C.25 trials). When the C 75 and C 25 colors were in opposite hemifields, but 
the target was absent, the N2pc component was observed contralateral to the C 75 
color from 175-275 ms and then contralateral to the C.25 color from 275-375 ms, 
indicating that attention was first focused on the C 75 color and then on the C.25 
color. The same pattern was observed when the C.25 color was the target, which 
indicates that subjects attended to the C.75 color before attending to the C.25 color.
In contrast, the N2pc component was entirely contralateral to the C.75 color when it 
was the target or when both the C 75 and C 25 colors were in the same hemifield. 
These results indicate that subjects rapidly reallocate attention among potential target 
items during visual search, consistent with serial models of visual search. Supported 
by the National Institute of Mental Health and the Human Frontier Science Program.

659.6
PREFRONTAL NEURONAL ACTIVITY DURING TARGET SELECTION. 
R.?Hasegawa*, M. Kato and A. Mikami, Dept. of Behavioral and Brain Sciences, 
Primate Res. Inst., Kyoto Univ., Inuyama 484-8506 JAPAN

The prefrontal cortex (PFC) has been considered to be involved in the attentional 
process that selects a meaningful stimulus in the environment. In such behavioral 
conditions, the magnitude of activity of neurons in the PFC could be dependent on 
difficulty of the task as well as the selected behavior. To test this possibility, we 
trained two monkeys to do a delayed visual search task. While the monkey fixated 
on a central fixation spot (FX period, 1 s), one target and five distracters were 
presented in the peripheral visual field (CUE period, 1 s). After 1-2 s of delay 
period, the monkey was allowed to make a saccade toward the location where the 
target had been presented (GO period, <1 s). A target and distracters were selected 
from check-patterns with four level of resolution. Pattern A has the coarsest check 
and pattern D has the finest check. Two different combination (A vs D or B vs C) 
were used. In easy condition (A vs D), the reaction time (RT) was shorter. In 
difficult condition (B vs C), the RT was longer. With introducing a delay period 
after the cue period, we could dissociate the search process from the motor process. 
We recorded 157 neurons in the dorsal PFC. Of these, 59 neurons (38%) showed a 
significant change in activity during the CUE period. The activity of 16 neurons 
were depended on the target location or the location to be selected. Activity of 10 
neurons were also depended on the difficulty of the task or the stimulus 
combination. Thus, in some PFC neurons, activity was dependent on difficulty as 
well as selected target location. These neurons in the PFC could have a crucial role 
in selecting the target.

659.7
Activity of Visually Responsive Frontal Eye Field Neurons Modulated 
BY Intention. B. Coe. K. Tomihara.*& O. Hikosaka Dept. of Physiology, Juntendo 
University, School of medicine, 2-1-1 Hongo, Bunkyo-Ku, Tokyo 113 JAPAN

To better understand the role of the Frontal Eye Field (FEF) in the process of 
saccade target selection the activity of visually responsive FEF neurons of two 
monkeys were studied using a new "Free Choice" (FC) saccade task with two 
competing targets. The targets’ onset was 800 ms prior to fixation offset, the latter 
being the cue to saccade. Our FC task has 2 basic goals: 1) in each trial, the subject is 
free to choose either target; but 2) that target selection should slowly oscillate 
between the two targets after several trials. To accomplish this, saccades to either of 
the two targets were always rewarded. However, reward amount (a non-visual cue) 
would slowly increase for one target but decrease for the other in response to being 
chosen. In this way the reward schedule encouraged, but did not instruct, the monkey 
to switch back and forth between the two targets.

We compared the visual responses of 31 FEF cells during receptive field (RF) 
target saccade trials to non-RF target saccade trials in the FC task to describe 
intentional (being both attentional and pre-motor) modulation. To describe 
modulation from field effects, activity during RF target saccade trials from the FC 
task and from a control task (one target at a time) were compared. These two 
comparisons were subdivided in to three time windows when both the target(s) and 
fixation were displayed: Phasic(0-200 ms), Early(0-399 ms), & Late(400-799 ms 
after target presentation) and were tested at the p<0.01 level. We found that in the 
'Phasic' time window, modulation from field effects was more prevalent (25 of 31) 
than intentional modulation (14 of 31) whereas in the 'Late' time window modulation 
from field effects was less apparent (13 of 31) than intentional modulation (17 of 31). 
These results suggest that the visual and non-visual attentional effects not only 
interact in FEF visual neurons, but do so in a temporally specific manner.

Supported by CREST of JST Corp, and SPS Research for the Future Program.

659.8
RAPID STIMULUS PRESENTATION IN A VISUAL 
DISCRIMINATION TASK ENHANCES RESPONSES OF MONKEY 
LOCUS COERULEUS (LC) NEURONS TO TARGETS. V.L. Silakov*. J. 
Raikowski, S. Ivanova & G, Aston-Jones, Department of Psychiatry, University 
of Pennsylvania, Philadelphia, PA.

Phasic responses of 130 LC neurons were recorded in a Cynomolgus 
monkey performing a visual discrimination task which required a lever release 
after target stimuli and no release after nontarget stimuli. Targets were vertical 
and nontargets horizontal light rectangles on a video screen. The task was 
varied in discrimination difficulty by making target and nontarget stimuli more 
or less similar, and in the intertrial interval (frequency of stimulus presentation). 
In the 'easy-slow' task, targets and nontargets were easily distinguished 
(length/width = 5/1) and the intertrial interval was not less than 1.7 sec (0.6 
stimuli/sec). During the 'difficult-slow' task the length/width ratio was 1.2/1, 
and in the 'difficult-fast' task the intertrial interval was decreased to 0.9 sec (1.1 
stimuli/sec). As we previously reported (Kubiak et al., Soc. Neurosci. 1996), 
latency, peak time and duration of LC responses to targets were increased, and 
peak and overall response magnitudes were diminished, during the difficult- 
slow compared to the easy-slow condition. Unexpectedly, in the difficult-fast 
task we observed a reversal of the above changes of LC responses: LC neurons 
exhibited shorter latency and larger amplitude responses to targets compared to 
the difficult-slow task condition. Lever responses were also faster in the 
difficult-fast compared to the difficult-slow task, so that the latencies of LC 
responses in this, as in all other, task conditions closely corresponded to (and 
preceded by ~ 150 msec) behavioral response latencies. Interestingly, the level 
of task performance (indicated by errors) declined from best in the easy-slow 
task to worst in the difficult-fast task. These data indicate that acceleration of 
task rate in the difficult-fast task is accompanied by enhanced LC phasic burst 
activity for targets which may facilitate a preprogrammed conditioned lever 
release. Supported by NIMH grant MH55309.

Society for Neuroscience, Volume 24,1998
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659.9
LOCUS COERULEUS (LC) ACTIVATION BY ATTENDED STIMULI 
EXHIBITS COMPONENTS RELATED TO THE SENSORY CUE AND TO 
THE BEHAVIORAL RESPONSE. J. Raikowski*. V.L. Silakov. S, Ivanova & G. 
Aston-Jones, Dept. of Psychiatry, University of Pennsylvania, Philadelphia, PA.

As we have recently reported, LC neurons are selectively activated by attended 
stimuli signaling reward availability, as well as by other salient events (loud noise 
bursts, unexpected rewards). Here, we demonstrate that LC responses dissociate into 
two components, linked to the sensory stimulus and behavioral response, respectively. 
LC neurons were recorded in Cynomolgus monkeys during performance of a visual 
discrimination task which required lever release after infrequent target cues (vertical 
bars; 10-30% of trials) for juice reward, but no response after nontarget cues 
(horizontal bars; 70-90% of trials). Different levels of discrimination difficulty (cue 
length/width ratios = 5/1 or 1.2/1) and intertrial intervals (0.6 or 1.1 trials per sec) were 
used. In the 'easy-slow' task, LC neurons were activated by target cues at -140 ms, 
with no or very small activation following nontarget stimuli. The 'easy-fast' and 
'difficult-fast' conditions produced a markedly different pattern of LC activation by 
targets, with a small early (-80 msec) component preceding the larger 'late' target 
response. The early (but not the late) response was also apparent in nontarget trials 
during these task conditions. The early component of LC responses appeared at the 
same latency (-80 msec) for both fast tasks. In contrast, the latency of the late 
component was directly related to task difficulty: For the most difficult task (1.1 
trials/sec and cue length/width ratio = 1.2/1), the late LC response latency increased 
from 140 ms to 180 ms, and the lever release latency increased from 280 ms to 320 ms. 
In fact, for all task conditions there was a strong correspondence between the latencies 
of the late LC response and the lever response. The presence of the early nonselective 
response during fast task requirements may indicate enhanced attentiveness during this 
condition. This could reflect a condition when sensory information is gated into the LC 
before discrimination is completed, priming the LC and associated behavioral 
responses. In contrast, the late LC response appears to be more closely related to 
decision or behavioral processes. Supported by PHS grants MH55309 and MH58480.

659.10
DYNAMICS OF CORTICAL NETWORKS UNDERLYING VISUAL 
ATTENTION AND WORKING MEMORY IN HUMANS. B.A. Higgins1-4,
J.J. Foxe', G.V. Foxe2, Y.K. Chin3, G.V. Simpson1*. 'Depts. Neuroscience and 
Neurology, Albert Einstein College of Medicine, Bronx, NY 10461; 2University 
College Galway, Eire; 3Harvard University, MA; 4Iona College, NY.

128-channel event-related potential (ERP) recordings were used to investigate 
processes of directing attention, sustaining the focus of attention through working 
memory, and the selective processing of attended visual information. Of particular 
interest were the relationships between the temporal patterns of activity within 
multiple cortical areas underlying these processes. A hybrid design was employed 
that used spatial cueing and delayed match-to-sample. A cue (SI) of 120 ms 
duration in either the left or right lower visual quadrant indicated that covert 
attention be directed to that location on each trial. The SI also served as the sample 
for the delayed match-to-sample comparison with the subsequent S2 (1.2 second 
later). Five slight size-variants of a checkerboard wedge served as both SI and S2. 
Subjects were required to determine if the S2 presented at the attended location 
(50% of trials), was the same size (20% of trials) as the S1 that had cued them to that 
location. SI and S2 were drawn from the same set of stimuli which allowed for 
comparison of the. cortical responses to the identical physical stimulus under multiple 
task-defined contexts: passively viewed, SI (cue to direct attention and template for 
match), S2 attended, and S2 unattended. The initial sensory responses, beginning at 
50 ms, were the same under all conditions. Compared to the passive condition, cue 
related activity was seen by ~130ms in visual sensory areas. This was followed by 
cue-related activity in parietal and frontal cortices. These early cue-related processes 
were phasic and were followed by sustained activity in frontal, parietal and sensory 
cortices during the S1-S2 delay. The sustained activity in multiple visual sensory 
cortices began later than the frontal and parietal activations and included direction 
specific activity in early sensory areas. (NS27900; MH1143; H.F.S.P.).

659.11

SEMANTIC INTERFERENCE EFFECTS IN SELECTIVE ATTENTION: 
AN FMRI STUDY. J. Dorfinan1*. J.D.E, Gabrieli1-2. G.T. Stebbins1. J.E, 
Desmond2. D, Turner1. & G.H. Glover2. ‘Depts. of Neurological Sciences 
and Radiology, Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL 
60612; 2Depts. of Psychology and Radiology, Stanford University, 
Stanford, CA 94305.

Functional magnetic resonance imaging (fMRI) was used to identify 
frontal cortical regions associated with semantic interference effects in 
selective attention. Healthy volunteers were scanned while performing a 
semantic flanker task which required indicating the category (FRUIT or 
ANIMAL) of a centrally presented target word that was flanked above and 
below by a distractor word. In the interference condition, the flankers 
were members of the opposite response category (e.g., GOAT for the 
target PLUM). In the neutral condition, the flankers were members of a 
different category (e.g., SHIRT for the target LEMON). Functional data 
were acquired from four oblique coronal slices rotated 90 degrees from the 
AC-PC line to image the frontal lobes (y= +12 to 35). A T2*-sensitive 
gradient echo spiral pulse sequence (1.5T, TR=300 msec, TE=40 msec, 
flip angle=45, slice thickness=7 mm, interslice gap=2 mm) was used. 
Preliminary results revealed greater activity in the interference than neutral 
condition in the middle and inferior frontal gyri primarily on the right, and 
bilaterally in the superior and medial frontal gyri. These results are 
consistent with behavioral studies implicating the right prefrontal cortex in 
the inhibition of unattended semantic information, and support models 
suggesting right hemisphere dominance for human attention. Supported by 
NIH grant AG09466-07.

659.12
EXAMINATION OF BOLD-RESPONSES ELICITED BY TASK- 
REPETITION AND TASK-SWITCH TRIALS: A 3T fMRI STUDY.
A. Dove*, S. Pollmann, C. Wiggins, D.Y. von Cramon. Max-Planck-Institute 
of Cognitive Neuroscience, Leipzig, Germany.

Reaction time (RT) experiments have shown that task switching leads to 
RT-costs (Rogers & Monsell, 1996). Preparation for a task switch reduces 
these RT-costs (Meiran, 1996). In a behavioral pretest experiment we found 
significant reductions of RT between unpredictable switch trials (658 ms), 
predictable switch trials (489 ms) and task-repetition trials (465 ms). Using 
event-related fMRI, we investigated whether analogous reductions occurred in 
the amplitude of BOLD responses.

Subjects performed a forced-choice task as basic task (120 trials). Twenty 
unpredictable switch trials requiring a response-reversal were presented pseu- 
dorandomly between basic task trials. In the trial following the unpredictable 
switch a predictable switch back to the basic task was required. FMRI-data 
were collected in 6 volunteers using a two-shot EPI sequence (TR = 2s, TE = 
40ms, flip angle = 40°, seven horizontal slices parallel to the AC-PC-plane). 
Areas activated by the switch trials were used to define regions of interest 
(ROI) for timecourse analyses.

Timecourse analyses revealed right intraparietal sulcus

significant differences in BOLD- ,2 
response amplitude between basic 
task, unpredictable and pre- f 
dictable switch tasks in the right I 
intraparietal sulcus (cf. fig.) and j 
SMA which corresponded to the «
RT-differences.

659.13

Neural activity in attention shift between object features:
Comparison of activated areas between the state-dependent and event- 
related functional MRI study. Y, Nagahama1*T. Okada3, Y. Katsumi2, T.

Fukuyama1 and H. Shibasaki1. Dept. of 1 Brain Pathophysiology, 2Neurology and 
^Nuclear Medicine, Kyoto Univ.; Kyoto 606-8507, Japan.

Positron emission tomography studies revealed that distributed cortical areas 
involving the prefrontal and parietal cortices participate in attention shift processes 
(Berman et al. Neuropsychologia 1995, Nagahama et al. Brain 1996). To determine 
the functional differences among the activated areas during attention shift task, we 
compared the cortical areas showing the increased activity through the attention shift 
task (state-dependent activity) with those showing transiently increased activity time- 
locked to the attention shifts (event-related activity) using functional MRI. In the 
shift task, the subjects had to match a target card to one of two reference cards with 
respect to color or shape. After the several correct matching in one category, the 
matching rule shifted to another one without warning. The control task was a literal 
matching task (one of the two references was identical with the target). Two male 
subjects were examined in the state-dependent paradigm (shift vs control), four males 
and a female in the event-related paradigm (shift only), and two males in both 
paradigms. Compared to the control task, the anterior and posterior dorsal prefrontal 
(Brodmann's area [BA] 10, 9, 46, 44), premotor (BA 6), inferior and superior parietal 
(BA 40, 7) and lateral occipital (BA 19) areas showed state-depehdent activity increase 
during the shift task. In the event-related paradigm, the more restricted areas, that 
were the right posterior dorsal prefrontal (BA 44), medial and lateral premotor (BA 6), 
inferior parietal (BA 40) and precuneate (BA 7) areas, showed transient activity on 
attention shift phases. These results suggest that some cortical areas, especially the 
anterior (BA 10, 9, 46) and posterior (BA 44) dorsal prefrontal areas, show different 
profile of neural activity during the attention shift task, and that these areas may have 
different roles in the cognitive processes, (supported by JSPS-RFTF97L00201)

659.14
MONITORING FOR CROSSTALK: AN INTERPRETATION OF 

ANTERIOR CINGULATE CORTICAL FUNCTION

Matthew Botvinick,1’2 Todd Braver,1,2 Deanna Barch,1,2 
Cameron Carter,1 and Jonathan Cohen3*1,2 

’Carnegie Mellon University, 2University of Pittsburgh.

A growing body of work indicates how top-down attentional 
control is exerted upon cognitive processing. Little is known, 
however, about the factors that lead these control processes to 
intervene. How do executive processes detect circumstances 
calling for control? On what basis is control optimized or 
withdrawn? In recognition of these questions, theorists have 
posited a function serving to monitor information processing, 
sending feedback to control. We review evidence suggesting that 
the operation of such a monitoring function may be reflected in 
the activity of anterior cingulate cortex. Through the .use of 
connectionist models, we demonstrate that circumstances shown to 
activate the anterior cingulate can be understood as involving the 
simultaneous activation of incompatible representations, a 
reflection of crosstalk in information processing. We present 
results from a recent fMRI study that support this hypothesis. The 
crosstalk monitoring theory offers a new interpretation of anterior 
cingulate activation studies, but more importantly identifies a 
potential source of bottom-up feedback to executive control.

Work supported by NARSAD and the Fetzer Institute.
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659.15
IS RESPONSE SELECTION IN THE ANTERIOR CINGULATE CORTEX 
SPECIFIC TO OUTPUT MODALITY? A.U. Turken1 & D. Swick*2. 
^Psychology Dept, UCSB & 2Neurology Dept, UC Davis, Martinez, CA 94553.

Recent neuroimaging studies have led to a number of proposals regarding the 
function of the human anterior cingulate cortex. Among these are roles in 
executive control of cognitive processes, response selection and conflict resolution, 
internal monitoring, anticipation and preparatory processes, and affective and 
motivational aspects of behavior. We tested two patients with focal ACC lesions 
(D.L., 32F, R mid to caudal ACC; R.N., 67M, L rostral to mid ACC) in a series 
of behavioral tasks designed to investigate these hypotheses. Both patients showed 
a significant decrement in performance in divided compared to selective attention. 
D.L. exhibited an overall impairment in all task conditions (selective and divided 
attention, and a precued condition that required shifting attention between visual 
dimensions) in terms of both accuracy and response latency. However, her 
performance was comparable to controls when vocal (as opposed to manual) 
responses were required. In a two choice RT task, D.L. showed an inability to 
prepare responses in advance when advance information was provided, but no such 
deficit was observed in R.N. In a version of the Stroop task designed to investigate 
output-modality specific response interference, D.L. was selectively impaired in a 
condition that involved manual responses to non-SR compatible stimuli, but not 
in the vocal response condition. No impairment in R.N. was observed in any of 
the conditions in that task. The finding with D.L. that her performance changes 
with response modality (impaired for manual but not for vocal responses) supports 
the view that the locus of response selection depends on response modality. 
However, we found no evidence of an impairment in response selection specific to 
speech output. These findings are consistent with the notion that decisions are 
computed in the lateral prefrontal areas, and then channeled to the ACC for 
translation into motor output, during which selection between alternative responses 
takes place (Paus et al., 1993). Regarding the locus of response selection, there is 
partial support for a specialization within the ACC for different output modalities. 
Supported by DC03023 and NS21135.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—CONDITIONED FEAR II

660.1

THE PERIAQUEDUCTAL GRAY CONTRIBUTES TO BOTH 
ACQUISITION AND EXPRESSION OF CARDIOVASCULAR AND 
ANTINOCICEPTIVE CONDITIONAL RESPONSES. L. H. Poore* and
F. J, Helmstetter. Department of Psychology, University of Wisconsin - 
Milwaukee, Milwaukee, WI 53201.

The periaqueductal gray (PAG) important for the expression of fear. 
Conditional hypoalgesia (CHA) occurs when a signal (CS) for a noxious 
event activates antinociceptive systems. Helmstetter and Tershner (1994) 
reported that electrolytic lesions of the vPAG made after training selectively 
disrupted CHA but did not affect the transient increases in arterial blood 
pressure elicited by the CS. The inability of the lesion to alter the 
cardiovascular component of the response may have been a result of other 
neural systems recruited during the recovery period to provide control over 
blood pressure. The purpose of the present study was to selectively isolate 
the PAG’s involvement in Pavlovian fear conditioning by injecting lidocaine 
(2.5%/0.25pi) either prior to training or prior to testing. Rats were implanted 
with a unilateral cannula aimed at either the ventral or dorsal PAG and a 
femoral arterial blood pressure catheter. Animals were trained with paired or 
unpaired white noise (72dB/30sec) and foot shock (ImA/lsec) presentations. 
During testing, mean arterial pressure and tail flick latencies were recorded 
to measure the cardiovascular and antinociceptive conditional responses 
elicited by the CS. Lidocaine injected acutely into ventral PAG prior to CS 
presentation and testing selectively blocked expression of both responses. 
Lidocaine injected into ventral PAG prior to noise/shock pairings blocked 
CR acquisition. These results add to a body of work showing that the PAG 
is important for encoding as well as expression of learned fear responses.

Supported by NIMH grant MH 50864 to FJH.

660.2

A NEURAL NETWORK MODEL OF CLASSICAL AND 
INSTRUMENTAL FEAR CONDITIONING. J, J. Kim* &
H. T. Blair. Department of Psychology, Yale University, 
New Haven, CT 06520-8205.

The amygdala seems to be necessary for classical fear 
conditioning but not instrumental fear conditioning. We 
present a neural network model, based on gross anatomy 
and Hebbian learning mechanisms, that effectively 
represents different degrees of amygdalar involvement in 
these two types of fear conditioning. Specifically, this 
model, incorporating supervised and unsupervised 
learning rules in several brain structures (e.g., the 
amygdala, the hippocampus, the neocortex), is able to 
simulate the following aspects of fear conditioning: 1) 
Acquisition and extinction of classical fear conditioning 
resulting from synaptic plasticity that occurs in the 
amygdala; 2) Instrumental fear conditioning resulting from 
synaptic plasticity that occurs in the cortex’ but is 
modulated by amygdalar output; and 3) Acquisition of 
contextual information by the hippocampus and 
consolidating to the cortex over time.

Supported by a grant from the Whitehall Foundation.

660.3

AMYGDALAR N-METHYL-D-ASPARTATE (NMDA) RECEPTORS 
ARE CRITICAL FOR NEW FEAR LEARNING IN PREVIOUSLY 
FEAR CONDITIONED RATS. H. Lee* and J. J. Kim. Dept. of 
Psychology, Yale University, New Haven, CT 06520-8205.

N-methyl-D-aspartate (NMDA) receptors in the amygdala seem to 
be critical for fear conditioning in naive rats. Recent spatial learning 
studies suggest that previous learning protected animals from the 
amnesic effect of NMDA antagonists on new learning (of a similar 
behavioral task). Therefore, the present study examined whether 
blocking of NMDA receptors in the basolateral nucleus of the 
amygdala (BLA) prevents new fear learning in previously fear 
conditioned rats, as measured by freezing behavior. Intra-BLA 
infusions of the NMDA receptor antagonist DL-2-amino-5- 
phosphonovaleric acid (APV) completely blocked fear conditioning to 
a tone stimulus in animals that had previously been fear conditioned 
to a light stimulus. Similar results were obtained with intra-BLA 
infusions of APV prior to contextual fear conditioning in rats that had 
been fear conditioned to a different context. Additional experiments 
showed that intra-BLA APV infusions substantially interfere with the 
expression and extinction of conditioned fear to tone, light and 
context stimuli. Together, these results indicate that NMDA receptors 
in the BLA are crucial for the encoding of new fear memories (i.e., the 
formation of specific conditioned stimulus-unconditioned stimulus 
association), the expression of conditioned fear responses, and the 
extinction of acquired fear.

Supported by a grant from the Whitehall Foundation.

660.4
NEUROTOXIC BASOLATERAL AMYGDALA LESIONS IMPAIR 
LEARNING BUT NOT PERFORMANCE OF CONTEXTUAL FEAR 
CONDITIONING IN RATS. S. Maren*. Dept. of Psych, and Neurosci. Prog., 
Univ. of Mich., Ann Arbor, MI 48109-1109.

Neurotoxic lesions of the basolateral amygdala (BLA) prevent the acquisition and 
expression of Pavlovian fear conditioning in rats. In contextual fear conditioning 
tasks, BLA lesions attenuate conditional freezing (a fear response characterized by 
immobility) to a context that has been paired with footshock. Reduced freezing in 
rats with BLA lesions may be due to either an associative or performance deficit, 
insofar as there are no conditions under which rats with BLA lesions have been 
reported to freeze. However, we recently observed that extensive training (25 trials) 
yields some conditional freezing in these rats. In the present experiment we 
examined whether more extensive training would permit acquisition of contextual 
freezing in rats with neurotoxic BLA lesions. One week before fear conditioning, 
bilateral lesions were made in the BLA using NMDA (20 pg/pL, 0.3 pL/side); 
control rats received sham surgery with no drug infusion. One week following 
surgery, the rats were placed in conditioning chambers and given either 1, 25, 50 or 
75 unsignaled footshocks (1 mA, 2 s; 60-s intershock interval) three minutes after 
placement in the chambers. Fear to the context of the conditioning chamber was 
assessed by returning the rats to the chambers and measuring freezing during an 
extinction test. BLA lesions produced severe deficits in contextual freezing in rats 
trained with either 1 or 25 conditioning trial(s). However, BLA lesions did not 
reduce contextual freezing in rats receiving 50 or 75 conditioning trials. These 
results indicate that the acquisition of contextual freezing is severely impaired, but 
not eliminated by neurotoxic BLA lesions. Importantly, these results reveal that rats 
with BLA lesions can perform the freezing response. Together, the normal 
asymptote and retarded rate of contextual fear conditioning in rats with BLA lesions 
suggest that BLA lesions cause associative, rather than performance, deficits in 
conditional freezing. Further work is required to elucidate the neural system(s) that 
support fear conditioning following extensive training. Supported by the NIMH 
(MH57865, MH57360).
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660.5
DORSAL HIPPOCAMPAL INACTIVATION BLOCKS CONTEXT- 
SPECIFIC EXPRESSION OF LATENT INHIBITION OF FEAR IN RATS.
W. Holt* and S. Maren. Dept. of Psych, and Neurosci. Prog., Univ. of Mich., Ann 
Arbor, MI 48109-1109.

Considerable evidence indicates that dorsal hippocampal (DH) lesions attenuate 
latent inhibition (LI), a decrement in conditional responding produced by 
preexposure to the to-be-conditioned conditional stimulus (CS). A defining 
characteristic of LI is context specificity: LI is attenuated if the conditioning context 
is different from the preexposure context, and can be 'renewed' if extinction testing 
occurs in the preexposure context. Hippocampal lesions may interfere with LI by 
disrupting context processing. Recent accounts of LI (e.g., Bouton, 1991) suggest 
that context regulates LI by setting the occasion for the expression of CS- 
unconditional stimulus (US) or CS-no US associations acquired during conditioning 
and preexposure, respectively. The present experiment examined this view by 
assessing the effect of temporary inactivation of the DH on the context-specific 
expression of latent inhibition. Rats were bilaterally implanted with cannulae above 
the DH. Following recovery, the rats received 150 tone CS (5kHz, 10s, 80dB; 60s 
ISI) presentations over 5 days. Half of the rats received tone p.^xposure in the 
context that would later be used for extinction testing (context A), the other half of 
the rats received the preexposure in a different context (context C): time in both 
contexts was equated across the groups. Two days following preexposure, the rats 
were placed in a third context (context B) and given five tone-footshock (0.5 mA, 1 
s; 70-s intershock interval) pairings three minutes after placement in the chambers. 
The next day, rats were infused with either muscimol (1 fig/pL, 0.5 pL/side), a 
GABA agonist, or saline and, after an hour, placed in context A for extinction 
testing. During this test, freezing was measured during a continuous 8-min tone. 
The results revealed that the expression of LI was context-specific, insofar as the 
saline rats preexposed in context A exhibited lower freezing than those preexposed in 
context C. Hippocampal inactivation prior to testing eliminated the context- 
specificity of LI. These results suggest that the DH is required for the regulation of 
LI by contextual stimuli. Supported by the NIMH (MH57865, MH5736O).

660.6
MEMORY MODULATION PRODUCED BY POST-TRAINING EXPOSURE 
TO AN AVERSIVE CONDITIONED STIMULUS. M.R. Holahan* and N.M. 
White. Department of Psychology, McGill University; Montréal, QC H3A 1 BI.

Separate groups of normal rats were trained to enter one arm of a Y-maze for 
food. They were then exposed to a US (shock), a CS (cues previously paired 
with shock), or neutral cues (not paired with shock). When tested on the Y-maze 
24 hours later, rats that received the US as post-training treatment exhibited 
significantly improved performance on the Y-maze compared to rats that 
received no shock (previously shown by White and Legree, 1984). Rats exposed 
to the CS as post-training treatment exhibited significantly improved 
performance on the Y-maze compared to rats that were previously shocked in 
the presence of the CS but exposed to neutral cues as post-training treatment. 
Delayed (2 or 4 hours) post-training presentation of the CS did not improve Y- 
maze performance compared to immediate post-training presentation ofthe CS. 
These findings suggest the existence of a conditioned memory modulation 
response.

Two other conditioned responses were also measured: decreased 
spontaneous locomotor activity (freezing) in the presence of the CS and an 
active conditioned place avoidance when the rats were given a choice between 
the cues paired with shock (CS) and a set of similar neutral cues. Taken 
together, these findings suggest that conditioned “fear” may comprise several 
different conditioned responses that may be mediated by different neural 
substrates.

Supported by grants from the Natural Sciences and Engineering Research Council of 
Canada and FCAR, Province of Quebec.

660.7
LESIONS OF MEDIAL PREFRONTAL CORTEX RETARD EXTINCTION OF 
FEAR CONDITIONING BETWEEN SESSIONS, BUT NOT WITHIN A SESSION. 
Q,J. Quirk*, G J, Kohanski, and O. Avala, Dept. of Physiology, Ponce School of 
Medicine, Ponce, PR 00732.

Previous studies have shown that lesions of the ventral medial prefrontal cortex 
(mPFCv) in rats retard extinction of a freezing response to a tone paired with 
footshock (Morgan, Romanski and LeDoux, 1993; Morgan and LeDoux, 1995). A 
subsequent study using the fear potentiated startle paradigm failed to find any effect of 
mPFCv lesions (Gewirtz, Falls and Davis, 1997). In both of these experiments, a 
small number of trials were given per day, over a number of days. We have re
examined the effect of mPFCv lesions in a compressed conditioning protocol which is 
amenable to the study of single units. Food deprived rats were trained to press a bar 
for food with intermittent reinforcement (VI-60), and then given electrolytic lesions of 
mPFCv or sham surgery. On day 1 of training, 5 habituation tones (5 KHz, 30 sec, 4 
min ITI) were followed by 7 conditioning trials (tones paired with 0.4 mA, 0.5 sec 
shock), and 15 extinction trials (tone alone). The following day, rats received 15 
additional extinction trials. Control rats acquired moderate levels of conditioned 
suppression and freezing, which rapidly extinguished on day 1 and showed no 
recovery on day 2. Lesioned rats showed increased acquisition of fear, which 
extinguished to control levels on day 1. On day 2, however, lesioned rats recovered 
most of the conditioned fear to the tone, which again extinguished to control levels by 
the end of 15 trials. Unsignalled shocks given at the end of day 2 reinstated fear 
equally in both groups. These data suggest that mPFCv is not involved in inhibiting 
fear responses from trial to trial (within a session), but may be important for retaining 
inhibitory associations across sessions. It is also possible that mPFCv is part of the 
circuit that enables the animal to recognize a context in which extinction has already 
taken place.

660.8

SPECIFIC INDUCTION OF IMMEDIATE EARLY GENES IN 
THE AMYGDALA FOLLOWING CONTEXTUAL FEAR 
CONDITIONING. S. Malkani and J.B. Rosen*, Dept. of Psychology 
and Neuroscience Program, Univ. of Delaware, Newark, DE 19716.

Although the amygdala is known to be crucial for fear conditioning, 
little is known about the molecular and cellular mechanisms in the 
amygdala that are important for fear conditioning. Therefore, we 
examined the expression of immediate early genes (NGFI-A, NGFI-B, 
NGFI-C, and c-fos mRNA) in the amygdala 15 minutes after contextual 
fear conditioning. Rats were either handled (handled group), placed 
within the context without receiving a footshock (context-no-footshock 
group), received a footshock immediately upon placement within the 
context (immediate-footshock group), or received a footshock after a 3- 
minute delay (delayed-footshock group). Of the four groups, only the 
delayed-footshock group acquired contextual fear conditioning and 
exhibited a fear response (freezing). NGFI-A mRNA expression in the 
dorsal part of the lateral amygdaloid nucleus was significantly greater in 
the delayed-footshock group compared to the rest of the groups. NGFI- 
B and NGFI-C mRNA expression in the lateral nucleus of the amygdala 
was increased in the delayed, immediate, and context groups compared 
to the handled group suggesting that the increases were not specific to 
contextual fear conditioning. C-fos mRNA expression was increased in 
the medial nucleus of the amygdala following footshock but was not 
differentially increased in rats displaying freezing. These data indicate 
that NGFI-A, but not NGFI-B, NGFI-C, or c-fos, was specifically 
increased in the lateral nucleus of the amygdala and therefore may play a 
role in contextual fear conditioning. Supported by the University of 
Delaware.

660.9

PREDATOR ODOR AS AN ELICITOR OF UNCONDITIONED FEAR: 
FREEZING BEHAVIOR AND IMMEDIATE EARLY GENE 
EXPRESSION IN THE AMYGDALA. K. J. Wallace*, and J. B, 
Rosen, Department of Psychology and Neuroscience Program, 
University of Delaware; Newark, DE 19716.

Immediate early gene (IEG) expression in the amygdala is induced 
following fear conditioning or presentation of an unconditioned 
footshock. Both of these increased NGFI-A expression in the lateral 
nucleus of the amygdala (La) and c-fos expression in the medial nucleus 
of the amygdala (Me). It is unclear whether IEG activation following 
footshock is due to shock as an unconditioned fear stimulus or to its 
pain-inducing properties. To determine if an unconditioned stimulus that 
does not induce pain would elicit a fear response and induce IEG 
expression in the amygdala, a predator odor was presented to naive rats. 
Trimethylthiazoline (TMT), an active component of fox feces, was the 
predator odor presented. Caproic acid (a component of goat milk), 
butyric acid (a component of rancid butter), sucrose and water were used 
as control odors. The odors were presented for 15 minutes, freezing 
behavior was recorded and the brains were removed and processed for in 
situ hybridization. TMT induced significantly more freezing than the 
other odors (pc.OOl). Patterns of freezing did not adapt over the 15 
minute exposure to TMT and habituation did not occur after repeated 
exposure to TMT. NGFI-A expression in La with presentation of TMT 
did not differ from controls. In contrast c-fos expression in the Me with 
presentation of TMT increased above controls. These results suggest 
that a fear-inducing predator odor elicits a different pattern of IEG 
expression in the amygdala than footshock. Supported by the University 
of Delaware.

660.10
CORRELATION BETWEEN PHOSPHORYLATION OF CAMKII IN THE 
AMYGDALA OF AUDITORY-DEPENDENT FEAR CONDITIONED NMDA 
RECEPTOR KNOCKOUT MICE
K. Yamashita-Suzuki1, M. Sakakibara*. K. Fukunaga3, E. Miyamoto3, Y. Kouzu2,

T. Moriya2, S. Shibata2 and T. Yoshioka1 1 Dept. of Molecular Neurobiol., Waseda 
Univ.; 2 Department of Pharmacol., Waseda Univ.; 3 Department of Pharmacol.. 

Kumamoto Univ.; * Department of Biol. Sci. and Tech., Tokai Univ.; Japan 
The amygdala plays an important role in fear conditioning. Glutamatergic neuron 
from the thalamus into the lateral / basolateral amygdala implicated in auditory- 
dependent fear conditioning. Phosphorylation of Ca2+/calmodulin-dependent protein 
kinase II (CaMKII) may be a critical process to perform not only learning / memory 
but also LTP formation associate with the activation of NMDAR. In order to examin 
the assumption we examine the phosphorylation of CaMKII produced by auditory- 
dependent fear conditioning performance using NMDA receptor (NR) subtype 
knockout mice. To examine the auditory-dependent fear conditioning, animals were 
exposed to a conditioning stimulus (CS ; tone) for groups conditioned by CS only, or 
exposed to an unconditioning stimulus (US ; foot shock) 4 min. after CS stimuli for 
a CS/US (lOsec tone + lsec shock; 3times) groups. Conditioned wild type and NR2C 
deficient mice showed more immobility during the CS presentation than the pre-CS 
period in the next day, whereas NR2A and NR2A/2C knockout mice did same 
immobility during the pre-CS and CS periods. We are now determining the 
correlation between fear conditioning performance and phosphorylation of CaMKII 
in the lateral /basolateral amygdala by intergel phosphoryation analysis and western 
blot analysis using antibodies against phosphorylated and non-phosphorylated 
CaMKII.
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660.11
Immediate Post-training Infusion of Muscimol into Amygdala 
Does not Interfere with the Consolidation of Fear Conditioning.
A.E. Wilenskv*, G.E. Schafe and J.E. LeDoux. Center for Neural 
Science, New York University, NY, NY, 10003.

Two competing theories exist about the role of the amygdala in 
emotional memory. One, based on studies of Pavlovian fear 
conditioning, postulates that the amygdala is critically involved in 
the underlying plasticity, while the other, based on studies of 
inhibitory avoidance, proposes that the amygdala is mainly 
involved in the modulation of memories established elsewhere. In 
support of the modulatory hypothesis, post-training injections of 
the GABAa agonist, muscimol, attenuate inhibitory avoidance 
consolidation (Brioni, et.al., 1989). In the present studies, we 
examined the effects of post-training injections of muscimol on the 
consolidation of conditioned fear. Bilateral injections of muscimol 
(.5 pg) or saline were made in the amygdala either before or after 
Pavlovian fear conditioning consisting of either 1 (1.5 mA, 1 sec) or 
5 (0.5 mA, 0.5 sec) tone-footshock (CS-US) pairings. Consistent 
with previous studies, pre-training injections of muscimol 
eliminated acquisition of conditioned fear, as measured by freezing, 
during presentations of the CS one day after training. In contrast, 
post-training injections of muscimol immediately following either 1 
or 5 conditioning trials had no effect. These studies demonstrate 
that post-training functional inactivation of the amygdala does not 
affect the consolidation of conditioned fear, and suggest that the 
amygdala may have a differential role in conditioned fear and 
inhibitory avoidance. Supported by R37-MH38774 and 1K02- 
MH00956

660.12
The Fear Arousing And Motivational Properties Of Aversive Stimuli 
Are Mediated By Different Systems Within The Amygdala. P. 
Amorapanth, K. Nader, J.C. Repa* & J.E. LeDoux, Center for Neural Science, New 
York Univ., NY, NY, 10003.

Aversive, fear arousing stimuli elicit automatic defensive reactions (like freezing, 
autonomic and endocrine responses), and can also reinforce the acquisition of a new 
response that leads to the termination, escape from or the avoidance of the stimulus. 
We tested whether the mechanisms mediating the conditioned defensive behaviors 
and aversive properties elicited by emotional stimuli are isomorphic or dissociable. 
In order to assay for the conditioned aversive properties of fear evoking stimuli, we 
used an acquisition of a new response paradigm called Escape From Fear (EFF). 
Phase 1 entailed giving rats 5 pairings of a conditioned stimulus (CS; 20 sec., 10 
kHz, 75 dB) which co-terminated with a 0.5 sec. (0.5 mA) footshock for 2 days. In 
Phase 2, rats were placed into one of two identical compartments of an avoidance 
box. The guillotine door separating the two compartments was raised and 10 sec 
later the CS was presented. Moving to the alternate environment terminated the CS, 
thus removing the aversive properties elicited by the CS and reinforcing the operant 
of moving to the alternate environment. Ten trials a day were given for 2 days. 
Electrolytic lesions were made in the central or basal (sparing the lateral) nucleus of 
the amygdala prior to fear conditioning. Central nucleus lesions blocked freezing 
behavior, but had no effect on the acquisition of EFF. Lesions of the basal amygdala 
produced the exact opposite pattern of results. Basal amygdala lesions blocked the 
acquisition of EFF, but had no effect on freezing behavior. These results double 
dissociate the mechanisms mediating the conditioned aversive properties of fear from 
the mechanisms mediating the behavioral properties of fear. We are presently testing 
whether these two processes are the output of a single or distinct learning systems. 
Supported by Grant #R37-MH38774.

660.13

PHOSPHORYLATION OF cAMP RESPONSE ELEMENT BINDING 
PROTEIN IN THE RAT AMYGDALA FOLLOWING PAVLOVIAN 
FEAR CONDITIONING. G.E. Schafe*, G.M. Sullivan. & J.E. LeDoux. 
Center for Neural Science, NYU, New York, NY 10003.

The cAMP response element binding protein (CREB) is a constituitively 
expressed nuclear protein that has been hypothesized, following 
phosphorylation of its Ser133 by synaptic stimulation, to induce the 
transcription of genes containing cAMP response element (CRE) promoter 
regions. CRE-mediated genes, in turn, encode proteins thought to be 
necessary for the long-term structural changes underlying memory 
formation. The present studies utilized immunocytochemical methods to 
examine the expression of phosphorylated CREB (pCREB) in the rat 
amygdala, a region that neuroanatomical, pharmacological, and 
physiological studies have shown to be essential for the establishment of 
Pavlovian fear conditioning. Rats were given a single conditioning trial 
consisting of presentation of a 30 sec 5 kHz 70 dB tone that coterminated 
with a 1 sec 1.5 mA footshock and were then sacrificed 10 mins later. 
Relative to non-stimulated controls, conditioned rats had increases in the 
expression of pCREB in both the lateral (LA) and central nuclei of 
amygdala, with a particularly strong activation in the LA. No significant 
increase in pCREB expression was observed in the basolateral nucleus. An 
additional experiment where rats were sacrificed at 5, 10, 15, or 30 mins 
following tone-shock pairing suggested that expression of pCREB in LA 
was strongest at 10 mins and had returned to control levels by 30 mins. 
These results indicate that Pavlovian fear conditioning transiently activates 
CREB protein in the amygdala, and, while additional controls need to be 
run, suggest that CRE-mediated gene transcription is a potential molecular 
mechanism whereby emotional memories are encoded. Supported by R37- 
MH38774 and 1K02-MH00956.

660.14
Basolateral Amygdala Infusions of Lidocaine Disrupt both Acquisition and 
Consolidation of Memory for Contextual Fear Conditioning (CFC). Almira 
Vazdarjanova* and James L. McGaugh. Center for the Neurobiology of Learning 
and Memory and Department of Psychobiology, University of California, Irvine, CA 
92697-3800.

Pretraining temporary inactivation of the basolateral amygdaloid complex (BLC) 
result in decreased memory for a footshock-context pairing (CFC) indicated by 
reduced time spent freezing at the time of testing. It is unclear, however, whether this 
effect may be due partially or entirely to a posttraining effect of the drugs (which 
effects last beyond the training period) on memory consolidation. Here, we present 
data showing that pre- as well as posttraining BLC inactivation induces comparable 
impairment of CFC memory measured by place approach, place avoidance and 
freezing.

On Day 1 (habituation) male rats with guide cannulae aimed at the BLC were 
allowed to explore the three arms of a Y maze for 8 min. Freezing (the lack of all but 
respiratory related movement), time spent in each arm and entries in each arm were 
recorded. On Day 2 (training) the rats received 4 footshocks (1 mA, 1 s, ITU 60 s) in 
one arm (shock arm) which was blocked off from the rest of the maze. In a 2x2 
design, half of the rats received pretraining infusions of either buffered saline or 4% 
lidocaine (0.2 pi) into the BLC and the rest received the same treatments 
posttraining. On Day 3 (test) all rats were placed in a non-footshock paired arm (a 
"safe arm") and allowed access to the entire maze. Both lidocaine-treated groups 
displayed low levels of freezing and were impaired on all measures in comparison 
with the saline-treated controls. However, all rats avoided the shock arm as shown by 
increased latency to enter, decreased dwell time, and number of entries compared 
both to habituation levels and to the same measures recorded in the "safe arms" 
during the test. Thus, our results indicate that the BLC is involved in a non-critical 
fashion in both acquisition and consolidation of the memory trace for a CFC training.

Research supported by USPHS grant from NIMH MH12526 (JLM).

660.15

FUNCTIONAL NEUROANATOMY OF THE KAMIN BLOCKING 
EFFECT ON PAVLOVIAN CONDITIONING MAPPED WITH 
FLUORODEOXYGLUCOSE AUTORADIOGRAPHY.
D. Jones* and F. Gonzalez-Lima, Dept. of Psych, and Inst, for Neurosci., Univ. of 
Texas, Austin, TX, 78712

The blocking effect is an influential Pavlovian conditioning effect which has 
generated much theoretical and behavioral work since its discovery by Kamin (1969). 
Blocking demonstrates that previous learning about a conditioned stimulus (CS) can 
interfere with learning about a novel CS. The blocking effect elegantly demonstrates 
that temporal pairing of a CS with a US is not sufficient to produce conditioned 
responding. In the present study the metabolic activity elicited by a tone was compared 
in two conditions; where the tone was a conditioned excitor and where that 
conditioning was blocked. Two groups of Long-Evans rats were trained with 12 trials 
of a compound CS (light and tone) paired with footshock over the course of 3 days. 
One group, Tone Blocked, had previous training consisting of the light paired with 
footshock while the other group, Tone Excitor, received pseudorandom presentations 
of the light and footshock (16 trial over 4 days). Following training, probe 
presentations of the tone elicited conditioned suppression in the Tone Excitor group, 
but not in the Tone Blocked. Measures of FDG incorporation revealed mean group 
differences in discrete extraauditory brain regions: the medial and sulcal areas of the 
prefrontal cortex, the lateral septum, nucleus accumbens, vertical diagonal band 
nucleus, anterior cingulate cortex, medial preoptic area, medial amygdaloid nucleus, 
and caudal caudate putamen. All of these areas showed decreased FDG incorporation 
in the Tone Blocked compared to the Tone Excitor group. Thus, blocking effects were 
localized to two highly interconnected circuits: 1) a basal forebrain circuit that is 
consistently seen in excitatory conditioning in our previous FDG studies; and 2) a 
cortical limbic circuit that appears more specific to the blocking of attentional and 
emotional components that support conditioned behavior. (Supported by NIH grant 
MH43353 and NSF grant IBN9222075).
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661.1
LOCATION STRATEGIES USED BY HIPPOCAMPAL LESIONED 
RATS IN A DRY-LAND MAZE. K. Woodruff. & P, Jackson *, Dept. of 
Psychology, Radford University; Radford, VA, 24141.

The current study examined reference memory in Hippocampal-lesioned 
rats on a dry-land version of the Morris water maze task. Male Long- 
Evans rats were given complete hippocampal (Hipp), cortical control, or 
sham lesions. The task involved locating a hidden food reward in 1 out of 
8 possible food wells on a round, wood-chip covered platform, completely 
surrounded by a gray curtain. All experimental rats were assigned one 
food-well which remained constant; a control group (Random) of sham- 
operated rats had the food placed randomly in 1 of 4 food-wells on each 
trial. All rats were trained for a minimum of 24 sessions, but had to reach 
a performance criterion before they were given any transfer condition 
(except the Random group). Hipp rats performed significantly better than 
the Random rats, and although they took longer to attain criterion, were 
equal to the Control rats thereafter. Removal of the cues, 3 extra- and 1 
intra-maze, impaired performance in the Control groups, improved 
performance in the Random group, and didn’t affect performance in the 
Hipp group. A transfer test in which the cues were normal, but the rats 
were transported into the maze in an opaque box, severely impaired 
performance in the Control rats, but had little impact on the Hipp or the 
Random groups. These data suggest that the Control groups used their 
body’s orientation in space as well as the environmental cues to solve the 
task. The Hipp rats may have utilized a totally different search strategy, 
which may not be spatial in nature.

661.2
SUCCESFUL PLACE LEARNING IN HIPPOCAMPECTOMIZED 
RATS. S.H. Alvan1* and P.J. Best2. 'Department of Biological Sciences, 
Yarmouk Univ.; Irbid, Jordan; ¿Center for Neuroscience, Department of 
Psychology, Miami Univ.; Oxford, OH 45056, USA.

The hippocampus plays well-established roles in topographic navigation. The 
accepted interpretation for the observed impairment of hippocampectomized rats 
in spatial navigation tasks has been their inability to form place representations. 
This report presents evidence that hippocampectomized rats can perform land
mark navigation. Hippocampectomized rats were successfully trained to shuttle 
between two goal locations on a circular arena surrounded by black curtains, on 
which hung several landmarks in a certain arrangement. Following landmark 
rotation, both the control and the hippocampectomized rats used the constellation 
of landmarks to navigate from the center to the peripheral feeding cup.

Removing all the landmarks, as well as permuting them in a non-linear 
transformation caused both hippocampectomized and control rats to orient in a 
random maimer. On the other hand, removing only two landmarks, the ones 
surrounding the peripheral goal location, did not significantly affect the rats’ 
orientation in both groups. Also removing the landmark that was opposite the 
peripheral food cup location (which covered about 30 degrees angle of the visual 
field) did not affect the rats’ orientation. So none of the landmarks were 
employed as the sole guiding cue by the rats.

These results are consistent with the hypothesis that both intact and 
hippocampectomized rats use landmark-based navigation, which is based on 
recognizing a location and determining in what direction to head on the basis of 
the landmark arrangement. The results indicate that the neural mechanisms for 
landmark-based navigation are extrahippocampal.

Supported by the National Science Foundation.

661.3

HIPPOCAMPAL RATS DO NOT USE DEAD RECKONING: 
EVIDENCE FROM TRACKING EXPERIMENTS. Ian O. 
Whishaw* and Bogden Gorny. Department of 
Psychology and Neuroscience, University of 
Lethbridge, Lethbridge, Alberta, CA, T1K 3M4.

Control and hippocampal (fimbria-fornix) rats were 
trained to follow an odor train from their burrow to a food 
pellet, which they then carried home to eat. (1) When 
sighted, both control and hippocampal rats took a direct 
route home to the burrow, suggesting that they used visual 
guidance. (2) When blindfolded, the control rats took a 
direct route home while the hippocampal rats followed the 
odor trail home. (3) When the odor trail was removed as 
the rats completed the outward trip, the blindfolded 
control rats took a direct route home while the blindfolded 
hippocampal rats appeared lost. (4) When the distance to 
the food source was varied and the odor train removed, 
control rats returned directly home from all distances 
while hippocampal rats returned accurately from only 
extremely short distances. These results show that both 
control and hippocampal rats can follow odor trails to 
forage and can use visual cues to return home. Most 
importantly, they also show that only control rats used 
dead reckoning (path integration) to return and only 
hippocampal rats used odor trails to return. The results are 
consistent with the hypothesis that the hippocampus is 
necessary for path integration. Supported by MRC, Canada.

661.4

PLACE AVOIDANCE BY PATH INTEGRATION IS ONLY ACCURATE 
FOR ABOUT 7 m WITHOUT USEFUL VISUAL AND SUBSTRATAL 
CUES. A.A. Fenton*, A. Stuchlik, Yu. Kaminskii, A. Zahalka and J. Bures
Institute of Physiology, Academy of Sciences, Prague, Czech Republic,

Rats navigate open spaces by recording the relations between perceptible 
environmental features. At the same time they use self-motion information 
to update their current position relative to an arbitrary start point- a process 
called “idiothesis” or “path-integration”. Idiothesis depends on vestibular 
and proprioceptive sensations and efference copies of motor commands, 
and its cumulative error appears to be frequently corrected by referencing 
visible landmarks and substratal cues. Here we demonstrate how long 
accurate path-integration can persist without correcting the cumulative error.

Eight rats were trained in a “place avoidance” task to forage on a circular 
arena for randomly scattered pellets while avoiding a mild footshock in a 
60° sector of the arena. Visual cues were removed by complete darkness.
The arena had 2 concentric sections, a 80 cm diameter circular interior and 
a 30 cm wide peripheral belt. Substratal arena cues could be made 
uninformative when the arena surface was “shuffled” using 180°/min 
rotation to change the mutual positions of the inner and outer sections and 
the shocked sector. The shocked sector was stable with respect to the rat’s 
self-motion from the start i.e. stable in the idiothetic reference frame.
During a 30 min trial when the rats were performing asymptotically they got
4.8 ± 0.49 shocks on the unshuffled arena compared to 15 ± 1.1 shocks 
when the arena surface was shuffled. The distance moved between shocks 
was 25 ± 4 m and 6 ± 1 m in the stable and shuffled conditions, respectively. 
After the 30 minutes the shock was turned off. The avoidance was still 
apparent after 30 min of extinction on the stable arena, whereas during 
shuffling the same level of extinction was reached after 2 minutes. Thus 
navigation by path-integration alone was only accurate for a short distance. 
Support: GACR grant 309/97/0555.

661.5

HIPPOCAMPAL N-METHYL-D-ASPARTATE RECEPTORS 
PARTICIPATE IN DISCRIMINATION OF SPATIAL STIMULI IN RATS 
E.M, Melikov', E. Babar1, T, Ozgiinen1 and Y, Sanca2. (SPON: International 
Behavioural and Neural Genetics Society). 'Dept. of Physiology and ¿Neurology, 
Qukurova Univ., Medical Faculty, 01330-Balcali, Adana-TURKEY

The participation of the hippocampal N-methyl-D-aspartate (NMDA) receptors 
in learning and memory is well known. However, the exact mechanism of that 
participation is still unclear. Therefore, we studied effects of NMDA receptor 
antagonist DL-2-amino-5-phosphonovalenc acid (AP5) microinfusion (20pM) 
into the dorsal hippocampus on darkness and place avoidance memory 
acquisition and performance in adult male Wistar rats, using one-trial light/dark 
discrimination passive avoidance paradigm. The rats were learned in the dark box 
and tested in the light box where partial darkness was visible from the small hole 
that provides free access to the dark box. AP5 effects on the hippocampal theta- 
rhythm and behavior in the dark open field were also investigated.

AP5 produced a decrease in fear behavior resulted from restoring complete 
representation of darkness in response to the partial darkness during avoidance 
memory testing. AP5 administration decreased spatial avoidance latencies but did 
not change place avoidance latencies. The hippocampal theta-rhythm occurred 
when rats approach to the dark hole disappeared after AP5 treatment. In the dark 
open field, the rats received AP5 showed a reduction in exploration of the inside 
and outside stimuli.

The findings suggest that deficits in acquisition and performance of the spatial 
memory by blocking hippocampal NMDA receptors may be related to the 
damage of spatial stimuli discrimination.

This work supported by TUBITAK Grant No:SBAG-1435

661.6

EFFECTS OF HIPPOCAMPAL (H) & FRONTAL CORTICAL 
(FC) LESIONS ON RADIAL MAZE DNMS DEPEND ON 
TRAINING PROCEDURES. M.C, Porter*, J.A, Burk, J. Koch 
& R.G. Mair. Dept. of Psych., UNH, Durham, NH 03824.

The effects of FC and H lesions on DNMS vary 
depending on whether the same arms are used 
repeatedly on all trials or whether they are varied 
randomly between the 8 alternatives. In Exp. 1, rats 
were trained with varying arms in a cue-rich setting, 
lesioned, and then tested with varying arms and then 
repeated arms with cues obscured. H lesions were 
associated with impairments that were delay- 
dependent for varying arms and delay-independent 
for repeated arms. FC lesions had no effects. In Exp. 2, 
rats were trained with repeated arms with visual cues 
obscured, lesioned and then tested with repeated arms 
and then varying arms in a cue-rich environment. H 
lesions had effects consistent with Exp. 1. By contrast, 
FC lesions resulted in delay-independent impairments 
comparable in severity to the impairments produced 
by H lesions. Supported by RO-1 NS26855 from NINDS.
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661.7

BOTH HIPPOCAMPAL (H) AND FRONTAL CORTICAL (FC) 
LESIONS IMPAIR DNMS TRAINED WITH RETRACTABLE 
LEVERS IN A DELAY-INDEPENDENT FASHION . R.G. 
Mair*, J.A. Burk, M.C. Porter, & J. Koch. Department of 
Psychology, University of New Hampshire, Durham, NH 
03824.

In a previous study we found that lesions of FC, 
but not H, impair DMS trained with retractable levers. 
To determine the importance of the non-matching 
strategy, we carried out a comparable study of DNMS. 
The effects of FC lesions were comparable for both 
tasks. H lesions were found to impair the DNMS task in 
a delay-independent fashion. Other results in our 
laboratory have shown that H lesions produce delay- 
dependent impairments of DNMS trained in an 8 arm 
radial maze. These results demonstrate that the effects 
of H lesions depend on the response requirements 
(matching vs. nonmatching) and the stimulus 
conditions (radial maze vs. operant chamber) with 
which delayed conditional discriminations are trained. 
Supported by grant RO-1 NS26855 from NINDS.

661.8
INFANT RATS: EFFECTS OF UNI- OR BI-LATERAL HIPPOCAMPAL 
DAMAGE ON THE DEVELOPMENT OF SPATIAL MEMORY. R.E 
Hartman*,,R.L, Altemvs, A-P, P’Cs$t9, AR, Shah, DM HplUmanvJM
Giddav and C.R, Almli. Dev. Neuropsychobiology Lab., Center for the Study 
of Nervous System Injury, Washington Univ. Sch. of Med., St. Louis, MO 
63108.

Unilateral hippocampal lesions In adult rats produce only mild deficits in 
spatial information processing. However, at least two studies have shown 
that unilateral hippocampal lesions in Infants may produce spatial memory 
deficits as severe as those produced by bilateral hippocampal lesions in 
adults (i.e., almost total lack of spatial processing ability; Douglas, 1975; 
van Praag, et al., 1995). These findings suggest that early damage to one 
hippocampus may lead to developmental dysfunction of the contralateral 
hippocampus. To compare the effects of uni- and bi-lateral hippocampal 
lesions in infants, neonatal rats received either unilateral (UNI; ischemia + 
hypoxia) or bilateral (BI; electrolytic) hippocampal lesions, or sham-surgery 
(CON). From postnatal days 20 to 25, spatial memory abilities were tested 
under the random, cue, or place conditions of the water maze. For the 
random and cue (non-spatial) conditions, probe (spatial memory) trial times 
of UNI and BI rats did not differ from those of CON rats. For the place 
(spatial) condition, UNI and BI rats did not differ for probe times, but both 
groups displayed severe spatial memory deficits in comparison to CON rats 
(i.e., performance at chance levels). These results are consistent with the 
hypothesis that unilateral hippocampal damage in infant rats leads to 
abnormal function of the contralateral hippocampus, thereby yielding 
bilateral hippocampal abnormality and severe spatial memory deficits. 
Supported by NS35902 and CSNSI 46326N.

661.9

POSSIBLE PARALLEL OPERATION OF THE INTEGRATIVE SYSTEMS 
RELATED TO NAVIGATIONAL CAPACITIES IN ANIMALS SUBMITTED 
TO IRRADIATION OR STRESS IN THE PRENATAL PERIOD: . R.W.F. 
Vitral, GM. Vitral. Dutra.R.T, Vital * and S.L, Schmidt. Dept.
Fisiología, ICB, UFJF; Dept. Ciéncias Fisiológicas, IB, UERJ; IBCCF, 
UFRJ; BRASIL.

It has been proposed that several subsystems, beyond the 
hippocampus, participate in the process of construction of cognitive maps 
of space navigation and declarative memory The following subsystems 
have been described: Head Direction (HD); Local View (LV); Path 
Integration (PI); Place Code (PC); and Goal (G). Prenatal irradiation of 
pregnant females produces in the progeny extensive damage in some of 
the areas associated with the above mentioned subsystems. In the 
present investigation, we analyzed the performance of 50 (22 males and 
28 females) adult mice irradiated on the 16° gestational day (E16) with a 
total dose of 3Gy and 28 (13 males and 15 females) adult mice whose 
progenitors suffered stressing handle manipulation on E16 (sham group). 
The normal group consisted of 63 (30 males and 33 females) nori- 
irradiated adult animals. We used the following tests: Water Maze, T- 
Maze, Lashley III Maze, Free Swimming with visual cues, and Vicarious 
Trial and Error Behavior (VTE). We assumed the participation of the 
following subsystems on the performance of the animals: 1) Water 
Maze=PC, HD, LV, G, PI; 2) T-Maze=HD, LV, G; 3) Lashley III Maze=LV, 
PI,. HD, PC, G; 4) Free Swimming=LV, G, PC; and 5) VTE=HD. Irradiated 
and sham animals showed significant differences in comparison to non- 
irradiated animals in some of the behavioral tests. The analysis of the 
results suggests that the different subsystems can also operate in a 
parallel way.
Support: CNPq, FAPERJ, FINEP

661.10

DISRUPTION OF CIRCADIAN RHYTHMS: EFFECTS ON THE ACQUISITION 
AND RETENTION OF PLACE NAVIGATION ON THE MORRIS WATER MAZE 
TASK. R. J. McDonald^E. A. Antoniadis, S. Lebovic and M.R, Ralph. Department 
of Psychology and Zoology, University of Toronto, Ontario, Canada.
Circadian rhythms have been repeatedly shown to influence learning and memory 
processes in human and non-human animals (Folkard & Monk, 1978). The 
hippocampus has been extensively studied for its participation in place learning 
(Morris et al., 1982; Sutherland et al., 1982). Hippocampal place cells formed during 
exploration of a novel environment have been shown to be active during slow wave 
sleep (Skaggs & McNaughton, 1996). Recent findings suggest that the disruption of 
the sleep/wake pattern accomplished by a phase forward shift, does not affect the 
acquisition of place navigation in the Morris water maze task, but disrupts the 
expression of such learning (Goad, Devan & Petri, 1998). In that study, retention was 
tested a week later, following a one week re-entrainment procedure. Unfortunately, 
circadian rhythms were not recorded. Knowledge of the animals circadian rhythms 
would strengthen the above conclusion by assuring that a) the phase shift actually 
disrupted circadian rhythmicity, and b) that following the 1 week delay there had been 
re-entrainment to the LD cycle. The present experiment is a replication of that study 
with the additional circadian rhythm information. Animals were kept on a 12:12 LD 
cycle with free access to running wheels in their home cages. Subsequent to 
entrainment to the LD cycle, they were exposed to a 3 hour phase advance shift for 
each of 6 consecutive days. Training trials took place every 23 hours. Following 6 days 
of training, animals were returned to the 12:12 LD cycle for 7 days and were then 
tested for retention..The phase shift resulted in the selective impairment of retention 
but not acquisition of place information, as expressed by the different measures of 
place navigation. These findings strongly support the idea that circadian rhythms play 
an important role in the consolidation of spatial information mediated by the 
hippocampus. (NSERC to R.J McDonald and M.R. Ralph)

661.11

INCORPORATING PLACE FIELD DYNAMICS INTO THE TAM-WG 
MODEL OF RODENT NAVIGATION. A. Guazzelli*. M. Bota. and
M. A, Arbib. Univ. of Southern California, Los Angeles, CA 90089-2520.

Based on the distinction between map-based and taxon systems for 
navigation (O'Keefe & Nadel, 1978), we have proposed two models: (a) the 
World Graph (WG) model, our map-based model which develops the 
hypothesis that cognitive and motivational states interact; and (b) the 
Taxon-Affordances Model (TAM) for taxon determination of movement 
direction. The original TAM-WG model allowed us to explain data on the 
behavior of normal and fornix-lesioned rats (Guazzelli et al., 1998).

The next step was then to enable TAM-WG to take into account the 
necessity for the animal to update position changes while moving along its 
"world graph" so that it is continuously informed of its current position by 
reference to an environmental anchor. Such a path-integrator capability 
was incorporated into the model by the use of dynamic remapping (Dominey 
and Arbib, 1992). In TAM-WG, dynamic remapping works by shifting the 
relative position of home-base (or a place to be fed) in a direction equal and 
opposite to the movement of the animal. This information, assumed to be 
processed by the rat parietal cortex, is then presented to the place cell 
layer, together with preprocessed sensory inputs. In this way, the model is 
able to replicate the hippocampal place field dynamics observed in the 
experiments conducted by Gothard et al. (1996) in which rats had to run 
back and forth along a linear track that shrunk from trial to trial according 
to the position of the starting box. During a traversal, as with the place 
fields observed by Gothard et al., the simulated TAM-WG place fields tend 
to shift, shrink, and/or disappear according to the position of the box.

Supported in part by CAPES - Brazil and the Human Brain Project 
Consortium grant NIMH (52194).

661.12

HIPPOCAMPAL MOSSY FIBERS AND SWIMMING NAVIGATION 
LEARNING IN TWO VOLE SPECIES. M.G. Pleskacheva1. D.P. Wolfer3- LE 
Kupriyanova2 . D.L, Nikolenko1. H. Scheffrahn3 and H.-P, Lipp*3 ’Dept. of Biology, 
Moscow State Univ., Russia; 2Moscow Pedagogical Univ., Dept. of Biology; llnst. of 
Anatomy, Univ. of Zürich, CH-8057 Zürich, Switzerland.

We have shown previously for mice that size differences of the infrapyramidal 
hippocampal mossy fiber projection (IIP-MF) correlate with spatial learning abilities. 
In order to clarify the role of the IIP-MF in a natural environment, we have studied the 
bank vole (Clethrionomys glareolus) adapted to different habitats, and the root vole 
(Microtus oeconomus) living in monotypical grassland habitats with small home ranges.

Morphometry on Timm-stained horizontal brain sections of six M. oeconomus and 
six C. glareolus revealed that the size of the entire mossy fiber projection was 42 % 
larger in C. glareolus than M. oeconomus. C. glareolus had also an IIP-MF projection 
about 230% larger than the root vole. A sample of captured animals was then transferred 
to the laboratory (C. glareolus, n=23; M. oeconomus, n=l 5) and underwent testing for 
swimming navigation according to a standardized protocol used to assess water maze 
learning in about 2000 normal and transgenic mice. Both species learned faster than 
laboratory mice. Overall escape times showed no differences, but path length was 
significantly reduced in C. glareolus, which also showed superior performance in a 
variety of scores assessing spatial search patterns. On the other hand, M. oeconomus 
showed faster swimming speed, and strong thigmotaxis combined with circular 
swimming. The root voles also scored at chance levels during the probe trial, about as 
poorly as mutant knockout mice considered to be deficient in spatial memory.

These differences probably reflect differential styles of spatial learning rather than 
spatial memory deficits: C. glareolus appears to be superior in inhibiting behavior 
interfering with proper spatial search behavior, while root voles succeed in escaping by 
using rapid circular swimming. We assume that variations of the IIP-MF correspond to 
a mechanism stabilizing hippocampal processing during spatial learning or complex 
activities. This corresponds to the behavioral repertoire ofthe two species and is in line 
with previous observations on the role of the IIP-MF. Supp. by NF 31-46691.96.

Society for Neuroscience, Volume 24, 1998



WEDNESDAYAM
LEARNING AND MEMORY: SYSTEMS AND 

FUNCTIONS—HIPPOCAMPUS AND SPATIAL LEARNING 1687

661.13
MEMORY IN AN ARBOREAL ENVIRONMENT: SPATIAL ORIENTATION 
ON A VERTICAL MAZE IN FREE-RANGING FOX SQUIRRELS.
L.F. Jacobs1* and M.W, Shiflett2. ^Dept. of Psychology, Univ. of California, 
Berkeley, CA 94720-1650; 2Dept. of Psychology, Cornell Univ., Ithaca, NY.

The coding of space by the rodent has been at the heart of many 
controversies in behavioral neuroscience. Yet the mechanism by which an 
animal orients in space may differ according to species, developmental 
history and experimental context. For this reason, it is important to study 
spatial frames of reference under a range of experimental conditions. Studies 
of maze orientation in rodents have been solely based on laboratory rodents 
solving laboratory mazes. The goal of this study was to determine how a 
highly visual rodent species, the fox squirrel (Sciurus niger), orients in space 
under natural conditions. Twenty-four wild squirrels were trained to follow 
one route to a location on a large (2.7 m x 3 m) vertical maze. Squirrels were 
then were tested with all routes accessible to distinguish between their use of 
egocentric vs. allocentric frames of reference. We disassociated these 
alternatives by manipulating the maze with rotations, shifts and by blocking 
routes. Regardless of manipulation, squirrels consistently relied upon an 
extra-maze, allocentric frame of reference for orientation. Squirrels also 
organized their memory of the route into two parts; perhaps as two local 
views. Thus the diurnal, free-ranging fox squirrel uses an orientation strategy 
on an outdoor, vertical maze that is remarkably similar to that used by 
laboratory rats solving horizontal mazes in the laboratory. This similarity 
of orientation mechanisms in two such different species and contexts suggests 
that the principles of spatial orientation reflect a primitive cognitive trait 
across rodents. Funded by a Univ. Calif. Faculty Research Grant to L.F.J.

661.14
HIPPOCAMPAL VOLUME CHANGES IN BIRDS: AN 
INVESTIGATION OF SPECIES, PHOTOPERIOD, AND GENDER.
P,W, Lee* & N.S, Clayton, NPB. UCDavis, Davis, CA, 95616.

The hippocampal formation (HF) of food storing birds 1) increases in volume 
and neurogenesis during fall; 2) is necessary for memory of spatially but not 
visually cued tasks; and 3) is larger than non-storers. Changes in photoperiod 
have been shown to influence storing in captive birds but not result in HF 
volume changes; this was possibly due to insufficient demand for spatial 
memory use since birds were not required to retrieve their caches. Past 
studies have also shown that photoperiod can influence performance on 
spatial learning tasks however HF volumes were not obtained.

To determine whether demand for spatial memory interacts with photoperiod 
to induce HF volume changes, food-storing Alaskan black capped chickadees 
(Paws atricapillus) and non-storing Californian white crowned sparrows 
(Zonotrichia leucophrys) were maintained on a short 8:16 photoperiod and 
trained to search and remove string knots on the faces of 7 visually and 
spatially unique "peanut feeders" to find food hidden in 1 of the feeders. At 
test, 7 new visually identical feeders were placed in the same spatial locations 
as those at training; thus birds could rely on spatial but not visual cues. After 9 
trials, birds were changed to either a long (16:8) or even shorter photoperiod 
(6:18) and given 9 more trials. Data indicates that 1) chickadees show better 
memory for this task than sparrows; 2) female chickadees show superior 
performance over males; and 3) birds on severly short-daylengths performed 
worse than their long-day cohorts. Longer daylengths successfully resulted 
in feather moulting in all birds and gonad growth in males. HF volumes were 
larger in chickadees than sparrows; however, performance was not better in 
short-day birds and HF volumes did not differ due to photoperiod or gender. 
Since birds did indeed use memory to solve this task, demand for spatial 
memory use was not sufficient to interact with photoperiod to alter HF volume.

Supported by NIMH grant MH11109-03 (DWL).

661.15
A NOVEL SPATIALLY-BASED LEARNING PARADIGM FOR MICE: RAPC 
(REPEATED ACQUISITION AND PERFORMANCE CHAMBER) S.L. Mure. A.I. Brooks. 
H.J. Federoff* and P.A. Corv-Sleehta. Departments of Microbiology, Immunology, 
Neurobiology & Anatomy and Neurology: Division of Molecular Medicine & Gene Therapy, 
University of Rochester School of Medicine, Rochester, NY 14642.

Although the Morris water maze has been considered a standard for spatially-based 
learning assessment for rodents, it represents an extremely stressful escape paradigm that 
suffers from: 1) subject elimination and thus potential bias; 2) extraneous olfactory cues; 3) 
reliance on an extremely effortful motor response; 4) susceptibility to body temperature 
changes; and 5) difficulties in separating learning/memory effects from non-specific 
performance impairments. We have developed an alternative paradigm that utilizes a repeated 
acquisition and performance chamber (RAPC) for mice that eliminates many of these 
problems. It utilizes a rectangular Plexiglas chamber with a start box and a goal box situated 
at opposite ends. The chamber interior is divided into 4 equal sized compartments by 3 
panels (each equipped with 3 one-way doors) which permit access to successive 
compartments. Access to the goal box and saccharin reward is contingent upon entry into the 
fourth compartment. This paradigm permits a separate examination of differential effects of a 
treatment on performance (a rote motor task) from working memory/learning using each 
subject as its own control within a single behavioral session. During each session, repeated 
acquisition (RA) and performance (P) components alternate; in the RA component, the 
specific door sequence leading to saccharin changes unpredictably with each session, thus 
requiring learning of a new door sequence during each session. In the P component, 
controlled by an audio signal, the door sequence remains constant, thus requiring only 
performance ot a rote response. Both the RA and P components require execution of a 
comparable motor response, intact sensory capabilities and adequate motivation, but learning 
per se is required only in the RA component. Effects of the non-competitive NMDA 
antagonist MK-801 and the muscarinic cholinergic antagonist scopolamine on latency (time 
to reach goal box) and errors per trial of adult male C57BL/6 mice in this paradigm were 
examined. Both drugs produced dose-related increases in latency and errors in the learning 
(RA) component with no systematic effects on the performance (P) component, validating the 
ability to separate treatment-related differences in working memory vs. performance. Ongoing 
studies are evaluating the pharmacological manipulation of working memory in other murine 
inbred strains and use of the RAPC paradigm to characterize the involvement of cholinergic 
NGF responsive connections in the septohippocampal pathway. NIH R01MH57047-02

661.16
INDIRECT DETERMINATION OF (DORSAL) HIPPOCAMPUS FUNCTION 
IN UNREINFORCED SPATIAL LEARNING N.M. White* & P. Wallet, Dept. 
of Psychology, McGill Univ. Montreal, Quebec, Canada H3A 1B1

Learning a conditioned cue preference (CCP) in a radial arm maze is impaired by 
amygdala lesions. In normal rats, a single 10 min session of maze exploration with 
no reinforcers present retards subsequent CCP learning, suggesting that retardation 
of CCP learning can serve as an indirect measure of the spatial learning about the 
maze environment that occurs during exploration. Two lines of evidence are 
consistent with the hypothesis that the hippocampus is involved in this form of 
spatial learning: 1) when rats explore the maze fimbria-fornix lesions eliminate the 
retardation of subsequent CCP learning (McDonald & White, 1995), suggesting that 
the learning that occurs during exploration depends on the fimbria-fornix; 2) 
Systemic injection of MK801 prior to exploration eliminates retardation of 
subsequent CCP learning (Stevens, Shapiro & White, 1997), suggesting that 
learning about the maze environment requires functional NMDA receptors. In the 
present experiment rats sustained large, bilateral hippocampus lesions following 
multiple injections of NMDA. The dorsal hippocampus was completely destroyed, 
in all rats; some sparing of the ventral hippocampus occurred in about half the 
subjects. In three independent experiments rats with hippocampus or sham lesions 
that explored the maze were retarded at subsequent CCP learning, suggesting that 
an intact hippocampus is not required for learning about the maze environment. In 
two of the experiments the rats with hippocampus lesions were impaired on the 
standard win-shift task, suggesting that the lesions impaired this form of spatial 
learning, in a control experiment hippocampus lesions had no effect on CCP 
learning. These findings suggest that the fimbria-fornix, but not the hippocampus, 
is involved in learning about a spatial environment during exploration when the 
environment does not contain any reinforcers and no specific behavior is learned. 

Supported by grants from the Medical Research Council of Canada and FCAR, Province of Quebec.

661.17

EFFECTS OF HIPPOCAMPAL LESIONS ON CONDITIONED PLACE 
PREFERENCE - A COMPARISON TO FORNIX LESION J. Ferbinteanu* 
and R. J. McDonald. Dept. of Psychology, Univ. of Toronto; Toronto, Canada 
M5S-3G3

Data indicating that amygdala lesions impair, while fornix lesions 
enhance acquisition of a spatial conditioned place preference (CPP) task 
(McDonald and White, 1993) suggested that the hippocampal function interferes 
with the ability of the amygdala to control behavior. A second study (McDonald 
and White, 1995) showed that in the CPP task, the amygdala is responsible for 
acquiring the association between a reinforcer and a distal cue, while the function 
of the hippocampus is to discriminate among distal cues. In the present 
experiment, rats with amygdala and complete hippocampal lesions, were trained 
in a CPP task and in a spatial water task. The results indicated that CPP 
acquisition was impaired in both lesion groups. The water task data revealed a 
learning deficit only in the hippocampus-lesioned group. These results support 
the idea that in some situations, the hippocampus and fornix mediate different 
functions.

This research has been supported by an NSERC grant to R. J. McDonald

661.18
Impairment of spatial memory and hippocampal synaptic transmission in 
mice knocked-out for the mu opioid receptor gene. L, lamot*, H, W, D, 
Matthesj. B. L, Kieffer]- and I. C. Roder . SLRI, Mount Sinai Hospital, 600 
University Avenue, Toronto M5G 1X5, ON, Canada, UPR 9050 CNRS, ESBS 
Université Louis Pasteur, 67 400 Illkirch, Strasbourg, France.
Mu opioid receptor (MOR) has been implicated in the enhancement of long 
term potentiation (LTP) in the CA3 region of the hippocampus. It has also 
been shown that pharmacological blockade of opioid receptors causes 
memory impairment. We have therefore postulated that MOR activation 
would be a condition for spatial memory, which is known to be hippocampal 
dependant.
In order to study the effect of MOR activation in hippocampal synaptic 
transmission and in learning and memory we knocked-out the MOR gene. 
General anatomical studies as well as immunohistochemical labelling of 
synapses show no obvious differences between normal and knock-out brains. 
Specific labelling and quantification of the mossy fiber synapses are 
currently under way. We have shown that the disruption of the gene 
dramatically reduces the performances of mice in a spatial task, the 
positive reinforced 8-arm radial-maze.Indeed, KO mice constantly make 
more errors and need more trials for the understanding and acquisition of the 
task. We have also shown the hippocampal synaptic transmission is 
perturbed. These results prove that activation of MOR is important for both 
spatial memory and synaptic transmission in the hippocampus. They also 
reenforce the hypothesis that there is a causal relationship between 
synaptic plasticity and spatial memory.
This work has been supported by the NCE of Canada and the Fondation 
Fyssen.
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661.19
CHANGES IN GENE EXPRESSION IN RAT HIPPOCAMPUS FOLLOWING 
TRAINING IN A SPATIAL LEARNING TASK REVEALED BY DIFFERENTIAL 
DISPLAY. K. T. Straube-West*1. K. Dougherty2, T, J, Walsh2. P, L, Strick1 and P. 
Levitt3, ‘Res. Serv., VAMC and Depts. Neuroscience / Physiology & Neurosurgery, 
SUNY HSC, Syracuse, NY; 2Dept. Of Psychology, Rutgers Univ., New Brunswick, 
NJ; 3Dept. Of Neurobioiogy, Univ. Of Pittsburgh Sch. Med., Pittsburgh, PA.

The goal of the present study is to examine the molecular changes that occur during 
learning. We have utilized a modified version of Subtractive Differential Display PCR 
(SDD) to identify changes in gene expression in the rat hippocampus that occur 
following training in a hippocampally-dependent spatial learning task, the Morris water 
maze. Male Sprague Dawley rats were trained in a standard Morris water maze task to 
locate a platform in a pool of opaque water. Total hippocampal RNA was isolated 
immediately following the last training session, as well as from a naive control, and was 
used to synthesize double-stranded cDNA. Two rounds of subtractive hybridization were 
performed as follows; cDNA from the naive animal was subtracted from the trained 
animal cDNA populations and cDNA isolated from trained rats was subtracted from the 
naive control. The resultant cDNA populations were used for differential display 
analysis (Linskens et al., 1995). Forty four cDNAs were identified as potential 
candidates and sequenced. We are currently in the process of verifying the differential 
expression of these cDNAs by Northern blot and in situ hybridization. In situ 
hybridization has revealed that ate of these cDNAs, which has strong homology to a rat 
ubiquitin conjugating enzyme, appears to show a large increase in expression in 8d 
trained rat hippocampus relative to naive and yoked 8d controls. Expression of this 
cDNA appears to be very high throughout CA1, CA3 and the dentate gyrus. Recently, 
another protein in the ubiquitin pathway, ubiquitin C-terminal hydrolase, is upregulated 
during long-term facilitation in Aplysia (Hedge et al., 1997). Taken together, these 
results suggest an important role for the ubiquitin pathway in synaptic plasiticity. 
Supported by NIMH grant 45507 (PL).

661.20
CONTRASTING EFFECTS OF EXCITOTOXIC AND ASPIRATION LESIONS 
OF THE HIPPOCAMPUS ON PLACE MEMORY IN RHESUS MONKEYS.
J, A. Thornton*. F.Y. Dore, and E, A. Murray. Lab. of Neuropsychology, NIMH. 
NIH, Bethesda, MD 20892, USA.

This study examined learning and retention of places after excitotoxic or 
aspiration lesions of the hippocampus in a trial-unique testing format. Each trial 
was comprised of two parts: acquisition and test. During acquisition, monkeys 
were required to search for a specific unmarked location, designated as the correct 
“place” for that trial, within a novel 2-d display consisting of 5 compound ASCII 
characters. During the test phase, which was implemented after an unfilled delay 
of 5, 15, or 60 seconds, the visual display was presented again, and the monkeys 
were rewarded for returning to, and selecting, the same, unmarked location. Our 
measures were the number of touches required to find the “correct” place, and the 
savings (in touches) on the test phase of the trial relative to acquisition. First, we 
compared performance of monkeys with ibotenate lesions of the hippocampus 
(Group IBO) to unoperated normal controls (Group NC). Although there was no 
group difference on acquisition, monkeys in Group IBO showed lower savings, on 
average, than monkeys in Group NC (16% vs 34%). Increasing delay intervals 
yielded no systematic effect on performance. Next, control animals were given 
aspiration lesions of the hippocampus plus subjacent, parahippocampal cortex 
(Group ASP) and were compared to the monkeys in Group IBO on new problems 
of the same type. Again, there was no significant difference between groups in 
acquisition. On the test phase, however, there was a significant Group X Delay 
interaction in savings (p=0.001); further analysis showed that monkeys in Group 
ASP, but not those in Group IBO, performed more poorly as the delay interval 
increased. Thus, there is abnormally rapid forgetting for places in monkeys with 
aspiration, but not ibotenate, lesions of the hippocampus. Our results indicate that 
site(s) outside the hippocampus (e.g., the parahippocampal cortex), either alone or 
together with the hippocampus, contribute critically to location memory. 
Supported by the NIMH-IRP and the James S. McDonnell Foundation.
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662.1

PRELIMBIC-INFRALIMBIC CORTICES AND STRATEGY 
SWITCHING: ROLE IN PLACE AND RESPONSE LEARNING.
M.E, Raaozztno*, S, Detrick, E, Newbold and R.P, Kesner.
University of Utah, Salt Lake City, UT 84112.

Previous findings from our laboratory indicate that the prelimbic- 
infralimbic areas are important for switching between spatial- and visual 
object-based strategies. The present experiment further examined the 
role of the prelimbic-infralimbic cortices in strategy switching by 
determining whether inactivation of the prelimbic-infralimbic areas impairs 
switching between place- and response-based strategies. Rats were 
implanted with guide cannulae aimed at the prelimbic-infralimbic cortices. 
Rats received infusions of either 2% tetracaine or sterile water 3 minutes 
prior to each test session. All testing occurred in a cross maze. Half the 
rats received the place version first followed by the response version. 
The procedure for the other half of the rats was reversed. Inactivation of 
the prelimbic-infralimbic cortices did not impair acquisition of the place or 
response version. However, when rats were switched to a different 
version, whether place or response, prelimbic-infralimbic inactivation 
impaired learning. These findings indicate that the prelimbic-infralimbic 
cortices are involved in the switching from one strategy to another. 
Involvement in strategy switching suggest that these prefrontal 
subregions are important for the processing of higher-order rules. This 
research was supported by NIH grant (NS2077-13).

662.2
FUNTIONAL DISSOCIATION OF THE HIPPOCAMPUS AND
PREFRONTAL CORTEX IN TIMING BEHAVIOR. A. Dietrich*Dept of 
Psychology, Georgia College and State University, Milledgeville,GA 31061.
Using the peak procedure, rats with aspiration lesions to the prefrontal cortex or the 
hippocampus proper were tested for the acquisition of timing behavior and 
temporal memory. Following surgery, rats were first trained to discriminate a 40- 
sec interval and then tested for temporal memory with gap trials. Results indicated 
that lesions to the PFC disrupted the acquisition of timing behavior. PFC animals 
needed significantly more trials to reach criterion than did either control or 
hippocampal animals. Two of the six rats in the PFC group never reached criterion. 
Although no shifts in their peak distributions were observed, the temporal 
discrimination function of PFC animals was less uniform and steep indicating a 
general deficit in timing ability. This suggests that the PFC does not mediate 
pacemaker or clock speed but rather is essential for temporal integration. In 
hippocampal rats, the ability to estimate the duration of the discriminative stimulus 
was unaffected by the lesion and no shifts in the temporal discrimination functions 
were observed. Hippocampal animals showed normal accuracy in timing the 40-sec 
interval, and they acquired the task to criterion in an equal number of trials as did 
control animals. It was concluded that the hippocampus is not necessary for the 
acquisition of timing behavior in this task. To test the animals for temporal 
memory, a 5-sec retention gap was inserted into the schedule of all animals that 
reached criterion. These gap trials failed to produce a deficit in the memory for 
temporal events for either lesion. For all groups, the retention gap increased the 
mean peak time by the duration of the gap indicating that all rats used the stop rule 
which required the use of working memory. Thus, it was further concluded that 
neither the PFC nor the hippocampus is necessary for the memory of temporal 
events.

662.3
NMDA RECEPTOR ACTIVATION IN BASOLATERAL AMYGDALA AND 
MEDIAL PREFRONTAL CORTEX MEDIATES APPETITIVE LEARNING.
A.E. Baldwin*, M.R. Holahan, K. Sadeghian, and A.E. Kelley. Dept. of Psychiatry and 
Neuroscience Training Program, Univ. of Wisconsin-Madison, Madison, WI 53719.

We have recently shown that infusion of AP-5, a selective competitive NMDA 
receptor blocker, into the nucleus accumbens core (AcbC) blocks learning of appetitive 
tasks (Kelley et al. 1997). To further these findings, we investigated the effects of 
microinfusion of AP-5 into regions which send glutamatergic projections to the AcbC 
on learning of an appetitive task. In a series of experiments, rats were chronically 
implanted bilaterally with cannulae aimed at the 1) basolateral amygdala (BLA),
2) dorsal hippocampus (subiculum; DH), 3) ventral hippocampus (subiculum; VH),
4) medial prefrontal cortex (mPFC), or 5) combined placements of BLA and AcbC 
(contralateral placements; one cannula in each site). Food-deprived rats were trained to 
lever press for sucrose pellets. Animals were tested for 15 min each day for ten days. 
On the first four days animals in experiments 1-4 were tested following pretreatment 
with AP-5 (5 nmol) or vehicle. Animals in the fifth experiment were divided into four 
treatment groups. One group received infusions of AP-5 to both the BLA and AcbC. 
The second group received AP-5 in the BLA and vehicle in the AcbC; the third group 
received the opposite treatment. The final group received vehicle in both placement 
sites. Pretreatment with AP-5 in all regions except the DH and VH sites completely 
blocked acquisition of the learned behavior, which developed rapidly over several days 
in control animals. On days 5-9 all animals were tested without infusions and animals 
previously treated with AP-5 learned the task. AP-5 treatment following task 
acquisition (day 10) had no effect. It is striking to note that unilateral infusion of AP-5 
into either the AcbC or BLA was sufficient to block learning. These results provide 
further evidence for involvement of NMDA receptor activation in the AcbC in 
response-reinforcement learning and also suggest that glutamatergic inputs from the 
BLA and mPFC are crucial as well. Supported by NIDA grant # DA04788.

662.4
INTERHEMISPHERIC TRASNFER BETWEEN PREFRONTAL CORTICES: 
COGNITIVE INTERACTION FOR RETRIEVAL OF LONG-TERM MEMORY.
I. Hasegawa,1,2* T. Fukushima1, T. Ihara1, T. Hayashi1 and Y. Miyashita1,2,3.
‘Dept. Physiology, The Univ. of Tokyo Sch. of Med., Hongo, Tokyo 113, Japan; 
2Mind Articulation Project, ICORP, Japan Science and Technology Corporation; 
^National Institute for Physiological Sciences, Okazaki 444, Japan.

To examine whether memory retrieval can be regulated by top-down 
processes originating from the prefrontal cortex, we introduce into partial split- 
brain monkeys a visual stimulus-stimulus association task on which visual cues 
specify another visual stimuli to be selected. The splenium of the corpus callosum 
(CC) and the anterior commissure are transected to disconnect occipito-temporal 
visual cortical areas, while the anterior CC interconnecting prefrontal cortices is left 
intact. We find that learning of visual associative long-term memory does not 
transfer from one hemisphere to the other via the anterior CC; the saving scores for 
the split animals are not significantly different from zero (mean±SE: -1.9±7.0%) 
whereas those for unoperated controls are significantly above zero (84.3+6.5%). 
Nonetheless, following presentation of a visual cue to one hemisphere, the anterior 
CC can instruct the other hemisphere to retrieve the correct stimulus specified by 
the cue. In these partial-split monkeys the performance of interhemispheric 
retrieval of visual associative long-term memory (86.1 ±4.2%) is entirely dependent 
upon the interaction of prefrontal cortices through the anterior CC, because the 
performance falls at chance (54.2±3.1%) after complete commissurotomy. These 
results suggest that sensory long-term memories are primarily stored in modality- 
specific posterior association cortices and that retrieval of memories from these 
cortices is under the executive control of the prefrontal cortex.
Supported by JSPS Research Fellowships and by Grant-in-Aid (07102006) from the 
Ministry for Education, Science and Culture of Japan.
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662.5
THE MEDIAL FRONTAL CORTEX IS INVOLVED IN MEDIATING 
EXECUTIVE MOTOR RESPONSES TO OLFACTORY CUES RATHER 
THAN OLFACTORY MEMORY FORMATION.
K.D.Broad. A.Whelan-Bucklev, L.S. Wilkinson*’ E.B.Kevemc and
K.M.Kendrick* Sub-dept of Animal Behaviour, Univ. Cambridge, Cambridge,
CB3 8 AA, UK. $Lab of Molecular and Cognitive Neuroscience, The Babraham 
Institute, Cambridge, CB2 4 AT, UK (SPON: British Neuroscience Association).

Sheep form an olfactory memory for their lambs within 2h of birth and after 
this will reject other lambs. We have investigated the role of the medial sub
division of the frontal cortex in this process since it receives tertiary olfactory 
projections and shows increased c-fos mRNA expression during olfactory 
memory formation and following subsequent exposure to lamb odours. We have 
reversibly inactivated this region with bilateral infusions of the anaesthetic 
tetracaine (2%) via microdialysis probes before, during and after birth-induced 
memory formation. Tetracaine given 24h prior to birth prevented the normal 
aggressive rejection of lambs in 10 min tests (n=ll, head butts reduced from
23.4 to 4.2, p<0.001). When given for 4h after birth (n=7) it significantly 
reduced rejection behaviours towards strange lambs compared with controls 
(n=4: mean head butts from 17 to 0.71, p<0.05; high pitched bleats reduced 
from 10 to 0.96, p<0.05; all 10m test) and increased acceptance behaviours (low 
pitched bleats from mean 2.8 to 41, p<0.02). This was not due to a failure of 
memory formation since if treatment was stopped for 1 h and sheep could not 
interact with any lambs (to prevent the possibility of new memory fonnation), 
they all showed increased rejection of strange lambs and only folly accepted 
their own (compared with 4h, post partum, head butts increased from 0.71 to 
5.8, p<0.05; high pitched bleats from 0.96 to 24, p<0.05 and low pitched bleats 
reduced from 41 to 9, p<0.05). Thus olfactory inputs to the medial frontal 
cortex are mainly important for the execution of motor patterns of aggression 
towards unlearned lamb odours rather than for olfactory memory formation. 
(This work was supported by the BBSRC).

662.6
ROLE OF THE POSTERIOR PARIETAL CORTEX IN MEDIATING 
PERCEPTUAL MEMORY AS MEASURED IN A POSITIVE OR NEGATIVE 
PRIMING PARADIGM IN RATS.
R.P. Kesner*, S. Harrison. University of Utah, Salt Lake City, UT 84112.

A new paradigm using a positive or negative repetition spatial priming 
task was developed to examine the role ofthe posterior parietal cortex (PPC) 
in mediating perceptual spatial memory. In this task the rats were initially 
trained to a 100% criterion on a simultaneous black vs white object 
discrimination in a dry-land version of a water maze. On any one trial the two 
objects could appear in any one of 8 different spatial locations on the maze. 
Latency from opening the start door until the object was displaced was 
measured. One set of rats then received In the positive priming condition on 4 
ofthe 16 trials an immediate repetition ofthe prior location. A different set of 
rats received in the negative priming condition on 4 ofthe 16 trials an 
immediate repetition ofthe prior location with reversal ofthe position ofthe 
black and white objects. Based on 48 repetition trials, all rats in the positive 
priming condition ran more quickly to the repeated location and all rats in the 
negative priming condition ran more slowly to the repeated location. The rats 
then received PPC or control lesions and then were retested. The results 
indicate that PPC, but not control, lesioned rats were impaired for both the 
positive and negative priming conditions. Thus, it appears that perceptual 
spatial memory as measured by positive and negative priming is mediated by 
the PPC. This research was supported by NSF grant(BNS 892-1532).

662.7

CINGULATE CORTEX INACTIVATION AND SEQUENTIAL 
PROBLEM SOLVING TASK IN THE MONKEY. E. Procvk'.Y.C. Chen2
J.-P, Joseph*1. (')INSERM U94, 16 av. du doyen Lupine, 69500 Bron, 
FRANCE, (2) Shanghai Brain Research Institute, China.

According to brain imaging studies in humans, anterior cingulate cortex plays 
an important role for voluntary control of behaviour in new and challenging 
situations. We study here the effect of anterior cingulate inactivation on seif- 
organized sequential behaviors.

We used a spatial problem solving task (Procyk and Joseph, 1996, BBR, 
82:67-78) in which the monkey, facing a touch-screen monitor, had to search for 
the touching order (chosen in a set of 6 by a computer) of 3 fixed spatial targets 
Nilluminated on the screen. After an incorrect touch, all targets were 
extinguished and the monkey had to start another trial from the very beginning. 
After a correct touch, all targets remained illuminated and the monkey could 
choose the next from among the other targets (search period). When the correct 
order was found, it was repeated 3 times (repetition period). Then, a new search 
was initiated. We also trained the monkey to a spatial delayed response task.

In order to assess the fonctionnal role of the cingulate cortex in learning and in 
execution of the solution, we reversibly inactivated, with muscimol injections, 
regions of the cortex surrounding the anterior cingulate sulcus where task related 
units had been recorded. In the muscimol conditions, we observed different 
deficits in the two tasks. In the delayed response task, the deficit was for targets 
contralateral to injections, but the animal had no problem to touch the targets. In 
the problem solving task, the monkey needed many more trials to find the 
solution and to repeat it. Very often, the animal did not even touch the targets as 
if cingulate lesions specifically impaired self-organized sequential behaviors.

(supported by GIS (97N87/0017) and INSERM)

662.8
THE RELATIONSHIP BETWEEN CEREBRAL LATERALIZATION 
AND LEARNING. A.C. Tang?* Department of Psychology, Computer 
Science, and Neurosciences. University of New Mexico, Albuquerque, 
NM 87131

Hemispherical differences in many cognitive functions have been 
intensively studied since Broca first reported the asymmetric localization 
of language. It has been suggested since then by many researchers that 
degree of functional lateralization may be related to cognitive abilities. 
We report three independent unplanned experiments involving three 
different strains of rats, three different learning paradigms, and a wide 
range of age groups, all of which support the hypothesis that the rate of 
learning is positively correlated with functional lateralization. (1) The 
degree of lateralization measured in paw-preference was significantly 
correlated with how rapidly the rats learned to use their paws to reach 
for food (Rs= 0.839, N=12, p<0.002). (2) The rate of habituation was 
positively correlated with degree of lateralization measured in L/R turn 
preference in a beam walk task (Rs=0.654, N=15, p<0.05). (3). The 
performance in the water maze task was positively correlated with L/R 
differences in cholinergic modulation at the Schaffer Collateral synapses 
of CA1 (Rs=1.00, N=7, p<0.002). The correlations observed in such a 
diverse range of tasks across different levels of analysis suggest that the 
cerebral asymmetry underlying functional lateralization may play a 
fundamental role in learning. We explore the possibility that cerebral 
asymmetry may improve learning by providing a bias in synaptic 
modifications along the neuronal pathways that mediate learning.

662.9

HEMISPHERIC COMPETITION FOR MEMORY IN THE SPLIT-BRAIN 
MACAQUE - WHO GETS THE ENGRAM? R.W. Doty?S. Hu, R. Fei and V. Kavcic. 
Dept. of Neurobiology & Anatomy, University of Rochester School of Medicine, 
Rochester, New York 14642.

The fundamental question is whether each cerebral hemisphere can simultaneously 
encode mnemonic traces, or whether the putative participation of a unified subcortical 
resource (J. Neurosci. 14: 2515, 1994) might limit processing to a single hemisphere at 
any given moment. While the present data are compatible with the latter proposition, 
they evidence only the fact that, in the absence of optic chiasm and forebrain 
commissures, when both eyes/hemispheres view the same image, one hemisphere has 
much better access to the memory trace than the other. A female Macaca nemestrina 
with behaviorally confirmed isolation of the hemispheres was tested in a running 
recognition procedure, with a maximum of 3 intervening images between first (NEW) 
and second (OLD) viewing for 2 sec each, initiated by central fixation. The critical test 
was the ability of one or the other hemisphere subsequently to recognize images 
previously seen simultaneously by both eyes/hemispheres. The colored, nonobjective 
images were composed of several identical segments so that each eye/hemisphere had 
equivalent views. In 38 sessions prior to the critical testing, right and left hemispheres 
(2698 trials each) had d' = 1.36 and 1.2, respectively, showing overall equivalence on 
the task (p>0.5). For 132 probes each of R vs L following initial concurrent viewing by 
both eyes/hemispheres, the right hemisphere correctly recognized 83% as previously 
seen, versus only 62% for the left eye/hemisphere (p<0.0001); while correspondingly 
for 74 probes on which both eyes were open on each occasion the score was 76%. 
Thus, there was a clear advantage for the right hemisphere when both hemispheres 
concurrently viewed the same image. The pattern of eye movements during the initial 
(or subsequent) viewing was highly similar in all cases, although number of fixations in 
the 2 sec of viewing slightly favored the left side (right hemispheric guidance?). The 
data indicate that, even with the relatively long viewing time, one hemisphere can 
predominate in access to mnemonic processing even when, alone, each hemisphere is 
comparable in its capability. (Supported by NS20052 from NINDS.)

662.10

LESIONS OF INTRALAMINAR (IL) BUT NOT
VENTROMEDIAL (VM) OR ANTERIOR THALAMIC (AT) 
NUCLEI DISRUPT OLFACTORY CONTINUOUS DNMS. J.A. 
Burk*, J. Ley, M. Toupin, E. Coy, J. Koch & R.G. Mair.
Department of Psychology, University of New 
Hampshire, Durham, NH 03824.

Large excitotoxic lesions of IL have been shown 
to disrupt olfactory DNMS while sparing the capacity 
for simple olfactory discrimination. In this study we 
compared the effects of a more discrete IL lesion with 
lesions of VM and AT, two nuclei affected in earlier 
studies by larger IL lesions. Rats were trained to 
perform DNMS prior to surgery. Afterwards they were 
tested first for DNMS and then for olfactory 
discrimination. Only the IL lesions affected DNMS.
None of the lesions affected either simple or 
concurrent olfactory discrimination learning. These 
results are consistent with previous findings that the 
IL are critical for delayed conditional discriminations 
in which rats must remember information about 
previous sensory stimuli. Supported by grant RO-1 
NS26855 from NINDS.
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662.11
ENRICHED HOUSING AND REGIONAL BRAIN CYTOCHROME OXIDASE: A 
ROLE FOR THE THALAMUS IN HOUSING MEDIATED PLASTICITY? K.
E. Grattan, S. Rees. M. Campbell, C. Paradis, C. Westhead
and M. J. Saari*. Neuroscience Research Unit, Nipissing 
University, 100 College Dr., ON,. P1B 8L7.

We have previously reported that regional cerebral 
metabolism as measured by 2-deoxyglucose is altered by 
housing in enriched or isolated conditions. The purpose 
of this experiment was to examine regional differences in 
cytochrome oxidase in differentially reared rats. Male 
Wistar rat pups, born in our laboratory, were cross 
fostered and at weaning, randomly allocated to either 
enriched or isolated housing. Enriched rats were reared 
in groups in large colony cages containing varied objects 
and placed daily into an open field to explore novel 
objects. Isolated rats were housed singly and left 
undisturbed except for routine care. The vivarium was 
controlled for humidity and temperature and the light 
cycle was reversed. After 25 days, the enriched rats 
revealed superior performance in a spatial navigation 
task and a social dominance task. The groups also 
differed in their adaptation to an open field. Litter 
mates of these rats were not tested in the behavioral 
tasks but rather were sacrificed 50 days after birth 
following the above enriched or isolated housing. 
Following histology^ the brains were examined using a 
computerized imaging system for regional cytochrome 
oxidase differences (M.C.I.D., Imaging Research). The 
results are discussed in light of the suggestion that the 
thalamus may play a role in housing mediated behavioral 
and neural plasticity. (Approved by the Animal Care 
Committee; supported by Nipissing University.)

662.12

Spatial conditional learning and the mammillary region. V, 
Sziklas*. A, Dubrovsky, and M. Petrides. McGill University, Montreal 
Neurological Institute, Montreal, Quebec, Canada.

Rats with lesions of the mammillary region (MB-R) or a control 
operation (OC) were trained on a visual-spatial conditional associative 
learning task in which they had to learn to go to one of two locations 
depending on the particular visual cue presented on each trial; the rats 
approached the cues from different directions. In a second study, rats with 
similar lesions were trained on another spatial conditional associative 
learning task in which the relative position of a visual cue determined 
whether the correct response would be a left or a right turn. All animals 
were subsequently tested on a spatial working memory task, the eight-arm 
radial maze. Rats with damage to the MB-R were able to acquire the 
conditional associative tasks at a rate comparable to that of the OC animals. 
By contrast, lesions of the MB-R lead to a severe impairment on the radial 
maze. The present finding of a dissociation of the effects of MB-R lesions 
on two different classes of behaviour suggest that the spatial learning 
deficit following damage of this region may be specific to remembering 
one or more places over a given time but not the ability to form 
associations between visual and spatial stimuli.

This work was supported by a grant from NSERC.

662.13
TIME TO CONSIDER. DELAY IMPROVES VISUAL OBJECT RECOGNITION MEMORY IN 
MEDIAL THALAMIC MONKEYS. E.C. Gower*. Bedford VA Hospital and Boston 
University School of Medicine, Boston, MA 02118.

Object recpgmotopm was tested in cynomolgus monkeys after short delay intervals in 
a two-sample task using a WGTA. On each trial, one of two session-specific objects 
was displayed as a sample. Both objects appeared as alternatives in the memory test and 
the monkey was rewarded for choosing the object that had not been the sample on that 
trial. Delay intervals, timed from the initiation of the sample phase to the initiation of 
the test, were about 1.5 sec less than the nominal delays of 5, 7, 10, 12, 15 and 20 or 
25s. Each stubject completed 15 sessions of 48 trials for an experiment-wide n of 120 
trials per subject per delay.

We tested 3 normal monkeys and 2 monkeys with medial thalamic lesions with prior 
training in recency discrimination, and 4 normal monkeys and 1 monkey with lesions 
without such training. Prior training benefited performance regardless of whether there 
was a lesion, showing that sample recency is a significant source of information in the 
two-sample problem. Monkeys with lesions, however, were less accurate than normal 
monkeys with comparable experience, which accords with our previous findings that 
medial thalamic lesions impair temporal information processing. Notably, the shapes 
of the decay curves proved to be independent of training history and varied substantially 
between groups. Normal monkeys were most accurate at the shortest delays and the 
decay function declined monotonically from short to long intervals. In contrast, the 
decay function of the lesioned group was best fit by a 2-parameter polynomial, with 
peak accuracy midrange. All three lesioired subjects displayed this pattern individually, 
with peak performance occurring al 12 or 15s. The groups differed significantly at 5 
and 7 s. but not at intermediate values. The inverse relationship of accuracy and delay 
accords with the idea that previously activated representations of the target are 
unavailable at the time of test if the interval is sufficiently short. Normal performance 
at longer intervals suggests the memory system is task competent given adequate time. 
This formulation of the medial thalamic defccit is compatable with the hypothesis 
[Lewinc et al.. J.Neurosci. 14:2515] that thalamo-cortical interactions mediate trace 
activation in short term memory. (Supported by VA Medical Research Funds.)

662.14

MACAQUE CATEGORIZATION OF TEMPORAL ORDER
T. Orlov, V. Yakovlev, E. Zohary, D. Amit and S. Hochstein*
Neural Computation Center, Hebrew University, Jerusalem, Israel

We trained a monkey on a delay sequence recall task, which we 
thought would be performed using working memory. Instead the 
monkey performed the task by categorizing the stimuli.

On each trial the monkey was first shown a temporal sequence of 3 
fractal-pattern visual stimuli (from a set of 30), presented at the center 
of a computer touch-screen. Then, all 3 stimuli were presented 
simultaneously at random locations on the touch-screen, together with 
a fourth, distractor stimulus (chosen randomly from the same set). The 
task was to touch the 3 stimuli in the order of their prior sequential 
presentation, without touching the distractor. The monkey was 
rewarded with apple cider for each correct touch.

Performance improved from session to session, using the same set 
of 30 stimuli, in a fixed order. However whenever we introduced a 
phase shift to the stimuli (starting with the 2nd of the 30), performance 
dropped considerably, and the monkey needed a number of sessions to 
re-leam the task. Finally, we tested touch-order performance without 
re-showing the initial sequence of stimuli on each trial. Surprisingly, 
the monkey did almost as well!

These results demonstrate that what the monkey had learned was 
categorization of the set of stimuli to those which should be touched 
“First”, “Second” or “Third”. Analysis of the cases when the monkey 
touched the distractor confirmed this conclusion.
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663.1 663.2

REAL TIME MONITORING OF GENE EXPRESSION IN 
IMMORTALIZED SCN CELLS. G Allen, R. Walline, D. Earnest*. 
Dept. of Human Anatomy and Neurobiology, Texas A&M University 
Health Science Center, College Station, TX 77843

Previous analysis indicates that our cell lines derived from the anlage 
of the rat suprachiasmatic nucleus (SCN) retain many SCN-like 
phenotypic and clock properties. In the present study, these extant cell 
lines were exploited to develop a novel, non-invasive technique for 
monitoring the temporal pattern of gene expression directly from SCN 
cells. The primary objective was to transfect these cells with constructs 
encoding the firefly luciferase gene fused to the promoter fragments of 
endogenous clock-controlled genes. Since the c-fos immediate-early 
gene is expressed in a circadian manner by the SCN in vivo, 
immortalized SCN cells were subjected to liposomal transfection with a 
transgene containing the human c-fos promoter linked to a luciferase 
reporter gene (provided by Dr. Richard Day). Initial selection of 
stably transfected fos-luc cells was based upon hygromycin resistance. 
Functional regulation of the fos-luc fusion gene is demonstrated by the 
preliminary finding that treatment with fetal calf serum induced a 
marked increase in bioluminescence from transfected cells relative to 
non-transfected control cells. Currently, studies are under way to 
examine the temporal pattern of c-fos gene expression in fos-luc SCN 
cells and to further develop transgenic-reporter gene cell lines for 
studying the regulation of other clock-controlled and clock genes. 
These studies may yield a unique opportunity to illuminate the 
molecular organization of the circadian pacemaker mechanism in the 
SCN. Supported by NSF Grant IBN9511238 (DJE).

FUNCTIONAL DIFFERENCES IN THE RETINORECIPIENT AREA OF THE ALBINO AND 
PIGMENTED RAT SUPRACHIASMATIC NUCLEUS. M.J. Decker3*, P.B. Rye1, J.C. Chavez3, P. 
Pichiute3, B.M. Bergmann2, K P.Strohl3, ’Dept of Neuroscience, Emory Univ., 2Dept of Psychiatry, 
Univ. of Chicago, 3Dept of Anatomy, Case Western Reserve Univ; Cleveland, Oh 44106

In albino, but not pigmented rats, acute exposure to darkness (dark-pulsing) induces rapid-eye- 
movement sleep (REM). The hypothesis for this study is that the Suprachiasmatic Nuclei (SCN) 
mediate this behavior. Four Sprague-Dawley albino (AB) and three Brown-Norway (BN) rats 
maintained in a 12:12 light dark cycle were instrumented with electroencephalographic (EEG) 
electrodes. Following 5-7 days of recovery, 2 hours after light onset, each rat was connected to an 
EEG recorder and placed into a sealed Faraday box with light intensity at 3600 Lux and ambient 
temperature at 76-80° F. Then, at half-hour intervals, the rat was exposed to a 5 minute dark pulse. 
Eight hours aftBr light onset (the 6th hour of the study protocol), the rat was maintained for 1 hour 
in either continuous light or darkness and was permitted to sleep or was kept awake. Following this 
hour, the rat was immediately sacrificed, perfused, and the brain removed, cryoprotected, sectioned, 
and immunohistochemically processed for C-fos protein expression. Five serial sections containing 
the SCN were identified from each rat brain and the number of C-fos positive (+) cells within the 
dorsal and ventral SCN were counted to produce a mean and standard deviation (SD). The

Rat Strain Wake/Llght Wake/Dark Sleep/Light Sleep/Dark

Albino 79.00 ±12.91 167.9 ±21.43 120.10 ±9.09 139.80 ±3.36

Brown-Norway no data 95.20 ±5.26 86.50 ±8.01 93.40 ±7.58
ANOVA detected no difference (a=0.05) in the number of C-fos+ cells in the ventral SCN of BN 
rats between experimental conditions. In AB rats the number of C-fos+ cells in the ventral SCN 
differed significantly between conditions of awake in the light vs awake in the dark. Inter-strain 
comparisons indicate; in those conditions in which paired data exists, the number of C-fos positive 
cells in the ventral SCN differ significantly between AB and BN rats. We suspect that this difference 
in tire functional responsiveness of the retinorecipient ventral SCN may play a role in dark-pulsed 
REM Induction in the AB rat. Funded by HL-42215.
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663.3
RETINAL TERMINALS AND LIGHT ACTIVATED FOS-ir NEURONS IN 

THE RAT SUPRACHIASMATIC NUCLEUS: SPATIAL RELATIONSHIPS
D.N. Bryant*, S.T. Frank and M.-T, Romero Psychology Dept., 
Binghamton University-SUNY, Binghamton, NY 13902.

Light pulses presented around the onset or offset of the active 
phase produce behavioral phase shifts as well as induce expre »sion 
of the immediate early gene c-fos, a marker of cell activation, in the 
rat suprachiasmatic nucleus or SCN (Aronin and Schwartz, 1991). 
Since increased Fos immunoreactivity in the SCN is associated with 
photic stimulation, we wanted to characterize the spatial 
relationship between Fos-ir neurons and retinal terminals in double 
labeled material from animals that received bilateral intraocular 
injections of cholera toxin B subunit (CTB).

Preliminary data indicate that in the rostral SCN, CTB-ir 
fibers surround only a small subset of FOS-ir neurons near the 
optic chiasm. In more caudal sections, CTB-ir fibers innervate 
Fos-ir neurons in the lateral area of the core SCN. Retinal 
terminals are not observed in the caudal shell of the SCN despite the 
presence abundant FOS-ir. This suggests that cells are activated 
indirectly in the caudal shell. Immunolabeling of the SCN using 
antibodies against the GluR 2 (AMPA) receptor subtype indicate that 
the caudal shell is especially enriched by GluR2-ir neurons. This 
finding suggests that GluR2 receptors may participate in the 
"transfer" of photic input from the core to the shell of the SCN.

DNB supported by APA-MFP

663.4
EXPRESSION OF FOS IN THE CIRCADIAN SYSTEM FOLLOWING 
NONPHOTIC STIMULATION. J. D. Mikkelsen*‘. N. Vrang2 and N, Mrosovsky3. 
‘Neurology Dept., H. Lundbeck A/S, Copenhagen-Valby, Denmark; 2Dept. of 
Anatomy, Univ of Copenhagen, Copenhagen, Denmark; 3Depts. Of Zoology and 
Physiology, Univ. Of Toronto, Toronto, Ontaria, Canada M5S 3G5.

Syrian hamsters, Mesocricetus auratus, were confined to novel running wheels for 
a 3-h period, starting about circadian time 4.5 (i.e. approaching the middle of then- 
subjective day). It can be reliably predicted from the amount of running in this 
situation whether or not there will be a subsequent phase shift. Expression of the 
immediate-early genes c-fos and FosB was examined by immunocytochemistry in 
the suprachiasmatic nucleus, the intergeniculate leaflet of the thalamus, and the 
medial pretectal area of hamsters that ran vigorously in the novel wheel and would 
have phase shifted. c-Fos was increased, compared to levels in a control group left in 
their home cages, in the intergeniculate leaflet and the pretectum, but decreased in 
the suprachiasmatic nucleus. No significant changes in FosB were detected in any 
region examined. An additional experiment argued against the possibility that the 
changes in c-Fos could be attributed to a rapid advance of the pacemaker to a 
different phase in the circadian cycle. Counts of c-Fos positive cells were similar in 
animals given pulses of running starting at circadian time 4.5 and starting at 
circadian time 12.5 to 16 (i.e. in the subjective night when they would have been 
active anyway). The results support the view that activation of the intergeniculate 
leaflet is important in nonphotic clock resetting, and raise the possibility that the 
pretectum may also be involved. But they also indicate that there is absence of phase 
specificity in the ability of novelty-induced running to alter the expression of c-Fos 
in the circadian system. The inhibition of c-Fos in the suprachiasmatic nucleus by 
nonphotic phase-shifting events contrasts with the well-known inducing effects of 
light pulses. These different effects might underlie some of the interactions between 
nonphotic and photic zeitgebers when both act on the circadian system together.

663.5
FOS IN THE SCN OF HOUSE MOUSE LINES THAT REVEAL A DIFFERENT 
PHASE-DELAY RESPONSE TO THE SAME LIGHT PULSE. A. Bult* and S.P, 
Amy. Dept. of Biology, Middlebury College, Middlebury, VT 05753.

Selected house mouse lines reveal an almost 3-fold difference in phase-delay responses 
in constant darkness (DD) around circadian time (CT) 16-18 to the same light pulse 
(Bult et al., 1993, Brain Res. Bull. 32:623-627). Increased light intensity of a 5-min. 
light pulse is positively correlated with Fos mRNA and Fos protein levels in the 
suprachiasmatic nucleus (SCN) of hamsters (Kornhauser et al., 1990, Neuron 5:127- 
134; Zhang et al., 1996, Neurosci. 70:951-961). These findings suggest that the level 
of Fos activation is proportional to the light intensity and that the magnitude of the 
phase-shift response depends on the level of Fos activation. However, to what extent 
different phase-delay responses to the same light pulse are mediated by differential Fos 
activation is unknown. To elucidate this, we measured wheel-running activity and 
subjected the selected lines to a 15-min. light pulse in DD at CT 16 after two weeks in 
DD (prior to DD, the animals were maintained in a 16-8 LD cycle). We measured their 
behavioral response and a week later the animals were again subjected to the same light 
pulse at CT 16 and sacrificed one hour after the start of the light pulse for Fos 
immunohistochemistry. Preliminary results indicate that the behavioral response to a 
15-min. light pulse around CT 16 was a phase delay of 107 ± 11 (SEM) min. (n=4) and 
52 ± 7 (SEM) min. (n=5) for the high and low mice, respectively. This difference 
between the lines (t7=4.38, p<0.005) is very similar to what we found previously. The 
high selected lines may also contain more Fos positive cells in the SCN than the low 
selected lines (# of Fos positive nuclei in the SCN in a frontal section in the middle of 
the SCN: High: 86.9 ± 31.0 (SEM) (n=4); Low: 16.5 ± 10.3 (SEM) (n=4); t4 ,=1.852, 
p<0.075). This finding supports the hypothesis that Fos is necessary for a behavioral 
phase-delay response to occur after a light pulse in DD at CT 16. It also indicates a 
possible difference in the input pathway between the selected lines. Supported by NIH 
grant R15MH58453-01 (A.B.) and the Middlebury College Roddy Fund (S.P.A.).

663.6
RHYTHMIC INTERACTIONS OF AP-1 PROTEINS WITH 
PROMOTER ELEMENTS OF THE RAT SEROTONIN N- 
ACETYLTRANFERASE GENE. D.A.Carter1*, D.C.Klein2, and R.Baler3. 
‘School of Biosciences, Cardiff University, ÜK; ¿Laboratory of 
Developmental Neurobioiogy, NICHD; 3Laboratory of Cellular and 
Molecular Regulation, NIMH, Bethesda, MD 20892.

The molecular determinants of the circadian rhythm in pineal 
melatonin production are undefined. In the rat, nocturnal induction of 
the serotonin //-acetyltransferase (arylalkylamine N-acetyltransferase, 
AA-NAT) gene appears to form the basis of the rhythm, and studies of 
rhythmic transcription factor activities in this species have implicated a 
variety of potential irans-acting factors including Fra-2 (J.Biol.Chem. 
270, 27319) and JunB (Neuroscience 62, 1267). Sequence analysis of 
the rat AA-NAT promoter (J.Biol.Chem. 272, 6979) has identified an 
AP-1 element (natAP-1; tgagcca) at position -35 relative to the major 
transcripiton start site, and in order to investigate potential interactions 
of this element with pineal proteins we have performed a series of gel 
retardation studies. A wild-type 31-mer oligonucleotide containing the 
natAP-1 exhibits binding to a rhythm-variable pineal protein complex, 
which, in antibody super-shift analyses, has been shown to contain Fra-2 
and JunB. Mutation of the natAP-1 abolishes this binding activity. An 
E-box (-27; cacatg) pineal protein binding activity is also detected, but 
is non-rhythmic. Mutation of the E-box abolishes this activity, and 
reduces but does not abolish the natAP-1 binding activity. These studies 
provide the first evidence of rhythmic interactions of transcription 
factors with the AA-NAT promoter; the functional significance of these 
interactions will be determined using in vivo mutants of our AA-NAT 
promoter transgenic rat model (Soc.Neurosci.Abstr. 23, 420.3). 
Supported by the School of Biosciences, Cardiff University, the NICHD, 
and the NIMH.

663.7

A PINEAL REGULATORY ELEMENT (PIRE) MEDIATES 
TRANSACTIVATION BY THE PINEAL/RETINA-SPECIFIC 
TRANSCRIPTION FACTOR CRX. X. Li1*, S. Chen2, O. Wang2. D, J. 
Zack1, 2’ \ S. H. Snyder1, 4’ 5 and J, Borjigin1. Departments of 
’Neuroscience, 4Pharmacology and Molecular Science, 5Psychiatry, 
^Molecular Biology and Genetics, and 2 Wilmer Institute, Johns Hopkins 
University School of Medicine, 725 North Wolfe Street, Baltimore, MD 
21205

The circadian hormone melatonin is synthesized predominantly in the 
pineal gland by the actions of two pineal-specific enzymes: serotonin N- 
acetyltransferase (NAT) and hydroxyindole-O-methyltransferase 
(HIOMT). Pineal night-specific ATPase (PINA), another pineal- and 
night-specific protein we recently identified, is produced as a truncated 
form of the Wilson disease gene (Atp7b) product. To identify the 
regulatory elements required for pineal-specific gene expression, we 
isolated sequences upstream of the rat PINA gene and discovered a cis
acting element which is recognized by a novel pineal/retina-specific 
nuclear factor. This pineal regulatory element (PIRE) has a consensus of 
TAATC/T and is present in 6 copies in the proximal promoter of the PINA 
gene, at least 3 copies in the rat NAT promoter, and at least one copy in 
each of the putative HIOMT promoters A and B. A recently identified 
retina-specific protein, cone rod homeobox (CRX), binds to PIRE in vitro 
and transactivates PIRE-reporter constructs. These data suggest that Crx 
may play a crucial role in regulating pineal gene expression through 
interactions with PIRE.

UHPHS Grant DA-00266 and Research Scientist Award DA-00074 
(S.H.S.).

663.8
EXPRESSION OF THE PERIOD GENE IN THE ONTOGENY OF CIRCADIAN 
RHYTHMS IN THE HONEY BEE, APIS MELLIFERA. D.P. Toma1* and G.E. 
Robinson2, ‘Dept. of Ecology, Ethology, and Evolution. 515 Morrill Hall, 505 S. 
Goodwin Ave, University of Illinois, Urbana, IL 61801. "Dept. of Entomology. 320 
Morrill Hall, 505 S. Goodwin Ave, University of Illinois, Urbana, IL 61801.

Adult worker honey bees (Apis mellifera) have an ontogeny of circadian locomotor 
rhythmicity that varies in different genotypes of bees (Moore et al. 1996). We 
hypothesize that there is developmental regulation of period (per) gene expression 
associated with this development of circadian rhythmicity in honey bees.

One-day old adult bees from three different genetic sources were allowed to mature in 
separate small colonies under conditions of light/dark (LD) 12:12 for 3,6, or 19 days 
in a temperature controlled room. They were then collected every 4 h for one day of 
LD and two of dark/dark (DD). We also collected bees from two field colonies at 7 
days old and foragers. Slot blots of total brain RNA (8-10 bees/time pt) were 
performed and probed with antisense honey bee per and ELI a (internal loading control) 
riboprobes to determine expression patterns by densitometry.

3-way ANOVA revealed significant differences in per transcript levels at different 
times of the day (P < 0.0001), clearly showing a circadian pattern of expression. There 
was no difference in per expression during LD vs. DD conditions (P > 0.95), 
demonstrating that per expression is endogenous and not dependent upon external cues. 
The most striking difference was between young and older bees; young bees have 
significantly lower levels of per transcript than do older bees (P < 0.0001), -suggesting 
that low levels of per may be related to arrhythmicity in young bees.

These results indicate that per shows a circadian rhythm of expression, even in bees 
that are behaviorally arrhythmic, which is consistent with the idea that per is part of 
the organism’s “master clock.” Because the honey bee shows an ontogeny of circadian 
behavioral rhythmicity, it is a useful model to gain insights into how the circadian 
clock functions to regulate specific biological functions in an organism.

Moore, D., T. Giray, and G.E. Robinson. Society for Neuroscience Abst. (22) 1996. 
Supported by NIMH predoctoral fellowship (DPT) and NSF (GER).

Society for Neuroscience, Volume 24,1998



1692 BIOLOGIC AL RHYTHMS AND SLEEP: GENE EXPRESSION WEDNESDAYAM

663.9

THE EFFECTIVENESS OF LIGHT ON THE CIRCADIAN CLOCK 
IS LINKED TO ITS EMOTIONAL VALUE. S. Amir*. J, Stewart. 
Center for Studies in Behavioral Neurobiology, Dept. Psychology, 
Concordia University, 1455 de Maisonneuve Blvd. W., Montreal, 
Quebec, Canada, H3G 1M8

Studies carried out within the primary visual system have shown that 
neural responses to light stimuli transmitted via the retinogeniculate 
pathway are significantly altered when these stimuli are made aversive 
through conditioning. The effect of such aversive conditioning on neural 
responses to light transmitted within the circadian visual system has not 
been investigated. In mammals, the principal projection of the circadian 
visual system, the retinohypothalamic tract, is functionally and anatomi
cally distinct from the primary visual pathway allowing for direct trans
mission of light from the retina to the suprachiasmatic nucleus of the hy
pothalamus (SCN), the circadian clock. Light transmitted within this 
pathway is essential for entrainment of circadian rhythms providing the 
critical stimulus for resetting the circadian clock. We asked whether the 
response of neural elements within the SCN to a resetting light stimulus 
would be altered if that stimulus had acquired aversive properties through 
conditioning. To study this we assessed the effect of a light stimulus 
made aversive through pairings with footshock on a cellular correlate of 
clock resetting, the expression of the transcription factor Fos in neurons 
of the SCN. We show that Fos expression in the SCN in response to 
light previously paired with footshock is significantly suppressed. This 
finding provides the first evidence that the effectiveness of a light as a 
resetting stimulus can be modulated by its conditioned aversive proper
ties. Supported by grants from NSERC and MRC Canada and AFOSR.

663.10

CONDITIONED FEAR SUPPRESSES LIGHT-INDUCED
RESETTING OF THE CIRCADIAN CLOCK. J, Stewart*. S. Amir. 
Center for Studies in Behavioral Neurobiology, Department of Psychol
ogy, Concordia University, 1455 de Maisonneuve Blvd. West, Mont
real, Quebec, Canada, H3G 1M8.

The possibility that circadian rhythms can be modulated by emotional 
state is suggested by clinical evidence of altered physiological and endo
crine rhythms in primary depression and related affective disorders and is 
supported by experiments in humans and laboratory animals showing 
that stress disrupts circadian rhythmicity. How emotional state might 
modulate circadian rhythms is not known. Here we report that induction 
of the emotional state of fear disrupts a process essential for stable en
trainment of circadian rhythms, the resetting of the circadian clock by 
environmental light. A cellular correlate of light-induced clock resetting, 
expression of the transcription factor Fos in the suprachiasmatic nucleus 
of the hypothalamus (SCN, the circadian clock), and a behavioral meas
ure of clock resetting, phase shifts in free-running activity rhythms, were 
found to be significantly suppressed in rats exposed to light (5 min) in a 
context made to induce fear by previous pairings with intermittent foot
shock on three occasions. These findings show that the emotional state 
of fear disrupts a physiological process mediating light-induced clock 
resetting and suggest a mechanism through which emotional state could 
modulate circadian rhythms.
Supported by grants from NSERC and MRC Canada and AFOSR.

663.11

PHOTIC ENTRAINMENT AND THE EXPRESSION OF IMMEDIATE 
EARLY GENES IN THE CIRCADIAN SYSTEM. C. Beaulé* and S. Amir. 
Center for Studies in Behavioral Neurobiology, Concordia University, 
Montréal, Québec, Canada.

Light stimuli that produce phase shifts in free running circadian rhythms 
induce the expression of the immediate early genes (IEGs) c-fos and jun-B in 
the hypothalamic suprachiasmatic nucleus (SCN), the mammalian circadian 
clock. Little is known about the relationship between light-induced phase 
shifts and the induction of these IEGs in other components of the circadian 
system, the intergeniculate leaflet (IGL) and the paraventricular thalamic 
nucleus (PVT). Further, although the relationship between IEG expression in 
the SCN and light-induced phase shifts is well documented, the relationship 
between the expression of these IEGs and phase shifts required for stable 
entrainment of circadian rhythms is not clear. To address these issues, rats 
initially entrained to a 12h: 12h light:dark (LD) cycle were allowed to free 
run in constant darkness for 10-15 days and their free running period 
determined. They were then switched back to a 12h:12h LD cycle for 5-10 
days and subsequently placed on a daily schedule consisting of 0.5h of light 
and 23.5h of dark. All animals showed stable entrainment to this schedule. 
On test day, the duration of the entraining light pulse was shorten to 10 min 
and animals were perfused 50 min later for Fos and Jun-B ICC. Exposure to 
the 10 min light induced strong expression of both IEGs in the SCN. The 
PVT expressed only Fos and the IGL expressed Fos and only very weak Jun-
B. A significant correlation was noted between Fos and Jun-B expression in 
the SCN but not between IEG expression and period of free running rhythms. 
These results argue against the existence of a direct relationship between the 
magnitude of the daily phase shift required for stable entrainment and the 
expression of Fos and Jun-B in the SCN. Further, IEGs other than Jun-B 
must be present in the PVT and IGL in order to dimerize with Fos for late 
genomic transcription. Supported by MRC, Canada.

663.12

CONDITIONED FEAR ATTENUATES LIGHT-INDUCED 
SUPPRESSION OF MELATONIN RELEASE. D, Funk* and S. Amir. 
Center for Studies in Behavioral Neurobiology, Concordia University, 
1455 de Maisonneuve Blvd. W., Montreal, Quebec, Canada, H3G 1M8.

The release of melatonin from the pineal gland follows a circadian 
rhythm that is entrained by the light cycle. Light acutely inhibits mela
tonin release by reducing the excitatory drive of sympathetic afferents to 
the pineal. The possibility that the effect of light on melatonin release can 
be modulated by emotional state has not been evaluated. We tested the 
effects of conditioned fear, a state characterized by sympathetic activa
tion, on the light-induced suppression of melatonin release. Twenty-four 
male Wistar rats received either 5 min of intermittent footshock (15-1 s 
shocks, 1.0 mA), or were not shocked, on 5 consecutive days in a novel 
context in the dark, 6 h into the dark phase of a 12:12 h LD cycle, when 
plasma melatonin levels are high. Six days later, animals were re
exposed to the context in the absence of footshock. After 5 min, half of 
the rats in each group were given a 5 min light pulse (250 lux) and half 
were not disturbed. Five min later, animals were decapitated and trunk 
blood was collected and assayed for melatonin and corticosterone. Upon 
re-exposure to the training context, animals trained with footshock 
showed significant increases in plasma corticosterone compared to ani
mals that were not trained with shock, verifying the induction of a condi
tioned fear state. The light pulse significantly reduced plasma levels of 
melatonin. The light-induced suppression of melatonin release was sig
nificantly attenuated in animals that had been trained with footshock. 
These results suggest that the circuitry underlying the light-induced sup
pression of melatonin release can be modified by changes in emotional 
state produced through conditioning. Supported by the AFOSR.

663.13

PROFILE OF JUNB EXPRESSION IN THE CIRCADIAN SYSTEM 
UNDER DIFFERENT LIGHTING CONDITIONS. K. Edelstein*,
R. d'Abramo, C.Beaule and S.Amir. Center for Studies in Behavioral 
Neurobiology, Concordia University, Montreal, Canada H3G 1M8.

Induction of the immediate early genes (IEGs) c-fos and junB is 
thought to be involved in light-induced phase resetting of circadian 
rhythms in nocturnal rodents. The effectiveness of a photic stimulus to 
induce transcription and translation of these IEGs in the suprachiasmatic 
nucleus (SCN) is correlated with its ability to induce a phase shift in cir
cadian rhythms. Blocking transcription of c-fos and junB in the SCN 
with antisense oligonucleotides prevents light-induced phase shifts. The 
present work compares JunB and Fos protein in the SCN, intergenicu
late leaflet (IGL), and paraventricular thalamic nucleus (PVT) of rats 
housed under constant conditions or light-dark (LD) cycles and killed at 
different times of day. Rhythmic expression of JunB protein was ob
served in the SCN of rats housed under constant darkness (DD) or con
stant light (LL). In DD, a greater number of JunB immunoreactive (IR) 
cells was observed in the SCN of rats killed during the subjective night 
than during the subjective day. In the SCN of rats killed in LL, stronger 
staining was observed during the subjective day than the subjective 
night. In the IGL and PVT, few or no JunB-IR cells were observed in 
rats killed at any time during DD or LL. One hour of light exposure 
during the subjective night, but not the subjective day, induced robust 
JunB expression in the SCN. In the IGL, lh light pulses induced mod
erate JunB-IR regardless of circadian time. Finally, under LD12:12 or 
skeleton photoperiod conditions, greater JunB-IR was observed during 
the day than during the night, with peaks in JunB expression in the 
SCN and IGL at ZT1. Supported by NSERC, Canada.

663.14
DISSOCIATION BETWEEN FOS EXPRESSION IN THE SCN AND 
CIRCADIAN CLOCK RESETTING REVEALED BY DOUBLE 
LIGHT-PULSE STIMULATION. A, Arvanitogiannis* and S. Amir. 
Center for Studies in Behavioral Neurobiology, Concordia University, 
Montréal, Québec, Canada H3G 1M8.

It is believed that Fos expression in the suprachiasmatic nuclei (SCN) 
is correlated with phase shifts of behavioral rhythms. To further investi
gate this link we examined the effect of presenting two temporally dis
tinct light stimuli during the early subjective night on clock resetting and 
Fos-like immunoreactivity (FLIR) in the SCN. Rats were placed in DD 
and their running wheel activity was recorded. On the test day the ani
mals were randomly assigned to 1 of 3 groups that received: 1) a brief 
flashing light pulse (“Flash”: 15 s, 1-3 Hz) at circadian time (CT) 13; 2) 
a continuous light pulse (“Light”: 2-2.75 min) at CT 15; 3) a Flash/Light 
combination delivered at CT13 and CT15, respectively. The animals 
continued to free run for a week, phase shifts were calculated, and the 
experiment was repeated after randomly reassigning the rats to the above 
3 groups. One hour after stimulus presentation, the rats were killed, and 
their brains were processed for FLIR. The 3 groups exhibited differing 
degrees of FLIR in the SCN. The Light group exhibited more FLIR than 
the Flash/Light group and both of these groups exhibited more FLIR 
than the Flash group. However, no significant differences were found in 
phase shifts between the 3 groups. In fact, there was a tendency for the 
Flash/Light group to display consistently greater phase shifts than the 
other 2 groups which displayed substantial within group variability. 
These results suggest that under certain conditions Fos expression may 
not be as a reliable functional marker of clock phase resetting by light as 
previously thought. Supported by MRC, Canada, and AFOSR.
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663.15
THE bHLH-PAS PROTEIN Timecriptin (BMAL1): CIRCADIAN 
EXPRESSION IN THE SUPRACHIASMATIC NUCLEI
M, Ikeckft. S. Honma2’ H.Abe2. Y. Tanahashi2, M.Namihira2. Ken-ichi Honma2 and 
M. Nomura1. Dept. of Physiol. Saitama Medical School, Moroyama, Saitama 350- 
04951, Deptment of Physiol. Hokkdaido Univ. School of Medicine, Sapporo 060- 
8638,Japan2

From a cDNA pool of rat brain, we have isolated rat bHLH-PAS protein 
Timecriptin (Tic; previouly designated as BMAL1). Tic cDNA encoding a polypeptide 
of 626 amino acids with amino acid identity in basic helix-loop-helix (bHLH) (69% 
identity) , PAS-A (47% identity) domain and PAS-B (44% identity) domain to aryl 
hydrocarbon receptor nuclear translocator (Amt). The distribution of rat Tic (rTic) 
mRNA in the rat brain was examined by in situ hybridization. Weak signals of the 
Tic mRNA were detected in most areas of the brain. The highest level of signals of 
rTic transcript in the brain were observed in the suprachiasmatic nucleus (SCN), 
piriform cortex, and cerebellum. To examine the time dependence in the expression of 
rTic in the SCN, hybridization signals were monitored at six time points over 24 hr 
period in LD and DD. Under both conditions, strong hybridization signals were 
detected at ZT14, ZT18 and ZT22, and weak but still recognizable signals at ZT2, 
ZT6 and ZTIO. The quantification of mRNA level revealed significant circadian 
rhythms in the SCN. To our knowledge, it is the first report, which shows the 
circadian expression of bHLH-PAS transcription factor mRNA in the SCN. With 
respect to the mechanism of circadian oscillation, Tic could either be involved in a 
molecular feedback loop which generates circadian oscillation, or transmit the 
circadian signals to gene expression as a transcription factor.

663.16
CIRCADIAN CHANGES OF TYPE II ADENYLYL CYCLASE mRNA IN THE RAT 
SUPRACHIASMATIC NUCLEI. F.R.A. Caoampano«, F.A, Antoni1, S.M, Smith1, H.D, 
Pigqins & C.W, Coen. Division of Biomedical Sciences, King's College, London WC2R 2LS; 
1MRC Brain Metabolism Unit, University of Edinburgh, Edinburgh EH8 9JZ, U.K.

The suprachiasmatic nuclei (SCN) in the hypothalamus function as the primary circadian 
pacemaker; their function is influenced by cyclic AMP (cAMP) [Prosser & Gillette, J 
Neuroscience 1989, 9: 1073-1081]. One of the adenylyl cyclase isoenzymes in the brain, 
designated as AC-II, is expressed in the SCN [Furuyama et al., Mol Brain Res 1989, 19: 
165-170). It has been previously reported that cAMP levels in the SCN change during the 
24h cycle [Gillette & Prosser, Brain Res 1991, 568: 185-192; Yamazaki et al., Brain Res 
1994, 651: 329-331], Using in situ hybridization histochemistry we have examined whether 
the mRNA for AC-II is differentially expressed in the SCN across the 24h cycle. Male Wistar 
rats, previously kept in a 12:12h light-dark (LD) cycle, were used. To establish whether AC-II 
mRNA levels change across the 12:12h light-dark (LD) cycle (lights on designated as ZT 0), 
rats were killed at ZT 0, 2, 6,10,12,14,18 and 22. To determine if variation in this mRNA 
occurs in the absence of LD entrainment cues, lights were not turned on at the time of 
transition from dark to light (designated as CT 0); the animals in this group were killed after 
two days in constant darkness (DD) at CT 0, 2, 6, 10, 12, 14, 18 and 22. Coronal sections 
containing the SCN were obtained; in situ hybridization was earned out using an 35S-labelled 
riboprobe for AC-II. Quantitative analysis indicated significant variation (p<0.001, ANOVA; 
n=5 at each time point) in the expression of the mRNA for AC-li within the SCN during the 
LD cycle, with peaks at ZT 6 and at ZT 18. A biphasic pattern of mRNA expression 
(p<0.001, ANOVA; n=5 at each time point) was also observed in DD animals with peaks at 
around CT 2 and at CT 14. No variations in AC-II mRNA were observed in the cingulate 
cortex under LD or DD conditions. It remains to be established whether the biphasic 
expression of AC-II mRNA in the SCN contributes to the biphasic changes in cAMP within 
these nuclei.
Supported by the BBSRC and MRC.

663.17

cAMP RESPONSE ELEMENT-MEDIATED GENE EXPRESSION IN 
THE SUPRACHIASMATIC NUCLEUS: REGULATION BY LIGHT 
AND THE ENDOGENOUS CLOCK. Karl Obrietan*, Soren Impey. 
Dave Smith. Jaime Athos and Daniel R. Storm. Department of 
Pharmacology, University of Washington, Seattle, WA 98195.

The inherent circadian time-keeping properties of the suprachiasmatic 
nuclei (SCN) are entrained by changes in light-dark cycle. It is unclear 
how changes to the light-dark cycle are converted into changes in the 
timing of the endogenous oscillator, although alterations at the level of 
gene expression have been suggested. We used a transgenic-reporter 
mouse strain to assess whether light triggers induction of cyclic 
AMP/Ca2+ response element-(CRE) mediated gene expression in the 
SCN. Many promoters for genes shown to be regulated in a circadian- 
dependent manner contain CREs. Initially, transgenic mice were 
entrained to a 12 hour light-dark cycle, then placed in constant darkness. 
After 5 days in constant darkness animals were exposed to light (60 min) 
at different circadian times. Animals exposed to light during the 
subjective dark-phase (circadian times 16.5 and 22.5) exhibited marked 
increases in CRE-mediated gene expression in the SCN relative to control 
animals not exposed to light. In contrast, CRE-mediated gene expression 
in mice exposed to light during the subjective daytime (circadian time 6) 
was not elevated relative to control animals not exposed to light. 
Induction of CRE-mediated gene expression during the subjective night 
was also observed after very brief (5 min) light exposures. Additionally, 
SCN cells exhibit a prominent circadian oscillation in CRE-mediated 
gene expression even in the absence of photic cues. Maximal reporter 
gene expression occurred during mid-subjective day and minimal 
expression was during mid-subjective night. These results provide 
evidence linking the CREB/CRE transcriptional pathway to clock 
rhythmicity. Research supported by NIH grant NS 20498.

663.18
ISOLATION OF MOUSE SUPRACHIASMATIC NUCLEUS-ENRICHED mRNAs 
BY DIFFERENTIAL TAG PCR SUBTRACTION. N. Oda12, C. Fukuhara1, H, 
Lancero1, B, F. O’Hara1*. H, C. Heller1 and T. S. Kilduff1 ‘Center for Sleep and 
Circadian Neurobiology, Stanford University, Stanford, CA 94305-5020 and 2Lab. of 
Fundamental Life Science Research, Asahi Chemical Industry Co. Ltd., 2-1 Samejima, 
Fuji-Shi, Shizuoka, 416 JAPAN

The primary mammalian circadian pacemaker is located in the suprachiasmatic 
nucleus (SCN) of the ventral hypothalamus. Some clock-related genes in mammals, 
Clock, Perl and Per2, have been identified, but many molecular components of 
circadian rhythm generation remain unknown. We used the differential tag PCR 
subtraction to identify novel genes which are preferentially expressed in the SCN.

SCN, hypothalamus minus SCN and cerebellum cDNA libraries were constructed for 
subtractive hybridization. We repeated 2 rounds of subtraction: the hypothalamus 
minus SCN library was used as driver in the 1st round and the cerebellum library as 
driver in the 2nd round. 960 clones were randomly picked from the subtracted SCN 
cDNA library and were differentially screened with the subtracted SCN probe, the 
original SCN probe and the two driver probes. 149 clones gave an increased signal on 
the blot screened with the subtracted cDNA probe compared with the signal on the blot 
screened with the original SCN probe and no signal on the blots screened with either of 
the 2 driver probes. Partial DNA sequence of 131 clones were obtained: 80 clones (43 
independents) match known genes, 48 clones (38 independents) match mouse EST 
clones and 3 clones (3 independents) have no similarity to any other mouse clones in 
Genbank. Northern hybridization analysis showed enrichment in SCN and 
hypothalamus: clone #122 was highly enriched in SCN, #039 was enriched in 
hypothalamus including SCN and was brain-specific, and #092 was enriched in 
hypothalamus including SCN but was not brain-specific. We are analyzing these 
candidate clones further by in situ hybridization and sequencing, (supported by Asahi 
Chemical Industry Co. Ltd. Japan and NIH AG01184 and HL58985).
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664.2664.1

UNILATERAL LESIONS OF THE AMYGDALOID CENTRAL NUCLEUS 
DISRUPT REM SLEEP. Amy J. Silvestri*, Larry D. Sanford, Richard J, Ross, & 
Adrian R. Morrison. University of Pennsylvania Schools of Veterinary Medicine, 
Medicine, and Philadelphia VA Medical Center, Philadelphia, PA, 19104.

In addition to its well-known role in assessing the significance of environmental 
stimuli, the amygdala is also an important modulator of sleep and waking, particularly 
rapid eye movement sleep (REM). Manipulations of noradrenaline, serotonin, and 
acetylcholine within the amygdaloid central nucleus (ACe) all produce disruptions of 
the sleep-wake cycle, with serotonin and acetylcholine specifically affecting REM 
(Calvo et al., 1996, NeuroReport, 7, 577; Sanford et al., 1995,?4rc/j Ital Biol, 134, 81; 
Sanford etal., 1996, Neurosci Abst, 22, 148; Silvestri et al., 1998, Sleep Res Soc Abst, 
27). The present study was designed to assess the effects of lesions of the ACe on 
sleep-wake parameters in rats. Rats were administered unilateral electrolytic lesions of 
the ACe (n=3) or sham lesions (n=4). These lesions were small and did not damage 
the entire ACe. Each rat was implanted with electrodes for recording EEG, EMG, 
hippocampal theta, and olfactory bulb activity for determination of sleep states. 
Following post-operative recovery (from 6-10 d), each rat was placed in a recording 
chamber and monitored for 6 hours on 3 separate days. On recording day 1, lesioned 
rats demonstrated a significant reduction in REM percentage as compared to controls 
(lesion: X=0.05, sd=0.02; sham: X=0.13, sd=0.05; p<0.05) and trends toward 
decreases in total amount of time in REM (lesion: X=7.98, sd=4.6; sham: X=23.75, 
sd=10.3; p<0.059) and total number of REM episodes (lesion: X=4, sd=2.65; sham: 
X-15, sd=8.33: p<0.083). No significant differences were found in measures of 
waking or slow wave sleep. In addition, no significant differences were found in any 
measures on recording days 2 or 3. As sleep studies were run at varying times 
postoperatively, the selective effect on day 1 REM was due possibly to altered 
habituation to the recording situation in the lesioned animals and not to recovery of 
function post-lesion. Supported by MH42903, NS35281, Department of Veterans 
Affairs, and University of Pennsylvania Neuropsychopharmacology Training Program.

RETINAL PROJECTIONS IN HYPOPROLACTINEMIC RATS SHOWING 
MODIFIED PARADOXICAL SLEEP RHYTHM. L.L. Lobo1, P.-H, Luppi*2, L. 
Paut-Pagano2, M. Jouvet2 and J.-L. Valatx2. ’Dept. of Psychobiology, Unifesp, Sâo 
Paulo, Brazil; 2Lab. Médecine Expérimentale, INSERM U480, Univ. Claude 
Bernard, Lyon, France.

Prolactin-deficient rats show a temporal dissociation of paradoxical sleep 
(PS) and slow-wave sleep (SWS) stages. Under light-dark cycles of 12:12h, PS 
acrophase occurs during the dark period whereas SWS is observed mostly during 
the light period. Moreover, long-term constant darkness synchronizes PS and SWS. 
Therefore, this alteration of sleep circadian rhythm could be related to the photic 
system of this genetically modified strain of rats. In order to test this hypothesis, 
retinal projections were analyzed by means of retrograde and anterograde tracing. 
Male rats received an ocular injection of 0.25% cholera toxin B subunit conjugated 
HRP (CTB-HRP, List Biological Lab.) 5 pi, 3 to 4 hrs after light on. Control 
Sprague-Dawley (n=4) and hypoprolactinémie (n=4) rats were sacrificed 72 hrs 
later under ketamine anesthesia and perfused transcardially. Brains were sectioned 
at 20pm and free floating sections were immunostained with anti-goat CTB, 
followed by donkey anti-goat IgG and avidin-biotin peroxidase complex. Labeling 
of brain slices confirmed the well established target structures of retinal projections 
both in control and hypoprolactinémie rats. Except for the suprachiasmatic nucleus, 
which labeling was bilateral, all other structures showed mainly contralateral 
staining, such as the ventral and dorsal lateral geniculate nuclei and intergeniculate 
leaflet, optic tract, pretectal nuclei, terminal nucleus of the accessory optic tract and 
superior colliculus (SC). The only difference noted between control and prolactin- 
deficient rats was on thickness of SC labeling, the latter being thinner. This subtle 
difference in photic system between the two strains, if related to circadian 
expression of PS, is unlikely to be the main explanation.
Support: FAPESP (95/4695-3), INSERM U480, AFIP.
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664.3
GABAERGIC PROJECTIONS TO THE MAGNOCELLULAR 
PREOPTIC AREA AND SUBSTANTIA INNOMINATA IN THE RAT. 
P, ,Eort*»..D. Gervasoni, ,C, feyroik.£^..RampQn.-Jl...Boissacl-and..PrH. .LuppL
Neurobiologie des états de Sommeil et d’Eveil, INSERM U480, Université Lyon I, 
8 Avenue Rockefeller, 69373 Lyon cedex 08, France.

The Magnocellular Preoptic Area (MCPO) and neighboring Substantia Innominata 
(SI) contained cholinergic and non-cholinergic corticopetal neurons, which could be 
involved in the modulation of cortic;d rhythmic activities across the sleep-wake cycle. 
Recent in vitro studies provided electrophysiological evidence of an essential role of 
GABA in determining their rhythmical discharge properties (Khateb et al., Soc. 
Neurosci. Abstr., '94; Neuroscience, ‘98). To examine the GABAergic inputs to the 
MCPO, retrograde transport from this area was investigated using Cholera-Toxin b 
subunit (CTb) in combination with the immunohistochemical staining for the 
glutamic acid decarboxylase (GAD) in colchicine-treated rats. Parvalbumin 
immunohistochemistry (Parv) was also used to potentially stain GABAergic neurons.

Following CTb injections in the MCPO, the largest number of retrogradely-labeled 
GAD-positive (GAD7CTb+) neurons was encountered within the MCPO and adjacent 
SI, in close vicinity of the injection sites. Numerous GADVCTb* neurons were also 
observed in the ipsilateral ventral pallidum (VP) and rostral part of the SI. At the level 
of the MCPO, the large majority of the GAD7CTb+ neurons were small-sized, while 
in the VP, they were only medium-sized. A few GAD7CTb+ neurons were also seen 
in the lateral preoptic area (LPO), medially to the MCPO, in the lateral hypothalamic 
area (HLA) and ventral tegmental area (VTA). Retrogradely-labeled neurons showing 
Parvalbumin immunoreactivity were exclusively seen in the ipsilateral VP and 
MCPO. It should be noted that the Parv7CTb+ neurons were less numerous than the 
GAD7CTb+ cells encountered in both areas and were medium-sized.

These prelimiiuiry results suggested that small GABAergic neurons within the 
MCPO and SI provide a large proportion of the GABAergic innervation to local 
corticopetal neurons, and occupy a key position to cwrdinate in vivo the discharge 
activities of these neurons and thus actions at the level of their cortical targets.

664.4
THE EFFECTS OF LESIONS OF THE VENTROLATERAL 
PREOPTIC NUCLEUS (VLPO) ON SLEEP
J. Lui, p. Shiromani2. C.B, Saper1* . 1 Department of Neurology, 
Beth Israel Deaconess Medical Center, Harvard Medical School, 
Boston, MA02115; ^Department of Psychiatry, Brockton Veterans 
Administration Hospital, Harvard Medical School

The preoptic area is known to play a key role in sleep 
regulation. Recently a specific cluster of neurons, the ventrolateral 
preoptic nucleus (VLPO), has been found to show the high rate of 
neuronal firing and Fos activation correlated with sleep. We 
investigated the 24 hr sleep-wake pattern at 4-6 days after restricted 
lesions of the VLPO. Bilateral VLPO lesions decreased delta power 
associated with deep sleep by 60-70% and reduced NREM sleep by 
50-60%; the lesions also caused 40-50% reduction of REM sleep. 
Further analyses revealed a linear relationship between the number of 
remaining cFos-immunoreactive (IR) neurons in the VLPO and 
NREM sleep (r=0.72, p < 0.001), and between Fos-IR neurons in 
the VLPO and delta power (r=0.78, p < 0.001). Lesions either 
ventral or caudal to the VLPO had no significant effects on sleep. In 
addition, the number of Fos-IR neurons during sleep was strongly 
correlated with total neurons in VLPO as demonstrated by Nissl 
staining (r = 0.87, p < 0.001). These results indicate that Fos 
activation of VLPO neurons correlates closely with depth and 
duration of NREM sleep and may also promote REM sleep. Our 
observations support the hypothesis that the VLPO serves as a key 
site in promoting sleep. Supported by MH 55772 (JL)

664.5

AFFERENTS TO THE VENTROLATERAL PREOPTIC NUCLEUS. T. C. 
Chou*, T. Scammell, C. B, Saper. Dept. of Neurology, Beth Israel Hospital, 
Harvard Medical School, Boston, MA 02115.

Neurons in the ventrolateral preoptic nucleus (VLPO) of rats show Fos 
activation during sleep (Sherin et al., Science 271:216-9). These neurons may 
promote sleep, as VLPO lesions produce long-lasting insomnia whereas 
stimulation produces sleep. Inputs to the VLPO are largely unknown, although 
we recently showed a direct retinal input (Lu et al., SFN 23:2132, 1997). To 
further characterize neuronal inputs to the VLPO, we placed small injections of 
a retrograde tracer, cholera toxin B subunit, into the VLPO of male Sprague 
Dawley rats. Retrogradely labeled neurons were found in several 
monoaminergic nuclei involved in arousal, such as the tuberomammillary 
nuclei, lateral wings of the dorsal raphe nucleus, and the locus coeruleus. Other 
prominent groups of labeled neurons include the ventral lateral septum, the 
medial preoptic area, the dorsomedial and ventromedial hypothalamic nuclei, 
the supramammillary nucleus, and the central lateral subregion of the 
parabrachial nucleus. Smaller numbers of labeled neurons were seen in the 
suprachiasmatic nucleus (SCN), areas just outside the SCN, the ventral lateral 
medulla, and the nucleus of the solitary tract. Anterograde tracing studies to 
confirm that these structures project to the VLPO are in progress. In summary, 
a broad range of subcortical neuronal groups may project to the VLPO. The 
afferents from monoaminergic systems are notable since we have previously 
shown them to be targets of VLPO axons (Sherin et al., J. Neurosci, 1998). 
Hence sleep and wake-related structures may be reciprocally connected.

Supported by NJ33987 and T32-DA07282-04

664.6
GLUTAMATERGIC CONTROL OF NORADRENERGIC NEURONS OF THE 
RAT LOCUS COERULEUS DURING THE SLEEP-WAKING CYCLE. Gervasoni 
DA..B)rL-E2,-Renaud B.2*. Chouvet G.2 and P-H. Luppi1. ‘INSERM U480, 
"INSERM CJF 95-06, Univ. Cl. Bernard, 8 Av. Rockefeller, 69373 Lyon, France.

The noradrenergic (NA) neurons of the locus coeruleus (LC) discharge tonically 
during wakefulness, decrease their activity during slow wave sleep (SWS) and 
completely cease firing during p;iradoxical sleep (PS). Using iontophoretic 
applications of strychnine (STRY) and bicuculline (BIC) (glycine and GABAa specific 
antagonists), we recently showed that LC neurons are under tonic glycinergic and 
GABAergic inhibitions during all sleep-waking stages. Our results further suggest that 
the glycinergic inhibition is constant while that of GABA increases at the onset of 
SWS, during SWS and moreover during PS and thus is responsible for the decrease 
and cessation of activity of LC cells during sleep (Gervasoni et al., EJN, 1998). In 
this report we attempted to determine whether a glutamatergic excitatory input could 
counterbalance the GABAergic and glycinergic tonic inhibitory inputs. We combined 
in unanesthetized head-restrained rats unikiry extracellular recordings of LC neurons 
with microiontophoresis of either kynurenate alone (a broad glutamate antagonist) or 
following application of STRY or BIC. We found that iontophoretic application of 
kynurenate (1) antagonizes the excitatory effect of glutamate application but did not 
modify the sponttuieous discharge of LC cells, (2) reduces by half the STRY-induced 
excitation obtained during ;dl vigilance states, (3) only slightly reduces the BIC- 
evoked activation of LC neurons. Our results suggest that LC cells are not under a 
tonic excitation by glutamate because kynurenate when applied alone during 
wakefulness did not decrease die tonic activity of LC cells. These results further 
indicate that the strong excitation of LC neurons induced by STRY but not that 
induced by BIC is mediated in p;irt by a release of glutamate on LC cells. One 
possibility explaining these results is that during die entire sleep-waking cycle, a 
glycine presynaptic release tonically inhibits glutiunatergic terminals on LC neurons.

664.7

CHARACTERIZATION OF JUXTACELLULARILY RECORDED AND 
LABELLED BASAL FOREBRAIN UNITS IN RELATION TO CORTICAL 
EEG ACTIVITY. I.D.Manns, A.AIonso and B.E.Jones*. Montreal Neurol. 
Inst., McGill Univ., Montreal, Quebec, Canada, H3A2B4
The basal forebrain plays an important role in the modulation of cortical 
activity across behavioural states. This modulation is derived from 
widespread cortical projections from cholinergic and non-cholinergic, 
including GABAergic, cells of the basal forebrain. We have 
characterized unit activity in magnocellular preoptic area (MCPO) and 
substantia innominata (SI) in association with cortical EEG activity 
induced by tail pinch and electrical stimulation of the reticular formation 
in urethane anesthetized rats. Recorded cells were labelled with 
Neurobiotin using the juxtacellular labelling method. Neurons of the 
MCPO and SI exhibited three general patterns of neuronal discharge; 
burst, cluster, and tonic. Bursting cells, discharged in bursts of spikes 
(~100-200Hz), often rhythmically in association with slow rhythmic 
activity (~2-5Hz) in limbic cortex. Cluster-spiking cells discharged in 
clusters of spikes (~10-60Hz) which could also occur in association with 
slow rhythmic activity. Tonic cells discharged in a regular fashion at 
variable frequencies, which could increase or decrease with stimulus- 
induced cortical activation. In tonic cells, which increased their firing 
rate, and in bursting and cluster-spiking cells, regularity of discharge 
tended to increase with the slow and fast rhythmic cortical EEG activity 
of cortical activation. These results reveal diverse cellular discharge 
patterns that suggest mechanisms by which cortical activity may be 
modulated across behavioural states by basal forebrain neuronal cell 
groups. (Supported by the Canadian MRC).

664.8
BINDING AND INTERNALIZATION OF FLUORESCENT 
NEUROTENSIN IN BASAL FOREBRAIN NEURONS IS ASSOCIATED 
WITH CORTICAL ACTIVATION, WAKING AND PARADOXICAL 
SLEEP. E.G. Cape*, A. Beaudet and B. E. Jones. Montreal Neurol. 
Inst., McGill Univ., Montreal, Quebec Canada H3A 2B4
Cholinergic basal forebrain neurons have been shown to receive 
neurotensin afferent input and to possess high affinity receptors for this 
neuropeptide. The neurotensin receptor complex is known to be 
internalized in vitro by cholinergic neurons in the basal forebrain. 
Application of neurotensin in vitro has also been shown to produce a 
slow depolarization and rhythmic bursting in these cells. The effects of 
local microinjections of either neurotensin (NT) or fluo-neurotensin (Fl- 
NT) into the basal forebrain were examined on both behavior and 
retrosplenial, entorhinal and hippocampal EEG by using a remotely 
controlled microinjection device in freely moving, sleep-waking rats. 
Animals were sacrificed 20 minutes after the injection when a maximal 
effect on EEG and state was observed. Frozen sections through the 
basal forebrain were collected for visualization of FI-NT using confocal 
fluorescent microscopy. NT produced an increase in both gamma and 
theta cortical activities with an associated increase in wake and 
paradoxical sleep states. Parallel to these effects, FI-NT labelling of 
cells was evident in basal forebrain neurons by small punctate 
fluorescent granules in the cytoplasm of perikarya and proximal 
dendrites. The results suggest that promotion of cortical activation with 
waking and paradoxical sleep occurs through stimulation of cholinergic 
basal forebrain neurons by neurotensin and is associated with 
internalization of the neurotensin receptor complex. (Supported by the 
Canadian MRC).
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664.9
SPATIAL DISTRIBUTION OF TEMPORALLY INDEPENDENT COM
PONENTS OF SLEEP SPINDLES IN ELECTROENCEPHALOGRAPHIC 
(EEG) POTENTIALS. C. Humphries!, M.J. McKeownf. P. Achennannj,
A.A. Borbelyf, and T.J. Sejnowskif. fSalk Institute for Biological Studies, La 

Jolla CA 92037.^Institute of Pharmacology, University of Zurich. Switzerland.
Sleep spindles, which are a feature of stage 2 sleep, reflect oscillations in a 

reciprocal thalamocortical network. Spindles are commonly classified based on 
frequency and topographical distribution into two broad categories: anterior (12 
Hz) and posterior (14 Hz) (Gibbs and Gibbs 1950). We analyzed sections of 
29-channel EEG containing spindle activity recorded from a healthy male dur
ing stage 2 sleep. Independent Component. Analysis (ICA) was used to separate 
the composite EEG data into varying numbers of temporally independent com
ponents, each with a unique topographical distribution. Band-passed filtered 
(ll-15Hz), rectified EEG above a threshold was used to detect spindle activity in 
both the raw EEG and the derived components. The threshold was determined 
so that spindle detection in the raw EEG corresponded to visual detection by an 
expert. When ICA was used to separate the EEG into only two components, the 
topographical distribution and frequency of the temporally independent spindle- 
like wave forms corresponded to the standard classification and distribution. As 
increasing numbers of independent components were derived, at least 7 contained 
significant spindle activity and were distributed in left frontal, right frontal, left 
temporal, right temporal, the vertex, and posterior-medial regions. Components 
with predominantly anterior topographical distributions had prominent 12 Hz ac
tivity and components with posterior distributions had prominent 14 Hz activity. 
Numerous temporally independent components contribute to sleep spindle activ
ity in the scalp EEG. This may reflect, multiple independent spindle generators 
and/or the spatial propagation of the spindle oscillations across cortical areas.

Research supported by Howard Hughes Medical Institute, Human Frontiers 
Science Program project RG-81/96, and the Heart and Stroke Fdn. of Out.

664.10
GABAb RECEPTORS ARE INVOLVED IN THE BRAINSTEM GABAERGIC 
MECHANISM CONTROLLING THE GENERATION OF ACTIVE SLEEP AND 
WAKEFULNESS. M.-C, Xi. F.R. Morales and M.H, Chase*, Department of 
Physiology and the Brain Research Institute, UCLA School of Medicine, Los 
Angeles, CA 90095.

We have recently reported that microinjections of GABA and the GABAa agonist, 
muscimol, into the nucleus pontis oralis (NPO) produce wakefulness, whereas 
microinjections of the GAB Aa antagonist, bicuculline, produce active sleep in cats (Xi 
et al., Soc Neurosci Abstr 23:1066, 1997). These observations indicate that brainstem 
GABAergic processes acting on GABAa receptors play a critical role in the control of 
behavioral states and the activity of NPO neurons. Since GABA has been shown to 
activate two types of receptors, GABAa and GABAB (Hill and Bowery, Nature 
290:149-152,1981), we were interested in determining whether GABAB receptors were 
also involved in the GABAergic control of active sleep and wakefulness. Accordingly, 
we examined the behavioral responses of chronic, unanesthetized cats following the 
microinjection of GABAB agonists and antagonists into the NPO.

Microinjectons of saclofen, a GABA0 antagonist (0.25 pi, 20 mM in saline), 
induced a behavioral state that was polygraphically indistinguishable from naturally- 
occurring active sleep as well as bicuculline-induced active sleep. The mean latency of 
the saclofen-induced active sleep state was 3.1 ± 0.5 minutes (n=8, meant S.E.M.). 
The percentage of time spent in active sleep during the first, hour following 
microinjections of saclofen (n=8) was significantly greater than that following control 
injections of saline (n=5; 322%, p<0.01). In contrast, microinjections of baclofen, a 
GABAB agonist (0.25 pi, 20 mM in saline, n=3), increased the time spent in 
wakefulness (227%, p<0.01) and decreased the duration of quiet sleep (61%, p<0.01) 
and active sleep (35%) during the first hour following these injections.

The present results demonstrate that microinjections of a GABAB agonist and 
antagonist into the NPO produce significant changes in the onset and duration of 
wakefulness and active sleep, respectively. We therefore conclude that both GABAa 
and GABAb receptors are involved in brainstem GABAergic processes that are critical 
for the generation and maintenance of active sleep and wakefulness.

Supported by USPHS grants MH 43362, NS 23426 and NS 09999.

664.11
POSTSYNAPTIC INHIBITION OF HYPOGLOSSAL MOTONEURONS 
DURING CARBACHOL-INDUCED MOTOR SUPPRESSSION IN 
a-CHLORALOSE ANESTHETIZED CATS. S.J. Fung*, J. Yamuv. M.C. Xi.
F.R, Morales and M.H, Chase. Dept. of Physiology and the Brain Research 
Institute, UCLA School of Medicine, Los Angeles, CA 90095.

Brainstem and spinal cord somatic motoneurons are postsynaptically inhibited 
during active sleep (AS). This inhibition is not restricted to motoneurons of 
antigravity muscles. For example, jaw-opener motoneurons (digastric and others) are 
also inhibited postsynaptically during AS. In the present work we sought to 
determine whether similar synaptic processes operate in the hypoglossal 
motoneuron pool. The importance of this study is that motoneurons in this nucleus 
innervate tongue muscles whose dysfunction has been considered to be crucial in the 
pathophysiology of obstructive sleep apnea. The present experiments were carried 
out in a pharmacological (cholinergic) model of AS (Lopez-Rodriguez et al., Brain 
Res. 699:201-207,1995). In a-chloralose (60 mg/kg, i.v.) anesthetized cats, 
intracellular recordings were obtained from hypoglossal motoneurons which were 
antidromically identified by stimulating either the hypoglossal nerve or its medial 
and lateral branches that innervate protrudor and retractor muscles of the tongue, 
respectively. To induce a state similar to AS, ciirbachol (1 pg/0.25 pi) was 
microinjected into the nucleus ponds oralis. Both populations of hypoglossal 
motoneurons exhibited a continuous barrage of large-amplitude hyperpolarizing 
potentials following carbachol injection. In addition, sciatic nerve stimulation 
elicited phasic AS-specific inhibitory postsynaptic potentials (Kohlmeier et al., ,/. 
Neurophysiol. 78:2145-2155, 1997). Motoneuron excitability was greatly reduced 
(rheobase increased over 70%) and membrane time constant measurements indicated 
that membrane conductance increased over 40%,. In the subset of tongue protrudor 
motoneurons, similar significant changes were observed. These findings indicate 
that motoneurons that innervate tongue muscles are postsynaptically inhibited 
during AS. Such synaptic mechanisms may be implicated in the pathophysiology 
of obstructive sleep apnea.
Supported by USPHS grants MH 43362, NS 23426 and NS 09999.

664.12
PREOPTIC/ANTERIOR HYPOTHALAMIC WARMING SUPPRESSES 
LARYNGEAL DILATOR ACTIVITY DURING SLEEP. D. McGinty1*,
N.Alam1, D. Thomson, and R. Szymusiak2. Neurophysiology Research, 
Sepulveda Hospital, SCSC, Veterans Administration, and Depts. of 
'Psychology and 2Medicine, UCLA. Los Angeles, CA 91343

Reduction of upper airway dilator activity selectively during sleep is a key 
element of obstructive sleep apnea (OSA). OSA patients also exhibit 
daytime sleepiness and are typically obese, suggesting metabolic 
dysregulation. We hypothesized that preoptic/hypothalamic (POAH) warm- 
sensitive neuronal processes that induce sleep and lower metabolic rate also 
modulate respiratory motor functions during sleep. The chronic cat 
preparation had prong electrodes on an acrylic base positioned on the dorsal 
surface of the larynx to record posterior cricoarytenoid (PCA) muscle EMG, 
diaphragm EMG electrodes, POAH electrodes for local radiofrequency 
warming, POAH thermocouples, and EEG and EMG electrodes or sleep 
monitoring. PCA recordings showed discrete inspiratory bursts that 
preceded diaphragmatic bursts. PCA burst amplitude was markedly lower in 
REM sleep. Mild POAH warming (0.4-0.7 °C) induced consistent 8-15% 
reductions in PCA integrated amplitude during NREM and REM sleep. This 
reduction resulted primarily from decreased inspiratory burst amplitude, but 
interburst activity was also reduced. Diaphragmatic EMG amplitude was 
unaffected by mild POAH warming. Our findings show that POAH 
thermosensitive neuronal activation can selectively suppress airway dilator 
during sleep. Abnormally elevated activity of these neurons could play a role 
in the pathogenesis of OSA, inducing sleepiness, weight gain, and upper 
airway obstruction.

Supported by PHS 47480 and the Veterans Administration.

664.13

ROLE OF ADENOSINE IN THE DISCHARGE MODULATION OF BASAL 
FOREBRAIN AROUSAL-RELATED NEURONS IN RATS. Md. Noor Alam, 
Ronald Szymusiak* and Dennis McGinty. Neurophysiol. Res. (151 A3), 
SCSC V.A., Sepulveda, California, Departments of Psychol, and Med., UCLA

A role for adenosine as a somnogenic factor has been documented. 
Adenosine is hypothesized to inhibit arousal-related neurons including 
cholinergic neurons in the basal forebrain. We coupled extracellular neuronal 
recording with adjacent microdialysis to identify arousal-related cell types in 
rat basal forebrain and examine the influence of adenosine analogs on their 
state-dependent discharge.

Isolated neurons were continuously recorded across sleep-waking 
cycle for 30-45 min during (baseline), during drug perfusion for 10-15 min and 
during recovery. Artificial cerebrospinal fluid (aCSF) was continuously 
perfused except for the time of drug perfusion. Adenosine analogs used 
included, 5-10 jiM s-(p-nitrobenzyl)-6-thioinosine (NBT), an adenosine uptake 
inhibitor, and 2-5 p.M 8-cyclopentyl-1, 3-dipropylxanthine (CPDX), a selective 
A1 adenosine receptor antagonist.

In 14 wake-related neurons, the perfusion of NBT significantly 
decreased the waking discharge (-55 + 36% of basal discharge). In contrast, 
CPDX induced an increase in the discharge rate of 14 arousal-related 
neurons (220 + 61% of baseline level).

Our data supports the hypothesis that adenosine suppresses 
discharge of basal forebrain arousal-related neurons and suggests that a tonic 
inhibitory influence of adenosine exists during waking. Supported by PHS 
MH 47480 and V. A. Medical Research Service

664.14
COUPLED ELECTROPHYSIOLOGICAL AND BEHAVIORAL PHASIC 
EVENTS DURING DESYNCHRONIZED SLEEP IN RATS. A.C.Valle, L. 
Pellarin and C.Timo-Iaria*. Laboratory of Functional Neurosurgery LIM.45, 
University of S3o Paulo Medical School, 01246-903 Sao Paulo SP, Brazil.

In 36 rats implanted with electrodes for recording electro-oscillograms 
from cortical areas 10, 3 and 17 and from hippocampal fields, and head, eye, 
ear, rostrum and vibrissae and fore- and hindlimb movements, theta waves 
and desynchronization occurring in desynchronized (SD) or paradoxical 
sleep were analyzed as to frequency and localization. As a rule, 
desynchronization predominates in area 10 in DS whereas in area 17 and in 
the hippocampal fields theta waves prevail. The latter are increased in both 
frequency and voltage whereas the former may appear in any area and 
increases in frequency while any theta wave is blocked, thus remaining only 
very short periods of pure desynchronization when potent movements of the 
body are occurring. In area 3 usually desynchronization is added to theta 
waves. Spectral analysis reveals that desynchronization may superimpose on 
low voltage (less than 20 pV) theta waves but it may be the only 
electrophysiological pattern in any area. The desynchronized component of 
the electro-oscillograms usually contains several frequencies, spanning 
continuously from near 10 Hz to 50 Hz, but mainly between 30 and 40 Hz. 
Frequently these changes start shortly before the movements begin and 
occasionally they appear even in the absence of any movement. Assuming 
that both movements and theta waves and desynchronization may be the 
expression of dreaming activity, it can be reasoned that desynchronization is 
related to very active dreams or to the processes involved in producing the 
oniric activity.
Supported by FAPESP, CNPq, FFM and HCFMUSP.
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664.15
“AROUSAL” INDUCED IN DECEREBRATE RATS BY POSTERIOR BASAL 
DIENCEPHALIC STIMULATION. R. Martin, R. Bailon, L, Argueta and B. 
Krilowicz*. Dept. of Biology and Microbiology, California State University, Los 
Angeles, CA 90032.

A variety of ablation and electrophysiological studies have implicated the posterior 
basal diencephalon of rats in either the direct production of locomotion or in the 
production of behavioral arousal, which in turn allows the expression of movements. 
Electrical stimulation of the posterior basal diencephalon is known to produce 
locomotion in intact rats, but no studies have addressed whether behavioral arousal 
precedes movement. In the current study, electrical microstimulation in decerebrate 
rats was used to determine whether there are specific sites in the posterior basal 
diencephalon involved in the production of locomotory movements and others 
involved in the generation of behavioral arousal. Male Sprague-Dawley rats 
anesthetized with metofane underwent decerebration followed by hypothalamic 
transection. Microelectrodes for stimulation were positioned in the hypothalamus 
and stimulation was delivered in 0.5-10 sec trains of 0.2 msec pulses at 100 Hz (10- 
60 uA current). Electromyographic and electrooculogram recordings were obtained 
to determine level of behavioral arousal. One hundred and thirty-four sites were 
investigated. Twenty-seven sites were positive and clustered in the posterior 
hypothalamus at AP 4.5-6.5, ML 0.4-2.4, DV -7.0-(-9.0). Stimulation at positive 
sites produced both generalized increases in muscle activity and eye movements, 
whereas the production of locomotion was rare. The findings suggest that the 
posterior basal diencephalon is involved in the control of behavioral arousal which 
leads to movements rather than the direct production of locomotion.
Research supported by NIH #2S06Gm08101-25 and HHMI-BPD #71194-523502.

664.16
MEDULLARY PROJECTIONS FROM THE PONTINE REM SLEEP-LIKE ATONIA 
TRIGGERING REGION IN THE RAT. L. Kubin*, G. Woch, E. Chmielnicki and H. 
Ogawa. Dept. of Animal Biology and Center for Sleep and Respiratory Neurobiology, 
University of Pennsylvania, Philadelphia, PA 19104-6046, USA.

Pontine injections of a cholinergic agonist, carbachol, trigger a REM sleep-like state 
in chronically instrumented, intact animals, and in anesthetized rats produce 
respiratory and electrocortical changes similar to those of REM sleep (Homer & Kubin, 
Soc. Neurosci. Abstr. 23:794,1997). Because the efferent connections and postsynaptic 
targets of pontine reticular neurons stimulated by carbachol have not been fully 
elaborated, it is not clear how pontine carbachol simultaneously triggers various 
phenomena of REM sleep. To study the pathways responsible for the REM sleep-like 
suppression of orofacial motoneurons and medullary serotonin (5-HT)-containing 
neurons, an anterograde tracer, phaseolus, was microinjected by pressure (4-8 nl, 3%) 
or iontophoretically, together with carbachol, into the pontine tegmentum in 5 
pentobarbital-anesthetized rats. Pressure injections resulted in a slowing of the 
respiratoiy rate and, if present, suppression of neck muscle EMG. After a 7-13 day 
survival period, the tracer was visualized by HRP immunohistochemistry. As in earlier 
cat studies, thin fibers (< 1pm) with multiple synaptic boutons were present bilaterally 
in most parts of the medullary reticular formation and in midline raphe, but not in 
other specific medullary sensory or motor nuclei. Additional labeling for tryptophan 
hydroxylase as a marker for 5-HT neurons (2 rats) revealed a few apparent close 
appositions between labeled terminal boutons and 5-HT cells, but most terminals in the 
medullary raphe targeted non-5-HT cells. Thus, the carbachol-induced, REM sleep
like suppression of both serotonergic raphe cells and orofacial motoneurons involves 
at least a two-neuronal pathway interposed between the pontine cholinoceptive region 
and these two targets. This combination of functional identification of the tracer 
injection site with immunohistochemistry should help elucidate the pathways 
downstream from the pontine REM sleep-triggering region. (Supported by HL 47600.)

664.17

INACTIVATION OF THE PONS BLOCKS MEDULLARY-INDUCED 
ATONIA IN THE DECEREBRATE CAT. J. Kohyama/Y. Y. Lai and 
J. M. Siegel . Dept. of Psychiatry, UCLA School of Medicine; Neurobiology 
Research (T5I A3), Sepulveda VAMC, North Hills, CA 91343.

Muscle atonia is induced by chemical and electrical stimulation of portions of 
the midbrain, pontine and medullary reticular formation in the decerebrate 
animal. Descending systems from the mesopontine reticular formation appear 
to mediate atonia via the activation of the medullary inhibitory regions. 
However, prior work in our laboratory has shown that atonia is much more 
difficult to elicit by medullary stimulation in cats transected at the 
pontomedullary junction than in cats transected at the midbrain level. This 
study sought to clarify the nature of the interaction between the pontine and 
medullary reticular formation in mediating muscle tone suppression.

Both long (200 ms trains of 0.2 ms pulses at 100 Hz) and short (6.3 ms trains of 
three 0.2 ms pulses at 330 Hz) stimulations (30-50 pi A) were used for reducing 
neck muscle tone bilaterally in 3 decerebrate cats. After identifying effective 
stimulus sites in the medial medulla, lidocaine (4 %, 1 pil) was microinjected 
bilaterally into the pontine reticular formation (P; 2.5 ~ 3.5, LR; 1.4 ~ 2.4,
H; -3.8 ~ -5.1). The same stimulus intensity was used before and after 
lidocaine injection. In all eight trials, medullary-induced neck muscle tone 
suppression was blocked by pontine lidocaine injection. The maximum 
blockade was observed at 16.6 minutes (range; 6 ~ 26) on average after 
lidocaine injection. In 3 trials, a muscle tone facilitation appeared with each 
stimulation prior to the attenuated suppression after lidocaine injection. 
Recovery occurred within 45 minutes (average; 30.6).

A two way interaction between the medulla and pons is hypothesized to 
play a crucial role in the generation of muscle atonia in decerebrate cats and in 
REM sleep atonia.

Supported by Uehara Memorial Foundation, HL41370, NS14610 and the VA.

664.18
ACTIVITY OF DORSAL SPINOCEREBELLAR TRACT 
NEURONS DURING RAPID EYE MOVEMENT EPISODES OF 
ACTIVE SLEEP. M.P. Kristensen*, N. Taepavarapruk, S.A. 
McErlane, W. Pang and P.J. Soja. Faculty of Pharmaceutical Sciences, 
UBC, Vancouver, BC, Canada, V6T 1Z3.

Most individual dorsal, spino-cerebellar tract (DSCT) neurons 
markedly decrease ongoing discharge rates during active sleep relative 
to wakefulness and quiet sleep in cats (J. Neuroscience 16: 1260-1272,
1996). However, it is unclear to what extent DSCT cell activity patterns 
during active sleep differ between tonic periods and phasic episodes that 
are characterized by rapid eye movement (REM). In the present study, • 
we examined ongoing spike activity of extracellularly recorded, anti- 
dromically identified DSCT neurons in chronically instrumented (ibid.), 
drug-free cats (n = 7) around spontaneously occurring REM episodes.

REM episodes (duration > 1 s; > 4 eye movements/s) typically 
coincided with ponto-geniculo-occipital wave clusters. Overall activity 
of the sampled DSCT neurons (n = 24) decreased from 13.7 to 11.0 Hz 
(p < 0.05; Student’s /-test) during REM events (avg. duration = 4.04 s; 
avg. no. events/cell = 5.25). Changes in discharge frequency (criterion:
A > 15 %) during REM events were detected in « 84 % of the neurons, 
with three cells increasing firing rates (A = + 49 %) and 17 cells 
decreasing firing (A = - 37 %) relative to tonic active sleep baseline.

The present findings indicate that a majority of DSCT neurons 
undergo REM-related inhibition of ongoing spike discharge. The 
distribution of activity changes during REM episodes is similar to that 
seen in another second order sensory cell population, i.e. trigemino
thalamic tract neurons (Soc. Neurosci. Abs. 23: 2340, 1997). Depression 
of sensory tract neurons activity during REM episodes may result in 
(further) dampening of transmission to rostral regions and suggest that 
activity of these sensory neurons is finely regulated within sleep states.

Supported by NIH (NS 34716).

664.19

DORSAL SPINOCEREBELLAR TRACT NEURON RESPONSES 
TO IONTOPHORETIC GLUTAMATE APPLICATION DURING 
QUIET AND ACTIVE SLEEP. N. Taepavarapruk*, S.A. McErlane,
B.E. Cairns, and P.J. Soja. Facuity of Pharmaceutical Sciences, UBC, 
Vancouver, BC, Canada, V6T 1Z3.

Sensory transmission through the dorsal spinocerebellar tract 
(DSCT) is reduced during active sleep (AS) when compared to 
wakefulness (W) or quiet sleep (QS) (J. Neuroscience 16: 1260-1272,
1996). An excitatory amino acid, e.g. glutamate, is thought to mediate 
synaptic transmission between la terminals and DSCT neurons (J. 
Physiol. 433: 409-420, 1991). We examined whether the response of 
individual DSCT neurons to iontophoretic applications of glutamate is 
dependent on behavioral state.

Experiments were performed on four chronically instrumented cats 
(J. Neuroscience Meths. 61: 227-239, 1995). Glutamate (0.5M, pH 8) 
was iontophoretically ejected (10 s epochs, 30 s intervals, -35 to -185 
nA) while DSCT neuron spike activity was recorded extracellularly. 
Submaximal glutamate-evoked responses (from five consecutive trials) 
were obtained during QS, AS and after W for 13 DSCT neurons. 
Baseline spike activity quantified 5 s prior to glutamate ejections did not 
differ significantly between QS and AS in this sample. However, spike 
activity increases (calculated around the peak, i.e. last 5 s) evoked by 
glutamate iontophoresis were reduced from 18.3 ± 3.9 Hz to 12.4 ± 2.5 
Hz during QS and AS, respectively (p < 0.05, paired Student's /-test). 
Glutamate-evoked responses obtained during W resembled those 
obtained during previous episodes of QS.

The present findings indicate that the response of DSCT neurons to 
juxtacellular applications of glutamate is dependent on behavioral state. 
These results indicate that the excitability of individual DSCT neurons 
decreases during AS and that DSCT neurons may hyperpolarize during 
this behavioral state. Supported by NIH (NS 34716).

664.20
THE SYNCHRONISING INFLUENCE OF SUBSTANTIA INNOMINATA ON THE 
CENTRAL MEDIODORSAL NUCLEUS OF THE THALAMUS OF THE CAT. M. Mariotti. I. 
Gritti*. R. Calcaterra and M. Mancia. Centro Interdipartimentale “L.I.T.A. di Vialba”-Institute of 
Human Physiology II-Faculty of Medicine and Surgery, University of Milan, Milano,Italy, 20157 
The present study was carried out in order to investigate the influence of anterior Substantia 
Innominata (Sia) on the central mediodorsal nucleus of the thalamus (MD), whose role in sleep 
has been highlighted in clinical and experimental studies, combining electrophysiological and 
anatomical techniques. The effect of Sia stimulation was studied in restrained, undrugged, 
unanaesthetized cats.Thalamic units were extracellulary recorded using tungsten microelectrodes, 
stereotaxically inserted in the MD (A9,Ll-2,H+5-+2). A stimulating electrode was stereotaxically 
inserted in the Sia (A13-14,L3-4,H-1~ 4). Electrical stimulation of Sia was applied at 1Hz, with a 
single pulse (200mA intensity, 0.5msec duration) or short trains of 4 pulses. The responses were 
studied by means of post-stimulus-histograms. Eighty-four MD cells were recorded, and their 
positions were citoarchitectonically confirmed at the end of the experiments. In 64% of the 
recorded neurons Sia stimulation induced a short cell excitation, followed first by a long 
inhibition of firing (mean duration 129.6+6.2 msec) and then by a strong excitatory rebound 
discharge, which was followed by a second sequence of inhibition and excitation of decreasing 
amplitude. Following Sia stimulation, the MD units tended to start a repetitive discharge at 6-7 
Hz. To assess the connections of Sia cells upon the putative MD thalamocortical cells, 
horseradish peroxidase wheat germ agglutinin (WGA-HRP) was injected into the microareas of 
the MD where single units were recorded. The retrograde transport of WGA-HRP was examined 
in combination with immunohistochemistry for GAD (glutamic acid decarboxylase) and ChAT 
(choiine-acetyl-transferase). Of the total population of WGA-HRP cells in the Sia, a significant 
proportion consisted of GAD+ ceils (>65%), whereas ChAT+ cells amounted to a smaller 
proportion (-15%). GAD+ MD-projecting cells were morphologically smaller (P<0.05) than the 
GAD+ cells in the Sia. These results demonstrate that a distinct and numerous population of 
parvicellular GAD+ cells in the Sia directly project to the MD, they also suggests that the 
synchronisation of the thalamic discharge by Sia stimulation may be explained by GABAergic 
inhibition of MD units. This study does not exclude that the GABAergic input from Sia to the 
putative MD thalamocortical cells may also contribute to an increase the hyperpolarizing 
inhibitory pressure, originating from the GABAergic Reticular thalamic cells, which is thought to 
be responsible for the generation of the spindle and delta activity during sleep.
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665.1
Functional Organization of the Bird Song System Depends on 
Behavioral State: Do Sleeping Birds L'earn? D. Margoliash* and A. S.
Dave. Dept. Organismal Biology & Anatomy, Univ. Chicago, Chicago, IL 60637.

Sensorimotor birdsong learning requires interactions between descending motor 
(HVc-RA-brainstem) and anterior forebrain pathways (AFP; HVc-area X-DLM-1MAN- 
RA). Direct interactions occur at the input stage between HVc-RAn and HVc-Xn (HVc 
projection neurons), and at the output where 1MAN and HVc converge onto RA.

Chronic recordings from HVc of singing zebra finches resulted in a population of 
premotor neurons, many of which were also auditory when the bird was not singing. 
HVc auditory neurons were selective for the.bird’s own song (BOS) and had complex 
spontaneous bursting, similar to what has been previously reported in anesthetized 
birds. In awake non-singing birds, premotor RA neurons (RAn) had short, regular 
inter-spike intervals (ISIs) that were invariant to any acoustic stimulation. RAn in 
urethanized birds had longer ISIs, occasional complex bursting, and remarkably, were 
auditory (BOS selective). Simultaneous recordings of HVc and RA demonstrated that 
complex bursting and BOS selectivity of anesthetized RAn correlate with HVc input.

We observed that as birds fell asleep RAn transition to an “anesthetized-like” pattern, 
and acquire auditory sensitivity. In urethanized birds injections of NF into RA resulted 
in shorter, more regular RAn ISIs; injection of NE into HVc resulted in loss of auditory 
activity in RA. Systemic injection of the irreversible NE re-uptake inhibitor xylamine 
disrupted singing; we have yet to assess physiological effects on RAn. Song system 
nuclei are known to have high levels of a2 receptors, and NE differentially modulates 
HVc/lMAN input to RAn via a2 receptors. We postulate an NE-mediated modulation 
of auditory input to HVc-RAn via presynaptic inhibition of inputs from HVc-Xn.

Behavioral state may have profound effects on song acquisition, gating spontaneous 
activity and auditory sensitivity. During sleep, spontaneous activity could be involved 
in motor program consolidation. When levels of NE are low, auditory feedback might 
access the motor system in young birds engaged in low amplitude plastic singing.

665.2
EFFECTS OF ICV VASOTOCIN AND VASOTOCIN ANTAGONISTS ON 
COURTSHIP BEHAVIOR IN MALE ZEBRA FINCHES. C.F. Harding* and S.L. 
Whildin, Biopsychology Program, Hunter College, CUNY, New York, NY 10021

Treatment with vasotocin (VT) stimulates reproductive behavior in many 
species. It many cases, VT appears to synergize with gonadal hormones to 
activate courtship. To determine if VT can stimulate courtship singing in male 
finches, the right lateral ventricle was cannulated in androgen-treated males. 
Males received infusions of: a) 0, 0.01, 0.1, 1 or 10ng VT and were tested 
immediately; orb) 0, 1, 10, or 100ng of the V, receptor antagonist [B-mercapto-
B.B-cyclopentamethylenepropionyl’.O-Me-Tyr^.Arg^-vasopressin (V,A, Sigma); 
or c) 0, 1, 10, or 100ng of the oxytocin receptor antagonist [d(Ch2)5,Tyr(Me)2, 
Thr4,Tyr-NH29]-OVT (VTA, Peninsula) and were tested 90 minutes later. Treat
ment with 0.01 ng VT significantly increased high-intensity courtship and total 
courtship displays compared to saline treatment. Treatment with 0.1 ng VT 
significantly increased the latency to court and caused striking decreases in 
interactions with females. Rather than inhibiting behavior, treatment with 10ng 
Yf significantly increased the frequency of low-intensity courtship and total 
courtship displays compared to all other treatments. Treatment with VTA had 
no significant effects on courtship singing unless given in conjunction with VT, 
in which case it lowered courtship displays.

Thus, VT both stimulates and inhibits reproductive behavior in finches, 
depending on dose and route of administration. We previously showed that 
higher doses of VT infused peripherally decreased male courtship behavior, 
presumably by lowering testicular function. The current study found that very 
low doses of VT infused directly into the brain stimulated courtship singing, 
while slightly higher doses inhibited behavior. Receptor antagonists which have 
proved useful in other species were inconclusive in elucidating the type of 
receptor(s) involved in mediating the neural effects of VT.

Supported by NSF IBN 941271 and NIH RR03037

665.3
EFFECTS OF ANDROGEN TREATMENT ON THE DISTRIBUTION OF 
DOPAMINE-B-HYDROXYLASE IMMUNOREACTIVITY (DBHir) IN MALE 
ZEBRA FINCH BRAINS. S.A. Waterman* and C.F. Harding, Biopsychology 
Program, Hunter College, CUNY, New York, NY 10021

Many effects of gonadal hormones are mediated by the catecholaminergic 
neurotransmitters. In male zebra finches, castration-induced deficits in 
singing behavior are correlated with deficits in levels and turnover of 
norepinephrine (NE) in both the motor output pathway of the vocal control 
system (VCS) and in the hypothalamus. Androgen treatment restores NE 
function in these areas and singing behavior. To investigate whether 
androgen alters NE levels in finch brains by regulating the availability of DISH, 
the enzyme which synthesizes NE, standard immunocytochemical methods 
were used to determine the effects of hormone treatment on DBH localization 
in male finch brains. We have previously shown that pharmacological 
treatments which reduced NE levels in the VCS decreased singing behavior 
and also reduced DBHir in the VCS.

Males were castrated and given either an androstenedione (AE) or an 
empty silastic implant. A stimulus female was placed with each individually- 
housed male for one month, and two behavioral observations conducted. As 
expected, AE-treated castrates showed shorter latencies to court and higher 
frequencies of courtship behavior than sham-treated castrates. Androgen 
treatment also affected availability of DBH in some brain areas. Compared 
to AE-treated castrates, sham-treated castrates showed decreased areas of 
DBHir staining in two hypothalamic nuclei, the magnocellular paraventricular 
nucleus and the preoptic area. To date, no significant effects of androgen on 
DBHir staining within the VCS have been found
Supported by PSC CUNY Grants 664280 & 665221 and NIH Grant RR08176

665.4
AROMATASE REGULATES SONG AND AGGRESSION IN A WILD NON
BREEDING BIRD. KK Soma*, AD Tramontin & JC Wingfield. Dept. Zool.,
Univ. of Wash., Box 351800, Seattle, WA 98195.

Song sparrows (Melospiza melodía morphna) in western Washington State 
defend territories throughout the year. In the non-breeding season (autumn & 
winter), male territorial song and aggression are robust, although testes are 
regressed and plasma testosterone (T) is low. Castration has no effect on autumnal 
aggressive behavior. Thus, non-breeding aggression may be independent of gonadal 
hormones. Many effects of T depend on its conversion to estradiol (E2) by 
aromatase in the brain. In this field experiment, we asked whether aromatase 
regulates male aggression in the non-breeding season .

We used the aromatase inhibitor fadrozole (12 mg/kg/day), which effectively 
inhibits telencephalic aromatase in this species (unpub. results). We delivered 
fadrozole or saline (vehicle) to free-living birds for 14 days using Alzet osmotic 
minipumps (Model 1002). To test fadrozole’s specificity, a 3rd group received 
fadrozole and a silastic implant of E2. After 10 days, we measured aggression by 
placing a live decoy with song playback in subjects’ territories for 10 min. We 
recorded multiple behavioral measures, and then recaptured subjects to measure 
body condition and plasma hormones.

The fadrozole group was less aggressive than controls. Several territorial 
behaviors, including song, were reduced by fadrozole (p<0.05). The E2 implants in 
fadrozole-treated birds completely restored aggressive behavior (p<0.05).
Treatment had no effect on body mass or fat score, suggesting all birds were 
healthy. Treatment also had no effect on plasma T, which was low in all subjects. 
Plasma E2 was non-detectable in the control and fadrozole groups.

These data suggest that territorial behavior in the autumn is regulated by sex 
steroids, even though plasma levels of T and E2 are low or non-detectable in this 
season. Supported by NSF IBN 9631350 to JCW. KKS and ADT are HHMI and 
NSF pre-doctoral fellows, respectively.

665.5

CATECHOLAMINES MAY BE INVOLVED IN CHANGES OF NEURAL 
WIRING ACCOMPANYING SEXUAL IMPRINTING. C. Wienkamp. A. 
Rollenhagen. and H.-I, Bischof*, Universität Bielefeld, Fak. 
Biologie, Postfach 100131, 33501 Bielefeld, F.R.G.

Zebra finch males have to learn the features of their future 
mates. The learning process, called sexual imprinting, leads to an 
irreversible preference for certain types of mates. Under 
experimental conditions, irreversible stabilization of
preferences has been shown to be established during the first 
courtship event in a young male’s life. In this situation, four 
forebrain areas are activated as revealed by the 14C-2- 
Deoxyglucose method. In two of these areas (ANC and HA), the 
spine density of one type of neurons increases during first 
courtship. But, because this increase is reversible by subsequent 
isolation, this event is probably not correlated with imprinting. 
Within the the two other areas, the lateral (LNH) and the medial 
(MNH) part of the neo- and hyperstriatum, a decrease of spine 
density is observed during first courtship, which is not rever
sible by subsequent isolation. We speculate that this decrease is 
the anatomical manifes-tation of the imprinting process.

The present experiments revealed that the pacemaker enzyme 
for catecholamines, Tyrosine hydroxylase, is expressed in 
"varicosities" in ANC and HA, and in basket like structures within 
LNH and MNH, respectively. The density of basket like structures 
is higher after first courtship than in isolated or aviary birds. 
The experiments suggest that catecholamines are involved in 
the imprinting process. Supported by the Deutsche 
Forschungsgemeinschaft (Bi 245/11).

665.6
SOURCE OF CATECHOLAMINERGIC PROJECTIONS TO HVC IN THE 
CANARY AS DEMONSTRATED BY TRACT TRACING COMBINED WITH 
TYROSINE HYDROXYLASE IMMUNOCYTOCHEMISTRY. J Balthazart*1. D. 
Appeltants1 and G.F, Ball2. Lab. Biochemistry, Univ. Liège, B-4020 Liège Belgium 
(1) & Dept Psychology, Johns Hopkins Univ., Baltimore MD 21218 (2).

In several songbira species, there are seasonal changes in vocal behavior and in the 
volume of the nigh vocal center (HVc). These changes are regulated in part by 
increases in testosterone or its metabolites in response to changing photoperiods. 
However, photoperiod has additional physiological effects and tne specific way by 
which testosterone and photoperiod interact is still unknown. Afferent catecholamine 
input is one potential factor involved in the control of seasonal plasticity in HVc 
morphology and song behavior. The existence of a catecholaminergic innervation of 
HVc is demonstrated by the presence of tyrosine hydroxylase-immunoreactive (TH-ir) 
fibers, of significant levels of dopamine and norepinephrine and of high densities of 
a.2 adrenergic receptors. The source of these catecholaminergic inputs has not been 
described. In this study, small volumes (± 500 nl) of the retrograde tracer, red latex 
fluospheres (RLF; Molecular Probes, Eugene OR) were pressure-injected in the right 
or left HVc of male (n=6) and female (n=6) canaries (Serinus canaria). Aault 
photosensitive birds held on a 1 IL: 13D photoperiod were used. Five days later, birds 
were perfused with 4% paraformaldehyde-0.1% glutaraldehyde. Brains were 
cryoprotec ted, frozen at -70°C and later cut on a cryostat at 30 gm thickness in the 
coronal plane. Three sets of adjacent sections were collected. One set was stained for 
Nissl bodies, one set was stained via immunocytochemistry for TH and revealed with 
diaminobenzidine and in the last set, TH was visualized by immunocytochemistry 
with FITC to permit simultaneous visualization of TH and retrogradely transported 
RLF. Sections through all catecholaminergic cells groups (Al to A14) were inspected 
in visible and fluorescent light and double-labelled cells (RLF+TH) were counted. 
Most injections were found to be confined within the cytoarchitectonic boundaries of 
HVc. Retrogradely transported RLF were found mainly in cells of two dopaminergic 
nuclei, the mesencephalic central gray (All) and, to a lesser extend, the area ventralis 
of Tsai (A10). A few retrogradely laoelled cells were also found in the noradrenergic 
nucleus subceruleus (A5). Most of these retrogradely labelled cells were also TH-ir. 
Other catecholaminergic nuclei were devoid of retrograde label. These data converge 
with others studies to indicate that HVc receives discrete dopaminergic and 
noradrenergic inputs. The functional significance of these inputs needs to be 
investigated
Supported by NINDS 35467, FRFC 9.4565.96F, AC 93/98-171.
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665.7
ORGANIZATION OF NEUROTRANSMITTER-SPECIFIC NEURONS IN 
AREA X OF THE MALE ZEBRA FINCH BASAL GANGLIA C.A. 
Meade1», S.W. Bottjer*, S.L. Cuthbertson1, and A. Reiner1. ‘Depart, of 
Anatomy & Neurobioiogy, Univ. of Tennessee, Memphis, TN 38163. 
’Depart, of Biology, Univ. of S. California, Los Angeles, CA 90089.

Area X is a cell group found in male but not female Zebra Finch basal 
ganglia (BG). It is part of the anterior forebrain pathway involved in the 
development of song (HVc->Area X->DLM->1MAN->RA). It is unknown, 
however, whether the cellular organization of area X is consistent with the 
striatal/ pallidal organization characteristic of BG in general. This study 
employed immunohistochemical single and double labeling methods using 
1) Lys-Asn’-Neurotensin*'13 (LANT6) and parvalbumin (PARV) as marker 
of pallidal neurons; and 2) Substance-P (SP) and Enkephalin (ENK) as 
markers of striatal neurons. Single labeling revealed scattered populations 
of cells in area X labeled for LANT6, PARV and ENK. Many of these 
neurons were more intensely labeled than in other areas of the BG, thus 
making area X distinct. Area X was rich in SP fiber labeling, but poor in 
ENK fiber labeling. Many of the SP fibers had a woolly fiber morphology 
that is characteristic of striatopallidal terminals. The intensely labeled 
LANT6 neurons were large (15-20pm), while the PARV cells and the ENK 
cells were smaller (10-15pm). The 15pm PARV cells were more intensely 
immunoreactive than the 10pm PARV cells. The double labeled studies 
revealed that ENK and PARV were contained in many of the same cells, 
while the large LANT6 cells were a different population. The size of 
LANT6 neurons corresponds well to the size of the GAD-positive neurons 
in area X reported to project to DLM (Luo and Perkel, Soc. Neurosci.,
1997). These data are consistent with the hypothesis that area X contains 
LANT6/ GABA pallidal type neurons that may receive woolly fiber input 
from area X SP striatal type neurons. ENK/ PARV cells are not typically 
found in BG in other species and so whether they are striatal or pallidal in 
nature is uncertain. Supported by NS-19620 (AR.) and by NS-37547 (S.W.B.).

665.8

LOCALIZATION OF MELATONIN RECEPTORS IN THE SONG 
CONTROL AND VISUAL SYSTEMS OF EUROPEAN STARLINGS
G.F. Ball* and G.E, Bentley. Department of Psychology, Johns Hopkins 
University, Baltimore, MD 21218

Melatonin in birds, as is true in other vertebrates, is present at high 
concentrations in plasma only during the dark phase of the daily cycle thus 
providing a physiological code for day length. Unlike in mammalian 
species, seasonal variation of melatonin secretion in photoperiodic 
songbirds such as European starlings (Sturnus vulgaris) does not appear 
to be involved in the measurement of day length associated with 
reproductive responses to photoperiod. However, we have evidence that 
seasonal changes in melatonin secretion regulate neural plasticity in the 
song control system. In order to gain insight into possible sites of 
melatonin action we localized melatonin binding sites in the brains of 
starlings via autoradiography. Frozen sections collected throughout the 
forebrain were labeled with an in vitro procedure using [125I] 
iodomelatonin as the ligand (Inc. cone.: 20 pM; S.A. = 2000 Ci/mmol). 
Among song control nuclei, the high vocal center (HVc) and the robust 
nucleus of tne archistriatum (RA) were both clearly discernible based on 
high receptor densities in comparison to the surrounding tissue. Area X 
was characterized by very high receptor densities while the surrounding 
parolfactory lobe was almost devoid of labeling. These data on song 
nuclei are in general agreement with previous results from house 
sparrows, but they contrast with zebra finches where high receptor 
densities are only apparent in HVc. As previously reported in several 
avian species, high melatonin receptor densities were also apparent in 
many visual brain areas including nuclei in both the tectofugal and the 
thalamofugal pathways. The results are consistent with a hypothesized 
direct action of melatonin in the regulation of seasonal plasticity in the 
song system as well as with effects on visual pathways.
Supported by NINDS 35467.

665.9
MELATONIN EFFECTS UPON SEASONAL CHANGES IN THE VOLUMES OF 
SONG CONTROL NUCLEI IN EUROPEAN STARLINGS. G E. Bentley* and GF, 
Ball. Dept. of Psychology, The Johns Hopkins University, Baltimore, MD 21218.

Seasonal fluctuations in circulating testosterone and its metabolites are largely 
responsible for the seasonal changes in the volumes of the telencephalic song control 
nuclei such as the high vocal centre (HVe) and the robust nucleus of the archistriatum 
(RA) in songbirds. Recent data suggest that there are testosterone-independent seasonal 
changes in die volumes of song nuclei. In birds as in other vertebrates, the nightly 
duration of melatonin secretion is inversely proportional to day length, and thus varies 
seasonally. To demonstrate that melatonin can influence neuroplasticity within the 
song control system, starlings were castrated and placed under different photoperiods to 
induce different reproductive states. Photorefractory and photostimulated castrated 
starlings exposed to long days (18L:6D) were implanted with melatonin or with blank 
silastic capsules, and photosensitive castrated starlings exposed to short days (8L:16D) 
were implanted with blank capsules. Their brains were collected after 24 days of 
treatment and the volumes of the song control nuclei reconstructed via Nissl stain and 
image analysis. Long days increased the volume of HVc. This is the first evidence of a 
steroid-independent effect of photoperiod on HVc in starlings. Melatonin attenuated the 
long-day-induced increase in volume of HVe, regiirdless of whether birds were 
photostimulated or photorefractory. HVc in melatonin-treated birds on long days was 
similar in volume to that in short-day birds with blank implants. Volume of area X 
did not differ between long- and short-day birds, but it was significantly smaller in 
melatonin-treated starlings. The lateral magnocellular nucleus of the anterior 
neostriatum (1MAN) and RA were unaffected by photoperiod, melatonin treatment or 
reproductive state; this was also the ease for control comparison nuclei. Along with 
recent data that provide evidence for melatonin binding sites within the song control 
nuclei of starlings, these data are the first evidence for a direct, gonadal steroid- 
independent effect of melatonin upon neuroplasticity within the avian song system. 
Supported by a BBSRC (UK) Wain Fellowship, NSF IBN 951425 and NINDS 35467.

665.10

INSULIN EFFECTS ON INDUCED ISOLATION AUDIBLE 
VOCALIZATIONS IN INFANT GUINEA PIGS. I. Zarco de Coronado*
A.Granados, and I.A. Coronado Zarco. Dpto. de Fisiología. Fac. de 
Medicina. UNAM. México. Apdo. Postal 70250.

Induced audible vocalizations are elicited in infant guinea pigs 
separated from their mothers (isolation calls). This activity appears 
after birth, reaches a peak around 13 days of life and almost 
disappears by the 30th day. It has been reported that cholecystokinin 
and food ingestion suppress the vocalizations in isolated animals. 
The aim of the present study is to establish whether the 
hypoglycemia modulates the isolation calls.

Female 10-13 days old pigmented guinea pigs (Cavia porsellus) 
were kept with their birth mothers, water and dry food available ad 
libitum. One day before the experiment, glycemia was determined in 
all the animals. The experimental pups were injected with ip insulin (4 
Ul/Kg) in saline solution (2ml/Kg). Control animals were injected with 
the vehicle. The pups were then returned to the home cage for 1 h 
prior to testing. For the recordings the pups were introduced in an 
isolated room inside a plexiglass box (34 x 23 x 14 cm) 6 minutes 
without mother. At the end of the experiments blood sugar was 
determined again.

The administration of insulin produced time reduction of 
vocalization in the isolated pups, but the duration of some calls was 
significantly longer in hypoglycemic animals. These results indicate 
that blood sugar levels contributes to the modulation of the 
vocalizations of isolated guinea pig pups.

665.11

INVOLVEMENT OF SEROTONERGIC SYSTEM AND THE 
PERIAQUEDUCTAL GRAY MATTER IN THE MODULATION OF TONIC 
IMMOBILITY C.R Monassi.*, C.R.A. Leite-Panissi and L, Menescal-de- 
Oliveira. Lab of Neurophysiology, School of Medicine of Rib. Preto, University 
of Sao Paulo, Brazil -14049-900.

Tonic immobility (TI) is an inborn defensive behavior characterized by a 
temporary state of profound and reversive motor inhibition elicited by some 
types of stimulation and restraint. Recent studies from our group have shown 
that the ventrolateral periaqueductal gray matter (PAGv) is involved in the 
modulation of TI in guinea pig, and this modulation seems to occur via an 
interaction between the cholinergic, opioidergic and GABAergic mechanisms. 
Pharmacological studies have demonstrated that changes in systemic 
serotonergic function modify the duration of TI. However, the actions by 
serotonin (5-HT) on TI durations still be controversial, and seem to be 
dependent on the doses and the types of receptors involved. Several reports have 
been indicated that 5-HT has an inhibitory effect on approximately 80% of PAG 
neurons. Based on these lines of evidence, the objective of the present study was 
to investigate the action of the microinjection of 5-HT, 5-HT,A agonist 8-OH- 
DPAT and the 5-HT2 agonist a-metil-5-HT into the PAGv during TI. A guide 
cannula was implanted into the PAGv of guinea pigs and the animals were 
individually submitted to five control maneuvers of TI induction. This procedure 
was performed before and after the microinjection of drugs. The drugs used were
5-HT (1, 3, 6pg /0.2pl), 8-OH-DPAT (0.1, 0.01pg/0.2 pi) and a-metil-5-HT 
(0.1, 0.01 pg/0.2 pi). The results showed that the microinjection of 5-HT into 
the PAGv decreased significantly (p<0.05, Duncan test) the duration of TI 
episodes. The results also showed that the effect of the microinjection of specific 
agonistics depends on the dose. The microinjection of both 8-OH-DPAT and a- 
metil-5-HT at the dose of 0,1 pg decreased the duration of TI. However, the 
microinjection of 8-OH-DPAT (0.01 pg) increased the TI episodes, while the a- 
metil-5-HT decreased them. The resuts suggest that the microinjection of 5-HT 
into the PAGv has an inhibitory effect on TI at the doses used. The results also 
suggest that the 5-HT,A and 5-HT2 receptors play different roles in the 
modulation of TI. Grants from FAPESP (Grant n° 97/ 08787-5).

665.12
PARTICIPATION OF THE CHOLINERGIC SYSTEM OF THE LATERAL POSTERIOR AND CENTRAL 
AMYGDALA IN THE CONTROL OF TONIC IMMOBILITY. C.R.A. Leite-Panissi,VR. Monassi and L. 
Menescal-de-Oliveira . Lab. of Neurophysiology, School of Medicine of Rib. Preto, University of Sao 
Paulo, Brazil, 14049-900.

Tonic immobility (TI) is thought to represent the terminal reaction in the chain of antipredatory 
responses involved in maintaining survival. TI is an inhibitory behavioral response in which the 
animal presents a significant decrease in body activity and responseveness to the environment. 
Evidence from our laboratory has demonstrated the participation of the cholinergic system in the 
modulation of tonic immobility in different neural sihstrates, including the amygdala, hypotalamus 
and periaquedutal gray matter. The objective of the present study was to investigate the possible 
action of the cholinergic system and lateral posterior (LPA) and central amygdala (CEA) in the 
modulation of TI in guinea pigs. A guide cannula was implanted into the LPA (n= 18) or CEA (n=12) 
and animals were submitted to five control maneuvers of TI induction before and after the 
microinjection of dregs. The induction consisted of the restraint and postural inversion of the animal, 
and the duration of the episodes was recorded in seconds. The results showed that the 
microinjection of carbachol (CCh, 0.5 pg/0.2 pi) into the LPA and CEA decreased (Duncan, p<0.05) 
the duration of TI when compared to the control and saline episodes. This decrease was reversed by 
previous administration of atropine (0.5 pg 10.2 pi). In group 1A (LPA), one week after the control 
episode (84.38 ± 16.21 s) the animals were microinjected with saline (70.82 ± 26.82 s) and 24 hours 

later with CCh (18.04 ± 5.57 s). In group 1B (LPA), CCh (15.82 ± 4.70 s) was microinjected one 

week after the control episode (63.47 ± 4.99 s), followed 24 hours later by CCh preceded (20 

minutes) by atropine (67.64 ± 6.96 s). In group 2A (CEA), one week after the control episode (77.17 

± 14.60 s) the animals were microinjected with saline (60.97 ± 17.38 s) and 24 hours later with CCh 

(16.33 ± 9.22 s). In group 2B (CEA), CCh (15.20 ± 7.69 s) was microinjected one week after the 

control episode (82.20 ± 9.33 s), followed 24 hours later by CCh preceded (20 minutes) by atropine 
(64.50 ± 10.03 s). Cholinergic stimulation by the administration of carbachol into fire lateral posterior 

and central amygdala modulated in a similar manner the TI episodes in guinea pigs and promoted a 
decrease in the duration of TI. Grants from Capes and FAPESP (Grant n 2.95/8926-0).
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665.13
TRACT-TRACING AND LESION-DEFICIT STUDIES OF THE AVIAN 
AMYGDALA NUCLEUS TAENIA, IN SONGBIRDS. M.-F. Cheng, S. Zhou 
& M. Chaiken*. Psychology Department, Rutgers University, Newark, NJ 
07102.

The nucleus taeniae (Tn) is a discrete component of a loosely-defined 
archistriatal structure, the posterior and medial archistriatum. By virtue 
of its hypothalamic projections, the posterior and medial archistriatum is 
thought to be avian homolog of the mammalian amygdala. We used the 
anterograde tracers Phaseolus vulgaris leucoagglutinin (PHAL) and biotiny
lated dextran amine (BDA) as well as the retrograde tracer Fluorogold (FG) 
to confirm the hypothalamic projection first described by Zeier & Karten 
(1971) in pigeons. Our results suggest that Tn is the primary origin of this 
projection. Hypothalamic projections were ipsilateral in European starlings 
(Sturnus vulgaris), whereas they are bilateral in doves and pigeons. Injec
tions of FG into taenia also backfilled cells in the dorsolateral portion of the 
hippocampus, consistent with the anterograde study by Stokely & Krebs 
(1996). We also performed a lesion-deficit study to explore the function of 
Tn. Five starlings received bilateral electrolytic lesions to Tn; two controls 
received sham lesions and one was left intact. The birds were observed 
interacting with a familiar cage-mate for eight pre-operative and eight post
operative sessions. Behaviors such as eating, aggressive displays, and 
location in the cage were scored on an event recorder. Tn-lesioned birds 
showed significant disruptions in social spacing and social facilitation of 
feeding behavior as compared with controls. These effects are reminiscent 
of those found in mammals, where the amygdaloid nuclei are typically 
involved in the processing of emotionally significant sensory stimuli in a 
social context.

Supported by NH/HD 36924

665.14

ASSESSMENT OF VOLUMETRIC SEX DIFFERENCES IN THE 
VOCAL CONTROL SYSTEM OF BUDGERIGARS BY 
IMMUNOCYTOCHEMISTRY FOR METHIONINE ENKEPHALIN 
AND VASOACTIVE INTESTINAL POLYPEPTIDE. A, A. Nespor.1* 
L. Chaves,2 R.J. Dooling1 and G, F. Ball2 !Dept. of Psych, Univ of 
MD, College Park, MD 20742; 2Dept. of Psych Behavioral 
Neuroendocrinology Group, Johns Hopkins Univ, Baltimore, MD 21218

Budgerigars (Melopsittacus undulatus), a small parrot species, produce 
a learned, vocal repertoire that includes contact calls and a long, rambling 
song, called warble. Both males and females produce these vocalizations, 
though males tend to produce far more song than females. These 
vocalizations are controlled by a neural circuit that differs in many respects 
from the vocal control circuit of songbirds. In songbirds differences in 
vocal behavior are associated with male-biased sex differences in the 
volume of song control nuclei. High levels of immunoreactivity of the 
peptides Methionine Enkephalin (ENKir) and Vasoactive Intestinal 
Polypeptide (VIPir) delineate the boundaries of several of these vocal 
control regions. We investigated the pattern of ENKir and VIPir in male 
and female budgerigars and found that ENKir is enriched in several vocal 
control nuclei but that VIPir is not prevalent in these nuclei though it is 
present in other brain areas. We re-constructed the volume of several 
vocal control nuclei by comparing alternate sections stained for either 
Nissl bodies or ENKir. Preliminary analyses revealed sex differences in 
volume, based on both the Nissl-stained sections and ENKir, in the 
central nucleus of the anterior archistriatum (AAc) and the oval nucleus of 
the ventral hyperstriatum (HVo); no sex differences were observed the 
magnicellular nucleus of the parolfactory lobe (LPOm), and the oval 
nucleus of the anterior neostriatum (NAom) based on either marker. 
Therefore, ENKir, but not VIPir, is enriched in selected budgerigar 
forebrain vocal areas and ENKir defines sex differences in volume. 
Supported by NINDS 35467; DC 00198

665.15
SPECIES AND SEX DIFFERENCES IN HVC VOLUMES OF COWBIRDS. M.E. 
Hauber1 *, N.S. Clayton2, A. Kacelnik3, and T.J. DeVoogd1. Section of 
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853, 2Section of 
Neurobiology, Physiology, and Behavior, University of California, Davis, and 
Department of Zoology, University of Oxford.
Molothrine cowbirds are intriguing because they vary extensively in their 

social and territorial behaviors and in their mating and reproductive strategies. 
Using cresyl-violet stained brain sections of specimens from a previous study 
(Reboreda et al. 1996), we studied the gross anatomy of song control nuclei in 
three South American cowbirds (Molothrus badius: BA, M. bonariensis: BO, and 
M. rufoaxillaris: RU) to predict variation in the vocal behavior of these species. 
Relative HVC volume, corrected for residual telencephalon volume, was higher 
in males than in females in all three species (Mann-Whitney, BA: p =0.083, BO: 
p=0.011, RU: p=0.037). These sex differences in HVC are consistent with our 
knowledge about other songbirds. Within sexes and across species, relative 
HVC was largest in both female and male BA (Kruskal-Wallis, p<0.037). Larger 
HVC in BA females is consistent with observations that BA females, but not BO 
and RU females, occasionally sing, while larger HVC in BA males is surprising 
because descriptive accounts suggest that BA males have the simplest song of 
all cowbirds (Friedmann 1929). To examine if social organization correlates with 
brain structure, we also estimated the degree of sexual dimorphism in song 
nuclei, and thus the strength of sexual selection potentially influencing vocal 
behavior, within each species by calculating the ratio of male relative HVC and 
the mean of female relative HVC. The degree of sexual dimorphism of relative 
HVC was higher for the promiscuous BO than for the monogamous BA and RU 
combined (Mann-Whitney, p=0.026), suggesting that the selection pressures 
associated with different social organizations are reflected in brain architecture. 
This research was supported by HHMI, NIH, NIMH, and the Wellcome Trust.

665.16
VARIATION AMONG CAROLINA WREN MALES IN SINGING BEHAVIOR 
AND STRUCTURE OF SONG MOTOR NUCLEI. P.M. Nealen* and D.J, Perkel. 
Depts. of Biology and Neuroscience, Univ. of Pennsylvania, Philadelphia, PA 19104.

In passerines, sex differences in singing behavior are clearly related to differences in 
the cytoarchitecture of the brain nuclei HVc and RA in the motor pathway for song 
production (e.g., Brenowitz et al. 1985). We have further examined the 
cytoarchitectural basis for this neural sexual dimorphism in the Carolina wren 
(Thryothorus ludovicanus), to determine how well structural parameters (such as 
nucleus volumes, neuron numbers & densities) could underlie differences in singing 
behavior among individual males of this species.

Estimated repertoire size, syllable repetition within songs, and evenness of repertoire 
component use differ markedly among individual males. No single cytoarchitectural 
parameter examined in HVc or RA is a good predictor of these behavioral 
characteristics. Multivariate analyses suggest combinatorial importance of 
cytoarchitectural variables in relation to singing behavior, but direct functional 
interpretation of individual structural characters remains difficult.

Correlations between cytoarchitectural characters and singing behavior have been 
demonstrated across species (e.g., DeVoogd et al. 1993). However, the ability of 
neuroanatomical variables to explain variation in individual behavior is less strong, as 
indicated in other studies (Kirn et al. 1989, Bernard et al. 1996). One interpretation of 
this change in the strength of structural relationship across levels of analysis is that the 
functional relationship between variates may not be fully conserved. These data lend 
support to the suggestion that elaboration in the motor pathway may set a "ceiling" on 
behavioral variability, rather than directly control it (Nordeen and Nordeen 1997).

Supported by Sigma Xi, the American Museum of Natural History, the Wilson 
Ornithological Society, and the Univ. of Pennsylvania Research Foundation.

665.17

SEASONAL PLASTICITY IN THE SONG CONTROL SYSTEM OF AN 
OPPORTUNISTICALLY BREEDING SONGBIRD. S. A. MacDougall- 
Shackleton1*, T. P. Hahn1, P. J. Deviche2, and G, F. Ball3. ’Dept. of Ecol. and 
Evol. Biol., Princeton Univ., Princeton, NJ 08544; 2Inst. Arctic Biol., Univ. of 
Alaska Fairbanks, Fairbanks, AK 99775; 3Dept. of Psychol., Johns Hopkins 
Univ., Baltimore, MD 21218.

Almost all seasonally breeding songbirds studied to date exhibit dramatic 
seasonal changes in the morphology of the song control system. Here we report 
seasonal changes in the volume of song control nuclei for an opportunistically 
breeding species of songbird, white-winged crossbills (Loxia leucoptera). 
White-winged crossbills are flexible breeders and may initiate reproduction on 
short days in winter if food (conifer seeds) is abundant. Concomitant with this, 
and unlike any other passerine studied to date, crossbills maintain relatively high 
GnRH production in the hypothalamus year round. In this study, captive adult 
male white-winged crossbills were held on a photoperiod matching that of 
Fairbanks, AK. Birds were sacrificed and brains collected in May, October, and 
January. May birds had enlarged testes, but January and October birds had 
regressed testes. Based on an analysis of Nissl-stained brain sections, May birds 
had much larger volume of song control nuclei including HVc and Area X than 
January or October birds. In May, HVc and Area X volumes were 2x and 1.5x 
larger than in October and January, respectively. Song control nuclei sizes did 
not differ between October and January and the three groups of birds had similar 
brain masses. Thus, despite a long breeding season, this species exhibits 
seasonal changes in the song system similar to those of other temperate zone 
songbirds. Future work should examine crossbills that are breeding on short 
days in January to determine if song control nuclei enlarge equally during 
breeding on both short and long days. Supported by NSF IBN-951425 to GFB 
and an NSERC Postdoctoral Fellowship to SAM-S.

665.18
VOCAL CONTROL REGION VOLUMES OF AN ADULT, SEXUALLY 
DIMORPHIC SONGBIRD (Junco hy emails) CHANGE SEASONALLY IN 
BOTH SEXES. P. Deviche* and C.C. Gulledge. Inst. Arctic Biology, Univ. 
Alaska Fairbanks, Fairbanks, AK 99775.

Specific brain regions (vocal control regions, VCRs) control oscine song 
learning, perception, and expression. In adult males (3 3), the sizes of these 
regions change seasonally to match alterations in song rate and/or stereotypy. 
Testosterone (T) controls singing and influences these changes. In most sexually 
dimorphic species, females ($ $) do not normally sing and have lower plasma T 
levels than 3. We measured breeding (summer; BR) and post-breeding (fall; 
PBR) VCR sizes in adult 3 and 9 9 of such a species (Dark-eyed Junco, 
Junco hyemalis). Sizes were adjusted for individual variation in telencephalon 
width before analysis. j had larger HVc, robust n. of the archistriatum (RA), 
area X, and magnocellular n. of the anterior neostriatum (MAN) than 9 9. HVc, 
Area X, and RA volumes were larger in BR than in PBR birds of both sexes and 
in PBR <? than BR 9 9. MAN sizes were larger in PBR than BR 3 3, but not 
9 9 • The magnitude of seasonal RA and area X volume changes was sex- 
independent. Absolute HVc volumes decreased more in 3 than 9 9 between 
summer and fall, but both sexes had proportionally similar seasonal changes in 
the size of this region. N. rotundus volumes were not sexually dimorphic and did 
not vary seasonally. Thus, VCR volumes undergo similar absolute (except for 
HVc) and relative seasonal changes in both sexes although 9 9 do not normally 
sing and presumably have lower circulating T levels than 33. In 99, larger 
VCR volumes during the breeding than the non-breeding season may be related 
to the perception and/or discrimination of conspecific 3 vocalizations. 
Supported by Awards K01-DC00144 (NIDCD) and 9623171 (NSF).
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665.19

VARIATION IN THE MORPHOLOGY OF DISTINCT CLASSES OF 
AREA X-PROJECTING NEURONS IN THE HVC OF FEMALE 
CANARIES. C.H.A, Lauav, S. Benton, and T.J, DeVoogd*. 
Department of Psychology, Cornell University, Ithaca, NY 14853.

The role of the anterior forebrain pathway in adult songbirds is 
unclear. We hypothesized that the function of the pathway varies 
seasonally, and predicted that its neuroanatomy should be affected by 
daylength and hormone level. Using a cell filling technique that allows 
selective study of retrogradely labeled neurons, the morphology of Area 
X-projecting cells in HVC was examined in female canaries maintained 
on short days (n=5), long days (n=4) and on long days with exogenous 
T (n=4). Cells were filled with Lucifer Yellow, immuno-converted to a 
light-stable product, and quantified with light microscopy. The majority 
of cells filled (45/54) were of the thick dendrite (TD) type. Daylength 
and T-treatment had no affect on the soma size, dendritic length, spine 
density, or radial distribution of spine density in TD cells. Dendrites that 
extended into the shelf region were significantly shorter and had 
significantly higher spine densities than did dendrites ramifying within 
HVC. A second class of Area X-projecting cells (MD) was statistically 
distinguished from TD cells. The MD cells (n=9) had smaller somas, 
shorter dendrites, and lower spine densities than did TD cells, and had 
significantly longer dendrites in long day birds. These results indicate 
that the activity of the anterior forebrain pathway can be both variable and 
stable across seasonal and behavioral transitions, which strongly 
suggests an ongoing function in adult birds.
Research funded by MH56093 to TJD and President’s Council of 
Cornell Women to SB.

INVERTEBRATE LEARNING AND BEHAVIOR IV

666.2666.1

THE METACEREBRAL CELL (MCC) SHOWS ASYMMETRICAL 
ADAPTATION TO REPEATED FOOD STIMULI TO THE 
IPSILATERAL VS. CONTRALATERAL LIP IN FREE-MOVING 
APLYSIA. C.C. Hom1*, K.R. Weiss2, and I. Kupfermann1.
Center for Neurobiol. and Behav., Columbia. Univ., New York, NY 10032. 
2Dept. of Physiol, and Biophysics, Mt. Sinai Med. Center, NY 10128.

The MCC of Aplysia californica is a bilaterally paired serotonergic neuron 
whose activity accounts for aspects of food-induced arousal. The MCC responds to 
seaweed (SW) applied to the lips of the animal, and in preliminary experiments we 
found that repeated presentation of SW led to a rapid decrement of the number of 
evoked spikes. The decrement could be due to various mechanisms such as: 
receptor adaptation, a decrease in a central arousal state, or habituation. To aid in 
discriminating between mechanisms, we recorded MCC spikes in free-moving 
animals that were implanted with chronic cut-end or en passant electrodes on a 
cerebral-buccal connective. We applied SW repeatedly (every 10 sec for 10 trials) 
to the lip ipsilateral or contralateral to an MCC, and then tested for generalization 
of response decrement to a SW stimulus presented to the opposite receptive field. 
For each 2 s after a stimulus was applied, the total number of MCC spikes that 
were evoked was determined. Response decrement occurred both to stimuli 
presented ipsilateral as well as contralateral to the MCC, but the amount of 
generalization to a test presented opposite to the decremented side was 
significantly greater when the adaptation was done on the field ipsilateral to the 
MCC, than when done in the contralateral field. This asymmetry of cross 
adaptation can be "explained" by a simple habituation model involving synaptic 
depression at two interneurons that receive asymmetrical ipsi- and contralateral 
•sensory inputs.
[This research was supported by NIH grants MH11586 and MH35564.]

Avoidance and orienting turning in the predatory sea slug, 
Pleurobranchaea californica. N. Hatcher*, J, Jing, and R. Gillette 
Dept. of Mol. & Int. Physiology, University of Illinois, Urbana, IL, USA

Turning in the mollusc, Pleurobranchaea californica, is accomplished 
by unilateral excitation of the symmetrical pedal nerves (pLBWN’s) and 
subsequent contraction of the lateral musculature of the body wall and ciliated 
foot. Asymmetrical stimulation of the chemosensory head structures evokes 
either an orienting turn towards or an avoidance turn away from the stimulus 
source. We have previously shown that during avoidance turning, the pLBWN 
contralateral to the stimulus bursts for the duration of the turn (~35 seconds). 
A bilateral group of serotonergic cerebral intemeurons (As 1-4) belonging to the 
swim CPG are slightly asymmetrically active during this event. A second 
bilaterally paired interneuron (A4) that responds only to mildly noxious 
ipsilateral stimulation is necessary for avoidance turning. During orienting 
turning, activity increases in the pLBWN ipsilateral to a feeding stimulus. We 
have made a preliminary examination of the intemeurons involved in avoidance 
turning during orienting turning. A food stimulus to one side of the head 
sensoiy structures evokes a slight increase in the contralateral As2/3’s and the 
ipsilateral cerebral commissure intemeuron (A-cil). A4 which normally bursts 
in response to ipsilateral noxious stimulation appears to be inactive during 
orienting turning. This data suggests that the A4 intemeurons are specific to 
avoidance turning and that the As2/3's and Aci-l’s may participate in orienting 
turning behavior. The interaction between orienting and avoidance premotor 
neurons will be a simple model for studying the neural mechanism by which 
experience and internal state affect the expression of feeding and avoidance 
behaviors. Supported by NIH RO1 NS26838.

666.3

Time frame of oleic acid mediated increase in excitability of 
Hermissenda B photoreceptors. LA. Muzzio*, A.C.Talk, & L.D. Matzel. 
Department of Psychology, Rutgers University, New Brunswick, NJ 08903

At present, the precise intracellular pathways that underlie 
facilitation in the B photoreceptors of Hermissenda, a point of convergence 
ofthe CS and US pathway, are not fully elucidated. However, data strongly 
support the critical role of protein kinase C (PKC) mediating the biophysical 
modifications that result in increases in cell excitability. Interestingly, the 
light CS activates two cofactors necessary for the activation of conventional 
PKC isoforms, Ca2+ and diacylglycerol (DAG), without producing persistent 
changes in the biophysical properties of these cells. Recently, this apparent 
controversy began to be resolved by the demonstration that oleic acid 
potentiates the reduction of K+ currents when it is coapplied with DAG 
(Lester et al., 1991). These results are important because recent data 
suggest that stimulation of the hair cells in the statocyst (US pathway) 
releases neurotransmitter onto the B photoreceptors producing a G-protein- 
mediated release of arachidonic acid (Talk et al., 1996). In the present 
study we investigated the time course of oleic acid-mediated increase in cell 
excitability. Bath applications of oleic acid (20 p.M) paired with five 
presentations of a 5 sec light significantly increased cell excitability (i.e., 
input resistance and evoked spike rate) for at least 45 min after the pairings. 
These results were not observed when light was presented alone or after 
bath applications of oleic acid alone. A few cells in which the recordings 
where sustained for 90 min after the treatments parallel the previous results. 
Application of chelerythrine (10 jxM), a PKC inhibitor which binds to the 
catalytic domain, blocks the increases in cell excitability, indicating that 
these effects are mediated by PKC. The protein synthesis dependence of 
the long lasting changes induced by oleic acid is currently under 
investigation.

666.4
OVEREXPRESS,ON OF A DOMINANT NEGATIVE MUTANT OF PKC ALTERS THE 
SYNAPTIC FACILITATION OF SENSORIMOTOR JUNCTIONS IN APLYSIA.
F. Manseau2, X. Fan1, W. S. Sossin1 and V.F. Castellucci2*. ’Montreal Neurological 
Institute, McGill University, Montreal Canada H3A 2B4; ^Centre de Recherches en 
Sciences Neurologiques, Univ. de Mtl., Montréal, H2W 1R7, Canada.

There are only two PKC isoforms - the Ca2+-activated Apl I, and the Ca2+- 
independent Apl II - present in the nervous system of Aplysia. While previous studies 
have shown the contribution of PKC to short-term facilitation of depressed 
sensorimotor synapses in Aplysia, the role of each Isoform could not be assessed 
directly with available inhibitors. To address this question, we have constructed 
dominant negative plasmids of PKC Apl I and Apl II by mutating the catalytic lysine 
site to arginine. Expression of these kinases in SF9 cells using baculovirus also 
suggested that mutation of the two major autophosphoryiation sites to glutamic acid 
was necessary to preserve the solubility of the PKC K-R mutants. We have now 
expressed these 'triple' mutants in Aplysia neurons using the pNEX3 vector. We have 
co-expressed GFP in the same vector as a control for successful injections. The 
expression of GFP was well correlated with increased Immunolabeling for Apl I and 
Apl II suggesting successful expression of the dominant negative PKC constructs in 
Aplysia neurons.

Electrophysiological methods were used to study the effect of PKC mutants on 
facilitation. 1-2 days after plasmids injection, sensory cells that were positive for GFP 
expression were paired with single LFS motoneurons. 5-HT induced synaptic 
facilitation was tested 1-2 days after pairing. Sensory neurons were stimulated 15 
times at 30 sec intervals. 5-HT was added between the 10th and 11th stimuli. 
Compared with control preparation, preliminary results show that when measured as 
the percent change of the mean amplitude of the EPSPs evoked by the 9th and 10th 
stimuli (before 5-HT application) compared with the mean amplitude of the 
4 subsequent stimuli (after 5-HT application), facilitation was decreased by 49 % in 
cells expressing Apl I. These results are consistent with a requirement for Apl I in the 
facilitation of depressed sensorimotor synapses. It will be interesting to see if the 
facilitation of highly depressed synapses is even more dependent on Apl I. Sources of 
funding: MRC of Canada, NSERC and FCAR.
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666.5
ACTIVITY-DEPENDENT ENHANCEMENT OF INTERMEDIATE-TERM 
FACILITATION AT SENSORIMOTOR SYNAPSES IN APLYSIA.
M.A. Sutton*1, A.L.-Eurc.ell1, C.M, Sherff2. and T.J. Carew.1 *2 
Interdepart. Neurosci. Program1 and Dept. Psych.2, Yale Univ., New 
Haven, CT 06520.

Different temporal phases of synaptic facilitation are induced by 
serotonin (5HT) at sensory neuron (SN) to motor neuron (MN) synapses in 
the pleural-pedal ganglia of Aplysia (Mauelshagen et al., 1996). A single 5 
min pulse of 5HT produces short-term facilitation (STF; <20 min), while 5 
spaced pulses give rise to both intermediate-term (ITF; >60 min) and long
term facilitation (LTF; >20 hrs). Previous work has shown that SN 
activation coincident with 5HT enhances both the magnitude of STF 
(Hawkins et al., 1983; Walters and Byrne, 1983) and the induction of LTF 
(Schacher et al., 1997). Here we ask whether SN activation during 5HT 
can similarly enhance the induction of ITF.

We examined the effects of a single 50 pM pulse of 5-HT in either the 
presence or absence of SN activation. We also examined the effect of SN 
activity alone. Following treatment, tests were conducted at 15 min 
intervals (T5, T20, T35, T50, T65). EPSP amplitude after activation of the 
SN without 5HT stayed at baseline for T5, but was modestly enhanced for 
the remainder of the tests. A single 5HT pulse produced significant STF 
(p<.05) at T5, which decayed by 20 min. In contrast, when the SN was 
activated in the presence of the 5-HT pulse, ITF was induced; the EPSP 
was significantly enhanced (p<.05) at all timepoints.

These results show that SN activity makes a single pulse of 5HT, 
which normally does not induce ITF (Mauelshagen et al., 1996), now 
capable of ITF induction. Since ITF requires translation of mRNA (Ghirardi 
et al., 1995; Mueller et al., this vol. ), it is now of interest to explore the 
mechanism by which SN activity shifts STF into the ITF mode.
(Supported by NIH grant MH 41083 to TJC)

666.6
INHIBITOR OF GLUTAMATE TRANSPORT ALTERS SYNAPTIC 
TRANSMISSION IN APLYSIA. J.A, Burdohan1, J. Levenson2, A. Eskin2 and J.H. 
Byrne1*. ’Department of Neurobioiogy and Anatomy, University of Texas Medical 
School, Houston, Texas 77030; "Department of Biology and Biochemistry, University 
of Houston, Houston, Texas 77204.

The monosynaptic connections between sensory (SN) and motor neurons (MN) in the 
tail withdrawal circuit of Aplysia exhibit several forms of synaptic plasticity. Previous 
work has shown that this synapse might be glutamatergic (Dale and Kandel, 1993). 
Moreover, Aplysia nervous tissue possesses glutamate uptake systems and varicosities 
of SNs in culture contain high levels of glutamate (Eskin et al., 1997). Given their role 
of regulating the concentration and duration of glutamate in the synaptic cleft, these 
uptake systems may be potential sites for modulation.

Intracellular recordings were made from SNs and MNs in isolated pleural-pedal 
ganglia. A stimulation paradigm was chosen to challenge the processes underlying the 
mobilization and release of neurotransmitter. The paradigm consisted of six blocks of 
trials designed to produce synaptic depression; posttetanic potentiation (PTP) was 
induced midway within each block. The drug DL-threo-fl-hydroxyaspartate (THA), an 
agent shown to block glutamate uptake in Aplysia, was used.

THA (10 mM) produced several effects on synaptic transmission. In the presence of 
drug, the amplitudes of sensorimotor EPSPs were significantly reduced compared to 
those observed in vehicle and ASW alone. THA application also resulted in a 
significant increase in the duration of EPSPs. THA did not appear to have any 
consistent effect on the kinetics of depression or PTP. However, it did decrease the rate 
of EPSP facilitation during tetanization and decreased its rate of decay. These results 
are consistent with THA blockade of presynaptic uptake of glutamate. However, the 
precise mechanism(s) by which the glutamate uptake blockade exerts its effects are 
currently under investigation. These results support the idea that these transmitter 
transporters may serve as potential sites for the regulation of synaptic transmission.

This work was supported by NIH grant NS 19895 and NIH grant NS28462.

666.7

MODULATION OF GLUTAMATE REUPTAKE BY TREATMENTS 
WHICH MIMIC LONG TERM SENSITIZATION. A. Eskin1*, J.H 
Byrne2, J. Levenson1. 1Dept. of Biology and Biochemistry, Univ. of 
Houston; Houston, TX 77204. 2Dept. of Neurobioiogy and Anatomy, 
Univ. of Texas Med. School at Houston; Houston, TX 77225.

In Aplysia, long-term sensitization of the gill-withdrawal reflex is due 
to presynaptic facilitation at the sensorimotor synapse. Several studies 
have indicated the sensorimotor synapse is glutamatergic. Previously, 
we provided immunocytochemical evidence that glutamate may be used 
as a neurotransmitter at this synapse. We have also characterized a 
high-affinity glutamate reuptake system in the pleural-pedal ganglia of 
Aplysia. \Ne hypothesized that glutamate reuptake may increase during 
sensitization training to deal with increased release of glutamate.

We employed an in vivo 5-HT treatment to study changes in uptake 
in synaptosomes (Alberini et al. 1994). Treatment of animals with 5-HT 
for 1.5h caused behavioral sensitization which lasted for at least 24h. 
Using a previously characterized synaptosomal preparation (Chin et al. 
1989), we measured glutamate uptake in synaptosomes from pleural- 
pedal ganglia. L-glutamate uptake was significantly increased relative to 
control values immediately after the 1.5h in vivo 5-HT treatment (+49%, 
p<0.05) and 24h later (+43%, p<0.05). L-aspartate uptake immediately 
after the 5-HT treatment was decreased (-25%, p<0.03). Sodium- 
independent GLU uptake and L-leucine uptake do not appear to be 
affected by in vivo 5-HT treatments.

Our results indicate that facilitation at the sensorimotor synapse may 
be accompanied by an increase in neurotransmitter uptake to prevent 
postsynaptic desensitization. If so, reuptake of transmitter represents 
an additional mechanism that must be regulated in order for long term 
sensitization to occur. This work was supported by NIH NS28462 and 
NS19895.

666.8
LIGHT/DARK CYCLES AND SENSITIZATION TRAINING AFFECT 
LEVELS OF 5-HT IN THE HEMOLYMPH OF APLYSIA. J. Levenson1*
J.H. Byrne2, A. Eskin1. ’Dept. of Biology and Biochemistry, Univ. of 
Houston; Houston, TX 77204. 2Dept. of Neurobioiogy and Anatomy, 
Univ. of Texas Med. School at Houston; Houston, TX 77225.

5-HT influences a number of behaviors in both vertebrates and 
invertebrates. In lobster, circulating 5-HT has been demonstrated to 
influence aggressive behavior (Edwards & Kravitz 1997). In Aplysia, 
the ocular pacemaker is regulated by 5-HT and sensitization is mediated 
by release of 5-HT. We investigated 5-HT levels in the hemolymph 
throughout the day and during and following sensitization training.

Using an ELISA assay, 5-HT was detected in the hemolymph of 
Aplysia. Significant (p<0.001) diurnal changes in hemolymph [5-HT] 
were observed, with low levels during the day (18nM) and higher levels 
at night (24nM). These differences did not persist in constant darkness, 
indicating that the levels of 5-HT are regulated by the light/dark cycle.

Significant increases in hemolymph 5-HT were observed during 
long-term sensitization training (+15%, p<0.05). Also, 5-HT remained 
significantly elevated 24h after training (+25%, p<0.01), but not 48h after 
training.

These results suggest that levels of 5-HT in the hemolymph are 
regulated by several environmental factors. Since the levels of 5-HT in 
the hemolymph are close to threshold values for eliciting several effects, 
these results suggest 5-HT in the hemolymph may alter the sensitivity 
of the nervous system. It is particularly interesting that changes in 5-HT 
lasted for up to 24h. Thèse long-term changes in 5-HT may represent 
another mechanism for long-term sensitization in Aplysia and other 
animals. This work was supported by NIMH MH41979, NIH NS28462 
and NS19895.

666.9

CAMP AND FAILURE OF AFTERDISCHARGE INDUCTION IN EGG-LAYING 
CONTROLLING NEUROENDOCRINE CELLS FROM MOLLUSCS IN THE 
JUVENILE AND SENESCENT STAGE. C. Janse , M. van der Roest. (SPON: 
European Neuroscience Association). Department of Biology, Vrije 
Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The Netherlands. 
Email: cjanse@bio.vu.nl

In the pond snail Lymruiea stagnalis the neuroendocrine caudodorsal 
cells (CDCs) which control egg laying show upon electrical stimulation an 
electrical afterdischarge (AD). Autotransmitter peptides and cAMP play an 
important role in inducing the AD. CDCs from juvenile and senescent 
animals that do not lay eggs fail to show an AD. In the present study 
CDCs in the isolated CNS from juvenile, mature and senescent animals 
were exposed to autotransmitter peptides (released by other CDCs), to 
depolarizations induced by high potassium Ringer solution (high K+), and 
to raising intracellular cAMP levels. Peptide exposure induced in juvenile 
as well as senescent CDCs a depolarization and repititive firing activity 
with variable duration (juveniles and senescent: ±30 min; mature: ±75 
min). High K+-exposure induced in mature and senescent CDCs a 
depolarization and electrical activity. Juvenile CDCs also exhibited a 
depolarization but with only in few cases short lasting electrical activity 
(juvenile: ± 10 min; mature: ±50min; senescent: ±80 min). 8-CPT-cAMP 
induced depolarizations and in mature and senescent CDCs long lasting 
(±130 and 170 min) and in juvenile CDCs relatively short lasting (±70 
min) electrical activity. Raising intracellular cAMP levels by treatment with 
IBMX 10"^M (phosphodiesterase inhibitor) plus forskolin 10'^M 
(adenylate cyclase stimulator) induced in all CDCs depolarizations and 
long lasting activity. Probably, low intracellular cAMP levels prevent after 
discharge induction in CDCs from juvenile and senescent snails.

666.10
IDENTIFICATION OF A 24 kDA PHOSPHOPROTEIN ASSOCIATED WITH AN 
INTERMEDIATE PHASE OF MEMORY IN HERMISSENDA. T. Crow*, J.J. Xue- 
Bian and V, Siddiqi. Dept. of Neurobioiogy and Anatomy, University of Texas 
Medical School, Houston, TX 77030.

One-trial conditioning results in time-dependent changes in excitability 
(enhancement) and an increase in protein phosphorylation detected in neurons of the 
CS pathway. Enhancement reaches a peak 3 h postconditioning followed by a 
decrease toward control levels at 5-6 h and an increase to a stable plateau at 16 to 24 
h postconditioning. We previously identified an intermediate phase of enhancement
1.5-2 h postconditioning that is dependent upon protein synthesis, but not mRNA 
synthesis. To further examine this intermediate phase we have separated 32P04- 
labeled proteins by 2-D PAGE. In vivo and in vitro preparations were treated with 
protein and mRNA synthesis inhibitors before and for different durations following 
one-trial conditioning. The phosphorylation of a 24 kDa protein is significantly 
increased 1.5-2 h following one-trial conditioning as compared to the control groups 
(P < .05). Anisomycin (10'5M) applied before and for 2-2.5 h postconditioning 
resulted in a significant decrease (P < .05) in the phosphorylation of the 24 kDa 
protein as compared to controls. However, the anisomycin treatment did not result in 
a significant decrease in the phosphorylation of three other phosphoproteins that 
exhibited increased 32PO4 incorporation into proteins 1.5-2 h postconditioning. A 2 h 
exposure to anisomycin (10'5M) or the transcriptional inhibitor DRB (10‘4M) did not 
produce significant decreases in phosphorylation of the same phosphoproteins in 
normal control preparations. Preconditioning treatment with the PKC inhibitors, 
Ro-31-8220 (5 pM) or GF109203X (5 pM) blocked the increased phosphorylation 
of the 24 kDa phosphoprotein in conditioned animals (P < .01). These results 
suggest that the phosphorylation of a putative PKC substrate may be important in 
supporting enhanced excitability in the transition period between short- and long
term memory. Supported by grants from NIMH.
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666.11
REGULATION OF HCS2 GENE EXPRESSION IN BEHAVIORALLY 
IDENTIFIED SNAIL NEURONS. P.M. Balaban1“ D. A. Poteryaev2 I.S.Zakharov1
O. Tyrsin2 and A V. Belyavsky2, ‘institute of Higher Nervous Activity and 
Neurophysiology, 5A Butlerova Str. Moscow 117865, Russia; 2Engelhardt Institute 
of Molecular Biology, 32 Vavilov Str., Moscow 117984, Russia.

It was shown that expression of a novel gene named HCS2 is strongly, though not 
exclusively, linked to giant parietal neurons (putative command neurons for 
withdrawal behavior) of the terrestrial snail Helix lucorum L. The characteristic 
features of the novel gene suggest that this gene encodes a precursor protein whose 
processed products act as neuro modulators or neurotransmitters mediating the 
withdrawal reactions of the snail, and in addition may participate in the calcium 
regulatory pathways or calcium homeostasis in command neurons.

In situ hybridization experiments demonstrated that decrease of spontaneous 
activity in isolated nervous system by 24 hrs incubation in saline with increased 
Mg2+ concentration significantly decreased quantity of neurons showing the 
hybridization signal. On the contrary, five serotonin applications (10 pm) induced 
significant expression of the HCS2 gene in tens of cells in cerebral, parietal, pleural, 
and pedal ganglia. Serotonin applications were not effective if the nervous system 
was maintained under increased Mg2+. Dopamine applications in similar conditions 
were not effective. Skin injury also elicited significant increase of HCS2 expression 
24 hours later in cerebral and pleural neurons. Clusters of neurons demonstrating the 
up-regulated HCS2 expression were identified as pedal ganglia serotonergic cells 
participating in withdrawal, in pleural ganglia a putative sensory neurons responding 
to noxious stimuli exhibited the HCS2 expression. From two cell clusters in cerebral 
ganglia demonstrating HCS2 expression induced most effectively by skin injury, one 
is unidentified while another consists of cells containing molluscan insulin-like 
peptides known to be involved in growth and development.
Supported by Russian Found, for Basic Research, Howard Hughes Medical Institute

666.12
BENZALDEHYDE CHEMOTAXIS IN CAENORHABDITIS ELEGANS 
W.M. Nuttlev*, S. Harbinder and D. van der Koov. Department of Anatomy 
and Cell Biology, University of Toronto, Toronto, CANADA M5S 1A8

Caenorhabditis elegans is capable of sensing and responding to a large 
number of volatile chemicals. Depending on the specific chemical, worms will 
either approach or retreat from a point source of the odorant. The decision 
whether to approach or avoid a particular odor seems to depend on the 
expression pattern of the specific odorant receptor, such that odors detected by 
the AWA and AWC olfactory neurons are attractive while odors detected by 
the AWB olfactory neurons elicit aversive responses. The chemotactic 
response to the odorant benzaldehyde is apparently unique in that worms 
initially approach a point source of 100% benzaldehyde but within 30 minutes 
they move away from the spot. This response suggests that the worms sample 
the benzaldehyde source before retreating, a behaviour that we call 
“benzotaxis”. A screen of EMS generated mutants to identify genes involved in 
benzotaxis has led to the isolation of three general classes of mutants. Class 1 
mutants are animals that show a marked decrease in their approach to 
benzaldehyde. Class 2 mutants are “hyper-responders”, meaning that either the 
approach score or the aversion score (or both) is significantly higher than that 
of wild-type animals. Class 3 mutants are “persisters”. These animals have a 
wild-type initial approach but the subsequent aversive response is greatly 
delayed. At least one persister, bem-20, is also defective in the standard three- 
step adaptation assay which involves washing the worms between the pre
exposure and subsequent chemotactic assay. The adp-1 mutant, which was 
isolated using the standard three-step assay, exhibits wild-type benzotaxis. We 
propose that the persister phenotype is indicative of a defective adaptation or 
habituation response. Accordingly, we also suggest that the activity disrupted 
by the adp-l(ky20) allele acts to block the effect of the dishabituating stimulus 
which is an integral part of standard adaptation assays. Supported by NSERC.

666.13
BEHAVIORAL GENETIC ANALYSIS OF GOLOVAN, A 

DROSOPHILA LEARNING AND MEMORY MUTANT.
J.S, Christensen12 H.F. Guo2 * and T. Tully2
.'Graduate Program in Genetics, SUNY Stony Brook; 2Cold Spring Harbor 

Laboratory, Cold Spring Harbor, NY 11724.
golovan is a P-element induced mutation identified in a screen for mutations 

that disrupted 3 hour memory retention in an olfactory avoidance conditioning 
assay. In control experiments the response of golovan flies to component 
stimuli was no different than that of wild type flies. A retention curve from 
initial learning to 12 hour retention after a single cycle of training shows that 
initial learning scores for golovan are approximately 20% lower than wild type 
scores, followed by wild type decay kinetics. This suggests that memory 
function may not be impaired per se, but that the lower retention scores reflect 
incomplete learning. Experiments are planned to look at the effects of multiple 
training trials on consolidated memory in golovan.

Cloning the flanking sequence showed the P-element was inserted in the 5’ 
regulatory region of the extramacrocEaete(emc) locus. A member of the 
bHLH family of transcription factors that lacks the basic DNA binding region, 
emc has been studied extensively in neuronal development, acting to restrict 
the number of neuronal precursor cells that go on to become neurons, golovan 
flies show a moderate emc bristle phenotype, and the golovan allele fails to 
complement another emc allele for this bristle phenotype. Results of 
preliminary molecular studies suggest a mis-regulation of the gene rather than 
a simple hypomorphic reduction in the expression of emc. Inducible 
expression of emc in adult flies may allow us to establish an acute role for this 
gene in learning and memory (Supported by NIH R01 NS32480)

666.14
CS PRE-EXPOSURE RETARDS SUBSEQUENT ACQUISITION OF 
AVERSIVE INSTRUMENTAL AND PAVLOVIAN CONDITIONING IN 
INDIVIDUAL DROSOPHILA MELANOGASTER. L. L. PHELAN*, Z. A. 
RODD, & R. A. ROSELLINI. DEPT. OF PSYCHOLOGY, UNIVERSITY at 
ALBANY: SUNY, Albany, NY 12222.

The purpose of this study was to determine whether CS pre-exposure 
would retard subsequent associative learning in Drosophila melanogaster. 
Research in mammals has consistently demonstrated that repeated pre
exposures to a conditional stimulus retards the subsequent acquisition of a 
conditioned response. Separate groups of flies received either 3, 6, or 12 
exposures to an odor conditional stimulus. Separate control groups of flies 
received equivalent handling, but no exposure to the odor. Following pre
exposure, the odor conditional stimulus was paired with an aversive 
unconditional stimulus and individual flies were tested on the acquisition of an 
avoidance response. The first set of experiments employed an instrumental 
passive avoidance task in which shock was paired with the odor stimulus. The 
second set of experiments tested individuals on the acquisition of a 
conditioned response when the odor stimulus was paired with brief exposure 
to a cold environment. Both of these studies demonstrated that CS pre
exposure significantly interfered with the acquisition of the conditioned 
response to the odor stimulus. This interference was a function of the number 
of pre-exposures and the effect was specific to the pre-exposed stimulus.
(This research was supported by personal funds and the Department of 
Psychology at The University at Albany).

666.15
SHEATH CELLS ISOLATED FROM CENTRAL CONNECTIVES OF 
APLYSIA CNS PROMOTE GROWTH OF NEURONS IN TISSUE 
CULTURE. M. Montgomery, E. McGeeney, and M.D. Kirk*. Division of 
Biological Sciences, University of Missouri, Columbia, MO 65211

Soluble and substrate factors influence axonal growth and synapse 
formation during regeneration. We have developed a protocol to isolate, 
disperse and grow in tissue culture, cells comprising the sheath surrounding 
central connectives in the Aplysia central nervous system (CNS), and to test 
for the influence of sheath cells on neurite regeneration.

Pleural-visceral connectives from 90-125 gram Aplysia californica were 
digested in collagenase and the sheath cells were rinsed, triturated, plated on 
glass coverslips coated with poly-L-lysine and grown in medium consisting 
of L-15 supplemented with salts (SL-15). Sheath cells attached with a 
uniform distribution on the coverslip and were allowed to grow overnight 
prior to plating of neurons. Dispersed neurons obtained from 10-20 gram 
Aplysia were either plated alone on glass coverslips coated with poly-L- 
lysine (SL-15 alone) or plated on top of cultured sheath cells. Neurons 
plated without sheath cells attached reliably to the coverslip but exhibited 
little neurite growth. However, neurons plated on top of sheath cells, 
displayed extensive neurite regeneration within 48 hours. Neurite growth 
in the latter case was similar to that observed in isolated neurons plated 
alone but grown in SL-15 : hemolymph (50:50). To determine if direct 
contact with sheath cells was necessary to promote neurite regeneration, we 
plated neurons in the same dish with sheath cells, but in a region of the 
coverslip where no physical overlap with sheath cells occurred. Neurite 
growth of these neurons was similar to that of neurons plated alone. These 
results suggest that sheath cells in direct contact with co-cultured neurons 
promotes neurite regeneration. Supported by NIH grant NS30832 to 
MDK.

666.16
SYNAPSES OF CEREBRAL-BUCCAL INTERNEURONS IN APLYSIA 
EXHIBIT SHORT TERM FACILITATION AND POST TETANIC 
POTENTIATION THAT DETERMINE BUCCAL MOTOR OUTPUT. J.A.D. 
Sánchez*, and M.D. Kirk. Division of Biological Sciences, University of 
Missouri-Columbia, Columbia, MO 65211.

Rhythmic biting in Aplysia californica is initiated by input from command
like cerebral buccal intemeurons (CBIs) that drive motor output in the buccal 
ganglia. In this study, we examined the synaptic plasticity of connections 
made by CBI-2 and CBI-12 on radular protractor buccal motoneurons B61 /62. In 
addition, we correlated changes in synaptic strength with the CBI's ability to 
drive buccal motor programs (BMPs). Using intracellular recordings, we have 
shown that monosynaptic connections made by CBI-2 and CBI-12 to B61/62 
exhibit short-term facilitation and post tetanic potentiation (ptp). When 
CBI-2 or CBI-12 was stimulated at 1 Hz (pre test) the average EPSP in B61/62 
was 1.9 (± 0.25 SE) mV and 0.47 (± 0.039 SE) mV respectively. To test for ptp of 
CBI connections, we tetanized CBI-2 or CBI-12 at 10 Hz for 30 sec (10 Hz train), 
then immediately recorded EPSPs in B61/62 while stimulating CBI-2 or CBI- 
12 at 1 Hz (post test). The average EPSP amplitude of tetanized CBI 
connections after the offset of the 10 Hz train increased by 76 (± 3.1 SE) % 
compared to pre test EPSPs. The average duration of ptp was 102 (± 14.4 SE) 
sec for CBI-2 synapses and 64 (± 16.1 SE) sec for CBI-12 synapses. The ability 
of CBI-2 and CBI-12 to elicit BMPs was also enhanced during ptp. The number 
of buccal motor program cycles per minute was increased by 45 (± 7.01 SE) % 
when the CBIs were fired at a given frequency during ptp. Connections made 
by CBI-2/12 to buccal premotor neurons also exhibit facilitation and may 
exhibit ptp. These synaptic plasticities are important mechanisms used by 
CBIs to initiate and/or maintain BMPs during ingestion. (Supported by NIH 
grant NS30832 to MDK).
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666.17
PRESYNAPTIC VARICOSITIES BECOME MORPHOLOGICALLY PLASTIC 
AND ARE SITES OF NEURITE OUTGROWTH WITH 5-HT FACILITATION 
OF APLYSIA SENSORIMOTOR NEURON SYNAPSES IN CULTURE. 2L 
Hatada*. F. Wu. S, Schacher and D.J. Goldberg. Dept. Pharmacol, and Ctr. 
Neurobiol. & Behav., Columbia Univ. Coll, of P & S, New York, NY 10032.

Morphological changes can accompany long-term synaptic plasticity and are 
thought to be important for its persistence. Changes in dendrite spine number, in 
synaptic active zone number, and in the extent of neuritic arbors of both pre- and 
postsynaptic neurons have been reported to accompany long-term increases in synap
tic efficacy. It has been difficult in most cases to follow the sequence of events lead
ing to these long-term morphological changes. We used video-intensified fluores
cence microscopy of Dil-labeled presynaptic neurons to monitor on-going morpho
logical changes in a cell culture preparation which displays robust short- and long
term plasticity. The mechanosensory neurons (SNs) of Aplysia reliably form 
synaptic connections with motor cell L7 in cell culture and express short-term facili
tation (STF) following a single (IX) application of 5-HT or long-term facilitation 
(LTF) with multiple spaced applications (5X) of 5-HT. Dil-labeled SNs were im
aged at time intervals before and after IX or 5X applications of 5-HT. Immediately 
after IX treatment, some varicosities (~10%) dramatically increased their morpho
logical plasticity, changing shape from minute to minute. This increase in activity 
lasted less than one hour. Similar changes were observed immediately after 5X ap
plications, but these continued unabated, or even increased, for at least 24 hr. In ad
dition, 5X applications, but not IX, caused new neurites to extend from some pre
existing varicosities after a delay of several hours. Neurites tipped by growth cones 
developed from thin long projections emerging from varicosities. These results in
dicate that presynaptic varicosities display substantial levels of morphological plas
ticity and the capacity to resume neuritic growth in response to appropriate facilitat
ing stimuli. The plasticity at existing varicosities and new growth, including the 
formation of new presynaptic varicosities by extending growth cones from existing 
varicosities, may contribute to the persistent changes in synaptic function. 
Supported by NIH Grant NS-36418.

INGESTIVE BEHAVIOR: THIRST AND SALT APPETITE

667.2667.1

DRINKING TO CENTRAL INJECTION OF L-NAME IN 
CONSCIOUS RATS. W.A, Saad1*, A.R. Costa, L.A.A. 
Camargo1, R, Saad, J.E.N. Silveira? G.M.P.A, Camargo and S.
Simoes2. 1Dept. of Physiology, Paulista State University, Sch. of 
Dentistry, Araraquara, SP 14801-903, Brazil; 2Dept. of 
Dentistry, University of Taubate, Taubate, SP, Brazil.

The drinking behavior responses to centrally administered NG 
-nitro-L-arginine methyl ester (L-NAME, 10, 20 or 40 pg/pl) an 
inhibitor of nitric oxide synthase, were studied in saciated rats, 
with cannulae implanted stereotaxically into lateral ventricle 
(LV) and subfornical organ (SFO). Water intake increase in all 
animals after angiotensin II (ANG II) injection into LV, with 
values of 14.2 ± 1.4 ml/h. After injection of the L-NAME at a 
doses of 10, 20, 40 pg/pl into SFO previously to the injection of 
ANG II (12 ng/f-d) into LV, water intake decrease progressively 
and reach basal levels after treatment with a NaCl 0.15 M and 
the higher doses of L-NAME (i.e. 40 pg). The values were 10 
pg/pl L-NAME = 0.8 ± 0.01 ml/h. These results indicate that 
nitric oxide is involved in the regulation of drinking behavior 
induced by centrally ANG II and that the nitric oxid of the SFO 
play a important role in this regulation.
Financial support: CNPq, FAPESP.

SUBFORNICAL ORGAN LESION DISRUPTS DRINKING DURING 
REFEEDING. E. M, Starbuck* and D. A. Fitts. Dept. of Psychology, 
Univ. of Washington, Seattle, WA 98195.

Rats with a lesion of the subfornical organ (SFOX) exhibit reduced 
water intake to IG-loaded hypertonic NaCl (Starbuck & Fitts, in press). 
We hypothesized that SFOX might also disrupt meal-associated 
drinking. SFOX and sham-lesioned (SHAM) rats were food deprived 
for 20 h with water available. Upon return of food, SFOX and SHAM 
rats (ns = 6) had similar latency to begin eating and similar total 90- 
min food and water intakes. However, latency to begin drinking after 
eating was longer in SFOX (26 ± 4 min) than in SHAM rats (12 ± 2 
min). Replication showed that plasma sodium concentration and 
osmolality were elevated 2-3% at the onset of drinking in both SFOX 
(34 ± 5 min; 5.7 ± .4 g food) and SHAM rats (12 ± 2 min; 2.6 ± .5 g). 
When blood was sampled in both groups at 12 min without water 
available, food intake and plasma sodium concentration and 
osmolality were similar between SFOX (2.4 ± .2 g food) and SHAM 
rats (2.8 ± .2 g). During nocturnal feeding after a mild daytime fast 
of 4 h, latencies to drink after eating for SFOX (45 ± 12 min) and 
SHAM (36 ± 9 min) rats were not different. Suppression of food 
intake during 24 h water deprivation was similar between SFOX and 
SHAM rats both hourly (0-8 h) and at 24 h. Upon return of water, 
both groups began drinking and recommenced eating with similar 
latencies. Thus, the SFO may be important for initiation of 
osmotically stimulated water intake during deprivation-induced 
eating patterns (rapid loading) and less important during more typical 
eating conditions (slow loading). Supported by NS22274.

667.3

WEANLING OLFACTORY LEARNING: WATER
VERSUS SUCROSE-INDUCED ODOR PREFERENCE. E, 
Guion*, and C.L. Kirstein Depts. of Psychology, Pharmacology and 
Experimental Therapeutics and The Neuroscience Program, University 
of South Florida, Tampa FL, 33620.

Environmental cues that are predictive of rewarding stimuli h? e been 
found to induce behavioral preferences for those cues. The present 
study examined whether natural reinforcers such as water or sucrose 
could induce an odor preference for 0.5 cc peppermint oil in postnatal 
day 25 (PND 25) rats. Rats were placed on a water deprivation 
schedule at 0800 hours on PND 22. Water was available during daily 
training at 1600 hours for 15 minutes on PND 22-24. The rats were 
habituated to the training environment for 10 minutes followed by 15 
minutes of free access to either water or sucrose (5% or 20%). Rats in 
the paired condition were exposed to the odor during free access only 
while rats in the unpaired condition were exposed to the odor for 15 
minutes immediately following training. After training on PND 24 all 
the rats were given free access to water at 1700 hours. On PND 25, 
behavioral odor preference was measured as time spent on the odor 
side of an open field testing chamber. Water deprived pups in the 
paired condition spent significantly more time over the peppermint odor 
than unpaired controls. There were no significant differences between 
pups that received peppermint odor either paired or unpaired with either 
5% or 20% sucrose. Using this paradigm, water was found to be 
more reinforcing than sucrose. Current studies are examining the 
effects of manipulating water and sucrose concentration exposures, as 
well as measuring the effects of these natural reinforcers on dopamine 
activity in the nucleus accumbens septi during periadolescence.

667.4
CEPHALIC SENSORS OUTSIDE THE BLOOD-BRAIN BARRIER MEDIATE 
OSMOREGULATORY RESPONSES IN RATS. G.H.M. Schoorlemmer, A.K, 
Johnson, R.F. Kirby* and R.L. Thunhorst. Depts. of Psychology and 
Pharmacology, and the Cardiovascular Center, University of Iowa, Iowa City, IA 
52242-1407.

To investigate the site and nature of the sensors that mediate osmoregulation in 
rats, we measured water intake and electrolyte excretion during infusion of 
several hypertonic solutions into the internal carotid arteries. Ten days before 
experiments started, cannulas were placed in the femoral vein, urinary bladder, 
and both carotid arteries of male adult rats. Rats drank during bilateral 
intracarotid infusion of 300 mM NaCl (2 mL/20 min) or 300 mM mannitol in 
150 mM NaCl (intakes were 1.3 ± 0.3 and 1.1 ±0.3 mL, respectively, mean ± 
SEM, n = 9, latency to drink 4 and 3 min). These solutions caused less drinking 
(p < 0.05) when infused at the same rate intravenously (intakes were 0.3 ± 0.2 
and 0.4 ±0.1 mL). Hypertonic glycerol (300 mM in 150 mM NaCl) and 150 
mM NaCl did not stimulate drinking, whether infused in the carotid arteries or 
vena cava (all treatments intake <0.2 mL, n = 9). Excretion of Na+ increased 
from 1.1 ± 0.3 to 3.0 ± 1.1 pmol/min (p < 0.01, n=8) and K+ excretion increased 
from 2.7 ± 0.5 to 4.8 ± 0.5 gmol/min (p < 0.01) during bilateral intracarotid 
infusion of 300 mM NaCl (2 mL/20 min), but intravenous infusions had little 
effect. With other solutions (300 mM mannitol, 300 mM glycerol, or 300 mM 
urea in 150 mM NaCl, or only 150 mM NaCl) there was no difference in 
excretion of Na+ and K+ during intracarotid and intravenous infusions. These 
results suggest that sensors located in the head, but outside the blood-brain 
barrier (e.g., a circumventricular organ) mediate changes in thirst and electrolyte 
excretion. While drinking appears to be mediated by an osmoreceptor, 
electrolyte excretion may be mediated by a sodium sensor. Supported by NIH 
HL54292, HL14388, and HL5472.
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667.5
CEREBRAL SEROTONERGIC AND ADRENERGIC MECHANISMS ON 
NaCl AND WATER INTAKE. L.Q, Margatho. L.A, De Luca Jr.*. A, Renzi.
S.P, Barbosa and J.V, Menani. Dep. de Ciencias Fisiológicas, Fac. de 
Odontología, UNESP; Araraquara, SP 14.801-903, Brazil.

In this study we investigated a possible interaction between forebram 
adrenergic and hindbrain serotonergic inhibitory mechanisms in the control of 
water and 1.8% NaCl intake. Male Holtzman rats with cannulas implanted 
simultaneously into the lateral ventricle (LV) and bilaterally into the lateral 
parabrachial nucleus (LPBN) were used. The ingestion of water and 1.8% 
NaCl was induced by subcutaneous injections of the diuretic furosemide + 
low dose of angiotensin converting enzyme inhibitor captopril. Bilateral 
injection of the 5HT2a/2c serotonergic agonist DOI (5 p.g/0.2 p.1) in the 
LPBN reduced the intake of water (3.6 ± 0.9 vs. control: 9.1 ± 1.1 ml/2 h) 
and 1.8% NaCl (0.5 ± 0.2 vs. control: 2.6 ± 0.7 ml/2 h). The effect of DOI 
was not changed by the injection of the a2 adrenergic antagonist idazoxan in 
the LV in a dose (320 nmol) that blocks the inhibitory effect of a2 adrenergic 
agonists on water and 1.8% NaCl intake. Injection of the a2 adrenergic 
agonist clonidine (20 nmol/1 pi) into the LV reduced the intake of water 
(1.7 ± 1.2 ml/2 h) and 1.8% NaCl (0.5 ± 0.3 ml/2 h). Bilateral injection of the 
serotonergic antagonist methysergide (4 pg/0.2 pi) into the LPBN increased
1.8% NaCl intake (7.0 ±1.8 ml/2h). The effect of methysergide into LPBN + 
clonidine into LV was not different from the effect of clonidine alone. The 
data suggest no interaction between forebrain adrenergic and hindbrain 
serotonergic mechanisms on the inhibition of water and 1.8% NaCl intake. 
Research Supported by CNPq and FAPESP.

667.6
CENTRAL IDAZOXAN AND MOXONIDINE ON WATER AND SODIUM

Dep. de Ciencias Fisiológicas, Fac. de Odontología, UNESP; Araraquara, 
SP 14.801-903, Brazil.

In this study we investigated: 1) the effects of intracerebroventricular (icv) 
injection of moxonidine (a2 adrenergic and imidazoline receptor agonist) on
0.3 M NaCl intake induced by 24 h sodium depletion and 2) the effects of the 
association of the a2 adrenergic and imidazoline receptor antagonist idazoxan 
+ moxonidine injected icv on water intake induced by 24 h water deprivation 
or icv injections of carbachol (cholinergic agonist) or angiotensin II (ANG II). 
Male Holtzman rats with a stainless steel cannula implanted into the lateral 
ventricle were used. Icv injection of moxonidine (5 and 20 nmol/1 pi) 
reduced 0.3 M NaCl intake induced by 24 h sodium depletion (treatment with 
diuretic furosemide + 24 h of sodium deficient food). Icv injection of 
moxonidine (5 or 10 nmol/1 pi) reduced water intake induced by 24 h of 
water deprivation and by icv ANG II (50 ng/1 pi) or carbachol (7 nmol/1 pi). 
Prior icv injection of idazoxan (320 nmol/1 pi) abolished the antidipsogenic 
effect of moxonidine on carbachol-induced water intake and reduced the 
effect of moxonidine on water deprivation-induced water intake, but produced 
no change on the effect of moxonidine on ANG Il-induced water intake. Icv 
idazoxan alone did not change carbachol- or ANG Il-induced water intake. 
The results show that central moxonidine reduces water and NaCl intake. The 
effectiveness of idazoxan to block the antidipsogenic action of moxonidine 
depends on the protocols used to induce water intake, which suggests that 
different mechanisms are involved in each protocol.
Financial support: FAPESP and CNPq.

667.7
SEX DIFFERENCES IN LICKING FOR BRIEF ACCESS TO SODIUM 
CHLORIDE IN THIRSTY RATS. M.D. Brot,1* C. H. Watson,2 and I.L. 
Bernstein2. ’Dept. of Orthodontics and 2Dept. of Psychology, University of 
Washington, Seattle, WA 98195.

Female rats reportedly drink more of a 3% NaCl solution than do males both 
when they are sodium replete and deplete, and they have a higher two-bottle 
preference for concentrations of NaCl ranging from 0.03 M to 1.0 M. In addition, 
taste reactivity studies have demonstrated that females show more ingestive 
responses to 0.15 M and 0.3 M NaCl. Studies evaluating NaCl taste preference 
provided NaCl solutions and water for several hours or more. However, this 
method cannot distinguish between the contributions of taste or pre- and post- 
ingestive factors to sex differences in NaCl preference and intake. To specifically 
examine pre-ingestive contributions to the consumption of NaCl, the present study 
measured initial licking responses to a range of NaCl concentrations over 30 secs, 
each using a lickometer. Male and female Long-Evans rats were water deprived 
overnight and then had brief access to water and 5 NaCl concentrations ranging 
from 0.05 M to 0.5 M. The solutions were presented three times each in a random 
order. Female rats showed significantly lower lick rates to water after overnight 
water deprivation in comparion with male rats but a significantly higher number of 
licks to a 0.5 M NaCl solution. There was a significant gender by concentration 
interaction (ANOVA; pc.Ol). These data are consistent with reports in the 
literature showing that females have a greater preference for hypertonic NaCl 
solutions than do males, and this study strongly suggests that this preference 
difference does not rely on post-ingestive feedback.

This reseach was supported by PHS Grant DC00248.

667.8
AMILORIDE-SENSITIVE SODIUM (Na) SIGNALS CRITICAL FOR 
EXPRESSION OF A Na APPETITE ARE NOT CONVEYED EXCLUSIVELY BY 
THE CHORDA TYMPANI NERVE. M.F. Roitman1* and I.L. Bernstein12. 
’Program in Neurobiology and Behavior; 2Dept. of Psychology, University of 
Washington; Seattle, WA 98195.

Na depleted rats will consume large amounts of Na containing solutions - a behavior 
known as Na appetite. This response is exaggerated when post-ingestive signals are 
minimized via sham drinking. The ionic specificity of this behavior relies on the 
ability to detect Na ions through gustatory pathways which show a high degree of Na 
selectivity. Amiloride-sensitive Na channels on the taste bud membrane are thought 
to play a key role in transduction of the taste of Na solutions and the main neural 
pathway thought to convey these signals is the chorda tympani (CT) nerve which 
innervates the fungiform papillae of the tongue. The degree to which the specificity 
and avidity of Na appetite in sham drinking rats relies on amiloride-sensitive Na 
signals conveyed by the CT was examined in the present studies. In Study 1, we 
found that blocking amiloride-sensitive Na channels by adding lOOpM amiloride to 
the solution dramatically reduced the sham drinking of a NaCl solution (37.7±9.0 vs. 
8.0±2.2, 0.1M NaCl vs. with 0.1M NaCl plus amiloride) resulting in an intake that 
was not different from intake of a non-Na salt solution (6.3±3.0, 0.15M KC1). In 
Study 2, we found that although the removal of the CT resulted in significant 
reductions in Na intake, the intakes were not as low as with amiloride blockade. Na 
intake in CT transected rats could be further significantly reduced by the addition of 
amiloride. Reductions in intake in the amiloride condition were not due to aversion to 
the taste of amiloride in that thirsty rats sham drank comparable amounts of 0.1M 
NaCl with or without amiloride. These data clearly support the idea that amiloride- 
sensitive Na channels are the critical gustatory substrate for Na ion identification 
during a Na appetite and that these signals are conveyed not only by the CT but some 
other afferent pathway as well, possibly the greater superficial petrosal nerve.
This reseach was supported by PHS Grants DC00248 and T32HD0739L

667.9
INTERACTION OF HYDRATION AND SFO LESION ON FOS-LIKE 
IMMUNOREACTIVITY IN THE OVLT OF SODIUM-DEPLETED RATS.
D, A, Fitts*. E. M. Starbuck. C.-P. 11, and Y. R. Kim. Dept. of 
Psychology, Univ. of Washington, Seattle, WA 98195.

Hydration and a subfornical organ lesion (SFOX) interact in the 
production of salt appetite in sodium depleted rats: underhydrated 
SFOX rats express only a weak salt appetite, whereas euhydrated 
SFOX rats and all sham-lesioned rats express robust salt appetite. In 
this experiment, similar procedures were used to study the effects of 
underhydration and SFOX on the expression of cFos in several brain 
nuclei related to body hydration during sodium depletion. Two 
weeks after SFOX or sham-lesion surgery, sodium depletion was 
induced by furosemide (10 mg/kg sc). Half received 10 ml/kg water 
by gavage at 2, 4, and 20 h after furosemide; the other half received a 
dry gavage. No food or water were otherwise available. Brains were 
prepared for demonstration of Fos-like immunoreactivity (FLI) at 22 h 
after furosemide. No systematic differences in FLI were found among 
the groups in the dorsal or ventral median preoptic nuclei or in the 
magnocellular or parvocellular hypothalamic paraventricular nuclei. 
FLI was significantly less in hydrated rats than in dehydrated rats in 
the supraoptic nucleus. FLI was expressed strongly in the core of the 
central zone of the SFO in all sham-lesioned rats. FLI in the main 
body of the organum vasculosum laminae terminalis (OVLT) was 
significantly greater in underhydrated, SFOX rats than in all other 
groups. Thus, an intense expression of cFos in the OVLT 
distinguishes the brains of underhydrated, SFOX rats during sodium 
depletion at the time when a salt appetite test is typically 
administered, and this enhanced FLI correlates with a reduced salt 
appetite. Supported by NS2 22 74.

667.10
THE INVOLVEMENT OF AMYGDALA GABA RECEPTORS IN THE RAPID 
AROUSAL OF SALT INTAKE IN RATS. L.Y. Ma1*. B.S. McEwen2. S.J, Fluharty1 
and R.R. Sakai1. 1 Depts. of Animal Biology, Pharmacology and Inst, of 
Neuiosciences, Univ. of Pennsylvania, Philadelphia, PA 19104; 2 Lab of 
Neuroendocrinology, The, Rockefeller Univ., New York, NY 10021

We have previously reported that certain adrenal steroids and their tetrahydro (TH) 
derivatives applied in the amygdala arouse sodium intake in the rat. The data suggest 
that the rapid ingestion of steroids immediately after implants in the amygdala may be 
acting through the GABA/benzodiazepine receptor system. In the present study, we 
extend these observations to examine the mechanism of this rapid induction of sodium 
intake by examining the role of various adrenal steroids and GABA(GABA/BZ) 
receptor agonists or antagonists. Male ratswere fitted with bilateral guide cannula 
which terminated in the medial and central nucleus of the amygdala. Rats were 
maintained on 24 hr. ad lib food and water and given access to 0.25 M NaCl for 2 
hours each day. On the test day, they were given either aldosterone (ALDO), 
deoxycorticosterone acetate (DOCA), their tetrahydro (TH) derivatives or GABA/BZ 
agonist/antagonists and their 2 hour intake of 0.25 M NaCl recorded in 15 minute 
intervals.

The results show that 1) TH-DOCA and TH-ALDO markedly increased 0.25 M 
NaCl intake as compared to ALDO or DOCA treatments, 2) This salt intake was 
further facilitated by B-carboline and was not inhibited by the adrenal steroid receptor 
antagonists RU-28318 or RU-486 and was not inhibited by antisense against adrenal 
steroid receptors, 3) The salt intake induced by TH-DOCA and TH-ALDO was 
inhibited by the GABA antagonist Rol5-4515. Together, the data confirm and extend 
our previous studies which suggest a novel mechanism for steroid induction of sodium 
intake involving a non-genomic action of adrenal steroids in the amygdala. Research 
supported by DK-48061 and MH 43787.
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668.1
THE RESTORATION OF MALE RAT COPULATORY BEHAVIOR FOLLOWING 
ITS INHIBITION WITH AN AROMATASE INHIBITOR. M.E, Vagell* and M.Y, 
McGinnis. Department of Cell Biology & Anatomy, Mount Sinai School of Medicine, 
City University of New York, New York, NY 10029

The aromatase inhibitor fadrozole has been shown to inhibit the restoration of male 
copulatory behavior (MCB) in adult rats. However, estradiol’s role in MCB might not be 
mediated through classical cell nuclear estrogen receptors. Since many nonclassical 
signalling mechanisms for steroid hormones are thought to occur more rapidly than 
classical signalling mechanisms, we hypothesized that estradiol might act to restore 
MCB with a much shorter time course (within hours) than testosterone (which requires 
several weeks). The present study tested the hypothesis that a single injection of estradiol 
could stimulate MCB in noncopulating males that were previously treated with fadrozole 
and testosterone for two weeks. One important aspect of this study was that the rapid 
effects of estradiol were tested in gonadectomized males treated with testosterone and 
fadrozole rather than in gonadectomized males without testosterone. Therefore, we were 
able to examine the role of estradiol without the confound of having a lack of cell 
nuclear androgen receptor occupation. MCB was blocked in a restoration paradigm by 
implanting gonadectomized adult male rats with osmotic pumps filled with fadrozole 
along with Silastic capsules filled with testosterone. After two weeks of fadrozole- and 
testosterone-treatment, the males were tested for 15 minutes to verify that they would 
not copulate and then were given a subcutaneous injection of estradiol (2 gg/kg). These 
males were subsequently tested for MCB continuously for the next 4 hours. Our results 
indicate that a single injection of estradiol is not sufficient to rapidly stimulate MCB in 
male rats who were previously treated with fadrozole and testosterone.

In addition, we examined the time course for the restoration of MCB following 
fadrozole treatment. The males were tested for MCB 3, 6, 9, and 15 days after fadrozole 
treatment was stopped. The percentage of males ejaculating and behaviors such as mount 
and intromission frequencies were restored to normal levels three days after the cession of 
fadrozole treatment. However, mount, intromission, and ejaculation latencies and the 
post ejaculatory interval took 15 days to return to the levels normally observed in 
testosterone-treated gonadectomized males.

Overall, these results indicate that (1) estradiol cannot rapidly stimulate MCB and 
(2) some aspects of MCB require extended periods of estradiol exposure before they are 
restored to normal levels (supported by NIH HD 27727 to MYM).

668.2
HORMONAL MAINTENANCE OF COPULATION IN MALE RAT CASTRATES: 
ASSOCIATION WITH MPOA DOPAMINE RESPONSE. S.K. Putnam, J, J, Panos and E.M. 
Hull*. Dept. of Psychology, State Univ. of New York at Buffalo; Buffalo, NY 14260

Extracellular dopamine (DA) Increases In the medial preoptic area (MPOA) of sexually 
experienced male rats before and during copulation (Hull et al., 1995). Recent testosterone 
is permissive for this DA response. Estradiol (E) partially restores copulation; however, 
testosterone (T) may be necessary for complete restoration (McGinnis & Dreifess, 1989). It 
is not clear, however, which metabolite(s) of T promotes female-stimulated DA release.

The present study investigated whether E, dihydrotestosterone (DHT, a nonaromatizable 
androgen), or the combination of the two maintains the MPOA DA response and copulation 
in 3-week castrates. Twenty-three male Long-Evans rats were castrated, after which they 
received daily s.c. injections of either estradiol benzoate (EB, 20 gg), dihydrotestosterone 
benzoate (DHTB, 500 pg), the combination of EB and DHTB, testosterone propionate (TP, 
500 pg), or oil vehicle for three weeks. Using microdialysis, 6-minute samples were collected 
from the MPOA of the castrates during baseline conditions, exposure to a female behind a 
barrier, and copulation testing. Extracellular DA was measured using HPLC-EC.

All of the TP animals (n=4) ejaculated. All of the EB animals (n=5) intromitted, but none 
ejaculated. Four of the EB/DHT combination animals (n=5) ejaculated and one only 
mounted. Neither DHT-treated animals (n=5) nor oil-treated animals (n=4) copulated.

The TP-treated animals showed precopulatory and copulatory DA Increases. The four 
EB/DHT combination animals that copulated also showed this MPOA DA increase while the 
non-copulating animal in this group did not. The DHT-, oil-, and EB-treated animals failed to 
show a DA response at any time. Thus, the DA response to the estrous female was highly 
predictive of the males’ ability to ejaculate, but not his ability to intromit. Furthermore, these 
d3ta confirm the requirement for androgen, in addition to estrogen, for the full restoration of 
behavior.
Supported by NIMH grant MH 40826 to EMH

668.3
EFFECTS OF CHRONIC FLUOXETINE ON MALE RAT COPULATION AND 
NEUROTRANSMITTER LEVELS. J.V. Riolo*, RD. Friedman, J.J. Panos & E.M. 
Hull. Department of Psychology, Behavioral Neuroscience Program, State University 
of New York at Buffalo, Buffalo, NY 14260

Serotonin (5-HT) is generally inhibitory to male rat sexual behavior, while 
dopamine (DA) is usually facilitative (reviewed in Bitran & Hull, 1987). Fluoxetine 
(FLX), a selective serotonin reuptake inhibitor (SSRI) is used to treat depression, 
panic disorder and obsessive-compulsive disorder (Flaherty et al., 1993). However, 
chronic FLX treatment inhibits ejaculation in men and orgasm in women (Power- 
Smith, 1994) and also impairs copulation in male rats (Cantor et al., 1996; Yells et 
al., 1994).

We examined the effects of chronic and acute administration of FLX on male rat 
sexual behavior and on 5-HT and DA extracellular levels in the ventromedial shell 
region of the nucleus accucmbens (NAc) and the anterior region of the lateral 
hypothalamic area (LHAa). Sexually experienced male rats were given daily 
injections of FLX (5mg/kg) until a sexual behavior deficit was observed (about 6 
weeks), or were injected with vehicle. Microdialysis was performed in both the NAc 
and LHAa 3 da after a copulation test revealed a behavioral deficit, compared to the 
test before the injection regimen began.

Basal DA levels in the NAc were decreased in chronic FLX animals, and 5-HT in 
the LHAa and NAc was increased. NAc DA increased in control animals, but not 
FLX animals, during copulation. However, in spite of significant increases in mount, 
intromission, and ejaculation latencies and in intromissions preceding ejaculation on 
the final weekly test, copulation during microdialysis was not different from the 
initial predrug test. Thus, either the loss of neurotransmitter from the brain into the 
dialysis probe or the physical stimulation from the probe itself apparently facilitated 
copulatory behavior.
Supported by NIMH grant MH-40826 to EMH.

668.4
CENTRAL PROLACTIN DUAL MODULATION OF MALE SEXUAL 
BEHAVIOR IN RATS: RELATIONSHIP WITH IN VIVO STRIATAL 
DOPAMINERGIC AND SEROTONINERGIC ACTIVITY. L. F, Felicio3* , P. E, 
Cruz-Casallas1, E.E.T.S. H.ucke3 and A. G. Nasello2.1 School of Veterinary 
Medicine, University of the Llanos, Villavincencio, Meta, Colombia. 2 Medical 
School of Santa Casa and 3 Faculty of Veterinary Medicine, University of Sao 
Paulo, 055080-900, Sao Paulo, SP, Brazil.

Prolactin (PRL) appears to be localized in several brain structures. Central, 
behaviorally meaningful, neural actions of this protein have been demonstrated by 
a large number of studies. This work describes male sexual behavioral and in vivo 
neurochemical data obtained from adult male rats injected 
intracerebroventricularly acutely (10 pg) or chronically (5 days; 10 pg/day) with 
ovine prolactin (oPRL). The extracellular striatal concentrations of dopamine and 
serotonin metabolites were estimated by HPLC measurements in microdialysis 
perfusates. Single. (10 pg) administration of oPRL. facilitated sexual activity and 
increased the extracellular striatal DOPAC, HVA and 5HIAA levels. Nevertheless 
five oPRL daily injections, decreased sexual behavior but did not modify dopamine 
and serotonin metabolites extracellular concentrations. Five days after the last 
oPRL injection sexual behavior parameters were not significantly different from 
control group, suggesting that oPRL effects on male sexual behavior are reversible 
These results show that acute or chronic central PRL treatment have stimulatory 
and inhibitory effects on male sexual behavior respectively. In addition striatal 
dopaminergic and serotoninergic activity were only changed by acute treatment 
Those PRL behavioral effects may occur simultaneously with changes in striatal 
dopaminergic and serotoninergic activity and they may be related.
Supported by FAPESP (96/4193-0) and CNPq (520234/96 and 520656/96)

668.5
EFFECTS OF ANTIANDROGENS AND SSRI’S ON SEXUAL BEHAVIOUR OF 
THE MALE RAT AND ON THE SEROTONIN-2A RECEPTOR. P. Nedergaard,
E.T. Mellerup and P. Plenge. Lab. of Neuropsychiatry, Natl. Univ. Hosp, Copenhagen, 
Denmark.
The antiandrogen cyproterone acetate (CPA) and the selective serotonin reuptake inhibitors 
(SSRIs) has been shown to share certain sexual side effects. The purpose of this study was 
to investigate a possible common serotonergic mechanism in the mediation of the common 
sexual side effects of CPA and SSRIs. We focused on the 5-HT2A receptor and its density 
in the nucleus accumbens of the rat brain. Four groups of sexually active and sexually 
experienced male Wistar rats were examined. One group received CPA, another received 
an SSRI (paroxetine (Px)), a third received saline and the fourth group consisted of 
castrates receiving saline. All drugs were administered continuously for four weeks using 
ALZET mini osmotic pumps. Pre-copul at ory as well as copulatory parameters of the 
sexual behavior were scored prior to implantation of the ALZET pumps and three times 
during the four-week drug delivery period. The density of 5-HT2A-receptors in the nucleus 
accumbens was measured with quantitative autoradiography (QAR) using the subtype- 
specific ligand 3H-MDL100.907. The number of mounts needed to reach ejaculation was 
significantly elevated for the Px- and CPA groups (p<0.05) compared the control group. In 
addition a significant prolongation of the ejaculation latency time was seen in the Px-group 
(p<0.005) and in the CPA group (p<0.05) compared to the controls. The Px-group and the 
castrates both showed a significant fall (p<0.01) in appropriate appetitive behavior 
compared to the control group. A similar trend was seen for the CPA group. The QAR 
showed significant reductions in densities of 5-HT2A receptors in nucleus accumbens for 
the Px- and castrate groups (p<0.001), and the CPA-group showed a slightly less reduction 
(p<0.005). These results suggest that the 5-HT2A receptor is involved in the mediation of 
copulatory and to a lesser extent pre-copulatory behavior in the male rat. Furthermore the 
results suggest that CPA treatment down regulates 5-HT2A receptors of the nucleus 
accumbens of the male rat, though not as dramatically as Px treatment and castration. In 
part supported by grants from Eli and Egon Larsens Foundation and The Leo Nielsen 
Foundation.

668.6
EFFECTS OF ANDROGENS ON TYROSINE HYDROXYLASE
IMMUNOREACTIVE CELLS IN THE CNS OF MALE LEOPARD FROGS, 
RANA PIPIENS. J. Chu*, J. Whitman, B, Brudermanns, A. Clark, S.
Burmeister and W. Wilczvnski, Dept. of Psychology and Institute for 
Neuroscience, University of Texas, Austin, TX 78712.

We have shown previously that tyrosine hydroxylase immunoreactive (THir) 
cell number changes as a result of the presence or absence of circulating 
testosterone in male Rana pipiens. In order to examine whether this effect 
was due to a direct androgen effect or through aromatization, we compared 
the effects of longterm castration, testosterone (T), di hydrotestosterone 
(DHT) and sham treatment on THir cells in the diencephalon of male frogs. 
Adult male leopard frogs were gonadectomized and Implanted with a scilastic 
capsule containing DHT (N=4), T (N=3), or blank (N = 5). In addition, 4 males 
were sham treated and not gonadectomized. After 2 weeks, brains were 
removed and processed for whole mount TH immunohistochemistry. 
Previous neuroanatomical studies Indicate that the preoptic area (POA), 
suprachiasmatic nucleus (SCN), and dorsal hypothalamus/posterior 
tubercule region (HYP/TP) are areas that show strong THir labeling. These 
areas are also believed to be dopaminergic in nature. THir cells in these 
three regions were counted and compared across treatments. Analysis of 
variance showed a main effect for treatment across all groups (F(3,12) =
3.43, p = 0.05). THir cells differed significantly by region (F(2,24) = 18.42, p 
< 0.001), but there was no interaction between hormone condition and brain 
region. Follow-up tests indicate that castrated animals had fewer THir cells 
compared to DHT (F( 1,7) = 5.21, p = 0.056) or T (F(1,6) = 5.04, p =0.06) 
implanted males. Preliminary results Indicate no significant differences 
among other comparisons. Studies are underway to examine the 
relationship between levels of circulating androgens and numbers of THir 
cells. Supported by NIMH RO1 MH45696 to W.W.
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668.7
MELATONIN INFLUENCES SEXUAL BEHAVIOR IN RATS IN A DOSE- AND 
TREATMENT-DEPENDENT MANNER F, Drago1*. L. Busa1, A Benelli2 and A. 
Bertolini2. ‘institute of Pharmacology, University of Catania Medical School and 
2Department of Biomedical Sciences, Section of Pharmacology, University of Modena 
Medical School, Modena.

As only few data are available on the effect of melatonin on male and female sexual 
behavior, the present experiments were performed in order to study the effects of an 
acute or repeated treatment with this hormone on rat male and female sexual behavior 
in a dose-response paradigm. After three mating tests with a receptive female, male rats 
of the Wistar strain were distinguished in two groups: the first showing mountings, 
intromissions but no ejaculations (“sluggish”, SLU rats), the second showing no sexual 
approach at all (“no sexual approach”, NSA rats). Small doses of melatonin (50-100 
pg/kg i.p.) administered 1 hour before a 30 minutes mating test, reduced the latency to 
the first mount and intromission and increased the frequency of mounts and 
intromissions both in SLU and NSA rats when exposed to receptive females. The 
treatment also induced the appearance of ejaculations. A greater dose of melatonin 
(200 pg/kg i.p.) did not exert any effect on both groups of male rats. No effect was 
observed when melatonin was injected repeatedly with none of the doses used. In a 
different experiment, melatonin has shown to improve copulatory activity of sexually 
active male rats in a dose-range of 0.01-5 mg/kg, i.p. but not in a dose-dependent 
manner. Furthermore, this effect was not changed by the simultaneous injection of the 
non-selective melatonin antagonist, luzindol (0.25-5 mg/kg). Female sexual behavior, 
measured by the lordosis ratio in Wistar female rats, was not affected by acute 
treatment with the hormone, while it appeared to be inhibited by the repeated injection. 
It is possible that these effects on male and female sexual behavior may involve central 
neurotransmitters different from serotonin.

668.8
INTRACEREBRAL TAMOXIFEN IN THE MALE HAMSTER 
MATING BEHAVIORAL PATHWAY. S. J. Williams* and R. I. 
Wood. Depts. of Ob/Gyn and Biology, Yale Univ. Sch. of Med., New 
Haven, CT 06520.

In the male hamster, chemosensory and hormonal cues are essential for 
sex behavior. Odor cues are relayed through brain regions rich in steroid 
receptors, including, the medial amygdala (Me) and the medial preoptic 
area (MPOA). Steroid binding in either Me or MPOA is sufficient to 
stimulate sex behavior as demonstrated by intracerebral testosterone (T) 
implants. Testosterone's effects are mediated by conversion to estrogen 
(E2) for intracerebral DHT is without effect. The present study 
determined if steroid binding in either Me or MPOA is necessary for 
mating. The approach was to block restoration of mating in T-treated 
castrates with intracerebral implants of the antiestrogen tamoxifen (Tam) 
in Me or MPOA.

Sexually experienced male hamsters were castrated. Eight weeks later, 
males were tested with a receptive female to ensure that sex behavior had 
declined. Each male then received systemic T via Silastic implant, plus an 
intracerebral Tam implant to block ER in Me or MPOA (n=6 each). 
Control males (n=6) received empty cannulae. Males were bulbectomized 
contralaterally to eliminate essential chemosensory cues. Sex behavior 
was restored in all three groups within 14 days after surgery. Mounts, 
intromissions and ejaculations were equivalent in controls and in males 
with Tam in Me and MPOA (controls: 13.1 ± 4.0; Tam in Me: 17.4 ±
6.2, Tam in MPOA: 22.8 ± 6.2 mounts/10 min.) These results suggest 
that redundancy exists in the chemosensory circuit and Me and MPOA are 
important in steroid regulation of sex behavior but do not singularly 
facilitate mating behavior (NIH HD-32669).

668.9

The Interactive Effects of Fluoxetine and Sequential Copulatory Series on 
Male Rat Copulatory Behavior. JL Wieseler*1. SE Hendricks1'2. M 
Nakamura1, & CH Olson1. ‘Dept, of Psychology, Univ. of Nebraska at 
Omaha, Omaha, NE, 68182;2Psychopharmacology Research Center, Univ. 
of Nebraska Medical Center, 600 S. 42nd ST, Omaha, NE, 68198.

Fluoxetine has been found to inhibit male copulatory behavior in a dose 
dependent fashion. Different aspects of male sexual behavior have been 
found to be affected by fluoxetine. The purpose of this study was to assess 
the effects of chronic fluoxetine administration (14 days) on male rat 
sexual behavior. Data were analyzed using the standard behavioral 
parameters in addition to the mount bout analysis. Animals were allowed 
to mate to three ejaculations or to sexual exhaustion. Consistent with 
previous research, fluoxetine inhibited sexual behavior with respect to 
intromission and ejaculation frequency. When analyzing animals at three 
ejaculations, the number of animals ejaculating three times was 
significantly reduced in animals treated with fluoxetine compared to 
controls. Fluoxetine treatment also resulted in fewer intromissions 
compared to the control group. No differences were found in the first 
ejaculatory series between the drug and control group. An interaction 
effect was found between ejaculatory sequence and fluoxetine 
administration with respect to intromissions at both three ejaculations and 
through sexual exhaustion. There was a fluoxetine by ejaculatory 
sequence interaction on the number of intromissions per mount bout 
within the first three ejaculations. Results are interpreted in terms of 
serotonergic system inhibition on spinal cord nuclei mediation of genital 
responses.

This work was supported by EPSCoR grant to the Nebraska Behavioral 
Biology Group and the Psychopharmacology Research Center at the 
University of Nebraska Medical Center.

668.10
THE ADENOSINE A2a RECEPTOR AGONIST CGS-21680 DISRUPTS 
SEXUAL BEHAVIOR IN THE MALE RAT. W.M. Struthers* and D. 
Wirtshafter, Department of Psychology, The University of Illinois at Chicago, 1007 
West Harrison Street, Chicago, IL, 60612-7137.

Stimulation of adenosine A2a receptors has been suggested to be involved in 
decreasing dopamine D2 receptor-mediated transmission. Adenosine A2A receptors 
have also been reported to be colocalized with dopamine D2 receptors in striatal 
cells. It has also been suggested that A2A receptor agonists produce behavioral 
effects similar to those seen after administration of D2 receptor antagonists. 
Previous studies examining pharmacological influences on the sexual behavior of 
the male rat suggest that dopaminergic antagonists generally inhibit copulation. 
The purpose of this study was to examine the effects of systemic administration of 
the adenosine A2a receptor agonist CGS-21680 on male rat sexual behavior. 
Sexually experienced male rats were given interperitoneal injections of CGS-21680 
(0.0, 0.062, 0.125, 0.25mg/kg) dissolved in a 30% dimethyl sulfoxide and then 
placed into a mating arena for fifteen minutes. After the fifteen minute adaptation 
period had elapsed, a sexually receptive female lure was introduced and the male 
was given access to the female for thirty minutes. Sexual behavior was monitored 
during this time and after thirty minutes the test was terminated. Analysis of 
sexual activity indicated that the highest dose of CGS-21680 produced a marked 
disruption of copulatory behavior evidenced by decrease in the number of males 
who displayed ejaculatory behavior. These males failed to initiate mating with 
females, although approach latencies were unaffected when compared to vehicle 
scores. At lower doses, initiation of sexual behavior was similar to controls, 
however, there was an increase in post-ejaculatory intervals in those males who did 
display ejaculatory behavior. These findings suggest that adenosine A2a receptor 
stimulation inhibits copulation in a manner similar to that seen with 
administration of dopamine antagonists. (Supported by NS 33992)

668.11

ANDROGEN THRESHOLD FOR COPULATION IN MALE RATS 
PRENATALLY EXPOSED TO STRESS, ALCOHOL, OR BOTH 
Ingeborg L. Ward.1* Amy L. Bennett,1 O. Byron Ward,1 Jeffrey A. French,2 
Shelton E. Hendricks2. ‘Depts. Psychology, Villanova Univ., Villanova, PA 19085 
and 2Univ. of Nebraska at Omaha, Omaha, NE 68182

Stress or alcohol suppresses fetal testicular steroidogenesis. Prenatal exposure of 
male rats to alcohol combined with stress leads to a more reliable impairment of 
ejaculation than does alcohol or stress alone. Testosterone (T) titers in normal 
intact males are several folds higher than minimal levels required to restore 
ejaculation in experienced control castrates (Demassa, et al., 1977). Thus, a 
change in androgen threshold induced by prenatal treatments might be concealed 
when testing occurs under endogenous hormone levels. Minimal amounts of T 
required to activate mating in adult castrates prenatally exposed either to alcohol 
and/or stress were measured using the stable hormone levels released by silastic 
implants. 45 mm implants yielded serum T titers slightly above physiological 
levels. 30 mm were 70%, and 20 mm, 50% of normal levels. Only with the largest 
T implant did any appreciable number of males in the combination treatment 
group ejaculate. 45 mm implants of T stimulated copulation in 67 - 90% of the 
males in all treatment groups. 30 mm implants activated ejaculation in 
approximately 75% of the alcohol-alone and caloric control males, but in only 
40% of the stress-alone and 21% of the combination males. 20 mm implants 
stimulated copulation in approximately 45% of the males in all groups except the 
combination group, where only 14% copulated. Prenatal stress, particularly when 
combined with alcohol, markedly increased the threshold for the activation of 
copulation in adulthood. Intact prenatally stressed males sometimes copulate 
normally (IL Ward, et al, 1994; 1996). Possibly, their endogenous T levels were 
high enough to overcome the elevated T threshold resulting from an inhibition of 
fetal steroidogenesis.
Supported by 5-R01HD-04688, OSR 92-55225, and IBN 97-23842.

668.12
Serotonin is Involved in Scent Marking Behavior of Male Mongolian 
Gerbils. C. Ulibarri* and V, Oshiro. Dept of Vet. and Comp. Anat., 
Pharm., and Phys, and Program in Neuroscience, College of Vet. 
Med., Wash. State Univ., Pullman WA 99164-6520.
In general, serotonin (5-HT) has been shown to be inhibitory to 

male sexual behavior. This experiment investigated the effects of 5- 
HT on scent marking in male gerbils. The subjects of this experiment 
were 57 adult male gerbils maintained on a 14:10 L;D cycle. Gerbils 
were given 3 pretests during the light phase for scent marking 
behavior. Each test was 5 min long. Gerbils were assigned to 5 groups 
that were balanced by prescores. Just prior to lights-off gerbils were 
weighed and given an injection of one of the following drugs; double- 
distilled water (n = 10), the 5-HT reuptake inhibitor fluoxetine (n= 12), 
the nonselective 5-HT agonist quipazine (n = 13), the 5-HT2 agonist 
alpha-methyl-5-HT, or the 5-HT1A agonist 8-hydroxy(di-n- 
propylamino)teralin, 8-OH-DPAT. The following day 4 hrs after 
lights-on gerbils were tested for marking behavior. Each animal 
received 7 daily injections and tests and 3 tests after the drug 
treatment was stopped. Gerbils treated with either quipazine or 
alpha-methyl 5-HT had significantly reduced marking scores when 
compared to either their pre-scores or gerbils treated with water. In 
the withdrawal phase, gerbils treated with quipazine had significantly 
higher marking scores than did gerbils treated with water. 
Supported by NIHCHHD-HD 30299 to CU.
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668.13
SEXUAL BEHAVIOR OF MALE MICE PRENATALLY TREATED WITH 
DIAZEPAM OR A SINGLE DOSE OF FLUNITRAZEPAM.
L A.I. Hernández-Alvarez*, B. Victoria-Romero, A. Márquez-Orozco,
León-Carmona J.C. and M.C. Márquez-Qrozco. Unit for Research in 
Reproduction. School of Medicine, BUAP and Dept. of Embryology. 
School of Medicine, UNAM, México 04510 D.F., México.

We have shown in previous works, effects of prenatal exposure to 
diazepam (DZ) on CNS structure and sexually dimorphic reproductive 
behaviors of adult and senile mice. Our aim in this work was to 
compare sexual behaviors of CD-1 strain male mice exposed in uterus 
to DZ or flunitrazepam (FLU). One group of female mice was s.c. 
treated with DZ (1 mg/kg/d) from 6th to 17th days of gestation, other 
group received orally a single dose of FLU (2.5 mg/kg) only in the 6th 
day of gestation and a control group saline sol. On the 6th month of 
age, the spontaneous offspring male sexual activity to receptive females 
was tested in 3 sessions (1/week). Tests were performed during the dark 
stage of the photoperiod and videorecorded under red light. 
Precopulating and copulating activities were evaluated. No differences 
were found in precopulating behaviors from ail groups. During 
copulating stage adult DZ and FLU-treated males showed greater 
number of pauses and falls into mount series and delayed ejaculation. 
Results indicate a motor activity failure that interferes with sexual 
response and also suggest a biological exposure gradient since they are 
consistent with our findings of previous works.

668.14
ALTERATIONS IN SEROTONERGIC AND PEPTIDERGIC CONTROL OF 
PUDENDAL REFLEXES IN SPINAL CORD INJURED RATS. G.M, Holmes*. J.C. 
Bresnahan, R.C. Rogers, M.S. Beattie. Depts. of Cell Biology. Neurobioiogy; and 
Anatomy; and Physiology. The Ohio State University, Columbus, OH 43210.

Serotonin (5-HT) has been implicated in the inhibition of pudendal reflexes. In 
order to test the role of 5-HT and thyrotropin releasing hormone (TRH) across three 
pudendal reflex models, male rats were implanted with intrathecal (IT) cannulae 
terminating at L5-L6. One to four weeks later, rats were spinally transected (TX) at 
T-10. At 72 hr post-TX, males were injected IT with either 5-HT creatinine sulfate 
(10 nM, 1 pM, 400 pM or 1 mM), TRH (10, 50 pM), combined 5-HT (400 pM) + 
TRH (10 pM) or vehicle for a between subjects design and tested immediately for 
pemie reflexes. At 96 hr post-TX, males were anesthetized, and the bulbospongiosus 
or external anal sphincter (EAS) muscle implanted with EMG electrodes. Vehicle 
infusion was followed by testing of the urethrogenital (UG) or EAS reflexes. After 5 
min, a dose of 5-HT (10 nM, 1 pM, 1 mM or 5 mM) was injected and reflexes tested.

Intrathecal 5-HT failed to inhibit any measure of ex-copula penile erection in spinal 
TX males. A similar lack of inhibition was seen at 96 hr for the UG reflex in the 
anesthetized preparation. Unlike intact males. TX males given 10 pM TRH did not 
show a significant change in erection latency. The 50 pM dose of TRH significantly 
increased reflex latency. A combination of sub-threshold doses of 5-HT and TRH 
(400 pM and 10 pM, respectively) significantly inhibited penile erection. A brief 
inhibition of EAS hyper-reflexia was observed only at high doses of 5-HT (5 mM).

We conclude that lumbosacral regulation of pudendal motoneurons involves an 
interaction of 5-HT and TRH, rather than separate serotonergic and peptidergic 
mechanisms. The presumed absence of the complementary neurotransmitter in the 
above experiments may account for the reduced efficacy of 5-HT or TRH, when given 
alone, to inhibit pudendal reflex. (Support. NS-31193; APA #BA2-9604).
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669.1
QUANTIFYING AMYLOID fl-PEPTIDE AGGREGATION BY THE CONGO RED 
SPECTRAL SHIFT ASSAY. R.F. Jacob,'* W.E. Klunk,2 R.P. Mason1. ''Laboratory 
for Membrane Structure Studies, Allegheny University of the Health Sciences, 
Pittsburgh, PA 15212; "Department of Psychiatry, University of Pittsburgh School of 
Medicine, 705 Parran Hall, 130 DeSoto St., Pittsburgh, PA 15261.

Congo red (CR) is a diazo dye that is used commonly as a postmortem histological 
indicator of amyloid (3-peptide (Afl) deposition in Alzheimer’s disease brain tissue. 
Numerous studies have demonstrated that CR selectively binds to amyloid proteins 
that are in a fibrillar, p-sheet conformation, inducing a shift in the spectral properties 
of CR. Although such spectral changes in CR have made it useful as a tool for 
measuring relative Afl aggregation in a variety of experimental preparations, inherent 
scattering of this peptide has not been considered. The purpose of this study was to 
define an improved CR-based spectrophotometric method for (1) quantifying the 
binding of CR to aggregated Afl and (2) quantifying Afl aggregation. Api.4O, an 
amyloid species found in relatively high proportions in neuritic or senile plaques, was 
employed in these experiments. The hyperchromic effect induced in the absorbance 
spectrum of CR upon binding Afl fibrils was used to determine the concentration of 
bound CR (Cb). The absorbance spectra of CR alone, CR + aggregated Afl, and 
aggregated Afl alone were measured. The latter was included to correct for the 
inherent scattering properties of Afl. Analysis of these results indicated an absorbance 
maximum at 541 nm and an isosbestic point at 403 nm. To determine Cb, absorptivity 
values obtained at these points were incorporated into an equation derived from Beer’s 
law. Further analysis revealed that correction for Afl scattering was essential since the 
% error between Cb-corrected and Cb-uncorrected increased proportionately with an 
increasing ratio of Afl/[CR], Protein analysis and a CR binding curve revealed that 
binding of CR to Afl fibrils was saturable with an apparent Bmax of 81 nmol CR per mg 
of Afl fibrils and KD of 4.78 x 10 8 M. These binding data were used to develop a 
structural model for the molecular interactions of CR with Afl. In summary, these 
results provide an algorithm for precisely measuring the binding relationship between 
aggregated Afl and CR that corrects for background Ap scattering. These findings 
provide a quantitative approach for characterizing A(3 aggregation properties, an 
important feature of Afl-induced neurotoxicity in Alzheimer’s disease. (Supported by 
an Alzheimer’s Association IIRG to WEK and a NIA Nathan Shock Award to RPM.)

669.2

AGGREGATION-DEPENDENT MEMBRANE STRUCTURAL 
INTERACTIONS OF AMYLOID p (1-40). R.P. Mason*, P.E. Mason and
R.F. Jacob. Laboratory for Membrane Structure Studies, MCP< Hahnemann 
School of Medicine, Allegheny University of the Health Sciences, Pittsburgh, 
PA 15212.

Numerous studies have provided conclusive evidence that amyloid (3 (Ap) 
possesses neurotoxic properties when in a fibrillar, P-sheet conformation. The 
mechanism of this neurotoxicity is unknown, but several lines of evidence 
suggest that AP disrupts cell function as a result of non-receptor-mediated 
membrane interactions, although these have not been well characterized as a 
function of Ap aggregation. The objective of this study was to elucidate the 
membrane structural interactions of soluble and aggregated AP(l-40) with ori
ented brain membrane bilayers. Small angle x-ray diffraction approaches were 
used to ascertain the electron density distribution (A versus electrons/A ) of 
porcine phospholipid bilayers in the absence and presence of Ap(l-40) as a 
function of peptide aging. The results demonstrated that aggregated Ap( 1 -40) 
associated with the membrane in the vicinity of the phospholipid headgroup 
region, ±10-27 A from the bilayer center, while soluble AP intercalated deep 
into the membrane hydrocarbon core at 20°C. The overall widths of the mem
brane samples containing aggregated and soluble Ap were 55 A and 54 A, re
spectively. The association of aggregated Ap(l-40) with the membrane sur
face produced a broad increase in molecular volume in the membrane hydro
carbon core of ±0-10 A, consistent with an alteration in the intermolecular 
packing of phospholipid acyl chains. These structural findings demonstrate 
that aggregated Ap alters the basic structure of brain lipid bilayers as a result 
of potential steric and electrostatic interactions with the phospholipid head- 
group region. The distinct membrane interactions of aggregated Ap(l-40) 
may contribute to non-receptor-mediated mechanisms of neurotoxicity by al
tering membrane structure-function relationships. (Supported by an NIA 
Nathan Shock Pilot Award to RPM.)

669.3
AMYLOID-p AGGREGATION PATHWAYS AND THE 
IDENTIFICATION OF FACTORS MODULATING FIBER FORMATION. 
D-S Yang1*, T.H.I. Huang2,3, C.M. Yip4-5, A. Chakrabartty23, P. E. Fraser1-2.
Centre for Research in Neurodegenerative Diseases1, Medical Biophysics2, 
Ontario Cancer Institute3, Chemical Engineering and Applied Chemistry4 
and Inst, for Biomedical Engineering5, Univ. of Toronto, ONT M5S 3H2.

Alzheimer's disease is characterized by the accumulation of amyloid 
plaques which are composed primarily of the amyloid-fl (Afl) peptide. 
We have observed that freshly prepared Ap displays a random coil 
conformation as determined by circular dichroism. Although unordered, 
the Ap was shown by centrifugation analysis and atomic force microscopy 
(AFM) to exist as amorphous aggregates rather than as soluble monomers. 
We propose that conversion to a fl-sheet fibril may be controlled by 
hydration forces which affect protein folding and protein-protein 
interactions. Osmotic stresses were applied using glycerol and 
polyethelene glycol (PEG) which at low concentrations were able to induce 
an immediate conversion from random to amyloidogenic fl-conformation. 
This was accompanied by the formation of small globular aggregates and 
protofibrils as revealed by AFM and electron microscopy. The final stage 
in the transition to fibrils was studied using preincubated Afl and in the 
presence of a low percentage of glycerol, a rapid conversion from the small, 
semi-fibrous protofibrils to rigid amyloid fibrils was observed. This was 
accompanied by a further increase in the fl-sheet content. These 
observations indicate alternate pathways for Afl aggregation and their 
dependence upon osmotic forces as well as identify additional tools for the 
study of amyloid fibril assembly. (Supported by Ont. Mental Health Fdn, 
MRC Canada, Neurochem. Inc)

669.4
INTERACTIONS OF AB WITH COPPER, ZINC AND APOE IN VIVO 
AND IN HUMAN CSF. R.P. Moir*, C.S. Atwood, D.M. Romano,
X. Huang, C. Glabe A.I, Bush, and R.E, Tanzi. Genetics and Aging Unit, 
Department of Neurology, Massachusetts General Hospital, Building 149, 
13th Street, Boston, MA 02129.

AB peptide is the principle component of the B-amyloid deposits that 
characterize Alzheimer's disease (AD). Increased cerebral accumulation of 
AB deposits is associated with inheritance of the e4 allele of
apolipoprotein E (APOE). The APOE gene has three alleles (e2, e3 and 
e4) and the risk conferred by APOE is dose dependent with two doses of 
APOE4 conferring significantly more risk than one. The pathogenic 
mechanisms for the increases in AB deposition associated with APOE4 
remain unclear. We and others have previously presented data consistent 
with differential binding of the three apoE isoforms to AB in simple 
buffers and of an ensuing differential effect on the peptide's propensity to 
aggregate. AB and apoE have been reported to form SDS stable complexes 
under some conditions and while the nature of the interactions has yet to 
be fully elucidated, it may involve an oxidative mechanism. In this study 
we compare metal-induced AB aggregation in CSF from patients with 
different apoE isoforms and in apoE-depleted biological fluids. We also 
investigate the role of copper and zinc in the formation of SDS stable 
complexes of apoE and AB.

AB dimers have been reported to be neurotoxic. Experiments in our 
laboratory have shown that AB forms SDS-stable dimers in the presence of 
copper. Hydrogen peroxide is also generated in the presence of AB and 
copper. The potential roles of apoE in inhibiting the formation of copper- 
induced dimers and generation of hydrogen peroxide are being 
investigated. [Supported by grants from NIA and NINDS]
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669.5
COUNTERION EFFECTS ON Ap FIBRILLOGENESIS. Y, Fezoui1, J, D. 
Harper1, A.L. Fink2, D. M, Walsh'. M.M, Condron1. G, Lee1*, P.T Lansbury1, and
D. B. Teplow1. 'Center for Neurologic Diseases, Brigham & Women’s Hospital and 
Harvard Medical School, Boston, MA 02115 and department of Chemistry and 
Biochemistry, University of California, Santa Cruz, CA 95064

Synthetic amyloid B-protein (AB) is used widely to study fibril formation in vitro. 
Low molecular weight forms of AB, as well as AB fibrils, have multiple physiologic 
effects when added to cells in culture or injected intracerebrally into non-human 
primates. Establishing the biological relevance of these effects is critical if efforts to 
develop therapies for Alzheimer’s disease are to succeed. Unfortunately, studies of the 
biophysical and physiologic behavior of AB have often yielded conflicting results. A 
likely, yet poorly appreciated, explanation for this confusion is the physical state of 
AB prior to its experimental use. AB is typically prepared as a salt of trifluoroacetic 
acid (TFA), a non-physiologic counterion. In this study, the effects of TFA on AB 
fibrillogenesis were compared with those of the biologically relevant counterions 
sodium and chloride. To do so, TFA, sodium hydroxide, and hydrochloric acid salts of 
AB were prepared. The structure of AB was then determined in the solid state by 
Fourier transform infrared spectroscopy. After dissolution in physiological buffer, 
temporal changes in the secondary structure, tinctorial properties, and morphology of 
AB during its assembly into fibrils were determined by circular dichroism 
spectroscopy, Congo Red staining, and atomic force microscopy. The resulting data 
show that the different AB salts vary in conformation in the solid state and in their 
fibrillogenesis kinetics. The explanations for these findings and the implications of 
the data for studies of AB assembly and bioactivity are discussed. NIH grant 
1PO1AG14366 (DBT and PTL) and the Foundation for Neurologic Diseases (DBT).

669.6
STUDIES OF PEPTIDE STRUCTURE AND CHAPERONE EFFECTS 
ON THE ASSEMBLY AND TOXICTY OF AMYLOID PEPTIDES C. 
Edwards,3 W B. Stine,3 B. Chromy,1 L. Kulans,3 M. Lambert,1 G. PriebeT^
Q. E Finch,2 W. L.-Rlein, ** G. A. Krafff. 'Department of Neurobíology 
and Physiology, Northwestern University; 2Dept. of Neurogerontology, 
University of Southern California; ’Evanston Northwestern Healthcare 
Research Institute, Evanston, IL 60201.

The amyloid P 1-42 peptide has been strongly implicated as a major 
causative factor in Alzheimer’s disease (AD). Recent reports from our 
laboratories have described the neurotoxic effects of highly potent, non- 
fibrillar assemblies of A|3 1-42 known as ADDLs, including their ability 
to compromise long term potentiation. In this presentation we describe 
the results of studies in which protein chaperones such as apolipoprotein J 
(apo J) and butyrylcholinesterase (BChE) or various metal ions interact 
with Ap 1-42 to influence the assembly AP monomer into higher order 
structures. We also have synthesized a set of structural analogs Of AP 1 - 
42, in order to evaluate the effects of particular structural changes on 
assembly pathways, on chaperone-mediated assembly, and on the ability 
of these peptides to induce neurotoxic activities. The set of analogs 
includes the so-called Dutch mutation at position 22, and replacement of 
histidines at positions 6, 13, and 14. Our results indicate that peptide 
structure has a major impact on peptide assembly, on peptide interactions 
with chaperones and on neurotoxic activity. Results also suggest that the 
contributory effects of inflammation to AD risk may be mediated by 
upregulation of glial proteins such as apo J and BChE which chaperone 
AP 1-42 into more highly toxic forms such as ADDLs.

Supported by grants from the National Institute on Aging

669.7

METAL-INDUCED CHANGES IN THE FLUORESCENCE PROPERTIE OF 
INTRINSIC TYROSINE AND TRYPTOPHAN SUBTITUTION MUTANT OF 
ALZHEIMER’S AB PEPTIDE 1,2Garzon-Rodriguez Vft 3Sepulveda-Becerra, M,2 
Iatsimirski K„ A and 'Glabe G..C . From 'Dept of Molecular Biology and 
Biochemistry and^Biological Chemistry 'Univ of California, Irvine CA 92612, 
and 2Facultad de Química, Universidad Nacional Autonoma de Mexico, Mexico 
D. F.

The accumulation of AB amyloid peptide in the brain is one of the pathological 
hallmarks of Alheimer’s disease. (AD). Biochemical analysis of the amyloid 
peptides from AD brain indicates that AB 1-42 is the principal species associated 
with senile plaques (SP), while AB 1-40 is more abundant in cerebrovascular 
amyloid deposits(CVA). It have been shown that metals ions such as Zn(II), 
Al(III) and Fe(II) promote the aggregation of AB 1-40. It is also reported that 
human AB 1-40 contains two specific binding sites of different affinities for Zn(II). 
Others groups have studied the metal-binding of AB amyloid by indirect 
measurement that rely on aggregation as an endpoint. To explore changes of the 
conformation of AB 1-40 and AB 1-42 amyloid peptide upon addition of metals, we 
used the changes in the fluorescence intensity of the single tyrosine of AB 1-40 
and AB 1-42 and Trp substitution AB 1-40. We found that, upon addition of metals 
like Zn(II), Cu(II) and Fe(II) of AB in Tris buffered saline at pH 7.4, the tyrosine 
and tryptophan fluorescence changes significantly in solution indicating that the 
metals-binding occurs. This approach could help to better understand the 
interaction of metals and natural AB unmodified by radiolabeling..
Supported by NIH NS-31230

669.8
AGGREGATION OF CELL-DERIVED AP AT NANOMOLAR LEVELS IN 
LIVING CELLS. B.P. Tseng. P.M, Walsh, B.L. Ostaszewski. W. Xia,
S.F. Matheson*, M.B, Podlisnv, P.B, Teplow and D.J. Selkoe. Center for 
Neurologic Diseases, Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA 02115.

In contrast to the many studies of AP aggregation in the test tube at non- 
physiologic concentrations and conditions we are studying initial oligomerization of 
naturally secreted AP at nanomolar levels in intact cells. Cells stably transfected 
with APP75| cDNA containing the Val717Phe mutation were metabolically labeled 
with 35S-methionine, and conditioned media (CM) examined by immuno
precipitation, SDS-PAGE and autoradiography. AP-specific bands were detected at 
3, 4, 6, 8 and 12 kDa, as we reported previously. Since SDS is a strong chaotrope 
and AP aggregation is mediated by non-covalent interactions, we sought to confirm 
the results obtained with SDS-PAGE by use of a non-denaturing method, size 
exclusion chromatography. 15 h CM was loaded onto a G-50 column and eluted 
with 0.05 M ammonium acetate, pH 8.5, and fractions assayed for AP using a 
sensitive sandwich ELISA. Three major peaks were observed: the first, which 
contained -5% of the total detectable AP, eluted in the void volume (>30 kDa), the 
second contained -75% of the total detectable Ap and had an apparent molecular 
mass (M) -7 kDa, and the third contained -10% of the total detectable AP with M 
-4 kDa. These results demonstrate the presence of putative monomeric, dimeric and 
oligomeric species of Ap in CM under non-denaturing conditions. Preliminary 
studies suggest that low n-oligomers detected in CM are formed either intracellularly 
or very shortly after their secretion. Pulse-chase experiments demonstrated the 
detection of 3, 4 and 6 kDa bands in CM as early as 30-45 min. of chase, with 
oligomeric bands detectable after 45-60 min. Moreover, 37l’C incubation of CM in 
the absence of cells did not result in additional oligomer formation, whereas 
examination of lysates from metabolically labeled cells revealed AP-specific bands 
at 3, 4, 6 and 8 kDa. These observations suggest that oligomerization occurs prior 
to or immediately after secretion and have obvious importance for the rational design 
of anti-fibrillogenic agents. Moreover, they indicate that our model system may be 
appropriate for screening or confirming candidate anti-aggregation compounds. 
(Supported by NIH Grants AG06173 and AG112749).

669.9
CORRELATION OF pH WITH THE GENERATION OF A TOXIC 
SPECIES FROM FIBRILLIZED Ap(l-40). R.V. Ward, D.R. Howlett. J.B. 
Davis*. G. Christie. C.W, Gray, D. Allsop and E.H, Karran. Neuroscience 
Research, SmithKline Beecham, New Frontiers Science Park, Harlow CM 19 
5AW, U.K.

While the fibrillization of AP peptide has been demonstrated to produce 
molecular species that are toxic to neuronal cells, the precise identity of the 
neurotoxic species remains elusive. We have utilized a variety of techniques 
to characterize the neurotoxic species, including toxicity versus IMR-32 
neuroblastoma cell lines, Congo red binding, an immunoassay specific for 
aggregated AP and gel electrophoresis followed by immunoblotting. 50 ug/ml 
AP(l-40) (Bachem ZM-605) was incubated overnight at pH 3.0, 5.5, 6.8 or
7.4 at 37°C. Only peptide that was fibrillized at pH 7.4 generated a toxic 
species, although Congo red binding was maximal at pH 5.5. AP aggregated at 
pH 7.4 was subjected to polyacrylamide gel electrophoresis on 4 - 20% Tris 
glycine gels and was immunodetected with an antibody directed at residues 5- 
9 of Ap. The AP fibrillized at pH 7.4 gave rise to a high molecular weight 
species that barely entered the stacking gel, as well as monomer and oligomer 
species. AP fibrillized at pH 6.8 did not give rise to the higher molecular 
weight species, although AP monomer and oligomer were present. 
Incorporation of aggregation inhibitors such as daunomycin or hemin resulted 
in a dose dependent reduction in the higher molecular species generated after 
AP aggregation at pH 7.4.

The higher molecular weight form may contain the neurotoxic species 
generated by AP aggregation.

669.10
STUDIES ON THE MEMBRANE DISORDERING EFFECTS OF 
ALZHEIMER’S DISEASE B-AMYLOID PEPTIDES. AGE - 
RELATED DIFFERENCES IN SUBCELLULAR FRACTIONS OF 
THE MOUSE BRAIN.
G.P. Eckert*, W.E. Müller Dept. of Pharmacology, Biocenter, University 
of Frankfurt, 60439 Frankfurt, Germany

Many evidences indicate that the interaction of 6-amyloid peptide (AB) 
with neuronal membranes contribute to its neurotoxicity in Alzheimer's 
disease (AD). We have previously shown that AB and several AB 
fragments decrease the fluidity of human cortex membranes in a 
concentration and peptide length dependent fashion (Amyloid 5(1998)10- 
15}. In the present study we examined the effect of AB peptides on 
subcellular fractions of the mouse brain. Neuronal fractions were isolated 
by ultracentrifugation using discontinuous ficoll gadients. The fractions 
were incubated with different aggregated AB fragments. Peptide 
aggregation was checked usine the thioflavin T fluorescent assay. 
Membrane fluidity was measured by polarization spectroscopy using the 
fluorescent dye DPH. The addition of different AB sequences to 
subcellular fractions decreased membrane fluidity in a concentration 
dependent manner. The effects on synaptosomal plasma membranes, 
mitochondria, and crude fractions were not different, whereas the effect 
on the fluidity of synaptosomes was more pronounced. The AB - related 
reduction of membrane fluidity in all subcellular fractions was dependent 
on the peptide length. The effects of AB25-35 and AB1-40 were similar, 
whereas die disordering effect of AB 1-42 was three fold higher. This is 
particulary importance, since enhanced AB 1-42 production seems to play 
a role in AD brains. Furthermore we could show that the susceptibility of 
synaptosomal fractions to AB was enhanced in brain samples from old 
animals. The age - related amplification of the synaptosomal membrane 
disordering effect of AB is in agreement with the AB - related hypothesis 
of membrane alterations as a major step in AD pathogenesis, (supported 
by DFG Mu467/8-l and Fond der Chemischen Industrie)
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669.11
FURTHER FACTORS AFFECTING THE PRO- AND ANTI OXIDANT
PROPERTIES OF SOME FRAGMENTS OF THE p AMYLOID PRECURSOR 
PROTEIN (PAPP): IMPLICATIONS FOR ALZHEIMER’S DISEASE (AD). A. C. 
Andorn* and M. Franko. Dept. of Psychiatry, St. Louis Univ. Schl. Of Med. And St. 
Louis VAMC, St. Louis, MO 63125.

We have shown that some fragments of PAPP, including the p amyloid (AP) 
peptides inhibit ascorbate-stimulated lipid peroxidation (ASLP) in membrane fragment 
preparations (MFP) of postmortem normal human prefrontal cortex. In particular,
AP|.4Oexhibits biphasic inhibition of ASLP in these MFP with a -pIC5(t of 6.1 ± 0.7 for 
the first component and 4.6 ±0.17 for the second component for respective IC5„ of 87 
nM and 27 pM. We now report that AfLoi exhibited a monophasic inhibition curve 
with -pIC50 of 4.5 ± 0.09 (IC5():32 pM). Further, AP1.40 incubated in PBS for 7 days to 
produce fibriilization and insolubility, also exhibited a monophasic dose-response curve 
with a -pIC5(, of 3.6 ±1.3 (IC50:360 pM). Fresh ApMn from a second manufacturer did 
not inhibit ASLP in our MFP, nor did the incubated Api_40 from this manufacturer. 
Scanning spectrophotometry confirmed that this batch was likely “pre-aged.” We also 
previously showed that fragments of PAPP from within the Kunitz Protease Inhibitor 
(KPI) like portion of PAPP enhance ASLP. We now report this enhancement is 
inhibited by both SOD and deferoxamine. pAPP32x-v!2 at 100 pM produced 200 ± 50% 
ASLP. In the presence of 50 mg/ml SOD, pAPP^x-x^ produced only 83 ± 46% ASLP 
and in the presence of 10 pM deferoxamine, only 47 ± 29% ASLP, suggesting that 
either SOD or iron chelation can prevent the enhancing effect of pAPP32x-332 on ASLP. 
Taken together, these data suggest that APi.4i) may be a cellular antioxidant and that this 
antioxidant property is lost when fibrillization occurs. Hence, once AP deposition 
occurs in AD an effective antioxidant mechanism may be lost. Secondly, given the 
increased iron concentration in AD cortex, the pro-oxidant properties of PAPP 
fragments from the KPI like sequences may be ensured, suggesting that the AD cortex 
is set to propagate oxidant damage.

DEMONSTRATION OF TWO SEPARATE COMPLEMENT 
BINDING/ACTIVATION SITES WITHIN THE AB PEPTIDE
B.M. Bradt1* and N.R. Cooper1 ’Department of Immunology, The 
Scripps Research Institute, La Jolla, California 92037

The amyloid B-peptide (AB) is the major component of the 
neuritic plaque (NP) which represents one of the defining 
histological hallmarks of Alzheimer’s disease. We and others have 
previously shown that several other proteins are associated with the 
fibrillar AB deposits in NP including components of the 
proinflammatory complement system. In vitro studies in this lab 
and others have demonstrated that AB peptides 1-40 and 1-42 
directly and independently activate both the classical and alternative 
complement pathways. Recent studies by several other laboratories 
have implicated the AB N-terminal residues 4-11 as the potential 
binding site for C lq, the classical complement pathway recognition 
unit. This study presents evidence for the presence of a second 
complement binding/activation site, located in the 12-28 region of 
the AB peptide. Activation by 12-28 AB peptide leads to binding of 
activation fragments of C3 to the peptide and to generation of the 
C5b-9 complex. Supported by NIH grant NS34682 and Novartis 
SPF1141

669.13
COMPLEMENT INTERACTIONS WITH AGGREGATED 
AMYLOID PEPTIDE Apl-42: A NIDUS FOR INFLAMMATION IN 
ALZHEIMER BRAINS. M.R. Emmerling*1, A.E. Roher2, K.S.
KinP ,K. Spiegel * and M.D. Watson k Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Co., Ann Arbor, MI, Sun 
Health Research Institute, Sun City, AZ, and ^New York Institute for 
Basic Research, Staten Island, NY USA

AD dementia is related to an inflammatory process that involves 
complement activation and deposition on amyloid plaques. To better 
understand the process, we exposed Apl-42, the main Ap peptide in 
AD senile plaques, to undiluted normal human serum (NHS). The 
aggregates were washed and extracted by SDS. Western blots show 
that aggregated Apl-42 binds complement proteins Clq, C4, C3, C5 
and C6. C3 activation products and the anaphylatoxins C3a and C5a 
are also detected. Activated C3 binds to the aggregated AP 1-42 both 
covalently and noncovalently. C3 does not bind to Apl-42 if comple
ment activation is inhibited or in the presence of Congo Red. In NHS, 
Apl-42 activates mainly the alternative pathway, and to a lesser extent 
the classical pathway. We can detect the formation of an active classi
cal C3 convertase on Apl-42 which is inhibited by Clr inhibitors. In 
AD brains, C3 and C4 binding to AP (opsonization), and C3a and C5a 
production could be the initial inflammatory steps leading to recruit
ment of immune cells (e.g., microglia) to AP deposits. This work sup
ports the use of complement inhibitors as therapeutic agents for AD. 
Funded by Parke-Davis

669.14
THE NUCLEAR AMYLOID £ (AP): A HEAT-SHOCK PROMOTER
BINDING PROTEIN. H, Asahara.1 Y. Ohvagi.1* Y. Nakabeppu.2 T, Yamada.1 
and J, Kira1. 1Dept. of Neurology, Faculty of Medicine, Kyushu Univ.; 2Dept. of 
Biochemistry, Medical Institute of Bioreg., Kyushu Univ.; Fukuoka 812-8582, Japan.

Intracellular Ap may be important as the source for the amyloid plaques in the 
Alzheimer’s disease (AD) brain, because Ap42, the major amyloidogenic Ap species, 
appeared to be much more abundant within the cells than in the extracellular space (Y. 
Ohyagi & S. Younkin, NS Meeting 1996). The intracellular AP may be stored in the 
endoplasmic reticulum (ER), presumably binding to ERAB. When we observed the 
AP42-immunoreactivity deposited in the H2O2-treated neuronal cultures, the deposited 
AP42 was associated with the nucleus as well as with the ER. Thus, there is a 
possibility that the intracellular AP, especially 42 species, might be a nuclear protein.

Since H2O2 treatment causes intraneuronal Ap42 deposition, interaction between 
Ap and DNA may be induced (or disrupted) by H2O2 treatment, i.e. oxystress. The 
transcriptional proteins induced by oxystress often bind the heat-shock promoters, so 
we examined whether or not AP binds the heat-shock elements (HSEs). The p53, a 
tumor suppressor protein leading cells to the post-mitotic state, is reported to be 
overexpressed in the neurons of the AD brain and of the AP42-transgenic mouse brain. 
The p53 promoter contains the various HSEs in a tandem form. We thus performed a 
gel-shift assay using a synthetic oligonucleotides of p53 promoter (pp53) and the 
synthetic AP40 and 42. It was revealed that the highly aggregated Ap42, but not the 
monomer of Ap42, bound the pp53. This binding was sequence-specific, because the 
excessive unlabeled pp53 but not non-specifc DNA clearly inhibited the binding 
between them. Moreover, the dot-immunoblotting showed an increased level of the 
Ap42-immunoreactivity in the nuclear extract of the H2O2-treated neuronal cell line, 
SKN-SH. These data may thus support our hypothesis described above.

Supported by the grants from the Kyushu University Interdisciplinary Programs in 
Education and Projects in Research Development.

669.15
cDNA CLONING OF A NOVEL SECRETED ISOFORM OF THE HUMAN 
RECEPTOR FOR ADVANCED GLYCATION END PRODUCTS (RAGE) AND 
CHARACTERIZATION OF CELLS CO-EXPRESSING CELL-SURFACE 
SCAVENGER RECEPTORS AND SWEDISH MUTANT AMYLOID PRECURSOR 
PROTEIN. P. Malherbe*, J.G. Richards, H. Gaillard, A. Thompson, C. 
Diener, A. Schuler and G. Huber, Pharma Division, Preclinical CNS 
Research, F. Hoffmann-La Roche Ltd, CH-4070 Basel, Switzerland

The receptor for advanced glycation end products (RAGE) has been 
recently proposed as cell surface receptor that binds amyloid-p protein 
(A3), thereby triggering its cytotoxic effects (Yan et al., Nature 382 
(1996) 685-691). A cDNA library of human lung was screened for RAGE 
with an appropriate hybridization probe. In addition to cell surface 
RAGE, several clones were found which encode a new version of RAGE, 
termed hRAGEsec, which lacks the 19 amino acids of the membrane- 
spanning region and is therefore secreted. The pattern of expression of 
hRAGEsec in human brain was analyzed by in situ hybridization 
histochemistry. The most intense expression of the gene was detected in 
hippocampal CA1-3 pyramidal cells, dentate gyrus granule cells, 
cortical neurons as well as glial cells in white matter. To investigate the 
interaction between Ap and RAGE and another scavenger receptor 
SRA under physiological conditions, they were co-expressed with 
human pAPP695-SFAD in a human cell and the level of Ap in the 
condition medium was assessed by immunoprecipitation and ELISA 
analysis. A nearly 100% reduction of Ap from the conditioned medium of 
hRAGE cells and ~ 50% reduction from the SRA-cells implied that hRAGE 
is the more prominent cell surface receptor interacting with Ap.

669.16
Apolipoprotein E, ß/A4-amyloid and astrocytes. U. Hamker*, V. Meske, F. 
Albert, W. Müller* and T.G.Ohm. Institutes of Anatomy and Physiology (#), 
Charité, Humboldt University, 10098 Berlin, Federal Republic of Germany

Lesions of the brain increase Apolipoprotein E (ApoE) levels provided by 
astrocytes. ApoE plays a major role in Alzheimer’s disease and modulates 
onset and/or progression ofthe disease by 12-15 years. Experimentally, the 
pathological rank order of the 3 main isoforms (E2, E3, E4) is reflected in the 
specific increase of free intraneuronal calcium [Ca(i)j after incubation with 
ApoE-isoforms, an effect enhanceable by ß/A4 (Wüstenberg et al., 1997). 
We used the FURA imaging technique to show transient increases in [Ca(i)J 
of cultured rat hippocampal astrocytes (P1, 14days in vitro) after stimulation 
with ApoE isoforms (20nM). These increases were dependent on the 
presence of extracellular calcium and due to activation of a P-type-like 
calcium channel as indicated by blocking experiments. Competiton studies 
with lactoferrin and LDL suggested that at least some of the classical ApoE- 
receptor binding-sites were not involved in this new signalling mechanism. 
Analysis of ApoE secreted into the media showed that free intracellular 
calcium does not directly control ApoE secretion. ß/A4-fragments known to 
be harmful to neurons lowered the available ApoE significantly. Combined 
confocal laser microscopy, Western blotting and ELISA-determinations 
(threshold 250pM) demonstrated that these fragments stopped the synthesis 
of ApoE - although the cells displayed morphological and biochemical signs 
of activation (stellate shape, increased GFAP and S100ß-staining). ß/A4 was 
found attached to the outside of the cell membrane bound almost 100% of 
the secreted ApoE. Thus, the bio-availability of ApoE might be severely 
hampered in Alzheimer’s disease.
This work was supported by the DFG; SFB 507-C2 and C4, the Biomed II 
program, the Hertie-Stiftung and the Forschungskommission der Charité.
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669.17

APOLIPOPROTEIN E RECEPTORS PLAY A ROLE IN Ap-INDUCED 
ASTROCYTE ACTIVATION. J. Hu1*, G, Bu2, M.J. LaDu3, and 
L,J. VanEldik1. ^ept Cell and Mol Biol, Northwestern Univ Med Sch; 
2Dept Pediatrics, Washington Univ Med Sch; and 3Dept Pathology, 
Univ of Chicago, Chicago, IL

Reactive glia, as part of the inflammatory responses that accompany 
Alzheimer's disease (AD), are abundant around senile plaques. 
Apolipoprotein E (apoE), a risk factor for AD, is a component of these 
amyloid plaques. We have previously shown that p-amyloid (A(3) induces 
astrocyte activation in vitro and that this reaction is attenuated by the 
addition of exogenous apoE. In the present experiments, aged 
preparations of Ap (1-42) activated primary rat astrocyte cultures and 
increased by 20-fold the amount of cell-associated apoE and apoJ, the 
two primary protein components of astrocyte lipoproteins. RAP, an 
inhibitor of apoE receptors, blocked Ap-induced activation. Activation of 
astrocytes by cAMP did not affect the amount of cell-associated apoE or 
apoJ, nor was cAMP-induced activation inhibited by RAP. These data 
suggest that Ap-stimulated glial activation includes both a set of novel 
responses, as well as a novel mechanism of action. Specifically, Ap- 
induced activation appears to involve apoE receptors and may be 
mediated by complex formation between Ap and an apoE receptor ligand. 
Previous biochemical assays have demonstrated that several apoE 
receptor ligands bind Ap, including apoE, APP and a2M. As these 
activated astrocytes express both the LDL receptor and LRP, experiments 
are in progress to determine which apoE receptors and ligands play a role 
in Ap-induced astrocyte activation. (Supported by NIH AG13939).

669.18
SECONDARY STRUCTURE OF BETA-AMYLOID PEPTIDE (Ap) DETERMINES 
THE ABILITY OF APOLIPOPROTEIN E TO INHIBIT Ap PROTEOLYSIS . M, 
Bender, M.R. DeFelippis, W.Y, Li, F.D. Miller, and P.A. Hyslop*. Lilly Research 
Laboratories, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285.

One of the defining histopathological features of Alzheimer’s Disease (AD) is the 
deposition of AP fibrils to ultimately form neuritic plaques. ApolipoproteinE (ApoE) 
binds Ap, has been shown to inhibit Ap proteolysis, is present in plaques, and in 
addition, knocking out the expression of ApoE in the PDAPP mouse significantly 
reduces the amount of amyloid deposition. Thus, it is reasonable to speculate that the 
ApoE-Ap interaction interferes with the clearance of Ap. In this study, we examine 
the potential effects of recombinant ApoE on AP clearance that may be mediated by 
direct proteolysis. Trypsin-activated a2-Macroglobulin (a2M-T) is a proteinase 
inhibitor present in the extracellular matrix, as well as in amyloid plaques, that can 
entrap and covalently bind proteinases which remain proteolytically active toward 
small (i.e. AP), but not large (i.e. ApoE) molecular weight proteins. a2M-T was used 
as the proteolytic complex at a concentration of 28nM during a 21 h incubation at 
37°C. Using Ap ELISAs to analyze proteolytic degradation of Afl(1_40), we show that 
the presence of stoichiometric ApoE (1.5pM) can dramatically inhibit AP degradation. 
This degradation, however, is dependent on the secondary structure of Ap. When Ap 
(1.5gM) is in a non-aggregated and non-neurotoxic, random-coil conformation 
(determined by CD spectroscopy and Congo red binding), ApoE had no effect on the 
rate of Ap proteolysis. However, as AP is “aged” to adopt a neurotoxic P-sheet 
conformation, ApoE effectively inhibited proteolysis by the a2M-T. The degree of 
inhibition of proteolysis by the recombinant ApoE was not isoform-dependent. 
Because ApoE selectively inhibits AP proteolysis in its P-sheet conformation, we 
suggest that the presence of ApoE may be an important factor regulating the accrual 
and deposition of AP by inhibiting the normal proteolytic clearance mechanisms 
operating in the extracellular compartment in the CNS. [Eli Lilly & Co.]

669.19

AMYLOID PRECURSOR PROTEIN GENE REGULATION AT THE 
LEVEL OF TRANSLATION» INTERLEUKIN-1 AND IRON IN 
ASTROCYTES. JT. Rogers C L. LeiterC SS. Zhan2. J. McPheef N. 
Barroso^, H-Y. RhuiC H. Potter2*. L. Nilsson.2* Department of Medicine, 
Hematology Division, Brigham & Women's Hospital, Harvard Medical School.
2 Dept. Neurobioiogy, Harvard Medical School, Boston, MA 02115.

Interleukin-1 (IL-la andIL-ip) increased the synthesis of nascent APP protein in 
primary human GFAP-positive astrocytes without changing the steady state levels 
of APP-mRNA (3-fold in response to IL-la and 4-fold in response to IL-lfl, n= 12). 
There was no change in the steady-state levels of APP-mRNA in primary astrocytes 
following IL-la stimulus over a time course (2 hr, 6 hr, 16 hr) whereas the levels 
the transcript for the amyloid promoting alpha-1 antichymotrypsin (ACT) mRNA 
was ten-fold increased. Astrocytoma cells (U373MG) showed a maximal 9-fold 
stimulus of APP synthesis (Average 5-fold stimulus, n=6). Similarly, steady-state 
levels of APP-mRNA were unchanged in astrocytoma cells after 16 hr stimulus 
with both IL-la andIL-ip. A 90 nt element from the 146 nt 5' untranslated 
region (5’UTR) of APP-mRNA conferred 4-fold IL-1 responsive gene expression to 
CAT reporter mRNAs in astrocytoma cells, accounting for the enhancement in APP 
protein synthesis. RNase protection shows that transfected hybrid APP/CAT 
mRNA levels are unchanged in response to IL-1. This IL-1 responsive APP- 
mRNA 5'UTR element has coordinates between +55 nt and +144 nt from the APP- 
mRNA 5' cap site and contains sequences similar to the IL-1 responsive acute box 
sequence in the 5'UTRs of ferritin mRNAs. The APP-mRNA homology with the 
L-ferritin acute box region maps from from +55 nt to +144 nt from the APP- 
mRNA 5' cap site. We note that the response of the translational regulatory 
sequence in the APP-mRNA 5'UTR to IL-1 provides a new link between local 
inflammation at the plaque regions of the brains of Alzheimer's patients and an 
elevated APP protein synthesis in reactive astrocytes. SUPPORTED BY ADRC 
(MASS) AND AFAR.

669.20
BRAIN INJURY INDUCES CEREBRAL XANTHOMA IN APOE- 
KNOCKOUT MICE ON A HIGH-LIPID DIET
L.C. Walker^R.A. Durham and W.J. Lipinski. Neuroscience Therapeutics, Parke- 
Davis Research Division, Warner-Lambert Co., 2800 Plymouth Road, Ann Arbor, 
MI 48105.

Apolipoprotein-E (apoE)-deficient mice develop disseminated xanthomatosis 
when fed a high-fat/high cholesterol (HFHC) diet. Xanthomas consist mainly of 
cholesterol crystals, neutral fat, and foam cells; in the brain, these lipid lesions 
usually occur in the choroid plexus, and in rare cases they can affect the neural 
parenchyma (Walker et al., Am. J. Path. 151:1371, 1997). Aged animals are 
especially susceptible to cerebral xanthoma, in humans with high levels of 
circulating cholesterol, xanthomas can arise at sites of focal injury to the skin. To 
test the hypothesis that injury to the brain will promote cerebral lipid deposition, 
stab wounds were made in the neocortex and hippocampus of 6 young and 2 aged 
apoE-knockout mice that had been placed on a HFHC diet 1 week earlier. After 
three additional weeks on the diet, the brains were removed for histological 
analysis. The wound sites in all mice were bordered by deposits of neutral fat, as 
seen with Oil Red O. In one aged animal, fully developed xanthomas, composed 
of foam cells, neutral fat and cholesterol clefts, adjoined the wound and invaded 
the brain parenchyma. The results show that focal injury to the brain can trigger 
the formation of cerebral xanthoma in animals with high levels of circulating 
cholesterol and fat. in humans with high levels of circulating cholesterol, 
parenchymal lipid deposition may exacerbate the neural consequences of head 
injury or stroke, thereby also elevating the risk of Alzheimer’s disease. Supported 
by Warner-Lambert.
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670.1

APOLIPOPROTEIN E IMMUNOREACTIVITY IN NEURONS OF AGED 
NON-DEMENTED AND ALZHEIMER'S DISEASE BRAINS. 
P.Gomgz-RamQg1 M.A.MoraiAl.Gonzalez-Sanchez^.J.Mufson2 
^ept Morphology. Autonoma Univ. Madrid 28029. Spain.
2Rush Presbyterian Med Ctr. Chicago, IL 60612. USA.

In both non-demented and Alzheimer's disease (AD) 
patients, Apolipoprotein E (ApoE) immunoreactivity has 
already been reported in senile plaques, neurofibrillary- 
tangles, astrocytes and neurons. First, we examined with light 
microscopy ApoE immunoreactivity in neurons, with and 
without neurofibrillary tangles, from hippocampus and 
entorhinal cortex of 7 non-demented (32-92 years old) and 3 AD 
(75-91 years old) patients. Then, we chose for the 
uitrastructural study 3 aged non-demented and 3 AD brains. At 
light microscopy, most neurons were ApoE negative in the 
studied regions, but some groups of neurons appeared 
inmmunolabeled in both non-demented and AD brains. In 
addition, most ghost tangles, but very few intracellular 
neurofibrillary tangles, were ApoE positive in the same 
regions. Ultrastructurally, in both non-demented and AD 
brains, ApoE-positive neurons devoid of neurofibrillary 
degeneration showed diffuse cytoplasmic immunoreactivity 
with no vesicular immunostaining. Thus, neuronal ApoE did not 
show the expected vesicular labeling for a recently endocyted 
substrate. Supported by CAYCIT PM 97/0005.

670.2

APOE PROMOTER POLYMORPHISMS AND ALLELIC 
EXPRESSION IN AD AND CONTROL BRAINS J-C. Lambert, P. 
Amouyel, M-C. Chartier-Harlin* and the collaborative study group.
INSERM CJF 95-05, Institut Pasteur de Lille, 1 rue du professeur Calmette. 59019 
Lille, France.

The s4 allele of the APOE gene is a strong risk factor for 
Alzheimer's disease (AD). However, the impact of this allele on AD is 
not yet fully understood. Recently, preliminary observations of an 
allelic distortion in relative APOE mRNA levels in the brain of 
patients with AD compared to controls was described1, suggesting 
that polymorphisms in the APOE locus itself may also modulate the 
e4 allele associated risk. This hypothesis was reinforced by the 
findings of two polymorphisms (Thl/E47cs and -491 AT) in the 
APOE promoter2,3.
We studied the impact of these two polymorphisms in a large AD and 
control population (n=573 and n=509, respectively) and we tested 
their effect on the e4 allelic expression in AD and controls brains 
(n=37 and n=28, respectively). Results will be presented.
'Lambert et al (1997) Hum. Mol. Genet, 6, 2151-2154.
"Lambert et al (1998) Hum. Mol. Genet., 7, 533-540.
’Bullido et al (1998) Nat. Genet.. 18. 69-71.

The collaborative study group : C. Berr, F. Pasquier, A Delacourte, B 
Frigard, D Cottel, J Pérez-Tur, M Mohr, D Cécyre, D Galasko, C 
Lendon, J Poirier, J Hardy, D Mann.
We are indebted to the Fondation IPSEN, the Fondation pour la Recherche 
Médicale, the Conseil Régional du Nord Pas-de Calais, INSERM and IPL.
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670.3
APOLIPOPROTEIN E GENOTYPE INFLUENCES THE ANTIOXIDANT 
PATTERN IN ALZHEIMER’S DISEASE BRAIN.
C. Ramassanty *. D, Averill [l1, L. Theroux. S. Lussicr-Cacan121,
J. Davignon121, Y,Christen1’' and J. Poirier. Douglas Hospital Research Centre. 
McGill University Montreal. Quebec 11 |Université du Quebec à Montreal. ]2]lnstitut 
de Recherche Clinique de Montreal. [3] IPSEN Institute (France), email : 
mccrla'jmisica. megi 11, ca

The e4 allele of apolipoprotein is associated with sporadic and familial 
late onset Alzheimer's disease (AD). The biochemical processes underly ing this 
association are currently unknown. We have demonstrated that in hippocampus 
from AD patients that the lipid peroxidation is genoty pe driven. To explore the 
mechanisms of this association, the levels of different antioxidants were 
determined. Activities of antioxidant enzymes such as catalase or glutathione 
peroxidase and the concentration of glutathione (an antioxidant compound and 
a substrate for the glutathion peroxydase) increased while the level of 
hydrophilic antioxidant a-tocopherol decreased in AD patients. The lower lex cl 
of glutathion associated to the weaker antioxidant property of the e4 isoform 
could contribute to the specific increase in lipid peroxidation observed in E4 
carrier. We propose that the higher disruption of lipid homeostasis by oxidative 
induction could act svncrgistically with the s4 allele of apoE and contribute to 
the increased risk for AD.
Supported by FRSO (Québec), the Alzheimer Society of Canada, the
Medical Research ( 'ounci! of ( 'anada and IPSEN Institute (France)
lie thank the Douglas Hospital Brain Bank, Danielle Cecyre and Nicole Aiimont for 
their helphful assistance.

670.4
PHOSPHOINOSITIDE SIGNALING IN apoE KNOCKOUT MOUSE 
CORTEX. P. De Sarno* and R. S. Jope. Department of Psychiatry and 
Behavioral Neurobiology, Univ. of Alabama at Birmingham, Birmingham, 
AL 35294-0017.

Apolipoprotein E (apoE)-deficient (knockout) mice, 4 and 12 months old, 
were used to test if activation of the phosphoinositide signal transduction 
system coupled with muscarinic, adrenergic, or glutamatergic metabotropic 
receptors, or inhibition by hydrogen peroxide or peroxynitrite, was affected 
by apoE-deficiency in cerebral cortical slices. In 4 month old apoE 
knockout mice, glutamatergic metabotropic receptor-stimulated 
phosphoinositide hydrolysis was 57% lower than age-matched wildtype mice, 
whereas the responses to muscarinic and adrenergic receptor stimulation 
were not different from wildtype mice. In 12 month old mice, the response 
to glutamatergic metabotropic receptor stimulation remained impaired in 
apoE knockout mice, and an impairment in phosphoinositide hydrolysis 
activated by muscarinic receptors (36% decrease), but not by adrenergic 
receptors, also was evident. Oxidative stress induced by hydrogen peroxide 
or peroxynitrite inhibited phosphoinositide hydrolysis activated by 
muscarinic or glutamatergic metabotropic receptors equivalently (41 to 
52%) in 4 and 12 months old wildtype mice. In contrast, these oxidative 
agents had no effect on phosphoinositide hydrolysis activated by adrenergic 
receptors. The inhibitory effects of oxidative stress were not enhanced in 
apoE knockout mice. These results demonstrate that apoE-deficiency and 
oxidative stress have receptor-selective inhibitory effects on the 
phosphoinositide signal transduction system. These differential sensitivities 
to apoE and to oxidative stress may contribute to selective impairments in 
signaling activity in neurodegenerative conditions associated with apoE 
isoform-sensitivity or oxidative stress, such as Alzheimer’s disease.

Supported by NIH grant AGO6569.

670.5
IMPROVED SPATIAL LEARNING OF APOLIPOPROTEIN E KNOCKOUT MICE 
FOLLOWING REPEATED EXPOSURE TO RATS. J. Grootendorst*', E, R, de Kloet1. 
S. Palm'. M. Mulder2. M. S. Oitzl'. LACDR, Division of Medical Pharmacology, 
University of Leiden, P.O. Box 9503, 2300 RA Leiden; 2Gaubius Laboratory, TNO 
Prevention and Health, P.O. Box 2215, 2301 CE Leiden, The Netherlands.

Since apolipoprotein E4 (apoE4) has been identified as a riskfactor for Alzheimer's 
disease (AD), a role for apoE in synaptic plasticity and cognition has been suggested. 
Previously, we have shown that apoE-knockout mice are indeed impaired in spatial 
learning and memory (Oitzl et al, Brain Res.752:189-196,1997) and show altered synaptic 
plasticity in hippocampal neurons (Krugers et al, NeuroRep.8:2505-10,1997). The most 
important other riskfactor is age. Stress hormones like glucocorticoids also play a 
prominent role in aging as reflected by increased hypothalamic-pituitary-adrenal axis 
activity in AD. Glucocorticoids are known to affect the integrity of the neuronal network 
and cognition as well. Consequently, we combined two major risk factors for AD: stress 
and apoE and hypothesized that stress will (i) impair spatial learning in wiid type mice and 
(ii) add to the impairment in apoE-deficient mice. - Half of the male apoE-deficient mice 
(homozygous n=20, heterozygous n=26) and their wild type littermates (6 to 8 months old; 
n=20) were repeatedly exposed to rats placed on top of their cages for two weeks, i.e. 
stress. During the third week animals were tested in the Morris water maze task 
(submerged, visible platform; probe trials). Extending and supporting our previous 
findings, spatial learning and memory was impaired in homozygous apoE-deficient mice 
compared to wild-type controls; heterozygous mice showed an intermediate performance. 
Following “rat stress” control mice impaired their performance whereas heterozygous mice 
were not influenced. Unexpected, however, was the improved performance in stressed 
apoE-deficient homozygous mice almost to the level of non-stressed wild type controls. 
In conclusion, stress does interfere with learning in mice and the positive direction of the 
effect appears to be related to apoE.
Supported by ISAO 679756-0270, NWO 970-10-007 and EC BiotecPL960179.

670.6
Isoform specific synaptic alterations in Apolipoprotein E transgenic 

mice.1, VeinbergsUM. Mante3, M. Mallorya. M.W, Jungn.S.J, Young0. P.M. Groves0, J.
R. Gilbert?. E. Masliah36* University of California. San Diego, School of Medicine, Depts 
of Neurosciences3, Pathology6 and Psychiatry0, Ajou University^, Neuroscience and + 
Dept. of Medicine (Neurology), Duke University Medical Center.

Increased risk of Alzheimer’s Disease is related to die presence of allele 4 of 
apolipoprotein E (apoE). Recent studies suggest that apoE plays a neurotrophic 
function in die central nervous system and that altered functioning of this molecule 
could result in neurodegeneration. Supporting this notion, apoE deficient mice show 
neurodegenerative and cognitive alterations which are reversed by 
intracerebroventricular infusion of apoE. To further elucidate the in vivo and isoform 
specific role of apoE in die CNS, apoE transgenic(tg) mice were studied. Tg mice 
were generated using genomic E3 or E4 constructs on a apoE null background. Mice 
were tested to evaluate cognitive, synaptic and electrophysiological function. Mice 
were tested for behavioral alterations using a M-Maze and the Morris water maze. 
ApoE null mice displayed significant cognitive alterations, while apoE tg mice where 
slightly altered compared to controls. These results are consistent with the 
immunocytochemical analysis suggesting that cognitive impairments in apoE null 
mice is related to changes synaptic structure. Neuropathologic analysis showed 
amelioration of the neurodegenerative changes in the apoE3 tg mice and to a lesser 
extent in die apoE4 tg mice. The apoE4 tg mice continued to show astrogliosis, 
decreased expression of molecules involved in synaptic sprouting(GAP43), and 
dendritic damage. ApoE4 tg mice showed relative preservation in the expression of 
synaptophysin. Consistent with these findings neurophysiological analysis showed 
synaptic plasticity alterations in hippocampal slice of apoE null mice. Further studies 
are underway to correlate synaptic changes, LTP and cognitive impairments in apoE 
tg mice. Taken together these studies show that in vivo, apoE plays a role in the 
stabilization of the synapto-dendritic apparatus Supported by NIH A610869, The 
Alzheimer’s Foundation and The Broad Foundation.

670.7
DIFFERENTIAL EXPRESSION OF LDL RECEPTOR-RELATED PROTEIN AND 
AMYLOID PRECURSOR PROTEIN IN DELETION MUTANTS OF RECEPTOR- 
ASSOCIATED PROTEIN. Z. Qiu* . E, Hollenbach, B.T. Hyman and G.W. 
Rebeck, Dept. of Neurology, Massachusetts General Hospital, Harvard 
Medical School, Charlestown, MA 02129.

Inheritance of the e4 allele of the apolipoprotein E (apoE) gene is 
associated with an increased risk of Alzheimer's disease (AD). The LDL 
receptor-related protein (LRP) is a major multifunctional apoE 
receptor in the CNS which also binds secreted amyloid precursor 
protein (APP). Recently Kang et al (Neurology 49:56-61, 1997)
reported linkage between a silent polymorphism in exon 3 of LRP 
(C766T) and AD. We confirmed this association in a study of 234 AD 
patients and 103 controls. The odds ratio of inheritance of the LRP 766 
C/C genotype was 2.05 (1.25-3.36, p< 0.006), and was independent 
of apoE genotype. To examine the role of LRP on APP and apoE in the 
CNS, we measured the expression of LRP, APP, and apoE in the brains 
of deletion mutants of receptor associated protein (RAP) using 
Western blot analysis. We found that a 73% decrease in the levels of 
LRP in RAP-knockout mice (n=4) was associated with a 50% increase 
in the levels of APP (n=4), in comparison to control (n=4). There 
were no difference in apoE levels between control and RAP deficient 
mice. Our results suggest that (1) RAP-knockout mice provide a 
relative LRP deficient model for us to approach a functional research 
of LRP in the CNS, since genetic deletion of LRP in mice is lethal; ( 2 ) 
alterations in LRP levels can affect APP production or degradation, 
which may affect neuronal function, and contribute to underlying 
mechanism of AD neuropathology. Supported by American Health 
Assistance Foundation.

670.8
GLIAL APOLIPOPROTEIN E SECRETION IS UPREGULATED BY NEURONAL 
INJURY IN MIXED CULTURES. V. Petegnief1*, J. Saura2 and S.M. Paul1'2. 
'Neuroscience Discovery Research, Lilly Research Laboratories, Indianapolis, IN 
46285, and 2Dept. of Pharmacology and Toxicology and Psychiatry, I.U.School of 
Medicine, Indianapolis, IN 46285.
Apolipoprotein E (apoE), an abundant apolipoprotein in plasma and cerebrospinal 
fluid, is involved in the metabolism of lipoproteins and cholesterol transport. The 
increased frequency of the apoE4 allele among Alzheimer’s disease (AD) patients 
suggests that apoE plays a role in the pathogenesis of AD. Our recent finding that the 
absence of the ApoE gene results in a dramatic decrease in [3-amyloid (Ap) deposition 
in transgenic mice overexpressing APPV717F (Bales et al., Nature Genet., 17; 263, 
1997 and Bales et al. this meeting) supports the hypothesis that apoE is involved in AD 
pathogenesis by affecting AP deposition and/or clearance. In the CNS, apoE is 
synthesized by glia and apoE expression is increased in vivo after neuronal injury, 
possibly to augment the internalization of cholesterol for membrane repair. We have 
established an in vitro model system to study the mechanisms by which neuronal injury 
alters glial apoE expression and release. Fetal rat cortical glial and mixed neuronal/glial 
primary cultures were exposed to the neurotoxin N-methyl-D-aspartate (NMDA) and 
secreted apoE was quantified in the media using both Western and dot blot analyses. In 
mixed neuronal/glial cultures NMDA (5-300 pM) induced a concentration-dependent 
neurotoxicity resulting in an increase in apoE secretion (up to 180% increase, P<0.001 
vs untreated cultures), presumably from astrocytes. The neuronal injury-induced 
increase in apoE secretion was time-dependent with the maximal effect observed five 
days after the lesion. By contrast, apoE levels in the medium of pure glial cultures were 
not affected by NMDA treatment. Our data indicate that mixed glia/neuron cultures 
constitute a good model system to study the increase in apoE expression/release by 
glial cells in response to neuronal injury. This model should facilitate delineation of the 
signaling intracellular events responsible for the neuronal injury-induced glial apoE 
upregulation.
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670.9

LIPID FREE APOE3 AND APOE4 ARE DIFFERENTIALLY DEGRADED VIA 
CELLULAR LRP. Li Yu1*, Masa Narita3, Guojun Bu3,4, Alan Schwartz2,3, and 
David Holtzman1,2. Department of Neurology1, Pediatrics3, Cell Biology and 
Physiology4, Molecular Biology and Pharmacology2, Washington University 
School of Medicine; St. Louis, MO 63110.

The e4 allele of apolipoprotein E (apoE) is a major risk factor for Alzheimer’s 
disease (AD). The mechanism(s) underlying this association remains unknown. In 
the CNS and in plasma, apoE is likely to mediate binding of apoE-containing 
lipoproteins to members of the low-density lipoprotein (LDL) receptor family 
including the LDL receptor and the LDL receptor-related protein (LRP). We have 
recently found that both lipid-associated and lipid-free apoE, in the absence of 
lipoprotein particles, can be catabolized via cell surface LRP. We have now 
compared the binding and degradation of lipid free 125I-apoE3 and apoE4. Both 
cellular binding and degradation of lipid-free 125I-apoE3 was significantly greater 
than that found for l25I-apoE4 (binding 1.5-2X greater, degradation 2-2.5X 
greater). Degradation of both apoE3 and apoE4 was predominantly mediated via 
LRP as it was significantly inhibited by receptor-associated protein (RAP) and was 
much greater in wild type than in LRP-deficient mouse embryonic fibroblast cells. 
A significant amount of cellular binding was also mediated by LRP. These data 
suggest that LRP can serve as a receptor for lipid-free apoE. These findings may 
have relevance under certain conditions in the normal or diseased brain in which 
apoE may be in a lipid-free or in a very lipid poor form. Cellular catabolism of 
lipid poor apoE may be important for clearance of both apoE and apoE-associated 
proteins such as Ap. (Grants: NIH AG 13956 and AG05681).

670.10
PHARMACOGENETIC APPROACH TO THE TREATMENT OF
ALZHEIMER’S DISEASE: EFFECT OF ACETYLCHOLINESTERASE 
INHIBITORS ON APOLIPOPROTEIN E METABOLISM IN VITRO.
U. Beffert*, N, Aumont and J. Poirier. Centre for Studies in Aging, McGill University 
and Douglas Hospital Research Centre , 6875 LaSalle Blvd., Verdun, Quebec, Canada. 
H4H 1R3.

The discovery that the apolipoprotein E4 (apoE4) allele is strongly linked to both 
sporadic and familial late onset Alzheimer's disease (AD) raises the possibility that a 
dysfunction of the lipid transport system could seriously affect lipid homeostasis in the 
brain. We recently proposed that the abnormally low concentrations of apoE observ ed in 
the brain of apoE4 AD subjects could compromise cholesterol, fatty acids and 
phospholipids transport in the CNS. This, in turn, would indirectly impair the cholinergic 
system which, in contrast to other neurotransmitters in the CNS, relies heavily on lipids 
to synthesize acetylcholine. Indeed, several independent investigators have now confirmed 
the original observation of an inverse relationship between apoE4 allele copy number and 
residual brain choline acetyltransferase activity and nicotinic receptor binding sites in the 
brain of AD subjects. The current study was designed to examine the effects of inhibitors 
of acetylcholinesterase (AChE) on apoE metabolism as a possible mechanism that could 
explain the pharmacogenetic response observed in Alzheimer’s disease treated with AChE 
inhibitors. Apolipoprotein E levels were measured in the media of type 1 primary 
astrocytes maintained in serum free condition exposed to various concentration of 1) 
Tacrine, 2) E-2020 (Aricept), 3) Metrifonate, 4) Heptylphysostignune, 5) CI-1002 and 6) 
ENA-713 (Exelon). Tacrine and Heptylphysostigmine were found to be potent modulators 
of apoE synthesis and secretion in type 1 astrocytes at micromolar concentrations The 
other AChE inhibitors failed to induce apoE synthesis and secretion at concentrations that 
are physiologically relevant to brain. Supported by the Alzheimer’s Society of Canada. 
Medical Research Council of Canada, Parke Davis Corporation and Hoechst Marrion 
Roussel via grants-in-aids. J.P. is an MRCC Scientist.

670.11

HUMAN SKNSH-SY 5Y NEUROBLASTOMA CELLS: 
APOLIPOPROTEIN E AND CELL DIFFERENTIATION

Cathia Soulié, Valérie Mitchell, Jean-Claude Beauvillain- André
Delacourte, Marie-Laure Caillet-Boudin*

INSERM U 422, Place de Verdun, F-59045 Lille cedex, 
France.

Previously, we clearly showed the ability' of human 
neuroblastoma cells to synthesize apoE This was surprising because, 
though brain immunocytochemistry' studies showed the presence of 
apoE in some neurons, in situ hybridization experiments never 
allowed to detect a synthesis of apoE in neuronal cells. Therefore, in 
our cellular model, we looked for cellular events able to regulate the 
cellular apoE synthesis

By/« situ hybridization experiments, we show that a decrease 
of cellular apoE synthesis could be induced by cell NGF- 
differentiation. Furthermore, when treating cells by exogenous apoE, 
we induced a clear decrease in apoE synthesis depending on the apoE 
variants: ApoE4 was more efficient than apoE2.

This work leads to two but not exclusive hypotheses about the 
apoE regulation in in vivo neuronal cells: 1) the absence of detection 
of neuronal apoE synthesis could be due to a regulation of apoE 
synthesis during the differentiation process; 2) the incresase of apoE 
synthesis and secretion by glial cells during neurodegenerative 
pathology or regeneration could completely shut off a neuronal apoE 
synthesis.

670.12
LIPOPROTEIN SECRETION BY PRIMARY ASTROCYTES FROM WILD 
TYPE, APOE NULL AND HUMAN APOE TRANSGENIC MICE. A.M. 
Fagan1*, D.M, Holtzman', Y, Sun’, S, Wu1, T. Mathur1, G.S. Getz2, C.A.
Reardon . J. Lukens , J.A. Shah , and M.J. LaDu2. 2Dept Neurology, Washington 

Univ Sch Med; Dept Pathology, Univ of Chicago, Chicago, IL 60637
The composition and type of lipoproteins which are present in the brain has 

implications not only for lipid transport but also for the delivery and distribution 
of apolipoprotein E (apoE) and other lipoprotein constituents within the CNS. 
ApoE is a risk factor for Alzheimer's disease (AD) via an isoform-specific 
mechanism as yet unknown. Glia are the primary cell type in the CNS that 
synthesize apoE, and we have previously shown that primary rat astrocytes secrete 
a discoidal lipoprotein the size of large plasma HDL that contains apoE and apoJ. 
To better understand the role of apoE in the synthesis of astrocyte lipoproteins, we 
have characterized lipoproteins secreted by primary astrocytes cultured from wild 
type, apoE null and GFAP-apoE transgenic mice in which human apoE3 or apoE4 
is expressed by astrocytes in the absence of mouse apoE. As analyzed by non
denaturing size chromatography, astrocytes from wild type mice secrete a discrete 
population of lipoproteins the size of large HDL composed of phospholipid and 
cholesterol. ApoE and apoJ are the primary protein components. Interestingly, 
apoE null astrocytes do not secrete lipoprotein particles in spite of comparable 
apoJ expression. Astrocytes from GFAP-apoE3 and -E4 transgenic mice secrete a 
broad range of lipoprotein particles with sizes between LDL and HDL. ApoE is 
found across this range of lipoproteins while apoJ localizes only to the HDL-like 
particles. In addition, the particles containing human apoE contain less lipid than 
particles containing mouse apoE. These results suggest that in astrocytes, apoE is 
necessary for secretion of lipid particles. In addition, the type of apoE (mouse 
versus human) appears to influence the fashioning of lipid into homogeneous or 
heterogeneous populations of particles. (Funding: NIH AG 13956, AG05681; AD 
Assn; State of MO AD program)

670.13

(3-AMYLOID ASSOCIATES WITH CNS LIPOPROTEINS. M.J.

G.S, Getz1, and C.A, Reardon1. *Dept Pathology, Univ of Chicago, 
Chicago, IL 60637; 2Dept Neurology, Washington Univ Med Sch; 
3Dept Cell and Mol Biol, Northwestern Univ Med Sch.

Several classes of lipoproteins (chylomicrons, VLDL, LDL, and 
HDL) transport lipid in the plasma, each with a unique lipid and 
apolipoprotein composition. In addition, P-amyloid (Ap) appears 
to be a component of plasma lipoproteins, primarily HDL. Less is 
known about the lipid-carrying particles in the brain. We have 
previously shown that the lipoproteins found in CSF and 
conditioned media from primary astrocyte cultures elute in a single 
peak using non-denaturing size chromatography. These particles 
are the size of large plasma HDL, are composed of phospholipid 
and cholesterol, and contain apolipoprotein E (apoE) as the 
primary protein component. For the current experiments, we 
incubated fresh human CSF and conditioned media from primary 
rat astrocyte cultures with 25pM or lOOgM A(3(l-40). In both CSF 
and astrocyte conditioned media, AfJ eluted exclusively in the 
lipoprotein-containing fractions. Western analysis of these 
fractions revealed that a portion of this Ap was part of an SDS- 
stable complex with apolipoproteins, particularly apoE. We 
believe that association with lipoproteins provides a means of 
transport and clearance for the peptide, a process that may be 
further influenced by the complex formed between apoE and A|3. 
Grant support AHAF 97006; AD RG1-96-053.

670.14
TRUNCATED N-TERMINAL APOE IS INCREASED IN 
CONDITIONED MEDIUM OF TGFB1-TREATED N9 CELLS.
S.N. Joshi* and K.A. Crutcher. Dept. of Neurosurgery, U. of Cincinnati, 
Cincinnati, OH. 45267-0515.

Microglia, which are present in the cores of senile plaques, have been implicated 
in the inflammatory process in Alzheimer’s disease (AD). Microglia associated 
with senile plaques are immunopositive for apoE (Uchihara et al., 1995), the E4 
isoform of which is a major risk factor for AD. Truncated N-terminal apoE (t-apoE) 
has been shown to exhibit isoform-specific toxicity (Marques et al., 1997) and 
similar apoE cleavage products are present in the brains and CSF of control and AD 
patients. It has been hypothesized that the role of apoE in AD is that of direct 
isoform-specific neurotoxicity (Crutcher et al., 1997). TGFB1 has been postulated 
to play a role in AD and is increased in the CNS of patients with AD (Wyss-Coray 
et al., 1997). In this study, the hypothesis that TGFB1 increases the production of 
t-apoE was tested.

A mouse microglial cell line (N9) was used to characterize the effect of 
lipopolysaccharide (LPS) and the cytokine TGFB1 on production of full-length 
apoE and t-apoE. N9 cells were plated in T25 flasks to confluency and treated for 
24 hrs with 10 (xg/ml of LPS or 10 ng/ml of TGFB1 in serum-free medium 
containing DMEM-F12. The conditioned medium was concentrated and proteins 
were separated using SDS-PAGE. ApoE-immunoreactive bands were detected using 
Western blotting with enhanced chemiluminescence. A variety of immunopositive 
bands were detected, including a band running with an apparent molecular weight of 
22 kDa, presumably t-apoE. The relative amounts of full-length and t-apoE were 
calculated using scanning densitometry. N9 cells treated with TGFB1 exhibited a 
striking increase of both apoE and t-apoE with an increase in the ratio of truncated 
to full-length apoE. On the other hand, N9 cells treated with LPS showed a 
downregulation of apoE similar to that reported for macrophages (Zuckerman et al., 
1993). These results suggest that a cytokine implicated in AD alters apoE 
metabolism resulting in increased levels of t-apoE in a microglial cell line. 
(Supported by the Alzheimer’s Association and The Fraternal Order of Eagles.)
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670.15
MOUSE AND HUMAN APOE AND ESTROGEN MODULATE 
MOSSY FIBER SPROUTING IN ORGANOTYPIC HIPPOCAMPAL 
SLICE CULTURE B, Teter*. M.E. Harris-White. S. A. Frautschv.
J, R. Gilbert1. P-T. Xu1. A. D. Roses2. D. Galasko3. G. M, Cole.
Sepulveda VA Medical Center and Dept. of Medicine, UCLA, Sepulveda 
CA 91343; ‘Duke University; 2Glaxo Wellcome; 2UCSD.

The function of apolipoprotein E (ApoE) in neuronal sprouting may 
contribute to its isotype-specific risk for Alzheimer's disease and act as a 
target for the therapeutic effect of estrogen. which up-regulates ApoE 
expression in glia. The in vitro organotypic hippocampal slice culture 
(OHSC) system shows granule cell mossy fiber sprouting in response to 
deafferentation of the entorhinal cortex, as revealed by quantitative 
Timm’s staining. ApoE knockout (ApoE-KO) OHSC showed regionally 
localized defective sprouting which was partially rescued by delivery of 
cholesterol, supporting a role for ApoE in cholesterol transport to 
sprouting neurons. The sprouting defect in ApoE-KO was completely 
rescued by expression of a human ApoE3 transgene, while equivalent 
expression of ApoE4 incompletely rescued sprouting.

17b-estradiol (100 pM) treatment of OHSC from wild-type C57B1/6J 
mice stimulated sprouting that was regionally co-localizated with ApoE- 
dependent sprouting. In support of the role of up-regulation of ApoE 
expression in stimulation of sprouting, 17b-estradiol stimulated ApoE 
levels in the media of OHSC from ApoE3 transgenics in which ApoE 
expression is driven by the human genomic promoter.
Supported by UCLA Alzheimer's Disease Center (ADC), UCLA Center 
on Aging, and UCLA Claude Pepper Older American's Independence 
Center funded by the NIA (AG-10415) to B.T.; VA MERIT to G.M.C.; 
and UCLA ADC to M.E.H-W.

670.16
HISTIDINE 48 AND ASPARTIC ACID 49 IN HUMAN PROTEASE 
NEXIN 1 (PN1) ARE INVOLVED IN LDL RECEPTOR-RELATED 
PROTEIN (LRP)-MEDIATED ENDOCYTOSIS. M.F, Knauer. S.J, 
Kridel. T, Becker*, and D.J. Knauer, Dept. of Dev. and Cell Biol., Univ. 
of Calif., Irvine, CA 92697.

Thrombin and the serine protease inhibitor, protease nexin 1 (PN1), have 
been reportedly found associated with plaques in the brains of Alzheimer's 
disease patients. We recently identified a peptide, corresponding to 
residues Pro47 thru Ile58 in PN1, that inhibited the internalization of 
Th:PNl by the LDL receptor-related protein (LRP)/a2-macroglobulin 
receptor. In the present studies further analysis of this region was done 
using site directed mutagenesis to generate two variants of PN1 that were 
expressed in Sf9 insect cells via a baculovirus expression vector. One 
variant contained a single Ala substitution at Ilis49; the other contained a 
second Ala substitution at Asp49. These variants were designated 
PN1(H48A) and PN1(H48A;D49A), respectively. Both variants formed 
SDS stable complexes with 125I-Thrombin, had normal second order rate 
constants for thrombin inhibition, and bound to cell surface heparins with 
the same apparent affinity. However, the rate of catabolism of 125I- 
Th;PNl(H48A) complexes was lowered to 50% the rate of native 125I- 
Th.PNl complexes, while the catabolic rate of 125I-Th:PNl(H48A;D49A) 
was lowered even further, to 15% the rate of native complexes. The 
lowered catabolic rates were directly attributable to a decreased rate of 
LRP-mediated endocytosis. These studies are the first functional 
demonstration of specific residues in a SERPIN required for LRP- 
mediated endocytosis, and in part explain the cryptic nature of the LRP 
binding site in PN1 When it is not in complex with a protease.
Supported by NIH grant R01-GM34001-09.

670.17
NEUROPHYSIOLOGICAL AND BEHAVIORAL EFFECTS OF CHRONIC 
INFUSION OF HUMAN RECOMBINANT APOLIPOPROTEIN E (APOE) IN 
APOE KNOCKOUT MICE D.Champagne*, O, Ghribi, J-B. Dupuy, N. Aumont. J. 
Rochford, G. Massicotte and J. Poirier. Molecular Neurobioiogy Lab., Douglas Hospital 
Research Center, Depts. of Neurology and Neurosurgery, and Psychiatry, McGill 
University, and McGill Center for Studies in Aging, Montreal, Quebec, Canada.

The emergence of ApoE4 as a major risk factor for both familial and sporadic cases 
of late-onset Alzheimer's disease (AD) has been confirmed in more than two hundred 
studies worldwide. In the central nervous system ApoE is believed to play a pivotal role 
in the mobilization and redistribution of cholesterol and phospholipids during 
membrane remodeling associated with neuronal plasticity. ApoE-knockout (ApoE-KO) 
mice show reductions in the magnitude of long-term potentiation (LTP). ApoE-KO 
mice have also been observed to have marked cognitive impairments in the Morris 
water maze. The purpose of this study is to investigate whether chronic infusion of an 
ApoE3 isoform is able to improve the LTP and learning deficits in ApoE-KO mice.

Human recombinant ApoE3 (0.05 pg/ml) was intused directly into the lateral 
ventricle of the brain via an osmotic pump during 28 days. Cognitive deficits were 
measured using the Morris water maze. LTP was measured on brain slices at the level 
of pyramidal cells in the CA1 area of the hippocampus.

Our results demonstrate that chronic treatment with human recombinant ApoE3 did 
not significantly reverse the cognitive deficits in the Morris water maze in ApoE-KO 
mice as compared to controls. Further, chronic ApoE3 infusion did not significantly 
improve the LTP reductions observed in ApoE-KO mice. This study is still in progress 
and will be testing others isoforms of ApoE (E2 and E4) as well, at different 
concentrations. These results should give insight on the expected benefits of chronic 
ApoE administration on cognitive and LTP impairments in ApoE-KO mice.
(Supported by the MRC, FRSQ, Alzheimer Society of Canada, Hoestch Marnon 
Roussel Crop, and Parke-Davis Pharmaceuticals).
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671.2671.1

Criteria to Establish a Biochemical (post-mortem) Diagnosis of Alzheimer’s 
Disease (CEBDAD). A. Delacourte1*, J-P. David1, L. Buée1, A.Wattez1, F. Pasquier2., 
F. Lebert 'Unité INSERM 422, 59045 Lille cedex (delacourte@lille.inserm.fr);
"Dpt of Neurology, CH&U Lille, F-59037 cedex France

Objectives: To determine the criteria for a biochemical diagnosis of sporadic AD, 
using post-mortem brain tissues, for a reliable quantification of brain lesions.

Methods: We used a multidisciplinary approach (clinical, neuropathological, 
biochemical) and investigated 130 cases of different ages and different cognitive 
status, from « successful aging » to « full-blown » AD. 60 cases were non-demented. 
Most of them had been followed prospectively. We quantified amyloid deposits 
extracted from frontal and parietal cortices by dot blotting, with anti-AO. 
Neurofibrillary degeneration (NFD) was quantified by western blotting of PHF-Tau 
from 15 different brain areas and specific immunodetection with anti-PHF AD2.

Results: We observed a sequential and hierarchical spreading of NFD in 10 
different brain areas successively. It extended from the hippocampal region (Stages 1 
to 3) to temporal cortex (pole, inf and mid) (stages 4 to 6), then to association areas 
(stages 7, 8), to primary regions (stages 9a.b,c) and to all cortical areas (stage 10). 
From these results. CEBDAD could be determined. Specificity and sensitivity were 
close to 100% with the following criteria: simultaneous presence of the characteristic 
western blot pattern of PHF-Tau in two association brain areas: Brodmann area 10 
(frontal pole) and 39 (inf. parietal ctx) as well as the presence of insoluble AG peptide 
above 30 picomoles per milligram of tissue (average for both regions). Infra-clinical 
AD was observed at stages 4 to 6. « Normal » (or usual) aging (without amyloid 
deposits) was observed up to stage 3.

Conclusion: The biochemical approach on the brain tissue improves the precision of 
AD diagnosis. It should be noted that we have to analyze 2 association brain areas and 
to work with 2 biochemical markers (AG and PHF-Tau) to have a reliable 
biochemical diagnosis of AD. These results forecast difficulties to set up a diagnosis 
based on specific biochemical markers in peripheral fluids.

Different sets of phosphorylated tau isoforms aggregate into filaments 
in neurodegenerative disorders allowing a differential biochemical 
diagnosis. Mailliot, N. Sergeant. T. Bussière. A. Delacourte and L. Buée*. 
INSERM U422, F-59045 Lille Cedex, France. Email: buee@Iille.inserm.fr

Six tau isoforms are found in human brain. They are hyperphosphorylated in 
Alzheimer’s disease (AD) and aggregate into paired helical filaments (PHF). By 
immunoblotting, PHF-Tau are characterized by a tau triplet Tau 55, 64, 69 and a 
minor variant at 74 kDa. In Pick’s disease (PiD), aggregated tau proteins are made of 
a major tau doublet Tau 55, 64 whereas, another tau doublet Tau 64, 69 charac
terizes neurodegeneration in progressive supranuclear palsy (PSP) and corticobasal 
degeneration (CBD). The tau electrophoretic profiles observed in these disorders may 
be related to the overexpression of specific tau isoforms in particular subsets of neu
rons. We investigated this hypothesis 1) by analysis of brain tissues using specie 
antibodies raised against the sequences encoded by spliced exons (2, 3 and 10) and 2) 
by transfection of COS cells, using different combinations of tau isoform cDNAs 
and followed by a treatment with okadaic acid (OA), a phosphatase inhibitor.

By immunoblotting, Tau 64, 69 found in CBD/PSP were shown to result from 
the phosphorylation of isoforms with exon 10-containing sequence (E10+). Tau 55, 
64 in PiD resulted from the phosphorylation of isoforms without exon 10 (E10-). 
Transfection of E10-tau cDNAs in COS cells led to the formation, after OA treat
ment, of the Tau 55, 64 variants. Using the same approach, Tau 64, 69 were shown 
to be made of phosphorylated E10+ isoforms whereas the Tau triplet (+74 kDa 
variant) in AD resulted from the phosphorylation of both tau isoforms (E 10-/E10+).

In conclusion, degeneration of neurons leads to the aggregation and hyper
phosphorylation of their constitutive tau isoforms. Thus, the biochemical signatures 
(Tau 55 and 64, Tau 64 and 69; Tau 55, 64 and 69) found in neurodegenerative 
disorders are related to the presence of different combinations of tau isoforms (E10- 
and/or E10+) in subpopulations of neurons

Society for Neuroscience, Volume 24,1998
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671.3
MOLECULAR ANATOMY OF TAU INCLUSIONS WITH 
ANTIBODIES THAT SPECIFICALLY RECOGNIZE TAU 
ISOFORMS
S. Arawaka, G. Lee , and H. Mori*
Department of Neuroscience, Osaka City University, Medical School, 1-5-7 
Asahimachi, Abenoku, Osaka 545, Japan, Tokyo Institute of Psychiatry, 2-1-8 
Kamikitazawa, Setagayaku, Tokyo 156, Japan, fax; +81-3-3329-8035, *Centerfor 
Neurologic Disease, Brigham & Women’s Hospital, Harvard Medical School, Boston, 
MA 02115, USA

Tauopathy is collectively reganledasa group of neurodegenerative diseases,including 
Alzheimer’s disease (AD), that express neuropathological inclusions of tau in the brain. 
The aggregation of tau and the formation of neurofibrillary tangles (NFT) show 
significant correlation with dementia in tauopathy. Tau is primarily composed of six 
isoforms i n human brain that arise from alternative splicing. However, little is known 
regarding the spatial expression of specific isoforms in normal or diseased brain. To 
examine the expression of each tau isoform in brains affected with tauopathy, we 
prepared several antibodies that each recognizes a specific tau isoform and studied 
tauopathy in diseased brains by immunohistochemistry. These antibodies wereraised 
against synthetic peptides specific to the regions by which tau isoforms are 
distinguished (exons 2,3, and 10). We obtained antibodies against 1) exon 3, 2) the 
junction between exons 2 and 3 in the amino terminus, 3) exon 10, and 4) the repeat 
domain in carboxy terminus. * These antibodies exhibited the predicted specificity in 
recognizing the six isoformsof recombinant human tau (352, 381,383, 410, 412, and 
441 residue isoforms). We examined brain tissue from several patients with AD and 
found a variety of tau staining patterns with these antibodies, suggesting that NFT are 
not homogeneous inclusions. Nevertheless, webelieve that in AD, amajor diseaseof 
tauopathy. the expression of tau isoforms may have a distinct pattern characteristic of 
NFT formation.

671.4
THE ANTI-TAU MONOCLONAL ANTIBODY MN7.51 SHOWS A SPECIFIC 
WESTERN BLOT PATTERN FOR ALZHEIMER’S DISEASE. G, Ugolini, A, 
Cattaneo* and Michal Novak. Neuroscience Programme, International School for 
Advanced Studies (SISSA), 34013 Trieste, Italy.

Tau protein normally functions as an axon-specific microtubule-associated protein 
with the capacity to form reversible interactions with tubulin. In Alzheimer’s Disease 
(AD), it abnormally accumulates in the somatodendritic compartment of neurones in 
the form of neurofibrillary tangles, dystrophic neurites and as a neuritic component of 
senile plaques. Monoclonal antibody MN7.51 is a pan-tau monoclonal antibody 
recognizing all 7 human isoforms and all known tau isoforms of cattle, mouse, rat, 
pig, goat and sheep. Epitope mapping showed that the MN7.51 epitope is located in 
the beginning of 4th repeat of the microtubule binding region. We used MN7.51 and 
some well established monoclonal antibodies in the AD field (Tau-1, PHF-1, Alz-50), 
for the study of the western blot patterns from post-mortem brain tissues of various 
neurodegenerative disorders (Alzheimer’s disease, Pick’s disease, Parkinson’s disease) 
and age-matched controls. Results show that the western blot pattern obtained with 
MN7.51 is specific for Alzheimer’s disease and could have a significant diagnostic 
value as it might replace time and money consuming histological counting of plaques 
and tangles. The same pattern could be reproduced to some extent with PHF-1. Alz-50 
and Tau-1 stained extracted brain tau very well but without any AD-specific 
discriminatory value. Supported by grants from Howard Hughes Medical Institute 
(No.75195-54701).

671.5

PHOSPHORYLATION OF TAU AT SER 262 IS ASSOCIATED 
WITH REDUCED EXPRESSION OF SYNAPTOPHYSIN 
MESSAGE IN AD BRAIN. L, M, Callahan*. W. Chen. L. Guo. P, 
D, Coleman. Previously we demonstrated that phosphorylation of tau 
at Ser 396/404, as revealed by PHF-1 immunoreactivity, was not 
associated with altered expression of synaptophysin message in AD 
brain (NS Abstract, 1997, 638.20). Ser 396/404 lies outside the 
traditional microtubule-binding domain of tau. However, Ser 262 lies 
within the traditional microtubule binding domain of tau, and 
phosphorylation of tau at this site has been shown to reduce the 
capacity of tau to promote microtubule assembly in vitro (Biemat et 
al., 1993; Mandelkow et al., 1995). In the present study we 
combined double immunohistochemistry for NFT and for tau 
phosphorylation at Ser 262 (using antibody AS 32, kindly provided by 
Dr. Peter Frey) with in situ hybridization for synaptophysin message. 
Pyramidal neurons from CAl of hippocampus of control and AD 
brains were studied. Grains, representing expression of 
synaptophysin message, were counted over NFT-free neurons 
immunoreactive (IR) to AS32, and compared to grain counts over 
neighbor NFT-free neurons that were not IR to AS32. Preliminary 
grain count data, obtained from a blind analysis, indicate that tau 
phosphorylation at Ser 262 is associated with a statistically significant 
reduction in synaptophysin message. This work was supported by 
the following grants: LEAD AG09016, NRSA 5T32 AG00107, R01 
AG01121, ADC AG08665, the Lucille P. Markey Charitable Trust, 
and the American Health Assistance Foundation.

671.6
MITOCHONDRIAL PROTEIN COMPLEXES WITH PHF-TAU IN ALZHEIMER’S 
DISEASE W.Bondareff,*' C.M.Wischik2 and C.R.Harrington3. 1 Dept. of Psychiatry, 
Univ. of Southern California, Los Angeles,CA 90033 and 23Dept. of Psychiatry, Univ. 
of Aberdeen, Aberdeen, U.K.

PVC, a non-specific tau-binding matrix, has been shown to enhance tau-tau 
binding through the repeat domain by inducing conformational changes. The recent 
demonstration that PHF-like tau localizes in PC12 cells after heat shock to a 
mitocliondria-rich region of perinuclear cytoplasm, suggested that a mitochondrial 
membrane protein may provide such a PVC-like matrix in the human brain in 
Alzheimer’s disease (AD). PHFs in intracellular tangles and dystrophic neurites were 
labeled by immuno-eiectron microscopy with phosphorylation-dependent antibodies 
(Alz50 and mAb AT8), a human specific N-terminal tau antibody (mAb 499), mAb 
423 which recognizes tau protein within the cores of the PHF C-terminally truncated 
at Glti-39!, and a porin antiserum. No labeling of extracellular tangles could be 
demonstrated with the mitochondrial antiserum, although they were labeled by mAb 
423. Porin was demonstrated in proteolytically stable complexes with PHF-tau 
show n to initiate a cascade of high affinity tau capture and C-terminal truncation at 
Glu-391. The accumulation of porin into stable complexes with PHF-tau suggests 
that this mitochondrial outer membrane protein may provide a matrix that initiates the 
formation of PHF-tau and that the function or turnover of mitochondria is altered in
AD. These findings provide direct evidence linking mitochondrial function with tau- 
d\ smetaboiism in AD.
Supported by Della Martin Foundation (LA), the Medical Research Council (UK), 
the Lister Institute, Zeneca Pharmaceuticals pic, the Leopold Muller Estate, and the 
New ton Trust (Trinity College).

671.7

DISCREPANCY BETWEEN BODIAN AND TAU-IMMUNOSTAIN IN 
NEOCORTICAL NEURONS OF CORTICOBASAL DEGENERATION.
T. Uchihara12 3*, H, Mizusawa1, K. Tsuchiya4, H. Kondo2, T. Oda5, and
K. Ikeda2 . 'Dept. of Neurology, Tokyo Medical and Dental Univ, Tokyo 113-8519, 
Japan. 2Dept. of Neuropathology, Tokyo Inst, of Psychiatry.
3Dept. of Neuropathology, Tokyo Metropolitan Inst, for Neuroscience.
4Dept. of Pathology and Laboratory Med., Tokyo Metropolitan Matsuzawa Hosp.
5 Dept of Psychiatry, National Shimofusa Sanatorium

In order to clarify different features of cytoskeletal pathology in 
neocortical neurons between corticobasal degeneration (CBD) and 
Alzheimer disease (AD), the relationship between neurofibrillary tangles 
(NFTs), which are defined as a fibrillary structure stained by Bodian 
method, and tau immunopositive-neurons in the neocortex was assessed by 
sequential staining of tau immunohistochemistry (1:5000, anti-human tau 
rabbit polyclonal Ab visualized by anti rabbit IgG-FITC) followed by 
Bodian method on the same section.

In AD brains (n=5 age;66-84yo), tau-like immunoreactivity in neurons 
was uniformly colocalized with Bodian-positive NFTs. In CBD brains 
(n=4, 65-69yo), however, tau-immunopositive neurons (n=53) were 
classified into three different types as follows: majority (43/53) of tau- 
immunopositive neurons not stained by Bodian method at all (diffuse 
cytoplasmic type), some (8/53) partly stained by Bodian method (mixed 
type), and few (2/53) completely colocalized with argyrophilia by Bodian 
method (NFT type as in AD brain). Predominance of tau-immunoreactive 
neurons lacking argyrophilia on Bodian method (diffuse cytoplasmic or 
mixed type; 51/53) is characteristic of CBD and suggests that the tau 
molecule is less liable to form argyrophilic fibrils in neocortical neurons 
of CBD. (supported in part by grants from Foundation of Longevity 
Science and Japan Foundation for Neuroscience and Mental Health)

671.8
INCREASED EXPRESSION OF GSK-3 IN THE NUCLEUS BASALIS OF 
MEYNERT AND TUBEROMAMILLARY NUCLEUS IN ALZHEIMER'S DISEASE. 
A. Salehi1, J. -J, Pei2. R, Verwei1* and D.F, Swaafe .* Graduate School Neurosciences 
Amsterdam, Netherlands Institute for Brain Research, Meibergdreef 33, 1105 AZ, 
Amsterdam, The Netherlands; department of Geriatric Medicine KFC, Huddinge 14186, 
Sweden.

The nucleus basalis of Meynert (NBM), the tuberomamaillary nucleus (TM) and the 
nucleus tuberalis lateralis (NTL) are three nuclei which are differentially affected by 
neurofibrillary degeneration in Alzheimer’s disease (AD). In AD, the NBM and TM are 
severely affected by late stages of neurofibrillary degeneration as indicated by silver 
staining. However, the NTL is only affected by early neurofibrillary degeneration as 
stained by Alz-50 staining. NFTs are composed of paired helical filaments, of which the 
main component, tau, is believed to be abnormally phosphorylated. One of the enzymes 
which may transform normal tau into an AD state is glycogen synthase kinase-3 (GSK-3) 
which was found to be enriched in the brain. The present study was carried out to study 
the relationship between the expression of GSK-3 and the stages of neurofibrillary 
degeneration in AD and to determine possible effects of ApoE polymorphism on the 
expression of this enzyme in different areas of the hypothalamus with different stages of 
neurofibrillary degeneration. Brains from 12 control subjects (70 ±2 years of age; mean 
± SEM) and 21 AD patients (70.2 ±1.4 years) were fixed in formalin and embedded in 
paraffin. Using an image analysis system, it turned out that there was a significant 
difference in the percentage of GSK-3-positive neurons between controls and AD patients 
in both NBM (p=0.002) and TM nucleus (p=0.004). However, there was no significant 
(p=0.4) difference between controls and AD patients in the percentage of neurons 
expressing GSK-3 in the NTL, an area of the hypothalamus which does not show any 
silver-stained NFTs but many pretangles. Furthermore, there was no significant 
relationship between the number of ApoE e4 alleles and the percentage of neurons 
stained by GSK-3 in any area (p=0.7). This study suggests that the expression of GSK- 
3 is associated with rather late stages of neurofibrillary degeneration. (Brain material 
was obtained from the Netherlands Brain Bank, coordinator Dr. R. Ravid; The project 
was supported by a grant from ISAO).
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671.9
THE DISTRIBUTION OF ACTIVE GLYCOGEN SYNTHASE KINASE 3p 
(GSK-3p) IN HUMAN BRAINS STAGED FOR NEUROFIBRILLARY 
CHANGES. JTP_eiJ. E. Braak2, H. Braak2, I. Grundke-Iqbal2, K. Iqbal3, B. 
Winblad1, and R. F. Cowbum1 'Karoiinska Institute, Dept. of Clinical 
Neuroscience and Family Medicine, Section for Geriatric Medicine, KFC, 
Huddinge, Sweden; 2Dept. of Anatomy, J.W., Goethe Univ., Frankfurt, 
Germany; 3NYS Institute for Basic Research in Developmental Disabilities, 
Staten Island, NY, USA

Accumulation of paired helical filaments (PHFs) as neurofibrillary tangles, 
neuropil threads, and dystrophic neurites is one of the major neuropathological 
hallmarks in Alzheimer's disease (AD) brain. The major protein subunit of PHF 
is the abnormally hyperphosphorylated tau protein. Glycogen synthase kinase 
3P (GSK-3p) is one of the candidate kinases involved in the abnormal 
hyperphosphorylation of tau. However, to be involved in the phosphorylation 
of tau, GSK-3P should be active in tangle bearing neurons. Using antibodies 
specific to active and inactive forms of GSK-3p, the regional and intracellular 
distribution of the enzyme were investigated in brains staged for neurofibrillary 
changes according to Braak and Braak's criteria (Acta NeuropathoL, 1991, 82, 
239-259). Neurons positive for active but not inactive GSK-3P were initially 
found in transentorhinal region and Pre-alpha layer of the entorhinal cortex, and 
further on in hippocampal CA1, temporal cortex layer III and V, and other 
cortical regions in the same sequence as neurofibrillary tangles, neuropil 
threads, and dystrophic neurites develop. Intracellularly, active but not inactive 
GSK-3P was found to be accumulated in the cytoplasm of neurons which 
appeared to be in a pretangle stage. These findings add further support to the 
idea that GSK-36 might be involved in the abnormal hyperphosphorylation of 
tau in tangle-bearing neurons in AD.

671.10
TRANSGLUTAMINASE-INDUCED e-(y-GLUTAMYL)LYSINE COVALENT 
BONDS CROSSLINK PHF TAU AND (3-AMYLOID IN ALZHEIMER’S 
DISEASE. 'M. A, Norlund*, 2J.M, Lee and 3N.A. Muma.; “JDept. of Pharmacology 
and 2Dept. of Pathology; Loyola University Chicago, Maywood IL 60153.

Transglutaminases are calcium-dependent enzymes that specifically introduce e-(y- 
glutamyl)lysine covalent bonds into peptides, fanning high molecular weight (MW) protein 
aggregates resistant to degradation and proteolytic digestion. In the current studies, 
densitometric analysis of Western blots revealed that transglutaminase-induced crosslinks 
were significantly elevated in Alzheimer’s diseased (AD) frontal and parietal cortices (n=7) 
as compared to AD cerebellar (n=7) tissue and non-demented control cortical (n=l 0) tissue. 
Additionally, cortical protein fractions were immunoaffinity purified for e-(y- 
glutamyl)lysine crosslinked proteins. Immunoblots prepared with these immunoaffinity 
purified lysates demonstrated that paired helical filament (PHF) tau, P-amyloid and high 
and medium MW neurofilament proteins were significantly crosslinked in AD brains as 
compared to controls. Furthermore, PHF tau proteins were found to be crosslinked both 
intra- and inter-molecularly, which would account for the fonnation of high MW polymers 
in AD brains. Specific enzymatic cleavage of e-(y-glutamyl)lysine crosslinks in PHF tau 
using the isopeptidase destabilase, abolished immunolabeling with MC-1, a monoclonal 
antibody directed against a conformational epitope in PHF tau. Therefore, some of the 
conformational alterations present in PHF tau, which have been shown to develop early in 
AD, are due to the presence of s-(Y-glutamyl)lysine bonds. Furthermore, we demonstrated 
that PHF tau crosslinking is an early phenomenon that appears to occur prior to the 
formation of senile plaques and neurofibrillary tangles. Therefore, the e-(y-glutamyl)lysine 
crosslinking of PHF tau is not merely a secondary event that occurs after plaques and 
tangles are formed, but may be a primary mechanism involved in the formation and 
stabilization of AD neuropathology. Blockade of transglutaminase enzyme(s) may, 
therefore, provide a novel strategy for the treatment of AD.
(Supported by the Retirement Research Foundation #96-400)

671.11
INDUCTION OF TRANSGLUTAMINASE BY SODIUM BUTYRATE AND 
RETINOIC ACID DOES NOT INDUCE CROSSLINKING OF TAU PROTEIN IN 
NEUROBLASTOMA CELLS S.M. Singer*, M.A. Norlund, B. Wolozin, P. LoPresti 
and N.A. Muma. Dept. of Pharmacology, Loyola University Chicago Stritch School 
of Medicine, Maywood, IL. 60153

Our laboratory has recently shown that transglutaminase (TGase) - induced 
8-(Y-glutamyl)lysine crosslinks are abundant in paired helical filament tau from 
Alzheimer’s diseased brains, and that this crosslinking may be one of the early 
processes in neurofibrillary tangle formation. Using destabilase, an enzyme which 
specifically cleaves TGase-induced bonds, we demonstrate that the conformation- 
dependent epitope recognized by antibodies MC-1 and Alz-50 is dependent on the 
presence of £-(y-glutamyl)lysine bonds in tau. Other investigators have shown that 
tau is a substrate of TGase, TGase activity is abundant in neurons containing 
neurofibrillary tangles, and TGase enzyme expression and activity are increased in 
Alzheimer’s brains. We used two neuronal cell lines, NSH and SH5Y, to determine if 
increasing TGase activity is sufficient to induce the crosslinking of tau protein. In 
NSH and SH5Y cells, sodium butyrate or retinoic acid each increased TGase activity 
and tau protein levels as measured using an antibody directed against the e-(y- 
glutamyl)lysine crosslink and PHF-1 directed against phosphoylated tau, respectively. 
Alz-50 and MC-1 were used to monitor the presence of these crosslinks in tau protein. 
Using immunocytochemistry, we found no differences in Alz-50 or MC-1 labeling 
between control and TG-inducing treatment conditions. These preliminary findings 
suggest that the substrate specificity of TGase in neuronal cell lines is tightly 
regulated and the mechanisms involved in TGase induction by retinoic acid or sodium 
butyrate may not be sufficient to cause crosslinking of tau proteins as occurs in 
Alzheimer’s disease. (Supported by Retirement Research Foundation grant #96-400)

671.12

INSULIN BIPHASICALLY MODULATES TAU PHOSPHORY
LATION: ROLE OF GLYCOGEN-SYNTHASE KINASE-36 AND 
FYN TYROSINE KINASE. M. Lesort*, R.S, Jope, and G.V.W, 
Johnson, Dept. of Psychiatry and Behavioral Neurobiology, Univ. of 
Alabama at Birmingham, Birmingham, AL 35294.

Tau is a neuronal microtubule-associated protein and a substrate of 
glycogen-synthase kinase-36 (GSK-36). Phosphorylation of tau at 
specific sites reduces its ability to bind and stabilize microtubules, and in 
situ results in perturbations of the cytoskeleton. GSK-36 is expressed at 
high levels in neurons and the activity of GSK-36 is regulated by both 
serine and tyrosine phosphorylation. Insulin modulates GSK-36 activity 
in neuronal cells. In this study, the effects of insulin on tau 
phosphorylation and GSK-36 activity were examined in human 
neuroblastoma SH-SY5Y cells. Treatment of SH-SY5Y cells results in a 
biphasic response in tau phosphorylation and GSK-36 activity. A short 
period of insulin treatment ( 1 min) results in a site specific increase in tau 
phosphorylation and a concomitant increase in GSK-36 activity. Further, 
the rapid and transient increase in GSK-36 activity was associated with an 
increase in GSK-36 tyrosine phosphorylation, activation of the src family 
tyrosine kinase Fyn, and an increase in the in situ association of GSK-36 
and Fyn. Insulin treatment for longer than 2 min resulted in a decrease in 
tau phosphorylation and GSK-36 activity as compared to control (no 
insulin). The insulin-induced decrease in GSK-36 activity is likely due in 
part to Ser 9 phosphorylation mediated by the MAP kinase cascade, and 
not by PI(3)-kinase dependent pathways (Akt or p70S6 kinase). Thus, 
the phosphorylation state of tau is regulated by changes in the activity of 
GSK-36, which is modulated by insulin-induced signaling systems.

Supported by NIH grant NS27538.

671.13

MODULATION OF TAU PHOSPHORYLATION BY CELLULAR STRESS.
S. M. Jenkins'*, C.C. Garner2, M, Goedert3, and G.V.W. Johnson12, Depts. 
ÔT ‘Psychiatry anH ‘Neurobiology, Univ. Alabama at Birmingham, 
Birmingham, AL 35294; 3MRC, Cambridge, UK.
The MAP tau is an in vitro substrate of the stress-activated protein kinase 
(SAPK) family; however, it is unknown whether SAPKs phosphorylate tau in 
situ. Because SAPKs can be activated by cellular stress and pro- 
inflammatory cytokines, they may be activated in Alzheimer’s disease (AD) 
and could contribute to the hyperphosphorylation of tau in AD brain. The 
present study investigated changes in tau phosphorylation in SH-SY5Y 
human neuroblastoma cells in response to activation of the SAPKs using 
osmotic stress and inhibition of protein synthesis. Both forms of cellular 
stress activated SAPK1 (JNK), SAPK2a (p38), and SAPK2b (p38b). 
However, only osmotic stress resulted in increases in tau phosphorylation at 
specific phosphoepitopes. Tau phosphorylation increased at the Tau-1, 
PHF-1, and 12E8 sites in response to osmotic stress. These results indicate 
that osmotic stress activates both Ser-Pro (Tau-1 and PHF-1) and non-Ser- 
Pro protein kinases that phosphorylate tau. No increase in tau 
phosphorylation was observed at any of the sites examined in response to 
inhibition of protein synthesis. Because both forms of cellular stress 
potently activated SAPK1, SAPK2a, and SAPK2b, but only osmotic stress 
resulted in an increase in tau phosphorylation, these protein kinases are most 
likely not involved in phosphorylating tau in intact cells under the present 
conditions. Additionally, inhibitors of SAPK2a and SAPK2b had no effect 
on tau phosphorylation in response to osmotic stress. The involvement of 
two other SAPKs, SAPK3 and SAPK4, are currently under investigation. 
The upstream signal transduction mechanisms involved in the present 
response are also being examined. Preliminary evidence suggests the 
involvement of tyrosine phosphorylation in mediating the increase in tau 
phosphorylation in response to osmotic stress. Supported by NIH grant 
NS27538.

671.14
DIFFERENTIAL CHANGES IN INTACELLULAR CALCIUM 
CONCENTRATIONS BIPHASICALLY MODULATE TAU 
PHOSPHORYLATION. J.A. Hartigan* and G.V.W, Johnson. Dept. of 
Psychiatry, Univ. of Alabama at Birmingham, Birmingham, AL 35294

Tau is a neuronal phospho-protein that is involved in the stabilization of 
microtubules. Hyperphosphorylated tau is the main component of the 
paired helical filaments (PHFs) found in Alzheimer’s Disease (AD) bram. 
Because perturbations in calcium homeostasis have been proposed to 
contribute to the pathogenesis of AD, the effects of modulating intracellular 
calcium concentrations ([Ca++]j) on tau phosphorylation were examined in 
human neuroblastoma SH-SY5Y cells. Treatment with lower 
concentrations (0.15-0.3 pM) of 4-bromo-A23187, a non-fluorescent form 
of the calcium ionophore, resulted in a rapid, but transient, 2 fold increase 
in [Ca++]j, with a return to basal levels in 2-3 minutes. Subsequent to these 
changes in [Ca++]i, site-selective increases in tau phosphorylation were 
observed 30-60 minutes later, with the most significant increase occurring 
within the Tau-1 epitope. In addition, a concomitant increase in the 
tyrosine phosphorylation state of glycogen synthase kinase-3 (3 was 
observed. Higher concentrations of A23187 (1.8 pM) resulted in a 
sustained, ~5 fold increase in [Ca++]j and dephosphorylation/degradation of 
tau. When cells were treated with 1.8 pM A23187 for 2 minutes and then 
returned to regular media, increases in tau phosphorylation were observed 
similar to the increases elicited by sustained treatment with 0.15. pM 
A23187. These data indicate that specific alterations in [Ca++]j selectively 
modulate the phosphorylation state of tau. Supported NIH grants AG06569 
and NS27538
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671.15
QUANTIFICATION OF TAU ASSEMBLY UNDER NEAR PHYSIOLOGICAL 
CONDITIONS M. E. King, J. Kuret, and L. I. Binder*.
Department of Cell and Molecular Biology, Northwestern University Medical 
School, Chicago, IL 60611

Paired helical and straight filaments (PHF & SF) of tau are found in the neuritic 
plaques, neurofibrillary tangles and neuropil threads of Alzheimer’s disease (AD). 
Recently our laboratory has shown the induction of SF formation by arachidonic 
acid as well as other unsaturated fatty acids (Wilson, D. Binder, L. Am. J. Path.
150: 1-15). Recently, we developed a more rapid quantification method to directly 
assess polymer formation using a digital camera on the electron microscope and 
Metamorph application software. Using this methodology, the polymerization of 
the full length 4R human recombinant tau into SF was quantified using 
physiological concentrations (0.5 pM) of tau in the presence of lipid inducers, and 
found it to be a rapid process. The data obtained by quantitative electron 
microscopy correlates well with a biochemical assay of tau assembly that indicates 
that assembly into straight filaments occurs above a very low critical concentration. 
Currently we are analyzing the polymerization rates and morphology of human 
recombinant isoforms in conjunction with these biochemical assays.
Morphological analysis and seeding with purified PHFs from AD brains indicates 
that the filaments formed in vitro resemble authentic filaments.

Supported by the National Institutes of Health (AG 14453 to L.I.B.; and AG 14451 
to J.K.)

671.16
EFFECTS OF METALS ON THE IN VITRO B1OSYNTNHES1S OF 
PHOSPHORYLATED TAU. Susan Mahar. B.F.A. & Barney E. Miller,
Ph.D.*. Department of Psychiatry, James H. Quillen College of Medicine, East 
Tennessee State University, Campus Box 70421, Johnson City, Tennessee 
37614

Phosphory lated tau (p-tau) is a normal brain protein that has been shown to 
be specifically accumulated w ith Alzheimer’s Disease (AD) in numerous studies 
using post mortem brain tissue. Tau protein is a microtubule binding protein 
that is regularly involved in the control of microtubule assembly. In AD a 
phosphorylated version of tau accumulates and is likely involved in cellular 
death. Using both mouse arid human brain tissue to provide the biosynthcli; 
machinery to synthesize p-tau, the effects of various metals and chemical agents 
on p-tau’s level were measured. This data is used to interpret the role of 
particular classes of enzymes in this tau phosphorylation. Results indicate that 
the in v itro steady state concentrations of p-tau can be dramatically altered by 
some metals (Pb, Cd, Hg, Al, Mn, VO4, Mg, Ca, Zn, Cu, Li). P-tau level is 
measured by means of ELISA using the montxlonal antibody PHFl' (which 
requires presence of phosphate at tau ser396 and ser404). It is hoped that this 
work will elucidate the signal paths of phosphorylation controlling the 
biosynthesis of p-tau. Additionally, the possible pathogenic role in AD for some 
of the tested metals may be revealed by this work. The understanding of tau’s 
biosynthesis may lead to ways of controlling either the cause or spread of 
Alzheimer’s Disease within a victim’s brain tissue.
________ 'The PHFl antibody was prov ided by Dr. Peter Davies._______________
This w ork was supported by funds from the Department of Psychiatry at ETSU.

671.17
PROTEIN CHEMICAL ANALYSIS OF THE SMEARED TAU IN PAIRED 
HELICAL FILAMENTS. A. Watanabe1, K. Takio1 ,T. Yamazaki2*, andY.Ihara2 
1 Division of Biomolecular Characterization, Institute of Physical and Chemical 
Research (RIKEN), Saitama 351-0198, Japan, 2Department of Neuropathology, 
Faculty of Medicine, University of Tokyo, Tokyo 113-0033, Japan, and Core 
Research for Evolutional Science and Technology (CREST), Japan Science and 
Technology Corporation (JST)

One of the hallmarks of Alzheimer’s disease (AD) is the formation of innumerable 
neurofibrillary tangles (NFT) throughout the cortex. The unit fibrils of NFT are 
called paired helical filaments (PHF), the major components of which are tau and 
ubiquitin. The striking characteristics of the tau in PHF are insolubility and 
hyperphosphorylation. However, it is unclear whether hyperphosphorylation of tau 
is either necessary or sufficient for PHF formation. Thus, we have been concerned 
about the smearing on the blot of SDS-insoluble PHF. The smeared tau in SDS- 
insoluble fractions are composed of the carboxy-terminal portion of tau and 
ubiquitin. The ubiquitin-negative, smeared tau was purified and subjected to 
extensive protein chemical analysis. In the peptide map of the smeared tau there 
were distinct peaks which eluted at unusual locations, when compared with the map 
of soluble (normal) tau. Amino acid sequence and mass spectrometric analyses 
revealed that these distinct peptides bear isoaspartate at Asp-193, Asn-381, and Asp- 
387. Thus, in the smeared tau selected Asn and Asp residues are deamidated and 
isomerized. It is possible that the deamidation and isoaspartate formation in tau 
induces a profound conformation change by which the framework of PHF becomes 
unusually stable in vivo. [Research supported by Special Postdoctoral Researchers 
Program, President's Special Research Grant (RIKEN), and CREST ]

671.18
THE CONFORMATION OF TAU PROTEIN ASSOCIATED WITH A68 PHF 

, W.J, Goux* and Samir Parikh. Dept. of Chem., Univ. of Texas at Dallas,
Richardson, TX 75083.

We have isolated the "soluble" form of paired helical filaments (A68 PHF) from 
Alzheimer Disease (AD) brains by density gradient centrifugation. Transmission 
electron microscopy (TEM) of the uranyl acetate stained sample show abundant helical 
filaments and SDS-PAGE of the dialyzed sample show bands arising from protein 
isoforms having calculated molecular weights between 52 and 68 KDa. Amino acid 
analysis of the sample show that the protein component has a composition highest in 
glycine and proline, a composition consistent with the microtubule associated protein 
tau. The circular dichroism spectrum of the dialyzed sample displays a negative band 
at about 226 nm and a positive shoulder at about 208 nm, characteristic of bands 
arising from the nrc* and rcrc* of a protein having a high percentage of Type I (3-turn 
secondary structure. As the sample is heated from 25 °C to 90 °C there is a decrease 
in intensity in the negative 226 nm band and the shoulder at 208 nm becomes more 
prominent. Upon cooling the protein component fails to revert to its original (3- 
structure conformation. The protein, after heating to 120 °C, displays only a positive 
CD band at about 212 nm. Following hydrolysis of the protein in HC1, the CD of 
the sample is identical to that of free amino acids. The data suggests that the tau in 
PHF exists in a folded form high in (3-secondary structure. Upon heating the protein 
undergoes an irreversible unfolding to a mostly random coil conformation. A well 
defined conformation of PHF-tau is consistent with the high degree of symmetry 
observed in the TEM of A68 PHF. Funded by Research Corp. (RA0218).

671.19

DENDRITIC TARGETING OF mRNAS ENCODING MICROTUBULE- 
ASSOCIATED PROTEINS IN NORMAL AGING AND ALZHEIMER’S 
DISEASE. J.W. Chang*, H.V. Vinters and J.B. Watson. Depts. of 
Psychiatry and Biobehavioral Sciences and Pathology and Laboratory 
Medicine, Mental Retardation Research Center, UCLA School of Medicine, 
Los Angeles, CA 90024.

Structural microtubule associated-proteins (MAPs), such as MAP2 and 
tau, are cytoskeletal proteins important for microtubule assembly. In 
Alzheimer’s disease (AD), cytoskeletal disruptions are exemplified as tau 
immunoreactive paired helical filaments (PHFs) in neurofibrillary tangles 
(NFTs) and neuropil threads (NTs) which are the most distinctive 
postsynaptic pathology in AD. An intriguing hypothesis is that in AD a 
subset of MAP mRNAs are selectively targeted and locally translated in 
“sprouting” dendrites in response to loss of presynaptic input. As an 
initial test of this hypothesis, we examined the composition of MAP2 
mRNAs in NTs of the frontal cortex as a function of AD relative to age- 
matched control brains. Using a riboprobe that detects all of the 39 variant 
isoforms of MAP 2 mRNA (gift, Bridget Shafit-Zagardo), we localized 
MAP2 mRNA in intact, distal dendritic trees of pyramidal neurons 
particularly in Layers V/VI of control frontal cortex. In AD brain, MAP2 
mRNA is detected in only a few intact dendrites, but is ubiquitous in a 
diffuse network of fragmented dendrites (presumably NTs) throughout the 
neuropil. The findings suggests that targeting and translation of a subset 
of MAP2 mRNAs in dendrites and spines may be altered in response to the 
loss of presynaptic input, thus potentially contributing to the ultimate 
formation of NTs. Similar experiments are underway to examine early 
versus late isoforms of MAP2 mRNAs as well as tau mRNA isoforms 
relative to AD and non-AD dementias such as fronto-temporal dementia. 
Supported by NIH grant NS32521, Los Angeles Alzheimer’s Association 
(Turken Award), and UCLA ADCC grant AG10123.

671.20
LYSOSOMAL PROTEASE INHIBITORS CAUSE MEGANEURITE FORMATION 
AND PHOSPHORYLATED TAU ABNORMALITIES IN ENTORHINAL- 
HIPPOCAMPAL REGIONS VULNERABLE TO ALZHEIMER'S DISEASE. X, Bi*'.
J. ZW. C, Mr Call2. 0, lyngh.1- ’Dept. of Psychiatry; 2Dept. of Anatomy and 
Neurobioiogy, University of California, Irvine.

The pathologies associated with aging and Alzheimer's disease (AD) do not occur with 
equal severity across brain regions. This is evident in the hippocampus and 
retrohippocampal cortex where field CA1, the subiculum, and layer II of entorhinal cortex 
are among the most vulnerable sites in brain. The present study tested if induced 
lysosomal dysfunction reproduces the regional pattern of AD vulnerability vis a vis the 
induction of two important consequences of human brain aging. Cultured slices of 
hippocampus together with retrohippocampal cortex were prepared from rats and 
maintained for 2-5 weeks. In accord with earlier studies, 6 -12 day infusions of ZPAD, an 
inhibitor of cathepsins B and L, or chloroquine generated densely packed protuberances on 
processes slightly removed from neuronal somata. The appearance of these matched that 
of the 'meganeurites' found in aged human cortex; various analyses established that the 
meganeurites developed almost exclusively in the three AD vulnerable sites present in the 
slices. Immunostaining for the phosphorylated tau protein variant involved in 
neurofibrillary tangles was also induced by ZPAD (but not chloroquine). This occurred in 
layer II (but not in the deep layers) of entorhinal cortex and in the subiculum and CA 1 
(but not in CA3 and dentate gyrus) of hippocampus. Immunoblots indicated that 
essentially all phosphorylated tau labelling in the slices involved a ~29kDa fragment The 
above findings establish (i) that lysosomal dysfunction generates hyperphosphorylated tau 
abnormalities in parallel with meganeurites and (ii) that the regional distribution of these 
effects corresponds remarkably well with the distribution of AD vulnerability. ZPAD vs 
chloroquine differences suggest that hyperphosphorylated tau abnormalities are not 
prerequisites for meganeurite formation. In all, the observations support the general 
hypothesis that defining features of human brain aging and Alzheimer's arise from 
lysosomal dysfunction, (sponsored by Markey Foundation and NIA grant AG00538)
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671.21
UP-REGULATION OF NEURONAL TAU mRNA EXPRESSION BY THE 
GUAM CYCAD NEUROTOXIN MAM AND GLUTAMATE. EEsclairel, G.E. 
Kisby2. M, Lesortl. P.S, Spencer2. J.Hugont: l Neurobiol Cell and Pathol Unit, 
Histol and Cell Biol Dept, Fac. Medicine, Univ. of Limoges, 87025 Limoges 
France; 2Center for Research on Occupational and Environmental Toxicology, 
Oregon Health Sciences University, Portland OR 97201

Alzheimer’s disease and Guam Amyotrophic Lateral Sclerosis and Parkinsonism- 
Dementia complex (ALS-PDC) are neuropathologically characterized by the 
presence of paired helical filaments (PHF) composed of phosphorylated tau 
protein. We have shown previously (a) that glutamate increases neuronal tau 
mRNA expression and (b) Guam ALS-PDC is associated with prior dietary and 
medicinal use of the seed of the neurotoxic cycad plant (Cycas sp). The present 
study determines if methylazoxymethanol (MAM), the genotoxic aglycone of the 
cycad glucopyranoside cycasin, augments the effects of glutamate on neuronal tau 
mRNA expression. Rat primary cortical neuronal cultures (8 days in vitro) were 
treated with MAM (10pM) for 12 h, washed and held for 24 h in control culture 
medium, exposed to glutamate (50 pM) for 8 min, and maintained in culture 
medium for 12 h before analysis. Parallel groups of cultures were treated with 
MAM alone, glutamate alone or neither compound (controls). Northern blot and 
quantifiable dot-blot analyses were performed at the end of this 48-h period using 
an anti-tau oligonucleotidic probe. Tau mRNA expression increased in cultures 
either treated with MAM alone(160% of controls) or glutamate-alone (200% of 
controls). Cultures treated with MAM prior to glutamate showed the greatest 
increase (280% of controls). Tau gene expression enhancement induced by MAM 
alone is clearly attenuated by glutamate antagonists (MK801 or CNQX) 
suggesting that this MAM effect could be partially linked to a release of 
glutamate. These results suggest that an environmental toxin (cycasin/MAM) and 
endogenous glutamate may together promote the accumulation of tau protein in 
cultured neurons.

PARKINSON’S DISEASE: PHYSIOLOGY

672.1

ANALYSIS OF GATT IN HEMI-PARKISONIAN RATS. M.R. Wells*,
A. Bosak, J. Chabla, and B.H. Hallas. Dept. of Neuroscience and 
Anatomy, N. Y. Coll, of Osteopathic Med. of the N. Y. Inst, of 
Technology, Old Westbury, N.Y. 11568-8000.

The objective of this study was to determine if there are disturbances of 
gait associated with 6-OH dopamine induced unilateral substantia nigra 
destruction which could be usable for functional evaluation. Male rats 
(n=20, -200 g.) were trained to walk on a treadmill and evaluated 
bilaterally for normal gait patterns associated with the hind limbs using a 
Peak Technologies computer system. Walking patterns were digitized 
using reflective markers placed on Che hip. knee and ankle joints anti on 
the foot. Initial parameters examined included stride length, vertical 
displacement of the foot and ankle, range of motion of the ankle and 
knee, and angular and linear velocities and accelerations. Animals then 
received either unilateral 6-OH dopamine injections or an equivalent 
volume of vehicle. Three weeks later, animals were evaluated for 
apomorphine induced rotational behavior and a second gait analysis 
performed. Rats exhibiting rotational behavior showed some difficulty in 
gait initiation, significant asymmetries in the angular velocities of the knee 
and ankle (p<0.05), and some other trends of asymmetric gait. 
Examination of saline injected animals demonstrated significant increased 
bilateral gait parameters, presumably due to normal growth in the three 
week period. The results suggest that while some asymmetry of gait 
parameters may be produced by unilateral substantia nigra destruction, 
the difficulty of analysis, controls required, and variability of normal gait 
patterns over relatively short periods of time make gait analysis a less 
feasible method for evaluation compared to other methods. Supported 
the New York College of Osteopathic Medicine.

672.2

FORCE-TIME RESIDUAL AND HEMI-FORCE CHARACTERISTICS N 
PATIENTS WITH PARKINSON’S DISEASE AND ESSENTIAL TREMOR 
Q,P. Yu.*H,P, Wen, B. Seltzer and S.L, Pullman, The Neurological Institute 
of New York, Columbia-Presbyterian Medical Center, New York, NY 10032.

Previous work from this laboratory has demonstrated a novel handwritten 
spiral analysis technique that investigated movement severity and other 
motor control issues and identified hemi-spiral force abnormalities in 
patients with Parkinson’s disease (PD). We extended this analysis to 
patients with essential tremor (ET), and found differentiating features 
between PD and ET in both spiral force-time regression residuals (FRR) 
and. mean hemi-forces (MHF). Twelve patients clinically diagnosed as 
definite ET (aged 34-82 years, 68.8+12.4, mean ± SD, 184 trials) were 
compared with twelve PD patient (39-77 years, 65.3+12.6, 178 trials) and 
twelve age-matched control subjects (aged 22-86 years, 66.8+15.4, 186 
trials). Subjects executed a series of visually guided written spirals on a 
digitizing tablet sensitive to pen force (2.5 gm/unit tablet pressure). Spirals 
were categorized as right or left hand worse according to clinical scales and 
a derived mathematical rating procedure that consistently indicated 
significant lateralizing spiral performance. Results showed that the FRR in 
the ET (0.2+0.17) and PD (0.31+0.16) patients were significantly (p<0.05, 
t-test) higher than normal subjects (0.21+0.09) regardless of the hand 
tested. In PD, the combined worse side MHF (203.73+141.38 gm) was 
significantly (p<0.05) lower than the opposite MHF (226.48+149.30 gm). 
In contrast, the differences between MHF using the same methods were 
insignificant in ET (173.40+75.31 gm vs. 168.58+68.52 gm) and in normal 
subjects (239.75+133.1 gm vs. 231.25+142.92 gm, p>0.1). These 
findings suggest that there may be common mechanisms possibly 
secondary to peripheral destabilization in PD and ET.

672.3
METABOLIC CHANGES IN THE PEDUNCULOPONTINE NUCLEUS IN 
UNILATERAL 6-OHDA PARKINSON’S MODEL RATS. JD Carlson*1,
RD Pearlstein2, G Maeda1, J Bucholtz1, RP Iacono1. 'Loma Linda University, 
Physiology Department. 2Duke University Medical Center, Neurosurgery Department.

Dopaminergic denervation of the striatum in Parkinson’s disease leads to 
physiological and metabolic changes in the basal ganglia. It has been shown that 
GABAertic projections from the basal ganglia innervate the brain stem pedunculpontine 
nucleus (PPN) and lateral dorsal tegmental nucleus (LDTG). To determine if these 
nuclei are also affected in striatal dopaminergic denervation we used [14C]2- 
deoxyglucose autoradiography to measure their regional cerebral metabolic rates 
(CMR), in conjunction with NADPH diaphorase for histological identification of these 
nuclei. Unilateral 6-hydoxydopamine (6-OHDA) (8 pg) injections were placed in the 
substantia nigra pars compacta of male Sprague-Dawley rats. Animals with more than 
98% dopamine loss in striatal biopsies measured with standard HPLC methods, and 
more than 8 apomorphine induced (0.20 mg/kg) rotations/min were included in this 
study. Metabolic rates were determined using the standard Sokoloff method.

The effect of striatal dopaminergic denervation on regional CMR in the lesioned 
hemisphere was compared to that in the contralateral hemisphere in 5 lesioned rats, 8 
sham lesioned rats, and 8 normal rats. We found statistically significant (P < 0.05) 
hemispheric alterations in metabolism with an increase in the globus pallidus (+64%), 
and a decrease in the primary and secondary motor cortex (-7% and -12%), and the 
ventral posterior lateral and ventral posterior medial nuclei of the thalamus (-6% and 
-6%). There were no CMR changes in ascorbic acid sham lesioned, or normal rats. 
Within the histologically determined LDTG boundaries we found a decrease (-5%) in 
metabolic rate (P < 0.05). Within the PPN there was a trend toward increased 
metabolism that was not statistically significant. However, the CMR in the PPN was 
inversely correlated with that in the primary motor cortex (r = -0.93, P = 0.02) and the 
primary sensory cortex (r = -0.82, P = 0.08). Our findings suggest a link involving the 
PPN and LDTG nuclei in the pathophysiology of Parkinson’s disease.

(Supported in part by Loma Linda Univ. Physiol. Dept. & RP Iacono Research Fund)

672.4
RESTORATION OF NORMAL COUPLING BETWEEN CORTICAL ACTIVITY 
AND MOTOR OUTPUT FOLLOWING FUNCTIONAL NEUROSURGERY FOR 
PARKINSON'S DISEASE, B.A. Conway1*, P.M, Halliday2, J. Hooper3, I.R. Whittle3 
& J.R. Rosenberg2. ’Bioengineering Unit, Univ. of Strathclyde. Glasgow; 
2Neuroscience, Univ. of Glasgow; 3Dept. Clinical. Neuroscience, Univ. Edinburgh; 
Scotland. UK.

Lesions to deep brain nuclei are reported to be beneficial in relieving the symptoms 
of Parkinson's disease (PD). The rational behind these procedures is the hypothesis 
that the lesion acts to normalise activity within thalamocortical pathways by 
disrupting the transmission of low frequency (3-6Hz) rhythmic oscillations from the 
basal ganglia to the thalamus. In this study we have examined (with ethical approval) 
the coupling between cortical activity and motor output in a patient who demonstrated 
clear functional benefit from a unilateral (left side) pallidotomy for the treatment of 
tremor and severe drug induced dyskinesia. EEG electrodes were placed over the hand 
area of the motor cortex bilaterally and the EEG was recorded simultaneously with 
EMG from left and right wrist and finger muscles. The subject was instructed to 
perform a maintained voluntary contraction of finger and/or wrist muscles and the 
coherence was estimated between the resultant EEG and EMG signals. The results 
demonstrate that the coherence between the EEG from the operated side and the 
contralateral EMG is restricted to frequencies (10-30Hz) commonly observed in 
normal subjects (Halliday et al., 1998, Neuroscience Letters., 241, 4-8). Contralateral 
to the lesion the coherence is dominated by low frequency (5Hz) activity similar to 
that observed in other PD patients and associated with activity in a central oscillator 
(Volkmann et al., 1996, Neurology, 46, 1359-1370). These results support the view 
that neurosurgical intervention in PD can suppress transmission of low frequency 
rhythmic activity to motor areas of the cortex and thereby permit the re-establishment 
of normal high frequency movement related cortical rhythms.
Supported by The Wellcome Trust & MS Society of Great Britain
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672.5
DEEP BRAIN STIMULATION FOR PARKINSON’S DISEASE: COMPARISON 
OF PALLIDAL VERSUS SUBTHALAMIC NUCLEUS TARGETS. V.C, 
Anderson1. K.J. Burchiel1. J, Hammerstad2*. J, Favre1, 'Dept. of Neurological Surgery 
and 2Dept. of Neurology, Oregon Health Sciences University, Portland, OR 97201.

We describe results of a prospective, randomized, double-blind pilot study of Deep 
Brain Stimulation (DBS) of globus paliidus intemalis (GPi) and subthalamic nucleus 
(STN) for the bradykinesia, rigidity and associated motor disturbances of idiopathic 
Parkinson’s disease (PD). Ten subjects with advanced PD (56 ± 13 years old; 3 
female), off-levodopa Hoehn and Yahr stage £ 3 were enrolled. A majority of the 
subjects suffered from dose-limiting dyskinesia/dystonia. Pre-operative neurological 
assessment included Unified Parkinson’s Disease Rating Scale (UPDRS) on and off 
levodopa and dyskinesia rating. Neuropsychological function was assessed using a 
variety of standard instruments. Response to DBS was assessed at 10 days, 3, 6 and 
12 months after implant. Complete 12 month data are available for 7 subjects.

UPDRS scores were improved by both GPi and STN stimulation immediately after 
implant and remained improved for at least 12 months (UPDRS on-levodopa 
54.9±24.2 [baseline] -> 33.6±12.2 [12 mo]; off-levodopa 95.8±29.5 [baseline] 
56.6±19.5 [12 mo]). Subjects in both groups showed reduced dyskinesia after 12 
months of stimulation. Mean levodopa dose was not changed by stimulation at either 
site. Although subjects numbers are small, the data suggest that some symptoms 
respond more to stimulation at GPi or STN, dependent on levodopa phase: (1) Motor 
UPDRS scores were more improved over baseline by GPi than STN stimulation, 
with differences being more pronounced while on levodopa (31%{GPi} vs. 
7%{STN}); (2) Gait was also more improved by GPi stimulation on levodopa 
(35%{STN) vs 78%{GPi}), with little site-dependent difference when levodopa was 
off; (3) Bradykinesia, rigidity and tremor were more improved by STN than GPi 
stimulation, especially when off levodopa. Our results indicate that DBS at both GPi 
and STN remediates parkinsonian signs and symptoms and suggest that off-levodopa 
motor symptoms respond more to STN stimulation, while on symptoms are more 
improved by stimulation at GPi.
DBS devices provided by Medtronic, Inc.

672.6
DEEP BRAIN STIMULATION: THE EFFECTS OF STIMULATION SITE ON 
POSTURE AND OROMOTOR CONTROL. L.T. Robertson'and F, B, Horak2. ‘Dept. 
Biological Structure & Function and “Neurological Sciences Institute, Oregon Health 
Science University, Portland, OR 97201

We compared the effects of bilateral high frequency, deep brain stimulation (DBS) in 
the subthalamic nucleus (STN) and the globus paliidus interna (GPi) on various aspects 
of posture and oromotor control in patients with Parkinson’s disease (PD). We tested 
the general hypothesis that separate symptoms of the disease are affected differentially by 
stimulation of STN versus GPi. Muscle activation, forces, and movement kinematics 
were measured in a battery of postural and oromotor tasks. Comparisons were made 
between on and off DBS and with normal elderly control subjects.

PD results in bradykinetic responses to postural perturbations that are not improved 
with levodopa. However, DBS in STN, but not GPi, improved the bradykinesia of 
automatic postural responses. Levodopa also does not improve bradykinesia of 
peripherally-triggered steps, but DBS in STN increased vertical reaction forces and 
anticipatory postural muscle activity. PD results in deficits in quickly changing central 
set when the context of the task suddenly changes. DBS in either STN or GPi improved 
set-dependent flexibility of postural responses.

PD also affects several aspects of oromotor control. PD results in a restriction of 
voluntary (self initiated) opening and closing the mouth that is not helped by levodopa. 
However, DBS in GPi, but not STN, improved the vertical amplitude (approximately a 
60% change between off and on DBS). PD also results in a reduced velocity of the 
opening and closing phases, which were markedly improved by DBS in STN and slightly 
improved during GPi stimulation. DBS in STN increased the peak force by 25% over 
the off state for brief isometric jaw clenching. PD results in a low vertical amplitude 
during normal gum chewing that was markedly improved during DBS in STN. These 
preliminary results support the hypothesis that STN and GPi contribute differentially to 
various components of motor control. (Supported; Medical Research Foundation OR.)

672.7
FUNCTIONAL ACTIVITY OF ZONA INCERTA NEURONS IS 
ALTERED AFTER NIGRO-STRIATAL DENERVATION IN RATS. 
ç, Périer. M,_YÜ3, I, Fé&grx...Mx-Ruberg, Y- Agid... and E.C. Hirsch*-
INSERM U 289, Hôpital de la salpetriere, Paris, France

The analysis of the cellular expression of cytochrome oxidase subunit I
(COI) mRNA has been recently used as a metabolic marker for neuronal 
activity to examine the consequences of nigro-striatal denervation on the 
functioning of the basal ganglia. Yet, this technique also allows to detect 
functional changes in other cerebral structures during parkinsonism without 
making any assumption concerning the structure in which the changes are 
observed. In order to address this problem we analysed the expression level 
of COI mRNA by in situ hybridization in rats with 6-OH dopamine 
unilateral lesion of the substantia nigra and Sham operated animals. 
Macroscopically, the most striking result was an increased COI mRNA 
expression within zona incerta (ZI). Thus, we analysed quantitatively the 
time course of COI mRNA changes after the lesion at microscopic level. 
COI mRNA expression was increased in the ZI ipsilateral to the lesion 24 
hours (+19%) and 3 days (+17%) after lesion, then decreased up to 7 days. 
Changes in COI mRNA expression were confirmed by a parallel increase in 
electrical activity of ZI neurons detected by unicellular electrophysiological 
recordings. Given, the known involvement at the ZI in motor functions, the 
transient increase in ZI activity after nigro-striatal denervation might be 
related either to the symptamatology of the disease or to a compensatory 
mechanism at early stages of parkinsonism. More studies will be needed to 
precise the functional role of the changes in the activity of the ZI and its 
implication in the physiopathology of parkinsonian syndromes.

672.8
TIME-COURSE STUDY OF THE CHANGES IN METABOLIC AND 
ELECTROPHYSIOLOGIC NEURONAL ACTIVITY IN THE 
SUBTHALAMIC NUCLEUS OF RATS WITH UNILATERAL LESION 
OF THE SUBSTANTIA NIGRA. M. Vila', J. Féger *’2*, C. Perier', M. 
Ruberg', R. Raisman-Vozari', Y. Agid' and E.C. Hirsch'. 'INSERM U289, 
Hôpital de la Salpêtrière and 2Faculté de Pharmacie, Paris, France

Cellular expression of cytochrome oxidase subunit I (COI) has been used 
as a metabolic marker for neuronal activity to study the functional changes 
in the basal ganglia in parkinsonian syndromes. Nevertheless, the kinetics of 
this marker and his exact correlation to electrophysiological activity -is 
poorly documented. In this study, we analysed the time-course changes of 
the neuronal activity in the subthalamic nucleus of rats rendered 
parkinsonian by unilateral lesion of the substantia nigra with in 6- 
hydroxydopamine (6-OHDA). Neuronal activity was assessed in parallel by 
cellular expression of COI mRNA and unicellular electrophysiological 
recordings. COI mRNA expression was increased in the neurons of the 
subthalamic nucleus ipsilateral to the lesion 24 hours after intoxication 
(+41%), reaching a peak effect at 72 hours (+54%), then decreasing up to 
stable level at 14 days (+26%). Similarly, electrical activity started to 
increase 72 hours after lesion (+80%) with a peak effect at 7 days (+165%), 
then decreasing up to +94% at 14 days. Thus, metabolic activation seems to 
precede electrophysiological changes in order to provide the energy required 
to ATP-dependent ionic pump for electrical activation. These results show 
that changes in COI mRNA expression are well correlated to electrical 
neuronal activity and thus represents a good index of functional activity in 
neurons. Supported by INSERM (France).

672.9

LOCOMOTION IN THE AS/AGU MUTANT RAT; PROGRESSIVE DEFICITS
AND THE EFFECTS OF L-DOPA REPLACEMENT. D Russell*, JM 
Campbell, G Favor, M Neilson, NK Bennett, RG Sutcliffe, RW Davies and
AP Payne. Institute of Biomedical and Life Sciences, Glasgow University, 
UK.

The AS/AGU mutant rat was derived from Albino Swiss (AS) parent 
stock and is characterised by an ungainly staggering gait, hindlimb rigidity, 
whole body tremor and difficulty In initiating movement. It Is highly deficient In 
extracellular dopamine In the dorsal caudate-putamen. It is important to know 
which aspects of locomotor performance show progressive deficits and which 
ones are responsive to L-DOPA replacement. Initially, locomotor tests were 
video-recorded and used to assess an age series of both AS/AGU (mutant) 
and AS (parent strain) rats between 20 days and 1 year. Progressive deficits 
with age (with initial success c. 80-90% declining to nil at one year) were 
found in the performance of simple tasks such as mid-air righting (being 
dropped upside down from 50cm and successfully turning) and walking down 
an inclined ramp (13cm wide; 14 degrees) and not falling off. In other tests 
(e.g. time to Initiate movement in an Open Field test) deficits were not seen 
until 4 months of age. In infra-red monitoring, mutant rats actually showed 
more movement than controls a) in an acute test of 12 minutes and b) in 
extended tests of 22 hours. Secondly, images taken from a footfall chamber 
were studied using a Kontron image analysis system to determine paw 
contact patterns. In AS rats, whilst contact progresses forwards from 
heelstrike, it is centred around the midline of the foot throughout. Conversely, 
mutant rats exhibited frequent footfalls in which contact was eccentric (either 
medial or lateral). L-DOPA administration (25 mg/kg/day/benserazide 
2.5mg/kg/day ip) for 4 weeks ameliorated mid-air righting, performance on 
the inclined ramp and Open Field movement Initiation, but did not correct 
gait.
Sponsored by the Medical Research Council and Parkinson’s Disease Society

672.10
DISRUPTION OF OPERANT RESPONSE-DURATION
DIFFERENTIATION ACQUISITION AND PERFORMANCE BY 
UNILATERAL 6-HYDROXYDOPAMINE LESIONS OF STRIATUM 
AND MEDIAL FOREBRAIN BUNDLE. T. J. Hudzik*, A. Howell, and
A.Cross, Dept. of Pharmacology, Astra Arcus USA, 331 Clay Rd., 
Rochester, NY 14623.

Acquisition of operant responding has been used as a means of studying 
the disruptive effects of drugs on learning and attentional processes. The 
purpose of the present study was to assess the effects of unilateral striatal 
dopaminergic lesions on the task. In our automated acquisition 
procedure, rats were initially trained to emit operant responses, then to 
make successively longer lever holds as the session continued. Unilateral 
6-hydroxydopamine lesions of striatum produced modest deficits in 
acquiring the task with respect to control, whereas medial forebrain 
lesions produced marked deficits. Amphetamine-induced turning 
correlated well with impairment in the operant acquisition task. In a 
second set of studies, rats were well trained under an RDD 1-1.3-sec 
schedule, and the effects of striatal lesions were assessed upon that 
baseline. Lesions produced marked disruptions in RDD responding 
which recovered over the course of several months. These data suggest 
that in concert with amphetamine-induced rotation, the operant RDD 
acquisition and performance baseline may be a rapid and useful means of 
determining efficacy of palliative, neuroprotective, and neurorestorative 
agents in Parkinson’s models.

Society for Neuroscience, Volume 24,1998



WEDNESDAYAM PARKINSON’S DISEASE: PHYSIOLOGY 1719

672.11
TREMOR IS SYNCHRONIZED WITHIN BUT NOT BETWEEN LIMBS IN 
PARKINSONIAN PATIENTS J.M. Hurtado, J.-P. LaChaux, D J. Beckley*. C M. 
Gray and K A Sigvardt Center for Neuroscience and *Department of Neurology . 
University of California. Davis CA 95616 and VANCSC, Martinez CA 9455 +

It has been hypothesized that normal and pathologic tremors may originate in a 
central neural oscillator whose activity propagates towards the limb musculature. 
Alternatively, it is possible that tremor in each limb originates independently in 
separate oscillators acting in parallel. To test whether parkinsonian tremor is 
generated by one or several independent neural oscillators, electromy ograms (EMG) 
were recorded from several muscles during tremor episodes in 4 parkinsonian 
patients with varying degrees of tremor EMGs were measured during rest and 
during the performance of several motor and cognitive tasks. Correlations were 
analyzed for muscles a) within a limb, b) between upper and lower limbs 
ipsilaterally. and c) between corresponding limbs contralaterally. Synchrony 
between muscle pairs was analyzed across frequencies using the magnitude squared 
coherence and phase coherence techniques (see Lachaux et al.. Soc Neurosci Abs 
1998). We found that rhythmic activity occurs at around 5 Hz. and is mostly 
sy nchronized between muscles in the same limb. In contrast, although very similar 
in frequency, tremor recorded from different limbs were found to be 
desynchronized, both in paired EMG recordings from ipsilateral upper and lower 
limb and recordings from contralateral upper limb muscles (e.g. right and left 
biceps) We hypothesize that this property results from independent oscillatory 
activity' of parallel basal ganglia-thalamocortical loops, involving the ventral 
(motor) thalamus and motor cortex. Altogether, our findings are consistent with the 
hypothesis of multiple independent generators, rather than a single tremor generator.

672.12
APPLICATION OF WAVELET ANALYSIS TO THE ESTIMATION OF 
DYNAMIC COHERENCE BETWEEN EMG RECORDINGS OF 
PARKINSONIAN TREMOR. J.-Ph. Lachaux, J, M, Hurtado, D.J, Beckley ", 
CM, Gray and K.A. Sigvardt *. Center for Neuroscience and "Department of 
Neurology. University of California. Davis CA 95616 and VANCSC, Martinez 
CA 94553

This study introduces the use of wavelet-analysis for the estimation of coherence 
between EMG signals as a function of time Most coherence studies suffer from a 
lack of temporal resolution because they rely on Fourier analysis for the 
estimation of the spectral characteristics of the signals The validity of Fourier 
analy sis methods depend upon the assumption that the signals arc stationary, i.e. 
that their frequency spectra and the coherence between them do not vary in time 
In the case of multichannel EMG recordings of Parkinsonian tremor, time- 
frequency analysis of the signals show that this stationarity assumption is 
unrealistic, namely the power spectra show ample variations in time. Therefore. 
Fourier analysis is not well-fitted for the coherence estimation between such 
signals In contrast, an alternative estimate of coherence adapted to non-stationaiy 
signals, the wavelet-coherence, has been recently proposed (Santoso et al, 1997) 
In this method, Fourier analysis is replaced with wavelet-analysis for the spectral 
estimation of the signals. Unlike Fourier-based coherence, wavelet-coherence 
does not assume stationarity' and provides an estimation of the coherence as a 
function of time. Using a new procedure for the estimation of statistical 
significance, we applied the wavelet-coherence method to EMG recordings of 
Parkinsonian tremor in order to follow the evolution of inter-muscle coupling with 
a temporal resolution of several hundreds of milliseconds We show that wavelet- 
coherence can provide a dy namical description of tremor geometry in Parkinson's 
disease.

Reference: Santoso. S et al (1997): Rev Sci Instrum. 68.(1. pt 2) 898-901

672.13
OROFACIAL MECHANICAL SENSORIMOTOR PERFORMANCE IN 
PARKINSON’S DISEASE: EFFECT OF TASK DENSITY IN TIME AND 
SPACE. A. Biswas, S.M. Barlow*, K.M, Forrest and L.L. Murray. Department of 
Speech and Hearing Sciences, Program in Neural Science. Orofacial Physiology 
Lab. Indiana University, Bloomington, IN 47405.

Recent evidence suggests that concurrent processing of sensorimotor tasks 
represent a disproportionately difficult situation for individuals with Parkinson's 
disease. To test this hypothesis, the capacity of Parkinson patients to process 
mechanosensory inputs during fine motor control was assessed in the orofacial 
system. Three specialized procedures, including lower lip and finger mechanical 
frequency detection thresholds [MFDT] during voluntary force control task 
dynamics, 2AFC interstimulus interval [ISI] intensity discrimination of vibratory 
stimuli, and modulation of the mechanically evoked perioral reflex under force 
dynamics was studied in a group of Parkinson patients during ON and OFF states. 
All mechanical stimuli were under servo control and digitally synthesized. MFDT 
test frequencies included 5, 10, 50, 150, 250, 300, & 400 Hz. For the ISI 
experiment, a 250 Hz vibratory signal of 250 ms duration served as the probe. 
Stimulus pairs were delivered at randomized intervals ranging from 70 ms to 15 
seconds. Perioral reflex evoking inputs involved punctate loads of approximately
0.75 Newtons with a 4 millisecond rise/fall time. Thus far, significant changes in 
psychophysical threshold functions have been noted for MFDT and ISI 
discrimination functions. As the interstimulus interval is decreased sensory 
discrimination degrades in PD at a greater rate than normal. The findings from the 
reflex modulation experiments will be considered in relation to the detection and 
gating of mechanosensory inputs as a function of task complexity, and the presumed 
role of the basal ganglia and cerebral cortex for voluntary motor control. Supported 
by NIDCD (R01 DC 00365-08) and Neuro Logic, Inc.

672.14
A DYNAMICAL-SYSTEMS MODEL FOR PARKINSON’S DISEASE. C. Connolly4*, J.
3. Sums'. R. GrupenT and M. Jog3. 'Autodesk Advanced Procucts Grcup; 
2Ccmputer Science Dept. University of Massachusetts Amherst; 3Movement 
Disorders Clinic. University of Western Ontario JSRI International, Menlo Park CA, 
94025.

Parkinsons disease is characterized by a loss of pigmented ceils in the substantia 
nigra. The resulting ioss of dopamine supply to the striatum leads to motor and 
cognitive deficits. In an attempt to explain these deficits, a model of motor planning 
is proposed that relies on energy regulation. The system to be controlled is treated 
as a point mass in configuration space, and its motion is governed in part by an 
artificial (or internal) potential. In this case, the energy to be regulated is also 
artificial, since it is the sum of real kinetic energy and artificial potential energy. 
Energy regulation is achieved by enforcing Hamilton's principle of least action to 
drive repetitive and straight-line reaching motions. By regulating the energy of the 
point mass, different kinds of motion can be achieved. Using this theoretical 
principle of energy control, Parkinsonian symptoms are reproduced using a dynamic 
simulation of a robot arm. A review of current understanding of the physiology of 
Parkinsonian symptoms is presented along with theoretical modeling of hypo and 
hyperkinetic symptoms of Parkinson's Disease using the striatum as part of an 
energy control system.

Supported by SRI International, Autodesk Inc., NSF, and MRC Canada.

672.15
EFFECTS OF SYSTEMATIC VARIATION OF PITCH AND TIMING 
INFORMATION IN EMOTIONAL PROSODIC UTTERANCES: MORE 
EVIDENCE FOR A TIME PROCESSING DEFICIT IN PARKINSON’S 
DISEASE
C. Breitenstein3 , D. Van Lancker2,3*, I. Daum1 and C.H. Waters3. 1Clinical 
Neuropsychology, Ruhr-Univ. Bochum, Germany; ^Linguistics Program, 
Carleton College; 3Dept. of Neurology, Univ. of Southern California;
Los Angeles, CA 90012.

Recent investigations with neurological patients have provided 
evidence of an involvement of the basal ganglia in the perception of 
emotional prosody (EP). Little is known about the underlying dimensions of 
the impairment, and virtually no research has been undertaken to directly 
examine the effect of alteration of single acoustic parameters on the 
perception of EP. In the present study, two acoustic parameters known to 
be important for emotional classifications (fundamental frequency variability, 
duration) were systematically varied in a standardized set of emotional 
prosodic utterances (happy, angry, sad, frightened, neutral). The resulting 
180 stimuli were presented to 11 medicated patients with Parkinson's 
disease (PD; all Hoehn & Yahr stage 2) and 10 healthy controls (HC; 
matched for age, sex, and IQ with the patients). For duration manipulation, 
a significant interaction of emotion x manipulation factor x group emerged. 
The performance of the PD patients was selectively disturbed when 
duration properties of happy and sad utterances were manipulated. For the 
systematic variation of pitch variability, none of the interactions involving 
group were significant, but PD patients scored overall lower than the HC. 
The findings suggest a role of the basal ganglia in speech time processing.

Research supported by the German Research Society (Br 1753/2-1) 
and Pharmacia & Upjohn.

672.16
EFFECTS OF SLEEP DEPRIVATION ON TREMOR AND RIGIDITY 
IN PARKINSON’S DISEASE. E.M. DeMet1*, D. Tessier1, S. Hindiyeh 
vK.N, Sokolski1 and J. Hyde2 ’Psychiaty Service, VAMC Long Beach, CA 
90822; Dept. Psychaitry and Human Behavior, UC Irvine, CA 92697; 
2Neurology Service, VAMC Long Beach, CA 90822.

Total sleep deprivation (SD) for one night improves mood symptoms in 
patients with major depression A previous study by our laboratory related 
mood improvements to changes in light adaptive ocular potentials which are 
thought to reflect dopaminergic (DA) receptor sensitivity. In another study 
we found that the motor symptoms of Parkinson’s disease also improve 
after SD and are closely related to increases in ocular potentials. The 
present study further characterizes the effects of SD on motor symptoms 
and examines the time course of the treatment response. Eight patients 
with Parkinson’s disease were deprived of sleep for one night. All subjects 
remained on their normal pharmacological regimens during testing. Motor 
and mood symptoms were evaluated prior to, and for 6 days following 
treatment by subjective rating scales, spirography, volumetry (water spill), 
and physiological recordings of resting and postural tremors. Both tremor 
and rigidity factor scores were improved by ca. 35% which remained 
significant for 4 and 6 days respectively. The results indicate that SD exerts 
a powerful direct, or indirect agonist effect on DA systems. Since this 
effect was retained for some time, the results further suggest that the rapid 
loss of mood effects, seen in depressed patients, may reflect the action of 
an extinction mechanism which is absent in the Parkinson’s group.
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672.17

HIGH FREQUENCY STIMULATION OF THE SUBTHALAMIC NUCLEUS 
INFLUENCES STRIATAL DOPAMINERGIC METABOLISM IN VIVO. G. Paul,
T. Reum*, A Marburqer, R. Moraenstern and A. Kupsch. Institute of 
Pharmacology and Toxicology and Department of Neurology, Humboldt- 
University at Berlin, D-10098 Berlin, Germany.

The subthalamic nucleus (STN) is involved in the pathophysiology of 
Parkinson’s disease (PD) and plays a major role in the control of basal ganglia 
output structures. In animal models of PD the activity of STN neurons is 
increased and it was found that STN inhibition by high frequency stimulation can 
alleviate akinesia and rigidity in patients with PD. The mechanisms of this 
therapeutic strategy with respect to striatal dopaminergic transmission are still 
unknown. In this study we investigated the influence of electrical stimulation of 
the STN on dopaminergic transmission and metabolism in the unilateral striatum 
using in vivo microdialysis in anesthetized rats.

The STN was electrically stimulated (pulses of 600 pA, 60 Msec) for 20 min 
with a frequency of either 20 Hz or 130 Hz. Controls received no STN 
stimulation. Extracellular striatal levels of dopamine, DOPAC, HVA and 5-HIAA 
were analysed in 20 min samples by HPLC.

High frequency stimulation with 130 Hz produced an increase of DOPAC and 
less pronounced of HVA in comparison to controls, whereas levels of dopamine 
and of 5-HIAA were not significantly changed. The DOPAC increase was 
measured 60- 120 min after stimulation. Stimulation with 20 Hz did not induce 
changes compared to controls.

Our preliminary results indicate that high frequency stimulation with 130 Hz 
produces a delayed and stable increase of dopamine metabolites in the striatum, 
whereas stimulation with 20 Hz does not influence the measured parameters. 
Investigations with STN stimulation in freely moving animals are in progress and 
will be presented at the meeting.
Supported by grant Ku 830/3-1 (DFG, Germany).

672.18
MOTOR REHABILITATION OF FORELIMB USE IN UNILATERAL 6- 
HYDROXYDOP AMINE (6-OHDA) RAT MODEL OF PARKINSON’S 
DISEASE J.L. Tillerson1, S.L. Castro2, M.J. Zigmond2’ T. Schallert*1. 'Dept. 
Psych. & Inst, for Neuroscience, Univ. Texas at Austin, TX, 78712, 2 Dept. 
Neurology, Univ. Pittsburgh Sch. Med., PA, 15231.

Parkinson’s disease involves impairment of motor function, including 
deficits in the capacity to initiate movements requiring shifts of center of gravity. 
Unilateral infusion of 6-OHDA into the nigrostriatal pathway in rats severely 
depletes the striatum of dopamine (DA) and yields analogous impairments (e.g., 
forelimb disuse for weight shifts). Endogenous trophic factor expression has been 
shown to be upregulated early after 6-OHDA-induced degeneration, as well as after 
other types of neural injury. Recent studies in our lab suggest that trophic factor 
expression after unilateral sensorimotor cortex injury may be use-dependent (e.g., 
bFGF in astrocytes is reduced if the affected forelimb is immobilized; Humm et 
al., 1997). The natural expression of trophic factors immediately following 
damage may present a window of opportunity for neural recovery. Therefore, rats 
with severe unilateral DA depletion (which show extreme preferential use of the 
nonimpaired forelimb) might benefit from experimental forced motor 
rehabilitation of the affected forelimb during or soon after degeneration. Plaster of 
paris casts were used to restrict use of the nonimpaired forelimb for 1 week after 
unilateral 6-OHDA infusion (10 pg into the nigrostriatal tract). Uncasted animals 
failed to recover (tested up to 60 days after 6-OHDA) and displayed apomorphine- 
induced contralateral rotation, whereas casted rats, like controls, displayed no 
detectable impairment or asymmetry of limb use, could use the contralateral 
forelimb for vertical and lateral weight shifting, and showed no contralateral 
turning to apomorphine. The mechanisms for the beneficial effects of early motor 
rehabilitation are being explored. Supported by NIH and Texas Advanced 
Research Program.

672.19

INSTRUMENTAL ASSESSMENT OF TONGUE AND
FORELIMB DYNAMICS IN A RAT MODEL OF
PARKINSON'S DISEASE. E.B. Skitek, S.C. Fowler, and R.E. 
Tessel*. Dept. of Human Development and Dept. of 
Pharmacology and Toxicology, Univ. of Kansas, Lawrence, KS 
66045.

In the present study, two motor abnormalities which are evident in 
Parkinson's disease were examined in rats with unilateral 6-hydroxy
dopamine (6-OHDA) lesions. First, lingual motor control was 
measured in a behavioral task in which rats were required to 
continuously lap water from a force-sensing disk. Compared to 
controls, rats with severe dopamine depletions (> 75%) produced a 
lower number of licks, lower lick force, lower lick frequency, and 
showed signs of lingual discontrol. In the second behavioral task, rats 
exerted continuous forelimb force on a force-sensing disk while 
simultaneously lapping water from a raised dipper. Rats with severe 
dopamine depletions had: 1) difficulty in maintaining sufficient force 
to keep the dipper in the raised position, 2) low task engagement time, 
3) increased forelimb tremor, and 4) signs of motor discontrol.
Results from both behavioral tasks establish further parallels between 
the motor dysfunctions of the 6-OHDA lesioned rat and human 
manifestations of Parkinson's disease. Supported by MH43429.

672.20
ARE CONCURRENT PARKINSON TREMORS INDEPENDENT?
G. P. Moore*. L. Ding and H, M. Bronte-Stewart. Dept. of 
Biomedical Engineering, Univ. of Southern California; Dept. of 
Neuroscience, Univ. of Pennsylvania; Kaiser-Permanente Movement 
Disorders Group, Kaiser San Rafael, San Rafael CA 94903

Parkinson patients undergoing screening for pallidotomy and who 
produced concurrent tremors were studied using a novel low-noise 
transducer sensitive to angular velocity of rotation (Motus 
Bioengineering Inc., Benicia, CA). Ten second records from as many 
as three concurrent tremors were digitized and analyzed using standard 
spectral and correlation procedures. In general, individual tremors are 
non-stationary even over a time span as short as 10 seconds. The 
spectra of some concurrent tremors evolve independently (spectral 
components in one tremor may remain stable while new peaks appear 
in another; or, ongoing peaks may shift their frequencies). In these 
cases we conclude that the concurrent tremors arise from independent 
sources. Some patients consistently generated very stable, sharply- 
tuned and highly periodic tremors, and, in rare instances, produced 
two concurrent tremors with indistinguishable peak frequencies; these 
tremors were highly correlated throughout the record. This might have 
arisen by chance, or have been a consequence of their dependence on a 
common source. Other concurrent tremors exhibit time-varying 
spectra which evolve in similar ways and share common frequencies. 
We hypothesize that these tremors arise from sources that interact or 
share common neuronal elements.

Supported by Kaiser Permanente
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673.1

IMMUNOHISTOCHEMICAL STUDY OF GLIAL INCLUSIONS IN 
THE MIDBRAIN OF PARKINSON’S DISEASE. T, Arai1, K. Ikeda1.
K. Ueda1, H. Akivama1, K. Ikeda1*, K, Tsuehiva2, S. Iritani2. K.
Niizato2, and N. Kuroki2. 'Tokyo Institute of Psychiatry. 2-1-8 
Kamikitazawa, Setagaya-ku, Tokyo 156, Japan, and -’Tokyo 
Metropolitan Matsuzawa Hospital, 2-1-1 Kamikitazawa, Setagaya-ku. 
Tokyo 156, Japan

One of the neuropathological hallmarks of Parkinson’s disease 
(PD) is the characteristic neuronal inclusions known as Lewy bodies, 
that are formed predominantly in the dopaminergic neurons of the 
substantia nigra. Lewy bodies contain the neurofilaments, ubiquitin 
and NACP/a-synuclein, which is mutated in some familial cases of 
PD.

Recently, argyrophilic glial inclusions of astrocytic origin were 
reported in the midbrain of PD. Immunohistochemically, these glial 
inclusions were stained positively with an antibody specific to 15 
amino acids of the N-terminus of NACP/a-synuclein. In the double 
immnostaining for NACP/a-synuclein and a complement protein, C4d, 
NACP/a-synuclein positive inclusions were found in some C4d 
positive oligodendrocytes. Such a result suggests that at least a part 
of the glial inclusions were of oligodendrocytic origin. A common 
degenerative process might take place both in neurons and glias in the 
midbrain of PD.

673.2

AN IMMUNOHISTOCHEMICAL STUDY OF BAX AND 
CASPASE-3 (CPP32) EXPRESSION IN PARKINSON’S DISEASE.
Y. Sugita *? K. Goto, M. Mori. T. Kondo. Y. Mizuno. Dept. of 
Neurology, Juntendo Univ., Tokyo, Japan

Apoptosis is suspected to be the mechanism of neuronal death in 
neurodegenerative diseases (ND) such as Parkinson’s disease (PD). We 
have recently shown that the level of Bcl-xL immunoreactivity in 
dopaminergic nigral neurons in PD patients is lower than that in control 
(CTL) individuals, and that this reduction in the level of Bcl-xL 
expression plays an important role in the regulation of neuronal death in 
PD. Bcl-xL functions as a cell death inhibitor, whereas Bax and 
Caspase-3 may act as cell death promoters, and each may regulate the 
functions and expressions. As the next step in investigating the role of 
apoptosis-related proteins in ND, we studied, using immuno
histochemical methods, the level of expression of Bax and Caspase-3 in 
PD patients and CTL individuals. The level of Bax immunoreactivity in 
the dopaminergic nigral neurons in PD patients was not found to be 
significantly different from that in CTL individuals, and that of Caspase- 
3 immunoreactivity in PD patients was slightly higher than the level 
noted in CTL individuals. The level of Bax immunoreactivity in glial 
cells was slightly higher in PD patients. On the other hand, the level of 
Caspase-3 immunoreactivity in glial cells in PD patients was markedly 
higher than that in CTL individuals. We also carried out a double 
staining procedure for Bax and Bcl-xL in order to elucidate the 
relationship between the expression of Bax and Bcl-xL. The majority of 
nigral neurons were stained for both, and a few neurons were stained for 
one of them. These findings suggest that Bax and Caspase-3 play an 
important role not only in the regulation of apoptotic death of neurons 
but also in the regulation of the proliferation of reactive glial cells in PD.
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673.3

A NOVEL MODEL OF SLOWLY PROGRESSIVE PARKINSON’S 
DISEASE. G.M. MacKenzie & J.T. Greenamyre*. Department of 
Neurology, Emory University, Atlanta, GA 30322

Although current models of Parkinson’s disease (PD) have provided a 
means to test potential neuroprotective agents, no model exists which 
mimics the slow progression of the human disorder. We administered the 
specific complex I inhibitor, rotenone, to rats by chronic, continuous, 
systemic infusion. Male Sprague Dawley rats were anesthetized, Alzet 
osmotic pumps were implanted subcutaneously, and rotenone was delivered 
via jugular vein at a dose of 1 - 4 mg/kg/day for a period of weeks to 
months. At intervals, rats were anesthetized and transcardially perfused. 
Complex I was assessed by measurement of [3H]dihydrorotenone (DHR) 
binding. Succinate dehydrogenase (SDH) and cytochrome oxidase (CO) 
activities were measured histochemically and Nissl staining and tyrosine 
hydroxylase (TH) immunohistochemistry were performed. Rotenone- 
treated rats often became bradykinetic and rigid. [3H]DHR binding was 
decreased 50 - 80% in rotenone-treated rats, but SDH and CO activities 
were largely unchanged. Markedly decreased striatal TH staining, with 
relative sparing of nucleus accumbens and olfactory tubercle, was observed 
in striatum of some of the rats. More prolonged administration of 
rotenone also caused loss of TH staining of neurons in substantia nigra but 
spared ventral tegmental area. Profound loss of striatal TH staining may 
be associated with slight neuronal loss and decreased CO activity in 
striatum. The severity of the dopaminergic lesion was related to both 
rotenone dose and infusion duration. These data suggest that slow infusion 
of low doses of rotenone results in selective degeneration of striatal 
dopaminergic terminals and subsequent retrograde degeneration of nigral 
neurons, thus mimicking the slowly progressive pathology of PD. Thus, 
chronic, continuous, systemic infusion of rotenone may provide a novel 
model of PD and lead to new insights into the mechanisms of chronic 
neurodegeneration.

673.4
TYROSINE HYDROXYLASE (TH) ACTIVITY IN THE SUBSTANTIA 
NIGRA (SN) AND STRIATUM OF THE PATIENTS WITH LEWY BODY
NEGATIVE PARKINSONISM (LB NP). XJiond^,3L^ugita, ALJYliziitani, 
M. Yokochi, H. Mori, N, Hatton, Y. Mizuno. Dept. of Neurology, Juntendo 
Univ. Sch. of Med. Tokyo, Japan

An abnormality of the Parkin gene in autosomal recessive parkinsonisrrv 
which ischaraderized by Lewy body-negative pathology, is reported. We 
examined the distribution of TH activity in the striatum and SN of three 
autopsi ed brains of LBNP patients. Casesl and 2 were familial, and case 3 
was sporadic. All patients had very long-standing illness (more than 38 
years) with the age at onset ineach case being less than 25 years. Incase 1, 
deletion of exon4 of the Parkin gene was confirmed. The other 2 cases are 
under investigation. A severe reductioninTH activity in all portions of the 
stria turn examined wasobserved. Incase 3, the reductioninTH activity was 
not distributed over the entire striatum, being limited to the dorsocaudal 
portions of the putamen. Incase 2, the portions which had high orlowTH 
activity were scattered. Marked reduction of TH activity in the SN was 
observed only in the lateral part of the nucleus in case 1. These changes in 
TH activity seemed tobe correlated to the pathological findings in the SN 
in the three cases. Moderate reduction in the population of the pigmented 
neurons and gliosis were observed incase 1. However, a slight reduction in 
the population of pigmented neurons without gliosis was seen only in the 
ventrolateral tier incase 3. Mild reduction in the population of pigmented 
neurons which appeared immature in the SN was found in case 2. These 
findings indicate that the pathophysiological characteristics of the 
patients with LBNP is not uniform

673.5
INDUCTION OF NEUROMELANIN AND UBIQUITINATED 
INCLUSIONS IN MIDBRAIN NEURONS AND PC12 CELLS BY L-DOPA.
D. Sulzer*1, J. Bognlavskv1, K. Larsen1, E. Karatekin2, L. Greene3, N, Turro2, L.
Zeccaf Depts. ^Neurol, 1Psych, ^Pathol, ^Chem, Columbia; 2Dept Neurosci, 
NYSPI, NY, NY 10032. 4ITBA-CNR Milano, Italy.

Neuromelanin (NM) is a hallmark of aging catecholamine neurons in 
substantia nigra (SN) and locus coeruleus. In Parkinson's Disease, 
ubiquitinated cytosolic inclusions known as Lewy Bodies are also present. 
Both features require decades for formation in vivo and have not been 
observed in vitro, which may allow characterization of their development.

To test if NM and ubiquitinated inclusions result from oxyradical 
metabolites of catecholamines or L-DOPA, we exposed midbrain dopamine 
(DA) neuronal cultures and PC12 cells to high L-DOPA levels (50 uM and 100 
(iM) for 11 d - 4 months. Some neurons developed deep brown granules clearly 
visible in living cells in a typical NM distribution. These were electron dense 
and in lysosomal-like organelles identical in appearance to human SN NM. 
Electron spin resonance confirmed NM identification with identical peaks for 
human SN NM and PC12 NM. In PC12 cells, D-DOPA, a poor substrate for DA 
synthesis, was more efficient at producing NM. Ferric iron alone elicited NM, 
whereas /-n-acetylcysteine inhibited NM synthesis. Presence of NM 
correlated with a lag in neurite outgrowth following nerve growth factor 
exposure, suggesting that NM in endocytic/secretory organelles perturbs 
ligand/receptor function. DOPA also elicited intracellular inclusions highly 
immunoreactive for ubiquitin. Western blot analysis indicated several as yet 
unidentified DOPA-induced ubiquitinated proteins. We suggest that DOPA- 
associated oxyradical products within the secretory system produce NM, 
while elevated oxyradicals in the cytosol produce ubiquitinated inclusions. 
Sponsored by NIDA and the Parkinson's Disease Foundation.

673.6
NR1A/2B-SELECTIVE NMDA ANTAGONISTS INHIBIT LEVODOPA- 
INDUCED DYSKINESIAS IN MPTP MONKEYS. P.J. Blanchet,13* S. 
Konitsiotis,' E.R. Whittemore,2 Z.L. Zhou,2 R.M. Woodward2 and T.N. Chase'.
'Exper. Therap. Br., NINDS, Bethesda, MD 20892; “CoCensys, Irvine, CA 92618; 
3Fac. of Dentistry, Univ. of Montreal and CHUM/Campus St. Luc, Montreal 
(Que.), Canada.

The priming events conducive to levodopa-induced dyskinesia (LID) in 
Parkinson’s disease (PD) remain elusive. Enhanced central glutamatergic 
transmission is thought to play a role since LID was alleviated by the competitive 
glutamate-site NMDA antagonist LY 235959 (LY) in MPTP monkeys (Papa and 
Chase, Ann Neurol 96;39:574). The antidyskinetic efficacy of NMDA antagonists as 
a class is unknown but may be related to selectivity for inhibition of certain subtypes 
of NMDA receptors. We tested the NRlA/2B-selective allosteric antagonists 
eliprodil (ELI) and a novel compound, Co 101244 (Co), in 6 MPTP monkeys with 
LID and measured NMDA receptor subtype selectivity of these two antagonists at 4 
different NMDA receptor subunit combinations expressed in Xenopus oocytes. ELI 
(0.1, 1 mg/kg s.c.) reduced the mean dyskinesia scores produced by a predetermined 
fully effective dose of levodopa/benserazide s.c. by 42% and 60%, respectively. Co 
(0.1, 1 mg/kg s.c.) resulted in a decrease in LID of 67% and 70% without any 
negative effects in the levodopa response. At the doses tested no adverse effects were 
observed. In vitro, ELI and Co inhibited NMDA currents with strong selectivity for 
the NR1A/2B subunit combination. IC50 values for the NR1A/2B subunit 
combination were 1 mM for ELI and 0.026 mM for Co, and these compounds were 
> 100-fold and - 10,000-fold weaker at NR1A/2A, NR1A/2C and NR1A/2D 
receptor combinations. Our data confirm the involvement of NMDA receptors in the 
expression of LID and suggest a correlation between antidyskinetic efficacy and 
selectivity for the NR1A/2B subtype. These data suggest leads for the development 
of drugs with a more favorable therapeutic index in PD. [Supported in part by grants 
from The Parkinson Foundation of Canada (PJB) and the Onassis Foundation (SK)J

673.7
THE EFFECT OF DIFFERENT NMDA ANTAGONISTS ON LEVODOPA- 
INDUCED DYSKINESIAS IN PARKINSONIAN MONKEYS. S. Konitsiotis,1 P.J. 
Blanchet,1'3 E.R. Whittemore,2 R.M. Woodward2 and T.N. Chase1*. 1 Exper. 
Therap. Br., NINDS, Bethesda, MD 20892; “CoCensys, Irvine, CA 92618; 3Fac. of 
Dentistry, Univ. of Montreal and CHUM/Campus St. Luc, Montreal, (Que) Canada.

Levodopa-induced dyskinesia (LID) is a frequent and disabling complication of 
chronic levodopa therapy in patients with Parkinson’s disease. The underlying 
pathophysiologic mechanism remains obscure but recently, NMDA receptor- 
mediated mechanisms have been proposed as contributing factors in levodopa-related 
motor response complications in animal models. In this study we examined the 
effects of 2 NMDA antagonists on LID in cynomolgus monkeys and assayed these 
compounds for selectivity for 4 NMDA receptor subtype combinations expressed in 
Xenopus oocytes. The antagonists were the competitive NMDA antagonist MDL 
100,453 (MDL) and the weak NMDA channel blocker amantadine (ATD). Six 
monkeys previously exposed to MPTP and primed with daily oral 
levodopa/carbidopa treatment were challenged with levodopa/benserazide s.c. (L/B) 
to select a low fully effective dose producing moderate dyskinesias. MDL (50, 300 
mg/kg s.c.) increased global motor activity by itself, spared L/B motor benefit and 
consistently increased LID. ATD (1.25, 2.5 mg/kg s.c.) was ineffective by itself, 
reduced L/B response by -40% and >50%, respectively, blocked LID and seldom 
produced hallucinatory-like behavior. In oocytes, MDL showed - 5-10-fold 
selectivity for NR1A/2A subunit combination compared with NR1A/2B NR1A/2C 
and NR1A/2D. ATD exhibited little NMDA-subtype selectivity, inhibiting NMDA 
responses with IC50 values between 14-29 mM depending on the subunit 
combination tested. These results suggest that NMDA antagonists lacking selectivity 
and/or high affinity for the NR1A/2B subunit (see Blanchet et al., this meeting) do 
not display a favorable therapeutic index against LID in this Parkinson’s disease 
model. (Supported in part by grants from The Parkinson Foundation of Canada (PJB) 
and the Onassis Foundation (SK)j

673.8

WITHDRAWN
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673.9

IMMUNOMODULATION MAY ALLEVIATE SYMPTOMS OF 
PARKINSON’S DISEASE IN A RAT MODEL. R. Geffen, F. Shalit1. 
B, Sredni1. A. Mavevsky* and G. Yadid. Dept. of Life Sciences, ’C.A.I.R. 
Institute, Bar-Ilan University, Ramat Gan 52900, Israel.

Degeneration of the nigrostriatal dopaminergic neurons is characteristic of 
Parkinson’s disease (PD). New treatment proposed for PD includes 
transplantation of fetal dopamine-producing cells and administration of 
intracerebral glial-derived -neurotrophic factor (GDNF). In the present study 
we tested the effect of the immunomodulator AS 101 on an astrocyte cell line, 
genetically modified to express the rate-limiting enzyme for 1-dopa, tyrosine 
hydroxylase (SVG-TH). Our results show that AS 101 stimulates IL-6 
secretion in these cells in a dose- and time-dependent manner. Constitutive 
expression of GDNF mRNA was found, but no spontaneous secretion of the 
growth factor was observed. Stimulation with AS 101 (0.2 mg/ml) enhanced 
mRNA production and induced secretion of GDNF as tested by ELISA. In 
vivo experiments showed that direct injection of AS 101 (30 pg for 3 days, at 
0.1 pg/hr) via cannula to the substantia nigra (SN) of 6-hydroxy dopamine 
partial lesion rats reduced apomorphine-induced rotation by 90%. Our results 
suggest that in partial loss of dopaminergic cells in the SN, local 
administration of AS 101 may stimulate SN glia cells to secrete growth 
factors that may support the residual dopaminergic neurons. A combined 
treatment of AS 101 and transplantation of SVG-TH cells may prove effective 
in relieving PD, the latter supplying dopamine, and the former supplying 
growth factors necessary for the regeneration of lost neurons.

673.10
ANTIPARKINSONIAN-LIKE ACTIVITY OF UNCOMPETITIVE NMDA RECEPTOR 
ANTAGONISTS IN ANIMAL MODELS AND ANTAGONISM OF MOTOR 
FLUCTUATIONS PRODUCED BY L-DOPA
M. Hesselink*, M, Karcz-Kubicha. B, Lorenz, and W. Danysz, Dept. Pharmacol., 
Merz + Co, 60318 Frankfurt / Main, Germany.

Uncompetitive NMDA receptor antagonist are the only clinically used NMDA 
receptor antagonists (e.g. dextromethorphan, memantine, remacemide, amantadine). 
One basic difference to agents acting at other sites of the NMDA receptor is relatively 
good antiparkinsonian-like activity in animals models. Apart from direct 
antiparkinsonian activity, an inhibition of dyskinesias produced by repetitive L- 
DOPA administrations is one of the plausible applications for NMDA receptor 
antagonist since such effects have been observed after (+)MK-801 by Chase and co
workers.

We tested as a series of amino-alkyl-cyclohexanes, and amantadine, and 
memantine in three animals models such as haloperidol-induced catelepsy, reserpine- 
induced sedation and rotation in rats with unilateral lesion to the nigro-striatal 
system. In general, all showed activity in the haloperidol-induced catalepsy model, 
were moderately potent in the rotation model and least potent against reserpine- 
induced sedation. In the last two models, the agents tested showed enhancement of L- 
DOPA responses at lower doses than those necessary to produce positive effects 
alone. Moreover, amantadine (50 mg/kg b.i.d.) attenuated both the expression and 
development of the shortening of duration of L-DOPA (25 mg/kg. b i d.) action. 
Amantadine was most efficient when given both during the induction and expression 
phase. However, an additional interaction experiment demonstrated that acutely 
given amantadine also prolongs the duration of L-DOPA-induced rotations. Hence, 
only the effect on development of shortening of L-DOPA action can be regarded as 
specific for the repetitive treatment mode. The data suggest that treatment with 
amantadine, and other NMDA receptor antagonists might have beneficial effects on 
response fluctuations produced by chronic L-DOPA administration.

673.11

POTENTIATION OF LEVODOPA-INDUCED EFFECTS IN 
PARKINSONSONIAN PATIENTS BY PRE-TREATMENT WITH 
ANTIGLUTAMATERGIC DRUGS M. Relja and M.Salkovic-Petrisic*, 
Department of Neurology and Pharmacology, Medical School University of 
Zagreb and Croatian Institute for Brain Research, 10000 Zagreb, Croatia

Increased glutamatergic transmission has been implicated in the 
pathophysiology of Parkinson's disease (PD). However, systemic injections 
of antiglutamatergic drugs have failed to produce significant amelioration 
of PD symptoms. This prompted us to investigate the possible involvement 
of glutamatergic mechanism in the dopaminergic response in PD patients. 
Using computerized device for quantifying rigidity from the elbow joint 
(Relja et al., Ciin Neuropharmacol 1996;19:148), we have studied the 
rigidity response in idiopathic PD patients after acute challenge with 
dopaminomimetics (DA) and NMDA and non-NMDA glutamate (GLU) 
receptor antagonists. The investigation was conducted following the 
Declaration of Helsinki. Twenty idiopathic PD patients were included in the 
study, and informed consent was obtained. Rigidity measurement was 
performed in the morning before and 90 minutes after single oral 
administration of DA drugs (levodopa/DDI, bromocriptine), and/or 
antiglutamatergics (memantine, lamotrigine, riluzole). DA drugs 
significantly (p<0.001) decreased rigidity, while GLU antagonists had only 
a slight effect. However, when DA drugs were co-administered with GLU 
antagonists, the rigidity response of both drugs together was significantly 
additive (P<0.05). These results suggest that GLU can modify DA 
response, and that a combination therapy may be beneficial for PD 
patients.

673.12
ANIMAL MODELS OF PARKINSONIAN SYMPTOMS: NEOSTRIATUM AND 
SUBSTANTIA NIGRA PARS RETICULATA ARE INVOLVED IN THE 
ANTITREMOROGENIC EFFECTS OF SKF 82958 (APB). A.J. Mayorga*, J.T. 
Trevitt, A. Conlan, G, Gianutsos and J.P, Salamone. Depts. of Pharmaceutical 
Sciences and Psychology, U. of Connecticut, Storrs, CT 06269-1020 USA.

Previous work has demonstrated that cholinomimetic-induced tremulous jaw 
movements in rats have temporal and pharmacological characteristics similar to 
parkinsonian tremor. This rodent model was used to characterize the putative 
antiparkinsonian effects of the full DI dopamine receptor agonist, SKF 82958. SKF 
82958 (0.5-2.0 mg/kg IP) reduced the tremulous jaw movements induced by the 
muscarinic agonist pilocarpine (4.0 mg/kg IP). The suppressive effects of SKF 
82958 on jaw movements were dose-dependently reversed by systemic pretreatment 
with the selective DI dopamine receptor antagonist SCH 23390 (0.025-0.2 mg/kg 
IP); SCH 23390 was about 16 times more potent than the D2 antagonist raclopride 
at reversing the effects of SKF 82958. Intracranial injection of SCH 23390 (0.5-2.0 
/xg/side) into the ventrolateral striatum, the rodent homologue of the human ventral 
putamen, dose-dependently reversed the reduction of pilocarpine-induced jaw 
movements produced by SKF 82958. Intracranial injection of SCH 23390 (0.5-2.0 
/xg/side) into the substantia nigra pars reticulata (SNr) also dose-dependently reversed 
the reduction by SKF 82958 of pilocarpine-induced jaw movements. Injections of 
SCH 23390 (2.0 /xg/side) into control sites dorsal to the striatum or SNr had no 
effects on actions the action of SKF 82958. Intranigral injections of the GABA-A 
antagonist bicuculline blocked the suppressive effect of systemically administered 
SKF 82958 on jaw movement activity. These data suggest that the antiparkinsonian 
actions of SKF 82958 may be due to stimulation of DI receptors in the ventrolateral 
striatum and SNr. In addition, these results indicate that GABA mechanisms in the 
SNr may be important for the antiparkinsonian effects of DI agonists.
(Research supported by a grant to J.S. from NINDS)

673.13
SUSTAINED CABERGOLINE TREATMENT IMPROVES 
LEVODOPA-INDUCED DYSKINESIAS IN A PRIMATE MODEL OF 
PARKINSON'S DISEASE. A. Hadi Tahar; L, Grégoire. E. Bangassoro and P.J. 
Bédand . Neuroscience Research Unit, Laval University Research Center: 2705 Bout 
Laurier Ste Foy, QC, G1V 4G2 Canada.

Continuous dopamine therapy, especially when given for a long time, ameliorates 
motor fluctuations and peak-dose dyskinesia that complicate standard levodopa 
regimens. Unfortunately a suitable route for sustained administration of L-Dopa or 
dopamine agonists is still lacking. Here, we report the effects of long term 
administration of a single daily dose of cabergoline, a long acting dopamine D2-like 
receptor agonist (half-life of 65 to 110 hours, Fariello RG, Drugs 1998, 55 Suppl. 
1:10-16), on the antiparkinsonian and dyskinetic effect of L-Dopa methyl ester in four 
MPTP exposed cynomolgus monkeys with L-Dopa induced dyskinesias. L-Dopa 
methyl ester was given in two doses (62.5 and 125 mg) before and after six weeks of 
chronic cabergoline treatment. Dyskinesias induced by cabergoline (doses ranging from 
0.125 to 0.185 mg/kg) were significantly reduced after six weeks of chronic treatment. 
A decrease in locomotion was also observed, yet, no significant changes in 
antiparkinsonian response to the drug was evident. Similarly did chronic cabergoline 
treatment decrease L-Dopa induced dyskinesias. However, the antiparkinsonian response 
was also partly reduced. In contrast, a levodopa 3 weeks "drug holiday" did not induce 
such modifications in L-Dopa responses. On the other hand, the duration of levodopa 
response was increased (14.4% and 21.5%, respectively, for 62.5 and 125 mg) after 
drug holiday but decreased (32.4% and 16.9%, respectively, for 62.5 and 125 mg) by 
chronic cabergoline treatment. Our data suggest that sustained dopamine D2 receptor 
stimulation might be used to decrease L-Dopa-induced dyskinesias and lend further 
support to the view that continuous dopamine replacement ameliorates abnormal 
involuntary movements seen after chronic L-Dopa therapy. (This work was supported 
by the Parkinson Foundation and the Medical Research Council of Canada).

673.14

BIOCHEMICAL PROFILE OF SL34.0026-00, A NEW 
REVERSIBLE MAO-B INHIBITOR. N, Sontaq, N. Aubin, C. Carter*, 
S. Jeqham, P. George, B. Scatton and O. Curet. CNS Research 
Department, Synthelabo Recherche, 92504 Rueil-Malmaison, France.

SL34.0026-00 is a tetrazoloxadlazole derivative belonging to a new 
generation of reversible MAO-B Inhibitors. In vitro, it selectively 
inhibited rat brain MAO-B activity (IC50 MAO-B = 4.2 nM, 
MAO-A > 1,000 nM). Ki app for MAO-B ranging from 0.3 to 0.7 nM 
were calculated in rat brain, non human primate caudate nucleus and 
in platelet rich plasma of human and non human primates. Ex vivo, 
SL34.0026-00 (5 mg/kg, po) Induced a dose-dependent, reversible and 
selective inhibition of rat brain MAO-B activity (ED50 = 0.4 mg/kg, po). 
Maximal inhibition was observed 30 min. after dosing. In guinea pig 
striatum, SL34.0026-00 (5 mg/kg, po) selectively decreased MAO-B 
activity and DOPAC levels by 74 % and 42 %, respectively but failed to 
modify levels of monoamines or of other metabolites. In C57bl/6 mice, 
the compound prevented MPTP (15 mg/kg, sc) Induced DA depletion 
in striatum (ED50 = 0.08 mg/kg po). SL34.0026-00 induced a dose- 
dependent and selective inhibition of MAO-B activity in the caudate 
nucleus, frontal cortex, liver and platelet rich plasma of Macaca 
Fascicularis with ED50's of 0.36, 0.25, 0.08 and 0.15 mg/kg, 
respectively. In the caudate nucleus, it decreased DOPAC levels in a 
dose-dependent manner with an ED50 of 0.28 mg/kg, po. In vitro, 
SL34.0026-00 did not interact with a variety of neurotransmitter or drug 
receptor sites. In conclusion, the neurochemical profile of SL34.0026- 
00 demonstrates that this compound is a selective, potent and 
reversible MAO-B inhibitor with potential neuroprotective activity in 
Parkinson’s disease.

Society for Neuroscience, Volume 24,1998



WEDNESDAYAM PARKINSON’S DISEASE: PATHOLOGY AND THERAPIES 1723

673.15
INTRACRANIAL BRAIN GRAFTS OF VENTRAL MESENCEPHALON 
INTO LESIONED SUBSTANTIA NIGRA REDUCE APOMORPHINE- 
INDUCED ROTATION BEHAVIOR. M.R. Palmer14’5*, K.E. Giardina2’4,
R.K. Freund’-4, T. Witman3, A.-C. Granholm15 6, J.W. Moorhead3, G.A.
Gerhardt1,2,4,5. Depts. of 'Pharmacology, 2Psychiatry, and immunology, 
4Rocky Mountain Center for Sensory Technology, and 5Neuroscience 
Training Program, School of Medicine, and 6Dept. of Basic Science, School 
of Dentistry, Univ. of Colorado Health Sciences Center, Denver, CO 80262.

Parkinson’s disease is characterized by a degeneration of the dopamine 
pathway from the substantia nigra to the basal forebrain. An animal model of 
Parkinson’s disease can be created by lesioning this ascending dopamine 
pathway with intracranial injections of 6-hydroxydopamine (6-OHDA) into 
the median forebrain bundle of rats. In the present study, apomorphine- 
induced rotations decreased 60% within one week following the intracranial 
implantation of fetal ventral mesencephalon into the substantia nigra on the 
lesioned side of the brain. This decrease in behavioral responsiveness to 
apomorphine continued for ten weeks following transplantation. Lesioned 
animals which did not receive grafts showed no similar recovery of motor 
symmetry. Subsequent immunohistochemical studies demonstrated TH- 
positive cell bodies in the grafted tissue and a significant invasion of TH- 
positive fibers into the lesioned substantia nigra as well as the adjacent brain 
areas. Our data support the hypothesis that a dopaminergic reinnervation of 
the substantia nigra or surrounding tissue is sufficient to cause improved 
motor function after 6-OHDA lesions.

Supported by USPHS grants # NS 09199 and AG 06434.

673.16
SKF 83959 ACTS AS A DI ANTAGONIST IN VITRO, BUT EXERTS 

ANTIPARKINSONIAN EFFECTS IN MPTP-TREATED RHESUS MONKEYS. G. 
Andringa'2, L.J. Lubbers2, B. Drukarch', J.C. Stoof and A.R. Cool2* ‘Res. Inst. 
Neurosciences, Free Univ. of Amsterdam and'Dept. Psychoneuropharmacology, Univ. of 
Nijmegen, Nijmegen, The Netherlands, 6500 HB.

Dopamine receptors were originally classified according to their stimulatory 
(Dl-like) and inhibitory (D2-like) effects on cAMP formation. Whereas D2 agonists are 
used as antiparkinsonian drugs, the clinical efficacy of DI receptor stimulation is still under 
debate. For instance, the efficacy of DI agonists to stimulate motor behavior in MPTP- 
treated primates does not correlate with their ability to stimulate cAMP formation. Indeed, 
the benzazepine SKF 83959 stimulates motor behavior in dopamine-depleted rats and 
marmosets but does not induce cAMP formation in rat striatal tissue. Since the mechanism 
of action of SKF 83959 is unclear we studied: a) its therapeutic efficacy in MPTP-treated 
rhesus monkeys and b) the receptor subtypes possibly involved in these behavioural effects. 
Four male bilaterally MPTP-treated rhesus monkeys were primed with L-DOPA and 
treated with SKF 83959 for 21 consecutive days, in all monkeys, SKF 83959 partially 
restored goal-directed limb movements and increased displacement activity, but it also 
induced dystonia and dyskinesia. In binding studies using rat brain homogenates SKF 
83959 displayed a high and moderate affinity for the Di receptor (pK 7.6) and a2 
adrenergic receptor (pK 6.4), respectively. SKF 83959 exhibited no intrinsic activity on the 
Di receptor in monkey striatal glial cells but antagonised the dopamine induced stimulation 
of cAMP formation (ICW = 0.03pM). Moreover, SKF 83959 stimulated depolarization 
induced noradrenaline release from rat cortical slices suggesting a cc2 antagonistic effect. In 
conclusion, SKF 83959 is a potent DI antagonist which induces both mild antiparkinsonian 
effects and side effects in MPTP-treated primates. Whether a Dl-like receptor, linked to a 
different transduction mechanism, is involved or wether the antiparkinsonian effects of 
SKF 83959 are mediated via a2 receptors remains to be elucidated.
This study was supported by the “Princess Beatrix Foundation”

673.17
ANTIPARKINSON EFFECTS OF NMDA la/2B ANTAGONISTS IN RATS AND 
CYNOMOLGUS MONKEYS. C.L. Christoffersen*1, K.A. Serpa1, P.B. Boxer1, E.R. 
Whittemore2, R.M. Woodward2, Z.-L. Zhou2 , J.P. Belluzzi3 and L.T. Meitzer'.
'Parke-Davis Pharmaceutical Res. Div., Warner-Lambert Co., Ann Arbor, MI, 
2CoCensys, Irvine. CA and 3Univ. California Col. Med., Irvine, CA.

It has been hypothesized that NMDA antagonists may have antiparkinson effects, 
either alone or in combination with L-DOPA. The identification of subtypes of the 
NMDA receptor (NR) has lead to the possibility that therapeutic effects can be 
separated from psychotomimetic effects. We selected NR la/2B subtype selective 
compounds based on antagonism of glutamate-induced currents in Xenopus oocytes 
expressing NR la with either NR 2A, 2B, 2C or 2D. Antiparkinson effects were 
determined in hemiparkinson (HP) rats with unilateral 6-OHDA lesions of the MFB 
and in cynomologus monkeys that were either HP or full parkinson (FP), induced by 
intracarotid or repeated SC injections of MPTP. respectively. Co 10-1103(4-{2-[4- 
(4-fluoro-benzyl)-piperidin-l-ylJ-ethoxy}-phenol) and the chloro-phenyl analog, Co 
10-1061, have IC-50s of 0.02 and 15 pM for inhibiting la/2B mediated glutamate 
currents. Both compounds had IC-50s of >100 pM for currents mediated by la/2A, 
la2C or la/2D receptors. Co 10-1103 (3 & 10 mg/kg IP) was active in potentiating 
L-DOPA-induced contralateral rotations in HP rats, while Co 10-1061 (10 mg/kg IP) 
was inactive indicating a NR la/2B mediation of the effect. Another analog, Co 10- 
1244(l-[2-(4-hydroxy-phenoxy)-ethyl]-4-(4-methyl-benzyl)-piperidin-4-ol; NR 
la/2B IC-50=0,02 pM) (0.3 to 10 mg/kg IP), also potentiated the contraversive 
rotation produced by L-DOPA, as well as, the direct acting DA agonists, SKF 38393 
and quinpirole. In HP primates, Co 10-1244 (0.3 and 1 mg/kg SC) potentiated the 
contraversive rotations produced by L-DOPA but did not potentiate the antiparkinson 
effects of L-DOPA in FP monkeys. This may be due to the steep dose-response 
curve and near complete recovery of function produced by L-DOPA in FP primates. 
(Supported by Warner-Lambert & CoCensys)

673.18
ANTIPARKINSON POTENTIAL OF OPIOID DELTA 
RECEPTOR AGONISTS. Andrew Howell, James E. 
Macdonald*, Thomas J. Hudzik, and Alan J. Cross, Depts. of 
Pharmacology and Medicinal Chemistry, Astra Arcus USA, 331 
Clay Rd., Rochester, NY 14623. Opioid delta receptors, present 
in very high concentrations in striatum and overlying cortex, are 
thought to be involved in a number of processes, including 
analgesia, mood, reward, modulation of neuronal excitability, and 
alterations in neurotransmitter release. Given the localization of 
the receptors in motor circuits in brain, we thought it of interest to 
study the antiparkinson potential of delta opioid receptor agonists. 
Rats were given unilateral 6-OHDA-lesions of striatum, and 
following recovery, were tested for rotational activity.
Tonazocine mesylate is a nonpeptide, partial delta opioid agonist 
with mu antagonist properties. Tonazocine (0.1-10 mg/kg) 
evoked a dose related, ipsiversive rotation, consistent with 
augmentation of dopaminergic function on the unlesioned side. 
The rotation evoked by tonazocine was blocked by the selective 
delta-opioid antagonist naltrindole, suggesting that the effect was 
mediated by delta-opioid receptors. The full delta opioid agonist 
SNC-80 was also tested and compared to tonazocine. These data 
suggest therapeutic potential of agents interacting with delta 
opioid receptors.

673.19

AUTONOMIC NERVOUS DYSFUNCTION ASSOCIATED WITH 
PROLONGED LEVODOPA ADMINISTRATION IN PARKINSONTS 
DISEASE. T.A.Matsui. S.Nishikawa. Y.Nakasaka. M.Kihara*. 
M.Takahashi. Dept. of Neurology, Kiaki Univ. Sch. Med. ; Osaka, 589- 
0014, Japan.

We studied 56 patients with Parkinsonls disease to determine any 
correlation between aging, the duration of illness, the duration of 
levodopa therapy or the total amount of levodopa administered and the 
degree of autonomic dysfunction. Autonomic dysfunction was evaluated 
using the Composite Autonomic Scoring Scale (CASS, Low PA: Mayo 
Clin. Proc. p748, 1993). The CASS scores were significantly higher 
among patients with the greater amount of levodopa administration 
regardless of the duration of illness (p<0.05).. There was a definite 
positive correlation between cardiovascular heart rate index, which was 
one of the parameters of CASS and reflected parasympathetic neuron 
system function of cardiac origin, the duration of levodopa therapy 
(r=0.50, p<0.01), and the total amount of levodopa administered (r=0.49, 
p<0.01).
We conclude that long-term levodopa therapy negatively affects 
autonomic nervous function. In addition, arrhythmia and sudden death of 
unknown cause in some Parkinsonls disease patients after long-term 
levodopa therapy might be due in part to the autonomic dysfunction 
associated with levodopa therapy.

673.20
ESTROGEN MODULATION OF MPP+-STIMULATED DOPAMINE SECRETION 
IN THE CORPUS STRIATUM OF RATS USING IN VIVO AND IN VITRO 
TECHNIQUES. R.E. Leipheimer1*. M.A. Arvin1. L. Fedorkova1. K.A. Disshon2 and
P.E, Dluzen2. ’Dept. of Biological Sciences, Youngstown State University, 
Youngstown, Ohio 44555 and 2Dept. of Anatomy, Northeastern Ohio Universities 
College of Medicine, Rootstown, OH 44272

The present experiments used in vivo and in vitro approaches to investigate the 
effects of l-methyl-4-phenylpyridium iodide (MPP+ alone) or MPP+ combined with 
17(3-estradiol (MPP+/E2) on the dynamics of dopamine (DA) release in the corpus 
striatum of ovariectomized female rats. For the in vivo experiments, the technique of 
in vivo electrochemistry (IVEC-10, Medical Systems, Inc.) was used to record the 
release characteristics of a DA-like signal from carbon fiber microelectrodes 
stereotaxically passed through the corpus striatum in urethane (1.25g/Kg, ip) 
anesthetized rats. Results demonstrated that the amplitude (p<0.0001), secretion rate 
(p<0.0001), clearance rate (p<0.001), and time course (p<0.0001) characteristics of the 
DA-like signals were all suppressed following MPP+ /E2 treatment when compared with 
MPP+ alone. For the in vitro superfusion experiments, DA and dihydroxyphenylacetic 
acid (DOPAC) outputs were collected from corpus striatum fragments using relatively 
fast flow rates (150 q.l/nun) which enabled the collection of samples at 0.5 min 
intervals. DA and DOPAC levels were determined in effluent samples using HPLC 
with electrochemical detection (ESA Inc ). The output of DA and DOPAC from 
chambers perfused with MPP+/E2 showed a lower output when compared to chambers 
receiving MPP+ alone (p<0.034, and p<0.012, respectively).

These results demonstrate that estrogen suppresses the dynamics of MPP+- 
stimulated DA release as determined from both in vivo and in vitro approaches.

This research was supported by Youngstown State University (REL) and by a Research 
Challenge Grant (DED).
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674.1
DISRUPTION OF ULTRASTRUCTURE IN RAT STRIATUM FOLLOWING 
MICRODIALYSIS
'Clapp, K.L., Roberts, R.C., ]Hu, Y., *2Crosby, K.M., ’Duffy, L.K. 'Drew, K.L.
'Univ.of Alaska Fairbanks, IAB & Dept.of Chem.,Fairbanks,AK 99775,2Maryland 
Psych.Res.Center, Univ.of Maryland Sch.of Med., Baltimore, MD 21228

Microdialysis is a sampling technique commonly used to analyze 
neurotransmitter profiles in brain. Most neurotransmitters follow a classic voltage 
and calcium dependent process, but y-aminobutyric acid (GABA) displays an 
atypical calcium independent profile. The question of whether this is due to unique 
regulation of GABA or to artifact of the microdialysis sampling technique led us to 
investigate ultrastructural morphology surrounding the microdialysis probe. 
Microdialysis probes were implanted into rat striatum. After 40 hours of recovery, 
the probes were perfused with a modified Ringer’s solution. Light microscope 
analysis revealed tissue disruption up to and probably beyond 1.4mm from the 
probe site. Axonal damage indicative of non-excitotoxic insult was also seen as far 
away from the probe tract as analyzed. The presence of dark degenerating neurons 
was also noted and estimates of neuronal densities revealed neuron loss up to 
400pm from the probe. This studx, the first qualitative ultrastructural investigation 
of neuropil surrounding the probe tract, indicated swollen processes up to 1.4mm 
from the probe tract. Swollen mitochondria and bloated endoplasmic reticulum 
suggests intracellular chemical disruption. Synaptic density is reduced in perfused 
striata with no specificity for asymmetric or symmetric synapses suggesting an 
effect on both excitatory and inhibitory systems. The purpose of this study was to 
investigate tissue morphology around the probe insertion site in order to better 
understand the system sampled by microdialysis. Tissue damage resulting in 
decreased synaptic and neuronal density may affect GABA overflow suggesting a 
Heisenberg-like uncertainty principle: measuring neurotransmitter release may alter 
its profile.

AHA95007705S to KLD; NI DCD-DCOO147-01 to LKD

674.2
DUAL CONCUSSION MODEL OF HEAD INJURY: EFFECTS ON WATER MAZE 
PERFORMANCE AND FOREBRAIN SYNAPTOSOMAL CHOLINE UPTAKE. R.H. 
Schmidt* and K.J. Scholten. Dept. Neurosurg, Univ. Utah; Salt Lake City, UT 84132.

Repeated concussion is a common occurrence, especially with sports injury. Clinical 
experience suggests that a first concussion increases the risk of death and permanent 
impairment with a second concussion. We have attempted to model this problem in the 
laboratory using fluid percussion injury in rats and have explored how it affects water 
maze performance and central cholinergic innervation one and three weeks following 
injury. Anesthetized rats were given a first incident of moderate fluid percussion injury 
and allowed to recover for three weeks. A second, identical injury was then performed 
through the same head cannula. An equal number of rats were also exposed to just a 
single injury or sham injury'. Rats were sacrificed one and three weeks following their 
final injury. For three days prior to sacrifice they were tested in the Morris water maze 
Both the single and dual concussion groups showed water maze impairments which 
were most marked at one week and improved but still not normal at three weeks. At 
one week the dual concussion group had more severe retention deficits than the single 
injury group but this difference resolved by three weeks. The dual injury group showed 
more severe reduction of synaptosomal high affinity choline uptake in the ipsilateral 
hippocampus than did the single injury group. Choline uptake recovered to normal by 
three weeks in the single injury group but recovered only partially in the dual injury 
group. The dual injury' group also had more severe reduction of hippocampal choline 
acetyl transferase activity. In this model dual concussion had more severe behavioral 
and neurochemical effects than did single injury, although substantial improvement did 
occur with time. (Supported by US PHS Grant # KO8 N501866)

674.3
HEAD INJURY IN THE ELITE ATHLETE: RECENT ADVANCES IN 
GRADING AND INVESTIGATION.K, Johnston*, S. Leclerc, V. Lacroix, S, 
Delaney,_M, Lassonde, M. Guerin, R, DelCarpio, A. Ptito, C. White, D.
Kinnear, and D. Mulder. McGill University and University of Montreal 
(ML), Montreal, Quebec, Canada H3G 1A4.

Considerable controversy exists with respect to the grading of 
concussion and return to play guidelines. As a result, efforts to 
scientifically define and evaluate concussion from both neuroimaging 
and neuropsychological perspectives are underway. A review of recent 
available data in the literature, including SPECT and PET studies, will 
be presented and our current imaging and neuropsychological study 
introduced. Evaluation of injured athletes was performed and 
concussions graded according to the new McGill System. Serial follow 
up and neuropsychological testing was carried out according to 
specific protocol. Athletes with ongoing symptoms were further 
evaluated using the following imaging techniques; CT, MRI, flair MRI, 
diffusion MRI and functional MRI. In this pilot study, findings were 
correlated with concussion grade, clinical course and 
neuropsychological findings. Use of specific on field and follow up 
neuropsychological testing correspond well with concussion grade and 
neuroimaging results. Results accurately predicted clinical course. 
Effects on long term sequelae are still undetermined. While CT and 
routine MRI offer few findings in athletic concussion, newer imaging 
techniques in combination with specific neuropsychological tests may 
have potential in predicting clinical course and outcome.
supported by the MGH 175th Anniversary Fellowship and the 
Robert Ford Neurosurgery Fund.

674.4
SIMULTANEOUS ASSAY OF ORNITHINE DECARBOXYLASE (ODC) AND 
POLYAMINES AFTER CENTRAL NERVOUS SYSTEM (CNS) INJURY. J. F.
Hatcher, A. M. Rao, M. K. Baskaya, and R. J. Dempsey*: Dept. of Neurological 
Surgery, Univ. of Wisconsin, Madison, WI 53792.

ODC Is considered the rate-limiting enzyme in polyamine biosynthesis.
An increase in putrescine (a natural polyamine) synthesis after CNS injuries 
appears to be involved in blood-brain barrier (BBB) dysfunction, 
development of vasogenic edema and neuronal death. An improved method 
is described to determine the ODC activity as well as polyamine levels from 
the same brain tissue. Using this method, ODC activities and polyamine 
levels were measured in individual cortices and hippocampi from global 
transient ischemia of gerbils and traumatic brain injury (TBI) of rats. 
Methods: ODC activity in the cytosol fraction was measured by determining 
the amount of 14CO2 released from 0.5 pCi of L-[1 -14C] ornithine at 37°C during 
a 1 h incubation. Dansylated polyamines in the supernatant were determined by 
HPLC methods. Results: The current method allows the data for both 
parameters (ODC and polyamines) to be obtained from the same tissue, and 
individual variations in ODC activity can be shown with respect to the ODC 
product putrescine. In these studies, an increase in ODC activity correlated 
with an increase in putrescine levels in ischemia/reperfusion of gerbil and in 
TBI of rat determined at 6 h after the CNS injury. Conclusions: The 
advantages of this method are to: 1) reduce the number of animals needed 
for the study by one-half, 2) provide uniform samples for both (ODC and 
polyamine) measurements. This eliminates any variations resulting from 
use of two independent groups of animals, or inconsistencies which might 
arise from assaying tissue sections (e.g. punch biopsies), particularly where 
the Injury is regional (such as focal ischemia or mechanical trauma).
Funded by University of Wisconsin, NIH and Department of Veterans Affairs.

674.5
MURINE SPINAL CORD INJURY MODEL WITH SERIAL MR MICROSCOPY. 
SA Kureshi,1 DJ Dubowitz,1 JM Tyszka,1 RA Moats,2 EA Ahrens? RE Jacobs, DC
Bradley*,1 WL Caton III.3 'Div. of Biology, California Inst, of Technology, 
Pasadena, CA 91125, USA. 2Dept. of Radiology, Childrens’Hospital, Los Angeles 
CA. 3Dept. of Neurosurgery, Huntington Memorial Hospital, Pasadena CA

Many new models for the analysis and treatment of traumatic spinal cord injury 
have been developed in recent years. Most models rely on pathological correlation 
only achievable with terminal histology thereby making longitudinal studies difficult. 
We present a novel means of serially studying the "histological" changes of 
therapeutic interventions after an acute spinal cord injury using Magnetic Resonance 
(MR) microscopy. Mid-thoracic laminectomy and hemispinal crush was performed in 
three C57-black mice under isoflourane anesthesia. Functional hemispinal deficit was 
confirmed and quantified using standard motor testing techniques. The animals’ 
spinal cord was imaged in a custom built RF coil at 11.7 Tesla (Bruker instruments) 
after injury. Imaging protocols included 3D T2w RARE and multi slice Tlw spin 
echo with 30 micron isotropic resolution. Diffusion tensor measurements have been 
developed in vitro with 50 micron resolution and are being extended for in-vivo use. 
Histological evaluation was performed and matched with MR studies. Acute 
hemispinal injury was reproducibly achieved in a small mouse model. MR 
microscopy at 11.7 Tesla provides high quality images with lesions being readily 
visualized in all mice. Hemispinal injury provides a good means of internal control 
for comparison. The MR images achieve comparable structural detail to low power 
histological examination. This technique shows promise as a new spinal cord injury 
model. Serial imaging techniques allow lesion repair and regeneration to be followed 
longitudinally with direct comparison with clinical parameters. Application of 
established and new regenerative interventions can be assessed and studied using this 
model.
Supported by the Pasadena Neurosciences Fellowship

674.6
SIGNIFICANCE OF TRAUMATIC BRAIN INJURY EXTRAAXIAL 
HEMORRHAGE DENSITY BY COMPUTED TOMOGRAPHY
D. B. Michael *, S.K. Subramanian, B. Gaudy, and M. H. Roszler
Departments of Neurological Surgery, Radiology find Anatomy & Cell Biology, Wavne 
State University School of Medicine (WSU-SOM) and Detroit Receiving Hojpital, 
Detroit, MI 48201
Computed tomography (CT) mixed density of traumatic extraaxial hemorrhages (TEH) 
or the “swirl sign” has been reported to correlate with active bleeding found at craniotomy 
and poor outcome in traumatic brain injury (TBI;Zimmermann RA, Radiol 1982 and 
Greenberg J, Neurorg 1985). This study was done to test the hypothesis that ro-xed 
density of TEH detected by 3rd or 4th generation CT correlated with the type of Heeding 
or clinical outcome. Materials & Methods: All cases of TEH operated at Detroit 
Receiving Hospital from 1991-1997 were reviewed for type of bleeding (active v not 
active; arterial v venous); Glasgow Coma Scale (severe: 1-8; not severe: 9-15); and 
Glasgow Outcome Score (1-3: poor; 4,5: good). CT density (CTD) of 51 cases with 
specific written documentation of bleeding type were then independently reviewed (dKS 
& MHR) and classified into TEH with mixed or high density. Data was analyzed using 
corrected Chi Square analysis, Fischer’s Exact Test and Pearson’s Correlation ( SPSS 
6.0). Results: The Pearson Chi Square probability' for correlation follows: CTD v active 
bleeding, 0.21; CTD v arterial, 0.41; CTD v severity. 0.57; and CTD v outcome, 0.81. No 
other statistical analysis identified a significant correlation, thus the null hypothesis could 
not be rejected. Conclusion: CT mixed density was not found to be correlated by more 
than chance with bleeding type, injury severity or outcome. Surgeon inaccuracy in 
documentation of bleeding type and use of later generation CT may account for the 
discrepancy between this and previous studies. Nevertheless, we conclude clinical exam 
and other published CT criteria (TCDB) are better indicators of TBI severity and outebme. 
Supported by WSU-SOM departmental funds anu the L.M. Thomas, M.D. Fund.
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674.7
REVISIT BIOLOGICAL PHENOMENON FOR NEUROREGENERATION 
THROUGH LONG-TERM RAT SCIATIC NERVE TRANSECTION MODEL.
N.H. Liou^.S.C, Lee^S.S, Hsu2. J.C. Liu1 and F.-J. Wan3, departments of 
Biology and Anatomy, institute of Nursing; institute of undersea and hyperbaric 
medicine, National Defense Medical Center, Taipei, Taiwan.

Besides doing chemical lesion experiment that mimic degenerative disease in 
mammalian centra! nervous system (CNS) thru the use of stereotaxic neurotoxin 
injection, we also take advantage of sciatic nerve transection model to determine 
whether nerve regeneration occured after traumatic injury share the same mechanism, 
and/or at least to some extent, with that found from rat model of chemical lesion in 
CNS. To answer this question, we focused on the role of glutamate initially in the rat 
model of sciatic nerve transection. As publicated in the literature, glutamate is one of 
those key factors affecting outcome from during toxin-induced neurodegeneration and 
afterwards neuroregeneration process. Thus, an ionotropic non-selective glutamate 
receptor antagonist-kynurenate was chosen as neuroprotector. In other aspect, primary 
origin for sciatic nerve as normal control was confirmed by retrograde neural tracer 
horseradish peroxidase (HRP) injected into gastrocnemius muscle. The result showed 
that HRP positive-labelling neurons majorly distributed along ipsilateral L4,5,6 spinal 
ventral horn and dorsal root ganglia (DRG). More interestingly, lesion control rat (2 
months after sciatic nerve transection; sciatic nerve was interrupted right superficial to 
or posterior to obturator internus muscle) revealed that atrophied gastrocnemius 
muscle exhibited complete loss of nerve connection with primary origins as compared 
to the normal control. Parallel experiment by suturing epineurial layer between 
proximal and distal stump immediately after nerve section disclosed HRP positive
labelling neurons in ipsilateral L4 DRG only at the time point of 2 months after 
surgery. Given kynurenate (lOOmg/kg; i.p.) in lesion rats right after and a day after 
surgery, the result indicated certain extent of nerve regeneration from ipsilateral L5 
DRG. Sensory nerve part seems to have much prominent regeneration capacity than 
motor nerve part after nerve suturing and/or kynurenate application. Both factors will 
be put together to determine if capacity for sensory and motor nerve regeneration from 
primary origins can be enhanced. (Funded by a grant from Taiwan government)

674.8
THERMAL OR NON-THERMAL LASERS FOR NEUROSURGICAL 
APPLICATIONS.
K. Sentrayan? A. J. Trouth? and C. O. Trouth1’2*. 1 Dept. of Physiology 
and Biophysics, 2 Dept. of Neurology, College of Medicine, Howard 
University, Washington, D.C., 20059.

A major limitation of thermal laser surgery involves the inability to 
predict and avoid damage to adjacent tissue due to heat diffusion. It has been 
suggested that this complication may be avoided using non-thermal lasers based 
on the photo-chemical bond breakage or plasma induced ablation (photo
disruption/ photo-fragmentation). However, very little is known about the laser 
parameters which separate the thermal and non-thermal laser-biological tissue 
interaction. In this study we have attempted to characterize these processes for 
neural tissues based on laser wavelength, intensity, and pulse duration. We have 
estimated that any appreciable quantum yield of bond dissociation in neural 
tissues can only be expected at laser wavelength < 200 nm. The calculated 
thermal relaxation times for the neural tissues are in the micro-second range for 
lasers with strong absorption and in the milli-second range for lasers with weak 
absorption. At wavelengths > 400 nm, the high intensity laser may cause bond 
breaking and plasma-mediated ablation due to multi-photon absorption. Our 
results suggest that when the pulse duration of the laser is less than the thermal 
relaxation times of the individual tissues at short laser wavelengths (<200 
nm)or at longer wavelengths > 400 nm with high laser intensity condition, a 
well controllable non-thermal microsurgery can be performed.
(Support: ONR/ MCNP Grant No; N00014-94-1-0523)

674.9
DIFFUSION SIMULATION OF DIGITIZED LIGHT MICROSCOPIC IMAGES 
OF NORMAL AND INJURED SPINAL CORD WHITE MATTER. D.B. 
Hackney*, J.C. Ford, B. Tryon, E. Lavi, U. Patel, M.Murray, A. Tessler 
Our goal is to model diffusion in CNS white matter using microscopic images of 
real spinal cord, rather than simplified models of parallel uniform cylinders. Such 
models have utilized an idealized arrangement of cylinders which may oversimplify 
the morphology and geometry of real spinal cord white matter. Successful 
modeling of diffusion in white matter should permit prediction of axonal and myelin 
damage from the results of diffusion measurements.
Methods: Light microscopic images of glutaraldehyde-fixed, toluidine blue-stained 
rat spinal cords were digitized. Studies were performed on normal cords, and those 
subjected to hemisection or to hemisection plus transplantation of rat fetal spinal 
cord tissue. A Monte Carlo diffusion simulation algorithm was employed to predict 
diffusion coefficients based upon anatomic parameters of myelin thickness, axonal 
diameter, fiber count, and area of the extracellular space, as well as the intracellular 
(Di) and extracellular (De) diffusion coefficients. Transverse (tADC) and longitudinal 
(1ADC) diffusion was investigated. Myelin sheath permeability was assumed to be 
linearly related to myelin thickness.
Results: At a diffusion time of 20 ms, and assuming normal myelin permeability, 
the simulation results are very close to the value measured in fixed cord white 
matter. Simulated increases in myelin permeability result in a factor of two increase 
in tADC. At all experimentally attainable diffusion times of 1 msec or greater, 
tADC is dependent on 1ADC, but not on the explicit underlying values of 
intracellular and extracellular ADC. Thus knowledge of Di and De is not necessary 
for successful analysis of diffusion data; the relevant quantity is longitudinal ADC, 
which is measurable in vivo.
Conclusion: Diffusion simulation on microscopic images is a feasible alternative 
to simplified models of white matter structure for studying the influence of myelin 
integrity on measured ADC values.

TRAUMA: EXPERIMENTAL THERAPY

675.2675.1
EFFECT OF COMBINED BASIC FIBROBLAST GROWTH FACTOR (bFGF) AND 
MODERATE HYPOTHERMIA AFTER CONTROLLED CORTICAL IMPACT (CCI) 
IN RATS. J. Yu2, P. Letarte1, H.Q, Yan1, R. Griffith1, B. Wolfson1, P.W. Marion1,and
C.E. Dixon1*, 'Department of Neurosurgery, University of Pittsburgh Medical Center, 
Pittsburgh, PA 15260.2Kunming Medical College, P.R.China.

Recent evidence indicates that exogenous administration of basic fibroblast growth 
factor (bFGF) can attenuate histological and functional deficits after experimental 
traumatic brain injury (TBI). There is also substantial evidence that moderate 
hypothermia can attenuate biochemical and functional deficits after TBI. The goal of 
this study was to examine combined bFGF and moderate hypothermia therapy on 
functional outcome following experimental TBI. Forty male, anesthetized Sprague- 
Dawley rats with arterial monitoring underwent CCI injury (4 m/sec, 2.6mm tissue 
deformation) and were randomized into four treatment groups: bFGF (135ug/Kg i.v. 
over 3 hrs.) + normothermia (37+0.5°C); bFGF + moderate hypothermia (32+0.5°C); 
vehicle + normothermia; and vehicle + moderate hypothermia. Another ten rats 
underwent all procedures but were not injured. Hypothermia was initiated at 10 min 
post injury and maintained for 3 hrs. post-injury. Normothermia was maintained for the 
same duration. All rats were trained prior to injury and retested on days 1-5 for motor 
(beam balance and beam walking) performance. On days 14-18, animals assessed on 
Morris water maze (MWM) performance. A moderate improvement on MWM 
performance was observed in animals treated with bFGF and moderate hypothermia. 
The combination was not better than bFGF or moderate hypothermia alone. Both 
hypothermia groups showed significant increases blood glucose after injury compared 
with normothermia groups. Both bFGF groups produced a significant mean arterial 
blood pressure decrease compared to both vehicle groups after injury. This data 
suggests: 1) bFGF and hypothermia in combination are not more effective on MWM 
performance than either post injury treatment alone; 2) bFGF produces a decrease in 
BP; and 3) hypothermia produces an increase in serum glucose levels. (Supported by the 
Copeland Fund, NIH-33150, NIH-30318 and CDC310285).

THE AXONAL CYTOSKELETON AFTER TRAUMA AND HYPOTHERMIA. WL 
MAXWELL1*, S DONNELLY1 and DI GRAHAM2. 'Lab, of Human Anatomy, 
Univ. of Glasgow and 2 Univ. Dept. of Neuropathology, Univ. of Glasgow; Glasgow,
U.K.

Clinical studies have suggested that post-traumatic cooling (hypothermia) may 
improve the outcome of head-injured patients. In diffuse axonal injury (DAI) axons 
are particularly susceptible. We tested the hypothesis that hypothermia may 
ameliorate changes in the axonal cytoskeleton by carrying out a quantitative, 
morphometric analysis of axons in the optic nerve of sham-operated, stretch-injured 
normothermic, and stretch-injured hypothermic adult guinea pigs, a model for 
human DAI.

Adult guinea pigs were anaesthetized and stretch-injury applied over 19-21 ms to 
the right optic nerve. In normothermic animals core temperature was maintained at 
37°C for 2 or 4 hrs after injury, in hypothermic animals the core temperature was 
lowered to 32.0-32.5°C within 30 min of injury and maintained for either 2 or 4 hrs. 
All animals were killed by transcardic perfusion fixation and processed for TEM. 
Quantitative morphometric analysis of changes in the axonal cytoskeleton was 
carried out using a Vidas kontron image analysis system.

There was a significant (p<0.05) loss of microtubules at nodes of Ranvier (noR) in 
normothermic animals 2 hrs after stretch-injury. There was no loss in hypothermic 
animals. At 4 hr there was no difference between experimental groups. The number 
of neurofilaments at noR did not differ between experimental groups at 2 or 4 hrs. At 
the internode there was a significant loss of microtubules and ncurofilaments 
(p<0.05) in normothermic but not hypothermic/sham operated animals at 2 hrs. At 
4 hrs there was a significant increase (p<0.05) in the number of ncurofilaments in 
axons with a diameter of 1.5 pm or less, 95% of axons in the guinea pig optic nerve, 
in normothermic but not in hypothermic animals. We provide quantitative evidence 
that post-traumatic hypothermia ameliorates cytoskeletal changes after non- 
disruplive axonal injury.
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675.3

THE APPLICATION OF CATIONIC LIPID #67 FOR CNS GENE 
THERAPY. F.S, Adams1, R.K. Scheule2, B.R. Pike1, G-J.Yu1 and K.Yang1*.‘Dept. 
Neurosurgery, Univ. Texas Houston Medical School, Houston, TX 77030; 2Genzyme 
Corporation

Cationic lipid-mediated transfection offers several advantages over other vector 
systems for gene therapy of the CNS (Yang et al. J. Neurotrauma 14, 1997). Namely, 
the toxicity and immunogenicity is limited in comparison to viral-mediated 
transfection. The main drawback to lipids as vehicles for gene therapy is their low 
efficiency of transfection. Newer formulations may overcome this drawback. 
Recently, lipid #67:DOPE (Genzyme) has shown promise with efficiencies as much 
as 100 times higher than commonly used lipid-based systems (Lee et al. Human Gene 
Ther. 7, 1996). To test lipid #67’s efficacy for use in the CNS, we first carried out in 
vitro studies. Primary cultures of El8 hippocampus and septum (mixed glia & 
neurons) were seeded into 24-well plates. At 6 DIV they were transfected with 
lpg/well of pCMV-lacZ and varying amounts of lipid #67. Positive controls received 
lipofectamine 3pl/pg DNA. Cytotoxicity, as determined by lactate dehydrogenase 
(LDH) activity in the transfection media was higher for lipid #67 than for equivalent 
volumes of lipofectamine. In spite of this, lipid #67 produced greater levels of 
transfection as determined by the number of fi-Gal positive cells revealed with X-gal 
staining 48 hours after transfection. A ratio of 3.0 nMol of #67 to 1 pg of plasmid 
DNA yielded the highest level of expression. At this ratio, the level of cytotoxicity 
was comparable to that observed with lipofectamine treatment. Experiments are 
currently underway to determine the ideal charge ratios and best route of 
administration for application of lipid #67 in the rat CNS. We conclude that lipid 
#67 may be a useful tool for CNS gene therapy, (supported by grants from NIH RO1- 
NS35502; Texas Higher Education Coordinating Board grant ARP 011618-100 and 
ATP 004949-049)

675.4
THE CALCINEURIN INHIBITOR, FK5O6 PROVIDES PROTECTION FROM 
CA1 TRAUMATIC NEURONAL INJURY IN THE HIPPOCAMPAL SLICE.
K.L. Panizzon* and R.A. Wallis, Dept. of Neurology, UCLA, Los 
Angeles, CA 90024 and Sepulveda VAMC, Sepulveda, CA 91343.

Calcineurin has been shown to activate neuronal NOS. Nitric oxide 
production appears to be a key step in the evolution of neuronal injury 
from trauma. To assess the possible role of calcineurin in traumatic 
neuronal injury, we investigated whether exposure to the calicineurin 
inhibitor, FK5O6 would prevent CA1 injury from fluid percussion 
trauma using the hippocampal slice. Recovery was assessed one hour 
after trauma. Treatment with 1.0 pM FK5O6 started within one min. 
after trauma, improved recovery of CA1 orthodromic and antidromic 
Population Spike (PS) from 13% ± 2 to 96% ± 2 and 16% ± 2 to 
96% ± 2, respectively. FK5O6 treatment also provided protection of 
long-term potentiation after trauma, with CA1 PS amplitude increasing 
to 129% ± 1 in response to tetanus one hour following trauma. In 
contrast, unmedicated traumatized slices do not retain the ability to 
induce LTP. Treatment with FK506 also provided robust protection 
against CA1 hypoxic injury. Hippocampal slices exposed to hypoxia 
showed evidence of severe neuronal injury with mean orthodromic and 
antidromic PS recovery of only 4% ± 4 and 13% ± 1, respectively. 
Treatment with 1 //M FK506 improved both orthodromic and 
antidromic PS recovery to 95% ± 2. These findings suggest that 
calcineurin mediated-effects play an important role in rapidly evolving 
CA1 traumatic neuronal injury. Supported by the VA Research 
Service.

675.5

WITHDRAWN

675.6
RECOVERY OF FUNCTION AFTER FLUID PERCUSSION INJURY IS 
IMPROVED BY QUENCHING OF REACTIVE OXYGEN SPECIES.
N. Marklund* and L. Hillered. Departments of Clinical Chemistry and 
Neurosurgery, Uppsala University Hospital, S-751 85 Uppsala, Sweden.

Reactive oxygen species (ROS) are thought to play a role in the 
secondary injury process after traumatic brain injury (TBI). The relative 
importance of the endothelial and intracerebral target levels for ROS attack 
is not clear. We tested the effect of the penetrating radical scavenger a- 
phenyl-/V-te/?-butyl nitrone (PBN) and its non-penetrating sulphonated 
derivative S-PBN given after fluid percussion injury (FPI) on functional and 
morphological outcome In rat.

44 intubated and ventilated rats were subjected to a lateral FPI over the 
right parietal cortex of moderate (2.2-2.5 atm) severity (n=36) or sham 
operation (n=8). Body temperature, physiological parameters and pre
injury blood glucose were monitored. At 30 minutes post-trauma a solution 
of vehicle, 30 mg/kg/hour of PBN or an equimolar dose of S-PBN, was 
infused blindly for 24 hours. A simple neurological test (inclined plane, 
forelimb flexion, resistance to lateral push) was performed on day 1,4 and 
7 and cognitive function was assessed on days 11-15 using the Morris 
Water Maze (MWM).

The drug-treated groups had a less pronounced neurological deficit. 
MWM performance (latency to platform) was significantly and equally 
improved in PBN and S-PBN treated groups as compared to the vehicle 
treated group. Brains from vehicle-treated animals more frequently showed 
a lesion on macroscopic inspection (7/10) as compared to the drug-treated 
groups (0/13 and 3/13 in the PBN and S-PBN-treated groups, respec
tively).

In conclusion, our data suggest that quenching of ROS following TBI 
improves functional and morphological outcome. The endothelial target 
level for ROS attack appears to be of major importance.

Supported by the Swedish MRC, and Centaur Pharmaceuticals, Inc.

675.7
RECOVERY OF FUNCTION AFTER CORTICAL IMPACT INJURY IS 
IMPROVED BY QUENCHING OF REACTIVE OXYGEN SPECIES.
A. Lewen , N, Marklund and L. Hillered*Departments of Clinical 
Chemistry and Neurosurgery, Uppsala University Hospital, S-751 85 
Uppsala, Sweden

Reactive oxygen species (ROS) have been implicated as an important 
pathogenetic factor in traumatic brain injury (TBI). In transient focal 
ischemia the free radical spin trap a-phenyl-/V-ferf-butyl nitrone (PBN) has 
been shown to reduce infarct size1. Recent findings suggest that PBN 
attenuates phospholipid degradation following TBI2.

The aim of this study was to investigate if pretreatment with PBN (30 
mg/kg i.v., 30 min before trauma) could affect cognitive and histological 
outcome (not presented) after mild and severe cortical contusion injury 
produced by the weight drop technique. There were five groups of rats; 
sham injury, mild injury (1.5 mm compression) + vehicle, mild injury + 
PBN, severe injury (2.5 mm compression) + vehicle and severe injury + 
PBN, with 6 rats in all groups. Spatial memory function was assessed 
using the Morris Water Maze (MWM) 11-14 days after trauma. Latency to 
platform, swimmed distance and swim speed was measured using a 
computerized image system. MWM performance after mild injury and after 
severe injury + PBN was not different from sham operation. However, 
there was a significant disturbance of MWM performance (mean latency 
and mean path length) in vehicle treated severely injured rats, 
suggesting an impaired memory function in these rats. Swim speed was 
equal in all groups.

Thus, quenching of ROS significantly improved recovery of function 
after cortical impact in severely injured animals.
1. Zhao Q et al (1994) Acta Physiol Scand 152, 349-350.
2. Lewen A. & Hillered L (1998) J Neurotrauma (in press)
Supported by the Swedish MRC.

675.8
EFFECTS OF THE 21-AMINOSTEROID U-74500A ON COMPRESSION 
INDUCED SPINAL CORD INJURY. M. Prieto, G. Alonso*. INSERM U-336, 
Développement Plasticité Vieillissement du Système Nerveux, USTL Case 106, Pl. 
Eugène Bataillon, 34095 Montpellier Cedex 05, France.

Injury of the mammalian spinal cord leads to a permanent disability with no 
regeneration of injured axons. Althougth, the reasons of this regenerative failure 
are not yet completely understood, two phenomenons occuring at the lesion site are 
believed to play a major role : 1) the formation of an evolutive cystic cavitation, 
and 2) the secretion of inhibitory extracellular matrix molecules. In recent years, 
the use of various antioxydant molecules has been reported to induce beneficial 
effects on spinal cord injury. In this study, we have examined the effects of an 
acute treatment with U-74500A, a non glucocorticoid 21-aminosteroid, on spinal 
cord injury induced by compression. Histochemical techniques were used to 
evaluate 1) the extension of the compression-induced secondary lesion, 2) the 
organization of the glial cells and macrophages in the lesion site and 3) the 
secretion of chondroitin sulfate proteoglycan and laminin. We show that althougth 
it had no effect on the glial scar and laminin secretion, U-74500A treatment 
moderately prevented the secondary lesion extension. Moreover, this treatment 
induced a significant diminution of the chondroitin sulfate proteoglycan in the 
vicinity of the macrophages present in the lesion cavity, without affecting the 
chondroitin sulfate proteoglycan surrounding the reactive astrocytes bordering the 
lesion. Since accumulation of this molecule in the extracellular matrix has been 
demonstrated to inhibit axonal regeneration, these results suggest that U-74500A 
may represent a promising strategy for the therapeutic treatment of spinal cord 
injury, by limiting both the extension of the secondary lesion and the secretion of 
inhibitory molecules.
Work supported by IRME and Inversiones CAVEDCA.
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675.9
GACYCLIDINE : A POTENT NEUROPROTECTIVE AGENT IN RAT 
SPINAL CORD INJURY.5. Feldblum*1, S. Amaud1, M. Simon1, O. Rabin2 arid
P. d'Arbisny2 IN EURO LAB Paris, F rance ;2BEAUFOUR-IPSEN, LesUlis France.
In search for a cure to lessen the severity of acute spinal cord injury mostly due to 
contusion, there is a variety of pharmacological approaches to prevent the reaction 
cascade triggering the final cell death and motor deficits. Various pharmacological 
concepts have been applied to reduce sequela of spinal cord injury with the objective 
to prevent metabolic imbalance triggering neuronal death and ultimately motor 
deficits. In the present study we reduce the initial excitotoxic phase with the 
administration of non competitive NMDA receptor antagonists. The efficacy of two 
compounds, Gacyclidine (GK-11) and MK801 was tested in a standardized model of 
adult rat spinal cord injury in which rats progressively and spontaneously recover 
from paraplegia (patent 08/558,887). To mimic the human injury we compress the 
spinal cord with an inflatable balloon inserted into the subdural space. The degree of 
inflation and duration of compression are fixed to induce a fully reversible 
paraplegia within 18+1 days (n= 12). In absence of pharmacological treatment the 
animal behavior undergoes progressive improvement characterized as follows: stage 
/: bilateral paralysis; stage 2: unilateral paralysis; stage 3: paralysis with hindlimbs 
flexion; stage 4: crawling; stage 5: gait support; stage 6: stable alternate stepping 
pattern. In parallel the animals improve their performance on the inclined plane test 
and progress from 30° to 60°. They stand a 45°angle after an average of 4 + 0,53 
days and a 60° angle after 9 + 1 days. Gacyclidine (1 mg/kg), given iv. 10 min. 
after the compression was able to significantly accelerate the functional motor 
recovery. Animals were able to reach stage 6 within 9.6 + 1.9 days (n= 12). MK801 
was also able to accelerate the recovery (stage 6 to 13.1 + 2,5 days) but induced a 
severe ataxia the day following the treatment, unlike Gacyclidine. The 
neuroprotective effect of Gacyclidine was also visible at a cellular level where the 
kystic cavity observed in control animals was more restricted, despite the motor 
behavioral recovery. The present data suggest that Gacyclidine might be a 
promising agent limiting the initial neuronal damage induced by spinal cord injury 
leading to better functional recovery. Supported by Beaufour-Ipsen group.

675.10
FUNCTIONAL RECOVERY AFTER CENTRAL INFUSION OF aMSH IN
RATS WITH SPINAL CORD CONTUSION INJURY
A.J.Lankhorst, S.E.J.Duis, M.P. ter Laak, E.A.J.Joosten, F.P.T.Hamers*
,W.H.Gispen, Rudolf Magnus Institute for Neurosciences, Universiteitsweg 100, 
3584 CG Utrecht, The Netherlands

Melanocortins are known to accelerate axonal regeneration after peripheral 
nerve injury and sc administered aMSH has been shown to enhance functional 
recovery after spinal cord contusion injury (SCCI). After partial spinal cord 
transection, corticospinal tract fiber ingrowth in aMSH loaded collagen gels has 
also been observed. In this study we investigated the dose-response relationship 
for intrathecally (cisterna magna) infused aMSH, after a SCCI of 12.5 gem 
(NYU-lesioner). Locomotor recovery was investigated using the BBB-scale and 
Thoraco-Lumbar Height (TLH) measurements. Besides, Motor Evoked 
Potentials (MEP) were studied. The highest dose (3.75 pg/kg/h for 10 days) 
significantly enhanced BBB (14 versus 12 points) and TLH parameters, and 
spinal cord conduction time as compared to vehicle treatment. The other three 
groups did not differ from vehicle controls. Differences between groups started 
to appear 2 weeks after the lesion and became more pronounced during the 
subsequent weeks. We conclude that short-term intrathecal infusion of aMSH 
has long-term effects on functional recovery after traumatic spinal cord lesions.

This work was supported by a grant from Glaxo Research Fund, The 
Netherlands (GRN 95016)

675.11
HSV AMPLICON VECTORS INFECT NEURONS OF SPINAL CORD ORGANO
TYPIC SLICE CULTURES AND DORSAL ROOT GANGLIA IN VIVO. D.R. 
Marsh1, C.A. Strathdee2. G.A, Dekaban2. A.K. Cassam1. T.A. Stavropoulos and
L.C. Weaver1*. Neurodegeneration' and Gene Therapy and Molecular Virology2 
Research Groups, John P. Robarts Research Institute, London, Canada N6A 5K8.

Adverse neuronal responses to spinal cord injury may be diminished by 
introducing transgenes into specific populations of sensory and spinal cord 
neurons. An ideal vector for this purpose must be neurotropic, have low 
cytotoxicity, and cause no inflammatory response. Herpes Simplex virus (HSV) 
amplicons were packaged in a 293T cell line following co-transfection with a 
novel replication-proficient, but packaging-defective bacterial artificial chro
mosome (BAC) clone of the HSV genome. Characteristics of this helper virus- 
free amplicon were tested in organotypic slice cultures of postnatal day 10 rat 
thoracic spinal cord. Two days following topical administration of amplicon (10 
pi of 105 tpu/ml) B-galactosidase (B-gal) expression was observed in specific 
populations of spinal cord neurons. B-gal-positive neurons, identified by choline 
acetyltransferase immunoreactivity as sympathetic pre-ganglionic neurons and 
motor neurons, were located in the intermediolateral cell column and the ventral 
horn, respectively. All neurons expressing the reporter gene had normal 
morphology with no apparent cytotoxicity. The utility of the amplicon vector 
was also tested in vivo. The left sciatic nerve of Golden hamsters was injected 
with 5 pi of amplicon (5 xlO7 tpu/ml) and the dorsal root ganglia (DRG) were 
harvested 4 days later. Intense B-gal expression was observed in neurons of 
ipsilateral lumbar DRG. We conclude that this HSV amplicon has potential for 
gene transfer in the nervous system as it generates intense gene expression in 
specific populations of neurons in vivo and in an in vitro model of the mammalian 
spinal cord. Supported by MRC and Heart and Stroke Foundation of Canada.

675.12
SYSTEMICALLY ADMINISTERED INTERLEUKIN-10 (IL-10)
ATTENUATES INJURY INDUCED INFLAMMATION AND IS 
NEUROPROTECTIVE FOLLOWING TRAUMATIC SPINAL CORD INJURY. 
J.R. Bethea*, M. Castro, C. Briceno , F. Gomez , A.E. Marcillo, R.P. Yezierski
and W.D, Dietrich. The Miami Project to Cure Paralysis, University of Miami 
School of Medicine, Miami, FL 33136.

We have recently demonstrated that traumatic spinal cord injury (SCI) induces 
NF-kB activation and a robust inflammatory response within the spinal cord 
(Bethea et al., 1998). In the current study we investigated what effect traumatic 
SCI has on inducing a systemic inflammatory response and what effect this 
inflammatory reaction has on the resulting neuropathology. We determined that 
SCI activates monocytes to secrete the pro-inflammatory cytokines TNF-a and IL- 
1P, in a temporal fashion. We show that sham animals and animals that survived 
for 1 day after SCI do not secrete these pro-inflammatory cytokines. However, 
monocytes isolated from rats that survived 3 and 7 days post-SCl secreted very 
high levels of these cytokines. Additionally, we determined that systemic 
administration of IL-10 thirty minutes post-injury significantly attenuates the 
production of TNF-a and IL-1 p. Using an LDH release assay, as an indicator of 
decreased neuronal viability, we determined that monocytes isolated from SCI rats 
secreted neurotoxic substances. Additionally, we determined that monocytes 
isolated from IL-10 treated rats generated reduced levels of neuronal cell death. 
Finally, we determined that systemic in vivo administration of IL-10 significantly 
reduced spinal cord lesion volume (55%) 7d after SCI, compared to vehicle 
controls. Collectively, these studies suggest that IL-10 reduces trauma induced 
inflammation and that this may account for its significant neuroprotective effects 
following SCI.

675.13
CHELATION OF EXTRACELLULAR Zn2+ REDUCES NEURONAL DEATH 
AFTER HEAD TRAUMA. Y.Y. Long2*, S.W. Suh1’2’3, N.F. Pons1, M.S. 
Jensen1, J.W. Chen3, M. Motamedi3, G. Danscher1 and C.J.
Frederickson23.1 Dept. of Neurobioiogy, Aarhus University, Aarhus, DK 8000,
Denmark. 2Lab. for Neurobioiogy, MicroFab Technologies, 1104 Summit Ave, 
Plano TX 75074. institute of NeuroEngineering, UTMB, Galveston, TX 75000.

We showed previously that zinc is translocated from presynaptic axonal 
boutons into the cytoplasm of certain postsynaptic neurons during seizures, 
ischemia and (more recently) after mechanical trauma to the brain. Here we 
tested whether preventing translocation by chelation of zinc would reduce 
neuron death after head trauma.

A 10 g weight dropped from 10 cm onto exposed dura was the trauma applied 
to anesthetized rats. Zinc staining 24 hr later with the fluorescent zinc probe 
TSQ or the autometallographic silver method (AMG) showed anomalous 
staining of myriad neuronal perikarya, especially in the cortex surrounding the 
impact zone and in the ipsilateral dentate gyrus, where both hilar neurons and 
the deepest layer of dentate granule neurons were commonly labeled. H&E 
staining of the same sections revealed a nearly one-to-one correlation between 
intense zinc fluorescence and neurodegenerative changes. Systematic counting 
of eosinophlic neurons in the dentate gyrus showed that administration of the 
zinc chelator CaEDTA (100 mM, LV) 10 min before trauma reduced the 
number of degenerating neurons by 68 % compared to saline- and 63 % 
compared to ZnEDTA-treated rats. We infer that zinc translocation is a 
contributing cause of neuron death after head trauma. Supported in part by 
NS37658 and GM48894 to CJF.

675.14
CYCLOSPORIN-A INHIBITS LIPID PEROXIDATION AFTER SPINAL 
CORD INJURY. A. Ibarra1’2*, A. Diaz'2, I. Duarte12, C, Rios3, D. Correa',
G. Guizar-Sahagún1'2, I, Grijalva'-2 and I. Madrazo12. 'Unidad de Invest. 
Med. en Enf. Neurológicas. H.E., CMN Siglo XXI, IMSS ; 2Proyecto 
Camina A.C. ; 3Inst. Nal. de Neurología; México, D.F. , México.

Lipid peroxidation plays an important role among the auto destructive 
events observed after an injury of the spinal cord (SC). Such phenomenon is 
originated by the action of free radicals upon the neural tissue. Inflammatory 
cells are the major producers of these substances. Cyclosporin-A (CsA) as a 
potent and selective immunosupressive agent may be used to inhibit the 
inflammatory reaction, and thus to protect against neural tissue destruction. 
In order to determine the effect of CsA treatment upon lipid peroxidation 
after SC damage, five groups of female Wistar adult rats were treated 
with vehicle or CsA after 1, 2, 6 or 12 hours of SC trauma by low thoracic 
(T8-T9) spinal cord contusion. Lipid peroxidation was analyzed at the lesion 
area 24 h after injury by the Triggers and Willmore method. Lipid 
peroxidation was significantly inhibited when CsA was given 1 to 6 hours 
after injury (p < 0.05, ANOVA by Dunnett’s method), but not after 12. 
These results show that CsA may be beneficial to injured tissue by 
diminishing the level of lipid peroxidation. This could be a secondary result 
of its inhibitory effect upon inflammatory cells, or a direct effect on the cell 
membrane lipids.
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675.15
CYCLOSPORIN A (CsA) BEFORE INJURY PRESERVES MITOCHONDRIAL 
INTEGRITY AND ATTENUATES AXONAL DISRUPTION IN TRAUMATIC 
BRAIN INJURY (TBI). P.O. Okonkwo* and J.T, Povlishock. Dept. of Anatomy, 
Med. College of Virginia, Virginia Commonwealth University, Richmond, VA 23298.

TBI evokes multiple pathologies which contribute to ultimate axonal disconnection. 
The axolemma is perturbed in severe TBI, presumably allowing for the influx of Ca24, 
which could then initiate Ca2+-sensitive, pro-axotomy processes. Mitochondria in foci 
of axolemmal failure may act as Ca2+ sinks that sequester Ca2+ in an effort to preserve 
low cytoplasmic [Ca2+]. A Ca2+ load within the mitochondrial matrix, however, may 
lead to colloidosmotic swelling and loss of function by a Ca2+-induced opening of the 
permeability transition (PT) pore, a protein complex maintaining membrane potential 
across the inner mitochondrial membrane. Local failure of mitochondria, in turn, could 
decrease production of high-energy phosphates necessary to maintain membrane 
pumps and restore ionic balance in foci of axonal injury.

We evaluated the ability of the PT pore inhibitor CsA to limit mitochondrial swelling 
in injured axons undergoing axolemmal permeability change. Ten male rats were 
subjected to impact acceleration injury. Five rats received 10 mg/kg CsA intrathecally 
30 min prior to injury via the cistema magna; five control rats received no drug. Axons 
with perturbed axolemmae were identified by the uptake of horseradish peroxidase, a 
tracer too large to cross normal membranes. At the EM level, statistically fewer 
abnormal mitochondria were seen in traumatically-injured axons from CsA-treated 
animals. To address whether this mitochondrial protection translated into generalized 
axonal protection, we subjected ten additional rats to impact acceleration injury and 
reacted their brains with antibodies against amyloid precursor protein (APP), a known 
marker of injured axons. Five rats received 10 mg/kg intrathecal CsA 30 min before 
injury; control rats received no drug. Pretreatment with CsA significantly reduced 
delayed axotomy, as evidenced by a decrease in the density of APP-positive profiles.

Collectively, these studies demonstrate that CsA both protects mitochondria and 
reduces incidence of delayed axotomy, suggesting this agent may be of therapeutic use 
in TBI. This work is supported by grant NS 20193.

675.16
PHARMACOTHERAPY OF SECONDARY TRAUMATIC LESIONS IN 
THE IMMATURE RAT BRAIN. P. Bittigau*, D. Pohl, S. Fuhr, J. Vockler, L. 
Turski. C. Ikonomidou. Ped. Neurology. Charité. Humboldt Unix., Berlin, 
Germany; Eisai London Res. Lab.. Univ. College London, UK.
The mechanisms responsible for trauma-associated neuronal degeneration in the 

immature brain are poorly understood and therapeutic approaches are inadequate. 
Using an infant rat head injury model we have found that traumatic brain damage 
consists of two components: 1) acute neuronal degeneration that evolves rapidly 
(within 4 h) at the site of impact in the parietal cortex and occurs by an excitotoxic 
mechanism; 2) delayed neuronal degeneration that evolves slowly (6-24 h) at 
distant sites and occurs by an apoptotic mechanism. NMDA antagonists MK 801 
and CPP paradoxically increased severity of delayed apoptotic damage at distant 
sites, as assessed 24 h after trauma (Pohi et al., Soc. Neurosci. Abstr. 1997). Here 
we tested the ability of the free radical scav enger SPBN (2-sulfo-u-pheny 1-N-tert- 
butyl-mtrone). N-acetylcystein and the tumor necrosis factor inhibitor 
pentoxyfylline to ameliorate secondary apoptotic damage in the infant rat brain. 
Seven day old rats were subjected to right parietal cortical trauma (Ikonomidou et 
al., Ped. Res., 39. 1020-27) and their brains removed and stained 24 hrs after the 
insult according to DeOlmos cupric silver staining protocol. Quantitative analysis 
of drug effects was performed by means of the stereological optical disector 24 hrs 
after trauma. SPBN . given at doses of 30-100mg/kg at 1 and 13 hrs after trauma . 
protected against apoptotic damage at distant sites. A significant protective effect 
with SPBN could be elicited even when the compound was initially administered 6 
h following the traumatic impact. Similarly, N-acetylcystein (400 or 600 mg/kg) 
and the tumor necrosis factor inhibitor pentoxyfylline (50 or 100 mg/kg), given i.p. 
at 1, 9 and 17 hrs after trauma, protected against delayed apoptotic damage. 
Antioxidants and tumor necrosis factor inhibitors may prove useful in the treatment 
of pediatric head trauma, whereas NMDA receptor antagonists should be 
contraindicated. Supported by BMBF grant 01 KO95151TPA3.

675.17
NEUROPROTECTIVE EFFECTS OF NOVEL THYROTROPIN RELEASING 
HORMONE (TRH) ANALOGS FOLLOWING TRAUMATIC BRAIN INJURY IN 
VIVO AND TRAUMATIC NEURONAL INJURY IN VITRO. L. Fan*, G.B. Fox, 
G.L. Araldi, S. Ivanova, A.P. Kozikowski, and A.L Faden. Institute for Cognitive and 
Computational Sciences, Georgetown Univ. Medical Center, Washington, DC 20007.

TRH and certain TRH analogs have shown neuroprotective effects across species 
in several clinically-relevant animal models of traumatic brain injury (TBI). However, 
these compounds all have substantial autonomic, endocrine and analeptic effects. We 
have designed, synthesized and evaluated a series of novel TRH analogs that modify 
the N-terminal peptide and imidazole ring of TRH while preserving the C-terminus of 
this tri-peptide. The potential neuroprotective effects of these novel analogs were 
studied in three model systems: lateral fluid percussion injury in rats; controlled 
cortical impact injury (CCI) in mice; or trauma to mixed neuronal/glial cultures from 
rats. TRH analogs (1.0 mg/kg) or equal volume normal saline were injected 
intravenously 30 min after injury in rats and mice. Neurological recovery, assessed 
using an established composite neuroscoring technique, was significantly improved in 
rats treated with 2-ARA-53a or 3-ARA-57a when examined at 1 and 2 weeks (j?<0.05, 
as compared with vehicle controls). No autonomic or analeptic effects were observed 
with either compound at doses up to 10 mg/kg. In mice, a significant improvement 
in beam walking ability was observed 14-21 days after injury in animals treated with 
2-ARA-53a as compared with vehicle-treated controls (p<0.05). In a watermaze place 
learning task, mice treated with 2-ARA-53a performed consistently better than vehicle 
controls when tested 7-10 days after injury. Mixed cultures in 96 well plates were 
subjected to traumatic injury as previously described (Mukhin et al, J Neurosci Res 
51:748, 1998). Treatment with 3-ARA-57a significantly reduced post-traumatic LDH 
release with optimal effects at a concentration of 1 |lM (p<0.05). Our findings indicate 
that these dual substitution TRH analogs have strong neuroprotective actions without 
the major side effects associated with TRH or other available TRH analogs. Supported 
by CDC CCR 306634 and DOD DAMD 17-93-V-30I8.

675.18
A NOVEL CYCLIC DIPEPTIDE ANALOG OF A THYROTROPIN-RELEASING 
HORMONE (TRH) DERIVATIVE EXHIBITS NEUROPROTECTIVE AND 
NOOTROPIC PROPERTIES FOLLOWING TRAUMATIC BRAIN INJURY IN 
THE RODENT. G.B. Fox*, L. Fan, G.L. Araldi, A.P. Kozikowski, and A.L Faden. 
Georgetown Institute for Cognitive and Computational Sciences, oeoigetowri 
University Medical Center, Washington, DC 20007.

TRH and TRH analogs have been demonstrated to significantly improve neurologic 
recovery following traumatic brain and spinal cord injury, proving effective over a 
wide range of experimental models and species. We have designed and synthesized a 
novel cyclic dipeptide (2-ARA-35b), analagous to TRH metabolic derivatives which 
retain physiologic activity, and evaluated it for neuroprotective activity in two 
clinically-relevant models of brain injury. Rats and mice were subjected to moderate 
fluid percussion- and controlled cortical impact (CCI)-induced traumatic brain injury, 
respectively. At 30 min after injury, animals were administered either vehicle or 1.0 
mg/kg drug via the lateral tail vein. Neurological recovery in the rat, assessed using 
an established motor neuroscore technique, was significantly improved in the 2-ARA- 
35b-treated group when compared with vehicle-treated controls at 7 (p<0.01) and 14 
(p<0.05) days after trauma. Mice treated with 2-ARA-35b exhibited a significant 
improvement in beam walking ability, a test of fine motor coordination, at 14 and 21 
days post-injury, as compared with vehicle-treated controls (p<0.05). In a watermaze 
place learning task, drug-treated animals performed consistently better than control 
injured mice when tested 7-10 days following CCI, reaching statistical significance on 
the last day of training (p<0.01). Preliminary data also indicate a nootropic action for 
2-ARA-35b, when administered to the mouse 30 min before the commencement of the 
first training trial on days 7-10 post injury in the watermaze. No auturcmic or 
analeptic side effects were observed with this compound. Taken together, these data 
identify a novel synthetic compound with neuroprotective actions across models and 
species, with none of the autonomic or analeptic side-effects typically associated with 
TRH and TRH analogs. Supposedly CDC CCR 306634 cndDOD DA MD 17-93-V-3018.

675.19
THE EFFECTS OF MELATONIN ON THE ANTIOXIDANT SYSTEMS IN 
EXPERIMENTAL SPINAL INJURY G O. Peker1* T. Tanyalcin2, E.Y. Sozmen2,
V. Gulmen3, L. Kanit1, G. Tekell3, E. Barcin3, S. Caqlr, M. Zileli3, F.Z. Kutay2
Ege University Center for Brain Research, School of Medicine, Departments of 
’Physiology, biochemistry, and 3Neurosurgery, Bornova, 35100 izmir, TURKEY

Melatonin has been recently shown by various in-vivo and in-vitro studies to exert 
potent neutralising effects on hydroxyl radicals, stimulate glutathione peroxidase 
(GSH-Px) activity, and protect catalase (CAT) from the destructive activity of hydroxyl 
radicals in neural tissue. We aimed to investigate the possible effects of 
pharmacological dose of melatonin on some ofthe antioxidant defence systems in an 
in-vivo study of experimental spinal injury. Seven groups of adult male Sprague 
Dawley rats were used in the following scheme: Group I: Naive (n=6), Group II: 
Lesion (n=8), Group III: Melatonin (n=5), Group IV: Melatonin + Lesion (n=8), Group 
V Placebo + Lesion (n=5), Group VI: Sham operation (n=5), and Group VII: Placebo 
(n=5). Experimental spinal injury was induced at level T7-T8 by 5 sec compression of 
the total cord with an aneurism clip on anaesthetised and laminectomised animals. 
The total 10mg/kg dose of melatonin (Sigma) dissolved in alcohol-water was 
administered i.p. four times in 2.5mg/kg doses, at 20 min pre-, at the time of and at 1 
h and 2 h post- compression. At 24±2 h post-injury, the rats were euthanised and the 
lesioned segments of cord were dissected and homogenised with special care taken 
to distribute equal amount of injured tissue in each sample for analysis of reduced 
glutathione (GSH), oxidised glutathione (GSSG), superoxide dismutase (SOD), and 
CAT activity. Lesioning was profound in all the animals which became and remained 
paraplegic following the compression. SPSS statistics program was applied to 
evaluate the results. As expected, compression injury decreased GSH/GSSG ratio 
significantly (p<0.0001). Melatonin, by itself, significantly decreased GSSG content 
(p<0.05) and increased CAT activity (p<0.05) in the naive rats. Melatonin treatment 
decreased GSSG activity, thus elevating GSH/GSSG ratio, and also increased SOD 
and CAT activity without reaching statistical significance in the lesioned animals. In 
conclusion, pharmacological dose of systemically applied melatonin seemed to 
support some features of the antioxidant defence systems in our hands.

(Supported by TUBiTAK SBAG-U Grant 15/4)

675.20
CLOMETHIAZOLE (Zendra®, CMZ) IMPROVES HIND LIMB MOTOR 
FUNCTION AND REDUCES NEURONAL DAMAGE AFTER SEVERE 
SPINAL CORD INJURY IN RAT. M, Farooque1*, D.M. Jackson2 and 
Y. Olsson1. 1 Research Unit of Neuropathology, Department of Genetics and 
Pathology, Uppsala University Hospital, Sweden; 2Astra Arcus AB, 15185 
Sodertalje, Sweden.

CMZ has neuroprotective effects in experimental focal and global forebrain 
ischemia and this neuroprotective effect may depend on its ability to 
enhance GABAA receptor activity. We studied the effect of pretreatment with 
CMZ on motor function recovery and neuronal damage after spinal cord 
injury (SCI). Animals were randomized and 30 min before SCI the rats 
received a single ip. dose of CMZ (150 mg/kg, n = 18) or saline (no = 18). 
The spinal cord was injured with a 50 g (4.5 g/mm2) load, applied over the 
exposed dura, through a curved rectangular plate (2.2 x 5.0 mm) for 5 min at 
Th 9. Animals became paraplegic one day after Injury. The rats were 
evaluated for hind limb motor function recovery over a period of 12 weeks 
and were then perfused/fixed for morphological investigations. MAP2 
Immunostaining was used to stain neurons and dendrites whereas luxol fast 
blue was used to stain myelinated tracts of the white matter. All animals 
recovered to some extent over the observation period of 12 weeks. 
However, hind limb motor function was significantly better in the animals 
pretreated with CMZ. The injured segment of the spinal cord showed severe 
atrophy, distortion, cavitation and necrosis of grey and white matter. The 
transverse sectional area was reduced to 32% in untreated animals and 
38.5% In clomethiazole treated animals. MAP2 staining showed that, 
compared to unijured controls, grey matter was reduced to 7.4 ± 2.7 % in 
saline treated injured animals and to 22.7 + 5.4 % in CMZ treated animals. 
Our results show that in this model CMZ improves hind limb motor function 
and attenuates neuronal and dendritic damage. (Supported by Astra Arcus)
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676.1 676.2
RAPID MICROGLIAL RESPONSES TO NEURONAL INJURY IN LONG-TERM 
PRIMARY CULTURES FROM MOUSE CEREBRAL CORTEX. M. Bak, P.S. 
Finamore, D.H. Hall* and K. Dobrenis. Department of Neuroscience, Albert Einstein 
College of Medicine, Bronx, NY 10461.

It has become apparent that microglial cells are exquisitely sensitive to neuronal 
injury within the CNS, displaying a relatively rapid and profound response that can in 
turn result in modulation of neuronal survival. Nonetheless, there is little definitively 
known about the immediate and early events that signal microglial activation. To 
investigate this, cultures were prepared from El5-16 mice and used at 28-120 days in 
vitro so that experiments could be performed with mapire neurons and microglia that 
had established perineuronal relationships. Purified microglia prelabeled with Dil were 
added to aid in positive identification and provide more microglia. Mechanical injury 
was performed by penetration of single neurons with a glass micropipette. Microglial 
responses were detected using INDO-1 AM, a ratiometric fluorescent indicator of 
intracellular calcium concentration ([Ca2+]¡), and monitored in ‘real-time’ using 
scanning confocal microscopy. A total of 122 injury sequences were evaluated. Upon 
neuronal injury, perineuronal (in contact with neuronal cell body) microglia consistently 
responded within 2 sec. with an apparent [Ca2+]¡ increase. Injury directed to neuronal 
perikarya versus neurites produced microglial responses with comparable amplitudes. 
This and the fact that direct placement of the micropipette on microglia did not replicate 
responses to neuronal injury argued that perineuronal microglial [Ca2+], changes were a 
consequence of neuronal injury. Microglia close to but not adjacent to neurons 
responded less frequently. At distances of 15-40 pm. rapid microglial responses were 
rarely seen. Initial studies using heptanol (which disrupts communication through gap 
junctions) showed no significant effect on microglial responses to neuronal injury. 
Application of suramin (P2 purinergic receptor antagonist) did not abrogate the 
response of perineuronal microglia but increased latency. Ongoing studies with these 
cultures are aimed at identifying other potential neuron-derived mediators of injury 
response and early molecular events occurring within microglia. (NIH-NS32169)

POTASSIUM CURRENTS IN PRIMARY CULTURED REACTIVE 
ASTROCYTES. P.R. Perillán, X. Li, V.Gerzanich, J.M, Simard*. Dept. of 
Neurosurgery, University of Maryland, Baltimore, M.D. 21201 

Reactive astrocytes are critical in the response to CNS injury. To facilitate 
their study in vitro, we recently developed a method utilizing implanted gelatin 
sponges for isolation and primary culture of reactive astrocytes from adult rat 
brains. Here we report on patch clamp studies aimed at characterizing the 
principal ionic conductances in these cells under physiological conditions. 
GFAP-positive cells 0.2-8 days in vitro were studied using a nystatin-perforated 
patch clamp technique. Under current clamp, the resting potential was <-70 mV. 
The cells exhibited high input resistance (>10 GO) and voltage dependent 
inward and outward currents. Consistent with an inward rectifier (K,R), the 
inward current was voltage dependent, increasing at Em <-85 mV, became 
slightly outward at more positive potentials, was blocked by 100 pM Ba2+ and 
was insensitive to 5 mM tetraethylammonium Cl (TEA) or 5 mM 4- 
aminopyridine (4-AP). The K,R current was recorded in cells recovered within 4 
hours of sacrificing the animal. Consistent with a Ca2+-activated K+ channel, a 
portion of the outward current activated at Em>-40 mV (A), was sensitive to 5 
mM TEA (B) or charybdotoxin. Residual outward current remaining after TEA 
had voltage-dependent properties consistent
with an outward rectifier and was blocked 
by 5 mM 4-AP (C). Experiments conducted 
on cells that had been in vitro up to two 
weeks showed similar current profiles. We 
conclude that reactive astrocytes from adult 
rat brain exhibit ionic conductances similar 
to those reported in cultured astrocytes from 
neonatal brain.

120

-80pA

676.3
LOSS OF GLIAL POTASSIUM INWARDLY RECTIFYING CURRENT AND 
IMPAIRMENT OF POTASSIUM HOMEOSTASIS, FOLLOWING FLUID 
PERCUSSION INJURY (FPI). R. DAmbrosio, P.O. Maris, M.S. Grady* and D. 
Janigro. Neurosurgery. Univ. of Washington, Seattle, WA 98104, USA.

We compared the early effects of moderate in vivo FPI on the functional 
expression of glial Kir assessed in rat hippocampal slices. Whole cell recordings 
were performed from CA3 glia in post-FPI and naive slices of young adult rats. 
Bath application of Cs+ (ImM) were used to block the Kir. In addition, K+-selective 
microelectrodes were employed to measure K+ accumulation in radiatum CA3. 
Immunocytochemical visualization of glial fibrillary acidic protein (GFAP) was 
routinely performed. 24-48 hrs following FPI, GFAP immunostaining was enhanced 
in CA3, as expected for reactive glia. A significant decrease in the Cs+-sensitive K® 
was observed in these cells. Complex and inward rectifier cells were the most 
affected. Complex cells had a loss of the Cs*-sensitive K® from 80% of the whole 
cell current to 30% (at -140mV). Inward rectifier cells had a loss of the current 
from 18% to 8%. Low frequency (1 Hz) antidromic stimulation of Schaffer 
collateral induced K* accumulation in radiatum CA3 ecs. Slices obtained from naive 
rats always showed a recovery of K^ activity to basal levels within 10 seconds from 
the end of stimulation (n=5). Slices obtained from post-FPI rats displayed recovery 
times ranging from 10 to 40 seconds (n=8). Additionally, 75% of the post-FPI 
slices generated multiple afterdischarges during 1Hz antidromic stimulation while 
only 20% of the control slices did. These results indicate that 1) post-FPI CA3 
astrocytes are reactive or injured, 2) loss of Kir parallels increased GFAP 
immunoreactivity changes post-FPI. 3) neuronal-activity-induced elevation of 
[K+]o,„ is more persistent at early time point post-FPI, 4) hyperexcitability is 
observed at a time after trauma when no neuronal loss is detectable. We conclude 
tliat FPI mav impair extracellular K‘-homeostasis bv impairing glial Kk. Supported 
by NIH 51614.

676.4
CORTICAL AND BRAINSTEM AXONS GROW INTO LESION CAVITIES 
AFTER SPINAL CORD CONTUSION INJURY IN THE ADULT RAT. C.E. Hili', 
G.E. Hermann2, M.S. Beattie1 and J.C. Bresnahan *51 Dept. of Cell Biol., Neurobiol., 
and Anat., and Neuroscience Program, 2Dept. of Physiol., The Ohio State University, 
Columbus, OH. 43210.

Recent data suggests that the adult mammalian spinal cord undergoes endogenous 
repair after contusion injury. In the present study bilateral fluororuby injections into 
the cortex or the lateral paragigantocellaris (LPGi) were performed. Anterograde 
tracing was used to assess 1) the distribution of corticospinal tract (CST) and LPGi 
axons following contusion injury and 2) whether central axons are present within the 
lesion cavity'in the cellular matrix 6 months post contusion injury (10 g weight 
dropped with MASCIS device, 6.25, 12.5 or 25 mm onto the exposed spinal cord at 
T9-10).

Most CST fibers were found in the dorsal funiculus. As they approached the 
lesions, the fibers dispersed and grew around the rostral border of the cavity, some 
descending for several mm along the cavity edge. In 3/8 cases, a very few fibers were 
observed at the caudal edge of the cavity. In addition to the distinct compact dorsal 
CST, axons within the lateral and ventral corticospinal tracts were observed to extend 
distal to the cavity through the thin rim of spared tissue surrounding the cavity. Axons 
of LPGi neurons traveled in the lateral and ventral funiculi. Some labeled LPGi 
axons extended past the cavity in the spared tissue rim similar to the lateral and 
ventral CST axons. Even in severely injured spinal cords, some descending central 
axons remain intact.

Perhaps more surprising than the presence of spared central fibers around the lesion 
cavity was the presence of labeled central axons within the cavity matrix in both the 
cortical and LPGi injection cases. This indicates that central axons penetrate into the 
lesion cavity, in addition to the known penetration of peripheral axons, as part of the 
endogenous repair response following SCI.

Supported by PVA SCRF-1734 and NS-31193.

676.5

TRAUMATIC BRAIN INJURY (TBI) INDUCES SPROUTNG AND SYNAPTIC 
REORGANIZATION OF THE MOSSY FIBER PATHWAY IN THE DENTATE 
GYRUS OF HIPPOCAMPUS. Goliieh Golarai*1, Anders C, Greenwood1, 
Dennis M. Feeney2, John A. Connor1 Departments of Neuroscience & 
Psychology, University of New Mexico, Albuquerque, NM 87131.
TBI by impact to the cortical surface induces a variety of structural changes, 
including cell death and axonal damage in the areas surrounding the impact, 
and selective cell loss in remote cortical and subcortical regions. 
Deafferentation in other models of cortical damage leads to elevation of 
GAP-43 and synaptophysin, suggesting sprouting and synaptogenesis by the 
spared axons. Little is known about the amount of sprouting after TBI, or the 
extent to which the normal synaptic architecture is altered in different brain 
regions. Here, we report evidence for the sprouting and reorganization of the 
mossy fiber (MF) pathway in the dentate gyrus (DG) of hippocampus after 
unilateral TBI to the somatosensory cortex. Using Timm histochemistry, 
which selectively stains MF terminals due to their high content of Zn++, we 
compared the distribution of MF terminals in the DG after TBI (n=7) and 
sham (n=4) operations in male adult Sprague Dawley rats. In 7/7 rats 
examined at 2-4 weeks after unilateral TBI, we found a change in the pattern 
of Timm staining in the ipsi- and contralateral DG, consisting of a patchy 
distribution of Timm granules in the inner molecular layer, an area that is 
normally devoid of MF terminals. In 3/3 sham-operated rats the distribution 
of Timm granules in the DG was similar to normals and Timm granules were 
absent from the inner molecular layer. These observations suggest that TBI 
to neocortex induces sprouting and reorganization of the MF pathway in the 
DG. A similar pattern of MF synaptic reorganization has been observed in 
human temporal-lobe epilepsy and in association with enhanced seizure 
susceptibility in several experimental models. By analogy, TBI-induced MF 
sprouting may have significant functional consequences such as recurrent 
excitation among granule cells and enhanced seizure susceptibility. NS35644

676.6

SUPRASPINAL EFFERENTS OF CORD-PROJECTING CENTRAL NEURONS 

FOLLOWING SPINAL AXONAL INJURY. G.-F. Tseng*, S.-W. Ho and Y.-J. Wang. 

Dept. of Anatomy, College of Medicine, National Taiwan Univ., Taipei, Taiwan, R.O.C.

Using rat rubrospinal neurons as a model, we showed earlier that surviving injured 

neurons have smaller cell bodies and dendritic trees and altered retrograde transport 

ability of their remaining spinal axons. Their membrane input/output relationship was 

increased. In addition, synaptic inhibition from nearby reticular formation was also 

reduced following cord injury. To find out whether these alterations can be functional, 

we examined the cerebellar connection of rubrospinal neurons following the transection 

of their spinal axons 2 months in advance. The number and distribution and also 

labeling intensities of rubrospinal neurons projecting to cerebellum were not changed 

following cord injury despite an obvious reduction of soma sizes. To find out whether 

spinal injury induces any changes in the number of supraspinal targets these neurons 

innervate, we performed anterograde tracing from the caudal red nucleus. These data 

are currently under analysis. Our data thus far indicate that the property changes 

associated with spinal-projecting central neurons following cord injury can influence 

the function of supraspinal structures since injured neurons maintained a comparable 

strength of supraspinal collateral connections as those of uninjured neurons, (supported 

by the NSC of Taiwan, R.O.C.)
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676.7
CHRONIC EFFECTS OF TRAUMATIC BRAIN INJURY ON VESICULAR 
ACETYLCHOLINE TRANSPORTER AND M2 MUSCARINIC RECEPTOR mRNA 
IN RAT MEDIAL SEPTAL AREA. L. Shao1, X. Ma1*, H.Q, Yan1, J.R. Ciallella1,
S.T. DeKosky2, P.W. Marion, and C.E. Dixon1. ’Department of Neurosurgery and 
2Departments of Psychiatry and Neurology, University of Pittsburgh Medical Center, 
Pittsburgh, PA, 15260

Experimental traumatic brain injury (TBI) produces cholinergic neurotransmission 
deficits that may contribute to chronic spatial memory deficits. Cholinergic neuro
transmission deficits may be due to presynaptic alterations in the storage and release of 
acetylcholine (ACh) or from changes in the receptors for ACh. The vesicular ACh 
transporter (VAChT) mediates accumulation of ACh into secretory vesicles, and M2 
receptor can modulate cholinergic neurotransmission via a presynaptic inhibitory 
feedback mechanism. Our previous experiments have demonstrated up-regulation of 
VAChT and down-regulation of M2 receptor protein level in rat hippocampus four weeks 
after TBI by immunohistochemistry and Western blot analysis. To follow up this finding, 
we examined the effects of controlled cortical impact (CCI) injury on VAChT and M2 
muscarinic subtype receptor mRNA levels in the medial septal area at four weeks 
following injury. Rats were anesthetized and surgically prepared for controlled cortical 
impact injury (4 m/sec, 2.6 mm depth) and sham surgery. Animals were sacrificed and 
medial septal area was dissected. Changes in VAChT and M2 mRNA levels in the medial 
septal area were evaluated by RT-PCR. GAPDH and P-Actin served as internal controls. 
At four weeks post-injury an increase in VAChT mRNA was observed in the medial 
septal area, however there was no significant change in M2 mRNA levels compared to 
sham controls. The change of VAChT mRNA may represent a compensatory response 
of cholinergic neurons to increase the efficiency of ACh neurotransmission chronically 
after TBI, by upregulating the storage capacity and subsequent release of ACh. Down
regulation of M2 protein in the hippocampus 4 weeks after injury may not directly involve 
transcriptional regulation by cholinergic neurons in medical septum. (Supported by 
grants NIH-NS33150, NIH-CCR NS312296, CDC-R49-CCR310285, and AG05133)

676.8
CHRONIC EFFECTS OF TRAUMATIC BRAIN INJURY (TBI) ON NEURONAL 
GLUTAMATE TRANSPORTER (EAAC1) PROTEIN IN RATS. H.Q. Yan*, X. 
Ma, P.W. Marion, and C.E, Dixon. Department of Neurosurgery, University of 
Pittsburgh Medical Center, Pittsburgh, PA, 15260

There is substantial evidence that TBI produces neurotoxic levels of extracellular 
glutamate. Extracellular glutamate is regulated by the action of Na+-dependent 
glutamate transporters located on astrocytes and neurons. Of the three Na+- 
dependent glutamate transporter subtypes, only EAAC1 is expressed on neurons. 
Recently, increases in EAAC1 mRNA expression has been reported after nerve 
injury1. The chronic effects of TBI on the EAAC1 glutamate transporter subtype are 
currently unknown. By utilizing a recently commercially available antibody specific 
to neuronal glutamate transporter (EAAC1), we examined the effects of controlled 
cortical impact (CCI) injury on neuronal glutamate transporter protein levels at 4 
weeks following injury, a time point associated that chronic acetylcholine transporter 
upregulation2. Rats were anesthetized and surgically prepared for CCI injury (4 
m/sec, 2.6 mm) and sham surgery. Injured and sham animals (N = 6) were perfused 
with 4% paraformaldehyde and 15% saturated picric acid. Coronal sections (35 pm 
thick) were cut through the medial septum, the nucleus basalis, and the dorsal 
hippocampus. An increased expression of EAAC1 protein was observed by 
immunohistochemistry in the hippocampus, medial septum, striatum, and cortex in 
injured rats compared to sham controls. EAAC1 most probably serves as a glutamate 
uptake system to remove released glutamate pre- and/or post-synaptically from a 
wide range of glutamatergic synapses. We speculate that the upregulation of this 
glutamate uptake system may increase the resistance of chronically injured animals 
against neurotoxic insults after TBI. ‘Kiryu, et al., 1995; 2Ciallella, et al., 1998. 
(Supported by grants NIH-NS33150, NIH-CCR NS312296, and CDC-R49- 
CCR310285)

676.9
EFFECTS OF SEROTONIN ON CROSSED PHRENIC NERVE ACTIVITY 
IN CERVICAL HEMISPINALIZED RATS. S.-Y, Zhou* and H.G. Goshgarian, 
Dept. of Anatomy & Cell Biology, Wayne State University School of Medicine, 
Detroit, MI 48201.

High cervical spinal cord hemisection causes ipsilateral hemidiaphragm 
paralysis due to disruption of the bulbospinal respiratory pathways. Previous 
studies in this laboratory have shown that a latent crossed bulbospinal respiratory 
pathway can be activated to restore the lost respiratory activity in the phrenic 
nerve ipsilateral to spinal injury. The restored phrenic nerve activity during 
respiratory stress is referred to “crossed phrenic nerve activity (CPNA).” The 
present study investigates the effect of systemic 5-hydroxytryptophan (5-HTP) 
administration on CPNA in rats subjected to a left C2 spinal cord hemisection. 
Experiments were conducted on anesthetized, vagotomized, paralyzed, and 
artificially ventilated rats in which phrenic nerve activities were recorded. The 
activity of the phrenic nerve contralateral to the hemisection was also monitored 
as an indicator of central respiratory activity. CPNA was induced by temporary 
asphyxia and compared before and after drug administration. Animals were given 
pargyline (25 mg/kg, iv), a monoamine oxidase inhibitor 10 min before 5-HTP 
administration. Application of 5-HTP (0.5 to 2.0 mg/kg) significantly increased 
CPNA in 5 of 5 cases observed during temporary asphyxia and produced dose- 
dependant increases of CPNA. 5-HTP induced increases of CPNA were reversed 
(3/3) by methysergide (2-6 mg/kg, iv), a 5-HT receptor antagonist. The present 
study indicates an important role of serotonin in modulation of CPNA.

This study was supported by U.S. Public Health Service Grant HD 31550

676.10
GLUR2 RECEPTOR EXPRESSION IS DOWNREGULATED IN THE 
GANGLION CELL LAYER AFTER PARTIAL AXONAL INJURY OF THE 
OPTIC NERVE A, Bien#§t T.M. Bockers#, C.L Seidenbecher#§, J, Bockmann#, 
B.A. SabeljL E.D. Gundelfinger#, M.R. Kreutz#§ #Dep. of Neurochem./Mol. Biol., 
Leibniz-Institute for Neurobioiogy, Magdeburg, F.R.G, §AG Mol.&Cell. 
Neurobiol., Inst. Med. Psych., Otto-von-Guericke Univ., Magdeburg, F.R.G.

AMPA receptors consist of hetero-oligomers composed of four subunits, 
GluR 1-4. Expression of GluR2 determines the low Ca2+-permeability of native 
AMPA-receptors. Experimental optic nerve crush is a model of partial axonal injury 
and leads to a degeneration of about 80% of all retinal ganglion cells (RGC) within 
two weeks. In situ hybridization experiments with retinal cryostat sections revealed a 
significant downregulation of GluR2 transcripts in the retinal ganglion cell layer in 
response to optic nerve injury. Significantly lower hybridization signals were found 
as early as two days after crush, indicating that the attenuated expression is not a 
consequence of RGC cell loss. 1 week post-injury RGC retrogradely labeled with 
fluorogold do not express detectable GluR2 transscripts. Accordingly GluR2 protein 
levels were reduced 1 week post-injury as judged by western blot analysis of retinal 
protein homogenates. The downregulation of GluR2 transcripts was still observed 4 
weeks after optic nerve crush, showing that the regulation of receptor expression is 
not transient. No significant alteration was observed in the expression of GluRl, 
GluR3 and GluR4 subunits in the ganglion cell layer at the cellular level. Thus, 
transcript levels of these AMPA-receptor subunits remained largely unchanged in the 
surviving cell population. We hypothesize that axonal injury leads to an altered 
excitability of surviving RGC. Moreover, AMPA receptors in the surviving 
population could exhibit an increased Ca2+ permeability.
Supported by the Fritz-Thyssen Stiftung and the BMBF (Neurotrauma 
Schwerpunkt, Verbund Magdeburg-Berlin, TPA2).

676.11
IN VIVO AND IN VITRO MODELS OF NEUROTRAM A: ALTERATIONS IN 
CHLORIDE HOMEOSTASIS AND GABA FUNCTION. G.H. Clayton'*, J.S. 
Wolff1, K.J. Staley', C.L. Wilcox2, R.L. Smith1. ’*Depts. Neurology, Pediatrics, 
and Neuroscience Program, Univ. of Colo. Health Sciences Center, Denver, 
Colorado; 2Dept. Microbiology, Colo. State Univ., Fort Collins, Colorado

It is widely recognized that responses to GABAa activation depend on realtive 
levels of intraneuronal Cl . Previous work in our laboratory and others has shown 
that the voltage gated Cl' channel and cation-Cl' cotransporter gene families play a 
major role in establishing transmembrane Cl' gradients during ontogeny and in the 
adult nervous system. In addition, it has been shown that developmental differences 
in Cl gradients and GABA responses can be attributed to changes in expression of 
various members of these families. In order to assess whether primary neuronal 
cultures can serve as models of such developmental changes we have examined the 
expression of all known members of the cation-Cl' cotransporter family 
(NKCC1/BSC2, NKCC2/BSC1, KCC1, KCC2, NCC/TSC1) and two members of 
the the voltage gated Cl' channel family (C1C2, C1C3) using in situ hybridization 
and RNase protection methods. As seen during ontogeny in vivo, expression of 
these molecules changes dramatically during maturation in culture. As some models 
of neurotrauma have indicated, damage to such cultures results in significant 
changes in intraneuronal Cl levels and GABA function. We hypothesize that 
traumatized neurons revert to a state resembling that seen early in ontogeny in 
terms of expression of chloride homeostatic mechanisms and such changes in 
expression lead to a resumption of embryonic-like excitatory GABA responses. To 
test this hypothesis mature, post traumatic primary cultures of rat CNS and PNS 
are assessed for changes in expression of the Cl' homeostatic mechanisms identified 
in developing cultures as well as for changes in GABA response. Results of these 
experiments are discussed in terms of their application to in vivo models of 
neurotrauma and what mechanistic role these responses may play in acquired seizure 
disorders and neurologic sequelae of neurotrauma such as spasticity and pain. [Work 
supported by the March of Dimes and the United Cerebral Palsy Association.]

676.12
STUDIES ON HEMOGLOBIN AND SYNAPTIC TRANSMISSION IN 
HIPPOCAMPAL CA1 PYRAMIDAL NEURONS. S. Yip* and B.R. Sastry. Dept.of 
Pharmacology and Therapeutics, UBC, Vancouver, B.C. V6T 1Z3

Bovine (Sigma H2500: Lot #101H9307; 0.1 mM) and rat (H3883: Lot #70H9309;
0.1 mM) hemoglobin (Hb) produced a dose-dependent and reversible depression of 
evoked excitatory post-synaptic potentials (EPSPs) in CA1 pyramidal neurons of rat 
hippocampal slices. However, Hb from other lots (bovine: Lot #86119310, 0.1 and 0.5 
mM; and rat: Lot #65H9309, 0.1 mM) did not significantly reduce evoked field EPSPs. 
Dialyzed Hb Lot #101H9307 did not depress the evoked field EPSPs, suggesting that 
the depression may be due to breakdown products (MW <12000). FeCl2 (0.05 and 0.1 
mM) and hemin chloride (0.5 mM) depressed evoked field EPSPs that, however, did 
not show a recovery after 30 min of washout. Mass spectroscopic examination using 
negative ionization showed a significantly higher amount of anions with 81 and 97 
MW in Hb Lot #101H9307 and #70H9309 than in Hb Lot #86H9310 and #65H9309; 
the profiles of the two anions were comparable to those of bisulfite (81 MW) and 
bisulfate (97 MW). No significant differences (200 to 14000 MW) between Hb 
samples (Lot #101H9307 and Lot #86H9310) were, however, noted using positive 
ionization. In some experiments, Hb was reduced by using dithionite according to 
Martin et. al. (J. Pharmacol. Exp. Ther. 232, 708-716, 1985). Hb, thus reduced, 
depressed evoked synaptic transients. Moreover, when parallel controls from 
dithionite dialysates (without Hb) were tested, field EPSPs were depressed. Mass 
spectroscopy revealed the presence of reaction products of dithionite, bisulfite and 
bisulfate, in both control and test samples. Bisulfite (0.25 to 1 mM) produced a dose- 
dependent, reversible depression of evoked excitatory post-synaptic currents (EPSCs) 
whereas bisulfate (3 mM) only slightly depressed evoked EPSCs.

These results suggest that certain Hb samples and Hb reduced by the procedure of 
Martin et. al. contain bisulfite and bisulfate. Substances other than Hb present in these 
samples can have significant effects on synaptic transmission.

Supported by NIH grant #NS33491 to BRS & a MRC studentship to SY.
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676.13
HIBERNATION: A MODEL OF TOLERANCE TO BRAIN 
TRAUMA. Y. Hu. P.G. Osborne. R. Stimmelmayr and K. L. Drew*. Institute of 
Arctic Biology, Univ. of Alaska Fairbanks, Fairbanks, AK 99775.

Hibeniating mammals tolerate extreme reductions in cerebral blood flow without 
neurological damage. The purpose of the present study was to test the hypothesis 
that hibernating brain tissue is likewise tolerant to mechanical trauma. Previous 
studies have shown that microdialysis can be used as a model of brain micro-trauma 
and that extracellular glutamate (EC Glu) increases shortly after microdialysis probe 
insertion suggesting that Glu is either a marker for, or facilitator of traumatic tissue 
response. Mild mechanical trauma was induced by inserting a microdialysis probe 
into hibernating or non-hibernating striata of arctic ground squirrels (Spermophilus 
parriyii kennicotti). Quantitative in vivo microdialysis was used to sample EC Glu 
from striata of hibernating and homeothermic squirrels. Dialysate [Glu) was 
assayed by HPLC with fluorescence detection. In another group of squirrels 
complete blood counts were performed on samples collected via cardiac puncture 
during torpor in hibernating squirrels or after cold adaptation in non-hibernating 
squirrels. EC Glu increased to neurotoxic concentrations (200 pM) after 3 days in 
homeothermic squirrels but remained stable for 5 days in hibernating squirrels. 
Probes clogged more in non-hibernating than in hibernating animals (10/14 vs.
1/8) and preliminary histological analysis showed that tissue response following 
probe-induced injury was delayed in hibernating animals. In naïve squirrels WBCs 
decreased 90% during hibernation. Results suggest that hibernating brain tissue is 
tolerant to mechanical trauma. Immunosuppression, hypothermia and other 
adaptations may play key roles in this tolerance. Better understanding of 
hibernation physiology will direct research towards improved treatment for stroke 
and trauma. Supported by AHA 95007705S to K.LD.

677.1
LOSS OF OLIGODENDROCYTES BY APOPTOSIS IS EXTENSIVE IN RE
GIONS OF AXONAL DEGENERATION FOLLOWING SPINAL CORD INJURY. 
S.L. Shuman*, S.A.Baldwin, J.C. Bresnahan, and M.S. Beattie. Neuroscience Pro
gram, Dept. of Cell Biology, Neurobiology & Anatomy, The Ohio State University, 
Columbus OH 43210

Apoptosis is a form of cell death characterized by morphological features such as 
condensed chromatin, reduced cytoplasmic volume and membrane blebbing. After 
contusion injury to rat spinal cord, oligodendrocyte (OL) apoptosis is present primar
ily in degenerating white matter tracts. We noted previously that the number of 
apoptotic OLs per tissue section (identified by morphological changes) was rather 
low. However, apoptotic morphology is visible for only a short period of time, lead
ing to an underestimation of apoptosis. In order to determine if our previous observa
tions of apoptosis were indicative of an overall loss of OLs, we examined the extent of 
OL loss with immunohistochemistry and stereology. Nine rats received a 25g-cm 
contusion at T10 using the NYU weight drop device and survived for 5 days, 3 weeks, 
or 6 weeks post-injury. Controls included two animals with laminectomies and one 
animal with no surgical intervention. Spinal cord tissue was sampled at 7 and 13 mm 
rostral and caudal to the lesion center. Tissue sections were labeled with the mono
clonal antibody CCI to identify OLs and counterstained with cresyl violet. Apoptotic 
profiles were identified by the presence of two or more round, condensed clumps of 
Nissl-stained material. In the dorsal funiculus, OL density was decreased by 40% at 3 
weeks post-injury and was still significantly reduced at 6 weeks. In the combined 
lateral and ventral funiculi, OL density did not change significantly. Degenerating 
axons may induce OL apoptosis directly by loss of axon-derived trophic factor or 
indirectly by microglial activation and cytokine secretion. Degenerating axons are 
aggregated more tightly in the dorsal than the lateral and ventral funiculi which may 
indicate that these apoptotic stimuli are only effective when a critical density of ax
onal degeneration is reached. (Supported by NS-32000 and PVA SCRF-1734).

TRAUMA: APOPTOSIS

677.2

CALCIUM IONOPHORE INDUCES APOPTOSIS IN PC12 CELLS BY 
CALPAIN UPREGULATION. N, Banik1*, S. Ray1, M.F. Nowa^, M. 
Nowak2, E, Hogan. ‘Neurology and 2Psychiatry, Medical University 
of SC, Charleston SC 29425.

Apoptosis or programmed cell death (PCD) is mediated by 
activation of cysteine proteases in response to various stimuli. 
Calpain, a Ca2+-activated cysteine protease, has been implicated in 
PCD of immune cells. Elevation of intracellular Ca2+ levels is found in 
CNS pathophysiology, but the mechanism of cell death in CNS due 
to Ca2+ stress is unknown. To investigate the role of calpain in PCD 
of neurons under mild and severe Ca2+ stress, we tested the effects 
of calcium ionophore (A23187) at different doses (0.1, 0.5, and 
2.0pM) on the viability of PC12 cells. A23187, at a low dose (0.1 pM), 
up- regulated calpain at the mRNA (RT-PCR) and protein (Western 
blot) levels. The mRNA expression of six genes (bcl-2, pcalpain, p- 
actin, mcalpain, bax, and calpastatin) was examined. The ratio of bax 
(pro-apoptotic) to bcl-2 (anti-apoptotic) was increased in PCD. The 
levels of P-actin (house-keeping gene) and calpastatin (endogenous 
calpain inhibitor) remained uniform. Calpain activation caused 
degradation of 68kD neurofilament protein (NFP) and PCD in PC12 
cells (TUNEL assay). Pre-treatment of cells with 10pM MDL-28170 
(cell permeable calpain inhibitor) prevented calpain activation, NFP 
degradation, and PCD. This suggests a role for calpain in A23187- 
induced PCD of PC12 cells. Supported by grants from NIH, PVA, 
NMSS, and American Health Assistance Foundation.

677.3

CALPEPTIN AND METHYLPREDNISOLONE PREVENT CALPAIN 
ACTIVATION AND PROGRAMMED CELL DEATH IN RAT SCI. E 
Hogan*, S. Ray, G. Wilford. D. Matzelle, N. Banik. Neurology, 
Medical University of SC, Charleston SC 29425.

Rapid activation of the Ca2+-dependent neutral protease calpain 
following spinal cord injury (SCI) initiates protein degradation and 
triggers programmed cell death (PCD). The biochemical changes and 
pathophysiological events that end with PCD can be prevented if 
therapy is immediately directed to block calpain activation and other 
destructive pathways. Thus, we examined the efficacy of the calpain 
inhibitor calpeptin and methylprednisolone (MP) administered intra
venously in rat within 30 minutes after SCI (40g-cm weight drop). 
The animals were treated with calpeptin (250pg/kg) and MP 
(165mg/kg) alone and in combination for 48 hours before sacrificed. 
A 5cm section of spinal cord with the lesion in the center was 
removed and divided into five equal segments to analyze DNA 
damage, calpain content, and 68kD neurofilament protein (NFP) 
degradation. Internucleosomal DNA fragmentation (hallmark of PCD) 
was decreased in all rostral, lesion, and caudal segments of drug- 
treated animals. In situ TUNEL assay with tissue sections confirmed 
these results. The treatment also reduced calpain content and 68kD 
NFP degradation in those spinal cord segments. The results indicate 
the efficacy of a combination of calpain inhibitor calpeptin and MP in 
preventing protein degradation and PCD in rat SCI. Supported by the 
grants from NIH, PVA, and NMSS.

677.4
CASPASE-3 ACTIVATION AFTER STRETCH INJURY IN PRIMARY SEPTO
HIPPOCAMPAL CULTURES: RELATIONSHIP TO CELL VIABILITY AND 
MORPHOLOGY. B.R. Pike*, X. Zhao, J.K. Newcomb, and R.L. Hayes. Department 
of Neurosurgery, The University of Texas Medical School, Houston, TX 77030.

The cysteine protease caspase-3 is activated during apoptosis and is thought to 
contribute to pathology following various in vivo models of traumatic brain injury. The 
recent development of in vitro models of traumatic injury provide powerful adjuncts 
for examining the machinery of trauma-induced cell dysfunction/death. However, the 
role of caspase-3 activation after mechanical cell stretch has not been investigated. We 
used an in vitro model of mechanical stretch (Ellis et al., J. Neurotrauma, 1995, 
12:325-39) to examine signature processing of the cytoskeletal protein a-spectrin by 
caspase-3 to the apoptotic-linked 120 kD fragment in septo-hippocampal cultures. 
Effects of cell stretch (6.5 mm deformation) on morphology and cell viability were 
assayed via FDA/PI stain, LDH assay, nuclear chromatin alterations (Hoechst 33258), 
and DNA fragmentation. Caspase-3 processing of a-spectrin to the apoptotic-linked 
120 kD fragment was examined using a monoclonal Ab against this cleavage product 
on immunoblots. After injury, rapid but transient alterations were observed in nuclear 
PI uptake and LDH release (peak=6h) that was associated with increased caspase-3- 
mediated 120 kD fragmentation. This was followed by re-sequestration of somal FDA 
and increased number of dystrophic cells indicated by markedly shrunken cell bodies 
and nuclei. Oligonucleosomal sized DNA fragmentation, typically associated with 
apoptosis, was evident 24-72 h after injury and was preceded by the appearance of 
caspase-3-mediated 120 kD fragment to a-spectrin. Nuclear chromatin aggregation or 
apoptotic body formation was not evident up to 72 h post-injury. Results indicate that 
the apparent transient injury caused by cell stretch, indicated by re-sequestration of 
cytoplasmic FDA, is associated with enduring cell dystrophy that included caspase-3 
activation and oligonucleosomal DNA fragmentation in the absence of major apoptotic 
phenotypes. (Supported by R01-NS 21458 & F32-NS 10584).
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677.5
DELAYED GLIAL CELL APOPTOSIS INDUCED BY WALLERIAN 
DEGENERATION IN THE WHITE MATTER TRACTS AFTER POSTERIOR 
COLUMN CORDOTOMY IN ADULT RATS. P.A. Warden *. H, Li **. A. Esposito1. S, 
Shanbhag *. Hsuand X.M. Xu ‘Dept. Anat. & Neurobiol., St. Louis Univ. Sch. of Med., 
St. Louis, MO 63104; “Center for the Study of Nervous System Injury and Dept. Neurol., 
Washington Univ. Sch. of Med., St. Louis, MO 63110.

It has been recently demonstrated that neuronal and glial apoptosis plays an important role 
in tissue damage after traumatic spinal cord injury (SCI) and that a second wave of apoptosis 
occurs in the cord away from the lesion center (Nature 3:73-76, 1997; J. Neurosci. 17:5395- 
5406, 1997). In the present study, we tested the hypothesis that delayed glial cell apoptosis 
in the white matter is induced as a consequence of axonal degeneration distal to the site of 
injury (Wallerian degeneration). To test this hypothesis, a posterior column cordotomy was 
performed inducing Wallerian degeneration in distinct descending (the corticospinal tract; 
CST) and ascending (mainly fasciculus gracilis) pathways. Adult female Fischer (n=10) and 
Sprague Dawley (n=2) rats weighing 160-180 gms received a posterior column cordotomy 
at the T8 level. Animals were perfused at 4 h, 24 h, 3 d, 7 d, 14 d, and 28 d post-injury (n=2 
for each group). The cord segments rostral (T6-7) and caudal (T8-9) to the lesion were 
embedded in paraffin and sagittally sectioned. Apoptotic cells were identified using terminal 
deoxynucleotidyl transferase (TdT)-mediated digoxigemn-dUTP nick end labeling (TUNEL; 
Oncor) method, and counterstained with methyl green. After posterior column cordotomy, 
prominent Wallerian degeneration was observed in the CST caudal to the injury (T8-9) and 
in the ascending tracts rostral to it (T6-7). TUNEL labeled cells were observed as early as 
4 h post-injury, peaked at 14 d, and decreased by 28 d. The labeled glial cells were observed 
mosdy within the CST caudal to the injury (T8-9) and in the ascending tracts rostral to it (T6- 
7). These results suggest that a delayed pattern of glial apoptosis is induced by axonal 
degeneration in long projecting tracts that undergo Wallerian degeneration in the injured 
spinal cord. (Supported by Paralyzed Veterans of America, The Daniel Heumann Fund for 
Spinal Cord Research. The RGK Foundation, and NIH NS37230).

677.6

EFFECT OF ZVAD ON SPINAL CORD CELL DEATH AFTER MODERATE 
SEVERITY TRAUMATIC INSULT. X.Z. Liu* and D.W. Choi. Center for the Study 
of Nervous System Injury and Dept. of Neurology, Washington Univ School of 
Medicine, St. Louis, MO 63110.

We have demonstrated that administration of the protein syntheses inhibitor, 
cycloheximide, reduced tissue loss and behavioral deficit 1 month after moderate 
severity traumatic spinal cord injury in rats (J Neurosci 17: 5393-5406). Considering it 
likely that this protective effect reflected in large part benefits associated with 
inhibition of pathological apoptosis, we set out to see if therapeutic benefits could also 
be induced by administration of a caspase family inhibitor in the same injury model. 
We subjected rat spinal cords to injury induced by a 10 g weight falling 1.25 cm, using 
the NYU device. Animals were treated with Z-vai-ala-asp-CH2F (ZVAD) in one of 
two regimens: 1) a single intra-cord injection of ZVAD 5 min. after insult (0.02 pmol, 
2 pmol, 200 pmol and 20,000 pmol); or 2) a single intra-cord injection of 200 pmol 5 
min. after insult followed by continuous intrathecal drug delivering at 1, 3, or 10 
pmol/hour for 1 week. Each rat was sacrificed 24 hr or one week after injury, and a 1.5 
cm section ofthe spinal cord centered about the injury site was embeded in paraffin for 
TdT-mediated dUTP-biotin nick end labeling (TUNEL) staining. TUNEL 
positive cells were counted and compared between groups. The single dose study 
(regimen 1) suggested a beneficial effect of 200 pmol ZVAD, but not the other doses 
tested, resulting in about a 50% reduction in TUNEL(+) cells 24 hr after insult (mostly 
located near the lesion site), but producing no change in TUNEL(+) cells (mostly 
located in white matter throughout the 1.5 cm section) by 1 week after insult. The 
infusion study (regimen 2) resulted in about a 40% reduction in TUNEL(+) cells, at the 
1 week endpoint. These finding continue to support the idea that apoptosis contributes 
to spinal cord cell death after traumatic insults, and that inhibition of apoptosis may 
offer therapeutic benefits.

Supported by a grant from the American Paralysis Association (DWC).

677.7

EXPERIMENTAL CAUDA EQUINA SPINAL CORD INJURY: TIME COURSE OF 
NERVE DEGENERATION AND APOPTOSIS IN A NEW RAT MODEL E M. 
Aldrich'^J.A. Bembeck2. B. Kim, E. Basseri, S. Patel. O. Shave. V.R. Edgerton3 and BH.
Dobkin1 Depts of Neurology1, Orthopedics2 and Physiological Sciences3, University of
California, Los Angeles, CA 90095.
Lumbar spinal cord injury (SCI) represents approximately 10%-20% of traumatic SCI. In 
humans the result is a crush injury to the cauda equina We have developed an animal 
model to study the pathophysiology of this injury, and to test possible therapeutic 
interventions. Qualitative studies were done to determine the time course of nerve 
degeneration, as well as apoptotic cell death. Female Sprague-Dawley rats (240-260 gm.) 
underwent a concentric crush at the L2 vertebral level, resulting in a severe crush injury to 
the L2-L5 roots. After various survival periods animals were sacrificed, perfused and 
processed for light microscopy The nerve degeneration study tissue was preserved with 
5% glutaraldehye, osmicated and 1 gm plastic sections of the L5 root obtained. Survival 
periods were 1,7, 14 and 35 days. Early degenerative changes were seen at 1 day, yet 
profound demyelination and phagocytosis were seen at 7 days. Very few myelinated 
axons were seen at 14 and 35 days. The apoptosis study tissue was preserved with 4% 
paraformaldehye, 12 |im cryostat sections obtained, then stained using the TUNEL 
method. Survival periods were 1, 4, 5, 7, 18 and 35 days. No signs of apoptosis were 
seen at 1 day. However, on day 4,5 and 7 apoptotic nuclei were common in the dorsal 
white mater and occasional in the ventral gray mater. There was no evidence of apoptosis 
at 18 or 35 days. The time course of these histologic changes coincides with previously 
reported behavioral data. Though severe nerve degeneration occurs, after recovery has 
plateaued a few myelinated axons remain. Further, apoptotic cell death occurs during the 
first seven days following this injury These studies provide the foundation for future 
quantitative studies, and add support to the hypothesis that traumatic cauda equina injury 
may be responsive to treatment with neurotrophic factors. (Supported by the Spinal Cord 
Research Foundation)

677.8
CASPASE-3 ACTIVATION AFTER FLUID-PERCUSSION BRAIN INJURY.
P.R. Aldana1, J. Bethea1, R.W. Keane2, O. Alonso3, E. 
Green*3 and W.P. Dietrich1'3. Depts. of Neurological 
Surgery,-^Physiology and Biophysics and Neurology, Univer
sity of Miami School of Medicine, Miami, FL.

Caspase-3 activation occurs during the apoptosis of neu
rons and astrocytes, but not during necrosis. We utilized 
an antibody specific to the activated form of caspase-3 
(CM-1) to determine the temporal and regional profile of 
apoptotic cell death following parasagittal
fluid-percussion (F-P) brain injury. Fifteen
Sprague-Dawley rats underwent moderate (1.8-2.0 atm) F-P 
injury and were perfusion-fixed at 1 hr, 4 hrs, 1 day, 3 
days or 7 days. Adjacent paraffin sections were stained 
for routine histopathological analysis or immunostained 
with the CM-1 antibody. Regional cell counts were per
formed on necrotic and immunoreactive cells. Compared to 
sham animals, evidence of statistically significant cell 
injury was seen histopathologically at 1 hr post-TBI in the 
ipsilateral cortex, hippocampus and thalamus. However, in 
the cerebral cortex the number of activated caspase-3 cells 
was not significantly elevated until 1 day (290.17+41.2 vs. 
0.5 +0.02, mean+ SEM, p < 0.001). Significant CM-1 cel
lular staining was also seen in the hippocampus at 1 day 
but not until day 3 in the thalamus. The majority of im
munoreactive cells were neurons but some caspase-3 activa
tion was also detected in oligodendrocytes. Apoptotic cell 
death involving caspase-3 activation therefore participates 
in the vulnerability of neurons and oligodendrocytes after 
TBI. Therapeutic strategies directed at caspase-3 activa
tion may prove advantageous in the treatment of TBI. Sup
ported by NIH Grant NS 30291.

DRUGS OF ABUSE: ALCOHOL, BARBITURATES AND BENZODIAZEPINES—MOLECULAR STUDIES

678.1 678.2

DELIVERY OF THE TYROSINE HYDROXYLASE TRANSGENE USING 
ADENOVIRUS VECTORS. T. A. Obemier and F T, Crews*. Bowles Center 
for Alcohol Studies, University of North Carolina, Chapel Hill, NC 27599.

A variety of studies have suggested that low levels of dopamine in the 
nucleus accumbens are associated with high consumption of alcohol. To test 
this dopamine depletion hypothesis in vivo, we are attempting to 
artificially raise dopamine levels using a gene delivery approach. We are 
designing viral vectors to introduce Tyrosine Hydroxylase (TH), the rate 
limiting step in dopamine synthesis, into the rat nucleus accumbens as a 
transgene. To distinguish the transgene product from endogenous protein, 
TH was tagged with the FLAG marker by polymerase chain reaction. 
Radiometric enzyme assays indicate that FLAG-TH has activity that is 
similar to TH from rat pheochromocytoma cells. FLAG-TH was then cloned 
into the pAdlox adenoviral vector, and the expression of FLAG-TH from 
the recombinant adenovirus was confirmed by Western analysis.

Adeno-associated virus (AAV) and adenovirus (Ad) vectors containing the 
P-galactosidase gene were injected into the nucleus accumbens of Sprague 
Dawley rats to determine which viral vector would effectively deliver a 
transgene. One week post injection, the animals were sacrificed and sections 
through the nucleus accumbens were immunohistochemically stained for 
lacZ expression. Both vectors resulted in lacZ expression although Ad 
transduced a significantly greater number of cells. These studies suggest 
that viral gene delivery of TH to tire nucleus accumbens is feasible and will 
provide a unique test of the dopamine depletion hypothesis of alcoholism. 
This research was supported by NIAAA.

5-HT3 RECEPTOR FUNCTION AND POTENTIATION BY ALCOHOLS 
IN FRONTAL CORTEX NEURONS FROM TRANSGENIC MICE 
OVEREXPRESSING THE RECEPTOR. D.M. Lovingerl, K.-W. Sungl, R.L. 
Popp*l, S. Engel2 and A. Allan2, IDept. Mol. Physiol/Biophys. and Center 
for Mol. Neurosci., Vanderbilt Univ. Med. School, Nashville, TN 37232, 
2Dept. Neurosci., Univ. New Mexico Med. School, Albuquerque, NM 87131

The function of 5-HT3 receptors has been studied mainly in peripheral 
neurons, neural cell lines of peripheral origin, and heterologous expression 
systems. Few studies have examined 5-HT3 receptor function in CNS 
neurons. We have used transgenic mice that overexpress the 5-HT3 receptor 
to examine receptor function and alcohol sensitivity in frontal cortex (FC) 
neurons. Transgenic mice were created by fusing DNA encoding the 
5-HT3R subunit to a CAMKII promoter. The transgene was expressed in 
several mouse lines on a B6SJL/F1 background. The mice show marked 
increases in 5-HT3R antagonist binding in FC, and exhibit intriguing 
behavioral phenotypes, including decreased EtOH consumption (Engel et al. 
submitted). Isolated neurons from dorsal FC of 9-2Id mice from 3 separate 
transgenic lines responded to 5-HT (lOgM) at -60mV with inward currents 
exhibiting ms rise times and rapid decay. Current densities averaged 56.6+
6.9 pA/pF (n=56 cells, 95% of neurons responded). Most neurons (89%) 
from wild-type mice did not respond to 5-HT, while 4 neurons had small 
responses (2.6+1.7 pA/pF). 5-HT-induced current in transgenic mice was 
antagonized by 10-20nM zacopride (n=3) and small currents were activated 
by 100|iM 2-methyl-5-HT (4+1 pA/pF at -60mV, n=5). Current increased 
with increasing 5-HT concentration (l-20pM). Ethanol (lOOmM) and 
trichloroethanol (3mM) potentiated current activated by 2pM 5-HT in 
transgenic mouse neurons by 52+12% (8 of 9 neurons tested) and 326.2+ 
81% (potentiation seen in all 9 neurons tested) respectively. Transgenic 
mice overexpress functional 5-HT3 receptors on FC neurons, and the 
receptors retain alcohol sensitivity when expressed in a CNS neuron, 
supporting the idea that central 5-HT3 receptors are involved in the neural 
effects of alcohols. Supported by AA08986, AA00176 and KOSEF.
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678.3
POSTNATAL EXPOSURE TO ETHANOL AND NMDA RECEPTOR SUBUNff 
EXPRESSION K, Nixon*, P. Hughes, A. Amsel, & S.W. Leslie. Department of 
Psychology, Institute for Neuroscience, and College of Pharmacy, University 
of Texas, Austin, TX78712.

The NMDA subtype of glutamate receptor is a primary target for the effects of 
ethanol (EtOH) during perinatal exposure. Behavioral deficits observed in rat 
models of neonatal EtOH exposure during the brain growth spurt are related 
to deficits in NMDA receptorfunction. Specifically, prenatal exposure to EtOH 
results in decreased glutamate and MK-801 binding, more of the existing 
NMDA receptors in a high affinity state, as well as alterations in the protein 
subunits which comprise the NMDA receptor. The receptor is composed of a 
primary subunit, NR1, in heteromeric assembly with one or more of the 
secondary subunits, NR2. Functional diversity is rendered by the presence of 
at least one of the four secondary subunits. Though prenatal exposure has 
caused a variety of effects, postnatal exposure (third trimester equivalent) has 
only recently been tested due to the difficulty in EtOH administration. Rats 
were exposed to EtOH or isocaloric control diet in a binge paradigm using the 
artificial rearing method. 4.25g/kg of EtOH, or an isocaloric control diet, was 
given during fourfeedings each morning from post-natal days (PND) 4-9, with 
regulardiet given during the remainder of the day. On PND 14, brains of the 
EtOH-exposed group, pair-fed group and an adlibitum control group, were 
removed and the cortex dissected out for analysis. Membrane protein was 
separated by SDS-page gel electro-phoresis and probed using an ECL 
detection method with rabbit polyclonal antibody raised against the NR2A or 
NR2B and mouse monoclonal antibody raised against the NR1 (all splice 
variants) in a standard Western blot procedure. Densitometric analysis of the 
bands for NR1, NR2A, and NR2B showed a 40% decrease in the expression 
of the NR1 between ethanol-exposed and pair-fed groups, though due to 
variance, it was not significant. NR2A showed a 33%, but not significant 
increase, while NR2B though difficult to detect, did not appear to differ 
significantly between groups. (NIAAA: AA07471 & 5 R37 AA05809)

678.4
CHANGES IN ALPHA, GABAa RECEPTOR SUBUNIT mRNA EXPRESSION IN 
MICE FOLLOWING NITROUS OXIDE EXPOSURE. L.M, Johanek, W.E. Cullinan,
L.K. Vaughn*. Dept. of Basic Health Sciences. Marquette Univ., Milwaukee, WI 
53201.

Several lines of evidence indicate that withdrawal from nitrous oxide (N2O) and 
ethanol (Etoh) may be produced through similar mechanisms. Withdrawal symptoms 
are similar, N2O can suppress Etoh withdrawal seizures, Etoh can suppress N2O 
withdrawal seizures, cross tolerance between N2O and Etoh has been demonstrated, 
and sensitivity of various mouse strains to Etoh and N2O correlate well. Both N2O 
and Etoh produce some of their effects through interaction with the GAB Aa receptor. 
Expression levels of mRNA transcripts encoding several GABAa receptor subunits 
change with chronic Etoh exposure. We hypothesized that N2O exposure would 
produce changes in mRNA expression for the a, subunit. Male, Swiss-Webster mice, 
10-12 wks of age, were exposed for 48 h to either room air or a 75%:25% N2O:O2 
environment. Brains were sectioned and mRNA for the a, subunit was detected by 
in situ hybridization using an 35S-Iabelled cRNA probe. N2O exposure produced a 
significant increase in expression levels of the a, subunit (two-way ANOVA, 
p<0.001). Post-hoc tests found significant increases following N2O exposure in both 
the motor cortex and the cingulate cortex (PcO.001). The increase in the a, subunit 
concentration may represent an increase in the concentration of GABAa receptors or 
a modification of receptor composition, with a greater proportion of GAB Aa receptors 
containing the a, subunit. These results are consistent with the hypothesis that N2O 
effects are produced, at least in part, through the GABAa receptor. These results also 
further support the hypothesis that Etoh and N2O produce dependence and withdrawal 
through common mechanisms. Supported by NIH grants NS30708 and MH56577, 
and HHMI URAP.

678.5
REPEATED ALCOHOL ADMINISTRATION INCREASES FOSB
IMMUNOREACTIVITY IN NUCLEUS ACCUMBENS OF DBA/2J MICE 
A.E.Ryabinin*, Y.-M. Wang Dept. of Behavioral Neuroscience, Portland 
Alcohol Research Center, Oregon Health Sciences University, Portland , OR 
97201.

Repeated administration of relatively high doses of alcohol (3-4 g/kg) can 
produce positive reinforcing effects in inbred DBA/2J mice (Cunningham, et al., 
1992). Surprisingly administration of these doses of alcohol induces c-Fos mainly 
in stress-associated areas, and does not produce a strong induction of c-Fos in the 
basal ganglia of these mice suggesting lack of activation of the “reward circuitry” 
by alcohol administration (Hitzemann and Hitzemann, 1997). c-Fos response 
constitutes only a part of the more general response to external stimuli including 
other Fos-related antigenes (FRAs). Here we use immunohistochemical analysis 
io show that, in contrast to c-Fos, expression of FosB, another FRA, is increased 
in the nucleus accumbens of DBA/2J mice after administration of 4 g/kg of 
alcohol (16% solution in saline, i.p.). Threrefore, our findings suggest that FosB 
expression could serve as a better marker than c-Fos to identify structures involved 
in reinforcing effects of drugs of abuse. Moreover, we show that FosB is 
expressed significantly higher after repeated (5 injections, one/day) than after a 
single administration of alcohol, a finding consistent with the notion that repeated 
treatments with drugs of abuse should have greater reinforcing effects than the 
single treatment. FosB response in itself also consists of several components, 
and includes the so called Chronic Fra (Hope et al., 1994). We hypothesize that 
repeated alcohol treatment leads to increased expression of the Chronic Fra, which 
in turn results in increased FosB immunoreactivity in the nucleus accumbens. 
Supported by NIH grants AA 10810 and AA 10760.

678.6
EXPOSURE TO ALCOHOL AND/OR NICOTINE DURING THE 
BRAIN GROWTH SPURT PERIOD IN RATS ALTERED BDNF 
mRNA IN THE OLFACTORY BULB. W.-J.A. Chen*; S.E. Parnell & J.R. 
West. Human Anatomy and Medical Neurobioiogy, Texas A&M University HSC, 
College Station, Texas 77843-1114

Neurotrophic factors are essential for the normal development of the central 
nervous system. Furthermore, neurotrophic factors have been shown to be involved 
in alcohol-induced brain deficits during development. For example, the magnitude of 
cerebellar Purkinje and granule cell loss following in vitro alcohol treatment was 
significantly reduced with the supplement of glial-derived neurotrophic factor (GDNF) 
and nerve growth factor (NGF), respectively. Recently, findings from our laboratory 
showed depletion of mitral cells in the olfactory bulb following alcohol and/or 
nicotine exposure during the brain growth spurt period. In this study, we further 
examined the effects of neonatal alcohol and/or nicotine exposure on the expression 
of the gene coding for brain-derived neurotrophic factor (BDNF) in the developing 
olfactory bulb. Sprague-Dawley rat pups were exposed to alcohol (4 g/kg/day) and/or 
nicotine (6 mg/kg/day) daily from postnatal days 4 through 9 using artificial-rearing 
techniques. On postnatal day 10, the olfactory bulbs were excised and stored at -80°C. 
The quantification of the BDNF mRNA was conducted using RT-PCR techniques and 
measured by densitometry. The results from this study showed decreases in BDNF 
mRNA in response to neonatal alcohol or nicotine exposure compared with control 
treatment. However, the co-exposure of alcohol and nicotine did not produce a 
significant additive or synergistic effect in reducing BDNF mRNA. This finding is 
consistent with our previous result indicating a lack of an additive effect in depleting 
mitral cells following the co-treatment of alcohol and nicotine. Taken together with 
previous findings, it indicates that alcohol and/or nicotine exposure during the brain 
growth spurt is detrimental to the developing olfactory bulb, and one of the 
possibilities in mediating these deficits may be due to the reductions in the 
availability of BDNF, a neurotrophic factor that is critical for the development of the 
olfactory bulb. (Funded in part by NIAAA grant AA05523).

678.7
IN VIVO EFFECT OF ETHANOL ON LPS-INDUCED NITRIC OXIDE (NO) 
PRODUCTION AND INDUCIBLE NITRIC OXIDE SYNTHASE (NOS-2). P.J. 
Svapin* and D.R. Huron. Department of Pharmacology, Texas Tech 
University Health Sciences Center, Lubbock, TX 79430.

Previous studies from our laboratory show that ethanol inhibits LPS- 
induced NOS-2 expression by cultured glial cells. The present work 
examines in vivo effects of ethanol on NOS-2 expression and NO 
production. Male mice were studied; Group 1 received injections of 50 mg/kg 
LPS and then 5 ml/kg saline, Group 2 received LPS and then 3 g/kg ethanol, 
Group 3 received saline and ethanol, and Group 4 received saline twice. 
Animals were used 6 or 24 h post-injection. Each was deeply anesthetized, 
the abdominal cavity opened, and a blood sample drawn for serum NO2 and 
NO3' determinations, indirect indicators of NO production. It was then 
perfused transcardially with ice-cold saline and tissue samples removed, 
dissected, frozen on dry ice, and stored for Western blotting. The serum was 
deproteinized, the NO3' quantitatively reduced to NO2‘, and assayed for 
nitrite levels. Results show that Group 1 had significantly higher serum NO3' 
/NO2 than Group 3 or Group 4 at both 6 and 24 h post-injection. Serum NO3' 
/NO2’ of Group 2 was between Group 1 and Groups 3 and 4, and highly 
statistically different at 24 h post-injection. Western blots of cardiac 
ventricular, brain cortical and hypothalamic samples yielded no evidence for 
NOS-2 induction by LPS injection. Work is in progress to determine if failure 
to detect NOS-2 is methodological or represents lack of in vivo induction in 
these tissues. (Supported by the Texas Advanced Research Program under 
Grant No. 010674-011, and a TTUHSC Seed Research Grant. DRH is a 
fellow of the Texas Tech University/Howard Hughes Medical Institute 
Undergraduate Biological Sciences Education Program)

678.8
ALCOHOL STIMULATES INTERLEUKIN-IB IN HYPOTHALAMIC GLIA VIA 
ACTIVATION OF INTERLEUKIN-IB GENE TRANSCRIPTION.
W.-B. Shen. J.-R, He. L.P. Kapcala*. and M. Selmanoff. Department of Physiology, 
University of Maryland School of Medicine, Baltimore, MD 21201-1559

Alcohol (EtOH) and interleukin (IL)-IB both produce many potent central effects 
including activation of the hypothalamic-pituitary-adrenal (HPA) axis resulting in 
pseudo-Cushing’s syndrome in some alcoholics and also peripheral 
immunosuppression. Thus, we questioned whether EtOH might activate the HPA and 
induce peripheral immunosuppression on a central basis via induction of hypothalamic 
IL-1B. Previously, we found that prolonged exposure of hypothalamic glial cultures to 
EtOH (25 mM = 115 mg/dl) increased IL-lfl mRNA. To characterize further this 
EtOH-induced stimulation of IL-IB gene expression, we studied dose-dependent effects 
of EtOH (x 2 days) on the concentrations of IL-lB/cyclophilin mRNA (RNase 
protection assays) in hypothalamic glial cultures (predominantly microglia and 
astrocytes) derived from day 17 fetal rats. Although the mild increment in IL-IB mRNA 
concentration seen with the lowest dose (12.5 mM-165 + 59 %; mean + SEM expressed 
as a % of control) was not statistically significant, higher doses (25 mM- 385 ± 29 %, 
50 mM- 591 + 79 %) exhibited progressively significant increments. Stimulation of 
immunoreactive IL-IB (by immunocytochemistry) and IL-IB mRNA concentration was 
inhibited by 5,6-dichloro-B-D-ribofuranosylbenzimidazole (DRB), an inhibitor of gene 
transcription, indicating that the EtOH-induced increments in IL-IB protein and mRNA 
were due to activating transcription. This stimulation was not due to toxic effects of 
EtOH on cells based upon trypan blue exclusion indicating cell viability.
CONCLUSIONS : 1. EtOH stimulated IL-IB gene and protein expression in 
hypothalamic glia via activation of transcription. 2. Induction of hypothalamic IL-IB by 
EtOH could mediate some central effects of EtOH including HPA axis activation and 
possibly also centrally induced peripheral immunosuppression .
Supported by NIH Grant R21 AA-11415 -01.
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678.9
LONG-TERM EFFECTS OF ETHANOL ON THE INDUCTION OF STRESS RESPONSE IN 
A NEUROBLASTOMA (SH-SY5Y) CELL LINE AS MONITORED BY CHANGES OF THE 
STRESS PROTEIN HSC70 AND GRP94 mRNA LEVELS. E. Muhlbauer and H, 
Rommelspacher*. Dept of Clinical Neurobiology, Benjamin-Franklin School of Medicine, Free 
University of Berlin, 14050 Berlin.

The 94KD stress protein GRP94 belongs to the group of glucose regulated chaperones which are 
(besides a variety of other stressors like glucose deprivation) induced as a response of cells to ethanol 
exposition. The endoplasmatic reticulum residing chaperone GRP94 acts cooperatively with its 
78KD counterpart GRP78/BIP, indicating similarities of promoter structure and function. In contrast, 
the constitutively expressed 71KD cytoplasmatic chaperone HSC70/71 is known to vary little during 
cell stress. We were interested in elucidating the effects of low concentrations of ethanol on SH- 
SY5Y human neuroblastoma cells, applied chronically over several weeks, on the expression of 
GRP94 and HSC70. The effects were monitored as changes of mRNA using quantitative Northern 
hybridization. Confluent cells were exposed to 1 OOmM ethanol and harvested weekly over a 8 week 
period together with controls. 20pg of total RNA was analyzed for GRP94 and HSC70 mRNA, 
respectively, using 32P-labeled, specific cDNA probes. Scanning of the X-ray films after conection 
for 18S rRNA signal differences, revealed, that at the beginning (first week; WI) of the incubation 
period, the GRP94 mRNA was twice as high as the control. This difference was diminished during 
the next two weeks and in contrary, after four weeks, the GRP94 level was below control level 
(67%) and reached a minimum at W6 with 50% of the control level. At toe end of toe observation 
period, however, almost normal GRP94 mRNA values (95%) were monitored for toe ethanol 
exposed cells. In contrast, HSC70 mRNA changed little (< 20%) during toe incubation period. We 
conclude, that after an initial period of acute stress, SH-SY5Y- cells somehow adapt to ethanol, as 
indicated by reversion of increased GRP94 mRNA to normal, after 8 weeks of incubation. It will be 
our further interest to determine toe exact mechanisms of cellular adaptations involved and consider 
SH-SY5Y as a good model to investigate neuronal adaptations towards ethanol exerted cell stress. In 
addition we expect to gain insight into toe mechanisms of chaperone dependent protective reactions 
involving second messenger pathways leading to toe prevention of ethanol induced cell death.

DRUGS OF ABUSE: AMPHETAMINES—MONOAMINERGIC MECHANISMS II

679.1
ACUTE FLUOXETINE TREATMENT POTENTIATES 
AMPHETAMINE-INDUCED HYPERACTIVITY AND ACCUMBENS 
DOPAMINE RELEASE: POSSIBLE PHRAMACOKINETIC
INTERACTION. T.L. Sills*1, AJ Greenshaw2, GB Baker2, PJ Fletcher1, 
'Biopsychology' Section, Clarke Institute of Psychiatry, Toronto, Canada 
M5T 1R8, and 2Neurochemical Research Unit, Dept. Psychiatry, U. 
Alberta, Edmonton, Canada T6G 2R7

Amphetamine stimulates locomotor activity by activating central 
dopaminergic systems. Serotonin shares an overlapping distribution with 
dopamine and has been shown to modulate dopaminergic function. The 
present study examined whether increasing serotonergic function, via the 
selective serotonin reuptake inhibitor fluoxetine, would alter the stimulatory 
effects of amphetamine on locomotor activity and dopamine overflow in the 
nucleus accumbens. In addition, the present study determined whether 
fluoxetine treatment would alter the metabolism of amphetamine. Results 
show that fluoxetine potentiated amphetamine-induced locomotor activity 
and enhanced amphetamine-stimulated dopamine overflow in the nucleus 
accumbens. Fluoxetine treatment also resulted in a higher concentration of 
amphetamine in the CNS. Together, these findings indicate that acute 
fluoxetine treatment potentiates the locomotor stimulating and dopamine 
activating effects of amphetamine. Further, the results indicate that 
fluoxetine potentiates amphetamine’s effects by decreasing the metabolism 
of amphetamine, probably through inhibition of cytochrome P450 isozymes. 
(Funded by NARSAD to TLS).

679.2
5,7-DHT LESIONS OF THE RAPHE NUCLEI INCREASE RESPONDING FOR 
CONDITIONED REWARD. K.M, Korth*. J.W, Chambers, and P.J. Fletcher. 
Clarke Institute of Psychiatry, Toronto, Ontario, Canada M5T 1R8.

Previously we have shown that increasing 5-HT function attenuates responding 
for conditioned reward (CR), and particularly the response potentiating effect of 
intra-accumbens d-amphetamine injection on this behaviour (e.g. Fletcher, 
Psvchopharmacol. 126: 62-69, 1996). The present experiments examined the effects 
of 5-HT depletion on CR responding. In Expt. 1 rats were trained to associate a 
light/tone stimulus with water delivery (30 stimulus presentations per session). 
After 10 days of conditioning rats were injected with 4 pg 5,7-DHT into both the 
dorsal and median raphe nuclei. These lesions depleted striatal and hippocampal 5- 
HT by greater than 80%. One week after lesioning 4 further conditioning sessions 
were given. The test phase was then introduced in which rats were given access to 2 
levers: one delivering the CR, the other being inactive. Rats were tested following 
bilateral injections of d-amphetamine (1, 3, 10 pg) or saline into the nucleus 
accumbens. Rats showed a preference for the lever delivering the CR. Intra- 
accumbens d-amphetamine selectively potentiated responding on this lever. The
5,7-DHT lesion increased CR responding under all doses of d-amphetamine and 
saline. Thus, the lesion enhanced baseline responding for CR, but did not appear to 
further increase the potentiating effect of d-amphetamine. To further examine the 
effects of the lesion on amphetamine-stimulated behaviour, locomotor activity was 
measured following intra-accumbens d-amphetamine (1, 3, 10 pg) or saline. 
Amphetamine dose-dependently increased locomotion. The lesion did not alter 
baseline activity levels, or the stimulating effect of d-amphetamine. These results 
show that 5-HT depletion enhances responding for CR, but does not appear to 
augment the effects of increased mesolimbic dopamine function on this behaviour. 
(Funded by MRC Canada)

679.3
5,7-DHT LESIONS OF THE RAPHE NUCLEI DO NOT ALTER THE 
REINFORCING EFFICACY OF SELF-ADMINISTERED D-AMPHETAMINE.
P.J. Fletcher*. K.M. Korth and J.W. Chambers. Clarke Institute of Psychiatry, 
Toronto, Ontario, Canada M5T 1R8.

Previous work (Lyness et al. Pharmacol. Biochem Behav. 12: 937-941, 1980) has 
shown that depleting brain 5-HT increases d-amphetamine self-administration (SA). 
This result is difficult to interpret since only a single infusion dose of d-amphetamine 
was examined. The present experiments therefore examined the effects of 5-HT 
depletion on d-amphetamine SA across a range of d-amphetamine doses, and under 
different schedules of reinforcement. Rats were administered 4pg 5,7-DHT into both 
the dorsal and median raphe nuclei, resulting in 5-HT depletions greater than 80% in 
hippocampus and striatum. In Expt 1. there were no differences between 5,7-DHT 
and sham-lesioned rats in acquisition of responding for 60 pg/kg d-amphetamine. 
Varying the infusion dose (60,30,15,7.5, 3.75 and 0 pg/kg) over successive days 
resulted in an inverted-U shaped dose-response function. Lesioned animals showed 
increased responding over the ascending portion of this curve, but the only significant 
increase occurred for 7.5 pg/kg d-amphetamine. In Expt 2 rats were trained to 
respond for 60 pg/kg d-amphetamine according to a progressive ratio schedule. 
Again there were no differences between lesioned and sham -lesioned animals. 
Reducing the infusion dose to 30, 15, 7.5 and 0 pg/kg resulted in dose dependent 
reductions in responding, but the lesioned and sham lesioned rats did not differ at any 
dose. In Expt 3. rats were tested for spontaneous acquisition of responding for a low 
dose of d-amphetamine. Rats failed to acquire SA at 10 pg/kg d-amphetamine, but 
did so at 30 pg/kg. This was seen as a preference for an active versus an inactive 
lever. No effect of the 5,7-DHT lesion was found. Overall these results indicate that 
large forebrain 5-HT depletion does not alter the reinforcing efficacy of d- 
amphetamine. The effect in Expt. 1 may be the result of a deficit in some other 
behavioural process such as extinction, (Funded by MRC Canada).

679.4
EFFECTS OF 3,4-METHYLENEDIOXYMETHAMPHETAMINE (MDMA)
AND P-METHOXYAMPHETAMINE (PMA) ON LOCOMOTOR ACTIVITY 
AND REUPTAKE OF DOPAMINE AND SEROTONIN IN RAT STRIATUM.
L.C.Daws1*, N.P.Toop1, P.D.Callaghan1, G.A.Gerhardt2 and R.J.Irvine1. ‘Dept. of 
Clinical and Experimental Pharmacology, University of Adelaide, Adelaide 5005 
Australia; 2Rocky Mountain Center for Sensor Technology, University of Colorado 
Health Sciences Center, Denver, CO 80262, USA.

The substituted amphetamines MDMA and PMA have been implicated in a number 
of deaths after recreational administration. PMA has been reported to have greater acute 
neurotoxicity than MDMA. While there is a good deal of evidence to suggest that 
serotonin (5-HT) and dopamine (DA) are involved in the acute toxicity of MDMA, few 
studies have investigated the mechanism of action of PMA. Using radiotelemetry, the 
present study examined the acute effect of MDMA and PMA on locomotor activity in 
rats, at ambient temperatures of 20 and 30 °C. At both temperatures, MDMA induced 
significantly greater hyperactivity in rats than PMA at all doses tested (5, 10, 15 and 20 
mg/kg, sc). PMA generally had little effect on activity except at the highest doses and 
ambient temperature. Because DA in the striatum is considered important in mediating 
locomotor activity in rats, in vivo high speed chronoamperometry was used to determine 
the effects of locally applied MDMA or PMA on DA and 5-HT release and reuptake in 
the striatum of anaesthetised rats. MDMA evoked electrochemical signals characteristic 
of DA in the dorsal striatum, while in the ventral striatum, signals were more typical of 
5-HT. Much higher concentrations of PMA were required to elicit release and the 
resultant electrochemical signals were characteristic of 5-HT. In a separate group of 
rats, exogenous 5-HT or DA were applied by pressure ejection. MDMA, at a 
concentration which did not evoke endogenous release of transmitter, inhibited the 
reuptake of both 5-HT and DA (percent increase in signal time course from baseline 233 
± 39 & 179 ± 46 respectively). PMA significantly inhibited the reuptake of 5-HT only 
(169 ± 21% cf DA 110 ± 10%). These data support the hypothesis that both DA and 5- 
HT are involved in MDMA-induced neurotoxicity. By contrast it appears that the acute 
toxicity of PMA is mediated largely through the serotonergic system. (Supported by 
funds from the University of Adelaide Research Scheme and the RMCFST),
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679.5
BEHAVIORAL SENSITIZATION AND DISINHIBITION AFTER 
REPEATED AMPHETAMINE; EFFECT OF SEROTONERGIC 
MANIPULATIONS P. Olausson*, J.A, Engel and B. Söderpalm. Deptartment of 
Pharmacology, Göteborg University, Box 431, SE-405 30 Göteborg, Sweden.

Drugs of abuse, like amphetamine, stimulate locomotor activity in animals, due to 
a drug-induced activation of the mesolimbic dopamine (DA) system. Repeated drug 
exposure augments this locomotor response, an effect termed behavioral sensitization. 
The brain serotonin (5-HT) system modulates mesolimbic DA activity and influences 
both drug reward mechanisms and behavioral inhibition. We have previously 
demonstrated that behavioral sensitization to nicotine is associated with behavioral 
disinhibition in the elevated plus-maze paradigm, and that the expression of both 
phenomena is decreased after chronic treatment with the selective 5-HT reuptake 
inhibitor eitalopram. In the present study the effect of repeated amphetamine treatment 
on behavioral sensitization and inhibition in male Sprague-Dawley rats, and the 
influence of 5-HT on these behaviors.

Amphetamine (1.0 mg/kg sc) stimulated locomotor activity, and rats receiving 
repeated amphetamine treatment (15 days) were behaviorally sensitized. In the elevated 
plus-maze, the sensitized animals expressed behavioral disinhibition compared to 
vehicle-pretreated controls when challenged with amphetamine. Treatment with the 5- 
HT precursor 5-HTP (25 mg/kg ip) combined with the peripheral decarboxylase 
inhibitor benserazide (25 mg/kg ip), or chronic treatment with the selective 5-HT 
reuptake inhibitor eitalopram (5 mg/kg sc, twice daily) attenuated the expression of 
amphetamine-induced disinhibition in the sensitized rats, whereas the sensitized 
locomotor response to amphetamine in these animals was not altered.

In summary, the present results show that repeated amphetamine treatment is 
associated with both locomotor sensitization and behavioral disinhibition in the 
elevated plus-maze, and that pharmacological facilitation of the brain 5-HT 
neurotransmission attenuates the expression of behavioral disinhibition, but not that 
of locomotor sensitization.

This study was supported by the Swedish MRC (grants no. 4247 and 1 1583).

679.6
CATECHOL QUINONES INACTIVATE TRYPTOPHAN 
HYDROXYLASE AND SHIFT ITS PHENOTYPE FROM A 
MONOOXYGENASE TO A REDOX-CYCLING QU1NOPROTEIN DM. 
Kuhn*. Dept. Psychiatry & Behavioral Neurosciences, and Center for Molecular 
Medicine & Genetics. Wayne State University School of Medicine; Detroit. MI 
48201.

Quinone derivatives of the catechols L-DOPA. dopamine. 6-OHDA, and N-acctyl- 
dopamine inactivate try ptophan hydroxylase, the initial and rate limiting enzy me in 
the biosynthesis of the neurotransmitter serotonin. The parent catechols hav e no 
effect on enzyme activity. The inactivation can be prevented by GSH, ascorbic acid, 
dithiothreitol, and cysteine, agents which are known for the ability to reduce 
(chemically) or prevent the formation of quinones from catechols. Scavengers of the 
reactive oxygen species hydrogen peroxide (e.g. catalase), hydroxy l radical (e.g., 
mannitol), or superoxide (e.g.. superoxide dismutase) do not prevent catechol- 
quinone induced inactivation of tryptophan hydroxylase, except in the ease of 6- 
OHDA. Acid hydrolysis of catechol-quinone modified tryptophan hydroxy lase, 
followed by HPLC-EC analysis, revealed the formation of cystcinyl-catechol 
derivatives, suggesting a covalent modification of the enzyme at a cataly tically 
important cysteinvl residue. Exposure of quinone- modified tryptophan hy droxy lase 
to redox-cycling staining indicated that the enzyme had been converted into a 
quinoprolein (i.e., artificial). This novel posttranslational modification of try ptophan 
hydroxylase, a phenotypic marker for serotonin neurons, could form the basis for 
serotonin neuronal toxicity which occurs in a dopamine-dependent manner after 
drugs like MDMA and L-DOPA. These results may also establish the identity of one 
of the bram proteins referred to, heretofore, as a serotonin binding protein 
Supported by NIDA grant DA 10756.

679.7
LONG-TERM EFFECTS OF SUBSTITUTED-AMPHETAMINES ON 
ANTEROGRADE AXONAL TRANSPORT FROM THE ROSTRAL RAPHE 
NUCLEI. B.T. Callahan, G. Hatzidimitriou, J. Yuan and G.A. Ricaurte*. 
Department of Neurology, Johns Hopkins Medical Institutions, Baltimore, 
MD 21224.

The present studies examined the effects of treatment with 
methylenedioxymethamphetamine (MDMA) and fenfluramine (FEN) on 
axonal transport of [3H]proline from serotonin (5-HT)-containing neurons in 
the rostral midbrain to 5-HT axon terminal regions in the forebrain. Three 
weeks after treatment with MDMA (20 mg/kg, twice daily for 4 days; s.c.) 
or FEN (10 mg/kg, every 2 hours for 4 injections; i.p.), rats received an 
injection of 100 uCi [3H]proline into the rostral raphe nuclei. After 48 hrs, 
animals were sacrificed and anterograde axonal [3H]proline transport was 
measured. Rats with selective 5-HT lesions induced by 5,7- 
dihydroxytryptamine (5,7-DHT) (75 ug; i.ev.), given in combination with 
desmethylimipramine (DMI) (25 mg/kg; i.p.) andpargyline (50 mg/kg; i.p.), 
served as positive controls. Like 5,7-DHT/DMI/pargyline-treated animals, 
animals treated with substituted amphetamines (MDMA or FEN) showed 
lasting decreases in regional brain [3H]proline concentrations. Reductions in 
[3H]proline concentrations were highly correlated with decreased levels of 5- 
HT axonal markers. These results indicate that MDMA and FEN produce 
long-term decrements in anterograde transport in ascending 5-HT axonal 
projections and provide further evidence that substituted amphetamines have 
neurotoxic potential toward brain 5-HT neurons [Support: DA00206 and 
DA006275].

679.8
MICRODIALYSIS LEVELS OF EPHEDRINE, DOPAMINE AND 
SEROTONIN (5HT) AFTER DOSES OF ¿/-EPHEDRINE THAT CAUSE 
HYPERTHERMIA: WHY ISN’T EPHEDIRNE NEUROTOXIC LIKE 
AMPH ET A MINE ? J. Tor-Agbidve, B.J. Gough, S.A. Eerfuson, W, Slikker Jr.* 
and J.F. Bowyer. Div. of Neurotoxicol., NCTR/FDA, Jefferson, AR 72079-9502.

Microdialysis, behavior and brain aromatic monoamine levels were 
determined after 40 mg/kg i.p. of ¿/-ephedrine (¿/-E) at 23°C room temperature. 
This dose was chosen to evaluate the neurotoxic effects of d-E because it produces 
large elevations in caudate/putamen (CPu) extracellular dopamine levels and body 
temperature (>41°C) which are important factors in the development of the 
neurotoxicity of substituted amphetamines in rat. Peak levels of 7.74 +1.16 pM 
d-E and 1600 + 700% of baseline dopamine levels (mean ± SEM) in 
microdialysate occurred between 1 and 1.3 hours after a single dose of 40 mg/kg 
d-E. Norephedrine levels were less than 0.5pM at any time after dosing, and 
microdialysis 5HT levels increased slightly to 160 + 45% of control. Behaviorally, 
a single dose of d-E produced large increases in motor activity and some 
stereotypic behavior but did not produce head weaving, forepaw treading and other 
behaviors commonly ascribed to 5HT receptor stimulation. Multiple doses (3 X 
40 mg/kg d-E, given at 2.5 hr intervals) produced prolonged and pronounced 
hyperthermia, and large increases in motor activity with some stereotypic behavior. 
However, they failed to elicit the stereotypic behavior commonly ascribed to 5HT 
receptor stimulation. Furthermore, the multiple dosing did not produce significant 
decreases in CPu tissue dopamine levels at 3 days after d-E ( 942 + 75 ng/lOOmg 
tissue vs. control levels of 1082 +79 ng/lOOmg tissue). Further studies are 
necessary to determine whether lack of a robust 5HT release by d-E is responsible 
for d-E not producing CPu dopamine depletions. (Supported by the 
USFDA/NCTR)

679.9
DISCRIMINATIVE STIMULUS PROPERTIES OF THE (±) AND (-) 
ISOMERS OF MDMA: ANALYSIS AS A POSSIBLE COMPLEX 5-HT 
STIMULUS . M. G. Bankson* and K. A. Cunningham. Dept. Pharmacology 
and Toxicology, Univ. of Texas Med. Branch, Galveston, Texas

3,4-Methylenedeoxymethamphetamine (MDMA) is an amphetamine 
derivative with a high abuse liability. Street MDMA is a racemic mixture of 
the (-) isomer and (+) isomer, which are both psychoactive. In the present 
study, the role of 5-HT receptors in the discriminative stimulus effects of (±) 
and (-) isomers of MDMA are being studied in male Sprague-Dawley rats 
trained to discriminate (±) MDMA (1.75 mg/kg) or (-) MDMA (3.5 mg/kg) 
from saline (1 ml/kg) in a two-lever, water-reinforced, FR20 task. Once all 
rats reached criteria, substitution and antagonism tests were begun in groups 
of 6-8 rats. We have chosen to focus on a complex stimulus effect of MDMA 
because previous studies have shown that non-selective 5-HT agonists such 
as fenfluramine and TFMPP partially substitute for the discriminative 
stimulus effects of MDMA (Schechter, 1988). In the current experiment, the 
5-HT agonist mCPP (2.0 mg/kg) fully substitutes (>80% drug-lever 
responses) for the (±) and (-) MDMA stimulus, while the 5-HTiB/1a agonists 
RU 24969 (0.5 mg/kg) and anpirtoline (2.0 mg/kg), the 5-HT,A agonist 8-OH- 
DPAT (0.6 mg/kg), and the 5-HT agonist MK 212 (1.0 mg/kg) all failed to 
substitute (<60% drug-lever responding) for either isomer of MDMA. The 
selective 5-HT,B/,D antagonist GR 127935 (4.0 mg/kg), the 5-HT,A antagonist 
WAY 100635 (2.0 mg/kg), the non-selective 5-HT2 antagonist Ketanserin 
(2.0 mg/kg), the 5-HT2A antagonist MDL 100907 (1.0 mg/kg), and the 5- 
HT2B/2a antagonist SB 206553 (2.0 mg/kg) all failed to attenuate (>80% drug- 
lever responding) when given in combination with the training dose of (±) or 
(-) MDMA. Antagonist combinations will be tested with MDMA in order to 
characterize the complex 5-HT receptor activation required to elicit the 
stimulus effect of MDMA.
Supported by DA00260, DA06511 (KAC), and DA07287 (MGB).

679.10

MDMA TREATMENT SUPPRESSES BEHAVIORAL, THERMAL AND 
NEUROCHEMICAL RESPONSES TO SUBSEQUENT MDMA 
ADMINISTRATION. M. Shankaran and G.A. Gudelskv*. Div. Pharmaceutical 
Sciences, College of Pharmacy, University of Cincinnati, Cincinnati, OH 45267.

3,4-Methylenedioxymethamphetamine (MDMA) produces a long-term 
depletion of serotonin (5-HD in the rat brain. The intent of the present study 
was to evaluate the functional consequences associated with the MDMA- 
induced depletion of brain 5-HT. The acute effects of MDMA on the extra
cellular concentrations of dopamine and 5-HT, body temperature and the 5-HT 
behavioral syndrome were determined in rats 7 days following a dosage 
regimen of MDMA (10 mg/kg, ip, every 2 hrs for a total of 4 injections) that 
produced a 45% reduction in brain 5-HT concentrations. The MDMA-induced 
increase in the extracellular concentrations of 5-HT and dopamine in the 
striatum was determined using in vivo microdialysis. The magnitude of the 
increase in the extracellular concentration of 5-HT, but not dopamine, in the 
striatum produced by MDMA (7.5 mg/kg, ip) was reduced by 50% (p<0.05) in 
rats that had been treated previously with MDMA when compared to saline 
treated controls. In addition, the induction of the 5-HT behavioral syndrome 
(consisting primarily of low body posture) by MDMA (7.5 mg/kg, ip) was 
markedly diminished in rats that had received the neurotoxic regimen of MDMA. 
Finally, MDMA (10 mg/kg, ip) produced a hyperthermic response that was 33% 

(p<0.05) less in rats treated 7 days earlier with the neurotoxic regimen of MDMA 
when compared to the vehicle-treated control rats. These results suggest that 
the long-term depletion of brain 5-HT produced by MDMA is accompanied by 
deficits in the neurochemical, thermal and behavioral responses to subsequent 
MDMA administration. (Supported by DA 07427)
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680.1
SINGLE NUCLEUS ACCUMBENS NEURONS IN THE RAT SHOW STABLE 
FIRING PATTERNS BUT DECREASED FIRING RATES AS A FUNCTION OF 
REPEATED DAILY COCAINE SELF-ADMINISTRATION SESSIONS L.L. Peoples* 
A.J. Uzwiak, F. Gee M.O. West. Dept. Psychology, Rutgers, The State University of 
New Jersey, New Brunswick, NJ 08903.

This study characterized the effects of repeated intravenous cocaine self-administration 
sessions on the activity of single Nucleus Accumbens (NAcc) neurons in the rat. Male 
Long Evans rats (N=26) were chronically implanted with a catheter in the jugular vein 
and an array of microwires in the NAcc. Extracellular recording sessions were 
conducted on Day 2 and Day 15 of self-administration (Fixed-Ratio 1, 0.7 mg/kg/0.2 
ml infusion). On Day 2, 83 microwires recorded spontanously active neurons. Of the 
83 wires, 59 were successfully used to make recordings on Day 15. Of those wires, 13 
(13/59, 25%) yielded neural records that were consistent with all electrophysiological 
criteria for inclusion in our between-session comparisons. On Day 2, about half (7/13, 
54%) ofthe neurons were tonically inhibited during cocaine self-administration relative 
to the predrug (presession) recording period. In addition to the tonic change in firing, 
neurons additionally exhibited phasic changes in firing. These phasic changes occurred 
on two time bases -one that included the seconds before and after the execution of the 
operant (5/13, 38% neurons) and one that spanned the minutes of the interinfusion 
interval (12/13, 92% neurons). For most neurons, the qualitative characteristics of the 
firing patterns did not change between Day 2 and Day 15. However, both the predrug 
and self-administration firing rates of most neurons (84%) decreased significantly 
between the two days. The decreases in firing are potentially attributable to behavioral 
and/or pharmacological variables. The present data are compatible with the hypothesis 
that inhibition of accumbal neurons may contribute to the reinforcing effects of cocaine. 
They are also consistent with the proposal that changes in NAcc neural activity occur 
as a function of repeated self-administration sessions and contribute to the development 
of drug addiction. Research supported by DA06886.

680.2
COMPARISONS OF FIRING RATES OF RAT NUCLEUS ACCUMBENS NEURONS 
DURING COCAINE SELF-ADMINISTRATION AND EXTINCTION. A.T. 
Fabbricatore*, A.J. Uzwiak, M.O. West and L.L, Peoples. Dept. Psychology, Rutgers, 
The State University of New Jersey, New Brunswick, NJ 08903.

This study characterized changes in mean firing rate of nucleus accumbens neurons 
(NAcc) during cocaine self-administration sessions (Fixed Ratio 1; 0.7 mg/kg/inf) and 
compared these changes to those recorded during and subsequent to extinction of self- 
adminstration behavior. Male Long Evans rats (n = 16) were implanted with a jugular 
catheter and a microwire array positioned in the NAcc. Extracellular recording of 
extinction experiments was conducted following an average of 39 self-administration 
sessions. Each experiment consisted of three phases including a pre-drug baseline, a 
self-administration session (SA), and an extinction phase. During extinction, lever 
presses had no programmed consequence. The extinction phase was characterized by 
progressively declining levels of cocaine and biphasic changes in rate of lever pressing. 
Rate of lever pressing initially increased and then gradually decreased until lever 
pressing cessated. Of the 58 neurons recorded, mean firing rate during SA relative to 
pre-drug was significantly reduced for 32 (55.2%) neurons, increased for 13 (22.4%), 
or was unchanged for 13 (22.4%). For a majority of the tonically inhibited neurons 
(71.9%; 23/32), mean firing rate increased during extinction relative to SA. For most 
neurons (60.9%; 14/23), this increase in firing rate either remained elevated or continued 
to increase when lever pressing cessated, but was reversed for the remaining neurons 
(39.1%; 9/23). A substantial portion of the neural population showed changes in firing 
rate during extinction that paralleled changes in drug level. Of particular interest were 
the remaining neurons that showed changes in firing rate during extinction that 
paralleled changes in lever pressing. This type of extinction specific activity may reflect 
afferent signalling related to drug-seeking; although signalling related to other coincident 
changes may also contribute. Research supported by DA06886

680.3
EVIDENCE FOR DIFFERENTIAL FUNCTION IN THE NUCLEUS ACCUMBENS 
CORE AND SHELL DURING COCAINE SELF-ADMINISTRATION: I. K.J. 
Muccino*, A.J, Uzwiak, M.O. West and L.L. Peoples. Dept. Psychology, Rutgers, The 
State University of New Jersey, New Brunswick, NJ 08903.

Nucleus accumbens (NAcc) neurons exhibit phasic changes in firing rate time-locked 
to intravenous cocaine self-administration. The present study identified phasic firing 
rates during the minutes that span the interinfusion interval and described subterritorial 
distributions of NAcc neurons that demonstrated phasic changes on this time base. Male 
Long Evans rats (n = 32) were implanted with a jugular catheter and a microwire array 
positioned in the NAcc. Each rat completed a minimum of 15 self-administration 
sessions (Fixed Ratio 1; 0.7 mg/kg,inf) before the extracellular recording session was 
conducted. Of the 140 neurons that were histologically verified to be in the NAcc, 75 
(53.6%) exhibited significant firing rate changes during the minutes following the 
cocaine infusion. The most prevalent firing pattern was a decrease in firing rate during 
the first two min postpress relative to the last two min prepress (66/75; 88%). For a 
majority of these neurons (55/66; 83%), the postpress decrease in firing rate reversed 
progressively over the course of the interinfusion interval, with prepress firing rates 
attained shortly before the next self-infusion. Postpress increases in firing rate relative 
to prepress were also recorded (9/75; 12%). Neurons exhibiting phasic activity during 
the interinfnsion interval were found to be topographically distributed. Neurons in the 
core (62.5%; 50/80) were more likely to exhibit these patterns than neurons in the shell 
(26.7%; 8/30). This prevalence of phasic activity during the cocaine interinfusion 
interval may reflect differences in function and connectivity between the core and shell 
(also see Uzwiak et al.). The connectivity of the core closely parallels that of the dorsal 
striatum and may process information related to motor events specific to self
administration, whereas the shell includes additional connectivity that resembles the 
extended amygdala and may therefore process additional types of information. Research 
supported by DA06886

680.4
EVIDENCE FOR DIFFERENTIAL FUNCTION IN THE NUCLEUS ACCUMBENS 
CORE AND SHELL DURING COCAINE SELF-ADMINISTRATION; II. A.J. 
Uzwiak*, F. Gee, M.O. West and L.L. Peoples. Dept. Psychology, Rutgers, The State 
University of New Jersey, New Brunswick, NJ 08903.

This study described topographical distributions for nucleus accumbens (NAcc) 
neurons that exhibited phasic changes in firing rate time-locked to intravenous cocaine 
self-administration (Fixed Ratio 1; 0.7 mg/kg/inf). Prior characterizations have 
demonstrated that NAcc neurons exhibit phasic activity on two time bases—one that 
includes the seconds before and after the execution of the operant and one that spans the 
minutes during the interinfusion interval. For neurons that exhibited phasic changes 
associated with the operant, topographies were realized only when phasic changes 
associated with the interinfusion interval were simultaneously considered. Male Long 
Evans rats (n = 32) were implanted with a jugular catheter and a microwire array 
positioned in the NAcc. Extracellular recording sessions were conducted following 15 
self-administration sessions. Of the 140 NAcc neurons, 90 exhibited phasic changes on 
at least one time base, 41 only during the interinfusion interval, 15 only during the 
operant, 34 during both, and 50 during neither. The most common phasic changes were 
decreases in firing rate during the minutes following the cocaine infusion and increases 
in firing rate during the seconds associated with the lever press. We delineated two 
distinct anatomical distributions. First, core (82.7%: 24/29), but not shell (30%; 3/10), 
neurons that exhibited phasic changes associated with the operant were more likely to 
have exhibited phasic changes during the interinfusion interval than neurons that did not 
exhibit phasic changes associated with the operant. Second, phasic changes associated 
with the operant in the absence of those associated with the interinfusion interval were 
more common among shell neurons than core neurons (for additional topographies, see 
Muccino et. al.). The presence or abs'ence of coincident phasic activity on the differing 
time bases defined neuronal populations in the NAcc that were both topographically and 
functionally distinct. Of particular importance was the tendency for core, but not shell, 
neurons that receive afferent signals related to the operant to also receive signals that 
may be associated with pharamacological variables which contribute to the interinfusion 
interval. Research supported by DA06886

680.5

COCAINE ALTERS THE BISTABLE MEMBRANE POTENTIAL 
IN THE NUCLEUS ACCUMBENS: AN IN VIVO 
INTRACELLULAR STUDY IN MICE. D.C. Cooper* and F.J. White 
Depts. of Neuroscience, and Cellular and Molecular Pharmacology, 
Finch University of Health Sciences/ Chicago Medical School, North 
Chicago, IL 60064

In the rat nucleus accumbens (NAc), two steady-state membrane potentials, 
a hyperpolarized (Down) state and a depolarized (Up) state are present in 
about 60 % ofthe medium spiny neurons. The Up and Down state fluctuations 
in the striatum are driven by excitatory afferent input primarily from the 
cortex and are modulated by dopaminergic neurons derived from the ventral 
tegmental area. Because the NAc is a site implicated in the reinforcing 
properties of cocaine (COC), we designed experiments to determine the 
effects of this psychostimulant on the bistable membrane potential of NAc 
neurons. We made in vivo intracellular sharp electrode (70-120 MQ) 
recordings of NAc neurons from urethane anesthetized c57 mice and 
examined the acute effects of COC on Up and Down state frequency and 
amplitude. Before COC (i.p. 20 mg/kg) injection, the average frequency of 
Up state transition was 0.8 Hz, the amplitude was 16 mV, and the average Up 
state duration was 450 msec. After COC, the Up state was eliminated, 
replaced by small (<2 mV) fluctuations in the membrane potential with a 
frequency of 0.7 Hz. The D, receptor antagonist SCH 23390 (administered 25 
min post COC) reversed the effects of COC. The results indicate that COC 
decreases the excitability of bistable medium spiny neurons by primarily 
decreasing the amplitude of the Up state through a Di receptor mechanism. 
Support; NRSA DA05794 (DCC), DA04093 and DA00207 (FJW).

680.6
INDIVIDUAL RESPONSE TO NOVELTY PREDICTS THE 
ACTIVITY OF DOPAMINE CELLS IN THE VENTRAL 
TEGMENTAL AREA. M. Marinelli*, T.E. Koeltzow and F.J. White. 
Department of Cellular and Molecular Pharmacology, Finch University of 
Health Sciences/The Chicago Medical School, North Chicago, IL 60064.

Individual differences in responding to novelty predict the behavioral and 
neurochemical response to psychostimulant drugs. Animals with a high 
locomotor response to a novel environment (HRs) exhibit a potentiated self
administration behavior, sensitization, and basal or drug-induced dopamine 
release in the nucleus accumbens as compared to animals with a low 
response to a novel environment (LRs). The aim of the present study was to 
identify possible differences in dopaminergic (DA) neuron activity that 
could underlie these properties. Using single unit extracellular recordings, 
we found that HR rats showed higher basal firing rates of DA neurons in the 
ventral tegmental area (VTA) as compared to LR subjects (5.0±0.18 vs 
3.9±0.15 Hz). Furthermore, though both HRs and LRs displayed a normal 
firing distribution curve ranging from 0.5 to 9.5 Hz, the curve 
(120 cells/group) was shifted approximately one Hz to the right in HRs 
compared to LRs. The greater activity of VTA DA cells in HR rats could be 
due to a decreased sensitivity of DA autoreceptor-mediated inactivation in 
these animals. Thus, in HR rats, a 10-fold increase of the DA D2 receptor 
agonist quinpirole (712 pg/kg, i.v.) was required to produce DA neuron 
inhibition equivalent to that observed in LR rats. In conclusion, these results 
suggest that differences in the spontaneous activity of VTA DA neurons 
may be critically involved in determining individual vulnerabilities to drugs 
of abuse. (Supported by DA 04093 and DA 00207 to FJW).
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680.7
REPEATED COCAINE ADMINISTRATION REDUCES DOPAMINE D2 
RECEPTOR-MEDIATED MODULATION OF WHOLE-CELL Na+ CURRENT 
IN RAT NUCLEUS ACCUMBENS NEURONS. X.-T. Hu*, X.-F. Zhang and F.J. 
White. Neuropsychopharmacology Lab., Dept. of Cellular & Molecular 
Pharmacology, FUHS/Chicago Medical School, North Chicago, IL 60064

Previous findings have indicated that stimulation of dopamine D2 class receptors 
(D2R) can either increase or decrease whole-cell sodium current (INa) in dorsal striatal 
and nucleus accumbens (NAc) neurons. Earlier reports have also shown that the levels 
of D2R-coupled Gi/o a-subunit proteins are significantly reduced in the rat NAc 
following chronic exposure to cocaine (COC). Inasmuch as D2Rs typically exert their 
actions via activation of Gj/o proteins, we hypothesized that D2R-mediated effects on 
INa would be reduced by repeated COC pretreatment. We used whole-cell voltage 
clamp recordings from freshly dissociated NAc neurons to compare D2R modulation 
of INa in saline (SAL) and COC-pretreated rats (15 mg/kg, i.p., for 5 days with a 3-day 
withdrawal). In SAL-pretreated rats, D2R stimulation by quinpirole (QUIN) 
decreased INa in approximately 65% of NAc neurons but increased INa in 
approximately 25%. Both effects of QUIN were reversed by the selective D2R 
antagonist eticlopride. Following repeated COC administration, both forms of D2R 
modulation were almost completely abolished. Our earlier work indicated that the 
direction of D2R modulation of INa depends on Ca2+[in] such that when the Ca2+ 
chelator EGTA is omitted from the pipette recording solution, QUIN always produces 
enhancement of INa. After repeated cocaine administration, the ability of QUIN to 
enhance INa in the absence of EGTA was also abolished. These results suggest that the 
reduction in Gi/o a-subunits in the NAc produced by repeated cocaine administration 
results in a marked loss of D2R modulation of INa. This effect may contribute to the 
decrease in basal INa in cocaine-pretreated NAc neurons (Zhang et al. J. Neurosci. 
18:488, 1988) by removing a ‘brake’ on DIR stimulation of the cAMP-PKA pathway 
that suppresses INa via phosphorylation of voltage-sensitive Na+ channels. Supported 
by DA04093 and DA00207 to FJW.

680.8
EXAMINATION OF FACTORS CONTROLLING TRANSITIONS IN 
BEHAVIORAL RESPONDING AND ACCUMBENS CELL FIRING DURING 
COCAINE SELF-ADMINISTRATION IN RATS. R.M, Carelli1*. S. liâmes1. J. 
Konstantopoulos2 and S.A. Deadwvler2. ’Dept. of Psychology, Univ. of North 
Carolina at Chapel Hill, Chapel Hill, NC; 2Dept. of Physiology/Pharmacology, 
Wake Forest Univ. Med. Sch.; Winston-Salem, NC.

We have reported that rats exhibit an initial burst of responding during the early 
trials of cocaine self-administration sessions (termed “Load-Up”), followed by an 
abrupt transition to regularly spaced responding for the remainder of the session. 
This transition is dose-dependent, and corresponds to a shift in nucleus 
accumbens (NA) cell firing from activity unrelated to the response to one of four 
types of patterned discharges (JPET,277:385,1996). Here, factors controlling the 
corresponding behavioral/cellular transitions were examined. Exp. 1 studied the 
effects of pre session, response-independent delivery of cocaine on self
administration responding and NA cell firing. Cocaine (0.33 mg/inf) was 
intravenously delivered to rats (n=5) immediately before the session in a pattern 
which mimicked the number and time between infusions observed during the 
Load-Up phase on the previous day. Results revealed an absence of subsequent 
Load-Up responding and the onset of NA patterned activity at trial 1. In Exp. 2, 
rats (n=8) were pretreated with either the dopamine D, (SCH23390) or the D2 
(eticlopride) receptor antagonist (2.5-4.0 Mg/kg), 30min prior to the cocaine (0.33 
mg/inf) self-administration session. Both drugs dose-dependently increased 
responding following the Load-Up phase, but only SCH23390 increased Load-Up 
responding and prolonged the onset of NA patterned firing. These findings 
indicate that the corresponding behavioral/cellular transitions are related to 
cocaine-induced increased levels of NA dopamine, and activation of NA D, but 
not D2 receptors .Supported by NIDA DAI 0006 to RMC; DA0119 and DA06634 to SAD.

680.9

MESOLIMBIC NEURONAL ACTIVITY AND BEHAVIORAL 
PATTERNS UNDER SIMULTANEOUS ACCESS TO COCAINE 
AND WATER. A.V. Azarov, D.J. Woodward*, J.-Y. Chang and P.H. 
Janak. Department of Physiology and Pharmacology, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157-1083

The goal of this study was to examine patterns of mesocorticolimbic 
unit activity during concurrent behaviors to obtain the alternate 
available reinforcers of cocaine vs. water. Groups of up to 30 neurons 
are recorded simultaneously from the nucleus accumbens and medial 
prefrontal cortex, via multiple implanted arrays of Teflon coated 
stainless steel microelectrodes. Rats were pre-trained to FR1 nosepoke 
for 0.1 cc water. In sessions lasting 2 to 8 hours, water was available 
under FR1 or progressive ratio (PR) schedule of reinforcement and 
cocaine (0.5mg/kg/0.1cc iv.) was available simultaneously under FRF 
In preliminary studies, satiation of water intake during an FR1 task, but 
not a PR task, suppressed cocaine intake. Cocaine self-administration 
profoundly altered both unit firing and behavioral patterns typical for 
FR1 and PR water obtained alone. Preliminary results revealed 
differential coding of phasic responses during tone, light cues or 
nosepoke movements directed to obtain water vs. cocaine in subset of 
neurons in mPFC and NAC. The results indicate that coding within the 
mesocorticolimbic reward system reflects specific information related 
to cocaine vs. water, as well as the behavioral interactions between 
these two reinforcers at extinction and relapse. (DA2338, AA10980 and 
NSF DBI 9619063 to DJW)

680.10
EFFECTS OF COCAINE ADMINISTRATION ON HIGH-VOLTAGE 
ACTIVATED (HVA) Ca2+-CHANNELS, IN RAT INSULINOMA RINm5F 
CELLS. M. D’Ascenzo, G. Grassi* and G.B. Azzena. Institute of 
Human Physiology, Catholic University “S. Cuore”, 00168 Rome, Italy.

Acute administration of cocaine has been reported to modulate the 
activity of voltage-operated ion channels, including Na+ and K+ 
channels. Aim of the present study was to verify whether HVA Ca2+- 
channels can be also affected. Experiments were performed on 
RINm5F cells by using the patch-clamp technique in the whole-cell 
configuration and 10 mM Ba2+ as charge carrier. Cocaine 
administration (50-200 pM) produced a modest reduction in Ba2+- 
currents measured by applying depolarizing pulses at -10 mV from 
holding potential of -90 mV. The decrease in peak-current amplitude 
ranged from 9±1% (n=13) to 13±1 % (n=17) at the different drug 
concentrations used. In the presence of 5pM nifedipine, the effect of 
100 pM cocaine was significantly larger than that observed under 
control conditions (26±2% reduction vs. 12±1%, PcO.001). After the 
blockade of L-type Ca2+-channels, a decrease in the peak current 
amplitude of comparable magnitude was observed at all the voltages 
tested, ranging from -40mV to +40 mV. When depolarizing pulses at 
-10 mV were applied from holding potential of -40 mV, the cocaine- 
induced current reduction was 11 ±3% (n=6). Currents recorded under 
these experimental conditions are mainly carried by L-type Ca2+- 
channels, as shown by the marked reduction (>90%) induced by 5pM 
nifedipine. In conclusion, these data show that acute administration of 
cocaine inhibits Ca2+-channels in RINm5F cells, the non-L-type 
channels being probably more markedly affected.

680.11
THE RESPONSE OE A9 AND A10 DOPAMINE (DA) NEURONS 
IN FISCIIER 344 AND LEWIS RATS TO THE INTRAVENOUS 
ADMINISTRATION OF COCAINE AND METHAMPHETAMINE: 
AN IN VIVO ELECTROPHYSIOLOGICAL STUDY. C, R. Ashby. 
Jr, ‘JL Y, Minabe - and E.L, Gardner3 1.PHS Dept., St.John s
University .Jamaica, NY11439; 2.National Institute of
Neuroscience,NCNP.Kodaira Tokyo 187-8502. Japan; 3. Dept. of Psychiatry, 
Albert Einstein College of Medicine, Bronx, NY10461.

In this study, we examined the effect of i.v. methamphetamine and cocaine 
on the firing rat e of spontaneously active A9 and A10 DA neurons in male 
E344 and Lewis rats. Animals were anesthetized with chloral hydrate 
(400mg/kg i.p ), and prepared for extracellular single unit studies. In each 
rat. either an A9 or Alt) DA neurons was located, a stable baseline firing 
rate obtained, and either methamphetamine (0 l-3.2mg/kg ) or cocaine 
(0.25-8mg/kg) was giving i.v. and the effect on the firing rate was determined. 
There were no significant differences between the strains in the response of 
A9 and Alt) DA neurons to either cocaine or methamphetamine. It is known 
that in rats, cocaine and methamphetamine suppress the firing of DA 
neurons by increasing DA levels via blocking DA uptake and releasing DA, 
respectively, and DA stimulates D2/D3 receptors. Thus, it is hypothesized 
that the increased responsitivity of Lewis compared to E344 rats to 
psychostimulants is not related to differences in the sensitivity of D2/D3 
autorecptors on midbrain DA neurons. Supported by NIMH R29 55155 
(CRA) and Japanese Ministry of Health and welfare (YM).

680.12
INCREASE IN SODIUM CHANNEL FUNCTION AND EXCITABILITY OF 
RAT HIPPOCAMPAL CA1 NEURONS DURING ADMINISTRATION OF 
COCAINE AND MONOAMINE REUPTAKE INHIBITORS. S.G. Kikolskt
J. Zhai, S.J. Wieland and F.M. Sesslcr* Dept. of Neurobioiogy & Anatomy. 
MCP~Hahnemann School of Med., Allegheny University of the Health Sciences. 
Philadelphia, PA 19129.

Previous studies showed that changes in voltage-dependent Na’ channel function 
are observed in rat hippocampal CA1 neurons following repeated cocaine (45 
mg/kg/day, i.p, for 5-7 days) or lidocaine (70 mg/kg/day, i.p), suggesting a local 
anesthetic actions of these drugs. However, recent evidence indicates that a low er dose 
of cocaine (lOmg/Kg) produces similar changes in Na channel function. In the present 
study: 1) we examined the functional consequences of repeated cocaine (45mg/Kg) on 
the general excitability of the CA1 region, using population spikes in hippocampal 
slices; and 2) we tested the hypothesis that monoamine reuptake blockade also is 
involved in cocaine-mcdiated changes in Na* function. We used whole cell patch- 
clamp recording of Na+ currents in acutely dissociated C A1 neurons from rats treated 
(5-7 days) with amphetamine (6mg/Kg/dav), nisoxetine, fluoxetine or GBR-12909 
(lOmg/Kg/dav). The results show that repeated cocaine produced a net increase (28%) 
in the amplitude of population spikes recorded in CA1. suggesting that this region is 
sensitive to the “kindling’' action of the drug. Repeated amphetamine increased the Na 
current densities bv 47%, from -147.8 ± 21.( pA/pF (control) to -216.7 ± 26.1 pA/pF 
(drug-treated). The steady-state inactivation of Na' current was shifted to a depolarizing 
direction with V,., and Kj, of -70.5 mV and 10.5 mV in control and -66.0 mV and 8.4 
mV in drug-treated rats. Daily treatment with nisoxetine, fluoxetine and GBR-12909 
increased the peak Na’ current densities by 43%, 40% and 40% in CA1, respectively. 
The steady-state inactivation curve was shifted by approximately 7.6mV toward more 
depolarized potentials. These results suggest that blockade of monoamine reuptake by 
cocaine plays a significant role in the drug-mediated increase ui Na’ channel function. 
The increase in Na’ function may participate hi the increase in seizure susceptibility 
observed following treatment with cocaine, lidocaine, amphetamine or monoamine 
reuptake blockers. (Supported by NIDA DA08405 and AUHS Award to FMS)
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680.13
ELECTROPHYSIOLOGICAL EFFECTS OF COCAINE, COCAETHYLENE AND 
ETHANOL ON VENTRAL TEGMENTAL AREA DOPAMINE NEURONS IN VITRO. 
E, B, Bunney ‘*. M, S, Brodie2 and S, B, Appel2 ‘Dept. of Emergency Medicine and 
2Dept. of Physiology and Biophysics, University of Illinois at Chicago, Chicago, EL 60612.

The dopaminergic (DA) neurons of the ventral tegmental area (VTA) and their 
projections in the mesolimbic pathway have been implicated in the rewarding effects of 
drugs of abuse including ethanol and cocaine. Ethanol increases the spontaneous firing 
rate of VTA DA neurons. The VTA receives serotonergic innervation and we have shown 
that serotonin potentiates ethanol-induced excitation of VTA neurons. Cocaine blocks the 
reuptake of both serotonin and dopamine, with low doses (<1 pM) preferentially blocking 
serotonin reuptake. When cocaine is co-ingested with ethanol it is esterified into 
cocaethylene in the Ever. In human studies, cocaethylene has been found to have a similar 
potency for subjective effects and a longer serum half life when compared to cocaine. In 
the present study, we examined the effects of cocaine and cocaethylene on VTA neurons 
and the interaction of these substances with ethanol. Extracellular single unit recordings 
were made from VTA DA neurons in brain slices from Fischer 344 rats. Cocaine (1 pM - 
10 pM) caused a concentration-dependent reduction in the spontaneous firing rate of VTA 
neurons (n=16). A low concentration of cocaine (500 nM) did not significantly change the 
firing rate of VTA neurons but potentiated ethanol (40 - 120 mM) excitation of these 
neurons (two-way ANOVA, p<0.05, n=22). Interestingly, cocaethylene (1 pM-10 pM) also 
caused a concentration-dependent reduction in firing rate of VTA neurons (n=14). 
Cocaine and cocaethylene reduced the firing rate with similar potency when tested in the 
same VTA neurons (n=14).Our preliminary results indicate that like cocaine, cocaethylene 
in a low concentration (500 nM) also potentiates ethanol-induced excitation of VTA 
neurons. These data suggest two factors which may contribute to the prevalence of cocaine 
and alcohol co-abuse. First, cocaine potentiates ethanol excitation of DA reward neurons. 
Second, cocaethylene, which is produced upon co-ingestion of cocaine and ethanol, also 
potentiates ethanol excitation of these neurons and has a longer half-life than cocaine. 
PHS Grant Support: KOI DA00285 (E.B.B.), AA05846 (S.B.A.) and AA09125 (M.S.B).

680.14
EFFECT OF COCAINE ON NEURONAL ENSEMBLES IN THE 
SOMATOSENSORY SYSTEM OF THE RAT D. M. Devilbiss*. J. J. Rutter, 
and B. D. Waterhouse Allegheny University of the Health Sciences, 

Philadelphia, PA
We are currently investigating the ability of systemic cocaine to alter 

stimulus-evoked responses of subcortical somatosensory neurons following 
stimulation of mystacial vibrissae in the rat. Previous results, obtained from 
experiments using single cell recording of extracellular responses in the ventral 
posterior medial (VPM) thalamic relay nucleus, suggested that cocaine elicited a 
bidirectional change in response magnitude, as well as a consistent reduction in 
response time (latency) to peripheral receptive field stimulation. The goal of the 
present study was to apply a simultaneous, multineuron recording approach to 
investigate drug-related modulation of the transfer of sensory signals through 
primary thalamocortical relay circuits. Halothane-anesthetized rats were 
implanted with a bundle of microwires (8 per bundle) aimed at the VPM. In one 
such case, responses from 12 vibrissae-sensitive neurons were isolated and 
characterized before, during, and after cocaine administration. When analyzed 
individually, the results agreed with the previous findings: magnitudes were 
changed in either direction, while the latency to respond tended to be shortened. 
Further analysis revealed that cocaine administration: 1) enhanced the 
magnitude of response, and decreased the latency to respond of the population 
of neurons, while 2) the correlation between neuronal responses was reduced. 
While the significance of this finding on sensory transmission remains to be 
elucidated, we believe that this new technique provides us with a unique 
opportunity to assess the impact of cocaine on sensory network function.

680.15

DIFFERENTIAL ACTIVATION OF NEURONS IN THE PRE
FRONTAL CORTEX AFTER COCAINE SENSITIZATION. P.L. 
Cameron1 *, P.G, Ellem1, J.B. Minson2 & I.J. Llewellyn-Smith2. Depts of 
Anatomy & Histology1 and Cardiovascular Medicine2, Centre for
Neuroscience, Flinders University, Bedford Park, SA 5042 Australia 

Mesocorticolimbic dopamine is involved in the behavioural effects of
cocaine, particularly the increased response observed after repeated exposure 
(sensitization). The nucleus accumbens has been the main focus of work on 
behavioural sensitization and the prefrontal cortex (pfCtx) has received little 
attention. Our aim was to assess the degree and pattern of neuronal 
activation as revealed by Fos expression in pfCtx of animals exhibiting 
behavioural sensitization to cocaine. Male Porton rats were injected with 
either cocaine (30mg/kg i.p.) or saline on day 1 and their behaviour rated. 
On days 2-7, the rats received daily injections of cocaine or saline. On day 
9, the rats were injected with cocaine or saline and their behaviour assessed. 
No differences in behaviour between days 1 and 9 were observed in the 
saline-treated group whereas the cocaine-treated group showed a significant 
increase in stereotyped behaviour. On day 19, the rats received either an 
acute injection of cocaine (30mg/kg, i.p.) or saline and two hours later were 
anaesthetised and perfused. Sections of pfCtx were processed for Fos 
immunohisto-chemistry and the number of Fos immunoreactive (Fos-IR) 
nuclei in the Cgl, Cg3, infralimbic (IL) pfCtx and the claustrum (Cl) were 
counted. In all areas, acute cocaine increased the number of Fos-IR nuclei 
with the greatest effect observed in the Cl. Following sensitization, baseline 
numbers of Fos-IR nuclei did not differ between sensitized rats and saline 
controls, nor did Fos expression in the Cgl, IL and Cl in response to acute 
cocaine. However, in the Cg3, the level of Fos-IR induced by acute cocaine 
challenge was significantly decreased in sensitized compared to non- 
sensitized rats. These results indicate that, following sensititization, 
cocaine’s effects in the prefrontal cortex are subregion-specific.
Supported by the National Health & Medical Research Council of Australia

680.16
SELECTIVE POTENTIATION OF CALCIUM CURRENTS IN CARDIAC 
MYOCYTES AND HIPPOCAMPAL NEURONS BY COCAINE.
L. S. Premkumar*, Dept. Physiol. & Biophys. SUNY, Buffalo, New York, 14214.

Cocaine dependency and the generation of life-threatening cardiac 
arrhythmias following cocaine overdose are major health problems. Plasma 
concentrations typically achieved in recreational use of the drug ranges from 1.7 to
3.3 pM and during overdose the levels can reach over 20 pM. This study 
investigates the modulation of Ca2+ currents by cocaine concentrations ranging 
from 0.1 to 20 pM.

Currents through Ca2+channels (with Ba2+ as the charge carrier) were 
recorded using the giga-seal patch clamp technique from rat ventricular myocytes 
and rat hippocampal neurons in culture. Cocaine selectively potentiates the Ca2+ 
current in ventricular myocytes (EC50=lpM) and in hippocampal neurons 
(EC5O=3pM), whereas at concentrations higher than lOpM cocaine inhibits the 
current. The potentiation of the Ca2+ current appears to be achieved by an increase 
in the opening rate and open probability of the channels without an alteration in 
the voltage dependency.

These findings may explain the observations that in cardiac cells 
lower concentrations of cocaine cause positive inotropy and broaden the 
action potential duration, whereas higher concentrations cause negative 
inotropy and shorten the action potential
duration. In the central nervous system, 
increased intracellular Ca2+ (such as would 
result from low doses of cocaine) activates 
Ca2+-dependent enzymes and produces 
second messengers, regulates gene 
activation, mediates cell death, and 
increases or decreases synaptic strength.

DRUGS OF ABUSE: OPIOIDS AND OTHERS—OPIATES: MONOAMINERGIC MECHANISMS

681.2681.1

ROLE OF THE NUCLEUS ACCUMBENS IN THE ACUTE POTENTIATION OF 
D2 DOPAMINE RECEPTOR AGONIST EFFECTS OBSERVED DURING 
OPIATE WITHDRAWAL. C.L, Walters, Y. Zhu* G. Aston-Jones and J.P. Druhan. 
Department of Psychiatry, University of Pennsylvania, Philadelphia PA 19102.

Drug withdrawal can serve as a potent motivator of drug-seeking behavior in 
human opiate abusers. Paradoxically, animal studies have shown that opiate 
withdrawal is associated with decreases in general activity and reductions in operant 
responding for incentive stimuli. How this physiological state of behavioral 
suppression and malaise serves to stimulate increased drug-seeking behavior is a 
question that has rarely been addressed in studies of addiction. The present study 
provided a partial answer to this question by showing that rats are super-sensitive to 
the behavioral activating effects of D2-dopamine receptor stimulation during periods 
of opiate withdrawal. In one experiment, rats received subcutaneous implants of 
either two 75 mg morphine pellets or two placebo pellets. Seventy-two hours later, 
the rats were tested for locomotor activity after receiving injections of the D2 
agonist, propylnorapomorphine (NPA; 0.05, 0.10, 0.20 or 0.4 mg/kg, ip) or its 
vehicle in combination with either 1.0 mg/kg naltrexone or saline. NPA produced 
strong, dose-related increases in locomotor activity when given to opiate-dependent 
rats undergoing naltrexone-precipitated withdrawal, but not when given to morphine- 
or placebo-implanted control rats. Subsequent experiments revealed that the 
potentiation of NPA's behavioral activating effects during opiate withdrawal was due 
to opiate-D2 interactions within the nucleus accumbens (NAc). NPA produced 
strong increases in locomotor activity when infused into the NAc (1.0 & 3.0 
nmols/0.5 pl/side) of rats subjected to naltrexone-precipitated withdrawal, and it also 
produced this effect when given systemically (0.2 mg/kg) in combination with intra- 
NAc infusions of methylnaloxone (1.0 & 3.0 nmols/0.5 pl/side). These findings 
indicate that the behavioral activating effects produced by NPA in opiate withdrawn 
rats result from local changes in opiate and D2 receptor occupancy within the NAc. 
This heightened sensitivity to NAc D2 receptor stimulation could play an important 
role in facilitating drug-seeking behaviors during periods of opiate withdrawal. 
Supported by NIDA grant # DAI0088.

INVOLVEMENT OF NOREPINEPHRINE (NE) IN THE BED 
NUCLEUS OF THE STRIA TERMINALIS (BNST) IN OPIATE 
WITHDRAWAL. J.M. Pelfs*, J.P. Druhan and G. Aston-Jones. Dept. 
Psychiatry, University of Pennsylvania, Philadelphia, PA 19104.

We have provided evidence that non-locus coeuruleus (LC) forebrain 
afferents are involved in the expression of opiate withdrawal (OW) (Delfs et 
al., Soc Neurosci. 1997). These studies led us to hypothesize that overactivity 
of NE afferents to ventral forebrain structures such as the BNST, which is 
primarily innervated by non-LC NE neurons, might mediate the somatic or 
aversive signs of OW. To further explore this question, we examined the 
effects of lesions of the dorsal noradrenergic bundle (DNAB) and 
intracerebral beta NE antagonists on conditioned place aversion (CPA) and 
somatic signs produced by OW. Bilateral 6-hydroxydopamine lesions of the 
DNAB had no effect on somatic or aversive signs of OW in morphine- 
dependent rats. This is consistent with the fact that the DNAB arises primarily 
from LC. Additional experiments will examine the effects of lesions of the 
ventral noradrenergic bundle on OW behaviors. Bilateral microinjections of a 
cocktail of betaxolol HC1 (selective betal antagonist) and ICI 181,555 
(selective beta2 antagonist) into the BNST (lnmol each/0.5|il) reduced 
several somatic signs of OW including eye twitches, jumping, teeth chattering 
and body weight loss when compared to ACSF-injected rats. Furthermore, 
this beta antagonist pretreatment attenuated the amount of withdrawal- 
induced CPA. These findings are consistent with a previous report from this 
laboratory that systemic administration of beta antagonists can attenuate the 
somatic and aversive signs of OW (Harris and Aston-Jones, 1993). Taken 
together, the results suggest that increased NE release in the BNST may be 
importantly involved in the expression of somatic and aversive signs of opiate 
withdrawal. This work was supported by PHS grants DAO581O (JMD), 
DA1OO88 (JPD), DA06214 (GAJ).
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681.3
FLUOXETINE ATTENUATES SYMPTOMS OF OPIATE 
WITHDRAWAL. G.C. Harris and G. Aston-Jones* Dept. Psychiatry, 
University of Pennsylvannia, Philadelphia, PA 19104.

Previous studies in this laboratory have indicated that serotonin 
reuptake inhibitors, including fluoxetine, attenuate naloxone- 
precipitated hyperactivity in locus coeruleus impulse activity in 
morphine-dependent rats. The present study was undertaken to 
determine if fluoxetine could block naloxone-induced conditioned place 
aversion (CPA). Rats were made dependent on morphine with 
escalating daily injections of morphine for 14 days. Naloxone (0.5 
mg/kg) or vehicle injections were given in one of two pairing chambers 
over two consecutive days. Twenty min prior to these injections, rats 
were pretreated with either fluoxetine (10 - 20 mg/kg, ip) or vehicle. 
CPA was assessed 1 day after the pairings. Both doses of fluoxetine 
significantly attenuated the naloxone-induced CPA (p<.001). 
Preliminary data indicate that fluoxetine may also decrease abstinence- 
induced increases in anxiety in morphine dependent rats as measured in 
a conditioned defensive burying paradigm. Additional results reveal that 
fluoxetine decreases the preference for a morphine-paired environment 
in morphine-dependent abstinent rats. These data indicate that 
increasing serotonergic tone may be beneficial in reducing some 
symptoms associated with withdrawal from chronic morphine. This 
work was supported by PHS grants DA06214 and DA 10088.

681.4

THE NMDA RECEPTOR ANTAGONIST, LY235959, 
ATTENUATES BEHAVIORS AND C-FOS EXPRESSION DURING 
ACUTE MORPHINE WITHDRAWAL IN THE NEONATAL RAT.
K. L. Jones1* G.A. Barr2 and C.E. Inturrisi1. 1 Dept. of Pharmacology, 
Cornell Univ. Med.College and2 Biopsychology, Dept. of Psychology 
Hunter College-CUNY, N.Y., NY 10021.

We evaluated the ability of LY235959 to attenuate behaviors 
associated with acute morphine withdrawal and c-fos expression at a 
dose which does not cause motor deficits in the 7-day old rat. Rat pups 
were given a single dose of morphine (10.0 mg/kg, s.c.) or saline. Two 
hours later pups were removed from the dam and injected with either 
LY235959 (10.0 mg/kg) or saline. Fifteen minutes later morphine 
withdrawal was precipitated with naltrexone (10.0 mg/kg i.p.) and 
behaviors were recorded every 15 seconds for the next 15 minutes. The 
intensity of the morphine withdrawal syndrome was decreased in pups 
pretreated with LY235959. Behaviors such as head moves, moving 
paws, rolling, and walking were decreased, whereas vocalizations were 
completely blocked in pups pretreated with LY235959. The naltrexone- 
induced increase in c-fos mRNA in pups given morphine was 
attenuated by LY235959. This selective NMDA receptor antagonist 
attenuates both the behavioral and molecular manifestations of acute 
morphine withdrawal. Supported by Grants, DA 01457, DA 00198 
and CA 62948.

681.5
THE NEUROSTEROID PREGNENOLONE SULFATE ENHANCES 
BASAL AND MORPHINE-INDUCED DOPAMINE RELEASE IN THE 
NUCLEUS ACCUMBENS. M.Vallée*, M, Barrot, M.A. Gingras, M. Le 
Moal. W. Mayo and P.V. Piazza. INSERM U259, Univ. Bordeaux II, 33077 
Bordeaux cedex, France.

A large body of research has focused on the role of steroids in the 
vulnerability to drugs of abuse with a particular interest on their interactions 
with the meso-accumbens dopaminergic neurons, one of the main biological 
substrates of the addictive properties of drugs of abuse. In this study we 
investigated the action of an endogenous neurosteroid, the pregnenolone 
sulfate (PREG-S), on basal and morphine-induced dopamine release in the 
nucleus accumbens. Using the technique of microdialysis, in awake freely- 
moving Sprague-Dawley rats we studied the effects of intracerebroventricular 
(i.c.v.) administration of PREG-S (doses: 0, 50, 100, 200, 400 pmol in 5 pi) 
on extracellular levels of dopamine in the nucleus accumbens. The i.c.v. 
injection of PREG-S induced a slight dose-dependent increase in extracellular 
dopamine levels on the first post-injection sample without altering the 
following baseline. Systemic injection of morphine (1 mg/kg s.c.) induced an 
increase of the extracellular dopamine levels which was dose-dependently 
potentiated by i.c.v. PREG-S pre-injected two hours before. The cumulated 
dopaminergic response to morphine over the three hours post-injection was 
two fold increased by the i.c.v. injection of PREG-S. These results suggest 
that PREG-S administration in physiological range levels can modulate the 
mesolimbic dopamine system and can potentiate the dopaminergic response 
to morphine injection.
This work was supported by INSERM, University of Bordeaux 11 and Société 
de Secours des Amis des Sciences.

681.6
SEROTONIN (5-HT) AND DOPAMINE (DA) RELEASE IN THE MESOLIMBIC 
SYSTEM IN MORPHINE-SENSITIZED RATS. H.K. Wennemer, C.G. Landry.
P.W. Johnson and D.J. Mokler*. Department of Pharmacology, University of New 
England College of Osteopathic Medicine, Biddeford ME 04005.

Repeated high doses of morphine sulphate (MS) result in the development of repeated 
behaviors (oral sterotypy) in rats. Re-expression of stereotypy following administration 
of a low dose of morphine is termed sensitization, is indicative of a persistent change in 
the CNS and can be induced up to six months after the last sensitizing dose of morphine. 
The mesolimbic system is important to the expression of oral stereotypy. The ventral 
tegmental area (VTA) is the nucleus of the mesolimbic DA pathway, while the nucleus 
accumbens (NA) is a terminal area of this pathway. 5-HT has an inhibitory effect on 
dopaminergic neuro-transmission. Fluoxetine blocks the acute expression of morphine- 
induced oral stereotypy (Wennemer and Kometsky, in press). The present study 
examined the release of 5-HT and DA from the VTA and NA in MS-sensitized rats using 
in vivo microdialysis. Male rats were sensitized to MS by twice daily injections of 10 
mg/kg MS sc for 2 days. All animals receiving MS exhibited stereotypy, animals 
receiving saline did not. The simultaneous release of DA and 5-HT was measured by in 
vivo microdialysis in the NA and VTA in both sensitized and control, conscious, behaving 
animals following administration of a 4 mg/kg dose of MS 24 hours after the last 
sensitizing dose. Basal levels of DA were increased in MS sensitized animals in the NA 
but not the VTA. 5-HT levels in the NA and VTA increased in the MS sensitized rats in 
response to a 4mg/kg challenge dose of morphine. Dopamine levels in the NA increased 
in the control rats in response to morphine challenge. Although MS sensitized rats showed 
oral stereotypy following 4 mg/kg morphine, DA levels did not change in the the NA. DA 
levels in the VTA decreased in the MS group, but did not differ significantly in the 
control group. These data suggest that increased levels of 5-HT in the NA and VTA may 
modulate a decrease in DA release in the VTA and NA after morphine challenge in rats 
sensitized to morphine. Furthermore, these data demonstrate that oral stereotypy occurs 
in the absence of release of DA in the NA. (Supported by Dean's Research Fellowship)

681.7

18-METHOXYCORONARIDINE ATTENUATES MORPHINE-INDUCED 
DOPAMINE RELEASE IN THE NUCLEUS ACCUMBENS AND 
STRIATUM I.M. Maisonneuve* K.A. Fritz and S.D. Glick. Department of 
Pharmacology and Neuroscience, Albany Medical College, Albany, NY 
12208.

18-Methoxycoronaridine (18-MC), a novel iboga alkaloid congener, has 
been reported to decrease cocaine, morphine, nicotine and alcohol self
administration in rats without inducing ibogaine-like side effects, such as 
tremor and loss of Purkinje cells in the cerebellum. The aim of the present 
study was to investigate the effect of 18-MC (40 mg/kg, i.p., 19 hours 
beforehand) on the acute dopamine response to morphine (5 mg/kg, i.p.) 
in the nucleus accumbens (NAC) and striatum (STR). Extracellular 
dopamine levels were determined in awake and freely moving female 
Sprague Dawley rats using in vivo microdialysis coupled to HPLC-EC. 18- 
MC did not alter basal extracellular levels of dopamine and its metabolites
17- 19 hrs after administration. However, 18-MC significantly attenuated 
the increase in extracellular dopamine levels induced by morphine in the 
NAC (p<0.01) and STR (p<0.04) and markedly enhanced (p<0.01-
0.00001) morphine-induced increases in dopamine metabolites (DOPAC 
and HVA). These results suggest that 18-MC interferes with morphine- 
induced release of dopamine, but without altering the increased dopamine 
synthesis and turnover produced by morphine. This attenuation of the 
dopamine increase after morphine in 18-MC-treated rats is consistent with 
other findings (Glick et al., Brain Res. 719:29-35, 1996) suggesting that
18- MC decreases the rewarding effect of morphine. (Supported by NIDA 
grant DA03817 and by Albany Molecular Research, Inc.)

681.8

THE CONDITIONED PLACE PREFERENCES AND CONDITIONED 
LOCOMOTOR ACTIVATION PRODUCED BY FOOD- OR HEROIN- 
PREDICTIVE DISCRIMINATIVE STIMULI ARE NOT BLOCKED BY 
HALOPERIDOL. K. McFarland* and A. Ettenberq. Behavioral Pharmacology 
Laboratory, University of California, Santa Barbara, CA 93106.

The present study examined the ability of reinforcer-predictive discriminative 
cues to produce conditioned locomotion and conditioned place preferences in 
novel environments that had not previously been paired with primary 
reinforcement. Put simply, the experiment was devised to determine whether 
an S+ cue previously predictive of food or heroin reinforcement could, in and 
of itself, serve to activate and direct behavior. Olfactory cues, predicting the 
availability (S+) or unavailability (S-) of either heroin (0.1 mg/kg IV) or food (45 
mg Noyes food pellets) reinforcement in the goal box of a straight-arm runway, 
were later tested in a separate environment for their ability to elicit locomotor 
activation or a conditioned place preference. Presentation of the S+, but not 
the S-, resulted in a reliable increase in spontaneous locomotor activity that 
was not blocked by pretreatment with the dopamine receptor antagonist, 
haloperidol (0.0, 0.075, 0.15 or 0.30 mg/kg IP). Similarly, subjects displayed a 
preference for a novel location in which the S+, but not the S-, was placed. 
This preference was also unaltered by pretreatment with haloperidol (0.0, 0.15 
or 0.30 mg/kg IP). These data suggest that discriminative cues can profoundly 
affect behavior, even in environments that have themselves never been 
associated with primary reinforcement. Additionally, the conditioned 
motivational quality of these cues is unaltered by treatment with the same 
dopamine receptor antagonist shown in previous work to attenuate the primary 
reinforcing properties of heroin and food.

This work was supported by a National Institute of Drug Abuse (NIDA) grants 
DA05041 and DA08042 awarded to AE and a NRSA (F31-DA05672) awarded 
to KM.
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682.1

L-TRYPTOPHAN ATTENUATED MEMORY IMPAIRMENT IN 
SCHIZOPHRENIA. O. Ophir-Shacham12, Y. Levkovitz1, G. Arest12; I. 
Treves1 and E, Grauer3*, ’Shalvata Mental Health Center; 2Dept of 
Psychology, Bar Ilan U. and 3Dept. of Pharmacology, Israel Institute for 
Biological Research, Ness-Ziona, Israel.

Cognitive impairment is one of the manifestations of schizophrenic 
illness. Anticholinergic drugs (e.g. artane) used to counteract 
extra-pyramidal side effects in these patients further impair their memory 
functions. Specific pharmacological strategies have rarely been employed 
to treat these cognitive deficits. Rats treated with a serotonergic 
precursor or with grafted serotonergic raphe cells in the hippocampus, 
showed attenuated cognitive deficits in different memory impairment 
models. The serotonergic precursor L-tryptophan was shown to alleviate 
some of the cognitive impairment in Alzheimer’s patients. We tested 51 
schizophrenic patients in stable remission in a wide range of memory and 
cognitive tests. Cognitive impairment was less pronounced in patients 
treated with clozapine than in patients treated with haloperidol and 
artane. The latter were treated for 4 days with L-tryptophan (1 g/day) 
added to their medication in a placebo control, cross-over, double blind 
study. Significant improvement in various memory functions was found 
in patients treated with L-tryptophan as compared to placebo. Thus, 
serotonergic activation attenuated memory deficits, and should be 
considered in the treatment of cognitive impairments in schizophrenia. 
Acknowledgment: L-trypthophan tablets were a gift of Merck Pharmaceuticals, UK.

682.2
EFFECT OF CHRONIC HALOPERIDOL, OLANZEPINE AND 
SERTINDOLE ON DOPAMINE, SEROTONIN AND NEUROTENSIN 
RECEPTORS IN RAT BRAINS. R.A.Lahtf, E.V. Cochrane, K. Sakai,
X-M. Gao and C.A. Tamminga. Maryland Psychiatric Research Center, 
Univ. of Maryland School of Medicine, Baltimore, MD 21228;

Treatment with typical antipsychotic agents is associated with 
extrapyramidal symptoms (EPS) and tardive dyskinesia (TD), whereas 
treatment with atypical antipsychotic agents such as clozapine, 
olanzepine or sertindole these side effects are rarely observed. To 
elucidate the pharmacological mechanisms whereby these atypical 
antipsychotics maintain a therapeutic effect without producing these side 
effects, we quantified certain receptor changes in rats treated chronically 
(6 months) with olanzepine (O; 2 mg/kg/day), sertindole (S; 2 mg/kg/day), 
haloperidol (H; 1.5 mg/kg/day), or water (controls).

We found that haloperidol increased D3 density in caudate and striatum 
but not in nuc. accumbens. Sertindole decreased D3 density in the 
nucleus accumbens (58% control). All three treatments reduced 5-HT2 
density in nuc. accumbens (S=65%, 0=76%, H=73% of control), but had 
no effect in caudate or striatum. Olanzepine and haloperidol decreased 
neurotensin receptor density in the entorhinal cortex (0=69%, H=78% of 
control). No treatment altered 5-HT1A receptor density in the entorhinal 
cortex. Sertindole was notable for the decrease in D3 receptor density 
and lack of effect on neurotensin receptors, haloperidol for increases in 
D3 receptors and decreases in neurotensin receptors, and olanzepine for 
its effect on neurotensin receptors. These data indicate that the 
pharmacological actions of chronic antipsychotic treatment varies 
between agents and these actions may contribute to their unique actions. 
(Supported by a grant from the NIMH)

682.3
RISPERIDONE INCREASES SEROTONIN OUTPUT IN THE RAT FRONTAL 
CORTEX: ROLE OF a2 AND 5-HT RECEPTOR ANTAGONISM. P, Hertel*, 
G.G. Nomikos and T.H. Svensson. Dept. of Physiology & Pharmacology, Sec. of 
Neuropsychopharmacology, Karoiinska Institutet, S-171 77 Stockholm, Sweden.

We have previously shown that risperidone (RISP) enhances 5-HT output in the rat 
frontal cortex (FC), but the precise underlying mechanism has not been revealed. 
However, given the purported significance of a2, 5-HT1B as well as 5-HT,D receptors 
in the regulation of 5-HT release in the rat brain, the effect of RISP on cortical 5-HT 
efflux could theoretically be due to interference with either of the receptors. In order 
to test this hypothesis, we investigated by means of microdialysis the potential ability 
of RISP to reverse the changes in cortical 5-HT output induced by a2, 5-HT1B or 5- 
HTtD receptor stimulation.

Cortical perfusion of RISP (10 pM, 40min) or the a2, 5-HTIB and 5-HTID receptor 
antagonists idazoxan (lOOpM, 40min), isamoltane (33 pM, 40min) or GR127,935 
(100 pM, 40min), respectively, increased cortical efflux of 5-HT. Conversely, 
agonists at these receptors, i.e. clonidine (33 pM, 40min), CP93,129 (0.33 pM, 
40min) or CP 135,807 (3.3 pM, 40min), respectively, decreased this parameter. The 
decrease in 5-HT efflux induced by these receptor agonists were antagonized by co
administration of respective receptor antagonists at doses which by themselves were 
ineffective. Interestingly, risperidone in a dose which by itself was without effect (3.3 
pM), significantly attenuated the decrease in cortical 5-HT efflux elicited by clonidine 
or CP135,807 but failed to affect the decrease elicited by CP93,129.

The present data provide biochemical evidence that the output of 5-HT in the FC 
is negatively regulated via a2, 5-HT1B and 5-HT,D receptors located in the nerve 
terminal area. Importantly, our results indicate that RISP, in consonance with its in 
vitro receptor binding profile, acts as an antagonist at a2 as well as 5-HT|D receptors 
in vivo, two properties which clearly may contribute to its stimulatory effect on 
cortical 5-HT efflux. The overall facilitatory effect of RISP on serotonergic 
neurotransmission may be of significance for the treatment of schizophrenia, 
particularly when associated with pronounced negative symptomatology, depression 
and/or anxiety.

Supported by the Medical Research Council of Sweden (grant no. 4747), 
Karoiinska Institutet and Janssen Pharmaceutica Ltd, Beerse.

682.4
M100907, A SELECTIVE SEROTONIN 5-HT2A RECEPTOR ANTAGONIST AND 
PUTATIVE ANTIPSYCHOTIC, REVERSES PREPULSE INHIBITION DEFICITS 
IN ISOLATION-REARED RATS. M.A, Geyer, K. Krebs-Thomson*, and G.B. Varty. 
Psychiatry Department, University of California San Diego. La Jolla, CA 92093-0804.

Prepulse inhibition (PPI) of the startle response is a cross-species operational 
measure of sensorimotor gating that is reduced in neuropsychiatric disorders such as 
schizophrenia. Rats reared under conditions of isolation from weaning through to 
adulthood display deficits in PPI. Furthermore, both typical and atypical 
antipsychotics, including clozapine and risperidone, reverse these developmental  ̂
induced, non-pharmacological PPI deficits. Current studies are examining the use of 
selective serotonin 5-HT2A receptor antagonists as putative antipsychotics, particularly 
M100907 (formerly MDL 100,907). This study examined whether M100907 would 
reverse PPI deficits in isolation-reared rats. Male Sprague-Dawley rat pups (40 g) 
were raised from weaning in either normal social (SOC; 3 per cage) or isolation (ISO; 
1 per cage) groups throughout the study. Eight weeks after weaning, startle reactivity 
and PPI were measured in SOC and ISO groups after vehicle (n=15 per group) or 
Ml00907 (1.0 mg/kg sc, n=15-16 per group) treatment. A multiple prepulse 
parameter session was used, manipulating prepulse intensity and prepulse-pulse 
interval in four combinations (i.e., 6 dB or 12 dB prepulse followed 100 ms or 300 ms 
later by a startle stimulus). Startle reactivity was not affected by either isolation 
rearing or Ml00907 treatment. PPI, however, was reduced significantly in the 
vehicle-treated ISO rats at certain prepulse combinations, compared to SOC controls 
or M100907-treated ISO rats. Therefore, M100907 appeared to reverse the isolation- 
induced deficits in PPI (i.e., restored sensorimotor gating to normal levels). These 
findings further support the therapeutic potential of Ml00907 as a putative 
antipsychotic. Furthermore, altered serotonin transmission, possibly via actions at 5- 
HT2A receptors, may in part mediate isolation rearing-induced PPI deficits.
This work was supported by NIMH grant MH52885.

682.5

CLOZAPINE AND EXTRAPYRAMIDAL SYMPTOMS: ROLE 
OF 5HT-2A RECEPTORS IN THE SUBTHALAMIC NUCLEUS
V.S. Barwick*, K.A. Young, D.H. Jones, J.T. Richter and P.B. Hicks. 
Texas A&M University Health Science Center Department of 
Psychiatry and Behavioral Science, Scott & White Clinic and the 
Central Texas Veterans Health Care System, Temple, Texas, 76504.

Unlike most other antipsychotics, clozapine has not been 
associated with a significant incidence of extrapyramidal side effects, 
particularly tardive dyskinesia. Oral stereotypic behaviors such as 
licking, sniffing and gnawing induced by acute systemic 
administration of dopamine agonists have been used to model tardive 
dyskinesia. We investigated serotonergic modulation of stereotypic 
behaviors in the rat by microinjecting three compounds that block 
5HT-2A receptors into the subthalamic nucleus, a region that 
modulates DAergic motor output of the basal ganglia. Bilateral 
microinjections of clozapine (10 pg), mesulergine (50 ng) and MDL 
100-907 (10 pg) at t=0 min significantly reduced the expression 
(40% in each case) of stereotypic behaviors measured in a 30 minute 
interval after apomorphine (1 mg/kg IP) at t=5min. While both 
clozapine and mesulergine have significant affinity for the 5HT-2C 
and D2 receptors in addition to the 5HT-2A receptor; MDL 100-907 
is selective for the 5HT-2A receptor, suggesting that the stereotypic 
suppression was due to blockade of 5HT-2A receptors. The results 
indicate that clozapine can interact with 5HT-2A receptors in the 
subthalamic nucleus to modulate DAergic motor expression of the 
basal ganglia. This finding offers preliminary evidence suggesting 
that blockade of subthalamic 5HT-2A receptors by clozapine might 
play a role in the superior extrapyramidal side effect profile of 
atypical antipsychotics. Supported by grants from the Scott, 
Sherwood and Brindley Foundation and the Scottish Rite 
Schizophrenia Research Program.

682.6
EFFECTS OF THE NOVEL DOPAMINE (DA) D4 RECEPTOR ANTAGONIST 
PD 172760 IN PRECLINICAL BEHAVIORAL MODELS OF ANTIPSYCHOTIC 
ACTIVITY IN RODENTS. A. E. Corbin*, A. L, Green, C. L. Christoffersen, L. T. 
Meltzer, D. J. Wustrow, T, R, Belliotti, L, D. Wise and T. G. Heffner. Neuroscience 
Therapeutics, Parke-Davis Pharmaceutical Research Division, Warner-Lambert 
Company, Ann Arbor, MI 48105.

Discovery of the dopamine (DA) D4 receptor subtype has stimulated 
considerable interest in the potential therapeutic utility of drugs interacting with this 
site. Given the relatively higher D4 vs. D2 affinity of the atypical antipsychotic, 
clozapine, and the preferential localization of D4 receptors in non-striatal brain 
regions, it has been proposed that a D4 receptor antagonist may reduce brain 
dopaminergic activity and not produce the undesirable motor side effects associated 
with current antipsychotic agents. A specific functional role for D4 receptors 
remains unclear, and there have been several reports on effects of such agents in 
antipsychotic models. PD 172760 has been shown to have preferential affinity for 
D4 vs. D2 receptors (Ki = 4 nM vs 620 nM, respectively [Geòrgie, et al. this 
meeting]). These behavioral studies show that PD 172760 reduced both 
spontaneous and amphetamine-stimulated locomotor activity in mice and rats, 
consistent with DA receptor blockade and antipsychotic activity. PD 172760 also 
reversed apomorphine-induced disruption of prepulse inhibition of acoustic startle 
in rats, a profile superior to that seen with several other DA D4 antagonists. 
Behavioral activity of PD 172760 was maintained upon acute and repeated oral 
dosing. PD 172760, however, like other DA D4 antagonists, has not shown 
significant activity in the conditioned avoidance test in monkeys. In addition, PD 
172760 lacks cataleptogenic, and extrapyramidal side effects (EPS) in rats and 
monkeys, respectively. The lack of EPS and conditioned avoidance activity argues 
against D2 mediation of these behavioral effects. Thus, PD 172760 appears to show 
some, but not all, of the preclinical effects of antipsychotic agents. Supported by 
Warner-Lambert.
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682.7

BENZOXAZINONE DOPAMINE D4 RECEPTOR ANTAGONISTS: STRUCTURE 
ACTIVITY RELATIONSHIPS. D.J. Wustrow, T.R. Belliotti, BS. Kuo. TA 
Pugsley, T.G. Heffner, L.P, Wise* Parke-Davis Pharmaceutical Research, Division 
of Warner-Lambert Company, Ann Arbor, Michigan 48105

The localization of the dopamine (DA) D4 receptor as well as clozapine’s D4 
preference suggests that antagonists selective for the D4 receptor may be efficacious 
as antipsychotic agents without unwanted side effects. Several laboratories have 
reported compounds which have been characterized in vitro as selective DA D4 
antagonists. These compounds appear to be silent or only weakly active in 
preclinical paradigms of antipsychotic efficacy. High volume screening of the 
Parke-Davis compound library led to the discovery of a 4-phenyl-piperazinylmethy-
6-benzoxazinone with good affinity for the DA D4 receptor but poor selectivity 
versus DA D2 receptors. Structure activity relationship studies investigating the 
effects of arylpiperazine substitution, chain-length and attachment position between 
the benzoxazinone and piperazine pharmacophores were used to optimize binding 
and pharmacokinetic parameters. These studies led to the discovery of 7-|4-(4- 
Chloro-phenyl)-piperazin-l-ylmethyl]-4H-benzo[l,4]oxazin-3-one, PD 172760. PD 
172760 has over 100 fold selectivity for the D4 receptor over D2 receptors (DA D4 
Ki = 4.3 nM, DA D2 Ki = 620 nM) and is a functional antagonist in vitro at DA 
D4 receptors. The compound has good oral bioavailability (F=55%), and half life 
(12.4 hr) and good penetration into the CNS (brain to plasma ratio 115) in Hits 
Unlike other selective DA D4 antagonists this compound has also been shown to be 
active in tests predictive of antipsychotic efficacy. Supported bv Warner Lambert 
Co.

PD 172760

682.8
NEUROCHEMICAL PROFILE OF PD 172760 (7-[4-(4-CHLORO-PHENYL)- 
PIPERAZIN-l-YLMETHYLl-4H-BENZO[l,4]OXAZIN-3-ONE), A NOVEL HIGH 
AFFINITY ANTAGONIST AT THE HUMAN DOPAMINE D4 RECEPTOR.
L. M. Geòrgie*, H.C. Akunne, T.R, Belliotti, K.T, Zoski, S.Z, Whetzel, Y.H, Shih.
M. D. Davis, L.W. Cooke. T.G. Heffner, L.P. Wise, D.J. Wustrow and T.A.Pugslcv.
Neuroscience Therapeutics and Chemistry, Parke-Davis Pharmaceutical Research 
Division., Warner-Lambert Company , Ann Arbor, MI 48105.

PD 172760 is selective dopamine (DA) D4 receptor antagonist that displaced 
specific [3H]spiperone binding to recombinant human D4.2 receptors expressed in 
Chinese hamster ovary cells (Ki: 4.3). It had greater than 400-fold selectivity for 
D4.2 receptors as compared to human D2L, D3 and DI receptors and exhibited weak 
affinity at other neurotransmitter sites. In measures of in vitro functional activity. PD 
172760 showed D4 receptor antagonist activity (IC50:1.5nM), reversing the 
quinpirole-induced increase in [3H]thymidine uptake, but did not exhibit any intrinsic 
agonist activity. Standard antipsychotics increase DA turnover and prolactin levels in 
rodents due to D2 receptor blockade. PD 172760 (3-30 mg/kg, IP or PO) did not 
increase DA synthesis, metabolism or release as estimated via microdialysis in rat 
striatum suggesting a lack of potent D2 antagonist activity and potential 
extrapyramidal side effects. A modest but significant increase in catecholamine 
synthesis was observed in rat hippocampus. Similarly, PD 172760 (20 mg/kg. IP) 
increased DOPA accumulation in hippocampus of wildtype, but not D4 receptor 
knockout mice. These findings may indicate that D4 receptors play a role in 
modulating catecholamine synthesis in certain brain regions. Little or no effect was 
observed on serotonin turnover. Unlike, haloperidol, PD 172760 (1-30 mg/kg. IP) did 
not alter rat plasma prolactin levels indicating the lack of ability of this compound to 
produce neuroendocrine side effects in humans. PD 172760 will permit evaluation of 
the role of D4 receptors in psychiatric disorders. Supported by Warner-Lambert Co

682.9
THE ROLE OF SEROTONERGIC ANTAGONISM IN THE
SUPPRESSION OF CONDITIONED AVOIDANCE BY CLOZAPINE IN 
RATS. J.L. Browning*, M.-L. Wadenberq, K.A. Young, J. Richter, and 
P.B. Hicks. Dept. of Psychiatry, Scott & White Hospital and Texas A&M 
Univ. College of Medicine, Temple, TX 76504.

The mechanism for the enhanced efficacy of clozapine (CZP) in 
schizophrenia is still not completely known, but thought to require both 
dopaminergic (D2) and serotonergic (5-HT2)antagonism. We utilized the 
conditioned avoidance response (CAR) as a behavioral model to test the 
effects on CAR performance of 5-HT2 receptor agonists and antagonists 
administered alone, or co-administered with CZP.

Male SD rats were trained to perform a CAR. CZP exhibited a dose 
related suppression of CAR with an ED50 of 4.8 mg/kg. Neither the 5- 
HT2A receptor antagonist, MDL 100,907 (0.1-1.5 mg/kg), nor the 5-HT2C 
antagonist, SB 206,553 (0.1-5.0 mg/kg) alone suppressed CAR. The 5- 
HT2A/C receptor agonist DOt alone did not suppress CAR at doses of 
0.01-1.0 mg/kg. However, at 1.0 mg/kg, it reversed the suppression of 
CAR induced by a maximally effective dose (10 mg/kg) of CZP. The 5- 
HT2C receptor agonist agonist mCPP alone suppressed CAR at doses of
1.0-10 mg/kg.

The present findings suggest that 5-HT2A receptor antagonism plays 
a role in the CZP-induced suppression of CAR and in the antipsychotic 
activity of CZP. Furthermore, 5-HT2C receptor agonists may, at least 
theoretically, possess antipsychotic properties.

Supported by grants 1139 and 1194 from the Scott, Sherwood and 
Brindley Foundation.

682.10
THE ROLE OF DOPAMINE RECEPTOR ANTAGONISM IN THE 
SUPPRESSION OF CONDITIONED AVOIDANCE BY CLOZAPINE IN RATS. 
P. Hicks*, M.-L. Wadenberq, K.A, Young, J.L. Browning, and J, Richter. Dept.
of Psychiatry, Scott & White Hospital and Texas A&M Univ. College of 
Medicine, Temple, TX 76504.

Conditioned avoidance responding (CAR) is suppressed by all typical 
antipsychotic drugs. Clozapine (CZP), the prototype of ‘atypical’ antipsychotic 
drugs also suppresses CAR (ED50 4.8 mg/kg). The mechanism of action of 
CZP as an antipsychotic is unknown, but is thought to require both D2 and 5- 
HT2A receptor antagonist properties. Directly addressing the mechanism of 
action of CZP in a clinical population is not possible at this time. However, it 
may be possible to better understand the pharmacology of CZP by studying 
the mechanism of action in the CAR behavioral paradigm.

Male SD rats were trained to perform a CAR. CZP (IP, 10 mg/kg) caused 
complete suppression of the conditioned avoidance without producing any 
escape failures. Subsequently, the effects of a series of dopamine agonists: 
apomorphine (0.5, 1.0 and 5.0 mg/kg; Db D2, D3 and D4), A753756 (0.1, 0.5 
and 1.0 mg/kg; DJ or pramipexole (0.01, 0.1 and 1.0 mg/kg; D2 and D3) on 
CZP-induced suppression of CAR was tested. All three DA agonists dose- 
despondently reversed the suppression of CAR induced by CZP.

These findings suggest a non-selective role of DA in the suppression CAR 
by CZP. While no single behavioral test can accurately determine the 
mechanism of CZP as an antipsychotic, these data suggest a role for DA 
antagonism in the suppression of CAR by CZP and further support a role of 
DA antagonism in the antipsychotic activity of CZP.

Supported by grants 1139 and 1194 from the Scott, Sherwood and 
Brindley Foundation.

682.11
PHENCYCLIDINE (PCP)-INDUCED HYPERLOCOMOTION IN THE RAT 
INVOLVES AN ACTION OF SEROTONIN (5-HT) AT 5-HT2A RECEPTORS IN 
THE NUCLEUS ACCUMBENS. S. Maurel-Remy, A. Gobert, M. Brocco, J.-M. 
Rivet*, K. Bervoets and M.J. Millan. I.d.R. Servier, 125 Chemin de Ronde, 78290 
Croissy, Paris, France.

Unlike amphetamine. PCP ("angel-dust") elicits both positive and negative 
symptoms of schizophrenia in man. Herein, we examined the mechanisms underlying 
its induction of locomotion in rats. As determined by HPLC/coulometric detection1, 
PCP (20.0 mg/kg, s.c.) markedly (+ 130 to + 1000 % versus vehicle = 0 %) increased 
dialysate levels of 5-HT, dopamine and noradrenaline in the nucleus accumbens, 
striatum and frontal cortex of freely-moving rats. As monitored automatically by 
beam-breaks in an open-field chamber2, it also elicited a hyperlocomotion blocked by 
the atypical antipsychotic, clozapine (Inhibitory Dose5() - 0.04 mg/kg, s.c.) and the 
5-HT2A antagonists, MDL 100,907 (0.001) and SR 46,349 (0.005)?Microinjection of 
PCP (20 pg) into the nucleus accumbens, but not frontal cortex or striatum, increased 
locomotion. Clozapine (0.16 mg/kg. s.c.) and SR 46,349 (0.01 mg/kg, s.c.) abolished 
(-100 %) this action of PCP. Systemic injection of parachlorophenylalanine (300 
mg/kg, i.p., daily over 3 days) reduced accumbens levels of 5-HT (- 94 ± 1 %) 
without affecting those of dopamine (- 12 ± 8 %) and blocked the locomotion elicited 
by s.c. PCP (- 77 ± 5 %). In contrast to PCP, amphetamine (1.25 mg/kg, s.c.(-induced 
locomotion was unaffected by parachlorophcnylalanine (- 1 ± 9 %) and clozapine 
(0.16 mg/kg, s.c.) (0 %), yet blocked by 6-hydroxydopamine (2 pg, intra-accumbens) 
(-70 ± 10 %) and haloperidol (0.16 mg/kg. s.c.) (- 95 ± 2 %). In conclusion, in 
contrast to amphetamine, PCP-induced locomotion may involve an increase in 
nucleus accumbens levels of 5-HT, which subsequently activates 5-HT2A receptors. 
'Gobert, A. et al., Neuroscience, 84: 413-429,1998
2Maurel-Remy, S. et a!., Eur. J. Pharmacol, 280: R9-R11, 1995.
This work was supported by Servier Pharmaceuticals.

682.12
INFLUENCE OF SELECTIVE ANTAGONISTS AT DOPAMINE D2, D, AND D, 
RECEPTORS UPON LATENT INHIBITION (LI) IN THE RAT. A~ Dekeyne, V. 
Audinot*, R. Schreiber. S. Monnevron and M.J, Millan. I.d.R. Servier, 125 Chemin 
de Ronde, 78290 Croissy, Paris, France.

The attentional-cognitive deficits of schizophrenia (inability to ignore irrelevant 
stimuli) may be modelled by LI in rats: that is, the retarded conditioning to a stimulus 
following its nonreinforced preexposure. Although antipsychotics enhance LI, the role 
of dopaminergic receptor subtypes is unclear. Here, a 3-step, off-baseline, conditioned 
emotional response procedure was used to examine this issue1. Rats were preexposed 
(PE) or not (NPE) to 10 tones. One day later, in a conditioning session, they were 
exposed to 2 tone-shock pairings. A further day later, the time for licks 90-100 (t,) 
(before the tone) and licks 100-110 (t2) (after the tone) was determined. The 
suppression ratio was calculated as t,/t, + t2. A significant (P < 0.05) difference 
between PE and NPE values was defined as LI. Drugs were given 60 min before 
preexposure and conditioning. Doses are mg/kg base. s.c..

Study 1 Study 2
Drug VEH L 745,870 S 18126 VEH L 741,626 GR 218,231
Activity — D4ANT D4 ANT —• d2 ant d2) ant
Dose 0.01 0.16 0.63 0.01
NPE 0.16 ±0.04 0.16 ±0.05 0.11 ± 0.05 0.13 ± 0.04 0.13 ± 0.05 0.16 ± 0.07
PE 0.25 ± 0.04 0.36* ± 0.04 0.35* ± 0.03 0.27 ± 0.04 0.26 ± 0.07 0.27 ± 0.07

Data are suppression ratios. * = significant difference between PE and NPE values for 
each drug treatment; VEH = Vehicle and ANT Antagonist.
The selective D4 antagonists, S 18126 and L 745,870, both elicited LI whereas the D2 
antagonist, L 741,626, and the D- antagonist, GR 218,331, did not. These data suggest 
that D4 receptor blockade may improve cognitive-attentional function.
1 Weiner, I. et ai., Neuropsychopharmacol., 16: 42-50, 1997.
This work was supported by Servier Pharmaceuticals.

Society for Neuroscience, Volume 24, 1998



1742 NEUROPSYCHIATRIC DISORDERS: PHARMACOLOGICAL AGENTS—ANTIPSYCHOTIC DRUGS II WEDNESDAY AM

682.13
COMBINED 5HT2 / D2 RECEPTOR BLOCKADE INHIBITS THE FIRING RATE 
OF SNR NEURONS IN THE RAT BRAIN. Richard Bruggeman , Martin 
Heeringa, Ben H.C. Westerink , Wia Timmerman *. Dept of Medicinal Chemistry, 
University Center for Pharmacy, A. Deusinglaan 1, 9713 AV Groningen, The 
Netherlands.

In a previous study we have shown that the atypical antipsychotics 
clozapine and risperidone inhibited the firing rate of the substantia nigra reticulata 
(SNR) neurons, whereas the classical neuroleptic haloperidol did not or slightly 
stimulated the neuronal activity, dependent on the dose administered. The SNR 
neurons are considered to play an important role in processing motoric information 
out of the basal ganglia and may therefore be involved in the motor side effects of 
antipsychotics. The aim of the present study was to evaluate the contribution of 
serotonin (5-HT) and dopamine (DA) receptor antagonism to the distinct effect of 
the atypical antipsychotics on SNR neurons.

Utilizing extracellular single-unit recordings of SNR cells in anaesthetized 
rats, the effects were studied of cumulative doses of raclopride, a selective DA 
D2/D, receptor antagonist (62.5-4000 pg/kg intravenously (i.v.)administered) and 
LY 53857, a 5-HT2A/c receptor antagonist (15.6-1000 pg/kg i.v.) separately and in 
combination on the firing rate of the SNR neurons.

Both raclopride (125-1000 pg/kg i.v) and LY 53857 (125-500 pg/kg, i.v.) 
induced a significant increase in the firing rate of SNR neurons. Interestingly , upon 
pretreatment with 250 pg/kg raclopride LY 53857 (15.6-1000 pg/kg. i.v.) induced 
a dose-dependent inhibitory effect on the neuronal activity of the SNR neurons.

We conclude that concurrent 5-HT; and weak DA D2 receptor antagonism 
can mimic the in vivo effect of the atypical antipsy chotics clozapine and risperidone 
on the firing rate of SNR neurons.

Supported by Janssen-Cilag BV.. The Netherlands.

SYMPOSIA WEDNESDAY PM

683
SYMPOSIUM. GENETIC ANALYSES IN BEHAVIORAL 
ENDOCRINOLOGY. R.J. Nelson, Johns Hopkins Univ. (Chairperson); N.V. 
Watson, Simon Fraser Univ.; J. Blaustein, Univ. of Massachusetts; D. Pfaff, 
Rockefeller Univ.; E.F. Rissman, Univ. of Virginia.

This symposium will emphasize the contributions of genetic analyses in 
behavioral endocrinology. Specifically, speakers will (1) highlight state-of-the-art 
behavioral research using genetic tools, (2) emphasize advantages and 
disadvantages of using genetic analyses in behavioral neuroscience, and (3) 
provide a forum for neuroscientists to share strategies regarding the use of genetic 
techniques in addressing key questions in behavioral neuroscience. Nelson will 
use his work with knockout mice on aggressive behavior to introduce these topics. 
Watson will use “natural knockouts” to analyze androgen receptor (AR) function 
in behavior. He will emphasize his work on androgenic sparing of SBN 
motoneurons and their targets in rats. Blaustein will discuss the interactions of 
estrogen and progestin receptors in mating behaviors. This speaker will also 
emphasize the use of converging evidence from other techniques in validating 
behavioral results obtained in genetically-altered mice. Pfaff will focus on the 
neuroendocrine and behavioral sequelae after targeted deletion of the a subtype 
of estrogen receptors (ER) in mice. Specifically, he will present data about the 
role of ERs in the signal transduction process underlying responsiveness to social 
factors in mediating mating and aggressive behavior. Rissman will discuss her 
work with ERa and ERP knockouts regarding male sex behavior and mate 
preference. She will also discuss the advantages of using mice with inducible 
deletion of targeted genes in behavioral endocrinology research.

684
SYMPOSIUM MOLECULAR SIGNALS IN NERVE REGENER
ATION. RE. Zigmond, Case Western Reserve Univ. School of 
Medicine (Chair); R.T. Ambron, Columbia Univ. College of Physicians 
and Surgeons; G.G. Raivich, Max Planck Institute for Psychiatry, 
Martinsried; J. Silver, Case Western Reserve Univ. School of Medicine. 
Considerable progress has been made in the past five years in identifying 
the key signals that trigger the nervous system’s response to axonal 
damage. These signals originate from damaged neurons, denervated 
targets, glial cells, and microglia/macrophages and trigger changes in 
neuronal gene expression, in neuronal excitability, in astrocyte and 
microglial/macrophage responses, and in axonal outgrowth. R. Zigmond 
will address signals involved in triggering changes in neuropeptide 
expression in axotomized sympathetic and sensory neurons. These 
include the induction and release of leukemia inhibitory factor from non
neuronal cells and the reduction in availability of target-derived nerve 
growth factor. R. Ambron will discuss neuronal proteins that get 
activated and retrogradely transported from the site of axonal injury and 
trigger changes in excitability and growth responses of axotomized 
sensory neurons in Aplysia. G. Raivich will focus on the role of pro- and 
anti-inflammatory cytokines as molecular signals in the activation of 
neurons, astrocytes and microglia in the injured brain. J. Silver will 
discuss the role of sulfated proteoglycans produced by reactive 
astrocytes in inhibiting axonal outgrowth, and the success of such 
outgrowth within the CNS when these inhibitory molecules are not 
induced.

OCULOMOTOR SYSTEM: BEHAVIOR AND VESTIBULO-OCULAR REFLEX

685.1
IMPEDING THE MOVEMENT OF ONE EYE MODIFIES THE SACCADE 
AMPLITUDES OF THE OTHER EYE Paul C. Knox,* P.J, Murphy, C. Weir., 
Vision Sciences, Glasgow Caledonian University, Glasgow G4 0BA, UK

The role of extraocular musfcle (EOM) afferent signals in human oculomotor 
control remains unclear, but in general they are considered to have little or no role in 
the online control of eye movement. However, animal experiments, using the passive 
eye movement technique, suggest that the oculomotor and visual systems do receive 
EOM afferent signals conveying specific information about the parameters of eye 
movement. We have now employed a similar technique to investigate the effect of 
impeding one eye on the visually guided movements of the other eye.

Head-fixed subjects viewed with their left eye a display on which saccade targets 
were presented in runs of 52 trials for 200ms at 5° and 10°, to the left and right of 
fixation. Left eye position was measured using infrared oculography. Topical local 
anaesthetic was applied to the right eye and a scleral suction lens applied. The lens 
carries a short stalk which was attached to a fixed holder. The level of suction was 
constantly monitored using a pressure gauge. Sets of 52 trials were collected before, 
while and after the right eye was impeded, after which the corneal surface and 
intraocular pressure were checked.

We observed no serious corneal damage or alterations in IOP as a result of using 
the lens. While the right eye was impeded, the amplitude of saccades executed by the 
left eye was reduced by up to 36%. Qualitatively, when the eye was well held, with 
little slippage under the lens, we observed larger reductions in saccade amplitude 
then when there was more slippage. There was little or no effect on the peak 
velocitv/amplitude or duralion/amplitude relationships. Effects did not build up over 
an extended period, but had a rapid onset and offset. After the lens was removed 
from the right eye the left eye saccade amplitudes returned to normal values. These 
results suggest that a non-visual feedback signal is involved in human oculomotor 
control; the most likely candidates are signals from EOM intramuscular receptors.

685.2

ACCOUNTING FOR 3-D EYE ROTATIONS IN THE MECHANISMS FOR 
SPATIAL MEMORY AND VISUOMOTOR TRANSFORMATION. M.A. 
Smith* and J.P. Crawford Centre for Vision Research and Depts. Psychology 
and Biology, York University, Toronto, Ontario, Canada, M3J-1P3.

We have recently suggested that visual targets are stored within an eye-centred 
map during pointing, but then converted into head/body-centric codes for motor 
control (Henriques et al. J. Neurosci, 1998). Here we model a similar scheme for 
saccades, accounting for the 3-D geometry of eye rotations. 3-D simulations of 
the vector-subtraction model (Goldberg and Bruce, J. Neurophysiol, 1990) failed 
to account for torsional eye movements or the general non-commutativity of eye 
rotations, producing compounding errors in retinotopic re-mapping with 
successive saccades. This was corrected by computing the 3-D axis of eye rotation 
from motor signals, converting it back into oculoeentric coordinates, and then 
remapping each remembered retinal target by the inverse of this rotation. In 
practice, this collapsed into a relatively simple computation that rotated target 
representations through circular paths in the retinotopic map. Upon reading out 
these representations to the saccade generator, an eye-to-head reference frame 
transformation was still required to generate accurate saccades from arbitrary 
initial eye orientations (Crawford and Guitton, J. Neurophysiol 1997). However, 
we now show that this can be accomplished by a distributed position modulation 
on explicit displacement codes, i.e., a simple 3-layer network learned (with back- 
prop) to convert oculoeentric retinal error inputs to the correct headcentric motor 
error commands. This work suggests that the visuomotor system must implement 
a variety of reference frame transformations and non-commutative operations, yet 
without the need for explicit headcentric maps of eye position or desired target 
direction. Supported by NSERC of Canada and the Alfred P. Sloan Foundation.
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685.3
TRAJECTORIES AND 3-D FIXATION RANGES OF THE EYE AND 
HEAD DURING LARGE GAZE SHIFTS IN THE MONKEY. E.M. Klier'U 
D, Guitton2, and J.D. Crawford1. (1) Centre for Vision Research and Depts. 
Psychology and Biology, York U., Toronto, Ontario, Canada, M3J-1P3. (2) 
Montreal Neurological Institute, McGill University, Montreal, Canada, H3A 2B4.

We quantified the 3-D head-free orienting behaviour of 2 Cyno. monkeys and 
implanted a 3rd to establish a baseline for physiological tests of 3-D models of 
human eye-head coordination (e.g., Tweed, J. Neurophysiol., 1997). Dual search 
coils were implanted in one eye and the skull cap. Data for quaternions / angular 
velocities were recorded while animals glanced between visual targets presented 
randomly or repetitively through the visual range. During fixation (eye and head 
stationary), 2-D gaze was tightly controlled whereas the 2-D contributions of the 
head and eye were variable. However, in torsional variance: eve-in-head < head- 
in-space < eye-in-space, suggesting tighter segmental control of torsion than 
orientation of the retina re: world. 3-D eye-in-head fixation ranges were 
indiscriminable from a Listing's plane, despite significant torsional components 
in ocular slow phase trajectories. This was achieved w ith the use of anticipatory 
torsional components in multiple head-free saccades, such that each slow phase 
brought the eye back to Listing’s plane. 3-D head fixation ranges conformed to 
a non-planar, twisted 2-D range. This resulted from head rotation about a body- 
fixed vertical axis and a head-fixed horizontal axis, with systematic looping in 3- 
D velocity during oblique gaze shifts, i.e., a “Fick-gimbaL strategy. 3-D eye-in
space orientations appeared to be the trivial composite of the eye and head 
strategies. This suggests that 3-D constraints on the eye and head (for kinematic 
redundancy) are organized independently within a common 2-D gaze feedback 
loop (for accuracy). Supported by MRC of Canada and A.R. Sloan Foundation.

685.4
HORIZONTAL HEAD MOVEMENT CONTROL MAY BE BASED UPON A 
STRATEGY OF OPTIMIZING FINAL EYE ECCENTRICITY. JS Stahl*. Dept. 
Neurology, Case Western Reserve University, Cleveland, OH 44106.

Humans may or may not move the head in conjunction with a horizontal saccade. 
The factors controlling recruitment and scaling of head movements are incompletely 
understood although the correlation between head movement amplitude (AH) and 
gaze shift amplitude (AG) is well known. Since one effect of a concomitant head 
movement is to reduce the final eccentricity of the eye in the orbit, it is reasonable to 
consider whether head movements are recruited and scaled to maintain the eye 
within a certain "customary ocular motor range". In this case, we would expect AH to 
correlate well with predicted eye eccentricity - the eccentricity that would result if the 
target were to be foveated without a head movement (Epred). Eye and head 
movements were recorded (search coil technique) in 10 normal subjects foveating 
illuminated LEDs in a semicircular array subtending 180°. Test target jumps of ±2- 
50° from array center were interspersed in random series of ±1-2° jumps, in analogy 
to the natural pattern in which large, reorienting gaze shifts amongst objects of 
interest alternate with sequences of smaller saccades during which each object’s 
details are inspected. AH was plotted against either AG or Epred (Epred=EINIT[ai+AG). 
These plots consist of a central flat region (eye-only range), flanked by regions in 
which AH increases linearly as a function of the independent variable (eye-head 
range, EHR). The averages of the correlation coefficients for the left and right EHRs 
were significantly higher for the AH:Epred plots in comparison to the AH:AG plots 
(0.81 vs. 0.69, pO.OOOL paired t-test for r). The different rvalues imply that EPRr.D 
exerts the more direct effect upon head movement. We also found that the width of 
the distribution of final eye eccentricity exhibited strong session-to-session 
consistency within subjects. These observations support the hypothesis that the final 
goal of head movement control is to maintain the eye within a desired range of 
eccentricities. Supported by EY-00356.

685.5
EYE MOVEMENTS DURING TRACKING IN TWO DIMENSIONS
K.C. Engel, J.H. Anderson, J.F. Soechting* Graduate Program in Neuroscience, 
University of Minnesota, MN 55455

To date, most work in eye tracking has primarily concentrated on movements in 
one dimension. These studies have indicated that the smooth pursuit system is 
primarily concerned with matching eye velocity to target velocity while the 
saccadic system deals with reducing errors in position. The question then arises: 
do these same findings generalize to two dimensions where factors such as target 
direction and curvature are also important? To address this question, we asked 
subjects to track a target that initially moves at a constant velocity in a straight 
downward trajectory and then, at a random time, changes direction.

After the directional change of the target, the latencies of both the smooth 
pursuit and saccadic systems arc similar to those found in studies of movement in 
one dimension, with the change in smooth pursuit occurring earlier than the 
saccade. The direction of the first saccade anticipates target position, while the 
amplitude of the saccade is hypomctric. After the initial saccade, the direction of 
the smooth pursuit is generally either parallel or away from the direction of target 
movement. More specifically, during this period, the directional gain of the 
pursuit system, namely the angular change in eye direction divided by the angular 
change in target direction, is around 0.8. This may be related to the directional 
change in smooth pursuit before the first saccade. It appears that this change is 
gradual and rotates from its initial trajectory to its final trajectory passing through 
all intervening angles with a speed of around 400 degrees/second. Our results, 
which are consistent with those found for one dimensional tracking, provide new 
insight into how directional information is processed by the oculomotor system. 
Supported by Human Frontier Science Program

685.6
INTERACTIONS BETWEEN BINOCULAR EYE MOVEMENT 
CONTROL AND MOTION PERCEPTION. J van der Steen. I.Th.C. Hooge 
and M.A. Frens Dept. of Physiology, Erasmus Univ. P.O. Box 1738, 3000 
DR, Rotterdam, The Netherlands. (SPON: EBBS)

We studied perception motor interactions in a visuomotor task. We used 
two large oscillating random-dot patterns that provided independent visual 
motion to each eye (dichoptic viewing condition). In this situation the 
percept of the direction of motion is the vectorial summation of the visual 
motion from both eyes. So, presenting a horizontally oscillating motion to 
the left eye and a vertically motion to the right eye, leads to the percept of 
diagonal motion based upon the information from both eyes. The main 
question we addressed was how the retinal image stabilisation of the two 
eyes is organised under such conditions. Is the retinal image stabilisation 
indepent for each eye, thus tracking its own retinal image motion? Or, move 
both eyes conjugately. following the perceived motion? To answer this 
question we recorded the binocular eye movements in 6 healthy subjects , 
using the scleral search coil method. The subjects viewed all possible 
combinations of horizontal, vertical and diagonally oscillating dichoptically 
presented patterns. We found that when the two patterns were identical (thus 
fusable) each eye followed mainly its own retinal motion. When we used 
non-fusable patterns (binocular rivalry) the two eyes moved conjugately. 
The results show that motion perception is binocular, whereas retinal image 
stabilisation is largely monocular. Paradoxically the monocular control 
works only when the two dichoptically presented patterns can be matched.

685.7
MINIMIZATION OF RETINAL SLIP CANNOT EXPLAIN 
HUMAN SMOOTH-PURSUIT EYE MOVEMENTS. L.S. Stone* and
B.R. Beutter. NASA Ames Research Center, Moffett Field, CA 94035. 
Existing models assume that pursuit attempts a direct minimization of 
retinal image motion or "slip" (e.g. Robinson et al., 1986; Krauzlis & 
Lisberger, 1989). Using occluded line-figure stimuli, we have previously 
shown that humans can accurately pursue stimuli for which perfect 
tracking does not zero retinal slip (Neuro96; ARVO97). These findings are 
inconsistent with the standard control strategy of matching eye motion to a 
target-motion signal reconstructed by adding retinal slip and eye motion, 
but consistent with a visual front-end which estimates target motion via a 
global spatio-temporal integration for pursuit and perception. Another 
possible explanation is that pursuit simply attempts to minimize slip 
perpendicular to the segments (and neglects parallel "sliding" motion). To 
resolve this, 4 observers (3 naive) were asked to pursue the center of 2 types 
of stimuli with identical velocity-space descriptions and matched motion 
energy. The line-figure "diamond" stimulus was viewed through 2 invisible 
3°-wide vertical apertures (38 cd/m2 equal to background) such that only 
the sinusoidal motion of 4 oblique line segments (44 cd/m2) was visible. The 
"cross" was identical except that the segments exchanged positions. Two 
trajectories (8's and °°'s) with 4 possible initial directions were randomly 
interleaved (1.25 cycles, 2.5s period, Ax - Ay = 1.4°). In 91% of trials, the 
diamond appeared rigid. Correspondingly, pursuit was vigorous (mean 
Hgain: 0.74) with a V/H aspect ratio ~1 (mean: 0.9). Despite a valid rigid 
solution, the cross however appeared rigid in 8% of trials. Correspondingly, 
pursuit was weaker (mean Hgain: 0.38) with an incorrect aspect ratio 
(mean: 1.5). If pursuit were just minimizing perpendicular slip, performance 
would be the same in both conditions. NASA RTOPs 548-50-12, 199-16-12-37

685.8
DRAMATIC EFFECTS OF PREDICTIVE EXTRARETINAL 
INPUT ON SUSTAINED SMOOTH PURSUIT D.M. Shaffer*,
C.M. Krisky, J.A. Kmiec, and J.A. Sweeney, University of Pittsburgh, 
Pittsburgh, PA 15213. This study investigated the effects of stimulus 
predictability on sustained smooth pursuit eye movement velocity. We 
presented 94 observers with predictable (oscillating) target trajectories at 
4 different velocities. We also presented a separate set of unpredictable 
target trajectories (ramp stimuli varying in velocity and direction in a 
random order). Pursuit gain was high for predictable targets across 
velocities, dropping off only minimally even for targets moving at 32 
deg/sec. Pursuit gain for unpredictable targets fell off sharply as the 
velocity of targets increased. Rates of square-wave jerks decreased at 
faster target velocities, more dramatically for ramp stimuli. Pursuit gain 
was higher for rightward than leftward pursuit, especially for predictable 
targets. The dramatic effect of target predictability on pursuit 
complements findings from psychophysical studies of human operator 
characteristics, visual tracking in time-to-contact situations in high speed 
sports, and everyday skilled movements.
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685.9
SACCADES FROM TORSIONAL OFFSET POSITIONS BACK TO LISTING'S 
PLANE. C. Lee1*, D. Straumann2, and D.S. Zee3. 'Dept. of Psychology, Seoul 
National Univ., Korea; 2Dept. of Neurology, Zurich Univ. Hospital, Switzerland; 
’Dept. of Neurology, Johns Hopkins Hospital, USA.

It is well known that the saccade burst generator is able to elicit eye movements 
with all three rotatory degrees of freedom. However, when the head is not moving, 
saccades approximately follow Listing's law, i.e. the torsional eye position component 
is minimal. In this study, we asked how a torsional eye position offset from Listing’s 
plane brought about by roll optokinetic stimulation is corrected during horizontal or 
vertical saccades. Here we specifically investigate how the torsional component of 
such 3D saccades interact with the horizontal and vertical components.

A circular disc, divided into alternating black and white radial sectors, was 
tangentially positioned near eye level, and rotated at constant velocities. Red laser 
spots were projected at the center of the disc and at one of eight loci to guide 
horizontal or vertical saccades of varying amplitude. A torsional offset was induced 
optokinetically by having the disc only visible during central fixation. Eye 
movements of four subjects were binocularly recorded with 3-D scleral search coils.

During saccades made to eccentric targets, torsional eye displacements consisted 
of two separate components: (1) torsional blips, as described elsewhere (Straumann et 
al. 1996), and (2) torsional movements back to Listing’s plane. The amplitude of the 
second component increased with the amount of torsional offset at the saccade 
starting position. Mean torsional velocity decreased with the amplitude of the vertical 
saccade, implying stretching of the torsional component. This suggests that the 
torsional eye movement component back to Listing’s plane is coupled with the 
vertical system and neurally commanded. On the other hand, there was no systematic 
reduction of torsional velocity with increased horizontal saccade amplitude, 
indicating that a coupling between the torsional and the horizontal system is absent.

Supported by Seoul National University Grant, Swiss National Science Foundation 
3231-051938.97, and NIH EY01849.

685.10
CANCELLATION OF THE INITIAL HUMAN VESTIBULO-OCULAR REFLEX 
(VOR). B. T. Crane* and J. L. Demer. Neuroscience IDP, Dept. of Neurology and 
Jules Stein Eye Institute, UCLA, Los Angeles, CA 90095-7002.

Volitional suppression of the initial VOR was studied in 10 subjects of average 
age 29 ± 8 (mean ± SD) years who were rotated about an otolith centered vertical axis. 
Rotations consisted of steps in acceleration of 2800, 1600, 1000, or 5OO°/s2 delivered 
at unpredictable times in unpredictable directions. Subjects were asked to maintain 
gaze on an earth fixed target, or cancel the VOR by viewing a target moving with the 
head. Tests were performed with the target always visible, with the target predictably 
extinguished immediately prior to rotation, and with the target randomly left on or 
extinguished before rotation. In 8 of 10 subjects cancellation involved a small 
decrease in VOR gain followed by a saccade in the opposite direction of head motion. 
The remaining two subjects only used either a saccade or a parametric decrease in VOR 
gain to cancel. During 2800°/s2 head rotation the latency of cancellation was 48 ± 5 
(mean ± SE) ms after onset of head rotation, although latency was significantly 
shorter at 14 ± 2 ms in one subject. Latency of cancellation increased as head 
acceleration decreased so that for each stimulus cancellation occurred at a head 
displacement of 1.4 ± 0.1°. Since cancellation generally occurred before visual 
feedback was available, VOR cancellation is not visually mediated, but rather triggered 
by a threshold eye position or estimate of head rotation based on integration ol 
vestibular afferents. Cancellation occurred significantly earlier with a visible as 
compared with extinguished target only when peak head acceleration was 5007s2. 
Corrective saccades occurred later with a visible than extinguished target wit!. head 
accelerations of 500 and 10007s2. Significant differences between trials with visible 
vs. extinguished targets for both the latency of saccades and cancellation occurred 80 - 
90 ms after the onset of head rotation, consistent with the earliest available visual 
feedback. This longer latency of saccades for visible as compared with extinguished 
targets may be analogous to express saccades. The latency difference due to target 
visibility was not related to prediction, since it was unchanged under conditions of 
random target illumination.

Supported by USPHS grants EY-08656, NINCD DC02952, and MSTP.

685.11
EFFECT OF CEREBELLAR DYSFUNCTION ON INITIAL VESTIBULO- 
OCULAR REFLEX (VOR) DURING TRANSIENT ANGULAR AND LINEAR 
HEAD ACCELERATION. J, L. Demer* and B, T, Crane, Jules Stein Eye Inst, and 
Dept. of Neurology, Neuroscience IDP, Univ. of California, Los Angeles, 90095.

The effect on the VOR of the interaction of target distance with semicircular 
canal and otolith stimulation was studied in 10 normal adult subjects and 11 adults 
with various forms of cerebellar dysfunction including SCA III, SCA VI, & OPCA. 
Eye and head movements were recorded using magnetic search coils. Subjects 
underwent passive, whole-body transients of peak yaw acceleration of 2,800 and 
l,000°/s2 delivered at an unpredictable time and direction about axes located 20 cm 
posterior to the eyes, midway between the eyes, between the otoliths, and 10 cm 
anterior to the eyes. Subjects fixated targets either remote (500 cm) or near (15 cm) 
that were extinguished 20-50 ms before rotation. Responses to 10 rotations in each 
direction were averaged. During otolith-centered rotations that produce minimal net 
linear stimulation, normal subjects exhibited an increase in canal-mediated VOR 
gain (eye velocity/head velocity) for the near as compared with the far target evident 
from the first detectable VOR response about 10 ms after onset of head rotation and 
a 30% increase in VOR gain to 1.1 ± 0.2 (mean ± SD) 35 - 45 ms later. Under the 
same conditions, subjects with cerebellar dysfunction had significantly lower early 
VOR gain of 0.5 ±0.1 that was not modified by target distance. During eccentric 
axis rotations the otoliths experienced linear accelerations that in the presence of the 
near target either increased (posterior axis) or decreased (anterior axis) VOR gain by 
approximately 40% in normal subjects as measured 125-135 ms after onset of head 
rotation. Although subjects with cerebellar dysfunction often exhibited a significant 
effect of target distance on gain late in the response, only one subject had a 
systematically correct effect of target distance for all test conditions. These results 
indicate that multiple types of cerebellar dysfunction manifest in common an 
impairment in target-distance related modification of both the angular and linear 
vestibulo-ocular reflexes. This could reflect a role of the normal cerebellum in 
providing a target distance estimate to the ocular motor system.

Supported by USPHS NIDCD grant DC02952, MSTP, and RPB.

685.12
A BILATERAL MODEL FOR THE SHARED CENTRAL PROCESSING OF 
CANAL AND OTOLITH SIGNALS. A.M. Green* and H.L, Galiana. Dept. of Bio
medical Engineering, McGill University, Montreal, Que., Canada, H3A 2B4.

The translational and angular vestibuloocular reflexes (TVOR and AVOR) share a 
common goal to stabilize visual targets on the retinae during head movement. How
ever, the AVOR and TVOR differ significantly in their dynamic characteristics at both 
sensory and motor levels. Semicircular canal afferents carry a signal proportional to 
angular head velocity, while primary otolith afferents modulate in phase with linear 
head acceleration. Behaviorally, the AVOR exhibits a robust response down to about 
0.01 Hz, yet TVOR responses are only significant above about 0.5Hz. Hence, current 
hypotheses suggest that during translation otolith signals undergo a preliminary central 
filtering process, followed by a neural integration which is shared with the AVOR.

We propose an alternative hypothesis for combined canal and otolith dynamic 
compensation that does not require additional central filters to process otolith signals. 
Rather, differential dynamic processing of otolith and canal sensory information is 
achieved in a single central processor simply by virtue of the location at which sensory 
signals enter a shared but distributed neural integrator circuit. As a result, responses to 
canal stimulation reflect both a central integration and compensation for eye plant dy
namics, while no eye plant compensation is performed in the TVOR. The required ad
ditional filtering or integration of otolith signals is thus provided by the eye plant.

The proposed approach will be demonstrated using an anatomically-based model 
which provides controllers for both conjugate and vergence target tracking within a 
single bilateral structure and explicitly embeds the brainstem signals required to guide 
AVOR and TVOR gain modulation with viewing location. Two distinct premotor ves
tibular cell types, position-vestibular-pause (PVP) and eye-head-velocity (EHV) cells, 
are represented. We will demonstrate that the model can reproduce experimentally ob
served dynamic and viewing-context-dependent characteristics of the AVOR and 
TVOR at both behavioral and premotor neuron levels and suggest several testable pre
dictions for our proposed dynamic processing strategy. (Supported by MRC, Canada)

685.13

CHARACTERISTICS OF ANGULAR AND LINEAR MOTION 
SIGNALS IN THE MACAQUE VESTIBULAR NUCLEI. Wu Zhou1*,
W.M. King1, B.F Tang1, Newlands2 S. Depts. of Neurology1, Anatomy1, and Surgery2 
Univ. Mississippi Medical Center, Jackson, MS 39216

To maintain visual fixation, the vestibulo-ocular reflex (VOR) must 
compensate for perturbing angular and linear head movements. Not only are 
angular and linear head movements detected by different peripheral end 
organs, they also generate different compensatory eye movements. The 
angular VOR (AVOR) generates eye movements equal in magnitude but 
opposite in direction to a perturbing head movement. The linear VOR (LVOR) 
generates eye movements of any direction and amplitude dependent on the 
linear motion and the location of the fixation point. Two monkeys, equipped 
with binocular search coils, were trained to maintain visual fixation during 
angular or linear head movements. Targets were presented at three viewing 
distances corresponding to vergence angles of 0, 5, and 15 degrees. The 
responses of neurons in the medial vestibular nucleus were studied during 
steady state (0.1 - 10 Hz) and transient angular or linear head movements. 
Neuronal responses were also tested during linear motion at different head 
orientations. 76 neurons have been analyzed. 65 responded only to vestibular 
stimulation; 43 to angular head rotation, 12 to linear head translation, and 10 to 
both linear and angular motion. The remaining 11 units were position- 
vestibular-pause (PVP) neurons. The majority of these cells (10) were 
responsive only to angular motion. All PVP cells had monocular eye position 
sensitivity. For every neuron, sensitivity to head movement was independent 
of viewing distance. Neurons sensitive to both linear and angular motion 
tended to be clustered rostrally to neurons responsive to only one type of head 
movement. (Supported by NIH EY04045 to Dr. W.M.King)
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686.1
MACAQUE MT NEURONS EXHIBIT TWO TYPES OF BIMODALITY IN 
DIRECTION TUNINGS. H. Okamotol*, S, KawakamiL H. Saito2 and E. Hida2. 
IFujitsu Laboratories Ltd., Kawasaki 211-8588, Japan; 2Dept. of Information- 
Communication Engineering, Tamagawa Univ., Tokyo 194-8610, Japan

In a previous paper (Vision Research, 1996), we modeled a neuronal network 
for detecting local image velocity on the magnocellular visual pathway as a series of 
simple formulas. This series represents all the connections linking the five cell types 
on the pathway. The modeled network detected the velocity of a variety of moving 
stimuli and accounted for the responses of actual cdlls in areas VI and MT to various 
stimuli. To validate the modeled network in detail, we predicted two types of 
bimodal direction tunings of MT cells. The first type is characteristic of component 
cells. The tuning is bimodal when stimulated with high-speed spots, but unimodal 
for low-speed spots or for bars of all speeds. The interval between the two peaks 
widens as the spot's speed increases. The second type is characteristic of pattern 
cells. The tuning is bimodal when stimulated with low-speed bars, but unimodal for 
high-speed bars or for spots of all speeds. The interval widens as the bar's speed 
decreases.

To confirm this prediction, we performed an electrophysiological recording in 
area MT of anesthetized and paralyzed monkeys (Macaca fuscata) using computer
generated visual stimuli. First, we classified the cells as a component or pattern cell 
type based on their response to a moving cross. Then, we measured the direction 
tunings for moving spots and bars at various speeds.

Out of 35 cells, six component and four pattern cells exhibited the predicted 
tunings of the first and second types, respectively. This result supports the validity of 
the modeled network. This, to our knowledge, is the first study that recorded both 
tuning types in area MT.
(Supported by a Grant-in-Aid for Scientific Research on Priority Areas #08279102, 
The Ministry of Education, Science, Sports and Culture.)

686.2
EXTRACTION OF 3D STRUCTURE FROM MOTION IN THE 
HUMAN BRAIN. Guy A, Orban1*. S, Sunaert2, J, Todd3 and P, Van Hecke2, 
‘Lab. Neuro- en Psychofysiologie, KULeuven, Medical School, 2Afdeling 
Radiologie, UZ Gasthuisberg, KULeuven, B-3000 Leuven, Belgium, 3Dept. 
of Psychology, Ohio State University.

Single cell studies in monkey have shown that MT/V5 neurons encode the 
direction of the speed gradient corresponding to the orientation of planes in 
depth (Xiao et al., Eur J. Neurosci., 1997). We have tested whether human 
MT/V5 is involved in the extraction of 3D structure from motion using 
fMRI. Six different random line displays were presented to subjects (n=l 1) 
fixating (controlled with Ober2) a small red dot. We used a factorial design 
with 2D/3D structure and rigidity as factors, and stationary stimuli and 
shuffled frames as control. Average image speed and size were equal in all 
conditions. Group and individual results were analyzed with SPM96 and p < 
0.05 com as threshold. 3D displays produced more activation than 2D 
displays in right hMT/V5 and in four regions of the intraparietal sulcus (IPS) 
as well as in a region of lateral occipital sulcus (LOS). Human MT/V5 also 
responded to 2D displays (compared to stationary) and its response to 
shuffled frames equaled that of 3D displays. In the more dorsal IPS regions 
the response to shuffled frames gradually decreased, while more ventral 
regions maintained the shuffled-frame response but showed little or no 2D 
display response. These results implicate human MT/V5 in the extraction of 
3D from motion and suggest that its signals are sent on to two functionally 
distinct sets of regions.
Supported by GOA 95/99-06 and Queen Elisabeth Foundation.

686.3
IS INFORMATION ABOUT MOTION DIRECTION RETAINED IN 
RETINOTOPIC COORDINATES IN AREA MT? J.W. Bisley* and T. 
Pasternak. Dept. Neurobiology & Anatomy and Center for Visual 
Science, University of Rochester. Rochester, NY 14642.
Lesion studies suggest that neurons in area MT are important for accurate 
discrimination of stimulus direction. Since MT receptive fields are well 
localized, the information about stimulus direction may be specific to the 
location in the visual field where it was first presented. This hypothesis 
was examined by testing fixating monkeys on a match-to-sample task in 
which they compared the direction of two coherently moving random-dot 
patterns, sample and test, presented in sequence in the same or different 
retinal locations. The discrimination was assessed by measuring direction 
difference thresholds when the two stimuli were separated by a 0.2 sec or 
a 3 sec delay. The accuracy was highest when the two stimuli were 
presented in the same retinal location with the shorter delay. The 
performance decreased by a third when the two stimuli were placed in 
opposite hemifields with the shorter delay, and the decrease was greater 
with the longer delay. This suggests that directional information is 
encoded and/or retained in retinotopic coordinates. To examine the role 
of MT in this task, we tested a monkey with a unilateral MT lesion. 
Normal thresholds were measured with stimuli in the intact hemifield. 
When the two stimuli were presented in the lesioned field at the same 
location, there was a pronounced deficit that increased with the longer 
delay. The deficit persisted with the sample placed in the intact and the 
test in the lesioned field. Surprisingly, when the sample was presented in 
the lesion and the test in the intact field, the deficit disappeared, even with 
the longer delay. This suggests that directional information is likely to be 
encoded before reaching MT. These results provide evidence that 
directional information is spatially localized and extracted before MT, 
and that MT neurons may be involved in retaining and/or accessing the 
extracted information.SMpporred by EY11749 and EY01319.

686.4
MOVING TARGETS: INTERPRETING POPULATION RESPONSES IN 
AREA MT. R. S. Zemel* and P. Dayan. Department of Psychology, University 
of Arizona: Tucson, AZ 85721; Department of Brain & Cognitive Science, MIT: 
Cambridge, MA 02139.

Most theoretical and empirical studies of population codes make the as
sumption that neuronal activities reflect a unique and unambigous value of an 
encoded quantity. However, population activities can contain additional infor
mation, such as multiple values of the quantity and uncertainty about it, both 
of which arise naturally and affect decision-making. We suggest a method for 
recovering the extra information in population codes, and show how it bears on 
psychophysical and neurophysiological studies of area MT.

We model the results obtained in experiments in which subjects described 
directions of motion present in stimuli containing dot patterns moving tran- 
parently in two directions separated by an acute angle (Rauber & Treue, Soc. 
Neurosci. Abstr., 179, 1997). Our model shows how the visual system can 
recover the component directions even though the MT population activity con
sists of one broad peak. It also explains why subjects perceive the same two 
directions of motion for particular dot patterns moving in 2, 3, or 5 different 
directions. We also consider tasks in which monkeys make 2AFC directional 
judgements for stimuli containing some dots moving in one direction and others 
moving in random directions. In the model, MT neurons are part of a popula
tion code for a whole distribution over directions of motion. The requirement 
that discrimination is based on the entire distribution of directions suggests a 
natural explanation for why the monkey’s psychophysical performance does not 
greatly exceed the potential performance based on single MT cell responses. 
(Supported by ONR N00014-98-1-0509 (RSZ) and NIMH 1R29MH55541-01 
(PD).)

686.5
TEMPORAL DYNAMICS OF DIRECTION SELECTIVE NEU
RONS IN AREAS MT AND VI W. Bair*, J.R. Cavanaugh, J.A. Movshon. 
HHMI & Center for Neural Science, New York University, NY, NY 10003.

We studied the dynamics of visual motion processing in cortical areas AIT 
and VI in anesthetized macaques using a white-noise velocity stimulus. Our 
stimulus was a sinusoidal grating of spatial period A oriented orthogonal to the 
neuron’s preferred direction and masked by an optimal square aperture. The 
grating translated randomly between video frames (100Hz) by AA or -AA 
along the axis parallel to the neuron’s preferred direction (AA < A/4).

Previously, we found that the period of temporal integration, measured by 
the width of the positive lobe of the reverse correlation (RC), decreased as the 
velocity of the stimulus increased. Now, we report results of forward correlation 
analyses in which we computed the mean instantaneous firing rate associated 
with particular sequences of motion which occurred randomly but repeatedly 
throughout the stimulus. First, we identified favored sequences which caused 
the greatest instantaneous firing rates and found that, while many neurons 
responded best to a continuous epoch of preferred motion, equally as many 
responded best to a brief epoch of null motion followed by a brief epoch of 
preferred motion. The preference for null before preferred motion is consistent 
with negative lobes observed at long latencies in the RCs. Having identified 
motion sequences which caused large responses, we examined how the responses 
changed as a function of |AA"|. We found that the latency of the response de
creased as |AA| increased, typically several milliseconds per octave on average. 
This increase is related to the increase in the period of temporal integration 
measured from the RC. Finally, we examined on a cell-bv-cell basis the relation
ship between the responses to favored sequences and the RC. We found that 
the RC was often a good predictor of a cell’s response to its favored motion 
sequence, and the shape of the RC reflected the time course of the favored se
quence. However, the RC often failed to predict the responses to other stimulus 
sequences. Supported by the Howard Hughes Medical Institute.

686.6
THE “WINDOW OF VISIBILITY” AND DIRECTION TUNING OF STS 
NEURONS IN ALERT MACAQUE MONKEYS.
L. P. O'Keefe* and J. A. Movshon. Center for Neural Science and Howard Hughes 
Medical Institute, New York University, New York 10003.

Watson et al (JOSA, 1986, 3, 300-307) showed that human observers’ ability to 
distinguish between smooth and sampled motion depends both on the spatio
temporal resolution of the observer (the “window of visibility") and on the spatio
temporal content of the display. We have now shown that the direction selectivity of 
neurons in areas MT and MST depends, as predicted by this theory, on their spatio
temporal resolution and on the spatio-temporal composition of the test stimulus.

We recorded from neurons in alert macaque monkeys trained to perform a 
fixation task. We compared direction tuning to drifting sinusoidal gratings at a 
frame rate of 100 Hz with direction tuning to sinusoidal gratings, drifting at the 
optimal speed, that were frame interleaved with static 2D noise or with a blank field 
(grating frame rate 50 Hz in both cases). In % of our cells, direction selectivity for 
the interleaved grating was lower than that for the grating alone; most of the 
reduction in selectivity was due to the emergence ol responses to stimuli moving in 
the nonpreferred direction. The results were very similar whether the gratings were 
interleaved with noise or blank fields.

These results are most simply understood in terms of the effect of the “spectral 
replicas” created by temporal sampling. These replicas introduce motion energy in 
the direction opposite to the stimulus motion; this energy can elicit responses to 
stimuli moving in the “wrong" direction when the spatio-temporal frequencies in 
the replicas fall inside the cells’ spatio-temporal limits. The theory predicts that this 
response should be most prominent in cells with high temporal resolution, when 
tested with targets moving relatively rapidly; our data are consonant with this 
prediction.
Supported by HHMI.
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686.7
HUMAN VISUAL AREA V5 IS IMPORTANT FOR ATTENTION TO 
MOTION; A MAGNETIC STIMULATION STUDY. A. Ellison? L. Battelli,2 
S.M.Q'Mara,1* V. Walsh3 and A.Cowey3. ‘Dept. of Psychology, University of 
Dublin; 2Dipartimento di Psicologia, Università di Trieste;3 Department of 
Experimental Psychology, University of Oxford, 0X1 3UD.

Cortical visual area V5(MT) is important for many aspects of motion 
perception and a recent fMRI study has suggested that it is also important for 
attention to motion (O'Craven et al., 1997). We investigated the role of human 
V5 is a series of experiments using transcranial magnetic stimulation (TMS). 
In Experiment 1 subjects were presented with a series of six of visual search 
tasks on which the "motion blind" patient L.M. is impaired and TMS was 
applied to V5 at a stimulus - TMS onset asynchrony of 0, 50, 100, 150 200 or 
250msecs. TMS over V5 impaired performance on those tasks which required 
attention to motion, similar to the performance of L.M. b.ut led to an improved 
(more rapid) performance on those tasks which required attention to color and 
form. In Experiment 2 subjects were presented with two visual search tasks but, 
unlike Experiment 1 the order of trials was randomly interleaved rather than 
blocked according to trial type. The enhancement effect of TMS in Experiment 
1 was no longer evident and the pattern of results suggests that sensory 
enhancement effects are due to a combination of subthreshold visual priming 
and the effects of disorganising the outputs of area V5. In Experiment 3 we 
compared the effects of TMS over V5 with those of TMS over the posterior 
parietal cortex in two trained subjects, parietal cortex TMS had no effect on 
performance even though the search slopes were steep (> 40msecs per item). 
This suggests that parietal cortex may be important only for the early phases of 
learning in visual search.

686.8
INFLUENCE OF ELECTRICAL MICROSTIMULATION IN AREA MT ON 
DIRECTION OF MOTION ESTIMATES IN A DIRECTION IDENTIFICATION 
TASK. MJ Nichols* and WT Newsome. Howard Hughes Medical Institute and Dept. 
of Neurobiology, Stanford University, Stanford, CA 94305.

In previous experiments, we investigated the effects of MT microstimulation on 
direction of motion judgments in 2AFC and 8AFC tasks. Because the direction 
categories were broad and widely spaced, these behavioral paradigms could only 
reveal large shifts in direction judgments.

To explore more nuanced effects of microstimulation on perceived direction, we 
trained an animal to view random dot motion stimuli and provide an unconstrained, 
analog estimate of perceived direction. On each trial, the animal viewed the motion 
stimulus within a thin annulus. After a 1-second presentation, the stimulus disappeared 
and the animal earned a reward by making a saccade to the location on the annulus 
corresponding to the direction of dot motion. Stimulus parameters were tailored to the 
receptive field properties at the stimulation site, and the direction of motion was drawn 
randomly from a pool of 11-15 stimulus directions spaced symmetrically about the 
preferred direction (PD) at 10° intervals. Microstimulation (10 or 20 pA, 200 Hz) was 
applied concurrently with the visual stimulus on 25 or 50% of the trials.

Preliminary results in one monkey reveal systematic effects of microstimulation on 
the animal’s estimates of the direction of motion. While the pattern of effects was 
variable in individual experiments, on average microstimulation drew the monkey’s 
estimate of stimulus direction toward the stimulated direction. Microstimulation could 
shift the animal’s direction estimates when stimulus motion was within approximately 
30° of the PD. When effective, microstimulation shifted direction estimates by 5°-15°. 
While results are still preliminary, our new behavioral paradigm offers important 
advantages over previous paradigms: it allows us to detect subtler effects on perceived 
direction with much greater resolution, and it offers an unconstrained estimate of what 
the animal actually sees.

Supported by (EY05603) and a Helen Hay Whitney Fellowship (MJN).

686.9
CORTICAL PROCESSING OF VISUAL MOTION FOR SMOOTH PURSUIT 
EYE MOVEMENTS C. Pack*. S. Grossberg, and E. Mingolla. Department of Cog
nitive and Neural Systems, Boston University, Boston, MA 02215
Smooth pursuit eye movements (SPEMs) are slow eye rotations that stabilize the fovea 
on a target that moves relative to the observer. SPEMs require an estimate of target 
speed, which is the sum of retinal target speed and extraretinal information about the 
rate of eye rotation. A model is proposed which combines retinal and extraretinal infor
mation to generate stable SPEMs. Model cell types simulate properties of cells found in 
the dorsal and ventral medial superior temporal cortex (MSTd and MSTv). In the model 
circuit, MSTv cells and MSTd cells encoding opposite visual motion directions cooper
ate to drive SPEMs in one direction, while inhibiting SPEMs in the opposite direction. 
Model MSTv cells receive model MT direction and speed inputs, but compute the pre
dicted direction and speed of the target. These cells project to oculomotor centers to 
generate accurate SPEMs at the target’s predicted direction and speed via learned sub
cortical pathways, including the cerebellum. An cfference copy of eye movement speed 
is fed back to cells in MSTd. MSTd cells combine the extraretinal input with selectivity 
for large-field motion of the visual background in the opposite direction, at depth planes 
beyond the fixation point. Model MSTd cells thereby analyze the consequences of pur
suit, and relay their output back to the MSTv cells which drive the SPEM, completing 
the circuit. The input from MSTd to MSTv substitutes for the retinal target motion, pro
viding an ongoing prediction about the speed of target movement. This prediction 
allows MSTv cells to continue to drive pursuit after the moving target has been stabi
lized on the fovea. Model simulations indicate that stable pursuit is maintained across a 
range of target speeds. Emergent properties of model cells simulate properties of pur
suit cells in MST, including reversal of direction selectivity with changes in stimulus 
size and speed, and synergistic visual and pursuit responses (Komatsu and Wurtz, J 
Neurophysiol 1988). Model cell responses also correlate with human perceptual phe
nomena, including induced motion, the Filehne Illusion, and the Aubert-Fleischl effect. 
(Supported by ONR NO00I4-95-I-O4O9, ONR N00014-95-1-0657. ONR N00014-94-1-597)

686.10
THE INFLUENCE OF PURSUIT SPEED UPON THE REPRESEN
TATION OF HEADING IN MACAQUE CORTICAL AREA MSTd.
K.V. Shenoy*, J.A. Crowell &. R.A. Andersen Mail Code 216-76, Division of Biology, 
California Institute of Technology, Pasadena, CA 91125.

MSTd neurons respond to visual motion patterns commonly encountered while 
moving through the world. Forward movement creates an expanding retinal image 
and the focus of expansion (FOE) indicates the direction of self motion when eyes 
are still. Gaze rotations, however, displace the FOE on the retinae and would cause 
heading errors if uncompensated. We recently reported that MSTd neurons use 
smooth-pursuit and VOR-cancellation signals to at least partly compensate such dis
placements. Moreover, MSTd neurons compensate for rotations both in the preferred 
direction (PD, see below) and in the opposite direction. Here we asked if MSTd neu
rons compensate more as pursuit speed increases, as predicted for neurons reporting 
self motion regardless of gaze-rotation speed. For each neuron (n=20) we first de
termined the preferred optic flow pattern. We then compared the responses from 
2.6, 5.1, and 9.2°/s pursuit in 8 directions. In single neurons, PD differences across 
speeds are small (37.1±27.5°, meaniSD) and PD responses increase significantly 
with pursuit speed (3.9±6.7% per °/s, mean±SD; p<0.01, t-test). Third, focus 
tuning curves were created by displaying 11 optic flow motion patterns which dif
fered only in focus position (-30° to 30° along an axis parallel to the PD). Relative 
to a fixed-gaze condition, retinal focus tuning shifted (compensated) more as the 
speed of PD pursuit increased (1.25° per °/s median slope, 48% of perfect compen
sation; significantly greater than 0, p<0.01, t-test). Finally, compensation induced 
by retinal cues was measured by displaying identical retinal stimuli created by fixing 
gaze and counter rotating the image (0.84° per °/s median slope; 32% of perfect 
compensation; p<0.01, t-test). Together these results indicate that as pursuit speed 
increases, which increases FOE displacement, extra-retinal and retinal signals drive 
increased levels of compensation. Such speed-dependent compensation is critical for 
accurate heading perception. Supported by NEI-NIH and Human Frontiers.

686.11
ROTATION SELECTIVE REGIONS IN THE HUMAN MOTION COMPLEX 
AND ITS SATELLITES. L. Muckli*', W, Singer', F, E. Zanella3 and R. 
Goehel'.'Max Planck Institute for Brain Research, Frankfurt. “Klinikum der J. W. 
Goethe-Universität, Neuroradiologische Abteilung, D-60528 Frankfurt.
We examined the possibility of subdividing the human motion complex and its 
satellites into functionally distinct subregions that respond differentially to various 
motion features. Selective cell responses to rotation and expansion has been 
reported in the monkey middle superior temporal (MST) region. To detect rotation 
selective regions in humans it is important to design control stimuli that have the 
same basic motion features and differ only in the perceptual integration. We used 
four superimposed translating random dot patterns and transformed the percept of 
translation into a percept of rotation by varying the spatial relation of opponent 
moving dots. During conditions of local rotation dots appear in groups of four at 
the corners of virtual squares and move along their borders. In each display, twelve 
of these groups were presented with small jitter on a grid. This induces the percept 
of small rotating squares that shrink and grow slightly while rotating. In the control 
displays dots appeared at independent locations, and this pattern is perceived as an 
unstable transparent motion of four fields. The fMRI experiments used an EPI 
sequence (1.5 T. Siemens Magnetom Vision, 15 slices, 1.6 x 1.6 x 3 mm3) and high 
resolution Tl-wheighted 3D anatomical reference scanning (lxlxl mm3). 
Displays were presented for sequences of 16 seconds and alternated between 
rotation, control and a flicker baseline. Increased signal response to motion was 
revealed in many occipital and parietal visual areas along the dorsal visual stream 
(V1/V2, V3a, V5/MT). However, only areas located in the superior temporal 
sulcus, angular gyrus, and medio-temporal sulcus were selectively increased during 
conditions of local rotation compared to four way transparent motion. These areas 
could be the satellites of the human motion complex that might partially relate to 
the human homologue of monkey visual area MST. Supported by the Max-Planck- 
Society.

686.12
"AND STILL IT MOVES": ACTIVATION OF HUMAN MT/MST 
FOR STATIC IMAGES OF IMPLIED MOTION. ZKourtzi*,1 -
N. Kanwisher,1’2 & m. Shiffrar^. ^MIT, Cambridge, MA, 
^MGH-NMR Center, Charlestown, MA, 02128, ^Rutgers Univ., 
Newark, NJ.

It has been proposed that we represent dynamic information 
from static images of objects in motion, i.e. implied motion images 
(Freyd, 1987). MT/MST is one of the main brain regions 
responsible for the perceptual analysis of visual motion. Is 
MT/MST also involved in representing implied motion from static 
images?

We used fMRI to examine neural activity during passive 
viewing of static photographs with implied motion, such as athletes 
in action, and photographs without implied motion, such as the 
same athletes standing still. Functional MRI images were obtained 
with echo-planar surface coil imaging at 3T. MT/MST was first 
localized individually in each subject as the region responding more 
strongly during passive viewing of low contrast expanding than 
static rings (Tootell et al., 1995). Five out of five subjects showed 
significantly stronger activation within MT/MST for static images 
with implied motion than for static images without implied motion. 
Additional adjacent regions also showed stronger activation for 
photographs with implied motion than photographs without implied 
motion. These results suggest that brain regions involved in the 
perceptual analysis of actual stimulus motion are also engaged in 
processing implied dynamic information from static images. 
Supported by Human Frontiers & NIH MH56037 to Kanwisher
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687.1
MEMORY AND AGE IN ADULTS WITH AND WITHOUT DOWN SYNDROME. 
K, Brugge and H. Cooke * Dept. of Psychiatry, College of Med. 
Neuroscience Program at OH State Univ.; Columbus, OH 43251. Almost 
all adults over 40 years old with Down Syndrome (DS) have Alzheimer's 
neuropathology, yet only a subgroup have dementia. The present study 
reported memory deficits among DS adults at strikingly young ages (7 of 
11 DS subjects <38 years old, group range:23-27 years), compared to IQ- 
matched controls (mean savings score; 29%±11 and 48%±14, p<0.05, 
memory for sentences, 7.3+1.4 and 13.3+2.1, p<0.025, in DS and controls, 
respectively, among other measures). Deficits were age-related for more 
Alzheimer’s sensitive measures (r=-0.6=0.8, p<0.05-0.01, for short free 
recall, savings score and intrusion errors, among other measures) but not for 
global dementia tests. The age-distribution and percentages of DS adults 
with an impaired rate of forgetting (60%: 30-39 year olds, 100%:40-51 year 
olds) was closer to reported prevalence rates for Alzheimer’s neuro
pathology (about 70% and 100%, respectively), than for dementia (about 
30%: <40 year olds). Cognitive function was positively correlated with age 
in controls (r=0.7, p<0.025, verbal and performance IQ), in contrast to DS 
adults (r=0.1 and 0.2, respectively). This relationship may be reflecting 
neuronal plasticity or a cohort effect, such as higher cognitive function 
among older adults being associated with greater longevity. These results 
extend our earlier observations, emphasizing the need to further elucidate 
clinical manifestations of developmental, neurodegenerative and aging 
processes in this unique population. NJA> NARSAD> cr(.

687.2

NEUROPSYCHOLOGICAL DIFFERENTIATION OF PATIENTS WITH 
PROBABLE ALZHEIMER’S DISEASE AND ISCHEMIC VASCULAR 
DEMENTIA. M.C.Tiemev1*. S.E.Black2. J.P.Szalai3. W.G.Snow4. R.H.Fisher5.
G.Nadon5. ’Integrative Biomedical Sciences, 2NcuroIogy, ’Clinical 
Epidemiology, Psychology, ’Geriatric Medicine, Sunnybrook Health Science 
Centre, University of Toronto, Toronto, ON, Canada, M4N 3M5.

We determined whether a battery of nine neuropsychological test scores could 
accurately differentiate 32 patients with probable Alzheimer's disease (AD) 
from 33 patients with ischemic vascular dementia (VaD). Patients were 
consecutive referrals to the study who met rigorous diagnostic criteria. To 
diagnose AD, we used the criteria of the National Institute of Neurological and 
Communicative Disorders & the Alzheimer's Disease and Related Disorders 
Association. Ischemic VaD was diagnosed according to the criteria of the State 
of California Alzheimer's Disease Diagnostic and Treatment Centres. All 
patients received CT scan examinations of the brain. A separate research 
neuropsychological test battery was administered independently of the 
diagnostic medical and neuropsychological examination. There were no 
significant age, education or Mini-Mental State Examination score differences 
between the two groups. All subjects in the VaD group had subcortical lesions 
and 12 had cortical lesions in addition to their subcortical lesions. Using 
logistic regression analyses, we found two neuropsychological tests best 
distinguished the groups, with a classification accuracy of 83.1%, a sensitivity 
of 84.8% and specificity of 81.3%. A double dissociation was found: VaD 
patients performed better on a word recognition test whereas the AD patients 
performed better on a test of oral fluency. These findings indicate that these 
two groups can be diagnosed with a high degree of accuracy with these two 
neuropsychological tests. Research supported by Ontario Ministry of Health.

687.3
THE IMPACT OF SEMANTIC IMPAIRMENT ON LEXICAL FUNCTION IN 
ALZHEIMER’S DISEASE. H, Chertkow*. S, Murtha. M. Dixon. H. Bergman,
S .Leblanc, Dept. of Clinical Neuroscience, and Div. of Geriatric Medicine, Jewish 
General Hospital, McGill University. Centre de Recherche, Centre Hospitalier Cotes- 
des-Neiges, Montreal,, and Dept. of Psychology, Waterloo University, Canada.

It has been suggested that semantic memory loss in subjects with Alzheimer’s Disease 
(AD) impacts on language function extending beyond direct semantic memory 
measures. In essence, Hodges and Patterson (Cognitive Neuropsychology, 11,505-542, 
1994) have argued that semantics constitutes a “glue” that binds other language 
functions together. This novel theory has been subjected to very little direct evaluation, 
however. We therefore tested 12 subjects with probable AD (NINCDS criteria), mean 
age 72, mean MMSE 22, mean education 11 , along with matched controls, on a set 
of 60 concrete target items. For each target, a set of 20 probes of perceptual and 
associative semantic knowledge were constructed. Normals scored over 95% on each 
question in pilot studies. All AD subjects were tested on all questions, as a means of 
rating the semantic intactness/degradedness of each concept. All questions were 
administered in a four-choice forced choice format (chance response = 25%). If an AD 
subject scored less than 75% on an item, that item was designated as 
“degraded”.Subjects were then tested at intervals of one month on three tests using the 
same target stimuli: 1) Word reading time, 2) Word priming on same/different 
judgements for word pairs (ie., “are these two words the same?”), an identical task 
wherein pictures of the same items were used instead of words, and lexical (word/non- 
word) decision for the same items. For each of the tests, analysis of results in terms 
of items which were semantically “intact” vs. “degraded” revealed a significant effect 
difference. Degraded items required longer time for word reading, showed increased 
priming on the same different judgements for both words and pictures, and required 
longer intervals for correct lexical decisions. These results support the concept of 
semantic memory as a general “glue” that binds other language functions together.

687.4
ATTENTION AND COGNITIVE DEFICITS IN ALZHEIMER’S DISEASE. M. Rizzo*, S. 
Anderson, T. Cumming. Dept. of Neurology, Univ. of Iowa, Iowa City, IA 52242.

Reduced speed of processing and impaired attention are fundamental 
mechanisms that can hinder information processing at multiple levels and help 
explain aspects of cognitive decline in aging. These effects increase with task 
complexity and should be amplified in Alzheimer's disease (AD), the most 
common cause of abnormal cognitive decline in older adults. To test the 
hypotheses that AD causes impairments of speed of processing and visual 
attention, and that these impairments will correlate with dysfunction in other key 
cognitive domains, we analyzed attention and cognitive profiles of 63 older 
individuals: 41 with mild to moderate AD (mean age 72.3 years) and 22 without 
dementia (mean age 71.9 years). There were no between-group differences in 
visual acuity or spatial contrast sensitivity (P>0.05). All participants performed on 
the same battery of tests of speed of processing, attention and cognition. The AD 
group showed significant impairments (PO.OOl, all cases) in speed of visual 
processing, divided attention, selective attention (Clin Vis Sci 1990, 5: 113ff) and 
sustained attention (Brain 1996, 119:95 Iff). Disturbance of these functions was 
highly correlated (Pearson r's -0.54 to -0.81) with specific cognitive deficits (e.g., 
memory, decision making, complex visual functions) measured by a battery of 9 
standardized neuropsychological tests, and with overall cognitive ability indexed 
by a composite variable, ADSTAT (constructed using T-score transformations of 
the 9 cognitive variables). The results are compatible with our hypotheses and 
suggest that speed of processing and attention deficits contribute to cognitive 
decline and are a core feature in mild to moderate AD. Knowledge of these deficits 
could help explain cognitive deficits and visual complaints in patients with normal 
abilities on basic sensory tests, and provide useful clues to help guide diagnosis and 
intervention for affected patients.
Supported by NIH PONS 19632 & CDC R49/CCR70136

687.5
THE SEMANTIC SPACE FOR ODORS IN EARLY AGE AND IN 
DEMENTIA. C. Jehl* and C. Murphy' . 'Dept. of Psychology, San 
Diego State Univ.; San Diego, CA 92120.

Some sparing of the ability to recall examplars from the living and 
non-living categories in the verbal modality has been shown for the 
dementia of the Alzheimer’s type. To determine which components of 
the semantic space are spared from dementia, we looked at identification 
abilities for the olfactory modality in 89 normally-developing children, 
and in 16 probable patients with Alzheimer’s disease (AD). The main 
goal of this study was to detect differences for the ability to identify 
odors-from the categories living and non-living as a function of 
dementia and age groups, with using an odor identification task.

The children were assigned to 3 age groups (5-7 yr-olds, 8-11 yr-olds, 
and 12-16 yr-olds). Their task was to identify 33 odors. The AD 
patients were presented with 40 odors from the UPSIT (University of 
Pennsylvania Smell Identification Test) for identification. The odors 
were distributed into 2 categories: living versus non-living. Identification 
scores were compared for these categories in children and in AD 
patients. The results showed that the 5-7 yr-olds and the 8-11 yr-olds 
scored best on odor identification for non-living examplars (p<.0001); 
reflecting their increased experience with odors associated to edible 
items. For the teens (12-16 yr-olds), differences in odor identification 
scores between the two categories were minimal. There were no 
significant differences for AD patients. Overall, children and teenagers 
displayed best performance; suggesting some decrement of the semantic 
networks for odors in AD patients. Future research should consider both 
developmental and biological (neuropathogenesis) factors to understand 
the sparing of some cognitive functioning in Alzheimer’s disease.

Supported by N.I.H. Aging Grant AGO82O3 tp CM.

687.6
Comparative Analysis of Estrogen Replacement Therapy and the SERM 
Raloxifene on Markers of Neural Plasticity and NeuroProtection. R.P. 
Brinton*, S. Chen, S, Zhang, J, Minaya, G, Qji, J, Kim and V. Laurent. Molec
Pharmacol & Toxicol, & Prog in Neuroscience, Univ of Southern California, Pharma 
Sci Ctr, Los Angeles, CA 90033.

The antiestrogen SERM, raloxifene, has recently been approved for the treatment of 
osteoporosis as an alternative to estrogen replacement therapy. To determine whether 
raloxifene exerts an estrogen agonist effect in neurons, we conducted a comparative 
analysis of the neurotrophic and neuroprotective effects of the conjugated equine 
estrogen formulation of Premarin®, the ERT of the Women’s Health Initiative, and 
raloxifene. This analysis was conducted using cultured cerebral cortex, hippocampus 
and basal forebrain neurons cultured from El8 rat brains and morphological analyses 
conducted blind to the experimental condition as described in Brinton et al., 1997. 
Conjugated equine estrogens induced a significant neurotrophic effect in hippocampal, 
cortical and basal forebrain neurons (p<.05-.001). In contrast, raloxifene was ineffective 
in cortical and basal forebrain neurons, across a wide concentration range while 
inducing a neurotrophic effect at 100 - 500nM in hippocampal neurons (p<.05-.01). In 
experiments to assess neuroprotection, conjugated equine estrogens potently (.01-1 ng 
/ml) and significantly protected (40-60% , p<.01 -.001) hippocampal, cortical and basal 
forebrain neurons against P-amyloid25.35-, H2O2-, and glutamate-induced toxicity. 
Raloxifene exerted a mixed response depending on the concentration and the neuronal 
population. In general, raloxifene induced a 20-40% neuroprotective effect against ¡3- 
amyloid25.35-, H2O2-, and glutamate-induced toxicity at the midrange doses (5-50 ng/ml; 
5ng, p<0.05; 50ng, p<0.01). However, at 1 pg/ml the neuroprotective effect of 
raloxifene diminished and at 5 pg/ml the toxicity was increased above that of the (3- 
amyloid25.35 and H2O2 alone. These data indicate that conjugated equine estrogens and 
raloxifene have unique response profiles that exhibit some degree of overlap but which 
also exhibit significant differences that may have important therapeutic implications. 
Research supported by grants from the National Institutes of Aging, Wyeth-Ayerst 
Laboratories and the Norris Foundation to RDB.
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687.7
CHOLINERGIC AND NEUROPEPTIDERGIC CORRELATES OF VERY 
MILD DEMENTIA IN ALZHEIMER'S DISEASE. K.L. Davis*. D P. Perl.
R.C. Mohs, D.P. Purohit & V. Haroutuniaii. Department of Psychiatry. The 
Mt. Sinai School of Medicine. New York. NY.

A central tenet of Alzheimer's disease (AD) is the loss of cortical 
cholinergic function and neuropeptide markers in postmortem brain specimens. 
The question of whether these profound deficits in end stage patients extend 
into patients with much earlier disease is relatively unanswered. Do the 
cholinergic and neuropeptidergic deficits in AD precede, follow, or occur in 
synchrony w ith the earliest signs of cognitive deterioration. We examined the 
activities of the choline acetyltransferase (ChAT), acetylcholinesterase 
(AChE), and the levels of somatostatin (SLI) and corticotropin releasing factor 
(CRF) in' nine neocortical regions in sixty-six elderly subjects with no 
dementia, questionable, mild, or moderate dementia, and compared them to 
fifteen subjects with severe dementia as assessed by the Clinical Dementia 
Rating scale (CDR). The activities of the ChAT and AChE, and the levels of 
SLI and CRF were dramatically reduced (ps < 0.001) throughout the neocortex 
of subjects with severe dementia (CDR = 5.0), but cholinergic deficits were 
absent in subjects with questionable, or mild, dementia. The levels of the 
neuropeptides decreased in some brain regions of moderately demented 
subjects but were not affected in subjects with questionable or mild dementia. 
Although neocortical cholinergic and neuropeptidergic deficits are 
characteristic of severely demented AD patients, they cannot account for the 
development of dementia in AD and are not present until relatiy el\ late in the 
course of the disease. These results suggest that the efficacy of 
cholinomimetic agents in the treatment of AD may be best demonstrated in 
patients with moderate disease (CDR >2).

687.8
NEUROPATHOLOGICAL CORRELATES OE VERY MILD DEMENTIA IN 
ALZHEIMER'S DISEASE. V. Haroutuniaii*, D.P. Perl, D.P. Purohit, R.C. 
Mohs & K.L. Davis. Department of Psychiatry, The Mt. Sinai School of 
Medicine, New York, NY.

Although high densities of neuritic plaques (NP) and neurofibrillar) tangles 
(NET) are diagnostic markers of Alzheimer's disease (AD), their relationship to 
the earliest symptoms of AD is not clear. We studied the density of NPs and 
NFTs in brain specimens from aged individuals in the earliest stages of AD- 
related cognitive dysfunction to determine whether NPs and NFTs precede, 
follow, or occur in synchrony with the earliest signs of cognitive deterioration1? 
We examined the extent of NP and NFT pathology in five neocortical regions, 
the hippocampus, entorhinal cortex, and subcortical nuclei in subjects with no 
dementia (n=l8), questionable (n=l 1), mild (n=22), moderate (n= 1 5), or severe 
dementia (n=l 5) as assessed by the Clinical Dementia Rating scale (CDR). Even 
mild or questionable dementia (CDR = 0.5) was associated with an increase in 
neocortical NP density (p < 0.05). The density of NPs increased further with 
increasing dementia in all brain regions examined. Dementia severity correlated 
with the density of NPs in all regions (r range 0.47 - 0.56. ps'0.0001) even 
when CDR 0.0 subjects were excluded. The density of NE I s also increased 
with increasing dementia severity, but differences between demented and non- 
demented subjects did not emerge until a moderate (CDR 1-2) degree of 
dementia severity had been reached. NP density was nearly maximal in subjects 
rated to be moderately demented (CDR=2), suggesting that other 
neuropathologies, such as NFTs, may be responsible for cognitive deficits 
beyond this level. NPs are amongst the earliest neuropathological lesions to 
affect cognitive dysfunction in AD. Increases in the densities of NFTs lag 
behind the earliest manifestations of cognitive deterioration.

687.9
LOSS OF CALBINDIN AND DEGENERATION OF 
CHOLINERGIC NEURONS IN AGING AND ALZHEIMER’S 
DISEASE. C. Geula*, D, Kuznetsov and C.-K. Wu. Beth Israel Deaconess 
Medical Center and Harvard Medical School, Boston, MA 02215.

Recent observations in our laboratory have demonstrated a selective and 
marked age-related loss of the calcium binding protein, calbindin-D28K 
(CalBP), from human basal forebrain cholinergic neurons (BFCN, Ch4). 
Here we report on the relationship between loss of CalBP and degeneration 
of BFCN in aging and Alzheimer's disease (AD) using 
immunohistochemistry. A significant loss of CalBP immunoreactivity (57%) 
was observed in the BFCN of normal aged individuals. The posterior Ch4 
sector (Ch4p) displayed the most marked loss of CalBP immunoreactivity 
(92%), followed by the intermediate (Ch4i, 76%) and anterior sectors (Ch4a, 
37%). This differential pattern of CalBP loss closely matches the well- 
established pattern of BFCN loss in AD. Moreover, we found a significant 
correlation (r=0.56, p<0.02) between the loss of CalBP and the small (26%) 
loss of BFCN in aged brains. In AD, despite significant neuronal loss, the 
percentage of cholinergic neurons which contained CalBP displayed a 
significant increase (46%) when compared with normal aged individuals 
(25%). This difference was more pronounced in pathologically milder AD 
(64%). These results indicate that in AD and aging, neuronal loss occurs 
preferentially in the CalBP-negative BFCN. The presence of CalBP appears 
to protect the BFCN from degeneration, most likely through the capacity of 
CalBP to buffer intracellular Ca2 . (Supported by NIA grant AG10282)

687.10
A BRAIN MITOCHONDRIAL DNA ABNORMALITY 

CORRELATES WITH SEVERITY OF ALZHEIMER’S DISEASE
A.M. Brown1* K-F.R. Sheu1, V. Haroutunian2, R. Mohs2 & J.P. Blass1 Cornell 
University Medical College, Burke Med Res Inst, White Plains, NY. Mt. Sinai School 
of Medicine, Vet Affairs Med Center, Bronx, NY

Mitochondrial damage is a consistent feature of Alzheimer’s Disease 
(AD) and has been proposed to contribute significantly to the 
neuropathological and clinical abnormalities characteristic of this 
disease. A recent report of an increased level of specific mutations in the 
COI and COII genes, encoded by mtDNA, in the blood cells of AD 
patients (Davis et al., Proc Nat Acad Sci USA 1997; 94:4526) has 
subsequently been attributed to PCR co-amplification of pseudogenes in 
nuclear DNA (nDNA) which account for the proposed “mutations” 
(Hirano et al., ibid. 14894; Wallace et al., ibid. 14900).

In our study DNA was prepared from the inferior parietal cortex of 
patients who were autopsy confirmed to have AD (n=85) or to be free of 
AD (n=23). The ratio of COI pseudogene/gene [A6368/G6368] was 
measured by quantitative RFLP analysis after PCR amplification. PCR 
amplification of mtDNA was reduced in AD brain compared to controls 
(AD = 1.2% ± 0.08% vs non-AD = 0.74% + 0.15%; P=0.005). 
A6368/G6368 ratio correlated significantly with the degree of cognitive 
impairment (CDR) (p=0.40, P=0.00025) in the combined AD and non- 
AD group. In this group, CDR correlated with A6368/G6368 ratio as 
well as it did with plaque count. Mitochondrial damage, as measured by 
mtDNA alteration, appears to be related to clinical cognitive disability in
AD. Support: NIA , Overbrook & W.M. Burke Foundations

687.11

MMP-9 (GELATINASE B) KNOCKOUT MICE DEMONSTRATE IMPAIRED 
LEARNING AND BEHAVIOR. G.P. Lim1, T.H, Vu2, Z. Werb3, S. Groshen4, 
and Z.A. TQk6sr Depts of Biochemistry and Molecular Biology1 and 
Preventive Medicine4, USC School of Medicine, Los Angeles, CA; Depts of 
Medicine2 and Anatomy3, University of California, San Francisco.

Active matrix metalloproteinase-9 (MMP-9) cleaves the peptide (J 
Neurosci, 16:7910, 1996). MMP-9 is elevated 4-fold in Alzheimer (AD) 
hippocampus and in canine brains with AD-like syndromes. However, this 
enzyme, which is found in pyramidal neurons and senile plaques, is inactive. 
We hypothesize that the inactivity of MMP-9 contributes to the pathogenesis 
of AD and memory and behavior impairment. Hence, the hypothesis predicts 
that MMP-9 knockout mice may develop similar features. Young (6-7 month, 
n=22) and old (23-24 month, n=7) MMP-9 knockout (KO) and wild-type (WT) 
mice were tested in the hole-poke assay for systematic exploratory behavior 
and the Morris water maze for learning ability. Young KO mice probed more 
holes than WT, but their exploratory behavior was less systematic. In the 
Morris water maze, mice were given 1 block of trials with a visible platform 
and 3 blocks with the invisible platform. Swimming abilities and muscle 
coordination were similar in both groups of mice. In ail four blocks of trials, 
the old KO mice had mean escape latencies that were 56-160% higher than 
old WT mice (p <0.05). Repeated measures ANOVA showed that there was 
a significant age effect, where old mice took 116% longer to complete the 
task compared to young mice (20.6 sec. vs. 9.5 sec, p<0.001). There was 
also a significant enzyme effect, where KO mice had 49% higher mean 
escape latencies compared to WT mice (17.1 sec vs. 11.5 sec, p=0.02). 
These results suggest that the lack of MMP-9 may contribute to impaired 
behavior and learning. Supported by NIA-R01-AG096S1 (ZAT), NIH-1P60- 
AR20684 and the Steinbach Foundation (ZW), and the American Lung 
Association of California (THV).

687.12
INTRASEPT AL INJECTION OF THE CHOLINERGIC IMMUNOTOXIN 192- 
IgG-SAPORIN PRODUCES OXIDATIVE STRESS IN THE HIPPOCAMPUS.
T.J. Walsh1*, A, P. Stein1, E. Yang2, S, Guo-Ross2 and S.C. Bondv2.
‘Deptartment of Psychology, Rutgers University, New Brunswick, NJ, 08903; 
2University of California, Irvine, CA.

192-IgG-saporin (SAP) is an anti-neuronal immunotoxin that combines an 
antibody for the p75 low affinity neurotrophic receptor with a potent ribosome
inactivating protein, saporin. SAP destroys cholinergic neurons in the basal 
forebrain that express the p75 antigen. In this study, male Sprague-Dawley rats 
were injected with 375 ng of SAP into the medial septum and sacrificed seven 
days later for determination of cholinergic and oxidative parameters in the 
hippocampus (HPC) and the frontal cortex. SAP produced a significant 40-50% 
decrease in ChAT activity in the HPC without affecting the regional 
concentrations of NE, DA, 5-HT, or their metabolites. In addition, SAP 
produced a significant increase in the formation of reactive oxygen species (ROS) 
in the HPC. This was accompanied by an increase in glutathione levels which 
probably reflects an adaptive response to oxidative stress. Glial effects were 
evidenced by increased glutamine synthetase activity and decreased expression of 
GFAP in the HPC. There was an inverse correlation between ChAT activity and 
ROS in the HPC of SAP-treated rats; relatively higher levels of ChAT activity 
were associated with increased generation of ROS. Intraseptal SAP did not 
produce parallel biochemical changes in the frontal cortex. In light of its highly 
selective toxicity SAP is a useful tool to study the molecular and biochemical 
mechanisms that either contribute to, or result from, the degeneration of 
cholinergic neurons.
Supported by NSF (IBN 9514557) to TJW and NIH (ES 7992) to SCB.
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687.13
MUSCARINIC ACETYLCHOLINE RECEPTORS STIMULATE ACETYL
CHOLINESTERASE PROMOTER ACTIVITY VIA EGR TRANSCRIPTION 
FACTORS. H. von der Kammer, M. Mayhaus, C. Albrecht, C. Demiralay, J. 
Enderich, U. Konietzko*, M. Wegner and R.M. Nitsch. Center for Molecular 
Neurobiology and Alzheimer’s Disease Research Group, University of Hamburg, 
Hamburg, Germany.

In order to investigate the activity-dependent regulation of AChE gene 
transcription, we transfected HEK293 cells stably expressing muscarinic ml acetyl
choline receptors with the AChE promoter fused to a luciferase reporter gene, and 
stimulated the receptors with the muscarinic agonist, carbachol. Carbachol 
increased AChE promoter activity within 19 hours, and this response was blocked 
by the muscarinic antagonist atropine. The increase’in AChE promoter activity was 
mimicked by co-transfection with Krox24, a murine homolog of the human zinc- 
finger domain transcription factor EGR-1, as well as by PKC activation with the 
phorbol ester PMA. Co-transfection experiments with an EGR-responsive promoter 
fused to a luciferase reporter gene showed that ml AChR readily activated trans
cription form this promoter. Northern analyses showed that ml AChR increased 
EGR-1 mRNA within 10 to 50 minutes, and EGR-1 protein was detectable on 
Western blots within 2 hours of receptor stimulation. Mobility shift assays 
demonstrated that nuclear protein extracts interacted with the DNA binding site for 
EGR transcription factors. Antibodies against EGR-1 blocked this interaction, 
indicating specificity of the EGR-1-DNA complexes. Together, our data show that 
the transcription of EGR-1 is readily activated by ml AChR, and that the promoter 
of AChE - a downstream target of EGR-l-medited transcriptional regulation - is 
under the control of cell surface ml AChR activity. Our findings suggest that 
stimulation of ml AChR increases the formation of AChE via a signaling 
mechanism that includes the activation of PKC, as w’ell as the induction of the EGR 
family of transcription factors.

ISCHEMIA: APOPTOSIS III

688.1
THE RETINOBLASTOMA GENE: A MOLECULAR TARGET 
AGAINST NEURONAL PROGRAMMED CELL DEATH. M .
TenBroeke , J. Gallant, and K. Maiese.^Neurology. Anatomy & Cell Biology, Ctrs. 
for Molec. Med. and Toxic., Wayne State Univ. Sch. of Med., Detroit, MI 48201.

The retinoblastoma gene product (pRb) is a primary regulator of the cell 
cycle and has been linked to the generation of nitric oxide (NO) induced programmed 
cell death (PCD) (Maiese, K. and Gallant, J., Soc Neurosci Abs, 23: 850, 1997). It 
is the phosphorylation state of pRb that determines its activity with 
hypophosphorylated pRb inactivating E2F transcription factors and phosphorylated 
pRb promoting E2F activity and cell cycle induction. We therefore investigated 
whether modulation of pRb activity through its state of phosphorylation was 
efficacious against NO induced neurodegeneration in primary rat hippocampal 
neurons. Neuronal injury was assessed by both a 0.4% trypan blue dye exclusion 
survival assay and by TUNEL for DNA integrity 24 hours following treatment with 
the NO generators SNP (300pM), SIN-1 (300|lM), or NOC-9 (300pM). Expression 
of the pRb phosphorylation state was examined by Western blot analysis. Down
regulation of pRb was achieved with antisense oligonucleotides complementary to 
the pRb translation initiation codon. Twenty-four hours following NO exposure, 
neuronal survival was reduced from 85+7% to 23+6% and PCD expression increased 
from 18 + 5% to 72+6% (n=15, pcO.OOl). Co-administration of the agents 
olomoucine (10-lOOpM) or butyrolactone I (10-lOOpM) with NO increased neuronal 
survival from 28+6% (NO only) to 71 + 8%? (olomoucine) and to 64+6%’ 
(butyrolactone I) (n=12, pcO.OOl). In addition, olomoucine (10-100|iM) or 
butyrolactone I decreased PCD expression over a 24 hour period from 65+7% (NO 
only) to 25+7%o (olomoucine) and to 22+6% (butyrolactone I) (n=6, pcO.OOl). 
Western blot analysis demonstrated both a reduction in pRb phosphorylation and a 
concurrent increase in pRb hypophosphorylation during administration of these 
agents. Administration of pRb antisense down-regulated the pRb 
hypophosphorylated form with a subsequent decrease in neuronal survival and an 
increase in PCD expression. Our studies point to the influence of pRb on neuronal 
survival and offer a potential molecular target through pRb to avert neuronal injury.

Supported by the Alzheimer's Association, AHA (National). Boehringer 
Ingelheim Award, J&J Award, NIH NINDS, and the UCP Foundation.

688.2
DIFFERENTIAL EFFECTS OF ENDOTOXIN ON THE FOCAL CEREBRAL 
ISCHEMIA AND RELEASE OF TNF-a IN A REPERFUSION RAT MODEL.

Berislav V. Zlokovic'\ 'Dept. of Neurological Surgery and Division of 
Neurosurgery, ’Children's Hospital, 4Depat. of Medicine and 2Depat. of Pathology, 
Univ. of Southern California, School of Medicine, Los Angeles, CA 90033

Tumor necrosis factor-alpha (TNF-a) is a mediator of focal ischemic brain 
injury'. Endotoxin (lipopolysaccharide E. coli LPS) is known to induce TNE-a 
release. We have previously reported that LPS at a high dose (3.6 mg/kg i.v.) 
markedly enhanced focal ischemic brain injury mediated by TNF-a. In this study we 
examined the effects of LPS at a low(0.1 pg/kgi.v.) and moderate(10 pg/kgi.v.) 
dose on focal ischemic brain injury, and TNF-a release into the circulation using a 
reversible middle cerebral arteiy (MCA) occlusion/ reperfusion model. LPS 0.1 
pg/kg i.v. or 10 pg/kgi.v. was administered to rats 20min. prior to 1 hrreversible 
MCA occlusion. Plasma TNF-a levels were measured by ELISA. 
Neuropathological examination was performed at 24 hours. The release of TNF- 
a was increased by lOpg/kgLPS during the MCA occlusion and early reperfusion, 
but there was no increase vvithO. 1 pg/kg LPS. In comparison to the control stroke 
group the volumes of brain injury and edema were augmented by a moderate dose of 
LPS. However, a low dose of LPS decreased volume of brain infarction and did not 
affect edema formation. It is suggested that LPS may exert differential effectson the 
brain injury in the focal ischemia model dependingon the dose applied. (Supported 
by National Institution of Health grant NS31945)

688.3
SIMULTANEOUS DETECTION OF APOPTOTIC AND NECROTIC 
DAMAGE IN BRAIN. VV Didenko, DJ Boudreaux, MA Widmayer, PS Baskin* 
Dept of Neurosurgery, Baylor College of Med and VAMC, Houston, TX 77030

Apoptosis, or programmed cell death, is an important aspect of many dis
ease states and likely plays an important role in cerebral ischemia. Discrimi
nation between apoptotic and nonapoptotic cell death is currently difficult 
and time consuming, especially when investigating non-homogenous tissue 
such as the brain or tissue undergoing both apoptotic and necrotic processes.

The endonucleases which produce apoptotic damage create distinct and 
identifiable breaks in DNA. Our new approach uses oligonucleotide probes 
which are specifically designed to detect these distinct breaks. The specific
ity of these probes was confirmed by positive staining in apoptotic thymus 
and negative staining in necrotic tumor. By using these probes, we have 
identified ischemia-induced apoptotic cell damage in a rat permanent focal 
cerebral ischemia model at various times after stroke onset. Knowing that 
the conventional TUNEL method stains apoptotic and necrotic cells, we have 
performed double fluorescent staining using both methods simultaneously.

Apoptotic and necrotic cell damage was present in penumbral and in- 
farcted tissue at both early and late time points. Apoptotic cells were posi
tively stained by both methods, whereas necrotic cells were positively stained 
only by TUNEL. Furthermore, a difference in spatial distribution of the cells 
was demonstrated. These results confirm the usefulness of the new ap
proach. Documentation of the presence and relative localization of apoptotic 
and necrotic cell death in cerebral ischemia using this technique provides a 
sound foundation for the investigation of different approaches to stroke 
treatment. This research was supported by a THECB grant.

688.4
ACTIVITY OF JNK PATHWAY IS ALTERED EARLY AFTER 
TRANSIENT MCA OCCLUSION IN THE NEONATAL RAT BRAIN.
Z.S, Vexler*, N, Derugin, R.A. Sheldon, G. Gregory and D.M, Ferriero,
University of California San Francisco, San Francisco, CA 94143-0114.

The imbalance of antioxidative defense mechanisms early after birth
contributes to the susceptibility of the infant brain to transient cerebral 
ischemia. Stimulation of c-Jun N-terminal kinase (JNK) and p38 kinase 
pathways by a variety of intracellular stress stimuli, including reactive 
oxidants, has been shown to contribute to apoptotic cell death. 
Accumulating evidence suggests that activation of these pathways 
contributes to ischemia-reperfusion brain injury. We have recently 
developed focal ischemia-reperfusion model in neonatal postnatal day 7 
(P7) rats using transient middle cerebral artery (MCA) occlusion (Vexler, 
et.al. Pediatric Res,4:325A, 1998). Our aim was to establish the role of JNK 
pathway in the neonatal ischemia-reperfusion-induced brain injury. P7 rats 
were subjected to intraluminal MCA occlusion. Three hours later, 
reperfusion was achieved by removal of the suture. 24 hours later, brains 
(n=l 1) were stained with TTC and areas of discoloration determined. Four 
rats were sacrificedl5 min-1.5 hr after reperfusion. Cortex, caudate nuclei 
and hippocampus were dissected and lysed in a buffer containing protease 
inhibitors. The presence of total and phosphorylated JNK (p-JNK) and 
cJun (p-cJun) was assayed by Western analysis using antibodies specific for 
JNK1/2, cJun and antibodies grown against respective phosphorylated 
forms of these proteins, and quantified by densitometry. Infarcts were seen 
in 90% of rats and included 38.7±13.6% (mean±SD) of ischemic 
hemisphere. Shortly after reperfusion, expression of cJun was increased in 
the cortex and caudate ipsilateral to MCA occlusion, whereas elevated p- 
cJun was observed in all three anatomical regions studied. JNK expression 
was increased in caudate and hippocampus, but relative decrease in p-JNK 
was observed. JNK pathway appears to be involved in ischemia-induced 
brain injury in the neonatal brain. This work was supported by NIH PO1NS35902.
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688.5
METABOTROPIC GLUTAMATE RECEPTORS PREVENT 
PROGRAMMED CELL DEATH THROUGH THE MODULATION 
OF INTRACELLULAR pH. Y, Mohammad*, A. M, Vincent, M. TenBroeke. 
and K. Maiese. Neurology, Anatomy and Cell Biology, Ctrs. for Molecular 
Medicine and Toxicology, Wayne State Univ. Sch. of Medicine, Detroit, MI 48201.

Activation of specific metabotropic glutamate receptor (mGluR) subtypes 
prevents nitric oxide (NO) toxicity through the modulation of programmed cell death 
(PCD) (Vincent, et al., J Neurosci Res 50:549-64, 1997). The cellular pathways 
that regulate PCD by mGluRs remain under investigation, but may involve 
mechanisms that maintain DNA integrity through the modulation of intracellular pH 
(pHj). In rat primary hippocampal neurons, DNA fragmentation was examined by 
the TUNEL assay 24 hours following treatment with the NO generators sodium 
nitroprusside (300|iM), SIN-1 (300(iM), or NOC-9 (300pM). The pHj was 
measured using the fluorescent probe BCECF (2',7'-bis-(2-carboxyethyl)-5-(and-6)- 
carboxy-fluorescein). Initially, we characterized the effects of NO exposure on pHj 
during the induction of PCD. During a 24 hour period after NO exposure, neuronal 
PCD was actively induced from 18±5% (0 minutes) to 77±5% (24 hours) 
(p<0.0001). In concurrent studies, neuronal resting pHj significantly decreased 
within 30 minutes from 7.35+0.01 to 7.03+0.02 (p<0.0001) following the 
administration of NO. Over the course of the next 2 hours, the pHj returned to an 
alkaline state and reached a maximum of 7.53+0.03 by 6 hours. Independent 
maintenance of pHj above 7.30 during the initial 30 minutes of NO exposure 
prevented the significant induction of PCD. Application of the neuroprotective 
mGluR agonists 1S,3R-ACPD (750p.M) or L-AP4 (750gM) during NO exposure 
also prevented the marked intracellular acidification that is normally induced by NO 
during the initial 30 minutes (1S.3R-ACPD (7.41+0.02); L-AP4 (7.34+0.01)). In 
contrast, administration of the non-protective mGluR agonist L-AP3 (750(iM) did 
not prevent significant intracellular acidification by NO. Our work suggests that 
early intracellular acidification is central to NO free radical PCD and that the 
neuroprotective mechanisms of the mGluR system are intricately linked to the 
regulation of pHj.

Supported by the Alzheimer’s Association, AHA (National), Boehringer 
Ingelheim Award, J&J Award, NIH NINDS, and the UCP Foundation.

688.6
NEUROPROTECTION AGAINST ISCHEMIC STRESS BY INHIBITION 
OF PROTEIN SYNTHESIS. R, Veltkamp? F. Domoki? T.M. Louis? D.W. 
Busija1*. ’Dept. of Physiology/ Pharmacology, Wake Forest University 
School of Medicine, Winston-Salem, NC 27157;2Dept. of Anatomy and Cell 
Biology, East Carolina Med. Sch., Greenville, NC 27858.

Cerebral arteriolar dilation to N-methyl-D-aspartate (NMDA) is a 
neuronally mediated process which is sensitive to ischemia. We tested the 
hypothesis that pretreatment with transcription and translation inhibitors, 
actinomycin D (Act-D) and cycloheximide (CHX), respectively, preserves 
vascular responses to NMDA after ischemia. Arteriolar dilation to NMDA 
was measured in anesthetized piglets with intravital microscopy before and 1 
hour after 10 min of ischemia induced by increasing intracranial pressure. 
Subgroups were pretreated with vehicle, topical Act-D (10'5; 10‘6 mol/L), or 
i.v. CHX (1.0; 0.3 mg/kg). In the vehicle group, preischemic compared to 1 
hour postischemic dilation to NMDA was 10±2% vs. l±0% at 10'5 mol/L and 
40+4% vs. 20+4% at IO’4 mol/L NMDA (mean±SE; all p<0.05, n=7). In 
contrast, dilation in the Act-D IO’6 mol/L group (n=5) was 6+2% vs. 6+2% at 
10'5 mol/L and 51+9% vs. 39+10% at IO’4 mol/L NMDA. In the Act-D 10‘5 
mol/L group (n=5) responses were 7+2% vs. 7+2% at 10 s mol/L and 38+4% 
vs. 35+4% at 10'4 mol/L NMDA. Pretreatment with CHX produced similar 
preservation. Without ischemia, Act-D and CHX did not potentiate dilation to 
NMDA (n=6). We conclude that pretreatment with ACT-D or CHX dose- 
dependently preserves neuronal-vascular responsiveness to NMDA after 
ischemia. Thus, protein synthesis inhibitors may protect neurons against 
ischemic injury. Supported by HL-30260, HL-46558, HL-50587

688.7
Induction of Caspase 3-like Protease May Mediate Delayed Neuronal Death in the 
Hippocampus After Transient Cerebral Ischemia R. Anne Stetler1,2, Raymond L. 
Zhu1*, Tetsuya Nagayama1, Kunlin Jin1, Steven H. Graham1,2, Jun Chen1, and Roger P. Simon1 
Departments of ‘Neurology, University of Pittsburgh School of Medicine, “Neurology Service, 
Department of Veterans Affairs Medical Center, Pittsburgh, Pennsylvania 15261

Delayed neuronal death following transient cerebral ischemia may be mediated, in part, 
by the induction of apoptosis-regulatory gene products. Caspase-3 is a newly 
characterized mammalian cysteine protease that promotes cell death during brain 
development, in neuronal cultures, and in other cell types under many different 
conditions. To determine whether caspase-3 serves to regulate neuronal death after 
cerebral ischemia, we have (1) cloned a cDNA encoding the rat brain caspase-3; (2) 
examined caspase-3 mRNA and protein expression in the brain using in situ 
hybridization, Northern and Western blot analyses, and double-labeled 
immunohistochemistry; (3) determined caspase-3-like activity in brain cell extracts; 
and (4) studied the effect of caspase-3 inhibition upon cell survival and DNA 
fragmentation in the hippocampus in a rat model of transient global ischemia. At 8-72 
It after ischemia, caspase-3 mRNA and protein were induced in the hippocampus and 
caudate-putamen (CPu), accompanied by increased caspase-3-like protease activity. In 
the hippocampus, caspase-3 mRNA and protein were predominantly increased in 
degenerating CAl pyramidal neurons. Proteolytic activation of the caspase-3 precursor 
was detected in hippocampus and CPu but not in cortex at 4-72 h after ischemia. 
Double-label experiments detected DNA fragmentation in the majority of CAl neurons 
and selective CPu neurons that overexpressed caspase-3. Furthermore, ventricular 
infusion of Z-DEVD.fmk, a caspase-3 inhibitor, decreased caspase-3 activity in the 
hippocampus and significantly reduced cell death and DNA fragmentation in the CAl 
sector up to 7 days after ischemia. These data strongly suggest that caspase-3 activity 
contributes to delayed neuronal death following transient ischemia.
Supported by grants NS 35965, NS 24728 and NS 36736

688.8
VIRAL VECTOR-MEDIATED NEURONAL EXPRESSION OF POLY(ADP- 
RIBOSE) POLYMERASE IN CELL DEATH PARADIGMS. W.J. Herring1, Z-Q. 
Wang2, A.G. Yakovlev3, M. Smulson3, T.M. Dawson1, V.L, Dawson1*. 1 Johns 
Hopkins University School of Medicine, Baltimore, MD 21287, international 
Agency for Research on Cancer, F-69008 Lyon, France, ’Georgetown University 
Medical Center, Washington, DC 20007.

Studies have shown that inhibition of poly(ADP-ribose) polymerase (PARP) 
protects neurons from a number of toxic insults, including the NMDA and NO 
mediated excitotoxicity associated with stroke, and from MPTP toxicity. Analysis 
of PARP KO mice and KO-derived primary neuronal cultures has provided 
additional definitive support for these observations. In the presence of PARP, cell 
death is proposed to occur through a pathway that involves DNA strand breaks 
and inappropriate activation of the ADP-ribosylating activity of PARP, which 
leads to NAD consumption, ATP depletion, and ultimately death by cellular 
energy failure. In addition to the catalytic domain responsible for ADP- 
ribosylation, PARP contains a zinc-finger DNA binding domain, and the enzyme 
is a prominent target for caspase cleavage during apoptosis. The participation of 
these various multi-functional domains of PARP in neurotoxicity have not yet 
been elucidated.

Viral vectors have been developed for expression of PARP constructs in primary 
cortical cultures and intact animals. Re-introduction of wild-type PARP into PARP 
KO neurons using this approach restores their vulnerability to NMDA treatment 
and to an ischemia model of combined oxygen-glucose deprivation (OGD). 
Blockade of caspase cleavage at aspartate residue 214 of PARP by mutation to 
glycine differentially modulates the sensitivity of KO neurons to NMDA or OGD, 
suggesting the possibility of divergent roles for PARP cleavage in these models. 
However, this PARP mutant construct does not provide protection against toxicity 
to the extent seen in control KO neurons, supporting the hypothesis that other 
domains of PARP participate in neuronal cell death. Supported by NIH.

688.9
POLY(ADP-RIBOSE) POLYMERASE (PARP) NULL MICE ARE PROTECTED 
AGAINST NEUROTOXIC EFFECTS OF NMDA BUT NOT AMPA 
EXCITOTOXICITY A.S. Mandir*, D. Guastella, M.F. Poitras, Z.-Q. Wang“, P.D. 
Hurn, R.J. Traystman, T.M Dawson, V.L. Dawson, Depts of Neurol & Neurosci, 
Johns Hopkins Univ, Sch of Med, Balt., MD 21287, ’T ARC Lyon, France;

Neuronal insult following stroke is thought attributable to excessive excitatory 
stimulation through glutaminergic (GLU) release. Activation of at least one type of 
glutamate receptor, NMDA, leads to nitric oxide (NO) formation through neuronal 
NO synthase (nNOS) activation. Mechanisms of NMDA neurotoxicity likely 
include the combination of NO and superoxide anion (O2 ). Neuroprotection from 
NMDA toxicity is demonstrated in vitro from NOS inhibition and superoxide 
scavengers. The combination of NO and O2 forms the potent agent peroxynitrite 
capable of DNA damage. DNA damage activates the enzyme PARP which uses 
NAD substrate and thus consumes energy. Ultimately NMDA mediated cellular 
demise may be related to catastrophic energy depletion. A role of PARP in stroke is 
suggested by protection demonstrated by PARP null mice and neuronal cultures. 
Which in vivo GLU receptor mediated pathways involve PARP in neurotoxicity is 
unknown. To better evaluate the specific contribution of PARP to GLU 
excitotoxicity we examined the effects of NMDA and AMPA upon striatal neuronal 
loss following stereotactic delivery of these specific glutamate receptor agonists. 
NMDA (67nM), AMPA (20 mM) or vehicle was intrastriataly injected (0.3 ul) in 
PARP null mice and wild type controls. At 48 hrs following treatment, brains were 
perfused for sectioning and staining to determine lesion volume. PARP null mice 
demonstrated marked protection from NMDA compared to controls, but did not 
demonstrate the same protection from AMPA delivery. We conclude that PARP is 
integral to NMDA- but not AMPA-induced neurotoxcity. Some of the authors own 
stock (T.M.D.) and are entitled to royalties (T.M.D., V.L.D.) from Guilford Pharm Inc. 
which is developing technology related to the research described in this abstract.
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689.1
INHIBITION OF HIPPOCAMPAL LTP BY AMYLOID 3-PEPTIDES. 
Q. S. Chen, B. L. Kagan and C.W. Xie*. Department of Psychiatry and 
Biobehavioral Sciences, UCLA-NPI, Los Angeles, CA 90024.
Alzheimer’s disease (AD) is a progressive dementia characterized in part by 
deposition of amyloid (3-peptides (A3) in senile plaques in the brain. 
Although it is generally believed that A3 contributes to the pathogenesis of 
AD, the mechanisms that link A3 to dementia remain unresolved. Here we 
examined the effect of A3 peptides on hippocampal long-term potentiation 
(LTP) in rat brain slices. Evoked field potentials were recorded from the 
dentate and CA1 area in response to stimulation of the perforant path or 
Schaffer collaterals. LTP was induced by high frequency stimulation (100 
Hz, Is). Bath application of sub-neurotoxic concentrations of A3l-42 °r 
A3l-40 (200 nM or 1 pM) was found to strongly inhibit LTP induction 
without affecting the basal synaptic transmission. The active fragment of 
A3, A325-35, displayed similar inhibitory action on LTP, whereas the 
reversed peptide (A335-25) had no effect. We then compared the effect of 
several A325-35 analogs with modified N- or C-terminal sequences. The 
results indicated that the last two amino acids at the C-terminal sequence of 
A325-35 seemed required for LTP inhibition. Furthermore, LTP inhibition 
by the analogs was better correlated with their ability to form cation- 
selective ion channels in the lipid bilayer, rather than with their neurotoxic 
action in cultured hippocampal neurons. Thus, mechanisms related to 
channel forming might have more important contribution than toxicity to the 
inhibition of LTP under our experimental conditions. Supported by NIH 
grant DA08571 to CWX and grants to BLK from NIH(MH43433), UCLA 
AIDS Institute, and UCLA Stein-Oppenheimer fund.

689.2
B-Amyloidogenic fragment AB(25.35) inhibits KCl-stimulated glutamate (Glu) release in 
rat hippocampal (HIP) slice preparations.
Hanin I.*, El Tamer A., Kindel G., and Raikoff K. Loyola Univ. Chicago Stritch Sch. 
Med., 2160 S. First Ave., Maywood, IL 60153, USA.
No direct link has as yet been established between the excitotoxicity of glutamate in the 
brain and the incidence of neurodegenerative disease such as Alzheimer’s disease (AD). 
However, it has been shown that AB-amyloid peptides, found in plaque formations in 
AD brain, increase the neurotoxic effect of Glu in neuronal primary cell cultures. In the 
present study, we investigated the effect of AB(25.j5) on KCl-stimulated Glu release in rat 
HIP slice preparations. HIP slices were equilibrated for 60 min at 3 7 °C in Krebs- 
bicarbonate buffer (KRB), after which they were transferred into a perfusion system (4 
slices/1 ml), and were equilibrated for an additional 15 min in the presence, or absence 
of AB peptide (1012; IO'10; IO"8 or lO^M). The slices were next exposed to KCI (35 
mM) for a 5 min period, followed by another 5 min period of incubation without KCI. 
Glu content was measured by HPLC coupled with electrochemical detection. KC1- 
stimulation induced a significant six-fold increase of Glu-release above baseline. No 
significant effect was observed at 10'12M of AB-peptide (7+ 2.5% reduction; N.S)). 
However, a significant dose-dependent inhibition of the KCl-stimulated Glu release- 
response was induced by AB-peptide starting at 10'l0M (60+5%; P<0.05) and reaching 
a 75+ 6% (P<0.05) inhibition at 10'8M. Paradoxically, this inhibitory effect disappeared 
at lO^M (15+9% reduction; N.S) of this peptide. These data suggest that the inhibitory 
effect of AB-peptide might be mediated by a U-shaped mechanism involving a specific 
site of action, and that AB-peptide, at concentrations higher than 10_8M, might 
exacerbate the neurotoxicity of Glu.

689.3
ALZHEIMER'S (3-AMYL()Il)-ASS()CIAlEI) FREE RADICAL OXIDATIVE 
STRESS: MODULATION BY ANTIOXIDANTS OF MEMBRANE LIPID PER
OXIDATION AND PEROXYNITRITE-INDUCED PROTEIN ALTERATIONS. 
P.A, Butterfield*, S. Varadarajan, T. Koppal, S. Yatin. Dept. Chem., Ctr. Membrane 
Sci., and Sanders-Brown Center on Aging, Univ. of Kentucky, Lexington, KY 40506

P-atnyloid peptide (A(3), die central constituent in senile plaques (SP) in Alzheimer's 
disease (AD) brain, is associated widt oxygen-dependent free radical oxidative stress and 
is neurotoxic. Many laboratories, including ours, have shown Ap induces brain membrane 
lipid peroxidation, protein oxidation, ROS production, Ca2+ accumulation, and 
neurotoxicity, and an AP-associated free radical oxidative stress model for neuronal death 
in AD was developed [Chem. Res. Toxicol. 10, 495 (1997)]. AD brain regions rich in SP 
showed strong evidence of protein oxidation [J. Neurochetn. 65, 2146 (1995)]; in contrast, 
SP-poor cerebellum did not. Ap addition to hippocampal neurons leads to formation of 4- 
hydroxynonenal (HNE), a toxic product of lipid peroxidation. We showed that HNE binds 
to and alters the conformation of key proteins in cortical synaptosomal membranes [7. 
Neurochetn. 69, 1161 (1997)], which may explain the Ap-and HNE-induced inhibition of 
ion-motive ATPases, glutamate and glucose transporters, and signal transduction 
processes. Recent studies have reported increased levels of HNE and evidence for 
peroxynitrite in AD brain. A prediction of our model of Ap-associated free radical 
oxidative stress induced neurotoxicity in AD brain is that free radical scavengers will 
prevent oxidative damage. We previously demonstrated the validity of this prediction in 
protein oxidation of and Ca2+ accumulation in neurons [Exp. Neurol. 131, 193 (1995)]. 
Here we demonstrate that Vitamin E added to brain membranes prevents AP-induced lipid 
peroxidation, ROS formation, and neurotoxicity. Further, we show that in-vivo 
modulation of die levels of the endogenous free radical scavenger glutathione exacerbates 
or prevents peroxynitrite-induced damage to subsequently isolated cortical synaptosomal 
membranes, depending on whedier glutathione levels are decreased or increased, 
respectively. Given the beneficial effects on AD patients by vitamin E, the results support 
our model of Ap-associated free radical oxidative stress-induced neurotoxicity in AD 
brain. Support: NIH (AG-05119).

689.4
NADPH CYTOCHROME P450 REDUCTASE MEDIATES OXIDATIVE STRESS 
INDUCED BY THE AMYLOID p PROTEIN. M.A, Pappolla..1* Y-J, Chvan,1 P, 
Bozner,1 B, Martin.1 B, Frangione.2 K, Hsiao? R.A. Omar.4 G, Perry,5 M.A, Smith,5
J, Ghiso.2 ’Departments of Pathology, Univ. of South Alabama Medical Center;

Mobile, AL 36617; 2New York Univ.; 4Univ. of Louisville; 5Case Western Reserve 
Univ.; 3Dept. Of Neurology, Univ. of Minnesota.
Significant controversy revolves around the molecular mechanisms of amyloid beta 
protein (Ap )-induced oxidative damage. It has been proposed that AP may bind to 
cell surface receptors, such as RAGE and initiate free-radical induction. However, 
oxidative damage can commonly be seen in cell systems in the absence of RAGE 
receptors. We theorized that such modality of injury may be mediated by induction of 
detoxifying flavinoids, known to be associated with increase production of superoxide 
anions. To test this hypothesis, we examined the induction of NADPH cytochrome 
P450 reductase (NP450R) in neuroblastoma cells exposed to Api-42. NP450R is a 
microsomal component that is essential for transferring reducing equivalents from 
NADPH to the hemeoxygenase enzymes, to cytochrome P450 isoenzymes and to 
cytochromes c and b5. Western blot experiments showed marked induction of this 
enzyme upon exposure of cells to Ap. To verify whether such a mechanism is 
operational in vivo, we examined the expression of NP450R in a transgenic 
Alzheimer’s disease (AD) mouse model and in AD brain. As revealed by standard 
immunohistochemistry, brain cortical areas in aged Tg+ mice exhibited a striking 
reactivity for NP450R. The staining was mainly associated with amyloid deposits. 
There was an extensive overlap between NP450R and other indications of oxidation 
and neuritic markers. Our results suggest that NP450R mediates AP-induced oxidative 
stress. Supported by a grant by the National Institutes of Health.

689.5
LYSOSOMAL MEMBRANE DAMGE SERVES AS AN APOPTOTIC 
INITIAOR IN AB-MEDIATED CELL DEATH IN ALZHEIMER’S DISEASE. 
A. Yang*, L. Margol. Jonathan Grin and C. G. Glabe. Dept. of Molecular 
Biology and Biochemistry, University of California, Irvine, CA

Our earlier studies have suggested that the failure to degrade aggregated AB1- 
4242 in late endosomes or secondary lysosomes as a mechanism for the amyloid 
accumulation in Alzheimer’s disease. Treatment of cultured neurons with 
soluble AB 1-42 causes an increase in lysosomal hydrolase synthesis, production 
of oxygen radicals and eventually leads to the loss of lysosomal membrane 
integrity and cell death. The loss of lysosomal membrane impermeability is only 
specific to AB 1-42 since incubation of cells with high concentration of AB 1-42 
has no effect on the release of lysosomal hydrolase. However, AB 1-42 induced 
apoptotic cell death takes several days and a significant number of cells pass 
through all stages of cell death from early apoptosis to secondary necrosis. Such 
asynchronous apoptosis precludes the temporal study of AB-mediated cell death. 
Recently, we and others have discovered that treatment of acridine orange (AO) 
loaded lysosomes with intense blue light could induce a relative rapid an 
synchronous lysosomal membrane damage and subsequent cell death by 
apoptosis. Similar changes can be observed in AB treated cultured rat cortical 
neurons. AO quickly leaks out from late endosomes and lysosomes partially 
shifts the fluorescence to a green, cytoplasmic diffuse fluorescence. This AO 
relocalization is due to the initial disruption of the lysosomal proton gradient, 
followed by the release of lysosomal hydrolases into the cytoplasmic 
compartment. In addition, treatment of cells with anti-oxidants has been shown 
to block the release of lysosomal contents, suggesting that this AO-relocalization 
is due to the oxidation of lysosomal membrane. As a result, we proposed that 
the lysosomal membrane damage by oxidation is sufficient to engage the 
apoptotic apparatus and serves as a death initiator in AB toxicity. Supported by 
AHAF.

689.6
AMYLOID p PEPTIDE ALTERS CELLULAR CHOLESTEROL 
HOMEOSTASIS. Y. Liu1*, D.A. Peterson2 and D. Schubert1 
’Cellular Neurobioiogy Lab. and 2Lab. of Genetics, The Salk 
Institute, San Diego, CA 92186-5800

Amyloid 3 peptide (A3) is thought to play a central role in the 
pathogenesis of Alzheimer’s disease. People with the ApoE4 allele, 
a locus coding for a cholesterol-transporting lipoprotein, have 
increased risk for both late-onset Alzheimer’s disease and 
cardiovascular disease. In the present study we show that A3 
decreases cholesterol esterification and changes the distribution of 
free cholesterol in neurons. In addition, both free cholesterol and A3 
alter the traffic of the same population of intracellular vesicles. 
These results demonstrate that A3 alters cellular cholesterol 
homeostasis in a manner that may be detrimental to the long term 
survival of neurons.

(Supported by NIH grants NS09658 and NS28121 to D.S. and a 
NIH postdoctoral fellowship to Y.L.)
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689.7
ROLE OF PROSTAGLANDINS AND CYCLIC AMP IN 
ATTENUATING BETA AMYLOID-INDUCED SECRETION OF 
TUMOR NECROSIS FACTOR-ALPHA FROM MICROGLIA. S.
Funes, K. L. Burgher, A. M. Szczepanik*, and G. E. Ringheim. Neuroscience 
Disease Group, Hoechst Marion Roussel, Bridgewater, NJ 08807.

The beta amyloid peptide found as deposits in the brains from Alzheimer’s 
disease (AD) patients is capable of immunologically activating glial cells in 
vitro to secrete cytokines and chemokines as well as to produce reactive 
oxygen / nitrogen products. We investigated the activation of microglia cells 
in culture by measuring the production of tumor necrosis factor-alpha (TNF- 
a) in response to beta amyloid peptide 1-42 and asked what the potential role 
of prostaglandins may be in modulating beta amyloid-induced microglial 
activation. In this study, the addition of exogenous prostaglandins whose 
receptors are coupled to adenylate cyclase systems such as PGE1, PGE2, and 
PGD2. suppress the beta amyloid-stimulated production of TNF-a from 
microglia potentially via the involvement of cAMP-mediated processes. 
Similarly, the addition of dibutyryl cAMP or agents elevating intracellular 
cAMP such as the type IV-specific phosphodiesterase inhibitor, rolipram, 
also reduced beta amyloid-stimulated TNF-a secretion. In contrast, the 
addition of cGMP or the phospholipase C-activating prostaglandin PGF2a 
had no effect. The suppression of beta amyloid-induced TNF-a secretion by 
cAMP and prostaglandins that stimulate adenylate cyclase appears to be 
similar to the suppression of microglial TNF-a secretion in response to 
bacterial endotoxin. These results suggest an inhibition mechanism for 
suppressing microglial TNF-a production involving cAMP-elevating 
prostaglandins that is effective whether TNF-a is induced by endotoxin or 
by beta amyloid. Funding by Hoechst Marion Roussel.

689.8
INCREASED AGING OF BETA-AMYLOID PEPTIDE POTENTIATES
PHAGOCYTOSIS AND CYTOKINE PRODUCTION BY MICROGLIA K.K. 
Kopec1*, C. Edwards2, and R.T. Carroll1. ‘Neuroscience Therapeutics, Parke-Davis 
Pharmaceutical Research Division, 2800 Plymouth Road, Ann Arbor, MI; 2Dept. Anat. 
and Cell Biol. Lab., Univ. Michigan, Ann Arbor, MI 48105.

Activation of microglia and neuroinflammation appear to play a critical role in the 
degenerative process in Alzheimer’s disease (AD). P-amyloid peptides, the major 
component of senile plaques in AD brain, may play a critical role in triggering cytokine 
production from microglia and initiating or exacerbating a cascade of inflammatory 
events. BV-2 murine microglia were used to examine the effect of increasingly aged 
amyloid peptide preparations on phagocytosis and secretion of tumor necrosis factor 
(TNF). Synthetic AP 1-42 was solubilized in water and incubated at 37° C to initiate 
formation of AP fibrils. Fibril formation was assessed by electron microscopy. At 
specific times, aliquots of Ap were removed from the incubation mixture and bound to 
fluorescent latex microspheres. Ap-coated microspheres were applied to microglia for 
18 hours, and the conditioned media was assayed by ELISA for cytokine production.
AP 1-42 aged for 7 days produced the highest levels of TNF production from microglia, 
whereas freshly prepared AP had no effect. Examination of electron micrographs of AP 
aged for 7 days showed high levels of short fibrils in the presence of long AP fibrils.
Ap preparations which were aged for 11 days and had formed long fibrils instigated less 
cytokine production than was observed for AP aged for 7 days. In contrast, AP that was 
aged for 11 days induced the highest levels of phagocytosis of fluorescent latex 
microspheres as determined by flow cytometry. AP alone or beads coaled with bovine 
serum albumin alone did not provoke cytokine production from BV-2 cells. These data 
indicate that the appearance of short fragments of AP fibrils correlates with secretion of 
TNF from microglia and that longer fibrillar forms of AP are superior for activation of 
microglial phagocytosis. Supported by Warner-Lambert Co.

689.9
LIGATION OF A SPECIFIC CD MOLECULE INITIATES ACTIVATION OF 
MICROGLIAL CELLS BY ALZHEIMER’S p-AMYLOID PEPTIDES. L 
Tan3, T, Town3, D. Paris3, Z, Suo3, S. Song2, H. Yu1, A, Kundtz3, F, Crawford3
and M. Mullan3*. 'H. Lee Moffitt Cancer Center and Research Institute, 
University of South Florida; 2Department of Neurology, University of South 
Florida; ’Roskamp Laboratories, Department of Psychiatry, University of South 
Florida, 3515 E. Fletcher Ave., Tampa, FL 33613.

It has recently been suggested that P-amyloid (AP) activation of microglial 
cells may be involved in the inflammatory component of the Alzheimer’s 
disease (AD) process. However, the mechanisms of microglial activation by AP 
remain unknown. We investigated the potential involvement of ligation of an 
identified CD molecule in Ap-induced microglial activation. In this study we 
report that incubation of cultured N9 microglial cells with a low dose of Ap (1- 
40 or 1-42, 250 nM) leads to a significant induction of this CD molecule which 
is markedly enhanced by a low dose of IFN-y (5 U/mL). Moreover, we also 
observe both activated glia and CD expression in primary hippocampal cultures 
from transgenic APPSw mice (bearing the Swedish mutation), but we do not 
find either in control littermates. We find that only when this Ap-dependent 
microglial CD molecule is ligated do we observe a significant production of 
TNF-a by microglia, confirming that ligation of this molecule is crucial for AP 
activation of microglial cells. We also show that CD ligation of AP-treated 
microglia is required for induction of cortical neuronal injury in vitro. This 
discovery is potentially relevant to the design of novel therapeutic strategies 
aimed at blocking this CD ligation for the treatment of the neuronal injury 
associated with neurodegenerative disorders such as AD.

689.10
EFFECTS OF PROPENTOFYLLINE ON SUPPRESSING CYTOKINE 
AND FREE RADICAL PRODUCTION FROM MICROGLIA 
ACTIVATED BY BETA AMYLOID PEPTIDE 1-42. G.E. Ringheim *,
A.M. Szczepanik. W, Petko and S. Funes. Neuroscience Disease Group, 
Hoechst Marion Roussel, Bridgewater, NJ 08807.

Beta amyloid peptide is a proteolytic fragment of the amyloid precursor 
protein that forms extensive deposits surrounded by immunologically 
activated glial cells in the brains from Alzheimer’s disease (AD) patients. In 
this study, we tested the effects of the glial modulating compound 
propentofylline currently being used in AD clinical trials on the microglial 
activating properties of beta amyloid peptide (1-42). Specifically, the effects 
of propentofylline on the cellular release of tumor necrosis factor-alpha 
(TNF-a), mterleukm-6 (IL-6), monocyte chemotactic protein 1 (MCP-1), and 
nitric oxide (NO) were measured from cultured microglia and compared with 
the effects that propentofylline has on microglia activated by endotoxin. Cells 
treated with beta amyloid or endotoxin for 24 h produced elevations in all 
four parameters. At concentrations greater than 200 pM, propentofylline 
inhibited beta amyloid-induced IL-6 and MCP-1 secretion, with complete 
suppression occurring at 1 mM. Although propentofylline at 1 mM also 
suppressed IL-6 secretion from endotoxin-treated cells, it further elevated 
MCP-1 production, suggesting differences in the activation state of microglia 
induced by beta amyloid versus induction by endotoxin. Propentofylline was 
most potent in suppressing TNF-a secretion and nitric oxide production with 
IC50’s of ~20 pM for microglia activated by either endotoxin or beta 
amyloid. These results indicate that the microglial activation by beta amyloid 
differs somewhat from cells treated with endotoxin and that activation by 
beta amyloid can be attenuated by the Alzheimer’s disease drug 
propentofylline. Funding by Hoechst Marion Roussel.

689.11

INFLAMMATORY MOLECULAR CASCADE INDUCED BY P-AMYLOID IN 
VASCULAR CELLS. D. Failin'*, Z. Suo, J. Tan, F. Crawford, A. Gauntlett, C. 
Fang, A. Placzek and M. Mullan Roskamp Laboratories, Department of Psychiatry, 
3515 E. Fletcher Ave., University of South Florida, Tampa, FL 33613.

It has been suggested that one possible pathogenic mechanism of Alzheimer’s 
disease (AD) involves P-amyloid (Ap) induced auto-destructive inflammatory injury 
mediated by glial cells. Ap deposits and inflammatory reactions in the vascular wall 
have also been implicated in the vascular degeneration in CAA. To evaluate the 
role of AP in the inflammatory processes of cerebral vessels, we have examined the 
effects of Ap on expression of several inflammatory molecules in cultured human 
endothelial and smooth muscle cells. We have found that expression of several 
inflammatory molecules can be induced by nanomolar doses of Ap including CD40, 
CD40L, E-selectin, ICAM-1 and IFN-yR. We also found an increase in the 
secretion of IL-lp and IFN-y. Since the interaction of CD40-CD40L has been 
documented to play a pivotal role in regulation of inflammatory processes, we also 
investigated the possible interactions between the Ap-induced inflammatory 
molecules identified above. We found that addition of a CD40 monoclonal antibody 
could further enhance the AP-induced expression of ICAM-1 and IFN-yR, and 
secretion of IL-1 p and IFN-y, beyond Ap alone. These induced molecules also 
further increased the expression of CD40, ICAM-1 and IFN-yR synergistically with 
AP in endothelial cells. These data suggest that Ap is able to directly activate 
vascular cells and that interactions between inflammatory molecules further amplify 
this response. Therefore, the cerebral vascular wall deposits of Ap may induce an 
inflammatory cascade among vascular cells and T-cells/macrophages, contributing 
to vascular degeneration in CAA and AD.

689.12
AMYLOID-P STIMULATED SUPEROXIDE ANION PRODUCTION IN HUMAN 
MACROPHAGES AND SUBSEQUENT NF-kB RESPONSE IN ASTROCYTES.
H.A. Smits1, F.L, van Muiswinkel1,2, N.M. de Vos1, B. Drukareh3* and H.S.L.M. Nottet1
1 Eikman-Winkier Institute, section Neuroviroimmunology, Utrecht University, 
Heidelberglaan 100, 3584 CX, Utrecht, The Netherlands and Research Institute 
Neurosciences, Vrije Universiteit, Faculty of Medicine, Department of "Psychiatry and 
3 Neurology, Van der Boechorststraat 7, 1081 BT, Amsterdam, The Netherlands.

Alzheimer’s Disease (AD) is a neurodegenerative disease characterized by a loss of 
neuronal integrity in the vicinity of amyloid-P (AP) containing neuritic plaques. Activated 
microglia, or so-called brain macrophages, are thought to mediate neuronal cell damage e.g. 
the release of reactive oxygen species (ROS). Concomitant with a loss of neuronal integrity, 
microglia-derived ROS may lead to activation of redox-sensitive nuclear transcription factors 
such as nuclear factor-KB (NF-kB) in surrounding astrocytes. In the present study we 
investigate both the role of AP in die superoxide production of human macrophages and the 
consequences of this AP-macrophage interaction on the astrocytic response regarding NF-kB 
activation and NF-kB dependent expression of inflammatory genes. Macrophages were 
derived from a 7-day culture of human monocytes obtained by centrifugal elutriation of 
mononuclear blood cells. After stimulation of these cells with AB,..,- and / or Afi,_,6 
superoxide anion production was measured by lucigenin-enhanced chemiluminescence. 
Stimulation of macrophages with AB,.42 resulted in a dose-dependent release of superoxide 
anion. While inactive by it self, an excess of ABi_16 was capable to inhibit AB, _42 mediated 
respiratory burst, indicating that the amino terminus of AP is critically involved in 
AP-macrophage interactions. Currently we are investigating the NF-kB activation in 
macrophage-astrocyte cocultures using electromobility shift assays (emsa’s) and transfection 
experiments with luciferase containing plasmids under the control of promotor regions 
containing NF-kB and other transcription factors binding sites.

Supported by NWO, grant 903-51-141.
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689.13

VASOACTIVITY AND CONFORMATION OF ALZHEIMER’S 
AMYLOID-6 PEPTIDES. F Crawford*, Z Suo, C Soto1, C Fang, T Parker, 
B Frangione1 & M Mullan. Roskamp Laboratories, University of South 
Florida, Tampa, Florida 33613. ’Department of Pathology, NYU Medical 
College, New York, NY 10016

Vasoactivity of the A13 peptide has been demonstrated in vitro in isolated 
vessels by its enhancement of the constriction of aortic rings in response to 
phenylephrine or endothelin-1. The characteristics of A3 vasoactivity (dose, 
fragment length, timing) suggest that the mechanism is distinct from that of 
AP cytotoxicity. To identify which characteristics of the AP peptide 
determine its biological activity to vessels, we investigated a number of AB 
analogues and fragments, including those that are known to be associated with 
Alzheimer's disease (ABM2) and Hereditary Cerebral Hemorrhage with 
Amyloidosis - Dutch type (AP(22Q)m0)- The vasoactivity of the AP peptides 
and fragments appears to be related to the conformation adopted by the 
peptide in solution. The B-pleated sheet rich ABM2 and AB(22Q)M0 were 
significantly less vasoactive than the mainly random coil wild type ABM0- 
However, the most vasoactive AB peptides are those that contain mixtures of 
random coil and B-sheet structure. The finding that peptides containing low or 
high levels of B-pleated conformation are less vasoactive than those containing 
intermediate amounts of this structural motif, allow us to propose the 
existence of a transitional form between random coil and B-pleated that is the 
vasoactive species of AB. This is the first time that AB conformational 
intermediates have been identified and a biological activity associated 
with them.

GLIA AND OTHER NON-NEURONAL CELLS

690.1
ASTROCYTES RELEASE GLUTAMATE VIA A SIGNALLING SYSTEM 
ENCODED IN THE FREQUENCY OF ICa2+], OSCILLATIONS. L. Pasti, 
MZonta, T. Pozzan and G. Carmignoto*. Dept. of Exp. Biomed. Sci., Univ of 
Padova, 35121 Padova, Italy.

[Ca2+]i oscillations and intercellular waves can be triggered in astrocytes in 
situ by various types of stimuli including glutamate released by synaptic 
activity. Their precise role is, however, not yet understood, though they have 
been hypothesized to represent a [Ca2+],-based form of excitability. We recently 
provided evidence that astrocytes can release glutamate upon mGluR activation 
via a Ca2+-dependent pathway involving prostaglandin formation. We 
hypothesized that [Ca2+], oscillations represent the coding of the signal 
transduction for the neurotransmitter release. Our results suggest that the 
release of glutamate in astrocytes is pulsatile and follows the pattern of [Ca2+T 
oscillations since: i) the [Ca2+], rise in CAl neurons from acute hippocampal 
slices upon stimuli that trigger the release of glutamate from astrocytes 
displayed an oscillatory' pattern; ii) when astrocytes were induced to increase the 
frequency of their [Ca2+1, oscillations, the frequency of [Ca2+]i oscillations in 
adjacent neurons was also increased; iii) high concentrations of mGluR agonists 
or PGE2 did not induce tCa2+], oscillations, in astrocytes but, rather, a prompt 
JCa2+], increase followed by a sustained plateau. Under these conditions, only a 
single, transient [Ca2+], increase, temporally correlated with the [Ca2+]j increase 
in astrocytes, was observed in neurons, iiii) repetitive (period ~ 90 sec), large, 
slow inward currents (decay time constant 0.5-ls) were recorded in CAl 
neurons from acute brain slices upon PGE2 stimulation. These currents were 
mediated by glutamate released from astrocytes. The intracellular signalling 
information that triggers the release of glutamate in astrocytes in situ appears 
thus encoded in the frequency of [Ca2+], oscillations.

690.2

CELL CYCLE-DEPENDENT VULNERABILITY OF 
GLUCOSE-DEPRIVED ASTROCYTES TO NITRIC OXIDE- 
INDUCED CYTOTOXICITY. W-K. Kim '-2\ Y-S. Pae12 and J-J. 
Choi1. 'Dept. of Pharmacol., Coll, of Med.; 2Div. of Neurosci., Med. 
Res. Ctr., Ewha Women’s Univ., Seoul 158-056, Rep. of Korea

Astrocytes play an essential role in the maintenance of normal 
neuronal function. Here we report that under glucose-deprived 
conditions proliferating astrocytes are very vulnerable to nitric oxide 
(NO)-induced cytotoxicity. Neither 12-h glucose deprivation nor 8-h 
treatment with 200 uM 3-morpholinosydnonimine (SIN-1), a NO- 
releasing reagent, altered the viability of astrocytes. However, a 
remarkable death of astrocytes was induced by 2-h glucose deprivation 
in the presence of 200 pM SIN-1. This augmented death was consistent 
with the [3H]thymidine incorporation pattern as a fraction of total 
protein: compared to those slowly dividing, astrocytes rapidly dividing 
were much more susceptible to NO-induced cytotoxicity under 
glucose-deprived conditions. Of cell cycle blockers used in this study, 
ciclopirox, mimosine, hydroxyurea and etoposide largely blocked the 
NO-induced potentiated death. Deferoxamine, aphidicolin and 
nocodazole less blocked the potentiating effect of NO. The present data 
indicate that NO potentiates glucose-deprived astroglial death in a cell 
cycle-dependent manner. Supported by the research fund (to W-K. 
Kim) of the KOSEF, South Korea.

690.3

APOPTOSIS IN X KNIFE TREATED RAT C6 GLIOMA.
X-D Ma1, D-B Zhou1, J. Zhang1, and M. Klein2*. ’Dept. of Neurosurgery, 
Chinese General Hospital of PLA, Beijing 100853, P.R. of China and 
division of Neurosurgery, St. Louis Univ., St. Louis, MO 63104.

We used the C6 rat glioma model to evaluate the potential role of linear 
accelerator radiosurgery (X knife) for glial neoplasm. C6 glioma cells were 
implanted into the right frontal region in 46 S.D. rats. Contrast enhanced CT 
examination was used to confirm the onset of tumor and for radiosurgery 
targeting. Out of 46 rats, 32 underwent stereotactic radiosurgical (SRS) 
treatment using the 5-mm collimator of the X knife. Rats were killed at 4 hour, 
1 day, 1 week following 15, 20, 30 or 40 Gy X knife radiosurgery. 
Histological sections were examined under the assistance of computer image 
handling and SAS statistical systems. Aberrant nuclei by microscopic 
examination and condensation of chromatin under electronic microscopy 
indicated tumor cells undergoing apoptosis. Agarose gel electrophoresis of 
DNA demonstrated a classical ladder pattern of oligonucleosome fragments. 
Microscopic analysis showed that 15, 20 or 30 Gy groups displayed 
significant apoptosis at 4 hour and 1 day after radiosurgery compared to 
control and 40 Gy groups (P<0.0001). The DNA agarose gel electrophoresis 
also showed the ladder pattern clearly at 1 day in 15, 20 or 30 Gy groups. The 
40 Gy group only showed vague ladder formation. The in situ end-labeling 
detection of apoptotic cells also demonstrated identical outcomes. The C6 
glioma implants undergo apoptosis and necrosis in response to X knife 
treatment. More tumor cells undergo necrosis at a higher radiation dose. 
Research supported by: Chinese General Hospital of PLA

690.4

ESCHERICHIA COLI LPS-INDUCED APOPTOSIS IN RAT BRAIN 
NEONATAL MICROGLIA. A.M.S. Mayer4*, S. Oh4, P. Lamar4,
W.C.Prozialeck4, K.H.Ramsey3, P. Jacobson2, K.B, Glaser2 and A.
Romanic1. ’SmithKline Beecham Pharmaceuticals; 2Abbott Laboratories; 
Depts. 3Microbiology and 4Pharmacology, Midwestern University, 
Downers Grove, IL 60515.

We have recently reported that pretreatment of rat microglia (BM$) 
with E. coli LPS caused a dose-dependent increase in tumor necrosis a 
(TNF-a:), thromboxane B2 (TXB2) and lactate dehydrogenase (LDH). 
However, PMA-stimulated superoxide anion (O2) release was either 
enhanced with LPS (0.1-1 ng/nl) or strongly inhibited with LPS (3-100 
ng/ml) [Shock 7(S2): 49, 1997]. We hypothesized that Cf, inhibition 
might be caused by LPS-induced apoptosis in BM4>. In order to test our 
hypothesis we isolated neonatal rat BM<f> (Soc. Neurosci. Abstr., 
22:1499, 1996) treated them with 0.1-100 ng/ml E. coli LPS 026:26 
(Difco Labs) over 17 hours, and determined apopotosis by direct 
immunoperoxidase detection of digoxigenin-labeled genomic BM4> DNA 
(ApopTag™). Significant numbers of apoptotic BM4> were observed at 
LPS > 1-100 ng/ml. Concomitant increased levels of NO, TNF-a:, TXB2, 
the matrix metalloproteinases MMP-9 but not MMP-2 and LDH were also 
observed. Our results suggest a possible relationship between LPS-induced 
inflammatory mediators and the mechanism of in vitro apoptosis induction 
in BM<F. Supported by California Sea Grant College (R/MP-73) and 
Midwestern University.
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690.5
EXOGENOUS MICROGLIA ENTER INTO BRAIN THROUGH 
ENDOTHELIUM AND MIGRATE INTO THE ISCHEMIC LESION.
F. Imai,1 M. Sawada,2*3 H. Suzuki,1 T.Kameyama,3* and T. Kanno1 
^ept. of Neurosurgery, Fujita Health Univ; Toyoake, Aichi 470-1192. 
2PRESTO, Japan Science and Technology Corporation, and 3Institute for 
Comprehensive Medical Science, Fujita Health Univ.

We have been reported that microglia transfected with Escherichea Coli 
B-galactosidase gene (Lac Z) entered into brain parenchyma through 
endothelium, and confirmed the brain specific expression of the gene with 
X-gal stain and B-galactosidase assay. It was reported that endogenous 
microglia migrate to ischemic lesion in the brain. We investigated whether 
exogenous microglia could also migrate to the ischemic lesion. Microglia 
were tagged with a lipid-soluble, fluorescent dye, PKH-26 and were 
injected into the artery of the Mongolian gerbil model of ischemia- 
reperfusion brain damage. Gerbils were cared and treated according to 
the policy on the use of Animals in NEUROSCIENCE RESEARCH. 
Delayed neuronal death was detected in the hippocampal region by Nissle 
stain and terminal deoxynucleotidyl transferase-mediated dUTP nick 
labeling. A cluster of PKH-26 tagged cells migrated in the hippocampal 
lesion and were identified as microglia by immunohistochemical staining 
with a specific antibody. These data suggest the possible new type of cell 
therapy with microglia for the brain ischemia.

690.6
INSULIN LIKE GROWTH FACTOR-I PREVENTS PROGRAMMED CELL 
DEATH IN SCHWANN CELLS AFTER SERUM WITHDRAWAL. C.L. 
Delaney*, H.-L. Cheng, and E.L, Feldman. Dept. of Neurology, Univ. of 
Michigan, Ann Arbor, MI 48109.

We have previously shown that IGF-I is able to rescue neuroblastoma cells 
from glucose mediated programmed cell death (PCD). IGF-I rescues via 
phosphatidylinositol 3-kinase (PI-3K), retards proteolytic activation of caspase-3 
and -7, and inhibits apoptotic changes in bcl-2 and bcl-XL expression. Given 
the complex interplay between neurons and glia during development and disease, 
our goal was to examine if IGF-I can play a similar protective role in preventing 
cell death in Schwann cells. Schwann cells were purified from postnatal day 3 
rat sciatic nerve and maintained in serum containing media until confluency.
The cells were rinsed and then serum-free media was added for 6-72 hours. Cells 
were collected, stained with propidium iodide, and processed for FACS analysis. 
FACS analysis showed that after 12 hours in serum-free media, 14 ± 2% of the 
SCs have undergone PCD, increasing to 57 ± 5% at 72 hours (the latest time 
examined). Since IGF-I is a constituent of serum, we added back lOnM IGF-I at 
the time of serum withdrawal and found that we could rescue more than half of 
the moribund cells. When PI-3K inhibitor LY294002 was added prior to the 
IGF-I, it almost completely blocked IGF-I’s ability to prevent PCD. Further, 
when the caspase inhibitor bok-asp-fmk (BAF) was included in the serum-free 
media, with or without LY294002, SCs did not succumb to PCD. These results 
suggest that IGF-I rescue of Schwann cells from PCD is predominantly via the 
PI-3K which is upstream of caspase activation. Western blot analysis identified 
expression of bcl-XL and caspase-3 in Schwann cells indicating that these 
molecules may influence PCD in SCs similar to the manner we have observed 
in neuroblastoma cells.
This work was supported by NIH grant T32 NS07222 (C.L.D.) and grants from 
the American Diabetes Association and the Juvenile Diabetes Foundation.

690.7
MYELIN-ASSOCIATED NEURITE GROWTH INHIBITORS CONTROL THE 
EXPRESSION OF GROWTH-ASSOCIATED MOLECULES IN ADULT RAT 
PURKINJE CELLS M. Zagrebelsky, A. Buffo, M.E. Schwabty A. Skerra#, P, Strata, 
F. Rossi*. Dept. of Neuroscience, University of Turin, 1-10125 Italy;ABrain Research 
Institute, University of Zurich, CH-8029, Switzerland;#Dept. of Biochem., Technical 
University, Darmstadt, Germany

Among cerebellar axon populations, olivocerebellar axons and mossy fibres 
vigorously regenerate into growth permissive transplants, whereas Purkinje cell (PC) 
axons invariably fail. In order to assess whether this opposite regenerative potential is 
due to different intrinsic properties of these neuron populations we have examined their 
expression of injury or regeneration-associated markers in response to axotomy. In the 
deep cerebellar nuclei, inferior olive and lateral reticular nucleus axon injury induced 
stereotyped changes including the expression of c-Jun and Jun-D transcription factors, 
GAP-43, and a strong reactivity for NADPH diaphorase histochemistry (NADPHd). By 
contrast, none of these changes occurred in axotomised PCs, except for a few neurons 
located in the proximity of the lesion site. This strict relationship existing between 
axotomy-induced modifications in PCs and their distance from the lesion site suggests 
that their cellular response to axon injury is inhibited by retrograde signals originating 
from the axonal environment. Indeed, block of axoplasmic flow by single colchicine 
injections in the intact cerebellar cortex induced a strong expression of c-Jun, Jun-D 
and NADPHd .reactivity in PCs. In addition, several Purkinje neurons became 
immunoreactive for CAP-23, a protein sharing structural and functional homologies 
with GAP-43. In order to elucidate the molecular mechanisms underlying this 
retrograde inhibitory influence Fab fragments of the antibody directed against a major 
myelin-associated neurite growth inhibitor were applied either in vivo to the intact 
cerebellar cortex, or in vitro to organotypic cerebellar cultures. Fab fragment injection 
resulted in a strong upregulation of c-Jun, JunD and NADPHd in PCs. These results 
show that myelin-associated neurite growth inhibitors exert a retrograde suppression of 
growth-associated molecules in adult PCs.

Supported by a grant from the EC. Biotechnology Programme (ERBBIO4-CT96-0774)

690.8
FUNCTIONAL CAPACITIES OF LONG TERM DENERVATED SCHWANN 
CELLS. P.M.Wood, E.F.Cuervo, R.P. Bunge and T.Gordon*. The Miami Project to 
Cure Paralysis and the Department of Neurological Surgery, University of Miami 
School of Medicine, Miami FL 33136 and the Division of Neuroscience, University of 
Alberta, Edmonton, Canada T6G 2S2.

Poor recovery of function following injury to a peripheral nerve is frequently 
observed when repair is delayed by several months, or when regeneration must occur 
over long distances. Decline in the ability of residual atrophic Schwann cells (SCs) 
within the distal stump to interact with regenerating axons has been proposed to explain 
the poor recovery of function. The capacity of adult, long-term denervated rat SCs to 
proliferate in response to, and to myelinate, sensory axons was tested in an in vitro 
model. SCs were isolated from freshly dissected sciatic nerves after seven days, seven 
weeks or seventeen months denervation. The average number of SCs obtained per nerve 
in each group were 1,875,000 (7day), 4,725,000 (7weeks) and 131,250 (17month). 
Equal numbers of cells from each preparation were plated into cultures containing 
purified, dissociated fetal dorsal root ganglion neurons. After five days of co-culture, 
cultures from each group were treated for 24 hours with tritiated thymidine, and 
labelling was determined by combined immunostaining for S100 and autoradiography. 
After 24 days of co-culture, cultures from each group were stained with Sudan Black 
to reveal myelin. SC proliferation was observed in all groups with labelling indices as 
follows: 74±5% (7 day), 55±7% (7week), 31±3% (17 month). The decreased 
proliferation rate in the 17 month group could reflect the absence of neuregulin 
receptors on SCs at the time of isolation from the long-term denervated nerves. 
Extensive myelination was found in all groups by 24 days; no significant difference in 
the amount of myelin was observed. These results clearly show that the Schwann cells 
surviving in nerves for up to 17 months following axotomy retain their ability to 
respond to axonal signals to divide and to produce myelin. (Supported by NIH 
NS09923, the Miami Project to Cure Paralysis and Canadian MRC).

690.9

DIFH3RENTTALLY EXPRESSED GENES IN PROMYEI JNATING .AND 
MYIJINAIING SCHWANN CELLS. R.Wu1.* D.E. Weinstein12. Dept. of 
Neuroscience1 and Pathology2, Albert Einstein College of Medicine, Bronx, NY, 10461.

Development of the Schwann cell (SC) can be divided into four stages: 
migration commitment, proliferation, promyelination and myelination. Protuyelination 
is functionally defined as the time after the SC progenitors have ceased proliferation, but 
prior to the onset of myelination. During this phase, the progenitor cells migrate along 
the axons, actively dividing bundles of axons into individual fibers, and ensheathing 
those fibers prior to myelination, and it is during promyelination that histoarchitecture 
of nen e is sculpted. We have recently demonstrated that attenuation of promyelination 
results in severe developmental abnormalities of the murine peripheral nerve. Therefore, 
identifying the molecular events associated with this phase is essential for the 
understanding of the development of the peripheral nervous system (PNS). SCIP 
(Suppressed cAMP Inducible POU), a member of POU family of transcription factors, 
is specifically expressed during promyelination, and to date, it is the only gene that is 
specifically associated with this critical developmental phase. Evidence from transgenic 
and SCIP-null mice suggests that SCIP is required for SCs to enter into, and maintain 
promyelination. In addition, we have recently demonstrated that the SCs from 
transgenic mice expressing a mutant, amino terminally truncated form of SCIP 
(ASCIP), enhance the rate and extent of peripheral nerve regeneration in vivo and in 
vitro. In order to further our understanding of promyelination we have adopted a 
differential display technique to identify genes that are preferentially expressed during 
this developmental phase. We have compared mRNAs from mature, myelinated nerve 
and promvelinating, postnatal day 2 mice. In addition vve have compared cultured SCs 
from wildtype and ASCIP mice. cDNA fragment corresponding to several apparently 
differentially expressed mRNAs were recovered and sequenced. Northern analysis has 
confirmed their differential expression. Sequence analysis demonstrated that some ol' 
cDNA fragments corresponded to unknown genes, whereas some represent known genes 
not previously associated with SCN. These data demonstrate the power of this type of 
analysis and suggest that it will bolster our understanding of the molecular basis of 
PNS development. In addition, we believe that these data will assist in the 
understanding the molecular components that are involved in SC-mediated enhanced 
regeneration.

National Multiple Sclerosis Society RG2785-A-2

690.10
A SCHWANN CELL ENHANCER OF THE MYELIN BASIC 
PROTEIN (MBP) GENE. R. Forghani*. H.F. Farhadi. D, Foran. L. 
Garofalo, and A.C, Peterson. Dept. of Neurology & Neurosurgery, McGill 
University, Montreal, PQ, Canada H3A 1A1.

The myelinating phenotype of Schwann cells is controlled by axonal 
signal(s) in part by the induction and coordinate upregulation of myelin- 
associated genes. In order to identify the transcription factor(s) controlling 
the myelinating phenotype, we are characterizing the regulatory DNA 
element(s) required for Schwann cell expression, by sequence analysis, and a 
combination of in vivo functional promoter analysis (in transgenic mice) and 
in vitro DNA binding assays using peripheral nerve extracts. We have 
mapped a 0.6 kb sequence 10 kb upstream of the MBP gene that targets 
expression of the lac Z reporter gene to Schwann cells in transgenic mice. 
This sequence confers expression in a position and orientation independent 
manner, characteristic of an enhancer. Further, the expression conferred by 
this enhancer is temporally similar to that of myelination in the PNS during 
primary development. However, the expression pattern does not fully 
reiterate what would be anticipated for the MBP gene, suggesting that there 
are other elements controlling Schwann cell expression as well. Accurate 
identification of the DNA element(s) should lead to the characterization of the 
relevant transcription factor(s) which are the downstream component(s) of the 
axon-Schwann cell signalling pathway. In turn, this can be used to identify 
further upstream components of this pathway.
Supported in part by MRC and Neuroscience NCE (Canada)
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690.11
NAALADase INHIBITION ENHANCES MYELINATION FOLLOWING 
SCIATIC NERVE CRYOLESION AND TELLURIUM INTOXICATION.
Y.-M. Yao*‘,E. Maulhardt1, B. Brown1, T.L. Hartman2 and B. S. Slusher2,
'Pharmaceutical Discovery, SRI International, Menlo Park, CA. and 2Guilford 
Pharmaceuticals, Inc., Baltimore, MD.

N-acetylated-alpha-linked acidic dipeptidase (NAALADase; Carboxypeptidase G2) 
is a brain enzyme which hydrolyzes the neuropeptide N-acetyl-aspartyl-glutamate 
(NAAG) to liberate free glutamate. NAAG and NAALADase are located in several 
regions of the PNS including dorsal root ganglia and sciatic nerve. NAALADase is 
down-regulated in glial cells as they start to form myelin and is absent in myelinating 
Schwann cells. We reported previously that pretreatment with the NAALADase 
inhibitor, 2-(phosphonomethyl) pentanedioic acid (2-PMPA), results in a significant 
increase in the number of myelinated axons and myelin thickness as compared to 
vehicle-treated mice following sciatic nerve cryolesion (Soc. Neurosci. Abstr., Vol. 
23(2), p 2302, 1997). Here we will report the results of further studies designed to 
evaluate the regenerative effects of 2-PMPA when administered post crush. Mouse 
sciatic nerves were cryolesioned, and seven days later silastic rubber plugs releasing 2- 
PMPA (~2pg/day) were implanted at the site of the lesion. Morphometric analysis is 
currently underway to examine the extent of myelination 15 days post dosing. In a 
separate set of experiments, we evaluated 2-PMPA in a tellurium-induced neuropathy 
model. Rat pups (postnatal days 20-29) were fed a diet of 1.75% elemental tellurium. 
On postnatal day 29, vehicle-treated rats exhibited severe hindlimb paralysis and 
decreased locomotion. Rats administered 2-PMPA (50 mg/kg i.p. daily ) exhibited a 
significant attenuation of the hind limb paralysis as assessed by a blind observer and 
increased locomotor scores (1364 vs. 2375 cm travelled; p =0.0003). Morphometric 
studies are currently underway. These data are consistent with the proposal that 
NAALADase plays a role in signaling myelin formation and inhibition of NAALADase 
may facilitate myelination.

VISUAL CORTEX: STRIATE IX

691.2691.1
LOCALIZATION OF GABAb RECEPTORS IN PYRAMIDAL AND 
NONPYRAMIDAL CELLS OF RAT VISUAL CORTEX. A.Burkhalter*,
L.Pang, and Y.Gonchar. Dept. of Anatomy and Neurobiology, Washington 
Univ. Sch. of Med.; St. Louis, MO 63110.

In the cortex slow inhibition is mediated via GABAb receptors 
(GABABR; Connors et al., 1988). Electrophysiological studies suggest that 
this form of inhibition is supplied by a distinct type of inhibitory neuron 
(Benardo, 1994; Thomson et al., 1997). To test this we used an antibody 
against the GABAgRl subunit (Malitschek et al., 1997) to study the 
expression of GABAgR in pyramidal and nonpyramidal cells of rat visual 
cortex. GABAgR expressing neuronal cell bodies are found throughout 
area 17, with the most intense staining in layers 5 and 6, intermediate in 
layers 1 and 2/3 and weakest in layer 4. Expression in pyramidal cells is 
extensive but confined to a subset (65-90%) of projection neurons that 
make forward and feedback projections between primary and secondary 
visual areas. High levels of GABAgR is present in three types of 
GABAergic neurons that are identified by the expression of parvalbumin 
(~95%), calretinin (100%) and somatostatin (90%). Ultrastructural analysis 
after pre- and postembedding staining shows GABAgR in a subset of 
pyramidal and nonpyramidal cell bodies and extending into thick and thin 
dendrites. GABAgR expression in spines is rare. Staining is absent from 
axon terminals that contain round vesicles. In contrast, GABAgR is 
present in many but not all terminals that contain elongated vesicles. 
Similarly postsynaptic GABAgR is present only in a subset of symmetrical 
synaptic contacts.

These results support the role of GABAgR at inhibitory synapses 
and suggest that slow inhibition is conveyed by a subset of symmetric 
synapses. Supported by NIH grant EY 05935.

SYNAPTIC CONNECTIVITY OF GABAERGIC CALRETININ-EXPRESSING 
NEURONS IN RAT VISUAL CORTEX. Y.Gonchar * and A.Burkhalter . Dept. of 
Anatomy and Neurobiology, Washington Univ. Sch. of Med; St.Louis, MO 63110.

In rat cortex calretinin (CR) is expressed in 17% of GABAergic cells. CR cells 
constitute a family of neurons with distinct properties (Gonchar and Burkhalter, 
1997; Kawaguchi and Kubota, 1997). More than 90% of CR cell bodies coexpress 
GABA and therefore presumably are inhibitory. However, it remains unresolved 
whether some bipolar CR cells form asymmetric synapses and can be considered 
excitatory (Peters, 1984; Luth et al., 1993). To address this problem we used pre- 
and postembedding immunostaining to study the morphology and GABA 
immunoreactivity of CR axonal terminals. In addition, we studied the synaptic 
relationships of CR cells with other elements in the neuropil. The results show that 
CR is expressed in nonpyramidal cells which are most numerous in layer 2/3 and 
often have beaded dendrites. In layers 2 through 6 most of their dendrites are 
vertically oriented, while in layer 1 many run for - 1 mm parallel to pial surface. 
Axons have terminal fields near the cell body and in layers 5 and 6. EM analysis 
shows that CR cells are enriched in mitochondria and that synapses with their 
somata and dendrites are formed by GABA' (asymmetric) and GABA+, including 
CR+ terminals. GABA is expressed throughout CR neurons. Staining is weakest 
in thin dendrites and most intense in axonal terminals of which 98% are GABA". 
CR terminals contain elongated vesicles and form symmetric synapses. In layer 2/3 
- 68% of CR terminals contact GABA* targets, many of which express CR. The 
remainder innervates GABA-negative targets, including spines and dendrites of 
pyramidal cells. Unlike in layer 2/3, in layers 5 and 6 CR terminals preferentially 
contact pyramidal cells.

The preferential innervation of GABAergic targets, and CR neurons specifically, 
suggests that one of the roles of CR neurons is to disinhibit a column of pyramidal 
cells in layers 2/3, 5 and 6. Supported by NIH grant EY 05935.

691.3
FUNCTIONAL ARCHITECTURE OF FERRET VISUAL CORTEX: THALAMIC 
INPUTS TO IDENTIFIED OCULAR DOMINANCE TERRITORIES. L.E. White*, 
W.H. Bosking, & D, Fitzpatrick. Department of Neurobiology, Duke University 
Medical Center, Durham, NC 27710.

We used a variety of physiological and anatomical methods to explore the 
spatial arrangement of ocular dominance (OD) domains, the map of visual space, 
and the sources of thalamic input to distinct OD territories. In the caudal pole where 
the binocular segment of the contralateral visual hemifield is represented, OD 
domains take the form of small islands or stripes. In dorsal occipital cortex, the 
small contralateral eye domains merge anteriorly into a continuous band elongated 
in the medial-to-lateral axis. Unilateral and hilateral optical imaging using spatially 
restricted stimuli, together with receptive field mapping, indicates that this band 
contains a representation of as much as the central 10 degrees of the ipsilateral 
visual hemifield. Small injections of retrograde tracers into this band label cells 
mainly in the medial margin of lamina A in the lateral geniculate nucleus (LGN). 
Anterior to this zone and interdigitating with it is a second prominent band, 
dominated by input arising from the ipsilateral eye, which contains a reversed 
representation (consistent with V2) of the central 20-30 degrees of the contralateral 
visual hemifield. Small injections into this band result in labeled cells in a restricted 
portion of lamina Al of the LGN. Finally, large irregular domains with a 
contralateral eye preference are present anterior to the ipsilateral eye band; these 
domains appear to be less topographically organized than more posterior territories. 
Injections into these anterior contralateral eye domains produce retrograde label in 
lamina C of the LGN, with little or no label in lamina A. These findings are 
consistent with the idea that the small OD domains seen in the caudal pole may 
result from competitive interactions among similar classes of thalamocortical inputs. 
The large OD domains seen on the dorsal occipital surface, however, may arise 
primarily by non-competitive mechanisms related to visuotopy, areal specification, 
and/or the distribution of distinct functional classes of thalamocortical inputs. 
Supported by EY06729, EY11488 & The McKnight Foundation.

691.4
IPSILATERAL VISUAL FIELD REPRESENTATION AND VISUOTOPIC 
SPECIFICITY OF CALLOSAL CONNECTIONS IN TREE SHREW STRIATE 
CORTEX. W.H. Bosking*, R. Kretz & D. Fitzpatrick. Department of 
Neurobiology, Duke University Medical Center, Durham, NC 27710 and 
Department of Anatomy, University of Fribourg, CH-1700 Fribourg, Switzerland.

Optical imaging of intrinsic signals was used to investigate the bilateral 
representation of visual space in tree shrew striate cortex (VI). Images of cortical 
activity were acquired directly through the thinned bone over both hemispheres 
while the animal viewed a stimulus that consisted of a single elongated vertical bar 
0.5° wide moved back and forth rapidly within a 2° window. When this stimulus 
was centered on the vertical meridian (VM), bands of activity were observed in VI 
of each hemisphere that were symmetric about the midline, but displaced by up to 
1 mm from the V1/V2 border in the area representing lower visual space. 
Progressive movement of the stimulus away from the VM resulted in systematic 
displacement of these bands of activity away from the VI/V2 border on the 
contralateral side and towards the V1/V2 border on the ipsilateral side. Intrinsic 
signal was evoked in both hemispheres by stimuli displaced as far as 16° from the 
vertical meridian, revealing a substantial amount of ipsilateral visual field 
representation. Nissl staining of tangential sections through visual cortex 
demonstrated that this ipsilateral representation lies within striate cortex. The 
location, size, and organization of the ipsilateral representation revealed by optical 
imaging were confirmed by electrophysiological recordings.

Previous anatomical studies in both tree shrews and cats demonstrated that 
callosal connections are not restricted to the VI/V2 border and that they link non- 
mirror symmetric positions in the two hemispheres (Kretz and Rager, 1990; 
Olavarria, 1996). Here we assessed the topographic specificity of callosal 
connections by combining injection of fluorescent microspheres with optical 
imaging of the bilateral pattern of activity evoked by a single stimulus. Injections 
into the band of activity in one hemisphere labeled cells in the corresponding band 
of activity in the other hemisphere. These results demonstrate that the non-mirror 
symmetric arrangement of callosal connections serves to link visuotopically 
corresponding regions in the two hemispheres. Supported by: EY06821 and the 
McKnight Foundation.
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691.5
ORGANIZATION OF EXCITATORY AND INHIBITORY CONNECTIONS IN 
LAYER 4 OF FERRET VISUAL CORTEX.
T.R. Tucker* and L.C. Katz. Howard Hughes Med. Inst, and Dept. of Neurobiology, 
Duke Univ. Med. Cntr., Durham, NC 27710.

In the adult ferret, neurons in superficial and deep layers of visual cortex have 
sharper orientation tuning than those in layer 4. It has been proposed that orientation 
tuning is sharpened by the organization of intralaminar connections, in which 
inhibition has a broader spatial extent than excitation. If this is the case, then one 
possibility is that the difference in tuning is the result of a difference in the spatial 
extent of inhibitory inputs between layer 4 neurons and those in superficial and deep 
layers.

To test this hypothesis, a new method of photostimulation was used to determine 
the intralaminar distribution of excitatory and inhibitory inputs onto layer 4 neurons 
recorded with sharp electrodes. An acousto-optic modulator (AOM) was used to 
produce sub-millisecond (50 to 750 gsec) pulses of light from a UV laser, which 
were directed into an optical fiber that terminated over the slice, yielding areas of 
illumination 50 to 100 pm in diameter. Coronal slices of visual cortex from ferrets 
were bathed in ACSF containing caged-glutamate, and the optical fiber was scanned 
laterally across layer 4.

Both excitatory and inhibitory potentials were observed after stimulating within 
300 pm of the soma. Stimulation at greater lateral distances rarely evoked EPSPs 
but consistently evoked IPSPs. IPSPs could be evoked over twice the distance of 
EPSPs, and in some cases up to 800 pm. These data suggest that layer 4 neurons 
receive inhibitory input from multiple orientation columns which may influence 
their orientation tuning. Since anatomical and photostimulation experiments on 
other layers have shown that the vast majority of inhibitory inputs he within 500 pm 
of the soma, it is unlikely that the spatial extent of inhibition is sufficient to account 
for the differences in the sharpness of orientation tuning between the layers. 
Supported by NEI grant (EYO7960) and Human Frontiers Science Program.

691.6
FEEDFORWARD INHIBITION CONTROLS RESPONSES OF REGULARLY 
SPIKING CELLS IN VISUAL CORTEX. J. G. Mancilla* and P, S, Ulinski. 
Comm. Neurobiol. and Dept. Org. Biol, and Anat., U. Chicago, Chicago, IL 
60637.

The role of inhibition in shaping the responses of neurons in visual cortex has 
typically been assessed by iontophoretic or bath application of GABAA-receptor 
antagonists while measuring responses of cortical cells. However, interpretation of 
these experiments is difficult because extracellular blockade of GABAA receptors 
can disinhibit inhibitory intemeurons, which are themselves inhibited by other 
intemeurons. This problem can be circumvented by blocking inhibition to single 
cells using intracellular application of the chloride channel blocker, picrotoxin. 
The role of feedforward inhibition in controlling pyramidal cell responses was 
studied using an in vitro geniculocortical preparation of the pond turtle, 
Pseudemys scripta. Sharp electrodes filled with 1 mM picrotoxin in 4 M 
potassium acetate were used to record the responses of regularly spiking cells in 
visual cortex to electrical stimulation of thalamic afferents or visual stimulation of 
the retina. Intracellular application of picrotoxin produced no change in the 
latencies of compound postsynaptic potentials (PSPs) in either stimulation 
paradigm, but amplitudes of PSPs are larger and peak times are shorter in cells 
recorded with picrotoxin in the pipettes as compared to control responses. Cells 
recorded with picrotoxin electrodes were more likely to produce action potentials in 
response to a stimulus than were control cells. The rising phase of the responses 
showed two distinct segments. The first segment lasted from 0 - 30 msec; its 
slope was unchanged by intracellular picrotoxin application. The second segment 
lasted from 30 to about 100 msec; its slope increased significantly following 
intracellular picrotoxin application. These changes were evident on both the linear 
and plateau components of intensity-response functions. Supported by an NSF 
grant from the LIS program and a PHS training grant to JGM.

691.7
SPATIAL DISTRIBUTION AND TEMPORAL DYNAMICS OF LAYER 1 
INHIBITORY INTERNEURONS. V, Khatri and P, S, Ulinski*. Dept. Org. 
Biol, and Anat., U. Chicago, Chicago, EL 60637.

Inhibitory intemeurons in visual cortices make inhibitory synapses upon each 
other. An understanding of the spatial distribution of inhibitory intemeurons is, 
thus, essential to understanding the role of inhibition in shaping the responses of 
pyramidal cells to visual stimuli. We used whole mounts of the cortex of pond 
turtles, Pseudemys scripia, and anti-GABA antibodies to map the spatial 
distribution of GABAergic neurons in layer 1 of visual cortex. The somata and 
dendrites of GABA immunopositive neurons were clearly visible. 26 patches in 
visual cortex, containing 1,088 neurons, from three turtles were analyzed. Patches 
were selected because they showed clear and uniform GABA-like immunoreactivity. 
Patch diameters were approximately 1.0 mm. A reference neuron towards the 
center of each patch was chosen and the radial distance from the soma of the 
reference neuron to the soma of every other neuron in the patch was measured. 
Nearest neighbors were roughly 147 pm distant from the reference neuron. 
Cumulative histograms showed that reference neurons had roughly 5 neighbors 
within 200 pm, 10 within 400 pm, 30 within 600 pm and 50 within 800 pm. 
Any one inhibitory neuron is, consequently, likely to receive inhibitory contacts 
from 50 or more neighboring inhibitory cells. Current estimates of the conduction 
velocity of action potentials in unmyelinated axons of inhibitory neurons are on 
the order of 0.05 m/sec. This suggests that inhibitory intemeurons will be 
initially excited by a volley of action potentials in a fascicle of geniculate 
afferents, but will begin to be inhibited by neighboring inhibitory intemeurons 
after roughly 30 msec. The level of inhibition can increase for 200 msec, or 
more, as progressively more distant intemeurons are activated. Pyramidal cells 
will, consequendy, be subjected to an initial barrage of EPSPs mediated by 
monosynaptic geniculocortical synapses and then a burst of IPSPs mediated by the 
network of inhibitory intemeurons. Supported by an NSF grant from the LIS 
program and a Howard Hughes SROP grant to VK.

691.8
INHIBITORY ORGANIZATION OF RECEPTIVE FIELD SURROUNDS IN THE 
CAT’S VISUAL CORTEX G.A. Walker. I.Ohzawa*. R.D, Freeman Group in Vision 
Science, School of Optometry, University of California, Berkeley, CA. 94720-2020.

Areas beyond the classical receptive field (CRF) have been shown to modulate the 
response to stimuli presented within the CRF. However, the functional role of the 
surround is unclear. We have conducted studies designed to identify functional 
properties of the surround in order to assess their role in visual processing. We 
recorded single cells extracellularly from area 17 of anesthetized, paralyzed cats. 
Drifting, sinusoidal gratings were used to stimulate the CRF and the surrounds were 
probed with secondary grating patches that were either drifting or briefly flashed at 
various locations around the CRF. We find that the suppressive regions of the 
surround are usually spatially asymmetric and can often be localized to one region of 
the surround. We induced cross-orientation suppression in the surrounds with a plaid 
grating configuration, while presenting an optimal grating to the center. For cells with 
strong surround suppression, increasing the contrast of the orthogonal surround grating 
leads to an increase in response of the central stimulus. However, the increase in 
response does not actually cause a facilitation beyond optimal central stimulation.

We conclude that surround suppressive regions are spatially discrete, usually 
asymmetric, occupy locations adjacent to the CRF and appear to originate from local 
intra-cortical circuitry. Surround disinhibition could provide an alternative and 
simple interpretation of the contextual figure-ground effects.

Supported by NIH Grant EY01175.

691.9
THE GENERATION OF COMPLEX RECEPTIVE FIELDS IN THE 
SUPERFICIAL LAYERS OF CAT VISUAL CORTEX Jose-Manuel 
Alonso* and Luis Martinez. Laboratory of Neurobiology, The Rockefeller 
University, New York, NY 10021.

According to a hierarchical model, complex receptive fields originate from the 
convergent inputs of several simple cells with similar orientation preferences 
(Hubei and Wiesel, 1962). This model was challenged by experiments showing 
that blockades of layer A in the lateral geniculate nucleus (LGN) inactivate layer 
IV simple cells but not layer II+III complex cells (Malpeli, 1983). In favor of the 
hierarchical model, layer IV simple cells and layer II+III complex cells within 
the same cortical column show correlated firing consistent with monosynaptic 
connections (the correlogram has a positive peak displaced from zero with a fast 
peak time and rise time; e g., rise time for peaks that do not cross the zero of the 
correlogram: 2.23±1.03 ms; Alonso and Martinez, 1997). How could we 
reconcile these findings?

To address this question, we inactivated layer A of LGN (10-40 nl GABA 
injections), while recording simultaneously from simple cells and complex cells 
within the same cortical column (misalignment within the column< 200 pm). In 
these experiments, we found that some layer II+III complex cells were totally 
inactivated by LGN blockades (n=25) while others remained still active (n=13). 
Moreover, as would be expected from a hierarchical model, complex cells 
showing correlated firing with simple cells (consistent with monosynaptic 
connections) were always inactivated by geniculate blockades (n=9). These 
results suggest that some layer II+III complex cells are generated by simple cell 
inputs (Hubei and Wiesel, 1962) while others may be generated by a different 
mechanism (Malpeli, 1983). (NIH EY05253, HFSPO).

691.10
LOCAL CONNECTIONS OF LAYER 4C SPINY STELLATE NEURONS IN 
PRIMATE VI. N.H. Yabuta* and E.M. Callaway. Systems Neurobiology Lab, The 
Salk Institute, La Jolla, CA 92037.

In the macaque monkey, visual information reaches the striate cortex (VI) through 
two distinct pathways, magnocellular (M) and parvocellular (P). M input terminates in 
layer 4Ca of VI and P input terminates in 4Cp. Furthermore, a unique type of M input 
may specifically target upper layer 4Ca, avoiding lower 4Ca. This information is then 
reorganized within VI before being sent to extrastriate visual areas. To better 
understand how this is accomplished anatomically, the output from individual layer 4C 
spiny stellate (excitatory) neurons to the VI extrastriate output zones (e.g., layer 4B, 
layer 2/3 blobs, layer 2/3 interblobs) was studied in detail. Twenty-three neurons with 
somata throughout the depth of layer 4C were intracellularly labeled with biocytin in 
VI brain slices from juvenile macaque monkeys. Axonal and dendritic arbors and 
positions of all synaptic boutons were reconstructed. We distinguished five types of 
spiny stellate neurons based on their patterns of axonal arborization. Each type was 
distributed at particular depths within layer 4C and had a distinct laminar pattern of 
dendritic arborization. Only two cell types were found in upper layer 4Ca: 1) cells with 
axonal arbors only in layer 4C, but not in more superficial layers; 2) cells projecting 
axons more superficially and arborizing in layer 4B and/or layer 2/3 blobs, but not 
interblobs. Upper 4Ca therefore contributes M input to layer 4B and to blobs, but not to 
interblobs. In lower layer 4Ca (mid-4C) we found the two upper 4Ca cell types, and 
two more cell types: 1) cells with narrowly stratified dendrites confined to lower 4Ca 
just above 4C(3, had axonal arbors only in layer 2/3 interblobs, not in blobs or layer 4B; 
2) the other type, with dendritic branches in both 4Ca and 4C(3, had axonal arbors in 
both layer 2/3 blobs and interblobs, but not 4B. These two mid-layer 4C cell types could 
contribute M input to layer 2/3 interblobs, but this would not include input from M 
afferents exclusively targeting upper 4Ca. All layer 4CP cells had axonal arbors in both 
layer 2/3 blobs and interblobs, but not 4B. These cells therefore relay P input to blobs 
and interblobs. Therefore, three distinct zones within layer 4C, upper 4Ca, mid-4C, and 
4Cp, each contribute uniquely to extrastriate output zones. Upper 4Ca contributes M 
input to blobs and layer 4B. Mid-4C contributes a subset of M input to interblobs. Layer 
4CP and mid-4C cells receiving P input project to both blobs and interblobs. In further 
analyses, plotted synaptic boutons will be quantitatively analyzed to give a detailed 
view of the relationships between axonal arbors, cortical layers, and blobs.
Supported by NIH grant #EY 10742.
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691.11
RESIDUAL BINOCULAR INTERACTIONS IN CAT STRIATE CORTEX AFTER PROLONGED 
MONOCULAR DEPRIVATION ARE MODIFIABLE BY NITRIC OXIDE. M.J. Friedländer1*, W. 

Guido2, & P. Kara1. 1Dept. of Neurobioiogy, Univ. of Alabama at Birmingham, 35294-0021; 
2Dept. of Cell Biology and Anatomy, LSU Medical Center, New Orleans, LA 70112-1393.

In cats reared with normal binocular experience, monocular visually-evoked responses are 
generally facilitated by endogenous nitric oxide (NO) production, although inhibitory effects of 
NO occasionally occur. However, blocking NO production in the visual cortex during the critical 
period does not prevent shifts in ocular dominance (OD) to the non-deprived eye (NDE) in 
monocularly deprived kittens. We investigated whether local NO production could modify the 
OD of cortical neurons in adult cats which had monocular deprivation (MD) from birth through 6 
months to 4 years. We used quantitative measures of visually-evoked activity to assess 
whether residual binocular interactions are present in these animals. In none of the 16 cells 
evaluated, could supra-threshold visually-evoked responses be elicited from stimulation of the 
deprived eye (DE) alone. Using optical prisms, the projection of the area centrali of both the 
NDE and the DE were superimposed on a display monitor to facilitate simultaneous binocular 
stimulation (BS). Compared to NDE stimulation, BS yielded responses that were significantly 
enhanced (4/15 cells) or suppressed (6/15 cells). 5/15 cells exhibited no binocular interaction. 
For each cell, significance of a change in the binocular interaction was established by 
comparing trial-by-trial spike counts during the period of visual stimulation for the BS and NDE 
conditions using Mann-Whitney tests. Local iontophoretic application of L-arginine (L-ARG), the 
natural substrate for the enzyme nitric oxide synthase which makes NO, altered the incidence 
of obtaining significant binocular interactions. 8/15 cells had their type of binocular interaction 
changed by L-ARG. Of these, 5 developed binocular facilitation (or lost binocular inhibition) and 
3 developed binocular inhibition (or lost binocular facilitation). These data suggest that 
appropriate stimulation procedures reveai significant residual binocular interactions persisting 
during prolonged MD, consistent with microanatomical evidence of functional afferent inputs 
from DE axons. This work also suggests that endogenous NO in the adult visual cortex may 

alter binocular interactions after long-term amblyopia.
Supported by NIH EY-05116, NSF 9396270 and the Helen Keller Foundation.

691.12

EFFECTS OF AGING UPON PRIMARY VISUAL CORTEX OF THE 
RHESUS MACAQUE. M.T. Schmoleskv*. Y-C. Wang, and A,G. Leventhal. 
Dept. of Neurobiol. & Anat., Univ. of Utah, Salt Lake City, Utah, 84132.

Visual system function declines with age. Many losses in visual function are 
known to arise from degeneration of the optical apparatus and, particularly, the 
retina. However, other age-related visual deficiencies cannot be attributed to ocular 
decline. Human psychophysical/behavioral studies provide evidence that these 
dysfunctions result from degeneration in more central visual centers.

We have examined the effects of age on the single-cell properties of the macaque 
primary visual cortex (VI). Extracellular recording of single-unit activity was 
conducted in young adult (7-9 years) and old (29-30 years) monkeys in order to 
assess age-related effects on orientation sensitivity, direction sensitivity, visual 
response latency, contrast sensitivity, spatial frequency tuning, response strength 
and spontaneous discharge rate. A total of 154 units in the old, and over 500 units 
in the young adult monkey were studied and age-related differences in response 
properties determined. Comparisons between the age groups revealed little or no 
differences in layer 4c of VI. In contrast, cells outside of layer 4c demonstrated 1) 
reduced orientation and direction sensitivity, 2) decreased responsivity to high 
spatial frequency gratings, 3) increased visual latencies to visual stimulation, 4) 
increased spontaneous activity and, 5) a decreased ratio of peak firing rate (signal) 
to spontaneous discharge rate (noise).

Our results indicate that VI of the macaque is substantially affected by age at the 
single cell level. The relative normality we found in the geniculo-recipient layer 4c 
of the aged macaque is consistent with previous data (Spear et. al., 1994) showing 
only minor effects of age in macaque LGNd. Thus, intracortical, and not sub- 
cortico-cortical, connections appear to be adversely affected by age. We suggest 
that the same visual cortical cell properties reported to change rapidly during early 
development also change slowly and less noticeably during decades of normal, non- 
pathological aging. Supported by EYO4951 to AGL.

SEROTONIN

692.1
FUNCTIONAL MODULATION OF RAT DORSAL RAPHE SEROTONERGIC NEURONS 
BY OVARIAN STEROIDS. R. Klink* and G. Debonnel. Neurobiological Psychiatry 
Unit, McGill University, Montreal, Qc, H3A 1A1.

Several lines of evidence indicate that the ovarian steroids, estradiol (E) and 
progesterone (P) modulate the function of the serotonergic system, postulated to play 
a role in the etiology as well as the treatment of mood disorders. Previous studies 
have concentrated on serotonin (5-HT) synthesis, turnover, and receptor binding 
within target areas following E and/or P administration to ovariectomized (OVX) 
rats. Here, we report on the activity of midbrain 5-HT neurons as assessed at the level 
of the cell body, during periods of natural ovarian hormone fluctuations. Spontaneous 
firing activity of 5-HT neurons of the dorsal raphe nucleus was monitored in vivo, in 
chloral hydrate anesthetized rats. Average discharge rate was 42% higher in males 
(M: 1.43 Hz) than in naturally cycling females (control females, CF: 1.01 Hz). In 
females, ovariectomy did not modify discharge rate (OVX: 0.98 Hz); pregnancy, 
however, markedly enhanced firing frequency to a maximum of 146% relative to CF. 
Peak frequency was observed at day 17 of pregnancy (Pl 7d: 2.48 Hz). One day 
before parturition, discharge rate declined precipitously (P21d: 1.37 Hz), but still 
remained higher than in CF for up to 6 days post-partum (P-P: 1.61 Hz). Ovarian 
hormone dosage revealed that firing rate during pregnancy was positively correlated 
with P but not with E levels. Monitoring of discharge rate in the locus coeruleus 
which provides a major excitatory drive onto 5-HT neurons did not disclose any 
significant difference in average firing rate between M (2.09 Hz), CF (1.88 Hz),
OVX (1.86 Hz), or during pregnancy (P17d: 2.00 Hz). Evaluation oF the functional 
state of the presynaptic 5-HTlA autoreceptor with LSD revealed a shift to the right of 
the agonist dose response curve at P17d relative to CF and OVX. These results 
suggest that hormonal fluctuations during pregnancy have a profound effect on the 
spontaneous firing activity of 5-HT neurons, which could be involved in the mood 
changes known to occur during pregnancy and the post-partum period. FRSQ

692.2

REGIONAL SEROTONIN SYNTHESIS EVALUATED IN MAJOR 
DEPRESSION. M. Diksic1, H Okazawa1, F. Kapiczinski1’2, M. Tevton2.
S. Mzengeza1, P. Rosa1’2, P. Blier2* and C Benkelfat2 Departments of 
lNeurology and Neurosurgery, and Psychiatry , McGill University, 
Montreal, Quebec, H3A 2B4, CANADA

Dysfunction in the brain serotonergic system have been suggested to be 
in part responsible for major depression (MD). Regional 5-HT synthesis 
rates were measured using a-[uC]methyl-L-tryptophan (a-MTrp) and 
positron emission tomography (PET). Images were acquired after injection 
of up to 20 mCi of a-MTrp with ECAT HR + scanner for 60 min after 
tracer injection. Five female patients (41.5+2.1 y) meeting DSM-IV criteria 
for MD (HDRS=19.5±0.5; N=4) were scanned and their brain 5-HT 
synthesis was compared to that of five control female subjects (22.4+2.5y). 
Images were coregistred to the MRI images and converted into Tailarach 
stereotaxic coordinates. Comparison of images was done by SPM-96 
(statistic parametric mapping) program using ANCOVA to remove the 
effect of global differences. Analysis of the preliminary data suggests that 
female depressed subjects exhibit lower 5-HT synthesis rates in the medial 
frontal, posterior temporal and orbito-frontal cortices bilaterally, and the 
right anterior temporal lobe and insula. In contrast, depressed patients 
exhibited a higher 5-HT synthesis in the left parietal and pre-motor 
cortices, right frontal lobe and left thalamus. Excluding a patient receiving 
benzodiazepine treatment more regional differences became significant. 
Supported by the NIH (RO1-NS-29629) and MRC (MT-13368).

692.3
EVIDENCE a[C-l 1]METHYL-L-TRYPTOPHAN PET TRACES TRYPTOPHAN 
METABOLISM VIA THE KYNURENINE PATHWAY IN TUBEROUS 
SCLEROSIS COMPLEX. D. C, Chueani,1’2* M, P. Heycs.5 D, M. Kuhn.4 
Harry T. Chugani1’2^ Departments of Pediatrics, 2Radiology, ^Neurology and 
Psychiatry, Wayne State Univ. School of Medicine and Children's Hospital of 
Michigan, Detroit, MI 48201, and 5Lab. Toxicology, NIMH, Bethesda, MD 20892.

a[C-l l]methyl-L-iryptophan (AMT), developed as a tracer of serotonin synthesis 
with PET, is an analogue of tryptophan. In addition, tryptophan is metabolized by 
indoleamine 2,3-dioxygenase (IDO) via the kynurenine pathway in the brain. Under 
normal circumstances, metabolites of this pathway in brain are low, but large 
inductions of IDO are known to occur in disease states. AMT PET and MRI were 
performed in a 7 year old girl with tuberous sclerosis complex (TSC) and intractable 
epilepsy. MRI showed a large tuber in right central/parietal region as well as 
numerous smaller lesions. AMT PET images displayed decreased tracer uptake in the 
locations of small tubers compared to adjacent cortex, but the large right central tuber 
showed an 88% increase in AMT uptake. Surface EEG localized seizure onset to the 
right hemisphere, and intracranial EEG monitoring localized seizure onset to the 
border of the right central/parietal lesion. Surgical resection of the region has 
eliminated seizures in this child. Tissue obtained at surgery was differentiated as 
either cortex, epileptogenic or non-epileptogenic tuber. These tissues were analyzed 
for tryptophan hydroxylase (TPH) activity, 5HT, 5HIAA, 5HTP and quinolinic acid.
Cortical tissue contained measurable amounts of 5HT, 5HIAA, and tryptophan, but 
no 5HTP. The non-epileptogenic tuber contained similar amounts of each, but only 
tryptophan was detected in the epileptogenic tuber. TPH activity was highest in the 
non-epileptogenic tuber, followed closely by the cortex. TPH activity was very low 
in the epileptogenic tuber. In contrast, quinolinic acid was 5-fold higher in the 
epileptogenic tuber than in non-epileptogenic tuber. These data suggest that the 
increased AMT uptake in the epileptogenic tubers represents increased tryptophan 
metabolism by IDO, and quinolinic acid may play a role in epileptogenesis in TSC. 
Supported by National Tuberous Sclerosis Association.

692.4
SYNTHESIS OF SEROTONIN (5-HT) CONTROLS THE PRE-HATCH 
FEEDING BEHAVIOR OF THE POND SNAIL LYMNAEA. R, D. Longlev*. 
Pacific Sciences Institute, P. O. Box 835, Friday Harbor, WA 98250.

Serotonergic and dopaminergic neurons are enzymatically similar in that 
both use the same enzyme, aromatic L-amino acid decarboxylase (AADC), 
in the last step of neurotransmitter synthesis, but how these neurons 
differentiate for serotonin (5-HT) or dopamine synthesis and how synthesis 
is regulated is not well understood. In the pond snail these questions can be 
examined by behavioral observations, since the embryonic pre-hatch 
feeding behavior requires 5-HT synthesis. The time course of neuron 
differentiation can be followed by observation of feeding while applying 
test chemicals to the permeable, transparent capsule containing the 
embryo. NSD-1015, an inhibitor of AADC, blocks the feeding behavior, 
suggesting that 5-HT or dopamine synthesis is necessary for the behavior, 
but dopamine has no effect on the behavior. There are Michaelis-Menten 
like relations between the feeding rate and bath concentrations of 5-HT or 
its precursor 5-hydroxy-L-tryptophan (L-5-HTP). From these relations the 
L-5-HTP substrate concentration for half maximum feeding rate (the 
Michaelis constant) decreases abruptly during development from 20 pM to 1 
pM while a similar constant of about 8 pM for 5-HT does not change. During 
this same time period, the feeding rate educed by L-5-HTP can be 
competitively inhibited by L-DOPA, the precursor to dopamine, and a 
Michaelis constant of about 50 pM can be calculated for L-DOPA. This 
suggests a step increase in the efficacy of 5-HT synthesis relative to 
dopamine synthesis during development. These results also suggest that 
the embryonic feeding rate is a function of the 5-HT synthesis rate. (This 
work was supported by use of facilities at Friday Harbor Laboratories).
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692.5
SEROTONIN TRANSPORTER (SERT) mRNA AND BINDING SITES 
IN MALE RAT BRAIN INCREASED BY SEX STEROIDS. J.K, 
McQueen, H, Wilson, B.E.H, Sumner and G, Fink*. MRC Brain 
Metabolism Unit, Department of Pharmacology, 1 George Square, 
Edinburgh EH8 9JZ, UK.

Estrogen increases serotonin transporter (SERT) mRNA and binding 
sites in female rat brain1. In order to determine whether changes in SERT 
are gender- and steroid-specific we have now carried out studies on adult 
male Wistar rats which were either intact or castrated (under halothane 
anesthesia) and injected with oil, estradiol benzoate (EB), testosterone 
propionate (TP) or the non-aromatizable androgen, 5a-dihydrotestosterone 
(5a-DHT). Castration reduced while treatment (~32 h) with EB or TP, but 
not 5a-DHT, increased the number of SERT mRNA expressing cells 
(assessed by quantitative in situ hybridization1) in the dorsal raphe nucleus. 
The density of SERT sites, assessed by autoradiography of 3H-paroxetine 
binding1, was significantly reduced in arcuate nucleus and median raphe 
after castration, and increased in arcuate, basolateral amygdala and 
ventromedial hypothalamic nucleus by treatment with EB or TP, but not 
5a-DHT. These data show that testosterone as well as estrogen affects 
SERT expression in male brain, and that the action of testosterone 
probably depends upon its enzymatic conversion, by aromatase, to 
estrogen. Our findings may have implications for sex steroid control of 
mood and behavior in man.
1. McQueen et al. (1997). Mol. Brain Res. 45, 13-23.

Supported by the Medical Research Council.

692.6
CHARACTERIZATION OF LYSERGIC ACID DIETHYLAMIDE 
INDUCED CHANGES IN GENE EXPRESSION. C.P. Nichols1. M. A. 
Blackshear2 and E. Sanders-Bush1*. 1) Department of Pharmacology and 
Center for Molecular Neuroscience, Vanderbilt University School of 
Medicine, Nashville, TN 37232 & 2) Department of Biology, Tennessee 
State Univ., Nashville, TN 37209.

Lysergic acid diethylamide (LSD) is a potent hallucinogen that produces 
dramatic alterations in mood and perception. LSD binds to a broad 
spectrum of neurotransmitter receptors within the brain. The activity of 
various signaling pathways mediated by these receptors has been shown to 
be influenced by LSD both by our laboratory and by others. In addition, 
changes in the expression of genes encoding for neurotransmitter receptors 
as well as immediate early genes have been described in the literature. 
However, these changes in gene expression were specifically sought out and 
likely do not represent the entire picture. Given that LSD binds to multiple 
receptor types, and that many signaling cascades ultimately lead to changes 
in gene expression, we postulate that there are many as yet unidentified 
genes that have their expression influenced by LSD. To identify these genes 
we have begun a screen utilizing Differential Display PCR. This approach 
has the opportunity to allow us to identify novel genes as well as genes 
whose expression may not have been previously thought to be influenced by 
LSD. Rats were injected IP with either saline or lOOgg/kg LSD and sacrificed 
60 minutes later. Whole brains were extracted, and the purified total RNA 
was used as template in Differential Display PCR. With this screen, a small 
collection of candidate genes have been isolated and are being further 
characterized. The characterization of gene expression influenced by LSD 
may help elucidate the mechanism of action of hallucinogens and identify 
targets for treatments of mental disorders whose symptoms resemble the 
acute effects of LSD. (Supported by NIH grants DA05181, RR11808 and 
the Heffter Research Institute)

692.7
FUNCTIONAL CONSEQUENCES OF MDMA (“ECSTAC.Y”) NEUROTOXICITY 
IN HUMANS:COGNITIVE STUDIES. U. McCann?* V. Eligulashvili,1 M. Mertl,1 G. 
Ricaurte 'Biological Psychiatry Branch, NIMH, Bethesda, MD 20892; 2 Department 
of Neurology, Johns Hopkins Medical Institutions

(±) 3,4- Methylenedioxymethamphetamine (MDMA, “Ecstasy”) is an amphetamine 
analog and drug of abuse. In animals, MDMA damages brain serotonin (5-HT) neurons 
at doses that overlap with those used recreationally by humans. Despite direct evidence 
for neurotoxicity' in animals and indirect evidence for 5-HT neurotoxicity in MDMA 
users, few functional sequelae of MDMA-induced 5-HT damage have been identified. 
Because 5-HT has been implicated in cognitive function, 21 MDMA users and 21 control 
subjects underwent repeated cognitive testing using a computerized performance 
assessment battery during a 5-day controlled inpatient study. Cerebrospinal fluid (CSF) 
measures of 5-hydroxv indoleacetic acid (5-HIAA) were also collected as an indirect 
index of brain serotonin function. MDMA users and controls were found to perform 
similarly on most cognitive tasks, including time estimation, reaction time, matching to 
sample, code substitution, delayed recall, visuospatial manipulation and verbal reasoning 
tasks. However. MDMA subjects had significant performance deficits on a sustained 
attention task requiring arithmetic calculations. Scores for MDMA users were poorer at 
baseline and failed to improve at the same rate as those of controls, so that differences 
between the two groups increased over the 5-day period. MDMA users also had 
significant selective decreases in CSF 5-HIAA. These dataprovide further evidence that 
MDMA is neurotoxic to brain 5-HT neurons in humans. In addition, they suggest that 
brain 5-HT injury is associated with selective cognitive deficits.
Supported by NIDA 2 R01 DA05707-07, KOI DA00206-03 and the NIMH-IRP

OTHER NELfROTRANSMITTERSII

693.1
HISTAMINE REGULATES HUMAN NEUTROPHIL RESPIRATORY BURST 
VIA CA2" FLUX. W.K. Kim-Park*. M.A. Moore and M.J. Kowolik , Department 
of Oral Biology, Indiana University School of Dentistry, Indianapolis, IN 46202, 
USA.

Histamine-mediated signal transduction pathways vary depending on the tissue 
or cell types (Leino et al. 1993). Some studies have claimed that the histamine 
receptor, H2 is responsible for inhibiting the rise in cytosolic Ca + via a c-AMP 
production in human neutrophils (Leino et al. 1993; Burde et al. 1989). Others 
have suggested that H, receptor stimulation causes an increase in cytokine- 
induced neutrophil accumulation via rise in [Ca2"]j and IP production (Prretti et al. 
1994; Qui et al. 1993). In the present study, both histamine receptor antagonists 
for H, and H2 sites were tested for their effect on the respiratory' burst in 
neutrophils with histamine alone as a control. The degree of respiratory burst 
activity was recorded as millivolts.min during 60 minutes integration, measuring 
Luminol-dependent chemiluminescence (CL) and was analyzed by a two-tail 
Student’s t-test. Histamine by itself did not alter CL generation significantly but 
pretreatment with the H, antagonist, diphenyldiamine, at 10'6M significantly 
(p<0.001) inhibited the respiratory burst by 96% while the H2 antagonist, 
cimetidine, at 10'6M pretreatment reduced the respiratory burst by 40 % but still 
significantly (p<0.05). Pretreatment of the primed cells with a specific inhibitor of 
phospholipase C (PLC), quinacrine, inhibited the histamine-mediated CL 
generation by 96% , the same as the result with Hrantagonist treatment. The data 
indicate that H, site stimulation can produce 1P3 from PLC-mediated phospholipid 
hydrolysis, which in turn releases intracellular Ca2" from storage, resulting in 
NADPH oxidase activation. The results also suggested that the c-AMP-mediated 
H2 - pathway may have a role in regulating the respiratory burst activity as a pace 
maker when H2 -mediated PLC activation is high prior to stimulation of the 
NADPH oxidase in CL generation. We conclude that both H, and H2_sites__are 
involved in neutrophil respiratory burst activation by regulating PLC activity via
Ca22 homeostasis.
(Supported by a project fund within Indiana University.)

693.2
PET IMAGING OF NEURAL PROSTACYCLIN RECEPTOR IN 
MONKEY BRAIN. Y, Watanabe1*, M, Suzuki2, M, BidrkmanVK 
Matsumura1, K. Kato4, Yu. Watanabe1, S. Sihver3, W. Sihver3, H. 
Onoe1. H. Doi4, R. Novori4, and B. Langstrom3
’Dept. Neurosci., Osaka Bioscience Inst., 6-2-4 Furuedai, Suita-shi, 
Osaka 565-0874, 2Dept. Biomolecular Sci., Fae. Engi., Gifu Univ., 
3Uppsala Univ. PET Centre, Uppsala Univ., Sweden, and 4Dept. 
Chem. & Mol. Chirality Res. Unit, Fac. Sci., Nagoya Univ., Japan.

Recently, we found a novel subtype of prostaglandin 12 
(prostacyclin) receptor localized in CNS neurons. 15R-16m-Tolyl- 
isocarbacylin (15R-TIC) serves as a specific and stable ligand for 
this CNS-type receptor, and its chemical structure was designed from 
a labelling strategy with 1 ’C for positron emission tomography 
(PET) study. Recent progress of cross-coupling reaction enabled the 
successful synthesis of enough amout of pure "C-labelled 15R-TIC 
and its methyl ester. In the PET studies using normal rhesus 
monkeys, methyl ester of 15R-["C]TIC showed a higher uptake value 
into the brain than that of 15R-11 'C]TIC. The pattern of brain uptake 
was similar to that of localization of 15R-[3H]TIC binding in the 
frozen sections of rat brain; highest uptake was observed in the 
thalamus. In the same monkey, a considerable amount of uptake 
was lowered by co-injection of 10 - 30 gg/kg of unlabelled 15R-TIC 
methyl ester. We conclude that a single path of methyl ester of 15R- 
[UC]TIC in the brain circulation is enough for uptake of this 
compound, and after a rapid deesterification in the brain tissue the 
binding of 15R-[nC]TIC to the CNS-type of prostacyclin receptor could 
be visualyzed and quantitatively analyzed by PET. The change of 
the receptor dynamics under brain ischemic state can be studied.
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693.3
P-CARBOLINES: NEGATIVE ALLOSTERIC MODULATORS OF GABA- AND 
GLYCINE-GATED CHLORIDE CHANNELS. J.-M. Rigo1*, P. Coucke1, B. Rogister1, 
S. Belachew12, C. Mazy-Servais' and G. Moonen'. 'Dept. of Human Physiology and 
Pathophysiology; 2Dept. of Neurology; Univ. of Liège, 17 place Delcour, B-4020 Liège, 
Belgium.

Proconvulsant P-carbolines are negative allosteric modulators, some of them 
putatively endogenous, of the GABAa receptor macromolecular complex known to 
interact with the benzodiazepine site.

Using the whole-cell patch-clamp technique, we have observed that: 1) 
p-carbolines dose-dependently and reversibly inhibit glycine-gated currents recorded in 
voltage-clamped cultured spinal cord neurones derived from mouse embryos, while they 
are without any effect on NMDA- or kainate-induced responses; 2) P-carbolines-induced 
inhibition of glycine currents is uncompetitive; 3) this inhibition is only present in 2-4- 
days-old (early) cultures and disappears in 15-21-days-old (mature) cultures as can be 
observed for picrotoxinin-induced inhibition; and 4) p-carbolines- and picrotoxinin- 
induced inhibitions are additive. Using ligand binding techniques on cultured mouse spinal 
neurones, p-carbolines, up to 50 pM, only weakly inhibits [3H]strychnine binding, while 
glycine as well as GABA, down to 0.1 pM, strongly compete for [’HJPCCB binding.

CHO cells transfected with the a2 subunit of the glycine receptor show the same 
pharmacological profile as early cultured mouse spinal neurones considering the 
p-carbolines- and picrotoxinin-induced inhibitions of their glycine-activated chloride 
conductances.

These results demonstrate that P-carbolines are negative allosteric modulators 
both at GABAa and at glycine-gated chloride channels, being restricted for the latter to 
some receptor subtypes among which, at least, the recombinant homomeric a2 channel and 
the receptor(s) expressed by early cultured mouse spinal neurones.
Supported by grants from the Fonds Médical Reine Elisabeth, Fonds National de la 
Recherche Scientifique and Action Concertée de la Communauté française de Belgique.

693.4
ANANDAMIDE, 2-ARACHIDONYL GLYCEROL AND OLEAMIDE HYDROLASE, 
STRUCTURE-FUNCTION STUDIES D.G. Deutsch1’, R. L. Omeir1. G. Arreaza1, and 
B. F. Cravatt2.' Department of Biochemistry and Cell Biology, State University of New 
York at Stony Brook, Stony Brook, NY 11794-5215, USA. 2 Department of Chemistry, 
The Scripps Research Institute, La Jolla, CA 92307, USA

Anandamide and 2-arachidonyl glycerol are endogenous ligands for cannabinoid 
receptors. A hydrolase, called anandamide amidase, fatty acid amide hydrolase (FAAH), or 
amidohydrolase is the enzyme responsible for their hydrolysis (as well as oleamide, a 
sleep factor). The recently cloned rat FAAH cDNA encodes a single open reading frame 
of 1.7 Kb corresponding to a 65 kDa protein. Analysis of the amino acid sequence 
revealed two putative transmembrane (hydrophobic) domains, a proline-rich region, and a 
putative catalytic domain (see Fig.). Deletion of 13 amino acids corresponding to the

NHj [ B | | |c °°H
hydrophobic domain near the N terminus had no effect on enzymatic activity while 
deletion of the hydrophobic domain close to the C terminus completely abolished 
activity. The region 215GGSSG219 in the FAAH sequence exactly matches the 
consensus sequence of serine hydrolytic enzymes. Within the amidase signature sequence 
a highly conserved cysteine residue is found, Cys249. In addition, studies using an 
amidase of Rhodococcus rhodochrous J1 indicated that Seri95 and Aspl91 (the 
corresponding residues in FAAH are Ser241 and Asp237) are important for activity 
(Kobayashi et al., Proc. Natl. Acad. Sci. USA 1997, 94, 11986). Therefore the 
following residues were mutated using single-stranded site-directed mutagenesis: S217A, 
S218A, S241A, D237N, D237E, C249A. Enzyme activity was measured and expression 
of all the mutant proteins were confirmed by western blot analysis. Supported by DA 
09374 (D.G.D) and MH 58542 B. F. C.).

693.5
AGENTS ACTING AT IMIDAZOLINE RECEPTORS INHIBIT INDUCTION OF 
NITRIC OXIDE SYNTHASE BY CYTOKINES AND PROLIFERATION IN 
ASTROCYTES BY DIFFERENT MECHANISMS. S. Regunathan*, D.L. Feinstein 
and D.J. Reis, Depts of Neurology and Neurosci., Cornell Univ. Med. Coll., New 
York, NY 10021.

Cultured astrocytes express ¡mldazollne(l-) receptors ofthe I2 subtype 
and exposure of the cells to idazoxan (IDA), a ligand of these receptors, 
increases expression of GFAP. Since treatments increasing GFAP (e.g. NE) 
also suppress induction of nitric oxide synthase (NOS-2, INOS), we asked; Do 
other ligands of l-receptors including the endogenous ligand agmatine also 
inhibit Induction of NOS-2 ? If so, do they act in cells not expressing GFAP? Do 
l-receptor ligands inhibit proliferation of astrocytes as they do vascular smooth 
muscle cells (VSMC). Rat astrocytes, C6 glioma cells, and VSMC and mouse 
macrophages (RAW 264.7) were incubated with LPS (1pg/ml) or a mixture of 
cytokines in the presence of 1 to 100 pM of IDA, agmatine or other imidazoline 
ligands. Expression of NOS-2 was established by nitrite accumulation, NOS-2 
activity, protein expression (immuno-blotting and/or -cytochemistry), and NOS- 
2 mRNA.. Proliferation of primary astrocytes was measured by 3H-thymidine 

incorporation. IDA potently (IC50, 10 pM) reduced induction of NOS-2, in 
astrocytes, C6 cells and VSMC but minimally in macrophages. In contrast 
agmatine was most potent in RAW 264.7 cells (1C50, 10 pM) and less so in 
astrocytes and VSMC (> 500 pM). NOS-2 suppression was paralleled by a 
reduction in enzyme protein. Imidazoline agents and agmatine also inhibited 
proliferation of astrocytes. Binding affinities at I2 receptors correlated with 
inhibition of proliferation but not NOS-2 induction. We conclude that IDA, 
agmatine and selected Imidazoline agents Inhibit cytokine-initiated production 
of the proinflammatory molecule NO In astrocytes and macrophages by 
mechanisms not mediated by I2 receptors and astrocytic proliferation by an 
interaction with l-receptor. Research supported by NIH grant HL 18974.

693.6
DYSTROPHIN DEFICIENCY DECREASES NITRIC OXIDE PRODUCTION 
IN CARDIAC MYOCYTES, MEASURED USING A PORPHYRINIC SENSOR
C. Tai*, L. Birder, W. de Groat and A. Kanai. Univ. of Pittsburgh, Pgh.. PA 15213.

We have previously demonstrated the functional presence of a constitutive nitric
oxide synthase (NOS), in rat cardiac ventricular myocytes, that responds to G protein 
mediated P-adrenergic stimulation. The purpose of this study was to determine the 
effects of localization of NOS to cardiac membranes via the protein, dystrophin. Due 
to the difficulty of directly measuring the NO free radical (ti/2<6s), the effects of 
delocalization of cardiac NOS has not been previously determined. Thus, we used a 
Nafion-coated prophyrinic microsensor (tip, 5pm; NO detection, 5nM; response, 
lms) to directly measure NO production at the surface of individual enzymatically 
dissociated cardiac ventricular myocytes, from normal and mdx (dystrophin deficient) 
adult mice. All experiments have an n>6. In quiescent cells, there was no detectable 
spontaneous release of NO. However, application of norepinephrine (NE; IpM) 
evoked a single transient (l-3s) production of NO (698±187 nM) from normal 
myocytes. In contrast, cells from mdx mice produced much less NO (118±74 nM). 
NO was released by adrenergic agonists with a rank order of potency: dobutamine 
(PB > isoproterenol (P1P2) > tertbutylcne (p2) > NE (otP) > epinephrine (aP); 
phenylephrine (oq) did not release NO. When a cell was electrically stimulated (V, 
twice threshold; d, 1 ms; f, 2 Hz) with a microbipolar electrode (tip area, 50pm2) 
mdx, but not normal myocytes, released NO (67±42) upon contraction. Removal and 
chelation (100 pM EGTA) of extracellular Ca 2 decreased the peak NO response to 
NE in normal (64±8 %) and mdx (42±9 %) myocytes. The remaining NO response 
was blocked by loading cells with BAPTA-AM (5 pM) or non-hydrolyzable GDPpS 
(10 pM). Alternatively, non-hydrolyzable GTPfS (1 pM) directly released NO. These 
data suggest that dystrophin deficiency leads to aberrant cardiac NOS function, 
raising the possibility that NO deficiency may be involved in the muscle degenerative 
disease, muscular dystrophy. This research was supported by NTH grant # HL 57985.

693.7
PULSATILE FLOW EVOKES REPETITIVE NITRIC OXIDE RELEASE 
FROM ARTERY, MEASURED USING A PORPHYRINIC MICROSENSOR 
A. Kanai*, L. Birder and W. de Groat. University of Pittsburgh, Pgh.. PA 15213.

Shear stress due to blood flow evokes nitric oxide (NO) release from vascular 
endothelium. However, because of the short half-life (<6s) of this free radical, the 
direct quantitation of pulsatile NO release from intact arteries has not been previously 
accomplished. Accordingly, freshly isolated rat abdominal aorta segments (1-1.5mm 
diameter x 15mm long) were placed in a tissue bath, held at in vivo length by a 
cannula at one end and an adjustable mount at the other. The porphyrinic microsensor 
(tip, 5 pm; NO detection, 5nM; response, 1ms) was inserted into the open end of the 
artery and its tip placed just above the endothelium. A sy ringe pump generated the 
applied shear stress (0. l-30dyne/cm2). At a constant ldyne/cm2, which did not elicit a 
shear stress response, a bolus infusion of the Ca+2 ionophore, A23187 (lOpM). 
evoked NO release (343±47nM; n=6). In the absence of ionophore there was no 
detectable basal NO release. However, when shear stress was stepped from 1 to 
10dyne/cm2, NO was transiently release (274±43nM; n- 6). Release began l-2s after 
the step in shear stress and lasted 10-15s. Cells were refractory for 5-10s after which 
they responded to another step in shear stress. A 1 to 10dyne/cm2 step gave the peak 
NO response. Maintenance of constant flow did not evoke additional NO releases. 
However, pulsatile flow (10dyne/cm2 step, 10s duration, 20s interval) evoked pulse- 
to-pulse NO release. Removal and chelation (lOOpM EGTA) of extracellular Ca+2 
decreased the shear stress response (54±17nM; n=7), which could be blocked by 
calmodulin antagonist, trifluoperazine (lOmM) or chelation of intracellular Ca+2 
(5pM BAPTA-AM). Loading the cells with non-hydrolyzable GDP(1S (lOpM) 
abolished the shear stress response as did removal of the endothelium with protamine 
sulfate (lOmg/ml). Alternatively, non-hydrolyzable GTPyS (IpM) directly released 
NO. These data suggest that pulsatile flow evokes repetitive transient NO release, 
eNOS is Ca+2/calmodulin dependent and the shear stress receptor is coupled to a G 
protein. This research was supported by NIH grant # HL 57985.

693.8
FUNCTIONAL RECEPTOR EXPRESSION BY COINFECTIONS WITH CHIMERIC 
G PROTEIN SUBUNITS USING SEMLIKI FOREST VIRUS VECTORS.
K. Lundstrom1*, R. Hochstrasser', M. Graf1 and K. MonastvrskalaL 
’F. Hoffmann-La Roche, Research Laboratories, CH-4070 Basel 
Switzerland, 2Givaudan-Roure Forschung AG, CH-8600 Dübendorf, 
Switzerland

Semliki Forest virus (SFV) vectors have been efficiently used for high level 
expression of G protein coupled receptors. The broad host range of SFV has allowed 
functional coupling studies in a wide variety of cell lines and primary cell cultures. 
Even though extreme receptor densities (8 x 10s receptors/cell) can be achieved, the 
shut down of the host cell protein synthesis might, however, decrease the functional 
responses due to lack of sufficient amounts of endogenous G protein subunits.

We have earlier demonstrated that coinfections of COS-7 cells with recombinant 
SFV particles containing the a1B-adrenergic receptor and the Gaq subunit resulted in 
elevated inositol phosphate accumulation. Here, we have designed chimeric Ga 
subunits by replacing the last five amino acids of the Gq with sequences specific for 
Gi, Go and Gs. The SFV constructs Gqi5, Gqo5, and Gqs5, were tested in an olfactory 
epitelial cell line, OLF442 coinfected with the Gs-coupled p2-adrenergic receptor 
(P2AR). Functional responses to the P2AR natural agonist isoproternol were monitored 
either by Ca2+-imaging using confocal microscopy or confocal fluorescence imaging 
on microtiter plates (FLIPR). No Ca2+ response could be detected for (32AR alone in 
O.LF442 cells, or coinfected with Gqo5 or Gqi5. In contrast, strong Ca2+ responses 
were obtained when P2AR and Gqs5 were coexpressed in OLF442 cells. Likewise, 
coinfections of p2AR with the universal G16 subunit resulted in functional responses.

The rapid high titer virus production, the broad host range and the feasibility and 
flexibility of multiple infections make the SFV vectors valuable tools in neurobiology. 
Now, the chimeric G protein subunits should further facilitate functional studies.
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693.9
Targeted disruption of Neuronal Nitric Oxide Synthase (nNOS) 
causes gastropyloric dysfunction which mimics diabetic 
gastroparesis. C.C. Watkins*, C.D. Ferris, and S.H. Snyder. The Johns 
Hopkins University School of Medicine, Department of Neuroscience, Baltimore 
MD, 21205.

Gastroparesis, a neuromuscular disorder of the stomach, is an important cause 
of morbidity. Targeted disruption of nNOS (nNOS-/-) results in pyloric 
hypertrophy and dilated stomachs. We wondered how absence of nNOS might affect 
gastropyloric function. We used a previously developed method to measure gastric 
emptying (Kuo, WH, Wadwa, KS, and Ferris. CD, Dig.Dis. and Sci., 1998, in 
press). We found that gastric emptying was delayed in nNOS-/- mice with retention 
at 20 min increased from 31.5 +/- 1.4% to 61.2 +/- 3.6%. Thus, we wondered 
whether pyloric relaxation might be disrupted in nNOS -/- mice. We studied pyloric 
neurotransmission ex-vivo organ bath preparations. Both wildtype and nNOS 
pylori have normal dose response to ACh and SNP. Wildtype pylori demonstrate 
NO mediated NANC relaxation in response to EFS. NANC relaxation was blocked 
in the presence of NOS inhibitors. TTX sensitive NANC relaxation from nNOS 7- 
pylori were absent (>95% reduced), consistent with NO being the inhibitory NANC 
neurotransmitter in the pylorus.

We wondered whether diabetic mice would have abnormal gastropyloric 
function. Mice were treated with 50 mg/kg streptozotocin (STZ) and induction ot 
diabetes was confirmed by blood glucose monitoring. We found that diabetic mice 
had a 2 fold increase in gastric retention at 20 min. NO mediated NANC relaxation 
in pylori from STZ treated mice were reduced (>80%). Initial results show 
decreased nNOS expression in the pyloric myenteric neurons of STZ treated mice.

Disruption of nNOS gene causes gastroparesis, loss of pyloric relaxation, and 
NANC inhibitory transmission. STZ induced diabetes causes a similar phenotype. 
nNOS controls gastric emptying and pyloric relaxation. Loss of nNOS expression 
or nNOS neurons may cause idiopathic and diabetic gastroparesis.

693.10
Heme Oxygenases Regulate Cellular Iron. C.D. Ferris*, S.R. 
Jaffrey. H. Wolosker, M. Takahashi. A. Sawa, R.K. Barrow , and S.H. Snyder.
The Johns Hopkins University School of Medicine, Department of Neuroscience, 
Baltimore MD 21205.

Heme oxygenases, with Cytochrome P450 Reductase (CPR) and NADPH, 
metabolize heme to Biliverdin, CO, and Iron. Recent studies using knockout 
animals (HOI-/- and HO2-/-) have shown that heme oxygenases 1 and 2 (HOI. 
HO2) may be important for cellular iron homeostasis.

In order to determine the possible role of HOI and HO2 in iron homeostasis, 
we made cell lines (HEK-293) with stable overexpression of CPR and HO-1 or HO- 
2 [HO1/293 and HO2/293], We measured 55Fe uptake and release from these cell 
lines and control HEK-293 cells. In all cases, iron uptake occurs in the presence or 
absence of transferrin, while iron release is dependent on transferrin. Iron uptake is 
rapid and reaches apparent equilibrium in 2-4 hours. The initial rate of iron uptake 
is 2-fold faster in cells overexpressing either HOI or HO2. Iron content, as 
estimated by equilibrium 55Fe incorporation, is reduced in cells overexpressing 
HOI (67% of HEK-293) and HO2 (55% of HEK-293). Iron release is increased 4 
fold in both HO1/293 and HO2/293 cells. In all cells, iron release is blocked by 
SnPPIX with an IC50 of 5 uM. To determine if absence of HO 1 or HO2 would 
affect iron metabolism, we utilized primary fibroblast cultures from HOI-/- and 
HO2-/- mice. These cells have reduced iron release and elevated iron content.

We wondered what might be the physiologic consequences of elevated or 
reduced iron content in cells. In preliminary studies, HO 1/293 and HO2/293 cells 
are partially protected from H2O2 mediated cell death. The HO/CPR complex may 
metabolize cytoplasmic heme and release Fe in the cytoplasm. We wondered what 
might be the molecular basis for HO mediated Fe release. We have identified a new 
microsomal Fe transporter which appears to be coupled to HO activity and may 
account for HO mediated iron release. These data indicate that HOI and HO2 (1) 
regulate cellular iron turnover, (2) determine cellular iron content, and (3) are 
coupled to iron release via a new Fe transport system.

INTERACTIONS BETWEEN NEUROTRANSMITTERS: OTHER

694.2694.1

MODULATION OF CORTICO-STR1ATAL NEUROTRANSMISSION BY 
MUSCARINIC AND ADRENERGIC RECEPTORS. M. Niittykoski1, S. 
Ruotsalainen1, A. Haapalinna2 and J. Sirvio1 *. 1A.I. Virtanen 
Institute,University of Kuopio, Kuopio, Finland; ^OrionPharma, Orion 
Corporation, Turku, Finland

In coronal slices of mouse brain, negative-going, monosynaptic field 
potentials were recorded in the dorsal striatum in response to stimulation of 
the overlying white matter. The responses were augmented by aniracetam (0.5 
- 1.5 mM), a positive modulator of a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA)-type glutamate receptors, and blocked by 6- 
cyano-7-nitroquinoxaline-2,3-dione (CNQX, > 10 jjM), a selective antagonist of 
AMPA receptors. Carbachol (10 pM), a muscarinic agonist, reduced the size of 
responses and abolished paired-pulse depression; these effects being 
consistent with previous studies indicating that muscarinic activation inhibits 
release of glutamate in the cortico-striatal pathway. Muscarinic antagonists 
could block the effect of carbachol. Their rank order was: 10 pM scopolamine 
(a non-selective muscarinic antagonist) > 1 pM 4-DAMP (M3/M1 antagonist) > 
1 pM pirenzepine (M1 antagonist) > 10 pM methoctramine (M2 antagonist). 
McN-A-343 (1 -10 pM), M1 muscarinic agonist, was ineffective in this 
preparation. On the other hand, isoproterenol (10 - 30 pM), a p-adrenergic 
agonist, slightly increased the synaptic responses, but it did not affect paired- 
pulse depression. None of a-adrenergic agents (30 nM - 1.0 pM 
dexmedetomidine, an a2-adrenergic agonist; 0.3 pM atipamezole, an a2- 
adrenergic antagonist or 30 pM phenylephrine, an aradrenergic agonist) 
influenced the responses. These results indicate that the activation of striatal 
M3-like, but not M2-like, muscarinic receptors and p-, but not a-adrenoceptors, 
modulate directly cortico-striatal glutamatergic neurotransmission. Supported 
by the Academy of Finland.

CANNABINOID CB1 RECEPTORS PARTIALLY COLOCALIZE 
WITH CALBINDIN AND CALRETININ, BUT NOT WITH PARVAL
BUMIN IN RAT HIPPOCAMPAL GABAERGIC INTERNEURONS. 
K. Tsou1, K, Mackie2, M.C, Sanudo-Pena1 and J.M, Walker1’*. 1 Dept. 
of Psychology, Brown University, Providence, RI 02912; 2Dept. of 
Anesthesiology, University of Washington, Seattle, WA 98195

In spite of determining the distribution of CB1 receptors in brain re
gions by autoradiography and in situ hybridization, the cellular targets 
of cannabinoids had remained elusive. Our recent CB 1 receptor immu
nohistochemistry study, because of the cellular resolution of the tech
nique, identified such targets. Numerous intensely stained CB1 immuno
reactive neurons were found in the hippocampal formation and the 
cerebral cortex. The location and the morphology of these neurons sug
gest that they are GABAergic. If this is the case, the primary mechanism 
of cannabinoid action in these areas would be to modulate GABAergic 
neurons. Therefore, it is important to determine if CB 1 receptors and 
GABA are present in the same neurons, and so the hippocampal forma
tion was chosen in the present work. This paper reports the first colocali
zation of CB1 receptors and GABA by double labeling immunohistoche
mistry in the central nervous system. Virtually all CB1 neurons (95%) in 
the hippocampal formation are GABAergic. They can be further divided 
into subpopulations by cell markers. Calcium binding proteins calbin
din, calretinin and parvalbumin are non-overlapping in the hippocampal 
formation. The results show that CB1 receptors are partially expressed 
in the calretinin- and calbindin-containing subpopulations but not in the 
parvalbumin-containing subpopulation of GABAergic neurons in the 
hippocampal formation.

694.3

INTRASTRIATAL NEUROTENSIN INCREASES PALLIDAL GLUTAMATE AND 
GABA RELEASE IN THE AWAKE RAT. EVIDENCE FOR A ROLE OF THE
PALLIDAL SUBTHALAMIC NUCLEUS LOOP. W.T.O'Connor1*,___ U
Ferraro-,T Antonelli-,P.Soubrie^,K Fuxe^-and S.Tanganelli- ’Dept of Physiology, 
University College. Dublin 2, Ireland; 2Inst. of Pharmacology, University of Ferrara, 
Italy; Sanofi Reserche, Montpelier, France, 4Dept Neuroscience, Karolinska 
Institute, Stockholm S171-77, Sweden.

In the present study we employed dual probe microdialysis to investigate the 
effects of intrastriatal perfusion with neurotensin (NT) on pallidal glutamate and 
GABA release. The role of the pallidal GABAa receptor in the intrastriatal NT- 
induced increase in pallidal glutamate release was also investigated.
Basal pallidal glutamate and GABA levels were 168±14nM and 9.01±0.93nM (n= I 1) 
respectively. Intrastriatal NT (100 and 300nM) increased pallidal glutamate and 
GABA (144±8% and 169±9%; l30±5% and 157±8%, respectively) release. These 
effects were dose-dependently antagonised by systemic administration of the NT 
receptor antagonist SR48692 (0.1 and 0.2 mg/kg i.p.) and intrapallidal perfusion with 
the GABAa receptor antagonist (-)-bicuculline (lpM), suggesting that an NT induced 
increase in striopallidal GABA-mediated inhibition of the pallidal-subthalamic GABA 
pathway increases transmission in the recurrent subthalamic-pallidal glutamate 
pathway.
These results strengthen the evidence for a functional role of striatal NT in the 
regulation of glutamate and GABA transmission in the basal ganglia. The ability of 
SR48692 to counteract the striatal NT-induced increase in pallidal glutamate and 
GABA release suggests that blockade of the striatal NT receptor may represent a 
possible new therapeutic strategy in the treatment of those hypokinetic disorders 
implicated in disorders of the indirect pathway, mediating motor inhibition.
Supported by Sanofi Research (France) and Health research Board (Ireland)

694.4
MODULATION OF DOPAMINE D2 RECEPTOR ON STRIATAL 
CHOLINERGIC ACTIVITY: PET STUDIES WITH [18F]FLUORO- 
EPIBATIDINE. Y.-S. Ding, J.S. Fowler*, N.D. Volkow, J. Logan, S.L. Dewey,
M.J. Kuhar, F.l Carroll. Chem and Med Depts, BNL, Upton, NY 11973; Chem and 
Life Sciences, RTI, NC 27709; and Emory University, Atlanta, GA 30322

Dopaminergic regulation of striatal acetylcholine (ACh) release via 
inhibitory dopamine D2 receptor can be demonstrated pharmacologically 
in living primates. Using positron emission tomography (PET) and 
[18F]norchlorofluoroepibatidine (f18F]NFEP), a selective nicotinic 
acetylcholine receptor (nAChR) ligand (Ding et al. Synapse 24:403-407, 
1996), we examined the effect of quinpirole (dopamine D2 receptor 
agonist) and raclopride (dopamine D2 receptor antagonist) on the striatal 
binding of [18F]NFEP in living baboon. Pretreatment with quinpirole 
(0.8-1.2 mg/kg at 30 min prior to tracer injection) increased the ratio of 
striatum to cerebellum (ST/CB) by 26±6% (n=2); whereas pretreatment 
with raclopride (0.5-1.0 mg/kg at 40-60 min prior to tracer injection) 
decreased ST/CB by 22+2% (n =3). In both cases, the drug treatment did 
not alter the rate of metabolism of the radiotracer in the plasma. The ratio 
of the distribution volume of [18F]NFEP in striatum to that in cerebellum, 
which corresponds to Bmax/Kd +1 (index for nAChR availability), also 
showed a significant increase (29+7%) and decrease (20±3%) after 
pretreatment with quinpirole and raclopride, respectively. These results 
indicate that [18F]NFEP binding is sensitive to changes in ACh and are 
consistent with the notion that dopamine exerts a tonic inhibitory control 
over spontaneous ACh efflux in striatum. Furthermore, these studies 
suggest that the use of PET and selective radiotracers to monitor changes 
in synaptic neurotransmitter concentrations may be useful in the 
development of drugs for cholinergic defect states such as Alzheimer 
disease. Supported by USDOE/OBER (DE-ACO2-98CH1O886); NINDS; 
NIDA; CTR-4502.
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694.5
PERIPHERAL NERVOUS SYSTEM PLASTICITY FOLLOWING MENTAL 
NERVE LESIONS IN THE SKIN OF THE RAT LOWER LIP. I. Ruocco* ’, 
A.C, Cuello’, A. Ribeiro-da-Silva’2. ’Department of Pharmacology & Therapeutics 
and 2Department of Anatomy and Cell Biology, McGill University, Montreal, 
Quebec, Canada.

The mechanisms that lead to the appearance of neuropathic pain following nerve 
lesions are still poorly understood. The sympathetic system appears to be involved as 
sympathectomies allçviate the symptoms in some patients. To study changes in the 
innervation of the skin following nerve lesions that potentially produce neuropathic 
pain, we are utilizing the skin of the rat lower lip as a model, since it allows for the 
independent manipulation of the sensory and the sympathetic innervation. Naïve, 
sham operated and sensory denervated male Wistar rats were transcardially perfused 
with an aldehyde mixture. Sensory denervation was achieved by a bilateral 
transection of the mental nerves. The lower lips were collected and processed for 
single or double labeling light microscopic immunocytochemistry (ICC), using a rat 
bispecific antibody against substance P (SP) and horseradish peroxidase, a rabbit 
serum against the neurokinin-1 receptor (NK-1R) and a mouse monoclonal antibody 
against dopamine-beta-hydroxylase (DpH). In naïve rats most SP fibers were found 
in the epidermis and superficial dermis region, whereas DpH fibers were found in the 
deep dermis only. NK-lRs occurred in the wall of blood vessels, particularly in those 
of the superficial dermis. Blood vessels in the deeper dermis were innervated by both 
SP and DJÎH fibers. Following mental nerve transections, SP fibers gradually 
disappear, while D|3H fibers migrate into the superficial dermis, which is normally 
devoid of them. Quantification of the material has shown D(3H fibers located within a 
minimal distance of 169±91.4 pm from the epidermal surface one month post
surgery, as opposed to 407.1±78.4 pm in sham operated rats. We have also observed 
NK-1R upregulation in most dermal blood vessels of the mental nerve-transected rats. 
The changes in the above parameters following partial sensory denervation are now 
being investigated. (Funded by the Canadian MRC)

694.6
MECHANISM OF PKC MODULATION OF N-TYPE CA~ CHANNELS 
J, Hamid'. D, Nelson2. R, Spaetgens1. T.P, Snutch2. G.W, Zamponi1*
'Department of Pharmacology & Therapeutics and Neuroscience Research 
Group, University of Calgary, Calgary, T2N 4N1. Canada, biotechnology 
Laboratory. University of British Columbia. Vancouver, V6T 1Z3. Canada.

Modulation of presynaptic N-type (a,B) calcium channels by protein kinase C 
(PKC) and by G-protein py subunits are key factors for fine tuning 
neurotransmitter release. Whereas PKC activation increases channel activity, 
direct binding of G^ subunits inhibits the channels. In adddition, PKC- 
dependent phosphorylation attenuates the degree of subsequent G-protein 
inhibition. We have previously presented evidence that a subregion of the N- 
type channel domain I-II linker (residues 410-428) is a likely candidate for 
mediating this PKC - G protein crosstalk (Zamponi et al., 1997, Nature, 385: 
442). To further define the molecular mechanisms underlying the effects of 
PKC on N-type channel function, we used site-directed mutagenesis to replace 
two PKC consensus sites (T422, S425) in the I-II linker region with either 
alanine or glutamic acid residues. G protein responses elicited via somatostatin 
application were unaltered in the S425E mutant, but were dramatically 
weakened in the T422E mutant compared with wild type a,B channels. 
Prestimulation of PKC via phorbol esters reduced the somatostatin response of 
both the wild type channel and the S425E mutant, but it had no further effect 
on somatostatin inhibition of T422E, indicating that crosstalk between PKC 
and G proteins is mediated via phosphorylation of a threonine residue in 
position 422. In contrast, the PKC-induced upregulation of channel activity 
seen with wild type a,B channels was abolished in both T422E and S425E, 
suggesting that phosphorylation of either one of these residues is sufficient to 
mediate PKC-mediated upregulation. Thus, the domain I-II linker is a key 
integration center for second messenger modulation of N-type Ca++ channels. 
Supported by the Medical Research Council of Canada (GWZ, TPS), the Heart 
and Stroke Foundation of Alberta and N.W.T. (GWZ), and the Alberta 
Heritage Foundation for Medical Research (GWZ).

694.7

INVESTIGATION OF THE DOPAMINE-ACETYLCHOLINE 
INTERACTION IN THE STRIATUM WITH PET TRACERS FOR DAT 
AND VACHT. G.K, Mulholland*, O-H. Zheng, K.A. Carlson, D. 
Williams, RG, Dreesen, F.C. Zhou. Indiana Univ. Med. Cntr., 
Indianapolis, IN 46202

An inhibitory feedback circuit involving nigrostriatal dopamine (DA) 
neurons, striatal acetylcholine (ACh) interneurons, and striatonigral GABA 
neurons, has been suggested to operate to control voluntary movement. This 
model explains features of Parkinson’s disease and PD treatments. There are 
reports, based on radiotracer evidence, that striatal DA alterations may regulate 
ACh neuronal activity at the level of the vesicular ACh transporter (VAChT). 
We studied this question using in vivo double label studies in the rat with the 
VAChT benzvesamicol ligand FEOBV, and the DA transporter naphthyl 
tropane ligand CNT, following experimental alterations in striatal DA function 
(unilateral 6-OHDA lesions, acute DA agonist or antagonist pretreatment, and 
reserpine depletion). 18F-FEOBV (VACHT, 110 min isotope halflife) was 
injected first, followed 90 min later by ”C-CNT (DAT, 20 min halflife) into the 
same rat. Animals were sacrificed 90 min after the. second tracer and brain 
regions were excised, weighed and counted twice to measure both isotopes. In 
chronic unilateral 6-OHDA lesions, CNT was altered (reduced to <25% of 
control), but no change in striatal FEOBV was seen. Neither apomorphine nor 
haldol pretreatment had significant effects on CNT or FEOBV striatal binding. 
Acute (5 mg/kg, 1 day pre-tracer) or subacute (7 days pre tracer) reserpine did 
not alter striatal CNT binding, but reserpine did reduce FEOBV binding 
globally by 10-40%. Taken together, these results (I) argue against an 
inhibitory DA interaction on ACh neurons acting at the level of VAChT, (2) 
indicate that striatal CNT binding to DAT is not affected by treatments causing 
large changes in endogenous DA levels without loss of DAT.

694.8

SEROTONIN INCREASES EXTRACELLULAR p-ENDORPHIN IN THE 
BRAIN: POSSIBLY A NEW FACTOR IN ANTIDEPRESSANT MODE OF 
ACTION. A-.ZanflgnA. R, N^Msh aQd..G,_YadidJ Department of Life 
Science, Bar-lian University, Ramat- Gan 52900, Israel.

Both the serotonergic and the endogenous opioid systems are known to 
be involved .in modulation of pain and emotion. However, the effects of the 
serotonergic system on the release of endogenous opioid peptides in the 
brain was not studied as yet. In this study, the effects of local application of 
serotonin (5-HT) on extracellular levels of p-endorphin, in the arcuate 
nucleus and in the nucleus accumbens were assessed using in vivo 
microdialysis. At perfusate flow rate of 1.0 pl/min the baseline dialysate 
concentrations of p-endorphin were 1.36 ± 0.32 and 0.44 ± 0.18 ng/ml for 
the arcuate nucleus and the nucleus accumbens, respectively. When the 
perfusing aCSF solution in the arcuate nucleus was switched to one 
containing 0.25, 0.5, 1 or 5 pM of 5-HT, the p-endorphin dialysate levels 
were increased to 186 ± 46, 224 i 53, 294 ± 69 and 296 ± 77 % of 
baseline, respectively. In the nucleus accumbens, 0.5 and 2 pM of 5-HT did 
not affect dialysate p-endorphin levels, while 5 and 10 pM of 5-HT 
increased p-endorphin dialysate levels to 186 ± 32 and 224 ± 37 of 
baseline, respectively. When the perfusing aCSF solution in the arcuate 
nucleus or the nucleus accumbens was switched to one containing fluoxetin 
(250 pM), the p-endorphin dialysate levels were increased to 253 ± 33 and 
306 ± 42 of baseline, respectively. Since the release of p-endorphin in the 
brain is associated with antinociception and with hedonia, the results shown 
in this study indicate a possible new factor in antidepressant mode of 
action.

694.9

THE EFFECTS CF NOISE ON NPY AND NE OF THE BRAIN 
Z. Zhao,D.Li,0.Nai,K.Ye,Dept. of Occupational 
Health,Beijing Medical Univ. Beijing 100083 
P R China

The male wistar rats were divided to sensitive 
and insensitive ones by blood pressure and heart 
rate. They were exposed to noise at 105dB(A) 
compared with their corresponding controls. The 
results showed higher content of norepinephrine( 
NK) after 8 week exposure and higher level of 
neuropeptide Y(NPY) after 15 week exposure.
Ol changes were found in the hypothalamus of 
sensitive rats. The coeficient between NE/NPY 
(x) and blood pressure(y) is as follow: r=-0.8857 
,p< 0.05, b=O.178O, y=20.5-0.1780x

(Supported by National Natural Sciences Foundati
on of China,3947O6O7)
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695.1
FACE SPECIFIC WIDE-SPREAD WIDE-BAND INTRACRANIAL EEG 
COHERENCE IN HUMANS. J.C. Klopp*1’3 E. Halgren23, K. Marinkovic23, V.I. 
Nenov1. 'Brain Research Institute, UCLA, 2INSERM CJF 97-06, Marseilles, France, 
3Dept of Radiology, University of Utah

Intracranial EEG was analysed from 16 subjects that suffered from medically 
intractable complex partial epilepsy. Intracranial electrodes were implanted into 
multiple structures for seizure localization. Common sites for electrode implantation 
included the amygdala, temporal pole, anterior and posterior hippocampus, supra 
marginal gyrus, -superior temporal plane, fusiform, lingual, frontal and rolandic 
cortices. Subjects participated in one or both of two delayed recognition memory 
tasks, using either faces or words as stimuli (140 to 280 trials per condition). Of the 
16 subjects, 12 completed the face recognition task and 10 completed the word 
recognition task. Trials contaminated by epileptiform spike activity were rejected. 
Coherence estimates were produced between all possible combinations of electrode 
pairs for 50 time windows of 120 ms. Each time window, after the first, was offset by 
20% from the preceeding window. Coherence estimates were calculated for 8 to 50 
Hz with 4.2 Hz resolution. Coherence values were normalized to show percentage 
change from baseline. While raw coherence estimates on individual trials and 
electrode pairs ranged widely (0.02 to 0.99), mean coherence across all trials and 
electrode pairs was 0.605 +/- 0.104. The most consistent results were found in the 
coherence estimates measured between the lingual-fusiform area and all other 
recorded regions. 11 of 12 subjects showed wide-spread and wide-band face specific 
increase in these measures at 160-230 ms post-stimulus onset (P < 0.025 in each 
subject). The remaining subject had similar coherence activation at a greater latency 
of 350-400 ms. Word stimuli elicited weak or no response at the same latency except 
in one subject who displayed a coherence increase larger to word than face stimuli. 
Other, less regular, characteristics of coherence fluxuation such as late decreases and 
changes in the absence of power fluxuation were observed.

Funded by USPHS-NS18741, Human Frontiers Science Program, the Office of 
Naval Research and INSERM.

695.2
COMPLEMENTARY ENHANCEMENT OF ALPHA AND GAMMA 
FREQUENCY IN HUMAN OCCIPITAL CORTEX UNDER EYES OPEN AND 
CLOSED CONDITIONS (A CASE REPORT). V Hirai‘ 2 4*, S. Uchidaf T. 
Maehara3, Y. Okubo2 and H. Shimizu3. ‘Dept. of Psychiatry, Tokyo Metropolitan 
Matsuzawa Hospital; 2Dept. of Neuropsychiatry, Tokyo Med. and Dent. Univ. ; 3Dept. 
of Neurosurgery, Tokyo Metropolitan Neurological Hospital; ‘Dept. of 
Psychophysiology, Tokyo Institute of Psychiatry; Tokyo 156-8585 JAPAN.

In some mammalian hippocampus, rhythmic slow activity (RSA) was observed in 
exploratory behavior and paradoxical sleep. In addition, gamma frequency was 
observed in rat hippocampus and entorhinal cortex. These frequencies were thought to 
play an important role in inducing long-term potentiation (LTP) in hippocampus. We 
have been studying electrical activities of human brain, and reported the existence of 
gamma (30-150 Hz) frequency in human medial temporal lobe during wakefulness1. 
We also found beta-1 frequency in human medial temporal lobe and proposed that it 
could be a corresponding activity to animal RSA.

Recently, we had an opportunity to record cortical electrical activities of an 
epileptic patient with visual attacks. In order to locate the epileptic focus and seek 
possibility of surgical treatment, electrodes were placed on occipital lobes and other 
cortical regions. Recordings were performed during wakefulness. This protocol was 
approved by Tokyo Institute of Psychiatry ethical committee. Power spectral analysis 
revealed that there existed gamma frequency in human occipital cortex and enhanced 
under eyes open condition. On the contrary, alpha frequency was enhanced in eyes 
closed condition. The present results suggest that these frequencies are involved in 
human visual information processing. They also suggest that gamma frequency is 
not specific to the human medial temporal lobe but may widely distributed in the 
cortex and have an important role in cortical information processing.

This study was supported by Tokyo Ikashika Daigaku Seishinkai no Kai (N.H.), 
Special Coordination Funds from the STA Japan (S.U.) and Grants-in-Aid for 
Fundamental Research from the Ministry of Education, Science and Culture (S. Uj. 
Ref. 'N. Hirai et al., Neuroscience, 1998 (in print)

695.3

BRAIN ACTIVATION IN THE MOTION AFTER-EFFECT.(spon.: European Bram 
and Behaviour Society) N.Schmitz' ~ .J.G.Taylor1 \ N.J.Shah', K. Ziemons',M. 
Grossc-Ruyken , OGruber1, H-W. Mueller-Gartner ~. 'Inst. Med., Research Centre, 
Jülich, University Düsseldorf; Germany, ' Dept. of Maths, King s Coll., London, UK. 
The motion after-effect (M AE) has been well-studied as far as its processing by the 

motion-sensitive area MT/V5 is concerned. This study is concerned with determining 
brain sites which are involved in either sensitivity to the motion itself or to MAE alone. 
The amount of MAE experienced by the subjects was tested psychophysically beforehand 
The study used a whole-head coil measurement of 10 subjects in a 1.5T Siemens scanner 
equipped with echo-planar imaging (EPI). The sequence parameters used were:
Echotime TE=66ms; repeat time IRSs, field of view 200x200mm; spin-flipangle^VO; 
matrix si/.e64\G4. 16 axial slices, in-plane resolution =3x3mm; slice thickness^ 5mm. 
A T1-weighted anatomical image of the entire brain was obtained in 3D. The visual 
images (presented by MEL), were moving bars (downward) and static bars, respectively 
with a control-condition of "up &down" bars (7images each), with a repetition of 4x28. 
The data was processed using SPM96b, motion correction and normalization onto T&T- 
coordinates occurred for each subject separately. Suitable contrasts were developed to 
extract bram sites most sensitive to motion and MAE, in particular one using the MAE 
signal after the motion versus that after the bars up &down (each occurring over a time 
of 3 TR 's). Another probed solely tor motion sensitivity (motion vs static). Various 
regions ( BA) detected under these contrasts tor the subjects are summarized in the table:
Motion sensitive Co-ordinates z-score MAE sensitive Co-ordinates z-score
18/19 39 -78 -Ó 6.5 11/47 44 32 -16 4.1
19 39 -69 -3 5.3 22/47 -39 6 3 4.5
MT (19/37) -42 -78 6 6.8 MT -42 -78 6 4.3
19/39 39-78 15 4.5 40 60-24 24 4.6
44 -48 8 20 3.4 47 42 3 0 4.7
We conclude that MAE alone is processed by a number of further areas beyond MT, and 
the experience itself may be supported by one or more of these areas acting together.

695.4
VISUAL GROUPING IS BASED ON FEATURE SALIENCY IN A REAL WORLD
LIKE TASK. Y.-X. Zhou1* and Z.-L. Lu2. 'The Salk Institute, La Jolla, CA 92037; 
department of Psychology, University of Southern California, Los Angeles, CA.

We have built an experimental system to study human perception, cognition, and 
action coherently in complex, realistic tasks. It records the state of the task, the eye 
positions of subjects, and their motor actions at every moment. We used this system to 
evaluate experts and novices in terms of their perceptual and cognitive capabilities, to 
evaluate their strategies and mistakes, and to provide useful feedback.

We applied this experimental system to the "Minesweeper" computer game. Its 
visual display is a 16 x 30 array of covered boxes, 99 of which have a mine inside. The 
goal is to open all the empty boxes and label all the mine boxes as fast as possible. If a 
mine-box is opened, the game is over. Otherwise, a number appears on the box 
indicating the number of mines among the adjacent 8 boxes. This information is used 
to decide which boxes can be safely opened.

The experts completed the game in -120 seconds, while novice players often hit a 
mine in the middle of the game or needed >1000 seconds to complete. Without special 
training, it took a novice >100 hours of practice to become an expert. What 
distinguished experts was their capability to effortlessly detect certain spatial 
configurations in the game field (cues) and to use that to determine whether a covered 
box contained a mine, while the novices had to apply logical reasoning to discover 
these cues. One important mechanism underlying the cue detection was a localized 
grouping process to count the numbers of covered and labeled boxes around an opened 
box. This process depended on the saliency induced by the 3D shading feature 
presented in both covered and labeled boxes. The expert performance was hindered 
after the 3D feature was removed and restored by substituting the 3D feature with 
other salient features. The novice performance was immune to these manipulations. In 
other words, the experts of this game learned to see the 3D feature as salient and 
grouped the 3D boxes dynamically in spatially localized regions.

695.5

A STUDY OT VISUAL AND MOTORIC ASYMMETRIES BETWEEN 
EXTREME LEH’ AND RIGHT HANDED MALES AND FEMALES.
M. FOWLER,1 * J, P. WARD.2 and R. L, PUSAKULICH^. 1 Dept. of 
Anatomy and Neurobiology, Univ. of Tennessee Med. Sch., Memphis, 
-Dept. of Psychology, Univ. of Memphis, Memphis, TN. 38152, 
^Veterans Affairs Medical Center, Memphis.

Many studies have demonstrated visual half field (VHF) differences 
between left and right handers, as well as motoric asymmetries other than 
writing. However, precise criteria for selecting subjects are usually 
lacking. We applied Annett's (1970) association analysis of handedness 
to choose extremely lateralized left and right handers from a large 
selection pool. These subjects were tested with tachistoscopically 
presented visual stimuli, (single letter recognition, figure recognition and 
dot localization) to assess VI IF asymmetries and were given further tests 
to fully characterize motoric asymmetries. Group means were not 
significantly different for the three tasks. Even so, on all three tasks the 
group means for left handed females and right handed males were most 
different, with left handed males and right handed females giving 
intermediate results. Furthermore, we found that both male and female 
left handers tended to be left eye dominant while right handers were 
usually right eye dominant (t-test p. < 0.05). Also, both left and right 
handed females tended to be right footed while males tended to be left 
footed. These and other findings are discussed in terms of Annett's 
"right shift" theory of handedness (1985). Funded in part by a Center of 
Excellence Grant awarded to the Dept. of Psych., Memphis State Univ. 
(now- The Univ. of Memphis) by the state of Tennessee.

695.6
PARCHMENT SKIN ILLUSION - A NOVEL AUDIOTACTILE
MULTISENSORY INTERACTION. V. Tousmaki* and R. Hark
Brain Research Unit, Low Temperature Laboratory, Helsinki University 
of Technology, P.O. Box 2200, FIN-02015 HUT ESPOO, Finland.

Artificial incongruences between sensory channels may reveal the impact 
of multisensory interactions on our percepts. We have discovered a novel 
'parchment-skin' illusion, which demonstrates that sounds, exactly time- 
locked to hand rubbing, may strongly modify the simultaneous tactile 
sensations.

The subjects were seated with the forearms supported on their thighs and 
were asked to rub the palms back-and-forth at 1-2 cycles/s and to estimate 
the roughness vs. smoothness of the palmar skin on a 0-10 magnitude scale in 
various audiofeedback conditions. A microphone close to the hands was 
recording the rubbing sounds. The magnitude estimates were evaluated in a 
randomized 3x3 block design (the audiofeedback through the headphones 
was either identical to the original hand rubbing sound or the high 
frequencies were either dampened or accentuated by 15 dB. In addition, the 
overall sound intensity was adjusted to the comfortable listening level or ±20 
dB). From the 17 subjects studied, 13 observed the effect and 11 reported it in 
a consistent manner.

Temporally coincident audiofeedback had a statistically significant effect 
on the tactile sensation: as the high frequencies or the overall sound level 
increased the palmar skin started to feel more paper like, i.e. its perceived 
roughness/moisture decreased and smoothness/dryness increased. The 
tactile sensitivity was not modified.

We hypothetisize that this audiotactile illusion reflects an omnipresent 
multisensory integration phenomenon which is utilized in everyday tactile 
discrimination tasks.

Supported by the Academy of Finland.
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695.7
CEREBRALLY-LATERALIZED MENTAL REPRESENTATIONS OF 
HAND SHAPE AND MOVEMENT. L. M. Parsons*1, J. D. E. 
Gabrieli2/E. A. Phelps3, and M. S. Gazzaniga4. 'Research Imaging 
Center, University of Texas Health Science Center at San Antonio, San 
Antonio, TX, 78284 USA. 2Dept. of Psychology, Stanford University, 
Stanford, CA. 3Dept. of Psychology, Yale University, New Haven, CT. 
4Program in Cognitive Neuroscience, Dartmouth College, Hanover, NH.

Prior psychophysical and neuroimaging studies in healthy adults 
suggest that handedness judgment of a visually presented hand depends 
on sensorimotor processes that are specific to the limb of the stimulus and 
that may be controlled by the cerebral hemisphere contralateral to the 
limb. We hypothesized that disconnection of the cerebral hemispheres 
would disrupt the mental simulation of a hand presented to the ipsilateral 
but not the contralateral hemisphere. We tested this hypothesis by having 
two callosotomy patients and eight control subjects judge the handedness 
of left and right hands in various positions, without moving or inspecting 
their own hands. Stimuli were presented for 150 ms in either the right or 
left visual hemifield. For each hemisphere, patients’ accuracy was high 
when the hand was contralateral to the perceiving hemisphere but it was 
not above chance when it was ipsilateral to the perceiving hemisphere. 
Controls’ accuracy was high in both conditions. Analyses of response 
time as a function of stimulus orientation indicate patients, like controls, 
mentally simulated reaching into stimulus posture. Thus, each 
hemisphere could represent the shape and movement of the contralateral 
hand for comparison to the stimulus, but could not for the ipsilateral 
hand. These results indicate that mentally simulating one's action and 
discriminating body part handedness both depend on lateralized 
sensorimotor and somatosensory representations.

695.8
TRANSFORMING STATIONARY AND DYNAMIC VISUAL 
IMAGES INTO EQUIVALENT MUSICAL FORMS: 
APPLICATIONS AS A SENSORY PROSTHESIS FOR THE 
BLIND.
John Cronly-Dillon* (I) and Krishna Persaud (2),
(1) Dept Optometry and Vision Science, (2) Dept. 
Instrumentation and Analytical Science. Univ. Manchester 
Institute of Science & Technology, Manchester M60 
1QD.U.K.

We have found a way to map many of the attributes of visual 
images into musical space. The technique is an extension of 
the fact that a musical score is simply a graph which shows 
the distribution of notes as a function of time. High contrast 
achromatic visual images are presented on a computer monitor 
and scanned with a cursor which transforms them into an 
equivalent sound pattern. With very little training, normal 
blindfolded subjects, and patients with RP who were totally 
blind, were able to correctly analyse and identify: (i) simple 
geometrical shapes, (ii) letters of the alphabet, (iii) words and 
phrases , (all of whose characteristic sound signatures they had 
not encountered before). These subjects, also matched several 
simplified representations of moving animals by the 
characteristic sound patterns generated by the species specific 
pattern of limb movements they each display during 
locomotion. Some visual illusions ( eg Muller Lyer), when 
mapped into musical space, produce an equivalent illusion in 
hearing. The communication win consist of a video display of 
a blind subject and a running commentary with slides.
Funding: Special grant awarded by university ( Patent applied

695.9
AN FMRI STUDY OF TEMPORAL DISSOCIATION BETWEEN THE BASAL 
GANGLIA AND THE CEREBELLAR OUTPUTS DURING TACTILE DISCRIMI
NATION. Y.J. Liu12 *. J.-H. Gao1, M. Liotti', Y. Pu', P.T. Fox1. ‘Research Imaging 
Ctr. and 2Dept. of Physiology, Univ. of Texas Hlth. Sci. Ctr.,San Antonio,TX 78284

There are parallel cortico-subcortical functional loops involving basal ganglia (BG) 
and cerebellum in the control of sensorimotor and cognitive functions. Animal studies 
have shown that Ml and SMA receive segregated inputs from BG and cerebellum. 
Such a segregation has been taken as anatomical correlatives for their functional differ
entiation. We used fMRI to examine temporal correlation of task-dependent activation 
during sensory discrimination, with an aim to provide a demonstration of functional 
modulation of neural connectivity in these pathways. The fMRI data were collected 
from 10 human subjects performing a pair of active tactile tasks: (1) grasping objects 
plus discrimination (GD) task, in which the blindfold participant was asked to grasp 
one of balls of different shapes with each hand and to covertly match the shapes of the 
two grasped stimuli on both hands; (2) grasping objects (G) task without discrimina
tion. The correlation maps for the tactile discrimination (GD minus G) were generated 
using within-task time series covariance analysis for determining interregional correla
tion of the task-dependent fMRI responses. Our results demonstrated different patterns 
of coactivation when different regions of interest were selected as reference. The fMRI 
responses in the dentate nucleus (DN) was highly correlated with those in the red nu
cleus (RN) and SMA (r>.66, P<.05), but not with those in the internal globus pal
lidum (GPi), the substantia nigra (SN), and Ml; while the responses in GPi were cor
related with SN and Ml (r>.53, Pc.05) but not with DN and SMA. The time courses 
showed that the MRI signals were temporally dissociated between DN and GPi. The 
SMA and M1 also showed different temporal patterns of the activation. This study 
provides evidence that tactile discrimination may engage parallel processing in cerebel- 
locerebral and pallidocerebral circuits, but with temporal preference in their cooperativ
ity. We interpret the effect of temporal dissociation revealed by fMRI as a proof of 
functional differentiation of these pathways. (NIH/NIMHP20 DA52176)

695.10
NEURAL BASIS OF THE COMPREHENSION OF MUSICAL 
HARMONY, MELODY, AND RHYTHM. P. T. Fox*, L. M. Parsons, 
and D. A. Hodges, Research Imaging Center, University of Texas 
Health Science Center at San Antonio, San Antonio, TX, 78284, USA.

Brain locations of mechanisms selectively supporting the 
comprehension of the principal components of music were mapped with 
PET. Eight right-handed, Ph.D. faculty conductors covertly detected 
errors in a performance of a Bach Chorale as they read its score. The 
errors on each trial were exclusively either rhythmic, harmonic, or 
melodic. Each condition showed a distinct pattern of distributed activity 
(P<.01) relative to passive listening control, often activating different sub- 
areas of the same major area. All three tasks, especially rhythm, strongly 
activated bilateral cerebellum, with 80% in posterior hemispheres (i.e., 
declive) and 20% in anterior ones (i.e., culmen). Given the lack of 
explicit (and apparently implicit) movement, this cerebellar activity is 
likely sensory or cognitive, not motoric. All tasks also activated a single 
area in right fusiform gyrus, implicating it in visual processing of musical 
notes, analogous to visual word processing by left fusiform. In the 
melody task, major foci included bilateral subgyral BA 24/6; bilateral, 
strongly right, BA 44/45; left BA 40; bilateral, strongly right, BA 39; 
bilateral, strongly right, BA 37; bilateral BA 22; and bilateral strongly 
right BA 21. Major foci in the harmony task included bilateral, strongly 
right, dorsolateral BA 6; bilateral, mostly left, BA 44/45; bilateral mostly 
left BA 39; bilateral mostly left BA 40; and bilateral BA 37. In the rhythm 
task, only moderate foci appeared outside the cerebellum, including 
mostly left subgyral BA 6; mostly left BA 24; mostly left BA 44; right BA 
39; bilateral thalamus; mostly left BA 20; and bilateral BA 21. The 
observed activations are discussed in terms of distributed neural systems 
subserving music comprehension. Supported by a grant from NAMM.

695.11

A NEW APPROACH TO MUSIC-BRAIN INTERACTION USING SIMULTANEOUS 
MEASUREMENT OF RCBF AND EEG BETA RHYTHM S, Nakamura1, N. Sadato1*, 
T. Oohashi2, E. Nishina’, Y. Fuwamoto4 andY.Yonekura'. 'Biomedical Imaging Research 
Center, Fukui Medical University, Fukui; 2ATR Human Information Processing Research 
Laboratories, Kyoto; ’National Institute of Multimedia Education, Chiba and4Yokkaichi 
University, Mie, Japan

As listening to music is a purely personal experience influenced by many factors, it is 
difficult to investigate music-brain relationship using conventional activation paradigm of 
task-control comparison. To elucidate the neural substrates of the receptive aspect of music, 
we measured regional cerebral blood flow (rCBF) with positron emission tomography 
(PET) and electroencephalograph (EEG) simultaneously during rest and music-listening 
condition. Particular attention was focused on beta rhythm (13 to 30 Hz) known to be 
sensitive to altered cortical integration. Eight normal volunteers were involved 
Compared with rest condition, listening to music caused increase in rCBF in the temporal 
regions bilaterally, which are presumably related to sound processing, whereas no change 
in beta power was noted. Positive correlation of beta power with rCBF was observed in 
the dorsal premotor cortex bilaterally and anterior cingulate cortex both in rest and music 
condition without significant difference. This is consistent with the well-known 
reactivity; augmentation of beta rhythm with cognitive effort, because the lateral and 
medial Brodmann area 6 may function in general cognitive operations (1). Listening to 
music newly recruits the precuneus, where rCBF showed positive correlation with beta 
power only during music condition. This may reflect the interaction of the music with the 
mental state, such as music-evoked memory recall or visual imagery. Simultaneous 
measurement of rCBF and EEG is useful to observe music-brain interaction.
(1) Mellet, E„ et al. J Neurosci 1 6, 6504-6512 (1996).
Supported in part by the research Grant (JSPS-RFTF97LOO2O3) for “Research for the 
Future” Program from the Japan Society for the Promotion of Science.
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696.1
STRESS AND AGING: REDUCED CORTISOL RESPONSE TO GLUCOSE IN 
POSTMENOPAUSAL WOMEN PRACTICING THE TRANSCENDENTAL 
MEDITATION (TM) PROGRAM. KG. Walton? J.Z, Fields?’3 P.A. Harris?
N.P. Pugh? C.N. Alexander? R. Waziri,2*. ’Center for Healthy Aging, St. 
Joseph Hospital, Chicago; 2Dept. of Psychiatry, University of Iowa School of 
Medicine; 3Center for Health and Aging Studies, Maharishi University of 
Management, Fairfield, IA 52557.

Studies in young women and men indicate the TM program can reduce 
elevated cortisol associated with chronic stress. This program also reduces 
cardiovascular disease (CVD) and other diseases, particularly in the elderly. A 
possible connection between these effects was investigated here in 25 long-term 
(23-y) practitioners of the TM program (average age 75) and 26 demographically 
matched controls. Cortisol response to a physiologic stressor (75 g of glucose at 
noon on an empty stomach) was examined in saliva samples collected between 
10:30 am and 3:00 pm and in urine collected over the whole period. Cortisol was 
assayed using RIA kits (Diagnostic Products Corp). Cortisol excretion rate was
3.7 times higher in control women than in TM women (3.O3+. 17 vs.
.83+. lOpg/h, respectively; p=.02). Prior to glucose, salivary cortisol level and 
rate of change were identical for the two groups, but after glucose it rose 7 times 
as fast and 2 times as high in control women as in TM women. In contrast, 
control men showed the slowest and smallest increase in jsalivary cortisol of the 
four subgroups. Across all women, high cortisol excretion was significantly 
associated with total disease, CVD, and risk factors for disease. Reduced cortisol 
may play a key role in disease-reducing effects of the TM program. (Supported 
by private donations to a special faculty research fund at M. U.M.)

696.2
THE BRAIN METABOLIC EFFECTS OF HEALTHY AGING IN MAN: 
MAPPING BY 3-D PET AND SPM
J.C. Baron*. C. Godeau, M.C. Petit-Taboue, B. Landeau, B.Desgranges, G.Perchey, 
and G.Marchal, INSERM U320, Cyceron, BP 5229, 14074, Caen, France

We mapped the 3-D distribution of effects of normal aging on resting brain glucose 
use (rCMRGlc), an in vivo marker of baseline synaptic activity sensitive to synaptic 
loss/dysfunction. We studied 23 unmedicated subjects of both genders, aged 21-68 yrs. 
all with > 8 yrs of schooling and lack of cerebrovascular risk factor, mental disorder, 
significant MRI or biological abnormality, or incipient dementia. We used 18FDG and 
the 63-slice Exact HR + 3D-PET device. Using SPM-96, the parametric rCMRGlc 
maps were transformed into Talairach’s space and smoothed (14 mm), and pixel-by
pixel statistical maps of the significant correlations between rCMRGlc (normalized to 
overall mean) and age w'ere obtained. Metabolic decreases with age (p< 0.002, 
uncorrected) affected bilaterally and essentially symmetically the anterior cingulate 
cortex (Cx) (BA 24/32) and neighboring ventro-medial (BA 11/25) and medial 
prefrontal (PF) (BA 9/6) Cx, the superior dorsolateral PF Cx (BA 9/8), the anterior 
temporal Cx (BA 21/38), and caudate head, as well as the perirhinal Cx (BA 36), 
hippocampus and lateral parietal (BA 7) Cx on the right side, and the ventrolateral 
PF Cx (BA 44) and insula o.i the left. At p< 0.01, the left BA 36, left precuneus (BA 
7), left BA 40, right insula, left BA 46 and 47, and bilateral BA 10 also exhibited 
decreases. Relative increases mainly concerned the bilateral visual Cx (BA 17/18/19). 
This study confirms that aging preferentially affects the anterior brain, sparing the 
primary and posterior association cortices, thalamus and cerebellum. It also discloses 
significant effects in cognitively important structures, such as the perirhinal Cx and 
hippocampus, known to be neuropathologically affected early in aging, the superior 
DL-PF Cx, long debated as a metabolic target of aging, and the posterior parietal Cx, 
as also reported with 18FDG in early Alzheimer disease (AD). Overall, however, the 
distribution of metabolic effects of aging differs from that of early AD. Its 
relationships with age-related memory impairments is being studied.

Supported by INSERM, University of Caen, and Region Basse-Normandie.

696.3
EXECUTIVE SYSTEM DYSFUNCTION IN THE AGED RHESUS 
MONKEY USING AN ANALOG OF THE WISCONSIN CARD 
SORTING TEST T. L. Moore*, R. J, Killiany, D, L. Rosene & M, B. 
Moss, Dept. of Anatomy & Neurobiology, Boston University School of 
Medicine, Boston, MA 02118.

While declines in cognition have been demonstrated as a 
consequence of normal aging few studies have focused on executive 
system functions. We have developed an analogue of the Wisconsin 
Card Sorting Task called the Conceptual Set Shifting Task (CSST) to 
investigate specific changes in executive function in non-human primates. 
Each trial of the CSST presents the monkey with three stimuli on a 
computer screen that differ in hue (red, green, and blue) and shape 
(triangle, star, and circle). Initially the monkey must sort by hue and 
ignore the other stimulus dimension of shape. Once the monkey reaches 
learning criterion, ten consecutive correct responses, the reward 
contingency shifts so that the relevant stimulus dimension is now shape 
rather than hue. A total of three such shifts are used. The performance of 
ten behaviorally sophisticated monkeys, five old (ages 25-30 years) and 
five young (ages 7-9 years), were assessed. We found that aged monkeys, 
as a group, were impaired (trials and errors) on both initial learning and 
the shift conditions (p’s < 0.01). Analysis of errors revealed that aged 
monkeys made significantly more perseverative responses than young 
monkeys (p < 0.01) on the shift conditions. Pearson r correlations between 
chronological age, number of perseverative errors and trials and errors 
during learning conditions revealed significant correlations (p’s< 0.01). 
We are pursuing the possibility that changes in myelin and/or dopamine 
and norepinephrine receptors in the dorsal lateral prefrontal cortex may 
contribute to these cognitive changes. Supported by NIH POl AG00001

696.4

AN AGE-RELATED DEFICIT OF ATTENTION IN THE RHESUS 
MONKEY R. J. Killiany*, T. Moore, D, L. Rosene & M, B, Moss, Dept 
of Anatomy & Neurobiology, Boston University School of Medicine, 
Boston, MA 02118.

Studies of attentional function in the aging non-human primate 
have been equivocal. Bachevalier et al. (Neurobio Aging, 1991) revealed 
impaired performance by aged monkeys on a forced choice reaction time 
task while a study by Baxter and Voytko (Behav Neurosci, 1996) 
demonstrated unimpaired performance on a simple reaction time task. 
In an effort to better understand these discrepant findings, we decided to 
test a group of aged monkeys on a battery of attentional tests. The test 
battery we have developed includes tests of simple attention, cued attention, 
visual search, cued search and vigilance. It was administered in an 
automated testing apparatus equipped with a touchscreen so that the 
computer displayed the stimuli and recorded the responses. The 
performance of ten behaviorally sophisticated monkeys, four old (ages 
25-30 years), two middle aged (15-17 years) and four young (ages 7-9 
years), were assessed. We found that the middle aged and old aged 
monkeys as groups were not significantly impaired (p’s > 0.15) on any 
of the attentional measures, though they both showed a trend towards 
making more false positive responses on the search tasks than the young 
monkeys. Despite this lack of a significant difference between the groups, 
Pearson r correlations revealed the presence of a significant (p’s < 0.05) 
linear relationship between chronological age and performance on the 
simple, cued and cued search tasks. This suggests that while attentional 
function may not show a robust impairment with age it is nonetheless 
altered. We are pursuing the possibility that alterations in myelin underlie 
the attentional deficit observed. Supported by NIH grant POl AG00001.

696.5
NIGROSTRIATAL DEGENERATION AND IMPAIRED MOTOR 
FUNCTION IN AGED RHESUS MONKEYS M.E. Emborg1,* S.Y, Ma1,
E.J. Mufson1, A.I. Levey2, J.E. Holden3, D, Brown3, and J.H. Kordower1.
’Res. Ctr. for Brain Repair and Dept. Neurological Sciences, Rush Presb.
Med. Ctr., Chicago, IL 60612; 2Dept. Neurology, Emory Univ., Atlanta Ga 
30322, 3 Dept. Med. Physics, Univ. Wisconsin Med. Ctr., Madison 
Wisconsin, 53706.

Dopaminergic nigrostriatal function undergoes extensive degeneration 
in patients with Parkinson’s disease (PD). Age has been reported to be an 
important risk factor for PD, partly due to the spontaneous degeneration 
of the nigrostriatal system during aging. While the relationship between 
of dopaminergic (DA) dysfunction and the symptoms of PD have been 
well established, the relationship between diminished striatal DA and age- 
related motor impairment is less well understood. In this study, aged 
Rhesus monkeys (25-27 years old) displayed significant impairments in 
motor function as assessed on a fine motor coordination test, home cage 
activity, and a clinical rating scale compared to young (3-5 year old) 
Rhesus cohorts. Unbiased stereological counts of tyrosine hydroxylase- 
(TH) and dopamine transporter (DAT)-ir neurons within the substantia 
nigra pars compacta revealed a significant age-related loss of TH-ir 
(50.3%) and DAT-ir (33.2%) neurons. Scores on the fine motor test and 
the clinical rating scale were correlated with decreases in TH-ir neuronal 
number and decreases in home cage activity correlated with the number 
of DAT-ir neurons. These results suggest that age-related motor 
impairments may be related to decreases in TH-ir and DAT-ir nigral 
neurons. The association of motor deficits with the loss of TH-ir and 
DAT-ir neurons suggests that aged nonhuman primates may be a useful 
animal model for human aging and early PD. (Support: Private Funds).

696.6
HYPOTHALAMIC GENE EXPRESSION IN AGING MICE: 
EVIDENCE OF DECREASED LEPTIN TONE. C.V. Mobbs*, 
S. P. Kleopoulos, and T. M. Mizuno. Fishberg Center, Dept. 
of Geriatrics, and Neurai Aging Labs., Mt. Sinai School of 
Medicine, New York, NY 10029.

Leptin-deficient and leptin-resistant mice exhibit 
Increased expression of hypothalamic neuropeptide Y (NPY) 
and agouti-related protein (AGRP) and decreased 
expression of hypothalamic proopiomelanocortin (POMC). 
Since expression of the leptin gene decreases with age in 
mice, we examined if a similar profile in gene expression 
develops from 6 to 24 months of age in mice, using in situ 
hybridization. Leptin mRNA and peptide decreased with age. 
Concomitantly, hypothalamic POMC mRNA decreased about 
74%, whereas NPY and AGRP mRNA increased about 2- 
fold.
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NPY

6 mo. 15 mo. 24 mo.
(% 6 mo. young controls)

100±20 111±24 208±30
AGRP 100±15 88±15 169±19
POMC 100±9 80±12 26±6
Leptin mRNA 100±4 92±9 64±17
Leptin peptide 100±12 88±13 72±8
These results are consistent with decreased leptin tone in 
aging mice. Supported by NIH (DK 50110).
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696.7
EXPRESSION OF THE APOLIPOPROTEIN E GENE IN BRAIN EPITHELIAL- 
LIKE CELLS AND ASTROCYTES DECREASES SUBSTANTIALLY IN AGING 
MICE.
S. Grehand P.W. Walker,1 and J.M. TaylorL 2*. 1 Gladstone Instit. of
Cardiovascular Disease and 2Dept. of Physiology, Univ. of California, San 
Francisco, CA, 94110.

Apolipoprotein (apo) E is expressed at moderately high levels in the brain, and 
apoE has been implicated in neuron growth and homeostasis as well as in the 
pathogenesis of Alzheimer’s disease and other neurodegenerative disorders associated 
with aging. Previous immunological studies have localized apoE to various types of 
astrocytes throughout the brain.

We sought to determine if apoE gene expression occurs at the sites of apoE protein 
localization and if expression in the brain changes with age. Brain sections from male 
mice at 3 weeks, 2 months, and 9 months of age were examined for apoE expression 
by in situ hybridization using 33P-labeled antisense and sense RNA probes. The most 
intense expression of apoE mRNA was observed near the nuclei of Bergmann glia 
(astrocytes), located at the interface of the granular layer and the molecular layer of 
the cerebellum. These glial cells are adjacent to non-reactive Purkinje cells. Minimal 
expression was observed in astrocytic processes within the molecular layer where 
abundant levels of apoE protein had previously been detected. Strong but less intense 
expression was localized to astrocytic glial cells of the gray matter throughout the 
brain. Equivalent levels of apoE expression were also detected in epithelial-like cells 
(i.e., in the meninges, in cells on the surface of the choroid plexus, and in cells 
lining the ventricles).

Similar distributions and equivalent levels of expression were found in brain 
sections from 3-week and 2-month-old mice. However, brain sections from 9-month- 
old mice showed markedly reduced apoE expression in both epithelial-like cells and 
astrocytic glial cells throughout the brain. Diminished expression of apoE mRNA in 
the brains of older animals may have implications for the onset of age-dependent 
neurodegenerative diseases.
Funding source: NIH HL37063.

696.8
INSULIN-LIKE GROWTH FACTOR-1 REGULATES ACTIVITY OF DOPAMINE 
D2 RECEPTORS IN AGED ANIMALS. P.L. ThomtotfS.A. Bennett, W.E, Sonntag. 
Department of Physiology and Pharmacology, Wake Forest University School of 
Medicine, Winston-Salem, NC 27157-1083.

The dopaminergic system, specifically activity of the dopamine DI and D2 receptors, 
has been reported to have an important role in both motor and cognitive functions. 
Previous studies indicate that receptor density of D2 receptors decline by 20-30% with age 
and contribute to age-related learning and memory deficits. In addition, a specific D2 
agonist, quinpirole, reverses cognitive impairments evident in the aged animal. Studies 
in our laboratory have demonstrated that plasma and cortical levels of insulin-like growth 
factor 1 decline with age and this decline is hypothesized to contribute to many of the 
changes associated with brain aging, including memory decrements. In the present 
experiment, the activity of the D2 receptor was assessed in young (5 months), middle-age 
(15 months), and old (28 months) male Brown Norway rats using a GTPyS35 membrane 
binding assay. Our results indicate that D2 receptor activity declines in both cortex and 
hippocampus of aged animals. In the hippocampus, the maximal response to quinpirole, 
a specific D2 agonist, declined to 61.02% ± 4.94 (p=0.01) in middle-aged (15 months of 
age) animals and to 37.31% ± 4.32 (p<0.001) in old animals when compared to young 
controls. In the cortex, the maximal response to quinpirole declined to 65.77% ± 12.6 
(p=0.01) in middle-aged animals and to 25.16% ± 9.13 (p<0.001) in old animals when 
compared to young controls. Administration of IGF-1 icv for 28 days using an osmotic 
mini-pump to aged animals significantly reversed this age-related decline of D2 receptor 
activity in both hippocampus and cortex (maximal response of 84.33 ± 14.28 and 57.37% 
± 4.97 respectively, p<0.05 for both compared to saline treated, age-matched controls). 
These data demonstrate that IGF-1 regulates the activity of D2 receptors in both the 
hippocampus and cortex and suggest that alterations in the regulation of brain IGF-1 may 
lead to functional changes in neurons of aged animals. Supported by NIH grant 
AG11370.

696.9

AGE-RELATED CHANGES IN CORTICAL CHOLINERGIC 
AXONS IN THE COMMON MARMOSET C.-K. Wu* and C. Geuia. 
Harvard Medical School and Boston University School of Medicine, 
Boston, MA 02215.

Previous work in our laboratory indicated that an acetylcholinesterase 
(AChE)-rich staining pattern serves as an excellent marker of cortical 
cholinergic axons. In the present study, we employed a sensitive 
histochemical method to investigate age-related changes in cortical 
cholinergic axons in the common marmoset (Callithrix jacchus). Six young 
(2-3 years) and 12 aged (8-15 years) marmosets were used. Age-related 
changes in AChE-rich fibers were assessed qualitatively. A dense plexus of 
AChE-rich cholinergic fibers was observed throughout the cerebral cortex 
of young marmosets. In the neocortex, the density of cholinergic fibers 
appeared higher in supragranular layers (I, II, and III) when compared with 
infragranular layers (IV - VI). In the hippocampal formation, the highest 
density of fibers was seen in the dentate gyrus and in the pyramidal layer of 
CA1- CA4. In addition, a strongly positive band of neuropil staining was 
observed in the supragranular segment of the molecular layer of the dentate 
gyrus. Three types of age-related changes were observed in these fibers. 
First, the density of fibers was slightly but noticeably reduced in aged 
animals. Second, cholinergic fibers in aged animals were considerably 
thicker than those in young animals. Third, many of the cholinergic fiber 
terminals in aged cortex displayed globular swellings not observed in the 
young. Thus, cortical cholinergic fibers in the marmoset monkey display 
subtle but significant age-related changes similar to that observed in man.

PROCESS OUTGROWTH, GROWTH CONES AND SPROUTING: DETERMINANTS OF AXON AND DENDRITIC GROWTH

697.1

PROTEIN SYNTHESIS BY AXONS OF CULTURED RAT SYMPATHETIC 
NEURONS. H. Eng and R.B. Campenot*. Dept. of Cell Biology and 
Anatomy, Univ. of Alberta, Edmonton, AB, Canada, T6G 2H7.

It has been proposed that protein synthesis occurs not only in the cell 
body, but also in the axons. In support of this, axons have been reported to 
contain both the mRNA for several cytoskeletal proteins and components 
of the protein synthetic machinery (e.g. Olink-Coux and Hollenbeck, J. 
Neurosci. 16:1346). We investigated the possibility of protein synthesis in 
axons using compartmented cultures of rat sympathetic neurons isolated 
from new born rats. Cell bodies were confined to the center compartments, 
while axons extended into the side compartments. The axons were incu
bated with p5S]-methionine to metabolically label any newly synthe
sized proteins. Following TCA precipitation, labelled proteins were sepa
rated on an SDS polyacrylamide gel, transferred to nitrocellulose, and 
exposed to film. Numerous bands were detected on the autoradiogram, 
with some corresponding in molecular weight to cytoskeletal proteins such 
as actin. The identity of the actin band was confirmed by Western blot. 
Protein synthesis in the axons was inhibited by puromycin or cyclohex
imide when directly applied to them. In addition, labelled proteins were 
still produced by isolated axons from which the cell bodies had been 
removed prior to incubating with p5s]-methionine. Thus, these results 
directly demonstrate that axons are capable of protein synthesis. Axonal 
synthesis of actin and possibly other cytoskeletal proteins may be impor
tant for axon growth and regeneration. Supported by AHFMR and MRC.

697.2

SEVERAL mRNAs CODING FOR HOMEOBOX CONTAINING 
PROTEINS ARE EXPRESSED IN SINGLE DENDRITIC GROWTH 
CONES OF THE DEVELOPING BRAIN.
N. Burkhardt1*, S. Therianos12, J.-L. Martin2, P.J. Magistretti2 and J.
Eberwine.1 'Department of Pharmacology, University of Pennsylvania,
School of Medicine, Philadelphia, PA 19104; 2 Institute of Physiology, 
University of Lausanne, School of Medicine, CH-1005, Lausanne.

We are using the powerful single cell mRNA amplification 
technique (aRNA technique) coupled with fluorescent in situ 
hybridization (FISH), PCR, transfection and immunohistochemistry to 
study the focal localization of specific mRNAs in dendritic processes. 
Using a candidate gene approach, we provide evidence for dendritic 
localization of distinct mRNAs, including several transcription factors 
of the Otx, Pax and Nkx families, during both hippocampal and 
cortical development. The use of FISH coupled with immuno
histochemistry and confocal microscopy confirms these results and 
further suggests an mRNA accumulation near dendritic bifurcation 
and indeed a differential dendritic expression. Using PCR, we have 
been able to subclone and sequence one member of each of the above 
cited families. We have used a transfection protocol approach to gain 
some insights into the function of homeobox containing genes within 
the developing synapse. The putative local and specific translation of 
dendritic mRNAs suggests that some proteins necessary for proper 
cell-cell recognition and communication during axogenesis and 
synaptogenesis may be synthesized within dendrites. (J.E. is supported 
in part by a grant from NIMH. S.T. is supported by Swiss NSF grant 
823A-046705.)
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697.3

NEURITE OUTGROWTH INHIBITORY FACTORS IN CNS 
MYELIN: MOLECULAR CHARACTERIZATION OF NOGO 
(NI-35/250). M.S. Chen*, A.B. Huber, M.E. van der Haar, M. Frank. A.A. 
Spillmann, F. Christ and M.E.. Schwab Brain Research Institute, University of 
Zurich and Swiss Federal Institute of Technology. August Forel-Str. 1 8029 
Zürich Switzerland

The ability of axons to regenerate is key to a successful recovery of the CNS 
after trauma or diseases. The adult CNS environment, however, is inhibitory to 
axonal regenerations and growth, due in particular to certain components in the 
myelin. The monoclonal antibody IN-1 raised against NI-250, an oligodendrocyte- 
derived protein which induces DRG growth cone collapse, and strongly inhibits 
neurite growth of many neuronal cell lines, is able to neutralize this inhibitory 
effect of myelin, and allows significant axonal regeneration as well as behavioral 
recovery7 in lesioned adult CNS.

We have previously reported the purification of the IN-1 antigen (bNI220) from 
bovine spinal cord. We are now reporting the isolation of several rat cDNA clones 
based on peptide sequences derived from bNI220. We designate the gene nogo. 
Three major nogo transcripts have been detected in rat optic nerves by Northern 
blotting; in situ hybridization confirmed that oligodendrocytes are responsible for 
the expression of these transcripts. Based on the sizes of recombinant Nogos, the 
largest nogo transcript should encode the rat homologue of bNI220. Unlike 
previously described growth cone collapsing factors, Nogos do not belong to any 
know families, and it does not have any Ig domains. The tissue expression pattern 
of Nogos are complex, suggesting that Nogos have functional significance beyond 
their function of inhibiting axon regeneration and sprouting in the adult CNS.

697.4
Microtubule dynamics and transport in collateral branch formation. G. Gallo*, P.C. 
Letoumeau. U. of Minnesota, Dept. Cell Biol. Neuroanat., Minneapolis, MN 55455

The formation of axon collateral branches is important for proper connectivity 
during development and regeneration. Collateral branches form along axonal shafts 
by filopodia that mature into collateral branches. In a study of microtubules (MTs) in 
collateral branch formation, we examined MT dynamics and transport in collaterals 
formed by cultured chick sensory neurons. Video microscopy showed that some 
axonal filopodia became stabilized and grew to form collaterals. Approximately 15%, 
50% and 100% of sprouts less than 10, 20 and >30 pm in length, respectively, 
contained MTs. While only 20% and 57% of MT-containing sprouts less than 10 and 
20 pm, respectively, contained stable MTs, almost all sprouts longer than 30 pm had 
stable MTs. Culturing neurons in 7 nM taxol or 83 nM nocodazole, which inhibit MT 
dynamics but do not depolymerize MTs, resulted in 50% decrease in main axon 
length. Yet, neither the length nor the frequency of collaterals was greatly affected by 
either drug. These findings suggest that MT dynamics play a relatively small role in 
collateral formation. In order to determine whether MTs could be transported in 
collaterals we treated cultures with 2 pg/ml nocodazole, which depolymerizes MT 
plus ends and causes loss of all MTs from sprouts <30 pm. Nocodazole was then 
replaced with 4-8 nM vinblastine to inhibit MT growth but not cause further 
depolymerization, or with DMSO. In nocodazole, then DMSO-treated cultures, 
collaterals were reinvested with nearly full complements of MTs. In nocodazole, then 
vinblastine-treated cultures, return of MTs to collaterals also occurred, but to a lesser 
extent. 20-30% of branches contained MTs with both ends visible and separated from 
the main axonal MT array, indicating that whole MTs were transported into the 
collaterals. Our results indicate that both dynamics and transport of MTs contribute to 
axon collateral formation. Polymerization adds MT mass to collaterals but is not 
required for collateral initiation, which can occur solely by moving MTs into 
filopodial axonal sprouts. NIH HD19950.

697.5

INTRINSIC DETERMINATION OF STRUCTURAL 
PLASTICITY IN ADULT MOTONEURONS. P. Caroni *. L. 
Xue, C. Schneider, D. Frey. Friedrich Miescher Institute,
Basel, Switzerland
The differential expression of intrinsic neuronal components 

may affect competence, responsiveness and mode of local 
growth by neurons. To test these concepts we generated and 
analyzed mice deficient in or overexpressing growth- 
associated proteins at the adult neuromuscular junction. Due 
to an apparent defect in local nerve growth control by terminal 
Schwann cells, CAP23- deficient mice were particularly 
informative. The analysis revealed dramatic differences 
among different motoneurons that project to the same muscle. 
Within any genotype single motoneurons exhibited distinct 
spontaneous and stimulus-induced growth patterns. Some 
motoneurons failed to produce paralysis-induced nerve 
sprouting even when overexpressing GAP43 and CAP23. At 
any given time terminals derived from the same motoneuron 
exhibited strikingly similar patterns of synaptic structures and 
nerve sprouting.These findings provide evidence that single 
motoneurons direct defined patterns of growth at their 
synapses. This suggests that the structural plasticity of neural 
networks may be determined and limited in part by the 
particular intrinsic properties of their neurons. (FMI Foundation)

697.6
DYNAMIC DENDRITIC REMODELLING IN DEVELOPING RETINAL 
GANGLION CELLS. W.T. WongfB. Faulkner-Jones, J.R. Sanes and R.O.L 
Wong, Dept. Anat. & Neurobiol., Washington Univ., St. Louis MO 63110.

Dendritic processes are dynamically restructured during synapse 
formation to match changes in synaptic inputs. To characterize dendritic 
remodeling, we imaged embryonic chick retinal ganglion cells (RGCs) in 
explants, using time-lapse confocal microscopy following biolistic 
transfection with green fluorescent protein (GFP). The dendrites of E13 
chick RGCs exhibited pronounced structural changes within minutes. 
Dendritic extensions and retractions, as well as the emergence and loss of 
fine filopodia-like structures, occurred concurrently in single cells. These 
changes are likely to have occurred in the presence of presynaptic activity 
because GFP-labeled cells, like their unlabeled neighbors, were shown by 
calcium imaging to be spontaneously active. To gain insight into the 
molecular mechanisms regulating dendritic maturation, we examined the 
effects of cotransfecting RGCs with GFP and dominant-negative 
(DN)forms of RhoA or Racl, small GTPases known to influence cellular 
morphology. In E7 RGCs, expression of either RhoA-DN or Racl-DN 
resulted in a similar dramatic reduction of dendritic processes. At El3 and 
El6, transfections produced less marked and more specific dendritic 
changes that differed between RhoA-DN- and Racl-DN-expressing cells. 
RGCs expressing RhoA-DN lost significant numbers of their tertiary 
branches, resulting in a less "complex" tree while those expressing Racl- 
DN retained more branches, but they were markedly shortened. Our 
results suggest that these small GTPases affect dendritic structure in a 
developmentally regulated fashion, with each exerting a specific role in 
shaping the dendritic arbor. Time lapse imaging of cotransfected cells will 
indicate whether these GTPases affect process growth, retraction, or both.
Supported by NIH (JRS), Human Frontiers (ROLW) & NHMRC PDF 
(BFJ).

697.7
CALCINEURIN ACTS DOWNSTREAM OF GROWTH CONE CA2+ WAVES 
TO CONTROL NEURITE EXTENSION IN XENOPUS SPINAL NEURONS. 
Nathan J. Lautermilch and Nicholas C. Spitzer*. Department of Biology and Center 
for Molecular Genetics. UCSD. La Jolla, CA 92093

The rate of neurite extension is inversely proportional to the frequency of 
spontaneous elevations of intracellular Ca2+ (Ca2+ waves) in growth cones of 
cultured Xenopus spinal neurons (Gu & Spitzer, 1995). Although the mechanism 
that Ca2+ waves use to control neurite extension is unknown, pharmacological 
blockers of Ca2+-dependent protein kinases PKC and CaMKII do not affect the rate of 
outgrowth. To determine if Ca2+-dependent protein phosphatase calcineurin (PP2B) 
is involved, we used molecular activators and pharmacological inhibitors of 
calcineurin in the presence and absence of spontaneous Ca2+ waves (± external Ca2+). 
When neurons are grown in the absence of extracellular Ca2+, Ca2+ waves are 
abolished and neurites are 40% longer than in the presence of external Ca2+. 
Pharmacological inhibition of calcineurin (with cyclosporin A or deltamethrin) has 
no effect on neurite length in the absence of Ca2+ waves. However, in the presence 
of Ca2+ waves, inhibition of calcineurin leads to longer neurite lengths resembling 
those observed in 0- Ca2+, suggesting that Ca2+ waves slow neurite growth by 
activating calcineurin. Reciprocal experiments using cRNA encoding a 
constitutively active form of the enzyme, coinjected with a fluorescent lineage marker 
(FITC-dextran), results in shorter neurites in the absence of Ca2+, which are similar 
to those of neurons exhibiting Ca2+ waves. Neurons expressing the constitutively 
active form of calcineurin grown in the presence of Ca2+ have normal neurite 
lengths. Neither inhibition nor stimulation of calcineurin activity affects the 
spontaneous generation of Ca2+ waves. Furthermore, broad pharmacological 
inhibitors of Ser-Thr protein phosphatase families PP1 and PP2A (tautomycin and 
okadaic acid, respectively) do not affect the rate of neurite outgrowth in a Ca2+- 
dependent manner. These results demonstrate that calcineurin acts downstream of 
Ca2+ waves to control neurite extension. Supported by NIH NS 15918.

697.8
POLARIZED RADIAL GLIA OF CHICK RETINA AND TECTUM 
GUIDE DIFFERENTIALLY AXONS AND DENDRITES.
B. Schlosshauer* H. Bauch, H. Stier, K. Steinbach.
Naturwissenschaftliches u. Medizinisches Institut (NMI)
Markwiesenstr. 55; D-72770 Reutlingen, FRG.

During development retinal ganglion cells of the chicken establish cell
polarity in a spatiotemporal fashion. After extending axons in the near 
vicinity of glial endfeet in the inner retina, dendrites grow out in the opposite 
direction, i.e. into outer retina, where radial glial somata are located. In 
order to analyse the guiding mechanisms of neuritic outgrowth, novel culture 
systems were employed (1,2). Purified ganglion cells were cultured on 
different cell compartments of retinal radial glia as potential guiding cues. 
Glial endfeet were isolated by a physical detachment procedure. Glial 
somata were purified by complement/antibody-mediated lysis of nonglial 
cells. Ganglion cells extended dendrites preferentially on glial somata, 
whereas axonal growth was observed on glial endfeet. Time lapse video 
recording revealed that purified membranes of glial somata induced a growth 
cone collapse of axons, whereas glial endfeet revealed no collapse activity 
The ganglion cell-retinal glia interactions are highly specific. Retinal glia did 
neither induce a collapse of axons emerging from dorsal root ganglia, nor 
were ganglion cell axons affected by tectal glia originating from the synaptic 
target area of retinal axons. The molecular mechanism of neuro-glial 
differentiation is unlikely to be dependent on lipid-anchored receptor 
systems. Intracellular signalling is not based on protein kinases. Instead, a 
cell membrane protein appears to be involved. The data indicate that in 
contrast to endfeet, somata of radial glial cells are permissive for 
dendrites but inhibitory for axons. Consequently, polarized radial glia is 
likely to affect the development of the neuronal cytoarchitecture by 
spatially controlled neuro-glial cell interactions. Funded by DFG.
(1) Bauch, Stier, Schlosshauer (1998). J. Neurosci. 18, 1774-1785.
(2) Stier, Schlosshauer (1998) Europ. J. Neurosci. 10, 1000-1010.
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697.9
EFFECT OF PHOSPHORYLATION ON GROWTH CONE TARGETING OF 
SCG 10 AND ITS MICROTUBULE-DESTABILIZING ACTIVITY.
G, Grcnningloh*. R. Lulicns, G, Di Paolo. Institut de biologie cellulaire et de 
morphology. Université de Lausanne, l(K)5 Lausanne, Switzerland.

Assembly of microtubules and their dynamic properties are essential for 
neurite outgrowth ;ind growth cone pathfinding. The neuronal growth-associated 
protein SCG 10 can destabilize microtubules in vitro and in intact cells. It is 
associated with Golgi-derived membranous vesicles that are targeted to the tips of 
growing axons :»nd dendrites. The protein accumulates in the central region of the 
growth cone where microtubules are dynamic. To investigate the mechanisms 
responsible for the specific subcellular localization of SCG 10, we have expressed 
different deleted or chimeric forms of the protein in PC 12 cells and cortical neurons 
in culture. We found that the N-terminal domain is essential to target SCG 10 and 
sufficient to target other proteins to growth cones. We then have mutated a number 
of identifed phosphorylation sites on SCG 10 iind found that phosphorylation plays 
an important role in regulating the targeting of the protein to growth cones. 
Furthermore, we analyzed the effect of phosphorylation on the microtubule- 
destabilizing activity of SCG 10 and its binding to tubulin. Our results using cell 
transfections :uid crosslinking assays show that phosphorylation downregulates its 
activity and binding to tubulin dimers. These observations suggest that 
phosphorylation/ dephosphorylation of SCG 10 play a key role in regulating 
microtubule dynamics in growth cones. This work was supported by the National 
Science Foundation of Switzerland, grant 310Q-Q50N48.97.

697.10
ACTIVITY OF PROTEIN KINASE C AFFECTS PURKINJE 
CELL DENDRITIC DEVELOPMENT IN SLICE CULTURES. 
Josef P. Kapfhammer*, and Birgit Egle. Anatomisches Institut I, 
AG Neuronale Plastizität, Hansastr. 9A, Universität Freiburg, 
79104 Freiburg, Germany.

We are using slice cultures of postnatal rat cerebellum to 
study factors affecting Purkinje cell dendritic development and 
reorganization. In control cultures kept for two weeks, Purkinje 
cells developed a typical dendritic tree with few long primary 
dendrites which gave rise to additional short side branches. In 
cultures that were grown in the presence of PMA, a potent 
stimulator of protein kinase C (PKC), the dendritic morphology 
of Purkinje cells was dramatically altered. Cells now had only 
very short primary dendrites that were covered with many short 
branches. Overall, the size of the dendritic tree was greatly 
reduced. Despite this reduction in the dendritic tree the axonal 
projections of the Purkinje cells to the deep cerebellar nuclei 
appeared normal and unaffected by the treatment. Purkinje cells 
appeared healthy and were present in normal numbers in the 
treated cultures. Different effects were observed after treatment 
with the PKC inhibitor GF 109203X. In treated cultures, Purkinje 
cell dendrites were increased In length and had many more long 
side branches that gave rise to additional branches. Overall, the 
dendritic tree of the Purkinje cells was larger and of increased 
complexity compared to control cultures. Our results indicate 
that activity of PKC is a critical determinant of development and 
reorganization of Purkinje cell dendritic trees in slice cultures. 
Supported by the Förderprogramm Neurobiologie des Landes Baden-Württemberg.

697.11
IN VITRO STUDIES ON THE NEURITE OUTGROWTH-PROMOTING 
ACTIVITY OF POLYSIALIC ACID AND HNK-1 glycan. LA. 
Franceschini, K. Angata, E. Ong, and M. Fukuda*. The Burnham 
Institute, 10901 North Torrey Pines Road, La Jolla 92037.

HNK-1 and polysialic acid (PSA) are two carbohydrates abundantly 
expressed in the developing nervous system. HNK-1 is expressed on a 
variety of glycoproteins and glycolipids while PSA is mainly expressed 
on NCAM. Based on the recent cloning of human glycosyltransferases 
responsible for the synthesis of these two carbohydrates, we investigated 
their effect on neurite outgrowth in vitro.

Cerebellar granule neurons were purified from neonatal rats and plated 
onto a variety of cellular and non-cellular substrata. HeLa cells stably 
expressing NCAM (HeLa-NCAM) with and without PSA, HNK-1 
precursor (glucuronic acid) or HNK-1 were prepared by transfection 
with the cDNAs encoding PST, STX, GlcAT-P and HNK-1 ST. Chimeric 
soluble forms of NCAM (Fc-NCAM) with and without PSA, glucuronic 
acid or HNK-1 were prepared by transient transfection of Fc-NCAM 
cDNA into the stable cell lines described above, followed by purification 
from culture supernatants using affinity chromatography.

Both HNK-1 and PSA showed significant neurite-outgrowth promoting 
activity when expressed on HeLa-NCAM. In contrast, there was no 
significant increase in neurite length when PSA or HNK-1 was presented 
to the neurons on the chimeric immobilized Fc-NCAM. This suggested 
that additional adhesion and/or neurite outgrowth promoting molecules 
are needed for PSA and HNK-1 to be potent in such a non-cellular 
substrate. Using combinations of Fc-NCAM and Fc-Ll immobilized onto 
slides, as well as soluble forms of HNK-1 and PSA, preliminary data 
point to different mechanisms of action of these two carbohydrates in 
promoting neurite outgrowth. Supported by I ARC and CA33895.

697.12
ADULT NEURONS LOSE THE ABILITY TO ADAPT TO 
LOW LAMININ SUBSTRATA. M. L. Condic*. Neurobiology and 
Anatomy, Univ. of Utah, Salt Lake City, UT 84132.

Embryonic sensory neurons are highly invasive cells that readily extend 
axons into all tissues of the developing embryo. The ability of embryonic 
growth cones to migrate efficiently through tissues with widely varying 
amounts and composition of extracellular matrix (ECM) is quite unlike the 
behavior of any other embryonic or adult cell type, including adult 
neurons. Recently it has been demonstrated that the adaptation of 
embryonic neurons to different amounts of ECM is mediated through a 
compensatory regulation of integrins in response to availability of ligand. 
The inability of adult neurons to extend axons under conditions that 
support outgrowth of embryonic neurons (in vivo and in vitro) may reflect 
the loss of this adaptive integrin regulation.

To test whether adult neurons are able to adapt to different extracellular 
conditions, dorsal root ganglia (DRGs) were dissected from adult rats, 
dissociated and enriched for neurons by preplating. Adult DRG neurons 
were cultured 24 hours on substrata containing either high (300 ng/cm2) or 
low (30 ng/cm2) amounts of bound laminin. Adult neurons readily 
extended axons on high laminin substrata, but unlike embryonic cells, did 
not adapt to low laminin conditions. The expression of integrin receptors 
in adult neuronal tissue is quite low relative to comparable embryonic 
structures, consistent with outgrowth on high, but not low amounts of 
ligand. These results suggest that adult neurons are unable to increase 
integrin expression in response to low availability of ligand. The cell 
surface expression of integrins in adult neurons in vitro is currently being 
examined.

NIH R01 NS38138-01 (pending)

697.13

DECISIONS OF INDIVIDUAL GROWTH 
CONES AT THE CNS MIDLINE B. Wolf/M.
Musacchio & A. Chiba Dept. Cell & Struct. Biol., Univ. of 
Illinois, Urbana, IL 61801.

We analyzed the behavior of individual axonal and dendritic 
growth cones in Drosophila "CNS midline" mutants (Comm 
and Robo) through Dil backfills. In Comm mutants, the RP3 
axonal growth cone, despite failure to cross the CNS midline, 
correctly navigates through subsequent choice points and, 
with an appropriate genetic rescue of the target cells, 
innervates the normal targets. Similarly, the aCC dendritic 
growth cone fails to cross the midline but its subsequent arbor 
targeting occurs normally in the "mirror image" neuropile. 
The behavior of the aCC axonal growth cone remains intact 
in the Comm mutants. Finally, in Robo mutants, the RP2 
dendritic growth cone, which normally would not cross the 
midline, crosses the midline and forms arbors in the "mirror 
image" neuropile. Therefore, both axonal and dendritic 
growth cones are guided similarly by the same midline 
signaling systems. Furthermore, we propose that the 
molecular signaling mechanisms at the CNS midline operate 
largely Independently of growth cones' decisions at 
subsequent choice points. Supported by NIH and NSF.

697.14
GREEN FLUORESCENT PROTEIN EXPRESSION REGULATED 
BY HUMAN CMV PROMOTER IN SUBGROUPS OF NEURONS 
IN RESTRICTED REGIONS OF BRAIN AND SPINAL CORD IN 
TRANSGENIC MICE. A.N.van den Pol* and P.K.Ghosh. Dept. 
Neurosurgery, Yale Univ. Sch. Med., New Haven, CT 06520

We have generated a new line of transgenic mice that express 
the jellyfish gene coding for an enhanced green fluorescent protein 
(GFP) under control of part of the human cytomegalovirus immediate 
early promoter. GFP is expressed in cell bodies and processes of 
limited subpopulations of neurons in brain and spinal cord. In 
strongly expressing cells, the entire dendritic trees and axonal arbors 
are fluorescent. Expression is found in subpopulations of neurons in 
dorsal root ganglia, some spinal motorneurons, CA3 region of the 
hippocampus, hypothalamic arcuate and suprachiasmatic nuclei, 
mossy fibers of the cerebellar cortex, granule cells of the olfactory 
bulb, and olfactory receptor neurons. The level of GFP expression is 
particularly strong in developing neurons, suggesting the potential for 
studies of growing neurites and cell migration of certain identified 
neurons. Astrocytes show little GFP. Neurons cultured from positive 
regions of the brain show fluorescence in vitro, including in axonal 
growth cones and dendritic filopodia. The expression of GFP under a 
strong and selective CMV promoter labeling identified neurons and 
their processes allows both morphological and physiological 
questions to be addressed in living and fixed mammalian brain tissue 
on the same subsets of neurons that make their own label from one 
generation to the next.
Supported by NIH NS31573, NS348.87, NSF, and AFOSR.
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698.1
la AFFERENT PROCESSING IN IDIOPATHIC FOCAL DYSTONIA AND 
DYSTONIA ASSOCIATED WITH PARKINSON’S DISEASE. S Rome, RA 
Grünewald, HJ Sagar. (SPON; British Neuroscience Association). Department of 
Clinical Neurology, University of Sheffield, Sheffield, U.K. S10 2JF.

The tonic vibration reflex was used to investigate la afferent sensory-motor 
processing in idiopathic focal dystonia (IFD), idiopathic Parkinson's disease (IPD) 
and symptomatic dystonia associated with idiopathic Parkinson’s disease (PDDys).

Eighteen dystonic subjects; 12 with spasmodic torticollis (6 with head-rotation 
to the left, 6 to the right) and 6 with writer's cramp, mean age 53,1 years, were 
compared to 18 age-matched healthy control subjects, 15 subjects with IPD and 6 
subjects with PDDys. All subjects gave informed consent before taking part.

A 50Hz vibratory stimulus was applied to one biceps brachii tendon 
transcutaneously whilst the arm was held at a fixed angle in a supporting frame. 
The blindfolded subjects were asked to copy the perceived movement of the vibrated 
arm with the unrestrained arm whilst infrared cameras recorded the position of 
reflective markers attached to the tracking arm. The change in elbow angle with 
time was analysed digitally (Macreflex 3.2).

After 45 seconds recording time the ability to track the sensation of movement in 
die vibrated arm was significantly reduced (PcO.OOOl. repeated-measures ANOVA) 
in subjects with IFD compared to both healthy controls and also subjects with PD. 
Subjects with PDDys had reduced perception of movement compared with both 
healthy controls and those with PD but only in the dystonic affected side (P =
0.006. repeated-measures ANOVA ) where the results were not significantly 
different from the IFD group (P - 0.16 repeated-measures ANOVA). Subgroup 
analysis showed no significant differences between the different types of IFD.

This suggests that abnormal muscle spindle la afferent sensory-motor processing 
plays a key role in the pathology of IFD and PDDys and that the pathophysiology 
of dystonia associated with Parkinson's disease is similar to that of IFD

698.2
EXTENDING THE TEMPORAL BINDING HYPOTHESIS TO HUMANS

V. L. Towle,1* D. Lindberg,1 J. Milton,1 R.K, Erickson2 
and J-P. Spire.1 Depts. of 'Neurology and 2Surgery

The University of Chicago', Chicago, IL 60637

Experimental evidence for the temporal binding hypothesis, which states 
that neurons that are participating in the same information processing task will 
fire in synchrony with each other, has been presented for the rat, cat and 
monkey. Such activity is also reflected in local graded potentials. The 
phenomenon has not yet been reported in recordings from humans.

We have recorded ECoGs from chronic subdural arrays of electrodes (4x8 
or 8x8 electrodes, 5 or 10 mm spacing) implanted over the frontal and 
temporal lobes of surgical patients as part of their work-up for intractable 
epilepsy. The 1 or 2 min recordings were digitized at 500 Hz/ch (1-100 Hz 
filters). Inter-electrode coherence was calculated for contiguous .5 sec epocs 
for all possible electrode combinations in 5 frequency bands. A flexible 
selection algorithm was employed to allow display the highest coherences for 
each inter-electrode distance.

Coherence decreased as a function of inter-electrode distance and also 
followed the underlying gyral organization. During our studies of changes in 
the distribution of coherence patterns associated with cognitive and motor 
tasks, we had the opportunity to record from the motor face area during a 
motor task. The patient alternately wiggled his tongue and rested for 30 sec 
periods. ECoG coherence calculated in the 6 band increased during tongue 
movements. The data suggest a transient temporal binding between the 
primary motor mouth area and areas in the parietal and temporal lobe during 
tongue movements, which is reduced during rest periods.

Supported in part by the Brain Research Foundation.

698.3
ORIGINS AND VIOLATIONS OF THE 2/3 POWER LAW IN RHYTHMIC 3D 
ARM MOVEMENTS. S. Schaal1*, D. Sternad2. 1 Computer Science and 
Neuroscience, Univ. of South. California; Dept. of Kinesiology, 2PennState 
Univ.; 1'2Kawato Dynamic Brain Project (ERATO/JST), Japan.
We investigated the 2/3 power law in unconstrained 3D rhythmic arm move
ments. In a behavioral experiment, human subjects performed elliptical test 
patterns of varying size in different workspace locations. While for small 
patterns the 2/3 power law was confirmed, significant deviations of the 2/3 
power law were observed for the large patterns. A simple model is suggested 
which cap-tures the observed effects. The model assumes, in agreement with 
previous research, that rhythmic arm movements are generated from 
oscillatory move-ments of the 7 biomechanical DOFs of the arm. We 
implemented this model on an anthropomorphic 7 DOF robot arm by 
transferring the modeled behavior of the human subjects onto the robot. Thus, 
the robot mimicked the behavior of each human subject under the same 
experimental conditions. Data was collect-ed from the robot and processed 
exactly in the same way as for the human subjects. The robot’s trajectories 
faithfully displayed the same features of the 2/3 power law as observed in the 
human data, thus confirming that our model captured the main effects of the 
subjects’ movements. We offer analytical insights into how the deviations from 
the 2/3 power law can arise due to the nonlinear transformation of the 
kinematic structure of an arm. We also discuss several issues about possible 
problems in the data analysis of 2/3 power law experiments. As a conclusion, 
we suggest that the 2/3 power law is an epiphenomenon resulting from a 
movement system that prefers smooth movement primitives, and that the 
validity of the 2/3 power is limited to only small size movement patterns.
This work was made possible by NSF Award #9710312, the ERATO Kawato Dynamic 
Brain Project GST), and the ATR Human Information Processing Research Labs.

698.4
FREQUENCY-CODING OF MOTOR CONTROL SYSTEM - 
COHERENCE AND PHASE ESTIMATION BETWEEN CORTICAL 
RHYTHM AND MOTONEURONAL FIRING IN HUMANS 
T. Mima? C, Gcrloff, J. Steger and M, Hallett. Human Motor Control 
Section, NINDS, NIH, Bethesda, MD 20892.

The functional importance of brain oscillatory activities and their 
synchronization have been widely investigated to elucidate neuronal 
networking. Synchronization between spatially separate and distinct 
subsystems, mathematically indicated as coherence, can be interpreted as 
functional coupling or communication between them. Recently, several 
groups (Conway et al., 1995, Salenius et al., 1996, Baker et al., 1997) 
reported that the oscillation of the primary sensorimotor cortex is coherent 
with the electromyogram (EMG) in 20 - 40 Hz range. However, the 
physiological mechanism and its relevance for motor control has not yet 
been clarified.

To address this problem, we studied the synchronization between scalp 
electroencephalogram (EEG) and the EMG of a right hand muscle, with 
special interest to the phase shift, in eight normal volunteers during a 
precision grip task.

In all subjects, cortical rhythm over the contralateral sensorimotor area was 
coherent with the EMG within the range of 8 - 40 Hz (mean coherence peak 
at 22 Hz). The phase shift between EEG and EMG only within 14 - 40 Hz 
was linearly correlated with the frequency and reliably modeled by a 
"constant phase shift and constant time lag" model. In this frequency range, 
EMG was time-locked to the negative-going phase of EEG oscillation with a 
constant delay of 13.5 ms, irrespective of the frequency. The short time lag 
from EEG to EMG suggests the pyramidal tract as the underlying 
mediation. However, the model can not explain the synchronization within 
8-13 Hz. The present findings suggest a frequency-coding of motor 
control system and confirm the importance of cortical 14 - 40 Hz rhythm in 
motor efferent drive.

698.5

DYNAMICS OF FRAME OF REFERENCE CAPTURES THE TWO SCALING 
REGIMES OF HUMAN POSTURAL CONTROL. T.M.H. DnkstraV Dept of 
Psychology, Ohio State Univ.; Columbus, OH 43210, USA.

Analysis of sway using the stabilogram-diffusion (SD) plot (Collins & 
DeLuca, Exp Br Res 95:308-318, 1993) has revealed two regimes: a short 
time one in which mean sway increases with an exponent larger than
0.5 and a long time regime with an exponent smaller than 0.5 (right 
panel). Collins & DeLuca interpret this as evidence for open-loop 
control on a short time scale and closed-loop on a longer one. I have 
shown that a closed-loop oscillator model of postural control (Schoner, 
Biol Cyb 64:455-462,1991) captures many phenomena observed in experi
ments with a moving visual surround. However, this model is not 
consistent with the two time scale finding, since its SD plot displays 
large undulations for the long time regime (left panel). The oscillator 
model assumes that upright posture is stabilized. By assuming that 
posture Is stabilized relative to a set-point that is itself subject to a 
noisy dynamics, I obtain the two time scale regimes of the SD plot (right 
panel). Support for the notion of a dynamics of set-point comes from 
an experiment where subjects were shown a tilted visual surround 
(Isableu et al, Exp Br Res 114:584-589, 1997). In response to this stimulus 
subjects shifted their equilibrium point. Thus, set-point dynamics 
can be interpreted as a dynamics of frame of reference. In summary, 
the two time scale finding can be captured by a closed-loop model.

698.6
HIGH-RESOLUTION EEG AND FMRI IN THE STUDY OF CORTICAL 
MOTOR CONTROL. R. Kristeva-Feige1, B. Feige2, T. Ball1, A. Schreiber',
H.J. Huppertz1, A. Aertsen3*, T. Mergner1 and C.H. Lucking1. 'Experimental 
EEG Lab, Neurologic University Clinic, Breisacherstr. 64, 79106 Freiburg, 
Germany; Psychiatric University Clinic, 3Inst. Biology III, University of 
Freiburg, Germany.

Here we show the results from two studies: 1. A study aimed at 
investigating the spatiotemporal activation pattern of the human motor areas 
with simple voluntary movement in the Bereitschaftspotential paradigm, and
2. A study aimed at investigating which of the motor areas generate the 
synchronisation between cortical activity and the motoneuronal pool.

1. To assess the spatiotemporal activation pattern underlying simple self- 
paced right index finger flexions were investigated with six right-handed 
healthy subjects with high-resolution EEG (64 channel), analysed using 
current density reconstruction method (CURRY) and fMRI. The center of 
mass of areas corresponding to the local maxima of the cortical current 
density maps (referred to as sources) from EEG were compared to the CoM 
of the activation maps in fMRI. We found activation in SMA, cingulate motor 
areas (CMA), SMI and Brodman area 40 by both EEG and fMRI.

2. To assess the synchronisation between the cortical activity as reflected in 
the EEG and the EMG of the active muscle we applied a special type of 
coherence analysis was applied and extracted the EMG-coherent EEG maps. 
The source reconstruction of these EMG-coherent EEG maps using current 
density analysis revealed that from all areas active during a voluntary7 
movement only areas with direct corticospinal projections (primary motor 
areas and posterior SMA) were involved in the generation of the 
synchronisation between the EEG and EMG. Furthermore, the results show 
that the synchronisation occurs about 1 s after the voluntary movement onset. 
Possible functional implications will be discussed.

Society for Neuroscience, Volume 24,1998



WEDNESDAYPM POSTURE AND MOVEMENT III 1769

698.7

REPRESENTATION OF DYNAMIC FORCE IN THE MOTOR CORTEX 
S.J, Shanbhag* and T.J. Ebner. Graduate Program in Neuroscience and 
Departments of Physiology and Neurosurgery, University of Minnesota, 
Minneapolis, MN 55455
The role of the motor cortex in the control of static forces has been studied 
in much detail. Less is known about the role of the precentral cortex in the 
control of dynamic, or changing, force exerted by the limb. We recorded 
the activity of 101 shoulder movement modulated neurons in the precentral 
cortex while a monkey performed an 8 direction center-out task with 3 
target distances per direction under movement and isometric conditions. 
The cursor position on a video monitor was determined either by the 
position of a two-jointed planar manipulandum (movement condition) or by 
fixing the manipulandum and integrating twice in time the x and y forces 
exerted by the monkey in the horizontal plane (isometric condition). The 
isometric condition required precise control of the time-varying force 
exerted at the hand by fire monkey. Forces were measured using a 6-axis 
force/torque transducer. We analyzed the relationship between kinematics 
(x, y position and velocities), dynamics (x, y, z forces) and single-cell 
activity using a multiple linear regression analysis which corrected for any 
serial autocorrelation in the residuals. Spike trains were shifted by +/- 100 
msec with respect to the x, y, and z force time series to obtain the best fit. 
84% (85/101) of the cells were significant in the regression analysis 
(p<0.05) and the median time shift was -62.5 msec. Both kinematic and 
kinetic parameters accounted for significant proportions of the variance in 
cell firing rate across the population of cells recorded in movement and 
isometric conditions. Supported by NIH grants NS 18338 & NS31530 and 
by a University of Minnesota Doctoral Dissertation Fellowship.

698.8
THE ROLE OF JOINT RECEPTORS IN CROSSED PROPRIOCEPTION IN 
HUMANS. V.E. Amassian ’̂*, R.Q. Graeco^, P.J. Maccabee^, M. Vergara ,̂ 
R Llauger^ E. Monsanto^, C. Capadav^. and J.C. Rothwell^. Ipept. of 
Physiology, 2Dept. of Neurology, -^Dept. of Orthopedic Surgery, SUNY Health 
Science Center at Brooklyn, Brooklyn, NY11203, USA,^Centre de Recherche 
en Neurobiologie, Quebec, Canada GIJ1Z4, ^MRC HMBU, Institute of 

Neurology, Queen Square, London WC1N 3BG.
Our aim was to compare contributions by primary spindle and joint 

receptors in a task requiring interhemispheric transfer of information. The 
forefinger of the relaxed, dependent left arm of a masked subject was passively 
moved once to a target in front, approximately 80cm away ("training"). The 
right forefinger with pen attached was required actively to touch the target 10 
times or more ("acquisition"). Evidence that memory of target location rather 
than of specific trajectories guided acquisition includes: (1) Single transcranial 
magnetic stimuli of motor cortex (with Institutional approval) during acquisition 
did not increase target error despite the large right arm movement and change in 
EMGs of biceps, triceps and anterior deltoid; similarly, (2) a large, abrupt pull 
on the right wrist during acquisition failed to increase the error. (3) A 10cm. 
wide plate, 9 or 19 cm. in front of the target, required a change in trajectory, but 
did not increase the error.

Vibration at 133 Hz simultaneously of lateral biceps and triceps failed 
to increase the error; the vibration was so intense that an observer felt it in the 
subject's fingers. However, in the 3 of us tested, 1% lidocaine injected into the 
left elbow joint before training markedly increased the error (P<0.01-0.001). 
Superimposed vibration further increased the error in only 1/3 subjects. We 
conclude that joint receptors are more important than primary spindle receptors 
in the above crossed proprioceptive task.

698.9
SEGMENTATION OF ENDPOINT TRAJECTORIES DOES NOT IMPLY SEG
MENTED CONTROL: 3D ARM MOVEMENTS IN HUMANS AND ROBOTS.
D. Sternad1* and S. Sehaal2, 'Dept. of Kinesiology, Pennsylvania State University, 
University Park, PA 16802, 2Computer Science and Neuroscience, University of 
Southern California.

The present study re-examines 2 hypotheses which proposed criteria for the 
identification of elementary segments in movement sequences based on the kine
matic analysis of endpoint trajectories in human drawing movements: (I) Move-ment 
segmentation is inferred from piecewise planarity observed in endpoint trajectories of 
drawing movements in 3D. (2) Based on analysis of the 2/3 power law discontinuous 
changes in the gain factor define a movement primitive. In two experiments human 
subjects perform elliptical and figure-8 patterns of different sizes and orientations 
using their whole arm in 3D. The kinematic characteristics of the endpoint 
trajectories and the 7 joint angles of the arm are analyzed. For the elliptical patterns, 
increasing size induces changes in the gain factor within one ellipse indicating 
additional segments. However, the 7 joint angles trajectories are approximately 
sinusoidal for all movement sizes indicating continuous movement generation. The 
figure-8 patterns are approximately piecewise planar, in line with the literature. 
Again, joint trajectories are continuously sinusoidal, contradicting the segmentation 
hypothesis. This argument is further substantiated by modeling the human data with 
sinusoids in joint space, and implementing these continuous trajectories on an 
anthropomorphic robot arm with seven degrees of freedom. Analyzing the endpoint 
trajectories performed by the robot, it is demonstrated that a continuous movement 
strategy can produce exactly the same segmentation features as suggested by the 
above segmentation hypotheses. Explanation for this apparent segmentation in the 
endpoint trajectories is attributed to the nonlinear transformations added to joint 
angle trajectories by the forward kinematics transformation of the human arm. NSF- 
SBE #9710312. and ERATO Kawato Dynamic Brain Project.

698.10
CONSTRAINT INDUCED (CI) MOVEMENT THERAPY: APPLICATION 
TO LOWER FUNCTIONING STROKE PATIENTS. E. Taub*. R.P. Pidikiti. 
G. Uswatte. S, Shaw, and S. Yaklev. Depts. of Psychology and Physical 
Therapy, University of Alabama at Birmingham, 35294 and Physical Medicine 
and Rehabilitation Service, Veterans Affairs Medical Center, Birmingham, AL 
35233

A new approach to the rehabilitation of movement after stroke, termed 
Constraint-Induced (CI) Movement Therapy, has been derived directly from 
basic research with monkeys given somatosensory deafferentation of one upper 
extremity. The therapy involves: 1) restricting movement of an unaffected arm 
for all or most of waking hours for a period of consecutive days (1-2 wks), 2) 
training the affected arm. Until recently this technique was applied successfully 
to: 1) unilaterally deafferented monkeys where a useless limb was converted into 
a limb that could be used extensively, 2) higher functioning chronic stroke 
patients who before treatment could extend at the wrist 20 degrees and 10 
degrees at each of the fingers. Recently, we have used CI Therapy with lower 
functioning chronic stroke patients (10 degrees extension at the wrist and any two 
digits (D2-D5) with 10 degrees abduction of the thumb). Each patient exhibited 
very large increases in actual amount of use of the affected extremity in the real 
world setting starting from what has traditionally been believed to be a permanent 
plateau in motor recovery. Study-wide effect sizes were all above 2 for lower 
functioning and higher functioning patients. It would now appear that CI 
Therapy is applicable to 40-50% of the chronic stroke population, perhaps more. 
Supported by Grant B93-62AP from the U.S. Dept. Of Veterans Affairs, NIH 
Grant HD 34273, and Grant 94-172 from the Retirement Research Foundation.

698.11
INDEPENDENT FINGER MOVEMENTS AND PRECISION GRIP DEFICITS 
AFTER MUSCIMOL INJECTION INTO MOTOR AND SOMATOSENSORY 
CORTEX IN MONKEYS. T. Brochier, M.J. Boudreau, M. Paré, A.M. Smith*, 
Centre de Recherche en Sciences Neurologiques, Université de Montréal, QC, 
Canada, H3C 3J7.

The aim of this study was to describe and quantify the deficits in hand motor control 
following muscimol injections into the primary sensory or motor cortex of a behaving 
monkey. Two injections of lpl. 5gg/gl muscimol were used to inactivate the thumb 
and index regions of either the pre- or postcentral gyrus. We examined a monkey’s 
control of grasping and lifting forces during performance of a lift and hold task as 
well as video taping the monkey’s precision grip used to extract small pieces of food 
from narrow recessed wells. Although inactivation of both sensory and motor cortex 
produced profound deficiencies in hand dexterity, the behavioral deficits were readily 
distinguishable from each other. Following injections in the motor cortex, 
independent finger movements were absent although the hand was clearly not 
paralyzed. The monkey was unable to grasp pieces of food using a precision grip. 
Motor cortex inactivation produced weakness in grip strength and the monkey was 
unable to hold a 30 g weight for 2 seconds. Also, the peak grip force and the rate of 
force application were both reduced. In contrast, following injections into the 
somatosensory cortex, the monkeys demonstrated independent finger movements, 
although without vision these movements were misdirected and clumsy. In the lifting 
task, there was no evidence of weakness and in some cases the peak grip force was 
significantly increased. The grip force was applied irregularly before lifting 
suggesting that the monkeys were probing the contact surface for the appropriate 
sensoty feedback. Inactivation of somatosensory cortex also rendered the monkey 
incapable of holding a 30 g weight and the object slipped from the fingers before the 2 
seconds had elapsed. This inability to maintain grasping suggests that slowly adapting 
skin receptors provide the essential cutaneous feedback to somatosensory and motor 
cortex necessary7 to sustain prolonged holding of an object. This Research was 
supported by the MRC of Canada and the FCAR of Quebec.

698.12
COMBINING MOVEMENT SEGMENTS INTO A UNIFIED SEQUENTIAL 
ACTION. Nicholas Hatsopoulos*, Liam Paninski, & John Donoqhue. Box 
1953, Dept. of Neuroscience, Brown University, Providence RI 02912.

A fundamental problem in motor control is how simpler movement segments are 
combined to form complex, sequential behaviors. However, little is known about the 
neural representations that underlie the planning and execution of sequential 
movements. To begin to address this issue, we recorded simultaneously from 8-14 
neurons in primary motor cortex while a monkey performed one of 2 two-segment 
sequential movements. The first segment was a movement away from the body to an 
intermediate target followed by a movement either to a leftward or rightward final 
target. In "bound" trials, the complete sequence was instructed before the sequence 
was initiated. In "unbound" trials, the instruction to move to the leftward or 
rightward final target occurred once the intermediate target was reached. The 
average firing rate of neurons during a one second pre-movement period did not 
readily distinguish between bound and unbound trials. Sliding cross-correlation 
histograms were computed during the same pre-movement period and revealed more 
significant peaks in synchronous discharge (p<,01, assuming independent Poisson 
processes) between pairs of neurons in the "bound" trials as compared to the 
"unbound" trials (^2(1)=11.76, p<.005). These preliminary results suggest that 
ensemble coding mechanisms such as synchrony may underlie the composition of 
movement elements into complex sequences.
Supported by NINDS 1 F32 NS 10269-01 & NIH NS25074
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699.1

REGULATION OF EARLY OLIGODENDROCYTE DEVELOPMENT 
IN THE METENCHEPHALON OF THE CHICK.J. E Hayes K. L. 
Dyer and R. H. Miller*. Dept. Neurosciences, Case Western Reserve 
Univ. Med. Sch; Cleveland Ohio 44106.

During development of the central nervous system (CNS), oligoden
drocyte precursors arise in specific locations at specific times in devel
opment. The molecular mechanisms regulating oligodendrocyte in
duction are not well understood. In the chick CNS, oligodendrocytes 
and their precursors can be specifically identified by labeling with the 
monoclonal antibody (mAb) 04. In the metencephalon 04+ cells first 
appear adjacent to the ventral midline at stage 26. In explant cultures 
of ventral, intermediate or dorsal stage 24 metencephalon, oligoden
drocytes only developed in ventrally-derived expiants. The ventral 
origin of oligodendrocyte precursors appears to be dependent on sonic 
hedgehog (Shh). Shh is localized in the regions where oligodendro
cytes arise prior to their appearance. Inhibiting Shh several stages 
prior to the appearance of oligodendrocyte precursors resulted in a 
dramatic reduction in the number of 04+ cells. Addition of Shh re
sulted in a dose-dependent increase in the number of oligodendrocyte 
precursors. Unlike more caudal regions of the neural tube in which 
addition of Shh to explant cultures of dorsal regions of the neural tube 
resulted in the rapid ectopic appearance of oligodendrocytes, addition 
of Shh to explant cultures of intermediate and dorsal metencephalon 
did not rapidly induce ectopic oligodendrocytes. These data suggest 
similar general mechanisms regulate early oligodendrocyte develop
ment in different regions of the CNS. Supported by grant NIH 
NS3O8OO.

699.2
Developmental timers in the oligodendrocyte lineage
J.A. Apperly, J.T. Finn* and M.C. Raff. MRC Laboratory for Molecular 
Cell Biology, University College London, Gower Street, London, 
WC1E 6BT, U.K.

During vertebrate development, multipotential precursor cells undergo a number of 
cell divisions before they exit the cell cycle and terminally differentiate. It is unclear 
what causes the cells to stop dividing and differentiate when they do, although the 
mechanisms involved are important as they influence the number of differentiated 
cells produced aswell as the timing of differentiation. We have been studying these 
mechanisms in the oligodendrocyte cell lineage, which is responsible fa- 
myelination in the vertebrate central nervous system.

Previous work has revealed that an intrinsic timer operates within oligodendrocyte 
precursor cells to limit their proliferation. The timer is modulated by extracellular 
signals, including the major mitogen for this lineage, platelet-derived growth factor 
(PDGF), and thyroid hormone. The cyclin-dependent kinase inhibitor (CKI) p21Kipl 
is one part of the intrinsic timer: its level rises in precursor cells as their proliferative 
potential decreases, and p27-deficient precursor cells divide one or two more times 
than wild-type cells. It remains unclear whether the timer primarily controls the 
proliferation of the precursor cells with differentiation following as a consequence, or 
vice versa.

We are extending our studies on the timer in the following ways. (1) We are 
studying the consequences of prematurely inhibiting cell-cycle progression by over
expressing p27 by transfection and using membrane-permeable Penetratin-conjugates 
of peptide mimetics of the various CKIs. (2) We are studying whether other CKIs 
co-operate with p27 in limiting proliferation. (3) We are over-expressing PDGF a- 
receptors in the precursor cells to determine if loss of PDGF receptors normally 
contributes to the timing mechanism. (4) We are over-expressing cyclin E to 
determine if the loss of this cyclin is part of the normal. Results of these studies will 
be presented on my poster.

This research was supported by a Programme Grant from the MRC U.K.

699.3

VIRAL-MEDIATED EXPRESSION OF DELTA-1 SUGGESTS 
THAT GLIAL PRECURSORS ARE AMONG THE FIRST NEURAL 
CELLS SPECIFIED DURING CORTICAL DEVELOPMENT 
Nicholas Gaiano*, Daniel H. Turnbull, Gord Fishell
Skirball Institute of Biomolecular Medicine and New York University 
Medical Center, New York, NY 10016.

We examined the effect of viral-mediated expression of Delta-1 on 
murine cortical cell fate. The viral vectors we are using include murine 
leukemia virus-based genomes and the envelope of the vesicular 
stomatitis virus. Using high-resolution ultrasound imaging we are 
injecting these viruses into the telencephalon at E9.5, prior to the 
generation of the first postmitotic cells. We have utilized a dicistronic 
viral construct expressing both full-length human Delta-1 and placental 
alkaline phosphatase (PLAP) to mark infected cells. The fate of cells 
infected at E9.5 with similar titers of a Delta-1 or control virus (PLAP 
alone) was compared during embryogenesis and at P21. At embryonic 
ages the number of cells labeled with control virus was roughly an order 
of magnitude greater than those labeled with Delta-1. At P21, while 
control-infected cells acquire both neuronal and glial morphologies, 
Delta-1 expressing cells are predominantly glial. Notably, cells 
infected with Delta-1 virus at El3.5 can exhibit neuronal morphologies 
at P21 demonstrating that Delta-1 is not simply lethal to mature 
neurons. These data suggest that prior to the onset of neurogenesis in 
the cortex, Delta signaling may specify a somewhat quiescent precursor 
population which later gives rise to cortical glia. (Supported by ACS 
PF-4473 to N.G., a Whitaker Foundation Grant to D.H.T., and NIH NS 
32993 to G.F.).

699.4
EXPRESSION OF THE NEUREGULIN RECEPTOR, ERBB4, IN CELLS 
OF THE OLIGODENDROCYTE LINEAGE. C.R. Sussman* and R.H, Miller. 
Dept. of Neurosciences, Case Western Reserve Univ. Med. Sch.; Cleve
land, OH 44106-4975.

Neuregulins are a family of ligands whose effects in the developing cen
tral nervous system (CNS) are mediated through specific combinations of 
three receptors, erbB2, erbB3, and erbB4. To begin to assess the role of 
erbB4 in the early development of spinal cord oligodendrocyte precur
sors, the expression of erbB4 in the intact spinal cord and in cultured cells 
was examined by immunohistochemistry. In the intact spinal cord, erbB4 is 
first expressed between E12 and E14 in a sub-population of cells located 
predominantly in the ventral region of the spinal cord, including at the ven
tricular zone. ErbB4 expression is retained in the spinal cord at E18 and 
P0. This timing of appearance and distribution of erbB4 expression corre
lates closely with the appearance of spinal cord oligodendrocyte precur
sors. In cultures of embryonic day 14 (E14) rat spinal cord, erbB4 is ex
pressed in a sub-population of immature oligodendrocyte lineage cells 
(A2B5+ or NCam+) after one to four days in vitro (DIV). Furthermore, 
erbB4 expression is retained in a sub-population of more mature oli
godendrocyte lineage cells (O4+, 01+) in cultures of newborn rat spinal 
cord after two DIV. In each case, the expression of erbB4 occurred in iso
lated clusters of cells. These results suggest that erbB4 may be involved 
in multiple stages of oligodendrocyte lineage development, from induc
tion to maturation. The clustered expression of erbB4 in cultured cells 
suggests either the regulation of receptor expression by locally acting fac
tors, or intrinsic heterogeneity among cells of the spinal cord oligodendro
cyte lineage. Supported by NIH grants T3NS07118 and NS30800.

699.5
EMBRYONIC EXPRESSION OF PLP/DM-20 mRNA IN THE DEVELOPING 
MOUSE BRAIN: COMPARISON WITH OLIGODENDROCYTE MARKERS (CGT 
AND PDGFaR mRNAs). A.N, Ivanova.1 T, Wada,1 A, Oba.1 B, Zalc2 and 
K, Ikenaka1*. ^Natl. Inst. Physiol. Sci., Myodaiji, Okazaki, Aichi 444-8585, Japan;
2 INSERM U-134, Hopital de la Salpetriere, 75651 Paris Sedex 13, France.

Myelin proteolipid protein (PLP), a major protein of the CNS myelin, has a smaller 
isoform DM-20. PLP and DM-20 are the products of the same gene transcript, PLP/DM- 
20 mRNA, which can be detected at least a week before myelination. Mutations within 
PLP gene affect premyelinating oligodendrocytes suggesting involvement of PLP gene 
products in the early development of the lineage. The distribution of PLP/DM-20 
mRNA+ cells in the embryonic CNS has been analyzed on the serial sections throughout 
embryonic mouse brain from Ell onwards. The tissue has been imbedded into paraffin, 
sectioned and hybridized in situ with DIG-labeled PLP/DM-20 probe. The first PLP/DM- 
20 mRNA+ cells appeared at El 3 in the SVZ of the central canal in the level of servical 
spinal cord. At El4, many positive cells were found within the ventro-medial portion of 
medulla; by birth the cells were present in many regions including medulla, pons, 
ganglionic eminence and the large hemispheres. Assuming that early expression of PLP 
gene marks a distinct subset of oligodendrocytes, we hybridized adjacent sets of sections 
with the probes against ceramide galactosyltransferase (CGT) and PLP/DM-20. There was 
obvious overlap between the two markers. We believe the PLP/DM-20 mRNA+ cells to 
be oligodendrocyte progenitors; we are currently investigating possible role of PLP gene 
expression during early development of the lineage. Interestingly, direct comparison of 
adjacent sections probed in situ for PLP/DM-20 and PDGFaR (an early marker for the 
oligodendrocyte progenitors in the rodent spinal cord) revealed that these two genes are 
expressed by different subpopulations of the cells. One possible explanation suggest the 
dual origin of the oligodendrocytes in the rodent CNS, another that PDGFaR expression 
shuts down before detectable PLP/DM-20 mRNA comes up. Thus, our results suggest 
that PLP gene products might participate in the formation of the CNS prior to 
myelination. [This work was supported by Grant in Aid # 07279107 for Scientific 
Research on Priority Areas on "Functional Development of Neural Circuits".]

699.6
A NOVEL MYELIN-ASSOCIATED GLYCOPROTEIN EXPRESSION IN THE 
EARLY STAGES OF MOUSE BRAIN DEVELOPMENT. H. Koito and Y. Matsuda*. 
Department of Immunology, National Institute of Neuroscience, NCNP, Kodaira, Tokyo 
187-8502 Japan.

Myelin-associated glycoprotein (MAG) is considered to be a cell adhesion molecule 
linking myelin to the axons. It has so far been known to consist of two isoforms 
produced by alternative splicing of the mRNA: the L-type which appears 1-2 weeks after 
birth, and the S-type which is a major component in the adult brain of mice. In the 
present study, we examined the expression of MAG in earlier developmental stages of the 
brain. MAG mRNAs in the brains of mouse embryos and newborn pups were analyzed 
by RT-PCR. To determine two isoforms simultaneously, PCR primers which bind either 
side of exon 12, an alternatively spliced region, were prepared. A significant expression 
of S-type MAG was found in the brain of as early as embryonal day 15. It was almost 
constant until birth, and decreased for the period of active myelinogenesis, while the 
expression of L-type MAG was also detected just slightly in embryos, and tended to 
increase slowly. The existence of MAG mRNAs in the brain of embryos and newborn 
mice was supported by RNase protection analysis and northern blotting. In the latter 
analysis, however, most MAG mRNA of newborn mice were shown to be smaller in 
size by 400-600 bases than those of the myelin-forming and adult brains. Consistently, 
RT-PCR with various primers demonstrated that a part of 5'-cnd of the mRNA was 
deleted. On the other hand, we also examined the MAG mRNA types in oligodendroglial 
cultures of different stages of differentiation. Morphologically, bipolar 0-2A cells showed 
5'-deleted S-type mRNA alone, and mature oligodendrocytes had L-type MAG with full 
length. In case that the cells were sorted with marker antibodies, A2B5+ cells had the 5'- 
deleted S-type, whereas 01+ cells showed two types of mRNAs with the L-type as a 
major component. These results suggest that oligodendrocytes of the very early 
differentiating stage express a special form of MAG-related mRNA.
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699.7
OLIGODENDROCYTE STAGE-SPECIFIC cDNAs CAN BE ISOLATED 
FROM CONDITIONALLY-IMMORTALIZED CELL LINES.
C.F, Landry*, C.W. Campagnoni, Kathy Kampf, T.M, Pribyl, J.B, Watson
and A.T, Campagnoni. Mental Retardation Research Center and Brain 
Research Institute, UCLA Medical School, Los Angeles, CA 90024.

Conditionally-immortalized cell lines representing two stages of 
oligodendrocyte development were used to identify early markers of 
oligodendrocyte differentiation. cDNAs enriched in a cell line representing 
an oligodendrocyte precursor (N19) were obtained by subtractive 
hybridization against a more mature oligodendrocyte cell line (N20.1). 
Northern blot analysis determined that three of these mRNAs were 
preferentially expressed in the N19 cell line. One of these, a 1.4 kb 
mRNA, corresponded to the intermediate filament protein cytokeratin K19, 
not previously identified in cells in the oligodendrocyte lineage. The 
second, a 3.4 kb mRNA, encoded T-cadherin, a cell adhesion molecule 
also not previously identified in glial cells. Antisera generated against T- 
cadherin identified the protein in oligodendrocyte precursors in primary 
glial cell culture and within white matter tracts of early postnatal 
cerebellum and forebrain. The third, designated 3G5, was novel and 
encoded a 640 bp cDNA with an open reading frame of 80 amino acids. 
Using affinity-purified antisera, 3G5 was also found to be confined to 
oligodendrocyte precursors in primary cultures. In addition, the temporal 
staining pattern of 3G5 in white matter tracts of early postnatal animals 
and the morphology of stained cells, was similar to T-cadherin. Stage- 
specific, immortalized cell lines, therefore, can be useful tools for the 
isolation of genes unique to specific differentiation states of neural cells. 
(Supported by NIH grant NS23022 and MS Society grants PP0403 and 
RG2693).

699.8

CHARACTERIZATION OF AN IMMORTALIZED GLIAL RESTRICTED 
PRECURSOR CELL LINE. T. Muitaba, A.J. Kalvani, and M.S. Rao*. 
Dept. of Neurobiology and Anatomy, Univ. of Utah, SLC, Utah 84132.

To study lineage decisions in the central nervous system, we have 
generated an immortalized glial restricted precursor cell line. 
Previously characterized glial precursors (GRPs; see Mayer- 
Procshel and Rao, 1997; Rao et al., 1998) were immortalized with a 
regulatable v-myc containing retrovirus (the kind gift of Dr. F. H. 
Gage, Salk Institute, CA). When grown on fibronectin, the 
immortalized line termed GRPL1 is morphologically and antigenically 
similar to primary glial restricted precursors and does not express 
neuronal or glial differentiation markers. Under conditions that 
generate neurons and glia in primary spinal cord cultures, the v- 
myc immortalized line undergoes differentiation into astrocytes and 
oligodendrocytes. Clonal cultures of the immortalized cells 
demonstrate that individual cells are bipotential, and further, when 
cells are grown at colony density, virtually all colonies contain both 
oligodendrocytes and astrocytes. Two kinds of astrocytes can be 
distinguished: an A2B5+/GFAP+ astrocyte and an A2B5-/GFAP+ 
astrocyte. Differentiation can be regulated by environmental signals 
that include PDGF, CNTF, BMP-2, and serum. Serum promotes the 
differentiation of type-1 astrocytes while CNTF and FGF in 
combination promote type-2 astrocyte differentiation. PDGF and T-3 
promote oligodendrocyte differentiation while BMP-2 promotes 
astrocytic differentiation. Thus, the cell line generated is at least 
tripotential and identical to primary GRP cells by a variety of 
criteria. Supported by the Muscular Dystrophy Association and an 
NIH First award.

CELL DIFFERENTIATION AND MIGRATION VII

700.2700.1

SCRAMBLER CHIMERAS CONFIRM CELL AUTONOMOUS NATURE 
OF THE DISABLED MUTATION AND OFFER INSIGHTS INTO THE 
MIGRATORY PROCESS OF CORTICAL NEURONS. Dan Goldowitz*. 
Department of Anatomy & Neurobiology, University of Tennessee College 
of Medicine, Memphis, TN 38163.

Cortical areas in the scrambler mutant mouse brain have gross deficits in 
neuronal migration that are remarkably similar to those seen in the reeler 
mutant mouse brain. The genetic defect underlying the scrambler mutation 
has been shown to be a mutation in the disabled-1 gene (dabl). Dabl codes 
for an intracellular protein thought to function in a tyrosine kinase 
signalling cascade. We made and analyzed aggregation chimeras between 
scrambler embryos and wildtype embryos to analyze the developmental and 
cellular basis ot the scrambler mutation. Cell marker systems were used that 
labeled either mutant or wildtype cells, and in either case the findings were 
the same. We find that only genetically mutant cells are found in ectopic 
positions while genetically normal cells occupy normal positions. This result 
confirms the predictions of the molecular identification of mDABl as a cell 
intrinsic protein. The cell types that have been found to express Dabl (Rice 
et al., submitted) are also the cells that are targeted in the chimeric situation 
(e.g., cerebellar Purkinje cells but not cerebellar granule cells). Interestingly, 
hosts ot normal cells seem incapable of correcting the migratory pathway of 
scrambler cells. Thus, single scrambler cerebellar Purkinje cells are found 
ectopically located, deep to cohorts of normally-placed +/+ Purkinje cells. 
Similarly, in the hippocampal formation, only mutant pyramidal and mutant 
granule cells are found in ectopic positions. Equally striking is the 
arrangement of mutant and wildtype hippocampal pyramidal cells. They 
lorm two-to-three laminae with only wildtype pyramidal cells occupying the 
deepest layer (the normal stratum pyramidale) while mutant pyramidal cells 
are only found occupying the more superficial (ectopic) pyramidal cell 
layers. The analysis of cortex bears out these general conclusions. This work 
was supported by the Univ. Tenn., UT Dept. Anatomy & Neurobiology, and 
HFSP.

DISABLED-1 ACTS DOWNSTREAM OF REEL1N IN A SIGNALING PATHWAY 
THAT CONTROLS LAMINAR ORGANIZATION IN THE MAMMALIAN BRAIN.
D. S. Rice1*, M. Sheldon1, G. D’Arcangelo1, K, Nakajima2, D, Goldowitz3, T. Curran1.
'Dept. of Developmental Neurobiology, St. Jude Children’s Research Hospital, 
Memphis, TN 38105; 2Molecular Neurobiology Laboratory, Tsukuba Life Science 
Center, The Institute of Physical and Chemical Research (RIKEN), Tsukuba, Ibaraki 
305, Japan; 2Dept. of Anatomy and Neurobiology, University of Tennessee College of 
Medicine, Memphis, TN 38163.

The formation of the mammalian brain requires a choreographed series of cell 
migrations during specific stages of development. The reeiin (Rein) and disabled-1 
(Dabl) genes are essential for cell movements that underlie laminar organization of the 
cerebral cortex, hippocampus, and cerebellum. The positioning of neurons in these 
structures is disrupted in reeler (rl) and scrambler (sem) ataxic mice, which contain 
mutations in Rein and Dabl, respectively. Rein is an extracellular protein, whereas, 
Dabl is an intracellular protein that functions in phosphorylation-dependent signal 
transduction. We show that cells containing Dabl are located next to those secreting 
Rein at critical stages of development and before abnormalities in cell position become 
apparent in either rl or sem. In the cerebral cortex of sem mice, migrating cortical plate 
neurons are unable to invade the preplate and, consequently, they do not align within the 
cortical plate. In rl, the major populations of displaced neurons contain elevated levels 
of Dabl protein, although they express normal levels of Dabl mRNA, suggesting that 
Dabl accumulates in the absence of a Rein-evoked signal. Taken together, these results 
indicate that Dabl functions downstream of Rein in a signaling pathway influencing 
cell positioning in the developing brain. Supported by NIH grants T32 CA09346 
(D.S.R.), NS36558 (T.C.), Cancer Center Support CORE grant P30 CA21765, the 
American Lebanese Syrian Associated Charities (ALSAC), the Univ. of Tennessee 
College of Medicine Bridge Fund, Dept. of Anatomy and Neurobiology (D.G.), the 
President's Special Research Grant of RIKEN, and the Ministry of Education, Science, 
and Culture of Japan (K.N.).

700.3

RERUN EXPRESSION IN CAJAL-RETZIUS CELLS DURING 
HUMAN BRAIN DEVELOPMENT. A Milosevic*, S. Rakic, and N. 
Zecevic. Department of Neurology, University of Connecticut School of 
Medicine, Farmington, CT 06030-1840.

It has been shown in animal studies that reeiin, the glucoprotein expressed in 
Cajal-Retzius neurons (C-R), is involved in regulation of neuronal migration and 
normal cortical lamination. To study whether the expression of reeiin is 
developmentally regulated in human C-R neurons, 18 fetal brains, ranging from
4.5 to 27 gestational weeks (gw) and one newborn, were labeled with monoclonal 
antibody to reeiin (CR-50, gift from Drs. K. Nakajima and M. Ogawa). The first 
reelin-immunoreactive (reelin-ir) cells with the morphology of the C-R neurons, 
were observed at 6 gw, before the formation of the cortical plate. Reelin-ir cells 
were elongated, unipolar and oriented either parallel or radial to pia, in the 
upper part of the primordial plexiform layer. On sagittally cut sections, a rostro
caudal gradient of their distribution could be observed. With the appearance of 
the cortical plate (CP) at 7-8 gw, the entire population of reelin-ir remained 
above the CP, in the layer I (LI). From 11 gw on, in addition to C-R neurons, 
reeiin labeled horizontal fibers in LI. At later developmental stages (17-27gw), 
labeled C-R neurons were less numerous, often polymorphic, and found in 
clusters of 3-4 cells. Although the number of reelin-ir C-R cells decreased from 
the early development to birth, they were observed in all examined cases. These 
results suggest that reeiin could influence the genesis of the cortical plate in 
humans, since its expression precedes slightly the formation of the CP. However, 
presence of reeiin and C-R neurons beyond the early phase of corticogenesis 
indicate an additional role, perhaps related to plastic changes of the cortex either 
during the normal function or/and in repair mechanisms. Supported by grant 
MH53945.

700.4
MIGRATION OF SYMPATHETIC PREGANGLIONIC NEURONS IN THE 
REELER MOUSE MUTANT IS ABNORMAL. J, W. Yip*1. Y, P. L. Yin1. £ 
Capriotti1 and K, Nakaiima2 ’Dept. of Neurobiology, University of Pittsburgh, 
Sch. of Med., Pittsburgh, PA 15261 and 2Molecular Neurobiology Laboratory, 
Tsukuba Life Science Center, The Institute of Physical Chemical Research (RIKEN), 
Tsukuba, Ibararki 305, Japan.

Neuronal migration in the cerebrum, cerebellum, hippocampus and a variety 
of brainstem nuclei of the reeler mouse mutant is abnormal. However, it is not clear 
whether neuronal migration in the reeler spinal cord is also affected. In this study, 
we showed that the migration of sympathetic preganglionic neurons in the reeler is 
abnormal. This result is the first clear evidence of abnormalities in the reeler spinal 
cord.

The locations of sympathetic preganglionic neurons were determined in 
normal and reeler mice by cholinesterase staining, and retrograde Dil and dextran 
amine labeling. Preganglionic neurons are bom at the ventricular zone and undergo a 
primary migration to the ventral spinal cord. The onset of secondary migration of 
preganglionic neurons in the normal mouse begins at Ell. One day later (E12), 
many preganglionic neurons are located in the lateral spinal cord, just dorsal to the 
somatic motor neurons. By E14, the majority of the preganglionic neurons are found 
in their final location in the intermedio-lateral column (IML); a small number of 
neurons are found adjacent to the central canal.

The primary migration of preganglionic neurons to the ventral spinal cord in 
the reeler mutant appears normal. The onset of the secondary migration of 
preganglionic neurons in the reeler mutant also begins at Ell. However, instead of 
migrating to their final location in the IML, the majority of the preganglionic 
neurons in the reeler mutant are found adjacent to the central canal. These results are 
the first to show that the secondary migration of preganglionic neurons in the reeler 
mutant is abnormal. Experiments in progress are examining the role of Reeiin, 
whose absence is responsible for the reeler phenotype, on sympathetic preganglionic 
neuronal migration. (Supported by NS 23916)
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700.5
Reelin and mDabl localization in the neocortex and hippocampus of adult rat brain.
H.J. Caruncho'TC. Pesold1. F. ImpagnatieHo1. A. Guidotti1 andE. Costa1*. ‘The Psychiatric 
Institute, Dept of Psychiatry, Univ of Illinois at Chicago, Chicago IL, USA 60612;2 Dept of 
Fundamental Biology, Univ of Santiago de Compostela, Spain.

Reelin is a protein that plays a role in neuronal migration, and is expressed during 
development by Cajal-Retzius cells, which have also been reported to express calretinin and 
GAD. In telencephalic laminated structures, Reelin is localized primarily in GABAergic 
neurons (Pesold et al., 1998; PNAS 95 3221-3226). However, only approximately 60% of 
GABAergic cells contain Reelin. In order to characterize this subpopulation of GABAergic 
neurons and determine if these might be surviving Cajal-Retzius cells which migrated to 
deeper cortical layers, we have used a double immunolabelling technique with confocal 
microscopy to demonstrate the co-localization of Reelin with several calcium-binding 
proteins (calretinin, calbindin, parvalbumin) and neuropeptides (NPY, somatostatin) that are 
known to be co-expressed in GABAergic cells. Interestingly, both in the neocortex and 
hippocampus, Reelin-positive cells showed a lack of immunopositivity for calretinin and 
parvalbumin, while GABAergic Reelin-immunopositive cells frequently co-localized with 
somatostatin and NPY, and to a lesser degree with calbindin. To understand Reelin function 
in adult brain, we became interested in studying the expression of mDabl, a cytosolic protein 
that has been proposed to be involved in a signal transduction pathway for Reelin (Howell 
et al, 1998; Nature 389 733-737). Reelin is believed to be secreted into the extracellular 
matrix, but the link between Reelin and mDabl is not clear. In the adult rat neocortex, 
mDabl was expressed mostly in pyramidal neurons while in the hippocampus, mDabl was 
found in the pyramidal neurons of Amon’s horn, and in the granule cells of the dentate gyrus.

Thus Reelin in the adult rat brain is not localized in calretinin-positive cells, but 
rather in cells that are immunopositive for somatostatin and/or NPY, suggesting that they are 
a different population of neurons, and not surviving Cajal-Retzius cells. We plan to further 
characterize the morphological identity of these Reelin-positive GABAergic neurons. Our 
results suggest that mDab 1 is expressed primarily in neurons that are presumed targets of 
Reelin and perhaps of other extracellular matrix proteins. As a putative link between Reelin 
and mDab 1, we are investigating the expression of specific integrins. We thank Dr. Brian
W. Howell (Fred Hutchinson Cancer Res Ctr, Seattle WA) for the generous gift of the 
mDabl B3 antibody. This work supported by The Psychiatric Institute, Department of 
Psychiatry, UIC.

700.6
PHOSPHOTYROSINE BINDING DOMAIN OF DISABLED-1 BINDS 
INOSITOL POLYPHOSPHATES. T. Kajima12, and K Mikoshiba2,?*, ‘Mol. 
Neurobiol. Lab., The Institute of Physical and Chemical Research (RIKEN), 
Tsukuba, Ibaraki 305-0074, Japan; 2Develop. Neurobiol., RIKEN BSI, Wako, 
Saitama 351-0198, Japan; 3Dept. of Mol. Neurobiol., Inst, of Med. Sci., Univ. of 
Tokyo, Tokyo 108-8639, Japan.

The disabled-1 (Dabi) gene is essential for cell movements that underlie 
laminar organization of the cerebral cortex, hippocampus, and cerebellum. The 
positioning of neurons in these structures is disrupted in a similar manner in 
scrambler and yotari mice that have a splicing defect iq the transcript for Dabi. 
and Dabi knockout mouse. Dabi is an intracellular protein that has a 
phosphotyrosine binding (PTB) domain near its N-terminus. It is supposed to 
function in phosphorylation dependent signal transduction but its physiological 
role is not clear. The PTB domain is a regulatory module that is present in a 
variety of proteins involved in signal transduction and is shown to mediate 
protein-protein interactions. Recently, PTB domains of some proteins were 
shown to bind phosphoinositides and inositol phosphates. We show the PTB 
domain of Dabi also binds inositol phosphates, using bacterially expressed 
recombinant proteins. We further studied the effect of the binding on protein- 
protein interactions. Our results suggest that inositol phosphates have some 
roles in intracellular signal iransduction pathways mediated by Dabi. 
Supported by Special Postdoctoral Researchers Program of RIKEN, President's 
Special Research Grant of RIKEN, and grants from STA of the Japanese 
Government and the Ministry of Education, Science, arid Culture of Japan.

700.7

Identification of a Xenopus reelin fragment, which has a 
sequence highly homologous to the mouse/human reelin. IL
Tabata1*, K. Nakajima1’2, and K. Mikoshiba1’-3. 1 Develop. Neurobiol., BSI, The 
Institute of Physical and Chemical Research (RIKEN), Wako, Saitama, Japan; 2Mol. 
Neurobiol. Lab., RIKEN, Tsukuba, Ibaraki 305-0074, Japan; -^Dept. of Mol. 
Neurobiol., Inst, of Med. Sci., Univ. of Tokyo, Tokyo, Japan.

Reelin is the responsible gene for reeler mutation, and therefore, has a crucial role 
in well-arranged lamination of cortical neurons in the cerebral cortex. The lamination 
of cortical neurons is observed only in higher vertebrates, and not evident in lower 
species. Indeed, the cortical neurons of amphibians are not laminated, and the 
histological features of these cortices resemble those of mammalian hippocampus. To 
elucidate the role of reelin in archicortex and characterize the ancient type of reelin, we 
have cloned a fragment of Xenopus reelin (Xreelin). Several sets of degenerate primers 
were designed and a 292bp fragment was obtained by RT-PCR from st.35 embryos. 
The predicted amino-acid sequence of this PCR fragment was highly homologous to 
the F-spondin domain of mouse and human Reelin (85.6% and 83.5% identical 
respectively). These data indicate the importance of this domain. To determine the 
developmental profile of Xreelin, RT-PCR method was performed. Xreelin RNA was 
present maternally, and then degraded during early stages. The zygotic expression of 
Xreelin first appeared at tail-bud stage (st. 28), and increased during tadpole stages. 
Xreelin transcript was also detected in adult brain. The Xreelin sequence was highly 
homologous to the mouse/human reelin, and was expressed during brain formation. 
Taken together, it was suggested that Xreelin should have the essential roles in the 
brain development.

Supported by President's Special Research Grant of RIKEN, STA of the Japanese 
Government, the Ministry of Education, Science, and Culture of Japan.

700.8
TWO NEW MONOCLONAL ANTIBODIES AGAINST REELIN, 
WHICH RECOGNIZE A CHICK ANTIGEN. K. Nakaiima12*, M. Qgawa3,
T. Miyata1, \ T. Curran4, and K. Mikoshiba2 5, ‘Mol. Neurobiol. Lab., The Institute 
of Physical and Chemical Research (RIKEN), Tsukuba, Ibaraki 305-0074, Japan; 
2Develop. Neurobiol., RIKEN BSI, Wako, Saitama 351-0198, Japan; 3 Dept. of 
Physiology, Kochi Medcal School, Kochi 783-8505, Japan; 4Dept. of Develop. 
Neurobiol., St. Jude Children’s Research Hospital, Memphis, TN 38105, USA; 5Dept. 
of Mol. Neurobiol., Inst, of Med. Sci., Univ. of Tokyo, Tokyo 108-8639, Japan.

reeler mutant mouse shows abnormal alignment of neurons throughout the brain, 
and contains a mutation in the reelin gene. We previously reported the CR-50 
monoclonal antibocfy, which was obtained by immunizing reeler mutants with 
homogenates of normal embryonic brains. This antibody was then shown to recognize 
the N-terminal region of Reelin, and neutralize the Reelin functions. Thus, the CR- 
50 epitope region might be the critical site for the Reelin signaling by interacting with 
other molecules through itself. In this study, we report two new monoclonal antibodies 
R2A7 andR4Cll, which were obtained similarly to CR-50. By immunoprecipitation 
analysis and immunofluorescence, here we show that both of these antibodies 
recognize the Reelin protein itself. Although the full-length Reelin was recognized by 
these antibodies, the N-terminal half was not, which suggests that the epitopes are 
localized in the C-terminal half. In addition, they labeled a chick antigen on sections, 
although CR-50 did not. These results suggest that the epitopes for R2A7 andR4C 11 
in the C-terminal half might be more conservative among species than the CR-50 
epitope in the N-terminus. Supported by President’s Special Research Grant of RIKEN 
STA of the Japanese Government, the Ministry of Education, Science, and Culture of 
Japan, NIH Cancer Center Support CORE grant P30CA21765, NIHgrantNS 36558, 
and the The American Lebanese Syrian Associated Charities (ALSAC).

FORMATION AND SPECIFICITY OF SYNAPSES IV

701.2701.1

A MOLECULAR MECHANISM FOR THE REGULATION OF mRNA 
TRANSLATION IN DENDRITES. D.G. Wells1. L. Wu2, D.B. MendisL J. 
Tav2, M-A, Abbott1, A.J. Hevnen1, J.R. Fallon1 * and J.P, Richter2. 1 Dept. 
of Neuroscience Brown University, Providence RI and 2Dept. of Mol. Gen. 
& Microbiol., U. Mass. Med. Sch., Worcester, MA.

The synapse is the principal signal transduction conduit in the nervous 
system. Synapses display extensive activity-driven plasticity during 
development, learning and memory. Long term changes in synaptic 
efficacy are likely to require local, regulated protein synthesis. Although 
the presence of mRNA in dendrites is well established, the molecular basis 
of its translational control is unknown. In the oocyte, where regulated 
cytoplasmic translation of maternal mRNA directs early development, the 
elongation of the poly(A) tails on specific mRNAs induces their 
translational activation. The cytoplasmic polyadenylation element (CPE) is 
a sequence motif in the 3'UTR that is essential for poly(A) elongation. The 
CPE binding protein CPEB is also necessary for this process. Here we show 
that CPEB message and protein are expressed in the brain. Further, CPEB 
is localized at synapses in cultured hippocampal neurons and is enriched 
in postsynaptic density fractions. a-CaMKII mRNA, which is localized in 
dendrites and whose product plays an essential role in synaptic plasticity, 
contains two CPE-like sequences in its 3'UTR. CPEB binds to the CPEs in 
a-CaMKII mRNA and also controls cytoplasmic polyadenylation and 
protein synthesis when tested in injected oocytes. Mutation of the CPEs in 
the a-CaMKII mRNA abolishes CPEB binding, polyadenylation and 
translation. Finally, we show that visual experience induces the poly
adenylation of a-CaMKII mRNA in the visual cortex of dark-reared rats. 
Together, these findings suggest that cytoplasmic polyadenylation could 
be an important mechanism in the regulation of mRNA translation in 
dendrites. The association of CPEB with postsynaptic dendrites also 
suggests a mechanism for the localization of specific mRNAs to synapses.

Support; MH53571 (JRF), NS 10343 (DGW)

Differential Effects of Glutamate Receptor Activity on Axonal 
and Dendritic Growth Observed by In Vivo Imaging of the 
Xenopus Retinotectal System. I.Rajan* & H.T, Cline Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY 11724.
We investigated the function of NMDA and AMPA R in tectal cell dendritic 
arbor development using time lapse in vivo imaging of tectal neurons in 
Xenopus tadpoles collected at time intervals of 24h, 4h, 2h or every 30 min over 
2h. Early during dendritic arbor development, when retintotectal synaptic 
tranmission is prinicipally mediated by NMDA R, the NMDA R antagonist, 
DL-APV (100 uM), blocked dendritic arbor development, while the AMPA R 
antagonist, CNQX (20 uM), did not. Shorter interval observations revealed that 
the decreased dendritic arbor development was due to decreased lifetime of 
dendritic branchtips, failure to add branches and extend pre-existing branches. At 
later stages of tectal neuronal development, when AMPA R mediated synaptic 
transmission is strong, both APV and CNQX cause a net loss of dendritic arbor 
branch length, consistent with a role of glutamatergic synaptic transmission in 
maintaining dendritic structure. Thus the two types of Glu R differentially effect 
dendritic arbor growth during different developmental stages of arbor formation 
by influencing different aspects of growth.

We further tested if APV has a complimentary effect on retinal axon arbor 
dynamics. APV treatment over 24h did not alter axon arbor morphology, even 
though tectal cell dendritic elaboration was severely compromised. With shorter 
interval observations, we found that APV increases branch additions and 
decreases branch lifetimes compared to controls. Together, these observations 
indicate that NMDA R activity in tectal cells promotes the initial development 
of the dendritic arbor and stabilizes presynaptic axon arbor morphology, while 
both AMPA and NMDA R activity are required to stabilize dendritic arbor in 
more mature neurons. Support: The Eppley Foundation, NSF and NIH.
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701.3
AN UNBIASED STEREOLOGICAL METHOD FOR ESTIMATING THE 
TOTAL NUMBER OF SYNAPSES IN NEOCORTEX OF HUMAN BRAIN. Y. 
Tang**, J. R, Nyengaard*, D. MG. de Groot2 and H. J. G. Gundcrsenr
‘Stereological Res. Lab., Aarhus Univ., Denmark; ZTNO Nutrition and Food Res.
Inst., the Netherlands.

The purpose of this study was to develop and characterise a method for 
estimating the total number of synapses in neocortex of human autopsy brains, 
based on design-based stereological principles and a specific staining of synapses. 
The neocortical volume of each region was obtained from point counting, according 
to the Cavalieri principle. Uniform random stratified sampling, with a varying 
sampling fraction in each region of neocortex, was performed. The method of 
staining synapses, ethanol phosphotungstic acid (E-PTA), was modified for use in 
formalin fixed brains. Two consecutive sections were chosen and examined in a 
Philips 300 electron microscope. The numerical density of synapses in each 
regional neocortex studied was obtained by means of the disector principle. The 
sectional thickness was estimated with Small's smallest fold method. The total 
number of synapses in neocortex of each region was estimated from the product of 
the total volume of each regional neocortex and the numerical density of synapses 
therein. The total number of synapses in the whole neocortex of a brain was the 
sum of the total number of synapses of the four regions. The volume change of 
neocortex due to tissue processing was estimated and used to correct the estimate of 
synaptic density. The influence of the 2 day post-mortem fixation delay on the 
numerical density of synapses in the neocortices of five animals (three pigs, one 
cow and one dog) was investigated by the use of the method described above. The 
total number of synapses in the neocortex of five young male brains was 376 ■ 1012 
(CV=0.25). The mean difference of the numerical density of synapses in five 
animal neocortices between in vivo and 2-day post-mortem fixation delay was 
3 9%, which was not statistically significant. Our findings show that the total 
number of neocortical synapses can be estimated with a sufficient degree of 
precision and accuracy within a 2 day post-mortem fixation delay.

701.4
THE USE OF FASCICULIN 2 FOR LOCALIZATION AND 
QUANTITATION OF ACETYLCHOLINESTERASE AT SYNAPTIC 
SITES. Lili Anglister* and Miriam M. Salpeter. Dept. of Anatomy and Cell 
Biology, Hebrew Univ.-Hadassah Med. Sch., Jerusalem 91120, Israel and 
Section of Neurobiology and Behavior, Div. Biol. Sci., Cornell Univ., 
Ithaca, NY 14853-2702

Fasciculin 2 (Fas2), a polypeptide anticholinesterase toxin from Mamba 
venom, was radio-iodinated and used as a new probe for localizing and 
quantifying acetylcholinesterase (AChE) at neuromuscular junctions (NMJs) 
by quantitative electron microscope autoradiography. We demonstrate that 
Iz5j.Fas2 binds very specifically to the NMJs in muscles of several species, 
and is localized all the way down the secondary folds (as was previously 
shown with 3H DFP and cytochemistry). Very little binding to other 
regions in the muscle was seen. Junctional AChE-site densities obtained 
from the autoradiograms were similar to those previously obtained for the 
same muscles using -^H-DFP. However due to different affinities of Fas2 
for AChE of different species, saturation of Fas2 must be established in 
each case to obtain absolute quantitation of site densities. In conclusion, the 
use of 125j_pas2 with EM-autoradiography is simpler and provides higher 
resolution and sensitivity, as well as considerably lower non-specific binding 
than previously attainable with ^H-DFP, allowing studies of the distribution 
and regulation of AChE at synaptic sites with low AChE density.
Supported by grants from Israel Acad. Sci. - Charles H. Revson 675/94 (to 
LA) and from NIH GM 10422 (to MMS).

Leo Nielsen’s Foundation, Geert Jorgensen’s Res. Bursary, the Foundation for Res. 
in Neurology, the Foundation for Res. in Psychiatry , and the Beckett Foundation.

701.5
NEUROTROPHINS REGULATE AGRIN-INDUCED POST
SYNAPTIC DIFFERENTIATION. B.A. McKechnie, D.G. Wells, S. 
Kelkar, M.A. Bowe* and J.R. Fallon. Dept. of Neuroscience, Brown 
University, Providence, RI 02912.

A hallmark of synapses throughout the nervous system is the highly 
restricted spatial localization of the postsynaptic specialization, which is 
achieved through an exquisite regulatory interplay between neurons and 
their targets. At the neuromuscular junction, neurally released agrin 
induces the clustering of acetylcholine receptors (AChRs) and other 
elements of the postsynaptic apparatus on the muscle cell surface. 
However, factors that could regulate agrin's clustering ability have not 
been described. Here, we tested whether neurotrophins modulate agrin- 
induced differentiation of postsynaptic specializations. We show that both 
brain-derived neurotrophic factor (BDNF) arid neurotrophin-4 (NT-4) 
inhibit agrin-induced AChR clustering on cultured myotubes. Nerve 
growth factor and neurotrophin-3, have no affect on the ability of agrin to 
cluster AChRs. The high affinity receptor for both BDNF and NT-4 is 
TrkB, and we show that the direct activation of the TrkB receptor also 
inhibits agrin-induced AChR clustering. In addition, the number of 
AChR clusters increases when endogenous TrkB ligands are inactivated by 
TrkB-Fc. Finally, neurotrophin inhibition can be occluded when high 
concentrations of agrin are added to the myotubes. These findings 
suggest a model in which BDNF and/or NT-4 released from the muscle act 
to tonically repress AChR clustering at extrajunctional regions. However, 
at the synapse, this inhibition would be overwhelmed by the high 
concentration of agrin released by the nerve terminal. The interaction of 
agrin and neurotrophins could also serve to sculpt the fine structure of the 
synapse. Support: MH53571(JRE), HD23924(JRF), NSI0343(DGW)

701.6
LONG-TERM EFFECTS OF NERVE GROWTH FACTOR AT NEONATAL 
RAT SYMPATHETIC SYNAPSES. S.T. Lockhart* and S.J, Birren. 
Department of Biology, MS 008, Brandeis University, Waltham, MA. 02254- 
9110.

Nerve Growth Factor (NGF) is a target-derived survival factor for sympathetic 
neurons. Recently, we have shown that acutely applied NGF modulates the 
strength of noradrenergic synapses between rat sympathetic superior cervical 
ganglion neurons and cardiac myocytes in culture (J. Neurosci. 17:9573). In 
addition to this acute modulatory effect, NGF influences the formation of 
synaptic connections. Basal synaptic transmission in cultures grown at 50 ng/ml 
NGF is approximately twice as high as in cultures grown at 5 ng/ml NGF. This 
is despite the fact that full survival of neurons in these co-cultures is supported 
by 5 ng/ml NGF. Unlike basal synaptic transmission, acute NGF-dependent 
modulation of synaptic transmission is unaffected by the level of NGF in the 
growth medium.

NGF may affect the level of connectivity by influencing neuronal outgrowth, 
leading to increased chance contact between neurons and their target cells. 
Alternatively, NGF may influence the strength of individual synaptic contacts. 
These possibilities are not mutually exclusive. We are investigating the 
influences of NGF on outgrowth by quantifying neurite length and arbor 
complexity in neurobiotin-filled cells grown at different NGF concentrations. We 
are using synaptic vesicle protein immunocytochemistry to examine the density 
of myocyte-associated synaptic vesicles. We are also examining the effect of 
NGF on the level of expression of molecules that may affect synapse strength. 
These include tyrosine hydroxylase, neurofilament and cell adhesion molecules. 
(Whitehall Foundation, Pew Scholar's Program, SJB; NIH NS07292, STL)

701.7
THE LOCALIZATION OF LIGANDS FOR P84 BY RAP IN SITU
P. JiangEV. Naravanan-UULxC, F. Lagenaur.l* department of 
Neurobiology, University of Pittsburgh, 2Neurology, and 3 Department of 
Pediatrics, The children's Hospital of Pittsbrgh, Pittsburgh, PA 15261.

P84 (SHPS-1, SIRPa-1, BIT) is a neuronal membrane glycoprotein that promotes 
the attachment and neurite outgrowth of cultured murine cerebellar cells. It is a 
tyrosine phosphorylated protein that interacts with the cytoplasmic tyrosine 
phosphatase, SHP-2. The heterophilic adhesive properties of P84 suggest that there 
might be other P84 interacting membrane proteins involved in this process.

In order to isolate molecules that interact with P84 (P84 ligands), a recombinant 
P84-Alkaline Phosphatase fusion protein (P84-AP)was constructed. This was done 
by inserting cDNA encoding P84 extracellular domain into APtag2 vector (gift of 
J.Flanagan). The P84-AP fusion protein was readily secreted by transiently 
transfected COS-7 cells. Concentrated medium (Centricon 50)was used to detect P84 
ligands in primary cerebellar cultures (from P7 mouse) and in brain sections (from 
P14 mouse).

In tissue sections, a specific and characteristic pattern of staining was detected 
using P84-AP fusion protein. The molecular layer of the cerebellum was intensely 
stained, but there was no staining of Purkinje cells (cell bodies), and in the granule 
cell layer, weak staining was found on granule cell bodies, but intense staining was 
observed on some other structures. The pattern of staining with the P84-AP fusion 
matched perfectly with immunohistochemical staining pattern with the P84 
antibody. This suggests that it may be necessary for P84 and its ligands to stay 
together to be functional, such as synapse maintenance. Other brain structures and 
cultured cells which also express P84 were stained as well.
Supported by a grant from NIH (R01NS 35361).
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702.1
CALCIUM INFLUX AND THE EXPRESSION OF L-TYPE CALCIUM 
CHANNELS INCREASE DURING DEVELOPMENT IN CULTURED RAT 
SEPTAL NEURONS. B.Webb'*. M.A, King1’2. IS, Thinschmidt1. M.B. Heaton1, and
P.W, Walker1,2. University of Florida1, V.A. Medical Center2, Gainesville, FI 32610.

In developing embryonic (E) septal neurons, calcium (Ca2+) influx during 
depolarization may depend on the expression of L-type Ca2+ channels. E21 septal 
neurons were cultured in the presence of 20 ng/ml nerve growth factor (NGF). Basal 
intracellular Ca2+ ([Ca2+]i), measured using fura-2, was 122 nM on day 2 (n=61 
cells) and dropped to a mean of 90 nM on days 3-7 (n=359 cells) of culture. 
Stimulation with 30 mM KCI (with 20 ng/ml NGF) increased [Ca2+]i in 59% of the 
neurons on day 2 and 3, 70% on day 4, 90% on day 5, and 99% by day 6 and 7. On 
day 2, late responses (after 1 min) compared with early responses (within 1 sec), 
occurred in 25% of the neurons that increased [Ca2+]- Nimodipine (lOpM) blocked 
the increase in [Ca2+]i as early as day 2. The number of late-responding neurons 
decreased from 18% on day 3 and 4, to 2 % on day 5, and 1% on day 7. On day 7, 
99% of the neurons increased [Ca2+]i as much as 100 nM in less than 1 sec. The 
number of neurons increasing [Ca2+]i above 100 nM progressively increased from 
40% on day 2 (mean 138 nM) to 80% by day 6 (mean 225 nM). To determine if the 
magnitude of Ca2+ influx was related to the expression of L-type channels, cells in 
imaged and sister cultures were immunolabelled with a polyclonal rabbit antibody 
(Alamone Labs) to the alpha 1C subunit of the high-voltage gated Ca2+ channel 
family. Preliminary microscopy of these septal cultures suggested that neurons may 
be the primary cell type expressing L-type Ca2+ channels. Neuronal labeling occurred 
along neurites and perikarya. The magnitude of the influx of Ca2+ during depolarizing 
stimuli appears to be partially dependent on the expression of L-type Ca2+ channels 
during development. Supported by NIAAA grants AA00200, AA09128, and 
AA 10480; and the Medical Research Service Department of Veterans Affairs.

702.2
VISUALIZATION AND CHARACTERIZATION OF CALCIUM 
CHANNELS ON NEURONAL GROWTH CONES. H. Soeda,, JC. 
Imai, and Y. Katayama.* Dept. Autonom. Physiol., Med. Res. Inst., 
Tokyo Med. & Dent. Univ., 2-3-10 Kandasurugadai, Chiyoda-ku, 
Tokyo 101, Japan.

Our previous study demonstrated that growth cones of cultured 
dorsal root ganglion (DRG) neurons release glutamate even before 
forming synapses, and that the release is almost completely blocked by a 
P- and/or Q-type Ca2+ channel blocker, w-agatoxin IVA (m-aga IVA, 
300 nM), partially inhibited by an N-type Ca2+ channel blocker, m- 
conotoxin GVIA (m-CgTx, 3 pM), but not affected by an L-type Ca2+ 
channel blocker, nicardipine (10 pM). Since we immunocytologically 
showed the presence of the u>-aga IVA-sensitive Ca2+ channels on 
growth cones, the present study was made to localize other types of Ca2+ 
channels using field emission scanning electron microscopy (FE-SEM) 
and to detect a [Ca2+], increase due to influx through the respective types 
of Ca2+ channels with an optical method using Fura-2. FE-SEM images 
disclosed immunological localization of m-CgTx-sensitive Ca2+ channels 
in addition to w-aga IVA-sensitive ones on the growth cones. A [Ca2+]j 
increase in the growth cones evoked by electrical stimulation to cell 
bodies was inhibited by m-aga IVA and m-CgTx, but not by nicardipine. 
However, a high K+-induced [Ca2+]j increase was depressed by 
nicardipine. These indicate that the [Ca2+]j increase leading to glutamate 
release from growth cones of cultured DRG neurons is brought about by 
activation of either <o-aga IVA- or -CgTx-sensitive Ca2+ channels, or/and 
both of them. Supported by a Grant-in-Aid for Scientific Research from 
the Ministry of Education of Japan.

702.3
IMMUNOHISTOCHEMICAL STUDY OF N-TYPE CALCIUM 
CHANNEL DURING POSTNATAL DEVELOPMENT OF RAT 
CEREBELLUM. B.J, Kim1, S.H. Kim2, S.H. Ghil1, B.J, Gwag3*
H.Y. Suh1, Y.D. Lee1. Depts. of Anatomy1, Pediatrics2,
Pharmacology2, Sch. of Med., Ajou Univ. ; Suwon 442-749, Korea 

N-type calcium channels play a specific role in postnatal 
development of cerebellum including migration of granule cells. In 
this study the expression pattern of N-type calcium channels 
was analyzed in rat postnatal cerebellum using anti a us 
antibody. At postnatal day 3(P3), The expression of N-type 
calcium channel increased in developing parallel fibers from the 
premigratory zone of external granular layer(EGL). The 
expression was detected along the axon fibers about P10 as 
granule cells migrated into internal granular layer(IGL). In this 
stage immunoreactivity in IGL was detected in a diffused 
manner. The immunoreactivity became discrete in ascending 
fibers and dendrites, when most of granule cells migrated into
IGL after P16. This study shows that N-type calcium channels 
were mainly localized in axons and dendrites of developing 
cerebellum through postnatal period, suggesting that N-type 
calcium channels may be associated with axonal outgrowth and 
formation of synapse.

702.4
Intracellular and Plasma Membrane Components Regulating Ca2+ Homeostasis 
Emergent in Early Embryonic Rat Neuroepithelial Cells. Q. Hu, L. Zhang, Y.H, 
Chang and J.L. Barker*, Lab. of Neurophysiology, NINDS, NIH, Bethesda, MD 
20892

Cytosolic Ca2+ (Ca2+c) levels playing critical roles in many cellular processes 
are precisely regulated at both membrane and intracellular sites by the combined 
activities of ion channels, ion exchangers and energy-dependent ion-translocating 
enzymes. We have focussed on the emergence of membrane and intracellular 
mechanisms regulating Ca2+c levels in short-term (< 12 hours) cultures of cells 
dissociated from the El 3 telencephalon. During the very brief period of culture most 
of the cells retained a morphology characteristic of neuroepithelial (NE) cells and 
most were nestin-immunopositive. Steady-state Ca2+c levels recorded in physiological 
saline at room temperature ranged from - 50 nM to - 200 nM. Ca2+c levels were 
dependent on Ca2+0 to a variable extent. Addition of Cd2+ 1 mM, which is known to 
block all known types of voltage-dependent Ca2+ channels, increased the 340/380 
ratio of cells in Ca2+-containing and Ca2+-free saline. Thus, the contribution of Ca2+0 
to Ca2+c levels includes a mechanism which is permeable to both Ca2+ and Cd2+. 
Application of elevated K+o (100 mM) triggered Ca2+c responses of variable amplitude 
in most cells via Ca2+0-dependent mechanisms. EGF (100 ng/ml) and caffeine (40 
mM) evoked delectable Ca2+c responses in many cells in Ca2+o-free saline, implicating 
Ca2+, stores and Ca2+ release channels. Removal of extracellular Na+ had little effect 
on Ca2+c levels; however, in Na+0-free, recovery of Ca2+c to baseline levels following a 
CaA load induced by elevated K+o was compromised. Hence, Na+-Ca2+ exchanger 
activity is expressed, but requires elevated Ca2+c to be detected. Thapsigargin (1 uM), 
which inhibits Ca2+-ATPase activity, triggered modest but detectable Ca2+c responses 
in Ca~+„-free saline in a minority of cells, while A23187 (2.5 uM) evoked significant 
Ca‘+ responses in most cells in Ca2+0 free. Thus, most NE cells express both 
membrane and intracellular components that control Ca2+ homeostasis.

702.5
LYSOPHOSPHATIDIC ACID INCREASES INTRACELLULAR CALCIUM 
CONCENTRATION IN THE EARLY EMBRYONIC CHICK RETINA. W.L.Zhou and 
M, Yamashita*. Dept. Physiol., Osaka Univ. Med. Sch., Suita 565-0871, Japan.

Intracellular Ca2+ mobilization plays an important role in many cellular processes 
including cell growth during development. Lysophosphatidic acid (LPA) was recently 
thought to be a mitogen and suggested to stimulate the growth of some cell types. The 
purpose of the present study was to investigate the effects of LPA on the intracellular 
Ca2+ concentration ([Ca2+]i) in the early embryonic chick retina with flura-2 
fluorescence measurement. The fluorescence was measured from the whole neural 
retina dissected from chick embryos at embryonic day three (E3).

By bath application of LPA (1-100 gM), an increase in (Ca2+]i was induced in a 
dose-dependent manner. The Ca2+ response to LPA could be also evoked even in a 
Ca2+-free medium where Ca2+ was replaced with Na+ and EGTA (1 mM) was added. 
The mean response amplitude to the first application of LPA in the Ca2+-free medium 
was almost the same as that in the normal bath solution which contained 2.5 mM Ca2+. 
However, the Ca2+ response to successive LPA application in the Ca2+-free medium 
showed a marked decline, suggesting that the release of Ca2+ from intracellular Ca2+ 
stores was evoked by extracellular LPA and the Ca2+ store could be depleted in the 
absence of extracellular Ca2+. Moreover, capacitative Ca2+ influx was induced after the 
intracellular Ca2+ store was depleted by the successive application of LPA. The Ca2+ 
response to LPA could be inhibited at least partly after the neuroretina had been 
pretreated with 250 ng/ml pertussis toxin (PTX) for 30-45 min in the normal bath 
solution, indicating that Gj or Go proteins were involved in the LPA response. The 
developmental profile of the Ca2+ response to LPA was also studied from E3 to El 3 
before the stage of synaptogenesis (El4). The rise in [Ca2+]i to LPA was found to 
gradually decline from E3 stage.

Based on the above findings, it could be concluded that extracellular LPA can 
regulate intracellular Ca2+ concentration by the Ca2+ release from internal stores 
through the PTX-sensitive G protein and by the capacitative Ca2+ influx from 
extracellular medium.

702.6
PGE2 REGULATES BRAIN NITRIC OXIDE SYNTHASE DURING 
PERINATAL PERIOD IN RATS AND PIGS. I. Dumont? 2 K.G.Pen? P, 
Hardy,1 S. ltaya,* S. Molotchnikoff,2 S. Chemtob1,3. ‘Depts. of Pediatrics. 
Ophthalmology and Pharmacology, Research Center of Hopital Ste-Justine, 
Montreal, H3T-1C5, 2Faculty of Biological Sciences, Univ. of Montreal, Montreal. 
H3C-3J7, 3Dept. of Pharmacology and Therapeutics, McGill Univ., Montreal, 
Canada, H3G-1Y6, and *Dept. of Biomedical Sciences, Univ. of South Alabama. 
Mobile, AL 36688.

We tested the hypothesis that high prostaglandin levels during the perinatal 
period might regulate brain nitric oxide synthase (nNOS) expression. nNOS and 
cyclooxygenase (COX)-2 mRNAs were higher in brain cortex and the 
periventricular area of newborn rats and pigs compared to adult brains. NOS 
activity was also 2G-4 fold higher in newborn than in adult brains. Administration 
of nonselective COX inhibitor ibuprofen or COX-2 inhibitor nimesulide even 8 h 
for 24 h to newborn rats and pigs reduced prostaglandin levels and caused 
comparable reductions in nNOS mRNA, protein and activity7 to adult levels; COX 
inhibitor-induced changes were prevented by co-treatment with PGE2 analog. 
16,16-dimethyl PGE2, and agonists for the EP3 receptor of PGE2, sulprostone and 
M&B28,767, but not by PGI2 analog carbaprostacyclin, PGD2, EP! receptor 
agonist 17-phenyl trinor PGE2 and EP2 agonist butaprost. Concordant observ ations 
were made in vitro after treatment of newborn brain cortex slices with COX 
inhibitors and PGE2 analogs. In conclusion, high levels of PGE2 in the neonatal 
brain contribute to the increased expression of nNOS by acting on EP3 receptors; 
this positive interaction between PGE2 and nNOS might be required 
physiologically for normal brain development.
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702.7
EXPRESSION OF SOMATOSTATIN RECEPTOR SUBTYPE 2A (SST2A) 
IN THE POSTNATAL RABBIT RETINA AND ITS REGULATION. 
GFontanesi1, C.Gargini2 and P.Bagnoli’*. ’Dept. of Physiology and 
Biochemistry; 2Dept. of Psychiatry, Neurobiology, Pharmacology and 
Biotechnology, University of Pisa; 56127, Pisa, Italy.

The neuropeptide somatostatin (SS) acts as a neuromodulator by interacting 
with membrane receptor subtypes (sstl-5). Both SS and ssts are widely 
expressed in the developing nervous system and sst2A is the major moiety that 
is present at early postnatal ages. The cellular expression pattern of sst2A in 
the postnatal rabbit retina was determined using a policlonal antibody directed 
to the C-terminus of sst2A (K-230, 1:200, Schindler et al., Neuroscience 76,
1997). At birth, sst2A-immunoreactivity (-ir) is predominantly localized to rod 
bipolar cells and to sparsely occurring amacrine cells. The density of sst2A 
positive cells increases with age until their adult pattern of distribution is 
reached at postnatal day (PD) 11 (eye opening). At this time, sst2A-ir is 
localized to two types of amacrine cells. One type has a round cell body located 
at the border of the 1NL and IPL and multistratified processes in the IPL. Cells 
of this type also express TH-ir as detected by double labeling experiments. The 
other type is characterized by an oval cell body located in the INL and 
processes that ramify in laminae 2 and 4 of the IPL. Intraocular injections of 
the syntetic peptide SS-14, performed every other day from PD2 to PD11, 
modulate the cellular expression pattern of sst2A. In injected retinas, in fact, 
TH-positive amacrine cells expressing sst2A are significantly less than those 
observed in non-injected retinas. These observations suggest that endogenous 
SS, which is known to be localized to displaced amacrine cells, is likely to 
modulate sst2A expression by dopaminergic amacrine cells.

Supported by an EC grant BMH1-CT94-1378.

702.8
DEVELOPMENTAL REGULATION OF THE ENKEPHALIN PHENOTYPE BY 
BASAL GANGLIA-SPECIFIC ISOFORMS OF THE LYMPHOID ZINC-FINGER 
TRANSCRIPTION FACTOR IKAROS M, Ring1, A. Dobi, M. Palkovits2 and Da. 
Agoston*, Dept. Anatomy&Cell Biology. USUHS. Bethesda, MD 20814 and 
'SDMP, LDN, NICHD, 2SG, NIMH. NIH. Bethesda, MD20892

The spatially restricted expression of the enkephalin gene primarily utilized by 
striatal interneurons is the result of cooperative and coordinated interactions of several 
transcription factors during neurodevelopment. The Ikaros gene encodes zinc finger 
transcription factor(s) which affects lineage restriction of differentiating T-cells but 
primary Ikaros transcript was also detected in the developing striatum (K. 
Georgopoulos, et al. 1992 Science 258:808). The rat enkephalin gene contains an 
/Was-like (GGGA) element and specific binding protein(s) have been found in the 
developing striatum of rat during specification of the enkephalin phenotype between 
embryonic day 18-postnatal day 2 (E18-P2) (Dobi et al., 1991, Mol. Bram Res, 
52:98). PCR analysis of cDNAs derived from different regions of developing and 
adult rat brain using primers that can distinguish among various Ikaros isoforms 
(Molnar et al. 1994 Mol. Cell Biol. 14: 8292) demonstrated the presence of 
amplicons specific to striatum between E16-P2. Ikaros primers 1/2 amplified a 
unique fragment (approximately 805bp in size) in addition to the expected products 
720bp and 457bp in size. The expected fragment of 335bp was not observed. Also, 
the Ikaros primer set 3/4 amplified only one fragment (7I5bp) of three expected 
products which are present in differentiating lymphoid cells. Furthermore, Western 
blot analysis demonstrated that nuclear extracts derived from El6 striatum and P2 
caudate nucleus, but no other brain regions at any other ages, contain protein(s) 
which is recognized by an antibody raised against the C-terminal domain of the Ikaros 
protein (K. Hahm, et al. 1994. Mol. Cell Biol. 14:7111). However, the most 
abundant band in the P2 caudate nucleus (approximately 86 kDa) did not correspond 
to bands characteristic to differentiating cells in the lymphoid lineage. In summary, 
these results suggest the presence of a brain-specific Ikaros isoform or a novel Ikaros- 
like protein specifically expressed in the developing basal ganglia of the murine 
brain. This protein hind's to the Ikaros-like element of the enkephalin gene and ma> 
contribute the developmental specification of the enkephalin phenotvpe. Supported 
by NIH Grant: Z()lHD00712-03

702.9
ONTOGENY OF ANGIOTENSIN II TYPE 2 RECEPTOR MRNA 
EXPRESSION IN FETAL AND NEONATAL RAT BRAIN. A.M. Nuvt. Z. 
Lcnkci, M. Palkovils, G. Barhin*. P. Corvol and C. Llorens-Coriès INSERM 
U36. Collège de France, Laboratoire de Médecine Expérimentale. 3 rue 
d’Ulm, 75005 Paris. France, and the Laboratory of Neuromorphology, 
Semmelweis Lhuvcrsity Medical School, Budapest. Hungary, *INSERM U495. 
47. bld. de F Hôpital, 75651, Paris, France
Recent studies have evidenced a specific role of the angiotensin II type 2 

receptor (AT,) in neuron differentiation in vitro and AT, knock-out mice 
display central neurological anomalies. Using radiolabeled cRNA probes for in 
situ hybridization histochemistry, we determined the ontogenie development of 
AT. mRNA in fetal and neonatal rat brain, from 11 days of gestation (Ell) to 
28 days postnataly (P28). Brain AT, mRNA is first detected in the lateral 
hypothalamic ncurocpithclium at EI3. The age of appearance of AT2 mRNA 
varies among different brain areas, and expression in most persists until P28. 
AT, mRNA is present starting at EI5 in the subthalamic and hypoglossus 
nuclei: at E17 in the peduneulopontine nucleus, cerebellum, motor facial 
nucleus and the inferior olivary complex; at EI9 in the thalamus, bed nucleus 
of the supraoptic decussation, interstitial nucleus of Cajal, nuclei of the lateral 
lemniscus, locus coeruleus and supragenual nucleus; and at E21 in the lateral 
septal and medial amygdaloid nuclei, medial geniculate body and the superior 
colliculus. Neurons in the substantia nigra and many tclcneephalie and 
medullary nuclei express AT, mRNA only after birth. Certain structures express 
strongly but transiently AT, mRNA during embryonic life; like the 
differentiating lateral hypothalamic area at El3, the superior olivary complex 
at EI9 and E2I and the red nucleus at El5 and El7. In the latter structure, AT, 
mRNA is noted again at P7 and in mature brain. In conclusion during brain 
development, expression of AT, mRNA appears early at El3, is strongly but 
transiently expressed in certain structures and is high and persists until brain 
maturity in nuclei involved in motor functions and sensory integration.

702.10
OVEREXPRESSION OF V-l, A NOVEL SOLUBLE PROTEIN 
CONTAINING ANKYRIN REPEATS, INCREASES LEVELS OF 
MRNAS ENCODING CATECHOLAMINE SYNTHESIZING- 
ENZYMES. T. Yamakuni,1 * T. Yamamoto,2 M. Hoshino? S.-Y. Song,
H. Yamamoto,4 M. Kunikata-Sumitomo,1 S. Yonekura,1 A. Nakano1
and S. Konishi1. ’Mitsubishi Kasei Institute of Life Sciences, 
2Yokohama City University, ^Metropolitan Institute of Medical Scienct 
and 4Tokyo Institute of Psychiatry; Machida, Tokyo 194-8511, Japan.

A cytosolic protein designated V-l consists of 117 amino acids and 
contains two and a half contiguous ankyrin repeats, a motif that has 
been shown to function as an interface for protein-protein interactions. 
The V-l protein is expressed in a wide variety of central and periphera 
neurons in developing and adult rodent. The V-i protein also is 
strongly expressed in catecholaminergic cells, including adrenal 
chromaffin cells, and neurons of the sympathetic ganglia and locus 
coeruleus. To examine functions of the V-l protein in catecholamine- 
producing cells, we generated PCI 2D cell lines that overexpress the V- 
gene in a stable manner. Northern and western blot analyses showed 
that expression of mRNAs encoding tyrosine hydroxylase (TH), 
aromatic L-amino acid decarboxylase (AADC) and dopamine (3- 
hydroxylase (DBH), as well as protein levels of these enzymes were 
increased in V-l-overexpressed clones compared with those in control 
clones. Consistent with these findings, dopamine and norepinephrine 
contents determined by HPLC-ECD were up-regulated in V-l- 
overexpressed clones compared with those in control clones. Thus V-l 
may act as a transcriptional regulator for control of the
catecholaminergic phenotype by interacting with a partner protein via 
the ankyrin repeats.

702.11
DOPA DECARBOXYLASE AND GTP CYCLOHYDROLASE I GENES OF 
THE NEMATODE C. ELEGANS C. M. Loer«N. Marsden-Haug, and G 
Ramirez Dept. of Biology, University of San Diego, CA 92110.

We are interesting in learning how neurons in C. elegans decide to use the 
neurotransmitter serotonin. Serotonin is synthesized from tryptophan in two 
steps: Trp is first hydroxylated by an aromatic amino acid hydroxylase 
(AAAH), then decarboxytated by an AAA decarboxylase (AAADC) to yield 
serotonin. We have previously identified genes encoding both enzymes in
C. elegans from ORFs first predicted by the C. elegans Genome 
Sequencing Consortium. We have now rescued the serotonin- and 
dopamine-deficient mutant bas-1 by injection of a 15.1 kb subclone 
(courtesy Fred Wo!f) of the cosmid C05D2 containing two predicted AAADC 
genes. We are continuing to characterize these and other terminal 
differentiation genes used by serotonergic neurons. Learning how these 
genes are controlled is important to understanding how a neuron chooses a 
particular neurotransmitter during its development.

All AAAH enzymes, which include Trp hydroxylase (serotonin synthesis), 
Tyr hydroxylase (dopamine synthesis) and Phe hydroxylase (tyrosine 
synthesis), require a biopterin cofactor to catalyze their respective 
hydroxylations. The mutant cat-4 (e1141)V'is serotonin- and dopamine- 
deficient (Sulston et al., 1975, J. Comp. Neurol. 163: 215; Desai et al.,
1988, Nature 336: 638) and appears to have a leaky cuticle. Sequencing 
through the region in which cat-4 maps genetically has identified a likely 
candidate gene for cat-4-, a predicted gene with homology to GTP 
cyclohydrolase I (GCH), which is required for synthesis of biopterin cofactor, 
is located on cosmid F32G8. Mutation in the Drosophila Punch locus, which 
encodes a GCH, causes a phenotype similar to that of the cat-4 mutant 
(O’Donnell et al., 1989, Dev Genet 10:273). We are currently injecting the 
F32G8 cosmid into cat-4 mutants, subcloning the GCH gene, and 
constructing reporter fusions. This work is supported by NSF (RUI) Grant 
IBN9796217 to CML.

702.12
Identification of oligodendrocytes expressing the dopamine D3 receptor in the 
DEVELOPING BRAIN: POTENTIAL ROLE IN REGULATING DIFFERENTIATION AND MYELIIX 
formation. E.R. Bongarzone. V. Schonmann. A.T, Camnagnoni and S. Howard 
Developmental Biology Croup, Neuropsyehiatric Institute, UCLA Medical School, 760 
Westwood Plaza, Los Angeles, CA 90024. USA.

We have previously demonstrated that dopamine D3 receptor (D3r) is expressed in cells 
within the oligodendrocyte (oligos) lineage cultured in vitro. D3r is expressed in immature 
A2B5+ cells and OO7+ pre-oligos but not mature 01+ oligos associated to myelin sheets. To 
determine ifD3r was expressed in oligos in the developing brain we analyzed brain sections 
by immunohistochemistry using a specific anti-D3r antibody. Small D3r+ cells (somal 
diameter ~ 7 pm) were found in the genu of the corpus callosum. Some of these cells had the 
“string of pearls” disposition, characteristic of interfascicular oligos. A significant number of 
D3r+ oligos were found entering the radiato of the corpus callosum. Very few scattered cells 
were found in the external capsule and none in the anterior commissure and satellite or 
perivascular glia. Oligos were unstained at P3 but robustly labeled from P9 to Pl4. At P25, 
D3r expression appeared to decrease and was absent in the adult white matter. To further 
characterize the role of D3r in these cells, we examined the effect of quinpirole in primary 
cultures of glia. Cells were prepared from newborn mice and maintained for 6 DIV before 
adding quinpirole (20pM). Cultures were treated with the drug for 8 DIV and then analyzed 
by immunocytochemistry for A2B5 and 01. Agonist stimulation produced a 45% increase in 
the number of immature A2B5* oligos at 14 DIV compared to the control. Interestingly, this 
increase of A2B5+ cells was aecompained by a parallel decrease in the number of mature Ol + 
oligos connected to myelin sheets. These effects were blocked by haloperidol. Our results 
show that D3r expression is not restricted to neurons, but also occurs in oligos during a 
narrow period during the development of the brain. Stimulation of D3r appears to alter oligos 
differentiation (i.e. formation of myelin sheets) by delaying maturation. Supported by NIH 
grant NS23022 (ATC) and NMSS grants RG2693 (ATC) and PP0573 (SGH).
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702.13

DOPAMINE RECEPTOR SIGNALING IN ORGANOTYPIC CULTURES OF 
RAT BRAIN SLICES. C. Lin . S. Panchalingam. and A. S. Undie" Pharmacology 
& Neuroscience, Univ. of Maryland School of Pharmacy, Baltimore. MD 21201.

Dopamine D,-like receptors are coupled to the stimulation of adenylyl cyclase 
or phospholipase C signaling in the mammalian brain. To obtain a physiologically 
relevant in vitro system for studying the multiple mechanisms of dopamine receptor 
coupling, organotypic cultures of striatal slices were prepared from neonatal rat 
pups and maintained in vitro for up to 2 weeks. Viability of the tissues was 
confirmed by XTT staining and microscopy. Giemsa staining and MAP2 
immunohistochemistry' revealed dense and widespread distribution of neurons with 
numerous intercellular synaptic connections. GFAP-positive glial cells were also 
present throughout the cultures. After one day in culture, dopamine could not be 
detected even by a highly sensitive radioimmunoassay procedure. Dopamine and the 
D, agonist SKF38393 significantly stimulated the accumulation of cyclic AMP in 
the cultured slices, and this action was blocked by the D, receptor antagonist 
SCH23390. Organotypic cultures prepared from pups at various ages up to 30 days 
postpartum showed dose dependent stimulation of phosphoinositide metabolism in 
response to dopamine or SKF38393, with younger pups showing greater agonist 
sensitivity. Dopaminergic stimulation of phospholipase C-mediated signaling, 
however, was less sensitive to inhibition by SCH23390. Various noradrenergic, 
serotonergic, and cholinergic antagonists failed to inhibit the phospholipase C 
response to SKF38393. These data provide evidence for the coupling of D,-like 
dopamine receptors to multiple signaling cascades in organotypic slice cultures of 
the rat striatum, and indicate the suitability of this system for further investigations 
of dopamine signaling mechanisms.

Supported by grants from the USPHS (fNS-35571) and the AACP.

702.14
TYROSINASE MEDIATES CATECHOLAMINE SYNTHESIS IN THE ABSENCE 
OF TYROSINE HYDROXYLASE. B, Habecker1, M. del Rios2, G. Eisenhofcr1, H. 
Tian’, S. Landis1*, D, Chikaraishi3 and S, Roffler -Tarlov2. ‘NINDS, NIH, Bethesda,
MD 20892, 2Dept. Neurosci., Tufts Med. Sch., Boston MA 02111, and 3Dept.
Neurobiol., Duke Univ. Med. Schl., Durham, NC 27710

Tyrosine hydroxylase (TH), which converts tyrosine to L-Dopa, is the first and rate 
limiting enzyme in catecholamine (CA) biosynthesis. Using glyoxylic acid-induced 
CA fluorescence and HPLC, we examined TH deficient mice to determine whether 
alternative pathways for CA synthesis exist. Disruption of TH is lethal to embryos: 
addition of CA precursors to the drinking water of pregnant females rescues TH-null 
embryos. Postnatal TH-null mice survive without precursor supplementation until 
around weaning. When tissues from rescued P7 and Pl5 pigmented TH-null mice were 
examined, brightly CA fluorescent cells were present in the adrenal gland and 
fluorescent fibers were evident in hairy skin, heart and spleen. Small intensely 
fluorescent cells were present in sympathetic ganglia but principal neurons did not 
fluoresce. Only a few fluorescent cell bodies could be detected in the substantia nigra.

Tyrosinase, a synthetic enzyme in melanin biosynthesis, also catalyzes the 
conversion of tyrosine to Dopa. To determine whether tyrosinase accounts for the CA 
histofluorescence in the absence of TH, we bred the TH-null allele into an albino 
strain (ICR) lacking tyrosinase. We detected no CA fluorescence in any tissue in 
rescued albino TH-null pups. To confirm the presence and species of CAs detected by 
fluorescence in pigmented TH-null mice, we measured CA content by HPLC at Pl5. 
In heart and spleen of pigmented TH-null mice, norepinephrine (NE) content was 10 
and 20% respectively of those present in pigmented wild-type pups. In contrast, NE 
content was five fold lower in these tissues in albino TH-null mice. These 
observations indicate that in the absence of TH, tyrosinase can supply L-DOPA for 
CA biosynthesis. Supported by NS31673 and NINDS Intramural Program.

702.15
NEONATAL QUIPAZINE TREATMENTS INCREASED 3H PAROXETINE 
BINDING IN THE PVN IN ADULT RATS. S.A. Weaver*. J. Diorio . 
B.Tannenbaum, M.J. Meanev. Douglas Hosp. Res. Ctr., Depts. of Neurology & 
Neurosurgery, and Psychiatry, McGill Univ., Montreal, PQ, Canada H4H 1R3.

Serotonin (5-HT) has been demonstrated to be involved in the increased 
hippocampal glucocorticoid receptor (GR) levels induced by neonatal handling in rats 
(Mitchell et al. 1990). In addition, the 5-HT agonist 5-methoxytryptamine given to 
pregnant rats increased 5-HT transporter levels in offspring examined as adults 
(Shemer et al. 1991). Previously we have demonstrated that neonatal quipazine 
administration resulted in an attenuated ACTH response to restraint in adult rats 
similar to that found in neonatally handled rats (Tannenbaum et al. 1995). In the 
present study we examined whether neonatal quipazine treatments would alter 
hippocampal GR expression, or 5-HT transporter levels, in specific brain regions. 
Long-Evans hooded rat pups were injected with either 15 mg/kg quipazine dimaleate or 
saline for the first 7 days of life. At 90 days of age the rats were sacrificed and whole 
brains were collected for in situ hybridization, for determination of GR mRNA levels, 
and 3H paroxetine autoradiography, for determination of 5-HT transporter levels in the 
paraventricular nuclei of the hypothalamus (PVN), hippocampus, and frontal cortex. 
No significant treatment effects were detected in the level of GR mRNA expression in 
any region of the hippocampus. 3H paroxetine binding was also not affected as a 
function of treatment in the hippocampus or frontal cortex. Adult rats that had been 
treated neonatally with quipazine had significantly higher 3H paroxetine binding in the 
medial and ventral paraventricular nuclei of the hypothalamus. We have hypothesized 
that the reduced ACTH responses to stressors in neonatally quipazine treated rats may 
result from increased 5-HT transporter levels in the PVN rather than from increased 
hippocampal GR levels as found in neonatally handled rats. (Supported by MRCC).

702.16
EXPRESSION OF 5-HT2 RECEPTOR SUBTYPES IN THE MOUSE EMBRYO: AN 
IMMUNOCYTOCHEMICAL STUDY. J.M. Lauder1, M B. Wilkie1, Chun Wu2* and 
S. Singh3 'Dept. of Cell Biology and Anatomy, Univ. of N.C. Sch. Med., Chapel 
Hill, NC 27599-7090,; 2PharMingen, San Diego, CA 92121; 3Imgenex, San 
Diego, CA 92121.

Serotonin (5-HT), from the maternal-embryonic circulation, acts as a dose- 
dependent morphogenetic signal for mouse craniofacial and cardiac development 
(Moiseiwitsch and Lauder, 1996; Shuey et al., 1992,1993; Yavarone et al., 1993). 
Recent evidence has implicated 5-HT], 5-HT2 and 5-HT3 receptor subtypes in 
serotonergic regulation of mouse craniofacial development (Choi et al., 1997; 
Moiseiwitsch and Lauder, 1995, 1997). In the present study, we used 
immunocytochemistry with specific monoclonal antibodies to 5-HT2A, 5-HT2B, 
and 5-HT2C receptors (Wu et al., 1998) to examine expression patterns in mouse 
embryos from the headfold stage (E9; day of insemination = El) - E12. Blocking 
with fusion proteins confirmed specificity. At E9-E9.5, immunoreactivity' (IR) for 
5-HT2A and 5-HT2B receptors was clearly visible in the neural tube, heart, gut, 
somites and craniofacial mesenchyme, whereas only light 5-HT2C IR was seen in 
the neural tube. By El0.5, 5-HT2C IR was also present in the heart, somites, 
neural tube and craniofacial mesenchyme. The notochord expressed 5-HT2A IR as 
early as E9, whereas 5-HT2CIR was not present until E10.5. Notochordal 5-HT2B 
IR was not observed at any age. These results suggest that 5-HT2 receptor 
subtypes are differentially expressed in neural and non-neural structures of the 
early mouse embryo, where they may mediate developmental actions of 5-HT. 
Supported by NIH grant HD22052 to JML.

702.17

DISTRIBUTION OF a2-ADRENERGIC RECEPTOR BINDING IN THE 
DEVELOPING HUMAN BRAINSTEM. J. Mansouri, A. Panigrahy, D.L. 
Begay, L.A. Sleeper, W.F. White, H.C. Kinney.* Dept. of Neurology, 
Children’s Hospital, Boston, MA 02115.

Rapid and dramatic changes occur in autonomic function across early 
human life. Several brainstem nuclei have been implicated in the control of 
autonomic function, including the nucleus of the solitary tract (NTS) and 
dorsal motor nucleus of the vagus (DMX). Animal and adult human studies 
have shown high binding to a2-adrenergic receptors in these regions. To 
determine the developmental profile ofbrainstem a2-adrenergic binding across 
early human life, we studied brainstems from 5 fetuses at midgestation, 3 
newborns (37-38 postconceptional weeks), and 7 infants (44-61 
postconceptional weeks). We used quantitative tissue receptor 
autoradiography with 3H-para-aminoclonidine as the radioligand and 
phentolamine as the displacer. In the fetal group, binding is high (63-93 
fmol/mg tissue) in the NTX, DMX, locus coeruleus (LC), and reticular 
formation; it is low (<32 fmol/mg tissue) in the principal inferior olive (PIO). 
Binding decreases in all regions with age: in infancy, the highest binding is in 
the intermediate level (32-62 fmol/mg tissue) and is localized to the NTS , 
DMX, and LC. The most substantial decrease in binding (75-85%) occurs in 
the pontine and medullary reticular formation and hypoglossal nucleus. 
Binding remains low in the PIO. The decreases in binding with age are 
significant after quench correction. These data suggest that rapid and 
dramatic changes occur in the catecholaminergic system in regions related to 
autonomic control in early human life. Supported by HD 20991.

702.18
PHOTOAFFINITY LABELING OF SULPHONYLUREA RECEPTORS IN 
HUMAN CEREBRAL MEMBRANES. Martini C*. Giannaccini G, Betti L, 
Trincavelli L, Mascia G, Lucacchini A. Dipartimento di Psichiatria, Neurobiologia, 
farmacologia e Biotecnologie, Università di Pisa, Pisa (Italy)

ATP-sensitive potassium (K-ATP) channels have been well defined both 
elecrtophysiologically and pharmacologicaly in cardiac, skeletal and smooth 
muscle, pancreatic p-celis, pituitary, central and peripheral nervous system. These 
Katp channels have been associated with several cellular functions, such as 
shortening of action potential duration, cellular loss of K+ ions that occurs during 
metabolic inhibition in heart, insulin secretion from pancreatic p-cells, smooth 
muscle relaxation, skeletal muscle regulation, excitability and neurotransmitter 
release in neuronal cells. Thus the properties of K-ATP channels vary among 
tissues, having led to the premise that the K+ channels family may be composed of 
heterogeneous K+ channels proteins.

Little is known about the biochemical properties of the sulphonylurea receptor 
(SUR) and its physical relationship to K+ channels.

Furthermore, with the aim to identify the molecular structure of SUR in human 
cerebral membranes we investigated the interaction of glibenclamide with SUR by 
direct photoaffinity labeling with the tritiated derivative. The suitability of [3HJ 
glibenclamide as a direct photoaffinity probe upon irradiation with UV-light at 254 
nm has been demostrated previously. After photoaffinity labeling of cerebral 
membranes, the pellets were separated by SDS-PAGE followed by determination of 
radioactively labeled polypeptides after slicing of the gels into 2 mm pieces.

The results obtained showed that [3H] glibenclamide was predominantly 
incorporated into a membrane polypeptide with apparent Mr of 140 KDa. This 
value is the same than that obtained from gel filtration of the solubilized (1% 
digitonin) receptor suggesting that the human cerebral SUR may be composed of a 
single subunit.
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702.19
ELECTROPHYSIOLOGICAL AND OPTICAL MEASUREMENTS REVEAL A 
GRADIENT OF SYNAPTIC EFFICACY WITHIN MOTOR TERMINAL 
ARBORS OF LARVAL NEUROMUSCULAR JUNCTION IN WILD-TYPE AND 
CAMP-CASCADE MUTANTS OF DROSOPHILA . J.J. Renger . A. Ucda, and
C.-F. Wu*E)ept. of Biological Sciences, University of Iowa, Iowa City, IA 
52242.

The motor axon terminal arbors form stereotypic innervation pattern at the 
larval neuromuscular junction of Drosophila. Extracellular focal recording 
of excitatory junctional currents (EJCs) showed heterogeneity in transmissio 
efficacy among single varicosities in the arbor. Within an identifiable linear 
branch on the surface of muscle 13, a gradient of transmission efficacy was 
demonstrated in the wild-type strain,CS. Higher levels of transmission were 
found in the proximal varicosities as compared to the distal varicosities. The 
proximal-distal gradient appears to be a general feature of the larval nerve 
terminal because it persisted in spite of the significantly altered EJC 
amplitude and terminal arborization in some mutants. In the memory 
mutants defective in the cAMP pathway, 6?ncm77(cAMP-specific 
phosphodiesterase) and rut1 (Ca/CaM-dependent adenylyl cyclase), single
bouton EJCs were increased in amplitude in dnc but decreased in rut. (The 
amplitude of EJCs of proximal boutons in dnc, rut, and CS were 2.5+0.34n/> 
n=6,0.78±0.14nA, n=6, and 1.5+0.34nA, n=5, respectively, in HL-3 saline 
containing l.OmM Ca.) Despite these changes and the increased ramificatioi 
of terminals in dnc, the proximal-distal gradient was still present in both 
mutants. To further explore the gradient of synaptic properties along the 
terminal branches, we used the fluorescent dye, FM1-43, which is 
incorporated into vesicles at the time of endocytosis, allowing quantification 
of membrane cycling following synaptic vesicle release. This activity 
mapping based on dye loading into newly retrieved vesicles also revealed a 
proximal-distal gradient of the fluorescent level, which can be correlated wit 
that detected by loose-patch focal recording of EJCs. This study was 
supported by NIH grants NS 18500 and HD 18577.

702.20

THE ROLE OF SPIRAL MOVEMENT OF ION IN THE IONNC 
CANNEL FOR CMF-THERAPY. A.N. VolobuevtE.L. Ovchinnikov, 
Samara State Medical University, Samara, Russia.
If biological tissue is placed in an external magnetic field, the latter 
combines with the magnetic field of the individual channels. This 
disturbs the normal regime of interaction of the channels, which may 
explain, for example, the slowing of the speed cf the nerve impulse in the 
constant magnetic field (CMF). Disturbance of the interaction of the 
channels in the CMF is evidently associated with fall in the rate of 
opening of the gate system of ionic channels through compensation of 
the inherent magnetic field of the membrane by the exsternal field. For 
such a mechanism of the influence of the CMF to operate, the external 
magnetic field in order of magnitude must be commensurate with the 
field appearing on spread of the action potential. Let us assume that the 
ion moves in the ionic channel over a spiral. This assumption is valid 
since the membrane of the nerve fibre possesses fairly high inductivity. 
According to work of the Cole and Barker inductivity per unit area of 
the membrane of the giant sguid axon Lm=0.1 H/cm^=10^ H/m^- In the 
nodes of Ranvier of myelinized nerve fibres of warm-blooded animals 
the density of the ionic channels is ~20 times greater, i.e. Lm=210^ 
H/m^. Let the inductiviti of one cannel be L. It is known that the link 
between inductivity and the characteristics of the solenoid has the form 
L= qpo(n2/h)S. Consequently, the number of turns which the ion 
performs in the cannel n=8,9. Using the thickness of membrane, it is 
possible find the step of spiral movement of the ion - 0,56 hm. It is very 
close a step a - spiral - 0.54 hm, that specifies necessity of the account of 
inductance neuromembrane at the analyse CMF-therapy.
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703.1

INTRACEREBROVENTRICULAR INFUSION OF NERVE GROWTH FACTOR IN 
RATS INDUCES ALLODYNIA-LIKE RESPONSE. M. Eriksdotter^Jonhagen-l*. L.

Clinical Neuroscience and Family Medicine, Div. Geriatric Medicine, 2 Dept. of 
Medical Laboratory Science and Technology, Div. Clinical Neurophysiology, 
Karolinska Institute, Huddinge University Hospital, S-141 86 Huddinge, Sweden,
3Dept. Developmental Biology, Uppsala University, Uppsala, Sweden.

Nerve growth factor (NGF) is needed for the survival and maintenance of central 
cholinergic neurons, which has made it a candidate for therapeutic intervention in 
Alzheimer's disease. In a recent pilot investigation, NGF was given 
intracerebroventricularly (i.c.v) to patients with Alzheimer's disease. One clear, but not 
anticipated side effect was the development of back pain thought to be induced by NGF. 
The present study was designed to investigate whether i.c.v. infusion of NGF induces 
behavioral signs indicative of pain in rats. Mouse NGF (7ug/day or 0.7 ug/day) or 
cytochrome c (control) was infused into the cerebral lateral ventricle of Sprague-Dawley 
rats via a mini pump for 2 weeks. The responses to mechanical (von Frey hairs), cold 
(ethyl chloride spray) and heat (hot plate) stimulation were evaluated. Rats receiving 
7ug/day of NGF showed a significant decrease in vocalization threshold when 
stimulated with von Frey hairs and an increased response to cold and heat stimulation 
as compared to controls. Morphological investigation of the dorsal root ganglia and 
dorsal horn with antibodies to SP and CGRP did not reveal any differences between the 
groups. The enhanced responses to mechanical and heat, but not cold stimulation was 
significantly alleviated by CP-99994, a selective antagonist of the tachykinin NK-1 
receptor. NGF injected peripherally has been shown to induce pain in animal and man, 
but that NGF given i.c.v induces pain related behaviours in rats is new data. These 
behavioral changes may partly be mediated by activation of NK-1 receptors. (Supported 
by the Swedish Medical Research Council)

703.2
EXPERIENCE DRIVES SPECIFIC NGF-DEPENDENT REORGANIZATION OF A NEURAL 
PATHWAY INVOLVED IN LEARNING AND MEMORY. A.?. Brooks*, M.W. Halterman, 
P.A. Cory-Slechta and HJ. Federoff. Departments of Microbiology, Immunology, 
Neurobioiogy & Anatomy and Neurology: Division of Molecular Medicine & Gene 
Therapy, University of Rochester School of Medicine, Rochester, NY 14642.

Previously, we demonstrated that a combined somatic & germline gene transfer approach 
could be used to generate restricted somatic mosacism for NGF expression in the CNS 
(Nature Biotechnology, 15:1, 1997). Our latest experiments investigate the influence of 
experience on the neuroanatomic substrate(s) subserving learning and memory. Behavioral 
and anatomical correlates were probed by somatic mosaic analysis in mice. NGF excision 
activation.transgenic (NGF XAT) mice underwent unilateral hippocampal delivery of virus 
vector expressing ere recombinase to produce NGF gain of function mosaics. Activated 
mice expressing increased NGF, but not control mice transduced with the lacZ gene 
demonstrated that such gain of function facilitates learning. The influence of experience on 
the septohippocampal neural circuitry involved in learning and memory formation was 
assessed in mosaic and control mice exposed to different environments. 
Septohippocampal projection reorganization was examined by retrograde labeling with 
Fluoro-gold (FG) at the site of vector injection. Measurements included FG labeled cell 
bodies, choline acetyltransferase (ChAT) immunolabeled cell bodies, double labeled cell 
bodies and cell body size. Mice mosaic for NGF function housed under normal vivarium 
conditions demonstrated modest but significant increases in FG and double positive cells 
compared to non-activated mice. Activated mice performing a rote response in a learning 
chamber manifest more extensive increases in FG and double labeled cells and a small 
increase in cell somai size. Activated mice provided with repeated learning experience 
showed the greatest in all cell counts and somai size. These data indicate that 
reorganization of the cholinergic septal input to a specific hippocampal region requires a 
gain of NGF function in the target region and is driven by experience, and in particular, by 
learning new paradigms. These data implicate activity-dependent NGF release as an 
important mechanism underlying neural network responsiveness to individual experience. 
This work is supported by NTH ROi MH57047-02 (to HJF).

703.3

BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) 
DEFICIENT MICE SHOW REDUCED MOTOR
ABILITIES. J. N. Crawley1, B. Lu2, J, Du*2, R. Pavlor3, and
T. C. Gleason1, 'Section of Behavioral Neuropharmacology, ETB, 
NIMH, Bethesda, MD; 2NICHD, Laboratory of Developmental 
Neurobioiogy, Bethesda, MD; 'Dept. of Human Genetics, Baylor 
College of Medicine. Houston, TX.

While gene knockout studies have implicated the role of BDNF in 
hippocampal synaptic plasticity and cerebellar-motor control, it has been 
difficult to perform a detailed analysis of the function of endogenous 
BDNF in vivo using homozygous (-/-) mice. This is due largely to 
severe growth retardation and motor deficits and neonatal death asso
ciated with the -/- mice. To obtain a large number of animals for 
behavioral testing, we generated a new line of BDNF knockout mice 
by crossing original BDNF +/- mice (Enfors et al., 1994, purchased 
from Jackson Laboratories) with outbred CD1 mice. Male BDNF 
heterozygote (+/-) and wildtype (+/+) littermate controls were tested 
on a preliminary battery of neurological reflexes and on behavioral 
tasks including sensorimotor gating, analgesia, motor activity, learning 
and memory. The initial assessment of neurological reflexes and 
behavior in a novel cage revealed no significant differences 
between genotypes. Motor coordination deficits were detected in male 
+/- mice. The heterozygote mice showed a decreased ability to 
remain suspended from their front paws on a wire for one minute, 
reduced vertical activity in a Digiscan open field, and reduced latency 
to remain on the accelerating rotarod. The motor deficits seen in BDNF 
heterozygote adult male mice are consistent with the report that young 
BDNF -/- mice show an abnormal pattern of cerebellar development" 
(Schwartz et al., 1997). Supported by NIMH IRP.

703.4
NEUROTROPHINS REGULATE MICROGLIAL MITOGENESIS AND 
SURVIVAL IN VITRO. J.M Zhang, CL. Lu, G. Yorke*. F.J. Roisen Dept. 
Anatomical Sciences and Neurobioiogy, University of Louisville, School of 
Medicine, Louisville, KY 40292.
Microglia are thought to play a key role in the development and regeneration of 
the central nervous system although the mechanisms regulating their presence 
and activity are not fully understood. Substantial evidence suggests that Nerve 
Growth Factor (NGF), the best characterized member of the neurotrophin 
family, stimulates monocytes to differentiate into macrophages and has a 
chemotactic activity on macrophages. This study employed two murine 
microglial cell lines, BV2 and N9, to examine the action of NGF and BDNF 
on the mitotic activity and survival of microglia in vitro. NGF (0 - 100 ng/ml) 
was incorporated into the media at the time of plating and the cell number and 
level of mitochondrial dehydrogenase activity (MTT) were determined for 
periods of two to seven days in vitro. NGF increased the cell number and MTT 
level in a dose-dependent manner of both cell lines. BV2 was more sensitive to 
NGF than N9. The increased responses of these cells were blocked by K252a, 
a neurotrophin receptor tyrosine kinase inhibitor, suggesting that NGF’s actions 
were mediated by the high affinity tyrosine kinase receptor (Trk). Similar 
responses were elicited by BDNF, although the sensitivity of each cell line was 
different than that found for NGF. The effects of NT3 and NT4 on these cell 
lines is under evaluation. Immunolocalization studies revealed positive Trk 
PAN reactivity, but an absence of the low affinity p75 receptor. The identity of 
the specificTrk receptors is under investigation. These studies suggest that in 
addition to their neurotrophic actions NGF and BDNF may also regulate 
microglial dynamics thereby influencing the surrounding milieu during neuronal 
regeneration. Supported by the KY Spinal Cord and Head Injury Research 
Trust.

Society for Neuroscience, Volume 24, 1998



1778 BIOLOGICAL EFFECTS OF NEUROTROPHINSIV WEDNESDAY PM

703.5
BASAL FOREBRAIN (BF) OLIGODENDROCYTES RESPOND TO 
NEUROTROPHINS IN A DEVELOPMENTALLY AND REGIONALLY SPECIFIC
MANNER. TM.Zaremba*. L.D.Lercher. I.B.Black.__ C.F.Dreyfus. Dept. of
Neurosci.& Cell Biol., RWJ Med. School/UMDNJ, Piscataway, NJ 08854.

Previous studies suggested that brain derived neurotrophic factor (BDNF), nerve 
growth factor (NGF) and neurotrophin-3 (NT-3) influence maturation of BF 
oligodendrocytes in vitro in a time-dependent manner. As oligodendrocyte precursor 
cells were grown for extended time in culture, numbers of myelin basic protein 
positive (MBP+) cells increased. To determine whether these changes in responsivity 
over time in culture are reflective of development in vivo, we harvested BFs from Pl, 
P8, and P14 rats, and exposed dissociated BF mixed cultures, containing neurons, 
astrocytes, microglia, and oligodendrocyte lineage cells (OLCs), to neurotrophins. All 
neurotrophins increased MBP+ cell numbers; moreover, OLCs exhibited increased 
responsivity with developmental age. For example, BDNF elevated MBP+ cell 
numbers by 50% at Pl, while causing a 3-fold increase at P14. To determine whether 
the effects were directly on OLCs, purified cultures from Pl, P8, and P14 rats were 
exposed to neurotrophins for 5 days. OLCs exhibited a similar enhancement in 
responsivity to all the neurotrophins with increases in BF maturity. In addition, the 
cultures enhanced expression of the specific receptors trk A, B, and C and the common 
p75 receptor. Oligodendrocytes derived from brains of increasing maturities, therefore, 
elevate responsiveness to BDNF, NGF, and NT-3. In parallel, we determined whether 
BF OLCs differ in responsiveness from OLCs of other brain regions. BF and cortical 
oligodendrocytes were exposed to BDNF, NGF, and NT-3. As opposed to BF 
oligodendrocytes, cortical oligodendrocytes responded only to NGF and NT-3. The 
data suggest that OLCs differ in neurotrophin responsivity in a regionally specific 
manner. In aggregate, our studies suggest that oligodendrocytes are developmentally 
and regionally heterogeneous. (Supported by the NIH HD 23315, Nad. M. S. 
Society, andMH/AG 19957-01 grants.)

703.6
THE TROPHIC ROLE OF BASAL FOREBRAIN 
OLIGODENDROCYTE ON CHOLINERGIC NEURONS.
X. Dai*. C, Vieira. L, D. Lercher. I, B, Black and C. F. Dreyfus.
Dept. of Neuroscience & Cell Biol., Rutgers-UMDNJ / Robert Wood 
Johnson Medical school, Piscataway, NJ 08854.

Our previous studies demonstrated that basal forebrain (BF) 
oligodendrocytes express neurotrophins in culture and in vivo. This 
observation suggests that in addition to the traditional myelination 
function, oligodendrocytes provide trophic support for neurons. To 
test this hypothesis, we first examined the effect of oligodendrocytes 
cocultured with embryonic 17(E17) basal forebrain (BF) neurons for 
seven days. Oligodendrocytes elicited 3-4 fold increases in the 
activity of neuronal ChAT, the acetylcholine synthetic enzyme, as well 
as in the number of AchE+ cholinergic neurons. These data suggest 
that oligodendrocytes affect differentiation and/or survival of BF 
cholinergic neurons. To determine whether the effects of 
oligodendrocytes are mediated through diffusible molecules, we next 
examined the influence of oligodendrocyte conditioned medium (CM) 
on BF neurons. E 17 BF neurons treated with 50% CM exhibited 2 - 
3 fold increases in both ChAT activity and the number of AchE+ cells. 
Moreover, the trophic effects of CM on BF cholinergic neurons were 
blocked by K252a (200 nM), a tyrosine kinase inhibitor which blocks 
neurotrophin trk receptors. Our results imply that oligodendrocytes 
provide trophic support for BF neurons during development. (Supp: 
NIH HD 23315 and National Multiple Sclerosis Society)

703.7
BASAL FOREBRAIN ASTROCYTES PROVIDE TROPHIC SUPPORT 
FOR LOCAL NEURONS. S. J.Campos1, R. Chand2, L.P. Lercher1, H, 
Wu1, I.B Black1 and C.F. Dreyfus1 *. 1 Dept. of Neuroscience & Cell 
Biology, UMDNJ / Robert Wood Johnson Medical School, Piscataway, 
NJ 08854; 2Rutgers University, New Brunswick, NJ 08901.

Previous studies have indicated that astrocytes derived from postnatal 
day (P)l basal forebrain (BF) express NGF, BDNF and NT3 mRNA. 
In vivo Pl astrocytes surround BF neurons and may support these 
neurons as they extend neurites to targets in the developing brain. 
Astrocyte precursor cells are also found in the fetal BF at the time when 
neurons are born and express neurotransmitter. To determine whether 
astrocytes derived from embryonic day 17 (El 7) BF also are a source 
of neurotrophins, we examined expression of neurotrophins in these 
young cells. Both E17 and Pl astrocytes exhibited neurotrophin 
mRNA, suggesting that they play trophic roles. To test this hypothesis, 
we examined effects of E17 and Pl astrocytes on BF cholinergic 
neurons. Co-cultures of astrocytes and E17 cholinergic neurons were 
maintained for 7 days. Astrocytes elicited significant i.5-fold 
increases in cholinergic cell number. To determine whether these 
increases were due to the effect of diffusible molecules, media 
conditioned by Pl and E17 astrocytes (CM) for 4 days were added to 
neuronal cultures. Both El7 and Pl astrocyte CM elicited significant 
increases in cholinergic cell numbers. Moreover, these effects on cell 
numbers were blocked by the trk neurotrophin receptor inhibitor 
K252a. We conclude that both El7 and Pl astrocytes may provide 
local neurotrophin support for BF neurons before they interact with 
distant targets in the brain. (Supp: NICHD:HD 23315)

703.8
IN VITRO AND IN VIVO EVIDENCE FOR MODULATION OF CNS 
CHOLINERGIC PHENOTYPE BY A SMALL MOLECULAR 
WEIGHT TRKA ANTAGONIST. Thomas Debeir, H. Uri Saragovi and A. 
Claudio Cuello*. Department of Pharmacology & Therapeutics, McGill 
University, Montreal, QC, Canada, H3G 1Y6

Cholinergic neurons are known to respond IN VIVO to the administration 
of nerve growth factor (NGF) by a prominent and selective increase of choline 
acetyl transferase (ChAT) activity and by cholinergic synaptogenesis in the rat 
brain. These observations suggest that endogenous NGF binding to the high 
affinity receptor TrkA modulates CNS cholinergic phenotype and assists in the 
maintenance of synapses. To test this hypothesis, a peptide antagonist (C(92- 
96)) of TrkA or control peptides were applied in the cerebral cortex. C (92-96) 
was first tested IN VITRO where it was shown to inhibit the NGF-induced 
ChAT activity of dissociated septal cells in a concentration dependent manner. 
Once this was established, C(92-96) and an anii-NGF mAh (NGF3Ü) were 
delivered stereotactically into the adult rat cortex over a 2 week period. Both 
the NGF immunoneutralization and the TrkA antagonism provoked a 
significant depletion of the number of cortical cholinergic presynaptic sites 
(VAChT) with no significant variations in the overall number of cortical 
synapses (synaptophysin-immunoreactive). These treatments did not modify 
the size of the nucleus basalis cholinergic neurons.

These results provide evidence that a synthetic TrkA antagonist, mimicking 
an NGF domain, can effectively modulate cholinergic phenotype IN VIVO 
and IN VITRO. Furthermore, the studies support the notion that endogenously 
produced NGF is involved in the continual re-modeling of neuronal 
connections during adulthood through TrkA receptors.
(Supported by the Canadian MRC and French Lavoisier)

703.9
INTERACTION OF ESTROGEN AND NGF ON THE FUNCTION 
OF CHOLINERGIC NEURONS
P.J. McMillan*, and P.M. Dorsa. Depts. of Pharmacology and 

Psychiatry and Behavioral Sciences, University of WA, Seattle WA 
98195

Recent reports have suggested a link between estrogen replacement 
therapy and a reduced risk of developing Alzheimer’s disease (AD). 
Estrogen is known to positively influence the function of cholinergic 
neurons in the basal forebrain, a region highly susceptible to 
degeneration in AD. In addition to responding to estrogen, neurons of 
the basal forebrain are also targets of neurotrophic growth factors such 
as NGF. Previously, we reported that estrogen enhances the expression 
of choline acetyltransferase (ChAT) and the NGF receptor trkA in the 
basal forebrain of young and aged rats. These data suggest that 
cholinergic enhancement may result from an interaction of estrogen 
and NGF. We have developed a primary basal forebrain neuronal cell 
culture system to assess the interaction of estrogen and NGF on the 
function of cholinergic neurons. The basal forebrain from gestational 
day 18 rat embryos was removed, maintained in culture and treated with 
estrogen and NGF, either alone or in combination for varying periods 
of time. RT-PCR was used to verify that these primary cultures express 
both ChAT and trkA mRNAs. We have shown that six days of estrogen 
or NGF treatment alone only slightly induces ChAT expression. 
However, pretreatment with estrogen for six days prior to treatment with 
NGF greatly enhances ChAT expression in cholinergic neurons. These 
data suggest that pretreatment with estrogen potentiates the ability of 
these neurons to respond to NGF. Supported by NIH Grant 
p50AG05136 (DMD) and Genetic Approaches to Aging Training Grant 
(PJM).

703.10
BDNF IS NEEDED FOR CHOLINERGIC FOREBRAIN NEURON 
DEVELOPMENT AND HIPPOCAMPAL INNERVATION IN MICE
T. Haga*. N.L. Ward. Anat & Neurobiol, Dalhousie Univ, Halifax, Canada. 

Neurotrophins are important for cell survival in the developing nervous
system through activation of their Trk receptors. Between P6 and P15 the 
low-affinity nerve growth factor receptor (p75NGFR) appears to mediate the 
death of a subpopulation of cholinergic forebrain neurons. We proposed that 
the elimination of a potentially "neurocidal" neurotrophin would result in 
increased neuronal survival, and thereby identify the p75NGFR death-inducing 
ligand. Here, we analyzed the fate of cholinergic septohippocampal neurons 
between P6 and P15 in homozygous brain-derived neurotrophic factor 
(BDNF)- deficient mice (-/-) and their littermates (+/+, +/-). At P6, the number of 
choline acetyltransferase (ChAT)- positive neurons in the medial septum was 
similar in BDNF control littermates (+/+, +/-) but was reduced by -19% in 
BDNF-/- mice. The BDNF-/- neurons also had reduced levels of ChAT-staining 
compared to controls. At P6, all groups had the same body and brain weight, 
i.e., general developmental factors probably do not cause the difference in 
BDNF-/- mice. Cholinergic hippocampal innervation at P6 did not differ 
between groups. At P15, control (+/+) mice had 45% more and 45% larger 
ChAT-positive neurons than at P6, and a much denser hippocampal 
innervation, indicative of the development (including increase in ChAT) of the 
cholinergic septohippocampal system. In contrast, in P15 BDNF-/- mice, the 
number, size and ChAT-staining intensity of the medial septum neurons, and 
the hippocampal innervation was the same as at P6. This suggests that BDNF 
does not cause developmental cholinergic cell death through p75NGFR, but 
rather is needed for the development of these neurons and their projections. 
Supported by NCE Canada, MRC Canada (MT14456), I.W. Killam Foundation.
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703.11
TRKB ISOFORMS DIFFERENTIALLY REGULATE DENDRITIC GROWTH OF 
CORTICAL PYRAMIDAL NEURONS. Talene A. Yacoubian, David Kryl, Eero 
Castren, Philip A. Barker, and Donald C. Lo*. Department of Neurobiology, Duke 
University Medical Center, Durham, NC 27710. Montreal Neurological Institute. 
McGill University, Montreal. Quebec, Canada H3A 2B4, and A.I. Virtanen Institute, 
University of Kuopio, Kuopio, Finland.

Brain-derived neurotrophic factor (BDNF) and other neurotrophins have previously 
been shown to regulate the dendritic morphology of pyramidal neurons in developing 
ferret visual cortex (McAllister et al., 1995, 1996, 1997). The TrkB receptor is 
essential for mediating these and other effects of BDNF. Currently, three BDNF- 
binding TrkB isoforms have been isolated from mammalian species: one full-length 
TrkB receptor and two truncated isoforms, T1 and T2, with short cytoplasmic tails that 
lack the tyrosine kinase domain present in the full-length isoform. Here, we examine 
how these distinct TrkB isoforms regulate dendritic growth of iayer VI pyramidal 
neurons in developing ferret visual cortex. Using particle-mediated gene transfer, we 
cotransfected each epitope-tagged TrkB isoform with Blue Fluorescent Protein (BFP), 
a marker that uniformly fills all neuronal processes, into postmitotic neurons in intact 
brain slices from the visual cortex of 2- and 4-week-old ferrets. The dendritic 
morphology of cotransfected neurons was ■. isualized by immunohistochemistry against 
BFP and reconstructed using a camera lucida. Sholl analysis of transfected neurons 
reveals that overexpression of T1 and full-length TrkB isoforms elicits outgrowth from 
different regions of the dendritic arbor of layer VI neurons. Neurons transfected with 
full-length TrkB exhibit an exuberance of short dendritic processes that extend 
directly from the cell body. This "halo" of dendrites is not observed in control and 
T1-transfected neurons. In contrast to control and full-length TrkB-transfected cells, 
layer VI neurons transfected with T1 show increased dendritic branching from the 
main apical dendrite as it passes through more superficial layers. Supported by NIH 
grant EY11553 and the McKnight Foundation (DCL) and by a Broad Foundation 
Fellowship and the Duke MSTP program (TA Y).

703.12
IN VIVO DELIVERY OF BDNF AND TRKB-FC AND ANALYSIS OF DENDRITIC 
GROWTH. J. Henderson2, M.E, Forbes', J.E. Johnson12 and D.R. Riddle12*.1 Dept. of 
Neurobiology and Anat., 2Neuroscience Prgm., Wake Forest Univ. Sch. of Med., 
Winston-Salem, NC 27157.

Recent studies have reported neural effects of neurotrophins and blockers of their 
activity after icv injection or delivery by osmotic minipump. To assay neurotrophic effects 
on discrete populations of cortical neurons in developing mice (which are too small for 
implantation of minipumps) we have begun to use direct cortical injection of neurotrophins 
or Trk-Fc fusion proteins adsorbed onto or mixed with fluorescent latex microspheres. 
While delivery of factors appears to be limited to a few days, the rapidity of neuronal 
differentiation in the rodent brain predicts the method’s utility in studies of many 
developmental processes. BDNF-coated microspheres (500 ng/pl microspheres) were 
mixed with free BDNF (500 ng/pl) and pressure-injected into the parietal cortex of CF-1 
mice (P12-15) using a glass micropipette (10-15 pm tip diameter). TrkB-Fc lost activity 
when adsorbed onto microspheres, thus microspheres were added to the TrkB-Fc solution 
(0.5 mg/ml) immediately before injection. BDNF or TrkB-Fc immunoreactivity was 
apparent 24 hours after injection over a region 0.5 - 1 mm in diameter and diminished in 
intensity over 2-3 more days. Immunoassay of samples through the depth of the cortex 
with BDNF injection sites demonstrated levels of over 500 pg/mg tissue 2-4 hours after 
injection and 350 pg/mg after 24 hours, compared to endogenous levels of approximately 
13 pg/mg in samples injected with control microspheres. To assay the effects of injection 
on cortical structure and test the feasibility of the method for examining neurotrophic 
regulation of axonal and dendritic growth, neurons in lightly-fixed cortical slices were 
labeled intracellularly with Lucifer Yellow 1-3 days after delivery of BDNF or TrkB-Fc. 
Cellular organization appeared normal and neurons could be labeled throughout the treated 
region, including cells with processes extending across the center of the injection site. The 
methods described here will permit us to determine whether neurotrophins regulate 
dendritic growth in the intact cortex in vivo as rapidly and dramatically as in vitro. 
Support: Institutional funds from the WFUSM and NIH EY 11127 (JEJ). BDNF and TrkB- 
Fc generously provided by Regeneron Pharmaceuticals, Inc.

BIOLOGICAL EFFECTS OF CYTOKINES AND OTHER FACTORS: INFLAMMATION AND INJURY

704.1
DISASSOCIATION OF SYNAPTIC LOSS AND NEURONAL LOSS IN AN IN 
VITRO CHRONIC NEURODEGENERATION. P.J. Berqold*, Z.-M. Xinaq, S. 
Einheberk S.l. Moskowitz. 1Dept. of Cell Biol., New York Univ.; 
2Dept. of Pharm. and Phys., SUNY-HSCB; Brooklyn, NY 11203.

The response of neurons to oxidative stress may be a common 
feature of diseases that induce chronic synaptic failure and 
neurodegeneratlon.Synapticfailureandneuronallosswasinltiated 
by inhibition of Cu/Zn-dependent superoxide dismutase (SOD) 
usingdiethyldlthiocarbamateCDDOinlong-termhlppocampalsIice 
cultures from post-natal day 20 rats. SOD inhibition In slice cultures 
increases formation of reactive oxygen species. After 7days of DDC 
treatment, no Schaeffer collateral-evoked response remained in 
theCAl region. In addition, there was signficant shrinkage of the 
entire slice culture. Examination ofthe ultrastructure of CA1 region 
showed a complete loss of synapses which was consistant with the 
loss of synaptic response. If DDC was then removed, neurons did 
not die. We are presently testing if there is permanent synaptic 
failure in DDC-treated slice cultures. Media conditioned by DDC 
treated cultures, however, did induce neuronal loss in fresh 
recipient cultures. These data suggest that neuronal loss is not 
needed for chronic synaptic failure and production of toxic 
cytokines. Supported by HD31300 to P.J.B.

704.2
ROLE OF MICROGLIA IN IN VITRO CHRONIC NEURODEGENERATION. S.I, 
Moskowitz2*, S. Einheberl and P.J. Berqold2.1 Dept. of Cell Biol., New 
York Univ.; 2Dept. of Pharm. and Phys., SUNY-HSCB; Brooklyn, NY 
11203.

A slow, progressive toss of neurons occurs during many 
neurodegenerative diseases that may share potentially similar 
mechanisms. This study demonstrated that production of cytokines 
during chronic neuronal loss activates microglia, which in turn kill 
additional neurons. Chronic neuronal loss and microglial activation 
were assayed using long-term slice cultures of post-natal day 20 rat 
hippocampus. Neuronal loss was initiated by inhibition of Cu/Zn- 
dependent superoxidedismutase(SOD)usingdiethyldithiocarbamate 
(DDC). SOD inhibition increases formation of reactive oxygen 
species, that have been implicated in chronic neurodegeneration. 
DDC inhibits SOD function in slice cultures. After 13 days of 
treatment, DDC was removed, yet neuronal loss continued for an 
additional 3 weeks. Anti-oxidants and glutamate receptor 
antagonists were ineffective, ruling out a role for oxidative or 
excitotoxic stress. When media conditioned by dying slice cultures 
were placed on fresh recipient cultures, neurons in the recipient 
cultures slowly died. Cultures of adult mouse slice cultures showed a 
similar response to DDC. To further elucidate which cytokines are 
involved, ELISA will be performed on conditioned media. These results 
suggest that chronic neuronal death induces production of toxic 
cytokines which activate microglia that killother neurons. Supported 
by HD31300 to PJ.B.

704.3
ANTI-DEATH PROPERTIES OF TNF AGAINST METABOLIC 
POISONING: MITOCHONDRIAL STABILIZATION BY MnSOD.
A.J, Bruce-Keller*L2 J.W. Geddes^ p.E, KnamA r,w, McFallk J.N. KellerU
F.W, Holtsberg^, S.M. SteineA and M.P. MattsonL2 1 Sanders-Brown Research 
Center on Aging and Departments of 2Anatomy & Neurobiology, and ^Biological 
Sciences, University of Kentucky, Lexington, KY 40536.

The cytokine tumor necrosis factor (TNF) is toxic to some mitotic cells, but 
protects cultured neurons from a variety of insults by mechanisms that are unclear. 
To determine the role of manganese superoxide dismutase (MnSOD) in TNF-mediated 
cytoprotection in the brain, MnSOD induction in neurons, astrocytes, and 
oligodendrocytes was correlated with vulnerability to the metabolic toxin 3- 
nitropropionic acid (3-NP). Pretreatment of neurons or astrocytes with TNF caused 
significant increases in MnSOD activity, and also significantly attenuated 3-NP- 
induced superoxide accumulation and loss of mitochondrial transmembrane potential. 
In oligodendrocytes, however, MnSOD activity was not increased, and 3-NP toxicity 
was unaffected by TNF. Genetically engineered PC6 cells that overexpress MnSOD 
also were resistant to 3-NP-induced superoxide accumulation and loss of 
mitochondrial potential. TNF pretreatment and MnSOD overexpression prevented 3- 
NP induced apoptosis, and shifted the mode of death from necrosis to apoptosis in 
response to high levels of 3-NP. Mitochondria isolated from either MnSOD 
overexpressing PC6 cells or TNF-treated neurons maintained resistance to 3-NP- 
induced loss of transmembrane potential and calcium homeostasis, and showed 
attenuated release of caspase activators. Overall, these results indicate that MnSOD 
activity directly stabilizes mitochondrial transmembrane potential and calcium 
buffering ability, thereby increasing the threshold for lethal injury. Additional studies 
showed that levels of oxidative stress and striatal lesion size following 3-NP 
administration in vivo are increased in mice lacking TNF receptors in a manner 
preventable by MnSOD.
Supported by grants to M.P.M. from the NIH (AG14554 and NS29001); and 
A.J.B.-K. from the French Foundation for Alzheimer's Research.

704.4
A 14-mer PROSAPTIDE INCREASES L6-MYOBLAST FUSION IN 
MYOTUBES AND PREVENTS TNF-INDUCED CELL DEATH
E. Brizi, M. Rende, L.Yen*, R. Bruno*, R Garrett1, C. Provenzano,
A Mizisin’, G.De Renzis*, and J S. O’Brien*

Sect. Anatomy, Univ, of Perugia and Catholic University Sch. of Medicine..
Italy; Univ. of Calabria*, Italy; Dept. Neuroscience* and Pathology’, Univ. of 
California San Diego

Prosaposin is the precursor of the saposins and has both neurotrophic 
and myelinotrophic activity in vitro and in vivo. Using an antibody specific 
for the holoprotein, an immunocytochemical survey demonstrated intense 
staining of muscle ceils including skeletal and cardiac muscle and smooth 
muscle cells of vessels, ducts and the gut. TX14A, a 14-mer peptide from 
the trophic region of prosaposin, induced a three fold increase of L6 
myoblast fusion in myotubes in a dose dependent manner. Conversely, the 
addition of anti-prosaposin IgG to the medium decreases, dose- 
dependently, the fusion rate.

Furthermore, we show that TX14A rescued L6-myoblasts from TNF 
alpha induced cell death.

These results indicated that prosaposin is a new and important 
myotrophic factor.
Support: Telethon-ltaly Grant #589 to MR. and a Myelos Neurosciences 
grant to J.S.O.
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704.5

RETINOIC ACID-INDUCED DIFFERENTIATION OF NEURO
BLASTOMA CELLS MODIFIES THE RESPONSE TO TUMOR 
NECROSIS FACTOR-a (TNF-a). F. Condorelli1, M.A. Sorting1*, C. 
Vanchcri2, A.M. Giuffrida Stella3 and P.L. Canonico4 Institutes of 
’Pharmacology, 2Respiratory Diseases, and 3Biochemistry, University of 
Catania and department of Internal Medicine, University of Pavia, Italy.

The neuroblastoma cell line SK-N-BE is sensitive to long term (7 days) 
treatment with retinoic acid (RA) that induces neuronal differentiation with 
appearance of pseudo-axonal sprouting and dendritic branching. SK-N-BE cells 
express receptors for several cytokines including TNF-a that, in a range of 
concentrations of 0.2-20 ng/ml, stimulated cell proliferation. This effect was not 
observed with higher concentrations of TNF-a (above 100 ng/ml) that induced 
reduction of cell proliferation. In contrast, in RA-differentiated cultures, TNF- 
a, at all concentrations tested, produced a clear decrease of cell number and 
appearance of apoptotic death evidenced by both DNA laddering and 
bisbenzimide nuclear staining. The expression of both receptors for TNF-a, 
TNFR-I and TNFR-II, was present in untreated SK-N-BE cells as detected by 
western blotting, immunocytochemistry and FACS analysis and that of TNFR-I 
clearly increased in RA-differentiated cells (3.5 fold increase of fluorescence 
intensity at FACS analysis). Accordingly, generation of ceramide (one of the 
intracellular signal molecules produced by TNFR-I activation) was very 
pronounced in RA-differentiated conditions, and markedly reduced by D609, an 
inhibitor of phosphatidylcholine specific phospholipase C (PC-PLC), 
suggesting that production of ceramide through the PC-PLC-initiated pathway 
may play a critical role in TNF-a-induced apoptosis in RA-differentiated 
neuroblastoma cells. Supported by FAR grants to MAS, PLC.

OSTEOGENIC PROTEIN-1 AFFECTS THE SURVIVAL OF MOTOR NEURONS 
IN INTRAOCULAR SPINAL CORD TRANSPLANTS.
L.A. Sanders1,2, A-Ch Granholm1'3, B.J, Hoffer*4, and P. Kaplan5. Depts. 'Basic 
Science and Pharmacology and 3the Neuroscience Program, Univ. Colorado Health 
Sci. Center, Denver, CO, 80262, 4lntramural Research Program, National Institutes 
on Drug Abuse, Baltimore, MD, and 5Creative Biomolecules, Hopkinton, MA.

Osteogenic Protein 1 (OP-1) is a protein that has been used clinically for bone 
growth and healing and, because of the localization of OP-1 and its receptor in spinal 
cord tissue, has been suggested to play a role in spinal cord development and 
maintenance. We investigated the role of OP-1 for survival and maturation of rat 
spinal cord transplants to the anterior chamber of the eye. Cervical spinal cord tissue 
from embryonic day (E) 14 and 18 was dissected from timed pregnant rat dams 
(Fischer 344, Harlan Laboratories) and placed in OP-1 (100 pg/ml) or vehicle solution 
for 30 minutes at room temperature. Thereafter, the tissues were transplanted to the 
anterior eye chamber of adult rats and the recipient rats received OP-1 (1 p.g/5 pi 
vehicle) or vehicle injections into the eye chamber every two weeks for 8 weeks 
postgrafting. Growth and vascularization of the grafted tissue was assessed through 
the translucent cornea. The spinal cord transplants from the earlier embryonic stage 
(El4) did not exhibit any growth differences between the OP-1 and controls, but the 
later stage grafts (El8) grew significantly better in the OP-1 group as compared to 
controls. These differences in growth stimulation may be due to that the earlier stage 
(El4) gives rise to optimal growth also in the control group, while the later stage is 
suboptimal for spinal tissue survival. Immunohistochemistry with antibodies against 
neurofilament and choline acetyltransferase revealed a significant enhancement of 
both these proteins in transplants with OP-1 treatment as compared to controls, 
regardless of embryonic stage at the time of grafting. These data suggest that motor 
neurons and/or interneurons in spinal cord tissue benefit from OP-1 treatment in terms 
of survival and differentiation. Supported by Creative Biomolecules and USPHS 
grant AG 12¡22.

704.7
CELLULAR RESPONSES TO TRAUMATIC BRAIN INJURY AND ADMINI
STERED OSTEOGENIC PROTEIN-1. T.Ebendal1*, J. Isaksson,2 L. Hillered,- P.L. 
Kaplan,- M.F. Charette- and S. Soderstrom-. ’Dept. of Neuroscience, Biomedical Center 
S-751 23, and 2Uppsala University Hospital, Uppsala, Sweden, 3Creative BioMolecules, 
Inc., Hopkinton, MA.

The effects of osteogenic protein-1 (OP-1) were examined in a cortical contusion 
model of traumatic brain injury (TBI). OP-1 is a member of the (bone) morphogenetic 
protein subfamily of TGF-Ps and is binding and activating BMP receptor type II 
(BMPR-II) in combination with activin receptor type IA (ActR-I). Messenger RNA 
encoding both these serine/threonine kinase receptors are found co-expressed in several 
areas of the adult rat brain and are both transiently upregulated in dentate granule cells 
in response to TBI in this model. This suggests a possible involvement of OP-1 
activated receptors in postlesion brain repair processes, an idea supported by beneficial 
effects of OP-1 administration after brain ischemia. We have examined cellular 
responses to the cortical contusion injury with or without concomitant intraventricular 
OP-1 administration. For comparison, rats also received neurotrophin-3 (NT-3) alone or 
in combination with OP-1. The transient mRNA upregulation of ActR-I and BMPR-II 
in the dentate gyrus was not affected by OP-1. TrkC expression was also upregulated 
and not affected by OP-1, NT-3 or both factors given simultaneously. The lesion- 
induced transient reduction in ActR-II expression was not affected by any of these 
factors. Thus administration of OP-1 did not affect the pattern of early responses in 
serine/threonine kinase receptors in the lesioned brain. The hypothesis that these 
receptors are functional and responding to OP-1 is now being evaluated by examination 
of a series of morphological markers like GFAP, vimentin and MAP-2 in the injured 
brain.

704.8
INTERFERON-BETA INHIBITS MITOGEN INDUCED ASTROCYTE 
PROLIFERATION IN VITRO. O, MALIK1, A. COMPSTON1, F 
EBLING*2, N. SCOLDING1. 'MRC Centre for Brain Repair, Fonde 
Site. Robinson Way, Cambridge,CB2 2PY.UK. 2 Department of 
Anatomy. Cambridge University. Dowing Site, UK.

The central nervous system response to injury and inflammation 
commonly includes astrocytosis. This process, which is manifest by 
astroc\le hypertrophy and proliferation, is particularly prominent in 
multiple sclerosis (MS) where, in chronic lesions it may contribute to the 
lack of repair by restricting the migration of remyelinating cells. 
Interferon-P (IFN-p) modestly reduces the frequency of relapses in MS 
and may have a small effect on the accumulation of permanent disability.

Here, we show that IFN-P inhibits the in vitro proliferative response of 
rodent astrocytes to a wide variety7 of growth factors and cytokines. 
Although important species differences exist in these glial responses this 
previously unrecognised property’ of IFN-p may have implications for 
reducing astrocytosis and thereby promoting endogenous repair.

Sponsored by the Medical Research Council of Great Britain.

704.9
ENHANCED EXPRESSION OF CYTOKINES AND GLIAL FIBRILLARY 
ACIDIC PROTEIN IN THE NEONATAL RAT BRAIN INDUCED BY 
ENDOTOXIN. P. G, Rhodes*. Z-L. Pan. O, B. Evans, and Z. Cal. Dept. of 
Pediatrics, Univ. of Miss. Med. Ctr., Jackson, MS 39216.

Induction of proinflammatory cytokines has been proposed to be a link 
between prenatal intrauterine Infection and neonatal brain damage. Since it is 
known that LPS crosses the placenta, to test this hypothesis, cytokine 
induction and brain injury following i.p. injection of lipopolysaccharide (LPS) 
to neonatal rats were examined in the rat brain. LPS suspension in pyrogen- 
free saline was administered (I.p.) at a dosage of 0.1 mg or 1 mg/kg of body 
weight to neonatal rats at the age of 1, 4, or 8 days old. The control group 
was treated with saline. Expression of TNFa and IL-1 p mRNA in the rat brain, 
as determined by RT-PCR method, was greatly increased as compared to the 
control at 2 and 6 h after LPS administration in all the three age groups. The 
1-day old group had weaker responses than the other two age groups. The 
increased expression of TNFa mRNA, but not IL-ip, was still observable at 
24 h after LPS injection. To examine brain injury following LPS 
administration, 4-day old rats were Injected with LPS (5mg/kg, i.p.) or 
pyrogen-free saline twice at one day interval. Seven days after the second 
dose, the rats were sacrificed and the brain was perfused transcardiacally 
with 4% paraformaldehyde. Frozen brain sections were prepared. The frontal 
cortex of the LPS-treated rats appears to have fewer neuron? and 
disorganized laminar architecture. Immunohiostochemistry showed that 
more glia fibrillary acidic protein staining cells were observed around the 
ventricle area and the cortex In LPS treated animals than in the control. 
These results indicate that LPS may Induce expression of TNFa and IL-1 p in 
neonatal rat brains and that induced cytokines may contribute to the 
observed brain injury. (Supported by Newborn Medicine, UMC funds).

704.10
PRO-INFLAMMATORY CYTOKINE EXPRESSION IN A HIPPOCAMPAL 
SLICE MODEL OF CHRONIC NEURODEGENERATION. E, Kriscenski1, S.I, 
Moskowitz2, P. Bergold2. and H.A. Gelbard1*. Dept.of Neurology, Univ. of 
Rochester, Rochester, NY 14642; Dept. of Pharmacology, State University of New 
York, Brooklyn, NY 11203.

Many neurodegenerative diseases result in progressive loss of neurons 
accompanied by microglial activation in vulnerable brain regions. Activated 
microglia are known to up-regulate production of pro-inflammatory cytokines, 
some of which may initiate neuronal apoptosis. To further investigate these 
phenomena, long-term slice cultures of postnatal day 20 rat hippocampus were 
treated with the glutamate uptake inhibitor threo-p-hydroxyaspartate (TPA, 500 
pM) for 13 days. Slice cultures were then assayed for microglial activation and 
neuronal death over the following 3 weeks, and conditioned media from 
hippocampal slice cultures was assayed by capture ELISA for the pro- 
inflammatory cytokines soluble tumor necrosis factor alpha (sTNFa), interleukin 
one beta (IL-IP), and interleukin 6 (IL-6). Levels of sTNFa and IL-1 P remained 
at background during the 3 week period after TPA treatment, but a peak in IL-6 
was detected 16 days after cessation of TPA treatment, which coincided with 
microglial activation, but preceded neuronal death by 4-6 days. Studies are in 
progress to measure membrane-bound TNFa (not detected by capture ELISA) in 
hippocampal slice cultures treated with TPA by bioassay. Additional studies to 
delineate the role of IL-6 in microglial activation and neuronal death in this 
paradigm are underway. (Supported in part by PO1 MH57556 to H.A.G.)
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704.11

CYTOKINE-INDUCED INFLAMMATION IN THE CNS
L. Schnell, D.C. Anthony, H. Klassen*, M.E. Schwab and V.H. Perry.
CNS Inflammation Group, Pharmacology, Oxford University, UK 
CNS Center University Zurich and ETH Zurich, Switzerland

Trauma-induced lesions in brain and in spinal cord are associated with 
leukocyte-mediated blood-brain barrier (BBB) breakdown, and tissue 
destruction. However, this inflammatory response is more pronounced in 
the spinal cord.

To investigate whether the difference between brain and spinal cord can 
be attributed, at least in part, to differing sensitivities to pro-inflammatory 
cytokines, we stereotactically injected rrIL-1 (3 or rrTNFa into the striatum 
or the spinal cord (T-8, gray matter) of adult Wistar rats. Animals were 
killed at 4 and 24 hours after injection. The extent of BBB breakdown and 
the number and nature of leukocytes recruited was assessed. In the brain, the 
injection of 300ng TNFa failed to evoke BBB breakdown or significant 
leukocyte recruitment after 4 or 24 hours. By contrast, in the spinal cord 
injection of the same amount of TNFa resulted in marked BBB breakdown 
and leukocyte recruitment by 24 hours. In a similar way, the injection of 
lng IL-1P into the brain parenchyma also failed to evoke BBB breakdown 
in the vicinity of the injection site at 4 hours. At 24 hours, although a few 
neutrophils were present, there was still no evidence of BBB breakdown. 
This was in marked contrast to the effects of IL-lp in the spinal cord 
where, as soon as 4 hours after the injection, there was significant BBB 
breakdown and recruitment of neutrophils and mononuclear leukocytes.

Thus, using a minimally-invasive delivery technique, we have shown that 
the injection of pro-inflammatory cytokines produces a much more 
pronounced inflammatory response in the spinal cord than in brain. 
Sponsored by the ISR.T, the APA and British Biotech.

704.12

PROLIFERATION OF NEURAL PROGENITORS IN TNFa-INDUCED 
AND INJURED ADULT RAT BRAIN. S.-F. Tzeng* and C.-P. Wu. Dept. of 
Research and Education, Taichung Veterans General Hospital, Taichung, 
Taiwan ROC.

Neural progenitors in the central nervous system (CNS) have been thought to 
become quiescent at the stage that neural cell differentiation is terminated. Recent 
studies have shown that neural progenitors isolated from adult brains are capable 
of proliferating in the presence of bFGF and EGF. The Id gene members have 
been suggested to play the regulatory role in the cell proliferation and 
differentiation. They were also shown to be highly expressed in the 
neuroepithelial cell layer during embryogenesis. Our previous studies have 
indicated that the upregulation of Id2 and Id3 mRNA was found in the 
subventricular and ventricular zones (SVZ/VZ) of PN6 rat brains post TNFa 
injection. The effect of TNFa on neural progenitor proliferation in the SVZ/VZ 
of adult brains was recently to be examined. The results showed that an increase 
in the number of BrdU incorporated neural progenitors was observed 6 hours in 
the SVZ/VZ of TNFa-treated adult rat brain slices. Additionally, 24 h after 
needle injury to adult rat brains, an upregulation of nestin and PCNA 
immunostaining in the crest of the dentate gyrus was observed in the damaged 
hemispheres when compared to that observed in the non-damaged hemispheres. 
These observations suggest that injury induced factors may cause neural 
progenitors to proliferate after CNS damages. The colocalization of nestin+ cells 
with either PCNA+ or BrdU+ cells in adult brains after needle injury and TNFa 
treatment is currently under investigation (supported by TCVGH-877320A).

704.13
EFFECT OF PRO-INFLAMMATORY (IFNy AND TNFa) AND ANTI
INFLAMMATORY (TGFB1) CYTOKINES ON LIPOPOLYSACCHARIDE- 
INDUCED NITRIC OXIDE RELEASE IN PRIMARY GLIAL CULTURE OF 
“taiep” RATS. B.A, León1. O, Villegas'. A. Ugarte4. J, Luna1, M. E, Mendoza1*. 
R. Mena1,2, M.A. Meraz23 and D. Martinez-Fong112. ’Dept Physiol Biophys and 
Neurosci, 2MuItidisc Prog of Mol Biomed, 3Dept Cell Biol; CINVESTAV, D.F. 
Mexico. 4Inst of Physiol, UAP, Mexico.

“Taiep” (acronym of tremor, ataxia, tonic immobility episodes, epilepsy and 
paralysis) mutant rats were obtained by selective inbreeding of the Sprague-Dawley 
strain (Holmgren et al., Lab Anim Sci, 39(3):226-228, 1989). These rats present 
hypomyelination and progressive neurodegenerative disease (Duncan, et al., J. 
Neurocytol, 21:870-884, 1992). Previous studies have demonstrated that old “taiep” 
rats develop a secondary autoimmunity response, characterized by lymphocytes (CD4+ 
and CD8+) infiltration in the CNS and production of antibodies to myelin (León, et al., 
1994, unpublished data). It has been suggested that glial cell participate in several 
neurodegenerative diseases. For that reason, we investigated the effect of pro- 
inflammatory (IFNy and TNFa) and anti-inflammatory (TGFÍ31) cytokines on 
lipopolysaccharide (LPS)-induced nitric oxide (NO) release in primary glial culture of 
cerebellum and cerebral cortex from 3 and 15 days old rats. NO was estimated by the 
measurement of nitrites (NO2 ) in culture supernatants according to the method of 
Griess. In all cases, the LPS-induced NO release was significantly greater in “taiep” 
glial cultures than in control. IFNy and TNFa increased in a dose-dependent manner 
the LPS-induced NO release. This effect was also significantly greater in “taiep” glial 
cultures than in control ones. However, in taieps cerebellum glial cultures, LPS alone 
attained the maximum effect of NO release. TGFB1 (10 ng/ml) did not affect the IFNy 
or TNFa-induced NO release in glial cultures from 15 days-old “taiep” rats. Our 
results suggest that the glial cells have a role in the neurodegenerative disease of 
“taiep” rats. Supported by grant of CONACYT No. 3049P-M .

704.14
MACROPHAGE RECRUITMENT DURING PERIPHERAL NERVE WALLERIAN 
DEGENERATION IN ICAM-1 KNOCKOUT MICE. A.M. Avellino#*, A.T, Dailey#, J.M 
Harlan##, K. Andrus#, & M. Kliot#. Departments of Neurological Surgery# and Medicine 
(Division ot Hematology)##, University of Washington School of Medicine & Seattle VAMC; 
Seattle, WA 98195.

Although Wallerian degeneration of peripheral nerve was Initially characterized over 100 
years ago (Waller, 1850), the cellular and molecular mechanisms mediating 
monocyte/macrophage recruitment remain unknown. Cell adhesion molecules on monocytes and 
endothelial cells have been shown to play critical roles In mediating the transendothellal 
migration of circulating monocytes into non-neural tissues following various types of Injury 
(Carlos & Harlan, 1994; Beekhuizen & van Furth, 1993; Laskey, 1992; Springer, 1990). 
Preliminary evidence in our laboratory revealed that ICAM-1 is upregulated on Intraneural 
endothelial cells when macrophages (m0s) begin to infiltrate degenerating nerve (Avellino et
al, 1994). To further Investigate the role of ICAM-1 In m0 recruitment, we used ICAM-1 
knockout (ko: The Jackson Laboratory, Bar Harbor, ME) and C57BL/6J wild-type (w.t.) 
mice and characterized quantitatively the m0 response In degenerating peripheral nerve.

Immunocytochemistry was performed on longitudinal frozen sciatic nerve sections from 16 
male mice (iCAM-1 ko: n=8 and w.t.: n=8) sacrificed at 3 and 7 days after nerve transection 

using the F4/80 monoclonal antibody (Serotec) which stains mouse m0s. The number of 
m0s was expressed as cells per 1mm2. In uncut nerves, there were more F4/80 positive m0s 

present In ICAM-1 ko (x=24+2.2) compared to w.t. (x=17+1.5) mice. There was a 
significant increase In number of F4/80 positive m0s In degenerating nerves from 3 
(x=82+6.3 In ICAM-1 ko; x=66±9 in w.t.; p<0.05) to 7 (x=107+7 In ICAM-1 ko; x=85+3.9 In
w. t.; p<0.05) days in both strains of mice. Surprisingly, there was a significant increase in 
number of m0s In the ICAM-1 ko compared to w.t. mice at both time points In degenerating 
nerve (p<0.05). Our results Indicate that a gene-targeted deletion of ICAM-1 Is not 
sufficient to prevent or even reduce monocyte/macrophage Infiltration during Wallerian 
degeneration of peripheral nerve.

Supported by: NIH/NRSA #1-F32-NS-10480-01A1 and American Philosophical Society 
Daland Fellowship to AMA; and VA funds and an NINDS CIDA grant to MK.

704.15
MICE DOUBLY DEFICIENT FOR TYPE IIL-1R AND p55 TNFR HAVE 
DIMINISHED MACROPHAGE RECRUITMENT DURING WALLERIAN 
DEGENERATION COMPARED TO THOSE WITH SINGLE RECEPTOR 
DEFICIENCIES AT Dailey \ AM Avellino2, K Andrus2. M Glaccum^ and M 
Kliot2. ^Department of Neurosurgery, University of Utah, Salt Lake City, 
UT 84101, department of Neurosurgery, University of Washington, Seattle, 
WA, and ^inrmunex Corporation, Seattle, WA.

During Wallerian degeneration in the peripheral nervous system, 
macrophages infiltrate the degenerating nerve and participate in the 
removal of debris, Schwann cell proliferation and axonal regeneration. 
Evidence suggests that IL-1 and TNF-a expression is increased in the 
peripheral nerve after injury and that these cytokines may play a role in 
macrophage infiltration and recruitment. Previously, we showed that mice 
deficient for either the type I IL-1 receptor(IL-lR-/-) or lacking both p55 and 
p75 TNF receptors (p55-/-p75-/-) had similar macrophages responses 
compared to wild type mice (Dailey, 1995). Subsequently, we have 
investigated the pleitrophic effect of these cytokines using mice lacking 
both p55 TNFR and the type IIL-1R (p55-/-IL-lR-/-). Sciatic nerve segments 
were harvested at 3, 7, and 14 days following transection and macrophages 
identified with the F4/80 antibody. Only the p55-/-IL-lR-/- knockouts had 
a reduced number of endogenous macrophages in intact nerve (control 13 ± 1, 
IL-1R-/- 11 ± 1, p55-/-p75-/- 10 ± 1, vs p55-/-IL-lR-/- 7 ± 1, p<0.05 ). At all 
time points up to 14 days following transection, p55-/-IL-lR-/- knockouts 
continued to show a diminshed macrophage response (14 days: control 123 ± 4, 
IL-1R-/- 119 ± 5, p55-/-p75-/- 115 ± 6, P55-/-IL-1R-/- 26 ±2, p<0.05). These 
results provide evidence for pleiotrophism between the cytokines IL-1 and 
TNF and suggests that both cytokine receptors play a role in macrophage 
recruitment following nerve injury.

704.16
INTERLEUKIN-10 PREVENTS GLUTAMATE-INDUCED APOPTOSIS IN 
CEREBELLAR GRANULE CELLS. A, Sanna, B. Pflug, A.M. Colangelo* and 1. 
Mocchetti. Dept. Cell Biology, Division of Neurobiology, Georgetown Univ., Sch of 
Med., Washington DC 20007

Trauma to the CNS triggers a variety of inflammatory responses which include the 
release of cytokines. Part of the action of cytokines is cytotoxic in nature, therefore, 
their inflammatory properties may exacerbate secondary injury. Interleukin-10 (IL- 
10), a cytokine which has been shown to have an anti-inflammatory action, has been 
suggested to play a role in preventing secondary degeneration. However, little Is 
known about IL-lO’s mechanism of action in damaged CNS. In this study, we have 
tested the hypothesis that IL-10 prevents secondary injury by blocking glutamate- 
induced cell death. We have used cerebellar granule cells in culture because in these 
cells glutamate elicits a dose-dependent excitotoxicity. Analysis of apoptosis 
(TUNEL staining) revealed that at least 50% of the cells exposed to glutamate (100 
pM) die by apoptosis. In these cells, trophic factors, such as brain derived 
neurotrophic factor (BDNF) or basic fibroblast growth factor (FGF2) (both used at 50 
ng/ml), prevent glutamate-mediated cell death. IL-10 failed to prevent glutamate 
excitotoxicity when cells were preincubated with the cytokine only for 1 hr. 
However, when cerebellar granule cells were exposed to IL-10 (50 ng/ml) for 12 or 
24 hr prior to glutamate, 90% of neurons survived. In addition, IL-10 prevented cell 
death from a higher (300 pM) excitotoxic concentration of glutamate, suggesting that 
IL-10 has a strong neuroprotective effect. Dose-response studies were then performed 
by exposing cells to 1, 10 or 50 ng/ml of IL-10 for 24 hr prior to glutamate addition. 
IL-10 exerted its neuroprotective action at 10 ng/ml. Thus, in comparison to BDNF 
and FGF2, IL-10 was more potent in preventing glutamate excitotoxicity. Our results 
suggest that IL-10 may participate in the natural response of CNS to trauma, and 
indicate that this cytokine may be a valid therapy to prevent glutamate-mediated 
excitotoxicity. Supported by NS 01675 and AHA Nation’s affiliate.
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704.17

GDNF CO-OPERATES WITH BDNF AND TGF-ß, BUT NOT WITH 
FGF-5 AND TNF-a IN AN EXCITOTOXIC-CELL-DEATH MODEL. 
Thorsten Lenhard*. Klaus Unsicker and Clemens Suter-Crazzolara.
Neuroanatomy, Univ. of Heidelberg, INF307, D-69120 Heidelberg, Germany.

Numerous neurotrophic factors and cytokines have well-documented 
neuroprotective effects in cell culture models of excitotoxic neuron death. We 
have previously shown (Lenhard et al., SN 1997) that GDNF is a major link 
in the neuroprotective actions of FGF-2 in excitotoxic cell death of 
hippocampal neurons (HN). GDNF by itself (rat ree.; 10 ng/ml) can protect
30% of HN against glutamate toxicity. A blocking antibody to GDNF 
aggravates the toxic effect of glutamate suggesting a partial protective action 
of endogenous GDNF. BDNF, TGF-ß 1 and FGF-5 at saturating 
concentrations protect glutamate-treated HN to the same extent as GDNF. 
TNF-a has no effect. GDNF in combination with BDNF or TGF-ß 1 further 
augments numbers of viable neurons permitting survival of 80 to 90% of 
intoxicated HN. In contrast, GDNF does not co-operate with FGF-5. TNF-a 
antagonizes the protective effect of GDNF. To start to address putative 
mechanisms underlying the neuroprotective capacity of GDNF, mRNAs for 
bcl-2 and bcl-xL, negative regulators of programmed cell death, were 
determined by semiquantitative RT-PCR. Our data suggest that GDNF 
upregulates both bcl-2 and bcl-xL transcripts. Together, our results identify 
GDNF as a potent factor in the protection of HN against excitotoxic cell- 
death.
Supported by DFG Graduate Programme in Molecular and Cellular 
Neurobiology

704.18
FUNCTIONAL IMPLICATION OF HEPATOCYTE GROWTH 
FACTOR (HGF) IN CEREBRAL CORTEX NEURONS: 
PREVENTION OF GLUTAMATERGIC NEUROTOXICITY 
W. Sun*, H. Funakoshi, K. Matsumoto and T. Nakamura 
Div. Biochemistry, Biomedical Research Center, Osaka University 
Medical School, Osaka 565, Japan

A multipotent cytokine, hepatocyte growth factor (HGF), has 
been implicated to have a functional role in the CNS. Here we 
examined the developmental regulation of HGF and its receptor, c- 
met gene expressions in cerebral cortex region by competitive 
reverse transcription-polymerase chain reaction (RT-PCR) which 
allows us to quantitate the expression of genes in limited amount of 
samples. Expression of c-met was high in embryonic stage 18 (2.3 
pg/p.g total RNA) and gradually decreased along with postnatal 
development. In contrast, expression of HGF was not significantly 
altered during these developmental stages. In in vitro cortex 
neuronal cell culture, we detected c-met expression as comparable 
amount observed in matching developmental ages in vivo, while 
expression of HGF was not detected in our method. Finally, to 
access the function of HGF, we examined whether HGF could 
prevent glutamate-induced neuronal death in cortex neurons. 
Application of 0.5 mM glutamate greatly reduced the number of 
viable neurons as determined by fluoresccine diacetate/propidium 
iodide double labeling method. However, co-treatment of HGF with 
glutamate strongly increased the number of viable neurons in a 
dose-dependent manner. These lines of evidence suggest that HGF 
might have a significant role during development and also act on 
cortex neurons as a trophic factor.

704.19

MICROGLIAL PROLIFERATION FOLLOWING GLUTAMATE 
TOXICITY IN MIXED GLIA-NEURONAL CULTURE AND NMDA 
TOXICITY IN VIVO J. Guenza, J. Liu, L. B. Ho, R, Swanson, S. Massa*, 
and F. R. Sharp Department of Neurology, University of California at San 
Francisco and SFVAMC, San Francisco, California 94121

We have previously shown that ischemic injury induced microglial 
proliferation which correlated with elevated expression of IL-4 and GM-CSF 
in CNS. In order to determine the factors and mechanisms regulating 
microglial proliferation, we developed an in vitro model of glutamate toxicity 
using mixed CNS cell culture. Microglia were isolated from primary glial 
culture of newborn ICR mice by the shake-off method, and plated on to 
mixed neuronal cultures obtained from cortices of El5 murine embryos, at a 
density of 105 per ml medium. Baseline cell proliferation in mixed cultures 
was detected by BrdU immunohistochemistry. Double immunofluorescence 
labeling demonstrated that both astrocytes and microglia entered the cell 
cycle when cultured in the presence of 5% glial conditioned media. Exposure 
of mixed cultures to 500 pM glutamate killed neurons and increased the 
number of cells incorporating BrdU, with an increased proportion of 
microglia. However, glutamate did not increase proliferation in mixed glial 
cultures in the absence of neurons. 50 nmole of NMDA in 2 microliters 
injected into the striatum (AP: +0.1; L: 3.0; DV: -6.0) produced an area of 
neuronal loss of 2.0 mm radius. Microglial proliferation was observed within 
this area, as well as in surrounding tissue. These results suggest that neuronal 
death caused by glutamate toxicity in vitro and in vivo leads to the 
proliferation of microglia. Future study is required to determine the cytokines 
and growth factors involved in mediating microglial proliferation in response 
to glutamate toxicity and ischemia.
This work was supported by NIH grants R01 NS28167, NS 14543 and 

FIL53040 (FRS).

704.20

EFFECT OF AGEING ON REACTIVE SYNAPTOGENESIS IN 
STRIATUM FOLLOWING A CORTICAL LESION T, Jiang, H.W. 
Cheng and T.H. McNeill*. Dept. of Cell and Neurobiology and Andrus 
Gerontology Center, Univ. of So. California, Los Angeles, CA 90089-0191

Previous studies have shown that cellular mechanisms that underlie neuronal 
synaptogenesis involve both neuron and glia and that the brain’s response to 
injury is diminished or impeded in many regions of the aged brain. In this study 
we wanted to determine if the basal level of neuronal and glial mRNAs changes 
with age; and whether their response to injury was diminished in the aged brain. 
To address this issue, we examined changes in gene expression of three 
astrocytic markers (GFAP, Clusterin and ApoE) and two neuronal growth 
associated proteins (SCG 10, GAP43) in the striatum (ST) and/or cortex (CX) of 
rat brains at intact and 3 days after a cortical lesion (CXL). Rats of six different 
age groups were examined (3, 6, 12, 18, 22 and 24 months). We found that an 
increase expression of GFAP began from 12 mos and Clusterin and ApoE 
increased at 18mos. In contrast, there was no significant difference in the basal 
expression of both SCG 10 and GAP43 mRNAs in all age groups examined. 
Following the CXL, up-regulation of SCG10 mRNA in the contralateral CX and 
GFAP, Clusterin, ApoE mRNAs in the denervated ST were found in all age 
groups examined, but the magnitude of up-regulation was diminished with age. 
The dampened response of both SCG 10 and GFAP mRNAs started at 12 mos. 
and reached the greatest level at 22-24 mos. These data suggests that the basal 
levels of the astrocytic mRNAs increase with age and may reflect an increase 
cellular damage that occurs in normal aging. In addition, diminished response of 
astrocytes may play an important role in regulating GAP gene expression and 
reactive synaptogenesis. Supported by NIH grant AG-09793.
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705.1
AXONAL TRANSPORT AND SYNTHESIS OF NGF RECEPTORS IN THE 
CENTRAL PROJECTION OF ADULT SENSORY NEURONS. 
P.Fernvhough,1*, J.-D.Delcroix,1 J.Patel,1 C.Fang,1 D.R.Tomlinson,1 S.Averill,2
and J V.Priestlev2. Depts. of ‘Pharmacology and 2Anatomy, St. Bartholomew’s 
and Royal London Hospital School of Medicine and Dentistry, Queen Mary and 
Westfield College, University of London, London, UK.

Axonal transport of NGF and receptors, trkA and p75NTR, is well characterized 
in the peripheral projection of adult sensory neurons, this study aimed to 
determine if similar processes ocurred in the central projection. The L4-L6 dorsal 
roots were crushed for up to 6 hours and trkA. p75NTR and NGF axonal transport 
measured using immunocytochemistry, Western blotting and ELISA (for NGF). 
TrkA and p75NTR were shown to accumulate bidirectionally using 
immunocytochemistry. Western blotting showed linear accumulation of p75OTR 
by fast axonal transport in both directions. The Western blotting results for trkA 
axonal transport were negative. Axonal transport of NGF could not be detected 
by ELISA. Relatively high levels of trkA expression, protein and mRNA, could 
be detected in intact dorsal root (sciatic nerve showed zero levels of trkA 
mRNA). Tissue fractionation of dorsal root revealed expression of the llOkd 
precursor species of trkA and implied local synthesis of trkA in axons or 
Schwann cells. The results show that p75NTR and trkA receptors do not appear to 
transport NGF in central projections of sensoiy' neurons, suggesting that other 
neurotrophins may be carried (e.g. NT-4 and NT-3). Levels of trkA transport 
were low, however, expression of trkA in dorsal root was high suggesting a 
separate role for trkA other than transport of neurotrophins. (Funded by the 
Wellcome Trust and MRC).

705.2

IMMUNOLOCALIZATION OF THE NEUROTROPHIN 
SIGNALING COMPLEX WITHIN SCIATIC NERVE AXONS. A, 
Bhattacharyva*, F.L. Watson, Y. Zhang, T.A. Bradlee, S.L.
Pomeroy, C.P. Stiles, R.A. Segal. Dept. Micro. & Molec. Genetics, 
Harvard Medical School and Dana-Farber Cancer Institute; Dept. 
Neurology, Beth Israel-Deaconess Medical Center and Program in 
Neuroscience, Harvard Medical School; Division of Neuroscience, 
Dept. Neurology, Children's Hospital, Boston MA 02115

Target-derived neurotrophins must signal from nerve endings 
through long axons to nerve cell bodies. We have previously used an 
activation-state specific antibody to neurotrophin receptors (Trks) to 
define when and where Trk receptors are activated along adult rat 
sciatic nerve axons. Activated Trk receptors are located along the 
length of axons and in dorsal root ganglia neuronal cell bodies. 
Application of target-derived neurotrophins rapidly increases Trk 
activation in axons. We investigated whether the signal is propagated 
through axons by rapid retrograde vesicular transport. Ligation of the 
sciatic nerve results in accumulation of activated Trk receptors distal to 
the ligation, consistent with movement by retrograde vesicular 
transport. Immuno-electron microscopy shows activated Trk receptors 
are localized to vesicles within axons. Co-immunoprecipitation and 
double label immunofluorescence experiments suggest that activated 
Trks are associated with neurotrophin in axons. Together these data 
support a model whereby activated Trk receptors, associated with 
neurotrophins, signal to the cell body by rapid retrograde vesicular 
transport. Supported by NIH grant NS35148.
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705.3
RETROGRADE SIGNALING IN DORSAL ROOT GANGLIA 
NEURONS BY TARGET-DERIVED NEUROTROPHINS.
F.L. Watson1 *. A. Bhattacharyva2, D, Moheban1, T. Bradlee2, S.L. 
Pomeroy3, C.D, Stiles2, and R.A. Segal1. 'Program in Neuroscience, Dept. 
of Neurology, Harvard Medical School and Beth Israel Deaconess Medical 
Center; 2Dept. Micro. & Molec. Genetics, Harvard Medical School and Dana 
Farber Cancer Institute; 4Dept. of Neurology, Children's Hospital, Boston, 
MA 02115, USA.

Target-derived neurotrophins regulate differentiation, proliferation, 
commitment, and survival of developing neurons. Here we explore 
mechanisms of retrograde signaling in neurons with long axons. Using dorsal 
root ganglia (DRG) neurons grown in compartmentalized (Campenot) chamber 
cultures we can stimulate the neurites with neurotrophins and assess local and 
remote responses. Activation of nuclear transcription factors and induction of 
immediate early gene products appear in the cell body following neurite 
stimulation. Phosphorylation and activation of Trk is required in both the 
neurites and the cell body to elicit a nuclear response following neurotrophin 
stimulation of the neurites. Inhibition of Trk phosphorylation by K252a, a 
specific receptor tyrosine kinase inhibitor, either at the neurite or in the cell 
body abolishes this response. These data indicate that activated Trk conveys 
the retrograde signal to initiate a nuclear response.

The Ras/MAP kinase pathway is one pathway of neurotrophins known to 
elicit transcriptional changes. To determine whether this pathway is also 
required for retrograde signaling we used a dominant-negative Ras or the 
selective MEK1 inhibitor (PD98059) to inhibit this pathway. These 
inhibitors prevent the target-derived neurotrophin-induced nuclear response. 
Our data indicate components of the Ras/MAP kinase pathway are required in 
retrograde signaling. Supported by a Lefler Fellowship (F.L.W.), by a 
Klingenstein Fellowship (R.A.S.) and by NIH grant NS35148.

705.4
INTERACTION OF p75 AND trkA RECEPTORS IS ESSENTIAL FOR 
UPTAKE AND RETROGRADE AXONAL TRANSPORT OF NGF IN 
ADULT SYMPATHETIC NEURONS. KP. Gatzinsky1*, C. Thrasivoulou2 S. 
Hussain2, R. Haugland3, N. Orike2 and T. Cowen2. 'Dept of Anatomy, Göteborg 
Univ, Sweden; 2Dept of Anatomy and Developmental Biology, Royal Free 
Hospital School of Medicine, London, UK; ’Molecular Probes, Eugene, OR.

Using antibody receptor inhibiton and a novel fluorescent dextran-Texas Red®- 
NGF (DTR-NGF) conjugate we have investigated how blocking the low (p75) 
and the high (trkA) affinity receptors affects neuronal uptake and retrograde 
transport of NGF in sympathetic neurons innervating the iris of 6w old Sprague- 
Dawley rats. 30 min after intraocular injection of different anti-p75 and anti-trkA 
antibodies, a solution of 75-200 ng of DTR-conjugated NGF was injected. 
Animals were injected with DTR-NGF alone or with non-immune rabbit serum 
as controls. The animals were sacrificed 17 hr later and the superior cervical 
ganglia (SCG) were dissected out and examined with confocal laser scanning 
microscopy. DTR-NGF uptake and retrograde transport was assessed by i) 
counting labelled neurons in the SCG using composite confocal images and ii) 
measuring the fluorescence intensity (GV) in labelled cells using densitométrie 
image analysis on single confocal optical slices (Bio-Rad system). A specific 
reduction was seen in numbers and GV of DTR-NGF labelled neurons after 
both p75 and trk blocking. The numbers of labelled SCG neurons were reduced 
with 85-93%; anti-p75 and anti-trk antibodies had comparable effects. The 
inhibitory effect of the antibodies on NGF labelling was concentration 
dependent. These findings indicate that a functional interaction between p75 and 
trkA is required for the uptake and transport of NGF in adult sympathetic 
neurons in vivo. Supported by the Swedish MRC (KPG) and The Wellcome 
Trust (TC).

705.5
REDUCED NGF UPTAKE BY ATROPHIC SYMPATHETIC 
NERVES IN AGED RATS: THE ROLE OF p75 AND trk 
RECEPTORS T.Cowen1*. C.Thrasivoulou'. N, Orike1, K.P.Gatzinsky2.
S.Wyatt1 and A M Davies3, 'Dept.of Anatomy and Developmental 
Biology. Royal Free Hospital Sch.of Med.. London. UK; 2Dept.of 
Anatom). Göteborg University. Sweden; ^School of Biological and 
Medical Science, St Andrew's University. Fife. UK.

The selective neurodegeneration that occurs in old age remains poorly 
understood. Attempts to correlate atrophy of ageing sympathetic nerves 
w ith reduced levels of NGF in target tissues have so far proved 
unsuccessful. Here we have examined the possibility that reduced uptake 
of NGF and neuronal expression of p75 correlate w ith the know n atrophy 
of sympathetic neurons supplying the middle cerebral artery in old rats.
We have applied ,:T-NGF to the peripheral processes of these nerves and. 
after 16hr. compared the radioactivity in the ipsilateral superior cervical 
ganglia (SCG) of young and old rats. A significant decline in the uptake of 
i:T-NGF was showm over a range of doses in old compared to young 
SCG We also applied function-blocking antibodies against p75 and trk 
receptors to the same nerve fibres 30min before application of l?T-NGF. 
Radioactivity in the SCG was reduced significantly in young and old rats.
A similar proportion of uptake was blocked with both antibodies and at 
both ages. Finally, using RT-PCR. we have examined the expression of 
p75 and trk receptors in the SCG of young and old rats and found a 
reduction of over 25% in p75. expressed as a proportion of GAPDH 
mRNA. in old age. but no change in trk. Together, these results suggest 
that reduced p75 expression and NGF uptake are associated with age- 
related neurodegeneration.

705.6
Lipoprotein Uptake is Necessary for Trafficking of 
Growth Factor Receptors to the Plasma Membrane.
KC Crawford1,2 and WC Mobley*2. 'Neuroscience Graduate Program, Univ. of 
Calif. San Francisco, CA 94143. 2 Dept. of Neurology, Stanford University.

Several growth factor receptors have been localized to cholesterol-rich, 
light membrane microdomains. Evidence supports the hypothesis that 
proteins residing in these domains are sorted in the trans-golgi and 
transported in "rafts" to the plasma membrane. It has been shown that the 
transport of several of these proteins relies on lipoprotein-derived 
cholesterol for efficient intracellular transport. Therefore, we investigated 
whether certain growth factor receptors are dependent on lipoprotein 
uptake for transport to the cell surface. Surface biotinylation showed that 
the levels of the nerve growth factor receptor trkA and the epidermal 
growth factor receptor were markedly decreased in NIH 3T3 and PC12 cells 
grown for 2-3 days in lipoprotein-deficient media. In addition, primed PC 12 
cells were unable to replace trkA after NGF-induced internalization. The 
levels of surface transferrin receptor and total cellular trkA were not 
decreased. Cells deprived of lipoproteins were viable and surface trkA 
levels could be rescued by addition of whole serum. Confocal microscopy 
indicated that in cells deprived of lipoproteins, trkA accumulated 
intracellularly and colocalized with the Golgi marker, C5-ceramide. We 
expected that cells deprived of lipoproteins would respond weakly to NGF 
stimulation. In fact, lipoprotein deprivation caused a decrease in NGF- 
induced phosphorylation of TrkA and PI-3 Kinase by 72% and 85%, 
respectively. These results point to an important role for lipoprotein uptake 
in growth factor receptor trafficking and raise the possibility that defective 
neurotrophin signaling contributes to the pathogenesis of neurological 
diseases in which transport of lipoproteins and cholesterol is abnormal. 
Supported by NIH grant NS24054, the Adler Foundation, and the McGowan Charitable 
Fund.

705.7

ANALYSIS OF NGF RECEPTOR BINDING, TRAFFICKING, AND 
SIGNALING IN MOUSE SYNAPTOSOMES. C.L. Howe1-2* and W.C. 
Mobley2. 'Program in Neuroscience, Univ. of California at San Francisco; 
2Dept. of Neurology, Stanford Univ. Medical Center.

Synaptosomes are self-contained synaptic terminals and boutons formed by 
the pinching off of axonal membrane during homogenization in iso-osmotic 
sucrose. These membranes spontaneously reseal to form spheres that contain 
mitochondria, synaptic vesicles, and cytosolic components. Synaptosomes 
take up and metabolize glucose, they respire, and they synthesize ATP. 
Synaptosomes also have functional transporters for neurotransmitter 
precursors such as choline and tyrosine, and, because they maintain a resting 
membrane potential equal to that of neurons, synaptosomes release various 
neurotransmitters in response to K+- and transmitter-induced 
depolarization. Hence, the synaptosome has seen wide application as a 
model synapse. We investigated whether mouse cortical and hippocampal 
synaptosomes could be used to analyze nerve growth factor receptor binding, 
signaling, and trafficking.

Nerve growth factor (NGF) actions are mediated by two receptors, p75NTR 
and TrkA. TrkA is a receptor tyrosine kinase whose activation by NGF 
elicits a signal transduction cascade mediated bv PLC-y, SHC, and PI-3 
kinase. We show that synaptosomes express TrkA and p75NTR on surface 
membranes, and that 125I-NGF can be crosslinked to these receptors. 
Synaptosomal p75N™ and TrkA bind NGF, and NGF-receptor complexes are 
endocytosed in response to high-affinity binding. Synaptosomes have 
high-affinity binding sites for NGF that are comparable to PC12 cells. 
Finally, synaptosomal TrkA is activated by NGF with a time-course and 
dose-response curve similar to PC12 cells. The downstream signaling 
consequences of TrkA activation in synaptosomes are under investigation, as 
is the use of synaptosomes to elucidate NGF signaling defects in mouse 
models of neurologic disease. This research was supported by an HHMI 
Predoctoral Fellowship (CLH), NIH grant NS24054, and the McGowan 
Charitable Fund.

705.8
NGF-POLY-L-LYSINE CONJUGATE FOR TARGETED GENE DELIVERY TO 
CENTRAL CHOLINERGIC SYSTEM OF THE RAT. O, Villegas.1 B.A. León.2 M.A. 
Meráz.1 R. Menau and D, Martinez-Fong.11* Programa de Biomedicina Molecular1, 
Depto. Neurociencias2, CINVESTAV. A.P. 14-740,07000 México, D.F., México.

Targeted gene delivery based on receptor-mediated endocytosis is other option for 
in vivo gene transfer. Cholinergic neurons of the nucleus basalis of Meynert express 
NGF receptor, which is associated to endocytosis (Science, 274:1729, 1996; J. Cell 
Biol, 138:2, 411, 1997). Therefore, the NGF receptor could be used for gene transfer 
to neural cells of the CNS. For this purpose, the NGF (the targeting molecule) was 
cross-linked with poly-L-lysine by means of the divalent cross-linker SPDP. The 
resulting conjugate was purified by gel filtration. The NGF-poly-L-lysine conjugate 
was able to bind plasmidic DNA (pSV2cat and pGreen Lantern-1). We used neural 
cell lines expressing NGF receptor (C6, PC 12, undifferentiated and differentiated 
N1E115 and recent primary glia culture) to evaluate the internalization and expression 
of those reporter genes. C6 and N1E115 were able to internalize those plasmids and 
express their respective markers. pGreen Lantern-1 expression was also observed in 
differentiated NIE115 and recent primary glia culture. Neither the internalization nor 
the gene expression was observed in the fibroblastic cell line L929, which does not 
express NGF receptor. After 25 days of primary culture, glia cells were not able to 
express the marker. To evaluate the ability of NGF-poly-L-lysine conjugate for gene 
transfer to neuronal cells of the nucleus basalis of Meynert, male Wistar rats (230 g 
body weight) were used. pGreen Lantern-1 was bound to NGF-poly-L-lysine 
conjugate and 2 pi of this complex were stereotaxically microinjected on the Meynert 
nucleus boundary. The expression of the green fluorescent protein was observed in 
bipolar neurons of that nucleus after 48 hs of the complex injection. Our results 
suggest that the NGF-poly-L-lysine conjugate is a useful tool to transfect neural cells 
by means of receptor mediated endocytosis. Supported by CONACYT No. 3049P-M.
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705.9
MULTIPLE PERIPHERAL NERVE-RELEASED FACTORS ACT 
SIMULTANEOUSLY TO PROMOTE PROCESS OUTGROWTH WITH UNIQUE 
MORPHOLOGIES. A. Morales1, S. Garcia-Castineiras2, & D.P. Kuffler'*. 'Institute of 
Neurobiology, and -Dept. of Ophthalmology, Medical Sciences Campus, UPR, 201 
Blvd. del Valle, San Juan, PR 00901.

Experiments were carried out to determine which factors released from a denervated 
peripheral nerve are responsible for promoting process outgrowth, and whether they act 
singly or in combination. NGF and BDNF singly induced process outgrowth, and each 
induced processes with unique morphologies. When added simultaneously the processes 
were longer and had a different morphology from that induced by each factor separately. 
However, peripheral nerve conditioned medium (CM) had a more potent neurotrophic 
influence than NGF and BDNF, singly or combined. This suggests that more than 2 
factors were involved in the neurotrophic action of the CM. As a first step in 
characterizing the bioactive factors in the CM, it was separated into three molecular 
weight fractions (0-100, 100-300 and >300 kD) using molecular weight cutoffs filters. 
Each of the three fractions exerted a neurotrophic influence, with the processes having 
different morphologies for each fraction. When the three molecular weight fractions 
were combined they induced processes significantly longer than those of the three 
fractions alone, and morphologically similar to those induced by the original CM. 
Although increasing the concentration of the three CM fractions increased process 
length, the morphology of the processes remained unchanged. These results show that 
the neurotrophic influences of peripheral nerve CM: (1) results from the actions of at 
least three different molecular weight range neurotrophic factors; (2) each fraction 
induces a different process length; (3) each fraction induces a different process 
morphology; and (4) the factors can act simultaneously and synergistically. These 
experiments are important to determine the roles of multiple factors for use in the 
treatment of injured and diseased neurons. Supported by: ARO DAAL03-90-G-0189, 
NIH 5 PO I NS07464-25, NFS-EPSCoR EHR9108775, and a VA Grant.

705.10
PHOSPHOLIPASE Cyl MEDIATES NEUROTROPHIN-INDUCED 
NEUROTROPHIN SECRETION. M.Canossa, A.Gartner, G.Campana and
H.Thoenen*. Dept. of Neurobiochemistry, Max Planck Institute of 
Neurobiology, Am Klopferspitz 18A, D-82152 Martinsried, Germany and 
Dept. of Pharmacology, University of Bologna, Irnerio 48, 40126 Bologna, 
Italy.
Neurotrophins play an essential role in modulating the activity-dependent 
refinement of neuronal circuits and synaptic transmission. In this context the 
identification of mechanism(s) and site(s) of neurotrophin secretion are of 
crucial importance. In hippocampal neurons and hippocampal slices 
neurotrophin secretion is regulated by both neurotransmitter-mediated 
neuronal activity and by neurotrophins themselves via Trk receptors. In order 
to elucidate the signal transduction pathway of neurotrophin-induced 
neurotrophin secretion we used TrkA receptors mutated on tyrosine residues 
conserved in the cytoplasmic domain of all Trk receptors. We generated 
clones of nnr5 cells ( derived from PC 12 cells expressing only p75NTR but 
no Trk receptors) stably expressing wild-type or mutated TrkA receptors. 
Furthermore, transient expression of the same TrkA mutants were obtained in 
postmitotic hippocampal neurons by transduction using an adenoviral vector 
system. The analysis of these mutants in both hippocampal neurons and nnr5 
cells is based on the fact that these neurons normally do not express 
functioning TrkA receptors. We demonstrated that in cultured hippocampal 
neurons and nnr5 cells the activation of the phospholipase Cyl pathway was 
required to initiate calcium mobilisation from intracellular stores and 
neurotrophin secretion.

705.11
BDNF-DEPENDENT ENHANCEMENT OF EXOCYTOSIS IN CULTURED 
CORTICAL NEURONS REQUIRES TRANSLATION BUT NOT 
TRANSCRIPTION. J. Bradley*, O. Sporns. The Neurosciences Institute, 10640 
John Jay Hopkins Drive, San Diego, CA 92121.

Neurotrophic factors, such as brain-derived neurotrophic factor (BDNF), are 
involved in acute modulation of synaptic plasticity. Different modes of action of 
BDNF have been described, including distinct pre- and postsynaptic effects, with 
time courses ranging from seconds to hours. This study addresses the specific role 
of BDNF in modulating exocytosis of synaptic vesicles by use of the styryl dye, 
FMI-43, in populations of synapses of cultured cortical neurons of embryonic rats 
(El 9, 10-12DIV).

Addition of BDNF (20ng/ml) for 2-3 hours produced a significant increase in 
exocytosis upon modest depolarization (30mM K+). BDNF had no effect on 
exocytosis either immediately or after incubation for 30 minutes to 1 hour. BDNF- 
dependent enhancement of exocytosis was blocked by the tyrosine kinase inhibitor, 
K252a (200nM), but not by K252b (200nM).

Having established a presynaptic effect of BDNF, we investigated whether de 
novo gene transcription and / or protein synthesis were involved. Addition of the 
structurally different inhibitors of RNA synthesis, actinomycin D (25pM), or 5,6- 
dichloro-l-(3-D-ribofuranosyl benzimidazole (DRB; 100pM), did not affect the 
enhancement of exocytosis produced by BDNF. However, the effect of BDNF was 
blocked by the inhibitors of translation, cycloheximide (40pM) or anisomycin 
(40pM).

Our results indicate a rapid BDNF-dependent enhancement of neurotransmitter 
release that requires translation but not transcription. (Supported by the 
Neurosciences Research Foundation).

705.12
PHARMACOKINETICS AND SELECTIVE TISSUE DISPOSITION OF l2j- 
RECOMBINANT HUMAN NERVE GROWTH FACTOR TO THE DORSAL 
ROOT GANGLIA FOLLOWING SUBCUTANEOUS BOLUS ADMINISTRATION. 
J-L. Mendoza-Ramirez, C.B. Nguyen and E. Escandon*. Pharmacokinetics and 
Metabolism Dept., Genentech Inc., 1 DNA Way, South San Francisco, CA 94080- 
4990

Nerve Growth Factor is currently being evaluated in phase Hi clinical trials for the 
treatment of peripheral neuropathies. The current formulation is a homodimer of 118 
amino-acid residues. A tissue distribution and pharmacokinetics time profile of a 
single bolus subcutaneous (SC) dose of radioiodinated rhNGF 118 was conducted in 
normal male rats. With the exception of the SC injection site, kidney was the organ 
with the highest amount of TCA precipitable radioiodinated rhNGF 118. Only limited 
disposition of radioiodinated rhNGF 118 was found in the liver, adrenal gland, 
prostate and pancreas. Immunoprecipitation and whole body autoradiographic 
analysis indicate that kidney is the major organ of clearance and metabolism of 
rhNGF 118. Only trace amounts of intact rhNGF 118 were found in the urine at any 
given time point. Specific rhNGF accumulation over time was only found in the 
dorsal root ganglia and their fibers. These were the structures with the highest tissue 
to blood ratios at 24 hours. The fact that these neuronal tissues express specific 
rhNGF 118 receptors supports a receptor mediated uptake mechanism. Dorsal root 
ganglia are the major target tissue for rhNGF 118 therapy. Pharmacokinetic analysis 
of rhNGF 118 resulted in a Cmax= 1.06 ng eq/ml, tl/2= 18.4 hr, AUClast= 16.2 ng 
eqhr/ml and AUCinf+27.6 ng eqhr/ml. Our results demonstrate that following a SC 
administration of rhNGF 118 (8 pg/Kg), the material is capable of reaching and 
accumulating selectively in the target tissues intended for pharmacological effects.

NEUROTROPHIC FACTOR RECEPTORS AND CELLULAR MECHANISMS IV

706.1 706.2
IN VIVO MODULATION OF IGF-I mRNA LEVELS IN HYPOTHALAMUS 
BY EITHER ESTROGEN OR ESTROGEN RECEPTOR BLOCKADE G P 
Cardona-Gomez, L. M. Garcia-Segura, J. A. Chowen*. Instituto Cajal, CSIC, 
28002 Madrid, Spain.

Steroid hormones interact in the brain with a variety of trophic factors. For 
instance, estrogen may modulate Insulin-like Growth Factor I (IGF-I) actions in 
the brain since it regulates the levels of IGF 1 Receptor (IGFR) and IGF binding 
proteins (IGBPs) in vitro. We determined levels of IGF-I mRNA in the 
hypothalamus of ovariectomized rats (Ovx) treated with estrogen or an estrogen 
receptor antagonist (Er-ant) to asses possible in vivo interactions of estrogen and 
IGF-I signalling pathways. RNAase protection assay of IGF-I mRNA showed a 
decrease in the levels of IGF-I mRNA after treatment with 17-Q -estradiol (E2, 
ip). Similarly, estrogen receptor blockade resulted in decreased IGF-I mRNA 
levels. An even further decrease in IGF-I mRNA levels was found after co
administration of E2 plus an estrogen receptor antagonist (icv).
Ovx Oil E2* Densitometric values (mean± SEM) were

csf 100± 7 32± 9* normalized to control level (Fischer’s ANOVA
ER-ant 59± 7* 16+7* P<0,001-0,04). Since in previous in vivo studies we
also found a stimulatory effect of estrogen on IGFR and IGFBP-2; we suggest that 
steroid hormones may interact with the action of IGF-I in vivo by modulating the 
IGF-I system at multiple levels. Our results also suggest that the additive 
inhibitory effects on IGF-I mRNA levels after inhibition of the estrogen receptor 
in estrogen-treated ovariectomized rats may be due to a competition by E with an 
intermediary in the signalling cascade of IGF-I through the ER.
In conclusion, ER can be an essential component in the induction of hypothalamic 
neuronal survival and synaptogenesis by IGF-I in vivo.

Supported by CGCYT.

MODULATORY EFFECTS OF INSULIN-LIKE GROWTH FACTOR-I ON 
CEREBELLAR GLUTAMATE RECEPTORS . A. González de la Vega, W, Buño, 
S. Pons, M.S. Garcia-Calderat and I. Torres-Alemán*. Instituto Cajal (CSIC); 28002 
Madrid, Spain.

Insulin-like Growth Factor-I (IGF-I) is expressed in many areas of the adult 
brain including the cerebellum. Conjoint administration of IGF-I and glutamate into 
the cerebellar cortex produces a long-term depression of glutamate-induced GABA 
release. This protracted effect is inhibited by blocking signalling pathways 
putatively involved in cerebellar long-term depression (LTD). We now used whole
cell patch clamp recordings of postnatal day 7 cerebellar neurons cultured in serum- 
free medium to determine whether IGF-I modulates glutamate receptor (GluR) 
function since modulation of GluR sensitivity appears to be involved in LTD. Three 
types of responses were found in large neurons resembling Purkinje cells after 
infusion of 10 nM IGF-I to the cultures. Thus, out of 14 cells recorded, a 
potentiation of up to 100% in the amplitude of the glutamate-evoked responses was 
found in 7 cells (50% of the cells), while 5 of them were depressed (down to 40% of 
the glutamate-alone response), and the remaining 2 were unaffected. We also found 
that 100 nM IGF-I elicited a time-dependent reduction in the Tyr-phosphorylation 
rate of GluRl-3 glutamate receptors in cerebellar slices. On the contrary, exposure 
of the slices to 10 pM AMPA resulted in a marked increase in the Tyr- 
phosphorylation rate of GluR 1-3 receptors. The variability found in the glutamate- 
evoked responses after exposure of Purkinje-like cells to IGF-I may be explained by 
the fact that expression of different subtypes of GluRs is known to vary widely even 
within the same neuronal population. In addition, since phosphorylation of 
glutamate receptors is likely involved in plastic processes like LTD we consider that 
altogether our results indicate a potential mechanism whereby IGF-I modulates 
synaptic plasticity in the cerebellum.

This work was supported by DGICYT/MEC grants.
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706.3
ErbB receptors are differentially activated by TGF-a and EGF in the rat 
olfactory mucosa in vivo P. I. Ezeh* and A. I. Farbman. Department of 
Neurobiology & Physiology, Northwestern University, Evanston, IL 60208

TGF-a and EGF are members of the EGF family of growth factors. They 
have a common receptor, the EGFR which belongs to the tyrosine kinase 
group of receptors, called the ErbB receptor family. Other members are ErbB- 
2, EfbB-3 and ErbB-4. Binding of either ligand to the receptor elicits an 
increase in tyrosine kinase activity resulting in the autophosphorylation of the 
receptor followed by a phosphorylation cascade of other tyrosine kinase 
substrates including MAPK. TGF-a and EGF have been shown to stimulate 
cell division in the OE in vitro (Farbman and Buchholz, 1996) and may 
regulate cell division in vivo. To investigate whether exogenous TGF-a or 
EGF has any functional effect on the olfactory mucosa in vivo 12.5-50pg of 
each growth factor were administered to rats via the carotid artery. After 2 
minutes, olfactory' mucosa and liver samples were collected homogenized and 
immunoprecipitated with antibodies to the ErbB receptors. The 
immunoprecipitates were subjected to SDS-PAGE and Western 
Immunoblotting using phosphotyrosine antibody. Activation of MAPK was 
also investigated using MAPK antibody. Exogenous TGF-a activated EGFR, 
ErbB-2 and MAPK, whereas EGF activated the EGFR only. Neither ligand had 
an effect on ErbB-3 and ErbB-4. These effects were absent in the control 
animals which received the same solution without the growth factor. These 
results are consistent w ith the notion that binding of TGF-a to EGFR may play 
a role in olfactory cell division in vivo.

Supported by NIH grant P01 DC00347

706.4

PRESSURE IN NEURON MICROENVIRONMENT MODULATES 
SIGNAL TRANSDUCTION BY GROWTH FACTOR RECEPTOR 
AND REGULATES DYNAMIN AND NEURITE OUTGROWTH. 
C.J. Pietras, P.N. Wongvipat, H.R. Rausch* and M.D. Pegram.
University of California School of Medicine, Departments of Internal 
Medicine and Neurology, Los Angeles, CA 90095.

Both physical and chemical signals may lead to gene regulation. To 
assess responses to changes in pressure, neuron stem cells from human 
cerebral cortex (HCN) were cultured in vitro and exposed to pressure at
1.2 to 3.0 atm for 1 min. The physical stimulus led to enhanced tyrosine 
phosphorylation of erb B4 growth factor receptor (180 kd) after 15 min. 
Tyrosine phosphorylation of the downstream signal molecule, p42/p44 
mitogen-activated protein (MAP) kinase, was also increased at 15 min, 
but tyrosine phosphorylation of p38 MAP kinase was reduced. This 
pressure-induced modulation of a growth factor signaling pathway was 
associated with neurite outgrowth in HCN cells. After 24 hrs, neurons 
exposed to increased pressure showed significant changes in cell shape, 
with rounding and extension of long processes. At 72 hrs, the number 
of neurite extensions in pressure-treated cells exceeded those in controls 
by 1.5-fold (P<0.05). After 24 hrs, elevation of pressure promoted an 
increase in the neuron levels of dynamin (100 kd), a cytoskeleton- 
associated phosphoprotein with intrinsic GTPase activity. These effects 
of pressure were blocked by treatment of HCN cells with cytochalasin 
B, a disruptor of microfilaments. Thus, activation of the erbB4 growth 
factor receptor may be linked with cytoskeletal interactions and, thereby, 
translate external physical stimuli from the microenvironment to internal 
regulation of specific proteins involved in neuron structure and function. 
(Supported by University of California research funds).

706.5
DISTINCT REGULATORY EXPRESSIONS FOR ErbB 
RECEPTOR FAMILY IN DEVELOPING CEREBRUM AND 
CEREBELLUM. Shin Nakagawa* LMasahiko Watanabe2 and Yoshiro Inoue2. 
'Dept. of Psychiatry and 2Anatomy, Hokkaido Univ. Sch. of Med., Sapporo 060, 
Japan.

The ErbB or epidermal growth factor receptor (EGFR) family includes four 
members of transmembrane tyrosine kinases; EGFR (ErbB I), ErbB2, ErbB3 and 
ErbB4. Both neuregulin (NRG)l and NRG2 bind directly to ErbB-3 and to ErbB-4, 
but they recruit ErbB-1 and ErbB-2 as a coreccptor. Whereas ligands for ErbB-2 has 
not been known, EGF-like molecules binds to ErbB-1. Ligand-induced 
autophosphorylation of ErbB proteins is thought to exert diverse function in the cell 
survival, proliferation and differentiation. In the present study, we investigated 
developmental changes in gene expression for four ErbB receptors in the mouse 
brain, with a particular interest in the cerebral cortex and cerebellum. In the 
developing cerebral cortex, ErbBl and ErbB2 mRNAs were highly expressed in the 
ventricular zone: the former transiently appeared in the mantle zone as well, whereas 
the latter was not found there. ErbB3 mRNA appeared first at P7 in the white matter. 
At embryonic days 15-18, ErbB4 mRNA was observed mainly in the most 
superficial layer of the cortical plate, and became detected in dispersed cells of all 
cortical layer at postnatal stages. In the developing cerebellum, ErbBl mRNA was 
expressed highly in the external granular layer and weakly in the internal granular 
layer. However, the expression signals were restricted to molecular layer neurons at 
P21. Weak signals of ErbB2 mRNA were detected from El 8 to P21 in small cells 
around Purkinje cell bodies. ErbB3 mRNA was restricted to the white matter from P7 
to P21. ErbB4 mRNA was detected in the external and internal granular layers. These 
results suggest that each member of ErbB receptor family undergoes a distinct spatio
temporal regulation in brain development.

706.6
NEUREGULIN RECEPTOR EXPRESSION AND REGULATION IN RODENT 
AND MONKEY NIGROSTRIATAL SYSTEM. K.B. Seroogy*1. P.M. Yurek2,
K.H, Lundgren1, J.R. Korfhage1. P.M. Gash1, W.A, Cass', and H.I. Kornblum3.
Depts. of ’Anatomy & Neurobiology and 2Surgery, University of Kentucky, 
Lexington, KY 40536 and 3Depts. of Mol. & Med. Pharmacology and Pediatrics, 
UCLA, Los Angeles. CA 90095.

To begin to determine the role of neuregulins and their tyrosine kinase receptors 
(erbB family) in the dopaminergic mesotelencephaic system, we examined the 
expression of erbB4 receptor mRNA within the ventral midbrain and striatum of 
rat, mouse and rhesus monkey using in situ hybridization of an 35S-labeled cRNA 
probe for erbB4 mRNA (cDNA kindly provided by D.C. Lee, UNC-Chapel Hill). 
Labeling for erbB4 mRNA was present within a substantial population of cells 
distributed within all ventral midbrain dopaminergic cell groups, including the 
substantia nigra, ventral tegmental area (VTA) and retrorubral field of each species. 
Unilateral injection of the neurotoxin 6-OHDA into the ascending medial forebrain 
bundle or ventral midbrain in rat, followed by a 1-4 week survival period, resulted 
in substantial depletion of erbB4 mRNA-hybridizing neurons in the ipsilateral VTA 
and substantia nigra pars compacta. Labeling for erbB4 mRNA was similarly 
decreased in the ventral mesencephalon of monkeys made hemiparkinsonian via 
intracarotid MPTP treatment. A subpopulation of striatal perikarya m each species 
also expressed erbB4 mRNA. Developmentally, in rat and mouse, hybridization 
levels were highest neonatally versus adulthood. Preliminary examination of 
erbB3 mRNA in rat ventral midbrain indicates some labeling within the nigra and 
VTA, but prominent expression in the subjacent cerebral peduncle. These results 
suggest that ventral mesencephalic dopaminergic neurons express the erbB4 receptor 
and, thus, may have the capacity to directly respond to neuregulins in vivo. 
Moreover, these data, in concert with ongoing behavioral and neurochemical 
analyses, may indicate neuregulins as possible trophic molecules for the 
dopaminergic mesostnatal system. Supported by NS35164, NS35890, AG13494, 
and NS01837.

706.7
LARGE SCALE PRODUCTION, GAMMA CAMERA IMAGÍNG AND TISSUE 
BIODISTRIBUTION OF "mTc-LABELED NEUREGULIN. P, W. FROHNERT1*,
K. R. ZINN2, J. A, THOMPSON3, S. L. CARROLL14, Depts. Of 'Pathology, 
2Radiology, 3Surgery and 4Neurobiology, Univ. of Alabama at Birmingham, 
Birmingham, AL 35294.

As recombinant neuregulin may be useful in the treatment of a number of 
diseases, we have established a protocol for large scale production and purification 
of a truncated rat P1-neuregulin protein (rNRGpi) and have examined its 
biodistribution in mice. The purified rNRGpi is over 98% pure as assayed by 
analytical reverse phase high pressure liquid chromatography. Biologic activity of 
rNRG was demonstrated by its ability to induce erbB receptor tyrosine 
phosphorylation in MCF-7 breast carcinoma cells (maximal response at 5 nM), and 
to stimulate in vitro mitogenesis in neonatal Schwann cells. Mice administered daily 
doses (0.1 to 4.0 mg/kg body weight) of rNRGp for 2 weeks did not display any 
evidence of toxic responses.

To examine the in vivo biodistribution of rNRGpi, purified protein was modified 
with succinimidyl 6-hydrazinonicotinate (HYNIC) and radiolabeled with the y- 
emitter "mTc. For comparison recombinant acidic FGF (rFGF), another Schwann 
cell mitogen of similar size, and bovine serum albumin have been similarly labeled. 
Real time y camera imaging following intravenous administration of "mTc-labeled 
rNRGpi to mice demonstrated that the majority of rNRGpi is rapidly localized to 
the kidneys. Postmortem analysis of tissues by y counting showed uptake of 
rNRGpi by a number of neural tissues with accumulation in eyes, sciatic nerve and 
dorsal root ganglia (DRG) 6-7 fold higher than in the cerebral hemispheres and 
intermediate levels found in muscle. rFGF biodistribution in many tissues differed 
significantly from rNRGP 1; for example, levels of rFGF exceeded those of rNRGP 1 
in the eyes and DRG, but were lower in muscle and testis. Further studies are under 
way to identify cell types binding rNRGpi within these tissues using 
autoradiography. Supported by the American Cancer Society.

706.8
CRD-NRG IN MOUSE PERIPHERAL NERVOUS SYSTEM 
DEVELOPMENT. D.WOLPOWITZ, T.MASON and L.ROLE*. 
Department of Neurology; Center for Neurobiology and Behavior, 
Columbia University, P&S, 722 W. 168th St. NY, NY 10032

Synaptogenesis at nerve-muscle junctions involves the redistribution 
of preexisting surface acetylcholine receptors (AChRs), as well as 
increased local synthesis and insertion of new receptors. The latter 
increase in nAChR expression is induced by members of the neuregulin 
(NRG) family (Fischbach and colleagues Cell, 72:801 ; 1993). Our 
laboratory has characterized a NRG isoform in chicks, mice, and humans 
in which a highly conserved cysteine-rich domain replaces the Ig-motif 
found in other NRGs; we have termed this variant CRD-NRG. CRD- 
NRG appears to be both a necessary and sufficient signal for the control 
of neuronal nAChR expression during synaptogenesis (Neuron, 20:
255; 1998). In situ hybridization analysis in embryonic mice reveals that 
CRD-NRG is highly expressed in all cranial nerve nuclei, visceral and 
somatic motor neurons, and in numerous CNS regions, including the 
olfactory and vomeronasal sensory neurons, the main and accessory 
olfactory bulbs, hippocampus, amygdala, thalamus, and hypothalamus, 
as well as septal cholinergic and dopaminergic nuclei. We now evaluate 
the role of NRG 1 signaling in the development of the peripheral nervous 
system using CRD-NRG specific knock out mice by in situ, 
immunocytological, and immunohistochemical studies. (Supported by 
NS29071 to L.W.R.; T.B.A.M. is supported by NSAD. Colleen Giblin 
Foundation).
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706.9
SUBCELLULAR LOCALIZATION OF FGFR1 MAY DETERMINE ITS MITOGENIC 
OR DIFFERENTIATING ACTION M.A, Paquette1. P.A, Maher2, E.Castaneda1. M.K, 
Stachowiak1*.‘Molecular and Structural Neurobioiogy and Gene Therapy Program 
(Arizona State Univ., Tempe, AZ 85287, Barrow Neurological Inst., Phoenix, AZ 85013, 
SUNY at Buffalo, NY 14214), 2The Scripps Research Institute, La Jolla, CA 92037.

Fibroblast Growth Factor-2 (FGF-2) is known to facilitate cell proliferation and 
differentiation. To investigate the underlying mechanisms, we transfected neural crest- 
derived PC 12 cells with plasmid expressing full-length FGF Receptor-1, 
(pcDNA3.1/FGFRl), its deletion mutant (pcDNA3.1/TK-) lacking the tyrosine kinase 
(TK) domain, or control insertless pcDNA3.1, then selected transduced cells with G418. 
Full-length FGFR1 inhibited cellular proliferation. In contrast, FGFR1 with the TK- 
deletion which acts as a dominant negative mutation, producing nonfunctional 
heterodimers with endogenous FGFR, markedly increased proliferation. Treatment with 
FGF-2 (0.1,1,3, or 10 ng/ml) stimulated proliferation of PC12-FGFR1 cells (11-fold) and 
control cells (3-fold), but had little or no effect on the PC12-TK- cells. The three cell 
lines displayed no spontaneous neurite outgrowth (differentiation) on polylysine-/laminin- 
coated dishes. Treatment with 10 ng/ml of FGF-2 induced neurite outgrowth in 60% of 
PC12-FGFR1 cells, but only in 15% of PC12-TK- and 7% of control cells. In contrast 
to PC 12 cells, transfection of human TE-671 cells with FGFR1 increased cellular 
proliferation. TE-671 cells transfected with TK- withdrew from the cell cycle and outgrew 
neurite-like processes. Western and immunocytochemical analyses showed that in PC 12 
cells, the transfected receptor accumulated exclusively outside the cell nucleus (in 
cytoplasm and plasma membrane), whereas in the TE-671 cells it had primarily 
intranuclear localization. Thus, in PC 12 cells, extranuclear receptor inhibits proliferation 
and facilitates differentiation, while in TE-671 cells, nuclear receptor stimulates entry into 
the cell cycle and inhibits differentiation. (Supported by March of Dimes and Birth 
Defects, NSF, NIH, and Arizona Disease Research Commission.)

706.10
MECHANISMS OF INTERNALIZATION AND NUCLEAR TRANS
LOCATION OF FGF-2 AND FGFR 1 . J. F. Reilly* and P. A. Maher, 
Department of Cell Biology, The Scripps Research Institute, La Jolla, 
CA 92037.

Recent evidence supports a role for the action of growth factors and 
their receptors within the nucleus. Basic fibroblast growth factor 
(FGF-2) and FGF receptor 1 (FGFR 1) accumulate in the nucleus 
following treatment of cells with FGF-2, and this accumulation is 
associated with proliferation of glial cells. The present study 
investigated the mechanisms of internalization and nuclear translocation 
of FGF-2 and FGFR 1. Swiss 3T3 cells were treated with labeled FGF- 
2 and the distribution of FGF-2 and FGFR 1 was examined by cellular 
fractionation and by confocal microscopy. Treatment of quiescent cells 
with FGF-2 resulted in rapid nuclear localization of both FGF-2 and 
FGFR 1, with a slightly different time course for each. FGFR 1 was 
localized to the nucleus in untreated cells in S and G2 phases of the cell 
cycle, and treatment with FGF-2 further increased the nuclear 
accumulation of FGFR 1. Inhibitors of clathrin-mediated endocytosis 
had no effect on the internalization or nuclear translocation of FGF-2 and 
FGFR 1. Inhibitors of caveolin-mediated endocytosis partially blocked 
internalization of FGF-2, but had no effect on internalization of FGFR 1. 
Depletion of cellular stores of ATP completely blocked internalization 
and nuclear translocation of FGF-2, but resulted in nuclear accumulation 
of FGFR 1. These data suggest that FGF-2 is internalized by both 
caveolin-dependent and clathrin/caveolin-independent pathways, that 
FGFR 1 is internalized by a clathrin/caveolin-independent pathway, and 
that export of FGFR 1 from the nucleus is an energy-dependent process. 
Supported by NIH GM54604 to P.A.M.

706.11

WITHDRAWN

706.12

EXPRESSION AND REGULATION OF THE FIBROBLAST GROWTH 
FACTOR RECEPTORS 2 AND 4 IN THE SENSORY SYSTEM AND IN THE 
ADRENAL GLAND. C. Grothe1*, D. Blottner2, C. Meisinger3. 'Hannover Med. 
School, Center of Anatomy OE 4140, D-30623 Hannover, Germany; institute of 
Anatomy, Free University of Berlin; institute of Anatomy, University of Freiburg.

Previous studies have shown the presence of basic fibroblast growth factor (FGF- 
2) and FGF receptor (R) 1 in the intact sensory system and its regulation during de- 
and regeneration. Since FGF-2 also mediates activities via other FGFRs we studied 
the expression of FGFR2 and 4 in intact dorsal root ganglia (DRGs) and sciatic 
nerve of the adult rat and their regulation after sciatic nerve crush using RNase 
protection assay. In intact DRGs, both transcripts, FGFR2 and 4, were expressed 
and showed no alterations in the DRGs L4-L5 at different time points following 
sciatic nerve crush. In the sciatic nerve, FGFR2 mRNA was expressed at low levels 
and displayed a strong increase 7 days after crash and remained still slightly 
elevated over 4 weeks. The FGFR4 transcript was not detectable in the intact sciatic 
nerve, displayed, however, a very week expression 7 and 21 days after lesion. These 
results suggest that in addition to FGFR1, FGFR2 and 4 are also involved in the 
regeneration process of the sensory system. The different expression patterns of the 
FGFRs suggest that they could mediate different functions during regeneration.

With regard to the adrenal gland, the presence, regulation, and effects of FGF-2 
are well documented. We asked whether, in addition to FGFR1, FGFR2 and 4 are 
expressed in the adrenal gland. A possible regulation of these transcripts was 
anlyzed in vivo 1) after dexamethasone treatment and 2) 8 days after 
splanchnicotomy. FGFR2 was strongly expressed in the adrenal cortex and 
medulla. Both, dexamethasone treatment and spanchnicotomy, revealed a decrease 
of the FGFR2 expression level. FGFR4 was not detectable under all experimental 
conditions. These results suggest that in addition to FGFR1, FGFR2 could also play 
a physiological role in the adrenal gland.

NEURONAL DEATH: CASPASE

707.1

P53 MEDIATES NEURONAL CELL DEATH AFTER INJURY BY 
BOTH CASPASE-DEPENDENT AND CASPASE-INDEPENDENT 
MECHANISMS. M.P. Johnson*, Y. Kinoshita, H. Xiang, S. Ghatan and 
R.S. Morrison. Department of Neurological Surgery, University of Washington, 
Seattle, WA 98195

Previous studies indicate that neuronal cell death occurring after excitotoxicity 
or DNA damage is dependent upon the presence of p53 and the pro-apoptotic protein, 
bax. In the current study, we have examined the role of caspases in p53-dependent 
neuronal cell death. Primary dissociated cultures of cortical neurons were obtained 
from wild-type or p53-deficient embryonic (El4.5) or postnatal mice (P0) and 
maintained in a serum-free medium. Camptothecin-mediated DNA damage induced 
cell death in wild-type embryonic and postnatal neurons, but not in those neurons 
obtained from p53-deficient animals. Camptothecin induced cell death was associated 
with a substantial increase in p53 protein levels in embryonic neurons. These results 
suggested that DNA damage-induced cell death in neurons required p53. Using a 
fluorogenic assay for caspase activity, camptothecin treatment was shown to activate 
caspases in embryonic and postnatal wild-type neurons, but not in p53 -/- neurons. 
This activation was accompanied by cleavage of caspase-2 (Nedd-2), as detected by 
Western blot analysis. Caspase inhibitors such as zVAD-fmk and zDEVD-fmk 
completely blocked the induction of caspase activity and delayed (but did not prevent) 
cell death of embryonic neurons after camptothecin exposure. Moreover, caspase 
inhibitors did not block cell death after DNA damage in postnatal neurons, despite 
complete inhibition of detectable caspase activity. In contrast to DNA damage, 
glutamate induced cell death of postnatal wild-type neurons without increasing 
caspase activity. Similar to camptothecin, glutamate-induced cell death in postnatal 
neurons was not suppressed by caspase inhibitors (zVAD, zDEVD). These data 
demonstrate that caspases can be activated in a p53-dependent manner in neurons after 
injury, and that p53-dependent neuronal cell death can occur by both caspase- 
dependent and caspase-independent mechanisms. Support: NIH Grants NS31775 and 
T32NS-07144.

707.2

CASPASE 3 CLEAVES AMYLOID PRECURSOR PROTEIN IN 
DYING MOTONEURONS. N.Y. Barnes, L, Li, K. Yoshikawa#, L.M. 
SchwartzA, R.W. Qppenheim and C.E. Milligan*. Department of 
Neurobioiogy and Anatomy, Wake Forest University School of Medicine, 
Winston-Salem, NC 27157; #lnstitute for Protein Research, Osaka 
University, Suita, Osaka 565, Japan; department of Biology, University ot 
Massachusetts, Amherst, MA 01003.

Our laboratory is studying molecular mechanisms of motoneuron 
death. The message for Amyloid Precursor Protein (APP) was 
identified as having increased expression in motoneurons deprived of 
muscle extract (MEx), a potent source of trophic support, as compared 
to motoneurons with MEx in vitro. Increased levels of APP and beta- 
amyloid (AJ3) protein were detected within dying motoneurons in vitro 
by Western blot and immunocytochemistry. The predicted peptide 
APP sequence contains two potential Caspase 3 cleavage sites that 
flank the Ap region. When the Caspase 3 inhibitor (DEVD) is 
administered to motoneurons destined to undergo death, the death is 
halted. DEVD-treated cells exhibited greatly reduced Ap levels as 
compared to untreated cells without MEx. Incubation of in vitro 
translated human APP^ with purified Caspase 3 shows cleavage of 
the protein producing a resultant band that corresponds to the 
predicted size if Caspase 3 cleaved at the two identified cleavage 
sites. Our results suggest that differential gene expression results in 
increased levels of APP, providing a potential substrate for one of the 
cell death-activated caspases that may ultimately cause the cell’s 
demise. These results, combined with information on the toxic role of 
APP and its proteolytic by-product Ap, in the neurodegenerative 
disease Alzheimer’s, suggest that events of developmental PCD may 
be re-activated in pathological neurodegeneration. Supported by 
grants form NCBC, SCRF and NS36081 to OEM.
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707.3
ROLES FOR CASPASE ACTIVATION IN SYNAPTIC 
PLASTICITY AND DEGENERATION. B, C. Albensi*, A.J.Brucc- 
KelLr, J, G-. Begley, and M. P. Mattson Sanders-Brown Research Center on 
Aging, and Department of Anatomy & Neurobiology, University of Kentucky, 
Lexington, KY 40536.In contrast to most other cell types, neurons have 
elaborate morphologies with complex neuritic arbors that often extend great 
distances from the cell body. Neuronal death signals are likey to be activated at 
remote synaptic sites and, indeed, overactivation of glutamate receptors and 
underactivation of trophic factor receptors are implicated in neurodegenerative 
disorders. We now report that biochemical changes consistent with apoptosis 
are engaged locally in synapses. Exposure of cortical synaptosomes to 
staurosporine and Fe2+ resulted in loss of membrane phospholipid assymetry, 
caspase activation, and mitochondrial alterations (membrane depolarization, 
calcium overload and oxyradical accumulation) characteristic of apoptosis. The 
caspase inhibitor zVAD-fmk prevented mitochondrial membrane depolarization 
in synaptosomes. Studies of the effects of cytosolic extracts from synaptosomes 
exposed to apoptotic insults, on isolated nuclei, showed that signals capable of 
inducing nuclear apoptosis are generated locally in synapses. Exposure of 
cultured hippocampal neurons to glutamate resulted in caspase activation and 
mitochondrial membrane depolarization in dendrites, and zVAD-fmk prevented 
the membrane depolarization. We are currently performing studies in the 
hippocampal slice preparation to determine whether caspases are activated during, 
and play roles in, physiological events mediated by postsynaptic calcium influx. 
Collectively, the data demonstrate that apoptotic biochemical cascades can be 
activated in synapses, and suggest roles for local caspase activation in both 
synaptic plasticity and degeneration. Supported by M.P.M, NIH

707.4
INVOLVEMENT OF CASPASE MEDIATED PARP DEGRADATION IN 
DIFFERENT CELL DEATH PARADIGMS. K.S.C.Chao1*, J.S.Hsu2, J.Cheng', 
Higashikubo', C.Y.Hsu2. Depts. of'Radiology and 2NeuroIogy, Washington Univ. Sch. 
Med, St. Louis, MO 63110.

Poly(ADP-ribosyl)ation is thought to play a multifunctional role in numerous cellular 
processes including proliferation, stress response, DNA repair/recombination, as well 
as the maintenance of chromosomal stability and cell viability . The roles of PARP in 
cell death remain to be defined. Cells treated with PARP inhibitors have been reported 
to become resistant to various genotoxic agents, such as UVB- and y-irradiation, tumor 
necrosis factor, alkylating agents, and free radicals. In contrast, other studies showed 
that inhibition or a dominant-negative mutation of PARP sensitizes cells to death 
induced by oxidative stress, alkylating agents, irradiation, or heat shock. We employed 
3-aminobenzamide (3-AB), a well characterized PARP inhibitor, and zVAD, an 
inhibitor of caspase-mediated PARP degradation, to study mechanisms of Jurkat cell 
death in 3 different death paradigms: Fas receptor ligand (a-Fas), DNA damaging 
agents cis-Platinum (CDDP) and y-radiation. We used phosphatidyl serine 
translocation (PST) and PARP degradation to monitor cell death and cell counts as the 
ultimate measure of cell viability. 3-AB delayed PST in cells treated with a-Fas. but 
enhanced PST in cells exposed to CDDP and has no effect on PST in y-radiated cells. 
3-AB did not affect PARP degradation or cell death in any of the 3 death paradigms. 
In contrast, zVAD prevented cell death to different degrees dependent upon the extent 
of PARP cleavage which was greater in Fas and less in CDDP or y-radiation induced 
cell death. The ability of zVAD to protect cell death correspondingly was greater in 
Fas and less in CDDP or y-radiation paradigm. Results from the present study suggest 
that PARP degradation contributed to variable extent of cell death. zVAD protection of 
Jurkat cells appears to be closely related to its inhibition of caspase-mediated PARP 
degradation. (We thank Dr. Stan Korsmeyer for providing Jurkat cells. This work was 
supported by Office of Naval Research, NIH grants NS25545, NS28995 and 
NS37230).

707.5
ACTIVATION OF CASPASE-3 AND SUPEROXIDE FREE RADICALS IN 
NEURONAL APOPTOSIS. S. Gogna1, D. Jardine2 and E.Hillhouse’.
'Molecular Medicine Research Institute, Univ of Warwick, Coventry. UK.;
2Univ of Washington, Seattle. (SPON: British Neuroscience Association).

Apoptosis is a form of programmed cell death which plays an important role in 
regulating the number of neuronal cells during development of the nervous 
system. Moreover, inappropriate apoptosis has been suggested to be involved in 
neuronal death which occurs in various human neurodegenerative disorders, such 
as, Alzheimer’s disease, Huntington’s disease, amyotrophic lateral sclerosis and 
spinal muscular atrophy. The caspases are a family of cysteine proteases which 
include the C. elegans developmental death gene ced-3, interleukin-13 converting 
enzyme (ICE, caspase-1), CPP32/Yama/apopain (caspase-3) and many others. 
Caspase-3 interacts with other family members in proteolytic cascades which 
disrupt DNA repair, RNA processing and nuclear structure.

To investigate the role of caspase-3 we induced apoptosis in a neuronal derived 
cell line (SHEP) with TNF-a and cyclohexamide. Apoptosis was measured using 
propidium iodide and FITC conjugated annexin in conjunction with flow 
cytometry. Following apoptotic challenge we observed 30% of cells undergoing 
apoptosis after an eight hour period.

These cells showed proteolytic processing of the caspase-3 protein using 
western blot analyses and elevated levels through spectrophotometric detection of 
the chromophore p-nitroanilide (pNA) after cleavage from the labelled substrate 
DEVD-pNA. Furthermore to investigate the role of free radicals, cultures were 
preincubated with a free radical spin trap, N-tert-butyl-a-(2-sulfophenyl)-nitrone 
and a 30%-40% decrease was observed in neuronal apoptosis. These results 
suggest that caspase-3 activation is required within this model of neuronal 
apoptosis and a free radical scavenger provides a neuroprotective activity in 
neuronal apoptosis.
Sponsored by the General Charities of the City of Coventry.

707.6
PARALLEL CONTRIBUTION OF P38 MITOGEN-ACTIVATED PROTEIN 
KINASE AND CASPASE TO NEURONAL APOPTOSIS IN CORTICAL 
CELL CULTURES. H.W. Ko1, S.H. Kim1, B. Ryu1, C.K. Joo2*and B.J. 
Gwag1. 1Dept. of Pharmacology, Ajou Univ. Sch. of Med., Suwon 442- 
749;2Dept. of Opthalmology, Catholic Univ. Sch. of Med., Seoul 137-040, 
Korea.

We examined the putative role of p38 MAPK and caspase in the process 
of neuronal apoptosis induced in cortical cell cultures (10 — 12 days in vitro). 
Addition of 30 nM calyculin A, a selective inhibitor of ser/thr phosphatase I 
and 11, produced neuronal apoptosis marked by gradual shrinkage of 
neuronal cell body, chromatin condensation, prominent DNA ladders, and 
death sensitive to cycloheximide or growth factors. Dose-response 
experiment of PD169316, a selective p38 MAP kinase inhibitor, showed the 
maximally protective effect of PD169316 at 10 pM against neuronal 
apoptosis following exposure to 30 nM calyculin A. Addition of 100 pM 
zVAD, a well-known caspase inhibitor, attenuated calyculin A - induced 
apoptosis to some extent. Interestingly, co-administration of 10 pM 
PD169316 and 100 pM zVAD prevented neuronal death and prolonged 
neuronal survival in an additive manner from calyculin A injury. This raises 
the possibility that neuronal apoptosis may propagate at least through two 
separate pathways mediated by activation of caspase or p38. This 
hypothesis is being further examined for several apoptosis models (serum 
deprivation or staurosporine) or NMDA-induced neuronal necrosis, turning 
to pharmacological experiments and biochemical analysis of p38/casapase 
activity. Supported by Korean Ministry of Health and Welfare grant HMP- 
96-M-2-1046 (BJG).

707.7

THE ROLE OF CASPASES IN THE DEATH OF CULTURED 
CORTICAL NEURONS INDUCED BY DNA DAMAGE L. Stefanis*1. 
W. Friedman, L.A, Greene, D.S, Park2 Dept of Pathology and •Neurology 
and Center for Neurobiology and Behavior, Columbia Univ. Coll, of 
Physicians and Surgeons, New York, N.Y., 10032, and 2Neuroscience 
Research Institute, Univ. of Ottawa, Ontario.
We have used the culture system of embryonic cortical neurons to study 
the apoptotic pathway that is induced by DNA damaging agents, with 
particular attention to the role of caspases. Following exposure to 
camptothecin (10 (iM), E18 rat cortical neurons underwent apoptosis, 
that was nearly complete by 12 hrs. Jun kinase activity was induced at 2 
hrs and caspase activity, as assesssed by DEVD-AFC cleavage and 
PARP, caspase 2 and 3 processing, at 4 hrs. The CDK inhibitors 
flavopiridol and olomoucine and the serine protease inhibitors AEBSF 
and TLCK inhibited caspase activation and offered protection from cell 
death. The general caspase inhibitors zVAD-FMK and BAF also 
inhibited all indices of caspase activation and provided protection. Jun 
kinase activity was still induced in the presence of survival-promoting 
concentrations of the CDK and general caspase inhibitors. The more 
selective caspase 3 inhibitor DEVD-FMK (15 |iM) completely inhibited 
caspase 3-like-activity, but did not affect survival, and had only partial 
effects on PARP and Nedd-2 processing. These data indicate that non
caspase 3-like caspases and serine proteases may be involved in this 
model of cell death and provide an initial ordering of this apoptotic 
pathway. In this pathway, activation of jun kinase and of elements of the 
cell cycle occurs upstream of the caspases.
This work was supported by grants from the Lucille P. Markey Trust (LS), Aaron 

Diamond Foundation (DSP), NINDS, and Blanchette Rockefeller Foundation.

707.8
THE USE OF NOVEL ANTIBODIES SPECIFIC TO THE 120 kDa 
CASPASE-MEDIATED a-SPECTRIN BREAKDOWN PRODUCT IN 
IDENTIFYING NEURONAL APOPTOSIS
R.Nath*', E.Bemath ,' K. McGinnis,2 A.W. Probert,' S.B, Glantz,3 J. S. Morrow1
and K.K.W. Wang'
'Dept. of Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research, Div. 
of Warner Lambert Co, 2800 Plymouth Road, Ann Arbor, MI 48105; 2 Dept. of 
Pharmacology, Univ. of Michigan, Ann Arbor, MI 48106; 3 Dept. of Pathology, 
Yale University School of Medicine, New Haven, CT 06510

Caspase activation has been shown to be a critical step in the apoptotic cell death 
pathway. One common event observed in different models of neuronal apoptosis 
is the appearance of the caspase-mediated 120 kDa nonerythroid alpha-spectrin 
breakdown product (SBDP120). We have identified this caspsae-3 cleavage site in 
a-spectrin (DSLDi478*S1479VEALKKED). Thus SBDP 120 has a new N-terminal 
NH2-SVEAL sequence. Using this rationale, we generated antisera to a 
corresponding synthetic peptide coupled to keyhole limpet hemocyanin (KLH) 
protein We have tested the reactivity' and specificity of the affinity purified anti- 
SBDP 120 antibodies against caspase-3 digested purified bovine spectrin. The 
antibodies were also tested against cell lysates from staurosporine treated SH- 
SY5Yor rat cerebrocortical cells and in potassium deprived cerebellar granule 
cultures. Our results clearly show that the antibody specifically recognizes the 120 
kDa spectrin breakdown product but not the intact a-spectrin on Western blots. 
Immunocytochemical studies using one of these antibodies also identified only 
neural cells undergoing apoptosis. We propose that these antibodies can be used to 
visualize apoptotic neural cells in in vivo models as caspase activation is specific 
to apoptosis. The antibody can also be used to quantify caspase-3 like enzyme 
activation for evaluating inhibitors for this enzyme, in cell cultures as well as in 
vivo. (Supported by Warner-Lambert Co.)
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707.9
IN VITRO CHARACTERISATION OF NEURONAL SPECTRIN
PROTEOLYSIS BY CASPASES 1 AND 3
S. SINGH?'2 I. HAJIMOHHAMEDREZA1, J.M, TREHERNE2 and A.J, BAINES2
SPON: British Neuroscience Association.’Discovery Biology, Ramsgate Rd., Pfizer 
Central Research, Sandwich, Kent, CT13 9NJ, UK.2Research School of Bioscienccs, 
University of Kent, Canterbury, CT2 7NJ, UK.

Spectrin is an important cytoskeletal protein involved in the maintainence and 
slucture of membranes. It is a heterotetramer, consisting of 2a and 2(3 chains. 
Apoptosis (programmed cell death) is central to several neurodegenerative conditions 
both acute and chronic e g. Ischemia or Parkinsons. A classic morphological feature of 
apoptosis called membrane blebbing has been implicated as a cause of spectrin 
degradation.

During apoptosis, a group of cysteine aspartases called caspases are activated. Of the 
11 members of this protease family identified, we have characterised the proteolytic 
products of the 3 neuronal spectrin sub units (al, piZII;primarily dendritic and 
[311 primarily axonal) by caspases 1 (ICE) and 3 (CPP32). Observations of (311 
proteolysis in apoptotic cultures of cerebellar granule neurones (CGN’s) together with 
in vitro digests of purified rat neuronal spectrin using recombinant caspase 3 and 
caspase specific inhibitors, we have concluded that formation of the 120kDa C-terminal 
fragment of pil spectrin is mediated by caspase 3 activity.

Previous studies have shown that proteolysis of a spectrin by caspase 1 results in a 
120kDa fragment. Here we show that recombinant caspase 1 has no effect on either p 
sub unit and caspase 3 does not cleave a spectrin. The 120kDa fragment resulting from 
caspase 3 proteolysis of (311 spectrin, is completely inhibited by z-DEVD-fmk, partially 
inhibited by VAD-fmk and not affected by AAD-cmk. This work provides further 
evidence to suggest that spectrin has a role in membrane blebbing, a major hallmark of 
apoptosis
This work was sponsored by Pfizer Central Research".

707.10
ADENOVIRUS-MEDIATED GENE TRANSFER OF IAPS DELAYS 
APOPTOSIS IN CEREBELLAR GRANULE NEURONS BY INHIBITION OF 
CASPASES
M, Simons. S. Beinroth, M. Gleichmann. H. Topka*. M, Bähr, T,
Klockgether, G, S, Robertson. M, Weller. J, B, Schulz
Department of Neurology, University of Tübingen, D-72076 Tübingen, Germany 

The inhibitor of apoptosis (IAP) family of anti-apoptotic genes, 
originally discovered in baculovirus, exists in animals ranging from insects to 
humans. Here, we investigated the ability of IAPs to suppress cell death in both 
a neuronal model of apoptosis and excitotoxicity. Cerebellar granule neurons 
undergo apoptosis when switched from 25 mM to 5 mM potassium, and 
excitotoxic cell death in response to glutamate. We examined the endogenous 
expression of four members of the IAP family, XIAP, RIAP1, RIAP2 and NAIP 
by semi-quantitative reverse PCR and immunoblot analysis in cultured cerebellar 
granule neurons. Cerebellar granule neurons express significant levels of rat IAP
(RIAP)2 mRNA and protein, while expression of RIAP1, NAIP and XIAP was 
not detected. RIAP2 mRNA content and protein levels did not change when 
cells were switched from 25 mM to 5 mM potassium. To determine whether 
ectopic expression of IAP influenced neuronal survival after potassium 
withdrawal or glutamate exposure, we used recombinant adenoviral vectors to 
target XIAP, HIAP1, HIAP2 and NAIP into cerebellar granule neurons. We 
demonstrate that forced expression of IAPs efficiently blocked potassium 
withdrawal-induced DEVD-specific caspase activity and reduced DNA 
fragmentation. However, neurons were only protected from apoptosis up to 24 
hours after potassium withdrawal, but not at later time points suggesting that 
IAPs delay but do not block apoptosis in cerebellar granule neurons. In contrast, 
treatment with 100 mM or 1 mM glutamate did not induce caspase activity and 
adenoviral-mediated expression of IAPs had no influence on subsequent 
excitotoxic cell death.
Supported by grants from the Deutsche Forschungsgemeinschaft (SFB 430, B8 
and Schu 932/2- 1 to JBS)

707.11

A CELLULAR PATHWAY THAT INVOLVES CASPASES UNDERLIES THE 
STEROID-MEDIATED PROGRAMMED CELL DEATH OF MOTONEURONS.
K. L. Hoffman* and J. C. Weeks. Institute of Neuroscience, University of Oregon, 
Eugene, Oregon 97403.

We are using cell culture techniques to study cellular mechanisms responsible for 
the programmed cell death (PCD) of a set of identified abdominal motoneurons, the 
accessory planta retractors (APRs), in the hawkmoth, Manduca sexta. APRs undergo 
a segment-specific pattern of PCD during metamorphosis. Cell culture experiments 
show that the eedysteroid 20-hydroxyecdysone (20-HE) acts directly on APRs to 
trigger PCD, with intrinsic segmental identity regulating which APRs die (Streichert 
et al., 1997, Devel. Biol. 183:95). Our present studies focus on the death of APRs 
from segment A6 [APR(6)s]. When placed in culture at pupal eedysis (PE, the 
shedding of the larval cuticle) APR(6)s undergo PCD within 24 h, as indicated by cell 
shrinkage and loss of mitochondrial activity. The PCD of these APR(6)s does not 
require further exposure to 20-HE or further protein synthesis. In contrast, APR(6)s 
cultured ~24 h earlier require further exposure to 20-HE and further protein synthesis 
to undergo PCD (Hoffman and Weeks, 1998, J. Neurobiol., in press). Caspases (ICE- 
like proteases) have been implicated in PCD in a diversity of organisms including 
nematodes, flies and humans. We found that treatment with Z-Asp-CH,DCB, a 
caspase inhibitor, blocks the shrinkage, but not the loss of mitochondrial activity, of 
APR(6)s cultured at PE. In contrast, treatment with Z-Asp-CH,DCB prevents both 
cell shrinkage and the loss of mitochondrial activity in APR(6)s cultured ~24 h earlier 
in the presence of 20-HE. These data suggest that the PCD of APR(6)s involves 
caspase activity. Furthermore, although both cell shrinkage and loss of mitochondrial 
activity can be blocked by Z-Asp-CH,DCB, the “point of no return” for loss of 
mitochondrial activity occurs earlier in development than does the commitment to 
undergo cell shrinkage. Supported by NIH RO1 NS23208 (JCW) and T32 GM07257 
(KLH).

707.12
DEVELOPMENTAL CHANGES IN THE STEROID HORMONE SIGNAL FOR 
SEGMENT-SPECIFIC PROGRAMMED CELL DEATH OF MOTONEURONS.
M.C. Zee and J.C. Weeks*. Institute of Neuroscience, University of Oregon, Eugene, 
Oregon 97403.

Hormonally controlled changes in the CNS of the tobacco hornworm moth, 
Manduca sexta, during metamorphosis include the programmed cell death (PCD) of a 
set of identified motoneurons designated APRs. APRs die in response to a class of 
steroid hormones called eedysteroids, in a segment-specific pattern: APRs in abdomi
nal segments 5 and 6 [APR(5)s and APR(6)s] die after the larval-pupal transformation 
while APR(3)s and APR(4)s survive until adulthood. A prepupal rise in the level of 
20-hydroxyecdysone (20-HE) in the hemolymph triggers the pupal molt and the PCD 
of APRs at pupation. APRs exhibit the correct segment-specific pattern of PCD when 
removed from the CNS prior to the prepupal peak and exposed to 20-HE in vitro 
(Streichert et al., 1997, Devel. Biol. 183: 95; Hoffman & Weeks, 1998, J. Neurobiol., 
in press).

APR(4)s that survive through the pupal stage undergo PCD after adult emergence. 
We have tested the hypothesis that the post-emergence death of APR(4)s is triggered 
by-the decline in 20-HE at the end of pupal life. Consistent with this hypothesis, in 
vivo injection of 20-HE into developing pupae to delay the normal fall in 20-HE 
delays APR(4) death, and abdominal isolation during pupal development to advance 
the normal fall in 20-HE causes precocious APR(4) death. This hypothesis is further 
supported by experiments in which APR(4)s were placed in culture 24 h before adult 
emergence in either hormone-free or 20-HE-containing medium. Preliminary data 
suggest that 20-HE decreases the proportion of APR(4)s that undergo PCD, as 
indicated by cell shrinkage and loss of mitochondrial activity. These data suggest that 
different hormonal signals — the rise or fall of 20-HE — trigger the PCD of segmen
tal subsets of homologous motoneurons at different times during development. 
Supported by NIH RO1 NS23208 (JCW) and T32 HD07348 (MCZ).

707.13

CASPASE-ASSOCIATED-DNase (CAD) IN CYTOSOL OF APOPTOTIC 
CEREBELLAR GRANULE CELLS. N. Marks*, M.J. Berg, M, Reilly and
M. Saito, Div. of Neurochem, Nathan Kline Institute for Psychiatric Research and 
New York University, 140 Old Orangeburg Rd., Orangeburg, NY 10962

Caspase activation of a latent cytosolic DNase in mouse lymphoma cells 
undergoing apoptosis facilitates fragmentation of plasmid DNA or that of isolated 
nuclei (Enari et al., Nature 391:43-50. 1998). To examine whether DNase 
contributes to neuronal death, cytosol of newborn rat cerebellar neurons after 
culture for 18 h in apoptotic (5 mM K+) and non-apoptotic (25 mM K+, FCS) 
media was assayed using isolated rat liver nuclei. Within 2 h incubation only the 
apoptotic cytosol degraded nuclear DNA to form an oligonucleosomal ladder. 
The presence of activated caspase-3 in apoptotic extracts (Marks et al., J. 
Neurosci. Res. 52:334-345. 1998) accounting for activation of a latent DNase 
complex was confirmed by treatment of non-apoptotic cytosol, or 105 x g 
supernatants of 7 day or adult brain with recombinant caspase-3. This lead to 
generation of DNase-activity blocked by Ac-DEVD-CHO, an inhibitor of CED-3 
proteases. rCaspase-3 treatment of cytosol is compared with rcaspases-6, -7 and - 
8, and to cytosols prepared from cerebellar granule cells cultured in presence of 
pharmacological or other agents previously found to be neuroprotective. Probing 
neuronal cytosol with an anti DFF-45 (DNA fragmentation factor) (Liu et al., 
Cell 89:175-184, 1997) similar in properties and Mr to ICAD (inhibitor of CAD) 
indicates presence of an ;?45 kDa moeity. Data point to cleavage of DFF45/ICAD 
at an aspartyl site by activated caspase-3 present in apoptotic extracts leading to 
release of a DNase capable of degrading nuclear DNA in a manner characteristic 
of apoptosis.

707.14
CASPASE-DEPENDENT LOSS OF MITOCHONDRIAL CARDIOLIPIN 
DURING NEURONAL APOPTOSIS. R. A. Kirkland and J. L. Franklin*. Dept. of 
Neurological Surgery, Univ. of Wisconsin Med. Sch; Madison, WI 53706.

Release of cytochrome c and other pro-apoptotic proteins from mitochondria is a 
central feature of apoptosis in many cell types. Recent evidence suggests that this re
lease may result from damage to mitochondrial membranes. We have used loss of 
cardiolipin (diphosphatidyl glycerol), a lipid found only in the mitochondrial inner 
membrane, as a marker for mitochondrial damage during neuronal apoptosis. We in
duced apoptosis in rat superior cervical ganglion neurons in culture by withdrawal of 
nerve growth factor (NGF) and determined cardiolipin content by confocal and multi
photon microscopy of cells stained with the cardiolipin-specific dye, 10-N-nonyl-3, 6- 
bis (dimethylamino) acridine (NAO). No death was apparent during the first 18h after 
NGF withdrawal. By 24h ~50% of the cells were dead and by 36h 90% had died.
There was no change in the intensity of NAO staining during the first 18h after with
drawal. By 24h and later, there were two populations of NAO-staining cells, one with 
control levels of NAO and another almost devoid of NAO. All cells eventually lost 
NAO staining. A broad-spectrum inhibitor of caspases, boc-aspartyl (OMe)- 
fluoromethylketone (BAF) prevents apoptosis of these cells after NGF-withdrawal. In 
neurons deprived of NGF and maintained for 3d by BAF, all cells had NAO staining as 
intense as that of cells maintained in NGF. These data suggest that loss of cardiolipin 
and, presumably mitochondria, is a rapid, prominent event in the apoptotic death of 
these neurons and that caspase activity lies upstream of this loss. Since cytochrome c 
released from damaged mitochondria can activate caspases during apoptosis we pro
pose that these findings may indicate a positive feedback cycle whereby mitochondria 
release cytochrome c which enhances caspase activity that then causes more mitochon
drial damage and cytochrome c release.

This work was supported by a grant to the Univ. of Wisconsin Med. Sch. under the 
Howard Hughes Medical Institute Research Resources Program for Medical Schools.
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707.15
CASPASE-CLEAVED ACTIN (FRACT1N) IMMUNOREACTIVITY OF THE 
CYTOPLASM AND AXONS OF APOPTOTIC RAT FACIAL MOTONEURONS. J.P. 
Rossiter1*. J.L Vanderluit2, L.L. Anderson1, F. Yang3, G. M. Cole1 and W. Tetzlaff.1 Dept.
of Pathology, Queen’s University, Kingston, ON K7L 3N6,2Dept. of Zoology, U.B.C., 
Vancouver, B.C. V6T 1Z4 and, ’VAMC GRECC 1 IE, Sepulveda, CA 91343.

Caspase activation is a central feature of apoptosis, resulting in cleavage of multiple 
substrates, including actin microfilaments. Identification of caspase cleavage of actin into 
N-terminal- 32kD and C-terminal~ 15kD fragments in apoptotic cell extracts, has led to 
the development of a rabbit polyclonal antibody specific for caspase-cleaved actin, directed 
to the last five C-terminal amino acids of the~32kD fragment (= fractin) (Am J Pathol. 
1998, 152:379-389). In this study we have investigated the pattern of fractin and caspase-3 
immunoreactivity, as well as the mRNA expression for caspase-1 and 3 in neonatal rat 
facial motoneurons undergoing apoptosis in vivo after axotomy.

There was strong fractin immunoreactivity of the cytoplasm of many apoptotic, but not 
intact, motoneurons within the axotomized facial nucleus by Id after injury. Some 
apoptotic cells displayed prominent fractin-labeling of their dendrites. Frequent long 
fractin-immunoreactive axonal segments, many with a beaded appearance, were seen 
within the intramedullary root of the axotomized nerve. RT-PCR revealed elevated 
caspase 1&3 mRNA levels in the facial nucleus Id following axotomy. Western blots 
showed high levels of caspase-3 (32kD) in both the axotomized and contralateral sides, 
allowing for the possibility that caspase-3 protein turnover has increased. Immunolabeling 
studies with an antibody specific to catalytically active caspase-3 are currently underway.

In summary, these data support catalytic caspase-like activity in motoneurons undergoing 
apoptosis, including possible activity in axonal segments distant to the cell bodies, and 
further highlight the utility of fractin-immunolabeling for the detection of apoptotic 
neurons and their processes.
Supported by the ALS Society of Canada, NSERC and the Rick Hansen Insitute.

707.16
Transient focal ischemia induces early caspase-3 mRNA expression and 
enzyme activation in rat cortical neurons Binhui Ni*1,4' Xin Wu1, Michele 
Glinn1, Yuan Su1, Charles A. Reidy2, Kwan Y. Hui2, and Steve Paul1,3,4 .
Divisions of Neuroscience1 and Cardiovascular2 Research, Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, IN 46285 and Departments 
of Pharmacology and Toxicology3 and Psychiatry4, Indiana University School 
of Medicine, Indianapolis, IN 46285
Cerebral cortical neurons are vulnerable to focal ischemic damage. In the rat, 
cortical neurons undergo massive cell death after two hours of transient focal 
ischemia. It remains unclear, however, whether caspases are involved in the 
ischemia-induced cell death. We now report that transient focal ischemia 
produced by middle cerebral artery occlusion in the spontaneously hypertensive 
rat (SHR) induces early and prolonged up-regulation of caspase-3 mRNA in a 
sub-population of cortical neurons both during and after the occlusion. The 
induction of caspase-3 mRNA quantified by in situ hybridization is prominent 
in the neurons of cortical layers (II and III) in the ischemic but not contralateral 
hemisphere after 15 min of occlusion and reaches a peak level by 60 min of 
occlusion. The overexpression of caspase-3 mRNA in the ischemic hemisphere 
remains at high levels 24 hr post ischemia, whereas no change in caspase-3 
mRNA levels on the contralateral side is observed either during or after 
ischemia. Moreover, caspase-3 activity is also induced in the cortex in the 
ischemic but not in the contralateral hemisphere following 2 hr of focal 
ischemia. To investigate whether transient focal ischemia selectively induces 
caspase-3 mRNA, we examined gene expression of a closely related member of 
caspase family, caspase-2 using near adjacent sections. No significant changes 
in the expression of caspase-2 mRNA was observed in the cerebral cortex 
during or following focal ischemia. Our data suggest that selective activation of 
caspase-3 (at both the transcriptional and translational levels) may be involved 
in cortical neuronal cell death following transient focal ischemia.

707.17

REGULATION OF A NOVEL PATHWAY FOR APOPTOSIS BY 
LYSOSOMAL ASPARTIC AND CYSTEINE PROTEINASES.
K. Isahara, Y. Ohsawa, M. Shibata, T. Watanabe, T. Gotow,
Y. Uchivama* Dept. of Cell Biology and Anatomy I. Osaka Univ. 
Med. Sch.; 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan.

PC12 cells undergo apoptosis when cultured under serum 
deprivation. In this situation, the activity of caspase-3-like 
proteinases was elevated, and the survival rate could be 
maintained by treatment with acetyl (AC)-DEVD-CHO, a specific 
inhibitor of caspase-3. In a culture of PC12 cells with AC-DEVD- 
CHO, wherein caspase-3-like proteinases are not activated, 
CA074, a specific inhibitor of cathepsin B induced apoptosis of 
the cells. This ability of CA074 was also replaced by cathepsin B 
antisense oligonucleotides. By double staining of TUNEL and 
activated caspase-3, the dying cells, which had been treated with 
CA074 were positive for TUNEL staining but negative for 
caspase-3. Ultrastructures of the cells were relatively large and 
had nuclei with chromatin condensation, suggesting that they 
died as the result of apoptosis. This cell death effect by CA074 or 
the cathepsin B antisense was inhibited by the addition of 
pepstatin A, a lysosomal aspartic proteinase inhibitor, or 
cathepsin D antisense. The results suggest that a novel pathway 
of apoptosis exists, which is regulated by lysosomal cathepsins, 
and in which cathepsin D acts as a death factor, but that this 
death-inducing activity is usually suppressed by cathepsin B.

707.18

DISINTEGRATION OF NUCLEAR DNA INTO HMW-DNA 
FRAGMENTS ACCOMPANIES DIFFERENT TYPES OF CELL 
DEATH AND PROCEEDS EITHER WITH OR WITHOUT 
CASPASE-3 ACTIVATION IN CEREBELLAR GRANULE 
NEURONS. S. Kyrvlenko*. V. Solovvan and A. Salminen, Dept. of 
Neuroscience and Neurology, Univ. of Kuopio, P.O. Box 1627, FIN- 
70211 Kuopio, Finland.

Treatment of rat cerebellar granule neurons with phosphatase 
inhibitor okadaic acid (OKA) or excitatory neurotransmitter 
glutamate both resulted in a massive cell death. OKA-induced 
neurotoxicity was associated with morphological changes in nuclei 
typical of apoptosis, development of oligonucleosomal DNA ladder, 
and activation of caspase-3. Neither appearance of apoptotic 
morphology, intemucleosomal DNA fragmentation nor activation of 
caspase-3 accompanied glutamate-induced neurotoxicity, indicating 
non-apoptotic type of cell death. Both OKA and glutamate, 
however, induced similar (if not identical) pattern of nuclear DNA 
disintegration into HMW-DNA fragments of about 50-100 kb and 
-300 kb. The results suggest that disintegration of nuclear DNA 
into HMW-DNA fragments accompanies both apoptotic and non- 
apoptotic type of cell death and is not invariably associated with 
activation of caspase-3. (Supported by the Academy of Finland).

707.19
COMPARATIVE STUDY OF INVOLVEMENT OF CASPASE-1- AND 
CASPASE-3-LIKE PROTEASES IN THE DEVELOPMENTAL STAGE- 
SPECIFIC APOPTOSIS OF CEREBELLAR GRANULE NEURONS.
M. Tanaka* and T. Marunouchi Div. of Cell Biol., Inst, for Comprehens. Med. 
Sci., Fujita Health Univ., Aichi 470-1192, Japan.

We previously established a slice culture system of 9-day-old rat cerebellum 
which allows the serial process of granule neuron development including their 
proliferation during the early culture period and the proceeding inward migration 
in the presence of insulin or IGF-I analog (Brain Res. 641, 1994). Deprivation of 
insulin or IGF-I analog induces apoptosis of external but not internal granular 
layer neurons, showing that this slice culture system can be a useful model for 
studying mechanisms of developmental stage-specific apoptosis of granule 
neurons (Neurosci. Lett. 199, 1995; Neuroscience 84, 1998). In the present 
study, we compared involvement of caspase-1 (ICE)- and caspase-3 (CPP32)- 
like proteases in this apoptosis using the peptide inhibitors, RT-PCR analysis and 
fluorescent assay. The peptide inhibitors of caspase-1- and caspase-3-like 
proteases had strong and weak protective effects on this apoptosis, respectively. 
RT-PCR analysis revealed that expression levels of caspase-1 and caspase-3 were 
not different regardless of the absence of insulin or IGF-I analog. Protease assay 
using fluorogenic substrates revealed that caspase-1- and caspase-3-like protease 
activities were higher at the IGF-I analog-deprived condition than the IGF-I 
analog-supplemented condition and that caspase- 1-like protease activity was 
higher than caspase-3-like protease activity at both conditions. These results 
suggest that not the induction but the activation of caspase-1- and caspase-3-like 
proteases may be responsible for this apoptosis and that a caspase-1-like protease 
may have a larger contribution than a caspase-3-like protease in this apoptosis. 
Supported by the Japanese Ministry of Education, Science, Sports and Culture.

707.20
ACTIVATION OF CASPASE 3 (CPP32) IN A DEVELOPMENTAL MODEL 
OF INDUCED PROGRAMMED CELL DEATH IN THE SUBSTANTIA NIGRA 
PARS COMPACTA. B. Jeon1, N.G. Kholoditov1, T.F, Oo1, A. Srinivasan2.
K.J. TomaseHi2, R.E.Burke1*. 1Dept. of Neurology, Columbia University, New 
York, NY 10032 ,and 2IDUN Pharmaceuticals, La Jolla, CA 92037.

There is much evidence that cysteine proteases (caspases) play a central 
role in mediating programmed cell death (PCD). However, much of this 
evidence derives from in vitro paradigms or studies in simple organisms, and 
much less is known about their role in the central nervous system in vivo. We 
have investigated the mRNA expression of caspase 3 and the protein levels 
of its processed p20 subunit in a developmental model of induced PCD in 
substantia nigra pars compacta (SNpc) following unilateral excitotoxic injury to 
the target striatum. 7 or 12d rat pups received an intrastriatal injection of 
quinolinic acid (480 nM), and were sacrificed at 4 hours or 24 hours. Caspase 
3 mRNA expression was examined in 7d old pups by ribonuclease protection 
assay (RPA) using a 243 bp riboprobe. Processed p20 subunit was examined 
by immunohistochemistry using the CM1 rabbit polyclonal antibody which 
preferentially recognizes processed but not the zymogen form of caspase 3. 
Sections were thionin counterstained to identify apoptotic chromatin clumps. 
CM1 immunoreactivity was observed exclusively within the nuclei of apoptotic 
profiles, identified by the presence of characteristic basophilic chromatin 
clumps. At 4 hours postlesion CM1-positive apoptotic profiles were few in 
number and equal on Experimental (E) and Control (C) sides: E: 3.4±1.2; C: 
2.6±0.8 (N=4, NS); these low levels represent ongoing natural cell death. By 
24 hours, the number of CM1-positive apoptotic profiles was induced on the E 
side in comparison to the non-injected, contralateral Control: E: 16.8±4.3; C:
0.6±0.2 (N=6, p=.01). In induced death, 59% of apoptotic profiles were CM1- 
positive. At 24 hours postlesion RPA revealed no difference in caspase 3 
mRNA levels: E: 1.3±0.2; C: 1.3±0.2 pg/gg total RNA (N=9, NS). We conclude 
that caspase 3 is activated in both natural and induced PCD in SNpc, and 
activation is mediated by a post-translational mechanism. NS26836, PDF, 
Lowenstein, Smart Fndns.

Society for Neuroscience, Volume 24, 1998



1790 NEURONAL DEATH IX WEDNESDAY PM

708.1

Induction of motoneuron death by overexpression of caspase-2.
N. Sato*, C. E. Milligan, and R. W. Oppenheim. Department of 
Neurobiology & Anatomy and Neuroscience Program, Wake 
Forest Univ. Sch. of Med., Winston-Salem, NC 27157.

Caspase-2, a member of the caspase (ICE/Ced-3) family of 
proteases, is a candidate molecule that is involved in neuronal death. 
Recently we isolated a cDNA for a long form splice variant of rat 
caspase-2 (caspase-2,) which is composed of a long prodomain and 
active protease domains that correpond to the p20 and plO subunits 
of ICE [1]. To study the intracellular action of caspase-2 in neuronal 
cells, we generated several constructs for caspase-2, including 
enhanced green fluorescent protein (EGFP)-caspase-2 fusion 
constructs. Hybrid motoneuronl cells rapidly underwent cell death in 
vitro after transduction with caspase-2t or with EGFP-caspase-2,. In 
both situations, presumptive actively processed fragments (plO) of 
caspase-2L were detected by immunoblot analyses, suggesting that 
caspase-2, or EGFP-caspase-2L is activated in motoneurons. A 
COOH-terminal deletion mutant of caspase-2L (EGFP-caspase-2LdC) 
lacking a plO subunit, which resembles the short form splice variant of 
caspase-2, failed to induce motoneuron death. Bcl-2 prevented the 
expected motoneuron death induced by caspase~2L. Experiments are 
in progress using similar constructs to examine cell death of primary 
chicken spinal motoneurons.
[1] Sato et al. (1997). Gene 202, 127-132.
Supported by grants from NIH, North Carolina Biotechnology Center 
and the Spinal Cord Research Foundation.

708.2

CELL DEATH OF MOTONEURONS MEDIATED BY FAS ANTIGEN. 
C.E. Henderson*, C. Raoul and B. Pettmann. INSERM U.382, 
Developmental Biology Institute of Marseille (IBDM), Campus de 
Luminy, 13288 MARSEILLE Cedex 9, France.

During development, 50% of motoneurons initially generated 
undergo programmed cell death (PCD) soon after reaching their target 
muscle. Classical experiments in the chick embryo suggest that this death 
may in part result from competition for limiting levels of neurotrophic 
support. However, trophic deprivation may not be the only cause of 
motoneuron death as some early death is target-independent and, at least 
in the retina, NGF has been shown to act through its low-affinity receptor 
p75 to induce neuronal death.

In the immune system, membrane-bound Fas ligand (Fas-L) acts 
through the Fas antigen (a member of the TNF receptor family, like p75) 
to trigger apoptosis of unwanted lymphocytes. In the nervous system, 
Fas-L is believed to confer immune privilege. We have investigated the 
possibility that Fas may play a role in motoneuron PCD. In purified 
motoneurons from El4 rat embryos, mRNAs for both Fas and Fas-L 
were detected by RT-PCR followed by hybridization with specific probes. 
By in situ hybridization, we showed that Fas and Fas-L were both 
expressed at El4 (the start of the cell death period) in the ventral part of 
the spinal cord. Thus, Fas and FasL are most likely present at appropriate 
stages to play a role in PCD. To test the functional significance of Fas 
expression, we cultured purified E14 motoneurons in the presence of 
increasing concentrations of soluble FasL. After 2-3 days, 40-50% of the 
motoneurons died, even in the presence of trophic factors. The dose 
required (EC<0= 0.5 ng/ml) was close to that required to induce apoptosis 
of lymphocytes. We are investigating the potential role of this neuronal 
death-inducing activity during motoneuron development in vivo.

Work supported by INSERM, CNRS, AFM, IRME, EU, Wellcome

708.3
PREVENTION OF NORMAL AND INDUCED PROGRAMMED 
MOTONEURON DEATH BY CHRONIC ADMINISTRATION OF N- 
METHYL-D-ASPARTATE (NMDA). J, Caldero1*, J. Llado1, J. Ribera1, O. 
Tarabal’.D, Ciutat1. A. Casanovas1, V. Ayala1, C. Casas1. M, Serrando1, R.W.
Oppenheim2 and JE, Esquerda1 ’Dept. C.M.B. Facultat de Medicina 
Universität de Lleida. Av. Rovira Roure 44 25198 Lleida. Catalonia. Spain. 
2Dept. of Neurobiology and Anatomy. Wake Forest University School of 
Medicine. Winston-Salem, NC 27157.

Acute administration of NMDA on embryonic day (E)7 or later kills almost 
all the motoneurons (MNs) of lumbar lateral motor column (LMC) of cluck 
embryos (Caldero et al.. 1997). In the present study we show that, by contrast, 
daily treatment with NMDA from E5 to E9 prevented normal or programmed 
motoneuron death that occurs in the chick embryo from 6 to E10 the total 
number of LMC MNs at the end of the main period of MN death (E10) was 
significantly increased and these embryos also showed a clear reduction in the 
number of pyknotic MNs. In order to asses whether or not the increased 
survival of MNs is a consequence of a peripheral or a central effect, unilateral 
removal of the limb bud (LBR) was performed on E2.5 embiyos. which were 
daily treated with NMDA as described above and killed on E10. This 
treatment was able to rescue a significant number of motoneurons in both 
operated and non operated sides. From these results it can be concluded that 
chronic administration of NMDA has a survival promoting, neurotrophic-like 
effect on MNs via an as yet unknown mechanism of action.

Caldero et al. (1997). J. Comp. Neurol. 387:73-95.
Supported by grants from DGICYT (PB037/97), Fundaciö La Maratö de 

TV3 and NIH (NS 20402, RWO).

708.4

A NEUREGULIN, GLIAL GROWTH FACTOR (GGF2), REDUCES SNB 
MOTONEURON DEATH DURING NORMAL DEVELOPMENT. J.L, 
Lubischer* and W.J, Thompson. Department of Zoology, University of Texas, 
Austin, TX, 78712.

The neuromuscular junction is characterized by complex trophic interactions 
among nerve terminals, muscle fibers, and Schwann cells (SCs). For example, 
neonatal denervation causes SC apoptosis, and this can be prevented by 
treatment with glial growth factor 2 (GGF), a member of the neuregulin family. 
We have begun studies to address the possible role of SCs in motoneuron death 
during normal development. The spinal nucleus of the bulbocavernosus (SNB) 
is convenient for these studies for 2 reasons; (1) much of SNB motoneuron 
(MN) death occurs postnatally, making manipulations easier, and (2) SNB MN 
death is influenced by testosterone (T), providing a means of experimentally 
regulating this process. More SNB MNs die during development in females 
than in males, due to a perinatal sex difference in T levels. SNB MNs 
innervate 3 muscles, including the bulbocavernosus (BC) and levator ani (LA) 
muscles. Female rats (n=3) received GGF injections twice a day (approx, 
every 12 h) starting on the day of birth and continuing until postnatal day 12 
(Pl2). Injections of 0.4 pg recombinant human GGF in 5 pi vehicle were 
targeted for the surface of the left BC and LA muscles. On Pl 2, spinal cords 
were removed and processed to count SNB MNs ipsilateral and contralateral to 
GGF injections. The SNB contralateral to GGF injections contained the same 
number of MNs as normal Pl 3 females, but there were almost twice as many 
SNB MNs innervating BC/LA muscles that had been treated with GGF (25.7 ±
1.78 contra vs 48.7 ± 2.27 ipsi; p < .001). Thus, early postnatal treatment of 
BC/LA muscles with GGF caused a reduction in SNB MN death through Pl3. 
The cellular site of GGF action and whether SNB MNs survive after the 
cessation of GGF treatment are not known. Supported by NIH NRSA F32 
NS09687 (JLL) and NIH NS20480 (WJT); rhGGF2 kindly provided by 
Cambridge Neuroscience, Inc.

708.5
TROPHIC INFLUENCES FROM SUPRASPINAL TRACTS SUPPORT 
SURVIVAL OF AXOTOMIZED SPINAL MOTONEURONS AFTER 
PERIPHERAL INJURY LA Havton*, J.L. Twiss, L, Novikov, L. Novikova and 
J -O. Kellerth. Calif. Inst, for Med. Res. and Dept. Neurology, Santa Clara Valley 
Medical Center, San Jose, CA. 95128; Dept Pathology, UCLA Medical Center, Los 
Angeles, CA. 90095; Dept. Anatomy, Umea Univ., S-901 87 Umea, Sweden

We first performed a post-mortem study of the spinal cord of a 72 year old 
man with a past medical history significant for diabetes mellitus, peripheral 
neuropathy and vascular disease, a right middle cerebral artery distribution stroke 
with a left hemiparesis and bilateral below knee amputations. In the lumbosacral 
spinal cord segments corresponding to the innervation of the distal lower 
extremities, there was a severe reduction in the number of motoneurons with atrophy 
of the ventral hom on the left side, whereas the right side demonstrated a normal 
complement of motoneurons in the ventral hom. However, in two patients with 
history of stroke and subsequent hemiparesis as well as in two patients with history 
of unilateral below knee amputation and in four patients with history of unilateral 
above knee amputation, no detectable loss of motoneurons could be found during 
post-mortem analysis of the spinal cord.

In the adult rat, a spinal cord hemisection was combined with an L5 ventral 
rhizotomy (n=3) or a delayed (1 week) ipsilateral L5 ventral rhizotomy (n=4) with a 
subsequent motoneuronal loss of 18% ( p<0.02) and 24% (p<0.002), respectively, at 
4 weeks postoperatively. When an isolated spinal cord hemisection was performed 
at the T13 (n=5) or L2 (n=6) levels, no motoneuron loss took place in the L5 and L6 
segments at 4 weeks postoperatively. Also, an isolated L5 ventral rhizotomy (n=3) 
did not cause any motoneuron loss in the L5 segment at 4 weeks postoperatively.

We conclude that descending tracts of supraspinal origin provide 
neurotrophic support for the survival of axotomized spinal motoneurons.

Supported by grants from The Swedish Medical Research Council (Proj. 
2886), The International Institute for Research in Paraplegia and Umea University.

708.6
RAPID INDUCTION OF cpp32 mRNA SYNTHESIS IN AXOTOMIZED 
FACIAL MOTONEURONS OF WILD TYPE AND BCL-2 TRANSGENIC 
ADULT MICE. F. de Bilbao ', E. Guarin Corredor 2, P. Nef 2, M P. Deiber *3 
and M. Dubois-Dauphin ’. 1 University Hospital Geneva, Department of 
Neuropsychiatry, 2, Chemin du Petit Bel-Air, 1225 Geneva. Switzerland. 2 
Geneva University, Science II, Department of Biochemistry, 30 quai Ernest 
Ansermet, 1205 Geneva. Switzerland.3 Inserm. CERMEP. Lyon, France.

Apoptotic cell death is a major feature of the developing nervous system and 
of certain neurodegenerative diseases. Experimentally, cell death of facial 
motoneurons can also be induced in vivo by axotomy of the facial nerve. It has 
been previously shown that facial motoneuron death is prevented in transgenic 
mice that overexpressed the proto-oncogene bcl-2. In order to elucidate the 
molecular mechanisms underlying the process of axotomy-induced cell death 
and its prevention by Bcl-2, we have studied the time course of mRNA 
expression of two pro-apoptotic, bax and cpp32, and one anti-apoptotic, bcl-xl, 
genes, in facial motoneurons of wild-type and Bcl-2 transgenic adult mice 
following a facial nerve lesion. Our preliminary results indicate that, cpp32 
mRNA is early up-regulated since an increase of the mRNA labeling was 
detected as soon as 6 hours post-axotomy in the adult mice. In contrast, bax 
mRNA up-regulation occurred later (from two days after the lesion). We did not 
evidenced any changes of bcl-xl mRNA expression. The same results were 
observed in bcl-2 transgenic mice. These results indicate that Cpp32 is early 
expressed in the CNS following injury and that the protective effect of Bcl-2 is 
not mediated by alterations in the time-course of apoptotic genes mRNA 
expression. Our results further emphasized the use of synthetic caspase 
antagonists as anti-apoptotic therapy in the treatment of neurodegenerative 
diseases.

Society for Neuroscience, Volume 24,1998
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708.7
TREATMENT WITH NIMODIPINE OR THE LAZAROID, U-1O1O33-E, BUT 
NOT BETAMETHASONE, RESCUES FACIAL MOTORNEURONS AFTER 
INTRACRANIAL TRANSECTION OF THE FACIAL NERVE IN THE ADULT 
RAT.
P. Mattsson', H. Aldskogius2. J. Lindberg'. B. Meiier1, M. Svensson *. 'Dcpi. of 
Clinical Neuroscience, Section for Neurosurgery, Karoiinska Hospital, Sweden; 
2Dept. of Neuroscience. Biomedical Center, Uppsala, Sweden.

Neuronal cell survival is important for functional restitution following a 
peripheral nerve injury. A number of mechanisms have been shown to influence 
neuronal death after axotomy such as depletion of trophic support from the 
periphery as well as accumulation of neurotoxins, some of which are generated by 
reactive microglial cells. Surviving motorneurons have the possibility to regenerate 
and achieve functional restitution. Generally, most neurons survive after peripheral 
transection of a cranial- or spinal motornerve. Here, we have quantified the number 
of facial motorneurons one month after intracranial transection of the facial nerve in 
the posterior fossa in untreated as well as pharmacologically treated adult rats. The 
nerve transection, close to the brainstem, resulted in a facial motorneuron survival 
of 26%. Oral treatment with the calcium channel blocker nimodipinc (Bayer) 
increased the survival to 61% and the novel lazaroid (U-101033-E, Pharmacia- 
UpJohn) enhanced the survival to 68%. However, betamethasone did not 
significantly improve survival of facial motorneurons (33%).

We conclude that an intracranial transection of the facial nerve causes a massive 
neuronal cell death, thereby severely limiting the possibilities to achieve functional 
restitution. However, we find a pronounced neuroprotective effect of nimodipine 
and the lazaroid (U-1O1O33-E) following these lesions. These two agents may 
therefore serve as "cranial nerve protective agents” with particular interest for 
trauma or neurosurgery involving cranial nerves. This work was supported by 
grants from Karoiinska Institute! and Magnus Bervalls Foundation.

708.8
CHRONIC MITOCHONDRIAL INHIBITION INDUCES SELECTIVE 
MOTONEURON DEATH IN VITRO. E.C.A, Kaal, A.S. Vlug, M.J.L. Roelandse,
E.A.J, Joosten and P.R. Bar*. Department of Neurology, Utrecht University, 
Academic Hospital Utrecht, Room G.02.314, P.O. Box 85500, 3508 GA Utrecht, 
The Netherlands

Mitochondrial dysfunction and oxidative stress have been implicated in the 
pathogenesis of neurodegenerative diseases. Mitochondria may be affected 
secondary to e.g. glutamate toxicity, calcium overload and oxidative stress, and play 
a role in the final stages of cell death. In amyotrophic lateral sclerosis (ALS) both 
glutamate toxicity and oxidative stress occur, and may create a situation where 
mitochondrial function is impeded in motoneurons, finally leading to cell death. To 
mimic potential selective motoneuron death in vitro, we treated organotypical spinal 
cord cultures with the mitochondrial inhibitor malonate. Motoneurons were 
identified with antibodies against Choline acetyltransferase (ChAT) and/or non- 
phosphorylated neurofilament (SMI-32). Chronic malonate treatment resulted in a 
dose-dependent selective motoneuron death. After two weeks of treatment with 10 
mM malonate, more than 90% of the motoneurons had died. At the same time, the 
control population, calretinin-positive intemeurons in the dorsal horn, was less 
affected (40% ceil death). Treatment with the free radical scavenger 
alpha-phenyl-tert-butyl nitrone (PBN) or with the Na-channel blocker riluzole 
doubled motoneuron survival. The neurotrophin BDNF was ineffective in this 
model. Our results show that selective cell death can be mimicked in vitro and that 
motoneurons are more sensitive to mitochondrial inhibition than interneurons. Jn 
view of the protective effects of riluzole and PBN, we conclude that the 
motoneurons become sensitive to reactive oxygen species and glutamate when their 
energy status is compromised. Supported by: Stichting Spinale Spieratrofie en ALS.

708.9

CELL-CYCLE RELATED GENE PRODUCTS IN PURIFIED MOTOR 
NEURON CULTURES. J.C. Turcotte*, M, Mlodzienski and D A. Figlewicz. 
Depts. of Neurolog) and Neurobiology & Anatomy, Univ. of Rochester Medical 
Center; Rochester, NY 14642.

Purified motor neuron cultures (Camu and Henderson, 1992) have been used as a 
model system for the study of motor neuron diseases such as ALS. Cultured motor 
neurons have been shown to die by both necrosis and apoptosis. Apoptosis can be 
triggered by a variety of stimuli including withdrawal of trophic support or abortive 
attempts to re-enter the cell cycle. We immunostained purified rat motor neurons at 
1 and 2 days in culture with a variety of antibodies targeting cell cycle and cell death 
related antigens. These antibodies included anti-cyclin G1, cyclin DI, cdc2, cdk5, p53, 
Bax, and Bcl2, as well as SMI 31 for phosporylated neurofilaments and the motor 
neuron markers, ChAT and Islet. Motor neurons were cultured in neurobasal media 
with B27 supplement either with or without a neurotrophic cocktail containing BDNF, 
GDNF, CNTF and IGF-1. We found that although neurotropluc factors increased the 
total number of cells surviving at day 1, there were no significant differences in the 
quality or intensity of immunostaining for most of the antibodies tested, regardless of 
culture conditions. Motor neurons stained for the cell death marker, Bax, and for most 
of the cell-cycle related proteins tested. Our data suggest that although neurotrophic 
factors may retard cell death, the presence of immunostaining for cell death and cell- 
cycle related proteins such as Bax and p53 may indicate that neurons are stressed at 
early time points in culture. If this is the case, purified motor neuron cultures may not 
be an optimal model system for studying progressive, late-onset motor neuron diseases. 
Alternatively, our motor neuron isolation may coincide with the naturally-occurring 
period of cell death. We are examining later time points using this culture model to 
differentiate between these two possibilities. This research supported by MDA-USA 
(DAF).

708.10
CHANGES IN CALCIUM DISTRIBUTION IN MOTONEURONS DURING 
EXPERIMENTAL AUTOIMMUNE GRAY MATTER DISEASE (EAGMD) IN 
GUINEA PIGS M.E.Alexianu' 2*, E. Manole12, J.I.Engelhardt13, S.H.Appel1 ’Dept of 
Neurology, Baylor College of Medicine, Houston, TX; institute of Medicine and 
Neuroscience, Bucharest, Romania;3 Dept of Neurology and Psychiatry, Albert Szent- 
Gyorgyi School of Medicine£zeged, Hungary.

Amyotrophic lateral sclerosis (ALS) is a uniformly fatal neuromuscular disease, 
characterized by a relatively selective loss of motoneurons. While different mechanisms 
have been postulated to be the cause of this disease, the focus of our research has been 
the immune-mediated injury of motoneurons which results in disturbed calcium 
homeostasis. In vivo and in vitro data suggest that increased calcium and inappropriate 
calcium handling bymotoneurons may piay a significant role in motoneuron loss.

To further define the involvement of calcium in motoneuron loss we studied the 
ultrastructural distribution of calcium in the spinal motoneurons in a model of immune- 
mediated motoneuron injury in guinea pigs, EAGMD. The disease was induced by 
inoculation of guinea pigs with bovine spinal cord homogenate, and resulted in loss of 
upper and lower motoneurons, and clinical symptoms resembling human ALS, as 
previously reported. Using the oxalate-pyroantimonate technique for calcium fixation 
and ultrastructural examination in immunized animals, at a stage of disease prior to the 
development of bulbar or upper extremity signs, motoneurons from cervical and 
hypoglossal regions showed accumulation of calcium precipitates in the cytoplasm as 
well as in mitochondria, endoplasmic reticulum, and Golgi complex without significant 
morphologic alterations of these structures. At a stage of disease with extensive 
hindlimb paralysis, the residual motoneurons showed massive destruction of 
intracellular organelles, but relatively insignificant accumulation of calcium precipitates. 
These findings suggest that disrupted calcium homeostasis is an early marker of 
subsequent motoneuron immune-mediated injury and not merely the result of 
motoneuron irreversible damage.

Supported by grants from NIH (NS33186), MDA, and Cephalon, Inc.

708.11

POSTNATAL MATURATION AND DEATH OF AXOTOMISED SPINAL 
MOTOR NEURONS IN THE RAT K.S, Lowry and S.S. Cheema* Dept. of 
Anatomy, Monash University, Victoria 3168, Australia.

Axotomised median and ulnar (MU) motor neurons in the neonatal rat can be 
rescued from death by various treatments of the proximal nerve stump. Here we 
have investigated the effect of maturation on the extent of axotomised motor 
neuron loss and the expression of the 75 kilodalton low-affinity neurotrophin 
receptor (p75) which signals cell death under certain conditions. Wistar rats (P0- 
adult) were anaesthetised by hypothermia (neonates) or 5% chloral hydrate (>P7, 
0.1 ml/gm, IP). The right MU nerves were transected and exposed to 1% Fluoro- 
Gold (FG). After 7 days, the animals were killed with an overdose of sodium 
pentobarbital (200 mg/kg, IP), and perfused with 4% paraformaldehyde. 
Retrogradely labeled motor neurons were counted in serial 10pm paraffin 
sections of the cervical spinal cords and p75 visualised using antibodies against 
p75 (gift from Prof. M. Chao, Columbia University).

Intensely labeled motor neurons were found within a column extending 
through spinal segments C6-8. The MU nerves contain approximately 722 motor 
neurons, of which 600 (78%) are located in C7. Transection of the MU nerves at 
P0 causes a 40% loss of motor neurons in the cervical spinal cord within 7 days 
of axotomy. By P7 almost all MU motor neurons survive a 7 day post-axotomy 
period. At P14 higher numbers of retrogradely labeled MU motor neurons are 
present. Studies are underway to confirm this apparent increase in motor 
neurons between P0 and P14 by mapping the numbers of retrogradely labeled 
motor neurons resulting from the injection of FG into a single muscle in the 
forelimb during this time. Approximately 100% of intact motor neurons express 
p75 at P0. Seven days after axotomy the remaining motor neurons continue to 
express p75 and they appear atrophic suggesting that p75 continues to generate 
death signals. We are now investigating the speed at which the death signal is 
retrogradely conveyed by detecting the first appearance of TUNEL positive MU 
motor neurons following axotomy.

708.12
PREFERENTIAL LOSS OF SENSORY NEURONS EXPRESSING HIGH 
LEVELS OF THE 75 kD LOW AFFINITY NGF RECEPTOR (p75) IN THE 
NEONATAL RAT DORSAL ROOT GANGLION FOLLOWING AXOTOMY. 
S.S. Murray*, E. Lopes and S.S, Cheema, Dept. of Anatomy, Monash University, 
Victoria, Australia.

There is evidence that p75 mediates neuronal cell death under certain conditions. 
We have shown previously that application of antisense oligonucleotides directed 
against p75 prevents the death of a significant number of sensory neurons in the 
dorsal root ganglion (DRG) following axotomy (Cheema et. al. 1996). Here we ask 
whether neurons expressing the highest levels of p75 are particularly vulnerable to 
axotomy-induced cell death.

Newborn rat pups were rendered unconscious by ice-induced hypothermia, and an 
axotomy performed on the right median and ulnar nerve. At 1, 3 or 5 days post 
axotomy, the pups were rendered unconscious again, transcardially perfused with 
Bouin’s fixative, and the DRGs from segments C7 and C8 were dissected out, 
embedded in paraffin wax and sectioned at 5pm. Sections were immunostained 
using an antibody against p75 (gift from Prof. M. Chao, Columbia University). 
Outlines of negative, moderately positive and intensely positive neurons were traced 
by camera lucida, and mean diameters were determined.

At one day post axotomy, there is no change in the proportions of p75 expressing 
neurons. By three days post axotomy, the majority of the neuronal population that 
expresses the highest levels of p75 are lost. By five days, this trend is further 
extended. Size distribution analysis shows that the largest neurons express the 
highest levels of p75, and that it is the largest neurons that are lost following 
axotomy. Taken together, we conclude that the constitutive expression of high 
levels of p75 predisposes neurons to axotomy induced cell death.

Supported by the Bethlehem Griffiths Foundation.
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708.13

NITRIC OXIDE AND THE PROGRAMMED CELL DEATH OF 
DEVELOPING AVIAN MOTONEURONS. D. Prevette*, S. Wang and 
R. Oppenheim, Dept. of Neurobiology and Anatomy, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157.

Nitric oxide (NO) has been implicated in neuronal injury and death 
after ischemia, trauma and axotomy as well as in motoneuron (MN) 
diseases, and NO contributes to the death of rat MNs in vitro following 
trophic factor deprivation. We have begun to examine the role of NO 
in the programmed cell death (PCD) of developing avian MNs in vivo. 
Treatment of chick embryos in ovo with the NO synthase inhibitors 
nitro-L-arginine (L-NA) and nitro-L-arginine methyl ester (L-NAME) 
rescued MNs from PCD by reducing the number of dying (pyknotic) 
MNs and thereby increasing the number of surviving MNs. The 
inactive stereoisomer D-NAME had no effect on the number of dying 
or surviving MNs. Because NO and superoxide (SO) combine to form 
the toxic oxidant peroxynitrite (PN) which is a substrate for the anti
oxidant superoxide dismutase (SOD), we examined the effect of the 
membrane permeable scavenger of SO, manganese TBAP on MNs. 
However, preliminary studies indicate that manganese TBAP is 
ineffective in promoting MN survival, suggesting that SO and PN may 
not be responsible for MN PCD in vivo. Studies are in progress to 
identify the mechanisms by which NO induces the PCD of MNs.
NIH Grant NS20402

708.14
NITRIC OXIDE IS REQUIRED FOR BDNF-MEDIATED ACTIVITY- 
DEPENDENT NEURONAL SURVIVAL. M. Gonzalez-Zulueta1*, V.L 
Dawson1’2 3 and T.M. Dawson1-2. Departments of 1Neurology, 
2Neurosclence, and 3Physiology, Johns Hopkins University School of 
Medicine, Baltimore, MD 21287.

The morphology and survival of cortical neurons are affected by 
neuronal activity through the increase in intracellular calcium and the 
actions of brain-derived neurotrophic factor (BDNF). The mechanisms 
by which neuronal activity regulates production of BDNF and neuronal 
survival remain poorly characterized. Many studies have identified 
critical roles for nitric oxide (NO) in cellular signaling. We have 
investigated the role of NO in BDNF-mediated activity-dependent 
neuronal survival. Here we show that activity-dependent cell survival 
and neurite outgrowth are mediated by NO through non-cGMP 
dependent pathways. Our studies show that activity-induced release 
of BDNF requires NO. Genetic knock-out of neuronal NO synthase 
(nNOS) shows that BDNF is unable to elicit cell survival and neurite 
outgrowth in the absence of NO. The NO donors Nor3 and DETA/NO 
are able to elicit cell survival and neurite outgrowth when BDNF actions 
are blocked by anti-BDNF neutralizing antibodies or by the tyrosine 
kinase receptor inhibitor, K252a. Confirming the notion that NO- 
induced neuronal survival can occur in the absence of BDNF, we show 
that Nor3 and DETA/NO fail to activate BDNF receptor in the presence 
of K252a in both wild-type and nNOS-/- cultures, but they still induce 
cell survival and neurite outgrowth. Furthermore, we show that NO 
mediates activity-dependent neuronal survival through a non-cGMP, 
non-BDNF dependent activation of Ras. Our findings demonstrate a 
NO-dependent mechanism for BDNF mediated activity-induced 
neuronal survival.
Supported by The Boehringer Ingelheim Funds, AFAR, ANA, MDA, and NIH.

708.15

NEUROPROTECTION FROM NITRIC OXIDE BY ERYTHROPOIETIN (EPO) 
IS MEDIATED BY NFkB. Murat Digicaylioglu,* Nicole Moayeri, and Stuart A, 
Lipton. CNS Research Institute, Brigham & Women's Hospital, and Program in 
Neuroscience, Harvard Medical School, Boston, MA 02115.

Recently, EPO and its receptor, EPO-R, were shown to be present on neurons in 
the mammalian brain. Here we investigated the protective effects of recombinant 
EPO on neurons exposed to nitric oxide (NO), and elucidated elements of the 
signaling cascade involved in EPO-mediated neuroprotection. Preincubation with 
EPO decreased neuronal apoptosis engendered by the NO donors spermine/NO 
(SP/NO, 200 pM) and S-nitrosocysteine (SNOC, 200 pM). Eighteen hr after 
incubation in SP/NO or SNOC, apoptors was observed in 41±6% and 44±2% of 
cultured cerebrocortical neurons, respectively. Simultaneous incubation in EPO 
decreased apoptosis to 21 ±1 % (SP/NO) and 19± 1% (SNOC). Heat inactivated EPO 
did not protect neurons. In these cultures, endogenous production of NO by 
cytokines could be blocked by L-nitroarginlne (1 mM), as could the dramatic increase 
in neuronal apoptosis observed in the presence of cytokines. EPO could also protect 
from cytokine-induced neuronal apoptosis but had no effect on NO production, as 
reflected in the Griess assay. Under normal conditions NFkB activity was not 
detectable, but increased somewhat in the presence of NO. EPO (10 U) further 
induced NFkB levels in immunoblots. Blocking NFkB activity with 5 p M pyrrolidine 
dithiocarbamate (PDTC) reversed the protective effect of EPO from endogenous NO, 
resulting in 71 ±4% apoptotic neurons. These findings suggest that the 
neuroprotective effect of EPO involves NFkB. Additionally, EPO activated JAK- 
2/STAT5 in these cultures, suggesting that this signal cascade linked to the EPO-R 
may also be involved. Supported by NIH grant P01 HD29587 and R01 EY09024.

708.16
A NITRIC OXIDE DONOR NOR3 INDUCED CYTOTOXICITY IN 
PC 12 CELLS IS NOT MEDIATED VIA PEROXYNITRITE 
PRODUCTION. T, Yamamoto?* K. Nakamura? K, Yuyama? T, 
Kato1 and H. Yamamoto2, ’Lab. of Mol. Recognition, Grad. School of 
Integrated Sci., Yokohama City Univ., Yokohama 236 & 2Dept. of 
Psychopharmacol., Tokyo Institute of Psychiatry, Tokyo 156, Japan.

Recent evidence suggests that nitric oxide (NO) is a versatile 
substance contributed to the modulation of vascular and neural func
tions. In addition, excessive production of NO have been shown to 
cytotoxic in several cell types including cultured neurons. In this 
study, we further investigated the mechanism of NO-induced 
cytotoxicity using PC 12 cells. The cell toxicity was assessed by MTT 
assay. Exposure of PC 12 cells to the NO donor, NOR2 or NOR3 (1 - 
100 pM) for 24 hours produced a concentration-dependent increase in 
cell death. Fluorescence microscopy after Hoechst-33258 staining of 
chromatin and agarose-electrophoresis showed cytoplasmic shrinkage 
with nuclear condensation and DNA fragmentation after 3 hours 
treatment of NOR3. These cell death were partially prevented by the 
addition of antioxidants, ascorbate (100-500 pM), glutathion (100 
pM) and cysteine (200 pM). However, neither the precursor of 
peroxinitrite, SIN1 (1-500 pM) nor dibutylyl cGMP (0.1-1.0 mM) 
produced cytotoxicity. These findings indicate that NO induces an 
apoptosis-like cell death which is not mediated via formation of 
peroxinitrite or cGMP.

708.17

INDUCTION OF NITRIC OXIDE SYNTHASE (iNOS) AND NO- 
MEDIATED APOPTOSIS IN NEURONAL PC12 CELLS AFTER 
STIMULATION WITH TNF-a/LPS M.T, Heneka, M. Gleichmann, F. 
Eblen*, M. Weller, J.B. Schulz, U. Wüllner and T. Klockgether. Dept. of 
Neurology, Univ. of Tübingen, Tübingen, Germany

Exposure of neuronal PC 12 cells, differentiated by nerve growth 
factor (NGF) for 14 days, to tumor necrosis factor alpha (TNF-a, 10 
ng/ml) and bacterial lipopolysaccharide (LPS, 10 pg/ml) resulted in de 
novo synthesis of inducible nitric oxide synthase (iNOS) mRNA and 
protein with an increase up to 24 h. Brain nitric oxide synthase (bNOS) 
expression was unaffected by treatment with TNF-a/LPS. The induction of 
iNOS in differentiated PC 12 cells was associated with cell death 
characterised by features of apoptosis 24 h after stimulation with TNF- 
a/LPS. The NOS inhibitors N-monomethyl-arginine (NMMA), 
aminoguanidine (AG) and 2-amino-5,6-dihydro-6-methyl-4H-l,3- 
thiazine.HCL (AMT) prevented TNF-a/LPS-induced cell death and DNA 
fragmentation in a concentration-dependent way, suggesting that the TNF- 
a/LPS-induced cell death is mediated by iNOS-derived nitric oxide (NO). 
This hypothesis is supported by the finding that addition of L-arginine 
(ImM) that serves as a precursor and limiting factor of enzyme-derived 
NO production, potentiated TNF-a/LPS induced loss of viability at 
different concentrations of TNF-a/LPS.
This study was supported by a grant from the Deutsche 
Forschungsgemeinschaft (SFB 430, B7).
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709.1

INSULIN PREVENTS APOPTOSIS IN HYPOXIC FETAL RAT 
NEURON CELL CULTURES. R, Schechter* and M, Abboud. William K. 
Warren Medical Research Institute, Univ. of Oklahoma HSC, Tulsa, OK. 74136.

We have demonstrated the “de novo” synthesis of insulin in vivo and in vitro by neurons. 
We undertook this study to explore the role of insulin in preventing apoptosis during 
hypoxia in fetal neuron cell cultures (NCC). NCC were obtained from 19 day gestational 
age fetal rat brains, grown in Dulbecco’s Modified Eagle Medium containing 10% fetal calf 
serum for 2 days and then incubated in an insulin free /serum free defined medium for 5 
days. PCR showed insulin and insulin receptor mRNA in the NCC. Insulin 
immunoreaction was observed in the neuron and incubated medium. We studied the NCC 
under normoxia and hypoxia conditions. Normoxic NCC were exposed to 95% O2 and 5% 
CO2. Hypoxic NCC were exposed to 5% O2, 95% N2 and 5% CO2 for 1 hour. During both 
studies NCC were treated with either 5 ng/ml of insulin or 10 pM isoproterenol (an insulin 
receptor tyrosine kinase inhibitor) for 1 hour. Apoptosis was studied using Klenow FragEL 
DNA Fragmentation Kit and diaminobenzidine as chromogen. Twenty fields were counted 
per treatment using a 20 X objective. ANOVA was used for statistical analysis and a 
p<0.05 was considered significant. Hypoxic NCC showed a significant increase in 
apoptotic neurons when compared with normoxic NCC. Hypoxic NCC treated with insulin 
showed a significant reduction of apoptotic neuronscompard to hypoxic NCC. Hypoxic 
isoproterenol treated NCC showed no significant difference compared to hypoxic NCC, but 
showed a significant increase in apoptotic neurons when compared with hypoxic insulin 
treated NCC. Isoproteronol normoxic treated NCC showed a significant increase in 
apoptotic neurons when compared with normoxia and insulin treated normoxic neurons. 
No significant difference was found between normoxic and insulin treated normoxic 
neurons. Thus: 1) exogenous insulin prevents apoptosis during hypoxia in fetal NCC, 2) 
brain endogenous insulin may be involved in preventing apoptosis in normoxic fetal NCC, 
in view of the increase in number of apoptotic neurons during treatment with isoproterenol. 
Sponsor: William K. Warren Medical Research Institute.

709.2
A ROLE FOR PAXILLIN IN NEURONAL ADHESIVE SURVIVAL 
SIGNALING. M.M, Berg1*. C.E, Turner2 and A.F. Horwitz1.1Dept. of Cell 
and Structural Biology, Univ. of IL, Urbana, IL 61801 and department of 
Anatomy and Cell Biology, State University of NY Health Science Center 
at Syracuse.

In neurons, the integrin family of extracellular matrix (ECM) receptors is 
developmental^ regulated and has been demonstrated to mediate 
neurite outgrowth, adhesion and migration. While an additional role for the 
ECM as a survival factor for neurons in vitro was suggested in early 
studies, the molecular mechanism(s) responsible for this dependence is 
unclear. We have determined that two CNS neuroblastoma cell lines, SH- 
SY5Y (human) and B103 (rat), both require Integrln-mediated attatchment 
to the ECM for survival. Growth in suspension results in approximately 
40% cell death via apoptosis In either cell type after 18 hours in culture. 
Paxillin is an Integrin-linked focal adhesion protein thought to play a central 
role In the coordination of focal adhesion assembly and signaling. To 
assess its role in neuronal adhesive survival signaling, B103 cells were 
stably transfected with both full length and mutant chick paxillin cDNAs. 
Chick paxillin is highly expressed In the transfected cells and properly 
targeted to focal adhesions as determined by immunocytochemistry with a 
chick-specific polyclonal antiserum. Overexpression of two mutant paxillin 
cDNAs, one containing targeted mutations In two serine residues 
phosphorylated upon adhesion, and the other a non-focal adhesion 
localizing mutant, both significantly Increase programmed cell death in 
suspension. Preliminary data Indicate that adherent B103 cells expressing 
these constructs show significantly reduced focal adhesions as assessed 
by vlnculln staining. The data suggest that the mutant paxillin constructs 
may behave as “dominant negatives” and Inhibit focal adhesion signaling. 
These data place paxillin within a signaling pathway regulating neuronal 
cell death. Supported by NIH grants 1F32 AG05662 and R37 GM23244- 
22

709.3

THE INFLUENCE OF EXPRESSION OF P53 GENE ON APOPTOSIS OF DND IN 
HIPPOCAMPAL CA1 REGION AFTER REPERFUSION FOLLOWING GLOBAL 
ISCHEMIA IN RATS. H.M.Liu Z.Q.Tong* Dept. of Physiology, First Military 
Medical Univ.,Guangzhou,Guangdong,510515, P.R.China

Recently, delayed neuronal death(DND) induced by ischemia has been found 
related to apoptosis.Chopp et al. verified P53 gene promoted DND following transient 
focal ischemia. But investigation concering apoptosis and the role of P53 gene in it 
following global ischemia hasn’t been reported.

Pusinelli’s model was used in adult Wistar rats,which were divided into sham- 
operated groups and different duration groups of reperfusion (6h,12h,24h,48h,72h, 
96h,n=6) following 15min global ischemia.Using in situ end labeling(ISEL),immuno- 
histochemistry(LSAB method) and in situ hibridization(ISH),apoptosis, p53 protein 
and P53mRNA expression were detected in brain sections.With light microscope: 1) 
Apoptosis wasn’t detected in negative-control.sham-operated groups and 6h,12h 
groups after reperfusion following ischemia.At 24h after reperfusion, apoptosis 
occurred in pyramidal neurons of hippocampal CA1 region, whose nuclei became 
pyknotic and denser. A maximal induction of apoptosis was found at 72h(69.00 ± 
3.84,unit:the number of apoptosis of pyramidal neurons in CA1 region/light power 
field).2)There is no expression of p53 protein or P53 mRNA in both negative-control 
and sham-operated groups. At 6h after reperfusion following ischemia,p53 protein 
expression was initially detected in white matter of hippocampal formation. At 24h, 
p53 protein expression was detected in the pyramidal nuclei in CA1 region. With 
Leica-Q500MC image pattern quantitative analysis system(unit:positive unit), we 
found a maximal induction at 72h( 11.10 ± 1.64).At 6h after reperfusion, P53mRNA 
expression was detected in pyramidal cytoplasm in CA1 region, maximal at 48h 
(11.95 ± 1.72),and continuing to exist at 96h.

We demonstrated hippocampus was vulnerant to ischemia. P53 protein and P53 
mRNA were upregulated inCAl region following global ischemia.Its time distribution 
was consistent with apoptosis.lt was suggested P53 gene possiblely participate in 
DND in hippocampal CA 1 region and promote it which related to apoptosis.

Supported by NSFC and GSFC.

709.4

POLY (ADP-RIBOSE) POLYMERASE (PARP)
IMMUNOREACTIVITY AS A MARKER OF APOPTOSIS IN 
THE NERVOUS SYSTEM OF DEVELOPING XENOPUS 
LAEVIS FROGS Anna M. Jelaso* and Charles F. Ide, Department 
of Cell and Molecular Biology and Tulane/Xavier Center for 
Bioenvironmental Research, Tulane University, New Orleans, LA 
70118

Apoptotic cells were identified in 4 and 10 day old Xenopus laevis 
tadpoles using immunocytochemistry to parp, an enzyme that is 
cleaved by CPP328/Yama into an 85 kDa fragment during 
apoptosis. Western blot analysis confirmed the specificity of the 
antibody for use in Xenopus laevis. A statistically significant 
gradient of increasing parp expression from anterior (forebrain) 
through posterior (posterior spinal cord) neural regions was present 
by 10 days post fertilization. Parp labeling was observed in 
morphologically distinct cell types throughout the nervous system; 
cells were clearly apoptotic, showing edema, clear bodies, and 
membrane blebbing. A variety of identifiable cell types showed parp 
labeling including, floor plate commissural cells, Rohon-Beard 
sensory neurons, and spinal motoneurons. Throughout the nervous 
system, parp expression sometimes appeared in bilaterally labeled 
cells. Previous studies (Jelaso et al., 1998, J. Comp. Neur. 394: 
242-251) indicated that the cytokine interleukin-18 (IL-18), 
processed by ICE, a caspase, was present in Mauthner’s giant 
neuron. Analysis of IL-18 and correlated parp expression patterns 
showed no overlap of IL-18 and parp expression, indicating that IL- 
18 is not a marker of apoptosis in this giant, identifiable cell.

Supported by Dept of Energy Grant: DE-FG01-93-EW5323023

709.5

PROGRAMMED CELL DEATH AND CALPAIN ACTIVATION OCCUR 
MAXIMALLY IN RAT SCI LESION. S. Rav, D. Shields, D. Griesemer*,
G. Wilford. D. Matzelle, E. Hogan, N, Banik. Neurology, Medical 
University of SC, Charleston SC 29425.

Spinal cord injury (SCI) initiates a series of biochemical changes and 
pathophysiological pathways that cause programmed cell death (PCD). 
Increase in intracellular Ca2+ levels following SCI activates Ca2+-depen- 
dent proteases including calpain. Intemucleosomal DNA fragmentation 
is the hallmark of PCD which is mediated by activation of a series of 
cysteine proteases. To find the degree of DNA damage, calpain activ
ation and localization by double immunofluorescence in SCI lesion and 
distant areas, we examined rat spinal cord 48 hours after injury (40g- 
cm) induced on T12 by weight-drop method. The spinal cord (5cm 
section with lesion in the epicenter) was removed and divided equally 
into five 1cm segments. Intemucleosomal DNA fragmentation was 
found to be maximum in the lesion. The extent of DNA damage 
gradually decreased with increasing distance from the site of injury. 
Rostral areas were less affected than caudal areas. Western blotting 
and double-immunofluorescent labeling also indicated maximum 
increased calpain in the lesion. Calpain activation degradated 68kD 
neurofilament protein. These studies correlate degree of DNA damage 
and calpain activation in rat SCI, and both occur maximally in SCI 
lesion. Supported by grants from NIH, PVA, and NMSS.

709.6
EARLY MOLECULAR EVENTS ACCOMPANYING APOPTOTIC 
DEATH OF IMMORTALIZED HIPPOCAMPAL NEURONS 
L, Colombaioni*1, I. Varela3, andM, Garcia-Gil3 ’institute of Neurophysiology 
of CNR . 56127 Pisa. Italy. ¿Institute of Biomedical Research. CSIC. Madrid. 
Spain. 3Dpt. Physiology and Biochemistry. University of Pisa. Italy.

Ceramide, the second messenger of the sphingomyelin pathway is a mediator of 
apoptosis in different cell types. We have studied the effects of C2-ceramide. a 
cell permeant ceramide analogue, on immortalized embryonic hippocampal 
neurons (HN9 line). Cells w'ere treated with 5-75 pM of C2-ceramide for 6-72 
hours. C2-ceramide. but not its inactive analogue C2-dihydroceramide. resulted 
in a decrease of viability measured with MIT assay. Morphology of dying 
neurons was visualized by phase-contrast microscopy and bisbenzimide staining. 
C2-ceramide induced neurite retraction, cell shrinkage and nuclear 
fragmentation. Therefore, the observed HN9 death showed the features of 
apoptosis. The molecular events implicated in ceramide-triggered apoptosis have 
been investigated. Six hours of C2-ceramide treatment did not alter the 
mitochondrial membrane potential (estimated by rhodamine-123 retention), but 
produced an increase in reactive oxy gen species measured by oxidation of 2 ,7 - 
dichlorofluorescein. In order to study whether variation of intracellular calcium 
levels take place during the death process. HN9 were loaded with the calcium 
indicator Fluo3 and analyzed by confocal microscopy. We have observed 
sustained cytoplasmic and nuclear calcium increases that precede any 
morphological sign of nuclear fragmentation. The elevation of intracellular 
calcium persisted at later stages of the apoptotic process. Therefore, intracellular 
calcium homeostasis appears to be perturbed during C2-ceramide triggered 
apoptosis in HN9 cells.
Supported by CNR. DGICYT (PM 96-0075) and CEE Biotech Bio4-CT96-0649.
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709.7
RAT HOMOLOG OF SINA (SEVENLESS IN ABSENTIA) BINDS TO 
GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE;
IMPLICATIONS FOR NEURODEGENERATIVE DISEASES.
L.J, Hanle, M. Takahashi, S. Blackshaw. M.Sakurai*. S.H. Snyder, A.Sawa
Dept. of Neuroscience, Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is a cytosolic 
glycolytic enzyme once thought to be merely a housekeeping product. Recent 
studies from our group and others have expanded the role of GAPDH as a 
mediator of cell death. GAPDH binds gene products of triplet repeat diseases such 
as Huntingtin, but the pathophysiological relevance is unclear. To seek interacting 
molecules with GAPDH, we carried out yeast-two-hybrid screening using a rat 
brain cDNA library. Among several positive clones, we picked up a rat homolog 
of sevenless in absentia (Sina). Sina, which was originally identified in 
Drosophila melanogaster, participates in the development of the R7 
photoreceptor cell, downstream of the Sevenless receptor tyrosine kinase. Its 
mammalian homolog is designated Siah. Siah is overexpressed during apoptosis 
under the transcriptional control of p53. Sina/Siah can anchor ubquitin- 
conjugating-enzymes to the target protein of Sina/Siah, resulting in protein 
ubiquitination and degradation through the ubiquitin-proteasome pathway. The 
conserved domain of Siah participated in the binding with the carboxyl terminal 
of GAPDH. This interaction was confirmed by co-immunoprecipitation. Utilizing 
in situ hybridization, we evaluated Siah expression both in development and in 
aging with an emphasis on neuronal apoptosis.

supported by USPHS grant MH18501 to SHS, brain science grant (Japan) to AS

709.8
EARLY AND LATE WAVES OF APOPTOSIS INDUCED BY y 
IRRADIATION OF THE DEVELOPING RETINA ARE 
DIFFERENTIALLY ASSOCIATED WITH THE CELL CYCLE.
H. L. Borges and R. Linden*. Instituto de Biofisica da UFRJ, CCS, 
bl.G, Rio de Janeiro, Brazil 21949-900. hlobo@ibccf.biof.ufij.br

DNA-damaging agents such as ionizing radiation lead to apoptosis 
in the proliferative zone (neuroblastic layer - NBL) of the developing 
retina. We asked whether sensitivity to apoptosis may be related to 
distinct phases of the cell cycle. Explants of die retina of newborn 
rats were y-irradiated (2Gy) in vitro. Apoptosis was detected by 
chromatin condensation, TUNEL, and DNA electrophoresis. After 
6h, early-appearing apoptotic bodies were located mainly towards 
the outer tier of the NBL. In contrast, after 24h, late apoptotic cells 
were located towards the inner margin of the NBL, a region 
associated with the S phase of the cell cycle. BrdU given 3h before 
fixation labeled a large number of late apoptotic cells. In turn, all 
early apoptotic cells were BrdU-. After labeling of all cycling cells, 
40% of the early apoptotic cells were BrdU- and thus post-mitotic. 
The same schedule of cell death was identified after y-irradiation in 
vivo. The results show that irradiation leads to two waves of 
apoptosis of distinct cell populations. An early wave comprises both 
post-mitotic cells and proliferating cells out of the S phase. The late 
wave is related with DNA synthesis. (CNPq, FINEP, FAPERJ, 
FUJB-UFRJ; PRONEX-MCT)

709.9
NEUROTOXIC POTENTIAL OF PLATIN COMPOUNDS: ROLE 
OF CELL CYCLE ELEMENTS
V. L. Murrie, J. S. Gill, and A. J. Windebank? Mayo Clinic and Mayo 
Foundation, Molecular Neuroscience Program, Rochester, MN 55905 
USA.

Platinum compounds have been used for treating germ cell tumors for 
more than 25 years. The total dose of cisplatin and carboplatin given to 
patients is limited by neurotoxicity. Clinical and animal studies have 
revealed that cisplatin induces a disabling peripheral neuropathy by 
directly injuring dorsal root ganglion (DRG) neurons. Previous studies 
from our laboratory have shown that cisplatin induced neurotoxicity in 
DRG neurons in vitro is associated with an apparent attempt to re-enter 
the cell cycle. Re-entry into the cell cycle by terminally differentiated 
sensory neurons leads to apoptosis which may underlie cisplatin 
neuropathy. The focus of this study was to compare the neurotoxic 
effect of the related platin compounds cis-, carbo-, trans-, and 
oxaliplatin. Neurite outgrowth from DRG explants demonstrated 
significant reduction in neurite outgrowth in cultures exposed to 3.5 to 5 
Lig/ml carbo- and oxaliplatin, comparable to that observed in cisplatin 
treated cultures. This correlated with a reduction in cell viability in 
neuron enriched DRG cultures. Neuronal viability was increased with 
the co-administration of aurintricarboxylic acid, an inhibitor of 
endogenous Ca2+/Mg + mediated endonuclease activity. We also 
correlated the neurotoxic potential of these platin compounds with 
expression of cellular elements indicative of cell cycle entry: cyclin DI 
and hyperphosphorylation of retinoblastoma protein (pRb). Each 
platinum compound caused similar upregulation of cyclin DI and 
increased phosphorylation of pRb Differential activation of caspases by 
platin compounds in primary neuronal cultures and cancer cells 
demonstrated that cells were undergoing apoptosis after attempted re
entry into the cell cycle (Support: NS 14304 and Mayo Foundation).

709.10
MECHANISM OF THE a-BUNGAROTOXIN-MEDIATED RESCUE OF 
CILIARY GANGLION NEURONS FROM CELL DEATH. G. L. Bunker.1 
and R. Nishffe2. 'Neuroscience Program, Oregon Health Sciences Univ.; 2Dept. 
of Cell and Developmental Biology, Oregon Health Sciences University; 
Portland, OR 97201.

Neuron-target interactions have been strongly implicated in the process of cell 
death. Cell death can be greatly exacerbated by prior removal of the peripheral 
target, and can be reduced by increasing the amount of target tissue available to a 
given population of neurons. Systemic application of nicotinic acetylcholine 
receptor (nAChR) antagonists has been shown to rescue ciliary ganglion (CG) 
and motor neurons from cell death (Meriney et al., 1987, J. Neurosci. 7:3840; 
Pittman and Oppenheim, 1978, Nature 271:364.), though the mechanism of this 
rescue is unknown.

We have confirmed that application of 75gg/day of a-bungarotoxin (a-btx) on 
the chorioallantoic membrane of chicken embryos from E7 to E14 rescues CG 
neurons from cell death. Alpha-btx is not a trophic factor for the neurons, nor 
does it shift the dose-response curve of the neurons for the endogenous trophic 
factor, ciliary neurotrophic factor (chCNTF). We have also shown that treatment 
with a-btx does not increase the neurotrophic activity contained in whole eye 
extract from E14 embryos, or that contained in conditioned medium from a-btx- 
treated El 1 iris or choroid cells. We have developed an in vitro system in which 
we can mimic the in vivo neuronal rescue effect of a-btx. When CG neurons 
are co-cultured with cells dissociated from Ell chick iris in the absence of 
exogenously added chCNTF, a-btx promotes neuronal survival. Using this in 
vitro system, we propose to address the questions of whether a-btx effects its 
rescue of CG neurons by binding to the neurons themselves or to the target 
tissues, as well as whether the rescue is mediated by changes in levels of target- 
derived growth factors, or through alterations in calcium physiology in the CG 
neurons. (Funded by NS25767.)

709.11

ICE PROTEASE ACTIVITY AND IMMUNOHISTOCHEMISTRY AFTER 
SPINAL CONTUSION INJURY. H.X. Dong*, H.C. Wang, A, Fazzaro, J. Xu,
G.S. Fan, C.Y. Hsu & M.F. Jacquin. Departments of Neurology and Pathology, and 
the Center for the Study of Nervous System Injury, Washington University School of 
Medicine, St. Louis, MO 63110.

Caspases are known to be activated in apoptosis and may be required for certain 
types of cell death. We (Dong et al., Soc. Neurosci. Abstr., ’97) previously reported 
that spinal contusion injury results in significantly elevated expression of ICE 
(interleukin-1(3 converting enzyme) precursor protease, based upon Western blots, as 
well as increased immunohistochemical staining for ICE reaction product. Our prior 
work revealed increased expression of the 45 kDa precursor protein, but did not detect 
the active 10 kDa protein. Here, further experiments were carried out to determine 
whether the ICE precursor protein cleaves into the active subunit, and to assess the 
types of spinal cord cells that express ICE. The T10 spinal segment of adult female 
Long-Evans rats was subjected to contusion injury using the NYU impactor. ICE 
protease activity was measured at the impact site at different timepoints by using the 
fluorogenie ICE substrate YVAD-AFC. ICE protease activity was significantly 
increased (ANOVA, p < .05) relative to sham-operated controls at 5 and 7 days post
injury; such activity decreased to control levels by 12 days. Immunohistochemical 
double-labeling experiments using antibodies to ICE, EDI and OX-42 indicated that 
most of the ICE-positive cells were macrophages and microglia. They were most 
prevalent in the dorsal columns bordering upon the injury epicenter, and the highest 
numbers of such ICE-postive cells were observed at 1 and 3 days post-injury. By 5 and 
7 days, fewer stained cells were observed in the gray matter and the dorsal columns. 
These data suggest that traumatic spinal cord injury results in increased expression of 
the ICE precursor protein and that it is cleaved into the active subunit as enzyme 
activity is increased. Further work is required to determine whether ICE activity is 
necessary for cell death following spinal cord injury. Support: NIH DE07734 (MFJ), 
NS37230 (CYH).

709.12
CHARACTERIZATION AND PURIFICATION OF AN ACTIVITY IN 
EMBRYONIC CHICKEN EYES THAT INDUCES APOPTOSIS OF 
DEVELOPING CILIARY GANGLION NEURONS. V. Lee* and R. Nishi 
Department of Cell and Developmental Biology, Oregon Health Sciences 
University, Portland, OR 97201

During development of the nervous system, neurons are generated in 
excess and then go through target dependent cell death to reach their final 
number. Recently, nerve growth factor has been shown to mediate cell 
death through interaction with its p75 neurotrophin receptor, suggesting 
that ligands that induce cell death exist in the nervous system (Frade et al., 
1996, Nature 383: 166). We have recently identified a death onset activity 
(DOA) from embryonic chicken eye extracts that causes apoptotic cell 
death of cultured ciliary ganglion (CG) neurons. Only neurons, but not 
fibroblasts, die in response to this activity, and it acts even when a 
saturating amount of chicken ciliary neurotrophic factor (chCNTF) is 
included in culture, a condition under which ciliary ganglion neurons are 
normally healthy. The period of normal cell death for CG neurons in vivo is 
E8-E14. Preliminary results suggest that CG neurons collected from E8 or 
E9 CG are sensitive to DOA, while those that survive to E14 are not. We 
have shown that DOA is heat labile and have partially purified it over anion 
exchange, gel filtration, and chromatofocusing columns. Partially purified 
DOA was then used to generate monoclonal antibodies. One clone, 
MAb#14 can efficiently block cell death in vitro. Experiments are underway 
to test if developmental cell death in vivo can also be blocked by this 
antibody. We are also presently using these antibodies to purify DOA by 
affinity chromatography.

Funded by NS25767 (R.N.) and N.L. Tartar Research Fund (V.L.).
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709.13
BREFELDIN A AND NDGA, TWO GOLGI APPARATUS TOXINS INDUCE 
NEURONAL APOPTOSIS IN SPINAL CORD AND CORTICAL 
CULTURES. F. Terrò*. C. Yardin, W. Elvaman, J, Hugon . Neurobiology and 
Cell. Pathol., Histology Lab., Cell Biol. Dept. Faculty of Medicine, Limoges 
FRANCE.

The Golgi apparatus plays a crucial role in post-translational modifications of 
polypeptides and in their cellular transports. Previous findings reported that the 
Golgi apparatus can be fragmented in spinal motoneurons of patients with 
amyotrophic lateral sclerosis and in a subpopulation of neurons without 
neurofibrillary tangles in the brains of Alzheimer patients.

In the present study ventral spinal cord and cerebral cortical cultures were 
exposed to the golgi toxin Brefeldin A and NDGA. Apoptosis was assessed by 
staining the nuclei with DAPI or propidium iodide and by the TUNEL 
procedure. Results show that chronic (20 h) treatment of cultures with BFA (1 
pg.ml-1 to 10 pg/ml-1) and with NDGA (10 pM to 25 pM) induces neuronal 
apoptosis in a dose-deperident manner. The percentages of neuronal apoptosis 
were 54.2 ± 4.6 % and 39 ± 5.4 %, respectively in ventral spinal cord cultures 
exposed to BFA 2.5 pg.ml-1 and in cultures exposed to NDGA 25 pM. In 
cortical cultures, the percentages of neuronal apoptosis were 44.2 ±3.6 % in 
cultures exposed to NDGA 25 pM and 42.3±2.5 % in cultures exposed to BFA 
10 pg.ml-1. Cellular labeling using two golgi probes ; anti-58K protein antibody 
or the Bodipy-Ceramide revealed that both toxins caused an early (15' of 
treatment) Golgi apparatus fragmentation. These findings suggest that in vitro 
the toxic fragmentation and possibly dysfunction of the Golgi apparatus is an 
event preceding the late phase of neuronal apoptosis.

GLIA: RESPONSE TO INSULT

710.2710.1

CHARACTERISTICS OF THE FORMATION OF GLIAL REACTION IN THE 
PERINATAL RAT BRAIN. B.M, Ajtai ', M. Kalman and J.H. Sommerncss ' 
Department of Anatomy. Histology and Embryology . Semmchveis University of 
Medicine. Budapest, Hungary, H-1450.
Contrary to the majority of studies, our previous data showed that e\cn light perinatal 
stab wounds can result in reactive gliosis in subcortical brain areas. Present study 
analyses formation of the reactive gliosis in the early postnatal cortex as a function of 
lesion size and position. Rat pups were operated at PO. P2. P4 and P6. Two types of 
lesions, light (stab wound) and severe (suction of cortical tissue) were performed. After 
a 2-10 day long survival period, possible glial reaction was studied using 
immunostaining for GFAP. a marker for astrocytes.
Severe cortical lesions caused reactive gliosis bv P10 which persisted even after a 
month. It developed from the 6,h to the 10th postnatal days, regardless the age when the 
animals were operated between P0 and P4. i.e.its onset was slower after earlier lesions 
Light lesions provoked glial reactions only when performed at or after P6. otherwise 
healt before the gliosis could have developed. Within the cortex, the glial reactiv ity 
appeared earlier in the deeper layers than in the superficial ones. Along the 
rostrocaudal axis, the reactivity appeared first near the genu of the corpus callosum and 
later near the frontal and occipital poles. These tendencies were found when the 
animals were operated between P0 and P2. Like in our former studies, the glial 
reactivity appeared earlier in the subcortical structures than in the cortex. In the 
diencephalon, hippocampus and striatum, a remarkable gliosis was usually found after 
P0 lesions while the cortex healt without residua. The large tracts, like internal capsule 
or anterior commissure (earliest sites of the appearance of GFAP-immunopositivity) 
were the prime structures for the glial reaction. In conclusion, the time course of the 
appearance of the glial reaction is region-specific in the developing CNS and highly 
depends on the size and position of the lesion and the level of tissue maturity .
This study was supported by an ETK grant (126/95).

NEUROGLIAL ACTIVATION IN THE INJURED CENTRAL NERVOUS 
SYSTEM: ROLE OF TRANSFORMING GROWTH FACTOR-fU
L.L. Jones1*, T. Doetschman2, G.W. Kreutzberg1 and G. Raivich1
1Dept Neuromorphol, MPI Neurobiol, 82152 Martinsried, Germany; 
2Dept Mol Genetics, U Cincinnati Coll Med, OH 45267-0524, USA.

The Transforming Growth Factor |3‘s is a group of pleiotrophic 
cytokines with potent neurotrophic and immunosuppressive properties 
which are expressed in the normal and injured nervous system. In the 
current study, we examined the role of TGFpl in the regenerating 
mouse nervous system after transection of the facial nerve.

Although TGFp 1 is present in low levels in the normal central 
nervous system, the expression of this cytokine is strongly upregulated 
after injury. Transection of the facial nerve also led to the upregulation 
of the TGFp receptor II on axotomized motoneurons. Here, the absence 
of TGFpl in transgenetically deficient mice led to a strong increase of 
CD44- and GFAP-positive, activated astrocytes in the normal brain and 
an overall increase in the astrocyte activation after injury. In contrast, 
there was a severe inhibition in microglial number, their ability to 
proliferate, the expression of activation markers, aMp2 integrin and 
ICAM-1, and a reduction in their ramified morphology. On the other 
hand, TGFp 1 deficient microglia expressed the cell adhesion molecule 
CD44, which is normally absent in this injury model.

In summary, TGFp 1 plays an important role in the regulation of the 
astrocyte and microglial phenotype, which may be mediated by the 
TGFp receptor-positive neurons but also provides interesting insights 
into the cellular network that controls neuroglial activation.
Supported by DFG-grant 486/3-1

710.3
TRANSCRIPTION FACTORS NF-kB AND STAT3 ARE EXPRESSED IN GLIAL 
CELLS FOLLOWING AN EXCITOTOXIC LESION IN THE YOUNG BRAIN, 
González*. L, Acarin and B. Castellano. Unitat Histología (Medicina), Universität 
Autónoma Barcelona, Spain.

The expression of transcription factors such as the nuclear factor kappa B (NFkB) 
and the family of signal transducers and activators of transcription (STATs), may play a 
key role in the activation of several genes involved in the glial response to injury. 
Target genes of these transcriptions factors include the glial fibrillary acidic protein 
(GFAP) gene as well as several cytokines, adhesion molecules and major 
histocompatibility complexes (MHC). In this study, excitotoxic lesions were induced 
by the intracortical injection of N-methyl-D-aspartate in postnatal day nine rats. After 
survival times ranging from 2 hours to 14 days, brains were processed for the obtention 
of cryostat sections. The immunocytochemical detection of NFkB and STAT3 was 
carried out by using rabbit polyclonal primary antibodies, anti-rabbit biotinylated 
secondary antibodies, avidin-peroxidase complexes and DAB as chromogen.

In the excitotoxically damaged cortex, STAT3 positive glial nuclei were already 
observed at 2 hours post-injection in the surroundings of the lesion core. Later on, there 
is an increase in the number of STAT3 positive glial nuclei, which are located both 
inside the lesion core and surrounding it. STAT3 immunoreactivity peaks atl day post
injection, and from then STAT3 is observed cytoplasmatically, showing the ramified 
morphology of positive glial cells. At longer survival times the number of STAT3 
positive cells diminishes, although the glial scar formed at 7 days remains positive.

NFkB immunoreactivity is observed in the cytoplasm of few positive reactive glial 
cells in the damaged cortex at 2 hours post-injection, the number of labelled glial cells 
increases thereafter and peaks at day 1. Although decreased in number, positive cells are 
present in the lesion site until 14 days post-injection, when the glial scar observed is 
strongly positive. The activation of these transcription factors clearly preceeds the peak 
of microglial MHC expression and astroglial GFAP increase and hypertrophy, which 
occur at 3-5 days and 7 days post-injection respectively, in the same lesion model. 
These results may suggest an implication of STAT3 and NFkB in triggering the glial 
response in the young brain.

710.4
INDUCIBLE NITRIC OXIDE SYNTHASE EXPRESSION IN NON
NEURONAL CELLS AFTER INFECTION OF THE RAT CNS WITH 
PSEUDORABIES VIRUS. F. Serrano* and J.P. Card. Department of 
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

We have previously shown that infection of the rat central nervous system with 
pseudorabies virus (PRV) produces strain-dependent neuropathology that is 
accompanied by a spatiotemporaily organized non-neuronal response. This 
multicellular response is most pronounced in animals infected with virulent strains 
of PRV. In the present study we sought to determine if the inducible isoform of 
nitric oxide synthase (iNOS) is differentially expressed by cells responding to the 
infection. PRV was injected into the prefrontal cortex of adult male rats (n=l 1) 
and animals were sacrificed for immunohistochemical analysis 66 hours later. 
Specific antisera and fluorescent double labeling methods were used to evaluate 
the expression of iNOS in astrocytes (GFAP), microglia (0X42) and cells of 
monocyte and macrophage lineage (EDI) that entered the brain in response to the 
infection. Control animals (n=2) were injected with media from mock infected 
cells. The data demonstrated a robust expression of iNOS in experimental 
animals that was not apparent in controls. In addition, the analysis revealed that 
iNOS expression occurred in a subset of cells that responded differently to 
infection. Microglia and monocytes were differentially concentrated in the 
primary site of infection, immediately surrounding the canula tract. This area 
contained a paucity of astrocytes, but was surrounded by a dense wall of reactive 
astroglia that separated it from adjacent regions of cortex. iNOS was expressed in 
a subset of the microglia and monocytes surrounding the canula tract. However, 
iNOS was not expressed by reactive astroglia. We postulate that the microglia 
and macrophages induce neurodegenerative changes in infected neurons whereas 
astrocytes protect neurons in adjacent regions from the cytotoxic effect of iNOS 
by isolating the killing zone. (Supported by MH 53574 and MH 18882).
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710.5

CEREBRAL REACTIVE RESPONSES TO MICRO-MACHINED 
SILICON IMPLANTS, J, N. Turner1’2’3*. W. Shain1’2. D, H. Szarowski1. 
M. Andersen1, R.C, Davis4, M, Isaacson4 and H, Craighead4, Wadsworth 
Center &nd ¿School of Public Health, The University at Albany, Albany, 
NY, 12201-0509, ’Biomedical Engineering, RPI, Troy, NY, 4Applied and 
Engineering Physics, Cornell University, Ithaca, New York, 14853-2501.

The development of neuroprosthetic devices is being pursued as a potential 
treatment of neurologic disorders and for restoration of lost function due to 
trauma. The effectiveness of these devices is severely limited by the tissue 
reaction to the insertion and continuous presence of the implant. Our studies 
document the reactive responses to model probes implanted into rat cerebral 
cortex. Cellular responses were studied at post insertion times ranging from 
1 day to 6 weeks. Probes were removed after fixation and examined by light 
and scanning electron microscopy. Serial sections (100 pm) were collected 
along the entire length of the model probes (2 mm) and cellular responses 
observed by histochemistry for astro- and micro-glial markers as well as cell 
nuclei. The probes showed adherent cells at all time points. Thus, as the 
sheath became compact, the cells on the probe and cells in the sheath had 
decreased relative adhesion. Intense labeling with antibodies to glial fibrillary 
acid protein (GFAP) were observed immediately adjacent and along the 
entire length of the shaft at 7 days and 6 weeks. These results indicate that 
a chronic reactive response is maintained immediately around the probe and 
may be responsible for the electrical isolation of probes from the brain. 
Support in part by NIH (RR10957 and RR-10219).

710.6
ASTROGLIAL AND AXONAL RESPONSES TO SPINAL CORD INJURY IN 
MICE DEFICIENT FOR GLIAL FIBRILLARY ACIDIC PROTEIN (GFAP) AND 
VIMENTIN (VIM). V. Mcnet1, E. Colucci-Guvon2, C. Babinet2. A. Privat* and M, 
Giménez y Ribotta1*. 1 INSERM U336, Montpellier; ¿Instituí Pasteur, Paris. 
FRANCE.

Regeneration in the CNS after an injury is in part impaired by the formation of a 
glial scar. Reactive astrocytes overexpress GFAP and reexpress Vim. In order to 
evaluate the influence of astrocyte cytoskeleton upon glial scar formation and 
axonal regeneration, we performed spinal cord hemisections in mice in which the 
genes coding for GFAP and Vim have been inactivated. The animals were 
sacrificed from 3 days to 5 weeks after the lesion. In wild mice, Nestin and S-10C 
immunoreactivities (IR) were increased since the earliest time interval (3 days) at 
the level of the lesion and below, and then decreased progressively with time. 
Nestin-IR was present over the perikaryon and processes, and appeared essentially 
restricted to the lesioned side. In mutant mice, Nestin-IR was also increased, but it 
was confined to perikarya, and was distributed to both sides? S-100-IR did no; 
differ, both in space and time, in wild type and mutants.
Three days after the section, 5HT-IR was dramatically reduced below the lesion on 
both sides with however a predominance on the lesioned side. The reduction was 
most marked in mutants than in wild type animals. After one week, thin 5HT-IR 
fibers were present throughout the lesioned side in wild type animals, whereas ir. 
mutants IR coarse fibers were confined to the vicinity of motoneurons.
We conclude that the inactivation of the genes coding for GFAP and Vim results in 
a significant modification of the cellular and topographical characteristics of 
astrocyte reaction to injury. The response of the serotonergic axons is also modifico, 
and the nature of the link inbetween this two events will be discussed.
Supported by INSERM, IRME and VERTICALE.

710.7
CHONDROITIN SULFATE PROTEOGLYCAN PRODUCTION IN RESPONSE 
TO ISCHEMIA AND GLUTAMATE. E.E.Qlson* and R.J. McKeon. Dept. of Cell 
Biology, Emory University, Atlanta GA 30322.

Chondroitin sulfate proteoglycans (CS-PGs) are synthesized and released by 
astrocytes in response to traumatic CNS injury. However, the mechanism 
responsible for the increase in CS-PGs is not known. Recent in vitro studies have 
demonstrated that glutamate can stimulate the synthesis and release of proteoglycans 
by astrocytes. Since extracellular glutamate levels are known to increase following 
ischemic injury, we, first, sought to examine whether CS-PG expression increased in 
vivo after transient, global ischemia. The four- vessel occlusion model was used to 
induce ischemia for fifteen minutes. Immunocytochemistry was used to examine 
CSPG production in the hippocampus seven days following the ischemic episode.

Compared to control animals, cresyl violet stain revealed extensive cell death in the 
CA1 pyramidal cell layer and dentatge gyrus. Anti-GFAP immunocytochemistry 
revealed a dramatic increase in the number and density of reactive astrocytes within 
the hippocampus. CSPG staining was also elevated in animals that underwent 
ischemia, using antibodies to two differently sulfated isoforms of CS-PG.

Next, we sought to investigate whether glutamate stimulated the production of CS
PG core proteins by cultured astrocytes. Confluent monolayers of cortical or 
hippocampal astrocytes were incubated in defined media with or without lOOuM 
glutamate for one hour. Following glutamate exposure, all cultures were grown in 
defined media for 2, 4, or 7 days. Conditioned media was collected and used for 
Western analysis. Consistent with the hypothesis that glutamate may stimulate CS
PG synthesis, a chondroitin 4-sulfated PG was increased 7d after glutamate exposure 
when compared to control cultures or treated cultures examined after 2 or 4 days.

Additional studies are underway to investigate possible mechanisms involved in the 
astrocytic production of CS-PGs in response to glutamate. Supported by the Spinal 
Cord Research Foundation of the Paralyzed Veterans of America.

710.8

5,7-DIHYDROXYTRYPTAMINE - INDUCED REACTIVE GLIOSIS IN 
THE ADULT RAT BRAIN. M. Krzan, T. Nomura and J. P. Schwartz*. 
Neurotrophic Factors Section, National Institute of Neurological Disorders 
and Stroke (NINDS), National Institutes of Health (NIH), Bethesda, MD 
20892

Injury of the brain transforms resting astrocytes to reactive ones, which are 
longer, with thicker processes and higher expression of glial fibrillary acidic 
protein (GFAP). In previous work, we have shown that unilateral injection of 
6-hydroxydopamine (6-OHDA), a neurotoxin which selectively destroys 
catecholamine-containing neurons, into substantia nigra caused a marked 
increase in GFAP staining in the striatum with a maximum
immunohistochemical intensity 4 days after the brain lesion in comparison 
with sham-operated animals.

In the present study we have investigated whether the injection of 5,7- 
dihydroxytryptamine (5,7-DHT), a neurotoxin which destroys serotonergic 
neurons, but does not cause any measurable neurological deficit, results in a 
reactive gliosis in the adult rat brain. The injection of 8 jig of 5,7-DHT 
significantly lowered serotonin levels in CNS (up to 85%) in comparison with 
vehicle-treated animals. Seven days after the lesion, immunoreactivity for 
GFAP and 19D1 (a specific marker for reactive astrocytes) was significantly 
increased in stria medullaris and terminalis, whereas two weeks after the 
lesion the main difference in GFAP and 19D1 immunohistochemical staining 
was found in the most dorsal part of cerebral cortex. We conclude that lesion 
of the brain with 5,7-DHT, although it does not cause a neurological deficit, 
can trigger reactive gliosis in rats and we are now comparing the properties of 
these reactive astrocytes with those from 6-OHDA-lesioned brain.

710.9

LIPOPOLYSACCHARIDE INDUCES INFLAMMATION, GLIAL 
FIBRILLARY ACIDIC PROTEIN INCREASES AND QUINOLINIC 
ACID ACCUMULATION IN GERBIL BRAIN. Z.L. Gong*. M.G. 
Proescholdt. Z.G, Jiang, C. Chen. M.A, Zito. M.P. Hevcs. Laboratory oi 
Neurotoxicology, NIMH, Bethesda, MD 20892.

Lipopolysaccharide (LPS), a bacterial endotoxin, was injected into the 
hippocampus of adult male Mongolian geibils to induce brain 
inflammation (microglial activation and macrophage infiltration). Glial 
fibrillary acidic protein (GFAP), the major intermediate filament protein 
of astrocytes and a well-established maiker of astrocytosis, was 
measured by ELISA. Quinolinic acid (QUIN), an macrophage marker 
and endogenous excitotoxin produced during inflammation, was 
measured by gas chromatography/mass spectrometry. LPS (0.2, 1, 2, 
and 5 pg/pl, 1 pi) was injected stereotaxically into the hippocampus over 
2 min and the needle was left in situ for 2 min before withdrawal. LPS 
induced significant QUIN increases in a dose-dependent manner in 
hippocampus, cerebral cortex, and striatum, and reached peak values 
on day 1 to day 3 and gradually returned towards control values by day 
28. GFAP also showed dose-dependent increases to LPS injection. 
GFAP exhibited the most significant increases on day 3 to day 7 and 
then tended to return towards control levels. Peak levels of GFAP 
occurred later than maximal, QUIN increases. There was a good 
correlation between the concentration of GFAP and QUIN in 
hippocampus at day 7 after LPS injection (r = 0.92, p < 0.0001, as 
logarithm). In an in vitro study, astrocytes exposed to LPS (0, 0.5, 5, 50 
pg/ml) for 4 days exhibited enlargement and GFAP increase. These 
observations indicate that exposure to LPS is a useful model to 
investigate mediators between immune activation and GFAP 
expression.

710.10
DIFFERENTIAL REGULATION OF a- AND (3-INTEGRIN SUBUNITS IN 
THE REGENERATING FACIAL MOTOR NUCLEUS. C.U.A. Kloss , A. 
Werner, J. Shen, M.A. Klein, G.W. Kreutzberff and G. Raivich.
Dept Neuromorphol, MPI Neurobiol, D-82152 Martinsried, Germany 

Integrins form a large family of heterodimeric cell surface glycoproteins
that play a crucial role in different cell-cell and cell-matrix adhesion events. 
However, little is known about their neural function in the normal or injured 
CNS. Here we investigated the regulation of different a- and p-subunits in 
the regenerating mouse facial motor nucleus.
Normal CNS only showed clear immunoreactivity for a6- and (31-integrin 
subunits in the blood vessel endothelia and aM- and p2-subunits on the 
resting parenchymal microglia. Transection of the facial nerve led to a 
strong upregulation of the (31 -subunit on the axotomized neurons with a 
maximum at day 14 and an increase in the a5-, a6-, aM- and p2-subunits 
on the adjacent, activated microglia. Quantification of the microglial 
integrins using confocal laser microscopy revealed two different expression 
patterns. The subunits a5 and a6 showed a monophasic increase with a 
maximum at day 4. In contrast, the aM-subunit showed a biphasic increase, 
with a first peak at day 1-2 and a second peak at day 14, the time point of 
late neuronal cell death. Interestingly, neuronal cell death was also 
associated with the influx of aLp2-positive lymphocytes, with a maximum at 
day 14, which aggregated around sites of neural debris and phagocytotic 
microglia.
In summary, the current study shows a strong and cell-type specific 
expression of integrins on the neurons, microglia and lymphocytes in the 
injured CNS. Moreover, the presence of several, strikingly different 
temporal patterns also suggests a selective involvement of these molecules 
in the different adhesive events after neural trauma and during brain repair. 
Supported by DFG-grant Ra 486/3-1
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710.11
EXPRESSION OF PHOSPHOLIPASE A2 IN PNS AND CNS 
UNDERGOING WALLERIAN DEGENERATION. S. De and S, David*, 
Centre for Research in Neuroscience & McGill University, 1650 Cedar 
Avenue, Montreal, Canada, H3G 1A4.

Phospholipase A2 (PLA2 ) enzymes target membrane phospholipids to 
liberate free fatty acids, e.g., the eicosanoid precursor arachidonic acid which 
is an inflammatory mediator. PLA2 action also results in the production of 
lysophospholipids which can disrupt membrane structure. Unlike the PNS, 
Wallerian degeneration is very slow in the injured CNS. This slow removal of 
myelin, which contains axon growth inhibitory, contributes to the failure of 
CNS regeneration. We have carried out an immunohistochemical study to 
assess whether differences in the expression of PLA2 might play a role in the 
differences in myelin clearance after PNS and CNS injuries. In the present 
immunohistochemical study polyclonal antibodies to secreted (sPLA2) and 
cytosolic (cPLA2) forms of PLA were used to study the expression of these 
enzymes in normal and crushed sciatic nerves and optic nerves of adult rats. A 
marked increase in cPLA2 and sPLA is seen in the distal portion of the 
crushed sciatic nerve 30 hrs after lesioning (i.e., before macrophage influx). 
In contrast in the CNS, there is no increase in staining of sPLA2, and only a 
very slight increase in cPLA2 in the crushed optic nerve. These observations 
support the idea that PLA2, in peripheral nerve may be an important mediator 
in myelin break down and macrophage recruitment during Wallerian 
degeneration, and its relative absence in the optic nerve may underlie the 
characteristically slow myelin breakdown and clearance in the lesioned CNS.

GLIA: MICROGLIA

711.1 711.2

GLUTAMATE RELEASE FROM RAT MICROGLIA VIA 
REVERSED GLUTAMATE TRANSPORTER IS INCREASED 
BY AMYLOID 0-PEPTIDE. Mami Noda1*, Hiroshi NakanishiUaiid. 
Norio AkaikeL H)ept. Physiol., Fac. Med., and 2Dept. Pharmacol., Fac. 
Dent., Kyushu Univ., Fukuoka 812-8582, Japan.

We have previously reported that rat microglial cells have the glutamate 
transporter activities by measuring the electrogenic glutamate transporter 
current using the whole-cell patch clamp mode under the voltage-clamp 
condition. Moreover, we found that the reversed glutamate transporter 
current activated by raising extracellular K+ was extremely enhanced in the 
microglial cells incubated in the presence of amyloid (3-peptide (Ap) for 
about 4 days, suggesting that glutamate release from microglia is enhanced 
by Ap and this might be involved in the pathogenesis of the neuronal 
dysfunction and death in Alzheimer's disease. In the present study, we 
directly measured the glutamate concentration released from microglia. 
The mean glutamate concentration in the high potassium culture medium 
was significantly increased after the treatment with 5 pM Afc5-35 for 4 
days. These results were well in accordance with the electrophysiological 
data, and are convincing that Ap activates microglia to release the 
neurotoxic level of glutamate via reversed glutamate transporter under the 
depolarized condition.

The additional pharmacological study showed that the glutamate uptake 
current via forward glutamate transporter was blocked by THA (D,L- 
threo-p-hydroxy-aspartate) but not by kainate, suggesting the glutamate 
transporter subtype expressed in rat microglia would be GLAST subtype 
rather than GLT-1.

MICROGLIA IN NORMAL RAT HIPPOCAMPAL SLICE CULTURES AND 
THEIR REACTION TO THE EXPERIMENTAL HYPOXIA
(IMMUNOCYTOCHEMICAL ANALYSIS). G.G. Skibo* J.A.McKanna2, 
LR.Nikonenko1 and V.L, Savchenko1. ’Dept. of Cytology, Bogomoletz Inst, of 
Physiology, Kiev, Ukraine; 2Dept. of Cell Biology, Vanderbilt Univ., Nashville, TN.

The peculiarities of microglia development in the organotypic culture of newborn 
rat hippocampus and their plasticity in response to experimental hypoxia were 
studied using immunocytochemical staining for lipocortin 1 (LC1) as a marker for 
microglia. The slices of 7 postnatal day rat hippocampus were cultured on 
transparent porous membranes in the interphase between medium and air for 7, 18, 
21 and 30 days. For hypoxia modelling, at 14 day of cultivation the slices were 
treated with 2.5 mM KCN for 20 min, and further cultured in normal conditions. 
Cell viability was estimated using propidium iodide staining.

During the first days in the culture microglia were in ameboid and intermediate 
form, and were scattered throughout the slice, apparently eliminating cell debris and 
(supporting) promoting recovering of the cells in the culture. By 18 day in the 
culture and later on, the most microglia were differentiated, possessing the same 
morphology with resting ramified microglial cells in vivo. Pyramidal neurons were 
surrounded with microglial cells which can be suggested to contribute to survival of 
the neurons in the slices. Some LC1 ameboid cells were localized near the margins 
of the culture.

7 days after experimental hypoxia activated microglia surrounded damaged 
neurons in CA1-CA3 areas of hippocampus. By 14 post-treatment day almost all 
pyramidal neurons were dead, and some of them were already eliminated by 
phagocytic microglial cells.

Thus, development and reactivity of microglia in the organotypic culture appear to 
resemble those in vivo, and brain slice culture may be a convenient and adequate 
model for studying microglia.
Sources of support: National Academy of Sciences of Ukraine.

711.3
INTERFERON-P INHIBITS THE UPREGULATION OF MHC-CLASS II ON 
RAT MICROGLIA IN VITRO AFTER PHAGOCYTOSIS OF CNS-DERIVED 
MEMBRANES.
M. Bever1, U, Gimsa1, R, Nitsch1 . N.P. Hailer*'Dept. Cell and Neurobiology, 
Institute of Anatomy, Charité, D-10098 Berlin, and 2University Hospital of 
Orthopedic Surgery, Friedrichsheim, D-60528 Frankfurt, Germany

Microglial cells become active in various pathologies of the CNS following 
neuronal and glial cell injury. The activated state of microglial cells is 
accompanied by morphological changes and an increase in MHC- and adhesion- 
molecule expression. However, the immediate effects of phagocytosis of CNS- 
derived cellular material by microglia remain unclear. To study these effects, 
microglia were isolated from primary mixed glial cell cultures of newborn rats and 
incubated with neuronal or glial cell membranes or with latex beads as a control. 
Microglial cells were assessed by morphometric and flow cytometry analysis. 
TNF-a levels in the medium were assessed by ELISA. Activation resulted in 
decreased ramification and an increase in cell granularity after phagocytosis that 
was represented by increased side scatter. Furthermore, twenty-four hours after 
incubation with neuronal or glial membranes, flow cytometry analysis showed an 
increased ICAM-I expression. Seventy-two hours after incubation, we detected a
1.5 fold increase in ICAM-1 and a 4-5 fold increase in MHC-class II expression. 
Phagocytosis of latex beads did not elicit such effects.. The anti-inflammatory 
cytokine interferon-P inhibited the increase of MHC-class II, but showed no effect 
on ICAM-I expression. This phagocytosis-dependent upregulation of MHC-class 
II and ICAM-1 could mediate specific cell-cell-contacts between microglia, 
necessary for their accumulation in areas of neuronal and glial degeneration and T 
lymphocytes. Interferon-P might effectively inhibit the activation of a specific 
immune response via MHC-class II downregulation. (Supported by DFG: SFB 
507/CI: Ha 2721/1-I )

711.4

GRANULOCYTE-MACROPHAGE COLONY-STIMULATING FACTOR 
(GM-CSF)-INDUCED SIGNAL TRANSDUCTION IN PRIMARY RAT 
MICROGLIA. S.M. Liva* and J. de Vellis. Mental Retardation Research 
Center, Departments of Psychiatry and Neurobiology, UCLA School of 
Medicine, Los Angeles, CA 90024-1759.

Proliferation is an essential component of the microglial response to 
injury in the central nervous system. Although it is not yet known how 
microglial-proliferation is regulated in vivo, GM-CSF is thought to be 
involved. GM-CSF has been shown to induce proliferation of microglia in 
vitro, and its receptor expression is increased in microglia in vivo following 
facial nerve axotomy.

To determine the molecular mechanisms important for microglial 
proliferation, we examined GM-CSF-induced signal transduction in primary 
rat microglial cells. We show that stimulation of microglia with GM-CSF 
results in tyrosine phosphorylation of Janus Kinase (Jak) 2 and the Signal 
Transducers and Activators of Transcription (STAT) 5A and 5B. Although 
we show here that microglia also express STATla/p, STAT3, STAT6, Jakl 
and Jak3, none of these are phosphorylated upon GM-CSF induction. In 
addition to Jak/STAT activation, the mitogen-activated protein kinases 
ERK1 and ERK2 are phosphorylated within 10 minutes of the addition of 
GM-CSF to microglial cultures. In other systems, Jak/STAT and MAPK 
phosphorylation leads to activation of immediate early genes known to 
induce proliferation. We therefore hypothesize that these signaling 
elements may also be essential in the control of microglial proliferation.

Supported by NIH grant HD06576.
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711.5
SUBCORTICAL MICROGLIAL CELL CLUSTERING IN RESPONSE TO 
PROGRESSIVE HYDROCEPHALUS IN THE H-TX RAT. F.T. Mangano, 
R.M. Kriebel* and J.P. McAllister II. Philadelphia College of Osteopathic 
Medicine, Philadelphia PA 19131, and Wayne State University, Detroit, Ml 
48201.

Obstruction to flow of CSF in the brain produces hydrocephalus a 
condition marked by dilation of the cerebral ventricles by accumulated CSF. 
This condition leads to thinning of the gray and white matter and gliosis. 
Previously, we reported the microglial response to hydrocephalus in the 
gray and white mater of the cerebral cortex. Gliosis and specific 
involvement of glial subtypes in subcortical regions during hydrocephalus 
have not been studied. This study focused on the microglial cell reaction 
seen in subcortical regions of the rat brain in response to hydrocephalus. 
The H-Tx rat model of inherited aqueductal stenosis was used to 
characterize the microglial response. Brain sections were stained with a 
purified isolectin that labels microglia. Brains were studied from rats at post
natal days 12 and 21 and compared to age-matched normal H-Tx rats. 
Circumscribed subcortical areas were found containing microglial clusters. 
At 12 days, glial clusters were seen in the internal capsule. At 21 days, 
clusters were found in the brain stem specifically in the dorsal lateral 
geniculate nucleus and cerebral peduncle. Glial clusters were not present 
in subcortical areas in the normal H-Tx age-matched rats. These results 
suggest that during the progression of hydrocephalus there may be injury 
occurring distant to the expanding cerebral ventricles. This manifestation of 
gliosis may be secondary to transneuronal effects due to loss of 
corticothalamic connections, axotomy, or neuronal death.

711.6
ENHANCEMENT BY SERUM OF LIP OP OLYSACCHAR IDE-INDUCED 
PRODUCTION OF NITRIC OXIDE AND CYTOKINES FROM CULTURED 
MICROGLIA
Q.S. Si, Y. Nakamura, and K. Kataoka*. Department of Physiology, Ehime 
University Schoo] of Medicine, Shigenobu, Ehime, 791-0295 Japan.

The pathological activation of microglia has been implicated in ischemic 
neuronal damage and some neurodegenerative diseases. However, the mechanism of 
microglial activation under pathological conditions is not well understood. On the 
other hand, the permeability of blood-brain barrier increases during 
ischemia-'reperfusion process. It is possible that infiltrated serum factors regulate 
microglial activation and subsequent neurotoxin release. Previously, we showed 
that the serum increased superoxide (O2~) production by cultured microglia (Glia 
21:413-418, 1997). In the present study, we examined whether serum increases 
production of nitric oxide (NO) and tumor necrosis factor-alpha (TNF-a), which were 
measured by a flurometric method and an ELISA method respectively, because these 
substances are also important neurotoxin released by activated microglia.

We found that serum enhanced lipopolysaccharide (LPS)-induced production of 
NO and TNF-a. In the presence of 0.1% serum, the half effective concentration for 
LPS decreased from 300 ng/ml to 1 ng/ml. The enhancing effect was mediated by 
a serum factor with MW greater than 50 kDa and disappeared after heat treatment 
(100°C for 10 min) or trypsinization. The factor enhancing the production of NO and 
TNF-a is distinct from that enhances O2_ production, which was resistant to such 
treatments.

These results suggest that there are at least more than two factors in serum 
responsible for neurotoxin production by microglia and these serum factors may 
result in the pathogenesis of neuronal damages by activating microglia in cerebral 
ischemia and some neurodegenerative diseases.

This investigation was partly supported by Mitsui Life Social Welfare 
Foundation to Y.N.

NEUROGLIA AND MYELIN IV

712.1

ISOLATION OF A NOVEL TETRASPANIN PROTEIN WHICH 
INTERACTS WITH OLIGODENDROCYTE-SPECIFIC PROTEIN 
(OSP). Buznikov^ A„ Yu, ,T., Chen K., Kornblum, H.K, Bronstein, J.M*. 
Depts. of Neurology and Ped Neurology, and the BRI, UCLA School of Medicine, 
Los Angeles, CA.

OSP is a major myelin protein in the CNS which shares homology to the 
peripheral myelin protein PMP-22. The function of OSP is unknown but they may 
regulate proliferation and has been implicated in demyelinating disease 
tumorogenesis. We used the yeast two hybrid system to identify proteins which 
interact with OSP to help elucidate its function. The intracellular C-terminus of 
OSP was used as bait to screen a mouse brain pGAD GH plasmid library. His 
selection and fi-lac expression were used as reporter genes. Two cDNAs were 
isolated which coded for proteins which specifically interacted with OSP. One of 
these OSP-associated proteins (OAP-1) hybridized to a 1.9 kb mRNA present in 
purified oligodendrocytes, an oligodendrocyte cell line, brain and kidney 
homogenates but not in heart, liver, muscle, spleen, or pancreas. The full length 
OAP-1 cDNA was isolated and sequenced. In situ hybridization in rats demonstrated 
widespread expression of OAP -1 throughout development including all regions 
where OSP is expressed. A blast search revealed 90% identity to a human 
tetraspanin coding cDNA, Tspan-3. The deduced amino acid sequence of OAP-1 
predicts a 28.1 kd protein with 4 potential transmembrane domains. It is a member 
of the tetraspanin superfamily which consist of a large number of “facilitator” 
proteins that appear to be involved in regulating a variety of cellular functions 
including proliferation, differentiation, and integrin-mediated signal transduction. 
Immunoprecipitation using anti-OSP antibodies in 1% triton-x revealed an 
association with pi integrin presumably via an OSP-OAP-integrin interaction. The 
precipitate also contained a tyrosine phosphorylated protein of 94 kd. These data 
suggest that OSP maybe involved in integrin-mediated pathways in 
oligodendrocytes and other cells in development via this novel tetraspanin. 
Supported by NIH research grant NS01596.

712.2
EXPRESSION CLONING OF FGF-9 AS A POTENT 
MYELINATION FACTOR FOR MATURE RAT 
OLIGODENDROCYTES. J. J.S. Treanor1, M. Zhang1, J. Wang1, TJ Zhang1*

2 1 11
R. C. Armstrong , J-C. Louis and E. Magal . Dept. of Neuroscience, Amgen 
Inc, Thousand Oaks, CA 91320, Uniformed Services University of the Health 

Sciences, Bethesda, MD 20814.
Multiple Sclerosis is a chronic, multifocal, inflammatory, autoimmune, 

demyelinating disease of unknown etiology, which affects CNS but not PNS 
myelin. To identify secreted factors with a potent promyelination activity for mature 
rat oligodendrocytes, an expression cloning strategy was devised. A cDNA library 
was generated from spinal cord tissue dissected from mice infected with A59 mouse 
hepatitis virus - 4 weeks post-infection. At this time point in the course of the 
disease the remyelination process has begun. The cDNA library which was ligated 
into a CMV-promoter driven expression vector was divided into pools of 100 
independent clones and amplified. A high throughput semi-automated transient 
transfection system was developed for mammalian cells to screen 1x10 cDNA 
clones. 300ng of plasmid DNA from each pool was transfected into an adherent form 
of 293 cells, using a lipid-mediated transfection protocol and conditioned media was 
generated over 48 hours. The conditioned media were then added to a high 
throughput bioassay of adult rat oligodendrocytes culture (generated from 3-month- 
old Wistar rats) and the assay continued for 3 DIC. Myelin basic protein (MBP) 
levels in the culture were monitored using an MBP-based time resolved fluorescence 
based ELISA. Pools of cDNAs which had a promyelination effect were repeat 
transfected and analyzed for their ability to induce increases in MBP 
immunoreactivity and morphological maturation of the cultured oligodendrocytes. 
One of these pools was broken down by sibling selection and a single cDNA clone 
was identified. The cloned cDNA was identical to murine FGF-9, a secreted member 
of the FGF family. (Sponsored by Amgen Inc.)

712.3
REGULATION OF THE SURVIVAL AND DIFFERENTIATION 
OF OLIGODENDROCYTES BY FIBROBLAST GROWTH 
FACTOR-16 (FGF-16). M, Zhang*=, R. Y, Xu”, K, Pong, J. 
Talvenheimo, J.- C. Louis, E, Magal. and J.J.S. Treanor. Dept. of 
Neuroscience, Amgen Inc. Thousand Oaks, CA 91320

FGF-16 is a newly identified member of the expanding FGF family. 
FGF-16 shares a high degree of homology (73%) with another member of FGF 
family, FGF-9. Like FGF-9, it has no signal sequence yet it is secreted. It is 
predominantly expressed in the heart and brown adipose tissue. FGF-16 is ,a 
potent mitogen for hepatocytes. To investigate its potential biological 
functions in CNS, we have generated full length recombinant human FGF-16 
(rhuFGF-16) and a truncated form between 33 and 34 amino acid, termed des-N- 
33-FGF-16. These two forms of FGF-16 have been tested in cultures of 
oligodendrocytes, astrocytes, neuronal dopaminergic (DA) cells and retinal 
photoreceptors. Both forms of FGF-16, rhuFGF-16 and des-N-33-FGF-16, 
promoted survival of oligodendrocytes measured by MTT conversion and 
increased myelin basic protein immunoreactivity in these cultures up to 3-fold 
as measured" by an ELISA. Morphologically, oligodendrocytes treated by both 
forms of FGF-16 formed prolonged processes, with extended myelin sheets. 
Adult fibroblasts and astrocytes derived from the oligodendrocyte culture show 
BrdU incorporation. FGF-16,unlike bFGF, had no effect on DA neurons 
measured by dopamine uptake or retinal photoreceptors measured by counting 
arrestin positive cells. (=: authors equally contributed to this study. Sponsored 
by Amgen Inc.)

712.4
THE EXPRESSION OF A TRANSGENE IN OLIGODENDROGLIAL CELLS IS 
INDUCED BY TETRACYCLINE UNDER THE CONTROL OF MYELIN BASIC 
PROTEIN GENE PROMOTER. C.J. Huang*, F. Spinella, R. Nazarian, M. Lee, J. 
Popp and J. de Vellis. Departments of Neurobiology, Neuropsychiatry; MRRC, Brain 
Research Institute, UCLA School of Medicine, Los Angeles, CA 90095.

Developments in transgenic technology have greatly enhanced our ability to 
understand the functions of various genes during development and pathogenesis. The 
tetracycline (Tet)-regulated transactivation system for inducing gene expression 
allowed us to control the expression of exogenous genes in a temporal and quantitative 
way. The ability to manipulate a cell-specific promoter enabled us to express one 
particular protein in a single type of cell. The combination of tetracycline system and 
tissue-specific promoter have led us to the development of an innovative gene 
expression system, which is able to express genes in a cell-type specific and time- 
controllable fashion. The reversed tet-inducible transactivator is controlled by the 
myelin basic protein gene promoter (MBP), an oligodendrocyte-specific promoter. The 
green fluorescent protein (GFP) was placed under the control of the human 
cytomegalovirus (CMV) basic promoter in tandem with seven Tet-responsive elements 
(TRE), binding sites for the activated transactivator. Upon the addition of Doxycycline 
(DOX, a tetracycline derivative), Tet transactivators become activated and bound to 
one or more TRE, leading to the activation of the CMV promoter and expression of 
GFP in oligodendrocytes. We have successfully expressed GFP and luciferase at high 
levels in an oligodendrocyte cell line in a time- and dose-dependent fashion. In vitro 
experiments in the absence of Dox showed almost no GFP expression in 
oligodendroglia cultures. Graded levels of GFP expression were observed in the 
presence of Dox from 0.5 to 12.5 ug/ml. A transgenic mouse model is currently being 
characterized using GFP as the reporter. Our data indicates that this gene expression 
system can be used to accommodate different targeted genes using different tissue 
specific promoters. (Supported by NICHD Grant HD 06576)
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712.5
ANALYSIS OF MYELIN GENE EXPRESSION IN THE CNS OF A 
NEW MBP MUTANT, THE LONG EVANS SHAKER RAT.
J.L. Carre, B.D. Goetz, L.T. O’Connor and I.P. Duncan*. School of Veterinary 
Medicine, University of Wisconsin-Madison; Madison, WI 53706.

The Long Evans shaker (les) rat is a recently identified spontaneous MBP 
mutant that exhibits severe CNS dysmyelination and dramatically reduced MBP 
expression. In the other well-characterized MBP mutant, the shiverer (shi) mouse, 
decreases observed in brain PLP mRNA levels (30 to 55 % of normal) have been 
attributed to a lack of MBP expression and the coordinated regulation of myelin 
gene transcription. To determine if reduced levels of MBP have a similar effect on 
gene transcription in the les rat, we have initiated studies examining myelin gene 
expression in the brains of mutant and control rats at 2, 4, 8, 12, and 16 wks of age. 
In contrast to published results for shi, Northern blot analysis of PLP mRNA levels 
in les revealed no significant differences from controls at any age analyzed. Similar 
results were observed for CNP mRNA levels in les as well. Consistent with these 
results, immunohistochemical analysis of myelin protein expression (PLP, CNP, 
MAG, and MOG) in sagittal brain sections from les and control rats revealed only 
minimal differences in the intensity of immunolabeling. Marked differences in the 
cellular distribution of labeling were evident for each of these proteins, however. 
Increased immunostaining was observed in the perinuclear cytoplasm and short 
processes of mutant oligodendrocytes that was not evident in controls. We are 
continuing these studies to determine whether the decrease in myelin protein 
immunoreactivity results from reduced protein expression at the post-transcriptional 
level or an alteration in protein transport due to the absence of a myelin sheath. 
(Supported by NMSS grant RG2927-A7)

712.6
ANDROGEN CONTROL OF Po GENE EXPRESSION IN THE SCIATIC 
NERVE OF THE MALE RAT.R.C. Melcangi*, I. Cavarreta, V. Magnaghi, M. 
Ballabio, and L. Martini. Dep. Endocrinology, U. of Milan, Milan, Italy.

Recently, we have demonstrated that progesterone derivatives are able to 
stimulate the gene expression of the most abundant myelin protein of the 
sciatic nerve of male rats, the glycoprotein Po (Melcangi et al., 
Neuroscience, 1998, In press). On the basis of these observations, it was 
felt important to ascertain whether others classes of sex steroids (e.g., 
androgens) might exert a similar effect. To this purpose, we have first 
analyzed the expression of the androgen receptor (AR) in the sciatic nerve 
of adult male rats, using RT-PCR. The data obtained indicate the presence 
of the messenger for AR in this peripheral nerve. Experiments have then 
been performed in normal adult male rats (6-month old), in male rats 
submitted to orchidectomy at the age of 3 month and studied 3 month later, 
and in castrated maie rats (3-month old) treated from the 5th to the 6th 
month with testosterone (T) or with, its physiological 5a-reduced metabolite 
dihydrotestosterone (DHT). The messenger levels of Po have been 
measured by Northern blot analysis. The data obtained indicate that 
castration is able to significantly decrease Po mRNA levels in the sciatic 
nerve, while treatment with DHT is able to reverse this effect. On the 
contrary, treatment with T was unable to significantly change the Po mRNA 
levels in castrated animals. The lack of action of T is not surprising, even in 
the presence of the efficacy of DHT; we have indeed observed that 
castration is able to significantly decrease the 5a-reductase activity of the 
sciatic nerve, i.e. of the enzyme responsible of the conversion of T into DHT. 
DHT appears then to be the effector of this action of androgens on Po gene 
expression. These observations indicate that also androgenic molecules, 
like progesterone derivatives, are able to stimulate Po gene expression, 
indicating an interesting role of steroid hormones in the modulation of 
peripheral myelinization. (Grants CNR; ACRO 96.00594.PF39, FATMA 
95.00868.PF41).

712.7
DEMONSTRATION OF A DIRECT ASSOCIATION BETWEEN THE 
CYTOPLASMIC DOMAIN OF THE SMALL MYELIN-ASSOCIATED 
GLYCOPROTEIN AND TUBULIN. A M. Hcape*. V.-P. Lehto and P. Kursula. Dept 
of Pathology. Univ. of Oulu. Kajaanintie 52D, 90220 Oulu. Finland.

The two mvelin-associated glycoproteins (MAG) arc distinguished by their 
cytoplasmic domains, L-MAGCT and S-MAGlT. comprising a common region and a 
C-terminal, isoform-specific region. Isoform-specific functions are probably 
determined by the latter region. An Arg/Pro amino acid dimorphism of allelic origin is 
also encountered in the S-MAG-specific region of the protein (Kursula et al. 1998. 
Mol.Brain Res. 54:252-261).

Rat L-MAGU and both S-MAGCT subtypes were expressed as GST fusion 
proteins and used to screen C6 cell line solubilisâtes for MAG-binding proteins by 
affinity co-precipitation using glutathione-sepharosc. Tubulin co-precipitated with 
both GST/S-MAG’1 isoforms, but not with GST or GST/L-MAGCT. Co-precipitation 
assays using purified brain tubulm confirmed the direct interaction between the S- 
MAG° and tubulin, with no significant difference between the binding by the two S- 
MAG( 1 subtypes, as well as the lack of interaction with the L-MAGCT. No interaction 
was observed either when the 10-residue S-MAG-specific region of the GST/S- 
MAG0 fusion protein was replaced by an irrelevent sequence of the same length. The 
interaction with the S-MAGC T was divalent cation-dependent. Dot blot analysis with 
the purified proteins also confirmed the S-MAG r/tubulm interaction, and revealed a 
weak signal with the L-MAGlt. probably due to the partial dénaturation of the tubulin 
upon binding to the nitrocellulose.

The results provide the first demonstration of a direct interaction of MAG with 
cyioskeletal proteins, and lend further support to the structural role proposed for S- 
MAG in the myelin sheath.

Funding: Univ. of Oulu and Oulu Central Hospital. Oulu, Finland.

712.8
ALTERATIONS IN MICROTUBULE ORGANIZATION AND 
COMPOSITION IN THE OLIGODENDROCYTES OF THE taiep 
MUTANT RAT. J. Song1*, L.T. O'Connor1, W. Yu2, P.W, Baas2, and I D. 
Duncan1. ’Department of Medical Science, ¿Department of Anatomy, 
University of Wisconsin, Madison, WI 53706

The taiep rat is a myelin mutant whose oligodendrocytes (OLs) display 
accumulations of microtubules (MTs) within their cell body and processes 
(Duncan et al, 1992). Here we compared the organization and composition 
of MTs in normal and taiep OLs in culture. Both extended fine and thick 
processes from a rounded cell body. As in vivo, cultured taiep OLs showed 
marked increases in MT number and density. MTs in taiep OLs formed 
abnormally tight bundles that unraveled and then came back together. In 
normal OLs, the finer processes contained uniformly plus-end-distal MTs, 
while the thicker processes contained about 85% plus-end-distal MTs (Lunn 
et al, 1997). In taiep OLs, about 75% of the MTs were plus-end-distal in the 
thicker processes, and about half were plus-end-distal in the finer processes. 
A potential explanation for these findings is suggested by the distribution of 
CH01/MKLP1, the motor protein that putatively establishes nonuniform MT 
orientation in the processes of some cell types (Sharp et al, 1997). 
CH01/MKLP1 is restricted to the cell bodies and thicker processes of normal 
OLs, but also appears within the thinner processes of taiep OLs. Thus the 
MTs within taiep OLs are abnormal not only with regard to number and 
density, but also with regard to organization and composition. Given the 
importance of MTs to the transport of myelin proteins and mRNAs, such 
alterations could dramatically impair the myelination and the maintenance of 
the myelin sheath. (Funded by NIH grant NS32361)

712.9
SERIAL OBSERVATIONS OF ADULT (01+) OLIGODENDROCYTE 
DEDIFFERENTIATION, PROLIFERATION AND RE-DIFFERENTIATION 
C.Rosano, N.Kleitman* and P.M. Wood. The Miami Project to Cure Paralysis, 
University of Miami School of Medicine, Miami, FL 33136
Remyelination in the central nervous system occurs in lesions induced by immune- 
mediated processes, toxins or viruses, and is preceded by the appearance of new 
oligodendrocytes. In previous experiments we demonstrated that oligodendrocytes 
isolated from adult rat spinal cord and cultured with sensory neurons undergo de- 
differentiation and proliferate to produce many new cells. The finding that differentiated 
oligodendrocytes in adult animals are able to proliferate implies that these cells are a 
potential source of new myelinating oligodendrocytes, which could contribute to the 
recovery of lost myelin. In this study we confirmed the ability of fully differentiated 
oligodendrocytes to divide and showed the potential of the newly generated cells to 
redifferentiate into mature oligodendrocytes (ODCs). Adult galactocerebroside (Ol) 
positive oligodendrocytes were isolated from 3 month old rat spinal cords, purified to 
greater than 92%, either by negative immunopanning or by flow cytometry, and added 
at low densities (50 cells/culture) to cultures of pure embryonic rat dorsal root ganglion 
neurons. Individual mature oligodendrocytes were identified at 3 days in vitro by 
immunostaining in the living state with a monoclonal antibody to galactocerebroside, and 
each cell so identified was traced by serial microscopic observations for 4 weeks. 
Oligodendrocytes began to proliferate by the second to the third day after their addition 
and eventually formed large colonies of galactocerebroside-negative cells by the third 
week. 01+ oligodendrocytes and myelin-like profiles were observed in some of these 
colonies by the fourth week. These results clearly show that cells generated by the 
dedifferentiation of mature oligodendrocytes and subsequent proliferation have the 
ability to redifferentiate into new oligodendrocytes, expressing a major myelin 
component, galactocerebroside. (This work was supported by the Miami Project to Cure 
Paralysis and Grant #RG2210-B-3/l from the National Multiple Sclerosis Society. 
Caterina Rosano is a Lois Pope LIFE Fellow).

712.10
ALTERATIONS IN THE ECM OF PERIPHERAL NERVES IN PMP22 MUTANT 
ANIMALS. L. NotterpekJ* S. AmbardarJ IT. Suter2 and E.M. ShooterL ^Dept. of 
Neurobio. Stanford Univ. Sch. of Med., Stanford, CA 94305 and 2Inst. of Cell 
Biology, Swiss Fed. Inst, of Technol., ETH, Zurich.

It is well established that the ability of Schwann cells to make myelin is dependent 
on basal lamina (BL) formation, however the mechanism of this linkage is not 
known. Alterations in the morphological appearance of the extracellular matrix (ECM) 
and the BL have been detected in samples of both mouse and human demyelinating 
peripheral neuropathy nerves. Our laboratory and others have shown increased amounts 
of endoneurial connective tissue deposits in the sciatic nerves of Trembler-J (Tr-J) 
mice, animal models of peripheral neuropathies. To understand the basis of these 
observations, we have begun to perform immunocytochemical and Western analyses 
on peripheral nerves of various peripheral myelin protein 22 (PMP22) and connexin 
32 (Cx32) mutant mice with a battery of antibodies against BL and ECM 
components. We found the down regulation of the native forms of E-cadherin, 
fibronectin and collagen IV in homozygous PMP22-deficient and heterozygous Tr-J 
animals, but not in the tested Cx32 mutants. In PMP22-deficient and Tr-J mouse 
nerves, low molecular weight forms of E-cadherin, fibronectin and collagen IV were 
detected, most probably representing proteolytic fragments of the native molecules. 
The levels of laminins were relatively constant among all studied groups, however the 
cellular distribution of laminins was altered in PMP22-associated neuropathy nerve 
samples. In homozygous PMP22-deficient nerves, there were increased deposits of 
interstitial laminins, while in Tr-J nerves, laminin-like immunoreactivity was detected 
in the Schwann cell cytoplasm, colocalizing with a lysosome-specific marker. These 
findings raise the possibility that PMP22 either directly or indirectly influences the 
expression and/or the cellular processing of BL and ECM components by Schwann 
cells. This research is supported by funds from the American Paralysis Association, 
MDA and NIH to EMS, the American Philosophical Society and NIH to LN, and the 
Swiss National Science Foundation to US.
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712.11
PROGRESSIVE DEGENERATION OF AXONS AND REDUCTION OF MERKEL CELLS IN 
DISTAL HINDLIMBS OF PO-DEFICIENT MICE. R. Frei12, S. Mötzinqf I. Bergmann3, M, 
Schachner2-4, M. Koltzenburg1 and R. Martini12*. 1Dept. of Neurology, University of 
Würzburg, D-97080 Würzburg, Germany; 2Swiss Federal Institute of Technology Zürich, 
Switzerland; 3Dept. of Dermatology, University of Würzburg; Centrum für Molekulare 
Neurobiologie, University of Hamburg, Germany.

Mice lacking the major Schwann cell myelin component PO show a severe 
dysmyelination with pathological features reminiscent of the Dejerine-Sottas-Syndrome (1, 
2). Previous morphological and electrophysiological studies on these mice did not only 
demonstrate a compromized myelination and myelin maintenance, but were suggestive of an 
impairment of axons as well (1, 2). Here, we studied the axonal pathology in PO-deficient 
mice by quantitative electron microscopy and epidermal receptive end organs by 
immunocytochemistry.

In proximal sections of facial (proximal cervical branch) and of femoral nerves (at the 
level of the inguinal ligament), axon calibers were significantly reduced while the number of 
myelin-competent axons was not diminished in 5- and 17-month-old PO-deficient mice. 
However, in distal branches of the femoral and sciatic nerve (digital nerves innervating the 
skin of the first toe) the numbers of myelin-competent axons were reduced by 70% in 6- 
month-old PO-deficient mice. Immunolabeling of foot pads with antibodies to cytokeratin-20 
revealed a corresponding loss of Merkel cells by 78% suggesting that survival of these cells 
is dependent on the presence or maintenance of their innervating myelinated axons. These 
findings demonstrate that loss of an important myelin component can initiate degenerative 
mechanisms not only in the Schwann cell but also in the distal portions of myelinated axons. 
The loss of the axon terminals could subsequently lead to the degeneration of spezialized 
receptive end organs.

1. Martini R., Zielasek J., Toyka K.V., Giese K.P., Schachner M. 1995. Nature Genet. 
11, 281-286. 2. Giese K. P„ Martini R„ Lemke G„ Soriano P„ Schachner M. 1992. Cell 71, 
565-576. Supported by grants of the Swiss National Research Foundation (R.M.), and 
Deutsche Forschunasaemeinschaft (R.M.l.

712.12

THE ROLE OF MMP-9 IN OLIGODENDROGLIAL PROCESS 
OUTGROWTH Oh L.Y.S.* and Yong V.W. Department of Clinical 
Neuroscience, University of Calgary, Calgary, AB, Canada T2N 4N1.

To form myelin, oligodendrocytes (OLs) have to extend processes to contact 
axonal targets. Previously, we demonstrated that oligodendroglial protein 
kinase C (PKC) was involved in the promotion of process extension; however, 
downstream effectors were not addressed. For the processes to advance, a 
remodeling of pericellular microenvironment, where a variety of matrix 
proteins is present, is required. We investigated whether proteases belonging 
to the family of matrix metalloproteinases (MMPs), which are physiological 
mediators of extracellular matrix remodeling, are involved. OLs were 
demonstrated to produce increased level of MMP-9 corresponding to process 
outgrowth induced by the PKC activators, phorbol esters. Furthermore, 
inhibition of protein kinase C decreased the level of MMP-9 expression 
concomitant with decreased process outgrowth. Selective inhibitors of MMP- 
9 (TIMP-1 and anti MMP-9 Ab) attenuated the phorbol ester-promoted 
process outgrowth by OLs. By using in situ zymography, where fluorescein- 
quenched substrate (i.e. gelatin) is degraded by MMPs and cleaved peptides 
expose fluorescent light, proteolytic activity of MMP was localized to the OL 
cell body and its processes. In vivo, by using the mouse optic nerve during the 
period of myelination, the level of MMP-9 increases proportionally as myelin 
forms and the immunoreactivity of MMP-9 was co-localized to OLs. 
Proteolytic action of MMPs in the optic nerve during active myelination was 
also demonstrated by in situ zymography. The study indicates that MMP-9, 
downstream of PKC activation, facilitates process outgrowth by OLs. 
Supported by Multiple Sclerosis Society of Canada

712.13
AXONAL CYTOSKELETON CHANGES IN EXPERIMENTAL OPTIC NEURITIS 
B. Zhu*1, W, Moore2. T.J. Zwimpfer3. L. Kastrukoff5. J.K. Dyer4. J.D. Steeves3-4
D.W. Patv5 and M. Cynader1 Dept. of Ophthalmology1. Pathology2. Surgery2, 
Zoology4, Medicine5, Univ. of British Columbia, Vancouver, B.C., Canada V5Z 3N9

Axonal loss and degeneration in multiple sclerosis and experimental allergic 
encephalitis have been suggested by brain imaging, pathological and axonal transport 
studies. Further elucidation of the processes and mechanisms of axonal degeneration in 
demyelinating diseases is of great potential importance in efforts to alleviate the 
permanent disabilities of multiple sclerosis patients. However, detailed study in this 
area is impeded by the small number of reliable models in which the onset and 
location of demyelination can be well controlled. In this study, microinjection of 
polyclonal anti-galactocerebroside antibody and complement was used to induce local 
demyelination in the rat optic nerve. We found that treatment with appropriate 
volumes of the antibody and complement could induce local demyelination without 
apparent pressure-induced damage. Local changes in neurofilaments and microtubules 
were examined with both immunohistochemistry and electron microscopy. On day 1 
after microinjection, we observed moderate neurofilament and microtubule disassembly 
in the local demyelinated area, although no apparent inflammatory cell infiltration was 
seen. The neurofilament and microtubule changes became more apparent on day 3, 5, 
7 after microinjection, along with gradually increased inflammatory cell infiltration. 
These results suggested that acute demyelination itself may induce local cytoskeleton 
changes in the demyelinated axons, and that the following local inflammation may 
further enhance the axonal damage. When the infiltrated cells were stained with 
specific antibodies for T lymphocytes, macrophages, or astrocytes, we found that most 
of the cells were macrophages, suggesting that macrophages may play a greater role in 
inflammation-related axonal degeneration and axonal loss. These results were 
consistent with those from electron microscopic studies. Also, three basic patterns of 
axonal cytoskeleton changes were classified on the electron microscopic level.

Supported by MRC of Canada and NSERC.

712.14
NEUROPATHOLOGY OF MICE DOUBLY DEFICIENT IN SYNTHESIS AND 
DEGRADATION OF GALACTOCEREBROS1DE. Y. Oya1, T, Ezoe2, K. Suzuki23 and 
K, Suzuki12*, 'Dept. of Pathology and Laboratory Medicine, 2Neuroscience Center, 
’Depts. of Neurology and Psychiatry, Univ. of North Carolina, Chapel Hill, NC 27599

Galactocerebroside (galactosylceramide; GalC), which is the major galactolipid in 
myelin, is synthesized by UDP-galactose:ceramide galactosyltransferase (CGT). A 
CGT-deficient mouse (cgz-/-) was recently generated by gene targeting (Cell 86:209, 
1996). Genetic defect in the activity of the lysosomal enzyme galactosylceramidase 
causes globoid cell leukodystrophy (GLD) characterized by demyelination with the 
presence of globoid cells, a unique form of macrophages. The twitcher mouse (Twi) is 
a naturally occurring model of human GLD also caused by a genetic defect in 
galactosylceramidase. To investigate the consequences of simultaneous deficiencies of 
both enzymes synthesizing and degrading GalC, we generated double heterozygotes of 
these mutants and crossed them to produce Twi without capacity to synthesize GalC. 
The doubly deficient mice developed progressive ataxic gait and tremor at 12-14 days. 
The clinical course was more like that of the cgt-l-. Unlike Twi mice, which die around 
45 days, these mice could survive beyond 60 days. Neuropathology was also primarily 
that of the cgt-!-. Globoid cells, the hallmark of GLD, were not present in the central or 
peripheral nervous system. However, after 43 days, ubiquitin-positive intracytoplasm ic 
inclusions were detected mostly in the brainstem and spinal neurons in these mice. 
Ultrastructurally, the inclusions consisted of electron-dense amorphous material. These 
inclusions were not seen in the cgt-l-, but have been described in some long-surviving 
Twi (Brain 103:695, 1980). They were also, but rarely, found in bone-marrow- 
transplanted Twi that survived beyond 100 days (Lab Invest 58:302, 1988). The logical 
prediction would be that, if GalC is not synthesized, the mouse should not need the 
degrading enzyme and thus only the phenotype ofcg/-/-should result. Our observations 
suggest that, while the prediction is largely correct, there are more subtle and complex 
relationships among these two enzymes and their substrates. [Supported in part by 
USPHS grants NS24453, NS24289 and HD03110]

712.15

A NEW CANINE MODEL OF WHITE MATTER SPONGIFORM
ENCEPHALOMYELOPATHY. D. Lipsitz1, P. Cuddon2, C.O. Harding3, D.D. 
Gilboe*4and I.P. Duncan1. ’School of Veterinary Medicine, Univ. of Wisconsin- 
Madison; 2School of Veterinary Medicine, Colorado State Univ.; 3Depts. of Pediatrics 
and Medical Genetics, Univ. of Wisconsin-Madison; 4Depts. of Physiology and 
Neurological Surgery, Univ. of Wisconsin-Madison; Madison, WI 53706.

Spongy degeneration of the white matter of the CNS is a nonspecific lesion 
characterized by severe myelin vacuolation. These diseases usually are severely 
debilitating and lethal and have been recognized in both humans and animals. 
Progressive white matter involvement occurs in Canavan disease, maple syrup urine 
disease, L-2-hydroxyglutaric aciduria and nonketotic phenylketonuria (Aicardi, 1993). 
Currently, except for bovine maple syrup urine disease (Healy and Dennis, 1994), there 
is no animal model available to study this group of heterogeneous spongiform white 
matter diseases. A unique spongiform encephalomyelopathy of Australian Blue Heelers 
has recently been recognized. This disorder, which has been seen in three separate 
litters, appears to be inherited as an autosomal recessive trait. Clinically, affected dogs 
show a gross, severe generalized whole body tremor at 10-14 days of age or several 
weeks later with progressive worsening. Light microscopic evaluation revealed diffuse 
vacuolation of the white matter of the spinal cord and cerebellum. Preliminary electron 
microscopic examination demonstrated intramyelinic splitting with relative axon sparing 
and swollen astrocytes with abundant glial filaments and abnormally shaped 
mitochondria. Tissue was studied with immunohistochemistry for MBP and GFAP. 
Paraffin embedded tissue sections of brain and spinal cord were examined with H&E, 
silver stains, and myelin stains to further evaluate the pathology. Quantitative amino 
acid and organic acid analysis of urine and plasma were performed on affected and 
control dogs. Preliminary data indicates that the Blue Heeler has an organic aciduria 
related to a carboxylase deficiency and could reveal new insights into the metabolic 
function of glial cells. (Supported by SVM Companion Animal Fund)

712.16

STRUCTURAL ANALYSIS OF LEECH GALACTOCEREBROSIDE 
USING ONE- AND TWO-DIMENSIONAL NMR 
SPECTROSCOPY, GC-MS, AND FAB MASS SPECTROMETRY.
B. Zipser1*, J.J. Bradford2 and R.I. Hollingsworth2’3. 'Dept. of 
Physiology, 2Dept. of Chemistry and 3Dept. of Biochemistry, 
Michigan State University, East Lansing, MI 48824.

Cerebrosides were isolated from the leech species Hirudo medicinalis 
and purified to homogeneity by silicic acid chromatography followed 
by preparative thin layer chromatography. Their structure was 
determined by spectroscopic and chemical methods. 1-D and 2-D 'H 
NMR spectroscopy, DQF-COSY and HMQC indicated that the head 
group consists of a single galactose residue in the ^-configuration. 
The galacto configuration was determined by the characteristic chemical 
shifts, the splitting and the multiplicity of the characteristic resonance 
of its equatorial H-4 proton as well as the splitting of the other ring 
protons. GC, GC-MS and fast atom bombardment mass spectrometry 
studies indicated that C24:0 and C22:0 are the major saturated fatty acid 
species. Unsaturated fatty acids present were C25.2, C27.2, C28.3, C29 3, 
C33:3. GC-MS indicated the presence of hydroxylated C27 2 and one 
other unidentified hydroxylated fatty acid. The cerebroside contained 
an unusual polyunsaturated sphingosine analog, namely 2-amino-l,3- 
dihydroxydocosatrience. Supported by NIH NS 25117
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713.1
IDENTIFICATION OF POSTSYNAPTIC DENSITY PROTEINS BY 
MALDI-TOF MASS SPECTROMETRY. R, Walikonis^O.JensenZ, J.A.

Pasadena, CA 91125, 2EMBL, Heidelberg, Germany, 3McLaughlin Research 
Institute, Great Falls MT 59405, Dept. of Biol., Yale, University, New Haven, 
CT 06510.

We have used a new method to identify proteins in the postsynaptic density 
(PSD) fraction by mass spectrometry following their separation by SDS- 
PAGE (Mortz, et al., Biol. Mass Spect. 23, 249, 1994.). Individual protein 
bands were cut from gel lanes, and proteins were digested with trypsin in the 
gel. Peptide mixtures thus produced were analyzed by Matrix-Assisted Laser 
Desorption Ionization-Time of Flight (MALDI-TOF) mass spectrometry. 
The mass spectrum of peptides from each band was compared to a non
overlapping database of known proteins. We identified many proteins 
previously found in the PSD fraction, and several new proteins not previously 
identified in the PSD fraction. Two newly identified proteins were selected 
for further study; the mammalian homologue of the yeast septin protein, 
cdclO, and the heavy chain of the myosin isoform “dilute myosin” (or 
myosin Va) A cDNA encoding a portion of rat cdclO was amplified by RT- 
PCR and inserted into a pGEX vector to form a fusion construct between 
GST and cdclO. Abs were raised against the expressed fusion protein. 
Western blots of forebrain homogenate, synaptosomes, and PSD fraction 
demonstrate that both cdclO and dilute myosin are enriched in the PSD 
fraction. Immunostaining of dissociated hippocampal cultures reveals that 
cdclO partially colocalizes with PSD-95 at synapses, and that dilute myosin is 
present throughout neurons as well as in synaptic spines. The results support 
a role for dilute myosin, a motor protein thought to be involved in vesicle 
trafficking, in transport of material into spines, and also suggest that proteins 
homologous to septins, which are important for cytokinesis and for bud 
formation in yeast, play a role in the formation and maintenance of spines in 
the nervous system.
Supported by NIH grants NS28710, NS07251, and NS30848

713.2
A NOVEL SPLICE FORM OF BRAIN ANKYRIN BINDS THE PLASMA 
MEMBRANE CALCIUM ATPASE ISOFORM 2B. S.J, DeMarco1* and E.E, 
Slrehler1-2. 1Molecular Neuroscience Program and 2Dept. of Biochemistry 
and Molecular Biology, Mayo Graduate School, Rochester, MN 55905.

The carboxyl terminus of the plasma membrane Ca2+ ATPase (PMCA) has 
previously been shown to interact with regulatory and structural proteins, 
notably calmodulin and PDZ domain-containing proteins that may link the 
calcium pumps to membrane-associated proteins. To identify interacting 
proteins specific for isoform 2b of the PMCA, a two-hybrid screen was 
performed on a human brain cDNA expression library. Six different positive 
clones were isolated from a single-fold coverage of the library, including 
one encoding a previously undescribed splice form of brain-specific 
ankyrin (ank2). The ankyrin cDNA specifies a portion of the 62 kDa 
spectrin-binding domain, and contains a 33-codon insertion representing a 
novel alternatively spliced exon of the ank2 gene. The ank2 protein 
interacts specifically with PMCA isoform 2b, which is enriched in neurons, 
but not with the ubiquitously expressed isoform 4b. These two PMCA 
isoforms are nearly identical in their calmodulin-binding and extreme C- 
terminal regions, indicating that the interaction of PMCA2b with ank2 
occurs between the calmodulin- and PDZ-binding domains. The regions in 
PMCA2b and ank2 responsible for this interaction are currently being 
delineated. Our data suggest that the neuronal PMCA isoform 2b is 
anchored to the cytoskeleton via a novel isoform of brain-specific ankyrin. 
This interaction may be important for proper localization of the pump in 
specific membrane domains involved in localized Ca2+ signaling. 
(Supported by the Mayo Foundation)

713.3
THE PLASMA MEMBRANE CALCIUM ATPASE ISOFORM 2B BINDS TO 
MEMBRANE CYTOSKELETON-ASSOCIATED PDZ DOMAIN PROTEINS.
E.E, Strehler1-2, IA Scarisbrjck1-2* and S.J, DeMarco1. 1 Molecular 
Neuroscience Progam and 2Dept. of Biochemistry and Molecular Biology, 
Mayo Graduate School, Rochester, MN 55905.

We have previously demonstrated that the C-terminus of the ubiquitous 
plasma membrane Ca2+ ATPase (PMCA) isoform 4b interacts with high 
affinity with PDZ domains of the PSD-95 family of membrane-associated 
guanylate kinases (Kim et al., J. Biol. Chem. 273, 1591-1595, 1998). We 
now used the 72-residue C-terminal tail of the brain-specific PMCA isoform 
2b as bait in a two-hybrid screen of a human brain cDNA expression library. 
A single coverage of the library yielded six positive clones. The encoded 
proteins can be grouped in two categories based on the presence or 
absence of one or more PDZ domains, but all appear to be associated with 
the membrane cytoskeleton. Members of the former group include 62- 
syntrophin, hDIg, NHE-RF and a novel PDZ domain protein. The specificity 
of the interaction between these PDZ proteins and PMCA2b vs. PMCA4b 
is currently under investigation. Syntrophins and NHE-RF are known to 
interact with voltage-gated Na+ channels and Na+/H+ exchangers, 
respectively, and are now shown to bind to Ca2+ pumps as well. 
Syntrophins are dystrophin/utrophin binding proteins thought to recruit 
signaling molecules to the plasma membrane. Members of this family also 
interact with NO synthase, calmodulin and actin. Our data suggest that a 
brain specific isoform of the PMCA is an additional ligand for the PDZ 
domain of these proteins, involving the Ca2+ pump in multiprotein 
complexes that may link Ca2+ signaling at the membrane to the underlying 
cytoskeleton. (Supported by the Mayo Foundation)

713.4
BRAIN SPECTRIN BINDING TO THE NMDA RECEPTOR IS 
REGULATED BY PHOSPHORYLATION, CALCIUM AND 
CALMODULIN. A.Wechsler and V.I. Teichberg* Dept. of Neurobiology, 
The Weizmann Institute of Science; Rehovot 76100, Israel.

The N-methyl-D-aspartate receptor (NMDA-R) and brain spectrin, a protein 
that links membrane proteins to the actin cytoskeleton are major components 
of post synaptic densities (PSDs). Since the activity of the NMDA-R channels 
is dependent on the integrity of actin and leads to calpain-mediated spectrin 
breakdown, we have investigated whether the actin-binding spectrin may 
directly interact with NMDA-R. Spectrin is reported here to selectively interact 
.in vitro with the C-terminal cytoplasmic domains of the NR la, NR2A and 
NR2B subunits of the NMDA-R but not with that of the AMPA receptor 
GluRl. Spectrin binds at NR2B sites distinct from those of a-actinin-2 and 
members of the PSD95/SAP90 family The spectrin-NR2B interactions are 
antagonized by Ca2+, fyn-mediated NR2B phosphorylation, but not by 
Ca2+/calmodulin (CaM) or by Ca2+/calmodulin-dependent protein kinase II 
(CaMKII) -mediated NR2B phosphorylation. The spectrin-NRl interactions are 
unaffected by Ca2+ but inhibited by CaM and by PKA and PKC-mediated 
phosphorylations of NR1. Finally, in rat synaptosomes both spectrin and 
NR2B are loosened from membranes upon addition of physiological 
concentrations of calcium ions. The highly regulated linkage of the NMDA-R 
to spectrin may underlie the morphological changes that occur in neuronal 
dendrites concurrently with synaptic activity and plasticity. Supported by 
grants from the Leo and Julia Forchheimer Center for Molecular Genetics and 
from a Japan-Israel Cooperation grant.

713.5
INTERACTION BETWEEN GRIP AND LIP PROTEINS 
POTENTIALLY COUPLES AMPA RECEPTORS TO RECEPTOR 
PROTEIN TYROSINE PHOSPHATASES. M. Wvszynski*, E. Kim, 
and M. Sheng, Howard Hughes Medical Institute and Dept. of 
Neurobiology, Mass General Hospital and Harvard Medical School, 
Boston, MA 02114; Dept. of Pharmacology, Pusan National 
University, Pusan, South Korea 609-735.

The mechanisms by which glutamate receptors are concentrated in 
brain excitatory synapses are believed to involve interactions between 
receptor subunits and postsynaptic anchoring or scaffloding proteins. 
GRIP, a protein containing seven PDZ domains, was recently identified 
as an AMPA receptor binding protein and implicated in the synaptic 
targeting of AMPA receptors (Dong et al., 1997). In addition to 
AMPA receptors, we have shown that GRIP binds via PDZ6 to LIP, a 
protein known to interact with the LAR family of transmembrane 
protein tyrosine phosphatases. We now report the biochemical 
characterization of GRIP and compare GRIP’S spatial and developmental 
expression patterns with those of LIP. Further, we provide biochemical 
evidence that GRIP is potentially involved in the formation of a 
putative signalling complex consisting of GRIP, AMPA receptors, 
LIP, and LAR proteins. These data suggest that GRIP mediates the 
physical and perhaps functional coupling of AMPA receptors to protein 
tyrosine phosphatases. (Supported by National Institutes of Health 
grants CA66268-02 (M.W.) and NS35O5O (M.S.). M.S. is an 
Assistant Investigator of the Howard Hughes Medical Institute.)

713.6
GRASP-1: A NEURONAL PROTEIN THAT ASSOCIATES 
WITH GRIP, THE AMPA RECEPTOR INTERACTING 
PROTEIN. B. Ye*, P. Zhang, D. Liao, H. Dong, W. Yu, K.W.Yau 
and R.L.Huganir. Dept. of Neuroscience, Johns Hopkins Univ. Sch. 
of Med.; Baltimore, MD 21205.

Recent studies have suggested that proteins that interact with 
neurotransmitter receptors, such as PSD-95, can serve as scaffolds 
for receptor immobilization and for downstream signal transduction. 
GRIP (Glutamate Receptor Interacting Protein) is a synaptic protein 
that contains seven PDZ domains and interacts with other proteins 
such as AMPA receptors and potentially serves as a scaffold protein 
involved in glutamate receptor functioning. The yeast two-hybrid 
system was employed to identify additional proteins that associate 
with GRIP. GRASP-1 (Grip Associated Protein 1), contains a PDZ 
domain and other motifs including a calmodulin binding site, a 
Caspase-3 cleavage site and a coiled-coil region. Northern and 
Western analysis together with immunohistochemistry showed that 
GRASP-1 was specifically expressed in neurons.
Immunocytochemistry and immunoelectronmicroscopy suggested it 
was localized in vesicular structures in spines, dendrites and cell 
bodies. Preliminary data suggests that GRASP-1 is involved in 
neuronal signaling.
Sponsored by HHMI and NIH
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713.7
AN N-TERMINAL DOMAIN OF MAP1B POLYPROTEIN IS REQUIRED 
FOR ITS PROTEOLYTIC CLEAVAGE AT A C-TERMINAL SITE
J.A. Hammarback and A.J. Sweatt*. Dept. of Neurobiology and Anatomy, 
Wake Forest University School of Medicine, Winston-Salem, NC 27157.

Microtubule-Associated Protein 1B (MAP1B) is abundant in developing 
axons. Its function is unknown but MAPI B is presumed to act as a bridge 
between microtubules and other cytoskeletal and/or plasma membrane 
proteins. We are studying the formation and organization of MAP1B binding 
domains to better understand MAPI B’s cross-bridging activities. Proteolytic 
cleavage of the MAPI B polyprotein produces an N-terminal fragment 
corresponding to the 243 kDa MAPI B heavy chain (HC) and a C-terminal 
fragment that is the 27 kDa light chain 1 (LC1). In the mature protein, an N- 
terminal region of HC binds, directly or indirectly, to both LC1 and 
microtubules. By analyzing the synthesis of MAPI B deletion mutants in 
transfected cells, we find that an N-terminal region of HC is essential for 
proteolytic cleavage of the MAPI B polyprotein. The essential processing 
domain is located between amino acids 153 and 544 in the mouse MAP1B 
polyprotein sequence. This domain minimally overlaps a region previously 
identified as containing the HC microtubule binding domain (Noble et al., 
1989, JCB 109:3367-76). Therefore, the HC microtubule-binding domain is 
probably not required for polyprotein processing. We hypothesize that the 
HC domain is required for proteolysis because it contains a LC1 binding 
site. This hypothesis is being tested using MAPI B deletion mutants in in 
vitro binding assays. We also find that the deletion mutants that are cleaved 
in transfected cells are not cleaved when translated in vitro, which leads us 
to suggest that the MAP1B polyprotein is not autoproteolytic. Supported by 
NIH grant NS30985.

713.8
BINDING OF A GABAA RECEPTOR-ASSOCIATED PROTEIN (GABARAP) 
TO TUBULIN IS MEDIATED BY A NOVEL TUBULIN BINDING MOTIF. HL 
Wang* and R. W. Olsen. Molecular Biology Institute, and Department of 
Molecular & Medical Pharmacology, UCLA, Los Angeles, CA 9(X)95

In this study, in vitro binding and co-assembly assays are used to demonstrate 
the interaction between GABARAP and tubulin, and to map the binding domain 
for these two molecules. GABARAP was identified to interact with the y2 subunit 
of the GABAa receptor by the yeast two-hvbrid system. Since GABARAP has 
sequence similarity to that of light chain 3 of microtubule-associated protein 
(MAP) 1A and IB, it may function as a linker molecule between the cytoskeleton 
and GABAa receptors. In vitro binding assays indicate that GABARAP interacts 
with both purified tubulin and tubulin molecules in brain homogenate. Full length 
GABARAP co-assembles with tubulin into microtubules, whereas a truncated 
form, GABARAP36-117, fails. The C-terminal modulatory domain of tubulin is 
believed to be the binding region for microtubule-associated proteins. S-tubulin 
lacking the C-terminal domain was generated by treating tubulin with subtilisin. 
GABARAP does not co-assemble with S-tubulin, however, S-tubulin can 
polymerize into microtubules (S-microtubule). This suggests that GABARAP 
interacts with the C-terminal of tubulin as other MAPs.

A putative tubulin binding motif is postulated for the first 21 amino acids ol 
GABARAP, since this portion is predicted to fold into an a helix with positively 
charged residues aligned on the same side of the helix. This motif is distinct from 
that of MAP2 and MAP IB. When a synthetic peptide corresponding to the first 22 
amino acids of GABARAP is added in the co-assembly reaction, the binding of 
GABARAP to tubulin is disrupted.

This work is supported by NIH grant NS28772 (RWO) and training grant 
GM07185(HW).

713.9
INTERACTION OF TETANUS TOXIN DERIVED HYBRID PROTEINS 
WITH NEURONAL CELLS. D.M. Figueiredo, C.C. Matthews*, D A. Paries,
N.F, Fairweather, G. Dougan and P S. Fishman. Neurology Service Baltimore 
VAMC and the Depts. of Neurology, U of Maryland School of Medicine, 
Baltimore, MD 21201 and Biochemistry, Imperial College, London, SW7 
2AZ. U. K.

The non-toxic ganglioside binding domain of tetanus toxin (fragment C or 
TTC) has been studied as a vector for delivering therapeutic proteins to neurons. 
There is little information on the cellular processing of proteins delivered by 
linkage to TTC. We have evaluated the cellular handling of a multi-domain 
hybrid protein containing TTC and both the enzyme superoxide dismutase and 
the maltose binding protein fromE. coli. Binding, internalization, and cleavage 
of this protein during prolonged incubation with fetal cortical neurons or cells cf 
the N18-RE-105 line was evaluated by immunoblot analysis, ELISA, and 
immunocytochemistry. Hybrid proteins were bound and internalized in a manner 
very similar to TTC. Internalized proteins showed long term stability within 
cells, and were degraded into predictable large protein fragments in both cell 
types. Only fragments that were cleaved away from the TTC domain were 
released into extracellular fluid after internalization. Proteins coupled to TTC 
share its long term stability after cellular internalization. Dissociation of proteins 
linked to TTC after internalization facilitates their release from the cell, but not 
into other cellular compartments. TTC linked proteins are probably enclosed 
within a stable endosomal compartment throughout their cellular lifetime. This 
work is supported by the National Institute of Aging (I -POl -AG12992-01) and 
a Merit Review Award from the Research Service of the Department of Veterans 
Affairs

713.10
NMDA AND AMPA RECEPTOR TRAFFICKING AND SURFACE 
EXPRESSION EXAMINED BY EPITOPE-TAGGED GREEN 
FLUORESCENT PROTEIN FUSION PROTEINS. Jerry W, Lin and 
Morgan Sheng*. Howard Hughes Medical Institute and Department of 
Neurobiology, Massachusetts General Hospital and Harvard Medical 
School, Boston MA 02114.

Although much work has been directed towards understanding the 
mechanisms by which glutamate receptors are immobilized at the 
postsynaptic site of glutamatergic synapses, little is known about how 
these receptors are trafficked to the synaptic site and inserted or removed 
from the synaptic membrane. Receptor surface expression may play a role 
in determining synaptic strength, and regulation of surface expression may 
contribute to synaptic plasticity. To study glutamate receptor trafficking 
and surface expression, we have developed multiple fusion proteins of the 
NMDA receptor subunit NR1 and the AMPA receptor subunits GluRl and 
GluR2 that each contain green fluorescent protein (GFP) within the 
intracellular C-terminal tail and an epitope tag (either HA or myc) within 
the extracellular N-terminal domain. Transfection of heterologous cells and 
cultured hippocampal neurons with these constructs followed by antibody 
staining of the extracellular epitopes under non-permeabilizing conditions 
allows for a direct comparison of surface expression versus total expression 
of these glutamate receptor fusion proteins. Using these tools, we are 
examining the effects of heteromultimerization, binding to PDZ-containing 
proteins, tyrosine phosphorylation, and electrical activity on the surface 
expression of NMDA and AMPA receptors. Supported by NIH NS35050 
(to M.S.).

713.11

Subcellular localization of SAP97, PSD-95, PSD-93 and a novel PSD- 
95 binding protein, 47k, at synaptic and nonsynaptic sites in intact 
visual cortex: an EM-immunocytochemical study. Chive Aoki1*. Zak 
Shusterman1. Madhuri Kasat1. Magdalena Bak1. Lucien Alexandre1. &
David S. Bredt2. 'Ctr for Neural Science, New York Univ., NYC, 10003; 2Dept. 
of Physiology, Univ. Of Calif. San Francisco Schl of Med., SF, Calif., 94143.

Recent biochemical findings indicate that clustering of a variety of membrane 
proteins, including NMDA and AMP A-type glutamate receptors, is mediated via 
their interaction with PDZ domains of PSD-95/SAP90 and structurally related 
proteins. Light microscopic data to date suggest that this interaction is important 
for clustering of membrane molecules at newly formed synapses and for synaptic 
plasticity. Moreover, PSD-95 and PSD-93 also interact with nNOS and this may 
be a way to ensure efficient interaction of the enzyme with NMDA receptors. We 
showed previously by EM-immunocytochemistry that NMDA receptors and 
nNOS within intact tissue can occur together at postsynaptic sites but also 
nonsynaptically along dendritic plasma membranes, intracellularly and in pre
terminal portions of axons. We now show by dual EM-immunocytochemistry that 
nNOS and PSD-93 co-exist, albeit rarely, within single fine processes, suggesting 
that synaptic as well as nonsynaptic positions taken by nNOS may be mediated 
by PSD-93. On the other hand, the scarcity of their co-existence may reflect 
transient interactions between the two molecules. Moreover single EM- 
immunocytochemistry revealed that PSD-95, PSD-93, SAP97 and a novel, PSD- 
95 binding protein, 47k, all occur at or near postsynaptic densities but also 
cytoplasmically and along nonsynaptic plasma membranes of dendritic shafts and 
in axon terminals. These observations indicate that PSD-95 and related proteins, 
like NMDA receptors and nNOS, exhibit versatile subcellular localizations. 
(Supports: NIH-EY08055, NSF-RCD92-53750 to C.A; NIH-NS36017 to D.S.B.)

713.12

DISTRIBUTION OF ESPIN, A NOVEL ACTIN-BINDING PROTEIN 
IN THE NERVOUS SYSTEM OF THE RAT.
*1G, Sekerkovä, L2j Bartles. L2E Mugnaini. Northwestern University, 
•institute for Neuroscience and 2Dept. Cell & Mol. Biol., Chicago, II, 
60611,

Espin, a novel F-actin binding/bundling protein -110 kDa was 
identified and characterized in the Sertoli cell ectoplasmic (junctional) 
specializations (Bartles et al., J. Cell Sci. 1996; 109:1129-1139; Mol. 
Biol. Cell 1997; 8 (Suppl):156a). Recently, a new isoform of espin of 
~31 kDa was found in the brush border microvilli of the kidney and 
intestine. These isoforms share a C-terminal -20 KDa, which contains 
the F-acting binding/bundling domains. In our study, using antibody 
raised against the shared C-terminal peptide, espin was detected in 
several CNS and PNS regions with very specific localization. It is 
especially abundant in the sensory system and the cerebellum. We 
detected strong staining in the microvilli of the retinal Müller cells and 
of the sensory epithelium of the vomeronasal organ, and in the 
stereocilia of the hair cells of the cochlear and vestibular apparatus. 
Some of the peripheral sensory afferents were also stained, such as the 
axons of the spiral ganglia terminating as calyces of Held in the ventral 
cochlear nucleus and in the vomeronasal axons terminating in glomeruli 
of the accessory olfatory bulb. In the cerebellum, espin staining was 
localized to dendritic spines of cerebellar Purkinje cells. Western blot 
analysis revealed the possible existence of new espin isoforms in these 
localizations. Supported by NIH grants DC02764 (EM), HD35280 & 
HD 01210 (JB) and ACS grant CB-203 (JB).
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713.13
AXON ! DENDRITE TARGETING IS DETERMINED BY THE 
C-TERMINAL CYTOPLASMIC TAILS OF METABOTROPIC 
GLUTAMATE RECEPTORS mGluR2 AND mGluR7. J.N.Stowell*
and A.M.Craig. Dept. of Cell and Structural Biology, University of Illinois, 
Urbana, IL 61801.

Many plasma membrane proteins are targeted to different subcellular 
domains where they function in neuronal signaling. We examined the 
molecular basis of domain targeting by expression of epitope-tagged 
chimeric, insertion, and deletion mutants of mGluR2 and mGluR7 in cultured 
hippocampal neurons. When expressed from a defective herpesvirus 
vector, myc-mGluR2 was restricted to the somatodendritic domain and 
excluded from axons (20% of neurons showed axonal myc labeling, or “20% 
axonal”). In contrast, myc-mGluR7 was targeted to the entire axonal surface 
as well as dendrites (92% axonal). Tail-swap chimeras reversed the targeting 
phenotype. Replacement of the 53 aa C-terminus of mGluR2 with the 65 aa 
C-terminus of mGluR7 resulted in efficient axon targeting (93% axonal). The 
reciprocal chimera, the backbone of mGluR7 with the C-terminus of mGluR2, 
lost its axonal targeting (7% axonal). Stop codons inserted 6 aa after the 
seventh transmembrane domains also perturbed the targeting; mGluR7stop 
lost axonal targeting (8% axonal), while mGluR2stop was present in the axon 
to a greater extent (65% axonal) than the full-length mGluR2. Constructs 
which contained the backbone of mGluR2 with the cytoplasmic tails of both 
mGluR2 and mGluR7 in either orientation were examined to determine signal 
dominance. Both double tailed constructs showed marked axonal distribution 
(85% and 92% axonal). We conclude that the C-terminal 53 aa of mGluR2 
determines axon exclusion or dendritic stabilization, and the C-terminal 65 aa 
of mGluR7 directs axonal targeting in cultured hippocampal neurons. 
Furthermore, the axonal targeting signal of mGluR7 is dominant and functions 
even in a non-terminal position within the protein, suggesting that it does not 
require a conventional PDZ domain type interaction.
Supported by NIH and the Markey Charitable Trust.

713.14

A NOVEL BRAIN-EXPRESSED RING PROTEIN, BERP, 
INTERACTS WITH THE TAIL OF THE ORGANELLE 
MOTOR MYOSIN V.
A.E-D. El-Husseini* and S.R. Vincent, Kinsmen Laboratory of 
Neurological Sciences, Graduate Program in Neuroscience, 
University of British Columbia, Vancouver, B.C., Canada V6T 1Z3.

Unconventional class V myosins are molecular motors which are 
thought to mediate the targeted transport of organelles within cells by 
interacting with specific proteins via their C-terminal tails. We have 
now identified a novel, brain-expressed, RING finger protein, BERP, 
which interacts with the tail region of the class V myosins via a 
distinct p-propeller domain. BERP binding to the tail of the 
mammalian myosin Vb, myr 6, was demonstrated in the yeast two- 
hybrid system and confirmed by immunoprecipitation. BERP was 
also found to associate with endogenous myosin Va, the product of 
the dilute gene, in brain extracts. BERP and myosin Va colocalized 
to distinct punctate structures within cells. Expression in PC 12 cells 
of a truncated form of BERP lacking the myosin-binding domain 
resulted in defective cell spreading, abnormal cell aggregation and 
blocked neurite outgrowth in response to nerve growth factor. We 
propose that BERP interacts with myosin V to play an essential role 
in neurite extension and the directed transport of organelles in 
neurons. (Supported by MRC).

713.15

NOVEL RING FINGER PROTEIN INTERACTS WITH 
CYCLIC GMP-DEPENDENT PROTEIN KINASE TYPE II.
V. Viswanathan, A.E-D. El-Husseini, S.R. Vincent*. Kinsmen 
Laboratory of Neurological Research, Graduate Program in 
Neuroscience, University of British Columbia, Vancouver, B.C. 
Canada V6T 1Z3.

Nitric oxide (NO) and natriuretic peptides increase the intracellular levels 
of cyclic GMP (cGMP) by acting on soluble and particulate guanylyl 
cyclases, respectively. One of the major targets of cGMP is cGMP- 
dependent protein kinase (cGK). cGK I and cGK II are the two mammalian 
isotypes known so far. In brain, cGK 1 expression is largely confined to the 
Purkinje cells of the cerebellar cortex. cGK II is widely expressed in the 
brain and is therefore likely to be a major downstream target for NO action. 
However, the substrates of cGK II in the brain are still unknown. We used 
the catalytic domain of cGK II in the yeast two-hybrid system and found that 
it interacts with a novel ring finger protein, the Brain Expressed Ring 
Protein (BERP), which was recently cloned in our lab. The catalytic domain 
of cGK II specifically interacts with a region of BERP containing a 
consensus sequence for cGK-phosphorylation, consistent with BERP being a 
cGK substrate. Both CGK II and BERP are highly expressed in the 
thalamus, cortex and the olfactory bulb. BERP is known to bind to the tail 
of the organelle motor, myosin V and both these proteins are concentrated in 
the synaptic vesicle fraction. We hypothesize NO-dependent activation of 
cGKII may regulate myosin-mediated synaptic vesicle transport via the 
phosphorylation of BERP. (Supported by MRC).

713.16
CHARACTERIZATION OF DYSTROGLYCAN-Dp116 INTERACTION IN 
PERIPHERAL NERVE. F. Saito, Y. Sunada, T. Shimizu and
K. Matsumura*. Dept. of Neurology & Neuroscience, Teikyo Univ. Sch. of 
Med., Tokyo 173, Japan.

The deficiency of laminin-2 leads to not only skeletal muscle but also 
peripheral nerve degeneration in congenital muscular dystrophy, a- 
Dystroglycan is an extracellular laminin-2-binding protein anchored to the 
cell membrane by a transmembrane protein (3-dystroglycan in Schwann 
cells. The molecular apparatus that anchors the dystroglycan complex to 
the submembranous cytoskeleton in Schwann cells remains elusive.
Here we investigated the interaction of the dystroglycan complex with 
Dpi 16, a Schwann cell specific isoform of dystrophin. Dpi 16 and |3- 
dystroglycan were co-localized surrounding the myelin sheath of 
peripheral nerve fibers. Both the endogenous peripheral nerve Dpi 16 
and its fusion protein bound to the fusion protein corresponding to the 
cytoplasmic, but not extracellular, portion of P-dystroglycan. Likewise,
Dpi 16 fusion protein bound to the endogenous peripheral nerve ff 
dystroglycan. Surprisingly, however, the precipitating antibody against |3- 
dystroglycan did not precipitate Dpi 16 and precipitated only a small 
fraction of a-dystroglycan from the peripheral nerve membrane extracts. 
Our results indicate that, in Schwann cells, (1) Dpi 16 is the cytoskeletal 
component that anchors the dystroglycan complex in vivo but (2) the 
dystroglycan-Dp116 complex is fragile due to the absence of the 
sarcoglycan complex.

713.17
FUNCTION OF HEAT SHOCK PROTEIN (HSP27) IN NEUROPATHIC PAIN: 
IDENTIFICATION OF NEW BRAIN-SPECIFIC HSP27-INTERACTING 
PROTEINS. J.-C.L. Plumier1*, M.J. Esser2, G.V. Allen3, J, Sawvnok2 and J. 
Landry'- Cancer Research Center1, Laval University, Québec G1R 2J6, and Dept. 
of Pharmacology2 and Dept. of Anatomy3, Dalhousie University, Halifax, Nova 
Scotia B3H 4H7, Canada.

Hsp27 is constitutively expressed in sub-populations of motor and sensory 
neurons. Various pathological conditions, including ischemia, epileptic seizures 
and neurodegenerative disorders, trigger Hsp27 induction mainly in glia.
In the present study we examine temporal and spatial distributions of Hsp27 
immunoreactivity (Hsp27-IR) in the spinal cord following neuropathic injury (tight 
ligation of L5 and L6 dorsal roots). Very little Hsp27-IR was detected in the spinal 
cord of control animals. Seven to 17 days after surgeiy, Hsp27-IR was observed 
ipsilaterally in laminae I-IV of Lumbar 5 and 6 and in lamina I of Lumbar 1 to 
Sacral 2. This suggests a role for Hsp27 in neuronal plasticity.
To clarify the function of Hsp27 in neurons and glia, we screened a mouse brain 
cDNA library for Hsp27-binding proteins using the yeast two-hybrid assay. In 
addition to Hsp27 itself and aB-crystallin, two new Hsp27-interacting proteins 
were identified. One of them is a novel protocadherin (designated here as mPcdh). 
Protocadherins possess conserved extracellular domains that mediate homotypic cell 
interactions and an intracellular domain distinct from cadherins. Thus, the 
intracellular signaling pathway activated by protocadherins is different ’ from 

, cadherins which are attached to actin filaments through catenins. Since Hsp27 acts 
on actin cytoskeleton both during stress and mitogenic stimulation, it seems 
possible that Hsp27 links mPcdh-mediated cell-cell signaling to the actin 
cytoskeleton. By interacting with mPcdh, Hsp27 may modulate cell-cell 
interaction during neuronal plasticity and physiological stress.
[Supported by the Cancer Research Society and the Medical Research Council of 
Canada]
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714.1

DYNAMICS OF A MEMBRANE PROTEIN OF ENDOPLASMIC 
RETICULUM IN LIVING AXONS. Y. Aihara12, T. Inoue2*, K. 
Okamoto1 and K. Mikoshiba2. Dept. of Neurology, Univ. of Gunma, 
Sch. of Med.; Gunma-371, Japan1. Dept. of Molecular Neurobioiogy, 
Inst, of Med. Sci., Univ. of Tokyo; Tokyo-108, Japan2.

Endoplasmic reticulum (ER) is a highly developed intracellular 
organelle, but little is known about the dynamics of ER in axons. To 
begin to address this issue, we have successfully developed a method 
to track movements of ER membrane proteins in living axons, using 
gene gun-mediated gene transfer, green fluorescent protein (GFP) 
technology, confocal laser scanning microscopy with a fluorescence 
photobleaching recovery (FPR) technique.

Sarcoplasmic endoplasmic reticulum Ca2+-ATPase (SERCA) is a 
calcium pump on ER which replenishes the depleted internal calcium 
pool. Here we used GFP as a tag to investigate the movement of 
SERCA. We constructed a fusion gene which would express a chimeric 
protein consisting of a GFP fused to the N-terminal of SERCA. The 
plasmids were transfected into chick dorsal root ganglion (DRG) 
neurons by means of a gene gun system two hour after seeding of cells. 
GFP-SERCA labeled DRG neurons were examined about 24 hour after 
the transfection. GFP-SERCA was found to move bidirectionally 
within axons in FPR studies and their mobility was dependent on the 
temperature of the extracellular medium.

These results indicate that SERCA, a membrane protein of ER, is 
moved within axons both anterogradely and retrogradely by an active 
transport system.

714.2
INTERACTION OK AMYLOID p-PEl’TIDE WITH PHOSPHOLIPID VESICLE 
MEMBRANES STUDIED BY FLUORESCENCE.CORRELATION SPECTROSCOPY. 
A. Pramanik1*. I.. O. Tjembcrg2. L. Tercnius2 and R. Rigler1. 'Dept. of Medical 
Biochemistn and Biophysics. Karolinska Institute. Stockholm. Sewden. 2Dept. of Clinical 
Neuroscience. Karolinska Hospital. Stockholm. Sew den.

Phospholipid vesicles have been studied intensively as a tool to determine properties of 
biological membranes. The enterior of vesicles is an aqueous environment. With the 
extruder technique it is possible to prepare them with different substances/dve molecules 
entrapped inside. Thus, the external and internal environment of vesicles can be 
manipulated and studies can be conducted on their ability- to incorporate or release 
molecules and their interaction with various substances (peptides, proteins, nucleic acids). 
The accumulation of fibrillar deposits of Alzheimer amyloid 0-peptide (A0) in brain 
parenchyma and eercbromeningeal blood vessels is considered to be a key- step in the 
pathogenesis of Al/heimer's disease. It is shown that aggregated A0 is toxic and in the 
presence ol aggregated A|1 cultured cells die. However, target of action of aggregated Afl 
in cells is unknown. Since the fluorescence correlation spectroscopy (FCS) is a powerful 
biophysical tool for examining molecular interaertions of biological importance (Rigler. J. 
Biotech. 41 (1995) 177-1X6). we have used this technique to study interactions of A0 with 
phospholipid vesicle membranes. In this study we have used two types of vesicles - VESI 
and VI S2. VLSI is prepared from unlaheled phospholipids together with added 
rhodamine. which entrapped free rhodamine inside and VES2 - from rhodamine-labeled 
phospholipids, which did not entrap free rhodamine inside. Our preliminary results suggest 
that A|) breaks vesicles since in the presence of A0 there is a release of rhodamine from 
both kind of vesicles. As the inside of VES2 is free of rhodamine. the presence of 
rhodamine in solution means that these vesicles are broken into phospholipids. This study 
indicates that aggregated A[1 kills cells probably by breaking cell membranes.

714.3
ß-DYSTROGLYCAN IS SELECTIVELY LOCALIZED IN SCHWANN CELL 
OUTER MEMBRANE AND CYTOPLASM APPOSING BASEMENT 
MEMBRANE IN AXONAL DEGENERATION AND REGENERATION.
T.Masaki1*, K.Matsumura2, F.Saito2, K.Motovoshi', H.YorifuiiL K.Kamakura'.
'Third Dept. of Internal Medicine, National Defense Medical College; 2Dept of 
Neurology and Neuroscience, Teikyo Univ. Sch. of Medicine; ’Second Dept. of 
Anatomy, National Defense Medical College; Tokorozawa, Saitama 359-8513

In peripheral nerve, immunohistochemical study showed that ß-dystroglycan 
(ß-DG), which is a main component of dystrophin-glycoprotein-complex (DGC), is 
localized in myelin-forming Schwann cell outer membrane. Since a-dystroglycan 
has been shown to bind laminin-2 in in vitro study, it seems that DGC functions as 
laminin-2 receptor of Schwann cell. In this presentation, we describe
immunohistochemical studies with light and electron microscopy showing that ß- 
DG immnoreactivity (ß-DG-IR) was selectively localized in Schwann cell outer 
membrane and cytoplasm just apposing basement membrane not only in normal 
peripheral nerve but also in that undergoing axonal degeneration and regeneration. In 
normal rat sciatic nerve, ß-DG-IR was selectively localized in Schwann cell outer 
membrane and cytoplasm apposing basement membrane not only of myelin-forming 
Schwann cells but of non-myelin-forming ones. ß-DG-IR was never detected in 
Schwann cell inner membrane or axolemma apposing basement membrane. In rat 
sciatic nerve undergoing Wallerian degeneration also, ß-DG-IR was selectively 
localized in outer membrane and cytoplasm of Schwann cells although it was more 
vague and irregular comparing with that in normal nerve. ß-DG-IR was never 
detected in outer membrane of Schwann cell column which lost contact with 
basement membrane. In Schwann cells ensheathing regenerating axons, the 
localization pattern of ß-DG-IR was similar to that of normal nerve. This study 
suggests that DGC is directly associated with Schwann cell adhesion with basement 
membrane through binding laminin-2 in vivo.

714.4
CHARACTERISATION OF NEUROBLASTOMA CELL LINES 
OVEREXPRESSING THE «2,3 AND «2,6 (N) SIALYLTRANSFERASE 
ENZYMES. N. Georgopouiou & K.C. Breen*. Dept. of Pharmacology 
and Neuroscience, University of Dundee, Ninewells Hospital Medical 
School, Dundee DD1 9SY, Scotland, U.K.

Glycosylation is a key posttranslational modification which modulates 
the processing, structure and associated function of the associated protein 
backbone. In particular, the negatively charged sialic acid residue plays a 
pivotal role in the modulation of cell adhesion in the nervous system. In 
this study, we have generated stably transfected SHSY-5Y human and 
BI04 rat neuroblastoma cell lines overexpressing either the a2,3 or a2,6 
(N) sialyltransferase (ST3N and ST6N) enzymes.

The increase in STN expression observed in all of the transfected cell 
lines was localised to the trans-Golgi and TGN by immunocytochemistry. 
This was accompanied by an increase in cell surface sialoglycoprotein 
expression as determined by lectin blot analysis. There was, however, a 
competition between the two sialic acid linkages to the penultimate 
galactose residue and an upregulation of a2,6-linked sialic acid (in the 
ST6N transfectants) was accompanied by a decrease in a2,3-linked 
sialoglycoprotein staining.

While previous studies have demonstrated the a2,8-linked polysialic 
acid (PSA) chain to be attached to the core oligosaccharide chain on the 
NCAM backbone via an a2,3-linked sialic acid residue, we demonstrated, 
using the ST6N transfectants, that PSA can also be attached to an a2,6- 
linked sialic acid residue.

In addition to its role in the modulation of NCAM glycosylation, STN 
overexpression also resulted in an increase in the secretion of the amyloid 
6 precursor from the cells, suggesting that sialylation may play a key role 
in the processing of cell surface sialoglycoproteins.
This study was supported by the Association for International Cancer Research.

714.5

TEMPERATURE INDUCED STRUCTURAL CHANGES IN THE 
ENDOPLASMIC RETICULUM MEMBRANES IN NEURONAL CELLS OF THE 
HIBERNATING SQUIRREL. N. A, Azzam^R, N. Azzam2, J, M, Hallenbeck2 
and B. Kachar3. Surgical Neurology Branch, 2Stroke Branch, NINDS and 3 Lab of 
Cellular Biology, NIDCD, NIH, Bethesda, MD 20892-4128.

Cellular membranes are widely regarded as a primary site of cold-injury because of 
the temperature sensitive phase behavior of their lipids . Hibernation offers a unique 
opportunity to explore the mechanisms influencing survival of mammalian cells to 
hypothermia. We used thin section and freeze-fracture electron microscopy to study 
the structural changes in the membranes of the cells of the CNS of the ground 
squirrel during hypothermic hibernation. A widespread temperature-induced lateral 
structural reorganization of the endoplasmic reticulum (ER) membranes in several 
neuronal cell types was observed. Thin sections showed the occurrence of ER 
cisternal segments of various sizes up to 5pm in length showing absence of 
ribosomes and the underlying cytoplasmic matrix forming a narrow slit of clear 
cytoplasm. The remaining cytoplasm including adjacent ER cistemae, mitochondria 
and microtubule exhibited the normal morphology. In the freeze fracture replicas the 
ER in the hibernating animals showed the formation of particle-free membrane 
patches of diameters of the same range as the clear slits observed in thin sections. 
The slits and the particle-free membrane patches disappear a few hours after the 
animal is awakened and the body temperature elevates to 37’C. These structural 
changes are similar to well defined changes associated with formation of gel-phase 
domains by temperature induced segregation of high-freezing point lipids in several 
biological and artificial membranes. We propose that the particle-free patches in the 
membrane and the slits in the cytoplasm correspond to the lateral displacement of the 
membrane proteins and the associated underlying cytoplasmic matrix from the 
temperature-induced patches of high freezing point lipids in a gel-phase. The reversal 
of these structural changes when the animal awakes, would correspond to the melting 
of the gel phase and redistribution of the high freezing-point lipids restoring the 
fluidity and organization of the whole membrane. It is possible that in hibernating 
animals, these striking changes, which result from the expected physical behavior of 
the membrane lipids, rather than being deleterious may participate in the cellular 
mechanism of temperature acclimation during the hibernation cycle.

714.6
CDP-CHOLINE ENHANCES FATTY ACID INCORPORATION INTO 
PHOSPHOLIPIDS. S. Knapp, C. J. Watkins*, R. J. Wurtman, Massachusetts 
Institute of Technology, Department of Brain and Cognitive Sciences, E25-604, 
Cambridge, MA 02139

Cytidine, as cytidine 5‘-diphosphate choline (CDP-choline), is a major precursor 
of phosphatidylcholine (PC) synthesis in cell membranes and an important regulatory 
element in this synthesis. We examined the effect of providing cytidine and choline 
on the incorporation of free fatty acid into major phospholipids in rat 
pheochromocytoma PC 12 cells.

The addition of equimolar concentrations of cytidine and choline (50-500 pM) to 
various concentrations of arachidonic acid (AA, 50-100 pM, bound to bovine serum 
albumin) increased dose-dependently the accumulation of [3H]-PC, [3H]-
phosphatidylinositol (PI) and [3H]-phosphatidylethanolamine (PE) (by up to 24 ± 5 
%, 16 ± 3 %, and 11 ± 3 % respectively, mean ± S.E.M.) in PC12 cells. This effect 
was first seen after 8 h of incubation and reached a maximum after 18h. The 
incorporation of [3H]oleic acid into [3H]-PC was even more enhanced (by up to 42 ± 
3 %), however that of [3H]-linoleic acid, another major constituent of phospholipids, 
was unaffected. The effects of choline and cytidine were enhanced by 12-0- 
tetradecanoylphorbol-13-acetate (1 or 5 pM), which is known to facilitate cellular 
choline uptake and to stimulate CTP:choline phosphate cytidylyltransferase activity. 
Replacing choline by ethanolamine also enhanced the incorporation of [3H]-AA into 
[3H]-PE as well as [3H]-PC. AA (10-200 pM) alone failed to enhance the 
incorporation of [14C]choline into PC.

We suggest that increases in phospholipid synthesis caused by cytidine and 
choline supplementation lead to enhanced incorporation of certain fatty acids, (e. g. 
AA) into the major glycerophospholipids. This process could contribute to the 
beneficial effects of CDP-choline in the treatment of stroke or brain damage. 
(Supported by a grant by the Deutsche Forschungsgemeinschaft and the Center for 
Brain Sciences Charitable Trust).
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714.7

BOTULINUM NEUROTOXIN A SUPPRESSES REMODELING OF 
THE ACTIN CYTOSKELETON INDUCED BY LYSOPHOSPATIDIC 
ACID IN PC12 CELLS. H. Ishida. and P. Ray*. Dep. of Biology, 
Div. of Experimental Therapeutics, Walter Reed Army Institute of 
Research, Washington, D.C. 20307

Botulinum Toxin A (BoTx) inhibits acetylcholine (Ach) release in 
neuronal cells. There are reports in the literature that reorganization of 
actin filaments is a necessary step for Ca2+-dependent exocytosis. We 
previously reported that in nerve growth* factor (NGF) differentiated 
PC 12 cells, one of the mechanisms of stimulated Ach release inhibition 
by BoTx is via interference with our proposed PLA2-mediated pathway 
of neuroexocytosis (Ray, P. et al., J. Biol. Chem., Vol. 268:11057- 
11064, 1993). Recent studies have shown that lysophosphatidic acid 
(LPA) generated by the action of PLA2 on phospholipids stimulates Rho 
family of GTPases to change actin organization in a variety of cells 
including PC 12 cells. We studied the effect of BoTx on LPA-induced 
actin reorganization in PC 12 cells. Cells were pretreated with LPA (100 
nM) for 10 min before addition of BoTx (100 nM) and incubated further 
in the presence of BoTx for 3 h at 37°C. Actin organization was 
visualized by using the actin specific fluorescent probe, phalloidin. 
BoTx alone did not have any effect on actin organization, but it blocked 
the actin reorganization induced by LPA. Anti-BoTx serum abolished 
the inhibition of the LPA-stimulated actin reorganization by BoTx. 
These results suggest that BoTx has an negative effect on the Rho 
involved signal transduction pathway for actin reorganization.
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715.1
VECTOR-MEDIATED DELIVERY OF ’"in-LABELED EPIDERMAL 
GROWTH FACTOR THROUGH THE BLOOD-BRAIN BARRIER
A.Kurihara. D.Wu and WM.Pardridge, Dept.of Medicine and Brain 
Research Institute, UCLA School of Medicine, Los Angeles, CA 90095

Epidermal growth factor (EGF) is a potential peptide 
radiopharmaceutical for detection of brain tumors, because many human 
gliomas overexpress EGF receptors. Transport of EGF to the brain, 
however, is restricted by the blood-brain barrier (BBB). The purpose of the 
present study was to develop a vector-mediated bram delivery system of 

In-labeled EGF. EGF was labeled with In through metal chelator, 
diethylenetriammepentaacetic acid (DTPA) and monobiotinylated through 
polyethyleneglycol3400 (PEG). The ’’’in-EGF-PEG-biotin was then 
conjugated to a BBB delivery vector comprised of a complex of the 0X26 
monoclonal antibody (MAb) to the rat transferrin receptor, which was 
tagged with streptavidin (SA). Following conjugation to OX26-SA, the 
systemic clearance of IHIn-EGF-PEG-biotin in rats was reduced and the 
brain delivery was increased. This optimization of pharmacokinetics was 
further extended when EGF receptors in the liver were saturated by co
administration of excess unlabeled EGF. The specific binding of the 1HIn- 
EGF-PEG-biotm/OX26-SA as well as H1In-EGF-PEG-biotin to the EGF 
receptors was observed in C6 rat glioma cells, which had been transfected 
with the gene for the human EGF receptor. In conclusion, these studies 
describe the preparation of a peptide radiopharmaceutical that can be used 
for both imaging of, and for drug targeting to, EGF receptor positive brain
tumors.

715.2

UPREGULATION OF BLOOD-BRAIN BARRIER LEPTIN RECEPTOR 
OBRa GENE PRODUCTS IN HIGH FAT-FED OBESE RATS. W.M. 
Pardridge*. R.J. Boado. P.L. Golden, and N. Levin. Department of Medicine 
and Brain Research Institute, UCLA School of Medicine, Los Angeles, C A 
90095, and Amgen, Inc. Thousand Oaks, CA 91320.

Leptin is a 16 kDa protein synthesized in adipocyte tissue that produces a 
satiety effect in the CNS. Leptin gains access to the brain via receptor- 
mediated transcytosis through the blood-brain barrier (BBB) [J. Clin. Invest. 
99:14, 1997], and the BBB leptin receptor (OBR) regulates the availability of 
circulating leptin to brain cells. The aim of the present study was two-fold: 
first, to identify the OBR isoform expressed at the BBB (i.e., short or "a" 
form vs. the long or "b" form) by reverse transcription polymerase chain 
reaction (RT-PCR); and second, to determine the abundance of the BBB- 
OBR mRNA and protein in control and high fat-fed obese (HFF) rats by RT- 
PCR and immunocytochemistry (ICC), respectively. RT-PCR with isoform
specific primers showed that OBRa is the most abundant isoform at the BBB. 
The BBB-OBRa was markedly increased in HFF-rats compared to controls 
(11-fold), and no changes were observed in the expression of the internal 
PCR standard, actin. The high fat feeding induction in BBB OBR mRNA 
was correlated with an increase in the immunoreactive BBB-OBR 
determined by ICC using an all-isoform reactive antibody in HFF-rats. 
Quantiation of the ICC fields showed the immunoreactive OBR protein was 
increased 247±33% by high fat feeding. These investigations demonstrate (1) 
the OBRa is the principal leptin receptor expressed at the BBB, and (ii) this 
BBB-OBR isoform is upregulated in high fat diets. Supported by Amgen.

715.3
HALOGENATION OF OPIOID PEPTIDES ALTERS THEIR BLOOD- 
BRAIN BARRIER (BBB) PERMEABILITIES AND OCTANOL/SALINE 
DISTRIBUTION COEFFICIENTS. T.J. Gillespie, J.E. Taylor*, and T.P 
Davis. Dept. of Pharmacology, University of Arizona, Tucson, AZ, 85724 and 
Biomeasure, Inc., Milford, MA 01757

Octanol/saline distribution coefficients (D) have been used as a measure of a 
drug’s lipophilicity and this property is often correlated with ability to cross the 
BBB and penetrate the CNS by diffusion. We have measured and compared D and 
BBMEC P.C. values for analogs of two series of opioid peptides, DPDPE and 
biphalin. Halogenation of DPDPE effectively increased both D and BBMEC 
permeability. p-F-DPDPE and p-Cl-DPDPE have D values 2.7 and 4.8 fold greater 
than DPDPE respectively. For these analogs, log D, and BBMEC permeability were 
well correlated; r = 0.87. When several more non-halogenated DPDPE analogs 
were added to this series, correlation diminished; r = 0.67.

We have previously shown that p-Cl-DPDPE penetrates rat brain 1.75 fold faster 
than DPDPE in an In Situ perfusion model. In vivo I.V. injection resulted in peak 
(10 to 20 min.) p-Cl-DPDPE brain concentrations of 2.8 fold greater than that of 
DPDPE (Weber et al., J. Pharm. Exp. Ther. 259: 1109, 1990.)

Halogenation of biphalin at the Phe4,4 residues yielded a 3 fold increase in D for 
the fluorinated analog and a 16 fold increase for the chloro-analog compared to 
biphalin. However log D was poorly correlated with BBMEC P.C. (r = 0.63) for 
this series due to low permeability of the fluoro-analog. When biphalin and p-Cl- 
biphalin were mono-iodinated on the Tyr1 residue with iodine and used in the in 
situ brain perfusion model, the chlorinated analog was found to penetrate rat brain
1.9 times faster than the non-chlorinated analog. These data indicate that log D is 
not always a reliable predictor of in situ or BBMEC permeability. (Supp by NIH 
DA 11271 and DA 06284).

715.4
HALOGENATED ENKEPHALIN ANALOGS SHOW ENHANCED BLOOD 
BRAIN BARRIER (BBB) PERMEABILITY IN AN IN VITRO SYSTEM. 
C.L. Gentry*, R.D. Egleton, V.J. Hruby, T.J. Gillespie, T.P. Davis. 
Department of Pharmacology, University of Arizona, Tucson AZ 85724.

The BBB can prevent neuropharmaceuticals from gaining access to the brain. 
Many innovative drug designs have been aimed at increasing BBB 
permeability. One approach involves halogcnating peptides to increase their 
lipophilicity. Using an in vitro model for the BBB, we have examined the effect 
of halogenation on BBB permeability for opioid peptide drugs.

The in vitro model for the BBB consisted of bovine brain microvessel 
endothelial cells (BBMEC) grown on 10 pm polycarbonate mesh filters 
precoated with rat tail collagen and fibronectin. Filters demonstrating a 
confluent endothelial cell monolayer were placed in a Side-Bi-Side diffusion 
chamber. [500 pM] of Tyr-D-Pen-Gly-Phe-L-Pen-Phe-NH2 (DPLPE-Phe) was 
added to the donor chamber together with the membrane impermeant marker, 
[14C] sucrose. Samples of 200 pi each were removed from the receiving 
chamber at 15 to 120 minute time points. HPLC analysis was used to calculate 
permeability coefficients for each peptide. The above experiments were 
repeated for ([pCl-Phe4] DPLPE-Phe) and ([pBr-Phe4[DPLPE-Phe) analogs. 
Addition of halogens to DPLPE-Phe led to a significant increase in peptide 

passage from 17.23 x 10'4 cm/min (± 3.00 x 10'4) to 51.85 x 10 4 cm/min (± 3.35 
x 104) and 33.75 x 104 cm/min (±3.22 x 10’4) (p < 0.01 for both chloro and 
bromo respectively). These results show that halogenation improves the 
passage of this peptide drug across the in vitro BBB model with chlorine 
having a more significant effect. Furthermore, [pCl-Phe4]DPLPE-Phe was 
significantly more permeable than the [pBr-Phe4]DPLPE-Phe.

This work was supported by NIH grants DA-06284 and DA-11271.
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715.5
EFFECT OF CATIONIZATION ON THE IN VITRO STABILITY AND 
BLOOD-BRAIN BARRIER PERMEABILITY OF ENDOMORPHINS. VS. 
Hau \ A. Lipkowski2, V.J, Hruby2, R.J. Huxtable*1 and T.P. Davis1. Departments 
of Pharmacology1 and Chemistry2, University of Arizona, Tucson AZ 85724.

Endomorphins (END) have been recently identified to have the highest specificity' 
and affinity for the p opioid receptor and are suggested to be the endogenous 
ligands for the p receptor. A modification to the amino group of tyrosine, the N- 
tenninal amino acid of END, by addition of a guanidino (GU) group adds an extra 
amino group increasing net positive charge. Previous studies have shown that 
cationization improves entry of peptides into the CNS via adsorptive endocytosis. In 
this study we investigated in vitro BBB transport and stability of END II, [Pro’l 
END II and their GU analogs.

BBB permeability was studied using an in vitro bovine brain microvessel 
endothelial cell model (BBMEC). BBMEC’s were grown to a confluent monolayer 
on membrane filters. Filters were placed in side-by-side diffusion chambers. 
Peptides were placed in the luminal chamber and sampling done from the 
abluminal chamber over time-points (0-120 min). Permeability coefficients (P.C.) 
were determined as the rate of permeability in cm/min. The in vitro stability was 
studied using mouse serum and mouse brain resuspended at 15% protein. Peptides 
were added to samples time-course incubated at 37°C and analyzed by HPLC. The 
half-life of END II was 13.2 min in brain and 3.2 min in serum. After GU addition 
the half life increased to 140.2 min in brain and 26.6 min in serum. [Pro4] END II 
increased from 24.2 min to 149.09 min in brain and from 2.92 min to 34.33 min in 
serum with GU addition. BBB permeability of END II increased (31.9 ± 0.90 x 10'4 
to 32.5 ± 0.53 x 10"4) while [Pro4] END II increased BBB permeability significantly 
with GU addition from 30.6 ± 1.2 x Iff4 to 40.2 ± 0.5 x 10‘4. These data provide 
evidence that increased cationization with GU modification improves both stability 
and permeability. Supported by NIH #DA-06284 and DA-11271.

715.6
BRAIN TO BLOOD TRANSPORT OF ENDOMORPHIN-1 AND 
ENDOMORPHIN-2. K A. Homer2*. W.A. Banks1'3. A J, Kastin13 and J.E. 
Zadina1,3 'Dept. of Medicine and Neuroscience Training Program, Tulane 
University School of Medicine, 3VA Medical Center, Nev> Orleans, LA 70146.

Peptide transport system-1 (PTS-1) has been extensively characterized for its 
ability to transport the opiate-modulating peptide Tyr-MIF-1 (Tyr-Pro-Leu- 
Gly-NH2) and enkephalin in the direction of brain to blood. In the present 
study, we tested whether the recently isolated endogenous mu opiate selective 
peptides endomorphin-1 (Tyr-Pro-Trp-Phe-NH2; EM-1) and endomorphin-2 
(Tyr-Pro-Phe-Phe-NH2; EM-2) are also transported from the brain t-•» blood via 
PTS-1. Seventy-five mice were given intracerebroventricular (icv) injections of 
125[I] EM-1 (25,000 cpm) alone, or in combination with an exces< (lOpg/pl) of 
cold EM-1 or Tyr-MIF-1. Fifty-three mice were given !25[I| F.M-2 (25,000 
cpm) alone, or in combination with an excess (lOpg/pl) of cold l-M-2 or Tyr- 
MIF-1. The mice were decapitated ten minutes after injection, and the brains 
removed. The amount of radioactivity in the brains was determined with a 
gamma counter. Half-time disappearance curves were generated for EM-1 and 
EM-2, and were used to calculate the rate of transport. The results showed that 
the endomorphins were transported from brain to blood by a system that was 
inhibited by administration of an excess of the corresponding endomorphin. 
This shows saturation and confirms that these peptides are being transported out 
of the brain via a carrier protein, and not by simple diffusion. Neither the 
transport of EM-1 nor that of EM-2, however, was inhibited by excess Tyr- 
M1F-1. Therefore, EM-1 and EM-2 are most likely transported out of the brain 
by a saturable peptide system that is different from PTS-1. Supported by VA.

715.7
THE CELLULAR EXPRESSION OF TRANSFERRIN IN THE RAT BRAIN DURING 
DEVELOPMENT AND IN CONDITIONS WITH ALTERED IRON STATUS. T 
Moos1, P.S. Oates", C. Thomas', T.M. Hansen1. and E H. Morgan2. 1 Inst.Med.Anat. sect 
A. Panum Inst.. Unix . Copenhagen. Denmark. "Department of Physiology. The University 
of Western Australia, Ncdlands. Western Australia, Australia.

We examined the influence of iron (Fc) deficiency on the differentiation of glial 
neuroectodermal cells. We also evaluated the possibility tliat oligodendrocytes have the 
capability of compensating for alterations in the concentration of brain Fe by clianging their 
expression of transferrin (Tf). In brains of developing rats from dams subjected to normal 
or Fe deficient diets from embryonic (E) day Et). Tf protein was not expressed in 
oligodendrocytes until postnatal (P) day P5. When examined at P70 (adult-age). Fc 
deficiency had reduced the Fe concentration in the brain by approximately 50%. In western 
blotting experiments. Tf concentration was identical in normal and Fe deficient brains, 
w hereas the Tf concentration w as upregulated in the liver during Fc deficiency. Astrocy tes 
and oligodendrocytes of Fe deficient rats occurred in identical numbers when compared to 
normal rats as verified by immunohistochemical staining for cell specific markers. Hence, 
it appears tliat Tf protein is expressed in oligodendrocy tes independently of brain Fc and 
tliat the reported impaired myelination following Fe deficiency is not a result of the 
reduction in the number of my elin forming oligodendrocytes. In developing rats from dams 
subjected to normal Fe. Fe deficient or Fe overloaded diets from E6 and examined on P21. 
no significant quantitative or qualitative differences in Tf mRNA expression were observed 
in oligodendrocytes despite brain Fc concentrations being markedly different. The absence 
of the capability of Tf mRNA expressed in oligodendrocytes to respond to changing lev els 
of brain Fe questions whether conditions with altered intracellular Fe levels affects Tf 
mRNA transcription in these cells. As our results do not favour the hypothesis of 
responsiveness of Tf synthesis in oligodendrocytes to clianging Fc levels, the importance of 
oligodendrocy tic secreted Tf as a ligand for transferrin receptor containing neurons in the 
brain can be questioned. Supporting this notion, the neuronal distribution of Tf in MD rats 
is unaltered.

715.8
PRESENCE OF LEAD (Pb) IN HUMAN CSF IS ASSOCIATED WITH 
THE DECREASE IN CSF TRANSTHYRETIN (TTR): THE ROLE OF 
THE CHOROID PLEXUS (CP). W. Zheng*. Div. of Environ. Health 
Sci., School of Public Health, and Dept. of Pharmacol., College of 
Physicians and Surgeons, Columbia University, New York, NY 10032.

TTR, a major thyroid hormone transport protein in the CNS, is 
exclusively manufactured by the CP in brain. Previous studies in animals 
suggest that the sequestration of Pb in the CP causes a decrease in CSF 
TTR. This study was then undertaken to determine the relationship 
between TTR and Pb in human CSF. CSF samples were collected from 
randomly-selected patients who were requested for clinical diagnosis of 
CSF chemistry. Concentrations of TTR and Pb in the CSF were 
quantitated by RIA and AAS, respectively. Results showed that CSF 
TTR in this human population ranged 0.77-8.15 pg/mg of CSF proteins 
(3.33+0.36 pg/mg, mean+SE, n=79), while CSF Pb (n=59 above the 
detection limit) was about 0.05-3.84 pg/dl (0.53+0.09 pg/dl, mean+SE). 
Linear regression analysis revealed that the decline in human CSF TTR 
was significantly associated with the increase in CSF Pb (p<0.0158, 
n=59). The in vitro studies conducted in a primary culture of rat choroidal 
epithelial cells demonstrated that Pb exposure inhibited the rate of FIR 
secretion into the culture medium by 7.5 fold (p<0.05). Furthermore, 
using an in vitro two-chamber blood-CSF barrier model, we found that 
Pb treatment impeded the transepithelial transport of [i2T]T4 from the 
blood side to CSF side of the barrier by 27%. Taken together, these 
studies suggest that the disposition of Pb in the CP impairs the function of 
this blood-CSF barrier by hampering TTR secretion (and/or production). 
Whether or not this would result in an alteration of brain thyroid status is 
currently under investigation (supported by RO1-ES08146)

715.9

IRON QUANTITATION IN CSF AND MICRODISSECTED BRAIN REGIONS 
S. M. LeVine1*, M. J. Wulser1 and S. G. Lynch2 
1Dept. of Molecular and Integrative Physiology; 2Dept. of Neurology 
University of Kansas Medical Center, Kansas City, KS 66160

Free radicals likely play a role in the pathogenesis of several 
neurodegenerative disorders, e.g., Parkinson’s disease, Alzheimer’s 
disease, and multiple sclerosis. Iron is a catalyst for the production 
of hydroxyl radical, which is a potent free radical. Iron also can 
cause secondary initiation of lipid peroxidation and facilitate oxidative 
damage to proteins. Several methods have been employed to detect 
iron concentrations in cerebral spinal fluid (CSF) or microscopic 
regions of brain tissue. These methods generally suffer from poor 
intra- and inter-assay variability, lack of sensitivity, or they require 
prohibitively expensive equipment. The objective of the present 
study was to develop a straightforward iron assay that avoided 
these drawbacks. The procedure made use of the following steps: 
1) sample digestion; 2) dot blotting; 3) Peris’ histochemistry; 4) 3,3’- 
diaminobenzidine enhancement; and 5) densitrometry. Sample 
volume was 150 pi. Standard curves utilized 0, 0.05, 0.1, 0.2, 0.5,
1.0, 1.5, and 2.0 pM iron solutions. The assay measures total iron 
content within samples. The concentration of iron in the CSF of 
normal individuals was 60.01 +/- 18.3 (SD) pg/L. This assay also 
can be used to measure the concentration of iron in different regions 
of perfused brain tissue. In conclusion, this assay should enable 
further studies that advance the understanding of the role of iron in 
various disease states. Supported by NIH-NINDS

715.10

ICAM-5 IN THE HYPOXIC-ISCHEMIC BRAIN INJURY. FE 
Guo*, H. James, Q. Zhang, S.W. Perry, E.G. Epstein and H.A.
Gclhard. Dept.of Neurology, Univ. of Rochester, Rochester, NY
14642.

ICAM-5 (telcncephalin) is a novel cell membrane-associated 
neuronal cell adhesion molecule expressed only in the somata and 
dendrites of telencephalic neurons. We hypothesize that ICAM-5 will 
be a useful marker of neuronal injury, and of blood-brain barrier 
(BBB) disruption, if detectable in blood. In the present experiment we 
have used a hypoxic-ischemia (HI) model in order to investigate 
neuronal injury and temporal changes in BBB integrity in vivo. HI in 
adult mice was produced by a combination of unilateral common 
carotid artery ligation and hypoxia (8% oxygen). 'Ihe animals were 
allowed to recover for 3 to 168 hr. after the initial HI insult, and brains 
were then analyzed by performing immunocytochemistry with a 
monoclonal antibody to ICAM-5. In the control side, immunoreactivity 
of ICAM-5 was present only on the dendrites and somatic membranes 
in the telencephalon. In contrast, in the lesioned side of brain, no 
immunoreactivity was present in telencephalic dendrites. Additionally, 
ICAM-5 immunoreactivity was present in the neuropil, and a 
significant up-regulation of ICAM-5 immunoreactivity was observed in 
the cytoplasm of somata of hippocampal pyramidal cells, dentate 
granule cells, and neurons within the cortex and striatum. Experiments 
are in progress to measure ICAM-5 in sera of mice with HI lesions in 
order to correlate the effects of damage to the BBB with loss of 
dendritic ICAM-5. Supported by RO1 NS35738 to L.G. Epstein, and 
POl MH57556 to L.G. Epstein and H.A. Gelbard.
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715.11
COLLIMATED SYNCHROTRON X RAYS ELICIT A TRANSIENT DISRUPTION 
OF THE. BLOOD BRAIN BARRIER. F.W. Telang,1 FA. Dilmanian,1 B. Ren? D.N. 
Slatkin? Z. Zhong,' C. Landis? C.S. Springer? P E. Molina12* and N.D, Volkow'-3.
'Brookhaven National Laboratory, Upton, NY; 2North Shore University Hospital, 
Manhasset, NY; 3Dept. Psychiatry, SUNY, Stony Brook, NY.

Microbeam Radiation Therapy (MRT) using parallel arrays of microplanar beams 
(microbeams) each , = 30 pm wide and mm-cm high, with 50-100 pm on-center 
horizontal spacing and 50-150 kcV x-ray energy spectral range, is under study at the 
National Synchrotron Light Source. It has been shown to have an extraordinary normal 
tissue sparing effect in rats, gerbils, rabbits, and duck embryos at doses ranging up to 
those many times greater than the 430-Gy threshold for direct neuronal cell death in the 
rat’s cerebrum. It is thought that endothelial cells lying between individual inicrobeams 
survive and replace lethally injured cells directly in the beam. The following experiment 
was done with microbcams abutted to produce a continuous (“seamless”) beam as a 
control for future microbeam experiments investigating their effect on the Blood Brain 
Barrier. Doubly crossfiring beams (AP and lateral), with 2 mm x 2 mm beams, crossed 
at the rat ventral tegmental area, with a skin-entrance radiation absorbed dose of 60 Gy 
was used.

The rat brain was imaged at 12 hours post-irradiation at the High-Field MRI Lab (4T) 
using T1 weighted spin-echo sequences (TR Is, TE 40 ms, FOV 4 cmx4cm, matrix 
128x128 px, slice thickness 2mm) with Gadolinium-DTPA enhancement at 0.5 mmol/kg 
dose infusion over 15 min. The image shows enhancement of the irradiated volume. 
After a transient period of malaise (<24 hrs), the animal seem to behave normally 
(feeding, grooming) following irradiation. Specific effects in regional brain areas will be 
quantified as well as changes elicited by enlarging the interplane width. Further work is 
on-going to delineate a dose-response effect as well as identify any change in chemokines 
related to CNS inflammation.

This technique offers promise in the delivery of viral vectors in neurobiological work, 
or radiopharmaceuticals in future imaging studies. (DOE-OBER/NIH-N1DA)

715.12

IMMUNOHISTOCHEMISTRY OF MMPs IN REPERFUSION INJURY AFTER 
TEMPORARY MCAO: GELATINASE B AND STROMELYSIN ARE 
ASSOCIATED WITH DELAYED BLOOD-BRAIN BARRIER OPENING 
S. M un-Bryce*, J, Wallace, E, Estrada, D. Hofinger, K, M. Miller, A. Gearing, G.
A. Rosenberg. Dept. of Neurology and Neurosciences, Univ. of New Mexico 
School of Medicine, Albuquerque, NM, British Biotech Pharm. Ltd., Oxford, UK.

Proteolytic treatment of stroke has increased the risk of reperfusion 
injury. Reperfusion of ischemic tissue enhances the release of free radicals 
and the production of proteases. We have shown that the matrix 
metalioproteinases (MMPs) are elevated 48 hrs after reperfusion, when the 
delayed opening of the blood brain barrier (BBB) is seen. Therefore, we 
studied the distribution of several MMPs by immunohistochemistry in rat brains 
at various times after a 2 hr occlusion of the middle cerebral artery. In sham- 
control animals no immunoreactivity was observed for stromelysin (MMP-3) and 
gelatinase B (MMP-9), but was apparent in tMCAO rats as early as 16 hrs, 
persisting for 24 and 48 hrs. These proinflammatory MMPs were seen in the 
region of the infarct, both in a diffuse extracellular pattern and around blood 
vessels. In contrast, gelatinase A (MMP-2) was constitutively expressed in 
sham-operated controls, yet the level of MMP-2 immunoreactivity was markedly 
increased after reperfusion at 16 hrs and at 5 days. Thus, proinflammatory 
MMP-3 and -9 are up regulated in the region of the stroke at the time of 
maximal blood-brain barrier opening. These results suggest that the MMPs 
contribute to delayed reperfusion injury in the CNS. Supported by NIH RO1- 
NS21164.

715.13
ALTERATIONS IN ENDOTHELIAL CELL / BLOOD-BRAIN BARRIER 
(BBB) PHENOTYPE AFTER HYPOXIA / AGLYCEMIA. T.J. Abbruscato*,
M.P. Rounseville and T.P. Davis. Department of Pharmacology, University of 
Arizona, Tucson, AZ, 85724.
BBB permeability changes have been shown to play an important role during 
cerebral stroke (Plated et al., J. Neuroch., 68, 1997). To address the possibility of 
aglycemia potentiating hypoxic injury (BBB opening), we performed experiments 
under both hypoxic and/or aglycemic conditions. Our data shows that bovine brain 
microvessel endothelial cells (BBMEC) are sensitive to both hypoxic/aglycemic 
conditions (shown by a statistically significant increase in BBB permeability to 
[14C]sucrose). An increase in paracellular diffusion of [14C]sucrose signifies a 
breakdown of tight junctions between endothelial cells. Recently, a calcium 
dependent cell adhesion molecule, E-cadherin, has been found to be expressed in 
BBMECs (Pal et al., Brain Res. 747, 1997) and found to play an important role in 
maintaining physical integrity of the BBB. E-cadherin maintains inter-endothelial 
cell adhesion through homophilic interactions between similar cadherin molecules 
and this aids in endothelial cell tight junction formation. Western Blotting was 
performed using a monoclonal antibody specific to E-cadherin followed by a 
secondary antibody linked to HRP with normoxic and 3, 6, 12, 24 hour 
hypoxic/aglycemic BBMECs. A significant decrease in the protein expression of E- 
cadherin was observed after 6, 12 and 24 hours of hypoxia/aglycemia. This decrease 
in E-cadherin expression correlates with observed changes in [14C]sucrose 
permeability. Ongoing experiments will investigate the immunocytochemical 
localization of E-cadherin after hypoxia and/or aglycemia. It has been recently 
shown that ZO-1 is involved in the cadherin based cell adhesion system through its 
direct binding to a-catenin and actin filaments (Itoh et al., J. Cell Biol., 1997). 
These data provide evidence that hypoxia/aglycemia leads to changes in endothelial 
cell adhesion, (supported by NINDS NRSA #NS1O58O and NIDA RO1 #DA11271)

715.14
CENTRAL ADMINISTRATION OF FIBROBLAST GROWTH FACTOR-2 CAUSES 
NEURONAL DEATH AND CEREBROVENTRICULAR ENLARGEMENT 
A. Chodobski,1 * J, Szmvdynger-Chodobska,! K.A, Dodd,1 E H. Kil,1 E.G. Stopa,2 
A. Baird.3 and C.E. Johanson.1 Depts. 'Clin. Neurosci. and 2Pathol., Brown Univ./RI 
Hosp.. Providence. RI 02903. and 3Prizm Pharmaceut., San Diego. CA 92121.

We have previously demonstrated that in rats intracerebroventricular (icv) 
administration of fibroblast growth factor-2 (FGF-2) induces hydrocephalus (Soc. 
Neurosci. Abstr. 23:1165, 1997). This hydrocephalus was accompanied by decreased 
cerebrospinal fluid (CSF) production and increased resistance to CSF absorption, 
while intraventricular pressure (IVP) was unchanged. In the present study, FGF-2 
was infused icv at 0.25-1 gg/day for 2, 3, 5, and 12 days using Alzet osmotic 
minipumps. Control rats were adminstered vehicle (0.9% NaCl containing rat serum 
albumin and 3-kD heparin). FGF-2 infusion did not affect IVP at any of the time 
points studied (see an accompanying abstract by C.E. Johanson et al ). A readily 
discernible enlargement of the lateral ventricles was noted as early as at day 3 of FGF- 
2 infusion One possible mechanism for this rapidly developing ventriculomegaly is 
brain cell loss. To examine this possibility, we employed the technique of in situ 
fragmented DNA labeling using terminal deoxytransferase (TUNEL; ApopTag kit, 
Oncor). Cell type-specific markers (immunofluorescence) were also used for 
colocalization analysis with TUNEL signal. The TUNEL-positive cells, the majority 
of which appeared to be neurons, were detected in caudate-putamen in areas close to 
the lateral ventricles, both ipsi- and contralaterally to FGF-2 infusion site. The 
number of TUNEL-positive cells was highest at day 2 of infusion and it gradually 
decreased as the ventricular enlargement progressed. It is concluded that FGF-2- 
mduced ventriculomegaly results from accelerated cell death rather than from changes 
in IVP and CSF dynamics.
Supported by NIH Grant NS27601 and by Lifespan research funds at RJ Hospital.
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716.2716.1
SUBSTANCE P DIRECTLY ATTENUATES GLUTAMATE SYNAPTIC 
TRANSMISSION AND INDIRECTLY ENHANCES GABAa-MEDIATED 
TRANSMISSION IN THE RAT SCN. J.A. Zidichouski*, S.B Kombian & Q.J. 
Pittman, Neuroscience Research Group, Univ. of Calgary, Alberta, Canada.

The Suprachiasmatic nucleus (SCN) is implicated as an important hypothalamic 
site involved in the synchronization of circadian rhythms. The inhibitory amino acid 
GABA plays a dominant role in modulating, integrating and synchronizing 
information within the SCN. Immunoreactivity to GAD is evident throughout the 
SCN and GABAa mechanisms are known to underlie inhibitory synaptic 
transmission in this region. There also exists evidence for SP immunoreactive 
terminals to he localized in the intermediate portion of the SCN and for SP to 
modulate the firing rate of SCN neurons in in vivo recordings. The aim of this study 
was to directly examine in vitro the electophysiological effects of SP on neuronal 
excitability & on excitatory & inhibitory transmission in the SCN.
Recordings were made from 14 SCN neurons using the whole-cell nystatin patch 
technique on SCN slice preparations (400pm coronal slices) in HEPES/O2 buffered 
ACSF. Bath application of SP or its stable analogue, SP 5-11, induced a response 
consistent with membrane hyperpolarization (1^ at Vh=-60mV in voltage clamp or 
a small hyperpolarization in current clamp) in 8 cells, no change in 2 cells and a 
small depolarization in only 1 cell. In experiments where the effects of SP on 
evoked synaptic transmission was examined, SP or SP 5-11 attenuated evoked 
EPSCs and appeared to enhance or unmask an evoked IPSC. The effect on the IPSC, 
however, appears to be indirect as SP did not directly reduce isolated IPSCs (in 
ImM Kynerinic) nor reduced the amplitude or frequency of mini IPSC (in TTX) or 
spontaneous inhibitory events recorded in SCN neurons. These data suggest that 
SP’s actions in the SCN are two fold: 1) it reduces retinohypothalamic glutamatergic 
excitatory synaptic transmission & enhances inhibitory GABAergic transmission.

Supported by Novartis Ph”.rma Canada (JZ) & MRC Canada (QP&SK)

DEMODULATION OF SOMATOSTATIN BLOCK OF Ca2+ 
INFLUX BY k AND |x OPIOIDS IN CILIARY GANGLION 
NEURONS.
Guillermo Pilar, L, Polo-Parada, J. Alanis*1 & B. Gray2, Case Western Reserve 
University, Medical School, Dept. of Neurosciences. 1 CINVESTAV-IPN 
Mexico, Dept. of Patologia Experimental. Mexico, City. 2 Simons College. 
Dept. of Biology. Boston Ma.

In previous studies we demonstrated that Somatostatin (SOM) and opioids 
inhibited KCI depolarization (55 mM) in nerve terminals of chicken ciliary 
neurons innervating the choroid. Identical results were found in isolated 
ciliary cells (St 40), where release of ACh from the soma was shown to have 
similar pharmacological properties to the release from the nerve terminals. 
Consequently, this preparation was used to correlate Ca2+ currents, 
transmitter release , inhibition and demodulation of SOM by opioids. SOM 
and opioids were shown to modulate Ca2+ channels with SOM blocking 40- 
60%, the K-agonist (U-50488) 5-30% and p-agonist (DAMGO) 5-20% of the 
total calcium current (lCa2+)- Application of opioids following SOM reversed the 
blocking effects of SOM, while application of opioids before SOM prevented 
any additional modulation. We have called these two phenomena 
demodulation. We also found that depolarization by KCI (55 mM) induced a 
large influx of Ca2+ that could be totally blocked by a 10 sec pre-application of 
SOM (100 nM), where as the change in l^2* was only 40-60%. This 
discrepancy can be attributed to the characteristic modulation of influx of 
calcium by SOM. Co-application of opioids (k-|i -agonist) reversed the SOM 
inhibition, allowing a large influx of Ca2+ (the demodulation process). These 
findings indicate that there is a relationship between calcium influx and ACh 
release in the cell bodies and nerve terminals of ciliary neurons during the 
demodulation process. Partially supported by NIH-NS-10338.
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716.3
ROLE OF VESICULAR CHLORIDE CHANNELS IN THE 
REGULATION OF H+ TRANPORT INTO SECRETORY 
VESICLES V.Vambutasl FU TamirM V, Arango^ M.D. Gershon2. 
and Q. Al-AwgatiU -¡-Div, of Neurosci., NYS Psych. Inst, IPepts. Anat. 
Cell Biol, and 3Med. Columbia Univ P&S , New York, NY 10032,

Stimulation of a Ca2+ receptor (CaR) on the plasma membrane of 
parafollicular (PF) cells initiates both the acidification. of secretory 
vesicles and the secretion 5-HT and calcitonin. Previous observations 
have suggested that vesicle acidification occurs as a result of the CaR- 
mediated activation of a signal transduction pathway that gates a 
vesicular CF channel. CF serves as a counterion dissipating the charge 
that would otherwise result from the action of the vesicular H+/ATPase. 
We postulate that vesicle acidification is regulated by the 
phosphorylation/dephosphorylation of the vesicular CF channel (p64). 
Acidification of isolated PF cell vesicles was assessed by measuring the 
accumulation of the weak base, acridine orange (AO). In the presence 
of KC1, AO accumulation required the addition of valinomycin (Val); 
however, AO accumulation became Val-independent, when vesicles 
were suspended in choline chloride. The influx of 36C1 into vesicles 
was largely ATP/Mg2+ dependent and was abolished hy the CF channel 
blocker, NPPB, which also blocked AO accumulation. Vesicles were 
found to contain a genistein-inhibitable endogenous tyrosine kinase that 
phosphorylated p64; however, genistein did not affect AO 
accumulation. These observations support the hypothesis that H+ 
transport into PF secretory vesicles is regulated by the transmembrane 
flux of CF. Supported by NIH grants DK521139 and NS 12969.

716.4
EFFECT OF BUFFER ON REGIONAL BRAIN PH, GLUTAMATE RELEASE AND
CEREBRAL OUTCOME AFTER CARDIAC ARREST IN RATS
L.M. Katz^* W.D. Dietrich^ R. Busto^ B. Lin^ M.D. Ginsberg?
Y. Yangj ^Dept. of Emergency Medicine, University of North
Carolina, Chapel Hill, 27599, Cerebral Vascular Disease 
Research Center, University of Miami School of Medicine.

Asphyxial cardiac arrest (ACA) and reperfusion produce 
cerebral acidosis, increased glutamate levels and neurologi
cal deficits (NO). The objective of this study was to deter
mine the cerebral effects of buffer during reperfusion from 
ACA. 43 male Sprague-Dawley rats were anesthetized, mechani
cally ventilated, paralyzed and disconnected from the venti
lator to produce 8 min of ACA. Rats were resuscitated with 
modified CPR and survived for 7 days. Buffer (CARBICARE^ ) 
was administered during CPR. Microdialysis was used to col
lect samples for striatal and hippocampal pH and glutamate. 
Final ND scores were determined 7 days after reperfusion. 
Extracellular pH was 6.6+0.2 (hippocampus) and 6.7+0.15 
(striatum) after 20 min of reperfusion from ACA. Buffer re
duced acidosis in the hippocampus (p<0.05 ANOVA), but not 
the striatum during reperfusion. Buffer decreased glutamate 
levels in the hippocampus (p<0.05) but not in the striatum. 
Buffer decreased ND scores 7 days after reperfusion (Kruskal 
-Wallis p<0.05). Buffer decreased acidosis and glutamate 
levels in the hippocampus but not the striatum during reper
fusion from ACA in rats. Buffer also decreased neurological 
damage 7 days after reperfusion.
American Heart Assoc. Florida Affiliate and International 
Medication Systems

716.5
a-LATROTOXIN ENHANCES BOTH “SPONTANEOUS” AND 
DEPOLARIZATION-EVOKED” EXOCYTOSIS FROM ADRENAL 
CHROMAFFIN CJ2LLS: EVIDENCE FOR MULTIPLE MODES OF 
ACTION. Jun Liu and Stanley Misler. Departments of Medicine and 
Cell Biology and Program in Neurosciences Washington University, 
St. Louis, MO 63110

At modest concentrations, a-latrotoxin (a-LT), purified from the 
venom of the black widow spider, potently enhances both 
“spontaneous” and “depolarization-evoked” quantal secretion from 
neurons. In attempt ot elucidate these effects, we have used patch 
clamped rat adrenal chromaffin cells to examine simultaneously the 
effects of the toxin on membrane current, cytosolic Ca and membrane 
capacitance, the latter used as a single cell, “real-time” assay for 
exocytosis. In cells exposed to 200-500 pM a-LT, the development 
of large conductance, Ca permeable channels, accompanied by a rise in 
cytosolic Ca to near 1 pM, precedes the initiation of “spontaneous” 
exocytosis. The channels appear to be induced “de novo”, as they 
occur concurrently with an initial massive reduction, or after 
pharmacological blockade, of voltage dependent Ca and Na currents. 
In contrast, in cells exposed to substantially lower concentrations (< 50 
pM), enhancement of “depolarization-evoked” exocytosis, up to 3- 
fold, often occurs in the absence of a background rise in cytosolic Ca 
or “de novo” channel activity.

These results suggest that (i) Ca entry through toxin-induced 
channels underlies the initiation of “spontaneous” exocytosis, while (ii) 
direct modulation of the secretory apparatus by the toxin-bound 
receptor contributes to enhancement of “depolarization-evoked” as well 
as “spontaneous” exocytosis. (Support: BJH Res. Fund, St. Louis).

716.6
EFFECT OF ELECTRICAL STIMULATION ON ATP CONTENT 
OF MONOAMINERGIC SYNAPTIC VESICLES OF RAT 
PINEAL NERVES. A. Pellegrino de Iraldi* and J. P. Corazza. 
Instituto de Biología Celular y Neurociencias Prof. E. De Robertis. 
Facultad de Medicina. U.B.A. Buenos Aires, 1121, R. Argentina.

Synaptic vesicles from monoaminergic nerves are electron lucent 
or have an electron dense core when they are treated with metallic 
oxidants. It was demonstrated that the dense core is a storage site for 
the neurotransmitter, ATP and calcium ions. In this work the effect 
of electrical stimulation on the ATP store in the core was studied in 
monoaminergic nerves of the rat pineal gland. Bilateral stimulation 
of afferent nerves of both superior cervical ganglia was performed for 
20 min. with 1 ms sq pulses, 25 Hz and 25 V. Pineals of experimental 
and sham operated rats were histochemically studied at the electron 
microscopical level. It was found that neurotransmitter and calcium 
reactions were abolished while the reaction for ATP, based on the 
use of uranyl acetate, persisted. Taking into account that ATP is co
released with the neurotransmitter, the persistence of the 
histochemical reaction suggests that the synthesis of ATP is enhanced 
by electrical stimulation, thus compensating ATP release.
We are grateful to Margarita López for technical assistance.
This work was supported by CONÍCET and Buenos Aires University.

716.7
CHARACTERIZATION OF SEROTYPE-SPECIFIC RESISTANCE TO 
BOTULINUM TOXIN (BNT). J.A. Coffield1*, N.M. Bakry2, A.B. Maksymowych2, 
and L.L. Simpson2. 'Dept. of Physiol, and Pharmacol., Univ. of Georgia, Athens, GA; 
2Div. of Occu. and Environ. Health Sci., Jefferson Med. Col, Phila, PA.

The seven serotypes of BNT block transmitter release through a multi-step process 
that includes serotype-specific receptor binding, endocytosis, pH-induced release from 
endosome, and intracellular proteolysis of synaptic proteins. Each step is essential for 
BNT action, and resistance to BNT likely results from a disruption of any of these 
steps. Here we report the first demonstration of BNT resistance due to the lack of a 
functional BNT receptor. In this study, electrophysiological analysis revealed that the 
neuromuscular junction (NMJ) of the frog Rana pipiens is resistant to BNT type B. 
Electrophysiological recordings of muscle twitch and spontaneous end plate potentials 
were made using an isolated cutaneous pectoris nerve-muscle preparation. Four 
serotypes of BNT were selected and tested (3x 10'9M) based on substrate specificity. 
Type A, SNAP-25; types B and D, synaptobrevin; and type C, syntaxin. Types A, C, 
and D produced irreversible blockade. Paralysis times were A ~ 165 min; C and D 
~60 min. Type B did not produce blockade up to 200 min, and this resistance was 
demonstrated at BNT concentrations that were two orders of magnitude higher than 
that associated with blockade by types A, C, or D. Electrophoresis and immunoblot 
analyses demonstrated the presence of all three BNT substrates in frog brain including 
synaptobrevin, the substrate for type B. Subsequent exposure of frog synaptic 
vesicular fractions to type B resulted in substantial cleavage of synaptobrevin. Ligand 
binding studies using radiolabeled BNT demonstrated specific, high affinity binding 
of type A to frog brain, but no binding was detected for type B. These data suggest 
that the serotype-specific resistance reported here is due to the lack of a functional cell 
surface receptor for BNT type B in this species. Supported by NRSA 1-F32- 
NS09472 & NINDS grant NS-22153.

716.8
ELEVATION OF ELECTRICALLY-EVOKED [3H]-D-ASPARTATE RELEASE 
FROM SUPERFUSED RAT HIPPOCAMPAL SLICES AFTER PHORBOL ESTER 
OR DELTAMETHRIN TREATMENT. D.D. Savage* and L.L. Paxton. Department 
of Neurosciences, University of New Mexico, Albuquerque, NM 87131-5223.

The phosphorylation state of Growth-Associated Protein 43 (GAP-43) is 
thought to play an important role in activity-dependent changes in excitatory amino 
acid neurotransmitter release. GAP-43 phosphorylation by protein kinase C 
elevates neurotransmitter release. Similarly, inhibition of GAP-43 
dephosphorylation enhances neurotransmitter release. Using a recently 
developed method to study electrically-evoked [3H]-D-aspartate (D-ASP) release 
from brain slices, we examined the effects of the protein kinase C activator 
phorbol myristate acetate (PMA) and the calcineurin inhibitor deltamethrin on 
electrically-evoked D-ASP release from superfused hippocampal slices.

400-pm-thick hippocampal slices were prepared from adult Sprague-Dawley 
rats, preloaded with 100 nM D-ASP for 30 min. and equilibrated in superfusion 
chambers for 90 min. After collecting a baseline measure of spontaneous D-ASP 
release, slices were subjected to a test stimulus (S1; 20 mA, 1 msec biphasic 
square-wave pulses at 4 Hz, for 3 min.). Ten minutes after stimulation, the slices 
were treated with one of six concentrations of either PMA or deltamethrin for 20 
minutes. Ten minutes after withdrawal of the drug treatment, the slices received a 
second test stimulus (S2). Potentiation of evoked D-ASP release was determined 
as the ratio of evoked release after S2 divided by release after S1 (S2/S1).

PMA potentiated D-ASP release between 3 nM to 300 nM, with maximum 
potentiation of 55% at 300 nM PMA. Deltamethrin potentiated D-ASP release in a 
similar fashion between 0.3 nM to 30 nM. These dose-dependent effects were 
similar to the effects of these agents on GAP-43 phosphorylation. These results 
indicate that exposure of slices to agents that increase GAP-43 phosphorylation 
enhance amino acid neurotransmitter release on a time-scale consistent with the 
early maintenance phase of long-term potentiation. Supported by AA06548.
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716.9
ALTERATION IN L-DOPA EVOKED DOPAMINE AND DOPAC OUTPUT 
UNDER CONDITIONS OF IMPAIRED VESICULAR DOPAMINE 
STORAGE. K. Xu* and D.E. Dluzen. Dept. of Anatomy, Northeastern 
Ohio Universities College of Medicine, Rootstown, OH 44272.

We examined the effect of L-dihydroxyphenylalanine (L-DOPA) 
infusion in vitro upon dopamine (DA) and dihydroxyphenylacetic acid 
(DOPAC) output from superfused corpus striatum of vehicle and reserpine or 
tetrabenazine (TBZ) treated male rats. Specifically, we tested the effects of 
two 20-min infusions of L-DOPA (5 uM) upon DA and DOPAC output 
(pg/mg/min) in reserpine (5 mg/kg, i.p., 24 hours before sacrifice; n=l 1), TBZ 
(30 mg/kg, i.p. 1 hour before sacrifice; n=8) or vehicle (n=21) treated rats. 
There was an overall significantly higher L-DOPA evoked DA output from the 
vehicle (12.22 + 1.74) versus reserpine (4.39 + 2.40), but not TBZ (9.16 + 
2.81) treated rats. In addition, the DA response to the second L-DOPA infusion 
was significantly increased over that of the first response in the vehicle (9.40 
+ 2.11 vs 15.04 + 2.78), but not reserpine or TBZ treated rats. The overall 
DOPAC outputs were not different among all treatment groups. However, the 
DOPAC outputs following the second L-DOPA infusion were significantly 
reduced in reserpine (41.15 + 6.10 vs 20.27 + 4.54) and TBZ (21.38 + 4.41 vs 
10.87 + 2.36), but not vehicle (28.99 + 4.00 vs 24.91 + 4.78) treated rats. We 
conclude that: 1) the storage capacity of DA neurons is one of the important 
elements involved in affecting L-DOPA’s effects upon DA and DOPAC 
output, 2) the shunting of storage to metabolism may represent a common 
characteristic in impaired nigrostriatal dopaminergic system, and 3) TBZ may 
operate differently from reserpine in the nigrostriatal dopaminergic system. 
(Supported by a grant from Edwin Shaw Hospital)

MECHANISMS OF NEUROTRANSMITTER RELEASE: OTHER

717.1

L-ASP ART ATE-LIKE IMMUNOREACTIVITY IS LOCALIZED IN SYNAPTIC 
VESICLES AND DEPLETED BY EXOCYTOSIS FROM EXCITATORY 
NERVE TERMINALS IN RAT HIPPOCAMPUS: A QUANTITATIVE 
IMMUNOGOLD STUDY. V.Gundersen1, F.A.Chaudhry1, J.G.Bjaalie.,
F.Fonnum2, O.P.Ottersen! and J.Storm-Mathisen'*. 'Anatomical Institute, 
University of Oslo, P.O.Box 1105 Blindem, N-0317 Oslo, Norway. 2Norwegian 
Research Establishment, Division for Environmental Toxicology, Kjeller, Norway.

The role of aspartate as a neurotransmitter in the brain was investigated by light 
and electron microscopic immunocytochemistry using antibodies specifically 
recognizing aldehyde fixed amino acids. Rat hippocampal slices were incubated at 
physiological and depolarizing [K+] before glutaraldehyde fixation. At normal 
[K+], aspartate-like and glutamate-like immunoreactivities were co-localized in 
nerve terminals forming asymmetric synapses on spines in terminal areas of 
excitatory afferents from CA3 and hilus, respectively. During K+ depolarization 
there was a loss of aspartate and glutamate from these terminals. Simultaneously 
the immunoreactivities appeared in glial cells. These changes were Ca2+-dependent 
and tetanus toxin sensitive, and did not comprise taurine-like immunoreactivity. In 
hippocampi from animals perfused with glutaraldehyde during insulin induced 
hypoglycemia (to combine a strong aspartate signal with good ultrastructure) 
aspartate was co-localized with glutamate in excitatory terminals. The synaptic 
vesicle-to-cytoplasmic matrix ratios of immunogold particle density were similar 
for aspartate and glutamate, significantly higher than those observed for glutamine 
or taurine. Similar results were obtained in normoglycemic animals. The results 
indicate that aspartate can be concentrated in synaptic vesicles and subject to 
sustained exocytotic release from the same nerve endings that contain and release 
glutamate.

This work was supported by the Norwegian Research Council and by funds 
managed by the Faculty of Medicin, University of Oslo.

717.2

ULTRASTRU£TURE OF CENTRAL SYNAPSES: THE NEXT DIMENSION
T. Schikorski', J. Crum1, M. Ellisman', and C.F, Stevens2 'National Center for 
Microscopy and Imaging Research and Department of Neurosciences,
University of California at San Diego, La Jolla, CA 92093-0608 and 2Howard 
Hughes Medical Institute at 3The Salk Institute, MNL-S, 10010 N. Torrey Pines 
Rd., La Jolla, CA 92037.

The release probability of a synapse defines synaptic function. Recent studies 
showed the readily releasable pool is correlated to the release probability 
(Murthy et al., 1997; Dobrunz and Stevens 1997). Schikorski and Stevens 
(1997) revealed that the release probability and the readily releasable pool is 
correlated to the number of vesicles docked at the active zone, thus the docked 
vesicle pool can be considered as a structural basis of synaptic function.

The exact structural organization of the docked vesicle pool and of the active 
zone, however, is not known. But the organization of the docked vesicle might 
have important consequences for synaptic function. For example, does every 
vesicle contributes equally to the release probability? An exact mapping of the 
position of docked vesicles might reveal functional differences between 
individual vesicles.

We, therefore, reconstructed hippocampal synapses by using high voltage 
electron microscopy and electron tomography. Using this method we can 
resolve the position of every vesicle with an error of less than 10 nm in all three 
dimensions, whereas reconstructions from serial sections are limited to a 6 
times lower resolution in the z-axis. The center to center distances of the 
docked vesicles were analyzed with the pair correlation function. The function 
shows a complex but orderly pattern that is consistent between active zones. 
Supported by the NIH, Neuroplasticity of Aging, and the HHMI.

717.3

FINE INSIDE STRUCTURE OF EXOCYTOTIC APERTURES IN NERVE CELLS 
REVEALED BY ATMIC FORCE MICROSCOPY.
T. Tojima', Y. Yamane', H. Takagi2, T. Takeshita3, T. Sugiyama3, T. Yoshioka3, H. 
Haga1, K. Kawabata', T, Ushiki4, K. Abe5 and E. Ito'* 'Divs. of Biol. Sci. and Phys., 
Grad. Sch. of Sci., Hokkaido Univ., Sapporo 060-0810; 2Res. Ctr. for Aging and 
Adaptation, Shinshu Univ. Sch. of Med., Matsumoto 390-8621; 3Dept. of Molec. 
Neurobiol., Sch. of Human Sci., Waseda Univ., Tokorozawa 359-1192; 4Dept. of Anat. 
and Histol., Niigata Univ. Sch. of Med., Niigata 951-8510; ?Dept. of Anat., Hokkaido 
Univ. Sch. of Med., Sapporo 060-8638; Japan

The synaptic vesicle cycle in nerve cells, which is involved in vesicle exocytosis 
with neurotransmitter release, is tightly regulated to achieve the synaptic transmission 
quickly and accurately. To investigate the mechanisms of synaptic vesicle exocytosis, 
we observed fine inside structure of exocytotic apertures in nerve cells by atomic force 
microscopy (AFM). The nerve-cell line used here was NG 108-15 cell, which is a 
hybrid cell of mouse neuroblastoma and rat glioma. We succeeded in observing the 
exocytotic apertures, 50 - 100 nm in diameter, on the varicosities in the NG 108-15 cells 
by the AFM. The AFM revealed the fine inside structure of the apertures, in 
particular a regular radial pattern at the wall and some convexities on the bottom. In 
contrast, scanning electron microscopy (SEM) can detect only the existence of 
apertures but not the fine inside structure, because the SEM samples are required to be 
coated by platinum, resulting in loss of fine information. To confirm whether the 
apertures were formed by exocytosis, we examined them by other methods, SEM and 
fluorescence microscopy. The density of apertures on the varicosity was significantly 
decreased in Cd2+ (Ca2+ channel blocker) treated and EGTA (Ca2> chelator) treated 
cells. We found that the exocytosis and endocytosis of vesicles occurred at 
varicosities using a fluorescent dye FM1-43, and that the intracellular Ca2+ 
concentration was increased at varicosities using a Ca2±sensitive fluorescent dye fura 2. 
Our AFM data, therefore, could present the important structural information to progress 
studies for the mechanisms of synaptic vesicle exocytosis in nerve cells.

717.4

DIFFUSING SECRETORY GRANULES SUPPORT SUSTAINED 
PEPTIDE RELEASE IN PC12 CELLS. W. Han*, Y.K. Ng, D. Li,
E.S. Levitan. Department of Pharmacology, University of 
Pittsburgh, Pittsburgh, PA 15261

We have previously identified two populations of 
cytoplasmic GFP (green fluorescent protein)-tagged 
secretory granules in NGF-treated PC12 cell bodies based on 
differences in their mobility. To facilitate study of individual 
granules in terminals, an inducible expression system, which 
controls the number of labeled granules, was used. Also, we 
have used total internal reflection fluorescence microscopy 
(TIRFM), which only samples a subset of granules that are 
close to the plasma membrane, to track terminal granules.
We find that the two populations identified in the cell body 
(slowly mobile and rapidly mobile granules) are also present 
in the terminals. Analysis of granule trajectories reveals that 
both populations move by diffusion. In addition, a third 
population of intermediately mobile granules is found in 
terminals. These granules may be in the process of 
converting between diffusing slowly and rapidly. Finally, 
peptide release, as indicated by fluorescence decrease, 
coincides with the loss of rapidly mobile granules. These 
results suggest that diffusing secretory granules support 
sustained peptide release in neuroendocrine cells.
Supported by NIH R01 NS 32385 and AHA Established 
Investigator Award.
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717.5
MONTECARLO SIMULATIONS OT CONNECTED PAIRS: UTILIZATION OT 
SINGLE TRIAL DATA TO CONSTRAIN MODELS OT CORTICAL SYNAPSES. 
P.A. Rhodes’* and A.M. Thomson2, ’Math. Res. Branch, NIDDK, NIH, Bethesda, 
MD 20814; 2Dept. Physiology, Royal Free Hosp. Sch. Med. London NW3 2PF UK.

Experimental study of the dynamics of synaptic transmission between 
intracellularly recorded pairs of cells has begun to reveal the complexities of 
transmitter release. Using these data to develop models of synapses between 
pyramidal cells in the cerebral cortex is, however, an indirect exercise. Firstly, the 
data themselves are stochastic, with the amplitudes of EPSP’s varying from trial to 
trial. As a result, often only data averaged across many trials are utilized, with 
considerable loss of information. Furthermore, the number of release sites mediating 
the connection varies between connected pairs, and is only rarely measured. In such 
a setting how might one utilize all the information inherent in the single trial data to 
constrain models of cortical synapses? And how does one systematically explore the 
parameter space specifying the biophysical processes, including vesicle depletion, 
refractoriness, and facilitation, which seem to be relevent to realistic synapse 
models? In an attempt to address these questions, we have chosen to generate 
Montecarlo simulation runs of hundreds of trials between two compartment model 
cells connected by stochastic model synapses. The resulting EPSP trains were 
presented as a 3 dimensional scatterplot of the amplitude of 2nd EPSP given the 
amplitude of the 1st (more generally the nth given the mth) as a function of the 
interspike time interval. Identical analyses were generated using experimental data 
from connected pairs, and then measures of the similarity between these conditional 
probability distributions were imposed. In this way, the parameter space specifying 
the simulated connection could be systematically explored, using appropriate 
algorithms to maximize the similarity between the conditional probability 
distributions of the Montecarlo and measured data. It is our hope that this approach 
may allow the automated utilization of data, at the single trial (rather than averaged) 
level, from pairs of connected cells to constrain models of synaptic transmission.

717.6
MCELL MONTE CARLO COMPUTER SIMULATIONS OF UNSIMPLIFIED 
SYNAPTIC ARCHITECTURE AND MICROPHYSIOLOGY.
T.M. Bartol Jr.* J.R. Stiles, M.M. Salpeter, E.E. Salpeter, and T.J. Sejnowski. 
Computational Neurobiology Laboratory, The Salk Institute, La Jolla, CA 92037, 
and Section of Neurobiology & Behavior, Cornell University, Ithaca, NY 14853.

Beginning with Eccles & Jaeger (1958, Proc. R. Soc. Lond. 148:38), models of 
neurochemical diffusion and signaling have been hampered by severely simpli
fied 3-D ultrastructure. For example, simulations of synaptic transmission have 
generally replaced the intercellular space of neuropil with only a simple cleft be
tween one pre- and postsynaptic element. We have used more complex struc
tures to represent a vesicle, fusion pore, and folded postsynaptic membrane at 
the motor endplate (Stiles et al., 1996, PNAS 93:5747), but even those surfaces 
were composed only of flat rectangular planes. While such simplifications are 
sometimes acceptable, they have mostly been used because alternatives were un
available. To allow simulation of completely arbitrary 3-D ultrastructure (e.g. 
from serial reconstructions or computer-generated curved surfaces), we now in
troduce new features of our Monte Carlo simulation program MCell. Using these 
features, it is possible to simulate ligand diffusion and arbitrary chemical reac
tions with complex polygonal surfaces, where the number of polygons (>105 fea
sible) is limited only by available computer memory. New optimizations localize 
polygons into spatial subvolumes, so the time required for simulations is virtu
ally independent of the number of polygons. Thus, a simulation that includes 
thousands of polygons runs as fast as the original simplified geometry. Valida
tion of these new capabilities will include static and animated demonstrations: 1) 
approach to equilibrium on/within curved surfaces; 2) vesicular release of neu
rotransmitter; 3) synaptic transmission at reconstructed endplates; and, 4) pre
liminary reconstructions of neuropil. Supported by NSF IBN-9603611 (TMB & 
TJS), HHMI (TJS), NIH K08NS01776 (JRS), and GM10422 (MMS).
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718.1
ACTIVITY-DEPENDENT AMPLIFICATION OF EPSPs BY DENDRITIC SPIKES 
IN CA1 PYRAMIDAL CELLS OF THE HIPPOCAMPUS.
Nace L, Golding* and Nelson Spruston. Dept. of Neurobiology & Physiology, 
Institute for Neuroscience, Northwestern University, Evanston, IL 60208.

Whole-cell patch-pipette recordings were made simultaneously from the soma and 
apical dendrites of CA1 pyramidal cells in hippocampal slices of rats aged 6-10 weeks 
to examine whether voltage-gated channels in dendrites can support regenerative 
spiking. Although current pulses injected into the soma or dendrites elicited action 
potentials that were initiated near the soma, EPSPs evoked singly or in brief trains 
could elicit fast spikes in dendrites. Dendritic spikes sometimes failed to trigger action 
potentials in the axon. Unlike the all-or-none nature of axonal action potentials, 
isolated dendritic spikes were graded in amplitude, presumably the result of variations 
in the site of initiation and/or the amplitude of the underlying ionic currents. Such 
spikes made a barely detectable voltage contribution to the subthreshold EPSP 
recorded at the soma. Isolated dendritic spikes, as well as those that triggered action 
potentials in the axon, were also observed in simultaneous cell-attached patch 
recordings from the soma and apical dendrites, alleviating the concern that dendritic 
spikes arose artifactually from cytoplasmic dialysis or capacitance loading associated 
with whole-cell recordings.

Dendritic spikes were promoted by increases in synaptic excitation brought about 
by the recruitment of additional excitatory inputs, facilitation of synaptic responses 
during repetitive stimulation, or the blockade of GABAAergic inhibition with 10 (iM 
bicuculline. By contrast, dendritic spikes were negatively regulated by prior action 
potential activity; the occurrance of as few as 3-6 action potentials up to 1500 ms 
prior to a synaptic stimulus attenuated or eliminated dendritic spikes, and frequently led 
to the synaptic response falling below threshold for axonal action potential generation. 
Taken together, these results support the view that dendritic spikes in CA1 pyramidal 
cells serve to locally amplify select patterns of synchronous excitatory synaptic input.

(Supported by grants from the NIH (NS35180), HFSPO, and Sloan).

718.2
SUPRALINEAR SUMMATION OF SYNAPTIC INPUTS IN THE LEECH AP 
NEURON: DENDRITIC GAIN IS MEDIATED BY AN “INWARD RECTIFIER” K+ 
CURRENT. R, Wessel*. W.B. Kristan Jr., and D. Kleinfeld. Departments of Physics 
and Biology, University of California at San Diego, La Jolla, CA 92093.

We focus on the summation of sensory input by a projection neuron, the Anterior 
Pagoda (AP) cell, of leech. This cell receives monosynaptic glutamatergic input from 
4 identified pressure sensitive (P) sensory cells that may be stimulated individually or 
simultaneously in the isolated, intact ganglion. We observe, starting at potentials just 
below the AP cell spike-threshold (-55 mV), that the amplitude of individual excitatory 
postsynaptic potentials (EPSPs) decreases with hyperpolarization. Further, the 
amplitude of the EPSP observed in response to the simultaneous activation of a pair of 
P cells is up to 50% larger than the linear sum of the individual EPSPs. This 
supralinearity diminishes with increased hyperpolarization. The voltage dependence and 
supralinear summation of EPSPs could, in principle, reflect synaptic or dendritic 
properties. We observed that PSPs were blocked by CNQX, but unaffected by APV. 
Thus the subthreshold nonlinearities do not result from synaptic properties. To address 
the issue of cellular currents, we measured the conductance of the AP cell as a function 
of somatic voltage. We observed: (i) The steady-state conductance monotonically 
increases with hyperpolarization, consistent with a current that activates at low 
potentials; (ii) This increase persists in saline with Co2+, a Ca2+-channel blocker, and 
with Na+ and Ca2+ replaced by glucamine, which indicates that neither Na+- nor Ca2+- 
currents are responsible for the nonlinearity; and (iii) The conductance increases with 
increasing external K+ concentration, which implies the involvement of a Recurrent. 
We conclude that the closure of a K+-current with increased depolarization is responsible 
for the observed voltage dependence and supralinear summation of EPSPs. The 
observed features of this current, i.e., (i) activation below -50 mV, (ii) activation in <1 
ms, and (iii) lack of inactivation, are consistent with the description of the “inward 
rectifier”, IK(IR). Supported by NSF IBN 96 04799.

718.3

SHUNTING OF EPSPs BY ACTION POTENTIALS
G. Stuart* and M. Hausser. Department of Physiology, University 
College London, Gower Street, London, UK and John Curtin School of 
Medical Research, Australian National University, Canberra, Australia.

Action potentials in central neurons are mediated by large 
conductances which may influence synaptic integration. We have 
examined the interaction between action potentials and excitatory 
postsynaptic potentials (EPSPs) in neocortical Layer 5 pyramidal 
cells and cerebellar Purkinje cells. Antidromic action potentials 
(APs) were elicited by axonal stimulation at various times relative 
to distal EPSPs or simulated somatic EPSPs. The antidromic AP 
obtained in isolation was subtracted from the resulting waveform 
to reveal the shunted EPSP. In both cell types, the AP caused 
substantial (up to -80%) reductions in the peak and time integral 
of both distal and somatic EPSPs. The shunting was much 
greater when the AP occurred during the EPSP than when the 
AP preceded it, suggesting that AHP conductances are less 
effective than those active during the AP itself. The effect was not 
blocked by 20 mM internal BAPTA (n=3), indicating that calcium- 
activated conductances do not play a major role. Shunting was 
significantly weaker in Purkinje cells, consistent with cell-specific 
differences in the shunting conductances. These findings 
demonstrate that single action potentials can significantly shunt 
EPSPs and thereby interrupt/reset ongoing synaptic integration. 
Supported by the Wellcome Trust.

718.4
DENDRITIC ATTENUATION OF SYNAPTIC POTENTIALS OF HIPPOCAMPAL 
CA1 PYRAMIDAL NEURONS DETECTED WITH AN OPTICAL METHOD M. 
Inoue, Y. Kudo, H.Miyakawa* Laboratory of Cellular Neurobiology, Tokyo Unix 
Pharmacy & Life Sciences, Tokyo 192-03, Japan

Neurons in the central nervous system receive thousands of synaptic inputs on 
different locations along the dendrites Although serious attempts have been made to 
theoretically understand passive electrical properties of the dendrites, it is not know n 
how synaptic potentials are transferred in real neurons because it was difficult to 
simultaneously monitor potentials from different locations of neurons Here we directly 
measured fast EPSP along the dendrites of hippocampal CA1 pyramidal neurons 
employing an optical method, and studied how synaptic potentials spread along the 
dendrites.

Rat hippocampal slices were stained with a fluorescent voltage-sensitive dvc and 
optical signals were monitored with a 16 x 16 photo-diode array system at 4 kHz frame 
rate. A stimulating electrode was positioned at str Lacnosum-moleculare to activate 
perforant fibers that make synaptic contacts to the distal apical dendrites of CA1 
pyramidal cells To minimize the contribution of active properties of the dendritic 
membrane on the propagation of potentials, afferent fibers were weakly stimulated 
Since such stimulation elicited only small depolarization. 16-32 responses were 
averaged to improve signal-to-noise ratio. To analyse the fast non-NMDA EPSPs. 
control data were acquired in a condition where NMDA receptors and GABAA 
receptors were blocked by APV and bicuculline. Then CNQX was added to the bathing 
medium to acquire a background response By subtracting tins background response 
Tom the control response, purely non-NMDA receptor dependent EPSP was isolated 
'ear the input sites. EPSPs peak was about 7 msec with half decay tune of 25 msec At

cell body layer, the peak of the EPSP delayed by 10 msec from the input sites
Our study provides direct experimental data for understanding the cable properties 

ifites. Supported by HFSP
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718.5

SPIKE ADAPTATION IN NEOCORTICAL PYRAMIDAL NEURONS UNDER 
SIMULATED IN VIVO CONDITIONS
G. Fuhrmann12, M. Tsodyks1* and H. Markram1
'Dept. Neurobiology, The Weizmann Inst, of Science, Rehovot 76100, Israel. 2Center 
for Neural Computation, The Hebrew University, Jerusalem 91904, Israel.
Spike adaptation in neocortical pyramidal neurons was examined with an integrated 
approach combining whole-cell patch clamp technique and a phenomenological model 
of neuronal activity. A noisy current was injected to reproduce the irregular firing, 
characteristic of in-vivo conditions. We developed a new approach for quantifying the 
degree of adaptation under these conditions by computing the post-stimulus histogram 
(PSTH) of a neuron’s response to a sudden increase in the input current. Spike 
adaptation results in the transient peak of the PSTH with a subsequent decay to a lower 
baseline. The ratio between the peak and the baseline represents the degree of 
adaptation. We considered a phenomenological model of a pyramidal neuron’s spiking 
activity by adding an adaptation current to an integrate-and-fire mechanism. The model 
allows identification of the relevant parameters of adaptation which determine the shape 
of the PSTH. It also allows the computation of the response to any changes in the 
injected current, i.e. neuronal transfer function. In particular, the model shows that a 
neocortical neuron reacts with the maximal rate to the sharp increase in the postsynaptic 
current and can therefore detect synchronous firing in the population of presynaptic 
neurons. Spike adaptation, together with short-term synaptic plasticity, is therefore an 
important factor which determines the transmission of information in neocortical 
circuits. The study was supported by research grants from Minerva foundation and 
Office of Naval Research.

718.6
DENDRITIC I/, MODIFIES THE INTEGRATIVE PROPERTIES OF 
HIPPOCAMPAL CA1 PYRAMIDAL NEURONS.
J. C. Magee*. Neuroscience Center, LSUMC. New Orleans. LA 70112

The vast dendritic arborization of hippocampal CAl pyramidal neurons is the 
primary site for the coordination and storage of synaptic information. The role of 
hyperpolarization-activated (I/{) channels in dendritic function was investigated 
using patch-clamp techniques. In cell-attached mode, membrane hyperpolariza
tions evoked slowly activating, non-inactivating and slowly deactivating inward 
currents, the density of which increased over G fold from soma to distal dendrites. 
Activation curves demonstrate that a significant fraction of I/, channels are active 
near rest (Vt/2 = -81; k — 9) and that the range is shifted (~-10 mV) in the distal 
dendrites. I/, time constants of activation and deactivation decrease with hyper
polarization and depolarization, respectively. I/, demonstrated a mixed Na+ I< + 
conductance and was sensitive to low concentrations of external CsCl (IC50 =
0.3 mM). Dual whole-cell recordings across the somato-dendritic axis revealed 
regional differences in input resistance (Rm = 66 MQ at soma versus 39 MQ at 
dend.) and membrane repolarization rates (rmem = 28 111s at soma versus 15 
ms at dend.) that are at least partially attributable to the spatial gradient of 
I/, (3 mM CsCl removed much of the differences in Rin and Tmem). As a result 
of these membrane effects, the propagation of subthreshold voltage transients is 
directionally specific, EPSP amplitude and duration are reduced and the amount 
of summation occuring at the point of input is progressively decreased the more 
distal the location of input. Furthermore, this regional difference in dendritic 
integration normalizes the total amount of summation occuring during repetitive 
input, such that the temporal integration of synaptic input recorded at the soma 
is the same regardless of where that input was located. The back-propagation 
of action potentials into the dendrites was only slightly impacted by dendritic 
I/,, with the most consistent, effect being a decrease in duration and AHP ampli
tude. Overall, R acts to dampen dendritic excitability witli its largest impact 
being on the subthreshold range of membrane potentials where the integration of 
inhibitory and excitatory synaptic inputs takes place. (Supported by NS35865)

718.7
THE EFFECT OF INHIBITORY SYNAPTIC INPUT ON THE SPIKING OF 
CEREBELLAR NUCLEI NEURONS: AN IN VITRO STUDY USING DYNAMIC 
CURRENT CLAMPING. V. Gauck1* and D. Jaeger1. 'Dept. of Biology, Emory 
University, 1510 Clifton Rd, Atlanta. GA 30322.

The neurons of the deep cerebellar nuclei provide the only output from the 
cerebellum. The integration of synaptic input in these neurons, especially of the 
inhibitory input they receive from Purkinje cells, is likely to be crucial for the 
function of the cerebellum. Little is known about how spiking is controlled by 
synaptic input in these neurons, however. To examine this issue we obtained whole 
cell recordings from cerebellar slices of 14-21 day old rats. To apply synaptic input 
patterns in vitro we first constructed conductance traces of random excitatory and 
inhibitory synaptic input (AMPA and GABAa synapses) using the GENESIS 
simulation software. We then applied these synaptic conductances with dynamic 
clamping. With this method the artificial synaptic current that is injected is 
calculated on-line on the basis of these conductance traces and the momentary 
membrane potential of the neuron. We found that to produce in vivo type spiking 
the required net synaptic current was close to zero. This indicates that an overall 
excitatory input current is not necessary to trigger spikes in cerebellar nuclei 
neurons. To address the question whether our input patterns controlled spiking 
precisely we gave repeated presentations of the same conductances to each cell. We 
found that 20%-80% of all spikes occurred in a time window of +/- 5 ms and 10%- 
50% of all spikes even within +/- 1 ms. These numbers depended on the mean 
amplitude and the variability of the input conductances. Under all conditions tested, 
spike triggered averages showed a reduction of the inhibitory conductance that 
started approximately 40-20 ms before the spike onset. The spike triggered averages 
of the excitatory conductances did not show a consistent pre-spike waveform. These 
findings suggest that disinhibition is an important mechanism in the control of 
spiking in cerebellar nuclei neurons. Supported by NIH # MH57256.

718.8

SINGLE-AXON IPSPs AS GENERATED BY IDENTIFIED HORIZONTAL 
ORIENS/ALVEUS INTERNEURONES IN SIMULTANEOUSLY RECORDED 
POSTSYNAPTIC PYRAMIDAL CELLS OF ADULT RAT HIPPOCAMPUS 
IN VITRO. H. Pawelzik*, D. Hughes and Alex M.Thomson, Royal Free Hosp. 
Sch. Med., Dept. of Physiology, Rowland Hill Street, London NW3 2PF, U.K.

The synaptic output of 0-LM cells, with horizontal dendrites at the stratum 
oriens/alveus border and with axons targeting stratum lacunosum-moleculare 
(SLM), was investigated. Paired intracellular recordings with biocytin-filling 
were performed in coronal hippocampal slices (CAl) of the adult rat. Neurones 
were characterized by their voltage response to current pulses, and their 
morphology was confirmed histologically.

0-LM cells (n=18) showed a pronounced ’sag’ in their response to 
hyperpolarizing current, and fast spiking behaviour to suprathreshold 
depolarizations. Three of these cells were found to be synaptically coupled to 
pyramidal cells recorded in their distal apical dendrites (24 so tested). The short 
latency IPSPs had average amplitudes of 0.23-0.34mV, with 10-90% rise times 
of 4.4-6.8ms and durations at half-amplitude of 14.4-44ms (membrane 
potentials: -58 to -54mV). Burst-like presynaptic discharge did not reveal slow 
possibly GABAb receptor-mediated IPSP components under control conditions. 
IPSPs were not readily visible when pyramidal cells were recorded somatically 
(86 tested), but pyramidal cells frequently excited O-LM cells.

The dendrites of the presynaptic O-LM cells possessed pronounced thorny 
excrescences. The proximal axonal portions were partially myelinated, distal 
portions invaded SLM where they ramified extensively and were observed to 
form close appositions with pyramidal cell dendrites.

Funded by the M.R.C., Welcome Trust and Novartis Pharma (Basel).

718.9

MATCHING DENDRODENDRITIC SYNAPTIC INPUTS WITH THE 
INTRINSIC PROPERTIES OF OLFACTORY BULB GRANULE CELLS, N. E. 
Sehoppa* and G. L, Westbrook. Vollum Institute, Oregon Health Sciences Univ., 
Portland, OR 97201.

Reciprocal inhibition at mitral/granule cell dendrodendritic synapses in the 
olfactory bulb is unusual in that it relies on the activation of granule cell NMDA 
receptors, rather than AMPA receptors. To investigate why AMPA receptors are 
ineffective at eliciting GABA release from granule cells, we made whole-cell 
recordings from granule cells in rat olfactory bulb slices. A Ringer bath, with no 
added Mg2+, and a K-gluconate-based pipette solution were used. Bipolar 
stimulation (100V, 100 pis) of the glomerular layer elicited prolonged dual
component EPSPs (t 1/2=210±24 ms; n=21), as well as action potentials in most 
cells. Firing typically occurred following a pronounced lag (72±14 ms; n=7 cells). 
Whereas the AMPA receptor antagonist NBQX (10 pM) had little effect on the 
responses (n=8), the NMDA antagonist DL-APV (50 pM) blocked stimulus-evoked 
action potentials in all granule cells tested (n=8). The remaining AMPA EPSP 
could not elicit firing apparently due to its short duration (38±8% of control; n=7), 
too short to account for the lag to firing. One explanation for the firing lag might 
be an inactivating potassium conductance in the granule cell somatodendritic 
membrane. Indeed, voltage clamp recordings made in APV, NBQX, TTX (1 gM) 
and cadmium (100 pM) indicated that granule cells have a slowly inactivating 
potassium current at low voltages (Vthresh=-58; Tinact=34±7 ms at -48 mV; n=7), 
which could affect the lag. The transient current, but not the sustained potassium 
current, was completely blocked by 10 mM 4-aminopyridine (4AP; n=4). 4AP 
reduced the firing lag in response to direct current injections (20-70 pA, 600 ms) in 
3 granule cells (by an average of 34%), while causing no effect in 4 other cells. 
These results suggest that the intrinsic properties of granule cells make the brief 
AMPA synaptic input ineffective for eliciting excitation, but better match the 
prolonged NMDA current input. Supported by NIH 5F32 DC00270-02 to NES and 
NS26494 to GLW.

718.10

DEVELOPMENTAL CHANGES OF RESPIRATORY RHYTHM 
GENERATION IN MOUSE: SYNAPTIC INHIBITION AND 
MEMBRANE PROPERTIES. W. Zhang*. B. Ritter, A. Barnbrock. 
Centre of Physiology, University of Gottingen, Germany

The isolated brain stem containing the pre-Botzinger complex can 
produce the motor pattern underlying respiration. Both membrane 
properties and glycine- and GABA-ergic inhibition play important roles 
in generation and modulation of respiratory rhythm. The GABAa 
receptor antagonist bicuculline (20 pM) increased the amplitude and 
frequency of rhythmic motor output in a age and dose dependent 
manner, while it showed significant effects on burst duration of 
respiratory neurones in later postnatal stage (>P6). Bicuculline, but not 
the glycine receptor antagonist strychnine, evoked salves of bursts and 
decreased the rhythmicity of respiratory motor output. The GABAb 
receptor agonist baclofen reduced HVA Ca2+ currents in all postnatal 
stages (P1-P15), while it showed effect on N-type Ca2+ currents at later 
postnatal stages (>P7). Baclofen increased the LVA Ca2+ currents at 
P1-P2, while it decreased the LVA Ca2+ currents later (P5-P15). 
Persistent sodium current was absent during the first two postnatal days, 
while LVA Ca2+ current was already present. Persistent sodium current 
became apparent at P>4 and its amplitude increased with increasing 
postnatal age. Our results suggest that both membrane properties and 
synaptic inhibition undergoes changes during postnatal development. 

This research project is supported by DFG grant SFB 406 A8.
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718.11
DO CHANGES IN MITOCHONDRIAL POTENTIAL AFFECT SYNAPTIC 
ACTIVITY IN THE RAT HIPPOCAMPAL SLICE? V.P. Bindokas*1, C.C, Lee1,
B. Li2. W.F. Colmers2. and R.J. Miller1 1 Dept. Pharmacol, and Physiol. 
Sciences, Univ. of Chicago, 947 E. 58th Street, Chicago IL 60637;2 Dept. 
Pharmacol., Univ. of Alberta, Edmonton, Canada.
Neuronal mitochondria, the main source of ATP, serve as a major sink for Ca2+. Ca2+ 

sequestered within mitochondria upregulates metabolism, can depolarize the 
transmembrane potential essential for ATP production, and can contribute to 
intracellular Ca2 signaling. Digital imaging microfluorimetry of rhodamine dyes 
visualized changes in mitochondrial potential while recording extracellular potentials 
within the CA3 pyramidal layer in thick hippocampal slices. Epileptiform discharges 
(STIB activity) resulted in slow, prolonged changes in mitochondrial potential. 
Mitochondrial potential reversibly hyperpolarized following addition of 5 mM 
succinate resulting in an increase in the size of the rhodamine response, and was often 
accompanied by increases in the intensity/duration of the epileptiform discharges. 
Increased spontaneous rhodamine signaling was also observed in hippocampal 
neurons in culture treated with 5 mM succinate. Preliminary data suggest that rhod-2 
fluorescence (~[Ca2+]mit0) was increased in the presence of succinate. In contrast, 
rhodamine signals were reversibly decreased by cyclosporine A (CsA; 1 pM). 
Activity during CsA washout often exceeded pre-drug levels, while epileptiform 
activity was not consistently affected. In contrast, 5 mM succinate inhibited the 
pEPSP amplitude in slices by -30%. Pyruvate + malate (2.5 mM) likewise decreased 
the pEPSP by -40%. Full inhibition of the pEPSP was observed following oligomycin 
(10 pM) plus antimycin A (10 pM) or FCCP (1 pM). These data suggest that 
mitochondrial state influences the strength of synaptic events and that mitochondrial 
permeability transition may be a normal accompaniment of synaptic activity. Support 
via grants NIH DA-02575, DA-02121, MH-40165, DK-42086, DK-44840 and NS- 
33502 to RJM, and MRC (Canada) MT10502 to WFC.

718.12

STRENGTH AND MODULATION OF SECONDARY NICOTINIC 
SYNAPSES ON SYMPATHETIC B NEURONS. P, Karila* and J.P. Horn. 
Department of Neurobioiogy, University of Pittsburgh School of Medicine; 
Pittsburgh, PA 15261.

We studied synaptic convergence of nicotinic EPSPs in secretomotor B 
neurons in bullfrog sympathetic ganglia 9 and 10. Using graded presynaptic 
stimulation, converging inputs were distinguished by their average 
amplitudes and latencies. Contrary to the belief that amphibian B neurons are 
innervated by a single preganglionic axon (Nishi, Soeda & Koketsu, J. Cell, 
and Comp. Physiol., 1965), we found that 92% of the neurons receive two to 
four inputs (n=66). The estimated number of inputs to a given cell did not 
correlate with resting membrane potential or input resistance. One input 
invariably gave rise to an action potential and was designated primary input. 
The secondary inputs were subthreshold with amplitudes ranging from 0.5 to 
8 mV (mean = 2.4±1.7 mV, n=35).

The strength of the secondary synapses was estimated by three methods 
(failures, variance, direct). Quantal content of secondary synapses ranged 
from 1 to 4 quanta. For the direct method, asynchronous miniature EPSPs 
were evoked in Sr2+ and yielded a quantal content of 1.8 ± 0.8 (n=16). In 
neurons selected for their high input resistance, secondary inputs were 
capable of firing action potentials under different conditions: co-activation of 
multiple secondary synapses, 2-pulse facilitation of a single secondary 
synapse, and co-activation with the slow peptidergic EPSP. Together these 
results suggest that secondary synapses, even when few in number, can play 
an important integrative role in amplifying the sympathetic outflow.

Supported by a Swedish Foundation for International Cooperation in 
Research and Higher Education (STINT) grant, and NIH grant NS21065.

718.13
MODULATORY EFFICACY OF M-CURRENT SUPPRESSION DEPENDS UPON 
SELECTIVITY OF THE LEAK CONDUCTANCE.
H. Schobesberger*and J.P, Hom. Department of Neurobioiogy, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261.

In their original analysis of M-conductance (gM) Adams, Brown & Constanti 
(J.Physiol. 330:537,1982) concluded that the resting potential (Vm) of bullfrog 
sympathetic B neurons (-55 mV) is controlled by gM and a leak conductance (gL) 
with a reversal potential (EJ of -lOmV. In a subsequent patch-clamp study, Jones 
(Neuron, 3:153, 1989) argued that microelectrode damage artifactually enhances gL 
and reduces EL from a physiological value of -60mV. We have simulated the 
consequences of the ABC and Jones results using a mathematical model of the B 
neuron. Our generic model had gM=40 nS, EK= -90mV, gL=3 nS, Eteak= -lOmV and 
Cm=150 pF. ABC conditions (EL=-10mV) yielded Vm=-56mV and Rjnput= 52MI2, 
and Jones conditions (EL=-60mV) yielded Vm=-69mV and RinpUt= 153MQ. Reducing 
gM by 50% depolarized the ABC cell by 5 mV and the Jones cell by 2.5 mV. This 
was accompanied by an increased in R^u, of 18 - 19 %. We next implemented a fast 
nicotinic synapse and an action potential. In the ABC cell, it took a peak synaptic 
conductance (gsyn) of 32nS to reach threshold, compared to 53nS in the Jones cell. 
Decreasing gM by 50% reduced threshold gsyn by 40% in the ABC cell but only by 
10% in the Jones cell. We then examined how 50% gM suppression altered temporal 
summation of subthreshold EPSPs. Interestingly, reducing gM enhanced the 
summation of subthreshold EPSPs to a much greater extent in the ABC cell. In 
summary, our results further illustrate how reducing the selectivity of gL can enhance 
muscarinic and peptidergic excitation. However, we disagree with the implication 
that slow synaptic excitation is an artifact of recording. The best sharp electrode 
records never replicate the negative resting potentials recorded by Jones in dissociated 
cells. Moreover, fast EPSPs activate significant gM, regardless of EL. Finally, 
activation of a second conductance during slow EPSPs may function to shift EL and 
thereby enhance the effects of gM suppression upon summation of fast EPSPs.
Supported by the Austrian Science Fund J1519-BIO and NIH grant NS21065.

718.14
DOPAMINE DOWNREGULATES AMPLIFICATION OF EPSPs IN 
PREFRONTAL PYRAMIDAL NEURONS. G. Gonzalez-Burgos*, D. A. Lewis and
G. Barrionuevo. Departments of Neuroscience and Psychiatry, and Centerfor the Neural 
Basis of Cognition, University of Pittsburgh, Pittsburgh, PA 15260.

In pyramidal neurons, dendritic and somatic voltage-gated ion channels 
amplify or reduce subthreshold EPSPs propagating to the soma. To determine the 
impact of dopamine (DA) receptor activation on the propagation of EPSPs in 
prefrontal cortex (PFC) pyramidal neurons, whole-cell patch clamp recordings 
(WCR) were obtained from cells visualized with DIC-IR video microscopy in slices 
from rat (prelimbic region) and monkey (areas 9 and 46) PFC. Synaptic responses 
were evoked stimulating layer 1. To restrict activation to layers 1-2, a cut was made 
in the slices from the white matter to the layers 1-2 border. In somatic v-clamp 
WCR with internal CsF and QX314, no effects of bath-applied DA (50 pM) on the 
EPSCs were discernible. In contrast, in c-clamp WCR with internal KGluconate 
or KMethylsulphate and ATP/GTP/P-creatine, layer 1 -evoked AMPA-EPSPs (APV 
25 pM) were reduced by DA (20 pM) in a voltage-dependent manner. This effect 
was greater at depolarized membrane potentials (Vms). Amplification of layer 1- 
evoked EPSPs by depolarization was suppressed by internal QX314 (5 mM), a Na+ 
channel blocker. In simultaneous WCR, simulated EPSPs (simEPSPs) were 
recorded at the soma following injection of EPSC-like currents into the apical 
dendrite with a second patch pipette. simEPSPs where strongly attenuated by bath 
application of TTX (1 pM) at depolarized but not at hyperpolarized Vms. The 
results show that Na+ channels, which are downregulated by DA in pyramidal cells 
and other neurons, play an important role in the propagation of EPSPs in the PFC. 
The role of Ca2+ and K+ channels in the propagation of proximal and distal 
simEPSPs, and the modulation of the channels by DA are currently under 
investigation. Supported by MH51234 and MH45156.

718.15

IMAGING OF SYNAPTIC EXCITATION AT HIGH SPATIAL AND AT 
HIGH TEMPORAL RESOLUTION USING A NOVEL CCD IMAGING 
SYSTEM IN RAT BRAIN SLICES. M, Ichikawa*1. T. Tominaga1. Y 
Tominaga1. H, Yamada1. Y. Yamamoto2 and G, Matsumoto1 ‘Brainway Gr., 
Brain Science Institute of RIKEN, Wako 351-0198 Japan, 2BrainVision 
Inc., 3-37-8-706 Narimas, Tokyo, 175-0094 Japan.

We report the basic experimental results of a technical study on optical 
imaging of neural activities and synaptic signal transmission. Optical 
signals are detected by means of a recently developed imaging system, 
which employs a general purpose CCD image sensor. This device has 
originally been developed for commercial video systems. However, when the 
CCD was driven at 50 MHz in combination with digital signal processing 
technologies it was possible to obtain images at high rates, with high 
sensitivity and with a high dynamic range. The system was tuned to a 
spatial resolution of 60 x 90 pixels, a temporal resolution of 0.75 ms and 
60db dynamic range. These features allowed us to image small changes of 
fluorescence emitted from brain slices stained with voltage-sensitive dyes. 
We investigated the optical signals associated with synaptic excitation of 
hippocampal slices using the fluorescent voltage-sensitive dye di4- 
ANNEPS. Variation of both emission and excitation wavelengths revealed 
an optimal signal size and an optimal signal-to-noise ratio with excitation 
centered around 530nm (10 nm width) and with emission limited to > 610 
nm. Electrical stimulation of the Schaffer collateral-CAl pathway produced 
fluorescence changes of about 0.5% during a field population spike of about 
4 mV and fluorescence changes of 0.2% associated with the field EPSP.

Web: http://brainway.riken.go.jp

718.16
QUANTITATIVE EXAMINATION OF PROPAGATION PATTERNS OF SYNAPTICL 
EXCITATION IN RAT HIPPOCAMPAL SLICE VISUALIZED BY NEWLY DEVELOPED CCD 
IMAGING SYSTEM. T. Tominaga*1, H. Yamada1, Y. Yamamoto2, Y. Tominaga'. G 
Matsumoto'and M. Ichikawa' 'Brainway, BSI, RIKEN, Wako 351-0198 Japan, 
‘BrainVision Inc., 3-37-8-706 Narimas, Tokyo, 175-0094 Japan.

The propagation of neuronal activity in the hippocampal slice preparation can be 
visualized by means of voltage-sensitive dyes. However, previously there have been 
technical limitations in an attempt to investigate the long term modification of the pattern 
of signal spread or differences among slices. In a first step towards a quantitative 
examination of the changes in signal propagation which reflect a modification of the 
efficacy of synapses involved, we concentrated on some technical aspects of optical 
imaging experiments in 400 pm thick rat hippocampal. In order to efficiently eliminate 
detectable photo damage, we developed a custom epifluorecent microscope (NA was about 
0.7 at lx) with a tandem lens configuration. This optical systems in combination with 
newly developed high speed CCD camera system allowed us to obtain optical signals even 
with excitation intensities as low as 1 mW at the specimen. We also optimized the staining 
method of the slice preparation. Thus, we continuously perfused the slice with a rather low 
concentration of voltage-sensitive dye (<0.1 % w/v) for about 20 min in recording chamber 
or in small staining chamber. The field potential did not change during this procedure 
suggesting little adverse effects. RH-795, Di-4-ANNEPS and Di-8-ANNEPS were tested 
with this method. We obtained stable and sufficient large change in emission light 
intensities for each of these dyes with Di-4-ANNEPS appearing the optimal one. These 
improvement made it possible to confirm that the optical recording procedure did not affect 
the electrophysiological characteristics of the slice for more than 2 hr of experimental 
period with more than a total of 10 min of application of excitation light. A comparison 
of electrophysiological and optical recording was made to characterize the source of the 
optical signals. We also quantitatively compared the propagation patterns of synaptic 
excitation between 4 day-old and adult rat hippocampus.
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719.1

ACTION POTENTIAL BACKPROPAGATION
DEPENDS ON DENDRITIC GEOMETRY
M. Hausser*, P. Vetter and A. Roth. Department of Physiology, 
University College London, Gower Street, London, UK; Abteilung 
Zellphysiologie, MPI fur medizinische Forschung, Heidelberg, Germany.

Action potentials (APs) propagate from the soma back into the 
dendritic tree with varying efficacy in different cell types. To examine the 
influence of dendritic geometry on backpropagation, we performed 
simulations incorporating voltage-gated, channels into detailed 
morphological reconstructions of pyramidal cells, Purkinje cells, and 
substantia nigra dopamine cells. The active model was based on the 
pyramidal cell model of Mainen et al. (Neuron 15: 1427), which faithfully 
reproduces experimental data on AP backpropagation in these neurons. 
With an identical complement of voltage-gated channels, the 
morphologies produced very different AP backpropagation patterns 
which paralleled experimental findings in these cell types: dopamine 
cells showed the least AP attenuation, and Purkinje cells the most. The 
ratios of the minimum dendritic Na+ channel densities required for full 
backpropagation in the dendritic tree were 1:1.1:5.8 in dopamine cells, 
pyramidal cells and Purkinje cells, respectively. The propagation of the 
AP waveform in the passive dendritic tree also varied greatly between 
the different geometries, indicating that the passive filtering properties of 
the dendritic tree are crucial. Morphological analysis revealed major 
differences in the branching patterns of these neurons, consistent with 
the observed functional differences. These findings indicate that 
differences in dendritic geometry, in addition to voltage-gated channel 
density and kinetics, underlie the differences in AP backpropagation 
between neurons. They also suggest that changes in dendritic geometry 
during development and plasticity will critically affect backpropagation. 
Supported by the Wellcome Trust and the Max-Planck-Gesellschaft.

719.2
VOLTAGE-DEPENDENT PROPERTIES OF DENDRITES REQUIRED TO 
ACCURATELY COMPUTE SYNAPTIC STRENGTH D. Johnston1* and
E.P. Cook1,2, Division of Neuroscience,1 Baylor College of Medicine and 2The 
Howard Hughes Medical Institute, Houston, TX 77030

We examined the hypothesis that voltage-dependent properties of den
drites allow for the accurate transfer of synaptic information to the soma 
independent of synapse location. This hypothesis is motivated by experi
mental evidence that dendrites of central neurons contain a complex array of 
voltage-gated channels. How these channels affect synaptic integration is not 
fully understood. Dendritic voltage-gated channels have been hypothesized 
to counteract passive cable properties, rendering all synapses electrotonically 
equidistant from the soma. With dendrites modeled as passive cables, the 
effect a synapse exerts at the soma depends on dendritic location. We refer to 
this as location-dependent variability of the synaptic input. In this theoretical 
study, we used a simplified three compartment model of a neuron to determine 
the dendritic voltage-dependent properties that eliminate location-dependent 
variability. The results of our simulations indicate that for dendrites to func
tion in this manner, they require three components: 1) Steady-state, voltage- 
dependent inward currents that together with the passive leak current provide 
a net outward current and a zero slope conductance at depolarized potentials. 
2) A fast, transient, inward current that compensates for dendritic membrane 
capacitance. 3) Both AMPA- and NMDA-like synaptic conductances that to
gether permit synapses to behave as ideal current sources. These components 
are consistent with the known properties of active dendrites. In addition, 
our results indicate that a dendrite designed to eliminate location-dependent 
variability also actively back-propagates somatic action potentials. (NIH and 
HHMI).

719.3
TOWARDS AN UNDERSTANDING OF SPIKING IN THE DISTAL 
DENDRITES OF CORTICAL NEURONS. J.K Seamans1*, D. Durstewitz2 & T.J. 
Sejnowski1. 'Computational Neurobiology, The Salk Institute, La Jolla, CA, 92037 
& 2AE Biopsychology, Ruhr-University of Bochum, D-44780 Bochum, Germany.

In the distal dendrites of adult somatosensory pyramidal neurons, long, primarily 
Ca2+-mediated spikes precede, or occur in the absence of, action potentials at the 
soma, while distal and somatic Na+-mediated spikes occur simultaneously in 2-day 
post-natal rat neurons. Na+ currents are also mainly responsible for the initiation of 
the shorter duration spikes recorded in the distal dendrites of adult prefrontal cortical 
(PFC) neurons. Adult PFC neurons and somatosensory neurons from young rats are 
smaller than adult somatosensory neurons, have higher input impedances and 
presumably better electrical coupling between the apical tufts and the axosomatic 
Na+ spike generating zone. We hypothesized that spikes in PFC neurons are usually 
initiated at the soma, due to their shorter apical stem and thus tighter electrical 
coupling between tuft and soma, while the electrically more isolated distal dendrites 
of larger somatosensory pyramidal neurons may act as separate spike initiation 
zones. To test this hypothesis we constructed a compartmental model of a layer V 
cortical neuron with 12 active ionic currents distributed throughout 20 compartments 
that reproduced in vitro patch-clamp recordings from the soma, apical dendritic stem 
and tuft of layer V PFC neurons. In the model with morphological dimensions 
similar to adult PFC neurons, current injections into the apical tuft compartments 
evoked spike doublets that were initiated by somatic Na+ currents. By increasing the 
length (10-40%) of apical stem compartments to approach the morphological 
dimensions of adult somatosensory neurons, local current injections produced long 
duration spikes in the tufts that evoked only subthreshold ‘hump’ potentials at the 
soma. Such responses were very similar to those reported for adult somatosensory 
neurons by Schiller et al. (1997). Collectively, these findings extend those of Mainen 
& Sejnowski (1996) and suggest that morphological properties alone can influence 
spike generation in the distal dendrites cortical neurons.

719.4
NEURONAL NOISE SOURCES IN MEMBRANE PATCHES AND LINEAR 

CABLES: AN ANALYTICAL AND EXPERIMENTAL STUDY
A. Manwani1, I. Segev2, Y. Yarom2* and C. Koch1, 'Computation ?nd Neural 

Systems, Caltech 139-74, Pasadena, CA 91125 and "Department of Neurobiology, 
Life Sciences Institute, The Hebrew University, Jerusalem, Israel.

The temporal precision with which neurons respond to their inputs is currently aii 
active area of research since it directly relates to the nature of the neuronal code used 
to transmit information. Characterization and estimation of neuronal noise sources 
allows one to address this question directly. Towards this end, we analyze and 
measure the sources of noise present at the single-neuron level. The noise sources we 
consider in our study include thermal noise, channel noise arising from the stochastic 
nature of microscopic voltage-dependent channels and synaptic noise due to 
spontaneous background activity. We experimentally measure these contributions, 
focusing in particular on the noise associated with sodium conductance fluctuations 
and synaptic background activity, using whole-cell patch recordings at the soma of 
rat neocortical pyramidal cells. We compare the empirical power spectra and variances 
of the noise sources against analytical egressions derived by assuming the soma to 
be a membrane patch.

We further derive measures quantifying the information loss of a synaptic signal as 
it electrotonically propagates along a weakly-active dendrite to the soma due to these 
noise sources. We model the dendrite as an infinite linear cable with noise sources 
distributed along its length. We assess the efficacy of information transfer under two 
different paradigms. In the signal detection paradigm, the objective is to detect the 
presence/absence of a presynaptic spike from the post-synaptic membrane voltage. In 
signal estimation, the goal is to estimate a randomly-varying presynaptic injected 
current waveform from the post-synaptic voltage. This allows us to analytically 
assess the role of each of these noise sources in information transfer. More realistic 
dendritic geometries will be analyzed in a subsequent study.
Supported by NSF, NIMH , and the Sloan Center for Theoretical Neurobiology

719.5

A STOCHASTIC SPIKE TRAIN ANALYSIS FOR DETECTING 
THE DEPENDENCE OF SPIKE GENERATION ON SPATIAL 
INTEGRATION IN NEURONS. D. C, Tam.* Department of 
Biological Sciences, University of North Texas, Denton, TX 76203. 
E-mail: dtam@unt.edu URL: http://www.cas.unt.edu/~tam/

A stochastic spike train analysis technique is introduced to reveal 
the dependence of spike generation in one neuron on the contribution 
of spatial integration of spikes from other neurons. Specifically, we 
examine the conditional probability of spike firing in a reference neuron 
with respect to the spatial integration of spikes from other neurons. 
This analysis considers the spatial integration of spikes that is 
correlated with the spike firing probability for a reference neuron. This 
technique can be used to detect the number of neurons that are 
correlated with the spike firing of a given neuron within a network, 
thus revealing the coupling between neurons. Furthermore, this 
analysis technique reveals whether such a spatial summation would 
lead to excitation or suppression of spike firing. This analysis extends 
the conventional pair-wise cross-correlation technique to include the 
simultaneous correlation of multiple neurons. Applying this analysis 
to simultaneously recorded spike trains can provide quantitative 
information on the number of spatially-integrated neurons that are 
correlated with the spike generation for a given neuron. This analysis 
also reveals the specific neurons that are correlated with each other in a 
network that form a subgroup in the processing of neural signals.

719.6
MEMBRANE CONDUCTANCE GRADIENTS IMPROVE SIGNAL 
TRANSFER IN A PASSIVE DENDRITIC MODEL. M. London', C. Meunier2 
and I. Segev1*. 'Department of Neurobiology, Institute of Life Sciences and 
Center for Neural Computation, The Hebrew University, Jerusalem, Israel. 
2Centre de Physique Theorique, Ecole Polyteehnique, Palaiseau, France.

Classical cable theory for dendritic neurons assumes that the specific membrane 
conductance, Gm. is uniform over the dendritic tree. Recent studies, however, 
clearly demonstrated that the dendritic membrane is endowed with a variety of 
ionic channels and that some of them are non-uniformly distributed over its 
surface. In particular, Hoffman et. al. (Nature, 387:869-875, 1997) found that, in 
hippocampal CA1 pyramidal neurons, the density of A-type K+ channels linearly 
increases as a function of the distance from the soma. The functional significance 
of such a gradient increase in membrane conductance remain to be understood. In 
this work we explore the effects of non-uniform passive membrane conductance 
on cable properties and on signal transfer through the dendritic tree. The more 
realistic case of cable structures with non-uniform distribution of voltage-gated 
(nonlinear) channels will he considered in a following study.

The passive reference case we consider is amenable to analytical studies. We 
show that, in general, a gradient increase in Gm(x) from the soma toward the 
distal dendrites improves the transfer resistance from the dendrites (the synapses) 
to the soma, compared to the corresponding case with uniform Gin. This is true 
provided that the total membrane conductance remains the same in the two cases. 
A further improvement in signal transfer with such a gradient in Gm(x) results 
from the reduction of voltage saturation for distal synaptic inputs. Current 
threshold for spike initiation is also reduced in this condition. Several general 
design principles for dendrites arc provided and their functional implication 
discussed.
Supported by the Israeli Academe of Science and die France-Israel Keshet program.
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719.7
Tightly Constrained Model of the Olfactory Mitral Cell Based 

on Dual Patch Electrode Data. Shen, G.Y.1, Shepherd, G. M.2, and 
Hines, M. L.3 1 Department of Biological Science, Zhejiang University, P.R.C. 
2 Section of Neurobiology, 3 Department of Computer Science, Yale University, 
New Haven, CT 06510

In the mitral cell, distal primary dendrite stimulation strength determines 
whether an impulse is initiated in the soma-axon region or in the distal primary 
dendrite (Chen, et. al., Science 278:463, 1997). Dual recording sites in these 
experiments provided an opportunity to construct a tightly constrained model 
to explore the precise factors controlling the AP initiation site.

Using large parameter space optimization techniques, we have constructed a 
model which is phenomenologically identical to the experimental data for simul
taneous electrode recording in soma and distal primary dendrite and for high 
and low current injection from both electrodes. The major model constraints 
were homogeneous HH-like Na-K channel distribution in the soma-dendritic 
region with much higher (but identical kinetics) sodium channel density in the 
axonal region. The overall shape and passive properties of the cell were speci
fied by a separate optimization to the dual-location responses to low amplitude 
current pulses over the range where transfer impedance is symmetric.

We discuss which parameters of the model are highly constrained by the 
data. Also, model perturbations help define which qualitative features are 
responsible for the shift in the site of action potential initiation under changing 
conditions of stimulus location and intensity.

This work was supported by BAO YU-KONG’s Overseas Chinese Schol
arship (GYS), NIDCD, NIMH, NASA, and NIDCD (Human Brain Project) 
(GMS), and NINDS (MLH)

719.8

A SINGLE-COMPARTMENTAL FORMULATION AND MATHEMATICAL 
ANALYSIS OF A BIOPHYSICALLY BASED NEURON MODEL
J. Tegner* Dept. of Numerical Analysis and Computing Science, Kungliga Tekniska Hogskolan, 100 44, 
Stockholm, and Dept. of Neuroscience, Karolinska Institutet, 171 77 Stockholm, SWEDEN.
A mechanistic understanding of the nervous systems requires an account of how neural 
networks operate in terms of their basic neuronal components and synaptic properties. In 
this analysis, detailed computational models based on biological data make it possible to 
clarify the underlying mechanisms. The objective with the present study is to analyze the 
relation between a detailed model and more abstract representations. To this end, we have 
studied the model of the spinal neural network in the lamprey. Earlier modeling 
approches range from multi-compartmental neurons with biologically based connectivity, 
to the use of coupled oscillator theory. We have (i) reformulated the multi-compartmental 
neuron model in a single-compartmental representation and (ii) analyzed it by means of 
computer simulations and bifurcation techniques. For the single-compartmental neuron 
model we have used recent quantitative experimental data (Buchanan 1993), to further 
refine the biophysical properties in the model. The parameter modifications include the 
passive membrane properties (time-constant, membrane resistance, rheobase), the detailed 
shape of the action potential (height, duration, threshold), and adaptative properties, such 
as the afterhyperpolarization and its underlying calcium dynamics. Pacemaker 
oscillations, induced by N-methyl-D-aspartate receptor activation, could be simulated in 
the single-compartmental neuron. Furthermore, numerical bifurcation techniques revealed 
the presence of saddle-node and Hopf bifurcations. The role of the spike-mediated and 
NMDA induced adaptative properties in the transition from stable rest state to a periodic 
spiking/oscillating behaviour was analyzed. This work provides a basis for a further 
reduction of the detailed single-compartmental model analyzed here to minimal models. 
This allows a comparison between spiking biophysical models and phase oscillator 
models. Supported by the Royal Academy of Science and the Lennander Foundation.

719.9
DENDRITIC BRANCHING COMPENSATES FOR SYNAPTIC 
ATTENUATION IN GRANULE CELLS OF THE RAT DENTATE GYRUS.
N T, Carnevale1, M P. O'Boyle2, and BJ. Claiborne2*, 'Dept. of Psychology and 
the Neuroengineering and Neuroscience Center, Yale Univ., New Haven, CT 
06520, and 2Div. of Life Sciences, Univ. of Texas at San Antonio, TX 78249.

The dendrites of granule cells (GC) bifurcate several times as they traverse the 
molecular layer (ML) of the dentate gyrus. Therefore the area available for synaptic 
inputs increases with anatomical and electrotonic distance from the soma. How 
does this affect the relative influence of afferents in the various laminae of the ML. 
on GC activity, and does this effect vary over the first year of life?

To address these questions, we analyzed cells from rats aged 14-17 days, 40-58 
days, 6 months, and 1 year. For 5 cells at each age we computed the electrotonic 
distance (log of attenuation) in each branch for voltage spreading toward (Lm) or 
away from (Lout) the soma. Each cell was divided into four anatomical laminae: 
one for the membrane in the soma layer, while the other three corresponded to the 
inner, middle, and outer laminae of the ML. We calculated the dendritic area 
density a as a function of electrotonic distance, and Lout, for the entire cell and 
each lamina. To evaluate the potential impact of afferents on voltage or current 
delivery to the soma, we examined o(Lm)/Am and a(Lout)/Aout, respectively. We also 
evaluated Z(Lin)/Am and /(L0ut)/AoUt, the attenuation-weighted length density.

At all ages, branching overcompensates for A,n (attenuation toward the soma) at 
DC and low frequencies, so slow fluctuations of V5oma would be governed by 
summated distal (middle and outer) inputs. As frequency increases this 
compensation becomes less effective, and by 100 Hz Vsoma is dominated by 
proximal (somatic and inner) inputs. The attenuation-weighted densities vs. Lout 
indicated that current from middle and outer afferents would drive sustained 
repetitive firing, while short-term changes in firing rate would be controlled by 
current from the somatic, inner, and middle laminae. Supported by GM 0819 to 
BJC, and the Yale Neuroengineering and Neuroscience Center.

719.10

A simple and robust method for estimating 
electrotonic length of small neurons
M. Raastad1* and A. Baginskas2, 'Univ. of Oslo, Norway, and 2Kaunas Medical 
Academy, Lithuania.
The electrotonic length (L) is an important parameter for the integration properties 

of a neuron. L has usually been estimated using procedures that isolate the. two 
slowest time constants of the voltage response to a step current injected into soma. 
It is, however, difficult to accurately distinguish the often numerous time constants 
of real neurons. We have developed an alternative approach for estimation of L that 
involves two simple steps: 1) measurement of only the slowest (main) time constant 
in current clamp (TIclamp). This factor will be close to the membrane time constant, 
and insensitive to L. 2) From voltage clamp data, we calculated a theoretical time 
constant (TcaJc) = the capacitative charge (found by numerically integrating the 
current transient in response to a voltage command step) divided by the steady state 
current. This factor will equal TIclamp if L = 0 (a spherical cell without cytoplasmic 
resistance). However, if L > 0 (a cell with dendrites), Tcalc < TIclamp because the axial 
resistance of the dendrites will reduce the charging of the dendrites, and reduce the 
value of Tca)c. Because the difference between Tcalc and Xlc!amp appears as a result 
of L, the ratio Tcak, TIclamp can be used as an estimator for L. We assume that the 
membrane is passive and uniform, and we compensate for the access resistance. We 
explored this relation with numerical simulations using a variety of model neurones, 
and found that the estimator was particularly sensitive to differences in L when 0 < 
L<2.
One advantage of this method is the simplicity of the measuring procedure. Another 

advantage is that it utilises the difference between voltage and current clamp, and 
thereby emphasises the axial resistance.

719.11

MODELDB: A DATABASE OF NEURONAL MODELS. J.S. Mirsky1, G.M. 
Shepherd1*, P.M, Nadkami2, M.D, Healv2, P.L. Miller2 and M.L, Hines3, 1 Section 
of Neurobiology, 2Center for Medical Informatics, Department of Computer 
Science, Yale University School of Medicine, New Haven, CT 06510.

A serious impediment to the increased use of neuronal models for testing critical 
hypotheses regarding neuronal properties and functions is the difficulty of recreating 
a model from the methods section of a published paper alone. The entire source 
code for published models is a valuable asset for adaptation and reuse in new models; 
however, model source code is not always made publicly available. Even when it is 
made available, it is not always clear where to retrieve it. There are no national 
databases of neuronal models, yet the need for a publicly accessible central facility 
for model source code distribution is evident.

ModelDB is a web accessible database of neuronal models, built to foster 
collaboration and code sharing within the modeling community. It is constructed as 
an addition to NeuronDB (http://senselab.med.yale.edu/neurondb), a database of 
neuronal membrane properties (Mirsky et al, 1998. J Neurosci Methods, 82: 1) 
Models are retrieved based on the neurons or the properties which they model. For 
example, a search for thalamic reticular neurons will return all of the models that 
contain a representation of a thalamic reticular neuron. A search for GABAa 
receptors or IK Ca channels will return a list of models which contain a representation 
of that receptor or channel. CGI scripts dynamically unzip compressed model files 
for display of their contents before downloading. Web browsers can be set to launch 
the model automatically upon download. ModelDB is compatible with source code 
written for NEURON, GENESIS, and other neuronal coding environments.

Supported by NIDCD, NASA & NIMH (Human Brain Project) and the National 
Library of Medicine's 1AIMS Program. Illustra database software and support have 
been supplied by the Informix for Innovation Research Grant Program.

719.12

CA1 POPULATION SPIKES DEPEND CRITICALLY ON FACTORS 
OTHER THAN THE NUMBER OF FIRING CELLS. P. Varona1, J.M. 
Ibarz~ and O, Herreras-*, 'inst. Nonlinear Science, UCSD, La Jolla, CA 
92093;2.Serv. Neurobiol., Hosp. Ramón y Cajal, Madrid 28034, SPAIN.

The CA1 population spike (PS), classically used as an index of the 
number of synchronously firing cells, results from the addition of unitary 
transmembrane currents (lm) in the extracellular space and then subject 
to volume conduction. We have extrapolated the experimental data on 
subcellular parameters to reproduce the PS recorded in vivo using a 
volume conductor-immersed multineuronal model of the CA1 region. A 
population of about 20.000 firing cells saturated the PS amplitude. For a 
constant number of firing cells, the PS amplitude depended only slightly 
on firing synchronization within the experimental range, but critically on 
the activation mode (the anti-PS is 30-50 % larger than the ortho-PS), 
the initial locus for the action potential (initial segment or apical shaft), 
the length of actively invaded dendrites, the presence of prior inhibition 
(increase in the somatic anti-PS and decrease in both dendritic fields due 
to reduced backpropagation), and on some electrotonic parameters (axial 
resistance and cell capacity), factors easily altered during experimental 
manipulations. Large PS changes matched those on Im for each pyramid, 
but these are correlated to subtle variations of the Vm, typically 
overlooked in experimental work. Caution must be taken when assessing 
PSs changes during experimental manipulations that may affect variables 
other than the number of firing cells. Spanish DGCYT PB94/1257.
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720.1
HIGH FREQUENCY PARALLEL FIBRE STIMULATION INDUCES A PROTEIN 
KINASE G-DEPENDENT FORM OF LTD. J.K. Sutton and N. A. Hartell. (SPON: 
British Neuroscience Association). Dept. of Pharmaceutical Sciences, Aston University. 
Birmingham, B4 7ET. UK.

In the cerebellar cortex, brief, repetitive stimulation of parallel fibres (PFs) induces 
LTP at PF-Purkinje cell (PC) synapses through a pre-synaptic. cAMP-dependcnt 
mechanism (Salin et al., 1996). At stimulus intensities that permit postsynaptic calcium 
entry into PCs. 1 Hz PF stimulation induces LTD via a postsynaptic. nitric oxide (NO) 
dependent mechanism (Hartell. 1996). We have examined whether higher frequencies 
of PF stimulation alone can also induce LTD.

Recordings were made from 200-300 pm. parasagittal slices of cerebellar vermis 
dissected under halothane anaesthesia from 14-21 day old male Wistar rats. Population 
responses to molecular layer stimulation were recorded from the PC layer and were 
stored and analysed on line using custom written software (Anderson and Collingridge. 
1997). 0.2 Hz stimulation yielded responses that were stable in amplitude for at least 60 
minutes (n=6). Raising the frequency of stimulation to 8 Hz for a period of 2 minutes 
led to a transient potentiation of the post-synaptic, AMPA-mediated component of the 
response. This was succeeded by a gradual depression to 77.1 + 8.6 % of baseline levels 
measured 45 minutes after stimulation (P<0.01; Mann-Whitney U-test. n=6). Whole 
cell recording from single PCs revealed a similar pattern of transient potentiation 
followed by a sustained depression of PF-EPSCs (n=6). KT5823 (250nM). a selective 
inhibitor of protein kinase G, significantly reduced the late onset LTD whilst leaving a 
slight potentiation of responses relative to baseline after 45 minutes (107.9 + 3.7; 
PO OL n=6). These data suggest that in addition to a rapid onset potentiation, higher 
frequencies of PF stimulation may additionally recruit a PKG-dependent form of LTD.

P.A. Salim R.C. Malenka and R.A Nicoll. Neuron. 16:797. 1996.
N.A.Hartell, Neuron, 16,801-810.
W. W. Anderson and G.L. Collingridge. Neurosci. Abst. 23:665. 1997.
Supported by the BBSRC and MRC (UK).

720.2

REGIONAL AND DEVELOPMENTAL ALTERATIONS OF HIPPOCAMPAL 
SYNAPTIC TRANSMISSION AND LONG TERM POTENTIATION BY PKC 
ACTIVATORS AND INHIBITORS. R. Hussain and D.O, Carpenter*. School of 
Public Health, University at Albany, Rensselaer, NY 12144.

Protein kinase C (PKC) is thought to play an important role in modulating 
synaptic efficacy. The role of PKC in long term potentiation (LTP) has been 
investigated by application of PKC activating compounds, most notably the phorbol 
esters. The involvement of PKC in two different forms of LTP, one at the mossy 
fiber-CA3 (MF-CA3) and the other at the Schaffer-collateral-CAl (SC-CA1) 
pathways, was investigated in hippocampal brain slices by use of very selective 
activators and inhibitors of PKC. Two age groups, postnatal day 30 and 60 (P30, 
P60), were used. We found that LTP in the MF-CA3 synapse at P30 was 
significantly different from that at P60. At P60 chelerythrine chloride (10 pM), a 
selective inhibitor of all isozymes of PKC, did not affect the synaptic responses at 
the MF-CA3 synapse but depressed those at the SC-CA1 synapse to 50% of 
control, and inhibited LTP significantly in both synapses. Indolactum-V (10 pM), 
a selective activator of all isozymes of PKC, enhanced the synaptic responses up to 
350% of control in the MF-CA3 synapse and only 130% in the SC-CA1, and 
inhibited induction of LTP in both synapses at P60. Go6976 (200 nM), a selective 
inhibitor of PKC a and 0, inhibited LTP at the SC-CA1 synapse at P30 and P60. 
However, in the MF-CA3 synapse, Go6976 selectively inhibited LTP at P60 
without affecting LTP at P30. Ingenol (100 mM), a selective activator of PKC 6 
and e , selectively enhanced baseline responses to 300% and inhibited LTP in the 
MF-CA3 synapse at P30 and P60, without affecting synaptic responses and LTP in 
the SC-CA1 synapse at either age. These results suggest that different mechanisms 
of LTP at two synapses are in part due to differential distribution of PKC isozymes. 
Supported by NIH grant ES04913.

720.3
ROLE OF CALMODULIN IN cAMP-DEPENDENT LTP. R.P. Blitzer, G. Brown, 
T. Wong, R. Iyengar andE.M. Landau*. Depts. of Psychiatry and Pharmacology, Mt. 
Sinai School of Medicine and Bronx VAMC. New York NY 10029

Various stimulation protocols have been shown to induce LTP at the Schaffer 
collateral - CA1 synapse in rat hippocampal slices. Certain patterns of stimulation 
produce LTP which requires the postsynaptic cAMP pathway. When multiple HFS 
trains are used, the interval between trains is a critical determinant of cAMP- 
dependence, with a 10 min interval far more effective than a 10 s interval. Previous 
work suggested that the role of cAMP in LTP is to inhibit postsynaptic phosphatases, 
but the mechanism underlying the relationship between intertrain interval and cAMP 
dependence is unknown . We propose that the first train of HFS triggers a gradual rise 
in free calmodulin. Thus, the Ca2+ influx associated with a subsequent train is 
maximally effective in generating Ca2+/calmodulin only after an appropriate delay. 
These conditions may be optimal for extensive activation of Ca2+/calmodulin- 
dependent phosphatase 2B (calcineurin). Calcineurin increases downstream 
phosphatase activity by inactivating protein phosphatase inhibitor-1 (1-1), and would 
prevent LTP if unopposed by PKA phosphorylation of 1-1. cAMP would not be 
necessary for LTP induced by closely spaced trains because calcineurin is not activated 
to physiologically important levels. We tested whether calmodulin availability might 
determine the extent of calcineurin activation in LTP. A single HFS train (1 s, 100 
Hz) was delivered to the Schaffer collaterals, and intracellular recordings were made in 
CA1 neurons. In control cells, LTP was intact in the presence of the PKA blocker 
Rp-cAMPS. However, the inclusion of 20 pM calmodulin in the electrode caused 
LTP induced by the single train to be cAMP-dependent. If the calmodulin effect is 
mediated by elevated calcineurin activity, then LTP should become independent of 
cAMP when calcineurin is blocked. In slices pretreated with the calcineurin inhibitor 
FK506, LTP was not blocked by Rp-cAMPS even when the electrode contained 
calmodulin. These data support the hypothesis that a rise in free calmodulin mediates 
the activation of calcineurin by widely-spaced trains of HFS.

Supported by NIH (NS33646 and GM54508).

720.4
EFFECT OF CALCINEURIN INHIBITORS ON LONG-TERM DEPRESSION IN 

CA1 RAT HIPPOCAMPAL NEURONS. S^T^Li13*. K. Kato2 and K. Mikoshiba12 3, 
‘Dept. Molecular Neurobiol., Institute of Medical Science, The Univ. of Tokyo, 

Tokyo 160; 2ERATO, JST, Tokyo 1530068; 3Develop. Neurobiol. Lab., Brain Science 

Institute, RIKEN, Wako 35001, JAPAN.

We have investigated the role of calcineurin (CN), which is abundant in the 

central nervous system, on long-term depression (LTD) in rat CA1 hippocampal 

neurons using the selective CN inhibitors, FK-506 and cyclosporin A. A most 

common protocol used for the induction of LTD is low frequency electrical 

stimulation, 1-2 Hz, applied for 15 min, which resulted in a -24.8±8.6 % (mean±

S.D.) decrease in synaptic responses. When lower frequency stimulation, 0.33 Hz, 

was applied for 5 min (weak LTD protocol), LTD was not induced (-4.8 ±7.1%). 

However, in the presence of CN inhibitors, 1 pM FK506 or 1 pM cyclosporin A, 

LTD was induced by this weak LTD protocol. The specificity of the effects of these 

drugs on CN was confirmed by the application of 5 pM rapamycin, which binds to 

FKBP without inhibiting CN activity. Although the LTD induction mechanism has 

been believed to require dephosphorylation by phosphatase, presumably by 

calcineurin, calcineurin has also been reported to modify channel activity, which 

could decrease the threshold for LTD induction by the weak LTD protocol.

720.5

A CALCINEURIN INHIBITOR, FK506, BLOCKS VOLTAGE-GATED 
CALCIUM CHANNEL-DEPENDENT LTP IN THE HIPPOCAMPUS.
H. Matsui 1, H. Onuma IA K. Tomizawa -k A. Moriwaki 1, M. Tokuda

Y.-F. Lu 1, 1 First Dept. of Physiol., Okayama Univ. Med. Sch., 2-5-1 
Shikata, Okayama 700, Japan; 2 Dept. of Physiol., Faculty of Med., 
Kagawa Med. Univ., 1750-1 Ikenobe, Kagawa 761-07, Japan

The effects of FK506, an immunosuppressant and protein 
phosphatase 2B (calcineurin) inhibitor, on the voltage-gated calcium 
channel (VGCC)-dependent long-term potentiation (LTP) were 
investigated in the CA1 region of mice hippocampal slices. VGCC- 
dependent LTP was induced either by a brief application of a potassium 
channel blocker tetraethyleneanmonium (TEA), or by a strong tetanic 
stimulation under the blockade of NMDA-receptors. FK506 (1-50 pM) 
produced dose-dependent inhibition on TEA-induced LTP. 
Cyclosporin A (CysA 50 pM), another calcineurin inhibitor, showed a 
similar inhibitory effect on TEA-induced LTP. FK506 (10 pM) also 
blocked the strong tetanus-induced LTP, but had no effect on the post- 
tetanic potentiation. By using a subthreshold weak tetanic stimulation 
protocol, we also found that low concentration of FK506 (1 pM) 
produced neither inhibition nor potentiation on VGCC-dependent LTP. 
These results showed FK506 and CysA exerted inhibitory effects on 
VGCC-dependent LTP, and suggest that calcineurin is involved in the 
processes of this kind of synaptic plasticity. Supported by a grant 
from The Ministry of Education, Science and Culture of Japan.

720.6

LONG -LASTING SYNAPTIC POTENTIATION INDUCED 
BY A PROTEIN FACTOR IN CULTURED CEREBRAL 
NEURONS.
S, N. KudohG K, Kiyosue, M.„Kasai7 £• Taguchi,
Lab. of Neurotechnology Osaka National Research Institute (ONRI), 
Ikeda 563-8577, Japan and fDiv. of Biophysical Eng., Fac. of Systems 
and Human Science, Osaka University Graduate School of Engineering 
Science, Toyonaka 560-0043, Japan
We previously reported that long-lasting enhancement of 

spontaneous excitatory postsynaptic currents (SEPSCs) in cultured chick 
cerebral neurons was induced by transient exposure to a conditioned medium 
(CM) prepared by Mg2+-free treatment of the neurons. This suggested that the 
CM contained a diffusible factor(s) for the potentiation, which was released 
from cells in the culture. The factor(s) was shown to be a protein(s) by heat 
and trypsin treatment of the CM. The factor induced the potentiation within 5 
min, but it was not required for long-lasting maintenance of the increased 
SEPSCs. Protein synthesis, at least, in postsynaptic neurons was indispensable 
to induce the potentiation by the Mg +-free condition. We further revealed 
that protein kinase C (PKC) was involved in the potentiation mechanism. 
Calphostin C, a selective inhibitor for PKC, inhibited the induction of the 
potentiation of SEPSCs. On the other hand, the potentiation was normally 
induced by the protein factor(s) even in calphostin C or cycloheximide. These 
results suggested that PKC and protein synthesis were committed to the 
potentiation at the process between the activation of NMDA receptors and the 
secretion of the protein factor(s).
This work was supported by MITI, Japan. S.N.K. is a postdoctoral fellow of 
JST.
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720.7
EFFECT OF RAPAMYCIN ON INDUCTION OF LTP BY WEAK 
PAIRING STIMULATION. A Terashima1, T, Hashimoto2 T. 
Taniguchi1,T^_21aWJJ4^Ya^a1TLJ<awamata1_*,_X^MaedaLx, 
Tanaka1. ’Dept. of Basic Science, Hyogo Institute for Aging Brain and 
Cognitive Disorders; Himeji, Hyogo 670-0981, Japan. 2Dept. of Psychiatry, 
Kobe Univ. School of Medicine; Kobe, Hyogo 650-0017, Japan.

It is well known that FK-506, an inhibitor of Ca2+-calmodulin- 
dependent serine/threonine phosphatase (calcineurin), increases 
neuronal activities by enhancement of protein phosphorylation. 
Furthermore, it has been reported that FK-506 or rapamycin bound to 
FK-506 binding protein 12 (FKBP12) can reverse the stabilization of 
the transitional twisted peptidyl-prolyl amide bond structure of 
FKBP12, inhibit the activity of isomerization of FKBP12, and 
modulate the activity of IP3 and ryanodine receptors. In our 
experiments using whole-cell patch clamp techniques applied to CA1 
pyramidal neurons of male Wistar rat brain slices, excitatory 
postsynaptic currents (EPSCs) were recorded to analyze the long-term 
potentiation (LTP) when low concentration of rapamycin was applied 
to the postsynaptic membrane. Results of these experiments indicate 
that the application of low concentration of rapamycin to the 
postsynaptic membrane can induce LTP by the weak pairing 
stimulation. This induction of LTP was blocked by inhibiting the 
intracellular Ca2+ release. These results suggest that the application of 
low concentration of rapamycin to postsynaptic membrane may be able 
to induce LTP by the weak pairing stimulation because rapamycin is 
bound to FKBP12, may modulate activities of IP3 and ryanodine 
receptors and increase the concentration of intracellular Ca2+.

720.8

AMYGDALA-HIPPOCAMPAL INTERACTIONS; EVIDENCE FOR 
'SYNAPTIC TAGGING' IN FREELY MOVING ANIMALS?. S. Frey 1, 
Th. Seidenbecher2', H.-C. Pape2, J. Berqado3 and U. Frey 1. 1 Gene 
Regulation and Plasticity, Leibniz-lnstitute for Neurobiology, D-39008 
Magdeburg; institute of Physiology, Medical Faculty, O-v-Guericke Univ. 
Magdeburg, D-39120 Magdeburg, Germany; 3 Lab. Electrophysiology, 

International Center for Restaurative Neurology (CIREN), Havana, Cuba.

Recently, we have shown in hippocampal slices in vitro, that 
input-specificity during protein-synthesis dependent late-LTP depends on the 
transient activation of a local synaptic tag which is capable of capturing 
plasticity related proteins. Further studies have shown, that a protein 
synthesis independent early-LTP, elicited by a weak tetanus, can be 
paradoxically transformed into late-LTP if priori or subsequently late-LTP 
was induced in a second independent synaptic input to the same neuronal 
population (Frey and Morris 1997, 1998). We now present evidence that 
similar processes related to 'synaptic tagging' occur also in freely moving 
animals. Early-LTP in the dentate gyrus can be transformed into late-LTP if 
a second independent input - originating from the basolateral nucleus of the 
amygdala - is adequately stimulated within a distinct time window. The latter 
is different to that shown for LTP in the CA1-region in hippocampal slices in 
vitro and depends on aminergic and cholinergic but not dopaminergic 
receptor activation.

This work was supported by grants from DFG, SFB 426 'Limbic structures 
and Functions' and the Land Saxony-Anhalt.

720.9
AMELIORATION OF THE AGE-RELATED DEFICIT IN LTP BY CALORIC 
RESTRICTION AND ANTIOXIDANT THERAPY. K.E. Eckles1*, PC. 
Bickford1,3, and MD. Browning1'2, ’Dept. of Pharmacology, 2Program in 
Neuroscience, Univ. of Colorado Health Science Center and 3VAMC Denver, CO 
80262.

Aged rats show decreases in the ability to perform hippocampal based learning 
tasks. Long-term potentiation (LTP) is thought to be a cellular mechanism 
underlying these learning processes. Age-related deficits in LTP have been reported 
by several groups (Moore et al, Hippocampus 3:57, 1993; Deupree et al, Neurobiol. 
Aging 14:249, 1993) when induced using minimal stimulation. One such paradigm 
is termed primed burst stimulation. We have currently examined the ability of two 
treatments, caloric restriction and antioxidant therapy, to ameliorate the age-related 
deficit in LTP induced by primed burst stimulation. These treatments have been 
shown to ameliorate some age-related deficits. We have previously demonstrated 
that these treatments arc beneficial in ameliorating the age-related deficit in the 
stimulation of synapsin phosphorylation (Eckles et al, Neurobiol. Aging 18:213, 
1997). Caloric restriction is a 40% reduction in caloric intake while maintaining the 
nutritional requirements of the animal. Hippocampal slices obtained from aged (22- 
28 mo.) rats on this diet show LTP produced by primed burst stimulation equivalent 
to that seen in hippocampal slices obtained from young rats. Aged matched controls 
show greatly reduced LTP as described previously. A two week treatment with the 
antioxidant spin trapping compound N-/er/-butyl-a-phenylnitrone (PBN, 16 mg/kg 
i.p.) twice daily also ameliorates the age-related deficit in prime burst potentiation. 
These results are consistent with the hypothesis that caloric restriction and 
antioxidant therapy may ameliorate some of the cognitive deficits associated with 
aging. Supported by AG04418.

720.10
MECHANISMS INVOLVED IN TETANUS-INDUCED POTENTIATION OF 
GABA-ERGIC FAST INHIBITORY POSTSYNAPTIC CURRENTS (IPSCs) IN 
HIPPOCAMPAL CA1 NEURONS. T.R Shew* and BR, Sastry. Dept. of 
Pharmacol. & Therap., UBC, Vancouver, Canada V6T 1Z3.

We previously reported a tetanus-induced potentiation of GABA-ergic fast 
synaptic transients in rat CA1 neurons which reaches its peak in about 10 min and 
lasts up to 30 min. In the present study, in whole cell voltage-clamped CA1 neurons, 
mechanisms of tetanus- (2 trains of 100 Hz for 1 s, 20 s interval) induced plasticity of 
hippocampal IPSCs were examined in the presence of DL-2-Amino-5- 
phosphonopentanoic acid (50 pM) and 6,7-Dinitroquinoxaline-2,3-dione (20pM). A 
tetanus delivered while current- or voltage- clamping the CA1 cell, induced a 
potentiation of evoked (n=8 and 6, respectively) as well as the number, but not the 
mean amplitude, of spontaneous IPSCs (sIPSCs, n=7 and 6, respectively), suggesting 
that changes in postsynaptic membrane potential are not needed for the induction of 
the potentiation. In addition, during the potentiation of evoked IPSCs. CA1 neuronal 
responsiveness to THIP (20 pM, n=6) was not increased and the desensitization of the 
THIP response (40 pM, n=6) was also unaltered; similarly, the response to baclofen 
(50 pM, n=5) was not significantly changed. CGP 35348 (500 pM, n=5) blocked the 
tetanus-induced potentiation of the evoked and sIPSCs. N-Ethylmaleimide (NEM) 
and p-Hydroxy Mercuribenzoic acid occluded the potentiation of evoked IPSCs and 
sIPSCs (200pM, n=7 for each drug) when applied during the induction. Moreover, 
the tetanus failed to potentiate IPSCs if NEM (5 mM, n=6) was included in the 
recording electrode. Forskolin (30 pM, n=6), but not phorbol 12, 13 diacetate (0.5 
pM, n=6), occluded the tetanus-induced increase in evoked IPSCs and sIPSCs..

These results suggest that GABA-B receptor-activation, cyclic AMP/PKA 
activation and sulfhydryl-alkylation are involved in the tetanus-induced potentiation 
of GABA-A receptor-mediated IPSCs.

Supported by NIH grant #NS30959 to BRS & a MRC studentship to TRS.

720.11 720.12

A THEORETICAL MODEL FOR CONVERSION OF THE EARLY PHASE LTP 
INTO THE LATE PHASE LTP.
H, Gâteau* and S.Tanaka Lab. for Neu r a I Mode ling, Brain 
Science Institute, The Institute of Physical and Chemical 
Research (RIKEN), Wako, Saitama, 351-0198 Japan.

Accumulated evidence supports the picture that protein 
phosphorylation underlies the early pnase LTP.(E-LTP) and 
protein synthesis under I ies the late phase LTP (L-LTP). In 
our previous model of biochemical processes in a spine 
(Câteau and Tanaka (1997) Neurosci. Res. Supl. 21 S166), the 
E-LTP induction time course, given by the temporal change 
of the EPSP slope, was similar to the simulated CaMKTl 
phosphorylation timecourse. This supports the former part 
of the above picture. To elucidate the latter part of the 
picture theoretically, we extend our model, taking into 
account (1)the CaMKfV cascade as a signal transduction 
pathway from a synaptic site to the nucleus, (2) the dendr it ic 
ribosomes as machinery for the local protein synthesis and
(3)phosphory I at ion-dependent régulât ion of the synthesis or 
degradation of synaptic proteins. Mathematical 
examination of this mode, shows that the synthesis and the 
degradation of a synaptic protein are balanced at two 
distinct levels of a quantity of a synaptic protein. This 
means that the synapfic protein can exist stably in two 
distinct levels in a spine. Conducting computer 
simulations, we further demonstrate that the preceding 
kinase activity in a spine tr iggerr a change of the quantity 
of a synaptic protein from one level to the other. This 
change of the quantity can also be synapse specific due to 
the focal ly equipped machinery fos transfat ional regulation. 
The model, therefore, suggests a mechanism for conversion 
of E-LTP i nto L-LTP i n a synapse spec i f i c manner as a poss i b I e 
basis for the memory consolidation.

NITRIC OXIDE IS REQUIRED FOR MAINTENANCE BUT NOT 
INDUCTION OF GANGLIONIC LTP. Yvonne H. Hogan1, Deanna D. 
Warmly1. Ghazi F. Altememi2, Delanthi Salgadto-CommissariaU* and Karim
A. Alkaahi2. ‘Department of Biology, Texas Southern University. Houston,
TX 77004 and department of Pharmacological and Pharmaceutical 
Sciences, College of Pharmacy, University of Houston, Houston, TX 
77204-5515.

We studied the role of nitric oxide (NO) in the expression of LTP in the 
isolated superior cervical ganglia (SCG) of rat. In ganglia pretreated with 
the NO synthase inhibitor L-NAME (10 pM) or L-NOARG (10-50 pM) 
tetanic stimulation failed to induce LTP. The inhibition of LTP was 
reversed when L-NOARG was washed out 1 hr after tetanus. Superfusion 
of NO synthase inhibitors during the maintenance phase reversibly blocked 
LTP. Ganglia pretreated with oxyhemoglobin (20 pM) failed to express 
LTP. Prolonged washout of oxyhemoglobin did not result in expression 
of LTP in these ganglia. In ganglia with fully expressed LTP, treatment 
with oxyhemoglobin had no significant effect on LTP. These results 
indicate that NO did not originate from an extracellular site and that LTP is 
initiated by an extracellular messenger, other than NO, that is sensitive to 
inactivation by extracellular oxyhemoglobin. The possibility of carbon 
monoxide (CO) being the initiator of LTP was investigated. Pretreatment 
of ganglia with the heme oxygenase inhibitor zinc protoporphyrin-IX 
(ZnPP-IX, 10 pM) completely and irreversibly prevented the expression of 
LTP. When ZnPP-IX (10 pM) was superfused on ganglia with fully 
developed LTP, no significant effect was observed. These results suggest 
that only the maintenance of ganglionic LTP requires the presence of NO 
which originates from within the presynaptic nerve terminal, and that CO, 
originating from outside of the terminal, may be involved in the initiation 
of LTP.
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720.13

SHORT-TERM POTENTIATION (STP) REVEALED BY 
INHIBITION OF NO-SYNTHASE IN THE RAT SUPERIOR 
CERVICAL GANGLION. Deanna D.Warmly1. Yvonne H. Hogan1* 
and Karim A. Alkadhi2. 'Department of Biology, Texas Southern 
University, Houston, TX 77004 and department of Pharmacological 
and Pharmaceutical Sciences, College of Pharmacy, University of 
Houston, Houston, TX 77204-5515.

Long-term potentiation (LTP) is a well-studied, activity-dependent 
increase in synaptic efficacy reported in many central (CNS) and 
peripheral synapses. In the CNS, high frequency stimulation (HFS) 
can also induce short-term potentiation (STP) which is a decremental 
potentiation lasting 15-20 min. Such potentiation has not, hitherto, been 
demonstrated in sympathetic ganglionic synapses. In the superior 
cervical ganglion of rat, although pretreatment with nitric oxide (NO) 
synthase inhibitors prevents the expression of HFS-induced LTP, a 
residual decremental potentiation, similar to the STP of the CA1 
hippocampal area, invariably - appears after the initial post-tetanic 
potentiation (PTP). Extracellularly-recorded postganglionic compound 
action potential was used as an index of synaptic transmission. Ganglia 
pretreated with L-NAME (10 pM) produced STP that was 115±1% of 
control lasting 21±3 min (n=6) after HFS (20Hz/20s). In those 
pretreated with L-NOARG (30-50 pM), STP was 116±1% for 17±3 
min (n=8). When saturated by pretreatment of ganglia with sodium 
nitroprusside (100 pM), LTP was occluded but STP was not affected. 
Thus, unlike LTP, STP is not blocked by inhibition of NO-synthase 
inhibitors and is not saturated in the presence of NO donors. These 
results suggest that, in the superior cervical ganglion of the rat, STP is a 
brief form of synaptic plasticity that may be expressed 
contemporaneously but independently from LTP.

720.14

LONG-TERM DEPRESSION (LTD) IN SYMPATHETIC 
GANGLIA. Reem S, Al-Hiiailan1. L’Tanva A. Patton1. Yvonne H, 
Hogan1 and Karim A, Alkadhi2*. 'Department of Biology, Texas 
Southern University, Houston, TX 77004 and 2Department of 
Pharmacological and Pharmaceutical Sciences, College of Pharmacy, 
University of Houston, Houston, TX 77204-5515.

Long-term depression (LTD) is a use-dependent decrease in 
synaptic efficacy widely recognized as a form of synaptic plasticity in 
the central nervous system. Such response has previously not been 
demonstrated in autonomic ganglia. In the isolated superior cervical 
ganglion (SCG) of the rat (superfused with Locke solution containing 
100 (iM choline), low frequency stimulation (LFS, 5 Hz/15 min) of 
the preganglionic nerve produced a long-lasting (up to 2 hr), modest 
(20-40%) but significant decrease in the amplitude of the 
extracellularly-reconled postganglionic compound action potential. 
Pretreatment of ganglia with the 5-HT3 receptor antagonist tropisetron 
(0.5 pM) completely prevented the expression of LTD. Treatment of 
ganglia with the 5-HT3 receptor antagonist MDL 72222 (0.5 pM) 
during established LTD (1 hr after LFS) antagonized the LFS-induced 
depression. Inhibition of nitric oxide (NO) synthase with L-NOARG 
(20-50 pM) prevented the expression of LTD. Additionally, 
pretreatment with the protein synthesis inhibitor emetine (1 pM) totally 
prevented the expression of LTD. These compounds had no effect on 
the baseline ganglionic transmission. These results indicate the 
presence of LTD in the rat SCG and suggest that expression of 
ganglionic LTD involves activation of 5-HT3 receptor and also 
requires the presence of NO.

LIGAND-GATED CHANNELS: ACHn CAPSAICIN, PROTON, SEROTONIN AND IP3

721.1

TWO DIFFERENT TYPES OF nACHR a-SUBUNITS FROM 
DROSOPHILA CO-ASSEMBLE WITHIN THE SAME RECEPTOR 
COMPLEX, S. Bertrand*, R. Schulz, C. Chamaon, K.-H. Smalla, E.D. 
Gundelfinger and D, Bertrand. Dept. of Physiology, Medical Faculty, 
CH-1211 Geneva 4 and Leibniz Institute for Neurobiology, 
Brenneckestr. 6, D-39118 Magdeburg.

Neuronal nicotinic receptors of invertebrates share important 
sequences and functional homologies with those of vertebrates and are 
known to assemble in heteromers. Subunit stiochiometry of these 
heteromers remains, however, difficult to asses. By immuno
precipitation we have shown that two alpha subunits (ALS and Da2) 
are omponents or the same receptor complex. In the view of these 
observations reconstitution experiments in Xenopus oocytes with co
expression of ALS and Da2 and the chick ¡32 subunit were performed. 
Physiological and pharmacological profile of this triple subunit 
expression were investigated. Agonist and competitive antagonist 
studies indicate that receptors reconstituted with the ALS and Da2 
mixture display functional properties distinct from those observed at 
receptors reconstituted with a single alpha subunit type. Taken together 
these data indicate that native nAChR in Drosophila nervous system 
can include more than one alpha subunit within a single heteromer. 
Work supported by the Swiss National Science Foundation to DB and 
the by the Land Sachsen-Anhalt and the Fonds der Chemischen 
Industrie to EDG.

721.2
EPSCs IN FRONTAL NEOCORTEX SENSITIVE TO NICOTINIC 
CHOLINERGIC ANTAGONISTS. Z.G ChutF.M Zhou and J.J. Hablitz. Depts. 
of Neurobiology and Psychology, Univ. of Alabama at Birmingham, 
Birmingham, AL 35294.

Fast synaptic transmission mediated by excitatory amino acid (EAA) 
receptors can be completely blocked by using NMDA and AMPA receptor 
antagonists in combination. Using whole-cell patch clamp recordings from rat 
frontal layer II/III neocortical pyramidal neurons, we observed an evoked 
excitatory postsynaptic current (EPSC) in the presence of EAA-antagonists (20 
pM D-APV + 10 pM CNQX, or 5 mM kynurenate) and the GABAA-receptor 
antagonist bicuculline (BIC, 10 pM). This EAA-antagonist resistant EPSC was 
observed in about 75 % of neurons tested (n = 34). It had a duration of 
approximately 20 ms and an amplitude of 74.3 ± 10.7 pA at -70 mV (n = 20). 
The EPSC current-voltage relation was linear and reversed around 0 mV. Bath 
application of the competitive nAchR antagonist dihydro-(3-erythroidine (DH{3E, 
100 pM) reduced amplitude of the EPSC by 42 % (n = 20). Mecamylamine (50 
pM) attenuated the EPSC by 33 %. EPSC kinetics were not significantly changed 
by either antagonist. Antagonists of metabotropic glutamate (mGluRs), 
serotonergic (5-HT3) and purinergic (P2) receptors (MCPG 500 pM; 
MDL72222 0.1-4 pM and suramin 50-100 pM, respectively) did not suppress 
this EPSC. These results suggest the existence of functional nAchRs on 
pyramidal neurons in rat neocortex. This EAA-antagonist resistant fast EPSC 
appears in part due to activation of postsynaptic nicotinic receptors. Presynaptic 
nicotinic regulation of release of an unidentified transmitter may also exist. 
(Supported by NS 18145)

721.3
INHIBITION OF ACETYLCHOLINE RECEPTOR CHANNELS BY 
THIOPENTAL. C.J. Tzan, JP. Pilger. P.J. Poppers and K.L. Rossner*. Dept. of 
Anesthesiology, University at Stony Brook, Stony Brook, NY 11794-8480.

Many of the therapeutic effects of barbiturates may be related to the attenuation 
of neuronal excitability mediated by ligand-gated ion channels. Here, we examine the 
effects of thiopental, a barbiturate commonly used during induction of general 
anesthesia, on mouse fetal muscle nicotinic acetylcholine receptors (AChR) from 
BC^lI-l cells. Outside-out patch voltage-clamp recordings during rapid perfusion1 
(<0.3ms) were made. Control current responses to 200 ms applications of 300 /<M 
ACh at -50 mV, were measured. The patch was equilibrated with thiopental (1-120 
pM) and rapidly perfused with a solution containing both thio|xnital and ACh. The 
control current response to ACh application decays with a single exponential time 
course due todesensilization (-50ms). Thiopental did not significantly alter either the 
initial peak current or desensitization, but introduced a concentration-dependent fast 
decay U1- 10ms). We interpret this decay as a time-dependent, reversible inhibition hy 
thiopental. The ratios of test (lpC. the equilibrium effect of thio|>ental estimated by 
extrapolation of the slow decay to t=0) to control (Ip) current': vs (thiopental | were 
fitted to the Hill equation: lpi/Ip=ICS0"'(IC50n+lthiopenlal|n) yielding 
IC50=12.7±0.5fAl, n=1.08±0.04. We conclude that thiopental preferentially inhibits 
the open state of the channel. The inhibition develops on the ms time scale after 
channel activation. In agreement with flux studies2, 11-I. This study demonstrates a 
potent inhibitory cftcci of thiopental on fetal muscle AChR. However, the 
pharmacological significance of this inhibition is uncertain. Thiopental is selective 
for open channels and may not completely equilibrate with the channels during an in 
vivo synaptic end-plate potential (-1 ms).
Supported by NIH grant GM42095 (JD)
*J. Gen. Physiol 109 401, 1997 2Anesthesiology 79:1033, 1993

721.4
DYNAMIC MODELS THAT DESCRIBE TRANS MUTER-RECEPTOR 
INTERACTIONS AT NON-EQUILIBRIUM CONDITIONS. Sanjive Qazi* , 
Aleksei Beltukov and Barry Trimmer, Tufts University, Medford, MA 02155.

The remarkable number and diversity of receptors for single transmitters 
suggests that receptor activation and regulation have important roles in signal 
processing. Signal transduction in the postsynaptic neuron begins with the binding 
of transmitter molecules to receptors resulting in the opening of ion channels or 
activation of enzyme cascades. However, binding equations that describe 
transmitter receptor interactions assume steady state conditions and no ligand 
depletion. These assumptions are unlikely to be true in the functioning nervous 
system where synaptic transmitter levels are changing constantly. To more fully 
understand how transmitter levels affect receptor activation we have developed 
analytical models to describe binding at non-equilibrium conditions. Differential 
equations that govern transmitter-receptor interactions were solved using only the 
assumptions of the law of mass action and the law of conservation of mass. These 
equations describe binding for single and multiple ligand binding to a receptor for 
any initial ligand and receptor concentration at any time. Therefore, binding 
parameters can be obtained for ligands that have a very high affinity for the 
receptors (Kd’s in the picomolar range), or during significant ligand depletion.

Because these equations do not make steady state assumptions they can be 
used to describe transmitter-receptor interactions during physiological responses. 
We are extending these models to include desensitization states to more fully 
describe the response of ligand-gated ion channels (eg. nicotinic acetylcholine 
receptors).
[Supported by NIH grant NS30566 to BAT]
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721.5
GROWTH FACTOR REGULATION OF VANILLOID (CAPSAICIN) RECEPTOR (VR1) 
mRNA EXPRESSION IN ADULT RAT DORSAL ROOT GANGLION NEURONES 
Rachel J A Helliwell*, Melanie Clarke, Peter McIntyre, Janet Winter. Novartis Institute 
for Medical Sciences, 5 Gower Place, London WC1E 6BN, UK

A vanilloid receptor (VR1) has recently been cloned and shown to be a target 
for capsaicin, the excitotoxic component of capsicum peppers (Caterina et al,1997. 
Nature 389: 816-824.). The effects of capsaicin appear to be selective for a subset 
of sensory neurones which includes polymodal nociceptors. We have previously 
shown that capsaicin sensitivity is regulated by NGF in DRG neurones (Winter, 
1998. Neurosci. Lett. 241: 21-24), but by BDNF in neurones from the nodose 
ganglion.The present study describes the distribution of VR1 mRNA and the effect 
of NGF on the level of expression of the transcript in cultured DRG neurones.

Adult DRG neurones were cultured in the presence or absence of NGF for 7 
days. Changes in the expression of VR1 mRNA were detected using non- 
radioactive in situ hybridization and quantified using image analysis. A 968 bp 
PCR fragment corresponding to nucleotides 1513-2482 from the rat VR1 sequence 
(Caterina et al,1997, Accession No. AF029310), was cloned in pGEM-T 
(Promega). Digoxigenin-labelled riboprobes (antisense or sense) were prepared 
and partially hydrolyzed before use. In addition, relative RT-PCR reactions were 
performed on total RNA purified from DRG neurones cultured under identical 
conditions. Levels of VR1 transcript were measured relative to levels of 
cyclophillin RNA which remains relatively constant under these conditions.

In situ hybridization revealed the expression of VR1 mRNA in small to medium 
sized neurones of the dorsal root ganglia. Intensity of labelling was very variable, 
with a few small diameter neurones showing a particularly high intensity signal 
Quantification of the results from both the in situ hybridization and the relative 
RT-PCR experiments revealed that the level of VR1 transcript was significantly 
higher in neurones cultured in the presence than in the absence of NGF.

These results demonstrate that NGF regulates the expression of VR1 mRNA 
in cultured DRG neurones. The effect of other growth factors is currently under 
investigation.

721.6
EFFECTS OF PROTONS ON THE AFFINITY AND COOPERATIVITY OF 
CAPSAICIN INTERACTION WITH THE VANILLOID RECEPTOR IN RAT 
DRG NEURONS.

L.M. McLatchie* and S.J. Bevan. Novartis Institute for Medical Sciences, 5 
Gower Place, London, WC1E 6BN.

In isolated sensory neurons the response mediated by the pungent agent from 
hot chilli peppers, capsaicin, has been shown to be potentiated by a reduction in 
pH such as may occur during tissue inflammation. Although suggestions have 
been made to the nature of this potentiation the underlying mechanism has not 
been fully investigated.

Isolated rat dorsal root ganglion (DRG) neurons were studied under whole- 
cell voltage clamp at + 60 mV and the current elicited by increasing 
concentration of capsaicin measured at pH 8.2, 7.4 and 6.0 respectively.

Reducing the pH caused a leftwards shift in the dose-response curve for 
capsaicin corresponding to a decrease in the half maximal effective concentration 
of capsaicin from 500 ± 150 nM (mean ± sem, n=7) at pH 8.2 to 260 ± 70 nM 
(n=9) at pH 7.4 to 4 ± 4 nM (n=10) at pH 6.0, with no significant change in the 
maximal current. Coincident with this was a reduction in the slope from 2.3 ± 0.5 
at pH 8.2 to 1.9 ± 0.3 at pH 7.4 to 1.1 ±0.1 at pH 6.0, suggesting a reduction in 
the degree of cooperativity of the capsaicin interaction, on increasing proton 
concentration.

These results suggest that the potentiation of the capsaicin response in rat 
DRG neurons by protons is due to an increased affinity of the receptor for 
capsaicin.

721.7

THE ACTIVITY OF A CAPSAICIN-ACTIVATED CHANNEL IS 
REDUCED BY DEPHOSPHORYLATION. U Oh*, JS Shin, SW 
Hwang, HW Cho, JY Jung, JY Kwak, MR Kim, SY Lee, and CJ Kang. 
Sensory Research Group, Creative Research Initiatives, Seoul National 
University, College of Pharmacy, Kwanak, Seoul 151-742, Korea

Capsaicin (CAP) excites small sensory neurons, causing painful sensation. 
Multiple or prolonged application of CAP causes either desensitization or 
tachyphylaxis. The desensitization is believed to result from dephosphorylation 
of CAP receptors. Therefore, we sought to study the effect of phosphorylation 
or dephosphorylation on the activity of CAP-activated channel. Single channel 
currents were recorded from primary neuronal cultures from dorsal root 
ganglions in neonatal rats. In the presence of external 2 mM Ca2+, application of 
1 pM CAP to the bath readily activated single channel currents in cell-attached 
patches. But, the channel currents inactivated in 2-3 min. The inactivation was 
absent when external Ca2+ was omitted. Application of 10 mM caffeine also 
inactivated the channel in cell-attached patches containing Ca2+-free external 
solution. When channel was once inactivated in cell-attached patches, the 
channel continued to be inactivated even after the membrane was excised in 
bath solution containing 1 pM CAP. But, the inactivation of channel was 
reversed with the addition of 2 mM ATP to the bath in inside-out patches, 
suggesting that phosphorylation is required for the activation of the channel. 
Single channel currents activated by CAP were reduced when Ca2+ was added 
to the bath together with the brain cytosol. The reduction in Po by Ca2+ and the 
cytosol was reversed by vanadate. The reduction in Po was also observed 
when protein phosphatase IIB was co-applied directly to the bath with Ca2+ and 
calmodulin. These results clearly suggest that phosphorylation modulates the 
activity of the CAP-activated channel and possibly subserves mechanisms 
underlying sensitization/desensitization processes of the channel. Supported 
by Creative Research Initiatives of Korea MOST.

721.8
THE CLONED CAPSAICIN RECEPTOR IS A POLYMODAL 
SIGNAL DETECTOR. M. Tominaga, T.A. Rosen, M.J. Caterina 
and D. Julius*. Dept. of Cellular and Molecular Pharmacology, 
Univ. of California, San Francisco, CA 94143-0450.

Capsaicin, the main pungent ingredient in 'hot' chili peppers, 
elicits burning pain by activating specific (vanilloid) receptors on 
primary sensory nerve endings. The cloned vanilloid receptor 
(VR1) is a non-selective cation channel that is also activated by 
noxious heat. We have obtained further evidence, including the 
analysis of heat-activated single-channel currents in excised 
membrane patches, that VR1 is gated directly by thermal stimuli. 
We have also found that protons potentiate the effects of heat on 
VR1 activity by decreasing the temperature threshold for channel 
activation. Indeed, significant increases in proton concentration 
(pH < 5.9) can evoke channel activity at room temperature. Thus 
a decrease in tissue pH resulting from inflammation or ischemia 
may augment pain responses, in part, by activating vanilloid 
receptors at physiological temperatures or potentiating receptor 
responses at higher temperatures. The vanilloid receptor is 
therefore a polymodal signal detector that reports the status of 
multiple physiological variables at the peripheral nerve terminal. 
The ability to integrate such information at the cellular level 
suggests a role for vanilloid receptors in pain transduction and 
sensitization. Supported by NIGMS and NIDR.

721.9
PROTON-INDUCED CURRENT IN CARDIAC SENSORY NEURONS: A 
POSSIBLE MEDIATOR OF MYOCARDIAL ISCHEMIA. S.P. Eckert, C.J. 
Benson, O. Ronnekleiv* and E.W. McCleskev. The Vollum Institute, 
Oregon Health Sciences University, Portland, OR 97201.

Sensory neurons in the dorsal root ganglion (DRG) which innervate the 
heart may act as sensors of myocardial ischemia. In various whole animal 
models, occlusion of a coronary artery stimulates cardiac sensory neurons. 
While the chemical mediator of this response has not been identified, 
ischemia is accompanied by a rapid decrease in local pH. Recent study of 
proton gated ion channels has led to a greater understanding of the role of 
pH in primary sensory transduction. Sensory neurons that innervate the 
heart are located in the upper thoracic DRG and the nodose ganglia. We 
have developed a method to fluorescently label Sprague Dawley rat 
cardiac sensory neurons in vivo so that they may be identified and studied 
in dissociated primary culture. Using whole cell patch clamp technique, we 
have found that cardiac sensory neurons from the DRG show a consistent 
and robust response to acid application as compared to other potential 
chemical mediators of ischemia. Cardiac sensory neurons from the nodose 
ganglia also respond to acid applications, but currents are smaller (mean= 
1 .'15 nA) than those seen in neurons from the DRG (mean= 8.29 nA). Acid 
solutions of pH<7.0 evoke a large, rapidly activating and desensitizing 
inward current with an EC5o= pH 6.6. Solutions of pH< 6.0 evoke a 
smaller, sustained current. The transient cationic current is selective for 
sodium, recovers from desensitization within 2.5 seconds, and is inhibited 
by amiloride. The persistent current is a nonselective cation current and is 
not inhibited by amiloride. The acid-evoked current in cardiac sensory 
neurons may underlie the physiologic response to myocardial ischemia. 
(RO1 DA07415)

721.10
FUNCTIONAL PROPERTIES AND DISTRIBUTION OF A HUMAN 
PROTON-GATED CHANNEL WITH BIPHASIC KINETICS.
K, Babinski1, K.-T. Le1. L, Wolfe2* and P, Seguela1. 1Cell Biology 
of Excitable Tissue Group, 2Montreal Neurological Institute, Dept. 
Neurology & Neurosurgery, McGill University, Montreal (Quebec) 
Canada H3A 2B4.

Most nociceptive neurons respond to small changes of 
extracellular pH by inward cation currents. It has been recently 
proposed that the sensitivity of sensory as well as central neurons to 
acid is mediated by a family of proton-gated channels structurally 
related to C.elegans degenerins and to mammalian epithelial sodium 
channels. We describe here the molecular cloning of a novel member 
of the human proton sensor family, hASIC3, homologous to rat 
DRASIC. Functional expression of homomeric hASIC3 channels in 
Xenopus oocytes generated biphasic proton-induced cation currents 
elicited at pH<5. Contrary to DRASIC currents, the fast desensitizing 
early component (pH5o= 3.86) and the slow persistent late component 
(pH5o= 3.73) differed by their ionic selectivity and by their response to 
the antagonist amiloride. Furthermore, hASIC3 expression was not 
found to be restricted to dorsal root ganglia as opposed to DRASIC. We 
detected its mRNA in most brain regions and in many peripheral 
tissues using RT-PCR and mRNA blot analysis. These data strongly 
suggest that ASIC3 plays a major role in native persistent proton- 
induced currents, although tissue-specific heteropolymerizations with 
BNaCl,2 or with novel subunits remain to be explored.
Supported by MRC-Canada, Quebec Heart and Stroke Foundation, Savoy 
Foundation for Epilepsy and Astra Research Center in Montreal.
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721.11
CO-LOCALIZATION OF 5-HT3 SEROTONIN AND ALPHA4 NICOTINIC 
RECEPTOR SUBUNITS ON MAMMALIAN BRAIN NERVE TERMINALS. S.V. 
Nayak1, P. Rondé1, A.D. Spier2, S.C.R. Lummis23 and R.A. Nichols'*. 'Dept. of 
Pharmacology and Neurobiology & Anatomy, Allegheny Univ. of the Health Sciences; 
Philadelphia, PA 19128.; 2Div. Of Neurobioiogy, MRC Laboratory of Molecular 
Biology; 3Dept. of Biochemistry, Cambridge Univ., UK.

We have previously demonstrated that 5-HT, serotonin receptors on isolated nerve 
terminals (synaptosomes) purified from various regions of the rat brain show unique 
characteristics: slow onset of action, no desensitization and an apparent high Ca2, 
permeability. In contrast, homomeric 5-HT3 receptors expressed in various cell lines and 
oocytes, and postsynaptic 5-HT3 receptors in the rat brain, generally show a fast onset 
of action, rapid desensitization and high selectivity for Na7K+. Presently, only one 
subunit, 5-HT3-A, has been described for the 5-HT3 receptor. Based on the characteristics 
of presynaptic 5-HT3 receptors, we hypothesize that they are heteromeric in nature, 
incorporating an additional subunit in their structure. Recent in vitro evidence suggested 
the possibility that the ce4 nicotinic acetylcholine receptor subunit co-assembles with the 
5-HT3-A subunit to form a serotonin-gated receptor with enhanced Ca2+ permeability. 
Here, we describe an initial investigation into whether such a co-assembly is the basis 
for the unique nature of presynaptic 5-HT3 receptors. Immunoblot analysis of 
synaptosomal extracts from the striatum and cerebellum, using a rat monoclonal 
antibody for the a4 subunit and a rabbit polyclonal antibody for the 5-HT3-A subunit, 
detected bands of appropriate molecular weight, indicating that both receptor subunits 
are present presynaptically in the two regions. Double-immunofluorescent staining 
indicated the presence of both subunits on a subset of individual synaptosomes as 
assessed by confocal microscopy. Whereas our results demonstrate co-localization of the 
a4 nicotinic subunit and the 5-HT3 receptor on nerve terminals, whether or not they 
associate presynaptically with one another is under study. (Supported by the NIH)

721.12
ALIPHATIC A-ALCOHOLS EXHIBIT A SIMILAR CUTOFF EFFECT FOR THE 
POTENTIATION AND INHIBITION OF 5-HT, RECEPTOR-MEDIATED 
CURRENT ASSOCIATED WITH LOW AND HIGH AGONIST 
CONCENTRATIONS. L. Zhang*, M. Hosoi, M. Khanna and F.F.Weight. 
Laboratory of Mol. Cellular Neurobioiogy, NIAAA, NIH, Bethesda. MD 20892-8115

Short-chain alcohols have been found to potentiate 5-HT, receptor-mediated current 
at low agonist concentrations, whereas long-chain alcohols have been found to inhibit 
5-HT, receptor-mediated current at higher agonist concentrations. However, whether 
higher alcohols can potentiate 5-HT, receptor-mediated current at low concentrations of 
agonist has not been reported. In this study, we used two-electrode voltage-clamp to 
investigate the effects of several longer chain alcohols on currents activated by low and 
higher agonist concentrations in Xenopus oocytes expressing recombinant 5-HT, 
receptors. We found that alcohols from ethanol to hexanol, but not octanol and 
nonanol, potentiated 5-HT, receptor-mediated current al a concentration of 0.25 pM 5- 
HT. However, currents activated by 0.15 pM 5-HT were enhanced by higher alcohols 
up to dodecanol. In the same cells, these alcohols inhibited currents activated by 3 
pM 5-HT. We then studied whether higher alcohol-induced potentiation and 
inhibition exhibit a cutoff effect, and found that the potency of alcohols for enhancing 
and reducing 5-HT, receptor-activated currents at low and higher agonist concentrations 
increased up to 11-12 carbons, but maximally attainable concentrations of alcohols 
with more than 12 carbon did not affect 5-HT, receptor-mediated current at cither high 
or low concentrations of 5-HT. These observations indicate that higher alcohols can 
potentiate 5-HT, receptor-mediated current at low agonist concentrations. In addition, 
the potentiation and inhibition by alcohols of 5-HT, receptor-mediated current exhibit 
a similar cutoff effect above 12 carbon atoms, suggesting that these actions may be 
mediated through the same hydrophobic pocket.

This work was supported by the intramural program of NIAAA, NIH.

721.13
SINGLE AMINO ACID MUTATION ALTERS AGONIST AFFINITY AND 
ETHANOL SENSITIVITY OF THE 5-HT, RECEPTOR. M. Hosoi*, M. Okada, M. 
Kiianna, F.F. Weight and L. Zhang. Laboratories of Molecular & Cellular 
Neurobiolology and Neurogenetics, NIAAA, NIH, Bethesda, MD 20892-8115

Ethanol has been found to potentiate 5-HT, receptor-mediated currents in various 
neurons and in Xenopus oocytes expressing recombinant receptors (Mol. Pharmacol.. 
40:263-270, 1991; 50:1010-1016, 1996)7 However, molecular sites on the 5-HT3 

receptor protein that modulate the sensitivity of the 5-HT3 receptor to ethanol have not 
been reported. In this study, we used site-directed mutagenesis to substitute single 
amino acids on the N-terminal domain of the 5-HT3 receptor protein and examined the 
ethanol sensitivity of these mutant receptors. Two mutant receptors were generated by 
substitution of a single arginine at either 243 or 245 with alanine. The cRNAs of 
these mutant, as well as wild type, 5-HT3 receptors were injected into Xenopus 
oocytes and agonist-activated currents were recorded with two-electrode voltage-clamp. 
The maximal current amplitudes activated by 5-HT and mCPBG, a 5-HT3 receptor 
agonist, were not significantly different among mutant and wild type receptors. 
However, the EC50 values of the 5-HT and mCPBG concentration-response curves for 
R245A were approximately 10 fold less than that of the wild type receptor. On the 
other hand, the EC50 value of the 5-HT concentration-response curve for R243A 
increased about two fold from that of wild type receptor. Responses of R245A, 
R243A and wild type receptors were activated by 0.003, 0.25 and 0.1 pM 5-HT. In 
all three receptors, pharmacologically relevant concentrations of ethanol (20-200 mM) 
potentiated the 5-HT3 receptor-mediated currents in a concentration dependent manner 
with the maximal response at low agonist concentrations. However, R245A receptors 
were more sensitive and R243A receptors were less sensitive to the effect of ethanol 
than that of wild type receptors. These observations suggest that the mutation of an 
arginine to alanine at amino acids 243 and 245 of the 5-HT3 receptor can modulate the 
ethanol sensitivity of the receptor in an allosteric manner by altering the agonist 
affinity of the receptor. Supported by the intramural program of NIAAA, NIH.

721.14
THIOPENTAL EFFECTS ON HUMAN 5-HT3 RECEPTOR CHANNELS 
AND HUMAN Kvl.l POTASSIUM CHANNELS STABLY 
TRANSFECTED IN HEK 293 CELLS. M. Barann, P. Friederich, W. 
Meder, H. Bonisch, M. Briiss, M. Gothert* , B.W. Urban. Departments of 
Anesthesiology and Pharmacology, University of Bonn. D-53105 Bonn, 
Germany.

A fast perfusion system (Biophys. J. 57: 723-731, 1990) with an exchange 
rate <1 ms was used to study thiopental effects on Na+ currents through 
human 5-HT3 receptor channels and K+ currents through human Kv 1.1 
potassium channels in outside-out patches. Both channel types were stably 
transfected in HEK 293 cells. 5-HT induced fast inward currents in a 
concentration-dependent manner (ED5o= 5 qM; applied potential^ -100 
mV). The 5-HT3 receptor antagonist ondansetron (0.3 nM) reversibly 
inhibited the 5-HT (30 qM) signal by 50%. Kvl.l potassium channels were 
activated by stepping front a holding potential of - 80 nt V to + 40 mV for 100 
ms. Tetraethyiammonium inhibited the K+ currents reversibly (IC50 = 300 
qM). Thiopental inhibited 5-HT-induced (30 qM) peak currents in a 
concentration-dependent manner (IC5Q= 39 qM. Hill -1.2). The full 
inhibitory effect was reached when the drug was applied for 45 s before plus 
during 5-HT application. Thiopental accelerated the desensitization time 
constant toff of 5-HT3 receptor channels in a concentration dependent 
manner (t0FF = 160 ms in controls, 100 ms at 10 qM, 50 ms at 30 qM and 20 
ms at 300 qM thiopental). In contrast, an inhibitory effect of thiopental on 
Kvl .1 K+ channels was observed at higher drug concentrations (IC50 - 300 
qM, Hill = -1) and appeared not to alter the kinetics of Kvl.l potassium 
channels. The results are part of a systematic approach to compare anesthetic 
effects on different ion channels in similar membrane systems.
Supported by the Department of Anesthesiology, University of Bonn and a 
grant from the DFG.

721.15

5-HT3-MEDIATED INWARD CURRENTS EVOKED BY 5-HT 
IN DISSOCIATED CULTURES OF MYENTERIC NEURONS 
FROM THE NEWBORN GUINEA PIG INTESTINE:
EFFECTS OF ALOSETRON. J. Zhai*, M. D. Gershon and A. 
Kirchgessner, Dept. of Anat. & Cell Biol. Columbia University, 630 W 
168 Street, New York, N.Y. 10032

Serotonergic neurons are among the first neurons to develop in the 
bowel and all are born prenatally. In contrast, peptidergic neurons are 
born later and many continue to be born postnatally. Neurons were 
isolated from the newborn guinea pig gut in order to characterize responses 
of immature enteric neurons to 5-HT. Neurons were cultured for 5 to 10 
days and responses were analyzed by using the whole cell patch clamp 
recording technique. 5-HT (3-20 qM) was found to evoke a fast inward 
current that decayed to a steady state within 15 sec. Almost all cells 
responded to 5-HT. Both the peak and the steady state currents activated 
by 5-HT were reversibly abolished by the specific and potent 5-HT3 
antagonist, alosetron (1.0 qM). The distribution of 5-HT3 receptors was 
studied immunocytochemically using antibodies contributed by Dr. John 
Walsh (CURE, UCLA). Almost all cultured neurons were 5-HT3- 
immunoreactive. Many of the neurons in the cultures were also 5-HT- 
immunoreactive following incubation with 5, 7-dihydroxytryptamine. 
These data suggest that 5-HT3 receptors are extremely widespread in the 
developing ENS and that enteric serotonergic neurons constitute a very 
large proportion of the newborn neurons that survive in vitro. (Supported 
by NIH grants NS27645, 12969 and Glaxo Wellcome Inc.)

721.16
CHARACTERISATION OF THE SUBUNIT COMPOSITION OF THE 
PORCINE NATIVE 5-HYDROXYTRYPTAMINE3 RECEPTOR
S. Fletcherl *, J.M. Lindstrom2, R.M, McKernan3, F.C.H. Franklin4 & N.M. Barnes 1 
IDept. of Pharmacology, University of Birmingham, B15 2TT U.K. 2University of 
Pennsylvania Medical Center, PA 19104-6074 U.S.A. 3Merck Sharp and Dohme 
Research Laboratories, Essex, CM20 2QR U.K. 4Dept. of Biology, University of 
Birmingham, B15 2TT U.K.

We have previously demonstrated that the 5-HT3 receptor complex purified from 
homogenates of porcine cerebral cortex contains both 5-HT3-A and non-5-HT3-A 
proteins (Fletcher & Barnes 1997, Br. J. Pharmacol. 122, 655-662). It is therefore of 
interest that a recent study demonstrated that 5-HT3-A subunits co-assemble with the 
04 subunit of the nicotinic acetylcholine receptor (nACh receptor) to form a 
functional ion channel with enhanced Ca2+ permeability relative to homomeric 5- 
HT3-A receptors (van Hooft et al., 1997, Soc. Neurosci. Abstr. 23, 150.9). We have 
confirmed the presence of the 5-HT3-A subunit in porcine brain tissue using reverse 
transcriptase PCR (RT-PCR), and present evidence that porcine native 5-HT3 
receptors do not contain the ai, 03, 04, CC5, «7 or 02 subunits of the nACh receptor.

Total RNA was isolated from pig nodose ganglion tissue, and RT-PCR was 
performed using oligonucleotide primers derived from the 5-HT3-A cDNA sequence 
(Maricq et al., 1991, Science 254, 432-437). The PCR reaction resulted in the 
synthesis of a product of -1450-1500 bp, and preliminary nucleotide sequencing 
confirms its similarity to previously published 5-HT3-A cDNA sequences.

Using monoclonal antibodies directed against subunits of the nACh receptor, and 
an antiserum specific for the cloned subunit of the 5-HT3 receptor in immunoblot 
and immunoprecipitation studies, we demonstrate that less than 2% of native 5-HT3 
receptors contain ai, 03, «4, as, «7 or 02 nicotinic receptor subunits.

Amino acid sequence analysis of the purified 5-HT3 receptor protein yielded a 
novel sequence, which did not correspond with those found in several databases.

In conclusion, the identity of the non-5-HT3-A protein associated with the 
porcine native 5-HT3 receptor complex remains to be determined.

This work was funded by the Wellcome Trust.
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721.17
SEROTONIN EXCITES A TYPE OF CEREBELLAR INTERNEURON WHICH 
RELEASES GABA AND GLYCINE. S. Dieudonné and J. Kehoe*. Lab. de 
Neurobiologie, CNRS URA 1857, ENS, 46 rue d'Ulm, 75005 Paris, FRANCE.

The glutamatergic input from precerebellar nuclei into the cerebellar cortex is 
accompanied by a serotoninergic input that has the same topographical 
organization. Serotonin is released into the extracellular space from varicosities of 
the serotoninergic fibers forming non synaptic specializations. Local application of 
serotonin is known to affect the output of the cerebellar cortex in-vivo. Part of this 
action is due to a direct modulation of the Purkinje cell properties, but this 
modulation does not account for all of the observed effects. We have evaluated the 
action of serotonin on the network of cerebellar intemeurons. Recordings were made 
from Purkinje cells and identified intemeurons of thin (200-250 pm) slices of the rat 
cerebellar cortex in the whole-cell and cell-attached modes of the patch-clamp 
technique. Bath application of 1 pM serotonin did not affect the spontaneous 
activity of either the basket or stellate cells (assessed from the inhibitory activity 
recorded in Purkinje and basket cells) but dramatically increased the inhibitory 
activity recorded in Golgi cells. The serotonin-induced activity is composed of large 
ipscs occurring rhythmically (at around 10 Hz) and of small, randomly occurring 
ipscs which might correspond to "late-released" miniatures. Strychnine (300 nM-1 
pM) and gabazine (20 pM) both reduce the amplitude of the serotonin-induced 
ipscs; co-application of the two antagonists is necessary to obtain a full block. The 
effect of serotonin is reversibly blocked by TTX (0.2 pM) but not by CNQX and 
APV at concentrations known to block fully ionotropic glutamatergic transmission. 
We conclude that serotonin has an excitatory action on a type of cerebellar 
intemeuron that is presynaptic to Golgi cells and releases both glycine and GABA. 
Immunohistochemical data, discussed in Dieudonné (Proc. Natl. Acad. Sci. USA, 
1995; 92: 1441-5), suggest that this intemeuron might be the Lugaro cell.
This work was supported by CNRS, Ecole Normale Supérieure and Institut Lilly.

721.18
FACTORS DETERMINING IP3-MEDIATED Ca2+ WAVE INITIATION 
IN XENOPUS OOCYTES J.S. Marchant, N. Callamaras, J.S. Kahle*, I. 
Parker Department of Psychobiology, University of California Irvine, CA 
92697, USA

We have used a high-resolution confocal imaging system to investigate the 
kinetics of intracellular Ca2+ release in Xenopus oocytes evoked by 
photorelease of the second messenger inositol (1,4,5) trisphosphate (IP3). 
Uniform photorelease of low [IP3] across a region of the cell triggered 
localized Ca2+ release events (Ca2+ puffs) followed, after latencies of 
several seconds, by propagating Ca2+ waves mediated by Ca2+-induced 
Ca2+ release (Callamaras et al., J.Physiol. 509:81-91, 1998). Here, we 
describe use of a localized photoperforation technique to release intracellular 
Ca2+ in order to determine the excitability of IP3 receptors throughout this 
latent period. Brief pulses (5 ns) from a Nd-YAG laser were focused to 
release Ca2+ at a point source centered within a wider (200 pm diameter) 
area exposed to photolysis light. Photoperforation triggered a propagating 
Ca2+ wave at intervals as short as 100 ms after a weak photolysis flash. 
Furthermore, variation of the interval (0.1-5 s) between photorelease of IP3 
and release of Ca2+ by photoperforation had little effect on the ability to 
initiate a wave, or on Ca2+ wave velocity, suggesting maintained excitability 
of IP3 receptors over this period. Therefore, the delay before initiation of 
Ca2+ waves does not result from a slow increase in the excitability of IP3 
receptors, but rather depends upon the attainment of a sufficient Ca2+ 
triggering event.
Supported by NIH Grant GM40871.

721.19
NATURALLY OCCURRING SPLICE VARIANTS OF THE TYPE 1 IP3 
RECEPTOR IN ADULT RAT CEREBELLUM AND SINGLE PURKINJE 
NEURONS. M, R. Regan* and W, S, Agnew. Dept. of Physiology, Johns Hopkins 
School of Medicine, Baltimore, MD 21205.

Receptors for inositol 1,4,5-trisphosphate (IP3) are 1.2 MDa tetramers of -315 kDa 
subunits that form highly regulated intracellular Ca2+ release channels. The type 1 
gene represents >5% of the cerebellar Purkinje neuron membrane protein and is 
subject to alternative mRNA splicing at three sites -4.5 kb apart within the 8.3 kb 
ORF : site I (± 1 insert, 45 nucleotides (nt)), site II (± 3 inserts, A=69 nt, B=3 nt, 
C=48 nt), and site III (± 1 insert, 27 nt). Mix and match exon combinations 
mathematically could rise to n=25, and random hetero-oligomers of n subunits could 
form up to D=[(n(n-lXn-2)(n-3))/4 + 2n(n-l)2 + n] different tetramers, each with 
distinct functional properties.
We have identified the naturally occurring splice variants in adult rat whole 
cerebellum and cortex by creating and screening simplified libraries of >500 full 
length IP3R1 clones. A multiplex PCR screening technique allows simultaneous 
screening at each splice site in each clone. We observe that exon frequencies vary 
with tissue (e.g., cerebellum, cerebral cortex, heart). In adult cerebellum, we have 
found that the splice exons associate randomly; e.g., the probability of SI+ and SIIP 
occurring on the same transcript is equal to the product of the probabilities of each 
occurring separately. Control amplifications of mixed templates argue that these 
findings are unlikely to result from PCR-induced template switching.
Transcript diversity is currendy being explored in isolated single Purkinje neurons; 
the 4.5 kb regions encompassing the three splice sites are cloned followed by 
multiplex analysis. Experiments are also underway to clone full length IPjRl’s (as 
well as to amplify/clone other Purkinje neuron markers) from single neurons. This 
research was supported by HL52307 to WS A.

721.20
FUNCTIONAL INDEPENDENCE OF IP3 RECEPTOR PROTEIN DOMAINS 
INFERRED FROM EXON SORTING IN HUMAN CARDIAC VENTRICULAR 
CELLS. M.C. Emerick* and W.S. Agnew. Dept. of Physiology, Johns Hopkins 
School of Medicine, Baltimore, MD. 21205

A large number of individual, naturally occurring Full-length cDNA clones of human 
cardiac type-1 inositol trisphosphate receptor (IP3R) were scored for the co-occurance 
of alternatively spliced exons I, II and III. By scoring individual molecules we are able 
to look in detail at the actual structural combinations which occur in the cardiac cells, 
to isolate and characterize salient ones, and to identify particularly rare or absent 
species.
mRNA prepared from left ventricular myocardium of both normal hearts and hearts 

from patients with end-stage heart failure was used as template for RT-PCR (28 
cycles) under conditions producing less than 1% template switching. Each clone was 
screened by a single short multiplex PCR reaction containing three pairs of primers, 
with each pair flanking one splice site.
No significant difference in splicing was observed between normal and failing hearts. 

The most frequent subtype is SI+, SII-, Sill- (44% and 49% of total in normal and 
failing, respectively). The percentage of molecules containing each exon was 61.1,
6.5 and 23.2 for alternative exon I, II and III respectively in normal heart (n=82 clones 
analyzed), and 62.2, 7.3 and 15.9 in failing (n=108). These frequencies agree with the 
results of others obtained by Northern blots of cardiac mRNA. Several species are 
very rare, but all possible combinations have been observed. SII was not further 
analyzed for regions A, B and C. Exon pairing preferences were not observed: They 
sort among the individual molecules as though selected at random from the observed 
distribution of frequencies. This result indicates that the alternative exons mediate 
independent functions. Supported by HL52307 to WSA.
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SEIZURES IN TRANSGENIC MICE ASSOCIATED WITH EXPRESSION 
OF A MUTATED SODIUM CHANNEL WITH ALTERED 
INACTIVATION KINETICS. J.A Kearney1*, N, Plummer', M.R. Smith2, 
J. Kapur3, A.L. Goldin2, M.H. Meisler1. Departments of ‘Human Genetics 
and ^Neurology, Univ. Michigan, Ann Arbor, Michigan; 2Department of 
Microbiology and Molecular Genetics, Univ. California, Irvine, California.

Mutations affecting inactivation kinetics of the muscle sodium channel 
SCN4A are responsible for dominantly inherited hyperkalemic periodic 
paralysis and paramyotonia congenita. To evaluate the in vivo effects of 
this type of mutation in a neuronal sodium channel, we generated 
transgenic mice expressing the rat brain type 2 sodium channel (SCN2A). 
The wildtype cDNA construct containing a FLAG epitope at the N- 
terminus was ligated to a 4 kb promoter from neuron specific enolase 
(NSE). In the mutant channel, 3 Gin residues replaced Gly Ala Leu (879- 
881) in the S4/S5 loop of domain 2. When expressed in Xenopus oocytes, 
23% of the current through the mutant channels inactivated with a slow 
time constant, compared to 10% of the current through the wildtype 
channels. In addition, the mutant channels demonstrated an increased 
percentage of persis'ant current and slower recovery from inactivation. 
Several independent transgenic lines were generated by microinjection of 
fertilized mouse eggs. No neurological abnormalities were observed in 4 
transgenic lines expressing the full length wildtype transcript in brain.
Mice from 3 independent founders expressing the mutant channel 
exhibited a seizure phenotype beginning at 4 to 6 weeks of age. EEG 
analysis detected focal seizures of increasing frequency leading to status 
epilepticus and death. We conclude that slow or incomplete inactivation of 
neuronal sodium channels in the CNS leads to the development of 
synchronized discharges. Similar mutations of human sodium channels 
could be responsible for inherited seizure disorders.
Supported by NIH grants NS26729 and NS34509.

MUTANT CHANNELS CONTRIBUTE LESS THAN 50% TO NA+ 
CURRENT IN PARAMYOTONIA CONGENITA MUSCLE. N. Mitrovic1’2, 
A. L. George3, M. Schiebe1*, F. Lehmann-Hom1, H. Lerche1,2. Departments of 
Applied Physiology and 2Neurology, University of Ulm, D-89069 Ulm, 
Germany, departments of Medicine and Pharmacology, Vanderbilt University, 
Nashville, USA

The point mutation Arg-1448-Pro, in the a-subunit of the human adult muscle 
Na+ channel, causes an autosomal dominant muscle disease, paramyotonia 
congenita (PC). The hallmarks of PC are paradoxical myotonia, i.e. muscle 
stiffness increasing with continued exercise, and weakness triggered by exposure 
to cold. The Arg-1448-Pro mutation was expressed heterologously in human 
embryonic kidney (HEK-293) cells. Patch-clamp recordings revealed a 5-fold 
slowing of the Na+ current decay, a left-shift and a decreased slope of the steady- 
state inactivation curve. The single-channel recordings showed an increased 
frequency of channel re-openings. The same defects, though less pronounced as 
expected for a disorder with dominant inheritance, were recently reported for a 
muscle specimen from a PC patient carrying this mutation (Lerche et al., 1996). 
Quantitative comparison of the results obtained under these two conditions 
suggests that no more than 35-40 % of the channels in the PC muscle specimen 
were of the mutant type. The pathophysiology of PC can be explained as follows: 
the slowed current decay provides a plausible explanation for paradoxical 
myotonia since continual exercise results in accumulating intracellular sodium 
and muscle depolarization. Cold induced weakness can be explained by a 
combination of the left shift of the steady-state inactivation curve and an 
increased steady-state Na+ current. (Supported by the DFG, Le 481/3-3, and 
MDA).
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722.3
MUTATIONS AFFECTING INTERACTIONS OF THE GERMAN 
COCKROACH PARA CHANNEL WITH PYRETHROIDS AND 
SODIUM CHANNEL SITE 2 NEUROTOXINS. I. Sinakevitch-Peanl, Z. 
Liu3, D.H. Allen2, A.L. Goldin2, L.M. Halil* and K. Dong3. IDept. of 
Biochem. Pharm., SUNY Buffalo, NY 14260; 2Dept. of Micro. & Molec. 
Genet., Univ. California, Irvine, CA 92697; 3Dept. of Entomology, Michigan 
State Univ., MI 48824.

Pyrethroid insecticides function by affecting the properties of voltage- 
dependent sodium channels. However, pyrethroid-resistant insects occur 
frequently in natural populations due to intensive use of pyrethroids in pest 
control. Two of the resistance mechanisms are called kdr (knockdown 
resistance) and super kdr. Recent studies indicated that resistance results from 
point mutations in the insect para sodium channel gene, with the kdr mutation 
in domain II S6 and super kdr resulting from a mutation in II S4-S5 in 
addition to the kdr mutation, kdr insects are cross-resistant to sodium channel 
site 2 neurotoxins, such as aconitine, suggesting that these mutations affect 
para interactions with both groups of toxins. The goal of this study is to reveal 
the effects of kdr and super kdr mutations on the intrinsic properties of the 
para channel and the molecular action of pyrethroids and site 2 neurotoxins on 
the para channel. We have cloned the para gene from a pyrethroid-sensitive 
German cockroach strain, and we have introduced the kdr and super kdr 
mutations into the pyrethroid-sensitive cockroach para cDNA. Co-injection of 
cockroach para and Drosophila tipE cRNAs in Xenopus oocytes resulted in 
rapidly inactivating sodium currents that were inhibited by 10 nM 
tetrodotoxin. Neither the kdr nor the super kdr mutations significantly altered 
the kinetics of inactivation or recovery from inactivation, nor did they 
significantly affect the voltage-dependence of activation or steady-state 
inactivation. We are currently testing the sensitivities of the different mutants 
to pyrethroids and site 2 neurotoxins. Supported by grants from NIH 
(NS 16204, HL39369, NS26729), NSF(IBN9409084) & a CAMBI fellowship.

722.4
ALTERED SODIUM CHANNEL PROPERTIES ASSOCIATED 
WITH POINT MUTATIONS IN KNOCKDOWN-RESISTANT 
HOUSE FLIES. Y. Zhao1. M. S. Williamson2. A. L. Devonshire2, and M. E. 
Adams*1. 1 Depts. of Entomology and Neuroscience, U. of California, Riverside, 
CA 92521; and 2IACR, Rothamsted Experimentation Station, Harpenden, Herts, 
AL5 2JQ, UK.

Pyrethroids modify sodium channel gating by slowing transitions between 
different channel states. Resistance to pyrethroids, first characterized as "knockdown 
resistance" in house flies (kdr and s-kdr), is associated with sodium channel point 
mutations L1014F in the kdr house fly strain and M918T in combination with 
L1014F in the super-kdr strain (Williamson et al., Mol. Gen. Genet. 252: 51-60; 
1996). Here we report altered biophysical and pharmacological properties of sodium 
channels resulting from these point mutations. Neurons were prepared from 
thoracic ganglia of Cooper (susceptible), kdr, and super-kdr strains and cultured for 
16-24 hours. Whole-cell patch clamp analysis showed that 50% activation of 
Cooper, kdr and super-kdr channels occurred at -19.9, -13.6 and -25.0 mV, 
respectively (Vyj = -105 mV). Compared to the Cooper strain, voltage-dependent 
activation of kdr sodium channels was shifted ~6.3 mV to more positive potentials, 
while activation of super-kdr sodium channels was shifted -5.1 mV to more 
negative potentials. Cooper and kdr sodium channel sensitivities to permethrin 
were examined by applying 50 ms depolarizing steps to achieve maximum peak 
current from a holding potential of -105 mV. Increases in tail currents were recorded 
and served as an indication of permethrin modification. Dose-response curves were 
plotted as percentage of modified channels versus concentration. Permethrin at a 
concentration of ~1.2 pM modified 5% of sodium channels in the Cooper strain, 
whereas -50 pM was necessary to modify 5% of channels in the kdr strain. Our 
results show that point mutations L1014F and M918T alter voltage-dependent 
activation of sodium channels, and that the LI014F mutation confers resistance to 
permethrin.

722.5
FUNCTIONAL ANALYSIS OF RESISTANCE-ASSOCIATED 
MUTATIONS IN HOUSE FLY SODIUM CHANNELS. David M. 
Soderlund,* Si Hveock Lee, Timothy J. Smith, Patricia J. Ingles and
Douglas C. Knipple. Dept. of Entomology, New York State Agric. 
Expt. Station, Cornell Univ., Geneva, NY 14456.

The kdr and super-kdr insecticide resistance traits of the house fly 
(Musca domestica) confer reduced neuronal sensitivity to DDT and 
pyrethroid insecticides. DNA sequence analyses of voltage-sensitive 
sodium channel (Vsscl) alleles from kdr and super-kdr fly strains 
identified a single amino acid substitution (L1014F) common to both kdr 
and super-kdr strains and a second substitution (M918T) found only in 
highly-resistant super-kdr strains. Full-length Vsscl cDNAs containing 
the L1014F and M918T mutations singly or together were expressed in 
Xenopus oocytes, and the actions of pyrethroid insecticides on expressed 
channels were determined using two-electrode voltage clamp. The 
L1014F mutation reduced the sensitivity of Vsscl sodium channels to 
pyrethroids at least 10-fold and increased the rate of decay of pyrethroid- 
induced sodium tail currents, whereas the M918T/L1014F double 
mutation completely abolished the pyrethroid sensitivity of expressed 
channels. The levels of pyrethroid resistance observed with expressed 
channels are generally consistent with the levels of pyrethroid resistance 
afforded by the kdr and super-kdr traits, respectively, in toxicity 
bioassays. The M918T single mutation, which has not been found in 
susceptible or resistant fly populations, severely impaired the expression 
of functional sodium channels in oocytes; consequently, the effects of 
pyrethroids on these channels could not be determined. (Supported by 
USDA NRI/CGP grants 94-37302-0408 and 97-3502-4323)

722.6

VOLTAGE-GATED SODIUM CHANNELS IN sns NULL 
MUTANT .MICE Steven England, Veronika Souslova, Armen 
Akopian, Kenji Okuse, Nobukuni OgataL and John N.Wood*
Molecular Nociception Group, Biology Department, University College, 
London WC1E 6BT, England,+ Second Department of Physiology, 
Hiroshima University, Hiroshima 734, Japan

Mammalian sensory neurons express both tetrodotoxin-sensitive 
(TTXs) and tetrodotoxin-resistant (TTXr) voltage-gated sodium channels. 
Some studies suggest that TTXr channels play an important role in 
nociception and the induction of pain. In order to assess the physiological 
role of a. sensory neuron-specific TTXr sodium channel oc-subunit 
(SNS), we generated sns null mutant mice. These animals were 
viable, fertile and apparently normal. Neuronal cell numbers in null 
mutant dorsal root ganglia were also normal. We used both Northern 
blots and PCR to examine whether the deletion of functional SNS 
altered the pattern of TTXs ct-subunit transcript expression. The TTXs 
channel PN1 is present at high levels in normal and null DRG neurons. 
We failed to detect the presence of the type-III and the cardiac TTXr 
transcript SM2 in wild type or null mutant DRG. PN-1, type-I, NaCh6 
and type-II transcripts, in descending order of abundance, were present at 
roughly equal levels in wild type and null mutant DRG. The sensory 
neurons from null mutant mice express only TTXs sodium currents, 
showing that all TTXr channels in these cells are encoded by the sns 
gene. Nuclear injection of cDNA clones encoding SNS restores a 
normal repertoire of TTXr activity, precluding a requirement for splice 
variants in the expression of TTXr currents.
This work was supported by The Wellcome Trust. The MRC and the Royal Society.

722.7
DIFFERENTIAL EFFECT OF cAMP AND CALCIUM ON THE Na+ 
CHANNEL mRNA EXPRESSION. Chunq-Kil Won and Younqsuk Oh*. 
Dept. of Medicine, University of Alabama, Birmingham, AL 35294.

The mechanism for the regulation of the voltage-sensitive Na+ 
channel gene expression during nervous system development is not 
well understood. In this study, we have examined the expression level 
of Na+ channel mRNAs in B104 and B50 neuroblastoma cells, both of 
which are derived from a rat CNS neoplasm, in response to increased 
cellular concentrations of cAMP or calcium. B104 cells are unique in 
that they express high levels of mRNA for the Na+ channel a subunit 
type III (Nav1.3), which is predominantly expressed during fetal and 
early postnatal periods in the nervous system. Using quantitative RT- 
PCR, we found that the apparent Navi .3 mRNA level was decreased in 
B104 cells after exposure to 1 mM dibutyryl cAMP for 24-48 hr. In 
contrast, treatment with the calcium ionophore, 1 pM A23187, for 24-48 
hr increased the Navi .3 mRNA levels in B104 cells. In B50 cells, which 
express high levels of mRNA for the Na+ channel a subunit type II 
(Nav1.2, an adult form of the Na+ channel), dibutyryl cAMP increased 
the Nav1.2 mRNA levels, and A23187 decreased the NavL2 mRNAs. 
Furthermore, A23187 increased the Na+ channel 01 subunit (Na01) 
mRNA levels in B104 cells but produced no significant changes in B50 
cells. Immediate and sustained increase of intracellular free calcium 
was observed in 5 pM fura-2/AM loaded cells after exposure to 1 pM 
4-bromo-A23187. These findings suggest that (i) Na+ channel mRNA 
expression (both a and 01 subunits) can be differentially regulated in 
different cell types by the same factor and (ii) intracellular cAMP or 
calcium may serve as a mediator for the Na+ channel switching during 
nervous system development. [Supported by NIH grant NS 34877]

722.8
DETERMINATION OF INTRACELLULAR CALCIUM IN CULTURED CELLS, 
STIMULATED BY a AND 0 SCORPION TOXINS, USING CONFOCAL 
M1CROSCOPY. M.A. Romano-Silva1*, M.V. Gomez1, M.A.M. Prado1, T. Moraes- 
Santos2 and A.R. Massensini1. ’Dept. de Farmacologia - ICB and 2Dept. de 
Alimentos - FAFAR, UFMG - Belo Horizonte - MG - Brasil 31.270-901.

Calcium ions have a critical significance for cells. Entry of Ca2' in presynaptic 
terminals leads to release of neurotransmitter. Due to the relationship between 
transmitter release and calcium entry, mechanisms that modify Ca2" influx would 
have significant modulatory effect on neurotransmitter release. One of these 
mechanisms involves changing the amplitude or duration of the action potentials by 
altering the activation/inactivation of Na1-channels. During propagation of action 
potentials excitable cells have intracellular Ca2+([Ca2+]i) concentrations increased 
following sodium influx. Using confocal microscopy, we have examined the increase 
of [Ca2+]i evoked by NaT-channel scorpion toxins in neuroblastoma N-18, GH3 and 
SN-56 cells. Tityustoxin (TsTX) is an a-type toxin that acts by delaying the 
inactivation of Na+ channels, and toxin-y (TiTX-y) is a 0-type toxin that activates the 
channel at resting potentials. Cells were loaded with the fluorescent probe Indo-l- 
AM (5pM) for I hour at 37°C and perfused in presence of TsTX or TiTX-y (2pM). 
Images were collected using a Zeiss Axiovert 100 microscope (40x, c-apochromat 
i 2 w water immersion objective), coupled to a Bio-Rad MRC 1024UV laser scanning 
confocal image system. The 35lnm line of the argon UV laser was selected for 
excitation and the wavelengths of 405(35)/460LP nm were used for ratio emission. 
Tityustoxin was able to promote [Ca2 ]i increase in all three types of cells studied and 
its effect was blocked by tetrodotoxin (5pM). However, Toxin-y only evoked [Ca2 ]i 
increase in GH3 cells, and its effect was also blocked by tetrodotoxin. These results 
suggest that different types of voltage sensitive sodium channels are involved or that 
GH3 has its sodium channels on a state that favors the binding of TiTX-y. Supported 
by: CAPES, CNPq, FAPEMIG, FINEP, PADCT, PRONEX and PRPq-UFMG.
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722.9
RS-100642, A NOVEL SODIUM CHANNEL BLOCKER, PROVIDES 
DIFFERENTIAL NEUROPROTECTION AGAINST HYPOXIA/HYPOGLYCEMIA, 
VERATRIDINE OR GLUTAMATE-MEDIATED NEUROTOXICITY IN PRIMARY 
RAT CEREBELLAR NEURONS. J.R. Dave1*, Y, Lin1, H. Ved2, P. Cui1, J.C. 
Hunter3, and F.C. Tortella1. ‘Div. Neurosci. & 2Div. Biochem., Walter Reed Army Inst. 
Res., Washington DC 20307 and 3Roche Biosciences, Palo Alto, CA 94303.

The present study investigated the effects of RS-100642 (a novel, lipophilic use- 
dependent sodium channel blocker), mexiletine (a prototypic, lipophilic use-dependent 
sodium channel blocker) and QX-314 (a sodium channel blocker and quaternary 
derivative of lidocaine) in three in vitro models of neurotoxicity. Primary cultures (6-8 
days old) enriched in neurons dissociated from embryonic rat cerebellum and treated in 
Locke’s solution were used. Neurons were exposed for 45 min to vehicle, 80 pM 
glutamate or 20 pM veratridine, with or without RS-100642 (0.05-1000 pM), 
mexiletine (0.05-1000 pM), or QX-314 (100-1000 pM). In separate preparations, 
hypoxia/hypoglycemia (H/H) was produced by exposing neurons to a 5% CO2 : 95% 
nitrogen mixture in an airtight chamber in Locke’s solution without glucose for 2 hr. 
H/H, veratridine or glutamate were highly neurotoxic, causing 65%, 60% and 75% 
injury, respectively (based upon morphology and the MTT viability assay). RSI00642, 
mexiletine and QX314 were neuroprotective against H/H-induced injury, exhibiting 
similar potency (EC5oS = 61, 76 and 144 pM) and efficacy (75%, 87% and 67%), 
respectively. Against veratridine-induced neuronal injury both RS-100642 and 
mexiletine were 100% protective (EC50s = 6 and 7pM, respectively), whereas maximal 
neuroprotection produced by QX-314 (EC50 = 1.2 pM) was only 54%. In contrast, RS- 
100642 and mexiletine had no effect against glutamate-induced injury, whereas QX- 
314 produced a consistent, yet very limited (25%), neuroprotection. Using different in 
vitro models of depolarization excitotoxicity, these results demonstrate a 
heterogeneous profile of neuroprotective effects resulting from sodium channel 
blockade which may be beneficial against pathological conditions promoting glutamate 
release via presynaptic voltage-dependent Na+ channels. Commercial Funding

722.10

TEMPERATURE DEPENDENCE OF TETRAMETHRIN-MODIFIED 
SINGLE SODIUM CHANNELS OF RAT HIPPOCAMPAL 
NEURONS. H. Motomura and T. Narahashi*, Dept. of Molecular 
Pharmacology and Biological Chemistry, Northwestern Univ. Medical 
Sch.; Chicago, IL 60611-3008.

The pyrethroid insecticides are known to slow the kinetics of the activation and 
inactivation gates of sodium channels, thereby causing prolonged openings of the 
channels. These effects caused by pyrethroids were more prominent at lower 
temperatures. This negative temperature dependence of pyrethroid action was 
examined by single-channel analysis. Sodium channels in cultured rat hippocampal 
neurons were modified by the pyrethroid tetramethrin and recorded using the inside- 
out configuration of patch clamp techniques at 22 °C and 12 °C. The single-channel 
conductance was 30.9 pS and 18.5 pS at 22 °C and 12 °C, respectively (Qio=l 6). 
The time constant for burst length on depolarization to -60 mV was 7.69 ms and 
14.46 ms at 22 °C and 12 °C, respectively (Qio=O.53), whereas the time constant 
for burst length upon repolarization to -100 mV was 7.89 ms and 68.80 ms at 22 
°C and 12 °C, respectively (Qio=O.l 1). Longer openings of the tetramethrin- 

modified channels at lower temperature upon repolarization or depolarization was 
not due to an increase in the percentage of the modified channels or to an increase in 
the frequency of openings, but to a prolongation of channel opening. A simple state 
model was introduced to interpret the behavior of tetramethrin-modified channels.
The Q10 values for the transition rate constants upon repolarization are extremely 
large, accounting at least partially the temperature dependence of the tetramethrin- 
modified sodium channel. (Supported by NIH grant NS14143).

722.11
STEREOSELECTIVITY OF CARBANILATE-LOCAL ANESTHETICS ON TONIC 
INHIBITION OF NA+ CURRENTS IN RAT GH3 CELLS C. Nau and G R. Strichartz*. 
Pain Research Center, Dept. of Anesthesia, Brigham and Women’s Hospital, Harvard 
Medical School, 75 Francis Street, Boston, MA 02115.

Local anesthetic (LA) interaction with the voltage-gated Na+ channel is complex, as 
several states of the channel exhibit different modes of drug binding. Stereoselectivity 
may be a useful tool in receptor mapping, but is known to be moderate for tonic block 
of Na+ channels. The aim of this study was to determine the contribution of 
stereoisomeric structural elements of LAs to their inhibition of Na+ channels.

In whole-cell voltage-clamp experiments on Na' currents of rat anterior pituitary 
tumor (GH3) cells tonic inhibition by LAs was investigated using compounds with a 
skeleton closely related to that of bupivacaine but having a carbamyl rather than an 
amide linker. Substitution of the alkyl chain (A) on the piperidine (3°) nitrogen yields 
the homologues R- and S-methyl-, (R-/S-C1, A: -CH3), R- and S-butyl-, (R-/S-C4, A: 
-C4H9) and R- and S-hexyl-carbanilate (R-/S-C6, A; -C&H13). Tonic block was tested at 
holding potentials (Eh) of-100 mV and -80 mV. At Eh = -100 mV a 50 ms prepulse to 
-130 mV was applied to remove fast inactivation. Na+ currents were then elicited by 
applying a 5 ms test pulse to +10 mV. At Eh - -80 mV no prepulse was applied.

Half-maximum inhibiting concentrations (IC50) were 165, 647 (R-, S-Cl), 155. 255 
(R-, S-C4), 143, 169 pM (R-, S-C6), respectively, at Eh - -100 mV and 21, 207; 55, 
133; 85, 63 pM, respectively, at Eh = -80 mV. The data show that at Eh = -100 mV, the 
potency of the S-isomers increases with the length of the alkyl substituent at the 
piperidine nitrogen, whereas, surprisingly, the potency of the R-isomers does not 
change. The stereoselectivity of the derivatives thus decreases. At Eh = -80 mV, R- and 
S-isomers of carbanilates show both a higher potency and a higher stereoselectivity 
than at Eh = -100 mV. The potency of the S-isomers increases with longer N-alkyl 
chain whereas that of the R-isomers decreases. These results strongly suggest that the 
piperidine moieties of R- and S-enantiomers interact with different groups of the 
dynamic, voltage-sensitive LA binding site at the Na+ channel, c.n is supported by the dfg.

722.12
DIFFERENTIAL EFFECTS OF ANESTHETIC AND 
NONIMMOBILIZING CYCLOBUTANES ON GLUTAMATE RELEASE
H. C.Hemmings Jr* LRatnakumari. Department of Anesthesiology, Cornell 
University Medical College, New York, NY 10021, USA

The lipid soluble halogenated cyclobutanes, although predicted to produce 
general anesthesia by the Meyer-Overton correlation, include agents that 
produce general anesthesia, agents that produce both anesthesia and 
convulsions, and agents that do not produce full anesthesia but produce 
convulsions (“nonimmobilizers”). The effects of the novel anesthetic 1-chloro-
I, 2,2-trifluorocycîobutane (F3, MAC=0.8 mM) and the nonimmobilizer/ 
convulsant 1,2-dichlorohexailuorocyclobutane (F6, predicted MAC=0.018 
mM) were examined on Na+ channel-dependent (evoked by 1 mM 4- 
aminopyridine [4-AP] or 20 |±M veratridine) and Na+ channel-independent 
(evoked by 30 mM KC1) glutamate release from synaptosomes. Synaptosomes 
wffe isolated from rat cerebral cortex, and endogenous glutamate release was 
monitored using an enzyme-coupled spectrofluorometric assay1. F3 inhibited both 
4-AP- and veratridine-evoked release in a concentration-dependent manner with 
an IC50 of 0.9 mM (~1 MAC). KCl-evoked glutamate release was unaffected 
by F3 up to 1.2 mM, but was inhibited by 70% at 2.6 mM. In contrast, F6 at
0.027 mM (~1.5 predicted MAC) increased KCl-evoked glutamate release by 
58% (p<0.05) without affecting 4-AP-evoked release. The effects of F3 on 
synaptosomal glutamate release are comparable to those of conventional volatile 
anesthetics1, and support biochemical and electrophysiological evidence that 
voltage-gated Na+ channels are a molecular target for presynaptic general anesthetic 
actions. Inhibition of Na+ channel-dependent glutamate release by cyclobutanes 
correlated with ability to produce anesthesia, while stimulation of KCl-evoked 
glutamate release correlated with convulsant activity. Anesthesiology 82:1406-16, 
1995. Supported by NIH grant GM 52441 (HCH) and the Norman and Rosita 
Winston Foundation (LR).

722.13

THE EFFECTS OF VOLATILE ANESTHETICS ON CORTICAL 
NEURONS. T.N. Vysotskaya* and D.S.Duch, Departments of 
Anesthesiology and Physiology, Cornell University Medical College, 
New York, NY 10021.

A number of studies have revealed that in mammalian preparations, 
clinical concentrations of volatile anesthetics alter the discharge pattern 
and AP properties of CNS and peripheral neurons, and alter signal 
propagation in thin, unmyelinated fibers.

The present study examined the effects of clinical concentrations of 
isoflurane on sodium currents in acutely dissociated rat somatosensory 
cortical neurons. Sodium currents were measured using the whole cell 
patch clamp configuration; the extracellular Hank’s balanced salt 
solution contained additionally 5mM HEPES and 0,005mM LaCfi, pH 
7.4, while the internal solution was 140mM CsF, 10 mM NaCl, 5 mM 
HEPES pH 7.2.

Cells varied in their anesthetic sensitivity. Isoflurane reversibly 
inhibited 40-80% of peak sodium current in pyramidal cells (ED5o=
0.25mM; MAC=0.27mM), while granular cells were insensitive. The 
sensitivity of intemeurons was highly variable. Isoflurane shifted steady- 
state inactivation to more negative potentials (about -20 mV), resulting 
in significantly greater current suppression at threshold potentials and 
slowing recovery from inactivation. (Supported by funds from the Dept. 
Anesthesiology, Cornell Medical College).

722.14
EFFECTS OF HYPOXIA ON EMBRYONIC DROSOPHILA 
NEURONS IN CULTURE. X.Q.Gu* and G.G.Haddad. Dept.
of Pediatrics, Section of Respiratory Medicine and Dept. of Cell 
& Molecular Physiology, Yale University School of Medicine, 333 
Cedar Street, New Haven CT 06510

Compared with mammalian species, Drosophila exhibits 
marked tolerance to hypoxia or anoxia. Underlying mechanisms 
of tolerance are still largely unknown. In order to assess the 
overall neuronal excitability during O2 lack in Drosophila 
neurons, we used embryonic culture (O’Dowd) and the whole-cell 
patch-clamp technique to study the effects of hypoxia on Vm, R„„ 
rheobase, and action potential characteristics before, during and 
after hypoxia. Three to 5 minutes of hypoxia was induced by 
perfusing N2 in the normal extracellular solution. O2 level in the 
bath was measured and ranged between 1 to 3% (< 20 torr). Vm 
was reversibly hyperpolarized by 22 mV (n=12) with hypoxia. 
Input resistance was also reversibly inhibited by 40%. In most 
cells studied, action potential (AP) amplitude was decreased by 
25%, its duration increased by 20%, and threshold of AP was 
shifted in a hyperpolarized direction. Few neurons do not have 
any response to hypoxia.

We conclude that one mechanism for Drosophila neurons to 
lower energy demands is to decrease excitability during hypoxia. 
This strategy7 may contribute to the anoxia tolerance of Drosophila 
neurons.

Supported by NIH-TG/HL07778.
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723.1
CNS DISTRIBUTION OF THREE MEMBERS OF A NOVEL GENE FAMILY ENCODING LOW 
VOLTAGE-ACTIVATED (T-TYPE) CALCIUM CHANNELS. Edmund M. Talley1*, Leanne
L. Cribbs2, Jung-Ha Lee2, Asif Daud2, Edward Perez-Reyes2, and Douglas A. Bayliss1. 
'Dept. of Pharmacology, University of Virginia, Charlottesville, VA 22908; 2Dept. of 
Physiology, Loyola University Medical Center, Maywood, IL 60153.

We used in situ hybridization to map the distribution in the rat CNS of three 
members of a newly identified gene family (al G, al H & al I) encoding T-type calcium 
channels. Oligonucleotide probes were generated specific to the presumptive I-II 
cytoplasmic loop -- a region of low sequence homology between the three genes. 
Multiple [33P]-labelecl probes (alG: 3; alH: 3; all: 2), each of which gave identical 
results, were used to localize the cognate transcription products.

Distribution of the three mRNAs was to a large extent complementary. Labeling was 
generally higher overall for the alG probes, with highest labeling in cerebellar Purkinje 
cells, inferior olive, and claustrum. Highest labeling for alH was in the dentate gyrus, 
olfactory tubercles, and sensory ganglia. For all, highest labeling was found in the 
islands of Calleja, CA1 of the hippocampus, and thalamic reticular nucleus. The 
following represent highlights of the distributions: Olfactory Bulb: eolocalization of 
all three mRNAs in the granule cell layer; alG and all in glomerular layer. Cerebral 
Cortex: al! three messages present with layer-specific distribution. Hippocampus: 
high levels of alG and alH mRNA in dentate granule cells; all three in CA1; alH in 
CA2; all in CA3. Basal Forebrain: alH and all colocalize in the striatum and 
accumbens; all three messages distributed heterogeneously within the amygdala; high 
levels alG and alH in the bed nucleus of the stria terminalis. Thalamus: high levels 
of alG in thalamic relay nuclei; moderate alH and high all in thalamic reticular 
nucleus; high all in lateral habenula. Hypothalamus: high levels of alG and alH in 
ventromedial nucleus. Cerebellum: very high levels of alG in Purkinje cells; moderate 
levels of alG and all in granule cell layer. Brainstem & Spinal Cord: alG and alH 
in motor nuclei; all three in sensory nuclei; high levels of alG and all in the inferior 
olive. [Supported hy NS33583 (D.A.B.) and HL57828 (E.P-R.)J.

723.2

PERMEATION AND BLOCK OF CLONED T-TYPE 
CALCIUM CHANNELS.

J.-H. Lee*. L.L. Cribbs, A. Daud, and E. Perez-Reyes. Department of 
Physiology, Loyola University Medical Center, Maywood, IL 60153.

Recently we cloned two novel Ca2+ channel genes, alG and alH. Their 
expressed currents were identical to the biophysical properties of native T- 
type Ca2+ channels in terms of their low threshold of activation, transient time 
course, slow deactivation, and tiny single channel conductance. In contrast to 
most high-voltage activated Ca2+ channels, T-type channels have been reported 
to be Ni2+-sensitive, and equally permeable to Ba2+, Ca2+, and Sr2+.

Permeation through alG channels was studied at both the whole cell and 
single channel level. Using 2-microelectrode voltage clamp recording of 
Xenopus oocytes, alG currents were largest with Sr2+, followed by Ca'+, then 
Ba2+. In' contrast, single channel currents were similar regardless of the charge 
carrier. Similar results were reported by Shuba et al. (J. Physiol. 443: 25, 
1991), who attributed the differences to changes in the probability of opening.

Ni2+ block of cloned T-type currents was also investigated. Interestingly, 
alH currents were very sensitive to block (IC50=7 (iM), while alG currents 
were less sensitive (IC50=280 fiM). These results may explain why T-type 
channels in some neurons are relatively insensitive to Ni2+, and may provide 
an assay for distinguishing between T channel isoforms.

This work was supported by grants from the AHA and NIH (EPR).

723.3

DEVELOPMENT OF INACTIVATION OF THE NEW 
T-CHANNEL, alG, EXPRESSED IN MAMMALIAN CELLS 

R.L. Martin? L.L. Cribbs,2 E. Perez-Reyes,2 P.A. Hanck.1* 'Dept. of 
Medicine. University of Chicago, Chicago, IL 60637 and 2Dept. of 
Physiol., Loyola University School of Medicine, Maywood, IL 60153 

The newly cloned alG low-voltage activated Ca2+ channel was stably 
expressed in HEK293 cells and studied electrophysiologically with 
ImM Ca2+ The currents exhibited steep voltage dependence to channel 
inactivation. When inactivation was induced with 50ms steps to 0 mV 
half of the channels were unavailable at -56mV and availability changed 
e-fold over 5.9mV. With longer development times the mid-point 
shifted in the hyperpolarizing direction and at longest times changed 
more steeply as a function of potential (Fig A). The shift in midpoint 
was strongly biphasic with time constants of -100 ms and -1 s (Fig B).

This behavior is similar to 
that observed in native 
neuronal preparations, where 
slow development of and 
recovery from inactivation of 
T-type Ca channels promotes

los .soms and terminates bursting.
s i M I t .__ Supported by the A.H.A. (DH, EPR)

so -so -40 -io o and the N.l.H. (EPR).
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723.4
BIOPHYSICAL AND PHARMACOLOGICAL PROPERTIES OF A NOVEL 
RECOMBINANT HUMAN LOW-VOLTAGE ACTIVATED (LVA) 
CALCIUM CHANNEL IN HEK293 CELLS. M. Hans*, A. Urrutia, M.S. 
Washburn, P. Bnist, M, Williams, A. Nesterova, S. Morales, M. Harpold and
K. Stauderman. SIBIA Neurosciences, Inc., La Jolla, CA 92037.

We have cloned a novel human C.a2+ channel subunit (ajH) that has 61% 
identity to the recently described rat a!G subunit (Perez-Reyes et al., 1998; see 
also Williams et al., this meeting). To study the biophysical properties of the 
novel Ca2+ channel, whole-cell patch clamp recordings were performed on 
HEK293 cells transiently expressing the human aiH subunit. Step- 
depolarizations elicited inward Ba2+ currents that activate slowly and inactivate 
rapidly (2.8 ± 0.6 and 16.9 ± 5.3 ms, at -20 mV). The activation curve of a]H is 
shifted to the left (Vi/2 : -29.5 mV) compared to HVA Ca2+ channels. As 
observed previously for native LVA channels, the tail currents of aiH- 
containing channels decay slowly (xb x2: 2.1 ± 1.0, 0.6 ± 0.2 ms). Likewise, the 
permeability for Ba2+ and Ca2+ ions is very similar. The single channel 
conductance, determined with 110 mM Ba2+ as charge carrier, is 9 pS.

Pharmacological studies reveal the following rank order of potency for 
inhibition of aiH-containing channels: Ni2+ (IC50: 6.6 pM) « Mibefradil (51% 
block at 1 pM) > Cd2+ (IC50: 104 pM) > Amiloride (IC50: 167 pM) » 
Ethosuximide (7% block at 300 pM). Nimodipine, verapamil, co-CgTx GVIA 
and co-CmTx MVIIC had little effect (0-17%) at a concentration of 1 pM. 
These findings demonstrate that aiH-containing Ca2+ channels have properties 
corresponding to native LVA, or T-type Ca2+ channels.

723.5
ELECTROPHYSIOLOGICAL AND PHARMACOLOGICAL PROPERTIES OF a1H- 
MEDIATED LOW-VOLTAGE ACTIVATED CALCIUM CURRENTS RECORDED 
IN XENOPUS OOCYTES. M.S. Washburn*, M.E, Williams, M. Harpold and K.A, 
Stauderman SIBIA Neurosciences, Inc. La Jolla, CA 92037.

We cloned a novel voltage-gated calcium channel (VGCC) subunit (a]H) from a 
human thyroid carcinoma cell line (see Williams et al., this meeting). In addition to 
characterizing the electrophysiological properties of ajH transiently expressed in 
HEK293 cells (see Hans et al., this meeting), we have also characterized a)H subunits 
expressed in Xenopus oocytes. Injection of mRNA transcript for a]H alone resulted in 
the expression of large currents (typically > 1 pA when recording in 15 mM Ba++).

aiH-mediated currents activated at approximately -50 mV and peaked between -30 
and -40 mV, consistent with properties of low-voltage activated VGCCs. The 
permeability of aiH channels to Ca++ was slightly greater than to Ba++. ajH channels 
expressed in oocytes activated slowly (x = 5.7 +1.0 ms at the peak of the I-V curve, 
3.3 + 0.5 ms at -20 mV) and inactivated rapidly (x = 13.4+1.9 ms at the peak of the 

I-V curve, 12.2 + 1.5 ms at -20 mV) compared to high-threshold VGCCs. a1H channels 
were sensitive to steady-state inactivation at relatively negative membrane potentials 
(V1/2 = -64.5 + 1.0 mV) and recovered quickly from inactivation (x of recovery « 330 
ms). These values are very similar to those obtained from aiH channels expressed in 
HEK293 cells.
a1H-mediated Ba++ currents in oocytes were very sensitive to block by Ni++ and Cd++, 

with IC50 values of 6.3 and 8.3 pM, respectively. Of the VGCC antagonists tested, only 
amiloride (IC50 « 16 pM) and mibefradil (IC50 « 2 pM) markedly inhibited ajH- 
mediated Ba++ currents expressed in oocytes. Taken together, these data indicate that 
a!H represents a novel low-voltage activated VGCC subunit.

723.6
CLONING AND CHARACTERIZATION OF A NOVEL HUMAN Ca2+ 
CHANNEL a, SUBUNIT ASSOCIATED WITH A LOW-VOLTAGE 
ACTIVATED (LVA) Ca2+ CHANNEL. M.E. Williams*, P. Prodanovich, P.F. 
Brust, M.M. Harpold and K.A, Stauderman. SIBIA Neurosciences, Inc., La 
Jolla, CA 92037.

Using a degenerate PCR approach we isolated overlapping cDNAs encoding 
a novel ai subunit, aiH, from a human medullary thyroid carcinoma cell line 
(TT cells). Two splice variants, aiH-i and aiH-2, were detected by RT-PCR 
using RNA from multiple tissues. The am-2 isoform contains a 957 nt deletion 
in the putative I-II intracellular loop relative to aiH-i. The a1H subunit has 
structural similarities to previously cloned ai subunits, although marked 
sequence differences are evident. Notably, the deduced amino acid sequence of 
a]H shares <30% overall sequence identity to the human a]A-aiE sequences 
associated with high-voltage activated Ca2+ channels and 61% identity to the 
recently isolated rat aiG sequence linked to a low-voltage activated Ca2+ 
channel (Perez-Reyes et al., 1998). Northern blot analysis indicates that 
mRNA transcripts for aiH are expressed in the brain (primarily in the 
amygdala, caudate nucleus and putamen) and peripheral tissues (primarily in 
the liver, kidney and heart).

We transiently expressed the aiH-i subunit in HEK293 cells and detected a 
protein of approximately 260 kDa by Western blot analysis. Ba2+ or Ca2+ 
currents recorded from HEK293 cells transiently expressing a)H_i exhibited 
biophysical and pharmacological properties characteristic of low-voltage 
activated, or T-type, Ca2+ currents (see Hans et al., this meeting). Similar 
results were observed in Xenopus oocytes expressing aiH-i (see Washburn et 
al., this meeting).
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723.7
EXPRESSION OF VOLTAGE-DEPENDENT CALCIUM CHANNEL (VDCC) 
SUBUNITS a1A, 01. 02. AND 03 IN LETHARGIC (LH/LH} MOUSE MODEL OF 
ABSENCE SEIZURES. F-H.Lin1*, S.Barun1, D.A.Hosford12. 1Div. Neurology & 
*Dept. Neurobiology, Duke/Durham V.A. Med. Ctrs., Durham, NC 27705.

VDCCs of L, N, P/Q, R and T types are multimeric proteins composed of 
a1A-G, 01-4, and a2/6 subunits. 0 subunits interact with channel-forming a1 
subunits to modulate VDCC flux. Using lh/lh mice, a model of absence 
epilepsy that expresses a functional null mutation in the gene encoding 04, we 
have demonstrated a 30% reduction in 04 mRNA expression in all neuronal 
populations of lh/lh compared to nonepileptic ( + / + ) mice. To test the 
possibility that reduced B4 mRNA expression affects mRNA expression of 
other VDCC subunits, we analyzed mRNA expression of a1A, 01, 02, and 03 
subunits in brain sections of 8-week-old male lh/lh and + / + littermates.

Using RT-PCR, we constructed antisense and sense 33P-labelled riboprobes 
foralA (nuc 3275-3483), 01 (2031-2302), 02 (2555-2791) and 03 (1406- 
1563). Following hybridization, OD measurements of autoradiograms 
(MetaMorph) were standardized (attomol/mm2) and specific hybridization was 
calculated by subtracting sense from antisense values.

03 mRNA expression was significantly increased (10-25%) in neuronal 
populations of lh/lh compared to + / + mice (e.g. thalamus: 355 ± 18 [lh/lh] 
vs. 289 ± 20 [ + / + ], n = 9 pairs, p = 0.02). Increased 03 mRNA expression 
correlated tightly with that of reduced B4 subunit. We found no difference in 
mRNA expression of alA, 01, or 02 subunits.

These findings suggest that the mutated gene encoding 04 subunits in lh/lh 
mice leads to increased expression of 03 subunits. The combination of 
reduced 04 and increased 03 expression may affect VDCC composition, alter 
its subcellular distribution, and/or affect its interaction with G-proteins, 
thereby leading to generation of absence seizures in lh/lh mice. Supported by 
funds to DAH from NINDS, V.A., and Kllngenstein Foundation.

723.8
EXPRESSION OF LOW-THRESHOLD CALCIUM CHANNEL (LTCC) 
SUBUNITS a1G and a1E IN LETHARGIC (LH/LH} MOUSE MODEL OF 
ABSENCE SEIZURES. S..Barun\ EHAin1, D,A,Hosford12\ ’Div. Neurology 
& 2Dept. Neurobiology, Duke/Durham V.A. Med. Ctrs., Durham, NC 
27705.

Absence seizures are generated as a result of intrinsic neuronal 
mechanisms within a thalamocortical network. One of these mechanisms 
is mediated by LTCCs of the T-type. Recent reports suggest that a1G or 
a1E subunits may comprise pore-forming subunits of LTCCs. In this study 
we analyzed the distribution and level of expression of these subunits in 
the lh/lh model of absence seizures.

Using RT-PCR, we constructed antisense and sense 33P-labelled 
riboprobes for mouse a1G (nuc. 201-380) and a1E (8881-9211). 
Riboprobes were hybridized to adjacent brain sections from 8-week-old 
male lh/lh and nonepileptic ( + / + ) mice (n = 7 pairs). OD measurements 
of autoradiograms (MetaMorph) were standardized (attomol/mm2) and 
specific hybridization was calculated by subtracting sense from antisense 
values.

a1G mRNA was expressed robustly throughout thalamic and neocortical 
populations, and moderately in striatal, cerebellar Purkinje, and hippo
campal populations. In comparison, a1E mRNA was expressed less 
abundantly and with a different distribution: moderately in neocortical and 
hippocampal populations, and modestly in thalamic populations.

The patterns of neuro-anatomic distribution of a1G and a1E mRNA are 
different, suggesting that the subunits they encode are also differentially 
expressed. The pattern of distribution of a1G mRNA more closely parallels 
the pattern suggested by electrophysiologic studies of T-channels. 
Supported by funds to DAH from NINDS, V.A., and KUngenstein 
Foundation.
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724.1
IDENTIFICATION OF GRIP INTERACTING PROTEINS BY YEAST TWO- 
HYBRID SYSTEM. L. De Sevilla, V. Zamorano, P. Zamorano, V.B. MaheshandD.W. 
Brann*. Dept. of Physiology and Endocrinology, Medical College of Georgia, Augusta, 
GA 30912.

The glutamate receptor interacting protein (Grip) is a novel PDZ-containing protein, 
which is believed to serve as an adaptor to attach AMPA receptors to other proteins. 
It has been reported that only the fourth and fifth PDZ domains of Grip are involved in 
binding to AMPA receptor subunits, however it is not known whether the remaining 
PDZ domains of Grip interact with other proteins. The purpose of this study was to 
utilize the two-hybrid system technique to identify Grip protein interactions. Constructs 
for Grip containing PDZ domains 1-3 (Grip 1-3) and PDZ domains 4-6 (Grip 4-6) were 
obtained from PCR products, using rat testis cDNA as the template. These constructs 
were subcloned in frame into a pAS2-l vector (Clontech), which contains the GAL4 
DNA binding domain (BD). A rat brain cDNA library was selected for the studies since 
Grip is expressed in brain tissue. This cDNA library was subcloned into the pGADlO 
vector (Clontech), which contains the GAL4 activation domain (AD). Both BD and AD 
plasmids were transformed into Y190 yeast cells and putative positive clones were 
selected on minimal synthetic dropout agar plates lacking leucine, tryptophan and 
histidine. Putative positive clones were assayed for B-galactosidase activity and co
transformed with the BD plasmid construct to confirm possible interactions. No 
interactions were observed between the Grip 1-3 plasmid and rat brain cDNA library. 
Screening with Grip 4-6 revealed two positive clones and their sequences have been 
analyzed using the BLAST sequence analysis program. One cDNA has homology with 
the human spliceosome associated protein (SAP 15) mRNA, and the other cDNA has 
90% homology with the Homo sapiens S-adenosyl homocysteine hydrolase homolog 
(XPVkona) mRNA. The mechanisms by which these proteins interact with Grip are 
still under investigation. Supported by Research Grant RO1-HD28964 from NICHD, 
NIH.

724.2
SYNGAP : A SYNAPTIC RASGAP THAT ASSOCIATES WITH THE 
PSD-95/SAP90 PROTEIN FAMILY J. H. Kim, D. Liao, L.-F, Lau, and R. L, 
Huganir* Department of Neuroscience, Howard Hughes Medical Institute, 
Johns Hopkins University School of Medicine, Baltimore, MD 21205

The PSD-95/SAP90 family of proteins have recently been implicated in the 
organization of synaptic structure. Using the yeast two-hybrid system we have 
identified a novel synaptic rasGTPase-activating protein, SynGAP, interacting 
with the PDZ domain of SAP 102. We have confirmed in vitro that the 
interaction with the PDZ domains of PSD-95/SAP90 and SAP 102 is mediated 
by the C-terminal T/SXV motif, TRV. An analysis of the full length sequence of 
SynGAP reveals an interesting domain structure. In addition to the rasGAP 
domain there is a partially homologous PH domain at the N-terminus followed 
by a C2 domain suggesting there may be a functional regulation by membrane 
binding and second messengers like IP3 and Ca++. SynGAP is alternatively 
spliced at the N-terminus yielding varying lengths of the protein, SynGAP-a, 
SynGAP-b, and SynGAP-c. SynGAP is selectively expressed in brain and is 
highly enriched at excitatory synapses where it colocalizes with AMPA and 
NMDA glutamate receptors. The in vivo association of SynGAP with the 
NMDA receptor complex was confirmed by coimmunoprecipitation from the rat 
brain membrane preparations. SynGAP stimulates rasGTPase activity indicating 
that it may negatively regulate synaptic ras function. These results suggest that 
SynGAP may be involved in the modulation of excitatory synaptic transmission 
by NMDA receptors and neurotrophins.
This work was supported by the Howard Hughes Medical Institute (R.L.H. and
D.L.), the N. I. H. (L.-F.L.) and The National Endowment for the Humanities 
under a Neuromuscular Training Grant (J.H.K.).

724.3
REGULATION OF NMDA RECEPTOR AND SAPI02 INTERACTION 
BY PROTEIN PHOSPHORYLATION. L.F. Lau* and Richard L. 
Huganir. Dept. of Neuroscience, HHMI, Johns Hopkins University Sch. 
of Medicine, Baltimore, MD 21205

The NR2B subunit of the NMDA receptor interacts with a PSD- 
95/SAP90 family protein known as SAP 102 in vivo. This interaction is 
mediated by the C-terminal four amino acids, ESDV, of the NR2B 
subunit and the PDZ domains of SAP 102. We examined whether the -2 
serine residue on the NR2B tail is phosphorylated by generating an 
antibody against a phosphorylated peptide resembling that region. 
Immunoblotting of synaptic membranes from rat cerebral cortex using the 
phosphospecific antibody revealed a doublet around 180 kDa in a 
phosphorylation-specific manner. Immunoprecipitation using the 
phosphospecific antibody also pulled down the NR2B subunit. To 
analyze if phosphorylation of the NR2B C-terminus regulates its 
interaction with SAP 102 we measured the binding of SAP 102 to 
phosphorylated and non-phosphorylated synthetic peptides resembling 
the NR2B C-terminus. SAP 102 bound selectively to the non- 
phosphorylated peptide but not the phosphorylated one. These data 
suggest that the NR2B subunit is phosphorylated on the -2 serine residue 
in vivo and that the phosphorylation disrupts binding to the PSD- 
95/SAP90 family of proteins. Our work implicates that NMDA receptor 
anchoring to the cytoskeleton can be regulated by protein
phosphorylation. (Supported by HHMI and NIH)

724.4
SUBUNIT-SPECIFIC MODULATION OF RECOMBINANT MOUSE NMDA 
RECEPTORS BY c-Src. Guev-Yinq Liao* and John P. Leonard . 
Department of Biological Sciences, University of Illinois at Chicago, 
Chicago, IL 60607.

NMDA receptor is a subtype of ionotropic glutamate receptor and plays a 
central role in synaptic development, long-term potentiation, and 
neurotoxicity. Protein tyrosine kinase, c-Src, has been shown to be 
associated with NMDA receptor and to modulate channel activity in rat 
spinal dorsal horn neurons. To determine wether c-Src modulates NMDA 
receptor currents in a subunit-specific manner, Xenopus oocytes expressing 
different mouse s/^1 heteromeric receptor were injected with recombinant 
human c-Src (0.06 unit/oocyte). Currents from e1/<^1 receptors were 
significantly depressed (63 + 4% of the control, n=10) while currents from 
e3/^1 receptors were significantly potentiated (121 + 3% of the control, 
n=13). Currents from e2/<^1 and e4/£1 receptors, however, were not 
affected. To further characterize the structural domain(s) involved in c-Src 
mediated modulation of e3//;1 receptor currents, series of chimeras were 
constructed by exchanging the C-termini of s2 and e3 subunits (e2C3 and 
e3C2) and by replacing part of the s2 C-terminal tail with correspond 
fragments of s3 C-terminus (s2C23 and e2C32). Results from e2C3//;1 and 
e3C2/^1 receptors suggest that the e3 C-terminus was required for the 
action of c-Src on potentiating e3/^1 receptor currents. Currents from 
e2C3//;1, but not e3C2//;i, receptors were potentiated by c-Src. The effect 
of c-Src on the other two chimeric receptors, e2C23//;1 and e2C32/<^1 , is 
also under investigation in order to define the structural domain involved in 
c-Src mediated modulation of e3/^1 receptor currents to a more specific 
range. Supported by NIH R01-NS31962.
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724.5
HYPOXIA-ISCHEMIA IN IMMATURE RAT BRAIN RESULTS IN 
INCREASED EXPRESSION OF A LOW MR WEIGHT ISOFORM OF THE 
PROTEIN TYROSINE PHOSPHATASE STEP. J.W. Gurd*. N. Bissoon. T-H. 
Nguyen2. P.J. Lombroso2 and S.J. Vannucci3, Div. of Life Sciences, Univ. of 
Toronto at Scarborough, West Hill, ON. MIC 1A4; ’Child Study Center, Yale 
Univ. Schol of Medicine, New Haven, CT 06520, and 2Penn State Univ., 
Hershey Med. Ctr., Hershey, PA 17033.

The phosphorylation of proteins on tyrosine residues is involved in the regulation 
of neuronal function and protein tyrosine phosphatases (PTPs) play an important 
role in regulating tyrosine phosphorylation levels. STEPs are members of a family 
of PTPs which are enriched in neurons within the CNS and exist as both higher Mr, 
membrane associated forms and lower Mr, soluble proteins. In the present study 
we have investigated the effects of transient hypoxia/ischemia in perinatal rats on 
the levels of STEP isoforms. 7 day old rats were subjected to unilateral (right) 
carotid artery ligation followed by 2 hr of hypoxia (8% O2/bal N2) at 37°C, a 
procedure which results in infarction in the ischemic hemisphere, ipsilateral to the 
ligation. After returning the animals to their dams for various times, paired 
samples of right and left forebrain were removed and analysed by immunoblotting 
with a monoclonal antibody to the STEP family of PTPs. At both 1 hr and 6 hr of 
recovery the right (ischemic) forebrain samples exhibited a 20-30% decrease in the 
level of STEP61 relative to the left forebrain samples, and the presence of a new, 
low Mr immunoreactive protein (~38kD) which was located exclusively in the 
soluble fraction. Neither hypoxia in the absence of carotid artery ligation, nor 
ligation in the absence of hypoxia resulted in the appearance of the 38kD form of 
STEP. The ischemia induced changes in STEP isoforms may be involved in 
modulation of the tyrosine phosphorylation of neuronal proteins following the 
ischemic event. Supported by The Heart and Stroke Foundation of Ontario and 
NSERC (JWG), NIMH and NINDS (PJL), and NICIID (SJV).

724.6
REGULATION OF NMDA RECEPTORS BY THE PROTEIN TYROSINE 
PHOSPHATASE, STEP, IN SPINAL CORD DORSAL HORN NEURONS. K.A. Pelkev. 
R,Askalao\ T.H, Nguven1. M.W, Salter and P.J, Lombroso1, Program in Brain and 
Behaviour, Hosp. for Sick Children, 555 Univ. Ave., Toronto ON, and Dept. Physiol., Univ. 
Toronto, Toronto ON, and ‘Child Study Center, Yale Univ. School Med., New Haven, CT 
06520.

NMDA receptor function is regulated by protein tyrosine phosphorylation within neurons 
(Wang and Salter, Nature 369:233, 1994). Evidence indicates that an endogenous protein 
tyrosine phosphatase (PTP) is associated with the NMDA receptor complex and regulates 
channel function (Wang et al., PNAS 93:1721, 1996). However, the identity of this PTP is 
unknown. We have observed that a member of the striatal enriched phosphatase (STEP) 
family of PTPs is expressed in rat spinal cord neurons, and co-immunoprecipitates with 
NMDA receptors. We used patch-clamp recordings from spinal cord dorsal horn neurons in 
culture to investigate whether STEP regulates NMDA receptor function. NMDA receptor- 
mediated single-channel currents were recorded in the inside-out patch configuration. 
Application of recombinant STEP (4 pg/ml) to the cytoplasmic face of the patches decreased 
the overall open probability of NMDA channels to 47 ± 7.4% of control (mean ± SEM, n=4 
patches). STEP produced no change in single-channel conductance or reversal potential. To 
investigate effects of STEP on synaptically-activated NMDA receptors we utilized 
spontaneously occurring miniature excitatory post synaptic currents (mEPSCs). These 
mEPSCs consist of a rapid non-NMDA component followed by a slowly inactivating NMDA 
component. Intracellular application of an anti-STEP monoclonal antibody (1:200 dilution) 
enhanced the NMDA component to 144 ± 7.5% of control (n=4 cells). In contrast, anti-STEP 
did not affect the non-NMDA component. The effect of anti-STEP was not produced by a 
control antibody (n=4 cells). In biochemical experiments, recombinant STEP 
dephosphorylated tyrosine phosphoproteins which immunoprecipitated with NMDA receptor 
complexes. These findings indicate that STEP associated with NMDA receptors depresses 
channel function possibly by dephosphorylating a protein or proteins in the complex. 
(Supported by MRC of Can., NIH, NIMH, Rick Hansen Man in Motion Fdn., and Savoy 
Fdn.)

724.7

STEP: A STRIATAL ENRICHED PTP IS PHOSPHORYLATED 
BY PKA AND PKC. S. Paul1. T. Karasawa1. G.L. Snyder2. A.C. 
Naim2. T, Nguyen1*, and P. Lombroso1. 1 Child Study Center, Yale 
University School of Medicine, New Haven, CT, and 2 Rockefeller 
University, New York, NY.

The STEP family of protein tyrosine phosphatases (PTPs) are highly 
enriched within neurons of the striatum. Members of the STEP family 
are derived through alternative splicing of a single STEP gene, and 
include cytosolic, and membrane-associated isoforms. Although 
significant progress has been made in our understanding of STEP, 
fundamental questions remain unanswered including their substrate 
specificity, and the regulation of enzymatic activity.

In the present study, we investigated whether phosphorylation is a 
mechanism for regulating STEP activity. In vitro studies were 
performed on striatal homogenates and in vivo studies were performed 
on striatal slices. Protein phosphorylation pathways were modulated by 
different neuromodulators and pharmacological reagents, and the 
phosphorylation of STEP was analyzed following immunoprecipitation 
using a monoclonal antibody that recognizes all STEP variants.

Our results demonstrated that activation of both PKA and PKC 
pathways lead to the phosphorylation of cytosolic and transmembrane 
isoforms of STEP. Activation of PKA lead to higher phosphorylation of 
STEP. We have used phosphopeptide mapping analysis of STEP 
phosphorylated in vitro and in vivo, combined with analysis of 
recombinant STEP fusion proteins in which potential phosphorylation 
sites have been mutated, to identify the sites phosphorylated by PKA 
and PKC. (Supported by NIMH and NINDS)

724.8
FUNCTIONAL INTERACTION BETWEEN NEUROTROPHIN 
AND GLUTAMATE SYSTEMS IN SPINAL CORD: ROLE OF 
NMDA RECEPTOR PHOSPHORYLATION
M, Di Luca. F, Gardoni. A, Crippa. G.S, Battaglia *. F. Cattabeni, PF,
Spano. M, Cimino and C, Missale Inst. Pharmacological Sciences, 
University of Milan, Via Balzaretti 9, 20133 Milan, Italy - Dept of 
Biochemical Sciences and Biotechnologies, University of Brescia, via 
Valsabbina 19, 25124 Brescia. - Inst. C. Besta via Celoria, 11 Milano, 
Italy.

Neurotrophin and glutamate receptors have been identified in different 
regions of the spinal cord. The AMPA/Kainate receptors have long been 
studied for their involvement in the degeneration of motor neurons. By 
contrast, understanding the role, of NMDA receptors in the physiology and 
pathology of this system is far from being complete. We have first evaluated 
the localization of both trk and NMDA receptors on rat spinal cord slices by 
means of both in situ hybridization and immunocytochemistry. In situ 
hybridization performed with oligonucleotide probes against NR1, NR2A, 
NR2B, trkA, trkB, trkC revealed that these receptor subunits are expressed 
in both dorsal and ventral horns of spinal cord. In addition, 
immunocytochemistry experiments confirmed the presence of these proteins 
in ventral horn motomeurons. To define the subcellular localization of trks 
and NMDA we have observed by western blotting the expression of these 
proteins in Post-synaptic Densities (PSD). The incubation of purified PSD 
with neurotrophins (BDNF 100 nM, NGF 100 nM) induced the 
phosphorylation of NR2A/B subunits of NMDA receptors (+54.7±4.9%; 
37±3.6%). This phosphorylation was counteracted by both Ttrk antibodies 
directed against the catalytic domain of the receptors and by genistein (55 
mM). These results suggest a cross-talk between neurotrophin receptors and 
NMDA receptors in spinal cord whose relevance is worth studying.
Funded by: Telethon Grant # 946

724.9

CASEIN KINASE II (CKII) SELECTIVELY REGULATES NMDA CHANNEL 
FUNCTION IN HIPPOCAMPAL NEURONS. D.N. Lieberman and 1, Mody* 
Dept. of Neurology, UCLA School of Medicine, Los Angeles, CA

Ser/Thr phosphorylation modulates excitatory amino acid receptor function, but 
the identity of the kinase involved in regulating NMDA channel gating has not been 
clearly established. We have now identified CKII, the ubiquitously distributed 
calcium and cyclic nucleotide independent protein kinase, as the endogenous Ser/Thr 
kinase responsible for regulating NMDA channel function in adult rat hippocampal 
granule cells. In cell-attached recordings, single NMDA channel activity was 
sensitive to the selective inhibition of CKII by DRB (n=6) and chrysin (n=5). DRB 
significantly reduced the mean open time to 75 ± 4%, burst length to 60 ± 5%, cluster 
length to 54 ± 6% and supercluster length to 55 ± 9% of control values. Spermine, an 
endogenous activator of CKII, potentiated NMDA channel activity in cell-attached 
recordings (n=6), and this effect could be blocked by DRB (n=4). CKII appears to be 
tightly associated with the NMDA receptor channel complex. In inside-out patches, 
heparin, an inhibitor of CKII, reduced NMDA channel activity (n=9) while spermine 
prolonged the openings (n=4). Exposing the cytosolic side of the patches to CKII 
dramatically increased NMDA channel mean open time (174 ± 17% of control), total 
open time per burst (183 ± 25% of control), and total open time per cluster (202 ± 
32% of control) (n=9). In hippocampal slices, the CKII-dependent regulation of 
glutamatergic synaptic transmission was specific to NMDA receptors, since both 
DRB and chrysin reversibly inhibited synaptic responses mediated by NMDA 
receptors without affecting those mediated by AMPA receptors. Thus, in dentate 
granule cells, CKII continuously phosphorylates the NMDA channel or a closely 
associated protein, while calcineurin dephosphorylates it in a calcium-dependent 
manner. Furthermore, our studies reveal the first physiological role for CKII in the 
brain, where the highest levels of CKII are found.
Supported by NIH NS-36I42 (I.M.) and a HHMI pr edoctor al fellowship (D.N.L.)

724.10
NMDA RECEPTORS ARE DIFFERENTIALLY SENSITIVE TO 
INTRACELLULAR CALCIUM STORE DEPLETION BASED ON 
SUBUNIT COMPOSITION. E.R. Grant* and D.R. Lynch. Depts. of 
Pharmacology and Neurology, Univ. of Pennsylvania and Children’s 
Hospital of Philadelphia, Philadelphia, PA 19104

N-methyl-D-aspartate (NMDA) receptors mediate increases in 
intracellular calcium. We have examined NMDA receptor mediated 
changes in intracellular calcium, A[Ca2+]i5 in transfected HEK-293 cells 
using indo-1. The glutamate induced A[Ca2+], was concentration 
dependent and saturable for heterodimeric receptors comprised of NR1O1, 
and NR2A, NR2B, NR2C, or NR2D. A[Ca2+Ji responses were 
completely blocked by MK-801. Though all of the subunit combinations 
exhibited appropriate pharmacology, the NR1O11/2C and NR1O11/2D 
combinations surprisingly displayed 10-100 fold lower potencies for 
glutamate. One explanation could be that NR1O1]/2C and NR1O1I/2D 
receptors activate a secondary intracellular source of calcium. Using the 
intracellular calcium store depleter thapsigargin, we have already shown 
that calcium release from intracellular stores does not mediate a 
substantial component of the NR1OI1/2A A[Ca2+]i response to glutamate. 
We have now tested thapsigargin effects on the A[Ca2+]; response for the 
NR1O11/2B, NR1O11/2C and NR1O11/2D subunit combinations.
Thapsigargin had no effect on the NR1O]1/2B A[Ca2+],, but it did 
significantly decrease the NR1O11/2C and NR1O11/2D receptor A[Ca2+]j 
responses to glutamate. These data suggest NMDA receptor subunit 
specific differences in intracellular calcium handling. NS01789
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724.11
CaM-KH INCREASES SINGLE CHANNEL CONDUCTANCE OF RECOMBINANT 
AMPA GLUTAMATE RECEPTOR. V, Derkach*. A, Barria and T.R, Soderling, 
Vollum Institute, Oregon Health Sciences University, Portland, OR 97201.

Calmodulin-dependent protein kinase II (CaM-KH) potentiates the current 
through native and recombinant AMPA receptors by a mechanism which is though to 
be involved in potentiation of postsynaptic AMPA receptors during LTP expression. 
The GluRl subunit of AMPA receptors is the target for CaM-KH since the only residue 
specifically involved in the regulatory phosphorylation by this kinase is Ser831, 
uniquely located in C terminus of the GluRl subunits. To evaluate the molecular 
mechanism mediating such regulation, we investigated a number of receptor 
parameters capable of affecting the current through GluRl receptor before and upon 
of co-expression of GluRl subunit with constitutively active CaM-KH in HEK-293 
cells, the condition that greatly enhanced phosphorylation of this subunit at Ser831. 
Affinity to glutamate, kinetics of desensitization and recovery, rectification, reversal 
potential and channel open probability were not detectably affected. Single channel 
conductance was, however, significantly increased by 74±6 % (mean±SEM, n=6) as 
revealed by nonstationary fluctuation analyses. This closely matched the increase 
(53±17 %, n=l 1) in whole-cell current upon infusion of constitutively active CaM-KH 
into the cells expressing GluRl receptor alone. The effect on channel conductance was 
mimicked by mutation of Ser831 to glutamate or aspartate. Single channel observations 
revealed that GluRl channel can adopt multiple conductance states (4,9,14,20 and 
27 pS) with predominant transitions to low conductance states (9 and 14 pS). Co- 
expression with CaM-KH significantly increased the contribution of high conductance 
states (20 and 27 pS) in channel activity, an effect consistent with an increase of mean 
channel conductance. Our data favor modulation of channel conductance as the 
mechanism for potentiation of macroscopic current through GluRl receptors upon 
CaM-KH phosphorylation. Supported by NIH grant NS 27037.

724.12
PROTEIN PHOSPHATASE 1 REGULATES KAINATE CHANNEL 
ACTIVITY IN NEOSTRIATAL NEURONS. Zhen Yan*, Jian Feng, Angus C. 
Naim and Paul Greengard. Laboratory of Molecular & Cellular Neuroscience, The 
Rockefeller University, New York, NY 10021.

The neostriatum receives massive glutamatergic input from the cortex. Glutamate 
acts on three classes of ionotropic receptors: NMDA, AMPA and kainate receptors. 
As little is known about kainate receptors in neostriatum, the expression of kainate 
channel subunits and the regulation of kainate-induced currents were studied in 
neostriatal cholinergic intemeurons and medium spiny projection neurons by 
combined single-cell reverse transcription-PCR and patch-clamp recording. mRNA 
profiling revealed that “low affinity” kainate receptor subunits (GluR.5-6) were 
often co-expressed with “high affinity” subunits (KA 1-2) in intemeurons, while 
GluR6 was the predominant kainate receptor subunit expressed in projection 
neurons. Application of kainate evoked steady inward currents which were 
reversibly blocked by the non-NMDA antagonist CNQX. During the whole-cell 
recording of neostriatal neurons, the kainate channel activity underwent 
“rundown”. Application of the protein phosphatase inhibitor okadaic acid blocked 
the rundown of kainate channels. Intracellular dialysis with a specific peptide that 
antagonizes the interaction of PP1 with its targeting subunits (PNUTS[392-408]) 
also prevented the rundown of kainate channels. These results suggest that 
endogenous PP1 can downregulate kainate channel activity by dephosphorylating 
kainate receptor subunits. The targeting of PP1 near kainate receptors also appears 
to be an important part of this regulatory mechanism. Furthermore, the D,-class 
dopamine agonist SKF81293 and the adenylyl cyclase activator forskolin produced 
a reversible enhancement of kainate currents in a subset of neostriatal neurons, 
suggesting that D,-class dopamine receptors may upregulate kainate channel 
activity by activating PKA which can phosphorylate kainate receptor subunits. This 
work was supported by grants NIMH 40899 and NIDA 10044.

724.13

STIMULATION OF CYCLOTHIAZIDE-SENSITIVE AMPA RECEPTORS 
INDUCES ACTIVATION AND CALCIUM-DEPENDENT TRANSLOCATION OF 
CYTOSOLIC PHOSPHOLIPASE A2 IN STRIATAL NEURONS
M.S. Perkin ton, G.Y. Molloy, M. Rattray and R.J. Williams*.
Biochemical Neuropharmacology Group, Division of Biochemistry and 
Molecular Biology, UMDS, Guy’s Hospital, London, SE1 9RT, U.K.

The 85 kDa calcium-dependent enzyme cytosolic phospholipase A2 (cPLA2) 
catalyses the cleavage of arachidonate from the sn-2 position of membrane 
phospholipids. Arachidonate and its metabolites are important signalling/pro- 
inflammatory molecules in many cell types. In brain, cPLA2 protein has only 
been localised in microglia, astrocytes and cerebellar Purkinje cells.

Using RT-PCR, we show the presence of mRNA encoding cPLA2 in cultured 
mouse striatal neurons. Immunofluorescence studies with cPLA2 antibodies 
gave a punctate pattern of staining within the neuronal cytosol. 
Immunoprecipitation of cPLA2 followed by immunoblotting revealed two 
immunoreactive bands in membrane and cytosolic fractions under basal 
conditions; one band corresponding to 85 kDa cPLA2 and a second slower 
migrating band, which may be a phosphorylated form. Upon stimulation of a- 
amino-5-methyl-4-isoxazole propionic acid (AMPA) receptors, in the presence 
of cyclothiazide, only the second slowly migrating band was detectable, 
suggesting an AMPA receptor-induced activation of cPLA2. Furthermore, 
AMPA receptor stimulation resulted in decreased cPLA2 immunoreactivity in 
the cytosolic fraction compared to basal levels; indicative of translocation of the 
enzyme to a membrane fraction. Stimulation of AMPA receptors led to 
arachidonate mobilisation which was entirely calcium-dependent and could be 
prevented by AACOCF3, a selective inhibitor of cPLA2. These data describe 
the presence of cPLA2 in striatal neurons and indicate that cPLA2 may be an 
important neuronal signalling enzyme during glutamate neurotransmission.
This study was supported by a grant from The Wellcome Trust (049599).

724.14
REAL-TIME MEASUREMENT OF IONOTROPIC GLUTAMATE RECEPTOR- 
MEDIATED PRODUCTION OF NITRIC OXIDE IN RAT HIPPOCAMPUS IN 
VIVO K.M. Mitchell* Ctr. for Neurobiology & Immunology Research, Univ. of 
Kansas, Lawrence, KS 66049

Nitric oxide (NO) is produced in response to increases in intracellular calcium 
(Ca,) and subsequent activation of NO synthase. However, the routes by which Ca, 
is elevated in this process are not fully characterized. The aim of this research was to 
characterize the contribution of ionotropic glutamate receptor activation to changes 
in NO production in rat hippocampus.

Increases in extracellular [NO] evoked by pressure ejection of pL volumes of 
excitatory' amino acid agonists and antagonists in the urethane-anesthetized rat 
dentate gyrus were measured electrochemically with an NO-specific sensor. Multiple 
applications of either N-methyl-D-aspartate (NMDA) or glutamate (Glu) yielded 
dose-related NO responses which were eliminated by reduced hemoglobin or 
MK801. Conversely, repeated application of a-amino-3-hydroxy-5-methyl-4- 
isoxazolepropionate (AMPA;1 mM) yielded a response to the initial application only 
(n=3). Glu (20 mM) produced an initial response which was attenuated to 65.2% (±
1.4 SEM n=5) on similar subsequent applications. Coadministration of NMDA and 
AMPA (N+A, 1 mM ea.) also gave an initial response larger than subsequent 
responses (66.5% ± 2.5 SEM n=2). Attenuation of the initial response to N+A was 
reversed by cyclothiazide (CTZ, ImM) to 260% of the attenuated N+A response. 
Further, subsequent response to N+A application (after CTZ) was diminished by the 
AMPA receptor antagonist. 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX, O.lmM) 
to 56% of initial response. The Glu-evoked response was also attenuated by CNQX 
to 68% of control. These results suggest that activation of both NMDA and 
AMPA/kainate receptors contribute to the production of NO in vivo and AMPA 
receptors most likely desensitize following activation. This work was supported by 
Kansas Technology Enterprise Corp, and Higuchi Biosciences Center, Univ of KS.

724.15

AT LOW DOSES, NMDA-EVOKED IN VIVO RELEASE OF 
STRIATAL NEUROTRANSMITTERS IS ENHANCED IN 
NEURONAL NITRIC OXIDE SYNTHASE KNOCKOUT MICE 
T. G. Bush*, L, Trabace, C. de la Riva, T. M. Dawson§ P. C. Emson
and K. M. Kendrick. Lab of Molecular and Cognitive Neuroscience, 
The Babraham Institute, Cambridge, UK and §Dept of Neurology and 
Neuroscience, Johns Hopkins School of Medicine, Baltimore, USA.

While the release of large amounts of nitric oxide (NO) in the brain 
(e.g. following trauma) is neurotoxic recent evidence has suggested that 
at normal physiological concentrations it may be neuroprotective by 
reducing NMDA receptor sensitivity. We have tested this hypothesis 
using in vivo microdialysis to assess whether calcium dependent, 
NMDA-evoked striatal neurotransmitter is enhanced in C57BL/6 mice 
lacking functional expression of the neuronal NO synthase (nNOS) 
gene.

In both control and mutant animals there were dose-dependent 
increases in release of aspartate, glutamate, GABA, dopamine and 
acetylcholine (ACh) following NMDA retrodialysis (10-50pM). 
However, in the nNOS mutant mice the release of aspartate, glutamate, 
GABA and ACh was significantly enhanced. This effect was inhibited by 
simultaneous application of the NO-donor, SNAP, 10 5M. While NMDA 
did evoke NO release in control animals it did not do so in the nNOS 
mutants. Retrodialysis application of the broad spectrum NOS inhibitor, 
L-nitroarginine (lOOpM for 2h), increased responsiveness to NMDA in 
controls but did not potentiate the effects seen in the nNOS mutants. 
Thus our data are consistent with the hypothesis that basal NO release 
derived from nNOS activity does act to reduce NMDA-evoked calcium 
entry in striatal cells in vivo.

This work was supported by the BBSRC.

724.16
REGULATION OF FREE INTRACELLULAR CALCIUM CONCENTRATION 
FOLLOWING GLUTAMATE EXPOSURE IN HIPPOCAMPAL NEURONS. D.D. 
Limbrick. Jr.,1 S, Pal,2 and R.J. DeLorenzo12*. Departments of ‘Pharmacology and 
Toxicology and 2Neurology, Medical College of Virginia, Virginia Commonwealth 
University, Richmond, VA 23298.

Exposure of neurons to glutamate is an essential element of neuronal function, 
producing transient elevations in intracellular calcium ([Ca2+],) that may be required 
for normal physiological processes such as long-term potentiation and learning and 
memory. However, prolonged elevations in free [Ca2+T following glutamate-induced 
excitotoxicity have been implicated in delayed neuronal cell death (Limbrick et al., 
1995). In order to better characterize the alteration of [Ca2+], regulation that occurs 
following glutamate exposure, we used indo-1 confocal fluorescence microscopy and 
the hippocampal neuronal culture model to determine if glutamate-induced prolonged 
elevations in [Ca2+ were due to persistent influx of extracellular Ca2+ or from 
impairment of neuronal Ca2+ extrusion/sequestration mechanisms. By experimentally 
removing Ca2+ from the extracellular environment after glutamate exposure, influx of 
Ca2+ into the neurons was severely attenuated. We observed that brief glutamate 
exposures (less than 5 minutes, 50 pM glutamate) resulted in a persistent influx of 
extracellular Ca2+ into the neuron. This influx was reversible and the cell was able to 
effectively restore [Ca2+L to resting levels. Longer glutamate exposures (8 minutes or 
greater, 50 pM glutamate) generated a similar Ca2+ influx; however, these longer 
glutamate exposures also produced a lasting disruption of Ca2+ extrusion/sequestration 
mechanisms, impairing the ability of the neuron to restore resting [Ca2+]These data 
indicate that disruption of Ca2+ extrusion/sequestration mechanisms and not the influx 
of extracellular Ca2+ may be the critical factor inducing loss of Ca2+ homeostasis and 
contributing to the delayed neuronal cell death observed following glutamate 
excitotoxicity. (Supported by EFA Health Sciences Student Fellowship to DDL Jr., 
and NINDS R01-NS23350 and PO1-NS25630 to RJD).
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725.1
BIOCHEMICAL AND ANATOMICAL CHARACTERIZATION OF AN ANIMAL 
MODEL INVOLVING EXCITOTOXIC LESION OF SUBSTANTIA NIGRA.
J.C, Martel*, F.C. Colpaert and M. Marien
Division de Neurobiologie I, Centre de Recherche Pierre Fabre, 17 ave. Jean-Moulin, 
81106 Castres cedex, France.

Several evidences suggest that overactive glutamatergic outputs from the subthalamic 
nucleus (STN) is involved in the pathophysiology and possibly also in the progression 
of Parkinson’s disease (Blandini and Greenamyre, Fundam.Clin.Pharmacol. 12: 4-12,
1998). Increased glutamatergic inputs to substantia nigra (SN) from STN may put 
excessive stress on an already jeopardized dopaminergic cell population. In order to 
study this phenomenon in vivo, we are using an animal model involving unilateral 
lesion of the SN by stereotaxic infusion of various amounts of quinolinic acid (Connop 
et al., Brain Res. 676: 124-132, 1995), an endogenous NMDA receptor agonist. Tissue 
levels of catecholamines were assessed in striatum (Str) by HPLC with electrochemical 
detection while tyrosine hydroxylase positive (TH+) cells in SN were revealed with 
immunocytochemical technique using mouse monoclonal antibodies (Incstar, USA).

Our results show that quinolinic acid dose-dependently reduce TH+ cells in SN with 
120 nmoles producing a complete disappearance of cells throughout SN and extending 
to ventral tegmental area, and lower
concentrations showing intermediate 
cell losses more specific to SN. These 
treatments also dose-dependently 
reduced dopamine tissue levels in Str 
(Fig) as well as dopamine metabolites.
This animal model may be useful to 
study potential neuroprotective 
agents.

725.2
POTENTIAL ANXIOLYTIC EFFECTS OF THE 7-CL-KYNURENIC ACID 
BIOPRECURSOR, L-4-CL-KYNURENINE, USING THE RAT PUP 
ULTRASOUND VOCALISATION PROCEDURE. RA McArthur-, W Kozak1, A 
Bonsignori-, A Bjork-, M Varasi- and C Speciale- . Pharmacia & Upjohn. 'Via 
Pasteur, 10, 1-20014, Nerviano (MI), Italy and 2 Scheelevagen 18, Lund, S-22363, 
Sweden.

Blockade of the glycine-site of the NMDA receptor has anxiolytic potential (Kehne 
et al., 1991). The in vivo production of 7-Cl-kynurenic acid (7-C1-KYNA) from its 
bioprecursor, L-4-Cl-kynurenine (L-4-C1-KYN) is neuroprotective (Wu et al., 1997). 
We examined the anxiolytic potential of systemic administration of L-4-C1-KYN in 
the rat pup ultrasound vocalization (USV) model of anxiety and compared these 
results to reference compounds. On the morning of the test, groups of 5-10-days old 
rat pups were separated from their dams and injected with saline subcutaneously 30 
min before being placed on an aluminum plate maintained at 19°C. At the end of a 10 
min USV recording session, the pups were returned to their dams. This procedure was 
repeated in the afternoon whereupon the pups were injected with either saline or the 
compound being tested. The following compounds and dose range (mg/kg) were 
used: kynurenic acid (KYNA) 50-800; 7-Cl-kynurenic acid (7-C1-KYNA) 20-60; 
both D- and L-4-C1-KYN 200-400; MDL 105,519 6.25-50. The broad spectrum 
NMDA receptor antagonist KYNA reduced US Vs at a dose which did not induce 
psychomotor side-effects (275 mg/kg). Both 7-C1-KYNA and MDL 105,519 reduced 
USVs, but at psychomotor impairing doses (60 and 50mg/kg, respectively). The 
bioprecursor of 7-CLKYNA, L-4-C1-KYN, lowered USVs at doses between 275-400 
mg/kg. Notably, this effect was stereoselective as similar doses of the D-stereoisomer 
did not show consistent changes on USVs. These results support the hypotheses that 
(1) blockade of the glycine site of the NMDA receptor may have anxiolytic potential 
and that (2) levels of 7-C1-KYNA produced endogenously through the 
biotransformation of L-4-C1-KYN to 7-C1-KYNA are functionally relevant.

725.3

M100907 AND CLOZAPINE, BUT NOT HALOPERIDOL OR RACLOPRIDE, 
PREVENT PHENCYCLIDINE (PCP)-INDUCED BLOCKADE OF NMDA 
RESPONSES IN PYRAMIDAL NEURONS OF THE RAT MEDIAL PREFRONTAL 
CORTICAL SLICE. X, Liang* and R. Y. Wang Dept. Psychiatry, SUNY/SB. 
Stony Brook, NY 11794-8790.

The psychotomimetic state induced by POP, a noncompetitive NMDA receptor 
channel blocker, is thought to be the best model for schizophrenia. We have 
previously demonstrated that clozapine and M100907, a selective 5-HT2A 
receptor antagonist and a purported atypical antipsychotic drug (APD), markedly 
potentiate N-methyl-D-aspartate (NMDA) receptor-mediated neurotransmission 
in rat pyramidal neurons of medial prefrontal cortex (mPFC) by enhancing 
NMDA-induced release of excitatory amino acids (EAAs). The aim of the present 
study was to determine whether M100907 and clozapine would prevent or 
reverse PCP-induced blockade of NMDA responses. First, we confirmed that 
POP blocks NMDA receptor-channel complex in a voltage- and use-dependent 
manner. M100907, but not its much less active stereoisomer M100009, 
completely prevents or markedly reverses POP’S blockade in a concentration- 
dependent manner. Furthermore, the atypical APD clozapine, but not the typical 
APD haloperidol or raciopride, mimicked the action of M100907, preventing the 
PCP-induce effect. This could be resulted from the ability of both M100907 and 
clozapine to potentiate NMDA-induced release of EAAs, which in turn cause 
membrane depolarization and reduced the blockade of NMDA receptor channel 
by PCP, analogous to the removal of Mg2+ block. If our finding can be generalized 
to other putative atypical APDs (which are known to possess a relatively high 
affinity to 5-HT2A receptors), it is possible that atypical APDs interact with 5-HT2A 
receptors to enhance glutamatergic neurotransmission and prevent or reverse 
PCP-induced blockade of NMDA responses. This may prove to be an effective 
model for screening potential atypical APDs and predicting their therapeutic 
efficacy in cognitive deficits (supported by USPHS grant MH-41440).

725.4
MODULATION OF NMDA- AND AMPA-RESPONSES BY CHRONIC 
HALOPERIDOL OR CLOZAPINE IN PYRAMIDAL NEURONS OF THE RAT 
MEDIAL PREFRONTAL CORTEX (mPFC). R.Y, Wang*, V.L. Arvanov and X. 
Liang, Dept. Psychiatry, SUNY/SB, Stony Brook, NY 11794.

We have previously demonstrated that acute administration of clozapine or, 
to a less extent, haloperidol produces a marked facilitation of N-methyl-D- 
aspartate (NMDA) -induced inward current in pyramidal neurons of the mPFC 
brain slices. In contrast, haloperidol but not clozapine depressed a-amino-3- 
hydroxy-5-methylisoxazole-4-propionic acid (AMPA) responses in a concen
tration-dependent manner. In this study, we found that repeated administration 
to rats for 3 weeks with either clozapine (5 mg/kg daily, I.p., 24 h withdrawal 
period) or haloperidol (0.5 mg/kg daily, 24 h withdrawal) significantly 
depressed the intracellularly recorded NMDA-induced inward current, 
compared to vehicle controls. Repeated treatment with either clozapine or 
haloperidol rendered a hyposensitive response of cortical cells to NMDA and 
shifted the concentration-response curve of NMDA to the right. Moreover, 
subchronic administration of either compound significantly reduced its acute 
facilitating action on NMDA responses. Interestingly, repetitive exposure to 
haloperidol, but not clozapine, produces a significant hyperpolarization of the 
membrane potential, increase of the membrane resistance and depression of 
the AMPA-induced inward current, reminiscent of the effect produced by acute 
haloperidol. The inhibitory action of haloperidol on the non-NMDA receptor- 
mediated response might account for the hyposensitive response of the 
cortical cells to NMDA (which consists of both NMDA and non-NMDA 
components). By contrast, subchronic clozapine induced effect could be a 
compensatory action to the prolonged facilitating action of clozapine on the 
NMDA receptor-mediated response, analogous to the hypersensitive 
response of cells to dopamine following chronic blockade of dopamine 
receptors by antipsychotic drugs (Supported by USPHS grant MH-41440).

725.5

CLOZAPINE, BUT NOT HALOPERIDOL, PREVENTS THE FUNCTIONAL 
HYPERACTIVITY OF NMDA RECEPTORS IN RAT CORTICAL NEURONS 
INDUCED BY SUBCHRONIC ADMINISTRATION OF PHENCYCLIDINE. V.L, 
Arvanov* and R.Y. Wang. Dept. Psychiatry, SUNY/SB, Stony Brook, NY 11794.

Repeated administration of phencyclidine (PCP), a non-competitive N-methyl- 
D-aspartate (NMDA) receptor antagonist, is known to induce enduring 
schizophrenic symptoms, particularly cognitive dysfunction in humans as well as 
in monkeys and rats. In the present study we found that repeated PCP (2 mg/kg, 
i.p., b.i.d., followed by a 48-60 h withdrawal period) significantly augmented the 
intracellularly recorded response of prefrontal cortical neurons to NMDA relative 
to AMPA (a non-NMDA receptor agonist). Moreover, the acute challenge by PCP 
produced a significantly reduced blockade of NMDA-induced current in these 
animals. The augmented NMDA-response was associated with the significant 
decrease in paired pulse facilitation and increase in variance of the electrically 
evoked excitatory postsynaptic currents (EPSCs), thus suggesting that repeated 
exposure to PCP increases presynaptic release of excitatory amino acids. This 
result might account for, at least partially, subchronic PCP induced hypersensitive 
response of the cortical neurons to NMDA, which could be a homeostatic 
compensatory response to the prolonged blockade of the NMDA receptor 
channel by PCP.

Interestingly, pretreatment of rats with clozapine (25 mg/kg/day, i.p.), but not 
haloperidol (0.5 mg/kg/day, i.p.) for one week and then continuously with PCP 
completely prevented the subchronic PCP-induced enhancement of 
NMDA/AMPA ratio.

In summary, we have demonstrated for the first time that clozapine but not 
haloperidol effectively abolishes subchronic PCP-induced hypersensitive 
response of prefrontal cortical neurons to NMDA, which may underlie the finding 
that clozapine improves PCP-induced cognitive deficits. (Supported by USPHS 
grant MH-41440).

725.6
EFFECTS OF A GLYCINE REUPTAKE BLOCKER (TxRx 5406) AND
HALOPERIDOL ON PHENCYCLIDINE-INDUCED ALTERATION OF cfos AND 
zif268 mRNA EXPRESSION. Xue-Min Gao*, JeffreyÆ^.McKelvyand CaroL. A 
Tamminga. Maryland Psychiatric Research Center, University of Maryland School 
of Medicine, Baltimore MD 21228

Phencyclidine (PCP)-induced neurochemical changes in CNS have been proposed as 
a useful paradigm for studying psychosis. Extensive studies have characterized the 
pharmacologic properties of PCP and its congeners at the NMDA receptor ionophore. 
Significant regional, time dependent, reversible neurochemical actions of PCP and 
MK801 have been described in our laboratory on glucose utilization, NMDA-sensitive 
glutamate receptor density, NMDA subunit mRNA expression and cfos and zif268 
mRNA expression in rat brain (Gao et al. 1993-1998). PCP produces an early induction 
of cfos mRNA and zif268 mRNA (at lh), a delayed suppression of zif268 mRNA (at 24 
h) in rat brain. Previously, we have reported that the glycine partial agonist D- 
cycloserine, the glycine uptake inhibitor glycyldodecylamide and the new antipsychotic 
drug olanzapine blocks the PCP-induced zif268 mRNA expression at early and delayed 
times. In the present study, we have examined the effects of TxRx 5406, a selective 
glycine reuptake inhibitor, and haloperidol, a typical neuroleptic, on PCP-induced cfos 
mRNA and zif268 mRNA expression at lh and 24h in rat brain. We employed in situ 
hybridization techniques and quantified the cfos and zif268 mRNAs levels in cortical, 
subcortical, and hippocampal regions. TxRx 5406 (1 mg/kg) significantly attenuated the 
PCP-stimulated induction of zif268 mRNA in anterior cingulate cortex at 1 h, and 
attenuated both zif268 mRNA & cfos mRNA in posterior cingulate(PCC) and parietal 
cortices (PC) at lh. Haloperidol (1 mg/kg) blocked the PCP-induced zif268 mRNA or 
cfos mRNA induction in neocortex areas (medial prefrontal MPC), dorsolateral frontal 
(DFC), sensorimotor (SMC)and parietal cortices) and in anterior/posterior cortices at lh. 
Haloperidol also blocked the PCP-suppressed expression of zif268 mRNA in MPC and 
DFC at 24 h. These time-dependent effects of PGP on immediate early gene and their 
blockade suggest neuronal mechanism associated psychosis.
Work supported by the National Institute of Mental Health.
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725.7
COMPETITIVE AND NON-COMPETITIVE NMDA RECEPTOR ANTAGONISTS 
DIFFERENTIALLY AFFECT DOPAMINE RELEASE IN THE SHELL AND CORE 
SUBDIVISIONS OF THE NUCLEUS ACCUMBENS
M.M. Marcus, J.M. Mathe*, G.G. Nomikos, and T.H. Svensson Karolinska Institutet, 
Dept. of Physiology and Pharmacology, Section of Neuropsychopharmacology, S-171 
77 Stockholm, Sweden.

This study compared the effects of acute intravenous administration of non
competitive and competitive NMDA receptor antagonists on extracellular dopamine 
(DA) concentrations in two regions of the nucleus accumbens (NAC), the core and the 
shell, regions which have been associated with motor and limbic functions, 
respectively. Differential normal pulse voltammetry was utilized to assess regional DA 
concentrations in anesthetized, pargyline pretreated rats. Following administration of 
the non-competitive NMDA receptor antagonists, phencyclidine (PCP) and dizocilpine 
(MK-801), which exhibit both behaviorally stimulating and psychotomimetic 
properties, as well as the competitive NMDA receptor antagonist CGP 39551 which, 
as least in low doses, has been claimed to be devoid of such actions. PCP (0.5 mg/kg) 
and MK-801 (0.1 mg/kg) significantly elevated the extracellular DA levels in the NAC 
shell, whereas the DA levels the NAC core were unchanged. In contrast, a low dose of 
the competitive NMDA receptor antagonist CGP 39551 (2.5 mg/kg) did not affect DA 
output in either region. However, at higher doses (10 mg/kg) there was a significant 
elevation of the DA concentration in the shell when compared to the level in the core, 
observed about 25 min after drug administration.

Our results indicate that both the non-competitive and competitive NMDA receptor 
antagonists may preferentially increase DA output in the shell over that in the core of 
the NAC, although the competitive antagonist may be considerably less potent in this 
regard. Thus,the present data are compatible with the observation that both non
competitive and competitive NMDA receptor antagonists may clinically affect 
behaviour in a similar fashion. Supported by the Swedish Medical Research Council, 
grant no. 4747 and the Karolinska Institute.

725.8
DISTINCT MODULATION OF EXCITATORY SYNAPTIC TRANSMISSION 
IN MIDBRAIN DOPAMINERGIC AND GABAERGIC NEURONS.
A. Bonci* and R.C. Malenka. Dept.’s of Psychiatry and Physiology, University of 
California, San Francisco, CA 94143.
The ventral tegmental area is considered to be crucially involved in determining 
the behaviors related to drug abuse. In the present study, we compared the 
properties of the excitatory postsynaptic currents (EPSCs) evoked in dopaminergic 
and GABAergic neurons in the ventral tegmental area (VTA) by stimulating 
excitatory afferents presumably arising from the prefrontal cortex. Neurons were 
distinguished visually and by their electrophysiological properties. Evaluation of 
the ratio of AMPAR/NMDAR mediated synaptic currents revealed no differences 
between the two groups of cell. However, paired-pulse experiments indicated that 
dopaminergic neurons undergo paired-pulse depression (PPD) while GABAergic 
neurons exhibit paired-pulse facilitation (PPF). PPD and PPF were present at the 
respective synapses over a range of interpulse intervals (20-100 ms). Different 
response patterns were also observed when a train of ten stimuli (25-100 Hz) was 
delivered to each cell type. In pharmacological studies, dopamine (100 pM) had no 
effect on the EPSCs evoked in dopaminergic or GABAergic neurons. Serotonin 
(30 pM), methionine-enkephalin (30 pM) and adenosine (100 pM) depressed 
EPSCs in both dopaminergic and GABAergic cells to the same extent. In contrast, 
the GABAr receptor agonist, baclofen (100 nM-30 pM), caused a significantly 
stronger depression of the EPSCs evoked in GABAergic neurons. Our results 
indicate that the synapses made by cortical excitatory afferents onto dopaminergic 
and GABAergic cells in the VTA exhibit different functional properties. These 
differences may have important implications for the mechanisms underlying the 
acute and chronic actions of drugs of abuse.

725.9

THE EFFECTS OF INTRA-VENTRAL TEGMENTAL 
AREA MICROINJECTION OF GLUTAMATE 
RECEPTOR ANTAGONISTS ON LOCOMOTOR 
ACTIVITY. M. Nakamura, P. Duffy* and P. W. Kalivas, 
Dept. of VCAPP, Wash. State Univ., Pullman, WA 99164

The effects of bilateral microinjection of glutamate 
receptor antagonists into ventral tegmental area (VTA) of 
rats on locomotor activity were investigated. Intra-VTA 
microinjection of selective NMDA receptor antagonist 2- 
amino-5-phophonopentanoic acid (AP-5) (1-10
nmol/brain) increased locomotor activity in a dose- 
dependent manner. In contrast, intra-VTA microinjection 
of non-NMDA receptor antagonist 6-cyano-7- 
nitroquinoxaline-2,3-dione (CNQX) (1-10 nmol/brain) or 
the selective mGluR antagonist metyl-4- 
carboxyphenylglycine (MCPG) (1-30 nmol/brain) failed 
to alter locomotor activity. Perfusion of AP-5 into the 
VTA (5-500 uM) did not affect GABA release with 
microdialysis in conscious rat. These preliminary data 
indicate that behavioral effect of intra-VTA AP-5 
microinjection is GABA independent mechanism.

725.10

ATTENUATION OF HYPERALGESIA BY LY293558, A 
COMPETITIVE AMPA/KAINATE RECEPTOR ANTAGONIST. 
Charles E. Inturrisi* and Kathy L. Jones. Department of Pharmacology, 
Cornell University Medical College, N.Y., NY 10021.

LY293558, an antagonist at GluR2 and GluR5 but not NMDA 
receptors, has analgesic activity in a human hyperalgesic pain model 
(Sang et al., Neurosci. Abst., 1997). We evaluated the antihyperalgesic 
activity of LY293558 in rats at a dose which does not cause motor 

deficits. Compounds were given via a chronic i.t. (intrathecal) cannula. 
We used kainic acid (a GluR receptor agonist) to activate 
AMPA/kainate receptors. We therefore measured kainic acid-induced 
hyperalgesia using the thermal paw withdrawal latency. LY293558 at 
a dose of 0.05pM blocked the hyperalgesia induced by 0.1 nM of kainic 
acid. However, LY293558 failed to block NMDA-induced 
hyperalgesia providing evidence of its selectivity for the AMPA/kainate 
receptors. In conclusion, LY293558 when administered intrathecally 
has selective AMPA/kainate receptor antagonist activity as defined by 
its ability to prevent kainic acid-induced hyperalgesia and its inability 
to prevent NMDA-induced hyperalgesia. The antihyperalgesic effects 
of LY293558 may result from its antagonist activity at GluR5 receptors 
on primary afferents in spinal cord dorsal horn. Supported by Grants,
DA 01457, DA 00198 and CA 62948.

725.11
CHARACTERIZATION OF NMDA RECEPTORS IN SUPERFICIAL DORSAL 
HORN NEURONS OF ADULT RAT SPINAL CORD A. Momiyama*. Dept. of 
Physiology, Nagasaki Univ. Sch. Med. and Japan Science and Technology 
Corporation; 1-12-4 Sakamoto, Nagasaki 852-8523 Japan.

NMDA receptors in spinal cord have been implicated to play some role in 
nociception, but their basic properties have been known only for neurons of neonatal 
animals. Recent in situ hybridization studies reported expression of mRNAs for NR1 
and NR2D subunits in adult rat spinal cord. In order to identify the functional NMDA 
receptor types, single-channel recordings were made from outside-out patches of adult 
spinal cord neurons.

Transverse slices (250 pm thick) of lumbar spinal cord were prepared from 10-15 
weeks-old Wistar rats, and lamina II neurons were identified by the infra red 
Nomarski microscope. CNQX (10 pM), bicuculline (20 pM) and strychnine (0.5 pM) 
were added to the superfusate (nominally Mg2+-ffee) to block non-NMDA, GABAa 
and glycine receptors, respectively. Single NMDA channel currents were activated 
upon application of glutamate (10 pM) or NMDA (10-60 pM) together with glycine 
(3 or 10 pM). All patches (n=9) contained high-conductance NMDA channels (50/40 
pS), and in -66% of patches, openings of low-conductance NMDA channels (38/18 
pS) were also resolved. Open-open state transition between 38 and 18 pS levels was 
asymmetrical (38 to 18 pS steps occurred more frequently), the property characteristic 
to NR1/NR2D receptors. Transitions between 50 and 40 pS levels were symmetrical, 
and direct transition between 18 and 50 pS levels were not observed. Ifenprodil (10 
pM), a non-competitive blocker of NR1/NR2B receptor, suppressed currents through 
high-conductance channels by 61-96% at -70 mV.

These results suggest that in adult spinal cord, both NR2B and NR2D subunits are 
expressed, forming functional high- and low-conductance NMDA channels with the 
NR1 subunit. Supported by JSPS, JST, Brain Science Foundation, Yamanouchi 
Foundation and Ciba-Geigy Foundation.

725.12
ACTION OF GLUR5 GLUTAMATE LIGANDS ON SPINAL NOCICEPTION.
M.J. Procter.1 A.K. Houghton? E.S.L. Faber.1 D. Lodge2. & P.M. Headley1 (SPON; 
British Neuroscience Association). ’Department of Physiology, University of Bristol. 
BS8 1TD, UK. & 2Lilly Corporate Centre, Indianapolis, Indiana 46285, USA.

The presence of GluR5 glutamate receptor subunits on unmyelinated primary 
afferent neurones affords a potential new analgesic target. Two selective GluR5 
antagonists, LY294486 and LY382884, and the agonist, ATPA, have been examined 
for their anti-nociceptive effects. In studies with neonatal rat hemisected spinal cord 
in vitro, ATPA (lpM) reduced polysynaptic (but not monosynaptic) responses and 
this effect was reversed by LY382884 (lOpM), which had no effect on its own. In 
spinalised a-chloralose anaesthetised rats, single motor unit (SMU) and dorsal horn 
WDR neurone responses were evoked by noxious thermal stimulation (47.6-49.5°C) 
of the hindpaw and, in some animals, hindpaw inflammation was induced with 
intraplantar carrageenan (Img). In SMU experiments, LY294486 (10-20mg/kg) 
reduced responses in animals with normal or inflamed paws, but LY382884 (25- 
lOOmg/kg) had no effect in animals with inflamed paws. ATPA (2.5-20mg/kg) had 
no effect in either group. In dorsal horn experiments, both LY294486 (5mg/kg) and 
LY382884 (25mg/kg) significantly (p<0.05; Wilcoxon) reduced responses in 
animals with normal paws whilst LY382884 (25-50mg/kg) had no effect in animals 
with an inflamed paw. However, at these doses, the antagonists tended to reduce 
responses to iontophoretic AMPA (> responses to NMDA). In mouse hotplate tests 
(53-54°C), neither ATPA (10-20mg/kg, i.p.) nor LY382884 (50mg/kg, i.p.) had any 
effect on withdrawal latencies. The results show that these compounds can affect 
spinal nociceptive responses. The agonist ATPA had anti-nociceptive effects in vitro, 
but was without effect in vivo. In contrast, it was the antagonists that were anti
nociceptive in vivo under some, but not all, conditions. The effects of GluR5 ligands 
on nociceptive responses is evidently highly dependent on the conditions of the test, 
and may relate to their effects on AMPA and/or kainate receptors. Supported by 
MRC.
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725.13
MODULATION OF THE MEDULLARY-VASOPRESSOR AND
VASODEPRESSOR ACTIONS BY ALPHA-ADRENERGIC MECHANISM IN 
CATS. S.Y. Chen* and C.Y. Chai. Graduate Institute of Life Sciences, 
National Defense Medical Center, and Institute of Biomedical Sciences, 
Academia Sinica, Taipei 115, Taiwan, R.O.C.

The major goal of the present experiment is to study the modulatory effects of 
a-adrenergic (al and a2) mechanism on the pressor action of dorsomedial 
medulla (DM) and rostral ventrolateral medulla (RVLM). Cats were anesthetized 
by urethane (40 mg/kg) and a-chloralose (400 mg/kg). Microinjection of NE 
into DM and RVLM, ranging from a low dose (0.05 nmole) to a high dose (5 
nmole), did not alter the resting SAP. Low dose of NE did not alter, while high 
dose ofNE reduced the pressor responses elicited by microinjection of Giu (0.1 
M, 30 nl) into the DM or RVLM. Microinjection of a lower dose (0.05 nmole) 
of phenylephrine (Phe), an a 1-adrenergic agonist, and clonidine (Clo), an a2- 
adrenergic agonist, did not alter the Glu-induced pressor response of DM and 
RVLM. However, similar to NE, Clo and Phe in a high dose (5 nmole) reduced 
the Glu-induced pressor response of DM and RVLM. In contrast, these 
adrenergic agonists acted differently on the Glu-induced depressor responses of 
the caudal ventrolateral medulla (CVLM). A high dose of NE, Phe and Clo did 
not affect the depressor responses of CVLM induced by microinjection of the 
same dose of Glu. These findings suggest a differential adrenergic modulation 
of the Glu-induced pressor/depressor responses in medulla oblongata. The 
overall a-adrenergic effects (both al and a2) lead to a decrease of SAP via 
reduction of the pressor neural mechanisms. (This study was supported by the 
Institute of Biomedical Sciences, Academia Sinica, and Shih-Chun Wang 
Research Memorial Fund, Taipei, Taiwan, R.O.C.)

725.14
AMPA-RECEPTOR BLOCKADE WITHIN THE ROSTRAL VENTROLATERAL 
MEDULLA MODULATES CARDIOVASCULAR RESPONSES DURING 
MECHANICAL BUT NOT THERMAL NOCICEPTION. T, Gray, E, Lewis III. G, 
Asmundsson, P.Witt-Enderbv*, and A, Ally. Dept. Pharmacol., Univ. New 
England Coll. Med., Biddeford, ME 04005 and Dept. Molecular Pharmacol, 
and Biochem., Northwestern Univ. Med. School, Chicago, IL 60611.

We reported that NMDA-receptor antagonism in the rostral ventrolateral 
medulla (RVLM) attenuates increases in extracellular concentrations of 5-HT 
and dopamine during mechanical nociception, but had no effect on these 
monoamines during thermal nociception (FASEB J. 12.A137). In addition, 
NMDA-receptor blockade in the RVLM attenuates cardiovascular responses 
during mechanical but not thermal stimulation. Here we investigated effects 
of AMPA-receptor blockade in the RVLM on cardiovascular responses 
during two forms of noxious stimuli that activate peripheral A-6 & C-fiber 
polymodal nociceptors in anesthetized rats. Mechanical stimulation was 
done by applying bilateral hindpaw pinch for 5 s. Thermal stimuli were 
evoked by immersing both hindpaw metatarsus in a 52°C water-bath for 4 
s. Mechanical stimuli increased mean arterial pressure (MAP) & heart rate 
(HR) by 25 ±3 mm Hg & 28 ±5 bpm (n = 5), respectively; thermal by 34 ±4 
mmHg & 34 ±5 bpm (n = 5). Bilateral microdialysis of 6-cyano-7-nitroquinox- 
aline-2,3-dione (CNQX,1 pM) into the RVLM attenuated MAP & HR changes 
during mechanical (AMAP = 7±2 mmHg & AHR=12±4 bpm), but not 
thermal nociception (AMAP = 39 ±7 mmHg & AHR = 37 ±6 bpm). Results 
show that AMPA-receptor blockade in the RVLM attenuates cardiovascular 
responses during mechanical stimulation whereas, AMPA receptors do not 
appear to play a role in these responses during thermal nociception. 
Peripheral nociceptor differentiation between stimulus types may contribute 
to differences in cardiovascular responses via RVLM AMPA-receptors.

725.15
NMDA RECEPTOR ANTAGONISM IN THE ROSTRAL VENTROLATERAL 
MEDULLA ATTENUATES CARDIOVASCULAR RESPONSES DURING 
MECHANICAL BUT NOT THERMAL NOCICEPTION. G, Asmundsson? T, Gray 
and A, Ally. Departments of Pharmacology and Biochemistry, University of 
New England College of Osteopathic Medicine, Biddeford, ME 04005.

Previously, our laboratory reported that NMDA-receptor antagonism in the 
rostral ventrolateral medulla (RVLM) attenuates extracellular concentrations of 
serotonin and dopamine in the RVLM during mechanical nociception, but had 
no effect on these monoamines during thermal nociception (FASEB J. 
12:A137). In this study, we investigate the effects of such NMDA-receptor 
antagonism in the RVLM on cardiovascular responses during the two forms of 
noxious stimuli using anesthetized Sprague-Dawley rats. These two types of 
stimuli activate peripheral A-6 and C-fiber polymodal nociceptors. Mechanical 
stimulation was given by applying a bilateral hindpaw pinch for 15 sec. 
Noxious thermal stimuli were generated by immersing the metatarsus of both 
hindpaws in a water-bath (52°C) for 10 sec. Mechanical stimulation increased 
mean arterial pressure (MAP) and heart rate (HR) by 34 ±6 mmHg and 74 ±7 
bpm (n = 5), respectively, and thermal nociception by 51 ±3 mmHg and 81 ±3 
bpm (n = 5). Bilateral microdialysis of D(-)2-amino-7-phosphonohepatanoic acid 
(AP-7, an NMDA receptor antagonist: 1 pM) into the RVLM attenuated MAP 
and HR changes during mechanical (AMAP = 13 ± 2 mmHg & AHR = 42 ± 6 bpm) 
but not during thermal nociception (AMAP = 48 ±3 mmHg & AHR = 86 ±6 
bpm). These results suggest that NMDA-receptor antagonism in the RVLM 
attenuates cardiovascular responses during mechanical stimulation through a 
decrease in extracellular levels of these monoamines. In contrast, NMDA 
receptors that are blocked by AP-7 (1 pM) in the RVLM do not play a role in 
cardiovascular responses during thermal nociception. Peripheral nociceptor 
differentiation between stimulus types (mechanical vs. thermal) may contribute 
to differences in cardiovascular responses via medullary NMDA-receptors.

725.16

TEMORAL AND SPATIAL REGULATION OF RNA EDITING ENZYME 
rADAR2 EXPRESSION. M.-C. Paupard1, M. O’Connell2, A.GerbeHand 
R.S. Zukin1* 1Dept. Neurosci., Albert Einstein Coll. Med., Bronx, NY; 
2MRC Human Gen Unit, Edinburgh UK.; 3Dept. Cell Biology, Biozentrum, 
Basel, Switzerland.

rADAR2 RNA-editing enzyme with adenosine deaminase activity. 
ADAR2 acts at GluR pre-mRNAs to alter gating and permeability 
properties of AMPA and kainate receptors and at 5HT-2C pre-mRNA to 
alter serotonin receptor coupling to G protein. We examined spatial and 
temporal patterns of ADAR2 gene transcript and splice variant 
expression in rat brain. rADAR2 mRNA expression was first detectable 
in the thalamic nuclei formation at embryonic day E-19. At birth, rADARa 
mRNA was abundantly expressed exclusively in the thalamus. 
Expression in other areas increased gradually, with low expression at P7 
in olfactory bulb, inferior colliculus and the pyramidal and granule cell 
layers of hippocampus. By P14, rADAR2 expression was more 
consolidated in deeper structures (thalamic nuclei and granule cell layer 
of cerebellum). By P21, maximal levels of rADARb expression were 
observed in thalamic nuclei, inferior colliculus, cerebellum and pontine 
nuclei. In adult, rADAR2 mRNA expression was highest in thalamic 
nuclei, followed by olfactory bulb, inferior colliculus, cerebellum and 
pontine nuclei. In hippocampus, labelling was restricted to CA3 and 
dentate gyrus. rADAR2 was at near background level in neocortex and 
caudate. RNA editing may be an important mechanism for fine-tuning of 
physiological and pharmacological properties of central transmitter 
receptors.

725.17
EFFECTS OF KAINATE RECEPTOR Q/R EDITING STATUS ON 
PENTOBARBITAL POTENCY. J.M, Gunther*1’2 and R.E, Twyman1,2,3. Programs 
in Neuroscience1 and Human Molecular Biology & Genetics2 and Dept. in Neurology3, 
University of Utah, SLC, UT 84112.

Strong correlation exists between antagonist potency of pentobarbital and Q/R 
editing status of AMPA receptors (Tavema et al., 1994; Yamakura et al., 1995). In 
this study, status of Q/R editing on pentobarbital potency at kainate receptors ;md 
mechanism of pentobarbital inhibition were determined using two electrode voltage 
clamp technique at Xenopus laevis oocytes. Kainate receptors were pretreated with 
concanavalin A (Con A) to prevent desensitization of kainate (300 pM) responses. 
Pentobarbital demonstrated 3-fold greater potency at edited R-form kainate receptors 
thmi at unedited Q-form. The IC50 value of pentobarbital concentration-response curve 
was 91 ± 15 pM (n=8) at GluR6R compared to 262 ± 46 pM (6) at GluR6Q receptors. 
At AMPA receptors, pentobarbital was 30-fold more potent at R-form than at Q-form 
receptors. The IC50 values at GluR2:GluRl and GluRl receptors were 40 ± 28 pM 
(3) and 1270 ± 155 pM (6), respectively. Potency demonstrated time-dependent 
sensitivity to Con A pretreatment determined by Q/R editing status of receptor. 
Pentobarbital potency at GluR6Q receptors one hour following Con A pretreatment (5) 
was decreased 7-fold compared to recordings immediately following pretreatment (2). 
No significant difference was observed at GluR6R receptors (3-5, p<0.01). 
Inhibition at kainate receptors was noncompetitive and, in contrast to AMPA receptors 
(Marszalee& Narahashi, 1993), lacked voltage- and use-dependence. Thus, correlation 
of pentobarbital potency with kainate receptor Q/R editing status was different from 
that at AMPA receptors. In addition, the allosteric mechanism of inhibition was 
different from open channel block proposed for AMPA receptors. The results suggest a 
unique modulatory site may exist on kainate receptors useful in development of 
antagonists selective between non-NMDA receptor subtypes. Supported by NS31519.

725.18
CHANGE OF GLUR1 SUBUNIT PROTEIN IN ORGANOTYPIC HIPPOCAMPAL 
SLICE CULTURES FOLLOWING LONG-TERM EXPOSURE TO KAINIC ACID.
B. Jakobsen1, B.W. Kristensen1, T.S. Gray2' and J, Zimmer1. 1Dept. of 
Anatomy and Celt Biology, Univ. of Odense, Denmark; 2Dept. of Cell 
Biology, Neurobiology and Anatomy, Univ. of Loyola, Stritch Sch. of Med., 
Maywood, IL, USA.

We have previously shown that long-term exposure of developing, 
organotypic hippocampal slice cultures to non-toxic, low doses of kainic 
acid (KA) lower the susceptibility of the cultures to a subsequent acute, and 
otherwise excitotoxic dose of KA. In relation to this, there was reduced 
expression of glutamate receptor subunits mRNA (GluR6 and KA2). We now 
examined the possible effects of long-term, low dose exposure of KA and 
o-amino-5-hydroxy-methyl-4-isoxazole propionic acid (AMPA) on the 
expression of glutamate receptor subunit GluRl protein and mRNA. 
Organotypic hippocampal slice cultures, made from 7 days old rats, were 
grown on porous membrane inserts in serum free medium (Neurobasal plus 
B27 supplement) and exposed to low, non-toxic doses of KA (2 pM) or 
AMPA (1 pM) starting 4 days after explantation. After 3 weeks of exposure 
the cultures were prepared for Western blot analysis, using an antibody 
directed against the AMPA receptor subunit GluRl, or cryostat sectioned at 
20 pm for quantitative in situ hybridization using a 36S-labelled 
oligonucleotide probe complementary to GluRl mRNA. Cultures long-term 
exposed to KA displayed a significant reduction of GluRl protein compared 
to control cultures, while the density of the in situ hybridization signal for 
GluRl mRNA, measured for CA1, CA3 and dentate cell layers was 
unchanged. Long term exposure of the cultures to AMPA did not cause 
notable effects. Together with our previous observations, the results 
indicate that KA may have different effects on hippocampal AMPA receptor 
subunits than AMPA itself. Whether this is a direct effect or mediated 
through the KA receptors remains to be determined. Supported by the 
Danish MRC and the Danish State Biotechnology Programs (PharmaBiotec).
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725.19
RECOMBINANT ADENOVIRUS MEDIATED SELECTIVE KNOCKDOWN OF 
THE RAT NMDA RECEPTOR NR1 SUBUNIT. S. Malik, Q. Cheng, P. Sarin, and J. 
Yang*. Depts. of Anesthesiology and Pharmacology / Physiology, University of 
Rochester Medical Center, Rochester, NY 14642.

We developed recombinant replication deficient El-E3-deleted adenovirus which 
express a sense or an antisense transcript targeted to the rat NMDA receptor NR1 
subunit to overcome few of the limitations of non-vehicle mediated antisense 
knockdown technique. The NR1 cDNA expressed by the virus were 5’-fragments of 
122 bp covering exon 1 and a 400 bp extending into exon 2. In addition, a secondary 
GFP expression cassette was incorporated to allow detection of cells infected by the 
recombinant virus.

Infection of NGF stimulated PC 12 by either ad(400-AS) or ad(122-AS) resulted in a 
knock-down of the NR1 protein detected by Western blot. This NR] protein 
knockdown was dose-dependent with a half-inhibition dose of 1.6 x 103 pfu (ad(400- 
AS) and 7.6 x 104 pfu (ad(122-AS) for the two different constructs. Infection with a 
control GFP expressing virus had no effect on the NR1 protein level. For a given viral 
titer, the extent of protein knockdown was time-dependent as well. Maximal protein 
knockdown was observed 4 days after the viral infection. The functional consequence 
of NR1 protein knockdown was examined using NMDA induced increase in 
intracellular calcium. Cultured hippocampal neurons infected with the ad(400-AS) 
virus exhibiting GFP fluorescence showed smaller increase in intracellular calcium 
levels when compared to GFP-negative control neurons from the same dish. Patch 
clamp electrophysiological recordings of virally-transduced hippocampal neurons are 
underway to examine the specificity of the antisense transcript-induced NR1 protein 
knock-down.

Adenovirus mediated delivery of antisense cDNA free of the 20 - 22mer limitation of 
the conventional oligonucleotide antisense knock-down technique will allow a 
systematic investigation of the importance of the insert length and the target to achieve 
optimal antisense knock-down of neurotransmitter receptor subunits.

GABA RECEPTORS: CL" FLUXES AND GRADIENTS

726.1
DETERMINATION OF GABAa RECEPTOR-DEPENDENT CHLORIDE FLUX UN 
MOUSE CORTICAL MEMBRANE VESICLES USING THE SENSITIVE 
FLUORESCENT INDICATOR 6-METHOXY-N-ETHYLQUINOLINIUM.
H.I. Osipova-Goldberg*, B.E. Laurijssens, D.J. Greenblatt. Dept. of Pharmacology 
and Experimental Therapeutics, Tufts University, 136 Harrison Ave., Boston, MA 
02111.

GABA-stimulated chloride (CT) current is a parameter that directly characterizes 
GABAa receptor function. Use of fluorescent dyes to detect Cl" movements in 
biological systems is a potential alternative to the measurements of radioactive 36C1" 
flux. This is a safer, comparatively inexpensive, sensitive and technically simple 
approach.

6-methoxy-N-ethylquinolinium (MEQ) was loaded in vesicles in a reduced form as 
lipophilic 6-methoxy-N-ethyl-l,2-dihydroquinoline (DiH-MEQ) that is readily 
oxidized to the membrane impermeable MEQ. Fluorescence of the MEQ entrapped in 
chloride-free vesicles was titrated with increasing concentrations of Cl", and the 
apparent quenching constant (Kq) was determined using the Stern-Volmer equation. 
The intravesicularly determined Kq was considerably lower than MEQ Stern-Volmer 
constant in solution due to the Cl" concentration gradient maintained across the 
vesicular membrane. It was shown that intravesicular MEQ Kq increased in a 
concentration-dependent manner in the presence of 1, 10 and 50 pM muscimol. 
Flunitrazepam (1,5 and 10 nM) further stimulated the muscimol-induced increase of 
Kq while 20 pM bicuculline blocked the stimulation. Thus, this parameter may be 
used to characterize the GABAa receptor functionally, as it appears to be sensitive to 
the variations in Cl flux produced by specific modulators of the receptor.

Supported by Grants DA-05258, MH-19924, and MH-34223 from the Department of 
Health and Human Services

726.2

GABA-STIMULATED Cl" FLUX IN THE BRAIN OF CHANNEL CATFISH.
G. Tunnicliff. E. Malatvnska*, N.L. Schindler and C.P. Harrawood. Indiana University 
School of Medicine, Evansville, IN 47712.

In mammalian brain the predominant inhibitory transmitter is y-aminobutync acid 
(GABA) whose actions are mediated, in part, by the flow of CT ions through channels in 
the ligand-activated GABAa receptor complex, a protein composed of several different 
subunits. Previous studies have indicated that GABAa receptors exist in channel catfish 
brain. For instance, [3H]GABA was able to bind to a neuronal membrane preparation in 
a saturable manner and kinetic analysis revealed a high-affinity binding component (Kd = 
8 nM). This binding could be inhibited by both known agonists and antagonists at the 
GABAa receptor.

The present study relied on the measurement of 36CT flux into vesicles prepared from 
catfish whole-brain. The stimulation by GABA was determined over an initial rate of 3 
seconds, after which the reaction was stopped by vacuum filtration. The stimulation by 
GABA yielded an EC50 of 10 pM, which is about one third the value measured m rat 
cortical neuronal vesicles. The maximum rate of CT uptake was low compared to the 
uptake by rat cerebral cortex. Bicuculline, a GABAa receptor antagonist, inhibited 
GABA-stimulated CT influx in a dose-dependent manner (IC50 = 3 pM). In mammalian 
brain, benzodiazepines such as diazepam can enhance the GABA-stimulated CT uptake. 
In our catfish brain preparation, however, this enhancement, if any, was minimal. To assist 
us in explaining the apparent differences between the catfish and rat GABAa receptor, we 
looked for differences in the expression of the receptor subunits. We carried out RT-PCR 
using primers homologous to all a subunit subtypes and primers for a 1 subunit subtypes 
A product was seen only when the more general primers were used, although it was larger 
than anticipated from rat brain studies.

Supported by IUSM

726.3
CT GRADIENTS BETWEEN SOMA AND DENDRITES IN CULTURED 
RAT MIDBRAIN NEURONS BUILT UP BY A FUROSEMIDE- 
SENSITIVE Ci TRANSPORT. U. Misgeld, W. Jarolimek, J. 
Rohrbacher, A. Lewen and C. Benninger*. I. Physiol. Inst., Univ 
Heidelberg, Germany

The intraneuronal Cl" distribution is a key factor in GABAa receptor- 
mediated postsynaptic inhibition. In whole-cell recordings with patch 
pipettes containing CI'+Br" (15 mM) spontaneous bicuculline-sensitive 
IPSCs recorded in the presence of glutamate antagonists were inward 
and outward at holding potentials between -60 to -40 mV. The IPSCs 
had different kinetics and small inward and outward currents persisted 
in TTX. „Slow“ IPSCs had a more negative reversal potential than „fast“ 
IPSCs and the pattern of their occurrence suggested that they were 
driven by different neurons. „Slow“ IPSCs were of dendritic origin 
because focal applications of GABA (1 mM) in TTX and extracellular 
Cs+ revealed more negative reversal potentials for dendritic CT currents 
as opposed to somatic Cl" currents. Furosemide (10-100 pM) displaced 
reversibly reversal potentials of GABA induced currents in the dendrites 
to more positive values while changes in reversal potentials of GABA 
induced currents at the soma were small. Slopes of Cl" currents 
remained unchanged and similar displacements were obtained using 
glycine as a ligand. We conclude that, in cultured neurons in a HCO3' 
free environment, a somatic Cl" source can coexist with a dendritic CT 
sink due to a continuously operating Cl" outward transport.
Supported by the Deutsche Forschungsgemeinschaft

726.4
DEVELOPMENTAL EXPRESSION OF CATION CHLORIDE 
COTRANSPORTERS IN THE RAT BRAIN. James W. Sharp*, Jeffery 
R. Williams, and John A. Payne. Dept. Human Physiology, University of 
California, School of Medicine, Davis, CA 95616.

Cation chloride cotransporters appear to function as “active” CT pumps 
of neurons, and thus they may be important in GABAa receptor function 
The neuronal-specific K-Cl cotransporter (KCC2) may be involved in 
“active” CT extrusion and the Na-K-Cl cotransporter (NKCC) in “active” 
CT accumulation. During early postnatal (PN) development GABAa 
receptors are predominantly excitatory indicating NKCC may be 
maintaining Ecl>Em. After the first week of PN development, however, 
GABAa receptors become predominantly inhibitory (Ecl<Em) indicating 
expression of KCC2. Using anti-KCC2 and anti-NKCC antibodies, we 
examined the temporal expression of the cotransporters in rat PN 
development. Western blots of whole rat brain membranes showed 
significant levels of NKCC at PN day 1 with a modest increase through 
development. In contrast, little KCC2 protein expression was observed 
during the first week, but KCC2 levels steadily increased from PN day 10 
to reach adult levels by PN day 28. Immunolocalization studies showed 
hippocampal KCC2 labeling began at PN day 10 in CA1-CA3 pyramidal 
cell dendrites (oriens layer) and in dentate gyrus granule cell dendrites. At 
PN day 14 punctate labeling of cerebellar Purkinje cell dendrites appeared 
along with synaptic glomeruli and granule cell KCC2 labeling which 
reached adult intensity at PN day 28. Immunolocalization showed that 
neuronal NKCC was present during early development. Results are 
consistent with important roles of KCC2 and NKCC in neuronal Cl 
homeostasis and the functional development of GABAa receptors, 
(supported by NIH NS-36296, Epilepsy Foundation of America, and Council for 
Tobacco Research)
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726.5
LOCALIZATION OF CATION CHLORIDE COTRANSPORTERS AND 
GABA RECEPTORS IN RAT CEREBELLUM. John A. Payne*, Jeffery 
R. Williams, and James W. Sharp. Dept. of Human Physiology, 
University of California, School of Medicine, Davis, CA 95616.

The K-Cl cotransporter (KCC2) and Na-K-Cl cotransporter (NKCC) 
appear to serve as important neuronal Cf transport mechanisms. They may 
help maintain Cl either above (NKCC) or below (KCC2) electrochemical 
equilibrium as required for proper GABAAergic function. Using 
immunofluorescence and immunoperoxidase methods, we examined the 
neuronal distribution of the cotransporters and GABA receptors in the rat 
cerebellum. In the granular layer, KCC2 and the {32/P3 subunit of the 
GABAa receptor strongly stained synaptic glomeruli and the plasma 
membranes of granule cells. NKCC exhibited little staining in the granular 
layer. The soma of Purkinje cells exhibited little immunostaining for either 
KCC2 or GABAa receptor but intense immunostaining for NKCC and 
GABAb receptor. This indicates that significant GABAergic inhibition at 
Purkinje cell soma may be mediated through GABAb receptors. In the 
molecular layer, both KCC2 and GABAa receptor displayed rather 
punctate distributions along Purkinje cell dendrites. In contrast, NKCC 
uniformly stained the dendritic arborizations of Purkinje cells. The co- 
localization of KCC2 and GABAa receptors in the granular and molecular 
layers of the cerebellum is consistent with an important role of KCC2 in 
neuronal Cl" extrusion and the maintenance of low [Cl] required for 
GABAAergic inhibition. The punctate KCC2 and uniform NKCC 
distributions observed in Purkinje cell dendrites indicates that KCC2 may 
localize immediately at inhibitory GABAAergic synapses and implies the 
cotransporters may be associated with a differential [Cl"]i distribution, 
(supported by NIH NS-36296, Epilepsy Foundation of America, and Council for 
Tobacco Research)

726.6
GABA-INDUCED INTRINSIC LIGHT-SCATTERING CHANGES 
COUPLED WITH MEMBRANE DEPOLARIZATION IN 
EMBRYONIC CHICK BRAINSTEM SLICES.
Y. MOMOSE-SATO, K. SATO, Y. ARAI and K. KAMINO*
Dept. Physiol., Tokyo Med. Dent. Univ. Sch. Med., 1-5-45 Yushima, 
Bunkyo-ku, Tokyo 113-8519, Japan.

We have found new evidence for GABA-induced intrinsic optical 
changes associated with a voltage-sensitive dye signal in the early 
embryonic chick brainstem slice. The slices were prepared from 8-day 
old embryos, and they were stained with a voltage-sensitive dye 
(NK2761). Pressure ejection of GABA to one site within the 
preparation elicited optical changes. With 580 nm incident light, two 
components were identified in the GABA-induced optical change. The 
first component was wavelength dependent, while the second, slower 
change was independent of wavelength. Comparison with the known 
action spectrum of the dye indicates that the first component reflects a 
depolarization of the membrane, and that the second, slow component is 
a light-scattering change resulting from cell shrinkage coupled with the 
depolarization. Similar optical changes were also induced by glycine, 
although the amplitude of both the first and second signals was much 
smaller than for GABA. The optical changes induced by GABA 
persisted in the presence of picrotoxin and 2-hydroxysacIofen, 
suggesting that these optical responses include a novel GABA response, 
which has been termed GABAd in our previous reports.

GABA RECEPTORS: MOLECULAR STUDIES OF NATIVE GABAa RECEPTORS

727.1
DETECTION OF GABAA SUBUNIT GENES SEQUENCE VARIANTS BY 
DENATURING HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 
M, Radel, MJ)., N. Iwata, MD, PhD . C. Mazzanti. Ph D. P J Brooks*. Ph D .
and D Goldman. M D
Laboratory of Neurogenetics, NIAAA-NIH, Bethesda, MD 20852

The GABAA receptors are heteropentameric ligand-gated chloride 
channel receptor complexes which are the site of action of gamma-aminobutiric 
acid (GABA), a major inhibitory neurotransmitter in the brain . They are 
positively modulated by benzodiazepines, general anesthetics, barbiturates and 
ethanol Many of the behavioral effects caused by these positive modulators 
may be exphunvd by the observed increase in GABA-mediated chloride influx, 
and subsequent hyperpolarization of the cellular membrane

Recently, Alcohol Dependence was reported to be linked to a region of 
human chromosome 4 containing a GABAA receptor subunit gene cluster 
(Long, Goldman et al., in press). These reports have encouraged us to screen 
GABAA receptor genes for variants in patients with anxiety related disorders 
and Alcohol Dependence.

We have recently identified an amino acid substitution in the GABAA a-6 
subunit gene which is almost exclusively expressed in cerebellum. This variant 
is being evaluated for the motor-impairing effects of ethanol. Previously 
reported a-6 variants were detected by denaturing high performance liquid 
chromatography (dHPLC). Screening the GABAA receptor y-2 subunit gene by 
dHPLC detected several variants, which were confirmed by direct sequencing. 
These results indicate that dHPLC is a rapid and sensitive method for detecting 
genetic variants at GABAA subunit genes.

Work supported by NIH grant no. 0085729424

727.2
A SYNTHETIC STANDARD FOR COMPETITIVE RT-PCR 
QUANTITATION OF 13 GABAa RECEPTOR SUBUNIT mRNAs IN 
RATS AND MICE. Z. F. Liu*, W. Mu and D. R, Burt. Department of 
Pharmacology and Experimental Therapeutics, University of Maryland 
School of Medicine. Baltimore, MD 21201.

GABAa receptors are composed of 5 subunits belonging to different families (a, 
/3, y, 5, e, rr, and p) according to degree of sequence homology. Reverse 
transcription-polymerase chain reaction (RT-PCR) is often used to measure RNA 
abundance. Previously described internal standards for RT-PCR of GABAa 
receptor subunit mRNAs have been different for each subunit. This is relatively 
labor-intensive and potentially wasteful of smali samples. We now describe a 
combined, synthetic 769 bp DNA internal standard, GABARQuant 1, for 
measuring mRNAs of 13 GABAa receptor subunits by RT-PCR. When it is 
transcribed into cRNA, added in known amounts to target mRNAs in extracts from 
rat or mouse tissue, competitively reverse transcribed into cDNA, and amplified 
by the polymerase chain reaction (PCR), the relative intensities of the amplified, 
stained target and standard DNA bands enable measurement of small amounts of 
mRNAs for GABAa receptor subunits al-6, ft 1-3, y 1-3 and 6 and the 3 cellular 
markers /1-actin, light neurofilament protein, and glutamine synthetase. For the 
subunits, most standard products (263-504 bp) differ in size from target products 
(398-564 bp) by 10-20%. Primer pairs span at least one intron, to prevent 
interference by genomic DNA, and at least one rat vs. mouse RFLP (restriction 
fragment length polymorphism), to enable rat products to be distinguished from 
mouse products (e.g., as a means to detect sample cross contamination or cheek 
relative yields of target and synthetic standard PCR products). (Supported in part 
by USPHS grant HD 16596 to DRB.)

727.3

GABAa RECEPTOR SUBUNIT mRNA EXPRESSION IN SINGLE 
THALAMOCORTICAL NEURONS. T.Y. Rikhter1*. A.J.Becker2, 
M.A.SardakD.A, Coulter1, Dept. Neurol.(l), Med. Coll. Virginia, Virginia 
Commonwealth University, Richmond, VA 23298,Dept. Neuropathol., 
Univ. Bonn Medical Center. D-53105 Bonn, Germany (2).

GABAergic inhibition synchronizes oscillations in the thalamocortical 
(TC) system. GABA-evoked currents in thalamic neurons are insensitive 
to benzodiazepines (BZ), while GABA currents in NRT neurons are 
strongly augmented by BZs (Gibbs et al. J Neurophysio! 76 (4) 1996). 
These differences may be related to dissimilar GABAa receptor (GABAaR) 
subunit composition in these neurons. Relative levels of expression of 6 
GABAaR mRNAs in ventrobasal (VB, n = 5), ventral lateral geniculate 
(VLGN)(n = 6) and NRT (n = 2) neurons were examined using the single 
cell aRNA amplification method (Eberwine and Crino, Cur. Prot.
Neurosci. 5, 1997). Adult rat neurons were acutely isolated, harvested, 
and subjected to 2 rounds of amplification for subsequent profiling of 
a2, a3, a4, a6, 01 and 03 GABAaR subunit mRNAs. The most highly 
expressed messages in VB and VLGN-NRT neurons were 01 (649 ±67% 
and 639 ±25% of 0-actin signal, respectively) and a2 (565 ±67% and 
554 ±22%). Moderate expression levels were detected for a3 
(384 ±42% and 373 ±26%) and a4 (236 ±22% and 269 ±10%) 
mRNAs. a6 (111 ±13% and 108 ±2%) and 03 (153 ±16% and 
164 ±8%) subunit mRNAs were expressed at lower levels. No significant 
difference between VB and VLGN-NRT neurons was detected in 
expression levels of the 6 tested GABAaR mRNAs. Further studies 
examining expression of a1, y2 and e messages might result in a better 
understanding of differences in pharmacology between TC neurons. 
Supported by NIH-NINDS Grant NS 31000 to DAC.

727.4
CHRONIC MK-801 ADMINISTRATION ALTERS GABAa RECEPTOR SUBUNIT 
PEPTIDE EXPRESSION AND FUNCTION IN THE RAT. D.B. Matthews*1, L.L. 
Devaud1, J.E. Kralic', J.M, Fritschy2, W. Sieghart3 and A.L. Morrow1. JUNC School of 
Med., Chapel Hill, NC, 2Univ. of Zurich, Zurich Switz. and 3Univ. Clinic for Psy., 
Wahringer Gurtel 18-20, Vienna, Austria.

Chronic ethanol consumption for 14 days produces changes in GABAa receptor 
subunit peptide expression in rat cerebral cortex but not hippocampus. However 
40 days of chronic ethanol consumption produces changes in GABAa receptor 
subunit peptide expression in both brain regions. This suggests that prolonged 
ethanol consumption might alter hippocampal GABAa receptor subunit peptide 
expression indirectly, possibly by chronic blockade of hippocampal NMDA- 
sensitive glutamate receptors. To investigate this, rats were administered 0.4 
mg/kg MK-801, i.p., twice daily for 14 days. We now report that chronic MK-801 
administration differentially alters GABAa receptor subunit peptide expression in 
the hippocampus vs. cerebral cortex. Specially, GABAa receptor a4 subunit 
peptide expression (n=7) is significantly increased (31% + 8; p < 0.05) in the 
hippocampus but not altered in the cerebral cortex. GABAa receptor aj, 02/3 and 
72 subunit peptides did not change in either brain region. Finally, NMDA-sensitive 
glutamate receptor NR1 subunit peptide expression did not change in either brain 
region. Chronic MK-801 injection also reduces GABA-stimulated (100 pM) Cl' 
influx in the hippocampus (16% + 3%, n=3) but does not alter GABA-stimulated 
Cl" influx (5 pM to 600 pM) in the cerebral cortex. These results suggest that 
chronic blockade of NMDA-sensitive glutamate receptors can indirectly alter 
GABAa receptor peptide expression and function, and, that these alterations are 
dependent on the brain region investigated. Supported by AA009013.
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727.5

MK801 INHIBITS DEVELOPMENTAL EXPRESSION OF GABAa 
RECEPTOR SUBUNIT mRNAS IN INDIVIDUAL HIPPOCAMPAL 
NEURONS IN VITRO. H. Jin1, M. Price2, M.A. Dichter2 and A.R. 
Brooks-Kayal1’2’3*. Children's Hosp. of Philadelphia1, Depts. of 
Neurology2 & Pediatrics3, Univ. of Pennsylvania, Phila., PA 19104.

The GABAa receptor (GARAR) is a heterooligomeric protein 
complex composed of multiple receptor subunits. We have previously 
demonstrated developmental increases in expression of GABAR cd, 
a5, pi and y2 subunit mRNAs within individual embryonic rat 
hippocampal neurons developing in culture (Brooks-Kayal, et al.,
1998), however, the cues which signal for these changes are not fully 
understood. Studies of cerebellar granule neurons suggest that 
signaling through the N-methyl-D-aspartate (NMDA) selective 
glutamate receptor plays a critical role in stimulating GABAR subunit 
expression (Harris et al., 1994, 1995; Memo et al., 1991; Zhu et al., 
1995; Wang et al., 1998). We examined the effects of chronic 
treatment with MK801, a non-competitive selective antagonist of the 
NMDA receptor, on GABAR development in cultured embryonic rat 
hippocampal neurons. Cultures were treated beginning on day 2 in 
vitro (DIV 2) with 1 pM MK801, then expression of eleven GABAR 
subunit mRNAs was assessed in individual neurons on DIV 1-21 using 
the technique of single cell aRNA amplification. In contrast to control 
neurons, no significant developmental increase in relative expression of 
GABAR subunit mRNAs was seen in hippocampal neurons chronically 
treated with MK801. These findings suggest that MK801 inhibits 
normal developmental increases in GABAR subunit mRNAs in 
hippocampal neurons, and provides additional evidence for the 
importance of NMDA receptor activation in regulation of GABAR 
development.
Supported by NIH NINDS K08 NS-01936 to ABK.

727.6

EXPRESSION OF GABAa RECEPTOR SUBUNITS IN CULTURED 
CEREBELLAR GRANULE NEURONS IS DEPENDENT ON THE 32 
SUBUNIT. X. Luo, M. Kumar, and R.E. Siegel*. Dept. of 
Pharmacology, Case Western Reserve Univ., Cleveland, OH 44106.
The multisubunit GABAa receptor is the principal inhibitory receptor in 
the CNS. Studies by others on polarized Madin-Darby canine kidney cells 
transfected with GABAa receptor subunit cDNAs demonstrated that 3 
subunit isoforms play a role in directing the subcellular localization of 
other receptor subunits. To determine whether similar mechanisms 
govern subunit targeting in neurons, cultures of rat Pl 0 cerebellar granule 
cells were treated with subunit-specific antisense oligodeoxynucleotides 
(ODN). Changes in subunit polypeptide levels and distribution were then 
assessed by Western blotting and immunocytochemistry. In granule 
neurons, an abundant receptor type is thought to be assembled from al. 
32, and y2 subunits. Addition of 32 or y2 subunit ODNs for 3 days 
beginning on culture day 3 reduced the levels of the targeted subunits by at 
least 70%. These two ODNs differentially affected expression of other 
receptor subunits. When cells were treated with the y2 ODN, the levels 
and distribution of the al and 32/3 subunit polypeptides were not altered. 
In contrast, treatment with the 32 ODN reduced expression of the 51 kDa 
al subunit to virtually undetectable levels while the level and distribution 
of the y2 subunit were unaltered. These findings support the possibility 
that 3 subunits play important roles in governing GABAa receptor 
subunit expression in neurons as well as in transfected cells. In granule 
neurons, the 32 subunit may be required for the appearance of assembled 
GABAy^ recePtors °n the cell surface. Studies underway are examining 
the importance of the al subunit in subunit targeting and the physiological 
consequences of the ODN treatments. (Supported by NS31266)
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728.2728.1
MIDAZOLAM AND PROPOFOL MODULATION OF TONIC GABAcrg,c 
CURRENT AND TRANSIENT IPSCs IN CULTURED HIPPOCAMPAL 
NEURONS. D. Bal,1* J.F. MacDonald,1 B.A. Orser123. ’Dept. of Physiology. 
2Dept. of Anaesthesia, Univ. of Toronto, 1 King’s College Circle, Toronto, 
Ontario, Canada M5S 1A8; 3Sunnybrook Health Sci. Centre. 2075 Bayview 
Ave, Toronto, Ontario, Canada M4N 3M5.

Propofol (Prop) is a general anesthetic whereas benzodiazepines, including 
midazolam (MDZ), are sedative-hypnotics that lack anesthetic properties. The 
mechanisms underlying the more potent neurodepresslve actions of Prop, 
compared with MDZ, are not known. Both of these drugs prolong the decay of 
IPSCs. However, the Inhibition through GABAa receptors are composed of tonic 
current produced by ambient GABA and transient IPSCs resulting from the 
synaptic release of GABA. Here we compare the effects of Prop and MDZ on 
tonic and transient activation of GABAa receptors. Whole-cell currents (VH -60 
mV) were recorded from mouse hippocampal neurons grown in dissociated cell 
culture. MDZ Induced a blcuculline-sensltive current possibly by enhancing the 
tonic activation of GABAa receptors. The threshold and saturating concentration 
of MDZ for this enhancement was 8nM and 200nM, respectively (EC50=20nM: 
lmax = 23pA). No further increase in current amplitude was observed at higher 
concentrations of MDZ. In contrast, a much larger current was induced by Prop 
most likely via direct activation of GABAa receptors (threshold concentration 
was 0.2pM; lmax = 1nA). At cllnically-relevant concentrations, both MDZ (8nM) 
and Prop (200nM) prolonged the decay of IPSCs. However, the tonic current- 
induced charge transfer was 7 and 15-fold greater, respectively, than that 
associated with prolongation of the IPSCs. Thus, the ability of these drugs to 
prolong IPSCs may be overshadowed by tonic activation of GABAa receptors. 
Furthermore, tonic activation of the GABAa receptor by Prop may underlie its 
potent neurodepresslve effects. Supported by the IARS, Ontario Ministry of 
Health and the MRC of Canada.

GABAa RECEPTORS OF RAT DOPAMINERGIC AND PURKINJE NEURONS 
PRESENT MULTIPLE INCREMENTAL CONDUCTANCE LEVELS.
A. Guyon? S, Laurent.1 D, Paupardin-Tritsch.1 J. Rossier2 and D, Eugene1*.
‘Neurobiologie Cellulaire, Institut des Neurosciences, CNRS - Université Pierre et 
Marie Curie, 9 quai Saint-Bernard, 75005 Paris; ’Neurobiologie, ESPCI - CNRS, 
10 rue Vauquelin, 75005, Paris, France.

Dopaminergic (DA) neurons of substantia nigra pars compacta and Purkinje 
neurons of cerebellum from 10-15 day old rats were studied in slices and 
following acute dissociation.

The pattern of expression of GABAa receptor subunit mRNAs determined by 
single-cell RT-multiplex PCR was mainly a,PMY2 in Purkinje neurons, as 
described by Ruano et al. (Eur. J. Neurosci., 1997, 9: 857-862), and a3/4P2Ay3 in 
DA neurons. Outside-out patch-clamp recordings at a holding potential of -70 mV 
revealed that 1-10 pM GABA or isoguvacine (a selective GABAa agonist) 
induced multiple openings. The single-channel currents were blocked by 10 pM 
bicuculline and reversed at Ea (~ 0 mV), showing that they were effectively due 
to the activation of GABAa receptors. At least six conductance levels were 
characterized using current amplitude histograms. Direct openings from the 
baseline to the highest conductance levels and transitions between all levels were 
observed. All the conductance values appeared to be integral multiples of an 
elementary conductance of 4-5 pS for DA neurons and of 3-4 pS for Purkinje 
neurons. This property is therefore present in these two populations of neurons 
that express different GABAa receptor subunit compositions.

Our results can be interpreted in the frame of the hypothesis of single GABAa 
receptor-channel with multiple open states. Alternatively, a variable number of 
channels could open synchronously to give rise to such multiple incremental 
conductance levels.

This work was supported by DRET.

728.3
PROTONS INHIBIT GABA-ACTIVATED CURRENT BY DECREASING 
SINGLE-CHANNEL OPEN PROBABILITY
Ren-Qi Huang* and Glenn H. Dillon, Department of Pharmacology, University of 
North Texas, Health Science Center at Fort Worth, Fort Worth, TX 76107

We studied the effects of extracellular pH (pH0) on GABA mediated Cf current in 
hypothalamic neurons and recombinant GABAa receptors stably expressed in 
HEK293 cells, using whole-cell and outside-out patch clamp recordings. In a3[32y2 
receptors, at roughly EC50 [GABA], acidic pH decreased the GABA response, 
whereas alkaline pH had the opposite effect. In contrast, when evoked by saturating 
or near-saturating [GABA], the whole-cell current showed an equally marked 
decrease upon variations of pH0 around 7.3. As a result the concentration-response 
relationship of the GABA-induced current show a decrease in EC50 for GABA 
response as well potency at lowering pH0 from 7.3 to 7.0 or elevating pH0 from 7.3 
to 7.9. We obtained similar effects of pH in al(32y2 receptors, and in GABAa 
receptors of neurons recorded from thin hypothalamic brain slices. We next 
performed single-channel recordings to determine the mechanism of pH effect. In 
outside-out patches recorded in rat a3p2y2 recombinant receptors, the membrane 
patches were exposed to 5 pM GABA at control pH (7.3), acidic pH (6.4), or 
alkaline pH (8.4). GABA activated main and subconductance states of 24 and 16 
pS, respectively, in a3p2y2 receptors. The effect of pH on the kinetic properties of 
the main conductance state was analyzed. pH0 showed no effect on single-channel I- 
V relationship, conductance, the duration of channel open states or the short closed 
state. But elevating pH0 increased the channel opening frequency and open 
probability, and decreased the duration of the long closed states. Exposure of the 
channels to acidic pH0 had the opposite effects on open probability. Taken together, 
the results suggest that the function of GABAa receptors is modulated by pH0. The 
proton effect on the receptors is dependent upon GABA concentration, appears to 
be independent of a subunit composition, and is due to changes in channel open 
probability (TX ARP# 009768-027).

728.4
A POSSIBLE ROLE FOR CALCIUM IN THE MECHANISM OF AGONIST- 
INDUCED GABAa RECEPTOR DOWN-REGULATION. H. R. Lyons, M. B. 
Land, T. T. Gibbs*, and D. H. Farb Laboratory of Molecular Neurobiology, 
Department of Pharmacology, Boston University School of Medicine, 80 E. 
Concord Street, Boston MA 02118

Fast inhibitory neurotransmission is mediated primarily by activation of 
the type A y-aminobutyric acid (GABAa) receptor, a ligand-gated chloride 
channel. Chronic treatment of chick cortical neurons in culture with GABA 
(1 mM, 48 h) results in a 30% down-regulation of total GABAa receptor 
number. Down-regulation is blocked by the GABAa receptor antagonist, 
SR95531, but the molecular mechanism(s) that link GABAa receptor 
activation with changes in GABAa receptor number and function remain 
unclear. Nifedipine (100 pM) also blocks GABA-induced GABAa receptor 
down-regulation suggesting that the signaling pathways leading to GABA- 
induced GABAa receptor down-regulation involve voltage-gated Ca2+ 
channel activation. To determine the effect of GABA on intracellular [Ca2+], 
we used the Ca2+ sensitive dye, Fluo-3. Acute application of 0.1 mM GABA 
results in a rapid, transient increase in intracellular free [Ca2+], with a peak 
increase of 111 ± 15%. The GABA-induced Ca2+ accumulation is blocked by 
bicuculline and mimicked by muscimol, but not by baclofen, demonstrating 
that GABAa receptor activation is required. The GABA-induced Ca2 + 
accumulation is eliminated in the absence of extracellular Ca2+, and dose- 
dependently blocked by 10 and 100 pM nifedipine, indicating that GABA 
causes influx of Ca2+ through voltage-sensitive Ca2+ channels. (Funded by 
NIAAA grant R01 AA11697)
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728.5
ZOLPIDEM, DIAZEPAM AND Zn2+ SENSITIVITY OF IPSPS: 
DUAL INTRACELLULAR RECORDINGS IN ADULT RAT 
HIPPOCAMPAL SLICES. Alex M. Thomson?Pete Bannister, Maria 
Ilia and Hannelore Pawelzik Dept. Physiology, Royal Free Hospital 
School of Medicine, London NW3 2PF, UK.

To study the pharmacology of IPSPs generated by single presynaptic 
intemeurones in single pyramidal cells, dual intracellular recordings 
with biocytin-filling were performed. Presynaptic cells with somata 
in/near stratum pyramidale were identified as basket, bistratified, axo
axonic or trilaminar intemeurones. Most IPSPs were enhanced by 
Diazepam indicating the involvement of a1/2/3 plus y2 subunits. Indeed, 
as expected of y2 containing receptors, 3:6 IPSPs that were enhanced 
by Diazepam were insensitive to Zn2+. However, 3 were enhanced by 
Diazepam, but depressed by Zn2+. Thus while most of the IPSPs were 
mediated at least in part by y2 subunit containing receptors, at some 
sites a proportion of receptors may have lacked the y2 subunit. The a, 
subunit preferring BZt agonist Zolpidem enhanced 5:8 IPSPs tested, 
indicating the inclusion of a1 subunits at these postsynaptic sites. 
However, Diazepam further enhanced 2 IPSPs first equilibrated with 
Zolpidem, suggesting that a, and a2J3 containing receptors coexisted. 
The other 3 IPSPs were unaffected by Zolpidem, but later enhanced by 
Diazepam indicating inclusion only of subunits.

Funded by the MRC, Wellcome Trust and Novartis Pharma (Basel).

728.6
PRE- AND POSTSYNAPTIC EFFECTS OF CHLORPROMAZINE ON 
MINIATURE GABAERGIC CURRENTS IN RAT HIPPOCAMPAL NEURONS IN 
CULTURE J.W. Mozrzymas1,2, A. Barberis1, K. Michalak2 and E. Cherubini1*, 
’Biophys Lab, Int Sch Adv Studies (SISSA), 34-014 Trieste, Italy; 2Dept Biophys, 
Wroclaw Univ Med, 50-368 Wroclaw, Poland.
Chlorpromazine (ChPr) is an antipsychotic drug known to exert a variety of actions on 
different receptors and channels. In particular, it has been shown that ChPr blocks 
GABA-evoked whole-cell currents in a non-competitive manner. Little is known about 
the effects of this drug on inhibitory synaptic transmission. For this purpose, the 
effects of ChPr were tested on miniature inhibitory postsynaptic currents (mIPSCs) in 
hippocampal neurons in culture. mIPSCs were recorded at -60 mV in the presence of 1 
pM TTX and 1 mM kynurenic acid, in the whole-cell mode of the patch-clamp 
technique. ChPr (30 pM) induced a several fold increase in the frequency of mIPSCs 
indicating a presynaptic mechanism. This effect was independent of external calcium 
(a similar increase was seen in the nominally calcium-free solution). ChPr affected 
also the amplitude and the decay time course of mIPSCs. At 30 pM, a significant 
(p<0.05) reduction (45±19%) of the amplitude was observed while at 100 pM, an 
almost complete block (91±4 %) of mIPSCs was seen. In controls, the decay time 
course of mIPSCs could be well described by the sum of two exponentials (ty=6.1±3.0 
ms, x2=57±36 ms, with percentages A!=0.53±0.14, A2=l-Ab respectively). ChPr (30 
pM) did not modify the time constants (ty=5.1±2.8 ms, x2=48±30 ms) but significantly 
(p<0.05) increased the percentage of the fast component Ai (to 0.65±0.09). The 
synaptic currents were mimicked by brief (2 ms) pulses of GABA (1 mM) applied to 
excised patches (decay kinetics: Xi=6.4±1.6 ms, x2=l 15±32 ms, Ai=0.6±0.12). In the 
presence of ChPr (100 pM), an increase in Aj (to 0.86±0.04) was observed, similarly 
to what found for synaptic currents. The present data show that ChPr affects mIPSCs 
via both pre- and postsynaptic mechanisms.
This work was partially supported by a grant from Consiglio Nazionale delle Ricerche. 
A.B. was supported by a fellowship from Novartis Pharma.

728.7
DEVELOPMENTAL ALTERATIONS IN CA1 NEURONAL mIPSCs 
TRANSITION FROM NON-SATURATING TO SATURATING SYNAPTIC 
GABA CONCENTRATIONS. A.S. Cohen* and P.A, Coulter. Department of 
Neurology, Medical College of Virginia., Virginia Commonwealth University, 
Richmond, VA 23298.

Previous research lias suggested that GABA released from presynaptic terminals 
saturates postsynaptic GABAa receptors (GABAaRs) in the CNS. Given that 
saturating GABA concentrations are achieved by release of a single quantum, 
application of benzodiazepines (BZs, which increase the affinity of GABAaRs for 
GABA) should be without effect on miniature spontaneous inhibitory postsynaptic 
current (mIPSC) amplitude. In accordance with this hypothesis, we show using 
visualized slice patch recording, thatybath application of a broad spectrum BZ 
(zolpidem (ZOL), 200 nM) to CA1 neurons in brain slices obtained from adult 
(postnatal day 2 56) rats significantly increases the decay time constant of the mIPSC 
by 56% (n=4, p<0.05), but is without effect on the mIPSC amplitude. In contrast, 
ZOL application significantly increased both the amplitude of the mIPSC (by 24%, 
n=4, p<0.05), and the decay time constant (by 72%, p<0.05) in 15-21 day old rats. 
Furthermore, ZOL effects on total mIPSC charge transfer were markedly impacted by 
this 24% increase in amplitude in developing CA1 neurons. The combined amplitude 
and decay effects of ZOL resulted in an 118% increase in charge transfer relative to 
when ZOL decay effects were considered alone. These data suggest that GABAergic 
synapses in the CNS transition from non-saturating to saturating GABA concentrations 
in the cleft and this markedly alters their pharmacological sensitivity. (Supported by 
NIH grants 5T32NS07288-12 (ASC) and NS32403 (DAC)).

728.8
DEVELOPMENTAL ALTERATIONS IN CA1 NEURON GABAa RECEPTOR PROPERTIES 
ASSESSED WITH RAPID AGONIST APPLICATION TECHNIQUES. D. D. Lin1*. A. S. Cohen2, 
and D. A. Coulter1,2. 1Dept. Of Pharmacology and Toxicology, 2Dept. Of Neurology, Medical 

College of Virginia, Richmond, VA 23298
Previous investigation has shown that GABAa receptor (GABAaR) subunits in various regions 

of the CNS undergo developmental changes. When expressed in the GABAaR, these subunits 
confer distinct channel properties and pharmacology, Notably, alterations in the GABAaR a- 
subunit composition affect channel decay kinetics. Differences between young (15-21d) and 
adult (58-66d) rat GABAaR decay kinetics and pharmacology were investigated. Using rapid 
application techniques, saturating concentrations (1 mM) of GABA with and without zolpidem 
(ZOL) (200 nM), a BZ1-specific agonist, were applied for bnef pulses (1 ms) to outside-out 
patches excised from CA1 pyramidal neuron somata. The resulting currents demonstrated 
biexponential decay kinetics. When GABA alone was applied, the two age groups demonstrated 
significantly different x^, and x^ (p < 0.05). In. CA1 patches from young rats, T)as, = 9.7±2.0 ms 
(n = 8) while x^ = 31.6±6.7 ms In adult rats (n = 5). - In CA1 patches from young and adult rats, 
x^ was 80.1 ±14.7 ms and 134.9±19.7 ms, respectively. With ZOL coapplication in young rats, 
3 out of 4 patches displayed >40% increase in x{ast (mean = 135.4±91.5%), and all 4 patches 
gave rise to >40% augmentation In xslow (mean = 195.9+109.1%), with no consistent amplitude 
changes. In adult CA1 patches with ZOL, 1 out of 5 demonstrated >40% Tfast augmentation 
(mean = 27.7 +38.5%) and 2 out of 5 displayed a >40% increase in xslow (mean = 86.8±47.7%) 
with no amplitude changes. Because cloning-expression studies have shown that a,-containing 
receptors decay more rapidly, the slower decay kinetics and the decreased ZOL sensitivity in 
aduit CA1 receptors are consistent with a decreased contribution of the oq subunit to these 
receptors compared to young CA1 receptors. These age-related differences in decay kinetics 
and benzodiazepine sensitivity suggest that, combined with GABAaR subunit mRNA alterations, 
there may be changes in subunit expression with postnatal development. Supported by NIH 
grant NS32403.

728.9
THE SYNAPTIC DEPOLARIZING GABA RESPONSE IN HIPPOCAMPAL 
PYRAMIDAL CELLS IS PROBABLY MEDIATED BY A SEPARATE CHANNEL.
K.L, Perkins*. Dept. of Physiology and Pharmacology, SUNY, Brooklyn, NY 11203.

In whole cell voltage-clamp recordings from pyramidal cells in slices of guinea pig 
hippocampus, giant GABA-mediated postsynaptic currents (GPSC's) occur in the 
presence of 4-aminopyridine and ionotropic glutamate receptor antagonists. The ligand- 
mediated (cf. Kaila et al. 1997), late, inward current component (GABAD component) 
of the GPSC is largely carried by bicarbonate ions (HCO3“; Perkins and Wong 1996).
It has been hypothesized that the strong dependence of the late component on HCOf is 
due to a dissipation of the CL gradient which occurs during the early, outward current 
component of the GPSC (CL accumulation hypothesis; Staley et al. 1995).

Spontaneous small outward ipsc's occur during the GABAD component of the GPSC, 
indicating that certainly not all parts of the cell have experienced sufficient CL 
accumulation to reverse the polarity of GABA-mediated events. In order to test for CL 
accumulation at those synapses participating in the GPSC, a GPSC was evoked a short 
interval after a spontaneous GPSC. The CL accumulation hypothesis predicts that the 
short-interval GPSC (siGPSC) will either be an inward current or will turn inward more 
quickly due to residual CL accumulation. Instead, the siGPSC, which was of a shorter 
overall duration, consisted of only outward current. In several cells the amplitude of the 
siGPSC was greater than that of the preceding spontaneous GPSC, and yet never turned 
inward. To test the possibility that outward current at somatic synapses was masking a 
late inward current on the siGPSC, the siGPSC was evoked at a hyperpolarized potential 
so that the entire event was inward. These siGPSC's were still shorter in duration, 
indicating that masking did not account for the apparent lack of a GABAD component. 
The large-amplitude siGPSC's illustrate that a greater amount of CL can flow into the 
cell than that which enters during the outward component of the normal GPSC without 
leading to a reversal of the polarity of GABAa -mediated currents.

The CL gradient has not dissipated enough at the point at which the GPSC turns 
inward to account for the inward current. An alternative is that a separate channel with a 
higher permeability to HCOf mediates the GABAD component of the GPSC. [NIH]

728.10
ALTERED IPSPs IN MICE LACKING THE GABAa RECEPTOR 5-SUBUNIT. Z 
Li1 *, T. M. DeLorey,2 R, W. Olsen,2 G. E, Hotnanics,3 R. M. Mihalek3 and I.
Spigelman1.1 Section of Oral Biology, UCLA School of Dentistry, Los Angeles, CA, 
90095;2 Dept. of Molecular & Medical Pharmacology, UCLA School of Medicine; 
3 Dept. of Anesthesiology/CCM, University of Pittsburgh School of Medicine, PA.

The delta (8) subunit of the y-aminobutyric acid A receptor (GABAaR) is 
expressed postnatally in the cerebellum, thalamus and dentate gyrus. Recently we 
produced mice with a targeted disruption of the 8-subunit gene by homologous 
recombination in embryonic stem cells (Mihalek et al., Abstr. Soc. Neurosci. 23:101, 
1997). The resultant heterozygotes (+/-) and null mutants (-/-) for the 8 gene had 
reduced levels of3[H]muscimol binding, and were observed to have seizures in EEG 
recordings (Olsen et al., Epilepsia 38 Suppl. 8:123, 1997), Loss of the 8 subunit also 
occurs in the cerebellum of GABAaR a.6 subunit knockouts, but these mice do not 
have seizures (Jones et al., J. Neurosci. 17:1350-1362, 1997). The aim of the present 
study was to determine whether inhibitory postsynaptic potentials (IPSPs) of dentate 
granule neurons are affected by the disruption of the 8 subunit. Intracellular 
recordings were obtained from granule cells in hippocampal slices. Synaptic 
potentials were evoked using a bipolar stimulating electrode positioned in the 
molecular layer of the dentate gyrus. GABAaR IPSPs were isolated with D(-)-2- 
amino-5-phosphonopentanoate (40pM), 6-cyano-7-nitroquinoxaline-2,3-dione 
(lOpM), and CGP 35,348 (500pM). Comparison of IPSP kinetics revealed 
significantly (p < 0.05) faster decay rates in -/- mutants (20 ± 2.1 ms) compared to 
wild type controls (50 ±. 7.3 ms). IPSP decay rate in heterozygotes was 36 ± 6.5 ms.

Faster decay of GABAergic IPSPs is consistent with altered GABAaR subunit 
composition in the 8 knockouts, indicating 8 subunit involvement in normal synaptic 
transmission in the dentate gyrus. The decreased duration of GABAergic IPSPs may 
contribute to the epileptic phenotype of the 8 subunit knockout mice. Supported by 
NIH grants NS28772, GM52035 AA 10422 andAA 07680.
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728.11
PROPERTIES OF MINIATURE IPSCs IN HIPPOCAMPAL CA1 INHIBITORY 
INTERNEURONS OF STRATUM ORIENS-ALVEUS. C. Patenaude, S. Nurse and 
J.-C. Lacaille*. Center for Research in Neurological Sciences & Dept. of Physiology, 
Univ. of Montreal, Montreal, Canada, H3C 3J7.

Hippocampal CA1 inhibitory intemeurons receive inhibitory inputs from numerous 
sources. However, some of these inputs exclusively target intemeurons. The properties 
of inhibitory synapses on intemeurons were investigated using whole-cell voltage-clamp 
recordings of spontaneous miniature inhibitory postsynaptic currents (mIPSCs) in 
intemeurons located in stratum oriens-alveus of the hippocampal CA1 region. 
Conventional hippocampal slices (300 pm thick) were obtained from Sprague-Dawley 
rats (3-4 weeks) and maintained at 22-24°C. Slices were perfused with normal ACSF 
containing (in mM) 124 NaCl, 5 KC1, 1.25 NaH2PO4, 2 MgSO4, 2 CaCl2, 26 NaHCO3 
and 10 dextrose. Recordings were obtained from intemeurons under visual control using 
patch pipettes containing (in mM) 120 CsCl, 5 NaCl, 2 MgCl2, 10 HEPES, 2 ATP-tris, 
0.4 GTP-Tris, 10 QX-314. GABAA-mediated mIPSCs were isolated in ACSF 
containing antagonists of ionotropic glutamate receptors CNQX (20 pM) and AP5 
(50 pM), and the Na+ channel blocker TTX (0.5pM). mIPSCs occurred tonically at a 
mean frequency of 3.8±0.78 Hz (n=9 cells). These mIPSCs had a mean amplitude of 
38.6±2.5 pA, rise time of 1.4 ±0.1 ms and decay time constant of 13.9±1.0 ms. In one 
cell tested, 20 pM bicuculline totally blocked mIPSCs. mIPSCs were sensitive to bath 
application of 200 pM Zn2+ which decreased significantly their amplitude from 40.5±1.4 
pA to 33.1± 2.6 pA (n=5 cells; P=0.018), without affecting their frequency, rise time and 
decay. mIPSCs were also sensitive to bath application of 600 pM furosemide which 
significantly reduced their amplitude from 36.2±5.6 pA to 23.9±4.8 pA (n=4 cells; 
7’=0.006) and significantly increased their decay time constant from 13.8±1.7 ms to 
18.1± 2.6 ms (7’=0.03). Their frequency and rise time were unaffected by furosemide. 
These results suggest that oriens-alveus intemeurons receive tonic GABAa inhibition 
and that GABAa receptors at these synapses are negatively modulated by Zn2+ and 
furosemide. (Supported by MRC, FRSQ and FCAR)

728.12
SYNAPTIC ACTIVITY ONTO NEOCORTICAL PYRAMIDAL NEURONS 
CAN CAUSE A GABAa-MEDIATED INCREASE IN EXCITABILITY WHICH 
IS LIMITED BY GABAb RECEPTORS. G.A, Kinney*, R. Ceme, J.F.M. van 
Brederode & W.J. Spain. Depts. of Neurology and Physiology/Biophysics, Univ. of 
Washington and the VA Puget Sound Health Care System, Seattle, WA 98108.

GABAA-mediated synaptic transmission usually causes hyperpolarizing and/or 
shunting inhibition. However (in hippocampus for example), intense activity of 
GABAergic interneurons can lead to depolarization and increased excitability in post
synaptic targets. In neocortex, application of GABA to pyramidal neuron dendrites 
also leads to depolarization. We asked if a GABA-mediated depolarization could be 
evoked by synaptic activity in neocortex (and what effect it would have on excitabil
ity). Whole-cell recordings were obtained from visualized pyramidal neurons in slices 
(33°C) from 3-5 wk. old rats. Synaptic responses were evoked with an extracellular 
electrode placed 75 to 200 pm lateral to the recorded neuron. When recording from 
layer 5 neurons with ionotropic glutamatergic transmission blocked, 0.1 to 1 s of 
stimulation (100 Hz) sometimes resulted in bi-phasic responses consisting of summat
ing IPSPs which reversed at =-65 mV, followed by a depolarization and increase of 
action potential firing which was blocked by bicuculline or picrotoxin (GABAa-D). 
Unlike hippocampus, the GABAa-D got larger with depolarization and could not be 
evoked at Eci, indicating that extracellular K+ accumulation from activity in the tn- 
terneuron network is not sufficient for its expression. The GABAA-D grew with in
creasing duration of the stimulus reaching maximum amplitude for trains of ~1 s. A 
further increase in stimulus duration resulted in a reduced depolarization. Bath ap
plication of CGP-35348 resulted in a slight enhancement of the GABAa-D. In layer 
2/3 pyramidal neurons (where GABAB-mediated sIPSPs are normally more prominent 
than layer 5) a GABAa-D was evoked only when GABAB receptors were blocked. 
These results suggest that there is a relatively narrow window under which tire 
GABAa-D can be evoked. We hypothesize that GABAB-mediated inhibition can 
function as a gate which limits the development of the GABAa-D to a narrow set of 
stimulus conditions and to a subset of cortical neurons under normal conditions. 
Supported by a VA Merit review & NIH grants NS34769 & NS07395.

728.13
SLEEP-WAKEFULNESS EFFECTS AFTER MICROINJECTIONS OF GABAa 
AND GABAfi RECEPTOR AGONISTS AND ANTAGONISTS INTO THE 
PERI LOCUS COERULEUS a. A. Manquillo. I. de Andrés. M.Garzón and F. 
Reinoso-Suárez*. Dept. Morfología. Univ Autónoma of Madrid. Madrid 28029. Spain

To examine the effects of GABA on the sleep-wakefulness cycle (SWC) states in the 
region of the perilocus coeruleus a (pLCa) -a pontine region critically involved in the 
control of muscle tone during paradoxical sleep (PS)- 20 nl microinjections of GABAa 
andGABAg receptor agonists and antagonists were made at weekly intervals in five 
cats chronically implanted with electrodes for sleep recordings. Microinjections of 
muscimol, a GABAa agonist (doses: 0.2, 0.4 and Ipg in 20nl) and baclofen, a 
GABAb agonist (0.4, 0.7 and 1.4/zg) did not produce full atonia during PS episodes; in 
contrast, PS atonia was fully developed after microinjeetions of either bicucuhne, a 
GABAa antagonist (10 and 25ng) and phaclofen, a GABAb antagonist (0.3^g). 
Replicated design ANOVAs to evaluate the effects of treatments with the GABAa and 
GABAb receptor agonists on the proportions of the SWC states indicated significant 
changes for all the SWC states during the first 4 hours of recordings. Post hoc 
comparisons (Fisher's pairwise comparison test at p<0.05) showed that: 1) wakefulness 
(W) was significantly enhanced and slow wave sleep (SWS) was significantly decreased 
after administration of muscimol (0.4 and Ipg) in comparison with either baseline 
(without microinjections) or saline control recordings; 2) opposite changes (decrease of 
W and increase of SWS) occurred after baclofen that were statistically significant in 
comparison with all muscimol doses; and 3) changes in the proportions of drowsiness 
(D) and PS did not reach significant values neither after muscimol nor baclofen 
microinjections in comparison with baseline and saline controls; however D was 
significantly decreased and PS was significantly increased after baclofen in comparison 
with muscimol. The present findings indicate that at the level of the pLCa GABA is 
implicated in PS atonia mechanisms, through both A and B receptors. It also seems 
that, GABA in this region may have a modulatory influence on the amount of the 
SWC states acting differently through GABAa and GABAb receptors.
Supported with PB-94-1545DGYCYT Grant.

728.14
NEUROPROTECTIVE EFFECTS OF GABA ON HIPPOCAMPAL NEURONS 
DURING ANOXIA. Fu-Zhuang Wang* . Hang Yao , Yan-Hua Huang and Ai-Shi 
Ding. Dept. of Neurobiology, Institute of Basic Medical Sciences, Beijing 100850, 
China

It has been known that GABA is a kind of important inhibitory neurotransmitter 
in the central nervous system especially in the hippocampus. Recently, it is reported 
that the GABAergic neurons is more resistant against excitotoxicity in cultured 
Cerebral neurons. And in vivo experiments showed that the animal became more 
resistant to ischemia when treated with musimol, a kind of GABAa receptor agonist. 
To further study the protective effect of GABA against anoxia-induced neuronal 
injury, on the basis of prior experiments in this field, we conducted the experiments 
in hippocampal slice and cultured neurons.

With the method of calculating survival rate by comparing the same view field 
under the microscope, it was found that 20mol/L GABA or GABAa receptor agonist 
muscimol can increase the survival rate of CA1 neurons after 12 hours anoxia, while 
GABAb receptor agonist baclofen can not. These effects of GABA or muscimol can be 
blocked by GABAa receptor antagonist bicuculine or picrotoxin. The results indicated 
that GABA can be neuroprotective by acting on GABAa receptor. In the hippocampal 
slices experiment, we monitored the influence of GABA with various concentration on 
the presynaptic volley(PV) and the population spike(PS). The results showed that the 
disappear time for PV was significantly prolonged by 100 or 200pmol/L GABA while 
the PS was not affected. After the addition of GABAa receptor antagonist bicuculine 
or Cl' channel blocker 5-nitro-2-(3-prenylpropylamino)-benzoicacid(NPPB) into the 
artificial cerebrospinal fluid, the effects of GABA was blocked. These evidences 
suggest that during anoxia, the activity of neurons in the adult rat hippocampal slices 
are protected by GABA which activates GABAa receptor and auguments membrane 
conductance to Cf . At the same time, the anoxia-induced synaptic function injury is 
not attenuated by GABA. Supported by NSF of China.

728.15

AN ENDOGENOUS GABAERGIC RHYTHM IS INVOLVED IN THE DIURNAL 
CHANGES OF TUBEROINFUNDIBULAR DOPAMINERGIC NEURONAL 
ACTIVITY AND PROLACTIN SECRETION. T.Y. Lee, S.H.H. Chan* and J.T. 
Pan. Dept. of Physiology, National Yang-Ming University, Taipei, Taiwan

Central gamma-aminobutyric acid (GABA) has been shown to stimulate 
prolactin (PRL) secretion by inhibiting the release of dopamine (DA), the 
major PRL-inhibiting hormone. Whether GABA is involved in the estrogen- 
induced afternoon PRL surge by acting on the tuberoinfundibular dopaminer
gic (TIDA) neurons was the focus of this study. Adult, ovariectomized and 
estrogen-primed Sprague-Dawley rats implanted with intracerebroventricular 
(icv) cannulae were used, lev Injection of a GABAa receptor agonist, 
muscimol (Mus), in the morning significantly lowered 3,4-dihydroxyphenyl- 
acetic acid (DOPAC) levels in the ME and stimulated serum PRL in a dose (1, 
but not 0.1 or 10 ng)- and time (at 15 and 30 min)-dependent manner. The 
effects of Mus could be prevented by co-administration of bicuculline (Bic,
0.1-10 ng), a GABAa antagonist. In contrast, the GABAb receptor agonist, 
baclofen had no effect on ME DOPAC levels in the dose (1-100 ng) and time 
(15-60 min) ranges studied. When Bic (10 ng) was given in the afternoon, it 
effectively prevented the diurnal decrease of ME DOPAC level and the PRL 
surge, indicating an endogenous GABAergic tone was acting at that time. 
Injection of a large dose of phaclofen (Pha, 1000 ng), a GABAb antagonist, 
was also effective. Moreover, co-administration of sub-optimal doses of Bic 
(1 ng) and Pha (100 ng) could have the similar effect as the larger doses of 
Bic and Pha did, indicating an additive effect of the two receptor types. In 
summary, GABA acts preferentially through GABAa receptors to inhibit the 
TIDA neurons; and an endogenous GABAergic rhythm may act on both 
GABAa and GABAb receptors in the control of the diurnal change of TIDA 
neuronal activity and the PRL surge.

728.16
Postnatal development of the GABAergic system in the rat gustatory nucleus of 
the solitary tract. G, Grabauskas and R. M. Bradley*. Dept. Biologic and 
Materials Sci., Sch. of Dentistry, Univ. Michigan, Ann Arbor, MI 48109-1078

An increasing body of evidence indicates that inhibitory neurotransmission plays 
an important role in the processing of gustatory information in the nucleus of the 
solitary tract (rNST). We have demonstrated that inhibitory neurotransmission can 
substantially influence the afferent information. In the experiments reported here 
we have studied developmental changes in the rNST inhibitory synaptic activity. 
We compared the characteristics of stimulus evoked inhibitory post synaptic 
potentials (IPSP) for newborn (P0-5), two weeks old (P10-15), four weeks old 
(P25-30) and adult (P >55) neurons. We found that the rise and decay times of the 
IPSPs decreased during maturation. The IPSPs of newborn animals had a 11.5ms ± 
1 rise time constant and 236ms ± 23 decay time constant compared to 6,9ms ± 0.7 
and 68ms ±7 in adult animals. We also observed that the dose-response curve of 
the IPSPs to the GABAa receptor antagonist bicuculline (BMI) shifted to the left 
during maturation. The EC50 to BMI was 8pM for newborn animals 0.75 pM for 
four weeks old animals, indicating a more than ten fold change in sensitivity 
during maturation. In addition, we observed that the EPSPs recorded in some 
neurons newborn and two weeks old animals were not blocked by BMI even at a 
high concentration (200pM) but were sensitive to picrotoxin (150pM). These 
results suggest the presence of both GABAa and GAB Ac receptors during the first 
two postnatal weeks. The presence of two types of inotropic GABA receptor with 
different pharmacological and kinetic properties might play an important role in 
shaping synaptic activity in early development of the rat gustatory system. 
Moreover, these results together indicates that the GABAergic system in the rNST 
undergo profound developmental changes.

Supported by NIDC, NIH Grant DC-00288
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728.17
ALTERED GABAa RECEPTOR FUNCTION IN THALAMOCORTICAL 
CIRCUITRY IN MICE LACKING THE MGLUR4 SUBTYPE OF THE 
METABOTROPIC GLUTAMATE RECEPTOR O. C, Snead III1-2, pk 
Baneriee1’2, W.M. Burnham3. D.R. Hampson3’4- 1Div. Neurol., Hosp. for 
Sick Children, 2Dept. Pediatr, 3Pharmacol, 4Faculty of Pharmacy, Univ. 
Toronto, Toronto, Ontario, Canada M5G 1X8

The susceptibility of a mouse lacking the mGluR4 gene (-/-) [Pekhletski et al, 
J Neurosci 1996;16:6364-6373] and its wild type control (+/+) to absence 
seizures induced either by a putative GABAb agonist, y-hydroxybutyrate 
(GHB), or by low doses of the GABAa receptor (GABAaR) antagonists, 
pentylenetetrazole (PTZ), bicuculline (BMI), or plcrotoxinin (PXN) was 
determined. There was no difference between -/- and +/+ mice in 
susceptibility to GHB-induced absence seizures. However, -/- mice were 
markedly resistant to absence seizures induced by PTZ, BMI, and PXN 
(P<0.0001). Further animal model experiments showed no difference 
between -/- and +/+ mice in threshold to convulsive seizures induced by 
higher doses of PTZ, BMI, PXN, strychnine or electroshock. In view of the 
seizure data, binding studies of GABAaR in -/- and +/+ were done which 
showed no change in 3H-flunitrazepam binding, but a significant decrease in 
35S-TPBS binding in forebrains of -I- vs +/+ mice, with the greatest decrease 
observed in cortex and thalamus. The decrease in 35S-TPBS binding was 
shown to be due to a change in Bmax. 36CI' flux studies showed no 
difference between +/+ and -/- in basal and muscimol-stimulated flux, but a 
decrease in PXN attenuation of basal and muscimol-stimulated 36CI' flux in -/- 
mice.

These data suggest an altered state of the GABAaR within thalamocortical 
circuitry in animals devoid of mGluR4. Further studies of GABAaR function in 
mGluR4 -/- mice currently are underway in our laboratory.
Support: MRC Canada; The Bloorview Children's Hosp. Foundation

728.18

Evidence for a heteromeric GABA receptor at the C. elegans 
neuromuscular junction.

B. A. Bamber1, R. E. Twyman*2 & E. M. Jorgensen1, Departments of'Biology 
and 2Neurology, University of Utah, Salt Lake City, Utah, USA.
The GABA receptor at the Caenorhabditis elegans neuromuscular junction is 
encoded by the unc-49 locus, unc-49 has an unusual gene structure which allows it 
to generate three full-length GABAa receptor-like subunits by splicing a common 
amino terminus to alternative carboxy termini. A fourth subunit is also produced, 
which is truncated at its amino terminus. We have begun to characterize the 
expression of these subunits to better understand their roles in the C. elegans nervous 
system. In Northern blotting experiments, two of the full-length subunits, UNC-49B 
and UNC-49C, were easily detected and appeared to be expressed at roughly equal 
levels. The truncated subunit, UNC-49Cshort, was expressed at somewhat lower 
levels, while the remaining full-length subunit, UNC-49A, was barely detectable. 
Previous work demonstrated that UNC-49B could co-assemble with UNC-49C and 
UNC-49Cshort in heterologous expression systems'. On the basis of these findings, 
we hypothesized that the GABA receptor at the C. elegans neuromuscular junction 

, might be a heteromultimer of UNC-49B and UNC-49C or UNC-49Cshort subunits. 
We tested this hypothesis by tagging UNC-49B, UNC-49C and UNC-49Cshort with 
the green fluorescent protein (GFP) to determine where each subunit was localized. 
Each subunit was expressed primarily in the ventral body wall muscles. UNC- 
49B::GFP and UNC-49C::GFP were localized mainly to synaptic regions while 
UNC-49Cshort::GFP remained trapped inside the cell. These results argue that 
UNC-49B and UNC-49C form a heteromultimeric GABA receptor at the NMJ.
These results also form the basis of a genetic approach to study the mechanisms 
which regulate GABA receptor localization to synapses.
'Bamber, B. A., Twyman, R. E., and Jorgensen, E. M. submitted, [supported by NIH 
grants NS34307. NS31519]

728.19
4-HYDROXYBENZALDEHYDE FROM GASTRODIA ELATA 
BLUME ARE ACTIVE IN THE GABAERGIC 
NEUROMODULATION AND ANTIOXIDATION 
J-H. Ha1'. D-U. Lee/ 1-S. Kim1. C-S, YonZ l-A, Kim4. E-G.
Sung . and K, Huh . Dept. of Pharmacology and „Anatomy, 
College of Medicine, Taegu, 705-717; „CoUege of Pharmacy, 
Gyungsan, 713-035, Yeungnam University; „College of Natural 
Science, Dongguk University, Kyungju, Kyungbuk, 780-714, 
Republic of Korea

G elata BI. is an oriental medicinal herb which has been used 
as an anticonvulsant. Methanol extract of G. elata BI. reduced 
the lethality of pentyleneteterazole-induced convulsions in rats 
(Sprague-Dawley, male). This study was done due to know an 
action mechanism of G elata BI. We found one component, 
which is still under investigation for the clarification of its 
structure, is active as an agonist for the benzodiazepine receptor 
in the cerebral cortices of rats. 4-hydroxybenzaldehyde is 
another component isolated from G. elata BI. It showed the 
inhibitory effect on the lipid peroxidation and xanthine oxidase 
activity, and also showed hydroxy radical scavenging effect. 
4-hydroxybenzaldehyde enhanced the binding of
rHJflunitrazepam to the benzodiazepine receptor, and showed the 
inhibitory effect on the GABA transaminase.

From these result, it can be concluded that an anticonvulsant 
activity of G elata BI. is due to positive modulation of 
GABAergic neurotransmission and antioxidation.

OTHER NEUROTRANSMITTERS III

729.1

A NEW MODEL OF THE ROLE OF GLUTATHIONE IN SIGNAL 
TRANSDUCTION IN MAMMALIAN CNS. J.S. Bains1*, K. Curry3, R. 
Janaky4, K. Ogita5, S.S. Oja4, B A. Pasqualotto2, P. Saransaari4, C.A.
Shaw1, and Y. Yoneda5. Depts. of ’Ophthalmology and 2Physiology,
Univ. British Columbia and ’Precision Biochemicals, Vancouver, Canada; 
4Tampere Brain Research Centre, Tampere, Finland; 5Dept. of 
Pharmacology, Setsunan Univ., Osaka, Japan.

Glutathione (GSH), best known as an antioxidant and a detoxifier of 
xenobiotics, has additional actions in CNS. [3H]-GSH assays in mamma
lian cortex show at least two receptor populations: High affinity binding 
can be displaced by GSH and various metabolites and derivatives 
containing the L-cysteine (cys) moiety; GluR and mGluR agonists/ 
antagonists have no significant effect. A low affinity GSH binding site 
shows potentiation by cys. In contrast, [3H]-CGP 39653 binding to 
NMDAR shows competition by glutamate, NMDA, cys, and GSH; GSH 
potentiates [3H]-MK 801 binding. GSH binding to NMDAR is dependent 
on the y-glutamyl moiety. Field potential recordings in adult rat cortex 
show that GSH (pM concns.) gives a depolarizing, Na+-dependent 
potential not blocked by antagonists of NMDA or AMPA. In mM 
concns., GSH modulates NMDA and other ionotropic receptors by redox 
reactions. These results support the hypothesis that GSH may have a 
number of important effects on neuronal function in CNS.
Supported by NSERC (Canada), Emil Aaltonen Fund (Finland), and the 
Ministry of Education, Science, Sports, and Culture (Japan).

729.2

GLUTATHIONE BINDING TO SPECIFIC RECEPTORS IN CEREBRAL 
CORTICAL SYNAPTIC MEMBRANES. R. Janaky1, V, Varga1’3, C. A. 
Shaw4, A, Hermann1,3, R, Dohovics1,3, P. Saransaari1 and S.S. Oja1,2'*.
'Tampere Brain Res. Center, Univ. of Tampere Med. Sch., FIN-33101 Tampere; 
2Dept. of Clinical Physiology, Tampere Univ. Hospital, Tampere, Finland; 3Dept. 
of Animal Physiology, Kossuth Lajos Univ. of Science, Debrecen, Hungary; 4Dept. 
of Ophthalmology, Univ. of British Columbia, Vancouver, Canada.

A recent exciting hypothesis implies that glutathione (GSH) - besides being 
an antioxidant and detoxicant - has preserved its role as a signal molecule from 
hydra to mammals. If true, then GSH must possess specific binding sites at 
neural membranes. We now assessed how selectively [3H]GSH is bound to pig 
cerebral cortical synaptic membranes by using glutamate and glycine analogues 
and ligands of known excitatory and inhibitory amino acid receptors. Of the 
glutamate analogues and broad-spectrum glutamate receptor ligands, only L- 
glutamate and pyroglutamate were weak inhibitors. Of the ligands of N-methyl- 
D-aspartate (NMDA) receptors, only quinolinate inhibited the binding of GSH. 
Of the inhibitory amino acids, glycine analogues and ligands of the glycine 
coactivatory site in NMDA receptors, only D-serine was a weak inhibitor, 
whereas thiokynurenate strongly activated the binding. Many ionotropic non- 
NMDA and metabotropic glutamate receptor ligands proved to be inactive. 
Only (S)-5-fluorowillardiine, 6-nitro-7-sulphamoylbenzo[fjquinoxaline-2,3- 
dione (NBQX) and L(+)-2-amino-3-phosphonopropionate (L-AP3) slightly 
inhibited the binding. We conclude that GSH binds to a receptor in the brain 
which is not identical to any known excitatory or inhibitory amino acid 
receptor. This receptor may contain a modulatory site to which coagonists are 
bound and allosterically activate GSH binding.
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729.3
DETECTION OF IN TER-INDIVIDUAL DIFFERENCES IN SINGLE-POINT RADIO
LIGAND BINDING STUDIES. C.-M. Staschen**. M.J. Malik*, P.B. Massell5, LI). 
HomeU and S.T. Aiders'. *Naval Medical Research Institute, Bethesda, MD 20889- 
5607; '“Applied Mathematics Program, John Hopkins University, Rockville. MD 20850; 
^Legacy Research. Emanuel Hospital, Portland. Oregon 97227; 'Naval Health Research 
Center, San Diego, California 92138.
Although individual differences in the physiological or behavioral responses to 
pharmacological or environmental challenge have been widely observed, it is seldom the 
focus of receptor binding experiments. The difficulty in discerning individual 
differences between brain regions from a particular population derives from the 
derivation of specific binding. As an example, to test for inter-individual differences in 
corticotropin-releasmg hormone (CRH) receptor densities, equilibrium single-point 
radioligand binding experiments with [!25I ¡Tyi-oCRH were carried out in six different 
bram sections of seven rats, These animals have been previously shown to represent a 
small, but diverse population in terms of their behavioral responses to central 
administration of CRH. Two non-standard regression models, that are linear in the 
parameters, were defined (nested design). Both models were fitted with a nonlinear 
iterative least-squares algorithm to the original data set, including total binding and 
nonspecific binding points. The data were only corrected for differences in protein 
concentrations After that, the models were compared using a partial E-test with 6 
degrees of freedom in the numerator. In case of a significant result this was followed by 
a modification of Scheffe's test. Using Monte-Carlo randomization techniques statistical 
power was empirically determined for each brain section. One of the six brain sections 
was found to have statistically significant inter-individual differences (p < 005) and this 
analysis had relative high power (82%, a - 0.05 two-sided) compared to the results from 
other sections. However, the applied post-hoc contrast did not allow for further 
individual resolution (a - 0.05, two-sided). In summary, this statistical approach was 
successful m testing for inter-individual differences using CRH-receptor densities as the 
dependent variable. This procedure has also the advantage that it is easy to implement 
and allows for a full statistical exploration of this and even more complex models. 
(Supported by NMRDC Work Unit 62233N.MM33C30.004.1002).

729.4
TRYPTAMINE, SEROTONIN AND CATECHOLAMINES: A COMPARATIVE 
IMMUNOCYTOCHEMICAL STUDY. A.J. Ramos, P. Tagliaferro, J. Pecci Saavedra 
and A. Brusco*. Instituto de Biologia Celular y Neurociencia Prof. E. De Robertis, 
Facultad de Medicina, Universidad de Buenos Aires, Paraguay 2155, (1121) Buenos 
Aires, Argentina.

The morphological relationship among serotonergic (S) and catecholaminergic (C) 
with typtaminergic (T) systems had been parcially described. We have recently 
described a new method that produces a quenching of the background fluorescence of 
glutaraldehyde-fixed tissues (Tagliaferro et al 1997, J. Neurosci. Meth. 77). In the 
present work we use this method combined with the immunoperoxidase technique for 
study at the light microscopy the neuronal relationship between tryptamine/serotonin 
and tryptamine/catecholamines. A morphometric analysis was done in order to show the 
morphological characteristics of each system. Glutaraldehyde fixed rat brain sections 
were used. The first step was the reduction of the background fluorescence. After that, 
two consecutives immunostaining were done in each sections, first immunoperoxidase 
and later immunofluorescence. Primary antibodies used were anti-tryptamine (pAb), 
anti-tyrosine hydroxylase (mAb) or anti-tryptophan hydroxylase (mAb). Sections were 
mounted in glicerol, photographs were taken in a microscope Axiophot, and the 
morphometric parameters were studied with a VIDAS-Kontron image analizer. The 
results showed that S-neurons and T-neurons are localized in the same area of raphe 
nuclei, the two types of neurons have morphological significative diferences. In all 
raphe nuclei studied, the number of S-neurons were bigger than T ones. The bigger 
number of T-neurons were present in the lateral dorsal raphe nuclei, meanwhile S- 
neurons were dominant in the area contacting the aqueduct. There are a great number of 
fibers that colocalize tryptamine and serotonin, or tryptamine and catecholamines, as 
well as T-fibers contacting S-somata and C-fibers contacting T-neurons and S-neurons. 
At the level of substantia nigra, a great number of varicosities and contacts between C- 
neurons and T-fibers was detected. These findings showed a strong morphological 
interaction among these aminergic systems. This work was supported by grants M009 
(UBACyT) and PMT-PICT0048 (ANCyT-CONICET), Argentina.

729.5

IN VIVO CHARACTERISATION OF CARBON-11 LABELLED 
BEFLOXATONE FOR PET STUDY OF MONOAMINE OXYDASE-A (MAO-A): 
M. Bottlaender*, D. Roumenov, I. Guenther, F. Polie, Y. Bramoulle, C. Fuseau, O.
Curet#, J-L. Pinquier#, S. Jegham#, C. Crouzel, J-M. Grognet, B. Mazière. CEA,
Service Hospitalier Frédéric Joliot, DSV/DRM, 91406 Orsay, France; #Synthélabo 
Recherche, 92225 Bagneux, France

Befloxatone is a new competitive and reversible inhibitor of MAO-A (MAOI- 
A). The aim of the study was to characterize pharmacological properties of, and to 
validate ["Cjbefloxatone as a ligand for the study of MAO-A by positron emission 
tomography (PET).

PET studies were performed in baboons after i.v. injection of ["Cjbefloxatone 
(370 MBq). ["Cjbefloxatone enters rapidly in the brain with a maximum uptake at 
30 min. Brain concentration of the tracer is high in thalamus, striatum, pons and 
cortical structures (1.5-1.8 % of injected dose per 100 ml of tissue) and lower in 
cerebellum (1.07 % ID/100ml). Non saturable binding, obtained after a pre-loading 
with a high dose of non-labelled befloxatone (0.4 mg/kg), is very low and represents 
only 3% of the total binding. Brain uptake of ["Cjbefloxatone is not altered by a 
pre-loading of a high dose with lazabemidc (0.5 mg/kg i.v.), a selective MAOI-B, 
but is completely blocked by a pre-loading with moclobemide (MAOI-A, 10 
mg/kg). This confirms, in vivo, the selectivity of befloxatone for type A MAO. 
["Cjbefloxatone brain binding was displaced by administration of unlabelled 
befloxatone (30 min after the tracer injection). The displacement of the tracer from 
its binding sites is dose dependent with an ID50 of 0.02 mg/kg for all studied 
structures.

These results indicate that ["Cjbefloxatone is an excellent probe for the study of 
MAO-A in human using PET.

729.6
CLONING OF A BOVINE ORPHAN TRANSPORTER AND ITS SPLICING 

VARIANTS. K. Sakata1, S. Shimada2, T. Yamashita1, K. Sato3* and M. Tohyama1. 
’Dpt. of Anatomy and Neuroscience, Osaka Univ. Med. Sch., Suita 565-0871; 
2Second Dpt. of Anatomy, Nagoya City Univ. Med Sch., Mizuho 467-0001; 3Dpt. of 
Anatomy, Ehime Univ. Med Sch., Shigenobu, 791-0204, Japan.

We have isolated a cDNA (TP8) encoding a member of Na+, Cl dependent 
transporter family and its short variant (TP2) by screening a bovine retina cDNA 
library. Sequence analysis revealed that TP8 is a bovine homologue of rat orphan 
transporter v7-3-2 encoding a protein with 729 amino acids. TP2 contains 265 amino 
acids, sharing common N-terminal 252 amino acids with TP8. TP2 contains only 
four putative transmembrane domains (TMs), while TP8 consists of 12 putative 
TMs. Southern blot analysis revealed that TP8 and TP2 are altanatively spliced from 
a single gene. Both mRNAs for TP2 and TP8 were detected in retina, cerebrum and 
cerebellum, but not in liver by Northern blot analysis. Immunofluorescence analysis 
in transfected HEK293T cells with myc-tagged TP8 and myc-tagged TP2 showed 
different cellular distribution: myc-tagged TP2 was detected in the endoplasmic 

reticulum and the Golgi apparatus, whereas myc-tagged TP8, in the cell surface. Our 
study provides new insight into molecular mechanisms of transporter variants.

729.7
CEREBRAL AROMATIC AND BRANCHED CHAIN AMINO ACID 
CONCENTRATIONS IN HEPATIC ENCEPHALOPATHY AND 
ALCOHOLISM
P.R.Dodd* and P.F.Foley, Biochemistry Department, University of 
Queensland, Brisbane, Qld. 4072, AUSTRALIA.

Hepatic encephalopathy and cirrhosis are associated with alterations in the 
ratio of branched chain to aromatic amino acids in brain, as they compete for 
the L-system amino acid transport process across the blood brain barrier, and 
may contribute to imbalances in serotonergic and catecholaminergic 
neurotransmission. Concentrations of the aromatic amino acids phenylalanine 
and tyrosine (AAA) and of the branched chain amino acids valine, leucine, and 
isoleucine (BCAA) were measured by high performance liquid chromatography 
in post mortem brain tissue homogenates of 10 hepatic encephalopathy cases, 
10 controls and 12 non-encephalopathic alcoholics, of whom half were 
cirrhotic. All HE cases, characterized clinically, had cirrhosis and alzheimer 
type 2 astrocytosis. Brain areas examined were frontal and motor cortex, 
caudate nucleus and pallidus/putamen. BCAA/AAA molar ratios, expressed as 
Fischer ratios (F), were lower in frontal and motor cortex, and caudate nucleus 
(p = 0.002) of HE cases than controls, due to decreased BCAA (motor cortex; 
p =0.03) and increased AAA concentrations. Summation of F ratios in all 
areas examined showed no significant differences across case groups, although 
lowest in the HE group. The only significant differences between alcoholics 
and controls were decreased F ratios in pallidus putamen of cirrhotic alcoholics 
(p =0.03) and caudate nucleus of non-cirrhotic alcoholics (p =0.001). These 
findings, although not associated specifically with cirrhosis, are consistent 
with the hypothesis of alterations of L-system amino acid transport in HE. 
Supported by NHMRC and UQSPG.

729.8

CALRETININ IMMUNOREACTIVITY IN THE INSULA OF THE 
RHESUS MONKEY: A LIGHT MICROSCOPIC STUDY. J.R. Augustine’* 
and J.W. Tigges2. ’Department of Cell Biology and Neuroscience, 
University of South Carolina School of Medicine, Columbia, SC 29208 and 
2Yerkes Regional Primate Research Center and Department of Anatomy 
and Cell Biology, Emory University, Atlanta, GA 30322.

Calretinin (CR) is a calcium binding protein (CaBP) of the EF-hand 
family related to calbindin D28k and calmodulin. CR is expressed in 
neurons of the chick retina and immunocytochemically identifiable in the 
rat, guinea pig, bovine, monkey, and human brain. In the monkey, cal
retinin immunoreactivity (CRi) has been observed in the occipital lobe and 
in the prefrontal cortex. As part of our continuing studies of the chemical 
neuroanatomy of the primate insula, we investigated calretinin (CR) im
munoreactivity in the rhesus monkey’s insular cortex at the light micro
scopic level. The brains from five rhesus monkeys, perfused with 4% p- 
araformaldehyde and 0.1% glutaraldehyde in 0.1 M phosphate buffer, 
were removed, cryoprotected, frozen, and sectioned. Free-floating sections 
were processed using rabbit anti-calretinin antiserum (SWant) at a concen
tration of 1:5000. Light microscopic analysis revealed CR immunostained 
neurons throughout most layers and at all rostral-caudal levels of the 
insula. CRi neurons were especially evident in layers II and III where they 
were nonpyramidal, bipolar or fusiform, round to oval in shape with fine 
apical and basal processes that were oriented with their long axis perpen
dicular to the cortical surface. Based on their structural characteristics and 
laminar distribution, these immunoreactive elements are probably intrinsic 
or local circuit neurons. In the cerebral cortex of humans, calretinin has 
been detected in a subpopulation of local-circuit neurons that also contain 
y-aminobutyric acid (GABA). To insure neuomal homeostasis, calcium 
binding proteins such as CR may participate in short-term buffering of 
neuronal calcium concentration. (Supported in part by NIH grant RR- 
00165 to Yerkes Regional Primate Research Center.)
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730.1
LOCALIZATION OF HISTAMINE N-METHYLTRANSFERASE IN THE BOVINE 
CENTRAL NERVOUS SYSTEM. M. NishiboriN, A. Taharai, K. Sawadai, J. 
Sakiyama? and K. Saekii. ’Department of Pharmacology, Okayama University 
Medical School and 2School of Health Sciences, Okayama University, 2-5-1 
Shikata-cho, Okayama 700-8558, Japan.

Histamine functions as a neurotransmitter in the brain. The high affinity uptake of 
histamine for the termination of histaminergic neurotransmission has not been 
demonstrated using brain slices. In the mammalian brains, S- 
adenosylmethionine: histamine N-methyl- transferase (EC 2.1.1.8.) (HMT) is 
assumed to be responsible for the inactivation of histamine. In fact, we observed 
the elevation of extracellular histamine in the rat brain by systemic injection of 
metoprine, an inhibitor of HMT, using microdialysis technique. Moreover 
incubation of mouse hypothalamus with metoprine in vitro increased the efflux of 
histamine into the incubation medium. However, the exact localization of HMT in 
the central nervous system remains to be unclear. In the present study, we 
purified HMT from bovine brain and raised anti-HMT antiserum in rabbit. Antiserum 
recognized a single band on Western immunoblotting using the supernatant of 
the bovine brain homogenate, which had the same size of bovine HMT. Double 
immuno-diffusion test revealed that antibody formed immuno-precipitable 
complex with an antigen in the bovine brain. Antiserum also neutralized the 
activity of partially purified HMT. Immunohisto-chemical study demonstrated that 
HMT-like immunoreactivities were present mainly in neurons. The astrocytes close 
to the surface of the brain were faintly stained. The walls of blood vessels were 
also positive. These results are consistent with the previous findings that HMT 
activity distributed evenly throughout the brain. The neurons rather than 
astrocytes appears to be responsible for the inactivation of histamine in the CNS.

730.2
EXPRESSION OF L-HISTIDINE DECARBOXYLASE IN MOUSE ADULT 
BRAIN AND FETUS. K. Karlstedt1, M. Nissinen1, K. Michelsen1, K. Kiianmaa2* and
P. Panula'. ’Department of Biology, Abo Akademi Univ., Biocity, 20520 Turku, 
Finland;2 Alcohol Research Center, National Public Health Institute, POB 719, 00101 
Helsinki, Finland.

Histamine is involved in neurotransmission and development during organogenesis. 
L-histidine decarboxylase (HDC) decarboxylates L-histidine to histamine. Recent 
studies have shown that histamine H, receptor is expressed in rat brain during fetal 
development, and histamine levels in developing rat brain are high although the HDC 
activity is low. This raises the possibility that histamine is produced in the periphery 
and transported to the brain. In the developing rat, the major site of histamine 
synthesis during development is the liver. Most developmental studies are now carried 
out in the mouse, but little is known of HDC expression in the mouse. In this study we 
have with in situ hybridization revealed the expression pattern of HDC in adult mouse 
brain and during embryonal development.

In adult mouse brain the expression pattern resembled the expression in rat brain. It 
was restricted to the tuberomammillary neurons in the ventral hypothalamus. In 
mouse embryo, the most prominent expression of HDC was seen in mast cells in the 
subcutaneous connective tissue and skin. This expression was evident from days EM
EU until birth. From days E15-E16 a clear expression of HDC was visible in kidney, 
indicating a possible role for histamine signaling during kidney development. 
Strikingly high expression of HDC was detected in the olfactory epithelium and the 
epithelium in the nasopharynx. The expression in the brain was low', although 
histamine-immunoreactive neurons were seen. HDC expression in rat and mouse is 
thus distinctly different during fetal development. However, in both species 
expression in the adult brain was restricted to tuberomammillary neurons.

Supported by the Academy of Finland and the Finnish Alcohol Research 
Foundation

730.3
AN IN VIVO ASSESSMENT OF CALCIUM INVOLVEMENT IN 
VERATRINE AND OUABAIN-EVOKED HISTAMINE RELEASE IN 
RAT CEREBRAL CORTEX. B. Washington* H. Smith, and J. Li, 
Department of Biological Sciences, Tennessee State University, 
Nashville, Tennessee, 37209.

The in vivo mechanisms underlying the actions of calcium on basal 
histamine (HA) release in the cerebral cortex of freely-moving 
unanesthetized rats have been investigated. Basal HA release in the 
cerebral cortex was determined by in vivo microdialysis coupled with 
high performance liquid chromatography fluorometry detection. Basal 
HA release determined was 0.67±0.02 pmols/lOpl of dialysate. 
Diltiazem, a calcium antagonist, decreased basal HA release in a 
concentration-dependent manner. Elevated potassium (100 mM) in the 
perfusion medium increased basal HA to 223%. Diltiazem blocked the 
K+-evoked increase of basal dialysate HA. Veratrine (100 pg/ml) and 
ouabain (100 pM), when added to the perfusion medium, increased 
dialysate basal HA by 93, and 73%, respectively. Diltiazem also 
suppressed veratrine and ouabain-stimulated increases in dialysate basal 
HA. Extracellular HA release decreased by 48% when the perfusate 
contained 3 |±M of tetrodotoxin (TTX). Systemic administration of 
thioperamide (3 mg/kg, i.p.) increased basal HA release by 125%. The 
results of these studies indicate that the release of HA in the cerebral 
cortex is calcium-dependent, possibly involving the exocytotic release 
process and that this exocytotic process maybe mediated by H3 
autoreceptors. These findings further suggest that the L—type calcium 
channels are one type of calcium channels which may play a role in the 
release process for HA in rat cerebral cortex. [Supported by NIH (RIMI) 
Grant No. 1P20-RR-11808-02],

730.4
CHARACTERIZATION OF THE HYPOTHALAMIC HISTAMINE RELEASE IN 
WISTAR AND MAST CELL DEFICIENT RATS. T, Mochizuki1. Z.L. Huang1, K, 
Maeyama1 and A. Yamatodanil*., ‘Dept. of Pharmacology, Ehime Univ. Sch. of 
Med.; Ehime 791-0295, and 2Sch. of Allied Hlth. Sci., Fac. of Med., Osaka Univ.; 
Osaka 565-0871, JAPAN.

We determined in vivo release of histamine from the anterior hypothalamus of 
Wistar and genetically mast cell deficient (W5/VV5) rats, using a microdialysis method. 
In Wistar rats, the basal value of the histamine release was 0.070 ± 0.004 pmol/20 min, 
which increased by 1.7-fold during the high potassium (100 mA/) CSF perfusion, and 
by 2.5-foId after intraperitoneal injection of thioperamide (5 mg/kg), a histamine H3- 
receptor antagonist. In Wj/W,v rats, the basal level of the histamine release was 
equivalent to that of Wistar rats, and the same responses to the treatments were 
observed. In Wistar rats, intravenous injection of compound 48/80 (0.2 mg/kg). a 
mast cell degranulator, caused a transient, 1.5-fold increase in the hypothalamic 
histamine release, however, no increase was found in lU/lUv rats witli the same 
treatment. While intracerebroventricular injection of compound 48/80 (10-50 pg) 
caused no increase 111 the hypothalamic histamine release in Wistar rats. Furthermore, 
the pretreatment of epinastine, a non-brain penetrating H]-receptor antagonist (5 
mg/kg, i.v.) inhibited the compound 48/80-induced elevation in the hypothalamic 
histamine level. These results indicated that, both in Wistar and IVs/W.v rats, the 
hypothalamic histamine release, measured by the present method, was almost of 
neuronal origin, and the contribution of the brain mast cells to the release was minimal 
in the physiological condition. The results also suggested that the plasma histamine 
might affect the vasopermeability in the hypothalamus via Hj-receptors, that 
facilitated the penetration of it into the hypothalamus when the peripheral mast cells 
were stimulated and degranulatcd.

730.5
CAPSAICIN STIMULATES HISTAMINE RELEASE FROM MOUSE 
DURAL MAST CELLS IN VITRO . B. J. Lewis and E. L. Orr,* Dept. 
Anat. Cell Biol., Univ. North Texas Health Sci. Ctr., Fort Worth, TX, 
76107.

The goal of this study was to determine if capsaicin could release 
histamine from mast cells in the calvarial dura mater in vitro. Subject 
mice were anesthetized, perfused with saline, and then sacrificed. The 
cranium was exposed and all adherent tissues, including periosteum, 
were removed. The calvarium and attached dura mater was isolated, 
then split mid-saggitally and the pieces placed into incubation media 
(MEM). The calvarial pieces with attached dura were incubated at 
37°C for 20 min to allow the tissue to stabilize to a basal state. Each 
piece was then moved sequentially through 5 vials containing MEM at 
5 min. intervals. The final 3 vials for each experimental piece 
contained 1 pM capsaicin. Samples of incubation media from each 
vial were assayed for histamine as a measure of mast cell activation. 
The control and experimental pieces initially showed similar rates of 
histamine release; however, upon exposure to capsaicin, the rate of 
histamine release in the experimental sections increased, while the 
release in the control sections remained fairly constant. After fifteen 
minutes of treatment, the experimentáis had released approximately 
20% more histamine. These results show that afferent nerve endings 
and mast cells remain intact and functional in dural explants and that 
stimulation of afferent neurons with capsaicin causes release of mast 
cell histamine, presumably via substance P. This model offers a 
simplified environment in which to further elucidate the relationship 
between mast cells and other dural components such as sympathetic 
efferent neurons.

730.6
COMPARISON OF SIGNAL TRANSDUCTION COUPLING EFFICIENCIES OF 
RECOMBINANT HUMAN HISTAMINERGIC RECEPTOR SUBTYPES. T.A. 
Esbenshade, T.R. Miller*, D.G. Witte, L.M. Ireland, C.H. Kang, J.M. Roch, J.N.
Masters, and A.A. Hancock. Neurological and Urological Disease Research, 
Abbott Laboratories, Abbott Park, IL 60064-3500.
We have measured [Ca++]j and cAMP using the Flourescence Imaging Plate 
Reader and Scintillation Proximity Assays to characterize the coupling of stably 
expressed recombinant human H-|-(Gaq-coupled) and H2-(Gas-coupled) 
histaminergic receptors (HR) to associated signaling pathways in HEK293 cells. 
The potency of histamine (HA) in elevating [Ca++]i (EC50, 99 and 15 nM) 
increased with increasing receptor density (0.8 and 14 pmol/mg protein) in Hj- 
HR cell lines. For cAMP responses in H2-HR lines, the potencies of HA (EC50, 
5.0 and 0.5 nM) and the ^-selective agonist dimaprit (DP) (EC50, 152 and 19 
nM) increased with receptor density (5 and 26 pmol/mg protein). The H2- 
selective antagonists cimetidine and ranitidine acted as inverse agonists in 
reducing basal and forskolin (10 (iM)-stimulated cAMP formation with potencies 
that increased with increasing receptor density. HA and DP elicited rapid 
elevations of [Ca++]j in H2-HR cell lines with receptor density dependent 
differences in potencies revealing partial agonist behavior for DP. The potencies 
of HA (EC50, 710 and 1640 nM) and DP (EC50, 10570 and 36350 nM) were 
much lower than those for the cAMP responses in the 26 and 5 pmol/mg protein 
receptor density lines, respectively. The potency of HA in inducing [Ca++]j 
responses was markedly lower for the highest expressing H2-HR line (25 
pmol/mg protein) than for the H-|-HR (14 pmol/mg protein) line with EC50 values 
of 710 and 15 nM, despite similar binding Kj values of 30 and 8.7 pM, 
respectively. Our results show an influence of receptor reserve on calcium (Hj 
and H2) and cAMP (H2) responses and that the coupling efficiency of H2-HRS to 
increases in [Ca++]j is about 1,000-fold lower than to cAMP formation. 
Supported by Abbott Laboratories.
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730.7

STIMULATION OF H2 RECEPTORS AT RAT NEOCORTICAL NEURONS 
ENHANCES THE HYPERPOLARIZATION ACTIVATED CATION CURRENT IH.
C.Giles1, E. Puil2, R.S. Neuman1*. 'Faculty of Medicine, Memorial University, St John’s, 

Newfoundland, Canada A1B 3V6 and department of Pharmacology and Therapeutics, 
Faculty of Medicine, University of British Columbia, Vancouver, British Columbia, Canada.

Histamine Hi, H2, and H3 receptors are present in the neocortex. Hi receptor activation 
decreases a leak conductance, whereas H3 receptors appear to act as presynaptic auto- and 
heteroreceptors. H2 receptor activation enhances IH at thalamic and hypothalamic neurons 
by shifting its activation kinetics in a depolarized direction. Preliminary observations at 
cortical neurons indicate that H2 receptor activation increases membrane conductance which 
is consistent with stimulation of IH.

To test this hypothesis cortical neurons were voltage clamped using the whole cell blind 
patch technique. Hyperpolarizing steps from -40 mV (2 s) yielded currents with two 
components: 1) an instantaneous current (leak and 1^) and 2) a slow current, which did not 
inactivate. The latter was eliminated by 2 mM CsCl2 or 10 pM ZD7288, but not 500 pM 
BaCl2, consistent with IH. Applications of dimaprit, an H2 agonist, or histamine (in the 
presence of 1 pM diphenhydramine and 10 nM thioperamide to block Hi and H3 receptors 
respectively) shifted the voltage dependance of IH (i.e., half activation value) in a depolarizing 
direction in approximately 50% of the sampled neurons. The maximum shift was 10 mV. In 
addition, the activation time constant for IH was reduced in a voltage dependent manner. 
These actions were likely mediated by postsynaptic H2 receptors since they were evident in 
Ca2+ free, TTX, Co2+ and high Mg+2 perfusing mediums.

In conclusion, we suggest that histamine modulates cortical excitability in part through an 
action on IH mediated by H2 receptors. Furthermore, the present observations suggest that 
H2 receptors may have a differential distribution on cortical neurons.

Supported by Faculty of Medicine, Memorial University

730.8

DISTRIBUTION OF HISTAMINE H3-RECEPTOR BINDING IN THE 
NORMAL HUMAN BASAL GANGLIA: COMPARISON WITH 
HUNTINGTON’S DISEASE AND PARKINSON’S DISEASE CASES. R E. 
Goodchild1 , J.A. Court 1 I. Hobson1, M.A. Piggott1, R.H. Perry2, P. Ince2,
E. Jaros2 and E.K. Perry'. (SPON: British Neuroscience Association)
'MRC Neurochemical Pathology Unit; 2Dept. Neuropathology, Newcastle 
General Hospital, Westgate Road, Newcastle-Upon-Tyne. U.K. NE4 6BE.

It is now widely recognised that histamine acts as a neurotransmitter in 
the mammalian CNS. Three selective histamine receptors have been 
described, all of which are present in the basal ganglia. This study is a 
detailed, quantitative, autoradiographical examination of the densities of 
histamine H3- receptors in coronal sections of human basal ganglia, using 
the selective ligand [3H]-(R)-a-methylhistamine ([3H]-RAMH). fHj-RAMH 
binding was highest within the external (GPe) and internal (GPi) segments 
of the globus paliidus together with the substantia nigra (SN). High levels 
were also found in the striatum, where density was significantly higher 
(p<0.05) at a pre-, as opposed to post-, anterior commissure coronal level. 
Within the striatum, binding was noticeably higher in both the nucleus 
accumbens and acetylcholinesterase-deficient striosomes, whilst being 
undetectable in the subthalamic nucleus and very low in both the ventral 
anterior and ventral lateral thalamic nuclei. An intermediate level of 
binding, often with a laminar distribution, was seen in the insular cortex.

[3H]-RAMH binding was also examined in both Parkinson’s Disease (PD) 
and Huntington’s Disease (HD). No difference from control receptor 
density was found in any area examined in PD, whilst values were 
significantly lower in caudate (p<0.001), putamen (p<0.001), GPe 
(p<0.001) and GPi (p<0.05), though not the insular cortex, in HD cases.

These data suggest that H3-receptors are present upon striato-nigral 
projection neurons of the direct and indirect movement pathways thus 
allowing histaminergic control over the activity of both these circuits.

730.9
COMPARISON OF H3 HISTAMINERGIC AGONIST AND ANTAGONIST 
FUNCTIONAL POTENCIES IN ELECTRIC FIELD STIMULATED GUINEA PIG 
ILEUM by L.M. Ireland, T.A. Esbenshade, and A.A. Hancock*, Abbott 
Laboratories, Neuroscience Division, Abbott Park, IL 60064-3500.

Electric field stimulation (EFS) of guinea pig ileum segments evokes 
cholinergic smooth muscle contractions that can be inhibited by presynaptic H3 
histamine receptor (H3-HR) activation. We found that H3-HR function could not 
be determined under supramaximal voltage (15V at 0.1 Hz for 0.5msec duration) 
conditions. However, when tissues were stimulated at 1.5 times the threshold 
voltage (7-8V), (R)-a-methylhistamine (RAMH) inhibited up to 75% of the EFS 
induced contractions. Cumulative concentration-response curves by RAMH 
caused H3-HR desensitization in 70% of the tissues upon a second exposure to 
the agonist even up to four hours after tissue recovery; thus, further 
experiments were run with only one agonist curve per tissue. The rank order of 
agonist potency was imetit> RAMH> N“-methylhistamine> histamine with RAMH 
being the most efficacious. The EFS guinea pig ileum was also used to 
determine H3-HR selective antagonist potencies (Clobenpropit> thioperamide> 
GT-2016) by Schild analysis which were in good agreement with binding 
affinities determined in guinea pig brain cortex. Interestingly, at high 
concentrations, each of these antagonists inhibited up to 60% of the EFS 
induced contraction. However, the remaining contraction was still inhibited by 
RAMH in a concentration-dependent manner. Inhibition of the EFS contraction 
by the H3-HR antagonists was not mediated by a,-, a2-, or p-adrenergic 
receptors, nor H^.Hg-, H3-histaminergic receptors. These studies illustrate the 
utility of the EFS guinea pig ileum in evaluating H3-HR agonist and antagonist 
potencies despite receptor desensitization as well as highlight precautions that 
must be taken in evaluating antagonist effects in this system. 
This work is funded by Abbott Laboratories.

730.10
DEVELOPMENT OF TRANS-2-[) H-IMIDAZOL-4-YL] CYCLOPROPANE 
DERIVATIVES AS NEW HIGH AFFINITY HISTAMINE H3 RECEPTOR 
ANT AG ON i ST S. S.L. Yates*, M. Hoffmann**, G.P. Pawlowski, J.G. Phillips, 
S.M. Aii, and C.E. Tedford. Gliatech Inc., 23420 Commerce Park Rd., 
Cleveland, OH 44122 and **Vrije Univ., De Boelelaan 1083, 1081 HV 
Amsterdam, The Netherlands.

A novel series of histamine (HA) H3 receptor antagonists have been made. 
The incorporation of a frans-cyclopropyl ring between the imidazole head 
group and a planar linker produced chiral, conformationally restricted H3 
antagonists. H3 receptor binding affinities were tested using [3H]N“-MeHA 
and rat cortical membranes. Cyclopropane derivatives containing amide, 
carbamate, olefin, and acetylene isosteres were found to be potent H3 
receptor ligands. Generally, compounds containing the (1R,2R)trans- 
cyclopropane configuration showed higher binding affinity for the H3 
receptor. For example, the (1 R,2R)trans-cyclopropane analog (7R,2R)-4-(2- 
(5,5-dimethylhex-1-ynyl)cyclopropyl)imidazole (GT-2331) had a K, of 0.18 ± 
0.04 nM, while the (JS,2S)frans-cyclopropane enantiomer showed a marked 
reduction in H3 affinity (K, of 5.3 ± 0.5 nM). Members of this trans- 
cyclopropane series showed good H3 receptor subtype selectivity. GT-2331 
showed low affinity for the H-i (IC50 = -100,000 nM) and H2 (K, = 8,971 nM) 
receptor subtypes. GT-2331 was found to have excellent CNS penetration in 
an ex vivo binding paradigm (ED50 = 0.08 mg/kg; 60 min; i.p.). GT-2331 
produced a dose-dependent parallel shift in (RJ-exMeHA-induced inhibition of 
the guinea pig jejunum neurogenic contraction (pA2 = 8.5 ± 0.03 and Schild 
slope = 1.1 ± 0.02). In summary, this novel series of antagonists has 
provided further insight into the structural requirements for ligand binding to 
the H3 receptor. A prototype member of this series, GT-2331, is a potent H3 
receptor antagonist with good receptor selectivity and excellent CNS 
penetration. (Supported in part by NINDS #R44 NS33808-03.)

730.11
PHARMACOLOGICAL CHARACTERIZATION OF GT-2331, A NEW CNS- 
PENETRATING HIGH AFFINITY HISTAMINE H3 RECEPTOR 
ANT AGON I ST. C.E. Tedford*, G.P. Pawlowski, M.K. Handley, J.G. Phillips, 
S.M. Ali, W.W. Hirth, and S.L. Yates, Gliatech Inc., 23420 Commerce Park 
Road, Cleveland, OH 44122

Several new potent histamine (HA) H3 receptor antagonists have been 
recently developed incorporating a frans-cyclopropane ring as a 
conformationally-restricted and chiral replacement for the ethylene spacer. 
GT-2331, (R,R)-frans-4-(2-(5,5-dimethylhex-1-ynyl)cyclopropyl)imidazole, 
was identified as a potent H3 receptor ligand and was further characterized in 
vivo for its CNS pharmacodynamic and pharmacokinetic properties. HPLC- 
EC methods were developed to establish rat plasma levels of GT-2331 and 
comparisons to brain H3 receptor occupancy profiles were made. GT-2331 
occupancy and plasma levels were determined following both acute and 
subchronic (10 days) oral administration. GT-2331 was found to have an 
excellent CNS penetration profile with an oral ED50 of 0.12 + 0.002 and 0.22 
+ 0.04 mg/kg in the mouse and rat cortex, respectively. In rats, GT-2331 (1 
mg/kg, po) produced maximal H3 receptor occupancy for up to 8 hrs. GT- 
2331 (5 and 25 mg/kg, po) produced significant cortical H3 receptor 
occupancy (>50%) for over 24 hrs. Rat plasma levels of GT-2331 were 
determined following both acute and subchronic administration (5 and 25 
mg/kg, po). GT-2331 was readily absorbed and the time course for cortical 
H3 receptor occupancy cioseiy paralleled plasma level profiles. Cmax values 
were typically reached within the first 1-2 hrs following oral administration 
with a terminal T1/2 of >4 hrs. AUC values for GT-2331 demonstrated dose- 
proportionality at 5 and 25 mg/kg, both acutely and subchronically. Acute 
and subchronic administration of GT-2331 produced similar H3 receptor 
occupancy and plasma profiles. In summary, GT-2331 produced excellent 
CNS H3 receptor occupancy and plasma profiles after acute and subchronic 
oral administration. (Supported in part by NINDS #R44 NS33808-03)

730.12
PHENYLAMINOTETRALINS: A NEW CLASS OF HISTAMINE H,-TYPE 
LIGANDS THAT AFFECT CATECHOLAMINE SYNTHESIS AND RELEASE 
IN VITRO AND IN VIVO. R.G. Booth*, R.L. Brown, E.C. Bucholtz, N.Y. Choksi,
C.E Owens, and S.D. Wyrick. Division of Medicinal Chemistry & Natural Products, 
School of Pharmacy, University of North Carolina, Chapel Hill, NC, 27599-7360.

Phenylaminotetralins (PATs) recognize a binding site (PAT-site) in guinea pig (GP) 
forebrain that can be stereoselectively labeled with the radioligand [3H]-(-)-ZraA?5-H2- 
PAT (Kf)=0.13 nM). PAT sites are highly localized in the catecholaminergic nerve 
terminal regions striatum, hippocampus, and nucleus accumbens (NA). The medicinal 
chemistry and pharmacology of PAT sites is similar to histamine H| receptors. For 
example, PATs incorporate the diarylaminopropane pharmacophore present in 
histamine H, antagonists like triprolidine and (-)-frww-H2-PAT antagonizes 
histamine-induced accumulation of inositol triphosphate in astrocytoma cells. In GP 
brain, diarylaminopropane H| antagonists (mepyramine, diphenhydramine, [-1-]- 
chlorpheniramine, triprolidine) bind with high affinity (K05<5 nM) to PAT sites; (-)- 
and (i)-/ra/7.y-H2-PAT have high affinity (KO5=1.4, 3.4 nM) for H, receptors; and 
distribution of PAT and H] sites is similar. In vitro, (±)-/ram-H2-PAT stimulates 
tyrosine hydroxy lase (TH) activity and dopamine (DA) synthesis (25% at 0.1 pM) in 
GP and rat striatum; this effect is blocked by triprolidine. (±)-7ram-H2-PAT also 
stimulates DA release (to 300% control) in rat striatum, but this effect only occurs at 
high concentrations (>100 pM) and is not antagonized by PAT-site ligands. In vivo, in 
a rat presynaptic model, low doses (4-40 nmol/kg, ICV) of (±)-/rara-H2-PAT 
stimulate TH activity and DA synthesis in NA to 200% control and this effect is fully 
blocked by triprolidine; at higher doses, the stimulation of DA synthesis is attenuated 
to control. This negative neuromodulatory effect on DA synthesis likely is due to 
feedback mechanisms resulting from released DA. (±)-7ra/7s-H2-PAT did not 
significantly affect DA synthesis in striatum in vivo. Ongoing rat brain receptor 
mapping and binding studies will examine the limbic functional selectivity of (±)- 
/ra/7.y-H2-PAT and H ¡-like nature of presynaptic PAT-sites. Support: NINDS NS35216
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731.1
Evolutionary plasticity of peptide signaling systems: modulation of fluid secretion 
in insect Malphigian tubules via the CAP2b/cGMP pathway. N. J. V. Skaer1,2, S.H.P.M. 
Maddrell2, M.J. O’Donnell3, M.C. Quinlan3 & N.J. Tublitz1*. 'Institute of Neuroscience 
Univ. Oregon, Eugene OR 97403 USA;-2Dept. Zoology, Univ. Cambridge, Cambridge 
CB2 3EJ, UK; 3Dept. Biology, McMaster Univ., Hamilton, Ontario Canada L8S 4K1.

Many key regulatory molecules in the nervous system - ion channels, cytoskeletal pro
teins, transmitters, the Na-K pump - are highly conserved throughout the metazoa, from 
coelenterates to vertebrates. This structural homology underlies a conservation of 
function; e.g. voltage dependent Na+ channels in jellyfish have the same overall structure 
as their mammalian counterparts. Similarly, many CNS components with multiple 
molecular elements also show a high degree of structural and functional conservation 
across species, e.g. cholinergic signaling at the vertebrate neuromuscular junction. 
Signaling systems, con-sisting of a ligand, receptor, and oftentimes a downstream target, 
are frequently conserved as a cassette precisely because a structural alteration in any 
element would render the entire signaling pathway inoperative. Despite this built-in 
resistance to change, individual signal-ing systems have evolved multiple types of cellular 
responses, although little is known about the underlying forces responsible for this 
diversity.

We have begun to explore this issue using insect Malphigian tubules (MTs), the tissue 
in insects primarily responsible for fluid balance and secretion, as a model system. The 
insect neuropeptide CAP2b, through a cGMP-mediated cascade, has been implicated in the 
regulation of fluid secretion by the MTs of a number of different insect species. CAP2b 
and cGMP each increase fluid secretion in the MTs of Drosophila melanogaster adults. 
The CAP2b effect in flies is mediated by nitric oxide (NO). In the blood feeding insect 
Rhodnius prolixus, CAP2b and cGMP act as anti-diuretics, inducing a decrease in fluid 
secretion. The anti-diuretic effect of CAP2b in Rhodnius appears not to involve a NO 
component. In contrast to the effects of CAP2b in Drosophila and Rhodnius, CAP2b has 
no effect when tested on adult Manduca sexta MTs. However, although cGMP is also 
ineffective, membrane permeant derivatives of cGMP are active, causing an increase in 
fluid secretion and raising the possibility that Manduca MTs lack CAP2b receptors. Thus 
the CAP2b/cGMP system in insect MTs demonstrate that a single signaling system can 
be modified by different species to produce different functional outcomes, and provides 
an excellent model system to study the mechanisms underlying this type of plasticity.

Supported by NSF and the Oregon Chapter of the American Heart Association.

731.2
Neuroregulation of body patterning behavior in cephalopods: Glutamate and 
FMRF-amide related peptides act as transmitters at the chromatophore 
neuromuscular junction. P.K. Loi*, P.E. Davol, and N.J. Tublitz. Institute of 
Neuroscience University of Oregon. Eugene OR 97403 USA.

Unshelled cephalopods exhibit a wide range of body patterns that are oftentimes 
produced in less than a second. This amazing behavior is due to their unique, neurally 
regu-lated chromatophore system. Our previous work in the cuttlefish, Sepia officinalis 
showed that glutamate and FMRFamide-related peptides (FaRPs) cause chromatophore 
expansion and are immunocytochemically present in chromatophore motoneurons and 
peripheral chromatophore nerves. These data support but do not provide overwhelming 
evidence for the hypothesis that glutamate and FaRPs act as neurotransmitters at the 
chromatophore neuromuscular junction (NMJ). This study examined this hypothesis 
critically using pharmacological, physiological, in situ hybridization and molecular 
procedures.

The invertebrate glutamate receptor blocker, joro spider toxin (JSTX), successfully 
blocked glutamate-induced chromatophore cell expansion. These data are consistent with 
the hypothesis that glutamate acts directly on the chromatophore muscles. FaRP triggered 
expansions were JSTX insensitive, suggesting that FaRPs act in a glutamate independent 
manner and may also be acting post-synaptically. To test this latter notion further, we 
took pieces of dermis which had been isolated for 5 days to ensure total nerve terminal 
degeneration and assessed them for presence of glutamate and FaRPs using 
immunocytochemical techniques. Five day old dermis was devoid of any 
immunoreactivity for glutamate and FaRPs whereas freshly isolated dermal pieces 
contained nerves with significant glutamate-like and FaRP-like positive 
immunoreactivity. In situ hybridization experiments revealed that a subset of the putative 
chromatophore motoneurons in the posterior chromatophore lobe (PCL) of the cuttlefish 
brain expressed a transcript encoding four FaRPs: FMP.Famide, FIRFamide, FLRFamide 
and ALSGDAFLRFamide. Double labelling studies for both FaRP protein and mRNA 
implicate the presence of a 2nd FaRP transcript in some PCL cells. PCR results show that 
the Sepia brain contains a transcript which encodes 3 FaRP-like peptides, a pentapeptide 
(TIFRFamide) and two hexapeptides (GNLFRFamide and NSLFRFamide). These data, 
together with our previous work, demonstrate that both glutamate and FaRPs act as 
excitatory transmitters at the chromatophore NMJ in Sepia.

Supported by grants from NSF and the American Heart Association.

731.3

DOPAMINE AND GLUTATHIONE LEVELS IN APLYSIA 
CAUFORNICA CHANGE DUE TO ENVIRONMENTAL STRESS. 
S.Shirazi1, J,F,White1, V.Chandhoke2 and J.M.Flinn1 . Depts. of 

Psychology1 and Biology2, George Mason University. Fairfax VA 
22030.

Stress has been shown to increase dopamine (DA) levels. We 
have raised A. califomica from 114 to 165 days post-hatch in either 
large or small containers (crowded/uncrowded), using aquaria with or 
without protein skimmers in addition to normal filtration. Dopamine 
and glutathione levels were measured for the ring and abdominal 
ganglia combined, using a coulometric HPLC (ESA). A 2 way 
ANOVA showed that, as expected, crowded animals had significantly 
higher values of DA than those in the uncrowded condition (F(l,82) = 
82, p<001). However, skimming unexpectedly also led to significantly 
higher values (F(l,82) =132, p<001). The values of DA in the 
crowded/skimmed group were 8 times those of the large/unskimmed 
group. The levels of glutathione (an antioxidant) were also higher in 
the skimmed conditions (although skimming led to significantly larger 
animals, as did lack of crowding). The data suggest that skimming 
removed pheromones and caused increased stress, leading to 
significantly higher DA and glutathione levels in animals from the same 
egg mass and of the same age.

731.4
STRUCTURE-ACTIVITY RELATIONSHIPS FOR DROMYOSUP-
PRESSIN NEUROPEPTIDE INHIBITION OF THE BLOWFLY
CARDIAC ACTIVITY. A. M. Anqiov*, P. Muroni, P.

r-x
Farano, I.

Biol., Sect, of Gen. Physiol., U. of Cagliari, V.le Poetto 1, 09126 
Cagliari, Italy. 1 - Depts. of Biol. Chem. and Biol., U. of Michigan, 830
N. University St., Ann Arbor, Ml 48109-1048.

In a previous physiological study, we showed that 
dromyosuppressin (DMS), TDVDHVFLRFamide, isolated from 
Drosophila melanogaster and related to XDVDHVFRLFamide 
peptides in Insecta, inhibits Protophormia terraenovae fast and slow 
cardiac activities in a dose-dependent manner as shown using an in 
vivo assay. In this study, we report results on DMS presence in adult 
Protophormia and on structure-activity relationships for its 
cardioinhibitory activity. DMS immunoreactivity was detected in the 
fly nervous system. Cells stained by myosuppressin antisera send 
processes to innervate the abdominal and the thoraco-cephalic 
portions of the tubular heart. Changes in electrocardiographic 
activity in intact flies after injection of DMS, alanyl-substituted DMS 
analogs and DMS truncated peptides were recorded. Inhibitory 
activity of the same magnitude as the parent peptide required the C- 
terminal octapeptide fragment Asp-Val-Asp-His-Val-Phe-Leu-Arg- 
Phe-NH2. Effects of DMS-analogs injection indicate the importance 
of critical amino acids for a specific inhibition of fast and slow 
cardiac activities.
Funding: American Heart Association-ltalian Ministry for Universities.

731.5
MORPHOLOGICAL CORRELATE TO PEPTIDE RELEASE FROM APLYSIA 
MOTOR NEURONS. Tuula Karhunen*, Paul J. Church, and Klaudiusz R. Weiss, 
Dept. of Physiology and Biophysics, Mount Sinai School of Medicine. NY NY 10029

While the molecular and cellular modes of action of peptide cotransmitters have 
been demonstrated in a number of species, much less is known of the process 
governing the release of peptide cotransmitters. In the present study, we are 
combining electrophysiology, radioimmunoassays, and electron microscopy in order 
to examine the mechanisms underlying peptide transmitter release. We are using a 
neuromuscular preparation from Aplysia californica, consisting of tHe 2 identified 
motor neurons (BI5 and BI6) and their target muscle (accessory radular closer, 
ARC). These neurons normally fire drying feeding behaviors, which can last up to an 
hour. Each of these neurons utilizes the conventional transmitter ACh, and multiple 
peptide cotransmitters. This neuromuscular preparation has already proved crucial in 
the elucidation of many of the principles underlying peptidergic modulation.

In an unstimulated preparation, peptide-containing large dense core vesicles 
(LDCVs) are not randomly distributed throughout the ARC motor neuron presynaptic 
terminals, but rather are concentrated in an area away from the presynaptic membrane. 
LDCVs must be released from their intracellular tether and travel through the 
cytoplasm, before fusing with the plasma membrane. Motor neurons were stimulated 
at physiological frequencies. After only 10 minutes of stimulation, LDCVs are 
markedly less aggregated within the terminal. Peak peptide release occurs after 
approximately 30 minutes of stimulation (as determined with a radioimmunoassay), 
and correspondingly, there is a decrease in the total number of vesicles in the terminal. 
More significantly, those LDCVs that remain are preferentially distributed within 
50nm of the membrane away from the area of apposition with the muscle fiber. 
This suggests that, unlike SSVs, the LDCVs may be released from ectopic sites away 
from the active zone.

Ongoing studies are aimed at determining the contribution of specific ion channels 
and synaptic proteins in the mobilization and fusion phases of peptidergic 
transmission. Supported by NIMH.

731.6
DOPAMINE RECEPTOR BLOCKERS CHANGE LOCOMOTOR 
BEHAVIOR IN APLYSIA CALIFORNICA. P.A, Gochman1, L. 
Paqueo1, J, Brightwell1, J. M. Flinn1 and V.Chandhoke2*. Depts. of 
Psychology1 and Biology2, George Mason Univ. Fairfax.,VA, 
22030.

This study examined the behavioral effects of the dopamine 
D1/D5 receptor antagonist SCH-23390 (SCH), and the D2/D3/D4 
antagonist raclopride (RAC). Four groups of 20 animals, 5- 6 
months post-hatch, were examined (SCH, RAC, SCH+RAC and 
Control). 0.0125 mg/gm of body weight of the drug was injected 
2mm anterior to the parapodia. Light touch to tentacle, siphon and 
parapodia, 15 min after drug administration showed no significant 
differences between groups; but the parapodia opened spontaneously 
following administration of SCH or SCH+RAC. Locomotion 
following tail pinch showed that the SAC and SAC+RAC groups 
had a significantly greater number of arches (F(3,76) = 19, p< .001), 
with the medial portion of the foot rising from the floor. Control 
and RAC animals moved primarily by gliding and maintained 
contact with the floor. The location of the D1/D5 and D2/D3/D4 
receptors is currently under investigation. P.Gochman was 
supported by a GMU Research Assistantship. The Univ. of Miami 
provided Aplysia under NIH grant RR 10294.
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731.7

NO AND 5-HT MAY REGULATE FEEDING NETWORK 
AROUSAL STATE VIA INTRACELLULAR CA2+ AND H+ IN 
PLEEROBRANCHAEA CALIFORNICA. K. Huang*, L.L Moroz,
L. Sudlow and R. Gillette. Dept. of Molecular & Integrative 
Physiology, University of Illinois, Urbana, IL 61801.

Both nitric oxide (NO) and 5-HT regulate expression of feeding 
behavior and appetite in part through up-regulating cAMP-gated Na‘ 
current (I\';,.cami>) of neurons of the feeding motor network. NO and 5- 
HT act like heterosynaptic facilitators to enhance the ffa,eAMi> response 
to intracellular cAMP, with an anomalous effect that the current 
saturation normally observed with increasing cAMP injection is 
actually reversed We find that the ryanodine receptor activator 
caffeine mimics the effects of NO and 5-HT on ffa.cAMP Proceeding 
from the previously demonstrated sensitivity of ffa,CAMP to small 
changes in intracellular Ca2 and H , we present a model for regulation 
of Ua.c.wip by NO and 5-HT through intracellular Ca2' release. In this 
model, a consequent reduction in neuron H buffering ability enhances 
the normally slight intracellular acidification caused by cAMP 
degradation and electrical activity, causing non-linear increase in 
ffa.cAMP as cAMP levels increase. These mechanisms suggest parallel 
modulation of other Ca2 - and H - sensitive currents that may also 
contribute to activity of the feeding motor network.

731.8
DIRECT MICROCHEMICAL CHARACTERIZATION AND IDENTIFICA
TION OF NITRERGIC NEURONS IN MOLLUSCS. L.L. Moroz*'2, P. Floyd2, 
R. Fuller. RL. Dalhgcn. R. Gillette1, and JV, Swcedler Depts. Molcc & 
Integrative Physiology1 and Chemistry 2. University of Illinois, Urbana, IL 61801.

Analysis of intracellular concentrations of nitric oxide (NO) related metabolites 
is important to our understanding of neuronal NO signaling. We combined new 
capillary electrophoresis (CE) technology with microclectrode technique and 
histochemistry to identify and biochemically characterize nitrergic neurons using 
the gastropod molluscs Aplysia californica. Pleurohranchaea californica and
I.ymnaea stagnahs as models. Intracellular concentrations of NO-citrulline cycle 
related metabolites (L-arginine. L-citnilline. L-argininosuccinate. L-ornithinc. L- 
arginino-phosphate. NADPH. tetrohydro-bioptcrin. FAD. FMN. NO2 and NOf) 
were analyzed using CE with several custom detection schemes. All NOS 
metabolites and some NOS inhibitors were successfully measured from single 
cell/nanoliter samples with limits of detection in the attomole and femtomole 
ranges. NOS analytes were selectively effected by NOS inhibitors. Nitrergic 
neurons were identified in buccal, cerebral and pedal ganglia including buccal and 
locomotor motoneurons, paired mctaccrcbral giant neurons (in P.californica only ) 
as well as selected feeding intemeurons which may be homologous across species. 
NO lewis measured at nitrergic soma surface and m neuropil often reach well over 
50-100 nM. measured with NO-scnsitivc electrode The Arg/Cit ratio is 
independent of cell volume, and low values (0.2-4) appear to be a characteristic 
parameter for NADPH-d reactive cells and that reflects higher NOS activity, 
whereas for NADPH-d negative neurons the ratio was 8-180. Intracellular 
concentrations of NOS metabolites in indixidual neurons were cell-specific, 
vary ing from 6 mM (Arg) and 4 mM (Cit) in putative NOS-containing neurons, to 
<1 pM (undetectable) levels in many NOS negative cells. Supported by NIH 
RO1NS26838; HHMI75 195-540101; NS31609 & NSF CHE-57024.

731.9
MICROCHEMICAL CHARACTERIZATION OF SEROTONERGIC 
NEURONS. R. Fuller*2. L.L. Moroz12. X. Zhang. JV, Swcedler2 and R 
Gillette1 Depts. Molecular & Integrative Physiology1 and Chemistry"; 
University of Illinois, Urbana, IL 61801.

Identified serotonin (5-HT)-containing neurons of marine molluscs 
Pleurobranchaeci californica and Aplysici californica have been used (i) for 
direct single cell analysis of both 5-HT and related metabolites, and (ii) to 
compare the level of essential compounds between functionally different 
groups of 5-HT-ergic neurons. Capillary electrophoresis (CE) separation, 
wavelength-resolved native fluorescence detection and nanolitcr volume 
sampling were applied to identify and quantitate simultaneously more than 30 
compounds including aromatic monoanines and amino acids, peptides 
containing them. FMN. FAD. NADPH. biopterins and many others. Limits 
of detection ranged from low attomole to the femto- and picomole levels 
depending on the particular analyte. Thus, less than 1% of an individual 
identified neuron could be assayed for its chemical constitutents. The paired 
metacerebral giant neurons, and locomotor and modulatory neurons were 
used as models. Estimated intracellular concentrations of 5-HT were in the 
range 0.1-50 mM. Motoneurons had significantly higher levels of 5HT 
compared with other 5-HTergic neurons. Intracellular concentrations of 
serotonin precursors, metabolites and several co-factors were also cell- 
specific. ranging from lOpM to 2 mM and could be altered by p- 
chlorophenylalanine and other pharmacological agents. Supported bv NIH 
RO1NS26838; NS3 1609 & NSF CHE-57024.

731.10
DEVELOPMENTAL REGULATION OF OCTOPAMINE
SENSITIVITY IN THE OVIDUCTS OF MANDUCA SEXTA.
H.K. Lehman*, J.P. Sokolnicki. and J.A. Lempenau 
Department of Biology, Hamilton College, Clinton, NY 13322

Our previous studies have shown that octopamine and its 
synthetic enzyme tyramine beta-hydroxylase (TBH) are developmental  ̂
regulated, under the control of steroid hormones, and coincident with the 
appearance of octopaminergic neurons in the terminal abdominal ganglia 
of the sphinx moth, Manduca sexta. To explore putative targets of these 
newly appearing octopaminergic neurons we have characterized 
octopamine receptors in the oviducts of Manduca.

At doses close to threshold (10-10 -10'9 M), octopamine increased 
the amplitude of oviduct contractions from pharate adult moths. Higher 
concentrations of octopamine increased both the amplitude and frequency 
of contractions, and were reversible. The actions of octopamine appear to 
be mediated by cyclic AMP; IBMX enhanced and forskolin mimicked the 
octopamine response, and cAMP levels were increased by octopamine. 
These responses to octopamine were age-dependent. Oviducts isolated 
on pupal day 10 were unresponsive to any concentration of octopamine, 
oviducts isolated on pupal day 12 responded only to high concentrations 
of octopamine (10"6- 10"4M), whereas by pupal day 15 the responses to 
octopamine were similar to those observed in oviducts isolated from 
pharate adults. Studies are currently underway to determine if the 
absence of octopamine receptors are limiting the response of oviducts and 
to define the time course of octopaminergic innervation to relate 
neurotransmitter acquisition and sensitivity during metamorphosis.

731.11
CATECHOLAMINES MODULATE METAMORPHOSIS IN A GASTROPOD.
A. Pires?* R.P, Croll2 and M.G. Hadfield3.1Dept. of Biology, Dickinson College; 
2Dept. of Physiology and Biophysics, Dalhousie Univ.; 3Kewalo Marine 
Laboratory, Univ. of Hawaii.

Increased levels of endogenous catecholamines (CA) occur 6-9 d 
post-fertilization in the gastropod Phestilla siboqae. when larvae become 
competent to metamorphose in response to a soluble factor derived from their 
adult prey. Depletion of CA by the tyrosine-hydroxylase (TH) inhibitor alpha- 
methyl-DL-m-tyrosine (AMT) is accompanied by inhibition of metamorphosis.
In the present study 6-9 d larvae were treated with L-DOPA (0.01 mM tor 0.5 
h), then assayed for metamorphosis in response to natural inducer (Nl) and 
for CA content by HPLC. L-DOPA treatment caused 20-50-fold increases in 
dopamine with proportionally greater increases in younger larvae, so that 
L-DOPA-treated larvae of all ages contained similar levels of dopamine. A 
much smaller (about 2-fold) increase in norepinephrine occurred in all larvae. 
Six day larvae failed to metamorphose in response to Nl with or without 
L-DOPA treatment. L-DOPA treatment significantly enhanced frequency of 
metamorphosis ot older larvae, particularly at low concentrations of Nl, and 
restored CA and metamorphosis in larvae whose CA had been depleted by 
AMT. Anatomical specificity of CA enhancement was examined by 
aldehyde-induced histofluorescence at 9 d. L-DOPA treatment increased the 
brightness of cells also labeled in control preparations, and revealed additional 
cells. However, all labeling was consistent with the locations of TH-like 
immunoreactive cells located mostly in foot, apical and head regions. CA are 
likely to be important neurochemical regulators of metamorphosis in P. 
siboqae. but rising levels of CA around the time of competence are insufficient 
alone to account tor sensitivity to Nl in competent larvae. Supported by 
Dickinson College, NSERC OGP0038863, and ONR N00014-95-1-1015.

731.12
CLONING AND CHARACTERIZATION OF A SECOND BETA-LIKE 
NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNIT FROM 
APLYSIA CALIFORNICA AND PROGRESS IN PRODUCING 
ANTIBODIES THAT DISCRMINATE BETWEEN TWO ALPHA 
SUBUNITS. R. E. McCaman*1, T. Chang1. J. Ramirez, E. Garcia, 
and J. K. Ono. ’Division of Neurosciences, Beckman Research Institute 
of the City of Hope, Duarte, CA 91010 and Department of Biological 
Science, California State University, Fullerton, CA 92834.

We have obtained the full length coding sequence of an additional 
subunit from Aplysia that has high sequence identity with (3 subunits of 
neuronal nicotinic acetylcholine receptors isolated from Drosophila, 
Caenorhabditis, and vertebrates. This brings the number of subunits 
cloned from the Aplysia nervous system and buccal muscles to a total of 
four: two a subunits and two p subunits. Attempts to express these 
subunits in Xenopus oocytes have not succeeded. We continue to test 
the cloned sequences by in vitro translation to determine if they are 
translatable. We also continue to study the distribution of all four 
subunits in identified neurons and in buccal muscles by RT-PCR.

We have also initiated the production of antibodies against a region of 
the two a subunits that differ between the subunits predominating in 
either the CNS or in buccal muscles. Oligonucleotide primers flanking 
this region were designed and used to amplify the intervening sequences 
using a high fidelity DNA polymerase so products could be ligated in
frame with the start codon of the expression vector pGEX-3.
Supported by Beckman Research Funds to REM; NIH MBRS and MSD 
Program grants and CSU mini-grants to J KO; and CSUF Department 
Association Council grants to JR and EG.
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731.13
TRANSMITTERS IN ANTERIOR SENSORY ORGANS OF THE 
GASTROPOD MOLLUSC PHESTILLA SIBOGAE. D.Y. Boudko'*, M.G. 
Hadfield', and R.R Croll2. 'Kewalo Marine Lab. Univ. of Hawaii, HI 96813; 2Dept. 
Physiol, and Biophys. Dalhousie Univ., Halifax, Canada B3H 4H7.

Pairs of rhinophores and oral tentacles and an anterior field including the oral 
plate and cephalic shield comprise the anterior sensory organs (ASO) which 
mediate rheo-, tactile-, and chemo-reception in opisthobranch molluscs. We 
previously used backfilling and electron microscopy to study the distribution and 
morphology of sensory cells in the ASO of the tropical nudibranch Phestilla 
sibogae (Boudko et al., Soc. Neurosci. Abstr. 1997). In the present study we 
examine the distribution of immunohistochemical markers for various 
monoamines, peptides and amino acids which might serve as neurotransmitters 
within the pathways innervating the ASO. Both anti-5-HT and anti-TPep labeled 
extensive plexi of nerve fibers but no peripheral somata indicating possible 
efferent roles for 5-HT and TPep within the ASO. Anti-tyrosine hydroxylase 
labeled somata and centripetal fibers of a large population of subepithelial 
sensory cells distributed widely over the cephalic shield/oral plate and oral 
tentacles suggesting roles for catecholamines in afferent transmission. 
AntiFMRF-amide labeled smaller numbers of peripheral cells in oral tentacles 
and rhinophores and glomeruli along the rhinophoral nerves and proximal parts 
of the oral tentacle nerves. Such structures are presumably associated with 
chemosensory pathways. Thus these markers produced different but 
complementary views of neural elements within the ASO of P sibogae and 
provide a requisite background for understanding interactions between sensory 
and central neuronal mechanisms in a species which serves as a model for the 
study of development and chemoreception in invertebrates.

Supported by ONR No. N00014-94-1 -0524 and NSERC # OGP0038863.

731.14
TRANSMITTER PHENOTYPES IN THE BRAIN OF THE GASTROPOD 
MOLLUSC PHESTILLA SIBOGAE. R.R Croll1*, D.Y Boudko2, and M.G. 
Hadfield2,1 Dept. Physiol, and Biophys. Dalhousie Univ., Halifax, Canada B3H 4H7, 
2Kewalo Marine Lab. Univ. of Hawaii, HI 96813.

The distributions of several neurotransmitters have been analyzed in larvae 
(Kempf et al., J. Comp. Neurol., 1997; Meleshkevitch et al., Soc. Neurosci. Abstr., 
1997; Pires et al., Soc. Neurosci. Abstr., 1998) and in anterior sensory areas of adult 
individuals of the tropical nudibranch Phestilla sibogae (Boudko et al., Soc. 
Neurosci. Abstr., 1998). In the present study, we analyzed the CNS of postlarval 
individuals of P. sibogae with immunocytochemical markers for various amino
acid, monoamine, and peptide neurotransmitters. Only a few cells (n<16) were 
labeled in the cerebropleural, pedal and rhinophoral ganglia with anti-tyrosine 
hydroxylase indicating catecholamine transmitters. Anti-5-HT labeled large 
numbers of neurons in the pedal ganglia (n~64) and anterior lobe of the 
cerebropleural ganglia (n~37). Certain of these neurons were previously identified 
by Willows (J. Neurobiol., 1985) as potential motoneurons of ceratae and oral- 
tentacle movements. Anti-FMRF-amide labeled neurons scattered widely within 
the cerebral, pedal, and buccal ganglia. Anti-TPep positive cells were mostly located 
in pedal ganglia but some were also found in other ganglia. Most of the cells of 
various transmitter phenotypes were bilaterally symmetrical, but two asymmetric 
cell clusters were found and are possibly related to male courtship behavior; one of 
these clusters was labeled with anti-FMRF-amide on the dorsal surface of the right 
pedal ganglia, and the other was labeled with anti-5-HT on the dorsal surface of the 
right cerebral ganglia. Determination of transmitter phenotypes in the CNS provides 
a necessary foundation for future studies of the neural bases of behavior in P. 
sibogae. The findings also guide current research on efferent and afferent enervation 
of sensory structures and on the development of individual neurons in the CNS of 
gastropod molluscs.

Supported by NSERC #OGP0038863, ONR No. N00014-94-1 -0624.

731.15
THE DISTRIBUTION OF GABA-LIKE IMMUNOREACTIVITY IN THE 
CENTRAL NERVOUS SYSTEM OF APLYSIA. M. Diaz-Rios, E Suess, 
and M.W. Miller*. Institute of Neurobiology and Department of Anatomy, 
University of Puerto Rico, Medical Sciences Campus, San Juan, PR 00901.

The neurotransmitter y-aminobutyric acid (GABA) is widely distributed 
in the mammalian central nervous system where it is generally considered 
to be a major mediator of synaptic inhibition. Substantial evidence 
suggests that GABA also acts as a neurotransmitter in numerous 
invertebrate phyla, including arthropods, echinoderms, annelids, 
nematodes, and planarians. In molluscs, a neurotransmitter role for GABA 
was initially suggested by pharmacological and biochemical studies. More 
recently, anatomical methods have been used to localize GABA to specific 
neurons. In this investigation, a wholemount immunohistochemical 
approach was used to determine the distribution of GABA-immunoreactive 
(GABAi) material in the nervous system of Aplysia californica. GABAi 
cell bodies were found in each of the major central ganglia, with the 
exception of the abdominal ganglion. GABAi innervation of the 
abdominal ganglion originated from four (2 bilateral pairs) cells in the 
pedal ganglia. The GABAi systems appeared symmetrical in bilateral 
ganglia, but one unpaired GABAi cell was located in the region of the 
buccal commissure. GABAi fibers were prominent in interganglionic 
connectives and commissures but were not observed in nerves projecting to 
the periphery or within selected tissues from the digestive, circulatory, and 
reproductive systems. In the buccal ganglion, fine varicose GABAi fibers 
enveloped the somata of certain motor neurons, including the identified 
B4/B5 cell pair. In view of known circuitries, the distribution of GABAi 
suggests that this transmitter plays a role in the regulation of motor systems 
involved in feeding and locomotion, and also possibly in the coordination 
or synchronization of bilateral central pattern generators (CPGs). 
Support: NSF (IBN9722349).

731.16
DOPAMINE-, AND OCTOPAMINE-IMMUNOREACTIVE 
NEURONS IN THE CENTRAL NERVOUS SYSTEM OF THE 
CRAYFISH. U. Sporhase-Eichmann1 \ B E. Musolf*. and D H, 
Edwards 2. 1 Zoological Institute, University of Gottingen, Berliner Str. 
28, D-37077 Gottingen, Germany. 2 Department of Biology, Georgia 
State University, Atlanta, GA, 30302-4010, USA.

Biogenic amines (dopamine, octopamine and serotonin) have been 
implicated in the modulation of diverse behaviors and sensory systems in 
crustaceans. We used immunocytochemical methods to map the cellular 
distribution of dopamine- (DA-ir) and octopamine-immunoreactive 
(OA-ir) neurons in the crayfish CNS. DA-ir cells were found in each 
ganglion and represent mainly intemeurons. In the ventral nerve cord 
(VNC), intersegmental intemeurons were located in antero-lateral 
neuromere regions invading nearly all central neuropils. Peripheral DA- 
ir projections were found in neurohaemal areas associated with 
suboesophageal nerves and the hindgut. Medial OA-ir neurons were 
stained in the brain, suboesophageal and thoracic ganglia, but no OA-ir 
cells were observed in the abdominal nervous system. In the VNC, the 
majority of OA-ir neurons had efferent projections to peripheral 
neurohaemal areas. Abdominal neuropils were invaded by collaterals 
arising from descending intersegmental fibers which also send branches 
to putative neurohaemal releasing sites in the periphery. This study 
shows that aminergic neurons represent different cell types innervating 
specific neuropils and peripheral targets. Supported by the Dorothea- 
Erxleben-program, DFG (SP 562/1-1), and by the NSF.

731.17

DISTRIBUTION OF SEROTONIN AND DOPAMINE IMMUNOREACTIVITY IN 
THE STOMATOGASTRIC NERVOUS SYSTEMS OF CRAYFISHES FROM 
FOUR GENERA. A.J. Tierney*, P. Rattananont, and R.K. Abrams. Dept. of 
Psychology, Colgate University, Hamilton, NY 13346.

We used whole-mount immunocytochemistry to characterize the distribution 
of serotonin and dopamine containing neurons in the stomatogastric nervous 
systems of seven species of crayfish representing three genera from the 
family Cambaridae (Orconectes, Cambarus, and Procambarus) and one from 
the family Astacidae (Pacifastacus). In all species, we observed serotonin-like 
immunoreactivity in four gastropyloric receptor (GPR) neurons, with one pair of 
neurons in each lateral ventricular nerve. As in other Crustacea, the GPR 
axons projected to the stomatogastric ganglion and the bilateral commissural 
ganglia. In at least one crayfish (Pacifastacus leniusculus), the GPR axons 
crossed the commissural ganglia and extended toward the thoracic nervous 
system, suggesting that in crayfish GPR cells may function to integrate 
stomatogastric nervous system activity with that of the central nervous system. 
In Procambarus clarkii only, the inferior esophageal nerve and a branch of this 
nerve (the inner labral nerve) contained axons with serotonin-like 
immunoreactivity. The number of serotonin-containing somata in the 
commissural ganglia varied from two (in P. clarkii) to five (in P. leniusculus). 
Both serotonin-like and tyrosine hydroxylase-like immunoreactivities were 
observed in the largest soma (the L cell) in all species, suggesting that 
serotonin and dopamine are cotransmitters in this cell. Additional somata 
containing tyrosine hydroxylase only were located in the commissural ganglia, 
and several stained axons projected from these ganglia to the neuropil of the 
stomatogastric ganglion. Differences in the distribution of amines among 
crayfish species and between crayfish and other crustaceans may result in 
differences in the physiological actions of these compounds on neural circuits 
of the stomatogastric nervous system. (Supported by NSF IBN-9707325).
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732.1

MODULATION OF THE B/K GENE EXPRESSION IN PC12 CELLS 
Ho-Shik Kim, Sung-Ho Choi, Hemin, ChinT, and Oh-Too Kwon*. Dept.
of Biochemistry, College of Medicine, The Catholic University of Korea, 
Seoul 137-701, Korea; Basis of Neural Function Program, Division of 
Basic and Clinical Neuroscience Research, NIMH, NIH, MD20857
U.S.A.

We recently cloned a novel gene, B/K, from the rat brain, which is 
highly expressed in the brain and the kidney (FEBS Letters, 378:135, 
1996) as well as in the various cell lines including PC12, a rat 
pheochromocytoma cells. Here, we report the transcriptional regulation 
of the B/K in PC12 cells. On RNA blot analysis, B/K mRNA was 
significantly and transiently diminished by KC1 (50 mM) or forskolin 
(50 uM). They showed the similar, but not synergistic, patterns of 
inhibition suggesting the presence of two distinct inhibitory 
mechanisms in PC12 cells. Suppression of the B/K transcription by 
these modulators was first observed at 90 min, and reached the 
maximum at three hours with the similar inhibitory potency. 
KCl-induced regulation was not affected by nifedipine (5 uM), a 
L-type calcium channel blocker. A cell-permeable cAMP analog 
(dibutyryl-cAMP, 2 mM), and an adenosine receptor type A2A agonist 
(CGS21680, 1 uM) also suppressed B/K transcription. However, a 
nonfunctional forskolin analog (dideoxyforskolin, 50 uM), and a protein 
kinase A-specific inhibitor (H-89, 40 uM) did not altered the 
forskolin-induced reduction of the B/K mRNA. In addition, a protein 
kinase A-deficient mutant PC12 cell line, PC12-123.7, showed the same 
regulation pattern as the wild type. These results suggest that the 
B/K gene expression may be down-regulated by two different 
mchanisms one of which are probably cAMP-dependent, and protein 
kinase A-independent. This study was supported by a grant from 
Department of Education of Korea (Kwon, #G015715).

732.2

EXPRESSION OF mRNA FOR THE VANILLOID RECEPTOR (VR1) 
IN SENSORY GANGLIA AND ITS DOWNREGULATION 
FOLLOWING AXOTOMY. G.J.Michael* and J V Priestley. Department 
of Anatomy, Queen Mary and Westfield College, Mile End Rd., London El 
4NS UK.

One characteristic feature of nociceptive sensory neurons is their 
sensitivity to capsaicin and other substances containing the homovanillyl 
chemical group. Recent cloning of a vanilloid receptor (VR1) that is also 
activated by noxious heat has provided a valuable tool for the study of pain 
sensation. In this study we have examined in detail the expression of VR1 in 
the lumbar dorsal root and nodose ganglia of male Wistar rats using 
combined in situ hybridization with immunocytochemistry. VR1 expression 
is confined almost exclusively to small diameter DRG neurons that do not 
stain intensely for neurofilament and are therefore likely to possess 
unmyelinated (C) or thinly myelinated (A5) fibres. Of this population, both 
the trkA expressing (peptidergic) and trk-less (IB4 binding) subpopulations 
have VR1 mRNA. Levels of the receptor mRNA vary between individual 
cells with some small cells not expressing detectable amounts. A group of 
very small cells express the highest levels of VR1. Axotomy of the dorsal 
root ganglion results in a loss of the mRNA by injured cells by two weeks 
after injury implying that retrograde trophic factors regulate VR1 
expression in the adult. In the nodose ganglion, VR1 mRNA is expressed 
by most but not all neurons.
Supported by the Medical Research Council, UK.

732.3
RELEASE OF CYTOCHROME C FROM MITOCHONDRIA IN 
NEURONS FOLLOWING TRANSIENT CEREBRAL ISCHEMIA IN 
RATS. Y.B. Ouvang*t, B. K. Siesjot, J, A, Zivin andB.R, Hu. fCenter for 
the Study of Neurological Disease, The Queen's Medical Center, UH Tower 
8th Floor, Honolulu, HI 96813. Department of Neurosciences, University of 
California, San Diego, CA 92093-0624.
Release of cytochrome c from mitochondria activates the caspase-3 pathway 

leading to cell death. To study whether release of cytochrome c (cyt. c) is a 
cause of neuronal death after transient cerebral ischemia, we studied cyt. c 
localization in brain sections by laser-scanning confocal microscopy and its 
subcellular distribution by Western blot analysis in rats subjected to 15 min 
forebrain ischemia followed by varying periods of reperfusion. Punctuate 
immunolabeling with a monoclonal anti-cyt. c antibody, likely representing 
mitochondria, was clearly visible in neurons from sham-operated control 
sections. Punctuate immunolabeling became evenly distributed in the 
cytoplasm of some CA1 neurons at 36/48 hours of reperfusion, implying that 
cyt. c released from mitochondria to the cytoplasm. CA1 neurons are destined 
to die at 48/72 hrs of reperfusion after ischemia. Western blot analysis showed 
that cyt. c was decreased in the mitochondrial fraction and increased in the 
cytosolic fraction in the hippocampus at 36/48 hr reperfusion, further 
supporting the hypothesis that cyt. c was released from mitochondria into the 
cytoplasm after ischemia. Consistent with this interpretation, poly(ADP- 
ribose)polymerase, a substrate for caspase-3, was cleaved into fragments in the 
nuclear fraction on Western blot at 36/48 hrs of reperfusion. This indicated that 
caspase-3 was activated in these neurons. We conclude that cytochrome C 
releases from mitochondria into the cytoplasm to activate caspase-3. This may 
results in cell death in CA1 neurons following transient forebrain ischemia.. 
This study is supported by NIH grant NS36810 to B.R.H.

132A
SYNAPTIC SIGNALING AND GENE EXPRESSION ATTENUATION IN A
GERBIL MODEL OF CEREBRAL ISCHEMIC TOLERANCE
V. Colangelo, W.J. Lukiw, P.K, Mukherjee, W.C. Gordon, I. Klatzo* andN.G. Bazan,
LSU Medical Center, Neuroscience Center, New Orleans, LA 

Cerebral ischemia enhances glutamate release and activates the NMDA receptor,
resulting in neuronal calcium influx. As a consequence, a wide variety of enzymes are 
activated (e.g. NO synthase) including several degradative enzymes such as proteases 
and lipases. Phospholipase A2 (PLA2) activation generates several potent bioactive 
lipids, notably arachidonic acid and the precursor of platelet-activating factor (PAF). 
In addition, cytosolic PLA2 (cPLA2) knockout mice are resistant to postischemic brain 
damage. PAF activates COX-2 expression and participates in ischemic excitotoxic 
injury. We have used gerbils subjected to 2 min sublethal ischemia followed by 6 min 
of lethal ischemia. The interval between the initial sublethal ischemia and the 6 min of 
lethal ischemia was 15 min, 60 min or 3 days. FITC-dUTP labeling (TUNEL analysis) 
3 days later clearly indicates that 2 min is a sublethal insult and that 6 min results in 
marked apoptosis in CA1 neurons and certain thalamic neurons. We have found 
prominent activation of the stress sensitive JNK (c-jun aminoterminal kinase), using c- 
jun-GST fusion protein as substrate, in hippocampus after 6 min ischemia. Less 
significant activation takes place in cerebral cortex and thalamus. By RT-PCR we have 
found a 4-fold increase in COX-2 when compared to P-actin mRNA in the hippocampus 
2 hours after 6 min of ischemia and to a lesser degree in other brain regions. No 
changes were detected in COX-1 mRNA in any of the experimental conditions. Two 
min of sublethal ischemia prior to 6 min of lethal ischemia markedly attenuates the 
stress sensitive JNK activation and the selective COX-2 mRNA accumulation. When 
the ischemic insults were separated by 15 minutes and 3 days, respectively, JNK 
decreased substantially. We suggest that tolerance greatly attenuates signal/s involved 
in the activation of JNK (possibly involving PAF) that, in turn, induce transcription 
factors that promote COX-2 expression. COX-2 has hypoxia inducible factor (H1F) and 
NF-KB responsive elements in its immediate promoter. Upregulation of COX-2 may 
result in ischemic neuronal cell death. These findings uncover critical signaling 
pathways that underlie endogenous neuroprotection and may be critical for neural 
survival following stroke. (NIH NS23002).

732.5

RETINOIC ACID MODULATION OF NEURONAL NITRIC OXIDE 
SYNTHASE (nNOS) AND CHOLINE ACETYLTRANSFERASE (ChAT) 
EXPRESSION IN A SEPTAL CHOLINERGIC CELL LINE. David Personett, 
Uwe Fass, John Gonzalez, and Michael McKinney*, Dept. of Pharmacology, 
Mayo Clinic Jacksonville, Jacksonville, FL 32224.
Nitric oxide (NO) manifests both protective and deleterious properties in the 

mammalian central nervous system (CNS), dependent upon the biochemical 
environment of the affected tissue. We are interested in the mechanisms used by 
CNS cholinergic neurons to resist oxidative stress in age- or disease-related 
states. In this study we show that the potent retinoid derivative all-trans retinoic 
acid (t-RA) upregulates nNOS in a mouse septal cholinergic cell line (SN56). 
RT/PCR analysis of SN56 cells cultured 48 h with 1 pM t-RA revealed a 1.6- 
fold increase in nNOS mRNA; actinomycin D (1 gM) attenuated this response 
by nearly 75 percent. Treatment of SN56 cells with 1 pM t-RA also elicited a 
five-fold increase in nNOS protein, as observed on Western blots, and a three
fold increase in nNOS enzymatic activity (using an assay based on conversion of 
[3H]arginine to [3H]citrulline). The t-RA-mediated increase in nNOS protein in 
SN56 cells was blocked (-50% or more) with 1 pM cycloheximide, 1 pM 
actinomycin D, or 1 pM dexamethasone. ChAT activity was increased >6-fold 
when cells were treated 2 d with 1 pM t-RA, and this was attenuated >50% by 
the transcriptional/translational inhibitors. Interestingly, naive SN56 cells are 
resistant to high concentrations (>1 mM) of the NO-donor S-nitro-N-acetyl-D,L- 
penicillamine (SNAP). SN56 cells appear to be a useful model for elucidating 
biochemical mechanisms underlying neuronal resistance to NO excess in 
cholinergic neurons, as well as for studying plasticity of the cholinergic/NO 
phenotype. SUPPORTED BY THE MAYO FOUNDATION AND NIH 
AG 12653.

732.6

IMMUNOHISTOCHEMICAL DEMONSTRATION OF NEURAL 
VISININ-LIKE PROTEINS IN HUMAN NERVOUS TISSUES 
H-G. Bernstein* K-H. Braunewell,2 E, D, Gundelfinger,2 B. 
Baumann,1 P. Danos 1 * and B, Bogerts \ 1 Dept.of Psychiatry, University 

of Magdeburg, Leibniz Inst. Neurobiol. Magdeburg, Germany.
Neural visinin-like proteins (NVPs or VILIPs) are members of the 

neuronal subfamily of EF-hand calcium-sensor proteins with a wide 
but uneven distribution in the rat and chicken brain. Their location in, 
and possible significance for, human neural tissues is completely 
unknown, however We used specific polyclonal and monoclonal 
antibodies to VILIP/ NVP1 and NVP3 to reveal the regional 
distribution and cellular localization of these regulatory proteins in 
human brain and retina. VILIP/NVP1 immunoreactivity was found in 
cortical pyramidal cells, septal neurons, nerve cells belonging to the 
substantia innominata, subthalamic neurons, hippocampal neurons, 
and cerebellar Golgi, stellate, basket and granule cells. Purkinje 
neurons were free of immunoreaction. NVP3 was identified in 
different nuclei of the brain stem, cerebellar Purkinje cells and 
multiple subcortical neurons. A weak immunoreaction appeared in 
hippocampal and cortical pyramids. Glial cells were never 
immunopositive for NVPs. Both NVPs appeared in retinal neurons of 
the ganglion cell, plexiform and nuclear layers. Our 
immunohistochemical findings suggest a putative functional role of 
NVPs in the signal transduction of human nervous tissue. Supported by 
DFG (Gu230/3-2; SFB 427)
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732.7
SWITCH IN OVARIAN MUSCARINIC RECEPTOR SIGNALING 
AFTER HEMICASTRATION. Z. Lackovic* V. Trkulja, V. 
Crlien, H. Banfic, Croatian Institute for Brain Research, School 
of Medicine, University of Zagreb, Salata 11, 10000 Zagreb, 
Croatia.

It seems that hemicastration induces functional changes of 
ovarian muscarinic receptors [Can J Physiol Pharm 
1994;72(Suppl 1 ):379], In the present study, 1,2-diacylglycerol 
(DAG) levels in the remnant ovaries were, as measured 15 
minutes following the operation, increased (by 2-3 fold), 
especially (by 3-5 fold) if organs were incubated with carbachol 
(50 gM). The hemicastration-induced increase was inhibited by 
atropine (iv) or botulinum toxin (into ovarian bursa) 
pretreatments, or by abdominal vagotomy. The effect of 
carbachol was inhibited by atropine, or by abdominal vagotomy 
performed prior to hemicastration, but was preserved if 
vagotomy was performed 10 minutes after hemicastration. 
Carbachol, atropine or botulinum toxin had no effects on DAG 
levels in the ovaries of sham-operated rats. The results suggest 
that hemicastration induces a) DAG accumulation in the 
remnant ovary via innervated muscarinic receptors; b) 
immediate coupling of the muscarinic receptors to DAG 
signaling for which a vagus-dependent information in needed.

732.8
BRAIN REGIONAL DISTRIBUTION OF A NOVEL ZINC- 
FINGER TRANSCRIPTION FACTOR. C.-H. Lammers, S, 
Yajima, J. F. Bishop*, M. M, Mouradian. Genetic Pharmacology 
Unit, Experimental Therapeutics Branch, NINDS, Bethesda, MD 
20892

We have cloned a previously unidentified cDNA which encodes a 
full length protein with a conserved C2-H2 type zinc finger domain in 
its carboxyterminus. This cDNA was isolated in South-Western 
hybridization screens using Sp 1 consensus sequences in the negative 
control element of the rat D2 dopamine receptor gene. This novel 
factor is expressed most abundantly in the brain as determined by 
Multiple Tissue Northern blot analysis. To study the brain regional 
distribution of this transcription factor, we generated a 390 bp 
riboprobe and performed in situ hybridization on consecutive frontal 
and sagittal mouse brain sections. Highest mRNA levels were 
detected in the ventral and dorsal striatum, cerebral cortex, 
hippocampal CA1 region, dentate gyrus, olfactory tubercle, olfactory 
nuclei, and amygdala. Moderate levels of expression were found in 
CA2-4 regions of hippocampus, piriform cortex, septum and distinct 
thalamic nuclei while low expression was seen in the cerebellum. No 
expression could be detected in other brain areas. Sense riboprobe 
was used as control and did not give any signal. Thus, this zinc- 
finger transcription factor is abundantly expressed in distinct brain 
regions that are involved in dopaminergic neurotransmission 
particularly the striatum where dopamine receptors are highly 
expressed. These observations suggest a functional role for this 
novel factor in modulating dopamine mediated behaviors.

732.9
IDENTIFICATION OF FLI-1 AS AN ‘N BOX’ (TTCCGG) BINDING 
PROTEIN USING THE ONE-HYBRID SYSTEM. S.-W, Wang,1 B. Lr 
and J. Schmidt1*. 'Dept. of Biochemistry and Cell Biology, State Univ. of 
New York at Stony Brook, Stony Brook, NY 1 1794; :Dept. of 
Pharmacology, Univ. of Washington, Seattle, WA 98195.

During neuromuscular junction formation the muscle nicotinic acetyl
choline receptor (AChR) accumulates at the postsynaptic site. Transgenic 
analysis of the alpha-, delta- and epsilon-subunit gene promoters strongly 
suggests that this localization of the receptor is caused by enhanced 
AChR gene transcription in subsynaptic nuclei. The mechanisms 
responsible for the induction and maintenance of gene expression at the 
synapse are not established. Recently, Changeux and coworkers have 
identified a cis-acting element, TTCCGG (‘N box’), present in the mouse 
delta- and epsilon-subunit gene promoters, which confers synapse 
specific expression. Using a one-hybrid screen we have identified several 
N box-binding proteins, among them Fli-1, an Ets family transcription 
factor. In vitro binding analysis demonstrated that Fli-1 specifically 
binds to a synthetic probe containing several N box motifs as well as to 
the mouse delta- and epsilon-subunit gene promoters, while not 
recognizing the chicken alpha-subunit gene promoter which lacks the N 
box element. In a mammalian one-hybrid assay in C2C12 cells, which 
express fli-I at the mRNA and protein levels, overexpression of the factor 
enhanced the expression of an N box luciferase construct about 2.5fold, 
while reporter genes that lack the N box or that contain mutant N boxes 
were not activated. Similarly, a luciferase reporter controlled by an 
epsilon-subunit promoter was stimulated about 2.3fold. These 
observations suggest that Fli-1 can function as an N box-specific 
transcription factor. Supported by grant NS20233 from NIH.

732.10

LOCALIZATION OF 85-kDa CYTOSOLIC PHOSPHOLIPASE 
A2 mRNA SIGNALS PREDOMINANTLY IN NEURONS IN 
RAT BRAIN.
K. Kishimoto,1 K, Matsumura,2* Y, Kataoka.1 H, Morii3
and Y. Watanabe1.
1 Department of Neuroscience, Osaka Bioscience Institute, 6-2-4 Furuedai, 
Osaka 565-0874, ^Dept. of Biological Information Graduate School of 
Informatics, Kyoto University, Sakyo-ku, Kyoto 606-8501, ^Dept. of 
Molecular Genetics, National Institute for Longevity Sciences, Oobu 36-3, 
Aichi 474-0031,Japan.

Ca2+-sensitive 85-kDa cytosolic phospholipase A2 (cPLA2) plays an 
important role in stimuli-dependent arachidonic acid release. Arachidonic 
acid and its metabolites have been suggested to be involved in various 
neuronal functions in the central nervous system (CNS). For better 
understanding of the mechanisms controlling arachidonate production in 
CNS, we investigated regional distribution and cellular localization of 
cPLA2 mRNA in the normal rat brain. Expression of cPLA2 mRNA was 
observed in most regions of the brain. Intense signals were, particularly, 
detected in the gray matter. Furthermore, prominent expression of cPLA2 
mRNA was observed in the pineal gland, anterior and intermediate lobes of 
pituitary gland. In addition, when we investigated whether cycloheximide 
treatment enhances cPLA2 mRNA level, the signals were increased by 
cycloheximide in the same cell populations originally possessing mRNA 
signals. The finding that cPLA2 mRNA is predominantly expressed in 
neurons may further support an idea that arachidonic acid and its 
metabolites play important roles in neurotransmission and regulation in 
CNS.

732.11
GENE STRUCTURE AND STRAIN DIVERSITY OF MOUSE BIT.

S. Sano*, H. Ohnishi and.M. Kubota

Mitsubishi Kasei Institute of Life Sciences, Machida, Tokyo 194, JAPAN.

BIT (SHPS-l/SIRPa/P84) is an unique molecule having high degree of homology to

immune antigen recognition molecules (immunoglobulin, T cell receptor and MHC), and 

the protein is expressed dominantly in the brain. The extracellular region contains three 

immunoglobulin-like domains (V-type, C1 -type and Cl -type) and the intracellular region 

contains two signaling motifs that interact with SHP-2 tyrosine phosphatase. BIT-coated 

plates support cell-substrate adhesion andneurite extension. These findings suggest that 

BIT participates in cell-cell interaction and intracellular signaling. In the present study we 

analyzed the structure of mouse BIT gene (Bit). Southern blot analysis suggests that 

mouse Bit is a single copy gene. The protein coding region consists of eight exons 

corresponding to a signal peptide, a V-type domain, a Cl-type domain, aCl-type domain, 

a transmembrane region and three parts of one cytoplasmic region. The two signaling 

motifs are encoded in one exon. Furthermore, we analyzed the sequence diversity in mouse 

strains, BALB/c, 129/Sv andC57BL/6, and found that the substitutions of amino acid and 

nucleotide are highly concentrated in the V-type domain. The substitution pattern 

indicates positive pressure to alter the amino acids in evolution. These findings suggest 

one possibility that BIT contributes to genetical individuality and diversity of the brain.

732.12

EFFECTS OF MELATONIN ON GLUCOCORTICOID RECEPTORS AND PROOPIO
MELANOCORTIN GENE EXPRESSION IN PITUITARY CORTICOTROPH AtT20 CELLS. 
P, Delaarange’*, A, Marcilhac2, M.C, Rettori', F, Herv2, P, Siaud2. 'I.R.I.Servier, 6 place des 
Pléiades, 92415 Courbevoie;2 INSERM U 501, UER de Médecine Nord, Bd P. Dramard, 
13916 Marseille Cédex 20, France.

Melatonin-mediated attenuation of endocrine and immunological consequences of stress, 
led to the view that links may exist between impairment of melatonin-sensitive mechanisms 
and neuroendocrine symptoms in stress-related and affective disorders that are frequently 
associated with hypothalamo pituitary adrenal (HPA) axis dysrégulation (e.g. depression). 
We previously reported that exogenous melatonin interacts with glucocorticoid-mediated 
regulation of corticosteroid receptor number in the hippocampus under hyper- 
corticosteronemic conditions in the rat. In order to further investigate the hypothesis that 
melatonin is able to modulate glucocorticoid receptor (GR) activity, we studied the effects of 
melatonin on glucocorticoid receptor gene expression in AtT20 mouse pituitary tumor cells. 
In addition, possible modulation of ACTH synthesis by melatonin was also studied. 
Proopiomelanocortin (POMC) and glucocorticoid receptors mRNA levels were assessed by 
Northern blot. Incubation of AtT20 cells for 5 min to 24 hours with 10'7 -10" M melatonin 
result in a time and concentration-dependent variation of GR and POMC gene expression. 
Indeed, during the first hour of incubation low concentrations (< 10’9 M) of melatonin 
increased GR and POMC mRNA levels (normalized to the amount of ribosomal RNA). By 
contrast GR and POMC synthesis decreased after 1 to 24 h of incubation at the same dose. 
High concentrations (> 10'7 M) of melatonin had no effect. The effects of melatonin were 
prevented by the selective naphtalenic-based melatonin receptor antagonist S 20928.

Taken together, these findings led to the conclusion that melatonin was able to modulate 
GR and POMC gene expression in AtT20 cells. The mechanism of action of melatonin 
(membran receptor or intracellular effect) needs further investigation.
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732.13
LOCALIZATION OF IP3 RECEPTOR TYPES, INCLUDING A NOVEL ISOFORM, 
IN OLFACTORY EPITHELIUM OF RAT AND CATFISH. S, Hilmi, N, Rawson and 
D, L. Kalinoski* Monell Chemical Senses Center, Philadelphia, PA 10104-3308

Odorant molecules interact with specific receptors on cilia of olfactory receptor 
neurons leading to rapid and transient elevations in the intracellular second 
messengers cyclic AMP (cAMP) and inositol 1,4,5-trisphosphate (IP3). These 
elevations in second messenger lead to activation of specifically gated calcium 
channels, and an increase in calcium influx in olfactory cilia resulting in membrane 
depolarization. To further our understanding of how IP3 responses are processed in 
the olfactory neuron, subsequent to the elevation of IP3, we have utilized RT-PCR to 
clone cDNA fragments from the olfactory tissue corresponding to different types of IP3 
receptors (IP3R). In situ hybridization was performed to determine the expression 
patterns of these IP3R types within the olfactory epithelium, and to determine whether 
IP3R types are expressed in regenerative basal cells or whether IP3R expression is 
restricted to mature olfactory neurons. The results from in situ hybridization using 
non radioactively labeled receptor probes in olfactory epithelium of both rat and catfish 
demonstrate that both IP3R type 1 and type 3 are found in this tissue. The reaction 
product corresponding to the IP3R type 1 probe is found in the cell body and 
dendrite of mature olfactory receptor neurons, and in basal cells of both rat and catfish 
olfactory epithelia. Reaction product for IP3R type 3 appears to be predominantly 
expressed in supporting cells. The histochemical reaction product corresponding to a 
novel variant of the IP3R (S. Hilmi et al.. Neurosci. Abstr. 1997) was found to be 
localized to only a small subset of mature olfactory neurons. Immunohistochemical 
studies using IP3R type-specific antibodies are being performed to determine whether 
the distribution of the IP3R proteins corresponds to those identified by in situ 
hybridization experiments, and to further characterize the subcellular distribution of 
these proteins within the olfactory epithelium of the rat and catfish.

732.14
DEHYDRATION-INDUCED CHANGES IN CALMODULIN GENE EXPRESSION 
IN THE RAT BRAIN. A. Palfi and K. Gulya*. Department of Zoology and Cell 
Biology, Jozsef Attila University, Szeged, Hungary.

There are at least 3 distinct genes in the rat coding for calmodulin (CaM), the 
ubiquitous intracellular calcium (Ca2+) receptor protein. Although encoded by 
multiple genes, the amino acid sequence of the protein products is identical. 
Differential regulation of the bona fide CaM genes during development or 
under (patho)physiological conditions has been reported in the brain and other 
tissues. Since dehydration markedly increases the intracellular Ca2+ level, Ca2+ 
binding proteins may have an essential role in the maintenance of normal 
neuronal functions under dehydration. In this study, the effects of dehydration 
on the expression of CaM genes were investigated with quantitative in situ 
hybridization histochemistry in the rat brain. The results indicate that 
dehydration affects the expression of all 3 CaM genes in a similar manner, 
however, their differential regulation corresponding to distinct brain areas 
exists. Similar or slightly decreased expression was detected in most brain 
areas after 10 days of dehydration (e.g. cerebral cortex, hippocampus, basal 
ganglia, cerebellum), as compared to controls. Interestingly, however, marked 
upregulation in the supraoptic nucleus and the retrochiasmatic part of the 
supraoptic nucleus was found. Our data are presented as mRNA copy numbers 
for each CaM gene. Maintained or subtly down-regulated global CaM gene 
expression suggests that CaM is not primarily involved in the intracellular Ca2+ 
buffering process. Increased expression in the supraoptic nucleus may be a 
consequence of enhanced neuroendocrine function of the magnocellular 
neurons in this brain area. Supported by OTKA, Hungary (F22658 and T22822).
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ACTIVITY DEPENDENT REGULATION OF ALTERNATIVE 
SPLICING PATTERNS IN THE RAT BRAIN.
R. Daoud, M. Hubener*. M. Berzaghi and S. Stamm, Max- 
Planck Institut of Neurobiology, Am Klopferspitz 18a, D-82152 
Martinsried.

We are investigating the influence of neuronal activity on 
alternative splicing patterns. Previously, we increased neuronal 
activity with pilocarpine, a cholinergic agonist, and could 
demonstrate that the alternative splicing patterns of several genes, 
among them the transformer-2 beta (tra2-beta), clathrin light 
chain B (LCB), NMDA-R1 receptor, gaba A receptor and 
Dopamine D3 receptor are changed in response to neuronal 
stimulation. In order to test the influence of neuronal activity on 
alternative splicing under more physiological conditions, we used 
the rat barrel cortex as a model system. Here, removal of 
whiskers leads to a decrease of neuronal activity in corresponding 
barrels. Using an antibody against tra2-betal we were able to 
show in western blotting an increase of the splicing factor tra2- 
betal six hours after deafferentiation. This increase normalized 
after 24 hours. In addition, we used semi-quantitative RT-PCR to 
examine the effect of neuronal activity on alternative exons. We 
found that the expression of exon EN of LCB, exons 5 and 21 of 
the NMDA-R1 subunit, exon 24 of the GABA A receptor gamma 
2 subunit and an alternative exon of the dopamine D3 receptor 
were changed. We conclude that alternative splicing patterns are 
influenced by neuronal activity and that this mechanismus might 
contribute to neuronal plasticity.

Multiple Isoforms of Egr-3 Generated by Use of Alternative 
Translation Start Sites. K. I. O'Donovan*. J. M. Baraban 
Department of Neuroscience. Johns Hopkins University 725 N. 
Wolfe St. Baltimore, MD 21205

To help define the transcriptional responses regulating neuronal 
plasticity, we have focused on understanding the induction of the 
Egr family of transcription factors triggered by neuronal 
stimulation. Members of this family share a highly conserved 
DNA binding domain that interacts with the Egr response 
element. Accordingly, we have used gel-shift studies to analyze 
Egr response element binding activity induced by stimulation of 
hippocampal neurons. These studies revealed the expected rapid 
and transient induction of Egr-1 followed by the unexpected 
appearance of "delayed" bands, which appear after two hours 
and last for at least 12 hours. In previous studies, we obtained 
evidence that one of the "delayed" bands represents Egr-3 (J. 
Neurochem. 70, 1241-1248). We now provide evidence that the 
other "delayed" bands, found in hippocampus as well as several 
other brain regions, correspond to DNA binding complexes 
containing truncated Egr-3 isoforms generated by use of multiple 
alternative translation start sites. Currently, we are comparing 
the functional activity of these isoforms using reporter assays 
following heterologous expression of constructs containing N- 
terminal truncations or mutations in alternative start sites. Work 
supported by NIMH and NIDA

733.3

EGR TRANSCRIPTION FACTORS AFFECT TRANSCRIPTION 
OF THE GLUTAMIC ACID DECARBOXYLASE 67 GENE. A.E. 
Pletsch*, S. Gussick, P.A. Mack, and K.J. Mack. Waisman Center, 
University of Wisconsin, Madison, WI 53705.

Glutamic Acid Decarboxylase 67 (GAD 67) has been shown 
previously to be regulated by neuronal activity. We used three 
models of experience dependent plasticity and learning to study 
GAD 67 gene expression in the rodent barrel cortex. GAD 67 
mRNA expression could be increased to nearly two fold over 
baseline levels after novel experience at a time concurrent with high 
levels of NGFI-C (egr-4) and NGFI-A (egr-1). Since the GAD 67 
gene promoter has a consensus element for these transcription 
factors, we asked if these factors could directly affect GAD 67 
transcription. Using co-transfection experiments with the GAD 67 
promoter, we found that members of the EGR family were 
transcriptional activators of this promoter. Our results suggest that 
GAD 67 expression is increased after neuronal activation through 
EGR transcription factors.

Supported by NIH NS 33913.

733.4
REGULATION OF cAMP-RESPONSE-ELEMENT PROMOTER ACTIVITY BY 
ANTIDEPRESSANT TREATMENT IN CRE-LacZ TRANSGENIC MICE.
J. Thome1*, N. Sakai1, K.H. Shin1, C. Steffen1, S. Impey2, D.R. Storm2 and R.S.
Duman1, 'Div. of Molecular Psychiatry, Yale Univ. School of Medicine; New Haven, 
CT 06508; 2Dept. of Pharmacology, School of Medicine, Univ. of Washington.

Modification of gene expression by CRE has been implicated in the effects of anti
depressant drugs and ECS on neural plasticity. In order to study the regulation of the 
CRE promoter activity in various neuroanatomical areas, transgenic mice with a 
CRE-regulated reporter construct were treated chronically with tranylcypromine (TCP) 
or a non-antidepressant drug (cocaine). Additionally, in two groups seizures were in
duced electrically (acute ECS) or pharmacologically (single kainic-acid injection). 
LacZ expression was determined by fluorescence immunohistochemistry and results 
were compared with the data obtained from controls. CRE-mediated gene expression 
was increased after acute ECS, single kainate injection and chronic TCP treatment in 
the hippocampal formation, hypothalamus, amygdala, piriform and parietal cortex 
with different expression patterns for the individual treatment paradigms. The TCP 
treated group exhibited LacZ immunoreactivity predominantly in the cortical areas and 
hippocampus (CA3), whereas in the ECT group staining of hypothalamus and 
amygdala was increased. No alterations of the CRE promoter activity was seen in the 
cocaine group. These results demonstrate that antidepressant treatment using chronic 
administration of a MAO inhibitor or acute ECT may initiate neuroanatomically dif
ferentiated alterations of CRE-mediated gene transcription, possibly leading to modifi
cations in the expression of proteins involved in neural plasticity such as neurotrophic 
factors. The negative finding for cocaine suggests that these effects may be specific to 
antidepressant treatment. Ongoing studies focus on the effects of different antidepres
sant treatment schemes in order to further elucidate on a molecular level the mode of 
action of neuroactive substances used in psychiatric therapy.
Supported by MH 25624 and DFG Th698/1-1.

Society for Neuroscience, Volume 24,1998



WEDNESDAY PM SIGNAL TRANSDUCTION: GENE EXPRESSION AND PLASTICITY VI 1845

733.5

IN VIVO EXPRESSION OF mRNA ENCODING HYPOXIA INDUCIBLE 
FACTOR (HIF-1) IN RAT BRAINSTEM J.M. Pequignot1. S, Dumas2. CL 
Ghilini3. J. Mallet2 and M, Denavit-Saubi63*. ^UMR 5578 CNRS, Fac. Med., 
69373 Lyon cedcx 08; 2UMR 9923 CNRS, Hosp.Pili6-Salp6lri6re, 75013 
Paris; 3IAF, CNRS, 91198 Gif-sur-Yvette cedex, France

HIF-1 has been proposed as the main factor involved in a widespread 
mechanism in oxygen-regulated gene expression. During hypoxia HEF-1 has 
been implicated in the transcriptional regulation of genes encoding 
erythropoietin, vascular endothelial growth factbr and a number of glycolytic 
enzymes. HIF-1 binding site was also identified within the promoter sequence 
that mediates transcription of the gene encoding tyrosine hydroxylase. The 
brainstem contains major catecholamine cell groups involved in neural control 
of die hypoxia-induced cardiorespiratory responses and dius plays a critical 
role in acclimatization to hypoxia (Dumas et al.. Mol. Brain Res., 1996, 40, 
188-194). To test die hypodiesis that metabolic and neuronal activation 
processes within the brainstem during physiological hypoxia are associated 
with increased expression of HIF-1, this study investigated the regional 
changes of HIF-1 mRNA expression within the brainstem of rats exposed to a 
mild hypoxia. Rats were subjected to hypoxia (10% 02) for 0.5, 1, 1.5 or 2 
hours. Microregional analyses of HIF-1 mRNA were assessed by in situ 
hybridization on 20 pm coronal sections from frozen-fixed brainstem. Hypoxia 
increased HIF-1 mRNA levels in catecholamine-containing regions and also in 
glial cells within areas rich in white matter surrounding neuron fibers, i.e., the 
pyramidal decussation, the spinal trigeminal tract and the dorsal column 
complex. The labeling was found at all times of hypoxic exposure but was 
maximal at 1 hour of hypoxia. The data show that mild hypoxia activates the in 
vivo expression of HIF-1 mRNA in white matter that plays a critical role in the 
metabolic processes involved in glycolytic delivery of energy to hypoxic 
brainstem neurons.

733.6
ROLE OF THE HSP25 AND P38 KINASE PATHWAY IN AXONAL
REGENERATION OF SPINAL MOTOR NEURONS. A.K. Murashov1*, I, U1 Hag1, 
E, Park1, D.J. Wolgemuth1,2. 'Center for Reproductive Sciences, 2Dept. of Genetics 
and Development, Columbia University College of Physicians & Surgeons, New 
York, NY 10032.

The p38 stress- and mitogen-activated signal transduction pathway has been 
strongly implicated in cellular stress response and inflammation in non-neuronal cell 
systems. Activation of the p38 kinase pathway involves phosphorylation of 
downstream proteins including MAPKAPK-2 kinase and heat shock protein Hsp25.
In this presentation we provide evidence of activation of the p38 kinase pathway in 
the CNS during neuronal injury and regeneration. Axotomy of the sciatic nerve at the 
lower thigh level was performed on 8-9 weeks old Swiss Webster male mice under 
Avertin anesthesia. To investigate the influence of pharmacological interference on 
the process of regeneration, some animals were injected with specific p38 kinase 
inhibitor (SB203580) and d-tubocurarine on the third day postaxotomy. Spinal cords 
of axotomized, sham-operated and control animals were examined using 
immunohistochemistry. Expression of p38 kinase was found to be induced in the 
lumbar spinal cord on the side of the injury on the third day postaxotomy, to reach 
maximum levels on the fourth day, and to be sustained up to 20 days postaxotomy. 
Antibodies specific for phosphorylated p38 protein revealed that localization of 
phosphorylated p38 kinase was restricted to axotomized motor neurons. Interestingly, 
the expression patterns of MAPKAPK-2 and PKB kinases as well as Hsp25 protein 
were similar to that of p38. Strong induction of Hsp25 was observed along axonal 
fibers, indicating possible axonal transport of this protein during regeneration. The 
p38 kinase inhibitor suppressed expression of Hsp25 on the fourth day postaxotomy, 
while d-tubocurarine strongly induced Hsp25 expression along axonal fibers. The 
results indicate that p38 kinase pathway and Hsp25 may be a critical part of 
regenerative mechanisms in the adult CNS.
This project was supported in part by grants from the Department of the Navy 
N0001496-1-0563 and from NASA NAGW4462.

733.7
RSK-B, A NOVEL RSK FAMILY KINASE UNDER DOMINANT p38 
CONTROL, ACTIVATES CREB. M. Tomas, J. da Silva, B. Pierrat, J. M. 
Mary, and W. Lesslauer. Preclinical Research, Central Nervous System 
Department, F. Hoffmann-La Roche*, Basel, CH-4070.

The JNK and p38 pathways are activated in brain in response to inflammatory 
agents and environmental stress and have been implicated in several CNS disorders as 
well as in neuronal cell death after survival growth factor withdrawal. Recently, a 
novel human RSK type kinase, termed RSK-B, that associates with p38MAPK was 
identified. RSK-B is a downstream substrate mainly of the p38MAPK pathway and also 
responds, albeit more weakly, to activation through the ERK pathway. Treatment of 
cells with a specific p38MAPK inhibitor, blocked RSK-B activation, confirming 
activation trough p38MAPK. RSK-B is a 772 amino acid protein that contains two 
distinct, highly conserved kinase domains; it is expressed in brain and other tissues. 
The functional role of RSK-B in transducing extracellular signals to transcriptional 
activation was explored with an in vivo signal transduction pathway reporting system. 
Elk-1, c-Jun, ATF-2, Fos and CREB fra/M-activator domains fused with the Gal4- 
DNA binding domain were tested as RSK-B substrates using a Gal-4 driven 
luciferase reporter construct. Assays were performed in HEK293, HeLa, Raw and 
U87 cell lines. CREB was found to be a major substrate of RSK-B. Using the same 
reporter system with the CREB-Gal4 tran.v-activator construct, the capacity of ERK 
and JNK pathways to activate RSK-B was investigated. In summary, RSK-B is a 
downstream effector of the p38MAPK and, to a less extent, of the ERKmapk pathway. 
RSK-B activates CREB, representing a novel link between the p38MAPK and ERKmapk 
pathways and a possible convergence point of signal integration leading to CREB- 
dependent transcriptional regulation.

733.8
LEPTIN ACTS SYNERGISTICALLY WITH cAMP ON 
NEUROPEPTIDE PROMOTER ACTIVATION IN PC 12 CELLS 
THROUGH THE p38 MAP KINASE PATHWAY. J, Van der 
Hevden, R. Devos, F.V, Houtte, Y. Guisez, M, Kalai, D.S, Hartman1*
and G. Plaetinck. Roche Research Gent, F. Hoffmann-La Roche & Co., 
Jozef Plateaustraat 22, B9000 Gent, Belgium; department of 
Metabolic Diseases, Hoffmann-La Roche, Inc., 340 Kingsland St., 
Nutley, NJ 07110, USA

Leptin, a protein hormone secreted by adipocytes, regulates body 
weight and energy expenditure by activation of the leptin receptor 
(LepR) in the hypothalamus. To study LepR signaling, we have 
established a stably transfected pheochromocytoma (PC 12) cell line, 
PC12-RG8, expressing the long form of the murine LepR. PC12-RG8 
cells were used to determine the effects of leptin, forskolin, NGF, and 
combinations thereof on the induction of a luciferase reporter gene 
linked to the promoter regions of the melanocortin-4 receptor (MC4R), 
neuropeptide Y (NPY), POMC, and gonadotropin releasing hormone 
(GnRH) gene sequences. Leptin induced a small but significant 
activation of all promoters, and interestingly in the presence of 
forskolin a strong synergistic increase in reporter gene expression was 
observed. Results obtained with the protein kinase inhibitors K252a, 
KT2926, and SB203580 suggest that the synergistic effect of forskolin 
on leptin signaling in PC12-RG8 cells involves both intracellular cAMP 
and the p38 MAP kinase cascade. Sponsored by Hoffmann-La Roche.

733.9
SONG-INDUCED CHANGES IN ANTI-PHOSPHO(SER133)-CREB 
IMMUNOREACTIVITY IN ZEBRA FINCH NCM. T. M, Mittelmeier and 
D,F. Clayton*. Depl. of Cell and Stuctural Biology and Neuroscience 
Program, University of Illlinois, Urbana, IL 61801

In caudomedial neostriatum (NCM) of adult male zebra finches, 
expression of the immediate-early gene zenk is induced in response to tape- 
recorded song. Induction depends upon the bird's previous experience; 
repeated exposure to a given song abolishes that song's ability to induce 
zenk. Also, while song playback leads to zenk induction in NCM of normal 
30 day males, it is ineffective in isolates (raised by the mother only). This 
specificity implies that zenk induction in NCM represents the integration of 
auditory information with information from pathways representing 
previous song andA>r social exposure. We hypothesize that integration of 
these pathways occurs, at least in part, within the zenUinducing cells. This 
hypothesis predicts that an insufficient portion of the intracellular signal 
transduction pathway(s) neccessary for zenk induction will be activated in 
response to familiar song or in isolates. To test this hypothesis we will 
identify components of the zenk induction pathways, and determine 
whether any are activated in NCM under non-inducing conditions. One 
candidate is the transcription factor CREB (cyclic AMP-responsive element 
binding protein) which has been implicated in long-term memory and has 
two potential binding sites within the zenk promoter. CREB is activated by 
phosphorylation of scr!33 (relative to human CREB). Using CREB and 
phospho(serl33)-CREB antibodies a single major species of ~46 kDa was 
delected on western blots of zebra finch NCM extracts. Preliminary data 
indicate that the 46 kDa species is phosphorylated following exposure to 
taped song, implicating CREB (or a related protein) as a component of the 
zenUinducing pathway(s). Future experiments will determine whether 
phosphorylation of the 46 kDa protein occurs under conditions where zenk 
expression is not induced. (Research funded by NIMH grants F32NS09815 
to TMM and MH52086 to DFC.)

733.10
EXPERIENCE-DEPENDENT PLASTICITY IN BARREL CORTEX 
OF MICE EXPRESSING CONSTITUTIVELY ACTIVE CAMKII. 
Kevin Fox,* Helen Wallace, Mervvn McKenna and Mark MavfordS
Molecular and Medical Biosciences, Cardiff University, Wales CF1 
3US and $Dept. Neuroscience UCSD La Jolla CA 92093

High frequency stimulation induces LTP in the hippocampus and 
neocortex while low-frequency stimulation induces LTD. In mice 
expressing mutated CAMKII (Thr-286 changed to Asp), the frequency 
relationship is altered such that LTD is favored at frequencies that 
normally induce LTP (Mayford et al. (1996) Science 274:1678). To 
determine whether experience-dependent potentiation of vibrissa 
responses in the barrel cortex is affected by this manipulation, we 
deprived all but the DI vibrissa for a period of 18 days and then 
measured responses to spared and regrown deprived vibrissae 
stimulation in layers II/III of barrel columns surrounding the DI barrel 
(Glazewski et al. (1996) Science 272:421).

In wild types (wts), the response to DI stimulation increased from a 
mean + sem of 21.5 + 2.5 spikes per 50 stimuli in undeprived to 69.5 
± 23 sp/ 50 st. in DI spared mice. Potentiation of the DI response was 
unaffected by the transgene at 69 + 13.5 sp/ 50 st. In addition, there 
was no evidence that the mutation enhanced depression of deprived 
vibrissae responses. On the contrary, deprived vibrissae responses 
were at abnormally high levels in the mutants (50 ± 8 sp/ 50 st. versus 
13 + 7.5 sp/50 st. in wild-types), providing preliminary evidence that 
the calcium-independent form of CAMKII causes high basal levels of 
surround receptive field response in barrel cortex resulting in 
“unfocused” receptive fields. (Supported by NS27759).
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733.11
COMPARISON OF IN VIVO AND IN VITRO PLASTICITY IN BARREL 
CORTEX OF ADULT MICE DEFICIENT FOR a AND S ISOFORMS OF CREB.
S. Glazewski*, J. Staddon, H. Wallace, A. Silva$, K. Fox. Molec. and Med. Biosci.. 
Cardiff Univ. CF1 3US, U.K. $Cold Spring Harbor Lab., NY11724, USA.

To examine the involvement of CREB in experience-dependent plasticity (EDP) 
and LTP in barrel cortex, we recorded from supragranular neurons of adult CREB 
ot/8 mutants and their wild-type (wt) littermates (73 mice). EDP was induced by 
univibrissa rearing. Post-stimulus time histograms were used to analyse responses 
to 1 degree deflections of the vibrissae. Spared vibrissa responses (DI) were 
potentiated in barrels immediately surrounding the DI barrel for both wild-type 
and CREB mutants (0.84±0.13sp./stim. for wt; 0.8410.12 sp./stim. for 
homozygotes) when compared to those of undeprived animals (0.43±0.05 
sp./stim.). However, DI responses did not differ from deprived surround vibrissa 
responses in homozygotes (0.60±0.18sp./stim; p<0.39) whereas in wts DI and 
deprived surround responses were very different (0.25±0.07sp./stim; p>0.007).

LTP was induced in layers II/III by applying 100Hz tetani (4x50 pulses at 20 
second intervals) to layer IV. Measurement of the peak amplitude of the field 
response was used to analyse potentiation. Over 90 min.. LTP was not significantly 
different in CREB null mutants (132.7±2.8%) compared with wt levels (p<0.69). 
However, in 3/7 slices from homozygotes, LTP decreased to baseline between 1 and 
2 hours. This was not seen in heterozygotes or wts (13 slices). All experiments were 
conducted blind.

These results show that although a and 8 isoforms of CREB are not essential for 
in vivo and in vitro expression of potentiation in barrel cortex, they produce 
abnormalities in both forms of plasticity. The important question concerning the 
role of the p-isoform of CREB in neocortical plasticity needs to be addressed. 
Supported by NS27759 and MRC (UK).

733.12

CREB, PHOSPHOCREB, AND CRE-DEPENDENT GENE EXPRESSION IN 
MOUSE BARREL CORTEX: A QUANTITATIVE STUDY. A.L. Bartht*.

Biosciences, University of Wales, Cardiff CF1 3US, U.K. §Dept. of Pharmacology, 
Sch. of Medicine, University of Washington, Seattle WA 98195 U.S.A.

The cyclic AMP response element binding protein (CREB) is a phosphorylation- 
dependent transcription factor that has been shown to be involved in synaptic 
plasticity within the CNS. Adult mouse barrel cortex undergoes well-characterized 
layer-specific plastic changes if a portion of the facial vibrissae are removed for a 
sustained period of time. We are interested in whether these plastic changes can be 
correlated with changes in the levels of CREB, phosphoCREB, or CRE-dependent 
gene expression.

In order to evaluate the role of CREB in barrel cortex plasticity, we examined 
baseline levels of CREB, phosphoCREB, and CRE-dependent gene expression in 
adult animals from a mouse line transgenic for a CRE-LacZ reporter gene. Serial 
sections from individual mice were reacted with antibodies specific for CREB, 
phosphoCREB, or bacterial B-galactosidase (Bgal). The number of immunoreactive 
(IR) cells for each antibody in layer IV and layers II/III was calculated. Previous 
reports have described that nearly every neuron and glial cell in the brain express 
CREB; however, we find a particular deficiency of CREB-IR cells within layer IV of 
barrel cortex compared to surrounding cortical regions, and also compared to the 
relative frequency of CREB-IR cells within layer II/III.

Levels of phosphoCREB were highly variable from animal to animal, despite a 
variety of tissue preparation techniques. We believe this represents real biological 
variation in the individual state of an animal. Despite high variability in the number 
of phosphoCREB-IR cells, the number of cells expressing protein from a CRE- 
dependent reporter gene was fairly constant between animals. Within layer IV, 
approximately 2.5% of cells show Bgal-IR compared to >1.3% of Bgal-IR cells with 
layers II/III. These results will be interpreted in the contex of sensory-deprivation 
induced cortical plasticity. Supported by the Burroughs Wellcome Fund and MRC 
(U.K.).

733.13
CHRONIC AND ACUTE AMPHETAMINE INDUCE SPECIFIC PATTERNS OF 
FOS INDUCTION IN STRIATUM. J. J, Canales and A. M. Graybiel*. Dept. of Brain & 
Cognitive Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139.

Chronic exposure to psychostimulants can lead to long-term biochemical and 
behavioral changes implicated in drug-seeking and addiction. In the present experiments, 
we investigated the impact of repeated treatment with amphetamine (5 mg/kg, twice a 
day for seven consecutive days) on the induction of Fos and motor stereotypies by a 
subsequent challenge with amphetamine, following a withdrawal period of one week. 
Rats were assigned to one of four experimental conditions: chronic saline-saline, chronic 
saline-amphetamine, chronic amphetamine-saline and chronic amphetamine- 
amphetamine. With double immunohistochemistry for MORI (g opioid receptor) and 
Fos, we quantified the density of Fos-positive cells in striosomal and matrix 
compartments of rostral striatum, and calculated an index of striosome-matrix 
predominance (ISMP) as the ratio between these densities. A rating scale was used to 
examine the induction of motor stereotypies. The results indicate that acute and chronic 
amphetamine both induced Fos with a clear preference for the striosomal compartment, 
but the ISMP was greater in the chronic group (ISMP= 4.43) than in the acute group 
(ISMP=3.55). This effect was mainly due to downregulation of Fos induction in the 
matrix compartment following chronic amphetamine treatment. Interestingly, there was 
an increase in Fos induction in the chronic amphetamine group after treatment with 
vehicle, with a slight predominance in the striosomal compartment (ISMP=1.28), relative 
to controls (ISMP= 0.91). At the behavioral level, we observed a dramatic increase and 
fragmentation of motor stereotypies with repeated amphetamine treatment, relative to 
those with acute administration. Further, after withdrawal, there was no reduction in the 
ability of amphetamine to evoke maximal stereotypy in animals previously treated with 
amphetamine. These results demonstrate that chronic exposure to amphetamine leads to 
patterned changes in striatal gene expression and motor behavior, and suggest that these 
may be related to enduring modifications in the responsivity of striosome and matrix 
compartments. Supported by NIDA 5-R01-DA08037-03 and the Stanley Foundation.

733.14
Induction of c-fos expression in limeic neuronal populations of the immature rat 
by CRH Administration. K.L. Brunson', L.Schultz T T.Z. Baram 'T 'Depts, Anatomy & 
Neurobiology and 2Pediatrics, University of California at Irvine, CA 92697.
Rationale: Corticotropin releasing hormone (CRH), a neuropeptide with neuroendocrine and 
neurotransmitter properties, has been shown to excite neurons both in wi/oand in vitro. Our 
laboratory has shown that CRH administered into the cerebral ventricles of immature rats 
produces dose- and age-dependent limbic seizures. Further, we have shown that multiple 
CRH-induced seizures cause neuronal death in select limbic regions (amygdala and 
hippocampus) of immature rats at a time when other excitotoxins, such as kainic acid, do not. 
The goals of this study were: I) to examine expression of the immediate early gene c-fcs, 
a reliable marker of neuronal activation, in limbic neurons susceptible to CRH-induced 
neuronal injury and 2) to determine whether this induction of neuronal activation following 
CRH administration was due to direct effects of the peptide, or to CRH-induced neuronal 
excitability (ie. seizures).
Experimental design: Cannula-carrying ten-day-old rats were infused with either CRH (0.75 
nm) or vehicle and sacrificed at 4 hrs post-infusion. In a subgroup of CRH-treated rats, 
seizures were blocked with pentobarbital. Immunocytochemistry for the Fos protein was 
used to determine neuronal activation.
Results: The Fos protein was induced in several amygdala nuclei (particularly the lateral 
portion of the central nucleus and lateral nucleus), as well as in the piriform and frontal cortex, 
and in the paraventricular nucleus of the hypothalamus of animals subjected to CRH. Only a 
few c-fos positive neurons were found in the lateral portion of the central amygdala nucleus 
in animals in whom CRH-induced seizures were blotked by pentobarbital. No c-fos positive 
cells were found In controls.
Conclusions: These results document that: I) select limbic neuronal populations are activated 
by CRH and 2) this neuronal activation is most likely dependent on the limbic seizures 
induced by CRH. (Supported by NS28912 toTZB).

733.15
SEIZURE INDUCED C-fos EXPRESSION IN DENTATE GRANULE CELLS 
REQUIRES NMDA RECEPTOR ACTIVATION BUT IS INDEPENDENT OF PGF2a 
SYNTHESIS J, Li1*. J, O, McNamara1'2'3. Departments of Medicine (Neurology)1, 
Neurobiology2, and Pharmacology3, Duke University, Durham, NC 27710

In vivo studies of the kindling model of epilepsy demonstrate that: 1) both NMDA 
receptor activation and c-fos expression are required for the normal development of 
kindling; 2) NMDA receptor activation is required for seizure-induced transcriptional 
activation of c-fos in the dentate granule cells. Understanding the signal transduction 
pathways linking NMDA receptor activation to c-fos expression may provide 
therapeutic targets for prevention of epileptogenesis. Studies of dentate gyrus neurons 
in vitro demonstrate that NMDA receptor activation of c-fos expression requires 
prostaglandin synthesis, in particular prostaglandin F2a (PGF2a) (Lerea et al., 1997); in 
vivo seizure activity markedly induces PGF2a synthesis (Li et al., 1997). We therefore 
hypothesized that seizure activity leads to NMDA receptor activation which in turn 
triggers PGF2a synthesis and thereby promotes increased c-fos expression in dentate 
granule cells. To test these ideas we examined the effect of NMDA receptor 
antagonists (R-CPP and MK801) and indomethacin, a cyclooxygenase inhibitor, on 
seizure induced PGF2a synthesis and c -fos expression. Seizure evoked by a single 
dorsal hippocampal stimulus in an adult rat triggered a 15 fold increase in 
hippocampal PGF2a synthesis and robust increases of c-fos expression in dentate 
granule cells. MK801 (lOmg/kg) produced ~ a 50% reduction of seizure-evoked 
increases of both PGF2a synthesis in hippocampus and c-fos expression in dentate 
granule cells compared to vehicle controls. R-CPP (lOmg/kg) produced ~ a 40% 
reduction of seizure-evoked increases on both PGF2a synthesis and c-fos expression. 
By contrast, indomethacin (10 mg/kg) abolished PGF2a synthesis yet had no effect on 
seizure-evoked c-fos expression. In contrast to studies of dentate gyrus neurons in 
vitro, seizure induced c-fos expression in dentate granule cells is dependent on NMDA 
receptor activation but is independent of PGF2a synthesis. Supported by NIH grants 
NS32334 (JOM), NS10501(JL).

733.16
LITHIUM INCREASES AP-1 BINDING THROUGH NMDA RECEPTORS 
IN CEREBRAL CORTICAL NEURONS. N. Ozaki1* and D.-M. Chuang2. 
3Dept. of Pharmacology, Kanazawa Medical Univ., Ishikawa 920- 
0293, Japan; 2Section on Molecular Neurobiology, Biol. Psych. 
Branch, NIMH, NIH, Bethesda, MD20892-1272, USA.

We have recently documented that lithium increases 
transcription factor binding to AP-1 sites in rat cerebellar 
granule cells (Ozaki and Chuang, J. Neurochem. 69, 2336, 1997). 
The present study was undertaken to extend our previous work 
using rat cerebral cortical neurons in cultures. Treatment of 
cortical neurons with LiCl (0.75-3 mM) for 2hr induced a dose- 
dependent increase (18-52%) in AP-1 binding of nuclear extracts. 
This lithium induced increase was blocked by MK-801 (1 gM) 
which did not affect basal binding level. The lithium’s effect was 
also prevented by a calcium chelator BAPTA (5 gM) which did not 
change basal activity. Interestingly, treatment of cortical 
neurons with NMDA (100 gM) for 2 hr resulted in a 15% loss of 
cell viability and a more than 70% decrement of AP-1 bindings; 
both effects were blocked by concomitant treatment with MK-801 
but not lithium. These results are consistent with the possibility 
that lithium facilitates the release of endogenous glutamate to 
activate NMDA receptors and AP-1 binding through a calcium- 
dependent mechanism. In contrast, excessive stimulation of 
NMDA receptors by exogenously applied NMDA induces a loss of 
AP-1 binding and triggers cell death. Similar to results in acute 
lithium studies, chronic (8-day) treatment of cortical cultures 
with LiCl at a concentration of less than 3 mM increased AP-1 
binding, while at a higher concentration, it significantly 
induced cell death and a severe decrease in AP-1 binding.
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733.17

MOLECULAR MECHANISMS BY WHICH MOOD STABILIZERS 
ENHANCE AP-1 REGULATED GENE EXPRESSION. G. Chen*, P-X 
Yuan and H.K. Manji, Molecular Pathophysiology Program, Dept. of Psychiatry & 
Behavioral Neurosciences, Wayne State Univ. Sch. of Med., Detroit, MI 48201

Lithium (Li) and Valproic acid (VPA) are widely used, clinically effective mood 
stabilizers, but despite extensive research, their molecular mechanisms remain to be 
elucidated. Our earlier studies have demonstrated that both Li and VPA increased the 
DNA binding activity of AP-1 transcription factors in vivo and in vitro. Both drugs 
also enhanced the expression of a reporter gene driven by a promoter containing 
consensus AP-1 sites, but not mutant AP-1 sites. Consistent with these results, we 
have also demonstrated that chronic Li and VPA also increase the levels of 
endogenous proteins whose genes are known to be regulated by AP-1 sites, both in 
rat brain, and in human neuronal cells. These data clearly suggest that AP-1 
mediated gene expression may play a critical role in the therapeutic action of mood 
stabilizers. We have been investigating the possible mechanism(s) by which Li and 
VPA stimulate AP-1 DNA binding activity and gene expression. By using selective 
protein kinase inhibitors, antibodies against activated forms of protein kinases and 
specific protein kinase substrates, we have found that both protein kinase C and 
MAP kinases are involved in these effects. In addition, we also found that both 
drugs increase the levels of c-Jun, a major member of the AP-1 transcription factor 
family which positively autoregulates its own expression though AP-1 sites in its 
promoter. These effects on c-Jun effect may play a role in the long term actions of 
both mood stabilizing agents, and is under investigation.

Supported in part by the Joe Young Senior Research Fund, and the Theodore and 
Vada Stanley Foundation

733.18
RIGHT FRONTAL LOBE CHOLINE IS DECREASED WITH LITHIUM 
ADMINISTRATION IN MANIC DEPRESSIVE ILLNESS G.J. Moore*, J.M. 
Bebchuk, M.W. Faulk, J.K. Parrish, J. Strahl-Bevacqua, K. Hasanat, H.K. Manji.
Departments of Psychiatry and Behavioral Neurosciences, and Radiology, Wayne 
State University School of Medicine, Detroit, MI 42801., USA.

Lithium (Li) induced inositol depletion can lead to PKC activation of 
Phospholipase D, and the subsequent breakdown of phosphatidylcholine (PC) to 
diacylglycerol (DAG). Interestingly, in contrast to the DAG derived from PIP2 
hydrolysis, the DAG generated from PC hydrolysis remains elevated for a prolonged 
period, which may be particularly important for a subset of PKC-mediated events, 
such as regulation of gene expression. A mobile head group on the PC molecule 
may make this compound partially MR visible, contributing to the total brain choline 
(Cho) signal observed via proton magnetic resonance spectroscopy (MRS). 
Quantitative proton (!H) MRS exams were performed using a 1.5T scanner. Shon- 
echo (30ms) spectra we acquired from 8cc regions of interest in the frontal, 
temporal, parietal and occipital lobes. To date, we have investigated the effects of Li 
on brain Cho levels in 10 medication free patients who meet DSM-IV diagnostic 
criteria for Bipolar Affective Disorder (BD). Brain Cho concentration was measured 
at three different time points: at baseline, and after acute (5-7 days) and chronic (4 
week) Li administration (900-1200mg/day). The patients in this study demonstrated 
a significant (p<0.05) 17% mean decrease of Cho in the right frontal lobe following 
acute Li administration which persisted with chronically. No significant changes 
with Li administration were observed in the other regions. Our data suggests that 
both Cho and inositol depletion does occur in the right frontal lobe during Li 
administration in BD patients. The observed Cho decrease may be due to PKC 
mediated breakdown of PC. The hypothesis that Li-induced alterations in brain 
neurochemistry are associated with responsiveness to its therapeutic effects is 
currently under investigation. Supported by a NARSAD grant (GJM).

NEUROENDOCRINE REGULATION: ESTROGEN

734.1
TGF-33 STIMULATES LACTOTROPIC CELL PROLIFERATION VIA 
PARACRINE INTERACTION WITH FOLLICULO-STELLATE CELLS. 
S, Hentges*,A, De and D.K. Sarkar, Department of Veterinary and Comparative 
Anatomy, Pharmacology and Physiology, Washington State University, Pullman, 
WA 99164-6520.

Estrogen-induced mitogenesis in lactotropes is regulated by several growth 
factors including transforming growth factor-33 (TGF-33). Recently, we have 
shown that TGF-33 induces lactotropic proliferation only in the presence of 
folliculo-stellate (FS) cells. To determine if FS cells could be the site of TGF- 
33 action, we utilized immuncytochemical procedures with antibodies specific 
for TGF-3 receptor type I (T3RI) and T3RII to determine their presence. This 
study revealed the presence of both T3RI and T3RII indicating that FS cells 
may be directly responsive to TGF-33. Previously, we have shown that FS 
cells do not proliferate in serum-free defined media containing 10 nM estradiol 
173 in response to TGF-33, suggesting a potential secretory response from FS 
cells. We have also previously shown that lactotropes alone in culture do not 
proliferate in response to TGF-33. Here we demonstrate proliferation in 
lactotropes alone in culture when treated with conditioned media from FS cells 
exposed to 10 nM estradiol 173 and varying concentrations of TGF-33. Using 
immunocytochemical methods we detected basic fibroblast growth factor 
(bFGF) in TGF-33 treated FS cells. Basic FGF is known to induce proliferation 
of lactotropes in the presence of estrogen. Therefor, we studied the effect of 
neutralizing bFGF by adding a specific neutralizing antibody in the conditioned 
media from TGF-33 treated FS cells prior to placement of the media on purified 
lactotropes. Neutralization of bFGF in the media from TGF-33 treated FS cells 
diminished the ability of the conditioned media to stimulate lactotropic 
proliferation. The data provide the first evidence that FS cells may be paracrine 
mediators of TGF-33 action in the lactotrope and indicate a unique mechanism 
involving TGF-33 up-regulation of bFGF. (Supported by NIH Grants AA 11591 
and A A 00220).

734.2
TRANSCRIPTIONAL REGULATION OF GLIAL FIBRILLARY 
ACIDIC PROTEIN (GFAP) EXPRESSION IN
HYPOTHALAMUS AND HIPPOCAMPUS DURING RAT 
ESTROUS CYCLE. Y. Song, D.J, Stone, C.P, Anderson, I. 
Rozovskv, C.E, Finch*, Andrus Gerontology Center and 
Department of Biology, University of Southern California, Los 
Angeles, CA 90089.

Glial fibrillary acidic protein (GFAP) is regulated by 
estrogen in the rat hypothalamus and hippocampus. We 
demonstrated differential responses of GFAP transcription by in situ 
hybridization for intron-1-containing RNA in hypothalamus and 
hippocampus during the rat estrous cycle. The basal level of GFAP 
transcription (measured in diestrus) was 2- fold higher in median 
eminence (ME) and ependymal cells lining the third ventricle than the 
level in hypothalamic arcuate nucleus (ARC). Throughout the 
estrous cycle, GFAP intron-RNA did not change in ME or ependymal 
cells, but was increased 2-fold in the ARC in the afternoon of 
proestrus to the level seen in ME. Throughout the hippocampal 
formation, levels of GFAP intron-RNA were identical in diestrus. In 
the afternoon of proestrus, GFAP intron-RNA was decreased 30% in 
the outer molecular layer (OML) but was unchanged in the hilus of the 
hippocampal dentate gyrus. The regional differences in the basal 
level of GFAP transcription and differential responses of GFAP 
expression during the rat estrous cycle in hypothalamus and 
hippocampus might be attributed to different subpopulation of 
astrocytes and/or reflect local neuronal activities and astrocyte- 
neuron interactions. (Supported by AG13499-01 and AG14571 to
C.E.F).

734.3

INTERACTIVE EFFECTS OF TAMOXIFEN AND ESTROGEN UPON 
THE NIGROSTRIATAL DOPAMINERGIC SYSTEM: LONG TERM 
TREATMENTS J. L. McDermott12*,L. I. Anderson2, and D. E. Dluzen2. 
1Dept of Medicine, Edwin Shaw Hospital, Akron, OH 44312; 2Dept. of 
Anatomy, NEOUCOM, Rootstown, OH 44272.

Adult female rats were ovariectomized and received a long term 
treatment with controlled release pellets containing either 178- 
estradiol (0.1 mg - N=6), tamoxifen (5.0 mg - N=8), a combination of 
estradiol and tamoxifen (N=8) or no further treatment (N=4). At 40 
days following ovariectomy ± treatments, the corpus striatum was 
removed and prepared for assessment of dopamine output using in 
vitro superfusion. Basal output of dopamine did not differ among the 
four groups. Amphetamine stimulated dopamine outputs (pg/mg/min) 
were maximal in estrogen treated animals (183 ± 38) and significantly 
greater than that obtained from animals receiving either no further 
treatment (112 ± 20) or the combination of estradiol and tamoxifen 
(95 ± 12). Results of tamoxifen treated animals were intermediate to 
these extremes (141 ± 9). Results deitionstrate that long term 
tamoxifen treatment blocks the augmented responses of the striatal 
dopaminergic system resulting from estradiol. Such data may have 
important implications for administration of tamoxifen to pre
menopausal women as this anti-estrogen may compromise 
nigrostriatal dopaminergic function under conditions where estrogenic 
modulation may be present. Supported by an NIH Grant to JLM and 
DED.

734.4
Estrogen-regulated genes within the rat spinal cord revealed by subtractive 
hybridization. M. Hallbeck*, O, Hermanson, A. Amandusson, P. Soderkvist, M. 
Telkov, A, Blomqvist. Div Cell Biol., Linköping University, 581 85, Sweden.

There is increasing evidence that gonadal hormones are involved in pain 
modulation. In support of this idea, we have previously shown that estrogen receptors 
are present in enkephalin-expressing neurons in the superficial spinal dorsal horn and 
that estrogen influences spinal cord enkephalin transcription (SFN 23:830.11, 1997).

To identify other estrogen-regulated genes of importance for pain modulation, a 
PCR-select cDNA subtraction technique (Clontech) was used. Ovariectomized rats 
were given an injection of either estrogen benzoate or vehicle. Eight hours post
injection, the lumbar spinal cords were removed, and total pooled mRNA extracted. 
Two cDNA libraries were constructed, and the library obtained from the estrogen- 
stimulated rats was subtracted with the library from the vehicle-injected animals. The 
subtraction yielded several differentially represented cDNAs, which expressions were 
checked with dot-blot hybridization, using 32P-labeled probes synthesized from the 
two libraries. cDNAs showing clear differences in expression were sequenced. One of 
these cDNAs was found to be homologous with part of the 14-3-3 s coding sequence.

The 14-3-3 s cDNA was subsequently subcloned into a bluescript SK(+) vector 
and 35S-labeled riboprobes were synthesized for in situ hybridization. Supporting 
immunohistochemistry was performed using a rabbit polyclonal antibody (Santa Cruz) 
directed towards rat 14-3-3 s.

Both the ISH and the IHC show that 14-3-3 s is present in neurons in several parts 
of the spinal gray matter with a dense expression in the superficial layers. Analyses of 
its differential expression in estrogen- and vehicle treated animals using quantitative 
ISH are in progress. Since the 14-3-3 family has been shown to be involved in both 
PKC and RAS signaling pathways, both implicated in nociceptive processing, the 
present findings suggest a novel mechanism for estrogen in pain regulation.
(SMRC #7879)
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734.5
TRANSCRIPTIONAL REGULATION OF GFAP BY ESTROGEN: 
ROLE OF ERE IN THE RAT GFAP PROMOTER. I, Rozovsky*,
D.J. Stone, Y. Song. M. Wei. L.M. Lopez. C.P. Anderson and
C.E.Finch. Andrus Gerontology Center and Department of Biology, 
University of Southern California, Los Angeles, CA 90089.

Glial fibrillary acidic protein (GFAP) expression shows cyclic 
variations in the rat hypothalamus and hippocampus during the normal 
estrous cycle. In particular, changes in GFAP expression in arcuate 
nucleus of the hypothalamus and in outer molecular layer of the dentate 
gyrus are under transcriptional control. On the afternoon of proestrus, 
when plasma estradiol levels are highest, GFAP transcription is 
increased in hypothalamus and decreased in hippocampus (Stone et al., 
Endocrinology, 1998). Cultured rat neonatal astrocytes in vitro showed 
bi-directional responses, such that 17-8 estradiol treatment increased 
GFAP transcription in cortical monotypic astrocyte cultures but 
decreased GFAP transcription in astrocytes co-cultured with neurons. 
Therefore, the direction of transcriptional responses of GFAP to 
estrogen is influenced by astrocyte-neuron interactions.

By site-directed mutagenesis of the estrogen response element 
(ERE) in the 5’-upstream region of the rat GFAP promoter and by the 
binding of estrogen receptor-ot to this ERE, we demonstrated the 
functional significance of the ERE in the estrogen-mediated control of 
GFAP. Ongoing studies in the lab are examining activities of neurons 
from different brain regions on their ability to invert the direction of 
GFAP regulation in astrocytes. Differential transcriptional activation of 
GFAP by ER-a and ER-8 at AP-1 site is also under investigaton in our 
lab. (Supported by AG13499-01 and AG14571 to CEF).

734.6
EFFECTS OF AGE-RELATED CHANGES IN GFAP 
EXPRESSION ON THE ESTRADIOL-INDUCED LH SURGE IN 
RATS. C.P. Anderson*, D.J. Stone. I. Rozovsky. L.M, Lopez, Y. 
Song and C.E.Finch. Andrus Gerontology Center and Department 
of Biology, University of Southern California, Los Angeles, CA 
90089

The age-related attenuation of the LH surge, and the ultimate inability of aged 
female rats to express a post-OVX estrogen-induced LH surge is well documented. 
In the arcuate nucleus of the hypothalamus, glial fibrillary acidic protein (GFAP) 
expression varies cyclically during the normal estrous cycle. GFAP mRNA is 
elevated on proestrous, when estrogen levels are at their highest, and protein levels 
increase 12 hours later at estrus (Stone et al., Endocrinology, in press). These 
cyclic variations in GFAP levels may mediate the preovulatory surge of 
gonadotropin releasing hormone (GnRH). Prior to the LH surge, synapse number 
in the arcuate nucleus decreases, perhaps as a result of the extension of astrocytic 
processes (Olmos et al., Neurosci 32:663-667). Because increased glial reactivity 
is a hallmark of the aging brain, the loss of the LH surge in aged animals may be 
in part due to changes in GFAP expression.

In this study, young (3 mo.) and old (18 mo.) animals of known cycling status 
were ovariectomized and allowed to recover for 2 weeks to clear circulating 
estrogens. Animals were given silastic implants of 176 estradiol in sesame oil, 
or oil alone as control, and sacrificed two days later at 1000 or 1730 hours.

Estrogen replacement induced LH surges in young but not old rats. We are 
currently examining glial and neuronal messages in the arcuate nucleus of these 
animals.

(Supported by AG05766-02 to DJS; AG 13499-01 and AG 14571 to CEF).

734.7

MAP KINASE ACTIVATION BY ESTROGEN RECEPTORS IN 
TRANSFECTED RAT-2 FIBROBLASTS. R.A, Shapiro*, C. Wade, V. 
Paneda, T.L, Hilton, D M. Dorsa. Dept. of Psychiatry and Behavioral 
Sciences, University of Washington Medical School, Seattle, WA 98195.

Rapid, non-genomic effects of estrogen are becoming increasing 
recognized as playing a role in several aspects of estrogen action. We 
have previously reported that estrogen receptor (ER) mediated activation 
of the MAP Kinase pathway is involved in its neuroprotective effects in 
rat primary cortical neurons. In order to explore the role of estrogen 
receptor in mediating these effects, we have transfected Rat2 fibroblasts, 
which lack endogenous estrogen receptors, with cDNA clones encoding 
either human ERa or rat ERp and examined their ability to activate MAP 
kinase in response to 17p-estradiol. Treatment of untransfected Rat2 
cells failed to activate luciferase reporter constructs containing an 
estrogen response element and failed to activate MAP kinase in response 
to 17p-estradiol. Cells transfected with either ERa or ERp responded to 
17p-estradiol with a rapid and sustained phosphorylation of MAP kinase. 
MAP kinase activation was partially and complblocked by the 
antiestrogens Tamoxifen and ICI 182,780. This model system will be 
useful in dissecting the interaction of estrogen receptors with 
components of the MAP kinase signaling pathway.
Supported byNIHNINDS 2 RO1NS20311 and NIH P50AG05136

734.8
FURTHER STUDY OF THE EFFECTS OF ESTROGEN AND PROGESTERONE 
ON THE CATALYTIC ACTIVITY OF GLYCERALDEHYDE-3-PHOSPHATE- 
DEHYDROGENASE(G3PD) I, Joe, and V. D. Ramirez*, Dept. Mol. & Integrative 
Physiol. & Neurosci. Program, Univ. of Illinois, Urbana, IL 61801

Previously, we reported that affinity columns coupled with P-3-BSA (progesterone 
linked to BSA at C-3 position) and 17p-E-6-BSA (17p-estradiol linked to BSA at C-6 
position) purified a 37 kDa protein identified as G3PD. Therefore, we studied 
radiolabeled ligand binding assay using purified G3PD from rabbit skeletal muscle. It 
was shown that the total binding of P-3-125I-BSA was much lower than 17J3-E-6- 
125I-BSA, and that the IC50 for P-3-BSA was about 500 nM whereas the IC50 for 
17JJ-E-6-BSA was about 50 nM. Subsequently, by using an enzyme assay we found 
that the transient phase of G3PD activity measured every 6 seconds for 1 min. was 
increased by 1 pM of 17(3-estradiol while 50 pM decreased it. In this report, we further 
studied the effects of estrogen and progesterone on G3PD activity by measuring 
enzyme kinetics under steady-state conditions. We tested six different concentrations 
of 17p-estradiol (1 pM, 5 pM, 50 pM, 0.5 nM, 1 nM, and 10 nM). There was no 
significant changes in maximal velocity(Vmax) and Km with 1 pM, 5 pM, 50 pM, 
and 0.5 nM of 17(3-estradiol. However, 1 nM and 10 nM of the estrogen increased 
significantly (p<0.05) both Vmax and Km. 1 nM estradiol increased the Vmax and 
Km by 32% and 100%, respectively, whereas 10 nM estradiol increased the Vmax and 
Km by 45% and 39%, respectively. This indicates that estradiol at these 
concentrations induces allosteric changes in G3PD with an increase in the turnover 
number of the G3P substrate producing more products including NADH. 
Interestingly, progesterone was acting as a non-competitive activator or inhibitor 
depending on its concentrations. While the Km of G3PD was not changed by 10 or 
100 nM of progesterone, the Vmax was increased by 17% and decreased by 18%, 
respectively. Overall, the results indicate that estrogen and progesterone regulate 
within physiological range the production of NADH. The data suggest a novel effect 
of these steroids in the regulation of cellular metabolism in the brain. This study was 
supported by a NIH grant to VDR.

734.9

ESTROGEN REGULATION OF M2 MUSCARINIC 
RECEPTOR BINDING IN HIPPOCAMPAL AND BASAL 
FOREBRAIN REGIONS. Z, Hruska, J, M, Daniel, S, C, Wolff, 
and G. P. Dohanich*. Neuroscience Program and Department 
of Psychology, Tulane University, New Orleans, LA 70118.

In addition to affecting performance on tasks of learning 
and memory, estrogen has been shown to influence 
cholinergic neurochemistry in the hippocampal formation and 
basal forebrain, areas implicated in memory function. In the 
present experiment, the effect of estrogen treatment on M2 
muscarinic acetylcholine receptor density was investigated 
with quantitative autoradiography. Gonadectomized Long- 
Evans female rats were implanted subcutaneously with 5-mm 
Silastic capsules containing 25% estradiol diluted with 
cholesterol (n=12) or cholesterol only (n=12). Thirty days after 
implantation, subjects were sacrificed and frozen coronal 
sections (20 jim) were taken through the hippocampus and 
basal forebrain. The sections were incubated with [3H] AF-DX 
384 (2 nM) in order to selectively label M2 receptors. 
Quantitative autoradiography indicated a significant 
upregulation of M2 receptor density in the horizontal limb of the 
diagonal band and the medial septum. No significant changes 
were found in CA1, CA3 or dentate gyrus of the hippocampus. 
Results indicate that estrogen can differentially regulate M2 
receptors in brain regions implicated in learning and memory. 
NSF awards IBN-9514816.

734.10
OVARIAN STEROID DEFICIENCY RESULTS IN DELAYED MEMORY 
IMPAIRMENT: INTERACTIONS WITH AGING. D.T.Grinnell and A.L. 
Markowska*. Department of Psychology, The Johns Hopkins University, Baltimore, 
MD21218.

Estrogen deficiency associated with menopause has been linked to cognitive 
impairment. Some of these effects are attenuated by hormone replacement therapy, 
suggesting a possible link between neuroendocrine mechanisms and cognitive aging. 
Moreover, several studies have shown that the hippocampus, a structure critical for 
learning and memory, displays a remarkable degree of plasticity in response to 
fluctuations of circulating gonadal hormones in the female rat. Recent studies from our 
laboratory have shown that ovariectomy (OVX) in 6 mo-old female Fischer-344 x 
Brown Norway rats initially had no effect on memory in a hippocampal-dependent 
task, spatial alternation. However, 3 months following OVX, this group of females 
showed a significant impairment in choice accuracy as compared to INTACT or OVX 
animals implanted with 17P-estradiol (OVX+E2). In the second experiment, conducted 
on 16 mo-old females, an OVX-induced memory deficit was evident two months 
following OVX as compared to INTACT or OVX+E2, i.e. one month earlier than that 
in 6 mo-old females. The reproductive status, based on an analysis of the vaginal 
epithelium, indicated that the 6 mo-old females cycled every 4-5 days, whereas the 16 
mo-old cycled either every 6-7 days, persisted in diestrous without entering estrous, or 
were at a constant estrous (pseudopregnancy). These findings provide an important 
insight into how the cessation of cyclic estrogen production during menopause might 
compromise memory. Moreover, evidence that the differences in susceptibility to 
estrogen depends upon neuroendocrine status, might have important implications for 
therapeutic regimens. This study established a valuable rodent model in advancing the 
progress toward understanding the neurobiology of estrogen influences on cognition as 
a function of age. In conclusion, these results lead us to propose that cognitive decline 
depends on the duration of estrogen withdrawal and that in older females with a 
compromised neuroendocrine status, the effects of estrogen deprivation may be more 
severe. Supported by NIA ROI-AG07735.
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734.11
DOES ESTROGEN ACT DIRECTLY ON INTRINSIC NEURONS 
TO ENHANCE STRIATAL DOPAMINE RELEASE IN VIVO? D. L.
Hummer* and J, B, Becker, Departments of Psychology, Reproductive 
Sciences, and Neuroscience, University of Michigan, Ann Arbor, Ml, 48109.

Amphetamine (AMPH) enhances extracellular dopamine (DA) 
concentrations by blocking reuptake and stimulating its release. In female 
rats, the effect of AMPH on striatal DA release varies with the estrous cycle. 
Females exposed to AMPH on the night of estrus release a greater amount of 
DA in striatum than females in diestrus (Becker & Cha (1989) Behav. Brain 
Res., 35: 117). Ovariectomy (OVX) attenuates, while estrogen (E) 
replacement restores this effect, indicating that E acts to enhance AMPH - 
stimulated striatal DA. The present study examines whether E acts directly on 
intrinsic striatal neurons to regulate DA release.

OVX female rats received unilateral quinolinic acid cell body lesions to the 
lateral (LAT) or medial (MED) striatum 10 days before dialysis. Dialysis probes 
were implanted bilaterally into striatum 12 hours prior to testing. After 
baseline extracellular DA concentrations had been determined, females were 
pretreated with 5 ug estradiol benzoate (EB) or oil and 30 minutes later 
received 2 mg/kg AMPH. Fifteen minute dialysate samples were collected 
throughout a 2 hour test, and analyzed for DA concentration using HPLC-EC.

DA release was enhanced in EB-treated vs. oil-treated females. However, 
preliminary data indicate that the effect of E on DA release is reduced in 
lesioned striatum relative to the intact striatum, suggesting that cell bodies 
intrinsic to the striatum are the site for Eis regulation of striatal DA activity. 
One possible mechanism is that E suppresses GABA input to DA terminals, 
thereby releasing DA activity from inhibition. [BNS9021900 to JBB; 
P30HD18258-13]

734.12
SEASONAL DIFFERENCES IN THE AROMATASE ACTIVITY IN THE 
CANARY BRAIN AND SEXUAL DIMORPHISM OF ITS REGULATION.
L.Fusani1'2. J.B, Hutchison1 and M, Gahr2*. 'MRC-NDB Group, The Babraham 
Institute, Cambridge, UK; 2Max-Planck-Institut für Verhaltensphysiologie, 82319 
Seewiesen, Germany.

Birdsong is controlled by a network of nuclei most of which are steroid-sensitive. 
Both testosterone (T) and estradiol (E2) are involved in the development and 
production of song. T levels are higher in spring and are correlated with higher 
singing activity. There is evidence that at least part of E2 acting on the neural song 
system is formed within the brain by aromatization of circulating T.

We studied seasonal changes in the brain aromatase in relation to circulating T 
and E2 in canaries. Moreover, as T induces song in female canaries, we studied the 
effect of Ton aromatase in females. Aromatase activity (ARO) was determined by 
radioenzymatic assay. Distribution of aromatase and of androgen (AR) and estrogen 
receptor (ER) mRNAs was studied by in situ hybridization. Circulating T and E2 
were determined by radioimmunoassay.

The highest ARO was found in the caudo-medial neostriatum (NCM) in both 
sexes. In males ARO in NCM doesn’t differ between spring and autumn. In females 
however ARO in NCM was higher in autumn. Females showed higher T levels in 
autumn than in spring. Males have higher ARO in the nucleus HVC in spring. T- 
treatment of females in spring induces an increase of ARO specifically in NCM.

Our data show that the highest ARO in the canary brain is found in NCM. This 
region is close to HVC and could be a major source for E2 acting on the song 
system. Moreover, we found a sexual dimorphism in the regulation of ARO in 
canaries. ARO in NCM varies seasonally and is induced by T in females, whereas 
in males ARO in NCM seems to be insensitive to large variations in circulating T.

734.13
AUTORADIOGRAPHIC EVIDENCE FOR THE BINDING OF ,2T-ESTROGEN TO 
ESTROGEN RECEPTOR-P (ERp) IN THE WILD TYPE AND ERa-KNOCKOUT 
(ERaKO) MOUSE BRAIN. P.J. Shughrue*, M.V. Lane and I. Merchenthaler. 
Women's Health Research Institute, Wyeth-Ayerst Research, Radnor, PA 19087.

Previously we detected weak estrogen binding in the ERaKO preoptic area, a region 
where estrogen modulates progesterone receptor expression and where ERp mRNA is 
localized. Interestingly, the ligand used for those binding studies has a much higher 
affinity for ERa than ERp, which explains the weak binding and restricted distribution. 
In an attempt to demonstrate that ERp mRNA is translated into functional protein, the 
present study evaluated the distribution of 17a-iodovinyl-l lp-methoxyestradiol, a new 
l25I-estrogen, which has a similar affinity for both ERs, and used an ER-a selective 
agonist (16a-iodo-l lp-methoxyestradiol, 16aIE2) as a competitor to study the 
distribution of ER-P in mice. Ovariectomized 25-day-old wild type and ERaKO mice 
were injected with vehicle, 17p-E,, 16aIE2, or DHT prior to the injection of 0.2 gg/ 
lOOg BW of l2T-estrogen Two hours after l2T-estrogen injection, brains were frozen 
and 16pm sections collected on gelatin-coated slides. The sections were then opposed 
to x-ray film before coating with emulsion. After exposure, cells with a nuclear uptake 
and retention of ,2T-estrogen were seen in regions of the ERaKO brain where ERp is 
expressed including the preoptic, paraventricular, and arcuate nuclei of the 
hypothalamus; bed nucleus of the stria terminalis; amygdala; entorhinal cortex and 
dorsal raphe. Competition studies with 17P-E, eliminated binding in the ERaKO brain, 
while 16aIE, and DHT had no effect. In contrast, the binding in wild type brain 
resembled the distribution of both ERs. However, when wild type mice were injected 
with 16aIE, prior to l2T-estrogen, the binding was comparable to that seen in ERaKO 
brain. The results of these studies demonstrate that residual binding is present only in 
regions of the ERaKO brain where ERp is expressed. Moreover, when the binding of 
l2,I-estrogen to ERa is eliminated with 16aIE,, labeled cells are only seen in regions 
where ERp is expressed. Together, these data provide the first evidence that ERp 
mRNA is translated into a functional protein in the wild type and ERaKO mouse brain.

734.14
AGING AND ESTRADIOL ALTER SEROTONIN TRANSPORTER 
BINDING IN THE CNS OF FEMALE RATS. K. Krajnak1* K.L,
Rosewell1, P.M. Wise1 & M.J. Duncan2. Departments of Physiology' and 
Anatomy and Neurobiology2, University of Kentucky, Lexington, KY 
40536-0084.

Recent work from our laboratory has shown that aging results in a 
significant decline in the density of serotonin (5-HT) transporter binding in 
the suprachiasmatic nuclei of female rats. This decline does not depend 
upon changes in circulating estradiol levels. However, other studies have 
shown that estradiol does alter 5-HT transporter binding in the CNS of 
young females. Regions showing altered 5-HT transporter binding are 
involved' in the regulation of reproduction, mood and cognition. The goal of 
the present study was to examine the effects of estradiol (E2) and aging on 5- 
HT transporter binding in other discrete brain regions. We used young (2-4 
mo) regularly cycling and middle-aged (10-12 mo) constant estrous females 
that were ovariectomized. One week after ovariectomy, half the animals 
received Silastic capsules containing E2 (day 7). Tissue from E2 treated and 
untreated animals was collected on day 9. 5-HT transporter binding was 
assessed using [3H] paroxetine, a selective inhibitor of the 5-HT transporter. 
The effects of aging and E2 treatment on 5-HT transporter binding varied 
among the brain regions examined. For example, in the ventromedial 
hypothalamus, a nucleus involved in regulating female reproductive 
behavior, both aging and E2 altered 5-HT transporter binding. In contrast, in 
the basolateral amygdala, a region involved in the regulation of mood and 
cognition, E2 altered 5-HT transporter binding, independent of the effects of 
age. Based on these findings, we suggest that the interaction between aging 
and E2 on 5-HT transporter binding is complex and site specific. Supported 
by NIH AGI3412 to MJD, AG02224 to PMW and AG05755 to KK.

734.15
ESTRADIOL (E2) SUPPRESSES TYROSINE HYDROXYLASE (TH) ACTIVITY 
AND TH mRNA LEVELS IN FETAL HYPOTHALAMIC CELLS. L.A. 
Arbogast'*, J.L, Voogt2 andC.C. Campion1. 'Dept. of Physiology, Southern Illinois 
Univ. Med. Sch., Carbondale, IL 62901; 2Dept. of Molecular and Integrative 
Physiology, Univ. of Kansas Med. Ctr., Kansas City, KS 66160.

The tuberoinfundibular dopaminergic neurons in the hypothalamus are a target for 
E2’s action in the control of prolactin release. An in vitro model enhances the ability 
to examine cellular mechanisms involved in E2 effects on dopaminergic neurons. The 
aims of this study were: 1) to evaluate the effects of E2 on TH activity and TH mRNA 
levels in fetal hypothalamic cells, 2) to determine if E2’s effect on TH is mediated by 
the estrogen receptor and 3) to examine estrogen receptor expression in the cultures. 
Ventral hypothalamic cells of fetal day 19-20 rats were dispersed, plated at 150,000 
cells/well and maintained in a phenol red-free, serum-free defined medium for 10-14 
days. At the end of the experiment, RNA was isolated or TH activity was determined 
by assessing DOPA accumulation. 17f3-E2 suppressed TH activity in a concentration- 
dependent manner with 16%, 26% and 37% decreases observed with 1, 10 and 100 pM 
E2, respectively, after 10 days treatment, whereas the inactive isomer, 17a-E2, did not 
have a significant effect. A significant decrease in TH activity was observed during 5- 
10 days of E2 treatment, but not after 1-3 days. As assessed with a ribonuclease 
protection assay, TH mRNA levels were reduced by 12% after 10 days of E2 treatment. 
ICI 182,780, an estrogen receptor antagonist, reversed the 35% E^-induced decrease in 
TH activity in a dose dependent manner with 0.01,0.1 and 1 nM ICI 182,780 restoring 
TH activity to 78%, 88% and 108% of control levels, respectively. Both the a and (3 
forms of the estrogen receptor were detected in the hypothalamic cultures with RT- 
PCR. Conclusions: E2 reduces hypothalamic TH activity without extrahypothaiamic 
inputs. A decline in TH mRNA levels likely contributes to the suppression of 
hypothalamic TH activity. The estrogen receptor mediates the E^induced decrease in 
TH activity. Supported by NIH grants HD35332 (to LAA) and HD24190 (to JLV).

734.16
The HYPOTHALAMO-PITUITARY-ADRENAL axis as a tool for revealing 
NEUROTROPIC EFFECTS OF ESTROGENS: PROOFS AND LIMITATIONS. V.K. 
Patohev*, Y.A. Mitev and M. Oettel. Medical Research, Jenapharm, 07745 
Jena, Germany.

There is ample evidence that, in the female rat, secretory activity of the 
hypothalamo-pituitary-adrenal (HPA) axis is significantly influenced by 
physiological and pharmacological doses of gonadal steroids. In previous 
studies, we and others have demonstrated that neuroendocrine substrates of 
HPA regulation are responsive to chronic estrogen administration. In order to 
identify the targets of estrogen action on the regulation of the HPA axis, we 
examined the effects of two estrogens with different pharmacological potency 
(170- and 17a-estradiol) on pituitary-adrenal secretory activity, its 
responsiveness to dexamethasone suppression, and the gene expression of 
major peptidergic secretagogues (CRH, arginine-vasopressin and oxytocin) 
and corticosteroid receptors in the brain. Generally, changes in the listed 
parameters largely correlate with the "classic" estrogen-like potency of the 
compounds examined. However, we made the observation that increases in 
oxytocin mRNA levels in the PVN may occur at doses that fail to display 
significant effects in reproductive organs. Scrutiny by examination of the 
correlation between neurochemical regulatory parameters and secretory 
"output" of the HPA axis suggests that i) estrogen-induced stimulation of 
HPA activity may become apparent before manifestation of estrogen effects in 
the reproductive tract and ii) changes in HPA regulation may be indicative of 
early-onset neurotropic effects of estrogens.
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735.1
HISTAMINE SUPPRESSES NON-NMDA EXCITATORY SYNAPTIC 
CURRENTS IN RAT SUPRAOPTIC NUCLEUS NEURONS. G.I, Hatton* and Z.
Li Dept. of Neuroscience, University of California, Riverside, CA 92521, USA.

Histamine (HA) has been proposed to function both as a transmitter and a modulator 
in the supraoptic nucleus (SON). Released from presynaptic terminals and acting at its 
receptors, HA not only elicits excitatory or inhibitory postsynaptic potentials but also 
regulates gap junctional communication. The latter, as well as HA-induced prolonged 
depolarization and enhancement of depolarizing afterpotentials, is mediated by 
activation of various intracellular messenger systems, including G-proteins, IP3, PKC, 
Ca2+ and NO. Since these changes in cellular metabolism can affect neuronal responses 
to other neurotransmitters, here we examined whether HA modulates glutamate 
receptor-mediated synaptic currents in SON neurons.

Whole-cell recordings were obtained from SON neurons in horizontal brain slices 
from adult male rats. The slices were perifused with a medium containing 10-15 pM 
bicuculline and 4 mM Mg2+, and cells were voltage-clamped at -70 mV. Electrical 
stimulation of areas adjacent to the posterior SON evoked excitatory postsynaptic 
currents (EPSCs), which had amplitudes of 76.7+7.1 pA (mean±S.E.M.; n = 31) and 
durations of 47.6+4.5 ms. When twin stimulus pulses were used, EPSCs evoked by the 
second pulse were always larger than those by the first pulse, with paired-pulse 
facilitation (PPF) ratio of 1.76+0.06. Bath application of CNQX abolished EPSCs. HA, 
either bath-applied (2.5 pM) or bolus-injected into perifusion medium (~50 pM), 
reversibly suppressed EPSCs by -70%. This effect could not be mimicked by H2 or H3 
receptor agonists, but was blocked by an H, receptor antagonist. Reduced EPSCs were 
often accompanied by a slow inward current and increased PPF. Chelation of 
cytoplasmic Ca2+ with BAPTA and inhibition of NO synthase with L-NAME could 
prevent HA-induced reduction in EPSCs. These results suggest that HA can gate neural 
signals from other CNS nuclei by modulating non-NMDA currents via post-, and 
probably pre-, synaptic mechanisms. Supported by NINDS grant NS16942.

1352
CONNEXIN-50 IN THE ADULT RAT BRAIN IS DISTRIBUTED IN 
A NETWORK-FORMING SUBPOPULATION OF ASTROCYTES. 
Frédéric Mercier* and Glenn I Hatton. Department of Neuroscience, University of 
California, Riverside, CA 92521 USA.

We have examined the distribution of connexin50 immunoreactivity (Cx50-ir), by 
immunocytochemistry using confocal laser scanning microscopy on serially 
sectioned rat brains. Both a monoclonal and a polyclonal antibody yielded similar 
results. A complete map of the brain has not yet been established, but these first 
results indicate a highly specific distribution of this connexin protein. Cx50-ir was 
intense in the ventral glial limitans, in the entire volume of the supraoptic nucleus, 
in the ventral surface of the optic chiasm, in the outermost surface of the optic 
tracts, in the walls of the third ventricle (but not in the mammillary recess), in the 
lateral ventricles, and to a lesser extent, in the paraventricular nucleus, on the dorsal 
aspect of the optic chiasm, in the median eminence, on the outer surfaces of most 
blood vessels entering the hypothalamus (facing the pial sheath), and in the dorsal 
and lateral glial limitans. The course of Cx50-ir can be traced in its three 
dimensional expanse from one structure to another. Interestingly, the most intense 
Cx50-ir in the ventral brain faces the arteries of the Circle of Willis and their 
expanded meningeal envelopes.

In all above-cited areas, Cx50-ir was mostly found at the periphery of the cell 
bodies and along the processes of glial acidic fibrillary protein (GFAP)-positive 
astrocytes, but Cx50 and GFAP were not always observed in the same astrocytic 
processes. Some glia expressed exclusively either GFAP or Cx50. Glia in the inner 
zones of the brain expressed only GFAP. At low magnification, Cx50-ir appeared 
linear along the astrocytic processes, but higher magnification revealed close serial 
puncta with a diameter < 0.4 pm. In conclusion, Cx50-ir is distributed in a 
astrocytic subpopulation that forms a network in the outer surfaces of the brain and 
the ventricle walls. This characteristic distribution suggests functional interactions 
between the labeled astrocytic population, the meninges and their enclosed arteries, 
and the ventricular fluid. Supported by NIH grant NS09140.

735.3
ACTIVATION OF HISTAMINE H2-RECEPTORS AND PROTEIN 
KINASE A DECREASES DYE COUPLING IN SUPRAOPTIC 
NUCLEUS (SON) OXYTOCIN NEURONS. O. Z. Yang*. K. Kumamoto and 
G. I. Hatton. Department of Neuroscience, University of California Riverside, CA 
92521

Brief tuberomammillary nucleus (TM) stimulation leads to excitation of, and 
increased coupling among, supraoptic nucleus (SON) vasopressin (VP) neurons. We 
tested whether activating TM inputs to SON affects coupling in oxytocin (OX) 
neurons, since, in OX cells, TM stimulation evokes Cl'-mediated fast IPSPs that are 
blocked by ^-antagonists or Cl" channel blockers, but not by bicuculline. H2- 
receptors are often linked to activation of adenylyl cyclase (AC), increased cAMP and 
activation of PKA, which usually leads to decreased coupling. In slices of male rat 
SONs, recordings and injections of Lucifer Yellow (LY) were made in putative OX 
neurons, ones displaying continuous firing and TM stimulation-evoked IPSPs. In 
unstimulated slices, LY injections into 11 cells (one per SON) yielded 8 single and 7 
coupled cells. In slices in which TM was stimulated first for 5 min at 10 HZ, 15 
injections yielded 14 single and 2 coupled cells, a 4-fold decrease from controls in 
number of coupled cells per injection (p<0.05). When stimulated and unstimulated 
slices were bathed in medium containing cimetidine or famotidine, these ^-antagonists 
prevented stimulation-induced coupling decrease, but had no effect on control levels of 
coupling (n=35). We tested whether blockade of uncoupling by ^-antagonists may be 
mediated by AC-cAMP-PKA. The uncoupling effect was prevented by the inhibitor of 
PKA activation, Rp-cAMP (100 gM). Five of these recorded, putative OX, cells have 
been positively identified immunocytochemically as OX neurons. These results suggest 
that synaptically released histamine may act both as a ligand at Cl" channels (receptor 
subtype unknown), producing IPSPs, and as an H2-agonist to uncouple them via 
cAMP-dependent mechanisms. These effects are essentially dissimilar from those of 
synaptically released histamine on VP cells, where it causes EPSPs (receptor subtype 
unknown) and Hj-mediated, cGMP-dependent increases in intemeuronal coupling. 
Supported by NS 16942.

735.4
GAP JUNCTIONAL COMMUNICATION IS CLOSELY ASSOCIATED WITH 
EXPRESSION OF SLOW DEPOLARIZATIONS IN SUPRAOPTIC NUCLEUS 
NEURONS. Z. Li’, K. Kumamoto, F. Mercier and G.I. Hatton. Dept. of Neuroscience, 
University of California, Riverside, CA 92521, USA.

Phasic firing, a prominent electrophysiological feature of supraoptic nucleus (SON) 
neurons, is usually elicited by a spontaneous slow depolarization (SD). The SD 
triggers priming action potentials; depolarizing afterpotentials (DAPs) following these 
spikes then keep the membrane potential depolarized and recruit more action 
potentials. Since Ca2+ waves and/or electrotonic coupling through gap junctions can 
induce membrane depolarization, we examined whether junctional communication 
between SON cells is involved in generating the SD.

Whole-cell recordings were obtained from SON neurons in horizontal brain slices 
from adult male rats. Patch electrodes were filled with K+ gluconate solution 
containing 0.1-0.2% neurobiotin, a small-molecule neural tracer. The SD had peak 
amplitudes of 4.3+0.2 mV (mean+S.E.M.; n = 55) and lasted for 1-20 s. When 
immunocytochemistry was used to detect diffusion of neurobiotin from the patched 
neurons, the tracer was found in 1-7 contiguous neurons in -60% of slices tested, 
suggesting that these neurons were coupled to the patched ones through gap junctions. 
Of 27 cells displaying SDs and phasic or burst firing, 21 were found to be coupled. 
In contrast, coupling was observed in only 1 of 11 patched cells that exhibited neither 
large SDs, nor phasic or burst firing patterns. All neurons with SD amplitudes >4.5 
mV were coupled. Blocking junctional conductance by bath application of either 2-4 
mM heptanol or low pH (6.0-6.5) medium abolished the SD, as well as phasic and 
burst firing, without affecting DAPs. Also, enhancement of coupling by bath-applied 
histamine and noradrenaline often correlated with the presence of large SDs, and 
phasic or burst firing. These results suggest that junctional communication might 
participate in SD generation and facilitate phasic or burst firing patterns in SON 
neurons. Supported by NINDS grant NS 16942.

735.5

k-OPIOID RECEPTOR ACTIVATION INHIBITS POST-SPIKE DEPOLARIZING 
AFTER-POTENTIALS (DAPs) IN RAT SUPRAOPTIC NEURONS IN VITRO.
C.H. Brown1*, M. Ghamari-Langroudi', G. Leng2 and C.W. Bourque1. 'Centre for 
Research in Neuroscience, Montréal General Hospital & McGill University, Montréal, 
QC, Canada; department of Physiology, University Medical School, Edinburgh, U.K.

We have previously demonstrated that an endogenous K-opioid receptor agonist 
reduces the phasic burst duration of hypothalamic supraoptic nucleus vasopressin cells 
in vivo. Phasic activity in vasopressin cells is known to depend critically on DAPs and 
we hypothesized that the endogenous K-agonist may suppress phasic bursts by 
reducing the magnitude of DAPs. To investigate this possibility, intracellular 
recordings were obtained from 16 magnocellular neurosecretory cells (MNCs) 
impaled in expiants of rat hypothalamus superfiised with a carboxygentated solution 
(32°C) comprised of (in mM): 120 NaCl, 3 KC1, 1.2 MgCl2, 26 NaHCO2, 2 CaCl2, 10 
glucose. As previously shown, bath application of the selective K-agonist, U50,488H, 
decreased MNC spontaneous firing rate (from 1.16+0.9 to 0.08+0.04 and 0.03+0.03 
spikes/s at 0.1 and 1 pM; n=3). U50,488H also profoundly reduced the frequency 
and/or amplitude of spontaneous post-synaptic potentials and generally provoked a 
small hyper-polarization (-0.5+0.5 mV) associated with a slight increase (8.8+3.6 %) 
of input resistance. The effects of U50,488H on DAPs were examined in 6 cells in 
which the baseline membrane potential was kept constant by de-current injection and 
in which a DAP was evoked every 25-40 s by a brief (40-80 ms) train of 3-6 action 
potentials. The number of spikes in the trains was kept constant for each cell. 
U50,488H dose-dependently reduced DAP amplitude (by 26.5+9.3 at 0.1 pM and 
70.0+10.7 % at 1 pM) and eliminated the associated after-discharge. In the presence of 
the selective K-antagonist, «or-binaltorphimine (1 pM), the DAP reduction caused by 
1 pM U50,488H was only 6.3±6.3 % (n=3). Thus, K-receptor activation reduces DAP 
amplitude and this may underlie the reduction in burst duration of vasopressin cells 
caused by an endogenous K-agonist in vivo. Supported by the Scottish Hospital 
Endowments Research Trust, by the U.K. M.R.C. and by the M.R.C. of Canada.

735.6
Vasopressin reduces afferent excitation, but not inhibition in the male rat 
supraoptic nucleus in vitro. D. Mouginot*1, S.B. Kombian2 and Q.J. Pittman1. 
’Neuroscience Research Group, University of Calgary, Calgary, Canada. 2Faculty of 
Pharmacy, Kuwait University, Safat, Kuwait.

The excitability of the magnocellular neurons is controlled by both excitatory and 
inhibitory inputs. The recent demonstration that exogenous and dendritically released 
oxytocin (OXT) depresses the glutamate release by about 40% indicates that 
neurosecretory cells efficiently regulate afferent excitation. The present 
electrophysiological study (perforated patch recordings) in acute brain slices answers 
two questions: 1: Does vasopressin (AVP) also diminish the glutamatergic synaptic 
transmission? 2; Do AVP and OXT regulate the release of GABA, the major inhibitory 
transmitter for neurosecretory cells?

Exogenous AVP (1 to 7.5 pM) reduces pharmacologically isolated EPSCs 
(picrotoxin, 50 pM; HP, -80 mV) in 56.7% of the cells tested (n=29). The maximum 
reduction is obtained at 1 pM and reaches 34.6 ± 4% (SE). The AVP-mediated 
inhibition is reversible (88.5 ± 2.1% recovery) and strongly blocked in the presence of 
the Manning Compound (10 pM), an antagonist for both VI and OXT receptors. AVP 
does not modify the holding current, the exogenous AMPA response, nor the voltage 
activated conductances tested between -120 and -30 mV. These results, combining with 
the fact that AVP increases the paired-pulse ratio between 2 consecutive EPSCs (1.4 
± 0.4% vs 1.6 ± 0.5%; paired t-test, p<0.5), indicates a presynaptic action of AVP. AVP 
(1 and 3 pM) does not change the amplitude of isolated IPSCs (kynurenate, 1 mM; HP, 
-90 mV) in the time window where it decreases EPSC amplitude (2 to 3 min after the 
beginning of drug application). OXT (1 and 3 pM) has the same inefficacy to modulate 
evoked IPSCs or exogenous muscimol (2 pM) response. In conclusion, AVP potently 
regulates the afferent excitation in the supraoptic nucleus via depression of glutamate 
release. In the contrary, the afferent inhibition is not regulated in a similar manner by 
the two hypothalamic peptides. Supported by MRC (Canada) and AHFMR.
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735.7
ETHANOL REDUCES SPONTANEOUS (Ca2+1, OSCILLATIONS VIA 
INHIBITION OF L-TYPE Ca2+ CHANNELS IN RAT ISOLATED SUPRAOPTIC 
NEURONS. H. Widmer1* and G. Dayanithi2. 'Department of Pharmacology and 
Molecular Toxicology . UMass Medical Center, Worcester MA USA; 2Biologie des 
Neurones Endocrines, CNRS-UPR 9055 Montpellier, France.

EtOH is known to affect diuresis by a direct inhibition of vasopressin (AVP) and 
oxytocin (OT) release at the neurohypophysis. In addition, EtOH also affects single 
evoked spikes in neurons of the supraoptic nucleus (SON) by a specific inhibition of 
voltage-gated calcium currents. In the present study, we investigated the effect of 
EtOH on spontaneous intracellular Ca2+ (lCa2+l,) oscillations in isolated SON 
neurons using Fura-2 measurements. Oscillations in fCa2],. which were observed in 
both A\? and OT neurons, required Ca2 entry and were partially inhibited by 0.6 
pM TTX. a Na+ channel blocker. Subsequent identification of the neurons revealed 
that [Ca2+]i oscillations were mostly observed in AVP neurons (7/10) whereas only 
2/10 OT neurons were oscillating. Perforated-patch recording of SON neurons 
showed that spontaneous electrical activity in 10/17 SON neurons was either 
blocked or strongly depressed by 5 pM nicardipine, an L-type channel blocker. In 
silent neurons, Ca2+ oscillations could be triggered by L-type Ca2+ channel agonist, 
BAY-K 8644 (10 pM). BAY-K-evoked oscillations were reduced by about 70% by 
pre-incubation with nicardipine (1 pM), whereas they were not affected by ©- 
conotoxin-GVIA (800 nM; N-type). o-conotoxin-MVIIC (1 pM; P/Q-type) or ©- 
Aga-IVA (30 nM; P-type). Both spontaneous and ligand-evoked Ca2+ oscillations 
were strongly reduced by EtOH in a dose dependent manner (10-75 mM). Similar 
EtOH doses also inhibited the |Ca2tk increase induced by high K+ in AVP-neurons. 
These results suggest that, in addition to its effects on AVP and OT release at the 
neurohypophysis, EtOH could affect release via a modulation of the electrical 
activity of AVP neurons through Ca2+ oscillations in SON cell bodies. (Supported 
by CNRS. France)

735.8

CONVERGENT MODULATION OF NONSELECTIVE CATION 
CHANNELS BY ANGIOTENSIN II (All), CHOLECYSTOKININ18 (CCK) 
AND NEUROTENSIN813 (NT) IN RAT SUPRAOPTIC (SO) NEURONS. 
Yassar Chakfe* and Charles W. Bourque. Centre for Research in 
Neuroscience, McGill University. Montreal, QC, Canada H3G 1A4.

We have previously shown that All, CCK and NT activate a cationic 
conductance with similar permeability in SO neurons isolated from 
rats. To investigate if a single population of channels is modulated by 
these peptides, we performed single-channel recordings on 45 cell- 
attached membrane patches. Current-voltage analysis of the 
channels activated by All, CCK and NT in control solutions revealed 
mean slope conductances of 35±2 (n=5), 36±1 (n=3) and 34±1 (n=3) 
pS, and mean reversal potentials of -42±1, -41 ±1 and -39±3 mV. In 
low Nao these values hyperpolarized to -50±2 (n=3), -50±2 (n=3) and 
-49±1 (n=3) mV whereas in high Ko they depolarized to -17±2 (n=3),
-16±2 (n=3) and -15±3 (n=3) mV. Increases in opening probability (Po) 
evoked by All, CCK and NT were consistently associated with 
decreases in mean closed time but not with increases in mean open 
time. The similar features of channels modulated by All, CCK and NT 
suggest that a common population of channels is regulated by these 
peptides. Indeed, in 7 patches containing a single channel, 
consecutive applications of different peptides caused reversible 
increases in the channel’s Po. These results provide evidence for the 
convergent modulation of 35 pS cation channels by excitatory 
neuropeptides in SO neurons.

Supported by the MRC of Canada.

735.9

DO MAGNOCELLULAR NEUROSECRETORY CELLS (MNCs) OF 
THE RAT SUPRAOPTIC NUCLEUS (SON) EXPRESS T-TYPE 
CALCIUM CURRENTS? E. L. Seifert and C. W. Bourque*. Center for 
Research in Neuroscience and Department of Physiology, McGill University, 
Montreal, Quebec, Canada H3G 1A4.

Previously, this laboratory reported T currents in neurons acutely isolated 
from the area of the rat SON (Fisher & Bourque, J Physiol 486 571, 1995). In 
contrast, Foehring & Armstrong (J Neurophys 76 977, 1996) found no 
evidence of this current in a similar preparation. While this discrepancy may 
reflect several methodological differences, one issue addressed by neither 
experiment was the immunochemical identity of the recorded neurons as 
MNCs. Therefore, we have used whole-cell recording to analyze the voltage- 
dependent calcium currents in acutely isolated somata from the area of the rat 
SON together with immunohistochemistry on recorded neurons. Each cell was 
treated with a cocktail of primary antibodies directed against both vasopressin 
and oxytocin. Pipettes contained (in mM): Tris-Cl 100, TEA-CI 40, MgCl2 2, 
EGTA 11, phosphocreatine 14, Na2 -ATP 4. Composition of the external 
recording medium was (in mM): NMDG-C1 90, TEA-CI 40, HEPES 10,4-AP 
4-10, CaCl2 2, glucose 25. Of 12 recorded cells that were immunoreactive, 11 
showed evidence for a T current. The mean (± sem) amplitude of the 
inactivating (x ~ 30 ms) current measured at -50 mV was -117 ± 27 pA, 
similar to that previously reported (= 120 pA; Fisher & Bourque, 1995).
These data indicate that under the recording conditions used in this study, a T 
current can be recorded from MNCs. Supported by the MRC and the Heart 
and Stroke Foundation of Canada.

735.10
PROPERTIES OF THE HYPERPOLARIZATION-ACTIVATED INWARD 
CURRENT (IJ IN RAT SUPRAOPTIC MAGNOCELLULAR NEUROSE
CRETORY CELLS (MNCs) IN VITRO. M. Ghamari-Lanqroudi* and C.W. 
Bourque. Centre for Research in Neuroscience and Department of 
Physiology, McGill University, Montreal, Canada.

Voltage-clamp analysis has revealed the presence and putative function of 
the cation current lH in guinea-pig MNCs (Erickson et al, J Priys/d/460:407. 
1993). We therefore studied lH using intracellular recording in superfused 
explants of rat hypothalamus. Under current-clamp with initial voltage near 
-65 mV, bath application of 1-5 mM Cs+ caused a reversible membrane 
depolarization (2-6 mV; n=11) and, when tested at negative voltages (-80 to 
-120 mV), an increase in input resistance (n=9). Although the latter effect 
was consistent with blockade of lH, the former was not, given that lH (when 
active) is a depolarizing current. We therefore examined the actions of 
ZD7288 (ZD), a more selective blocker of lH (Harris & Constanti, J 
Neurophysiol74:2366,1995). In contrast to Cs\ bath application of 50 pM 
ZD to MNCs held at voltages near -65 mV had small, inconsistent effects on 
membrane potential (0.6+1.1 mV; n=6). Moreover, ZD completely abolished 
the depolarizing sags associated with electrotonic responses to prolonged 
(1s) hyperpolarizing current pulses (n=7). Similarly, under voltage clamp 
application of ZD eliminated the inward current relaxations (x «200-400 ms) 
associated with current responses to hyperpolarizing steps applied from -70 
mV (n=6). Subtraction of current traces recorded in the presence and 
absence of ZD revealed that lH activates from a threshold of«-80 mV. These 
studies indicate that a “classic” lH is present in rat MNCs. The basis for the 
depolarizing effects of cesium, however, remain to be established.

Supported by the MRC of Canada.

735.11

Ca2+ IMAGING AND RT-PCR ANALYSIS OF P2X PURINO- 
CEPTORS IN RAT HYPOTHALAMIC SUPRAOPTIC NEURONS. 
L Shibuya*1, Y, Hattori1, K, Tanaka1, Y, Uezono2. J, Noguchi1, T,
Isse1, Y, Ueta1 & H, Yamashita1 Dept. of Physiol.1 & Pharmacol.2, 
Univ. of Occup. & Environ. Health, Kitakyushu 807, Japan

The expression, distribution and function of P2X purinoceptors in 
the supraoptic nucleus (SON) were investigated by RT-PCR, in situ 
hybridization, and Ca2+ imaging techniques, respectively. RT-PCR 
analysis of P2X receptor mRNA in circular punches of the SON revealed 
that mRNAs for P2X2, P2X3, P2X4, P2X6 and P2X7 receptors are expressed 
in the SON. In situ hybridization analysis showed that P2X3 receptor 
mRNA is expressed particularly in the SON and in the paraventricular 
nucleus, while P2X4 mRNA is expressed in these nuclei and other areas 
in the hypothalamus. In Ca2+-imaging analysis with single dissociated 
SON neurons, ATP caused quickly reversible increases in [Ca2+]i with 
EC50 of about 20 pM. The [Ca2+]i-raising effects of ATP were 
mimicked by ATPyS and 2MeSATP but not by ADP, adenosine, UTP 
or UDP. The effects of ATP were abolished by extracellular Ca2+ 
removal and PPADS, a blocker of P2Xi-3 an<3 P2X5 receptors, but were 
unaffected by cyclopiazonic acid, an inhibitor of Ca2+-ATPase in the 
endoplasmic reticulum. The results suggest that P2X2 and P2X3 receptors 
are functionally expressed in SON neurons, and that activation of these 
receptors by ATP induces Ca2+ entry but not Ca2+ release. Such 
mechanisms may play a role in the regulation of hypothalamic 
neurosecretory cells by ATP.

735.12
ACTION POTENTIAL WAVEFORM STIMULATION REVEALS DIFFERENT 
PROPERTIES OF CALCIUM CURRENTS IN MAGNOCELLULAR NEURONS 
OF RAT SUPRAOPTIC NUCLEUS. N. Joux, N. Hussy', M.G. Desarmenien. 
CNRS-UPR 9055, 141 rue de la Cardonille, 34094 Montpellier cedex 05. France.

Magnocellular oxytocin (OT) and vasopressin (AVP) neurons display specific 
electrical activities: OT neurons discharge continuously whereas the activity ot 
AVP neurons is phasic. These activities seem to be differently modulated by free 
intracellular Ca2+ in AVP and OT neurons. During electrical activity, Ca2+ may 
enter into neurons via different voltage operated Ca2+ channels (T, L, N. P/Q, R) 
which differ in biophysical properties, localization and associated proteins. We 
studied whether i) various Ca2+ channels contribute to Ca2+ entry during a single 
action potential (AP) and ii) such Ca2+ entry is equivalent in OT and AVP neurons.

This study was performed using whole-cell recordings from freshly dissociated 
magnocellular neurons. Ca2‘ currents were evoked by step depolarizations io study 
their density and time-course, and by AP waveforms to measure Ca2’ enir>. The 
participation of the various Ca2+ channels was determined by using specific 
blockers.

In magnocellular neurons, we observed the presence ol L. N. P/O and R curienis 
but not T. Ca“’ entry through these different channels was not equivalent. R-type 
channels carried most of the AP-evoked Ca2+ entry although their density was low. 
In contrast, L-type channels had a high density but accounted tor a minor Ca2’ 
entry during an AP.

AP waveform stimulation revealed two populations. Among the recorded 
neurons, 62 % expressed a nicardipine-sensitive Ca2+ current tail upon AP 
repolarization, due to activation of a L current at low potential; in addition the R 
current was activated at high voltage. In contrast, in the other neuronal population 
(38 %) the L current was activated at more positive potential and the R current was 
activated at more negative potential. Identity of these two populations-by post
recording single-cell RT-PCR is under investigation.

Society for Neuroscience, Volume 24,1998
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735.13
DISTRIBUTION OF SPLICE VARIANTS OF ESTROGEN RECEPTOR-BETA IN 
RAT BRAIN. R.H, Price. Jr.* and R.J. Handa. Dept of Cell Biol., Neurobiol. and 
Anatomy, Loyola Univ. Chicago, Maywood, IL 60153.

Estrogen acts through two receptor subtypes, ER-a and ER-(3. Recently, additional 
transcripts of ER-(3 were identified which arise from alternative splicing. One splicing 
event adds an 18 aa segment to the ligand binding domain and has been named ER-(32 
(wild type=ER-(3l). The other splicing event deletes a portion of the DNA-binding 
domain and is called ER-¡3183. The transcript with both splice variants is identified as 
ER-[3283. These variants may affect the ability of ER-f3 to act as a traditional steroid 
hormone receptor by either reducing affinity for ligand ({32) or by eliminating nuclear 
localization signals and/or DNA binding (83). We have used immunohistochemical 
techniques to localize ER-[3 in various brain regions which revealed both nuclear and 
cytoplasmic ER~p. The robust cytoplasmic localization of ER-p in brain regions 
such as lateral septum (using an antibody specific for the COOH-terminus) and 
paraventricular (PVN) and supraoptic (SON) nuclei of the hypothalamus (using an 
antibody to the NH3-terminal region) has led us to hypothesize that such cytoplasmic 
localization may be due to alternatively spliced ER-p transcripts which encode proteins 
deficient in either ligand binding or nuclear localization. Therefore we have used a 
micropunch technique followed by RT-PCR to identify the ER~P isoforms which are 
present in lateral septum (LS), striatum, PVN, SON, medial amygdala (MA), and 
CA1/CA2 of hippocampus. ER-p mRNA was almost undetectable in striatum, but 
abundant in PVN, SON and MA. PVN and SON contained the most diverse 
population of splice variants with near equivalent amounts of each species, while MA 
contained predominantly ER-pl. LS contained a higher percentage of ER-P183 
relative to ER~pi than other brain regions. In conclusion, multiple isoforms of ER~P 
are found in brain regions which contain cytoplasmic ER~P immunoreactivity. This 
supports the possibility that ER~P may have diverse functions separate from those of 
traditional estrogen receptors. Supported by: NSF9604723 and NRSAF31AA05461

735.14

FURTHER CHARACTERIZATION OF AMPA-MEDIATED SYNAPTIC 
TRANSMISSION IN SUPRAOPTIC NUCLEUS (SON) NEURONS: CELL-TYPE 
AND STATE-DEPENDENCE. J.E, Stern* S. Hestrin and W.E, Armstrong. Dept 
of Anat. & Neurobiol., Univ. Tenn., Memphis, TN 38163.

In a previous study we identified both common and phenotypically-specific 
properties of AMPA receptors (AMPARs) in voltage-clamped SON neurons (Soc. 
Neurosci. Abstr. 23, 419). In the present study, we investigated some of these 
properties further with immunocytochemical and current-clamp studies, as well as 
their modulation by lactation.

AMPARs in all SON neurons display strong inward rectification and high Ca2+ 
permeability consistent with low expression of the gluR2 AMPAR subunit. When 
brain slices were immunostained with an anii-gluR2 specific antibody, SON 
neurons were much less immunoreactive when compared to neurons of surrounding 
areas, such as amygdala, septum, cortex and striatum, indicating that SON neurons 
express low levels of gluR2 receptor subunit.

To study the behavior of AMPARs during synaptic integration, we recorded EPSPs 
evoked by 50 Hz stimuli while blocking NMDA receptors. Evoked EPSPs summed 
to induce a slow depolarization that was significantly smaller in oxytocin neurons. 
Since it is known that channel desensitization is one factor which limits the ability 
of the postsynaptic neuron to follow high-frequency inputs, a different degree of 
AMPAR desensitization between cell types could underlie this difference in temporal 
summation. Ongoing experiments are aimed at studying the properties of AMPAR 
desensitization and its involvement in shaping AMPA-mediated EPSCs in oxytocin 
and vasopressin neurons.

Preliminary studies indicate that AMPA-mediated miniature EPSCs recorded in 
SON neurons from lactating rats are significantly larger and occur at higher frequency 
than AMPA EPSCs from virgin female rats. Ongoing experiments will determine 
whether these differences are cell type-dependent. Supported by NIH HD-32152.

735.15
PARTICLE-MEDIATED GENE TRANSFER OF VASOPRESSIN (AVP) AND 
OXYTOCIN (OT) GENE CONSTRUCTS INTO HYPOTHALAMIC 
ORGANOTYPIC SLICE-EXPLANT CULTURES. A. Thomas*, S.W. Jeong, R. 
Fields, and H. Gainer. LNC, NINDS/NIH, Bethesda, MD 20892.

Transgenic animals have been used to determine the important regulatory 
elements of various genes. This technique, however, is costly, time consuming, 
and requires special resources. We have used a method (biolistics) that uses DNA- 
coated gold particles accelerated by helium into hypothalamic organotypic slice- 
explant cultures containing neurons that express OT and AVP peptides to 
determine those elements that are important for the regulation and cell-specific 
expression of the OT and AVP genes.

We used two constructs VP-III-CAT 2.1 (VP 2.1) and OT-III-CAT- 3.6 (OT 
3.6) which contain the 5’ promoter regions, three exons with their introns, a 
chloramphenicol acetyltransferase (CAT) reporter at the end of the third exon, and 
either 2.1 kb or 3.6 kb of the 3’ mouse intergenic region. Hypothalamic slice- 
explant cultures from postnatal day 6-8 rats were transfected biolistically after 2-4 
days in culture. After 3-9 additional days, cultures were fixed and 
immunocytochemistry using an antibody to CAT demonstrated expression of both 
constructs in cells with the appearance of OT and AVP neurons in areas where OT 
and AVP neurons are found. VP 2.1 is co-expressed in vasopressin cells when 
double antibody staining for CAT and AVP is done. Additionally, expression of the 
VP 2.1 is present in the suprachiasmatic nucleus which has not been reported 
previously in transgenic mice. Expression of the CAT protein from the OT 3.6 is 
present even 9 days after transfection. These constructs were also expressed in the 
appropriate cells in transgenic mice. Thus, these studies demonstrate that the 
expression of OT and AVP gene constructs can be performed in vitro and can serve 
as an important complement to transgenic analyses.

Supported by funds from the intramural program of the NINDS/NIH.

735.16

ANALYSIS OF DIFFERENTIAL GENE EXPRESSION IN 
MAGNOCELLULAR OXYTOCIN AND VASOPRESSIN 
NEURONS. E, Glasgow, M. Yamashita. K. Kusano, H. Chin and 
H. Gainer*. LNC, NINDS, NIH, Bethesda, MD 20892

Magnocellular neurons in the hypothalamo-neurohypophysial system 
(HNS) are excellent models for the study of cell-specific neuropeptide 
gene expression. These neurons synthesize high levels of the peptides 
oxytocin (OT) and vasopressin (VP), in separate cells. In an effort to 
examine the mechanisms that could account for this differential 
expression of the OT and VP genes in the HNS, we have used two 
approaches. In the first approach, for a phenotypic analysis, we use a 
sensitive reverse transcriptase - polymerase chair reaction (RT-PCR) 
protocol to analyze the expression of multiple genes focusing on three 
aspects of OT and VP cellular biology. First, we confirm the abundant 
expression of OT or VP mRNA in a given cell, but also find that there 
is a low level of expression of the alternative peptide in all of the cells. 
Second, there is considerable cell-to-cell variation in these phenotypes, 
as well as in the co-expression of other peptide hormones in VP or OT 
cells (e.g., dynorphin, galanin, etc.). Finally, our results show that 
nearly all of the known voltage-gated calcium channel subunit genes are 
expressed in both of these cellular phenotypes. For analysis of 
possibly unique transfactors that regulate the production of OT versus 
VP in magnocellular neurons, we utilized differential hybridization 
screening of RT-PCR generated single-cell cDNA libraries derived 
from phenotypically characterized neurons of the supraoptic nucleus. 
Data describing differential gene expression in the OT and VP neurons 
will be presented. Supported by funds from the intramural program of 
the NINDS/NIH.

735.17
STEROID-INDEPENDENT PLASTICITY IN THE EXPRESSION OF THE GABA- 
A RECEPTOR a-1 SUBUNIT mRNA IN MAGNOCELLULAR NUCLEI DURING 
GESTATION IN RATS. Y. Xtfand W. R. Crowley. Dept. of Pharmacology, 
University of Tennessee, Memphis College of Medicine, Memphis, TN 38163.

The levels of the mRNA encoding the a-1 subunit of the GABA-A receptor 
fluctuate in the hypothalamic magnocellular nuclei during gestation in rats, with 
increased levels during the latter period of pregnancy, followed by a decline 
on the day of parturition (Fenelon and Herbison, J. Neurosci. 16: 4872, 1996). 
The present studies were conducted to test whether such plasticity results 
from an action of ovarian hormones, which change dramatically during late 
gestation, and which have been shown to alter oxytocin mRNA expression 
during the same period. In the first study, rats were sacrificed on selected days 
of gestation, on the day of parturition and during lactation. Total RNA was 
isolated from microdissected supraoptic (SON) and paraventricular (PVN) 
nuclei, and the levels of mRNA for the a1 and a2 subunits of the GABA-A 
receptor were measured with quantitative RT-PCR. As observed earlier, the 
levels of the a-1 subunit mRNA in the SON were significantly increased on 
gestation days 18 and 19, compared to nonpregnant controls, followed by 
significant reductions on gestation days 20, parturition and lactation day 7. No 
changes in a-1 mRNA were observed in the PVN, and the levels of a-2 mRNA 
were unaffected in either nucleus. In the second study, ovariectomized rats 
were treated for 16 days sequentially with estradiol and progesterone, 
followed by progesterone withdrawal, in order to mimic steroid changes during 
late gestation, or various control treatments. Levels of a-1 or a-2 mRNA in 
SON or PVN were not changed by any steroid treatment. These findings 
confirm earlier observations of dynamic changes in expression of the mRNA 
for the a1 subunit of the GABA-A receptor in SON, but suggest that these 
alterations are not modulated by the steroid milieu of late gestation.

Supported by NIH grant HD-20074

735.18
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735.19
DIFFERENCES IN OUTWARD CURRENTS AFFECT THE REPETITIVE 
FIRING PROPERTIES OF A SUBPOPULATION OF MAGNOCELLULAR 
NEURONS OF THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS. 
J.A, Luther* and J.G. Tasker. Neuroscience Training Program and Dept. of Cell and 
Molecular Biology, Tulane University, New Orleans, LA 70118.

Magnocellular neurosecretory neurons release oxytocin or vasopressin when 
stimulated to fire action potentials, and the pattern of repetitive firing is important in 
the control of hormone output (Legendre and Poulain, Prog. Neurobiol. 38:1-17, 
1992). Magnocellular, or type I neurons, of the paraventricular nucleus can be 
identified on the basis of expression of transient outward rectification (TOR) caused 
by activation of an A-type potassium current (Ia) (Tasker and Dudek, J. Physiol. 
434:271-93, 1991; Li and Ferguson, Neurosci. 71:133-45, 1996). Whole-cell patch- 
clamp recordings were made in coronal slices of rat hypothalamus in order to study 
the voltage-gated currents that contribute to the repetitive firing patterns exhibited by 
magnocellular neurons. The TOR was found to be slower in onset in a subpopulation 
of magnocellular neurons. The IA activated and inactivated more slowly in these 
neurons, as indicated by the differences in 10-90% rise time (2.7+0.3 ms vs. 1.5+0.2 
ms) and inactivation time constant (60.7+13 ms vs. 22+2.3 ms). In addition, these 
neurons exhibited a slowly inactivating outward current which was not present in the 
other magnocellular neurons, which activated from a threshold of -45 mV and was 
inactivated near rest. Both subpopulations exhibited a delayed rectifier-like outward 
current that activated positive to -30 mV. Magnocellular neurons that expressed a 
slower onset TOR exhibited a faster firing rate, as indicated by a shorter interspike 
interval (41.6+3.8 ms vs. 56.9+5.7 ms), a shorter spike duration (9.3+0.7 ms vs. 
13+1.2 ms), and a larger spike amplitude (80+1.6 mV vs. 72.7+1.6 mV). These 
studies suggest that differences in inactivating outward currents in a subpopulation of 
magnocellular neurons increased firing rate and decreased spike duration. Values 
are expressed as mean +SEM and were compared using Student’s /-test (P<0.05). 
This work was supported by NIH grants NS34926 and NS3II87.

73S.2Q
SEROTONERGIC DRUGS UPREGULATE HYPOTHALAMIC 
AND HYPOPHYSIAL HORMONAL mRNA
H. Jorgensen*, A. Kjaer, J. Warberg and U. Knigge,
Department of Medical Physiology, University of Copenhagen, Denmark. 

Serotonin and serotonergic agonists stimulate the secretion of the
neurohypophysial hormone arginine vasopressin (AVP) and oxytocin 
(OT), as well of the adenohypophysial hormone ACTH into peripheral 
plasma. The aim of the study was to investigate whether the 
stimulation of AVP, OT and ACTH take place either in the 
hypothalamus, the hypophysis or both. Male Wistar rats were injected 
intraperitoneally with either saline or the 5-hydroxytryptophan plus 
the serotonin reuptake-inhibitor Fluoxetin (5-HTP/Flx). Four hours 
later, rats were decapitated, brains removed and frozen. Brains were 
cut into 15 pm slices, delipidated, washed and hybridized with 35S- 
labeled mRNA probes for AVP, OT, corticotropin-releasing hormone 
(CRH) and proopiomelanocortin (POMC). Slices were exposed on x- 
ray films for 1, 216, 21 and 1 day(s) respectively, and quantified using 
a computer assisted image analysis system. 5-HTP/Flx upregulated 
OT mRNA both in the supraoptic nucleus (SON) and the 
paraventricular nucleus (PVN), whereas 5-HTP/Flx only had a minor 
stimulating effect on AVP mRNA in the PVN. 5-HTP/Flx increased 
POMC mRNA in the pituitary gland and CRH mRNA in the PVN. 
We conclude that serotonin may be involved in the regulation of AVP, 
OT, CRH and POMC.

NEUROENDOCRINE REGULATION: ANDROGEN AND PROGESTERONE

736.2736.1
ANDROGEN TREATMENT DECREASES POTENCY BUT INCREASES 
EFFICIENCY OF EXCITATORY SYNAPTIC TRANSMISSION IN THE CA1 
REGION OF THE HIPPOCAMPUS. W. A. Pouliot*1, R. J. Handa1, S. G. Beck2.. 
‘Departments of Cell Biology, Neurobiology & Anatomy and 2Pharmacology,
Loyola University Medical Center, Maywood. IL 60153 USA.

Long-term androgen treatment modulates hippocampal CA1 pyramidal cell 
membrane properties and the response to N-methyl-D-aspartate (NMDA). To 
determine the physiological consequence of androgen receptor (AR) activation, we 
examined the effects of long-term androgen treatment on synaptically driven field 
potentials in the CA1 region. Hippocampal slices were prepared from male rats that 
were either sham-operated (SHAM), gonadectomized (GDX) or gonadectomized with 
androgen replacement therapy (GDX+DHTP). The extracellular field potentials were 
recorded in the stratum radiatum and stratum pyramidale. after stimulation of the 
Schaffer collateral-commissural pathway. Stimulus/response curves were generated 
for both the population spike (pSpike) amplitude and population excitatory 
postsynaptic potential (pEPSP) slope evoked in standard artificial cerebrospinal fluid 
(ACSF) and Mg2-free ACSF. Long-term androgen treatment significantly increased 
the threshold and maximal response for the pEPSP evoked in both standard and Mg2+- 
free ACSF.

To determine whether long-term androgen treatment alters the transfer of synaptic 
input from the dendrites to the pyramidal cell soma, plots of the pSpike amplitude 
versus the pEPSP slope for both standard ACSF and Mg2+-free ACSF were 
constnicted. The pEPSP response needed to produce a half-maximal pSpike was 
decreased by long-term androgen treatment. In GDX+DHTP treated animals more 
neurons were recruited to fire action potentials for a given synaptic input in the CA1 
region of the hippocampus. We conclude that long-term androgen treatment 
decreased the sensitivity of the CA1 pyramidal cell to synaptic input but increased the 
efficiency at which svnaptic inputs are transferred to the soma and axon hillock. 
Supported by USPHS DA05615, NS28512, NSF IBN9604723.

CO-LOCALIZATION OF ANDROGEN RECEPTOR AND GAMMA AMINO 
BUTYRIC ACID (GABA) IN NEURONS OF THE STRATUM PYRAMIDALE OF 
THE HIPPOCAMPAL CA1 REGION. RG. McGivem1*, W. A. Pouliot2, S. G. 
Beck3, R. J, Handa2. 'Department of Psychology, San Diego State University, San 
Diego, CA 92120, departments of Cell Biology, Neurobiology & Anatomy and 
’Pharmacology, Loyola University Medical Center, Maywood, IL 60153 USA,

The activity of the neural network in the hippocampus is dependent upon the 
complex interaction between the pyramidal cell and intemeuron. Long-term 
androgen treatment alters excitatory synaptic transmission in the CA1 region of the 
hippocampus as measured by electrophysiology techniques. Androgens could 
influence excitatory synaptic transmission tlvough the regulation of inhibition. 
Synaptic inliibition in the CA1 region of the hippocampus is mediated by 
intemeurons which form GABAergic synapses onto pyramidal cells.

In the CA1 region of the hippocampus androgen receptor (AR) expression is 
highest in the stratum pyramidale layer. Double labeling immunocytochemistry was 
used to localize nuclear AR protein expression in GABAergic positive neurons.
Adult male, Sprague-Dawley rats were injected with dihydrotestosterone 
(Ing/lOOgms, s.c.) one hour before sacrifice to enhance AR immunoreactivity (ir). 
The rats were perfused with a mixture of 4% paraformaldehyde and 0.5% 
glutaraldehyde in phosphate buffer (pH 7.0). Free floating tissue sections were 
processed for ARir using nickel intensified DAB as the chromagen (dark blue 
nuclear product). This was followed by immunohistochemical detection of GABA 
using a standard DAB reaction (brown reaction product). A percentage of neurons 
located in the stratum pyramidale layer of the CA1 region of the hippocampus 
colocalizcd both AR and GABA as shown by brown cytoplasmic staining coupled 
with dark blue nuclear staining. Therefore, one way that androgens may regulate the 
excitability of hippocampal CA1 pyramidal cells is tlirough direct actions on 
intemeurons located in the stratum pyramidale. Supported by USPHS DA05615, 
NS28512, NSF IBN9604723.

736.3
LOCALIZATION OF PROGESTERONE RECEPTOR mRNA AND 
PROGESTERONE RECEPTOR-LIKE IMMUNOREACTIVITY IN 
THE RAT BRAIN STEM. Y. Kastrup, A. Amandusson, M. Hallbeck,
S. Hirata, O. Hermanson*, and A. Blomqvist. Dept Cell Biol, Fac. 
Health Sci., Linköping University, S-581 85 Linköping, Sweden, and 
Dept Obstr. Gynecol., Yamanashi Med. School, Japan.

There is increasing evidence that there are gender differences in the 
perception of pain and that such differences may be attributed to CNS 
effects of gonadal hormones. We have shown that estrogen receptors are 
present in enkephalin-expressing neurons in the superficial dorsal horn 
and that enkephalin transcription in these neurons is increased by 
estrogen (Amandusson et al., SN 23: 830.11, 1997). We have now 
examined the presence of progesterone receptor mRNA and 
immunoreactivity in the rat nervous system by in situ hybridization and 
immunohistochemistry, using 3-sS-labeled riboprobes against 
progesterone receptor mRNA, and a rabbit polyclonal antibody directed 
against the DNA-binding domain of the human progesterone receptor 
(DAKO), respectively. The in situ hybridization and the
immunohistochemistry yielded similar results, demonstrating 
progesterone receptor-expressing neurons in, e.g., the nucleus of the 
solitary tract, the ventrolateral medulla, and the brain stem reticular 
formation.

These observations demonstrate that progesterone receptors are present 
in brain stem areas implicated in autonomic control and pain modulation, 
pointing to neural substrates by which progesterone may influence these 
functions.

Supported by the Swedish Medical Research Council (#7879).

736.4
REGIONAL COLOCALIZATION OF PROGESTIN RECEPTOR (PR) 
mRNA WITH TYROSINE HYDROXYLASE (TH) mRNA IN BRAIN 
STEM. M.A. Curran* and S.L, Petersen. Neuroscience and Behavior 
Program, Center for Neuroendocrine Studies and Dept. of Biology,
University of Massachusetts, Amherst, MA 01003

Norepinephrine synthesis and release appear to be regulated by the steroid 
hormones, estradiol (E2) and progesterone (P4). Previous work has 
demonstrated estrogen receptors (ER) in Al and A2 noradrenergic nuclei, 
located in the ventrolateral medulla and nucleus of the solitary tract, 
respectively (Simonian and Herbison, 1997). However, it is unclear whether 
cells in these regions contain PR. Therefore, the present study used dual-label 
in situ hybridization histochemistry to determine the pattern of PR mRNA 
colocalization with TH mRNA within Al and A2 nuclei. PR mRNA was found 
throughout regions of the brainstem including the ventrolateral medulla, 
nucleus of the solitary tract, inferior olivary nucleus and hypoglossal nucleus 
Results demonstrated variable colocalization of PR mRNA in TH mRNA- 
containing cells throughout the rostral-caudal extent of both nuclei. The extent 
of colocalization varied from 3.2 ± 1.1% in the rostral Al cell group, 8.3+ 
3.5% in the medial Al cells, and 31.1+ 5.0% in caudal Al cells. Coexpression 
was found in 14.5+ 2.5% of rostral A2 cells, 38.5+ 1.8% of medial A2 cells and 
36.0+ 3.3% of caudal A2 cells. These results are consistent with the hypothesis 
that P4 regulates specific noradrenergic cells directly. Furthermore, the region- 
specific colocalization pattern we found is similar to that described previously 
for ER and TH immunoreactivity (Simonian and Herbison, 1997) in Al and 
A2 cell groups. Current work is evaluating whether PR mRNA is induced bv 
E2 in these cells. Supported by NIH HD27305-06 to SLP
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736.5

ANDROSTERONE SULFATE INCREASES POPULATION SPIKE 
AMPLITUDE IN DENTATE GYRUS LTP IN INTACT RATS. K 
Urbanovski, J. Harris*, R. Stein, and B. Dubrovsky*. McGill University 
and +Lobachevsky Center, Montréal, Québec, Canada H3A 1 Al.

Previous work from this laboratory demonstrated that DHEAS enhances 
the population spike (PS) amplitude of long term potentiation (LTP) in the 
dentate gyrus (DG) of intact anesthetized rats. Following this result, and 
in light of the well documented bimodal effects shown by neurosteroids 
(NS) on CNS actions, we hypothesized that androsterone, a NS 
testosterone metabolite also secreted by the corticoadrenal gland, would 
increase LTP in the rodent hippocampus.

The experiments were performed in intact anaesthetized rats. Electrodes 
were stereotaxically positioned in the perforant path (bifocal for 
stimulation) and in the dentate gyrus (monofocal for recording). 
Androsterone sulfate (10 mg/kg, dissolved in 10% Nutralipid) was 
injected into the femoral vein. Control rats received 10% Nutralipid alone.

Our data show that treatment with androsterone sulfate ten minutes prior 
to priming tetanic stimulation (8 trains of pulses, total duration of one 
second, train rate of 0.03 Hz, frequency of 350 Hz, and pulse duration of 
500 psec each half wave) resulted in an approximately two fold increase 
in PS amplitude over control, with decreased EPSP and PS latencies. 
EPSP slope did not change. The data confirm our hypothesis that 
androsterone sulfate, a low androgenic type steroid, exerts significant 
actions in modulating neural plasticity in the rodent CNS.
Supported by the George Stairs Foundation and the Lobachevsky Center.

736.6
Perinatal changes in preoptic regulatory factor gene expression in the preoptic 
area of the rat. A.C. Gorek R. A. Flagg1. K.J. Pun2 and F,Y,.Nflwak?* 
‘Neurobiology of Aging Labs, Mount Sinai School of Medicine, New York, NY 10029 
and 2Saint Louis University Health Sciences Center, St. Louis, MO 63104.

Previous studies have shown the preoptic regulatory factor genes, porf-1 and porf-2, 
are expressed in rat brain in a regional, age and gender-dependent fashion. During 
development, expression of porf-1 but not porf-2 in the preoptic area (POA) decreases 
in female hut not male rats from postnatal (P) day 15 to P60. The present study 
investigated expression of porf-1 and porf-2 in the POA of male and female rats during 
prenatal and early postnatal periods, when neuronal circuitry, levels of neuro
transmitter and neuropeptide release and receptors are changing considerably. Porf-1 
and porf-2 mRNAs in the POA were quantitated by RNase protection assays at 
embryonic day (E) 18-19, birth (P0), P5, P10 and P15. Neuropeptide Y (NPY) and 
gonadotropin-releasing hormone (GnRH) mRNA levels were also measured. The 
results show that the four neuropeptide genes are regulated differentially during peri
natal development. NPY mRNA is constant from E18-19 through P10, and undergoes 
a small increase at P15 (p< 0.001), with no gender differences observed. GnRH 
mRNA does not show any age or gender-related differences from E18-19 through P15. 
Porf-1 mRNA increases 3-fold from P0 through P15 (p< 0.0001), with virtually 
identical levels in males and females at each age. In contrast, porf-2 mRNA declines 
during this same time period, with significantly lower levels observed at P15 compared 
to P0 in females (p<0.05) and E18-19 in males (p< 0.0001). Gender differences in 
porf-2 gene expression are observed at E18, P0 and P15. Taken together with previous 
data, peak expression of porf-1 appears to occur between P15 to P30, while peak 
expression of porf-2 occurs around the time of birth. This suggests the hypothesis that 
porf-1 and porf-2 play differential roles during development in the POA. Porf-1 may 
be involved in the pubertal process, as its expression is maximal from the prepubertal 
to the early pubertal period, while porf-2 appears to be involved in late embryonic/ 
early postnatal hypothalamic events. (Supported by the Pharmaceutical Research and 
Manufacturers of America Foundation. (IWN) and the NSF (IBN-9723398 to ACG).

736.7

PROGESTERONE REGULATION OF CYCLIC AMP IN FEMALE 
RAT NEOCORTEX IN THE PRESENCE OF TETRODOTOXIN 
AND GABAa RECEPTOR BLOCKERS. R. H. Thalmann*, M, I, 
Al-Dahan , M. H. Jalilian Tehrani, and C.A. Frye. Baylor Coll, of 
Med., Houston,TX 77030 and Connecticut College, New London, CT

Exposure of neocortical slices from ovariectomized rats to 
progesterone (10-300nM) augmented forskolin-induced cyclicAMP 
within 15 minutes. The effect of progesterone (lOOnM) upon 
cyclicAMP was evident in the presence of l.OpM tetrodotoxin, 
suggesting that intercellular communication dependent upon action 
potentials was not necessary. Two blockers of GABAa action, 
bicuculline methiodide (lOOpM) and picrotoxin (50pM), reduced the 
effect of progesterone, suggesting that a component of the regulation 
of cyclicAMP by progesterone is via GABAa receptors. Since certain 
progesterone metabolites but not progesterone itself are active at 
GABAa receptors, we determined whether progesterone under these 
conditions might be converted to the active metabolite 3oc-pregnan- 
5a-ol-20-one (3a,5a-THP). 3a,5a-THP was measured via 
radioimmunoassay as a function of exposure of slices to 0, lOOnM 
and 300nM progesterone. Slice 3a,5a-THP concentrations were 
significantly related to progesterone concentrations, consistent with 
the hypothesis that progesterone, via 3ct,5a-THP, may regulate 
cyclicAMP levels in neocortex. Supported by grants from the 
NIH(21713) and NSF (9514463).

736.8

EFFECTS OF GENDER, MENSTRUAL CYCLE, AND ORAL 
CONTRACEPTIVES ON NUMBER AND ACTIVITY OF HUMAN NK 
CELLS: A ROLE FOR SERUM FACTOR?
Galit Yovel. Guy Shakhar, Ella Rosenne. Hanan Frenk* & Shamgar Ben-Eliyahu 
Department of Psychology, Tel Aviv University, Ramat-Aviv, Tel Aviv, 69978, Israel

Female sex-hormones were shown to affect several immune functions in vitro, and 
phases of the menstrual cycle have been correlated with altered susceptibility to various 
diseases. Animal studies have demonstrated that the activity of natural killer (NK) 
cells, an important immune function controlling tumor development and infectious 
diseases, are fluctuating in relation to phases of the estrous cycle Chronic exposure of 
women to oral contraceptives have been shown by three studies, but not others, to 
correlate with lower levels of NK activity (NKA). Most commonly, NKA is assessed in 
the absence of serum factors and per a constant number of lymphocytes. Thus, in the 
current study we used both a “washed” blood assay in which serum factors are 
excluded, and a “whole” blood assay in which all serum factors are preserved during 
the assessment of NKA. Number and activity ofNK cells were measured in 21 men, 37 
women with a regular menstrual cycle who did not use oral contraceptives for at least 
6 months prior to the test, and 15 females who used oral contraceptives for at least one 
year before the test. Serum levels of sex hormones were measured using IRA. All three 
groups were significantly different from each other; men exhibiting the highest NKA 
and oral contraceptives users showing the lowest level of NKA. These differences were 
observed using the “whole" blood assay, but not the “washed" blood assay, and were 
much bigger when NKA was measured per NK cell, rather than per ml/blood. Within 
the cycling women, no significant relation to estrous phases or levels of sex hormones 
were revealed. This findings may explain some of the inconsistencies found in the 
literature, and emphasize the importance of preserving serum factors and considering 
number of NK cells when assessing NKA. Supported by NCI # CA73056-02

736.9

REGIONALLY SELECTIVE, HEMISPHERICALLY SYMMETRIC, 
REVERSIBLE EFFECTS OF GONADECTOMY IN ADULT RATS ON 
CORTICAL CATECHOLAMINE INNERVATION. A. Adler, J. Marotta.T. 
Smirlis, and M.F. Kritzer* Dept. of Neurobiology & Behavior, SUNY a 
Stony Brook, Stony Brook, NY 11794-5230.
The catecholamine innervation of the rat frontal lobe is rich and region 

specific. We now report that acute and chronic gonadectomy affects 
this innervation in quantitatively and qualitatively different ways in 
adjacent cytoarchitectonic fields of the rat frontal lobe.

Catecholamine axons were labeled in cingulate, motor, and premotor 
cortex using immunocytochemistry for tyrosine hydroxylase (TH); axom 
density was qualitatively and quantitatively compared in the left and 
right hemifields of each region in rats that were gonadectomized (GD> 
GDX and implanted with testosterone proprionate (GDX-TP), or sharr 
operated as adults and sacrificed 4 days or 4 weeks after surgery. 
Visual inspection alone revealed a large depletion of TH axons in 
cingulate and motor cortex of acutely GDX animals but after chronic 
GDX, abnormally high levels of TH were observed. In premotor cortex 
however, TH appeared to be completely unaffected by either acute or 
chronic GDX. Ouantitative analyses revealed that I) GDX-induced 
increases and decreases in TH density were significant in cingulate 
and motor areas, ii) effects were similar in left and right cingulate and 
motor hemifields, iii) TH density in premotor cortex following acute and 
chronic GDX was not statistically different from normal, and iv) TH 
density was indistinguishable from normal in all cortical areas in GDX- 
TP rats (ANOVA, Student Newman-Keuls, p<0.05). These findings 
suggest a remarkably selective influence of gonadal hormones on 
cortical catecholamine innervation in adult animals. Such sensitivity 
and insensitivity across functionally specialized cortical areas may nave 
bearing on the sex-specific patterns of ability for various cortically 
mediated functions noted in humans and animals. R29NS3542201.

736.10
GABAa, DI, and D5, BUT NOT PROGESTIN, RECEPTOR ANTAGONISTS 
AND ANTI-SENSE OLIGONUCLEOTIDES TO THE VENTRAL 
TEGMENTAL AREA OF CYCLING RATS AND HAMSTERS ATTENUATE 
LORDOSIS. C.A. Frye* & J.M. Vongher. Neuroscience Program, Departments 
of Psychology and Zoology, Connecticut College, New London, CT 06320

In hamsters, progesterone (P) in the hypothalamus and ventral tegmental 
area (VTA) is necessary for receptivity; in rats, hypothalamic P induces 
receptivity and midbrain P further enhances these effects. How P exerts its 
effects in die midbrain for receptivity is of interest because few E-induced 
intracellular P receptors (PRs) have been identified in the VTA. Sexual 
receptivity of rats and hamsters is enhanced when P’s actions in die VTA are 
restricted to die membrane and when y-aminobutyric acid (GABA)a agonist 
muscimol is infused into die VTA, but reduced widi infusions of (GABA)a 
antagonist bicuculline. Intravenous dopamine (DA) agonist SKF38393, 
rapidly enhances receptivity; these effects can be blocked by DA receptor 
(DR) and PR antagonists. This study investigates die importance of PRs, 
(GABA)a receptors (GBRs), and DRs in the VTA of cycling rats and 
hamsters for die expression of lordosis. Proestrus and diestrus animals 
implanted with bilateral VTA cannulae were pre-tested for receptivity and 
infused with either an antagonist (RU38486, 20 pg; bicuculline, 100 ng; 
SCH23390, 100 ng), an anti-sense oligonucleotide (against PR, 500 ng; GBRs, 
500 ng; DI, 500 ng; D5 250 ng), or control infusions and were re-tested. 
Vehicle and scrambled oligo controls had similar effects on lordosis. VTA 
infusion of GBR or DR antagonists to rats and hamsters significantly reduced 
lordosis on all post-tests compared to the PR antagonists and control infusion 
conditions. Lordosis was significantly reduced, compared to controls only, by 
anti-sense oligos for GBRs and DI and D5 DRs. These data suggest that P's 
mechanism in the VTA may be mediated by GBRs and DRs ratiier dian 
intracellular PRs. Supported by NSF IBN-9514463
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736.11
A GLUTAMATE-GAMMA AMINOBUTYRIC ACID (GABA) CONNECTION IN 
THE CONTROL OF LUTEINIZING HORMONE-RELEASING HORMONE 
(LHRH) RELEASE VIA A METABOTROPIC GLUTAMATE RECEPTOR (mGluR). 
Y.J. Ma1*, H. Jung12, and S.R. Oieda1. 1Div. Neurosci. Oregon Reg. Primate 
Res. Ctr.-OR Health Sci. Univ., Beaverton, OR 97006, and 2Pediat. Clin., Univ. 
Hosp., Hamburg, Germany.

Glutamate stimulates LHRH secretion via activation of ionotropic receptors. 
Since glutamate signaling is also mediated by G-protein coupled mGluRs, we 
initiated studies to determine if these receptors contribute to the glutamatergic 
control of LHRH release. RNase protection assay revealed that GT1-1 cells 
express the mRNA encoding mGluR2, a receptor linked to inhibition of cAMP 
formation. Treating GT 1 -1 cells with the mGluR2-specific agonist (S)-3-carboxy- 
4-hydroxyphenyl-glycine [(S)-3C4HPG] did not affect basal LHRH levels, but 
enhanced the stimulatory effect of prostaglandin E2 (PGE2) on LHRH release, 
suggesting the existence of a functional link between mGluR and PGE2 receptor- 
mediated signaling on LHRH secretion. We then examined the mechanism that 
may underlie this phenomenon. In other neural systems, activation of mGluR2 
inhibits GABA release. Since GABA, the dominant inhibitory neurotransmitter 
controlling LHRH secretion, is expressed in some embryonic LHRH neurons, 
activation of mGluR2 may facilitate PGE2-induced LHRH release via suppression 
of GABA release from the LHRH neurons themselves. GT1-1 cells express the 
mRNAs encoding GAD-65 and -67, the two forms of glutamic acid 
decarboxylase, and contain GAD-67 immunoreactive material. Bicuculline, a 
GABAa receptor blocker, mimicked the enhancing effect of mGluR2 activation on 
LHRH release. Thus, activation of mGluR2 may be, at least in part, responsible 
for the loss of GABA expression seen in migrating LHRH neurons and, thus, 
represents a signaling mechanism that facilitates LHRH neuronal maturation 
along the LHRH migratory pathway. (Supported by NIH Grants HD25123, 
RR00163, and the DFG grant Ju 296/1-1, 1 -2)

NEURAL-IMMUNE I

737.2737.1
PARALLEL LOSS OF NORADRENERGIC NERVES (NA) AND LYMPHOID 
CELLS IN SPLEENS FROM RATS WITH ADJUVANT ARTHRITIS (AA).
C. Lubahn* and D. Lorton. Sun Health Research Institute, Sun City, Arizona, 85351. 
Sympathectomy (SympX) of secondary lymphoid organs with sparing of the hind limbs 
exacerbate AA in Lewis rats (Lorton et al., 1997). This supports a role for NA 
innervation of the immune system in AA pathology. Here, we have examined splenic 
NA innervation in Lewis rats 32 days following adjuvant treatment to induce AA and 
following local application of 6-OHDA or vehicle into the draining lymph nodes 
(DLN). There were four groups of animal in the study: 1-2) Animals treated with 
local injections of 6-OHDA or vehicle on day -1 into the DLN followed by injections to 
induce AA on day 0; 3-4) Animals treated with 6-OHDA or vehicle as indicated above 
followed by injections of the adjuvant vehicle. Immunocytochemistry (ICC) for localization of 
tyrosine hydroxylase (TH)-positive nerve fibers was used to stain NA fibers alone and in 
combination with specific markers for T and B (IgM +) lymphocytes and macrophages 
(ED3). ICC for TH revealed loss of NA nerve fibers in all spleen compartments when 
examined in areas that are distal to the hilar region in all SmypX rats on day 32. In 
contrast, the splenic hilar regions of SmypX AA rats appeared to be hyperinnervated. 
Interestingly, NA innervation of the spleens from non-SmypX AA rats were strikingly 
similar to SmypX AA rats. There was a parallel loss of TH+ nerve fibers, B 
lymphocytes and macrophages in spleens of AA rats regardless of whether they were 
given 6-OHDA. There appeared to be an increase in T lymphocytes in white pulp areas 
in all groups of AA rats. These findings suggest that with development of AA, there is 
a disease-associated loss of splenic NA innervation. SmypX exacerbates this loss of NA 
innervation and increases severity of AA. Coupled with loss of NA innervation, there is a 
parallel loss of B lymphocytes and macrophages. These findings along with functional studies 
demonstrating dynamic interactions between the immune system and NA nerves in the spleen, 
lend support for a causal relationship between changes in immune function and splenic NA 
nerve loss that occurs with the development of AA. Supported by NIMH 
#1R29MH49O5O-O3 and ADCRC #9614.

NITRIC OXIDE DONORS CAUSE PERSISTENT AXONAL DAMAGE: 
ELECTRICALLY ACTIVE AXONS ARE ESPECIALLY SUSCEPTIBLE.
KJ Smith*, R Kapoor, SM Hall47, M Davies. Depts. of Neurology and 
Anatomy4", UMDS - Guy's Campus, London, SE1 9RT, UK

Multiple sclerosis (MS) can exhibit a relapsing-remitting course, in which 
symptoms appear and resolve spontaneously, or a progressive course in which 
symptoms gradually accumulate. It now appears that nitric oxide (NO) may 
contribute to both patterns of disease. Recent findings show that the low 
micromolar [NO] anticipated within MS lesions can reversibly block 
conduction, particularly in demyelinated axons (Redford et al.. 1997, 
Brain;120: 2149-2157; Shrager et al., 1998; J. Neurophysiol.; 79:529-536), 
perhaps contributing to relapses. We now show that the block is rendered 
persistent at higher [NO], or if NO exposure occurs in conjunction with 
repetitive impulse activity. There is evidence that the persistent block is due to 
axonal degeneration, the probable cause of progression in MS.

The dorsal roots of anaesthetised rats were exposed in vivo to NO (using the 
donors DETA NONOate or Spermine NONOate, [NO]M.5-30pM) while 
serially monitoring conduction. At lower [NO], conduction was blocked 
reversibly (as previously described), but the block was rendered persistent at 
higher [NO] (>20pM). Notably, the block was also rendered persistent when 
exposure to the lowest NO concentrations examined was combined with 
sustained impulse activity (50 or 100Hz for 2 hours). Parallel morphological 
studies demonstrated axonal degeneration in dorsal and ventral roots incubated 
in NO donors (NO>5pM), particularly in smaller, sensory axons.

We conclude that relatively brief (2-4 hrs) exposure to NO can cause 
permanent axonal damage. Moreover, this damage occurs at 
pathophysiological concentrations if the axons are firing at physiological 
frequencies. We propose that the combination of natural impulse traffic and 
NO at sites of inflammation may contribute to permanent disability in MS.

737.3
DIFFERENT IMMUNE CELL REQUIREMENTS FOR GLUCOCORTICOID 
INDUCTION IN RESPONSE TO PARTICULAR VIRAL INFECTIONS. M. C. 
Ruzek, A. H, Miller*, B. D. Pearce, C. A. Biron. Dept. of Molecular Microbiology 
and Immunology, Brown Univ., Providence, RI 02912, Dept. of Psychiatry and 
Behavioral Sciences, Emory Univ., Atlanta, GA 30322

Glucocorticoids can be induced by certain immune challenges to protect against 
immune-mediated pathologies. We have demonstrated that this feedback inhibition 
pathway operates during murine cytomegalovirus (MCMV) infection through an IL- 
6-dependent glucocorticoid response to protect against TNF-mediated lethality 
(manuscript in preparation). This induction coincides with high circulating 
proinflammatory cytokine levels, peaking at 36 hours following MCMV infection. 
Further studies have shown that the MCMV-induced glucocorticoid response is NK 
and T cell-independent. To determine if other viral infections utilize similar 
pathways for glucocorticoid induction, studies were carried out with the WE strain of 
lymphocytic choriomeningitis virus (LCMV WE). This virus induces T cell 
inflammation and pathology in the liver. A prominent and extended glucocorticoid 
response was observed between 7 and 9 days following LCMV WE infection, 
correlating with T cell activation and liver inflammation as well as decreasing body 
and thymic weights. Interestingly, cytokines known to stimulate glucocorticoids, 
including IL-6 and TNF, were not dramatically elevated in either serum or splenic 
leukocyte conditioned media during this infection. However, preliminary 
experiments suggest that IL-6 and TNF are elevated within the liver of normal, but 
not transgenic E26 mice lacking NK and T cells or in RAG-deficient mice lacking T 
and B cells. Glucocorticoid elevations also were absent in the E26 and RAG- 
deficient mice, indicating that T cells were necessary for these responses. Our studies 
define fundamentally distinct immune-mediated pathways for activation of 
glucocorticoid responses during different viral infections. The alternative 
mechanisms appear to result from differences in immune responses to the infections, 
and demonstrate the delicately balanced interactions between neuroendocrine and 
immune systems.
Supported by NIH grants RO1-MH47674, K02-MH00680, and T32-ES07272.

737.4
CYTOKINES AND NEURONAL CONTROL OF VIRAL TRANSCRIPUON 
Gail Lewandowski* & Natalia Zimmerman, Virion Systems, Inc. 9610 Medical 
Center Drive, Rockville, MD 20850

During the establishment of herpes simplex virus (HSV) latency in neurons, viral 
transcription is terminated. Previously we demonstrated that interferon-gamma (IFN- 
y) and tumor necrosis factor-alpha (TNF-a) are required for the establishment of 
HSV latency in neurons. The promoters of many essential HSV genes contain 
binding sites for mammalian regulatory transcription factors (RTF). We hypothesize 
that IFN-y and TNF-a alter neuronal RTFs, such that the intracellular environment 
becomes inhibitory to HSV transcription. Recently we found that the binding 
activities of API, CRE, OCT-1, Spl, and YY1, are altered in HSV-1-infected brains. 
Notably, YY1 expression was induced in HSV-1-infected neurons at the peak of 
infection. Now, we are examining YY1, Spl, Sp2, Sp3, Sp4, Oct-1, Oct-2, API & 
CRE expression in the brains of control & HSV-1-infected euthymic, athymic and 
HSV-2-infected euthymic mice.

We are also determining if cytokine-induced changes in neuronal RTFs inhibit 
transcription of essential HSV-1 genes (ICP4, ICP27, and VP5). Cl300 
neuroblastoma cells were transfected with plasmids including (i) 1CP4 promoter 
driving (3-galactosidase (ft-gal) expression (ICP4-(3gal), (ii) VP 16 expression vector 
(pCGN-VP16), and (iii) ICP4-pgal and pCGN-VP16. The transfected cells were 
treated with IFN-y (100 U/ml) and TNF-a (30 ng/ml) for 24 and 48 hours and {3-gal 
activity assayed. Cytokine treatment significantly inhibited f3-gal activity in Cl300 
cells co-transfected with both plasmids, but not in Cl300 cells transfected with only 
the ICP4-f3-gal plasmid. These data suggest that IFN-y and TNF-a alter the 
interaction between Oct-1 and VP16, such that the transcription complex binding to 
the ICP4 promoter is prohibited. These data are consistent with our previous 
demonstration that Oct-l binding activity is greatly decreased during HSV-1 infection 
in the brain, and in cells treated with IFN-y and TNF-a in culture. Currently, we are 
expanding these studies in PC12 cells to include other HSV-1 promoters and to 
examine several RTFs.

Supported by NIMH grants R29MH51926 and R01MH58374 (GL).
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737.5
LIPOPOLYSACCHARIDE INDUCED CYTOKINE RESPONSES IN CHRONIC 
SPINAL CORD INJURED RATS. B.J. MacNeil*, A.H. Jansen, A.H. Greenberg, and
D.M. Nance. Dept. of Pathology and Manitoba Institute of Cell Biology, Univ. of 
Manitoba, Winnipeg, Manitoba, Canada R3E 0W3.

Infections are commonly encountered in persons with spinal cord injury (SCI). 
Although primary factors for these infections are known (catheterization, reduced 
cough force, pressure sores), secondary factors such as altered host immunity may also 
be involved. Given that all immune organs are innervated and the central nervous 
system (CNS) can modify immune function, injury to the CNS should alter immune 
function. The present study assessed the initial cytokine induction following injection 
of bacterial lipopolysaccharide (LPS) in rats with chronic SCI. Male Sprague-Dawley 
rats were given a complete SCI at the T1-T2 level (lOOg compression for 3 min, n=7). 
Sham animals received a T1-T2 laminectomy (n= 10). After 2 wks SCI and sham 
animals received lOOng LPS i.v. and killed 60 min later. Plasma corticosterone levels 
were not elevated by SCI or surgery for at least 1 wk prior to LPS injection as 
determined by preliminary studies. LPS injection elevated plasma corticosterone levels 
similarly in SCI and sham animals. IL-1 (3 mRNA induction was not affected by SCI 
when measured in the spleen or the liver. However, splenic TNF-a mRNA was 
elevated in SCI animals (SCI vs sham, p = 0.07). This effect was restricted to the 
spleen as hepatic TNF mRNA did not differ between SCI and sham rats. IL-6 mRNA 
was not affected by SCI in the spleen or liver at this time point. Finally, TNF and IL-1 
responses w'ere directly correlated in sham rats in both spleen and liver and in SCI rats 
in the liver; p = 0.023, 0.082, 0.097, respectively. In contrast, splenic TNF and IL-1 
expression was unrelated in SCI rats, p=0.664. These data indicate that disruption of 
neural input to an immune organ results in an altered pattern of cytokine expression 
following stimulation with very low doses of LPS. The lack of any effect on liver 
cytokine induction may reflect the absence of parenchymal innervation in this organ in 
contrast to the rich sympathetic innervation present in the spleen. Supported by MMSF 
and NIMH (#MH43778).

737.6
APOPTOSIS CHARACTERIZES T CELL ELIMINATION 
FROM INJURED CENTRAL, BUT NOT PERIPHERAL, 
NERVOUS SYSTEM IN RATS. G. Moalein1'2, A. Monsonego1, I.R. 
Cohen2 and M. Schwartz1*, department of Neurobiology; department of 
Immunology, The Weizmann Institute of Science, 76100 Rehovot, Israel.

The central nervous system (CNS), in contrast to the peripheral nervous 
system (PNS), is an immune-privileged site that limits local immune 
responses. In this study, we investigated whether this unique status has any 
impact on the dialog with T cells following injury. Immunocytochemical 
follow-up of T cell accumulation and disappearance in rat injured optic and 
sciatic nerves, as models for CNS and PNS trauma, respectively, revealed a 
significantly greater accumulation of endogenous T cells in injured PNS than in 
injured CNS. However, concomitant follow-up of apoptotic cells, using the in 
situ terminal deoxytransferase-catalyzed DNA nick end labeling (TUNEL) 
procedure revealed that extensive apoptosis associated with infiltrating T cells 
occurred in the injured CNS but not in the injured PNS. A similar pattern ot T 
cell elimination by apoptosis was found in the optic nerves ot rats with acute 
experimental autoimmune encephalomyelitis (EAE) induced by passively 
transferred T cells. Further comparison of immunological features in CNS and 
PNS white matter showed that major histocompatibility complex (MHC) class 
II antigens are constitutively expressed in the PNS, but are only inducibly 
expressed in the CNS following injury. Our results also show that Fas ligand 
(FasL) protein is constitutively expressed by rat optic nerve and by CNS glial 
cells. These findings indicate that apoptosis of infiltrating T cells is one of the 
mechanisms underlying the self-limitation of immune responses within the 
CNS after injury and during spontaneous recovery from autoimmune disease.

737.7
AUTOIMMUNITY-INDUCED NEURODEGENERATION AND BEHAVIORAL 
DYSFUNCTION. B.Sakic ,*I.Q. Whishaw,2 B. Kolb,2 G. Gorny,2 J.A. Denburg,1 and 
H. Szechtman1. 'McMaster University, Hamilton and 2The University of Lethbridge, 
Lethbridge, CANADA.

The spontaneous development of chronic autoimmune/inflammatory disease in 
MRL-lpr mice is accompanied by a constellation of behavioral deficits, ventricular 
enlargement, and by a reduction of dendritic branching/spine density in hippocampus 
and parietal cortex. To test the causal relationship between chronic immune activation 
and dendritic morphology, and altered behavior, we examined: (a) whether autoimmune 
mice show a reduced rate of spontaneous alternation behavior (SAB), as do animals with 
hippocampal damage and, (b) whether immunosuppressive treatment prevents the 
changes in behavior and/or dendritic morphology. Young autoimmune MRL-lpr mice 
and congenic MRL +/+ controls were treated over 8-weeks with cyclophosphamide (CY, 
100 mg/kg/week i.p.) and subsequently tested in a T-maze (using a discrete, 2-trial 
procedure) over 6 days. Dendritic branching and spine density were measured using a 
modified Golgi impregnation method. As expected, saline-treated MRL-lpr mice showed 
lower SAB rate than MRL +/+ controls. This difference was absent in asymptomatic, 
CY-treated groups, thus suggesting a causal relationship between autoimmune disease 
and impaired behavioral performance. Golgi staining revealed almost complete 
preservation of a normal dendritic morphology in CY-treated MRL-lpr mice. These 
findings suggest that development of chronic immune activation induces significant 
changes in brain morphology and behavioral performance. By extension, given that links 
between genetic mutation, autoimmunity, and CNS dysfunction have been 
well-established, the MRL-lpr model may represent a unique, natural preparation in 
testing the immune theory of Alzheimer's disease and some forms of schizophrenia.

This work was supported by grants from the Medical Research Council of Canada and 
the Canadian Psychiatric Research Foundation.

737.8
MACROPHAGE ACTIVATION AND MULTIPLE SCLEROSIS: A ROLE 
FOR TRYPTOPHAN OR KYNURENINE PATHWAY METABOLITES IN 
THE FORMATION OF NITRIC OXIDE.
A. Chiarugi, A.Paccagnini, P. Dello Sbarba and F. Moroni*.
Dept. of Pharmacology, Univ. of Florence, Florence, Italy.

Activated macrophages play a key role in the degradation of myelin sheats 
and in the pathogenesis of multiple sclerosis. One of the agents produced by 
macrophages is nitric oxide (NO), formed by inducible nitric oxide synthase 
(iNOS), a NADPH-dependent enzyme. NADPH is synthesized from 
tryptophan (TRP) and, in activated macrophage, tryptophan metabolism and 
kynurenine pathway enzymes are strongly induced. To study the relationship 
between NADPH availability and NO synthesis, BAC-1.2F5 macrophages 
were activated with IFNy (50 U/ml, overnight) in a medium lacking TRP, 
arginin (ARG) and nicotinamide (NIC). TRP (16 pg/rnl), but not ARG (84 
pg/ml) or NIC (12 pg/ml), caused a significant increase in nitrites in the 
medium (from 12±2 pM to 27±4 pM). The addition of TRP and/or NIC to 
ARG did not cause a further increase of nitrites in comparison to TRP alone. 
The addition of KYN, a TRP metabolite, did not increase NO synthesis, 
strongly suggesting that the effect of TRP on NO synthesis does not depend 
on the involvement of the KYN pathway. The addition of TRP, ARG or NIC 
on the induction of iNOS, determined by immuno-blotting analysis, showed 
that the expression of the enzyme was limited by the availability of TRP, but 
not ARG or NIC, and that the effects of TRP on iNOS expression and NO 
synthesis are strictly related. In conclusion, in BAC-1.2F5 macrophages, NO 
synthesis is dependent on the availability of TRP but not ARG or NIC. 
Furthermore, TRP seems to be necessary for the expression of iNOS rather 
than for the synthesis of NADPH, the essential cofactor of iNOS.
Supported by the Multiple Sclerosis research project.

737.9

MONOCYTE CHEMOATTRACTANT PROTEIN-1 EXPRESSION 
IN INJURED PERIPHERAL NERVOUS TISSUE. M.C, Subang, R.J. 
Dunn* and P.M. Richardson. Montreal General Hospital Research 
Institute & McGill University, Montreal, Que., Canada H3G 1 A4.

Following peripheral nerve injury, macrophages accumulate in the 
injured nerve and in the dorsal root ganglia (DRG) and their actions are 
beneficial to axonal regeneration. This study investigates the distribution 
of monocyte chemoattractant protein-1 (MCP-1), a monocyte recruiting 
molecule, in nervous tissue following sciatic nerve transection and the 
regulation of MCP-1 synthesis by nonneuronal PNS cells. Data from 
RNase protection assays showed that MCP-1 mRNA is induced in the 
ipsilateral L4 and L5 DRG and, in lower concentrations, in the 
contralateral DRG as early as 1 day after axotomy and persists for at 
least 16 days. Expression of MCP-1 mRNA in the nerve was detected at 
the lesion site as early as 6 hours post-axotomy and more distally, within 
24 hours. In in vitro studies with Schwann cells cultured from neonatal 
rats and were treated with individual cytokines for 3 hours, IL-1(3 or 
TNF-a but not TGF-pi induced MCP-1 mRNA expression. Thus, a) the 
spatio-temporal distribution of MCP-1 mRNA in the injured PNS is 
consistent with the hypothesis that it is involved in monocyte recruitment 
and b) Schwann cells synthesize MCP-1 in response to stimulation by IL- 
ip and TNF-a.

This study is supported by P. Richardson’s grant from the 
Spinal Cord Research Foundation.

737.10
MAST CELLS (MC) PROJECT GRANULAR CONTENTS INTO 
NEURONS IN THE AVIAN BRAIN. M, Wilhelm1, R. Silver123 and A.J. 
Silverman3*. 'Department of Psychology, Columbia University; 2 Depart
ment of Psychology, Barnard College; 3 Department of Anatomy and Cell 
Biology, College of Physicians and Surgeons, Columbia University, New 
York, NY 10032.

Mast cells, which make many neuroactive substances, occur in the CNS. 
To analyze the morphological basis for communication between MC and 
neural elements, we examined the dove (aged 1 month to adult; perfused 
with 2% paraformaldehyde / 2.5% gluteraldehyde under Chloropent 
anesthesia) medial habenula (MH) at the electron microscopic level. The 
most unique form of information transfer observed was transcytosis where 
the MC granule and MC plasma membrane fused with the plasma mem
brane of neuronal somata, axons or dendrites. Particulate material, identi
cal to that present in the MC, was found within the neuron. In addition, all 
mast cells examined had filopodia, many of which contained secretory 
material. These filopodia extended for several micrometers, inserting 
themselves between neurons, as well as forming “baskets” around small, 
unmyelinated axon bundles and dendrites of varying sizes. We propose 
that the relationship between MC and neurons is plastic and may be 
altered with changes to physiological state of the animal. We are currently 
extending these observations using other fixatives and species. NIMH 
50488 (AJS) & NIMH 29380 (RS).
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737.11
MAST CELLS MIGRATE FROM BLOOD TO BRAIN. A. K. 
Sutherland2,3, A.J. Silverman3. R. Silver1’2-3*. ’Department of Psychol
ogy, Columbia University;2 Department of Psychology, Barnard 
College;3 Department of Anatomy and Cell Biology, College of 
Physicians and Surgeons, Columbia University, New York, NY 10032.

It is well established that mast cells are present in the brains of many 
species. Rapid changes in the population size of brain mast cells have 
been reported under normal physiological conditions. The rate of 
increase in mast cell number in the brain suggests the possibility that 
mature mast cells migrate from extra-neural sources into the paren
chyma. To test this hypothesis, we purified adult rat peritoneal mast 
cells, labeled them ex vivo with a vital dye, and injected them into host 
animals of the same species. One hour later, donor mast cells were 
found in the brain, revealed by their content of both the vital dye and 
either histamine or serotonin. Further studies of the localization of dye- 
marked donor cells along with either factor VIII (which lables a compo
nent of the endothelial basal lamina) or with glial fibrillary acidic 
protein, demonstrated that the mast cells lay on the brain side of the 
blood brain barrier. These experiments are the first to show that mature 
connective tissue mast cells can penetrate the blood brain barrier and 
enter the brain in the mature rat CNS. This points to a role of 
hematopoetic cells in neural signaling. NIMH 54088 (AJS) & NIMH 
29380 (RS)

737.12
THE EFFECTS OF NICOTINE AND ETHANOL ON TNFa-MEDIATED 
NEUROPROTECTION TO NMDA. L. C. Gahring*, N. Carlson, A. 
Bacchi, W. Wieggel, J. Chen, T. Boyack, J. Howard and S.W.
Rogers. SLC VA-GRECC and the University of Utah School of 
Medicine, Salt Lake City, UT 84112.

Excitotoxic neuronal death mediated by NMDA glutamate 
receptors can contribute to the extended brain damage that often 
accompanies trauma or disease. Both the inflammatory cytokine, 
TNFa, and nicotine have been identified as possible 
neuroprotective agents to NMDA assault. We find that TNFa 
protection of a subpopulation of cultured cortical neurons to 
NMDA-mediated excitotoxic death requires both the activation of 
the p55/TNFRI, but not p75/TNFR2, and the release of 
endogenous TNFa. Nicotine protection to NMDA was mediated 
through an a-bungarotoxin-sensitive receptor. When co-applied, 
neuroprotection to NMDA by either TNFa or nicotine was 
abolished but could be recovered with a-bungarotoxin. Further, 
pretreatment of cultures with 20 mM ethanol inhibited 
neuroprotection induced by TNFa but not nicotine. These results 
suggest that the cytokine TNFa and a-bungarotoxin-sensitive 
nicotinic neurotransmitter receptors confer neuroprotection 
through potentially antagonistic pathways that are differentially 
affected by ethanol. Supported by a VA-Merit grant to LCG and 
a grant (R01AA 11418) from NIH-NIAAA.

737.13

IMMUNOGLOBULIN CONCENTRATED IN PURKINJE NEURONS 
AND IgG-UPTAKE MECHANISM.
K.Yoshimi, * and R.F.Thompson. Neuroscience Program, Univ. Southern 
Calif., Los Angeles, CA 90089-2520.

Immunoglobulin (IgG)-like immunoreactivity in a small number of intact 
rabbit brain neurons was reported last year. In particular, groups of Purkinje 
neurons showed strong IgG-immunoreactivity in the rabbit and rat 
cerebellum. IgG-positive Purkinje neurons distributed to form a column 
structure, known as microzone. Similar IgG-positive pyramidal neurons 
were occasionally found in the hippocampus. Those staining were absorbed 
by serum IgG of each species. Antibody to NCAM, a IgG-family molecule, 
stained most of the neruons and the staining pattern was completely 
different. From these immunohistochemical data, we concluded that some 
Purkinje neurons occasionally concentrate IgG in the cytoplasm. To verify 
whether these neurons synthesize IgG or uptake IgG from other sources, in- 
situ hybridization was performed. It is known that the concentration of IgG 
in the cerebro-spinal fluid is around 20 ug/ml more than 0.2 % of the serum 
in human. 35S-labeled 50-mer origo DNA probe was hybridized on rabbit 
cerebellar sections and the radioactive signal was detected by dipping 
sections in emulsion. While significant silver-grains were observed in 
spleen and thymus sections, signals similar to the IgG-immunostainig were 
not observed in the cerebellum. These results suggests uptake of IgG by 
Purkinje neurons. Supported by NSF (IBN9215069), NIA (AF05142) and 
Sankyo to RFT.

737.14
AMPA/KAINATE RECEPTOR ANTAGONISTS REDUCE 
LIPOPOLYSACCHARIDE (LPS) / INTERFERON-y (IFN-y)-INDUCED 
NEUROTOXICITY IN MIXED CORTICAL NEURONAL/GLIAL CELT 
CULTURES. W.-G, Kim, G.-H. Jeohn, B, Wilson, P. Hudson and J.-S, 
Hong*. Neuropharmacology Section, Laboratory of Pharmacology 
and Chemistry, NIEHS/NIH, Research Triangle Park, NC 27709.

Previous reports indicated the involvement of NMDA receptor in 
mediating HIV coat protein, gp120-induced neurotoxicity. The purpose of 
this study was to examine the possible roles of glutamate receptors i n 
LPS/IFN-y-induced neuronal cell death in murine cortical neuron/glia 
cultures. Cortical neurons prepared from gestational day 16 embryos 
were cultured on top of confluent mixed glial cultures prepared from 1 
day old pups for 13 days before drug treatments. Combined treatment 
with LPS (1 pg/ml) and IFN-y (50 U/ml) induced time-dependent 
increases in media levels of LDH; 100% increase at 48 h and 150% 
increase at 96 h. Results from cell count analysis with 
immunocytochemical staining of neurons with MAP-2 antibodies were 
essentially consistent with the findings obtained from LDH measurements. 
CNQX (10 pM), a competitive AMPA/kainate receptor antagonist, 
effectively prevented LPS/IFN-y-induced LDH release: 90% inhibition at 
48 h and 50% at 96 h. However, MK801 (10 pM), a noncompetitive 
NMDA receptor antagonist, and MCPG, a metabotrophic receptor 
antagonist, did not show neuroprotective effect. The neuroprotective 
effect of CNQX was still observed when this antagonist was added 12 h 
after LPS/IFN-y treatment which is the time point when nitric oxide 
(NO) production started. These findings suggest the possible involvement 
of AMPA/kainate receptors in mediating the neurotoxic effect of 
LPS/IFN-y and that the interaction of NO with AMPA/kainate receptors 
may serve as the underlying mechanism for neurotoxicity.

737.15

EXPERIMENTAL AUTOIMMUNE CYSTITIS (EAC).ROLE 
OF AUTOANTIBODIES. J. Luber-Narod.* Department of 
Surgery/Urology, Univ. of MA Medical School. Worcester, MA 
01655.

Using classical techniques for inducing autoimmune diseases in 
rats, we have developed an animal model of Interstitial Cystitis (IC), 
a painful condition of the human bladder thought to have a neuro- 
immune etiology. The condition is characterized by elevated peak and 
mean urinary frequency and the usual disease progression consists of 
at least 2 cycles of exacerbations and remissions. EAC appears to be 
autoimmune in nature as evidenced by splenocyte adoptive transfer 
experiments. We also have identified serum autoantibodies in EAC 
animals which react with a 12-14 kD protein specific to bladder. Such 
autoantibodies are absent in normal and sham animals as well as 
animals which fail to develop EAC despite disease induction.

These findings suggest that EAC is a reproducible autoimmune 
model of cyclical elevations of urinary frequency, and that an 
antibody against a 12-14 kD antigen correlates with those elevations. 
Identification of this target antigen may explain the mechanism by 
which cycles of increased urinary frequency occur in these animals 
and in IC. We believe this model will prove useful in examining the 
role of the nervous system in this and other autoimmune diseases.

737.16
CNS MANIFESTATIONS AND AUTOANTIBODY BINDING TO BRAIN 
IN MURINE SYSTEMIC LUPUS ERYTHEMATOSUS 
A. Zameer and S.A. Hoffman*.
Department of Microbiology, Arizona State University, Tempe, AZ 
85287-2701

Our interest is to investigate how the immune system can affect central 
nervous system (CNS) functioning in the neuro-immune circuitry. CNS 
dysfunctions are a frequent and sometimes life threatening manifestation of 
systemic lupus erythematosus (SLE). The causes of many of these CNS 
dysfunctions in SLE are unknown. We and others have postulated that 
some of the CNS-SLE deficits are caused by transient autoantibody binding 
to brain. Lupus prone mice develop spontaneous autoimmune disease and 
are excellent models of human SLE. These animals are also good models of 
autoimmune effects on CNS functioning and behavior. We hypothesize that 
autoantibodies transiently bind to brain in MRl/lpr and BXSB lupus prone 
mice. To test this, immunoglobulin (Ig) binding to the brains of MRl/lpr 
and BXSB mice were evaluated using indirect immunofluorescence. Frozen 
brain sections were stained with a rabbit anti-mouse IgG primary antibody 
followed by a FITC conjugated goat anti-rabbit secondary antibody. 
Fluorescence was detected by fluorescence microscopy and the intensity of 
fluorescence was rated on an arbitrary scale of 0 to 4 by two independent 
observers. Results show that these autoimmune strains have significantly 
higher levels of Ig in brain as compared to MRl/mp, Balb/c, and LG/J 
strains of control mice. Ig was found in the cortex, thalamus, 
hypothalamus, hippocampus, midbrain, pons and cerebellum of 
autoimmune mice. This Ig is associated with neuronal cell bodies and 
processes and is not simply anti-nuclear staining. Increased Ig levels in the 
brain correlate with anti-DNA and brain-reactive autoantibody serum 
titers as determined by ELISA. It is postulated that the binding of some 
autoantibodies to brain tissue in autoimmune mice can lead to altered 
neuronal functioning, thereby causing some of the neurobehavioral deficits 
seen in CNS-lupus.
Supported by ASU-RIA, 97 and GRSO, 97
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737.17
BRAIN TUMOR DEVELOPMENT IN RATS IS ASSOCIATED WITH 
CHANGES IN CNS CYTOKINE AND NEUROPEPTIDE SYSTEMS. 
S.E. Ilyin*, D. Gayle, N.P. Turrin, M.C. Flynn and C.R. Plata-
Salaman. Div. Mol. Biol.. SLHS. Univ. Del.. Newark DE 19716.

We developed a behavioral-molecular brain tumor model by 
inoculating Wistar rats with C6 glioma cells into the third 
cerebral ventricle. Brain tumor formation was associated with 
neurological manifestations. Cell markers (e.g., GFAP) verified 
the development of a tumor of astrocytic origin into the third 
ventricle. Seven days following cell inoculation, specific brain 
regions (cerebellum, parieto-frontal cortex, hippocampus and 
hypothalamus) were isolated from anorectic tumor-bearing rats 
(n = 7) and pair-fed controls that received vehicle (n = 7); 
mRNA levels of the IL-1 (3 system (ligand, receptors, receptor 
accessory proteins and receptor antagonist), TNF-a, TGF-(31, 
glycoprotein 130, leptin receptor, NPY, POMC and GAPDH were 
determined by sensitive RNase protection assays. Tumor 
formation in the third ventricle significantly increased levels of 
IL-1 (3, IL-1 receptor antagonist, IL-1 receptor type I and TNF-a 
mRNAs in the cerebellum, hippocampus and hypothalamus, and 
levels of IL-1 receptor accessory proteins in the cerebellum and 
hypothalamus. iGF-Bl mRNA levels increased in all brain 
regions examined. In the hypothalamus, NPY and POMC mRNA 
levels decreased, gp 130 mRNA levels increased, and leptin 
receptor mRNA levels did not change. The data support a 
critical involvement of cytokines and cytokine-cytokine and 
cytokine-neuropeptide interactions in brain glioma development 
and brain glioma-induced neurological manifestations via 
autocrine-paracrine mechanisms. Supported by U. Del. (CRP-S).

737.18

ROSTRAL-VENTRAL ELECTRICAL STIMULATION OF THE 
MIDBRAIN PERIAQUEDUCTAL GRAY LIMITS TUMOR 
METASTASIS IN RATS
M.K. Demetrikopoulos*, & Z, Zhang.
Dept of Psychiatry and Behavioral Sciences, Emory 
University, Atlanta, GA.

The periaqueductal gray (PAG) has been shown 
to be important for innruno-modulât ion. The 
present study examines the site specificity of 
these effects in awake, freely moving, adult male 
Fischer rats electrically micro-stimulated in 
either the dorsal or ventral aspects of the 
rostral PAG. Both home cage and surgery- 
apparatus controls were included. We have 
previously demonstrated that stimulation of the 
rostral-ventral PAG site produced in vitro 
inrnuno-enhancement while stimulation of the 
rostral-dorsal PAG site produced in vitro immuno
suppression. This study measured tumor 
metastasis and demonstrates that rostral-ventral 
PAG stimulation limits tumor metastasis. This 
site may be having its inrnuno-protective effects 
through neuro-anatomical pathways important for 
aggressive behaviors. Thus, these data may help 
to explain the mechanism for the protective 
nature of aggression models on tumor progression, 
and suggest neuro-anatomical pathways where this 
occurs.(Support: NIMH MH10952-02 & NIDA DA04498)

737.19

BRAIN PROSTAGLANDINS MEDIATE THE IL-1 (3-INDUCED 
IMPAIRMENT OF LUNG CLEARANCE OF TUMOR CELLS
D.M. Hodgson*1, R. Yirmiya.2 F. Chiappelli3 and A.N. Taylot4.
Dept. of Neurobiology & Brain Research Institute, School of Medicine I ’ 3,4 
and Dentistry3, University of California, Los Angeles, & West L.A. DVA 
Medical Center^, Los Angeles, CA 90095, USA; Dept. of Psychology^, The 
Hebrew University of Jerusalem, Mt. Scopus, 91905, Israel.

Central administration of interleukin-1 (3 (IL-1 (3) suppresses natural killer 
(NK) cell activity, impairs lung clearance of tumor cells, and enhances tumor 
colonization in the rat. Using an in vivo rat model of tumor colonization (lung 
clearance of NK-sensitive MADB106 adenocarcinoma cells) this study 
attempted to determine the central mechanisms mediating these effects. 
Centrally administered IL-1 (3 activates noradrenergic pathways in the brain, 
and induces the release of nitric oxide and prostaglandins. However, we 
demonstrate that brain noradrenergic systems and centrally released nitric 
oxide are not critically involved in the effects of IL-1 (3 on lung clearance of 
tumor cells. Intracerebroventricular (icv) administration of the nitric oxide 
antagonist, L-nitroarginine methyl ester (lOOug 30 min prior to IL-1 (3) had no 
effect on the impaired lung clearance of MADB106 tumor cells induced by 
ICV administration of IL-1 (3 (20ng). Similarly, central administration of the 
noradrenergic neurotoxin, 6-hydroxydopamine (250ug 8 and 4 days prior to 
administration of IL-1 (3), did not block the effect of IL-1(3 on lung clearance. 
In contrast, centrally released prostaglandins do appear to play a central role in 
mediating the effects of IL-1(3 on lung clearance of tumor cells. ICV 
administration of the cyclo-oxygenase inhibitor, diclofenac (250ug 40 min 
prior to IL-1(3), significantly (p <0.001) attenuated the increased retention of 
tumor cells induced by IL-10. Research supported by The Department of 
Veterans Affairs Medical Research Service, NIH/NIAAA AA09850, and the 
US-Israel Binational Science Foundation 94-00062.

737.20
GLUR3-ANTISERUM CYTOTOXICITY OCCURS BY AN INDOLENT,
ATYPICAL COMPLEMENT-DEPENDENT MECHANISM. K.D. Whitney3* and 
J.O, McNamara1,2,3. Departments of Medicine (Neurology)1, Neurobiology2, and 
Pharmacology3, Duke University, Durham, NC, 27710.

Rasmussen’s encephalitis (RE), a childhood neurodegenerative disease, is thought to 
be due in part to an autoimmune attack against GluR3. IgG- and complement (C’)-like 
immunoreactivity have been found decorating neurons in RE brain sections, and 
antibodies collected from rabbits immunized with GluR3 have been observed to kill 
cultured rat cortical cells in a C’-dependent fashion. To better understand the 
mechanism of death, we have studied the timecourse of cell death, the identity of cells 
dying and the identity of cells targeted by C’. Our experiments show that while cell 
death is C’-dependent, it does not occur by simple membrane attack complex (MAC)- 
mediated cytolysis. First, cell death as assessed by LDH release occurs only slowly, 
over a period of 8-24 hours; standard C’-dependent cytolysis occurs in less than an 
hour. Immunocytochemical analyses demonstrate that astrocytes and to a lesser degree 
neurons are destroyed by a 24-hour incubation with toxic antisera. However, additional 
immunocytochemistry experiments show that the MAC appears on GFAP and MAP-2 
negative cells. MAC immunoreactivity, like LDH release, develops slowly, over 4-12 
hours. Immunostaining with a GluR3-specific peptide affinity-purified Ab 
demonstrates that the majority of GluR3 immunoreactivity is found on neurons. Given 
our previous demonstration that GluR3 antibodies in particular are required for cell 
death, we suggest that GluR3 antibodies produce neuronal and astrocytic death by 
binding to antigen on neurons and activating the C’ cascade. However, the present 
observations also suggest neurons and astrocytes die by a MAC-independent 
mechanism. Whether such death involves opsonization and/or other indirect 
mechanisms is currently under investigation. These findings may provide insight into 
how antibodies, C’, neurons, and glia interact in vivo to contribute to the symptoms of 
RE. Supported by NSO368O8 (JOM) & Howard Hughes Medical Institute (KDW).

NEURAL-IMMUNE II

738.2738.1

NEURONAL ACTIVITY AND TRANSCRIPTION OF PROINFLAMMATORY 
CYTOKINES IN THE BRAIN OF ACUTELY- AND CHRONICALLY- INFECTED 
MICE WITH TRYPANOSOMA BRUCEI BRUCEI. S. Brochu, M. Olivier and S. 
Rivest*. Laboratory of Molecular Endocrinology and infectious diseases, CHUL 
Research Center and Laval University, Québec, Canada, G1V 4G2.

Trypanosoma brucei brucei (Tbb) infection is a model of chronic immune response 
that causes a severe meningo-encephalitis leading to coma and death. We hypothesized 
that exaggerated production of proinflammatory cytokines within the CNS may be 
involved in the etiology of the disease. The purpose of the present study was therefore 
to verify the effects of the parasite Tbb on the genetic expression of the immediate-early 
gene c-fos, tumor-necrosis factor alpha (TNF-a), interleukin-6 (IL-6) and inducible 
nitric oxide synthase (iNOS) in the mouse brain. Adult male BALB/c mice received a 
single intraperitoneal injection of LPS (used here as an acute model of infection), Tbb 
or vehicle solution and were sacrificed at multiple times (1 h to 7 d) following the 
challenge. Acute and chronic models induced a robust expression of c-fos in numerous 
regions of the brain, including the circumventricular organs (CVOs) and different 
autonomic-related nuclei. Although the effect of LPS was rapid and transient, Tbb 
pathogen stimulated c-fos only within 5 to 7 days. The genes encoding TNF-a and IL- 
6 cytokines were expressed in the sensorial CVOs and choroid plexus 1 and 3 h after 
LPS injection, whereas no convincing hybridization signal was detected in the brain of 
Tbb-infected mice. IL-6 and iNOS-expressing cells were also found in perivascular 
microglial-associated cells across the brain of LPS-treated mice, while an ubiquitous- 
like-TNF-a expression was observed 12 and 24 h after the endotoxin treatment. Tbb 
caused a low to moderate expression of iNOS in perivascular-associated cells, but this 
effect was apparent only several days following the parasite infection. Taken together 
these data do not support the hypothesis that over production of the proinflammatory 
cytokines TNF-a and EL-6 is responsible for the meningo-encephalitis observed during 
Tbb chronic infection, at least in the animal model used in this study that was very 
sensitive to the parasite. Meanwhile, we provide the evidence that perivascular- 
associated cells contribute for the EL-6 and NO synthesis in the mouse brain during 
acute and chronic (for iNOS only) infection. Supported by the MRC of Canada.

DISTRIBUTION AND REGULATION OF THE GENES ENCODING THE PGE2 
EP2/4 RECEPTORS IN THE RAT BRAIN IN RESPONSE TO SYSTEMIC 
INFLAMMATION. J, Zhang. C. Rouillard* and S. Rivest. Mol. Endocrinol, and 
Neurosci. Units, CHUL Res. Center and I^aval Univ., Québec, Canada, G1V 4G2.

It is currently believed that prostaglandin of E2 type plays a crucial role in transferring 
the information received from circulating immune factors to brain parenchymal cells. 
Although PGE2 is synthesized quite essentially by cells of the blood-brain barrier, the 
organization and regulation of its receptor sybtypes within neuronal elements remain 
uncertain. In this study, intravenous injection of the endotoxin lipopolysaccharide 
(LPS) and intramuscular injection of turpentine were used as different models of immune 
stimuli. Rats were perfused at various times after the insults (1 to 24 h) and their brains 
cut, then hybridized with full-length rat cRNA probes. A very distinct distribution of 
both EP2 and EP4 receptors were found across the brain under basal conditions; 
hybridization signal for the type 2 was detected in the bed nucleus of the stria terminalis 
(BnST), lateral septum, subfornical organ (SFO), ventromedial hypothalamic nucleus 
(VMH), central nucleus of the amygdala (CeA), locus ceoruleus (LC) and the area 
postrema (AP). Systemic endotoxeamia caused a modest but convincing increase in EP2 
mRNA levels in the BnST, SFO, CeA, VMH and AP. Among many other regions, the 
hypothalamic paraventricular nucleus (PVN), supraoptic nucleus, CeA, LC, nucleus of 
the solitary tract and the ventrolateral medulla exhibited moderate to strong hybridization 
signal for the mRNA encoding the EP4 receptor under basal conditions. Expression of 
that transcript was nevertheless comparable throughout the brain of vehicle- and 
immune-challenged animals. The signal for the mRNA encoding EP2 was generally 
lower than EP4 subtype and the anatomical distribution of the latter appears to be in 
better position to mediate the effects of PGE2 on different neuroendocrine functions. The 
fact that EP4 is strongly expressed in the endocrine hypothalamus supports the concept 
that PGE2 synthesized by the endothelium of hypothalamic capillaries may have the 
ability to trigger its receptor of EP4 subtype onto neuronal elements of the PVN to 
activate the release of corticotropin-releasing factor and then the corticotroph axis.

Supported by the Canadian MRC.
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738.3
PERMISSIVE ROLE OF INTERLEUKIN-6 AND ITS RECEPTOR ON 
THE NEURAL ACTIVITY AND NEUROENDOCRINE CRF GENE 
EXPRESSION DURING ENDOTOXEAMIA. L. Vallières* & S. Rivest. 
Laboratory of Molecular Endocrinology, CHUL Research Center and Laval 
University, Sainte-Foy, Québec, Canada.

Although interleukin-6 (IL-6) is capable of stimulating the release of 
glucocorticoids, single injection with the proinflammatory cytokine fails to 
activate the neurons controlling the hypothalamic-pituitary-adrenal (HPA) 
axis. We hypothesized that pre-induction of the IL-6 receptor (IL-6R) in the 
brain is an essential step to allow the neuronal stimulation by the circulating 
cytokine. Male rats received a fairly low dose of lipopolysaccharide (LPS; 
5 gg i.v.), which induced transcription of IL-6R along the brain 
microvasculature and parenchymal cells of the hypothalamic paraventricular 
nucleus (PVN). Quite interestingly, recombinant rat IL-6 injected i.v. 6 h 
after caused a rapid and robust induction of c-fos and the primary transcript 
encoding corticotropin-releasing factor (CRF) in the endocrine 
hypothalamus, whereas injection of the cytokine in the non-LPS pretreated 
animals remained without notable effects. To further investigate the 
participation of IL-6 in mediating the prolonged activation of CRF neurons, 
IL-6 knockout mice received a systemic LPS injection. The bacterial 
endotoxin stimulated genetic expression of c-fos and CRF in the PVN of 
both wild type and IL-6-deficient mice, but the level of activation was 
significantly higher and lasted longer in wild type animals. Taken together, 
these results provide the evidence that induction of the IL-6R in the early 
events of the acute-phase response is necessary for IL-6 to trigger the 
neurons that control the corticotroph axis. Moreover, the proinflammatoiy 
cytokine does not seem essential in the early HPA axis response, but is 
clearly involved to maintain the prolonged activation of neuroendocrine 
CRF cells in the hypothalamic PVN of endotoxin-challenged animals.

Supported by the MRC of Canada, NSERC, and FRSQ.

738.4
REGULATION OF THE GENE ENCODING TUMOR-NECROSIS FACTOR (TNF)- 
a IN THE RAT BRAIN IN RESPONSE TO DIFFERENT MODELS OF SYSTEMIC 
IMMUNE CHALLENGE. S. Nadeau* and S. Rivest. Molecular Endocrinology 
Laboratory, CHUL Research Center and Laval University, Québec, Canada, G1V 4G2.

Tumor-necrosis factor (TNF)-a is usually referred as a proinflammatory cytokine that 
plays a central role in initiating the cascade of other cytokines and factors for an 
appropriate immune response to infection. Like systemic phagocytes, recent studies 
have reported that specific cellular populations of the CNS have the ability to express 
and release the proinflammatory cytokine in response to peripheral administration of the 
bacterial endotoxin lipopolysaccharide (LPS). Whether such phenomenon represents a 
general mechanism of systemic immunogenic stimuli and how the severity of the 
challenge may influence TNF-a transcription in the brain has yet to be defined. Adult 
male rats were sacrificed 1, 3, 6, 12, 24 and 48 h after intraperitoneal (i.p.) injection of 
LPS (25-250 pg/100 g) or intramuscular injection of turpentine. Brains and pituitary 
glands were removed, cut and TNF-a mRNA assayed by in situ hybridization using a 
full length rat cRNA probe. The results show no positive signal under basal conditions 
or following sterile inflammation into the left hind limb. Systemic LPS caused a 
profound increase in the expression of the gene encoding TNF-a in the leptomeninges, 
choroid plexus and all sensorial circumventricular organs (CVOs). Interestingly, a 
migratory-like pattern of TNF-a-positive cells became apparent around the sensorial 
CVOs at 3 h, while an ubiquitous-like-positive signal was found throughout the brain 6 
h after the injection with the highest dose of LPS. The i.p. LPS injection also 
stimulated TNF-a transcription in the anterior pituitary lobe; the signal was maximal 1 
h after the injection and returned gradually to basal levels at 12 h, whereas the mRNA 
encoding the cytokine was detected later in the neurohypophysis, i.e. 3 and 6 h post 
challenge. Dual-labeling procedure provided the evidence of an LPS-dependent induction 
of TNF-a in different phagocytic cellular populations of the brain, including 
parenchymal microglial cells during severe endotoxeamia. The fact that these myeloid- 
derived cells have the ability to express the LPS receptor CD14 in the brain may well 
explain the transcriptional activation of the cytokine in response to the bacterial 
endotoxin, but not to systemic localized inflammation. Supp. by the Canadian MRC.

738.5
THE BACTERIAL ENDOTOXIN LIPOPOLYSACCHARIDE HAS THE ABILITY TO 
TARGET THE BRAIN IN UPREGULATING ITS MEMBRANE CD 14 RECEPTOR 
WITHIN SPECIFIC CELLULAR POPULATIONS. S. 1-arrnix* and S. Rivest Molecular 
Endocrinology Laboratory, CHUL Research Center and Laval University, Québec, Canada, 
G1V 4G2.

Systemic injection of the bacterial endotoxin lipopolysaccharide (LPS) provides a 
very good mean for increasing the release of proinflammatory cytokines by circulating 
monocytes and tissue macrophages. There is now considerable evidence that LPS exerts its 
action on mononuclear phagocytes via the cell surface receptor CD 14. The aim of the 
present study was to verify the hypothesis that the brain has also the ability to express the 
gene encoding the LPS receptor, which may allow a direct action of the endotoxin onto 
specific cellular populations during blood sepsis. Adult male Sprague-Dawley rats were 
sacrificed 1,3,6 and 24 h after systemic injection of LPS or the vehicle solution. Brains 
were cut and mRNA encoding rat CD 14 was assayed by in situ hybridization 
histochemistry using a specific "S-labeled riboprobe. The results show low levels of 
CD 14 mRNA in the leptomeninges, choroid plexus and along blood vessels of the brain 
microvasculature under basal conditions. Systemic injection of the bacterial endotoxin 
caused a profound increase in the expression of the gene encoding CD 14 within these same 
structures as well as in the circumventricular organs (CVOs). In most of these structures, 
the signal for CD 14 mRNA was first detected at 1 h, reached a peak at 3 h post-injection, 
declined at 6 h, and return to basal levels 24 h after LPS treatment. Quite interestingly, a 
migratory-like pattern of CD14 positive cells was observed from all sensorial CVOs to 
deeper parenchymal brain 3 and 6 b after LPS injection. At 6 h post-challenge, small 
positive cells were found throughout the entire parenchymal brain and dual-labeling 
procedure indicated that different cells of myeloid origin have the ability to express CD 14 
in response to systemic LPS. These included CVO microglia, choroid plexus and 
leptomeninge macrophages, parenchymal and perivascular-associated microglial cells, 
although specific non-myeloid cells were also positive for the LPS receptor. These results 
provide the first evidence of a direct role of LPS on specific cell populations of the central 
nervous system, which is likely to be responsible for the transcription of proinflammatory 
cytokines; first within accessible structures from the blood and thereafter through scattered 
parenchymal cells during severe sepsis. Supported by the MRC and NSERC of Canada.

738.6
EFFECT OF CYTOKINES AND PERIPHERAL INFLAMMATORY RESPONSE 
ON THE EXPRESSION OF THE INHIBITORY FACTOR xB-a mRNA IN THE 
RAT BRAIN. N. I jiflamme* and S. Rivest Laboratory of Molecular Endocrinology, 
CHUL Research Cento- and Laval University, Québec, Canada, G1V 4G2.

The inhibitory factor xB-a controls the activity of the transcription factor NF-xB, 
which regulates numerous immune-related genes. In the cytoplasm, I-xB-a forms an 
inactive trimer with two NF-xB subunits and activation of the complex results in I-xB- 
a degradation, nuclear NF-xB translocation and I-xB-a re-synthesis. Expression of Ix- 
B-a therefore reflects the activity of NF-xB and is a powerful tool to investigate the 
regulation of the transcription factor within the CNS. I-xB-a mRNA was evaluated in 
the rat brain by means of in situ hybridization following different immunogenic 
stimuli; i.e. i.p. lipopolysaccaride (LPS), i.v. interleukin-IB (IL-IB), i.v. tumor- 
necrosis factor (TNF-a) and i.m. turpentine injection. A low basal expression of I-xB- 
a mRNA was found in various structures, such as the choroid plexus (chp), 
paraventricular nucleus of the hypothalamus (PVN) and the circumventricular organs 
(CVOs). Systemic LPS caused a profound transcriptional activation of I-xB-a along 
blood vessels of the entire brain; the signal was very intense 1 h after the injection, 
decreased at 3 h and vanished at time 12 h. In the chp and leptomeninges, I-xB-a was 
stimulated 1 h after the injection, peaked at 3 h and diminished but still present 9 h 
later. The bacterial endotoxin also increased the transcript levels in the CVOs and PVN. 
Similarly, IL-ip strongly activated the transcription of the inhibitory factor across the 
brain microvasculature, chp and CVOs 30 min and 1 h following the treatment, but 
then vanished thereafter. The PVN and leptomeninges of IL-ip-treated rats also 
exhibited a moderate I-kB-a mRNA signal at 30 min and 1 h post-injection. The 
regions that were responsive to i.v. TNF-a were comparable to IL-1, but the signal 
was much lower and no increase was detected in the PVN. Interestingly, i.m. turpentine 
insult stimulated I-xB-a transcription quite selectively along the brain capillaries. 
These results indicate that NF-xB may play a crucial role within specific cellular 
populations of the CNS to trigger transcription of immune-related genes during 
systemic inflammation and I-xB-a re-synthesis may be the intracellular inhibitory 
feedback providing an adequate and localized response. Supp. by the MRC of Canada.

738.7

THE CENTRAL ANTI-INFLAMMATORY EFFECTS OF I.C.V. CNI-1493: 
INVOLVEMENT OF THE VAGUS NERVE IN ACUTE PHASE RESPONSES.
L.V.Borovikova*, G.I. Botchkina, A, Frazier. K.J. Tracey. Lab. of Biomed. Science, 
The Picower Institute for Medical Research; Manhasset, NY 11030.

The brain plays a crucial role in regulating the acute phase host responses to 
systemic and peripheral inflammation. The vagus nerve appears to be involved in the 
interaction between the brain and immune system. Our previous work with the 
tetravalent guanylhydr^zone compound CNI-1493 indicates that it is a potent anti
inflammatory agent. The present study examined the central effects of CNI-1493 on 
lipopolysaccharide (LPS)-induced shock and carrageenan (CAR)-induced paw 
edema. We also investigated whether the effects of vagotomy are specific to those 
defense processes mediated by the brain. Anesthetized intact, vagotomized or sham- 
operated rats were pretreated intracerebroventricularly (i.c.v.) with saline (10 pi) as 
control or with CNI-1493 (0.1-1,000 ng/kg) in the same volume 60 min before 
intravenous injection of LPS (15 mg/kg) or intraplantar administration of CAR (1%, 
100 pi). LPS induced a significant decrease in mean arterial blood pressure (MABP) 
from 101.2+5.4 mm Hg to 23.8+9.0 mm Hg (n=10, intact rats) after 60 min. 
Pretreatment with i.c.v. CNI-1493 (1 ng/kg and higher) completely protected 
animals against hypotension and also suppressed CAR-induced paw swelling at 3 
hours (0.11+0.03 mm versus control 2.1j<).3 mm). Bilateral cervical vagotomy 
reversed the central anti-inflammatory effects of this compound against LPS shock 
and CAR paw edema: MABP decreased to 40+93 mm Hg (n=5) within 60 min after 
LPS; and CAR-induced paw edema was 1.2+0.1 mm (n=5) at 3 hours after injection 
with pretreatment of CNI-1493 (1,000 ng/kg). Sham vagotomy did not alter the anti
inflammatory effects of CNI-1493. These results suggest that communication via the 
vagus nerve serves a critical role in central mediation of systemic acute phase 
responses to inflammation.

738.8
IL-1RI MRNA EXPRESSION IN THE RAT HYPOTHALAMUS IN 
RESPONSE TO CENTRAL OR PERIPHERAL ADMINISTRATION 
OF IL-1. L.C. Parker, D.J. Balderson, N.J. Rothwell, and G.N. Luheshi* 
School of Biological Sciences, 1.124 Stopford Building, University of 
Manchester, Manchester M13 9PT, UK.

Interleukin-1 (IL-1) is an important mediator of immune and
inflammatory responses to injury or infection, including fever, via a direct 
action on the central nervous system. Actions of IL-1 are mediated through 
the type I IL-1 receptor (1L-1RI), while the type II receptor (IL-1RII) 
appears to have a regulatory function, acting as a 'decoy' for IL-1. In the 
present study, IL-1RI mRNA expression was investigated in the 
hypothalamus, a primary site of action for IL-1 in fever. A sensitive, 
quantitative RT-PCR technique was used to measure mRNA expression two 
hours after administration of IL-la or IL-1 p, either centrally (i.c.v.; 50ng/rat 
and 5ng/rat respectively) or peripherally (i.p.; lgg/rat for both IL-la and P). 
The data indicate that IL-1RI mRNA expression in the hypothalamus was 
unaltered by central or peripheral administration of IL-la or IL-1 p. In 
contrast, IL-1RI expression in the liver of the same animals significantly 
increased in response to central or peripheral administration of IL-la or IL- 
ip. These results indicate that while central administration of IL-1 does not 
affect brain IL-1RI mRNA expression, it does affect peripheral IL-1RI 
mRNA expression, thus supporting the proposal that brain cytokines can 
modify events in the periphery.
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738.9

EXPRESSION OF THE NEUROTRANSMITTER GENE, PPT-I, IN BONE 
MARROW. IMPLICATIONS FOR NEURAL-HEMATOPOIETIC CROSSTALK. 
J. Qian, P. Gascon, P. Maloof and P, Rameshwar*. Dept. Of Medicine- 
Hematology, UMDNJ-New Jersey Medical School, Newark, NJ 07103.

Soluble factors, produced by the neural-immune/hematopoietic axis mediate 
bidirectional communication between the nervous and hematopoietic systems. 
Neurotransmitters, derived from the preprotachykinin-I (PPT-I) gene, are 
hematopoietic modulators. Hematopoietic functions of PPT-I peptides are 
mediated through cells (stroma) that are in contact with sensory nerve fibers. 
In this study, we determine whether PPT-I can be expressed in stromal cells. 
We hypothesize that initial stimulation of bone marrow cells by neural-derived 
PPT-I peptides will induce soluble factors such as cytokines. These factors can 
then induce PPT-I in hematopoietic-supporting stromal cells. By quantitative 
RT-PCR and ELISA, we found that hematopoietic growth factors induce PPT- 
I in stromal cells. To understand the mechanism of PPT-I induction in stroma, 
we cloned the upstream regions of the human PPT-I in two steps. By PCR 
with primers specific for exon 2 and template from a human ‘promoter-walk’ 
library (Clontech), we obtained a 1.3 kb fragment. This fragment was used 
as a probe to retrieve a larger fragment from a human genomic library 
(Stratagene). We have now subcloned a 4.0 kb sequence into reporter vectors 
that secrete alkaline phosphatase. We are currently transfecting stromal cells 
and analyzing the PPT-I upstream region. These studies will significantly have 
an impact in understanding the extent of anterograde-retrograde crosstalk 
between the nervous and hematopoietic systems, especially in emergencies 
such as hemorrhage caused by trauma.

738.10
IL-13 INCREASES NORADRENALINE LEVELS IN THE RAT PREFRON
TAL CORTEX THROUGH GLUTAMATE, PROSTANOIDS AND NO. T, 
Hori1*, H. Kamikawa1, H. Nakanc-, S. Aou1 and N. Tashiro2. ’Dept. of Physi
ology and 2Dept of Psychiatry, Kyushu University Faculty of Medicine, Fukuoka 
812-8582,Japan.

Our previous study (Am. J. Physiol. 267: R1559, 1994) revealed that an im
mobilization stress increased the noradrenaline (NA) release in the medial pre
frontal cortex (mPFC) of rats, which was brought about most likely by an in
creased activity of locus coeruleus neurons. The present study investigated 
whether the NA release in the mPFC is affected by the local actions of interleukin- 
1 (IL-1), the mRNA of which is induced by various types of stressful stimuli 
including immobilization. The effects of local injection of IL-1 {3 on the concen
tration of NA in the mPFC of rats was studied by means of brain microdialysis 
technique using a dialysis probe with an attached microinjection probe. A local 
injection of IL-1 (3 (3 and 10 ng) induced a biphasic increase of NA concentra
tion, which was completely blocked by IL-1 receptor antagonist. Diclofenac (a 
COX inhibitor) and N-nitro-L-arginine (a NOS inhibitor) had no effect on the 
initial rise in NA levels observed 20 min after IL-lf3 application, but suppressed 
the late phase of the rise in NA levels 40 min and thereafter. On the other hand, 
local application of CNQX (a non-NMDA glutamate receptor antagonist), but 
not AP-5 (a NMDA receptor antagonist), abolished both phases of IL-lp-in- 
duced NA rise. Furthermore, local administration of IL-1 ¡3 (10 ng) increased 
the extracellular concentration of glutamate in the mPFC. The results suggest 
that IL-1 (3 locally enhances NA release in the mPFC through activation of the 
glutamatergic system and the glutamate-induced increases in prostaglandins (PGs) 
and NO. Since it is known that NO stimulates the induction of COX and both 
PGs and NO facilitate the glutamate release in the brain, a positive feedback 
may be created among these signal molecules, thus forming the second phase of 
NA release in the mPFC which lasts for more than 6 hours.

738.11
DISCREPANCY OF TISSUE IL-6 EXPRESSION BETWEEN IN THE NON-IN- 
FLAMMATORY STRESS AND IN THE PYROGENIC INFLAMMATION 
A. TAKAKI*. K. ITO, S. YAGI, Y. KANEMITSU, S. TSURUGANO, S. SHIODA, M.
MAEDA, & T. HORI. Dept of Physiol, Kyushyu Univ Fac of Med, Fukuoka 812-8582; 
Dept of Anatomy, School of Med, Showa Univ; School of Pharmaceutical Sciences, 
Showa Univ, Tokyo 142-8555, Japan.

Plasma IL-6 levels increase not only during inflammation but during non-in- 
flammatory stresses such as immobilization. However, the mechanism of EL-6 release in 
plasma especially in the non-inflammatory stress has not been clear yet. Therefore, we 
measured the IL-6 tissue contents in normal, immobilized, and LPS (5mg/kg, ip)-in- 
jected C3H mice using a highly sensitive chemiluminescent assay. Tissue IL-6 in nor
mal mice (n=6) were as follows: the liver; 310.6±21.6 ng/g wet tissue, the kidney: 
124.2±3.4, the brain; 3.7±0.3, the spleen; 2.2±0.3. Although plasma IL-6 levels signifi
cantly increased (about 10 times) 2 hr after the initiation of immobilization stress (lhr), 
the tissue IL-6 contents in the spleen, the brain, and the kidney were decreased. That in 
the liver did not change. To the contrary, the splenic IL-6 was dramatically increased by 
intraperitoneal injection of LPS (a hundred times) as a plasma IL-6 response (4 thousand 
times), while tissue IL-6 in the brain and the kidney moderately increased (few times). 

In addition, the hepatic IL-6 was rather decreased (85% of basal).
These results, together with previous reports, suggest that (1) the liver seems 

to be a major organ to store the peripheral IL-6, (2) the source of circulating IL-6 in the 
non-inflammatory stress is different from that in the pyrogenic inflammation, (3) the 

liver may adsorb and breakdown the excessive IL-6 in circulation induced by pyrogen.

738.12
MORPHINE-INDUCED ELEVATION OF PLASMA IL-6 IS MEDIATED BY THE 
AUTONOMIC NERVOUS SYSTEM. R. A. Houghtlin *and B.M. Bayer. Dept. Of 

Pharmacology, Georgetown University, Washington, DC 20007.
Interleukin-6 (IL-6) is a proinflammatory cytokine which is important in modulating 

several immune cell responses. Recent work has suggested that opioid receptors may 
have a role in IL-1Q induced elevation of circulating IL-6 levels (De Simoni et al, 
1993). Further evidence supporting these interactions was the finding that direct 
central administration of morphine also elevated plasma IL-6 levels (Bertolucci et al. 
(1996). We have further examined this novel role of opioid-induced
immunomodulation by fully characterizing the direct effect of morphine on plasma 1L- 
6 levels and have begun to determine the potential mechanism of stimulation. The 
elevation of IL-6 following morphine administration was found to be both dose- and 
time-dependent. Significant increases of plasma IL-6 ranging between 5 to 14 fold 
were obtained with doses of 10 - 30 mg/kg of morphine. This increase was maximal 
within 1 hr following drug administration. Although the plasma levels of IL-6 were 
still significantly elevated within 2 hours, levels were beginning to decline. To begin 
to address whether the elevation of IL-6 levels by morphine was potentially due to 
peripherally- and/or centrally-mediated mechanisms, morphine (10 pg/5 pi) was 
microinjected into the lateral ventricle of awake, freely moving rats. Within 1 hour, 
central morphine administration significantly elevated plasma IL-6 levels. This effect 
was completely antagonized by naltrexone (10 mg/kg; s.c.) pretreatment. To further 
delineate the potential mechanisms involved, morphine treated rats were pretreated 
with chlorisondamine, a ganglionic receptor antagonist. Chlorisondamine completely 
antagonized the morphine-induced elevation of plasma IL-6. These results collectively 
suggest that the effects of morphine on the release of IL-6 into circulation involves 
both central modulation of opioid receptors and the activation of the autonomic 
nervous system. This work was funded by NIDA grants DA 05849-1 (RAH) and 
DA 04358-10A1 (BMB).

738.13
EXAMINATION OF A POTENTIAL IMMUNOMODULATORY INTERACTION 
BETWEEN CENTRAL OPIOIDS, CRF AND INTERLEUKIN-1. R.D. Mellon*&
B.M. Bayer. Dept. Of Pharmacology, Georgetown University Medical Center, 
Washington, D.C. 20007.

Acute systemic morphine alters lymphocyte activity via central opioid receptors 
largely independent of the HPA axis (Hernandez et al. 1993, Flores et al. 1994). This 
effect is antagonized by prior ganglionic blockade with chlorisondamine (Flores et al. 
1996). Recent studies demonstrate that central administration of corticotropin
releasing factor (CRF) produces similar alterations via activation of the autonomic 
nervous system (see Friedman and Irwin et al. 1995). In addition, central 
administration of interleukin-1 has been reported to alter lymphocyte activity in a 
CRF-dependent pathway (Sundar et al. 1989, 1990). To examine the potential 
interaction of opioids with these immunomodulatory systems, naltrexone (10 mg/kg, 
s.c.) was administered 30 minutes prior to either CRF (1 pg/5 pi) or rhIL-1 P (5 ng/5 
pi) microinjected into the lateral ventricle of the male Sprague-Dawley rat. Animals 
were sacrificed 1 or 2 hours after CRF or IL-1 treatment, respectively. Blood 
lymphocyte proliferation to the polyclonal T cell mitogen concanavalin A (ConA) and 
plasma corticosterone were monitored. Both CRF and IL-1 decreased peripheral blood 
lymphocyte proliferation and increased plasma levels of corticosterone. Naltrexone 
pretreatment did not alter responses to either treatment. Administration of the 
competitive CRF antagonist, a-helical CRF (20 pg/5 pi), into the lateral ventricle did 
not alter systemic morphine-induced suppression of peripheral lymphocyte 
proliferation responses. These data suggest that opioid receptors do not appear to be 
downstream of the central immunomodulatory or neuroendocrine pathways activated 
by either central CRF or IL-1. Further, systemic morphine administration appears to 
alter lymphocyte activity independent of central CRF pathways.

This work was supported by NIH Grants DA04358 (BMB) and DA05779 (RDM).

738.14
MONITORING CHANGES IN EXPRESSION OF 18,376 GENES 
IN THE MOUSE HIPPOCAMPUS FOLLOWING PERIPHERAL 
ADMINISTRATION OF LIPOPOLYSACCHARIDES. R.Ring,
M.E.Barish, A.J.Chiu? J.Singer-Sam. City of Hope 
National Medical Center/Beckman Research Inst.; 
Duarte, CA, 91010.

The hippocampus is a discrete structure with
in the central nervous system that plays an 
essential role in learning and memory. Growing 
evidence also indicates that this area is part- 
ularly susceptible to immune-mediated damage. We 
wanted to characterize what role gene expression 
is playing in the mouse hippocampus' response to 
inflammation by identifying specific transcripts 
whose expression is differentially regulated fol
lowing a systemic inflammatory insult. Using 
high-density filter arrays we monitored the ex
pression of 18,376 non-redundant cDNAs (from the
I.M.A.G.E. Consortium library) in the mouse hip
pocampus before and after peripheral challenge 
with the general inflammatory stimulant LPS. 
Analysis of these arrays in parallel enabled us 
to identify a significant number of known and 
previously uncharacterized transcripts whose 
expression is either up or down regulated in the 
mouse hippocampus during a general inflammatory 
response. We also extended our analysis to in
clude a profile of the most abundant transcripts.
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738.15

INCREASED EXCITABILITY, LONG-TERM POTENTIATION AND SEIZURE 
ACTIVITY IN HIPPOCAMPAL CA1 OF TRANSGENIC MICE WITH CNS 
EXPRESSION OF INTERFERON ALPHA. T, Krucker* I.L. Campbell, and G.R. 
Siggins. AIDS Research Center & Department of Neuropharmacology, The Scripps 
Research Institute, La Jolla, CA 92037.

Type I interferons, that include the antiviral cytokine interferon a (IFNa), appear 
to liave complex and broad-ranging action in the CNS. Transgenic mice with 
astrocyte expression of the antiviral cytokine IFNa develop progressive 
inflammation, Ca2+ mineralization, gliosis and neurodegeneration (Akwa, Y. et al., 
1997; Soc. Neurosci. Abst. 23; 993) and provide a useful model to link structural 
and functional neuropathology. To assess the physiology of high (GIFN39) and low 
expressor (GIFN12) mice and determine whether IFNa expression alters synaptic 
plasticity, we examined CA1 population excitatoiy postsynaptic potentials (pEPSPs) 
in liippocampal slices from these animals. Compared with slices from non- 
transgenic littermate controls, slices from GIFN39 and GIFN12 mice showed 
significantly larger normalized pEPSP amplitudes and a significant increase in the 
magnitude of CA1 LTP. Paired pulse facilitation (PPF) was significantly larger in 
slices from GIFN39 but not in GIFN12. This trend towards hyperexcitabilty in 
GIFN39 and GIFN12 was supported by an enhanced seizure activity induced by 
high frequency stimulation (up to 350% in GIFN39 over baseline), and by 
superfusion low Mg2+ ACSF (up to 155% increase). The observed changes in 
excitability and synaptic plasticity may reflect physiological correlates of the 
histopathological alterations, notably abnormal Ca2+ metabolism and loss of 
cholinergic neurons in GIFN mice.

Supported by NIH grant NIH47680 and Novartis Pharma.

738.16

UPREGULATION OF PRO-INFLAMMATORY CYTOKINES 
IN RESPONSE TO INTRASTRIATAL INJECTION OF 
LIPOPOLYSACCHARIDE. E.L. Stern, N. Quan, M. Proescholdf 
and M. Herkenham*. Section on Functional Neuroanatomy and fLab 
Neurotoxicology, NIMH, Bldg. 36 Rm. 2D 15, Bethesda MD 20892.

An aseptic mechanical injury elicits pro-inflammatory cytokine mRNA 
induction at the injury site in the brain. This response may be 
exaggerated by infectious agents. We used an intrastriatal injection of 
saline or lipopolysaccharide (LPS) in rat to study and compare responses 
to aseptic versus infectious brain injury. In situ hybridization was used 
to monitor transcript levels of the pro-inflammatory markers IkBcc (a 
cytokine-responsive immediate-early gene), IL-1 p, and TNFa, as well as 
the immune signal regulators IL-IRA, iNOS, and COX-2, at 15 min, 
1 h, 4 h, and 16 h post-injection. We observed a consistent time course 
of IkBœ, IL-1 P, and TNFa mRNA induction after saline injection; 
increasing at 1 h, reaching a peak level at 4 h, and returning to baseline 
level at 16 h. By comparison, injection of LPS shifted the peak 
expression of KBa mRNA to 1 h and prolonged its upregulation 
through 16 h. In addition, injection of LPS dose-dependently (0.05-5.0 
Fig) enhanced expression of IL-1 p and TNFa, which again peaked at 
4 h, and resulted in a sustained elevation of IL-1 p mRNA at 16 h. Only 
at 16 h after LPS injection, IL-IRA, COX-2, and iNOS mRNA were 
evident at the injection site. Furthermore, unique to LPS injection, at 
16 h, mRNA expression for iKBa, IL-lp, and TNFa was found 
throughout the entire rostral ipsilateral striatum. Combined, the results 
reveal a differentially sensitive, time-dependent, pro-inflammatory 
cytokine mRNA response to aseptic versus infectious injury in the brain. 
(Support; NIMH IRP)

738.17
INJECTION OF ANTIGEN INTO THE STRIATUM EVOKES SYSTEMIC 
IMMUNE DEVIATION. H. Wenkel, J.W, Streilein, S.S, Zhan, and M.J, Young*. 
Schepens Eye Research Institute, Department of Ophthalmology, Harvard Medical 
School, Boston, MA 02114.

The classical description of immune privilege in the brain invoked "immunological 
ignorance" as an explanation for prolonged survival of grafted tissue vis-a-vis 
conventional non-privileged sites. Recent evidence reveals that immune privilege in 
the eye results from active regulation of systemic and local immunity, rather than 
passive "ignorance", prompting a reassessment of immune privilege in the brain.

Ovalbumin (OVA, a heterologous protein antigen), was injected stereotaxically into 
the striatum of normal adult mice, or into striatum that had been previously ablated 
with a micropipette. Seven days later, mice were immunized subcutaneously with 
OVA and adjuvant, followed one week later by assessment of delayed type 
hypersensitivity (DTH). OVA was also injected into the striatum of splenectomized 
mice, and in other experiments spleen cells from mice that received OVA in the 
striatum were transferred into naive mice who were then immunized with OVA and 
adjuvant (adoptive transfer assay); in both cases DTH was examined.

OVA injected into the brain of normal mice evoked a deviant immune response 
(BRain Associated Immune Deviation - BRAID) that was deficient in OVA-specific 
DTH. This response was not dependent on an intact blood-brain barrier (BBB) since 
BRAID was induced even when OVA was injected into a newly created lesion site 
with extensive BBB leakage. In contrast to immune deviation elicited via the eye, an 
intact spleen was not required for BRAID, nor was BRAID adoptively transferable 
with spleen cells. Together, these data indicate that immune privilege in the brain is 
actively acquired, exists even when the BBB is compromised, and is mediated by an 
immune deviation mechanism that differs from eye-derived immune deviation.

[Supported by grants from NEI (EY-09595), DeGunzburg Retinal Transplantation 
Research Center and the German Research Foundation (WE 1462/3-1)]

738.18

INTERFERON-a-INDUCED MODULATION OF BRAIN IL-lp 
SYSTEM, TNF-a, TGF-pl AND NEUROPEPTIDES: IMPLICATIONS 
FORIFN-a-INDUCED NEUROLOGICAL MANIFESTATIONS. M.C. 
Flynn*, S.E. Ilyin, D, Gayle, N.P, TurrinandC.R, Plata-Salamán. Div.
Molecular Biology, SLHS, Univ. Delaware, Newark DE 19716.

IFN-a induces neurological manifestations (e.g., anorexia, fever) when 
administered peripherally or into the brain. Here, we investigated the 
regulation of the IL-lp system (ligand, receptors, receptor accessory 
proteins and receptor antagonist), TNF-a, TGF-pl, glycoprotein 130 
(IL-6 receptor signal transducer), NPY, dynorphin, and POMC mRNAs 
in the cerebellum, cortex, hippocampus and hypothalamus of Wistar rats 
in response to the ICV microinfusion of recombinant intact (n = 8) or 
heat-treated (n = 8) rat IFN-a (1350 IU/rat, an immunotherapeutically 
relevant dose when administered intrathecally). The same brain region 
samples were assayed for all components. Only the intact IFN-a induced 
significant anorexia which was associated with a significant up-regulation 
of IL-1 p, IL-1 receptor antagonist, TNF-a and TGF-pl mRNAs in brain 
regions. IL-1 receptor type I and IL-1 receptor accessory protein 
(soluble) form mRNAs increased only in the hypothalamus. Levels of 
all other cytokine or neuropeptide components mRNAs examined were 
not different between groups. The data suggest that IFN-a is a potent 
inducer of the cytokine cascade in the brain, and that cytokine-cytokine 
interactions with positive (IL-1P — TNF-a) and negative (IL-IRa, TGF- 
pi • IL-ip/TNF-a) feedback are involved in IFN-a actions in the brain. 
The net effect of these interactions and pro-inflammatory/anti- 
inflammatory cytokine balance may have implications to neurological 
manifestations associated with IFN-a immunotherapy. Supported by the 
Schering-Plough Corporation (CRP-S).

738.19

SENSITIZATION EFFECTS OF TUMOR NECROSIS FACTOR-a: 
BEHAVIORAL, NEUROENDOCRINE AND NEUROCHEMICAL 
A LTER AT ION S. S. Hayley1, K, Brebner1, W. Staines*2, Z. Merali2,3 
and H. Anisman1, Institute of Neuroscience. Carletnn University1, 
School of Psychology2 and Department of Cellular and Molecular 
Medicine3, University of Ottawa, Ottawa, Ontario, K1S 5B6, Canada.

Tumor necrosis factor alpha (TNF-a), like interleukin-1(3, stimulates 
the hypothalamo-pituitary-adrenal (HPA) axis and influences 
hypothalamic monoamine levels and activity. Scant data exist 
concerning the extra-hypothamic effects of TNF-a and the possible 
central neurochemical sensitization induced by this cytokine. In the 
present investigation we demonstrated that TNF-a provoked a dose 
dependent reduction of consumption of a palatable food (chocolate 
milk), coupled with increased plasma corticosterone levels. Moreover, 
TNF-a reduced norepinephrine (NE) in the PVN, hippocampus and 
locus coeruleus, increased accumbal dopamine turnover, as well as 
amygdala and PVN serotonin utilization. The magnitude of these effects 
were greatly enhanced in mice primed with an initial dose of TNF-a (4 
ug) and subsequently re-administered a low dose of the cytokine (1 ug) 
(sensitization). Upon reexposure to a subeffective dose of TNF-a, a 
time-dependent sensitization was evident with respect to plasma 
corticosterone elevations (enhanced at 14 and 28 days, but not at 1 and 
7 days following initial cytokine treatment). Likewise, the NE 
variations within the PVN increased with the passage of time, but in 
other areas (e.g., prefrontal cortex) the sensitization was profound at 
short, but not at longer intervals. It is suggested that the behavioral and 
neurophysiological consequences of TNF-a need to consider both the 
immediate and protracted effects of this cytokine

Supported by the Medical Research Council of Canada.

738.20

CYTOKINE PRODUCTIONON BRAIN AND PLASMA OF C57BL/6J MICE 
OF DIFFERENT AGES: EFFECTS OF INTRACEREBROVENTRICULAR 
TNFa INFUSION.
P. Mascarucci1, D.D, Taub2, P.V. Baskar2, W. Wallace1*, D.K. Ingram1 and
A.N. Kalehua1. 1MPGS/LCMB and 2 LCI/LI. NIA/NIH. Baltimore. MD 21224.

Previous studies from our laboratory have revealed an age-related increase in 
mortality of C57BL/6J (B6) mice after the intrecerebroventricular (icv) injection 
of lipopolysaccharide. This increase in mortality is correlated with an increase in 
brain TNFa levels. The objective of the current study was to evaluate the effects 
of centrally administered TNFa. We injected TNFa icv (500 ng/2.5pl) in aged 
(24-26 mo) and young (8-9 mo) B6 mice. Three hours after TNFa injection, 
mice were sacrificed: blood was removed and centrifuged; brains were dissected, 
homogenized in PBS and centrifuged. Both brain supernatants and plasma were 
frozen on dry for the ELISA analysis of IL 1(3, IL 12 and TNFa. The results 
revealed an age-related increase in brain levels of TNFa and IL1 (3, and in plasma 
levels of IL12 and ILip following icv TNFa administration. We also examined 
the effects of soluble TNF receptor (sTNFR) infusion (lpg/2.5 pi) 45 min after 
TNFa injection to determine if the cytokine response could be blocked. Our data 
thus far show a decrease in brain IL1 (3 and TNFa levels in aged mice, with an 
increase in brain ILip and TNFa levels in young mice, which may indicate 
alterations in the brain inflammatory response to TNFa. We are continuing our 
investigation on the interactions between age and TNFa-induced CNS 
inflammation, and its possible relationship to behavioral deficits.

Society for Neuroscience, Volume 24,1998
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739.1
SLEEP EFFECTS OF INTERLEUKIN-1ft (ILlft) INJECTED INTO THE 
HYPOTHALAMUS AND THALAMUS OFTHERAT. Y, Slisii1 and R. de 
Beaurepaire2*. TNSERM U-320, CHRU, 14032 Caen, 2CH Paul 
Guiraud, 94806Villejuif, FRANCE.

We have previously shown that ILlft decreases food intake in 
hypothalamic and thalamic sites (Sellami and de Beaurepaire, 
Brain Res, 1995). We have also shown that calcitonin and CRF 
(Slisii et al, Soc Neurosci Abs, 1994 and 1995) decrease sleep 
duration in diencephalic sites. In the present study, we 
explored the effects of ILlft on sleep in the same sites. S-D rats 
were implanted with electrodes for chronic EEG recordings, 
and with a cannula directed to 18 different nuclei of the 
hypothalamus and thalamus (n = 6 or more per site). Animals 
were injected twice, once with ILlft (5ng in 0.2gl) and once 
with saline. They were recorded for 3 hours after the injection. 
A decrease in sleep duration was found in the following sites: 
in the hypothalamus: perifornical area, paraventricular, 
arquate and ventromedial nuclei, preoptic area, antero-median 
floor; in the thalamus: ventromedial and centromedial nuclei, 
ventral part of the reuniens. No sleep change was found in the 
following sites: in the hypothalamus: tuber cinereum, lateral 
and posterior hypothalamus, dorsomedial nucleus, BNST; in the 
thalamus: zona incerta, lateral reuniens, gelatinosus, peri 
mamillo-thalamic tract. The localization of these effects 
corresponds to the localization of the sleep effects of calcitonin 
and of the anorectic effect of ILlft (except for the ventromedial 
nucleus of the hypothalamus and the peri mamillo-thalamic 
tract). The effects of ILlft are weaker than those of calcitonin.

739.2
ACUTE STRESS-INDUCED INCREASE IN NK CELL GRANULE 
CONTENT IN MONKEYS. C.J. Rogers* C.S. Brissette-Storkus, W.H. 
Chambers, and J.L, Cameron. Depts.of Cell Biology & Physiology. 
Pathology, Psychiatry, and Neuroscience, and the University of Pittsburgh 
Cancer Institute. Univ. of Pittsburgh, Pittsburgh, PA 15261 and the Oregon 
Reg. Primate Res. Ctr., Beaverton, OR 97006.

We have previously shown that acute social stress in adult female 
monkeys causes a significant decrease in NK cell cytotoxicity. This 
reduction in NK cell lytic function is correlated with a decrease in NK cell 
binding to target cells and a loss expression of the adhesion molecule, CD2, 
on NK cells. Additionally, we hypothesized that another step in the lytic 
process, downstream from binding of NK cells to target cells, may be altered 
by acute stress. Therefore, the goal of the present study was to examine the 
effects of acute stress on NK cell lytic granule content and PMA- and 
ionomycin-induced granule release. Blood samples were collected via 
femoral venipuncture from monkeys prior to and 1, 2, and 3 hours after the 
onset of acute stress. The acute social stress consisted of moving the animals 
from their home cage to a novel environment with unfamiliar monkeys, and 
blood sample collection at hourly intervals. Peripheral blood NK cells were 
purified from control and 3 hour blood samples by negative selection using 
magnetic beads coated with anti-monkey CD3 and anti-human CD21 to 
deplete T and B cells, respectively. We found that following acute stress, 
NK cells had an increase in total granule content (35%; n=4, p< 0.06) and 
PMA- and ionomycin-induced granule release (52%; p< 0.05) assessed by 
glucuronidase release. The stress-induced increase in granule content could 
be due to increased synthesis of lytic granules or decreased in vivo release of 
lytic granules. Current studies are aimed at understanding the mechanism 
underlying the stress-induced increase in NK cell lytic granule content.

This work supported by the John D. and Catherine T. MacArthur Foundation.

739.3
CENTRAL INJECTION OF NICOTINE INCREASES HEPATIC AND 
SPLENIC INTERLEUKIN-6 mRNA EXPRESSION AND PLASMA EL-6 
LEVELS IN MICE: INVOLVEMENT OF PERIPHERAL
NOREPINEPHRINE. Y.-B, IM. J.-S, JUNG. H.-W. SUH. S.-O, HUH. J.-H, 
SONG. Y.-H. KIM and D.-K, SONG*. Dept. of Pharmacol., Coll, of Med., 
Inst, of Natural Med., Hallym Univ., Chunchon, 200-702, S. Korea.

Effects of intracerebroventricular (i.c.v.) injection of nicotine on plasma 
interleukin (IL)-6 levels and IL-6 mRNA expression were studied in mice. 
Nicotine (105 or 350 ng, i.c.v.) increased plasma EL-6 levels. Depletion of 
peripheral norepinephrine with 6-hydroxydopamine (100 mg/kg, i.p.) inhibited 
the nicotine-induced plasma EL-6 levels, while central norepinephrine depletion 
had no effect. Nicotine-induced plasma IL-6 levels were inhibited by 
pretreatment with phentolamine (a-adrenergic antagonist: 2 mg/kg, i.p.) or 
with propranolol (|3-adrenergic antagonist: 10 mg/kg, i.p.). Prazosin (oq- 
adrenergic antagonist; 1 mg/kg, i.p.), yohimbine (a2-adrenergic antagonist; 1 
mg/kg, i.p.), and ICI-118,551 (^-adrenergic antagonist; 2 mg/kg, i.p.), but not 
betaxolol (Pi-adrenergic antagonist; 2 mg/kg, i.p.), inhibited nicotine-induced 
plasma IL-6 levels. I.c.v. nicotine increased IL-6 mRNA expression in liver 
and spleen, which was inhibited by peripheral norepinephrine depletion. These 
results suggest that stimulation of central nicotinic receptors induces IL-6 
mRNA expression in liver and spleen via peripheral sympathetic nervous 
system, and increases plasma IL-6 levels through ap, a2- and P2- 
adrenoceptors.

739.4
EFFECTS OF CHRONIC CORTICOSTERONE ADMINISTRATION ON IL-18 
mRNA IN RAT TISSUES. C. Tinti*.B. Conti. B. Attardi. H.C. Kim. Y, Bae. S.J. 
Kim and T.H. Joh. Cornell Univ. Medical College at The Burke Medical Research 
Institute, White Plains, NY 10605, USA.

Stress may influence the susceptibility to disease by inducing the production or the 
secretion of hormones biologically active on the immune system. We previously 
demonstrated that acute cold stress or reserpine treatment increases the production of 
IL-18 and glucocorticoids in the adrenal cortex of the rat. Yet these molecules have 
opposite biological functions on the immune system. While IL-18 is a 
proinflammatory cytokine and a stimulator of the cell-mediated immune response, 
glucocorticoids generally have antiinflammatory and immunosuppressive properties. 
Glucocorticoids may also regulate gene transcription, and their effects on immune 
functions are mediated by inhibition of the transcription of several cytokines. In the 
present study we investigated the effects of chronic corticosterone administration on 
EL-18 mRNA levels in several tissues of the rat. Adult male CD rats received a 
continuous dose of corticosterone by subcutaneous implantation of hormone releasing 
pellets (400 mg of corticosterone released over a period of 21 days). Serum and tissue 
samples were collected after six days from untreated animals and rats treated with 
corticosterone or placebo pellets. Chronic high dose corticosterone treatment induced 
adrenal gland atrophy but did not significantly alter IL-18 mRNA levels in this organ 
as measured by Northern blot analysis. IL-18 mRNA remained constant also in 
stomach and lung, whereas they increased surprisingly in spleen and intestine. In situ 
hybridization on intestine showed that IL-18 mRNA is produced in the lamina 
propria, most likely by cells of the immune system. Thus, glucocorticoids may not 
directly mediate the stress-induced increase in IL-18 mRNA in the adrenal gland. On 
the contrary, the increase observed in other tissues suggests that chronic stress might 
influence immune functions through IL-18 in a new, not yet characterized, way. 
(Supported by MH24285, DK47938(BA) and The Burke Foundation).

739.5

HETEROCLICITY TOWARDS THE INTERFERON ALPHA RECEPTOR 
BY ANTIBODIES PREPARED TO THE GLUTAMATE RECEPTOR 
SEQUENCE, GluR3B. N.G. Carlson*, L. C. Gahring, A. Bacchi, W. 
Wiegqel, J. Chen, T. Bovack, J. Howard and S.W. Rogers. SLC VA- 
GRECC and the University of Utah School of Medicine, Salt Lake City, UT 
84112.

Autoantibodies to glutamate receptors (GluR) can exhibit the novel 
function of acting as GluR agonists as has been observed in some 
patients with the severe pediatric epilepsy termed Rasmussen’s 
encephalitis (RE, Rogers et al.,Science 265:648-652,1994; Twyman et al., 
Neuron 14:755-762, 1995). Agonist-like antibodies to a subregion of 
GluR3 termed GluR3B (amino acids 372-395) require the amino acids 
glutamate 375, valine 378, proline 379, phenylalanine 380 and to a lesser, 
but significant, extent isoleucine 385 (Carlson et al., J. Biol. Chem., 272: 
11295-11301,1997) for optimal immunoreactivity. Immunoreactivity to 
F380 was an index of anti-GluR antibody agonist potential. These data 
have provided the criteria to identify other proteins that contain sequences 
similar to GluR3B and determine if antibody cross-reactivity occurs. In the 
present study, anti-GluR agonist-like antibodies prepared in rabbits to 
GluR3B exhibited greater immunoreactivity towards a similar sequence in 
the extracellular domain of the interferon alpha receptor (IFNAR-1) than 
to the immunogen, GluR3B. Since antibodies prepared to a defined region 
of GluR3 can react preferentially to a sequence in the human IFNAR-1, we 
propose that the IFNAR-1 is an heteroclitic antigen of GluR3. These 
results suggest that differential reactivity toward heteroclitic antigens may 
contribute to variable clinical characteristics of certain autoimmune 
diseases. Supported by NIH R01 NS35181

739.6
EFFECT OF IMMOBILIZATION STRESS ON THE PRODUCTION 
OF CORTICOTROPIN RELEASING FACTOR RECEPTOR 1 (CRF- 
Rl) BY SPLENIC NEUTROPHILS. Marko Radulovic* and Joachim 
Spiess. Dept. Molecular Neuroendocrinology, Max Planck Inst. Exp. 
Med., Hermann Rein Strasse 3, 37075 Goettingen, Germany

Corticotropin-releasing factor (CRF) plays a major role in regulating 
the stress response through the hypothalamic-pituitary-adrenal axis. We 
have previously found a dramatic increase in CRF-R1 production of 
mature and immature neutrophils in a mouse spleen after challenge of 
inflammation induced by endotoxin or complete Freund's adjuvant. The 
present study was initiated to investigate the effect of psychological 
stress on the CRF-R1 production in die spleen of C57BL/6N mice. 
Affinity-purified polyclonal rabbit antibody (AB) specific for the N- 
terminus of CRF-R1 was used for immunohistochemical analysis. Cell 
types stained with anti CRF-R1 AB were identified as mature or 
immature neutrophils by their nuclear shapes and colocalization with the 
cell type-specific markers ER-MP58, ER-MP20, F4/80, Moma-1, 
Moma-2, anti-CD3e monoclonal ABs and anti-Ig AB. Spleens of naive 
animals contained a low number of CRF-R1+ cells. One and a half and 
three hours after a 90 minute immobilization stress, the number of 
CRF-R1+ mature neutrophils in spleen had increased by nearly three 
fold compared to naive animals and returned to a basal level by eight 
hours. These results suggest a novel mechanism by which stress 
influences neutrophil function.
(Supported by the Max Planck Society)
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739.7
CHRONIC INTERMITTENT EXPOSURE TO MILD HYPOXIC 
ENVIRONMENT IMPROVES BEHAVIORAL PERFORMANCE AND IMMUNE 
FUNCTION. D.G. Kim1*, D.W. Kang2 and S Lee1. 'Dept. of Pharmacology, Yonsei 
Univ. College of Medicine, Seoul 120-752, Korea; 2Dept. of Pharmacology, Kwan 
Dong Univ. College of Medicine, Kangnung 210-701, Korea.

The stress response varies with conditions of applying the stressor. To determine 
the effect of intensity of stress in chronic intermittent exposure to stressful event, we 
measured behavioral and immunological parameters in BALB/c mice after exposure 
to the environment with different levels of oxygen. Mice were exposed to the 20% 
(control), 15% (mild) or 10% (severe) oxygen condition for 60 min/day, 5 days/ 
week. After 8 weeks' exposure to hypoxic environment, mice were subjected to 
behavioral and immunological measurements without discontinuing exposure. In 
Rota-rod test, longer endurance time on the rotating rod was noted in mice exposed 
to 15% oxygen environment. These mice showed decreased explorative activities 
when exposed to a novel environment for 15 min, and showed no different number 
of avoidance from the control mice in the two-way active avoidance test while a 
decreased number of avoidance was noted in mice exposed to 10% oxygen 
environment. In the evaluation of immune function, mice exposed to 15% oxygen 
environment showed an increased IgG2a production after sensitization with 
ovalbumin 3 times (5th, 6th and 7th week of exposure). The production of IgGl or 
IgM was not changed by exposure to hypoxic environment. A significantly decreased 
proportion of CD3+CD8+ phenotype cells was observed in mice exposed to 10% 
oxygen environment, but proportions of other phenotypes were not changed by 
exposure to hypoxic environment. No significant changes of the antigen-stimulated 
splenocyte proliferation and the natural killer cell cytotoxicity were found. These 
results indicate that the functions of behavioral and immune systems change 
simultaneously as a coping response to the stress, and suggest that chronic- 
intermittent exposure to mild stress can improve these functions.
Supported by Basic Medical Research Fund from Min. of Edu. Korea, 1997

739.8
ANHEDONIA AND CONDITIONED PLACE PREFERENCE IN 
AUTOIMMUNE MRL MICE.
N. Prasad* and H. Szechtman. Department of Biomedical Sciences, McMaster 
University, Hamilton, ON, CANADA, L8N 3Z5.

MRL/lpr mice spontaneously develop a lupus-like autoimmune disease. With 
disease progress, MRL/lpr mice show a markedly reduced preference for sucrose 
(Sakic et al., 1996), suggesting decreased sensitivity to reward (anhedonia). The 
present study investigated the hypothesis that MRL/lpr mice exhibit anhedonia. 
The rewarding effects of two different doses of amphetamine (0.5mg/kg, 1.5 
mg/kg) were examined using a conditioned place preference (CPP) paradigm. 
Each mouse was injected (i.p.) with one of the doses of amphetamine on odd 
numbered days and confined to its originally less preferred compartment for 30 
min. On even numbered days, each mouse was injected with saline and confined 
to its originally more preferred compartment for 30 min. After four pairing 
sessions with each drug treatment, mice had unrestricted access to both 
compartments of the CPP apparatus and the time spent in each of the 
compartments was measured. Contrary to expectation, MRL/lpr mice showed a 
significant conditioned place preference at both doses of amphetamine, and 
furthermore, they did not differ from their congenic controls (MRL+/+ mice) in 
the extent of conditioning. These findings suggest one of two possibilities. First, 
MRL/lpr mice may not exhibit anhedonia after all, and the reduced intake of 
sucrose simply reflects an inability to taste sucrose in the same manner as 
controls. Or alternatively, MRL/lpr mice do exhibit anhedonia, but there is some 
therapeutic effect of amphetamine which makes the animals feel less sick thus 
accounting for the observed conditioned place preferences. Further studies are 
required to elucidate which of these two possibilities is most accurate. (Supported 
by NSERC. HS is a Research Associate of the OMHF).

739.9
QUANTITATIVE ELECTROENCEPHALOGRAPHY IN PATIENTS WITH 
SYSTEMIC LUPUS ERYTHEMATOSUS. S. Khoshbin*, P. Laoprasert, and 
B I. Glanz. Department of Neurology, Brigham and Women’s Hospital, Harvard 
Medical School, Boston, MA 02115.

Systemic lupus erythematosus (SLE) is a chronic inflammatory autoimmune 
disease that affects the central nervous system (CNS). CNS manifestations include 
multiple neurologic and psychiatric symptoms such as seizures, psychosis, 
migraine, and cognitive dysfunction. We have previously reported left temporal 
neurophysiologic abnormalities in patients with diverse CNS manifestations of 
SLE. The present study used quantitative electroencephalography (EEG) to 
confirm the pattern of left hemisphere neurophysiologic dysfunction in patients 
with CNS-SLE.

Fourteen consecutive patients meeting American College of Rheumatology 
(ACR) criteria for the diagnosis of SLE were studied. Patients were referred for 
routine EEG for diverse neuropsychiatrie symptoms including seizures, headaches, 
and cognitive dysfunction. They underwent 20-minute EEG recordings with a 16 
channel polygraph using monopolar, bipolar, and Laplacian montages. Electrodes 
were placed according to the international (10-20) placement system. Recordings 
were made with the patient awake, during hyperventilation, and with photic 
stimulation.

Ten one-second artifact-free intervals of EEG recording were randomly selected 
for each patient. Once selected, the intervals were analyzed for the presence of 
theta and delta slow activity. In 11 of 14 patients, slow activity was significantly 
greater on the left. These findings suggest selective involvement of the left 
hemisphere in patients with CNS-SLE.

Supported by a grant from the Lupus Foundation of America, Massachusetts 
Chapter.

739.10
EFFECTS OFCARBAMAZEPINE TREATMENT ON THE IMMUNOLOGICAL

Bodaiii, Y. Sasuga, S. Miyamoto, M. Ino, M. Asakura, T. Higuchi*, A. Aoba,
Dept. of Neuropsychiatry, St. Marianna Univ. Sch. of Med.; 
Kawasaki, Kanagawa, 216-8511, *Dept. of Neuropsychiatry, ShouwaUniv. 
Fujigaoka Hosp. Aoba-ku, Yokohama, 227-0043, Japan,

We examined the effect of carbamazepine (CBZ) treatment on the 

immunological mechanisms in patients with psychiatric disorders. We 

measured various immunological parameters (immunoglobulin levels, 

lymphocyte responses to mitogens, T and B lymphocytes subsets) among the 

groups of 26 patients given CBZ, 27 patients given the other drugs and 1 7 

healthy volunteer. The number of CD3, CD8 andCD20 of lymphocytes and the 

PHA-M stimulation ratio were decreased in the patients given CBZcompared 

with patients given the other drugs and healthy volunteer. We compared 

immunoglobulin levels among three age groups ( young; -19, middle; 20-65 

and aged ; 6 5 - ). In the young groups, the IgA level were decreased compared 
among the three groups. In the middle groups, there were no significant 

difference in immunoglobulin levels. In the aged groups, the IgA and IgG level 

were decreased. These result demonstrate that CBZ treatment causes a 

decrease in the number of killer T cell, suppressor T cell and total Bcell. We 

considered these effects induced the decrease of immunoglobulin levels.

739.11

INDOMETHACIN ATTENUATES SURGERY-INDUCED INCREASES IN 
METASTASIS IN FEMALES BUT NOT MALES. G.G. Page*. W.P. Blakely
J.S. McDonald, and S. Ben-Eliyahu. Coll, of Nursing, Ohio State Univ., 
Columbus, OH 43210.

We have previously shown that undergoing and recovering from an experimental 
laparotomy significantly decreases host resistance against metastasis. Analgesic 
doses of either morphine or fentanyl significantly attenuates this effect, but does not 
completely block it, suggesting some role for stress hormones in mediating the 
tumor-enhancing effects of surgery. In the current study, we assessed the role of 
prostaglandins in mediating these effects of surgery as they are abundant after 
surgery, and known to modulate immunity and to contribute to nociception. To this 
end, a 2x2 design was used, and male and female Fischer 344 rats were assigned to 
either undergo surgery with halothane anesthesia or undergo anesthesia alone as a 
control condition. Immediately following surgery, rats were injected with either the 
PGE2 synthesis inhibitor indomethacin (1.5 mg/kg) or saline subcutaneously, and 5 
h later, all rats were injected i.v. with radiolabeled MADB106 cells. The 
MADB106 mammary adenocarcinoma is NK-sensitive, syngeneic to the Fischer 
344 rat, and metastasizes only to the lungs. Lungs were removed 16 h later and the 
radioactive content was measured in a gamma counter. Findings showed that 
whereas indomethacin administration almost completely reversed the tumor
enhancing effects of surgery in the females, no such benefits were observed in the 
males. There were no estrous phase related differences in the beneficial effects of 
indomethacin in the females, and indomethacin exerted no effects in the control rats. 
Studies exploring the sexual dimorphic effects of indomethacin and the role NK 
cells in mediating these effects of indomethacin and of surgery are ongoing. 
Supported by NIH grant NR03915.

739.12
STRAIN-DEPENDENT VARIATIONS OF IMMUNE AND 
NEUROENDOCRINE FUNCTIONING IN RESPONSE TO 
STRESSORS. T, Borowski, S, Fairlcss, S. Hayley, L. Kokkinidis*, 
Z, Merali & H, Anisman, Institute of Neuroscience, Carleton 
University and School of Psychology, University of Ottawa, Ottawa, 
Ontario K1S 5B6, Canada.

Marked interindividual differences exist in response to stressors, 
which may be dependent on genetic factors, as well as early-life 
experiences. We demonstrated previously that BALB/cByJ and 
C57BL/6ByJ mice exhibit differential responses to stressors in terms 
of behavioral changes, central neurotransmitter variations, as well as 
hypothalamic-pituitary-adrenal activity. We presently demonstrate that 
these strains also exhibit marked differences in dam-pup interactions, 
a factor thought to influence adult stressor reactivity. As well, it 
appeared that the strain-dependent effects of stressors on plasma 
corticosterone levels may be dependent on the nature of the stressor 
employed (psychogenic vs. neurogenic stressors). Moreover, some 
aspects of immune functioning (cell proliferation in response to PHA 
or LPS, and NK cytotoxicity) may be influenced by the type and 
chronicity of the stressor treatment to which animals are exposed, the 
strain of mouse examined, and the specific immune parameters being 
assessed. It is provisionally suggested that conclusions concerning 
stressor effects on immune functioning need to consider characteristics 
of the stressor, coupled with organismic variables (including genetic 
factors and effects of early-life events) which may impact on stressor 
reactivity.

Supported by the Natural Sciences and Engineering Research Council of Canada
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739.13
CIRCULATING PROSTAGLANDIN E2 (PGE2): IS IT INVOLVED IN FEVER? 
A. A, Romanovsky.* A, I. Ivanov, and E. K. Karman. Legacy Health System; 
Portland, OR 97208-3950.

The involvement of blood-born PGE2 in fever has been proposed, but there 
are several arguments against this hypothesis. Thus, intravenous (iv) PGE2 (free 
form) does not normally induce fever, perhaps due to its clearance from the blood 
by the lung enzymes. Also, no peripheral PGE2 targets that can trigger fever have 
been thought about until recently. However, it was often ignored that the 
amphipathic PGE2 molecules readily self-associate; such aggregation could have 
prevented the iv PGE2 (free form) from expressing its pyrogenic activity. To 
ensure its disaggregation, we administered PGE2 in a preformed complex with a 
carrier protein, human serum albumin (HSA). At a neutral ambient temperature 
(22°C), adult Chinchilla rabbits were injected iv with this complex in a higher (140 
pg/kg PGE2: 30 mg/kg HSA) or lower (28 pg/kg PGE2: 6 mg/kg HSA) dose. In 
the controls, the ligand alone or the carrier alone was administered and rectal 
temperature (Tr) measured. HSA was purified with activated charcoal (to decrease 
the molar ratio of fatty acids to HSA < 0.05) and with polymyxin B- 
polyacrylamide gel (to remove lipopolysaccharides). An equimolar (250 mM) 
solution of PGE2 and purified HSA was incubated for 1 h at 37°C to allow for 
complex formation. In the higher dose, neither free PGE2 nor albumin alone was 
pyrogenic, whereas the PGE2-HSA-complex evoked marked fever characterized by 
a short latency (< 10 min) and two Tr peaks: at 90 min postinjection (0.6°C) and 
180 min (0.7°C). In the lower dose, none of the substances affected Tr. The results 
suggest that iv PGE2 possesses pyrogenic activity in a carrier-bound, but not a free, 
form. Bound PGE2 may gain facilitated access to its targets, in either the periphery 
(vagal terminals) or the brain (warm-sensitive neurons), due to several reasons, 
including disaggregation and protection from enzymatic degradation. The blood- 
borne PGE2 is likely to be involved in the genesis of fever.

PAIN MODULATION: PHARMACOLOGY—TACHYKININS

740.2740.1

THE ROLE OF SUBSTANCE P RECEPTORS IN THE PRODUCTION OF COLONIC 
INFLAMMATION IN TRINITROBENZENE SULFONIC ACID (TNBS) TREATED RATS.
E.H, Kamo1*, K.E, McCarson2, and G.F, Gebhart1. 1Dept Pharmacol, Univ of Iowa, Iowa 
City, IA 52242; 2Dept Pharmacol, Univ of Kansas Med Ctr, Kansas City, KS 66160.

The release of substance P (SP) in the spinal cord is believed to contribute to the 
production of hyperalgesia in response to peripheral tissue injury. Since less is known 
about the role of SP in the production of visceral hyperalgesia, we studied the effects of a 
SP receptor (NK-1R) antagonist on colonic inflammation and hyperalgesia induced by 
intracdonic TNBS. Also, studied was the effect of colonic inflammation on spinal and 
colonic expression of NK-1R and SP-encoding PPT mRNA.

The NK-1R antagonist SR 140,333 (or vehicle) was intrathecally administered via 
an Alzet microosmotic pump (10pg/d, 7d). After three days of drug administration alone, 
TNBS (30mg/kg) was instilled into the colon to induce inflammation. Four days after the 
induction of inflammation, the visceromotor response (VMR) to a staircase distension 
paradigm (10mmHg stepwise increase every 10sec, O-SOmmHg) of colorectal distention was 
recorded in awake Sprague-Dawley rats. After testing, the colons were removed and 
assayed for myioperoxidase enzyme activity (measured neutrophil infiltration). Pre
treatment with the NK-1R antagonist significantly decreased the TNBS-induced 
inflammation. Hyperalgesia was not present.

Total RNAs were extracted from spinal cord segments T13-L3 and L4-S2 and the 
distal colon of TNBS-inflamed or naive animals and specific mRNA species quantified using 
solution hybridization-nuclease protection assays. Relative to beta-actin mRNA NK-1R 
mRNA levels were significantly upregulated after colonic inflammation in all three regions 
studied. Also, SP-encoding PPT mRNAs were significantly increased in the inflamed colon. 
These studies suggest that spinal substance P receptors (NK-1R) are involved in the 
production of colonic inflammation and that chronic visceral nociception results in plasticity 
of CNS sensory systems associated with sensory input from the inflamed colon. Supported 
by NS19912.

HINDPAW SWELLING AND PERIPHERAL NERVE TRANSPORT OF 
INFLAMMATORY MEDIATORS FOLLOWING INTRAPLANTAR FORMALIN 
ARE REDUCED BY ADRENAL MEDULLARY ALLOGRAFTS IN THE RAT 
SPINAL CORD. J, Sagen and U, Herzberg*. CytoTherapeutics, Inc.; Lincoln, RI 
02865.

The formalin test is widely used for evaluating potential antinociceptive agents. 
Previous reports have shown that adrenal medullary allografts implanted in the 
subarachnoid space of the spinal cord can reduce pain behaviors induced by hindpaw 
injections of formalin. During formalin pain testing in our laboratory, it was noted 
that the hindpaw swelling typically observed following formalin injection was 
markedly reduced in animals with adrenal medullary allografts. Although previous 
findings have suggested that adrenal medullary allografts can reduce activation of pain 
processes in the spinal cord, it was of interest to test whether these implants also 
affect peripheral inflammatory processes. In order to test this, animals implanted in 
the spinal subarachnoid space with either adrenal medullary or control striated muscle 
tissue were tested for behavioral pain responses and hindpaw swelling following 
intraplantar formalin injections. Accumulation of Substance P (SP) and GAP-43 
(growth associated protein) was quantified in the sciatic nerve 2 days following 
formalin injection and tight nerve ligation. Hindpaw swelling and behavioral pain 
responses were reduced in animals with adrenal medullary but not control implants. 
Intraplantar formalin produced robust SP accumulation proximal to the sciatic nerve 
ligation. Tight ligation, with or without formalin injection, also resulted in increased 
GAP-43 levels proximal to the ligation site. Increased SP and GAP-43 accumulation 
in the peripheral nerve were not altered by control striated muscle transplants in the 
spinal subarachnoid space. In contrast, both SP and GAP-43 levels were markedly 
reduced by adrenal medullary implants. This study indicates that adrenal medullary 
implants in the spinal subarachnoid space can alter transport of inflammatory 
mediators and GAP-43 to peripheral targets and reduce peripheral inflammatory 
responses. Thus, centrally placed adrenal medullary allografts may alter processes 
taking place in the peripheral as well as the central nervous system.
Supported by NIH grant DA 10546.

740.3

THE MATURATION OF NK1 RECEPTOR INVOLVEMENT IN 
THE PAIN RESPONSE TO FORMALIN. T.E. King* and G.A. Barr. 
Hunter College-CUNY and NY State Psychiatric Institute, New York, 
NY, 10032.

Administration of NK1 antagonists in adult animals attenuates the 
nociceptive response in the formalin test, indicating that NK1 receptors 
play a role in mediating this pain response. The number and 
distribution of NK1 receptors change dramatically during development, 
and when they become involved in pain processing is not known. We 
examined the role of NK1 receptors in the formalin model from 3 to 21 
days of age in the rat. The NK1 antagonist CP 99,994 and its less 
active enantiomer CP 100,263 were administered to the spinal cord 
(intrathecal), systemically (subcutaneous), or locally (intraplantar). 
Intrathecal administration of CP 99,994 (0.25 and 0.05 pg/ injection;
0.68 and 0.14 nmol respectively), but not CP 100,263, attenuated pain 
behaviors in the second phase of the formalin response in 21 day old 
rats. These doses did not alter the pain response in 3 day or 10 day old 
rats. CP 99,994 also reduced the expression of the c-fos protein in the 
superficial dorsal hom of 21 day old rats. Systemic (30 mg/kg) and 
intraplantar (0.1 mg/injection) injection of either CP 99,994 or CP 
100,263 reduced the pain response to formalin in 3 day and 21 day old 
rats, suggesting a non-NKl mediated mechanism of action. These 
results indicate that, within the spinal cord, NK1 receptors start to play 
a role in the pain response to formalin between 10 and 21 days. 
However, NK1 receptors do not appear to be involved the pain 
response to formalin when antagonists are administered systemically or 
the peripherally.
Supported by NS 36130 and DA 00325.

740.4
ANTISENSE OLIGONUCLEOTIDES FOR TARGETING NEUROKININ 
RECEPTORS REDUCE THE SPINAL C-FOS EXPRESSION 
FOLLOWING NOXIOUS STIMULATION. T. Ikeda1*, T Nakamura2, R. 
Terayama3 and T. Nishimori1. 1 Di vision of Biology, 2Department of 
Anesthesiology and ^Department of Oral and Maxillofacial Surgery, 
Miyazaki Medical College, Miyazaki 889-1692, Japan.

Peripheral noxious stimulation induces the expression of transcriptional 
regulatory proteins, c-Fos and Zif/268, in the rat spinal dorsal hom. 
To determine which transmitters or modulators are involved in the induction, 
the present study is focused on involvement of three neurokinin receptors in 
c-Fos and Zif/268 inductions following noxious stimulation. For examination 
of the role of neurokinin receptors, NK-1, NK-2 and NK-3, on the expression 
of c-Fos and Zif/268 induced by noxious stimulation, we used phosphodiester 
antisense oligonucleotides for targeting the three receptors.

The antisense oligonucleotides were administered to lumber subarachnoid 
of rats through catheter 3 to 7 times each 24 hour. The rats were perfused 
with 4% peraformaldehyde after 2 hours of subcutaneous injection of 5% 
formalin as pain stimulant and 50 pm sections of the lumber spinal cord were 
immunostained. The corresponding control groups were treated with sense 
and nonsense oligonucleotides.

Quantitative analyses revealed that pretreatments with antisense 
oligonucleotides to NK-1 and NK-2 receptors decreased c-Fos-like 
immunoreactivity in the spinal dorsal hom, but did not change Zif/268-like 
immunoreactivity. On the other hand, pretreatment with antisense to NK-3 
did not affect expressions of both the c-Fos and Zif/268-like proteins. These 
results suggest that NK-1 and NK-2 receptors but not NK-3 receptor play an 
important role in the expressions of c-Fos protein following noxious 
stimulation.
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740.5
INVOLVEMENT OF PROTEIN KINASE A OR C IN A NEUROKININ-1 
RECEPTOR AGONIST-INDUCED SLOW DEPOLARIZATION IN YOUNG 
RAT SPINAL DORSAL HORN NEURONES IN VITRO. A.E. King*1, M.A. 
Ackley1, J.R. Slack2 and A.U.R. Asghar.1 department of Physiology, University of 
Leeds, Leeds, LS2 9NQ, U.K. department of Physiology, University of Auckland 
School of Medicine, Auckland, New Zealand.

Protein kinase activation has been implicated in persistent pain following tissue 
injury. In view of the proposed involvement of substance P in this process, the aim of 
the present study was to determine whether protein kinases A and C are involved in 
the slow depolarization induced by the selective neurokinin-1 receptor agonist [Sar9, 
Met(O2)n]Substance P in rat spinal dorsal horn neurones.

We have compared the depolarizations induced by [Sar9, Met(O2)u]Substance P 
before and after treatment with either the selective inhibitor of protein kinase A, Rp- 
cAMP, or with the selective inhibitor of protein kinase C, bisindolylmaleimide I. 
Wistar rats (10-12 days) were anaesthetised with urethane (2 g kg1) and spinal cords 
removed and hemisected. Intracellular recordings were made from neurones in the 
deep dorsal horn (laminae III-VI). Neurones (n = 12) had a resting membrane 
potential of-66.7 ±3.8 mV and input resistance of 107 ± 14 MO.

Superiusion of [Sar9, MeffCE)11] Substance P (2 pM, 5 min) elicited a slow 
depolarization of 6.6 ± 0.66 mV which, after Rp-cAMP (100 pM, 30 min), was 
significantly reduced to 3.5 ± 0.49 mV (n = 6, P < 0.05). In a separate series of 
recordings, superfusion of [Sar9, MeffQ,)11] Substance P (2 pM, 5 min) induced a 
depolarization of 6.1 ± 0.78 mV which was significantly reduced to 2.9 ± 0.49 mV (n 
= 6, P < 0.001) following treatment with bisindolylmaleimide 1(10 nM, 30 min).

These results demonstrate that neurokinin-1 receptor-mediated depolarization is 
partly dependent on the second messengers cAMP-dependent protein kinase A and 
protein kinase C. This process may be causally related to the generation of persistent 
pain. (Study was supported by The Wellcome Trust.)

740.6
INTRATHECAL NEUROKININ-1 RECEPTOR ANTAGONIST, L-732,138 
ATTENUATES NERVE CONSTRICTION-INDUCED NEUROPATHIC PAIN IN 
THE RAT. C.M, Cahill* and T.J, Coderre. Pain Mechanisms Laboratory, Clinical 
Research Institute of Montreal, Quebec, Canada, H2W 1R7.

Although many studies have demonstrated a role for substance P in chronic pain, 
there have been no definitive studies performed implicating the invQlv^nent of 
substance P in neuropathic pain. In this study, the non-peptide neurokinin-1 (NK- 
1) antagonist, L-732,138 was administered by intrathecal injection to rats with 
mono-neuropathy produced by sciatic nerve constriction. Neuropathic rats exhibited 
tactile allodynia and cold hyperalgesia over a 16 day testing period. Intrathecal L- 
732,138 administered prior to and for 3 consecutive days post surgery dose- 
dependently (5 - 200 nmol) increased the mechanical response threshold to von 
Frey hair stimulation on day 4 and day 8 post-surgery. An anti-hyperalgesic in the 
cold water test effect was also observed on days 4, 8 and 12 in this group. Paw- 
posture rating was evaluated on each testing day post-surgery for both vehicle and 
the drug group with the highest dose. The rating scores demonstrated that the 
group injected with intrathecal L-732,138 (200 nmol) had an overall lower 
nociceptive posture score compared to vehicle on each test day. The effects of 
intrathecal administration of L-732,138 also was determined in a second group of 
rats once the neuropathy was fully developed. The NK-1 antagonist was injected 
for four consecutive days starting after testing on day 8. Administration of 
intrathecal L-732,138 dose-dependently (5 - 200 nmol) produced both anti- 
allodynic and anti-hyperalgesic effects on subsequent test days. These results 
demonstrate that substance P is involved both in the induction and the maintenance 
of neuropathic pain, and provides justification for the development and 
administration of NK-1 receptor antagonists for the management of clinical 
neuropathic pain. (Supported by MRC Canada)

740.7
THE INVOLVEMENT OF NK3 TACHYKININ RECEPTORS IN CENTRAL 
SENSITIZATION OF A WITHDRAWAL REFLEX IN THE RABBIT. R.W. Clarke. 
A.K. Houghton', and J. Ogilvie (spon: British Neuroscience Association) School of 
Biological Sciences, University of Nottingham, Sutton Bonington Campus LE12 5RD, 
and 1 Dept. Physiology , University of Bristol, Bristol BS8 1TD, U.K.

In the decerebrated rabbit, reflex responses of medial gastrocnemius (MG) 
motoneurones evoked by stimulation of large sural nerve axons are enhanced for many 
minutes after repetitive activation of non-myelinated afferents of the same nerve 
(R.W. Clarke et al. , Pain 49, 65-70, 1992). We have investigated the role of NK3 
tachykinin receptors in this form of central sensitization.

Experiments were performed on rabbits decerebrated and spinalized under 
halothane/N20 anaesthesia. Reflexes were evoked by electrical stimulation of the Ap 
afferents of the left sural nerve and recorded from the ipsilateral MG muscle nerve. 
Conditioning stimulation (CS) of 100 shocks of 20V, 1ms given at 0.5Hz, was applied 
to the sural nerve from electrodes distal to those used to evoke reflexes. CS was given 
before and after the NK, receptor antagonist SR 142801 or its inactive enantiomer SR 
142806 (gifts of Sanofi Recherche). In the control state, sural nerve CS increased MG 
reflexes to a peak median of 194% (IQR 153 - 256%) of pre-stimulus values, 2min 
after the stimulus. Median time to recovery from this effect was 31 min (the cut-off 
time for this measurement, IQR 24 -31 min). Neither drug had any effect on baseline 
reflex responses. CS in the presence of SR 142801 0.1 and 1 mg kg'1 i.v. increased 
MG reflexes to a median of 266% (IQR 149 - 308%, n = 6) and 200% (IQR 162 - 
255%, n = 8) of pre-stimulus levels respectively, not significantly different from the 
pre-drug effect. However, time to recovery was markedly reduced, to median values of 
6 min (IQR 4-10 min) and 5 min (IQR 3 - 7 min) after the 0.1 and 1 mg kg'1 doses 
respectively. SR 142806 (n = 3) did not affect the peak increase or time to recovery 
alter sural nerve CS. These data indicate that NK, receptors are important in the 
maintained component of central sensitization of the sural-MG reflex of the rabbit.

Supported hyBUSRC

740.8
THE NK-1 RECEPTOR ANTAGONIST RP 67580 BLOCKS FORMALIN- 
EVOKED NK-1 RECEPTOR GENE EXPRESSION IN CENTRAL AND 
PERIPHERAL RAT TISSUES. Nancy E, Deisher and Kenneth E, McCarson* Dept. 
Phm/Tox/Ther, Univ. of Kansas Medical Center, Kansas City, KS 66160-7417 USA.

Substance P (SP) is a potent mediator of nociception that is released from primary 
afferent neurons at both central and peripheral terminals, where it activates the 
neurokinin-1 receptor (NK-1R). We have previously shown that formalin-induced 
inflammatory nociception increases NK-1R gene expression in the lumbar spinal cord 
and the inflammed paw. This study addressed whether formalin-induced increases in 
NK-1R gene expression in central and peripheral tissues are sensitive to blockade by a 
nonpeptide NK-1R antagonist drug. Therefore, rats were pretreated with a 
subcutaneous injection of RP 67580 (lOmg/kg; a gift of Dr. C. Garret, Rhone- 
Poulenc Rorer, France), an inactive enantiomer, or vehicle. This dose was chosen to 
provide adequate drug levels throughout the 6 hour duration of the experiment. Fifteen 
min later, the rats received an injection of 100gl of 5% formalin into the plantar 
aspect of the right hindpaw or a sham paw treatment. Immediately before hindpaw 
treatment, acute thermal and mechanical withdrawal thresholds were measured. 
Hindlimb flinches were then counted for 10 min during the late-phase formalin 
response. Six hr after formalin injection, various CNS tissues and both hindpaws 
were removed; the paws were weighed and plantar tissues dissected. Total RNAs were 
isolated and and NK-1R gene expression levels quantified using solution-hybridization 
nuclease protection assays. Results showed that RP 67580 had no significant effect 
on measures of acute pain withdrawal latency, but reduced chronic pain-related 
behaviors and blocked the formalin-induced NK-1R gene expression in the spinal cord. 
Formalin-inflammed paws were heavier and contained significantly more NK-1R 
mRNA than non-inflamed hindpaws; RP 67580 significantly reduced the formalin- 
induced increases in paw weight and NK-1R gene expression. These data provide 
further evidence that selective NK-1R receptor antagonists reduce an important central 
and peripheral marker of chronic nociceptive activation, and that peripheral NK-1R 
gene expression levels may be a novel therapeutic target in treatment of chronic 
inflammatory pain. Supported in part by Whitehall Foundation FA96-06.

740.9

INDUCTION AND ENHANCEMENT BY LEUKOTRIENE B4 OF ITCH- 
ASSOCIATED RESPONSE IN MICE. T. Andoh» Y. Kuraishi , Dept of 
Applied Pharmacol., Fac. of Pharm. Sci., Toyama Medical & Pharm. Univ., 
Toyama 930-0194, Japan

Among arachidonate metabolites, PGE2 was claimed to be weekly 
pruritogenic and enhance itch induced by serotonin and histamine in humans. 
However, the details of involvement of arachidonate cascade in itching are 
unclear. The present experiments were conducted to examine whether 
arachidonate metabolites are involved in itching in mice. Male ICR mice (5-6 
weeks old) were used. Substance P (SP: 100 nmol/site), LTB4 and PGE2 was 
intradermally injected into the rostral back, and scratching of the injected site by 
the hind-paws was counted. The other agents were perorallv administered 30 or 
60 min before SP. Pretreatment with the glucocorticoids betamethasone and 
dexamethasone (0.3-30 mg/kg, p.o. each) produced dose-dependent inhibition of 
SP-induced scratching. The 5-lipoxygenase inhibitor zileuton (10-100 mg/kg) 
also dose-dependently inhibited the SP action, while the cyclooxygenase inhibitors 
mdomethacm and diclofenac sodium (3-30 mg/kg) were without effects. The 
LTB4 antagonist ONO-4057 (10-100 mg/kg) produced dose-dependent inhibition 
of the SP action, while ONO-1078 (LTC4/D4/E4 antagonist) and ONO-NT-012 
(EP, antagonist/EP3 agonist) were without effects. An intradermal injection of SP 
(100 nmol/site) increased the concentration of LTB4. but not PGE2. in the skm. 
An intradermal injection of LTB4 (0.001-1 nmol/site) elicited scratching: a dose- 
response curve was bell-shaped with a peak effect at 0.03 nmol/site. The effect of 
LTB4 (0.03 nmol/site) was inhibited by ONO-4057. PGE2 (0.003-300 nmol/site) 
did not significantly elicit scratching. The results suggest that LTB4 is 
pruritogenic and at least in part involved in SP-induced itching in mice.
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741.1
THE ANTINOCICEPTIVE EFFECT OF PROTEIN-TYROSINE KINASE 
INHIBITOR ON THE NMDA-INDUCED HYPERALGESIA IN RATS. E. Sato , Y. 
Takano+T. Kaneko, I. Sato. Dept. of Anesthesiology,Koshigaya Hospital, Dokkyo 
Univ., School of Medicine. Koshigaya, Saitama, 343-8555 Japan.

Protein-tyrosine kinase (PTK) is thought to play an important role in synaptic 
transmission, however, its role in the modulation of synaptic function in the central 
nervous system is not clear. Reportedly, NMDA(N—Methyl-D-Aspartate) receptor- 
mediated whole cell currents and intracellular Ca2+ responses in spinal dorsal hom 
neurons are depressed by PTK inhibitor. Recent evidences suggest that the activation of 
spinal NMDA receptor is involved in the development and the maintenance of 
hyperalgesia induced by inflammation or neuropathy. Thus, the NMDA-induced 
hyperalgesia could possibly be inhibited by the blockade of its activation by PTK 
inhibitor in vivo. In this study, we examined the effect of intrathecally administered 
PTK inhibitor on the hyperalgesia induced by intrathecal administration of NMDA. 
Approved by the Institutional Animal Care Committee, Dokkyo Univ., Sprague- 
Dawley rats (250-300g) were prepared with chronic intrathecal catheters. Nociceptive 
measures were as follow. Hot plate test (HP): The latency to the licking of either 
hindpaw after the animal was placed on a 50%) hot plate was measured. Paw pressure 
test (PP): To assess the mechanical threshold, the hindpaw was exposed to paw 
pressure over a range of 0 to 400g exerted on the dorsum of the paw by a small plastic 
probe. The differences in mean values were compared with ANOVA test. NMDA lpg, 
dissolved with physiological saline was injected intrathecally, and HP and PP were 
performed at 5, 15, 30, 60 and 90 minutes after the drug injection. In another group of 
rats, a PTK inhibitor, Lavendustin-A( Lav-A) lpg, dissolved with 20% cyclodextrin 
was coadministered intrathecally with NMDA. In the control groups appropriate vehicle 
was given. For analysis, HP latencies and PP threshold were converted to percent of the 
maximum possible effect (% MPE). Intrathecal injection of NMDA produced 
immediate onset of hyperalgesia in HP(%MPE, ranging from -60 to -80%) and in 
PP(%MPE, around -20%) which lasted more than 90 minutes. Coadministration of 
Lav-A totally abolished the hyperalgesia induced by NMDA both in HP and PP. These 
results indicate that PTK is involved in the NMDA induced hyperalgesia suggesting the 
potential antinociceptive effect of PTK inhibitors on the inflammatory and neuropathic 
pain. This research was supported by the Ministry of Education, Japan, Grant-in-Aid 
for Scientific Research (C)06671550.

741.2
VIRAL GENE TRANSFER APPROACHES TO INHIBITION OF SPINAL 
NOCICEPTION THROUGH MODULATION OF NMDA RECEPTORS AND 
[3-ENDORPHIN. A.A. Finegold,1 A.J. Mannes,2* M.J, Iadarola.1 ‘Pain and 
Neurosensory Mechanisms Branch, NIDR, NIH, Bethesda, MD 20892; 2Dept. of 
Anesthesiology, University of Pennsylvania, Philadelphia, PA 19104.

We tested the possibility of affecting nociception through viral gene transfer 
approaches, with the goal of treating chronic pain by delivery of therapeutic genes. To 
test whether a virus could transduce nociceptive neurons in the dorsal spinal cord, we 
injected adenovirus (Ad-lacZ) expressing beta-galactosidase as a marker into rat spinal 
cord. Direct injections of Ad-lacZ into one side of the dorsal or ventral horn at the Cl 
level, demonstrated extensive transduction of ventral horn motor neurons and white 
matter (glial cells), but little or no effect in neurons of the dorsal horn. This pattern 
of apparent tropism may reflect variations in viral receptors or limitations on fluid 
flow imposed by fiber bundles. NMDA-type glutamate receptors play a central role in 
nociception. As a test case for whether the levels of NMDA receptors in spinal 
neurons might be affected by an antisense gene delivery approach, we generated a 
recombinant adenovirus expressing a small antisense transcript directed to the 5’ end 
of the transcript for the NR1 subunit. After injection of this virus into the spinal 
cord, we observed a partial reduction in the amount of NR1 protein in the injected side 
at 4 and 11 days post injection. In another approach, we engineered a recombinant 
adenovirus which encodes a secreted (3-endorphin peptide. Secretion of the peptide was 
directed by a gene consisting of the nerve growth factor signal sequence fused to |3- 
endorphin coding sequence (Beutler et al., 1995, J. Neurochem. 64, 475). Injection of 
this virus into rat lateral ventricle resulted in a 10- to 100-fold increase in expression 
of (3-endorphin in cerebrospinal fluid. Rats tested for alterations in thermal 
hyperalgesia in a peripheral inflammation model showed a modest decrease in peak 
hyperalgesia, but no effect on non-inflamed paw withdrawal. These data highlight the 
possibility of a gene transfer approach to therapy for chronic pain disorders.

741.3

THE GLYCINE / NMDA RECEPTOR ANTAGONIST, (+)-HA966, PREVENTS 
TOLERANCE TO THE ANTINOCICEPTIVE EFFECT OF SYSTEMIC 
MORPHINE IN A RAT MODEL OF PERIPHERAL MONONEUROPATHY 
V. Kavser, D. Christensen, J. J, Idanpaan-Heikkila, J. P. Rivot* and G, Guilbaud.
U 161INSERM, 2 rue d’Alesia, 75014 Paris, France.

We have previously shown that systemic morphine (0.1-1 mg/kg i.v.) is effective 
against mechanical (vocalization threshold to paw pressure, VTPP) and noxious 
thermal (46°C) stimuli in Sprague-Dawley rats with a chronic constriction injury to 
one sciatic nerve. We have also demonstrated a rapid development of tolerance to the 
antinociceptive effect of acute morphine in the VTPP test. The present experiments 
examined the ability of (+)-HA966, a functional antagonist at the glycine site on the 
NMDA receptor complex, to prevent the development of morphine tolerance in both 
mechanical and thermal (46°C) tests. Mononeuropathy was induced by placing 4 
loose ligatures around the common sciatic nerve. A 4-day pretreatment regimen with 
two daily s.c. injections of saline+saline, saline+morphine (10 mg/kg), (+)-HA966 
(2.5 mg/kg)+morphine or (+)-HA966+saline was used, beginning on postoperative 
day 12. The experiments were performed on day 16, when the pain-related behaviour 
has reached a stable maximum. The effect of an acute i.v. dose of morphine (1 
mg/kg) was tested 17 h after the last s.c. injection of morphine.

In the saline+morphine pretreated rats, tolerance developed to the antinociceptive 
effect of acute morphine against both mechanical and thermal (46°C) stimuli. 
Pretreatment with (+)-HA966+morphine prevented the development of morphine 
tolerance in both tests. The effect of acute morphine in these (+)-HA966+morphine 
pretreated groups was naloxone (0.1 mg/kg i.v.) reversible and similar to the effect of 
acute morphine seen in the saline+saline pretreated group. Pretreatment with (+)- 
HA966+saline did not modulate the antinociceptive effect of acute morphine.

The present findings suggest, that combined systemic administration of antagonists, 
acting at the glycine site on the NMDA receptor, and morphine may be a promising 
approach for preventing opiate tolerance in neuropathic pain states.

741.4

SUPPRESSION OF NOXIOUS HEAT STIMULATION-INDUCED 
c-Fos EXPRESSION IN LUMBAR SPINAL CORD NEURONS IN 
A CHRONIC SCIATIC NERVE CONSTRICTION RAT MODEL.
W, Huang* and R. K. Simpson. Dept of Neurosurgery, Baylor Col. 
of Med., TX., 77030.

Our preliminary study suggested that thermonociceptive hyperalgesia 
of the chronic sciatic nerve constriction rat model was mediated by the 
excitatory glutamate subtype NMDA receptor. The current study 
examined the effect of NMDA receptor antagonists (MK-801 and AP- 
5) on Fos expression in the lumbar spinal cord neurons evoked by 
noxious heat stimulation applied on the rats 12 days after chronic sciatic 
nerve ligation. Experiments were performed in three groups of animals 
at 12 days after unilateral sciatic nerve loose ligation with intrathecal 
treatment of saline (n=6), MK-801 (n=8, 0.1pm/2gl) or AP-5 (n=8,
0.1pm/20 pi). Thirty minutes after the treatment, a heat noxious 
stimulation (52 °C) was applied to the hindpaws. Fos positive neurons 
were examined 90 minutes after noxious heat stimulation. MK-801 
markedly decreased the number of Fos positive neurons induced by the 
heat stimulation as compared to the values seen in the spinal cord tibial 
and peroneal territories of laminae I-II at L4-5 segments of the rats 
treated with saline (17 ± 5.4 vs 54.6 ± 16 per side, per section, 
p<0.05). Similar results were observed in the rats treated with AP-5. 
The value was 15 ± 6.8. This study suggests that Fos 
immunoreactivity corresponding to thermonociceptive activity in this 
model is predominantly mediated by excitatory amino acid 
neurotransmission via spinal cord NMDA receptors. This work is 
supported by a grant from Medtronic Inc.

741.5

Central Mechanisms for Developing Tactile-Allodynia and its 
Modulation by Intrathecal Drug Administration. I Fukui2 , I 
Kawano2, Y Matsumoto2, Q Nakanishi and T Ishikawal^ ‘Dept of 
Anesthesiologv-Resuscitology, Yamaguchi Univ, 2Dept of Dental 
Anesthesiology, Kyushu Dental College, Kitakyushu 803, JAPAN

The spinally delivered NMDA receptor antagonist, MK-801, has an anti- 
allodynic action, which suggests possible involvement of increased 
glutamatergic(Giu) nerve activity in the spinal cord. The present study characterizes 
the interaction, in relation to spinal glutamate release, between MK-801 and other 
drugs, including Baclofen (BAC; GABA-B receptor agonist), R-PIA( adenosine A1 
receptor agonist), and morphine (MOR), in bicuculline(BIC)-induced tactile- 
al iodynia rat. Male Sprague-Dawley rats were implanted a PE-10 catheter along 
with a microdialysis probe into the lumber intrathecal (I.T.) space. Touch-evoked 
agitation (TEA) score was graded as 0 : no response to 3 : strong agitation. 
CSF-glutamate level was measured by i.t. microdialysis and HPLC-ECD. I.T. BIC 
evokedtactile-allodynia. 1) Rats given ahigh doseofMK-801 (3j_lg), BAC(lOnM), 
or R-PLA (lOnM) showed attenuation of the increased TEA score, whereas it was 
not affected by MOR (5pg). However, all animals given a low dose of each drug did 
not show any change in TEA score. 2) Combination of MK-801 (lftg) with either 
BAC (InM) or R-PIA (InM) showed considerable attenuation of increased TEA 
score and CSF-glutamate level . Tactile-allodynia is mediated by low threshold 
mechanoreceplors and is sensitive to NMDA receptor antagonists. I.T. GABA-B 
receptor agonist or adenosine A1 receptor agonist may act to diminish presynaptic 
glutamate release at the terminal, while NMDA receptor antagonist blocks WDR 
neurons postsynaptically. These different action sites may account for the powerful 
synergy observed in the present study.

741.6
PREEMPTIVE INTRATHECAL INJECTION OF KETAMINE 
ATTENUATES NOCICEPTIVE BEHAVIOR IN A RAT MODEL OF 
NEUROPATHIC PAIN. C. Saab*, A.W. Burton, D H. Lee and J.M, Chung. 
Marine Biomed. Inst., Depts. of Anesthesiol., Anat. & Neurosci. and Physiol. & 
Biophys., Univ. Texas Med. Br., Galveston, TX 77555.

The binding of glutamate to NMDA-receptors contributes to the phenomena 
of central sensitization associated with peripheral nerve injury. In this study, the 
effect of intrathecal ketamine injections prior to peripheral nerve injury was 
investigated.

One group of 10 Sprague-Dawley rats received 1 mg/kg intrathecal (IT) 
ketamine HC1 and 0.05 ml intraperitoneal (IP) saline while another control group 
of 9 rats received 1 mg/kg IT and 0.05 ml IP saline. After 10 to 15 minutes, the 
left L5 and L6 spinal nerves were ligated to induce neuropathic pain. Mechanical 
sensitivity was measured on days 1, 3, 7 and 14 postoperatively by applying von 
Frey hairs to the plantar aspect of the left paw and recording paw lifts. Ongoing 
pain was assessed by recording lifting time of the left paw while the rats were 
placed on a metal plate kept either at a neutral (30°C) or a cold (5 °C) temperature.

The average withdrawal frequencies of the ketamine treated rats on the von 
Frey test were consistently lower than the control group, as were scores on the 
cold plate test. However, when put on a neutral temperature plate, rats did not 
display any significantly different behavior in terms of spontaneous paw lifts.

If von Frey and cold plate tests can be used for evaluating neuropathic pain, 
then it seems that sensitization of the spinal cord, triggered by glutamate binding 
to NMDA-receptors, is perhaps prevented by preempive intrathecal ketamine 
injections. (Supported by NIH grants NS31680 and NS11255 and by an 
ASRA/BRAUN Fellowship in Pain grant)
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741.7
PERIPHERAL ADMINISTRATION OF AN NMDA RECEPTOR 
ANTAGONIST (MK-801) CHANGES DORSAL HORN NEURONAL 
RESPONSES IN RATS. TaJ^hij&JJghida*, Toghikazu Tani, Osamu lwatsib 
Molohiro Kawasaki and Hiroshi Yamamoto, Dept. of Orthopedic Surg., 
Kochi Medical School, Kochi, 783, Japan.

The role of glutamate receptors in pain transmission 
has been extensively studied in the central nervous system. However, 
recent behavioral studies demonstrate that peripheral glutamate receptors 
are also involved in pain transmission. The present study examines 
changes of lumbar dorsal horn neuronal responses to noxious and 
innocuous mechanical cutaneous stimuli after peripheral administration of 
an NMDA receptor antagonist . Wide-dynamic range (WDR) cells were 
identified in the lumbar dorsal horn of anesthetized male Sprague-Dawley 
rats (N=14, 350-450g). All 14 WDR cells had receptive fields on
the planter surface of the foot. The cells were separated into two groups. 
Group 1 (N=7) cells, where the NMDA antagonist MK-801 (1 i-t M, 50 //1) 
was injected into subcutaneous tissue within the receptive field. Group 
2 (N=7) where phosphate buffered saline (PH=7.4, 50 M 1) was
injected into the receptive field. Graded mechanical cutaneous stimuli 
(brush, press, pinch, squeeze) were applied to the center of the receptive 
field. The test stimuli were applied before, 5, 10, 20,30,60 and 120 min.
after test drug injection. All group 1 cells showed a reduction of 
responses to noxious and innocuous stimuli 5 to 30 min. after 
injection of MK-801. 1-2 hour after the test drug injection responses were 
recovered in most cells. Whereas, in group 2 cells there was no change in 
the responses to cutaneous stimuli following injection of saline.

741.8
LOCAL PRETREATMENT WITH MK-801 ATTENUATES 
CARRAGEENAN-INDUCED INFLAMMATION OF RAT HINDPAWS.
D.L. Tacksorfand N.I. Imthurn. Dept. of Oral Medicine, University of 
Washington School of Dentistry, Seattle, WA 98195.

The activation of excitatory amino acid (EAA) receptors in peripheral 
tissues has been implicated in carrageenan-induced thermal hyperalgesia 
(Jackson et al., Eur. J. Pharm. 284:321-325, 1995) and neurogenic 
inflammation (Jackson and Hargreaves, J. Dent. Res. in press). The current 
studies were designed to evaluate whether local pretreatment with the 
NMDA receptor antagonist MK-801 modulates carrageenan-induced 
inflammation. Following the measurement of the baseline paw 
withdrawal latency (PWL) to thermal stimulation (Hargreaves et at, 
Pain 1988; 32:77-88), one hindpaw of each male Sprague-Dawley rat (200- 
220 g) received an intraplantar (i.pl.) injection of either MK-801 (100 pM) 
or phosphate buffered saline (PBS). Immediately after this injection, the 
same hindpaw was injected with carrageenan (2%, i.pl.). PWL 
measurements were repeated 180 minutes after these injections. Data was 
analyzed by ANOVA and Duncan’s multiple range test, and is expressed as 
mean ± s.e.m. MK-801 pretreatment (100 nmol) significantly attenuated 
carrageenan-induced thermal hyperalgesia compared to vehicle 
pretreatment (MK-801 = -31 .4 ± 7.4% vs. Vehicle = -56.2 ± 3.4% reduction 
from baseline PWL; F(3z S6)~ 4.6, p<0.05). Pretreating the contralateral 
paw with either the same dose of MK-801 or vehicle produced no change in 
the PWL of the ipsilateral inflamed paw, thus ruling out a systemic effect 
(MK-801 = -46.7 ± 6.8% vs. vehicle = -40.3 ±7.8% change from baseline 
PWL; F(iy j4)= 0.39, p=N.S.). These results are consistent with the 
hypothesis that peripheral EAA receptor activation contributes to the 
development of inflammation-induced thermal hyperalgesia. This 
research was funded by the U. of WA School of Dentistry Research Fund.

741.9

EFFECTS OF SPINAL ADMINISTRATION OF APV ON TWO COMMONLY 
USED TESTS OF NOCICEPTION AND MOTOR FUNCTION IN THE RAT. 
S.V, Coutlnho*, M.O, Urban, S. Raedeke and G.F. Gebhart. Department of 
Pharmacology, University of Iowa, Iowa City, IA 52242

It is commonly thought that spinal NMDA receptors significantly 
contribute to central sensitization and hyperalgesia following peripheral tissue 
injury, but have a limited role in normal pain processing. Previous studies 
examining the role of spinal NMDA receptors on nociception generally report 
that spinal NMDA receptor antagonists only inhibit behavioral nociceptive 
responses in naïve animals at doses that also impair motor function. The 
current study was designed to systematically examine the effects of spinal 
administration of the NMDA receptor antagonist APV in naive Sprague 
Dawley rats on nociceptive responses using two common behavioral tests: 
the thermal tail-flick reflex (TF), and the thermal paw withdrawal response 
(PW). In addition, the effects of spinal APV on hindlimb motor function were 
evaluated using an inclined plane test. Intrathecal administration of APV was 
found to produce an inhibition of the TF at doses of 3, 10, 30, 100, and 200 
nmol. In these same animals, however, hind limb motor function was 
impaired only at doses of 100 and 200 nmol. In contrast to the effects on the 
TF, intrathecal administration of APV only inhibited the PW at doses that 
concurrently impaired motor function (100 and 200 nmol). An evaluation of 
the heating characteristics associated with these two behavioral tests 
revealed that both the rate and magnitude of heating of the tail is significantly 
greater than that of the paw. These results demonstrate that spinal 
administration of APV in naïve animals inhibits the TF, but not the PW, at 
doses that do not significantly impair hindlimb motor function, supporting a 
role for spinal NMDA receptors in normal nociceptive processing. The 
dissimilar results obtained with spinal APV on the TF and PW may likely be 
due to the involvement of different nociceptors activated by high and low 
rates of heating, respectively (Yeomans et al., 1996; Yeomans and Proudfit, 
1996). Supported by DA02879

741.10
THE NMDA ANTAGONIST MK-801 ENHANCES MORPHINE- 
INDUCED ANALGESIA BY BLOCKING AN OPIATE-ACTIVATED 
NMDA FACILITATORY SYSTEM OF NOCICEPTION. E. Célèrier,
D. Bquhassira, D. Le Bars, M. Le Moal* and G. Simonnet. INSERM
U.259, Bordeaux and INSERM U 161, Paris, France.

Recent evidence suggest that the net analgesic effect of an opiate is the 
resultant of two opposing processes which mask one another: the former 
eliciting analgesia by inhibiting nociceptive transmission as expected and 
the latter facilitating nociceptive transmission. If so, blockade of neural 
systems associated with morphine-induced pain facilitation should enhance 
morphine-induced analgesia. To test this hypothesis, the effects of 
morphine on nociceptive transmission in rats were investigated with 
behavioural and electrophysiological approaches in rats.

In the tail-flick and Randall-Selitto tests, naloxone (1 mg/kg, s.c.), 
injected at various times after morphine (5 to 20 mg/kg, i.v.) not only did 
reverse analgesia but further reduced the nociceptive threshold below the 
basal control values. We suggest that naloxone revealed latent morphine- 
induced facilitations which were slower to decay than inhibitions. The non
competitive NMDA receptor antagonist, MK-801 (0.15 mg/kg, s.c.) both 
prevented naloxone-induced hyperalgesia and enhanced morphine analgesia 
(7.5 mg/kg, i.v.).

In preliminar electrophysiological experiments in anesthetized rats we 
observed that naloxone (0.8 mg/kg, i.v.) injected following morphine 
(10 mg/kg, i.v.) not only reversed the expected depressive effect on dorsal 
horn convergent neuron response to C-fiber activation but produced an 
increase of the responses above pre-morphine control values. MK-801 
(0.15 mg/kg, i.v.) both enhanced the depressant effect of morphine and 
blocked the naloxone-induced hyperresponsiveness.

Our results suggest that morphine analgesia is blunted by a concomitant 
activation of an NMDA-mediated facilitatory system. This provides neural 
basis for improving opiate analgesia by NMDA antagonists.
This work was supported by INSERM and Université Victor Segalen.

741.11

TEMPOROMANDIBULAR JOINT (TMJ)-EVOKED DIGASTRIC 
MUSCLE ACTIVITY IS SUPPRESSED BY APPLICATION OF 
NMDA AND NON-NMDA ANTAGONISTS TO SUBNUCLEUS 
CAUDALIS (Vc). B.E, Cairns*. B.J. Sessle. J.W, Hu. Faculty of Dentistry, 
University of Toronto, Toronto, Ontario, Canada M4G 3E6.

Application of inflammatory irritants and algesic chemicals, such as 
mustard oil, to the TMJ region reflexly evokes activity in the digastric and 
masseter muscles (Pain, 60:143-149, 1995; Pain, 68:169-178, 1996). The 
following study investigated the hypothesis that the Vc is a critical link in 
this reflex pathway and that synaptic transmission of TMJ nociceptive 
information through the Vc requires the activation of NMDA and non- 
NMDA excitatory amino acid receptors. To evoke electromygraphic (EMG) 
activity from the ipsilateral digastric and masseter muscles, two applications 
of glutamate (0.25M, lOgL), at 30 min intervals, were made into the TMJ of 
anesthetized male Sprague-Dawley rats (n=25; wt: 250-400g). Prior to the 
second application of glutamate, one of the following drugs was applied to 
the brainstem overlying the Vc: normal saline (NS; 2ul), lidocaine (2pl, 
37mM), the NMDA receptor antagonists APV (0.5pl, 50mM) or MK-801 
(0.5pl, lOmM), the non-NMDA receptor antagonist CNQX (0.5 p.1, 2mM). 
The area under the curve (AUC) for the second glutamate application (post
drug) was normalized to tne AUC of the first application of glutamate (pre
drug). The normalized AUC values for the digastric muscle after lidocaine 

. (0.11±0.03), APV (0.60±0.12), MK-801 (0.52±0.14) and CNQX (0.51±0.11) 
application to the Vc were ail significantly decreased when compared with 
NS (1.06±0.09; p<0.05, ANOVA & Dunnett’s Method). In contrast, only 
the normalized AUC value for lidocaine (0.16±0.08) was significantly 
different from NS (0.80±0.10) in the masseter muscle (p<0.05, ANOVA & 
Dunnett’s Method). The present data support the hypothesis that the Vc 
serves as a critical relay of TMJ reflex information and suggest that NMDA 
and non-NMDA receptor mechanisms may contribute to the reflex activation 
of the digastric muscle by TMJ afferent inputs.
Supported by NIH grant DEI 1995.

741.12
ANTINOCICEPTIVE ACTIVITY OF CP-101,606, AN NMDA 
RECEPTOR NR2B SUBUNIT ANTAGONIST. K, Taniguchi1*, K, Shinio1.
M. Mizutani1. K. Shimada1. T. Ishikawa1. F. S. Menniti2 & A. Nagahisa1.
'Medicinal Biology Research, Central Research Division, Pfizer Inc., 5-2 
Taketoyo, Aichi 470-23, Japan; 2Central Research Division, Pfizer Inc., 
Groton, CT06340, U.S.A.

CP-101,606 is an antagonist selective for the NR2B subunit of NMDA 
receptors, providing a novel tool to study the function of the NR2B subunit 
in vitro. In the present study, to gain insight into a potential role of the 
NR2B subunit of NMDA receptors in transmission and/or modulation of 
pain signals/« vivo, we have examined the analgesic activity of CP-101,606 
in carrageenan-induced hyperalgesia, capsaicin- and 4(3-phorbol-12- 
myristate-13-acetate (PMA)-induced nociceptive tests in the rat.
CP-101,606 dosed at 30 mg kg1 s.c. at 0.5 and 2.5 h after carrageenan 
challenge suppressed mechanical hyperalgesia. CP-101,606 also inhibited 
capsaicin- and PMA-induced nociceptive responses with ED50 values of 7.5 
and 5.7 mg kg'1 s.c., respectively. In all three tests, CP-101,606 did not 
produce any observable behavioural alternations such as ataxia, sedation, 
hyperactivity or circling behaviour over the time course of the experiments. 
Furthermore, CP-101,606 up to 60 mgkg'1, s.c.,didnot causeany apparent 
CNS-related motor incoordination in the rota-rod test. These results 
suggest that inhibition of the NR2B subunit of the NMDA receptor is 
effective in vivo at modulating nociception and hyperalgesia responses 
without causing behavioural side effects often observed with currently 
available NMDA receptor antagonists.
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741.13

N-METHYL-D-ASPARTATE RECEPTOR ANTAGONISTS 
POTENTIATE THE EFFECTS OF MORPHINE IN A PRIMATE 
MODEL OF ANTINOCICEPTION. 'Richard M, Allen, 2Michael J. 
Tiano, and 12Linda A. Dykstra*. 'Curriculum in Neurobiology and 
department of Psychology, University of North Carolina at Chapel Hill; 
Chapel Hill, NC 27599.

Data from rodent antinociception models show that N-Methyl-D- 
Aspartate (NMDA) receptor antagonists do not produce antinociception 
alone or potentiate morphine antinociception, but modulate the 
development of morphine tolerance. This study examined the 
antinociceptive effects of the non-competitive NMDA antagonist 
dizocilpine (MK-801) and the competitive NMDA antagonist LY235959 
alone and in combination with morphine in a squirrel monkey shock 
titration procedure. In this procedure, shock (delivered to the tail) 
increased in intensity every 15 s (0.01 mA to 2.0 mA) in 30 increments. 
Five lever presses during any given 15 s shock period produced a 15 s 
shock-free period after which shock resumed at the next lower intensity. 
Morphine (0.3 - 3.0 mg/kg, i.m.) dose-dependently increased the 
intensity below which the monkeys maintained shock 50% of the time 
(median shock level, MSL). In contrast, dizocilpine (0.003 - 0.1 mg/kg, 
i.m.) produced only modest increases in MSL in some monkeys (3 of 5) 
at the highest dose tested; LY235959 (0.1 - 3.0 mg/kg, i.m.) failed to 
increase MSL in any monkey tested. Both dizocilpine and LY235959, 
when administered in combination with doses of morphine that alone 
produced no (1.0 mg/kg) or modest (1.7 mg/kg) antinociceptive effects, 
dose-dependently potentiated morphine’s antinociceptive effects. Thus, 
species differences exist in the antinociceptive efficacy of NMDA 
receptor antagonist / morphine combinations. Supported by USPHS 
grants DA-00033, DA-02749, and DA-05803.

741.14

EXPERIMENTAL AND CLINICAL EVIDENCES OF CYPP2D6 
DEPENDENT DEXTROMETHORPHAN ANTINOCICEPTIVE EFFECT. 
M, Kondo1, J. Desmeules1, V, Piquet1, P, Schulz2* and P, Paver1,
Division of Clinical Pharmacology & Pain Center1 and 
Psychopharmacology2, Univ, Hosp.; CH-1211 Geneva 14, Switzerland.

Dextromethorphan (DEM) is extensively metabolized into dextrorphan 
(DOR) by the polymorphic CYP2D6, a monooxygenase involved in the 
biotransformation of numerous psychotropic drugs. DEM and DOR are 
experimental NMDA antagonists. In contrast to extensive metabolizers 
(EM) their effect on hyperalgesia and central sensitization in poor 
metabolizers (PM) of CYP2D6 reveals that single oral doses of 
dextromethorphan reduced spontaneous pain and increased R-lll 
threshold of electrically elicited pain. The clear-cut antinociceptive 
effects are mostly mediated by the parent compound.

We performed an open labeled pilot clinical trial of DEM analgesic 
effect on intense chronic neurogenic pain following spinal cord injury (>7 
VAS). Oral dextromethorphan 50 mg 3 to 4 times daily produced a 
sustained relief of spontaneous burning pain from >7 to 1 on VAS, 
mechanical allodynia and R-lll objective threshold of electrically elicited 
pain were similarly affected. DEM blood levels correspond to the range 
of the in vitro ED 50 level (3-18 pmol) for neuroprotective effect.

These observations suggest that the CYP2D6 phenotype plays a role 
in dextromethorphan analgesic effect that is mainly mediated by the 
parent compound in chronic neurogenic pain conditions.

741.15
EFFECT OF AN EXPERIMENTAL MUSCLE PAIN AND INTRATHECAL APV-5 
ON EMG PARAMATERS DURING TREADMILL WALKING. H.A. Martin* and
L. Arendt-Nielsen. Laboratory for Experimental Pain Research, Center for Sensory- 
Motor Interaction, Aalborg University, Fredrik Bajersvej 7, DK-9220 AALBORG.

It is well known that chronic musculoskeletal pain produces changes in motor 
behavior but the neurochemical mechanisms of this sensorimotor interaction remain 
poorly understood. We have developed an electromyographic technique to assess in 
the rat (i) the contribution of an experimental pain to locomotor dysfunction and (ii) 
the motor effect of putative antalgic drugs injected at the lumbar spinal level, before 
and during the development of an experimental muscle pain.

Male Wistar rats (300-350 g) were trained daily for 10 days to walk regularly on a 
treadmill at a speed of 20 cm/s. Seven good walkers provided data for this 
experiment. An indwelling intrathecal catheter was inserted at the lumbar level; 
bipolar EMG electrodes were implanted into the gastrocnemius medialis (GM) and 
tibialis anterior (TA) muscles. EMG recordings started at least 8 days post-surgery. 
Control experiments were performed to deduce the net effects of treatments. Muscle 
pain consisted of an i.m. injection (50 fxl) of hypertonic saline (HS) 6% into the 
triceps suræ muscle and control, of normal saline (NS, i.m., 50 pi). Net effects of 
APV-5 (i.t., 50 pi, 100 pM) were deducted from effects of cerebro-spinal fluid (CSF, 
i.t., 50 pi). Concomitant effects of APV-5 (i.t., 50 pi, 100 pM) plus HS 6% (i.m., 50 
pi) were deducted from concomitant effects of CSF (i.t., 50 pi) plus NS (i.m.,50 pi).

Net effect of HS were characterised by a decrease of the GM burst duration (-10%), 
the GM (-32%) and TA (-21%) power spectrum, and by an increase of the step cycle 
(12%). APV-5 also produced a decrease of the GM burst duration (-6%), the GM 
(-18%) and TA (-18%) power spectrum, and an increase of the step cycle (+10%). 
Concomitant effects of HS plus APV-5 ranged within individual effects of HS. It is 
concluded that 1) muscle pain reduces the activity of both extensor and flexor muscles 
and the velocity of movements; 2) APV-5 reduces the synaptic drive from the spinal 
locomotor network to extensor and flexor motoneurones. Sup. Danish Cancer Society.
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742.2742.1

INCREASED NUMBERS OF NMDA, AMPA AND KA RECEPTOR-LABELED 
AXONS IN CUTANEOUS NERVES IN THE INFLAMED HINDPAW. S.M. 
Carlton* and R.E. Coggeshall. Dept. of Anatomy and Neuroscience, Marine 
Biomedical Institute, University of Texas Medical Branch, Galveston, Texas 77555.

Several lines of evidence indicate that glutamate receptor activation in the 
periphery contributes to nociceptive transduction in the normal skin. In the inflamed 
hindpaw, glutamate receptor antagonists reduce nociceptive behaviors, so these 
receptors may also play a role in inflammatory pain. The goal of the present study is 
to determine if peripheral glutamate receptor populations are changing on cutaneous 
sensory axons as a result of inflammation.

Male Sprague-Dawley rats (n=6) received an intraplantar injection of complete 
Freund’s adjuvant (lOOpl). Three days later, rats were perfused with mixed aldehydes 
and digital nerves from the inflamed and normal hindpaws were removed and 
immunostained for subunits of the NMDA, AMPA or KA receptors. The tissue was 
processed for EM analysis and percentages of immunostained axons determined.

For unmyelinated axons in the normal hindpaw, 50%, 21% and 24% were labeled 
for NMDA, AMPA and KA receptors, respectively. In the inflamed hindpaw, 66%, 
43% and 36% were labeled for NMDA, AMPA and KA receptors, respectively. For 
myelinated axons in the normal hindpaw, 44%, 41% and42% were labeled for 
NMDA AMPA and KA receptors, respectively. In contrast, in the inflamed paw, 
62%, 56% and 34% were labeled for NMDA, AMPA and KA receptors, respectively. 
All increases in labeled axons for the inflamed paw were significant (t-test, p<0.05).

The present study confirms that ionotropic glutamate receptors are present on 
peripheral myelinated and unmyelinated primary afferent fibers, and documents a 
significant increase in the % of cutaneous fibers containing these receptors 3 days 
post-inflammation. These findings presumably indicate that cutaneous axons would 
have an increased sensitivity to glutamate during inflammation and this 
supersensitivity may contribute to inflammatory pain. Supported by NS 11255 and 
NS27910 to SMC and NS10161 to REC.

INCREASED NUMBERS OF NMDA, AMPA AND KA RECEPTOR-LABELED 
AXONS IN SYMPATHETIC GRAY RAMI FOLLOWING HINDPAW 
INFLAMMATION. R.E, Coggeshall*. K. Chung. Z. Ding and S.M. Carlton, 
Anatomy and Neuroscience, Marine Biomed. Inst., UTMB, Galveston, TX 77555.

The presence of ionotropic glutamate receptors on peripheral sensory afferents and 
sympathetic efferents strongly suggests that glutamate plays a role in sensory and 
sympathetic function in the periphery. We have demonstrated that glutamate 
receptors are upregulated on cutaneous axons and terminals during inflammation. 
The goal of the present study is to determine if glutamate receptors are also 
upregulated on sympathetic efferent axons following inflammation of the hindpaw.

Male Sprague-Dawley rats received an intraplantar injection of complete Freund’s 
adjuvant (CFA, lOOpl) or vehicle into one hindpaw. After 3 days they were 
anesthetized and perfused with mixed aldehydes. The L4 and L5 sympathetic ganglia 
with attached gray rami on the side ipsilateral to the injections were removed and 
immunostained for subunits of the NMDA, AMPA or KA receptors (n=3 or 4 for 
each antibody). The tissue was processed for EM analysis and percentages of 
immunostained axons determined.

In vehicle-treated animals, 29%, 8% and 5% of gray rami axons were labeled for 
NMDA, AMPA or KA receptors, respectively. In CFA-treated animals, 57%, 41% 
and 38% of gray rami axons were labeled for NMDA, AMPA or KA receptors, 
respectively.

The data indicate that the numbers of sympathetic efferents containing ionotropic 
glutamate receptors increase during inflammation. Furthermore, the upregulation of 
non-NMDA receptors is proportionately greater compared to NMDA receptors. 
Thus, the sensitivity of sympathetic efferents to peripheral glutamate in the inflamed 
paw would presumably be increased and this could modulate the release of NE, 
ultimately contributing to that component of inflammatory pain which is 
sympathetically dependent. Supported by NS 11255 and NS27910 (SMC) and 
NS 10161 (REC).
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742.3
GLUTAMATE-EVOKED RESPONSES OF NOCICEPTORS IN RAT GLABROUS 
SKIN J. Du*, M Koltzenburg1 and S.M. Carlton. Dept. of Anatomy and Neurosci., 
Marine Biomedical Inst., UTMB, Galveston, TX 77555 and ’Dept. of Neurology, 
University of Wurzburg, Wurzburg, Germany.

Anatomical studies in our lab demonstrated NMD A, AMPA and Kainate receptors 
on unmyelinated sensoiy axons in rat glabrous skin. Intraplantar injection of 
glutamate (GLU) or of specific GLU agonists resulted in nociceptive behaviors 
which were blocked following co-injection with appropriate antagonists. Here we 
studied the response of identified nociceptors to GLU.

Recordings were performed using an in vitro skin-nerve preparation in which the 
glabrous skin of the hindpaw was dissected with the medial and lateral plantar 
nerves. The skin was placed corium side up in an organ bath and single afferent 
fibers recorded extracellularly. Fibers conducting at less than 1.2 m/sec or between
1.2 and 10 m/sec were classified as C and A8 fibers respectively. Activity was 
recorded before, during and after exposure of the receptive field of each unit (n=18) 
to ascending concentrations of GLU (0.01, 0.1, 0.3, l.OmM, for 3 min. each). In 
separate experiments, responses of nociceptors to thermal and mechanical 
stimulation were determined before, and 2 min. following exposure to ,3mM GLU.

Application of ascending concentrations of GLU resulted in a dose-dependent 
excitation of 5/18 units with ,3mM producing the greatest increase; ImM GLU 
resulted in decreased activity suggesting desensitization. Of the 22 units that were 
tested for thermal responses, 64% showed a significant increase in frequency 
(p<0.05). Four units tested 10 min. post-GLU remained sensitized to heat. Of the 31 
units tested for mechanical threshold, only 35% showed a decrease in threshold (p 
= 38).

These results indicate that GLU activates a subpopulation of nociceptors resulting 
in increased ongoing activity and sensitization to heat. These data provide further 
evidence for a role for peripheral GLU receptors in nociceptive processing. 
(Supported by NS11255, NS27910 to SMC and DFG.SFB 353 to MK.)

742.4
SCIATIC NERVE STIMULATION RELEASES GLUTAMATE IN THE RAT 
HINDPAW: A MICRODIALYSIS STUDY. J.F. de Groot* and S.M, Carlton. Dept. 
of Anatomy and Neuroscience, Marine Biomed. Inst., UTMB, Galveston, TX, 77555.

NMD A, AMPA and Kainate receptors are located on primary afferent terminals in 
the rat glabrous skin and their activation following intraplantar injection of glutamate 
agonists results in nociceptive behaviors. We hypothesize that primary afferent fibers 
can serve as an endogenous neural source of ligand for these glutamate receptors. 
Microdialysis techniques were used to measure glutamate content in the hindpaw 
following electrical or capsaicin stimulation of the sciatic nerve.

Under anesthesia, one sciatic nerve of male Sprague-Dawley rats was surgically 
exposed and isolated. Following a tracheostomy, intravenous infusion of pentobarbital 
and pancuronium maintained anesthesia and paralysis. A microdialysis fiber was 
inserted into the dermis of the glabrous skin in the hindpaw. Using lactated ringers 
as dialysate, a 2 hour washout period and a 1 hour baseline collection was performed 
prior to any manipulations (3pl/min flow rate, 10 min sampling time). The sciatic 
nerve was electrically stimulated at A + C fiber strength for 5 minutes (n = 5) or 
cotton pledgets soaked in 1-3% capsaicin or vehicle were placed on the nerve for 10 
minutes (n = 2). Samples were analyzed for glutamate using reverse phase-HPLC.

Following electrical stimulation of the sciatic nerve at A + C fiber strength, 
glutamate content in the dialysate peaked at 125-135% of baseline. Capsaicin applied 
topically to the nerve resulted in a transient rise in glutamate from 125-160% of 
baseline levels. Glutamate levels remained elevated for 20-40 minutes before sharply 
dropping to 50-60% of baseline.

These results indicate that extracellular glutamate levels increase in the hindpaw as 
a result of A and/or C fiber activity. Thus, peripheral nerve terminals can supply a 
ready source of ligand for the activation of glutamate receptors on these terminals. 
Glutamate, a major excitatory amino acid transmitter in the CNS, may be considered 
an important transmitter in the peripheral nervous system. (Supported by NS11255, 
NS27910).

742.5
METABOTROPIC GLUTAMATE RECEPTORS ARE DIFFERENTIALLY 
DISTRIBUTED ON PRIMARY AFFERENT TERMINALS IN THE DORSAL 
HORN. G.L. Hargett*, R E, Coggeshall and S.M. Carlton Dept. of Anatomy and 
Neuroscience, Marine Biomedical Institute, UTMB, Galveston TX, 77555-1069

Glutamate, a major EAA neurotransmitter, activates a class of receptors coupled to 
GTP-binding proteins (G-proteins). These metabotropic glutamate receptors 
(mGluRs) play a role in neuronal plasticity following injury. The goal of the present 
study was to analyze spinal cord changes in mGluRla and mGluR2/3 distribution 
following removal of primary afferent fibers.

Male, Sprague-Dawley rats (n = 3-5) were anesthetized and at least 5 consecutive 
lumbosacral dorsal roots were transected unilaterally. Four days postsurgery, the rats 
were reanesthetized and perfused. The rhizotomized segments were verified, 
removed, cryosectioned and immunostained for CGRP (to verify the success of the 
rhizotomies), mGluRla or mGluR2/3. Spinal cord sections were image analyzed for 
side-to-side changes in staining density.

The mGluRla staining was concentrated in LI and LII on the normal side and 
significantly decreased in these laminae on the deafferented side. The mGluR2/3 
staining was most pronounced at the LII/LIII border and in LIII and LIV on the 
normal side and was significantly decreased in LIII, but not LIV on the deafferented 
side. CGRP staining density was absent or greatly decreased on the deafferented side 
in LI and LII indicating loss of primary afferent input.

The results indicate that central primary afferent terminals contain mGluRla and 
mGluR2/3 receptors and that these receptors are differentially distributed in the 
dorsal horn. The mGluRla’s predominate on fibers in the superficial laminae and 
are positively coupled to cAMP. Thus, activation would enhance small fiber input 
and nociception. The mGluR2/3’s predominate on fibers in deeper laminae and are 
negatively coupled to cAMP. Thus, activation would inhibit large fiber input. 
Targeting drugs which activate or antagonize these receptors could be therapeutic for 
some chronic pain states. Supported by NS11255, NS27910 (SMC), NS10161 (REC).

742.6
ACTIVATION OF PERIPHERAL GABAa OR GABAb RECEPTORS 
MODULATES NOCICEPTIVE TRANSDUCTION. S, Zhou*, R E. Coggeshall and 
S.M, Carlton. Dept. of Anatomy and Neuroscience, Marine Biomedical Institute, 
UTMB, Galveston, TX 77555.

GABAa and GABAb receptors are present on central primary afferent fibers and 
are presumed to be present on peripheral primary afferent fibers as well. There are 
many studies documenting the central effects of GABA receptor activation on 
nociception, but little has been done documenting the role of peripheral GABA 
receptor function. The goal of the present study is to determine the effect of 
peripheral GABAa or GABAb receptor activation on nociceptive transmission.

To investigate peripheral GABAergic inhibition of nociception, rats received 
intraplantar injections of 2% formalin and low doses of baclofen ( .015,. 15,1.5mM) or 
muscimol (.2, .8 2.0mM). Nociceptive behaviors were assessed by counting flinches 
or measuring time spent lifting/licking the injected paw during 5 minute intervals. 
To investigate peripheral GABAergic enhancement of nociception, rats received 
intraplantar injections of high doses of baclofen (.2, .5, l.OmM) or muscimol alone 
(.2, .5, l.OmM) and changes in paw withdrawal latencies to heat were measured.

Intraplantar injection of low doses of muscimol or baclofen dose dependently 
reduced formalin behaviors and this effect was reversed by co-administration of 
bicuculline, (GABAa antagonist) or CGP-35348, (GABAb antagonist), respectively. 
Intraplantar injection of high doses of muscimol or baclofen alone reduced paw 
withdrawal latencies to radiant heat and these effects were reversed following co
injection with appropriate antagonists.

The data indicate that GABAa and GABAb receptors are present on peripheral 
primary afferent fibers in the skin and that activation of these receptors using low 
doses of agonist attenuates nociceptive transmission. In contrast, high doses of 
GABAergic agonists enhances nociceptive transmission. The data suggest that 
peripheral GABAergic mechanisms may play a critical role in nociceptive 
transmission. Supported by NS27910, NS11255 to SMC; NS10161 to REC.

742.7
(RS)-DHPG-INDUCED NOCICEPTION DEPENDS ON THE 
RELEASE OF GLUTAMATE FROM PRIMARY AFFERENT C- 
FIBERS. K. Fisher, C. Lefebvre C.M, Cahill and T.J, Coderre*. Pain 
Mechanisms Laboratory, Clinical Research Institute of Montreal; 
ASTRA Research Centre Montreal, Montreal, Quebec, Canada.

This study examined the possibility that an increase in glutamate 
release from unmyelinated primary afferent C-fibers contributes to the 
expression of persistent spontaneous nociceptive behaviors (SNBs) 
induced by intrathecal (i.t.) administration of the selective group I 
mGluR agonist, (RS)-3,5-dihydroxyphenylglycine ((RS)-DHPG) to 
rats. Our results indicated that pretreatment with a group II mGluR 
agonist ((2R,4R)-4-aminopyrrolidine-2,4-dicarboxylate ((2R,4R)- 
APDC)), a group III mGluR agonist (¿-2-amino-4-phosphonobutyrate 
(¿-AP4)), and the sodium channel blockers lamotrigine and riluzole, all 
agents which inhibit glutamate release, dose-dependently reduced (RS)- 
DHPG-induced SNBs. We also demonstrated that destruction of 
unmyelinated primary afferent C-fibers with neonatal capsaicin 
treatment reduced (RS)-DHPG-induced SNBs in the adult rats. 
Furthermore, we have shown that incubation of rat lumbar spinal cord 
with (RS)-DHPG potentiates 4-aminopyridine-evoked release of 
glutamate. Together, these results provide evidence that i.t. (RS)- 
DHPG treatment produces an increase in glutamate release, likely from 
primary afferent C-fibers, which contributes to the expression of 
persistent SNBs in rats. (Supported by funds from MRC Canada and ASTRA).

742.8
GLUTAMATE RELEASE IN THE PERIAQUEDUCTAL GRAY (PAG), 
RESULTING IN DESCENDING ANTINOCICEPTION, MAY BE ACTIVATED 
VIA THALAMUS DURING NOXIOUS TAIL-PINCH. Y. YamadaL Y. Saito**, 
K. Matsubara2, K. Kimura3 and Y. Kosaka1 Depts. of 1 Anesthesiology and 3Legal 
Medicine, Shimane Med. Univ., Izumo 693, 2Dept. of Hospital Pharmacy & 
Pharmacology, Asahikawa Med. College, Asahikawa 078, Japan.

We have demonstrated that the extraceller glutamate levels in the PAG increased 
responding to peripheral noxious stimulation. However, it was not clear how such 
increase of glutamate can modulate the pain processing and what descending 
pathway is involved in the activation of glutamate release. This study was designed 
to investigate whether the peripheral noxious stimulation can induce antinociceptive 
effect with or without a kainate lesion of thalamus.

Male rats were divided into two groups. Group A received a kainate lesion on 
thalamus and group B did not. Extraceller glutamate was measured in the PAG 
using the microdialysis and subsequent HPLC analysis during and 60 min after 20- 
min tail-pinch. The dialy sate samples were collected every 10 min. Radiant heat 
(RII) to hind paw was employed to measure the response of noxious heat during and 
after tail-pinch in the next day. Percent of maximum possible effect (%MPE) was 
calculated by transfonning RH latency .

The glutamate level increased to 150 % in the group B but not in the group A. 
The %MPE in RH increased to 57 % at peak during tail-pinch. The %MPE in RH 
in the group B were significantly higher than those in the group A during tail- 
pinch.

The present results suggest that peripheral noxious stimulation may induce the 
glutamate release in the PAG, resulting in the inhibition of nociceptive processing, 
via a descending pathway involving thalamus from spinal cord.
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742.9
GLUTAMATE RECEPTORS IN THE KNEE JOINT: A KEY ROLE IN 
PERIPHERAL SENSITIZATION. N.B. Lawand*, ED. Al-Chaer, W.D, 
Willis and KN. Westlund. Department of Anatomy and Neurosciences. 
University of Texas Medical Branch, Galveston, TX 77555-1069.

Our previous studies have provided evidence that implicate peripheral 
glutamate receptors in the development of pain-related behaviors associated 
with an acute experimental arthritis in rat. Concomitant activation of 
ionotropic and metabotropic glutamate receptors in rat knee joints has also 
previously been shown to contribute to the peripheral sensitization underlying 
primary hyperalgesia and allodynia. The aim of the present study was to assess 
the role of these receptors in the development of peripheral sensitization 
associated with acute arthritis. A series of electrophysiological and behavioral 
experiments were conducted in arthritic cats and rats, respectively, to examine 
the role of peripheral ionotropic and metabotropic receptors in mediating 
sensory receptor sensitization. Recordings were made from the medial articular 
nerve of cats 4h after induction of inflammation. Pre-treatment of the knee joint 
with either NMDA (MK-801) or AMPA/KA (DNQX) receptor antagonists 
was effective in attenuating the sensitization of the articular nerve afferent 
responses produced by injection of kaolin and carrageenan. However, blocking 
either group I or II metabotropic receptors did not alter the sensitized state. 
Behaviorally, post-treatment of rats with either NMDA or non-NMDA 
receptor blockers attenuated the heat hyperalgesia and mechanical allodynia 
associated with acute arthritis. These results attest to the importance of the role 
of peripheral NMDA and non-NMDA receptors in mediating inflammatory 
pain processing. (Supported by NIH grants NS 32778 and NS 09743).

742.10
PERIPHERAL AND CENTRAL NICOTINIC CHOLINERGIC RECEPTORS: 
POTENTIAL TARGETS FOR INFLAMMATORY PAIN RELIEF. K.N. Westlund*.
N.B. Lawand and Y. Lu. Department of Anatomy and Neurosciences, University of Texas 
Medical Branch, Galveston, TX 77555-1069.

Cholinergic terminals are abundant in the dorsal hom. A few previous studies have 
implicated spinal cholinergic receptors in the modulation of nociception. However, little is 
known about nicotinic receptors on peripheral sensory neurons. The present study 
characterizes the role of peripheral and spinal nicotinic cholinergic receptors in the 
processing of nociception and inflammation associated with an acute experimental 
arthritis. Epibatidine (EP), a recently developed potent agonist for neuronal nicotinic 
acetylcholine receptors sharing similar structural and functional characteristics with 
acetylcholine and nicotine, has been used in this study. The physiological effect of spinal 
pre-administration and post-administration of EP on pain-related behaviors and 
inflammation were tested. Knee joint inflammation was induced in rats by injecting a 
mixture of kaolin and carrageenan into the knee joint. Paw withdrawal latency to radiant 
heat was measured before and at 4,5,6,7 and 8h after induction of inflammation. A 
decrease in PWL is indicative of secondary hyperalgesia. The extent of inflammation was 
also assessed by measuring the knee joint circumference. Pre-treatment of the spinal cord 
of arthritic animals with EP prevented the development of heat hyperalgesia and resulted 
in a significant improvement of the animals’ spontaneous pain-related behaviors. Interestingly, 
the knee joint circumference and temperature of these animals were significantly lower than 
those of the control animals pre-treated with ACSF. Administration of epibatidine after the 
development of hyperalgesia significantly attenuates the decrease in PWL, knee joint swelling 
and temperature. Likewise, local injection of EP into the knee joint 3h after induction of 
inflammation attenuated the development of heat hyperalgesia relative to saline injected animals. 
These findings provide considerable evidence to suggest an important role for peripheral and 
central nicotinic cholinergic receptors in the modulation of persistent pain and inflammation. 
(Supported by NIH grant NS 32778).

742.11

GABAb RECEPTORS: THEIR POTENTIAL ROLE IN THE 
MODULATION OF INFLAMMATORY PAIN. Y. Lu*, N.B. Lawand and
K.N. Westlund. Department of Anatomy and Neurosciences, University of 
Texas Medical Branch, Galveston TX 77555-1069.

Previous studies in this laboratory have implicated GABAa receptors in the 
amplification of neurogenic inflammation (Sluka et al., 1993). However, the 
role of GABAb receptors in the processing of inflammatory pain has not yet 
been examined. The aim of the present study is to assess the role of GABAb 
receptors in the initiation and maintenance of pain-related behavioral responses 
associated with acute arthritis. Knee joint inflammation was induced by 
injection of a mixture of 3% kaolin and carrageenan into the knee joint cavity 
of rats. Baclofen (O.lmM), a GABAb receptor agonist, was administered prior 
to or after induction of knee joint inflammation, through a microdialysis fiber 
inserted in the lumbar spinal cord (L4 - L6 segments). At the outset of the 
experiments a baseline paw withdraw latency (PWL) to radiant heat was 
measured. In the pre-treatment experiment, PWL was measured at 1.5h after 
drug infusion and 4h after injection of kaolin and carrageenan. In the post- 
treated experiment, PWL was tested at 4 and 5.5h after induction of 
inflammation. Pre-treatment of the dorsal horn with baclofen prevented the 
development of secondary heat hyperalgesia usually manifested 4h post 
inflammation. Post-treatment with baclofen reversed heat hyperalgesia. Joint 
circumference, measured to assess the extent of joint inflammation, was not 
affected by either pre- or post-treatment of the drug. These data provide 
evidence to support a role for spinal GABAb receptors in the modulation of 
nociceptive transmission. (Supported by NIH grants NS 32778).

742.12
METABOTROPIC GLUTAMATE RECEPTOR ANTAGONIST, AIDA, 
INHIBITS DORSAL ROOT REFLEXES INDUCED BY 4-AP. L.P. Zhang* 
and K.N. Westlund. Department of Anatomy and Neurosciences, University of 
Texas Medical Branch, Galveston, TX 77555-1069.

A role for the metabotropic glutamate receptor subtype mGluRl in 
modulating both a voltage-insensitive and a voltage-sensitive potassium current 
has been suggested in single cell studies. The purpose of the present study was 
to investigate the effect of a mGluRl glutamate receptor antagonist on dorsal 
root reflexes induced by 4-aminopyridine (4-AP) in rat medial articular nerve 
(MAN) in vivo. Sprague-Dawley rats were anesthetized with urethane. The 
MAN was dissected distally and cut, and recordings were obtained from the 
proximal stump of the nerve. 4-AP, a voltage-sensitive K+-channel blocker or 
metabotropic glutamate receptor subtype, mGluRl antagonist, (RS)-l- 
Aminoindan-l,5-dicarboxylic acid/UPF 523 (AIDA), was centrally 
administered through a microdialysis fiber inserted into the spinal cord dorsal 
hom at the L4 - L5 level. The result showed that centrifugally conducted action 
potentials induced by 4-AP (lpM - lOOpM) and recorded from the MAN, 
were characterized as multiple unit spike activity which was suppressed by the 
GABAa receptor antagonist, bicuculline (500pM). The multiple spike activity 
appearing in the MAN was blocked by central administration of the mGluRl 
receptor antagonist, AIDA (500pM), in a dose dependent manner. This study 
suggests that mGluRl glutamate receptor may play an important role in 
modulating voltage-gated potassium channels on the primary afferent terminals 
and/or intemeurons, and in modulating their excitability in the rat spinal cord 
dorsal hom in vivo. (This study is supported by NIH grant 32778).

742.13
INCREASE OF EXCITATORY AMINO ACID-INDUCED Ca2+ TRANSIENTS IN 
DORSAL HORN NEURONS IN SLICES OF CARRAGEENAN-TREATED RATS. 
S.D, Hocherman*. N, Voitenko, G, Gerber, J, Zhong and M, Randic.
Dept. of Biomedical Sciences, Iowa State University, Ames, IA 50011

Information on Ca2+ signaling pathways and their potential involvement in the cellular 
response to glutamate activation of dorsal horn (DH) neurons in normal rats and in rats 
following peripheral inflammation is still missing. To gain a better understanding of 
these pathways in normal and inflammation-altered synaptic function, we have examined 
Ca2+ signals and electrophysiological responses elicited by agonists of ionotropic 
glutamate receptors in the somatic and dendritic regions of superficial DH neurons in 
transverse slices ofL4 segments obtained from normal and inflamed rats (16-21 days old). 
The inflammation was induced by an injection of carrageenan (2% in saline) into a hind 
paw 3 hours prior to the experiments. Individual neurons were loaded with Fura-2 
through a patch pipette. Intracellular calcium changes were monitored using microscopic- 
video imaging, and electrophysiological recordings were obtained simultaneously.

Stimulation of voltage-clamped DH neurons with bath application of (S)-a-amino-3- 
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA, 1-100 pM), kainate (KA, 25-KX) 
pM) and N-methyl-D-aspartate (NMDA, 25-100 pM) elicited dose-dependent currents 
(measured in the soma) and intracellular Ca2+ signals (both in the soma and in dendritic 
regions) in the majority of DH neurons in normal and carrageenan-treated rats. In 
normal rats removal of Ca2+ ions from the extracellular solution eliminated KA-induced 
LCa2+], increase but only decreased the AMPA-induced Ca2+ transient. The peak 
amplitude of the Ca2+ response to KA and NMDA was increased in the DH neurons 
from the carrageenan-treated rats. These results suggest that excitatory amino acid 
induced increase of intracellular free calcium concentration is likely to play an 
important role in DH plasticity accompanying the development of carrageenan-induced 
inflammation and pain.

Supported by NSF Grant IBN-9604654 and Spinal Cord Research Foundation

742.14
AN ANTISENSE OLIGONUCLEOTIDE TARGETING mGluR, ATTENUATES 
ALLODYNIA/HYPERALGESIA IN A MODEL OF CHRONIC INFLAMMATION 
IN RATS. M.E. Fundytus1,4*, M, Osborne3,5, A, Dray4, J.L, Henry1,2, T.J, Coderre3 5. 
Depts. of Physiology, Psychiatry & Psychology, McGill Univ.; 4ASTRA Research 
Centre Montreal; Pain Mechanisms Lab., IRCM; Montreal, PQ, H2W 1R7.

We have recently shown that antisense (AS) oligonucleotides (oligos) targeting 
group I metabotropic glutamate receptors (mGluRi,5) significantly attenuate allodynia 
and hyperalgesia associated with a chronic constriction injury of the sciatic nerve in 
rats, suggesting that group I mGluRs may play a critical role in chronic pain. In the 
present study, we examined whether an AS oligo targeting mGluR, would reduce the 
allodynia/hyperalgesia associated with chronic inflammation in the rat. Mechanical 
sensitivity was measured by determining the 50% response threshold (grams) using 
von Frey filaments. Thermal sensitivity was determined by measuring the response 
latency to radiant heat applied to the plantar surface of the hindpaw. Inflammation 
was induced by intradermal injection of complete Freund’s adjuvant (CFA) into one 
hindpaw (25 pi each on the dorsal and ventral surface). Three days prior to injection 
of CFA, we began intrathecal (i.t.) infusion of either vehicle (artificial CSF). or 50 
pg/day AS or missense (MS) oligos, at a rate of lpl/hr for 7 days (i.e. until 4 days 
after CFA injection). Mechanical allodynia and thermal hyperalgesia were attenuated 
in AS-treated rats, compared to CSF- and MS-treated rats, on days 4-8 after CFA 
injection. There were no differences between groups on the first two days after CFA 
injection, suggesting that mGluRs are involved in the chronic, rather than the acute, 
phase of the inflammatory injury. This hypothesis is supported by our previous data 
showing that antibodies targeting mGluRi or mGluRs attenuate neuropathic pain, but 
are ineffective in models of acute pain such as the formalin and plantar tests in naive 
rats. Thus, we hypothesize that group I mGluRs are important in the incidence of 
chronic pain, but play a minimal role in acute pain. (This work was supported by the 
ASTRA Research Centre Montreal and MRC Canada grants to TJC and JLH).
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742.15
DIFFERENTIAL EFFECTS OF NMDA AND GROUP I mGLUR ANTAGONISTS 
ON BOTH NOCICEPTION AND SPINAL PROTEIN KINASE C IN RATS. K, 
Yashpal*, K. Fisher, J.-G. Chabot and T.J. Coderre. Pain Mechanisms Lab, Clinical 
Res. Institute of Montreal; Douglas Hospital Res. Centre, Montreal, QC, Canada.

Both inflammatory and neuropathic injuries produce a glutamate-dependent 
increase in protein kinase C (PKC) translocation in the spinal cord of rats. This 
study compares the role of ionotropic and metabotropic glutamate receptors 
(mGluRs) in both nociception and spinal PKC translocation after inflammatory or 
neuropathic injury. Rats were given an intrathecal (i.t.) injection of either vehicle, an 
NMDA receptor antagonist (MK-801, 60 nmoles), or an mGluRl/5 antagonist ((S>- 
4CPG, 150 nmoles), 10 min prior to a 50 p.1 of 2.5% formalin injection into the 
hindpaw. Additional rats were given two daily injections of either vehicle, MK-801 
(30 nmoles) or (S)-4CPG (90 nmoles) for 8 days starting 30 min before CCI of the 
sciatic nerve. Nociceptive responses were assessed for 60 min after formalin 
injection, and tests of mechanical and cold allodynia were performed on days 4, 8, 12 
and 16 after CCI. The level of membrane-associated PKC (3H-PDBu binding) in 
lumbar spinal cord dorsal horn was assessed 1 hr after formalin injection, or 5 days 
after CCI, in rats given vehicle, MK-801 or (S)-4CPG. I.t. MK-801 significantly 
reduced nociceptive scores in the formalin test, and also produced a suppression of 
formalin-induced 3H-PDBu binding in laminae I and II of the dorsal horn of the 
spinal cord. In contrast, i.t. (S)-4CPG failed to affect either nociceptive behaviors in 
the formalin test or formalin-induced 3H-PDBu binding in spinal cord dorsal horn. 
However, either i.t. MK-801 or (S)-4CPG produced a reduction in mechanical and 
cold allodynia, as well as 3H-PDBu binding in spinal cord dorsal horn, after CCI. 
The results suggest that while NMDA, but not mGluRl/5, receptors affect 
translocation of PKC and nociception in the formalin test, both types of receptors 
influence translocation of PKC and allodynia after CCI of the sciatic nerve. 
(Supported by funds from MRC Canada and the Astra Research Centre Montreal).

742.16

Persistent inflammation regulates AMPA excitatory amino 
acid (EAA) receptor mRNA expression in the rat spinal cord: 
an RT-PCR analysis. O.-O. Zhou*, S. Zou, R. Dubner, and K. Ren. 
Department of OCBS, University of Maryland Dental School, Baltimore, MD 21201.

EAA receptors are involved in spinal nociceptive transmission and development of 
persistent inflammatory hyperalgesia. It is still unclear, however, whether there are 
changes in EAA receptor gene expression associated with peripheral tissue injury. In 
the present study, we used reverse transcription polymerase chain reaction (RT-PCR) 
technique to examine the modulation of EAA receptor gene expression by peripheral 
tissue inflammation. Inflammation was introduced into the hindpaw by intraplantar 
injection of 0.2 ml of complete Freund's adjuvant (CFA). After CFA injection, 
dramatic thermal hyperalgesia and mechanical allodynia appeared and peaked at about 
24 h, and persisted for 2-3 weeks. At 2h, 5h, Id, 3d, 7d, and 14 d after inflammation, 
total RNAs from rat spinal cord (L4-5) were extracted, reverse transcripted, and the 
resulting cDNA was used for PCR with primers targeted at 8 splice variants of the 
AMPA EAA receptor subunits (flip-flop splice variants of Glu-A, B, C and D 
subunits). Among the 8 splice variants, the flop splice form of the Glu-A subunit 
(A-flop) and the flip splice variant of the Glu-B subunit (B-flip) are most abundant in 
the superficial dorsal horn. It was found that the A-flop mRNAs were up-regulated at 
2h (163±17% control, p<0.05, n=3) and 5h (155±4% control, p<0.05, n=3), down- 
regulated at 3d (71±5% control, p=0.05, n=3), and returned to pre-inflammation levels 
at 7d (101±l % control, n=3) following inflammation. The B-flip mRNAs was only 
up-regulated at 5 h (149±16% control, p=0.05, n=3) and returned to control at 3d 
(96±4% control, n=3) following inflammation. Compared to A-flop and B-flip, the 
mRNAs for other splice variants of the AMPA receptor subunits exhibited smaller 
non-significant changes after inflammation. These results demonstrated that A-flop 
and B-flip splice variants of the AMPA receptor subunits were involved in the acute 
phase of CFA-induced inflammation and hyperalgesia. However, the up-regulation of 
these mRNAs did not persist, suggesting that other subtypes of EAA receptors may be 
activated during the maintenance of inflammation and hyperalgesia.

Supported by DEI 1964 and DA 10275.

742.17
WALLERIAN DEGENERATION AND HYPERALGESIA AFTER 
PERIPHERAL NERVE INJURY ARE GLUTATHIONE-DEPENDENT 
R. Wagner*^, H. M. Heckman^, R. R. MyersL^ Depts. of ! Anesthesiology 
and ^Pathology (Neuropathology) at the VA Med. Center San Diego and 
Univ. Calf. San Diego, Anes. Res. - 0629, La Jolla, CA 92093-0629.

Experimental inflammatory compression injury to the sciatic nerve 
(CCI) induces Wallerian degeneration of axons and damages non-neuronal 
cells at the injury site in association with the development of thermal 
hyperalgesia. We examined whether glutathione, one of whose many 
functions is an important endogenous antioxidant, influenced neuro
pathology and hyperalgesia following CCI. Dietary supplementation of the 
amino acid N-acetyl-cysteine (NAC), a rate-limiting component of 
glutathione production, beginning one day prior to CCI significantly 
diminished both Wallerian degeneration, measured by quantitative 
morphometry of myelinated fibers, and thermal hyperalgesia at day 3 post- 
CCI. NAC treatment raised nerve glutathione levels compared to untreated 
CCI nerves, indicated by hemeoxygenase-1 (hsp32) immunoreactivity as a 
marker of glutathione depletion. Because NAC also has antioxidant 
abilities, separate studies simultaneously inhibited glutathione synthesis, 
and results demonstrated no significant reduction in resulting 
neuropathology or hyperalgesia. Delaying NAC administration to begin 1 
day post-CCI consistently decreased hyperalgesia, but not significantly. 
This study identifies glutathione levels as an important determinant of 
neuropathological and behavioral consequences of nerve injury. t 
Supported by the Veteran Administration (RRM) and NINDS/NIH: F32- 
NS10071-02 (RW) and NS18715-13 (RRM)

RETINA AND PHOTORECEPTORS: LIGHT/DARK ADAPTATION AND BEHAVIOR

743.1

DIFFERENCES IN THE SIZE OF ACTIVITY-DEPENDENT DYE 
LABELED TERMINALS IN THE IPL IN LIGHT- AND DARK- 
ADAPTED RETINAS OF THE MUDPUPPY. M.H. Fagerson*and R.F. 
Miller . Department of Physiology, Univ. of Minnesota, Minneapolis, 
MN 55455.

Previously we have shown that activity-dependent dyes are taken up 
into the IPL differently by light- and dark-adapted retinas and that the 
dye is released when the retina is kept in the same light condition but 
perfused with normal Ringer for 30 min. We have explored the uptake of 
dye into the IPL in retinas adapted to intermediate light levels.
Mudpuppy retinas in eyecups were adapted for one hour to four light 
levels: 2.96, 0.54, 0.052 and 0.008 mW/cm2 ,as well as to the dark. 
Activity-dependent dye (sulforhodamine, ImM or FM1-43, 100 gM) was 
applied for one minute followed by 5mM CoCl2 Ringer. The retina was 
then removed and viewed immediately on a confocal microscope. The 
images were deconvolved and reconstructed in 3-D. The results indicate 
that in the dark-adapted retina, the majority of labeled terminals appeared 
large while those in the retinas adapted to bright light were small. 
Adaptation to intermediate light levels resulted in increasingly larger 
numbers of large terminals and a correspondingly smaller number of 
small terminals as the adaptation stimulus was decreased from bright to 
lower light levels. It is unclear whether the size of the labeled terminals 
indicates the actual size of the active terminal or the degree of activity 
(i.e. amount of dye uptake). NEI Grant EY0314

743.2

LIGHT ADAPTATION OF ROD SIGNALS IN ROD AND CONE BIPOLAR 
CELLS OF THE CAT RETINA J. Ahmed*, L. Xu, L.J, Frishman, J.G, Robson. 
College of Optometry, University of Houston, TX 77204-6052

Under dark-adapted conditions, rod-driven signals travel through the retina via 
the sensitive rod circuit which consists of rods, rod bipolar cells, All (and A17) 
amacrine cells, and retinal ganglion cells. Additionally, rod signals enter cones, and 
affect cone bipolar cell activity. For rod-driven signals, at least three of the stages at 
which light adaptation occurs can be studied by measuring the waves of the scotopic 
electroretinogram (ERG): the STR generated by amacrine and ganglion cells; the b- 
wave by bipolar cells; and the a-wave by photoreceptors. We investigated adaptation 
at the bipolar-cell stage by recording the ERG of anesthetized cats in response to brief 
ganzfeld flashes, after isolating P2 (the bipolar cell component) by subtracting post 
intravitreal l-APB from post NMdlA responses, and then subtracting cone-driven 
responses. In initial experiments in which we also suppressed activity of Off-bipolar 
and horizontal cells with kainate/AMPA blockade, or eliminated GABAergic 
inhibition, we found that P2 adaptation was unaffected, indicating that the 
mechanisms of adaptation were intrinsic to the rod to bipolar cell pathway. Increasing 
the background from 1 to 10 scot td decreased the time-to-peak of P2 from 100 to 50 
msec, at which it stabilized; P2 duration was similarly reduced. These findings are 
consistent with rod-driven P2 changing from being a reflection of the activity of rod 
bipolar cells to that of cone bipolar cells. The sensitivity of rod P2 was halved by a 
background of 1 scot td, the level (5 rh*/rod/sec) above which the rod photon signals 
merge together. At levels above 10 scot td the sensitivity of the photoreceptors 
measured using a probe-flash technique also was reduced, directly limiting the 
sensitivity of P2. Recovery of P2 sensitivity from pulsed backgrounds of these higher 
levels was slowed. These data suggest that the reduction of sensitivity of the rod 
bipolar cell is due to saturation at the input to the cell, whereas the reduction of 
sensitivity of the rod signal in the cone bipolar cell is determined by desensitization of 
the rod photoreceptor. NIH/NEI grants T32 EY07024, R01 EY06671, P30-EY07751.
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743.3

ELEVATED SUB RETINAL SPACE CALCIUM LEVELS CAUSE 
INCREASED ABSOLUTE DARK-ADAPTED THRESHOLDS IN 
ALBINO MICE. C. R. Lavallee and G. W. Balkema? Biology 
Department, Boston College; Chestnut Hill MA 02167.

There has been much evidence over the last two decades that suggests 
that hypopigmentation is linked with sensory abnormalities, specifically 
elevated absolute dark-adapted thresholds in hypopigmented mice.
Recent experiments have shown that when a himalayan mutant mouse’s 
ocular melanin is changed, either by environmental means or by alpha- 
melanocyte stimulating hormone injections, the animal’s dark-adapted 
threshold changed proportionally to the change in ocular melanin. In 
this experiment we measured the concentration of free calcium in the 
retinas of both albino and black mice with a calcium sensitive 
microelectrode. The recordings were done in live, anesthetized animals, 
as the defect is not present in isolated retinas or in a superfused eye 
preparation. A double barreled calcium selective electrode (Ca++ - V/Ref) 
was driven through the retina, and a second reference microelectrode was 
positioned behind the eye. Thus, we obtained the simultaneous 
recordings of both the calcium concentration and the ERG. In dark- 
adapted albinos we found 1.065 mM calcium in the subretinal space 
compared to 0.800 mM in the normal mice. We also found a different 
calcium profile throughout the retina for each group. The position of the 
electrode was confirmed from the ERG and Dii electrode tract 
identification. The results of this experiment are consistent with the 
hypothesis that the ocular hypopigmentation is causal to elevated sub- 
retinal space calcium levels. The elevated sub-retinal calcium appears to 
be mimicking light adaptation in the hypopigmented mice.
Supported by NSF grant IBN9320039

743.4

RHYTHMIC EXPRESSION OF MELATONIN DOES 
NOT INFLUENCE ROD-CONE DOMINANCE IN 
THE QUAIL RETINA
MK Manglapus. ME Pierce and RB Barlow*
Center for Vision Research, SUNY Health Science Center, Syracuse NY

The Japanese quail retina exhibits a circadian rhythm in melatonin 
production (Underwood et al., 1990). Melatonin levels are high at night 
and low during the day. Tryptophan hydroxylase (TPH), the rate limiting 
enzyme in serotonin and melatonin synthesis also exhibit daily rhythms.
In situ hybridization shows that TPH mRNA is expressed at ZT13 but not 
at other times of the day (ZT1,ZT3, or ZT9). TPH is localized to 
photoreceptor cells and a few cells in the inner nuclear layer. Northern 
blot analysis shows that TPH mRNA continues to cycle in constant 
darkness. This suggests that photoreceptor cells exhibit a circadian 
rhythm in TPH mRNA.

Circadian rhythms also modulate retinal sensitivity and rod-cone 
dominance in the quail. In constant darkness, the retina is cone dominated 
during the day and rod dominated at night. Associated with this change is 
an increase in retinal sensitivity at night (Manglapus et al., 1998). Direct 
application of melatonin (100|iM; 1 Ojil) during the day or night does not 
seem to alter the rod-cone dominance of the retina. Although produced 
rhythmically by photoreceptors, melatonin does not seem to directly effect 
the functional organization of the quail retina. Rather, melatonin may 
influence retinal sensitivity and rod-cone dominance by modulating 
dopamine release that is known to mediate physiological rhythms in the 
quail (Kelly et al., 1996).

Supported by NIH grants EY 10672 and EY 00667

743.5

MELATONIN INHIBITS LIGHT-INDUCED OXIDATION IN 
RETINAL RECEPTOR CELLS B. Longoni.» B. Cosci and P, L. 
Marchiafava. Dip. di Fisiología e Biochimica, Universita’di Pisa, Pisa, 
56100 Italy

The antioxidant effect of melatonin, a neurohormon synthesized within 
photoreceptors, was studied in dark-adapted, single rod receptor cells isolated 
from the retina of the frog Rana pipiens. An oxidative reaction was started bv 
directly illuminating with blue light (485 nm. 58x10’ ph. sec" mm'2) the 
receptor cells preloaded with Dihydrorhodamine 123 (DHR), a probe which is 
oxidized into fluorescent Rhodamine 123 (RHO) in the presence of cellular 
oxidants. Thus, the fluorescence intensity of RHO increased parallel to the 
production of the light-induced cellular oxidants. We observed that after a few 
seconds of illumination a clear fluorescence increase developed at the level ot 
the outer segments, until a maximal intensity was reached in about three 
minutes. The addition of Vitamin E (10 p.M) completely inhibits the increase in 
fluorescence. The addition of melatonin (1 pM) significantly reduced the level 
of oxidation as revealed by a 50% decrease of the fluorescence intensity. This 
effect is comparable to that obtained with a melatonin precursor, N-acetyl- 
serotonin (Longoni & Marchiafava. J. Physiol. (Load.), in the press). 
Preloading receptor cells w ith P-chlorophenylalanine, a blocker of melatonin 
biosynthesis, greatly enhances the oxidant action of light. The antioxidant 
action exerted by the protective photoreceptor endogenous compounds may 
become critical at night when the production of reactive oxygen species by 
mitochondria is maximal
Supported by MURST and CNR grants to P L.M

743.6

THE EFFECT OF MELATONERGIC DRUGS ON DOPAMINE RELEASE, CONE CONTRACTION 
AND HORIZONTAL CELL SPINULE DYNAMICS IN THE RETINA H.-J. Wagner, U.D. Behrens* 
D, Sugden2, andR.H, Douglas3. 'Anatomisches Institut, Universität Tubingen, Germany; 2 Bio
medical Sciences Division, King’s College London, UK; 3 Dept. of Optometry, City University, UK.

Melatonin (MEL) produced by ocular photoreceptors acts as a dark adaptive signal in the control 
of retinal adaptation in amphibians and chicken. Some of its effects are brought about by antago
nistic actions on the dopamine (DA) system. We have used the teleost retina as a model to study 
the effect of MEL agonists and antagoninsts on easily quantifiable indicators such as spinule for
mation and cone contraction, and related these to the light- and drug-modulated release of en
dogenous DA.

Methods: Isolated retinae from crucian carp (Carassius carassius) were cultured under the fol
lowing experimental conditions to examine retinal morphology: 1. Beginning of dark phase: dark- 
incubation with DH 97 (MEL agoninst); DA; DH 97 plus SCH 23390 (D1R antagonist); DH 97 plus 
sulpiride (D2R antagonist,); light-, dark-controls. 2. End of the dark phase: light-incubation with 
AMMTC (MEL agonist); DA; light-, dark-controls. Amounts of endogenous dopamine released 
from isolated retinae cultured under the above conditions were determined at 5 min. intervals us
ing an HPLC system.

Observations, conclusions: DH 97 was capable both of counteracting spinule degradation and 
inducing spinule formation at the beginning of the dark phase; dark-adaptive cone elongation was 
reduced. Addition of DA receptor blockers opposed the action of DH 97 on spinules with 
SCH23390 being more effective than sulpiride. These effects are readily explained by a twofold 
increase of DA release induced by the MEL antagonist. AMMTC prevented the light-induced 
spinule formation; however, it did not block cone contraction nor the light-induced increase in DA 
release. We suggest that these differential results are mediated by direct inhibitory action of the 
MEL-agonist on the DA-D1R on horizontal cells leading to a suppression of spinule formation. 
Conversely, the DA-D2Rs mediating cone contraction are unaffected by AMMTC, so that cone 
contraction is enabled; alternatively, shortening of cone myoids could also be brought about by 
direct action of light on the photoreceptors.

Supported by NATO travel grant for RHD and HJW.

743.7

BILATERAL INTRAOCULAR INJECTION OF GABA REDUCES 
PHOTOTAXIS IN RANA PIPIENS. E, Kicliter12*. Javier Tolosa2 and José 
Gilberto Ortiz3. Dept. of Anatomy1, Institute of Neurobiology2 and Dept. of 
Pharmacology3, Univ. of Puerto Rico, Med. Sci. Campus, San Juan, PR 00901
The positive phototaxis QÏRana pipiens depends on ON-type retinal ganglion 

cells (see Kicliter, Kay and Chino, Brain Res. 210:103-113, 1981). In 
Ambystoma tigrinum, another amphibian, application of 500 pM GABA to 
the retina blocks the ON component of ON/OFF retinal ganglion cell 
responses to light flashes, while the OFF component is left intact (Zhang and 
Slaughter, J. Neurophysiol. 74:1583-1592, 1995). The present experiments 
explored the possibility that GABA application to the retina might affect 
phototaxis in Rana pipiens. GABA was injected bilaterally into the vitreous 
body in amounts sufficient to produce concentrations of 5-500 pM over the 
retina. Injectiofls at 500 pM reduced positive phol'otaxis by 6-16 percent, as 
measured by a light/dark choice in a Y-maze, from pre-injection levels of 80- 
90 percent choice of the lighted arm. Reduction in phototactic preference was 
also observed in frogs injected at 50 pM, but not at 5 pM. Nor was the effect 
observed in sham injected frogs. The reduction in phototaxis could be blocked 
with simultaneous injection of either picrotoxin or bicuculline, but not 
saclofen, at 100 pM. Since picrotoxin and bicuculline block the GABAa 
receptor while saclofen blocks the GABAb receptor, the present findings 
indicate that the effect of GABA on the retinal network underlying phototaxis 
is mediated through a GABAa receptor (Supported, in part by NIH grant MH- 
48190).
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744.1
THE DYSTROPHIN-GLYCOPROTEIN COMPLEX AND AGRIN IN 
RETINAE FROM WILD TYPE AND Wx3Cv MICE. M. Blank, P. Koulen, and 
S, Kröger*. Max-Planck-Institute for Brain Research, Deutschordenstr. 46, D-60528 
Frankfurt, Germany

Mutations in dystrophin are the genetic basis for Duchenne and Becker muscular 
dystrophy (DMD and BMD, respectively). These mutations cause muscle 
degeneration as well as an impaired synaptic transmission in the outer plexiform 
layer (OPL) of the retina. To investigate the role of dystrophin and the dystrophin- 
glycoprotein complex (DGC) in synaptic transmission, we analyzed retinae from 
wild type and mdxlCv mice, since the latter have a retinal phenotype, which is 
similar to that found in DMD and BMD. In wild type mice dystrophin was 
exclusively clustered in the OPL whereas the DGC was additionally concentrated in 
the endfeet of Müller glial cells and astrocytes, where they contact the inner limiting 
membrane and the capillary basal lamina, respectively. In the OPL, dystrophin and 
the DGC were concentrated in the distal extensions of rod and cone terminals 
protruding into the OPL. The inner and outer plexiform layer as well as both basal 
laminae also contain agrin, an extracellular matrix molecule, which regulates the 
subcellular distribution of the DGC in skeletal muscle, suggesting that agrin might 
have a similar function in the retina. In the OPL of retinae from mdx3Cv mutant 
mice, dystrophin and DGC immunoreactivity was strongly reduced. Electron 
microscopy and confocal laser scanning microscopy showed that this reduction was 
caused by a specific decrease in the area and the intensity of immunoreactivity only 
in rod terminals, while no apparent difference in cone terminals could be detected. 
Similarity, the distribution of the DGC on glial cells was apparently unaltered.

These results show that mutations in the dystrophin gene have different effects on 
rod and cone photoreceptors and provide an explanation for the specific retinal 
phenotype observed in muscular dystrophy patients.
Supported by the Deutsche Forschungsgemeinschaft (SFB 474/B6).

744.2
CONFOCAL SCANNING LASER OPHTHALMOSCOPY OF THE
PATHOPHYSIOLOGICAL DAMAGE MECHANISMS INDUCED BY ACUTE
LASER EXPOSURE. H. Zwick^R. Elliott G. Li, , P.A, Edsall, B.E. Stuck.
USAMRD, Walter Reed Army Institute of Research, San Antonio, TX 78235 

Confocal scanning laser ophthalmoscopy (CSLO) combined with the high
numerical aperture of the snake eye was used to evaluate the pathophysiological 
response to laser injury at the photoreceptor and vascular retinal layers. Confocal 
imaging was performed in the retinas of the Checkered Garter and Great Plains Rat 
snake with a multiline Rodenstock CSLO. An external optical system provided 5x 
image magnification in the photoreceptor layer with a slight gain in resolution. Laser 
exposure was made with an Argon laser source (152 to 1000 pJoules, 10 msec) 
within a 35 pm retinal spot. Anesthesia was induced with ketamine and xylazine 
(3.5:1). Acridine orange (0.1% in physiological saline) was injected IC (1 mg/kg) 
post exposure (5-45 min) to enable differentiation of red blood cells from leukocytes 
at the injury site. In-vivo photoreceptor damage ranged from total photoreceptor 
disappearance at the center of the lesion site to surviving swollen and highly 
reflective photoreceptors at the lesion edge. When imaged with higher resolution 
optics, optical mode structure was visible in these photoreceptors suggesting a limited 
survival of photoreceptor structure with possible alterations in photoreceptor 
orientation and position in the receptor lattice. Blood cell slowing observed 
confocally correlated with increased leukocyte activity with the addition of acridine 
orange. Leukocyte activity within and near the lesion.: Sites increased with evidence 
of “sticking” within the lesion sites. These data suggest that laser induced retinal 
damage involves both neural and vascular processes.
US Dept of Defense

744.3

GLUTAMATE IS RELEASED BY REVERSED TRANSPORT FROM 
GLIAL CELLS BUT NOT NEURONS IN MAMMALIAN RETINA. 
G.S. Avoub1^2*, D, Burton1, J. Lindsey3, E, McGhie1, L. Schultz1,
R. Weinreb2, G. Maguire2. ^Biology Dept., Westmont College, Santa 
Barbara, CA 93108, 2Neurosci. Res. Inst., UCSB, Santa Barbara, CA 
93117 and 2Dept. of Ophthalmology, UCSD, La Jolla, CA 92093

Under ischemic conditions, glutamate is released into the CNS and 
induces neurotoxicity. The possible mechanisms releasing this glutamate 
are thought to be calcium-dependent, vesicular glutamate release, and 
calcium-independent reversed transport. Previous studies have 
suggested that glial cells, but not neurons can release glutamate by 
reversed transport. Here, using fluorometric imaging techniques in 
mouse and rat retina, we measured increased release of endogenous 
glutamate from retinal slices and isolated retinal cells under ischemic 
conditions showing that a dense cloud of glutamate, sufficient to induce 
long-term glutamate toxicity in retinal ganglion cells, is released in the 
area of the ganglion cell somata. Our data suggest that reversed transport 
of glutamate occurs in glial cells, but that it does not occur in neurons 
and that the primary source of the glutamate cloud surrounding the 
ganglion cell somata during ischemic conditions is through reversed 
transport of glutamate from retinal glial cells.

Supported by NIH grants: #EY09173 (GSA) & #EY09133(GM), The 
Glaucoma Foundation (GM), and The Foundation for Eye Research 
(GSA, GM).

744.4
FOS EXPRESSION INDUCED BY DIFFERENT VISUAL STIMULI IN 
THE RETINA OF NORMAL C57BL AND RD C3H MICE. A.G.Lima 
and D.E.Hamassaki-Britto*. Dept. Histology and Embryology , Institute of 
Biomedical Sciences, University of Sao Paulo (SP), 05508-900, Brazil.

This study was undertaken to determine the retinal cells in the normal 
(C57BL) mice and the remaining retinal cells in the rd (C3H) mice that are 
activated by different visual stimuli. Normal and rd adult mice were dark- 
adapted or kept in a box with a random-dot pattern for five days with free 
access to food and water, before being exposed for 1 h to diffuse light, 
flashes or moving pattern (temporal-to-nasal). An antibody against the Fos 
protein (Oncogene) was used in horizontal sections with the avidin-biotin- 
peroxidase method to observe the cells that were activated using these 
protocols. The different types of stimulation activated cells in the inner 
nuclear layer (INL) and in the ganglion cell layer (GCL) of both normal 
and rd mice retinas. Higher densities of cells were observed in the normal 
mice retinas after general stimulation, as flashing light (INL+GCL=408±35 
cells/mm2; average±SE) and diffuse illumination (422±34 cells/mm') 
compared to movement (320±17 cells/mm2). In the rd mice, it was possible 
to observe that the flashing light (297±29 cells/mm2) was more efficient in 
activating retinal cells than the diffuse illumination (94±8 cells/mm2), or 
movement (79±5 cells/mm2). Perikarya of different sizes have been 
observed in the INL and GCL, suggesting that distinct subpopulations of 
cells could also be involved in processing these visual stimuli.
Supported by: FAPESP, CNPq , FINEP and PRONEX (Brazil).

744.5
LIGHT-INDUCED RETINAL APOPTOSIS : PREVENTING EFFECT 
OF FREE RADICAL SCAVENGERS I, Ranchon1. M.Th, Droy-Lefaix2. 
M, Poly1? University of Auvergne, Laboratory of Biophysic, Clermont- 
Ferrand, France; 2IPSEN Laboratory Paris, France.

Apoptosis has been implicated in light-induced retinal degeneration. 
However the exact mechanism remain unknown. We have previously shown 
that DMTU and EGb 761 prevent morphological and functional injuries from 
light damage. This study seeks to evaluate the involvement of oxygen free 
radicals in triggering apoptosis and to investigate Bax and Bcl-2 proteins. 
Retinal light damage is induced by exposing Wistar rats to 24h of light at 
1700 lux. Animals were treated with DMTU (500 mg/kg ; l.p.) or EGb 761 
(IPSEN, 100 mg/kg/day, per os). One day after the light exposure, apoptotic 
cells were detected using ApopTag®Plus in situ detection kit peroxidase 
(Becton-dickinson, Grenoble, France). Bax and Bcl-2 proteins were detected 
using specific polyclonal antibodies. Light-exposure induced a significant 
increase in apoptotic cell staining in the photoreceptor layer. When animals 
were treated with DMTU or EGb 761, we observed a significant decrease in 
apoptotic photoreceptor cell staining. In addition, Bcl-2 protein were detected 
in exposed-rat retinas and was localized essentially in the inner segment of 
photoreceptors. We are studying Bax proteins localization and the effect of 
DMTU and EGb 761 on Bax and Bcl-2 protein distributions. Thus, DMTU 
and EGb 761 preventing effect suggests that oxygen free radicals play a 
major role in light-induced photoreceptor cell apoptosis and Bcl-2 proteins 
seem to be involved in such a light-induced degeneration.

744.6
EFFECTS OF HYPOGLYCEMIA AND HYPOXEMIA ON A- AND B- WAVES 
OF ELECTRORETINOGRAMS (ERG) IN DARK-ADAPTED CAT RETINA.
J.J. Kang1, R.A. Linsenmeier*1'2. 1 Departments of Biomedical Engineering and 
2 Neurobiology and Physiology, Northwestern University; Evanston, IL 60208.

Recent study has shown that the a-wave, which is generated by photoreceptors, and 
b-wave, which is generated by bipolar and/or Muller cells, are resistant to hypoxia, at 
least for PaO2 above 30 mm Hg. The photoreceptor may be resistant to hypoxia 
because it can increase glycolysis during hypoxia. In order to examine the 
photoreceptor's function during hypoxia, hypoglycemia, which is a means to reduce 
the ability of the photoreceptors to switch to glycolysis, was used.

Adult cats were anesthetized and paralyzed. Arterial pH, PCO2, PO2 and glucose 
were measured with a blood gas analyzer. The blood glucose was controlled with 
combinations of intravenous infusion of porcine insulin and glucose. The ERG was 
recorded between a chlorided silver electrode in the vitreous humor and a chlorided 
silver reference electrode near the eye. Bright flashes of diffuse white light, produced 
by a Vivitar photoflash, were used to elicit the a- and b-waves. The average blood 
glucose for normoglycemia, moderate and severe hypoglycemia was 90-120 mg/dl, 
50-70 mg/dl, and 20-30 mg/dl. Hypoxemic episodes were produced by combinations 
of air and nitrogen breathing. During hypoglycemia, the hypoxemic episodes were 
introduced approximately 1-1.5 hr. after the start of hypoglycemia.

The a-wave was resistant to moderate hypoglycemia. However, during severe 
hypoglycemia, the a-wave amplitude increased transiently by approximately 12% 
within 30-40 min. of the start of the severe hypoglycemia, before recovering to near 
normal. Severe hypoglycemia alone decreased the b-wave amplitude over time.
During normoglycemia and moderate hypoglycemia, the a-wave amplitude was 
resistant to hypoxia until PaO2 was below 30 mm Hg. During severe hypoglycemia, 
the a-wave amplitude was decreased when PaO2 was 40-50 mm Hg. The b-wave 
amplitude was also affected at higher PaO2 when hypoglycemia was combined with 
hypoxia, which confirms a previous study.

Under severe, but not moderate, hypoglycemia the a- and b-waves are affected 
implying that glucose becomes a limiting substrate in the retina. It is not clear how the 
a-wave amplitude initially increased during severe hypoglycemia. The resistance of 
the a- and b-waves to hypoxia is diminished during severe hypoglycemia, suggesting 
that a switch to glycolysis ordinarily protects the retina from moderate hypoxemia. 
Supported by NIH EY05034
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744.7
ALTERATION OF CALCIUM/CALMODULIN-DEPENDENT PROTEIN KINASE 
II IN N-METHYL-D-ASPARTATE INDUCED NEUROTOXICITY IN THE ADULT 
RAT RETINA. A, Laabich1*. O. L. Liu2 andN. G, F, Cooper1,2 ’Dept. of Anatomical 
Sciences and Neurobiology, 2Dept. of Ophthalmology & Visual Sciences, University 
of Louisville School of Medicine, KY 40202.

We addressed the question of regulation of calcium/calmodulin-dependent protein 
kinase II (CamKII) a (50 KD) and P (60 KD) during NMDA induced apoptosis in the 
rat retina. A single intravitreal injection of different concentrations of N-Methyl-D- 
Aspartic acid (NMDA) 0.4, 4 and 40 mM was administered to both eyes and the 
retinae were evaluated after 7 days. Controls rats were injected with saline. 
Immunohistochemistry was used to detect CamKII. The TUNEL (TdT-mediated 
biotin-dUTP nick-end labeling) technique was used to detect DNA fragmentation 
characteristic of apoptotic cells. The levels of CamKII a and P were determined in 
three fractions: homogenate, cytosolic and synaptic membrane fractions. The antibody 
binding to CamKII was assayed by quantitative slot-blot analysis. No effect was found 
on CamKII a and p with 0.4 mM of NMDA. The 4 and 40 mM of NMDA 
significantly decreased (30%-60%) the binding of the antibodies to CamKII a and P 
in the three fractions. Immunohistochemical analysis of control animals showed the 
CamKII to be localized in amacrine (AC) and ganglion cells (GC) and in two well 
defined bands of the inner plexiform layer (IPL). In retina injected with NMDA, a few 
GC and AC were stained with CamkII, but there was no staining of the two bands of 
the IPL. The TUNEL-positive reaction showed a maximal number of TUNEL-positive 
nuclei in the inner nuclear layer, and in a few GC. This result demonstrates that retinal 
apoptosis occurs in GC and AC. These data indicate that in the late stages of NMDA- 
mediated cell death, the binding of the antibodies to CamKII is reduced. A putative 
link between CamKII and cell death is being investigated.
Supported by NSF-EPSCOR Grant OSR9452895; U of L, School of Medicine grant 
and an unrestricted grant from Research to Prevent Blindness, Inc.

VISUAL CORTEX: STRIATE X

745.2745.1

FUNCTIONAL PROPERTIES OF SINGLE NEURONS IN THE RAT PRIMARY 
VISUAL CORTEX. S.V. Girman1, Y. Sauvé2*, and R.D. Lund2. Institute of 
Developmental Biology, Moscow, Russia1; Institute of Ophthalmology, UCL, 
London EC1V 9EL, U.K2.

The rat is widely used to study various aspects of vision including 
developmental events and numerous pathologies. Surprisingly little is 
known about the functional properties of single neurons in the rat primary 
visual cortex. These were investigated quantitatively by presenting gratings 
of different orientations, spatial and temporal frequencies, dimensions and 
contrasts. Adult pigmented rats (n = 25) were anesthetized using Hypnorm 
Hypnovel and paralysed; the level of anesthesia was monitored by EEG. 
Stimulus presentation and data collection were automated. The majority of 
neurons (190/205) had orientation selectivity with a bias for horizontal 
stimuli (31%). Direction preference was seen for 37% of oriented units. 
Receptive field (RF) size varied from 3° to 20° even within the central 
field. In many cells, increasing the stimulus diameter decreased the 
response. The effect of additional surround stimulus tended to be tuned 
with the center. No orientation columns were found using vertical recording 
tracks nor regular orientation changes in horizontal tracks. Responses were 
elicited by spatial frequencies ranging from 0 (full-field flicker) to 1.2 
cycle/0, with modal cut-off of 0.6 cycles/0. 50% neurons responded 
optimally to drifting gratings (optimal stimulus velocities 10-250°/sec). The 
maxima of cut-off distribution was 500°/sec; 25% of cells responded to 
higher stimulus velocities, up to 700°/sec. Response vs contrast curves 
varied from nearly linear to extremely steep (mean contrast threshold 6%). 
Exponent and semi-saturation contrasts (best fit with Naka-Rushton) gave 
distribution modes at 8 and 50%, respectively. We conclude that despite 
the rat's poor visual acuity, V1 neurons have complex and diverse visual 
properties.
Support: INTAS (96-1652), British MRC, and FFB.

DIFFERENTIAL EFFECTS OF BINOCULAR LID SUTURE ON MAPS OF 
ORIENTATION PREFERENCE, OCULAR DOMINANCE AND VISUAL SPACE 
IN DEVELOPING FERRET VISUAL CORTEX. D.M. Coppola*, L.E. White and
D. Fitzpatick. Dept. of Neurobiology, Duke Univ. Med. Ctr., Durham NC 27710.

Optical imaging of intrinsic signal was used to demonstrate functional maps in 
the visual cortex of normal ferrets, and experimental animals that had both eyelids 
sutured prior to natural eye opening. Consistent with published reports, most normal 
animals had weak but discernible orientation maps by 35 days of age. Similarly, the 
ocular dominance maps of 35-40 day old ferrets displayed all of the features seen in 
more mature animals, i.e., small domains were evident in the caudal pole and much 
larger domains in dorsal occipital cortex. Likewise, these control ferrets also showed 
normal topographic maps of visual space. By 45 days of age, orientation maps in 
normal animals were fully adult-like in structure and strength. In contrast, lid 
sutured animals showed no elaboration of orientation maps with age. On the 
contrary, orientation selectivity, as judged by signal strength or the similarity 
between maps driven by the left and right eye, was inversely related to the period of 
deprivation. Thus, none of the sutured animals older than 50 days of age had 
discernible orientation preference maps. Despite this rapid and profound effect of 
deprivation on orientation preference, both maps of ocular dominance and visual 
space appeared unaffected by binocular lid suture, at least that portion of these maps 
defined by the large ocular dominance domains in dorsal occipital cortex.

Given that each of these functional maps has been attributed at least in part to 
the spatial arrangement of geniculocortical afferents, our results suggest that visual 
deprivation may alter the fine scale topography of the geniculocortical arbor, without 
compromise of the arrangement of the large ocular dominance domains or the map of 
visual space. Alternatively, these findings could suggest that the map of orientation 
preference is dependent upon cortical circuits that are especially sensitive to the 
effects of binocular lid suture. Supported by NS29187 (D. Purves), EY06729, 
EY11488 & The Me Knight Foundation.

745.3

INTERACTIONS BETWEEN ORIENTED STIMULI LOCALIZED IN AND 
OUTSIDE THE RECEPTIVE FIELD: A POPULATION STUDY. A.C. Akhavan*. 
H.R. Dinse, Institut für Neuroinformatik, Ruhr-Universität Bochum, Germany.

The functional organization of orientation processing in striate cortex was studied 
with a population approach. To study the functional organization of lateral cortical 
connections in the orientation domain, we analyzed systematically how the response to 
a “test” bar displayed in the receptive field (RF) center is influenced by the presence of 
other single “conditioning” bars of various orientations presented at various locations.

We recorded from neurons in striate cortex of anaesthetized cats. Single bars of 
various orientations were flashed at 3 positions on a virtual horizontal line, fixed 
relative to the RF-center (in the RF center, at the border, or outside the RF). 
Combinations of two simultaneously presented bars (“composite stimuli”) with at least 
one of the bars located at the RF-center, were used to measure possible interactions. 
Since these stimuli were not optimized with respect to the tuning properties of 
individual neurons, we can combine the responses of all neurons to estimate the 
population representation of a stimulus. The neuronal responses were plotted into 
angular coordinates according to the preferred orientation of the individual neurons to 
achieve a population activity distribution (PAD). To identify interactions we compared 
PADs for composite stimuli with superimposed PADs for their corresponding single 
components. The conditioning bar in general suppressed the response to the test bar, 
especially when displayed at the RF-center. The distribution of suppression in the 
PADs along the angular axis did primarily reflect the orientation of bars presented at 
the RF-center, since suppression was always strongest at the preferred orientation of 
each cell. Conditioning bars displaced laterally from the RF-center had only a small 
influence on the PAD tuning. The degree of suppression was roughly proportional to 
the neuronal activity along the angular axis, supporting a strong non-orientation- 
specific component of the interactions, which might be related to contrast 
normalization effects.
Supported by the Deutsche Forschungsgemeinschaft, Di 334/5-1

745.4
A MODEL OF THE ORIENTATION TUNING OF SYNAPTIC 
CONDUCTANCES IN PRIMARY VISUAL CORTEX D. Hansel1*, H. 
Sompolinsky2 and Q. Shriki2. ’Centre de Physique Théorique UMR 7644 
CNRS, Ecole Polytechnique Palaiseau, France, 91128; 2 Racah Institute 
of Physics and Center for Neural Computation, The Hebrew University, 
Jerusalem, Israel 91904.
The role of the intracortical connectivity in the orientation tuning of cells 
in primary visual cortex (VI) has been long debated. Whereas some exper
iments suggest that, the tuning is established entirely by the afferent input 
from the LGN, two recent experiments support the hypothesis that cortical 
circuitry also plays an important role. Kisvardy et al. have shown that the 
intra-cortical connections are broadly tuned and these may sharpen LGN 
inputs at nonoptimal orientations. Borg-Graham et al. have found that 
cortical inhibitory inputs induce large conductance changes during visual 
stimulation. We study the implications of these results theoretically in 
the framework of an analytically solvable conductance-based neuronal net
work model of a hypercolumn in VI. The neuronal interactions reflect the 
columnar architecture of the cortex, including a broadly tuned LGN input 
and intra-cortical excitatory and inhibitory recurrent synapses. Using a 
recently developed method (Shriki et al, 1998) , we evaluate analytically 
the total input conductance of the neurons. We estimate the changes in 
conductances upon visual stimulation at preferred and null orientations 
and study their dependence on the strength as well as on the range of the 
intra-cortical interactions. The predictions of the model are compared with 
recent experimental data and shed new light on the mechanisms underlying 
orientation selectivity in visual cortex. Supported by Israel Science Foun
dation under grant no. 162/96 and by a grant from the Israeli Ministry of 
Science and the French Ministry of Science and Technology.
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745.5
SIGNALS SETTING CONTRAST GAIN ARISE FROM ISO-ORIENTED 
DOMAINS ALIGNED WITH THE RECEPTIVE FIELD AXIS OF 
MACAQUE STRIATE CORTEX NEURONS.
J. R. Cavanaugh. W, Bair1. J. A. Movshon*1
NYU and 'HHMI, New York, NY.

The contrast gain of neurons in visual cortex is modulated by signals related 
to stimuli both inside and outside the classical receptive field (CRF). Unlike the 
orientation independent contrast gain signals originating within the CRF, 
contrast gain signals from outside the CRF are selective for orientation, 
providing the greatest amount of contrast gain when the neuron's periphery is 
stimulated with the same orientation as that preferred by the cell. We have 
measured the strength of signals from outside the CRF that modulate contrast 
gain and have determined that these signals are selective for location as well as 
orientation, and tend to originate from the ends of a neuron's receptive field.

Experiments examining inhibition from beyond the CRF have shown that 
iso-oriented stimuli in a neuron's periphery are more effective at suppressing the 
neuron's response than orthogonally oriented stimuli. These experiments have 
typically used gratings in annular windows to stimulate the neuron's periphery, 
stimulating all areas adjacent to the CRF equally. Using iso-oriented and 
orthogonally oriented bilateral peripheral stimuli, we selectively stimulated 
areas outside the CRF while varying the location of the peripheral stimuli. As 
expected, iso-oriented peripheral stimuli had a greater effect on contrast gain 
than orthogonally oriented stimuli. Moreover, the neuronal response was 
attenuated most when iso-oriented peripheral stimuli were located at the ends of 
the neuron's receptive field. The spatial structure of effects from orthogonally 
oriented peripheral stimuli was less well defined.

Since the orientation selectivity and spatial extent of contrast gain 
modulating signals from outside the CRF are consistent with the system of 
horizontal intracortical connections, our results suggest that these connections 
may preferentially connect iso-oriented domains of visual cortex along the axis 
of orientation.

Supported by HHMI, NEI, NSF

745.6
RELATIONSHIP BETWEEN ORIENTATION PREFERENCE. LOCATION IN 
ORIENTATION MAP AND CORRELATED FIRING OF NEURONS IN 
PRIMARY VISUAL CORTEX OF CATS. J. Schummers*. J. Shanna and M. Sur. 
Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.

Cells in VI of cats are orientation selective and are organized into a map of 
preferred orientations. The manner in which cells at different locations in the 
orientation map interact is poorly understood. We made simultaneous recordings 
from single cells in cat area VI, separated by a fixed distance (1mm), and studied 
their interconnectivity based on cross-correlation of their spike trains. We recorded 
from 28 pairs of neurons and classified the pairs based on the difference in their 
preferred orientation; 13% had ~ 0° difference, 32% had ~ 45° difference and 25% 
had differences > 75°. For all 28 pairs of neurons, cross-correlograms of responses to 
drifting gratings showed a range of correlation (quantified by the area and the peak 
value of the cross-correlation histogram), but there was no relationship between the 
extent of correlation and the difference in preferred orientation. Nearly 60% of cross- 
correlograms peaked at 0 latency, indicating common input to both cells. These inputs 
could be of cortical origin, but common LGN input is likely, since geniculocortical X 
and Y cell axons typically span 1-1.5 mm in cat VI (Humphrey et al., J. Comp. 
Neurol. 233: 159, 1985).

We further examined the cross-correlation between cells separated by 1 mm located 
at specific sites in the orientation map. Twelve pairs of neurons were recorded from 
cortex in which an orientation map had been obtained by optical imaging. Cells 
located in regions with rapidly changing orientation preference (near pinwheel 
centers) had correlations that were an order of magnitude less than cells in regions 
with low rates of orientation change (at or near saddle points). These data suggest that 
functional connectivity between cells is strongly related to their locations in the 
orientation map.

Supported by EY07023.

745.7
PLASTIC REORGANIZATION OF ORIENTATION MAPS IN AREA 18 OF 
ADULT CATS INDUCED BY INTRACORTICAL MICROSTIMULATION. B. 
Goddeftand H.R. Dinse Institut für Neuroinformatik, Theoretische Biologie, Ruhr- 
Universität, D-44780 Bochum, Germany

Intracortical microstimulation (ICMS) has been shown to be an efficient tool to 
induce short-term cortical plasticity in the primary somatosensory, auditory and 
motor cortex. We utilised the advantages of ICMS to investigate the plastic 
capacities of adult visual cortex by the reorganization of orientation preference maps 
in area 18 of adult anesthetized cats.

Orientation preference maps were measured pre and post ICMS using optical 
imaging of intrinsic signals. For optical imaging we used a Lightstar II imaging and 
acquisition system (LaVision, Göttingen) with a 2 MHz A/D converter and a Peltier- 
cooled, slow-scan 12 bit digital CCD camera. Cortex was illuminated with a 610 nm 
lightsource. Images were obtained before and after visual stimulation with high 
contrast moving gratings of different orientations. Single condition maps were 
computed by subtracting a blank from a stimulus condition, averaging single 
condition maps for same orientations but different moving directions. Orientation 
preference maps resulted from vector additon of the single condition maps.

ICMS was applied through glass microelectrodes in layer IV with charge-balanced 
current pulse trains of 40 ms duration at 300 Hz (13 pulses of 6-12 pA, 200 psec 
duration) with a repetition rate of 1 Hz.

Several hours of ICMS altered the single condition maps obtained for different 
oriented moving gratings. As a consequence orientation maps were reorganized 
within several millimeters around the ICMS site with changes in tuning width and 
strength. The changes in the orientation maps depended on the orientation 
preference of the stimulation site. Thus our results indicate that orientation maps in 
adult cat visual cortex might show input-dependent plasticity.

Supported by DFG SFB 509 Neurovision

745.8
INTRALAMINAR THALAMIC STIMULATION ALTERS TUNING
PROPERTIES OF PRIMARY VISUAL CORTEX NEURONS
N.D. Schiff*, K.P. Purpura, S.F. Kalik and J.D. Victor. Department of Neurology 
and Neuroscience, Cornell University Medical College, New York, NY 10021.

The classical experimental model of 3/sec spike-wave epilepsy shows that low 
frequency stimulation of the intralaminar thalamic nuclei (ILN) alters arousal and 
vigilance. More recent physiological and clinical evidence points to the possible 
role of the ILN in the coordination of long range cortico-cdrtical interactions. The 
unique anatomical and physiologic characteristics of ILN neurons allow for both 
wide territories of innervation and relative selectivity of output from ILN 
subdivisions to multiple cortical areas. To explore the effect of ILN stimulation on 
cortical processing, we combined the paradigm of low frequency (3 Hz) ILN 
stimulation with quantitative characterization of single neurons in primary visual 
cortex (VI) in anesthetized (sufentanil), paralyzed macaques.

We examined orientation tuning, a hallmark property of neurons in V1. 
Extracellular recordings were obtained during the presentation of drifting sine 
gratings at optimal spatial frequency, temporal frequency, and contrast. In 4 of 5 
cells studied so far, stimulation of the nonspecific thalamic structures (intralaminar 
and dorsal median nuclei) induced alterations of orientation tuning, as measured 
by mean firing rate and periodically modulated components of the neural activity. 
In the three cells in which prolonged recording was maintained following 
stimulation, these alterations returned to baseline over 1 -2 hours. Reversible 
changes also included decreases or increases in background firing rate and changes 
in direction selectivity. These observations show that a cortical response property 
as fundamental as orientation tuning in VI may be modified by ILN activation, 
supporting the possible role of the ILN in thalamocortical control of modular 
cortical function.
Supported by NS02014 (NS) EY93I4 (JV) NS01677 (KP).

745.9

DISPARITY SELECTIVITY IN PRIMATE AREA VI DEPENDS ON 
DIRECTION OF GAZE. S, Celebrini* and Y. Trotter, Centre Recherche 
Cerveau et Cognition, UPS. Fac Med. Rangueil, Toulouse, France.

We have shown previously that disparity selectivity in VI was 
modulated by the distance of visual fixation. We have now tested if that 
result could be generalized in the frontoparallel plane.

One monkey was trained to perform a visual fixation task at 3 different 
positions, 0° straight ahead, 10° right and 10° left on the horizontal 
meridian. Disparity sensitivity was assessed by using dynamic random dot 
stereograms. Extracellular recordings were performed within 4° of the 
fovea and disparity sensitivity was tested at the 3 directions of gaze.

Complete data was obtained on 45 cells. More than half of them have 
their neural responses modulated by the direction of gaze. Cells can show 
no visual response, or no disparity selectivity or low selectivity at a given 
direction and strong disparity selectivity at another direction of gaze. 
More surprising are cells which change their preferred disparity (for 
example one cell being Tuned Excitatory for one direction became Near type 
for another direction). Also cells can show intermediate modulation of 
amplitude of their visual responses. These modulations are indifferently 
found in infra and supra granular layers. We observed an effect of direction 
of gaze on spontaneous activity in only 15 % of cells.

These results and those obtained previously show that disparity 
selectivity is modulated by the location of the visual fixation in the 3D 
space. We propose that cells in VI are dedicated to particular absolute 
regions of visual space; in that case, other kinds of selectivity, like 
orientation selectivity, should also be modulated by direction of gaze in V1 
(see Trotter & Celebrini. Neurosci. abstr. 1998). (supported by CNRS).

745.10
ORIENTATION SELECTIVITY IS MODULATED BY EYE POSITION IN 
PRIMATE AREA V1. Y. Trotter* and S. Celebrini. Centre de Recherche 
Cerveau et Cognition, UPS Fac Med. Rangueil, Toulouse, France.

Since disparity coding is modulated by the direction of gaze in area VI 
(Celebrini and Trotter, Neurosci. Abstract, 1998), the question is raised as 
to whether other specific properties such as orientation selectivity are 
also modulated by eye position. One monkey was trained to fixate a small 
target at 3 positions on the horizontal meridian plane (0°, +10°, -10°). 
Orientation selectivity was tested by using a square-wave grating 
(2c/deg) flashed by steps of 22.5° in a random order on a video monitor 
screen. Extracellular recordings were performed within 4° of the fovea 
and orientation selectivity was assessed at the 3 directions of gaze.

Complete data was obtained on 61 neurons. The direction of gaze 
modulates the activity of 62% of the cells. Most of them (71%) shows 
strong modulations in that the visual response may be absent or may be 
non selective at one or two direction(s) but shows a strong orientation 
selectivity at other(s), with sometimes some changes in the tuning width. 
The rest exhibits intermediate significant changes in visual response 
amplitude. No significant change in peak of orientation selectivity is 
observed and the modulations can not be predicted from one direction to 
another. Disparity and orientation selectivities together were tested on 
17 neurons. The direction of gaze affected both properties of half of them, 
showing modulations which occurred coherently at a given direction. Eye 
position appears to gate the expression of neural coding of both disparity 
and orientation selectivities in area VI. Visual receptive fields should be 
regarded as 3D spatial modules anchored to a particular location of space 
and viewing distance. (Supported by CNRS).
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745.11
SPATIAL PARAMETERS AND THE TEMPORAL EVOLUTION OF ORIENTATION 
TUNING IN PRIMATE VI. H.E. Jones* & A.M. Sillito. Dept. of Visual Science, Inst, 
of Ophthalmology, University College London EC IV 9EL, UK.

A number of studies have examined the temporal evolution of orientation tuning in 
primate VI (Vogels & Orban 1991; Celebrini et al 1993; Ringach et al 1997) and resulted in 
somewhat different conclusions. Here we compare the temporal evolution of orientation 
tuning to our previous observations on the development of patch suppression and context 
linked cross-orientation facilitation in primate VI. These suggested that the earliest 
responses occur to large optimally oriented stimulus configurations (78ms) followed 
significantly later by the development of orientation contrast effects (106ms) and patch 
suppression (129ms). Analysis of the evolution of orientation tuning to patches of drifting 
grating of varying orientation and diameter showed that in nearly every case responses to 
large stimuli appeared earlier than those to smaller stimuli. We quantified responses in 
successive 10ms epochs shifted in 5ms steps from the onset of stimulus motion. The first 
responses were for most cells biassed to orientations around the optimal but developed a 
clear focus on the optimal some time later. We observed a small number of cells that 
showed early non-oriented responses to the larger stimuli followed by the emergence of 
orientation tuned responses. For the main population, responses to smaller “optimal 
diameter” stimuli emerged later and were orientation tuned. The broader orientation 
tuning to smaller diameters resulted from later less orientation specific responses rather 
than emerging as an early “preprocessing stage” of the mechanisms generating orientation 
tuning. For most cells, orientation tuning varied over time so that for any specific moment 
in time the linkage of the signal to the cell’s preferred orientation (judged from the 
average) could be weak. Further to this the broader orientation tuning to the “optimal” 
diameter stimuli eliciting the largest responses, which emerged later in time, suggest that 
for moving stimuli, representation of orientation must be reflected in the linked activity 
of groups of cells, with the optimal output of local filters representing the focus of change 
around a particular orientation rather than the orientation per se. The early orientation 
biassed responses to larger stimuli suggest a process extracting the primary orientation of 
larger features, prior to a focus on local discontinuities. Supported by the MRC

745.12
SPATIAL LOCATION OF BORDERS GENERATING ORIENTATION CONTRAST 
EFFECTS IN PRIMATE VI AND PROPERTIES OF POSSIBLE INTERNEURONS 
MEDIATING THE EFFECTS. A.M. Sillito* and H.E. Jones. Dept. of Visual Science, 
Inst, of Ophthalmology, University College London ECIV 9EL, UK.

We and others have shown that orientation contrast can enhance the output of cells in 
primate VI in a fashion analogous to processes underlying perceptual pop-out (Knierim 
and Van Essen, J. Neurophysiol 67: 961-980 1992, Sillito et al, Nature 378: 492-496, 
1995). It is not clear where the most effective border for eliciting orientation contrast 
effects might lie with respect to the classical receptive field (CRF) of VI cells. We have 
explored this systematically for orientation contrast interfaces formed by an annulus of 
grating surrounding a central patch of grating. We observed cross-orientation 
enhancement effects for borders within, on the edge of and outside the CRF of VI cells. 
Some cells exhibited effects at all three locations, others at only one or two. The 
majority of cells exhibiting cross-orientation enhancements gave enhancements for 
borders outside the CRF (90.6%), 50% showed enhancements for borders on the edge 
of the CRF and 38.8% within the field. We have previously speculated (Jones et al, 
submitted) that cross orientation enhancement follows from a cross orientation 
disinhibitory mechanism reducing an inhibitory drive engaged by the stimulus driving 
the CRF. This would imply the presence of inhibitory intemeurons showing cross 
orientation inhibition. In our sample of 105 cells we have observed a small number (8) 
of cells exhibiting cross orientation inhibition, including examples showing cross 
orientation inhibition within and/or outside the CRF. Interestingly some showed cross 
orientation inhibition for borders within the CRF and cross orientation enhancement for 
borders outside the CRF. With a stimulus located to the CRF, cross orientation 
enhancements can be driven by a second discrete stimulus at a series of locations around 
the CRF and we have observed the mirror image cross orientation inhibition. We 
suggest that these observations may link to inhibitory intemeurons mediating orientation 
contrast effects in primate V1. Supported by the MRC

745.13

ORIENTATION DISCRIMINATION IN THE PARAFOVEA OF HUMANS: 
EXAMINING IMPAIRMENT THROUGH DIFFERENT MASKS C
Wehrhahn* and W. Li. Max-Planck-Institut fiir biologische Kybernetik, Spemannstr. 
38, 72076 Tübingen, Germany.

In an earlier study we found that in foveal vision of human observers the threshold 
for detecting a change in orientation of a line away from the vertical increases when 
the line is followed immediately by various masking stimuli (Wehrhahn, Li and 
Westheimer, Perception 25:1053, 1996). Using a similar approach, we measured 
human orientation discrimination under different masking conditions in the parafovea 
(2.5deg horizontal left and 2.5deg vertical down from the fovea). All stimuli were 
generated by use of bright line segments on a vector scope. First we determined the 
orientation discrimination thresholds as a function of line length. Near minimal 
thresholds (1.15 ± 0.16 deg of angle) were observed in all 4 subjects at a line length 
of 0.8 deg of arc. For all subsequent experiments a line 0.6 or 0.8 deg of arc in length 
was used as the target stimulus. When the total length of mask elements is kept 
constant but curvature is varied, mask strength is inversely related to curvature. A 
mask composed of random dots has almost no effect on orientation discrimination. 
Mask extent is also critical, as threshold elevation is highest when random line mask 
only covers the immediate vicinity of the target line. The larger the masking area, the 
weaker the impairment. Finally target-mask similarity also affects discrimination. In a 
mask surrounding target area, thresholds are elevated slightly for horizontal masking 
lines (orthogonal to target line). For randomly oriented lines thresholds are elevated 
further and even more so for vertical lines (parallel to target line). All these results are 
similar to our earlier observations on foveal discrimination. We compare the 
psychophysical results with the responses of cells in VI of alert monkeys at 
comparable retinal eccentricities (see companion abstract Li et al., this Volume). 
Supported by DFG (SPP Physiologie und Theorie neuraler Netze).

745.14
EXPRESSION OF CALCIUM-BINDING PROTEINS IN THE RAT VISUAL 
CORTEX AFTER SPREADING DEPRESSION. F. Gobersztejn1’, L.R.G. Britto1 
and R.C.A. Guedes2. ’Dept. of Physiology Biophysics, Institute of Biomedical 
Sciences, Univ. of S5o Paulo, 05508-900, Brazil; 2Dept. of Nutrition, Univ. Federal 
of Pernambuco, Brazil.

Calcium-binding proteins have been extensively studied in the past ten years, 
given the importance of the calcium ion as an intracellular messenger In the 
nervous system, calcium ions control many important processes, such as synthesis 
and release of neurotransmitters. The calcium-binding proteins calbindin (CB), 
calretinin (CR), and parvalbumin (PV) are designated as buffer proteins, as they 
appear to protect cells against acute fluctuations in intracellular calcium 
concentration. The spreading depression (SD) represents slowly propagating 
depolarization waves with increased extracellular glutamate and dramatic ionic 
changes, including calcium levels. The aim of this study was to investigate the 
effects of SD on the expressitn of CB, CR, and PV in the rat visual cortex, as 
evaluated by immunohistochemistry . The animals were anesthetized, placed in a 
stereotaxic frame, and a cotton ball soaked with 3M KC1 was applied over the 
exposed visual cortex for 20 minutes. The animals were allowed to survive for 2-7 
days. We observed that CB and PV immunoreactivities were markedly decreased in 
the experimental side of the visual cortex in all animals subjected to SD. CR- 
positive cells, on the other hand, appeared in higher numbers and more heavily 
stained in the experimental visual cortex than in the control visual cortex. These 
results suggest that there are important changes in the expression of CB, CR, and 
PV after SD. The cells that contain CR could be protected against the excessive 
calcium influx that seems to occur during SD, but the CB and PV-positive neurons 
appeared not to resist to the damage caused by that procedure.

Supported by FAPESP, CNPq, FINEP, and Pronex/MCT (Brazil).

745.15
DEVELOPMENTAL PLASTICITY OF VISUAL ACUITY IN MICE. G.T. 
Pruskyl * and R.M. Douglas2. 1 Department of Psychology and Neuroscience, The 

University of Lethbridge, Lethbridge AB Canada T1K 3M4.; department of 
Ophthalmology, University of British Columbia, Vancouver BC Canada V5Z 3N9.

Mice have become a favored model system for examining the role of specific genes 
and gene-products in the mechanisms underlying brain plasticity. However, few 
mouse-specific techniques exist to measure their behavioural function. We designed a 
computer-based, two-choice visual discrimination task for rapidly assessing the 
spatial acuity of mice. Two monitors are placed side-by-side at one end of a 
trapezoidal tank filled with shallow water. A sine wave grating is displayed randomly 
on one of the monitors while the other displays uniform gray of the same mean 
luminance. Animals are trained to swim toward the screens, at a known distance 
choose the screen displaying the grating, and escape to a submerged platform below 
the screen. Normal postnatal day (P) 40 C57BL/6 mice learned to distinguish a low 
spatial frequency grating (0.1 c/deg) from gray with near perfect accuracy in 40 trials 
or less. A high level of performance was maintained as animals were tested through a 
series of higher spatial frequency gratings, but in most animals, accuracy fell below 
70% near 0.5 c/deg. In order to investigate the functional consequences of altering the 
visual environment during development, mice were deprived of normal vision by 
suturing the eyelids during a physiologically-defined critical period (P19-P32), and 
their visual acuity was tested at P40. In monocularly-deprived animals, the acuity of 
non-deprived eyes was similar to normal acuity (~0.5 cpd), while acuity of the 
deprived eyes was reduced by -40%. Binocular deprivation resulted in a comparable 
loss of acuity in both eyes. These data suggest that an activity-dependent form of 
synaptic plasticity exists in the mouse, which is similar to that reported in frontal
eyed mammals. Extending the study of visual function to transgenically-altered mice 
will provide a new opportunity to investigate the cellular and molecular mechanisms 
underlying developmental synaptic plasticity. Supported by NSERC Grant to G.T.P.

745.16
EVALUATION OF OCULAR DOMINANCE PLASTICITY BY AN 
ACTIVITY MAPPING USING C-FOS IMMUNOHISTOCHEMISRY K. 
Nakadate1, H Onoe1,2*, Y. Watanabe1, and K, Imamura1 ‘Dept. of 
Neurosci., Osaka Biosci. Inst., Osaka 565-0874, dept. Psychol., Tokyo 
Metro. Inst. Neurosci., Tokyo 183-0042, Japan.

Monocular deprivation during postnatal sensitive period induced 
marked changes in cortical physiology, ultimately leading to anatomical 
rearrangements of the termination pattern of thalamic afferents in the 
visual cortex. We have studied the effects of monocular deprivation on the 
expression of an immediate early gene c-fos in the visual cortex by staining 
immunohistochemically its protein product (c-FOS). One eye of mouse, rat, 
or kitten was sutured shut during their sensitive period. Following the 
injection of tetrodotoxin into either deprived or normal eye, the animal was 
kept in total darkness for one day to reset the basal expression of c-FOS. 
Then monocular visual stimulation of either eye was applied for one hour by 
taking out the animal to light environment. Under deep anesthesia the 
animal was perfused and immunohistochemistry for c-FOS was performed. 
In the visual cortex of control kitten, clear ocular dominance clusters of c- 
FOS positive neurons were found. An quantitative analysis showed that 
stimulation of the deprived eye resulted in significantly smaller number of 
immunopositive neurons. In the adult cats monocular deprivation for one 
week induced a significant change in neither the number nor distribution 
pattern of immunopositive neurons, indicating ocular dominance plasticity 
was confirmed by the activity mapping of c-FOS immunohistochemistry. 
Similar reduction in the visual cortex was confirmed outside the layer IV in 
the case of mice and rats. These results indicate that our activity mapping 
using c-FOS can be useful for cellular analysis of ocular dominance plasticity 
and applied to transgenic or knockout mice where the sampling bias of 
electrophysioligical recording is inevitable.
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745.17
ANGIOGENESIS IN THE VISUAL CORTEX OF THE CAT 
S.B. Tieman* and D.G. Tieman, Neurobiology Research Center 
and Department of Biological Sciences, SUNY at Albany, Albany, 
NY 12222.

The visual cortex of the adult cat is characterized by a markedly 
greater density of blood vessels in layer IV. We examined this 
blood supply and its development using alkaline phosphatase histo
chemistry to demonstrate the capillary endothelial cells. We found 
that the band of greater density in layer IV extends throughout areas 
17 and 18, and ends abruptly at the 1*8/19 border. This band is not 
present in newborn kittens; it becomes apparent between five and 
six weeks of age. The cortex of newborn kittens contains relatively 
few blood vessels, most of which are oriented perpendicular to the 
pial surface. The cortex of the adult contains numerous capillaries, 
which occur at all orientations, although the vessels in the upper 
layers retain an overall orientation perpendicular to the pial surface. 
Early in development, the endothelial cells form filopodia-like ex
tensions (sprouts) as the capillaries grow and branch. The average 
distance between blood vessels remains fairly constant during the 
first week of postnatal life, but decreases with age between one and 
six weeks of age, so that by six weeks, the blood supply of the 
visual cortex resembles that seen in the adult.

Supported by NSF grant BNS 92-12426.

745.18
DIFFERENTIAL DISPLAY IMPLICATES CYCLOPHYLIN-A IN ADULT 
CORTICAL PLASTICITY. L. Arckens12*, E. Van der Gucht'2,1. Leysen'2, E. 
Vandenbussche2, U.T. Eysel3, G.A. Orban2, F. Vandesande1 'Lab. Neuroendocr. & 
Immunol. Biotechnol., 2Lab. Neuro- and Psychophysiol., Medical School, Katholieke 
Universiteit Leuven, B-3000 Leuven, Belgium; 3Dept Neurophysiol., Medical School, 
Ruhr-Universität Bochum, D-44770 Bochum, Germany

Removal of retinal input from a restricted region of adult cat visual cortex leads to a 
substantial reorganization of the retinotopy within the deprived zone. Little is known 
about the molecular mechanisms underlying this reorganization. We used differential 
display to compare gene expression between normal control and reorganizing visual 
cortex (area 17-18), 3-days after induction of the retinal lesions. 95 primer pair 
combinations resulted in approximately 100 clones containing candidate gene 
fragments with a role in cortical plasticity. Clone P4P91 contains a fragment with high 
homology to human and monkey cyclophylin A (CypA). Virtual northern blotting and 
in situ hybridization confirm the decreased CypA mRNA levels in the reorganizing 
cortex compared to its normal counterparts. Immunocytochemistry also reveals 
decreased CypA protein levels in the deprived zone of area 17. As a control, CypA 
levels have been analysed in the two hemispheres of cats in which visual input was 
confined to one hemisphere by sectioning the left optic tract and the corpus callosum, 
using in situ hybridization, quantitative PCR and immunocytochemistry. The equal 
distribution of Cyp A in normal and visually deprived area 17 in these control animals 
indicates that the decreased CypA levels as observed in retinal lesion cats are not 
merely a reflection of changes in neuronal activity following sensory deprivation. Our 
findings suggest a role for CypA in the processes underlying the functional and/or 
structural changes that occur during reorganization of cortical topography.

This work was supported by the Belgian Queen Elisabeth Medical Foundation, the 
Belgian program of Inter-University Poles of Attraction (n° P4/22) and the Fund for 
Scientific Research - Flanders, Belgium.

745.19

LOCALIZATION OF NEURONAL NITRIC OXIDE SYNTHASE PROTEIN AND 
mRNA IN TREE SHREW VISUAL CORTEX. O, L. Cao*and H.M. Petry 12 
Departments of‘Psychology and 20phthalmology & Visual Sciences 
University of Louisville, Louisville, KY 40292.

Nitric oxide (NO) has been implicated to play important roles in the development 
and plasticity of visual cortex. The visual cortex of the tree shrew (Tupaia) has been 
shown to be well-organized with respect to ON- and OFF-channels, orientation 
selectivity and ocular input. The present study characterized neurons containing 
neuronal nitric oxide synthase (nNOS) in the tree shrew visual cortex using nNOS- 
immunocytochemistry (ICC) and in-situ hybridization (ISH). Two distinct types of 
neurons were labeled by both methods. Type I NO neurons had a relatively large, 
darkly-stained somas with heavy labeling filling even the fine processes. These cells 
were located mainly in the white matter (WM) where their bipolar-like morphology 
was oriented parallel to the surface with thick, long dendrites with many varicosities. 
Type I NO neurons were also found in the gray matter (GM), mostly in layers V and 
VI, where they were multipolar, sparsely-spined non-pyramidal cells. Some of these 
neurons morphologically resembled Mortinotti neurons. Type II NO neurons were 
lighter stained. These cells were smaller and more numerous, occurring in layers II 
through VI, but most common in layers II and III. Double labeling experiments 
confirmed the colocalization of nNOS protein and mRNA in neurons that also were 
stained by NADPH-diaphorase histochemistry. In contrast, astrocytes in the WM 
were labeled by nNOS ICC and NADPH-d histochemistry, but not by ISH. Neuropil 
distribution of nNOS immunoreactivity was present in all layers of the visual cortex, 
but was heaviest in sub-layer Illb of striate, but not extrastriate, cortex.. Our results 
showed that the distribution of nNOS neurons in the tree shrew visual cortex shares 
broad similarities to that in other mammals, especially humans and monkeys, though 
species differences are evident. Supported by NSF-KY-EPSCoR (#0SR-9452895).

745.20
POSTNATAL DEVELOPMENT OF EXPRESSION OF mGLUR2/3 
AND GLUR2/3 IN THE PRIMARY VISUAL CORTEX OF THE 
MACAQUE MONKEY. ]H, Tanigawa*. 3L-H. Xu, 1'2’3!. Fujita, 
'Department of Cognitive Neuroscience, Medical School and zGraduate 
School of Engineering Science, Osaka University, 3CREST, Japan Science and 
Technology Corporation, Osaka, Japan

We examined the postnatal developmental pattern of expression of 
metabotropic (mGluR2/3) and AMPA-type (GluR2/3) glutamate receptors in 
the striate cortex (VI) of Japanese monkeys (Macaco. fuscata) using 
immunohistochemical methods. An antibody against mGluR2/3 stained 
neuropils, and the laminar staining pattern changed obviously with age. In 2- 
to 5-week- old monkeys (n=2), all layers of the primary visual cortex were 
immunoreactive, with more pronounced staining in layers 4A, 4B, 4Ca and 
5A. In 2- to 8- month-old monkeys (n=5), staining of layers 4Ca and 5B was 
weak compared to the other layers, giving an appearance of two light bands in 
the middle and lower layers of the cortex. In adults (>4 years old, n=6), the 
overall staining in VI was much weaker than in the prestriate cortices (areas 
V2 and V4) and the inferior temporal cortex (areas TEO and TE). This was in 
contrast to the even staining noted across all cortical areas in 2-week to 8- 
month-old monkeys. The laminar difference in adult VI was not evident due 
to the weak staining, although layer 2/3 was slightly better stained than the 
other layers. An antibody against GluR2/3 stained mainly the pyramidal cell 
bodies of layers 2/3 and 6, and multipolar cells of layer 4B in VI. This laminar 
distribution pattern did not change during the postnatal period examined (2 
weeks to >4 years old). However, the patch-like clusters of strongly 
GluR2/3-immunoreactive pyramidal cells in layer 2/3, which have previously 
been shown to be in register with cytochrome oxidase blobs, were observed 
only after 2 months of age. For all the periods examined, GluR2/3 
immunoreactivity in VI was less pronounced than in the prestriate and 
inferior temporal cortices.
(Supported by CREST)

AUDITORY PHYSIOLOGY: CORTEX AND THALAMOCORTICAL

746.2746.1

ELECTROPHYSIOLOGIC CONNECTIONS BETWEEN THE POSTERIOR 
SUPERIOR TEMPORAL GYRUS AND LATERAL FRONTAL LOBE OF 
HUMANS. P.C. Garell.1 M.D. Noh,1 I.O. Volkov.1 H, Damasio.1 R.A, Reale_2 J.E. 
Hind.2 J.F, Brugge2 and M.A. Howard1*, 'Div. Neurosurgery, University of Iowa 
School of Medicine; Iowa City, 1A 52242; 2Dept. Physiology, University of 
Wisconsin; Madison WI 53705.

Normal human speech is dependent on functional integration between temporal and 
frontal lobe cortical language regions (e.g. Wernicke and Broca’s areas). Previous 
anatomical studies in non-human primates have demonstrated robust connections 
between the posterior superior temporal gyrus and dorsal-lateral frontal lobe. 
Comparable histologic tract tracing studies cannot be carried out in man, therefore we 
investigated this issue in humans using electrical stimulation evoked potential 
mapping techniques. As part of their standard surgical management awake epilepsy 
surgery patients underwent surface electrocorticography recording and electrical 
stimulation mapping of temporal lobe and frontal lobe language sites. Electrical 
stimulation evoked potential recordings were obtained from multicontact arrays 
positioned over the left (n=4) and right (n=l) frontal lobe as electrical impulses 
(biphasic, 0.2 ms duration, 2-20v) were delivered to numerous lateral temporal lobe 
sites. Large amplitude frontal lobe evoked responses were noted during electrical 
stimulation of a restricted region of the posterior superior temporal gyrus; a region 
that co-localizes with a recently described posterior superior temporal lobe auditory 
field (PST) (Howard et. al. 1997). The largest amplitude frontal lobe responses were 
recorded dorsal to Broca’s area and consisted of multiphasic potentials with onset 
latencies of approximately 9 ms. These findings suggest that PST is the source of 
functional connections between superior lateral temporal lobe and lateral frontal lobe, 
and that PST may play a role in integrating temporal and frontal lobe cortical 
language functions. (supported by NIDCD DC00120 (MH), DC 00116 and 
HD03352 (JB)).

PRECISE TEMPORAL CODING OF SPIKE OCCURRENCES ARE 
RELATED TO FUTURE BEHAVIORAL PERFORMANCE IN FREELY- 
MOVING RATS. A.E.P. Villa*. B. Hyland. A. Kuhn. A. Naiem, I.V. Tetko. 
Lab. of Neuro-heuristics, Inst, of Physiology, Univ. of Lausanne, Switzerland 
http://WWW-LNH.UNIL.CH

Precise temporal patterning of activity within and between cell assemblies 
has been predicted on theoretical grounds but its significance in the generation 
of behavior has not been confirmed. Multiple single units were simultaneously 
recorded from the temporal cortex of freely-moving behaving Long Evans rats 
while the animal waited for an auditory signal. The experimental paradigm is 
based on a two-choice task (Go/NoGo) arranged in such a way that preliminary 
evaluation of complex auditory stimuli might lead to an incorrect response 
which can be aborted by a more complete evaluation. During the waiting 
period we observed no changes in the firing rate but significant stationary 
(sometimes for few consecutive days) spatio-temporal firing patterns could be 
detected. These patterns indicate a very precise repetition of spike discharges, 
separated by intervals up to several hundreds of ms, occurring several seconds 
before the actual stimulus delivery. In many cases the occurrence of the pattern 
in a trial was associated with an enhanced tendency to go in response to the 
stimulus independent of whether that stimulus was indicating that a nogo 
response was required. For about 20% of such patterns, Go trials in which the 
pattern was detected in the waiting period were followed by a faster reaction 
time (-250±32 ms) than trials without the pattern. Other patterns were found 
which were associated with a high probability of a nogo response. These results 
suggest that the temporal cortex is selectively activated before the actual 
sensory stimulation and may actively participate in recurrent neuronal networks 
anticipating the expected sensory input.

Partially funded by Swiss National Science Foundation and private donations.
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746.3
PARAMETRIC MODELING OF BRAIN RESPONSES TO PAIRED 
STIMULI. K.B, Austin and G.M. Rose*. Pharmacology Department, University 
of Colorado Health Sciences Center, Denver, CO, 80262.

Electrophysiological tests using paired stimuli are useful tools to observe 
system-wise changes in brain function. The first stimulus (si) activates the 
system under test and then a second stimulus (s2) reveals changes in system 
responsiveness at various time intervals with respect to si. In the standard 
“paired-pulse” experiment, the stimuli are often delivered at the same intensity. 
This is always true of the so-called “auditory gating” paradigm where two 
identical auditory “clicks” are administered 500 msec apart. The human P50 
component of the vertex-recorded auditory evoked response is generally smaller 
to s2 than si. Auditory gating failure has been associated with brain pathology, 
particularly schizophrenia. Several investigators have suggested that recurrent 
inhibitory local circuits in the hippocampus may be responsible for gating of the 
P50. However, parametric studies of auditory gating are not in agreement with 
paired-pulse tests of the function of local inhibitory circuits in the hippocampus. 
To explore this further, we have produced mathematical models that the describe 
the parametrics of each of these techniques. Interestingly, the difference between 
the models lies in how the inhibitory component is applied to the input signal. To 
emulate P50 suppression as in auditory gating, the inhibitory component must be 
added to the original (si) response. In contrast, these quantities must be 
multiplied to emulate the population spike suppression observed in paired-pulse 
testing of recurrent inhibitory local circuits. Our conclusion is that the 
mechanisms underlying these two types of paired-pulse experiment are 
fundamentally different. Conceptually, auditory gating demonstrates a filter that 
subtracts the memory of a prior redundant stimulus, whereas intemeuronally- 
mediated inhibition acts to use the memory of previous redundant stimuli as a 
multiplicative modulator. (This work was supported by funds from NIMH)

746.4
VARIABILITY OF AUDITORY CORTEX CLICK RESPONSES AS A 
FUNCTION OF PRECEDING RHYTHMIC ACTIVITY. M. A. Kislev* & G. L. 
Gerstein. Department of Neuroscience, University of Pennsylvania, Philadelphia, 
PA 19104.

It has long been appreciated that cortical responses to stimuli, regardless of the 
physiological measurement used, vary greatly from trial to trial in both 
anesthetized and awake subjects. Recent work has demonstrated the strong role 
that ongoing activity plays in such variability (Arieli et al., Science, 1996, 273: 
1868-71). In the present study we investigate this issue by exploiting the reliable, 
stereotyped oscillations between network sub-states found during slow rhythms 
associated with moderate-to-deep levels of anesthesia.

Extracellular field potentials and multiple-unit activity are simultaneously 
recorded from the primary auditory cortex of rats anesthetized with ketamine and 
xylazine. The multiple unit spike-trains in response to clicks are analyzed with 
peri-stimulus time histograms. Amplitude and variability of field potential click 
responses are analyzed by principal components.

By triggering click-stimuli from the ongoing multiple unit activity we find that 
the latency and size of multiple unit responses, as well as the size and variability of 
short-latency (< 50 msec) local field potential responses, vary systematically with 
the phase of an ongoing slow rhythm. The size of click response is increased 
directly before and during spontaneous bursting activity (i.e. during elevated 
thalamic and cortical excitability). The coefficient of variation (c/|i) of click 
response amplitude, on the other hand, is reduced during this spontaneous bursting 
phase. These results will be discussed in the context of the thalamocortical 
rhythms associated with sleep and anesthetized states (i.e. Steriade et al., Science, 
1993, 262: 679-85).

[NIH MH 46428; NIH DC 01249]

746.5
NEURAL CORRELATES OF OBJECT BINDING BY TEMPORAL 
PROXIMITY IN MACAQUE A1. D.H. Reser*, Y.l. Fishman, J.C. Arezzo, and
M. Steinschneider. Albert Einstein College of Medicine, Bronx, N.Y. 10461.

Grouping of auditory stimuli for assignment to processing streams is an 
essential feature of auditory scene analysis. Psychophysical studies 
indicate that the relative timing of sound onsets is an important cue for 
binding or segregation of components of the acoustical environment, 
however, the physiologic mechanisms which underlie this process are 
poorly understood. In order to identify relevant temporal intervals for 
processing discrete events, we measured the cortical response to serial 
click stimulation.
We examined multiunit activity, auditory evoked potentials, and derived 

current source density from A1 sites ranging from 200-12000 Hz best 
frequency. Stimuli consisted of trains and pairs of 100 psec clicks 
presented at rates between 5 and 100 Hz. At relatively low presentation 
rates, e.g. 5-10 Hz, there was little or no interaction between the onset 
responses of each successive stimulus. A non-linear decrease in the mean 
amplitude of the response to the second click in the series was observed as 
the stimulus rate increased from 20 to 50 Hz. Furthermore, a local minimum 
in the response amplitude of the second train component relative to the 
average amplitude of all other clicks in the stimulus train was observed at 50 
Hz, suggesting differential processing of events occurring within 
approximately 20 msec of the first onset response in a series.
These findings suggest that primate A1 is sensitive to temporal 

characteristics of sounds whose onsets, occur within a narrow time window. 
This range may represent a “template" for binding of auditory stream 
components in the temporal domain. Supported by DC00657 and the 
Institute for the Study of Music and Neurologic Function of Beth Abraham 
Hospital.

746.6
Pi ice Tone And Single Whisker Stimulation Evokes Similar Point-Spreads Of 
In trinsic Signals In Rat Parietal-Temporal Cortex. B. Brett-Green*, J. Curley,
C. Chen-Bee, R D. Frostig. Psychobiology Dept., UCI, Irvine, CA 92697.

Using intrinsic signal optical imaging (ISI) in combination with cytochrome 
oxidase histochemistry (CO) we have previously demonstrated that stimulation of 
single whiskers evokes a large point-spread of intrinsic signals that is centered over 
the appropriate barrel in the posterior medial barrel sub-field (PMBSF) (Masino et 
al., 1993; Chen-Bee & Frostig, 1996; Masino & Frostig, 1996). More recently, we 
have demonstrated that stimulation of border whiskers (whiskers associated with 
barrels on the border of the PMBSF) evokes a similar point-spread that extends 
beyond the PMBSF into surrounding cortical regions (Brett et al., 1997). We have 
also demonstrated that stimulation with pure tones evokes extensive point-spreads in 
primary auditory cortex (Al) that are centered over the appropriate tonotopic location 
(Bakin et al., 1996). The main purpose of this study was to determine whether 
stimulation with border tones (pure tones that are represented on the border of the 
tonotopic map in Al) evokes point-spreads that also extend beyond the borders of AL
The point-spreads of intrinsic signals evoked by pure tone and single whisker 

stimulation were imaged from a region of parietal-temporal cortex that included the 
anterior portion of Al, the posterior portion of the PMBSF, and the interposed region 
of agranular cortex as verified by CO. Four high frequency pips (30 - 45 kHz) of 50 
m >cc duration delivered at 2 Hz produced large point-spreads that were appropriately 
centered over the anterior portion of Al, but extended into the agranular cortex. 
Stimulation of whisker A2 with five 1.9° rostral-caudal deflections delivered at 5 Hz 
produced a large point-spread that extended into this same region. In some cases, 
partial overlap of pure tone and single whisker point-spreads was observed. These 
results suggest that similarly extensive areas of intrinsic signal activity can be evoked 
by point stimulation irrespective of anatomical borders or sensory modality. We have 
verified the single whisker results with single unit recordings and are in the process 
of verifying the results for tone stimulation.
Supported by NSFIBN-9507936, NINDS NS-34519.

746.7

INTRACELLULAR EXCITATORY AND INHIBITORY POTENTIALS OF 
SUPRAGRANULAR PYRAMIDAL NEURONS TO SOUND STIMULI IN 
THE CAT PRIMARY AUDITORY CORTEX. H, Ojima*, K. Murakami#,
M. Sakai and K. Kishi. 1st and 2nd# Dept. Anat., Toho Univ. Sch. 
Med. Tokyo, 143-8540 Japan.

Responses of layer 2/3 pyramidal neurons to sound stimuli 
were recorded intracellularly. Under a light Nembutal 
anesthesia, pure tones, clicks, white noises, and white noises 
with defined band widths were applied to cats' external meatus 
in the monaural and/or binaural ways. In most neurons, 
biocytin was injected after recording to reveal the location and 
morphology of recorted neurons.

Excitatory postsynaptic potentials (EPSPs) were induced with 
best or near-best frequencies. EPSPs, often associated with 
action potentials, were followed by hyperpolarizing deflection 
of the membrane potential (IPSP), which was more 
conspicously in layer 3 than layer 2 neurons. No IPSPs were 
induced with non-best frequencies. In some neurons, if sound 
intensity was increased, IPSP deflection was increased together 
with the decreased number of action potentials, revealing non
monotonic response properties. In some neurons, binaural 
stimulation with the best or near-best frequencies or with 
noise induced less spikes than monaural stimulation of either 
ear, revealing El response properties. Stronger IPSPs were 
then observed than those induced monaurally.
Supported by Grants-in-aid from the Japanese Ministry of 
Education, Science and Culture to H. Ojima (No. 08680827).

746.8
FUNCTIONALLY DYNAMIC ISOFREQUENCY AND NON-ISOFREQUENCY 
CONVERGENCE IN CAT AUDITORY CORTEX. H.L. Read1*. L.M. Miller1, M.A. 
Escabi1, J.A. Winer2 and C.E. Schreiner1. ‘Keck Center for Neuroscience, Univ. of 
California, San Francisco, CA 94143 and 2Dept. of Molecular and Cell Biology, Univ. 
of California, Berkeley, CA 94720.

Primary auditory cortex (Al) neurons respond maximally to a single characteristic 
frequency (CF) at low sound intensities. At high intensities, neurons in the dorsal third 
of Al respond to a broader range of frequencies than neurons in central AL We found a 
reciprocal isofrequency convergence between dorsal and central AI. An orthogonal non
isofrequency convergence from neurons with matched bandwidths was also observed.

Single and multi-unit responses to binaural pure tone and dynamic ripple stimuli 
were recorded in AI. A central narrow bandwidth region extended 6 mm in the anterior- 
posterior axis and 1.5 mm dorsoventrally. Retrograde tracers, WGA apo-HRP gold and 
cholera toxin B, were injected into central and dorsal AI. Plots of labeled neurons were 
made from tangential sections and aligned to physiologic maps. Non-isofrequency 
input arose from symmetric bands elongated in the anterior-posterior axis and confined 
to regions of similar bandwidth. These bands included regions with CF’s above and 
below those in the injection site halo. Connections between central and dorsal AI were 
reciprocal and matched in CF. This “isofrequency” input formed clusters of cells with a 
limited range of CF’s centered near that of the injection site. The anterior-posterior 
lengths of isofrequency clusters were greater in the central region, reflecting a 
magnification of cochlear representation. Clusters of dorsal neurons that projected to 
the central region had narrower bandwidths than neighboring clusters of neurons which 
did not project to the central region. Dorsal clusters were isofrequency with their 
central AI targets at near-threshold intensities. At suprathreshold (+40 dB) intensities 
dorsal neurons had broader frequency sensitivities than their central counterparts. Thus, 
the degree of frequency convergence from dorsal to central AI is intensity dependent. 
Perhaps the dynamic interactions between dorsocentral AI stabilize the detection of low- 
and high bandpass features of auditory signals in the face of sound level and noise 
changes. USPHS grant support: R01 DC02260-02 and R01 DC02319-18.
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746.9
SYNCHRONY IN THE AUDITORY THALAMOCORTICAL SYSTEM OF THE 
CAT, AND ITS MODULATION WITH DYNAMIC RIPPLE STIMULATION.
L.M.Miller1’2*. M.A.Escabi1,2. H.L.Read1, C.E.Schreiner1, 'Keck Center for 
Integrative Neuroscience and 2UCSF/UCB Bioengineering Graduate Group, Univ. 
of Calif. 94143.

Global correlations in unit firing have previously been observed across the 
primary auditory cortex of the ketamine-anesthetized cat. We demonstrate that 
widespread and nonspecific synchrony also occurs among simultaneously recorded 
single units in the lemniscal thalamocortical system (MGBv and AI) under both 
spontaneous and tone-driven conditions. The synchronous activity is usually weakly 
and sometimes strongly oscillatory, nearly always in the frequency range 
corresponding to spindles (7-14Hz). It is nonspecific in the sense that its presence 
and strength is largely uncorrelated with the cells' spectrotemporal receptive field 
properties and with the known gross anatomical connections between thalamus and 
cortex. Such patterns of activity strongly suggest that the thalamocortical system of 
the ketamine-anesthetized cat is commonly in the firing state known in the thalamic 
literature as burst mode. We investigate the effects of noise-like dynamic ripple 
stimulation on both the nonspecific and specific thalamocortical correlations: 
spectrotemporal receptive fields derived with this ripple stimulation provide 
information about many of the complex response properties that have traditionally 
been studied, including characteristic frequency, FM sweep preference, modulation 
transfer properties, and binaural interaction class. Clearly, the nonspecific burst
mode correlations could interfere with our study of specific, functional interactions 
between the two structures. However, we demonstrate that when the thalamocortical 
system is in a highly synchronized oscillatory state, stimulation with dynamic ripple 
stimuli tends to suppress the degree of nonspecific oscillatory synchrony, apparently 
leaving the specific correlations intact. The degree of suppression, moreover, scales 
with stimulus intensity. Therefore, with the proper choice of stimulus, one may 
suppress nonspecific global synchronized activity while selectively emphasizing 
functionally relevant thalamocortical correlations.
Supported by USPHS DC02260 and the Whitaker Foundation.

746.10
DYNAMIC TIME-FREQUENCY PROCESSING IN THE CAT MIDBRAIN, 
THALAMUS, AND AUDITORY CORTEX: SPECTRO TEMPORAL RECEPTIVE 
FIELDS OBTAINED USING DYNAMIC RIPPLE SPECTRA, M.A. Escabf, C.E. 
Schreiner*, L.M. Miller Keck Center for Integrative Neuroscience and UCSFI UCB 
Bioengineering Graduate Group, Univ. of California, 94143

Naturally occurring communication signals, such as speech, have complex spectral 
and temporal profiles that result from dynamic segments such as formant transitions, 
temporal modulations, and rapid onsets. Much of our understanding of central 
auditory processing, however, is derived from studies that obtain receptive fields (RF) 
using simple noise and tone stimuli which lack such dynamic features. The RF is a 
construct which describes the response area of a neuron and its transfer function 
characteristics. In auditory Neurophysiology, the tuning curve is likely the most 
popular descriptor of the static intensity - frequency response area of the neuron. 
Temporal tuning is most commonly examined using modulation transfer functions. In 
an attempt to unify spectral and temporal approaches of RF mapping while obtaining 
better functional descriptions, we employ the spectro-temporal receptive field (STRF) 
obtained with a dynamic ripple and ripple noise stimuli. We apply this technique to 
explore the serial refinement of temporal and spectral processing in the inferior 
colliculus, thalamus, and auditory cortex of the ketamine-anesthetized cat. It is well 
known that the auditory system is organized according to hierarchy of decreasing 
temporal and spectral resolution upon ascending from the periphery to more central 
stations. This is consistently observed while using the STRF approach. We show that 
STRF clearly exhibits complex dynamics and patterns of interaction of excitatory and 
inhibitory influence at all levels. In general, these may take the form of separable or 
non-separable patterns of spectral and temporal interactions. For all levels, the STRF 
provides consistent descriptor of a neurons center frequency, bandwidth of tuning, 
response latency, lateral inhibition, and temporal inhibition while allowing a direct 
comparison between them. (Supported by R01 DC02260-02)

746.11 746.12
PHYSIOLOGICAL CHARACTERIZATION AND JUXTACELLULAR 
LABELING OF MEDIAL GENICULATE (MGB) NEURONS IN THE RABBIT.
J. S. Cetas. D. Velonovsky. M, M.Velez, R, O, Price, D.G, Sinex1 and N.T,
McMullen*. Dept. of Cell Biology and Anatomy, University of Arizona College of 
Medicine, Tucson, AZ 85724 and 'Dept. of Speech and Hearing Science, Arizona 
State University, Tempe, AZ 85287

In the visual thalamus unique neuronal morphologies have been directly 
correlated with distinct adequate stimuli and response patterns. In the auditory 
thalamus it remains to be seen whether principle relay neurons with distinct 
response properties will also have unique morphologies. We have used the 
juxtacellular labeling technique to address this question in the MGB of rabbits. 
Anesthetized adult NZW rabbits were placed in a Kopf stereotaxic device within an 
IAC chamber. Glass microelectrodes filled with 2% biocytin in 0.5M NaCl were 
slowly advanced into the MGB under remote control. Well isolated units were 
characterized by their responses to 100 msec monaural or binaural bursts of noise, 
tones, or clicks, and then labeled with current pulses according to the protocol 
developed by Pinault ( J.Neurosci. Meth., '96). Successfully filled units have been 
recovered from the ventral (MGV), dorsal (MGD), intermediate (MGI) and 
marginal zone (MZ) subdivisions of the MGB. MGV neurons responded to both 
noise bursts and pure tones with typically short latency (15-40 msec) "on" or 
"on-off responses and had tufted dendrites whose axes paralleled the fibrodendritic 
laminae. One nonresponsive unit, however, had a unique bipolar morphology with 
far reaching dendrites and very fine terminal dendritic processes. In contrast, MGD 
and MGI neurons tended to be driven best by noise and to be broadly responsive to 
pure tones. Their response patterns were more complex, labile, and of longer 
latency than those of the MGV. MGD and MGI neurons had typical radiate 
dendritic fields; but the dendritic domains of MGI neurons were elongated 
medio-laterally in the coronal plane. (Supported by NIH/NIDCD Grant 02410)

SPINDLE-LIKE OSCILLATIONS EVOKED BY ACOUSTIC STIMULI 
IN THE THALAMO-CORTICAL AUDITORY SYSTEM
J-M, Edeline*, N, Cotillon . M, Nafati. B, Hars & E, Hennevin.
NAM URA 1491, Univ. Paris-Sud, 91405 Orsay cedex, France.

Spontaneous spindles are oscillatory (7-14Hz) events observed in
the EEG during early phase of sleep. They originate from the 
thalamus and the reticular nucleus (RE) is critically involved in their 
generation. We describe here tone-evoked spindle-like oscillations 
that were obtained from simultaneous multi-unit recordings in the 
auditory cortex (ACx), auditory thalamus (MGB) and auditory part of 
the RE in urethane anesthetized rats. The figure below shows 
histograms obtained from 10 repetitions of a 1-s tone (represented by 
the bar below the histograms).

50 RE

LIllillLj.. .

About 150-200ms after the "on" tone-evoked response, rhythmic 
burst discharges occurred during 500-1500ms. They were observed 
when the intertone interval was 10s, not when it was Is. They were 
obtained with tones of 0.1-ls duration and also with 10ms clicks. 
Inactivation of the auditory part of the RE by injection of 50nl of 
muscimol rapidly blocked these oscillatory events both in the 
ipsilateral ACx and MGB. In contrast, inactivation of ACx by local 
application of muscimol did not block these oscillations in the 
auditory RE. Thus, as spontaneous spindles, the tone-evoked spindle 
oscillations have also a thalamic origin.

746.13

CHOLINERGIC AGONIST DIFFERENTIALLY SUPPRESSES 
AUDITORY THALAMOCORTICAL AND INTRACORTICAL 
TRANSMISSION. C.Y, Hsieh*, S.J. Cruikshank and R. Metherate. 
Dept. of Psychobiology, University of California, Irvine, CA 92697.

To investigate synaptic mechanisms underlying information 
processing in sensory cortex, we examined cholinergic modulation of 
synaptic transmission in a novel slice preparation with 
thalamocortical (TC) and “horizontal” intracortical (IC) inputs to 
mouse auditory cortex. Extracellular and intracellular (whole-cell 
patch) recordings were made in cortical layer 3/4 while alternately 
stimulating TC or IC pathways. Independent stimulation of TC vs. IC 
pathways was verified. TC or IC stimulation elicited a fast CNQX- 
sensitive potential followed by a slow, long duration potential that 
was blocked completely by either CNQX or APV. The cholinergic 
agonist carbachol differentially reduced the fast vs. slow potentials in 
both pathways such that low doses (5 pM) strongly reduced (>50%) 
the slow potentials but had little or no effect on the fast potentials. 
Higher doses of carbachol (25 pM) reduced both slow and fast 
potentials; furthermore, the IC-elicited fast potentials were reduced to 
a greater degree (-15%) than the TC-elicited fast potentials (p<0.02). 
Carbachol (>25pM) reduced the slow potential more quickly than it 
reduced the fast potential, suggesting that the slow potential involves 
polysynaptic mechanisms. Thus, we hypothesize that cholinergic 
synapses differentially modulate TC and IC synaptic transmission. 
Support by NIMH, NSF and NIDCD.

746.14
EPSP-LTS COUPLING AND "DIFFERENTIAL" SYNAPTIC SIGNAL 
TRANSMISSION IN RAT AUDITORY THALAMUS IN VITRO. B. Hu* 
and D. M. Mooney. Loeb Research Institute, Ottawa Civic Hospital, Ottawa, 
Ontario, Canada K1Y 4E9.

The triggering of a low-threshold calcium spike (LTS) burst by excitatory 
postsynaptic potentials or EPSP-LTS coupling is a dominant feature of 
synaptic transmission in the dorsal medial geniculate body (MGd). Here we 
examined the hypothesis that EPSP-LTS coupling provides a unique 
mechanism whereby synchronous and nonsynchronous synaptic inputs can 
be differentially transmitted. Intracellular recordings were obtained from 
neurons maintained in a superfused thalamic explant preparation. 
Spontaneous EPSPs were induced by 4-amino pyridine (4-AP, 0.1-2.0 mM), 
applied either through bath medium or locally into the brachium of the 
inferior colliculus (BIC). It was found that, at resting membrane potential or 
below, only large spontaneously occurring EPSPs were effective in producing 
EPSP-LTS coupling while small ones failed to do so. EPSP-LTS coupling 
was particularly effective in transmitting a sequence of synchronous synaptic 
inputs modeled by electrical stimulation of the BIC. Finally, muscarinic 
receptor activation by carbachol (0.5 mM, in the presence of 0.1 mM 
hexamethonium) induced membrane hyperpolarization, which reduced 
spontaneous firing or synaptic "noise" while enhancing EPSP-LTS coupling 
induced by synchronous EPSPs. Hence, EPSP-LTS coupling may serve as a 
unique mechanism of detection and transmittal of synchronous,, large synaptic 
inputs in auditory thalamus. Supported by MRC of Canada and the Ontario 
Graduate Scholarship Program.
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746.15
REGULATION OF MEMBRANE POTENTIAL AND RESPONSE MODE 
IN AUDITORY THALAMUS OF RAT BY ASCENDING GABAERGIC 
AFFERENTS IN VITRO. D. M. Mooney* and B. Hu. Loeb Research 
Institute, Ottawa Civic Hospital, Ottawa, Ontario, Canada K1Y 4E9.

The auditory thalamus is innervated by the brachium of the inferior 
colliculus (BIC) which contains a mixture of excitatory glutamatergic and 
inhibitory GABAergic fibers that connect monosynaptically to thalamic 
projection neurons. We studied the effect of spontaneous activity in this 
pathway using intracellular sharp electrode recordings of mainly dorsal 
medial geniculate neurons maintained in an explant preparation. Spontaneous 
afferent activity was induced by bath application of 4-amino pyridine (4AP), 
either to the whole preparation (0.1-1.0 mM, 10-60 s) or to only the BIC (2 
mM, 60 s). In 20 cells 4AP induced a sustained hyperpolarization with a 
peak amplitude of -8.5±0.7 mV and lasting 110±19 s from onset to recovery. 
Hyperpolarizations could be evoked by 4-AP applied to the BIC only. The 
hyperpolarization persisted under 50 pM of picrotoxin (n = 16) but was 
reversibly blocked by 0.6 mM saclofen, indicating that it was mediated by 
GABA-B receptors and not by GAB A-A receptors. The hyperpolarizations 
were often accompanied by "spontaneous" EPSPs, which could trigger 
low-threshold calcium spikes (LTS) during but not after the period of 
hyperpolarization. Each LTS gave rise to a high frequency burst of action 
potentials. These data indicate that ascending inhibitory afferents can produce 
a sustained membrane hyperpolarization and deinactivation of the LTS by a 
GABA-B mechanism, which may lead to EPSP-LTS coupling and burst 
firing. Supported by MRC of Canada and the Ontario Graduate Scholarship 
Program.

746.16
REGIONAL CORTICAL ACTIVATION MODULATES NEURONAL 
RESPONSE OF THE GUINEA PIG THALAMUS TO ACOUSTIC STIMULUS 
J, He* and K. Fukunishi. Advanced Research Laboratory, Hitachi, Ltd., 
Saitama 350-0395, Japan

Corticofugal modulation of the responses to acoustic stimulus of the medial 
geniculate (MGB) neurons was examined in 12 anesthetized guinea pigs. 
After the tonotopicity of the auditory cortex was determined, three stimulation 
electrodes were implanted into the tonotopic fields of the cortex at a depth of
0.5-1.0 mm. The cortex was then stimulated regionally by applying a train of 
electrical pulses to one of the electrodes. Tone- and noise-bursts were 
applied to the ear contralateral to the recording thalamus. Responses of 120 
thalamic neurons to acoustic stimuli were recorded extracellularly with and 
without cortical stimulation. The electrical pulses to the cortex preceded the 
acoustic stimulus by various intervals. The modulatory effect of cortical 
activation was maximum when the delay interval was between 50-200 ms, 
decreased for longer intervals. A facilitatory effect was reversed as the delay 
interval was shortened to 20 ms. The number of the electrical stimulation 
pulses varied between 1 to 100. A facilitatory effect was observed when more 
than 5 pulses were applied, which in most cases became inhibitory for 1 or 2 
pulses. Stimulation of a small region in the tonotopic auditory fields caused a 
facilitatory effect on the neurons of the ventral division of the MGB with the 
same best-frequency as that of the stimulating site in the cortex, and a small 
inhibitory effect on the neurons in the surrounding area. Mainly inhibitory 
effects were obtained from the neurons in the medial division and the shell 
nucleus of the MGB by cortical stimulation, which was larger for the medial 
division than the shell nucleus. The present study adds evidence to the 
hypothesis that corticofugal projection selectively gates the ascending auditory 
information.

[Supported by Hitachi, Ltd.]
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747.1

PITCH DISCRIMINATION AND MEMORY AND THEIR TEMPORAL 
CORTICAL LOCALIZATION IN CHILDREN. E. Castro-Sierra1*, F, Chico-Ponce 
de León2 and Martha Gómez-Gama3. ’Lab. of Psychoacoustics, Hospital Infantil de 
México (HIM), 06720 México, D.F., Mexico; 2Dept. of Neurosurgery, HIM; 
3National School of Music, National Autonomous University of Mexico.

Studies undertaken by Wieser & Wittlieb-Verpoort [pp. 115-126. Music and the 
Mind Machine R. Steinberg (Ed.), Springer:Berlin, 1995] of subjects with either 
medial temporal or frontal lesions have provided indications that the former are 
impaired in processing in memory of tonal sequences of diverse complexity. Further 
research by this group (Hippocampus, 1997; 7:249-256) has hinted at an 
involvement of the hippocampus in the establishment of associations among 
components of auditory or visual sequences. We have employed pairs of tones, tonal 
sequences and speech phrases of the same length, and tonal characteristics of the 
tonal sequences to investigate the localization of pitch discrimination and memoiy 
in 10- to 14-year-old children with vascular or tumoral lesions of either the lateral 
or the medial temporal lobes. Results from a 14-year-old girl with a vascular 
malformation affecting the right posterior cerebral artery at its point of irrigation of 
the mesial temporal lobe showed an impairment of processing in memory of tonal 
and speech sequences without any alteration of discrimination of frequency 
differences between members of pairs of tones. On the other hand, patients at 
different ages with tumoral lesions of the right or the left lateral temporal lobes 
showed deficits, mainly, in discrimination of frequency differences and, to a lesser 
degree, in processing in memoiy’ of tonal sequences. These data point at a relatively 
early involvement of the right mesial temporal lobe in processing of auditory 
sequences in the music and speech modalities, and of the right and left lateral 
temporal lobes in discrimination of frequency differences that may be relevant for 
the later processing of auditory sequences.

747.2

DENDRITIC DEVELOPMENT IN HUMAN AUDITORY CORTEX 
J.K. Moore*, Y.-L. Guan and . J.-C, Wu. Dept. of Neuroanatomy 
Research, House Ear Institute, Los Angeles, CA 90057.

Maturation of the human central auditory system from the 16th fetal 
week to 27 years of age is being studied through immunohisto
chemical techniques. Previous use of an antibody to microtubule- 
associated protein 2 (MAP2) in the human brainstem demonstrated 
that neurons in auditory nuclei first develop dendritic processes in the 
24th fetal week, 3-4 weeks before onset of transmission in the 
auditory nerve and brainstem pathway, and that dendritic arbors in all 
nuclei are mature by the 6th postnatal month. Similar investigations 
in human auditory cortex (Brodmann areas 41,42,22) have confirmed 
our expectations of a more extended developmental time course.
Early stages are similar to those described in human visual cortex 
(Honig et al., Cerebral Cortex 6:794-806), with MAP2 
immunopositivity in cortical plate neurons at the 16th fetal week, in 
layer I cells at the 22nd week, and in a single layer of developing 
neurons within the cortical plate by the 24th gestational week. 
Postnatal development conforms to the pattern previously seen in 
auditory cortex axonal maturation. Between the 40th fetal week and 
age 3 years, neurons in layers V-VI develop adult-like dendritic 
arbors with apical dendrites extending to the cortical surface and 
branching in layer I. This maturation in the deeper layers parallels 
that of the early-developing evoked potential Pa. Dendritic arbors of 
pyramidal neurons in the superficial layers (II/III) mature later, 
between 3 and 12 years of age, in parallel with the appearance of the 
Ni potential.

Funded by House Ear Institute.

747.3

ARCHITECTONIC IDENTIFICATION OF CORE AND BELT AUDITORY 
CORTEX IN MACAQUE MONKEYS, CHIMPANZEES, AND HUMANS
‘T.A. Hackett*. 2T.M. Preuss. and ’J.H. Kaas. {Dept. of Psychology, Vanderbilt 
University, Nashville, TN 37240, and 2Div. of Behavioral Biology, Univ. ofSW 
Louisiana, New Iberia Research Center, New Iberia, LA 70560

In previous architectonic studies of auditory cortex in macaque monkeys, we were 
able to clearly distinguish a core region of primary-like cortex from a narrow 
surrounding belt of secondary fields. Microelectrode mapping studies and patterns of 
thalamic and cortical connections identified three areas within the core (AI, R, RT), 
and as many as eight subdivisions within the belt. In order to determine if the auditory 
cortex of chimpanzees and humans is organized in a similar manner, coronal brain 
sections were processed for cytoarchitecture, myeloarchitecture, acetylcholinesterase 
(AChE), parvalbumin (PV), and calbindin (CB). In all three primates an elongated 
core of primary-like areas was localized on the supratemporal plane which exhibited 
cytoarchitecture typical of the auditory koniocortex. In chimpanzees and humans this 
region was roughly coextensive with the transverse temporal gyrus. Myelination in the 
core was very dense, appearing almost astriate in the more densely packed cortex of 
macaques. This region was also marked by particularly intense neuropil reactivity for 
AChE in layers III and IV, and dense immunoreactivity for PV in the same layers. In 
general, the architectural features of the core were muted in the adjacent belt cortex. 
Cytoarchitecture in the belt was characterized by reduced granularity in layer IV and 
an increase in the number of pyramidal cells in layer III. Myelination was less dense, 
particularly between striae, thus laminae were more clearly resolved. Neuropil 
reactivity for AChE and PV was much less intense than in the core. In chimpanzee and 
human preparations, numerous AChE-reactive pyramidal cells occupied layer III. In 
all primates CB-immunoreactive cells were primarily concentrated in layers II and III 
with little variance across the core and belt regions. The similarities in the architecture 
and shape of the core and belt in these primates suggest that the early stages of 
auditory cortical processing are comparable in monkeys, chimpanzees, and humans. 
Supported by NINDS grant NS-16446 and NIDCD fellowship DC-00249.

747.4
FIELD AES PROJECTIONS TO AUDITORY CORTICES L.K. Miller* 
and M.A. Meredith, Dept. Anatomy, Virginia Commonwealth U., Richmond, VA. 
Although it does not appear to be spatiotopically organized, the auditory 

field of the caudal anterior ectosylvian sulcal cortex (Field AES) is suspected 
to be involved in auditory localization. Additionally some binaural neurons in 
primary auditory cortex (AI) appear to be spatially tuned, and binaural 
neurons are arranged in bands that extend for various lengths in a rostro- 
caudal direction across AI. Although both Field AES and AI may contribute 
to auditory localization functions, their relationship to each other is unknown. 

The present experiment used Biotinylated Dextran Amine (400nl; 12-24 days 
survival) in 4 adult cats to examine the projections from Field AES to other 
auditory cortices. The tissue (50 pm coronal sections) was reacted using 
standard techniques and intensified with silver and gold. Alternate sections 
were reacted for Acetylcholinesterase to mark the location of AI. Areas of 
terminal label originating from Field AES neurons were found in areas 
corresponding to AI. This label appeared in patches on individual sections, 
but when the sections were aligned and serially arranged, the patches formed 
bands that extended in a rostro-caudal direction across AL Similar patterns of 
projections from Field AES also were identified in the secondary auditory 
area and the temporal auditory fields.
These findings demonstrate a link from Field AES to AI and other auditory 

cortices that may be important for the understanding of the anatomical 
circuitry underlying auditory spatial localization. Supported by grant NSF 
IBN 9308576.
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747.5
CYTOARCHlîECTURE AND GABAergic ORGANIZATION OF THE 
MUSTACHED BAT AUDITORY CORTEX. J.J. Prieto*. L.A. Bui, J.H. Hong, 
D.T. Larue, and J.A. Winer. Dept, o f Molecular and Cell Biology, Univ. of 
California, Berkeley, CA 94720-3200 (J.A.W., L.A.B., J.H.H., D.T.L.) and Inst, 
of Neurosciences, Univ. Miguel Hernandez, 03550-San Juan de Alicante, Spain 
(J.J.P.).

The aims of the present study were i) to identify the areal and laminar 
organization o f the auditory cortex o f the mustached bat {Pteronotus p. parnelliî) 
anatomically, ii) to analyze the types o f GABAergic neurons and puncta, and iii) 
to contrast and compare these to their counterparts in the cat auditory cortex.

Seven architectonic fields were distinguished. Their borders were discrete 
rather than continuous. Two areas, the granular temporal cortex and the rostral 
granular cortex, are believed to correspond to the primary, ~6O kHz locus o f the 
bat's biosonar signal as described in physiological studies by others. The 
observations on GABAergic neurons and axons were made from those regions. 
Six layers were distinguished; layers II and IV were much thinner than the 
matching layers in the cat, while layers I, III, and V were thicker. The classes of 
GABAergic neurons common to almost all layers were small, medium-sized and 
large multipolar cells, and bipolar and bitufted neurons. Some types were found 
in only one or two layers, for example, horizontal cells (layers I and VI) or 
extraverted multipolar neurons (layer II). While many o f the types of 
GABAergic neurons correspond to those in cat primary auditory cortex, the bat 
had fewer such cells in five layers. Only in layer IV were the percentages 
comparable (-26%); perhaps the GABAergic influence on lemniscal 
thalamocortical input is more conserved phylogenetically. While the cellular 
basis for GABAergic cortical processing may be shared, species-specific laminar 
differences could reflect adaptations for aerial and terrestrial sound localization.

Supported by United States Public Health Service grant R01DC02319-18, and 
by DGICYT grant PM96-0082 of the Spanish Government.

747.7
MEDIAL GENICULATE BODY PROJECTIONS TO PHYSIOLOGICALLY 
DEFINED ZONES OF RAT PRIMARY AUDITORY CORTEX.
DJ l LamgL J,A, Winer, S-L- Sally aná.IB.- .Kelly. Dept, of Molecular and Cell 
Biology, Univ. of California, Berkeley, CA 94720 (D.T.L., J.A.W.) and Lab. of 
Sensory Neuroscience, Carleton Univ., Ottawa, Canada K1S 5B6 (S.L.S., J.B.K.).

We identified the thalamic neurons projecting to electrophysiologically defined rat 
auditory cortex (Tel). Our aims were to relate the projection patterns to medial 
geniculate body architectonic subdivisions, to discern which nuclei project to Tel, 
and to predict the frequency-specific arrangement of auditory thalamic neurons.

Single- and multiunit characteristic frequencies were mapped extracellularly using 
standard physiological methods in barbiturate anesthetized Sprague-Dawley rats. 
After 20-40 radial penetrations/hemisphere, the tungsten microelectrode was replaced 
with a glass pipet containing 30% horseradish peroxidase and 1-4 focal deposits 
were made in an isofrequency region. After a 2-3 day survival, standard methods 
were used to visualize labeled neurons, which were plotted onto sections in which 
the cytoarchitecture had been drawn independently from adjacent Nissl preparations.

The thalamic labeling formed bands with different orientations corresponding to 
frequency-specific cortical loci. At low frequencies (2-3 kHz) the labeling filled the 
lateral margin of the ventral division. Deposits at 11-14 kHz labeled cells 
progressively more medially, but still formed a vertical band. At 18-25 kHz the 
labeling broadened to fill the central and lateral half of the ventral division. 
Injections at 36-40 kHz labeled a more medial band of cells, and these were inclined 
45° relative to the more vertical orientation of deposits <35 kHz. There was 
significant labeling in the caudal part of the medial division in the last three 
experiments only, and in none was there appreciable transport to the dorsal division.

Parallels in auditory thalamic organization with the cat are the laminar 
fibrodendritic organization and the topographic correspondence retrograde labeling 
with cortical isofrequency representations. However, comparable injections in the 
cat label many more thalamic nuclei retrogradely. This suggests a simpler, 
point-to-point relationship between auditory thalamus and cortex in the rodent. 
Supported by USPHS grant R01 DC02319-18.

747.9

AR CH ITECTO NIC SUBDIVISIONS AND COM MISSURAL CONNECTIONS 
OF TH E INFERIO R COLLICULUS IN SQUIRREL AND MACAQUE 
MONKEYS T.A.Neagu* .T.A.Hackett and J.H.Kaas 
Department o f Psychology, Vanderbilt University , Nashville, TN 37240 

While the architecture and connections of the inferior colliculus have been 
extensively studied in some mammals, especially cats, little is known about this 
auditory structure in primates. In this study, the commissural projections of the 
inferior colliculus were revealed by making single injections of WGA-HRP into the 
central nucleus of two squirrel monkeys (Saimiri sciureus) and one macaque monkey 
(Macaca mulatto).In the same animals, sets of coronal sections were processed to 
reveal Nissl substance, acetylcholinesterase (AChE), cytochrome oxidase (CO), 
parvalbumin (PV), calbindin (CB) and the CAT 301 antigen. The architectonic 
analysis allowed us to distinguish a central nucleus with aligned lamina , a dorsal 
cortex with four distinct layers and an external nucleus. The central nucleus had 
topographic commissural connections with the deep layers of dorsal cortex and the 
central nucleus of the opposite inferior colliculus.In the central nucleus, disk-shaped 
commissurally projecting neurons were preferentially located ventrolaterally along 
the lamina, while larger multipolar neurons were most densely concentrated 
dorsomedially along the lamina. Neurons projecting commissurally in the dorsal 
cortex were generally multipolar and larger.The distribution of retrogradely labeled 
cells both overlapped and complemented the distribution of anterogradely labeled 
axon terminals.The results suggest that the organization of the inferior colliculus of 
New and Old World monkeys is highly similar, and is also similar to that found in 
cats.
Supported by NINDS grant NS-16446 and NIDCD fellowship DC-00249.

747.6
LAMINAR PATTERNS OF AUDITORY THALAMOCORTICAL INPUT IN THE 
CAT: A QUANTITATIVE APPROACH.
C.L. Huang.* and J.A. Winer. Dept, of Molecular and Cell Biology, Univ. of 
California, Berkeley, CA 94720.

Do thalamocortical projections (TC) from different medial geniculate body (MGB) 
subdivisions have the same laminar distribution in different cortical areas? To analyze 
this question, we made small thalamic deposits of biotinylated dextran amines and 
counted about 40,000 TC boutons in architectonically-defined areas of auditory cortex. 
Plots of boutons in 50 µm wide strips, spanning from layer I through VI, were 
collected from 12 hemispheres using a camera lucida at 94O×. Laminar patterns of 
boutons were categorized as having unimodal, bimodal, or complex distributions. We 
found that the laminar constellation of TC boutons was principally nucleus-specific and 
not target-driven.

Each subdivision of the MGB projected to different cortical targets with a similar 
pattern; however, each cortical area received diverse patterns from different nuclei. 
Ventral division (V) projections to primary fields were unimodal with a continuous 
distribution of boutons in layers III/TV. Dorsal division (D) projections to primary and 
nonprimary fields were unimodal and bimodal, respectively. While suprageniculate 
(Sgl), dorsal (D), and dorsal superficial (DS) subdivisions projected unimodally to their 
target in layers III/TV, the caudal dorsal division (DCa) and deep dorsal (DD) nuclei 
usually had a bimodal distribution in layers I and III/TV. The medial division (M) 
projected to all fields with a complex pattern in layers I, III/IV, and VI.

We related the patterns of laminar input to the morphology of boutons and axons. 
Common inputs to layer I from M, DCa, or DD showed a wide range of bouton 
structure, axonal morphology, and terminal arrangement. The diversity of input may 
arise from the variety of cell types from each division.

Our results suggest that each MGB nuclei has a specific laminar pattern in its 
projection to auditory cortex. Perhaps a few functional streams in the MGB project 
divergently to the cortex while conserving laminar input. This implies that, 
developmentally, nucleus-specific templates in the MGB could help to establish a 
foundation for the laminar differentiation of the cortex.
Supported by United States Public Health Service grant R01 DC02319-18.

747.8
NOVEL CONVERGENCE OF GIANT AXONAL ENDINGS IN THE CAT MEDIAL 
GENICULATE BODY. J A  Winer*, U,T. Lamg and CL- Hµang. Dept, of 
Molecular and Cell Biology, Univ. of California, Berkeley, CA 94720.

We found that two types of giant axon terminals target the same part of the cat 
medial geniculate body (MGB). Corticothalamic giant (CG) and GABAergic giant 
(GG) endings, whose origins must be different, each occur in substantial numbers only 
in the nuclei of the dorsal division of the MGB.

The CG axons were labeled by injections of biotinylated dextran amines. Their 
principal origin here was area AIL Their terminals formed clusters that were often 
interconnected serially, and several hundred were found in one section after deposits 
confined to one cortical area. These axons correspond in size and shape to the type IV 
endings described in Golgi material (J.A. Winer and D.K. Morest,
J. Comp. Neurol. 1984, 224:344-370) and they are similar to, but much larger and 
more numerous than, those described in prior axon-filling studies (H. Ojima,
Cereb. Cortex 1994, 6:646-663; V. Bajo et al., Hearing Res. 1995, 83:161-174).

A second type of giant axon terminal was labeled by immunostaining with antibodies 
to GABA or GAD. Their nuclear distribution was identical to that of the CG axon 
terminals, and a single section might contain several thousand GG endings. These 
terminals were 4-6 µm in diameter, globular and clasp-like in shape and, in semithin 
sections, their hollow core often enclosed an immunonegative dendrite.

The CG and GG endings are among the largest axon terminals in the vertebrate brain, 
about half the size of end bulbs or calyces of Held. Their convergence in MGB dorsal 
division nuclei, which are part of the extralemniscal auditory pathway, suggests that 
they participate in a process that requires rapid temporal modulation. Candidate 
processes might include shifts in vigilance or attention or state-dependent learning. In 
any case, physiological studies will be required to determine whether the two systems 
have complementary or independent effects on their postsynaptic targets. It is likely 
that these events will have temporal primacy in the auditory thalamus.
Supported by USPHS grant R01 DC 02319-18.

747.10
INFERIOR COLLICULUS IN ECHOLOCATING AND NON-ECHOLOCATING 
AQUATIC AND TERRESTRIAL MAMMALS: HISTOLOGY AND
IMMUNOCYTOCHEMISTRY. I, I, Glezer1-4*. P.R.Hoí2. P.J. Moreane3. D. Josef. T. 
Isakova1 A N a ir1. P. Parhar1 A.Thengampall1. S. Thomas' . G. Jung1. R. Venoeopal1. 
'Dept.Cell Bio.&Anat. Sci. CUNY Med Sch. NY, NY 10031, ¾ept.Neurobiol. Mount 
Sinai Sch.Med. NY, NY 10029, 3Dept. Pharmacol.Univ. New Engl.Bidderford, ME 
04005,4MBRS/CRS Progr.CCNY, NY, NY 10031 

Histological and immunocytochemical methods with computer assisted image analysis 
were used to study inferior colliculus (IC) in several species of aquatic mammals such 
as odontocete whales (Tursiops truncatus, Stenella coeruleoalba, Delphinapterus 
leucas, Lagemrhinchus obliquidens, Inia geoffrensis, Sotalia pallida) , baleen whales 
(Megaptera novaeangliae, Balaenoptera physalus), pinnipeds (Callorhinus ursinus, 
Zalophus californianus) and terrestrial mammals such as insectivorous bats (Myotis 
myotis) and primates (Macaca fascicularis and Homo sapiens). In IC of odontocete 
whales and bats the convoluted networks of darkly stained domains and lightly stained 
interdomains are found. The domain/ interdomain organization is seen at 
cytoarchitectonic, myeloarchitectonic, angioarchitectonics and immunocytochemical 
preparations, showing the highest density of neurons, myelinated fibers as well as 
capillaries in domain regions. The highest concentration of calbindin-immunoreactive 
neurons (CB) is also in domain regions, whereas calretinin-immunoreactive neurons 
(CR) are found mainly in the interdomains. CB neurons comprise about 70% of all 
neurons in these species. In baleen whales and pinnipeds there is a clustering o f neurons 
in IC reminding domain/interdomain system. In primates the domain/interdomain 
organization is not found, and neurons, myelinated fibers, and vessels are distributed 
more or less homogenously. Also the numbers of CR and CB-positive neurons in 
baleens, pinnipeds and primates are either equal to each other or CR-neurons are 
slightly prevalent. The total number of myelinated axons in IC of T. truncatus is more 
than 40 times higher than in human IC. The presence of three-dimensional cellular/fiber 
network in IC of aquatic mammals and bats may play special role in acoustic signaling 
and echolocation of these mammalian species. Supported by grants: RF of CUNY 
667243 and NIH MBRS # 08168
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747.11
POTASSIUM  (K+) CHANNEL EXPRESSION IN THE INFERIOR 
COLLICULUS (IC) OF THE RAT. D. L. O liver*1 and T. M. Pem ev2. ’Dept. 
Anat., Univ. Conn. Health Ctr., Farmington, CT 06030; 2Ctr. Mol. Behav. 
Neurosci., Rutgers, SUNJ, Newark, NJ 07102.

Neurons in the IC have different discharge patterns that may be related to 
intrinsic membrane properties (Peruzzi and Oliver, Assoc. Res. Otolaryngol. Abs. 
20:190, 1997). Different combinations o f  voltage-sensitive (Kv) and inward- 
rectifier (KIR) K+ currents may create these discharge patterns (Sivaramakrish- 
nan and Oliver, present meeting). The present study seeks to identify the proteins 
that com pose the K+ channels in different cell types o f  the IC. We used anti
sera that recognize subunits that may create delayed-rectifíer (Kv 1.1, Kv 1.2, 
Kvl.6), high-threshold delayed rectifier (Kv3.1), A-type currents (Kvl.4), and 
G-protein-coupled KlR currents (GIRK1). Paraformaldehyde-fixed and frozen 
sections (10-50 µm ) were reacted unmounted with primary antisera that was 
detected with biotinylated secondary antisera and ABC reaction. Our prelimi
nary results show that some antisera may stain all IC neurons and astrocytes 
(e.g., Kv 1.1 and maybe Kv 1.2), but others appear to stain a subpopulation o f  
IC cells. Cell bodies were always stained and sometimes dendrites. N o label 
was evident in large axons, and presynaptic axons were not resolved. In serial 
10 µm-thick, adjacent sections, the same cell could be stained with two differ
ent antisera. Kvl.4, Kvl.6, and Kv3.1 each stained ~60% o f  IC cells and 
GIRK1 stained fewer. In ~½  o f  cells, Kvl.6 & Kv3.1 were co-localized.
Kvl.6 & Kvl.4 and GIRK1 & Kv3.1 were co-localized less often. These pre
liminary results support the idea that K+ channel expression may distinguish 
functional cell types in the IC.

Supported by NIH grant D C 00189.

747.13

RECIPROCAL PROJECTIONS BETWEEN THE INFERIOR COLLICULUS 
AND THE VENTRAL NUCLEUS OF THE TRAPEZOID BODY IN THE GERBIL.
E.K. Olson and N. Kuwabara* Dept, of Anatomical Sciences and Neurobiology, 
Univ. of Louisville Sch. of Med.; Louisville, KY 40292.

The ventral nucleus o f  the trapezoid body (V N T B ) is an auditory 
brainstem  nucleus which receives both ascending and descen din g afferent 
projection s and contributes to both ascen din g and d escen d in g  efferent 
projections. This suggests that it is the major intersection o f  the ascending  
and descen din g auditory pathw ays in the superior olivary com p lex . W e  
studied the relationship betw een the descending projections o f  the inferior 
co llicu lu s (IC) and the ascending projections o f  the V N T B . Intracellular 
and extracellular labeling with biocytin and neurobiotin were com bined with  
fluorescen t retrograde tract-tracing techn iqu es both in vivo  and in vitro 
gerbil brainstem  preparations. Fluoro G old and Fast B lue were injected in 
the IC and ventral cochlear nucleus (V C N ), resp ectively, prior to the later 
injection o f  the anterograde tracer biocytin  in vivo  or the preparation o f  
brainstem  slice s. In som e ca ses  pre-labeled  c e lls  in the V N T B  were  
intracellularly labeled with b iocytin  in brainstem  tissue slices  to label the 
dendrites and axons o f  these cells.

S izable projections from  the IC to both the ipsilateral and contralateral 
V N T B  w ere labeled  with b iocytin  foca lly  d eposited  in the central and 
external nuclei o f  the IC. The axon term inals from  IC c e lls  w ithin the 
V N T B  were associated with Fluoro G old-labeled cells  that in turn projected 
to the original IC. The descending IC axons w ere a lso  associated with the 
V N T B  cells  projecting to the cochlear nucleus. It is still unclear, how ever, 
w hether descen d in g IC axons are associa ted  w ith V N T B  c e lls  w hich  
project to both the IC and C N . The results c learly indicate the direct 
com m unication  betw een  the ascending and d escen din g pathw ays at this 
level o f  auditory system . (Supported by D eafness Research Foundation and 
U niv. o f  L ou isv ille  Sch. o f  M ed.)

747.15
MONAURAL AND BINAURAL INNERVATION OF THE NUCLEI OF THE 
LATERAL LEM NISCUS IN THE ADULT RAT: A FLUORESCENT 
RETROGRADE TRANSPORT STUDY. J.B. Kelly*. B.A. van Adel, and S.H. 
Wu. Lab. of Sensory Neurosci., Institute of Neurosci., Carleton Univ. Ottawa, 
Canada, K1S5B6.

The nuclei of the lateral lemniscus (nLL) consist of a dorsal, intermediate and 
ventral (DNLL, INLL, and VNLL) division and play a major part in processing 
acoustic information. Differential ascending inputs to lemniscal nuclei may 
explain the differences in the ratios of binauaral/monaural properties seen in 
electrophysiological mapping studies of these nuclei in the adult rat 
(Buckthought, 1993). Since very little is known about the origins of ascending 
projections to each lemniscal subdivision we have made small iontophoretic 
injections of the retrograde tracer, Fluoro-Gold (FG) into DNLL, INLL, and 
VNLL of adult rats. In this study, analysis of FG retrograde labeling in the 
auditory brainstem after injection into each lemniscal nucleus is in agreement 
with electrophysiological properties of the nLL. In particular, DNLL possesses 
mainly binaural response properties and receives a heavy projection from the 
opposite DNLL as well as projections from binaural nuclei in the superior olivary 
complex (e.g., LSO bilaterally, and MSO unilaterally) with a relatively small 
projection from the contralateral cochlear nucleus (CN). In contrast, the INLL 
and VNLL display primarily monaural response properties and receive direct 
projections from the contralateral CN and very few projections from binaural 
nuclei in the SOC. Patterns of FG retrograde labeling in the SOC proved useful 
for determining the differential projections from binaural and monaural structures 
in the auditory brainstem to the nuclei of the lateral lemniscus.

Research Supported by the Natural Science and Engineering Research Council 
(NSERC) of Canada

747.12
BACK PROJECTION FROM THE SUPERFICIAL LAYERS OF THE 
FERRET SUPERIOR COLLICULUS TO ITS PRIMARY SOURCE OF 
AUDITORY INPUT IN THE INFERIOR COLLICULUS. J. Baron.
T.P. Doubell* and A.J. King. University Laboratory o f  Physiology, Parks 
Road, Oxford, OX1 3PT, UK.

Previous studies have shown that a sub-population o f  visual neurons in the 
superficial layers o f  the mammalian superior colliculus (SC) gives rise to an 
ipsilateral axonal projection that descends into the deeper layers and then takes 
a more ventro-lateral trajectory before leaving the nucleus.

Using the anterograde tracer biotinylated dextran-amine (BDA ), we found 
that en passant and terminal boutons deployed along the course o f  this 
projection can be seen not only in deep SC but also in the nucleus o f  the 
brachium o f  the inferior colliculus (BIN). Moreover, these boutons, 
predominantly located in the dorsal portion o f  the BIN, can be seen making 
close apposition with cells immuno-positive for the NR1 subunit o f  the NM DA  
receptor. The distribution o f  retrogradely-labelled cells in the superficial layers 
o f  the SC after injections o f  red and green fluorescent microspheres in the BIN 
suggests that this descending projection possesses some topographic order.

In the ferret, the BIN contains a coarse map o f  sound azimuth (Schnupp and 
King, J. Neurophysiol. 78:2717-2731, 1997), which reaches the SC via a 
spatially ordered projection (King et al., J. Comp. Neurol. 390:342-365, 1998). 
The present results reveal a possible anatomical basis by which visual signals 
could directly influence the spatial tuning o f  cells located in the ascending 
auditory pathway that leads to the elaboration o f  the two-dimensional map o f  
auditory space in the deeper layers o f  the SC.
(Supported by the W ellcome Trust)

747.14
COLLATERAL INNERVATION OF THE DNLL AND THE ICC IN THE 
ADULT RAT: A FLUORESCENT DOUBLE-LABELING Study. B.A. van 
Adel*and J.B. Kelly . Lab. of Sensory Neurosci., Institute of Neurosci., 
Carleton Univ. Ottawa, Canada, K1S 5B6.

Our previous anatomical studies have demonstrated that ascending projections 
to the dorsal nucleus of the lateral lenmiscus (DNLL) parallel the projections 
that ascend to the rat’s central nucleus of the inferior colliculus (ICC). In the 
present study, fluorescent retrograde double-labeling with Fluoro-Gold (FG) and 
Fluoro-Ruby (FR), or Fast Blue (FB) has been employed to determine the 
extent of axon collaterals from ascending auditory structures that innervate the 
DNLL and ICC. In one group of animals, FG was iontophoretically injected 
into the ICC and FR or FB was iontophoretically injected into the DNLL on the 
same side of the brain. Numerous neurons double labeled with both tracers (i.e., 
FG and FR, or FG and FB) were observed in the contralateral DNLL, LSO and 
CN, and in the ipsilateral INLL, VNLL, LSO, MSO, and SPN. In contrast, 
when different fluorescent tracers were injected into each ICC only a few double- 
labeled neurons were seen bilaterally in DNLL and LSO. Both LSO and DNLL 
contained numerous neurons single-labeled with both tracers, which indicates, 
that only a small percentage of LSO and DNLL neurons give rise to projections 
to both sides of the brain. The bilateral projections of both the LSO and the 
DNLL probably reflect the importance of these nuclei for processing binaural 
information and the ability to accurately localize sounds in space.

Research Supported by the Natural Science and Engineering Research Council 
(NSERC) of Canada

747.16
THE TRIGEMINAL GANGLION INNERVATES THE COCHLEAR NUCLEUS. 
1,2S.E. Shore. 3Z. Vass and *R.A. Altschuler*. 'Kresge Hearing Research 
Institute, University of Michigan, Ann Arbor, MI 48109-0506, 2 Department of 
Otolaryngology, Medical College of Ohio, Toledo OH 43699 and 3 Department of 
Otolaryngology, Albert Szent-Gyorgyi Medical University, Szeged, Hungary.

We have recently shown that the inner ear receives a robust innervation from the 
ophthalmic division of the trigeminal ganglion (Vass et. al., 1997). Furthermore, 
the terminations of these sensory cells were found in the region of spiral modiolar 
blood vessels throughout the cochlear spiral, the interscala septae, the stria 
vascularis, as well as the cristae ampullaris. Biocytin injections into the trigeminal 
ganglion to demonstrate the cochlear innervation, also produced terminal labeling 
in the cochlear nucleus and prompted further study into a possible connection 
between the trigeminal ganglion and the cochlear nucleus. First, iontophoretic 
injections of biocytin were made into the trigeminal ganglion and anterograde 
labeling was examined in the cochlear nucleus. Second, wheatgerm agglutinin- 
horseradish peroxidase (WGA-HRP, 2%) was iontophoretically injected into the 
ventral cochlear nucleus and retrograde labeling was examined in the trigeminal 
ganglion. Terminal labeling with biocytin was found in the magnocellular region 
of the ventral cochlear nucleus predominantly surrounding blood vessels, but also 
on some cell bodies. Retrogradely-filled cells were found in the region of the 
ophthalmic division which projects to the cochlea, and also in the mandibular 
division of the trigeminal ganglion. This study is the first evidence that the 
trigeminal ganglion sends a projection to the cochlear nucleus. This projection 
may be related to cochlear nucleus metabolism and /or a feedback mechanism 
involving the auditory and vestibular end organs and their central targets.

This work is partially supported by NIH DC00274.
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747.17
CALRETININ mRNA IN THE CHICK COCHLEAR NUCLEUS 
AFTER DEAFFERENTATION. R.A. Code 1 and L.Winsky2. ‘Dept, of 
Biology, Texas Woman's University, Denton, TX 76204-5799; 2Lab. Clinical 
Science, National Institute of Mental Health, Bethesda, MD 20892.

Calretinin (CR) is a major calcium-binding protein in both the mammalian 
cochlear nucleus (CN) and the chick equivalent, the N. magnocellularis
(NM). In adult guinea pigs, unilateral cochlear ablation affects CR mRNA 
expression (Winsky and Jacobowitz, 1995). In chicks, a recent study showed 
that cochlear nerve input is not necessary for the developmental expression 
erf CR mRNA in NM (Parks et al., 1997). Thus, developmental or 
species-specific factors may contribute to the effects of deafferentation 
on CR mRNA expression. To examine these possibilities, the present study 
compared the effects of unilateral cochlea removal on CR mRNA in the NM of 
Pl-P2 and P2l posthatch chicks. Brains were obtained 3 ,6  or 12 hr or 1, 3 
or 7 days post-surgery (n = 3-4 per group) and slides were processed for in 
situ hybridization. CR mRNA was analyzed in the NM of chicks as previously 
described (Parks et al., 1997). For comparisons across groups, OD data were 
expressed as ratios of OD in NM from the cochlea removal/unoperated side for each 
animal and as the left/right side for age-matched controls. Cochlea removal produced 
a small increase in NM OD ratios at 3 hr post-surgery that was significant in the 
P2l chicks only. Pl-P2 OD ratios remained above 1.0 at 6 hr and were about 1.0 at 
12 and 24 hr post-surgery. P2l chick OD ratios were near 0.8 at 12 and 24 hr. By 7 
days, ratios of both Pl-P2 and P2l animals were significantly decreased indicating a 
lesion-induced decrease in CR mRNA in the NM. Studies in progress will 
determine if the decrease is related to the deafferentation-indueed cell death that 
occurs in NM by 2 days after cochlea removal (Bom and Rubel, 1985). These 
results will be important for determining if CR expression is differentially regulated 
in immature and mature NM neurons.

This work was supported by NIDCD grant DC02633 and TWIJ's Research 
Enhancement Fund (RAC) and the NIMH Division of Intramural Research.

747.19

R E G U L A T IO N  O F 3H -A M P A  BIN D IN G  IN TH E SU PE R IO R  
O LIV A R Y  C O M PL E X  A F T E R  C O C H L E A R  A B LA TIO N .
S.K.Suneia*. S.J.Potashner and C.G.Benson Department o f  Anatomy, 
University o f  Connecticut Health Center, Farmington, CT 06030.

Unilateral cochlear ablation in adult guinea pigs may lead to changes in 
AM PA receptor activity in the superior olive. To test this hypothesis, frozen 
transverse 15 µm brain stem sections containing the LSO, MSO, MNTB and 
VNTB were cut and 3H-AMPA specific receptor binding activity was 
measured for 147 postlesion days. Binding o f  3H-AMPA was quantified as 
µCi/mg wet tissue from autoradiograms, using computerized image analysis.

In the ipsilateral lateral and medial limbs o f  the LSO, persistent decrements 
in binding activity was observed throughout the postlesion period, except for 
an elevation o f  binding in the medial limb at 2 days. Contra laterally, binding 
was transiently deficient between 7 and 60 days, and binding was also elevated  
in the medial limb at 2 days. In the MSO, binding was elevated bilaterally at 
2 days, decreased ipsilaterally at 7 and 60 days and contralaterally at 31 days, 
and then returned nearly to control levels. In the ipsilateral M NTB and VNTB, 
binding remained near the controls, except for a decrease at 7 and 60 days. 
Contralateral ly, binding was often deficient between 7 and 60 days. These 
results suggest transient postlesion regulatory changes in AM PA receptor 
activity in most superior olivary nuclei. However, persistent postlesion deficits 
in AM PA receptor activity may occur in the ipsilateral LSO.

(This work was supported by grant DC00199 from NIDCD)

747.18
EXPRESSION OF FLIP/FLOP SPLICE VARIANTS OF AMPA-TYPE 
GLUTAMATE RECEPTORS IN RAT AUDITORY BRAINSTEM NUCLEI
T.Wagner. A.Guthmann and HHerbert*. Tierphysiologie, Univ. Tübingen, D-72076 
Tübingen, Germany.

Glutamate receptors of the AMPA-type are responsible for the exceptionally fast 
and precise excitatory neurotransmission in the auditory brainstem of mammals. 
Four different subunits of AMPA-type receptors (GluR-A-D) exist, each of which 
might be subject to alternative splicing (flip/flop). The physiological and 
pharmacological profiles of AMPA receptors in vivo are largely determined by their 
subunit composition. In the present study, we investigated the expression of flip/flop 
splice variants of the GluR-A-D subunits in the rat auditory brainstem nuclei, 
including the inferior colliculus (IC). In addition, we analyzed giant neurons in the 
caudal pontine reticular nucleus (PnC) λvhich constitute the sensorimotor interfaces 
of the acoustic startle response. Expression of subunit mRNAs was detected by in situ 
hybridization using 35S-labeled oligonucleotides, specifically designed for detecting 
the alternatively spliced regions of AMPA-type receptor mRNAs.

Neurons in the anteroventral cochlear nucleus and the superior olivary complex 
(LSO. MSO. MNTB) show strong expression of flop splice variants of the GluRs 
investigated. This was most prominent in the posterovcntral cochlear nucleus which 
showed almost no expression of the flip variants. The dorsal cochlear nucleus and 
the dorsal nucleus of the lateral lemniscus show an intermediate pattern, expressing 
approximately equal amounts of flip and flop splice variants. In contrast, the IC and 
the PnC express predominantly flip splice variants. Our data suggest that the rapid 
kinetics of AMPA-receptor currents observed in neurons of the cochlear nuclei and 
the superior olivary complex (Ramλn et al. 1994; I. Neurosci. 14:4998-5010) are 
due to the predominant expression of flop splice variants in the respective nuclei. 
Supported by DFG (He 1842/6-1 and SFtì 430 /  C7).

141.2(3
EXPRESSION OF THE RELATED ECM GLYCOPROTEINS, SCI AND 
SPARC, IN THE RAT INNER EAR A J Mothe* and 1 R Brown. Dept of 
Zoology, University of Toronto at Scarborough, Toronto, Ontario, Canada, MIC 
1A4.

It is well known that extracellular matrix (ECM) molecules play important roles 
during the development of the central nervous system (CNS). SCI and SPARC 
are ECM components that are expressed not only during development but are also 
present in the adult CNS SCI shares partial sequence homology with SPARC, an 
anti-adhesive glycoprotein that regulates cell adhesion, and matrix assembly and 
remodeling (SPARC reviewed in Lane and Sage, FASEB J., 8:163-173, 1994). In 
the CNS, SC' 1 arid SPARC are co-expressed in öergmann glial cells and their 
processes in the cerebellum, but show unique distribution patterns in other regions 
of the brain (Mendis et al., Brain Res., 713:53-63, 1996). In the retina, SCI 
mRNA is specifically localized to ganglion and amacrine neurons of the inner 
retina (Mothe and Brown, Soc Neurosci Abstr, 23:639, 1997), whereas SPARC 
displays a diffuse pattern of expression. We have now examined the expression of 
SCI and SPARC mRNA by in situ hybridization in another sensory system, the 
inner ear. In the cochlea, high levels of SCI mRNA are present in the organ of 
Corti. which contains the sensory receptors for hearing. SCI also shows a strong 
expression in the spiral ganglion and basilar and Reissner’s membranes. In 
contrast, SPARC mRNA is more weakly expressed in these regions. However, 
SPARC is strongly expressed in the basioccipital bone, and the cartilage 
primordium of the petrous part of the temporal bone, regions where SCI is not 
expressed. The expression pattern o f SCI and SPARC mRNA suggests that these 
two ECM molecules may play important roles in components o f the inner ear. 
(Supported by NSERC)
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G LO M ERU LA R SY NAPTOPH YSIN IM M U N O R EA C TIV ITY  IS 
N O RM A L IN TH E O LFACTORY BULB O F PA TIEN TS WITH 
N E U R O D E G EN ER A TIV E D ISEA SES. K.D. T ra n 1. G.S. S m utzer'A  R.L. 
D oty ' , S.E. A rn o ld 3 '. 'Sm ell and Taste Center. Departm ent o f  
O to rh ino laryngo logy : Head and Neck Surgery; ^Department o f
N eurology; 'C enter for N eu rob io logy  and Behavior. Departm ent o f  
Psychiatry; in s t itu te  for H um an G ene T herapy, University o f  
P ennsylvania School o f M edicine. Philadelphia . PA 19104

It is well estab lished  that o lfactory  loss occurs early in the course o f  
A lzh e im er's  (A D ) and P a rk in so n 's  (PD ) d iseases. P revious studies have 
dem onstrated  n eurodegeneration  in the o lfactory  cortex, an te rio r 
o lfactory nucleus (AO N), o lfactory  tract, and mitral cell populations in 
one or both o f these disorders. H ow ever, it is not known w hether synaptic 
connections estab lished  by prim ary  o lfactory  axons reaching their 
g lom eru lar targets are altered in AD or PD. In this study, post-m ortem  
olfactory bulbs o f 13 AD patients, 7 PD patients, and 12 age-m atched  
normal controls were fixed, processed , and em bedded  in paraffin . Teπ-µ 
thick sections were stained with an ti-synaptophysin  (SY 38) antibody. The 
optical density  o f synap tophysin  im m unoreac tion  product in g lom eru li 
was m easured by com puter-assisted  im age analysis. N o statistical 
difference in g lom eru lar im m unoreactiv ity  was observed am ong the 
o lfactory  bulbs o f  the three groups. Since it is known that 
im m unoreactivity  o f  synaptophysin , a pre-synaptic  protein, correlates 
with density  o f  synaptic term inals, our findings suggest that o lfac to ry  
dysfunction  is unlikely due to a decrease in input from  olfactory nerve 
fibers to the o lfactory  bulb. T hese results support the hypothesis that 
m ajor dam age within the o lfactory  system  with AD and PD occurs in 
structures m ore central than the o lfactory  bulb.

Supported by NIDCD PO l 00161, NIH, AG 10124, A G 09215, 
M H 55199, NA R SA D , and the NIMH.

DENDRO DENDRITIC RECIPROCAL SYNAPSES IN THE RAT 
ACCESSORY OLFACTORY BULB. Changping Jia*. Wei R. Chen and 
Gordon M. Shepherd. Section of Neurobiology, Yale Medical School, 333 Cedar 
Street, New Haven, CT 06510.

Dendrodendritic reciprocal synaptic transmission has been well studied in the 
main olfactory bulb. In the accessory olfactory bulb (AOB), electromicroscopic 
data indicates the presence of dendrodendritic synapses between the mitral and 
granule cell dendrites in the external plexiform layer. In the present study, whole 
cell patch recording was made in mitral cells in a slice preparation of the rat AOB. 
An action potential (AP) in a mitral cell evoked a large IPSP in Mg++ -free 
solution, indicating that the IPSP was generated by the reciprocal synaptic 
pathway. In the presence of TTX, which blocked sodium action potentials, large 
depolarizations of the mitral cell by current injection evoked IPSPs similar to the 
IPSP following an AP. This suggested that these IPSPs were generated by 
reciprocal dendrodendritic synapses located on the soma or dendrites of the mitral 
cells. The neurotransmitters involved in the dendrodendritic synapses were 
analyzed. The GABAA receptor antagonist bicuculline completely blocked the 
reciprocal IPSP in mitral cells, as did the glutamate receptor antagonists AP-5 and 
CNQX. Together, these results suggested that the dendrodendritic reciprocal 
synapses are glutamatergic in one direction and GABAergic in the other, as in the 
main olfactory bulb. Preliminary data indicate that metabotropic glutamate 
receptor agonists ACPD and DCG-IV reduce dendrodendritic synaptic 
transmission. We are testing the relevance of these data to proposed mechanisms 
underlying olfactory learning.

Supported by grants from NIDCD, and from NIMH, NASA and NIDCD 
(Human Brain Project).
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748.3
M O L E C U L A R  C L O N IN G  O F A  G A B A  A  R E C E PT O R  ß S U B U N IT  
F R O M  T H E  A M E R IC A N  L O B ST E R . B . H o llin s* , A . G ress and T .S . 
M cC lintock . D epartm en t o f  P h y s io lo g y , U n iv . o f  K en tucky, 
L ex in g to n , K Y  4 0 5 3 6 .

G am m a am inob utyric acid , G A B A , is the m ain inhib itory  
neurotransm itter in the brain. In the o lfactory  system , G A B A  released  
from  intem eurons in the o lfactory  bulb produce inhib itory input onto  
projection  neurons, the first relay point o f  odor s ign a ls in route to  
higher centers w ith in  the brain, and thus control their rate o f  firing. The  
actions o f  G A B A  in this system  are lik e ly  to have im portant 
co n seq u en ces  on  h o w  odors are d etected  and discrim inated .G A B A  A  
type ionotropic receptors are heteropentam eric and are form ed from  a 
num ber o f  individual subunits, d erived  from  d ifferen t fam ilies, 
d esign ated  alpha, beta, gam m a, delta, ep silo n  and rho.

W e have c lo n ed  a ß subunit o f  a G A B A  A  receptor from  the lobster, 
H om arus A m ericanus, that is  predicted to en co d e  a 4 8 5  am ino acid  
protein. A  hydropathy plot predicts 4  m em brane spanning dom ains  
w ith an extracellu lar N  and C term inus. T h e  c lo n e  sh o w s 54%  
h o m o lo g y  at the am in o  acid  lev e l w ith  a c lon ed  ß subunit o f  G A B A  A  
receptors from  drosophila  and 3 3 -3 6  % h o m o lo g y  w ith  vertebrate ß 
subunits. A  secon d  c lo n e  d ifferin g  o n ly  b y  a 3 6  aa insert in the N -  
term inal extracellu lar dom ain  is predicted to o ccur by alternative  
sp lic in g .

T h e  research w as supported by N ID C D  award D C O 2366 to T .S .M .

748.5
INTRINSIC EXCITATION IN G RANULE CELLS OF THE 
VERTEBRATE OLFACTORY BULB BJ Hall* and KR D elaney. 
Biology, Simon Fraser University, Burnaby, BC, Canada, V 5A lS δ  

The vertebrate olfactory bulb (OB) is the initial relay for sensory 
inputs from the nasal epithelium. Primary OB neurons, Mitral/Tufted 
cells (MCs), receive inputs from the olfactory nerve and send axons 
directly to cortical structures. MCs are controlled by two types o f  
intrinsic, inhibitory, GABAergic intemeurons: periglomerular cells 
(PGs) and granule cells (GCs). W hole-cell recordings in an in vitro, 
frog, nose-brain preparation revealed frequent, spontaneous, EPSPs in 
GCs including large unitary events (up to lOmV) sufficient to 
generate action potentials (APs). We present evidence for an intrinsic, 
long-lasting, Ca2+-dependent, depolarizing current in GCs. GCs 
injected with short trains o f weak, brief, current pulses (3s at 1 .5H z/10- 
2OpA/lOOms), initially sufficient to produce only one AP, responded  
to subsequent pulses with a gradual increase in the number o f spikes 
per pulse. Longer duration steps (1-3s) resulted in an increase in AP 
rate during the step, on top o f a regenerative depolarization which 
drives the cell to a steady-state inactivated level approximately 3OmV 
above RMP. Follow ing the pulse, the RMP remains above baseline for  
many seconds. Intracellular BA PTA (100-300µM ) but not EGTA (up  
to ImM ) removed this underlying depolarization, resulting in a 
maintained spike rate during the pulse. The depolarization was not 
blocked by bicuculline (5µM ) nor did it show sensitivity to prepulse 
hyperpolarization. Sustained excitation which follow ed the current 
pulse resulted in an increase in the strength o f GC responses to odour  
stimulation. Thus, GCs exhibit an intrinsic excitability, that can act to 
limit spiking during strong depolarizations. In addition, this excitation  
results in a sustained increase in baseline excitation that may be  
important in olfactory processing for maintaining GC activity over 
time; for example, between sniff-cycles. Supported by m r c  Canada.

748.7
ELECTROPHYSIOLOGICAL ST U D Y  OF TAURINE ACTIONS IN THE 
RAT OLFACTORY BULB SLICE PREPARATION. I. Kratskin.2* M, 
Puopolo1 and O. Belluzzi1. 'Dept. o f  B iomedical Sciences, Univ. o f  Ferrara, 
44100 Ferrara, Italy; 2Smell and Taste Center, Univ. o f  Pennsylvania Med. 
School, Philadelphia, PA 19104, USA.

In the mammalian olfactory bulb, taurine is the most abundant neuroactive 
amino acid which is localized in primary olfactory afferents and various 
bulbar neurons. In the present study, whole-cell recordings in slices o f  the rat 
olfactory bulb in vitro showed that application o f 5 mM taurine produces a 
potent and reversible inhibition o f relay neurons, mitral and tufted cells. 
Under current-clamp conditions, a sharp reduction o f the membrane 
resistance by 75% and a shift o f the resting membrane potential toward the 
Ecl were observed. Under voltage-clamp conditions, taurine evoked an inward 
C f current in mitral/tufted cells. The effects o f  taurine were blocked by the 
G ABA a antagonist bicuculline (10 µM ), but not by G ABA b antagonist and 
strychnine, and completely maintained under the blockage o f synaptic 
transmission. These findings indicate that inhibition o f mitral/tufted cells by 
taurine is due to direct activation o f somatic G ABA a receptors and initiation 
o f Cl' conductance. In voltage-clamp experiments at Ecl, taurine reversibly 
inhibited by 55% the synaptic current, induced in mitral/tufted cells by 
stimulation o f the olfactory nerve, suggesting the presence o f a presynaptic 
taurine action. The results raise the possibility that taurine, released from 
depolarized olfactory axons, may modulate transmission in the primary 
olfactory synapse at both pre- and postsynaptic levels. This study provides the 
first evidence that taurine exhibits physiological activity in the olfactory bulb.

Supported by M URST grant (O .B .) and NIH grant 5PO l DC 00161 (I.K .).

748.4
INSULIN RECEPTOR KINASE FUNCTIONALLY MODULATES AND  
CO-LOCALIZES WITH KV1.3 CHANNELS IN DEFINED NEURONS OF 
THE OLFACTORY BULB. J.J. Phillips. K. Tucker, and D.A. Fadool*. 
Department o f  Zoology, Auburn University; Auburn, AL 36849-5414.

Insulin activates a number o f  signaling pathways that regulate 
cellular metabolism and growth. Because we have previously shown that 
acute insulin application to olfactory bulb neurons causes current suppression 
o f  potassium channels (K vl.3 ), insulin receptor kinase (IR) may play a 
secondary role in ion channel modulation via tyrosine phosphorylation in this 
area o f  the brain. We now demonstrate by Western analysis that the ß 
subunit o f  the insulin receptor (IR) is developmentally expressed in the rat 
olfactory bulb (OB) across postnatal (P) ages ranging from PI to P I6 and 
persists in the adult OB (P6O). Immunolabeling o f  K vl .3 ion channel, IR, 
and ß-tubulin III in 12 µm thick cryosectioned OB indicates that the ion 
channel protein is ubiquitously expressed during early postnatal ages and 
then is localized to the olfactory nerve layer (ONL) and the external 
plexiform layer (EPL) by P30. IR is localized to the ONL and glomerular 
layer (GML) at birth and is later expressed concurrently with K vl .3 in the 
ONL and the EPL as development proceeds. Confocal microscopy o f OB 
primary cell cultures confirms co-localization o f  the K vl .3 and IR proteins in 
granule and mitral cells. In parallel biochemical and electrophysiological 
studies o f  co-transfected K vl.3  and human IR cD N A  in HEK 293 cells, bath 
application o f  insulin causes an increase in tryosine (Y) specific 
phosphorylation and a concomitant decrease in K vl .3 current. Site-directed 
mutagenesis o f  targeted Y  phosphorylation recognition m otifs in the ion 
channel is presently revealing the molecular targets for channel modulation 
by IR. The modulation also appears to be reciprocal because expression o f  
K vl.3  protein will down-regulate the degree o f  IR phosphorylation.
This research was supported by a Research Grant-In-Aid from Dept, o f  
Botany/M icrobiology, Auburn University & NIH grant R 29D C 03387-01.

748.6
NMDA RECEPTOR BLOCKADE MODULATES THE TYROSINE 
HYDROXYLASE (TH) PHENOTYPE IN THE OLFACTORY BULB.
P. Bovolin1*. N. Ferraris1, I. Perroteau1. G. Mafíiodo1. A. Fasolo'. A. 
Contestabile2. 'Dept. Of Human and Animal Biology, Univ. of Torino, Torino 
10123, Italy; ¾>ept. of Biology, Univ. of Bologna, Bologna 40126, Italy.

Glutamatergic olfactory nerve input regulates the expression of tyrosine 
hydroxylase (TH) in juxtaglomerular (JG) neurons of the olfactory bulb (OB). The 
mechanisms of this modulation are presently unclear. Modification of neuronal 
phenotype can be triggered by variations in intracellular calcium concentration, 
such as those exerted by glutamate through activation of NMDA receptors. We 
investigated this possibility by monitoring the changes in TH mRNA in adult rats 
treated with the competitive NMDA antagonist CGP3955l. OBs from control and 
treated (25 mg/kg, i.p.) rats were dissected out 24 and 48 hours after drug 
administration and analyzed by quantitative RT-PCR. NMDA receptor blockade 
resulted in a sustained increase (+46%) in TH mRNA in rats observed 48 hours 
after a single dose treatment; this change was paralleled by a 27% increase in 
NRla (la  splicing form of the NMDAR1 subunit) mRNA, while at 24 hours no 
alteration was present in both mRNAs. On the contrary, NRlb mRNA showed a 
30% decrease at both time points. In order to examine the long-term effects of 
chronic neonatal exposure to CGP3955l, rat pups were treated daily with 
increasing doses (1.5 to 6.0 mg/kg, s.c.) from post-natal day 1 to 22 . OBs of adult 
rats showed a marked decrease in both NRla (-32%) and TH (-50%) mRNAs, 
suggesting different mechanisms for short- and long-term effects and/or that 
neonatal and adult OB cells respond differently to NMDA blockade. Collectively, 
these data suggest that in vivo TH expression in JG neurons critically depends on 
NMDA-mediated glutamatergic transmission.

Supported by MURST, N.F. is a recipient o f a fellowship by the 
Accademia dei Lincei Foundation.

748.8
Current Source Density (CSD) Analysis in the Rat Main Olfactory Bulb (MOB): 
Laminar Distribution of AMPA and NMDA Receptor-Mediated Currents. V. 
Aroniadou-Anderiaska*. M. Ennis & M.T. Shiplev. Dept. Anat. & Neurobiol., and 
Prog. Neuroscience, Univ. Maryland Sch. Med., Baltimore, MD 21201.

The CSD method was used to analyze laminar field potential profiles evoked in 
MOB slices by stimulation in the olfactory nerve (ON) layer or in the mitral cell 
layer (MCL), in order to identify the generators of field potentials and the 
characteristics of synaptic activity in the MOB network. Single pulses to the ON 
evoked a prolonged (> 400 msec) sink (S l^ )  in the apical dendrites of 
mitral/tufted (M/T) cells, and a relatively brief sink (S2W) in the dendrites of 
granule cells. S10N was mediated by kainate/AMPA (K/A) and NMDA receptors 
(early phase was blocked by CNQX and late phase by APV). S20N was mediated 
primarily by K/A receptors; however, a significant NMDA component was revealed 
in low Mg++. Single pulses were applied to the MCL to antidromically depolarize 
the dendrites of M/T cells. In addition to the synaptic currents generated by 
granule cells, alow  amplitude sink (S lmcl) was evoked in the apical dendrites of 
M/T cells. S lmcl was reduced by CNQX. In low Mg++ medium or in bicuculline S lrac, 
was enhanced. Combined CNQX/APV blocked both the M/T and granule cell sinks.

ON activation produces prolonged excitation in M/T cell apical dendrites via K/A 
and NMDA receptors, providing the opportunity for modulation and integration of 
sensory information at the first level of synaptic input to MOB. Granule cells 
respond to input from M/T cell lateral dendrites via both K/A and NMDA receptors; 
however, with physiological levels of extracellular Mg++, NMDA receptor activation 
does not contribute significantly to the granule cell responses. The glomerular 
sink evoked by antidromic depolarization of M/T cell dendrites suggests that 
glutamate released from M/T cell apical dendrites excites the same or neighboring 
M/T cell dendrites. Support: PHS grants DC03195, DC00347, DC02588 & 
NS3694O.
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748.9
Two Mitral Cell Types in Rat Main Olfactory Bulb (MOB) Are Distinguished By 
Amplitude Of A Transient Voltage-Dependent Outward K+ Current. Y. Wang*. P.M. 
Hevward. M. Ennis & M.T. Shipley. Dept. Anatomy & Neurobiology, Program in 
Neuroscience, Univ. Maryland Med. School., Baltimore, MD 21201.

Mitral cells, the principle output neurons of the MOB, integrate olfactory nerve 
(ON) inputs and transmit information to olfactory cortex. Spontaneous and ON 
synaptic activity in mitral cells was investigated with whole-cell recording in rat 
MOB slices. Two types of mitral cells were identified: (1) Monostable mitral cells 
(-33%) generate action potentials from a single resting membrane potential; (2) 
Bistable mitral cells (67%) alternate between two resting potentials differing by about 
10 mV. These differences profoundly influence the capacity of the two cell types to 
generate action potentials in response to ON synaptic input.

4-aminopyridine (4-AP) eliminated differences in membrane potentials and firing 
patterns between the two cells types suggesting the involvement of a transient 
outward current (IA). Voltage-clamp experiments were done to investigate this current. 
First, mono- and bistable cells were identified by their membrane potentials and 
firing patterns in current-clamp mode. Then, IA was isolated from other currents by 
bathing with: CO++ 2 mM, Cs+ ImM, TEA 2OmM and TTX O.5µM. Outward 
currents were evoked by depolarizing step commands increasing incrementally to -10 
mV following a 1 sec hyperpolarizing pre-pulse to -lOOmV from holding potential of 
-6OmV. IA currents from bistable cells were several times larger than IA from 
monostable cells. IA from both cell types had similar voltage dependency of 
activation and inactivation, kinetics of inactivation and pharmacological sensitivity 
(inhibited by 5-10 min perfusion with 1-2 mM 4-AP). However, in bistable cells IA 
was consistently stronger. This, coupled with their lack of an IH (repolarizing) 
current, may explain why bistable cells can maintain a relatively hyperpolarized 
potential for hundreds of msec following a spike-induced AHP. In their 
hyperpolarized state, bistable mitral cells are much less responsive to ON input. 
TTiese results suggest that differences in intrinsic membrane properties define two 
classes of mitral cells with dramatically different circuit characteristics. Support: 
PHS grants DC02588, DC00347, DC03195 and NS3694O.

748.11
OLFACTORY BULB-OLFACTORY CORTEX SLICES IN THE STUDY OF 
CENTRAL OLFACTORY CNS CIRCUITS. Adam C. Puche*. V. Aroniadou- 
Anderjaska, and Michael T. Shipley. Department of Anatomy and Neurobiology, Progra 
in Neuroscience, University of Maryland, Baltimore MD, 21201.
Olfactory receptor neurons expressing a particular odorant receptor gene converge onto 
one or a few glomeruli where they synapse onto juxtaglomerular intemeurons, and 
mitral/tufted cell output neurons. The organization o f projections from mitral/tufted 
cells arborising in single glomeruli, thus, have important implications for the patterns 
of bulb and olfactory cortical activity. Mitral/tufted cells project to a variety of brain 
regions collectively referred to as primary olfactory cortex (POC). POC sends heavy 
centrifugal afferents back into the bulbs. Little is known, however, about information 
processing between the OB and the POC. To investigate these issues we have 
developed slices which include both the OB and POC. Dil/DiO tract tracing within 
these slices indicate that the axons and terminal branches of mitral/tufted cells to the 
POC are well preserved along almost the entire length of the lateral olfactory tract. In 
the same slices, there is extensive retrograde labeling of the perikarya and dendritic 
arbors of neurons in the superficial layers of the POC. POC axons coursing to the bulb 
are also labeled. Field potential recordings indicate that these anatomical connections 
are also functionally preserved. Stimulation of the olfactory nerve evokes reproducible 
field potentials within the olfactory bulb and piriform cortex, mediated by both 
AMPA/Kainate and NMDA receptors. In the same slice, stimulation of the piriform 
cortex evokes field potentials in the granule cell layer, with reversal occurring in the 
external plexiform layer. Therefore, both output and reciprocal centrifugal inputs are 
functionally preserved within the slices. This OB-POC preparation will provide the 
opportunity to analyze the functional topography of mitral/tufted cell projections, 
activity patterns in the POC after stimulation of specific glomeruli, and the precise 
roles of centrifugal afferents in OB function.

Supported by PHS grants DC 03195, D C 00347, D C 02588, and NS3694O.

748.13
TWO ALTERNATIVELY SPLICED VARIANTS OF ODORANT  
RECEPTOR TRANSCRIPTS IN THE OLFACTORY EPITHELIUM OF 
THE ZEBRAFISH. A. Rum m rich. K. B andem er and S. Korsching-*. 
Institute for Genetics, Univ. of Cologne, D-50674 Cologne, G erm any.

O doran t receptor genes from  zebrafish (Danio rerio) w ere found to be 
expressed  as tw o transcrip tional v arian ts in the o lfactory  e p ith e liu m . 
By ap p ly in g  RT-PCR analysis, th is  po ly m o rp h ism  w as show n to be 
due to a lte rn a tiv e  splicing. The a lte rn a tiv e ly  spliced exons of a l l  
genes exam ined so far differ in leng th  betw een 100 and 500 bp and  a re  
located in the 5 '-u n tran sla ted  region im m ed ia te ly  preceding th e  
p u ta tiv e  open read in g  fram e. As rev ea led  by in situ  h y b r id iz a t io n , 
both  tran sc rip tio n a l va rian ts  are located in the cytosol of sensory 
receptor neurons. Thus the longer v a rian ts  ought not to rep resen t 
im m ature  "heterogeneous nuclear RNA" aw aiting  processing.

M ost of the a lternatively  sp liced exons an a ly zed  so far (four of f iv e  
exons) contain an ad d itio n a l tran sla tio n  s ta rt site, in -fram e w ith  th e  
coding  region. If bo th  sta rt sites w ere to be used, two d iffe ren t pro teins 
would be generated  from each gene v ary ing  in leng th  of th eir N - 
term ini. Theoretically , these p ro te ins  cou ld  h av e  d istin c t odor lig an d  
b ind ing  p ro p erties . A lternatively , the N -te rm in a l extension m igh t be 
im p lica ted  in axon guidance, for transcrip ts  of receptor genes h a v e  
been found in the  axon term inals of o lfactory sensory neurons in o th e r  
species.

We are currently  investig a tin g  the sp a tio -tem p o ra l expression 
p a tte rn  of both  sp licing varian ts for several genes in o rd er to e lu c id a te  
the possible functions of od o ran t receptor transcrip t polym orph ism .

Supported by a gran t of the "D eutsche Forschungsgem einschaft" 
(SFB 274).

748.10
Trans-ACPD sensitive m etabotropic glutam ate receptors (m G lu R s)  
reduce glutam atergic transm ission between m itral/tufted (M/T) and 
granule cells. K J. Ciombor*. V. Aroniadou-Anderiaska. M. Ennis and M.T. 
Shiplev. Dept. Anat.& Neurobiol., and Prog. Neuroscience, Univ. Maryland Sch. 
Med., Baltimore, MD 21201.

mGluRs are located on several cell types in the olfactory bulb (M/T, 
periglomerular and granule cells), but their physiological actions are not known. 
Here, we investigated the effects of mGluR activation on mitral cell discharge and 
field potentials recorded in the glomerular layer (GL) and granule cell layer (GCL) 
during stimulation of the olfactory nerve (ON) and mitral cell layer (MCL) in rat 
olfactory bulb slices. The ON-evoked GL field potential represents AMPA and 
NMDA receptor-dependent synaptic activation of M/T cell apical dendrites. The GCL 
field potential reflects synaptic activation of granule cells by glutamate released from 
M/T cell lateral dendrites.

The mGluR agonist ACPD dose-dependently decreased the GL and GCL field 
potentials evoked by ON shocks; the GCL field potential evoked by MCL shocks 
was similarly decreased. In isolated GL slices, 200 µM ACPD had no effect on the 
ON-evoked GL field potential, suggesting that ACPD mainly acts below the GL; 
i.e., on M/T cell lateral dendrites and/or the granule cells. The effects of ACPD were 
blocked by the mGluR antagonist MCPG (500 µM), and mimicked by the Group I 
agonist DHPG (100 µM), but not by the Group II agonist CCG (2 µM). Recordings 
from single mitral cells showed that ACPD increased spontaneous discharge, and 
reduced the inhibitory response component elicited by ON shocks.

These results suggest that ACPD-sensitive mGluRs decrease glutamate-mediated 
synaptic activity between M/T and granule cells. Since ACPD increased mitral cell 
spontaneous activity, the decreased GCL synaptic response could be due to 
presynaptic inhibition of transmitter release from M/T cells, or inhibition of granule 
cells. In either case, reduced mitral to granule cell excitation should lead to 
disinhibition of M/T cells. Support: PHS grants DC03195, DC00347, DC02588 & 
NS3694O.

748.12
LOCALIZATION OF 17 ODOR RECEPTOR PROTEIN IN 
THE OLFACTORY SYSTEM. Sung Ok Yoon*. Lidija Ivic, 
Steve Hardv *. and Stuart Firestein. ^Cell Genesys, 342 
Lakeside Dr., Foster City, CA 94404; Dept, of B iology, 
Columbia Univ., New York, N Y  10027.

It has been accepted that the odor receptors are localized in the 
cilia o f the olfactory receptor neurons, based on the 
electrophysiological responses to odor stimulation. The actual 
detection of odor receptors at the protein level has been difficult, 
however, mainly due to the scarcity o f good antibodies against 
the odor receptors but also due to the small fraction of receptor 
neurons expressing a given receptor. For this reason, we 
generated an adenovirus for the 17 odor receptor with the Flag 
epitope at its N-terminus as a tag. The virus also expressed 
GFP under IRES element, allowing the identification of the cell 
expressing the Flag-I7 receptor. When expressed in the rat 
olfactory epithelium, the Flag-I7 odor receptor responds to 
octanal like the 17 receptor, indicating that the addition of the 
Flag-tag at its N-terminus did not alter the odor binding 
specificity o f the 17 receptor. W e then followed the expression 
of exogenous 17 receptor by performing double 
immunocytochemistry using anti-GFP antibody and anti-Flag 
antibody. The receptor was mainly found in the dendritic knob, 
and throughout the cell body, and the initial segment of axons. 
We are currently investigating the expression pattern of 
endogenous 17 receptor using anti-I7 antibody.

748.14
OLFACTORY NEURONS EX PRESSING A FA M ILY OF HIGHLY 
HOMOLOGOUS ODORANT RECEPTOR GENES PROJECT TO A SINGLE PAIR 
OF GLOMERULI IN THE OLFACTORY BULB H. Cai. I. C. Griff, and R. R. Reed 
*. Howard Hughes Medical Institute, Dept, of Neuroscience and Dept, of Molecular 
Biology and Genetics, The Johns Hopkins University School of Medicine; Baltimore, 
MD 21205.

We have characterized a family of highly homologous odorant receptor genes, 
nM4-1, nM4-2 and nM4-3, which share over 99% nucleotide and amino acid 
sequence identity. The nM4 receptor genes are encoded in a 280 kb region as tandem 
repeat on mouse chromosome 17. Two isoforms arising from alternative splicing 
within the coding regions exist for nM4-2 and nM4-3 and give rise to predicted 
proteins with different NH2 termini. They also share extensive homology in the 5’ and 
3’ untranslated regions and in the introns. In situ hybridization with nM4 receptors in 
olfactory epithelium has revealed that the nM4 receptors are restricted to neurons 
within zone II of olfactory turbinates, and the majority of these neurons are located in 
the more apical regions of olfactory epithelium. RT-PCR of nM4 receptors from 
pools each containing several hundred olfactory neurons indicated that for a given 
neuron only a single member of nM4 receptor genes was expressed, and the splice 
variants of nM4 receptors 2 and 3 co-exist in the same cell. To examine the 
projection of olfactory neurons expressing non-m4 receptors, we performed nM4 in 
situ  hybridization in the olfactory bulb and found only a single pair of labeled 
glomeruli. The gene organization, conserved genomic sequences and amino acid 
sequence identity shared by this family of odorant receptors might contribute to the 
convergence of nM4 sensory axons in the olfactory bulb. Supported by Howard 
Hughes Medical Institute.
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748.15
EXPRESSION AND FUNCTIONAL ANALYSIS OF MAMMALIAN 
OLFACTORY RECEPTORS
O. Zhou*. Y. Zhang and K. Zinn, Caltech, Division of Biology, 216-76, Pasadena, 
CA 91125

The mammalian olfactory system can detect and discriminate thousands of 
odorants with very high sensitivity. This remarkable capability has led to intensive 
efforts to understand the underlying molecular mechanisms in odorant-receptor 
interaction. The best candidates for odorant receptors are a large family o f G-protein 
coupled receptors with seven transmembrane domains that are selectively expressed 
in olfactory neurons. Over one hundred such receptors have been cloned from 
different species. However, it has not been demonstrated through expression in 
heterologus systems that any of these genes actually encode an odorant receptor.

We constructed an eukaryotic expression vector, pCEP4-Myc, which 
contains a CMV promoter and a myc-tag. The genes encoding several rat olfactory 
receptors were cloned into this vector. Using these constructs, we have generated 
human embryonic kidney-derived cell lines which stably express the rat receptors. 
Immunofluorescent staining revealed that these cells express the target receptors, but 
at lower levels than their transiently transfected counterparts. We are currently in a 
process to isolate cells that express the target receptors at higher levels through flow 
cytometry and a magnetic-bead based column isolation system. The isolated cells will 
then be assayed using a fixra-2-based Ca-imaging system. We previously showed that 
a similar imaging system could be used to assay the nematode Odr-10 receptor 
expressed in human cells. Results from flow cytometry indicate that about 3-4% of 
total cells or 5-7% of transiently transfected cells (our transfection efficiency is about 
40%) express the receptors on their surface. Functional assay using fiιra-2 Ca imaging 
reveals that one receptor, when co-expressed with Gαl5/16, responds to an odorant of 
non-aromatic esters group at a concentration as low as 1 micromolar. The kinetics of 
the Ca 2+ elevation is consistent with the release of Ca 2+ from intracellular stores. 
Supported by the NIMH and NIH.

748.17
ISOLATION OF MOUSE VOMERONASAL RECEPTOR GENES AND  
THEIR C O -L O C A L IZ A T IO N  W ITH SPEC IFIC  G -PR O TEIN
H .S a i t o L2'3. M .M im m a c k 2. E .B .K e v e r n e 1. J .K is h im o t o L T. 
Hashikawa3*. and P.C .Em son2. 1 Sub-Department o f Animal Behavior, 
D epartm ent o f  Z oo logy , U niversity  o f  C am bridge, M adingley, 
Cambridge, CB3 8A A, U.K.; la b o ra to r y  o f M olecular and Cognitive 
N euroscience, Department o f Neurobiology, The Babraham Institute, 
Cambridge, C B2 4A T, U.K.; la b o r a to r y  for Neural Architecture, 
RIKEN Brain Science Institute, Wako, Saitama 351-0198, Japan.

Investigating the expression o f two different types o f vomeronasal 
receptor fam ilies (V1R and V2R) in relation to the G-protein (Gai2 and 
G ao) phenotype o f  the V N O  w ill provide important clues to 
understanding receptor signalling in the VNO. Four mouse vomeronasal 
receptors (m V IR s) have been isolated by similarity to rat vomeronasal 
receptor (V 1R) m otifs. The four m V IR s identified in this study are 
members o f two distinct subfam ilies. Specific in situ hybridization 
probes (ISH) derived from the 3' non-coding regions o f the m VIR genes, 
were used to detect expression o f a single receptor and probes from the 
homologous coding regions were used to detect expression of subfamily 
members. The ISH results showed that the m V IR s expressing neurons 
were scattered in the middle/upper layer of the VNO sensory epithelium in 
serial VNO sections but were excluded from the deeper layers o f the VNO  
sensory epithelium and these neurons were found to coexpress the mRNA  
for the G-protein Gai2, and were distinct from the deeper layers of the 
VNO sensory epithelium where the mRNA for Gao positive neurons was 
located. This result supports the presence of two distinct subdivision in 
the VNO and suggests that they share the physiological function. 
Supported by a BBSRC link grant to EBK.

748.16
PHARMACOLOGICAL CHARACTERIZATION OF THE MAMMALIAN 
OCTANAL RECEPTOR 17. R.C Araneda’ , S.O. Yoon and S. Firestein. 
Department of Biological Sciences, Columbia University, New York, NY 
10027.

A critical step in olfactory perception is the activation of a population 
of sensory neurons by a specific odorant; several thousand odor 
molecules are specifically recognized by nearly a thousand different 
receptors. The structure-activity relation between odorant and 
receptors remains largely unknown. We have recently shown that the 
rat I7 gene encodes the receptor for octanal (C8). The receptor is also 
activated by heptaldehyde (C7), nonyl aldehyde (C9) and decyl 
aldehyde (C10), but not by the shorter or longer aliphatic aldehydes C6 
and C11. We have began to study the possibility that some compounds 
can antagonize the action of octanal at its receptors. In a first approach 
we have looked at the effect of octanal analogs on the responses to 
octanal on olfactory epithelium infected with an I7-GFP virus. In EOG 
recordings, the aldehydes C5, C6 and C11 (at 10'3 M) which do not 
activate the receptor did not reduce the effect of a subsaturating 
concentration of octanal (5x10‘5 M). These results reveal a surprising 
specificity in the I7 receptor (I7R). Although I7R can be activated by a 
range of aldehydes a change of a single carbon (i.e. C6 vs. C7) can be 
discriminated. We are currently characterizing the pharmacology of the 
receptor in isolated cells.
Supported by NIDCD

748.18
IMMUNOCYTOCHEMICAL STUDY WITH ANTIBODIES TO 
PUTATIVE PHEROMONE RECEPTOR ON RAT VOM ERON
ASAL O R G A N .
S. Takigami1,2. T. Osada3. J. Matsuoka1. M. Matsuoka1,4. Y. Mori*2. M. 
Ichikawa1. ‘Tokyo Metoropoli. Inst, for Neurosci., Tokyo 183-8526, 
2Univ. of Tokyo,Tokyo 113-0032, 3Tokyo Inst, o f  T ech.,Yokohama 
226-0026, Japan, 4JSPS Research Fellowships for Young Scientists.
The vomeronasal (VN) system is regarded as being responsible for the 
perception o f pheromones, which then leads to neuroendocrine as well as 
behavioral changes in the recipient animal. In this study, to reveal the 
expression pattern and localization o f pheromone receptor proteins, we 
produced two kinds o f polyclonal antibodies against two sets o f oligo 
peptides, which were designed to match the partial sequences o f the G 
protein (Gαi2)-coupled putative pheromone receptor. By using these anti
bodies, the VN organ was examined immunocytochemically in adult rats. 
Both antibodies stained specifically the knobs and microvilli o f some but 
not all VN sensory cells. On the other hand, they did not cross-react with 
those of supporting cells, VN nerve bundles or glands. The immunore- 
activity was eliminated when excess amount o f each antigen peptide was 
added to the reaction solution. These antibodies were thus found to be 
useful markers for the sensory cells in the VN organ.
(This work was supported by CREST o f Japan Science and Technology 
Corporation.)
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749.2749.1

Analgesia and Brainstem Fos Expression Induced by Intraoral 
Sucrose Infusion in 10-Day Old Rats. V.Z. Anseloni*. B J. Davis. K. 
Ren & M. Ennis. Dept. Anatomy & Neurobiol., Program in Neuroscience, Univ. 
Maryland Sch. Med., Baltimore, MD 21201.

Studies by Elliott Blass and colleagues demonstrate opiate receptor-dependent 
analgesic and calming effects of oral ingestion of certain components of mothers 
milk (sugars and fats) in newborn rats and humans. The neural circuits by which 
taste stimuli engage central analgesic mechanisms are not known. Here, functional 
activity mapping via Fos immunohistochemistry was used to identify populations 
of brainstem neurons activated by intraoral sucrose infusion in 10 day-old rat pups.

In unanesthetized rat pups, intraoral infusion of 60-70 µl of a 7.5% sucrose 
solution, but not distilled water, elicited analgesia as measured by withdrawal of a 
forepaw from a 47-48°C thermal stimulus. Intermittent intraoral infusion of 7.5% 
sucrose (1 min on-1 min off) for 45-60 min induced robust Fos expression in the 
rostral nucleus of the solitary tract and the parabrachial nucleus, the first two relays 
in the gustatory pathway. Intraoral infusion of sucrose also elicited robust Fos 
expression in the noradrenergic nucleus locus coeruleus. In some cases, intraoral 
sucrose infusion produced elevated Fos expression in the midbrain periaqueductal 
gray. In all cases, the number of Fos-positive cells after sucrose infusion was 
greater than after similar infusion of distilled water.

These findings demonstrate that intraoral infusion of analgesic doses of sucrose in 
10 day-old rats induces Fos expression in the brainstem relay nuclei of the gustatory 
pathway, and in several sites implicated in centrally-mediated antinociception (locus 
coeruleus, periaqueductal gray). Experiments in progress are investigating sucrose- 
induced Fos expression in the forebrain, and the role of the periaqueductal gray and 
locus coeruleus in mediating taste-induced analgesia in rat pups. Support: PHS 
grants DC03195, DC00245, DEI 1964, NS29635 & FAPESP Brazil fellowship 
award.

CHORDA TYMPANI NERVE TRANSECTION IN NEONATAL RATS 
RESULTS IN ALTERED TASTE RESPONSES OF ADULT NST NEURONS.
M. E. Dinkins and S. P. Travers*. The Ohio State University, Columbus, OH 
43210.

An increased preference for ammonium chloride in adult rats following 
neonatal chorda tympani (CT) transection was demonstrated by Sollars and 
Bernstein in 1996. Changes in CNS taste responses have been implicated 
as a possible mechanism accounting for this novel behavior. Our objective 
was to determine whether neonatal CT transection results in altered 
gustatory responses in the nucleus of the solitary tract (NST) of adult rats. 
Unilateral CT transection via a ventral neck approach was performed on 23 
Long-Evans rats at 10 days of age. After waiting at least 50 days, adult rats 
were prepared for neurophysiologic recording using standard techniques 
(Travers and Norgren, '95). Taste responses were recorded from 78 cells 
within the NST, 40 on the CT-innervated side and 38 on the denervated side. 
Responses were elicited by stimulating the whole mouth and individual taste 
bud subpopulations with O.3M sucrose, O.3M sodium chloride (NaCI), O.3M 
ammonium chloride (NH4CI), 0.01 M hydrochloric acid, 0.003M quinine and a 
mixture of these tastants. As expected, cells on the CT-denervated side did 
not respond to stimulation of the anterior tongue taste buds which are 
innervated by the CT. Significant decreases in whole mouth taste responses 
were observed for NaCI and NH4CI on the CT-denervated side (t-tests, 
p=.OO4,p =.001, respectively). Interestingly, for a subset of cells, stimulating 
the posterior tongue with taste mix or quinine, elicited responses which were 
significantly greater on the CT-denervated side (t-tests, p<.O5, both). These 
preliminary analyses suggest notable changes in neural responsiveness, but 
do not reveal a simple explanation for why preference for NH4CI increases 
after CT transection. Supported by NIDR, DE00357 and NIDCD, DC00416.
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749.3
SIMULTANEOUS CONTRAST IN SINGLE CELLS OF THE 
NUCLEUS OF THE SOLITARY TRACT (NST) IS NOT 
ELIMINATED BY LONGER RINSES OR INTERVALS
F.Gomez , R. Norgreri;" and P.S. G ngson. Penn State University  
College o f  M edicine, Hershey, PA 17033.

Gustatory neurons in the N ST respond less for a low concentration 
of a tastant when presented on the tongue in alternation with a high 
concentration. This contrast effect may be medited by central 
processes or by adaptation o f  peripheral receptors. I f  adaptation o f  the 
gustatory receptors contributes to the phenomenon, then the effect 
should be reduced by rinsing the tongue with water or by lengthening 
the interval between trials. To test this hypothesis, w e recorded from 
21 units in the N ST o f  anesthetized rats. Low and high concentrations 
of sucrose, NaCl, and citric acid were applied to the anterior tongue in 
a rinse-stimulus-rinse sequence. The second rinse extended for either 6 
or 20 sec and the interstimulus interval ranged from 76 sec to 2, 4, or 6 
min. Tw elve cells were NaCl best, 7 sucrose best, and 4 citric acid 
best. As previously determined, the response for the low  concentration 
of sucrose, citric acid, and to a lesser degree, NaCl was reduced when  
presentations were alternated with the high concentration relative to 
conditions when the low concentration was presented alone. The 
magnitude o f  these contrast effects, however, was not reduced by 
lengthening rinse or the interval between trials. This finding argues 
against a peripheral adaptation account in favor o f  a central processing 
interpretation. *Supported by DC 00240, MH 00653, and DC 02016.

749.5
GENERALIZATION OF CONDITIONED TASTE AVERSION BETWEEN 
MONOSODIUM, GLUTAMATE AND L-ASPARTIC ACID. J.R. Stapleton,1
S.D, Roper2 and E.R. Delay**. *D e p t . P s y c h o l . ,  R e g is  U n iv .  , 
D e n v e r ,  CO 8 0 2 2 1 ,  *D e p t .  P h y s i o l .  B i o p h y s . ,  U n iv .  M ia m i ,  
S c h . M e d . ,  M ia m i ,  F L  3 3 1 0 1 .

Recently, Chaudhari et al (J .  N e u r o s c i ,  1 6 :  3817-3826,
1996) reported molecular and behavioral data that a 
specific receptor may be involved in taste cell transduc
tion for the "umami" taste elicited by monosodium gluta
mate (MSG). In humans, L-forms of α-amino dicarboxylic 
acids with 4 to 7 carbon atoms are thought to elicit a 
taste similar to that of MSG. We tested this hypothesis by 
comparing taste properties of MSG with L-aspartic acid CL
ASP) in rats, using conditioned taste aversion procedures. 
Rats were presented with either MSG or L-ASP (100 mM) in 
MS-80 Davis lickometers. The rats were then injected with 
either LiCl (to induce gastric distress) or NaCl (con
trol). Two days later, all rats injected with LiCl showed 
a significant dose-related taste aversion to their 
respective CS (MSG or L-ASP) whereas those injected with 
NaCl did not. Further, rats with a taste aversion to MSG 
also showed an aversion to L-ASP (0-100 mM). Conversely, 
rats with an aversion to L-ASP also showed an aversion to 
MSG (0-100 mM). These data suggest that MSG and L-ASP may 
activate the same receptor site(s) for umami transduction.

Supported by NIH/NIDCD: DC03013

749.7
GLUTAMATE RECEPTORS IN TASTE BUDS IN RATS. A. Caicedö* 
and S. R oper. Department of Physiology and Biophysics, University of 
Miami School o f Medicine, Miami, FL 33101.

The neurotransmitter at synapses betw een taste receptor cells and 
sensory afferent axons has not yet been identified. Glutamate (Glu) is 
believed to act at photoreceptor synapses and at synapses between  
cochlear hair cells and sensory afferents. By analogy, Glu may also 
mediate neurotransmission in taste buds. W e have tested whether 
glutamatergic synapses are present in taste buds by using Glu-stimulated 
Co2+ uptake as an indicator o f Glu receptors, particularly Ca2+-permeable 
AMPA channels (Pruss et αl, 1991). Slices o f lingual tissue (~ 0.5 mm  
thick) containing vallate taste buds were incubated in 5 mM C0CI2, with 
and without 1 mM Glu, and subsequently reacted to visualize C o2+ 
uptake. Unexpectedly, Co2+ was detected in taste cells. A  few intensely- 
stained taste cells were present in control tissues (incubated w /o Glu; or, 
with Glu plus 1 mM kynurenate, a broad spectrum Glu receptor 
antagonist). This staining may represent nonspecific Co2+ uptake by 
injured taste cells. However, treating the tissue with Glu strikingly 
increased the incidence o f Co2+-stained taste cells. These results implicate 
the presence o f AM PA or other, Co2+-permeable Glu receptors in taste 
cells. Whether these channels represent synaptic receptors, taste receptors 
for Glu, or some unidentified channels is not yet known. Supported by 
NIH/NIDCD grants DC00374 and DC03013.

749.4
PARABRACHIAL GUSTATORY NEURAL RESPONSES TO 
INTRADUODENAL INFUSION OF LIPID IN AWAKE RATS.
A. Hainal*, K. Takenouchi and R. Norgren. Dept, o f Behavioral 
Science, College o f  Medicine, Penn State Univ., Hershey, PA 17033.

Intestinal fat differentially suppresses sham feeding o f normally 
preferred gustatory stimuli (Am. J. Physiol. 270: R 1122-R 1125, 1996). 
In the present experiment, 18 single taste neurons were recorded from 
the parabrachial nuclei o f awake rats. Sapid stimuli (0.1M NaCl, 0.1M 
sucrose, 0.01M citric acid, 10'4M quinine-HCl) were administered via 
intraoral infusions (0.05ml) before, during, and after (50-70 min) 
intraduodenal infusion o f  Intralipid (10 ml o f  O.5kcal/ml, lml/min). 
Infusions resulted in an over-all depression o f  taste responses. The 
magnitude o f  the effect, however, was different across the neuronal 
best-stimulus categories. The response o f  sucrose-best neurons to 
sucrose decreased 74% (p<0.01, n=5), but the effect on NaCl-best 
neurons to their best stimulus was significantly lower (-33% to'NaCl. 
p<0.01, n=9). Similar differential reductions in responsiveness 
occurred to NaCl in sucrose-best cells and sucrose in NaCl-best units. 
The effects appeared with a short latency and reversed within an hour,
i.e. a period similar to the resumption o f  sham feeding in a similar 
paradigm. Results suggest that a change in taste responsiveness o f  
parabrachial neurons may contribute to the short-term satiety elicited 
by lipids in the intestine. Supported by NIH grants DC 00240, MH 
43787, MH 00653.

749.6
T a s te  n e r v e  r e s p o n s e s  o f  N H 3- a n d  C 0 2- t r e a t e d  b u l l f r o g  

to n g u e  to t h e r m a l  a n d  m e c h a n i c a l  s t i m u l a t i o n .  K, Y 0 s h i i 1, 
J. B u to i , Y. H ig u r e  1, a n d M. I c h i  n o s e 2* . 1D e p t. o f 
B io c h e m ic a l  E n g i n e e r i n g  a n d  S c ie n c e .  K y u s h u  I n s t i t u t e  of 
T e c h n o lo g y ,  I iz u k a ,  F u k u o k a  8 2 0 -8 5 0 2 , J a p a n ;  2D ept. o f 
P h y s io lo g y ,  S h i  m a n e  M e d ic a l  U n i v e r s i t y ,  Iz u m o , S h im a n e  
6 9 3 -8 5 0 1 , J a p a n

T h e  a p p l i c a t i o n  o f NH 3 (0 .1 -2  m M ) to b u l l f r o g  to n g u e s  

s u p p r e s s e d  th e  t a s te  n e r v e  r e s p o n s e s  o f  th e  t o n g u e s  to 
w a r m i n g  (5 to  30 °C), a n d  e n h a n c e d  th o s e  to  c o o l in g  (30  to 5 
°C). T h e  c o o l in g  r e s p o n s e s  w e re  n e g l i g i b l e  w i th o u t  N H 3. 

T h e  a p p l i c a t i o n  o f C 0 2 (1 0 -4 0  m M ) s u p p r e s s e d  th e  r e s p o n s e s  

to  th e  w a r m i n g ,  a n d  h a d  no  e n h a n c i n g  e f f e c t  on  th o s e  to 
th e  c o o lin g .  S in c e  th e  N H 3- a n d  C 0 2- t r e a t m e n t  c a u se  

a lk a lo s is  a n d  a c id o s is ,  r e s p e c t i v e ly ,  o f  th e  to n g u e ,  th e s e  
r e s u l t s  in d ic a te  t h a t  th e  w a r m i n g  a n d  c o o l in g  r e c e p t o r s  
h a v e  d i f f e r e n t  o p t im a l  pH s; p h y s io l o g ic a l  pH s f o r  th e  
w a r m i n g  r e c e p t o r s  a n d  a lk a l in e  pH s f o r  th e  c o o l in g  
r e c e p t o r s .  T h e  N H 3- t r e a t m e n t  h a d  no  e f f e c t  on  th e  

r e s p o n s e s  to  m e c h a n i c a l  s t i m u l a t i o n  e v o k e d  by  d r o p p in g  a 
b a r  on  th e  t r e a te d  to n g u e s ,  s u g g e s t i n g  t h a t  th e  i n v e s t ig a t e d  
m e c h a n i c a l  r e c e p t o r s  a r e  p H - i n d e p e n d e n t  o r  N H 3 f a i ls  to 

r e a c h  th e m . S u p p o r te d  by  th e  M in i s t r y  o f  E d u c a tio n ,  J a p a n .

749.8
IN SITU RECORDINGS OF VOLTAGE-GATED CA CHANNEL 
CURRENTS IN MOUSE TASTE BUD CELLS. H. F u r u e ,  T. N o g u c h i, 
S. M a s h in o ,  T. S u e m its u ,  a n d  K. Y o s h i i* . D ep t, o f 
B io c h e m ic a l  E n g i n e e r i n g  a n d  S c ie n c e .  K y u s h u  I n s t i t u t e  of 
T e c h n o lo g y ,  I iz u k a ,  F u k u o k a  8 2 0 -8 5 0 2 , J a p a n  

W e i n v e s t ig a t e d  LVA a n d  HVA Ca c h a n n e l s  o f m o u se  ta s te  
b u d  c e l ls  u n d e r  in  s itu  w h o l e - c e l l  v o l ta g e - c l a m p  c o n d i t i o n s .  
Out o f  119 c e l ls  e x a m in e d ,  39 c e l l s  h a d  b o th  HVA a n d  LVA Ca 
c h a n n e l s  a n d  10 c e l ls  h a d  o n ly  LVA Ca c h a n n e l s ,  3 c e l ls  h a d  
o n ly  HVA Ca c h a n n e l s ,  a n d  th e  o t h e r s  h a d  n o  C a c h a n n e l s .  
T h e  m a g n i t u d e  o f Ca c h a n n e l  c u r r e n t s  m e a s u r e d  w i th  an 
e x t r a c e l l u l a r  s o lu t io n  c o n t a i n i n g  100 m M  B aC l2 w as LVA Ca 

c h a n n e l s ,  112 ± 8 7  pA  on a v o l ta g e - s t e p  f ro m  -80  m V to -20 
m V, a n d  HVA Ca c h a n n e l s ,  616 ± 5 7 1  pA  on a v o l ta g e - s t e p  
f ro m  -80  m V to 0 m V. A P - ty p e  Ca c h a n n e l  b lo c k e r ,  ω -A g a  
IV A  (1 0 0  n M ) s u p p r e s s e d  th e  HV A Ca c h a n n e l  c u r r e n t s  to 52 
± 18 %, a n d  a n  N - ty p e  Ca c h a n n e l  b lo c k e r ,  ω-CgTX GV IA (1 0 0  
n M ) s u p p r e s s e d  th e m  to 58 ± 19 %. In  c o n t r a s t ,  an  L - ty p e  Ca 
c h a n n e l  b l o c k e r ,  n i t r e n d i p i n e  (1 0  µM) h a d  no  e f f e c t .  T h e se  
r e s u l t s  s u g g e s t  t h a t  th e  C a c h a n n e l s  i n v o lv e d  in  e x c i t a t i o n -  
s e c r e t i o n  c o u p l i n g  b e tw e e n  ta s te  b u d  c e l l s  a n d  ta s te  n e r v e  
e n d in g s  a r e  P- o r  N - ty p e  Ca c h a n n e l s .
S u p p o r te d  by  th e  M in i s t r y  o f  E d u c a tio n .
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749.9
BITTER TASTE MECHANISMS: NICOTINIC AND MUSCARINIC 
RECEPTORS IN RAT TASTE RECEPTOR CELLS. S. A. Simon? G-0 
Chang, L. Liu and YO. Jiao. Dept, of Neurobiology, Duke University Medical 
Center, Durham, NC 27710.

Alkaloids, such as nicotine and atropine, evoke a b it te r  
sensation when placed on lingual epithelium . In rats, ling ua l 
application of many alkaloids, including nicotine, activate 
neurons from the chorda tympani and glossopharyngeal neurons 
suggesting, albeit indirectly, that they activate receptors on taste 
receptor cells (TRCs). Although there have been many studies 
regarding the ce llu la r mechanisms involved in b itte r taste, none 
have d irectly addressed the question of the presence of n ico tin ic  
and m uscarinic acetylcholine receptors in TRCs. Using 
immunocytochem ical methods we found that TRCs in both 
fungiform  and circum valla te papillae have both n ico tin ic  
(nAChR) and m uscarinic (mAChR) receptors. S p e c ifica lly , 
nAChRs in TRCs in both types of papillae have α 7 , α 4  and ß2 
subunits. These are found in a large percentage of TRCs and are 
in tra ce llu la r and on both the apical and basolateral surfaces. 
M uscarinic receptors are also found in most TRCs, although we 
have not classified the various subtypes present. These data 
reveal potentially new transduction mechanisms for b it te r  
tastants involving nAChRs and mAChRs. This work is supported by 
grants from NIH (DC-01065) and the Philip Morris Corp.

749.10

CORTICAL REGIONS ACTIVATED BY GUSTATORY 
STIMULATION: EVIDENCE FROM A POSITRON EMISSION 
TOMOGRAPHY STUDY. S. Frev* and M. Petrides. Montreal 
Neurological Institute, McGill University, Montreal, Quebec, H3A 
2B4, Canada.

There is considerable uncertainty as to which areas of the cortex 
are involved in gustatory processing. Evidence from nonhuman 
primates indicates that parts of the peri-central opercular/insular 
region may be important for gustatory processing. The present 
study investigated changes in cerebral blood flow during gustatory 
stimulation. Regional cerebral blood flow was measured with 
positron emission tomography (PET). The H2150  intravenous bolus 
method with inter-subject averaging and co-registration of 
magnetic resonance and PET images was used. In the 
experimental conditions, the normal volunteer subjects tasted a 
sucrose solution and the control condition required only movement 
of the tongue. The subtraction method was used to compare 
activation between these conditions. The results demonstrated 
increases, in the right hemisphere, in the peri-central opercular 
region (second somatosensory cortex) and the insular cortex. The 
present findings are consistent with animal work and indicate that 
there are a number of separate foci within this general region 
where gustatory inputs may be processed.
Supported by the McDonnell-Pew Cognitive Neuroscience Program and the 
Medical Research Council (Canada).

OCULOMOTOR SYSTEM: ACCOMMODATION, VERGENCE AND EYE BLINK

750.1

CENTRAL CONNECTIONS IN THE PUPILLARY LIGHT REFLEX 
PATHW AY: AN ULTRA STRUCTURAL EXAM INATION IN A PRIMATE.
J.T. Erichsen*1. N,F. Wright1. W. Sun2 and P.J. Mav 3 'Dept, o f  Optometry & 
Vision Sciences, U. o f  W ales, Cardiff, CF1-3XF, U.K.; 2Dept. o f  Ophthalmology 
& Visual Sciences, Vanderbilt U., Nashville, TN 37232; 3Depts. o f  Anatomy, 
Ophthalmology & Neurology, U. o f  M ississippi Med. Ctr., Jackson, MS 39216.

The pupillary light reflex is mediated by a pathway in which the retina projects 
to the olivary pretectal nucleus (OPt), which in turn contacts preganglionic moto
neurons (PGMs) in the Edinger-Westphal nucleus (EW). We have presented light 
m icroscopic evidence for this pathway in the macaque. However, the OPt has 
other targets, and EW also contains PGMs that control lens accommodation. Con
sequently, we used dual labelling experiments to examine this reflex arc at the EM 
level. In OPt, anterogradely labeled retinal terminals with spherical vesicles made 
synaptic contacts with slightly asymmetric membrane densities onto the somata 
and proximal dendrites o f  neurons labeled retrogradely from EW. The ultrastruc
ture o f  EW was analysed. A variety o f  synaptic contacts were observed on the 
somata and dendrites o f  PGMs retrogradely labeled from the ciliary ganglion. 
Similar contacts were observed on the dendrites o f  C-subgroup medial rectus mo
toneurons that are also found in EW. These profiles contained either spherical or 
pleomorphic clear vesicles, along with occasional dense-cored vesicles. When OPt 
efferents were labeled as well, the labeled terminals overlapped ventromedially 
placed PGMs, not laterally placed ones, as has been previously reported. At the 
EM level, anterogradely labeled terminals with clear spherical vesic les and a few  
dense-cored vesicles made asymmetric synaptic contacts onto retrogradely labeled 
PGM proximal dendrites. These data represent an ultrastructural verification that 
the pupillary light reflex pathway utilizes only ventromedially located PGMs, and 
they further suggest that OPt terminals in EW may use a peptide cotransmitter. 
Supported by NEI grants EYO9762 (PJM) and EYO4587 (JTE).

750.3

V ISU A L  M O T IO N  SIG N A L S A R E PR E SE N T  O N V ERG EN CE- 
R E LA TED N EUR O N S IN TH E DO RSO L A TE R A L PO NTINE NUCLEUS  
BU T N O T  TH E N U C L E U S R E T IC U L A R IS TE G M EN TI PO NTIS. H.Y. 
Zhang* and P.D.R. Gamlin. Vision Science Research Center, University o f  
Alabama at Birmingham, AL 35294.

We have previously reported that some neurons in the dorsolateral pontine 
nucleus (DLPN) and the nucleus reticularis tegmenti pontis (NRTP) form 
components o f  cerebro-ponto-cerebellar pathways involved in controlling 
vergence and ocular accommodation in primates. However, since the DLPN and 
NRTP receive inputs from different cortical regions, they could play differential 
roles in relaying visual information related to these eye movements to the 
cerebellum. Therefore, this study investigated the visual characteristics o f  
vergence-related neurons in these two nuclei.

Single-unit recording from the DLPN and NRTP was carried out in two 
alert, trained rhesus monkeys. Accommodation was measured with an infrared 
optometer, and eye movements with the scleral search coil technique. Animals 
view ed an optical display that could elicit vergence and accommodation, and 
could present a variety o f  visual stimuli. In DLPN, we studied 72 neurons that 
discharged in relation to vergence and ocular accommodation. During steady 
fixation, 49 (70%) o f  these neurons were strongly modulated by targets moving 
in depth and in the frontoparallel plane. We have termed them mixed visual 
tracking neurons. In NRTP, w e studied 20 neurons that exhibited activity 
related to vergence and accommodation, and none were modulated by targets 
m oving in depth or in the frontoparallel plane.

The present study suggests that DLPN neurons relay both visual and motor 
signals related to vergence and accommodation, while NRTP neurons relay 
predominantly motor signals. (Supported by NIH grants EY07558 and EYO3O39).

750.2
VERGENCE AND CONJUGATE EYE MOVEMENTS IN RABBITS DURING 
STATIC AND SINUSOIDAL TILTS AND OFF VERTICAL AXIS ROTATION 
(OVAR). J. Maruta3*. J.I. Simpson1. T. Raphan2, B. Cohen3. 'Depts. Physiol. Neurosci., 
NYU Med. Center; 2CIS, Bklyn, CUNY, Neurology, Mt. Sinai Sch. Med.; NY 10029.

Yaw and roll eye movements relative to a head frame determined by the animal’s freeze 
position were recorded binocularly with search coils in two Dutch-belted rabbits to assess 
the contribution of the otoliths to oculomotor function during low frequency head 
movements. Animals were given steady linear acceleration, by tilting up to ±9O°about the 
pitch and roll axes. Eye position in the last 10s of a 20s period was averaged. When the 
head was pitched up 60°, the eyes converged on average 9.8°. When pitched down 60°, 
they diverged 18.5° on average. During roll, the ipsilateral (side down) eye rolled up but it 
also had a yaw component. Similarly, the contralateral eye rolled down and had a 
corresponding yaw component. At 60° roll, the average yaw position changes were 1.9° 
and 2.9° for the ipsilateral and contralateral eyes, respectively. Thus the axis about which 
the eyes rotated did not exactly coincide with the axis of head pitch or roll. The dynamic 
responses to sinusoidal pitching and rolling (±30° and ±60°) were similar, but response 
amplitudes were larger. Vergence modulation for 60° pitching was ±12.8°. The mean 
conjugate yaw response for head rolling was ±5.1°. Amplitude and phase were insensitive 
to frequency, and the response was closely in phase with the stimulus over this low 
frequency band. OVAR about the yaw axis (30° and 60° tilt), presented another low 
frequency stimulus to the otoliths. In steady state, a strong sinusoidal modulation was 
superimposed on unidirectional nystagmus, similar to that in the rat (Hess and Dieringer, 
1990). The two eyes were nearly out of phase indicating strong vergence. The modulation 
amplitude at 307s was similar to that with sinusoidal pitch, but it dropped approximately 
by half at 1207s. Vergence was strongly correlated with nose up/down positions, and 
conjugate movements with roll. Thus, vergence/divergence, which points the eyes toward 
close and far targets in frontal eyed animals, is also responsive to linear acceleration in the 
rabbit, a lateral eyed animal. A weaker mechanism dependent on otolith input orients 
conjugate gaze. (Supported by DC03284; EY11812; EY04148 and EY01867)

750.4
EACH EYE MOVEMENT IN BINOUCULAR AND M ONOCULAR  
DEPTH VISIO N.
S. Murakami*, M. Futii, S. HavashL N. Nakano. S. Saito andR. Fukatsu 
Dept, of Neuro-psychiatry, School of Medicine, Sapporo Medical University, Sapporo 

060-0061 JAPAN
It was reported that the gradient of vertical disparity between the two retinal images 

contained information about depth distance and induced vergence eye 
movement(Mayhew et al 1982,Nature). Vision analyzet(Takei co.) has been possible to 
record the movements of both eyes and to display them on the screen monitoring the 
subject's visual field. We studied eye movement to align their two eyes on the same 
target by recording the movements of both eyes in order to reveal the depth vision 
mechanism. The subjects were twelve healthy adults and were requested to gaze at 
some LEDs. The LEDs were located at point A (60cm away from the eye) and at two 
far points B and C( 120cm away, with a 5 degree difference between them) and lit 
alternately for 3 seconds, in a B-A-C-A sequence. There were 2 changes of sequence, 
the first paradigm was B to A(making the same directional movement of both eyes 
from the far to the near) and the second paradigm was C to A(change making different 
directional movements(vergence) from the far to the near). The experiments were 
performed under two conditions. The first condition was using the binocular vision for 
a visual input to both eyes. The second condition was creating monocular vision by a 
black board between two eyes, producing visual input to just one eye. The results were 
that the first paradigm induced the same directional movements of both eyes even under 
both binocular and monocular vision, but in the second paradigm, in the separated 
fìeld(monocular vision) the direction of the movement of the eye which had non-visual 
input, was differentfrom that in the normal field. This means that the visual input to a 
unilateral eye for depth vision(monocular vision) may induce a different mechanism for 
the same directional movement of both eyes and for the vergence of opposite 
directional eye movement.

Society for Neuroscience, Volume 2 4 ,1998
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750.5
VERGENCE EYE MOVEMENTS WITH ULTRA-SHORT LATENCIES ELICITED 
BY LOOMING STEPS IN MONKEYS.
Y. Ipoµe*, A , T akemura, K, Suehjro, J f . JCodaka^ K  Ka_wano:
Electrotechnical Lab., CREST, JST, Tsukubashi, Ibaraki, 305-8568, Japan.

The looming stimulus that we experience when we move forward or backward, 
consisting of radial optic flow and size changes, has been shown to elicit vergence eye 
movements with ultra-short latency (-8 0  ms) in human subjects (Busettini et al„ 
1997). Here we report that looming stimuli also elicit vergence eye movements at 
short latency in monkeys.

The animals (3 monkeys; Macaca fuscata) faced a translucent tangent screen (viewing 
distance, 50 cm; subtense, 90x90 degrees) onto which a random-dot pattern was back- 
projected. Movements of both eyes were recorded with an electromagnetic induction 
technique. Fifty milliseconds after a centering saccade, this pattern was replaced with a 
new one showing the same image viewed from a slightly different distance. This 
looming step was achieved by switching between two projectors ("two-frame movie") 
such that the focus of expansion/contraction was at the center of the screen and 
simulated a change in apparent distance of 2, 4 or 8 %.

Centrifugal flow coupled with enlargement (signaling forward motion) increased the 
vergence angle, whereas the converse combination (signaling backward motion) 
decreased the vergence angle, as expected of a mechanism helping to maintain binocular 
alignment. In both cases, the optimal step was 2% and larger steps gave smaller 
responses. The latency of these flow-induced vergence was very short (-60  ms), and 
increased as the luminance of the images decreased by an amount similar to that seen 
with the ocular following elicited by large-field image motion.

These data indicate that, like humans, monkeys respond to looming stimuli with 
vergence eye movements at short latency. We suggest that these responses are 
triggered by local motion detection mechanisms similar to those responsible for 
initiating the ocular following.

Supported by the Agency of Industrial Science and Technology, CREST, JST, and 
the Human Frontier Science Program.

750.7
CONTROL OF EYELID M OVEM ENTS BY VERTICAL GAZE NUCLEI: A  
LIGHT AND ELECTRON MICROSCOPIC STUDY IN THE CAT. B.-Z. Chen1* 
and P.J. M ay1'3. Departments o f  Anatom y1, Ophthalmology2 and Neurology3, 
University o f  M ississippi M edical Center, Jackson, MS 39216.

The rostral interstitial nucleus o f  medial longitudinal fasciculus (riMLF) and the 
interstitial nucleus o f  Cajal (InC) are premotor centers that control vertical 
saccadic eye movements. In view  o f  the coordination o f  eye and eyelid movements 
during vertical gaze, it is possible that these nuclei also supply input to the levator 
motoneurons that direct gaze-related eyelid movements. This possibility was test
ed with double label neuronal tracer methods. Biotinylated dextran amine (BDA ) 
was injected into either the riMLF or the InC o f  cats to anterogradely label their 
output axons. The same animals received W GA-HRP injections into a levator 
palpebrae muscle to retrogradely label its motoneurons. BD A  labeled axons from 
both the riMLF and InC terminated bilaterally within the caudal central subdivi
sion. In both cases, enpassant boutons were seen in close association with WGA- 
HRP labeled levator motoneurons. Ultrastructural examination o f  WGA-HRP 
labeled levator motoneurons revealed a variety o f  profiles contacting their somata 
and dendrites. These contained either numerous spheroidal or pleomorphic clear 
vesicles, and ocassional dense-cored vesicles. Those with spheroidal vesicles  
predominated and usually formed asymmetric synapses. Those with pleomorphic 
vesicles had less obvious postsynaptic thickenings. Examples o f  both types o f  
profile were labeled by BDA injections in the riMLF and the InC. Labeled riMLF 
and InC terminals synaptically contacted labeled levator motoneurons. Most were 
axodendritic and contacted proximal dendrites. In conclusion, our results directly 
demonstrate a monosynaptic projection from both the riMLF and InC to levator 
motoneurons. These pathways presumably serve to excite levator motoneurons for 
upward lid saccades and to inhibit them for downward lid saccades.
Supported by NIH Grant EYO9762 (PJM).

750.9
PROZAC PREVENTS THE DEVELOPMENT OF A CRANIAL DYSTONIA.
E.J. Schicatano*. V.M. Henriquez, and C. Evinger. Dept, of Neurobiology and 
Behavior and Dept, of Ophthalmology, State University of New York, Stony Brook, 
Stony Brook, NY 11794-5230.
Benign Essential Blepharospasm (BEB) is a cranial dystonia characterized by spasms 

of lid closure and increased trigeminal blink reflex excitability. Our studies suggest 
that reductions in serotonergic inhibition from the nucleus raphe magnus onto the 
trigeminal blink circuit is critical for the development of BEB. We tested whether 
returning serotonin levels in the trigeminal complex to normal would reduce spasms 
of lid closure, and/or prevent the development of spasms, by treating rats with prozac, 
a 5HT reuptake blocker.

Under general anesthesia, we implanted electrodes to record lid-closing orbicularis 
oculi (OO) muscle activity, and a nerve cuff to stimulate the supraorbital branch of the 
trigeminal nerve (SO). Rats received either (1) a complete unilateral 6OHDA lesion 
of the dopamine neurons in the substantia nigra pars compacta to produce reflex 
blepharospasm, or (2) a combination o f a partial 6OHDA lesion followed 14 days later 
by weakening the OO muscle, to produce BEB. A single, 0.5 mg/kg, i.p. dose of 
prozac was given to Group 1 rats 15 days after the 6ODHA lesion to determine whether 
prozac eliminated existing spasms. Prozac was administered to Group 2 animals 24 
hrs. after OO weakening, and given daily for 21 days to prevent the development of 
spasms.
Without prozac, both groups of rats exhibited hyperexcitable trigeminal reflex blinks 

compared to normals, and showed non-reflex blinks, “blink oscillations”. Prozac 
immediately reduced blink hyperexcitability in rats with reflex blepharospasm (Group 
1). Treatment with prozac blocked the development of BEB in OO weakened rats 
(Group 2). Subsequent OO weakening without prozac treatment resulted in permanent 
BEB. These findings indicate that prozac may provide therapeutic relief for BEB and 
may prevent the development of this cranial dystonia.

This work was supported by EY06808 (EJS) and EY07391 (CE).

750.6
SHORT-LATENCY VERGENCE EYE MOVEMENTS INDUCED BY RADIAL 
OPTIC FLOW IN HUMANS: DEPENDENCE ON THE PREEXISTING
VERGENCE STATE. D.-S. Yang. E. J. Fitzeibbon and F. A. Miles*. Laboratory of 
Sensorimotor Research, National Eye Institute, Bethesda, MD 20892.

Radial patterns of optic flow, such as those experienced by moving observers who 
look in the direction of heading, evoke vergence eye movements at short latency 
(Busettini et al: Nature, p5l2, vol39O, 1997). We here report that these responses are 
sensitive to the vergence state at the time the optic flow stimulus is applied.

Subjects (S) faced a large tangent screen onto which two identical random-dot 
patterns were back-projected. A system of crossed polarizers ensured that each eye 
saw only one of the patterns, and mirror galvanometers controlled the horizontal 
positions of the images. Each trial started with the patterns superimposed, creating a 
single binocular image in the plane of the screen 33.3 cm away. The two patterns 
then moved horizontally in opposite directions at 6°/s so as to converge the S at one 
of several distances (D) ranging from 16.67 cm to oo. The S then made a centering 
saccade and, 50 ms later (to take advantage of post-saccadic enhancement), both 
patterns were replaced with new ones (using a system of shutters and two additional 
projectors) so as to simulate the radial flow associated with a 4% change in viewing 
distance with the focus of expansion at the center (and so imaged near the S’s fovea).

Radial-flow steps induced transient vergence eye movements at latencies of 
80-100 ms, expansions causing increases in convergence and contractions the 
converse. Based on the change in vergence 90-157 ms after the onset of the steps, 
responses were proportional to 1/D in both S’s studied. After normalizing measures 
with respect to those obtained when S’s were most converged (at 16.67 cm), linear 
regressions indicated that the sensitivity to distance was very similar for the two S’s 
(r2>0.9): slopes for expansion data were both 12 %/m'1 (intercepts: 26% and 23%), 
and slopes for contraction data were both 18%/nr1 (intercepts: -5% and -11%). Such 
dependence might arise from pathways shared with the translational VOR and serve 
to prevent the inappropriate deployment of radial-flow-vergence, as when the 
observer is moving through a densely wooded area (with lots of radial flow from 
nearby trees) while looking at the scene some distance ahead. Supported by NEI.

750.8
PREMOTOR CONTROL OF THE UPPER EYELID: AFFERENT PROJECTIONS 
TO THE M-GROUP IN MACAQUE MONKEY
A K,E. Horn* and J.A. Büttner-Ennever, Inst. Anatomy, Univ Munich, Germany 

Recently, we identified the M-group in the monkey as a group o f premotor neurons 
projecting to the motoneurons o f the levator palpebrae muscle (LP), which elevates the 
upper eyelid, and to motoneurons o f upward pulling eye muscles. It lies medial to but 
separate from the rostral interstitial nucleus o f the medial longitudinal fascicle (RIMLF). 
which contains premotor neurons for vertical saccades. We studied the afferent 
projections from oculomotor-related regions to the M-group by placing 3H-leucine into 
the deep layers o f  the superior colliculus (SC), the interstitial nucleus o f Cajal (iC), the 
omnipause neuron (OPN) region and the medial vestibular nucleus (MV); then compared 
the afferent labelling in the M-group with RIMLF. Injections into the medial SC. 
subtending upward saccades, led to afferent labelling o f the ipsilateral M-group and 
RIMLF, whereas only RIMLF was labelled after injections in the lateral SC. subtending 
downward saccades. Both, RIMLF and M-group receive bilateral afferents from the iC 
The M-group does not receive any projections from the OPNs, m contrast to RIMLF 
Injections into the MV gives rise to afferent labelling o f the LP-motoneurons. but very 
sparse labelling in the M-group; stronger projections were found m parts o f the RIMLF 
bilaterally. The input from the upward saccade region o f the SC confirms that the M- 
group is involved in the coactivation o f the eyelid with upward eye movements, whereas 
vestibular eyelid control is mediated via premotor connections from the vestibular nuclei 
The lack o f inputs from the OPNs confirm our earlier hypothesis that the M-group is 
driven by connections from premotor burst neurons o f RIMLF and does not require an 
individual trigger signal from the OPNs.
(Supported by the German Research Council SFB 462; B3)

750.10
RESPONSES OF THE TRIGEMINAL REFLEX BLINK CIRCUIT TO LIGHT: 
INNOCUOUS OR PHOTOPHOBIC? V.M. Henriquez*. E.J. Schicatano. and C. 
Evinger. Dept, of Neurobiology and Behavior and Dept, o f Ophthalmology, State 
University of New York, Stony Brook, Stony Brook, NY 11794-5230.

Normal room lights can cause discomfort and produce excessive blinking in persons 
with an exaggerated sensitivity to light, photophobia. The occurrence of photophobia 
and excessive blinking following trigeminal sensitization suggests that the visual 
system exerts a tonic facilitation of trigeminal reflex blink circuits in photophobia. It 
follows that increases in light intensities should slightly increase or exert no effect on 
trigeminal reflex blinks under normal conditions. Nevertheless, we find that the effect 
of light on trigeminal reflex blinks is opposite in direction with and without trigeminal 
sensitization.

In urethane anesthetized rats, we implanted electrodes to record the lid-closing 
orbicularis oculi (OO) EMG activity and stimulating electrodes in the conjunctiva to 
evoke trigeminal reflex blinks. Corneal irritation was used to sensitize tire trigeminal 
blink circuit. Light intensity was 12 ft. cdls or 50 ft. cdls. In humans, surface 
electrodes were placed on the margin of the lid to record OO EMG activity and over 
the supraorbital branch of the trigeminal nerve for stimulation. Light intensity was 20 
ft. cdls, or 80 ft. cdls.

Our results show that, in contrast to the robust reflex blinks associated with 
photophobia, increases in ambient light suppressed the amplitude of reflex blinks to 
trigeminal stimuli in normal humans and rats. In rats with a sensitized trigeminal 
system, however, the same increases in light facilitated trigeminal reflex blinks. These 
data suggest that the state of the trigeminal reflex blink circuit determines the effects 
of light. We are currently investigating possible mechanisms by which light’s effect 
on the trigeminal system converts from inhibition to facilitation.

This work was supported by EY07391 (CE), EY06808 (EJS) and a W. Burghardt 
Turner Fellowship (VMH).
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751.1
D IF F E R E N T IA L  TA R G E TIN G  OF SH AL AND SH A K ER K+ 
C H A N N E L S IN PY LO R IC  N E U R O N S. D.J. Baro.1* A. Avali.1 N. Scholtz.2 
C L. Lanning,1 J. Labenia,2 K. Graubard,2 R.M. Harris-Warrick1.
‘Section of Neurobiology & Behavior, Cornell University, Ithaca NY; 
departm ent of Zoology, University of Washington, Seattle, WA.

The pyloric central pattern generator (CPG) in the stomatogastric ganglion (STG) 
of the lobster, Panulirus interruptus, drives the continuous, rhythmic pumping and 
filtering movements of the pylorus. This 14 neuron network is comprised of 6 cell 
types, each possessing a unique, modulatable A-current (transient K+ current) that is 
instrumental in defining the ever-changing output of the CPG. Arthropod A channels 
can possess one of two membrane spanning α-subunits encoded by the shaker or shal 
genes. Using quantitative single cell RT-PCR we previously demonstrated that while 
all pyloric cells express both the shaker and shal genes, the amplitudes of the somatic 
A-current measured with 2-electrode voltage clamp varied as a linear function of shal 
gene expression. We interpreted these results to mean that somatic A-channels are 
encoded by the shal gene and that shaker channels must be in the non-space-clamped 
regions of these neurons. To test this hypothesis, we generated antibodies against 
small peptides from the invariant regions of lobster shaker or shal proteins, and used 
them in immunocytochemistry experiments. Confocal microscopy of antishaker and 
antishal stained wholemounts validates our hypothesis. Shal channels are found in 
the somatic membrane as well as in the STG neuropil. Moreover, the intensity of 
antishal staining in the somatic membranes of identified neurons correlates with the 
size of the A-current in that cell. We are currently defining shal channel localization 
in axons. Shaker channels, on the other hand, are not found in the somata or the 
neuropil. Instead, antishaker staining is observed in the majority of axonal 
membranes and at the neuromuscular junction. The distinct properties of the two 
channel types are consistent with the different roles of the currents in the different 
compartments. Supported by N1H NS17323, NS3563l, NS 15697 and NSF 1BN-9604693.

751.3
NEURONS THAT ARE ACTIVE IN PHASE WITH SWIMMING IN LEECH, AND 
THEIR CONNECTIVITY, ARE REVEALED BY OPTICAL TECHNIQUES. T.W. 
Cacciatore*1, P.D. Brodfuehrer. J.E. Gonzalez3. R.Y. Tsien4. W.B. Kristan5. & D. 
Kleinfeld6. Depts. of Biology5, Chem4, Neurosci1, & Physics6, UCSD, La Jolla, CA; 
Dept, of Biology, Bryn Mawr Coll.2, Bryn Mawr, PA; Aurora Biosci.3, La Jolla, CA.

To determine the constituent neurons of rhythmic pattern generators and their 
relative phase relationships, one traditionally uses microelectrodes to record the 
intracellular potential from every neuron in the ganglion concomitant with a reference 
signal. This method gives in-depth information about each neuron’s activity but is 
inefficient as a search strategy. Here we report the use of optical techniques to 
simultaneously record rhythmic changes in potential from individual neurons in leech 
ganglia. The essential techniques are: (1) A membrane-bound coumarin and oxonol 
dye-pair that interact via fluorescence resonance energy transfer (FRET); the extent of 
FRET is modulated by transmembrane potential with an -200 ms time-constant. The 
resultant signals have several-fold greater voltage sensitivity than traditional (Stark- 
shift) voltage-sensitive dyes. While application of the oxonol dye eventually causes 
neuronal impedances to decrease, independent of light levels, there is an -30  minute 
recording window when cells appear unaffected. (2) CCD-based imaging to record 
fields of -50  neurons. (3) Narrow-band demodulation to improve the detection of 
optical signals that are phase-locked to a reference. As a test of our methods, we 
examined known connectivity of leech neurons by rhythmically stimulating (1 Hz) an 
identified motor neuron (cell 1) while recording from all cells in an adjacent field. We 
correctly detected all post-synaptic targets and the sign of their synaptic input, i.e., 
inhibitory or excitatory. In addition, we imaged the ganglion during swimming while 
concurrently recording from the dorsal posterior nerve. Using this nerve as a reference, 
we correctly detected up to 80% of the neurons (8 cells) known to be active in the 
field; the relative phases agreed with published results. An assay for unidentified swim 
interneurons is in progress. (Supported by NIH GM08107 and UCSD)

751.5
DYNAMICS OF PYLORIC RHYTHM  RECOVERY AFTER S T N  BLOCK 
IN THE CRAB STG. J. Golowasch*, W. L. Miller, L.F. Abbott, E. Marder.
Volεn Center, Brandeis University, Waltham MA 02254

in both the lobster and the crab, it has been shown that rhythmic activity generated in 
the stomatogastric ganglion (STG) depends on projection neurons that release 
neuromodulaíors onto the STG via the stomatogastric nerve (stn). Sustained blockade 
o f action potential transmission along the stn results in a rapid tail-off of the pyloric 
rhythm followed by a 'silent' period of around 12 hours during which no rhythmic 
activity is present in the STG. However, after 24-48 hours, the STG typically recovers 
a regular (but slower) pyloric rhythm. By contrast, the pyloric rhythm remains robust 
throughout an equivalent period in control preparations. Here we present an analysis 
o f the dynamics o f the pyloric activity throughout recovery in the crab Cancer 
borealis. Pyloric rhythm activity was monitored on several motor nerves continuously 
from before stn block through post-recovery. We found that the silent period is 
typically followed by episodes of bursting which may occur irregularly or slowly 
periodically (e.g. 20 min period); these episodes increase in frequency o f occurrence 
until a relatively well -defined time when the mean rhythm frequency climbs to a new 
steady state. Time-courses o f burst duration and frequency as well as changes in the 
phase relationship of bursting o f the component neurons of the pyloric system are 
presented, along with frequency-domain and time-scale (wavelet) analysis. Our results 
suggest that the pyloric system can operate in 2 modes: 1) conditional on 
neuromodulatory input, 2) dependent on intrinsic properties of STG neurons, and that 
the transition between these 2 states is characterized by multiple metastable states in 
which the system seems to search for a stable mode of operation. Supported by 
NS 17813 and MH46742.

751.2
DIFFERENT MODULATORY NEURONS ELICIT DISTINCT CIRCUIT 
RESPONSES DESPITE COMMON CO-TRANSMITTERS. DE Wood* & MP 
Nusbaum. Dept Neurosci, Univ Penn School of Med, Philadelphia, PA 19104.

We are examining how projection neurons modulate motor pattern generation 
by the gastric mill and pyloric circuits in the stomatogastric ganglion (STG) of the 
crab C a n c e r  b o re a lis . The gastric mill and pyloric motor patterns control the 
chewing and filtering of food, respectively. Activation of individual identified 
projection neurons elicit distinct gastric mill and pyloric rhythms. Two of these 
projection neurons, MCN1 and MPN, contain the peptide proctolin and GABA. 
MCN1 also contains a tachykinin-related peptide (CabTRP la) as a cotransmitter. 
Selective activation of MPN elicits the pyloric rhythm, but not the gastric rhythm, 
while MCN1 activity elicits a gastric mill- and pyloric rhythm distinct from MPN. 
We are working to determine whether these differences result entirely from the 
presence of the additional peptide in MCN1. We have found that bath applied 
CabTRP la (lO'®M) does excite several gastric neurons not activated by MPN 
stimulation or proctolin application. This includes the LG neuron, a pivotal 
member for gastric mill rhythm generation (Coleman et al, Nature, 1995). 
CabTRP la, however, applied alone or with proctolin does not elicit a gastric 
rhythm. Vis a vis the MCN1 actions on the pyloric rhythm, CabTRP la actions 
overlap and complement those of proctolin. Do the actions of MCN1 and MPN 
on the STG become similar when the actions of CabTRP la are 
pharmacologically suppressed by Spantide I (Christie et al, JEB, 1997)? With 
Spantide I present, MCN1 stimulation no longer activates the gastric rhythm, and 
there is weak or no activation of the LG neuron, as during MPN stimulation. The 
pyloric rhythm is slower and shows altered activity in some neurons. However, 
this pyloric rhythm was not the same as during MPN activation. Thus, despite 
the presence of comparable functioning cotransmitters, MCN1 and MPN still elicit 
distinct STG motor patterns. Support: NIH NS29436, NSF IBN94-96264 (MPN).

751.4
THE EFFECTS OF VARYING SENSORY INPUT ON SWIMMING MOTOR 
BEHAVIOR IN CHICKS. B.C. Hurtt* and A. Bekoff. EPO Biology 
Department and Center for Neuroscience, University of Colorado, 
Boulder, CO 80309.

We are interested in the role of sensory input and its capacity 
fo r modulating rhythmic m otor behavior in chicks. Rhythmic leg 
behaviors involving high resistance during extension show extensors 
activated longer than flexors and extensors more correlated with cycle 
period. When resistance to extension and flexion is more nearly equal, 
as in swimming, extensors are moderated to approximately equal 
durations. In this study, our goal was to examine how the swimming 
motor behavior changes when resistance (load) to both extension and 
flexion is altered. To accomplish this, we swam chicks in either low 
viscosity (water) or high viscosity (sham poo) solutions.

EMG electrodes were implanted in antagonist muscle pairs at 
the three major leg joints: hip, knee and ankle. Kinematic markers 
were placed on the back, hip, knee, ankle and metatarsus.
Synchronized EMG and kinematic data were recorded simultaneously 
and synchronized records were analyzed.

Cycle period increased as expected with increasing resistance, 
although many other characteristics did not change appreciably. 
Surprisingly, ankle flexor corre lation increased dram atica lly with 
increasing cycle period. This is in contrast to kinematic data, which 
show a strong correlation between extension and cycle period. Thus 
there appears to be a counter-intuitive relationship between EMG and 
kinem atic data: neurom uscular activity does not directly correlate to 
biomechanical movements of the chicks. Supported by NIH grant 
HD28247 and NSF grant IBN9630498 to A.B.

751.6
CONTINGENT REINFORCEMENT IN AN ANALOGUE OF OPERANT CONDITIONING 

MODIFIED THE INTRINSIC MEMBRANE PROPERTIES OF AN IDENTIFIED APLYSIA 
NEURON (B51). R. Narαeot*. D.A. Baxter and J.H. Bvrne. Dept. Neurobiol. and A na l, Univ. 

of Texas Med. Sch. at Houston, Houston, TX 77030.

In operant conditioning, a behavior is selectively modified by contingent reinforcement of 

that behavior. Previously, a neuronal analogue of operant conditioning was developed in the 

isolated buccal ganglia in Aplysia (Nargeot et al., 1997). In this analogue, different motor 

patterns (e.g., ingestion-like and rejection-like patterns) similar to those recorded in vivo 
during consummatory feeding behaviors were induced by tonic stimulation of the peripheral 

nerve 2,3 (i.e., n.2,3). Contingent reinforcement (i.e., phasic stimulation of the esophageal 

nerve, E n.2) of ingestion-like patterns selectively enhanced the occurrences of this pattern 

(see also adjacent abstract). Activity of neuron B51 was found to be critical for, and specific 

to, the expression of ingestion-like patterns (Nargeot et al., 1998). In the present study, we 

investigated whether contingent reinforcement modified the cellular properties of B51. We 

found that activity of B51 was significantly enhanced in preparations that received contingent 

reinforcement of ingestion-like patterns. This modification was associated with a decrease in 

the threshold for eliciting plateau properties and with an increase in the input resistance of 

this cell. These modifications were not observed in preparations that received noncontingent 

reinforcement (yoke-control) or no reinforcement (control). In a separate group of 

preparations, we tested whether such modifications in B51 could be responsible for 

mediating the selective effect of reinforcement. Randomized depolarization of B51 was 

paired with reinforcement. This explicit contingency between activity in B51 and 

reinforcement induced modifications of the cellular properties of B51 similar to those 

described above and selectively enhanced the occurrences of ingestion-like patterns that 

were subsequently induced by tonic stimulation of n.2,3. These results indicated that the 

intrinsic membrane properties of B51 undergo modifications during an analogue of operant 

conditioning. Supported by E. Knobil Fellowship and grants from the AFOSR and NIH.
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751.7
A DOPAMINE ANTAGONIST (ERGONOVINE) IMPAIRED THE ENHANCEMENT OF 

MOTOR PATTERNS BY CONTINGENT REINFORCEMENT IN THE ISOLATED BUCCAL 

GANGLIA OF APLYSIA. D.A. Baxter*. R. Narαeot. G.W.. Patterson and J.H. Bvrne. Dept. 

Neurobiol. and Anat, Univ. of Texas Med. Sch. at Houston, Houston, TX 77030.

Previous studies found that the esophageal nerve (i.e., E n.) is a reinforcing pathway that 

mediates operant conditioning of feeding in Aplysia (Schwarz and Susswein, 1986). In a 

neuronal analogue of this conditioning in the isolated buccal ganglia, phasic stimulation of E 

n. was used as an analogue of contingent reinforcement (Nargeot et al., 1997). Dopamine is 

a putative neurotransmitter released by E n. and regulates the rhythmic motor activity 

generated by the buccal ganglia (Kabotyanski et al., 1998). In the present study, we 

investigated whether dopamine mediated the contingent-dependent modifications of the 

buccal motor activity in the analogue of operant conditioning. A dose-response relationship 

was established for the effect of ergonovine on rhythmic motor patterns that was induced by 

tonic stimulation of buccal nerve 2,3. High concentration of ergonovine (e.g., 10-6 M) 

dramatically suppressed the induced rhythmic motor activity and suppressed the 

monosynaptic connections between the esophageal fibers and neuron B51, a cell that is 

modulated by contingent reinforcement (see the preceding abstract). The effect of 

ergonovine on rhythmic activity had an ICso of 8.4 nM. We tested whether the effect of 

contingent reinforcement in the analogue of operant conditioning was impaired in presence 

of 1 nM of ergonovine. Two groups of preparations were bath in artificial sea water (ASW) 

containing 1 nM of ergonovine. One group received contingent reinforcement of ingestion

like pattern. The other received noncontingent reinforcement. Two additional groups of 

preparations were submitted to similar training protocols but were bathed in ASW alone. The 

contingent-dependent enhancement of ingestion-like patterns was induced in ASW but was 

not observed in presence of ergonovine. Thus, dopaminergic synapses appear to play a key 

role in the modifications induced by an analogue of operant conditioning. Supported by E. 

Knobil Fellowship and grants from the AFOSR and NIH.

751.9
WHAT ROLE DO THE LP AND VD NEURONS PLAY IN PYLORIC 
NETWORK PHASE MAINTENANCE? A.L. Weaver*. J,B. Thuma. & S.L. 
Hooper. Neurobiology Program, Dept. Biol. Sci., Ohio Univ., Athens, OH 45701

The lobster (Pαnulirus interruptus) pyloric network maintains phase when cycle 
period is altered by current injection into the network’s pacemaker Anterior Burster 
(AB) neuron and, for some network neurons, phase maintenance arises in part from 
intrinsic phase-maintaining properties. However, the network has a high level of 
synaptic interconnectivity that is presumably also important to pyloric pattern gen
eration, and the role of these synapses in phase maintenance is less understood. We 
are examining this issue in experiments on the Lateral Pyloric (LP) and Ventricular 
Dilator (VD) neurons, each of which inhibits the other, inhibits other pyloric neu
rons, and feeds back onto the pacemaker ensemble. The network was driven across 
a wide cycle period range by current injection into the AB neuron. At each level of 
current injection, the LP and VD neurons were individually hyperpolarized well 
below rest for 20-30 pyloric cycles to effectively remove them from the network.

When both neurons were active, pyloric period range was limited because at slow 
periods the LP neuron burst 2:1, and at fast periods the VD neuron burst 1:2, with 
the rest of the pyloric pattern. Pattern coherence persisted at slower periods when 
the LP neuron was removed, and at faster periods when the VD neuron was re
moved. These data suggest that the LP neuron is a “fast”, and the VD neuron a 
“slow”, cycling neuron. They further suggested that the LP neuron might help keep 
the VD neuron in the pattern at fast periods, and the VD neuron might help the LP 
neuron at slow periods. However, the VD neuron could cycle as quickly without the 
LP neuron, and the LP neuron as slowly without the VD neuron, as when the net
work was complete. Regarding pattern phasing, the LP neuron was expected to de
lay the beginning of VD neuron activity, and the VD neuron to advance the end of 
LP neuron activity. However, VD or LP neuron hyperpolarization did not signifi
cantly alter these phases. These data suggest that, despite their strong mutual inhi
bition, the LP and VD neurons play relatively minor roles in maintaining each 
other’s phase as pyloric cycle period is varied. [Supported by OU, NSF, & HFSP.]

751.11
INTRINSIC PYLORIC MUSCLE OUTPUT PREDICTED FROM CONSTANT 
DUTY CYCLE RHYTHMIC NEURAL INPUT. P.I. Harness. L.G. Morris. & S.L. 
Hooper*. Neurobioloev Program, Dept. Biol. Sci., Ohio Univ., Athens, OH 45701

The pyloric neural network of the lobster (Pαnulirus interruptus) stomatogastric 
nervous system has been well-studied as a model for rhythmic neural activity. 
However, the movements the network induces are not well understood. We have 
been studying the p i muscle, a slow intrinsic pyloric muscle innervated by the 
Lateral Pyloric neuron. Pyloric cycle periods range from 0.5 to 2 seconds, but full 
p i muscle relaxation requires over 2 seconds; as cycle period decreases, p i muscle 
contractions therefore show increasing temporal summation. Such contractions can 
be defined by several characteristics (phasic, tonic, total, and average amplitudes 
and percent phasic (phasic/total amplitude)), and we wish to understand how these 
characteristics are coded by neural input.

p i isotonic muscle contractions (n=6) were elicited by motor nerve stimulations 
at physiologically relevant intraburst spike frequencies and cycle periods at a 
constant duty cycle. Muscle contraction characteristics were measured at steady 
state for individual experiments and plotted against spike frequency, cycle period, 
and spike number to find which best predicted the data.

Contractions driven at short cycle periods (<O.62 sec) differed qualitatively from 
those at longer periods in that relative tonic amplitude was remarkably increased 
and relative phasic amplitude was remarkably decreased. Furthermore, on the plots 
generated, the data from these short periods were obvious outliers. Thus, the data 
suggest that contractions driven at short periods are coded differently than those at 
long periods. Since in our data set we had a wider range of large periods (0.62 to 2 
secs), we focused on that data in our current analysis. We found that spike 
frequency predicts both total (R2=0.91) and average (R2=0.62) amplitudes, spike 
number predicts both phasic amplitude (R2-0.93) and percent phasic (R2=0.83), and 
cycle period predicts tonic amplitude (R2=0.77). Thus, we can now predict the 
steady state p i muscle response to constant duty cycle, rhythmic neural input in this 
period range. [Research supported by OU, NSF, and HFSP.]

751.8
CELLULAR AND SYNAPTIC ANALYSIS OF DOPAMINE-INDUCED MODULATION OF 
FICTIVE FEEDING IN APLYSIA. E.A.Kabotvanski*. D.A.Baxter and J.H.Bvrne. Dept, of 
Neurobiology and Anatomy, University of Texas-Houston Medical School, Houston, TX 77030

Dopamine (DA) appears to be an important neuromodulator of feeding in Aplysia, since 
DAergic mechanisms are involved in activation of ingestive feeding in semi-intact and isolated 
CNS preparations (Kabotyanski et al., 1993-1995, 1998). In the present study, we examined 
cellular and synaptic changes that may underlie the modulation of the feeding circuit by DA.

Intracellular recordings were made from identified neurons in isolated buccal ganglia. The 
protraction phase of a buccal motor program (BMP) was monitored via cells B31/32, B34, B63, 
or B65. The retraction phase was monitored via cells B4/5, B51, or B64. Radula closure motor 
activity was monitored via cell B8. In control solution, the buccal ganglia exhibited low level of 
spontaneous BMPs. These BMPs were mostly rejection-like since the proportion of spikes in B8 
that coincided with retraction phase (i.e., phase ratio) was only 0.12+0.04. Perfusing the 
preparation with DA (50 µM) gradually increased the frequency of spontaneous BMPs by about 
eight-fold (p<0.004) during 1 hour of application. Most BMPs become ingestion-like (phase ratio 
increased to 0.70+0.04; p<10-^). Firing rate in B34, B63 and B4/5 gradually decreased, but it 
increased in B8. In presence of DA, we observed depolarization in B31/32 (1.5+1.2 mV), B34 
(1.9+1.7 mV), B65 (10.5+2.5 mV) and B8 (3.5+1.2 mV). Hyperpolarization was observed in B63 
(6+1 mV), B4/5 (2.4+0.8 mV), B51 (5 mV) and B64 (1.7+1.2 mV). Other electric properties were 
changed as well. For example, input resistance appeared to increase in B34, B4/5 and B8. 
Excitability increased in B31/32 and B8, whereas it decreased in B34, B4/5, B51 and B64. DA 
enhanced the ability of B8 to exhibit post-inhibitory rebound spikes. DA also affected some 
synaptic connections. The strength of inhibitory connections from B64 to B31/32 and B34 
increased, whereas the excitatory connection from B64 to B4/5 was attenuated. The excitatory 
connection from B34 to B31/32 weakened, as did inhibitory connections from B4/5 to B8. These 
effects were usually reversible by washout for 1 hour. DOPA (200 µM) had similar effects except 
that they were delayed by 15-20 min, and the frequency of BMPs was approximately five times 
higher than in presence of DA.

These data indicate that DA has various and cell-specific effects on different elements of the 
feeding circuit. The changes appear to work in synergy to reconfigure the network to favor the 
generation of ingestion-like BMPs. Supported by grants from the AFOSR and NIH.

751.10
PREDICTING PYLORIC DILATOR MUSCLE CONTRACTIONS AS DUTY 
CYCLE IS VARIED. L.G. Morris* and S.L, Hooper. Neurobiology Program, 
Department of Biological Sciences, Ohio University, Athens, OH 45701

The dorsal dilator muscles of the lobster, Pαnulirus interruptus, are slow muscles 
innervated by the Pyloric Dilator (PD) neurons. The muscles exhibit temporal 
summation in response to rhythmic motor nerve stimulation at physiological cycle 
periods and intraburst spike frequencies. We have previously shown that, for 
constant duty cycle inputs, we can predict the steady state, summated contraction 
that results from a given neural input train.

Under constant duty cycle conditions some input parameters vary proportionately 
(e.g., burst duration and cycle period), and it is thus impossible to distinguish which 
of these parameters better predict muscle contraction. Furthermore, modulatory 
inputs to the pyloric network can change PD neuron duty cycle. We therefore 
examined muscle contraction response to input trains with a wide range of duty 
cycles. These experiments show that 1) overall spike frequency, not intraburst spike 
frequency, best predicts total, average, and tonic amplitudes; 2) both interburst 
interval and cycle period predict percent phasic (phasic/total amplitude); and 3) 
spike number still predicts phasic amplitude, but only at physiological duty cycles.

We also examined how the duty cycle and phase of the phasic component (at 
50% of its amplitude) of the muscle contractions varied as PD neuron duty cycle 
changed. As duty cycle increases at a constant cycle period and intraburst spike 
frequency, one would expect that phasic contraction duty cycle would also increase. 
However, we found that phasic contraction duty cycle varies little or decreases. 
Similarly, one would expect that the delay from neuron burst beginning to 50% of 
phasic contraction amplitude would be constant as neural duty cycle changes. 
Instead, we found that this delay increases, and thus muscle contraction phase 
increases with duty cycle. Taken together, this work will allow us to predict (at 
steady state) both muscle contraction amplitudes and muscle temporal responses 
from any neural input pattern. [Research supported by OU, NSF, and HFSP.]

751.12
PHASE PLANE ANALYSES OF FEEDING MOVEMENTS PRODUCED BY 
COMMAND-LIKE NEURONS IN APLYSIA. S. C. Rosen*. R.W. Saunders1. 
Y. Xin and I. Kupfermann. Cntr. Neurobiol. & Behav., NYS Psychiat. Inst., 
N ew  York, NY 10032; ’Dept, of Psych., U. of Kansas, Lawrence KS 66045.

To determine if the activity of comm and-like intem eurons was sufficient 
to produce feeding m ovem ents, identified cells were fired and m ovem ents 
of the feeding apparatus were recorded on videotape for off-line kinematics 
analysis. M easurements of m ulticom ponent m ovem ents m ade from stop- 
action v id eo  im ages, and subsequent phase p lane analyses, revealed  
consistent differences in the phase relationships betw een periodic functions 
that describe two parameters of feeding, nam ely o p e n in g /closing actions of 
the radula and p rotraction /re tra ctio n  action s o f the su p p ortin g  
odontophore. Intem euron CBI-1 produced several cycles of an egestive  
response where odontophore protraction coincided w ith  radula closing (on 
average protraction led radula opening). CBI-2 produced m ultiple cycles of 
an ingestive response in w hich radula opening led  protraction. Radula 
closure began prior to peak protraction and full closure coincided with the 
transition of protraction to retraction. The phase relationships produced by 
CBI-2 m atched those m easured in intact biting animals. CBI-10 produced  
cycles of ingestion-like responses, but the phase relationships were variable 
and unlike those observed in normal feed ing animals. The cholinergic  
agonist, carbachol, produced biting-like responses with phase relationships 
similar to those of CBI-2. The results provide quantitative support for the 
conclusion that the activity of a single CBI-2 neuron is sufficient to produce 
a facsimile of normal biting behavior and that CBI-1 produces a facsimile of 
an egestion response associated w ith  defen sive w ithdrawal of the head. 
Other cerebral neurons were either ineffective or produced inconsistent 
responses. Supported by NIH grant MH35564.
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751.13
KINEMATICS ANALYSIS OF RADULA MOVEMENTS DURING BITING 
A N D  G RAZING  BEHAVIOR IN APLYSIA  A N D  BU RSATELLA. 
R.W. Saunders. S.C. Rosen. M.W. M iller1 and I. K upferm ann*. Cntr. 
N eurobiol. & Behav., NYS Psychiat. Inst., N ew  York, NY 10032. *lnst. 
Neurobiol., Univ. of Puerto Rico, Med. Sci. Camp., San Juan, PR 00910.

The neuronal basis of behavior is studied in invertebrates because they 
posses identifiable neurons that form specific circuits capable of generating 
m otor programs. In isolated ganglia, activation of single cells can elicit 
m any program s. The functional sign ificance of the programs is often  
difficu lt to evalu ate sin ce there are m ore program s than there are 
recognizable behaviors. One explanation is that the in vitro programs are 
incom plete or pathological. W e tested an alternative hypothesis: that 
behavior is more varied than previously reported. Radula m ovem ents were 
exam ined during Aplysia feeding w hen the animal either had its foot fixed 
to the substrate (biting), or when it crawled along the substrate (grazing). A  
kinematics analysis of periodic opening /c lo s in g  actions of the radula and 
protraction /retraction  m ovem ents of the odontophore show ed that in 
biting, the op en in g /c lo s in g  function w as phase-advanced relative to the 
protraction/retraction  function. The phase relationships differed from  
those observed during grazing. Full radula closure in the grazing cycle was 
phase-delayed relative to the biting cycle. The difference was due to the 
observation that during grazing the radula undergoes a conform ational 
change so that it acts as a pincer at the tim e it grasps its target. This 
conformational change was evident during feeding responses of Bursatella, a 
gastropod know n for its grazing behavior. Since m ultiple sets of m uscles 
and m otor neurons control the radula, it is likely that different motor 
program s are required to appropriately coordinate radula m ovem ents  
during biting and grazing behavior. Supported by NIH grant MH35564.

751.15
SPATIAL DISTRIBUTION AND SOME PROPERTIES OF THE SYNAPTIC 
CONNECTIONS BETWEEN LEECH HEART (HN) INTERNEURONS. 
A.I.Ivanov and R.L.Calabrese*. Biology Dept., Emory Univ., Atlanta, GA 30322.

Our aim was to study the spatial distribution of the inhibitory synaptic connection 
between HN neurons in ganglia ,3 and 4 of the leech Hirudo medicìnalis, that form a 
timing oscillator which paces heart beat.

In isolated ganglia 3 or 4, one HN neuron was filled with rhodamine dextran (MW 
3,000) by intracellular iontophoresis. Ganglia were superfused with Na+-free saline, 
containing 5 mM Ca2+. One cell was stimulated by square pulses of depolarizing 
current sufficient to evoke a maximal hyperpolarization of the postsynaptic cell. 
Application of light centered around 555 nm to the anterior neuritic branches or to the 
distal part of axon of the filled cell had no influence on synaptic transmission or the 
electrical properties o f the cell. Application of light to the medial neuritic branches, 
however, reduced synaptic transmission from the filled cell to the intact cell without 
eliminating its ability to produce Ca2+ plateaus. The amount o f this reduction 
depended on the amount of rhodamine in the cell, and the intensity, duration and 
number o f light applications. Synaptic transmission in the opposite direction (filled 
cell postsynaptic) was more resistant to light application. Wash out of Na+-free 
solution and superfusion of ganglia with normal saline showed that the both HN 
neurons still maintained a normal membrane potential and could generate spikes, but 
lost the ability to generate rhythmic bursts of spikes when synaptic transmission was 
reduced by 50% or more. Under these conditions, illumination of the cell body and 
the main neurite of the filled cell caused a decrease in spike amplitude and gradual 
depolarization. Thus, (1) the medial neuritic branches constitute the zone of the 
synaptic contact between HN neurons; (2) the neurons are likely to have multiple 
synaptic contacts; (3) the zone of synaptic contact is relatively far from the spike 
generating region; (4) Ca2+-channels are more resistant to free-radical damage or are 
distributed more widely over the cell than synaptic connections. Supported by NIH 
grants NS-24072 and NS-34975 to R.L.C.

751.17
DYNAMIC INTERACTION OF DISINHIBITION AND NEUROMODULATION 
REGULATES RHYTHMIC MOTOR ACTIVITY. Y Manor1. F Nadim1. M Bartos2* 
E Marder1 and MP Nusbaum2 Volen Center, Brandeis Univ, Waltham, MA 02254. 
2Dept Neurosci, Univ of Pennsylvania School of Medicine, Phila, PA 19104.

Activation of the modulatory neuron MCN1 elicits the pyloric- (~1Hz) and gastric 
mill (~0.1Hz) rhythms in the stomatogastric ganglion of the crab C a n c e r  b o re a lis . 
At the core of the gastric circuit are the reciprocally inhibitory neurons LG and Inti, 
both of which are excited by MCN1 and burst in alternation. Each In ti burst is 
periodically interrupted by pyloric pacemaker neuron-timed inhibition that produces 
rhythmic subthreshold disinhibitions of LG. We developed a computational model 
that predicted that (1) the strength and frequency of the pyloric (AB neuron)-elicited 
disinhibitions of LG regulate the gastric cycle period, and (2) each LG burst onset 
is time-locked to the pyloric rhythm (Nadim et al, J Neurosci:In press). Our initial 
experimental work supported these predictions (Bartos & Nusbaum, Soc Neurosci 
Abstr, 1997). We have now found that each LG burst onset is indeed time-locked 
to the pyloric rhythm. We also replaced the AB synapse with an equivalent artificial 
dynamic clamp synapse to gain better synaptic control. We suppressed the pyloric 
rhythm, causing the gastric rhythm to slow significantly, and we then restored the 
normal gastric rhythm period by using the artificial input in a pyloric rhythm pattern. 
This worked if we used the synapse as inhibition into In ti or disinhibition into LG. 
We then found that a single disinhibition was sufficient to elicit each LG burst and 
entrain the gastric rhythm, provided that each input was given after a minimal delay 
following the end of the preceding LG burst. The amount of delay depended on the 
strength of the disinhibition and the level of MCN1 modulation. The latter influence 
is reset each cycle because LG inhibits MCN1 (Coleman et al., Nature, 1995). The 
rhythmic nature of the disinhibition appears to be used to increase the likelihood 
that a disinhibition will occur soon after the minimal delay following each LG burst. 
Support: NS17813 (EM), DFG (MB), NS29436 (MPN), Alfred P Sloan Foundation.

751.14
RECIPROCOLLY INHIBITORY NEURONS THAT ARE COACTIVE DURING 
FEEDING MOTOR PROGRAMS IN A P L Y S IA  C.G. Evans*. V. Alexeeva. J. 
Rvback. K.R. Weiss, and E.C. Cropper. Mt. Sinai Schl. Med. NY, NY 10029.

In many cases neurons that are virtually indistinguishable from each other 
are electrically coupled, or make mutually excitatory connections. In this 
study, however, we characterize two neurons (B52a and B52b) that 
reciprocally inhibit each other, yet: (a) are both activated by the same type of 
sensory stimulus, (b) have similar morphologies, (c) make similar synaptic 
connections, (d) use a common neurotransmitter, and (e) are coactive during 
ingestive motor programs. Our results, therefore, strikingly confirm theoretical 
predictions that neurons that inhibit each other do not necessarily participate 
in antagonistic phases of behavior. The activity of reciprocally inhibitory 
neurons that have been modeled can be synchronized by virtue of the fact 
that the kinetics of the synaptic inhibition are slow relative to the oscillation 
period. This is not the case for the B52 neurons. In fact, reciprocal inhibition 
itself does not seem to cause the two B52s to be coactive during vigorous 
ingestive motor programs. Under these conditions both cells are depolarized 
to the point where IPSPs from the partner neuron are only likely to play a 
minor role in determining firing frequency. Reciprocal inhibition between the 
B52s may, however, be more important when synaptic drive to these neurons 
is temporarily reduced and motor programs ‘pause’. Since the B52s display 
postinhibitory rebound they can form a half center oscillator and drive each 
other in the absence of other input. When the B52s are close to their resting 
membrane potential, this type of activity consists of a single spike in one cell 
followed by a single spike in the next cell, etc. We hypothesize, therefore, 
that reciprocal inhibition may play a role in maintaining activity in functionally- 
related neurons when other synaptic input is reduced.
Supported by NIMH and an award from the Hirschl Foundation.

751.16
MOTOR PATTERN SELECTION VIA PROJECTION NEURON SELECTION. DM 
Blitz*. MP Beenhakker. and MP Nusbaum. Department of Neuroscience, 
University of Pennsylvania School of Medicine, Philadelphia, PA 19104.

The multifunctional neuronal network in the stomatogastric ganglion (STG) of the 
crab C a n c e r  b o re a lis  produces many variations of the pyloric and gastric mill 
motor patterns. This results partly from activity in distinct projection neurons which 
innervate the STG from the neighboring esophageal and commissural (CoGs) 
ganglia. Little is known about the pathways by which these projection neurons are 
activated. Thus, we have been examining the influence of different input pathways 
on these projection neurons. We demonstrated previously that the GPR1/2 
sensory neurons coactivate the CoG projection neurons, MCN1 and CPN2, 
thereby eliciting a specific gastro-pyloric rhythm from the STG network (Blitz & 
Nusbaum, Soc Neurosci Abstr, 1996).

Recently, we determined that stimulation of the dorsal posterior esophageal 
nerve (d p o n )  has distinct actions on CoG projection neurons. Unlike GPR, dpon  
stimulation elicits intense activity in the projection neuron MCN5. This effect wanes 
quickly (~5 sec) post-stimulation. MCN5 elicits a distinct pyloric rhythm (Norris et 
al, J Neurophysiol, 1996). Also unlike GPR, d p o n  stimulation initially inhibits MCN1 
& CPN2 (-0.5-1 min). As stimulation persists (~1-2 min), MCN1 & CPN2 recover 
gradually and increase their activity relative to control levels. After stimulation, 
there is a strong, long lasting (> 10 min) activation of MCN1 & CPN2. D pon  
stimulation thus elicits two distinct motor patterns. During stimulation, there is an 
MCN5-like pyloric rhythm and activation of several gastric mill neurons. After 
stimulation, there is an MCN1/CPN2 gastro-pyloric rhythm that lasts longer, and 
includes a faster gastric rhythm, than the GPR-elicited rhythm. Thus, the nervous 
system can select different motor patterns from a multifunctional network by 
activating different input pathways that differentially influence distinct subsets of 
projection neurons. Support: NSF IBN94-96264; NIH NS29436 & MH17168.

751.18
A NOVEL MECHANISM OF NETWORK OSCILLATION BASED ON 
ASYMMETRIC RECIPROCAL INHIBITION. S. Epstein'. J. Ritt1. Y. Manor2 *. F. 
Nadim2, E. Marder2 and N. Kopell1 'Center for BioDynamics and Department of 
Mathematics, Boston University, Boston, MA 02215.2Volen Center, Brandeis 
University, Waltham, MA 02254.

We present and analyze a low dimensional model of a new mechanism for an 
oscillation based on reciprocal inhibition; the model is motivated by a detailed 
biophysical description (Nadim et al., J. Neurosci.: In Press) of the M CNl/Intl/LG 
subnetwork of the crab stomatogastric ganglion. The network contains an unbalanced 
reciprocally inhibitory pair (Intl/LG) which, in the absence of further input, has a stable 
rest point with Inti at high voltage and LG at low voltage. With slow excitation from 
M CN1, the network generates a slow rhythm during which the M CN1 excitation is 
presynaptically gated by LG. To simplify our analysis, we ignore the spikes produced 
when the cells are at a high voltage, and consider only the underlying envelopes.

Our mathematical analysis shows that the mechanism described above can support 
oscillations even when the membrane properties of all cells are assumed to be purely 
passive, provided that the synapses are graded. The analysis uses a "quasi-static phase 
plane" portrait, which exploits the separation of fast (Inti and LG synaptic dynamics) 
and slow (MCN1 synaptic dynamics) time scales. We discuss how excitability in Inti 
and LG alters the behavior of the model, allowing a larger range of oscillatory 
waveforms- more similar to the waveforms obtained experimentally. Finally, we show 
how the model supports sensitive frequency control of the slow gastric mill rhythm by 
the strength and frequency of fast periodic inhibition from the pyloric pacemaker cell 
AB.
Support: NS17813 (EM), NIMH/MH41750 (NK) and the Alfred P. Sloan Foundation.
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752.1
A C T IV IT Y  P A T T E R N S  O F  T H E  S T O M A T O G A S T R I C  
G A N G L IO N  N E U R O N S  IN  D IF F E R E N T  N E T W O R K S  O F TH E  
SH RIM P PENAEUS JAPONICUS. K. T a za k i.* B io l. L ab ., Nara  
U niv. E d uc., Takabatake, Nara 6 3 0 , Japan 

M otor  p attern s o f  th e sto m a to g a str ic  g a n g lio n  n eu ro n s in  
different n etw orks w ere stu died  in the shrim p Penaeus japonicus. 
The cardiac sac, the gastric m ill, and the p y lor ic  patterns repeated  
with different period s. A  m otor neuron in the p y lor ic  netw ork  or in 
the gastric  m ill  n etw o rk  can  sw itc h  from  th is n etw o rk  to the  
cardiac sac netw ork. A ll o f  the p y loric  neurons ex cep t a ventricular  
dilator neuron can be active in tim e w ith  the p y lor ic  rhythm . M any  
gastric neu ron s c o u ld  d isp la y  p y lo r ic -tim e d  a c tiv ity  in  vary in g  
d egrees. F u n ctio n a l in tera c tio n s  b e tw e e n  g a str ic  and p y lo r ic  
neurons c o u ld  b e  seen . T h e  b a s ic  p r in c ip le s  that th e pattern  
generator netw orks are recon figu red  under d ifferen t co n d itio n s can  
apply to the stom atogastric nervous system  o f  the shrim p Penaeus. 
M ultifunctional netw orks in the stom atogastric ga n g lio n  h ave been  
preserved across d eca p o d  infraorders. T h e cardiac sac and the  
pyloric patterns are w e ll con served . P h y lo g en etic  d ifferen ces in the 
gastric m ill  m otor  pattern m ay  o ccu r  in  ty p e s  o f  fu n ctio n a l  
configuration o f  the netw orks am ong d ifferen t d ecap od  infraorders 
where a h ig h  d eg ree  o f  var ia b ility  in  gastr ic  m ill  and m u scle  
system s w a s o b servab le . T h e p resen ce  o f  fu n ction a l in teractions  
betw een d ifferen t netw orks in the stom atogastric  ga n g lio n  can be  
generalized to all the decap od  sp ec ie s  exam in ed .

752.3
SY NAPSIN-LIK E IM M U N O R E A C T IV IT Y  R E V E A LS N E U R O PIL  
PATCH ES IN TH E ST O M A T O G A ST R IC  N E R V E. P. Skiebe*.
Freie Universität Berlin, Institut fur Neurobiologie, Königin-Luise-Str.
28/30, D -14195 Berlin, Germany.

The stomatogastric ganglion o f  decapod crustaceans generates w ell- 
studied motor patterns which can be modulated by neurons projecting from 
the esophageal ganglion and the paired commissural ganglia. The majority 
o f the modulatory axons are found in both superior esophageal nerves (sons) 
and the stomatogastric nerve (stn), which contain varicosities reminiscent o f  
neuropil, i f  immunostained for peptides at the light microscopy level. In the 
stn o f  crabs, synaptotagmin-like immunoreactivity is found (Parish eî al, 
1996, Soc Neurosci Abstr, p i 375) as well as small patches o f  neuropil 
containing synaptic appositions (Kilman & Marder 1997, Soc Neurosci 
Abstr, p 477), whereas in lobsters, only neurohaemal-like varicosities were 
found.

I could demonstrate the presence o f  varicosities reminiscent o f  neuropil 
in the stn and the sons o f  the crayfish Cherax destructor, with an antibody 
against Drosophila synapsin (Klages et al, 1996; J  Neurosci 16:3154). The 
same structures double label with antibodies against FMRFamide, 
allatostatin and proctolin. As expected, the synapsin antibody stained 
neuropil but not cell bodies and axons in other parts o f  the stomatogastric 
nervous system (STNS). Electron microscopy is being used to verify that 
synapses are present in the stn o f  C. destructor, and physiological 
experiments are in progress to assess the role o f  these structures in 
modulation and plasticity within the STNS (supported by DFG).

752.5
CA++ INFLUX INTO VOLTAGE CLAMPED NEURONS OF THE PYLORIC 
NETWORK MONITORED BY MULTIPHOTON EXCITATION MICROSCOPY. 
P. Kloppenhuπ?1*, W,R, Zipfel2. W.W. Webb2 and R.M. Harris-Warrick1. 
'Neurobiology and Behavior, Cornell University; 2Developmental Resource for 
Biophysical Imaging and Opto-Electronics, An NIH/NCRR Resource, Dept, of 
Applied and Engineering Physics, Cornell University, Ithaca, NY 14853.

The crustacean stomatogastric nervous system serves as a model for studying the 
mechanisms of rhythm generation and network modulation. The 14 neuron pyloric 
network of the stomatogastric ganglion in the lobster (Panulirus interruptus) 
produces a triphasic rhythmic output that results from the synaptic connections 
between the members of the network and the intrinsic properies of the neurons.

Calcium plays a critical role both in synaptic transmission and in the control of 
the intrinsic firing properties of neurons. Thus, Ca++ levels may be a major target of 
modulation in the STG, but they are difficult to measure electrophysiologically 
since the Ca++channels are localized far from the soma in the neuropil.

By combining multiphoton excitation microscopy with electrophysiological 
recording techniques we have begun to analyze the spatial and temporal pattern of 
voltage dependent Ca++ influx into STG neurons. With these techniques we can 
monitor [Ca++J, in fine distal neuronal branches with high temporal and spatial 
resolution more than 200 µm below the surface of the ganglion. Changes in [Ca++]| 
measured with the Ca++ indicator fura-2 can be recorded in distal branches of the 
neuron as a function of controlled voltage steps in voltage clamp. We are currently 
analyzing the voltage dependence of these Ca++ changes, and the spatial and temporal 
aspects of the Ca++ influx. This work is primarily focused on two major questions: 
(1) Do Neuromodulators such as monoamines modify calcium entry and/or release of 
Ca++ from intracellular stores; and (2) are the actions of amines on Ca++ activity 
different at nerve terminals, where they affect transmitter release, than in other 
regions of the neuron where Ca++ affects intrinsic firing properties? Supported by 
NIH NSI7323 (RMH) and NIH RR04224 (WRZ, WWW).

752.2
CALCIUM IMAGING FOR MONITORING SPIKE ACTIVITY OF 
APLYSIA NEURON. R. Yoshid¾, A. Iw¾moto an d T, Nagahama*.
D ep. o f  B io lo g y , Fac. o f  S c ien ce , K obe U n iv .,  K obe 6 5 7 -8 5 0 1 , Japan

W e investigated the calcium  im aging m ethod for m onitoring the spike  
activity o f  the Aplysia neuron. The calcium  green-1 w a s injected into the 
identified buccal neuron (M A , JC or JO) w ith  a m icropipette. Electrical 
stim uli o f  the buccal nerves evoked  a transient increase in fluorescen ce in 
the w h o le  region o f  the neuron on ly w h en  the neuron sh ow ed  spike  
activity, and the extent w a s increased w ith the firing frequency o f  the 
neuron, su ggestin g  that the spike generation m ay participate in an increase 
in intracellular Car concentration ([C a2+]i). W hen the dye w a s injected  
into tw o or three identified neurons, w e  could detect their firing patterns 
sim ultan eou sly. W hen the ganglia w ere bathed in Ca-free A S W , the 
antidromic sp ikes w ere still evoked  but the [Ca2+]; increase com pletely  
disappeared. In addition, N C D C  and ryanodine, w h ich  can block  
different types o f  the Ca2+ release from  intracellular stores did not affect the 
[Ca2+]j increase. T h ese results su ggested  that the extracellular Ca2+ m ay  
flo w  in accom panying the spike generation. Aplysia neurons can be 
classified  into tw o types depending on whether they produce C a-sp ikes in 
N a-free A S W  or not. W e found that the studied neurons belonged to the 
latter one and explored the m echanism  producing Ca2+ in flux . N ick el ion , 
a blocker o f  T-type voltage-gated Ca2+ channels did not affect anything in 
the w h ole  region w h ile  a L-type channel b locker, nifedipine suppressed  an 
initial part o f  the [Ca2+]; increase in the cell body region .

Th ese results su ggest that the calcium  im aging m ethod m ay be usefu l 
to detect the spike activity in Aplysia neurons even  if they do not sh o w  Ca- 
sp ikes caused by T-type channels because the L-type channels m ay partly 
contribute to the Ca2+ influx accom panying the spike generation.

752.4
Pattern generation in the buccal system of freely behaving Lymnaea stagnalis.
R.F. Jansen.*, A.W. Pieneman and A. ter Maat Dept, o f Biology, De Boelelaan 
1087, 1081 HV Amsterdam, The Netherlands.

The buccal system of the snail Lymnaea stagnalis produces two different motor 
patterns. Video analysis of the movements of the buccal mass in intact animals has 
shown that the behavioral output of the buccal system during feeding is different 
from that during egg laying, when the animal uses its mouth to clean the substrate at 
the location of egg deposition (Jansen et al., J.Neurophysiol. 78:3415-3427, 1997). 
To investigate how these different behavioral outputs of the buccal system are 
produced we recorded, in freely behaving animals, the patterns of electrical activity 
in the posterior jugalis nerve and laterobuccal/ventrobuccal nerves. These nerves 
contain axonal projections of buccal motorneurons identified previously by 
Benjamin et al.

Both in feeding and egg laying animals two kinds of rhythmic electrical activity 
were recorded. The first one consists of small amplitude spikes that occur both in the 
absence and presence of buccal rasping movements. This activity may be related to 
peristaltic movements of the oesophagus. The second activity consists of bursts of 
large amplitude spikes that occur only during rasping movements.

Using spike sorting techniques the recorded multiunit activity was separated into 
its constituent units. The exact timing of unit electrical activity relative to the buccal 
rasping movements was investigated using frame-by-frame video analysis and 
statistical analysis (permutation tests). The results showed that for the majority of 
units the timing of the action potentials relative to the radula movement changes little 
between feeding and egg laying behavior. The firing properties of the units recorded 
were characterized in interval- and autocorrelation histograms. These results showed 
that the burst period of the motorpatterns recorded in egg laying animals is longer 
and much more variable than the motor patterns recorded in feeding animals. It is 
concluded that during egg laying the buccal system produces a pattern of electrical 
activity that is slower and more variable than during feeding.

752.6
NEURAL M ECHANISMS OF BEHAVIORAL INITIATION IN THE 
TRITONIA ESCAPE RESPONSE. W .N. Frost*. T,A.Hoppe. and L -M. Tian. 
Dept. Neurobiology & Anatomy, Univ. Texas Med. Sch., Houston, TX 77225.

The marine mollusc Tritonia diomedea responds to an aversive stimulus 
with a prolonged rhythmic escape swim response. Here we present data on the 
neural mechanisms by which this behavior is initiated. Previous work described 
a key neuron, DRI, that receives convergent excitatory connections from the 
afferent neurons, and in turn directly excites the serotonergic DSIs o f  the swim  
central pattern generator (CPG). Although the afferent neurons fire only briefly 
in response to a swim-eliciting stimulus, DRI fires continuously throughout the 
ensuing motor program. Here we describe two sources for DRI’s sustained 
firing response. First, sensory stimulation briefly activates a newly described 
“trigger neuron” (n = 10 preparations) that produces several cycles o f  CPG 
activity, apparently by inducing prolonged DRI firing. Second, as shown 
previously, DRI directly activates the DSI neurons o f  the CPG, which modulate 
the excitability and synaptic efficacy o f  another CPG neuron, C2. W e find that 
one o f  these effects is to enhance normally weak excitatory positive feedback 
connections from C2 to DRI (n = 10 preparations).

Because DRI’s feedback connections from the CPG cause DRI to fire 
rhythmically during the swim motor program, it has remained uncertain whether 
DRI functions as a command neuron, or instead as an integral member o f  the 
CPG. To distinguish between these two possibilities we bypassed DRI and 
activated the motor program from within the CPG, by driving two DSI neurons 
for 40s at 20Hz. Hyperpolarizing DRI was found to block sensory-elicited, but 
not DSI-elicited pattern generation (n = 8 preparations), indicating that DRI 
functions as command neuron that drives the rhythm and receives feedback 
from the CPG. Supported by NIH grant NS36500.
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752.7
PLASTICITY OF SHAL POTASSIUM CHANNEL EXPRESSION IN LOBSTER 
STOMATOGASTRIC NEURONS DURING DEVELOPMENT AND AFTER 
LONGTERM DECENTRALIZATION IN VITRO. V.S. Fenelon.1 D.J. Baro.2 R.M. 
Harris-Warrick,2* P. Meyrand1 and J. Simmers1. 'Univ. Bordeaux I & CNRS 5816 
Arcachon France; 2Section of Neurobiology and Behavior, Cornell Univ., Ithaca NY.

We use the stomatogastric ganglion (STG) of the lobster, Homarus gammarus, to 
study developmental- and decentralization-induced changes in the distribution and 
density of voltage-dependent membrane channels that play a crucial role in shaping the 
rhythmic motor output of STG networks. To this end we have performed confocal 
microscopy following whole-mount immunocytochemistry using an antibody directed 
to the carboxy portion of all lobster shal K+ channels (Baro et al, this issue). In 80% 
developed embryos and stage I larvae, intense shal immunoreactivity (IR) was found in 
the membranes o f primary neurites and neuropilar processes of STG neurons; the 
somata were devoid o f detectable shal expression. In the adult STG, a similar overall 
IR pattern was found (unlike in the spiny lobster, Panulirus interruptus, where somata 
stain intensely). Shal channel expression in adult STG neurons was also assessed after 
longterm suppression of modulatory inputs to the STG in vitro. Following 
decentralization, STG neurons alter their inherent electrophysiological properties to 
recover network rhythmicity similar to that seen in non-decentralized STG (Thoby and 
Simmers, J. Neurosci. 18:2212-2225, 1998). After 3 to 4 days of organ culture, shal IR 
in decentralized STG was far less intense in the membrane of primary neurites but was 
now clearly present on the somata of neurons. This alteration in shal localization was 
specific to the removal of modulatory inputs since the pattern of IR in non- 
decentralized STG after several days in culture was identical to that in freshly-dissected 
controls. Therefore in direct contrast to the apparent lack of plasticity in shal 
expression during development, K+ channels rapidly altered their distribution in the 
adult nervous system after decentralization, and this may assist in the reacquisition of 
normal cycling network behavior. These results suggest that modulatory inputs not 
only play a role in the maintenance of channel distribution and therefore, cellular 
phenotype, but also that these inputs are present early in STG network development.

752.9
DEVELOPMENTAL ACQUISITION OF ADULT COMPLEMENT OF 
MODULATORY INPUTS TO AN EARLY-ESTABLISHED MOTOR NETWORK 
IN LOBSTER. B. Casasnovas, V.S. Fenelon. N. Mesmer-Dudons, S. Faumont, J. 
Simmers and P. Meyrand. (SPON: British Neuroscience Association). Univ. Bordeaux 
I & CNRS UMR 5816, Arcachon, France.

In the adult lobster, Homarus gammarus, motor rhythm-generating networks in the 
stomatogastric ganglion (STG) are controlled by numerous modulatory inputs from 
anterior ganglia, via the single afferent stomatogastric nerve (stn). In contrast to the two 
distinct motor patterns of adult STG networks, the embryonic and larval STG expresses 
a single rhythmic motor pattern. In the present study we wished to assess if this 
ontogenetic alteration in STG network output relies on changes in cell number within 
the STG itself and/or is due to the developmental acquisition of stn inputs.

Using neuronal counts and incorporation of bromodeoxyuridine, we have found that 
the STG neuronal population is established early and remains stable from mid- 
embryonic life throughout adulthood. By contrast, counts of fibers in electron 
micrographs of stn thin sections revealed that the number of axons in the embryonic 
and larval stn is significantly inferior to the number of projection fibers in the adult stn.

As a first step towards identifying the early established modulatory inputs, we 
immunocytochemically assayed expression of FLRFNH2 and proctolin during 
development. FLRFNH2- and proctolin-immunoreactivity (IR) were present in 
projections to the STG as early as 50% of embryonic development and remained 
thereafter. In addition, FLRFNH2- and proctolin-lR were transiently expressed by STG 
neurons during embryonic and larval development.

These results demonstrate that, at mid-embryonic life, the STG cell population is 
already quantitatively established and receives peptidergic modulatory inputs. 
Furthermore, the STG expresses an ontogenetic peptidergic plasticity at a time when 
the ganglion produces a single stable motor output pattern. The full complement of 
modulatory input to the STG is finally attained after metamorphosis, corresponding to 
the time at which STG motor output is profoundly altered to produce the adult 
phenotype.

752.11

Evidence for a physiological role for the neuropeptide APGWamide in the
Aplysia CNS. Peter Wu-Morgan. Ferdinand S. Vilim. Ray Perrins* and 
Klaudiusz R. Weiss. Dept, of Physiology and Biophysics, Mount Sinai School 
of Medicine, New York, NY 10029.

An important problem in the study of neuropeptide transmitters has 
been the elucidation of their physiological functions. Answers to the 
challenging questions of peptide transmitter function in the central nervous 
system have only recently been proposed. In the Aplysia central nervous 
system, the cerebral-buccal intemeurons (CBIs) may use peptides to influence 
the control of feeding-related buccal motor programs (BMPs). CBI-2 is a 
command-like neuron that, when stimulated, produces BMPs that are typically 
ingestive. We found that CBI-3 is electrically coupled to CBI-2 and is 
phasically active during BMPs elicited by stimulation of CBI-2. We also found 
that CBI-3 is immunopositive for the neuropeptide APGWamide, and by single
cell RT-PCR we determined that CBI-3 contains the message for APGWamide. 
Furthermore, we found that bilateral inhibition of CBI-3 was sufficient to switch 
the ingestive BMP elicited by CBI-2 into an egestive one. Bilateral stimulation 
of CBI-3, on the other hand, strengthened the measured parameters that indicate 
an ingestive BMP. In addition, exogenous application of APGWamide to the 
buccal ganglion removed the dependence of the nature of the CBI-2 motor 
program on the degree of polarization of CBI-3. All cycles of the CBI-2 motor 
program in the presence of APGWamide were strongly ingestive (identical in all 
observed parameters to the cycle in which CBI-3 was stimulated bilaterally) 
regardless of whether CBI-3 was hyperpolarized, not injected with current, or 
stimulated. Hence APGWamide application is sufficient to mimic stimulation of 
CBI-3 during the CBI-2 motor program. Thus we believe that APGWamide 
released by CBI-3 is at least part of the central mechanism for selecting between 
ingestive and egestive BMPs. (Work funded by NIMH)

752.8
DISINHIBITION OF PERMISSIVE MODULATORY INPUTS PROMOTES 
EXPRESSION OF A MOTOR RHYTHM-GENERATING NETWORK. S, 
Faumont, J. Simmers* and P. Meyrand. Lab. Neurobiol. des Réseaux, Univ. 
Bordeaux I & CNRS UMR 5816, Arcachon, France.

Modulatory intemeurons controlling motor networks are themselves subject to 
diverse influences from other central modulatory neurons, sensory neurons or from 
their target networks. To date most studies have focused on the way activity can be 
switched on or enhanced by excitation of activatory neurons projecting from higher 
order centers. However the functional significance o f synaptic inhibition in these 
centers remains unclear.

Motor rhythm generation by the gastric motor network in the stomatogastric 
ganglion (STG) of lobster Homarus gammarus is controlled by modulatory 
projection neurons from rostral commissural ganglia (CoGs); preventing these 
inputs to the STG of a stomatogastric nervous system in vitro rapidly renders the 
gastric network silent. However exposure of the CoGs to low Ca2+ saline to deprive 
projection neurons of chemical synaptic inputs, results in an initiation or 
reinforcement of the gastric rhythm. A similarly powerful inductive effect was 
observed when picrotoxin (10° M) was superfused on these ganglia to selectively 
block synaptic inhibition. We conclude that in the CoGs, continuous synaptic 
inhibition is exerted on a subpopulation of modulatory projection neuron and that 
release from this inhibition allows strong activation of the gastric network. 
Moreover comparison of the gastric patterns under these conditions of general (low 
Ca2+ saline) or inhibitory (picrotoxin) synaptic blockade in the CoGs suggests that 
the degree of disinhibition, rather than direct synaptic excitation, plays a 
predominant role in the basal control of modulatory inputs to the gastric network

752.10
DAMPING OF NEURONAL OSCILLATIONS IN EMBRYONIC NETWORKS.
T. Bern, J. Simmers and P. Meyrand*. Lab. de Neurob. des Réseaux,
Univ. Bordeaux I & CNRS UMR 5816, Arcachon, France.

We are studying the ontogeny of motor rhythm-generating networks in the 
stomatogastric nervous system (STNS) of the European lobster, Homarus 
gammarus. Whereas the adult STNS generates three distinct motor rhythms, the 
embryonic STNS expresses a single motor pattern that is generated by neuronal 
oscillations that are considerably smaller in amplitude than in the adult (Casasnovas 
and Meyrand 1995). Are the intrinsic oscillatory properties of embryonic neurons 
not yet fully developed or is there some mechanism responsible for masking an 
already existing oscillatory capability? We are using computer simulation to test 
whether a combination of strong electrotonic coupling and chemical synaptic 
inhibition throughout the population of embryonic STNS neurons may provide the 
substrate for a damping of their oscillations.

It is well known that electrotonic coupling between rhythmogenic neurons tends 
to synchronize and enhance their oscillatory behavior. In contrast, our findings 
suggest that if patterned network activity exists as a result o f inhibitory connections 
then widespread electrotonic coupling between neurons firing in different phases can 
shunt membrane potential changes in individual neurons, thereby reducing the 
amplitude of their oscillations. An important consequence of such a weakening of 
the expression of intrinsic rhythmicity is a greater susceptibility to entrainment into a 
unified pattern by extrinsic phasic influences. Moreover a subsequent developmental 
decrease in electrotonic coupling would allow the full expression of oscillatory 
behavior in individual neurons associated with a functional differentiation of the 
three stomatogastric networks. Since strong electrotonic coupling that diminishes 
during maturation seems to be a general feature of neuronal networks, then such a 
damping mechanism may be ubiquitous in embryonic nervous systems.

752.12
ACTIVITY OF THE ANTERIOR GASTRIC RECEPTOR AND MOTOR 
PATTERNS OF THE STOMATOGASTRIC NETWORKS IN FREE-MOVING 
CRABS, CANCER PAGURUS. D. Weigeldt. .IL-Böhm* and HLG^HdnzeL 
Institute of Zoology, University Bonn, Poppelsdorfer Schloss, D-53115 Bonn.

The motor patterns generated by the neural networks o f the stomatogastric 
nervous system are intensively studied under in vitro conditions, but little is 
known about sensori-motor activity in intact Crustacea.

Recordings of up to four stomatogastric nerves in free-moving and feeding 
crabs have now shown a stronger mutual influence between neurons of the gastric 
and pyloric networks as compared to in vitro recordings. After feeding induced 
gastric activity even the dorsal gastric motoneuron (DG) of the retractor muscles 
(gm4) of the medial tooth showed pyloric timed modulations. However, this 
modulation does not occur after injections of pilocarpine.

Movements of the medial tooth are measured by the anterior gastric receptor 
(AGR) which has its sensory dendrites at the base of the protractor muscles (gm 1) 
of the medial tooth, which are driven by the gastric motomeurons (GM). Our in 
vivo recordings of sensori-motor activity confirm the suggested function and 
connectivity of AGR (Simmers & Moulins, J Neurophysiol 59:757,1988) in two 
aspects, but they also add two findings which can make this sensory-motor 
interaction even more complex. 1) We found a mutual increase of AGR and GM 
activity, demonstrating the suggested positive reflex reinforcement. 2) High AGR 
activity during one GM burst can lead to reflex reversal by abolishing the next 
GM-burst, which also is explainable by the suggested intemeuronal connections 
and properties. 3) Surprisingly AGR bursts can also occur in time with DG bursts. 
4) Extra- and intracellular recordings have demonstrated an additional spike 
generating zone of AGR within the STG which sends spikes towards the sensory 
endings as well as to the higher ganglia. The role of these extra spikes is subject 
of our next studies on the in vivo complexity of AGR activity.

Society for Neuroscience, Volume 24, 1998
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752.13
ROLE OF EXCITATORY AUTAPSES IN THE DISCHARGE GENERATION 
IN THE PREY CAPTURE NEURAL NETWORK OF THE MOLLUSC 
CLIONE LIM ACINA. T.P.Norekian*. Friday Harbor Laboratories, Friday Harbor, 
WA 98250 and Dept. Biology, Arizona State University, Tempe, AZ 85287.

The main characteristic of a neural network that controls prey capture reactions in 
the pteropod mollusc Clione limacina is the ability to generate prolonged 
afterdischarges following a brief burst of activity. It was found that this lasting firing 
activity is sustained by a single pair of interneurons (Cr-Aint), which drive the 
activity of all other cells in the network. These Cr-Aint neurons produced 
GABAergic self-excitatory synapses, thus organizing a potent positive feedback. 
Each individual spike in a Cr-Aint neuron induced an afterdepolarizing potential, 
which had amplitude between 2 and 6 mV, and had a slow decline lasting about 0.5 
seconds. Afterdepolarizing potentials persisted in high divalent saline without a 
single failure, suggesting that they represent a property of the Cr-Aint neuron, rather 
than polysynaptic recurrent inputs. Afterdepolarizing potentials disappeared in zero 
Ca++ seawater and were reversibly blocked by high Mg++ seawater. Exogenous 
GABA mimicked all the effects produced by Cr-Aint neurons. The GABA 
antagonist, 5-aminovaleric acid, completely and reversibly blocked afterdepolarizing 
potentials. Nipecotic acid, a GABA uptake inhibitor, significantly increased the 
duration of afterdepolarizations. Double-labeling experiments demonstrated that Cr- 
Aint interneurons are GABA-immunoreactive. These experiments provided strong 
evidence that Cr-Aint neuron afterdepolarizations were recurrent monosynaptic 
inputs, provided by GABAergic autapses. Additional morphological evidence for the 
existence of autaptic connections in the Cr-Aint neurons was provided by electron 
microscopy. A single Cr-Aint neuron in a preparation was injected with HRP or 
neurobiotin. Labeled, packed with presynaptic vesicles terminals were found to be 
adjacent to the labeled axon segments of a Cr-Aint neuron.
Supported by NIH grant NS-34662 and NSF grant IBN-9630805.

752.15
NEUROENDOCRINE INFLUENCE ON LOCAL MODULATORY ACTIONS IN 
THE CRAB STOMATOGASTRIC GANGLION. AE Christie* & MP Nusbaum. 
Dept, of Neuroscience, Univ. of Pennsylvania School of Medicine, Philadelphia, 
PA 19104.

The stomatogastric ganglion (STG) of the crab C a n c e r  b o re a lis  contains two 
interacting neural circuits composed of overlapping neuronal subsets. These two 
circuits generate the gastric mill and pyloric rhythms, which control chewing and 
filtering of food in the foregut. These circuits are modulated by circulating and 
locally released neuropeptides. While much information is available on circuit 
responses to neuropeptides applied to naive preparations, little is known about 
the interactive effects of these peptides. We recently found that prior exposure 
of the STG to the peptide neurohormone corazonin (COR: 10'8M) alters the 
gastric mill and pyloric responses to C a n c e r  b o re a lis  tachykinin-related peptide 
la (CabTRP: lO'*’M). The gastric mill and pyloric responses to COR and CabTRP 
are distinct when applied separately. For example, COR does not influence the 
gastric mill neurons while CabTRP excites at least some of them (LG, MG, GM 
neurons). Likewise, activity in the LP pyloric neuron is reduced by COR and 
enhanced by CabTRP. When CabTRP is applied within one hour after COR 
washout, gastric mill and pyloric activity is significantly increased relative to 
CabTRP applications either pre-COR or two hours post-COR. There is a faster 
and stronger pyloric rhythm, and increased activity in the gastric neurons, 
although no gastric mill rhythm is elicited. The enhanced STG response to 
CabTRP (10-6 M) is comparable to that elicited by 10‘5M CabTRP without prior 
COR application. This COR influence appears selective for CabTRP in that it 
does not alter the STG response to the peptide proctolin (PROC: 10'7M). This 
is particularly interesting because PROC & CabTRP are coreleased into the STG 
from the projection neuron MCN1. We will next be examining the influence of 
COR on the MCN1-modulation of the gastric mill and pyloric rhythms. 
Supported by F32-NS09718 (AEC) & IBN94-96264 (MPN).

752.14

DYNAM IC PROPERTIES OF INTERSEGMENTAL COORDINATING  
INTERNEURONS IN THE CRAYFISH SWIMMERET SYSTEM. EL 
Namba and B. M ullonev*. Neurobiology, Physiology, and Behavior,
Univ. California, Davis CA 95616-8519 USA.

When crayfish beat their four pairs o f swimmerets to swim, the most 
posterior pair starts each cycle, and is followed progressively by more 
anterior pairs, with a constant intersegmental phase lag. Each swimmeret 
is driven by its own pattern-generating module. The activities o f these 
modules are normally coordinated to produce the phase difference.

W e have identified a segmentally-repeated series o f three types of 
intersegmental intemeurons that accomplish this coordination. These 
neurons fire bursts of impulses in phase with swimmeret motor output 
from their home ganglia; two types have ascending axons, the third has a 
descending axon. Cutting these axons, or cutting the rest o f the 
intersegmental connective, showed that these three types o f intemeuron 
are necessary and sufficient for normal coordination.

When the period o f the motor output changed in response to 
experimental excitation, the phases o f bursts o f impulses in each of these 
intemeurons did not change. As period shortened, the duration of each 
burst also shortened, and the frequency o f impulses in each burst 
increased. These changes were neatly balanced, so the number of impulses 
per burst did not change significantly through a three-fold range o f beat 
frequencies.

Supported by N SF grant IBN 97-28791 to BM.

752.16
KINEMATIC MODELING AND MRI IMAGING OF THE BUCCAL  
MASS OF APLYSIA C A L IF O R N IA . H. J. Chiel*. R. F. Drushel. D. 
M. Neustadter and P. E. Crago. Depts. o f B iology, Neuroscience, and 
Biomedical Engineering, Case Western Reserve University, Cleveland, 
OH 44106 and Elscint Corporation, Haifa, Israel.

Neural control o f feeding in A plysiα  is best understood in the 
context o f the biomechanics of its feeding apparatus, the buccal mass. 
We have constructed two kinematic models (J. exp. Biol., in press) that 
clarified the functional roles of the outer buccal mass muscles 12 and 13 
and made testable predictions about their neural control. These models 
and studies o f buccal m asses in feeding transilluminated juvenile  
animals (J. exp. Biol., 200:735, 1997) indicate that the changing shape 
o f the structure used to grasp and ingest food, the radula/ odontophore, 
determines the overall shape o f the buccal m ass, and therefore we 
constructed a kinematic model o f it. The radular halves are represented 
as solids whose surfaces are defined by analytical functions in each 
orthogonal axis, and the radula stalk is represented as a cylinder. The 
model's two independent variables are the opening angle o f the radular 
halves, and the tilt angle o f the radula upon the radular stalk. Given the 
two independent variables, the model can predict the lengths o f the 15, 
16, and 17 muscles. It can be integrated into the second kinematic model 
to predict the 12 and 13 lengths, and the buccal mass shape. To validate 
this model, we are using MRI with spatial resolution o f 1 x 1 x 2 mm 
and temporal resolution o f 155 ms. Preliminary results demonstrate that 
the borders o f the radula/ odontophore and the lateral groove can be 
visualized in situ  using this technique, and thus it is likely that the 
changing lengths o f buccal mass m uscles can be estim ated during 
normal feeding movements.

Supported by the Whitehall Foundation (M 97-12).

COGNITION: HUMAN LEARNING AND MEMORY—IMAGING OF WORKING MEMORY II

753.1

DECOMPOSING WORKING MEMORY: A SINGLE TRIAL

Desmond2, G H. Gl over3, J .  D. E. G a b r ie l^ ¾ ogram  in 
Neurosciences , Departments of Psychology2 and Radiology3, 
Stanford University, Stanford, CA 94305
We used a single trial design in order to isolate different 
subprocesses of a Sternberg verbal working memory paradigm (E- 
encoding, M-maintenance, R-retrieval). Four different trial types 
were utilized: 1) an EMR trial where subjects were presented letters 
to encode (E-phase), rehearse it over a delay period (M-phase), and 
had to retrieve letters in order to confirm the probe letter (R-phase), 
2) an EM trial where subjects encoded and rehearsed and pressed a 
button during the retrieval phase, 3) an E trial where subjects 
encoded, but were asked not to rehearse, and pressed a button during 
the retrieval phase and 4) a visuomotor control task. These trial 
types were used to identify brain regions active during different 
phases of the task by comparison to a statistical deconstruction of the 
EMR trial type. Imaging was performed in a 1.5 T scanner with the 
following parameters: sixteen axial slices-7 mm thick, parallel to the 
AC-PC plane were acquired using a gradient echo spiral pulse 
sequence, with TR=I44O, TE=4O, flip angle=83°, and interleave = 1. 
This study was supported by NIH grants MH53673 and AG 12995.

753.2

AN fMRI STUDY OF WORKING MEMORY UTILIZING A 
SINGLE TRIAL PARAMETRIC DESIGN. K. Narayanan. V. 
Prat>fr¾karan, ZJShaQJS, A, Ew g¢,I,.E- Desmond, Q , ü  Qlς>v¢r, &
J. D, E, Gabrieli. R. E. Hazeltine*. Program in Neurosciences, 
Departments of Psychology and Radiology, Stanford University, 
Stanford, CA 94305
Working memory studies have shown load-dependent increases in 
activity in brain regions. To understand what subprocesses of 
working memory reflect these load-dependent changes in the brain, 
we had subjects perform a Sternberg-type verbal working memory 
paradigm utilizing a single-trial parametric design. In each trial, 
they encoded from 3 to 6 letters and maintained it over a 5 sec. 
delay. They were probed after the delay with a letter probe. Brain 
regions showing load-dependent increases in activity during 
encoding, maintenance, and retrieval phases of the working memory 
task were isolated. Imaging was performed in a 1.5 T scanner with 
the following parameters: Sixteen axial slices-7 mm thick, parallel 
to the AC-PC plane were acquired using a gradient echo spiral pulse 
sequence, with TR=2I6O, TE=4O, Flip Angle=83°, and interleaves =
1. Different networks were recruited for different phases of the 
working memory task. Load-dependent activation was seen in 
posterior areas in the parietal, temporal, and visual areas during 
encoding. Load-dependent activation was seen in left inferior 
frontal, left posterior parietal, right cerebellum, and middle frontal 
areas during maintenance. Load-dependent activation was seen in 
the insula and cingulate during retrieval.
This study was supported by NIH grants MH53673 and AG 12995.
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753.3
INDIVIDUAL DIFFERENCES IN WORKING MEMORY: A
FUNCTIONAL MAGNETIC RESONANCE IMAGING (fMRI) 
STUDY. G. T. Stebbins1*. J. D.E. Gabrieli1 2. M. C. Carrillo1, J. 
Dorfman1. C. Dirksen1. D. Turner1. G. Glover2, J. Desmond2. 
’Departments o f Neurological Sciences and Radiology, Rush- 
Presbyterian-St. Luke’s Medical Center, Chicago, IL 60612 and 
departm ents o f Psychology and Radiology, Stanford University, 
Stanford, CA 95305

We used functional magnetic resonance imaging (fMRI) to investigate 
the functional brain basis of individual differences in working memory. 
Ten young (ages 18-30) healthy controls participated in the study. Five 
subjects evidenced poor performance on a paper-and-pencil measure of 
working memory (LOW), and five subjects evidenced good 
performance on a paper-and-pencil measure o f working memory 
(HIGH). Scanning was focused on the frontal lobes, a region 
hypothesized to play an important role in working memory ability. 
Working memory was assessed during scanning by a Sternberg task 
which required subjects to remember either one or five words over a 5 
second delay. Brain images were collected from 4 oblique coronal slices 
rotated 90° from the AC-PC line to image the frontal lobes. Functional 
MRI (fMRI) images were obtained using a T2*-weighted gradient echo 
spiral pulse sequence (1.5 T, TR=3OO msec, TE=4O msec, flip = 45°, 
thickness = 7mm, gap = 2mm). Preliminary results indicate multiple 
areas of significantly increased fMRI activation in the LOW group, with 
the greatest difference occurring in the right middle frontal gryus. The 
results are discussed in terms o f possible neural basis for individual 
differences in working memory performance. Supported by AGO9466- 
07.

753.5
FUNCTIONAL ACTIVATION OF THE DORSOLATERAL PREFRONTAL CORTEX 
DURING NON-SPATIAL VERBAL WORKING MEMORY TASKS AS REVEALED 
BY FMRI. T. Takahashi*12. R. Xiao1,2. M. Inase'~. T. Tsukiura13 and T. Iiiima1,2. 
'Electrotechnical Laboratory, Tsukuba 305-8568, Japan; 2Japan Science and Technology 
Corporation, Kawaguchi 332-0012, Japan; ^Department of Neuropsychology, Tohoku 
University School of Medicine, Sendai 980-8575, Japan.

According to the two-level hypothesis about the prefrontal functions in working 
memory(WM), dorsolateral prefrontal cortex is recruited when active manipulation and 
monitoring of information within WM is required(Petrides,M.,1996). We retested this 
hypothesis and further examined whether different demands of monitoring processes would 
induce activation in separate regions in this area. Subjects performed two kinds of non-spatial 
verbal WM tasks which requires different degree of monitoring processes. In task 
l(extemally instructed condition), a set of six alphabets were presented to the subjects every 
6sec, totally 5 times in one trial. One of the letters was marked in every presentation and the 
subjects were required to remember the marked letters in the presented order. The same set of 
alphabets were used in a trial and these letters were randomly positioned in each presentation. 
This task requires monitoring a sequence of remembered letters maintained within WM in 
order to prepare for updating it on next presentation. In task 2(intemally determined 
condition), a set of six alphabets were similarly presented, but no letter was marked. The 
subjects were required to select a different letter in each presentation and to remember the 
letters in the selected order. This task requires monitoring the letter sequence within WM in 
order to prepare for actively selecting a new letter on next presentation and for updating a 
letter sequence. Just after each trial, the subjects were asked to recall the remembered letters 
in the correct order. In the common control condition, the subjects were required to just point 
to a marked letter in each presentation. Imaging was performed on a 3.OT GE/ANMR echo- 
planar system(GE-EPI pulse sequence, TR=3sec,TE=2Oms,flip angle=9O°, matrix=64x64, 
FOV=2Ocm, thickness=6mm, skip=2mm). The comparable region in the dorsolateral 
prefrontal cortex was activated in both tasks and activation in the region during task 2 was 
greater than that during taskl. These results suggest that larger demands of monitoring 
processes would induce more activation in the same region in the prefrontal cortex. 
(Supported by CREST of Japan Science and Technology Corporation)

753.7
OVERLAP OF FRONTOPARIETAL ACTIVATIONS DURING COVERT 
SPATIAL ATTENTION AND VERBAL WORKING MEMORY IN THE 
SAME SET OF SUBJECTS: AN fMRI STUDY K. S. LaBar*1. D. R. 
Gitelman1, T. B. Parrish2. Y -H Kim1, and M.-M. Mesulaxp1. Departments of 
'Neurology and ¾adiology, Northwestern University Medical School, Chicago, IL.

An anatomically interconnected frontoparietal network has been 
implicated in neural processing related to both working memory and visuospatial 
attention. To directly compare the brain regions engaged across these task 
domains, two experiments were conducted in the same set of subjects [N=l 1] 
using whole-brain echoplanar fMRI. In the spatial attention task, subjects 
alternated between an active condition in which attentional shifts were triggered by 
centrally-presented directional cues (Posner, 1980) and a baseline go-no go control 
condition. In the verbal working memory task, subjects alternated between an 
active 2-back letter working memory condition (Gevins & Cutillo, 1993) and a 
baseline dual letter detection condition. Subjects' ability to sustain central fixation 
during both tasks was confirmed outside the MRI scanner using infrared 
oculography. Thirty-two contiguous 4-mm thick axial slices were obtained relative 
to the AC-PC line using single shot EPI. Imaging data were motion-corrected and 
normalized onto a common stereotactic space using SPM96. As revealed by 
cognitive conjunction analysis (Price & Friston, 1997), the set of common 
activations across task domains consisted of the intraparietal sulcus, supplementary 
motor area, frontal eye fields, and thalamus. Double-subtraction analyses yielded 
activations specialized for verbal working memory in left inferior prefrontal cortex, 
bilateral premotor cortex, and right cerebellum. Activations specialized for covert 
spatial attention included the left occipitotemporal j unction and right temporo
parietal junction. The neural networks subserving spatial attention and working 
memory thus intersect at several frontoparietal sites, including the intraparietal 
sulcus and frontal eye fields. Supported by NIH grant NS30863 to M.-M. M.

753.4
AN  FMRI STUDY OF VERBAL W ORKING MEMORY: EFFECTS OF 
LENGTH, LEXICALITY, A N D PHONOLOGICAL SIMILARITY  
JM Chein1, DC N oll2, JD Cohen3, K Fissell3, LE Nystrom3, F Sabb3, JA 
F iez1*. Depts Psychol1 & Radiol2, U Pittsburgh, Dept. Psychol3, Carnegie 
M ellon U, & Ctr for the Neural Basis o f Cogn, Pittsburgh PA, 15260

Functional neuroimaging was used to investigate three factors that affect 
verbal working memory performance: word length, lexical status, and 
phonological similarity. Each factor has been associated with distinct 
components o f  a rehearsal system, raising the possibility that condition- 
specific increases would be observed in distinct regions.

Subjects alternately performed a 3-back working memory task (was the 
stimulus presented 3 trials previously) and a 0-back control task (does the 
stimulus match a target word). In separate blocks o f trials, subjects 
performed the 3-back working memory task with 1-syllable phonologically  
distinct words (working memory baseline), and three more difficult 
stimulus sets: a) 3-syllable phonologically distinct words, b) 1-syllable  
phonologically distinct nonwords, and c) 1-syllable phonologically similar 
words. A Signa 1.5 T scanner acquired 20-26 axial slices in 9 subjects.

Replicating previous results, performing the 3-back task, relative to the 0- 
back task, was associated with significant increases bilaterally in dorsolateral 
prefrontal (BA 9/46), inferior parietal (BA 40/7), and the inferior frontal 
cortex (BA 44/45) in each subject. Condition-specific effects o f  difficulty 
(e.g., activation increases specific to similarity condition) were not observed 
consistently within individual regions. Potentially, specific causes of 
difficulty may be reflected in activation changes in regions associated with 
other components o f rehearsal and central executive control. Future work 
will expand coverage to include SM A and the cerebellum in all subjects, 
and determine if the pattern o f results persist with variations to the 3-back 
and 0-back control tasks.

Supported by the Functional Imaging Research Program, U Pittsburgh.

753.6
A FU NCTIO NA L MRI STUDY OF THE HU M A N  PREFRONTAL CORTEX 
ACTIVITY AS A FU NCTIO N OF W ORKING MEMORY LOAD USING THE 
NEW  TOWER OF LO N D O N  TASK. S.Granon1. I.L.Anton2. K .D aucho t2.
F .K ouneiher2. F .C a z a lis3. O .Tolivet4. ī.B ittoun4, L .P iéro t5, P .A zouvi3, 
R.Rogersfe. T.Robbins6, C .V id a l1 *. Y .Bum od2 l.In s titu t Pasteur, P aris; 
2.INSERM CREARE, Paris; 3 .H ôp ita l R. Poincaré, Garches; 4.CIERM, 
H ô p ita l de Bicêtre; 5 .H ôp ita l Foch, Suresnes, France; 6.Dep. of Exp. 
Psychology, C am bridge, UK.

The new Tower of London task (TOL) consists in m entaly  d isp lac in g  
colored balls in order to achieve a goal position. The TOL involves various 
working mem ory loads as a function of task  d ifficu lty  i. e., the number of 
moves required to achieve the goal position. In this fMRI study, we 
com pared hum an p refron ta l ac tiv ity  during the TOL in 3 conditions of 
difficulty: "control" : 0 or 1 m ove; "easy": 1, 2 or 3 m oves; "difficult”: 4, 5 or 6 
m oves. The cognitive fatiguability  w as assessed as a function of time. Im ages 
were acquired using gradient echo conventional and echo p lan a r sequences to 
allow  a h ig h  level of sp a tia l and tem poral resolution in a s tan d ard  l.5T 
Signa (experim ents were undertaken  w ith  the understanding and w ritten  
consent of each subject). Performance and reaction tim e were sim ultaneously  
recorded. Our resu lts show that, as com pared to "control" condition, th e  
"easy" and "difficult" conditions both  produced a significant ac tiva tion  of 
the area 9 of the p refro n ta l cortex. We observed dorso -ven tral and a n te ro 
posterio r extensions of the activations w ith  increased working memory lo ad  
and -fa tiguability . In conclusion, our results show th a t the new Tower of 
L ondon task is suitable for testing prefrontal dysfunction in n eu ropa tho log ies 
associated  w ith  a tten tio n a l and working memory im pairm ents. Supported  
by La Fondation pour la Recherche Médicale.

753.8
LONG-TERM SUSTAINED RESPONSE IN LIMBIC SYSTEM & 
CEREBELLUM DURING SINGLE-OBJECT WORKING MEMORY STUDY 
USING FMRI T. Kato*. H. Liu. Y. Takavama. C. Neves. Y. Iikura#
C.M.R.R., Dept. Of Radiology, Univ. of Minnesota, Minneapolis, MN 55455, 
#Dept. of Pediatrics, Showa Univ, School of Medicine, Tokyo 142, Japan 

The hippocampal and the cerebellar long-term sustained activation were found 
during ~9O sec after a word memory task (NeuroReport 9, 1041-1047,1998). To 
investigate the hypothesis that long-term sustained neuronal response of limbic 
system also exists in human visual memory processing, we monitor the time 
course of responses after a single-object task using multi-slice functional 
magnetic resonance imaging. The subject is visually presented a stationary 
geometric figure on a screen for 45 sec. or 90 sec. (viewing angle 1.2°), the 
length of the post-task period is 3 minutes. The subject is then instructed to 
memorize the figure during and after the task period. The subject’s memorized 
performance was evaluated at the end of each experiment. Visual perception and 
memory related areas which have been reported previously, displayed at least two 
different time courses during task period and obvious two different Sustained 
Response Times (SRT) after the task period. Visual perception related areas in 
the occipito-temporal lobe showed only 5-15 sec of SRT. However, the sustained 
response of approximately 100 sec was observed in prefrontal lobe, parietal lobe 
and limbic system including the bilateral uncal portion and the entorihnal cortex. 
The obviously temporal dissociation between visual input process for the single 
object and the maintenance process of the object’s information was observed. 
Thus, human mental operation system, so called Cerebral Multiphasic Sustained 
Responses (CMSR) was proven in visual and verbal memory system. The 
hippocampal and cerebellar long-term sustained activation might be a important 
role as transitional process from short-term memory to long-term memory.

Society for Neuroscience, V olume 2 4 ,1998
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753.9
DISSOCIATION OF SH ORT-TERM  AND W ORKING M EM ORY: A 3-D PET 
STUDY. L. Cornette1,2, A. Rosier1,2, P. Dupont12, G. Bormans2, E. Beatse3, A. 
Schoups1*. L. Mortelmans2 and G.A. Orban1. 'Lab. Neuro- and Psychophysiology, 
Medical School, KUL. 2PET Centre, Nuclear Medicine, UZ. 3Radiology, UZ, B-3000 
Leuven, Belgium.

The human cerebral network involved in short-term and working memory was 
studied with PET-rCBF (HR+) in 14 right-handed male subjects. Stimulus 
configuration was identical in all tasks and included an oblique grating of 4-deg 
diameter, centered on a red fixation point. The short-term memory task, successive 
orientation discrimination (SD), required temporal comparison of two orientations. 
Control task was orientation identification (ID). Working memory tasks, requiring 
continuous updating, manipulation and delayed-matching of an ongoing sequence of 
orientations, were 2-back and 1-back, with 0-back as control task. Stimulus rate was 
20/min in all 5 tasks, but SD and ID were repeated at 70/min. To maintain control over 
a gradient of difficulty' levels, orientation differences were individually adapted in 
order to reach a performance of ± 80% correct in all 7 tasks. Phonological transcoding 
was prevented by avoiding horizontal and vertical orientations: half of the subjects 
were trained with orientations between 20 and 70 deg, the other half between 110 and 
160 deg. R middle Fusiform Gyms was activated in the subtraction SD minus ID 
(SPM96). at slow (Z=3.73) as well as at fast rate (Z=3.76) (see Orban et al., Eur J  
Neurosci 1997). Regions more activated (P < 0.05corr) in the subtraction 2-back minus 
0-back included: L middle Frontal Gyrus BA 9/46 (Z=4.58), L superior Frontal Gyms 
BA 6 (Z=4.56) and L inferior Parietal Lobe BA 40 (Z=5.22). This study provides 
unambiguous evidence for a functional dissociation between the neural systems 
underlying short-term and working memory: whereas the former is mainly subserved 
by occipito-tcmporal regions, the latter is subserved by a fronto-parietal network. 
(Supported by FWO-Flanders, Queen Elisabeth Medical Foundation, IUAP grant-22)
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754.1
NEURAL CORRELATES OF WITHIN-FORM AND CROSS-FORM 
CONCEPTUAL PRIMING FOR PICTURES AND WORDS: A fMRI STUDY. 
E-Kang1*. C.J,Vaidva1. E.M .Fine1. A.L.Klein1. J,E.Desmond12. G.H,Glover2, and 
J.D,E.Gabrieli1. Departments of Psychology and Radiology , Stanford University, 
Stanford, CA 94305.

In a behavioral and a functional magnetic resonance imaging (fMRI) study, we 
examined within-form and cross-form priming for pictures and words on a semantic 
classification task (Man-made or Natural?). In the behavioral study, subjects 
classified pictures and words in an encoding phase. In a later test phase, subjects 
classified pictures or words that were previously studied in the same form or 
different form. Within-form (picture to picture / word to word) and cross-form 
(picture to word /word to picture) priming was indexed by shorter classification 
latencies for studied relative to nonstudied items. Subjects showed large amounts 
of within-form priming but reduced amounts of cross-form priming. In a parallel 
fMRI study, subjects performed the semantic classification task on pictures and 
words in a within-form (picture to picture and word to word) priming condition. 
Whole brain images were acquired on a 1.5 T GE magnet using a gradient echo 
spiral sequence sensitive to T2* (TR/slice= 100ms; TE=4O). Within-form priming 
for words was reflected in reduced activation primarily in left prefrontal regions. In 
contrast, within-form priming for pictures was reflected in reduced activation 
primarily in bilateral posterior cortical regions. Thus, conceptual priming for 
words or pictures reflects changes in different brain regions, and it is this difference 
that accounts for little cross-form conceptual priming.
Supported by NIMH and NIA grants.

754.2
PRIMING IS EVIDENCED BY DECREASES IN rCBF DURING 
CONCEPTUAL MEMORY TASKS. Andy Dean. William H. Theodore.*  
Elizabeth Hoffman, Christina Figlozzi, Susan Bookheimer Teresa Blaxton 
Epilepsy Research Branch NINDS NIH Bethesda MD 20892
Priming has been associated with decreased activation in brain regions performing 
initial sensory processing of study material (auditory or visual) and is usually 
attributed to increased efficiency during implicit retrieval. Most prior studies used 
perceptual measures of implicit memory, but current theories predict that patterns 
of deactivation should be dissociated between conceptual and perceptual memory 
tests. Thus, conceptual priming paradigms should produce deactivation in 
extrasensory regions.
Methods: We measured conceptual transfer between study and test for three tasks 
in 12 right-handed normal subjects (6 women). rCBF was assessed via 0-15 
scanning as subjects performed picture naming, auditory responsive naming, and 
category production in nonstudied ( baseline) conditions and following visual 
presentation of target words. Memory materials and order o f scans were completely 
counterbalanced across subjects. Resting scans were obtained at the beginning and 
end of each session.
Results: We found extrasensory deactivation for primed relative to unprimed 
conditions for all three conceptual memory tasks. We found greatest relative 
deactivation (priming versus baseline) for Picture Naming in R putamen, middle 
temporal and lingual gyri; Auditory Responsive Naming in L inferior frontal and 
temporal gyri, R superior frontal and temporal gyri (with lesser, but still significant 
activation in R HF); Category Production : R frontal.
Conclusions: Our study supports the hypothesis that extrasensory regions which 
support analysis of semantic meaning and other second order processes subserve 
conceptual priming. Decreased rCBF reflects decreased neural activity during 
priming relative to baseline. Deactivation patterns differ across types o f implicit 
memory tasks. Support: USPHS NIH NINDS DIR

754.3
PHONOLOGICAL COMPUTATIONS INFLUENCE THE EARLY SENSORY 
PROCESSING OF VISUAL WORD-LIKE STIMULI: ERP AND FMRI MEASURES. 
K. W ild*1, F. Haist1, R. Brenden Bone1, A.W. Song2, and C.A. Popp2. !Dept. of 
Psychology, Georgia State Univ., Atlanta, GA 30303; 2Dept. of Radiology, Emory 
Univ. Sch. Of Med., Atlanta. GA 30322.

Popular theories of reading specify that phonological processing (e.g.. sounding words 
out) makes an important contribution to visual word recognition. This research project 
investigated both the temporal and spatial properties of this putative processing system 
using event-related brain potentials (ERPs) and functional magnetic resonance imaging 
(fMRI). Previous work in our lab has suggested that phonological computations may 
influence word recognition during early aspects of visual processing. We examined this 
proposal using a homophone decision task (HDT) in which 19 subjects judged whether 
visually presented pseudowords (e.g., gallod, pludder) and pseudohomophones (e.g., 
jale, phocks) sounded like genuine English words when pronounced. Pseudowords and 
pseudohomophones were repeated at a mean lag of 29 intervening items. Priming 
(implicit memory) effects were measured by changes in reaction time to make 
judgements about stimuli from the first to second presentation. As predicted, an early 
sensory component with a peak latency of about 100 ms (N l) was sensitive to the 
priming effect of pseudohomophones and pseudowords. Two subsequent components 
were also sensitive to repetition effects and differentiated pseudowords and 
pseudohomophones (N36O and LPC). The results suggest that early visual sensory 
processing of words is influenced by phonological processing computations; thus, the 
visual and phonological systems are highly interactive at early stages. Preliminary 
evidence from an fMRI study of a similar HDT suggests that areas in the cingulate 
gyrus, medial temporal gyrus, and inferior frontal gyrus are associated with the 
pseudohomophone priming effect. Other differences between pseudohomophones and 
pseudowords were observed and will be discussed. The relationship between ERP and 
fMRI measures will also be discussed as will the potential applications of this task to 
studies of reading disabilities. (Supported by a GSU Research Team Grant to F.H.).

754.4
EVENT RELATED BRAIN POTENTIAL (ERP) AND FMRI MEASURES OF 
PRIMING BASED ON PHONOLOGICAL PROCESSING OF VISUALLY 
PRESENTED WORDS. R. Brenden Bone*1, F. Haist, K. W ild1, A. W. Song2, c. A. 
Popp2, and T. Faber2. !Dept. of Psychology, Georgia State Univ., Atlanta, GA 
30303; 2Dept. of Radiology, Emory Univ. Sch. Of Med., Atlanta, GA 30322.

Previous research in our lab has suggested that the lexical decision task (LDT) is a 
useful way to assess phonological and orthographic processing in visual word 
recognition. Event-related potentials (ERPs) were recorded from 20 participants 
while they made word/nonword judgments for visually presented high and low 
frequency words and pseudohomophones (e.g., whyle, phocks). Each stimulus was 
presented twice separated by an average of 27 intervening stimuli. Reaction times 
were faster for the second presentation, relative to the first presention, for all three 
types of stimuli. Previously we had reported an ERP component with a peak latency 
of approximately 360 ms that appeared sensitive to phonological processing. The 
present experiment suggests that an even earlier component, a positive deflection 
with a posterior left hemisphere distribution is sensitive to the priming effect 
observed for low frequency words and pseudohomophones, but not high frequency 
words. This is consistent with the proposal that low frequency words and 
pseudophomophones depend on a phonological processing system, whereas high 
frequency words depend on a system sensitive to the visual orthographic properties 
of words. An earlier negative component with a peak latency of about 100 ms (N l) 
may also be sensitive to phonological processing. We have also examined lexical 
decision priming using functional MRI measures in a similar LDT. Several areas 
were identified that may be sensitive to the phonological priming effect, including 
the inferior parietal lobule (area 40), inferior frontal gyrus (44/45), and the medial 
temporal gyrus (39). The relationship between the ERP and fMRI measures in terms 
of the temporal and spatial properties of phonological processing will be discussed. 
(Supported by a GSU Research Team Grant to F.H.).

Society for Neuroscience, Volume 24, 1998



1898 COGNITION: HUMAN LEARNING AND MEMORY—NONDECLARATIVE MEMORY WEDNESDAY PM

754.5
D U A L -T A SK  P E R FO R M A N C E  O N  N O N D E C L A R A T IV E  TASK S.
M.M. Downev-Lamb* & D. S. Woodruff-Pak, Philadelphia Geriatric 
Center and Temple University, Philadelphia, PA 19122.

Brain memory systems for nondeclarative tasks are separable, and 
we used dual-task methodology to demonstrate independence and 
overlap of substrates. Dual-task performance of word-stem completion 
priming and a sequential finger tapping task was compared to word-stem 
completion priming as a single task. Priming was significantly reduced 
for the dual-task condition. The mean proportion of word stems 
completed was .32 (SD = .215) for the single task and .21 (SD =.140) for 
the dual task. Previously we demonstrated that performance did not differ 
for priming single task and priming/eyeblink classical conditioning dual
task conditions. We compared performance on the priming/tapping dual 
task to the priming/eyeblink dual task. Significant deficits were observed 
for the priming/tapping dual task indicating that tapping interfered with 
priming but eyeblink conditioning did not. These results suggest that 
priming and eyeblink conditioning engage distinct brain memory systems, 
whereas priming and tapping may overlap in the neural circuitry they 
engage. Word-stem completion priming has been shown to correlate with 
verbal fluency measures associated with frontal cortex. Our results 
indicate that priming in the priming/tapping dual task condition was highly 
correlated with category fluency, r = -0.54, and the correlation between 
priming and FAS fluency, r = -0.37, approached statistical significance. 
Results suggest that word-stem completion priming (having an essential 
occipital substrate) and sequential finger tapping both engage the frontal 
cortex and thus produce interference when performed simultaneously.

754.7
IMPLICIT LEARNING OF NON-PROTOTYPE CATEGORIES. H.J. Aizenstein, 
R.D. Nebes, C,S. Carter, J.T. Becker*. Department o f Psychiatry, Univ. of 
Pittsburgh, Pittsburgh, PA 15213

Previous studies o f category learning have shown that subjects can leam random dot 
prototypes without explicit awareness; even individuals with severely impaired 
explicit memory skills performed normally. Functional imaging data has implicated 
the posterior occipital region in this type o f learning. Implicit learning of non
prototype, associative, concepts, however, is less well studied. It is uncertain whether 
these types o f categories can be learned without awareness in normal subjects, how 
this learning may be affected by neuropsychiatric disorders, or whether learning non
prototype categories utilizes a different neural system. Here we describe a new 
behavioral task for measuring implicit learning o f non-prototype categories and 
present results from a study o f normal young subjects. We use a serial reaction time 
protocol in which the subject is asked to respond to the color o f patterns which are 
flashed on a computer screen. Each pattern is a 5x5 grid with some o f the cells filled. 
Unbeknownst to the subject an association rule determines the color of the pattern 
based on which cells are filled, e.g., if  more cells near the bottom are filled, then the 
pattern will be red, otherwise it will be green. After 330 trials with one rule, the rule 
is inverted, such that patterns which previously would have been red will now be 
green, and vice-versa. The increase in reaction-time and error rate, with this rule 
switch, reflects the degree to which the subject has learned the first rule. Ten 
individuals between the ages of 18 and 25 years were recruited from the community. 
Three progressively more complex association rules were tested for each subject: a 
simple visual pattern rule, a complex visual pattern, and a disjunctive rule based on 
the number o f cells filled. Consistent with our prediction there was a worsening of 
performance with the rule change for each o f the three rules (p=.01, p=.03, and p=.05, 
respectively). This supports our hypothesis that non-prototype categories can be 
learned using an implicit paradigm. Supported by ADRC Grant #P50-AG05133.

754.9
A COMPARISON OF NEURONAL FIRING DYNAMICS IN HUMAN 
TEMPORAL CORTEX: EFFECTS OF BLOCKED VERSUS RANDOM 
PRESENTATION. R.L. Romero2. J. Schoenfield1. D.P. Corina2. E. Lettich1. G.A. 
Ojemann1*. 'Dept, of Neurological Surgery, University of Washington; 2Dept. of 
Psychology, University of Washington: Seattle, WA 98195-1525.

Awake temporal lobe epilepsy patients undergoing craniotomy present a unique 
opportunity to study the activities of temporal lobe neurons in the context of 
cognitive tasks. Previous research has established that neuronal firing in some cases 
is modality specific. In this study we explored the role of stimulus presentation 
format on neural activity; comparing blocked versus random presentation of written 
words and pictures. Method. Words and pictures along with matched perceptual 
controls were presented to the same patients in two sets: a set randomized across 
modalities (Random, 42 trials) and a set randomized within modalities (Blocked, 21 
trials for each modality). Individual trials lasted four seconds consisting of a two 
second stimulus presentation followed by a two second inter-trial interval. 
Tungsten-tipped microelectrodes were used to obtain extracellular recordings from 
anterior temporal lobe that was subsequently excised. Amplitude-window 
discriminators were used to measure neural firing rates. Statistical analyses used 
Kruskal-Wallis and Mann-Whitney tests with p<.00625 interpreted as significant. 
Results. The activity of five neurons (two patients) showed a differential response 
to the different presentation formats. One neuron (Subject A) was generally 
unresponsive. Two neurons (Subjects A and B) showed increased levels of 
activation to both words and pictures when presented in the Blocked set as compared 
to the Random set. This activation occurred relatively early (0-700 ms after 
presentation). Two neurons (Subject A) showed a pattern of inhibition to text when 
the Blocked set was compared to the Random set. Tlie inhibition occurred relatively 
late (700-4000 ms after presentation). The pattern suggests that repeated 
presentation within the same modality may moderate firing rates in temporal lobe 
neurons. Funding sources: McDonnell-Pew Foundation, NIH NS 36527

754.6
ACQUISITION OF IMPLICIT KNOWLEDGE BY VISUAL IMAGERY 
TRAINING, WITHOUT THE ACTUAL PERFORMANCE OF THE TASK.
A.F. Helene. K.C. Oliveira and G.F. Xavier*. Dept, of Physiology, Biosciences 
Institute, São Paulo University, São Paulo, SP, 05508-900, BRAZIL.

Acquisition of implicit knowledge is believed to be tied to the particular 
processing structures and procedures engaged in performance of the task; plasticities 
inherent in these systems would lead to long-term modifications of the elements, 
gradually with practice. We investigated the effect of visual imagery training with 
inverted letters embedded in an irrelevant motor task on later performance of a 
mirror-reading task. Normal healthy volunteers were asked to exhibit a movement of 
“writting on a blackboard” for presented words. The control group (C) was instructed 
to write words as if seen from his own point of view. The experimental group (E) 
was instructed to write words as if to be read by the experimenter facing him 
(therefore, they had to imagine the letters inverted as if seen through a mirror from 
his own point of view). The divided attention group (DA) had to do the same as the 
E group; in addition, they had to perform a concurrent task of stating aloud, after 
writing each single letter, the number of vowels and consonants already wrote for 
that specific word. Subjects from all groups were asked to close their eyes during 
performance to avoid them seeing the movement. After writting 300 words, all 
subjects were tested in a mirror-reading task for 60 non-words. Relative to C 
subjects, E and DA subjects spent shorter reading times in this latter task, indicating 
that imagery training did improve mirror-reading skill. By contrast, E and DA 
subjects did not differ significantly, suggesting that the type of concurrent task used 
in this experiment do not interfere with the skill acquisition. These results show that 
implicit knowledge may be acquired by top-down attentional processes. It remains to 
be evaluated the extent of functional equivalence between top-down and botton-up 
processes of this implicit knowledge acquisition.
Supported by FAPESP and CNPq (Brazil).

754.8
THE LEARNING OF CATEGORIES: EVIDENCE FOR RETINOTOPIC 
SPECIFICITY. R- Sinha. W. Heindel*. and L. Welch. Dept, of Psychology, 
Brown University, Providence, RI 02912

Studies show that humans display a remarkable ability to acquire 
categorical information through experience with exemplars of the category. To 
determine whether categorical abstraction can occur at the earliest stages of the 
cortical visual system, we examined category learning within a psychophysical 
paradigm previously used to examine perceptual learning. The category was 
defined by a randomly generated, 9-dot prototype pattern, while exemplars of this 
category were stochastic distortions of the prototype. During training, exemplars 
were presented to a single quadrant of the observers' visual field. During testing, 
stimuli were presented to the trained quadrant of the visual field, the quadrant 
lateral to the trained quadrant, or the quadrant below the trained quadrant.
Observers were able to acquire the category underlying the dot-pattern stimuli, as 
indicated by their ability to discriminate between category exemplars and non
exemplars during the test phase. More importantly, however, this significant 
category learning was found to occur only within the trained retinal location. 
Control experiments showed that this retinotopic category learning effect could 
not be attributed to enhanced attention in the trained quadrant, or to spatiotopic 
learning. The retinotopic specificity of the category learning effect suggests that 
this abstraction process probably occurs before reaching the inferior temporal 
cortex, where the primarily retinotopic organization of visual information is no 
longer maintained. We interpret these findings as evidence for the integrative and 
dynamic nature of processing in the early visual areas, and as supporting the view 
that category learning is not solely the province of higher-order visual areas 
within the temporal lobe. Rather, categorical abstraction may be a general 
property of visual information processing that occur at all levels of the cortical 
visual pathway.

754.10
EL IC IT IN G  A D U L T PL A ST IC ITY : B O TH  A D A PTIV E A N D NO N- 
A D A P T IV E  T R A IN IN G  IM PR O V E S JA P A N E SE  AD U L TS' 
ID E N TIFIC A TIO N  O F EN G L ISH  ífU A N D  /hi.
B.D. McCandliss', J.A. Fiez', M. Conway', A. Protopapas3 and J. L. 
McClelland^* Departments of Psychology & Center for the Neural Basis of 
Cognition, 'University of Pittsburgh, Pittsburgh, PA, 15260 and 2Carnegie 
Mellon University; and ’Scientific Learning Corp.

Merzenich et al. (Science, 1996, 271:77-81) describe a training procedure 
that enhances the phoneme discrimination abilities of children who fail to 
learn from natural speech input. We tested (a) if a similar approach could be 
used to teach Japanese adults to discriminate English /r/ and /l/, and (b) if 
success depends on adaptively exaggerating the relevant differences 
between Irl and /l/ stimuli (e.g., road-load) based on performance. We used 
a speech resynthesis technique to create several multi-step continua ranging 
from stimuli beginning with exaggerated /r/ to exaggerated /l/. In the fixed 
training condition, subjects attempted to categorize two fixed examples 
selected to be reliably identified as beginning with /r/ vs. /I/ by U.S. natives, 
yet difficult for these Japanese subjects to identify during an initial test (50- 
70% correct). For the adaptive condition, subjects began training with an 
exaggerated /r/ example and an exaggerated /l/ example, and the degree of 
exaggeration was reduced after 8 correct trials or increased after each error. 
The adaptive training procedure produced dramatic improvements across 3 
twenty-minute training sessions that generalized partially to another 
resynthesized continuum (e.g. rock-lock) based on speech samples from the 
same speaker. However, we also found comparable improvement in the 
fixed condition. A variant of Kohonen's self-organizing map model 
(Thomas & McClelland, Soc. Neur. Abs. 1997:97.2) accounts for Japanese 
adults’ initial failure to learn from natural speech, while also providing a 
mechanism for learning the discrimination when two contrasting stimuli are 
repeatedly presented in isolation within either the adaptive or fixed training 
condition. This work was supported by NSF U S 97238.
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754.11
FUNCTIONAL MRI STUDY OF THE EFFECTS OF VARYING THE 
PREDICTIVE VALUE OF FLANKER STIMULI ON CORTICAL ACTIVITY. 
Kathleen M. Thomas. Tomihisa F. Welsh. Raiendra Badeaivan. J, Richard Jennings. 
Eveline A. Crone, and B.J. Casev*. University o f Pittsburgh, Pittsburgh, PA 15213.

We investigated the role o f prefrontal circuitry in inhibition of attention to salient, 
but irrelevant peripheral stimuli by manipulating the predictive value of flanker 
stimuli. Seven healthy adult subjects were scanned while performing the flanker task 
originally developed by Eriksen et al (1974). Subjects were instructed to press the left 
key if the center stimulus (>) was pointing left and the right key if the center stimulus 
was pointing right. Valid and invalid flankers were presented on either side of the 
target stimulus (e g., » >  > > »  or « <  > « < ) .  The predictive value of the 
flankers was manipulated by block with predictive blocks consisting of 70% valid and 
30% invalid flankers, and nonpredictive blocks consisting o f 30% valid and 70% 
invalid flankers. It was hypothesized that when the probability o f valid flankers was 
high (70%), the subject would have more difficulty ignoring the salient, but irrelevant 
flankers on invalid trials and would activate prefrontal circuitry involved in supporting 
task relevant information from interference. Echo planar images (TR = 6000, TE = 
40, 128 X 64) were acquired in twenty-six 5 mm contiguous coronal slice locations. 
Each subject’s brain was registered to a reference brain and then the data pooled prior 
to performing a 4 (runs) X 2 (conditions) analysis o f variance with a contiguity 
threshold o f 3 pixels and p < .005. As predicted, the results showed that subjects had 
more difficulty on invalid trials during the predictive condition than the nonpredictive 
condition (514 msec and 91% accuracy vs. 505 msec and 96%, respectively). Further, 
increases in MR signal intensity were observed in dorsolateral prefrontal cortex 
(.05%) and parietal cortex (.05%), and in right anterior cingulate cortex (.04%) during 
the predictive condition compared to the nonpredictive condition. The results are 
consistent with the view that dorsolateral prefrontal cortex and parietal cortex work 
together to support stimulus information from interference from competing sources, 
and that the anterior cingulate may be involved in indexing or monitoring the extent 
of conflict between stimulus representations.
Supported by NIMH grant #K01 MHO 1297.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—AMYGDALA AND NOCICEPTION

755.1
AMYGDALAR LESIONS SEVERELY IMPAIR DISCRIMINATIVE 
AVOIDANCE LEARNING, BUT NOT DISCRIMINATIVE APPROACH 
LEARNING IN RABBITS. D. M. Smith*. J. Monteverde. E. Schwartz. J. H. 
Freeman. Jr., and M. Gabriel. Dept, of Psych, and Beckman Institute, Univ. 
of Illinois, Urbana, 61801.

Previous studies using permanent and temporary lesions combined with 
multi-site neuronal recording have established the critical involvement of the 
amygdala in discriminative avoidance learning (Poremba and Gabriel, 1997,
J. Neurosci., 17(13):5237-44). In order to determine whether the amygdala is 
specifically involved in aversively-motivated learning or whether it may also 
be involved in appetitively-motivated learning, we trained rabbits with 
bilateral electrolytic lesions centered in the central nucleus of the amygdala 
and control rabbits in aversive and appetitive discrimination tasks. Rabbits 
were first trained in a discriminative approach task, in which they learned to 
make oral contact with a drinking spout in response to a reward predictive 
tone (CS+) and to ignore a non-predictive tone (CS-). Then the rabbits began 
alternating sessions of the well-learned approach task with sessions of 
discriminative avoidance training, wherein they learned to avoid a foot-shock 
by stepping in an activity wheel after one tone (CS+) and to ignore a different 
tone (CS-). Rabbits with lesions and control rabbits did not differ significantly 
in performance of the approach task. However, rabbits with lesions were 
severely impaired in the avoidance task (p<.001), indicating that the amygdala 
is preferentially involved in the aversively-motivated task employed here. To 
our knowledge, these results represent the first dissociation of the effects of 
amygdala lesions on concurrently administered appetitive and aversive 
conditioning tasks. (Support: NIH grant NS3659l to MG)

755.3
RECOVERY OF FUNCTION FOLLOWING EARLY LESIONS OF THE 
AMYGDALA. M.J. Higlev. L. Hermer-Vazquez, & B.J. Strupp*. Department of 
Psychology & Division of Nutritional Sciences, Cornell Univ., Ithaca, NY, 14853.

Although numerous studies have examined the effects of adult lesions of the 
amygdala, there is little information on the long-term effects o f similar lesions made in 
the developing animal. Studies of other neural structures suggest the potential for 
sparing or recovery o f function following early damage. The present study was 
designed to compare the effects of lesioning the amygdala at different times in 
development. Two groups of rats received bilateral amygdala lesions at postnatal day 
(PND) 10 (n=18) or PND 40 (n=l2). These two groups were compared to controls 
(n=l5) in adulthood on an olfactory serial reversal task, based on the evidence that 
adult lesions o f the amygdala impair reversal learning. On overall learning rate, Group 
L4O was significantly impaired relative to both the control (p = .007) and the L I0 
(p=.0001) groups. In contrast, the L10 group did not differ significantly from the 
controls on any measure. Analyses of the “perseverative”, “chance”, and “post-chance 
to criterion” phases o f the reversal learning process indicated a very specific deficit in 
the L4O group. Neither the initial phase of perseverative responding to the previously 
correct odor nor the chance phase revealed a significant difference between groups. 
However, the L4O group was significantly impaired in the post-chance learning phase 
(p = .006, relative to controls). During this post-chance phase, the L10 group also 
exhibited a trend for impaired learning relative to the controls (p = .15) and were only 
marginally different from the L4O group (p = .13). Correlational analyses relating the 
magnitude of deficit to damage within specific amygdaloid nuclei will be presented.
In summary, the observed behavioral pattern is consistent with the theory that the 
amygdala plays an important role in assigning affective significance to initially neutral 
stimuli. Moreover, these data suggest that the behavioral consequences of amygdala 
lesion are dependent on age of damage, and that significant sparing or recovery of 
function can be observed following lesions during early development.

Supported by grants from the USPHS and USEPA (ESO7457 & ES05950).

755.2
INTRINSIC CONNECTIVITY OF THE MONKEY  
AMYGDALOID COMPLEX: PROJECTIONS
ORIGINATING IN THE BASAL NUCLEUS. Eva Bonda* 
Department of Psychiatry and Center of Neuroscience, University of 
California, Davis, CA 95616.
A detailed characterization of the intra-amygdala connections is 

critical to suggest a more constrained or challenging interpretation of 
the complex functions mediated by the amygdala. The basal nucleus 
is the largest nucleus in the monkey amygdala. Anterograde tracers 
PHA-L (Phaseolus vw/garw-leucoagglutinin) and BDA (biotinylated 
dextran amine) were iontophoretically injected into all divisions of the 
basal nucleus of six monkeys. Following immunohistochemical 
processing, the distribution of labeled fibers and terminals was 
analyzed. The connectional analysis merged with cytoarchitectonic 
observations show that the intermediate and parvicellular divisions 
are the most heavily interconnected within the nucleus in a reciprocal 
manner. The main intra-amygdaloid projections are directed to the 
accesory basal, central and medial nuclei and the amygdalo- 
hippocampal area. Robust projections are consistently observed into 
the sulcal periamygdaloid cortex that may constitute a unified 
functional system together with medial parts of the basal nucleus. 
Lighter density projections are observed in the lateral nucleus. The 
available data suggest 1) a multi-directional but selectively organized 
information flow within the basal nucleus and 2) patterns of 
communication between the nuclei that are more distributed than 
previously shown. Supported by HFSP LT-829/96 and NIH-Grant 
R 37 MH 41479.

755.4
LESIONS OF THE AMYGDALA ATTENUATE THE MEMORY 
ENHANCING EFFECTS OF VAGUS NERVE STIMULATION. 
p,L. Hassert,* K.B. Clark, D C. Smith, & R.A. Jensen. Biopsychology 
Laboratory, Department of Psychology, Southern Illinois University: 
Carbondale, IL 62901-6502.

Research from this laboratory demonstrated that vagotomy attenuates 
the memory modulating effects o f peripherally acting substances 
(Williams & Jensen, 1993, Phys. & Beh., 54, 659) and vagus nerve 
stimulation (VNS) improves retention performance (Clark et al., 1995, 
Neurobiol Learning & Mem. 63, 213). It remains unclear which brain 
structures that receive vagus nerve input mediate these memory modu
lating effects. The present study examined the role played by the cen
tral nucleus o f the amygdala (CNAl in mediating the enhancement in 
memory storage processes produceα by VNS. Male Long-Evans rats 
received either bilateral electrolytic lesions o f the CNA or sham surgery 
and 10 days later animals were implanted with stimulating electrodes 
along the left cervical vagus. Forty-eight hours after electrode implanta
tion, each animal was trained on an inhibitory avoidance task (0.75-mA, 
0.5-s footshock) and given no VNS or VNS (0.4 mA, 20 Hz, 0.5-ms 
pulse width, 30-s duration) immediately after training. Retention was 
tested 24-hours later. Compared to non-stimulated animals, VNS im
proved retention performance in non-lesioned rats (JJ = 15, p  < .05), 
replicating previous findings. Rats with CNA lesions that received 
VNS showed significantly poorer retention performance compared to 
rats without CNA lesions mat received VNS (U  -  0, p  < .01). Al
though the effect o f stimulation was attenuated by the lesion, these rats 
still showed some improvement in retention compared to lesioned rats 
that did not receive VNS ( t /=  8, p  < .05). These findings confirm ear
lier research and support the hypothesis that vagal afferents carry in
formation about peripheral states to the CNS that modulate memory 
storage processes (Jensen, 1996, Proc. Western Pharm. Soc., 39, 85).
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755.5
ROLE OF LATERAL AM YGDALA IN FOOD AND MORPHINE 
CONDITIONED CUE PREFERENCE (CCP) S.-C. Chai* & N.M . W hite. Dept, 
o f  Psychology, M cGill University, Montreal, Québec, Canada H3A 1B1.

Chai & White (1997) previously reported that animals with pre-training lesions 
o f  the lateral nucleus o f  amygdala (LNA) failed to acquire a morphine CCP on the 
radial arm maze (RAM). Similar pre-training LNA lesions impair the food CCP 
(M cDonald & White, 1993) on the RAM. In contrast, Olmstead and Franklin 
(1998) failed to block the morphine CCP with LNA lesions in an enclosed box 
apparatus. We tested the hypothesis that this difference in the effects o f  LNA  
lesions is due to differences in what the rats learn in the maze and box apparatus, 
due to their different configuration. When on the central platform o f the RAM rats 
see the cues at the ends o f  both the paired and unpaired arms, requiring them to 
make a concurrent discrimination. When in the box apparatus rats cannot see the 
cues in both the paired and unpaired compartments simultaneously because they 
are separated by an opaque partition, allow ing the discrimination to be made on the 
basis o f  a response to only one set o f  cues. We altered the box apparatus with a 
transparent partition between the paired and unpaired compartments, so that 
exhibiting a preference required a concurrent discrimination. Normal rats 
exhibited both food and morphine CCPs with either the opaque or the clear 
partition. LNA lesions impaired the food CCP with both partitions. LNA lesions 
impaired the morphine CCP with the clear partition (as in the RAM), but not with 
the opaque partition (as shown by Olmstead & Franklin). These findings suggest 
that the configuration o f  the apparatus determines what the animals learn about the 
reinforcer during CCP training, and that different configurations involve different 
neural substrates. The failure o f  LNA lesions to impair the morphine CCP in the 
non-ambiguous cue situation suggests that the effects o f  morphine interact with a 
neural system that does not include the amygdala to produce the observed CCP. 
Supported by grants from National Sciences and Engineering Research Council o f  
Canada and FCAR Province o f  Québec.

755.7
IS AM YGDALA M ODULATION A NECESSARY CO-FACTOR  
FOR EXPRESSIO N OF H IPPOC AM PA L-DEPEND EN T  
M EM ORY? S. A. Chen* & M. G. Packard, Department o f  
Psychology, University o f New  Orleans, N  O., LA, 70148.

Recent evidence indicates that post-training intra-amygdala injections of 
amphetamine enhance memory in hippocampal-dependent water maze and radial 
maze tasks. This modulatory influence of the amygdala is exerted despite that 
the fact that pre-training amygdala lesions have no effect on acquisition of these 
tasks. In the present study we examined whether amygdala participation (i.e. a 
functioning amygdala) during training is a necessary co-factor for the normal 
expression of memory in a hippocampal-dependent task. Male Long-Evans rats 
were trained in a daily session in a win-shift radial maze task to obtain food 
pellets from four randomly baited maze arms. Following an inter-trial interval, 
they were returned to the maze with all arms accessible, and allowed to obtain 
four pellets from those arms which were not previously visited. Following 
criterion training, rats were given a drug test. On this day, rats received intra- 
basolateral amygdala or intra-hippocamapl injections of either a 2% solution of 
the local anesthetic lidocaine (0.5 µì), or saline vehicle immediately following 
the first four food rewarded choices. 4 hours later, rats were returned to the 
maze for a retention test. The choice accuracy of rats receiving intra-amygdala 
lidocaine injections was not significantly different than that of saline controls, 
while intra-hippocampal injections of lidocaine severely impaired memory in 
this task. The findings suggest that although post-training activation of 
amygdala efferent projections (i.e. via amphetamine) can serve to modulate 
hippocampal-dependent memory, amygdala participation does not appear to be a 
necessary co-factor for expression of memory in the win-shift radial maze 
task.(supported by NIH grant R29MH056973-02 M. P ).

755.9
ROLE OF AM YGDALA, AGRANULAR INSULAR, AND  
HIPPOCAM PUS ON ANTICIPATORY CONTRAST PARADIGM  
W ITH PARAMETRIC DIFFERENCES IN REW ARD. P R . GILBERT*.
R.P. K esner. University o f Utah, Salt Lake City, UT 84112.

Rats received either amygdala (AMY), agranular insular (AI), hippocampus (HIP), or 

control (CON) lesions and were then tested using a modified version of Flaherty’s 
anticipatory contrast paradigm. In their home cages, rats were allowed to drink a water 
solution containing 2% sucrose for 3 min, followed by a solution containing a 32% 

sucrose solution for 3 min. Across 10 days of testing, CON and HIP lesioned rats 

demonstrated a reduction in the intake of the 2% solution and an increase in the intake 

of the 32% solution. AMY lesioned rats showed a similar yet smaller effect and slower 

acquisition, but AI lesioned rats showed no learning. In order to assess the operation of 
a pattern separation mechanism, all rats were then tested using the same procedure 
except, the 2% solution was followed by a 16% solution for 10 days and then by an 8% 

solution for 10 days. CON and HIP lesioned rats continued to display a significant 
anticipatory contrast effect but their intake difference between the solutions decreased as 

a function of decreased difference between the sucrose concentrations, suggesting a 

pattern separation process. In contrast, the AMY and AI lesioned animals failed to 

display an anticipatory contrast effect. However, when the 2% solution was presented 

simultaneously with either the 32%, 16%, or 8% solution, all animals showed a 

preference for the sweeter solution. The data indicate that the AMY may be involved in 

encoding and separating representations for the magnitude of a reward, whereas the AI 
may be involved in planning for or anticipating reward. NIH Grant (NS2077-13).

755.6
CIRCADIAN RHYTHMS: EFFECTS ON CONDITIONED REWARD LEARNING 
IN THE HAMSTER. E. A. Antoniadis ♦. M.R. Ralph, and R. J. McDonald 
Department of Psychology and Zoology, University of Toronto, Ontario, Canada. 
The deterioration of learning and memory processes with aging has been observed in 
human and non-human animals. Aging seems to affect the type of learning and 
memory processes mediated by medial temporal lobe structures such as the amygdala 
and the hippocampus. We have recently shown amygdala based learning and memory 
in the hamster, a species known for its precise circadian rhythmicity. Indeed, pairing 
a neutral context with a running wheel results in the expression of a conditioned place 
preference in hamsters (McDonald, Ralph & Antoniadis, 1997). This suggests that 
wheel running is rewarding and that hamsters have the mnemonic abilities to acquire 
and retain an association between a neutral context and a rewarding event. This 
demonstration of learning provides us with the opportunity to test the hypothesis that 
the deterioration of circadian rhythms that accompanies aging contributes to the 
observed learning and memory deficits. This hypothesis was tested by training and 
testing aged hamsters that were either rhythmically healthy or unhealthy and 
comparing their performance on the CPP task. Conditioning consisted of four training 
sessions and each session consisted o f two days. On day one the hamsters were 
individually placed in the paired box where they were given access to a running wheel. 
On the other day they were placed in the unpaired box and were not given access to 
the running wheel. On the test day they were given free access to both contexts, and 
time spent in each chamber served as a measure of conditioned place preference. Aged 
hamsters ■with healthy circadian rhythms spent significantly more time in the paired 
than in the unpaired context, while their counterparts with unhealthy circadian rhythms 
expressed no conditioned place preference for the paired context. These findings 
strongly suggest that normal circadian rhythms and non-degraded sleep/wake patterns 
are essential for the consolidation and retention o f conditioned reward learning. 
(NSERC to R.J. McDonald and M.R. Ralph)

755.8
AM YGDALA M ODULATION OF APPETITIVELY M OTIVATED  
H IPPOCAM PAL-DEPENDENT M EM ORY J. P. Schroeder* & M G. 
Packard, Department o f Psychology, University o f  New Orleans, N O., 
LA, 70148.

Recent evidence indicates that post-training intra-amygdala injection  
o f  amphetamine enhance m emory in a hippocam pal-dependent hidden 
platform water maze task. M oreover, the memory enhancing effects o f  
intra-amygdala am phetam ine in this task is not due to storage o f  
memory within this structure, but rather, appear to involve activation o f 
efferent am ygdala-hippocam pal projections. H owever, the use o f  an 
aversively m otivated task raises the p o ssib ility  that the m odulatory  
influence o f the amygdala observed in the water m aze is related to the 
docum ented role o f  this structure in a versive con d ition in g  tasks. 
Therefore, in the present study w e exam ined the effects o f post-training 
intra-amygdala injections o f amphetamine on memory in an appetitively 
motivated hippocampal-dependent memory task. M ale Long-Evans rats 
were trained in a win-shift radial m aze task to obtain food pellets from 
four randomly baited m aze arms. Follow ing an inter-trial interval, they 
were returned to the maze with all arms accessible, and allow ed to obtain 
four pellets from those arms w h ich w ere not p reviou sly visited . 
Following criterion training, rats were given a drug test. On this day, rats 
received intra-amygdala injections o f  either amphetam ine (5 .0  µgl0.5  
µ\) or saline vehicle im m ediately follow ing the first four food rewarded 
choices. 18 hours later, rats were returned to the maze for a retention  
test. The choice accuracy o f rats receiving intra-amygdala am phetam ine 
injections was significantly better than that o f  saline treated rats. The 
fin d in gs indicate that the m odulatory  role o f  the am ygdala  in 
hippocam pal-dependent m em ory generalizes to appetitively motivated 
behavior, (supported by NIH grant R29MH056973-02 M. P. ).

755.10
MCPG INFUSED INTO THE BASOLATERAL NUCLEUS OF THE 
AMYGDALA IMPAIRS THE MEMORY OF AN INHIBITORY 
AVOIDANCE TASK IN RATS. C.W. Scanis*1-2. M.M. Bianchin3. 
R. Rosesler3, I. Izαuierdo3. J.L. McGaueh4. (1) Univ. of San Diego, 
San Diego, CA. (2) Center for the Neurobiology of Learning and 
Memory, Univ. of Cal., Irvine, CA (3) Univ. Federal do Rio Grande do 
Sul, Brazil. (4) Psychobiology Dept. Univ. of Calif., Irvine, CA.

The present experiment examined the effect of infusion of MCPG 
((±>α-Methyl-4-Carboxyphenylglycine), a metabotropic glutamate 
receptor (mGluR) antagonist, into the basolateral nucleus of the 
amygdata (BLA) on learning and memoiy in an emotionally motivated 
task. Rats received either vehicle or MCPG (0.2, or 1.0, or 5.0 µl/side, 
respectively) bilaterally into the BLA, 5 minutes prior to being trained 
in a continuous multiple inhibitoiy avoidance (CMIA) task. The 
retention for the task was assessed 8 days later. MCPG in the doses 
given did not significantly affect the acquisition of the CMIA task. 
However, MCPG at the dose of 5.0 µg/O.2ul/side impaired the long
term retention test performance. The dose of MCPG that impaired 
long-term memory in the retention test did not affect footshock 
sensitivity of the rats in a nociception task. Our results indicate that 
MCPG, when infused into the BLA of rats prior to training, impaired 
long-term memory consolidation without disrupting acquisition.

Supported by NIMH grant USPHS MH12526 (JLM), CNPq-Brazil 
fellowship (MMB), J.S. Guggenheim fellowship (II).
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755.11
BASOLATERAL AMYGDALA NORADRENERGIC INFLUENCE ON THE 
MEMORY-ENHANCING EFFECT OF GLUCOCORTICOID INFUSIONS INTO 
THE HIPPOCAMPUS B. Roozendaal*. B.T. Nguven. A.E. Power and J.L. McGaugh 
Center for the Neurobiology of Learning and Memory, Department of Psychobiology, 
University of California, Irvine, CA 92697-3800.

Previously we demonstrated that the memory enhancement induced by 
glucocorticoid administration directly into the dorsal hippocampus is blocked by 
excitotoxic lesions of the basolateral nucleus of the amygdala (BLA). Other 
pharmacological data indicate that the ß-adrenergic and the muscarinic cholinergic 
receptor systems in the amygdala are important for the modulation of memory storage. 
In the present study, we investigated whether a blockade of either ß-adrenergic or 
muscarinic cholinergic receptors in the BLA would affect the enhancing effects of 
intra-hippocampal infusions of the specific glucocorticoid receptor (GR or type II) 
agonist RU 28362 on memory for inhibitory avoidance training. Microinfusion of the 
GR agonist (3, 10 or 30 ng in 0.5 µl) into the left dorsal hippocampus of male Sprague- 
Dawley rats immediately posttraining enhanced retention latencies in a dose-dependent 
fashion. These effects were blocked in rats given the ßi-adrenergic antagonist atenolol 
(0.5 µg in 0.2 µl) into the ipsilateral BLA shortly before training. In contrast, blockade 
of ß-adrenergic receptors in the contralateral BLA did not block the glucocorticoid 
effects. Pretraining infusion of the muscarinic cholinergic antagonist atropine (0.5 µg 
in 0.2 µl) into either the ipsilateral or contralateral BLA did not block the effects of 
glucocorticoids on inhibitory avoidance retention performance. The present findings 
indicate that activation of ß-adrenoceptors in the BLA forms an essential component in 
allowing glucocorticoid-induced modulation of memory storage in the hippocampus. 
Moreover, these findings indicate that the BLA affects hippocampal-dependent 
memory processes in an ipsilaterally organized architecture rather than influencing 
memory storage through non-specific aspects of arousal.

Research supported by USPHS M HI2526 from NIMH (JLM).

755.13
A M Y G D A L A  LE SIO N S BL O C K  S H O C K -IN D U C E D  
H Y PE R A L G E S IA  IN  R A T S . E .D . C row n *. T .E . K ing. 
M .W . M eagher. J.W . Grau. D ept, o f  P sy ch o lo g y , T exas  
A & M  U n iversity , C o lleg e  Station, T X  7 7 8 4 3 .

Exposure to a few  m oderately intense tailshocks has 
opposite e ffects on tw o m easures o f  pain reactivity in rats 
(K ing et. al, 1996). V oca liza tion  thresholds to radiant heat 
and to sh ock  are low ered  (hyperalgesia), w h ile  tail-w ithdraw al 
from radiant heat is inhibited (antinociception).

The current experim ents exam ine the role o f  the am ygdala in 
shock-ind uced hyperalgesia and antinociception. Experim ent 
1 tested the im pact o f  exc ito tox ic  lesion s to the central 
am ygdaloid  nuclei on reactivity to radiant heat. T w o w eek s  
after surgery, rats w ere p laced in restraining tubes and h a lf o f  
the rats in each condition  received  three 1-m A (,75s)  
tailshocks or an equivalent period o f  restraint. Tail Hick and 
vocalization latencies to radiant heat were then m easured two  
and eigh t m inutes after the tailshocks. Bilateral lesions  
reduced vocalization s to radiant heat and blocked the induction  
o f  both sh ock-ind uced  h yperalgesia and antinociception. 
Experim ent 2 assessed  the im pact o f  central nuclei les io n s on 
hyperalgesia as m easured by vocalization  to shock. L esions  
to the central nuclei attenuated the hyperalgesia norm ally  
observed tw o m inutes after shock. W e are a lso exam ining the 
im pact o f  lesion in g the bed nucleus o f the stria term inalis 
(B N S T ) and the basolateral nuclei o f  the am ygdala.
Supported by M H  5 4 5 5 7  to J.W .G  and M .W .M .

755.15
DO RSO L A TE R A L P E R IA Q U E D U C T A L  G RAY LESIONS  
ELIM IN ATE SH O C K -IN D U C E D  H YPERALG ESIA IN  RATS. S , 
M cLem ore*. E. D. C ro w n . I. W. G rau . M. W . M e a g h e r . D ep t, o f  
P sy ch o lo g y , T exas A& M  U n iv ers ity , C o lleg e  S tation , TX 77843.

E xp osu re to a few  m o d era te ly  in ten se  (1-m A ) ta ilsh o ck s has  
b een  sh o w n  to lo w e r  v o c a liz a tio n  th resh o ld s  to b oth  heat and  
su b seq u en t sh ock , and  facilita tes th e acq u is it io n  o f co n d itio n ed  
fear (m ea su red  b y  freez in g ) w h e n  tra in in g  is co n d u cted  in a 
d ifferen t co n tex t. T h ese  o b serv a tio n s  h a v e  b een  taken  as 
e v id en ce  that sh o ck  ex p o su re  in d u ces  a gen era l state  o f 
h y p era lg esia .

The p resen t s tu d y  ex p lo red  w h eth er  th is sh o ck -in d u ced  
h y p era lg esia  d e p e n d s  o n  n eu ro n s w ith in  the d orso la tera l  
p eria q u ed u cta l gray (d lP A G ). Rats rece iv ed  eith er  rostral d lP A G  
les io n s , ca u d a l d lP A G  les io n s , or sh am  op era tio n s. T w o  w e e k s  
later, th ey  w ere  p la ced  in  restra in in g  tu b es and  h a lf o f the rats in 
each  co n d itio n  r ece iv ed  th ree 1 -m A  (0 .75-s) ta ilsh o ck s w h ile  the  
oth er  h a lf rece iv e d  an  e q u iv a le n t  p er io d  o f restrain t.
E xp erim en t 1 sh o w e d  that ta ilsh o ck  lo w e r ed  v o c a liz a tio n  
th resh o ld s  to heat in  sh a m  o p era ted , but n ot les io n ed  subjects. 
E xp erim en t 2 e x a m in e d  the im p act o f  d lP A G  le s io n s  o n  the  
a cq u is it io n  o f co n d itio n e d  fear. Sham  o p era ted  rats 
d em o n stra ted  e n h a n c e d  a cq u is it io n  after sh o ck  e x p o su r e , w h ile  
b o th  rostral a n d  c a u d a l les io n s  e lim in a ted  th is e ffect. Taken  
togeth er , th ese  resu lts su g g e st  that the d lP A G  p la y s  a critical role  
in  the p ro d u ctio n  o f sh o ck -in d u ced  h y p era lg esia . S u p p o rted  b y  
M H 54557 to J. W. G. a n d  M. W. M.

755.12
LESIONS OF THE STRIA TERMINALIS BLOCK THE MEMORY ENHANCEMENT 

INDUCED BY GLUCOCORTICOID INFUSIONS INTO THE BASOLATERAL AMYGDALA 
AND HIPPOCAMPUS. D. J.-F. de Quervain1. B. Roozendaal1. B. Fern/1. T, Wannier2 *. J. L. 

McGauαh1. ’Center for the Neurobiology of Learning and Memory, University of California, 

Irvine, CA 92ß97-3800, USA; 2Dept. of Physiology, University of Bern, Switzerland

The amygdala plays an important role in the modulatory effects of glucocorticoids on 

memory storage. Excitotoxic lesions of the basolateral (BLA), but not the central, nucleus 

of the amygdala block the effects of posttraining systemic injections of dexamethasone on 

memory for inhibitory avoidance training. BLA lesions also block the memory-modulating 

effects of glucocorticoids administered into the dorsal hippocampus. Moreover, 

microinfusions of glucocorticoids directly into the BLA enhance memory storage in a dose- 

dependent manner. Further evidence supporting the involvement of the BLA in mediating 

glucocorticoid effects on memory storage were derived from studies examining the stria 

terminalis (ST), a major afferent-efferent pathway of the amygdala. Lesions of the ST, like 

BLA lesions, block the memory enhancing effects of systemic glucocorticoid administration. 

The present experiments examined whether ST lesions would also block the effects of 

posttraining local infusions of the specific glucocorticoid receptor (GR) agonist RU 28362 

into either the BLA or dorsal hippocampus on memory for inhibitory avoidance training. 

Infusions of the GR agonist (1, 3 or 10 ng) bilaterally into either the BLA (0.2 µl) or dorsal 

hippocampus (0.5 µl) of male Sprague-Dawley rats with sham lesions of the ST enhanced 

memory in a dose-dependent fashion. ST lesions selectively blocked the memory- 

enhancement induced by the GR agonist into either brain structure. Our findings indicate 

that the memory-enhancing effects of locally infused glucocorticoids into the BLA or 

hippocampus as well as systemically administered glucocorticoids depend on an intact ST. 

These results support the idea that the ST is a critical output of the BLA mediating its 

modulatory effects on memory storage.

Research supported by a USPHS MH12526 from NIMH (JLM).

755.14
THE GENERALITY OF SHOCK-INDUCED H YPERALGESIA IN 
RATS. M. W. Meagher*S. M cLemore. T. K. King. & J. W. Grau. 
Psychology Dept., Texas A&M  University, C ollege Station, TX 77843.

Exposure to moderately intense tail-shocks (3, 0 .75-s, 1 m A) has 
opposite effects on spinal and forebrain mediated measures o f  pain 
reactivity: it induces antinociception on the tail-flick test while it 
lowers vocalization thresholds to both heat and shock (hyperalgesia). 
Although prior work indicates that shock-induced anti nociception can 
be elicited by a variety o f shock schedules (Meagher et al., Behavioral 
Neuroscience, 107, 1993), little is known about the generality o f  
hyperalgesia. Experiment 1 examined the em ergence o f  hyperalgesia  
and antinociception by exposing separate groups o f  rats to either 0, 0.1, 
0.3, or 1.0 mA shocks and measuring tail-withdrawal to radiant heat 
and vocalization thresholds to shock. Both antinociception and 
hyperalgesia emerged after exposure to the 0.3 mA intensity. 
Experiment 2 evaluated whether more severe shock schedules elicit 
hyperalgesia by testing the impact o f  longer (3, 25-s, 1 mA) or more 
intense (3, 2-s, 3 mA) shock conditions on subsequent shock 
reactivity. Prior research has shown that longer shocks engage a 
brainstem mediated nonopioid anti nociception, while brief but more 
intense shocks (3, 2-s, 3 m A) engage a spinally mediated opioid  
antinociception on the tail-flick test. In contrast, both shock conditions 
lowered vocalization thresholds, suggesting enhanced pain. The 
duration o f the hyperalgesia depended on the shock condition: 
hyperalgesia persisted for 32 min in the intense condition and 128 min 
in the long shock condition. W e are currently assessing the impact o f  
these shock schedules on startle and the acquisition o f conditioned  
freezing. Supported by M H54557 to J.W.G. and M .W .M .

755.16
TH E ROLE OF ANXIETY IN S H O C K -IN D U C E D  
HYPERALGESIA IN  RATS. A. S ieve *, T  K ing, E. C row n , M. 
M eagher, and J. Grau. D ep t, o f  P sy ch o lo g y , T exas A& M  U n iv ., 
C o lleg e  Station, TX 77843

P rev iou s exp er im en ts h a v e  sh o w n  that ex p o su re  to a few  
m od erate  ta ilsh ock s (3, 0.75 sec, 1m A ) e lic its  h y p era lg esia  in rats, 
as m ea su red  b y  lo w ered  v o ca liza tio n  th resh o ld s  to heat and  
shock , and  en h a n ced  acq u isition  o f both co n d itio n ed  freez in g  to a 
w ea k  sh ock , and  an a v o id a n ce  resp o n se  to therm al pain . (K ing, et 
al., /. of Exp. Psychol: Anim . Beh. Proc.f 22, 1996). K ing e t  al. 
su g g ested  that sh ock  ex p o su re  en h an ces p ain  b ecau se it in d u ces  
anxiety . The p resen t ex p er im en ts  test th is h y p o th esis .

A fter con firm in g  that the an x io g en ic  D M C M  p ro d u ces  an x iety  
on  the e lev a ted  p lu s  m a ze  and  social in teraction  test, w e  tested  
the effects o f  our sh ock  p roced u re on  these b eh av iora l m easu res. 
T h ou gh  traditional m easu res o f  an x iety  fou n d  n o differen ce  
b etw een  sh ock ed  an d  u n sh o ck ed  rats, the frequ en cy o f a g g ressiv e  
b eh a v io rs  w a s  h igh er  in sh ock ed  rats. N ex t, w e  tested  the effects  
o f p h a rm aco log ica lly  m a n ip u la ted  an x iety  o n  h eat and  sh ock  
th resholds. The a n x io ly tic  M id azo lam  atten u ated  the sh ock -  
in d u ced  hyp era lgesia . H o w ev er , DM C M  increased  heat and  
sh ock  th resh o ld s an d  red u ced  co n d itio n ed  freez in g  to a w ea k  
shock , su g g estin g  that the d ru g  red u ced  pain . It is p o ss ib le  that a 
n eg a tiv e  a ffective state o f an ger or pain , rather than an x iety , 
in d u ces  the h y p era lg esia  to shock . S u p p orted  b y M H 54557 to J.
W. G. and  M. W. M.
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755.17
HYPO ALGESIA ELICITED BY AN AUDITORY CONDITIONED STIMULUS IS 
BLOCKED BY A MU OR A KAPPA OPIOID ANTAGONIST INJECTED INTO 
THE BASOLATERAL AMYGDALA. H. Foo1* and F. J, Helmstetter2. 'Dept, of 
Psychology, Northern Territory University, Darwin, NT 0909, Australia; 2 Dept of 
Psychology, University o f Wisconsin-Milwaukee, W I53201.

An auditory conditioned stimulus (CS) that has been paired with foot shock can 
acquire the ability to elicit conditional hypoalgesia (CHA). Expression of CHA 
depends on the integrity of the ventral periaqueductal grey (vPAG) and the basolateral 
amygdala (BLA), because vPAG or BLA lesions block the long tail flick latencies 
(TFLs) that are otherwise observed in the presence of the CS. Recently, Bellgowan 
and Helmstetter (1998) reported that the long TFLs are blocked by inñisions of the mu 
opioid antagonist CTAP, but not by infusions of the kappa opioid antagonist nor- 
binaltorphimine (nor-BNI), into the vPAG, suggesting involvement of mu receptors at 
the vPAG in mediating expression of CHA. The present study investigates the role of 
mu, delta, and kappa receptors in the BLA in mediating expression of CHA. Five 
groups of rats were implanted with bilateral BLA cannulae. The rats were given daily 
sessions of either eight paired (J=4) or eight unpaired (J=l) presentations of white 
noise and foot shock across three consecutive days. The following day, baseline TFLs 
were measured. On the test day, rats in the Paired condition were injected with O.2ul 
of CTAP (6.6nMol), naltrindole (6.6nMol), nor-BNI (6.6nMol), or saline. Rats in the 
Unpaired conditioned were injected with saline. TFLs were measured before 
(baseline) and after injections, as well as, during and after the presentation of the CS. 
The results showed that none of the drugs affected baseline TFLs. In the presence of 
the CS, rats in the Paired condition injected with saline showed longer TFLs than 
those in the Unpaired condition given saline, confirming presence of CHA. 
Expression of this response was blocked by CTAP and nor-BNI, but unaffected by 
naltrindole. These results suggest that mu and kappa, but not delta, receptors at the 
BLA mediate expression of CHA.
Supported by NTU grant to HF; NflDA DAO9429 & NIMH MH5O864 grants to FJH.
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756.1
APV IMPAIRS CONTEXT- BUT NOT TONE-DEPENDENT FEAR IN 
MICE WITHOUT DISCRIMINATION BETWEEN CONTEXTUAL BACK- 
AND FOREGROUND CONDITIONING. O. Stiecll*, K. Birkenfeld, M. Palve,
C. Heine and J. Spiess. Department of Molecular Neuroendocrinology, Max 
Planck Institute for Experimental M edicine, Hermann-Rein-Str. 3, 
37075 Goettingen, Germany

The effects of acute intracerebral injections of the NMDA receptor anta
gonist APV (0-3.2 mg) were investigated in one-trial fear conditioning in male 
C57BL/6J mice. Injections were applied 15 or 5 min before training, or shortly 
(2 min) after training (posttraining) either into the dorsal hippocampus (i.h.), 
the somatosensory/motor cortex (i.c.) or the lateral ventricle (i.c.v.). Freezing, 
inactivity and exploration area were evaluated 24 hr after training. In additon, 
heart rate (HR) was measured in freely moving mice with the help of an 
implanted transmitter to evaluate tone-specific associative learning in the home 
cage, which thus was free of contextual cues of the conditioning box.

I.h. injections of APV 15 min or - with lower efficiency - 5 min before 
training with the context provided as either fore- or background stimulus 
significantly impaired contextual fear conditioning expressed in low freezing, 
low inactivity and large exploration area. I.h. injections of APV 5 min before 
training were less effective to impair contextual fear. I.c. injections did not 
cause a significant impairment. I.c.v. injections of APV applied 15 or 5 min 
before training significantly impaired contextual fear with similar effectiveness. 
In all experiments, posttraining injections did not affect contextual 
performance. In addition, APV treatment did not impair tone-dependent fear 
conditioning. This result was supported by the unchanged HR pattern in the 
tone-dependent memory test in mice injected with APV i.c.v. 15 min before 
training, whereas this treatment provided maximal contextual impairment.

Our results demonstrate the importance of NMDA receptors in the dorsal 
hippocampus for information processing required for contextual fear conditio
ning which was independent of the context being provided as either fore- or 
background stimulus during training. (Supported by the Max Planck Society)

756.2
HIPPOCAMPECTOMY DISRUPTS TRACE AND CONTEXTUAL FEAR 
CONDITIONING IN THE RAT. J,F. Disterhoft. M.D. McEchron. H. 
Bouwmeester. W. Tseng. C. Weiss, and M.C. DalCanto*. Northwestern Univ. 
Institute for Neuroscience, 303 E. Chicago Ave., Chicago, IL 60611 USA.

The hippocampus is believed to be an important structure for learning tasks that 
require temporal processing of information. Several trace conditioning paradigms, 
like trace eyeblink conditioning, have been shown to be hippocampally dependent 
because the conditioned stimulus (CS) and the unconditioned stimulus (US) are 
temporally separated by an empty trace interval during training. The present study 
sought to determine if the hippocampus was necessary for animals to perform a 
classical trace fear conditioning task where each of 10 trials consisted of an auditory 
tone-CS (15 sec; 3000 Hz; 80 dB) followed by an empty 30 sec trace interval and a 
fear producing floor shock-US (1 mA; 0.5 sec). Several weeks prior to training, 
animals were anesthetized and given aspiration lesions of the neocortex (NEO; n=6), 
hippocampus and overlying neocortex (HIPP; n=9), or no lesions at all (CONTROL; 
n=6). Approximately 24 hours after trace conditioning, NEO and CONTROL animals 
showed a significant decrease in movement to a CS-alone presentation that was 
indicative of a conditioned fear response (CFR). Animals in the HIPP group did not 
show CFRs to the CS alone, nor did a pseudoconditioning group (n=7), which was 
trained with unpaired presentations of the CS and US. Furthermore, all groups except 
the HIPP group showed CFRs to the context in which they received the US. One 
week later the HIPP, NEO, and CONTROL groups were given delay fear 
conditioning trials in which no trace interval separated the CS and US. All of these 
groups showed significant CFRs to a CS-alone presentation 24 hours after delay fear 
conditioning. None of the HIPP animals in this study could perform the trace version 
of the fear conditioning task; however, 8 out of 9 could perform the delay version. 
This suggests that the trace fear conditioning task is a reliable and useful model for 
examining the neural mechanisms of hippocampally-dependent learning. Supported 
by NIH AG05711, AGO8796, and MH4734O.

756.3
SELECTIVE HIPPOCAMPAL LESIONS ENHANCE APPETITIVE 
PAVLOVIAN SECOND-ORDER CONDITIONED RESPONDING. J.R. 
Morell2*, K-H Chan2, T.L. Davidson2, and Leonard E. Jarrard1. 2Washington and 
Lee Univ., Lexington, VA; 2Dept. of Psychological Sciences, Purdue University; 
West Lafayette, IN 47907.

Rats with ibotenate lesions of the hippocampus and control rats received 
appetitive Pavlovian first-order conditioning with either a forward (CS1-US) or 
backward (US-CS1) temporal arrangement. Consistent with previous studies, 
backward conditioning generated weaker conditioned responding (approach to the 
foodcup) than forward conditioning1 for both lesioned and control rats. All rats 
then received Pavlovian second-order conditioning in which a new CS (CS2) 
signaled the presentation of CS1 (i.e. CS2-CS1 training). Differences between 
hippocampal and control rats emerged during second-order conditioning. 
Following backward first-order conditioning, rats without a hippocampus showed 
significantly stronger second-order conditioning than did controls. Following 
forward first-order conditioning, hippocampal rats showed greater responding 
during CS1 than did rats in other groups. In second-order conditioning, CS2 
becomes both a signal for the occurrence of CS1 (excitatory conditioning) and a 
signal for the nonoccurrence of the US (inhibitory conditioning). In addition, 
second-order conditioning also involves the extinction of the previously excitatory 
CS1. The data are consistent with the hypothesis that hippocampal damage spares 
excitatory learning but interferes with the formation of certain inhibitory 
associations. Funded by grants from NIH and NSF.

1. Barnet, R.C., Cole, R.P., & Miller, R. R. (1997). Temporal integration in 
second-order conditioning and sensory preconditioning. Animal Learning & 
Behavior, 2 5 ,221-233.

756.4
THE EFFECTS OF EXCITOTOXiC HIPPOCAMPAL LESIONS OR WATER 
DEPRIVATION ON FREEZING IN RESPONSE TO CONTEXT OR STIMULUS 
CONDITIONING B. Pouzet#. M. Richmond .̂ B. Yee¶. J.N.P. Rawlins¶. JEL 
Schmid* and J. Feldon#*. #Lab. Behavioural Biology, Swiss Federal Institute of 
Technology-Zürich, Schorenstrasse 16, 8603-Schwerzenbach, Switzerland; 
¶Dept. Experimental Psychology, University of Oxford, Oxford OX1 3UD, U.K.

It has been reported, using freezing as the behaviour measured, that hippo
campal lesions and water deprivation do not affect fear conditioning to discrete 
conditioned stimuli, but lead to decreased and increased contextual condition
ing, respectively. The above mentioned results have been obtained by a 
human observer evaluating video recordings taken while the testing boxes 
were open throughout the test sessions and resulted only in an overall score of 
percent freezing. Our laboratory has recently developed a novel method of 
quantifying freezing, in which consecutive 1-second frames obtained from mini 
video cameras located inside the testing boxes, are digitized and compared to 
determine the absence of movement (freezing). This method permits a rapid, 
unbiased and highly time-sensitive assessment of freezing behaviour during all 
phases of the procedure which consists of exposing rats on day 1 to 10 
pairings of a tone CS (30 secs) and foot-shock (1 sec, 0.5mA) in a conditioning 
chamber; of evaluating on day 2 for eight minutes conditioning to context; and 
of evaluating on day 3 in a novel chamber the impact of the tone CS which is 
presented for eight minutes. Our results, unlike existing reports in the 
literature, clearly demonstrate that when freezing is taken as the dependent 
measure of conditioning, total excitotoxic hippocampal lesions impair (reduced 
freezing) all aspects of the procedure: the development of conditioning, 
context conditioning as well as CS conditioning. Water deprivation has no 
effect on the development of conditioning or on contextual conditioning, but 
reduces the expression of CS conditioning. The most parsimonious 
explanation is that our results reflect increases induced by these treatments on 
general activity.
Supported by: the Swiss National Science Foundation, ETH-Zürich and UK MRC.
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756.5
HIGH LEVEL OF FIMBRIAL-LATERAL SEPTAL SYNAPTIC
EXCITABILITY IMPAIRS THE EXPRESSION BUT NOT THE ACQUISITION 
OF CONTEXTUAL FEAR CONDITIONING IN MICE. R. Garcia*. R.-M. 
Vouimba and R. Jaffard. Laboratoire de Neurosciences Comportementales et 
Cognitives, CNRS UMR 5807, Universite de Bordeaux I, 33405 Talence, France.

In a previous study we showed that, in mice, pretraining induction of long-term 
potentiation (LTP) in the lateral septum (LS), by fimbrial high-frequency 
stimulation (HFS), resulted in a dramatic impairment of contextual fear 
conditioning (Vouimba et al., Behav. Neurosci., in press, 1998). Specifically, we 
found that when septal LTP was induced before conditioning, re-exposure of 
animals to the conditioning chamber resulted in a significant reduction in freezing 
behavior. Moreover, the effect of fimbrial HFS on fear conditioning was totally 
abolished following a lesion located in the LS region of the potentiated synapses. 
The present study examined at which stage (acquisition or expression of 
conditioned fear) septal LTP affects contextual fear conditioning.
Electrophysiological recordings indicated that re-exposure of animals to contextual 
stimuli 24 hours after conditioning, did not affect the maintenance of LTP 
established either before or after contextual conditioning. When applied before re
exposure to the context, fimbrial low frequency stimulation-induced depotentiation 
of potentiated synapses, not only abolished the impairing effect of pretraining 
fimbrial HFS, but actually enhanced the magnitude of freezing to contextual 
stimuli. In animals that did not receive pretraining fimbrial FIFS, posttraining HFS 
significantly reduced the freezing behavior as did pretraining fimbrial HFS alone. 
Together with previous findings, these data suggest that the level of hippocampal- 
LS neurotransmission controls the expression of conditioned fear but not the 
acquisition of contextual conditioning.

756.7

ANTISENSE DNA OLIGONUCLEOTIDE PROBES TO TrkA 
DECREASE CONTEXTUAL M EMORY AND CHOLINERGIC  
MARKERS IN SEPTOHIPPOCAM PAL NEURONS OF RATS
N.J. W oolf, 1 * A. Roghani, 2 and A.M. M ilov, 1 1 Dept, o f Psychology, 

UCLA, Los A ngeles, CA 90095-1563; 2Deρt. of Pharmacology, Texas 
Tech University, Lubbock, TX 79430.

We previously found increased NGF in the hippocampus one week after 
Pavlovian conditioning to tone in a novel chamber. We hypothesized that 
the surge in hippocampal NGF is related to consolidation of the training- 
context memory, since that process is on-going at one week and since the 
consolidation of contextual memory appears to involve the hippocampus. 
In the present experiment, we directly tested our hypothesis by conducting 
trials of Pavlovian conditioning to tone, waiting one week, then infusing 
antisense phosphorothioate DNA oligonucleotide probes to trkA, and 
testing the animals 24 hours later. We infused the antisense probes into 
the medial septum/vertical limb of the diagonal band to block down-stream  
protein synthesis mediated by the trkA high affinity receptor for NGF in 
septohippocampal neurons. We analyzed the brains immunohistochemi- 
cally for trkA, choline acetyl transferase (ChAT), and the vesicular acetyl
choline transporter (VAChT). Twenty-four hours after infusion, animals 
given trkA antisense probes froze less in the chamber, (behavioral 
response assessing context memory; p < 0.05), as compared to animals 
given randomized antisense control probes: controls exhibited high 
freezing levels (95% o f the time sampled), whereas unilateral trkA probe 
infusions decreased freezing to 67% and bilateral infusions decreased 
freezing to 25%. Freezing to tone was unaffected. Infusions o f trkA 
antisense probes decreased trkA, ChAT, and VAChT in the medial 
septum/diagonal band regions. Supported by UCLA Psychology Dept.

756.9
ZYMOSAN A N D  LPS HAVE SIMILAR EFFECTS ON CONTEXTUAL 
AN D AUDITORY-CUE FEAR: FURTHER EVIDENCE FOR A ROLE OF 
PRO-INFLAMMATORY CYTOKINES IN LEARNING A N D  MEMORY.
C  R. Pugh*, I. L. Gonyea. M. Fleshner. L. R. W atkins. S. F. M aier, & I. W . 
Rudy. Dept, of Psychology, U niversity  of C olorado, Boulder, CO, 80309.

Rats exposed to tone-shock pairings la te r  d isp lay  fear responses to b o th  
the context in w hich shock occurred (contextual fear ) and to the tone t h a t  
preceded shock (auditory-cue fear). W e h av e  show n th a t p e r ip h e ra l  
lipo p o ly sacch arid e  (LPS) a d m in istra tio n  im pairs contextual but not 
auditory-cue fear. In support of the idea th a t LPS im pairs mem ory 
consolidation processes, adm in iste ring  LPS after preexposure p reven ted  
the beneficial effect of preexposure on contextual fear. W e h y p o th e s iz e d  
th a t LPS im pairs contextual fear by inducing the release of pro- 
inflam m atory  cytokines, such  as in te rleu k in -lß  (IL-lß). In support of th is  
hypo th esis , p e rip h e ra l IL-1 receptor an tagon ist blocked the im p a irm en t 
in contextual fear caused by LPS. In ad d itio n , central IL -lß  also im p a ire d  
contextual but not auditory-cue fear. To fu rth e r exam ine this h y p o th e s is ,  
the effect of zym osan, an o th er p ro -in flam m ato ry  cy tokine s tim ulan t, w as 
exam ined cn contextual and aud itory-cue fear. W e found th a t p o s t
conditioning zym osan a d m in istra tio n  im p a ired  contextual but not 
auditory-cue fear. In ad d itio n , ad m in iste ring  zym osan after preexposure 
negated  the beneficial effect of preexposure on contextual fear. These 
findings cannot be in te rp re ted  by  non-associative explanations of the  d a ta  
because drugs were never ad m in iste red  un til afte r com pletion of 
conditioning. In add itio n , drug trea tm en ts never affected aud ito ry -cue  
fear. These resu lts p rov ide  support for the  idea  th a t  p ro -in flam m ato ry  
cytokines p lay  a role in learn ing  and mem ory. S upported  by N IH  gran t 
M H 45045 & 55283 & RSA M H 00314.

756.6
PROTEIN SYNTHESIS IN THE PERIAQUEDUCTAL GRAY MAY BE 
CRITICAL FOR THE ACQUISITION OF FEAR CONDITIONING. D.J. 
Bailey & F I  Helmstetter*. Dept. Psychology, University of Wisconsin- 
Mihvaukee, Milwaukee, WI 53201

The periaqueductal gray (PAG) is known to be an important structure for 
responding to stimuli that are threatening, stressful, or painful, and has 
been included along with other structures in a well documented neural circuit that is 
critical for the expression of certain fear responses. Previous work from our lab has 
indicated that cells in the lateral nucleus of the amygdala, dorsal hippocampus, and 
medial portion of the medial geniculate nucleus of the thalamus are critical for 
learning-related plasticity during Pavlovian fear conditioning since application of an 
mRNA synthesis inhibitor (Actinomycin-D; Act-D) to each structure individually 
prior to training selectively prevented acquisition (Bailey et al., 1997). The present 
experiment was undertaken to determine if protein synthesis in the PAG is 
necessary for the acquisition of aversive conditional responses (CRs). Rats were 
implanted with a unilateral cannula aimed at the ventral portion of the PAG (vPAG) 
or the superficial layers of the superior colliculus (SC) and were injected with 0.2 µl 
Act-D (5 ng/µl) 1 hour before training with a series of presentations of white noise 
(conditional stimulus, CS) immediately followed by footshock (unconditional 
stimulus, UCS). Twenty-four hours later animals that received Act-D in the vPAG 
showed significantly decreased CRs. Animals receiving Act-D in the SC prior to 
training showed no deficits in acquisition. All animals showed normal UCRs 
during training and when retrained with a series of context-shock pairings one week 
later displayed no significant differences in freezing, suggesting no short- or long
term toxicity of the inhibitor. The present results taken with our prior findings 
indicate that memory for fear conditioning is stored at multiple synapses involved in 
response expression.

Supported by NIMH grant MH 50864 (F.J.H.)

756.8
IMPAIRED CONTEXTUAL FEAR C O N D IT IO N IN G  PRODUCED BY 
POST-TRIAL SOCIAL ISOLATION IS M EDIATED BY PERIPHERAL 
ENDOGENOUS OPIO ID S I. W. Rudy*. K. K um agaw a. and C. R. 
Pugh. D ept of Psychology, Univ. of Colorado; Boulder, CO  80309 

W hen rats experience pairings of a d iscrete tone and shock, they  w il l  
late r d isp lay  conditioned fear (as m easured by freezing) to both  th e  
context in w hich  shock occurred and to the tone. N orm ally , rats a re  
returned im m ediately  to th eir hom e cage and litte rm a tes  fo llow ing 
conditioning. Recently, how ever, it w as found  th at social isolation for 3 
hours after conditioning im pairs contextual freezing. W e exam ined th e  
h y po thesis  th a t the im pairm en t produced by iso la tion  is due to 
endogenous opioid release. Consistent w ith  th is  h y p o th esis , we found 
th a t the im pairm en t in contextual fear produced by iso lation  could be 
p reven ted  by post-co n d itio n in g /p re-iso latio n  injections of e i th e r  
central or periphera lly  acting opio id  receptor an tagonists. In a d d itio n , 
system ic post-conditioning injections of m orph ine im p a ired  contextual 
fear conditioning. This effect also w as blocked by central and 
p e rip h e ra l-ac tin g  opio id  receptor an tagonists. As w as the case w i th  
the im pairm en t produced by iso lation , preexposure to the context 24 
hours p rio r to conditioning also e lim in a ted  the effect of m orphine cn 
contextual fear conditioning. Thus, opio ids ap p ear to im p air contextual 
fear conditioning by in terfering  w ith  the processes th a t consolidate a 
m em ory representation  of the context.

756.10

ACCUM BAL INFUSIONS OF BUPIVACAINE DISRUPT  
THE ACQUISITION BUT NOT THE EXPRESSION OF 
CONTEXTUAL FEAR CONDITIONING.
Tatiana Haralambous* and R. Fred Westbrook. School o f 
Psychology, University o f New South W ales, Sydney, 2052, 
Australia.

Transient lesions produced by a 1 µL microinjection o f 
bupivacaine (0.5%) into the accumbens nucleus (Acb) 
disrupted the acquisition but not the expression o f conditioned 
fear to a context paired with footshock (1-mA, 1-s) while 
sparing conditioning to an auditory conditioned stimulus (CS; 
75-dB clicker) which signaled that shock. Bupivacaine 
microinjections into the amygdala disrupted conditioned fear to 
both the context and the auditory CS, while the same 
microinjections into the caudate putamen did not disrupt fear 
conditioning to either the context or the CS. Bupivacaine 
microinjected into the Acb did not have any effect on post
shock freezing nor did these infusions produce a state 
dependent disruption in the acquisition o f conditioned fear. 
These findings suggest that the Acb is integral in mediating 
attentional or computational processes for the acquisition of  
conditioned fear to a context paired with shock, but is not 
required for the retrieval o f an integrated representation o f that 
context.

Supported by an Australian Postgraduate Award
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756.11
LESIONS OF THE POSTRHINAL CORTEX DISRUPT CONDITIONING  
TO THE TRAINING CONTEXT BUT NOT TO AN EXPLICIT  
AUDITORY CUE. R D. Burwell*' and R.G. Phillips2. ‘Brown Univ, 
Psychology Dept and Neuroscience Graduate Program, 89 Waterman, 
Providence, RI 02912, and 2Boston Univ, Laboratory o f Cognitive 
Neurobiology, 2 Cummington Street, Boston, M A 02215.

The postrhinal cortex (POR) in the rat receives its predominant higher  
level cortical input from visual and spatial processing regions including  
vision association, posterior parietal, and retrosplenial cortices. Thus, POR 
provides substantial visuospatial input to the hippocampus, both directly 
to the hippocampus proper and indirectly via its prominant projections to 
the perirhinal and entorhinal cortices. Based on this anatomy, we 
hypothesized that damage to the postrhinal cortex would impair 
conditioning to the training context in a contextual fear conditioning  
paradigm that has been shown to be sensitive to hippocampal dam age. 
M ale Long-Evans rats received discrete electrolytic lesions to the POR 
( n = l l )  or sham lesions (n = l2 ). On the first o f  two training days, rats 
received 3 pairings o f a 10K Hz tone (20 sec CS) that co-terminated with 
a footshock (500 m sec, 1.0 m A US). On the third (test) day, rats received  
three presentations o f the tone, but no footshock in the original training 
context. On day four, a subset o f subjects received three presentations o f  
the tone in a different context. On each day, total time freezing was 
quantified for 20 sec prior to CS presentation (context) and for 20 sec 
during CS presentation. POR subjects froze significantly less than sham- 
operated controls during the first pre-CS period on the third (test) day, 
exibiting less conditioning to context. There was no difference in time 
spent freezing between lesioned and control subjects during the first CS 
period on any day. Thus, conditioning to the explicit CS was not affected. 
These data suggest that the posthrinal cortex in the rat contributes to the 
acquisition or expression o f contextual fear conditioning.

756.13
RETROGRADE AMNESIA OF PAVLOVIAN FEAR CONDITIONING  
AFTER PARTIAL OR COMPLETE EXCITOTOXIC LESIONS OF  
THE H IPPOCAM PUS IN RATS. S.G. Anagnostaras*. J.R. Sage. & M.S. 
Fanselow. Dept, of Psychology, Univ. of California, Los Angeles, CA 90095-1563.

We have previously shown that electrolytic lesions of the dorsal hippocampus 
(DH) produce a severe retrograde amnesia of contextual fear if made 1-d, but not 28- 
50-d after training. In contrast, the retrograde gradient after excitotoxic lesions of the 
DH appears much longer, as NMDA lesions of the DH produced deficits, although 
small, even 100-d after training. In the present report, we examined retrograde 
amnesia of Pavlovian fear conditioning after partial or complete lesions of the 
hippocampus. In exp. 1, rats were given 10 tone (10-s, 85-dB, 2 or 8-kHz)-shock 
(2-s, 1-mA; 70-s ITI) pairings in one context (remote) and 10 tone-shock (different 
tone) pairings in a different context 50-d later {recent). 1-d after recent training, rats 
were given: 1) sham surgery, 2) electrolytic lesions of DH, 3) excitotoxic lesions of 
DH (8 microinjections of ibotenic acid), or 4) complete lesions of the hippocampus 
(24 injections). Electrolytic lesions of DH produced a severe amnesia of recent 
contextual fear, while leaving remote contextual fear and tone fear completely intact. 
Ibotenic acid lesions of DH produced an amnesia that was temporally-graded, 
producing a severe deficit in recent contextual fear, but remote contextual fear was 
also significantly impaired as were recent and remote tone fear. In contrast, complete 
lesions of the hippocampus produced a general loss of fear: context and tone, recent 
and remote, fear were completely abolished. In exp. 2, training was separated by 
100-d, but complete lesions of the hippocampus still nonspecifically abolished 
freezing. Thus, the deficit in Pavlovian fear conditioning after complete hippocampal 
lesions may be as severe as after lesions of the amygdala. As such, neurons in 
ventral hippocampus may be necessary for conditioned freezing. Alternatively, 
excitotoxic activity in hippocampus may have produced distal damage (perhaps in the 
amygdala) because of denervation or from disruptive excitatory discharge from the 
hippocampus at the time of the lesion. Both possibilities are currently under 
investigation. Supported by NSF grant (IBN 9723295) to MSF.

756.12
PAVLOVIAN FEAR CONDITIONING AND OPEN FIELD  
ACTIVITY IN INBRED MOUSE STRAINS AND H Y B R ID S.
J.R. Sage4*. S.G.Anagnostaras4. T.M. DeLorey' \  T.V. Nguyen4, B.J. Knowlton4, 
R.M. Mihalek2. G.E. Homanics2. R.W. Olsen3. & M.S. Fanselow4. 'Molecular 
Research Institute, Palo Alto, CA; 2Dept. of Anesthesiology, Univ. of Pittsburgh; 
Depts. of ^Molecular & Medical Pharmacology, & Psychology, Univ. of 
California, Los Angeles, CA 90095.

With the increasing development and study of transgenic and knockout mice, it is 
crucial to characterize the behavioral traits of the parental mouse strains. In the 
present study we examined Pavlovian fear conditioning and open field activity in 
C57BL/6J, 129/SvJ, 129B6/J hybrids, 129/SvevTacfBr, and SPRET/Ei mice. 
Mice were given 3 tone (10-s, 2-kHz, 85-dB) -  shock (2-s, 0.5-mA) pairings 
separated by 64-s, followed 7-d later by separate context and tone fear conditioning 
tests. Although all mice exhibited significant fear conditioning, strain differences 
were quite pronounced. 129/SvJ mice exhibited much more context and tone fear 
than C57BL/6J, while their hybrids were intermediate. C57BL/6J mice tended to 
exhibit greater shock reactivity than 129/SvJ mice, suggesting this was not the 
source of differences in conditioning. 129/Svev and SPRET/Ei exhibited moderate 
levels of fear conditioning. Pre-training activity levels in the small conditioning 
chambers were comparable among all strains examined, however there were marked 
differences in activity on a larger open field. C57BL/6J mice exhibited much 
greater open field activity than 129/SvJ mice, while hybrids exhibited intermediate 
activity. 129/Svev and SPRET/Ei mice exhibited activity comparable to 129/SvJ 
mice. Thus, the present study found large differences in parental strains used to 
generate mutant mice. All strains displayed adequate Pavlovian fear conditioning, 
but 129/SvJ exhibited very high levels of fear, while C57BL/6J exhibited relatively 
low levels of fear. Moderate levels of conditioned fear observed in hybrids and in 
SPRET/Ei mice were most comparable to those we have previously observed in 
rats. Supported by NSF Grant (IBN 9723295) to MSF; NIH Grant (NS 28772) to 
RWO; NIH Grant (AA 10422) to GEH.

756.14
H IP PO C A M PA L  LESIONS RED U C E F E A R -IN D U C E D  
FR EEZ IN G  TO C O N T EX TU A L CUES BY A F FE C T IN G  
M EM O RY NO T BY PR O D U C IN G  H Y PE R A C TIV IT Y .
M.S. Fanselow'*, S.G. Anagnostaras', & S M aren2,
Departments o f Psychology, 'University o f California, Los Angeles, CA 
90095; 2University o f  M ichigan, Ann Arbor, MI 48109.

Hippocampal lesions reduce conditioned fear-induced freezing to 
a place or context associated with shock. There are 2 accounts o f this 
finding. The first is a failure of contextual fear memory akin to spatial 
memory deficits. The second is that lesion-induced hyperactivity 
interferes with the ability to freeze. One o f many arguments against 
the hyperactivity account is that the same rats do not show a loss o f  
freezing to a tone that accurately predicted the shocks. However, it has 
been suggested that the difference between tone and context occurs 
because the tone is more strongly conditioned than the context. We 
tested this using training parameters that favored context over tone fear 
(only 5 pairings o f a 30-s tone with shock) and made electrolytic 
dorsal hippocampal lesions 1-d follow ing training. Overall, there was 
more freezing to context than tone but the lesion only reduced  
freezing to the context. During the test session, tone fear starts high  
but rapidly extinguishes to a low level. The hippocampal lesion was 
without effect on tone fear regardless o f the level o f  freezing, while 
context freezing was reduced throughout the entire test session. In an 
anterograde amnesia design that allowed measurement o f lesion- 
induced hyperactivity before training and fear-induced freezing  
following training, we found that hyperactivity and freezing were not 
correlated. These data indicate that response competition accounts o f  
the hippocampal deficit in recent contextual fear are incorrect.

756.15

C H O L IN E R G IC  M O D U L A T IO N  OF P A V L O V IA N  FE A R  
CO NDITIONING : SELECTIVE DISRUPTION OF CONTEXTUAL  
C O N D ITIO N IN G  BY IN T R A -H IP PO C A M PA L  IN FU SIO N  OF 
SCOPOLAMINE. G.D. Gale*. S.G. Anagnostaras, & M.S. Fanselow. Dept, of 
Psychology, Univ. of California, Los Angeles, CA 90095-1563.

Following signaled Pavlovian fear conditioning rats will show a conditional fear 
response to both the training context and the discrete conditional stimulus (CS). 
Considerable evidence suggests that the neural substrates mediating these two types 
of associations are partially dissociable. Specifically, the hippocampus is thought to 
be selectively involved in contextual fear conditioning while nuclei of the amygdala 
seem critical for the development of conditional fear responses to both contextual 
and discrete CSs. Recently we reported that systemic, pre-training administration of 
scopolamine dose-dependently attenuated fear responses to both contextual and 
discrete CSs, suggesting that intact cholinergic function in both hippocampus and 
amygdala may be necessary for Pavlovian fear conditioning. In an attempt to more 
precisely define the role of cholinergic modulation in Pavlovian conditioning, the 
effect of site-specific cholinergic antagonism on Pavlovian fear conditioning was 
assessed. Male Long-Evans rats were implanted with chronic bilateral cannula 
aimed at the dorsal hippocampus. Prior to a signaled Pavlovian fear conditioning 
procedure rats received infusions of scopolamine hydrobromide (5Oµg bilaterally) or 
an equivalent volume of phosphate buffered saline (PBS). On consecutive days 
following training all rats were given independent tests assessing conditional fear 
responses to either the training context or the discrete CS. Relative to PBS infused 
controls, rats receiving intra-hippocampal infusions of scopolamine showed a 
significant attenuation of contextual fear but comparable levels of fear to the discrete 
CS. Analysis of the unconditional response to footshock suggests that the 
differences in freezing observed between scopolamine and PBS infused rats in 
contextual fear cannot be attributed to differences in shock sensitivity. These 
findings suggest that fear conditioning to contextual, but not discrete, CSs require 
intact cholinergic neurotransmission in the hippocampus. Supported by NSF Grant 
(IBN 9723295) to MSF.
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757.1
PROJECTIONS FROM THE PERIRHINAL AND PARAHIPPOCAMPAL 
CORTICES TO THE NEOCORTEX IN MACAQUE MONKEYS (M AC AC A 
FASCICULARIS). P. Lavenex m * . W.A. Suzuki (2). D.G. Amaral (1). 1-Dept. of 
Psychiatry and Center for Neuroscience, University of California, Davis, CA 95616.
2- Center for Neural Science, New-York University, NY 10003.
Neuropsychological studies have demonstrated that the monkey perirhinal and 
parahippocampal (PRPH) cortices contribute importantly to normal memory 
function. Moreover, the PRPH cortices have been implicated in the consolidation of 
memory in higher order associational cortices via feedback projections. However, 
little is known concerning the efferent projections of the primate PRPH. We placed 
anterograde and retrograde tracer injections in close proximity in the perirhinal and 
parahippocampal cortices. Comparison of the distribution of anterograde and 
retrograde labeling in the neocortex reveals a very high degree of reciprocity of 
PRPH-neocortical connections. No areas other than those that project to the PRPH 
cortices (Suzuki and Amaral, 1994) receive projections from the PRPH cortices. The 
perirhinal cortex projects heavily to area TE, while projections to area V4 and the 
posterior parietal cortex (area 7) are very sparse. In contrast, the parahippocampal 
cortex projects heavily to the posterior parietal cortex and V4, but has only diffuse 
projections to the superficial layers of areas TE and TEO. Area 36d has very few 
projections to areas TE, TEO, V4 or area 7 but projects more strongly than other 
perirhinal areas to the prefrontal cortex. The perirhinal and parahippocampal cortices 
also project to the ventrolateral and orbitofrontal cortices. The insular and cingulate 
cortices receive projections from both perirhinal and parahippocampal cortices, 
whereas only the parahippocampal cortex projects heavily to the retrosplenial cortex. 
Projections to the auditory cortex in the superior temporal gyrus (STG) and the 
multimodal areas within the dorsal bank of the superior temporal sulcus (STSd) arise 
predominantly from the parahippocampal cortex.
Supported by NIH grant NS 16980, and by the Swiss Foundation for Grants in 
Medicine and Biology.

757.3
ASPIRATION LESIONS OF THE AMYGDALA INTERRUPT CONNECTIONS 
BETWEEN PREFRONTAL CORTEX AND TEMPORAL CORTEX IN RHESUS 
MONKEYS. M. G. Baxter*. R, C, Saunders, and E, A. Murray. Laboratory of 
Neuropsychology, NIMH, Bethesda, MD 20892.

Deficits in stimulus memory after aspiration lesions of the amygdala are typically 
not reproduced by neurotoxic lesions of this structure; for instance, aspiration 
lesions of the amygdala impair crossmodal associations and visual discrimination 
learning, but neither of these forms of learning and memory are affected by 
neurotoxic lesions of the amygdala. These deficits have previously been attributed 
to direct and indirect damage to rhinal (i.e. entorhinal and perirhinal) cortex that 
accompanies the amygdala aspiration, however, the severity of behavioral effects of 
aspiration lesions cannot always be explained by damage to rhinal cortex. A recent 
study from this laboratory (Goulet et al., Exp. Brain Res.. 119:131-140, 1998) has 
demonstrated that aspiration lesions of the amygdala interrupt projections from 
both rhinal cortex and area TE to the medial part of the mediodorsal nucleus of the 
thalamus, presumably as a consequence of damage to the dorsal amygdala or the 
white matter laterally adjacent to the amygdala, through which these axons course. 
In the present experiment we examined whether aspiration lesions of the amygdala 
also interrupted projections from temporal cortex to targets in the prefrontal cortex. 
Two rhesus monkeys received unilateral aspiration lesions of the amygdala and 
transection of the corpus callosum and anterior commissure, followed by bilateral 
injections of fluorescent retrograde tracers into ventral and orbital prefrontal 
cortex. Preliminary analysis of material from these cases indicates that 
substantially fewer retrogradely labeled cells are observed in the rhinal cortex and 
area TE of the hemisphere with the amygdala lesion. In contrast, no difference in 
number of labeled cells in the dorsal and ventral banks of the superior temporal 
sulcus, or the basal forebrain, is apparent between lesioned and control 
hemispheres. These data suggest that aspiration lesions of the amygdala interrupt 
projections from both rhinal cortex and area TE to both thalamic and prefrontal 
targets, and provide an additional clue to the origins of behavioral deficits that 
have been observed in monkeys with these lesions. Supported by NIMH-IRP.

757.5
EFFECTS OF SEPARATE LESIONS OF POSTERIOR PARAHIPPOCAMPAL AND 
PERIRHINAL CORTICES ON DELAYED MATCHING TO POSITION AND TO 
COLOR IN JAPANESE MONKEYS. M. Yukie*. H. Abe. M. Oosaki and H. Konagava. 
Dept, of Behavioral Physiology, Tokyo Metropol. Inst, for Neurosci. Fuchu, Tokyo 
183-8526,Japan.

Several behavioral studies have shown that the perirhinal cortex (PRC) is involved in 
object recognition memory, while the posterior parahippocampal cortex (PPHC) is related 
with spatial memory. However, it remains unclear whetherthese cortices are functionally 
differentiated from each other.

In the current study, we have examined effects ofseparate lesions of PPHC and PRC on 
delayed matching to position (DMTP) and to color (DMTC). Ten Japanese monkeys 
were used in this study. Preoperatively, animals were trained on DMTP (10 sec. delay) 
in a WGTA with three foodwells to criterion of80% correct responses for consecutive 3 
days. Forty five pairs of plaques with a single color were prepared as stimuli for the two 
tasks. After attaining the criterion, the animals were subjected to delay test (30, 60 and 
l2Osec. or 20, 30, and 40 sec.). Postoperatively, both PPHC-lesioned (n=3) and 
PRC-lesioned groups (n=3) were severely impaired on relearning o f DMTP, when 
compared with normal group (N; n=4). More severe impairment was seen in PRC- 
lesioned groups than in PPHC-lesioned one. No significant impairment in delay test was 
produced by PPHC lesions. Two out of3 monkeys with PR lesions failed to attain to the 
learning criterion within a 1000-trial limit. After completion of DMTP task, animals 
were trained on DMTC (10 sec. delay) to the criterion of 90% correct responses in 
consecutive 100 trials. All PRC-lesioned monkeys (n=3) failed to attain to the criterion 
within a 1000-trial limit, while the PPHC-lesioned monkeys (n=2) attained to the criterion 
as easily as N group (n=3) did. The present results suggest that PRC contributes to 
memory both for position and for color, while PPHC is important for memory forposition 
alone, but not for color.
Supported by grants from the Ministry o f  Education, Science and Culture and from  the 
Support Center fo r  Advanced Telecommunications Technology’ Research o f Japan.

757.2
THE CAUDOM EDIAL LOBULE: IS IT A PART OF THE
RETROSPLENIAL CORTEX? Y. K obayashi* and D  G Amaral Dept, 
o f  Psychiatry and Ctr. for Neuroscience, University o f  California, Davis, 
CA 95616.
The caudomedial lobule (CML) is a small gyrus located caudoventral to 
the splenium of the corpus callosum  in the macaque m onkey. This 
region receives projections from the prefrontal cortex (Goldman-Rakic et 
al. 1984), and contains neurons that project to the entorhinal and 
parahippocampal cortices (Insausti et al., 1987, Suzuki and Amaral,
1994). Although these connections are similar to those o f the 
retrosplenial cortex, the cytoarchitectonic subdivisions o f the CML have 
not yet been defined. This is a difficult task since, in standard coronal 
sections, m ost o f this region is cut obliquely or tangentially. Using several 
hemispheres cut at different angles, we analyzed the cytoarchitectonic  
features o f  the CML. The lateral part o f  the anterior surface o f  the CML 
is covered by areas 291 and 29m  o f the retrosplenial cortex. The m edial 
part o f  anterior surface and adjacent portion o f the medial surface 
resemble area 30 o f the retrosplenial cortex. The rest o f  the m edial 
surface, and the ventral surface, (here called CML cortex) have 
characteristics that are mostly similar to area 30, though with a m ore 
prominent layer IV and a denser layer VI. Tritiated am ino acid injections 
into CML cortex demonstrate projections similar to those o f the 
retrosplenial cortex: anterograde labeling was observed in the prefrontal 
cortex, presubiculum, entorhinal cortex, parahippocampal cortex, dorsal 
bank o f the superior temporal sulcus, retrosplenial cortex, caudate 
nucleus, claustrum and thalamic nuclei (AV , AM , LD , LP, M D and medial 
pulvinar). In contrast to the retrosplenial cortex, CML cortex also projects 
robustly to area 7/LIP and only weakly to posterior cingulate cortex. We 
conclude that the caudomedial lobule is the caudotemporal continuation  
o f the retrosplenial and adjacent cortices.
Supported by NIH Grants 16980 and RR 00169

757.4

The R ole o f  the H ippocam pal S ystem  in S ocial Odor R ecognition in 
Fem ale G olden  H am sters (M esocricetus auratus) A . P etru lis* . M . 
P en g and R. E. Joh n ston . Departm ent o f  P sy c h o lo g y , Cornell 
U n iversity , N Y  14853 .

V ery little is know n about the neural m echan ism s o f  h ow  animals 
learn and rem em ber com p lex  social odor stim uli, such as those that 
underlie individual recognition . A s  the hippocam pal system  has been  
implicated in certain form s o f  learning and m em ory, lesion s o f  this 
system  m ay uncover the necessary  neural sy stem s that support 
social odor recognition . Fem ale go ld en  ham sters received aspiration 
lesions o f  parahippocam pal cortex (P A R A ) or electrolytic lesion s o f  
the fim bria/fom ix (F N X ) and w ere tested for their ability to (a) 
discrim inate betw een odors o f  individual m ales in a habituation- 
discrim ination task, (b) sh o w  preferences for m ale over fem ale  
odors and (c) scent-m ark in resp on se to co n sp ecific  odors. PA R A  
fem ales did not spontaneously  discrim inate the familiar scent from  
the n ovel scent. In contrast, F N X  lesion ed  fem ales did discriminate 
betw een scen ts o f  individual m ales. N either lesion impaired 
detection o f  odors or habituation o f  odor investigation by fem ales to 
repeated presentations o f  one ind iv idual’s odor. PA R A  and F N X  
lesions did not e lim inate fem ale preferences for m ale odors. Fem ales  
with F N X  lesion s sh o w ed  decreased levels o f  scent m arking but 
those with PA R A  lesion s had m ore subtle d efic its . Th us, PA R A  
cortex , but not sub-cortical con n ection s o f  the h ippocam pus, 
appears to be critical for discrim ination o f  odors o f  indiv iduals. This 
research w as funded by N IH  and N S F  grants to R .E .J and by a 
N R S A  to A .P .

757.6
M O N K E Y S PE R FO R M IN G  D E L A Y E D  M A T C H  TO  SA M P L E  DO  
N O T E X H IB IT EL EV A TE D  G LU C O SE U T IL IZ A T IO N  IN TH E  
RH INA L CO RTICES. L. Davachi*, D.R. Walfish, and P.S. Goldman- 
Rakic. Section o f Neurobiology, Yale University School o f  M edicine, 
New Haven, CT„ 06510.

Studies have shown that rhinal cortex lesions produce a long- 
lasting and multi-modal deficit in delayed matching (DM ) and non
matching tasks. We used the 2-deoxyglucose method to map the 
functional involvement o f the rhinal cortex in the performance o f the DM  
task. Surprisingly, we found that local cerebral glucose utilization 
(LCGU) rates were similar between animals performing the DM  task and 
animals performing a sensorimotor control task (F=.0124, d f= l, p=.728).
In fact, LCGU in the rhinal cortex was significantly higher in animals 
performing delayed alternation tasks (spatial and object) than in animals 
performing the DM task (F=l 1.729, d f= l, p=.OO2). The animals 
performing DM did, however, exhibit increased LCGU in the 
inferotemporal cortex compared to animals performing a spatial delayed 
alternation task and there was no such effect in the inferior parietal cortex 
(task x area interaction; F = l0.613, d f= l, p=.004). In addition, LCGU was 
higher in the orbital frontal cortices o f  the DM  animals (Medial Orbital: 
F=83.852, d f= l, p=.012; Lateral Orbital: F=39.567, d f= l, p=.O24) 
compared to animals performing a spatial delayed response task. These 
data indicate that although the medial temporal region is crucial for DM as 
assessed by lesion studies, the LCGU rates are not increased in this region 
during performance o f this task. Sponsored by NIMH R37 M H38546.
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757.7 757.8
NOVELTY AND MEMORY IN MONKEYS AND HUMANS: RECOGNITION 
MEMORY AND ASSOCIATIVE LEARNING. A. Parker* & E.L. Wilding. Dept, 
of Experimental Psychology, University o f Oxford, Oxford, 0X1 3UD, UK.

We report human and monkey data from two visual object memory tasks: delayed 
matching to sample (DMS) and associative learning (AL). In both tasks, the study 
phases consisted of lists of single items (DMS) or item pairs (AL). In some lists, one 
item or item pair (the isolate) differed from the others (standards) along one 
dimension (color). In the memory tasks that followed, the indices o f interest were the 
differences between DMS/AL error rates for isolates and for standards. In humans 
and unoperated animals, error rates for isolates were reliably lower than for standards 
on both tasks. On the DMS task, monkeys with bilateral lesions of the amygdala and 
fornix -  two structures implicated in novelty and memory encoding -  perforated as 
well as controls. However, no isolate advantage was observed for monkeys with 
disconnection lesions of the perirhinal cortex and either prefrontal cortex or the 
magnocellular mediodorsal thalamus
(see Figure). These findings 
challenge proposals that the 
hippocampus and amygdala are part 
of a general novelty processing 
network. Instead, the results indicate 2 5 
that perirhinal/frontal interaction is 2 0 
critical for processing novel 1 
information that contributes to 1 
recognition memory for visual 
objects. This research funded by the 
UK Medical Research Council.

Isolate M emory Advantage (%)

'controls FL/P MD/P AM+F

EFFECTS OF ENTORHINAL CORTEX LESIONS ON SENSORY 
INTEGRATION AND SPATIAL LEARNING. A. Davis*. A. Gimenez, B. 
Therrien. University o f Michigan, School o f Nursing, Ann Arbor, MI 48109.

Entorhinal cortex (EC) provides sensory information to hippocampus for memory 
and learning. Individual sensory perceptions sent to EC from all cortices are 
thought to be processed and sent to hippocampus as an integrated whole. Thus, EC 
damage, common in patients with traumatic brain injury, stroke, and Alzheimer’s 
disease, is assumed to interfere with sensory integration. Since substantive 
knowledge o f behavioral patterns is lacking, this study described behavioral 
impairment following EC damage. Adult male rats received bilateral EC damage 
(n = 19) or sham surgery (n = 11). Following recovery from surgery, a randomized 
group o f animals underwent sensory integration assessment (SIA) including single 
sense testing (sensory perception) o f vision, olfaction, gustation, and exploration 
and multiple sense testing (sensory integration) o f movement time, travel, and 
wheel and balance tasks. Animals were then tested on a spatial learning task (water 
maze) and swim time, directional heading, and swim pattern were measured.
Lesion and control animals showed equal ability to perceive single sensations. In 
contrast, lesion animals showed markedly impaired sensory integration on days 1-3 
on all integration tasks except travel where impairment continued for an additional 
day. Performance on all integration measures became similar by day five. Animals 
with EC lesions were significantly impaired across all days o f spatial learning for 
swim time (p = .0001) and directional heading error (p = .03). Control animals 
exposed to SIA testing demonstrated significantly more efficient learning (p = .005) 
on swim days 2 and 3 compared to control animals not exposed to SIA testing. 
There were no group differences for lesion animals exposed to SIA testing. We 
conclude that sensory integration deficits seen early after EC damage produce 
prolonged spatial learning impairment.

757.9
EFFECTS OF LESIONS AND SCOPOLAMINE ON THE DIFFERENTIAL 
EXPRESSION OF C-FOS PRODUCED BY NOVEL AND FAMILIAR VISUAL 
STIMULI IN RAT PERIRHINAL CORTEX. G. Dueuid1, H. Wan1. S. Dix2. Z I, 
Bashir1, J.P. Aggleton2 and M.W. Brown1. (SPON: British Neuroscience 
Association.) 1 Department of Anatomy, University of Bristol, Bristol, BS8 1TD 
and 2School of Psychology, University of Wales, Cardiff, CF1 3YG, UK.

Neurones in the perirhinal cortex of the temporal lobe of monkeys and rals 
signal information of potential importance to recognition memory, responding 
more strongly to novel than to familiar stimuli (Brown & Xiang 1998). In the rat 
this difference in activation can be demonstrated through quantitative 
immunohistochemistry for the protein products (Fos) of the immediate early gene 
c-fos, employing the closely controlled conditions of a paired viewing procedure 
(Zhu et al. 1996). This Fos imaging technique can be used to establish the pattern 
of neuronal activation produced by viewing novel and familiar visual stimuli 
following brain lesions or drug treatment. In separate experiments this technique 
has been used to compare perirhinal activation in control rats with that in rats 
with unilateral hippocampal ablations, or with bilateral medial thalamic lesions, 
or which have received scopolamine treatment. Results for the scopolamine 
treatment remain to be finalised. The other experiments establish that novel 
stimuli produce significantly higher perirhinal Fos counts than familiar stimuli in 
rats with unilateral hippocampal lesions: the result indicates that the hippocampus 
is not necessary for the differential activation of perirhinal cortex by novel and 
familiar stimuli. In contrast, no such significant differential activation is observed 
in rats with bilateral medial thalamic damage: this result suggests that mnemonic 
problems produced by medial thalamic lesions may be because of the disruption of 
processing in temporal cortex. Supported by the MRC and BBSRC.
XO Zhu, BJ McCabe, JP Aggleton & MW Brown (1996) NeuroReport 7: 1871- 
1875. MW Brown & J-Z Xiang (1998) Progr. Neurobiol. 55: 1-41.

757.11

DETECTION OF IMMEDIATE EARLY GENE ACTIVATION DURING VISUAL 
PAIRED ASSOCIATE LEARNING IN “SPUT-BRAIN” MONKEYS. W. Tbkuvama1.
H. Okuno1*. T. Hashimotol Y-X, I i2 andY. Mivashita1-2:3. 'Dept, of Physiology, Sch. of 
Medicine, Univ. of Tbkyo, Hongo, Tbkyo 113-0033, Japan, 2Mind Articulation Project, 
ICORP, JST, Yushima, Tbkyo 113-0034, Japan, and 3National Institute for 
Physiological Sciences, Myodaiji, Okazaki 444-8585, Japan.

In a previous study, we demonstrated that the gene product of zif2G8, an immediate 
early gene, was induced in the inferior temporal gyrus of monkeys during the learning 
of a visual pair-association (PA) task, but not during the learning of a visual 
discrimination (VD) task (Okuno and Miyashita, 1996). In this study, we measured 
mRNA expression levels to assess quantitative differences in gene activation during 
the learning of these two visual tasks. We prepared “split-brain” monkeys and 
compared the mRNA expression levels within the individual animals to circumvent 
variations in gene expression levels across animals. Three macaque monkeys 
underwent surgical transection of the forebrain commissures. In task trials, the 
monkeys were given the same visual stimuli in one visual hemifield for the PA task 
and in the other hemifield for the VD task. This stimulus configuration enables each of 
the monkeys to perform the PA task using one hemisphere (PA hemisphere) and the 
VD task using the other hemisphere (VD hemisphere). Before the level of the 
performance of both tasks by the monkeys reached a plateau phase, their brains were 
removed and the total RNA was extracted ñυm various visual cortices. We determined 
mRNA expression levels using a quantitative RT-PCR (Okuno et al., 1997). We found 
that zif2.68 mRNA expression levels in the PA hemispheres were higher than those in 
the VD hemispheres in the pe fir Inna 1 cortex (area 36), but not in the other cortical 
areas such as the primary visual cortex (VI) or V4. Tbgether with the results from 
previous electrophysiological and behavioral studies, these results suggest that gene 
activation in the perirhinal cortex contributes to the formation of the visual stimulus- 
stimulus associations in the primate. Supported by a Grant-in-Aid (07102006 and 
09780739) from the Japanese Ministry of Education, Science and Culture.

757.10
THE EFFECTS OF EARLY RHINAL CORTEX LESIONS ON VISUAL 
RECOGNITION MEMORY IN RHESUS MONKEYS. L. Maikova1’2*, G.L. 
PiAl s y i  .M J, . Webster2,, ML Misfikii>2 and I  Bashsv&lisr.?- 'Dept. Pharmacol., 
Georgetown Univ. Med. Center, Washington, D.C. 20007; 2Lab. Neuropsychol., 
NIMH, Bethesda, MD 20892; 3Dept. Neurobiol. And Anat., Univ. Of Texas, 
Houston, TX 77025.

Recent studies in adult monkeys have shown that the medial temporal lobe tissue 
that is critical for visual recognition memory is the cortex located in and around the 
rhinal sulcus. Severe visual recognition loss followed combined damage to the 
entorhinal and perirhinal cortex (Meunier et al., J. Neurosci., 1993) but not combined 
excitotoxic lesions of the amygdala and the hippocampus that spared the underlying 
cortex (O’Boyle et al.. Soc. Neurosci. Abstr.. 1993). It is thus likely that the 
enduring loss of visual recognition memory observed earlier in monkeys with 
neonatal medial temporal (MT) lesions (Maikova et al., Behav. Neurosci., 1995) is 
also attributable mainly to damage to the rhinal cortex. To confirm this, 4 newborn 
monkeys received bilateral rhinal cortex ablations (Rh) and were tested on visual 
delayed nonmatching-to-sample task (DNMS) at both 3 months and 2 years of age. 
Their learning and performance were then compared with those of 4 monkeys with 
early MT removals and 6 normal controls (N). At both ages, Group Rh needed more 
trials than Group N to meet criterion on the basic task but fewer trials than Group 
MT (Rh: 908 and 320; MT: 1165 and 1720; N: 530 and 184, at the two ages, 
respectively). Group Rh’s performance across longer delays and lists was, however, 
similar to Group MT’s and below Group N’s (Rh: 69 and 75%; MT: 64 and 73%; N: 
78 and 90%, at the two ages, respectively). Thus, except for relearning at age 2, 
early Rh lesions yielded long-lasting visual recognition loss almost as severe as that 
following MT lesions, in agreement with the results after lesions in adulthood. A 
final conclusion, however, awaits detailed histological evaluation of the extent of the 
rhinal cortex damage in both lesion groups. Supported by NIMH-IRP.

757.12
TOWARD A NEURAL NETWORK MODEL OF VISUAL OBJECT 
IDENTIFICATION IN PRIMATE INFEROTEMPORAL CORTEX. L,M, Saksida»1 
and T,J. Bussey2. 'Center for the Neural Basis of Cognition, Carnegie Mellon Univ., 
Pittsburgh PA 15232; laboratory of Neuropsychology, NIMH, Bethesda MD, 20892

The inferotemporal cortex (IT) is a major area of interest in the fields of memory 
and perception, yet its precise function remains unclear. One problem has been certain 
paradoxical effects of lesions in IT. For example, perirhinal cortex (PRh) lesions have 
been shown to affect discrimination learning only when a large set of objects is used 
(Buckley & Gaffan, 1997; Eacott et al., 1994). Thus it has been suggested that PRh 
does not play a general role in discrimination learning but instead may be specialized 
for "object identification” (e g., Buckley & Gaffan, 1998; Murray et al., 1997). This 
idea is appealing; however, it does not specify what mechanisms might be involved in 
this process.

Here we present a preliminary model of object identification in IT based on 
Saksida’s (1998) neural network model of discrimination learning. We propose two 
functional principles: (i) IT prepares visual stimuli for processing by downstream 
brain areas responsible for associating stimuli with reinforcers and responses. It does 
so through nonassociative mechanisms of discrimination, classification, and 
perceptual learning, (ii) The existence of redundant representations of visual stimuli 
allows discriminations to be solved on the basis of any number of features or feature 
combinations.

We present simulations of several known effects of lesions of PRh on discrimination 
learning, including the effects of stimulus set size, the observation that PRh lesions 
more readily affect retention than acquisition, and the effects of PRh lesions on 
“configural” tasks. In addition, we present simulations of predictions that have been 
generated by the model and which we plan to test in non-human primates. Supported 
by CNBC/RI.
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757.13.
FUNCTIONALLY DISSOCIATING ASPECTS OF EVENT MEMORY: THE 
EFFECTS OF COMBINED PERIRHINAL AND POSTRHINAL CORTEX 
LESIONS ON OBJECT AND PLACE MEMORY IN THE RAT. T.J. Bussey*, J.L. 
Muir and J.P. Aggleton. School of Psychology, University of Wales College of 
Cardiff, Wales, UK. (* now at NIMH, NIH, Bethesda, MD 20892)
Obligatory interactions between the hippocampus and the perirhinal and 
parahippocampal cortices lie at the heart of most models of the temporal lobe 
memory system. For this reason the involvement of the hippocampus in episodic 
memory appears to depend on its connections with these cortical areas. Contrary to 
these predictions, we found that NMDA-induced combined lesions of the perirhinal 
cortex and postrhinal cortex including area TE (thought to be the rat homologues 
of these cortical areas; Burwell et al., 1995) do not affect the performance of spatial 
tasks (Morris swim task and radial arm maze) highly sensitive to hippocampal 
dysfunction. Remarkably, for one of the tasks (radial arm maze) there was a 
significant facilitation  of performance. The same cortical lesions, however, 
disrupted spontaneous object recognition but spared reinforced one-pair object 
discrimination learning. This pattern of results cannot be accommodated within the 
notion of a unitary medial temporal lobe memory system, and reveals the existence 
of important dissociations between different aspects of memory within the temporal 
lobe. Furthermore they show not only that the perirhinal/postrhinal cortices are not 
necessary routes for spatial information reaching the hippocampus, but also that 
familiarity/novclty detection depends on different neural substrates to other aspects 
of event memory. Funded by a grant from Wellcome Trust, U K.

757.15
NMDA RECEPTOR BLOCKADE IN PERIRHINAL CORTEX IMPAIRS 
VISUAL RECOGNITION MEMORY. Y. Tang*, M. Mishkin, and T. G. Aigner. 
Laboratory o f  Neuropsychology, NIMH, Bethesda, M D 20892  

Stimulus recognition in monkeys is severely impaired by destruction or 
dysfunction o f  the perirhinal cortex (PR) and also by systemic administration o f  
both the muscarinic receptor blocker, scopolamine, and the N-methyl-D- 
aspartate (NM DA ) receptor antagonist, M K -801. Our recent studies had 
revealed that direct injection o f  scopolamine into PR, but not into the inferior 
temporal visual area (TE) or dentate gyrus (DG) o f  the hippocampus, also 
impairs visual recognition memory (Tang, Mishkin & Aigner, Proc. Natl. Acad. 
Sci. USA, 94:12667-12669, 1997), showing that the lesion and muscarinic 
blockade effects are linked. To examine whether the effects o f  NM D A  
blockade are also linked, we injected D-2-amino-5-phosphonopentanoic acid 
(D-AP5), an NM DA receptor antagonist, directly into PR, TE, or DG o f  three 
rhesus monkeys performing a computer-automated version o f  delayed 
nonmatching-to-sample (DNM S). List lengths o f  20 trial-unique graphic 
symbols were presented, requiring recognition o f  the symbols after a 10-min 
delay. 3 µl o f  0 (saline control), 1, or 5 mM D-AP5 were injected into each area 
bilaterally at a rate o f  0.15 µl/min over a 20-min interval just prior to DNM S. 
D-AP5 injections into PR lowered scores significantly compared to the scores 
after both the saline control injections into PR (two-way RM ANOVA,
F4g=14.6, p<0.01) and the D-AP5 injections into TE and DG (F24=97.3, 
p<0.01). The effects o f  the latter injections were not significant. The results 
suggest that the formation o f  stimulus memories depends critically on both 
glutamatergic and cholinergic activation o f  PR. Support; IRP/NIMH/NIH.

757.17
DIFFERENT ROLES OF HIPPOCAMPUS AND HIPPOCAMPAL CORTEX IN 
TESTS OF ONE-TRIAL AVERSIVE LEARNING. S. Harrod, K.P. Kaut, D. 
Riccio*, and M. Bunsev. Departments of Psychology and Biomedical Science, Kent 
State University', Kent, OH 44240

One-trial aversive conditioning tasks are rapidly acquired and retained 
independently of the hippocampus. However, recent data suggest that the 
hippocampal system may play a role in tasks previously considered hippocampal 
independent when information must be maintained across temporal delays (e g. 
Izquierdo et al., 1993; Vnek & Rothblat, 1996). Given this, and evidence which 
suggests that the hippocampus and hippocampal cortex serve different roles in 
memory retention (Murray, 1996), two experiments examined length o f retention in 
one trial situations in rats receiving neurotoxic lesions of the hippocampus (HíPP) or 
aspiration lesions of the perirhinal-entorhinal cortices (PRER) prior to conditioning.

In a one-trial passive avoidance task (PA), a 900-s test 24-hr after training 
revealed that H1PP subjects performed similarly to sham controls, whereas PRER 
animals exhibited poor PA learning. In experiment 2, control, HIPP, and PRER 
subjects were administered a LiCl US immediately or 2-hr after consumption of a 
novel milk CS; this delayed CS-US procedure yields a reliable, but attenuated CTA. 
The results indicate that HIPP and PRER animals exhibit both the immediate and 
delayed CTA effect comparable to control subjects.

The apparent lack of PA conditioning in the PRER subjects underscores the noted 
distinction in memory processing attributed to the hippocampus and hippocampal 
cortex. The CTA findings extend results showing no involvement of the 
hippocampal system in this type of learning, and suggest that neither the 
hippocampus nor hippocampal cortex are necessary to associate a taste CS and a 
visceral US across a 2-hr delay.
Support provided by Grant # 1-R29NS36962-01

757.14
THE EFFECTS OF RHINAL CORTICAL LESIONS ON AUDITORY 
SHORT-TERM MEMORY (STM) IN THE RHESUS MONKEY

R.C. Saunders*. J.B. Fritz. M. Mishkin Laboratory of Neuropsychology 
NIMH, Bethesda, MD 20892.

We have previously reported the development of a behavioral traininç 
procedure to study auditory STM in the rhesus monkey. Seven monkeys 
have been successfully trained on an auditory version of a matching-to- 
sample task using a large stimulus set of 1000 complex sounds until they 
reached a criterion performance level of 85% at 2-5 s. They were then 
tested on variable delays ranging from 5-50s and achieved an overall 
average of 82% correct. Since previous research has shown that visual 
recognition memory is impaired following rhinal cortex ablation, we sought 
to ascertain the role of rhinal cortex in auditory recognition memory. In 
three trained monkeys, the perirhinal (areas 35 and 36) and entorhinal 
(area 28) cortices were ablated bilaterally and then the monkeys were 
successfully retrained and retested post-operatively on the auditory task. 
As a group, the monkeys with lesions showed excellent retention of the 
task, and did not exhibit any impairment in memory at short delays, nor 
any significant impairment at longer delays, reaching an overall 
performance level of 79%. In one monkey, a second surgery to remove the 
hippocampus and parahippocampal formation bilaterally had no additional 
effect on auditory memory performance. In a fourth monkey, we made a 
larger lesion by bilaterally ablating perirhinal and entorhinal cortices and 
the anterior portion of the STG cortex which projects directly to entorhinal 
cortex. Despite extensive retraining, this monkey is markedly impaired and 
has yet to relearn the auditory task at the shortest delay. These preliminary 
results may suggest a different role for rhinal cortex in mediating auditory 
as compared with visual recognition memory.

S u p p o r te d  b y  N IM H  IR P

757.16
Effects of rostral perirhinal cortex lesions on acquisition and retention of an object 
discrimination and platform location in a water maze. D. K. Hannesson*. A. E. 
Wallace. M. Pollock. P, Mohapel. W. Plunet & M. E. Corcoran. Dept, of Psychol. & 
Psych., Univ. of Saskatchewan, Saskatoon, Canada, S7N 5E4.

Many observations indicate that the hippocampus (HPC) has a time-limited role in 
memory leading to the suggestion that neocortex may be the locus of long-term storage. 
The perirhinal cortex (PRH) is a major site for exchange between the neocortex and the 
hippocampal formation (HF) and plays an important role in mnemonic functions. We 
hypothesized that the PRH may be critical in the transfer of information from the HF to 
long-term cortical storage sites. To test this hypothesis we investigated the effects of 
bilateral radiofrequency lesions of the rostral PRH on the acquisition and subsequent 1 
and 4 week retention of: i) a constant platform location in the Morris Water Maze 
(MWM; spatial memory) and ii) an object discrimination problem in a modified water 
maze (object/recognition memory). The effects of hippocampal disruption, via 
fimbria/fomix (FF) lesions, were also examined. PRH lesions had no effect on either 
acquisition or retention of spatial information in the MWM but impaired acquisition but 
not retention of the object discrimination. FF lesions dramatically impaired acquisition 
and mildly impaired retention in the MWM and impaired acquisition but not retention of 
the object discrimination. Both PRH and FF lesions were without effect on control 
tasks. These results suggest that the PRH has partially dissociable mnemonic functions 
from the HPC and may make a greater contribution to recognition memory than spatial 
memory. Moreover, the impairment in acquisition of object discrimination with long 
intertrial intervals is consistent with the suggestion that the PRH may serve as an 
intermediate term memory store for non-relational sensory/perceptual information. The 
results do not support the hypothesis that the PRH is critical for the transfer of 
information into long-term cortical storage sites. However, preserved portions of 
caudal PRH, postrhinal cortex, entorhinal cortex, or HPC itself may have been 
sufficient to support long-term memory storage in addition to both normal acquisition in 
the MWM and slowed acquisition of the object discrimination. Supported by NSERC.
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758.1
EVIDENCE FOR ANATOMIC SPECIFICITY OF SPATIAL REPRESENTATION 
IN HIPPOCAMPUS

S.A. DEADWYLER* and R.E. HAMPSON. Department of Physiology and 
Pharmacology, Wake Forest University School of Medicine, Winston-Salem, NC.

The existence of "place cells” in the hippocampus has been known for more 
than a quarter century (Muller 1996). One facet of this remarkable feature that 
has not been understood is how a coherent “map” using place cells is organized 
within the known anatomic structure of the hippocampus. Indeed several reports 
have stipulated that such relationships are “random.” Using anatomically distinct 
recording of place fields within CA3 and CA1, we have begun to understand some 
basic principles of place cell representations with respect to underlying anatomic 
features. One major feature is that place fields are replicated every 1.2-1.4 mm 
along the longitudinal axis of CA3, which appears to be the major locus of spatial 
encoding. The same form of encoding was not observed in CA1. The latter would 
be necessary for projection to the subiculum. A major operational principle is that 
convergence of mossy fiber and longitudinal association systems within the CA3 
region determines which place cells are active at any one time. Using the topology 
provided by these projections it was possible to construct connections between 
cells that were in register with a spatial representation of the environment based 
on distinct landmarks. This topologic representation within hippocampus provided 
for movements both toward and away from distinct objects as well as transitions 
between different environments. These findings were arrived at using only single 
place cells for each given recording (anatomical) location on the recording array. 
Attempts to integrate these findings with recordings of more than one place cell 
at a given electrode location will address the issue of clustering of divergent place 
fields as reported by others.
[S u p p o r te d  b y  N ID A  g ra n ts  D A 0 3 5 0 2  &  D A 0 0 1 1 9  (S A D ) a n d  D A O 8 5 4 9  (R E H )]

758.3
A S Y M M E T R IC  S H A P E  O F H IP P O C A M P A L  PLA C E  FIELD S

M. R. Mehta* & M. A. Wilson. E25-236, Departm ent of Brain and Cognitive 
Sciences; & Center for Learning and Memory, M assachuse tts  in stitu te  of 
Technology, Cambridge, MA 02139.

The hippocam pus has been implicated in learning and memory, and synap
ses in hippocam pal slices exhibit long-term potentiation (L T P )(Bliss fc Lomo, 
1973). Furtherm ore, pyramidal neurons in the ra t hippocam pus fire in a  spa
tially selective fashion (O ’Keefe & Dostrovsky, 1971) and provide an accurate 
estim ate (Wilson & M cNaughton, 1993) of the spatial location of the rat. 
Hence, it is im portan t to quantify the role of learning and memory in the fir
ing characteristics of place fields. Male Long-Evans rats  were trained to run 
on linear tracks for food rewards. A large num ber (~  100) of hippocam pal 
place cells were recorded simultaneously from the CA1 region. Analysis of 
the sta tistics of the place fields revealed th a t the m ajority  of hippocam pal 
neurons had a negative skew, i.e. the firing rate  is higher towards the trailing 
edge of a  place field than  towards the leading edge. The skew is proportional 
to the num ber of spikes within the place field, bu t unrelated to  the location 
of the place field. The asym m etry is evident even within individual passes 
through the place field. This result is contrary to the common implicit be
lief th a t place fields are symmetric. The results are consistent with, bu t not 
derivable from, the observation th a t within a  few (~  10) traversals of an envi
ronm ent, the size of the place field increases and the location of the place field 
shifts in a direction opposite to the direction of movement of the ra t (M ehta 
et αl. 1997). Mechanisms, such as synaptic facilitation, could lead to such 
a  rapid (~  1 sec) facilitation of neuronal spiking, and hence an asymm etric 
place field, and may also play a  critical role in the above mentioned expansion 
and shifting of place fields. This work was supported by the M IT Center for 
Learning and Memory.

758.5
CHARACTERIZATION OF ENTORHINAL SINGLE UNIT SPATIAL 
RESPONSES IN THE AWAKE BEHAVING RAT. UFrank* and M. Wilson.
Center for Learning and Memory and Dept, of Brain and Cognitive Sciences,
M.I.T.; Cambridge, MA 02139.

To better understand the role of the hippocampus and adjacent structures in 
learning and memory it is essential to know the characteristics of the input to and the 
output from the hippocampus. The entorhinal cortex provides the great majority of 
cortical inputs to the hippocampus and receives the great majority of cortically bound 
hippocampal outputs. We implanted rats with a multiple tetrode microdrive array and 
recorded from multiple single units in the entorhinal cortex of awake behaving rats. 
The animals were trained to run for food reward on a U shaped track. We found units 
showed a variety of place specific activity patterns. The most place specific units 
closely resembled CA1 place cells with firing that is highly place and direction 
specific. Other units showed broader behavioral correlates, for example firing as the 
animal approached either of the two food wells. Some units showed a pattern of 
firing more reminiscent of CA1 theta cells, firing at relatively high rate at all 
locations. The degree of 6-14 Hz (theta) modulation visible in the autocorrelegrams 
of the units also varied widely. Unlike principle cells in the CA1, many units showed 
little or no tendency to fire in bursts. Instead, their interspike interval histogram was 
fiat up to about 10 ms and then rose slowly, peaking between 30 and 125 ms. The 
data indicate that many cells in the entorhinal cortex of the rat carry robust place 
information but show differing patterns of place specificity and theta modulation than 
place cells recorded from the CA1 region of the hippocampus. (Supported by NSF 
Graduate Fellowship and Center for Learning and Memory, M.I.T.)

758.2
DERIVATION OF SPATIAL vs. TEMPORAL CONNECTIVITY FROM 
POPULATION ANALYSES ENSEMBLES OF HIPPOCAMPAL NEURONS

J. SIMERAL*. R.E. HAMPSON and S.A. DEADWYLER. Department of 
Physiology and Pharmacology and Neuroscience Program, Wake Forest 
University School of Medicine, Winston-Salem, NC.

Linear discriminant analyses of ensembles of 16-20 hippocampal neurons 
have shown that specific task-relevant information is encoded and distributed 
across all neurons within the ensemble. Neural activity recorded in the delayed- 
nonmatch-to-sample (DNMS) task is correlated with phase of task (Sample vs. 
Nonmatch) and position (left vs. right) of the lever response to be stored. The 
unique encoding of phase and position information at different times during 
performance of the DNMS task has been confirmed using analyses including 
linear discriminant analysis, principal components analysis and nonlinear systems 
analysis. Applying the linear analyses continuously in time across trials also 
indicated that these response correlates appear and disappear across the 
ensemble spike train in particular spatial (anatomic) patterns.

The analyses currently provide a “snapshot” of the neural activity across the 
hippocampus which accompanies memory storage and retrieval. In addition, the 
analysis of ensemble firing reveals a pattern of activation across neurons through 
time which likely indicates the underlying connectivity between those neurons. 
After disruption of the temporal sequence of the spike train, it was revealed that 
task-specific patterns were still extracted by the analyses, as long as the spatial 
relationship between neurons within the ensemble remained unchanged. Thus, 
the linear and nonlinear population analyses provide an indication of the 
spatial/anatomic correlations that underlie the patterns of neural encoding within 
hippocampal ensembles.
[S u p p o r te d  b y  N ID A  g ra n ts  D A 0 3 5 0 2  &  D A 0 0 1 1 9  (S A D ) a n d  D A O 8 5 4 9  (R E H ).]

758.4
MONKEY HIPPOCAMPAL NEURONAL RESPONSES TO SPACE 
DURING REAL AND VIRTUAL NAVIGATION. N. Matsumura' l
H. Nishiio'. R. Tamura1. S. Eifuku1. and T. Ono* Departments of  
'Physiology and 2Neurosurgery, Faculty o f Medicine, Toyama Medical 
and Pharmaceutical University, Toyama 930-0194, Japan.

Neuropsychological data in humans demonstrated a pivotal role o f the 
medial temporal lobe including the hippocampal formation (HF) and the 
parahippocampal gyrus (PH) in allocentric (environment-centered) spatial 
learning and memory. In the present study, the functional significance of 
the monkey HF and PH neurons in allocentric spatial processing was 
analyzed during performance o f the spatial tasks. In the tasks the 
monkey freely navigated to one o f 4 reward areas in the experimental 
field by driving a cab which the monkey rode (real navigation task), or 
freely moved a pointer to one o f 4 reward areas on the monitor (virtual 
navigation task) by manipulating a joystick. Of 389 neurons recorded 
from the monkey HF and PH, 166 had place fields which displayed 
increased activity in the experimental field and/or on the monitor 
(location-differential neurons). More HF and PH neurons responded in 
the real navigation task. These neurons had low mean spontaneous 
firing rates (0.96 spikes/sec), similar to those o f rodent HF place cells. 
The remaining non-responsive neurons had significantly higher mean 
firing rates (8.39 spikes/sec), similar to interneurons or theta cells in the 
rodent HF. Furthermore, most location-differential neurons showed  
different responses in different tasks. These results suggest that the HF 
and PH are crucial in allocentric information processing and more over 
that the HF can encode different reference frames that are context or task- 
dependent. This may be the neural basis o f episodic memory.

758.6
IN RATS ALTERNATING BETWEEN INTRAMAZE AND EXTRAMAZE CUE 
TASKS, HIPPOCAMPAL FIRING FIELDS LOCK TO EXTRAMAZE CUES.
O. T rullier'2, R. Shibata1 A.B. Mulder', A, Berthoz1 and S.I. Wiener1 *. 'CNRS- 
Collège de France LPPA, 2AnimatLab, Dépt Biologie, ENS, Paris, France.

Here the relation between hippocampal cell activity and task contingencies was 
tested by requiring rats to navigate in two different reference frames in alternation

In a black, 3m x 3m cue-controlled room, a posterboard was mounted along the 
‘north’ wall opposite the entry. Within, a round rotatable platform (<f= 1.8m) had four 
reward delivery boxes equally spaced on the periphery, each containing identical 
salient cues that could be independently illuminated. Four water-deprived male 
Long-Evans were trained to repeatedly run between diametrically opposite reward 
boxes. In the platform cue task, the rats shuttled between the two boxes that were 
illuminated. When the lit pair of boxes was changed, the rats responded immediately 
In the room cue task, the rewards were located at the NE and SW reward boxes. Here 
no reward lights were on and a loudspeaker, mounted centrally above, emitted a tone 
as a contextual cue. To test if position selective discharges were anchored to platform 
or room cues, the platform was rotated by angles multiples of 90°. Sessions included 
up to 15 changes: platform rotations, box light changes or shifts between the two 
tasks.

Extracellular activity was recorded in neurons in CA1, CA3 and dentate gyrus. Of 
108 neuronal recordings, 35 showed characteristic high resolution position-selective 
discharges. In all cases, the firing fields were fixed relative to the room cues, even in 
the platform cue task which required the rat to completely ignore its position in the 
room while shuttling between lit boxes. This was observed even after the positions of 
lit boxes (relative to the room) were changed by either table rotation or turning off 
one pair of lamps and illuminating the other.

Here the hippocampal neurons maintained position-selective discharges relative to 
the room landmark, even when the rat navigated between platform cues; this 
hippocampal activity could not have been of any direct utility for performance of the 
platform cue task. This dissociation between behavior and neurophysiological activity 
provides the first evidence for a ‘background’ positional representation and indicates 
that there is parallel processing of different types of spatial information. Supported 
by: CNES, Human Frontiers, GIS Cogniscience, Canon Fdn, EC Human Capital and 
Mobility.
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758.7
CAl HIPPOCAMPAL DISCHARGES ARE CORRELATED WITH, AND 
ANTICIPATE, ACCUMBENS NEURONAL FIRING IN BEHAVING RATS.
E, Tabuchi*, A.B. Mulder. C. Fouquier and S I Wiener CNRS-Collège de France 
LPPA. Paris, France.

To understand how positional information coded in the hippocampus might be 
transmitted to other brain structures, we analysed the relative timing between 
multiple single units recorded in the nucleus accumbens (Nacb) and the hippocampus 
(Hipp). Four thirsty male Long-Evans rats performed a differential reward task in a 
walled plus maze. At the end of each arm were identical alcoves, each containing a 
water trough and a salient visual cue. Each alcove automatically delivered 1. 3 .5  or 
7 water drops with new values assigned for each session. A cue lamp at an alcove 
indicated that it was armed. After arrival the light was switched off. and when the 
rat returned to the center of the maze another alcove was illuminated. The alcoves 
were lit in the order of decreasing water (reward) volumes. In probe trials, all alcoves 
were lit.

Of a total of 102 Nacb and 61 Hipp neurons recorded simultaneously. 128 pairs 
were analyzed with cross correlograms (XCRR) for 1 sec periods before and after 
arrival at the respective alcoves. Differential XCRR (5 msec bin width, +50 ms 
binning range) with shift presentation were-analysed statistically (confidence limits. 
+2.5) with DataWave software. A total of 261 (before) and 232 {after) peaks were 
significant. The peaks were mostly positive (95%, 249/261 & 96%, 222/232) and a 
single peak in only one of the four cups was seen either before or after arrivals (37%. 
38/103 & .31%. 27/88 pairs). Overall the number of peaks for Hipp preceding Nacb 
(165 & 142) was higher than for Nacb preceding Hipp (96 & 90). The most 
commonly found peak was for Hipp discharge preceding Nacb by 20 msec. In 20 cell 
pairs selected for highly significant peaks between -35 to -15 msec. XCRR was 
examined also for the 1 s periods before and after center arrivals. Although these 
cell pairs had 50 and 48 significant peaks for alcove arrivals, only 30 and 27 peaks 
were found for center arrivals. The results indicate that synchronization between 
Nacb and Hipp is spatially modulated and occurs more during expectation and 
acquisition of reward. This suggests that the hippocampal spatial information 
converges with reward signals in the nucleus accumbens. Support: Postc Rouge. G1S 
Cogmscience, EC HCM, HFSP.

758.9
THE HIPPOCAMPUS IN PIGEONS RECEIVES OPTIC FLOW  INPUT FROM 
THE ACCESSORY OPTIC SYSTEM: SUPPORT FOR THE PATH 
INTEGRATION HYPOTHESIS. D.R.W. Wvlie* and R.G. Glover. Dept, o f 
Psychology, University o f Alberta, Edmonton, Alberta, Canada T6G 2E1.

Recent studies have suggested that the hippocampus is involved in “path 
integration”. In this process, cues resulting from an anim al’s self-motion are 
used to assist in navigation and spatial behaviour. O f the myriad o f self-motion 
cues available to the animal from various sensorimotor systems, the emphasis has 
been on vestibular cues. Research from a wide variety o f  disciplines has shown 
that the visual system provides a rich source o f information about self-motion. 
Because the environment consists o f  numerous stationary objects and surfaces, 
self-motion results in “optic flow” across the entire retina. Optic flow is 
processed by a distinct visual pathway: the Accessory Optic System (AOS). In 
this report we show that the hippocampus receives input from the AOS.

Anterograde (biotinylated dextran amine) and retrograde (cholera toxin subunit 
B) tracers were used to study the projections o f the area ventralis o f  Tsai (AVT) 
in pigeons. The AVT was shown to receive projections from both retinal 
recipient nuclei o f the AOS, the nucleus lentiformis mesencephali and the 
nucleus o f the basal optic root, and to project to the hippocampus. We also 
recorded from neurons in the AVT in response to optic flow stimuli. About half 
of the cells we tested showed direction-selectivity to optic flow stimuli, but 
showed little modulation in response to small visual stimuli. O f the optic flow 
sensitive cells, half had large receptive fields in the contralateral eye, whereas the 
others had binocular receptive fields and responded best to flowfields resulting 
from self-translation in specific directions. Together these studies show that the 
AVT is providing information about self-motion from the AOS to the 
hippocampus. Supported by grants from NSERC and AHFMR.

758.11

TIME COURSE OF SUPPRESSION OF EVOKED SYNAPTIC  
POTENTIALS BY ACH AND GABA IN RAT HIPPOCAMPUS.
B.P. Fehlau. M.M. Patil* & M.E. Hasselmo. Department of Psychology and Program 
in Neuroscience, Harvard University, Cambridge MA 02138.
Computational models of cortical function suggest that suppression of synaptic 
transmission (presynaptic inhibition) by activation of muscarinic or GABAB receptors 
may set different functional states within cortical structures (Hasselmo et al., 
Hippocampus 6:693). However, the time course of changes in functional state depends 
upon the time course of cellular effects. To analyze the time course of presynaptic 
modulation, changes in evoked field potential height were analyzed at short intervals 
after brief (10-100 msec) pressure pulse injections of GABA or acetylcholine (ACh) 
near the recording electrode in the dentate gyrus (DG) or in stratum radiatum of region 
CAl in hippocampal slice preparations. Effects of ACh were slow. For example, after 
25 msec, injections of lOmM ACh in dentate gyrus, recordings at 1 second intervals 
demonstrated suppression with an onset time constant (τ) of 0.73+0.16 secs (n=8) and 
a decay τ of 2O.54±l.66 secs. Injections of the muscarinic antagonist atropine before 
injection of ACh blocked suppression, but injections of atropine 100-500 msec, after 
ACh did not significantly change the time course of suppression, suggesting that the 
time course depends on intracellular processes rather than on rate of diffusion or 
receptor binding. In comparison to the ACh effect, pressure pulse injections of GABA 
caused a briefer suppression of synaptic potentials (measured at 100 msec intervals). 
For example, 25 msec, injection of GABA in dentate (n=4) caused suppression with an 
onset time constant of O.37±.O9 sec. and decay time constant of 2.24±O.59 secs. These 
results suggest that the time course of muscarinic suppression of transmission is 
appropriate for slow state changes such as those between waking and slow-wave sleep 
(decreased ACh suppression during slow wave sleep may allow transfer of stored 
memories from hippocampus to neocortex). The more rapid GABAergic modulation 
may be appropriate for state changes within each cycle of the theta rhythm, setting 
dynamics for learning and retrieval (Sohal and Hasselmo 1998, Neural Comp. 10:889). 
Supported by NIMH R29 MH52732-04.

758.8
ACCUMBENS MEDIAL SHELL LESIONS IMPAIR PERFORMANCE IN RATS 
PERFORMING IN A DIFFERENTIALLY REWARDED PLUS MAZE.
S. Albertin, A.B. Mulder*, E. Tabuchi, M, Zugaro, S. Wiener. CNRS-Collège de 
France LPPA. Paris, France.

To better understand the role of place cell activity in navigation behavior, we 
studied the effects of lesions of a principal target of hippocampal output, the nucleus 
accumbens shell (ACBsh), on the capacity of rats to distinguish between reward 
values of several different places. A plus maze with 30x88 cm arms surrounded by 
elevated walls was located in a cue controlled room. At the end of each arm were 
identical alcoves, each containing a water trough and a salient visual cue which could 
be illuminated independently. Thirsty male Long-Evans rats were trained to get 
water rewards at the lit alcove {training trials). The alcoves were lit in a random 
sequence. When the rat arrived at the center an automated system triggered the next 
light, and arrival at the armed alcove triggered the water reward. Each day one of the 
alcoves was selected to deliver six drops of water while the others delivered only one 
drop. After 32 visits, probe trials were intermittently presented, all four alcoves were 
lit and armed. Although all alcoves could be triggered on probe trials, the rats rapidly 
learned to go to the alcove delivering six drops of water.

Using approved protocols, seven rats were operated and electrolytic lesions were 
made in the ACBsh. The lesion electrode was placed stereotaxically and confirmed 
by recording characteristic 8 and 20 msec positive potentials evoked by electrical 
stimulation of the fornix. Rats performed correctly on training trials prior to and after 
lesions. Comparing five days of testing prior to and after recovery from surgery , 
performance on probe trials plummeted to 40% (±8. SEM) from initial levels of 
82(±12)%. Even after one week of retraining, the best performance was 55% while 
sham operated controls returned to pre-operation levels. Since the lesioned rats were 
capable of retrieving rewards indicated by a visual cue. they retained motivation and 
sensorimotor capacities. However they were unable to learn new reward values 
associated with specific locations. This supports the notion that there is convergence 
of locational information (from hippocampus) with reward information (VTA and 
amygdala) in the ACBsh. Support by GIS Cogmscience, HFSP. French MENRT

758.10
HIPPOCAM PAL INDIVIDUAL N EUR O N S AND NEUR O N A L  
CORRELATIONS RELATED TO DISCRIM INATIONS OF 
AUDITORY STIM ULI A ND  THEIR DURATION IN THE RAT. 
Y. S A K U R A f Dept, of Behavioral and Brain Sciences, Prim ate 
R esearch Institu te, Kyoto U niversity, and PRESTO, Japan Science 
and Technology Corporation, Inuyam a 484-8506, Japan.

T his study aim ed to know how hippocam pal neurons and their  
assem blies encode m em ory-processes for different attributes of 
stim uli. Two auditory d iscrim ination tasks were em ployed, both of 
w hich used  identical four d iscrim inative stim uli, i.e., 3-sec h igh  
(A3), 1-sec h igh  (A l), 3-sec low (B3), and 1-sec low (B l) tones. In 
the stim ulus-d iscrim ination  task, the positive stim u lu s to be 
responded w as tone A (A3 and A l). In the duration-discrim ination  
task, the longer tone w as positive (A3 and B3). Sam e com plex-spike 
neurons from C A l and CA3 were recorded w hen the rat w as  
perform ing both tasks. F ifty five and 24 percents of the recorded  
67 neurons show ed differential activation betw een the positive and  
negative stim u li in  only the stim ulus-discrim ination  task  and in  
both the stim ulus- and duration-discrim ination tasks respectively. 
There w ere no neurons w hich show ed such d ifferential activation  
in only the duration-discrim ination task. A cross-correlation  
an alysis am ong the neurons show ed th at som e functional 
connectivity changed betw een the tasks.

Supported by “R esearch for the Future” program and Grants-in- 
Aid for Scientific R esearch.

758.12
DISTINCT BIOGENIC AMINES SUPPRESS THE PROPAGATION OF 
EXCITATION IN DIFFERENT REGIONS OF THE RAT ENTORHINAL 
CORTEX(EC)-HIPPOCAMPAL NETWORK. M. Matsukawa*. I. TakashimaandT. 
Iiiima. Electrotechnical Laboratory, Tsukuba 305-8568, Japan.

Diffuse projection systems including acetylcholine (ACh), serotonin (5-HT) and 
noradrenaline (NA) have been known to have a modulatory effect for the brain 
functions such as the regulation of the induction of LTP which has been thought to 
be a basic mechanism for learning and memory. In spite of these important roles, it 
is still unclear that their regulatory effect on the network dynamics of excitation 
propagation. We attempted to see the effect of ACh, 5-HT andNAon the propagation 
of excitation in the rat EC-hippocampal slices using a high-speed optical imaging 
technique with a voltage-sensitive dye. ACh effectively suppressed the propagation of 
excitation in the EC and subiculum but no effect in the hippocampus proper. 5-HT 
had same effect in the EC, subiculum and for the activities in dentate gyrus (DG) 
following perforantpath stimulation but not suppressed the propagation of excitation 
in the CAl-3 subregions. NA failed to suppress the neural activity in the EC but 
effectively suppressed in DG following the stimulation of perforant path and in CAl 
subregion. Almost no suppressive effect was seen in the CA3 subregion following 
the mossy fiber stimulation with each of these three amines. This effect for the 
suppression of excitation propagation by biogenic amines was not inhibited by 
simultaneous application of GABAa receptor antagonist, bicuculline. This is to say 
these amines have direct effect to suppress the spread of excitation for the EC- 
hippocampal network. Moreover, adenylate cyclase activator, forskolin could mimic 
these effect for the suppression of propagation in the EC-hippocampal network 
without any suppressive effects on the mossy fiber-CA3 activities. Consequently, 
each of these three biogenic amines suppress different subregions in the EC- 
hippocampal circuit, but they seem to act through the same second messenger system 
such as adenylate cyclase activation. These topology of the effect of biogenic amines 
may affect on the global information processing pattern.
(This work was supported by AIST grant.)
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758.13
TEMPORAL CHANGES IN THE FIRING PROPERTIES OF CA1 PYRAMIDAL 
CELLS IN THE FREELY BEHAVING RAT. M.C. Quirk and M.A. Wilson *. The 
Center for Learning and Memory, Department of Brain and Cognitive Sciences. The 
Massachusetts Institute of Technology, Cambridge, MA 02139.

While firing rate measurements have been useful in characterizing the influence of 
an animal’s location on the activity of hippocampal pyramidal cells (“place” cells), 
these measurements implicitly assume the equivalence o f all spike events. Through 
the use of multiple tetrode recordings in the freely behaving rat, we have observed 
systematic changès in the firing properties of CA1 pyramidal cells over short intervals 
of time (< 2000 ms). Specifically, an asymmetrical temporal relationship between 
burst and non-burst events exists such that when a burst occurs, there are more non
burst spikes following the burst than there were preceding the burst. In addition, 
extracellularly recorded spikes show an activity dependent decrease in spike 
amplitude on multiple time scales. Low amplitude spikes follow higher amplitude 
spikes on both 10 ms and 250-1000 ms intervals. The asymmetrical relationships 
between bursts and non-burst events, and between high and low amplitude spikes 
occur during both exploration and sleep; suggesting that these relationships are 
fundamental properties of the normal physiological activity of CA1 pyramidal cells.
A firm understanding of these naturally occurring asymmetries is critical for the 
evaluation of higher order phenomena such as temporal sequencing.

This work was supported by the Center for Learning and Memory and the Dept, of 
Brain and Cognitive Sciences, MIT.

758.14
RESETTING  H IPPOC AM PA L THETA R H Y T H M  BY  ELECTRICAL  
STIM ULATION OF THE FO RNIX A N D  PE R FO R A N T PATH . J.M, 
Williams*. B. Yu. R. Mears & B. Givens. Dept, o f  Psych., The Ohio State Univ., 
Columbus, OH 43210.

Our previous research has suggested that visual stimuli in a working memory task 
reset the hippocampal theta rhythm. Hippocampal theta reset is the phase-locking of 
theta rhythm to the onset of a stimulus and provides a mechanism by which the 
incoming information can be optimally encoded. The present study was designed to 
examine whether the trigger for theta reset involves descending feedback from the 
hippocampus to the medial septal theta generators. Rats were trained on an operant 
visual discrimination task that required them to press a lever in response to a visual 
stimulus. Alter reaching a criterion o f 85% correct responding, each rat was 
surgically implanted with stimulating electrodes in the fornix and the perforant path 
and recording electrodes bilaterally in the hippocampus. Following surgery, rats were 
retrained on the behavioral task. Theta was recorded both before and after the light 
stimulus to determine if  resetting to the visual .stimulus occurred. During the 30 sec 
intertrial interval, rats received electrical stimulation (600 µA , 0.2 msec square wave) 
of either the fornix or perforant path. Theta was recorded both before and after the 
electrical stimulation to determine if resetting occurred. The results indicate that theta 
resetting does not occur after a visual stimulus in this reference memory task, but does 
occur following electrical stimulation of the fornix and perforant path. Electrical 
stimulation of the perforant path weakly and inconsistently produced a resetting of the 
hippocampal theta rhythm, whereas stimulation of the fornix produced a robust theta 
reset. The results suggest that stimulus input to hippocampus via the perforant path 
alone is not sufficient to consistently trigger the resetting response, and that additional 
descending circuits carried in the fornix are likely to be involved in triggering the reset 
response. This study was supported by NSF grant IBN-9723513.

758.15
THE EFFECT OF PUTATIVE COGNITIVE ENHANCERS ON ELECTRICALLY 
STIMULATED HIPPOCAMPAL THETA RHYTHM. Gene G. Kinnev1*. Patricia 
Patino1. Yvan Mermet-BouviefL John E. Starrett. Jr.2, and Valentin K. Gribkoff1. 
Department of Electrophysiology1 and Division o f Central Chemistry*, Bristol-Myers 
Squibb Pharmaceutical Research Institute, Wallingford, CT 06492.

Hippocampal theta rhythm has long been associated with mnemonic processes (see 
Bland, Prog. Neurobiol. 14:1-54, 1986). Lesions o f the medial septum disrupt theta 
rhythm, produce spatial memory deficits and disrupt acquisition of the classically 
conditioned nictating membrane response. Hippocampal long term potentiation is 
optimally produced with theta-patterned stimulation and hippocampal evoked potentials 
are enhanced in the presence of theta. It is known that theta rhythm is sensitive to 
changes in cholinergic function prompting some investigators to induce theta rhythm 
in the hippocampal EEG as an assay for increased cholinergic function produced by 
investigatory drugs. These studies, however, have traditionally focused on drugs which 
directly affect cholinergic processes. In order to determine if a more general link 
between theta rhythm and mnemonic processes could be demonstrated, thereby 
suggesting that modulation of theta rhythm is associated with the more general 
cognitive-enhancing properties o f drugs, we examined the effect o f several compounds 
that (a) have putative cognitive enhancing properties in behavioral models and (b) vary 
with respect to their biochemical activity. In preliminary studies, the nootropic, 
piracetam, the small-çonductance Ca2*-activated K*-channel blocker, apamin, and the 
acetylcholineresterase inhibitor, E2020 (donepezil HC1), significantly increased the 
amplitude o f theta rhythm produced by electrical stimulation o f the nucleus pontis 
oralis in the urethane-anesthetized rat with no concomitant change in peak frequency. 
The effect of E2020 on theta rhythm was reversed by subsequent administration of 
scopolamine. Conversely, the use-dependent NMDA antagonist, MK-801, 
significantly reduced theta amplitude and decreased peak frequency. These data support 
the idea that theta is associated with mnemonic processes and suggest that drugs which 
increase stimulated theta rhythm amplitude may have cognitive enhancing properties.

758.17
Sixty-four Channel Extracellular Recording System for Slice Preparation.

Medical Care Planning O ffice, Matsushita Electric Industrial Co., Ltd., Kyoto 
619-0237 JAPAN

To understand how brain develops and functions, it is important to record 
data simultaneously from various points over a sufficient period o f  time to 
allow for changes to occur and to be monitored. We have previously reported 
that the MED (multi-electrode dish) probe and its 8-channel data acquisition 
system is useful for monitoring brain network activity in various preparations 
(Soc. Neurosci. Abstr., 23, 624.9, 1997).

The present study utilized a newly designed M ED probe and 64 channel 
data acquisition system. The probe has additional four large reference 
electrodes far from the 8x8 array, so that all 64 microelectrodes can be used for 
either recording or stimulation. Captured signals are differentially amplified 
by 64 head and main amplifiers which were developed specifically for this 
system. Am plified data were then converted to digital signals at the ratio o f  
2OKJHz per channel by specific software and A/D  board.

The system was applied to rat hippocampal slice. Hippocampal slice  
was prepared from adult rat brain and extracellular potentials were recorded 
from 64 sites simultaneously while oxygenated recording buffer was perfusing 
the MED probe. Either perforant path, m ossy fiber, or Schaeffer-collateral 
was stimulated electrically and field EPSPs were recorded from entire site o f  
hippocampal slice. Finally LTP was induced by theta burst stimulation and 
spatial distribution o f LTP was observed.

758.16
CONTROL OF SYNAPTIC TRANSMISSION BY PHOTO
DYNAMIC TISSUE OXIDATION 
Y, Kat¾pk¾*,-and Ŷ Watapake
Department o f Neuroscience, Osaka Bioscience Institute, Suita, 
Osaka 565-0874, Japan

Reactive oxygen species (ROS) concern the cell viability, i.e. 
aging, oncogenesis, apoptosis, by oxidation o f proteins, lipids, 
and nucleotides of the tissue. We applied the ROS-induced tissue 
oxidation for controlling the neuronal activity. Under the 
electrophysiological recording condition, the discrete small region 
in rat hippocampal slices was oxidized, via the local production of 
singlet oxygen by the extracellular application of photosensitizing 
dye (Rose Bengal) and the photoirradiation for dozens of seconds 
(photo-dynamic tissue oxidation). The tissue oxidation reduced the 
amplitude of field excitatory postsynaptic potential for minutes or 
hours without affecting the conduction o f action potential, 
indicating the transient suppression o f  excitatory synaptic 
transmission. The photo-dynamic tissue oxidation will be a novel 
and powerful technique for controlling reversibly the neuronal 
activity in vitro and also in the brain of freely moving animals.
(This work was supported in part by Narishige Neuroscience 
Research Foundation.)

758.18
A DISCRETE EVENT-DRIVEN COMPUTER MODEL OF A HIPPOCAMPAL 
PYRAMIDAL CELL. J.L. Krichmar1*, G.A. Ascoli1. J.L. Olds1, and,L. Hunter1,2.
1 Krasnow Institute for Advanced Study at George Mason University, Fairfax, 
VA., *National Library o f Medicine, Bethesda, MD.

In computational neuroscience, models o f neuronal activity are typically 
described by sets o f  continuous ordinary differential equations (ODE). These 
ODE’s describe the channel kinetics and the propagation o f a signal across the 
dendritic tree or axon. These models have been effective at modeling single 
neuron or small network behavior. However, the construction of large network 
models using this technique is computationally impractical. An alternative 
approach to modeling neural behavior is presented in which processes are 
calculated “as needed”. Ionic currents and membrane potential are treated as 
discrete, value-ordered parameters. Ionic channels are treated as discrete, event- 
driven parameters. Channel parameters and the currents they effect are only 
updated when there is a state change (e.g. transition from open to close). The state 
change o f a given ionic channel is dictated by its time constant and the state of an 
impinging current or potential. A discrete event-driven model of a CA3 pyramidal 
cell was developed. The model simulates calcium, potassium, and sodium currents 
as well as membrane potential. Six ionic channels types regulating sodium, 
calcium and potassium currents were simulated. A 64-compartment model and a 
2100-compartment model with branching apical and basal dendrites were 
constructed. These models were tested under simulated voltage-clamp and 
current-clamp conditions. The output o f both models was comparable with recent 
modeling and in vitro electrophysiology. The discrete event-driven model was 
significantly more efficient than the ODE model and suggests that this approach is 
appropriate for large-scale network modeling.

This research was supported by the Krasnow Institute for Advanced Study.
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758.19
NEUROMODULATION OF SYNAPTIC PLASTICITY IN A 
RECONSTRUCTED HIPPOCAMPAL CA3 PYRAMIDAL CELL 
MODEL. E. D. Menschik*1 and L. H. Finkel1,2. 'Institute of 
Neurological Sciences and departm ent o f Bioengineering, University 
of Pennsylvania, Philadelphia, PA 19104.

W e investigate the effects o f  neurom odulation  on synaptic p lasticity  in 
a realistic CA3 pyram idal cell m odel. The study was perfo rm ed  using  
G E N ESIS-based sim ulations o f an anatom ically  reconstructed  CA3 
pyram idal cell (an ex tension  o f M igliore et al. 1995, J  N europhys  
73 :1157-1168) that included dendritic  spines, a w ide array o f ion 
channels (Na, KDR, Fç, Kλ, Km, Kahp, CaL, CaN, Caτ), calc ium  diffusion , 
buffering  and pum ping, and A M PA - and N M D A -m ediated  synaptic 
currents. P resynaptic activity was transduced  by N M D A  recep to r- 
m ediated calcium  influx into the dendritic  spines and this signal was 
sequestered from  shafts by a narrow  spine neck and calcium  pum ps. 
Postsynaptic activity m odulates dendritic  calc ium  levels as 
backpropagating bursts activate voltage-gated  calcium  channels along the 
dendrite. Synaptic m odification was a function  o f  these separate calc ium  
pools with a sliding threshold  betw een LTP and LTD  as a no n lin ea r 
function o f the past history of cell firing sim ilar to the “ B C M ” m odel 
(B ienenstock et al. 1982, J  Neurosci 2 :32-48). W e dem onstrate  that this 
scheme gives rise to both LTP and LTD  d epend ing  on the frequency o f  
synaptic stim ulation and show how synaptic p lasticity  can be regulated  by  
acetylcholine, n o rep inephrine  and sero tonin . In particu lar, our results 
suggest that a n eu ro m o d u lato r-in d u ced  change from  regu lar spik ing  to 
bursting behavior, as well as m odulation  o f calcium  channel 
conductances, d irectly  alter dendritic calcium  dynam ics and indirectly  
regulate synaptic m odification . (S upported  by N SF-C RI and the 
W hitaker Foundation)

758.20
ANALOG PATTERN MATCHING IN A DENDRITIC SPINE MODEL WITH 
VOLTAGE DEPENDENT CALCIUM CHANNELS K.-H. Yang*. K.T.Blackwell 
Computational Sciences and Informatics, George Mason University, Fairfax, VA 
22030

Pattern matching involves the comparison of sensory inputs to neural activity 
representing previous sensations and experiences. A neuron demonstrates pattern 
matching by depolarizing more strongly to a previously learned pattern. Many 
computational studies attempt to describe pattern matching at the cellular level; we 
propose instead that dendritic spines may act as analog pattern matching devices. In 
the present study, the plausibility of such spine-based analog pattern matching was 
investigated using a compartmental model of a piece of spine-rich dendritic 
membrane. In our model, each spine head contains an AMPA synaptic channel, a 
voltage-dependent, T-type calcium conductance (low threshold, transient conductance) 
and a calcium-dependent potassium conductance. A single decay time constant was 
used to model the combined effect of calcium buffers and cytosolic pumps on spine 
calcium concentration. Memory storage is represented as a modification of the 
calcium sensitivity of the potassium channel. The proposed underlying mechanism 
is calcium activation of protein kinases and subsequent channel phosphorylation 
during learning. The input pattern in our model is a pattern of synaptic activation, and 
the output pattern of our model is the time integral of postsynaptic membrane 
potential ('signal strength'). All simulations were performed using the XPP neural 
simulation program running under UNIX workstations. Our results indicate that signal 
strength is greatest when synaptic input pattern equals the previously learned value, 
and smaller when components of the synaptic input pattern are either smaller or larger 
than corresponding components of the previously learned pattern. In conclusion, we 
demonstrate that dendritic spines with voltage-dependent calcium channels can 
perform analog pattern matching. Acknowledgments. The support of this research 
effort by NIMH is gratefully acknowledged.
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759.2759.1
Medial p re fron ta l neuronal responses in ra ts pe rform ing a spatia l maze 
task Invo lv ing  d iffe re n tia l reward. W.E. Pratt* & S. J. Y. Mizumori. Dept. 
Psychol., University of Utah, Salt Lake City, UT 84112

Previous research has suggested that reward and spatial information is 
integrated within the medial ventral striatum (mVS). While hippocampal 
efferents are likely to provide this region with spatial information, the specific 
brain structures which may contribute reward information to the mVS during 
spatial tasks remains unclear. The basolateral nuclei of the amygdala (BLA) 
are one potential source (Pratt & Mizumori, in press).

To test the hypothesis that the mPFC may also provide the mVS with 
reward-related information, single units in the mPFC were recorded while 
animals performed a spatial memory task on an eight arm radial maze. Four 
arms consistently had low reward (1 drop chocolate milk) and four consistently 
had high reward (5 drops chocolate milk). Initial analysis of 58 neurons indicate 
a variety of reward-related correlates. Seven cells showed an inhibitory pattern 
of activity centered on reward encounter; five demonstrated excitation. Of 
these reward-related cells, some showed changes in firing in anticipation of 
reward encounter (n=8), and some showed differential activity between high 
and low-rewarded arms (n=5, 4 of which were anticipatory cells). One neuron, 
which normally inhibited during reward encounter, showed an excitatory burst 
when a novel reward was presented.

Consistent with previous reports, a low incidence of units with spatial fields 
was observed; however, five cells demonstrated reliable place-specific activity. 
Two spatial units were recorded in darkness, which resulted in a disruption of 
the fields. Several other neurons demonstrated turn-related activity, one cell of 
which discriminated between right and left turns.

These data provide evidence that, in addition to the BLA, the mPFC may be 
part of a system which provides the mVS with information regarding reward 
contingencies, particularly during the performance of spatial tasks in which 
differential reward amounts are a salient feature of the environment. 
(Supported by IBN9514880)

759.3
COMPLEMENTARY ROLES OF CAUDATE AND HIPPOCAMPUS DURING 
NAVIGATION: EVIDENCE FROM PARALLEL SINGLE UNIT RECORDINGS.
S, J, Y.-MizumocT. K, E. Bagozzino, S. LeutqebjanlB^G, Cooper- Dept. 
Psychology & Prog. Neuroscience, Univ. of Utah, Salt Lake City, UT 84112

The caudate may serve a re s p o n s e  re fe re n c e  function whereby behavioral 
strategy selection is continually updated with current (spatial) contextual 
information. Given the putative role of hippocampus in context learning, we 
compared the relative contributions of hippocampal and caudate spatial 
representations to contextual processing during asymptote performance of a 
spatial memory task.

Caudate place cells, caudate head direction cells, and hippocampal place 
cells of rats were tested either individually or in parallel for sensitivity to 
changes in visual, idiothetic or intramaze environments. Caudate place fields 
were clearly disrupted during dark trials, rotated with cues during cue rotation, 
and did not quickly form place fields in new environments. Head direction 
representations were transiently and more subtly disrupted by dark trials, their 
directional preferences rotated with cue rotations (in light) as well as with maze 
rotations (in darkness, but not in light), they quickly formed stable directional 
preferences in novel environments, and they were disrupted following idiothetic 
manipulations (in darkness). Hippocampal place fields, when recorded in 
parallel with caudate head direction cells, generally maintained their spatial 
relationship with caudate head direction preferences throughout the testing. 
Thus, both structures may operate within a single coordinaté system which 
defines the relationship between self movement and the external environment 
in a strategy-dependent manner. Since caudate place fields were more 
dependent upon the immediate sensory context (than caudate head direction or 
hippocampal place cells), they may contribute to a distinct caudate function of 
updating context-dependent strategy selection.
[Supported by IBN 9514880 to S.J.Y.M and DGE9616182 to K.E.R. ]

THE EFFECTS OF SPATIAL MEMORY ACQUISITION ON CAUDATE AND 
HIPPOCAMPAL SPATIAL REPRESENTATIONS. K.E. Raαozzino* & S. J. Y.
Mizumori. Dept. Psychol., University of Utah, Salt Lake City, UT 84112

Caudate place cells and head direction cells, and hippocampal place cells 
were recorded either simultaneously or individually as rats performed various 
phases of behavioral acquisition which progressed from an open field platform 
surrounded by black curtains, to a forced choice procedure on the eight arm 
maze with and without distal visual cues, to a spatial memory procedure. 
Caudate head-direction cells were found to be relatively insensitive to all 
changes across acquisition, establishing a reliable preferred directional bias 
immediately upon entering the testing arena and maintaining the same 
preferred direction throughout all phases of testing. Hippocampal place cells, 
likewise, did not show dramatic shifts across phases of testing. In contrast, 
caudate place cells were much more sensitive to the phase of the task, 
although the direction of change varied even among simultaneously recorded 
cells. For instance, two caudate place cells became dramatically more spatially 
selective when the animal was transitioned from the forced choice to spatial 
memory procedure, one became less selective and the forth was relatively 
unchanged. Some caudate place cells were also found to become more 
spatially selective across days of spatial memory testing.

These preliminary data suggest hippocampal place cells are more like 
caudate head-direction cells in that they are less affected by changes in task 
phase than caudate place cells. They also appear to be less sensitive to 
darkness during the first day of spatial memory training, with decreases in firing 
rate, but unchanged loci of prominent fields, in contrast to caudate place cells. 
These data indicate that the place cells in the hippocampus and caudate may 
subserve different functions, with the latter more responsive to changes in 
behavioral context.
[Supported by DGE9616182 to K.E.R. and IBN 9514880 to S.J.Y.M. ]

759.4
LOCATION INDEPENDENT HEAD DIRECTION SIGNALS IN A 
SUBPOPULATION OF HIPPOCAMPAL INTERNEURONS. S Leutαeb.1*
K. E. Ragozzino,2 and S. J. Y. Mizumori2. 1Prog. in Neurosci ; 2Dept. of 
Psych., Univ. of Utah, Salt Lake City, UT 84112.

Simultaneous recordings of place and head direction cells have shown that both 
populations often rotate in synchrony with prominent sensory cues, but the basis 
for an interaction between hippocampal place cells and location independent 
directional cells has not been established. Hippocampal single-units with a location 
independent head direction signal were recorded while rats performed a spatial 
memory task on an 8-arm radial maze. Directional units had a mean amplitude of
74.1 µV, a mean rate of 7.48 Hz, and peak rates of up to 110 Hz at the preferred 
direction with activity at gamma, and not theta and 200 Hz frequencies which 
characterized simultaneously recorded place cells. The preferred direction 
spanned about 75 degrees (or 1 - 2 maze arms), rotated with visual cues, 
persisted in darkness, changed in a novel recording environment, and followed a 
novel set of cues after exposure for < 1 hr. Head directional units (n = 6 of 7; from 
4 rats) were predominantly found in the septal (A-2.0 - A-2.8) hippocampal 
formation. Retrosplenial afferents have been reported to project to the CA3 area of 
septal hippocampus and axons from extrahippocampal origin can account for the 
units (n = 2) that were recorded in CA3. However, no known head directional 
projections have been reported to reach the CA1 stratum pyramidale and 
radiatum, where the remaining units were found. We conclude that at least the 
CA1 units correspond to a sparse population of hippocampal intemeurons, which 
either generate a head direction signal or receive the signal from retrosplenial or 
subicular cortices. Intrahippocampal head direction cells may contribute not only to 
the rotational alignment of hippocampal place cell ensembles, but also the 
alignment between place and head direction cells, resulting in a coherent 
directional signal in areas that share navigational information. [Supported by 
GRF0165317 to S. L , DGE9616182 to K. E. R„ IBN9514880 to S. J. Y M.]
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759.5
TEMPORARY INACTIVATION OF RETROSPLENIAL CORTEX 
SELECTIVELY IMPAIRS NAVIGATION IN DARKNESS. B. G. Cooper* & S. J. 
Y. Mizumori. Dept, of Psychology, University of Utah, Salt Lake City, UT 84112.

Findings from  lesion and electrophysiological studies suggest that 
retrosplenial cortex importantly contributes to spatial learning and active 
navigation. However, the nature of the functional contribution of retrosplenial 
cortex to navigation remains to be determined. Therefore, we tested the effects 
of retrosplenial cortex inactivation during performance of a spatial memory task 
in light and dark conditions.

Rats were trained on a spatial memory task and then implanted with 4 
guide cannuli placed bilaterally in retrosplenial cortex (4.5 and 6.0 mm posterior 
to bregma, lateral 1.0 mm). Following performance of five maze trials under 
standard light conditions, animals were injected with 2.0% tetracaine (0.5 ul per 
cannula), and performed 10 more trials either in light or dark testing conditions. 
Inactivation of retrosplenial cortex did not significantly change the mean number 
of errors committed during light trials. However, retrosplenial inactivation during 
dark testing resulted in a significant increase in mean number of errors 
committed on the spatial memory task. Performance during dark trials following 
vehicle injection did not result in a significant increase in errors.

These data suggest that retrosplenial cortex, or the fibers of passage, 
contributes to active navigation by enabling the use of nonvisual cues for 
maintaining knowledge of location and directional heading. We have previously 
shown that retrosplenial cortex lesions disrupt integration of visual and 
nonvisual cues in hippocampal place cells (Cooper & Mizumori, 1997). Thus, 
we postulate that one function of retrosplenial cortex may be to process 
nonvisual cues, such as self-motion, olfactory, auditory or somatosensory cues, 
for use in active navigation. [Supported by IBN 9514880].

759.7
HEMISPHERIC LATERALIZATION OF TURNING RESPONSES IN HEAD- 
DIRECTION CELLS OF THE LATERAL MAMMILARY NUCLEUS. H.T. Blair* 
and P.E. Sharp. Dept, of Psychology, Yale Univ., New Haven, CT 06520-8205.

We recorded head-direction (HD) cells from the lateral mammillary nucleus 
(LMN) (n=2l) and anterior thalamus (ATN) (n=2l) of freely behaving rats. We found 
that HD cells in LMN, but not in ATN, exhibited hemispherically lateralized 
responses to head-turning movements. HD cells in the left LMN had a broadened 
tuning peak during counterclockwise (CCW) head turns (2-tail paired r=3.99, df=7, 
p=.005), whereas HD cells in the right LMN had a broadened tuning peak during 
clockwise (CW) head turns (í=4.28, df=l2, p=.001). This effect was not observed in 
ATN, where the widths of the CW and CCW tuning functions did not differ in the left 
(t= 1.09, d f= ll, p=.53) or right (t=.49, df=9, p=.68) hemispheres. These results 
suggest that the left and right LMN may represent reciprocal components of an 
angular path integration circuit for computing the rat’s directional heading.

Figure. Examples of CW (thin lines) and CCW (heavy lines) tuning functions 
from representative HD cells in the left and right hemispheres of LMN. Note 
that broadening of the CCW peak in left LMN occurs mainly at the right edge 
of the peak, whereas broadening of the CW peak in right LMN occurs at the 
left edge. Also note that the peak firing rate is similar for CW and CCW turns 
in both hemispheres. -Supported by NIH R01-N535191-01AI toP.E.S.

759.9

ANTICIPATORY TIME INTERVALS OF HEAD DIRECTION CELLS 
INCREASE DURING PASSIVE MOVEMENT. J P. Bassett, E.J. Golob,
R.U. Muller, and J.S. Taube*. Department o f Psychology, Dartmouth 
College, Hanover, NH 03755, and Department o f Physiology, SU N Y  Health 
Science Center, Brooklyn, NY 11203.

Studies have shown that neurons in the anterior dorsal thalamic nuclei
(A D N ) o f rats selectively discharge in relation to the animal's head 
direction (HD) in the horizontal plane. Temporal analyses o f the firing 
properties o f these cells have revealed that their discharge is optim ally  
correlated with the animal's future directional heading by ~25 msec (Blair 
and Sharp, 1995; Taube and Muller, 1998). Am ong the hypotheses 
proposed to explain this predictive quality is that A D N  HD cells are 
informed o f  future motor comm ands that control head m ovem ent by 
corollary discharge (motor efference copy). One prediction o f this 
hypothesis is that when the rat does not play an active role in m oving its 
head through the preferred firing direction, the anticipatory time interval 
(ATI) will be reduced or abolished because the motor efference signal is 
absent. The present experiment tested this hypothesis by loosely  
restraining the animal and passively rotating it back and forth through the 
cell's preferred direction.

Eight HD cells were recorded from the A D N in 3 Long-Evans rats while 
they were hand-held and passively rotated in the horizontal plane. Before 
and after each hand-held session, the rat was monitored in an 8 min freely- 
m oving session while it foraged for food pellets in a 76 cm  diameter 
cylinder. Contrary to our predictions, we found a consistent increase in 
each cell's ATI during the passive sessions compared to the freely-m ovin g  
sessions. The mean percent increase in the ATI across all HD cells was 
209% . These results suggest that anticipatory properties o f A D N  HD cells 
may not be accounted for solely by a motor corollary discharge signal. 
Supported by NIM H grants M H 48924, MHO 1286.

759.6
HEAD DIRECTION, PLACE. AND MOVEMENT CORRELATES OF 
RETROSPLENIAL CELLS IN AN OPEN FIELD. J. Cho*. K. Yoon & P.E. 
Sharp. Dept, of Psych., Box 208205, Yale Univ., New Haven, CT, 06520.

The retrosplenial cortex is strongly interconnected with several brain regions 
which are involved in spatial (navigational) information processing. This includes 
areas containing Head Direction (HD) cells, as wells as those showing place-related 
firing. Here, retrosplenial cells were recorded as animals performed a pellet
chasing task, to examine spatial properties in this area.

As in an earlier study using an 8-arm maze (Chen et al.,Exp.Br.Res.,1994), 
many cells showed directional properties. Eleven percent of the total (8/69) were 
"classic" HD cells (Taube et al,J.Neurosci.,1990), which fired when the animal's 
head faced one direction (over an ~9O degree range), and were silent at all other 
directions. Interestingly, these cells showed anticipatory properties, like those 
observed for HD cells in anterior thalamus (Blair & Sharp,J.Neurosci.,1995;Taube 
& Muller,Hippocampus, 1998) and lateral mammillary bodies (Leonhard et 
al.,Soc.Neurosci.Abstr.,1996;see related abstract by Blair & Sharp), so that they 
signalled the rat's directional heading by an average of 23 msec into the future. 
This anticipatory aspect of the retrosplenial HD cells is in surprising contrast to 
the non-anticipatory quality of the nearby postsubicular HD cells.

Twenty-four percent (17/69) of the cells showed place related firing. Many of 
these were also strongly anticipatory and, additionally, had an angular velocity 
preference, so that they fired optimally only when the rat was heading toward the 
preferred place, using either a right or left turn, or heading straight.

Several cells showed movement correlates, so that they were most strongly 
related to running speed (11/69) or angular head velocity (2/69). The remaining 
cells showed a complex combination of direction, place, and movement correlates.

Thus, retrosplenial cortex contains numerous signals related to position, 
heading, and movement through space. It is hoped that further analysis will 
clarify their role in the overall navigational circuitry.

Supported by NIH grant R01-NS35191-01A1 to PES.

759.8
SUBICULAR CELLS EXPAND AND CONTRACT THEIR SPATIAL FIRING 
PATTERNS TO FIT DIFFERENT SIZED ENVIRONMENTS:COMPARISON 
WITH HIPPOCAMPAL PLACE CELLS. P.E. Sharp*. Dept, of Psych., Box 
208205, Yale Univ., New Haven, CT, 06520.

Cells in both the hippocampus and subiculum show location-related firing, so 
that the momentary rate of each cell signals the spatial location of the rat. 
Despite the fact that both areas show spatial firing patterns, they appear to do so 
in fundamentally different ways. Specifically, hippocampal cells show a different 
pattern for each new environment (e.g.Thompson & Best, J. Neurosci., 1989). In 
contrast, subicular cells showed the same firing pattern in two environments 
which differed both in shape and visual appearance (Sharp,Beh.Br.Res., 1996).

The current study examined whether subicular cells would expand and/or 
contract their spatial pattern as the animal moved between environments of 
different sizes. Hippocampal cells were also examined. Single cells were recorded 
as rats performed a pellet-chasing task in one of two conditions. In both 
conditions, the animals spent time in both a large square, and in a smaller version 
of that square, which was located within the larger square. In Condition 1, the 
small square was removed entirely during the animals' time in the large square. In 
Condition 2, the small square remained present, but allowed access to the large 
square through two doorways located opposite to each other.

The subicular cells in Condition 1 almost always kept the same firing pattern 
in the large and small square, and expanded/contracted the pattern to fit the 
dimensions of each. In contrast, hippocampal cells usually showed different firing 
patterns in the two squares (also see Muller et al, J.Neurosci.,1987). In 
Condition 2, subicular cells did not expand and contract. Rather, the same pattern 
was shown in the small square, regardless of whether the animal also had access to 
the entire large square. Regions of the large square outside of the small square 
showed unpredictable patterns. Hippocampal cells in Condition 2 were similar.

These data show that subicular cells can change the size of their spatial patterns 
to fit different sized environments. The cells do not, however, expand their 
patterns around boundaries. Supported by NSF grant IBN-9630891 to PES.

759.10
LESIONS OF THE LATERAL MAMMILLARY NUCLEI ABOLISH 
HEAD DIRECTION CELL ACTIVITY IN THE ANTERIOR 
DORSAL THALAMUS. M.L. Tullman* and J.S. Taube. Department of 
Psychology, Dartmouth College, Hanover, NH 03755.

Previous studies have shown that many neurons in the rat anterior dorsal 
thalamus (AD N) and lateral mammillary nucleus (LM N) discharge as a 
function o f the animal's head direction (HD) in the horizontal plane. 
Behavioral studies have demonstrated that the rat mammillary nuclei are 
critically involved in processing spatial information (Aggleton et al.,
1990; Sziklas & Petrides, 1998). Anatomical studies have shown that the 
A D N  receives a prominent projection from the LM N. Stackman & Taube 
(1997) showed that lesions o f the vestibular apparatus abolished A D N  HD  
cell activity and postulated that vestibular information may be conveyed  
to the A D N via the LMN. The current study was designed to determine 
whether lesions o f the LMN would abolish the HD cell signal in the ADN.

Three fem ale Long-Evans rats were trained to forage for food pellets in 
a gray cylindrical apparatus containing a salient white cue card.
Following two weeks o f training, bilateral electrolytic lesions were made in 
the LM N and recording electrodes implanted into the A D N. Follow ing  
surgical recovery animals were monitored daily for cellular activity and 
the presence o f HD cells. A total o f 60 cells were recorded in the lesioned  
animals. None o f these cells were classified as HD cells or were 
modulated by the animal's directional heading. For each animal, 
histological analyses confirmed that the lesions were com plete and that the 
recording electrodes had passed through the AD N. These results suggest 
the HD cell signal in the A D N  is dependent on inputs from the LMN. 
Furthermore, this finding supports the notion that vestibular information 
may be projected to the A D N  via the LMN.
Supported by NIMH grants M H 48924, MHO 1286.
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759.11

O N  T H E  B E H A V IO R A L  R E L E V A N C E  O F H E A D  D IR E C T IO N  
C E L L S. E.J. G olob*. A. C. W ong, and J.S. Taube. Department o f  
Psychology, Dartmouth C ollege, Hanover, NH 03755.

Studies have shown that many neurons in the anterior thalamic nuclei 
and associated lim bic structures discharge in relation to the animal's head 
direction (HD) in the horizontal plane. Current theories assum e that rats 
utilize the information provided by HD cells  when navigating. However, 
this assumption has not been tested thoroughly. Thus, two experim ents 
were conducted to assess the extent to which HD cell activity is related to 
the animal's behavioral choices while performing spatial memory tasks.

Expt. 1 approximated the procedures o f  M argules & G allistel (1988). 
Six rats were trained to locate a water reward placed in one o f four comers 
in a rectangular arena containing a cue card along one wall. HD cells were 
recorded during a series o f  two trial (sam ple-test) b locks. During the 
sample trial the animal searched all four corners and consum ed the water 
at one com er. For the test trial ~ l  min later the rat was reintroduced into 
the arena and allow ed to select one corner. Results showed that the rats 
usually chose either the correct com er or the diagonally opposite corner. 
For correct test trials, the HD cell's preferred direction remained similar to 
the sam ple trial on 70.3%  o f occasions. On incorrect trials the cell's  
preferred direction was consistent with the sample trial 63.0%  o f the time, 
even though the animal's behavioral response was directed 180° toward the 
opposite corner. W hen the rat chose one o f the other two corners, the 
cell's preferred direction was stable between the sample and test trial on 
45.5%  o f the blocks. These differences in directional stability percentages 
were not statistically significant. In a second experiment utilizing a spatial 
reference memory task, marked d issociations between a cell's preferred 
direction and the animal's behavioral response were also observed. These 
findings suggest that the inform ation provided by HD ce lls  does not 
always reflect the animal’s behavioral response, even in well-learned spatial 
tasks. Supported by NIM H grants M H 48924, M H 01286.

759.12

H E A D  PO SIT IO N  C O R R E L A T E S O F L A T E R A L  M A M M IL L A R Y  
CELLS: D IR E C T IO N , P IT C H  & A N G U L A R  V E L O C IT Y . R .W . 
Stackman* and J.S. T aube. Departm ent o f  P sych o lo g y , Dartm outh  
College, Hanover, NH 03755.

The rat lateral mammillary nuclei (LM N) influence spatial information 
processing (Aggleton et al, 1990; Sziklas & Petrides 1998), possibly via 
lim bic interactions with anterodorsal thalamus (A D N ) and postsubiculum  
(PoS). Head direction (HD) cells found in the A D N  and PoS, discharge as 
a function o f the rat's HD in the horizontal plane. The LM N are 
reciprocally connected with A D N  and receive PoS output, and thus are in 
an ideal position to influence HD signal processing. W e recently reported 
HD cells in the LM N (Soc. Neurosci. Abstr. 1996). To further define the 
circuitry supporting HD cell signal generation, we exam ined spatial 
correlates of LMN single units.

Female Long-Evans rats, implanted with LM N recording electrodes, were 
screened daily for sin gle-unit activity w h ile rats foraged food in a 
cylindrical arena. In addition to recording HD cells , we recorded non- 
directiona l cells  classified  as head pitch cells  (n = l4 ) , or angular head 
velocity (AH V) cells (n=38). Head pitch cells discharged when the rat's 
head orientation was orthogonal to the horizontal plane. M ost head pitch 
cells exhibited maximal firing when the rat’s head was oriented to near 
m axim al pitch (>+80° vertical). The firing o f head pitch ce lls  was 
independent of the rat’s location in the cylinder, rearing, or on-going  
behavior. Two populations o f AHV cells were found: (i) slow  AHV cells  
exhibited firing rates that decreased with faster head turns; and (ii) fast 
AHV cells w hose firing rates increased with faster head turns. Taken 
together, these data demonstrate that LM N ce lls  provide inform ation  
regarding the position and angular motion o f the head in both horizontal 
and vertical planes.
Supported by NIH grants DCOO236 (RW S), M H 48924, M H 01286 (JST).
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760.2760.1

FUNCTIONAL NEUROIMAGING OF HUMAN DIFFERENTIAL FEAR 
CONDITIONING C,N, Smith1*, D ,C  Knight1. D T, Cheng1. E.A, Stein2, and FJ. 
Helmstetter1,2 Department of Psychology1, University of Wisconsin-Milwaukee, 
Milwaukee, WI, 53201, Department of Psychiatry2, Medical College of Wisconsin, 
Milwaukee, WI 53226.
Previous studies investigating the functional neuroanatomy of human fear 
conditioning (Knight et al., 1997) revealed brain regions that discriminate between 
paired and unpaired training. The present study investigated how the brain learns to 
discriminate between one stimulus (CS+) that predicts an unconditional stimulus 
(UCS), and another stimulus (CS-) that does not. Participants were 9 healthy, 
human volunteers. The study consisted of two phases: acquisition and extinction. 
Acquisition consisted of four blocks o f ten light presentations where one color of 
light (CS+) was followed immediately by shock, whereas another color (CS-) was 
never followed by shock. In the extinction phase, two blocks consisting of both 
colored lights were presented, but neither was followed by shock. Galvanic skin 
response (GSR) was recorded to assess changes in a physiological index of anxiety. 
Images were collected on a Bruker Biospec 3T/60 scanner using a gradient-echo, 
echo-planar pulse sequence. Functional images were superimposed over anatomical 
slices. Activated brain voxels were identified through cross-correlation analysis 
(r=.4; p<OOl) with phase shifted reference waveforms which were created to reflect 
different responses to the stimuli, such as equal response to both lights or 
differential response to each color of light. The number of activated voxels was 
counted and compared across blocks. The striate cortex, anterior cingulate gyms, 
and superior frontal gyms contained voxels that coded for both equal and 
differential responding to the light, suggesting that these regions are more 
indiscriminate and code for multiple representations of the stimuli. However, 
activation in the superior temporal gyms was best represented only by a waveform 
that coded for differential responding to the two colors of light, suggesting this 
region can differentiate between stimuli of different salience. Supported by 
grants: MH50864(FJH), McDonnell Foundation(FJH), and DA09465(EAS).

RESPONSE VERSUS STIMULUS-BASED ANALYSIS OF FUNCTIONAL 
BRAIN IMAGES IN HUMAN FEAR CONDITIONING D.T. Cheng1*. D C. 
Knight1. C.N. Smith1. E.A. Stein2. & F.J. Helmstetter1,2 Department of Psychology1, 
University of Wisconsin-Milwaukee, Milwaukee, WI 53201 and Department of 
Psychiatry2, Medical College of Wisconsin, Milwaukee, WI 53226 

We have shown that Pavlovian fear conditioning produces large, learning-related 
changes in brain areas such as the anterior cingulate, VI, and thalamus (DM). Paired 
light-shock presentations result in an increased amount of tissue activated relative to 
unpaired controls (Knight et al., 1997). In the past, activated voxels were determined by 
a cross-correlation between fMRI waveform and an ideal waveform representing the 
light CS. This study further examined learning related changes during acquisition and 
extinction of conditional fear based on a cross-correlation between fMRI waveform and 
skin conductance response (SCR). Subjects received 15sec presentations of flashing 
light (CS+) that co-terminated with brief (O.5sec) electrical stimulation (UCS) in the 
learning phase. Half of the subjects continued to receive the UCS while the other half 
entered an extinction phase. Control subjects received unpaired electrical stimulation 
l5sec after the CS terminated followed by an ‘extinction’ phase. Whole brain saggital 
images were collected using a GE 1.5 Tesla Signa scanner (TR=3sec, TE=4Omsec, 
FOV=24cm, Flip Angle=9O°). A greater number of active voxels was found when using 
this subject-derived waveform compared to an ideal CS-only waveform. Regions that 
previously had not demonstrated group differences with an ideal waveform showed 
differences using this analysis. In prior studies, differences between groups in the 
amount of activated tissue in the amygdala were difficult to observe. However, using this 
behavioral response as an input vector, greater amygdala activation was seen between 
the paired and unpaired groups. The results indicate very different patterns of activation 
when using stimulus vs. response-based waveforms, these differences may reflect 
differential participation of brain regions during emotional learning expression. 

Supported by MH5O864 (FJH), The McDonnell Foundation (FJH), and DAO9465 (EAS)

760.3

GABAERGIC ANTAGONISTS BLOCK THE INHIBITORY EFFECTS 
OF SEROTONIN IN THE LATERAL AMYGDALA: A MECHANISM  
FOR MODULATION OF SENSORY INPUTS RELATED TO FEAR.
Grace E. Stutzmann* and Joseph E. LeDoux. Center for Neural Science, 
New York University, New York, NY, 10003.

Neurons in the lateral amygdala (LA) receive glutamatergic sensory 
input from the auditory thalamus and auditory cortex. The LA also receives 
a dense serotonergic projection from the dorsal raphe nucleus and the 5- 
H T 3 receptor subtype is found on GABAergic interneurons in the LA. 
Activation of these receptors may serve as a means to modulate the 
glutamatergic inputs and affect amygdala related behaviors such as fear 
conditioning and anxiety states. Past studies have shown that 5-HT inhibits 
glutamatergic activity in the LA. In the present study, we examined whether 
this effect occurs via activation of GABAergic interneurons. Single unit 
ex tracellu lar activ ity  in the LA was recorded in response to 
iontophoretically applied glutamate (10 mM, 5-40 nA), and concurrent 
application of 5-HT (20 mM, 40-70 nA) inhibited this activation in 12 of 13 
neurons. The GABAa  and GABAg antagonists (Bicuculline 5mM, 60-80 
nA; Saclofen 2OmM, 60-80 nA, respectfully) were iontophoresed with 
glutamate and 5-HT to determine if 5-HT's inhibitory effects can be reversed 
or blocked. Of the 12 neurons that were inhibited by 5-HT, concurrent 
application of the GABA antagonists reversed this effect in 75% (n=8) of 
these neurons. Application of the GABA antagonists alone had little or no 
effect on basal neuronal activity. We conclude that the 5-HT induced 
inhibition of glutam atergic activity may be through activation of 
serotonergic receptors (likely the 5-HT3 receptor subtype) on GABAergic 
interneurons. Supported by NIMH Grant R01-MH46516 and 1K02-MH00956.

760.4
INHIBITORY LTP IN THE LATERAL AMYGDALA INDUCED BY 
TETANIZATION OF THE THALAMO-AMYGDALA PATHWAY. X.F. 
Li*, M.G. Weisskopf, and J.E. LeDoux. Center for neural Science, New York 
University, New York, N.Y. 10003.

Most work on long-term potentiation (LTP) has involved studies in brain 
slices. In the present study, we used in vivo intracellular recordings to examine 
LTP in the pathway connecting the auditory thalamus (MGm/PIN) with the 
lateral amygdala (LA). Rats were anesthetized with urethane (1.6 g/kg, ip) and 
pyramidal cells in LA penetrated by stereotaxic procedures. Stimulation of 
MGm/PIN elicited a characteristic EPSP/IPSP sequence from these neurons. 
Most (6 of 7) cells had a fast-IPSP (<5Oms) and 5 of 7 also had a slow-IPSP 
(100-200ms). Following tetanization (100 Hz for 4 sec, or 300 Hz for 100 ms 
given 3 or 10 times at 1 sec intervals), a potentiated fast-IPSP was seen in all 7 
cells, and the slow-IPSPs were potentiated in the 5 cells in which they were 
present. Potentiation of the fast-IPSPs appeared to decline over 30 min, while 
potentiation of the slow-IPSPs persisted throughout the experiments (up to 60 
min). Changes in the EPSPs were difficult to assess, and may have been 
masked by the potentiation of the fast IPSPs. These results demonstrate that 
inhibitory circuits in LA undergo a form of activity-dependent plasticity 
comparable to so-called long-term potentiation (LTP) at excitatory synapses. 
During fear learning, the balance of excitation and inhibition within amygdala 
networks may be changed by excitatory and/or inhibitory LTP.
Supported by NIMH grants: R01-MH 46516, R37-MH38774 and 1K02- 
MHOO956.
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760.5
NMDA-INDEPENDENT LTP AT CORTICAL AND THALAMIC INPUT 
SYNAPSES TO THE LATERAL AMYGDALA. M.G. Weisskopf* and J.E. 
LeDoux. Center for Neural Science, NYU, NY, NY, 10003
Fear conditioning depends on the transmission of auditory inputs to the lateral 
nucleus of the amygdala from the thalamus and cortex and may require NMDA 
receptor activation within the amygdala. In-vivo recordings have shown that the 
NMDA receptor antagonist APV preferentially inhibits thalamic activation of LAd 
cells compared to cortical (Li et al., 1995), suggesting possible synaptic profile and 
plasticity differences. We used an in-vitro amygdala slice preparation to examine the 
physiology of synaptic input to this region. Both cortical and thalamic EPSCs onto 
cells of LAd consisted of two components. A fast component showed a linear 
current-voltage relation and was blocked by the non-NMDA antagonist CNQX 
(lOµM). A slower component had a region of negative slope conductance and was 
blocked by D-APV (25µM). In addition, we found that the ratio of NMDA to AMPA 
response is greater at thalamic synapses into LAd than at cortical synapses. These 
data confirm the previous finding that synaptic input to LAd is glutamatergic and 
could explain the differential APV sensitivity of action potentials elicited by 
thalamic and cortical stimulation in-vivo. Using a pairing protocol, LTP could be 
induced at both cortical and thalamic synapses, suggesting the involvement of 
postsynaptic mechanisms. In spite of the involvement of NMDA receptors in 
transmission in these two pathways, blockade of NMDA receptors did not prevent 
LTP induction in either. LTP induction was accompanied by a reduction in paired- 
pulse facilitation, suggesting that the expression of LTP depends on presynaptic 
mechanisms. Thus, plasticity at the input synapses in the amygdala involves both pre 
and postsynaptic changes, but does not depend on NMDA receptors. If NMDA 
receptors contribute to behavioral plasticity in the amygdala, their contributions are 
not likely to be at the input stage.
Supported by NIH grants: R01-MH46516 and F32 NS 10222.

760.7

SUBICULAR LESIONS IMPAIR RABBITS’ ANTERIOR CINGULATE 
CORTICAL NEURONAL RE-CODING OF BRIEF CONDITIONAL STIMULI 
AND PERFORMANCE OF DISCRIMINATIVE AVOIDANCE BEHAVIOR.
M. Gabriel*, H. Alitto, J. Cohen and C. Taylor. Dept, of Psychology and 
Beckman Institute, Univ. of Illinois, Urbana, IL 61801.

Lesions of the dorsoposterior subicular complex significantly attenuated 
cingulate cortical brief-latency training-induced neuronal responses recorded as 
rabbits learned to step in a large activity wheel in response to a footshock- 
predictive 500 ms tone (CS+) and to ignore a non-predictive tone (CS-) (Gabriel 
et al, Exp Brain Res, 67: 1987,131-152). In these studies the onset of the CS+ 
preceded shock onset by 5 sec. More recently the training-induced responses 
were shown to be of significantly greater magnitude to a brief (200 ms) CS than 
to more enduring (500 and 5000 ms) CSs (Sparenborg and Gabriel, Behav 
Neurosci, 104: 1990, 919-933). Here we tested the hypothesis that subicular 
afferents are necessary for the enhanced anterior cingulate cortical coding of a 
brief CS and for behavioral responding to such CSs. Contrary to expectation, 
rabbits with lesions acquired discriminative avoidance behavior normally with 
CSs of 100 msec. Moreover, neuronal coding of CS duration was intact in 
rabbits with lesions during overtraining, when blocks of training sessions with 
100-, 200- or 500 ms CSs were presented. Yet behavioral performance and 
neuronal coding were significantly impaired (p < .001 for both) when rabbits 
with lesions were shifted from the 100 ms training CSs to CSs of 200 ms. No 
behavioral impairments were found when the rabbits were shifted to CSs of 500 
ms. These results suggest that subicular afferents mediate behavior-relevant 
anterior cingulate cortical neuronal re-coding engendered by presentation of 
brief or otherwise non-salient CSs different from the CSs used for original 
learning. (Support: NIH NS3659l, DA11164-01, NSF BIR-9504842)

760.9

AGING-RELATED ALTERATIONS IN THE COVARIANCE OF CA1 
HIPPOCAMPAL SINGLE NEURON ACTIVITY IN LOCAL ENSEMBLES 
DURING TRACE EYEBLINK CONDITIONING IN THE RABBIT. M.D. 
McEchron*. A.P. Weible. and J.F. Disterhoft. Northwestern University Institute for 
Neuroscience, 303 E. Chicago Ave., Chicago, IL 60611 USA.

Aging has been shown to produce deficits in the ability to learn hippocampally- 
dependent tasks such as trace eyeblink conditioning. Recently, we have shown that 
CA1 hippocampal single neuron responses to conditioned and unconditioned stimuli 
(CS and US, respectively) presented during trace eyeblink conditioning are 
diminished in aged animals that do not acquire trace eyeblink conditioned responses 
(CRs) compared to young and aged animals that do acquire CRs. Recent work from 
several labs suggests that the ensemble code of CA1 single neurons may be altered in 
aged animals and may play a role in the aging-related alterations in CA1 firing. 
Therefore, the present study examined the coordinated firing (co-variance coefficient; 
Wilson and Tonegawa, 1997) of CA1 single pyramidal cells recorded locally from a 
single stereotrode probe implanted in aged (29-31 mo) and young (3-6 mo) rabbits 
during daily sessions (80 trials/session) of trace eyeblink conditioning. Each trial 
consisted of a tone-CS (100-ms duration) followed by a 500 ms empty trace interval, 
then a comeal airpuff-US (150-ms duration). A total of 173, 137, and 182 pyramidal 
cells were recorded from 6 young and 4 aged rabbits that acquired significant levels of 
CRs, and 4 aged rabbits that did not acquire CRs, respectively. Covariance 
coefficients were computed using 10- and 20-ms bins for pairs of cells recorded from 
each single stereotrode (4-15 cells/stereotrode). Analyses revealed that the mean 
coefficient from young and aged learners was greater than that of aged non-leamers 
throughout the CS-US trial and baseline. The mean coefficient of each group was also 
higher following the airpuff-US compared to other segments of the CS-US trial. 
These data suggest that the coordinated firing of CA1 cells may play a role in the 
processing of stimuli involved in trace eyeblink conditioning and may be altered in 
aging animals with learning deficits. Support: NIH AG05711, AGO8796, MH4734O.

760.6
CONTEXT CONDITIONING IS NOT INVOLVED IN FREEZING 
BEHAVIOR INDUCED BY ELECTRICAL STIMULATION OF THE 
DORSOLATERAL PERIAQUEDUCTAL GRAY. D.M. Luiz-Vianna.1 F.G. 
Graeff*.1 J. Landeira-Fernandez.2 3 1Lab. of Neuro-psychopharmacology, 
FFCLRP-USP, Brazil, 14049-901. 2Behavioral Neuroscience Lab. 
Psychology dept., PUC-Rio, Brazil, 22453-900. 3UNESA, Brazil, 20261- 
060.
Low intensity electrical stimulation of the dorsolateral periaqueductal gray 
(dIPAG) produces freezing, while higher intensities generate flight 
behavior. Following brain stimulation, animals also display freezing. It is not 
clear whether this freezing posture is a product of the dIPAG electrical 
stimulation or due to Pavlovian fear conditioning to contextual cues. The 
present work investigated this issue in two experiments. In the first one, 
rats were implanted with bipolar electrodes into the dIPAG. A week later, 
animals were electrically stimulated during 1-min periods, followed by 1- 
min intervals without any stimulation. Stimulation frequency was increased 
until the animals showed flight behavior. Control animals were placed in 
the same context for the same amount of time, without any stimulation. On 
the next day, all animals were re-exposed to the same context without 
brain stimulation. The obtained results showed increased freezing during 
dIPAG stimulation as well as during the inter-stimulus intervals. However, 
no difference between stimulated and control animals occurred when the 
rats were re-exposed to the same environment 24 h later. In the second 
experiment, immediately after flight was induced, half the animals were 
placed in a different context, while the other half was placed in the same 
context. Stimulated animals presented more freezing than control animals. 
However, there was no difference between stimulated animals placed in 
the same or in the different context. These results suggest that context fear 
conditioning is not responsible for the freezing behavior observed after 
dIPAG electrical stimulation. Supported by FAPESP and CNPq.

760.8
HIPPOCAMPAL THETA-TRIGGERED TRAINING TRIALS IN RABBIT 
CLASSICAL CONDITIONING. EFFECT ON LEARNING. M.A. Seaaer*.
Y. Asaka. E.S, Chabot. L.D. Johnson and S.D. Bern . Department of Psychology and 
Center for Neuroscience. Miami University. Oxford. OH 45056.

Many studies have shown links between patterns of hippocampal slow wave 
activity and neural responsiveness (e.g., conditioned unit responses, place cell firing, 
and LTP). At the behavioral level. Berry and Thompson (1978) reported that rabbits 
exhibiting a large proportion of slow wave frequencies in the theta range (2-8 Hz) 
learned nictitating membrane (NM) conditioning more rapidly than those with 
higher (8-22 Hz.) frequencies (r = .72). Interestingly, this measure was taken prior to 
training, making it a predictive relationship that must be reflecting a preexisting, 
nonassociative process.

Manipulations that disrupt theta activity (e g., medial septal lesions and 
cholinergic antagonists) also delay acquisition. Conversely, a manipulation that 
increased the proportion of theta activ ity in the hippocampus (w ater deprivation) 
significantly enhanced learning rate compared to ad lib controls (Berry & Swain. 
1989). The predictive relationship between theta and learning rate was replicated 
(r = .84). and the slow wave state was actually a better predictor of learning than 
treatment group (deprived vs ad lib).

While the two studies above sampled theta prior to conditioning, the current study 
monitored activity "on-line” and initiated individual trials contingent upon levels of 
this activity'. Recordings were taken from stratum oriens of CA1 filtered at 1-25 Hz 
and digitized at 100 Hz by a PowerMac 7100 with a National Instruments I/O board 
(Lab-NB). Labview softw are computed a pow er spectrum from the output of a fast 
Fourier transform. One group of animals was given trials only when exhibiting theta 
activity w hile another group was given trials only when they were not in theta. Each 
rabbit was assigned a yoked control that received the same number of trials per day 
w ith the same intertrial interv als, regardless of brainw av e frequencies.

760.10
EFFEC TS OF KAINIC ACID LE SIO N  O F R E D  NU C L EU S ON THE  
M ULTIPLE U N IT ACTIVITIES OF TH E CEREBELLAR
i n t e r p o s γ γ u s  n u c l e u s  a n d  t h e  h i p p o c a m p u s , s . y .
K w ack. J . W. R vou , Y. B. Kim  and H. T. Kim . D ep t, o f  P sych o logy , 
K orea U n iv ., S eo u l 136-701, K orea.

Recently, we have studied the possible interaction between the cerebellum 
and the hippocampus(HIP) during the classical conditioning of nictitating 
membrane(NMì responses. These and other studies indicated that conditioned 
neuronal activities in the HIP depends on the cerebellum and that 
learning-related inputs from interpositus(fNT) via red nucleus(RN) may be
critical for these conditioned neuronal activities in the HIP. However in these 
previous studies, electrolytic lesions of RN might interrupt cerebellothalamic and 
other efferent fibers passing nearby. To avoid these possibilities, the present 
study was conducted with kainic acid to lesion the RN. The RN lesion effects 
were captured simultaneously both in HIP and INT neuronal activities. Rabbits 
were first given unilateral RN lesion by microinjecting the kainic acid, and 
followed by classical delayed conditioning with 450 msec inter-stimuius interval. 
The conditioned stimulus was a tone(lKhz, 85dB, 550msec duration), and the 
unconditioned stimulus was acomeal air puff(3 psi, 100msec duration). Group 
with RN lesion failed to establish conditioned responses and to develop 
learning-related activities in HIP but not in INT. These results suggest and
extend previous reports that learning-related activities in the HIP in rabbit's NM
conditioning depend on the intact input from INT via RN. (Suppoted by KRF 
01 C 0461).
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760.11
FOUR CHANNELS MULTIPLE-UNIT RECORDING STUDY WITH 
LESIONING AND STIMULATING THE RED NUCLEUS DURING 
CLASSICAL CONDITIONING OF NICTITATING MEMBRANE RESPONSE.
S. Y. Cho1*. B. H. Kim1. T. K. Lee1. S. Y. Hvun2. and H. T. Kim1. 
Dept, o f  P sychology , K orea U niv., Seou l 136-701, K orea1. D ept, o f  P sychology. Taegu  
Univ., K yungsan. 713-714, K orea2.

Previous four-channels recording study showed the red nucleus(RN) would 
be involved actively in producing CR. The CR-related activities of RN precede 
those o f the cerebellar interpositus nucleus(INT) in the CR trials, and the onset 
latencies of CR-related activities of RN across the CR trials are related to 1S1 
more than behavioral onset latencies. This is opposite INT. We examined the 
effects of lesion and stimulation of RN to behavioral responses and multiple-unit 
activities of INT, the dorsal accessory inferior olive(DAO), the spinal 
trigeminal nucleus(SpV), and the hippocampal CA1 area(HCAl). The kainic 
acid lesion of RN after learning reduced the CR-related activities of HCA1 and 
to a less extend INT, but not DAO and SpV, across whole session. However, 
when the CR trials and the noCR trials were divided, we can found that 
the patterns of neuronal response in CR/noCR trials w*>re not changed in 
HCA1 after lesion. HCA1 continued to show the neural model in even a 
few o f our CR trials, but not in noCR trials. RN stimulation is to simulate 
its CR-related activities preceding behavioral CR. We put the stimulation 
train(100Hz, 0.2msec pulse width) during the middle(80msec) o f ISI with 
sub-threshold intensity) 30-60/A) so as n°t to elicit behavioral response 
directly. Rabbits trained by typical CS and US with timed RN stimulation 
acquired robust CR very quickly(90± 25.3trials to criterion) as compared with 
control(260± 85.7). And they showed strong resistance to extinction. These 
results suggest the involvement o f RN would not be confined to CR output 
pathway, but rather extend to automation o f CR to maximize the efficiency 
of behavioral responses. (Supported by KOSEF #981-0509-146-2)

760.12
POSSIBLE ORIGIN OF THE COMPONENTS IN THE CONDITIONED EYEBLINK 
RESPONSE. M. Ivarsson*. P. Svensson and G. Hesslow. Dept, of Physiology & 
Neuroscience, Lund University, S-223 62 Lund, Sweden.

The unconditioned blink reflex in mammals consists of several distinct components 
and it has recently been shown that the conditioned eyeblink response (CR) also 
consists of at least two components. The aim of this study was to investigate the 
possible origin of the CR components.

Decerebrated ferrets were trained in a classical conditioning paradigm. The 
conditioned stimulus was a train of electrical stimuli (15 pulses, 50 Hz) applied to 
either the forelimb (1mA) or the brachium pontis (60-100µA) and the unconditioned 
stimulus was a train of electrical stimuli (3 pulses, 50 Hz, 3-4 mA) to the periorbital 
region. The CRs were studied by recording EMG from the orbicularis oculi muscle 
(m.o.o.). The eyeblink CRs in well-trained animals show a first, phasic component 
called CR1, followed by a pause and then a second, less distinct, component, CR2.

The findings were: a) Direct stimulation of the brachium pontis elicited CRs with 
components, similar to the CRs elicited with the forelimb CS, suggesting that the 
components are not caused by delays in precerebellar input, b) The outflow pathway 
from one cerebellar hemisphere was lesioned and the CR was studied on the 
nonlesioned side. No apparent difference in the CR topography was seen after the 
lesion and both CR1 and CR2 were present when the output from only one cerebellar 
hemisphere was intact, c) If activity from other parts of the m.o.o. caused CR1 or CR2, 
simultaneous recordings from different parts of the lower eyelid would show different 
patterns of activation. The EMGs from the different sites were very similar.

In conclusion, this study shows that CR1 and CR2 do not originate on the input side 
to the cerebellum, are not caused by a combination of output from the cerebellar 
hemispheres and finally are not caused by intrinsic properties of the m.o.o.
Funded by: The Swedish MRC (no.09899), the Knut & Alice Wallenberg foundation.

760.13

CORTICOSTERONE ADMINISTRATION ALTERS EXTINCTION 
OF AN INSTRUMENTAL RESPONSE. R.L. Port*' T.L. 
Finamore. M.L. Soltrick and K.S. Sevbold Dept 
of Psychology Slippery Rock University, Slippery 
Rock, PA 16057.

Corticosteroids may influence a variety of 
cognitive processes including acquisition and 
extinction of instrumental behaviors. We have 
previously noted a significant negative 
correlation between the magnitude of the 
corticosterone response and behavioral 
performance during extinction (Port et al 1996). 
The present experiment examined effects of 
corticosterone or dexamethasone treatment on 
extinction of an appetitive instrumental 
response. Adult male Sprague-Dawley rats (n=3O) 
were trained to a criterion of >100 responses on 
two consecutive days. Afterward, subjects were 
given sc injections of corticosterone (2 mg), 
dexamethasone (40 ug) or vehicle-alone ninety 
minutes prior to a nonreinforced (extinction) 
session. Analysis of numbers of responses 
indicated corticosterone reduced average rates 
(28.2) in contrast to control (59.6) or 
dexamethasone (68.1) groups. Thus, elevated 
levels of corticosterone are not only evoked by 
removal of reinforcement but may play a 
significant role in the extinction of 
nonreinforced behaviors. Supported by SRU.

760.14

P300 EVENT RELATED POTENTIAL AMPLITUDE IN RATS IS A 
CORRELATE OF CONDITIONED REINFORCEMENT.

W. D. Klipec*. S. Faux. L. Karns. B. Beenken and A. Grippo 
Department of Psychology, Drake University, Des Moines, IA 50311 

Recent experiments in our laboratory have documented a methodology for 
recording robust P300 event related potentials in rats. In these experiments as 
well as the present experiment, a contingency shaped model of the human 
"oddball1 paradigm was employed in which rats were shaped to press a lever for 
food reinforcement where a 4.4 -KHz target tone cued the insertion of the bar 
which retracted following a single reinforced response, while a 2.9 KHz nontarget 
tone was randomly presented. Brain activity was recorded through stainless steel 
electrodes implanted 1-mm into the brain at 1-mm (Pz) posterior to Lambda, and
3-mm (Cz) and 7-mm (Fz) anterior to Lambda, and bilaterally 8-mm anterior to 
Fz serving as an indifferent (Nz) and an isoground. One previous experiment 
manipulated nontarget to target ratios demonstrating that the P300 amplitude, in 
rats as in humans, was a direct function of the rarity of the target tone. In the 
second experiment, a robust baseline P300 was substantially diminished when the 
target tone failed to predict lever insertion (extinction), and reinstated when the 
lever was reactivated (reacquisition). These experiments suggested to us that the 
P300 was a correlate of the conditioned reinforcing properties of the target tone. 
To further test this hypothesis, the present experiment compared the amplitude of 
the P300 response to the click of the food dispenser to the amplitude of the P300 
response to the target tone. Based on this conditioned reinforcement hypothesis, 
one would expect a stronger P300 to the click, since the click is a conditioned 
reinforcer closer to the primary food reinforcer in the behavioral chain than the 
target tone. In the present experiment, supporting the conditioned reinforcement 
hypothesis, the P300 amplitude to the click was greater than the P300 to the target 
tone. These experiments strongly suggest that the P300 is a brain response which 
is a correlate of conditioned reinforcement.
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761.2761.1

CIRCADIAN FLUCTUATION OF [,4C]2-DEOXYGLUCOSE IN THE CHICK 
BRAIN. E. L. Hansen* and V. M. Cassone. Department of Biology, Texas A&M 
University; College Station, TX 77843-3258.

Previous studies have shown that [14C]2-deoxyglucose (2-DG) is rhythmically 
taken up by many regions of both mammalian and avian brains. Such regions 
include the mammalian suprachiasmatic nucleus (SCN) and the avian SCN 
homolog, as well as several primary visual structures. The purpose of this study 
was to determine whether similar structures in the chick brain also display a 
circadian pattern of 2-DG uptake, since many important molecular components of 
the avian circadian clock have recently been isolated and cloned in this species. 
Many visual structures in which uptake was rhythmic, including the Nucleus 
rotundus and the ectostriatum, whose 2-DG uptake peaked during the day. We 
also found that the region o f the chick brain believed to be the avian homolog of 
the mammalian SCN, the visual suprachiasmatic nucleus (vSCN), to be rhythmic 
in uptake, both in LD and in DD. The vSCN showed peak uptake during the day 
and troughed during the night. The cerebellum, did not display a circadian rhythm 
in uptake. This study indicates that chick central nervous metabolism is regulated 
by a circadian clock.
Acknowledgment: NIH ROl NS 35822-01

PET study of human circadian system

Y, Sudo12*. T, Suhara1’2. Y. Nakashima1. K, Yoshikawa'. K. Suzuki', T. Nichols3,

T. Okauchi12, T. Sassa1, S. Tanada1. 1) Div. advanced technology for medical 

imaging, Natl. Inst. Raiol. Sci. Chiba 263-8555, JAPAN; 2) CREST, Japan 

Science Technology Agency ; 3) Dept Statistics, Carnegie Mellon Univ.

The human circadian rhythms can be entrained and phase shifted by the 

zeitgebar light and by exogenous melatonin administration. To investigate brain 

mechanisms involved in the human circadian rhythms, regional cerebral blood 

flow(rCBF) was assessed during exposure to bright light(50001ux). Eight male 

healthy subjects participated in the study. Subjects took either placebo or 3mg 

melatonin in a crossover manner. rCBF was measured with Siemens HR+ PET 

system and [l5O]water. Data were analyzed using SPM96.

Compared with resting state in the complete darkness, administration of 

melatonin, as well as bright light, showed significant activation in occipital 

cortex and deactivation in prefrontal cortex and precuneus. As both of these two 

stimuli have phase shifting effects on human circadian rhythms, 

activated/deactivated foci would play an important role in the human circadian 

rhythms.

This research was supported by the PET project o f  NIRS and CREST.
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761.3

T H E M O U SE  C IR C A D IA N  S Y S T E M  B E C O M E S  U N R E S P O N S IV E  
TO LIGH T AFTER “SA TURATING” LIG H T-IN D U C ED  PHASE DELAYS. 
A li K h am m an iv o n g  and D w igh t N e lso n *. D ep a rtm en t o f  B io logy, 
University o f  St. Thom as, St. Paul, M N 55015 

M any studies have examined the sensitivity o f  the circadian photic entrainm ent 
pathway in m ice using single light pulses. W e have begun to characterize changes 
in the light sensitivity in this pathw ay caused by an initial stimulation. Mice 
(C57BL/6J) were entrained for at least 3 w eeks to a 12:12 LD cycle and then 
placed into single cages equipped to m onitor running wheel activity using a data 
acquisition system  (Chronobiology Kit, Stanford Software). A fter at least 1 more 
week in LD, m ice w ere trans-ferred to constant darkness. After 7 days o f  DD, 
light pulses were individually presented to m ice at CT16. M ice (5-10 per group) 
were exposed to either one 15-min pulse, one 30-min pulse, or two 15-min light 
pulses separated by durations o f  darkness from 1-104 min. All stimuli were 
“ saturating” white fluorescent light o f  640 µW (-5 0 0 0  lux) and should have 
induced a m axim um  phase delay at CT16. After 2 weeks the steady-state phase 
shift o f  the circadian activity rhythm was m easured for each animal. Results 
suggest that the m ouse circadian system is unresponsive to light following the 
initial light pulse. The initial stim ulus induced a phase delay o f  104 ±  12 min (× ± 
SEM). Phase delays induced by 2 pulses separated by 1, 15 or 104 min were 85 ± 
23, 114 ± 8 and 108 ± 9 min respectively and were not differ significantly from 
shifts induced by a single pulse. These results are sim ilar to results obtained from 
ham sters using phase advances and suggest that the light responsiveness o f  the 
m am m alian photic entrainm ent pathway is greatly reduced by an initial light 
stimulation or by the response an initial stim ulus induces in the circadian pace
m aker. The m echanism  for this reduction in light sensitivity rem ains a mystery.

761.5

CHANGES IN THE TOTAL AMOUNT OF PROTEIN OVER THE CIRCADIAN 
CYCLE IN THE NERVOUS SYSTEM OF CRAYFISH. 'θ . Castañón-Cervantes. ¾ .-A  
Battelle. and ’M, L. Faniul-Moles*. ’Lab. Neurofisiología Comp. Fac. Ciencias, UN AM. 
AP. 70-371, 04510 México. D.F. 2Whitney Laboratory.and Department of Neuroscience, 
University of Florida, St. Augustine FL. 32086.

Cyclic changes in various physiological functions in animals have been correlated to 
circadian or diurnal variations in the content of several biomolecules. Some of these 
molecules, specially proteins, are fundamental components of circadian clocks. Here we 
present evidence for cyclic changes in the total protein content of two structures of the 
crayfish central nervous system, the cerebral ganglion and the optic peduncle (eyestalks). 
120 adult crayfish (Procσmbarus cìarkü) were field collected and acclimated to the lab. 
Two groups of animals were formed: 1. Animals entrained to a 12 h light: 12 h dark (LD) 
cycle (lights on at 0700 h) for seven to ten days. 2. Animals entrained as described above, 
then exposed to 72 hours of continuous light (100 lx). Animals from both groups were 
sacrificed at different times of day and the cerebral ganglion and the eyestalks of each were 
assayed for protein (Lowry et al, 1951). Protein content was expressed per mg tissue wet 
weight and per structure. Statistical significant changes in total twain protein were detected 
during the course of the day for both groups. Protein content was highest at the time of 
light-onset, was lowest at the time of light-offset, and rose during the subjective night. 
Results with the eyestalks were more complex In Group 2 animals, protein content was 
significantly higher during the subjective day than during the subjective night, and there 
was a significant elevation in protein content per structure at 1500 and 1900 h. No 
significant changes in protein content were detected in the eyestalks of animals reared 
under LD conditions. Changes in protein content in the brain, and perhaps also the 
eyestalks, indicate circadian variations in protein synthesis and/or degradation that could 
relate to some of the well known circadian rhythms of this nocturnal crustacean. This work 
was supported by PAP¤T grant No. IN2O9397 andNSF IBN 9631565.

761.7

EFFECTS OF AGE ON THE C IRC AD IAN RHYTHM  AND EYE O F  
A P L Y S IA  C A L I F O R N IC A .  S. Hattar*, A Eskin, J. L e ve n so n . Dept, of 
Biology and B iochem istry, University of Houston; Houston, TX 77204.

The circadian rhythm of compound action potentials (C AP s) 
generated by the eye of A p ly s ia  is significantly dam ped with age. 
Additionally, we observed in m any cases that old animals had cloudy  
lenses (“cataracts”). CAP rhythms from “old” eyes with cataracts were  
severe ly  dam ped and often arrhythmic. To determine w hether these  
observations were due to degeneration of the retina, w e investigated  
age-related morphological changes. W e observed no changes in retinal 
m orphology with age from eyes w ith clear lenses. H ow ever in e ye s  
with cataracts, several changes in retinal m orphology were seen. W e  
observed degeneration of the microvillus layer between the retina and 
lens, and the appearance of large, vacuolar regions w ithin the retina. 
Also, some of the lenses with cataracts were detached from the retina.

W e also observed an increase in free-running period (τ) o f the CAP  
rhythm with age. Because inhibitors of macromolecular synthesis affect 
τ, we investigated changes in RNA and protein synthesis with age. W e  
observed significant linear increases in both RNA and protein syn thes is  
with age. Furthermore, prelim inary data suggests that a rhythm in mRNA  
abundance of ApC/EBP is dam ped in eyes from old animals.

Changes in m acromolecular synthesis over the life of the animal m ay  
contribute to the changes observed in amplitude and τ of the CAP  
rhythm. The retinal m orphology of eyes w ith cataracts suggests neural 
degeneration m ay be responsib le for the severe damping and 
arrhythm icity observed in the old eyes with cataracts. T h is  w o r k  w a s  
s u p p o r t e d  b y  N IM H  M H 4 1 9 7 9 .

761.4

ABNORMALITIES OF HORMONAL CIRCADIAN RHYTHMS IN BOTH 
STRESSED PREGNANT FEMALE RATS AND PRENATALLY-STRESSED 
OFFSPRING. M. Koehl, M. Damaudéry, J. Dulluc, O. Van Reeth, M. Le Moal 
and S. Maccari*. Laboratoire de Psychobiologie des Comportements Adaptatifs, 
INSERM U. 259, 33077 Bordeaux, France

Stressors occurring during pregnancy can impair behavioral traits and biological 
responses to stress. A recent feature of the prenatal stress (PS) model is its reported 
influence on the daily pattern of corticosterone secretion in male adult offspring. To 
further investigate PS-related changes in circadian rhythmicity, we have here 
studied the daily pattern o f plasmatic levels o f adrenocorticotropin, corticosterone 
and glucose, as well as that o f hippocampal corticosteroid receptors in both male 
and female adult rats whose mothers had undergone prepartal stress. Since the 
phase setting of the offspring circadian rhythms depends on both pre- and postnatal 
maternal factors, we have also studied the effects of prepartal stress on 
corticosterone secretion and nest presence patterns, respectively in pregnant and 
lactating females. Results demonstrate that PS induces a phase advance in the 
circadian rhythm of corticosterone in both male and female offspring, whereas the 
circadian rhythm of adrenocorticotropin is not modified in any gender. Prenatally- 
stressed male and female exhibit a reduction of corticosteroid receptors at specific 
times of the diurnal cycle and prenatally-stressed females show an hyperglycemia 
over the entire diurnal cycle. Pregnant females submitted to prepartal stress exhibit 
an alteration of their corticosterone secretion pattern, as well as an inversion in the 
moming/evening pattern of nest presence during the lactation period. These data 
indicate that PS alters the circadian synchronization of an organism with its 
external environment, and raise the possibility that this alteration might be 
mediated by modifications of both pre- and postnatal maternal factors.

761.6

Glucose utilization in the fish retina exhibits a diurnal rhythm.
A.V. Dmitriev’. T.R. N agy2. S.C. M angel1* . ‘Dept, o f  Neurobiology, 
2Dept. o f  Nutrition Science, Univ. o f  Alabama at Birmingham.

A circadian clock regulates the extracellular pH (pH0) o f  the fish retina 
so that pH0 is lower at night than in the day (Dmitriev and Mangel,
1997), suggesting that the clock increases the metabolic activity o f  the 
retina at night. We thus studied whether a diurnal rhythm o f  aerobic or 
anaerobic metabolism exists in the retina by measuring glucose and 
lactate levels in the day and night. After surgery under dim light, intact 
neural retinas were maintained in the dark for 5 min in oxygenated 
bicarbonate-based Ringer containing 10 mM glucose, and then frozen on 
dry ice. G lucose and lactate concentrations were measured using an 
Ektachem DTII 60 System. The glucose concentration was always lower 
in the tissue than in Ringer, because retinas use glucose in their 
metabolism. The glucose concentration in retinas during the night (4.72 
± .28 (SEM) mM; n=7) was lower (ρ<.05) than during the day (5.96 ±
.37 mM; n=6). The difference between glucose in Ringer and in retina 
during the night (5.28 mM) was about 131% that in the day (4.04 mM), 
indicating a higher level o f  glucose utilization at night. The lactate 
concentration depended on the amount o f  glucose used, and not on the 
experimental conditions, so that about 40% o f  the glucose turned into 
lactate in both the day and night. These findings indicate that there is a 
diurnal rhythm o f  glucose utilization in the retina, but not a rhythm in the 
proportion o f  aerobic to anaerobic contributions to metabolic activity. 
Supported by grants from the NIH, NSF, and U AB Obesity Res. Center.

761.8

CIRCADIAN RHYTHMS IN ISOLATED NEURAL TISSUES OF D R O S O P H IL A  
ENTRAIN TO LIGHT AND TEMPERATURE CYCLES. K. K. Siwicki*.
L. Matthews. E. Falke. Department of Biology, Swarthmore College, 
Swarthmore, PA 19081

The link between D ro s o p h ila  clock genes and circadian behavior can 
be explored in isolated neural tissues in culture by m onitoring p e r io d  
{ p e r )  gene expression with a lu c i f e r a s e  ( l u c ) reporter. Cultured  
preparations of the central nervous system - ring gland com plex (CNS- 
RG) are of particular interest because of the RG’s crucial role in 
eclosion and its high nuclear expression of PER. In previous work, 
cultured CNS-RG preparations from wild type prepupae expressed PER 
protein rhythms in 12h light: 12h dark cycles. Preparations cultured  
from p e r - lu c  prepupae exhibited rhythms of luciferase activity in 
constant darkness for up to 7 days (Emery et al., 1997, PNAS 94: 
4 0 9 2 -4 0 9 6 ) .

The entrainment properties of CNS-RG preparations were tested by 
exposing cultures to oppositely phased entrainment regimes for 3 days, 
then monitoring luciferase rhythms in constant darkness. Cultures  
maintained for 3 days in oppositely phased 12h light: 12h dark cycles 
displayed oppositely phased luciferase rhythms when transferred to 
constant darkness. In sim ilar experiments, after 3 days in oppositely 
phased temperature cycles (12 h 25°C/12h 18°C), CNS-RG cultures  
exhibited oppositely phased luciferase rhythms in constant darkness. 
The results demonstrate that isolated CNS-RG preparations include 
sufficient machinery for entrainment of clock gene expression to 24h 
cycles of either light or temperature.

Supported by NSF #IBN-9310256, HHMI and Merck
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761.9

FRMFAMIDE CO-LOCALISES TO A SUBSET OF PDH CELLS IN THE FLY'S 
OPTIC LO BE. E. Pyza* & I. A. Meinertzhagen 1. Zoological Museum, Institute of 
Zoology, Jagiellonian University, Ingardena 6, 30-060 Kraków, Poland; and *Life 
Sciences Centre, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1.

The first optic neuropile, or lamina, of the fly's optic lobe exhibits a number of 
structural circadian rhythms. Some widefield modulatory cells involved in regulating 
these exhibit immunoreactivity (PDH-IR) to anti-ß-PDH, pigment dispersing hormone.
In Drosophila, these 8-10 so-called PDH cells, 4-6 with large somata and 4 small cells, 
correspond to the ventral cluster of lateral neurons that co-express the period gene required 
for circadian rhythms. Some PDH cells, or similar cells at the anterior medulla, are also 
suggested to be immunoreactive to anti-FMRPamide (FMRF-IR). Here, we demonstrate 
that PDH-IR colocalises with immunoreactivity to PT-2, a rabbit polyclonal against 
FMRF (Sigma) when used at 1:2000 on tissue fixed in 4% PFA. Co-localisation exists 
for the 4 large PDH somata in both Musca and Drosophila, but some differences exist 
between the two species. In Musca , the anterior medulla (having somata of tangential 
cells) has other FMRF-IR cells not PDH-IR, especially in the region of the small PDH 
cells. Probably 5-6 cells in the superior protocerebrum are PDH-IR, of which 2-3 also 
show FMRF-IR. Sets of peptide immunoreactive fibres occur in the medulla neuropile: 
two PDH-IR, two FMRF-IR, and one doubly immunoreactive. Some neurites in the 
more distal lamina neuropile may be doubly immunoreactive but FMRF-IR is too weak 
to confirm this. This is also true for the posterior optic tract (POT) which is strongly 
PDH-IR but weakly FMRF-IR: probably only 1 FMRF-IR fibre enters the POT but 
there are several PDH-IR fibres. There are also many FMRF-IR cells, probably amacrine 
cells, in the medulla. In Drosophila, clear co-localisation is seen only in the 4 large 
PDH cells. Mostly we see 2 cells, sometimes 3, but presume that there may actually be 
4 double-stained cells, not all clearly visible in a single section. In the lateral 
protocerebrum 2 cells are exclusively FMRF-IR, and in the more central protocerebrum 2 
more large FMRF-IR cells lie on the left and the right sides of the brain. The possible 
involvement of FMRFamide in the circadian system increases the number of candidate 
transmitters and neuromodulators involved in the lamina's circadian regulation.

Supported by grants to EP (HHMI 75195-543102) and to IAM (MRC MT13242).

761.11

CIRCADIAN REGULATION OF CALCIUM  IN SCN NEURONS.
C.S.C olw ell*. Dept, o f  Psychiatry and Biobehavioral Sciences, Univ. o f  
California- Los A ngeles, 760 W estwood Plaza, LA, CA 90024.

A major goal o f  the field o f  circadian rhythms is to understand the 
cellular/molecular mechanisms by which light acts to synchronize the 
circadian oscillator located in the suprachiasmatic nucleus (SCN). Previous 
work has shown that glutamate is a transmitter at the RHT/SCN synaptic 
connection and that NM D A receptors play a critical role in mediating the 
response o f  the circadian system to photic stimulation. The NM DA receptor 
gates an ion channel that is permeable to calcium (Ca2+) and most o f  the 
known cellular consequences o f  NM D A receptor activation are due to this 
regulation o f  Ca2+. This suggests that a light-induced Ca2+ influx in the SCN is 
part o f  the signal tranduction cascade that underlies light-induced phase shifts. 
One appeal o f  this hypothesis is that previous studies have shown a role for a 
Ca2+ influx in mediating the effects o f  light on the circadian system o f  
mollusks. In order to address this hypothesis, experiments were performed to 
better define glutamatergic regulation o f  intracellular Ca2+ concentration in 
SCN cells and to examine the possibility o f  circadian variation in this 
regulation. These studies were carried out using fluorescent Ca2+ imaging o f  
neurons in a rat brain slice preparation. Initial results indicate that cells in the 
SCN express a daily rhythm in resting Ca2+ with levels peaking during the 
day. In addition, these cells show a daily rhythm in their response to 
glutamatergic stimulation with peak changes in Ca2+ observed during the 
night. These rhythms in Ca2+ concentration may play an important role in 
driving daily rhythms in secretion and gene expression in the SCN as well as 
play a role in determining the response o f  the circadian system to photic 
stimulation.

761.13

MODULATORY EFFECT OF MEDIAN RAPHE NUCLEUS STIMULATION ON 
PHOTIC PHASE SHIFTS OF HAMSTER CIRCADIAN RHYTHMS IS BLOCKED 
BY 5,7DHT LESIONS OF THE SUPRACHIASMATIC NUCLEI (SCN). M, J. 
Cato, E.T, Weber and M,A.Rea*. Biological Rhythms and Integrative Neuroscience 
Institute, Air Force Research Laboratory (HEPM), Brooks AFB, Texas, USA.

Serotonin (5-HT) appears to serve as an important modulator of the response of 
the SCN circadian clock to light (Pickard & Rea, 1998). Recently, we reported that 
electrical stimulation of the median raphe nucleus (MRN) attenuated light-induced 
phase shifts of the free running activity rhythm in hamsters. To determine whether 
the inhibitory effect of MRN stimulation was due to release of 5-HT in the SCN, we 
investigated the effects of 5,7-DHT lesions of 5-HT-containing terminals in the 
SCN on the attenuation of photic phase advances resultant from electrical 
stimulation of the MRN in hamsters.

Groups (n=l5) of male, Syrian hamsters with bipolar electrodes stereotaxically 
implanted in the MRN received bilateral injections of either saline vehicle (CON 
group) or 5,7-DHT (DHT group) into the SCN. Two days after surgery, animals 
were placed in wheel cages under LD 14:10 for 10 days, followed by transfer to 
constant darkness (DD). After 14 days in DD, animals were removed from their 
cages at circadian time 19 and exposed to light (L = 20 lux) for 10 minutes. Some 
animals received concurrent electrical stimulation (S = 10 Hz, 0.3 mA, 2 ms pulse 
width) of the MRN. Hamsters were returned to their cages and the effect of 
treatment on the phase of the free-running activity rhythm was assessed. Electrode 
placement and completeness of the 5,7-DHT lesions were verified histologically. In 
the CON group, MRN stimulation resulted in a 66% decrease in the magnitude of 
photic phase advances (L= 90+6 min; L+S=31+8 min; p<0.01). However, MRN 
stimulation in the DHT group failed to attenuate photic phase advances (L=68+ l l  
min; L+S=63+12 min). The data indicate that the inhibitory effect of electrical 
stimulation of the MRN on photic phase shifts is mediated by the release of 
serotonin in the SCN. Supported by AFOSR 92-NL-004 (MAR).

761.10
INTRACELLULAR CALCIUM IMAGING WITH LOW-DENSITY CELL 
CULTURES FROM THE ADULT MOUSE SUPRACHIASMATIC 
NUCLEUS. M.E. G eusz1* and A. Periasamy2. ¾ ep t. of Biological 
Sciences, Bowling Green State Univ., Bowling Green, OH 43403; 2Dept. 
of Biology, Univ. of Virginia, Charlottesville, VA 22903.

Evidence suggests that neurons in the suprachiasmatic nucleus (SCN) 
of the mammalian hypothalamus are circadian pacemaker cells and 
should be capable of near 24-hour rhythms in spontaneous electrical 
activity when in complete isolation from each other. With the ultimate 
aim of testing this hypothesis, a method was developed to maintain adult 
SCN neurons in dispersed cell culture at very low  density and to measure 
changes in intracellular Ca2+ that reflect neural activity. By using adult 
cells, direct comparisons should be possible w ith circadian rhythms 
recorded from adult SCN brain slices and tissue explants.

SCN cells were dissociated from 2-month old mice (C3H /B6) and 
plated onto glass coverslips coated with laminin and poly-D-lysine in 
culture m edium  containing basic fibroblast growth factor at 10 n g /m l. 
Round cells, 11.6 +1.0 µm (SD) in diameter, developed thin, beaded 
processes over 100 µm long that first appeared after 2-3 days in culture. 
These cells were identified as neurons by their m orphology and by 
intracellular Ca2+ increases throughout their soma and processes in 
response to 50 µM N-methyl-D-aspartate. Cells appearing to be 
oligodendrocytes could be distinguished from neurons by their shape 
and larger diameter (15.8 +0.3 µm). Glial cells were scarce and did not 
readily proliferate. Neurons survived for at least 20 days at densities of 
less than 1 0 /cm2 indicating that these cultures should be useful for testing 
circadian pacemaker cells in isolation. Supported by the NSF Center for 
Biological Timing and the UVA Center for Cellular Imaging.

761.12

GABA-MEDIATED INHIBITION OF NEURONAL FIRING IN THE RAT 
SUPRACHIASMATIC NUCLEUS DURING CIRCADIAN DAY.
G.J, Strecker*, W,K, Park and F.E. Dudek. Dept, of Anatomy and Neurobiology, 
Colorado State University, Fort Collins, CO 80523-1670, USA.

GABA is the main neuroransmitter in the suprachiasmatic nucleus -  a critical 
area in the generation of circadian rhythms in mammals. A recent study has 
suggested that activation of GABAa receptors inhibits neurons during circadian 
night, but excites them during the day (Wagner et al., 1997, Nature, 387:598). The 
proposed excitatory effect of GABA was re-examined here using cell-attached 
patch-clamp recordings to monitor the firing activity of SCN neurons in 
hypothalamic slices in response to microapplication of GABA. Recordings were 
made during the light phase between CT 5:45 and 11:45.

Coronal slices (175-225 µm thickness) of rat hypothalamus were cut on a 
Vibratome and held in a solution containing (in mM) NaCl 125, KC1 2.5, CaCl2 1. 
MgCL 1, NaHCO3 24, and glucose 10, bubbled with 5% C 0 2 and 95% 0 2 (pH 7.4) 
at 30-32 °C. Recordings were made either at room temperature (20-22°C) or 30-32 
°C on rats aged 21-47 days. Patch pipettes (3-5 MΩ) contained (in mM) K- 
gluconate or KC1 140, CaCl2 1, MgCl2 1, NaCl 1, EGTA 5, HEPES 10, Mg-ATP 2 
or NaCl 140, KC1 4, CaCl2 1, MgCl2 1, and glucose 10. GABA (100 µM) was 
applied transiently via Picospritzer.

Of 46 spontaneously firing SCN cells, 44 responded to the application of GABA 
with a transient suppression of firing. Only two cells showed either transient 
excitation or excitation followed by inhibition. GABA microapplication did not 
induce firing in any of 8 silent neurons (i.e., not firing spontaneously).

In our experiments, threfore, GABA was consistently inhibitory during circadian 
day. The polarity of GABA responses can be influenced by several factors, and the 
precise conditions that cause GABA-mediated exciation and inhibition in the SCN 
remain to be determined. Supported by a grant from the AFOSR.

761.14

MEMBRANE PROPERTIES OF DISSOCIATED TUBERO- 
MAMMILLARY NUCLEUS NEURONS. Abraha Taddese & Bruce 
P. Bean*. Department o f  Neurobiology, Harvard Med. School, Boston, 
MA 02115.

W e examined passive and active membrane properties o f  single 
neurons isolated from the hypothalamic region containing 
histaminergic projection neurons (tuberomammillary nucleus). 
Dissection was guided by confocal flourescence images o f  histamine 
immunoreactive antibody binding. Cells possessing at least three 
dendrites were chosen for recording. As previously reported by 
Uteshev, Stevens and Haas (Neuroscience 66:143-149, 1995), such 
cells fired spontaneously at rates similar to in vivo recordings from 
tuberomammillary cells. Intact cells in Tyrode’s external solution 
displayed spontaneous, arrhythmic firing (monitored by cell attached 
recording) at 1.9 ±  1.3 Hz (mean ±  s.d., n=29, 22 °C). After 
establishing whole cell recording (KCH3S 0 3-based internal solution) 
the action potential (AP) pattern had a similar firing rate (1.8 ±  1.6 Hz, 
n=8) with an AP width o f  4.8 ±  1.0 ms (n=9) and an afterhyper
polarization o f  4.9 ± 1 .7  mV (n=6). Input resistance was 1.87 + 1.96 
GΩ (mean ±  s.d., range=0.2 to 7.1, n=16) and capacitance was 20.7 ±
10.7 pF (mean ±  s.d., n = l4 ). V oltage clamp experiments using a 
recorded AP pattern as command waveform measured ionic currents 
underlying spontaneous firing. Preliminary results show significant 
calcium current between spikes.
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762.1
HYPOCRETIN LOCALIZATION IN THE H UM AN HYPOTHALAMUS
R. Y. M oore1*. T. C. Spehl  and A.N. van den P o ll. Depts.of Neurology, 
Psychiatry, and Neuroscience, University of Pittsburgh, Pittsburgh, PA 
152611 and Dept.of Neurosurgery, Yale University, New Haven, CT 065202.

Hypocretins (HCRT) are approximately 20 amino acid peptides produced 
from hypothalam us specific mRNA that encodes preprohypocretin. This 
gives rise to two products, hypocretin 1 and 2, which have 14 amino acid 
identities across 20 residues (deLecea et al.,1998). In the rat, the cell 
bodies of HCRT neurons are localized in the posterior hypothalam us with 
axonal plexuses extending through the medial hypothalam us and into the 
brainstem, basal forebrain and thalamus (deLecea et al.,1998).

In the present study, an antibody to HCRT was used to study the 
distribution  of HCRT perikarya and axons in hum an hypothalam us 
obtained at routine autopsy. As in the rat, numerous HCRT neurons are 
located in the posterio r hypothalam us, scattered over the lateral 
hypothalam ic area (LHA), across the dorsal hypothalam ic area and 
perifornical area extending from the level of the ventromedial nucleus to 
the rostral m ammillary complex. There are moderately dense axonal 
plexuses across most of the medial hypothalam us and extending dorsally 
in midline thalam us, laterally into the area of the diagonal band and 
substantia innom inata. In the rostral medial hypothalam us there is 
m oderately  dense innervation  of the an terio r hypothalam ic area 
extending into the shell of the suprachiasmatic nucleus. This pattern of 
innervation extends over the retrochiasmatic area, ventrom edial and 
dorsomedial nuclei, arcuate nucleus and posterior hypothalamic nucleus. 
There is light innervation  of the LHA and the supraoptic  and 
paraventricular nuclei. Supported by AFOSR.

WEDNESDAY PM

762.2
CLOCK  m RNA IN THE H UM AN CHIASMATIC HYPOTHALAMUS.
T. C. Speh* and R. Y. M oore. Departments of Psychiatry, Neurology and 
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15261.

Although substantial progress has been made in understanding the 
molecular biology of circadian function in insects, only one gene, clock , has 
been identified and cloned in mammals (Vitatema et al. '94; Antoch et al., 
'97; King et al, '97). The hum an homologue of clock has recently been 
identified and dem onstrated (Steeves et al.,'98). The objective of the 
present study was to determine whether clock is expressed in human brain 
and particularly, in the suprachiasmatic nucleus (SCN). We used isotopic 
in situ hybridization performed with sense and antisense probes generated 
from a cDNA clone (gift of J.Takahashi).

Hypothalamus (13) and anterior cerebellar vermis (10) were collected 
form brains obtained at routine autopsy. Subjects were 7 female, 5 male, 
ages 57-92 years with pmi's from 2.5 - 7.5 hours. Sections hybridized using 
standard protocols were exposed to x-ray film and emulsion for nuclear and 
cellular localization. Films were digitized and relative optical densities 
(ROD) were obtained for each area studied.

Hybridization signal was present over the SCN, supraoptic nucleus 
(SON), paraventricular nucleus (PVH) and the cerebellar granule cell 
layer and silver grains were clustered over individual neurons in each 
nucleus. For data analysis, ROD of optic chiasm was subtracted from sense 
and antisense autoradiogram s and sense was then subtracted from the 
antisense for each area. The RODS for each area are similar and do not 
differ significantly. No difference was noted as a function of time of day of 
death. These data indicate that clock is expressed widely in neurons of the 
chiasmatic hypothalmaus and cerebellum in human brains.
Supported by AFOSR.
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762.3

IN TER A C TIO N  OF N E U R O N A L N ITR IC  O X ID E SY N TH A SE W ITH 
α l-S Y N T R O P H IN  IN TH E BRAIN. A. H ash ida-O kum ura2 .
A. Iw am atsu *. N. O kum ura^ and K. N agai^*. 1 C entral Lab. for K irin 

Technology, Kirin B rew ery Co.; -D iv . o f  Protein M etabolism , Institute for 
Protein Res., O saka U niv.; Suita, O saka 565-0871, JAPA N.

Both brain and skeletal m uscle nNOS (neuronal nitric oxide synthase) 
have a PD Z dom ain (PDZD ). The PD ZD  o f the skeletal m uscle nNOS 
interacts with α l-sy n tro p h in . H ow ever, PD ZD  o f the brain nNO S interacts 
with PSD 95, a post synaptic density  protein. In order to exam ine w hether 
the PD ZD  o f nNOS in the brain interacts with proteins o ther than PSD 95, 
we purified  nN O S-binding proteins from  bovine brain lysate using  a GST- 
PD Z (nN O S )-conjugated  Sepharose colum n. A m ajor protein specifically  
bound to the colum n was a 58 kDa one, and no o ther m inor bands were 
detectable. A m icrosequencing  analysis after a pro tease d igestion on PV D F 
m em brane revealed that the protein was identical to α l-sy n tro p h in . 
Im m unostain ing  o f prim ary cultures o f rat brain neuronal cells using  a 
polyclonal an tibody against α l-sy n tro p h in  show ed that both nN O S- and 
α l-sy n tro p h in -lik e  im m unoreactive substances w ere present in neuronal 
cell bodies and neurites. Im m unohiso tochem ical analysis indicated that the 
α l-sy n tro p h in -lik e  im m unoreactive susbstance exists in the ventrolateral 
part o f  the hypothalam ic suprachiasm atic  nucleus (SCN ), a m aster circadian 
oscillator. These results indicate that nNO S in the brain is not only interacts 
with PSD 95, but also with α l-sy n tro p h in . C onsidering  the ex istence of 
nNO S in the ventrolateral part o f the SCN, w here the retinohypothalam ic 
projection term inates, the present findings raise a possibility  that nNO S 
plays an im portant role in the synchronization  o f a c ircadian oscilla tor in 
the SCN by environm ental lighting condition  through the participation  o f 
α l- s y n tro p h in . ( G o v e r n m e n t i a l ,  G r a n t - i n - A i d  f o r  E n c o u ra g e m e n t 
o f  Y oung S c i e n t i s t s  # 0 9 7 7 0 0 3 9  o f . J a p a n e s e  M onbushou)

762.4
PACAP and Glutamate is co-stored in retinal ganglion cells and nerve terminals in 
the suprachiasmatic nucleus of the rat: A light- and electron microscopic study.
J.Hannibal*J.FahrenkrugiO.P. Otter sen , M.Mølleb ? Dept. Clinical Biochemistry, 
Bispebjerg Hospital, Dept, of Anatomy, Inst, of Basic Medical Science, Univ. of Oslo, 
Norway, Tnst. Med. Anatomy, Univ. of Copenhagen, Denmark.
The retinohypothalamic tract (RHT) relays photic information from the eyes to the 
suprachiasmatic nucleus (SCN). Activation of this anatomical pathway plays a role in 
adjusting circadian timing to the light/dark environment. Glutamate, a transmitter in this 
pathway is able to phase shift the circadian rhythm during the subjective night. Recently, 
we showed that Pituitary adenylate cyclase activating polypeptide (PACAP), a member of 
the VIP/secretin family of peptides is present in the RHT having phase shifting capacity 
during the subjective day. In the present study we addressed the question, whether the two 
transmitters were located in the same nerve cells of this system.
Methods: Male rats killed at subjective day, fixated in 0.1 % glutaraldehyde in Stefanini 
fixative were used in the study. Double immunohistochemistry (IHC) for PACAP and 
Glutamate was performed on vibratome sections of the SCN using a preembedding 
technique. The primary antibodies were visualised with peroxidase - (for PACAP) or 
colloidal gold - (for Glutamate) labeled secondary antibodies. Double fluorescence light 
microscopy was used on the retina.
Results: In the retina using light microscopy Glutamate immunoreactivity (-IR) was 
located in a large population of ganglionic cells. PACAP-IR was located strictly to a small 
population of retinal ganglionic cells. This population of PACAP-IR nerve cell bodies also 
contained Glutamate-IR. In the SCN, using electron microscopy PACAP-IR nerve 
terminals, located in the retinorecipient zone were observed. Approximately 50 % of these 
PACAP-IR nerve terminals also co-stored Glutamate. The PACAP-IR nerve terminals 
made synaptic contacts with nerve cell bodies and dendritic processes within the SCN. 
Conduskm:In the retina PACAP was demonstrated in a sub-population of glutamatergic 
neurons. In nerve terminals of the SCN a high degree of co-localization of PACAP and 
Glutamate was also present. These findings suggest that in the circadian timing system 
both transmitters may be simultaneously released during stimulation of the RHT and it is 
likely that they interact functionally although this remains to be established.

762.5

DISTRIBUTION OF GABA NEURONS AND GABA/BENZODIAZEPINE 
RECEPTOR IN THE HAMSTER CIRCADIAN AND SUBCORTICAL VISUAL 
SYSTEMS. L.P. Morin* and J.H. Blanchard. Dept. Psychiatry, Health Science 
Center, SUNY, Stony Brook, NY 11794.

Both GABA and benzodiazepines have been implicated in the regulation of 
circadian rhythms. The present study evaluated the distribution of GABA- 
immunoreactive neurons in the SCN and IGL of the circadian rhythm system, 
and in nuclei of the subcortical visual system. This was compared to the 
regional density of GABA/benzodiazepine immunoreactive receptor (GBR) 
complexes. As has been reported in the rat (Moore & Speh, Neurosci. Lett. 
1993), the hamster SCN contains a large number of GABA-IR neurons. 
However, unlike the rat, the hamster IGL has only a few with a greater number 
present in the VLG. Elsewhere in the subcortical visual system, GABA neurons 
are scattered through most nuclei, but substantial concentrations of cells are 
present only in the superior colliculus. The olivary and posterior pretectal 
nuclei have moderate concentrations of GABA neurons, but there are none in 
the anterior pretectal N.

The hamster SCN does not appear to have GBR-IR. It is very modest in the 
IGL in marked contrast to the dense concentration in the DLG and lateral 
posterior thalamic N. Nuclei of the pretectum have reduced GBR-IR compared 
to most thalamic nuclei. In fact, the density of the GBR-IR appears to clearly 
distinguish thalamus from adjacent non-thalamus. Exceptions to this rule are 
the reticular N, IGL and VLG, which may be more properly considered part of 
the subthalamic region which includes the zona incerta and subthalamic N 
which are also relatively devoid of GBR-IR.

Supported by the AFOSR and NS22168.

762.6

ELECTRICAL STIMULATION OF THE MEDIAN (MR) OR DORSAL RAPHE (DR) 
NUCLEI ELICITS CIRCADIAN RHYTHM PHASE SHIFTS IN THE HAMSTER.
E.L Mever-Bernstein* and L.P. Morin. Dept. Psychiatry, Health Science Center, 
SUNY, Stony Brook, NY 11794.

The serotonergic system has been strongly implicated in the regulation of 
circadian rhythmicity. The only source of serotonergic input to the 
suprachiasmatic nucleus, site of the circadian clock, is the MR, whereas the 
DR projects to the intergeniculate leaflet (J.Neurosci. 16, 2097-2111, 1996). 
The present study was undertaken to determine whether electrical stimulation 
of the raphe nuclei could a) support the proposition that they are involved in 
circadian rhythm regulation and b) functionally distinguish the MR from the DR. 
Bipolar stimulating electrodes were implanted in the MR or DR. After recovery, 
animals freerunning in LL received 20 Hz -4 0 0  µA or no stimulation for 60 min 
at CT6 or CT14. The results show modest (~23 min) phase advances after 
stimulation at CT6 and somewhat greater phase delays (35 min) at CT14.
Shifts were equivalent for DR and MR groups and significantly different from 
controls. The results support the view that the raphe complex participates in 
circadian rhythm regulation, but do not discriminate between functions of the 
DR and MR, despite the fact that there are major differences between the 
nuclei with respect to their efferent connections to the circadian system. 
Supported by NS22168.
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762.7

INTERCONNECTIONS OF THE IGL AND VLG WITH HAMSTER FOREBRAIN.
J.H. Blanchard* and LP. Morin. Dept. Psychiatry, Health Science Center, 
SUNY, Stony Brook, NY 11794.

Anatomical studies have shown robust projections of the IGL to the SCN and 
contralateral IGL. We have recently described extensive interconnections 
between IGL and subcortical visual nuclei (J Comp. Neurol, 396, 1998). In the 
present study, anterograde transport of Phaseolus vulgaris leucoaggiutinin 
(PHAL) and retrograde transport of cholera toxin ß fragment (CT-ß) were used 
to evaluate IGL and VLG connections with di- and telencephalon. The IGL 
projects to anterior and posterior hypothalamus, the ventral preoptic, lateral 
and dorsal hypothalamic areas, but very sparsely to the ventromedial and 
paraventricular nuclei. There are also projections to the medial and lateral zona 
incerta, anteroventral, anterodorsal, reuniens, parataenial, paraventricular, 
central lateral and central medial thalamic nuclei. IGL projections to 
telencephalon are present in the horizontal limb of the diagonal band, olfactory 
tubercle, N lateral olfactory tract, posterior bed N of the stria terminalis, ventral 
pallidum, and medial amygdala. The VLG projects to medial zona incerta and 
bed N of the stria terminalis, but not to hypothalamic regions. Several of the 
IGL targets, the bed N of the stria terminalis and zona incerta in particular, 
project reciprocally to the IGL and VLG. In addition, cells are present in the 
caudal cingulate cortex that project to IGL and VLG. Retinal projections are 
found in many of the regions receiving IGL innervation, including nuclei of the 
medial basal telencephalon, the posterior bed nucleus of the stria terminalis 
and nuclei of the hypothalamus. The results further demonstrate the 
widespread connections of the IGL and support the idea that the IGL 
modulates olfactory, photic and circadian rhythm systems contributing to 
regulatory physiology and behavior. Supported by NS22168.

762.9

EFFECTS OF UNILATERAL OPTIC NERVE TRANSECTION ON THE 
ANATOMY AND FUNCTION OF INTERGENICULATE LEAFLET AND 
GENICULAOHYPOTHALAMIC TRACT IN HAMSTERS. I-H. Tang. D. M. 
Murakami and C. A. Fuller*. Section of Neurobiology, Physiology & Behavior, 
University of California, Davis, CA 95616-8519 

We have previously reported that unilateral optic nerve transection (UONx) in 
golden hamsters performed at two different ages, postnatal day 2 (PONx) vs. 10- 
weeks (AONx), resulted in a predominant light-induced c-Fos expression in the 
suprachiasmatic nucleus (SCN) ipsilateral to the remaining eye. However, HRP 
injections exhibited a symmetrical bilateral retinohypothalamic innervation in both 
groups. It was hypothesized that the intergeniculate leaflet (IGL) may mediate the 
resulting asymmetry in c-Fos expression in the SCN. Therefore, this study- 
examined the effect of PONx and AONx on the light induced c-Fos expression in 
the IGL and SCN, and the pattern of NPY activity in the IGL and SCN. Animals 
were exposed to a one-hour 300 lux light pulse at CT1500-1600 (LD 14:10) to 
induce c-Fos expression in the IGL and SCN. Brain sections were processed for c- 
Fos (1:10,000; Oncogene Science) immunoreactivity. Both groups exhibited an 
overall reduction in c-Fos expression to light in the IGL (AONx=70%, 
PONx=50%). However, both groups continued to exhibit greater contralateral c- 
Fos expression to the remaining eye in the IGL. In addition, both AONx and 
PONx animals exhibited greater contralateral NPY (1:20,000; Peninsula 
Laboratories) immunoreactivity in IGL and SCN. The greater NPY 
immunoreactivity within the contralateral SCN is consistent with the primarily 
ipsilateral GHT innervation of the SCN. By contrast, the contralateral SCN 
exhibited the weaker light induced c-Fos expression. These results suggest that 
the GHT inhibited the photic signals from retinohypothalamic tract to the SCN. 
Supported by NASA Grant NAGW-4552

762.11

ELECTRON MICROSCOPIC IM M UNOCYTOCHEM ICAL  
LOCALIZATION OF 5-HT1B RECEPTORS IN THE MOUSE 
SUPRACHIASMATIC NUCLEUS. M. Belenkv.1 P,J, Sollars2* and
G.E. Pickard2, ’Dept. Cell and Animal Biology, Hebrew University of 
Jerusalem, Jerusalem 91904, Israel; 2Dept. Anatomy and Neurobiology, 
Colorado State University, Fort Collins, CO 80523.

The suprachiasmatic nucleus (SCN) is a circadian oscillator and a 
critical component o f the mammalian circadian system. The SCN 
receives afferents from the retina and the midbrain raphe. Retinal 
afferents synchronize the SCN to the day might cycle whereas the 
serotonergic (5-HT) input from the raphe appears to modulate retino
hypothalamic neurotransmission presynaptically via a 5-HT1B receptor 
mechanism (Pickard et al., J Neurosci 16:8220’96). Electron micro
scopic immunocytochemical visualization of 5-HT1B receptors was 
conducted to determine the subcellular location of this 5-HT receptor 
subtype in the SCN. Using a pre-embedding protocol and DAB or gold 
as markers, labelling in the mouse SCN was observed primarily in 
terminals and unmyelinated pre-terminal axons associated with the 
cellular membrane. Dendritic labelling and occasional labelling of 
neuronal soma was also observed. Preadsorption of the 5-HT1B receptor 
antibody with synthetic peptide eliminated terminal labelling but not 
dendritic and somatic labelling. To determine if  labelled terminals in 
the SCN are of retinal origin, retinal terminals are being identified by 
intravitreal injection of CT-HRP and double-label procedures are being 
conducted. Supported by NINDS grant NS 35615.

762.8
Superior Colliculus Mediates Triazolam-induced phase shifts of 
hamster circadian rhythms. E.G. Marchant* and L.P. Morin. Dept. 
Psychiatry, Health Science Center, SUNY, Stony Brook, NY 11794.

The suprachiasmatic nucleus (SCN) is the master circadian clock that 
coordinates physiology and behavior by using photic and non-photic 
stimuli. The two most commonly studied non-photic stimuli in hamsters 
are novel wheel access (NW) and triazolam (TZ), a benzodiazepine. 
Evidence suggests that these stimuli alter circadian timing via the 
geniculohypothalamic tract (GHT) and the release of neuropeptide Y in 
the SCN. The origin of the GHT is the intergeniculate leaflet of the lateral 
geniculate complex. Recent neuroanatomical data indicate that the IGL 
receives afferents from the pretectum (PT) and superior colliculus (SC). 
Therefore, we investigated whether these areas mediate the phase 
shifting effects of TZ and NW stimulation. Hamsters received one of four 
surgical manipulations or the appropriate control procedure: wire knife 
cuts that isolated the IGL from the midbrain without disturbing either the 
IGL or GHT; N-methyl-DL-aspartic acid (NMA) ablations in the superficial 
SC; NMA ablations in the deep SC; or NMA ablations in the PT. After 
recovery, all animals were exposed to NW, TZ and appropriate control 
conditions. Phase shifts to TZ were blocked by both knife-cut and deep 
SC ablations but not by shallow SC ablations. Other animals with deep 
SC lesions were shown, unlike controls, to have a flat phase response 
curve to TZ injections. Locomotor responses to TZ injection were not 
different between control and lesioned animals. This study is the first to 
report on a contribution of the SC to the circadian timing system. 
Supported by AFOSR and the NS22168.

762.10

MORPHOLOGICAL FEATURES OF RETINAL GANGLION CELLS 
AFFERENT TO THE HAMSTER SUPRACHIASMATIC NUCLEUS 
IDENTIFIED FOLLOWING INFECTION WITH A RECOMBINANT 
BARTHA-PSEUDORABIES VIRUS EXPRESSING THE REPORTER 
PROTEIN EGFP. P.J. Sollars.1 G.E. Pickard.1 C.L. Wilcox.2* B. 
Banfield.3 and L.W. Enquist3. ’Dept, of Anatomy and Neurobiology, 
2Dept. of Microbiology, Colorado State Univ., Fort Collins, CO 80523; 
3Dept. of Molecular Biology, Princeton Univ., Princeton, NJ 08544.

The suprachiasmatic nucleus (SCN) is a circadian oscillator with a 
critical role in the generation of circadian rhythms. The SCN receives 
a direct retinal input that entrains its oscillations to the external 
day:night cycle. In this study, we used the attenuated Bartha strain of 
the pseudorabies virus constructed to express Enhanced Green Fluore
scent Protein (EGFP). Monocular intra-vitreal injection of the virus (2 
µl; 1 X 108 pfu/ml) infects the SCN bilaterally, leading to infection of 
retinal ganglion cells (RGCs) in the uninjected eye via retrograde 
transport from transsynaptically infected SCN neurons. EGFP is 
distributed throughout infected RGCs providing a Golgi-like image. The 
distribution of RGCs afferent to the SCN and their complete 
morphology including dendritic stratification in the sublamina of the 
inner plexiform layer will be described. These data will determine 
whether a single homogenous population of RGCs projects to the SCN. 
Supported by NINDS grants R01 NS 35366 (GEP&PJS), R01 NS 35615 
(GEP), and R01 NS 33506 (LWE), a Post-doctoral Fellowship from the 
MRC of Canada (BB), and a grant from the USD A (CLW).

762.12

EVIDENCE FOR A PROJECTION FROM THE SUPERIOR COLLICULUS 
TO THE SUPRACHIASMATIC NUCLEUS IN THE RAT. M. M. Moαa*. 
Dept. Anatomy, Indiana Univ. School of Medicine, Terre Haute, IN 
478 09

The suprachiasmatic nucleus (SCN) in the rat receives afferent 
input from six major areas: the retina, the limbic system, the 
hypothalamus, the raphe nuclei, the paraventricular thalamus and 
the extraretinal visual system (Moga and Moore, 1997).
Recently, we observed axonal labeling in the rat SCN following an 
injection of the anterograde tracer biotinylated dextran (BDX) 
into the superior colliculus (Moga and Moore, 1997). In the 
present study, the superior colliculus projection to the SCN is 
examined in detail to determine the origin and extent of this neural 
pathway. After injection of the retrograde tracer Fluoro-Gold into 
the SCN, labeled cells are concentrated in the optic nerve layer of 
the superior colliculus with scattered cells also present in the 
intermediate cell layer. After BDX injection into the superior 
colliculus, axonal labeling is abundant in the supraoptic 
commissures located immediately ventral to the SCN. A small 
number of BDX-labeled fibers with boutons are present in the 
ventrolateral SCN subdivision. The results show that there is a 
small, direct projection from the superior colliculus to the SCN, 
Supported by the Indiana Univ. School of Medicine.
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762.13

EFFERENT CONNECTIONS FROM THE SUPRACHIASMATIC 
NUCLEUS TO THE VENTROLATERAL PREOPTIC NUCLEUS IN 
THE RAT. S.E.Gaus1’2* and C.B.Saper2. *Prog. in Neuroscience, 
Harvard Medical School; 2Dept. of Neurology, Beth Israel Deaconess 
Medical Center, Harvard Medical School; Boston, MA 02115.

The suprachiasmatic nucleus (SCN) influences the timing of 
endogenous circadian rhythms such as sleep and wakefulness, but the 
mechanism(s) by which it exerts temporal control over sleep-wake is 
largely unknown. Recently, our lab identified a cluster of neurons in the 
ventrolateral preoptic nucleus (VLPO) as an important component of a 
system that induces sleep in the rat. We hypothesize that efferents from 
the SCN project to sleep-active neurons in the VLPO to organize 
rhythmicity in sleep behavior.

Rats were injected with retrograde tracer into the VLPO using either 
Fluorogold or cholera toxin subunit B (CtB). After 1 week, rats were 
perfused, and brains were sectioned and immunostained for CtB and the 
neuropeptides vasopressin and vasoactive intestinal peptide. We found a 
population of retrogradely-labelled neurons in the dorsolateral part of the 
SCN. Combination with immunocytochemistry showed that some of 
these cells contain vasopressin. Circadian control of sleep timing may 
occur via these vasopressinergic SCN cells projecting to the VLPO.
This work was supported in part by USPHS grant #1R01MH55772-01.

762.14
ANALYSIS OF PROJECTIONS FROM THE SUPRACHIASMATIC  
NUCLEUS TO THE PONTINE RETICULAR FORMATION USING 
PSEUDORABIES VIRUS. E.M. Mintz*. K.M. Price. N.C. Micklev, and
H.E. Albers. Laboratory o f  Neuroendocrinology and Behavior, Depts. of 
Biology and Psychology, Georgia State University; Atlanta, GA 30303.

In the present study, we sought to identify neural circuits linking the 
output o f the circadian clock in the suprachiasmatic nucleus (SCN) to the 
pontine reticular formation (PnC), an area known to be important in the 
regulation o f  REM sleep. Twenty-four Syrian hamsters received  
microinjections o f  a transsynaptic retrograde-tracer (pseudorabies vims, 
Bartha strain) in and around the PnC. Forty-eight to 144 hours later, 
hamsters were killed at 24 hour intervals and the brains removed and 
processed for PRV-ir using standard histological techniques. Labeled 
cells were detected in the SCN o f  all animals which were killed 4 or 
more days post-injection. Injections into the lateral aspect o f  the PnC at 
the level o f  the facial nerves produced dense PRV-ir in the SCN with 
lower levels o f  PRV-ir in several other hypothalamic stmctures. PRV-ir 
cells were also found in the paraventricular nucleus o f  the hypothalamus, 
arcuate nucleus, and posterior hypothalamus as well as several other 
hypothalamic sites.

Supported by NIH 34586.

STRESS VI

763.1
S T R A I N  D IF F E R E N C E S  IN  M E S O T E L E N C E P H A L IC
D O P A M IN E R G IC  R E S P O N S E S  TO  G L U C O C O R T IC O ID  
M ANIPULATIONS. S. E. Lindlev*. T. G. Bengoechea . J. E. Adler. A. F. 
Schatzberg and D.L, W ong. Department o f  Psychiatry and Behavioral 
Sciences, Stanford University School o f  M edicine, M SLS PI 04, Stanford, 
CA 94305-5485

G lu c o c o r t ic o id s  in flu e n c e  b e h a v io r s  a s s o c ia te d  w ith  
m esote len cep h alic  dopam inergic neurons. C orticosteron e (CO RT) 
influences on these behaviors and on the expression o f regulatory proteins 
associated with dopamine (DA) neurons are reported to differ between the 
inbred Fischer 344 (F344) and Lewis (LEW ) rat strains. The aim o f the 
present study was to examine the effect o f  glucocorticoid manipulations 
on DA  neurochemistry directly between these strains. In contrast to the 
reported changes in regulatory proteins, administration o f CORT failed to 
produce significant changes in D A  m etabolites in either strain in the 
terminal regions exam ined. Sim ilarly, CORT adm inistration did not 
in flu e n c e  D A  sy n th e sis , e stim a ted  by the a ccu m u lation  o f  
dihydroxyphenylalanine (DO PA) after decarboxylase inhibition, in any 
terminal region. Tyrosine hydroxylase expression in the ventral tegmental 
area was also unaltered in either strain. In contrast, adrenalectomy (AD X) 
did result in a significant increase in the DA  metabolite homovanillic acid 
in all regions exam ined in LEW  but not the F344 strain. But, A D X  
produced only a sm all, region ally  se lec tiv e  decrease in DO PA  
accumulation in the striatum o f the LEW strain. Taken together, these 
results suggest a strain selective response to A D X  in D A  metabolism  
and/or reuptake may occur, but are not consistent with CORT-induced 
changes in D A  neuronal activity. (Research Supported by NIM H grant 
M H50604 and a N A RSA D Young Investigator Award)

763.3

C H R O N IC  CO LD  ST R ESS R E D U C ES T H E SPO N T A N E O U S  
A C T IV IT Y  O F V E N T R A L TE G M E N T A L  D O PA M IN E  N E U R O N S
H. Rose. H. Moore. J.R. Hollerman * and A.A. Grace.
Depts. o f Neuroscience & Psychiatry, Univ. o f Pittsburgh, Pittsburgh, PA 15260

Dopamine (DA) neurons located in the ventral tegmental area (VTA) and their 
projections to the limbic forebrain and prefrontal cortex have long been postulated to 
play a major role in the behavioral changes induced by acute and repeated stress, 
including the stress-induced exacerbation of psychotic symptoms. Furthermore, the 
therapeutic actions of antipsychotic drugs correlate with their effects on the spontaneous 
activity of VTA DA neurons. Thus, a determination of the effect of stress on VTA DA 
cell activity may provide insights into the role of these neurons in mediating interactions 
between stress and psychosis. We therefore examined the effect of a chronic stressor, 
prolonged exposure to cold, on the spontaneous activity of DA neurons in the VTA. 
Extracellular single-unit recordings of VTA DA neurons were performed in rats housed 
in a cold environment for 17 days, and then housed at room temperature for 18 hours 
prior to testing. Compared to controls, cold-stressed rats displayed significantly fewer 
spontaneously active DA neurons in the V 1 The average firing rate and percentage 
of spikes fired in bursts did not change; however the variance in burst-firing among DA 
cells appeared to be greater in the cold-stressed animals. These results indicate that 
chronic stress may lead to a decrease in the spontaneous activity of VTA DA neurons, 
possibly resulting in a decrease in basal DA levels in the medial striatum and medial 
prefrontal cortex. Supported by a Howard Hughes Undergraduate Fellowship to H.R., 
USPHS MH 45156, MH2967O (A.A.G.) and a NARSAD award Award to H-M.

763.2
EFFECTS OF CHRONIC ULTRAMILD STRESS (CUMS) ON SEROTONIN 
ACTIVITY IN MICE BRAIN. L. Lanfum ev1. M.C. Pardon2. N. Hanoun1,
N. Laaris1. C.M. Fattaccini1. M. Hamon1 and C. Cohen-Salmon2*. 'IN SER M  
U 288 and 2CNRS UMR 7593, U UFR Neurosciences, Hôpital de la Pitié- 
Salpêtrière, 91 Bd de l’Hôpital, 75013 Paris, France

Acute stress has been shown to affect central serotoninergic system by acting, 
through increased corticosterone release, on both serotonin (5-HT) turnover and the 
sensitivity of various receptor subtypes. A new model of stress, the Chronic 
Ultramild Stress (CUMS), has been recently developed in mice. This procedure 
consisted of various mild stressors separated by at least 2h free periods. Neither 
nociceptive stimuli nor food or water deprivation were applied. We here investigated 
whether CUMS could produce alterations in central serotoninergic 
neurotransmission, using both electrophysiological and biochemical approaches. 
Mice (6 month-old) were sacrificed after a 8 week CUMS session, when serum 
corticostrone levels were ~4-fold higher than in control, non-stressed, animals. 
Electrophysiological recording of serotoninergic neurones in the dorsal raphe 
nucleus of brain stem slices showed that the potency of ipsapirone, a 5-HT,A 
agonist, to inhibit the discharge of these cells was significantly (p<0 .01) lower in 
stressed mice than in controls. Biochemical measurements showed no changes in the 
specific binding of [3H]alnespirone and [3H]MDL 100,907 to 5-HT1A and 5-HT2A 
receptors, respectively, but significant decreases (-20-30%) in both 5-HT and 
5-HIAA levels in the cerebral cortex of stressed versus control mice. These data 
indicate that desensitization of somatodendritic 5-HT1A autoreceptors (and associated 
decrease in 5-HT turnover) is a durable adaptive phenomenon during chronic 
ultramild stress in mice.

763.4
EFFECT OF CHRONIC GLUCOCORTICOID TREATMENT ON CALBINDIN- 
D28k EMMUNOREACTTVITY IN THE NON-HUMAN PRIMATE HIPPOCAMPUS. 
J B. Leverenz*. C.W. Wilkinson. M.A. Raskind, E.R. Peskind Depts. Neurology and 
Psych & Behav. Sci., Univ. of Washington, Seattle, WA 98195 
Calbindin-D28k (CaB) is a calcium-binding protein thought to play a role in the 
buffering of intracellular calcium. It has been suggested that CaB may play a protective 
role in circumstances where excess calcium may induce neuronal degeneration. In the 
rat hippocampus there is evidence that glucocorticoids (GC) regulate CaB mRNA and 
protein levels and that loss of CaB may underlie the neuronal degeneration observed in 
the dentate gyrus after adrenalectomy. We examined whether the same GC regulation of 
hippocampal CaB occurred in the primate brain. For one year a group of 8 Macaca 
nemestrina were administered daily supraphysiologic doses of cortisol in a food pellet 
while an age-matched group of eight received daily placebo. Rapidly-accessed brain 
tissue was fixed in 4% paraformaldehyde for 36 hrs, cryoprotected in 30% sucrose and 
serially sectioned through the hippocampus on a cryostat (50 µm thickness). Floating 
sections from each case were immunostained with a monoclonal antibody to CaB 
(Sigma, 1:1600). Blinded assessments of regional optical density for five regions of 
the hippocampus (CA-1, CA3 mossy fiber layer, hilus, dentate granule cell layer, 
dentate molecular layer) and the caudate nucleus from the same section were performed 
using an image analysis system. As observed in previous studies of normal primate 
hippocampus, CaB immunoreactivity was greatest in the dentate granule cells and the 
CA3 mossy fiber layer. There was no difference in the distribution of CaB 
immunoreactivity between the chronic GC and placebo treatment groups. However, in 
every hippocampal region studied there was increased CaB staining density in the 
chronic GC-treated group that reached statistical significance in the dentate molecular 
layer (p<0.04, unpaired t-test). No change in CaB staining was seen in the caudate 
nucleus. We have confirmed the regulation of hippocampal CaB by GC in primate 
brain. These findings suggest that similar neurobiological effects of GC and CaB in 
the rat hippocampus may also be important in primate brain. Supported by the 
Alzheimer’s Assoc., NIA AG05136, and the Dept, o f  Veterans Affairs.
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763.5

THE HIPPOCAMPAL MORPHOLOGY OF DIABETIC RATS SHOWS 
AN INCREASED VULNERABILITY TO REPEATED STRESS. A. M. 
Magariños* and B.S. McEwen. Laboratory of Neuroendocrinology, The 
Rockefeller University, New York, NY 10021.
Adult diabetic rats are characterized by a behavioral and endocrinological profile 
consistent with a chronic stress syndrome: cognitive impairment,
hypersecretion of corticosterone under both basal and stimulated conditions, 
deficient negative feed-back regulation of the hypothalamic-pituitary-adrenal 
axis after stress, thymic and splenic involution and adrenal hypertrophy. We 
investigated if diabetic rats are more susceptible to a repeated stress paradigm 
that, in normal rats, takes 21 d to induce atrophy of apical dendrites of 
hippocampal CA3 pyramidal neurons and ultrastructural reorganization of their 
major afferents, the mossy fiber terminals (MFT). Three days after single i.v. 
injections of Streptozotocin (STZ, 70 mg/ Kg), hyperglycemic adult male rats 
were either restraint-stressed (6h/d) for one week or left undisturbed. The 
analysis of Golgi impregnated hippocampal sections revealed that diabetes 
alone caused a significant retraction as well as a decreased branching pattern of 
apical dendrites of CA3 pyramidal neurons. Diabetic animals subjected to only 
7 d of repeated stress showed an even more pronounced dendritic atrophy. At 
the ultrastructural level, MFT profiles of diabetic rats exhibited increased total 
area and looser packing of synaptic vesicles compared with non-diabetic 
controls. Diabetic rats subjected to one week of restraint stress displayed 
astrocytic hypertrophy and occasional degenerating MFT. These results 
suggest that the hippocampus of experimental animals undergoing an 
uncontrolled metabolic challenge are extremelly susceptible to additional 
stressful events, which in turn can lead to irreversible hippocampal damage. 
Supported by NIH grant MH 41256.

763.7

EFFECTS OF IBOTENIC ACID LESIONS OF MEDIAL PREFRONTAL CORTEX 
ON POST MORTEM LEVELS OF EXCITATORY AND INHIBITORY 
NEUROTRANSM3TTERS. R.M.Sullivan.* F. Pomerleau and A.Gratton. Douglas 
Hosp. Research O r., McGill University, Montréal, CANADA H4H 1R3.

Ibotenic acid has been used extensively as a neurotoxin to destroy neuronal 
cell bodies, while sparing fibers of passage. While extent of damage is normally 
determined by standard histological techniques, comparatively little is known 
concerning the neurochemical consequences of such lesions. The medial prefrontal 
cortex (mPFC) is an important region for responding to stressful conditions, and 
ibotenate lesions of this area impair a variety of stress responses. Significantly, not 
only bilateral, but unilateral (right-sided) lesions alter stress responding. In the 
present study, we therefore examined post mortem neurochemical indices of neuronal 
function in rats with unilateral or bilateral ibotenate lesions of mPFC, following 
exposure to stress. Male Long-Evans rats (350-400g) received sham or ibotenate (3 
ug/.3 ul) lesions in the left, right or bilateral mPFC (3.0 A, ±.8 L, 4.7 V, n=7 per 
group). Fourteen days following surgery, animals were restrained for 20 min in 
Plexiglas restrainers, and immediately decapitated, with mPFC and other brain regions 
dissected rapidly on ice. An additional group of nonrestrained shams was included. 
Brain tissue was later analysed for content of GABA, glutamate and aspartate using 
capillary zone electrophoresis with laser-induced flouresence detection (CZE-LIF). 
Significant lesion effects were found for GABA (p<0.001) and glutamate (p=0.028) 
content, while aspartate levels failed to differ significantly. GABA levels were 
depleted by approximately half in each mPFC of rats with bilateral lesions. In rats with 
unilateral lesions, only right lesions produced significant GABA depletion. Glutamate 
levels were not reduced by unilateral lesions, and in the bilateral group, only the right 
mPFC was significantly depleted. The results are suggestive of damage to both 
interneurons and cortical output neurons, and indicate that the right mPFC may be 
particularly sensitive to the effects of ibotenic acid. The effects of mPFC ibotenate 
lesions on neurochemical measures in a number of brain regions to which the mPFC 
projects, will also be described. (Supported by FRSQ and MRCC).

763.9

EFFECTS OF NEONATAL SURGICAL STRESS ON PHYSICAL AND 
NEUROBEHAVIOURAL DEVELOPMENT IN RATS. T.A. Doucette and R.A.R 
Tasker*. Dept, of Anat/Physiol, A VC/ UPEL Charlottetown, PEI, Canada, CIA 4P3.

Endogenous corticosteriods influence brain development and subsequent behavioural 
responses. Newborn rats normally express an attenuated physiological response to 
most stressors. However, adrenal responses can be elicited in neonates under certain 
conditions. The use of osmotic minipumps for sustained dmg delivery in young animals 
is an increasingly popular alternative to repeated injections. Our objective was to 
determine if surgical stress during a critical period of neonatal development, affects 
early development and subsequent behaviour. SD rat pups born "in house” were 
assigned to Control, Minipump, or Sham Surgery treatment conditions (n=l2/group). 
Osmotic minipumps, loaded with normal saline, were aseptically implanted (s.c.) on 
P8 and explained on P17. Physical, sensorimotor, and ncurobehavioural parameters 
were examined daily from P8-21, using a standard test battery'. Male and female pups 
did not differ on any preweaning variable, so data were collapsed across gender. 
Weight gain was significantly depressed for pump-implanted pups, relative to both 
control and sham groups, and weights remained depressed post-weaning (P27). 
Activity levels differed between conditions on P9. but not on other days and a 
decreased incidence of rearing behaviour was observed in pump-treated rats on P25-27. 
No differences were found between groups for fur development, incisor eruption, 
geotaxis, righting, startle, vision, visual placing, grip strength, or mid air righting. No 
difference in mean basal plasma cortisol concentrations (P 12) was found using separate 
groups of animals (n=6/group). Learning and memory was assessed in a neonatal T- 
maze with no significant differences obtained between treatment groups. Post-weaning 
rotarod performance and juvenile open field activity levels were unaffected by early 
surgical treatment. We conclude that neonatal surgical stress does not substantially 
affect ncurobehavioural development in rats and that the use of osmotic minipumps in 
neonates is an appropriate alternative to repeated injections for sustained dmg delivery'.

763.6

NEUROAUTOANTIBODY REACTIVITY IN RELATION TO AG ING  AND  
STRESS IN APOLIPOPROTEIN E-DEFICIENT MICE. Y. Zhou.* A. 
Cheshire, L.A. Howell. D.H. Ryan, and R.B.S. Harris. Pennington Biom edical 
Research Center, Baton Rouge, LA 70808.

Progressive disruption o f  both the neuroendocrine and immune system s 
has been correlated with the age-associated pathogenesis in patients with 
Alzheimer's disease and in m ice lacking apolipoprotein E (ApoE). In this 
study, we examined autoimmune and neuroendocrine activities in relation to 
aging and stress in ApoE-deficient m ice. An elevated level o f  autoantibodies 
against brain homogenate antigens was found in sera from ApoE-deficient 
mice compared to that o f  wild-type m ice as early as ~8 weeks o f  age. 
However, there was no significant difference between the 2 genotypes at this 
age in effects o f  stress on serum corticosterone or autoantibody titers. Higher 
titers o f  autoantibodies were observed in ~ I2  weeks old ApoE-deficient mice, 
especially in those exposed to chronic stress. Based on W estern blot analysis, 
autoimmune sera from ApoE-deficient m ice showed a strong reactivity with 2 
brain abundant polypeptides (~75 kDa and ~4O kDa), a - 5 8  kDa non-brain 
tissue abundant antigen, and others in both the brain and non-brain tissues. 
Immunofluorescence confocal m icroscopy showed that the major cellular 
components recognized by autoimmune sera from ApoE-deficient m ice were 
associated with the nucleus and fiber-like structures o f  neuronal cells in 
different regions o f  the brain, including frontal cortex, lateral cortex and 
hippocampus. These results suggest that autoimmunity and stress may play a 
role in the early development o f  neuronal cell damage and degeneration in 
m ice with ApoE-deficiency. (Supported by US Army grant DAMD 17-92-V2009)

763.8
DOSE DEPENDENT EFFECTS OF ENVIRONMENTAL PRENATAL STRESS ON 
MATERNAL BEHAVIOR CORRELATE WITH ENDOCRINE CHANGES. M.C.R. Dei 
Cerro*. C.Pérez-Laso. J.L.Rodrfαuez. E.Orteαa (2), M.L. Barona. C.Haba.
A.Guillamón and S.Segovia* (1). Dpto. Psicobiologia, U.N.E.D. Madrid- 
2 8 0 4 0 , (2) Dpto. Bioquímiri y Biología Molecular, Facultad Medicina, 
Granada, Spain.

Chronic exposure to environmental prenatal stress (EPS) induces certain 
changes in se×dimorphic behaviors and in reproductive functions of rat 
offspring by an inappropriate steroid milieu in the fetus during a critical 
period of brain sexual differentiation. In previous studies we demonstrated 
that EPS induces a masculine-like pattern in some parameters of natural 
and induced maternal behavior (MB) in the female rat and a feminine-like 
pattern in males, while gonadal stem < and corticosterone (Cort.) plasma 
levels remained unaltered. In this study we investigated the effects of 
increasing the amount of prenatal stress from 2 to 3 daily sessions. Six 
Wistar rat groups were formed, Control males (CM) and females (CF); two 
sessions of prenatal stress for males (PS2-M) and females (PS2-F): three 
sessions of prenatal stress for males (PS3-M) and females (PS3-F), The 
highest stress dose significantly reduced the percentage of females that 
became maternal and impaired their nest building scores. A dose- 
dependent effect was also shown by male groups in licking, with the PS3- 
M group showing the longest time. PS2-M and PS3-M nest building scores 
were similar, but significantly higher than those of CM. PS3 treatment 
induced a significant increase in Progesterone (P) and Cort. levels, 
concomitant with a decrement in E?, in females. In males PS3 caused in 
a significant increase in T and E2, while no changes were detected in P 
and Cort. These hormonal results suggest that EPS selectively affects 
steroid metabolic routes in a dose and sex-dependent way. * DGICYT 
PB96.0107-C03-02 and PB95-0060-C02.01.

763.10

Adrenomedullin distribution in brain, peripheral tissue and plasm a following 
acute restra in t stress. S. Khan', D. M ichaud1. C  Messier*', T.W, Moody3, H. 
Anisman4, Z. Merali12. ‘Sch. of Psychol. & 2Dept. of Cell. & Mol. Med. University 
o f Ottawa., 4Dept. Psychol. Carleton University, Ottawa, ON, Canada. 3NCI, Med. 
Branch, Rockville, M.D.

Adrenomedullin is a newly discovered peptide that is widely distributed 
throughout the body including the adrenal glands, cardiovascular organs, blood and 
central nervous system. Its has been implicated in cardiovascular and renal disorders, 
as well as in stress-related pathophysiology. Specifically, it has been reported that 
plasma adrenomedullin are elevated in patients with essential hypertension and 
following the application of systemic stressors, such as experimental hypertension 
and the injection of cytokines. The current study assessed immuno-reactive 
adrenomedullin levels following exposure to a psychogenic stressor. Control rats 
(male Sprague-Dawley; n=6) were compared to a group of rats acutely restrained for 
20 min (n=6). Subjects were decapitated, and the various brain regions and 
peripheral tissues rapidly removed and frozen. Adrenomedullin levels were measured 
in 11 distinct brain nuclei, as well as in plasma, the heart, lung and adrenal glands, 
using a solid-phase RIA. Adrenomedullin was detectable in all 11 regions examined, 
with the highest levels in the pituitary, median eminence, paraventricular thalamic 
nucleus and various hypothalamic nuclei. Relatively low concentrations were found 
in the hippocampus, nucleus accumbens and cingulate gyrus. Stress exposure elicited 
region-specific alterations in adrenomedullin levels. Specifically, significant 
elevations occurred in the adrenals and modest elevations in hypothalamic regions 
and the pituitary. These data support the contention that adrenomedullin may play a 
role in the mediation o f the stress response. Since this peptide is a potent vasodilator, 
it may serve as a protective agent for cardiovascular system and other organs, 
following exposure to stressful stimuli. Supported by NSERC.
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764.1

COMPARING THE EFFECTS OF PLASMA TRYPTOPHAN 
DEPLETION ON LABORATORY AGGRESSIVE AND 
IMPULSIVE BEHAVIOR IN MEN WITH AGGRESSIVE AND 
NONAGGRESSIVE HISTORIES. J.M. Biork*. D.M. Dougherty.
F.G. Moeller, D.R. Cherek, and A.C, Swann. Dept, of Psychiatry 
and Behavioral Sciences, University of Texas-Houston Medical 
School ; Houston, TX 77030.

Some previous studies have demonstrated that the competitive 
inhibition of L-tryptophan (Trp) uptake into the brain (for serotonin 
synthesis) using an amino acid beverage results in increased 
aggressive behavior in the laboratory. Further research has indicated 
that this effect may be specific to men with high self-reported hostility. 
These individual differences are systematically explored in this study. 
The aggressive and impulsive behavior before and after ingestion of 
Trp depletion and Trp loading (control) beverages are compared in 
two groups of men: those with without aggressive histories. 
Aggression was operationalized as responding to subtract money from 
another study participant, and impulsivity was operationalized both as 
the preference for a smaller, more immediate reward (over a larger, 
delayed reward) as well as elevated rates of “false alarm” responding 
to stimuli similar (but not identical) to target stimuli in a modified 
Continuous Performance Task (CPT). Results indicate that trait 
aggressiveness may interact with plasma tryptophan depletion effects 
on altering laboratory behavior. (H .F . G uggenheim  F o u n d a tio n )

764.3

KETANSERIN ABOLISHES THE AGGRESSIVE BEHAVIOR OF 
MAO A DEFICIENT MICE. J.C. Shih .1* M J, R idd.1 K. C hen.1 W ,P, 
Meehan.2 and M.-P. Kung3. 'Dept, o f Mol. Pharmacol. & Toxicol., 
School o f Pharmacy and Dept, o f Cell & Neurobiol., School of  
Medicine, University o f Southern California, 1985 Zonal A ve., Los 
Angeles, CA 90033; 'Diabetes, GNH 8250, LAC-USC Medical Center, 
1200 North State Street, Los A ngeles, CA 90033; 3Dept. o f Radiology, 
University o f Philadelphia, 3700 Market Street, Philadelphia, PA 19104.

Mice deficient in monoamine oxidase A (MAO A) have elevated brain 
levels o f serotonin (5-HT), norephinephrine and dopamine. Adult male 
mutant mice manifest enhanced aggressive behavior consistent with the 
impulsive aggression reported in men from a Dutch family with a MAO A 
deficiency. The 5-HT2A receptor antagonist, ketanserin, abolished the 
aggressive behavior of MAO A knock-out (KO) mice. In contrast, drugs 
acting at 5-HT,, 5-H T2, dopamine D 2 and ß-adrenergic receptors had no 
effect on aggressive behavior. We have demonstrated a significant 25% 
decrease in Bmax for [¾]-ketanserin in frontal cortex o f mutant mice with 
no change in affinity. Quantitative autoradiography with [125I]-LSD  
showed a similar decrease in 5-H T2A receptors in MAO A KO mice. 
Autoradiographic mapping also showed decreases in 5-H T 1A receptors 
(18%) in hippocampus and dentate gyrus and 5-H T?c receptors (37%) in 
choroid plexus o f mutant mice. The down-regulation o f 5-HT receptors 
may be a compensatory change to the elevated brain levels o f 5-HT in 
MAO A KO mice. These results suggest that ketanserin, a 5-HT2A 
receptor antagonist, may be a useful anti-aggressive treatment in MAO A 
KO mice. (Supported by NIMH grants R01 M H 37020, R37 M H39085 
(MERIT Award), K05 MHOO796 (Research Scientist Award) and the 
W elin Professorship).

764.5

SE R O T O N E R G IC  IN V O L V E M E N T  IN TH E R O U G H -A N D - 
TU M BLE PLAY O F JU V EN IL E RA TS. S.M. Siviv*. M. Boustani. J.H. 
Birkholz & M. Pineault. Department o f  Psychology, Gettysburg College, 
Gettysburg, PA 17325.

Previous research suggests that serotonin may have an inhibitory 
influence on the play behavior o f  juvenile rats. To further evaluate the 
receptor selectivity and behavioral specificity o f  this putative influence, 
the effects o f  selective agonists at 5H T1A, 5H T1B, and 5HT2/5H T 1C 
receptors were evaluated. Male, Sprague-Dawley rats were tested 
between the ages o f  25 and 40 days o f  age and were isolated for 24 hours 
prior to a 5 minute opportunity to play. Play bouts were videotaped, 
allowing for a more detailed behavioral analysis. The effects o f  the 
follow ing compounds on play were assessed in separate groups o f  rats: 
the full (R+) and partial (S-) enantiomers o f  the 5HT1A agonist 8-OH- 
DPAT (0, 0.01, 0.03, 0.1, 0.3 m g/kg), the 5HT1B agonist RU24969 (0,
0.03, 0.1, 0.3, 1.0 mg//kg) and the 5HT2/5H T 1C agonist DOI (0, 0.01,
0.03, 0.1, 0.3 mg/kg). Low, autoreceptor-selective, doses o f  R(+)-8-OH- 
DPAT, but not S(-)-8-O H-DPAT, had a tendency to increase overall 
levels o f  playfulness, as measured by increases in pinning. Higher doses 
o f  both compounds reduced play. Pinning was also reduced at the higher 
doses o f  RU24969 and DOI. These data suggest that the most 
predominant effect o f  selective 5HT agonists is for a reduction in 
playfulness. Preliminary analysis o f  videotaped play bouts indicates that 
playful defense may be more sensitive to disruption by these compounds 
than playful attack, suggesting that responsiveness to playful overtures 
may be preferentially affected by serotonergic agonists.

764.2

FEAR CONDITIONING IN MAO B KO YOUNG AND OLD MICE. 
A.P.Scidi1*, K. Chen2, J.J. Kim3 J. C. Shih2 and R. F. Thompson1. 'University of 
Southern California, Neuroscience Program, Los Angeles, CA 90089-2520; 
¾niversity of Southern California, Department o f Molecular Pharmacology and 
Toxicology, Los Angeles, CA 90033;3Yale University, Department of 
Psychology, New Haven, CT 06520-8205.

In contrast to monoamine oxidase A-deficient (MAO A KO) mice, where brain 
levels of biogenic amines are elevated, monoamine oxidase B-deficient (MAO B 
KO) mice do not differ from wild-type mice in brain levels o f 5-HT, NE and DA. 
However, brain levels o f phenylethylamine (PEA) are significantly elevated in the 
MAO B KO relative to wild-type (Grimsby et al. Nature Genetics, 1.7, 206-210, 
1997). Learning and memory were examined, using an emotional task, in MAO 
B KO mice since monoamines are critically involved in this aspect of behavior. 
Training consisted of a 3 minute baseline followed by three tone-footshock 
pairings (tone: 20 sec; 85dB, 2kHZ; footshock: lsec, 0.3mA; intertrial interval 1 
min apart). Contextual testing was performed the next day by placing the animals 
back in the conditioning chamber for 8 minutes and observing freezing behavior. 
An observer blind to both genotype and age of the mice scored the freezing. Old 
MAO B KO mice (1 year 3 months old) exhibited significantly decreased classical 
fear conditioning (freezing to contextual stimuli) as compared to old normal wild- 
type mice. In contrast, young MAO B KO mice (3 months old) exhibited 
significantly enhanced classical fear conditioning to contextual stimuli as 
compared to young wild-type, old wild-type and old MAO B KO mice. Young 
MAO A KO were previously found to show enhanced fear conditioning. 
(Thompson et al. Soc. Neuroscience Abstr., 23,1608,1997). Supported by 
NIMH (R37 MH39085), Research Scientist Award (KO5 MHOO796), (ROl 
MH37020), the Welin Professorship (JCS); NSF (IBN9215069), NIA (AF05142) 
and Sankyo Co. Ltd. (RFT).

764.4
EXPRESSION OF MAO A cDNA IN FOREBRAIN OF MAO A DEFICIENT 
MICE REDUCED AGGRESSIVE BEHAVIOR. Y. Shi*. K. Chen. I. Rebrin, 
and J.C. Shih. Dept, of Mol. Pharmacol. & Toxicol., School of Pharmacy and 
Dept, of Cell & Neurobiol., School of Medicine, University of Southern 
California, 1985 Zonal Ave., Los Angeles, CA 90033.

Monoamine oxidase A (MAO A) catalyzes the oxidative deamination of dietary 
and biogenic amines. Elevated levels of serotonin (5-HT) and reduced levels of the 
5-HT metabolite. 5-HIAA were found in MAO A deficient mice. Adult mutant 
mice also manifested a distinct behavioral syndrome including enhanced aggression 
in males. In order to investigate if increased concentration of 5-HT in forebrain is 
related to the aggressive behavior, transgenic mice were generated in which MAO 
A cDNA was linked to the promoter of CaMKII which is specific for forebrain 
(kindly provided by Dr. Mark Mayford). The presence of MAO A cDNA was 
shown by PCR using a pair of primers complementary to parts of MAO A exon 3 
and 10. The concentrations of urinary 5-HIAA of transgenic, MAO A KO and 
wildtype males were 6.67 ± O.26mg/L, 2.05 ± 0.13 mg/L and 9.11 ± 0.32 mg/L 
respectively. The behavior of transgenic males was studied by resident-intruder 
test. Our result shows that transgenic mice spent more time in nonaggressive 
contact and the duration of aggressive behavior was significantly reduced compared 
to MAO A KO mice (0.04 ± 0.04 versus 107.50 ± 33.55 sec). This data suggest 
that the expression of MAO A in the forebrain of MAO A deficient mice is able to 
reduce their aggressive behavior. Supported by NIMH grants ROl MH37020, R37 
MH39085 (MERIT Award), KO5 MHOO796 (Research Scientist Award) and The 
Welin Professorship.

764.6
LOCALIZATION OF RU 24969-INDUCED CHANGES IN LOCOMOTOR ACTIVITY 
AND INVESTIGATORY HOLEPOKES D.L. Martinez*1 and M.A. Gever12 
Graduate Program in Neuroscience1 and Department of Psychiatry2, University of 
California, San Diego, La Jolla, CA, 92093-0804.

The behavioral profile induced by systemic administration of the direct 5- 
HTia/ib agonist RU 24969 in rats has been well characterized using the Behavioral 
Pattern Monitor (BPM) to examine locomotor and investigatory behavior. Briefly, 
rats treated with RU 24969 exhibit robust increases in locomotor activity, changes 
in the geometry of locomotor patterns, and decreases in investigatory holepokes 
and rearings. Studies in this and other laboratories have attempted to elucidate the 
neural substrates underlying these RU 24969-induced changes in behavior. 
Systemic studies of RU 24969 with 5-HTia and 5-HTib receptor antagonists, WAY 
100,635 and GR 127,935 respectively, have produced evidence of a complex 
interaction between these two 5-HTι receptor subtypes. To elucidate the neural 
circuitry underlying the RU 24969-induced behavioral profile, an intra-cerebral dose 
response study was conducted at a site known to possess a high density of 5-HTib 
receptors, the subthalamic nucleus (STN). Animals received bilateral infusions of 
RU 24969 (0, 3.0, 10.0 µg/µl) and were immediately placed in the BPM chamber for 
a 3 hour test session. Infusion of RU 24969 (3.0 and 10.0 µg/µl) into the STN 
produced significant increases in locomotor activity. Intra-STN RU 24969 also 
produced systemic RU 24969-like changes in geometric locomotor patterns as 
indicated by a significant reduction in the descriptive statistic, spatial d. In contrast 
to systemic studies of RU 24969, intra-STN infusion of RU 24969 produced a 
significant increase in investigatory holepokes. Taken together, these results 
indicate that activation of subthalamic 5-HTib receptors may mediate RU 24969- 
increases in locomotor activity, as well as changes in the geometric locomotor 
patterns. In addition, these data provide evidence for dissociation of the neural 
substrates underlying distinct components of RU /24969-induced behavioral profile. 
Supported by grants from NIDA and NIMH (DAO2925 and MH01223).
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764.7

SEROTONIN AGONISTS INCREASE LOCOMOTION WHEN 
INFUSED INTO THE LATERODORSAL TEGMENTAL NUCLEUS OF 
MALE RATS. R.P.M. Priebe*, P.J. Fletcher, and J.S. Yeomans, 
Department of Psychology, University of Toronto, Canada, M5S 3G3.

Systemic injections of serotonin (5-HT) agonists such as Rü-24969 
(5 mg/kg) increase locomotion. Rempel et al. (1993) hypothesized 
that this effect is due to stimulation of postsynaptic 5-HT1B receptors. 
However, the central targets of these systemic injections have not 
been investigated.

The iaterodorsal tegmental nucleus (LDT) contains 5-HT1B 
receptors. 5-HT and 5-carboxamidotryptamine (5-CT) hyperpolarize 
LDT neurons in vitro. Furthermore, infusions of cholinergic agents 
into the LDT alter locomotor behavior. However, there have been no 
published reports of infusions of serotonergic agents into the LDT 
with regard to locomotion.

In this study, 5-CT (0.1, 0.5, and 1.0 ug) and Rü-24969 (10 ug) 
increased locomotion when infused into the LDT of male rats. All 
effective sites were within 1 mm of the LDT. This suggests that 1) 
systemic injections of serotonergic agents may act on the LDT to 
produce locomotion, and 2) consistent with previous findings, 
locomotion can be altered by pharmacological manipulations of the 
LDT.
(Supported by a Medical Research Council of Canada grant to JSY).

764.9

ANXIOLYTIC-LIKE EFFECT OF 5,7-DHT LESIONS IN RAT 
AMYGDALA. L W iklund1*, W Sommer1, A Thorsell1, C Möller', H 
Nissbrandt2, M Heilig1, 'Department of Clinical Neuroscience and Family 
Medicine, Karolmska Institute, C.R.C. Novum, S-141 86 Huddinge, Sweden; 
departm ent o f Pharmacology, Goteborg University, Medicmaregatan 7, S- 
413 90 Goteborg, Sweden.
The amygdala complex is of known importance for mechanisms o f fear and 

anxiety, and receives an extensive serotonergic innervation. Localised 
serotonergic lesions within the amygdala were produced by microinjection of 
the neurotoxin 5,7-dihydroxytryptamine (5,7-DHT, 4µg/lµl/side). 
Desipramine pretreatment was used to protect catecholamine neurons. There 
was an 80% drop in 5-HT tissue concentration in the lesioned region 
compared to the sham treated group. Levels of dopamine and noradrenaline 
were unaffected. The effect of the lesion was even more pronounced when 
serotonergic terminals were labeled with [^H] citalopram.
Effects of the lesions on experimental anxiety were examined using a 

punished drinking test, and the elevated plus-maze preceded by one hour 
restraint stress. A highly significant (p<0.01) reduction of experimental 
anxiety was seen in the punished drinking test in 5,7-DHT-treated animals. A 
similar effect was seen in the elevated plus-maze (p<0.01).
Present data are in agreement with the established hypothesis that central 5- 

HT facilitates anxiety, and indicate that this effect is in part mediated through 
the amygdala. (Supported by the Swedish MRC)

764.11

ISOLATION OF BEHAVIORALLY RELEVANT GENES FROM THE LOBSTER 
NERVOUS SYSTEM G. Ganter1. M. Bradley1. H. Schneider2. L. Ostroff1 and E.A. 
Kravitz1* department of Neurobiology, Harvard Medical School; Boston, MA 
02115; department of Biology, William Paterson University; Wayne, NJ 07470 

In agonistic encounters among lobsters and crayfish, dominant animals are more 
willing to fight in subsequent encounters while subordinates are not. After a single 
bout, losers show dramatically reduced levels of fighting for up to several days even if 
separated from the winners. The long term nature of these changes raises the 
possibility that changes in levels of expression of key genes might underly behavioral 
changes. In this model system the potential exists to localize such genes to single 
identified neurons and to quantitate their levels of expression. Our studies focus on 
the possible roles in these processes of the amines serotonin (5HT) and octopamine 
and the molting hormone ecdysone (Ecd). Amine receptors: Yeh et al. (J Neurosci 
17:697,97) have shown that social-status-dependent long-term changes in 5HT 
receptor distribution are seen at particular synaptic sites in the crayfish ventral nerve 
cord. We are generating molecular reagents to ask whether such changes result from 
changes in receptor gene expression. Towards that goal, we have cloned a lobster 
amine receptor bearing close sequence identity with the Drosophila 5HT4o2A receptor. 
Using oligonucleotides derived from the variable loop region of the gene, we have 
detected expression in adult lobster abdominal and thoracic ganglia of the ventral nerve 
cord, in adult skeletal muscle, and in larval stages 1 and 4. Ecdysone receptors: 
Shortly after molting animals are highly submissive, and just before the next molt 
they are highly aggressive (Tamm and Cobb, Science 200:79J8). To ask whether 
Ecd plays a role in these events, we have cloned: fragments of a putative lobster Ecd 
receptor from the DNA binding region with high similarity to Uca pugilator, and a 
557bp fragment of a putative lobster E75A Ecd-inducible gene. The putative E75 
gene is expressed early and late in both LI and L4 lobsters. In all cases our studies 
aim at identifying the cloned molecules, determining their patterns o f cellular 
expression, and asking whether changes in levels o f expression are seen with changes 
in social status or with development, (funded by NSF and the Whitehall Foundation).

764.8

DISINHIBITORY BEHAVIOR AND GABAλ RECEPTOR FUNCTION IN SEROTO
NIN DEPLETED ADULT MALE RATS IS REDUCED BY GONADECTOMY; 
IMPLICATIONS FOR IMPULSIVE BEHAVIOR. A.I. Svensson*. A. Berntsson. J.A. 
Engel and B. Söderpalm. Dept, of Pharmacology, Box 431, 405 30 Göteborg, Sweden.

Impulsive behavior in e.g. personality or substance abuse disorders may involve low 
serotonin (5-HT) activity and testosterone may also be linked to impulsive behavior. 5- 
HT depletion as well as supraphysiological serum levels of testosterone produce 
disinhibition also in rats. Evidence indicate that 5-HT depletion induced disinhibition in 
the rat involves GABA/X/benzodiazepine receptor complexes (GABAλ/BDZ-RC) and 
may be reversed by negative modulators of these receptors. We earlier reported (SFN- 
97;520.6) that gonadeetomy augmented the shock-induced behavioral inhibition and 
decreased the in vivo sensitivity of GABAλ/BDZ-RC of normal adult male rats living 
in colonies. Here we sudied the effect of gonadeetomy on disinhibitory behavior and on 
GABAλ/BDZ-RC function in  v i t r o  in isolated 5-HT depleted rats.

Gonadeetomy reduced disinhibiton in 5-HT depleted rats (by intracerebroventricular 
treatment with 5,7-dihydroxytryptamine) in a punished conflict model. The 5-HT deple
tion and gonadeetomy were carried out in one operation and the rats were isolated for 14 
days before testing. Gonadeetomy did not change the behavior in non-5-HT-depleted 
rats. GABA-induced (30, 100, 300 µM) VlCf-uptake into corticohippocampal synapto- 
neurosomes was lower in 5,7-DHT+gonadectomized rats compared to the other groups.

These results demonstrate that gonadeetomy reduces disinhibitory behavior in 5-HT 
depleted rats and that GABAλ/BDZ-RC may be involved in this effect. Environmental 
factors may be important since gonadeetomy did not affect the behavior in isolated rats 
in contrast to our earlier finding in colonized rats (v id e  s u p r a ) . Clinical studies are 
warranted to investigate if testosterone antagonists or 5α-reductase inhibitors 
(preventing formation of GABAλ agonistic testosterone metabolites) have positive 
effects in the treatment of disorders characterized by poor impulse control.

T h is  s tu d y  w a s  s u p p o r t e d  b y  th e  S w e d is h  M R C  ( n o : s  4 2 4 7  a n d  1 1 5 8 3 )

764.10
PHYSIOLOGICAL PROPERTIES OF AND SYNAPTIC INTERACTIONS 
BETWEEN LOBSTER AMINE NEURONS R. Heinrich1. S.I. Cromarty1*. M.
Hömer2. D.H. Edwards3 and E.A. Kravitz1. 'Department of Neurobiology, Harvard 
Medical School, Boston, MA 02115; institute for Zoology, University of Göttingen, 
Germany; department of Biology, Georgia State University, Atlanta, GA.

Our earlier studies suggested that subsets of neurosecretory cells, releasing serotonin 
(5HT) and octopamine (OCT) into central neuropil regions and the circulation, serve 
im-portant roles during agonistic interactions in lobsters. The 5HT neurosecretory 
system includes 1 pair of cells in the T5 and a 2nd in the A l ganglion; the OCT 
system includes 14 pairs of cells located in anterior and posterior regions of each 
thoracic ganglion and in posterior segments of the subesophageal ganglion. 
Physiological properties: A core physiological property of 5HT and OCT cells (but not 
of spontaneously active GABA cells) is their autoinhibition after high frequency firing. 
The duration of autoinhibition is directly related to the duration and frequency of 
stimulated firing, but is inversely related to the initial firing frequency of the cells. 
While amines can inhibit the firing of cells, autoinhibition appears to be mainly due to 
intrinsic properties of amine neurons. Autoinhibition could serve an interesting role in 
these neurons: the prior pattern of usage of a cell, represented in the spontaneous firing 
rate, could determine the subsequent usage of the cell after high frequency stimulation, 
with higher initial firing rates allowing more rapid re-utilization after stimulation. 
Synaptic interactions: Paired intracellular recordings from 5HT and OCT neurons 
combined with cell body, connective and nerve root stimulation revealed: (i) no evi
dence of direct interactions between pairs of amine neurons; (ii) stimulation of LG or 
MG axons, which excite 5HT cells yielded no response in OCT cells; (iii) stimulation 
of ipsilateral connectives often generated epsps in one of a pair of 5HT cells, and ipsps 
in the other; (iv) abdominal ganglion nerve root stimulation produced epsps in OCT 
cells; and (v) stimulation of anterior and posterior connectives produced epsps in OCT 
cells and ipsps on 5HT cells. These latter effects might yield insights into the opposite 
physiological roles served by 5HT and OCT cells. (NSF, AvH Found., and NIH)

764.12

CH RO N IC FLUOXETINE BLOCKS CONDITIONED STRESS-INDUCED 
INCREASES IN PREFRONTAL CORTICAL DOPAMINE UTILIZATION. A. M. 
Rasmusson*, C. Woolery, B. A. Morrow, L. Shi. R. H. Roth Depts. of Psychiatry & 
Pharmacology, Yale University School of Medicine, New Haven, CT

Fluoxetine, a serotonin selective reuptake blocker, has previously been shown to 
increase prefrontal cortical (PFC) extracellular DA levels, as measured by microdialysis, 
when administered acutely. Studies of the effects of chronic fluoxetine administration 
on PFC DA have not been previously reported, though such studies would be more 
relevant to the clinical use of fluoxetine in the treatment of anxiety disorders and 
depression. Here we report that chronically administered fluoxetine blocks the 
conditioned stress-induced increase in medial PFC DA utilization. Four groups of rats 
were fear-conditioned by exposure to ten pairings of a 5 second, <70 dB tone with a 0.5 
second, 0.4 mA fooíshock over 30 minutes. Beginning the next day, the rats were 
treated with either normal saline or 5 mg/kg fluoxetine i.p. each day for 3 weeks. 
Eighteen hours after the last injection, two groups were reexposed to the conditioning 
chamber and tones for 30 minutes and then sacrificed. The two other groups were 
returned to the home cage for 24 hours and then exposed again to,the chamber and tones 
alone before sacrifice. Medial PFC DOPAC/DA ratios were:

Day 1 Day 2
Chronic Saline-Conditioned Stress: 0.483+0.024, n=7 0.402+0.042, n=9
Chronic Fluoxetine-Conditioned Stress: 0.324+0.026, n=lO 0.276+0.019, n=lO

(p=O.ül) (p=0.03)
The effect of chronic fluoxetine on basal PFC DA utilization was also assessed by 

administering normal saline or 5 mg/kg fluoxetine for 3 weeks. An untreated control 
group was sacrificed after 3 weeks of no treatment. DOPAC/DA ratios were: Untreated 
Controls: 0.18+0.01, n=9; Chronic Saline: 0.22+0.02, n=9; Chronic Fluoxetine: 
0.19+0.01, n=lO. These groups were not different from each other. As fluoxetine has 
been shown to have essentially no DA reuptake activity, we suggest that the effect of 
chronic fluoxetine in blocking conditioned stress-induced increases in PFC DA 
utilization may be relevant to its clinical efficacy. Supported by a Veterans Affairs 
Research Advisory' Grant & NARSAD Young Investigator Award to A.M.R.
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764.13

EFFECTS OF A 5H T ia  RECEPTOR AGONIST ON FORCED SWIM  
TEST BEHAVIOR IN FISCHER A N D  SPRAGUE-DAW LEY RATS.
M. DeLashaw*. C  DeLeon-Hill. M. Caldarola-Pastuszka and 
L. U phouse. Department o f Biology, Texas W oman’s University, 
Denton, TX 76204.

The forced swim test (FST) has been used to investigate drugs thought 
to have antidepressant activity. In many studies, antidepressant 
effectiveness was measured by the drug’s ability to reduce immobility, 
scored as that time when the rat makes only those movements necessary to 
keep its head above water. More recently, it has been suggested that the 
examination o f struggling and floating behaviors, in addition to 
immobility, may enable detection o f drug effects that are not evident when 
only immobility is assessed. Sprague-Dawley, but not Fischer rats, show  
a reduction in FST-induced immobility after treatment with 
antidepressants. In the current study, male Fischer and Sprague-Dawley 
rats were treated with either saline or 0.5 mg/kg 8-OH-DPAT and 
struggling, floating and immobility behaviors were scored. Fischer rats 
treated with saline struggled more and floated less than Sprague-Dawley 
rats treated with saline. Fischer rats treated with either saline or 8-OH- 
DPAT rarely demonstrated floating behavior. However, Fischer rats 
treated with 8-OH-DPAT struggled significantly less than saline-treated 
rats. In contrast, Sprague-Dawley rats showed less floating and more 
struggling after treatment with 8-OH-DPAT. These findings are 
suggestive evidence that strain differences in the behavioral response to 
the FST influence the rat’s behavioral response to the 5-H T ia  receptor 
agonist.
Research supported by TARP 003646-011 and by NIH R01 M H51568.

764.15

EFFECTS OF THE 5-HT2A RECEPTOR ANTAGONIST,
MDL 100,907 A ND  THE 5-HT2C RECEPTOR ANTAGONIST,
SB 206553, ON LORDOSIS RESPONDING OF FEMALE RATS.
A. W olf*. M. DeLashaw. M. Caldarola-Pastuszka and L. U phouse. 
Department o f Biology, Texas W oman’s University, Denton, TX 76204.

VM N infusion o f the 5-HT2 receptor antagonist, ketanserin, inhibits 
lordosis behavior; and the 5-HT2 receptor agonist, DOI, increases lordosis 
responding. Hormone priming o f ovariectomized rats with 0.5 µg 
estradiol benzoate followed 48 hr later with 500 µg progesterone produced 
sexually receptive and nonreceptive rats in about a 1:1 ratio. Receptive 
rats (with an initial lordosis to mount (L/M) ratio > 0.5) were used to 
examine the effects o f the 5-HT2a  receptor antagonist,
MDL 100,907 and the 5-HT2c  receptor antagonist, SB 206553, on 
lordosis behavior. VM N infusion o f SB 206553 inhibited lordosis 
behavior while infusion o f MDL 100,907 was not effective at reducing 
lordosis responding. These results are consistent with the hypothesis that 
5-HT2c  receptors in the VM N are involved in the modulation of lordosis 
behavior in the female rat. Non-sexually receptive rats (with an initial L/M 
ratio < 0.5) were used to examine the ability o f M DL 100,907 and 
SB 206553 to block the 5-HT2 receptor agonist-induced increase in 
lordosis responding. Both MDL 100,907 and SB 206553 reduced the 
DOI-induced increase in lordosis responding. These findings support 
previous speculations that 5-HT2 receptor functioning in the VM N plays a 
role in the modulation o f female rat lordosis behavior.
M DL 100,907 was a generous gift o f Hoescht Marion Roussel Inc.
SB 206553 was a generous gift o f SmithKline Beecham Pharmaceuticals. 
Supported by NIH R01 H D 28419 and GM 08256.

764.17
SEROTONIN-DOPAMINE INTERACTIONS IN THE CONTROL OF MOTOR 
AND REWARD-RELATED BEHAVIOR. D. Sasaki . A.E. Kellev*. Department 
of Psychiatry, University of Wisconsin Medical School, Madison, WI 53719 

The dopaminergic and serotonergic neurotransmitter systems are thought to play a 
critical role in the regulation of emotional behavior, mood and reinforcement. 
Although a considerable amount is known concerning the adaptive functions of each 
of these systems, relatively little is known about their interaction. The nucleus 
accumbens, an area rich in dopamine and serotonin and which has been implicated 
in reward-related behavior, is one brain region where such an interaction may take 
place. We conducted several experiments to address this question. In the first 
experiment, different groups of rats were chronically treated with the serotonin- 
selective uptake inhibitor (SSRI) fluoxetine, the dopamine-selective uptake blocker 
buproprion, or saline. These rats were then trained in the conditioned reinforcement 
(CR) paradigm, in which rats learn a lever-press response rewarded by a positively 
conditioned stim ulus. Fluoxetine-treated rats showed selectively enhanced 
responding on the CR lever, compared to control and buproprion groups, 
suggesting a greater baseline sensitivity to reward. Moreover, when cocaine was 
administered to these rats, the fluoxetine rats showed a selective potentiation of the 
cocaine-induced increase in CR lever pressing. In a further study, direct 
administration of serotonin (0, 5, 10 µg/1 µl) into the nucleus accumbens caused a 
marked increase in motor activity in photocell cage tests, which was attenuated by 
prior administration of either a D-l or D-2 antagonist. Administration of serotonin 
(0 , 5, 10 µg/1 µl) into the nucleus accumbenalso enhanced lever-pressing in the 
CR paradigm but the effect was not selective for the CR lever, in contrast to intra- 
accumbens dopamine (20 µg), which strongly and selectively enhanced CR 
responding. Taken together, these preliminary data suggest that although serotonin 
systems may not directly mediate reward, serotonergic tone may contribute to 
dopamine-mediating coding of reward. Supported by NIDA grant # DAO4788.

764.14

ATTENUATION OF LORDOSIS-INHIBITING EFFECTS OF 
PROCAINE BY THE 5-HT3 RECEPTOR AGONIST, mCPBG.
N. Maswood*. M. Caldorala-Pastuzska and L. Uphouse. 
Department of Biology, Texas Woman’s University,
Denton, TX 76204.

The effects of intracranial infusion of the local anesthetic, 
procaine, and the 5-HT3 receptor agonist, m-chlorophenyl- 
biguanide (mCPBG), on lordosis behavior were examined in 
ovariectomized, hormone-primed rats. Ovariectomized rats, 
primed with 25 µg estradiol benzoate and 500 µg progesterone, 
received a bilateral VMN infusion with 50% procaine or 
procaine plus 1000 ng mCPBG. Procaine significantly inhibited 
lordosis behavior and mCPBG protected against this inhibition. 
Compared to ovariectomized rats, proestrous females were less 
affected by VMN infusion with procaine. However, coinfusion 
with the 5-HT3 receptor antagonist, tropisetron (1000 ng), 
potentiated the inhibitory effects of procaine. These findings 
provide further support for a role of VMN 5-HT3 receptors in the 
modulation of lordosis behavior. Furthermore, the findings are 
consistent with recent suggestions that 5-HT3 receptors may 
contribute to the effects of the local anesthetic, procaine. 
Supported by NIH R01 HD28419 and TWU REP award.

764.16
A 5-HT1A ANTAGONIST (p-MPPI) POTENTIATES THE FLUOXETINE 
ATTENUATION OF POST-AMPHETAMINE “ANHEDONIA” IN RATS. A.A. 
Harrison and A. Markou*. Department of Neuropharmacology, The Scripps Research 
Institute, La Jolla, California 92037.

Experiments examined the effects of increased serotonergic neurotransmission on 
reward in drug-free rats and in rats exhibiting diminished interest in rewarding stimuli 
after cessation of chronic amphetamine treatment. Rats were prepared with electrodes 
in the lateral hypothalamus and trained on a current-threshold intracranial self
stimulation (ICSS) procedure. The 5-HT1A agonist, 8-OH-DPAT, both enhanced (0.03 
mg/kg, SC or 1, 2.5 ug in the median raphe nucleus) and attenuated (0.1, 0.3 mg/kg, 
SC) ICSS reward, while the 5-HT1A antagonist, p-MPPI (0-10 mg/kg, SC) had no 
effect on ICSS behavior. p-MPPI dose-dependently reversed both effects of 8-OH- 
DPAT on ICSS, indicating that both of these effects were mediated through activation 
of 5-HT1A receptors. Further, the decreases in reward observed after the low systemic 
dose of 8-OH-DPAT are probably mediated through activation of 5-HT1A 
somatodendritic autoreceptors on the raphe nucleus, suggesting that reduced 
serotonergic neurotransmission increases ICSS reward. Consistent with this 
observation is the finding that increased serotonergic neurotransmission by the 
administration of both 3 mg/kg p-MPPI and 5 mg/kg fluoxetine (IP) decreased ICSS 
reward. In contrast, the same drug combination in rats exhibiting elevated ICSS 
thresholds during amphetamine withdrawal (3 times/day for 4 days; cumulative dose 50 
mg/kg, IP) increased ICSS reward by reversing the threshold elevations observed 
during amphetamine withdrawal. This pattern of results indicates that reduced 
serotonergic neurotransmission increases brain stimulation reward, while increased 
serotonergic neurotransmission decreases ICSS reward in intact animals. In contrast, in 
rats exhibiting diminished interest in reward during amphetamine withdrawal increased 
serotonergic neurotransmission restores the efficacy of ICSS reward, a finding 
consistent with the mood-elevating effects of selective serotonin reuptake inhibitors in 
depressed humans. [Supported by Novartis and NIDA (DA00213) grants to AM]

764.18
THE BEHAVIORAL EFFECTS OF SERTRALINE DIFFER FROM THOSE OF 
FLUOXETINE AND PAROXETINE ON THE DIFFERENTIAL- 
REINFORCEMENT-OF-LOW-RATE 72-SECOND (DRL 72-s) OPERANT 
SCHEDULE. J D, Sokolowski*. J.E. Malberg. andL.S. Seiden. Dept, of 
Pharmacological and Physiological Sciences, University o f Chicago, Chicago, IL 
60637.

The DRL 72-s operant schedule has been extensively used as a screen for 
antidepressant drugs. The hallmark of the antidepressant-like effect in this behavioral 
paradigm is an increase in the reinforcement rate, which is typically accompanied by a 
decrease in response rate and a shift toward longer inter-response time (IRT) intervals. 
Several different classes of therapeutic agents, including 5HTIA agonists, 5HT2 
antagonists, beta-adrenergic agonists, and MAO inhibitors produce these effects. 
Previous work has also demonstrated that fluoxetine produces antidepressant-like 
effects on the DRL 72-s. In a series of three experiments, the effects of fluoxetine were 
compared with those observed with two other specific serotonin reuptake inhibitors 
(SSRIs), sertraline and paroxetine, in order to more carefully characterize the effects of 
this antidepressant drug class on the DRL 72-s. Following training on the DRL 72-s, 
rats were administered one of the three SSRIs, 1 hour prior to behavioral testing, with 
randomly-assigned doses. Treatment with all three SSRIs produced an antidepressant
like effect as measured by significant increases in reinforcement rate. Additionally, all 
three drugs produced significant decreases in response rate in a dose-related manner. 
However, analysis of IRT histograms indicated that different SSRIs may produce 
different behavioral effects. Fluoxetine and paroxetine did not produce a significant 
shift in the IRT distribution, while sertraline did as measured by a significant increase 
in IRT peak location (the IRT time bin with the greatest number of responses). These 
results indicate that while SSRIs produce similar antidepressant-like effects on the DRL 
72-s paradigm as characterized by a single, global measure such as reinforcement rate, 
it is also apparent that these drugs are not homogenous in their behavioral effects when 
investigated with more sensitive analyses. (This work supported by PHS MH11191, 
PHS T32 DA-07255, and gifts from Eli Lilly, Pfizer, and Merck)
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764.19

ACUTE A N D  R E PE A T E D  T R E A T M E N T  W IT H  FL U O X ET IN E  
PRODUCE SIM IL A R  EFFEC TS O N T H E DIFFER E N T IA L  
R E INFO RC EM EN T O F L O W -R A T E  (D R L) 72-S O PER A N T  
SC H EDULE. M S. Cousins*. R. Lew. L.S. Seiden. Dept of Pharmacol & Physiol 
Sciences, Univ of Chicago. 947 E 58th St. Chicago IL 60637.

The purpose of this experiment was to compare the behavioral and biochemical 
effects of acute and repeated fluoxetine treatment. In the first experiment, rats were 
treated for 13 days with once-daily injections of either vehicle or fluoxetine (2.5. or
5.0 mg/kg) and were tested daily on the DRL 72-s schedule, a behavioral screen for 
antidepressants. On the 14th day. vehicle-treated rats received either vehicle, 2.5. or
5.0 mg/kg fluoxetine, whereas rats that had received 2.5 or 5.0 mg/kg fluoxetine 
again received their respective dosage. Both the acute and repeated 5.0 mg/kg 
fluoxetine treatment groups showed increases in reinforcement rate, which is an 
indication of an antidepressant-like effect. Although these two groups did not differ 
in lever pressing rate, rats receiving repeated 5.0 mg/kg fluoxetine did show a 
decreased burst ratio. These behavioral effects were not apparent on day 15 (no 
drug). No effects of either acute or repeated treatment with 2.5 mg/kg fluoxetine 
were observed on any behavioral parameter. In summary , the behavioral effects of 
acute and repeated 5.0 mg/kg fluoxetine are nearly indistinguishable. In the second 
experiment, rats were sacrificed 5 days following the 14th injection for binding 
studies with (1 “5I]-RTI-55. Preliminary' data indicate that repeated treatment with 
2.5 and 5.0 mg/kg fluoxetine produces a dose-related decrease in the density of 
hippocampal 5HT transporters as compared to vehicle-treated rats. In contrast, acute 
treatment w ith fluoxetine did not affect the density' of hippocampal 5HT transporters. 
These data indicate a dissociation betw een the density of hippocampal 5HT 
transporters and DRL 72-s operant responding. It will be of interest in future 
studues to determine the pharmacokinetics and dy namics of fluoxetine. (Supported 
by grants PHS T32-DA-07255. PHS MH 111 91 and gifts from Eli Lilly)

764.20

5H T1A  A N T A G O N IST  W A Y -100635 BL O C K S TH E  
A N TID E PR E SSA N T -L IK E  EFFEC TS O F FL U O X ET IN E ON TH E  
DIFFER E N T IA L R E IN FO R C EM EN T O F LO W -R A T E (DR L) 72-S 
SC H E D U L E. L.S. Seiden. M.A. Chock. S. Wachtel* and M S. Cousins. Dept of 
Pharmacol & Phy siol Sciences. Univ of Chicago. 947 E 58th St. Chicago IL 60637.

The DRL 72-s schedule is a behavioral screen that predicts the clinical efficacy of 
several classes of antidepressants. The hallmark of the antidepressant-like effect is an 
increase in reinforcement rate which is accompanied by a temporal shift in the peak of 
responses toward the 72-s criterion; acute administration of the selective serotonin 
uptake inhibitor fluoxetine produces such an effect. The purpose of the present 
experiment was to determine if fluoxetine’s effect on the DRL 72-s schedule would be 
blocked by pretreatment with the silent and selective 5HT1A antagonist WAY- 
100635. WAY-1006.35 (O.OO3-3.O mg/kg. sc) had no behavioral effects on its own. 
Although fluoxetine (10 mg/kg ip) alone produced increases in reinforcement rate as 
compared to vehicle-treated rats, rats receiving 0.03 mg/kg WAY-10063 5 prior to 
fluoxetine had reinforcement rates that were not distinguishable from the vehicle- 
treated rats. The blockade by WAY-100635 of the reinforcement rate-increasing 
effects of fluoxetine were not accompanied by any significant changes in the number of 
lever presses. Pretreatment of rats with 0.3-3.0 mg/kg WAY-100635 prior to the 
fluoxetine significantly reduced the number of lever presses, indicating possible motor 
effects at these higher doses. In summary. these data suggest that the antidepressant
like profile of fluoxetine on the DRL 72-s schedule can be attenuated by pretreatment 
with WAY-100635, which is an interpretation consistent with Moser and Sanger 
(1996). (Supported by grants PHS T32-DA-07255. PHS MH 11191 and gifts from Eli 
Lilly and Wyeth-Ayerst)
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765.1
STARTLE DIFFERENCES IN RATS NOT EXPRESSING CCK-A 
RECEPTORS D.Feifel*. T, Reza Department of Psychiatry, University of 
California, San Diego, 9500 Gilman D r . La Jolla, California 92093-8620 

Cholecystokinin (CCK)-A receptors have a limited distribution in the brain 
but are present in both the brainstem and in the nucleus accumbens. CCK 
administered into the brainstem modulates the acoustic startle response (ASR) 
whereas CCK administered into the nucleus accumbens modulates prepulse 
inhibition (PPI), which is the inhibition of the ASR when the startling sound is 
immediately preceded by a weaker sound. Recently, a strain of Long Evans rats 
that lack CCK-A receptors due to a genetic mutation have been discovered 
(Otsuka Long Evans Tokushima Fatty, OLETF). In order to determine whether 
CCK-A receptors play a role in the regulation of ASR or PPI we studied 
OLETF rats and their normal counterparts (Long Evans Tokushima, LETO). 
Both strains of rats were tested in startle chambers following injections of 
saline, the indirect dopamine agonist, amphetamine (2mg/kg) or the 
noncompetitive NMDA antagonist, MK801 (O.lmg/kg) The latter two drugs 
reliably decrease PPL OLETF rats had a significantly higher baseline ASR 
relative to LETO rats. In contrast, there were no significant differences in 
baseline PPI between OLETF and LETO rats. However, amphetamine and 
MK8Ol decreased PPI significantly in LETO but not OLETF rats. These 
results suggest that CCK-A receptors play an important role in regulating 
baseline ASR and modulating glutamatergic and dopaminergic regulation of 
PPI. These results have clinical implications since elevated ASR and decreased 
PPI respectively model features of anxiety' disorders and schizophrenia.

Supported by a National Alliance for Research in Schizophrenia and 
Depression (NARSAD) grant to DF.

765.2

THE ROLE OF AMYGDALA CENTRAL NUCLEUS ON THE 
ANXIOGENiC EFFECTS OF INTRACEREBROVENTR1CULARLY 
ADMINISTERED BRADYKININ IN RATS
M. Mengi, A. Hasanoglu, E. Yurdakos* Dept, o f  Physiology, Cerrahpa§a 
Faculty o f Medicine, Istanbul, Turkey.

In this study, the effects of bradykinin (BK) on emotional activity and the 
role o f amygdala central nucleus (ACE) on the effects o f  BK were 
investigated in Wistar albino mature male rats. The experimental methods 
used were the open field, elevated plus-maze, social interaction and 
holeboard tests. In the intraoerebroventricularly B K  æctórrisíered groups (1 
and 2 µg/rat), there was an increase in the immobilization time and a 
decrease in the squares crossed and rears in the open field test, when 
compared with the control and sham groups results, BK decreased the 
number o f entries and time spent in open arms of the elevated plus-maze. 
BK reduced social interaction in paired rats. BK also reduced the number o f  
holes explored and the number o f rears in the hole board test. These results 
suggest an anxiogenic effect o f BK.
On the other hand, in the bilateral ACE lesioned and BK (2 µg/rat) 
administered group, BK had no significant effect on the emotional activities 
of the rats when compared with the control and sham groups values, 
suggesting that ACE has a role on the anxiogenic effect o f BK.

765.3

THE EFFECT OF INTRACEREBROVENTR1CULARLY  
ADMINISTERED CORTICOTROPHIN RELEASING FACTOR  
ON PORSOLT SWIMMING TEST A.Hasanoglu* . M. Mengi. E, 
Yurdakos, Dept, o f  Physiology, Cerrahpasa Faculty o f  Medicine, 
University o f  Istanbul, Istanbul, Turkey.
Male Wistar albino rats were divided into four groups: control, 
sham, intracerebroventriculariy (ICV) corticotrophin releasing 
factor (CRF) (1 µg/rat) administered and ICV 1 µg/rat administered 
+ bilateral amygdala central nucleus (ACE) lesioned groups. In the 
ICV CRF administered group, there was a decrease in the 
immobilization time and an increase in the duration o f  struggling 
compared to the control and sham groups. These results suggest 
that CRF has an anxiogenic effect and impairs learning in Porsolt 
swimming test. On the other hand, in the bilateral amygdala central 
nucleus lesioned / CRF (1 µg/rat) administered group, CRF had no 
effect in the immobilization time and duration o f  struggle when 
compared with the control and sham groups, which suggests that 
ACE may play a role in the anxiogenic effect o f  CRF. (Supported 
by University o f  Istanbul Research Grant).

765.4

THE NEUROKININ NK1 RECEPTOR ANTAGONIST W IN 51,708 
BLOCKS THE REINFORCING AND ANXIOLYTIC EFFECTS OF 
SUBSTANCE P IN THE VENTRAL PALLIDUM. J P. Huston. S. 
Nikolaus. B. Topic and R U. Hasenöhrl*. Institute o f  Physiological 
Psychology and Center for Biological and Medical Research, 
University o f  Düsseldorf, 40225 Düsseldorf, Germany

The neurokinin substance P (SP) exerts reinforcing and 
anxiolytic-like effects when administered into the vicinity o f  the 
nucleus basalis magnocellularis (NBM ). The present study was aimed 
at determining the possible involvement o f  the NK1 receptor in the 
behavioral effects o f  intrabasalis SP. Reinforcing effects o f  SP were 
assessed using the place preference paradigm and anxiolytic effects 
were examined with the elevated plus-maze. Prior treatment with the 
NK1 antagonist W IN 51,708 (10 or 20 mg/kg; i.p.) was found to block 
the reinforcing as well as anxiolytic-like effects o f  intrabasalis SP 
(0.74 pmol). The C-terminal SP-fragment analog DiM e-C 7 (0.74  
pmol) was also found to act as a reinforcer and to produce anxiolytic
like effects upon injection into the NBM , but unlike SP, the 
behavioral effects o f  the C-terminal analog could not be antagonized 
by joint administration o f  the NK1 antagonist. The findings indicate 
that the reinforcing as well as anxiolytic effects o f  intrabasalis SP are 
mediated via NK1 receptive sites. The failure o f  Win 51,708 to 
antagonize the behavioral effects o f  D iM e-C7 is interesting since 
other studies have revealed that the C-terminal SP analog shows a 
higher affinity for the NK3 than for the NK1 receptor subtype.
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765.5
NEUROPEPTIDE Y IN HUMANS PARTICIPATING IN HIGH INTENSITY 
MILITARY TRAINING. C. A. Morgan III. P. Fox, S. Wang. G. Hazlett, A. 
Rasmusson. R. Hauger, S. Southwick. D. Charney*. Yale University School of 
Medicine, New Haven, CT; School of Medicine, University of California, San Diego; 
& JFK Special Warfare Training Center, Fort Bragg, NC.

Neuropeptide Y is a 36 amino acid polypeptide closely associated with 
noradrenergic activity both in the central and peripheral nervous systems. NPY 
coexists with norepinephrine in sympathetic nerves and is co-released into the 
circulation on sympathetic activation. Preclinical studies have provided evidence that 
NPY enhances the efficiency of an animal's noradrenergic response under conditions of 
high stimulation. NPY also appears to function as a central anxiolytic and to buffer 
against the effects of stress. The objective of this study w'as to assess plasma 
neuropeptide Y immunoreactivity in three cohorts (n=352) of healthy soldiers 
participating in extremely high intensity military traimng (SERE). SERE training 
provides soldiers, in a highly realistic manner, the expeπence of being captured by the 
enemy and of being a Prisoner of War. Plasma levels of NPY were assessed at baseline 
(prior to initiation of training), during the POW experience of SERE training 
(immediately follow ing military interrogations), and 24 hours after the conclusion of 
training. NPY was measured after plasma extraction using a double antibody RIA with 
I25j, n p y  as the tracer. Plasma NPY levels were significantly increased, compared to 
baseline, following interrogations and 24 hours after the conclusion of the training. In 
addition, NPY levels of special forces soldiers were significantly greater than those of 
non-special forces soldiers following interrogation and at the conclusion of the course. 
These results provide evidence that high intensity stress significantly increases plasma 
NPY in humans. In addition, these data support the idea that NPY may be involved in 
the enhanced stress resilience seen in special forces soldiers. Supported by the National 
Center for PTSD, VA Connecticut Healthcare System & Mental Health CRC, 
University of California, San Diego (PHS MH 30914-14) , & VA-DoD Cooperative 
Agency Agreement.

765.7

A N X IO G EN IC -LIK E A C TIO N  OF IN TR A -A M Y G D A LA  G A LA NIN. C 
M öller*, L W iklund, W  Som m er, A Thorsell, M  H eilig , Dept, o f  Clinical 
N euroscience and Fam ily M edicine, K arolinska Inst, C.R.C. N ovum , 141 86 
H uddm ge, SW ED EN

The 29 am m o acid (30 in hum an) neuropeptide galanin is abundantly  
expressed in brain structures im portant for em otionality . P revious results 
w ith in tracerebroventrieu lar galanin adm inistration  have suggested an 
involvem ent o f  this peptide in neural m echanism s o f  anxiety. The 
anatom ical site m ediating this action has not been known. The am ygdala is 
o f  know n im portance for m echanism s o f  fear and anxiety. In the present 
study, we therefore exam ined the effects o f  galanin on levels o f 
experim ental anxiety upon m icroinjection into the am ygdala. Intraam ygdala 
galanin produced a robust and dose-dependent anxiogenic-like effect in a 
punished  drinking test. At the h ighest dose (0.6 nm ol / am ygdala), punished 
responding  was reduced by approx. 70%. U npunished responding, 
locom otor activity  and shock thresholds were unaffected. In contrast, no 
signs o f  increased experim ental anxiety were found in the e levated plus- 
m aze. W hen injected into parietal cortex, no anxiety prom oting  properties o f  
galanin could be detected in any o f  the m odels. T aken together, these 
findings support an activity  dependent involvem ent o f  galanin signalling 
w ithin the am ygdala in m odulation o f  experim ental anxiety. (Supported by 
Sw edish M RC)

765.9
N E U R A L  C O N N E C T IV IT Y  OF P A R A V E N T IC U L A R  N E U R O N S  
E X P R E S S IN G  C -F O S  F O L L O W IN G  L A T E R A L  V E N T R IC U L A R  
IN JECTIO N S OF A N K 3 AG O N IST. F.W . F lynn*. Dept, o f  Psychology and 
G raduate N euroscience Program , Univ. o f  W yom ing, Laram ie, W Y 82071.

A ctivation  o f  brain N K 3 receptors by injections o f  senktide inhibit salt intake 
and affect cardiovascular function. Lateral ventricu lar injections o f  senktide 
induce c-fos  expression  in a num ber o f  brain sites, particularly  the 
paraventricu lar nucleus (PV N ) (Sm ith & Flynn, 1997). The neural connectivity  
o f  PVN neurons activated by senktide is not know n. E xperim ents sought to 
determ ine if  PVN neurons that are activated  by senktide pro ject to m edullary 
nuclei, w hich directly  or indirectly  regulate the autonom ic preganglionic neurons. 
Flurogold w as injected b ilaterally  into the dorsal vagal com plex  and 7 days later, 
rats w ere adm inistered intraventricular injections o f  senktide (200 ng) or isotonic 
saline. The brains w ere processed for c-fos  im m unoreactiv ity  90 m in later. The 
num ber o f  cells expressing c-fos  and the num ber o f  retrogradely  labeled cells 
w ere quantified at four levels o f  the PVN. Senktide induced the strongest c-fos 
expression in the rostral and m edial PVN (greater than 200 cells/level) and little 
in the caudal parts (less than 20 cells). O verall, c-fos  expression  was more 
concentrated  in the m agnocellular than parvocellu lar PVN. In the parvocellular 
PVN, the greatest num ber o f  retrogradely  labeled cells w ere found in the medial 
and posterior parts. Cells expressing  c-fos  w ere c losely interm ixed with cells 
projecting to the dorsal vagal com plex but none o f  the cells showed double 
labeling. PVN neurons expressing c-fos  do not pro ject to the dorsal vagal 
com plex  and the pattern o f  c-fos expression suggests a close relationship  to the 
m agnocellu lar neurosectretory  system  (S upported by DK 50586 to F.W .F.)

765.6
INTERACTION BETWEEN THE NEUROTENSIN RECEPTOR ANTAGONIST 
SR142948A AND DOPAMINE AGONISTS IN PREPULSE INHIBITION OF 
THE ACOUSTIC STARTLE RESPONSE.
B. Kinkead*. E, Binder. M,J, Owens, and C.B, Nemeroff, Laboratory of 
Neuropsychopharmacology, Department of Psychiatry and Behavioral Sciences, 
Emory University School of Medicine, Atlanta, GA 30322 

Prepulse inhibition (PPI) of the acoustic startle response is a proposed modei for 
the sensory gating deficits seen in schizophrenia. Dopamine (DA) agonists such as 
apomorphine and amphetamine have been shown to disrupt PPI, and antipsychotic 
drugs restore PPI. The neurotensin (NT) system has been implicated in both the 
mechanism of action of antipsychotic drugs as well as the pathophysiology of 
schizophrenia. In order to investigate the possibility that NT neurotransmission is 
involved in PPI, we examined the effects of coadministration of the NT receptor 
(NTR) antagonist SR142948A and the DA agonists apomorphine and 
amphetamine on PPI. Adult male Sprague-Dawley rats received a single i.p. 
injection of either SR142948A (1.0 or 100 µg/kg) or vehicle one hour befor PPI 
testing. Rats also received a second injection immediately before testing of either 
apomorphine (0.1 or 0.5 mg/kg, s.c.), amphetamine (0.2 or 2.0 mg/kg, i .p ) or 
vehicle. SR142948A had no effect on PPI when administered alone. Both 
amphetamine and apomorphine disrupted PPL The high dose of SR142948A 
enhanced the apomorphine-induced disruption of PPI and attenuated the 
amphetamine-induced disruption of PPI. Brains from these animals are currently 
being examined by in situ hybridization in order to deteπnine whether 
administration of the NTR antagonist altered the patterns of c-fos mRNA 
expression induced by apomorphine and amphetamine. These results provide 
evidence for a role of the NT system in PPI. (NIH MH-39415)

765.8
DIFFERENTIAL EXPRESSION OF PREPROTHYROTROPIN-RELEASING  
HORMONE (PREPRO-TRH) 178-199 IN WISTAR VERSUS WISTAR KYOTO 
(WKY) RAT STRAINS: IMPLICATION FOR UNDERLYING MECHANISMS 
OF VULNERABILITY TO DEPRESSION. S. Suzuki*. L. Solberg. E.E, Redei, 
R.J. Handa. Dept, of Cell Biology, Neurobiology and Anatomy, Loyola University 
Medical Center, Maywood, IL 60153; Depts. of Psychiatry and Neurobiology, 
Northwestern Univ. Medical School, Chicago, IL 60611.

The rat prepro-TRH 178-199 has been shown to reverse some of the 
neuroendocrine, as well as behavioral manifestations of stress. This peptide is derived 
from rat prepro-TRH by the action of prohormone convertases (PCI and PC2). These 
enzymes proteolytically cleave prepro-TRH to produce five copies of TRH and 
additional cryptic peptides including prepro-TRH 178-199. In the present study, we 
examined the expression of prepro-TRH 178-199 in Wistar-Kyoto (WKY) and the 
parent, Wistar, strain of rat. WKY rats have been recently suggested as an animal 
model of depression because of their hormonal abnormalities and their depressive 
behavioral characteristics. Brains from intact male rats were processed by standard 
immunohistochemical procedures. Immunoreactive (ir) cells and fiber density were 
examined in the nucleus accumbens, lateral septum, medial amygdala, dorsomedial 
nucleus of the hypothalamus, paraventricular nucleus of the hypothalamus (PVN), 
and bed nucleus of the stria terminalis (BNST). The PVN and BNST showed 
significant differences in peptide expression between strains. In the PVN, WKY had 4 
fold that of Wistar in number of ir cell bodies (p < 0.0005) while in PVN and BNST, 
there was a lower density in nerve fibers observed in WKY when compared to Wistar. 
Our preliminary data suggest that these results correspond to differences in 
expression of prohormone convertases. These data may explain the hormonal and 
behavioral abnormalities seen in WKY rats. These results may indicate the 
involvement of prepro-TRH 178-199 as an underlying basis for vulnerability to 
depression in WKY rats. Supported by NSF96-04723(RJH), Layton Biosciences(EER)

765.10
BEHAVIORAL EFFECTS OF ANGIOTENSIN II TYPE 1 RECEPTOR 
ANTAGONIST IRBESARTAN ON RENIN-INDUCED WATER INTAKE AND 
SODIUM APPETITE IN RATS.Randall R. Sakai*. Zhong Zhang1. John Hines are! 
Steve J. Fluhartv University of Pennsylvania, Departments of Animal Biology, 
Pharmacology and the Institute of Neurological Sciences. Philadelphia, PA 19104; 
‘Tianjin Chemical Industry Institute, China 

Many of the behavioral and physiological actions of angiotensin II (Angll) are 
mediated through the Ang II ATI receptor subtype. Irbesartan (Irb) is a recently 
developed nonpeptide Ang II ATI receptor antagonist. We evaluated the effects of 
peripheral vs. central administration of Irb on various models of thirst and sodium 
appetite. In our initial study, the effect of peripheral administration of Irb on renin- 
induced and isoproterenol-induced water intake was examined. Male rats surgically fitted 
with guide cannula that terminated in the anterior third ventricle were treated by gavage 
once daily for three days with Irb (5-50mg/kg/day) prior to a pulse ICV injection of 50 
ng renin. This preteatment with Irb produced a dose related suppression of renin-induced 
water intake. In contrast, a single dose by gavage of Irb (50 mg/kg) had no effect on 
pICV renin-induced water intake. Similar results were also seem with isoproterenol- 
induced water intake. Central administration of Irb at pICV doses of 0.001-5.0 µg/per 
rat, 15 minutes prior to the pICV renin produced a dose dependent suppression of water 
intake. Sodium appetite aroused by sodium depletion or adrenalectomy was also 
inhibited by pICV Irb. In all studies, treatment of rats with Irb produced no 
suppression of other ingestive behaviors nor produced any significant effects on body 
weight. Angll ATI receptor binding competition assays were also examined in various 
peripheral tissues and demonstrated Irb’s high specificity for the ATI receptor. 
Together these Findings demonstrate that Irb specifically inhibits central angiotensin 
ATI mediated behavioral effects. The results also demonstrate that the accessibility of 
Irb from the periphery to critical central brain sites that control these behaviors occurs 
over a different time course as compared to other currently available ATI sepecific 
receptor antagonists. Supported by: DK-48061 and MH 43787.

Society for Neuroscience, Volume 24 ,1998



WEDNESDAY PM NEUROPEPTIDES AND BEHAVIOR III 1927

765.11
PEPTIDE CONTROL OF SOCIAL DISCRIMINATION AND AGGRESSIVE 
BEHAVIORS IN RATS. J. F. Axelson*. B. Asefzadeh. S. George, and T. 
Jablonski. Biological Psychology Concentration, Holy Cross College,
Worcester, MA 01610

While having no effect in either females or castrated males, AVP antagonist 
treatments eliminate social-olfactory memories in male rats (Bluthe & Dantzer, 
1990.) In the present study, we tested the effects of intracranial injections of 
AVP- and oxytocin antagonists on social discrimination memories in both male 
and female rats using the partner-preference apparatus (Bakker, van Ophemert, 
Eijskoot, & Slob, 1994). We also wish to correlate individual differences in 
aggressive and social discrimination behaviors. Following completion of an 
initial five minute exposure to the familiar juvenile in the adult’s home cage, 
subjects received a 2 ul injection of one of the following treatments: 100 ng 
AVP-antagonist [Deamino-Pen1,0-M e-Tyr2,Args], 100 ng Oxytocin antagonist 
[Des-Glycinamide9, dfCHoV.O-Me-Ty^ThAOrn^-Vasotocin or vehicle control. 
Sixty minutes later the adult was re-tested with the same juvenile as well as 
with a second unfamiliar juvenile, however this second test was conducted in a 
partner preference apparatus in which the novel and familiar juveniles were 
tethered in separate chambers while the adult moved freely. Tests were video 
taped and analyzed using the O b s e r v e r  V id e o  T a p e  A n a ly s i s  S y s t e m  (Noldus 
Information Technology.) We will report data showing sex differences in 
response to peptide antagonists and we suggest the partner preference apparatus 
may enhance the ability to measure social olfactory memories. We are currently 
testing animals for latency to show aggressive responses to intruders and hope to 
correlate these behaviors to social discrimination memories and sensitivity to 
AVP-antagonists. Supported by NSF-RUI grant # IBN-9511359.

765.13

C H O L E C Y S T O K IN IN  (C C K )-A  R E C E P T O R  G E N E  K N O C K O U T  
O L E T F  R A T S  S H O W  S P A T I A L  M E M O R Y  D E F I C I T  A N D  
NEO PH O BIA-LIK E BEH A VIO R. S. AouT* X.L. Lid Y. Oomura? a n d U  
HoriE iDcpt. o f  Physiology, Fac. o f  M edicine, Kyushu University, Fukuoka 
812-8582; 2institute o f  B io-active Science, Nippon Zoki Pharmaceutical Co 
Ltd, Yashiro, H yogo 673-1461, Japan

Cholccystokinin (CCK) is involved in learning and emotional behaviors 
through CCK-A and CCK-B receptors which are differently distributed in the 
central nervous system. Although CCK-B receptors-mediated behaviors are 
well investigated, the central actions o f  CCK mediated by CCK-A receptors 
are not fully understood. It has been demonstrated that an administration o f  
CCK-A receptor antagonists suppresses performance o f  several learning tasks 
though it facilita tes p assive avoidance learning. In the present study, we 
exam ined b eh avioral ab n orm alities o f  C C K -A  receptor gen e knockout 
OLETF (O tsuka L on g E van s T ok u sh im a Fatty) rats aged 5 m onths to 
elucidate behavioral sign ificance o f  CCK-A receptors. A ge matched LETO 
(Long Evans Tokushim a) rats were used as the control. In the Morris water 
maze task, OLETF rats showed an impaired spatial memory, i.e., longer swim  
path length during training session s and shorter tim e o f  staying and less  
frequent crossing in the area where the platform had been originally located in 
the probe test. OLETF rats also showed a slower velocity o f  swimming in the 
water m aze su ggesting  their hypoactiv ity . In the p assive avoidance task, 
hypoactivity and facilitation o f  avoidance behavior was observed before and 
24 h after training, resp ectively, in OLETF rats. The facilitation o f  shock  
avoidance w as not caused by changes in n oc icep tion  because no sign  o f  
hyperalgesia was found in a hot-plate test. W hen novel food was presented, 
OLETF rats showed hypophagia in comparison with the LETO rats although 
OLETF rats showed hyperphagia for familiar food. The results suggest that 
OLETF rats have spatial m em ory deficit, hypoactivity and neophobia-like  
behavior through, at least in part, lack o f  CCK-A receptors.
Supported by Grant-in-Aid for Scientific Research on Priority Areas.

765.15

VA SO PR E SSIN  (AVP) D O SE -D E PE N D E N T L Y  INC REA SES  
FLANK  M A R K IN G  BU T N O T  A G G R ESSIV E BE H A V IO R  IN  
SYRIAN H A M ST E R S. K. L. Huhman '. A. M. Jasnow. M. M. Janicki.
N. C. Micklev & H. E. Albers* 'Dept, of Psych. & 2Depts. of Biol. & 
Psych., Georgia State Univ., Atlanta, GA 30303.

M icroinjection o f AV P into the medial preoptic-anterior hypothalamic 
area (M POA-AH) in hamsters is known to elicit a form o f scent 
marking behavior called flank marking. Hypothalamic AVP has also 
been reported to modulate agonistic behavior, particularly offensive 
aggression, in hamsters tested in a resident-intruder paradigm. It has 
been hypothesized that AV P might elicit different behaviors depending 
on the dosage. That is, AV P might increase aggressiveness at lower 
doses and induce flank marking at higher doses. We tested this 
hypothesis by microinjecting AV P (100 nl, 0 .0 , 0 .9 , 9 .0 , 9 0 .0  µM  in 
saline) into the M POA-AH o f adult, male hamsters which were then 
tested in their home cages with a smaller, non-aggressive intruder.
Each hamster was tested at each dose in a counterbalanced order with 
tests separated by two days. Agonistic behavior (offensive, defensive 
and submissive behaviors) as well as nonsocial, social behavior and 
flank marks produced by the resident were measured. One way 
ANOVA with repeated measures revealed a dose-dependent increase in 
the number o f flank marks, however the duration o f the various 
agonistic behaviors, including offensive aggression, was unchanged by 
AVP at any dose.

Supported by N S34896 (KLH) & NSF IBN 9514802 (HEA)

765.12
COLOCALIZATION OF VASOTOCIN AND ANDROGEN  
RECEPTOR IN THE PREOPTIC AREA OF THE FROG BRAIN.
S.K. Bovd* and K.L. Schuler. Dept, o f  Biological Sciences, Univ. 
o f  Notre Dame, Notre Dame, IN 46556.

Changes in plasma androgens alter concentrations o f  immuno- 
reactive arginine vasotocin (AVT) in many areas o f  the amphibian 
brain. In order for androgens to directly alter AVT synthesis, 
AVT-producing cells must possess androgen receptors. We used 
double-label fluorescence immunocytochemistry to determine 
whether AVT-like immunoreactivity (AVT-ir) and androgen 
receptor-like immunoreactivity (AR-ir) were colocalized in the 
brain o f  male Xenopus. The preoptic area (POA) o f  Xenopus 
contained a major population o f  AVT-ir cells- (labeled with ICN 
antibody) and also many cell nuclei which contained AR-ir (PG-21 
antibody). Approximately 30% o f  all AVT-ir cells also contained 
nuclei with AR-ir. On the other hand, most o f  the AR-ir cell nuclei 
were found in cells which were not immunoreactive for AVT. The 
Xenopus POA thus contains a significant population o f  cells which 
possesses AR-ir and is potentially androgen-modulated. A  
substantial subpopulation o f  AVT cells in the POA also possesses 
androgen receptors. These cells may represent the sites o f  direct 
action o f  plasma androgens on the brain AVT system o f  frogs.

Supported by N SF #IBN95-14305.

765.14
SOCIAL CONDITIONS AND GENDER INFLUENCE THE ABILITY OF 
OXYTOCIN TO INDUCE FLANK MARKING IN HAMSTERS. A.C. Harmon*,
T.O. Moore, K.L. Huhman, and H.E. Albers. Lab. of Neuroendocrinol & Behav., 
Depts. of Biol. & Psychol., Georgia State Univ., Atlanta, GA 30303; Dept, of 
Psychol, Morehouse College, Atlanta, GA 30314.

Flank marking is a form of scent marking used by hamsters to communicate a variety 
of social information. Oxytocin (OXT) microinjected into the medial preoptic area- 
anterior hypothalamus (MPOA-AH) in dominant female hamsters stimulates high levels 
of flank marking in social conditions. In contrast, OXT does not stimulate high levels of 
flank marking when dominant female hamsters are tested in isolation. To determine 
whether sex differences exist in OXT-induced flank marking, we compared the ability 
of OXT to stimulate flank marking in dominant male and female hamsters. After being 
singly housed for two weeks, male and female hamsters were paired with a hamster of 
the same sex for a seven minute test in a neutral arena over seven consecutive days, to 
define a dominant/subordinate relationship. Dominant hamsters were implanted with a 
guide cannula aimed at the MPOA-AH. OXT (3OOng in 3OOnl saline) or vehicle was 
microinjected in a counterbalanced order in social (with subordinate partner) and 
isolated conditions. Following OXT injections, statistically significant differences 
occurred in flank marking when dominant male hamsters (n=6) were tested in social vs. 
isolated conditions [social: 78.2 ±4.6; isolation.53.3 ± 4.6]. Dominant female hamsters 
also exhibited significantly higher levels of flank marking, following OXT injections, 
when tested in social vs. isolated conditions [social: 68 ± 5.04; isolation: 9.8 ± 5.04; 
p<0.05]. However, the levels of flank marking produced by OXT was significantly 
greater in males vs. females [male=53.5 ±4.6; female=9.8 ±5.04, p<0.05] in isolated 
conditions. These data indicate that OXT can stimulate flank marking in male and 
female dominant hamsters in certain social conditions, however in social isolation OXT 
is more effective in inducing flank marking in male than in female dominant hamsters.

Supported by NSF IBN 9514802 & NIH NS34586

765.16
LACK OF AN EFFECT OF THYROTROPIN RELEASING  
HORMONE ON FEAR AND AVOIDANCE. B.L.Thompson* and
J.B .R osen. Dept, of Psychology and Neuroscience Program, Univ. of  
Delaware, Newark, DE 19716.
Exogenous thyrotropin releasing hormone (TRH) has many well 
established effects which include increasing locomotion, eliciting wet- 
dog shakes, suppressing food intake, producing analgesia, tachycardia, 
and elevating blood pressure. However, little is known about its role in 
fear. In this study, the effects o f intracerebroventricular (ICV) injection 
of TRH on fear and avoidance responses were tested. TRH was injected 
ICV at a rate of 5 µL/2 min 15 min prior to behavioral measurement. 
Acoustic startle showed a dose dependent decrease in response to TRH  
(6.25, 12.5, 25, 50 µg). We then used the l2 .5µ g  dose to test fear and 
avoidance behavior using the following behavioral measures: active 
avoidance, open field mobility, contextual fear conditioning, and fear 
potentiated startle. TRH had no effect on active avoidance. In the open 
field, although the TRH group o f rats were less mobile than the vehicle 
group, this did not appear to be due to an increase in fear behavior 
(immobility). TRH had no effect on the acquisition o f contextual fear 
conditioning but did reduce the expression of contextually conditioned 
freezing when administered before a retention test. The reduction in 
conditioned freezing is probably due to TRH’s locomotor inducing 
properties. Although TRH reduced acoustic startle, it had no effect on 
cue-specific fear-potentiated startle. Thus, the data presented fail to reveal 
specific effects o f TRH on fear or avoidance responses.
This research was funded by the University o f Delaware.
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765.17
SUCROSE ENHANCES OPIOID-INDUCED ANALGESIA IN A NOVEL 
ANALGESIC PARADIGM. B. A. Homoleski.. I. J. Udaka. N. Bockian and R. B. 
Kannrek*. Department of Psychology, Tufts University, Medford, MA 02155.

Research has demonstrated that nutritive, sweet-tasting solutions enhance the 
analgesic action of opioids. However, this finding primarily has been delineated in the 
radiant heat tail flick test. To demonstrate that this effect is not confined to tail-spinal 
reflex anatomy, and is not specific to one test, a novel cold-water analgesia test was 
used. Twenty-four female rats were given ad-lib access to lab chow and water. Twelve 
rats also had ad-lib access to a 32% w/v sucrose solution for 3 wks. Rats then were 
tested for baseline pain sensitivity by determining the latency to withdraw their rear 
paws from a bath containing a -5 ± 1 °C water and alcohol solution. Rats were injected 
(sc) with morphine sulfate and latency to withdraw their rear paws from the cold 
water bath was measured after 30 mins. This procedure was repeated to obtain 
cumulative morphine doses of 1.25, 2.5, 5.0, 10.0, and 20.0 mg/kg. To determine the 
duration of morphine’s action, antinociceptive responses were measured 30, 60 and 
90 mins after the final drug dose. The effects of a single dose (10 mg/kg, sc) of the K, 
analgesic U50488H were also determined using this test. Morphine increased 
antinociceptive responses, measured as the percent maximal possible effect (%MPE), 
in a dose-related manner. However across doses, %MPEs for rats given sucrose were 
significantly greater than those of rats not consuming sucrose. Moreover, %MPEs of 
rats given sucrose remained significantly greater than those of rats not given sucrose 
60 and 90 mins after the final dose of morphine. Sucrose intake also augmented the 
analgesic potency of U50488H. These findings indicate that sucrose enhancement of 
opioid-induced analgesia is not test-specific, and may be mediated in part through a 
mechanism other than a simple tail to spine reflex. It also augments the growing body 
of evidence that chronic sucrose intake alters physiologic opioid function.

This research was supported by Grant #R01 DA04132 from NIDA.

765.19
TR A N S FO R M IN G  G R O W TH  FA CTO R-BETA  RELEA SED  IN TH E 

B R A IN  BY PH Y SIC A L EX ERC ISE CA U SES TH E SEN SATIO N O F 

FA TIG U E. K. Inoue H .Y am azaki. Y .M anabe. C .Fukuda. ½LHanai and 

T .Fushiki . Div. Applied Life Sci., G raduate Sch .of A gric.,Kyoto Univ., 

Sakyo-ku, K yoto 606-8502, §Lab.of Physics, K yoto Pref.U niv.of M ed., Kita- 

ku, K yoto 603 , Japan.

The m echanism  o f the sensation o f fatigue caused by exercise was 

exam ined. Injection o f the cerebrospinal fluid (CSF) collected from rats 

fatigued by obligatory sw im m ing into the cisterna m agna o f mice suppressed 

the spontaneous m otor activity (SM A) o f the m ice. The bioassay using 

freshw ater coelenterate hydra suggested the increase in activated Transform ing 

Grow th F actor-beta (TG F-beta ) concentration in the C S F from  fatigued rats. 

The suppressive activity was abolished by the treatm ent o f the CSF by anti- 

T G F-beta antibody. Injection o f TG F-beta into the cisterna m agna suppressed 

the SM A o f m ice with a dose-response m anner. Determ ination o f TG F-beta 

concentraion in the C S F  by m ink-lung epithelial cells (M v lL u ) showed the 

significant increase in the activated T G F-beta concentration in the C S F from  

fatigued rats. These findings suggest the T G F-beta released in a fatigued 

anim al's brain that suppresses its SM A and generates the sensation o f fatigue. 

This study was supported in part by G rants-in-A id 09760128 from the M inistry 

o f Education Science and Culture, Japan.

765.18
O P IO ID -IN D U C E D  A U G M E N T A T IO N  A FTER  D O PA M IN E  
DEPLETION IN THE N UC LEU S A CC U M BEN S BLOCKED BY  
G A B A  A G O N IST IN THE S U B T H A L A M U S , NOT LATERAL  
HYPOTHALAM US. L. Churchill* and P.W. Kalivas. Department of 
VCAPP, Washington State University, Pullman, WA 99164-6520.

Motor activity elicited from the nucleus accumbens (NA) by the 
µ-opioid  agonist, D -A la-T yr-G ly-N M eP h e-G ly-O H  (D AM G O ) is 
augmented in rats sustaining dopamine (DA) depletions. The prominence 
of the GABAergic projections from the nucleus accumbens to the ventral 
pallidum (VP) and ventral mesencephalon (VM) are altered by the lesion. 
In lesioned rats, the capacity of a GABA agonist, muscimol, microinjected 
into the VP to block DAM GO-induced augmentation was markedly 
attenuated, while the capacity o f a GABA agonist, baclofen, microinjected 
into the VM was enhanced. Since lesions in the subthalamus negate the 
DA-lesion induced upregulation in enkephalin synthesis in the NA (D elf 
et a l ,  1995), the present study tests the hypothesis that decreases in the 
G A BA ergic output from the VP to the subthalam us enhance the 
subthalamic output after the lesion. Muscimol microinjected into the 
subthalamus blocked the D AM G O -induced augmentation from the 
lesioned NA. M usicm ol alone m icroinjected into the subthalamus 
enhanced saline-induced motor activity from the NA in DA- and sham- 
lesioned rats but did not affect DAM GO-induced activity in the controls. 
Muscimol microinjected into the adjacent lateral hypothalamus (LH) did 
not block DAMGO-induced augmentation, but significantly blocked this 
activity in the controls. These data reveal that DA depletion in the NA 
produces a lesion-induced plasticity that increases the involvement of 
the GABAergic projection to the subthalamus, while decreasing that to 
the LH. (Supported by N ID A -DA 03906 (LC) and D A-00158 (PWK))

B E H A V IO R A L  P H A R M A C O L O G Y  IV

766.1

PROTON MRS CAUDATE GLUTAMATERGIC CHANGES 
ASSOCIATED WITH PAROXETINE THERAPY FOR PEDIATRIC 
OBSESSIVE COMPULSIVE DISORDER

D. R. Rosenberg*. F.P, MacMaster. J.K. Parrish. A.D. MacDonald. L.D. Paulson.
C.M. Stewart. E. Carroll and G.J. Moore Department o f Psychiatry & Behavioral 
Neurosciences, Wayne State University School o f Medicine, Detroit, MI 48201 

BACKGROUND: The most widely accepted neurobiological model of
obsessive compulsive disorder (OCD) posits that abnormalities in the basal 
ganglia are involved in causing obsessive-compulsive symptoms. Our recent 
neurobehavioral and neuroanatomic studies in a large cohort of treatment-naive 
pediatric OCD patients demonstrated significant striatal abnormalities. We have 
also observed abnormalities in glutamate-serotonin modulation in the caudate 
nucleus, which we have argued may play a crucial role in the pathogenesis of 
OCD. METHODS: 1-H MRS scans using a double spin-echo PRESS technique 
from an approximately O.7cc volume of interest localized to the head of the left 
caudate were performed on 11 carefully ascertained treatment-naive, 
nondepressed OCD patients, 8-17 years o f age. All patients were treated with 
paroxetine only, initiated at lOmg/day and titrated over 12 weeks to a maximum 
o f 6Omg/day. Compounds identified included N-acetyl-aspartic acid, 
glutamine/glutamate (Glx), creatine/phosphocreatine, choline compounds and 
myo-inositol. RESULTS: After 12 weeks o f paroxetine therapy, a significant 
reduction in the Glx resonance was observed in the 11 OCD patients (t[10] = 3.809, 
p =0.003). CONCLUSIONS: The dramatic reduction o f the Glx concentration in 
the caudate nucleus after 12 weeks of therapy lends additional support to our 
hypothesis that abnormalities in glutamatergic tone in OCD may result in 
serotonin pathway disruption.

766.2

ANTIOXIDANT EFFECTS OF VITAMINES C AND E ON LIPID PEROXIDATION 
AND BEHAVIOR ALTERATIONS CAUSED BY OZONE EXPOSURE. C Dorado- 
Martínez *, N Perevra-Muñoz. A. Durán-Vazαuez K Pedroza-Rios and G.Borgonio- 
Pérez ,S. Rivas-Arancibia. Deoartamento de Fisiología; Facultad de Medicina. UNAM. 
Oxidative stress caused by ozone can be blocked by the use o f antioxidants or 
scavengers. Vit C and Vit E can work as antioxidants. W ith the objective to determine 
if  the alterations caused by oxidative stress can be blocked by the use o f these 
scavengers, 96 Wistar young male rats, were individually housed with free access to food 
and water. Two experiments were carried out, in the 1st one we measured freezing and 
exploratory behavior and in the 2nd one we measured lipid peroxidation levels. Each 
experiment was subdivided into 6 experimental groups, each group received one o f the 
following treatments: 1) control; 2) ozone exposure; 3)Vit C; 4) ozone before Vit C; 5) 
Vit E; 6) ozone before Vit E. Ozone exposure was held at 1.0 ppm for 4 hrs. Vit C and 
Vit E were administered at 5Omg/kg i.p. 5 mins after the exposure. Freezing and 
exploration behavior were measured and samples were obtained from the hippocampus, 
cortex, cerebellum and striatum. Lipid peroxidation was measured in the supernatant (K- 
ASSAYLPO). Results indicate that: after ozone exposure freezing behavior increased 
by 10 times and exploration decreased by 4 times. These changes were reversed with the 
use o f vit C and vit E. In the second experiment, the rats exposed to ozone presented 
higger levels of lipid peroxidation, but such increase was not seen in the rats that were 
treated with vit C or Eafter being exposed to ozone. Lipid peroxidation alterations differ 
between brain structures showing higher levels in the striatum and hippocampus, 
whereas frontal cortex and cerebellum presented lower levels.
Supported by DGAPAIN2O9796 to S. R-A.
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766.3
OZONE EFFECTS ON FREEZING AND EXPLORATORY BEHAVIOR AND ON 
NEUROTRASSMITTERS RELEASE AND LIPID PEROXIDATION IN THE
STRIATUM. S. Rivas-Arancibia.1* R. Guevara-Guzmán.1 C, Dorado-Martínezì__
Borgonio-Pérez.1 K, Kendrick2.
Φepartamento de Fisiología, Facultad de Medicine, UN AM ¾abrahan Institute Cambridge 
England. CB24AT
It has been reported that ozone induces oxidative stress by increasing free radicals. The 
present study investigated the effects of ozone exposure (lppm) on freezing and 
exploratory behavior and on the release of different aminoacids as well as on lipid 
peroxidation in the striatum. Fifty-three male Wistâr rats were randomly allocated to one 
of three groups: behavoir was studied in the first group; lipid peroxidation, using K- 
ASSAYLPO was measured in the second group and trasnmitter release, using 
microdialysis, was determined in the third group. Rats of each group were exposed during 
a single 4hrs-period, to either lppm ozone (experimental group) or room ( sham exposure, 
control group). Behavioral and chemical data were collected both, before (24hrs) and after 
(3 hrs, 3 and 5 days,) ozone or sham exposure. Ozone exposure produced an increase on 
freezing behavior with a concommitant decrease in exploratory behavior. Lipid 
peroxidation was also increased by ozone. Glutamate release profile showed an increase 
from 3508 (± 5l6nM) before ozone to 7383 (±1 l77nM), 3 hrs after ozone; whereas 3 and 
5 days after ozone exposure the release amounted to 2863 (± 746nM) and 3302 (± 548nM), 
respectively (p<0.05). Glutamate control group glutamate rats released 4682 (± 1 l34nM) 
24 hrs before sham exposure, 3508 (± 516nM) 3 hrs after sham exposure, and, respectively 
1466 (± 39lnM) and 1302 (± 253nM), 3 and 5 days later. Citrulline release increased from 
416 (± 4OnM) to 1347(±285nM) 3 hrs after ozone exposure, 3 and 5 days later the levels 
were still high: 1441(± l87nM) and 1132 (± 2O9nM), respectively. No increase in the 
citrulline release was seen along the 5 days which followed ozone exposure, on the contrary 
a tendency to decrease was evident. After ozone exposure Dopamine release increases to 
return to normal levels after 24 hrs, and GABA release does not decrease its levels as 
shown in the control group.
Supported by DGAPA IN200197 to R.G.G. and IN2O9796 to S. R-A.

766.5
M ETHYLPHENIDATE AND MK-801 ALTERS BODY TEMPERATURE. P.
Yang. O. Gavtan. A. Swann. M. Mauk*. and N. Dafnv. Dep. of Neurobiology and 
the Dep. of Psychiatry, UT Medical School at Houston, P.O. Box 20708, Houston, 
TX 77225.

Acute administration of stimulants has been reported to increase motor activity 
and body temperature. In particular, repeated administration of methylphenidate 
produces sensitization to its locomotor effects, but nothing is known about its effects 
on body temperature. MK-801, a non-competitive NMDA receptor antagonist which 
has been used to modulate sensitization also has shown sensitization to its own 
motor effects. To investigate what effect, if  any, repeated administration of 
methylphenidate and MK-801 had on body temperature, the rectal temperature of 16 
male Sprague-Dawley rats (180-220 gm) were tested for 90 minutes following 
injection of drug on study days 1, 6, and 12 o f the following injection regimen: Days 
1-6 : rats (n=8) received daily i.p. injection of 0.3 mg/kg MK-801 at 14:00 or s.c. 
injection of 2.5 mg/kg methylphenidate (n=8); Days 7-11: rats were not handled; and 
on Day 12: rats were re-challenged with the same drug they received for the repeated 
treatment phase. MK-801 caused a significant increase (P < 0.01) in rectal 
temperature from 30 to 90 min post injection in the drug naïve animal (i.e. study day 
1). The increase in body temperature caused by MK-801, however, did not change 
when the rat was tested on the last day of the repeated treatment phase or upon re
challenge (study days 6 and 12, respectively). Administration of 2.5 mg/kg of 
methylphenidate did not change the rectal temperature for the initial 60 min post 
injection before a significant (P < 0.05) drop in the last 20 min occurred (i.e. 80-90 
min post injection). Results were similar on study day 6 except for a more dramatic 
drop in rectal temperature at 80-90 min post injection. Re-challenge with 
methylphenidate on study day 12 did not effect the rectal temperature at all. It 
appears that MK-801 raises body temperature and that this effect is not influenced 
by the development of sensitization to its motor effects. Methylphenidate, contrary 
to other stimulants, appears to cause a slight decrease, and not an increase, in body 
temperature.

766.7

A SINGLE INJECTIO N OF MK-801 M ODULATES THE ACUTE AND 
CHRONIC EFFECTS OF M ETHYLPHENIDATE. S. Shrinad. O. Gavtan. 
S. al-Rahim. A. Swann, and N. Dafnv* Dept, o f Neurobiology and the Dept, of 
Psychiatry, UT Medical School at Houston, P.O. Box 20708, Houston, TX 
77225

Repeated administration of methylphenidate has been reported to produce 
sensitization to its locomotor effects. Sensitization to other stimulants, such as 
amphetamine, can be prevented by administration of MK-801, a non
competitive NMDA receptor antagonist. In order to investigate the dose-related 
effects of a single injection of MK-801 on the acute and chronic effects of 
methylphenidate, 32 male Sprague-Dawley rats (180-220 gm) were housed in 
activity monitoring system test cages and continuously recorded for 9 days as 
follows: Days 1- 2= Baseline; Day 3 = Saline Injection; Day 4 - rats received 
either an i.p. injection of 0.0, 0.15, 0.3, 0.6, mg/kg MK-801 one hour prior to 
s.c. injection of 2.5 mg/kg methylphenidate; and on Days 5-9 all rats received 
single daily injections of 2.5 mg/kg methylphenidate. All three MK-801 doses 
produced dose-dependent locomotor activation significantly different than 
saline injection. The lowest dose of MK.-801 had no effect on the acute 
response to methylphenidate while the two higher doses augmented the 
methylphenidate response. Repeated administration of methylphenidate 
produced progressive locomotor sensitization. A single administration of MK- 
801 (0.15, 0.30, and 0.60 mg/kg) 1 h prior to the first administration of 
methylphenidate prevented the development of sensitization during subsequent 
repeated methylphenidate treatment. In conclusion, MK-801 may exert a long- 
lasting effect in disrupting the mechanisms of sensitization.

766.4
BEHAVIORAL ADAPTATIONS AFTER CHRONIC ANTIDEPRESSANT 
TREATMENT: ALTERATIONS AT GLYCINE/NMDA RECEPTOR. G. Nowak*. 
M. Widla and P. Popik. Institute o f Pharmacology, Polish Academy of Sciences, 
Smetna 12, PL-31-343 Krakow, Poland.

We have demonstrated previously that chronic treatment with antidepressants 
results in the alteration of N-methyl-D-aspartate (NMDA) receptor complex. These 
alterations were shown in binding studies, using [3H]5,7-dichlorokynurenic acid 
([JH]5,7-DCKA) and [JH]CGP 39653. It was found that the ability of glycine to 
displace LH]5,7-DCKA and [JH]CGP 39653 was markedly diminished/altered in 
cerebral cortex of rodents treated chronically with antidepressants. These studies 
suggested subsensitivity of the NMDA receptor complex (particularly glycine site).

The present experiments were carried out to find if similar alterations could be 
demonstrated at the behavioral level and have functional significance. To 
accomplish this, we studied anxiolytic effects o f glycine/NMDA antagonist, L- 
701,324 in the elevated plus maze in mice. L-701,324 produced dose-dependent 
anxiolytic effects, with ED50 of -  1.3 mg/kg. The challenge with a testing dose of 
L-701,324 (7.5 mg/kg) produced robust anxiolytic effect and glycine pre-treatment 
markedly, and dose-dependently reduced this anxiolytic effect (ED5ü ~ 527 mg/kg). 
In mice treated for 3 weeks with saline or 7 days with sham-electroconvulsive shock 
(ECS), L-701,324 demonstrated an anxiolytic effect, which was markedly 
diminished by the pretreatment with glycine (500 and 800 mg/kg). In contrast, 
although mice treated for 3 weeks with imipramine (15 mg/kg) reacted similarly to 
the L-701,324 challenge, the effects of glycine pre-treatment did not reduce 
anxiolytic effect of L-701,324. Mice treated for 7 days with ECS exhibited no 
response to L-701,324 or to glycine pretreatment.

These data suggest that chronic treatment with imipramine or ECS diminish the 
behavioral response to L-701,324 and/or glycine, which indicate subsensitivity of 
the glycine/NMDA receptor.

Acknowledgments: Supported by KBN 4PO5A 03511 grant.

766.6

COADMINISTRATION OF M ETHYLPHENIDATE AND MK-801 
PRODUCED ANALGESIC RESPONSE. N. Dafnv. P. Yang. O. Gavton. A. 
Swann. L.J. Willmore*. Dept, of Neurobiology, Dept, of Psychiatry and Dept, of 
Neurology, UT Medical School at Houston, P.O. Box 20708, Houston, TX 
77225.

Dizocilpine (MK-801), a non-competitive NMDA receptor antagonist, has 
been reported to block morphine-induced analgesia in mice and inhibit tolerance 
to the analgesic effect of morphine in rats. In addition, MK-801 also has been 
reported to interfere with the development of sensitization to stimulant drugs. 
Based on our previous studies, MK-801 may exert an effect in disrupting the 
mechanisms of sensitization to methylphenidate's locomotor effect. The 
objective o f the present study is to investigate whether MK-801 will also 
modulate the effect of methylphenidate (MPD) in terms of analgesia. Male 
Sprague-Dawley rats (160-210 g) were randomly assigned to the following drug 
treatment: MPD (2.5 mg/kg s.c.; N=8), MK-801 (0.3 mg/kg i.p.; N=8), or 
combinations of 2.5 mg/kg MPD and 0.3 mg/kg MK-801 (N=8). These animals 
received repeated daily injections of MPD, MK-801, or a combination o f both 
MPD and MK-801 for 6 days, followed by 5 days without any drug, and a re
challenge of the same drug treatment on Day 15. Using a tail-flick assay, the rat's 
tail was immersed 6.0 cm from its tip in 55°C water bath. Analgesic effect was 
assessed based on a comparison of the duration of the tail's immersion in the 
warm water bath prior to and after drug treatment. While independent treatment 
of only MPD or MK-801 did not induce any analgesic response acutely, 
combined treatments of MK-801 and MPD produced elevated analgesia if tested 
24 hours after the re-challenge phase. Therefore, it appears that the interaction 
between MK-801 and methylphenidate resulted in analgesic effects, whereas 
MK-801 and methylphenidate administered by themselves could not produce 
strong analgesia in rats.

766.8
MK-801 TRANSIENTLY MASKS THE EXPRESSION OF 
SENSITIZATION TO M ETHYLPHENIDATE. A. Swann*. R. 
Alagugurusamv. O. Gavtan. S. Shripad and N, Dafnv. Dept, of Neurobiology 
and the Dept, of Psychiatry, UT Medical School at Houston, P.O. Box 20708, 
Houston, TX 77225

Repeated administration of methylphenidate has been reported to produce 
sensitization to its locomotor effects. Sensitization to other stimulants, such as 
amphetamine, can be prevented by administration of MK-801, a non
competitive NMDA receptor antagonist. The present study was initiated to 
investigate whether MK-801 given after sensitization to methylphenidate was 
developed can prevent the expression of sensitization to methylphenidate. 
Thirty-two male Sprague-Dawley rats (180-220 gm) were housed in activity 
monitoring system test cages and continuously recorded for 36 days as follows: 
Days 1- 2 = Baseline; Day 3 = Saline Injection; Day 4-9 = all rats received 
daily s.c. injections of 2.5 mg/kg methylphenidate. Days 10 -14 - rats were 
divided into 4 separate groups which received: 1) 5 daily saline injection; 2) 5 
daily injections of 0.3 mg/kg MK-801 (i.e., on days 10-14); 3) a single 
injection of 0.3 mg/kg MK-801 on day 10; or 4) a single injection o f MK-801 
on day 14. On day 15 all rats were re-challenged with methylphenidate (2.5 
mg/kg). Three weeks later (day 36) all rats that received MK-801 treatment 
were again re-challenged with methylphenidate. The group which received 
only methylphenidate demonstrated a sensitized response on rechallenge day 
15. This augmented response was absent on day 15 in all three groups which 
received either single or repeated MK-801 treatment prior to rechallenge. 
However, methylphenidate administered 3 weeks later (day 36) showed 
vigorous sensitization to all three MK-801 treated groups. Therefore MK-801 
given after the repeated treatment phase appears to transiently prevent the 
expression of sensitization to methylphenidate.
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766.9
THE ABILITY OF MK-801 TO PREVENT DEVELOPMENT OF 
SENSITIZATION TO METHYLPHENIDATE IS DEPENDENT ON ITS 
MOTOR EFFECT. O. Gavtan. S. Shripad. A. Swann, and N. Dafnv (SPON: 
W.A. Weems*) Dept, of Neurobiology and the Dept, of Psychiatry, UT Medical 
School at Houston, P.O. Box 20708, Houston, TX 77225

Repeated administration of methylphenidate (MPD) produces sensitization to 
its locomotor effects. Sensitization to other stimulants, i.e. amphetamine, can be 
prevented by administration o f varying doses of MK-801, a non-competitive 
NMDA receptor antagonist. The present study compares the ability of a motor 
activating dose of MK-801 and a lower dose, which has only effects on memory, 
to prevent the development of sensitization to MPD. Fifty-six male Sprague- 
Dawley rats (180-190 gm) were housed in activity monitoring system test cages 
and continuously recorded for 15 days as follows: Days 1- 2= Baseline; Day 3 = 
Saline Injection; Day 4 -9 - rats were randomly divided into the following 
groups: 1-3) received six daily i.p injections of 0.05 mg/kg, 0.30 mg/kg MK-801, 
or (s.c.) 2.5 mg/kg MPD (Days 4-9; n=8 each) ; 4-5) Following 2.5 mg/kg MPD 
on day 4 rats received either 0.05 or 0.30 mg/kg MK-801 i.p. one hour prior to 
2.5 mg/kg MPD from Days 5-9 (n=8 each); and 6-7) Received a single i.p. 
injection of 0.05, or 0.30 mg/kg MK-801 one hour prior to 2.5 mg/kg MPD (n=8 
each) on day 4 followed by five daily injections of 2.5 mg/kg MPD. All rats were 
rechallenged on day 15 with the same treatment they received on challenge day 
4. MPD and 0.30 mg/kg MK-801 sensitized to their own locomotor effects, but
0.05 mg/kg MK-801, which had no motor effects, did not. The coadministration 
of 0.30 mg/kg MK-801 prior to MPD either singly or throughout the repeated 
treatment phase blocked the development of sensitization to MPD. In conclusion, 
it appears that the motor effect of MK-801 is necessary to disrupt the 
mechanisms o f sensitization to MPD.

766.11

NIGRO-TECTAL PATHW AY: N EUROANATO M Y A ND  ROLE ON  
DEFENSIVE BEHAVIOUR ELICITED BY  MIDBRAIN TECTUM  
STIMULATION. N .C. Coimbra. M.C. Kawasaki, J.G. Ciscato Jr..
S.H .Cardoso* and S.A.L. Corrêa. Laboratory o f  Neuroanatomy and 
Neuropsychobiology, Dept, o f  Morphology, Faculty o f  M edicine o f  
Ribeirão Preto o f  the University o f  São Paulo (USP), Ribeirão Preto (SP), 
14049-900, Brazil.

Electrical or chemical stimulation o f  the midbrain tectum (MT) elicit 
fear and escape behaviour. In the present study we investigated the 
neuroanatomy o f  the nigro-tectal connections and their role on defensive 
behaviour. The effect o f  electrolitical lesions o f  the substantia nigra (SN) 
on the aversive behavior elicited by MT stimulation were investigated, 
such as the nigro-tectal inputs (with iontophoretic microinjections o f  
BD A  in the SN). The electrolitical damage o f  the substantia nigra, pars 
reticulata (SNpr), reduced the freezing and the escape behaviour 
thresholds, elicited by electrical sitmulation o f  the deep layers o f  the 
superior colliculus (DLSC), dorsal periaqueductal gray matter (DPAG) 
and inferior colliculus (IC) aversive substrates; and increased the 
behavioural aversive reactions elicited by G A BA -A  receptor blockade, 
with microinjections o f  bicuculline, into these structures. Microinjections' 
o f  B D A  in the SNpr demonstrated nigro-tectal inpus to the DP AG, DLSC  
and central nucleus o f  the inferior colliculus. GABA is critically involved  
in this pathway.

Supported by FAPESP and FAEPA.

766.13

BEHAVIORAL ANALYSIS INDICATED THE BENZODIAZEPINE 
BINDING-SITE AT THE GABAa-RECEPTOR AS BEING RESPONSIBLE 
FOR THE DEVELOPMENT OF TOLERANCE. U. Schmitt*. H. Lueddens 
and C. Hiemke. Department o f  Psychiatry, University o f  Mainz, 55131 Mainz, 
Germany.

GABAergic compounds, such as benzodiazepines (BZ), clinically administered 
to reduce anxiety bear the risk to develop tolerance and drug dependence. The 
modulation of the GABAergic tone by inhibition of GABA-uptake might hint to 
the molecular basis of the BZ properties at the GABAÄ-receptor. The present 
analysis was aimed to address behavioral changes after chronic (23 day) 
treatment with a BZ (diazepam) and acute treatment with SKF-89976A, a 
GABA-uptake inhibitor. The study included so far a total of 48 male rats o f the 
strain PVG/OlaHsd (180-200g body weight). A test battery consisting of a 
standard open field and an elevated plus maze was used to study rat behavior. 
Rats were devided into 6 groups: The first receiving saline (0.9%), the second 
and third diazepam ( 10.0 mg/kg) chronically with or without an acute challenge 
of 2.0 mg/kg diazepam.The fourth and fifth groups received diazepam ( 10.0 
mg/kg) chronically and SKF-89976A (15.0 mg/kg) acutely either with or without 
acute diazepam challenge and the sixth group received acute diazepam treatment 
(2.0 mg/kg). Activity: Chronic treatment with diazepam slightly reduced the 
activity, an effect which was abolished by SKF. Anxiety: Chronic treatment with 
diazepam resulted in the development o f tolerance towards its anxiolytic 
properties. This tolerance was reversed by the acute treatment with a GABA 
transporter-inhibitor 30 min. before testing. These results give evidence that the 
BZ- and not the GABA-binding site at the GABAA-receptor is involved in the 
development of BZ-tolerance.
Supported by DFG Be 454/4-1

766.10

THE ROLE OF GLUTAMATE IN THE MODULATORY EFFECT OF 
GLUCOCORTICOIDS ON THE ASSOCIATIVE FUNCTIONS OF THE 
PREFRONTAL CORTEX. Anita Verma*. Dona L,W ong and A.F. 
Schatzberg. Department of Psychiatry and Behavioral Sciences, MSLS 
Bldg. P-104, Stanford Medical Center, Stanford, CA 94305.

The role o f glucocorticoids in the associative functions o f the prefrontal 
cortex was investigated using a spatial delayed alternation (SDA) 
paradigm in the rat. This test was performed using a T-maze and the 
animals were trained to go to the arm opposite to the one they had visited 
in the previous trial to receive a food reward following a 10 sec inter
trial interval. Animals were trained until a criterion o f 80% correct 
choices on 2 consecutive days was reached. Adrenalectomized (ADX) 
rats showed impaired performance on the SDA paradigm by comparison 
to SHAM operated controls. Performance o f the A DX  group returned to 
baseline in a dose-dependent manner with CORT administration ( 25-150 
mg sustained release pellets implanted subcutaneously). The impairment 
in SDA performance in the A D X  group appears to be associated with 
alterations in the expression o f the NM DAR1, GluRl and GluR2 
glutamate receptors in the prefrontal cortex as measured by Western 
analysis using antibodies specific for these glutamate receptor 
subunits.These findings suggest a modulatory role for the excitatory 
amino acid neurotransmitter glutamate in glucocorticoid control o f  
associative functions o f the prefrontal cortex.

The above work is supported by the ‘Young Investigator Award’ of NARSAD to 
A.Verma.

766.12

STEREOTAXIC CHLORDIAZEPOXIDE INFUSIONS IDENTIFY THE 
AM YGDALA AS A NEUROANATOM IC SUBSTRATE FOR ANXIO
LYTIC DIFFERENCES IN GENETICALLY-SELECTED MOUSE  
LINES. F.E.Lotrich3 and E.J. Gallaher1-2-3* . *VA M edical Center; ¾>ept. 
of Physiology and Pharmacology; 3Dept. o f Behavioral Neuroscience, 
Oregon Health Sciences Univ.; Portland, OR, 97201.

Diazepam-sensitive (DS) and -resistant (DR) mice differ on several ben
zodiazepine (BZ)-induced behaviors, including ataxia (D S>DR ) and anx- 
iolysis (DR>DS). Detailed study o f  BZ mechanisms requires knowledge 
o f anatomic substrates that underlie specific behaviors; however, GABA- 
BZ receptors are ubiquitous so receptor labeling cannot provide this in
formation. W e therefore stereotaxically inserted guide cannulae followed  
by microinjection o f chlordiazepoxide (CDP) into the anterolateral/baso- 
lateral amygdala (AL/BLA) o f unrestrained, unanesthetized mice. Behav
ioral testing then identified behaviors that were mediated by the AL/BLA.

After CDP injections, DR mice exhibited an anxiolytic response (in
creased % open-arm entries on the elevated plus maze; Veh. = 16 ±  2%; 
CDP = 41 ±  4%; p < 0.001). DS mice did not exhibit an anxiolytic re
sponse, consistent with observations following systemic injections. N ei
ther DS nor DR exhibited locomotor hypo- or hyperactivity, muscle re
laxation, rotarod ataxia, or seizure protection, although DS mice exhibit 
profound sedation following systemic injections. These results provide a 
foundation for neurochemical studies within the A L/BLA to identify 
mechanisms which underlie anxiolytic differences in DS and DR mice.

Funded by V A  Medical Research Service and NIM H 1-F30M H10817.

766.14
ETHOPHARMACOLOGICAL ANALYSIS OF ESCAPE-RELATED BEHAVIOURS IN AN 
UNSTABLE, ELEVATED & EXPOSED ENVIRONMENT: DIFFERENTIAL EFFECTS OF 
META-CHLOROPHENYLPIPERAZINE [MCPP], YOHIMBINE & CHLORDIAZEPOXIDE 
[CDP] S M King1*. A Vale2 & S Green3 ‘Dept of Psychology, University College 
London, London WC1E 6BT; 2St George's Hospital Medical School, London SW17 
0QT; 3Dept of Psychology, Birkbeck College, London WC1E 7HX, UK.

A new, ethologically-valid test for extreme anxiety has recently been reported which 
elicits unconditioned escape responses from rats exposed to an unstable, elevated & 
exposed environment [the 'unstable plus maze']. These behaviours are thought to 
mimic the hyper-aroused, persistent ‘fight/flight’ state exhibited by patients suffering 
from the more extreme fear-related clinical disorders. This test has also been used to 
demonstrate that direct repetitive electrical stimulation of the superior colliculus can 
produce a long-term alteration in an animal's behaviour on the unstable plus maze; 
throughout the post-stimulation testing period [3 months], stimulated animals 
exhibited significantly increased levels of escape-related responses, whilst unstimulated 
controls exhibited decreased levels of these responses during the same period. These 
results demonstrate that repetitive tectal stimulation can produce a long-term change in 
reactions to threat, which resembles the chronic sensitization of the neural defence 
circuitry which is widely thought to underpin many clinically-defined anxiety states.

The aim of this study was to establish the predictive validity of the model by 
investigating the pharmacological homology between the flight responses exhibited by 
rats on the unstable plus maze and the behavioural symptoms manifested by extreme 
anxiety patients. Three drugs known to affect anxiety levels in patients after short-term 
administration were used; [1] CDP, a benzodiazepine receptor agonist [2] MCPP, a 
serotonin receptor agonist [3] yohimbine, an alpha 2 receptor agonist. CDP is an 
established anxiolytic agent which is widely prescribed for anxiety, whilst MCPP and 
yohimbine are anxiogenic agents, used to induce panic attacks for diagnostic purposes. 
MCPP, when administered intraperitoneally at doses of 0.5 & 1.0 mg/kg, had an 
anxiogenic effect on the unstable plus maze, and CDP, at least at higher doses, had an 
anxiolytic effect. These data provide support for the pharmacological validity of the 
model. Supported by the Royal Society Robert & Joan Case Fellowship (SK],
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766.15

MUSCIMOL INFUSED INTO THE DORSAL PERIAQUEDUCTAL 
GRAY BLOCKS DOPAMINE D, RECEPTOR AGONIST 
FACILITATION OF THE ACOUSTIC STARTLE RESPONSE IN 
RATS. E. G. Meloni* and M. Davis. Dept, of Psychiatry, Yale 
Univ. Sch. of Med., New Haven, CT.

We have previously shown that systemic administration of the 
dopamine D, receptor agonist SKF 82958 produces a marked facilitation 
of the acoustic startle response in rats and that this response is mediated 
in part at the level of the substantia nigra pars reticulata (SNr) (Meloni 
& Davis, 1997). The SNr itself has been shown to project to the deep 
layers of the superior colliculus and dorsal periaqueductal gray (PAG) 
which in turn projects to the nucleus reticularis pontis caudalis (PnC), 
an obligatory relay nucleus for the acoustic startle response in rats. 
Because the majority of output neurons in the SNr have been shown to 
be GABAergic, the present experiment examined the role of GABA 
receptors in the dorsal PAG in mediating the facilitation of startle seen 
with the D, agonist SKF 82958.

Animals were stereotaxically implanted with 22 gauge 
infusion cannulas into the dorsal PAG and a week later received bilateral 
infusions of the GABAa receptor agonist muscimol (0. lµg/O.5µl). 
Compared to vehicle infusions, the startle-facilitating effect of systemic 
SKF 82958 (lm g/kg) was completely blocked by muscimol across all 
startle intensities (80-100 dB). Furthermore, muscimol alone had no 
effect on baseline startle amplitude. Based on these data, we propose 
that disinhibition of the dorsal PAG may be a mechanism by which D ¦ 
agonists exert their startle-facilitating effects and that maintenance of 
GABA tone at this level is an important element in the evocation of 
normal startle responses. [Supported by MH4784O, MH00004, 
MH57250 and AFOSR F4962O DEF]

766.17

PHARMACOLOGICAL EVALUATION OF A MODIFIED CONFLICT 
PARADIGM: PUNISHED DRINKING IN NON-WATER DEPRIVED RATS.
S. Robledo, M, Huber, R.B, Carter. K,E. Vanover*. Department of Pharmacology, 
CoCensys, Irvine, CA 92618.

The purpose of the present experiment was to pharmacologically characterize a 
modified punished drinking procedure to be used in the screening of novel anxiolytic 
drugs. Similar to operant conflict paradigms and conditioned suppressed drinking 
procedures, the rats in the present study were given daily sessions with alternating 
signaled punished (tone/0.05 mA shock) and unpunished (no tone/no shock) 
components. Using drinking as the behavior, less training was necessary to develop 
individual steady baselines compared to operant procedures. The primary advantage 
over other punished drinking paradigms is that the rats were allowed to drink a 
sucrose solution (110 g/1 L water) during the sessions, thus eliminating the need for 
water-deprivation. Benzodiazepines, such as diazepam (O.O3-3O mg/kg), 
chlordiazepoxide (0.03-30 mg/kg), and lorazepam (0.03-10 mg/kg), and other 
GABAA-mediated compounds, such as pentobarbital (1-30 mg/kg) and pregnanolone 
(1-30 mg/kg), increased punished drinking in the present experiment after i.p. 
administration consistent with an anxiolytic-like effect. Buspirone ( 1-10 mg/kg), an 
anxiolytic that acts via 5-HT1A receptors, also increased punished drinking, but to a 
lesser extent. Conversely, non-anxiolytic drugs, such as d-amphetamine (0.3-3 
mg/kg), morphine (3-17 mg/kg), and haloperidol (0.01-0.3 mg/kg), failed to increase 
punished drinking in the present paradigm up to doses that decreased unpunished 
behavior. These results suggest that the increases in punished drinking in the 
present experiment reflect an anxiolytic-like effect and were not due to general 
increases in behavior, decreases in sensitivity to the shock stimulus, or other non
specific behavior. There are many paradigms available for screening novel anxiolytic 
drugs, including other punished drinking procedures; however, the present paradigm 
exhibits the desired pharmacological sensitivity and selectivity without the 
disadvantage of having to water-deprive or train the animals.

766.19

INFLUENCE OF NITRIC OXIDE SYNTHASE (NOS) INHIBITION ON 
DRUG-INDUCED BEHAVIORAL EFFECTS IN MICE. G.S. Elfline. E.M. 
Branda, J.L. Mueller, M. Babich, I.P. Hentall* and R,M. Quock. Univ. 
Illinois Col. Med., Rockford, IL 61107.

The role of nitric oxide (NO) in anxiety is controversial. Inhibition of 
NOS has been shown to suppress anxiety [Guimaraes et a/, Neuro- 
Report 5:1929, 1994] as well as reverse the effects of anxiolytic drugs 
[Quock and Nguyen, Life Sci 51: PL255,1992]. This study assessed the 
effects of inhibiting NOS on three dissimilar drugs shown to produce 
anxiolytic activities in the elevated plus-maze. Male NIH Swiss mice, 20- 
25 g, were challenged with chlordiazepoxide (CP), 4,5,6,7-tetrahydro- 
isoxazolo[5,4-c]pyridin-3-ol (THIP) or nitrous oxide (N20). All three drugs 
produced a dose-related increase in open-arm activity which is indicative 
of reduced anxiety. N20  was blocked by both the benzodiazepine (BZ) 
antagonist CGS 8216 (2-phenylpyrazolo[4,3-c]quinoline-3[5H]-one) and 
the GABAa antagonist SR-95521 (2-[3-carboxypropyl]-3-amino-6-[4- 
methoxyphenyl]pyridazinium bromide. CP was blocked by CGS 8216 but 
not SR-95521, whereas THIP was antagonized by SR-95521 but not 
CGS 8216. Pretreatment with the NOS-inhibitor L-NOARG but not its 
inactive isomer D-NOARG effectively reversed the increase in open arm 
activity caused by all three drugs. These findings indicate that CP, THIP 
and N20  evoke similar behavioral effects in the elevated plus-maze 
through actions on different parts of the BZ/GABAa receptor complex and 
that NO appears to play a key role in the signaling mechanism 
downstream from the receptor. (Supported by NIH Grant DA-10343 and 
Pierce Chemical Company, Rockford, IL.)

766.16

GABAERGIC MODULATION OF OLFACTORY LEARNING IN YOUNG 
RATS. F. O kutan i1*. H. K aba1. and F. Yaei2. *Dept. of Physiology, 2Lab. 
Behavioral Neuroscience, Kochi Med. Sch.; Nankoku, Kochi 783-8505, 
JAPAN

Activation of centrifugal noradrenergic projection to the olfactory bulb 
(OB) by somatosensory stim ulation is necessary for olfactory learning in 
young rats. It is thought th a t this noradrenergic activation acts a t the 
dendrodendritic synapses in the OB to reduce granule cell-mediated 
GABAergic inhibition of the m itral cells. Therefore we examined the effect of 
bicuculline, a GABAa receptor antagonist, and muscimol, a GABAa receptor 
agonist, on olfactory learning. In the first experiment, during training with 
only odorexposure (postnatal day : PND 11) bicuculline was injected directly 
into the OB of young ra ts  through stain less steel cannulae im planted prior to 
training. Saline-injected control pups did not show any preference or aversion 
to the odor on testing (PND 12) after the sam e training. However, following 
training of olfactory stim ulation paired with bicuculline injection of low or 
high concentration, pups showed preference or aversion to th a t odor on 
testing, respectively. In the second experiment, muscimol was injected 
during training of olfactory stim ulation paired with foot shock. Muscimol 
injection into the OB blocked olfactory learning in a dose-dependent m anner. 
These results indicate th a t GABAergic modulation of m itral cell activity by 
the granule cells a t the dendrodendritic synapses is crucial for olfactory 
learning of young rats.

This research was supported by the grant provided by the Ichiro 
K anehara Foundation.

766.18

EFFECTS OF NITROUS OXIDE (N20) ON BRAIN BENZODIAZEPINE 
(BZ) RECEPTORS IN MICE: NEUROCHEMICAL AND BEHAVIORAL 
STUDIES. E.A. Ellenberqer, J.L. Mueller. E.M. Branda. L.K. Vaughn and
R.M. Quock*. Univ. Illinois Col. Med., Rockford, IL 61107 and Marquette 
Univ., Milwaukee, Wl 53233.

N20  evokes chlordiazepoxide (CP)-like behavioral effects that are 
blocked by a BZ antagonist [Emmanouil et al, Psychopharmacol 
115:167, 1994]. To determine whether N20  acts on the same BZ 
receptors as CP, male NIH Swiss mice, 20-25 g, were tested in an 
elevated plus-maze. N20  and CP both evoked dose-related increases 
in open arm activity that were blocked by the BZ antagonist CGS 8216 
(2-phenylpyrazolo[4,3-c]quinoline-3[5H]-one). Concurrent treatment with 
optimal doses of CP and N20  failed to exhibit additivity, which would 
occur if CP and NzO worked on independent populations of BZ receptors. 
An in vivo binding experiment was conducted to determine whether N20  
causes occupancy of the same subpopulation of BZ receptors that bind 
[3H]Ro 15-4513. Mice were injected i.v. with 1 µC\ [3H]Ro 15-4513 after 
a 15 min exposure to 70% N26  or compressed air. Non-specific binding 
was determined in half the mice by s.c. pretreatment with 3.0 mg/kg 
unlabeled Ro 15-4513. There was no significant difference between 
N20-exposed and control mice in either total binding, non-specific binding 
or specific binding in five brain regions. These results support the 
hypothesis that N20  acts on the same population of receptors as CP but 
perhaps not the same receptors as Ro 15-4513. Alternatively, N20  may 
not produce a change in occupancy large enough to be detected by 
these in vivo binding methods. (Supported by NIH Grant DA-10343.)

766.20

DIFFERENT BEHAVIORAL EFFECTS OF FLUMAZENIL IN BALB/C AND IN 
C57BL/6 MICE.
C  Belzune1. A.M. Leguisquet1 and F. Crestani2 , (SPON : International Behavioural 
and Neural Genetics Society) 'LEPCO, Fac des Sciences, Parc Grandmont, F-37200 
TOURS ; institute of Pharmacology, Winterthurestrasse 190, CH-8057 ZURICH.

In animal models of anxiety, BALB/c mice have been described as emotional when 
compared to other strains such as C57BL/6. This increase o f anxiety may involve 
benzodiazepine receptors since benzodiazepine agonists abolish the anxiogenesis of 
the animals. Furthermore, when compared to C57BL/6 strain, BALB/c mice exhibit a 
decrease in the number of benzodiazepine receptors.

Recently, it has been suggested that in human pathological anxiety such as panic 
attacks, the benzodiazepine receptor spectrum may shift to the left in such a way that 
the benzodiazepine receptor antagonist flumazenil, which does not exhibit intrinsic 
efficacy when administered to normal subjects, may elicit panic symptoms in 
pathological ones. The present experiment was aimed at investigating the effect of 
flumazenil (0, 0.0001, 0.001, 0.01, 0.1 and 1 mg/kg, IP) in BALB/c and in C57BL/6 
mice using the elevated plus maze and the light/dark choice test. Furthermore, since 
benzodiazepine agonists are known to induce amnesia, we investigated the effects of 
the same doses of flumazenil in mice o f both strains confronted to a test o f emotional 
memory, the passive avoidance step through paradigm.

Flumazenil induced a strong anxiolytic effect in BALB/c mice (respectively at all 
doses tested in mice subjected to the elevated plus maze and at the doses 0.001 and 
0.01 mg/kg in mice subjected to the light/dark choice test). Flumazenil did not induce 
anxiolysis in C57BL/6 mice, whatever the dose tested or the apparatus used. Finally, 
flumazenil did not induce amnesia in BALB/c mice while the dose o f 0.01 mg/kg 
decrease latency to enter the compartment previously associated with an electric shock 
in C57BL/6 mice, showing that flumazenil is not pharmacologically inactive in this 
later strain.

It is concluded that the benzodiazepine receptor spectrum may shift to the right 
rather then to the left in the case o f pathological anxiety.
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767.1
CH AN GES IN  EXTRACELLULAR CA TEC H O LA M IN E A N D  GLUTAM ATE 
L EV ELS A N D  IN  E L E C T R IC A L  A C T IV IT Y  IN D U C E D  BY 4- 
A M IN O P Y R ID IN E  IN  TH E CEREBRAL CO RTEX OF FREELY M O V IN G  
RATS. S. López, A. M orales. L. M edina-Ceja and  R. Tapia*1. D epartam en to  
d e  Biología C elu lar y M olecular, CUCBA, U nivers idad  d e  G u adalajara , A.P.
4-160, G u a d a la ja ra , Jal. M éxico . 1 I n s t i tu te  d e  F is io lo g ía  C e lu la r , 
U niversidad  N acional A utónom a d e  México, M éxico D.F.

4 -A m in o p y rid in e  (4-AP) is a K+ c h an n el b lo ck e r th a t  s tim u la te s  the 
release of n eu ro transm itters and  p roduces in tense m oto r a lterations, including 
seizures. Both catecholam ines an d  excitatory  am ino  acids seem  to p lay  a role 
in  the  re g u la tio n  of m o to r ex c itab ility  an d  c o u ld  b e  in v o lv e d  in  the 
m echanism  of action of 4-AP. In the  p resen t w ork  w e describe a novel device 
desig n ed  to im p lan t tw o m icrodialysis  cannu las an d  to record  the electrical 
activ ity  w ith  b ip o la r  e lec trodes ad h e re d  to the  can n u las , in  freely m oving 
rats. In this w ay, w e have tested  the effect of 40 m M  4-AP in fused  into the 
cerebral cortex th rough  one of the probes, on the concentration  of extracellular 
am in o  acids, n o rep in e p h rin e  (NE), d o p a m in e  (DA) an d  v an illy lm andelic  
acid (VMA), m easured  by HPLC in the m icrod ialysis  collected fractions, in 
b o th  the in fu sed  an d  the  co n tra la te ra l co rtices. 4 -A P in d u ce d  in tense  
ep ilep tifo rm  activity , ch aracterized  by  h igh  am p litu d e  d isch arg es  of 30-40 s 
d u ra t io n , th a t  s ta r te d  in  th e  in fu se d  co rtex  a n d  p ro p a g a te d  to  the  
co n tra la te ra l tissue. S im u ltan eo u s ly  to th ese  ch an g es , the  ex trace llu la r  
co ncen tration  of g lu tam ate  increased  to reach  a p eak  v a lu e  of 520% of the 
basal level in  the  in fused  cortex an d  280% in the co n tra la te ra l cortex, while 
a sp a r ta te  an d  GABA levels w ere  n o t m o d ified . E x trace llu lar DA an d  NE 
w ere also increased  in  the in fu sed  cortex  (3000% an d  200% of basal level, 
respec tive ly ), b u t  no changes w ere  o b se rv ed  in  the  c o n tra la te ra l cortex, 
w hereas VMA w as a u g m en ted  in bo th  the in fused  (260% of basal) and  the 
c o n tra la te ra l (470%) cortices. T hese re su lts  su g g e s t an  in v o lv e m en t of 
excessive g lu tam ate rg ic  an d  ca tech o lam in e rg ic  n e u ro tran sm iss io n  in the 
o rig in  of 4-A P-induced epilep tic  activ ity , w hereas m ain ly  g lu tam ate  seem s 
to p artic ipa te  in its propagation . S upported  by CO NA CYT (1690P-M9507).

767.3

HIGH PLASMA TESTOSTERONE LEVELS DECREASE SEIZURE 
FREQUENCY IN KAINATE TREATED MALE RATS. C.A. Mejias ‘1 and 
A C. Seαarra2. Dept of Biology, Rio Piedras Campus and Dept, of 
Physiology, MSC; University of Puerto Rico, San Juan, PR 00936.

Thirty-eight adult male rats were injected with kainic acid (10kg/mg) 
or saline and behavioral observations were recorded for 3 hours after 
injection. Half of the animals were sacrificed at 6 hours, and the other 
half at 24 h post-injection. Trunk blood was collected and serum total 
testosterone (T) levels were measured by radioimmunoassay. We 
observed that kainate treated males with T levels higher than 140 ng/dL 
exhibited a reduction in seizure frequency when compared to kainate 
treated males with T levels lower than 140 ng/dL. High T level 
significantly decreased the number of wet dog shakes, the amount of 
mild and full limbic convulsions and the mean episodic latencies to mild 
and full limbic convulsions. In addition, we observed that mean T levels 
of control males were higher (245.23 ng/dL) than levels of kainate- 
treated males (98.24 ng/dL). These results indicate that testosterone’s 
protective role in seizure susceptibility is dependent upon plasma level 
concentrations. Our results also point to the possibility that seizure 
frequency and /or intensity may reduce plasma T levels. This work was 
supported in part by an institutional grant from the University of PR and 
NIH, RCMI grant RR03051; CAM was supported by a fellowship from 
APA, MFP.

767.5

DECREASE IN GABA LEVELS AND RECURRENT INHIBITION IN THE RAT 
HIPPOCAMPUS AFTER REPETITIVE SEIZURES. H. S o lis*  E. Lopez1, L. 
Parra1, M. Lorenzana-Jiménez2, J. Bravo1 and A. Ortiz1. 'Dept, o f  Anatomy. Lab. 
o f  Neurophysiology. 2Dept. o f  Pharmacology. School o f  Medicine. National 
University o f  México. M éxico, D.F., 04510.

Following repetitive seizures o f  the hippocampus we have observed increase in 
the frequency o f hippocampal neuronal discharge. The aim o f  the present study was 
evaluated the changes in recurrent inhibition in urethane-anesthetized rat 
hippocampus and the amount o f  GABA, using high performance liquid 
cromatography (Waters HPLC). To produce repetitive seizures stimulus trains 
were applied in the entorhinal cortex. Paired-pulse technique was used and 
recurrent inhibition was assessed by calculating the ratio (PS(T)/PS(C): IMI = 
index o f maximal inhibition) o f  the amplitude o f  the second (test) population spike 
[PS(T)] to that o f  the first (conditioning) population spike [PS(C)]. Perfusate was 
obtained using a thin concentric microdialysis probe (Harvad) positioned in the 
dentate gyrus o f  hippocampus. It was observed a significant reduce in the amount 
o f GABA when the seizures were established (IMI > 1). Basal perfusate levels o f  
GABA in control (n=6) animals (without seizures) were 144 ±  34µM  in a perfusate 
collected during 60 minutes. When the IMI was greater than 1 the levels decreased 
in 65%. The results suggest that the changes in the neuronal excitability observed 
after the recurrent seizures could be related to a disinhibition mechanism. 
Supported by D G A P A IN 214296 (HS).

767.2

DYNAMIC CHANGES IN THE EXPRESSION OF INFLAMMATORY 
CYTOKINES AND RELATED MOLECULES IN THE RAT HIPPOCAMPUS 
AFTER LIMBIC SEIZURES. M.G. De Simoni ♦ . C. Pereqo. D. Moneta, M. 
Conti, T. Ravizza and A Vezzani. Istituto di Ricerche Farmacologiche 
Mario Negri, Via Eritrea 62, 201 57 Milan, Italy.

Induction of transcripts for in terleu k in (IL )-ip , IL-1 receptor 
antagonist ( IL-1 Ra), IL-6, tumor necrosis factor (TNF)<χ, inducible 
nitric oxide synthase (iNOS) and ß-actin was evaluated in rat 
hippocampus 2, 6, 18, 24 h and 3, 7, 60 days after status 
epilepticus (SE) induced by 6 0 -min electrical stimulation of the 
pyramidal CA3 neurons. Total RNA was extracted from tissue, reverse 
transcribed and amplified by PCR. Specific amplificates were detected 
by Southern blot analysis. In the stimulated side, all transcripts 
exceptTNFα and IL-1 Ra were already significantly increased at 2 h. 
Induction was maximal at 6 h for IL - lß  (445% ), IL-6 (4 0 5 % ) and 
TNFα (264% ); at I8h for iNOS (43 2 % ); at 24 h for IL-1 Ra 
(494% ). IL-6, TNFα transcripts returned to control values 3 days 
after SE. IL-IRa and iNOS were still elevated at 7 d In rats with 
spontaneous seizures 60 d after SE, IL - lß  was still increased by 
241%. Immunocytochemical analysis of IL -lß , IL-6 and TNFα 
showed increased protein staining in non-neuronal cells with a time- 
course similar to the respective transcripts. Staining for GFAP- 
positive glial cells and Griïfonia sim plic ifo lia  B4 isolectin-positive 
microglia was increased and paralleled cytokine induction. Since 
cytokines are involved in neurodegeneration and synaptic 
transmission, these changes may play a role in hyperexcitability i n 
epileptic tissue.

This work was supported by Telethon E.573

767.4

ABNORMAL TARGETING OF DEVELOPING MOSSY FIBERS IN EPI
LEPTIC HIPPOCAMPUS VIA L-TYPE CA2t CHANNEL ACTIVATION IN 
VITRO. Y. Ikegaya*. N. Nishiyama and N. Matsuki. Lab. of Chemical Pharma
cology, Graduate School of Pharmaceutical Sciences, The University of Tokyo, 
Bunkyo-ku, Tokyo 113-0033, Japan.

The hippocampal mossy fibers, which originate from dentate granule cells, are 
developed mainly in early postnatal period and are known to be involved in numer
ous pathological aspects. In the present study, hippocampal slices prepared from 
premature rats were cultivated in the presence of convulsants to evaluate influences 
of epilepsy on ontogeny of the mossy fibers. Electrophysiological and histochemi- 
cal analyses revealed that prolonged epileptic activities inhibited proper growth of 
the mossy fibers and caused abnormal targeting to the stratum oriens and the dentate 
molecular layer. These phenomena were prevented by pharmacological blockade 
of L-type Ca2' channels, which did not affect convulsants-evoked ictal bursts. 
Following single-pulse stimulation o f the stratum granulare in the slices cultured 
under epileptic conditions, the dentate gyrus displayed excessive excitation but syn
aptic transmission to the CA3 region rather underwent hypoactivities. However, 
brief repetitive stimulation elicited delayed epileptiform discharges in the CA3 re
gion, which were inhibited by an A-methyl-D-aspartate receptor antagonist. 
Chronic treatment with the L-type Ca2t channel blocker ameliorated such aberrant 
neurotransmissions. These results suggest that paroxysmal activities at the devel
opmental stage o f the mossy fibers bring about errant maturation associated with 
hippocampal dysfunction, which may be a cellular basis for sequelae o f child epi
lepsy, including chronic epilepsy or cognitive deficits. Thus, we propose that L- 
type Ca2+ channel blockers can be good preventives for the aversive prognosis of 
child epilepsy.

767.6

ENHANCEMENT OF GRANULE CELL DIVISION IN RAT 
DENTATE GYRUS TRIGGERED BY INITIAL LIMBIC SEIZURES IN 
EARLY COURSE OF EPILEPSY. E. NakagawaL2 Y. Aimi-L O. 
YasuharaJ-. I.Toovama-L H. KimuraL A. Jakubovic*and P.L.
M c G eer^  . 1 Inst.Mol. Neurobiol., Shiga Univ. Med. Sci., Otsu, Japan: 
2Kinsmen Lab. Neurol. Res., Univ. B.C .,Vancouver, Canada, V6T 1Z3 

The mitogenic effect of epileptic seizures on dentate granule cells was 
studied using the bromodeoxyuridine (BrdU) labeling method. Epilepsy 
was induced either by kainic acid (KA) administration or by kindling. 
Follow ing injection of KA, the number of BrdU-positive granule ceils 
began to increase at day 3 and peaked at day 5, returning to baseline at day 
10. By day 13, values were lower than control. Following kindling 
induced by daily electrical stimulation to the perforant path, the number of 
BrdU-positive cells began to increase after 5 stage I motor seizures. The 
increase occurred from day 1 to day 3 but returned to baseline by day 7. 
The number 13 days after the last stimulation was lower than in controls. 
From 10 to 30 repeated generalized epileptic seizures did not facilitate 
granule cell division, and 80 to 120 generalized seizures produced levels 
lower than control. Loss of pyramidal neurons in CA1, CA3 and CA4 
was noted at 18 hours after KA injection but not in the kindling model. 
These observations indicate that a mechanism inducing epilepsy boosts 
dentate granule cell division, but the seizures themselves may actually 
suppress such division. Pyramidal neuronal loss is not necessary for 
triggering the upregulation. It is suggested that newly born granule cells 
may play a role in the network reorganization which occurs during 
development o f epilepsy. Supported by Ministry o f Education, Science 
and Culture, Japan.
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767.7
MJCROGLIAL-MEDIATED APOPTOTIC CELL DEATH IN KAINATE 
TREATED RAT HIPPOCAMPUS. C A. Stewart,1 N-Y Zheng,1 L  Jin,1 R.A. 
Floyd,  ̂ R. E. Anderson2*, G. Bing1. ~*Free Radical Biology & Aging Research 
Program, Oklahoma Medical Research Foundation; 2Oklahoma Center for 
Neuroscience, Oklahoma University Health Sciences Center, Oklahoma City, 
OK 73104.

Systemic administration of kainic acid (KA, a glutamate analog) to rats 
causes epileptic seizures which result from cell death in specific areas of the 
hippocampus and is used as a model for human temporal lobe epilepsy. KA 
treatment can elevate hippocampal levels of enkephalin and activator protein-1 
transcription factor for up to 1 year but other long term changes in gene 
expression have yet to be investigated. We present evidence that hippocampal 
levels of certain cytokine mRNAs are upregulated by KA. Sustained elevation 
of mRNA levels of IL-1α, IL-1ß and TNF-ß were observed up to 3 weeks after 
treatment. Expression of IL-6 peaked strongly at 1 day and then declined to 
almost control levels at subsequent time points. TNF-α also reached a 
maximum at 1 day and remained elevated for at least 3 weeks. These 
sustained changes in cytokine gene expression were paralleled by upregulated 
expression of a number of apoptosis related genes. At time points spanning a 
period of at least 3 weeks, mRNAs for Fas, caspases 1, 2 and 3, and Bax were 
found to be considerably higher than in control hippocampi. Bcl-2 and Bcl-x 
underwent smaller increments in expression. Immunocytochemical staining for 
0X42 revealed the presence of activated microglia in the hippocampus for up 
to 1 month after KA treatment. Particularly strong immunoreactivity was found 
in the CA1 and CA3 fields where significant neuronal cell death is known to 
occur following KA administration. The induction of cytokine upregulation was 
followed by dramatic apoptotic cell death in the hippocampal CA1 and CA3 
fields, the pyriform cortex and amygdala as revealed by TUNEL staining.
This work was funded by the Oklahoma Medical Research Foundation.

767.9
INTRAHIPPOCAMPAL INFUSION OF TTX DURING A CRITICAL PERIOD OF 
DEVELOPMENT PRODUCES A CHRONIC FOCAL EPILEPSY IN THE RAT. C D. 
Galvan1 . R, Hrachow2. K.L. Smith1, and J.W,Swann1. 1 The Cain Foundation Laboratories, 
Dept, of Pediatrics, Division of Neuroscience, and 2Dept. of Neurology, Baylor College of 
Medicine, Houston TX., 77030

Numerous studies have shown that the patterning of neural activity during development 
dictates the pattern of synaptic connectivity in adulthood. The goal of this study is to 
determine if local circuit axonal remodeling in the developing rat hippocampus is also an 
activity-dependent process. To block neuronal activity, tetrodotoxin (TTX) was 
continuously infused for 4 weeks into the right hippocampus beginning on days 10-12, 13- 
17, or 45-50 using an alzet osmotic mini-pump. Control animals received artificial 
cerebrospinal fluid (ACSF). EEG recordings began immediately after cannula extraction. 
In all 3 age groups, control animals showed normal activity, while TTX-infused animals 
showed a marked depression of activity in the infused hippocampus. This depression 
gradually disappeared and background EEG activity returned to normal by the 12th day of 
monitoring. When TTX infusion began on days 10-12, 10 of 11 animals showed 
spontaneous interictal discharges in both the infused and uninfused hippocampus beginning 
on the first day of EEG monitoring, and 8 of those same 11 animals had electrographic and 
behavior seizures also appearing on the first day of recording. These seizures have 
continued five months after TTX withdrawal. When TTX infusion began on days 13-17, 3 
of 10 animals showed interictal discharges, while no animals had seizures. TTX infusion 
beginning on days 45-50 produced no abnormal hippocampal activity. In accordance with 
EEG results, recordings from in vitro slices revealed spontaneous network bursting in area 
CA3 in 3 of 4 TTX-infused animals while control animals showed no abnormal activity.

These findings suggest that neuronal activity during the critical period is required for the 
proper development of hippocampal circuitry. Results appear to be consistent with the notion 
that exuberant recurrent axonal arbors present in early life fail to remodel during 
development in TTX-infused rats and may contribute to the network hyperexcitability seen 
in experimental rats. Supported by NIH Grant NS18309

767.11
UNILATERAL KAINIC ACID INJECTIONS INDUCE BILATERAL 
NEUROGENESIS IN THE DENTATE GYRUS OF ADULT RODENTS. VC 
Gray'. G. LeGal-LaSalle:. C, Lere2. L,E. Sundstrom1. 'Dept, of Clinical 
Neurosciences, Univ. of Southampton, Southampton SOI6 6YD, U.K.; 
2Laboratoire de Neurobiologie et Neuroimagerie Expérimentale, Univ. Victor 
Segalen Bordeaux 2, 33076 Bordeaux, France. (SPON: British Neuroscience 
Association).

Granule cells in the dentate gyrus of the hippocampal formation have been 
shown to possess the capacity to divide in adult rodents and in primates. The basal 
rate of granule cell proliferation in adult rodents is relatively low but may be 
significantly increased following experimentally induced seizures. We have 
investigated this by using bromdeoxyuridine (BrDU) injections to label dividing 
cells in two experimental models of epilepsy. Following a unilateral 
intracerebroventricular injection of kainic acid (KA) in the rat, we found that the 
number of dividing cells was increased by at least 6 fold on the ipsilateral side and 
at least 3 fold on the contralateral side to the KA injection. A similar contralateral 
increase in cell division was also seen in the mouse following direct, unilateral 
intrahippocampal injections. Consistent with other reports regarding the 
phenotype of nascent granule cells, confocal immunofluorescence microscopy 
revealed that most BrDU labelled cells in the subgranular zone were positive for 
Class III beta tubulin and negative for MAP2 and GFAP. This increase in BrDU 
labelled neurons contralateral to the injected side is particularly significant since it 
suggests that the granule cell proliferation is triggered by seizure activity rather 
than by the direct action of kainic acid itself.

Funded by the Epilepsy Research Association (UK).

767.8
MORPHOLOGICAL CHANGES IN DENDRITES OF INHIBITORY 
INTERNEURONS IN KAINIC ACID-TREATED HIPPOCAMPAL EXPLANT 
CULTURES. S. Al-Noori* and J.W.Swann. The Cain Foundation Laboratories, 
Division of Neuroscience and Dept, of Pediatrics, Baylor College of Medicine, 
Houston, TX 77030.

Varicose swellings o f pyramidal cell dendrites are commonly observed in humans 
with intractable temporal lobe epilepsy, as well as in animal models of epilepsy. 
Studies were conducted in hippocampal explant cultures to determine whether seizures 
induced by brief (1 hour) exposure to low concentrations o f kainic acid (KA) could 
produce dendritic varicose swellings in inhibitory intemeurons. 
Immunohistochemistry for parvalbumin showed that kainic acid exposure results in a 
dramatic formation o f varicose swellings on both apical and basilar dendrites of 
intemeurons in the CA1 hippocampal subfield in a dose-dependent manner. For 
example, at 0.1 µM KA more than half (60.6 + 15.8%) of the immuno-positive apical 
dendrites had a beaded appearance. The presence of varicose swellings did not predict 
intemeuronal cell death since 3 days following 1 hour exposure to 0.1 µM KA the 
number of parvalbumin-positive neurons was the same as in control explants. 
Furthermore, the formation of varicose swellings was found to be reversible since the 
percentage of beaded dendrites was reduced 3 days after KA treatment. These effects 
of KA are likely mediated, at least in part, by seizure activity since kainic acid’s effects 
were blocked by tetrodotoxin (2 µM) and reproduced by picrotoxin (100 µM) and 
exposure to magnesium-free medium. In addition, electrophysiological recordings 
have demonstrated the presence of electrographic seizures in KA-treated explants. 
This in vitro model should prove useful in studying the acute and chronic affects of 
seizures on hippocampal intemeurons in the absence of excitotoxic cell death. 
Supported by NS 18309, NS 11535.

767.10
PROLONGED POSTICTAL BEHAVIOR IN RATS AFTER LESIONS TO 
NORADRENERGIC TERMINALS. D. C. Silveira (1), D. L. Schomer (1), J.
Lu (1). G. L. Holmes* (2). and S. C. Schachter (1). (1) Dept, of Neurology,
Beth Israel Deaconess Medical Center, Harvard University, Boston MA. (2) 
Dept of Neurology, Children’s Hospital, Harvard University', Boston MA.

Postictal confusion and sleep is commonly observed in patients following 
generalized tonic-clonic and complex partial seizures. Recently, authors 
demonstrated Fos activation in the noradrenergic locus coeruleus (LC) after 
seizures induced by kainic acid in rats (Silveira et a l.; NeuroReport, 1998). 
Epileptic seizures substantially increase noradrenaline (NA) release, a fact that 
presumably causes NA depletion during the postictal period In this study we 
investigated whether depletion of the noradrenergic (NE) terminals originating 
from the LC neurons by neurotoxin N-2-chloroethyl-N-ethyl-2- 
bromobenzylamine (DSP-4) affect the postictal inhibitory behavior (PIB) in 
rats. Following two weeks of DSP-4 (lesioned animals) or saline (control 
animals) intraperitoneal (i.p.) administration, seizures were induced by 
pentylenetetrazole (PTZ). Animals from both groups reached generalized 
tonic-clonic seizures. Lesioned animals showed significantly (p < 0.05) greater 
PIB duration and postictal depression (PID) duration on electroencephalogram 
(EEG) than controls. No significant differences were found in relation to the 
afterdischarge duration on EEG among lesioned and control animals. To assess 
the hippocampal and neocortical damage of NE terminals after DSP-4, 
immunohistochemical detection of the enzyme, dopamine-ß-hydroxylase, was 
processed. Lesions to NE terminals prolonged the behavioral and 
electroencephalographic postictal depression in rats submitted to PTZ-induced 
seizures. The present results suggest that the NE ascending system that arises 
from the LC is involved in the modulation of postictal behavior in rats.

767.12
THE ASPIRIN-LIKE DRUG SODIUM SALICYLATE CAUSES SEVERE 
CEREBRAL HEMORRHAGE IN RATS WITT! KAINIC ACID-INDUCED 
SEIZURES. J. Najbauer*. E.M. Schuman and A.N. Mamelak. Division of Biology 
139-74 and HHMI, California Institute of Technology, Pasadena, CA 91125.

Aspirin and sodium salicylate (NaSal) have been shown to protect neurons from 
excitotoxic cell death elicited by glutamate in rat primary neuronal cultures and hippo
campal slices (Grilli et al., Science, 1996). To investigate the possible neuroprotective 
effect of NaSal in vivo in a model of epileptic seizures, we used kainic acid (KA) 
injections, which induce status epilepticus and high levels of neuronal death in the 
limbic system. Male Sprague-Dawley rats (270 g) were treated in four groups. KA 
group (n=4): PBS s.c. at -0.5 h, KA 12 mg/kg i.p. at 0 h, PBS i.p. at 8, 16, 24. 32, 40
h. KA+NaSal (n=6): NaSal 75 mg/kg s.c. at -0.5 h, KA 12 mg/kg i.p. at 0 h, NaSal 
75 mg/kg s.c. at 8. 16. 24, 32, 40 h. NaSal (n -3 ) : NaSal 75 mg/kg s.c. at -0.5 h, PBS
i. p. at 0 h, NaSal 75 mg/kg s.c. at 8, 16. 24, 32, 40 h. Controls (n=4): PBS instead of 
KA or NaSal at above time points. Seizures were terminated after 2 h by Diazepam 
(5 mg/kg i.p ). At 72 h. all animals received four injections of BrdU (50 mg/kg i.p.) 
over 6 h to label dividing cells in the dentate gyrus, an area where seizures induce 
proliferation of granule cells At 96 h, the animals were sacrificed and their brains 
were ciyosectioned. Results All animals that received KA or KA+NaSal developed 
sustained status epilepticus, although KA+NaSal animals had more severe seizures that 
started earlier than in animals treated with KA alone. Focal areas of severe 
hemorrhage were present throughout the hippocampal formation and in the entorhinal 
and piriform cortices of the KA+NaSal-treated animals, while no hemorrhage was seen 
in the KA alone, NaSal or Control animals. The cerebral cortex and the thalamus were 
unaffected, suggesting that damage occurs predominantly in regions with KA-induced 
epileptic activity. We are currently investigating the underlying mechanisms of this 
hemorrhage and the extent of cell death and cell birth. Our results may have important 
implications for patients with epilepsy and for children with febrile seizures where 
administration of salicylates may cause damage to brain areas affected by seizures.
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767.13
INCREASED GABAERGIC INHIBITION OF CAI PYRAMIDAL CELLS AFTER SEIZURES 
INDUCED BY HYPERTHERMIA IN IMMATURE RATS. K. Chen'. T.Z. Baram'2 and 
I.Soltesz1* . Dept. Anatomy and Neurobiology1, and Pediatrics2, University of California, 
Irvine, CA, 92697.

RATIONALE: Febrile seizures constitute the most prevalent seizure type in human 
infants and young children. Whether febrile seizures early in life cause long-lasting 
alterations in limbic excitability is an important question, especially with regards to the later 
development of temporal lobe epilepsy. Recent anatomical and histochemicai data indicate 
that, in the immature rat model of febrile seizures, hyperthermic seizures on postnatal day 
10 can lead to significant alterations of neuronal structure (Toth et al., j . Neurosci., 1998). 
OBIECTIVE: This study was designed to test the hypothesis that lasting physiological 
alterations in GABAergic inhibition in the CAI region of the immature hippocampus take 
place following hyperthermia-induced seizures. METHODS: Hyperthermic seizures were 
induced in 10 day old rats as described (Baram et al., Brain f½s. 1997). Mean seizure 
duration was 24±O.7 min. One week later, pups were anesthetized, decapitated, the 
brains removed, and in vitro brain slices were prepared. Field- and whole-cell patch clamp 
recordings were obtained from CAI pyramidal cells from animals with hyperthermia- 
induced seizures and from both hyperthermic and normothermic controls. RESULTS: One 
week after hyperthermia- induced seizures, the CAI population spikes were significantly 
decreased in the experimental pups, and this change could be reversed by bicuculline. 
Whole-cell recordings demonstrated a significant increase of the miniature IPSC frequency, 
as well as the amplitude of the monosynaptically evoked IPSCs in the experimental group. 
The enhancement of the monosynaptic IPSCs was due to the seizures and not to the 
hyperthermia per se, since it was not observed in pups in whom hyperthermia- induced 
seizures were prevented with pentobarbital. CONCLUSIONS: These data indicate that 
lasting alterations in excitability occur in the CAI network after febrile seizures. Supported 
by NIH NS28912 (to TZB).

767.15
Kainic Acid Indi ces Oxidative Damage to DNA in the Rat Brain J Lam RA
Stetier, K Tanaka*, J Chen, and RP Simon Department o f Neurology, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15213

Glutamate-triggered oxidative stress has long been implicated in the pathogenesis of 
brain injuries resulting from ischemia, epilepsy, trauma, and neurodegenerative 
diseases. One potential mechanism by which reactive oxygen species (ROS) mediate 
neuronal death after a brain insult is the formation of oxidative DNA damage. To 
investigate the potential role of DNA damage in epileptic seizures, we have studied the 
evolution of the formation of 8-hydroxyl-2-deoxyguanosine (8-OH2dG), a hallmark of 
oxidative DNA damage, in rat brain 2-72 h after systemic injection of kainic acid (KA,
11 mg/kg). 8-OH2dG was measured in brain DNA extracts using the highly sensitive 
HPLC-EC (high performance liquid chromatography with electrochemical detection) 
technique and the data expressed as a ratio of 8-OH2dG/dG. DNA single-strand breaks 
(SSB) were also determined in brain sections obtained over the same time frame using 
in  s i tu  DNA polymerase I-mediated biotin-dATP nick-translation (PANT). KA 
injection induced clinically manifested seizures in all animals studied. As compared to 
saline-injected controls, significant increases (p < 0.05, ANOVA followed by PLSD) in 
8-OH2dG were detected in amygdala/piriform cortex (3-8 fold), thalamus (2-4 fold), 
and hippocampus (3-4 fold), but not in the frontal-parietal cortex or caudate-putamen, 
at 24 and 72 h after KA injection. A transient increase in 8-OH2dG (3-4 fold) was also 
detected in the caudate-putamen, but not in other regions, at 2-4 h after KA injection. 
DNA SSB were first detected in amygdala/piriform cortex at 8 h, and dramatically 
increased in this region thereafter. Increased DNA SSB were detected between 16-72 h 
in the thalamus and hippocampal CA3 sector, and to a much lesser degree, in caudate- 
putamen and frontal-parietal cortex. These results provide direct evidence o f oxidative 
DNA damage in the brain after neurotoxin-induced seizures. The accumulation of 8- 
OH2dG and DNA SSB in regions that are selectively vulnerable to limbic seizures may 
reflect an impairment in DNA repair functions in these regions. However, the precise 
biological consequences of these DNA lesions after seizures remain to be determined.

Supported by NIH grants NS36736 and NS24728.

767.17
WHOLE BRAIN IRRADIATION INHIBITS DENTATE GRANULE CELL 
NEUROGENESIS BUT NOT SEIZURE-INDUCED MOSSY FIBER 
SPROUTING IN ADULT RATS. J.M. Parent1. E. TadaL J.R. Fike2 and D.H. 
Lowenstein1,2*. Departments of Neurology1, Anatomy2 and Neurosurgery2, 
University of California, San Francisco, San Francisco CA 94143.

Neurogenesis continues into adulthood in the rat dentate gyrus and is markedly 
increased by prolonged seizure activity. These newly generated dentate granule cells 
(DGCs) appear to participate in seizure-induced mossy fiber axonal reorganization in 
adult rats. To test the hypothesis that supragranular mossy fiber “sprouting” after 
status epilepticus (SE) arises entirely from newly born DGCs, we used whole brain, 
ionizing irradiation to eliminate proliferating DGC progenitors in adult rats that 
experienced pilocarpine-induced SE. Young adult Sprague-Dawley rats underwent 2 
hr of SE after systemic administration of pilocarpine. Animals received whole brain 
irradiation (5 Gy; n = 6) or were sham-irradiated (n -4) on the day prior to and 4 d after 
SE. On days 3-5 after SE, twice daily doses of i.p. bromodeoxyuridine (BrdU, 50 
mg/kg) were given and animals were killed on day 28. Hippocampal cell 
proliferation and neurogenesis was assessed by BrdU and TOAD-64 (Turned On After 
Division, 64kD) immunocytochemistry, and Timm staining was performed to 
identify supragranular mossy fiber remodeling. Irradiated rats showed a complete or 
nearly total absence of dentate gyrus BrdU and TOAD-64 immunostaining compared 
to the robust BrdU- and TOAD-64-immunoreactivity in the hilar aspect of the DGC 
layer of sham-irradiated controls. The DGC layer was also thinned in irradiated rats. 
No decrease in the expected band of supragranular Timm stained mossy fibers was 
seen in irradiated versus control rats 28 d after SE. These findings indicate that 
remodeled mossy fibers arise primarily from mature, rather than developing, DGCs. 
Furthermore, newly born DGCs make up a substantial portion of the DGC layer by 
28 d after seizure-induced injury.

Supported by NINDS N535628 and NSO2OO6, the March of Dimes Birth Defects 
Foundation, and the Epilepsy Foundation of America.

767.14
IONIZING RADIATION EFFECTS ON FOCAL EPILEPTOGENICITY IN THE 
KINDLED RAT. K.A, Jenrow1, A.E. Ratkewicz2 and K.V. Eltsevich1*. ‘Epilepsy Research 
Lab., Neurosciences Institute, and 2Dept. of Radiation Oncology, Henry Ford Health 
Sciences Center, Detroit, MI 48202.

Both clinical and laboratory investigations have suggested that focal epileptogemcity may 
be inhibited by exposure to ionizing radiation. We have previously reported, however, that 
exposure of an amygdala-kindled focus, electrically stimulated through a minimum of 10 
stage 5 seizures, did not significantly increase generalized seizure threshold (GST). 
Moreover, irradiation resulted in an enhanced excitability, manifesting primarily as a 
spontaneous (secondary) convulsive episode following the initial stimulation-induced 
convulsion. Here we report an extension of these investigations in which the degree of 
kindling was considered as a variable.

Male Wistar rats were stereotactically implanted with concentric bipolar electrodes in the 
left and right basolateral amygdala, and right frontal cortex. Following determination of the 
afterdischarge threshold, rats were kindled via a series of daily threshold electrical 
stimulations of the left amygdala until a stage 5 seizure was obtained. The GST was then 
determined prior to irradiation, and at 1-week intervals following irradiation for a period of 
6 months. Irradiation involved beam-collimation of an 18MV x-ray source such that the 
90% isodose line fell within a 2.5 mm radius, concentric about the left amygdala electrode 
axis. Experimental groups received 10, 18 or 25 Gy exposures, while control animals were 
unirradiated. As before, no significant changes in GST were observed for any of the 
radiation doses examined, and the occurrence of spontaneous convulsive episodes was 
enhanced following exposure at either 18 or 25 Gy. However, whereas previously the 
occurrence of secondary convulsions was distributed uniformly in time, they were now 
clustered toward the end of the post-irradiation interval.

These results suggest that the observed enhancement of excitability requires both a 
persistent radiation-induced alteration of tissue, and network reorganization induced by the 
delivery of repetitive stage 5 seizures. The threshold for the radiation-induced component 
of this effect apparently lies between 10 and 18 Gy.

Supported by the Henry Ford Hospital Foundation.

767.16
DARK NEURON AND FLUOROJADE LABELING OF HIPPOCAMPAL 
NEURONS IN THE PILOCARPINE M ODEL OF EPILEPTOG ENESIS
J. Poirier*. R, Capek and Y, De Koninck. Dept, of Pharmacology & Therapeutics, 
McGill Univ., Montréal, Québec, H3G 1Y6.

Numerous studies have reported cellular changes in the hippocampus in animal 
models of chronic epilepsy. Data are lacking, however, on the precise time course of 
initial cellular changes throughout epileptogenesis. Using the pilocarpine model, rats 
were injected with 38Omg/kg of the cholinergic agonist. Diazepam (4mg/kg) was 
administered lh after the onset of status epilepticus to standardize the duration of 
seizure activity in treated rats. Rats were sacrificed at 24h, 1, 2, and 3 weeks follow
ing the onset of pilocarpine-induced status epilepticus. Following fixation, serial 
sections were processed using a silver impregnation technique (D a r k  N e u r o n  S ta in )  

to label neurons at different time points following the pilocarpine-induced insult 
(Galiyas et al. J. N e u r o s c i  M e th  5 0 : 1 5 9 ,1 9 9 3 ) .  Quantitative analysis of the extent of 
neuronal labeling was done using a computer-aided image analysis system ( M4 Im
aging Research). All cell counts were performed in a blind fashion. In some animals, 
continuous electroencephalographic (EEG) recording was performed, coupled to an 
automatic seizure-detection system to monitor the progression of epileptogenesis. 
We found that pyramidal cells in CAI, and CA3 showed maximal cytoplasmic dis
ruption at 24h following pilocarpine treatment as opposed to control animals. In ad
dition, there was a correlation between the number of seizures and the number of la
beled cells in CA3. There was no significant staining in the granule cell layer. 
Staining with F lu o r o ja d e ,  a complementary fluorescent marker of cellular degenera
tion, (Schmued et al., B r  R e s  7 5 1 : 3 7 ,1 9 9 7 )  revealed a similar pattern of labeling in 
CAI and CA3 to that obtained with the silver stain. There was also no significant 
staining in the granule cell layer. In contrast, however, whereas the silver stain re
vealed very few hilar neurons, F lu o r o ja d e  targeted a strikingly greater number of 
cells in this region. These results suggest that separate populations of cells may be 
labeled whth these two techniques during epileptogenesis.

(,S u p p o r t e d  b y  th e  S a v o y  F o u n d a t io n  f o r  E p i l e p s y  a n d  th e  Q u e b e c  F C A R )

767.18
DIFFEREN TIA L VULNERABILITY O F  RAT H IPPO C A M P A L DENTATE 
GYRUS IN TER N EU R O N S AFTER GLOBAL ISCH EM IA  O R  SEIZURES 
R.S. Sloviter1’2*, L.S. Ritter2, J.H. Goodman3, T, Wieloch 4. Depts. o f ‘Pharmacology 
and 2Neurology, Univ. Arizona, Tucson, AZ 85724; 3Helen Hayes Hospital, West 
Haverstraw, NY 10993; 4Lab. for Exp. Brain Research, University of Lund, Sweden 

The seizure-induced loss of dentate mossy cells may be a cause of dentate granule cell 
hyperexcitability [1], This hypothesis has been questioned on the basis of the assumption 
that ischemia and seizures produce similarly extensive mossy cell loss, yet ischemia does 
not produce similar hyperexcitability [2], We have extensively analyzed hilar anatomy 
after seizures or ischemia to determine the validity of this anatomical assertion. Male SD 
rats were subjected to 24hr perforant path stimulation or 2Omin global ischemia. Silver 
staining revealed that ischemia caused only minor terminal degeneration in the lamina 
innervated by hilar mossy cells despite extensive hilar cell injury in both groups. Other 
rats received the retrograde tracer fluorogold (FG) into the dentate gyrus in order to label 
contralateral mossy cells. Immunocytochemical analysis revealed that ischemic rats with 
extensive CAI pyramidal cell loss also exhibited an extensive loss of somatostatin/NPY- 
positive hilar cells, but little apparent loss of FG-positive cells. These results demonstrate 
that although prolonged ischemia or seizures may produce superficially similar patterns 
of hilar cell loss, ischemia largely spares the mossy cells. In retrospect, this is not 
surprising since CA3 pyramidal and mossy cells share many anatomical and functional 
properties, and CA3 pyramidal cells are relatively resistant to ischemia. A causal relation
ship between mossy cell death and granule cell disinhibition remains unproved. However, 
our finding clearly demonstrates different hilar pathology following ischemia vs. seizures. 
This negates the argument [2] that seizure-associated granule cell hyperexcitability cannot 
be the result of dentate hilar mossy cell loss since ischemia produces the same pathology.

1. Sloviter , Science, 235:73-76, 1987; Hippocampus 1:41-66, 1991.
2. Mody, Otis, Bragin, Hsu, and Buzsaki, Neuroscience 69:139-150, 1995.

This research was supported by NIH grant NS 18201.
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768.1
SYNAPTIC ACTIVATION OF GLUR5 SUBUNIT OF KAINATE RECEPTORS 
ON INTERNEURONS ENHANCES GABAERGIC INHIBITION IN THE CA1 
AREA OF THE HIPPOCAMPUS. R. Cossart. M. Esclapez, Y. Ben-Ari. C. Bernard 
and J. C. Hirsch*. INSERM U29, Hôpital de Port Royal, 123 Bid de Port Royal, 
75014 Paris, France.

The modulation of GABAergic inhibition by kainate receptors in the CA1 
hippocampal region was investigated using whole cell recordings from the somata. 
and dendrites of pyramidal cells and from the somata of visualized stratum oriens and 
radiatum interneurons. Low concentrations of kainate (250 nM) or the selective 
GluR5 agonist ATPA (1 µM) were bath applied in presence of the selective AMPA 
and NMDA receptor antagonists GYKI 56355 and D-2-amino-5-phosphonovaleric 
acid. Both kainate and ATPA dramatically increased the frequency of spontaneous 
GABAergic IPSCs in dendrites and somata of pyramidal neurons (over 500%). The 
increase persisted with little change during long duration applications (2Omins) and 
was fully prevented by the GluR5 antagonist LY 293558. In contrast neither the 
frequency of miniature IPSCs nor the amplitude of monosynaptic evoked IPSCs were 
altered by the activation of kainate receptors. In identified interneurons, kainate and 
ATPA produced a LY 293558 sensitive depolarization and repetitive firing. 
Electrical stimulation of the Schaffer collaterals generated in interneurons - but not in 
pyramidal cells - LY 293558 sensitive kainate receptor-mediated EPSCs and action 
potentials. Therefore, GluR5 receptor-mediated synaptic responses are present in 
interneurons. We suggest that there is a dual effect of the activation of kainate 
receptors; one in CA3 pyramidal neurons, which, via GluR6 receptors, is pro
epileptic and can trigger limbic seizures; and the other described here, which, via 
GluR5 receptors restricted to interneurons, provides a tonic surround inhibition to 
CA1 pyramidal cells and may act as an endogenous protective mechanism against 
hyperexcitability.
Supported by INSERM and the Fondation Simone et Cino del Duca.

768.3
KAINATE-INDUCED EPILEPTIFORM  ACTIVITY IN INTACT NEONATAL 
LIMBIC STRUCTURES IN  VITRO. *I. Khalilov. *I. Medina. lX . Leinekugel. 
*Z. Melvan. *V. Dzhala. 2B. Esplin*. 1R. Khazipov and *Y. Ben-Ari1. INSERM 
U29, 123 Bd de Port-Royal, Paris 75014, France and 2Dept. Pharmacology, 
McGill University, 3655 Drum mond St,, M ontréal, QC H3G 1Y6 Canada.
We have used the newly developed in vitro intact neonatal limbic structures 
preparation to study the generation of Epileptiform Activity (EA) by kainate, its 
propagation to other limbic structures and its long term effects on hippocampal 
activity. We report that kainate generates in the hippocampus interictal and ictal 
activities starting already from P2 and P4 respectively. The developmental profile 
of EAs is paralleled by the development of postsynaptic kainate receptor-mediated 
currents in CA3 pyramidal cells. Selective antagonists of AM PA and NMDA 
receptors completely block the generation and propagation of EAs within the 
hippocampus and - in a two independent compartm ent chamber - to the 
contralateral one, suggesting that the initiation but not the propagation of EAs 
requires kainate receptors. Seizures that are generated in the hippocampus 
propagate to the septum and contralateral hippocampus at P2 and to the 
entorhinal cortex starting from P4. Repeated brief applications of kainate to the 
hippocampus induce recurrent spontaneous glutamatergic ictal and interictal 
discharges that persist for several hours after wash of kainate. Finally, using a 
novel three independent compartment chamber that enables one to reversibly 
interrupt the connections between the two hippocampi, we report the first 
demonstration that seizures generated by kainate in one hippocampus propagate 
to the contralateral one and lead to the formation of a "mirror" epileptogenic 
focus. Therefore, recurrent ictal discharges that are generated already in early 
postnatal life, lead to persistent effects in distal structures and may perturb 
activity-dependent mechanisms that are essential for neuronal development.

768.5

ENDOGENOUS ADENOSINE ACTING V IA  A1 RECEPTORS 
PREVENTS AN O XIA-IND U CED  EPILEPTIC AC TIVITY IN  THE 
NEONATAL RAT HIPPOCAMPUS. 1V. Dzhala, 1 , Desfreres., 1Z. Melvan. 

1D. Diabira, 2R. Reiprich *, 1Y. Ben-Ari, 1R. Khazipov .

1!NSERM U 2 9 ,123 Bd. de Port-Royal, Paris, 75674 FRANCE, 2Physiol, Inst. II, Abt. 

Neurophysiol., Univ. Düsseldorf, Postfach 101007, D-40001 Düsseldorf, Germany.

Perinatal hypoxia is a major cause of encephalopathy and a risk factor for 

development of the temporal lobe epilepsy. The effects of anoxia on the neuronal 

activity in the neonatal (P4-5) rat hippocampus were studied using preparation of 

the intact hippocampal formation in vitro. Brief anoxic episodes (4-6 min) completely 

blocked spontaneous network-driven Giant Depolarizing Potentials (GDPs, see 

poster by Leinekugel et al.) and strongly depressed evoked field EPSPs; both 

effects were reversible after reoxygenation. After blockade of adenosine A1 

receptors by selective antagonist DPCPX (100 nM), same anoxic episodes 

generated ictal-like epileptiform discharges. Upon reoxygenation, the pattern of the 

hippocampal network activity was persistently modified: GDPs were suppressed 

and instead spontaneous recurrent ictal and interictal discharges were generated 

for several hours. Another less selective antagonist of A1 receptors, caffeine, had 

similar epileptogenic effects. We suggest that adenosine released during anoxia 

acting via A1 receptors operates as an endogenous brain protector by preventing 

epileptiform activity and its adverse effects on the neonatal brain. Caution should be 

made in regard to consumption of caffeine and other xantine-derivatives with anti- 

A1 activity in the perinatal period.

Supported by INSERM, FRM (VD), NATO (ZM).

768.2
IDENTIFICATION OF A SELECTIVE DEFICIT OF GABAERGIC INHIBITION 
IN THE SOMA OF CA1 PYRAMIDAL CELLS IN EXPERIMENTAL EPILEPSY. 
C  Bernard1. M. Esclapez1, J. C. Hirsch1, C. Agassandian1, A. M erchant J. De 
Felipe2 and Y. Ben-Ari1. 'INSERM U29, Hôpital de Port Royal, 123 Bid de Port 
Royal, 75014 Paris, France. 2Instituto Cajal, 37 Av. Dr. Arce, 28002 Madrid, Spain.

The loss of functional GABAergic inhibition at the level of principal glutamaterg 
neurones is believed to be a major component of epileptogenesis, in particular in 
temporal lobe epilepsy (TEE). In this study, we have combined electrophysiological, 
morphological light and electron microscopy techniques in order to identify the 
possible loci of disinhibition in the CA1 area of the hippocampus in slices of kainic 
acid and pilocarpine treated rats with spontaneous recurrent limbic seizures. The 
frequency of spontaneous GABAergic currents (IPSCs) recorded from the soma of 
CA1 pyramidal cells at the reversal potential of glutamatergic currents (+10 mV) 
were similar in control and TLE. In the presence of TTX (1 µM) to block Na+ 
channels, the frequency of IPSCs was reduced by 40% in control and by 9 0 %  in TLE. 
There is thus a total disappearance of the tonic GABAergic drive in the soma of TLE 
pyramidal cells. This suggests that perisomatic projecting interneurons have to fire 
constantly in treated animals in order to insure a steady GABAergic drive similar to 
control. Quantitative analysis of the densities of GABAergic terminals making 
symmetrical synapses around fully 3D reconstructed pyramidal cell bodies 
demonstrated a similar number in control and epileptic animals. However, the amount 
of synaptic vesicles in these GABAergic axon terminals was dramatically reduced in 
epileptic animals as compared to control. This morphological alteration correlates 
with the disappearance of action potential-independent GABAergic activity. We have 
thus identified a morphological and functional substrate for disinhibition in the CA1 
area in TLE and hence a potentially important new target for therapeutic agents.

Supported by INSERM and CSIC.

768.4
THE KKB CHAMBER: A NOVEL 3 COMPARTMENT CHAM BER  
THAT ENABLES TO APPLY DIFFERENT ACSFS TO THE 2 
HIPPOCAMPI AND TO THE CONNECTING COMMISSURES.
R. Khazipov, I. Khalilov and Y. Ben-Ari*
INSERM Unité 29, 123 Bd de Port-Royal, Paris 75014, France.

In an earlier study, we have reported a novel preparation that enables to 
maintain the neonatal Intact Hippocampal Formation in artificial ACSF in a 
conventionnal slice schamber and use the entire repertoire of techniques of 
techniques that have made slice so popular (Khalilov et al. Neuron, 1997).We 
have now extended this approach by developing a 3 independent compartment 
chamber that can accommodate the 2 hippocamppi and the commissures. The 2 
interconnected hippocampi were removed from the brain and slided through 2 
sheets of latex in which 2 small holes had been made with a pin and gently 
extended. Once placed - the commissure in between the 2 lattex and the 2 
hippocampi from each side - the ensemble was put in a 3 compartment chamber 
with 3 different inflows and outflows.There was no leakage from one chamber to 
the other, since the application in one chamber of various drugs (TTX, CNQX) at 
100 fold higher concentrations than those required had no effects on the other 
ones. Application of TTX in the middle compartment prevented the propagation 
of electric activity from one hippocampus to the other but did not affect the 
synaptic responses evoked in both sides. As an illustration of the usefulness of 
this we provide the first direct in vitro evidence of the fomation of a mirror focus 
in one hippocampus by applications of kainate in the contralateral hippocampus. 
We have also determined that at birth commissural connections are functional. 
This chamber will allow to perform several types of experiments in intact cortical 
structures that could not be performed previously notably to determine the 
separate the effects of a drug applied in one hemisphere from its consequences 
in the contralateral side .

768.6
4-AMINOPYRIDINE INDUCED EPILEPTIFORM ACTIVITY IN THE 
INTACT NEONATAL RAT HIPPOCAMPAL FORMATION IN VITRO.
H.J. Luhmann1*, R.A. Reiprich1. S.E. Haul1. X. Leinekugel2 and Y. Ben-Ari2.
1 Institute of Neurophysiology, University of Düsseldorf, POB 101007, D-40001 
Düsseldorf, G erm any.2 INSERM U29, 75674 Paris Cedex 14, France.

We used the recently described in vitro preparation of the intact hippocampal- 
entorhinal formation (Khalilov et al., Neuron 19: 743-749, 1997) to study the 
pattern, spread and pharmacology of 4-AP (50-100 µM) induced epileptiform 
activity in the newborn (PO-P6) Wistar rat. Extracellular potentials were 
recorded simultaneously with five tungsten electrodes in the dentate gyrus 
(DG), medial entorhinal cortex (mEC), lateral entorhinal cortex (1EC), CA1 and 
CA3. Spontaneous epileptiform activity originating in CA3 and propagating to 
CA1 could be observed as early as P0. At older ages (P4-6), ictal and interictal 
activity propagated from CA3 to CA1, mEC, 1EC and DG. This spread was not 
prevented by 60 µM APV, 20 µM MK-801 and 500 µM MCPG, indicating that 
NMDA and metabotropic glutamate receptors play a minor role in the 
generation and propagation of epileptiform activity at this age. In contrast, 5 
µM CNQX reversibly blocked all epileptiform events in PO-P6 animals. 
Addition of 20 µM bicuculline methiodide to the 4-AP containing bathing 
solution increased at all ages the amplitude and frequency of epileptiform 
events, which showed the same pharmacological profile as in 4-AP alone. Our 
results demonstrate that 4-AP induces CNQX-sensitive spontaneous epilepti
form activity in the intact hippocampal formation of the newborn rat, which 
propagates from CA3 to CA1 and EC.
Supported by DFG (SFB 194, HJL) and INSERM (YB-A).
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768.7
REARRANGEMENTS IN HIPPOCAMPAL CIRCUITRY UNDERLIE 
HYPEREXCITABILITY IN NORMAL AND KAINIC ACID TREATED 
HIPPOCAMPAL SLICE CULTURES SB. Bausch*12. M.D. Womack2. G.J. 
Augustine2 and J O. McNamara1,2,3,4 Depts. of Medicine (Neurology)’, Neurobiology2, 
Pharmacology3, Molecular Cancer Biology4, Duke University, Durham NC 27710 

Understanding seizure-induced rearrangements in hippocampal circuitry is crucial for 
elucidating the mechanisms underlying some forms of temporal lobe epilepsy (TLE). 
Electrophysiological characterization of an in vitro model of TLE (Bausch & 
McNamara, 1997) suggested that neurons intrinsic to the dentate gyrus (DG) and 
neurons in CA1 provided functional synaptic input into the granule cell layer of normal 
and kainic acid (KA) treated hippocampal slice cultures. To test this idea, single 
neurons were filled with neurobiotin. Granule cell axons were confined mainly to CA3 
and DG. In -22%  of granule cells however, axon collaterals were observed in str. 
lacunosum-moleculare of CA1, suggesting a possible granule cell to CA1 pyramidal 
cell synaptic connection. CA3c pyramidal cell axons were seen in the hilus, granule 
cell and dentate molecular layers, str. radiatum of CA1 and all layers of CA3, 
suggesting that CA3c pyramidal cells could synapse onto most principal cell types in 
the slice culture. CA1 pyramidal cell axons were observed mainly within CA1 and 
projected toward the subiculum and/or CA3a/b. However, in -30%  of CA1 pyramidal 
cells, axon collaterals were detected within the DG including the hilus, CA3c, granule 
cell and dentate molecular layers, suggesting that CA1 pyramidal cells may synapse 
onto granule cells, CA3c pyramidal cells and hilar neurons. Results were similar for 
both control and KA treated cultures. However, in KA treated cultures, sprouting of 
granule cell (Routbort & McNamara 1996) and CA1 pyramidal cell axons was noted 
within the described layers. Functional consequences of sprouting are currently under 
investigation. Thus, the data support the hypothesis that granule cells may form direct 
reciprocal connections with CA3c and CA1 pyramidal cells and thereby contribute to 
hyperexcitability in hippocampal slice cultures. Supported by N1H grants NS 17771 
(JOM, GJA), NS32334 (JOM), NS 10387 (SBB).

768.9

NEUROGENESIS IN THE DENTATE GYRUS OF THE RAT HIPPOCAMPUS 
IN RESPONSE TO AMYGDALA KINDLING. B.W. Scott, M. Burnham. J.M. 
Woitowicz*. Dept, of Physiology, Univ. of Toronto; Toronto, Canada.

Recent evidence suggests that electrically evoked seizures within the hippocampus 
as well as pilocarpine induced status epilepticus increases neurogenesis within the 
dentate gyrus. This study sought to examine the effects of amygdala kindled 
seizures on neurogenesis in the dentate gyrus of the rat.

Male Wistar rats unilaterally implanted with electrodes in the amygdala were 
given kindling stimulations once daily. The day after the first stage 5 behavioral 
seizure animals received a daily injection of the mitotic indicator 5-bromo-2’- 
deoxyuridine (BrdU) immediately prior to each stimulation for three days. Animals 
were killed one week after the final BrdU injection and the hippocampal tissue 
processed for BrdU immunohistochemistry as well as for the early post-mitotic 
neuronal marker TOAD-64. BrdU+ profile densities from dorsal, middle and 
ventral hippocampus were compared to those from implanted but unstimulated 
control animals. The granule cell layer (GCL) of the ventral hippocampus of control 
animals was found to have a BrdU + profile density 43% lower than dorsal and 
middle (p< 0 .05). Animals which received BrdU injections after the first stage 5 
seizure were found to have significantly greater BrdU + profile densities in the GCL 
(75 to 138%) and molecular layer (109 to 153%) but not the hilus (p< 0.05). A 
majority of cells in the GCL were found to be double-labeled with BrdU and 
TOAD-64 in each case, suggesting neuronal identity.

This study demonstrates that the propagated seizures of slow amygdala kindling 
leads to an increase in neurogenesis in the GCL of the hippocampal dentate gyrus, 
consistent with the results of other seizure models. The slow amygdala kindling 
model may also more closely mimic human epilepsy syndromes, with periodic and 
spaced seizure episodes occurring over a longer duration.
This work was supported by M .R.C. and Bloorview Epilepsy Research Program.

768.11

UP-REGULATION OF GLUR2 SUBUNIT OF THE GLUTAMATE RECEPTOR 
IN RAT CORTEX AND THALAMUS IN γ-HYDROXYBUTYRIC ACID (GHB) 
MODEL OF ABSENCE SEIZURES R. Q. Hu* and O. Carter Snead III. Division 
of Neurology , Program in Brain and Behavior, Hospital for Sick Children,
Dept. Pediatrics University of Toronto, Toronto, ON M5G 1X8, Canada

Recently, AMPA-mediated glutamatergic transmission has been shown to 
be enhanced in thalamocortical (TC) circuitry of a genetic strain of rats with 
absence seizures (Avanzini et al, Epilepsy Res, 1996;26:37-44). Therefore, 
we examined the role of the GluR2 subunit of the glutamate receptor in a 
pharmacological model of absence seizures which utilizes GHB.

GluR2 subunit of the glutamate receptor was determined by 
immunocytochemistry with mouse anti-GluR2 monoclonal antibody at 1, 3, 6, 
14, 24 and 48h after induction of absence seizures with GHB. In control 
animals, the immunoreactivity of GluR2 receptors was distributed primarily in 
laminae III and V of cerebral cortex, as well as in amygdala and hippocampus 
with little staining in thalamus. However, in the animals with GHB-induced 
absence, GluR2 receptor staining was significantly increased in laminae I, II 
and IV of cortex at 6h, 14h and 24h after induction of seizure. The highest 
level of GluR2 immunoreactivity was in layer II and V of cortex and in the 
amygdala. The intensity of staining reached a peak at 24h. An increase in 
GluR2 expression was also seen in thalamus at 14h and 24h. GluR2 
immunoreactivity returned to normal throughout the brain 48h after the GHB- 
induced absence seizure.

These data suggest that a single two hour absence seizure is capable of 
inducing synaptic alteration of AMPA receptors in cortex and thalamus. The 
observation that bilaterally synchronous spike-wave discharge within TC 
circuitry triggers changes in glutamatergic neurotransmission which outlast 
the seizure by many hours challenges the concept that absence seizures are 
benign with no long-lasting consequences.

Support: MRC Canada; Bloorview Childrens Hospital Foundation

768.8

INHIBITION OF KINDLING BY mGLURI ANTISENSE 
Z. Fan. R.S. Greenwood*. R.B. Meeker.. Depts. Neurology and 
Pediatrics and the Neurobiology Curriculum, University o f North 
Carolina, Chapel Hill, NC 27599.

In previous work we found that amygdala-kindled rats developed a 
sustained increases in mRNA for the metabotropic glutamate receptor 
(mGluR) subtypes, mGluRI and mGluR2/3. Since mGluRI receptors may 
activate neurons and synergize with NMDA receptors, the increase in 
mGluRI receptors could play an important role in the development of 
kindled limbic seizures. In this study we attempted to block the progression 
of hippocampal kindling using a 22mer phosphorothioate antisense 
oligonucleotide directed to the 5’ untranslated region of mGluRI mRNA. A 
stimulating electrode and an infusion cannula were implanted into the 
ventral hippocampus of male Long-Evan rats. Six pairs of rats were 
kindled while receiving daily 1 µl injections of a 10 µM solution of 
oligonucleotide. Experimental rats received antisense oligonucleotide and 
control rats received a 2Omer phosphorothioate non-sense oligonucleotide. 
Antisense-treated rats had a lower mean after-discharge duration and 
kindled significantly slower than control animals. The average 
afterdischarge of antisense-treated rats at class 2/3 was 86.9 + 15.8 s 
relative to 103.1 + 2.1 s for controls. It took controls an average of 19.7 +
3.5 stimulations to reach class 3 seizures and 27.3 + 2.5 stimulations to 
reach class 5. Only 3 of 6 experimental rats progressed beyond class 2 
seizures in the time it took controls to achieve class 5 seizures. These 
results indicate that antisense “knockdown” of mGluRI receptor synthesis 
inhibits hippocampal kindling. Antisense suppression of mGluRI may be a 
potential treatment for inhibiting the progression of temporal lobe epilepsy. 
Supported by N1H Grants NS13411 and NS3O923.

768.10
RAPID DECREASE IN GABAA RECEPTOR α l SUBUNIT mRNA AND
[3h ]flu n γγrazepam  b in d in g  in  t h e  hippo cam pus  f o llo w in g

STATUS EPILEPTICUS. P.K.Baneriee.* O.Lu and O.C.Snead Div. of 
Neurology and Program in Brain and Behavior, Hospital for Sick Children, 
Dept. Pediatrics, University of Toronto, Toronto, Ontario, Canada M5G 1X8.

A decrease in GABAergic inhibition during epileptogenesis plays an 
important role in the development o f persistent hyperexcitability observed 
during chronic epilepsy. In the present study, we determined whether status 
epilepticus or prolonged limbic seizures (induced by pilocarpine) altered 
GABAA receptor α l subunit gene expression in the hippocampus. For this, 
status epilepticus was induced in male adult rats by a single i.p. injection of 
pilocarpine (320-340 mg/kg). Rats that survived status epilepticus (defined as 
continuous seizure activity in the ECoG for atleast 40 min) for 1 h and 2 h 
were sacrificed for GABAA receptor gene expression and binding assay. In situ 
hybridization was used to measure regional mRNA levels, and 
[3H]flunirazepam was used to label the benzodiazepine binding sites. We 
found that 2 h after the onset of seizures, GABAA receptor α l mRNA 
decreased significantly in the CA1 and CA3 fields of hippocampus. No 
significant change in α l mRNA was observed in the dentate gyrus. However, 
[3H]flunirazepam binding decreased uniformly in the CA1, CA3 and dentate 
gyrus 2 h after status epilepticus. 1 h of continuous seizures did not produce 
any significant change in either α l mRNA or [3H]flunirazepam binding in 
any of the hippocampal regions studied. Cresyl violet staining of the brain 
sections revealed that no significant cell loss occurred in the above 
hippocampal areas 1 h or 2 h after the seizure-onset. These results suggest that 
status epilepticus-induced decrease in GABAA receptor α l gene expression and 
[3H]flunirazepam binding in the hippocampus may in fact make the brain 
more susceptible for the development of chronic epilepsy.
Support: MRC Canada; The Bloorview Childrens Hospital Foundation.

768.12
EVALUATING MECHANISMS THAT UNDERLIE THE DISRUPTION OF 
INHIBITION IN THE CA1 REGION OF THE HIPPOCAMPUS FOLLOWING 
INJECTIONS OF AOAA INTO THE ENTORHINAL CORTEX. M.J. Denslow* and 
O. Steward. Dept, of Neuroscience, UVA Sch. of Med., Charlottesville, VA.

Following local injections of aminooxyacetic acid (AOAA) into the entorhinal 
cortex (EC), there is a disruption of inhibition in area CA1 of the hippocampus. This 
is reflected by multiple population spikes in response to afferent stimulation and a los 
of paired-pulse inhibition. It has been suggested that this disruption is a consequence 
of the death of neurons in layer III o f the EC which normally project to inhibitory 
intemeurons in CA1. This hypothesis would predict that inhibitory function in CA1 
would also be disrupted by electrolytic lesions of the EC which also destroy layer III 
neurons. To test this hypothesis, we used in vivo electrophysiological techniques to 
evaluate afferent-induced inhibition in three groups o f adult rats: 1) rats that had 
received AOAA injections into the EC (the group tested previously; 2) rats that had 
received unilateral electrolytic lesions o f the EC, and 3) rats that received focal lesion 
of AOAA into the EC, and then a secondary electrolytic lesion one day prior to 
electrophysiological testing. All animals were tested 29-30 days after the injections o 
lesions. Afferent-induced inhibition in the CA1 region was evaluated using a paired- 
pulse paradigm. The commissural projections to the CA1 region were activated by tw 
pulses at various interpulse intervals. As reported previously, rats that received 
AOAA injections alone exhibited multiple population spikes in response to activation 
of the commissural projections and diminished paired-pulse inhibition. Animals with 
an electrolytic lesion of the EC exhibited no such effects; their inhibitory function was 
normal. Surprisingly, animals that received AOAA injections and then a unilateral 
EC lesion prior to testing, exhibited responses that were comparable to control 
animals-i.e., single spikes in response to afferent activation and normal paired-pulse 
inhibition. Hence, the disruption o f inhibition following AOAA depends on the 
integrity of the EC. These results suggest that the loss o f inhibitory function in CA1 i 
a reflection of some abnormality within the EC rather than in hippocampal formation.
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768.13
THE EFFECT OF PENTYLENETETRAZOL KINDLING ON SYNAPTIC 
MECHANISMS OF INTERACTING GLUTAMATERGIC AND OPIOID 
SYSTEM IN THE HIPPOCAMPUS OF RATS. H. Schroeder1. A. Becker1,
G. Grecksch1- W. Wetzel2* and V. Hoellt1 institute of Pharmacology & 
Toxicology, Medical Faculty, 2Leibniz Institute for Neurobiology., Leipziger 
Str. 44, D-39120-Magdeburg, Germany 

Endogenous opioids modulate processes of central excitability such as 
long-term potentiation and electrical kindling. Little is known about the 
neurochemical alterations in the interaction of the glutamatergic and opioid 
system in the development of pentylenetetrazol (PTZ) kindling in rats. 
Therefore, in the present study we investigated glutamate, DAMGO and 
naltrindole receptor binding, receptor protein expression by Western blot 
and ex vivo glutamate transmitter release in PTZ kindled rats. The specific 
3H-DAMGO and -naltrindole binding to hippocampal membranes displayed 
no significant changes in kindled rats compared to controls. In contrast, the 
3H-L-glutamate binding was significantly enhanced after completion of PTZ 
kindling. The expression of receptor protein for opioids and glutamate as 
well as the naloxone- and naltrindole-induced 3H-D-aspartate release from 
hippocampal slices did not alter in any case as a consequence of PTZ 
kindling. The PTZ induced enhancement of the glutamate binding sites in 
the hippocampus was downregulated to control level by natrindole treatment 
of rats prior to each PTZ application. Furthermore, naltrindole pretreatment 
of rats significantly inhibited the development of seizure susceptibility. In 
contrast, naloxone was not able to alter the seizure activity induced by PTZ 
as well as the transmitter receptor binding. The results are discussed in the 
light of a modulating role of δ-opioid receptors in PTZ kindling. Supported by 
the Deutsche Forschungsgemeinschaft SFB 426.

768.15

Further evidence for a seizure-suppressant effect o f hippocampal 
cholinergic neurons in kindling. I. Ferencz. M. Kokaia*. E. Elmér. M. 
Keep. A. Nanobashvili and O. Lindvall. Section of Restorative Neurology, 
Wallenberg Neuroscience Center, S-22l 85 Lund, Sweden.

Cholinergic neurons have been implicated in the mechanisms underlying kindling 
development. 192 IgG-Saporin is a selective toxin for basal forebrain cholinergic 
neurons, its intraventricular injection leading to extensive cholinergic denervation in 
cortical and hippocampal areas but not in other brain regions. We have shown that 
this lesion facilitates the development of traditional hippocampal kindling (daily 
stimulations) and enhances the responsiveness to rapid kindling stimulations (40 
suprathreshold stimulations during 3.3 hours). Fetal cholinergic cell transplants 
reinnervating the hippocampus restore kindling rate to normal, supporting the idea 
that the local hippocampal cholinergic innervation is mainly responsible for the 
seizure-suppressant effect of the basal forebrain system when kindling is evoked by 
stimulations in the hippocampus. In order to explore the role of this innervation for 
seizure development when the stimuli are delivered in non-Iesioned areas outside the 
hippocampus, we studied amygdala kindling after bilateral intraventricular injection 
of 192 IgG-Saporin (2.5 µg). These rats required fewer stimulations to reach the 
third grade 5 seizure compared to controls (lO±l and l5±2, respectively; p<0.05, 
Student's t-test), while the number of stimulations to reach the first focal seizures 
(grade 1 and 2) was not different. The results indicate that changes in neuronal 
circuitries induced by selective cholinergic denervation in hippocampal and/or 
cortical areas facilitate seizure spread even when the stimuli are given in areas with 
preserved cholinergic innervation. In order to further study the influence of 
hippocampal cholinergic neurons on kindling development, we injected 192 IgG- 
Saporin into the medial septum and vertical limb of the diagonal band, which caused 
extensive cholinergic lesion confined to the hippocampal formation. Three weeks 
later the rats were subjected to daily electrical kindling stimulations in the left 
hippocampus. The results of this experiment will be presented. Supported by grants 
from the Swedesh MRC and Medical Faculty, University o f Lund

768.17

GALANIN MODULATES STATUS EPILEPTICUS. A. M. Mazarati12*, H. Liu12,
C.G. W asterlain12, R. Sankar23, D. Shin13, U. Soomets4. U. Langel4. 'VAMC, 
Sepulveda, CA. Depts. of 2Neurology and 3Pediatrics, UCLA School of Medicine, Los 
Angeles. CA, 4Dept. of Neurochemistry, Stockholm University, Sweden.

We examined whether continuous seizure activity during status epilepticus (SE) 
alters galanin in the hippocampus, and whether exogenously applied galanin receptor 
ligands affect SE.

SE was induced in male Wistar rats by either 30 min intermittent perforant path 
stimulation (PPS) via chronically implanted electrodes, or by Li (3 meq/ kg s.c.) and 
pilocarpine (60 mg/kg i.p.). Animals were sacrificed after SE for studies of galanin- 
like immunoreactivity in the hippocampus. The galanin receptor agonists galanin 
(GalRl/GalR2), 2-Ala-galanin (GalR2) or the antagonists M15, M35, M4O were 
injected into the hilus of the dentate gyrus 10 min prior to or 10 min after PPS.

Normal rats showed abundant galanin- immunoreactive (Gal-ir) fibers in the dentate 
hilus, while no galanin- positive neurons were observed. In both models of SE, Gal-ir 
fibers disappeared on the plateau (3 hrs after the onset) of SE. and were still absent 1,
3 and 7 days later. One day after SE, galanin- positive neurons appeared in the hilus. 
mostly near the dentate granule cell layer. Intrahippocampal galanin (0.05 nmol) 
prevented the induction of SE induced by PPS, and stopped established SE (0.5 nmol). 
These effects of galanin were attenuated by galanin receptor antagonists 
(M35>M4O>MI5). 2-Ala-galanin prevented SE (5 nmol), but was unable to stop 
established SE. M35 facilitated the development of SE when given before PPS.

We suggest that hippocampal galanin acts as an endogenous anticonvulsant through 
GalRl receptors. Continuing seizure activity may deplete galanin in hippocampal 
fibers- axons of the neurons located in the medial septum, and this may contribute to 
the maintenance SE. Expression of galanin in hippocampal neurons on the late stages 
of SE may be compensatory and participate in endogenous seizure control.

Supported by grant NS13515 from NIH and by the Research Service ofVAHA.

768.14

FINASTERIDE, A 5α-REDUCTASE INHIBITOR, BLOCKS THE 
ANTICONVULSANT ACTIVITY OF PROGESTERONE IN MICE. T.G. 
Kokate, M. Banks, T.S. Magee, S. Yamaguchi and M .A. Rogawski*. 
Neuronal Excitability Section, Epilepsy Research Branch, NINDS, 
National Institutes of Health, Bethesda, MD 20892-1408.

Progesterone is an effective anticonvulsant in the pentylenetetrazol 
(PTZ) seizure test. This action is hypothesized to  be due to the 
metabolic conversion of progesterone to the GABAa receptor 
potentiating neuroactive steroid allopregnanolone by 5α-reductase 
isoenzymes. In the present study, we evaluated this possibility using 
the competitive 5α-reductase inhibitor finasteride. Progesterone (50- 
200 mg/kg, i.p.) protected mice against PTZ (85 mg/kg, s.c.Hnduced  

seizures in a dose-dependent manner (EDso: 94 mg/kg). Pretreatment 
w ith  finasteride (50-300 mg/kg, i.p.) reversed the protective effects 

of progesterone (188 mg/kg, i.p., 2 x EDso dose) against PTZ-induced 

seizures in a dose-dependent manner (EDso: 145 mg/kg). In contrast, 
finasteride (200-300 mg/kg) failed to affect the anticonvulsant 

activity of allopregnanolone (10-30 mg/kg, i.p., EDso: 12 mg/kg) in 
the PTZ seizure test. Finasteride (200-300 mg/kg, i.p.) did not block 
the protective effect of a high dose of progesterone (350 mg/kg, i.p.) 
on tonic hindlimb extension in the maximal electroshock seizure test. 
We conclude that the anticonvulsant activ ity  of progesterone against 
PTZ-induced seizures can be blocked by 5α-reductase inhibition, 
providing strong evidence that the anticonvulsant effect of 
progesterone in this model is mediated by its active metabolite 
allopregnanolone. (Supported by NINDS, NIH)

768.16
AGE-RELATED CHANGES IN HIPPOCAMPAL GALANIN BEFORE AND 
AFTER STATUS EPILEPTICUS. P. Jannati2. D. Shin1’3. H, Liu12.
A. M. Mazarati1,2, C.G. Wasterlain1,2. R. Sankar*123. 'VAMC, Sepulveda. CA, 
Depts. of 2Neurology and 3Pediatrics, UCLA School of Medicine, Los Angeles,
CA.

The neuropeptide galanin is abundant in hippocampal projections of medial 
septal neurons. Recent studies implied the involvement of galanin in the 
mechanisms of status epilepticus (SE). We investigated the pattern of galanin-like 
immunoreactivity (GalLI) in the hippocampus of immature rats under normal 
conditions, and 24 hrs after SE induced by LiCl (3 mEq/kg) and pilocarpine HC1 
(60 mg/kg).

At postnatal (PN) day 15, SE was accompanied by a significant decline of 
GalLI neurons in the hippocampus compared to the controls: 20 ± 2 to 5 ± 2 in the 
hilus, 26 ± 6 to 6 ± 2 in the CA3 and 5 ± 1 to 1 ± 1 in the CA1 region. Control 
PN 21 pups showed no GalLI neurons, although abundant GalLI fibers were 
present in the hilar region. In contrast to PN15. however, SE at this age resulted in 
the appearance of GalLI neurons in the hippocampus: 5 ± 1 in the hilus, 12 ± 3 in 
CA3, and 2 ± 1 in CAL The pattern of galanin distribution in both normal animals 
and those surviving SE resembled the one in mature animals.

We conclude, that (i) the number of galanin- immunoreactive neurons in the 
rat hippocampus decreases as a function of age (ii) the hippocampal galaninergic 
system reacts differently to SE in different ages.

R.S. was supported by NS01792 and C.G. W. was supported by NS13515 
from  N IH , and by the Research service o f  the VHA.
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769.1
VIGABATRIN FAILS TO DECREASE STIMULUS-EVOKED AFTERDISCHARGES IN 
THE RAT HIPPOCAMPAL SLICE BUT PARADOXICALLY DECREASES 
SPONTANEOUS DISCHARGE ACTIVITY WHILE INCREASING EXCITABILITY OF CA1 
PYRAMIDAL CELLS WHEN PLACED IN THE POOL BENEATH THE SLICE. T. Carrel. H. 
Bail. D. Humiennv. and D.L. Quinn*. Dept, of Biology, Muskingum College, New Concord, Ohio, 
43762.

Vigabatrin (VGB), a newly developed antiepileptic compound, enhances inhibitory brain 
circuits by inhibiting GABA-transaminase thereby elevating GABA in neural tissues. VGB 
reduces seizure occurrence in 50% of patients being especially effective against partial 
seizures. The present study exam ined the effect of VGB on stimulus-evoked 
afterdischarges (SEADs) in the hippocampal slices. One hypothesis is that seizures result 
from lowered GABA in the brain; however recent work suggests GABA is required for 
induction of SEADs in the hippocampal slice. Male Sprague-Dawley rats, 25-33 days old, 
were divided into three groups: (1.) Fifteen rats received a saline injection (i.p.) five hours 
prior to slice preparation, (2) The second group received either 60 mg/kg (n-6) or 120 
mg/kg (n=6) of VGB five hours prior to slice preparation, (3) Finally, 100 micromoles of 
VGB was placed in the pool (n=5) while a second group had VGB in the pool and was 
injected with VGB, 60 mg/kg, (n=6). All slices were transferred to a nylon mesh above a 
pool of ACSF with high K+ (5mM) and low Mg++(0.9mM). Extracellular recordings were 
made from CA1 cells following stimulation in Schaffer collaterals. Results were recorded 
on a computer and Grass polygraph. All slices received a 60 Hz train (for two seconds) 
every five minutes for a total of six SEADs. VGB failed to prevent or alter the length of 
the SEADS produced in immature rats regardless of treatment. However, as the number 
of SEADs increased so did the amount of spontaneous discharge that followed the end of 
the SEADs. The only experimental group that did not show increased spontaneous 
discharge was treated with VGB in the pool. In addition, only this group showed increased 
excitability to the single pulse stimulus and excitability increased as the SEADs 
progressed.We conclude the latter VGB treatment prevents an increase in spontaneous 
discharge following SEADs and causes increased excitability of the CA1 neurons as 
reflected in multiple spiking.Sυpported by the Green Educational Foundation.

769.3
ASPALATONE, A NEW ANTIPLATELET AGENT, ATTENUATES THE 

NEUROTOXICITY INDUCED BY KAINIC ACID IN THE RAT

H.C.K,im1*, D.Y.Choi1, WK.Jhoo1, D.W.Lce», C.H.Koo3 and C.Kim3

'Section o f Pharmacology and Toxicology, Department o f Pharmacy, College of Phrmacy. 
Kangwon National University, Chunchon 200-701, KOREA. 'Laboratory o f Biochemistry. Korea 

Ginseng &  Tobacco Rcasearch Institute, Yusung P.O.Box 7, Taejon 305-34S, KOREA and 
'Bukwang Pharmaceutical Industries, Co, Seoul 156-020, KOREA

The antioxidant efficacy o f aspalatone (APT ; acetyl salicylic acid maltol ester), a new antiplatelet 
agent, has been characterized in vivo as well as in vitro, and several observations indicated that the 
antioxidant could prevent the neuroexcitation caused by oxidative stress. In this report, the effect o f 
APT was evaluated on kainic acid (K A )- induced neurotoxicity, since the neurotoxicity induced 
By K A  is, at least in part, mediated via the formation o f free radicals. The results showed that 
Pretreatment with APT or maltol (M A L ) significantly attenuated seizure neurons induced by KA. 
On the other hand, the pretreatment with aspirin (ASP), ASP together with M A L or vitamin E failed 
to protect against the toxicity produced by KA suggesting that the mechainsm o f action for APT on 
the KA-induced neurotoxicity is different from that o f ASP. These finding raise the possiblity that 
salicylmaltol. a metabolite o f APT, plays a role in preenting the neurotoxicity evoked by KA. 
Therfore, our results suggest that an APT-related antioxidant mechanism, which is linked to the M A L  
moiety, is involved in the neuroprotective effect against KA.

769.5

NEUROPROTECTIVE EFFECTS OF HU-211 ON BRAIN 
DAMAGE RESULTING FROM SOMAN-INDUCED SEIZURES
M. G. Filbert1, J. S. Forster1, C  D. Smith1, M. C. Kovalenko2 M. J. Jaworski2 

and G. P. H. Ballough*2
1 Neurotoxicology Branch, Pharmacology Division, US Army Medical Research 
Institute o f  Chemical Defense, Aberdeen Proving Ground, MD, USA 21010-5425
2 La Salle University, Department o f  Biology, Philadelphia, PA, 19141-1199

The present study was undertaken to examine the possible neuroprotective 
effects o f HU-211 on brain damage resulting from soman-induced seizures. Male 
Sprague-Dawley rats were challenged with 180 µg/kg soman (i.e., 1.6 LD50). They 
were subsequently given a single intraperitoneal injection of 25 mg/kg HU-211 at 
either 5 or 40 min post-onset o f seizures. HI-6 (125 mg/kg) and atropine methylnitrate 
(2 mg/kg) were administered to protect against the peripheral effects o f soman. 
Electrocorticographic (ECoG) recordings were monitored via indwelling cortical 
electrodes. Rats were euthanatized 27h after soman administration. Alternate brain 
hemispheres were processed for microtubule-associated protein 2 (MAP2) and glial 
fibrillary acidic protein (GFAP) immunocytochemical staining or hematoxylin and 

. eosin (H&E) histochemical staining. Morphometric image analysis was used to assess 
the cross-sectional areas of temporal lobe necrosis (MAP2-negative) and reactive 
astrocytosis (GFAP-positive) resulting from soman exposure. H&E-stained sections 
were examined for classical histopathology. All rats that received soman showed 
ECoG evidence of sustained seizures and status epilepticus for several hours. 
Treatment with HU-211 had no apparent effect on the strength or duration o f these 
seizures. Interestingly, HU-211 administration 5 min post-onset of seizures 
significantly reduced (by 75.8%) the mean cross-sectional areas o f temporal lobe 
necrosis. These findings were corroborated by H&E histopathological assessments 
which showed a significant reduction in piriform cortical neuronal damage in the 
HU 2ll-5m in group ("mild damage", i.e., 11-25% neuronal loss) compared to soman 
controls ("severe damage", i.e., greater than 45% neuronal loss). It is concluded that 
HU-211 provides considerable neuroprotection against brain damage resulting from 
soman-induced seizures, despite having no apparent effect on the seizures themselves.

769.2
PARTIAL REVERSAL OF WHITE MATTER DAMAGE CAUSED BY 
CHRONIC VIGABATRIN TREATMENT IN IMMATURE RATS. M. Qiao1, K. 
Malisza1 S. Bascaramurtv1. P. Kozlowski . M.R. Del Biαio *. S.S. Seshia  ̂ and
U.l. Tuor. *lnst. for Biodiagnostics, National Research Council of Canada, 
Winnipeg, MB, R3B 1Y6; 2Univ. of Manitoba, Winnipeg, MB, R3E OW3.

Vigabatrin (gamma-vinyl GABA, GVG) is an effective anti-epileptic drug 
which has potentially adverse effects in developing brain (Exp Neurol, 
144:400,1997). Whether such effects are reversible is unknown. We 
investigated GVG induced white matter changes in immature rats and their 
subsequent recovery using magnetic resonance imaging, behavioral and 
histological techniques.

Wistar rats (n=12) were treated with GVG daily for 2 weeks (25 mg/kg from 
12-20 days of age and then 40 mg/kg from 21-26 days of age, sc.). Six rats 
were killed at 26 days of age for histology while the remainder recovered drug- 
free for 2 weeks. Control animals (n=12) were treated with saline. At 26 days, 
Behavioral studies showed that the latency to escape from cool water was 
shorter in GVG-treated rats. The T2 relaxation time in the corpus callosum, 
optic nerve and internal capsule was increased by 11.46 ms (p<0.05), 4.02 ms 
(p<0.01), 2.94 ms (p<0.001), respectively compared to controls. Diffusion- 
weighted (DW) images were hyperintense in the corpus callosum and anterior 
commissure. In these regions of GVG-treated rats, myelin staining (Luxol fast 
blue) was decreased, the white matter appeared vacuolated and karyorrhectic 
cells were observed frequently. Two weeks after GVG exposure, T2 relaxation 
time had recovered. However, intensity in DW image remained elevated within 
the corpus callosum and anterior commissure and this was associated with 
decreased myelin staining. Behavioral changes with a shorter latency to 
escape remained.

Thus, 2 weeks of GVG treatment followed by 2 weeks of drug-free recovery 
was associated with reversible increases in T2 relaxation and persistent 
changes in behavior, myelin staining and DW images.
(Supported by the Children’s Hospital Research Foundation)

769.4
CHLORMETHIAZOLE PROTECTS AGAINST SEIZURE-RELATED 
BRAIN DAMAGE IN RATS. S. Pilip*. E M. Urbariska12. T. Tom czvk1. Z. 
Kleinrok1. W.A, Turski1,2*. 'Dept, o f  Pharmacology and Toxicology. Medical 
Univ. School, Jaczewskiego 8, 20-090 Lublin, Poland. 2Dept. o f  Clinical 
Toxicology, Institute o f  Agricultural Medicine, Jaczewskiego 2, 20-950 Lublin. 
Poland.

Systemic administration o f  pilocarpine in rats and mice results in convulsions 
and seizure-related brain damage. Morphological sequelae o f  limbic seizures 
induced by pilocarpine are reminiscent o f  human temporal lobe epilepsy 
(Turski et al., 1989, Synapse 3: 154-171). Here we report that chlormethiazole. 
a drug used for its sedative, hypnotic and anticonvulsive properties, offers 
protection against pilocarpine-induced seizures and neurodegeneration. Adult 
male Wistar rats were experimental subjects. Chlormethiazole (Hemmevrin, 
Astra) was suspended in a 1% solution o f  Tween 80 and administered 
subcutaneously (sc). Pilocarpine hydrochloride (Sigma) was dissolved in saline 
and administered intraperitoneally (ip). For histological examination the rats 
were perfused intracardially with formalin. Brain sections were stained with 
cresyl violet. Pilocarpine administered at the dose o f  400 mg/kg ip induced 
limbic seizures and status epilepticus in all animals tested. Chlormethiazole 
protected rats against pilocarpine-induced seizures with ED50 value o f  7.0 (5 1 
-  9.7) mg/kg. Status epilepticus induced by pilocarpine resulted in a consistent 
pattern o f  irreversible neuronal degeneration in the brain including the 
hippocampus, amygdala, thalamus, pyriform cortex, neocortex and substantia 
nigra. Chlormethiazole (30 mg/kg, sc) administered 15 min prior to pilocarpine 
prevented seizure-related brain damage.
Supported by a grant from Medical Univ. School, Lublin, DS 739/98.

769.6
A COMPARISON OF THE EFFECTS OF PHENYTOIN, CARBAMAZEPINE,
AND VALPROIC ACID ON AVOIDANCE ACQUISITION IN ADULT RATS 
WITH OR WITHOUT PRIOR APPETITIVE TRAINING. M.K. Banks*. P-C. Fang. 
J.J. Germing C I  Goodoaster. M.F. Riccardi. and P.E. Garraphtv. Prog. Neural Sci., 
Dept. Psychology, Indiana University, Bloomington, Indiana, 47405.

We previously reported that adult rats treated with phenytoin (DPH) or 
caibamazepine (CBZ) are impaired in their ability to acquire a tone-signaled 
avoidance response following training in an appetitive context Rats treated with 
valproic acid (VPA) are impaired in the rate of initial acquisition, but their terminal 
avoidance levels are comparable to controls. We have interpreted these impairments 
as being due to the rats* relative inability to modify the “configural associations’* 
formed during the appetitive training. The possibility remained, however, that the 
avoidance acquisition deficits found with DPH, CBZ, or VP A treatment were due to 
specific effects of these compounds in aversive learning contexts per se. Here, we 
began drug treatment in normal adult rats, and after 10 days placed them directly 
into the avoidance learning context Drug treatment continued throughout the 25 
days o f training. We find that DPH-treated rats are impaired in their initial 
acquisition of the avoidance response, relative to controls, but their terminal 
performance is comparable to the controls. CBZ-treated rats, on the other hand, 
acquire the avoidance response more quickly and achieve higher terminal avoidance 
rates than controls. Finally, the VPA-treated rats are severely impaired in the 
acquisition of the avoidance response throughout training. Thus, the difficulty 
experienced by the DPH- and CBZ-treated rats in learning an avoidance response 
after prior appetitive training appears to be due to some sort of interference caused by 
that initial training. These rats may well be finding it difficult to alter the configural 
associations formed during the appetitive training. The VPA-treated rats differ 
markedly in that prior appetitive training seems to facilitate the learning of the tone- 
signaled avoidance response. (Supported in part by RO3 MH55548-01.)
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769.7

A  C O M M O N  A N T IC O N V U L S A N T  B IN D IN G  S IT E  F O R  
P H E N Y T O IN . C A R B A M A Z E P IN E , A N D  L A M O T R IG IN E  
IN  N E U R O N A L  N A + C H A N N E L S . C-C K uo1 and M-C Tsai2*. 
'Dept, o f  Physiology and Dept, o f  Neurology, ¾ ep t. o f  
Pharmacology, National Taiwan University College o f  Medicine; 
Taipei, 100, Taiwan, R O C .

Phenytoin, carbamazepine and lamotrigine are 
anticonvulsants frequently prescribed in seizure clinics. These 
drugs all show voltage-dependent inhibition o f  Na+ currents, 
which has been implicated as the major mechanism underlying the 
antiepileptic effect. We examined the inhibition o f  Na+ currents 
by mixtures o f  different anticonvulsants. Quantitative analysis o f  
shift o f  the steady-state inactivation curve in the presence o f  
multiple drugs argues that one channel can only be occupied by 
one drug molecule. The recovery from inhibition by a mixture o f  
two drugs (a fast-unbinding drug plus a slow-unbinding drug) is 
faster, or at least no slower, than the recovery from inhibition by 
the slow-unbinding drug alone. Thus the kinetic data also 
suggest that binding o f  one anticonvulsant to the Na+ channel 
precludes binding o f  the other. Moreover, it is found that these 
anticonvulsants are effective inhibitors o f  Na+ currents only when 
applied externally but not internally. Altogether these findings 
suggest that phenytoin, carbamazepine, and lamotrigine bind to a 
common receptor located on the extracellular side o f  the Na+ 
channel. (This work is supported by a grant from National 
Science Council, Taiwan, R.O.C. NSC -86-23 14-B-002-195.)

769.9

THE AN TICO NV ULSAN T SG B-017, AN NM D A RECEPTOR 
ANTAGONIST, BLOCKS VO LTAGE-GATED SODIUM  CHANNELS IN 
RAT A N D H UM AN NEURONS: COM PARISON WITH
CARBAM AZEPINE. L,R. Sun* and S.S. L in. CNS Disorders, W yeth-Ayerst 
Research, Princeton, NJ 08543

SG B-017 (ADCI) is a novel anticonvulsant structurally related to MK801 
and carbamazepine. Previous research indicated that SG B-017, like 
M K801, is a noncom petitive NM D A receptor antagonist (Jones & 
Rogaw ski, M ol. N e u ro p h a rm .,2 (4 ):3 0 3 -3 10 ,1992). Like carbamazepine, 
SG B-017 also blocks voltage-gated Na+ channels in m ouse neuroblastom a  
cells (W hite, Soc. Neurosci. Abstr., 20:1239, 1994). In this study, the 
effects o f SG B-017 on Na+ currents in freshly dissociated rat hippocam pal 
neurons, rat superior cervical ganglion (SCG) neurons and cultured human 
N T2-N neurons were examined using the whole-cell patch clamp technique. 
We found that SG B-017 reversibly inhibited Na+ currents in a 
concentration-dependent manner and that the potency o f inhibition was 
highly sensitive to the holding potential, increasing with depolarization. 
Like carbamazepine, SG B-017 inhibited Na+ currents in rat hippocam pal 
neurons more potently than in SCG neurons. At -6OmV, the IC5„ was 24  
µM in hippocampal neurons and 60 µM in SCG neurons for SG B-017. 
IC5()s for carbamazepine at -6OmV were 18 µM and 54 µM, respectively. At 
-8OmV, IC„, for SG B-017 in hippocampal neurons and SCG neurons were 
144 µM and 209 µM, respectively. Those for carbamazepine were 120 µM 
and 354 µM, respectively. The potency o f SG B-017 at inhibiting human  
N a+ currents in hNT2-N neurons was compared to carbamazepine. At both 
-6OmV and -8OmV, SG B-017 was more potent than carbamazepine 
(IC,o=23 µM vs 50 µM at -6OmV, and 335 µM vs 561 µM at -8OmV). 
These results suggest that SG B-017 may be more effective than 
carbamazepine in treating seizures in humans.

769.11

IN H IB IT IO N  OF THE H U M A N  N E U R O N A L  oc4ß2 
nACH R BY ANTIEPILEPTIC DRUGS. F. Picard*. S. Bertrand. 
O. Steinlein and D. Bertrand. Dept, of Physiology, Medical Faculty, 
1211 Geneva, Switzerland and Institute for Human Genetics, 
University of Bonn, Germany.

Linkage analysis between an autosomal dominant nocturnal 
frontal lobe epilepsy (ADNFLE) and mutations in the gene coding 
for the α4 subunit of the neuronal nicotinic acetylcholine receptor 
(nAChR) pointed out to the determinant role of these receptors in 
frontal lobe epilepsy. In the view of the high sensitivity of ADNFLE 
to the antiepileptic drug carbamazepine (CBZ), we studied the 
effects of this compound and other known compounds on the 
human α4ß2 nAChR and its ADNFLE mutants, reconstituted in 
Xenσpus oocytes. CBZ reversibly inhibits the control α4ß2 nAChR 
with an IC50 in the hundred µM range. Analysis of CBZ inhibition 
suggest that this compound behave as a non-competitive inhibitor. 
Surprisingly, ADNFLE mutants exhibited a higher sensitivity to 
CBZ concentrations which were within the therapeutic range. This 
indicates that, in ADNFLE, CBZ may exert its antiepileptic activity 
through nAChR blockade.
This work w as supported by the Swiss National Science 
Foundation and the PNR38 to D. B. and the Deutsche 
Forschungsgemeinschaft (SFB400/B5) to O. S.

769.8
KINETIC AND STEADY-STATE PARAMETERS FOR INHIBITION OF hSkMl 
SODIUM CHANNELS BY Co 102862. PHENYTOIN. CARBAMAZEPINE AND 
LAMOTRIGINE V I, Ilyin and R,M. Woodward*. CoCensys. Inc. 213 Technology 
Drive. Irvine. California 92618.

Phenytoin (PHT), carbamazepine (CBZ) and lamotrigine (LTG) belong to a 
chemically diverse class of non-sedating anticonvulsants which inhibit voltage-gated 
Na+ channels by binding predominantly to inactivated state(s) of the channel [Urenjak. 
Obrenovich. P h a r m a c o l .  R e v i e w , 48:27-67 (1996)]. Co 102862, a novel orally active 
anticonvulsant [Dimmock e t  a i ,  .1  M e d .  C h e m . 36:2243-2252 (1993)], appears to exert 
its action through a similar mechanism fllyin e t  a l .  S o c .  N e u r o s c i .  A b s t r ,  23:216.3 
(1997)] All these compounds require high-frequency discharges or prolonged 
depolarization for significant inhibition to take place. This implies that drug binding to 
inactivated Na+ channels is slow. To understand the therapeutic profiles of the 
compounds it is important consider both the steady-state potency and the kinetics of 
inhibition

For this scries of antagonists we therefore compared pseudo-first order rate constants 
(k+) of binding to inactivated Na" channels and steady-state inhibition constants (K,) 
using hSkMl channels stably expressed in HEK-293 cells. The k+ and K,. values were 
-1 .2  µM’Y  and 0.2 µM for Co 102862; -0.01 µ M 'V  and 21 uM for PHT: - 0.0 ] 
µM‘ls’1 and 16 µM for LTG: -0.03 µ M 'V  and 46 µM for CBZ (~22°C). Experiments 
on brain-type Na" channels in NG-108-15 cells gave similar values. Based on the 
plasma concentration which is needed to achieve anticonvulsant activity (given in 
parentheses), we estimate that the levels of steady-state inhibition at this concentration 
and the time to reach 95% inhibition of this level are: -95%  and 0.8 s for Co 102862 
(—3µM); -27%  and 37.5 s for PHT (~8µM); -55%  and 15 s for LTG (~2OµM); -20%  
and 2.2 s for CBZ (~l3 µM). The possible therapeutic implications of these differences 
in binding kinetics will be discussed. ( S u p p o r t e d  b y  C o C e n s y s ,  I n c . )

769.10
EFFECTS OF ANTICONVULSANT DRUGS ON GABAa RECEPTOR- 
DEPENDENT EXCITATION IN THE ADULT RAT HIPPOCAMPAL SLICE
A.-M. Autere*. T. Taira and K. Kaila Department o f Biosciences, Division of 
Animal Physiology, P.O. Box 17, 00014 University o f Helsinki, Finland

GABAa receptor-mediated responses in hippocampal pyramidal neurons are 
strongly hyperpolarizing when evoked at low rate o f stimulation. However, a 
biphasic GABAa receptor-mediated response with an initial hyperpolarizing IPSP 
followed by a pronounced slow depolarization (GABA-mediated depolarizing 
postsynaptic potentiation; GDPSP) can be readily evoked by high-frequency 
stimulation in the presence of ionotropic glutamate receptor antagonists. The 
amplitude o f the slow depolarization is often sufficient to elicit intense spike firing. 
In the present work, we have examined the effects o f  various pro- and anticonvulsant 
drugs on the GABAergic excitation and on the associated shifts in the extracellular 
potassium ion concentration in the area CA1 in the adult rat hippocampal slice using 
conventional infra- and extracellular as well as ion-selective microelectrodes. While 
picrotoxin (100 µM) produced a near complete block o f the GDPSP, a pronounced 
enchancement was seen in the presence o f pentobarbital (100 µM) and diazepam (10 
µM). Phenytoin (100 µM), carbamazepine (100 µM) and phenobarbital (500 µM) 
attenuated the GDPSP. A significant suppression o f the GDPSP was also seen in the 
presence o f the carbonic anhydrase inhibitor ethoxyzolamide (50 µM). The results 
are in line with the idea that prolonged high-frequency spiking o f GABAergic 
intemeurons leads to a state o f hyperexcitability in pyramidal neurons. Under these 
conditions, the conventional classification o f pro- and anticonvulsant drugs appears 
to break down. These results may also shed light on the mechanisms and treatment 
of epilepsies which are resistant to, or even made worse by, drugs that enchance 
GABAergic responses. Supported by the Academy of Finland and by the Sigrid 
Juselius Foundation.

769.12
SUBUNIT SELECTIVE BLOCK OF CLONED NMDA RECEPTORS BY THE 
ANTICONVULSANT DRUG FELBAMATE. T.P. Hartv* and M.A. Rogawski. 
Neuronal Excitability Section, Epilepsy Research Branch, NINDS, National Institutes 
of Health, Bethesda, MD, 20892-1408.

Felbamate (2-phenyl-1,3-propanediol dicarbamate), a novel anticonvulsant drug 
with a broad spectrum of activity in animal seizure models, is effective in the 
treatment o f a variety of human childhood (Lennox-Gastaut syndrome) and adult 
seizure disorders. Electrophysiological and radioligand binding studies have indicated 
that felbamate acts as an antagonist o f NMDA receptors and a positive allosteric 
modulator o f GABAa receptors. In contrast to other NMDA antagonists, felbamate 
has a low propensity for behavioral toxicity. To understand the basis o f its favorable 
toxicity profile, we examined the selectivity of felbamate for block o f NMDA 
receptors composed o f various subunit combinations. Using the C aP04 method, HEK 
cells were transfected with cDNA encoding the N R la  subunit and either the NR2A, 
NR2B or NR2C subunits. Whole cell tight-seal voltage clamp recordings were 
performed 40-72 hours following transfection. Solutions were applied through a 
multi-channel fast perfusion system. Currents were evoked with 50 µM NMDA and 
10 µM glycine. For all subunit combinations, felbamate (0.03-3 mM) produced a 
concentration-dependent block o f NMDA-evoked currents with a relatively rapid 
onset and offset (1-2 s). Steady-state fractional block values were used to calculate 
approximate IC50 concentrations. Felbamate was a more potent antagonist o f NMDA 
receptors composed of NRla/NR2B subunits (IC50 = 0.6 mM) than either 
NRla/NR2A (IC50 = 2.3 mM) or NRla/NR2C (IC50 = 2.0 mM) subunits, suggesting 
that felbamate’s selectivity for NR2B-containing receptors may contribute,to its 
improved toxicity profile. In addition, since NR2B subunits are preferentially 
expressed in early brain development, felbamate’s selectivity for NMDA receptors 
containing this subunit may contribute to its utility in treating childhood epilepsy 
syndromes, such as the Lennox-Gastaut syndrome.
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769.13

ACTIVITY OF ANTICONVULSANT DRUGS ON COOLING-INDUCED SPINAL 
SEIZURES. N. L. Daló* and J. Pifìa-Cresoo. Univ. Centroccidental Lisandro 
Alvarado, P. O. Box 722, Barquisimeto, Venezuela.

Moderate hypothermia has protective effects in spinal injury/ischemia, but 
profound hypothermia < 25° C in mammals and < 10°C in amphibians 
enhances spinal discharges (Comp Biochem Physiol 112A: 517-525, 1995) 
and induces neuronal damage (Soc Neurosci Abst 23. 900, 1997). Cooling 
of the isolated spinal cord can induce characteristic seizure-like activity 
(Cryobiology 28: 255-267, 1991). We investigated the action of common 
anticonvulsant drugs on this seizure-like activity by using an isolated spinal 
cord-hindleg preparation from the South American giant toad (Bufo marinus). 
Drugs were injected into the ventral lymphatic sac in a volume less than 1.5 
ml. Seizure activity was induced by placing the isolated spinal cord into a 
Ringer's bath kept at 7°C. The intensity and seizure phases were assessed 
by recording tonic-clonic contractions of the gastrocnemius muscle. Maximal 
seizure activity was defined as the occurrence of tonic hindiimb extension 
(THE). Abolition of THE and total blockade of muscle contractions were used 
as index of the anticonvulsive activity of the drugs. ED5O values for each drug 
were estimated according to Lichfield and Wilcoxon (95% confidence limit). 
ED5O values that abolished THE and produced total blockade of muscle 
contractions were, in mg/kg. carbamazepine 8.6 (6.8-10.8) and 12 (9.1-15.8); 
phenytoin 13 (7.1-23.6) and 16 (9.0-28.4); diazepam 0.007 (0.004-0.01) and
2.6 (1.4-4.6); MK-801 3.4 (2.0-5.7) and 60-80; valproate 120 (40-400) and 
>1000; phenobarbital 17.1 (12.2-23.9) and 26 (20.5-32.8); pentobarbital 10 
(6-16.4) and 26 (20.5-32.8); mephenesine 2-5 and 20-30; and 
acetazolamide > 500. The ability of some of these drugs to inhibit this kind of 
seizure-like activity at doses within therapeutic range suggest a potential use 
of this preparation as model in the study of convulsive activity and in the 
testing of new anticonvulsive drugs. Supported by CDCHT of Univ. 
Centroccidental Lisandro Alvarado.

769.15

ANTICONVULSANT EFFICACY OF FIVE NEW ANTIEPILEPTIC DRUGS IN A 
MODEL OF DRUG REFRACTORY PARTIAL EPILEPSY IN THE RAT.
E. Reißmüller. U. Ebert and W. Löscher (SPON: European Neuroscience
Association). Dept, o f  Pharmacology, Toxicology and Pharmacy, School of 
Veterinary Medicine, D-30559 Hannover, Germany.

Kindling is an animal model of complex partial seizures, the most common type of 
therapy-resistant epilepsies. Our group has recently showed that under phenytoin 
medication individual kindled rats can be selected which consistently do or do not 
respond to phenytoin with an increase in afterdischarge threshold (ADT) (Löscher & 
Rundfeldt, J. Pharmacol. Exp. Ther., 258: 483 [1991]). Because the nonresponders 
were also resistant to other anticonvulsants (Löscher et a i, Epilepsy Res., 15: 207 
[1993]), they present a well-suited animal model for pharmacoresistant complex 
partial seizures. In fully kindled rats, which had been selected for their response to 
phenytoin, we investigated the anticonvulsant efficacy of topiramate, TPM (40 mg/kg 
after 1 and 4 h, 80 mg/kg after 1 h), lamotrigine, LTG (10 and 20 mg/kg after 1 h), 
felbamate, FBM (50 and 100 mg/kg after 1 h), levetiracetam, LO59 (50 and 100 
mg/kg after 1 h) and gabapentin, GBP (60 and 120 mg/kg after 1 h). In phenytoin 
responders all drugs exhibited a significant increase o f the ADT compared to control 
recordings. In phenytoin nonresponders a smaller, but also significant increase of 
ADT was observed to control recordings, except for TPM at 40 mg/kg after 4 h and 
80 mg/kg and for FBM at 50 mg/kg. At the increased ADT rats showed generalized 
seizures after TPM, LTG and FBM, but only focal seizures after LO59 and GBP. LTG 
showed the highest efficacy in inreasing the ADT in both selected groups. When 
determining the threshold for induction o f generalized seizures, LO59 increased this 
threshold most effectively. We conclude that the new antiepileptic drugs, at least to 
some extent, have anticonvulsant efficacy in drug refractory kindled rats. The effects 
of TPM, LTG and FBM seem to be primarily based on a decrease of seizure 
susceptibility, wheras LO59 and GBP are able to reduce the seizure severity, i.e. to 
inhibit the spread o f seizure activity.

Supported by the Deutsche Forschungsgemeinschaft (Lo274/5).

769.17

CHARACTERISATION OF THE K+ CHANNEL OPENING EFFECT OF THE 
ANTICONVULSANT RETIGABINE IN PC 12 CELLS
C. Rundfeldt*1, R. Netzer2. ’Corporate R&D ASTA Medica AG, Arzneimittelwerk 
Dresden, Department of Pharmacology, Meißner Str. 191, 01445 Radebeul, FRG; 
2GENION, Abteistraße 57, 20149 Hamburg, FRG

Retigabine (RGB) is a new anticonvulsant compound undergoing phase II clinical 
evaluation. In previous studies, we showed, that RGB acts as a selective K+ channel 
opener in neuronal cells (Rundfeldt, Europ J Pharmacol 336, 243-249, 1997). The aim 
of the present study was to further characterise the activated K+ current.

The studies were performed in PC 12 cells treated with nerve growth factor to in
duce the neuronal like differentiation. To establish the current/voltage (I/V) relation of 
the current initiated by RGB (lOµM), cells were clamped to a holding potential of -80 
mV and a ramp stimulation protocol (-120 to +60 mV in 5 s) was applied prior to and 
during application of RGB. Subtraction of the two traces yielded the current induced 
by RGB. A nearly linear relationship was determined between -120 and -30 mV. At 
potentials positive to -30 mV, the response was variable. This was due to the addi
tionally observed blocking effect of RGB on delayed rectifier (K^) currents 
(Rundfeldt, Europ J Pharmacol 336, 243-249, 1997): if the ramp was applied in the 
presence of 10 mM 4-aminopyridine (4AP) to block K<jr, a linear I/V-relationship was 
present from -120 to +60 mV. To characterise the RGB activated K+ channel, several 
blockers were used. Cells were clamped at -40 mV and RGB (lOµM) was applied to 
induce the K+ current. The cells were then superfused with 4AP, tetraetylamonium 
(TEA) or Ba** and RGB was re-administered together with the respective blocker. 
The current was not effected by 1 and lOmM 4AP. Ba** ImM resulted in a reduction 
of 88.6±3.O¾ (n=5); lOmM abolished the current. TEA, 1 and lOmM, reduced the 
current by 23.6±3.l and 61.6+3.7%, respectively (n=5).

The comparison of the I/V relation and pharmacology with published K+ channel 
subtypes gives evidence that an unknown subtype may be involved. Future work will 
have to utilise molecular biological methods to identify the channel.

The work was funded by ASTA Medica AG, Dresden.

769.14
IN VIVO MONITORING OF GABAPENTIN IN RATS: A MICRODIALYSIS 
STUDY COUPLED TO CAPILLARY ZONE ELECTROPHORESIS AND 
LASER INDUCED FLUORESCENCE. L. Teneud*. P. Rada. S. Tucci. J. Perez. 
S. Chuecos. L. Hernandez. Department of Physiology, P. O. Box 109, Mérida, 
5101-A, VENEZUELA.

Gabapentin is a new anticonvulsant used in refractory epilepsy. Few studies 
have looked at the possibilities of in vivo monitoring of the drug. For this reason 
this report combined capillary zone electrophoresis and laser induced fluorescence 
detection with brain microdialysis and plasma ultrafiltration in an attempt to 
measure gabapentin and offer a new alternative technique for its detection.

This report demonstrates that combined capillary zone electrophoresis and laser 
induced fluorescence detection is capable of measuring a standard solution linearly 
in ranges between 106 to 10 9 M in a 1 nL volume. It was also demonstrated that it 
is possible to monitor gabapentin from the prefrontal cortex dialysates and from 
plasma in rats. It is concluded that the method permits in vivo monitoring of the 
drug for pharmacological as well as for clinical purposes.

This research was supported by grants CDCHT-ULA

769.16
ANTAGONISM BY LEVETIRACETAM (ucb LO59) OF BICUCULLINE- 
1NDUCED EPILEPTIFORM ACTIVITY IN RAT HIPPOCAMPUS REQUIRES 
ACTIVATION OF CORTICOID RECEPTORS.
D.-G. Margineanu*. I. Niespodzianv and E. Wülfert. UCB S.A. Pharma Sector, R&D, 
Chemin du Foriest, B-1420 Braine-l’Alleud, Belgium.

Levetiracetam (LVT), a novel atypical broad-spectrum antiepileptic drug candidate, 
has been shown to antagonize the epileptiform effect of bicuculline methiodide (BMI) 
in rat hippocampus. Since corticosteroids are known to modulate neuronal excitability 
in the hippocampus, we investigated whether activation o f corticoid receptors is also 
involved in the anti-BMI effect of LVT. The amplitude of field population spikes 
(PS), elicited in hippocampal area CA3 of anaesthetized rats, was increased when the 
recording micropipette contained 8 mM BMI. Whereas increases in PS amplitude by 
BMI were blunted by LVT (32 µmol/kg iv), this effect was, however, lost in 
adrenalectomized (ADX) rats, but restored when ADX rats were supplemented with 
corticosterone (CORT). In CA3 area o f hippocampal slices, 5 µM BMI increased PS 
amplitude and caused bursts of repetitive PSs evoked by single stimuli. LVT (32 µM) 
did not oppose BMI-induced increase in PS amplitude in slices from ADX rats, but 
significantly reduced the effect of BMI on PS amplitude when either 20 nM CORT, 
or 1 nM aldosterone (ALD) were added to the perfusion fluid. The number of 
repetitive PSs was not, however, reduced by LVT, either alone, or in the presence of 
CORT or ALD. Intracellular recordings demonstrated that BMI caused repetitive 
firing o f action potentials (APs) in CA3 neurons in slices from both sham and ADX 
rats. While LVT reduced BMI-induced repetitive firing in neurons from sham rats, 
the drug had no effect on the number of APs fired by neurons from ADX rats, 
whether incubated with CORT or with ALD. Altogether, our findings suggest that 
activation of mineralocorticoid receptors is required for LVT to cause its anti-BMI 
effect in the rat hippocampus. Supported by UCB S.A., Pharma Sector, Belgium.

769.18
ANTIEPILEPTIC EFFECTS OF y -AMINOBUTYRIC ACID TRANSPORTER 
INHIBITOR TîAGABINE AND ITS REGIONALLY DIFFERENT EFFECTS ON 
PAIRED-PULSE RESPONSES IN THE HIPPOCAMPAL SLICES OF EPILEPTIC 
EL MICE. Y Fueta1*. W, Schwarz3. K. Fukata1 and K. Ohno2. 'Dept, of Medical 
Technology, Sch.of Health Sciences; 2Dept. Biophysics, Sch. of Medicine, Univ. of 
Occup. and Environ. Health, Kitakyushu 807-8555, Japan; 3Dept. of Biophysical 
Chemistry, Max-Planck-Institute for Biophysics, D-60596 Frankfurt, Germany.

Epileptic El mice have been found to exhibit characteristic hippocampal 
disinhibition [Lambert et al., Epilepsy Res. 26 (1996) 15-23; Ono et al., Brain Res. 
745 (1997) 165-172; Fueta et al., Brain Res. 779 (1998) 324-328], We hypothesized 
that this is based on a decrease in y -aminobutyric acid (GABA)-mediated inhibition 
in the hippocampus of El mice. The anticonvulsant effects of tiagabine are assumed 
to be mediated through selective inhibition of the GABA transporter, thus increasing 
the concentration o f GABA in the synaptic cleft. Therefore, we tested the effects of 
tiagabine: (1) In adult El mouse groups (20-35 weeks old) with 100% seizure 
frequency, tiagabine (0.3 - 3 mg/kg, i.p.) suppressed epileptic convulsions of the El 
mice in a dose-dependent manner. (2) Effects of tiagabine (20 µM) on paired-pulse 
ratios (PPRs) at a range of 5-500 ms interpulse intervals (IPIs) were analyzed in CA1, 
CA3, and the dentate gyrus (DG) of hippocampal slices of adult El mice (12-20 weeks 
old). In the DG with lateral perforant path stimulation, tiagabine decreased PPRs at 
short IPIs (10 and 20 ms) and increased PPR at 500-ms IPI; with medial perforant 
path stimulation, PPRs were decreased at intermediate IPIs (50 and 100ms). In the 
CA3, PPRs were decreased at IPIs in the range of 10 to 500 ms. In the CA1, 
tiagabine did not affect PPRs at all. In conclusion, tiagabine exhibits regionally 
different effects, being effective in DG and CA3, but ineffective in CA1. The 
antiepileptic action of tiagabine in adult El mice may be due to a decrease in 
disinhibition in the dentate gyrus and CA3.

Supported by the Epilepsy Research Foundation in Japan.
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769.19
R E D U C T IO N  O F M O T O R  SE IZ U R E S IN  R A T S  IN D U C E D  BY  
T R IM E T H Y L O L P R O P A N E  P H O S P H A T E  (T M PP). J. Rossi III*.
G.D. Ritchie and A.F. Nordholm 1. Naval M edical Research Institute 
Detachm ent-Toxicology and G eo-Centers, Inc.,1 Wright-Patterson AFB, 
OH, 45433-7903.

Trimethylolpropane phosphate (TM PP) is a potent bicyclophosphate 
convulsant in rats, hypothesized to act through binding to the picrotoxinin 
receptor site o f  the G A BA a iohophore com plex. Because TMPP can be 
produced through the partial pyrolysis o f  certain synthetic lubricants or 
polyurethane foams, there is concern for accidental human exposure. 
Last year, w e reported that the frequency and duration o f  EEG paroxysms 
induced in Fischer-344 rats by subconvulsive (0 .20  m g/kg ip) administra
tions o f  TMPP could be effectively  controlled with ethosuxim ide (ES- 
M )+CGP 35348 > ESM > diazepam (DZP)+CG P 35348 > DZP > CGP 
35348 pretreatment. In the present study, young adult Fischer-344 rats 
were trested with Phenobarbital (5-40  m g/kg), DZP (1-10  m g/kg), DNQX  
(5-20 mg kg), scopalam ine (1-5 m g/kg), ethosuxim ide (100-200 m g/kg) 
or tiagabine (1 -1 0  m g/kg) 30 min prior to ip injection with a convulsive  
dose o f  TMPP (0.5 m g/kg). Rats were rated for convulsive activity for 2 
hr post-injection. Tim e from TMPP injection to observation o f  subclinical 
seizures, generalized seizures and lethality, as w ell as frequency and du
ration o f  convulsive activity was rated for each pretreatment group. 
Funding Source: Naval M edical Research and Developm ent Command 
(NM RDC) [Work Unit .1516]

769.20
COLCHICINE LESIONS OF THE DENTATE GYRUS ATTENUATE THE 

A N T IC O N V U L S A N T  EFF EC T OF IN TR A H IPPO C A M PA L TRH IN 
AM YGDALA KINDLED RATS R.-O. W an*and S.R.B. W eiss Biological 
Psychiatry Branch, NIMH, Bethesda, MD. 20892

The hippocampus (HIP), particularly the dentate gyrus (DG), is one of the 
prominent regions showing altered TRH expression, content, and receptors following 
seizures. We have previously demonstrated that injection of TRH into the DG of the 
hippocampus produced dose-dependent anticonvulsant effects in amygdala kindled rats.. 
In the present study, we examined the effect of colchicine-induced lesions of the DG 
on the anticonvulsant effect of intrahippocampal TRH. Rats were implanted with an 
electrode in the amygdala and four guide cannulae in the HIP, aimed at the dorsal and 
ventral DG, bilaterally. The rats were kindled with suprathreshold electrical 
stimulation (800 µA, 100 Hz, 1 ms pulsewidth for 0.5 sec), once-daily, until 
generalized seizures were reliably observed. Afterdischarge duration (AD), seizure 
duration (SD), and seizure stage (SS) were recorded, and the AD threshold was 
measured after the rats were fully kindled. The rats were divided into 2 groups 
matched for AD thresholds. One group received colchicine (3.5 µg/site) injections 
through the guide cannulae; the other received PBS (vehicle). The AD thresholds were 
re-determined, and a stimulation intensity of threshold+50 µA was used to measure 
TRH's anticonvulsant effects. TRH was infused into each of the four cannulae at 
doses of 0 (PBS), 2.5 and 5 µg/site. In control rats the threshold decreased slightly 
after the PBS injection, while no change was observed in the thresholds of the 
colchine-treated animals. In the control group, TRH significantly reduced the AD and 
SD at doses of 2.5 and 5 µg/site, while the lesion group showed an effect of TRH 
only at the higher dose. As reported previously, TRH had minimal effects on SS. 
These results suggest that lesions of the DG may damage TRH receptors in this 
region, resulting in an attenuation of intrahippocampal TRH's anticonvulsant effects.

DEGENERATIVE DISEASE: ALZHEIMER’S—NEUROPHARMACOLOGY AND NEUROTRANSMITTERS: CELL CULTURE

770.1
ENHANCEMENT OF NEURONAL CELL EXCITABILITY BY AIT-082 IN 
RAT HIPPOCAMPAL NEURONS AND ITS EFFECTS ON SECOND 
MESSENGER SYSTEMS. R. Huang1, L  Peng1, M.P. Rathbone2 and A.J. 
Glasky1*. 'NeoTherapeutics Inc., Irvine, CA. 92618 arid ^McMaster 
University, Hamilton, Ontario, Canada.

The effects of AIT-082, a unique purine derivative under 
development for Alzheimer’s disease, on intracellular cone, of cAMP, 
cGMP and Ca2+ were studied in cultured neurons and astrocytes by 
enzyme immunoassay or with a fluorescent probe for Ca2+. AIT-082 (100 
µM) induced an increase in the intracellular cone, of cAMP and this 
stimulation was additive with the ß-adrenergic agonist, isoproterenol- 
induced increase in cAMP in astrocytes. AIT-082 has no significant 
effect on Ca2+ influx and is not involved in the cGMP system in both 
cerebellar g/anule cells and astrocytes.

The effects of AIT-082 on synaptic transmission were complex. We 
tested the postsynaptic population spikes and field excitatory postsynaptic 
potential (fEPSP) from pyramidal neurons of the CA1 of hippocampus. 
Short-term administration of AIT-082 caused an increase in amplitude of 
the population spike with no significant effect on the slope of fEPSP. 
These effects were cone, dependent. In the presence of 200 µM AIT- 
082, the amplitude of the population spike was increased up to 40% 
compared to control. Higher cone, of AIT-082 also altered a single 
fEPSP peak to multiple peaks without changing the original fEPSP slope, 
which indicated the possible multiple release of neurotransmitters under 
a single stimulation. After washing out the drug, the increase in 
amplitude and change in release pattern were reversible, followed by a 
short-term depression (about 5-10 min, 85% of control). These results 
indicate that AIT-082 has clear acute effects on neuronal function with 
the possibility of alteration of ion channels, membrane potential and 
intracellular ion cone, besides possible long-term effects on neurotrophic 
factors.

770.2
THE H YPO XANTH INE DERIVATIVE AIT-082 PROTECTS AGAINST  
NEUROTOXICITY IN  VITRO A N D  IN  VIVO. F. C aciaeli1. R.Ciccarelli1. P. P i  
Iorio1. P. Ballerini1. C. P i G iu lio1*. V. Bruno2. G. Battaglia2 and M. Rathbone 3. 
'Dept, o f  Biom edical Science, Univ. o f  Chieti, 66013 Chieti, Italy; 2I.N.M. 
Neuromed, 86077 Pozzilli, Italy; 3Dept. o f  M edicine, McMaster Univ. 
Hamilton, ON L8N 3Z5, Canada.

The hypoxanthine derivative AIT-082, locally coinfused with 200 nm oles 
N M D A  or system ically administered, prevented in dose-dependent fashion the 
death o f  G ABA neurons (measured as G AD activity) and the extension o f  
edema around the lesion caused by N M D A  unilaterally infused in the rat 
caudate nucleus. The neuroprotective activity o f  the drug likely depends on its 
capability to stimulate the synthesis and release o f  substances able to prevent or 
counteract the NM D A-induced excitotoxicity. In fact, AIT-082 enhanced the 
amount o f  released adenine-based purines, mainly adenosine, from rat cultured 
astrocytes and stimulated the synthesis and production in the medium o f  
neurotrophic factors, e.g. NGF, TGFß and SlOOß protein. In addition, the 
conditioned medium o f  rat cultured astrocytes, pretreated with different 
concentrations o f  AIT-082 and collected 6 or 24 hours after the drug removal, 
prevented the death o f  cultured neurons induced in vitro by a 10 min pulse with 
100 µM N M D A . The neuroprotective effect o f  conditioned medium was lost by 
adding to the medium neutralizing polyclonal antibodies specific for TG Fßl or 
ß2 or NGF. We therefore speculate that the AIT-082 may increase the local 
release from astrocytes o f  adenosine and neurotrophic factors, thus providing 
neuroprotection without causing the side effects associated with the use o f  
N M D A  receptor antagonists.
Support: M .U.R .S.T., Italy and NeoTherapeutics Inc., Irvine, CA, U.S.A .

770.3

EFFECT OF AIT-082 ON BRAIN NGF mRNA LEVELS AND TRANSPORT 
OF AIT-082 ACROSS THE BLOOD-BRAIN BARRIER. O. Chu-LaGraff. H. 
Pham. E.M.Tavlor. N . Hauptmann. E. Pfadcnhauer. and M.S. Glaskv*. 
NeoTherapeutics, Inc., Irvine CA 92618.

AIT-082 enhances memory in young adult mice, reverses age-induced memory 
deficits in old mice and delays the onset of age-induced memory loss. It was 
previously shown that administration of AIT-082 induces an increase in NGF 
mRNA levels in the hippocampus and cortex of aged mice. In this study we have 
further investigated the effects of AIT-082 on NGF mRNA levels in the brains of 
young adult mice and the mechanism by which AIT-082 crosses the blood-brain 
barrier (bbb).

Young adult Swiss-Webster mice were used to investigate the effect of AIT-082 
on NGF-mRNA levels. Initially, we investigated the dependence of baseline NGF 
mRNA levels of untreated mice on circadian rhythm. Using RT-PCR we 
demonstrated that NGF mRNA levels in cortex and hippocampus were increased 
during the morning to a maximum at noon which were maintained through the 
afternoon. We assessed the effect of AIT-082 by injecting a single dose of 
3Omg/kg i.p. and then collected brain and plasma samples at timepoints over a 24- 
hour period. Results from this study will be presented.

We investigated the mechanism by which AIT-082 crosses the bbb. C l4labeled 
AIT-082 was injected into the jugular vein. At 1, 2, 3, 4, 5, 10, 30’ serum and 
brain samples were collected. Uptake into the brain was linear for the first 10 
minutes (Ki 4 ± 0.2 x I O'4 ml/g/min) and plateaued thereafter suggesting bi
directional movement of AIT-082 across the bbb. Additionally, inclusion of 100- 
fold excess of cold 082 in the injection mix did not change the rate of uptake. We 
concluded that AIT-082 diffuses across the bbb into the brain where it modulates 
NGF mRNA levels in cortex and hippocampus: (Supported by NeoTherapeutics. 
Inc.)

770.4
THE HYPOXANTHINE ANALOGUE AIT-082 PROMOTES 
NEURITE FORMATION AND REGENERATION IN CULTURED . 
HIPPOCAM PAL NEURONS. B.H.J. J u u r lin k ? and M.P. 
Rathbone 1*. *Dept. Biomedical Sciences, McMaster Un.; -Dept. 
Anatomy & Cell Biology, Un. Saskatchewan, Saskatoon, SK, S7N  
5E5; Canada.

Purines have been postulated to be a part of the normal signalling 
pathways that regulate neuronal interactions (Trends Neurosci. [ 1996] 
19:13). Our objectives were to determine whether AIT-082 and 
guanosine metabolites could influence neuritogenesis in developing 
mouse hippocampal neurons and whether these compounds could 
promote neurite recovery following glutamate-induced damage. 
Neurite complexity was measured using a grid of concentric circles 
(Dev. Brain Res. 11993] 74:83). All compounds examined (AIT-082, 
G, GMP, GTP), at a concentration of 1 µ M , caused an increase in 
neurite complexity (30-40%) when compared to control neurons. 
Much of this increase was due to increased axonal length and 
branching. Higher concentrations had less effect on neurite 
complexity. The presence or absence of astrocytes had little influence 
on the effect of the nucleo(s)tides; hence, these nucleo(s)tides appear 
to act directly on neurons. Following exposure to 100 µ M  glutamate 
for 10 min, all nucleo(s)tides caused increased axonal and, to a lessor 
extent, dendritic recovery. Our results suggest that nucleo(s)tides 
might play a role in the establishment, maintenance and regeneration 
of synaptic connections in the CNS. The results with AIT-082 are 
particularly intriguing since this compound readily crosses the blood- 
brain barrier.
S upported by N eotherapeutics.

Society for N euroscience, Volume 2 4 ,1 9 9 8



1942
DEGENERATIVE DISEASE: ALZHEIMER’S—NEUROPHARMACOLOGY AND
_________________ NEUROTRANSMITTERS: CELL CULTURE________________ _ WEDNESDAY PM

770.5

THE EFFECTS OF AIT-082 ON MEMORY IN YOUNG AND AGED MICE
R.F. Ritzmann*, M. Lim, M.S. Glasky and A.J. Glasky. NeoTherapeutics 
Inc., Irvine, CA. 92618.

AIT-082, a unique analogue of the purine hypoxanthine, was found 
to improve working memory in young adult mice, using the t-maze win- 
shift task. This effect was found across a wide range of doses. In 
mice 18-24 months of age, with varying degrees of memory 
impairment, AIT-082 was found to improve memory in each group. The 
effect was, however, greater in mice with mild memory deficits than in 
animals with severe deficits. When AIT-082 was administered in the 
drinking water prior to the onset of age-induced memory deficits, the 
onset of memory deficits were delayed for up to 3 months. In aged 
mice with varying amounts of existing age-induced memory deficits, 
treatment with AIT-082 was found to improve memory.

In a passive avoidance test, AIT-082 was shown to reverse 
amnesia produced by L-NAME, NBQX, MK-801 and scopolamine. 
AIT-082 was also found to block the amnesic effect of high doses of 
ethanol.

To evaluate other behavioral effects of AIT-082 we tested the 
effect of AIT-082 in several psychopharmacological tests at various 
times after injection. There was an improvement in roto-rod 
performance, which peaked at 15 minutes and returned to baseline at 
60 minutes. There was an analgesic effect 30 minutes after injection 
which was no longer apparent at 60 minutes. In a test of anxiety, no 
effect was found. The possible mechanism for these effects will be 
presented. This work was supported in part by the NIA/NIH.

770.7
E f f e c t  o f  t h e  SERM R a l o x if e n e  o n  N e u r o n a l  O u t g r o w t h  a n d  S u r v i v a l . S, 
Zhane*. S. Chen and R.D. Brinton. Molec Pharmacol & Toxicol, & Prog in 
Neuroscience, Univ of Southern California, Pharma Sci Ctr, Los Angeles, CA 90033.

Selective estrogen receptor modulators or SERMs, are designed to exert both estrogen 
agonist and estrogen antagonist activity in a tissue selective manner. The antiestrogen 
SERM, raloxifene, was recently approved as an alternative to estrogen replacement 
therapy for the treatment o f osteoporosis. Because estrogen replacement therapy has 
been shown to decrease the risk o f  Alzheimer’s disease (rev Brinton & Yamazaki, 1998) 
and to promote neuronal outgrowth and survival in vitro (Brinton et al., l997a,b,c), we 
investigated the impact o f raloxifene on neuronal outgrowth and survival in cultured 
neurons derived from the cerebral cortex, hippocampus and basal forebrain to 
determine whether raloxifene exerted estrogen agonist or antagonist effects. Neurons 
from each o f the aforementioned brain regions were cultured from El 8 rat brains and 
morphological analysis conducted blind to the experimental condition according to 
procedures described in Brinton et al., 1997. In cortical and basal forebrain neurons, 
raloxifene, across a wide concentration range, had no effect on six different 
morphological parameters following 24 hrs of exposure. In the hippocampus, raloxifene 
(50 ng/ml) promoted neuronal outgrowth demonstrated by a significant increase in the 
number and length of neurites, the number and length of branches, and the number of 
branch bifurcation points and microspikes (p<0.05-p<0.001). To determine the effect of 
raloxifene on survival, neurons were treated with varying concentrations of raloxifene 
(.005-5 µg/ml) for 4 days and then exposed to beta amyloid25.35, H20 2 or glutamate 
followed by biochemical assessment o f LDH release and morphological analysis of 
neuron survival. Raloxifene exerted a mixed response depending on the concentration 
and the neuronal population. In general, raloxifene induced a 20-40% neuroprotective 
effect midrange in the dose response 5-50 ng/ml (5ng, p<0.05; 5Ong, p<0.01). At 1 
µg/ml the neuroprotective effect diminished and at 5 µg/ml the toxicity was increased 
above that of the beta amyloid and H20 2 alone. These data indicate that raloxifene has 
mixed effects, ranging from no effect to positive to negative. Research supported by 
grants from NIA, IVyeth-Ayerst Labs and Norris Foundation to RDB.

770.9

DELTA-8,9-DEHYDROESTRONE, A UNIQUE COMPONENT OF THE 
PREMARIN®, IS NEUROTROPHIC AND NEUROPROTECTIVE FOR 
CULTURED CORTICAL NEURONS. R.S.Yamazaki.* S.Chen. and R.D.Brinton. 
Department of Molecular Pharmacology & Toxicology. University of Southern 
California. 1985 Zonal Ave. Los Angeles, CA. 90033

Premarin®, the estrogen replacement therapy of the Women’s Health Initiative, is 
a complex formulation of multiple conjugated equine estrogens. Previous data from 
our laboratory demonstrated the neurotrophic and neuroprotective activities of 
Premarin® (Brinton et al., 1997), other studies indicating reduced risk of Alzheimer’s 
disease used Premarin® as the estrogen replacement therapy (rev in Brinton & 
Yamazaki, 1998). Delta-8,9-dehydroestrone is an estrogenic steroid unique to the 
formulation of Premarin®, thus we investigated the effects of delta-8,9- 
dehydroestrone on neurotrophism, a cellular correlate of memory, and neuroprotection 
against toxic insults. Cultured cortical and hippocampal neurons from El 8 rat brains 
were morphometrically analyzed, blind to the experimental condition. Following 24 
hours of exposure, delta-8,9-dehydroestrone induced significant increases in number 
and length of neurites and branches, and number of bifurcation points and microspikes 
(p<.Ol-.OOl). We investigated the neuroprotective properties of delta-8,9- 
dehydroestrone by LDH-release assay in neuronal cultures pre-incubated with delta- 
8,9-dehydroestrone and then exposed to neurotoxic beta-amyloid 25_35 (8 µg/ml). 
Cellular damage induced by beta-amyloid 25.35 was significantly reduced as indicated 
by a significant decrease in the amount of LDH released (40-60% p<.Ol-.OOl). These 
data indicate that delta-8,9-dehydroestrone can significantly promote morphological 
features of neural plasticity and protect neurons against beta-amyloid 25.35 -induced 
toxicity, potentially contributing to the ability of of Premarin® to reduce the risk of 
Alzheimer’s disease. Supported by grants from National Institute o f Aging, Wyeth- 
Ayerst Laboratories and the Norris Foundation to RDB.

770.6
AIT-082 ACCELERATES SEPTODENTATE SPROUTING AFTER 
UNILATERAL ENTORHINAL CORTEX LESIONS IN RATS.
J. J. Ramirez*. A. J. Glaskv. T. Parakh. M. N. George, and A. Becton.
Laboratory of Behavioral Neuroscience, Department of Psychology, Davidson 
College, Davidson, NC 28036; and NeoTherapeutics, Inc., Irvine, CA 92618.

The unique derivative of the purine hypoxanthine, 4-[[3-(l,6-dihydro-6-oxo-9- 
purin-9-yl)-l-oxopropyl]amino]benzoic acid (AIT-082), has been shown to 
increase levels of neurotrophic factors in the brain and spinal cord after injury. 
The present investigation examined the possibility that AIT-082 administration 
to rats with unilateral entorhinal cortex (EC) lesions would accelerate the 
reorganization of the AChE-containing (putatively cholinergic) septodentate 
pathway which is known to sprout in response to EC lesions and is regulated by 
endogenous neurotrophic factors. Rats that sustained sham operations or rats 
with unilateral EC lesions received daily intraperitoneal injections of either AIT- 
082 or saline for 5 days beginning the day of surgery. The animals survived for 4 
days after surgery. The septodentate sprouting response was assessed with 
optical densitometry in the dorsal and ventral dentate gyrus of the hippocampus. 
Relative to sham-operated animals treated with saline or AIT-082, our analysis 
indicated that AIT-082 significantly elevated the AChE label in the outer 
molecular layer of the dentate gyrus in the ventral hippocampal formation of the 
rats with EC lesions, though not in dorsal hippocampus. The density of AChE 
staining in the saline-treated group with EC lesions was similar to that o f sham 
operates in both dorsal and ventral hippocampus. The AIT-O82-treated and the 
saline-treated sham groups did not differ significantly from one another. Thus, 
the administration of AIT-082 appears to have promoted cholinergic sprouting in 
the denervated ventral dentate gyrus as early as 4 days after deafferentation. 
Supported by NeoTherapeutics, Inc., Irvine, CA 92618.

770.8

E f f e c t  o f  S e l e c t  P h y t o e s t r o g e n s  o n  P l a s t ic it y  a nd  S u r v iv a l  o f 
C u l t u r e d  R a t  H ip p o c a m p a l  N e u r o n s . 0 . Chen*. G. Oii and R.p.Brinton. 
Dept.Molec. Pharm. & Toxicol., Pharmaceutical Research Center, Univ. of Southern 
California, 1985 Zonal Avenue, Los Angeles, CA 90033.

Estrogen replacement therapy has been shown to decrease the risk of Alzheimer's 
disease (rev in Brinton & Yamazaki, 1998) and to promote neuronal outgrowth and 
survival in vitro (Brinton et al., l997a,b,c). An alternative source of estrogens is plant 
derived phytoestrogens. Select phytoestrogens have been found to exhibit some 
estrogen agonist like properties such as antioxidation, inhibition of bone resorption and 
some properties uncharacteristic of estrogens such as inhibition of tumor growth (rev in 
Kurzer & Xu, 1998). Because phytoestrogens are a potential alternative to prescribed 
estrogen replacement therapy, we investigated the impact of two currently available and 
frequently used phytoestrogens, genistein and daidzein, on neuronal outgrowth and 
survival in cultured hippocampal neurons. We used two responses as predictive 
indicators for estrogen agonist activity in brain, neuronal outgrowth and neuroprotection 
against toxic insults known to occur during aging and disease processes such as 
Alzheimer's. Neuronal cell damage was quantitatively measured by LDH release. 
Genistein at concentrations of 5 nM, 50 nM, 500 nM, and 5 µM significantly reduced 
20-80% (µ<0.01) LDH release in neurons treated by ß-amyloid25 35 fragment and H20 2. 
Because genestein can also inhibit tyrosine kinase, we investigated the impact of the 
specific tyrosine kinase inhibitor lavendustin to determine whether tyrosine kinase 
inhibition was required for neuroprotection. The effect of lavendustin ranged from no 
effect to a toxic effect. Preliminary studies do not show a neurotrophic effect of 
genistein whereas 50 µM genistein induced lethality as it had in the neuroprotection 
experiments. These preliminary results indicate that phytoestrogens exhibit unique 
response profiles and further suggest that phytoestrogens are not functional equilvalents 
to the endogenously active estrogen 17 ß-estradiol or to estrogen replacement 
formulations.

(Supported by grants to RDB from the Norris Foundation and the NIA)

770.10
TISSUE-SPECIFIC, HISTIOTYPIC RESPONSES OF CULTURED 
NETW ORKS TO STANDARD AND NOVEL CH OLIN ERG IC 
SUBSTANCES. E.W. Keefer. N.A.J. Bovle. S.J. Norton. V. Talesa,1 and
G.W. Gross*. Dept, of Biological Sciences, Univ. of North Texas, Dept, ôf 
Exper. Med., Univ. of Perugia, Italy (1).
Murine neuronal networks grown on microelectrode arrays were used for 

multichannel analyses of effects induced by standard and novel substances 
modifying cholinergic synaptic function. Responses to standard compounds 
were obtained from three discrete, dissociated CNS regions: frontal cortex, 
brain stem, and spinal cord. The test substances were ACh, eserine, atropine, 
tubocurarine, pirenzepine, and gallamine triethiodide. Only the frontal cortex 
responded to eserine, suggesting endogenous ACh release. However, bath 
applications of ACh were most potent in brain stem cultures. Spinal cord 
cultures demonstrated biphasic, concentration-dependent ACh modulation of 
activity. Antagonist application suggested a heterogeneous cholinergic 
receptor population. The multichannel environment revealed complex network 
dynamics, with clear substance-related changes in burst and spike patterns. 
New AChE inhibitors were designed to provide a functionality similar to the 
ester group of acetylcholine, containing a thiocarbonylcholine moiety and a 
variety of hydrocarbon groups that would allow assessment of binding 
contributions to the hydrophobic amino acid residues on the active site of 
AChE. Generalized structures of the inhibitors were (CH3)3N+-CH2-CH2-0 - 
COS-alkyl or aryl and ((CH3)3N +-CH2-CH2-0 -C0 S)s-alkyiene. Functional 
group substitutions were detectable with changes in frontal cortex activity. 
The results indicate that networks in culture retain a high degree of tissue- 
specificity, that responses show intra- and inter-culture reproducibility, and 
that new drug candidates can be evaluated rapidly, conveniently, and 
quantitatively
Supported by the Texas Advanced Technology Program and the N. Hogan- 
Boyd Trust for Mental Retardation.
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770.11

M IC R O G L IA L -S E C R E T E D  F A C T O R S  A T T E N U A T E  M U SC A R IN IC  
R E C E P T O R  M E D IA T E D  R E S P O N SE S T O  A G O N IS T S . M. Jumelle- 
Laclau and D .D . Flvnn*. Dept, o f  M olecular & Cellular Pharmacology, Univ. 
o f  M iami School o f  M edicine, Miami, FL 33101  

Several lines o f  evidence suggest that M l muscarinic receptor (M R )-G  protein 
coupling is altered in Alzheim er’s disease (A D ) resulting in diminished 
cholinergic signal transduction in affected brain regions. This alteration is 
manifested by the loss o f  high affinity agonist binding, diminished receptor- 
stimulated GTP binding, hydrolysis and PLC activation resulting from a putative 
d efect in the receptor protein (Flynn et al, l995a ,b ). W hile the nature o f  this 
defect is unknown, numerous studies have implicated alterations in intracellular 
Ca++, oxidative stress and free radical production and the excessive accumulation 
o f  ß-amyloid as contributing to the overall neurodegenerative process in AD. 
A role for activated microglia as mediators o f  neuroinflammation is also well 
substantiated. In order to test the hypothesis that activated microglia secrete 
factors that alter M R-G protein coupling, w e examined the effects o f  conditioned 
m edia (CM ) from B V -2 m icroglia on m l receptor-mediated responses. Cells 
exposed to CM  from LPS-treated but not from untreated m icroglia demonstrated 
a significant decrease in carbachol-stimulated GTPγS binding. In addition, 
carbachol-stimulated production o f  secreted form s o f  the amyloid precursor 
protein (APP) was diminished in the presence o f  CM. These results demonstrate 
that activated microglia secrete factors that alter m l receptor-G protein coupling 
and suggest that neuroinflammatory processes may contribute to abnormal MR- 
mediated APP processing and diminished cholinergic signal transduction in the 
A D  brain. (Supported by NIH  A G 12738)

DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: CELL BIOLOGY

771.1

TOXICITY OF THP-1 MONOCYTIC CELLS TOWARDS NEURON-LIKE CELLS 
INVOLVES CYCLIC NUCLEOTIDES, PHOSPHOLIPASES AND COULD BE 
REDUCED BY NON-STEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDs). 
A. Klegeris, E.G. McGeer* and P.L. McGeer. Kinsmen Laboratory of Neurological 
Research, Department of Psychiatry, University of British Columbia, 2255 Wesbrook 
Mall, Vancouver, B.C., Canada, V6T 1Z3.

Microglia with activated phenotype have been found to be closely associated with 
ß-amyioid containing plaques in brain tissue affected by Alzheimer’s disease (AD). It 
has been hypothesized that secreted products from these cells may contribute to 
neuronal death in AD. Here we employed monocytic THP-I and neuronal SH-SY5Y 
human ceil lines to develop an in vitro neurotoxicity assay system which was used 
subsequently to study the protective effects of a series of pharmacological agents.

When the supemates from stimulated THP-1 cells were added to cultured human 
SH-SY5Y cells neuronal killing was observed. This was assessed by: 1) release of 
lactate dehydrogenase from dying cells; 2) by the ability of surviving cells to reduce 
the formazan dye MTT; 3) by staining neuronal cell cultures with a combination of 
fluorescent dyes detecting live or dead cells.

Data from recent epidemiological studies have shown that anti-inflammatory 
agents in general, and NSAIDs in particular are protective against AD. We therefore 
tested a series of these drugs in our system. The protective effects observed were 
partial and varied from NSA1D to NSAID. They were maximal when THP-I cells 
were pre-incubated with NSAIDs prior to stimulation. We also tested a number of 
drugs which interfere with various intracellular signaling pathways. From the 
substances studied, only drugs affecting the cyclic nucleotide pathway and 
phospholipase inhibitors exhibited any protective activity.

This study supports the idea that NSAIDs may be useful in the treatment of AD. 
However there is a variation between different drugs in their efficacy, and further 
clinical studies are required to determine the most effective drugs. ■  Supported by 
a grant from the Jack Brown and Family Alzheimer’s disease research fund.

771.3

CYCLOPENTENONE PROSTAGLANDINS INHIBIT LPS-INDUCED  
MICROGLIAL ACTIVATION. T. Petrova and L.J. Van Eldik*. Dept, 
of Cell and Molecular Biology, Northwestern Univ. Medical School, and 
Northwestern Drug Discovery Program, Chicago, IL 60611.

Transition o f microglia from the resting state to the activated one in 
response to a pathological stimulus is characterized in part by production 
of pro-inflammatory cytokines and induction o f inflammation-related 
enzymes such as inducible nitric oxide synthase (iNOS). While transient 
activation o f microglia is most likely beneficial for brain repairing 
processes, a chronic reactive state o f microglia or an abnormally high 
proportion of activated microglia may become detrimental by increasing 
the inflammatory burden. The mechanisms regulating the return of  
activated microglia to the resting state are not well understood. Here we 
report that cyclopentenone prostaglandins o f the A and J series potently 
inhibit the activity o f iNOS in LPS-stimulated microglial cell line BV -2. 
The treatment of cells with PGA2 and 15-deoxy-PGJ2 leads to a dose- 
dependent suppression o f accumulation of nitrite, the stable product of 
iNOS activity, in conditioned medium. The EC50’s for this effect are 0.5  
and 1.5 µM, respectively. Prostaglandins also inhibit LPS-induced 
increases in iNOS mRNA and protein as determined by Northern and 
Western blots. The production o f prostaglandins by activated microglia is 
a well-documented process and is often linked with the induction of 
inflammation. Our results suggest that prostaglandins may also 
participate in a feedback mechanism destined to down-regulate the 
activation o f microglia. (Supported by NIH AG13939).

771.2
COMPLEMENT COMPONENT C5a INDUCES IL-1 AND IL-6 RELEASE 
FROM HUMAN MONOCYTES ACTIVATED WITH Aß. S. O’Barr1* and N.R. 
Cooper1, departm ent of Immunology, The Scripps Research Institute; La 
Jolla, CA 92037

Microglia cells migrate to neuritic amyloid-ß (Aß) plaques in Alzheimer’s 
disease (AD) brains where they become activated and release pro- 
inflammatory cytokines, thereby undoubtedly contributing to the processes 
which lead to neurodegeneration. Previous reports have shown that 
aggregated Aß stimulates release of IL-1 ß from lipopolysaccharide (LPS)- 
primed monocytes. The present studies were carried out to determine 
whether the C5a complement component could serve as a co-activator of 
microglia. This seemed possible, since we and others have shown that 
complement components, including C5, are associated with Aß plaques in AD 
brains. In this study, human monocyte THP-1 cells, as a surrogate for 
microglia, were incubated with C5a, with and without Aß. Levels of secreted 
pro-inflammatory cytokines (IL-1 and IL-6) were used to assess activation of 
monocytes. C5a or Aß alone did not stimulate IL-1 or IL-6 release from THP-1 
cells. However, when THP-1 cells were treated with C5a plus Aß, secreted IL- 
1 and IL-6 levels increased 5 to 8 fold. Intracellular levels of pro-IL-1 ß were 
comparably increased.

This study demonstrates that C5a, which is known to be a chemotaxin for 
microglia cells, induces release of IL-1 and IL-6 from Aß activated THP-1 
cells. Effective therapeutic agents which inhibit the complement cascade 
should decrease migration of, and cytokine release from, glial cells 
associated with neuritic plaques in AD and thus potentially retard the 
development of neurodegeneration. Animal models are currently being 
developed by our laboratory to study this hypothesis (see Yu, J. X. et al., this 
meeting).

Supported by funding from the NIH (NS34682) and Novartis (SPF 1141)

771.4
INCREASED EXPRESSION OF THE C9 COM PONENT O F THE 
M EMBRANE ATTACK COM PLEX IN C lq-TRA N SFECTED  M ICROGLIAL 
AND NEURONAL CELLS. H. Sandoval*, L. Brachova, R. Li, J. Rogers, and 
Y. Shen. Roberts Center, Sun Health Research Institute, Sun City, AZ 85372.

Complement activation by amyloid /3-peptide (A/3) appears to play a role in 
Alzheimer’s disease (AD) pathophysiology. For example, in the AD brain 
complement fixation occurs on dystrophic neurites in the vicinity of Aß deposits. 
The terminal component of both the alternative and classical complement cascades, 
the membrane attack complex (MAC), is formed on targeted cell membranes by 
binding of multiple C9 molecules to the C5b-8 complex. The size of 
trans membrane pores created by MAC deposition increases as the number of C9 
molecules incorporated into C5b-8 increases. Sufficiently large pore sizes and 
numbers of MACs fixed to the cell membrane can result in uncontrolled ion flux, 
swelling, and cell lysis. Thus, the availability o f C9 is an important determinant 
of MAC-mediated cytotoxicity. Using Western blot techniques we have identified 
C9 protein in cell lysates from cultures of AD microglia, SH-SY5Y cells, and NT2 
neuronal precursor cells. Because levels of the first classical pathway complement 
component, C lq , are increased in the AD brain, we have also attempted to find 
potential relationships between enhanced C lq  production and C9 expression. In 
these studies, we first cloned full-length ClqB from human brain mRNA using RT- 
PCK techniques. The ClqB DNA sequence obtained was found to be identical to 
that given in other published reports. Transient transfection with ClqB resulted in 
oveiexpression of C lq , as well as enhanced expression of C9 in cultured AD 
microglia and differentiated SH-SY5Y cells. Because C9 availability is critical to 
MAC formation and pore size, greater availability of C9 in the AD brain could 
enhance the effectiveness of MAC-mediated neurodegenerative mechanisms there.

Supported by NIA AGO7367 and a Zenith Award from the Alzheimer’s 
Association.
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771.5
Characterization of Clusterin-induced Microglial Activation. Z. X ie. 
P.A. Wals. J.P. Walsh* C.E. Finch, and T.E. Morgan. Andrus 
Gerontology Center and Department o f Biological Sciences, 
University o f Southern California, Los Angeles, CA 90089-0191.

Clusterin (also known as apolipoprotein J) is a multifunctional 
glycoprotein found in increased levels in degenerating regions o f AD 
brains (May and Finch, 1992; TINS 15:391-6). Activated microglia 
are associated with senile plaques in patients with AD, together with 
ß-amyloid protein, clusterin, and many other components. Here we 
show that clusterin purified from human serum activates cultured 
rodent microglia, indicated by various microglial activation assays. 
Microglia treated with clusterin show morphologic changes from 
process-bearing to amoeboid-like, and have elevated MHC class II 
antigen expression. Clusterin dose-dependently induces the 
production o f RNI (reactive nitrogen intermediates; ED50 ~ 40 nM), 
which can be completely blocked by the nitric oxide synthase 
inhibitor, aminoguanidine. Clusterin dose-dependently induces 
secretion o f tumor necrosis factor-α (T N F-α). The specificity of  
clusterin on microglial activation was confirmed by showing that 
clustering effects are blocked (1:4 ratio o f clusterin:Ab) by the 
monoclonal anti-human clusterin antibody, G7. Furthermore, 
human apolipoprotein E3 has no effect on microglial RNI 
production. The significance and biological activity o f clusterin- 
induced microglial activation, particularly its contribution to 
neurodegeneration, are being examined. Supported by grants to 
CEF (A G -13499), and TEM (Alzheimers Association/Estate o f Ann 
Clark Hobson, FSA 95033).

771.7

CYCLOOXYGENASE-1 M M UN O R EA CU V ITY  IN HUMAN  
NUCLEUS BASALIS CHOLINERGIC NEURONS.
A. Yermakova.1* M.K. O’Banion12 . Departments o f ‘Neurobiology & 
Anatomy and 2Neurology, University o f Rochester School o f Medicine, 
Rochester, N Y  14642.

W e have previously shown cyclooxygenase 1 (COX-1) expression in 
human CA-3 and CA-4 hippocampal neurons as well as in some cortical 
neurons. We have also demonstrated that COX-1 is upregulated in 
NGF differentiated PC 12 cells (Kaplan et al. J. Biol. Chem. 272:1854. 
1997). In the current study we wanted to determine if COX-1 is 
expressed in other NGF dependent neurons.

Human postmortem tissue fixed in 4% paraformaldehye was 
sectioned at 40 µm. Sections containing nucleus basalis were processed 
for immunohistochemistry with anti-human COX-1 antibody PG-16  
(Oxford) or an antibody from Transduction Laboratories that recognizes 
both isoforms o f cyclooxygenase. Large neurons in nucleus basalis and 
diagonal band o f Broca showed specific immunoreactivity with both 
antibodies.

Epidemiological studies suggest that prolonged use o f nonsteroidal 
anti-inflammatory drugs (NSAID) can prevent or delay the onset of 
Alzheimer’s disease (AD). NSAID primarily act by inhibiting 
cyclooxygenase. Cyclooxygenase activity is known to contribute to 
neuronal death in a model o f focal stroke (Nogawa et al.. J. Neurosci. 
17:2746, 1997). Basal forebrain cholinergic neurons undergo selective 
degeneration in AD. Thus, it is possible that COX-1 activity may 
contribute to the differential susceptibility o f these neurons. Supported 
by grants from the NIH (N S33553 and AG08665).

771.9
17ß-ESTRADIOL ATTENUATES BOTH FREE RADICAL-MEDIATED 
NECROSIS AND SERUM DEPRIVATION-INDUCED APOPTOSIS OF 
CULTURED CORTICAL NEURONS. O.Y.Hwang1*. Y.H.Bae2. I.Mook-Jung2. 
J.Y.Koh2. ‘Dept. Biochemistry and 2Dept. Neurology, Ulsan Univ.College o f Med., 
Seoul 138-040, Korea

Long-term administration o f estrogen may reduce the risk o f Alzheimer’s disease. 
Consistently, estrogen reduces ß amyloid neurotoxicity as well as oxidative neuronal 
injury in vitro. In the present study, the possibilities that the neuroprotective effect of 
estrogen is mediated by the estrogen receptor and that estrogen additionally protects 
against serum deprivation-induced neuronal apoptosis were examined in mouse 
cortical cultures.

Addition o f an active form o f estrogen, l7ß-estradiol, but not inactive forms such 
as 17α-estradiol and estrone, markedly attenuated both neuronal necrosis induced by 
24 h exposure to 100 µM FeCl2, and neuronal apoptosis induced by serum 
deprivation, in a dose dependent manner (1-30 µM). Further suggesting that the 
classical estrogen receptors mediated the protective effects, the specific estrogen 
antagonist ICI-182,780, at nM concentrations, reversed the protective effects o f l7ß- 
estradiol against iron-induced neuronal death.

These findings demonstrated that estrogen, at µM concentrations, has broad 
neuroprotective actions at both free radical-mediated necrosis and classical apoptosis 
in cortical cultures. Contrary to previous reports (Behl et al., Biochem. Biophy. Res. 
Commun., 1995), however, the neuroprotective action by l7ß-estradiol in cortical 
culture is probably mediated by the conventional estrogen receptors.

Supported by the Creative Research Initiatives from the Korean Ministry o f 
Science and Technology (JYK).

771.6
FAC1 EX PRESSIO N  AND FU N C T IO N  D U RIN G  NEUR1TE 
OU TG ROW TH AN D N EU R O D E G EN ER A TIO N  J. L. Rhodes. K. L. 
Jordan-Sciutto , and R. B ow ser,* Dept, o f  Pathology, Univ. o f  
Pittsburgh M edical Center, P ittsburgh, PA.

FAC1 is a novel, developm entally  regulated  D N A b in d in g  
protein that is expressed at high levels during  hum an brain  
developm ent and lower levels in adult brain. In neurons of the 
developing  brain both nuclei and the cy toplasm  contain FAC1 
protein, while in adult brain FAC1 is predom inan tly  located in 
neuronal nuclei. In A lzhe im er’s disease (AD ) there is an increase in 
FAC1 protein expression, and the d istribution  pattern recapitulates 
that o f the developing brain. S im ilar changes in FAC1 expression and 
d istribution are also observed during  lesion induced n eurona l 
regeneration in the rat brain. These results suggest that a m echanism  
is present which regulates FAC1 localization  during  neural 
developm ent and in response to injury. To further study this 
m echanism , PC 12 cells were used as an in vitro  m odel o f NGF 
induced neurite outgrow th. D uring N G F induced neurite outgrow th  
we observe a pattern o f FAC1 expression and distribution  sim ilar to 
that seen in brain developm ent. O ngoing  studies will determ ine: (1)
the function o f FAC1 during  neurite outgrow th  via antisense 
oligonucleotides; (2) the expression and function  o f FAC1 d u rin g  
be ta -A m yloid  (A ß) induced neurotoxicity  or oxidative stress o f PC 12 
cells. In addition, we are characterizing  FAC1 expression  in con tro l 
and AD brain by in situ  hybrid ization . Prelim inary  data indicates 
altered levels o f  FAC1 m RN A  in AD brain. W e are cu rren tly  
exam ining  cell types that express FAC1 and w hether these cells also 
contain pathologic m arkers for AD. NIH A G  13208; A lzh e im er’s 
A ssoc./Edw ard K Nesbitt Pilot Res Grant.

771.8
RAPIDLY INDUCED ESTROGEN NEUROPROTECTION IN SK-N- 
SH NEUROBLASTOMA CELLS. A.M. LeMaster*. and D M. Dorsa. 
Depts. o f Psychiatry and Pharmacology, Univ. o f Washington School of  
Medicine; Seattle, WA 98195.

Estrogen replacement therapy has been associated with a reduced 
relative risk of developing Alzheimer’s disease. In vitro studies have 
shown that estrogen protects neuronal cultures from multiple neurotoxic 
insults. Our laboratory has reported that 5 min pretreatment with l7ß- 
estradiol protects primary cortical cultures from glutamate toxicity, 
indicating that the neuroprotective effects o f estrogen can be rapidly 
induced in a fashion incompatible with the classical, genomic signaling 
effects o f estrogen. Estrogen has been shown to influence other signal 
transduction pathways, including rapidly induced mitogen activated 
protein kinase (MAPK), which is documented to mediate the effects of 
nerve growth factor (NGF). MAPK activation appears to be important 
in estrogen neuroprotection o f primary cortical cultures from glutamate 
toxicity. Interestingly, MAPK activation also occurs in SK-N-SH cells 
following treatment with membrane impermeable l7ß-estradiol which 
is conjugated to bovine serum albumin (BSAE2). To further 
investigate membrane bound effects o f estrogen in these cells, an 
oxidative stress neurotoxicity model in SK-N-SH cells exposed to 
hydrogen peroxide was developed. Toxicity measured by LDH release 
was significantly reduced by a 5 min pretreatment with either l7ß- 
estradiol, BSAE2 or NGF, suggesting rapidly induced neuroprotection. 
Supported by NIDA T32 DA07278-04.

771.10
BRAIN LIPOPROTEIN-LIKE OXIDIZED LIPOSOMES INDUCE  
APOPTOTIC CELL D EATH  IN PR IM A R Y  C O R TIC A L  
NEURONS. B. Draczvnska-Lusiak*and A .Y. Sun. Department of 
Pharmacology, University o f Missouri, Columbia, MO 65212.

Several studies have suggested that oxidative stress may be 
involved in the pathogenesis o f Alzheimer's disease (AD). W e have 
recently demonstrated that oxidized plasma lipoproteins induced cell 
death in a dose-dependent manner in PC 12 cells. W e now examine 
whether liposomes prepared from brain lipids w ill induce cell death 
in primary neurons. The brain lipoprotein-like liposom es (BLLs) 
w ere prepared from total lipids extracted from rat cerebral 
hemispheres. The oxidized BLLs were obtained after dialysis of 
native BLLs exposed to Fe3+. The oxidized BLLs again caused  
neuronal cell death in a dose dependent manner as assessed by lactic 
acid dehydrogenase release and the MTT test method. Resveratrol, 
an antioxidant, show ed som e protection. The results strongly  
suggest that the oxidized lipoprotein in the brain may induce a 
cytotoxic effect on neuronal cells, causing ce ll death and plaque 
form ation in a manner sim ilar to foam  ce ll death during 
atherogenesis. Resveratrol may have beneficial value in preventing 
neurodegenerative diseases in general and Alzheim er’s disease in 
particular (Supported in part by the M issouri Alzheim er Research 
Program and the Research Board o f the Univ. o f  Missouri).
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771.11
FURTHER CHARACTERIZATION OF MITOCHONDRIAL CYTO
CHROME C RELEASE A N D INHIBITION BY BCL-2. A.N. Murphy1*, G. 
Wane2, and C.M. Richards2. *MitoKor, San Diego, CA 92121; ¾>ept. o f  
Biochemistry and Molecular Biology, The George Washington University 
Medical Center, Washington, D.C. 20037.

The release o f mitochondrial intermembrane space cytochrome c to the 
cytoplasm is a critical process in caspase activation, yet the mechanism(s) by 
which release occurs in various forms o f apoptosis remain uncharacterized. 
Whether osmotic stress to mitochondria and resulting loss o f outer membrane 
integrity (potentially resulting from the mitochondrial membrane permeability 
transition and/or other signals) is the sole mechanism for cytochrome c release, 
and whether Bcl-2 exclusively functions to prevent osmotic-stress-induced 
release requires further analysis. This question was probed by stressing 
mitochondria in situ using digitonin-permeabilized GT1-7 hypothalamic tumor 
cells. Permeabilized cells were incubated in hypotonic KC1 medium under 
various conditions designed to manipulate electron transport and the membrane 
potential. The cells were then centrifuged and resulting supernatants were 
processed for cytochrome c release by immunoprecipitation using protein G 
sepharose beads. With glutamate and malate as oxidizable substrates, Bcl-2 was 
found to inhibit mitochondrial cytochrome c release. Inhibition o f electron 
transport and membrane potential with rotenone and oligom ycin altered this 
pattern o f release. Further manipulation o f electron transport, and the 
protonmotive force with the protonophore FCCP, the potassium ionophore 
valinomycin, extramitochondrial ATP, or nigericin (to collapse the 
mitochondrial pH gradient) has yielded important clues to the requirements for 
Bcl-2 to prevent the release of apoptogenic cytochrome c. (Supported by NIH  
NS 34154 to ANM)

771.13

DOXORUBICIN-INDUCED NEUROTOXICITY IS ASSOCIATED WITH THE 
INDUCTION OF THE DNA MISMATCH REPAIR SYSTEM IN 
DIFFERENTIATED SH-SY5Y NEUROBLASTOMA CELLS M. Belloni *. D. 
Ubcrti, C. Rizzini and M. Memo Dept. Biomed. Sci. & Biotechnol., School of 
Medicine. University of Brescia, Brescia, Italy.

Damage to cellular DNA can result in the loss of genetic information and can 
lead to genomic instability , mutations and cell death. Cells are provided of multiple 
DNA damage repair systems, which differ in the type of damage they can repair as 
well as in the way they work. Systems directed to the repair of non-replicating DNA 
can be of great importance in neurons, since the long life of these cells. MSH2 and 
MSH6 are tw o proteins w hich are involved in the recognition and repair of a specific 
type of DNA damage that is characterized by pair mismatches. We investigated on 
the expression of these proteins in undifferentiated and retinoic acid-differentiated 
human neuroblastoma SH-SY5Y cell line by immuno-cytochemistry with specific 
antibodies. Nuclei from both undifferentiated and differentiated SH-SY5Y cells were 
found immunoreactive to MSH2 and MSH6 antibodies. After differentiation, cells 
stop dividing and changed morphology to acquire a neuron-like phenotype. In these 
conditions, both anti-MSH2 and anti-MSH6 immunoreactivities were still detectable, 
although showing less intensity. When these cells were exposed for 2 h to neurotoxic 
concentrations of doxorubicin they exhibited a marked and homogeneous increase of 
both anti-MSH2 and anti-MSH6 immunoreactivity . These changes were found dose- 
dependent and also detectable by Western blot analy sis.

Our data indicate that human post-mitotic, neuron-like cells express constitutively 
the molecular machinery devoted to recognize and repair DNA mismatches and that 
this system is specifically activated by experimental manouvers leading to cell death. 
These findings might help in clarifying the molecular mechanisms underlying 
various human neurological diseases which are associated with deficiency in DNA 
repair systems and/or high rate of DNA damage generation.

This work was partially supported by MURST.

771.15

BCL-2 INHIBITS NEURONAL CELL DEATH CAUSED BY OXIDATIVE 
STRESS VIA FACILITATION OF DNA REPAIR AND DECREASE OF 
NITROTYROSINE FORMATION. G. Deng*. J.H. Sυ. K. Ivins. C.W. Cotman. 
I n s t i l  f o r  B r a in  A g in g  a n d  D e m e n t ia ,  U n iv . o f  C a l i f .  I r v in e ,  I r v in e ,  C A  9 2 6 9 7  

Oxidative stress plays an important role in neurodegenerative disease. 
Understanding of mechanisms of oxidative stress-caused neuronal cell death and bcl- 
2 protection is critical for the prevention and treatment of neurodegenerative diseases 
such as Alzheimer's disease. Nitric oxide (NO) reacts with superoxide to form 
peroxynitrite which nitrates tyrosine o f protein and forms a stable marker: 
nitrotyrosine. We and others have reported that nitrotyrosine is upregulated in 
Alzheimer's brain and that the anti-apoptotic protein bcl-2 is also increased in 
Alzheimer's disease and significantly colocalized with neuronal DNA damage (Su, 
'94, '96 & '97). In this study, we have studied the effect of bcl-2 on oxidative stress 
induced damage and found that bcl-2 overexpression in PC 12 cells can inhibit NO 
donor (nitroprusside sodium)- and peroxynitrite-induced cell death determined by 
MTT and cell counts. NO donor also increases nitrotyrosine formation and this 
increase can be suppressed by Bcl-2. We have used extra-long quantitative PCR to 
amplify nuclear genomic DNA and mitochondria DNA to determine whether or not 
inhibition of cell death by bcl-2 is involved in DNA damage and repair in 
mitochondria and nuclei. Low concentrations of hydrogen peroxide and peroxynitrite 
cause significant and rapid nuclear and mitochondria DNA damage. Subsequently, 
cellular DNA begins to repair. However, mitochondria DNA is more extensively 
damaged than nuclear DNA over time course and dose response examined. Bcl-2 also 
was able to facilitate both nuclear and mitochondria DNA repair after hydrogen 
peroxide and peroxynitrite treatment. Our findings suggest that nitrotyrosine 
formation and DNA damage may play an important role in neuronal death caused by 
oxidative stress and bcl-2 may facilitate DNA repair and protect cells from damage 
due to oxidative stress.

771.12

M EASUREMENT OF MITOCHONDRIAL M EM BRANE POTENTIAL  
DURING APOPTOSIS IN A CELLULAR MODEL OF ALZHEIM ER’S 
DISEASE. M.E. Hanke*, R.E. Davis, J.A. Dvkens, and A, N, Murphy. 
MitoKor, San Diego, CA 92121.

The mitochondrial functional defect associated with Alzheim er’s disease 
(AD) can be recreated in a cellular system through the fusion o f p° SH -SY5Y  
neuroblastoma cells (lacking functional mitochondrial DNA) with the platelets 
of AD patients (which contain mitochondria). These cybrid cells demonstrate 
altered rates o f reactive oxygen species generation and altered susceptibility to 
apoptotic stimuli, including the Ca2+ ionophore, ionomycin (see abstract by J.A. 
Dykens, et al.). An assay in a 96-well format for mitochondrial membrane 
potential (Δψ) was developed using the styryl dye DASPM I to characterize the 
drop in Δψ  in response to apoptotic stimuli. When used at a non-toxic 
concentration that allows for plate reader detection, the pattern o f changes in 
DASPMI fluorescence following ionophore treatment was characterized by a 
biphasic response. This pattern was significantly different in the AD  cybrids 
than in control cybrids. The nature o f the initial change in fluorescence was 
probed using alternative methods to manipulate Δψ, including the proton 
ionophore FCCP, the K+ ionophore valinomycin, and nigericin (an agent that 
collapses ΔpH). The data suggest that the mitochondria o f A D  patients have an 
altered response to toxic levels o f intracellular Ca2+ that correlates with 
susceptibility to delayed cell death. As well, these results indicate that the 
behavior of fluorescent indicators o f  Δψ  must be fully characterized in response 
to graded mitochondrial depolarization in order to interpret resulting data. Such 
characterizations are critical to understanding the relationship between 
mitochondrial membrane potential, cytochrome c release, and apoptosis.

771.14
CHELATION OF INTRACELLULAR ZINC INDUCES PROTEIN SYNTHESIS- 
DEPENDENT NEURONAL APOPTOSIS IN CORTICAL CULTURES. Y.H. Ahn'r 
Y.H. Kim1. S.H. Hong1. I. Jou2*. J.Y. Koh3. ‘Dept. Molecular Biology, Seoul Natl. 
Univ., ¾ept. Pharmacology, Ajou Univ., ¾ept. Neurology, Ulsan Univ. Sch. Med., 
Seoul 138-040, Korea

Accumulation of zinc in neurons may contribute to neuronal death in certain 
pathological conditions. However, depletion o f cytoplasmic zinc also induces cell 
death in various non-neuronal cells. Since the latter condition may occur in 
Alzheimer’s disease (AD), we examined whether depletion o f intracellular zinc can 
directly induce neuronal death in mouse cortical cultures.

Exposure o f cortical cultures to a cell-permeant, high affinity zinc-chelator 
VVV',/V'-tetrakis(2-pyridylmethyl) ethylenediamine (TPEN, 0.5-3.0 µM) induced 
gradually developing neuronal degeneration accompanied by various features of 
apoptosis; cell body shrinkage, nuclear condensation and fragmentation, and 
intemucleosomal DNA breakage. TPEN-induced neuronal death was completely 
blocked by co-addition o f zinc. Addition o f a protein synthesis inhibitor 
cycloheximide as well as a caspase inhibitor zVAD-fmk markedly attenuated 
TPEN-induced neuronal death. On the other hand, brain-derived neurotrophic factor 
(BDNF), insulin-like growth factor (IGF)-1, phorbol 12-ιnyristate 13-acetate (PMA), 
high K+, or an antioxidant, trolox, did not show any protective effect.

The present results demonstrated that depletion o f intracellular zinc induces 
neuronal apoptosis in cortical cultures, likely by acting downstream to neurotrophic 
factor receptors or PKC, but upstream to new protein synthesis and caspases. 
Combined with the findings that zinc promotes ß-amyloid aggregation in the 
extracellular space, and that total tissue zinc may be reduced in AD, present results 
suggest a possibility that re-distribution o f zinc from intracellular to extracellular 
compartments may exert dual detrimental effects to neurons.
Supported by Creative Research Initiatives from the Korean Ministry o f Science and 
Technology (JYK).

771.16

INCREASED RESISTANCE TO OXIDATIVE INSULTS IN ALZHEIMER 
CELLS H. Zhang. L.C.H. Park. J.P, Wane. H, Thaler and G.E. G ibson* Cornell 
Univ. Med. Coll, at Burke Med. Res. Inst., W hite Plains, NY, 10605

Considerable ev id en ce suggests that oxidative stress is part o f  the 
neuropathology o f  A lzheim er’s D isease  (A D ). In the current studies, 
cultured fibroblasts were used to test whether an altered capacity to cope  
with oxidative stress is an inherent property o f  A D  ce lls . Fibroblast cell 
lines from  four individuals bearing the A D  Presenilin-1 2 4 6  A la  -► Glu  
mutation and from  three controls were com pared for their ability to 
withstand oxidative challenges. O xidative stress induced by deprivation o f  
g lu cose and other nutrients reduced the viability  o f  A D  fibroblasts much  
less (-6.2% ) than that o f  control cell lines (-48.3% ; p < 0 .0 2 ). T o test whether 
the increased resistence o f  A D  ce lls  to g lu cose and nutrient deprivation was  
due to an altered ability to handle oxidative stress, the production o f  RO S  
was determ ined in A D  and control lines under both basal con d ition s and 
after the addition o f  H 20 2. M easured ROS leve ls  in A D  fibroblasts were  
less than controls under basal condition  (-24.4% ; p < 0 .0 5 ). After H 20 2 

addition, the rate o f  ROS generation was 29% slow er in A D  than in control 
cells  (p<0.01). The lower basal ROS values and the increased ability o f  the 
A D  ce lls  to resist an oxidant challenge suggest that the A D  ce lls  have  
already been exp osed  to an oxidative stress (i.e ., the A D  ce lls  have greater 
inherent production o f  R O S) that induced their antioxidant capacity.

(Supported by NIH  Grant # A G 0 11921)
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771.17

Culture of autopsy-derived fibroblasts. A tool to study systemic alter
ations in human neurodegenerative disorders - Methodological 
studies. V. Meske, W. Röckl. F. Albert, and T.G.Ohm*lnstitute of Anatomy, 
Charité, Humboldt University, 10098 Berlin, Germany 

The study was undertaken in order to evaluate the possibility of using 
autopsy-derived human fibroblasts for correlative studies. This may help to 
investigate dynamic biochemical processes, the study of which is limited in 
autopsy brain. The advantage for clinical investigations would be to include 
fibroblasts from living patients, which are readily and repeatedly available, and 
- as for correlative analysis - from skin necropsies hours after death. We took 
skin specimen from several individuals at routine autopsy. In addition, post
mortem rat tissue was used for standarized methodological and technical 
studies. Our studies showed that skin fibroblasts can be cultured even with a 
pmd of more than 48 hours. The cultured cells displayed the shape of 
fibroblasts and typical staining characteristics (e.g with vimentin or fibronectin). 
The yield and survival curves of rat fibroblasts (pmd 0, 6 hours and 24 hours, 
respectively) are comparable to human fibroblasts. Although there is a 
considerable decrease in total numbers of fibroblasts (‘yield’), enough cells 
can be obtained for culturing even with a 24 hour pmd (e.g. 300.000 cells at 
death vs. 100.000 at 6 hours pmd and 10.000 at 24 hours pmd). A similar but 
not parallel course is seen when analysing the numbers of surviving and 
adhering cells. Autopsy-derived fibroblasts reacted typically upon e.g. 
bradykinin and bombesin stimulation. Growth characteristics were found 
constant enough to perform differential display PCR analysis. In sum, autopsy- 
derived fibroblasts seem to fulfill the necessary criteria for being a tool as 
outlined obove.
This work was supported by the DFG: SFB 507-C2, the Biomed ll-program, 
the Hertie-Stiftung, the Hirnliga and the Forschungskommission der Charité.

771.19

C Y T O C H R O M E -C  R E L E A SE  D U R IN G  APO PT O SIS  
M E A S U R E D  B Y  M A S S  SPE C T R O M E TR Y . A .K . Carroll. J,A . 
D v k en s and S .S . G h o sh * . M itokor, San D ie g o , C A  9 2 1 2 1 .

C ytochrom e-c release from  m itochondria is a crucial event in 
apoptosis, activating caspases that m ediate ce ll d isassem bly . This 
release has generally been m easured by western blotting o f  
cyto so lic  fractions, a technique that does not discrm inate betw een  
the hem e-contain ing and apo- form s o f  the protein. This can lead to 
potential overestim ation o f  cytochrom e-c release because w esterns  
a lso  report the apo m orph present in the cy to so l prior to being  
im ported into the m itochondria. A ccordingly , w e  used Surface- 
Enhanced Laser D esorption and Ionization (S E L D I)™  m ass 
spectrom etry to quantitate the holo- and apo- form s o f  cytochrom e-  
c in the cy toso l based on the 600 D a s ize  differential betw een  the 
tw o  due to the hem e. U sin g  an antibody that recogn izes both apo- 
and holo-cytochrom e-c , SE L D I m ass spec indicates that on ly  the 
hem e-containing form  is detected fo llow in g  apoptosis-inducing  
stim ulus. Com pared to age-m atched controls, cytochrom e-c release  
fo llo w in g  induction o f  apoptosis is greater in ce lls  containing  
m itochondria from  A lzheim er’s patients (see  also abstract by  
D yk en s et al.). L ike w esterns, SE L D I m ass spectrom etry benefits  
from the specificity  o f  antibody-protein interactions to im m obilize  
the protein under scrutiny onto a sam ple chip from  w h ich  it is 
desorbed via tunable laser. This technique offers sim plicity  o f  
preparation, fm olar sensitiv ity , and substantially reduced analysis 
tim e; cy to so lic  fractions are quantified in less than lhr.

771.18
CREATION AND CHARACTERIZATION OF CYBRID CELL LINES 
WITH DEFECTIVE CYTOCHROME c OXIDASE ACTIVITY FROM 
LATE-ONSET ALZHEIMER’S DISEASE, S. W. Miller1*. S. Glasco1. L  
Dvkens1. M. Meredith2 and R. E. Davis1 ^ itoK or, San Diego, CA 92121; 
¾chool of Dentistry, Oregon Health Science Center, Portland, OR 97201.

Transfer of cytoplasmic contents containing mitochondria from Alzheimer’s 
disease patient blood cells into cells without detectable levels of mtDNA 
creates a cytoplasmic hybrid cell (cybrid). After growth in culture for several 
weeks some of these cybrid cells display decreased activity of electron transport 
chain enzyme complexes consistent with the enzymatic activity of the donor 
cell. Expression of this biochemical defect in the nuclear background of SH- 
SY5Y neuroblastoma cells was associated with increased production of reactive 
oxygen species and excessive oxidation of cellular metabolites. Subclones of a 
subset of these cybrids cells were selected and assayed for electron transport 
chain function. In the subclones activities of electron transport chain enzyme 
complexes were found to largely reflect random-sampling of the population 
from which these are derived. Mean activities of the population were roughly 
equivalent to the mean activities of the subclones. These findings suggest that 
defects in mitochondrial CO activity can be transferred from AD donor blood 
into cells. This results in increased signs of oxidative stress. Altering the 
levels of Bcl-2 can modulate these deleterious consequences in Alzheimer’s 
disease cybrids.

771.20

H EAT S H O C K  F A C T O R -1 D N A  B IN D IN G  IN  S H -S Y 5 Y  CELLS 
FO L L O W IN G  T R E A T M E N T  W ITH  H 20 2. G .N . B iju^ and R .S . Jope . 
Dept, o f  Psychiatry and Behavioral N eu ro b io lo g y , U n iv . o f  Alabama at 
Birm ingham , Birm ingham , A L  3 5 294 .

H eat sh ock  factors (H SF ) bind heat sh ock  elem ents in resp onse to 
adverse conditions. H SF1 in particular has been sh ow n  to bind DNA  
during oxidative stress and has been  sh o w n  to induce the exp ression  o f  
cellular protective proteins such as heat shock  proteins. B ecau se  oxidative  
stress contributes to several neurological disorders, this study exam ined if 
oxid ative stress induced by H 20 2 activated H SF1 D N A  binding activity in 
hum an neuroblastom a S H -S Y 5 Y  ce lls . G el shift experim ents sh ow ed  that 
H SF1 D N A  binding w as activated b y H 20 2 and supershift analysis 
dem onstrated that H SF1 constituted the activated protein. Our 
experim ents a lso dem onstrated that H SF1 D N A  binding activity occurred 
in a tim e and H 20 2 concentration dependent manner. Further experim ents 
exam ined  the associated  expression  o f  heat sh ock  proteins (hsp7O, 9 0  and 
1 1 0 ), the regulatory e ffects o f  altering cellular kinase/phosphatase  
activities, and m odulation caused  by changing intracellular glutathione 
lev e ls . T h ese studies sh ow  for the first tim e that H SF1 is activated in 
neuronal ce lls  by oxid ative stress.

Supported by N IH  grant AG O 6569.
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772.2772.1

INCREASED NEURONAL CELL COUNTS IN MAO-B-DEFICIENT MOUSE 

BRAIN. Y. Liu.1 * J.C. Shih.2 J.K. Andersen.1 1 Ethel Percy Andrus Gerontology 
Ctr., Univ. of Southern California; ¾ ep t. of Molecular Pharmacology and 
Toxicology, Schl. of Pharmacy, Univ. of Southern California; Los Angeles. CA 
90089-0191.

Monoamine oxidase-B (MAO-B) is found predominantly in astrocytes, radial glia, 
and serotoninergic neurons. Previous studies using its specific irreversible inhibitor, 
deprenyl, indicate that MAO-B activity may cause the age-related loss of neurons as 
well as astrocytic proliferation in various regions of the brain. However, it is unclear 
whether the observed effects were contributable to the inhibition of MAO-B itself or 
rather to other deprenyl-related antioxidant effects. Recently, Grimsby et al (1997) 
reported that a gene-targeted inactivation of MAO-B in mice results in increased 
brain levels of ß-phenylethylamine (PEA) and reactivity to stress. In addition, 
mutant mice displayed an increased resistance to the neurodegenerative effects of 
MPTP, a toxin that induces a condition reminiscent of Parkinson's disease. Using 
this MAO-B deficient mouse model, we performed neuronal staining using cresyl 
violet and immunocytochemistry (ICC) using anti-CD-28K and anti-TH antibodies. 
We found that neuronal cell counts were significantly higher in the MAO-B- 
knockout (KO) brain than in corresponding wild-type (WT) mice at ages of both six 
and twenty weeks in those regions previous shown to be affected by deprenyl 
treatment. The greater difference in neuronal cell number in six-week old mice vs 
twenty-week old mice may reflect the higher metabolic rate during early brain 
development. The age-related increase in neuronal cell number in the cerebellar 
cortex of five-month old KO mice vs WT mice suggests that the cerebellar cortex is 
more vulnerable than other brain region to the effects of MAO-B metabolism during 
aging. We conclude that MAO-B activity may be contributable to neuronal cell loss 
associated with brain aging.
Supported by NIH R29AG12141

SEQUENCE ANALYSIS OF MITOCHONDRIAL TRNA GENES IN 
PARKINSON’S DISEASE. E.M. Grasbon-Frodl12. S. Kösel1. P. Mehraein1, M.B. 
Graeber2*. 'Molecular Neuropathology Laboratory, Institute of Neuropathology, 
Ludwig-Maximilians-University, D-80337 Munich; 2Molecular Neuropathology 
Laboratory, Dept, of Neuromorphology, Max-Planck-Institute of Neurobiology, D- 
82152 Martinsried.

Genetic factors are increasingly believed to play an important role in the 
multifactorial etiology of sporadic Parkinson’s disease (PD). In addition to mutations 
in nuclear genes, defects of mitochondrial (mt) DNA have been implicated in the 
etiology of the complex I deficiency observed in PD. Apart from 13 genes encoding 
respiratory chain enzymes, mt DNA encodes 22 tRNAs needed for mt protein 
biosynthesis. Mt tRNAs exhibit both structural and functional differences compared 
to their nuclear-encoded counterparts. An A to G transition at nucleotide position 
4336 in the mt tRNA(Gln) gene has been previously found to be associated with 
Alzheimer’s and Parkinson’s diseases. These findings prompted us to sequence all 
mt tRNA genes in 20 pathologically confirmed cases of idiopathic PD. Genomic 
DNA was extracted from the substantia nigra of frozen or formalin-fixed and 
paraffin-embedded brain tissue. Following amplification of all mitochondrial tRNA 
genes by PCR, amplification products were directly sequenced using an ABI 377 
DNA sequencer. In addition to five known sequence variants in the genes for 
tRNA(Asp), tRNA(Arg), tRNA(LeuCUN), tRNA(Thr) and the known A4336G 
mutation in the tRNA(Gln) gene, two new point mutations were detected within the 
genes for tRNA(Thr) and tRNA(Pro). Restriction enzyme digestion revealed absence 
of these newly found tRNA mutations in 97 and 103 control individuals and in 41 
and 50 Alzheimer’s disease cases, respectively. It is unclear at present whether these 
defects result in mt complex I dysfunction. The new mt tRNA sequence variants may 
increase disease susceptibility by interfering with mt protein synthesis.

German Research Foundation
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772.3
DIFFERENTIAL GENE EXPRESSION FOLLOWING QUINOLINIC ACID 
LESION. M. Buias Bobanovic1, E.M. Denovan-Wright1, R.W. Currie2* and H.A. 
Robertson1. Laboratory of Molecular Neurobiology, ‘Dept, of Pharmacology; 2Dept. 
of Anatomy and Neurobiology, Dalhousie Univ.; Halifax, Canada, B3H 4H7.

Quinolinic acid (QA) injury to the developing striatum has been used as a model 
for Parkinson's disease because it leads to neuronal death in the substantia nigra via 
apoptosis. In this study, 7 day old rat pups were subjected to unilateral intrastriatal 
injection of QA. All animals developed intermittent forced turning and tonic-clonic 
seizures of the forelimb contralateral to the QA-lesioned hemisphere. Cresyl violet 
staining 48 hrs post QA showed substantial cell loss in regions directly affected by 
QA (striatum, cerebral cortex, hippocampus) and distant nuclei, including mamillary 
nucleus and substantia nigra (SN). We examined the pattern of expression of the 
immediate-early gene (IEG) products c-fos, jun-b, fos-b and ngfi-a by in situ 
hybridization and found that the mRNA for each of these IEGs was transiently 
increased only on the lesioned hemisphere at 3, 4 and 6 hrs. We did not detect these 
mRNAs at 1, 12 or 24 hrs post QA injection. C-fos immunoreactivity was detected 3 
and 6 hrs after QA in the same regions that expressed c-fos mRNA. We also isolated 
total RNA from affected and unaffected SN 4, 8, and 12 hrs post-injection and used 
this material as the substrate for reverse-transcriptase differential display (DD) PCR 
reactions. Screening of app. 2500 cDNA fragments using 25 primer combinations 
revealed a reproducible 340 bp DD cDNA fragment, derived from the 4 hr post QA- 
lesioh, that has no nucleotide or amino acid similarity to previously described 
cDNAs. In situ hybridization using an oligonucleotide probe complementary to the 
putative 3 ’UTR of this novel mRNA showed that the message was increased in the 
SN of the QA-lesioned hemisphere. Currently, we are isolating a full-length cDNA 
of this transcript in order to determine the predicted amino acid sequence and to try 
to deduce the function of the protein.
Supported by The Parkinson Foundation of Canada and PDF.

772.5

NIC O TIN E-IND UCED CH ANGES IN  STRIATAL GLUTAMATE  
FOLLOWING A 6-OHDA LESION. C.K. M eshul*. T.S. Kav. and C. 
A llen . V.A. M edical C enter and Oregon H ealth  Scien ces U n iversity , 
Portland, OR. 97201.

We reported th at 1 m onth following a 6-OHDA lesion of the nigro- 
striatal tract, there is an increase in  g lutam atergic function as 
evidenced by a decrease in  th e d en sity  o f nerve term in al g lutam ate  
imm unogold lab elin g  and an increase in  th e basal extracellu lar level  
of g lutam ate w ith in  the dorsolateral striatu m  (M eshul et al 1998). Based  
on the observation th at nicotine counteracts the degenerative effects of a 
6-OHDA lesion (Janson et al 1988), we investigated  the effects of nico
tine on glutam atergic function w ith in  the striatum  1 m onth following a 
nigrostriatal lesion. In non-lesioned rats, 5 days o f n icotine treatm en t  
(0.4 mg/kg/d, sc) resu lted  in a sign ificant d ecrease in  th e basal 
extracellular level o f g lutam ate w ith in  th e dorsolateral striatum  (0.083  
±  .01 vs 0 .214 ±  .02 pmole/µl, p < .05) and a decrease in th e density of 
nerve term inal glutam ate im m unolabeling (103 ±  7 vs 129 + 8 # gold 
particles/µm 2, p < .05) compared to the sa lin e group. The area (µm 2) of 
the nerve term in als in the non-lesioned nicotine treated  group w as  
greater compared to the saline group (0.34 + .03 vs 0.26 ±  .02, p < .05). In 
6-OHDA lesioned  anim als, w ith in  the dorsom edial striatu m , th e usual 
decrease in  nerve term inal g lutam ate im m unolabeling (38 + 6 gold 
particles/µm 2) w as counteracted by 5 days o f n icotine treatm en t (56 ±  9), 
such th at th e density  of labeling w as now equivalent to th at of the sham  
saline treated group (59 + 7). T hese find ings suggest th at nicotine  
adm inistration resu lts in  a decrease in glutam atergic  function, which  
m ay help to counteract th e effects of a 6-OHDA lesion.

Supported by the Dept, o f V eterans Affairs, NIH /NIDA, Med. Res. Fnd  
of OR., and the S m okeless Tobacco Research Council.

772.7

TNFα REDUCES TYROSINE HYDROXYLASE IMMUNOREACTIVITY IN 
MESENCEPHALIC CULTURES. S.O. McGuire*. Z.D. Ling, E D. Potter, H.C. Robie.
C.W. Tong and P.M. Carvey Dept, of Phannacology and Neurological Sciences, Rush- 
Presbytcrian-St. Luke's Medical Center, Chicago, IL 60612.

Glial production of TNFα has been associated with the cascade of events leading to 
loss of nigral dopamine (DA) neurons in Parkinson's disease (PD). Thus, increased 
TNFα levels have been reported in both the brain and CSF of PD patients and TNFα- 
inimunoreactive glial were identified in PD but not control brains. In this report, 
primary cultures from E14.5 rat mesencephalon were used to evaluate the effect of 
TNFα on DA neurons and investigate possible mechanisms for TNFα action. Addition 
of TNFα to primary cultures dose-dependently reduced the number of cells 
immunoreactive for tyrosine hydroxylase (TH), a marker for DA synthesis. Processes 
on the remaining TH immunoreactive (THir) neurons in cultures exposed to TNFα 
were significantly shorter than those seen in control cultures and many THir cells had 
no processes at all. Exposure to TNFα also led to the translocation of NfKB from the 
cytoplasm to the nucleus although it has not been determined whether this indicates a 
toxic or a neuroprotective consequence of TNFα exposure. The TNFα-induced loss of 
THir cells appeared specific for DA neurons since the number of astrocytes and other 
neurons was not decreased. Interestingly, -25%  of THir cells were not affected by 
TNFα even at µM concentrations. This suggests that not all THir cells are TNFα 
sensitive. Condensed nuclei (Propidium Iodide nuclear stain) indicative of apoptosis 
were observed in many cells immunoreactive for TH within 8 hours of TNFα exposure. 
Co-incubation of cultures with increasing concentrations of reduced glutathione 
progressively attenuated THir cell loss. Inhibition of nitric oxide synthase similarly 
prevented the TNFα effect. Taken together, these data suggest that TNFα may be 
specifically toxic to a subpopulation of DA neurons. (This project is supported by a 
Biomedical Research Support Grant, Department of Neurological Sciences)

772.4
IDENTIFICATION OF DIFFERENTIALLY EXPRESSED GENES IN 
PARKINSON AND MOUSE EMBRYO SUBSTANTIA NIGRA: USE OF LASER 
CAPTURE MICRODISSECTION, THE MICROPUNCH PROCEDURE AND 
DIFFERENTIAL DISPLAY. A.T. Kallarakal. C. Tohda. F. Lau. J. Gillespie. 
L.C. Abbott and P.M , Jacobowitz*. Lab. Clin.Sci., NIMH, Bethesda, MD 20892

In an effort to identify differentially expressed genes in the substantia nigra 
which are relevant to neurodegeneration in Parkinson’s disease, we undertook a study 
utilizing laser capture microdissection and the micropunch technique to dissect this 
region. The E12 mouse embryo substantia nigra neuroepithelium, as well as 
postmortem normal and Parkinson’s disease substantia nigra compacta (SNC), were 
studied. In order to reveal gene expression patterns total RNA was isolated from 
microdissected (human brain) or laser captured tissue (mouse embryo). RT-PCR and 
differential display were performed with the total RNA samples. Differentially 
expressed bands were excised, amplified and sequenced. Comparison of the embryonic 
substantia nigra neuroepithelium with a control region without dopamine cells 
(tectum) revealed a differential expression of a CAG repeat cDNA. Mutations of CAG 
trinucleotide repeats are known to cause a variety of diseases with neurodegeneration. 
The expression of a guanine nucleotide exchange factor (GEF) was also found to be 
increased in the SNC of the Parkinson brain compared to an age-matched control. We 
also found several unknown cDNAs which were differentially expressed in the 
substantia nigra of the mouse embryo and Parkinson brain.

In future studies we will screen human substantia nigra libraries for the 
presence of CAG repeats and GEFs which will be sequenced in order to seek out a 
potential mutation. Such an abnormality may underlie a neurodegenerative insult in 
Parkinson’s disease. Also, in vivo and in vitro studies will be conducted in order to 
discern potential functions of the differentially expressed genes.
[Human brains were provided by the National Parkinson Foundation]

772.6

LOCALIZATION OF NICOTINIC RECEPTOR SUBUNIT mRNAs IN 
MONKEY BRAIN BY IN  SITU  HYBRIDIZATION. M. Ouik*. M. Jakowec.
Y. Polonskaya. A. Gillespie1. K.G. Llovd1 and J.W. Langston. The Parkinson’s 
Institute, Sunnyvale, CA and ’Sibia Neurosciences, LaJolla, CA.
Accumulating evidence suggests that nicotinic acetylcholine receptors (nAChRs) 

play a role in the function o f the basal ganglia both under physiological conditions 
and after nigrostriatal degeneration. These observations, together with findings 
which show a loss of brain nAChRs in Parkinson’s disease, suggest that selective 
nAChR agonists may have therapeutic potential in this disorder. Monkeys 
represent an excellent animal model for such studies since their neuroanatomical 
organization closely resembles that o f man and nigrostriatal degeneration leads to 
biochemical and behavioural deficits very reminiscent o f  Parkinson’s disease. 
Work was first done to investigate the distribution o f nAChR transcripts by in situ 
hybridization in control monkey brain sections containing substantia nigra (SN), 
hippocampus (H), thalamus (T), cortex (Cx) and lateral geniculate nucleus (LGN). 
Light to moderate α3 mRNA labelling was detected in the SN, H and Cx, while 
weak to strong labelling was obtained for the α4, α 7  and ß2 transcripts in the SN, 
H, Cx, LGN and other thalamic nuclei. The ß4 riboprobe displayed a moderate 
signal in the LGN, thalamic nuclei and Cx. The α 6  and ß3 mRNAs were localized 
to the SN and exhibited a strong intensity o f  labeling in the SN relative to other 
nAChR mRNAs. The present data demonstrate a predominant localization of 
nAChR subunit mRNAs encoding α 6  and ß3 in primate substantia nigra, 
supporting findings for the localization o f these mRNA transcripts in rodents. 
These observations suggest that nAChRs containing these subunits may modulate 
locomotor activity. Supported by the Parkinson’s Institute and Sibia Neurosciences.

772.8
STRIATAL-DERIVED NEUROTROPHIC ACTIVITY IS REDUCED IN THE 
AGED RAT BRAIN Z.D. L in g ^ T . J. Collier11. C.E. Sortwelf, B. Daley1’, J. W. Liptorf, 
T, Vub, H.C. Robica. and P.M. Carvey3-1'. Depts of Pharm.a and Neuro. Sciences'5, Rush 
Presbyterian St. Luke’ s Medical Center, Chicago, IL 60612 

Previous studies demonstrated that the survival of grafted fetal nigral cells was reduced 
in aged animals suggesting an age-related decline in target-derived neurotrophic activity. 
We tested this hypothesis in the present study and also examined the effects of 6- 
hydroxydopamine (6OHDA) lesioning on the striatal trophic activity. Fisher 344 rats were 
sacrificed at 4, 12, 18 and 23 months old (m.o.). Half the animals had received unilateral 
6OHDA lesions 8 weeks earlier. Striatal tissue punches were taken from each striatum and 
analyzed for dopamine (DA) and homovanillic acid (HVA) using HPLC. The remainder 
of the striatal tissue was homogenized to generate tissue extracts which were added (25%) 
to E14.5 mesencephalic cultures. Cultures were fixed and stained for tyrosine hydroxylase 
(TH) 72 hours later. The number of TH immunoreactive (THir) cells was used to assess DA 
neuron survival. In the unlesioned 18 and 23 m.o. animals, striatal DA levels were reduced 
by 50% and 47%, respectively, compared to the 4 m.o. animals. DA activity (e.g., 
[HVA]/[DAJ) in 18 and 23 m.o. animals was increased by 57% and 30%, respectively, 
relative to 4 m.o. animals. The striatal trophic activity of 18 and 23 m.o. animals was 
reduced by 15% and 35%, respectively, relative to 4 m.o. animals. In the lesioned animals, 
all striatal DA levels were undetectable in the ipsilateral striatum while striatal DA activity 
was increased most dramatically in contralateral side of youngest animals. The striatal 
trophic activity of the ipsilateral side was elevated by 50% relative to the contralateral side 
in 4 m.o. animals. However, no ipsi/contralatcral differences in striatal trophic activity 
were observed in the 18 and 23 m.o. groups. These data suggest that advancing age is 
associated with a reduction in striatal DA as well as trophic activity. Moreover, the aged 
striatum loses its ability to biochemically and trophically compensate for DA neuron loss 
and therefore is less capable of supporting a fetal graft than a young striatum. (Supported 
by NS33174)
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772.9
PE R IPH ER A LL Y  A D M IN ISTE R ED  TETR A H Y D R O B IO PT ER IN  
A C TIV A TE S IN VIVO  TR Y PT O P H A N  H Y D R O X Y L A SE  IN TH E  
ST R IA T U M  AFTER T R A N SP L A N T A T IO N  O F FETAL  
V E N T R A L  M E SE N C E PH A L O N  IN 6 -H Y D R O X Y D O PA M IN E  

L E SIO N E D  R A T S. Y. Ish id a1*. K. T od aka1. H. H ashiguchiL  Y. 
Ish izu k a1. T. Ikeda2. T. N ish im orì2 and Y. M itsuvam a1. *Dep. o f  
Psychiatry and 2 D iv . o f  B io lo g y , M iyazaki M edical C o llege , 5 2 0 0  
K ihara, K iyotake-cho, M iyazaki-gun, M iyazaki 8 8 9 -1 6 9 2 , Japan.

The intraperitoneal administration o f  6R -L -e ty th ro -5 ,6 J ,S -  
tetrahydrobiopterin (6 R -B H 4), a natural cofactor for tyrosine  
h yd roxylase and tryptophan hydroxylase (TR H ), dose-dependently  
increased the extracellular concentration o f  6 R -B H 4 itse lf in rat 
striatum. The concentration w as investigated by in v ivo  m icrodialysis 
and m easured sim ultan eou sly w ith 5-hydroxytryptophan (5 -H T P ), a 
precursor o f  serotonin, by high perform ance liquid chromatography  
w ith electrochem ical detection. The 6 R -B H 4 (50  m g /kg , i.p .; gift 
from  Suntory, Japan) administration increased the accumulation o f  5- 
H TP as an index o f  in v iv o  TRH activity under the inhibition o f  
aromatic L-am ino acid decarboxylase by N S D -1 0 1 5  in the striatum o f  
both normal control and 6 -hydroxydopam in e lesioned  rats w ith  
intrastriatal transplants o f  fetal ventral m esencephalon (VM ). The 
results su g g est that TRH in the striatum o f  both control and VM - 
grafted rats is activated b y 6 /? -B H 4 penetrating into the brain from  
the b lood. (Supported by a Grant-in-Aid for Scientific Research from  
the M inistry o f  E ducation, S c ien ce , Sports and Culture, Japan)

772.11

REGULATION OF GluR-1 GLUTAM ATE RECEPTOR SUBUNIT IN 
THE PRIM ATE BASAL GANGLIA FOLLOW ING NIGROSTRIATAL  
DOPAM INE DENERVATION. R. Betarbet*1 and J. T. Greenamvre12 \  
Department of Neurology1, Pharmacology2 and Yerkes Regional Primate Research 
C enter, Emory University, Atlanta, GA 30322.

Nigrostriatal dopaminergic denervation leads to complex changes in basal ganglia 
circuitry. The excitatory neurotransmitter, glutamate, mediates neural signaling in 
crucial points of this circuitry and glutamate receptors are differentially distributed in 
the basal ganglia. In this study we have analyzed the regulation of GluRl subunit of 
the glutamate receptor in the basal ganglia of primates following MPTP-treatment. 
Brains from 10 adult rhesus monkeys were examined; 3 monkeys received unilateral 
intracarotid infusions of MPTP, 3 monkeys received bilateral intramuscular injections 
of MPTP, and 4 monkeys served as controls. Two months to 2 years following MPTP 
treatment, the monkeys were anesthetized and perfused with 3 %  paraformaldehyde. The 
brains were sectioned and processed for tyrosine hydroxylase (TH) and GluRl 
immunocytochemistry (ICC). Sections were also double-labeled for TH and GluRl 
using ICC and immunoautoradiography respectively. MPTP caused profound ipsilateral 
loss of TH in the hemiparkinsonian monkeys and complete bilateral loss of TH in the 
monkeys that received intramuscular injections of MPTP. The dopamine denervation 
resulted in distinct alterations in GluRl distribution: 1) GluRl protein was markedly 
increased in caudate and putamen and was most pronounced in the striosomes. Increased 
GluRl in striatum corresponded to increased GluRl immunoreactive cells in the 
striosomes and increased immunoreactivity in the matrix; 2) GluRl protein was 
minimally altered in subthalamic nucleus; 3) Expression of GluRl was downregulated 
in globus pallidus and substantia nigra, the output nuclei of the basal ganglia, which 
receive glutamatergic input from an overactive subthalamic nucleus following striatal 
dopamine denervation. The decrease in GluRl protein was associated with few scattered 
G luR l-positive cells in globus pallidus. Our studies indicate that the glutamatergic 
system undergoes regulatory changes in response to altered basal ganglia circuitry 
following nigrostriatal dopamine denervation.
( S u p p o r t e d  b y  P H S  g r a n t s  A G  I 1 7 5 5  a n d  N S 3 3 7 7 9 )

772.13

MODULATORY EFFECT Ob' ZINC ON PO TASSIUM  CURRENTS 

IN SU B ST A N T IA  NIGRAL NEURONS. S ,Y , Chang and J.M. Chung*. 

Neurophysiology Imò., Dept, of Biology, Col. of Natural Sciences, 
Ewha Womans Uniυ.,' Seoul 120-750, Korea

In Pakinsonian brains, the level o f zinc ions (Zn) in substantia  

nigra (SN ) is known to be higher than in normal brains, su ggestin g  

that Zn may involve in develop ing Parkinson's d isease. H owever, the 

direct e ffect o f Zn on SN  neurons has not yet been elucidated. We, 

therefore, exam ined the direct effect o f Zn on the electrical properties 

of acutely isolated neurons from the SN area o f young rat (Sprague-  

D aw ley), using a w h o le-ce ll recording method. Zn not only shortened  

the durations o f sp ikes e licited  by current injections (0.05 nA; 80 m s), 

but also developed a fast afterhyperpolarization. A s a result, firing  

frequencies o f SN  neurons w ere increased by Zn. V oltage-clam p  

stu d ies revealed that Zn decreased a transient potassium  current 

(A -ty p e) and increased a slow ly  inactivating potassium  current. Here, 

w e thus su g g e st  that Zn m odify neuronal a ctiv ities o f SN neuron by 

m odulating potassium  currents.

772.10
THE PASSAGE OF 3-NITROTYROSINE THROUGH THE BLOOD-BRAIN 
BARRIER (BBB) STUDIED USING I N  V IV O  MICRODIALYSIS AND HPLC 
WITH COULOMETRIC ARRAY DETECTION. I.N. A cw orth12*, T.J. 
Maher2, P. Chaivakui2 and D.R. McCabe1. 1ESA, Inc., Chelmsford, MA 
01824; M assachusetts College of Pharmacy, Boston, MA 02115.

3-Nitrotyrosine (3NT) has been proposed as a marker indicative of 
reactive nitrogen species-induced oxidative stress and has been reported 
to be increased in diseased brain samples. However, 3NT can also be 
produced in the periphery. Therefore, it may possible that 3NT measured 
in the brain can be of peripheral origin. To study this hypothesis, we 
coupled striatal in v ivo  microdialysis sampling to a novel HPLC-based 
coulometric array method. The passage of peripherally administered 3NT 
through the BBB can readily be measured w ith  this method. Peripheral 
3NT administration (10 mg/kg) significantly increased striatal 3NT ECF 
levels but only when administered intravenously ( i .v. ) ) intraperitoneal (i.p.) 
administration was w ithout effect. To test if 3NT was carried through the 
BBB on the large neutral amino acid (LNAA) transporter, valine was co
administered (400 mg/kg, i .p.) .  We found that valine reduced striatal 3NT 
ECF levels. Finally, we investigated the promotion of 3NT formation in the 
brain by peripheral administration of S-nitroso-N-acetyl-penicillamine 
(SNAP) (840 µg/kg, i .v . ) ,  an accepted NO producing drug. SNAP was 
found to have no effect on striatal 3NT levels.

772.12
TIME COURSE OF PROGRESSIVE AND PARTIAL DEGENERATION OF 
NIGROSTRIATAL DA PATHWAY AFTER INTRANIGRAL INJECTION OF 
6-HYDROXYDOP AMINE (6-OHDA). S.Luche. M. Mansour. C. Fcuerstcin and 
M. Savasta*. INSERM-LAPSEN U.318, Pavilion de Neurologie, CHU de Grenoble, 
BP 217, 38043 Grenoble cedex 9, France.

Parkinson’s disease is characterized by progressive degeneration of the nigrostriatal 
dopamine (DA) pathway that is protacted over several years. Symptoms typically do 
not appear until at least 50-60 % of the nigral DA neurons population is lost. The 
progressive nature of this degenerative process provides opportunities for therapeutic 
interventions which may halt the progressive DA cell loss and thus prevent an early 
diagnosed disease from getting worse. Thus partial lesion models of the nigrostriatal 
DA pathway reproducing the presymptomatic situation of Parkinsonian patients are 
interesting to develop. In the animal model used here, only lateral DA neurons of the 
substantia nigra pars compacta (SNc) are destroyed by unilateral stereotaxic injection 
of 6-OHDA. The anterograde degenerative process observed in such a model is 
similar to that observed in Parkinson’s disease in humans.The remaining striatal DA 
terminals as visualized with the labelling of DA uptake sites with 3H-GBR 12935 (or 
Tyrosine Hydroxylase immunolabelling) were quantified and correlated at each post 
lesion delay studied (9h, l8h, 36h, 2d, 6d, l4d, 2 Id, 3Od, 6Od and 9Od) with the 
remaining DA neurons in the SNc. The loss of nigral DA neurons became 
significantly detectable 2 days after lesion resulting to a lower but observable 
disappearance of DA striatal terminals. The time course decrease of number of nigral 
DA neurons was progressive until 6 days post-lesion where it reached its maximun (- 
50%) and remained stable up to the latest delay studied (90 days). The disappearance 
of DA terminals was paralleled with the DA cells loss. The denervated area spread out 
over 30-35% of the total striatal surface and was preferentially restricted to the 
dorsolateral part of the striatum. These results suggest that 6-OHDA-induced 
denervation of the lateral part of the SNc provide a good partial lesion model 
(resembling early stages of Parkinson’s disease) to study cell rescue, regeneration and 
metabolic changes of the DA ascending pathway. (Supported by INSERM U.318 and 
Région Rhône-Alp>es, France)

772.14

G L U T A M A T E  A N D  N M D A  R E C E PTO R  D O  N O T  IN V O L V E D  IN  
M P P +  IN D U C E D  D O P A M IN E  R E L E A S E  IN  T H E  S T R IA T U M  OF  
C 5 7 B L /6  M ICE. T. U e z o n o 1. K. M atsub ara2 . H. E to 1. K. O n c A *.
K. C h iba2  and K. Ki m ural D epts. o f  1 L ega l M ed. and 3 A n atom y II, 
Shim ane M ed. U n iv ., Izum o 6 9 3 - 8 5 0 i,  ^D ept. o f  H osp ita l Pharm. & 
Pharm acol., A sahikaw a M ed. C oll., A sah ik aw a 0 7 8 -8 5 1 0 , Jé’pan

T he link  b etw een  dopam ine (D A ) and g lutam ate (G lu ) re lease  has 
been  argued in M PP+  toxicity . T o clarify this issu e, w e  determ in ed D A  
and G lu lev e ls  in striatal d ia lysates o f  aw ake C 5 7 B L /6  m ice. T he m ice  
w ere perfused w ith  M PP+  at relatively low er concentration (1 0  and 100  
µM ) through a m icrod ia lysis  probe. T he 6 0  m in -p erfu sion  o f  10 and  
100 µM  M PP+ strikingly increased  D A  lev e ls  to  3 0 - and 1 0 0 -fo ld  o f  
basal valu e, resp ec tiv e ly , but did  not a ffect G lu  re lease . T h e M P P +  
(1 0 0  µM ) induced  D A  release w as not attenuated b y the co -p erfu sio n  
w ith  N M D A  receptor antagonist, (+ )-M K -8 0 1  (1 0 0  µ M ) or (± )-A P -7  
(2 0 0  µ M ). (+ )-M K -801  is  reported as a p o ss ib le  uptake in h ib itor o f  
M P P +  at d o p a m in e  tran sp orter s ite s .  H o w e v e r , b o th  N M D A  
antagonists did not change M PP+ am ount in the ipsilateral striatum after 
6 0  m in-perfu sion  o f  M PP+  fo llo w e d  b y  3 h -w a sh in g  w ith  the Ringer's  
so lu tion . The ex ten t o f  D A  release o n ly  d ep en d ed  on  the am ount o f  
M PP+  uptaken into the c e lls . T h ese  resu lts ind icated  that G lu d o es  not 
in vo lve  in M PP+  toxicity  and M PP+  ev o k ed  D A  release is  not regulated  
by the N M D A  receptor in the m ouse striatum.
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772.15

C-JUN EXPRESSION IN LYMPHOCYTES OF PARKINSON‘S 

PATIENTS. Shiouh-Yi Chen1*. Chung-Hsiang Liu2. Pai-Yi Chiu2 and 

Chene-Chun Lee2. ’Dept, of Medical Research, 2Dept. of Neurology, China 

Medical College Hospital, Taichung, Taiwan.
The present study was to examine the expression of immediate early 

genes such as c-fos and c-jun in the lymphocytes of Parkinson‘s patients 
following D2 agonist pergolide treatment. The venous blood were drawn at 0, 
2, 4, 6 and 24 hours following pergolide administration. Total RNA was 

extracted from lymphocytes and subjected to reversed transcription followed 

by polymerase chain reaction (RT-PCR) procedures The pnmers 
corresponding to human c-jun and G3PDH, the internal control, were added 

to the reaction mixtures. Our preliminary data showed that c-jun expression 

was 50% increased in 2 hour following pergolide administration and returned 

to baseline at 4-hour time point. The amount of total RNA was also markedly 

increased within 2 hour. However, unlike c-jun expression, the amount of 
total RNA was further increased at 4- and 6-hr time point and was returned to 

baseline at 24-hour time point. We are currently investigating if c-jun 

expression in lymphocytes of Parkinson4s patient is different from those of 

healthy individuals. Supported by China Medical College Hospital, Taiwan.

772.17

EARLY COGNITIVE DECLINE IN THE ABSENCE OF CLASSICAL 
PARKINSONIAN FEATURES AFTER PARTIAL DOPAMINE LESION.
D.D. Song1* and S.N. Haber ' ,2. Depts. of Neurology1 and Neurobiology and 
Anatomy2, Univ. of Rochester Medical Center, Rochester, N.Y., 14642.

There is increasing evidence for subtle cognitive and behavioral changes early in the 
development of Parkinson’s Disease (PD). Cognitive deficits in MPTP monkey 
models have been detected even prior to classical motor features of PD. This study 
investigated the earliest detectable behavioral, cognitive or motor deficits in a monkey 
model of early PD using the computerized CANTAB battery (CENES, Cambridge,
U.K.) and two measures of motor function.

Baseline data was collected on two monkeys (M. nemistrina) on the attentional set 
shifting battery of CANTAB (equivalent to the Wisconsin Card Sort Test), gross home 
cage activity levels, and on a nine well raisin retrieval task. MPTP treatment was 
given 0. l5mg/kg (i.v.) twice the first week and weekly thereafter. Home cage activity 
was monitored continuously by infrared movement detectors. Assessments were made 
in on the nine well raisin retrieval task daily and on CANTAB weekly.

No clinical signs of parkinsonism have been detected after 6 weeks of MPTP 
treatment. However, small but significant decreases in gross daytime activity, time to 
onset of raisin retrieval, total time of raisin retrieval was observed (t-test, p<0.01) after 
one to two weeks of treatment. A significant decline in performance (# of errors) on 
the attentional set shifting component of CANTAB was not detected until week 6 (> 
baseline mean + 2 x S.D.). Changes in response time latencies were not consistently 
observed on CANTAB on control visual discrimination tasks nor on attentional set 
shifting, but increases in latencies were consistently detected with incorrect responses 
on the reversal test of perseveration on CANTAB.

The lack of consistent prolongation of response latencies on CANTAB suggest an 
early selective delay in decision making/initiation of behavior as a consequence of 
MPTP rather than gross motor slowing causing the behavioral changes observed. Our 
preliminary data indicate that cognitive and behavioral changes can be reliably detected 
as a consequence of partial dopamine lesion prior to classical motor signs of 
parkinsonism. Supported by the National Parkinson Foundation and the Lucille P. 
Markey Charitable Trust.

772.19

A MICRODIALYSIS STUDY OF EVOKED DOPAMINE RELEASE AND RE
UPTAKE BLOCKADE IN THE AS/AGU RAT JM Campbell*. G Favor. D 
Russell, NK Bennett. TW Stone. RW Davies, RG Sutcliffe. DP Gilmore and AP 
Payne. Institute of Biomedical and Life Sciences, Glasgow University, UK.

The AS/AGU rat is a spontaneous mutation from Albino Swiss (AS) stock with 
an ungainly staggering gait, hindlimb rigidity, whole body tremor and difficulty in 
initiating movement. Recently, microdialysis has shown reduced extracellular DA 
levels but elevated DOPAC and HVA in AS/AGU rats compared to AS controls 
(Campbell et al. +1997). This may suggest deficits associated with DA release. To 
examine this, we used pharmacological agents to evoke release of dopamine via 
storage vesicles (amphetamine i.p 5mg/kg) or membrane channels (intrastriatal 100 
micromolar potassium) and measured DA and it's metabolites in dorsal striatal 
extracellular fluid by microdialysis in conscious, freely moving animals. In addition, 
nomifensine (i.p. 25mg/kg) was administered in a separate series of experiments to 
block the re-uptake of DA into nerve terminals. Amphetamine evoked DA release 
very quickly in both AS/AGU (n=6) and AS (n=5) rats. Although peak levels of DA 
in AS/AGU rats were far less than that in AS rats, dopamine release was increased 
nine-fold in AS/AGU rats compared to three-fold in the AS controls. Extracellular 
Dopac and HVA levels decreased in the AS group while Dopac levels doubled in 
AS/AGU animals before returning to baseline levels; HVA levels were unchanged. 
Similar release patterns were observed for both groups (n=6) following intrastriatal 
potassium administration. This suggests that DA release mechanisms may be 
abnormal in the AS/AGU rat in the absence of DA releasing stimuli. Furthermore, 
when the re-uptake of dopamine was blocked by nomifensine administration, 
extracellular dopamine was found to be approximately eight times higher than basal 
levels in AS rats (n=6), but only three times higher in the AS/AGU group (n=6). 
This would support the notion that the agu gene interferes with DA release rather 
than affecting re-uptake mechanisms. This work was supported by the Medical 
Research Council and the Parkinson's Disease Society

772.16
A DYNAM IC STUDY OF THE EVOLUTION OF THE  
MULTIUNIT ACTIVITY OF THE BASAL GANGLIA IN  
EXPERIM ENTAL PA R K IN SO N ISM  C. Imbert*. E. Bezaid. T. Boraud,
B. Bioulac, and C.E. Gross. Basal Gang, CNRS UMR 5543, Université de 
Bordeaux II, 33076 Bordeaux France

The electrophysiological activity o f  the basal ganglia network 
has been well docum ented for the normal and full parkinsonian states, 
but not for the long intermediate stages which characterize this 
pathology. To com e closer to the real conditions o f  Parkinson's 
disease, we have recently developed a dynam ic MPTP m onkey m odel 
and have now used this to  study the electrophysiological changes  
occuring over tim e in the globus pallidus pars externalis (GPe), the 
globus pallidus pars intem alis (GPi) and the subthalamic nucleus  
(STN).

The two m onkeys in our study becam e parkinsonian from  
D 14.5±0.5 . However, already from D 12 onwards, before the first 
appearance o f clinical signs, although GPe activity remained  
unchanges, both STN and GPi activity increased. From D 14.5, a clear 
correlation could be observed between the increase in STN and GPi 
activity and a degradation o f motor performance as measured on a 
behavioural rating scale.

These results confirm  the lack o f influence o f the GPe on STN  
activity through the indirect pathway. They particularly underline the 
progressive augmentation o f both STN and GPi activity in the course 
o f parkinsonism and the parallel revelation and aggravation o f m otor 
disorders. Since the increase in electrophysiological activity precedes 
the first clinical signs manifestations o f the disease, it would seem m ore 
than likely that previously described glutamatergic com pensatory  
m echanisms which mask the disease are mediated by the STN.

-Supported by IFR and M ESR grant-

772.18

INCREASED MOTOR PROGRAMMING LOAD REDUCES 
MOVEMENT AMPLITUDE IN PARKINSONIAN PATIENTS
A. W. A. Van Gemmert*. H.-L. Teulines. and G. E. Stelmach. Motor 
Control Laboratory, Arizona State University, Tempe, AZ 85287-0404, 
USA.

Many Parkinson’s disease (PD) patients show micrographia during 
extensive handwriting. We hypothesized that micrographia is associated 
with the number of words in sentences of handwriting. Seven PD patients 
and five elderly controls performed handwriting phrases of various 
numbers of words on a PC-controlled digitizer tablet. Each phrase 
contained two experimental patterns of four loops (cursive ‘1111’). The 
experimental patterns were segmented in up and down strokes, and vertical 
size and duration per stroke were estimated. The results showed that PD 
patients monotonously reduced stroke sizes with increasing number of 
words per phrase, whereas the elderly showed no change of stroke size 
(F(3, 30) = 5.05, p < 0.01). Furthermore, the PD patients did not reduce 
stroke duration of the Tlll’-pattem towards the end of long phrases as much 
as the elderly reduced their stroke durations {F\3, 30) = 9.38, p < 0.001). 
The results implied that increasing the number of words caused reduced 
stroke sizes in PD patients, whereas their stroke duration remained 
unaffected. This finding suggests that micrographia may be associated with 
motor programming load.
This research is supported by NINDS NS 33173.
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773.1

CO-ADMINISTRATION OF 1,25-DIHYDROXYVITAM IN D3 A N D  
RETINOIC ACID ATTENUATES CORTICAL INFARCTION INDUCED  
BY M IDDLE CEREBRAL ARTERIAL LIGATION. Y. W ane* .2 S.Z. Lin. 1 

Y.H. Chiang , 1 and B.J. Hoffer~ 'Dept, o f  Pharmacology and Neurosurgery, 
National Defense Medical Center, Taipei, Taiwan; 2Cellular N eurobiology 
Section/Branch, IRP, NIDA/NIH, Baltimore, M D 21224

We have previously reported that intracerebral administration o f  glial cell 
line derived neurotrophic factor diminishes middle cerebral arterial (M CA) 
ligation-induced cortical infarction in rats. Recent studies have indicated that 
administration o f  1,25-dihydroxyvitamin D3 (l,25 [O H ]2D3) with retinoic acid 
enhances GDNF mRNA expression in vitro. The purpose o f  this study was to 
investigate if  co-administration o f  l,25(O H )2D 3 and retinoic acid protects 
against ischem ic brain injury. Adult male Sprague-Dawley rats were 
chronically injected with l,25(O H )2D3 for 3 days. Animals were later 
anesthetized with chloral hydrate. Low doses o f  retinoic acid were given 
intracerebroventricularly and directly to the cortex, adjacent to the MCA. 
Right MCA was temporarily ligated with 10-0  suture for 90 minutes. Animals 
were sacrificed for triphenyltetrazolium chloride staining 24 hours after 
reperfusion. We found that pretreatment with l,25(O H )2D3 or with retinoic 
acid alone did not attenuate the injury'. Co-administration o f  these two 
compounds, however, greatly reduced the extent o f  brain infarction. In 
conclusion, our data suggest that co-administration o f  1,25(O H)2D3 and 
retinoic acid diminishes against ischemia- induced brain damage, possibly  
through the upregulation o f  neurotrophic factors. (Supported by the Intramural 
Research Program, NIDA/NIH)

773.2
TRANSPLANTATION OF FETAL KIDNEY TISSUE REDUCES INFARCTION 
VOLUME OF CEREBRAL CORTEX IN ADULT RATS Y.H. Chiang*.1 
S.Z. L in.1 B.J. H offer and Y. Wang2 ‘Dept. Neurosurgery/Pharmacology, National 
Defense Medical Center, Taipei, Taiwan; 2IRP, NIDA/NIH, Baltimore, MD 21224 

It has been shown that neurotrophic factors have both regenerative and protective 
actions on neurons in vivo and in vitro. We and others recently reported that 
intracerebral administration of glial cell line derived neurotrophic factor (GDNF) 
protects against ischemia-induced injury in the cerebral cortex of adult rats. Since 
fetal kidney tissues contain a number o f trophic factors such as GDNF, neurturin, 
transforming growth factor ß, and OP-1, it is possible that transplantation of fetal 
kidney tissue could protect brain against ischemia-induced injury by providing these 
trophic factors. Kidneys from rat embyros, at gestational day of 16, or from adult rats, 
were dissected and cut into small pieces. Adult male Sprague-Dawley rats were 
anesthetized with chloral hydrate. Kidney tissues were transplanted into 3 cortical 
areas adjacent to the right middle cerebral artery. Thirty minutes after transplantation, 
the right MCA was ligated with a 10-0 suture and both common carotid arteries were 
occluded with non-traumatic arterial clips for 90 min. Twenty-four hours after 
reperfusion, animals were anesthetized with urethane and perfused intracardially with 
saline. Brain tissue was removed, sliced, incubated with 2% triphenyltetrazolium 
chloride for 30 min, and then transferred into 5% formaldehyde solution for fixation. 
The volume of cortical infarction was measured in each slice and summed using 
computerized planimetry. We found that transplantation of either adult kidney tissue 
or injection of vehicle did not reduce the infarction volume of the cerebral cortex. On 
the other hand, animals which received fetal kidney transplant showed a significant 
reduction of infarction volume. Taken together, our data show that fetal kidney 
transplantation reduces ischemia-induced injury in the cerebral cortex. We suggest a 
release of trophic factors may be involved since adult kidney tissues contain much 
smaller amounts of these factors. (Supported by the National Science Council, Taiwan 
and Intramural Research Program, NIDA/NIH)

773.3

RELATIONSHIP BETWEEN THE NUM BER OF EPISODES OF 
CORTICAL SPREADING DEPRESSION A ND  mRNA LEVELS FOR 
NEUROPROTECTIVE PROTEINS IN RAT BRAIN. Y.M. Rangel*. 
V.A. Harris. M.E. Duvall. K. Karikó. F.A. W elsh . Department of 
Neurosurgery, University o f Pennsylvania, Philadelphia, PA 19104.

Previous studies have demonstrated that cortical spreading 
depression (CSD) induces neuronal tolerance to a subsequent episode of 
ischemia. CSD increases the expresssion of c-fos and brain-derived 
neurotrophic factor (BDNF). The objective of the present study was to 
determine the relationship between the number o f episodes of CSD and 
mRNA levels for c-fos, BDNF, and the 72-kDa heat shock protein 
(hsp72). Wistar rats were anesthetized with halothane/N2O, and CSD  
was evoked in one hemisphere by applying 2 M KC1 to the intact dura 
over the frontal cortex. After 1, 5, or 25 episodes of CSD, animals were 
permitted to recover for 30 min, 2 hr, or 24 hr (n=4 per group). RNA 
was isolated from the parietal cortex of each hemisphere, and levels of 
c-fos, BDNF, and hsp72 mRNA were measured using Northern blot 
analysis. At 30 min recovery, c-fos mRNA levels increased to a similar 
extent (6-7 fold) after 1 ,5 , and 25 episodes of CSD. By contrast, BDNF 
mRNA levels increased progressively with increasing number of CSDs 
at this time. The level o f hsp72 mRNA was signficantly increased (3- 
fold) only after 25 episodes o f CSD. At 2 hr recovery, the level o f c-fos 
mRNA remained elevated to a similar extent in each of the groups, but 
was lower than that at 30 min recovery. By contrast, BDNF mRNA  
levels at 2 hr recovery were higher than those at 30 min after 1 and 5 
episodes of CSD, and remained high after 25 CSDs. The results 
demonstrate a dose-repsonse relationship between the number of 
episodes of CSD and levels of mRNA for BDNF, but not c-fos.

Supported in part by NIH Grants NS-29331 and NS-08803.

773.4

AUTOMATED ASSAY OF FUNCTIONAL MOTOR RECOVERY DUE TO INTRA
CISTERN AL GROWTH FACTORS. N. Hogan*t. M.A. Lem avt. T.-M. Reni. R.K. 
Abu-Khalilt. M.F. Charette§. S.P. Finklesteini. tNewman Laboratory, Dept, of 
Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, MA 
02139, tCNS Growth Factor Research Laboratory, Dept, of Neurology, Massachusetts 
General Hospital, Boston, MA 02114, §Creative Biomolecules, Inc. Hopkinton, MA 
01748

Stroke is the leading cause of permanent disability in the United States. Neuro
preservation is the focus of much current stroke research but requires pharmacological 
therapy immediately following stroke to be effective and the window of opportunity can 
be extremely short, on the order of hours. Therapies that could influence the post-acute 
recovery phase could significantly affect a stroke patient’s functional recovery. 
Osteogenic protein one (OP-1) is a neurotrophic agent that has proved effective as a 
neuro-preservation therapy. It has also shown promise for facilitating and accelerating 
the recovery of function independent of its affect on infarct size.

Studying therapies that affect sensory-motor function is hampered by lack of precise, 
objective, measurement tools for quantitative assay of functional behavior. In this study 
we used a novel computer-controlled robot to apply controlled forces to a rat’s forepaw 
and continuously monitor the kinematics of limb motions. Mature male rats were 
trained to reach for food pellets held by the robot and their pre-lesion motor performance 
(time history of force and motion applied to the robot) was recorded. A unilateral focal 
cerebral infarct was induced by electro-coagulation of the middle cerebral artery. Subse
quently, half of the animals received OP-1 by intracisternal injection. Then, for a period 
of one month following surgery their forepaw reaching performance was measured by the 
robot.

Preliminary results clearly show that recovery of forepaw motor function is 
substantially greater and faster in rats receiving growth factor. Furthermore, as these 
results are based solely on robot-acquired data, they suggest that automated assay of 
functional consequences of pharmacological agents may now be feasible.

Support: MIT Center for Biomedical Engineering, Creative Biomolecules, Inc. and a 
Paralyzed Veterans of America Spinal Cord Research Foundation Fellowship to MAL.

773.5

TIME W INDOW  OF OSTEOGENIC PROTEIN-1 ENHANCEM ENT OF 
FUNCTIONAL RECOVERY FOLLOWING STROKE.

JingMei Ren1,2, Paul Kaplan3, Marc F Charette3 and Seth P Finklestein*12. 
CNS Cìrowth Factor Research Laboratory1, Department o f  Neurology, 
Massachusetts General Hospital and Harvard M edical School2, Boston, MA 
02114; and Creative BioM olecules3, Hopkinton, MA 01748

Osteogenic Protein-1 (O P-1, BM P-7) is a member o f  the bone 
morphogenetic protein subfamily o f  the TGF-ß superfamily that selectively  
stimulates dendritic outgrowth. In previous studies, we found that 
intracisternal injection o f OP-1 enhanced functional recovery following  
focal cerebral infarction in rats. In the current study, we tested the time 
window o f  this effect: 10 µg OP-1 or vehicle was injected intracisternally 
on days 1 and 3 , 3 and 5 or 7 and 9 follow ing focal cerebral infarction 
produced by permanent middle cerebral artery (M CA) occlusion. 
Neurological recovery was assessed by standard forelimb and hind limb 
placing tests for 1 month after stroke. We found markedly enhanced 
neurological recovery compared to vehicle when OP-1 was injected starting 
at 1 or 3 days, but not 7 days after infarction (p<0.05 by ANO V A). There 
was no difference in infarct volum e among groups. Enhancement o f  
functional recovery by intracisternal OP-1 may be due to stimulation o f  new 
dendritic sprouting and synapse formation in the intact uninjured brain.

Supported by NS 10828 and Creative BioM olecules, Inc.

773.6
NEUROTROPIN ATTENUATES HYPOXIA-INDUCED DEPOLARIZATION IN 
RAT HIPPOCAMPAL CA1 NEURONS. K. Fukuhara'2*, J. Konishf. H. Nishiio'. R. 
Tamura and T. Ono . Dept. Physiol., Fac. Med., Toyama Med. & Pharm. Univ., 
Toyama 930-0194. Japan; ‘Nippon Zoki Pharm. Co., Ltd., Hyogo 673-1461, Japan.

Patients suffering from neuropathy, such as diabetic neuropathy, reflex sympathetic 
dystrophy, post herpetic neuralgia and subacute m yelo-optico-neuropathy, often 
complain o f chronic pain (hyperalgesia, allodynia, causalgia and spontaneous pain) 
and/or dysesthesia (including numbness). It has been suggested that these symptoms 
can be ascribed, at least partially, to abnormal impulse generation and hyperexcitability 

in peripheral and central sensory systems. A non
protein extract isolated from inflamed rabbit skin 
inoculated with vaccinia virus (N eurotropin, 
NTP) has been used in Japan for the treatment of 
these syndrom es. To elucidate the inhibitory 
e ffec ts  o f NTP on abnorm al e x c itab ility  of 
neurons, we investigated the actions o f NTP on 
hypoxia- and ouabain-induced depolarization of 
CA1 pyramidal neurons using rat hippocampal 
slices. Although bath-applied NTP (O.O3-O.3NTP 
Unit/ml) did not affect membrane potentials of 
pyramidal neurons under normoxic conditions. 
NTP ( • :  O.3NU/ml) significantly attenuated both 
hypoxia (less than 6OmmHg PO2)- and ouabain (5 
µM )-induced depolarization. The results suggest 
that NTP attenuates hyperexcitability in damaged 

neurons by partly activating the Na"-K pump, and consequently may relieve chronic 
pain syndromes and dysesthesia. Other possible NTP inhibitory' mechanism will be 
discussed.
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773.7

MICROVASCULAR EXPRESSION OF VASCULAR ENDOTHELIAL 
GROWTH FACTOR AND INTEGRIN a ß ,  IN FOCAL CEREBRAL 
ISCHEMIA.
T, Abumiya7J. Lucero, J,H. Heo, M. Tagaya, J.A. KozioL B.R, Copeland, 
G,J. del Zopr>o . Dept of Molecular and Experimental Medicine, The Scripp<r 
Research institute, La Jolla, CA 92037.

Both vascular endothelial growth factor (VEGF) and integrin α vjß3 play roles 
in angiogenesis and in the suppression of cell death pathways on endothelial 
cells. The aim of this study was to investigate the relationship between VEGF 
and integrin a ß λ expression in the initial response of microvessels to focal 
brain ischemia. We examined their protein and mRNA expression in 
microvessels of the basal ganglia following middle cerebral artery occlusion 
(MCA.O) in the non-human primate model. Cells incorporating dUTP 
(dUTP4) with polymerase I reaction at 1 hour (n = 3), 2 hours (n =  3), and 7 
days (n = 4) M CA:0 defined the ischemic core (lc) and peripheral (Ip) regions. 
Both VEGF and integrin protein were expressed by 7.5-30.0 µm diameter 
microvessels in the Ic region at 1- and 2-hour MCA.O. These microvessels 
expressed PCNA abundantly, but were not dU TP+. At 7 days M CA:0 the 
number of VEGF4, α v/5y, and/or PCNA+ microvessels decreased and dUTP 
incorporation increased. The microvascular expression of VEGF, integrin a vß }, 
and PCNA were very highly correlated on common microvessels in hierarchical 
loglinear statistical models. VEGF and subunit a v mRNA transcripts were also 
expressed by the same noncapillary microvessels and colocalized in the Ic 
region at 2 hours M CA:0. These results indicate that 7.5-30.0 µm diameter 
microvessels are activated specifically during a focal ischemic insult and 
express VEGF and integrin together, which are lost by 7 days.

773.9

A COMPARATIVE ANALYSIS OF NEURONAL AND GLIAL EXPRESSION OF VASCULAR 

ENDOTHELIAL GROWTH FACTOR (VEGF) IN PRIMARY CULTURES. A.D. Sinor, S.M. Irvin, 

and D.A. Greenberg* Departments of Neurology and Neurobiology, University of Pittsburgh School 

of Medicine, Pittsburgh, PA 15213.

Angiogenesis occurs in the brain during development, tumor growth, and tissue 

transplantation, and may also be involved in the brain's response to hypoxia and ischemia. 

Experimental cerebral ischemia is associated with angiogenesis and with increased expression of 

VEGF messenger RNA (mRNA), VEGF protein, and VEGF receptors. To investigate the cellular 

origin of VEGF induced by cerebral hypoxia, we exposed astroglial (>95% GFAP immunoreactivity) 

or neuronal (92%±1 MAP2 immunoreactivity) cultures from cerebral cortex of postnatal rats (0-48hrs) 

or E17 rats, respectively, to 95% N2 and 5% C 02 for up to 24 h, and measured VEGF in cells and 

culture medium by ELISA. VEGF in glial culture medium increased with increasing durations of 

hypoxia exposure. Half-maximal elevation occurred at about 8 h and maximal, about 10-fold, 

elevation at 16-24 h. Intracellular VEGF levels increased as well, suggesting enhancement of both 

VEGF synthesis and release. VEGF protein was also expression in neuronal cultures. VEGF was 

localized to the cytoplasm by immunohistochemistry in both neuronal and glial cultures. Western 

blots showed a 44kD and 43kD band in nonreducing conditions in neuronal and glial cultures 

respectively. To determine the mechanism of VEGF induction, glial cultures were exposed for 24 h 

to Co2+ or desferrioxamine, which interact with heme proteins to mimic hypoxia. This resulted in 

increased VEGF levels in cells and medium. Glial cultures were also exposed to a variety of signaling 

molecules including nerve growth factor, methoxamine, angiotensin II, brain natriuretic peptide, 

bradykinin, [Arg8] vasopressin, clonidine and bethanechol for 24 h and no induction of VEGF was 

seen in cells or medium. These findings support a role for astroglia in the hypoxic induction of VEGF 

expression and release - and perhaps angiogenesis - in the ischemic brain.

(Supported in part by N1NDS)

773.11

VEGF UPREGULATION IN GLOBAL ISCHEMIA INDUCED 
BY CARDIAC ARREST AND RESUSCITATION IN RAT 
BRAIN. P, P ich iu le* , J,C, C h ávez. K .X u, S. D au gh erty , and J,C. 
L aM ann a. D epartm en ts o f  N eu ro lo g y  and A n atom y, C ase W estern  
R eserve U n iversity , S ch o o l o f  M ed ic in e , C leve lan d , O H  4 4 1 0 6 -4 9 3 8 ,  
U S A

In th is study w e  in vestigated  the e ffec t  o f  reversib le  total cerebral 
isch em ia  on  V E G F exp ressio n  in rat brain after cardiac arrest and 
resu scitation . V E G F protein  lev e ls  w ere m easured  b y w estern  blot 
a n alysis  in control brains and after 1, 2 4 , and 48  hours o f  recovery in 
cortex, h ip occam p u s and brainstem . Control brains exh ib ited  basal 
lev e ls  o f  V E G F expression . A fter on e  hour o f  recovery V E G F protein  
lev e ls  rem ained equal to the control in all reg ion s studied. H ow ever, 
after 24  hours V E G F lev e ls  w ere s ig n ifica n tly  in creased  by about 
tw o -fo ld  and rem ained e lev a ted  after 4 8  hours o f  recovery (n =5). The 
m ean increase w as about the sam e in  each  region . Im m u n ostain in g o f  
p o st-isch em ic  tissu es  revealed  V E G F  ex p ressio n  surrounding  
vascu lar elem en ts in t issu e  reg ion s that exh ib ited  pallor and tissu e  
necrosis. It is p o ssib le  that increased V E G F  ex p ressio n  contributes to 
blood-brain -barrier breakdow n and v a so g en ic  edem a. In reg ion s such  
as the brainstem , the resu ltin g ed em a cou ld  be resp on sib le  for 
cardiopulm onary failure lead in g  to death.
Funded by N IH  A w ard N S -3 7 1 11

773.8

EARLY VEGF INDUCED ANGIOGENESIS IS ASSOCIATED  
W ITH LATE SPO N TA N EO U S R E PE R FU SIO N  IN A 
REVERSIBLE PH OTOTHROM BOTIC STROKE M ODEL
W eiG a n g  G u * 1. T h o m a s  B ra n n strö m 2. A n d ers B erg h 2 and Per  
W ester1- D ept. M e d ic in e 1 and P ath o lo g y 2, U n iv . U m eå , S -901  87  
U m eå, Sw ed en

A  reversib le  p hotothrom botically  induced  "ring" stroke m od el 
has recen tly  b een  reported (G u and W ester , N e u r o sc i abs. 1996: 
5 6 0 .1 4 ). T o  further exp lore  the potentia l factors con trib u tin g  to the 
sp o n ta n eo u s rep erfu sion  and c o n co m ita n t t is su e  reco v ery  in the  
region -at-risk , the ex p ressio n  o f  vascu lar en d o th elia l grow th  factor  
(V E G F ) w a s ex a m in ed  in c o m b in a tio n  w ith  the p o st isc h e m ic  
an g io g en esis  as v isu a lized  by BrdU  incorporation into the en d oth elia l 
ce lls  o f  the m icro v esse ls  after stroke. Adult m ale W istar rats subjected  
to  strok e  w ere  tra n sca rd ia lly  p e r fu se d  w ith  F A M (V E G F ) or 
H istoch o ice  (BrdU ) at d ifferent tim es after c o n secu tiv e  i.p. in jections  
o f  BrdU. Paraffin em b ed ded  coronal brain sectio n s from  the ep icenter  
o f  the 'r in g ' les io n  w ere p rocessed  for im m u n o h isto ch em istry  w ith  
p o ly c lo n a l an ti-V E G F  or m o n o c lo n a l an ti-B rd U  an tib od y  by the  
standard A B C -p erox id ase m ethod. M ild  V E G F protein exp ression  w as  
o b served  in the ring les io n ed  reg ion  as early as 2 h after irradiation  
w h ereas m ost neurons in the reg ion -at-risk  w ere stron gly  sta in ed  at 
2 4 h  and then faded . M ic r o v e sse ls  lin ed  so le ly  b y  B rd U  p o s itiv e  
en d oth elia l c e lls  w ere iden tified  in the region-at-risk  4 8 h  after stroke  
in d u ctio n . T h ese  data stro n g ly  su b sta n tia te  the n o tio n  that the  
spontaneous late reperfusion in this stroke m od el is acco m p lish ed  by  
n eo v a scu la r iza tio n  as r ev ea led  m o r p h o lo g ic a lly  in the isc h e m ic  
penum bra. Further cla ss ifica tio n  o f  the V E G F  m R N A  ex p ressio n  w ill  
be presented.

773.10

POST-ISCHEMIC NEURONAL AND ENDOTHELIAL VEGF 
LEVELS AFTER LATE REPERFUSION IN RATS SUBJECTED 
TO MIDDLE CEREBRAL ARTERY OCCLUSION W ei J ia n g 1. 
W eiG ang G u 1. T h om as Brännström 2. A nders B ergh 2 and Per W ester*' 
D ept M e d ic in e 1 and P ath ology2, U n iv  U m eå, S -901 87 U m eå, S w ed en  

The vascu lar en d oth elia l grow th  factor (V E G F ) is in d u ced  in 
neurons and endothelia l c e lls  shortly after reperfusion in the settin g  ol 
brain isch em ia . V E G F m ay increase the vascu lar p erm eab ility  o f  the 
blood-brain  barrier and induce a n g iogen esis in brain after foca l cerebral 
isch em ia . T h is study a im ed  at ch aracter iz in g  the pattern o f  V E G F  
protein  in d u ction  after d ifferen t duration o f  m id d le  cereb ral artery 
o cc lu sio n  (M C A O ) and reperfusion. A d ult m ale S p ra g u e-D a w ley  rats 
w ere subjected to M C A O  by the m on ofilam en t techn iqu e. R eperfusion  
w as induced  at 2h, lOh or 24h  after M C A O  w h ereas on e  group had 
perm anent M C A O  (n=4 in each group). A ll anim als w ere decapitated at 
72h  after M C A O . Paraffin em b ed d ed  coronal brain sectio n s  from  the 
ep icenter o f  the les io n  w as p ro cessed  for im m u n oh istoch em istry  with  
p o ly c lo n a l a n ti-V E G F  an tib od y  b y the standard A B C -p e r o x id a se  
m ethod. A  w id esp read  neuronal and en d o th e lia l sta in in g  o f  VE G F  
protein w as seen  in the isch em ic  part o f  the cortex  in all groups o f  rats 
at 7 2 h  after M C A O . Stronger V E G F sta in ing in neurons w as observed  
at lOh than 2h reperfused rats and lesser  stained V E G F  in the 24 h  and 
non-reperfused groups. E ndothelial staining increased  w ith  the delay oí 
rep erfu sio n  w ith  the m a x im u m  V E G F  sta in in g  o b se r v ed  in the 
perm anent M C A O  group.

773.12

T R A N S S Y N A P T IC  N E U R O N A L  D A M A G E  A N D  PR O IN - 
FL A M M A T O R Y  C Y TO K IN ES.
P. Schm idt. M, Peters. W. Schm idt. M. Schw arz*. F. B lock . D ept, o f  
N eu ro logy  R W T H  Aachen, Pauw elsstr. 30, D -52O 57 A achen, 
Germany.

It is w ell know n that secondary transsynaptic neuronal dam age in 
the ipsilateral thalam us and substantia nigra d ev e lo p s fo llo w in g  
infarction in the territory o f  the m iddle cerebral artery T o  elu cidate  

the role o f  the proinflam matory cytok ines lL - lß  and T N F -α  w ith  
respect to  this secondary dam age w e  exam ined the tim e cou rse o f  the 
expression o f  these cytok ines and o f  the neuronal dam age fo llow in g  
transient occlusion  o f  the middle cerebral artery in m ale Sprague  
D aw ley  rats. The expression  o f  these cytok ines w a s observed  in the  
thalam us and substantia nigra on  day 1 , w h ich  further increased on  
day 3. On day 7 and 14 it decreased but w as still present. A ccord in g  
to  cellular shape these cytok ines appeared to  be localized  on  the  
surface o f  neurons. Neuronal degeneration started at day 7 and 
continued up to  day 14. T h ese data su ggest that the proinflam m atory  
cytok ines may be involved in the p athophysio logy o f  transsynaptic  
neuronal dam age fo llow in g focal cerebral ischem ia.
Supported by a grant from ST A R T -program  by M edical Faculty o f  
the R W T H  Aachen.
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773.13

NUCLEAR FACTOR-kB AFTER INTRACEREBRAL HEMORRHAGE IN 
RATS: J. Aronowski , S.L. Hickenbottom, R. Strong, L. Denner'f J.C. Grotta. 
Dept, of Neurology, University of Texas Medical School at Houston; 'Dept, of Cell 
Biology, Texas Biotechnology Corporation; Houston, TX 77030.

In response to primarily pathogenic stimuli that lead to degradation of inhibitory 
proteins (IκBs), activated NF-κB translocates from cytosol to the nucleus, binds to 
kB response elements and promotes transcription of many genes. Activation of 
NF-κB has been demonstrated in chronic inflammatory diseases and late stages of 
focal and global ischemia and may be associated with perpetuation o f the 
inflammatory response and with apoptotic cell death. Understanding NF-κB 
regulation in cerebrovascular diseases may help to delineate a mechanism of cell 
death after such insults. Intracerebral (striatal) hemorrhage (ICH) was induced by 
the double blood injection method. Animals were sacrificed 2 h, 8 h, 24 h and 4 
days after ICH and tissue samples were collected from the ipsilateral striatum (core) 
and ipsilateral cortex (periphery) as well as from homologous areas on the 
contralateral side. Quantitation o f the p65 subunit of NF-κB and lκBα was 
performed by immunoblot. Activation of NF-κB was demonstrated by 
electrophoretic mobility shift (EMSA) and by immunohistochemistry using an 
activation-specific anti-p65 antibody. DNA fragmentation was detected by 
TUNEL. There was no difference in NF-κB p65 protein concentration among any 
o f the 4 areas sampled from control animals and sacrificed animals 2 h, 6 h, 8 h or 
24 h after ICH. However, ipsilateral core samples taken from the 4 days group 
revealed a 1.8 to 2.5-fold increase in p65 immunoreactivity. No differences in 
lκBα were found in any group. Activation of NF-κB was demonstrated by EMSA 
in ICH core samples from the 8 h, 24 h, and 4 days groups, with a 1.3 to 3.4-fold 
increase as compared to the homologous contralateral side. Immunohistochemistry 
demonstrated perivascular activation o f NF-κB as early as 2 h post ICH. By 8 hr 
activation was much more widespread and could be found to co-localize with DNA 
fragmentation in the same cells in peri-ICH areas. (NIH ROl NS23979)

773.15

DIFFERENTIAL EXPRESSION OF p75 LOW AFFINITY 
NEUROTROPHIN RECEPTOR IN HYPOXIC-ISCHEMIC NEONATAL 
MOUSE BRAIN. T. Lam1, H. Yin2, L.C.K, Low2. C.Y. Yeung1 and P.T. 
Cheung1 . Departments of Paediatrics1 & Anatomy2, The University of Hong 
Kong, Hong Kong SAR, China. ( SPON: HKSN)

We had adopted the unilateral common carotid artery ligation followed by 
hypoxia model to study hypoxic-ischaemic encephalopathy in 7 days old mice. The 
infarction in the HI brains 24 hours post-insult was defined by 2,3.5-tri- 
phenyltetrazolium chloride (TTC) staining and was grossly limited to the side 
ipsilateral (ip) to the ligation. The extent of damage, however, ranged from nil to 
50% (volume) of the ip hemisphere. The TTC method was less sensitive than 
haematoxylin and eosin staining, which revealed ischaemic cellular abnormalities in 
all animals studied even at 1 hour post-Hl.

The expression of p75 low affinity neurotrophin receptor (p75), studied by 
immunohistochemistry, was decreased in the core damaged area of the cortex and 
hippocampus by 1 hour and remained so at 2, 6 hours and 1, 3 days post-insult. The 
perifocal areas maintained a normal expression of p75 comparable to the 
contralateral (con) side at 1, 2 & 6 hours but was increased at 1 & 3 days post-Hi. 
Additionally, the corresponding cortical subplate showed cells with intensified p75 
expression while the p75 positive axonal track running radially through the cortex 
were suppressed. By 7 days after HI, p75 expression, developmentally lower, were 
equalized in both the ipsilateral and contralateral sides. Such differential temporal 
and spatial p75 expression after HI insult may reflect its active role in the neonatal 
hypoxic-ischaemic encephalopathy in mice.

This work is supported by the University of Hong Kong, Research Grant Council 
(CRGC 337/045/0011).

773.17

HYPOXIA-REOXYGENATION RELEASES CYTOKINES AND 
CHEMOKINES FROM GLIAL CELLS
Ju-Yu Wang1-2. Jian -Nan Wu1 * and Jia-Yi Wang1 Dept, of Physiology and 
Graduate Institute of Life Sciences, National Defense Medical Center1, Taipei and 
Hung-Kuang Technology College2, Taichung, Taiwan.

Recent evidence indicates activated immnune cells (microglia, astrocytes, and 
macrophages) are involved in neurodegenerative diseases and hypoxia / ischemia. 
The generation of cytokines / chemokines, nitric oxide (NO) or other toxic free 
radicals/ toxins from activated immune cells can promote the ischemic injury in 
the brain. The proinflammatory cytokines such as tumor necrosis factor-α (TNF-α 
) and interleukin lß  (IL-lß) are thought to induce expression of adhesion 
molecules in the vasculature, to initiate the inflammatory cascade, and to induce 
chemotactic cytokines (the chemokines). The role of chemokines is to mediate 
neutrophil recruitment. In the present study, we investigated the effects of 
hypoxia / reoxygenation (H/R) or ischemia (H/R + glucose-deprivation) on the 
induction and release of immune mediators (NO, cytokines, chemokines) in 
primary cultures of glial cells (astrocytes and microglia). Cultures were subjected 
to hypoxia (5% CO2 , 95% N2 ) for 3, 5, 7, 12 or 24 hr and reoxygenated for 24 hr. 
Levels of cytokines (TNF-α, IL-lß) and chemokines (MIP-2, MCP) in the culture 
media were measured by enzyme linked immunoadsorbent assay (ELISA) kits. We 
found that MIP-2 levels increased dramatically while cytokines (TNF-α and IL-lß) 
levels increased only slightly following various durations of H/R. To further 
examine whether glia-released mediators are associated with hypoxic injury, we 
examined the viability of neurons and glia following H/R. Cell viability was 
assessed by phase contrast microscopy, measurement of lactate dehydrogenase 
(LDH) activity in culture media, and mitochondria reduction of MTT. We found 
that neurons were more vulnerable than glial cells to H/R. Glial cells survived 
well following H/R (within the studied periods) and became activated in releasing 
cytokines and chemokines. (Supported by NSC 87-2314-B016-097).

773.14

EXPRESSION OF p75 NEUROTROPHIN RECEPTOR IS INDUCED 
BY FOCAL CEREBRAL ISCHEMIA IN RESISTANT STRIATAL 
CHOLINERGIC NEURONS.

Gunnar Andsberg'. Zaal Kokaia', Alberto Martínez-Scrrano 2 and Pile Lindvall1*
1S e c t io n  o f  R e s to r a t i v e  N e u r o lo g y ,  W a l le n b e r g  N e u r o s c ie n c e  C e n te r ,  

U n iv e r s i t y  H o s p i ta l ,  S - 2 2 I  8 5  L u n d , S w e d e n ;  2C e n t e r  o f  M o l e c u l a r  B i o l o g y  S e v e r n  

O c h o a ,  A u to n o m o u s  U n iv e r s i t y  o f  M a d r i d  -C. S. /. C ., M a d r id ,  S p a in .

Survival of projection neurons and cholinergic inlerneurons and expression of 
p75 neurotrophin receptor (ρ75NTR) in the rat striatum were studied, using 
immunocytochemical methods, after 30 min of middle cerebral artery occlusion 
(MCAO). Quantification of the number of dopamine- and adenosine 3':5'- 
monophosphate-regulated phosphoprotein with a molecular weight of 32 kilodalton 
(DARPP-32)-immunoρositive cells revealed a major loss of projection neurons in 
the dorsolateral part of striatum after 48 h of reperfusion, with no further change at 
one week. In contrast, no reduction in the number of choline acetyltransferase 
(ChAT)- and TrkA-positive, striatal cholinergic interneurons was found after the 
same insult. Expression of p75N1R was induced at 48 h of reperfusion, but not at 1 
week, in striatal cells which, by the use of double-label immunostaining, could be 
identified as cholinergic interneurons. Striatal projection neurons in C57BL/6 mice 
also demonstrated higher vulnerability to focal ischemic insult as compared to 
cholinergic interneurons, which expressed p75NIR. The transient expression of p75N,R 
in striata! cholinergic neurons in both, rats and mice might contribute to the high 
resistance to the ischemic insult. However, the expression of p75MR could also be an 
initial step in programmed cell death, which is counteracted by concomitant 
activation of TrkA.

773.16

SIM ULTANEOUS UP REGULATION OF PRO- AND ANTI
INFLAMMATORY CYTOKINE mRNA AFTER FOCAL CEREBRAL 
ISCHEMIA. M. Schroeter*. S. Jander, G .Stoll. Dept, o f  Neurology, 
Heinrich-Heine-University, Moorenstr. 5, D-40001 Duesseldorf,
Germany.

Focal brain ischemia triggers a strong inflammatory response of  
unknown functional significance. We used semiquantitative reverse 
transcriptase polymerase chain reaction to assess mRNA expression of 
pro- and antiinflammatory cytokines after ischemia o f  the rat brain 
induced by permanent middle cerebral artery occlusion. mRNA for the 
p4O subunit o f  the IFN-γ-inducing cytokine IL-12 and the 
antiinflammatory cytokine IL-10 were coinduced during the first 24 
hours after ischemia. This was accompanied by the appearance o f  T cell 
receptor (CD3) mRNA as well as mRNA for the proinflammatory 
cytokines TNF-α, IL -lß , and IL-6. In contrast, induction o f  the T cell 
cytokine IFN-γ was weak. Pro- as well as antiinflammatory cytokine 
messages were downregulated after 48 hours despite the increasing 
recruitment o f  hematogenous macrophages to the ischemic lesion.

Our data confirm and extend previous studies showing that the 
cytokine expression in focal ischemia is restricted to a narrow time 
window during the first two days. Potent, yet unknown downregulatory 
mechanisms must therefore exist that limit cytokine production by glial 
and inflammatory cells during later stages o f  lesion development 
(supported by Deutsche Forschungsgemeinschaft SFB 194 B6).

773.18

EXPRESSION OF THE NEUREGULIN GLIAL GROWTH FACTOR-2 
FOLLOWING FOCAL ISCHAEMIA IN RAT.
M. A. Soriano1*. I, Murdoch1, D. Dewar1, M. Marchionni2 and J. 
M cCulloch1. W ellcom e Surgical Institute, University o f  G lasgow, Bearsden 
Rd. Glasgow G6 l 1QH; Cam bridge NeuroScience Inc., Cambridge, 
Massachusetts 01239.
The neuregulin Glial Growth Factor-2 (GGF2) is involved in numerous 
interactions between neurons and glia, promoting survival, growth or 
differentiation during development. W e investigated the expression o f this 
growth factor by western blot and immunohistochemistry 4 and 24 hours 
after permanent or transient middle cerebral artery (M CA) occlusion in the 
rat. Sham-operated animals showed low basal GGF2 expression, specifically  
in neurons o f layer TV o f the cerebral cortex and neurones in the striatum. 
After permanent and transient M CA occlusion, we observed a marked 
increase o f GGF2 immunoreactivity in shrunken neurons, oligodendrocytes, 
and astrocyes in ischaemic tissue. Moreover, axonal bundles at the margin 
o f necrotic tissue showed accumulation o f this neuregulin, which was 
coincident with another marker o f axonal injury, APP immunoreactivity. 
Quantification o f the number o f GGF-immunoreactive cells confirmed that 
after M CA occlusion the number o f GGF2-positive cells was significantly 
increased in the striatum (the core of the infarct) compared with the 
perifocal region and in the parietal cortex compared with frontal cortex. 
These findings demonstrate that GGF2 expression is increased following  
M CA occlusion and suggest that this neuregulin may play a role in cellular 
responses to cerebral ischaemia.

Society for Neuroscience, Volume 24,1998
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774.1
IMPAIRMENT OF SYNAPTIC TRANSMISSION BY TRANSIENT HYPOXIA IN 
HIPPOCAMPAL SLICES : IMPROVED RECOVERY IN GLUTATHIONE 
PEROXIDASE TRANSGENIC MICE. O. Ghrihi1. A. Labsaini1. D. Furling2. L. 
Lanierre1. M-E. Mirault2 and G. Massicotte1-3'. 'Lab. Neurobiology, Université du 
Québec à Trois-Rivières, Québec, Canada G9A 5 H 7 ; 2Unité de Santé et 
Environnement, Centre de Recherche du CHUL, Sainte-Foy, Québec, Canada G1V 
4G2 ; 3Centre de Recherche Philippe Pinel, Montréal, Québec, Canada H1C 1H1.

There is increasing evidence that oxygen free radicals contribute to ischemic brain 
injury which can be attenuated by a variety of free radical scavengers. It is unclear, 
however, to what extent specific antioxidant enzymes can prevent or reverse the 
impairment of synaptic function caused by transient hypoxia. In the present study, 
we investigated in mice whether moderate overexpression of human seleno- 
glutathione peroxidase (hGSHPx), an enzyme known to reduce FL,02, is capable of 
altering the capacity of CA, pyramidal cells to recover synaptic transmission after a 
short period of hypoxia. In hippocampal slices of control mice, a transient (7-9 min) 
hypoxic episode produced irreversible loss of postsynaptic potentials elicited by 
electrical stimulation of the Schaffer-commissural pathway. In contrast, 
hippocampal slices from transgenic hGSHPx mice exhibited complete recovery of 
synaptic transmission following reoxygenation. Moreover, after repeated episodes 
of hypoxia, synaptic transmission was still viable in most transgenic slices compared 
to severe loss in control slices. Whereas hypoxic episodes totally abolished the 
capacity of hippocampal slices to generate long-term potentiation (LTP) in area CA, 
of control mice, a significant extent of LTP expression was still preserved in 
transgenic slices after reoxygenation. These results suggest that a moderate increase 
in GSHPx activity was sufficient to prevent irreversible functional damage produced 
by hypoxic episodes in the hippocampus and maintain basic electrophysiological 
mechanisms involved in memory formation. Supported by Natural Sciences and Engineering 
Research Council of Canada

774.3

STRAIN-RELATED DIFFERENCES IN VULNERABILITY TO PERMANENT 
FOCAL CEREBRAL ISCHEMIA IN C57/BL6, BALB/C, AND SV129 MICE. 
Y.Y.He, A.Majid, E.R.Gonzales, S.S.Kaplan, JM.Gidday*, T.S.Park, D.W.Choi,
C.Y.Hsu. Depts. of Neurology and Neurosurgery, and Center for the Study of 
Nervous System Injury, Washington Univ. Sch. of Med., St. Louis MO 63110.

Genetically engineered mutant mice are a useful tool for studying the role of 
single genes in cerebral ischemia. However, since these mice are commonly derived 
from more than one parent strain, strain-dependent differences in vulnerability to 
cerebral ischemia could confound results depending on choice of wild-type 
controls. We investigated the extent of focal cerebral ischemic injury in three 
strains o f mice commonly used as parent strains for mutants. Permanent middie 
cerebral artery occlusion (MCAO) was performed via a temporal craniotomy in 
ketamine/xylazine-anesthetized male C57/B16 (n=22), Balb/C (n=l4), and SV129 
(n= 11) mice. Core body temperature was maintained at 37±O.5°C. Mice were 
sacrificed after 24 h and infarct volumes were measured by TTC staining. There 
were no differences in resting or ischemic (30 min post-occlusion) blood pressure 
or blood gases between strains. Cortical infarcts in Balb/C mice (22.7±3.7 mm3) 
were 2.7 times larger than those in C57/B16 (8.5±l.O mm3; p<0.01) and 3.5 times 
larger than those in SV129 (6.6±O.8 mm3; p<0.05). Relative reductions in lateral 
cortical blood flow during early ischemia (10 min post-occlusion) measured by 
laser Doppler (n=4/strain) were similar in SV129 and C57/B16 but considerably 
greater in Balb/C. Our findings indicate that the extent of brain injury following 
permanent focal ischemia varies significantly between strains. Flow dependent 
mechanisms and other as yet unidentified endogenous differences likely underlie 
this variability between strains. Our results underscore the importance of 
appropriate selection of wild-type controls for studies of focal cerebral ischemia in 
mice. (Supported by NIH NS25545,NS28995,NS32636 and NS21045)

774.5

NEURONAL DAMAGES BY INTERMITTENT FOREBRAIN ISCHEMIA IN 
GERBILS. T. Sorimachi*. H. Abe. K. Takeuchi and R. Tanaka. Dept, ol 
Neurosurgery, Brain Research Institute, Niigata University, Niigata 951 Japan 

Neuronal damage after experimental repetitive severe ischemia has been reported to 
be similar or more severe than that after a single ischemia of equivalent total duration, 
though intermittent occlusion of cerebral arteries is often employed during cerebral, 
cardiothoracic, and intravascular surgery in expectation of neuronal protection. Our 
purpose was to investigate possibility to prevent damage accumulation after repetitive 
severe ischemia We monitored a duration of ischemic depolarization in the 
hippocampus of a gerbil forebrain ischemia model, which has recently been shown to be 
a good indicator of the severity of brief ischemia, and evaluated CA 1 damage a week later 
In a single ischemia model, the induction of ischemia-responsive neuronal damages 
depended on ischemic depolarization, and the least duration of the depolarization for CA 1 
damage was 210 seconds. In a double ischemia model, the duration of the 
depolarization of first and second ischemia were 50-150 and 190-210 seconds, 
respectively. Neuronal damages did not develop after second ischemia in case of 90 
seconds or less depolarization time in the first ischemia, but developed in case of over 
90 seconds depolarization regardless of reperfusion periods (90 seconds, 5, 10 and 30 
minutes) between the double ischemic insults. Whenever the reperfusion interval was 
90 seconds, the depolarization by the second ischemia occurred earlier than usual. In a 
four-times ischemia model, whose duration of ischemia and reperfusion interval were 90 
seconds and 5 minutes respectively, the neuronal damage accumulation did not develop 
as long as the total depolarization period was under 400 seconds. These results suggest 
optimal paradigms for intermittent cerebral ischemia of patients, and indicate that a 
sublethal insult accompanied by depolarization falls into two categories with and 
without accumulation of damages by repetitive ischemia.

774.2

HYPOXIA ON HIPPOCAMPAL SLICES FROM MICE DEFICIENT IN 
DYSTROPHIN (mdx) AND DYSTROPHIN ISOFORMS (/mfc3Cv). J.M. 
Godfraind1*. S.B. Tekkõk2 and K. Krnievic2. 1Dépt. Physiologie et Pharmacologie, 
Système Nerveux, UCL 5449, Fac. Méd. UCL-Bruxelles, B-1200 Brussels, Belgium, 
and 2Anaesthesia Research Dept., McGill Univ., Montréal, Québec, Canada.

In the brain, dystrophin is located in the postsynaptic densities. Synaptic 
function is more fragile in the m dx  mouse, judging by its greater sensitivity to 
hypoxia (Mehler et al. 1992 PN AS  89:2461). We have compared the effects of 
hypoxia on EPSPs in slices from C57BL/10  control mice and m dx  or mcb?0* 
mutants. Afferent volleys (AV) and field EPSPs (fEPSP) were recorded in CA1 
region of slices kept at 31° C, at the interface between 95% 0 2/5%  C 0 2 and 
ACSF. Two successive episodes of hypoxia were induced with 95% N2/5%  C 0 2: 
the first hypoxic episode (HE1) lasted until AV disappeared. After recovery in 0 2, 
a second hypoxic episode (HE2) was applied for H E 1+ 3 min. The experiments 
were done with standard ACSF - containing 10 mM glucose - and also after 
lowering [glucose] to 4 mM. Thirty-five slices were examined, from 4 control, 4 mdx 
and 5 m d P Cv mice. Of these 35, 12 were control slices, 12 from m dx  mice and 11 
from mdx?0* mice: about half in each group were studied in 10 mM glucose and 
half in 4 mM glucose. In 10 mM glucose, HE1 was shorter in slices from mdx (8.0 
± 1.47 min (± SEM)) or m dxiCv mice (10.2 ± 1.46 min) than from control mice 
(14.1 ± 0.88 min). For all three strains, HE2 (10 mM glucose) and HE1 and HE2 
(4 mM glucose) did not differ significantly but were shorter than HE1 (10 mM 
glucose). After the return of 0 2, AV-recovery after HE1 (10 or 4 mM glucose) 
was < 1 min and longer after HE2. During HE’s, all fEPSPS disappeared at same 
rate and showed no transient recovery: most recovered in 0 2, except in 4 mM 
glucose after HE2. Thus, mdx and m et?0* mutants are more sensitive to hypoxia 
than are control mice. (Supported by the Medical Research Council o f  Canada et 
la Commission mixte Québec-Communauté française de Belgique).

774.4
ATTENUATION OF FOCAL CEREBRAL INFARCTION IN MICE LACKING N- 
METHYL-D-ASPARTATE (NMDA) RECEPTOR SUBUNITNR2C. H. Kadotani'.S. 
Namura2*, G. Katsuura3, T. Terashima2, H. Kikuchi2. 'Dept, of Biological Sciences and 
2Dept. of Neurosurgery, Kyoto Univ., Kyoto 6068315, Japan; 3Shionogi Laboratories, 
Shionogi & Co. Ltd., Shiga 5203413, Japan.

Neuronal death following cerebral vascular occlusion may be caused in part by the 
action of glutamate through the NMDA receptor. To clarify which subtype of NMDA 
receptor subunit is critical for ischemic damage, we investigated focal cerebral ischemic- 
injury after permanent middle cerebral artery (MCA) occlusion in mutant mice deficient 
in NMDA receptor subunit NR2A and/or NR2C. Under chloral hydrate anesthesia, male 
and female mice aged 10-16 weeks underwent MCA occlusion. Four or twenty-four hours 
after ischemia, the mice were sacrificed and infarct volume was measured. Four hours after 
occlusion, infarct volume was slightly reduced in mutant mice deficient in NR2A 
(NR2A‘/_) or NR2C (NR2C' ), and significantly reduced in mice deficient in both NR2A 
and NR2C (NR2A'/VNR2C/') compared to wild-type mice (p<0.05, ANOVA; n=6-8). 
Twenty-four hours after occlusion, infarct volume was significantly reduced in NR2C_/' 
and NR2A'/VNR2C'' mice compared to the wild-type mice (p<0.05 and p<0.01, 
respectively; n=7-8). These data demonstrate that disruption of NR2C protects the brain 
from ischemic damage resulting from permanent MCA occlusion. We also demonstrate 
that a low level of NR2C is expressed and active in the cerebral cortex by Northern blot 
analysis and binding assays. The NR2C' mice do not show impairment in motor 
coordination (J Neurosci 16:7859, 1996) nor in motor learning (Neuroreport 8:3717, 
1997). Therefore, the development of drugs selectively inhibiting NR2C may prove 
beneficial in the treatment of ischemic and traumatic brain injuries. Supported by Special 
Coordination Funds for Promoting Science and Technology, STA, Japan.

774.6

FATAL BRAIN EDEMA INDUCED BY A COMBINATION OF 
INTRAVENTRICULAR HEMORRHAGE AND BILATERAL CAROTID 
ARTERY OCCLUSION IN THE RAT. T. Mima*. M. Minarni. K. Mori. Dept, of 
Neurosurgery, Kochi Medical School, Nankoku City, Kochi, Japan 

Prognosis of nontraumatic intraventricular hemorrhage (IVH) differs in 
patients even though the volumes of intraventricular hematoma are similar. 
We hypothesized that the prognosis of IVH is poor when the decrease in 
cerebral blood flow (CBF) lasts for a long duration depending on the 
severity of global ischemia, mainly due to an instant rise of intracranial 
pressure at the time of bleeding. To mimic the clinical condition of IVH with 
a prolonged decrease of CBF, we used a rat model which was subjected to 
an administration of intraventricular blood combined with bilateral carotid 
artery occlusion (BCAO). In order to attain long-lasting but not lethal 
hypoperfusion in the brain, we ligated the right and the left carotid arteries 
at a 7 day interval, and found that 93.7% of the rats (118/126) immediately 
became active on recovering from halothane anesthesia and all these rats 
survived. 1 hour after completion of BCAO, only active rats were 
anesthetized again and subjected to an intraventricular injection of 40 ml of 
non-heparinized autologous blood. 40% of the rats remained lethargic and 
died within 16 hours following surgery, as a result of severe brain edema. 
In contrast, all rats which became active and survived showed no significant 
brain edema after treatment of intraventricular blood injection only, BCAO 
only, or intraventricular saline injection combined with BCAO. These 
results may suggest that fatal brain edema is often induced when IVH is 
accompanied with a moderate but long-lasting decrease of CBF.
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774.7

THE SPONTANEOUS REPERFUSION IN A RAT STROKE MODEL. S. H. 
Yang1, J. Shi2, L. Stubley2, A. L. Day1, J. W. Simpkins2*. Dept, of Neurosurgery1, 
Dept, of Pharmacodynamics and Center for Neurobiology of Aging2, Univ. of FL. 
Gainesville FL. 32610.

The incidence of spontaneous reperfusion is high in stroke. However, the 
mechanism and effect of spontaneous reperfusion are not well known. We 
established an ischemia-spontaneous reperfusion model in rats and the effect of 
spontaneous reperfusion was studied in this model. The common carotid artery 
(CCA), external carotid artery (ECA) and internal carotid artery (ICA) were 
dissected via a midline incision. The external membrane of carotid artery was 
resected to prevent spasm of intracranial arteries. A 4-0 nylon monofilament suture 
with one tip heated by cautery was introduced from ECA and advanced into the 
proximal segment of anterior cerebral artery by the ICA and remained there 
permanently. The CCA, ICA and the pterygopalatine artery were recanalized after 
the insertion of the suture. Cerebral blood flow (CBF) was recorded before and 5 
minutes, 2, 4. 24, 48, 72, 96 and 168 hours after occlusion. CBF was reduced to 20- 
50% of baseline at 5 minutes after occlusion and remained at about 50% from 2 to 
48 hours. CBF recovered to the pre-occlusion baseline by 72 hours after occlusion. 
Rats were decapitated at 2, 4, 24, 48, 96 and 168 hours after occlusion. The brains 
were dissected into sections at 7 and 9 mm caudal to the olfactory bulb. These 
sections were stained by 2,3,5-triphenyltetrazolium chloride. Lesions began to 
appear at 2 hours after occlusion. At 48 hours, the lesion sizes peaked at 23.9% and 
24.3% in these two sections respectively, and lesion sizes decreased afterwards. By 
168 hours after occlusion, the lesion sizes decreased to 19.7% and 8.4% in sections 
taken at 7 and 9 mm caudal to the olfactory bulb. These studies suggest that 
spontaneous reperfusion occurs with permanent blockade of the middle cerebral 
artery and this is associated with an apparent reduction in the size of the resulting 
ischemic area. (This study is supported by NIA grant AG 10485 and Apollo 
BioPharmaceutics, Inc.)

774.9

IMPACT OF MECHANICAL VENTILATION IN NEUROLOGIC OUTCOME 
AFTER CEREBRAL GLOBAL ISCHEMIA IN RATS. H.M. Homi*’2. F.M. Arantes3.
I.T. Velasco1, M.L.B. Garcia3, M.A. Martins3, P.H.N.Saldiva3 and B.A. Silva Jr1. 
'Setor Experimental Neurocirurgia; 2Divisão Anestesiologia; 3Departamento de 
Patologia -  Universidade de São Paulo -  Brasil.

Arterial gasimetric parameters and cerebral blood flow have been correlated. 
Nowdays there is a growing evidence that mechanical ventilation may influence 
neurologic outcome in human beings. Experimental models o f cerebral global 
ischemia are been used as a useful tool to understand ischemic/reperfusion injury 
physiopathology. In this protocol adults Wistar rats were submitted to cerebral global 
ischemia during spontaneous breathing or mechanical ventilation. The neurologic 
recovery was compared in these groups. The animals under general anaesthesia were 
intubated and femoral vessels were catheterized for median arterial pressure (MAP) 
monitoring and drugs infusion. The cerebral ischemia was induced by temporary 
occlusion o f common carotid arteries plus arterial hypotension by withdrawl blood 
(MAP=5OmmHg). After 15 minutes the reperfusion was done by releasing the carotid 
occlusion and reinfusion of the blood. The animals were divided in two groups: 
Mechanical ventilation (Group I) and spontaneous breathing (Group II). The animals 
in Group I were kept in Inter 3 apparatus1* (80 breaths per minute, 21% oxygen 
concentration) until the anesthetic recovery. The behaviour of the rats was observed 
during three days. The recovery in Group II was evident shortly after anesthetic 
recuperation and there was no motor complaints. In Group I there was a high mortality 
rate immediately after reperfusion and the survival rats had showed a poor neurologic 
outcome (reduced exploratory behaviour and motor complaints).

In this systemic cerebral global ischemia model the mechanic ventilation was 
associated with poor neurologic outcome when it was compared with animals kept in 
spontaneous breathing.
(Supported by FAPESP).

774.11

COMPARISON OF CHRONIC 2VO AND TRANSIENT MCAO IN RATS AS 
POTENTIAL MODELS FOR STUDYING NEUROPROTECTIVE COMPOUNDS. 
M, Sopala*, W. Danysz, Dept. Pharmacol. Res., Merz + Co, 60318 Frankfurt / 
Main. Germany

It has been demonstrated that chronic mild hypoperfusion induced by a 
permanent occlusion of bilateral CCA (2VO) in rats caused progressive and/or 
long-lasting cognition deficits resembling those in human dementia. We intended 
to use this model for testing the efficacy of different neuroprotective compounds. 
We traced the effects of 2VO in SD rats for 18 months. The animals were 
periodically tested in 8-arm radial maze to assess their working (WM) and 
reference memory (RM). Our results showed that ischemic rats had performed the 
test significantly worse as compared to controls (p<0.05) over the whole 
experimental period with the RM deficit emerging first (one week post CCA 
occlusion) but WM lasting longer. However, the observed deficits were to small to 
provide a sensitive measure of the efficacy of therapeutic agents. Additionally we 
found that the aged rats had used also non-spatial cues to complete the task what in 
our opinion excluded the possibility of using these measures as indicators of 
cognitive performance or functional recovery. As a second model we used the 
transient middle cerebral artery occlusion (MCAo). The α-phenyl-N-tert-butyl 
nitrone (PBN) reported to be protective against ischemic brain damage was chosen 
as a reference substance. Transient ischemia was produced in SD rats as described 
by Zea Longa et al. (1989). PBN (Sigma) was dissolved in saline and administered 
i.p. in repeated doses of 100 mg/kg. Three different times of ischemia were tested: 
2h, 75min. and 3Omin. with first dose of PBN injected 30 min. before reperfusion, 
30 min. before occlusion or at the time of occlusion respectively. Additional 4-6 
injections were repeated within 24-72h. Evaluation of infarct volumes 3-7 days post 
MCAo and neurological scores revealed that in our experimental paradigms PBN 
failed to present significant beneficial effects.

774.8

A new technique for external tem perature control o f  the exposed brain  
during global ischem ia in the rat. L. Kooacz2. A. Astheimer1. H. Noea1. A. 
Heimann2, O.Kempski2*. AM.Brambrink'; 'Dept, of Anaesthesiology and 
2Inst. f. Neurosurg. Pathophys., Joh.Gutenberg-Univ., D-55131 Mainz, Germany.

Temperature [T] control during expermental ischemia is known to be of 
paramount interest. However, if exposure of brain tissue is necessary, regional heat 
loss is possible, even when body T is controlled. We developed a small low- 
frequency infra-red radiator and tested, whether additional external heat application 
[EHA] using this device can stabilize periischemic brain T and influence outcome. 
In adult Wistar-rats (n=8) 4cm2 of scull or dura mater was exposed for EEG- and 
regional-CBF recordings (Laser-Doppler flowmetiy[LDF], „scanning“ technique), 
respectively. T probes were placed in superficial [sup ] (depth: 2mm, neocortex) and 
deep [dp ] (5mm, hippocampus) brain tissue, temporalis muscle [temp.t], tympanic 
membrane [tymp.t] and rectum [rec.t.]. Body T was kept at 37.5°C by a feedback 
mechanism (rec.t. and heating pad). Animals were exposed to l5min of global brain 
ischemia (bilateral carotid artery occlusion + hypotension[MAP=35mmHg]) and 
recovered for 4 days to assess histopathology. They were randomly devided to 
receive additional EHA (n=4) or not (controls, n=4). During insult and early 
recovery body T [reflected by rec.t.] never changed from baseline 
(37.5±O.O5[SD]°C). Without EHA sup. and dp. brain T (baseline: 34.O±l.O°C and 
36.O±l.3°C) decreased during ischemia by 4.O±O.7°C (reflected best by temp.t) and 
4.5±O.8°C (reflected best tymp.t ), returning to baseline at 15-30min of reperfusion. 
T loss was prevented homogeneously in both measured brain areas by EHA using 0- 
l .25amp. LDF was not influenced by the new device and brain damage (CA1 and 
neocortex) appeared significantly smaller without EHA. Data suggest, that with our 
new device EHA is possible without interference with LDF. This technique protects 
against the periischemic T decrease of the exposed brain, thus effectively preventing 
artificial hypothermic neuroprotection during experimental ischemia.

774.10

S p r e a d i n g  D e p r e s s i o n  a n d  P e r i i n f a r c t  D e p o l a r i 
z a t i o n s  D e t e c t e d  b y  MEG a n d  EC o G j . Röther? F .  
G ießler, D . Platzek. A . Böttner and M . Eiselt B iom agnetic R esearch  
Center o f  the Departm ent o f  N eu ro logy  and Institute o f  
P ath op h ysio logy , F ried rich -S ch iller-U n iversity , 0 7 7 4 3  Jena, G erm any

Spreading depression  (S D ) and periinfarct depolarizations (P D ) m ight 
play a role in the path op h ysio logy  o f  m igraine and cerebral ischem ia. W e  
applied 16-channel E C oG  and sim ultaneous 16 channel M EG  recordings  
to fo llo w  the initiation and propagation o f  P D  and S D  in rats.

Anim als w ere anesthetized (Halothane; O 2 /N 2 O) and ph ysio logical 
parameters m onitored (M A B P , b lood  g a ses, E C G ). Craniotom y (5x5  
m m ) w as perform ed to enable E C oG  from  a 16 channel electrode grid 
(4 x 4  electrodes; interelectrode distance 1 m m ). After baseline  
m easurem ent, potassium  chloride (KC1) w as applied during continou s  
sim ultaneous E C oG  and M EG  recording (1 st order gradiom eter, 
sen sitiv ity  25  fT /V H z). Sam e m easurem ents w ere perform ed during focal 
ischem ia after intraluminal occlu sion  o f  the m iddle cerebral artery via a 
suture.
M agnetic field  changes due to PD  and S D  w ere recorded sign ificantly  
earlier than D C  potential changes and reduced am plitudes in E C oG . M EG  
changes started adjacent to the site o f  KC1 application and propagated over  
the cortex , fo llo w ed  by E C oG  alterations typical for S D . Initiation and 
propagation o f  PD  w as m ore variable.

M agnetic field  ch an ges precede changes o f  the electrical activity  
(E C oG ) and D C  potential ch an ges. M EG  reliably detects S D  and PD  in 
rats and m ight be su ccessfu lly  applied to detect P D  and S D  in hum ans, 
(supported by B M B F  00 Z Z 9 6 0 2 )

774.12
COMPARISON BETWEEN REVERSIBLE AND PERMANENT ENDOVASCULAR 
MIDDLE CEREBRAL ARTERY OCCLUSION IN THE RAT - EFFECT OF 
DURATION OF REVERSIBLE OCCLUSION ON INFARCT VOLUME. H.T . S. 
H o,1 T . M. Wong2 and R. T . F . Cheung1. (SPON: The Hong Kong 
S o c ie ty  o f Neurosciences) *Dept. o f M edicine and 2D ep t. o f 
P hysio logy, F a c u lty  o f M edicine, U niv. o f Hong Kong; Hong 
Kong, SAR, China.

Focal ischem ic s tro ke  models mimic ischem ic s tro ke  o f 
p a t ie n ts , and re v e rs ib le  models are d e s ira b le  s ince  
re p e rfu s io n  is  p e rm itte d . The p rese n t s tudy is  aimed to  
d e fin e  the r e la t io n  between the  d u ra tio n  o f re v e rs ib le  
endovascular m iddle  c e re b ra l a r te r y  o cc lu s io n  (MCAO) and 
the  f i n a l  in fa r c t  volume when compared to  permanent MCAO 
in  a d u lt male Sprague-Dawley r a ts .  Groups o f 6 ra ts  were 
a n e s th e tize d  w ith  sodium p e n to b a rb ita l ( i . p . ) ,  and the 
r ig h t-s id e d  MCAO was achieved by passing  a m onofilam ent 
su tu re  to  occlude the  m iddle  c e re b ra l a r te r y .  A f te r  a 
v a r ia b le  p e rio d , the endovascular o c c lu s io n  was removed to  
p e rm it re p e rfu s io n . In  another group o f 6 ra ts ,  the 
o c c lu s io n  was permanent. R ecta l tem pera ture  was m a in ta ined 
constant d u rin g  a ne sthe s ia . Three days a f te r  recovery , a l l  
ra ts  were k i l l e d  by d e c a p ita t io n , and th e i r  b ra in s  were 
s ta in e d  w ith  2% te tra z o liu m  c h lo r id e  to  determ ine the 
in fa r c t  volume. The la t t e r  was q u a n t if ie d  by computer- 
a s s is te d  image a n a ly s is . Focal in fa r c t io n  was observed in  
0 (0%), 1 (17%), 5 (83%), and 6 (100%) ra ts  a f te r  0, 1, 2, 
and 3 hours o f o c c lu s io n , re s p e c t iv e ly .  When compared to  
the re s u lts  o f permanent o cc lu s io n , the  in fa r c t io n  volume 
was s ig n i f ic a n t ly  le ss  u n t i l  the  d u ra t io n  o f o cc lu s io n  was 
3 hours. We conclude th a t ischem ia la s t in g  2 to  3 hours 
may be used in  s tu d y in g  the p o te n t ia l b e n e fits  o f 
n e u ro p ro te c tiv e  agents in  our re v e rs ib le  MCAO r a t  s tro ke  
model. (Supported by the CRCG Research Grant 335/041/0068 
o f the U n iv e rs ity  o f Hong Kong)
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774.13
A NEW RAT MODEL OF FOCAL CEREBRAL ISCHEMIA WITH MINIMUM 
EXPOSURE TO ANESTHETICS D. Xue*, B. K. Miyazaki, R. M. Woodward. 
CoCensys, Inc., 201 Technology Drive, Irvine, CA 92718

Studies have shown that anesthetics influence the process of ischemic/hypoxic 
neuronal injury. It is also suggested that craniotomy, which is necessary for distal middle 
cerebral artery occlusion (MCAO) in experimental stroke studies, may complicate 
infarct development due to changes in brain temperature and cerebral vascular auto
regulation. We therefore developed a MCAO model where lengthy surgical procedures, 
including craniotomy, are done one day prior to the induction of focal ischemia. Three 
experiments were done to investigate the tolerable threshold of arterial occlusion and the 
temporal profile of a fast onset focal ischemia model. Male Fischer-344 rats (200-240 
g) were subjected to permanent ligation o f the right MCA and preparative exposure of 
bilateral common carotid arteries (CCA). In Exp. 1 and 2, rats were subjected to 30 
minutes bilateral CCA occlusion immediately following MCAO, and sacrificed at 1 and 
14 days after ischemia. In Exp. 1 bilateral CCAs were reperfused. In Exp 2 only the 
contralateral CCA was undamped. In Exp. 3, one day after MCAO bilateral CCAs were 
transiently clamped for 45, 60, and 90 minutes, followed by 24 hours reperfusion. Core 
body and brain temperature was checked at the time of CCA occlusion and reperfusion. 
Differences in infarct volumes among groups was analyzed by ANOVA, followed by all 
pairwise multiple comparison procedures (Tukey test). Rats challenged with 30 minutes 
ischemia followed by bilateral CCA reperfusion showed no damage at the end of either 1 
or 14 days. Contralateral CCA reperfusion alone following 30 minutes ischemia 
resulted in cortical infarction ranging from 0-145 mm’. While brain temperature was not 
affected, transient clamping of bilateral CCAs one day after MCA occlusion resulted in 
consistent cortical infarction in a time dependent manner.

We conclude that single MCA occlusion is fully tolerated, even preceded with brief 
ischemia. Preparative surgery one day prior to focal ischemia, offers minimum exposure 
to anesthetics, less fluctuation in brain conditions including regional temperature, and 
consistent cerebral infarction. (Supported by CoCensys, Inc.)

774.15

CHARACTERIZATION OF A RECOVERY GLOBAL CEREBRAL 
ISCHEMIA MODEL IN THE MOUSE, H Sheng1*. DT Laskowitz2. RD 
Pearlstein3. DS W arner1'3 Departments of A nesthesiology1, Medicine2 and 
Surgery3, Duke University Medical Center, Durham NC 27710 

Transgenic/knockout murine variants allow roles of specific proteins to be 
studied in cerebral ischemia. Because of the size of mice, however, study of 
prolonged recovery from global ischemia has been limited. This project 
characterized an adaptation of the rat 2 vessel occlusion model of global 
ischemia (Acta Neurol Scand 69:385, 1984) for use in the mouse. C57B16J mice 
(8 wks old; 2l±lgm) were overnight fasted, anesthetized with halo thane , 
intubated and mechanically ventilated. The R int. jugular vein and femoral 
artery were cannulated. Pericranial temp, was held at 37.0 °C. The carotid 
arteries were occluded and MAP was reduced to 35 mmHg with 0.3 mg i.v 
trimethaphan and exsanguination. EEG isoelectricity was confirmed. Ten min 
later ischemia was reversed. Mice were allowed 1, 3 or 5 days survival 
followed by histologic analysis. Autoradiography defined regional CBF in 
ischemic and sham mice. Outcome effects of intra-ischemic hyperglycem ia 
(=350 mg/dL) or hypotherm ia (34°C) were examined in other groups. The 
m ortality rate was less than 10% in all recovery groups. Ischemia caused 
reduction of CBF to <2% of sham values in cortex, hippocampus, and 
caudoputamen. CBF was unchanged in thalamus, brainstem and cerebellum. 
CA1 damage, greater after 3d vs Id  reperfusion, was not further increased a t 
5d. Histologic injury was increased by hyperglycemia although seizures did 
not occur. Hypotherm ia reduced CA1 damage. This study demonstrates 
feasibility of using the 2 vessel occlusion + hypotension recovery model in the  
mouse. Recovery intervals of >3 days are required to account for delayed CA1 
neuronal necrosis. Outcome can be modulated by known physiologic 
determinants of ischemic brain damage. Funded by NIH GM3977l/NS37235.

774.17

HIPPOCAMPAL NEURONAL DEATH FOLLOWING HYPOXIC- 
ISCHEMIC INJURY IN NEONATAL MICE.
R. A. Sheldon*. ī. Hall. L. Noble, and D. M. Ferriero, Depts. of Pediatrics 
and N eurology. University of California, San 
Francisco, CA 94143-0114.

H ypoxic-ischem ic injury in neonatal m ice is associated with significant 
cell loss in the cortex and hippocam pus. The m echanism s by which these 
neurons die m ay distribute along a m orphological continuum  from apoptosis 
to necrosis. In this study, postnatal day 7 CD1 m ice were subjected to a 
m odified Vannucci procedure, including a unilateral, permanent ligation of 
the right com m on carotid artery, fo llow ed  by 30 m inutes of hypoxia (8% 
oxygen). Follow ing a 24 hour recovery period , the CA3 region of the 
hippocam pus w as excised and prepared for exam ination at the light and 
ultrastructural levels. Although marked lesions were apparent in the tissue 
at this tim e point, abnormal cells were present only sporadically. These 
d egenerating  neurons exhib ited  d iverse m orp h olog ies, incorporating  
characteristics associated w ith  both apoptosis and necrosis. All injured 
cells appeared to be at approxim ately the sam e stage of degeneration, 
consistent with cell death in response to an injury of brief duration, along 
w ith lim ited secondary effects. Phagocytosis was observed consistently, but 
infrequently; phagocytic  cells coin cid ed  w ith  neurons that presented  
necrotic features. A p optotic cells w ere m ore prevalent in the injured 
anim als vs. controls, ind icatin g  an increase over naturally ocurring 
programm ed cell death. As the m echanism  of neuronal death via apoptosis 
is distinct from necrosis, differentiating betw een  these tw o pathways and 
delineating cell populations that m ay be m ore susceptible to one or the 
other is usefu l in develop ing therapies against injury during development. 
This work was supported by grants N IH  RO lN S33997and POINS359O2.

774.14
FORCED OVERUSE OF THE CONTRALATERAL FORELIMB INCREASES 
INFARCT VOLUME FOLLOWING A MILD, BUT NOT A SEVERE, 
TRANSIENT CEREBRAL ISCHEMIC INSULT. S.Blandl*. J.L. Humml,
D.A. Kozlowski2, L. Williams. R. Strong3. J. Aronowski3. J. Grotta3 & T. 
Schallertl. 1 Psychology Dept, and Inst, for Neuroscience, Univ. of Texas,
Austin, TX; 2 Northwestern Univ. Med. Sch., Chicago , IL; 3Univ. of Texas 
Health Science Center, Houston TX.
Extreme forced overuse of the contralateral forelimb, but not the ipsilateral 
forelimb, during an early sensitive period results in exaggeration of the original 
damage following focal unilateral electrolytic lesions (Kozlowski et al., 1996) and 
fluid percussion injury (Kozlowski et al., 1997) of the forelimb sensorimotor 
cortex. In the current study, we examined the effects of forced forelimb overuse or 
disuse in a focal ischemic stroke model using Long-Evans rats and unilateral 
MCA/CCA occlusion for 90 minutes. This paradigm has been shown to result in 
minimal to no neuronal damage. Immediately following reperfusion, either the 
contralateral or the ipsilateral limb was immobilized in a one-sleeved plaster cast, 
or the animal was left uncasted, for 3 or 14 days. TTC staining revealed an 
increase in infarct volume in both contra- and ipsilaterally casted animals. It is 
possible that stress associated with casting may exaggerate neuronal damage in 
this model in contrast to the lesion models previously examined. Forced overuse 
of the contralateral forelimb following a more severe MCA occlusion was also 
examined. Unilateral MCA and bilateral CCA occlusion for 45 minutes resulted 
in large infarcts which included the forelimb sensorimotor cortex. No increase in 
infarct volume was observed, and all animals exibited functional impairment of 
the contralateral forelimb 30 days following reperfusion. These results suggest 
that overuse or disuse of an affected limb may exaggerate a subthreshold ischemic 
event, and that environmental stress may interact with behavioral demand in ways 
that differ from other types of injury. Supported by NIH and Texas Advanced 
Research Program.

774.16

BOTH IMMEDIATE AND MUCH DELAYED NEURONAL DEATH OCCUR 
DURING REPERFUSION FOLLOWING TWO HOURS OF FOCAL 
CEREBRAL ISCHEMIA. J. D. Fenstermacher1, L. W ei1,2*, A ,Y u l  K.-F. 
Liu^, T. N. Nagarajal, and J.H. Garcia 3 . Depts.  ̂Anesthesia and 3 Pathology, 
Henry Ford Hospital, Detroit, MI 48202 and ^Dept. Cell Biology, Washington 
Univ., St. Louis, MO 63110.

The proposition that re-establishing tissue perfusion within several hours o f  
middle cerebral artery (MCA) occlusion stops or minim izes brain cell damage 
was tested with a rat model o f  focal occlusion-reperfusion ischemia. The period 
o f  MCA occlusion was 2 hr; reperfusion times were 4 hr, 22 hr, and 48 days. At 
these times, local cerebral blood flow (1CBF), tissue volume, and cell damage 
were assessed on sets o f  20 and 10 µm thick frozen sections. Immediately after 
beginning reperfusion, 1CBF became appreciable in the previously ischemic 
areas. After 4 hr o f  reperfusion, 1CBF was 100-200 m l/hg/min in the affected 
areas, forebrain volume was increased by 10%, and scattered neuronal death was 
visible in the striatum and preoptic area (9/9 cases) and the piriform and insular 
cortex (5/9 cases). After 22 hr o f  reperfusion, 1CBF was 170-200 ml/hg/min in 
the affected areas, the forebrain was still edematous, and either pannecrosis or 
selective neuronal necrosis was observed in the striatum and preoptic area in 
14/14 cases and in the cortex in 9/14 cases. After 48 days, 1CBF was normal, 
forebrain volume had decreased by 1 0 %, cavitation and glial scarring were seen 
in the striatum, and selective neuronal death was still occurring in the cortex. 
In conclusion, despite the restoration o f  1CBF to appreciable or near normal 
levels within minutes o f  opening the MCA, neurons continued to die in the 
striatum, preoptic areas, and, to a lesser extent, in the piriform and insular 
cortex.

Supported by NIH grants PO l NS23393 and NS31631.

774.18
SIMULTANEOUS EVALUATION OF CALCIUM REGIONAL ACCUMULATION 
AND HISTOLOGICAL DAMAGE AFTER FOCAL CEREBRAL ISCHEMIA- 
REPERFUSION IN RATS. J-M. Stutzmann*. V. Mary, J. Lascar, S. Henriet, F. 
Perrot. E. Heuillet and A. Imperato. Rhône-Pöulenc Rorer, CRVA, CNS Programme, 
Ischemia/Trauma Dept, Vitry, 94403 FRANCE 

Abnormal calcium (Ca) metabolism after transient interruption of blood flow in 
brain initiates pathophysiological changes and contributes to neuronal damage. This 
study assessed the time-course of changes in neuronal Ca homeostasis (using 45Ca 
autoradiography) and histological damage, after a transient focal cerebral ischemia. 
Ischemia was induced in rats by a 1 hour occlusion of the left middle cerebral artery 
and 2 common carotid arteries. 45Ca autoradiographs and cresyl violet staining were 
performed on adjacent coronal sections. Sham rats: At each time-point (after 5 and 
24 h, 2, 3 5 and 7 days of reperfusion ) the cerebral distribution of 45Ca was 
homogeneous and identical to normal rats except for a small cortical zone (1-2 mm2) 
corresponding to the craniotomy. Ischaemic rats: After 5 hours of reperfusion, 50% 
of the striatum and 20% of the frontoparietal cortex showed an increased 
radiolabelling. After 24 hours of reperfusion, the surface of hyper-radiolabelled zone 
of the cortex increased to 55% of total cortex, whereas the striatal zone was 
unchanged. These areas of hyper-radiolabelling superimposed with areas of 
histological lesions. The striatal and cortical surfaces of hyper-radiolabelling areas 
were stable at 2 and 3 days of reperfusion and decreased on days 5 and 7. In addition, 
we observed an increase in 45Ca in thalamic nuclei and in the substantia nigra, which 
persisted up to day 7. During this period, these effects were not related to cellular 
death in these structures. Tardive 4SCa accumulation in structures distant from the 
original ischemic focus could be explained by retrograde degenerative phenomena 
and could precede tardive neuronal degeneration*. This parameter could be used in 
pharmacological studies as an indicator of secondary neurodegeneration after 
cerebral ischemia-reperfusion. * Fujie et aL, Stroke (1990) 21, 1485-1488
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774.19
MORPHOLOGICAL CHANGES OF CA1 PYRAMIDAL' NEURONS IN RAT 
HIPPOCAMPUS FOLLOWING TRANSIENT FOREBRAIN ISCHEMIA. Y.S. 
Zeng*. T.M. Gao. Z.B. YAO and Z.C. Xu. Dept, of Anatomy, Indiana University, 
Indianapolis, IN 46202, U.S.A.

CA1 pyramidal neurons die 3-7 days following transient cerebral ischemia. 
Electrophysiological studies have shown a late depolarizing postsynaptic potential 
in -60%  of the CA1 neurons (L-PSP neuron) after 15 min ischemic depolarization 
(Gao et ah, Neurosci. 98). To reveal the mechanisms underlying the 
pathophysiological changes after ischemia, we examined the morphology of L-PSP 
neurons and Non L-PSP neurons using intracellular recording and staining 
techniques in vivo.

Male adult Wistar rats were fasted overnight and anesthetized with 1-2% 
halothane. The 4-VO method was used to induce ischemic depolarization for 
approximately 15 min. Intracellular recording in vivo was performed to identify L- 
PSP and Non L-PSP neurons 24-36 h following reperfusion. Recorded neurons 
were intracellularly stained with 3-5% neurobiotin and processed for morphological 
observations.

The somatic area of L-PSP neurons was larger than that of control neurons. 
The dendritic branches of L-PSP neurons were complex. The number of branches in 
apical and basal dendrites in L-PSP neurons was higher than that of control neurons, 
especially in the proximal part of the basal dendrites. However, the spine density 
was significantly lower in L-PSP neurons, particularly in the peripheral portion of 
the apical dendrites. The morphological changes of Non L-PSP neurons were less 
severe than those of L-PSP neurons.

The present study demonstrates dramatic morphological changes in L-PSP 
neurons 24-36 h after reperfusion. The morphological changes of dendritic 
organization in CA1 neurons may play a role in neuronal damage following 
ischemia. (Supported by grants from NIH NS33103 and NS38053)

774.20

MORPHOLOGICAL CHANGES IN THE RAT HIPPOCAMPUS AFTER  
CEREBRAL ISCHEMIA. L. Parra-Gámez*. E. Lódθz. J. Bravo. A. 
García. Záratø M. and H. Solis. Dept, of Anatomy. Lab. of 
Neurophysiology. School of Medicine. National University of Mexico. 
UNAM.

In a previous study we showed a pattern of neurodegeneration, loss of 
pyramidal neurons and functional changes like the decrease of the recurrent 
inhibition. These facts could be related to the maturation phenomenon of 
ischemia. The present study was designed to examine the morphological and 
density of GABA-ergic hippocampal neurons changes in rats subjected to 5 
and 20 minutes of ischemia following by 1 week of reperfusion. The occlusion 
of both carotid arteries was done using an atraumatic clasp. Morphological 
changes were evaluated with Golgi impregnation method, and the GABAergic 
interneurons density with histochemical technique using a rabbit antiserum 
against GABA (Incstar). Streptavidin-peroxidase conjugate was applied as a 
secondary antibody and visualized with 3-amino-9-ethylcarbazole. The 
dentate gyrus and hippocampus proper where evaluated using an imaging 
system (HISTO-2OOO by Biocom). We observed pyramidal cells sparsely 
impregnated, shrunken somata and fragmented dendrites and cell bodies. 
The dentrites of some interneurons showed clearly swollen varicosities. The 
moleculare stratum of the dentate gyrus showed a significant decrease (57%) 
in the amount of GABA-immunoreactive cells in the animals with 20 minutes 
of ischemia and 1 week of reperfusion. The CA1, CA3 and CA4 areas did not 
show density chages in GABA-immunoreactive cells. These results suggest 
that after ischemia, the interneuron damage provoked a desinhibition 
mechanism which induced hippocampal hiperexcitability. Supported by 
DGAPA IN 214296.

INFECTIOUS DISEASES

775.1

APOPTOSIS IN EXPERIMENTAL RABIES IN £LY-DEFICIENT MICE. A.C. 
Jackson*. Depts. of Medicine and Microbiology and Immunology, Queen’s 
University, Kingston, Ontario, Canada K7L 3N6.

The challenge virus standard (CVS) of fixed rabies virus produces a fatal 
encephalitis in adult and suckling mice after intracerebral inoculation. The infection 
is associated with apoptotic cell death in brain neurons and increased 
immunoreactivity to the Bax protein in the hippocampus and cerebral cortex. Five- 
to 7-day-old f>αx-deficient mice and their wild-type littermates received either 
intracerebral or hindlimb footpad inoculation with CVS or the RV194-2 variant of 
rabies virus, which is avirulent in adult mice after intracerebral inoculation. The 
clinical disease was similar with both viruses in Z>αx-deficient and wild-type mice 
with 100% mortality. CVS produced similar apoptotic changes in òαx-deficient and 
wild-type mice, except apoptosis was much more marked in neurons o f the dentate 
gyrus in the wild-type mice after intracerebral inoculation. After intracerebral 
inoculation with RV194-2, the apoptotic changes were markedly less severe in the 
hippocampus, cerebral cortex, and cerebellum of the £αx-deficient mice than wild- 
type mice. However, apoptotic changes were moderate to severe in the brainstem in 
both 6αx-deficient and wild-type mice with both viruses. After hindlimb footpad 
inoculation with RV194-2, apoptotic changes were most marked in the brainstem 
and minimal in the hippocampus, cerebral cortex, and cerebellum. Although 
apoptotic cell death is much less prominent in òαx-defîcient mice after intracerebral 
inoculation with RV194-2, apoptosis ofbrainstem neurons was associated with fatal 
infection in these animals. Although the Bax protein plays an important role in 
modulating rabies virus-induced apoptosis under specific experimental conditions, 
other modulators are likely more important.
Supported by the Medical Research Council of Canada.

775.2
MOLECULAR PHYTOGENY AND GENOTYPE-SPECIFIC DIFFERENCES OF 
THE HUMAN POLYOMA VIRUS JC (JCV).
David V. Jobes. Sylvester C. Chima. and Gerald L. Stoner*. Neurotoxicology 
Section, National Institute of Neurological Disorders and Stroke. National Institutes 
of Health, Bethesda, Maryland 20892, USA.

Polyomavirus JC (JCV) is the viral agent that causes the CNS demyelinating disease 
progressive multifocal leukoencephalopathy (PML). DNA sequence analysis of partial 
JCV genomes has shown that there are at least four main JCV types. Type 1 is of 
European origin, Type 2 is Asian, Type 3 is found in individuals of African decent, and 
Type 4 is a potential recombinant of Types 1 and 3 found in the U. S. A phylogenetic 
analysis of 22 complete JCV genomes was accomplished using neighbor-joining, 
UPGMA, and maximum parsimony. The UPGMA and parsimony phylogenies suggest 
that the European Type 1 strains diverged early in the evolution of JCV and that the 
other types (and subtypes) fall into well supported clades.

PML, which occurs in a small percentage of immunodeficient patients, is usually 
fatal within one year of diagnosis, although some patients exhibit prolonged survival.
Is it possible that prolonged survival may be attributed to a less virulent JCV strain?
A recent report indicates that JCV Type 2B is significantly more frequent in brain 
tissue from PML patients than in normal controls. In another study of four cases of 
PML in West African AIDS patients, it was possible to identify genotype-associated 
differences in the histological presentation of JCV Types 3 and 6. PML due to Type 
3 infection showed increased numbers of neoplastoid astrocytes and inflammafoxy 
infiltrates while Type 6 displayed more extensive reactive astrocytosis.

The exploration of strain to strain biological differences among JCV isolates will 
be facilitated by the establishment of a reliable and consistent method of classifying 
the JCV genotypes. The phylogenetic analysis presented here is a first step toward a 
better understanding of relationships between the JCV genotypes and will aid in 
further molecular studies of diseases associated with human polyomaviruses.

775.3

Beneficial effects of 3-aminobenzamide (3-AB), an inhibitor of the 
poly (ADP-ribose) polymerase (PARP), in experimental 
pneumococcal meningitis.
U. Koedel. R. Paul. B. Soorer. H.-W. Pfister»
Department of Neurology, University of Munich, Germany

Reactive oxygen and reactive nitrogen intermediates - known 
mediators in the pathophysiology of bacterial meningitis - are potent 
triggers of DNA single strand breaks, resulting in PARP activation. 
Activation of PARP triggers a futile energy-consuming cycle, resulting 
in massive depletion of cellular NAD* and ATP and eventually induces 
cell death.

This study assessed the effects of 3-AB on clinical symptoms, 
systemic and intracranial complications in an advanced stage of 
pneumococcal meningitis (24 hours after infetcion). Rats were a) 
uninfected (controls); b) infected (injected i.c. with live pneumococci); 
c) infected, treated with 3-AB (100mg/kg i.p.) 6 hours after infection.

Treatment with 3-AB prevented the impairment of 
cerebrovascular C 0 2 reactivity (4.9±L3 % ΔCBF/mm Hg PaC 0 2 vs. 
O.9±O.3 % in infected untreated rats, and 4.5±O.5 % in controls) and 
autoregulation. In addition, 3-AB significantly attenuated the increase 
in intracranial pressure (12.1 ±2.1 vs I7.O±2.O mm Hg in infected, 
untreated rats) and CSF pleocytosis. 3-AB also reduced 
pneumococci-induced hypotension, hyporeactivity to norepinephrine, 
and hyper-thermia, and improved the clinical status of infected rats

Our data suggest a crucial role of PARP activation in the 
development of both systemic and intracranial complications during 
bacterial meningitis.

775.4
INTEGRIN AND CYTOKINE MEDIATED MODULATORY EFFECT OF 
HTLV-1 INFECTED LYMPHOCYTES ON METALLOPROTEINASES 
AND THEIR INHIBITORS IN GLIAL CELLS
P Giraudon. R. Szvmochn A Bernard MF Belin and H. Akaoka* U433 
INSERM, Faculté de Médecine R. Laemiec, 69372 LYON Ccdex 08, France

Human retrovirus HTLV-1 is responsible for chronic myelopathy (TSP-HAM). 
Activated-infected T lymphocytes infiltrate CNS lesions and factors secreted by T- 
cells are suspected to be involved in physiopathology. We establihed models of glial 
cells in transient contact with T lymphocytes chronically infected with HTLV-1 
which showed infection and/or stimulation of glial cells. We hypothesized that 
perturbation of the glial extracellular matrix (ECM) may be involved in CNS 
damage since ECM is critical in neuron-glia connections and neural cell survival. 
ECM is remodeled by matrix metalloproteinases (MMPs) strictly controlled by 
tissue inhibitor of metalloproteinases (TIMPs). An imbalance in the M M P/TIM P 
may result in exacerbated ECM degradation and cell death, and recent works defines 
MMPs as a possible link in the pathogeneis of demyelinating diseases. We report 
here that contact with HTLV-1 T-lymphocytes induced an imbalance in MMPs and 
TIMPs expression in human glial cells, mediated llrrough integrals and 
cytokines.TGBb was a potent inducer of TIMP-1 but did not induce MMP-9 
expression, while IL la and TNFa induced both MMPs and TIMPs. This resulted in 
upregulated secretion of active MMP-9, hence ECM remodeling. Interrestingly, the 
presence at elevated level of MMP-9 was also detected in the cerebrospinal fluid of 
TSP/HAM patients. Over-expression of MMP-9 in the CNS of TSP-HAM patients 
may favor immune cell infiltration and play a significant role in pathogenesis.
This vork was supported by IN SER M
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775.5
PIG PARAMYXOVIRUS OF THE BLUE EYE DISEASE (PPBED) 
BINDING TO PIG NEURONAL MEMBRANE PROTEINS.
M.L. Mendoza-Maqaña. M.A. Ramírez-Herrera, L.U, Aαuirre-Gavoso. 
J.M. Dueñas-Jiménez, S.H. Dueñas-Jiménez* . C.U.C.S. Dept, of 
Neuroscience, Universidad de Guadalajara, Guadalajara, Jal., México. 
44340.
PPBED infection produces neurological symptomatology and dead in 
suckling but in adult pigs. PPBED binding specificity to neural cell 
membranes could change with age. In these experiments PPBED 
binding to membrane proteins of brain ste'm (BS), olfactory bulb (OB), 
hippocampus (H), cerebellum (C), frontal (F) temporal (T) and parietal 
(P) brain cortex were studied. These brain regions were obtained from 
three new born and three adult pigs. Solubilized neuronal membranes 
were used to perform a dot-blot and a virus overlay protein-binding 
assay (VOPBA) and densitometry to detect relative mobility of marked 
proteins. In newborn pigs, neural membrane cell proteins from all 
studied brain regions bound to PPBED as showed by dot blot assay. 
VOPBA exhibit PPBED binding to a protein band (»116KDa ) of F and 
H neural cells. In adult pigs, PPBED bound to neural membrane 
proteins of OB, T and P cells as exhibited by dot blot assay and to a 
protein band of «116 KDa in F, T, C, H, OB and BS as shown by 
VOPBA. PPBED binding decrease in some brain regions with age. 
However, specific binding to a protein of 116 KDa occurred in more 
brain regions in adult pigs. In adult pigs, absence of PPBED 
neurological symptomatology seems to be no related to specific 
PPBED binding. CONACyT GRANT: l-2545O-N

775.7
MOLECULAR MIMICRY IN IMMUNE MEDIATED NEUROLOGIC DISEASE 
M.C. Levin*. J. Berk Dept of Neurology, Univ of Tennessee, Memphis, TN 38163 

Molecular mimicry is one mechanism by which patients with immune mediated 
neurologic diseases develop damage to the central nervous system (CNS). Multiple 
sclerosis (MS) is an immune mediated disease of the CNS of unknown etiology. One 
approach to understanding its pathogenesis is to study immune-mediated neurologic 
diseases associated with known environmental agents, such as HAM/TSP (HTLV-1 
associated myelopathy/tropical spastic paraparesis). In HAM/TSP, patients infected 
with HTLV-I (human T-lymphotropic virus type 1) develop neurologic, immunologic 
and pathologic abnormalities similar to MS. MS and HAM/TSP patients develop 
CNS infiltration by mononuclear cells in areas of demyelination and axonal damage. 
How inflammatory cells damage the CNS is unclear, however immune mechanisms 
are involved. In HAM/TSP, cellular and antibody responses to immunodominant 
epitopes of HTLV-I-tør (the regulatory region of HTLV-1) are associated with disease. 
Identification of a viral-specific immune response that recognize a CNS target cell 
may contribute to the understanding of the pathogenesis of these diseases. Data show 
that antibodies isolated from HAM/TSP patients were immunoreactive with 
uninfected neurons, and this reactivity was HTLV-I specific. HAM/TSP IgG stained 
uninfected CNS neurons, but not non-neuronal cells. Neuronal western blots showed 
IgG reactivity with a 33 kD band in all HAM/TSP patients (n=l3). HTLV-I (-) 
controls (n=lO) or HTLV-I (+) asymptomatic patients (n=6) had no reactivity 
(p<0.001). HAM /TSP patients had elevated titers to the 33 kD protein (range= 
1:50,000-1:100,000). Immunocytochemical and western blot reactivity were abolished 
by pre-incubating HAM/TSP IgG with HTLV-1 proteins. A monoclonal antibody 
screen showed that antibodies to tax mimicked HAM/TSP IgG staining of neurons. 
Absorption of the IgG with tax protein or pre-incubation of CNS tissue with tax 
antibody blocked HAM/TSP IgG reactivity. In situ human IgG localized to neurons in 
HAM/TSP brain, but not in normal brain. These data indicate that HAM/ TSP 
patients develop a viral- and target cell- specific immune response to the CNS, and 
implicate molecular mimicry (between immunodominant HTLV-I-íojc a and a neuronal 
antigen) as playing a role in immune mediated neurologic disease. (UT Memphis)

775.9
APOPTOSIS IN PNEUM OCOCCAL MENINGITIS: 
NEUROPROTECTION BY A CASPASE INHIBITOR. J,S. Braun1*, R. 
Novak^, C.M. Eischen^, S. Bodner^, J.L. Cleveland^, E.I. Tuom anen^. 
Dpts. o f Infectious D iseases^, Biochemistry^, and Pathology-^
St. Jude Children's Research Hospital, M emphis, TN 38105

Morbidity and mortality remains high in bacterial m eningitis despite 
bactericidal antibiotics. Streptococcus pneum oniae  meningitis has the 
highest rate o f  mortality and brain injury. We investigated the pathway 
of pneum ococcus induced human neuronal and m icroglial cell death in 
vitro and the neuroprotective effects o f a caspase inhibitor in a rabbit 
model o f pneum ococcal meningitis.

S. pneum oniae  and isogenic mutants defective in pneum olysin- or 
H2 O 2 -production induced apoptosis in human m icroglia and cortical 
neurons in vitro. Scavenging H 2 O 2  with N -acetyl-cysteine in the 
pneum olysin-defective mutant inhibited neuronal and m icroglial 
apoptosis suggesting at least one toxin (H 2 O 2  or pneum olysin) is 
required for apoptosis. Live, apoptotic and necrotic cells were 
differentiated and quantified using a fluorescent assay (acridine orange  
and ethidium bromide), A nnexin-V-staining, TUNEL and EM. After 9 
hours incubation, -90%  m icroglia and -60%  neurons were apoptotic; 
remaining cells were necrotic. Consistent with in vitro apoptosis, the 
caspase inhibitor z-vad-fm k suppressed m eningeal inflam mation and 
hippocampal neuronal apoptosis and loss in vivo.

Our results suggest apoptosis is an important cause o f CNS cell loss in 
acute pneum ococcal m eningitis and that apoptosis cannot be attributed 
to a single pneum ococcal toxin. Neuronal apoptosis can be decreased  
in pneum ococcal meningitis by a broad spectrum caspase inhibitor, 
suggesting novel approaches to improve therapeutic outcome.

This work was supported by NIH NIAID R01 27913.

775.6

REPLICATION AND LATENCY OF A ICP34.5- 
DEFICIENT HERPES SIMPLEX VIRUS IN THE MURINE  
CENTRAL NERVOUS SYSTEM . S. Kesari.*L2 T ,M. Lasner,L-1
K.R. Balsara.2 B.P. Randazzo,1*4 V.M .-Y . Lee,2 J.O. Trojanowski,2 
and N.W. Fraser1, ^ h e  Wistar Institute, -Department of Pathology and 
Laboratory Medicine, ^Division o f Neurosurgery and 4Department of 
Dermatology, University of Pennsylvania School o f Medicine, 36th and 
Spruce Sts., Philadelphia, PA, 19104, USA  

Herpes Simplex Virus-1 (H S V -l) variant 1716 is deleted in the gene 
encoding ICP34.5 and is neuroattenuated after intracranial (IC) 
inoculation of mice. Although the mechanism of attenuation is unclear, 
we and others have exploited this property to eliminate experimental 
brain tumors. Previously, we showed that infectious 1716 was 
recoverable for up to three days after IC inoculation suggesting that 
there may be limited replication in the central nervous system (CNS). 
Here we demonstrate that 1716 replicates in specific cell types 
(predominantly CNS ependymal cells) of Balb/c mice using 
immunohistochemical, immunofluorescence, in situ hybridization and 
viral titration studies. While 1716 infected mice exhibited no overt signs 
of encephalitis, histological analysis showed a persistent loss of the 
ependymal lining. Thus, although ICP34.5 deficient viruses are 
neuroattenuated, they do retain the ability to replicate in and destroy the 
ependyma of the murine CNS. A detailed understanding of the 
mechanism(s) of neuroattenuation and limited replication could lead to 
the rational design of safe HSV vectors for cancer and gene therapy in 
the CNS. Funded by grant from NIH (MH10915).

775.8
Identification and localization of Chlamydia pneumoniae in the Alzheimer's brain.
Brian J, Balin1 ,E. James Arking1, Denah M. Appelt1. J.Todd Abrams2. Hervé C, Gérard3. 
Judith A. Whittum-Hudson4, and Alan P. Hudson3. *Dept. Pathology & Lab Med., 2Dept. 
of Dermatology, 3Dept. of Microbiology & Immunol., MCP-Hahnemann School of 
Medicine, Allegheny Univ. of the Health Sciences, Phila., PA 19102; 4Ocular Immunology 
Labs, Wilmer Ophthalmol. Inst., Johns Hopkins Univ. School of Medicine, Balto., MD 
21287.

We assessed whether the intracellular bacterium Chlamydia pneumoniae was present 
in post-mortem brain samples from patients with and without late-onset Alzheimer’s disease 
(AD), since some indirect evidence seems to suggest that infection with the organism might 
be associated with the disease. Nucleic acids prepared from those samples were screened 
by PCR assay for DNA sequences from the bacterium, and such analyses showed that brain 
areas with typical AD-rclated neuropathology were positive for the organism in 17/19 AD 
patients. Similar analyses of identical brain areas of 18/19 control patients were PCR- 
negative. Electron and immunoelectron microscopic studies of tissues from affected AD 
brain regions identified chlamydial elementary and reticulate bodies, but similar analyses 
of non-AD brains were negative for the bacterium. Culture analyses of a subset of affected 
AD brain tissues for C. pneumoniae were strongly positive, while identically-performed 
analyses of non-AD brain tissues were negative. RT-PCR assays using RNA from affected 
areas of AD brains confirmed that transcripts from two important C. pneumoniae genes 
were present in those samples but not in controls. Immunohistochemical examination of AD 
brains, but not those of controls, identified C. pneumoniae within pericytes, microglia, and 
astroglia. Further immunolabelling studies confirmed the organisms’ intracellular presence 
primarily in areas of neuropathology in the AD brain. Thus, C. pneumoniae is present, 
viable, and transcπptionally-active in areas of neuropathology in the AD brain, possibly 
suggesting that infection with the organism is a risk factor for late-onset AD. Supported by 
AR-42541(APII), EY-03324 (JAW-H), and AG-10160 (BJB).

775.10
ALTERATION IN NEURONAL EPSPs BY SECRETORY PRODUCTS FROM 
HIV-1-INFECTED MACROPHAGES. H. Xiong*. J. Zheng and H.E. Gendelman 
The Center for Neurovirology and Neurodegenerative Disorders and Department of 
Pathology and Microbiology, University of Nebraska Medical Center, Omaha, NE 
68198-5215

In the infected human host, virus-infected immune competent mononuclear 
phagocytes (MP) (brain macrophages and microglia) secrete bioactive molecules that 
mediate neuronal damage during HIV-1 associated dementia (HAD). Several reports 
demonstrate that HIV-1 infected macrophages placed onto brain tissue or neural cells 
elicit neuronal cell death. However, the mechanisms for this neuronal dysfunction 
have not yet been discerned. To these ends, we investigated the physiological effects 
of HIV-1-infection and monocyte-derived macrophages (MDM) activation on neuronal 
EPSPs. Lipopolysaccharide (LPS) was utilized to mimic MP activation in the brain. 
Bath application of culture fluids from HIV-1-infected MDM inhibited electrically 
evoked field EPSPs in the CA1 area of rat hippocampus, with an average inhibition 
of 75.7 ±  5.1% (mean ±  S.E.M ., n = 6 ) and 51.7 ±  7.3% (n= 3) with/out LPS 
activation. In contrast, application of supernatants from uninfected MDM with/out 
LPS inhibited field EPSPs by 60.0 ±  6.3% (n= 6) and 30.0 ±  8.5% (n=2). The 
differences between HIV-1-infected and uninfected MP fluids, for changes in EPSPs, 
with/out LPS were statistically significant (p < 0 .0 5 , Student’s / 'test). Interestingly, 
both HIV-1-infected (n= 6) and uninfected MP fluids (n= 4) blocked long-term 
potentiation induced by high frequency stimuli. These data demonstrate that secretory 
products from HIV-1-infected MDM affect neuronal function and that MP activation, 
not viral infection, is likely the major impetus for HAD neurotoxic activities. This 
work was supported in part, by research grants by the National Institutes of Health: 
P01NS31492-01, R01NS34239-01, R01 NS36126-01, and P01MH57556-01
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775.11

BRAIN CYTOKINE AND NEUROPEPTIDE SYSTEMS mRNAs 
DURING LPS- AND MDP-INDUCED ANOREXIA. D. Gayle*. S.E. 
Ilyin. M.C. Flynn. N,P. Turrin and C.R. Plata-Salamán. Div. 
Molecular Biology, SLHS, Univ. Delaware, Newark DE 19716.

We investigated molecular changes associated with anorexia 
induced by the ICV administration of LPS and MDP. Brain 
regions o f anorectic rats under conditions of ad libitum feeding, 
fasting, and fasting followed by refeeding were analyzed. 
RNase protection and competitive RT-PCR were used to assay 
fo r changes in mRNA levels o f IL-1 system components 
(ligands, receptors, receptor accessory proteins and receptor 
antagonist), TNF-a, TG F-ßl, gp 130, OB-R (leptin receptor), 
POMC, NPY, glucocorticoid receptor, and CRF receptor in 
selected brain regions. For example, under conditions of 
fasting followed by refeeding, LPS (n = 9) and MDP (n =  9) 
significantly increased the expression o f IL-1 ß, IL-1 receptor 
type I, and TNF-a mRNAs in the cerebellum, hippocampus, and 
hypothalamus relative to vehicle (n = 9); LPS was significantly 
more potent than MDP in all cases. On the other hand, MDP 
induced a stronger increase in hypothalamic levels o f IL-1 
receptor antagonist ílL-IRa) and TGF-ßl mRNAs. RT-PCR 
revealed an eleven-Told induction (relative to vehicle) of 
hypothalamic IL-1 a  mRNA in response to LPS treatment. In 
addition, feeding data showed that the LPS-induced anorexia 
was of a stronger m agnitude and duration than that of MDP. 
Possibly, a stronger up-regulation of inhibitory cytokines (IL-1 Ra 
and TGF-ßl) by MDP may lead to a less pronounced anorexia 
relative to LPS. Supported by U. Del. and the NIH (CRP-S).

775.12
ABNORMAL PERIODIC ACID-SCHIFF-POSITIVE SUBSTANCE IN THE 
ISLETS OF LANGERHANS, PITUITARIES AND ADRENAL GLANDS OF 
139H-INFECTED h a m s t e r s . X. Ye1*. A. Scallet1 and R.I. Caro! 
xDiv. of Neurotoxicology, FDA/NCTR, Jefferson, AR. 72079. 
ZNYS/Institute or Basic Research for Developmental 
Disabilities, Staten Island, NY. 10314.

Previous studies showed that the 139H strain of scrapie 
injected intracerebrally in hamsters caused obesity, and 
extensive histopathological changes in islets of Langerhans 
and pituitaries. In the current study, we report that an 
abnormal granular substance, which stained positively with 
periodic acid-Schiff (PAS-positive substance; PPS), was 
found in the islets of Langerhans, pituitaries, adrenal 
glands, in the lumens of blood vessel cores (BVCs) and in 
blood vessels in 139H-infected hamsters, but not in either 
263K-infected or control hamsters. This substance was 
located both inside and outside cells in the endocrine 
organs, forming grape-like or plaque-like structures, which 
were small, round to ovoid and homogenous measuring up to 
7µm in diameter and usually grouped in clusters. Using 
immunostaining for amyloid protein (PrP, ßA4), as well as 
Congo red and a thioflavin-S stain, no evidence of amyloid 
plaque formation was found in the islets of Langerhans, the 
adrenal glands, or the pituitaries of 139H- or 263K- 
infected hamsters. PPS might relate to the pathological 
changes in the endocrine organs and might serve as a 
biomarker for the diagnosis of l39H-infected hamsters (X.Ye 
was supported in part by ORISE).

INFECTIOUS DISEASES: AIDS I

776.1

THE V3 LOOP OF THE HIV-1 ENVELOPE GLYCOPROTEINE gpl2O 
INDUCES M ACROPH4fF-M EDIATED APOPTOSIS IN RAT CORTICAL 
CULTURES. Diop A.G. Terro F λ  Ndiave P .2. El Yaman W λ  Hugon J .1 
'Neurobiol and Cell Pathol Unit, Histol.and Cell Biol Dept, Fac Medicine 
Limoges, F rance;2 Clin Neurol., CHU Fann Dakar Senegal, ( SPON: SONA)

Previous studies have demonstrated the neurotoxicity of gpl2O, the HIV-1 
envelope glycoproteine, in cultured neurons. The goal of the present study is to 
explore the role of the gpl2O V3 loop, an important domain, active in the virus 
binding to CD4 receptors. Wistar rat cortical cells were exposed to the V3 loop 
peptide (Neosystem) at various concentrations, ranging from 10'12 M to KF* M. 
Exposed neurons were pie-incubated or not with neuroprotective agents aid 
compared to control cultures. Some cultures contained low levels of macrophages 
and other cultures were enriched in rat alveolar macrophages (10-15 %). Apoptosis 
was assessed by TUNEL and Dapi staining methods. Our results revealed that the 
V3 loop is able to induce neuronal apoptosis in cultured neurons when applied at 
concentrations ranging from 10'6 to 1(F*M (repectively 21.1 ± 2 .4  % and 23.3 ±  
3.4 %) compared to control cultures (10.0 ±  1.3 % ; p<0.001). Lower 
concentrations from 10'12 M to 10'9 M did not produce significant apoptosis. The 
presence of added macrophages, was required for the neurotoxicity of the V3 loop. 
The ICE inhibitor Ac-YVAD-CHO (lOOµM) prevented apoptosis when applied 
previously (12 hours) in the medium (9.5 ±  2.4 %). The calcium channel blocker 
Nifedipine reduced the percentage of apoptosis induced by the V3 loop while 
MK801, Tetrodotoxine and CNQX did not have protective effects.

In conclusion, this study demonstrates that the V3 loop is able to produce 
apoptosis in rat cortical neurons. This effect, requiring the presence of 
macrophages, is calcium-mediated and prevented by an anti-ICE peptide.
This work was supported by Conseil Regional Limousin (France).

776.3

NEUROTOXIC ACTIVITY OF gpl2O DERIVED FROM FELINE OR HUMAN 
IMMUNODEFICIENCY VIRUS EVALUATED BY BEHAVIORAL AND 
ELECTRç>PHYSIOLO<GICAL PROCEDURE^ M. Sánch<pz-Alavez , D. M ytínez- 
Gonz^lez , L. Navarro , Murillo-Rodríguez , >^G arcía *, S. J. Henriksen , J. H. 
Elder , R, Drucker-Colín & O. Prospéro-García . Grupo de Neurociencias. Depto. 
de £isiologia, Fac. de M e d in a  & Neurociencias, IFC, UNAM, México, D.F. Depts. 
Of Neuropharmacology & Molecular Biology, TSRI, La Jolla, CA 92037.

The envelope glycoprotein 120 (gpl2O) derived from HIV (Human 
immunodeficiency virus) plays a critical role in the development of AIDS-related 
dementia complex. The feline model of AIDS (FIV) also exhibits neurophysiological 
changes that support neurological abnormalities. In this work we tested the effects of 
different concentrations (70 ng, 350 ng, 700 ng ) of gpl2O derived from HIV or FIV 
after ICV or neonatal administration. Animals were polygraphically recorded for 24 
hours for sleep-waking cycle. Then they were submitted to an inhibitory avoidance 
test, lever pressing task, T- and Bames-maze, to evaluate learning and memory. In 
addition locomotor behavior was evaluated. Results showed that neonatal rats treated 
with 70 or 350 ng have a significant decrease in wakefulness (W) and slow wave sleep 
2 (SWS2). In contrast slow wave sleep 1 (SWS1) was increased. Rapid eye movement 
(REM) sleep is decreased only in those rats treated with 700 ng o f HIV or FIV-derived 
gpl2O. Locomotor activity, learning and memory were spared. Those rats treated with 
ICV administration showed an important decrease in W, SWS2 and REM sleep; while 
the increase of SWS1 was significant in those groups treated with 350 and 700 ng of 
HIV- or FIV-gpl2O. All ICV-treated groups showed a decrease in motor activity that 
was dose-dependent and consequently the learning and consolidation of memory o f all 
those aforementioned tasks was deteriorated. This work further that gpl2O derived 
from either, FIV or HIV, is neurotoxic.
This work was supported by DGAPA (grant IN2O9797), FUNSALUD and CONACyT.

776.2
GP120 INDUCES RELEASE AND EXTRACELLULAR ACCUMULATION 
OF GLUTAMATE IN ASTROCYTE CULTURES: POTENTIATION BY 
MICROGLIAL FACTORS P.Bezzi1*, S. Vesce1, P. Podini2. P.Panzarasa1, J. 
Meldolesi2 and A. Volterra1, ‘inst. Pharmacol. Sci., Univ. Milan & 2DIBIT, Sci. 
Inst. S. Raffaele, Milan, Italy 20133.

The HIV-1 coat protein gpl2O is neurotoxic in vitro and participates to AIDS- 
associated neuronal injury and dementia in vivo. Gpl2O neurotoxicity likely 
depends on complex interactions between macrophages/microglia, astrocytes and 
neurons, involving a final excitotoxic pathway (Lipton & Gendelman,
N.Engl.J.Med. 332:934, 1995). We have recently shown that gpl2O, at picomolar 
concentrations, induces extracellular glutamate (Glu0) accumulation in astrocyte 
cultures by combined induction of release and inhibition of uptake (Vesce et al., 
FEBS Lett. 411:107, 1997). Immunocytochemical characterization of our cultures 
by use of cell-type specific markers revealed the presence of only type 1 astrocytes 
(GFAP-positive) and a small component of microglia (Isolectin B4-positive). 
Exposure to L-leucine methylester (7.5 mM, 2Oh) selectively killed microglia, as 
confirmed by loss of isolectin B4 staining. However, gpl2O (200 pM, 90 min) still 
promoted both Glu release and Gluo accumulation, although with reduced efficacy 
(each of the two effects was decreased by about 40%). Interestingly, pre-treatment 
of these microglia-depleted cultures with TNF-α (10 ng/ml, 2Oh) resulted in 
enhanced responses to gpl2O (e.g. Glu0 accumulation: +100%), which now closely 
resembled those observed in naïve cultures containing both astrocytes and 
microglia. Therefore, gpl2O affects Glu homeostasis apparently by a direct action 
on the astrocytes. However, the presence of microglia enhances its efficacy, e.g. by 
releasing facilitator factors such as TNF-α. Supported by EU Biomed2 BMH4- 
CT95-0571 to A. V. and I.S.S. Italy grant 30. A.0.39 to J.M.

7 7 6 .4

THE ROLE OF HUMAN ADULT MICROGLIAL G-PROTEIN 
COUPLED (CHEMOKINE) RECEPTORS IN HIV DEMENTIA. 
A.V. Albright,1 J.T.C. Shieh,' T. Ito,1 G. Baltuch2, J.B. GrinspanT1 
D.E. Pleasure.1 F. Gonzalez-Scarano.1 'Dept. Neurology, -Dept. 
Neurosurgery, Univ. of Pennsylvania Medical Center, Philadelphia, 
PA, 19104 '

Human Immunodeficiency Virus Dementia (HIVD) develops in 
20-30% of individuals with Acquired Immune Deficiency Syndrome. 
Recent advances in viral entry have demonstrated that various G- 
protein coupled (mostly chemokine) receptors act as coreceptors in 
conjunction with CD4 for HIV entry into cells. Microglia, the most 
commonly infected cell type in the brain, express several GPCRs, 
including CCR5, CCR3, and CXCR4 both in vivo and in culture. 
We have demonstrated which coreceptors are used by HIV strains that 
infect microglia, and used cultured human adult microglia to 
determine which of the three major coreceptors are functional, i.e. 
calcium fluxes can be induced by their ligands: MīP-1 ß, eotaxin, and 
SDF-lα. Furthermore, since neuronal cells also express some of the 
major chemokine receptors on their surface, we have also studied the 
effects of these ligands on the neuron-like Ntera-2 cells. The results 
may explain some of the interactions between microglia and neurons, 
an interaction that is thought to be responsible for the development 
of HIVD.
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776.5
SYNTHETIC ANTIOXIDANT INHIBITS NEUROTpXINS

ASSOCIATED WITH AIDS DEMENTIA. L. Pulliam1'2, W.D.
3 3 1 3 1

Flitter , W.A. Garland , R. Chun and I. Irwin . Dept, of
----------------------------------------------------------------------------------- 2
Laboratory Medicine, Univ. of CA., San Francisco; Veterans
Affairs Medical Center, San Francisco; 3Centaur Pharmaceuticals, 
Inc., Sunnyvale, CA.

Oxidative damage has been implicated in several 
neurodegenerative diseases. The dementia often accompanying 
HIV infection is thought to be initiated by neurotoxic factors 
produced from HIV-infected macrophages/microglia, including 
tumor necrosis factor α (TNFα), gp120 and quinolinic acid (QUIN). 
TNFα and QUIN are known to produce damage via the generation 
of reactive oxygen species (ROS). A synthetic antioxidant, CPI- 
1189, has been identified that blocked the neurotoxicity of TNFα, 
gp120 and QUIN in an in vitro brain model. Cell death by 
apoptosis or necrosis was measured by ELISA. The mechanism 
by which CPI-1189 reversed neurotoxicity is unknown; however, it 
is assumed it is scavenging ROS. These effects may be due to 
modulation of NFkB nuclear translocation and apoptotic proteins 
which contribute to neural cell survival. This data suggests that 
CPI-1189 protects against neurotoxins implicated in HIV dementia. 
(Supported by NIMH R43 NS354O5 and Centaur Pharm.).

776.7
CHEMOKINES AND RECEPTORS IN HIV ENCEPHALITIS- 
L. Radhakrishnan. R.W. Dorsey. M.G. White. M, K. Bruner.
V.J. Sanders.* and C,L. Achim. Division of Neuropathology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15213.

The identification of chemokine receptors CXCR4 and CCR5 as 
major coreceptors for HIV raises many interesting questions about viraj 
pathogenesis, host cell tropism and neurotoxicity. We hypothesized 
that: a) chemokine receptors are not sufficient to explain the spread of 
HIV in brain macrophages and b) chemokine receptors expressed on 
non-macrophage neuroglia may mediate neurotoxicity independent of 
the virus. To test our hypothesis we are studying the expression of 
chemokines and their receptors in human monocyte-derived 
macrophages (MDM), second trimester human fetal microglia, astroglia 
and neurons by laser confocal microscopy, RT-PCR and RNase 
protection assay.

Our pilot studies have shown that: a) chemokine receptors are 
expressed abundantly on neurons in vitro and in vivo, b) levels of 
expression are altered with infection or macrophage activation, c) 
chemokines RANTES, M IP l-α  and MCP-1 did not block HIV 
infection of MDM and microglia contrary to results from previous 
studies with cell lines, d) RT-PCR results show that chemokine 
receptor expression is up-regulated in brain regions with higher viral 
load and e) RANTES and MCP-1, but not SDF-1, may have a positive 
effect on cell number in human fetal mixed neuroglial cultures. Future 
studies will explore the existence of new chemokine receptors and 
analyze the acute and chronic effects of chemokine treatments on 
neurons.(This work is supported by NIH grant # 5 R01 MH4679O).

776.9
INTERFERON-ß INHIBITS HIV-1 EXPRESSION IN HUM AN FETAL 
MICROGLIA VIA PRODUCTION OF ß-CHEM OKINES M IP -lα  A N D  
M IP-lß . N.Zhang. M.L.Zhao. J.S.H.Liu. C.F.Brosnan. and S.C.Lee* Dept o f  
Pathology, Albert Einstein College o f  M edicine, Bronx, N Y  10461.

M icroglia serve as the primary target for HIV-1 infection in the brain. 
Human m icroglia has been shown to use chemokine receptors CCR5 and 
CCR3 as coreceptors for HIV-1 infection, and ß chem okines RANTES and 
M IP-lß  have been shown to suppress HIV-1 infection in microglia. Previous 
work in our laboratory have demonstrated a potent induction o f  all ß 
chemokines by IFNß in primary cultures o f  human m icroglia. Therefore, in 
this study, we tested the possibility that IFNß can suppress HIV-1 infection in 
m icroglia through ß chemokine-mediated m echanism s. M icroglia are treated 
with varying concentrations o f  IFNß sim ultaneously with M-tropic strains o f  
HIV-1 (HIV-1ada), and the HIV-1 p24 levels were determined in the culture 
supernatant at 7 days post-infection. The results showed that human fetal 
m icroglia are productively infected by HIV-1 as shown by production o f  
nanogram levels o f  p24 and syncytia formation. IFNß dose-dependently 
inhibited the production o f  p24 at 0.01, 0.1 and 1 ng/ml. Further experiments 
showed that the inhibition o f  H IV -1 expression by IFNß could be partially 
blocked by anti-M IP-lα and anti-M IP-lß neutralizing antibodies, but not by 
anti-RANTES antibody. The results suggest a novel m echanism for IFNß in 
the suppression o f  H IV -1 infection, and combined with its known suppressive 
effects on proinflammatory cytokines and nitric oxide production by human 
glia, poses as a potential therapeutic agent for AIDS-dem entia complex. 
(Supported by NIH grants M H55477 and NSO7O98)

776.6
CXCR-4 M EDIATES NEURONAL DYSFUNCTION BY HIV-1 
INFECTED MACROPHAGE SECRETORY PRODUCTS: IM PORTANCE  
FOR H IV -1-ASSOCIATED DEM ENTIA. J. Zheng*, M. Thylin, A. 
Ghorpade, R. Cotter, Y. Persidsky and H.E. G endelm an. The Ctr. for  
Neurovirol. and Neurodegenerative Disorders and Dept. Path./M icrobiol., 
Univ. Nebraska Med. Ctr., Omaha, NE 68198-5215  

Neuronal loss underlies cognitive and motor dysfunction in H IV -1- 
associated dementia (HAD). Unlike other virus-induced brain diseases, 
neurotoxicity in HAD is mediated through HIV-1 infection and im m une  
activation o f  brain m ononuclear phagocytes (brain macrophages and 
microglia, MP). The m echanism (s) for MP-induced neuronal dysfunction, 
however, remain undefined. To uncover how HIV-1 infected and activated 
MP secretory products (viral and/or cellular factors) affect neuronal 
function we measured phosphoinositide (PI) hydrolysis in human fetal 
neurons and astrocytes follow ing their exposure to secretions from virus- 
infected and activated m onocyte-derived macrophages (M D M ). 
Conditioned media from HIV-1 infected, lipopolysaccharide (LPS) 
activated MDM, and/or HIV-1M N gpl2O  stimulated PI hydrolysis in 
human neurons and/or astrocytes. The elevation o f PI hydrolysis in 
neurons was blocked (in part) by the CXCR-4 (fusin) antibody, 12G5, but 
not CCR5. Cell surface expression o f fusin in neurons was demonstrated  
im m unocytochem ically. The functional role o f  CXCR-4 in HIV-1 
neurotoxicity was examined through activation o f PI hydrolysis follow ing  
stimulation with chemokines, stromal cell-derived factor lα .  These data, in 
toto, demonstrate that neuronal dysfunction by secretory products from  
HIV-1 infected MP is mediated, in part, through CXCR-4 receptor 
activation in neurons. Supported by NIH P 0 1 N S 3 1492-01, R01 NS 34239- 
01, R01 N S36126-01, and P01 M H 57556-01.

776.8
A ROLE FOR THE HIV-1 REGULATORY PROTEIN NEF IN 
DYSREGULATION OF SELENIUM-DEPENDENT PROTEINS IN THE 
CENTRAL NERVOUS SYSTEM. J.A. Hamilton1. B.M. Blumbere2. L.G. 
Epstein , and H.A. Gelbard1 . Dept, of Neurology, Univ. of Rochester, Rochester, 
NY 14642; UMDNJ, Dept, of Neurology, Newark, NJ 07103.

Human immunodeficiency virus type 1 (HIV-1) infection o f the brain may result 
in restricted infection of astrocytes (no progeny virus made) with subsequent 
expression of the regulatory protein NEF. The pathophysiologic significance of 
this in astrocytes remains unclear. Examination o f NEF mRNA translation 
suggests that it may be the production process, rather than the end-product, that is 
significant. The stop codon signalling the end of protein translation of the NEF 
gene proves to be suppressed and read through in vitro, resulting in incorporation 
of selenocysteine (SeCys), a selenium-containing amino acid. In vitro translation 
and Western blot assays show: expression of the NEF protein only in the presence 
o f a limited range o f added Na2Se03 concentrations between 10 - 100 ng/ml; and 
incorporation of added 75Se during translation. It is plausible that production of 
endogenous SeCys-containing proteins requires a precisely maintained physiologic 
Se concentration. Incorporation o f SeCys into NEF may upset this balance, 
significantly altering production o f other SeCys-containing proteins, i.e. 
glutathione peroxidase (GPx). Because astrocytes and GPx may play vital roles in 
homeostasis of normal neuronal function, over-production of NEF may result in 
marked impairment of normal function of GPx, in turn leading to widespread 
neuronal dysfunction. We are currently testing this hypothesis by examining 
effects of NEF competition for SeCys on GPx function in astrocytes and neurons. 
(Supported in part by POl MH57556 to L.G.E. and H.A.G.)

776.10
FAST VS. SLOW PROGRESSORS IN A RHESUS MACAQUE MODEL OF SIV 
INFECTION. J.K. Marcario*, L.A.M. Raymond, R. Raghavan , S.V. Joag, L.L. 
Foresman. O. Naravan, P.D. Cheney. Depts. of Mol. & Integr. Physiol.; Microbiol., 
Mol. Genetics. & Immunol.; Lab. Animal Resources; and Smith MRRC, Univ. 
Kansas Med. Ctr., Kansas City, KS 66160, USA.

In previous work we have shown that infection o f rhesus macaques with 
SIV produces neurological disease consisting o f motor and sensory evoked 
potential abnormalities and behavioral deficits similar to those associated with 
neuro-AIDS in HIV infected humans (Marcario, et al., 1996; Raymond, et al.,
1996). Of nine behaviorally trained monkeys infected with neurovirulent strains of 
SIVmac, seven progressed to end-stage disease and were euthanized within the first 
four months following inoculation (fast progressors). In the remaining two animals, 
disease progression was much slower requiring 109 weeks and 87 weeks, 
respectively, to reach an end-stage condition. We refer to these monkeys as slow 
progressors. The purpose of this analysis was to compare the nature of disease that 
developed in rapid and slow progressors in terms of behavioral, neurophysiological, 
immunological and virological parameters. Most noteworthy is the fact that all 
rapid progressors showed deficits on a battery of sensory and motor evoked 
potentials while neither of the two slow progressors showed e voked potential 
deficits. Behavioral deficits in the two slow progressors were also largely absent or 
transient. The behavioral test battery included measures o f simple and choice 
reaction time, motor skill, working memory and progressive ratio performance. In 
contrast, all rapid progressors showed deficits on at least one o f the behavioral 
tasks. While evidence of neurological disease was minimal or absent in the slow 
progressors, these two monkeys did show clear evidence o f systemic AIDS 
including wasting, skin tumors and liver pathology. These findings suggest that 
SIV infected monkeys with rapidly progressing disease develop both systemic and 
neurologic disease whereas those with slowly progressing disease develop systemic 
AIDS but not neuro-AIDS. (Supported by NIH grants NS322O2 and HDO2528)
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776.11

ASTROCYTE AND MICROGLIAL ACTIVATION IN THE SIV MODEL OF 
NEUROAIDS: CALBINDIN AND MMP-9 N.E.J. Berman1*. C. Yong1. L.A.M. 
Raymond2. O. Naravan3 and P.D. Cheney2. 'Dept, of Anatomy and Cell Biology, 
2Dept. of Molecular and Integrative Physiology and 'Marion Merrell Dow 
Laboratories, University of Kansas Medical Center, Kansas City KS 66160.

Astrocyte and microglial activation have been postulated to be major 
contributors to functional changes in the brain of ADDS patients. We assessed 
astrocyte and microglial activation in the simian immunodeficiency virus (SIV) 
model. Markers for astrocyte activation were glial fibrillary acidic protein (GFAP) 
and calbindin-D-28K, a calcium binding protein which is upregulated in astrocytes 
during excitotoxic events. Markers for microglial activation were MHC-II and 
matrix metalloproteinase 9 (MMP-9, gelatinase B), which is thought to be involved 
in breakdown of the blood brain barrier in inflammatory brain disease. The presence 
of calbindin in astrocytes and of MMP-9 in microglia were confirmed by double 
labeling using confocal microscopy. Increases in calbindin staining were most 
apparent in the white matter, while increases in GFAP staining were most apparent 
in middle layers of the cerebral cortex. MHC-II expression by microglia occurred in 
two distinct patterns which corresponded with independent neuropathological 
assessment. In animals with diffuse encephalitis, MHC-II stained microglia 
were present throughout the brain including both subcortical white matter and 
cerebral cortical gray matter. In animals with focal brainstem encephalitis, 
MHC-II stained microglia were confined to white matter, strictly observing the 
border between w hite matter and cerebral cortex. MMP-9 was detected in blood 
vessels both in uninoculated macaques and in macaques with SIV encephalitis. 
MMP-9 was upregulated in microglia in macaques with SIV encephalitis. 
MMP-9 was also upregulated in cerebral cortical pyramidal neurons in SIV 
encephalitis. The increase in calbindin expression by astrocytes suggests that these 
cells are subject to calcium toxicity. The presence of MMP-9 in microglia 
suggests that they may be involved in breakdown of extracellular matrix, 
including the blood brain barrier, in this disease. Supported by NS32202 and 
HD02528.

776.13

INTRACEREBRAL TNF-α INFUSIONS INCREASE APOPTOSIS 
BUT DO NOT AFFECT GLIOSIS, BLOOD-BRAIN BARRIER, OR 
OXIDATIVE MEASURES: RELEVANCE TO AIDS DEMENTIA
K. Bjugstad12*. R.M . Philpot1. W. F litter . W. Garland3. C L. Kirstein1. &
G. Arendash2. 'Dept, o f  Psychology & 2Dept. o f  Biology. Univ. South Florida. 
Tampa, FL. 33620 and ^Centaur Pharmaceutical, Sunnyvale, CA 94086.

N europathological changes seen in A ID S dem entia (A D C ) include 
increases in apoptosis, g liosis, and decreases in the blood-brain barrier. 
Tumor necrosis factor (T N F -α ), an inflammatory cytokine, has been shown  
to be elevated in A D C  and may pla> a role in the neuropathological 
changes. W e have previously shown that intracerebral (icv) T N F-α infusions 
induce cognitive deficits similar to A D C . To see if  elevated brain levels o f  
T N F-α are involved in A D C  neuropathology, T N F-α (5O ng/lµ l) w as infused 
icv bilaterally for 3 or 7 days. Rats also received tw ice daily treatment with 
the antioxidant C P I-1189 (2Omg/kg orally). After treatments, rats were  
killed and brain sections w ere stained for apoptosis, G FAP, or lgG. Since 
oxidative stress can initiate apoptosis, additional groups o f  3 and 7 day 
treated rats w ere used to measure lipid peroxidation (M D A ) and hydroxyl 
radical formation. An increase in apoptosis w as seen in the corpus callosum  
o f  3 day-T N F-α rats, and in the neocortex and total number in 7 day-TN F-α  
rats. C P I-1189 prevented the increases in apoptosis. N o  effect o f  TN F-α  
w as seen  in g liosis, blood-brain barrier, or m easures o f  oxidative stress. The 
results suggest that elevated brain TN F-α may be involved in the increased  
apoptosis that occurs during A D C  and treatment with C P I-1189 may be 
protective against increased apoptosis in A D C . (Support by Centaur Pharm.)

776.12

H IV -1  G P -4 1 -IN D U C E D  H U M A N  A S T R O C Y T E  iN O S  m R N A  
E X PR E SSIO N  VIA  M IC R O G L IA L  C E L L  I L - lß . LC. E hrlich, H A li, 
W S S heng, S H u, PK  Peterson, and CC C h a o * . M in neapolis M ed Res 
Fdn and the U niv o f  M inn M ed Sch , M in n eap olis , M N  5 5 4 0 4

M ech anism s underlying hum a im m u n od eficien cy  virus (HI V )- l  
encephalopathy are unknown; h ow ever, a recent study su ggests that the 
viral protein g p 4 l m ay be n eu rotoxic  v ia  activation  o f  ind u cib le  nitric 
o x id e  synthase ( iN O S ) a ctiv ity  by glia l ce lls . In the present study, w e  
investigated  the N O -gen eratin g  activ ity  o f  astrocytes by g p 4 l and the 
relationship to m icroglial cell production o f  interleu kin (IL )-1 , the on ly  
c y to k in e  r esp o n sib le  for  hum an a stro cy te  N O  p rod u ction . In the 
p resen ce o f  interferon-γ, g p 4 l  in d u ced  n itrite  prod u ction  (22 .O ±3 .2  
µM  vs O.9±O. 1 µM  in interferon-γ a lone) and iN O S  m R N A  exp ression  
in m ixed  glial ce ll cultures, but not in h igh ly  (>99% ) enriched astrocyte  
( l . l± O . l  µM ) or m icroglia l ce ll (O.9±O. 1 µM ) cultures. B ecau se III-1 
receptor anatgonist protein  b lock ed  g p 4 l-in d u c e d  N O  production  in 
m ix ed  g lia l c e ll  cu ltu rtes, th is f in d in g  su g g e s ts  a p iv o ta l ro le  o f  
m icro g lia  for IL-1 production . G p 4 l a lso  activated  IL-1 production  
(2 6 .4 ± O .9  p g /m l v s  0 . l± O .l  n g /m l in  c o n tro l)  and I L - lß  m R N A  
ex p ressio n  in h ig h ly  en r ich ed  m icro g lia l c e ll  cu ltu rtes, but not in 
astrocytes, su ggestin g  a direct e ffe c t  o f  g p 4 l  on  m icroglia l cell IL - lß  
production . T h ese  data su p p ort a n o t io n  that g p 4 l  in d u c e s  N O  
production v ia a d irect activation o f  m icroglia l cell IL-1 production and 
intervention o f  H IV -1 p rotein-in duced  n eu rotox ic ity  m ay be e ffec tiv e  
by targeting activated m icroglial cells.
This study was supported in part by USPHS grants DAO9924 
and DA04381 from the National Institute on Drug Abuse.
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NEUROPSYCHOLOGICAL FUNCTION IN HIV/AIDS IN 
RELATIONSHIP TO PYRIDOXINE (VITAM IN B6) STATUS G. Shor- 
Posner *. A, Campa. T. Baldewicz, N, Blanev. E. Perez. M,K. Baum Dept o f  
Psychiatry & Behavioral Sciences, Univ o f  Miami School o f  Medicine, Miami 
FI. 33031

Pyridoxine status appears to be an important cofactor in mediating 
psychological distress, as measured by the Profile o f  Mood States (POMS) in 
HIV-1 seropositive individuals. In HIV-1 infected homosexual men (n=l 18), a 
decline in psychological distress (improved mood) has been demonstrated with 
normalization o f  vitamin B 6 status, and with increased tryptophan intake in 
vitamin Bó adequate individuals. Significant effects for the nutritional variables 
remained even when controlling for negative life event stressors, social support, 
and coping style, which have previously been associated with levels o f  
psychological distress. Moreover, in HIV-1 infected bereaved men (n=76), 
pyridoxine deficiency significantly predicts increased psychological distress, 
particularly in relationship to depressed, fatigued, and confused mood levels. 
The confused-bewildered mood level may reflect cognitive motor alterations, 
including slowed information processing on neuropsychological testing, that 
have also been associated with pyridoxine deficiency in HIV-1 disease. One 
possible mechanism by which vitamin B 6 deficiency could be affecting brain 
function is through its effect on the metabolism o f  neurotransmitters involving 
vitamin B 6 dependent decarboxylation. Thus, normalization o f  vitamin B6 

status, or an increase in tryptophan substrate level in vitamin B 6 adequate 
subjects, would be likely to induce serotonin synthesis.

This work was supported by NIH and Fogarty International Center 
#5D43TW 00017-08 (MKB)

FMRI ACTIVATION WITH INCREASING MOTOR COMPLEXITY IN SUBJECTS 
SERONEGATIVE AND SEROPOSITIVE FOR HIV. C, Fennema-Notestine, S. L. 
Archibald. W. Kwok. S. Kindermann*. T. L. Jemigan. and I. Grant: UCSD School of 
Medicine, La Jolla, CA 92093; DVA Medical Center, San Diego, CA 92161.

In an fMRI study, a group of controls (CTRL) and a group of subjects seropositive for 
HIV (HIV+) performed motor tasks of increasing complexity to examine basal ganglia 
and motor cortex activation. In previous studies, persons with HIV have demonstrated 
motor and psychomotor slowing and significant white matter and basal ganglia volume 
loss on structural MRI. The motor tasks included simple finger tapping (TAP), 
alternating finger movements (ALT), and switching between different finger movements 
within the same epoch (SWI). Seven normal CTRL subjects and four HIV+ subjects that 
showed evidence of psychomotor slowing on neuropsychological assessment were 
selected. The CTRL group demonstrated similar levels of motor cortex activation across 
all tasks. Basal ganglia (primarily putamen) activation was not evident for TAP, was 
moderate in ALT, and was strong in SWI. For the SWI task, the CTRL group also 
demonstrated some activation in the ventral lateral nucleus of the thalamus and anterior 
cingulate. The demands of switching between motor tasks may be responsible for the 
strong basal ganglia response and cingulate activation. The planning, sequencing, and 
motor control required by SWI may increase the output of the thalamic nucleus and the 
activation of the cingulate. The HIV+ group showed a smaller, more posterior area of 
motor cortex activation on TAP. On ALT, the HIV+ group demonstrated unexpected 
ipsilateral motor cortex activation in addition to the contralateral motor cortex activation 
seen in the CTRL group. No basal ganglia activation was evident. On SWI, the HIV+ 
group again demonstrated bilateral motor cortex activation and some thalamic and basal 
ganglia activation (primarily caudate). There was no evidence of cingulate activation in 
the HIV+ group. These results are consistent with the hypothesis that in HIV disease 
there may be functional disturbance of the basal ganglia and the frontostriatal circuit. 
Supported by NIMH 2P50MH45294 and a UCSD Academic Senate Research Grant.
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777.3
NEUROPATHOLOGICAL CORRELATES OF IN  VIVO AND POST-MORTEM 
STRUCTURAL MRI VOLUMES IN SUBJECTS WITH HIV. S.L, Archibald. C. 
Fennema-Notestine*. E. Masliah, T.L. Jemiean. R. Ellis. I, Grant and the HNRC 
group. UCSD School of Medicine and the DVA Medical Center, La Jolla, CA.

To determine the predictive validity of MRI to neuropathological outcomes in HIV 
disease, quantitative analyses were performed on both in vivo and post-mortem brain 
MRIs in 15 persons with AIDS. These morphometric measures were compared to 
neuropathological measures of brain tissue taken at autopsy. All subjects died from 
complications of HIV/AIDS and each had an in vivo scan within 14 months of death 
(mean=8.1 months). At autopsy no one had evidence o f neurological opportunistic 
infection or dementia. Estimated volumes of cortex’ white matter, abnormal white 
matter, and subcortical gray matter from in vivo MRI were used to predict quantitative 
neuropathological measures. Cortical gray matter volume predicted the HIV viral 
burden measured in the cortex at autopsy, as measured by gp4l immunocytochemistry. 
Further, increased volume o f abnormal white matter was predictive of higher viral 
burden in the white matter as well as decreased dendritic complexity in the cortex. 
Axons in white matter were labeled using antibodies to parvalbumin and 
neurofilaments. Preservation o f axonal integrity was related to higher volumes of white 
matter on in vivo MRI and lower volumes of cortical gray matter. Antemortem MRI 
measures were generally more strongly associated with neuropathological variables than 
were post-mortem MRI measures. An exception to this was that the amount of dendritic 
density at autopsy was related positively to the post-mortem MRI volume of white 
matter and negatively related to the volume of abnormal signal in the white matter. 
Quantitative measures of microglia were not predicted by antemortem or post-mortem 
measures o f white matter or abnormal white matter. The results indicate that 
quantitative MRI performed in the year preceding death is a good window into specific 
underlying neuropathological events, and suggests MRI’s possible utility in monitoring 
CNS complications, e.g., in the context of new treatments.
Supported by NIMH 2P50MH45294 and DVA Medical Research Service.

777.5

A R E T H E R E  R E G IO N A L  D IF F E R E N C E S  IN  T H E  A S T R O C Y T IC  
R E S P O N S E  TO  H IV IN FE C T IO N  IN  TH E B R A IN S  O F C H IL D R E N ?  
J. B ru d k ow sk a1*, P .B . K o z lo w sk i1. 'N Y S  Institute for B a sic  R esearch  
in D evelop m en ta l D isa b ilities, Staten Island, N Y  10314

A strocytosis, particularly o f  the w h ite  matter, is a co m m o n  find ing in 
the brains o f  children in fected  w ith  H IV . Its regional d istribution, its 
extent and a ssocia tion  w ith  H IV  en cep h alitis  still need  clarification .

In this stu dy, paraffin sectio n s o f  e igh t brains o f  HI V -in fec ted  children  
(w ith  and w ith ou t H IV  en cep h alitis) and o f  con tro ls aged  2  to 4  years 
were stained w ith  anti-g lia l fibrillary acid ic  protein  (G F A P ) antibody  
and w ere counterstain ed  w ith  cresyl v io le t. G F A P -p o sitiv e  and G FA P-  
n egative c e lls  w ere quantitated in sectio n s o f  the w h ite  m atter adjacent 
to the frontal, tem poral, lim b ic, and occ ip ita l co rtices w ith  the use o f  the  
C -IM A G IN G  autom atic im age a n a lysis  system .

The resu lts indicated that, in all the exam in ed  region s, the d en sity  o f  
reactive astrocytes (G F A P + ) and o f  all w h ite  m atter c e lls  w as  
sign ifican tly  higher in H IV -in fected  ca ses  than in the controls. 
Percentage o f  reactive astrocytes w as from  1.5 tim es (in  the w h ite  matter 
o f  gyrus c in g u li) to 5 tim es (in  the parahippocam pal w h ite  m atter) h igher  
in HI V -in fected  cases than in the controls. The variab ility  observed  
am ong H IV -in fected  ca ses  did not appear to be related to H IV  
encephalitis. The resu lts sh ow ed  that a strocytosis  o f  the w h ite  matter in 
pediatric H IV in fection  w as g lob a l, w ith  lo ca lized  increases.

777.7

A  N E W  M O D E L  FO R  TH E A N A L Y S IS  OF H IV  D E M E N T IA  
C O M PLE X . F. J. D enaro * X N . H ayes 2  O. Jones  ̂ B . R e id 2, and J. 
Bryant2  1. D ept o f  N eu ro lo g y , T T U H S C , L u bbock , T X  7 9 4 3 0  and
2. Institute o f  H um an V iro lo g y , U M B , B altim ore, M D  21201  

The experim ental an a lysis  o f  the cogn itive /b eh av iora l e ffec ts  o f  
H IV /C N S in fection  have been  lim ited  to very  few  m od els. The SIV  
m odel is  the m ajor one. Prim ates can be trained in a num ber o f  tasks. 
M oreover, they  are in ten se ly  stu died  for the d ev e lo p m en t o f  antivirals. 
Thus, co gn itive/b eh av iora l testin g  can produce m easures o f  the C N S /  
HIV d isease  process. T h is behavioral data can a lso  be used  as a 
m easure o f  the e ffec tiv en ess  o f  antiviral therapies or neuroprotectants. 
There are im portant draw backs to th is m odel: ex p en se , in fection  
control precautions, and anim al hand ling. C on seq u en tly , m ass drug 
screening is not a strength o f  th is m od el. W e have produced  the first 
H IV -transgenic rat w h ich  a vo id s so m e  o f  th ese problem s. The behavior  
o f  the rat is w ell studied in operant con d ition in g  m o d els . Therefore a 
m easure o f  co g n itiv e / behavioral a ssessm en t can b e m ade in th ese  
anim als. T h ese anim al d isp lay  both sy stem ic  and C N S  p ath o logy  
consistent w ith  m any o f  the features o f  A ID S . The brain d isp lays  
neuropathology. A  num ber o f  ce ll typ es d isp lay  ap op toses. A m on g  
these c e lls  are endothelia l c e lls  and neurons. A lteration  o f  the B B B  is 
inferred form  capillary leak age. Im portantly G P -1 2 0  has been  identified  
in m o n o cy tes/ m acrophage. A  deta iled  d escrip tion  o f  both the 
n europathology and b ehavior w ill be presented. N IH  3 1 8 5 7

777.4
DISRUPTION OF BLOOD-BRAIN BARRIER-ASSOCIATED TIG HT  
JUNCTIONS IN HIV ENCEPHALITIS. J.L. Maguire, C.L. Achim , L.A. 
Pisarov, C.A. W iley*, and L.M. Dallasta. D ivision o f  N europathology, 
University o f  Pittsburgh M edical Center, Pittsburgh, PA, 15213.

The entry o f  peripheral immune cells into the central nervous system  
(CNS) is restricted by the blood-brain barrier (BBB ), which is formed by 
continuous, high-resistance tight junctions between the cerebral 
capillary endothelium. Previous studies assessing BBB pathology in HTV 
encephalitis (HIVE) have demonstrated serum protein extravasation, 
however, the route o f  entry o f  these proteins and its relationship to  
trafficking o f  HIV-infected m onocytes and CNS viral burden remains 
unclear. To investigate these issues, a histologic and 
imm unohistochem ical analysis o f  tight junction-associated proteins was 
performed on post-mortem brains from AIDS patients with and without 
HIVE, and from HIV-seronegative control subjects. Only brains from  
patients with HIV encephalitis showed marked alterations in the  
pattern and level o f  expression o f  the tight junction-associated  
membrane proteins, occludin and ZO-1. These changes were associated  
with the perivascular accumulation o f  C D 6 8 -positive m ononuclear 
cells, as well as marked fibrinogen extravasation and severe gliosis. 
These findings demonstrate that tight junction-associated alterations in 
the BBB occur during HIVE and that this may significantly augment the 
trafficking o f  H IV-infected m onocytes into the CNS. In addition, these  
proteins may serve as novels markers o f  BBB dysfunction in 
neuroinflammatory diseases. (This work was supported by M H -95-003  
to CLA).

777.6
NEURONAL CASPASE 1 AND CASPASE 3 IN AIDS PATIENTS WITH 
HIV ENCEPHALITIS. C.K. Petito.1* J. Torrcs-Munoz,1 B. Roberts.' C  
Wood.3 P. Shapshak.2 and C. Czeisler1. Univ. of Miami School of Medicine. 
Departments of 'Pathology and 2Psychiatry & Behavioral Sciences, Miami, FL 
33136; 3School of Biological Sciences, Univ. of Nebraska, Lincoln, NE 68588 

Encephalitis due to human immunodeficiency virus (HIV) is associated with 
neuronal loss and gliosis and is closely linked to HIV-associated dementia. 
Apoptosis is the likely mechanism for neuronal loss, although this has been 
demonstrated only with the sensitive, but nonspecific technique of in situ end 
labeling of fragmented DNA by transferase, the so-called TUNEL procedure.
To further distinguish between apoptosis and other cell death mechanisms, we 
compared caspasc 1 [interleukin-converting enzyme beta (ICE)] and caspase 3 
expression in normal controls, AIDS patients with HIV encephalitis (HIVE) and 
AIDS cases without HIVE (HIVnE), using immunohistochemistry and northern 
blotting to detect caspase proteins and mRNAs. Neuronal caspase 1 and 3 were 
confined to cases of HIVE and were present in 75% and 57% of cases. 
Inflammatory cells were immunoreactive for caspase 1 and 3 in AIDS patients 
with and without HIVE and occasionally were immunoreactive for caspase 1 but 
not caspase 3 in controls. Caspase mRNA was detected in two of four HIVE 
brains, four of seven HIVnE brains and none of seven control brains. These 
results show increases in pro-apoptotic gene expression in AIDS patients with 
HIVE. Their presence strengthens the hypothesis that cell death mechanisms in 
AIDS brains arc apoptotic rather than necrotic. In addition, their relationship to 
HIVE but not to HIVnE supports the hypothesis that viral factors, rather than 
nonspecific macrophage activation, are important for HIV-related brain damage 
(supported by NS27416 and NS3533 1, CKP).

777.8

H IV /C N S  IN FE C T IO N  IN  TH E E L D E R L Y : A  P O S S IB L E  
M E C H A N IS M  FO R TH E IN C R E A S E D  S U S C E P T IB IL IT Y  TO  H IV  
D E M E N T IA  . J. A . H arper1  * . and F. J. D e n a r o 2  , 1. V in cen t Sci. H all, 
Slippery R ock  U n iversity , S lippery R ock  , P A  16057; 2. D ep t o f  
N eu ro lo g y , T T U H SC , Lubbock, T X

There are important risk factors that contribute to the d eve lop m en t o f  
H IV d em en tia co m p lex  (H IV D ). C hildren (1 -1 0  years) are at greater risk  
than adults (2 0 -4 0  years). T h ose patients w ith  sy m p tom s o f  an em ia and  
low er body m ass are m ore lik e ly  to progress rapidly to H IV D . T h ese  
risk groups share sim ilar and a lso  p o sse ss  unique n eu rop ath ologic  
changes. The descriptive neuropathology is lead in g  to an und erstanding  
o f  the nature o f  H IV D . Th is in  turn m ay lead to treatm ent strategies. 
W h ile ep id em io lo g ic  data sh o w s that the yo u n g  are at increased  risk for 
the d evelop m en t o f  H IV D , it a lso  reveals the very  o ld  as the m ost  
suscep tib le. T h is observation  has not b een  exp la in ed . T h erefore w e  have  
se lected  a group o f  postm ortem  brains from  H IV  in fected  patients 
(A verage age:70: R an ge 58 to 8 3) w h ich  a lso  w ere b e liev ed  to h ave A D . 
W e in vestigated  the associa tion  o f  H IV  in fected  c e lls  w ith  A D  neuro
p ath ology. A ll H IV  infected  patients d isp layed  a very h igh  d en sity  o f  
sen ile  and p rim itive plaques. T h ese plaques h ave a higher d en sity  o f  
m icrog lia  (M G ) and som e o f  the M G  are H IV  in fected . I f  H IV  is spread  
am ong the M G  o f  the plaques, a n ew  m ech an ism  for H IV  spread and  
increased C N S  viral load m ay be h yp oth esized . N IH 3 1 8 5 7
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DRUGS OF ABUSE: ALCOHOL, BARBITURATES AND
BENZODIAZEPINES—GAB A/GLYCINE MECHANISMS WEDNESDAY PM

778.1
P IC R O T O X IN  A L T E R S  T H E  A C Q U IS IT IO N  O F  E T H A N O L - 

IN D U C E D  C O N D IT IO N E D  P L A C E  PR E F E R E N C E  A N D  T A S T E  
A V E R S IO N  IN  M IC E . J . A . C h ester*  and  C . L . C u n n in gh am . 
O regon  H ea lth  S c ien ces  U n iv ersity , P ortlan d , O R  9 7 201 .

G A B A a recep tor an ta g o n ists  h ave been sh ow n to  red u ce  eth anol 
se lf-ad m in istra tion  a n d  co n d itio n ed  taste  aversion  ¢CTA) in rats, 
su ggestin g  a ro le  for th e  G A B A a recep tor in m od u latin g  eth a n o l's  
rew ard in g  and  aversive  effects. T h e presen t stu dy exam in ed  the effects  
o f  th e G A B A a recep tor a n ta g o n ist, p icrotox in , on  th e a cq u isition  o f  
e th an ol-in d u ced  con d ition ed  p lace preferen ce  (C P P ) a n d  C T A  in 
m ale D B A /2J m ice . F or th e C P P  stu dy, m ice rece ived  fou r pa irin gs  
o f  2 m g /k g  p icrotox in  (P IC R O ), 2  g /k g  e th an ol ¢ET O H ), or both  
(P IC R O /E T O H ) w ith  a gr id  or  h ole  floor for a 5 -m in  con d ition in g  
session  (C S +  d ays). O n in terv en in g  d ays (C S- d ays), m ice  received  
sa lin e in jection s p a ired  w ith  th e op p osite  floor typ e. A ll m ice received  
sa lin e in jection s an d  w ere p laced  on a h a lf  grid  a n d  h a lf  hole  floor for  
a 60-m in  p referen ce  test session . T h e P IC R O /E T O H  grou p  sh ow ed  a 
sign ifican tly  larger m a g n itu d e  o f  e th an o l-in d u ced  C P P  rela tive to the  
E T O H  grou p . T h e P IC R O  grou p  d id  n ot sh o w  p lace con d ition in g . 
M ice in th e C T A  stu dy w ere  ad ap ted  to a  2 -h r  p er d ay  w ater  
restriction  regim en fo llow ed  by fiv e  con d itio n in g  tria ls  every  48  hrs. 
M ice rece iv ed  an  in jection  o f  sa lin e  or p icrotox in  (0 .75  an d  2JS 
m g/k g) b efore  in jection  o f  2 g /k g  eth an ol or  sa lin e fo llo w in g  1-hr  
access  to  a sacch arin  so lu tion . P icrotox in  d ose-d ep en d en tly  increased  
th e m agn itu d e o f  eth an o l-in d u ced  C T A , b u t d id  not p rod u ce a C T A  
w h en  ad m in istered  a lon e. T h ese resu lts su ggest th at b lock ad e o f  
G A B A a recep tors w ith  p icrotox in  en h an ces  e th a n o l’s rew ard in g  and  
a versive  e ffects  in th e C P P an d  C T A  p arad igm s. [S u p p orted  by  
A A O 7468, A A 0 7 7 0 2  a n d  A A O 5489].

778.3

CHRONIC ETHANOL EXPOSURE CHANGES PRESYNAPTIC 
MUSCARINIC RECEPTOR MODULATION OF *H-GABA RELEASE IN 
RAT HIPPOCAMPUS. M.Huf D.W. Walker. T.W. Vickrov and J. Peris . 
Univ. of Florida and VA Medical Center, Gainesville FL, 32610.

Continous ethanol treatment (CET) for 28 weeks significantly increases 
electrically-stimulated H-GABA release from hippocampal slices. This increase 
in GABA release may be one of the mechanisms for CET-induced decreases in 
the magnitude of long term potentiation (LTP) in the hippocampus. The present 
study examined whether CET increases GABA release via an alteration in 
heterologous presynaptic cholinergic regulation. We measured electrically- 
stimulated ^-GABA release from preloaded superfused hippocampal slices of 
naive rats. We found that carbachol increased 3H-GABA release in a dose- 
dependent manner and atropine modulated ^-GABA release in a biphasic dose- 
dependent manner. Atropine (10 µM) sufficiently blocked the effects of 
carbachol. Oxotremorine, a selective muscarinic receptor agonist, increased 
3H-GABA release. Mecamylamine, a selective nicotinic antagonist, did not 
modulate 3H-GABA release and did not block the effects of carbachol. These 
results suggest that presynaptic muscarinic receptors facilitate GABA release but 
in a complicated manner. On the other hand, nicotinic receptors may not play 
a significant role in modulating GABA release in hippocampus. The effects of 
these agents were also tested in rats 48  hrs after withdrawal from CET. The 
biphasic effects of atropine were decreased whereas the facilitating effects of 
carbachol were significantly increased. There were no changes in the effects of 
these agents in modulating H-ACH release from hippocampal slices of CET rats 
compared to sucrose treated rats. These results indicate that CET alters the 
presynaptic muscarinic regulation of GABA release in hippocampus and may 
help us to further understand the mechanism underlying the disruption of LTP 
by CET. Supported by USPHS grants AA 10480 and AA 00200  and by Medical 
Research Services of the Veteran's Administration.

778.5
ALTERED GABAa RECEPTOR FUNCTION IN CEREBELLAR PURKINJE 
CELLS FOLLOWING CHRONIC ETHANOL TREATMENT AND 
WITHDRAWAL IN VITRO. D.W. Sapp* and H.H. Yeh. Depts of Pharmacology & 
Neurology, Program in Neuroscience, UConn Health Ctr., Farmington, CT 06030.

Chronic ethanol treatment has been reported to alter in a regionally-dependent 
manner GABAa receptor function and expression of certain subunits o f  the GABAa 
receptor çomplex. However, the cellular mechanisms underlying these changes are 
poorly understood. We are addressing these issues by analyzing GABAa receptor 
function and subunit expression at the level of single cultured Purkinje cells. These 
cells were chosen because they express a limited number of GABAa receptor 
subunits. In addition, acute exposure to ethanol was found to potentiate GABA 
responses in these cells.

Cerebellar cultures from PD0 rats were maintained with or without exposure to 
100 mM ethanol for 4 days. Withdrawal was examined at 8 and 24 hrs post-ethanol 
treatment. Modulation o f GABA-mediated responses by diazepam, DMCM and 
lorecle2Ole were assessed using whole-cell patch clamp recording. The expression 
profiles o f GABAa receptor subunit mRNAs in the electrophysiologically-examined 
Purkinje cells was then determined using aRNA-based amplification procedures.

Previously, we observed a significant decrease in the efficacy o f GABA to induce a 
response in Purkinje cells treated chronically with ethanol. Here, ethanol- and 
diazepam-induced potentiation of GABA-mediated currents were significantly reduced 
Lorcclezole-induced potentiation of GABA responses was also reduced, but onl> ai 
higher concentrations (50 and 100 µM). DMCM-induced inhibtion of GABA 
responses was not significantly affected by chronic ethanol, but was augmented by 8 
hrs after termination of ethanol treatment (withdrawal). 24 hrs after termination of 
ethanol treatment, modulation of GABA-mediated currents by all of the drugs tested 
had returned to control levels. Taken together, these observations suggest a short
lived functional modification of GABA receptors following chronic ethanol exposure 
in cultured Purkinje cells. Supported by AA09861, AA03510 and T32AAO729O.

778.2
INVOLVEMENT OF ACCUMBAL STRYCHNINE-SENSITIVE GLYCINE 
RECEPTORS IN ETHANOL-INDUCED ACTIVATION OF THE MESOLIMBIC 
DOPAMINE SYSTEM B. Söderpalm*. P. Matusik and M. Ericson. Inst, of Physiol, 
and Pharmacol., Dept, of Pharmacol., Box 431, SE 405 30 Göteborg, Sweden.

The mesolimbic dopamine (DA) system has since long been implicated in the 
reinforcing properties of drugs of abuse, including ethanol (EtOH). Thus, in the rat 
EtOH increases extracellular DA levels in the nucleus accumbens (n.Acc) both after 
oral self-administration and after systemic injection. Moreover, some experiments 
indicate that inhibition of DA neurotransmission in the n.Acc decreases EtOH self
administration, although contradictory results are also available. The primary 
mechanism of action of EtOH in its DA activating effect is, however, unknown. We 
have presented data indicating that ventral tegmental nicotinic acetylcholine receptors 
are involved, but recent studies suggest that this involvement is indirect and secondary 
to a primary interference of EtOH in the n.Acc.

In the present study the nature of the primary interference of EtOH in the n.Acc has 
been explored using a combination of in vivo and in vitro techniques.

Systemic (2.5 g/kg, i.p.) as well as accumbal (300 mM in the perfusion medium) 
administration of EtOH increased extracellular DA levels in the n.Acc by approx. 40%, 
compared to baseline levels, as measured by in vivo microdialysis in awake, freely 
moving Wistar rats. Both these DA liberating effects were completely antagonized by 
concomitant accumbal perfusion with strychnine (300 µM), but not with picrotoxin 
(300 µM). In synaptoneurosomes prepared from the limbic frorebrain (including the 
n.Acc) or from the cortex/hippocampus, both glycine and EtOH increased 16C1 uptake. 
These effects were concentration-dependently antagonized by strychnine.

The present results indicate that a strychnine-sensitive interference in the n.Acc may 
account for ethanol's DA activating effect both after accumbal and systemic admini
stration. Moreover, the in vitro results suggest that this strychnine-sensitive 
mechanism may be a direct interaction between EtOH and accumbal strychnine- 
sensitive glycine receptors. The possibility of developing specific antagonists for 
accumbal strychnine-sensitive glycine receptors should be explored. Such agents could 
prove of value in the treatment of alcoholism and alcohol abuse.

778.4
EFFECTS OF M U LTIPLE ETHANOL EXPO SU R ES AND 
W ITHDRAWALS ON BEHAVIORAL RESPONSES TO Ro15-4513.
L. P. Gonzalez* and M. C. Mhatre. Univ of Oklahoma HSC, Dept of 
Psychiatry & Behav. Sci., P.O. Box 26901, Oklahoma City, OK 73190.

Recent studies suggest that ethanol withdrawal seizures increase in 
number and severity with increasing duration of alcohol exposure and 
increasing number of withdrawal episodes. The aim of this study was to 
determine the effects of multiple ethanol withdrawals on seizure 
sensitivity to Ro15-4513, an inverse agonist of the GABAa receptor- 
benzodiazepine binding site. In this study, groups of laboratory rats 
received varying amounts of either continuous or intermittent ethanol 
exposure; controls received no ethanol exposure. Eight hrs. after the 
last withdrawal from chronic ethanol exposure, animals were tested for 
their responsiveness to Ro15-4513-induced (5 mg/kg, i.p.) motor 
convulsions. Seizure sensitivity was significantly increased in all ethanol 
groups as compared to ethanol-naive controls which did not exhibit any 
convulsive responses to this dose of Ro15-4513. Further, rats exposed 
to multiple ethanol withdrawals exhibited significantly more drug-induced 
seizures than did animals experiencing only a single withdrawal 
(p<0.001). The specific mechanism of this enhanced convulsant effect 
of Ro15-4513 following multiple ethanol withdrawals remains to be 
determined. However, these results are consistent with the hypothesis 
that chronic ethanol exposure and withdrawal increase GABAa receptor 
sensitivity to inverse agonists and that this effect may be enhanced 
following mµltiple withdrawal episodes.

[Supported in part by NIAAA grant AA9959 & OCAST contract HR7-110]

778.6
E x p r e s s io n  o f  GABA t r a n s p o r t e r s  GAT-1 a n d  GAT-3 in  v a r i o γ s  r a t

BRAIN REGIONS AND AFTER CHRONIC TREATMENT WITH DIAZEPAM AND
z o l p i d e m . M. Ficková, N, Dahmen*. U. Schmitt, C. Hiemke. Department of 
Psychiatry. University of Main/.. 55131 Mainz. Germany.

Drugs enhancing GABAergic neurotransmission are widely used to induce 
sleep, dampen anxiety , cope with a variety' of withdrawal sy mptoms, inhibit 
seizures and to sedate. Their chronic administration often leads to tolerance 
and dependence in men as well as in laboratory animals. Changes in gene 
expression brought upon the treatment might contribute to addictive effects. 
...Towards this end we treated rats chronically (three weeks) with either 
diazepam (10.0 ± 1.3 mg/kg). a benzodiazepine acting on most GABAλ 
receptors in the brain or with zolpidem (5.1 ± 0.5 mg/kg) an imidazopyridine. 
that more selectively binds to GABAλ receptors containing alpha 1 subunits. 
Absolute inRNA expression of two GABA transporters. GAT1 and GAT3. 
both involved in the removal of GABA from the sy naptic cleft, were measured 
in total RNA samples prepared from dissected brains. For the measurements, 
competitive reverse transcriptase poly merase chain reaction with a shortened 
internal RNA standard was employed. In control animals. GAT1 was widely 
expressed in the central nervous sy stem at ov erall comparable levels of around 
500 mRNA molecules/pg total RNA. GAT3 mRNA expression was about 1- 
5% of GAT1 expression and was more brain region specific. No significant 
effect of the chronic treatment was seen On GAT1 mRNA expression. Our 
experiments show that the transcriptional control of GAT1 mRNA is not a 
mayor mechanism in the adaptation to a pharmacologically increased 
GABAergic lone.
Supported by DFG grant Be 454/4-1.

Society for Neuroscience, V olume 2 4 ,1 9 9 8



WEDNESDAY PM
DRUGS OF ABUSE: ALCOHOL, BARBITURATES AND
BENZODIAZEPINES—GABA/GLYCINE MECHANISMS 1963

778.7

PHARMACOKINETICS OF PK 11195, AN ANTAGONIST OF THE PERIPHERAL 
BENZODIAZEPINE RECEPTORS, IN RATS. E.P. W ala. J. W. Sloan and X. Jing. Dept, 
of Anesthesiology; College of Medicine, Univ. of KY, Lexington, KY, 40536.

The present study were undertaken to determine the pharmacokinetic profile o f 
a specific antagonist o f the peripheral benzodiazepine receptors, PK 111 95 (PK), [1- 
(2chlorophenyl)-N-methyl-(l-methylpropyl)-3-isoquinoline carboxamide) in a rat model. 
Male (M; 350 g) and female (F; 25Og) Sprague Dawly rats were administered graded 
doses of PK (5, 10, 20 mg/kg dissolved in DMSO) given as bolus IV injections in a tail 
vein. Blood (about 0.15 ml) was collected in freely moving rats from a jugular vein at 5, 
10, 15, 30, 60, 120, 180, 240 and 300 min. Plasma levels o f PK were determined by a 
novel HPLC method [solid phase extraction on buffered (pH=9.4) 1ml Bond Elut Certify 
columns; mobil phase: KH2P 0 4(pH =3.6): MeOH : acetonitrile (35:63:2); flow rate: 1.4 
ml/min; λ:240nm]. The concentration time courses were fitted to two compartment model 
using the iterative non-linear least squares program with weight (1/y2) Areas under the 
curves were determined by the trapezoidal rule. Total (free+bound) systemic clearance 
(CLS) and apparent volume o f distribution (Vd) were calculated by noncompartmental 
methods. PK was rapidly distributed between two compartments. An extensive 
distribution into tissues was indicated by a large Vd. PK was eliminated with half life 
equal to about 5 hr. The distribution (α) and elimination (ß) rate constants were not related 
to dose. On the contrary, CLS (ml//kg/min) [M: 22.6±2.9; 47.88±5.42; 88.7± 18.29 and F: 
l5 .5l±l.96; 2O.95±4.97; 42.3O±9.O7] and Vd (L/kg) [M: I2.I5±2.74; l8.8O±6.27; 
23.99±5.88 and F: 5.98±O.85; 8 .79±l.l7; l4.75±l.54] increased with increasing dose of 
PK (p<0.5; one-way ANOVA). There were gender differences (p<0.5; rank sum test) in 
α (M<F); CLS (M>F) and Vd (M>F) but not in ß. The present data indicate dose- 
dependent, gender-related pharmacokinetics o f PK with a high between-subjects 
variability in all pharmacokinetic parameters. Whether saturable plasma protein binding 
accounts for nonlinearity in disposition o f PK in rats remains to be determined (supported 
by Research Fund UKMC).

778.9

THE EFFECT OF PK11195, AN ANTAGONIST OF THE PERIPHERAL 
BENZODIAZEPINE RECEPTOR(S), ON BODY WEIGHT IN RATS. X. Jing*.
E.P. Wala and J.W. Sloan. Department of Anesthesiology, College of Medicine, 
University o f Kentucky, Lexington, KY 40536.

The effect o f PK11195 (PK) on body weight (BW) was evaluated in controls and 
diazepam (DZ)-dependent male (M) and female (F) rats with respect to its mode of 
administration (single and repeated bolus IV). Sprague-Dawley rats with an initial 
BW of 25Og (F) and 35Og (M) were used in this study. Rats were implanted 
subcutaneously in the back once a week with approximately an equal dose 
(mg/kg/week) o f DZ contained in silastic capsules [9Omg (F) and 120 mg (M)] or 
empty capsules (control). Three days after the 5th implantation, rats received PK 
(10 mg/kg IV) either once or 5 times in 24 hr intervals. Each rat was housed 
separately with free access to standard laboratory chow and tap water. Rats were 
weighed weekly prior to each implantation and then daily (prior to and 24 hr after 
administration o f PK for day 1-4) to determinate the BW changes. Prior to PK 
treatment the BW gain had a significantly positive regression on time (4 weeks) in 
F and M control and M but not F DZ-treated rats. In M but not in F rats chronic 
DZ exposure resulted in significantly less BW gain than control treatment. M 
(control and DZ-exposed) rats gained significantly more BW than F rats that 
received the identical treatments. Both in control and DZ-treated rats BW gain was 
inhibited 24 hr after a single IV injection o f PK (M>F; p<0.05). Although in all 
groups of rats inhibition o f BW gain was induced by daily injections o f PK, this 
inhibition lessened and had a positive regression on time (day 1-4). A more 
pronounced inhibition of BW was observed across time (dayl-4) in M than in F 
rats (p<0.05); however, there was no difference between control and DZ-exposed 
rats. The present data indicate that in rats, PK induces inhibition of BW gain that 
is related to gender rather than to chronic DZ treatment (supported by UKMC 
Research Fund).

778.8
THE EFFECT OF REPEATED (DAILY VS WEEKLY) ADMINISTRATION OF PK 
11195 (PK) ON PRECIPITATED WITHDRAWAL SCORES (PAS) IN DIAZEPAM 
(DZ)-DEPENDENT MALE (M) AND FEMALE (F) RATS. J.W. Sloan*. E. P. Wala and
X. Jing. Dept, o f Anesthesiology, Coll. O f Med, U. o f Ky, Lexington, Ky 40503.

This study was undertaken to determine whether repeating a dose of the specific 
peripheral benzodiazepine receptor antagonist, PK, alters its ability to evoke a PAS in 
DZ-dependent rats. Age matched M (350 g) and F rats (250 g) were implanted SC in the 
back lx/week with an ~ equal dose of DZ contained in silastic capsules (M =120 mg; F 
= 90 mg) or with empty capsules (controls) for 5 weeks. Three days after the 5th implant, 
PK (10 mg/kg, IV) was given either 1 time/day for 5 days or 1 time/week for 5 weeks to 
each o f the groups. Observations for signs of precipitated withdrawal were made in 5 min 
epochs for 10 min pre- and 30 min postPK. An average for the PAS and for signs 
comprising it (normalized for predrug control) was obtained for each epoch and for the 
30 min postdrug period. Both M and F rats showed a decrease in PASmax which was 
maximal on day 2 for F (44% of day 1) and on day 3 for M rats (17.5% of day 1). The 
PASmax for F rats increased by day 3 and was 82% o f day 1 by day 5 whereas in M rats 
the PASmax remained depressed (on days 4 and 5 it was ~ 21 % of day 1) and on day 4, the 
PASmax was less than in F rats, Mann-Whitney rank Sum Test (p <.O26). The PasMAX 
was less than day 1 at days 3,4,and 5 (Student-Newman-Keuls Method) for M but only 
for day 2 for F rats (p<.05, paired t-test). PK produced no significant PAS in controls for 
any o f the 5 days in either M or F rats. PK-induced convulsive activity [clonic (CC), 
tonic-clonic convulsions (T-CC) and twitches and jerks (T&J)] and respiratory rate (RR) 
tended to decrease across days. RRMax was less than for day 1 at days 3,4, and 5 (p<.05, 
paired t-test) in DZ-dependent M rats but not in controls or in F rats. CC and T&J, but 
not RRmax approached day 1 levels by day 5 in M rats. PK administered in weekly 
intervals for 5 weeks to DZ-dependent rats did not alter the PASMAX for either sex, 
although T&J increased at week 5 in both sexes and F rats had a higher PASmax than M 
rats at week 3 (p<.O52). These data indicate that PK can be given at weekly but not daily 
intervals without altering DZ dependence. (Supported by UKMC Research Fund).

778.10

BENZ O D IA ZE PIN E A U G M E N TA TIO N  o f  G A B A A R E C E PTO R  
FU NC TIO N O N CER E BEL LA R  PU R K IN JE C E LL S D O ES NO T  
D E CR EASE W ITH  AG E. L.A.Briedrick and P.C.Bickford Dept, o f  
Pharmacology and Neuroscience Program, University o f  Colorado Health 
Science Center, Denver, CO 80262 and Dept. Veterans Affairs Medical 
Center, Denver, CO 80220

A ging is associated with a decline in the ability  o f  ß-adrenergic agents  
to m odulate the activity o f  G A BA A  receptors. In older rats the  
isoproterenol (ISO )-induced potentiation o f  G A B A  m ediated inhib ition o f  
Purkinje (P) cell Bring rate is attenuated. The purpose o f  th is study was 
to determ ine if  other m eans o f  m odulating the G A B A A receptor function  
are altered with aging. Benzodiazepines m odulate G A B A A receptors by 
binding to the specific benzodiazep ine site at the juxtap osition  o f  α  and γ 
subunits w hereas ß-adrenergic agonist m odulation m ost likely occurs via  
a protein kinase A dependent m echanism . M ultibarrel m icroelectrodes  
w ere used to record extracellu lar action potentials from  cerebellar P cells 
and to locally apply m idazolam  and G A BA . In 12 three-m onth -old  rats, 
46%  o f  P cells had an increase G A BA  m ediated inhib ition when  
m idazolam  was applied concurrently. In 12 tw enty-m onth-old  rats, 63%  
showed increased inhib ition w ith m idazolam . C ontrary to ISO  findings 
there was not an age dependent loss o f  m idazolam  m odulation o f  G ABA  
m ediated inhibition. This data suggests that not all m echanism s o f  
m odulating G A BA A  receptor function are d im inish ed in aged rats. (This 
w ork supported by USPH S grants A G 04418, A G 00728 and the VA M R S.)

DRUGS OF ABUSE: AMPHETAMINES—BEHAVIORAL STUDIES

779.2779.1

EFFECTS OF HIGH-DOSE METHAMPHETAMINE OR SALINE 
PRE-TREATMENT ON ACQUISITION OF A REACTION TIME 
TASK IN RATS. K.E.Sabol*1. J.T.Roach1. S.L.Broom1. 
J.R.Kimball1. J.B.Richards-. 'Dept, of Psychology, University of 
Mississippi, University, MS 38677; :Deρt. of Psychology, West 
Virginia University, Morgantown, WV 26506.

High doses of Methamphetamine (METH) cause depletions of brain 
dopamine and serotonin. Previous research showed that METH impaired 
acquisition of a lever-press reaction time (RT) task when administered 3 
wk. prior to RT training (Richards et al., 1993, Brain Research, 
627:254-260). The purpose of the present report was to extend these 
findings using a nose-poke RT task. Rats were treated with MEFH (25 
mg/kg, 4  times at 2 hr intervals, with core temperature maintained below
39.5 degrees C; n=l4) or Saline (n=lO) 2 wk. before the start of RT 
training. Each rat was required to place its nose into a hole located mid
way between a left and a right stimulus light to begin a trial. A variable 
amount of time later (maximum of 6 sec.) the left or right stimulus light 
was turned on. Onset of the stimulus light indicated availability of water 
on the side of the chamber corresponding to the stimulus light. RT was 
the amount of time between stimulus onset and removal of the nose from 
the center hole. The saliency of the stimulus lights was manipulated by 
training the rats in a dark chamber (house light off) or bright chamber 
(house light on). The rats were trained in the dark and bright chamber 
conditions on alternating days. RT was significantly slowed under the 
bright chamber condition compared to the dark chamber condition. 
However, METH pretreatment did not affect RT acquisition compared to 
saline pretreatment, in either the dark or bright chamber conditions, up to 
22 wk. post-treatment. Results are discussed in terms of METH dose, 
and response requirements. (Supported by DA-8588.)

THE ROLE OF NOVELTY IN DISRUPTION OF AMPHETAMINE SELF
ADMINISTRATION. JE Klebaur*. SB Phillips. JM Valone & MT Bardo. Dept, of 
Psychology, Univ. of Kentucky, Lexington, KY 40506-0044.

Previous research has shown that drug self-administration can be reduced by 
enriching the environment with alternative nondrug reinforcers. For example, in 
baboons and rats, sucrose decreases heroin and amphetamine self-administration. 
One possible way to enrich the environment is through the use o f novelty. Novel 
stimuli may reduce drug self-administration, as novelty itself has been shown to be 
rewarding. Two experiments were conducted to see if novel stimuli could disrupt 
amphetamine self-administration in rats. In the first experiment, rats were either 
placed in a compartment containing six plastic novel objects or handled and placed 
back in their home cage for 15 min. Immediately following this, rats were then 
allowed to self-administer amphetamine (0.1 mg/kg/infusion) for l hr on a fixed 
ratio (FR)l/20" time out (TO) schedule o f reinforcement. The FR value was 
increased gradually to an FR5 based on a criteria (10+ infusions and 80% 
responding on the drug lever in each daily session). Rats exposed to novelty prior 
to amphetamine self-administration took significantly longer to acquire an FR 5/ 
20" TO schedule of reinforcement. In the second experiment, rats were trained to 
self-administer amphetamine (0.1 mg/kg/infusion) cm a FR 5/ 20" TO and then 
were exposed to novel stimuli during the session. Responding was significantly 
decreased with exposure to novelty and responding returned to baseline levels on 
intervening nonexposure days. Results from these studies suggest that, like 
sucrose, novel stimuli may be effective at reducing drug self-administration. 
(Supported by USPHS grant DA05312.)
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779.3
D-AMPHETAMINE s e l f -a d m i n i s t e r e d  i n t o  t h e  nucleus 
ACCUMBENS (NAcc) VIA DIALYSIS MAINTAINS AN AUTOSHAPED 
LEVER RESPONSE IN RATS. P. Galvan-Garcia. E. J. Barea-Rodriguez. J. B. 
Bowlin and J. L. Martinez, Jr *. Dept, of Life Sciences. Univ. of Texas San 
Antonio. TX 78249.

The psychomotor stimulant drug amphetamine is a very powerful positive 
reinforcer, presumably because it causes the release of dopamine. The ability' of 
self-administered intra-accumbens d-amphetamine to maintain lever-press 
behavior in male Sprague-Dawley rats (3OO-35Og) was examined. Intra- 
accumbens dialysis of d-amphetamine was contingent upon a lever-pressing 
response. Food restricted rats at 85% of the average weight of two free-feeding 
controls, were autoshaped to press a lever for food reward in an operant chamber 
placed in an isolation cubicle. After autoshaping, rats were anaesthetized, 
mounted in a stereotaxic device and surgically implanted with a guide cannula 
directed at the right NAcc (ML 1.5mm, AP 1.5mm and DV -5.5mm). 
Microdialy sis treatment began after a three-day recovery period, followed by re
training the rats to a criterion of 90% correct lever-presses for food for two 
consecutive days. For drug testing, a microdialysis probe extending 2mm 
beyond the guide cannula was inserted into the right NAcc and was connected to 
an infusion pump by a liquid swivel and FEP tubing. Rats were given 60 trials 
per day using a 5-min ITI. A lever-press resulted in the one-minute dialysis into 
the right NAcc of 2µl of either: (1) Lactated Ringer’s (2) 0.3 mg/ml d- 
amphetamine or (3) 3.0 mg/ml d-amphetamine. The results showed that a 3.0 
mg/ml solution of d-amphetamine maintained lever pressing and concomitant 
self-administration of d-amphetamine for three days compared to the groups 
receiving either Ringer’s or 0.3 mg/ml d-amphetamine, which exhibited 
extinction. Supported by: DA04195, GM08194 and The Ewing Halsell 
Endowment toJL M  and GM08194 to EJBR.

779.5
THE SIGNIFICANCE OF VENTRAL PALLIDUM ON BEHAVIORA 
SENSITIZATION TO AMPHETAMINE. J.-C. Chen1*. Jihn-Yili Li2. 1,-K. Huane 
and K,-W, Liang1 ‘Dept. Pharmacology, Chang-Gung University and :Dcpt 
Anesthesiology. Chung-Gung Memorial Hospital. Taiwan. R.O.C.

The neuronal plasticity in the nucleus accumbens (NAcc) is known to play a 
essential role during the expression o f amphetamine sensitization. The efferents fro 
the NAcc project mainly to the ventral pallidum (VP) and controlled tightly via D, an 
D; dopamine receptors. Previously, we found that D: receptors in the NAcc down 
regulated at withdrawal day 8-10 after chronic amphetamine treatment (5 mg/kg x I 
days). In the current experiment, we intend to investigate if altered projection neuron 
in the NAcc would affect VP neuronal activity Animals (male SD. 25O-3OO gin) wer 
treated with 5 mg/kg i.p. amphetamine for 14 consecutive days and validated fo 
behavioral sensitization. The immunohistochcmical. behavioral and biochemica 
examinations were performed during withdrawal day 8-14. We found that (I) vi 
microdialysis with probe in the VP. the basal outputs of DOPAC. homovanillic aci 
and aspartate were enhanced in amphetamine-sensitized rats. On the other hand, basa 
glutamate output remained unchanged, but increased to amphetamine cliallcngc i 
amphetamine-sensitized nits; (2) lesions on VP with ibotcnic acid (5 µg/side. bilateral 
blocked the behavioral sensitization to amphetamine (2 mg/kg. i.p.); on the contrary 
same treatment potentiated the acute amphetamine-induced locomotion in control rats 
(3) immunohistochcmical study revealed that treatment o f D; receptor antagonist 
halopcridol evoked significant higher Fos immunoreactivity in dorsalatcral striatu 
and NAcc-shcll o f amphetamine-sensitized rats than controls. Overall, the result 
indicate tliat chronic amphetamine treatment resulted in profound effects on VP 
suggesting the significance o f ventral tegmental arca-NAcc-VP axis during dru 
addiction, (supported by Chang-Gung Memorial Hospital and the National Scicnc 
Council in Taiwan. ROC)

779.7
REPEATED AMPHETAMINE PARTIALLY OVERCOMES THE CONTEXT- 
DEPENDENT COMPONENT OF SENSITIZATION OF STEREOTYPED 
BEHAVIOR. L.J. Wallace*. J.J. Battisti. and N.J. Uretskv. Division of 
Pharmacology, Ohio State Univ. College of Pharmacy, Columbus, OH 43210.

Constancy of pretreatment and test environments in which animals receive 
amphetamine plays a critical role in the sensitization of the stereotyped 
behavioral response to a single pretreatment dose of amphetamine. In this study, 
we determined whether repeated pretreatment with amphetamine could 
overcome the sensitization-inhibiting effect of changing the pretreatment and test 
environments. Animals were injected with a single high dose of amphetamine 
(14 mg/kg, i.p.) or saline in an environment that was either identical to or different 
from the subsequent test environment. A second group of animals was injected 
with 3 high doses of amphetamine (14 mg/kg, i.p.) or saline in an environment 
that was different from the test environment. The test, done 3 and 14 days after 
the acute pretreatment phase, consisted of the administration of a challenge 
dose of amphetamine (7 mg/kg, i.p.). All animals were evaluated for the maximal 
stereotyped behavior that occurred between 30-60 min after injection. 
Sensitization was observed both 3 and 14 days after amphetamine pretreatment 
when the pretreatment and test environments were the same. When the 
pretreatment and test environment was different, sensitization was not produced 
by a single pretreatment with amphetamine. However, when the pretreatment 
was increased to 3 amphetamine injections, sensitization was observed after 3 
days but failed to persist through 14 days. The present study establishes a model 
of context-dependent sensitization that is persistent and a model of context- 
independent sensitization which is not persistent. Establishment of these models 
may be useful in elucidating the neural mechanisms responsible for the 
conditioning and persistence characteristics of behavioral sensitization. 
Supported by NIH-NIDA R01 DA10469 and MH19936 (JJB).

779.4
FOOD RESTRICTION SENSITIZES THE NEURAL SUBSTRATE FOR DRUG 
REWARD. S. Cabeza de Vaca and K.D. Carr*. Millhauser Laboratories, Dept, 
of Psychiatry, New York University Medical Center, New York, NY, 10016.

Chronic food restriction increases the systemic self-administration and 
locomotor-stimulating efffect of abused drugs. However, it is not clear that these 
behavioral changes reflect enhanced rewarding potency or mediation by a CNS- 
based sensitization process. The purpose of this study was to determine 
whether food restriction specifically increases the rewarding potency of drugs, as 
indexed by their threshold-lowering effect on lateral hypothalamic self
stimulation, and whether any such effect can be attributed to sensitization. When 
drugs were administered systemically, food restriction potentiated the threshold
lowering effect of amphetamine (0.125, 0.25 and 0.5 mg/kg, i.p.), phencyclidine 
(PCP; 1.0, 2.0 and 3.0 mg/kg, i.p.), and dizocilpine (MK-801; 0.0125, 0.05, 0.1 
mg/kg, i.p.) but not nicotine (0.15, 0.3, 0.45 mg/kg, s.c.). When amphetamine 
(25.0, 50.0 and 100.0 µg) and MK-801 (5.0,10.0 and 20.0 µg) were administered 
via the intracerebroventricular route, food restriction again potentiated the 
threshold-lowering effects and increased the locomotor-stimulating effects of 
both drugs. These results clearly indicate that food restriction sensitizes neural 
substrates for rewarding and stimulant effects of abused drugs. In light of recent 
work that attributes rewarding effects of MK-801 to blockade of NMDA receptors 
on medium spiny neurons in nucleus accumbens, the elements sensitized by 
food restriction may lie downstream from the mesoaccumbens dopamine 
neurons whose terminals are the site of amphetamine rewarding action.
Possible metabolic/endocrine triggers of reward sensitization are discussed as is 
the likelihood that mechanisms mediating sensitization by food restriction differ 
from those mediating sensitization by intermittent drug exposure.
Supported by DA-03956, KO2 DA-00292 and T32 DA-07254 from NIDA/NIH.

779.6
SENSITIZATION OF STEREOTYPED BEHAVIOR TO AMPHETAMINE AND 
APOMORPHINE IS CONTEXT- AND RESPONSE-DEPENDENT.
J.J. Battisti*. N.J. Uretskv. and L.J. Wallace. Division of Pharmacology, The Ohio 
State University College of Pharmacy, Columbus, OH 43210.

The present study was designed to determine whether the environmental context 
in which amphetamine or apomorphine is administered plays a critical role in the 
development of sensitization of the stereotyped behavioral effects in CF-1 mice. 
Animals were injected with a single high dose of either amphetamine (14 mg/kg, 
i.p.), apomorphine (40 mg/kg, s.c.) or saline in an environment that was either the 
same or different from the subsequent test environment. The test, done 48 hours 
after the acute treatment, consisted of the administration of a challenge dose of 
amphetamine (7 mg/kg, i.p.) or apomorphine (3 mg/kg, s.c.). All animals were 
evaluated for the maximal stereotyped behavior that occurred between 20-60 
minutes after injection. Behavioral sensitization only developed in mice which were 
pretreated in the same or similar environment as that of the test environment. In 
addition, when mice were placed in an environment that attenuated the acute 
expression of stereotyped behavior elicited by the pretreatment dose of 
amphetamine, sensitization never developed. When a lower pretreatment dose 
that elicited stereotypy in half of the animals was used, only animals that 
expressed stereotyped behavior acutely became sensitized. The results indicate 
that preexposure to a single high dose of either amphetamine or apomorphine 
produces context- and response-dependent sensitization of the stereotyped 
behavioral response to these drugs in mice. Since environment and pretreatment 
response is involved in sensitization to both amphetamine and apomorphine, these 
results suggest a postsynaptic mechanism may be responsible for sensitization 
development In addition, this study has important implications since drug-induced 
attenuation of sensitization may be due to the inhibition of the acute behavioral 
response to psychostimulant drugs rather than of the neural mechanisms of 
sensitization. Supported by NIDA R01 DA10469.

779.8
REDUCED BASELINE LOCOMOTOR ACTIVITY AND ATTENUATED 
LOCOMOTOR RESPONSE TO METHAMPHETAMINE (MA) CHALLENGE 
FOLLOWING A NEUROTOXIC REGIMEN OF MA. T.L. Wallace1*. G.A. 
Gudelskv2 and C.V. Vortiees3 Neuroscience Graduate Program1, College of 
Pharmacy2 and The Children’s Hospital Research Foundation3, University of 
Cincinnati, Cincinnati, OH 45267.

The neurochemical evidence of MA-induced toxicity to dopaminergic nerve 
terminals is well documented; however, the functional consequences of these 
changes are not clearly defined. The present study was designed to investigate 
whether MA-induced dopamine (DA) depletion affects the locomotor activity 
response to a subsequent dose of MA. Male rats were treated with MA (10 
mg/kg, i.p.) or saline every 2 hrs for four injections, which produced a 40-60% 
reduction in neostriatal DA content in the MA treated rats. Seven days after 
treatment, rats were placed in activity chambers and monitored for a 1 hr 
habituation period. The baseline activity during this habituation period was 
significantly attenuated in MA treated, but not saline treated rats. The rats then 
were injected with MA (0.5 or 1.0 mg/kg, i.p.) or saline and monitored for an 
additional 2 hrs. The total distance traveled by rats pretreated with MA and 
challenged with MA (1.0 mg/kg) (MA/MA) was significantly less than the rats 
pretreated with saline and challenged with MA (1.0 mg/kg) (SAL/MA). There 
was no significant difference in the MA (0.5 mg/kg) -induced locomotor 
response between MA/MA and SAL/MA treated rats. It was hypothesized that 
the deficit in locomotor activity observed in MA/MA (1.0 mg/kg) rats could be 
due to the decrease in available DA. In vivo microdialysis was utilized to 
measure MA (1.0 or 4.0 mg/kg, i.p.) -stimulated DA release in the neostríata of 
rats treated with the neurotoxic regimen of MA or saline. There was no 
significant difference in MA-induced DA release between the two treatment 
groups at either dose. These data suggest that MA-induced neurotoxicity 
produces functional changes that do not appear to be correlated with neostriatal 
DA release (Supported by NIH grants DAO7427 and DAO6733).

Society for Neuroscience, Volume 24 ,1998



WEDNESDAY PM DRUGS OF ABUSE: AMPHETAMINES—BEHAVIORAL STUDIES 1965

779.9

PRIOR EXPOSURE TO AMPHETAM INE POTENTIATES THE SELF
ADMINISTRATION OF THE DRUG UNDER A PR O G R E SSIV E RATIO 
SCHEDULE. D.S. Lorrain*, G.M. Arnold and P. V ezina. Dept, o f  
Psychiatry, The University o f  Chicago, Chicago, IL 60637.
Evidence that prior exposure to psychomotor stimulants enhances the 
subsequent self-administration o f  these drugs has been limited to that 
obtained in studies assessing rats’ predisposition to self-administer relatively 
low doses o f  these drugs. Usually, these, doses do not sustain self
administration in saline preexposed animals. The present study tested 
whether prior exposure to amphetamine would enhance rats’ predisposition to 
self-administer a relatively high dose o f  the drug under fixed (FR) and 
progressive (PR) ratios o f  reinforcement. Rats were given five injections o f  
either amphetamine (1.5 mg/kg i.p.) or saline (1.0 m l/kg i.p.), one injection 
given every third day and, 10  days later, given the opportunity to lever press 
for amphetamine (200 µg/kg/infusion i.v.) under an FR schedule (training) 
and under a PR schedule. Amphetamine and saline preexposed rats readily 
acquired the lever pressing response and were indistinguishable under either 
an FR-1 or FR-2 schedule. However, when tested with a PR schedule o f  
reinforcement, rats preexposed to amphetamine exhibited greater levels o f  
pressing compared to saline preexposed rats. This effect was long lasting, 
being evident when animals were tested again follow ing a 19-20 day period 
of withdrawal from amphetamine self-administration. These results indicate 
that while sufficiently high doses o f  amphetamine will be self-administered 
by drug naïve animals, prior exposure to the drug produces long lasting 
enhancement in animals’ incentive to engage in these behaviors. Supported 
by USPHS grant # DA -9397 to P.V.

DRUGS OF ABUSE: COCAINE—DEVELOPMENTAL STUDIES

780.2780.1
IN UTERO EXPOSURE TO COCAINE ALTERS NEUROTROPHIN SIGNAL 
TRANSDUCTION M E. Ehrlich’. S. Ivkovic, T,S. Lee. E.M. Unterwald. The Nathan 
Kline Institute, Orangeburg, New York, and New York University Medical Center, 
Dept, of Psychiatry, New York, New York, 10016.

We are investigating the impact of prenatal cocaine exposure on neurotrophin and 
neurotransmitter signal transduction pathways in the forebrain of the fetal mouse. We 
are beginning with the effects on the ontogeny of DARPP-32 and ERK, and adenylyl 
cyclase activity, in striatum of control Swiss Webster mice, cAMP production was 
very low at E13 and increased throughout embryonic (E) and postnatal (P) 
development. Forskolin stimulated cAMP production by < 1-fold at prenatal and early 
postnatal times. By P15, forskolin was able to stimulate cAMP production by 5-fold, 
approximately equal to that observed in adult mouse striatum. The efficacy of 
SKF82958, a D 1-receptor agonist, to stimulate cAMP production also gradually 
increased during development. Western analysis confirmed previous reports that 
DARPP-32 protein levels steadily rose beginning at E13, and that ERK levels were 
stable. To determine the impact of prenatal cocaine exposure on these signalling 
systems, two groups of pregnant Swiss Webster mice were injected twice daily from 
E10-E17.5 with cocaine, I5mg/kg, S.C., or with saline. The striata of E18 embryos 
from each litter were pooled. Pregnant mice injected with cocaine gained 11.9 +/- 4.8 
gm (N=6) from E10-E18 as compared with 14.7 +/- 3.1 gm (N=7) in control pregnant 
mice injected with saline (NS). At E18, DARPP-32 and ERK2 levels were reduced by 
50-65% in cocaine-treated litters. Basal adenylyl cyclase activities, as well as 
forskolin- and SKF82958-stimulated cAMP production, were reduced in the striata 
from E18 mice exposed in utero to cocaine. Taken together, these changes imply that 
normal neurotrophin-induced transcriptional regulation may be disrupted, an 
interpretation supported by the observed decrease int he product of at least one gene 
transcriptionally regulated by a neurotrophin, i.e. DARPP-32, the transcription of 
which is regulated by BDNF. Supported by NIMH and NIDA.

780.3

PRENATAL COCAINE EXPOSURE REDUCES BOTH CAROTID BODY AND 
STRIATAL GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR IN NEAR 
TERM RAT FETUSES. J.W. L ip ton ': ' Z  D. Limr \  H.C. Rohie1:. T O. V u\ D.E. 
Wccsc-Mavcr1 and P.M. Cnrvcv:3. Dcpts. o f 'Pediatrics. Pharmacology and 
'Neurological Sciences, Rush Children's Hospital and Rush University of Rush- 
Prcsbvtcrian-St. Luke's Medical Center: Chicago. IL 60612

Glial cell line-derived neurotrophic factor (GDNF) is a glycosylated, disulfidc- 
bonded homodimer. and a member of the transforming growth factor-beta superfamily. 
GDNF has been shown to promote the survival and morphological differentiation of 
dopamine (DA) neurons and increase their high-affinity dopamine uptake. In order to 
determine whether the mechanism for our previously observed cocaine-induced DA 
reductions in brain and carotid body were GDNF-mediated, we exposed fetuses to 
cocaine via maternal subcutaneous injections (30 mg/kg b.i.d.. E7-E19). Brains and 
carotid bodies of Ictuses were excised and processed for assessment o f GDNF levels 
using an Enzyme-Linked ImmunoadSorbcnt Assay (ELISA). Repeated measures 
MANOVA indicated that cocaine reduced carotid body GDNF by 36% (F(3.1)= 28.11. 
p<0.05) and striatal GDNF by 41% (F(3.1)=41.77. p<0.01). While both carotid body 
and striatal GDNF in the cocaine-exposed litters appeared to follow a definable uterine 
positional gradient that approached significance (p=0.07 and p=O.O56 respectively) 
power was not sufficient to indicate a position vs. drug interaction as we have previously 
observed with brain DA levels. These data indicate that cocaine's ability to reduce 
striatal and carotid body DA may be indirect through its ability to reduce GDNF 
Therefore, these findings support the hypothesis that cocaine's effects in utero may 
primarily be due to its indirect effects on DA neurons, possibly through ischemia or some 
other, as yet. undetermined mechanism. (Supported by NIDA—DA 07965 (JWL). and 
the Justin Carl Sutli SIDS Research Fund (DWM).)

PLASMA LEVELS OF COCAINE AND METABOLITES IN RAT FETUSES, AS 
A FUNCTION OF UTERINE POSITION, AFTER IV ADMINISTRATION. C.F. 
Mactutus*, M.A. Welch. A.F. Lehner. T. Tobin, and R.M. Booze. Univ. of Kentucky, 
Div. of Pharmacol., Col. of Pharmacy, THRI, & Grad. Toxicol. Ctr., Dept, of Anatomy & 
Neurobiol., Col. of Medicine, Dept. Vet. Sci., Col. Agriculture, Lexington, KY 40546.

Although reasonably complete pharmacokinetic data are available for IV cocaine in 
male and pregnant female rats, no comparable information is available for the fetal rat. 
The limited fetal blood supply and the possibility of substantial variation among fetuses 
may complicate any such study. As a prerequisite to a fetal pharmacokinetic analysis, we 
determined whether significant variation in fetal plasma levels of cocaine occurred as a 
function of uterine position. Specifically, plasma concentrations of cocaine (COC), 
benzoylecgonine (BE), eegonine methyl ester (EME) and norcocaine (NC) were 
determined following a bolus IV injection of 3.0 mg/kg COC. Pregnant female Sprague- 
Dawley rats (N=I2) were fitted with arterial (sampling) and venous (delivery) catheters 
and allowed to recover for at least 24 hr. Plasma samples (200 µl) were obtained from the 
unanesthetized freely moving dam on GD19 at 10 time points (30 sec-60 min) following 
COC injection. On GD2O, the dam again received COC (3.0 mg/kg), was anesthetized (10 
min) and individual fetuses sampled (cardiac puncture), from middle vs. end uterine 
positions in alternating sequence (10-30 min). As determined by GC/MS (single ion 
monitoring), the plasma COC levels in the dam were similar across days and the 
absence/presence of anesthesia. Although uterine position is associated with fetal weight 
in rats, and follows a characteristic inverted-U shaped function, the uterine position 
(middle vs. terminal) of the fetus had little, if any, effect (-10-15%) on cocaine or 
metabolite levels. The maximal fetal plasma levels of the analytes averaged -300 ng/ml 
(COC), -100 ng/ml (BE), -100 ng/ml (EME) and -40  ng/ml (NC). The maximal 
fetal maternal ratio of COC was <0.20. Collectively, the data suggest that a reasonably 
complete pharmacokinetic analysis of cocaine for the fetal rat may be sought without 
significant variation attributable to uterine position.

(Supported by DA09160, DAI 1337, & ES06259).

780.4
EFFECTS OF PERINATAL LEAD EXPOSURE ON COCAINE 
LOCOMOTOR ACTIVITY. D,K. Miller and J.R. Nation*. Dept, of 
Psychology, Texas A&M University, College Station, Texas. 77843.

Female rats received daily intubutions of 16 mg lead acetate (lead group) 
or sodium acetate (control group) for 30 days before breeding, through 
gestation and the post-parturition period. The male offspring were culled at 
Day 21 and half the animals from each group (lead or control) beginning 
post-partum Day 30 received 14 daily injections of 10 mg/kg cocaine HC1 or 
saline. Both control and lead-exposed animals showed a significant 
increase in locomotor responding following an acute administration (Test 
Day 1) of cocaine compared to animals receiving saline only. Lead-exposed 
animals displayed reduced activity relative to control animals. With 
repeated administration of cocaine, both groups show ed an increase in 
locomotor behavior (sensitization) compared to that exhibited on Test Day
1. Following a Test Day 15 saline-only administration, all animals received 
a 10 mg/kg injection of cocaine on Test Day 16. Lead-exposed animals that 
had previously received cocaine showed activity greater than control 
animals. A similar super-sensitivity was noted with a 20 mg/kg injection 
on Test Day 17. No statistically significant differences were found between 
groups when 40 and 60 mg/kg were given on Test Days 18 and 19. 
respectively. Analysis of blood tissue residues indicated that both control 
and metal-exposed animals had lead levels below detectable limits. These 
data suggest that environmental contaminants exposed developmental^ 
may alter drug-responsiveness and possibly influence patterns of drug 
selection and use later in life.

This research was supported by U S. Public Health Serv ice Grant 
DAO7932.
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780.5
DOPAMINE TRANSPORTER BINDING SITES IN FETAL RHESUS MONKEY 
BRAIN: EFFECTS OF GESTATIONAL COCAINE ON [125I]-RTI-121 BINDING 
DENSITIES. Y. Fang*, M. A. Bosch. O. K. Rønnekleiv. Dept, of Physiology and 
Pharmacology, Oregon Health Sciences University, Portland, OR 97201, and 
Division of Neuroscience, Oregon Regional Primate Research Center, 
Beaverton, OR 97006.

Our previous studies have demonstrated that chronic cocaine exposure 
decreases the expression of tyrosine hydroxylase (TH) mRNA and increases the 
densities of dopamine Dr like and D2-like receptors in fetal rhesus monkey brain. 
The present study evaluated the distribution of dopamine transporter (DAT) 
binding sites and the effect of prenatal chronic cocaine exposure on DAT binding 
densities in day 70 fetal monkey brain by quantitative autoradiography using the 
selective DAT ligand [125I]-RTI-121 (150 pM, 2200 Ci/mmol, NEN). Pregnant 
monkeys were treated with (-)-cocaine (3 mg/kg, i.m., 4 times/day) or saline from 
day 22 of pregnancy until day 70. Dense DAT binding sites were found in the 
substantia nigra (SN) / ventral tegmental area (VTA) and rostrally in the 
striatum/nucleus accumbens area. The rank order of [125I]-RTI-121 binding 
density was SN/ VTA > putamen >caudate ^lateral hypothalamic area > nucleus 
accumbens > globus pallidus > prefrontal cortex. The distribution pattern of 
[125I]-RTI-121 binding sites was similar in saline- and cocaine-treated fetuses. 
However, the binding density of [125I]-RTI-121 was significantly increased in the 
SN/VTA in cocaine-treated fetuses versus saline controls (p<0.05, unpaired two- 
tailed Student’s t test, n=4/ each group). There were no significant differences 
between the two groups in other brain regions. Collectively, our results suggest 
that gestational cocaine exposure upregulates dopamine transporter binding 
sites in the fetal monky midbrain, and may therefore, influence the development 
of the midbrain dopamine neurons. Supported by NIH Grants DA07165 and P51- 
00163.

780.7
CHARACTERIZATION OF THE EFFECTS OF COCAINE LATE DURING 
EMBRYOGENES1S OF THE CHICKEN UPON CORTICOSTERONE (CORT), 
ITS CNS RECEPTORS (GCR) AND POSTHATCH RESPONSIVITY TO MILD 
STRESS. L. Bordone*. M.C. Castelli and S.B. Sparber. Dept, o f Pharmacology and 
Program in Neuroscience, University of Minnesota, Minneapolis, MN 55455.

The multiple pharmacological and toxicological actions of cocaine upon pregnant 
subjects and their offspring has been an active research area in recent years. Most 
developmental studies have used the rat but its physiological, anatomical, much 
greater numbers of offspring per pregnancy and rapid rate of maturation of offspring 
raise questions as to its suitability as the sole or primary model for assessing 
potential congenital effects in humans. Comparative studies with another, diverse 
species which lead to similar outcomes would strengthen the interpretation and 
validity of results from rodent studies. The developing chicken is being used by us 
for this purpose. Besides its multiple indirect actions, cocaine's effects, globally, can 
be thought of as mimicking one or another type of stress. As such, this study was 
undertaken to determine effects of exposure to cocaine (5 injections of 11.25 mg/kg 
egg on E l8; 1.5 hr apart) upon the neuroendocrine axis of the embryo on E l8. on 
the day of hatching (HD) and on posthatching day 16 (PHD 16), with or without 
exposure to mild stress (isolation) for 15 min. Serum CORT was significantly 
elevated and its GCR in the hyperstriatum-hippocampus-parahippocampus (HHP) 
were apparently significantly reduced on E18 by cocaine. GCR in the OT were not 
altered at this time or on HD and PHD 16. Cocaine on E18 caused no noteworthy 
changes in the mean concentration of GCR in the HHP on HD or PHD 16 or upon 
basal serum CORT. The mild stress elevated serum CORT in the control chicks but 
had no significant effects in the E18 Cocaine chicks. Whether this is evidence of 
neuroendocrine dysfunction caused by a blunted rise or more rapid decline and/or is 
centrally or peripherally mediated needs to be determined. Its similarity to reports of 
altered neuroendocrine alterations in rodent and human offspring exposed to cocaine 
in utero validate the chick model and strengthens the generalization of the 
importance of the stress response to survival and well being across a multitude of 
species. Supported by USPHS grants DA 04979 and DA 08131.

780.9

EMBRYONIC COCAINE MODIFIES THE FEBRILE RESPONSE, BUT NOT THE 
CORTICOSTERONE RESPONSE, TO LPS IN YOUNG CHICKENS. L.M. Schrott* 
and S.B. Sparber. Dept, of Pharmacology, Univ. of Minn., Minneapolis, MN 55455.

Exposure to drugs of abuse during embryogenesis may affect nervous, 
immune, and endocrine system function. We examined effects of embryonic 
cocaine (COC) exposure on the fever and corticosterone (CORT) response to 
immune system stimulation by lipopolysaccharide (LPS) postnatally. Eggs with 
viable embryos were injected on embryonic (E) day 18 with 0.85% NaCI (SAL) or 
60 mg COC/kg egg (5 injections of 12 mg/kg 1.5 hr apart). Fever induction by LPS 
was assessed at 4 and 24 days of age (D4, D24). Cloacal temperature was 
measured prior to SAL or LPS injection (7.5 mg/kg) and at 2 hr intervals. E18 COC 
exposure did not affect body temperature on D4 or D24 in chicks injected with SAL. 
However, E18 COC reduced the initial stages of LPS-induced fever at both ages. At 
4 hr body temperature of E18 SAL-D4 LPS treated chicks was elevated 1.10 ± 0.19 
°C over baseline compared to 0.55 ± 0.15°C for E18 COC-D4 LPS chicks 
(p<0.05). Similar results were found 2 hr after LPS on D24: E18 SAL-D24 LPS =
0.98 ± 0.14 °C above baseline compared to 0.43 ± O.I9°C for E18 COC-D24 LPS 
(p<0.05). At 14 days of age like-treated chicks were decapitated 1, 2, or, 4 hr later. 
Sera CORT was measured by radioimmunoassay. After SAL on D14, regardless 
of E18 treatment, chicks had similar CORT concentrations across the assessment 
times. Sera CORT peaked 2 hr after LPS with a 9-fold increase relative to SAL 
controls. No significant CORT elevations were founds at 1 or 4 hr post-LPS. Unlike 
fever, the CORT response to LPS was unaffected by E18 COC exposure, with no 
difference between D14 LPS treated chicks that received E18 SAL (41.97 ± 10.64 
ng/ml) compared to E18 COC (51.25 ± 15.54 ng/ml). The failure of E18 COC to 
attenuate the CORT response may be due a ceiling effect of combined ip injection 
and LPS. Lower doses of LPS will be used to test this possibility. Supported in part 
by USPHS grant DAO4979 and DA08131.

780.6
EFFECTS O F D O SE  O N  O R A L  C O C A IN E SE L F-A D M IN IST R A T IO N  
IN  TH E R A T  PU P. G. M . U n garo*. I. B . Johanson . L. M . Terry.
Dept o f  P sy ch o lo g y , C o lleges o f  S cien ce and Liberal Arts, Florida  
Atlantic U n iversity, B o ca  Raton and D a v ie , Florida , U S A .

Anim al m odels o f  cocaine addiction vary w id ely  from  operant 
intraventricular administration to self-adm inistration by ingestion  o f  
fluids containing cocaine. The ontogeny o f  drug self-adm inistration has 
not been w id ely  studied. In an effort to determ ine if  cocaine se lf
administration could be established in neonatal rats w e used  a non  
suckling oral-adm inistration procedure (H all, 1979). Rat pups were first 
p re-exposed  to either a .06 or .10  m pk coca in e  solution m asked with 5% 
sucrose or sucrose-on ly  so lu tion  by in fu sion s to the posterior portion o f  
the m outh. Infusions to this part o f  the m outh stim ulate reflexive  
sw allow in g  and thus all pups ingested sim ilar v o lu m es o f  the pre
exposure flu id . Four hours fo llo w in g  p re-exposure, pups w ere tested  
for voluntary ingestion o f  cocaine only solution to the anterior portion o f  
the m outh. Pups p re-exposed  to cocain e ingested m ore o f  cocaine in the 
secon d exposure than did controls. Furthermore, pups ex p o sed  to the 
higher cocaine concentration ( .1 0  m pk) had higher ingestion  than those in 
the low er cocaine concentration ( .0 6  m pk). G eneral activity also  
appeared to be dose dependent. Intake o f  cocaine decreased in the pups 
p reviou sly exp osed  to the drug, su ggestin g  a p o ssib le  learned taste 
aversion. The results o f  this experim ent su g g est that cocaine se lf
administration can be elicited in neonatal rat pups, and this can be 
enhanced by initial pre-exposure to cocaine. Current studies are 
underw ay exam ining the effects o f  dopam ine antagonists (S C H 2 3 3 9 0  
and haloperidol) before cocaine pre-exposures to exam ine the 
involvem ent o f  dopam ine system s in the ontogeny o f  coca in e  addictions.

780.8
ANALYSES OF CNS GLUCOCORTICOID RECEPTORS (GCR) AND EFFECTS 
OF PRENATAL COCAINE EXPOSURE OF THE CHICKEN EMBRYO ON E18. 
DAY OF HATCHING (HD) AND ON POSTHATCHING DAY 16 (PHD 16). S.B. 
Sparber, N. Srivastava*. and L. Bordone. Department of Pharmacology and Program 
in Neuroscience, University of Minnesota, Minneapolis, MN 55455

Besides cocaine's indirect pharmacological/toxicological activity via blockade of 
biogenic amine reuptake carriers, its effects upon embryos and fetuses in utero may be 
due to secondary and tertiary consequences of altered structure and/or function of the 
maternal milieu of viviparous subjects. Studies of more direct actions upon developing 
vertebrates can be accomplished with the oviparous, domestic chicken embryo. 
Analyses of cocaine's effects upon the density of corticosterone receptors (GCR) in the 
hyperstriatum-hippocampus-parahippocampus (HHP) and optic tectum (OT) on E18, 
HD and PHDI6. after injection of cocaine into eggs on E18 (5xl l.25mg/kg egg, 1.5 
hr apart), which did not affect hatchability, led to interesting and potentially important 
observations about how a subtle developmental insult manifests itself by a shift to the 
right of a regression analysis of the diminishing variability o f the measure of GCR 
(fmol/mg protein) as development progrésses. The coefficient of variability (C/V) of 
GCR in cytosol of HHP decreased from 0.26 on E18 to 0.19 on HD and 0.12 on 
PHDI6, with R2(sq)=1.0 (p<0.0001). Cocaine exposure increased the C/Vs to 0.38 on 
E18. 0.32 on HD and 0.25 on PHDI6 (R2=0.998. p<0.03). Paired t-test analysis 
showed this shift to the right to be significant (df2=38. p=0.0007). Such systematic 
effects were specific for the HHP and not observed in the OT, perhaps because of its 
greater maturity at the ages examined or because of their differential functions. The 
sensitivity of the C/V to cocaine exposure extending to PHDI6 speaks to the potential 
utility o f measures of distribution about the mean as indicators o f subtle 
manifestations of developmental insults and may be a reflection of the often-cited great 
variability in responsiveness to cocaine by mature subjects. Supported by USPHS 
grant DA 04979

780.10
ENHANCEMENT OF HYDROXYL-FREE RADICAL PRODUCTION 
FOLLOWING IN OVO COCAINE (COC) EXPOSURE. M.C. Castelli and S B. 
Sparber*. Dept, of Pharmacology, Program in Neuroscience, University of 
Minnesota, Minneapolis. MN 55455
A major mechanism through which COC is believed to exert its toxic/teratogenic 
action is via ischemia. We have shown a 5-HT2- mediated effect of COC causing 
vasoconstriction in chicken embryos. A possible effect o f short-lived 
vasoconstriction caused by COC is ischemia-reperfusion injury from generation of 
free radicals, including the highly reactive hydroxyl radical (OH ). Salicylates (SAL.) 
react rapidly with O H  to form either 2,3-dihydroxybenzoic acid (2.3-DHBA) or 2.5- 
DHBA, which then can be extracted and quantified, along with the SAL 
concentrations, by HPLC/EC detection. In the present study a single dose of NaSal 
(25 or 100 mg/Kg egg) was injected into eggs with viable embryos on E l8. 
followed, one hour later, by COC 67.5 mg/Kg egg (5 X 13.5 mg/Kg egg; 1.5 hour 
apart). Embryos were dissected to obtain hearts and brains 20 minutes after the last 
injection of COC. Since tissue SAL could vary , the concentrations of the two 
isomers of DHBA should be expressed as DHBA/SAL ratios. While there was 5-6 
times more SAL in hearts of both groups and in brains of the control group after the 
high vs low dose of NaSAL, COC caused a significant (20%) decrease in SAL in the 
brain but not in the heart. COC in combination with the high dose o f NaSAL. 
caused a significant increase of both DHBA/SAL ratios in heart, while this 
combined treatment caused a significant increase in the ratio o f the more abundant 
2,5-DHBA/SAL in brain. The lower dose of NaSAL (25 mg/Kg egg) did not allow 
us to detect changes in DHBA/SAL ratios in either tissue. Although significant 
quantities of both isomers of DHBA, as well as SAL. were detectable in hearts and 
brains, either the low dose of NaSAL was inadequate or there was a pharmacological 
or toxicological interaction of the COC and the high dose of SAL. These data 
strongly support the notion that generation of O H  in these organs can be detected 
and is indicative of potential ischemia-reperfusion injury caused by intermittent, 
small doses COC. Supported in part by USPHS grants DA 04979 and DA 01880
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780.11

C O C A IN E  S E L F -A D M IN IS T R A T IO N  IN  A D U L T  M A L E  R A T S  
N E O N  A T  A L L Y  E X P O S E D  TO  E T H A N O L  A N D /O R  C O C A IN E .
T .M . Segar*. M ,T . B ardo. E E . K lebaur. and S. B arron .
D ep t, o f  P sy c h o lo g y , U n iversity  o f  K en tu ck y, L ex in g to n , K Y  4 0 5 0 6  

A d ult m ale rats neonatally  ex p o sed  to either eth an ol, co ca in e  or the 
com b in ation , w ere tested for their resp on se to the reinforcing effects  
o f  coca in e  usin g  a self-ad m in istration  procedure. S tudies have sh ow n  
that ex p osu re to ethanol or coca in e  either prenatally or n eonatally  can  
alter the resp on se to rein forcin g stim uli. T h ere have b een  no studies  
that have exam ined  the com b in ation  o f  ethanol and coca in e  on  coca in e  
self-ad m inistration . In this stu dy, rat pups w ere artific ia lly  reared 
(A R .) from  postnatal day (P N D ) 4-11  and ex p o sed  to e ither ethanol ( 6  

g /k g /d a y ) , co ca in e  (60  m g /k g /d a y ) or the com b in ation  ( 6  g /k g  +  60  
m g /k g /d a y ). A n  A R . stock  group and a suckled  sham  control group  

w ere a lso  included . A d ult m ale rats had an in travenous catheter  
im planted for coca in e  self-ad m in istration . O nce stab le resp onding was 
estab lish ed  on  an FR  5 , the num ber o f  in fu sion s subjects earned at .25 , 
.75 and 1.5 m g /k g /in f  co ca in e  w ere recorded . N eon atal ex p osu re to 
ethanol reduced the num ber o f  in fu sion s at the .25 and 1.5 m g /k g /in f  
coca in e  d o ses . T h is su ggests that neonatal exp osu re  to ethanol 
produces lon g lasting alterations in the rein forcin g  e ffec ts  o f  coca in e  in 
adult m ale rats. (Supported, in part b y , A A O 9723 to SB and D A 0 5 3 1 2  

to M T B )

780.13
DOSE-RELATED EFFECTS OF CHRONIC GESTATIONAL COCAINE 
TREATMENT ON MATERNAL AGGRESSION IN RATS ON POSTPARTUM 
DAYS 2 , 3 and 5. D, A. Lubin1 *, K.E. M eter2 , C.H. 
W alker'*, L. Murty  ̂ and J.M. Johns ' D ep ts. o f  
P sych o logy  and P s y c h ia tr y , U niv. o f  N orth C aro lin a , 
Chapel H i l l ,  N.C. 27599.

G ravid r a t s  r e c e iv e d  s . c .  in j e c t io n s  b . i . d .  o f  
s a l in e ,  3 .5 ,  7 .5  or 15 mg/kg o f  co c a in e  HC1 throughout 
g e s t a t io n .  F o llo w in g  d e l iv e r y ,  h a lf  th e  dams in  each  
trea tm en t group were g iv e n  s u r ro g a te  pups and th e  
o th er  h a lf  k ep t t h e ir  own pup s. On postpartum  days 
(PPD) 2 , 3 and 5 , dams and t h e ir  l i t t e r s  (su r ro g a te  or 
n a tu r a l)  w ere v id eo ta p ed  fo r  10 min in  th e  p resen ce  o f  
a sm a lle r  m ale r a t  fo r  a sse ssm en t o f  a g g r e ss io n  
tow ards th e  in tr u d e r . P r e lim in a ry  a n a ly s e s  r e v e a l a 
tren d  fo r  d ose  dependent in c r e a s e s  in  a g g r e ss io n  
a c r o ss  th e  3 s e s s i o n s .  The 30 mg/kg dose group  
th rea ten ed  in tr u d e r s  s i g n i f i c a n t l y  more than o th er  
trea tm en t and c o n tr o l groups on PPD 3 and th rea ten ed  
more than th e  7 .5  mg/kg group and lo n g er  than c o n tr o ls  
on PPD 5. There was a tren d  fo r  th e  3 0 mg/kg dams to  
a tta c k  and assume an a g g r e s s iv e  p o stu r e  towards the  
in tr u d e r  more o f te n  than a l l  o th er  groups on PPD 5. 
F in d in g s in d ic a te  in c r e a s e s  in  a g g r e s s iv e  b eh av ior  
fo llo w in g  h ig h er  d o se s  o f  c o c a in e  b eg in  by PPD 3 . Some 
s u b t le  d i f f e r e n c e s  were found betw een dams h aving  
s u r ro g a te  v s .  n a tu r a l l i t t e r s .  (Supported by NIDA DA- 
08456 awarded to  JMJ)

780.12
PRENATAL COCAINE PRODUCES SIGNS OF NEURODEGENERATION IN 
THE LATERAL HABENULA. C.A.Murphy1* L. Ghazi1 . A. Kokabi2. and G. D. 
Ellison2. 'Biology Dept., Franklin & Marshall College, Lancaster, PA 17604; 
Psychology Dept., UCLA, 405 Hilgard Ave., Los Angeles, CA 90024.

Exposure of a developing fetus to cocaine is believed to increase the risk of 
developing behavioral and attentional deficits in adulthood. Cocaine’s actions in 
inhibiting reuptake at DA and 5-HT synapses suggest that forebrain areas densely 
innervated by these neurotransmitters would be vital in mediating its effects. 
However, when cocaine is administered continuously to adult rats over several days, 
it produces neurodegeneration in the lateral habenula (LH) and its major efferent 
pathway, the fasciculus retroflexus (FR), but not in forebrain areas such as the 
nucleus accumbens, striatum or cortex. In this study, we examined whether rat pups 
exposed to continuous cocaine during the last week of gestation would similarly 
demonstrate selective neurodegeneration in the lateral habenula and FR. The LH 
reciprocally innervates midbrain DA and 5-HT nuclei, suggesting it may regulate 
monoaminergic connections between limbic and striatal forebrain. On embryonic 
day 17, dams were implanted with 2 pellets containing either of 2 doses of cocaine 
(8Omg or 55mg/pellet) or vehicle. Neurons in which silver deposits were detected 
were counted in LH and in caudate. The brains of cocaine-exposed pups showed 
significantly more silver-stained cells in lateral habenula than the brains of vehicle- 
exposed pups. In contrast, similar numbers of silver-stained cells were observed in 
the caudate. When littermates of these pups were used in behavioral tests at 60 
days of age, it was found that cocaine-treated and vehicle-treated pups did not differ 
on measures of open field activity or anxious behavior on the elevated plus-maze; 
however, they showed an increased conditioned place preference for cocaine. These 
results indicate that continuous cocaine exposure has selective neurotoxic effects on 
the habenula of the developing fetus similar to its effects in the adult. Supported by 
the Grants Committee of Franklin & Marshall College and NIDA 07344.

DRUGS OF ABUSE: COCAINE—GENERAL II 

781.2781.1

LONG-TERM COCAINE SELF-ADMINISTRATION ALTERS OXIDATIVE  
METABOLISM  IN THE STRIATUM  OF THE M ONKEY D. Lyons*, S.L. 
Hart, M. Miller, M.A. Nader &L.J. Porrino Dept. Physiology & Pharmacology, 
Wake Forest University School of Medicine, Winston-Salem, NC 27157.

Previous work has shown that cocaine self-administration transiently alters 
brain energy metabolism within the striatum o f monkeys in response to drug 
intake, as assessed by local cerebral glucose utilization. The present study set out 
to determine if the striatum of the primate functionally adapts to repeated cocaine 
self-administration by altering the capacity o f this brain region to carry out 
oxidative energy metabolism. This was accomplished with the use o f quantitative 
cytochrome oxidase histochemistry which can identify local changes in the 
maximal activity of this key enzyme in oxidative phosphorylation. Cytochrome 
oxidase activity (COA) was assessed in the brains o f 3 monkeys that self- 
administered cocaine for 18-20 months and compared to 4  cocaine-naive 
controls. Levels of COA were quantitatively established by calibration with brain 
paste standards that contained known quantities o f COA. Cocaine intake reduced 
the capacity for COA throughout the caudate, putamen and nucleus accumbens, 
with some evidence for changes being greater in medial rather than lateral 
regions. Several additional regions were examined in which no differences were 
evident, including the substantia nigra pars reticulata, portions o f the 
hippocampal formation, entorhinal cortex and several thalamic nuclei. These 
data demonstrate that quantitative cytochrome oxidase histochemistry can be 
used to measure regional levels o f oxidative metabolic capacity in the nonhuman 
primate. Furthermore, chronic cocaine self-administration is accompanied by 
neuroadaptation that is focused within the dorsal and ventral striatum. Supported 
by grant DAI 1251 (DL) and DA09085 (U P ).

PET IMAGING OF CUE-INDUCED DRUG AND NON-DRUG CRAVING 
STATES A.R. Childress*. W. McElgin. D. Mozley. and C.P. O'Brien. 
Addiction Treatment Research Center, Univ. of Penn. School of Medicine, 
and Philadelphia VA Medical Center, Philadelphia, PA 19104

We have used drug-related cues (videos depicting drug scenarios) to 
induce drug craving states in the brain imaging setting, revealing brain 
correlates of these states. In this paradigm , cocaine patients showed 
increased craving to a cocaine (vs. non-drug) video, along with limbic 
(amygdala, anterior cingulate and temporal pole) increases and basal 
ganglia decreases in rCBF (regional cerebral blood flow). This pattern did 
not occur in control subjects w ithout a cocaine history. Studies using a 
parallel paradigm with opiate patients are ongoing.

As cocaine patients often liken drug desire to strong sexual arousal, we 
have imaged brain activity during cue-induced sexual arousal in normal 
(non-drug-using) controls (n=l5 thus far) as an appetitive comparison 
condition. As in the prior studies, rCBF was imaged during resting 
baselines and during exposure to control and to target video stimuli (each 
twenty five minutes in length). Imaging of rCBF was accomplished with 
PET (Positron Emission Tomography) scans, using radioactively-labeled 
(0-15) water as the flow tracer. PET scans for each subject were co
registered with an MRI (magnetic resonance image) to permit anatomical 
localization of radioactivity. Preliminary image analyses of pilot subjects 
showed differential increases in amygdalar and anterior cingulate rCBF 
during increased sexual desire, paralleling the cocaine findings. Completed 
analyses will determine if limbic activation is indeed common to both drug 
and non-drug appetitive states.

NIH-NIDA ROl DA10241-02
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781.3

NEUROPHYSIOLOGIC CORRELATES OF TREATMENT TRIAL 
DISCONTINUATION IN C OC AINE-S EPENDENT SUBJECTS. & 
Vennem aul45 A.F. Leuchter145 G. Bartzokis15 M. Beckson35 S. Simon15 M. 
Schaeffe'25 R. Rawson'~5 S. Uijtdehaage5. W. Ling135 E. A. W itte3,45 B. 
King345*. Medication Development U nit1, Research Service2, and Psychiatry 
Service3, West Los Angeles VA Medical Center; QEEG Laboratory, UCLA 
Neuropsychiatric Institute & Hospital4; and the Dept, of Psychiatry & 
Biobehavioral Sciences5, 760 Westwood Plaza, Los Angeles, CA 90024.

There are high rates of subject attrition from cocaine treatment trials. W e 
performed this study in order to determine if pretreatment neurophysiologic 
factors identify those subjects at highest risk for attrition. We examined 25 
subjects meeting DSM-III-R criteria for cocaine dependence who were 
enrolled in a double-blind, placebo controlled medication treatment trial. W e 
examined subjects prior to the start of the trial using cordance, a quantitative 
electroencephalographic measure which has moderately strong associations 
with cerebral perfusion. Subjects were stratified into high- and low-cordance 
groups, and three outcomes were examined; successful completion (n= l4), 
premature discontinuation (n=5), or removal by investigators (n=6). Subjects 
with high cordance had a 90% rate of successful completion of the study, 
while those with low cordance had a 33% rate of completion. More than 91% 
of those who dropped out and 100% of those who were removed had low 
cordance, while only 33% of completers had low cordance. Failure to 
complete the study was not explained by either reported depression or 
craving, and was more strongly related to the level of cordance than to urine 
levels of benzoylecognine. These findings indicate that cordance measured 
prior to study enrollment may be useful for identifying those subjects at 
highest risk for failure to complete cocaine treatment trials.

This work was supported in part by Medication Development Unit contract 
#1 Y01 DA 50038 from the National Institute on Drug Abuse to the 
Department of Veteran Affairs, research grant IROl 40705-09, and Research 
Development Award R KO2 MH 01165 from the NIMH.

781.5

THE EFFECTS OF COCAINE ON GABAERGIC NEURONS IN NEOCORTEX AND 
PALEOCORTEX OF TWO GENETICALLY DIFFERENT STRAINS OF MICE: 
IMMUNOCYTOCHEMICAL STUDY. D.Joseph.1. J. Andrew1. E.Yablonskv-Alter2*.
1. G lezer1,2 . 1 CCNY MBRS/CRS Program, CUNY Med. School, New York, NY 
10031
The distributions of three subpopulations of calcium-binding protein-immunoreactive 
GABAergic neurons(CaBP) were studied in cerebral neocortex and olfactory bulb (OB) 
(paleocortex) of fourteen black (C57BL/GNTacfBr) and eleven white 
(BALB/cAnNTacfBr) mice after 21 days intraperitoneal injections of 0.1M of PBS (7 
control groups) and 10 mg/kg of cocaine solution (3 experimental groups). The three 
CaBP were studied: calretinin (CR), calbindin dK-28 (CB) and parvalbumin (PV). In 
the neocortex computer-assisted image analysis has shown that the density o f CR- and 
PV-ir neurons significantly decreased in upper and lower layers of black and white 
mice after chronic injection of cocaine whereas density of CB-ir neurons in both 
strains of mice significantly increased. In black mice these effects of cocaine were 
significantly higher than in white mice. As a result, in experimental group of animals 
the difference in density of CaBP-ir neurons between black and white mice almost 
disappeared, whereas in the control group the density of the CaBP-ir neurons was 
significantly higher in black mice than in white mice. The cocaine effects were 
significantly greater for the CR- and PV-ir subpopulations of neurons, whereas CB-ir 
subpopulation was less affected. In the OB the effects of cocaine were more variable 
than in the neocortex and the difference between two genetically different lines of mice 
was present but not as evident as in the neocortex. In general, cocaine caused decrease 
of cell density in glomerular layer and increase of density in mitral/tufted layer. The 
most significant cocaine effects were found for the calretinin subpopulation of neurons, 
whereas calbindin (CB) and parvalbumin (PV)-ir subpopulations of neurons were 
affected significantly less. The study has shown that the genetical makeup of the mice 
as well as topical localization and neurochemical characteristics of the neuronal 
subpopulations play important role in reaction of the inhibitory neurons to the cocaine 
injections. Supported by RF-667243 and MBRS Grant GM. 08168.

781.4

DENDRITIC BRANCHING IN HIPPOCAMPUS FOLLOWING PRENATAL 
COCAINE EXPOSURE. Morin. L.*. and Smith. R. F. Department o f  
Psychology, George Mason University, Fairfax, VA 22030.

Prenatal exposure to cocaine has implications for altered brain 
development, as suggested by characteristic behavioral dysfunctions 
measured in both adults animals and human infants born to cocaine 
mothers. Support for this is seen in previous research investigating 
the effects o f  prenatal cocaine exposure on dendritic development 
which shows altered representations o f  dendrites in cerebral cortex. 
The present study evaluated the effects o f  prenatal cocaine exposure 
on the development o f dendritic branching in the hippocampus o f  
Long Evans hooded rats. Dams were subcutaneously (SC) 
administered 20 mg/kg/d cocaine from gestation day (GD) 8 through 
GD2O. Examination o f  dendritic organization and elaboration in the 
hippocampus was done on perfused brains o f  rats sacrificed at PD 2l 
using a revised Golgi-Cox method. A decrease in dendritic 
elaboration in hippocampus at PD2l was noted in subjects prenatally 
exposed to cocaine compared to saline controls.

781.6

BRAIN LESIONS INDUCED BY CHRONIC COCAINE 
ADM INISTRATION TO RATS. Barroso-Moguel R.* Villcda- 
Hernández J. Méndez-Armenta M. and Rios C. Lab Neuromorfologia 
Celular & Depto. de Neuroquímica. Instituto Nacionai de Neurología y 
Neurocirugia. 14269 México.

Adult Wistar rats were intoxicated i.p. with 3Omg/kg/day o f aqueous 
cocaine hydrochoride solution in order to study the evolution o f  
histological lesions in brain cortex, basal ganglia, hippocampus and 
cerebellum Lesions were absent in rats after 7 days o f cocaine treatment 
After 15 days o f  treatment the parietal cortex showed interstitial oedema, 
pyramidal neurons shrunken with dark nuclei, altered dendrites, and 
sinous altered axons. After 60 days o f treatment there were areas with 
gliosis and microglial proliferation. At 30 days o f treatment most o f  basal 
ganglia neurons are altered. In the substantia nigra from 15 to 90 days o f  
cocaine i.p. treatment both the compact and reticular zones had progresive 
neuronal pyknosis, shrunken soma and necrosis. In the hippocampus over 
30 to 60 days o f  treatment the neurons showed increase o f pyknosis in 
pyramidal cells from all areas. Cerebellar cortex showed initial pyknosis 
in Purkinje’s ceils after 30 days o f  treatment which is aggravated at 90 
days, to include the basquet cells, a great number o f neurons o f  the 
molecular and granular layers including the nerve fibers We conclude 
that the chronic administration o f cocaine produce difuse necrosis o f  
neurons, alteration o f  nerve fibers o f  the brain, focal gliosis and microglial 
proliferation

DRUGS OF ABUSE: OPIOIDS AND OTHERS—GLUTAMATERGIC MECHANISMS

782.2782.1

DIZOCILPINE CO-TREATMENT WITH MORPHINE ENHANCES NALOXONE- 
INDUCED DISRUPTIONS OF SCHEDULE-CONTROLLED RESPONDING. 
Therese A. Kosten* and Jennifer J. Spencer. Department of Psychiatry; Yale University 
School of Medicine; New Haven, CT 06508.

Previous studies indicate that the noncompetitive excitatory amino acid (EAA) 
antagonist, dizocilpine (DZ; or MK-801), attenuates the development of long-term 
effects of chronic morphine exposure. We showed previously that co-administration of 
ethanol, a putative EAA antagonist, with morphine attenuates dependence to the same 
extent as DZ co-administration as assessed by the expression of naloxone-precipitated 
opiate withdrawal signs. Yet, other research suggests that DZ enhances the short-term 
effects of morphine. Thus, this study examined the time course effects of DZ and 
ethanol co-treatment with morphine using naloxone-induced disruption of schedule- 
controlled responding for food as the behavioral index of dependence. Rats were food- 
deprived and trained to lever-press for food pellets under a fixed-ratio 15 (FR15) 
schedule of reinforcement. Once response rates had stabilized, the following procedure 
was employed. On Day 1, rats received SC vehicle injections 4 hr before the operant 
session and again 5 min before the session (acclimatization). On Day 2, SC morphine 
(5 mg/kg) was given 4 hr before and SC vehicle 5 min prior to the session (baseline). 
On Days 3 and 4, morphine injections were administered 4 hr prior to the session, and 
SC naloxone injections (O.3-3.O mg/kg) were given 5 min before the session. Rats were 
either pre-treated with DZ (0.05 mg/kg; IP) or vehicle 30 min prior to morphine 
administrations. DZ pre-treatment led to enhanced effects of naloxone on schedule- 
controlled responding; that is, responding was disrupted by lower naloxone doses and 
after fewer morphine treatments. Studies assessing the effects of ethanol pre-treatments 
and the effects of greater numbers of morphine treatments are ongoing. These data may 
shed light on why there are discrepancies on the reported behavioral effects of DZ co
treatment with morphine and will test further the ability of ethanol to mimic DZ. 
(Support: NIDA 09994).

ARE NMDA RECEPTORS INVOLVED IN TOLERANCE AND SENSITIZATION 
TO THE LOCOMOTOR EFFECTS OF MORPHINE? R.M. Swadlev-Lewellen and
K.A. Truiillo*. Psychology Program, Calif. State Univ., San Marcos, CA 92096.

NMDA receptors have been found to have an important role in the development of 
tolerance to the analgesic effect of morphine. Although some evidence suggests that 
these receptors are also involved in sensitization to the locomotor stimulant effect of 
morphine, other research contradicts this suggestion. Morphine produces a biphasic 
locomotor effect when administered acutely to rats, with an intial depression of activity 
followed by stimulation. With chronic administration, tolerance develops to the 
locomotor depression and sensitization to the locomotor stimulation. The present 
studies were performed to examine the potential role of NMDA receptors in the 
development of tolerance and sensitization to the locomotor effects of morphine in rats.

Adult, male Sprague-Dawley rats received an injection of saline (SAL) or MK-801 
(MK; 0.1 mg/kg ip) 30 minutes prior to SAL or morphine (MOR; 10 mg/kg sc) each 
day for 10 days. On day 11 animals received a challenge injection of SAL or MOR and 
activity was recorded for 5 hours in a San Diego Instruments Flex Field Apparatus.

Biphasic locomotor effects were seen in animals that received MOR for the first 
time on day 11. Tolerance and sensitization were observed in the chronic MOR group, 
with a decrease in the initial locomotor depression and an increase in the delayed 
facilitation. MK appeared to interfere with the development of both tolerance and 
sensitization -  animals treated chronically with MK+MOR showed effects similar to 
those that received MOR acutely. However, animals treated chronically with MK+SAL 
also showed altered effects of MOR on day 11, suggesting that the apparent inhibition 
of tolerance and sensitization may not have been entirely specific. Although these 
results may be consistent with the hypothesis that NMDA receptors are involved in 
tolerance and sensitization to the locomotor effects of MOR, further studies are 
necessary to confirm this finding. [Supported by NIDA (DAI 1803) and by a CSU San 
Marcos Professional Development Award].
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782.3
IBOTENIC ACID LESIO N S OF THE M EDIAL PREFRONTAL CORTEX 
ATTENUATE NALOXONE-PRECIPITATED OPIATE WITHDRAWAL IN  
THE RAT.
L.J. Punch . J.D . Jen tsch  and J.R. Tavlor*. D epts. o f Psychiatry and  
Section o f Neurobiology, Yale U niversity School o f M edicine, 333 Cedar 
Street, N ew  H aven , CT 06510.

R ecent find ings su ggest th a t ionotropic g lutam ate receptors regulate  
locus coeruleus (LC) neuronal firing and affect antagonist-precipitated  
withdraw al a t th e level of th e LC and central nucleus of the am ygdala  
(CeA). W e have th u s studied th e effects of ibotenic acid (excitotoxic) lesions  
of the m edial prefrontal cortex (mPFC), a source of glutam atergic input to  
th ese  regions, on behavioral sign s of naloxone-w ithdraw al in morphine- 
dependent rats. Subjects were in fu sed  b ilaterally  w ith  ibotenic acid  
(5µg/µl) in  artificial cerebrospinal fluid or vehicle delived through injection  
need les term in ating  in  m ultiple sites in  the mPFC. Subjects were allow ed  
a t lea st  one w eek  o f recovery before subcutaneous im plantation of 
m orphine p ellets. A ll subjects received three pellets before th e tes t  (day 1, 
one pellet; day 4, one pellet; day 5, one pellet; day 6, test). W ithdrawal 
w as precipitated by an IP injection of 1.0 m g/kg naloxone hydrochloride 
and w ithdraw al behavior w as exam ined 5 m in u tes later. A ttenuation of 
som e w ithdraw al sign s w as observed in  rats w ith  m PFC lesion s as 
compared to controls. Significant reductions were found for "total" (i.e., 
overall s ign s) and "checked" sign s (e.g., diarrhea, ptosis, rhinorrhea, 
lacrim ation) and teeth  chattering, and the am ount of w eight lost w as  
reduced. T h ese resu lts support th e hypothesis th at glutam atergic 
projections from the m PFC m ay m odulate the expression of opiate 
w ithdraw al. Support by DAO8227.

782.5

THE µ OPIOID RECEPTOR IS INVOLVED IN THE PRECIPITATED OPIATE 
WITHDRAWAL BEHAVIOR OF THE PREWEANLING RAT. A. A. M cPhie1. J. 
Gordon^* and G.A, Barr^ .  * Biopsychology Doctoral Program, Dept, of 
Psychology, Hunter College-CUNY and ^New York State Psychiatric Institute,
New York, NY 10021.

Exposure to and withdrawal from prescription or illegal opiate drugs (through 
the mother’s use) by human infants is a serious problem. Little research has been 
done on the effects of short term and long term neurobehavioral consequences of 
opiate withdrawal for infants. Until recently, there were no published reports that rat 
pups experienced any form of opiate withdrawal. It is now known that pups display 
withdrawal behaviors that are different from those of adult rats. This study is one in 
a series to determine whether the unique withdrawal behaviors that are seen at 
different developmental stages are due to neural mechanisms that are distinct from 
those for the adult animal. For this study, we assessed if the maturing µ opioid 
receptors play different roles in precipitated opioid withdrawal. Beginning at day 
one of the pups’ lives, they were injected with morphine sulfate (10.0 mg/kg) twice 
a day for 6.5 days. During the afternoon of the seventh day the pups were given an 
ICV injection (4 µl) of a vehicle or the µ opioid receptor antagonist CTOP (0.1, 0.3, 
1.0, 3.0 mg/injection). The behavior of each pup was time sampled, in an incubator 
with the rest of the litter, for 15 minutes at intervals of 15 seconds. Injection of 
CTOP precipitated withdrawal behaviors similar to withdrawal behaviors 
precipitated by naltrexone for 7 day old pups. The frequency of each behavior was a 
function of different doses of CTOP. These results suggest that abrupt blockade of 
the µ opioid receptors causes precipitated withdrawal in the infant, as it does in, the 
adult rat.
Support by DA-06600, DA-00325 & the Center for Study of Gene Structure and 
Function, Hunter College

782.7

H ETERO - A N D  H O M O SY N A P T IC  C O N T R O L  OF G L U T A M A T E  
SY N A PTIC  T R A N SM IS SIO N  D U R IN G  M O R PH IN E W ITH DR AW AL. 
O.J. M anzoni* and J.T. W illiam s. V ollum  Institute O H SU  L -474. 3181
S.W .Sam  Jackson Park Road. Portland O R 97201 U S A . .
The effects o f  morphine withdrawal on excitatory inputs to dopamine cells  

in the ventral tegm ental area (V TA ) slices o f  rats were studied, presynaptic 
inhibition by µ opiate receptors was not changed by morphine withdrawal: 
the EC5Os for the specific µ agonist DA M G O  were identical in naive and in 
withdrawn rats (0 .0 8  µM ). G A B A  synaptic transm ission in the V T A  is 
increased during m orphine withdrawal. W e explored  the e ffects  o f  the 
increased G A B A  release on excitatory transmission using the G ABA-uptake 
inhibitor N O -7 1 1. In m orphine-withdrawn rats, N O -7 1 1 (lO µM ) reduced  
excitatory post synaptic currents (EPSC s) to 56±8%  o f  control (an effect  
reversed by the G A B A -B  antagonist C G P -56999A ) but w as ineffective in 
naive rats (EPSC, 97±10%  o f  control). M oreover, the potency o f G A B A -B  
receptors to depress glutam atergic synaptic transm ission was increased in 
m orphine withdrawn rats: the E C 50 for the sp ec ific  G A B A -B  agonist 
b aclo fen  w as 2 .l± O .8 µ M  in n a ive  rats and O.5±O.3µM  in m orphine  
withdraw n rats (9 to 13 ex p erim en ts). G A B A -B  receptors seq u en ce  
h o m o lo g ies  with m etabotropic glutam ate receptors (m G lu R s). m GluR- 
m ediated presynaptic inhibition was enhanced in m orphine-withdrawn rats. 
Thus, in addition to increase G A B A -B  heterosynaptic depression, morphine 
withdrawal enhances m G luR -m ediated depression o f  excitatory synaptic 
tran sm ission . T h ese  resu lts provide a cellu lar basis for the profound  
decrease o f m esolim bic dopam inergic neuronal activity observed in vivo in 
morphine withdrawn rats.

O. M. was supported by grants from INSERM , N ID A /IN V E S T  program  
and Fondation Sim on e et C ino D el D ucca. J.T. W illiam s w as funded by 
N ID A  D A  04523.

782.4
THE PHARMACOLOGICAL EFFECTS OF L-NAM E A N D  MK-801 ON 
MORPHINE WITHDRAWAL IN INFANT RAT. H. Zhu and G. A. Barr *. 
Biopsychology Doctoral Program, Dept, o f Psychology, Hunter College- 
CUNY, and New York State Psychiatric Institute, NY, NY  10021.

Infants bom to women who are exposed to opiate drugs such as heroin 
and methadone during their pregnancy experience opiate withdrawal and 
have higher incidences o f morbidity and mortality than do the offspring o f  
nonaddicted women. Previous studies showed that the infant rat experiences 
opiate withdrawal when the specific behavioral repertoire appropriate to the 
age o f the rat is examined. Here we investigated the effects o f drugs that 
might reduce the opiate abstinence syndrome in 7 day old rat pups using 
MK-801, a noncompetitive NM D A receptor antagonist, and L-NAM E, a 
nitric oxide synthase inhibitor. Rats were injected with morphine sulfate 
(10.0 mg/kg) twice daily for 6.5 days. On the seventh day, 8  pups from the 
same litter were injected with L-NAM E (15, 75, 375 mg/kg), MK-801 (0.01, 
0.05, 0.25 mg/kg) or saline (two pups each litter). After 15 minutes, each 
pup was injected with naltrexone (1  mg/kg) and placed in a warm chamber 
with the litter, its behavior was observed and recorded on a checklist every 
15 seconds for a total of 15 minutes. The results showed that L-NAM E  
significantly decreased various withdrawal behaviors in the infant rats, a 
result in line with previous studies on adult rat. MK-801 was ineffective in 
reducing withdrawal and increased certain behaviors (walking and wall 
climbing). These latter results are inconsistent with previous studies in the 
adult rat, where MK-801 attenuates withdrawal signs. Our experiments 
suggest that nitric oxide is involved in opiate withdrawal in infants whereas 
the NM DA receptor may be not yet be functionally active.
Supported by DA-06600 and DA 00325.

782.6

C H A N G E S  IN  M E T A B O T R O PIC  G LUTAM ATE-M EDIA TED  
IN H IBITO R Y  P O S T S Y N A P T IC  P O T E N T IA L S  IN  V T A  
N E U R O N S  D U R IN G  A C U T E  M O R PH IN E  W ITH D R A W A L  
Y  Sho¾ i*.and J. T. W illia m s. \b l lu m  In stitu te . O H S U  
Portland, O R 9 7 2 0 1 .

D o p a m in e  neurons o r ig in a tin g  in the V entral Tegmental 
Area(VTA) are thought to play a pivotal role in the form ation o f  
a d d ictive b eh aviors, particularly in resp on se to drugs su ch  as 
co ca in e  and op io id s. Intracellular recording w ere m ade from  
dopam ine neurons in horizontal s lice s  o f  g u in ea  p ig  V T A . A  
train o f  stim uli e lic ited  s lo w  inhib itory p ostsyn ap tic  p oten tia ls  
con sistin g  o f  tw o overlapping com p onents. O ne is m ed iated  by 
G A B A b receptor as p reviou sly  reported. T h e secon d , and later, 
co m p o n en t w a s m ed ia ted  by g lu ta m a te  a c tin g  on  grou p  I 
m etab otrop ic  g lu tam ate recep tors. T h e m G lu R  IP S P  w as  
blocked  by apam in and m G luR  antagonist, M C PG . T he relative 
am plitude o f  G A B A b - and m G luR -IPSP  w as exam in ed  in s lice s  
from  anim als treated ch ron ica lly  w ith  m orp hin e. T h e resu lts  
in d ic a te  that th ere is an e n h a n c e d  m G lu R -IP S P  d u rin g  
w ithdraw al. T he m ech an ism  for this in creased  IP SP  w ill be  
d iscu ssed . (Supported by N IH  D A  0 8 1 6 3 )

782.8
TIME COURSE EFFECTS OF BUTORPHANOL WITHDRAWAL ON 
NMDA RECEPTORS IN RATS. C  -G. Jang*. S. Oh. H. Zhu, T. Ma, and I. 
K, Ho. Department of Pharmacology and Toxicology, University of 
Mississippi Medical Center, 2500 N. State St. Jackson, MS 39216, USA

Influences of continuous administration of butorphanol on the 
autoradiography of fH]Glutamate binding and [ H]MK-801 binding were 
investigated to study the effects of butorphanol withdrawal on NMDA 
receptors. Rats were administered butorphanol (26 nmol/µl/hr) by 
continuous intracerebroventricular (i.c.v.) infusion through pre-implanted 
cannulae connected to osmotic mini-pumps for 3 days. Rats were then 
sacrificed at 2, 7, and 24 hr after discontinuation o f butorphanol infusion. 
[3H]Glutamate binding was markedly increased in the cortical area, striatum, 
septum, hippocampus, thalamus, and cerebellum in 7 hr withdrawal group 
and was significantly increased in the striatum, hippocampus, and thalamus 
in 24 hr withdrawal group. [3H]MK-801 binding was increased in the 
cortical area, hippocampus, and cerebellum in 2, 7, and 24 hr withdrawal 
groups and was shown most significant increase in the 7 hr withdrawal 
group. These results demonstrate that the development of butorphanol 
withdrawal is mostly produced by 7 hr after discontinuation of butorphanol 
infusion and suggest that NMDA binding sites at NMDA receptors may play 
more important role in the development of butorphanol withdrawal than that 
of channel blocking sites. (Supported by grant NIDA 05828)
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782.9
GENE EXPRESSION OF NMDA RECEPTOR SUBUNITS 
FOLLOWING CHRONIC MORPHINE TREATMENT: IN SITU 
HYBRIDIZATION STUDY H. Zhu. C.-G. Jang. T. Ma. S. Oh and I. 
K. Ho*. Department o f Pharmacology & Toxicology, University of 
Mississippi Medical Center, 2500 North State Street, Jackson, MS 
39216.

The N-methyl-D-aspartate (NMDA) receptor has been implicated in 
opioid tolerance and physical dependence. Using in situ hybridization 
techniques, the effects of chronic morphine treatment on the expression 
of mRNAs encoding the NMDA receptor subunits NR1, NR2A, and 
NR2B were investigated. Adult male Sprague-Dawley rats were 
intracerebroventricularly (i.c.v.) infused with morphine (26 nmol/hr/µl) 
through osmotic minipumps for 3 days. A significant increase in the 
level o f NR1 subunit mRNA was found in the locus coeruleus and the 
hypothalamic paraventricular nucleus after 3 days of infusion. No 
changes were detected in the expression of NR1 mRNA in the frontal 
cortex, caudate putamen, nucleus accumbens, amygdala, hippocampal 
CA1, CA2 and dentate gyrus, and in the central grey of the brain after 
morphine treatment. The expression of NR2A and NR2B mRNA 
subunits did not change after morphine treatment in brain regions 
studied. These results substantiate our previous findings that 
alterations in gene expression of the NR1 subunit of the NMDA 
receptor in the locus coeruleus are involved in the development of 
morphine tolerance and dependence. (Supported by NIDA 5828)

782.11

FOS INDUCTION WITHIN THE VENTRAL TEGMENTAL  
AREA FOLLOWING INFUSIONS OF PHENCYCLIDINE, 
MK-801, AND NOMIFENSINE INTO THE CORE AND SHELL 
SUBTERRITORIES OF THE NUCLEUS ACCUMBENS SEPTI
C. Marcangione1*- W. A. Carlezon. Jr.2, and R.A. W ise1. *Ctr. Stud. 
Behav. Neurobiol. and Dept. Psychol., Concordia Univ., Montréal, PQ., 
Canada, H3G 1M8, 2Dept. Psychiat. Yale Univ. Sch. Med., New 
Haven, CT., USA, 06508.

Rats learn to lever-press for phencyclidine (PCP; NMDA channel 
blocker and dopamine uptake inhibitor), MK-801 (NMDA channel 
blocker), and nomifensine (NOM; dopamine uptake inhibitor) infusions 
directly into the shell but not the core subterritory of the nucleus 
accumbens septi (NAS). PCP, MK-801 and NOM are thought, through 
different means, to inhibit a final common path: NAS intrinsic 
GABAergic output neurons projecting to the ventral tegmental area 
(VTA). Independent groups of animals were tested to determine 
whether infusions of PCP, MK-801, or NOM directly into the core or 
shell subterritory of the NAS would induce Fos expression within the 
VTA. Each rat received a total of 26 unilateral infusions (over a 60 min 
period) of PCP, MK-801, NOM (12 nmol, 1.2 nmol, or 1.7 nmol 
respectively, per 120 nl infusion) or vehicle into either the NAS shell or 
core; each animal's infusions were "yoked" to the rate and pattern of 
administration of a rat that had previously learned to lever-press for 
PCP infusions. The rats were sacrificed and their brains were processed 
for histological analysis of Fos-IR 75 min after the first infusion of 
drug. Each drug induced significantly more Fos-IR within the rostal 
and caudal VTA following drug infusions into shell, but not the core. 
Support: NIDA (DAO1720) & FCAR (CE103; PQ) to R.A.W.

782.13
BEHAVIORAL SENSITIZATION TO PHENCYCLIDINE IS ASSOCIATED 
WITH AN INCREASE IN STRIATAL NMDA RECEPTOR FUNCTION AND 
AN DEREGULATION OF THE NR1 SUBUNIT. T, Hanania* and K. M. 
Johnson. Dept, o f  Pharmacology and Toxicology, Univ. o f  Texas Medical Branch. 
Galveston, TX 77555-1031

Phencyclidine (PCP) is a drug of abuse that produces schizophrenia-like 
psychosis in humans and increases locomotor activity and stereotypic behavior in 
rodents. PCP has been shown to block NMDA receptors as well as dopamine (DA) 
transporters. PCP-induced behaviors are thought to depend on descending 
glutamatergic and ascending dopaminergic input to the striatum. In this study, the 
role of striatal NMDA and D) receptors in PCP-induced behavioral sensitization 
was studied. Rats chronically treated with PCP (2Omg/kg, once a day for five days) 
showed a marked increase in locomotor activity following a PCP challenge 
(3.2mg/kg) administered after either three or eight days of withdrawal. In 
biochemical assays, the release of [14C]GABA by NMDA from striatal slices taken 
from PCP-treated rats was enhanced by about 77%, whereas NMDA-stimulated 
pH]acetylcholine (ACh) release was increased by about 31%. Even though 
binding experiments with l-[l-(2-thiehyl)cyclohexyl]piperidiyl-3,43H(N) 
([3H]TCP) showed no alteration in the Kd or Bmax in whole striatum, quantitative 
immunocytochemical experiments found an upregulation of the NR1 subunit in 
anterior, but not posterior sections of striatum following chronic PCP treatment. 
Increases in NR1 immunoreactivity were also observed in frontal and piriform 
cortices in both coronal planes. The inhibition of NMDA-stimulated [I4CJGABA 
release by the Di antagonist, SCH2339O, was not altered following chronic PCP 
treatment. Furthermore, the 60% increase in striatal cAMP levels by the D| 
agonist, SKF82958, was not altered following chronic PCP treatment. Together 
these data suggest that behavioral sensitization to PCP may be mediated by an 
alteration in NMDA receptor function. Supported by DA 02073.

782.10
ROLE OF NITRIC OXIDE (NO) IN THE ACQUISITION OF 
PHENCYCLIDINE (PCP) - INDUCED PLACE AVERSION AND 
PLACE PREFERENCE IN MICE.
Y. Mivamoto1. Y. Noda1. Y. Komori2. H. Suαihara2. H. Furukawa3 and
T. Nabeshima1.
1Dept. of Neuropsychopharmacol. and Hospital Pharm., Nagoya Univ. Sch. of 
Med., Nagoya 466-8560, 2Dept. of Microbiol, and 3Dept. of Med. Chem., 
Fac. of Pharmaceut. Sci., Meijo University, Nagoya 468-0077, Japan.

We have previously found that PCP produces place aversion in naive 
mice whereas it produces place preference in mice pretreated with PCP (10 
mg/kg/day s.c. once a day for 28 days). In the present study, we have 
investigated the role of NO in this motivational properties of PCP because 
the involvement of NO has been demonstrated in the mechanisms of drug 
dependence. The acquisision of PCP-induced place aversion was dose 
dependently attenuated by NG-nitro-L-arginine methyl ester (L-NAME: 5 and 
50 mg/kg i.p.), NO synthase (NOS) inhibitor. NOS activity in the 
hippocampus was significantly decreased in mice showing PCP-induced 
place avervion. However, such change in NOS activity was reversed by L- 
NAME (50 mg/kg i.p.) treatment. On the other hand, the acquisision of 
PCP-induced place preference was not attenuated by L-NAME (50 mg/kg 
i.p.) and NOS activity in the hippocampus was not changed in mice showing 
PCP-induced place preference. These findings suggest that NO plays an 
important role in the acquisition of PCP-induced place aversion, but not 
place preference.

782.12
CHRONIC PHENCYCLIDINE TREATMENT PRODUCES A SELECTIVE 
UPREGULATION OF THE NMDAR1 RECEPTOR SUBUNIT mRNA IN RAT 
FOREBRAIN. Cheng Wans* Vincent M. Showalter and Kenneth M. Johnson . 
Dept, of Pharmacology and Toxicology, Univ. of Texas Med. Branch, Galveston, 
TX 77555.

The present study was designed to determine whether the 
behavioral sensitization that results from chronic phencyclidine (PCP) 
administration is associated with an alteration o f the expression o f NMDA 
receptor subunit mRNA in rat brain. In study I, female Sprague-Dawley rats were 
administered PCP (20 mg/kg, i.p.) once daily for five days, followed by 
withdrawal for 72 hr. Challenge with 3.2 mg/kg PCP (i.p.) revealed a significant 
sensitization to the locomotor activating effect of PCP. In situ hybridization 
analysis with an oligonucleotide probe complementary to the mRNA encoding 
the NR1 subunits revealed that chronic PCP treatment resulted in a marked 
upregulation in NR1 subunit mRNA levels in the forebrain. Quantitative image 
analysis revealed a significant increase in the labeling of NR1 mRNA in the 
olfactory tubercle, piriform cortex, prefrontal cortex and anterior striatum. 
However, no significant difference between PCP and saline treated rats was 
found in the hippocampus or cerebellum. In study II, possible functional 
alterations in the NMDA receptor were assessed by measuring NMDA- 
stimulated release of [3H]DA from slices o f the olfactory tubercle and piriform 
cortex. NMDA-stimulated release was not affected by chronic PCP treatment, but 
the inhibition of this release by PCP, 7-chlorokynurenic acid, and DL-2-amino-5- 
phosphovaleric acid was significantly diminished by chronic PCP. This suggests 
that the behavioral plasticity associated with chronic PCP may be related to an 
altered stoichiometry of NMDA receptor subunits, particularly in regions that 
receive dopamine input. The relevance of these data to a PCP model of chronic 
NMDA receptor hypofunction is discussed. Supported by DA-02073 and T32 
DA-07287.

782.14
BEHAVIORAL SENSITIZATION TO PHENCYCLIDINE: ROLE
OF TOLERANCE TO DRUG-INDUCED ATAXIA. S.M. Melmck*.
J.S. Rodriguez and A. Ettenberg. Behavioral Pharmacology 
Laboratory, Department o f Psychology, University of California at 
Santa Barbara, Santa Barbara, CA 93106.

It is well documented that repeated exposure to phencyclidine (PCP) 
results in an observable increase in locomotor behavior (i.e., behavioral 
sensitization). The present study was devised to assess the effect of 
repeated PCP administration on the drug’s ataxic properties. Albino 
rats were injected IP with either saline or 5 mg/kg PCP 15 min prior to 
being placed in the test chambers for 5 min sessions. The floors of 
these cages consisted o f parallel rows o f narrow metal rods spaced 1.5 
cm apart. The number o f times a Ss’ paw fell between the rods of the 
chamber floor was recorded daily as a measure of ataxia. Drug 
administration occurred every other day for 9 days. The mean number 
of paw protrusions for PCP-treated rats reliably decreased from Day 1 
to Day 9. Saline-treated rats demonstrated neither an increase in 
behavioral activity with repeated testing nor a change in the index of 
ataxia (i.e., they rarely if ever make paw protrusions). These data 
suggest that tolerance to the disruptive ataxic effects o f PCP accounts 
for at least part o f the increase in locomotor behavior observed 
following repeated drug administration.

This research was funded by DA08042 and DA05041 awarded to
A.E. and a UCSB undergraduate research fellowship awarded to J.S.R.
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782.15

DEVELOPMENTAL PHENCYCLIDINE (PCP) EXPOSURE: 
SENSORIMOTOR AND LOCOMOTOR EFFECTS. F.M. Scalzo. Pediatric 
Research, University of Arkansas for Medical Sciences at Arkansas 
Children’s Hospital, Little Rock, Arkansas 72202 USA 

Our laboratory has been investigating the residual motor effects of 
developmental PCP exposure and has identified critical periods of early 
postnatal development for PCP-induced alterations in the locomotor response 
to both PCP and the NMDA antagonist, MK-801. Exposure to PCP on 
postnatal days (PNDs) 24-37 (but not PNDs 4-17) results in alterations in the 
locomotor response to PCP or MK-801 10 and 20 days after cessation of 
treatment. The present studies were designed to determine the persistence of 
these effects and to determine if developmental PCP exposure also results in 
alterations in sensorimotor function. Rats were dosed with saline or 7.5 
mg/kg PCP on PNDs 4-17 or 24-37. At various intervals following dosing, 
reflex modulation of the acoustic startle response and the locomotor response 
following a challenge with either saline, 2.5 mg/kg PCP, or 0.1 mg/kg MK- 
801 were measured. In startle testing, treatment with PCP on PNDs 4-17 
resulted in a shorter response latency and decreased prepulse-inhibition (PPI) 
using 40, 60 and 80 msec stimulus intervals. Treatment with PCP on PNDs 
24-37 did not affect PPI. PCP treatment on PNDs 24-37 resulted in decreased 
locomotor responses to both PCP and MK-801 challenges for up to 68 days 
post-dosing. These results suggest that subchronic exposure to PCP results in 
deficits in PPI and long-lasting decreases in the locomotor response to both 
PCP and MK-801. The locomotor affects are dissociated from effects on the 
modulation of the acoustic startle response. The mechanism(s) mediating 
these effects are unclear but might involve alterations in NMDA systems or 
treatment-induced alterations in PCP metabolism during development. 
Supported by NIDA Grants DA-06319 & DA-08240.

782.17

SYMM ETRICAL GENERALIZATION OF THE DISCRIM INATIVE 
STIMULUS EFFECTS OF TOLUENE AND KETAM INE SUGGESTS 
MEDIATION BY NMDA RECEPTORS. T.A. Tatham 1*. L.K. Johnson1 and 
A.S. A cuna '. 'Dept, of Psychiatry. Uniformed Services University of the 
Health Sciences. Bethesda, MD, 20814.

Little is known of the neuronal substrates of the effects of abused solvents. 
Toluene, a commonly-abused solvent, was examined using drug 
discrimination methodology. Four rats were trained to discriminate 
noninjection from injection of toluene (170 mg/kg. i.p., in 3 ml/kg of 
intralipid vehicle). Each rat was placed in the operant chamber immediately 
following injection. Twenty min after injection of toluene both levers were 
extended and 20 consecutive presses on the right lever produced food. On 
alternate days the rat was placed in the chamber without injection and 20 min 
later presses on the left lever produced food. The discrimination was 
performed accurately (fewer than 20 presses on the wrong lever prior to the 
first reinforcer) during 8 o f 10 consecutive sessions after an average of 18 
sessions. Occasional test sessions were conducted in which a novel drug was 
injected instead of the training drug and responding on either lever was 
reinforced. Tests with ketamine, a noncompetitive NMDA antagonist, 
occasioned toluene-lever responding when administered alone or in 
combination with a subthreshold dose of toluene. Another group of rats was 
trained to discriminate ketamine (10 mg/kg. 15 min delay) from saline. Four 
out of five ketamine-trained rats selected the ketamine lever when tested with 
toluene. The symmetrical generalization between toluene and ketamine 
suggests the involvement of the NMDA receptor complex in mediating the 
effects of toluene. Supported by USUHS GI88CM .

782.16

INCREASES IN  LOCOMOTOR ACTIVITY FOLLOWING INJECTIO NS OF 
MK-801 INTO BASAL GANGLIA AND RELATED STRUCTURES. A, M ele1* 
A, F elic i1 and A. Pert2. ‘D ipartim ento G enetica e Biologia M olecolare, 
U n iversita  di Roma “La Sapienga”, 1-00185 Rome, Italy and ¾ io ìog ica l 
P sychiatry Branch, NIM H, NIH, Bethesda, MD 20892, USA.

Com petitive as w ell as noncom petitive glutam ate antagonists have been found  
to induce profound increases in locomotor activity follow ing system ic as w ell as 
intracerebral injections. The m echanism s underlying such motoric effects of 
glutam ate blockade are not fully understood. We have previously reported that  
injections o f MK-801 (a noncom petitive g lutam ate antagonist) into the nucleus  
accumbens increase locomotor activity in a dose-dependent fash ion independent 
of intact dopam ine function. Surprisingly, m uscim ol injections into the ventral 
pallidal region and ibotenic acid lesions of th is area prevented am phetam ine- 
induced increases in locomotor activity following system ic injections, but were 
ineffective again st MK-801. This would su ggest that either MK-801 -induced  
locom otor activity is not dependent upon intact GABAergic ventral striato- 
pallidal pathw ay function, or that it involves additional structures besides the  
n. accum bens. In these stu dies we have found that m uscim ol blockade of the  
ventral pallidal region were effective in blocking the locomotor stim ulating  
effects o f MK-801 following n. accum bens injections. In addition, injections of 
MK-801 (at doses below those that produced increases in locomotor activity  
following i.c.v. injections) into th e ventral pallidum , subthalam ic nucleus, 
ventral tegm ental area, interpeduncular nucleus, and m edial thalam us were  
also effective in increasing locomotor activity in rats. T h ese  find ings, taken  
together, would su ggest that w hile the G ABAergic ventral pallidal afferents are 
involved in m ediating the locom otor stim ulatory effects of MK-801 following  
n. accum bens injections, the effects following system ic adm inistration appear 
to involve actions at m ultiple sites.

782.18

CAN CONTINUOUSLY APPLIED PHENCYCLIDINE SIMULATE 
PSYCHOSIS-LIKE BEHAVIOR IN RATS? U. Schroeder1*, J. 
Ehrhardt1. H. Schroeder2 and B.A. Sabel1. 1lnst. Med. Psychology, 
2lnst. Pharm. and Tox., Med. Faculty, Leipziger Str. 44, 39120 
Magdeburg, Germany.

PCP was applied by implanted controlled-release polymers or by 
daily i.p. injection of 5.0 mg/kg in order to mimic symptoms of 
schizophrenia in rats. We compared the influence of PCP on 
behavioral and neurochemical processes in rats. Subsequently, we 
studied the prepulse inhibition (PPI) and hole board learning as well 
as the glutamate and dopamine binding sites in different brain 
regions. The impairment of hole board learning of rats treated with 
PCP via polymer implants measured 24 hours after the last drug 
application was altered when compared with saline or pulsatile PCP 
treated animals. Testing the PPI 15 min, 1 hour and 24 hours after 
the last PCP application an altered PPI pattern was detectable in 
PCP treated rats in comparison to saline controls. The specific 
glutamate binding was enhanced in striatum of PCP treated rats; the 
D2 binding sites were found to be downregulated in striatum without 
alterations in other brain regions. The D1 binding sites remained 
unchanged. We conclude that continuously applied PCP can 
simulate „psychosis-like“ behavior in rats more adequately than i.p. 
injections. Furthermore, these data are discussed in the light of the 
known dopaminergic-gluatmatergic interactions of schizophrenia.
This work was supported by the SFB 426.

A G IN G : H IP P O C A M P U S

783.1

ESTIMATION OF POSSIBLE AGE-RELATED CHANGES IN SYNAPTIC 
DENSITY IN THE HIPPOCAMPAL CA1 STRATUM RADIATUM. D,A. Price.
J.K. Hamrick. P.G.Sullivan , S.W. Scheff^- Sanders-Brown Center on Aging, 
University of Kentucky, Lexington, KY 40536.

There is considerable debate over possible age-related changes in synaptic density 
within different regions of the central nervous system. We previously reported no 
significant change in the density of synaptic contacts in the human frontal cortex. The 
synaptic integrity of the hippocampal formation has long been held as an important 
mechanism utilized in learning and memory. Loss of significant numbers of synaptic 
contacts results in altered behavior. This laboratory has also previously reported no 
significant loss of synapses in the aged rodent hippocampus. In experimental studies, 
the aged hippocampus demonstrates remarkable plasticity following partial 
denervation and might be expected to compensate for synapse loss as a result of the 
aging process. Because of recent reports of age-related losses of neurons in different 
subregions of the human hippocampus, it is import to determine if the synaptic 
density also changes. To examine these possibilities, we quantified the density of 
synaptic contacts in hippocampal CA1 region throughout the human lifespan.

Brain tissue was obtained at autopsy from neurologically normal individuals (20- 
100 years of age) within 13 hours of death. All tissue was immersion fixed in 
paraformaldehyde/ glutaraldehyde. Three different regions of hippocampus were 
prepared for ultrastructural analysis using standard osmium tetroxide post-fixation. 
Modern stereological methodology (physical disector) was used to determine 
synaptic numbers in the stratum radiatum of CA1 regio superior. Photographic 
montages were assessed blind with respect to subjects’ age at time of death. 
Preliminary results indicate an age-related change in the density of synapses in this 
region of the human cortex. These results may provide an anatomical substrate for 
the progressive decline in memory tasks which often accompany normal aging. 
Supported by NIH AG12138

783.2

C a2+ T R A N S IE N T S  D U R IN G  S Y N A P T IC  A C T IV A T IO N  IN  
H IP P O C A M P A L  S L IC E  N E U R O N S  O F  A D U L T  A N D  A G E D  R A T S. 
O . T h ib au lt* . G .V . C lo d fe lter  and  P .W . L a n d fie ld . D ep a rtm en t o f  
P h arm a co lo g y , U n iversity  o f  K en tu ck y  M ed ica l C en ter, L ex in g to n , K Y  
40536.

We and others have found elevated Ca2+ potentials, currents and single Ca2+ 
channel density in CA1 pyramidal neurons of aged F344 rats (e.g.,Thibault 
and Landfield, 96). However, it remains unclear whether buffering/extrusion 
mechanisms can compensate for altered influx or whether the increased Ca2+ 
currents actually increase intracellular Ca2+ concentration during 
physiological activation of aged neurons. This question could have important 
implications for mechanisms of impaired function.

Using concomitant intracellular recording and ratiometric confocal laser 
scanning microscopic imaging of Ca2+ concentration (Indo-1), we have 
monitored Ca2+ concentration changes during multiple paradigms of synaptic 
activation, and correlated these with measures of neuronal responsiveness 
and plasticity in hippocampal slice neurons from young-adult or aged rats. 
Stimulus paradigms include activation above Na+ spike threshold, at 
frequencies sufficient to induce synaptic frequency potentiation or LTP.
Initial results show that the aging differences in resting Ca2+ concentrations 

are relatively modest, but that subtle age differences in Ca2+ responses exist 
under various stimulation protocols. Detailed and extensive spatiotemporal 
analyses of Ca2+ responses and concomitant recordings are presently ongoing 
to elucidate the functional implications of these complex aging patterns. 
(Supported by AG 04542)

Society for Neuroscience, Volume 2 4 ,19 9 8



1972 AGING: HIPPOCAMPUS WEDNESDAY PM

783.3

S IN G L E -C E L L  R T -P C R  A N D  S IN G L E  C a2+ C H A N N E L  R E C O R D IN G  
IN A D U L T  A N D  A G E D  “ Z IP P E R ” H IP P O C A M P A L  S L IC E S  K-C
Chen*. PG Kaminker. E B lalock, O Thibault and PW  Landfield. Dept. 
Pharmacology, C ollege o f M edicine, Univ. Kentucky, Lexington, KY 40536.

In recent years there has been growing interest in m ethods for the 
amplification o f m R N A  copies in individual neurons, with the eventual goal 
o f  relating m RN A expression more precisely to function (Eberwine et al., 92; 
Cheetham et al, 97). These techniques are extrem ely challenging and it can be 
difficult to obtain consistent quantitative or semi-quantitative data. In addition, 
these methods and concomitant patch clam p recording have generally required 
acute dissociation o f neurons, which can be particulary traumatic to neurons 
from aged animals.

In the present studies, w e adapted the Gray-Johnston zipper-slice method for 
partial enzymatic dissociation o f hippocampal slices (allow ing them to “unzip” 
along the somal layers) in order to perform single Ca2+ channel recordings in 
adult and aged hippocampal neurons (e.g ., Thibault and Landfield, 96), and to 
collect the sam e neuron for single cell RT-PCR o f relevant m essages (e.g. Ca2+ 
channel subunits). This allow s uncontaminated collection  o f an entire live 
neuron, thereby obtaining the total m essage copies for that cell. A two-stage 
PCR method has been adapted for semi-quantitative analysis o f  single-neuron 
m RN A in the exponentially rising phase o f the reaction. Variations o f the 
approach also appear to work for w h ole-cell patch clam p configurations. The 
eventual goal w ill be to analyze contributions o f Ca2+ related gene expression 
changes to functional brain cell aging. (Supported by AG  10836).

783.5

AGE-RELATED CHANGES IN CORTICAL AND HIPPOCAMPAL 
INNERVATIONS OF RAT LOCUS COERULEUS NEURONS 
Shirokawa, T*, Ishida, Y and Isobe, K, Laboratory o f Physiology, 
Department o f Basic Gerontology, National Institute for Longevity 
Sciences, Obu 474-0031, JAPAN.

Age-related changes in the noradrenergic locus coeruleus (LC-NA) 
system have been implicated in the normal process of aging. Using both 
electrophysiological and immunohistochemical methods, changes in LC- 
NA innervation of frontal cortex (FC) and hippocampus dentate gyrus 
(DG) of F344 rat (from NIA) with age (7 to 27 months) were examined 
by quantifying the density of axons arising from the LC. The antidromic 
responses o f 60-70 LC neurons were extracellularly recorded in 
response to the electrical stimulation of the FC and DG. Both the 
frequency of LC neurons activated antidromically and the overall density 
of dopamine- ß  -hydroxylase-positive varicosities decreased between 7 
and 15 months of age in the FC and DG. In the DG, the density of 
varicosities decreased at 19 months of age in the polymorphic layer, 
while it decreased at 27 months of age in the molecular and granule 
layers, suggesting the laminar-specific LC-NA innervation of the DG. In 
contrast, the frequency o f LC neurons showing multiple antidromic 
latencies, which provides a physiological index o f  axonal 
branching/sprouting of an individual neuron, increased critically between 
15 and 17 months o f age in both o f the FC and DG. These results 
suggest that terminal branching/sprouting takes place as a compensation 
for the loss of LC-NA innervation in the aged rat brain.

783.7

TH E  ANALYSIS O F TH E EFF EC TS O F IL -lß  ON H IPPO CA M PA L 
FUNCTION
E. Vereker* and M.A. Lynch. Dept, of Physiology, Trinity College Dublin, 
Ireland.
It has been proposed that interleukin-lß  (IL-lß), at low and high concentrations, 
exhibit neuroprotective or neurodegenerative roles respectively. Evidence 
suggests that downstream  responses to IL -lß  include activation of the 
m itogen-activated protein kinases (MAPK) and it is considered that while 
Extracellular Signal-Regulated Kinase (ERK) may be activated by lower 
concentrations of IL -lß , c-Jun Kinase (JNK) may be activated by higher 
concentrations. We have addressed this question in synaptosomes prepared from 
rat hippocampus. Glutamate release evoked by low and high concentrations (1, 
3.5, 100 ng/ml) of IL -lß  was assessed in parallel with tyrosine kinase, ERK and 
JNK activity in this preparation. For the analysis of tyrosine kinase activity, 
synaptosomes were incubated in 100 ng/ml of IL -lß . The proteins were 
immunoprecipitated and examined using SDS gel electrophoresis. The effects of 
IL -lß  on JNK and ERK activity were analysed using specific anti-active JNK 
and ERK antibodies. Analysis of glutamate release indicated that IL -lß  (3.5, 100 
ng/ml) enhanced unstimulated release which may be indicative of cellular 
damage while IL -lß  (1 ng/ml) inhibited KCl-induced release. Incubation of 
synaptosomes with 100 ng/ml IL -lß  increased tyrosine phosphorylation of a 65 
KDa protein and immunoblotting with specific antibodies suggested that this may 
be JNK. Evidence will also be presented showing that low concentrations of 
IL -lß  stimulated ERK, and reduced KCl-stimulated release. Data comparing 
these parameters in tissue prepared from aged and young rats will be discussed. 
Supported by Health Research Board & Forbairt, Ireland.

783.4

NO CHANGE OF HIPPOCAM PAL NEURON AND SYNAPTIC BOUTON 
NUMBER IN C57BL/6 M ICE W ITH AGING
M.E. Calhoun1*, D. Kurthf  A.L. Phinney1. J.M. Long2. D K. Ingram2, M. Jucker1 
Neuropathology, Institute of Pathology, University of Basel; Basel; Switzerland; 
2Gerontology Research Center, NIA, NIH, Baltimore, MD, USA.

A major hypothesis of age-related memory impairment has been linked to loss 
of hippocampal neurons and synapses, but recent stereological analyses have 
challanged this hypothesis. We have begun a systematical characterization of 
behavioral and structural brain aging in several inbred mouse strains to identify 
genetic factors underlying murine brain aging. Here we report results for the 
C57BL/6J strain, the most commonly used strain in aging research. Young (2 mo), 
adult (14 mo) and aged (28 mo) C57BL/6J mice were assessed for Morris water- 
maze performance, followed by unbiased stereological quantification of total 
neuron and synaptophysin-positive presynaptic bouton number in hippocampal 
subregions. All three age groups exhibited a similar ability to learn and recall the 
water-maze task. Unbiased stereology revealed no age difference in total number 
of CA1 pyramidal cells (young: 2.25E5; adult: l.98E5; aged 2.O9E5), or total 
number of dentate gyrus (DG) granule cells (young: 8.21E5; adult: 7.23E5; aged: 
6.96E5). No correlation was found between neuron numbers in CA1 or DG and 
maze performance. The total number of synaptic boutons did not decline as a 
function of age in either in the molecular layers of DG (young: 5.24E8; adult: 
5.00E8; aged: 5.03E8) or CA1 (young: 9.23E8; adult: 1.05E9; aged: 1.01E9). 
However, a significant correlation was observed between DG synaptic bouton 
number and maze performance (path length: r=0.66, p<0.01; probe trial: r=-0.43, 
p<0.05). In conclusion, the present results together with our analysis o f glial 
changes with aging in this mouse strain (Long et al., Soc. Neurosci. Abstr. 1998) 
reveals non-significant behavioral and structural brain changes in the aging 
C57BL/6 mouse. The correlation between synaptic number and maze performance 
may indicate that we will find an age-related loss of synapses in mouse strains with 
more robust age-related cognitive deficits.
Supported by the Swiss National Science Foundation

783.6
FLUCTUATIONS IN N-M ETHYL-D-ASPARTATE (NMDA) RECEPTO R 
SUBUNIT mRNA LEVELS ACROSS THE ESTROUS CYCLE AND W ITH 
AGING IN HIPPOCAM PUS AND FRONTAL CORTEX. M.M. Adams*. P R. 
Rapp, J.H. Morrison, R.A. Flagg and A.C. Gore. Neurobiology of Aging Laboratories, 
Mt Sinai School of Medicine, NY, NY 10029.

Both estrogen (E2) and NMDA receptors are thought to play a key role in synaptic 
plasticity underlying learning and memory. Dendritic spine density in the hippocampus 
(HC) varies across the estrous cycle, peaking on proestrus (P) when E2 levels are 
highest. NMDA receptor antagonists block the increase in spine density produced by E2 
in vitro. In addition, NMDA receptor-dependent long-term potentiation (LTP) is 
maximal on P. Changes in the NMDA receptor in the frontal cortex (FC) and HC may 
play a role in the age-related decline in learning and memory. The present study 
investigated potential endocrine- and age-related changes in the NR1, 2A, and 2B subunit 
mRNA levels of the NMDA receptor in rostral (HCr) and caudal (HCc) HC and FC. 
Young (4-5 mo.), middle-aged (13-14 mo.), or old (25-26 mo.) Sprague-Dawley rats 
were analyzed across the estrous cycle on P (high E2) or diestrus I (D 1; low E2), as well 
as acyclic animals in persistent estrus (PE; high E2) or persistent diestrus (PD; low E2). 
NR1 mRNA levels significantly increased with aging in HCc (p<0.0001) and FC 
(p<0.02), but not HCr. In the old animals, NR1 mRNA levels in HCc were higher in 
PD (p<0.0001), whereas in FC it was higher in PE (p<0.001). NR2B mRNA 
significantly increased in the aged group in all brain regions (FC p<0.0002; HCc 
p<0.03; HCr p<0.001), and similar to NR1, the 2B mRNA levels were higher during 
PE in FC (p<0.0001). NR2A subunit mRNA decreased between the young and middle- 
aged groups in FC (p<0.0001), and this decrease was maintained in the aged group; 
however, no comparable changes were observed in HC. These data show that the effects 
of reproductive status on NR1, 2A and 2B are age-dependent and regionally selective. It 
is possible that a change in the ratio of the subunits could result in alterations in 
NMDA receptor physiological properties that could underlie cognitive changes that 
occur during aging and reproductive senescence. [Supported by the Brookdale 
Foundation (ACG); NIH AG06647 (JHM); NIH AG09973 (PRR)]

783.8
PH YSIOLO GY AND M O R PH O LO G Y  O F PER IR H IN A L NEURONS IN 
ADULT AND AGED RAT BRAIN SLICES. J. R. Mover. Jr.*. A. Szeto. and
T. H. Brown. Departments of Psychology and Cellular & Molecular Physiology, 
Yale University, New Haven, CT 06520.

Perirhinal cortex (PR) is critical for certain forms of memory and is among 
the earliest regions affected in Alzheimer’s disease. We previously described 
methods used to obtain visually-guided whole-cell recordings (WCRs) using 
adult brain slices (Moyer & Brown, 1997). Here we report the ability to conduct 
visually-guided WCRs along with 2D and 3D reconstructions using aged tissue.

WCRs (with biocytin in the pipette) were obtained from 8 adult and 2 aged 
PR neurons in horizontal rat brain slices. 2D camera lucida and 3D Neurolucida 
reconstructions were prepared. Morphological- (dendritic) and physiological data 
from an aged rat PR layer Va neuron is shown below. The V-I plot was linear 
with an input resistance of 163 MΩ. In voltage-clamp, small spontaneous 
postsynaptic currents (PSCs) were observed, and monosynaptic PSCs could be

age-related changes. We suggest that these experiments will provide important 
insights into age-related changes in the structure and function of PR neurons 
(and other brain regions). Supported by grants from the NIH (THB & JRM).
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783.9

ULTRASTRUCTURAL Ca2+ STORES DURING AGING: MODULA
TION BY BAPTA. M.E. Morris1* P. Carlen2. S. S. Jahromi2. and T.A. 
Pivneva1. 1Dept. of Cellular & Molecular Medicine, University of Ot
tawa, Ottawa ON K1H 8M5 and 2Playfair Neuroscience Unit, Univer
sity of Toronto, Toronto ON M5T 2S8, Canada.

Enhancement of hippocampal Ca currents, fEPSPs and frequency 
facilitation by Ca chelators in aged animals suggests a disturbance of 
Ca homeostasis and t  of pre- and post-synaptic Ca2+i levels or tran
sients (Reynolds & Carlen 1989, Brain R es 479: 384; Ouanounou et 
al 1996, Neurosci 75: 99). Experiments to evaluate effects of aging 
and Ca chelation on ultrastructural Ca stores were made in 2- and 
24-month old Fischer 344 rats. Hippocampal slices were perfused 
with ACSF in the absence (n = 8 ) and presence (n = 8 ) of 5OµM 
BAPTA-AM (30'), fixed in 3% glutaraldehyde/phosphate at 4°C, post- 
fixed in 2 % OsO4/ 1 .5 % (KCr(C20 4) ) 3 and EPON-embedded (Buchs et 
al 1994, J Neurosci M eth 54: 83). Ultrathin sections of CA1 (SR) 
were viewed with EM (6-18000X). Aged animals had fewer synapses 
and electron-dense Ca precipitates in synaptic clefts, mitochondria 
and ER, larger cytoplasmic aggregates and more vesicle-associated 
deposits. With BAPTA cytoplasmic, mitochondrial and cleft density 
decreased and the ER was more prominent, changes being more 
evident in aged slices. The observations indicate (i) abnormal Ca 
storage and regulation with aging, consistent with other recent bio
chemical and electrophysiological studies, and (ii) a modulatory ef
fect of BAPTA which may be neuroprotectant.

Supported by M R C  of C anada and N C E  Neuroscience Network.

783.11

STEREOLOGICAL ASSESSMENT OF HIPPOCAM PAL ASTROCYTE 
NUMBER IN THE SENESCENCE ACCELERATED M ICE. D.K. Ingram*1 
T. Stiefel2, A.N. Kalehua1, P.R. Mouton1, J.M. Long1̂ A.L, Markowska~. 
'Gerontology Research Center, Baltimore, MD 21224 and 2Dept of Psychology, 
Johns Hopkins University, Baltimore, MD 21218.

Astrocytes are involved in many physiological processes, such as providing 
nutritive function for neurons, maintaining homeostasis in the extracellular 
environment, and secreting neuronal trophic factors after CNS trauma. A recent 
report demonstrated that numbers of hippocampal astrocytes, but not numbers of 
neurons, were decreased in a population of demented subjects compared to controls 
(Korbo, Soc.Neuro.Abs. 37.15, p72, 1997). Previous research from our laboratory 
has shown an age-related impairment in hippocampal-mediated (e.g. spatial) 
memory in the prone strain of the Senescence-Accelerated Mouse (SAM-P8), 
compared to a resistant strain SAM-R1 (Markowska, Spangler & Ingram, 
Physiology & Behavior, in press). To investigate the relationship between structural 
changes in the hippocampus of these mice with spatial memory impairment, we 
estimated numbers of astrocytes in dentate gyrus (DG) and CA1 regions of 
hippocampus in young (4 months) and old (15 months) SAM P8 and R1 mice. 
After behavioral testing, the mice were anesthetized, perfused, and each brain was 
serially sectioned and immunostained with an antibody directed against glial 
fibrillary acidic protein (GFAP). Estimates o f total numbers of astrocytes were 
assessed using the optical fractionator technique assisted by a computer-based 
system. Approximately 9-11 sections were sampled from each brain utilizing the 
systemic-random sampling. Results emerging from this analysis suggest that no 
significant age-related changes in numbers of astrocytes in DG in both SAM-P8 
and R1 mice, and in CA1 of SAM-R1 mice. However, numbers of astrocytes in the 
CA 1 of SAM-P8 appear to decrease with age.
Supported by NIH ROl-AGO7735 to ALM

783.13
KAINIC ACID LESION-INDUCED SPROUTING OF MOSSY FIBERS INTO 
THE DENTATE SUPRAGRANULAR LAYER IS DIMINISHED IN AGED 
RATS. A. K. Shetty*, Y. D. Phillips and D. A. Turner. Neurosurgery and 
Neurobiology, Duke University Medical Center, VAMC, Durham, NC 27710.

We hypothesize that plasticity and sprouting of mossy fibers into the dentate 
supragranular layer (DSGL) in response to lesioning diminishes with age. We 
investigated the extent of mossy fiber sprouting following unilateral intracerebro- 
ventricular kainic acid administration in young adult (4-month old), middle aged (12- 
month old), and aged (24-month old) Fischer 344 rats, using Timm’s histochemical 
staining. Mossy fiber sprouting in the DSGL was quantified at 2- and 4- months post
lesion by measuring the average width of mossy fiber sprouted area in the DSGL of 
both upper and lower blades and also the tip of the dentate gyrus, using Neurolucida.

Kainic acid lesions produced degeneration of ipsilateral CA3 pyramidal neurons 
with sparing of CA1 and dentate granule cell layers in all age groups. Young adult 
rats demonstrated robust mossy fiber sprouting into the DSGL of all regions of 
dentate gyrus; the average width of sprouting in different regions of dentate gyrus 
varied from 27 to 51 µm at 2 months and 58-88 µm at 4 months post-lesion. In 
contrast, mossy fiber sprouting in both middle aged and aged rats showed significant 
reductions throughout the dentate gyrus. The width of sprouting in middle aged rats 
varied from 11-32 µm at 2 months and 23-46 µm at 4 months post-lesion. In aged 
rats, the width of sprouting varied from 10-21 µm at 2 months and 16-30 µm at 4 
months post-lesion. Compared to young adult animals, sprouting in middle aged 
animals was reduced by 27-60% at 2 months (p<0.05) and 43-60% at 4 months post
lesion ( p < 0.005) whereas in aged rats the sprouting was reduced by 51-66% at 2 
months (p<0.05) and 61-73% at 4 months post-lesion ( p < 0.001). Aged animals also 
showed a further reduction (32%) compared to middle aged animals at 4 months post
lesion (p<0.05).

These results clearly demonstrate a progressive age-related decline in the plasticity 
of dentate mossy fibers for sprouting into the DSGL in response to kainic acid lesion. 
Though the lesion in aged animals appears sufficiently severe to induce sprouting, 
there may be a deficit in either recognition of target loss by aged granule cells or 
upregulation of lesion-induced factors which stimulate neurite outgrowth in the aged 
brain. Supported by R O l AG13165, R O l NS3674l and VAMC.

783.10
ST ER E O L O G IC A L  A S S E S S M E N T  OF A S T R O C Y T E  A N D  
M IC R O G L IA  N U M B E R  IN H IP P O C A M P U S  OF M IC E OF  
D IFF E R E N T  A G E S . J.M  L o n g * 1. A .N . K aleh u a1. M . Jucker2, M .E . 
C alhoun2. P.M . M ou ton 1 and D .K . Ingram 1. ’G eron to logy  R esearch  
C enter, N IA -N IH , B altim ore, M D  2 1 2 2 4 . 2 N eu rop ath o lgy , U n iv . o f  
B asel, Sw itzerland.

Recent evidence suggests neuroglia-mediated inflammatory mechanisms 
may stimulate neurodegeneration processes in mammalian brain during 
aging. To test the hypothesis that the number o f microglia and astrocytes 
increase in the hippocampus during normal aging, unbiased stereological 
techniques were used to estimate total cell number in hippocampal 
subregions of adult male C57BL/6J mice at different ages: young (4-5 mo, 
n=7), middle-aged (13-14 mo, n=lO), and aged (27-28 mo, n=8). Mice 
were anesthetized, perfused, and each brain was serially sectioned. 
Utilizing systematic-random sampling, approximately 10 sections were 
sampled for immunocytochemical staining for astrocytes and 10 sections 
for microglia. The antibodies employed were GFAP and Mac-1 
respectively. Estimates of total astrocyte and microglia number were 
assessed using the optical fractionator technique assisted by a computer- 
based system. No statistically significantly age differences were found in 
the numbers of astrocytes or microglia in the hippocampal subregions 
sampled. The results of the present study are the first to use unbiased 
stereological methods to assess the number of these glia in the C57BL/6J 
mouse and suggest that previously observed age-associated changes in 
inflammatory response in this strain are not related to increased numbers 
o f astrocytes or microglia in the aged hippocampus.

783.12
ENDOGENOUS GLUCOCORTICOIDS SUPPRESS M ICROGLIAL 
TROPHIC RESPONSES TO DENNERVATION IN AGED RAT 
HIPPOCAMPUS. A.G. W oods<, M.A. Kurlawalla2, A.P. Yong2, U.S. 
Hess2* and C.M. Gall2, 1 Psychobiology and 2Anatomy and Neurobiology, 
UC Irvine, Irvine, CA 92697.
Entorhinal cortex (ERC) lesions increase microglial insulin-like growth 
factor-1 (IGF-1) expression in deafferented hippocampus of young adult 
rats but this response is markedly attenuated with age (Woods et al, ‘98). 
We tested whether endogenous glucocorticoids (GC) account for the age- 
related suppression of microglial responses to ERC lesions. Middle aged 
(12-15 mo.) Long-Evans Hooded rats were used. Adrenalectomy (ADX) 
had no effect on basal hippocampal IGF-1 mRNA but potentiated the 
increase in IGF-1 mRNA induced by deafferentation. Deafferentation did 
not significantly increase IGF-1 mRNA in adrenal intact rats but induced a
3-fold increase in the dentate gyrus outer molecular layer (OML) in 
adrenalectomized rats (p<0.05 ADX lesioned vs all groups). Linear 
regression analysis showed a negative correlation between blood 
corticosterone and IGF-1 mRNA levels in lesioned rats (r = -0.75, 
p<0.05). BrdU incorporation showed that ADX significantly increased 
glial proliferation in the deafferented OML; a response predominantly 
attributed to microglia. TUNEL staining of apoptotic granule cells 
demonstrated that (1) ADX caused comparable increases in granule cell 
apoptosis in lesioned and unlesioned rats, and (2) IGF-1 expression was 
not influenced by granule cell death. These results suggest that loss of 
deafferentation induced IGF-1 mRNA in middle aged rats is in part due to 
the suppression of microglial responses to deafferentation by endogenous 
GCs. Together with evidence that IGF-1 stimulates axonal outgrowth and 
that GCs suppress sprouting in hippocampus, these results indicate that 
GC effects on microglial IGF-1 expression may underlie age related 
declines in axonal sprouting. (AG00538; F3l M H11279).
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SYMPOSIUM. LISTENING TO THE ENTIRE ORCHESTRA: WHAT CAN WE 
LEARN FROM SIMULTANEOUS NEURONAL ENSEMBLE RECORDINGS?
M.A.L. Nicolelis. Duke University (Chairperson); T. Seinowski. Salk Institute; R.E. 
Hampson. Wake Forest Univ.; J.K. Chapin. Allegheny Univ. of the Hlth. Sci.

During the last five years, a series of technological breakthroughs have allowed 
neuroscientists to investigate, for the first time, how simultaneously recorded neural 
ensembles, containing up to 150 neurons, process information in freely behaving 
animals. Although the results obtained with this new approach are rapidly changing 
classical views on how sensory and motor information are encoded in the mammalian 
brain, there are still many questions regarding the potential benefits of studying the 
physiological properties of neural ensembles. Therefore, the main objective of this 
symposium is to discuss the most recent technical and conceptual advances that make 
simultaneous neural ensemble recording the fastest growing experimental paradigm in 
systems neuroscience. First, Dr. Sejnowski will provide an overview of most of the 
reconstruction techniques that have been proposed for analyzing population codes in 
motor and sensory systems and in the hippocampus. The techniques that will be 
discussed include vector averaging, template matching, and Bayesian methods. Dr. 
Hampson will then present results demonstrating that populations of hippocampus 
neurons may encode information critical to the performance of a Delayed-Nonmatch- 
to-Sample (DNMS) short-term memory task. He will also show that these ensemble 
firing patterns provide an accurate prediction of correct and incorrect performance of 
this task. Next, Dr. Chapin will discuss how neural ensemble recordings can be used to 
control a neuroprosthetic device. He will present data demonstrating that neural 
population vectors, derived from ensembles located in the rat MI cortex, can be used 
to control the trajectory of a mechanical robotic arm in real-time. Dr. Nicolelis will 
close the symposium by discussing the potential encoding strategies used by 
thalamocortical and corticocortical circuits to encode tactile information. He will also 
discuss how these encoding strategies may be affected by processes such as learning 
and sensory plasticity.

785
NEURODEGENERATIVE DISEASES: LESSONS FROM TRANSGENIC 
MODELS. D.L. Price. The Johns Hopkins University School o f Medicine, Division of 
Neuropathology, Baltimore, MD 21205.

The neurodegenerative disorders, including Alzheimer’s disease, amyotrophic lateral 
sclerosis, the trinucleotide repeat diseases (Huntington’s disease [HD], spinocerebellar 
ataxia [SCA], etc.), are a heterogenous group o f age-associated, chronic, progressive 
neurological diseases. These disorders are characterized by abnormalities of subsets of 
neural cells in specific regions of brain. The vulnerability of these populations of 
neurons determines, in substantial part, the clinical manifestations o f each illness.
Some of these diseases are influenced by specific genes (mutations, deletions, allele 
types, etc.), and the products o f these genes impact directly or indirectly on protein 
targets and on the functions and viabilities o f specific subsets o f neural cells. Studies of 
transgenic (Tg) models have begun to clarify the pathogenic mechanisms in each 
disease. Dr. Julien will review recent work in which Tg technologies have been used 
to define some of the mechanisms whereby alterations in neurofilament gene 
expression influence the biology o f motor neurons. Dr. Di Figlia will discuss work 
relative to HD, showing that the N-terminal expanded polyglutamine repeat leads to 
aggregates o f huntingtin in intracellular inclusions and dystrophic neurites. Dr. Zoghbi 
will describe studies of interactions of expanded repeat ataxin-1 with other cell 
constituents and how these processes are involved in the pathogenesis of SCA-1 in Tg 
mice. Dr. Borchelt will show how Tg mice expressing the amyloid precursor protein 
and presenilin 1 have been used to define some o f the mechanisms that lead to 
Alzheimer’s disease-type abnormalities in Tg models. Because the neurodegenerative 
disorders impose personal, medical, social, ethical, and financial burdens on 
individuals, their families, caregivers, and society at large, they present enormous 
challenges and opportunities for clinical and basic neuroscience. These models provide 
opportunities to clarify disease mechanisms, to identify targets for therapy, and test 
novel treatments for these illnesses. SYMPOSIUM

STAINING, TRACING AND IMAGING TECHNIQUES 

786.2786.1

EFFECTS OF LPS STRESS FOR ECTO-ATPASE ACTIVITY IN THE CAPILLARY 
ENDOTHELIAL CELLS OF RAT BRAIN CORTEX. A. Kittel.* A. Földes. K.J. 
Kovács. Inst, of Experimental Medicine, Hungarian Academy of Sciences, Budapest, 
Hungary

Ecto-ATPases (named "Apyrase" E.C. 3.6.1.5. too) are intrinsic glycoproteins, which 
are widespread in plasma membranes in various types of tissues and involved in the 
extracellular catabolism of nucleotides. These enzymes can work in a wide pH range, 
mostly at alkalic pH and have pH-optimums at 7.5, 8.5 and 9.5. Recently considerable 
homology was demonstrated among different E-type ATPases and CD39, a putative B- 
cell activation marker. Moreover, expression of the CD39 cDNA in COS-7 cells showed 
immunological identity and functional characteristics of vascular ATP 
diphosphohydrolase. Following injury, stress, these enzyme can lose their ATP- 
hydrolyzing activity and this process can lead to pathological changes in the organ.

In recent study we used ultrahistochemical method, which is appropriate for localizing 
putative enzyme activity to investigate the effect of LPS, a bacterial lipopolysaccharide, 
a potent activator of host inflammatory responses, on capillary endothel cells. These 
cells can be the one of the first target of several types of stress. We worked in the 
presence of Ca and Mg , respectively, and found pH and cation dependent changes in the 
localization of enzyme activity following LPS treatment. In the case of Ca ion, after 
fixation at pH 9.5, LPS stress caused a significant increasing in the enzyme activity in 
the caveola-like structure, but the activity on the luminal surface remained the same. If 
Mg ion was used, a very strong ecto-enzyme activity appeared on the luminal surface, 
which was not observable at the control tissue. After fixation at pH 7.5, we found only 
slender changes after LPS stress, but difference in the enzyme localization depending the 
cations. This finding leads us to suppose that the loss of ecto-ATPDase activity is not a 
“one-step process” and the detailed study of the loss of ecto-ATPase activity can help us 
to find out some ways of prevention of later pathological changes.
This work was supported by OTKA T 019860.

786.3

OPTICAL MAPPING REVEALS DIFFERENTIAL 3D ACTIVITY PATTERNS 
FROM RAT DORSAL BRAINSTEM WITH SINGLE SHOCKS TO AORTIC, 
SUPERIOR LARYNGEAL AND VAGUS NERVES. D.M. Rector1*, R.F. Rogers2, J.S. 
George1. ‘Biophysics Group, MS-D454, Los Alamos National Laboratory, Los Alamos, 
NM, 2Neuroscience Dept., Univ. of Pennsylvania, Philadelphia, PA.

Light scattering changes from neural tissue show promise for imaging network 
properties of large neural populations. We imaged a 3 mm diameter region of rat dorsal 
brainstem using a custom endoscope with a gradient index (GRIN) lens and CCD 
camera, which allowed focusing below the tissue surface. Illumination was provided by 
a 790 nm laser diode array through optic fibers surrounding the GRIN lens. Rats were 
anesthetized (urethane I.P.), cannulated, ventilated, and aortic (AN), superior laryngeal 
(SLN) and vagus (VN) nerves dissected. The GRIN lens was placed over the dorsal 
brainstem between the midline and vertebral artery; slight pressure stabilized the tissue 
interface. We collected reflected light images (lOOfps, 12 bit range optimized with 
analog offset and gain). Single shock stimuli (0.5ms, 100-400µA) were delivered to each 
nerve at 1-2 s random intervals. Time triggered averages of multiple-image sequences 
at varying depths were calculated for reflectance changes (ΔR) across time, and 
revealed regions with characteristic location and behavior, time-locked to the stimulus. 
The optical response had 3 temporal components: an early peak (ΔR=0.002%, 10-30ms) 
tracked the electrical response, followed by a slower, more robust trough (ΔR=-0.007%, 
40-100ms), and an extended increase (ΔR=0.004%) peaked >600 ms after the stimulus. 
The earliest responses appear to represent physical processes associated with excitation, 
while the slowest response may reflect hemodynamic changes. AN stimulation produced 
a rostral optical response (2ml & 3rd components) with optimal depths at 200-400 µm and 
800-1000 µm, SLN responses had a central position at 800-1000 µm depth, and VN 
responses were located caudally at 1000-1200 µm depth. Supported by the US DOE 
Technology Transfer Initiative and Los Alamos National Laboratory.

GOAL-DIRECTED OPTIMIZATION OF MAGNETIC RESONANCE IMAGING
D.H. Laidlaw. E.T. Ahrens, M.J. Avalos, M.D. Montague, A.H. Barr. R.E. Jacobs, 
S.E. Fraser*, Biological Imaging Center, Caltech, Pasadena, CA 91125.

Magnetic Resonance Imaging (MRI) is a potent tool for understanding neural devel
opment, anatomy, and pathology. It is difficult, however, to choose the best imaging 
method and the best imaging parameters for a given method. Often, without these op
timal choices, important anatomy or pathology will not be distinguished in an image or 
may require a prohibitively long acquisition time to distinguish.

We have developed an interactive computer-assisted process that automatically calcu
lates optimal acquisition parameters. The process translates user-specified goals for the 
desired images into an optimization problem and solves the problem computationally. 
A user can interactively set goals for image resolution, for specific contrast-to-noise ra
tio between different regions of interest, and for a specific acquisition time or minimal 
acquisition time. The system is extendible -  we can add new collection protocols or in
corporate different imaging goals in a mathematically robust yet straightforward manner. 
Our system can choose among several MRI protocols (2D and 3D spin-echo, inversion 
recovery, and diffusion-weighted spin-echo). We have calculated optimal collection pa
rameters for distinguishing various features of the central nervous system. We have also 
demonstated the robustness of our system on well characterized phantoms consisting of 
materials with varying MRI characteristics: T l, T2, and diffusion rate.

Our new method provides a number of advantages over other parameter optimiza
tion methods. First, it can be applied interactively to identify many different materials 
simultaneously. Second, it can objectively choose among different imaging protocols. 
Third, it can combine contrast from several different mechanisms to achieve the imaging 
goals. Fourth, it takes resolution and imaging parameter limitations into account in the 
optimization process, thus avoiding infeasible solutions. Our future imaging application 
areas include neuro-degenerative disease pathology and developmental neuroanatomy.

Support: NIDA, NIMH, NSF (Human Brain Project); NSF (ASC-89-20219); NSF (CCR-96- 
19649); Beckman Institute; Apple, DEC, HP, IBM.

786.4
LEDS AND DIODE LASERS ARE EFFICIENT LIGHT SOURCES FOR 
FLUORESCENT MICROSCOPY. C.-M. Tang. M. Maπmlis. and G.K. Ber»ev*. 
Dept, of Neurology, Univ. Of Maryland Sch. of Med., Balt. Md 21201.

In conventional fluorescent microscopy the output of a high power arc lamp 
is nearly entirely discarded in order to create a narrow band of light subsequently used 
for illumination. Semiconductor light sources (e.g. LEDs and diode lasers) can provide 
intense light with intrinsically narrow bandwidth at a tiny fraction of the cost of arc 
lamps or gas lasers. We have applied the recent introduction of the blue LEDs to 
fluorescent microscopy. Using a single 3 mW 470 nm LED ($3) we were able to image 
cells expressing Greerí Fluorescent Protein with comparable clarity as that from a 100 
W mercury arc lamp. However, the greatest potential advantage of LEDs may be the 
speed with which they can be switched on and off (M HZ). Thus, it may be possible to 
electronically switch between a series of LEDs of different wavelength in order to 
probe the responses of fluorescent probes in ratiometric excitation measurements (i.e. 
intracellular calcium and pH).

We have used the high intensity of low power diode red lasers to by pass the 
need for epi-illumination. Using a <1 mW red laser pointed directly at a specimen 
labeled with Cy5 we were able to visualize the fine dendritic and axonal processes of 
neurons using near-infrared videomicroscopy. The lower energy of the longer 
wavelength red light contributed to the stability of the recording. We were able to 
continuously illuminate the fluorescently labelled specimen for >20 mins without any 
evidence of photo-bleaching or photo-toxicity. This approach may have special 
advantages in thick specimens where there is less scattering of the longer wavelength 
light.

(Supported by VA Medical Research)
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786.5

A STANDARD BRAIN COORDINATE SYSTEM FOR THE 
RAT. J. Nissanov*. L  Bertrand and O. Tretiak. Computer 
Vision Center for Vertebrate Brain Mapping, a NIH Biomedical 
Technology Resource, Dre×ei University, Philadelphia, PA 
19103

CNS differences between similar sized rats are low. Using 
the brain surface for rigid-body 3D alignment differences were 
measured for 9 brains. A comparison of the position of internal 
structures detected a small, 119 micron, spatial disparity 
between the animals. Thus, development of a technology for 
combing neuroanatomical maps from multiple animals is 
warranted. We have developed an approach for mapping 
anatomical images from experimental animals into a standard 
coordinate system (SCS) defined by a 42 micron 3D rat brain 
atlas. In the first step of transforming data into SCS, users 
manually match the first and last section of experimental data 
to homologous planes on the 3D atlas. These and intervening 
sections are then automatically aligned to the atlas using outer 
section contours to guide registration. The approach can be 
effectively used for 3D reconstruction, segmentation and direct 
data analysis by image arithmetic of macroanatomical data.

Support: NIH-P41RR01638 and NSF-9601656

786.6
Voltage Sensitive Dye Evidence of Active Dendritic Depolarization in 
Mitral/Tlifted Cells: A. R. CINELLl*Z. XIANG. Dept. Anat & Cell Biol.. 
SUNY Brooklyn, NY 11203.
Mitral/tufted cells (M/Ts) in the olfactory bulb (OB) exhibit active 
depolarizations in their dendritic tree. Population studies using VSD dyes and 
single cell imaging of Ca2+ transients have shown prolong depolarizations at 
dendritic level. In this study, voltage sensitive dyes (Di-8-ANEP and Di-12- 
ANEP series) were used to monitor membrane potential changes occurring at 
dendritic and somatic levels in M/T. Neurons were selectively stained by 
intracellular pressure injection or retrogradely labeling. Following synaptic 
activation or antidromic stimuli, fluorescence changes (0.1-0.5 % ) could be 
recorded from single MTs using either a CCD video camera, an image 
intensified CCD camera system, or a single large area photodiode. Following 
olfactory nerve stimulation, membrane potential changes associated with fast 
prepotentials (FPPs) and late depolarizations were observed in apical dendritic 
regions, w hile somatic regions exhibited only a brief period of depolarizations 
following by a prolong hyperpolarization. Dendritic and somatic responses 
also differed in their pharmacological profile. Following antidromic 
stimulation, membrane potential changes were restricted to dendritic segments 
close to somatic regions. These data correlate with the activation of dendritic 
Ca2+ transients and the presence of relatively long lasting depolarizations in 
the vicinity of the external plexiform layer found in VSD population studies. 
Dendritic active depolarizations in the OB may have important implications 
for the integration of distributed sensory responses, and the generation of 
long-lasting excitability changes and oscillatory events.
Supported by NIH Grant ROI-DCOI8O4 and the Dept, of Anat.& Cell Biol.. 
SUNY Brookly n.
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787.1

COLLAPSE OF ΔΨ AND APOPTOSIS ARE INCREASED IN 
CYBRIDS CONTAINING M ITOCHONDRIA FROM ALZHEIM ER’S 
DISEASE PATIENTS. J.A. D vkens, A.K. C arroll. R.A. Shakelev.
R.E. Davis*. M itoK or, San D iego, CA 92121.

Over 95% o f A lzheim er’s Disease (AD) cases appear sporadically in 
the population without clearly discernible links to nuclear genetic 
defects. This most common form of AD is associated w ith dim inished 
activity o f Complex IV in the m itochondrial electron transfer system. 
These Complex IV defects are transferred and persist when mito
chondria from AD patients are transplanted into SH-SY5Y neuro
blastoma cells previously depleted of m itochondrial D NA to form a 
cytoplasmic hybrid (cybrid). In accord with clinical data showing 
oxidative stress in AD, cybrids containing AD mitochondria initially 
show elevated oxidation o f cellular components, until increases in 
oxygen radical scavengers compensate. The m itochondrial membrane 
potential (ΔΨ) in AD cybrids is differentially altered in response to 
transient C a2+ exposure (5OOnM-2OuM ionom ycin, lOrnin) com pared 
to cybrids containing mitochondria from age-m atched, cognitively 
normal controls (see also abstract by H anke et ah). M itochondrial 
collapse is pivotal in apoptosis, and AD cybrids show higher levels o f 
cytochrome-c release (see also abstract by Carroll et ah), caspase 3 
activation and plasm a m embrane phosphatidyl serine exposure after 
ionomycin trea tm en t. Finally, although mitochondrial dysfunction is 
found in systemic tissues o f AD patients, the CNS is the prim ary site 
of frank pathology. Electron param agnetic resonance reveals that 
mitochondria isolated from brain generate free radicals under 
conditions o f elevated Ca2+ w here mitochondria from liver fail to do 
so, suggesting a testable explanation for this conundrum .

787.3

DECREASED TrkA NEUROTROPHIN RECEPTOR EXPRESSION IN 
THE PARIETAL CORTEX OF PATIENTS WITH ALZHEIMER’S DISEASE.
C. Hock1*, K. Heese2, F. Müller-Spahn1, C. Hulette3, C, Rosenberg3, and U. 
Otten2. 1Depts. of Psychiatry, and ^Physiology, llniv. of Basel, Switzerland, 
3Kathleen Price Bryan Brain Bank, Duke University Medical Center, Durham, 
NC, U.S.A.

The cholinergic neurons of the basal forebrain system are sensitive to 
nerve growth factor (NGF), a member of the neurotrophin gene family. Since 
the cholinergic system is affected early in the course of Alzheimer’s disease 
(AD), it was hypothesized that a deficit in NGF, e.g. reduced neurotrophin 
uptake by specific receptors, may play a role in neuronal cell death in AD. 
We quantitated mRNA levels of neurotrophins (NGF, BDNF, NT-3, NT-4/5) 
and their receptors (trkA, trkB, trkC, p75) in AD postmortem parietal cortex 
(n=16) and cerebellum (n=11). We applied highly sensitive reverse 
transcription-polymerase chain reaction (RT/PCR) in rapid autopsy derived 
brain tissue (mean postmortem delay 147+/-96 min., n=53) to minimize 
postmortem mRNA variations. In the AD parietal cortex trkA mRNA levels 
were more than two times lower as compared to controls (n=16, mean +/- 
SEM, 0.26+/-0.07 units/S12, range, 0-1.78, and n=11, 0.59+/-0.10 units/S12, 
range, 0.17-1.10, respectively, p=0.015). TrkA mRNA levels did not appear 
to be altered in the AD cerebellum as compared to normal human 
cerebellum. NGF, BDNF, NT-3, NT-4/5, as well as trkB, trkC and p75 mRNA 
levels were unchanged in AD parietal cortex and cerebellum as compared to 
controls. This finding suggests that a reduced expression of the trkA receptor 
may contribute to impaired NGF-trkA signalling and a reduced transport of 
NGF in cholinergic neurons in AD. Expression levels of neurotrophins and 
their receptors in other brain areas as well as cerebrospinal fluid levels of 
neurotrophins are presented and discussed.

Grants SNF 3100-049397.96/1, SFB505, and NIA P50-AG05128.

787.2

AN UNIFIED HYPOTHESIS FOR ALZHEIMER’S DISEASE. J.C. de la Torre* 
Univ. of New Mexico, Division of Neurosurgery, Albuquerque, NM 87131.

In 1992, we proposed that impaired brain hypoperfusion was causally 
related to the developm ent of sporadic (non-genetic) Alzheim er’s disease 
(AD) [Soc Neurosci Abstr 18:564,1992]. Since that proposal was made, 
considerable data from  our laboratory and those o f others indicate that the 
cerebral m icrovasculature may be a key factor in the pathogenesis of AD. 
[Ann NY Acad Sci 826, 1997], If this assum ption is correct, it is crucial, for 
the purpose of therapeutic designs, that the pathologic events in AD be 
sequentially linked and shown to be experim entally verifiable. Consequently, 
the follow ing unified hypothesis for AD is proposed: Prior to the onset of 
symptomatology, capillary degeneration consisting o f basement membrane  
thickening, luminal distortions and endothelial cell com pression appear in AD  
brains. Progressive impairment of capillary perfusion dwindles delivery of 
glucose and oxygen to brain tissue. M itochondrial oxidative phosphorylation  
ushers spatial memory loss, increased oxygen extraction factor, excessive  
free  radical form ation and selective hippocam pal neuron damage. The 
cascading pathology is spearheaded by persistent hypometabolism which  
fu rthe r introduces neurotransm itter and synaptic destabilization and Golgi 
apparatus fragmentation (GAF). GAF and reduced ATP synthesis promote 
Na+ K+ - ATPase ion pumping deficit, abnorm al protein processing of ß-APP 
and post-translational modification of tau, resulting in Aß and neurofibrillary 
tangle form ation respectively. As energy-starved neurons continue to 
degenerate and focal hippocampal dam age extends to other parts of the 
brain, cognitive ability m arkedly worsens. Extensive neuronal death and 
atrophy seal the outcom e of AD, a process that can take a decade or more 
from onset to the final stage of this disorder. [S u p p o r te d  b y  N IA  1 R 1 3 A G ]

787.4

IN FL A M M A T IO N , G RO W TH  FA C T O R S A N D  A M Y L O ID  IN 
EA RLY  VS A DV A NCED  A LZH EIM ER ’S D ISEA SE . E.G. Stopa*' V. 
Kuo-Leblanc.1 K. Fadden.1 T. Berzin.' A. Baird2 and A. Rifai.1 'Brown University 
School of Medicine, Providence, RI and zPRIZM Pharmaceuticals, San Diego, CA, 
USA

Complement activation may be a critical factor in the pathogenesis of AD-related 
dementia, as well as a stimulus for growth factor release during tissue injury. To 
assess the possible relationship between complement and growth factors in dementia, 
we examined brains from patients with: a) no prior clinical history of dementia 
who fulfilled the diagnostic criterion for early (Braak Stage I-II) AD (n=5); b) clinical 
and pathologic (Braak Stage V-VI) evidence of advanced dementia (n=5) and c) 
normal aged controls (n=5). Frozen entorhinal cortex was used in ELISA assays for 
basic fibroblast growth factor (FGF-2) and vascular endothelial growth factor (VEGF). 
Fixed tissues were stained with thioflavin S and monoclonal antibodies directed 
against the complement components C lq and C3, and LN3, a marker of microglial 
activation. ELISA assays demonstrated a marked increase in FGF-2 content (65.3 
ng/mg TP, p< .001) in advanced disease, but showed only a modest increase (38.49 
ng/mg TP, p<. 14) in early disease relative to the aged normal controls (I9.9ng/mg 
TP). VEGF content was found to be similar in all three groups: advanced AD 
(,07/mg TP), early AD (.06 ng/mg TP) and aged normal controls (.10 ng/mg TP). 
The thioflavin-S stains revealed abundant NFTs, neuritic and diffuse plaques in 
advanced AD vs diffuse plaques and rare NFTs in early AD. Immunoperoxidase 
staining showed an abundance of Clq, C3 and LN3 in the plaque-associated microglia 
of advanced AD. In contrast, there was no evidence of C 1 q,C3 or increased LN3 in 
early AD cases. These data support the hypothesis that inflammation is an 
important factor in the pathogenesis of AD-related dementia. The observed 
differences between FGF-2 and VEGF suggest that the inflammatory mediators 
being released in AD may have a greater effect on growth factors produced by 
endothelial cells and macrophages (FGF-2) than those produced by smooth 
muscle cells (VEGF). (Supported by AG 10682)
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787.5

COMPARISON OF THE TISSUE, SUBCELLULAR AND SYNAPTIC 
DISTRIBUTION OF FE65 AND APP. S.L. Sabo,1* L.M. Lanier.1 F. Benfenati,2
P. Greengard,' J.D. Buxbaum1. 'Laboratory of Molecular and Cellular Neuroscience, 
The Rockefeller University; New York, NY 10021. departm ent of Experimental 
Medicine and Biochemical Sciences, Section of Physiology, University o f Rome 
“Tor Vergata,” F-OOI73 Rome, Italy.

FE65, a protein o f unknown function, binds to the NPTY sequence in the 
cytoplasmic tail of the Alzheimer amyloid protein precursor (APP). We have found 
that over-expression of FE65 increases Aß secretion. As a result, we proposed that 
agents which interfere with the APP-FE65 interaction might prove useful in the 
treatment of Alzheimer disease. While it is clear that FE65 and APP coprecipitate in 
transfected tissue culture cells, it is unknown whether the two proteins colocalize 
when expressed at physiological levels. We have addressed these issues at multiple 
levels. First, although there have been several reports that FE65 mRNA is enriched 
in brain, the tissue distribution of FE65 protein was unknown. Therefore, we have 
examined its expression in an array of rat and human tissues by immunoblotting. in 
both rat and human, FE65 expression was highest in the brain. Both APP and FE65 
were expressed in all brain regions tested. Moderate to high levels of FE65 were 
also found in several other rat tissues and in human heart. Also, we have 
confirmed by immunocytochemistry that FE65 and APP colocalize at 
physiological expression levels. Finally, to determine if FE65 is located in the 
same synaptic compartments as APP, immunoblots were performed o f various 
brain and synaptosome fractions. As expected, FE65 was enriched in soluble 
fractions. However, it was also found in the membrane fractions that are 
enriched in APP. These data are consistent with a physiological role for the 
FE65-APP interaction in APP metabolism.

Supported by grants fro m  N IH  and the A lzheim er’s Association.

787.7
Aß AND AMY 117 ANTIGENS COLOCALIZE IN THE PLAQUES OF 
ALZHEIMER’S DISEASE and DOWN’S SYNDROME. C.A. Lemere1. T.J. 
Grenfell1, M.L. Schmidt2*, J.Q. Trojanowski2, V.M.-Y. Lee2, V. Zhukareva2, T.C. 
Saido3, K. Khan4, D. Games4 and D.J, Selkoe'. 'Center for Neurologic Diseases, 
Brigham and Women’s Hospital and Harvard Medical School, Boston, MA 02115; 
‘UPenn School of Medicine, Philadelphia, PA; 3RIKEN Brain Science Institute, 
Japan; 4Athena Neurosciences, South San Francisco, CA.
Schmidt et al. (AJP, 1997) described novel “AMY” lesions in AD brain. Using 6 

Aß antibodies and various pretreatments, we colocalized Aß immunoreactivity (IR) 
and AMY IR in the majority of plaques in AD brain. AMY IR was detected in 
multiple morphological classes of plaques; colocalization with amorphous Aß IR 
was rare. AMY IR was found to partly or fully overlap Aß IR and, in the more 
severely affected brains, decorated the periphery of some plaques. AMY IR did not 
colocalize with Aß IR in blood vessels or cerebellum. The progression of AD 
pathology was examined for AMY IR in Down’s syndrome (DS) brains (ages 3-73 
yr). The earliest AMY IR in DS was detected at age 15 and found within the central 
portion of the more spherical, compacted Aß plaques. AMY IR was not detected in a 
12 yo DS brain in which many amorphous Aß42 IR deposits were observed. In a 
large section from a 16 yo DS brain, spherical, compacted Aß IR plaques in 
hippocampus were AMY IR while amorphous Aß IR plaques in temporal cortex were 
AMY-negative. Brains from middle-aged and older DS patients showed AMY 
staining as in AD, i.e., colocalization of AMY IR with many Aß IR plaques and lack 
of AMY IR in vessels and cerebellum. Brains from 7 monkeys (ages 17-34 yr) 
showed Aß IR but not AMY IR. PD-APP Tg mouse brains (ages 8-20 mos) are 
being examined for AMY IR. We conclude that AMY IR colocalizes with most, but 
not all Aß IR deposits in AD and DS brain and that AMY appears to follow Aß in 
plaque deposits. (Funding: NIH AG06173)

787.9

Neuronal ApoE Transcription in Human Brain. P,-T. Xu, J R. Gilbert. H - L. Oiu. 
J. Ervin. C. Hulette. M P . Vitek* and D.E, Schmechel.
Dept, o f  Medicine (Neurology), Duke Univ. Med. Ctr, Durham, NC 27710.

Apolipoprotein E (APOE, gene; apoE, protein) is a susceptibility gene for late- 
onset Alzheimer's disease (AD). Published reports show that the apoE is synthe
sized and secreted mainly by astrocytes and glial cells in CNS. To examine 
whether apoE is synthesized in neurons in CNS, w e performed in situ hybridi
zation on paraffin embedded and frozen brain sections from 3 controls and 5 AD  
patients using Digoxigenin (DIG) labeled anti-sense and sense cRNA probes. The 
specificity o f  the labeled cRNA probes were tested by hybridization to Southern 
and Northern blots to demonstrate their specific hybridization with human apoE 
DNA/mRNA. All in situ hybridization included anti-sense and sense probes in 
parallel sections under the same conditions. N o hybridization signal was observed 
in paraffin or in frozen sections using sense apoE DIG-cRNA probes. We find 
that apoE mRNA hybridization signals are observed in selected neurons in 
cerebral cortex and hippocampus using the anti-sense apoE probes. In hippo
campus, apoE mRNA positive neurons are observed in all sectors (C A l~C A 4) 
and the granule cell layer o f the dentate gyrus. ApoE positive neurons are 
observed in the granule cell layer and other hippocampal sectors adjacent to non
hybridizing neurons o f the same presumed class. In cerebral cortex, the apoE 
m RNA is also observed in selected neurons and glial cells. In cerebellar cortex, 
apoE m RNA is only contained in glial cells, especially the Bergmann cells and 
some scattered astrocytes. These in situ results are confirmed by apoE immuno- 
localization on the adjacent brain sections. These results confirm that mRNA for 
apoE is found in neuronal populations and that at least some neurons are capable 
o f synthesizing apoE. ( Supported by NIH-NIA 5P50 A G -05128)

787.6

CCR1 IMMUNOREACTIVITY IN ALZHEIMER'S DISEASE BRAINS. 
M. H alks-M iller1*, J. H esselgesser2, R. Horuk2, V. Soontornniyomkij3, R. 
Hamilton3, and C. Achim ^ iPathobiology & ^Immunology, Berlex 
Biosciences, Richmond, CA 94804; D ivision o f  3Neuropathology, 
University o f  Pittsburgh, Pittsburgh, PA 15213.

Increasing evidence suggests that imm unologic factors play a role in the 
progression o f  Alzheimer's disease (AD ). Previous studies o f  AD brains 
have shown an association between chemokine receptor immuno-reactivity 
and either dystrophic neurites (CXCR2) or glial cells (CXCR2, CCR3 and 
CCR5). We had previously shown that the chemokine receptor CCR1 was 
present in human fetal brains as well as in cultured primary human neurons 
and hNT cells. We initiated this current study to see if  CCR1 expression 
was associated with pathologic changes in AD.

Four AD and two age-matched control brains were used for these 
studies. The brains were obtained at autopsy within 12 hours o f  death. 
Fixed paraffin-embedded sections from the hippocampus and from frontal 
cortex were immunostained with rabbit polyclonal antibodies raised against 
a peptide from the amino-terminal domain o f  CCR1.

Results show that normal cortical and hippocampal neurons are 
essentially devoid o f  CCR1 staining. Light astroglial staining is present in 
some white matter areas. In AD brains, cortical neurons are free o f  CCR1 
immunoreactivity, but neurons in entorhinal cortex, in CA1, and in CA3 
show somatic staining. CCR1 staining is also present in dystrophic 
processes around senile plaques. Confocal m icroscopy shows these 
processes to be neurofilament positive and CD 6 8  negative. These findings 
suggest that CCR1 is upregulated in affected neurons in AD brain, perhaps 
in response to the disease process.

(Supported by Berlex Biosciences)

787.8
IDENTIFICATION OF A NOVEL GENE WITH HOMOLOGY TO OXIDO- 
REDUCTASES BY A DIFFERENTIAL DISPLAY SCREEN OF AFFECTED 
AND NON-AFFECTED REGIONS IN ALZHEIMER'S DISEASE BRAIN
I. Greeve. S. Fehr, H, v. d. Kammer, I, Hermans-Borgmever* T, Gomez-Isla and
R. M. Nitsch. Center for Molecular Neurobiology, University of Hamburg, 
Martinistraße 52,20246 Hamburg, Germany.

Differential display (DD) was used to identify genes contributing to the 
pathology of Alzheimer's disease (AD). mRNA expression of the inferior temporal 
lobe with confirmed maximal neurodegeneration was compared with unaffected 
sensory-motor cortex in one AD brain with a post-mortem time interval of less than 
4 hours. Thirty differentially expressed cDNAs generated by forty different primer 
combinations were cloned and sequenced. One of these cDNAs was identical to 
KIAA0018 that was randomly cloned from a human myeloblast cDNA library but 
that has never been further characterized (DNA Res. 1994,1: 27-35). An open 
reading frame of 390 amino acids was identified within this cDNA of 4186 bp. The 
putative protein sequence contains a mitochondrial localization signal and an FAD 
binding domain that is conserved in many oxido-reductases. Expression analysis of 
KIAA0018 showed high levels of message in adrenal gland, liver, lung and brain, 
and low expression in skeletal muscle, heart, bladder, uterus, pituitary gland, thyroid 
gland, salivary gland and mammary gland, and absence of expression in blood and 
bone marrow cells. Within the central nervous system high expression was found in 
substantia nigra, medulla oblongata and spinal cord. In situ hybridization of rat brain 
revealed expression in both neuronal and glial cells. Northern blot analysis 
confirmed downregulation o f KIAA0018 in inferior temporal lobe compared to 
sensory-motor cortex in two AD brains as initially found by DD. In normal control 
brains, message levels in these brain regions were identical but higher in comparison 
to both regions of the AD brain. Strong expression was detected in two glioblastoma 
cell lines. These results suggest that selectively vulnerable areas in AD brain are 
associated with decreased expression of the KIAA0018 gene. Functional analysis 
and possible roles for AD are under further investigation.

787.10
SCRAPIE INFECTED MICE AND PrP KNOCKOUT MICE SHARE 
ABNORMAL LOCALIZATION AND ACTIVITY OF NEURONAL NITRIC 
OXIDE SYNTHASE. G.l. Keshet. H. Ovadia. O. Abramsky* and R. 
Gabizon. Dept, of Neurology, Hadassah Hebrew University Hospital, 
Jerusalem 91120, Israel.

PrPSc, the only identified component of the scrapie prion, is a 

conformational isoform of PrPc. The physiological role of PrPc, a 
glycolipid anchored glycoprotein is still unknown. We have shown 
previously that neuronal nitric oxide synthase (nNOS) activity is impaired 
in the brains of mice sick with experimental scrapie as well as in scrapie 
infected neuroblastoma cells. In this work we investigated the cell 
localization of nNOS in brains of wt and scrapie infected mice as well as 
in mice in which the PrP gene has been ablated. We now report that 
while in wt mice, nNOS, as PrPc, is associated with detergent insoluble 
cholesterol-rich membranal microdomains (rafts), this is not the case in 
brains of scrapie infected or in those of adult PrP0/0 mice. Also, adult 
PrP0/0, as scrapie infected mice, present with reduced nNOS activity. 
We suggest that PrPc may play a role in the targeting of nNOS to its 
proper subcellular localization. The similarities of nNOS properties in 
PrP0/0 as compared to scrapie infected mice suggest that at least this 
role of PrPC may be impaired in scrapie infected brains.
Supported by: The Israeli Ministry of Health, the Chief Scientist.

Society for Neuroscience, Volume 2 4 ,1998



THURSDAY AM DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: PATHOLOGY 1977

787.11

MECHANISMS OF ACCELERATED NEURON DEATH IN MOUSE TRISOMY 
16. L. L  Bambrick* and B.K. Krueger. Department of Physiology, University of 
Maryland School of Medicine, Baltimore, MD 21201.

Analysis of animal models may reveal mechanisms of cell death in human 
neurodegenerative disorders such as Alzheimer’s disease. In order to identify 
pathways of naturally occurring neurodegeneration, we have studied the trisomy 
16 (Ts16) mouse, an animal model of Down syndrome and Alzheimer's disease. 
Hippocampal neurons from Ts16 mice have a two to three-fold acceleration in 
their rate of death in  v itro  due to an inability to respond to the survival-promoting 
effects of low micromolar concentrations of glutamate (Bambrick et al., PNAS 92: 
9692, 1995). Other abnormalities in brain cells from these mice include 
dysregulation o f calcium homeostasis in Ts16 astrocytes ( Bambrick et al., 
Glia 19: 352, 1997). W e now show that the accelerated death of Ts16 
neurons occurs by apoptosis, as indicated by nuclear condensation and 
DNA fragmentation. Further, this accelerated neuron death can be inhibited 
by the general caspase inhibitor benzyloxycarbonyl-aspartyl-(o-methyl)- 
fluoromethyl ketone, with partial rescue of Ts16 cells at 10 µM and complete 
inhibition of Ts16 death at 100 µM. More selective inhibitors of caspase 1 (Z- 
VAD-FMK) and caspase 3 (Z-DEVD-FMK) at 30 µM also completely rescued 
the Ts16 cells. Caspase activation is a final common step in many, if not all, 
programmed cell death pathways. The present results show that over
expression of one or more genes on mouse chromosome 16 leads to 
caspase-mediated apoptosis in Ts16 hippocampal neurons and that neuron 
survival in an animal model of a human neurodegeneratve disorder can be 
blocked by caspase inhibition. Supported by NIH AG10686 and Zeneca 
Pharmaceutical Co. (BKK) and by NIH AG15207 (LLB).

787.12
PROPENTOFYLLINE INTERACTIONS WITH ACTIVATED
MICROGLIA A. McRae*1. Y-P Wu 2. EA Line 2 . P. Schubert3. Y Nakamura 
- and K- Rudolphis 1 University o f  the West Indies Faculty o f Medical Sciences 
Dept o f Anatomy and Cell Biology, St Augustine Trinidad and Tobago WI 2 
National Univ o f Singapore Dept o f Anatomy Singsapore 3 Max-Planck-Institute 
for Neurobiology, Martinsried, Germany 4 Ehime University, Japan 5 Hoechst- 
Marion-Roussel, Frankfurt a.M., Germany 

Reactive microglia may contribute to brain damage damage by releasing free 
oxygen radicals, NO and potentially toxic cytokines (and by favoring abnormal 
processing of amyloid precursor protein (APP). A microglia-induced cascading 
glial cell activation plays a pertinent role in Alzheimer s Disease (AD) 
pathology. Some o f the pathological consequences can be mimicked following 
ischemia in animal models. The xanthine derivative propentofylline (PPF) has 
been shown to reduce nerve cell death in models of global and focal brain 
ischemia and to inhibit post-ischemic microglia activation. In vitro experiments 
on cultivated rat microglia indicated that PPF influences their activation state 
and their susceptibility to undergo apoptosis. PPF altered the profile o f cell 
properties in a way that potentially toxic functions are inhibited, such as the 
production of reactive oxygen intermediates and the stimulated release of the 
cytokines interleukine-1 and TNF-a. In vivo experiments were performed to 
investigate the interactions of PPF towards reactive microglia in the lumbar 
spinal grey matter in rats. Microglial reaction, as detected immunohisto- 
chemically by the monoclonal antibody OX-42, was elicited following focal 
cerebral ischemia produced by permanent occlusion of the middle cerebral artery 
(MCA). Daily treatment ofPPF beginning at 24 hours after MCA occlusion for 
two or four consecutive days markedly suppressed the microglial response. The 
most dramatic effect was the prevention of production of amoeboidic microglia as 
well as perineuronal microglia in close association with the soma of 
motoneurons. The results amplify the potentiality ofPPF as a protective drug 
against microglia-related neuron damage. Research supported by Hoeehst- 
Marion-Roussel.

VISUAL CORTEX: EXTRASTRIATE X

788.1

THE PROGRESSION OF COLOR PROCESSING IN VISUAL AREAS V1,
V2 AND V4 OF THE MACAQUE MONKEY. D. Y. T s ’o *  G .f í.  Burkitt. a n d  J. 
Lee. Laboratory of Neurobiology, The Rockefeller University, New York, NY, 
10021.

There is substantial evidence that indicates a segregation of the 
processing of color and form in V1 and V2, although this issue is less well 
understood in V4. On the other hand, previous single unit studies have 
shown that there is a significant population of cells that are selective for 
both color and form in each of these visual areas. To investigate in more 
detail interactions between color and orientation in V1, V2 and V4 we have 
used optical imaging of intrinsic signals with a set of grating stimuli of 
different orientations, modulated in 8 directions in the isoluminant plane of 
KDL color space. Our studies show that functional domains in V2 and V4 
that were selective to specific directions in color were often orientation 
dependent. Single unit recordings in these activated regions found color 
cells that were also orientation tuned and in many cases it was not possible 
to determine the preferred color direction unless the optimal orientation was 
presented. Other, more complex examples of the interaction between color 
and orientation properties were also found. The proportion of cells that were 
selectively responsive to color along the KDL cardinal axes and exhibiting 
overt color opponency was higher in V1 than in V4. On the other hand, it 
was common in V4 to find color cells with a preferred color direction off the 
cardinal axes. Compared to V1 and V2, most V4 cells exhibit surround 
suppression and respond poorly to full field stimuli. Rather than strict 
segregation, these results lend further support to a range of significant 
interactions between the color and orientation systems as a component in 
the elaboration of functional properties along the visual cortical pathway. 
(Supported by grant EY08240 and the McKnight Foundation)

788.2
MULTIPLE COLOR-SELECTIVE AREAS IN HUMAN VENTRAL OCCIPITAL 
CORTEX. M. S. Beauchamp*, J. V. Haxbv, J. Jennings' and E. A. DeYoe1. Section on 
Functional Brain Imaging, Laboratory of Brain and Cognition, National Institute of 
Mental Health, Bethesda, MD 20892 (mbeauchamp@nih.gov) and 'Dept. Cell Biology, 
Medical College of Wisconsin, Milwaukee, WI 53226.

The Farnsworth-Munsell 100-Hue Test is a clinical test that can identify persons with 
above average, average and deficient color discrimination. It requires the ordering of 
caps, each colored slightly differently, in order of color. An FMRI adaptation of the test 
was developed to study human brain areas that subserve color discrimination. An 
achromatic version of the test that required ordering by luminance was used as a control 
task. Within each scan, subjects ( n =  12) alternately performed the chromatic and 
achromatic versions of the test, with intervening rest periods of no visual stimulus or 
task. Both tasks were of similar difficulty (chromatic: 82% correct ± 8 % SD, RT 1640 
ms ± 170 ms; achromatic: 85% correct ± 8 % SD, RT 1650 ms ± 160 ms). Multiple 
regression was performed on MR time series obtained with whole-brain echo-planar 
imaging. Two regressors of interest were used to find all brain areas responsive to visual 
stimulation and areas that responded differentially to either condition. While many 
dorsal and ventral visual areas responded to visual stimulation, areas that preferred 
chromatic to achromatic stimulation were concentrated in ventral occipital cortex.

In the average activation map, the peak difference between chromatic and achromatic 
conditions was found near the left fusiform gyrus (Talairach co-ordinates x = -22 mm, y 
= -80 mm, z = -10 mm). This location is similar to that reported for passive viewing of 
color vs. gray Mondrian patterns (Zeki e t  α i ,  1991). Four subjects in the present study 
viewed color vs. gray Mondrians, and color-selective activation was found in this 
ventral location for both the 100-Hue Test and passive viewing of Mondrian patterns. 
However, when subjects made color discriminations in the 100-Hue Test, activation was 
also found in several distinct regions anterior to this location, extending to y = -45 mm 
on the ventral surface near the occipito-temporal junction. These regions may 
correspond to other visual areas important for processing color information. Supported 
by NIMH-IRP and RO 1 -EY10244.

788.3

COLOR FILLING-IN AND NEURONAL RESPONSES IN MONKEY  
VISUAL CORTEX. R. von der Heydt*, H.S. Friedman and H. Zhou. Krieger 
Mind/Brain Institute and Depts. o f  Neuroscience and Biomed. Eng., Johns 
Hopkins University, Baltimore, MD 21205.

Understanding the basis of filling-in is critical to understanding the neural 
coding of surfaces. In order to see if color filling-in reflects spreading of color 
signals in retinotopic cortex, or a change at a sym bolic level o f  object 
representation, we have recorded the activity o f color selective cortical cells in 
monkeys during steady fixation. The animals were trained to signal the moment 
when a blurred colored disk was filled in with the color of a surrounding annulus. 
Complementary colors were used for disk and annulus. Thus, filling-in produced 
color reversal in the disk area. We tested cells with the receptive fields (1) in the 
uniform center, (2 ) on an optimally oriented border, of the disc (surface vs. edge 
responses, Neusci. Abstr. 22:951, 1996). We found that color selective surface 
responses in the upper layers o f VI maintained firing >75%  on average over 
6 seconds, while responses to the non-preferred color remained low. The 
preferred and non-preferred color signals never reversed, even though perceptual 
color reversal was signaled in about 50% o f trials. No difference was found 
between trials with and without filling-in response. For example, a stimulus with 
a red disk in green surround would often appear uniform green after 6 s, while 
neurons still signaled "red". However, color selective edge responses decayed 
linearly over time to 20% of the initial strength within 6 s, on average. Cells o f V2 
and V4 also showed fairly sustained color surface responses without reversal, and 
decay o f color edge signals. The neuronal and perceptual results can be 
reconciled if one assumes that perceived object color is computed from edge 
signals, ignoring the surface signals. That is, filling-in occurs at a symbolic level of 
object coding. Supported by NIH EYO2966, HFSP RG-31, and Whitaker 
Foundation.

788.4

THE CORTICAL SITE FOR THE RATIO-TAKING OPERATIONS OF THE 
COLOR SYSTEM. A. Bartels and S. Zeki (SPON: British Neuroscience 
Association), Wellcome Departm ent of Cognitive Neurology, University 
College London.

We w anted to locate the critical cortical sites for the ratio-taking 
operations that are at the heart of the color generating mechanisms. We 
asked four subjects to view on a projection screen a multi-colored Mondrian 
display while the wavelength (phosphor) composition reflected from its 
squares changed continually, without changing the colours, thus simulating 
the condition in which a scene is viewed in different illuminations. The 
activity produced by such a display was compared with one produced by a 
'static' color Mondrian, in which the wavelength composition of the squares 
remained unchanged throughout the viewing period. Changes in local 
cerebral blood flow were monitored using functional magnetic resonance 
imaging and statistical parametric mapping for analysis. A comparison of 
the two conditions showed that the major activity was located in area V4 
( x =  -26, y = -64, z =-10: Z-score = 7.0; x= 26, y = -72, z =-14, Z-score = 7.7, 
p=0.001, corrected for multiple comparisons). We therefore conclude that 
V4 is a major cortical site necessary for the colour generating computations, 
consistent with clinical evidence which shows that dam age to it leads to 
color imperception.

Our work is supported by the Wellcome Trust London; AB is supported by 
the Swiss National Science Foundation.

Society for Neuroscience, Volume 2 4 ,1998

mailto:mbeauchamp@nih.gov


1978 VISUAL CORTEX: EXTRASTRIATE X THURSDAY AM

788.5

CHROMATIC CONTRIBUTIONS TO MOTION PROCESSING IN 
MACAQUE EXTRASTRIATE AREA MT. S. D. Elfar* and K. H. B ritan . 
Center for Neuroscience, University of California, Davis, CA 95616.

Results from human psychophysical studies of motion perception a t  
isoluminance are contradictory, varying considerably with stimulus 
parameters and experimental paradigm. Visual area MT of the macaque 
monkey is clearly specialized for motion processing of achromatic stim uli, 
and represents chromatic information to some extent, although these d a ta  
are also inconsistent across experiments. Previous studies have used 
restricted sets of color and/or motion directions. To more completely 
characterize MT chromatic responses, we systematically varied luminance, 
chromaticity, and motion direction.

We recorded single MT neurons extracellularly from alert, fixating macaque 
monkeys. Stimuli were patches of moving, Gaussian-blurred dots whose 
chromaticity and luminance were specified in a 3-D color space (Derrington 
et a l, 1984), typically at a mean luminance of 55-60 cd /m 2.

Consistent with previous reports (Gegenfurtner et a l ,  1994), we found 
reduced responses in MT cells at or near photometric isoluminance for most 
color directions. However, many cells' responses remained strong a t 
isoluminance for certain color directions. These best color directions were 
remarkably similar across neurons, and were consistent with peaks in the rod 
contrast function for the isoluminant plane. Directional tuning was quite 
similar for both achromatic and chromatic stimuli. Thus, we find substantial 
chromatic input to MT, a portion of which appears to be mediated by rod 
photoreceptors, suggesting that MT cells convey meaningful motion 
information near isoluminance.
Supported by the Pew Biomedical Scholars Program and N IH  grant 
HEY10562.

788.7

COMPUTATIONAL ANALYSIS OF MT RESPONSES AND DIRECTION 
DISCRIMINATION IN COLOR-SEGMENTED MOTION DISPLAYS
Lisa J. Croner* and Thomas D. Albriαht. Salk Institute, La Jolla, CA 92037.

When motion signal is segmented from noise by color, human subjects better 
discriminate signal direction (Croner & Albright, 1997, Vis. Res.). While performance 
without color segmentation matches the discrimination capacity of the average MT 
neuron, (Britten et al., 1992, J. Neurosci.), only a minority of MT neurons show 
enhanced discrimination capacity when color segmentation is present (Croner & 
Albright, 1996, Soc. Neurosci. Abstr.). To address whether MT responses contain 
sufficient information to support the enhanced psychophysical performance with color 
segmentation, we computed the optimal performance of MT neuronal populations.

We constructed populations of neurons whose response statistics were drawn from 
cells in our neuronal database. This database contained responses of directionally- 
selective macaque MT neurons, recorded while the monkeys discriminated direction in 
stochastic stimuli moving in the cells’ preferred and null directions, with and without 
color segmentation of the motion signal. Expanding the ideal observer approach of our 
single cell analysis, we used discriminant function analysis to calculate how well 
motion direction in the stimuli could be determined based on the joint responses of 
multiple neurons. We calculated the optimal performance for pools of various sizes, 
with neurons drawn from the whole database or from a selected subset of cells.

Joint responses in populations made of the most segmentation-enhanced neurons, 
which included the most directionally-selective cells, produced performance most like 
behavior. While the average performance of single cells in this population did not show 
significant segmentation enhancement, joint responses of cell pairs from this population 
matched performance both with and without segmentation. This suggests that the very 
different behavioral discriminations obtained with and without color segmentation can 
be accounted for by pooling responses of the most directionally-selective MT neurons. 
Supported by EY 06530 and EY 07605, and by the Howard Hughes Medical Institute.

788.9

FUNCTIONAL ORGANIZATION OF DISPARITY IN VISUAL AREA V2 OF 
THE MACAQUE MONKEY. G .fí. Burkitt*. J. Lee, a n d  D .Y . T s ’o. Laboratory 
of Neurobiology, The Rockefeller University, New York, NY, 10021.

It has been shown that the second primate visual region, V2, is organized 
into stripe-like subcompartments that are specialized for color, form, and 
disparity. Previous studies have shown that these functional sub
compartments have a further substructure beyond the stripe pattern seen in 
cytochrome oxidase histology. These substructures within each stripe have 
been observed for color in the thin stripes and orientation in the pale 
(interstripes) and thick stripes. In the disparity domain, we have previously 
used optical imaging of binocular interaction to reveal selective activation 
within the thick stripes, and subsequent single unit recordings suggested a 
finer organization based on peak preferred retinal disparity (Ts’o et al, Soc. 
Neurosci. Abstr., 1990). In the present experiments we have used a range 
of disparity stimuli to optically image the organization of retinal disparity 
tuning in V2. Vertical bars were presented dichoptically with disparity 
ranging from -3 to 3 degrees. Optical imaging revealed patches within the 
thick stripes that were preferentially activated by specific disparities. In 
general, disparity patches lie within regions of relatively uniform orientation 
preference. Subsequent single unit electrophysiology confirmed that these 
patches contained disparity cells, while cells found outside of these patches 
were not strongly tuned to disparity. Within the thick stripes, cells were 
clustered according to cell type: tuned excitatory, tuned inhibitory, near and 
far (crossed and uncrossed). Considered together, these findings support a 
functional organization for disparity in V2.
(Supported by grant EY08240 and the McKnight Foundation)

788.6
The Contribution of Color to Motion Processing in Macaque Area MT A. Thiele*2. K.R. 
Dobkins3. T.D. Albright1,2. 'Howard Hughes Medical Institute, 2Salk Institute for Biological 
Studies, La Jolla, CA 92037; ¾ept. of Psychology, UCSD, La Jolla, CA 92093-0109

Chromatic properties of an image yield strong cues for object boundaries, and thus 
hold the potential to facilitate the detection of object motion. Nevertheless, there is ongoing 
debate regarding the extent to which cortical motion detectors exploit chromatic information. 
The contribution of color to motion processing can be investigated by superimposing two 
oppositely moving sine-wave gratings (Cavanagh & Anstis 1991, Vis. Res. 31:2109), one is 
defined by mixtures of chromatic and luminance contrast (red/green heterochromatic grating), 
and the other defined solely by luminance contrast (achromatic grating). We have used this 
configuration to quantify the relative sensitivity of cortical motion detectors to chromatic- vs. 
luminance defined stimuli. The metric assessed was the equivalent luminance contrast 
(EqLC): the difference between the luminance contrasts in the heterochromatic and the 
achromatic grating that elicited equal neuronal responses (motion nulling), irrespective of 
whether the heterochromatic at the achromatic grating moved in the cell’s preferred or null 
direction. This metric identifies the relative contributions of the chromatic and luminance 
components of a moving heterochromatic grating.
We determined the EqLC of direction selective neurons in cortical visual area MT in 2 
macaque monkeys during passive fixation. Neural responses elicited by grating components 
comprising the nulling stimulus were also obtained. EqLC was determined by fixing 
achromatic luminance contrast at one of X values (3-24%), and varying the luminance 
contrast of the heterochromatic grating over a broad range centered on the isoluminant point 
for each cell. Neuronal EqLC was observed to vary as a function of achromatic luminance 
contrast: Neuronal responses were highly influenced by the chromatic component of the 
heterochromatic stimulus, when the contrast in the achromatic stimulus was low -  for such 
stimuli the population EqLC was at least 6%. The influence of the chromatic component of 
the heterochromatic stimulus waned sharply as the contrast of the luminance component was 
increased -  at the highest achromatic contrast tested (24%) the mean EqLC was negative 
(-2,17%). These data reveal that the contribution of chromatic contrast to the neuronal driving 
power of a heterochromatic grating depends upon the luminance contrast of the same grating. 
Supported by Human Frontier Science Program fellowship to AT.

788.8
CO M PARISO N OF RED/GREEN ISOLU M IN AN CE PO IN TS IN  
HUMANS AND M ACAQUES: EV ID ENCE FO R D IFFEREN T L :M
CONE RATIOS BETW EEN SPE C IES. K.R. Dobkins1*. A.Thiele2 and T.D. 
Albright2,3. 'Psychology Department, UC San Diego, La Jolla CA 92093; 2Salk Institute 
for Biological Studies, La Jolla CA 92037, ¾ oward Hughes Medical Institute

The human spectral luminosity function (VJ can be modeled as the linear sum of 
signals from L and M cones, with L cones weighted by a factor of about two. This factor 
of two is thought to reflect an approximate 2:1 ratio of L:M cones in the human retina, 
which has been supported by more direct psychophysical means (e.g., Cicerone & Nerger, 
1989). In macaques, techniques that allow for direct counting of different cone types 
suggest an L:M ratio closer to 1:1 (e.g., Bowmaker, 1990; Packer et al., 1996), which 
has recently been supported by flicker ERG spectral sensitivity studies in macaques 
(Jacobs & Deegan, 1997). To further investigate differences in L:M cone ratios between 
humans and macaques, we compared red/green luminance matches from humans with 
those obtained from macaque MT neurons. The use of isoluminance points in MT to 
infer behavioral isoluminance is justified based on evidence demonstrating a high 
correlation between the two measures in macaques (Dobkins & Albright, 1995).

Red/green isoluminance points were obtained from MT neurons in five macaques (M . 
mulatto). Each neuron was tested with moving red/green gratings across a range of 
luminance contrasts. Neural isoluminance was defined as the red/green contrast yielding a 
response minimum. Human isoluminance points were obtained under identical stimulus 
conditions using analogous “minimal motion” techniques. Although isoluminance points 
in both humans and macaques were found to vary across individuals, the means across 
species differed significantly. Whereas human data were centered near 0% luminance 
contrast (i.e., Vλ isoluminance), macaque isoluminance points were shifted towards red 
brighter than green, with respect to Vλ (mean = 8.5%, s.d. = 1.9%). These shifted values 
in macaques are consistent with L:M cone ratios closer to 1:1, and thus contribute to the 
converging evidence that L:M cone ratios in macaques are lower than those of humans.

Supported by NIH grant EY12153 (KRD) and Human Frontier Science Program (AT)

788.10
THE ROLE OF AREA MT IN STEREOSCOPIC DEPTH PERCEPTION.
G.C. DeAngelis1*, B.G. Cumming2, and W.T. Newsome1. 'Howard Hughes 
Medical Institute and Dept, of Neurobiology, Stanford University, Stanford CA 
94305; lab o ra to ry  of Physiology. Oxford University, UK.

We have previously shown that macaque area MT contains a columnar 
functional architecture for binocular disparity (Soc. Neurosci. Abstr. 22: 717, 
1996). We have now applied electrical microstimulation to disparity columns 
in order to test whether disparity-selective MT neurons play a role in 
stereoscopic depth perception.

Two monkeys were trained to perform a two-alternative (near/far) depth 
discrimination task. Monkeys viewed a random dot display consisting of 
‘signal’ dots and ‘noise’ dots, both of which moved in the preferred direction. 
On each trial, signal dots appeared at either a near or a far disparity, one of 
which was optimal for the recorded neurons. Noise dots were given random 
dispai ities. The fraction of signal dots was varied to obtain a smooth 
psychometric function On half of the trials, selected randomly, micro- 
stimulation (2OµA., 200Hz) was applied concurrently with the visual stimulus.

In 43/65 experiments, microstimulation produced a significant (P<0.05) 
perceptual bias. This bias was tow ard  the preferred disparity of the stimulated 
neurons for 42/43 of the significant effects. Moreover, the strength of the 
microstimulation effect was significantly correlated with the strength of 
disparity tuning of the stimulated neurons (R=0.44, P<0.001). One monkey was 
also trained to perform the task when viewing stationary dots. MT responses to 
stationary dots were strongly tuned for disparity, and microstimulation caused 
a significant perceptual bias toward the preferred disparity in 9/12 experiments.

These results suggest that disparity columns in MT carry behaviorally 
relevant signals concerning stereoscopic depth. Moreover, the role of MT in 
depth perception is not limited to judgments of moving objects. Supported by 
NEI (EY05603), and a Burroughs-Welicome Fund Career Award (GCD).
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788.11
READING BRAILLE ACTIVATES CORTICAL AREAS OF THE DORSAL 
STREAM IN THE BLIND: A FMRI STUDY. P. M e lz e r . D.R. P ickens1. R.R. 
Price1. V.L. M organ1, R.S. W all and F.F. Ebner. Institu te  for D ev e lo p m en tal 
Neuroscience, John F. Kennedy C enter and Dept, of R ad io lo g y 1, V a n d e rb ilt  
U niversity  M edical C enter, N ashv ille  TN 37203.

S adato  et al. (,Nature 3 8 0 ,  1996) h ave  show n w ith  positron  em ission 
to m ography  th a t read ing  B raille increases blood flow  in the occip ita l lobes 
of blind  persons. W e aim ed to id en tify  the cortical areas w here  blood flow  
increases during B raille read ing  w ith  m agnetic resonance im aging  of blood 
oxygen lev e l-d ep en d en t (BOLD) signals. E chop lanar im ages w ere acquired  
with a GE Signa 1.5 T MR scanner from six 5 m m -th ick  contiguous slices t h a t  
transected the occipital, tem poral, p oste rio r p a rie ta l, som atic sensory and  
motor cortex. Seven b lind  ad u lts  and one s igh ted  person read  o n e -sy llab le  
nouns during four repe titions of 40-s rest and 40-s read ing . A c tiva tion  m aps 
w ere created  w ith  a p ixel-by-pixel cross correla tion  of the  percent change in 
BOLD signal to a box car curve. A ctiva ted  p ixels w ere counted in b o th  
hem ispheres, their m ean BOLD signal w as m easured  and the ac tiv a tio n  w as 
plo tted  as Z-scores versus tim e. The sighted  read er h ad  activation  in som atic 
sensory and m otor cortex. In the blind  subjects, how ever, a d d it io n a l  
activation  w as found in areas of the 'd o rsa l v isual s tream ' th a t processes 
m otion in sighted  persons, i.e. the v en tra l, la te ra l and dorsa l i n tr a p a r ie ta l ,  
the m idd le  superior tem poral, the d o rso la te ra l, the  secondary and th e  
prim ary  v isual area. The ac tiv a ted  areas w ere larger and more numerous 
co n tra la te ra l to the read ing  hand . The correla tion  betw een cerebral 
activation  and read in g  w as g rea test in som atic sensory and  m otor areas and 
decreased rostrocaudally . Our findings support a role for v isual cortex in 
Braille read in g  an d  sug g est th at the tactile in form ation  flow s from po ste rio r 
parietal to p rim ary  v isual cortex (support: Dr. an d  M rs. Irw in  Eskind).

VISUAL CORTEX: STRIATE XI

789.1

A SENSITIVITY MODULATION MODEL FOR LATERAL 
INTERACTIONS AMONG STRIATE CELLS IN CAT VISUAL  
CORTEX. C. C, Chen, and T. Kasamatsu*. Smith-Kettlewell Eye 
Research Institute. 2232 Webster Street, San Francisco, CA 94115.

Polat et al. (Nature 391, 1998) showed how the contrast response 
function o f a striate cell can be modulated by pattern stimuli located 
outside its classical receptive field (CRF). The presence o f flank 
patterns increases target response at low target contrast while 
decreasing target response at high contrast. This cross-over effect 
cannot be explained by the current models o f contrast response 
function and contrast normalization.

Here we propose a model that the sensitivity o f a cell to a pattern 
stimulus located within its own CRF is modulated by lateral signals 
coming from other cells which have CRFs at different spatial 
locations. More specifically, for each cell, its response to a contrast 
Ct within its CRF is R = [f(C J*C t]p /[(g(C m)*Ct)p+C50], where Cm is 
the contrast o f the pattern projected outside the CRF o f the cell, C50 
is the half-response contrast o f the cell and p is the exponential 
coefficient. To account for the Polat et al. (1998) data, the two 
functions f  and g are linear functions o f Cm with the form a+b*Cm. 
This model fits the contrast response functions in Polat et al (1998) 
very well. The model also makes several predictions about lateral 
intercellular interactions among striate cells such as the narrower 
orientation tuning with the presence o f high contrast flankers. 
Supported by Rachel Atkinson Postdoctoral Fellowship.

789.3
RECEPTIVE FIELD NONLINEARITIES IN MACAQUE PRIMARY VISUAL 
CORTEX (VI) ARE NOT SELECTIVELY ACTIVATED BY EDGES. F. 
Mechler*. D. Reich, and J. Victor. Dept, of Neurology and Neuroscience, Cornell 
University Medical College, New York NY 10021.

Extraction of edges is performed by early vision and requires nonlinear neuronal 
mechanisms. Several types of spatiotemporal nonlinearities are present in VI 
neurons. We examined the extent to which these nonlinearities are selectively 
activated by edges. Responses of 23 single neurons in VI macaque monkeys were 
recorded to a set of stimuli that included a low-frequency square wave drifting at 
1 Hz (an edge), its first four sinusoidal components, and combinations of these 
components in several relative phases. These phases defined different waveforms, 
including the Fourier approximation to the edge. For each stimulus, responses in 
multiple (typically 25) 4 s repeats were collected in a randomly interleaved 
sequence. Deviations from linearity were manifest in the response as (i) significant 
Fourier components at frequencies not present in the stimuli, and (ii) a systematic 
dependence of Fourier components (amplitude and phase) on the relative phase of 
the component gratings. The contributions of these nonlinearities were quantified 
for the DC, fundamental and second harmonic response components, as a function 
of the relative phase of the compound grating components. Nonlinear contributions 
were seen for all compound waveforms, and not only for the edge or its Fourier 
approximation. Simple squaring, perfect half-wave rectification, and nonlinearities 
driven by stimulus energy (such as a phase-independent gain control) cannot 
account for the data. Some response features were consistent with a static 
nonlinearity, such as over-rectification, but more than a single nonlinear stage 
seems necessary. Our results indicate that receptive field nonlinearities contribute 
to the processing of a variety of spatial profiles, but not selectively to the detection 
of edges.

Supported by EY9314 (JV).

789.2

LA TE O N SET RESPON SES TO  EX TR A -R EC EP TIV E FIELD 
STIM U LA TIO N  IN V I. A.F. R o ssi1*, R. D esim one2 and L.G. 
U ngerle ider1. >LBC and 2LN, NIM H, NIH, Bethesda, M D  20892.

To explore the neural m echanism s responsible for extra-receptive field 
responses, we recorded single and m ulti-unit activity  from  within 2-6° of 
the foveal representation in area V I of two aw ake rhesus monkeys. The 
stimuli were texture patterns in w hich the texture elem ents within a neuron's 
receptive field (RF) rem ained identical across trials. In som e trials, a figure 
(centered on the RF) was defined by a difference in the orientation o f the 
surround texture. In the m ajority o f neurons studied (109/115) there was 
not a significant difference in the response to a texture that contained a 
figure when com pared to the response to a uniform  texture, except w hen the 
boundaries o f the figure were within 1° o f the R F  border. The m agnitude o f 
the figure/ground response difference was not affected by changes in the 
orientation or contrast of the texture elem ents, or the nature of the 
behavioral task. How ever, it was often the case (43/105 neurons) that a 
significant response could be elicited when the surround texture was 
presented by itself (i.e. no texture elem ents were w ithin the RF). The 
response to the surround texture had characteristically  longer onset latencies 
(80-120m s) relative to responses to texture stimuli presented within the RF 
(typically 40-70m s). These extra-R F responses could be elicited with 
surround textures or hem ifield textures that were presented up to 5° from 
the RF border. W e found there was a nearly linear relationship betw een the 
response latency and the distance o f the texture boundary from  the RF. 
Although these data reveal far-field contextual effects, they do not support 
the notion that V I neurons extract figures per se from  their background 
(Lam m e, 1995; Z ipser et al, 1996). Contextual inform ation at the level of 
V 1 may contribute to figural representations in later visual areas.
Supported by NIH IRP

789.4
DIRECTIO N  SELECTIVE NEURO NS IN M ACAQU E V I: RESPO N SE 
AS A FU N CTIO N  OF TEM PO RA L FR EQ U EN C Y  M .J. Haw ken*. R.M . 
Shaplev. D.L. R ingach. M.P. Sceniak & E.N . Johnson. C enter for Neural 
Science, New York University, 4 W ashington PL, NY, N Y  10003.

We have investigated the directional selectivity o f neurons at different 
tem poral frequencies. Single neurons were sam pled in all cortical layers o f  
VI in the anesthetized, paralyzed m onkey (M acaca fascicu laris). The tem 
poral frequency tuning was determ ined with high contrast b lack/w hite sin- 
ewave gratings o f the optim al spatial frequency and orientation in both 
drift d irections. We used a  range o f tem poral frequencies from  0.5 to 30 
Hz. The resulting tuning curves were fitted with a difference o f exponen
tials. A com parison for the two directions was m ade based on the fitted 
curves. We calculated the directional index (DI) from  the peak response in 
the preferred (Rp) and non-preferred direction o f drift (Rn) as DI = 1 -Rn/ 
Rp. From  a sample o f m ore than 250 neurons we found that about 25%  (61 
neurons) had a DI o f 0.75 or greater. O f these 61 neurons, 35 gave no 
response above background in the non-preferred direction at any tem poral 
frequency; some o f the same group showed tuned inhibitory responses in 
the non-preferred direction. In the rem aining direction selective neurons, 
m ost becam e m ore direction selective with increasing tem poral frequency. 
We found both sim ple and com plex cells am ong the preponderance o f 
direction selective cells in layers 4b and 6. O ur findings on the tem poral 
frequency dependency o f direction selectivity are consistent with previous 
results (Orban et al, 1986) that it increases with velocity. However, the 
m ajority o f direction selective cells that were com pletely selective at all 
tem poral frequencies pose a challenge for models.
Supported by NIH  grants EYO83OO, EY 01472, and Sloan Foundation.
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789.5
CO NTRAST-DEPENDENT AREA SUM M ATION IN M ACAQUE VI 
NEURONS. M.P. Sccniak*. D.L. Ringach. M.J. Hawkcn. R.M. Shanlcv. 
Center lor Neural Science, New York University. New York, New York 
10003.

Neurons in striate cortex show varying degrees of response suppression for 
spatially extended stimuli. We have found that the optimal patch radius and the 
amount of suppression depend on stimulus contrast. As stimulus contrast 
increases, the optimal, radius of summation decreases and the suppression 
increases. The two changes occur together in a significant number of cells. We 
recorded from 130 VI neurons in the anaesthetized paralyzed monkey (Macaco 
füscicularis). Spatial summation curves were generated by stimulating the 
receptive field with circular patches of sine wave grating at 10 different radii, 
ranging from 0.1 to 5 deg. The parameters of the stimulus grating— orientation, 
spatial frequency, temporal frequency and direction of motion— were optimized 
for each cell. The patch radius was chosen at random. We repeated this 
procedure using three different contrast levels for all cells. For a subset of cells 
rectangular stimuli were used. In these experiments, cither the length or width 
of the rectangle was varied in a manner similar to that used for the circular 
patches. The optimal radius was estimated as the patch at which the neuron's 
response reached its peak or asymptotic value. Over 75% of the 130 neurons 
recorded had a smaller optimal summation radius at higher contrast; of these, 
45% also showed increasing surround suppression at higher contrast. 
Summation extent changed with stimulus contrast along either the length or 
width dimension, however; the amount of change was greater for the length 
dimension than the width dimension in a significant number of cells. These 
effects may be significant in spatial vision, decreasing “neural blur” at high 
contrast. Supported by NIH grants R 0 1EYO83OO and ROIEY 01472

789.7
EDGE-INDUCED BRIGHTNESS PERCEPTION STUDIED THROUGH THE 
CORNSWEET ILLUSION IN VISUAL CORTEX. C.P. Hung* B,M. Ramsden.
A.W. Roe. Sect, of Neurobiol., Yale Univ. Sch. of Med., New Haven, CT 06520.

To elucidate the nature of the physiological 
mechanism underlying edge-induced brightness 
perception, we recorded single-unit activity from 
multiple cell pairs in the anesthetized cat and monkey 
VI and V2 during presentation of real and illusory 
(Comsweet) luminance stimuli. The Comsweet 
border, pictured on the right, induces an illusory 
brightness contrast between two equiluminant regions 
(to see this, cover the border with a finger). Temporal 
alternation of the border contrast produces a perceived 
alternating contrast change similar to that produced by
a real contrast border. We examined the influence of real and illusory contrast 
changes on the neuronal responses of single visual cortical cells with receptive fields 
positioned at and distant from the contrast border.

While all cells were well driven by real contrast changes, the firing rates of 
unoriented cells in VI were not modulated by alternation of the Comsweet border 
contrast. However, significant correlation of spike firing was found between 
oriented cells located at the border and non-oriented cells away from the border for 
both real and Comsweet stimuli. Temporal alternation of the stimulus contrast 
produced modulation of correlation strengths; these modulations differed between 
Comsweet versus real luminance stimuli.

Our results indicate that interactions between oriented and non-oriented cells may 
be important in brightness perception. In VI, different circuitries may be activated 
by real versus illusory conditions. Further examination of VI-V2 interactions may 
reveal that both types of stimuli activate a common pathway to produce similar 
contrast percepts. Support: N1H-EY11744

789.9
PRECISE VISUAL SPEED ESTIMATION FROM BROADLY TUNED VI- 
LIKE SPATIO-TEMPORAL FILTERS. John A. Perrone*. Dept, of 
Psychology, University of Waikato, Hamilton, New Zealand.

In spatio-temporal frequency (STF) space, a moving edge has a spectral 
signature with energy concentrated along a narrow line that is oriented 
relative to the spatial and temporal frequency (TF) axes (Watson & Ahumada, 
1983). Changes in the edge speed produce a change in the orientation of this 
spectral line. We would therefore expect that a motion filter designed to 
respond selectively to a particular edge speed (spectral orientation) would be 
narrowly tuned in STF space and have an orientation to match that of the edge 
spectra. Paradoxically, the spectral receptive* fields (SRFs) of the front-end 
motion sensitive neurons that are commonly exposed to edge stimulii have 
none of these properties. Directionally selective neurons in area VI of primate 
visual cortex have SRFs which have bandpass tuning in the temporal and 
spatial dimensions, but the temporal tuning (Transient) is very broad (~3 
octaves) and the main axes of the spectra exhibit little or no orientation 
(Foster et al., 1985). This paradox can be resolved by incorporating the 
properties of a second class of V I neuron which are non-directionally 
selective and have low-pass temporal tuning (Sustained). We propose a 
mechanism which produces a large response whenever the output of these two 
filter types is both high and equal (e.g., [logT + LogS]/|LogT - LogS| + 0.4). If 
the peak spatial frequency of the T filter is shifted slightly towards lower 
spatial frequencies relative to the S filter, the combined filter mechanism has 
an SRF that is oriented in STF space. Furthermore, a simple weighting of the 
S filter output can change the orientation of this SRF to match a wide range of 
edge speeds. Recent attempts to model speed tuning in MT neurons (e.g., 
Grzywacz & Yuille, 1990; Simoncelli & Heeger, 1998) require a more 
complete set of spatio-temporal filters than exist in VI to generate the many 
preferred speeds apparent in MT. The mechanism proposed above can 
generate a wide range of speed tunings from a minimal set o f filters with the 
restricted range of TF tunings found in V 1. (NASA NAG 2-1168)

789.6
SPATIAL DISTRIBUTION AND DYNAMICS OF CONTEXTUAL 
INTERACTIONS IN CORTICAL AREA VI M.K. Kanadia*. G. 
Westheimer and C.P. Gilbert. The Rockefeller University, NY, NY 10021.

The elaboration of global percepts from local features requires both 
excitatory and inhibitory interactions at the cellular level. Here, we study the 
spatial geometry and dynamics of these interactions by recording from 
neurons in VI of alert primates. We constructed 2-D spatial profiles of 
contextual interactions and found distinct subregions of facilitatory and 
inhibitory interactions consistent with our previous perceptual studies. 
Facilitatory interactions were located in a narrow zone along the orientation 
axis of the receptive field (RF), while inhibition was more diffuse but 
strongest along the orthogonal axis.

Surprisingly, we found that the sign and dimensions of the interaction zones 
and even the size of the RF itself were stimulus dependent. High contrast 
stimuli invoked strong end-inhibition and resulted in the smallest measures of 
RF length. However, at lower contrasts end-inhibition was dramatically 
reduced and cells showed length summation over much larger distances than 
that seen at high contrasts. Moreover, embedding a high-contrast stimulus in 
a complex background produced similar effects on length summation as 
lowering the stimulus contrast. The changes in spatial summation therefore 
depended not only on local feature attributes but also on the global 
relationships between a stimulus and its surroundings.

These findings demonstrate that the extent of spatial summation in and 
around the RF is dynamically regulated by both local and global stimulus 
properties. The role of V 1 in perceptual processes such as contour integration 
might be most evident in complex visual environments.
Supported by NIH grants EY07968 and MH11394.

789.8
NEURAL CORRELATES OF ILLUSIONS OF INVISIBILITY IN THE 
AWAKE BEHAVING PRIMATE: THE STANDING WAVE OF 
INVISIBILITY AND STATIC MASKING. Macknik. S.L*. and Martínez- 
Conde. S. Department of Neurobiology, Harvard Medical School, Boston, 
Massachusetts 02115.

We have examined the relationship between neural activity and the 
visibility of stimuli by using illusions of invisibility. In visual masking 
illusions, oriented bars (targets) that are normally salient can be rendered 
invisible by flanking bars (masks) that do not overlap the target spatially or 
temporally. We have investigated two new illusions of invisibility. The 
“Standing Wave of Invisibility” consists of a target (of 60ms in duration) 
that is rendered less visible when flickered cyclically in alternation with two 
flanking masks, one on each side of the target, 110ms in duration. This 
effect diminishes as the space between the target and the masks is increased. 
The “Static Masking” illusion is similar except that the target flickers but 
the masks do not. As with the Standing Wave of Invisibility effect, masking 
decreases when the masks are moved away from the target.

Single-unit recordings in the lateral geniculate nucleus and cortical area 
V-l of the avyake behaving primate show that with either illusion, neuronal 
responses to the target presented alone are eradicated by the addition of 
masks: these target response decrements parallel closely the decrements in 
visibility seen by humans. Thus in the LGN and V-l, activity can be 
correlated better with perception than with the physical stimulus.

Supported by grants from NIH to D.H. Hubei and M.S. Livingstone, and 
training grants from NIH and the R. C. Complutense to SLM and SM-C.

789.10
EYE M OVEM ENTS' E X P L A IN  C O N T EX T U A L  M O DULA
TIO N  B Y  B IN O C U L A R  D ISPA R IT Y  IN  PR IM A T E *y 1
B.G. Cumming* and A.J. Parker. University Laboratory of Physiology, 
Parks Road, Oxford, O5ci 3PT, UK

The responses of neurons ih VI of the awake monkey can be influ
enced by the binocular disparity of stimuli far outside the receptive field 
(Zipser et al, J.Neurosci, 16:7376). We re-examined this phenomenon 
using static random dot stereograms in two monkeys trained to fixate 
binocularly. The central region (2 degrees) covering the receptive field 
had zero disparity, while the disparity of the surround (10 degrees) varied 
between trials. Two previous observations were confirmed: 1) The ini
tial transient response of the neurons was not influenced by the surround 
disparity; 2) 50-100ms into the response, average firing rates were higher 
when the surround region was presented with an uncrossed disparity.

These phenomena were observed with static patterns, so eye move
ments could have strongly influenced neuronal firing. Surround dispar
ities were found to induce vergence eye movements at short latencies 
(60ms) even though the fixation marker had zero disparity. When the 
background pattern was presented 500ms prior to the central region cov
ering the receptive field, this vergence movement was completed before 
the central region appeared. Under these circumstances we found no 
significant contextual modulation associated with the disparity of the 
background. We conclude that the contextual modulation by dispar
ity observed in V l primarily reflects changes in the stimulus within the 
receptive field induced by eye movements.

Supported by the Royal Society and the Wellcome Trust.

Society for N euroscience, Volume 2 4 ,1 9 9 8



THURSDAY AM VISUAL CORTEX: STRIATE XI 1981

789.11
CORRELATION BETWEEN EYE MOVEMENTS AND NEURAL 
RESPONSES IN AREA V-l OF THE AWAKE BEHAVING MONKEY 
DURING VISUAL FIXATION. Martíncz-Conde. S.». Macknik. S.L and Hubei. 
D.H. Department o f  Neurobiology, Harvard Medical School, Boston. 
Massachusetts 02115.

During normal voluntary visual fixation, involuntary eye movements are 
produced repeatedly and prevent perception from fading (Ditchbum and Ginsborg, 
1952; Riggs and Ratliff, 1952). We have studied the relationship between responses 
of neurons in area V-l and small eye movements during visual fixation.

We recorded extracellularly from single units and mapped their receptive fields. 
Eye movements were recorded with a monocular scleral *eye coil while the monkey 
fixated on a spot. During this task we placed a stationary bar with optimum 
dimensions and orientation over the receptive field, and measured eye-movement 
correlated neural activity.

Small eye movements during visual fixation were correlated with neural activity 
in V-l. Moreover, the probability of an eye movement was higher before a burst of 
impulses than before a single spike, suggesting that the likelihood of spike bursts 
was enhanced after eye movements.

We conclude that involuntary eye movements during fixation repeatedly move the 
retinal images o f stationary objects over the receptive fields of visual neurons, thus 
inducing them to become more active and preventing perception from fading.

Ditchbum, R. W. and Ginsborg, B. L. (1952). Nature 170, 36-37.
Riggs, L. A., Ratliff, F. (1952). J. Optic Soc. Amer. 42, 872-873.

Supported by grant EY00605 from NIH to DHH and training grants from NIH and 
the Real Colegio Complutense to SLM and SM-C.

789.12
EFFECTS OF FIXATIONAL EYE MOVEMENTS ON CELLS IN V1 OF 
ALERT MONKEYS. M. Gur.12* A. Bevlin . 1 D M. Snodderlv2. 1 Dept, o f  
Biomedical Engineering, Technion, Israel; 2Schepens Eye Research Institute, 
Boston, 02114.

While it is generally accepted that motions o f  the retinal image are 
necessary to maintain visibility, it is not clear which o f  the fixational eye 
movements, saccades or drifts, are essential for maintaining foveal and 
parafoveal vision. To see the interaction between fixational eye movements and 
spike discharge, we studied the effects o f  these movements on cells in VI o f  
alert monkeys. The animals had either to fixate a small LED while a stimulus 
was swept across the receptive field (RF) or, while the stimulus was held 
steady, the small fixational movements brought the RF to the stimulus. In 
another paradigm, the monkey shifted its gaze from one LED to another and so 
swept the RF across the stimulus. W e have found cells that are tuned to 
different types o f  eye movements. There were cells that did not respond at all to 
small saccades (0.5-3 deg extent) but responded very well to slow drifts. 
Others showed the opposite behavior in responding to fast saccades but not to 
drifts. There were also cells that responded only when the stimulus was moved 
abruptly to coincide exactly with the RF. This motion seems to correspond to 
what acquisition saccades are designed to accomplish. The cells’ tuning for 
particular eye motions may be the result o f  the interaction o f  excitatory and 
inhibitory mechanism that make up their RFs. Relating neuronal responses to 
specific components eye movements as well as to cortical layer and 
eccentricity, will enable us to better understand cortical processing o f  
information acquired during normal vision.
Supported by Technion Fund for Promotion o f  Research (M.G.).

BASAL GANGLIA

790.1

BIOCHEMICAL AND MOTOR ALTERATIONS IN GTP- 
CYCLOHYDROLASE I DEFICIENT MICE. E.T. Kokotos Leonard! and C. 
Mvtilineou . Mt. Sinai School of Medicine, Department of Neurology, New 
York, New York 10029.

GTP cyclohydrolase I (GTP-CH1) is the rate limiting enzyme for the 
synthesis of tetrahydrobiopterin, a cofactor for tyrosine hydroxylase (TH). 
DOPA-responsive dystonia (DRD) is a disorder with mutations in the GTP- 
CH1 gene that result in reduced GTPCH-1 levels. Decreased levels of striatal 
dopamine (DA) and its metabolites are noted in post-mortem DRD brain, 
however, the neuropathology of DRD is unknown. A strain of mouse (hρh-1) 
has been developed with reduced GTP-CH1 activity, the same defect as 
patients with DRD. We investigated striatal dopamine levels and motor 
function in 2- and 12-month old hph-1 and control (c57bl) mice. A 36% 
reduction in DA (p<0.01) and a 53% reduction in HVA (p<0.01) levels was 
observed in 2 month old hρh-1 mice compared to age-matched controls. 
HVA/DA ratios in control and hρh-1 mice were 16.4% and 12.3%, 
respectively. There were no significant differences in DOPAC or DOPAC/DA 
ratios. We also observed reduced motor activity in the younger hρh-1 mice 
compared to controls. 12- month old hρh-1 mice showed a 22% reduction in 
striatal DA and a 32% reduction of HVA compared to age-matched controls. 
The DOPAC/DA ratios were 7 and 11% (p<0.05), and the HVA/DA ratios 
were 29.7% and 25.7% for control and hρh-1 mice, respectively. The older 
hρh-1 animals showed increases in some aspects of motor activity in 
comparison to controls. This suggests an up-regulation of DA receptors in 
response to decreases in DA and increases in DA turnover. Alternatively, the 
older hρh-1 animals may have a dysfunction of other neuronal systems as a 
result of the long-term DA alterations. Studies of hρh-1 mice may serve as a 
useful tool in the neuropathology of DRD. Supported by the Bachmann- 
Strauss Dystonia and Parksinson Foundation, Inc.

790.2
MINERAL DEPOSITS IN THE BASAL GANGLIA IN PARKINSON'S 
DISEASE (PD.) . M.Dogalil* ,R.R. Young2, C .-S , Zee3 . 1 Dept of 
Neurosurgery, 2 Dept, of Neurology, 3 Dept, of Radiology, 
University of Southern California; Los Angeles, CA 90033.

Thin section Tl-weighted magnetic resonance images(MRI) 
of the basal ganglia in patients with PD, prior to pallidot
omy, reveal numerous dark bodies which have not been pre
viously reported and are not seen in patients with essentiáL 
tremor or age-matched controls. They are also dark on T2- 
weighted images which suggests they contain iron. They are 
less well visualized with computerized tomography (CT) but 
some appear white, suggesting they contain, to a lesser ex
tent, calcium.

These bodies are present bilaterally, predominantly in 
the globus pallidus (GP), more on the clinically worse side- 
the side contralateral to the more severe bradykinesia or 
dyskinesia. The affected GP is functionally overactive on 
preoperative FDG PET scans and intraoperative microelectrαde 
recordings. Patients with many of these dark bodies have 
good functional outcomes when stereotactic lesions are 
placed in the GPi.

Iron and, to a lesser extent, calcium have been implicated 
in the oxidative stress model of the pathogenesis of PD. Iron 
in its reactive forms promotes the formation of cytotoxic free 
radicals which may, as Olanow and others postulate, play an im
portant role in the etiology of PD. The significance of these 
bodies remains unclear but they may represent a consequence of 
the loss of dopaminergic effects on GPi which, in DeLong's model, 
results in its hyperactivity. More intriguing is the possi
bility that these deposits are precursors to the loss of nigral 
dopaminergic cells and thus etiologically involved in PD.

790.3

EFFECTS OF 6-HYDROXYDOPAMINE NIGROSTRIATAL LESION AND 
DOPAMINE Dl/D2 RECEPTOR STIMULATION ON SLOW OSCILLATIONS 
(<O.5HZ) IN SUBTHALAMIC NUCLEUS SPIKE TRAINS. K. A. Allers*. D. S. 
Kreiss and J. R. Walters. ETB, NINDS, NIH, Bethesda, MD 20892-1406.

We have recently observed slow periodic oscillations (<O.5Hz) in firing rates of 
neurons from several basal ganglia nuclei recorded in locally anesthetized, paralyzed 
rats'. The present study examines effects of dopamine (DA) agonist administration 
and DA cell lesion on the incidence, frequency and amplitude of periodic oscillations 
in the subthalamic nucleus (STN) in the range of 2 -  60 seconds (0.017 - 0.5 Hz) 
using the Lomb periodogram method2. Significant periodicity was observed in spike 
trains (180 sec) in 57% of STN neurons from intact rats (n=7l) and in 55% of 
neurons from lesioned animals (n=73). No significant differences were observed 
between intact and lesioned animals in peak incidence, mean peak amplitude, or 
baseline oscillation periodicities (mean maximal peak period in intact: 23 ± 2 sec; in 
lesioned: 24 ± 2 sec). The D1 agonist SKF38393 (2Omg/kg, i.v.) did not significantly 
effect these periodicities in intact animals (n=9), but SKF38393 (lOmg/kg, i.v.) 
shortened mean maximal peak period in lesioned animals (12 ± 1.9 sec, n= 15 ). The 
D2 agonist quinpirole (0. l6mg/kg or 0.26 mg/kg, i.v.) had variable effects in both 
intact and lesioned animals. SKF38393 followed by quinpirole (0 .l6mg/kg) both 
shortened mean maximal peak period (8.6 ± 1 .1  sec, n=8) and increased periodic 
oscillation strength in intact animals. SKF38393 followed by quinpirole in lesioned 
animals increased the incidence of peaks in the 5-12 second range (n=8) with no 
change in strength. This lab has recently demonstrated that DA agonists can affect 
STN firing rates, although not always as predicted by current models of basal ganglia 
function3. These studies suggest that systemic D1 and D2 receptor stimulation can 
also alter STN neuronal firing patterns when administered independently or in concert 
in intact and 6-OHDA lesioned animals. 1 Ruskin et al. & Walters et at., this meeting. 
2Kaneoke and Vitek, J. Neurosci. Methods 68:211,1996. 3Kreiss et al., J. Neurosci. 
17: 6807,1997.

790.4

PATHOPHYSIOLOGY OF ADENOSINE IN THE STRIATUM OF 
PARKINSONISM IN THE COMMON MARMOSET.
M. NOMOTO*. T. SHIMIZU. S.-l. IWATA, S. KASEDA and T. FUKUDA. 
Dept, of Pharmacology, Kagoshima University School of Medicine, 
Sakuragaoka, Kagoshima 890-8520, Japan

Administration of adenosine or adenosine A2 receptor agonists 
induce catalepsy. On the other hand, adenosine receptor A2A 
antagonists reduce catalepsy. These reports suggest that adenosine is 
involved in control of motor function in the striatum through adenosine 
A2A receptors.

Using the microdialysis technique, we studied the extracellular 
concentrations of adenosine and a metabolite inosine in the striatum of 
common marmosets with parkinsonism induced by 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP). The extracellular output of 
adenosine during the 2 - 4 hrs after the start of dialysis was 6.61 ±0.64 
in MPTP-treated animals, and 4.09 ±0.92 in normal control animals.
The output of adenosine was higher in the striatum of MPTP-treated 
common marmosets than in that of normal control animals (P < 0.05 t- 
test). The output of adenosine and inosine increased following the 
administration of trihexyphenidyl, an anticholinergic agent as well as 
that of acethylcholine. The results may suggest that the release of 
adenosine increased in the striatum of MPTP-treated animals after the 
degeneration of nigrostriatal dopaminergic neurons which are presumed 
to exert an inhibitory influence on cholinergic neurons in the striatum, 
and that the increased adenosine was released, at least partly, by 
cholinergic cells in the striatum. Increased output of adenosine in the 
striatum might contribute to the induction of akinesia in MPTP-treated 
monkeys. Supported by MESC, GKH and SRFJ.

Society for N euroscience, Volume 24, 1998



1982 BASAL GANGLIA THURSDAY AM

790.5

REVEALING STRUCTURE-FUNCTION PATTERNS IN THE BASAL  
GANGLIA: ANIMATING AUTORADIOGRAPHIC MAPS.
H .M .Eckholdt L.L.Brown*. D.M .Smith. S.M.Feldman Dept, o f  
Neurology, Albert Einstein College o f  M edicine, Bronx, N Y  10461; 
Center for Neural Science, N Y U , N Y  N Y  10003.

14C deoxyglucose and 3H naloxone autoradiographic techniques sample the 
striatum and cortex to localize functional sites and receptors in 100 mm3 
regions without invasion o f  the brain. The analytic burdens o f  the resulting 
large data sets from individual 3Omm-thick histologic sections limit 
researchers in the conceptualization and testing o f  unseen functional entities 
that are essential to a major subcortical integrating nucleus, the striatum. 
Centroids o f  the peaks o f  metabolism and µ  opioid receptor patches from 
previous experiments o f  somatosensory stimulation effects in the striatum 
were animated using SAS and S-PLUS statistical programs. Data were 
easily imported from NIH IMAGE software files for this demonstration. 
The resulting images confirm our proposal that the striatum is organized in 
a strip and lattice-like fashion (Brown et al. 1998. JCN 392: 468-488). 
Further such animations have an impact on Type I (false rejection o f  null 
hypothesis), Type II (failure to reject null hypothesis), and Type III (failing 
to ask relevant hypotheses) error rates. The animations are proposed as an 
inexpensive tool for exploratory as well as confirmatory data analysis where 
analytic choices can be influenced by visual images and animations. 
Supported by N S21356 (LLB).

790.6
THE M ODULATION OF CALCIUM CURRENTS IN RAT GP BY THE 
ACTIVATION OF METABOTROPIC GLUTAMATE AND GABA RECEPTORS. 
F. Spadoni.1 A. Stefani.1’2 F. Lavaroni.2 P. Calabresi. 2 * A. Pisani. 2 and G.
Bemardi 2 . 1 IRCCS S. Lucia, Via Ardeatina 306 00179; 2 Dept. Neuroscience Univ. 
di Tor Vergata, Via di Tor Vergata 135, 00133 Rome Italy.

Changes in the excitability of mammalian globus pallidus (GP) cells (external 
pallidus in humans) may underlie the pathogenesis of movement disorders. GP 
receives an excitatory input from subthalamus and a strong inhibitory influence from 
striatum: both pathways, whose endogenous transmitters are, respectively, glutamate 
and GABA, activate ionotropic and metabotropic receptors as well. We have studied 
-by whole-cell voltage-clamp recordings in acutely isolated GP neurons - the 
modulation of HVA Ca2+ currents by agonists at mGluRs and GABAtø receptors. 
lS,3R-ACPD produced a 22 % reduction of Ca2+ currents, mimicked by the group I 
mGluR agonist DHPG. These responses were prevented by the cycloglycine MCPG, 
suggesting the involvement of a group I mGluR. The modulation was fast, saturating 
in less than 3 seconds; partially voltage-dependent, in that about 1/3rd was relieved by 
facilitation; G-protein-mediated, since largely suppressed by NEM. The response was 
antagonised by ω-conotoxin-GVIA and ω-Agaíoxin-IVA, supporting the involvement 
of N- and P-type channels. The mGluR-mediated inhibition of Ca2+ currents was 
observed in the vast majority of pallidal neurons.
Baclofen, in contrast, produced a rather large modulation (> 30 %) only in a subset of 
pallidal neurons. In larger cells, in fact, characterised by the presence of a low-voltage- 
activated Ca2+ current, the baclofen-induced response was negligible. GABAb
modulation was slow in onset and abolished by increased intracellular cAMP and 
extracellular forskolin. (Supported by CNR and M inistero della Sanità/IRCCS 
Grants)

790.7
DISSOCIATION O F ANTERIOR AND PO STERIO R STRIATUM 
ACTIVATIONS DURING EXTERNALLY AND SELF PACED SEQUENCES 
OF ARM MOVEMENTS. V. Menon*, G.H. Glover, A. Pfefferbaum, Departments 
of Psychiatry & Behavioral Sciences and Radiology, Stanford University; VA Palo 
Alto Health Care System and SRI International. Stanford, CA 94305.
The basal ganglia are thought to be critically involved in motor control. However, 
the relative contributions o f the various sub-components are not known. Although, in 
principle, functional MRI (fMRI) provides adequate resolution to image the basal 
ganglia at the spatial scale of the individual nuclei, activating these nuclei with fMRI 
has proven to be difficult. 21 subjects were imaged using fMRI during an 
experiment consisting o f 12 alternating 40s epochs o f rest and a motor sequencing 
task. 11 subjects performed an externally paced sequencing task and 10 others 
performed a self paced sequencing task. Statistical parametric maps for multisubject 
group average as well as single subject activations were derived. Activations from 
single subjects were compared between tasks. Both tasks resulted in significant 
activation of contralateral posterior (post-commissural) putamen and globus pallidus. 
This activation did not significantly differ between the tasks. In contrast, significant 
activation of the contralateral and ipsilateral anterior caudate and anterior putamen 
was observed only during externally paced arm movements. These results suggest a 
dissociation in the roles of the anterior and posterior dorsal basal ganglia: the 
anterior caudate and putamen may be involved in sensory to motor mapping and the 
posterior putamen and globus pallidus may be involved in the motor response itself. 
The findings support the hypothesis that the dorsal basal ganglia is involved in 
gating sensory influences onto motor areas and further suggest that interactions 
between the anterior and posterior striatum may serve to bind sensory stimuli with 
motor response. Supported by NIH (AA05965, MH30854, RRO9784), DVA and 
Norris Foundation.

790.8

BLOCKADE OF NMDA RECEPTORS OF THE RAT’S LATERAL STRIATUM 
IMPAIRS PERFORM ANCE OF FO RELIM B AND TONGUE REACHING 
TASKS. M. Pisa* and S. Shankardass. Dept. Biomed. Sci., McMaster Univ., 
Hamilton, Ont., Canada, L8N 3Z5.

Our previous studies have shown that NMDA receptor blockade of the rat’s 
lateral striatum results in a large increase of nondirected movements, such as in vacuo 
chewing, concurrent with a decrease of species-typical, object-directed responses, such 
as self-grooming and collecting food. This concurrence of hyperkinetic and 
hypokinetic effects was interpreted to support the hypothesis o f a behavioral switching 
function of striatal NMDA receptors, such that their activation both facilitates directed 
(reaching, appetitive) responses and inhibits nondirected (automatic, consummatory) 
responses, and their inactivation has the opposite effect. In the present study, the 
hypothesis was further tested by examining the effect of bilateral microinfusions of the 
NMDA receptor antagonist + 3-(2-carboxypiperazine-4yl)propyl-l-phosphonic acid, 
CPP, into the lateral striatum of male Wistar rats on performance of instrumental 
forelimb and tongue reaching tasks. CPP dose (0.8, 0.4 or 2 nmole/0.2 µl) was a 
between-factor, and injection treatment (sham, drug or vehicle saline) and postinjection 
time (lh , 2h, 4h) were within-factors. The forelimb reaching task consisted of trials 
of retrieving 45 mg food pellets placed inside a tube at distances between 15 mm and 
40 mm from the tube’s opening. Performance was measured by the maximal distance 
at which retrieval was successful. The tongue reaching task consisted of trials of 
inserting the tongue into a slot and licking from a graduated bar evenly smeared with 
mashed chow. Performance was measured by the length of the bar clear of food by the 
end of each trial. Compared with control treatments, CPP infusions resulted in a highly 
significant, dose-dependent decrease of reaching performance in both tasks, with the 
effect being maximal at lh  postinjection. The results support the hypothesis, indicating 
a crucial role of NMDA receptor activation of the rat’s lateral striatum in the execution 
of instrumental reaching responses. (Supported by NSERC, Canada).
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Effects of Ethanol Exposure on Glial-Derived Neurotrophic Factor 
(GDNF) Signal Transduction in Cerebellar Explant Cultures. R.E. 
McAlhanv Jr.*. R.C. Miranda and J.R, West. Department of Human 
Anatomy & Medical Neurobiology. Texas A&M University College of 
Medicine, College Station, TX 77843-1114.

We determined previously that GDNF attenuates ethanol-induced 
Purkinje cell loss and hypothesized that ethanol may interfere with 
endogenous trophic factor-mediated cell survival. Ethanol exposure 
results in a significant decrease (40%) in GDNF released by cerebellar 
cultures into culture medium. Therefore, we investigated the interaction 
of ethanol with GDNF-mediated signaling mechanisms. We examined 
the activation of three potential pathways, the Mitogen Activated Protein 
(MAP) kinase, Inositol trisphosphate (IP3), and Protein Kinase A (PKA) 
pathways that are activated subsequent to GDNF phosphorylation of the 
coupling protein She (Carboxy-terminal Src Homology domain). Ethanol 
exposure does not alter basal She phosphorylation, but increases GDNF- 
stimulated phosphorylation of She. In contrast, ethanol exposure results 
in an increase in basal levels of MAP kinase phosphorylation but does not 
alter GDNF-stimulated MAP kinase phosphorylation. This suggests that 
GDNF activates alternate protective pathways via She in response to 
ethanol exposure. However, ethanol exposure does not significantly alter 
basal or GDNF-stimulated PKA activity or IP3 levels in whole cerebellar 
explant cultures. Purkinje cells, the GDNF responsive cells of the 
cerebellum, comprise only a small percentage of total cerebellar cells. 
Therefore, we are currently utilizing SK-N-SH cells, a homogeneous 
GDNF-responsive cell line, to investigate the interactions of ethanol with 
the GDNF signal transduction pathway. Funded in part by NIAAA 
AAO5523 (JRW) and funds from Texas A&M University (RCM).

ORL1 RECEPTOR KNOCKDOWN INCREASES THE RESPONSE TO THE 
EXCITATORY EFFECTS OF ETHANOL. Gregory G. Blakley*, Larissa A. 
Pohorecky, Daniel Benjamin. Div. Of Neuropharmacology, Center of Alcohol Studies, 
Rutgers University, Piscataway, NJ, 08855.
The recently discovered opioid-like peptide orphanin FQ acts through the ORL1 
receptor to physiologically inhibit endogenous opioid function. The importance of the 
opioid system in the acute behavioral and neurochemical effects of ethanol strongly 
suggest that the OFQ system might also be involved. The behavioral relevance of these 
effects of ethanol on function of the OFQ system was verified experimentally using an 
antisense knockdown approach. Rats were treated with antisense directed at the 5' 
untranslated region of mRNA coding for the ORL-1 receptor, or a mismatched control, 
and then tested for behavioral responses to ethanol in the open field. An expected 
increase in tail-flick latency was observed in these rats prior to testing, which 
established that the antisense sequence resulted in a functionally relevant decrease in the 
ORL-1 receptor. Behavior in the open field following saline injection was not affected 
by the antisense treatment. Following ethanol injection, both the controls and antisense- 
treated rats exhibited an increase in locomotor activity, however, this increase was 46% 
greater in the antisense-treated group. The significantly greater increase in behavioral 
activation following ORL-1 receptor knockdown demonstrates an important role of the 
OFQ system to inhibit the stimulatory effects of ethanol. Following sacrifice, a highly 
significant 66% decrease in OFQ-stimulated [35S]GTPγS binding was observed in the 
antisense treated rats. The antisense treatment was specific, because [35S]- GTPγS 
binding stimulated by the kappa receptor agonist, U50-488, was unaffected. Since the 
behavioral activation caused by ethanol is thought to be related to its rewarding effects, 
these results indicate that an ORL1 receptor agonist might decrease ethanol 
consumption. (Supported in part by NIAAA and NIMH)
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791.3
ALCOHOL ALTERS TRH AND TRANSCRIPTION FACTORS, FOS/JUN, CRLB 
IN HIPPOCAMPUS AND HYPOTHALAMUS. IMP. JACKSON*. LU-GlJANG 
LUO. Division of Endocrinology, Rhode Island Hospital, Brown University School of 
Medicine, Providence, RI 02903.

TRH functions as an "ergotropic" substance in the CNS and has been shown to 
shorten the sleeping time due to alcohol in rodents, an effect that may involve changes 
in neuronal transcription factors. In this study, we used fetal rat (day 17) hippocampus 
and hypothalamus in monolayer culture to investigate the effects of alcohol on neuronal 
function. We found that in both hippocampus and hypothalamus there was a dose 
dependent decrease in TRH, with effects at concentrations comparable to those found in 
vivo that give rise to behavioral effects in man and rat, while CRF, previously shown 
to rise in (he hypothalamic PVN following alcohol, increased in both areas. The 
different resjx>nse of CRF to that of TRH suggests that the effect of ethanol on these 
peptides is specific. Second, on immunocytochemistry, ethanol reduced the expression 
of the transcription factor CREB in both hippocampus and hypothalamus by 60-70% at 
7 days. As early as 7 hours there was a significant reduction of fluorescence in the 
hippocampus by approximately 35%, though not in the hypothalamus at this time. 
The similar response of CREB to TRH following ethanol exposure, raised the 
possibility that the effect on TRH in CNS cultures could be mediated, at least in part, 
through CREB. Third, immunocytochemical staining in the hypothalamus for the 
protooncogenes cfυs and cjun was significantly reduced at 7 days by 40 and 70% 
respectively. No changes, however, were seen during the first 7 hours of culture. The 
hippocampus. was examined for cfos/cjun immunofluorescence only at 7 hours and 
showed a marked reduction of staining for cjun by 80% while cfos showed no change at 
this time. The early response of both CREB and cjun to ethanol in the hippocampus, 
but not hypothalamus, raises the possibility that the mechanism of alcohol action at 
these locations may differ. In summary, we have shown (hat alcohol impairs the 
expression o f TRH, the protooncogenes cfos/cjun and CREB in the CNS. These 
changes may contribute to the effects of alcohol on the CNS and account for the 
amethystic effect of TRH.

G A BA a AND NM DA RECEPTOR GENE EXPRESSION ARE  
DIFFERENTIALLY ALTERED BY  CHRONIC ETHANOL  
EXPOSURE IN RAT HYPOTHALAM US COMPARED TO 
CEREBRAL CORTEX. L. L. D evaud* J.M. Fritschv2 and A. L. 
Morrow1. 'University o f North Carolina, Chapel Hill, NC, U SA  and 
2University of Zurich, Zurich, Switz.

Subunit selective alterations in gene expression for GABA λ and 
NMDA receptors are found after chronic ethanol administration (CE) 
and are associated with adaptations in GA BA a and NM DA receptor 
functions. We studied the regional specificity o f these effects as a 
number of brain areas, including the hypothalamus (hypo), appear to be 
important sites for the actions o f ethanol. W e measured the effects o f  
CE on receptor subunit peptide levels in hypo and cerebral cortex (ctx) 
by Western Blot analysis. Hypothalamic GA BA a α l  subunit peptide 
levels increased 26± l 1 % above pair-fed control levels, in contrast to the 
significant decrease previously reported in cerebral cortex and no 
change in hippocampus following 14 days o f CE. Similar effects o f CE 
on additional α  subunit peptide levels were found between ctx and hypo 
(no change α 2 , increased α3 and cc4 peptide levels). In addition, we 
found no change in hypo ß2/3 peptide levels whereas levels were 
increased in ctx. Regulation o f NM DA receptor subunit peptide 
expression by CE was similar between ctx and hypo for NR1 (no 
change) and NR2A  subunits (increased 25±9 versus 31±15%  for ctx 
and hypo). However, NR2B subunit peptide levels increased in ctx but 
not hypo with CE. This evidence suggests that CE has selective effects 
on G A BA a and NM DA receptor expression that varies by brain region 
and may impact on functional alterations associated with chronic ethanol 
exposure. Supported by AA00191 and A A 09013.

791.5
INCREASED ETHANOL CONSUMPTION AND REDUCED SENSITIVITY 
TO THE SEDATIVE/HYPNOTIC EFFECTS OF ETHANOL IN MICE 
LACKING NEUROPEPTIDE-Y (NPY). T,E, Thiele1*. R.D. Palmiter2,
& IX . Bernstein1. 'Dept, of Psychology and 2Howard Hughes Medical Institute 
and Department of Biochemistry, U. of W ashington, Seattle, W A 98195.

Recently, quantitative trait loci (QTL) analyses and assay studies have 
indicated that NPY may be associated with alcohol preference in rats 
selectively-bred to model alcoholism. In the present research, NPY knockout 
mice were tested to assess the role of NPY in voluntary ethanol consumption. 
NPY-deficient mice (NPY -/-; n = ll )  and wild type mice (NPY +/+; n = ll)  were 
given continuous access to both water and ethanol. M ice received 3%, 6%, 
10%, and 20% (v/v) ethanol in an ascending concentration sequence, with each 
concentration offered for 8-days. Relative to the wild-type mice, the NPY- 
deficient mice consumed twice as much of the 6% ethanol solution and 
approximately 50% more of the two higher concentrations. To assess whether 
these differences in ethanol intake were associated with a reduced sensitivity to 
the sedative/hypnotic effects of ethanol, mice (n=7 per genotype) were given 
injection of ethanol in a dose sufficient to produce sedation (4.0 g/kg, IP; 20% 
(w/v». NPY-deficient mice were found to regain their right reflex significantly 
sooner than the wild-type mice (approximately 15-min), indicating a lower 
sensitivity to the sedative/hypnotic effects of ethanol. Importantly, there were no 
differences between the genotypes in food intake, body weight, preference for 
sucrose or quinine solutions, or plasma/ethanol levels one and 3-h after IP 
injection of ethanol (4.0 g/kg). These data demonstrate that NPY is involved 
with the regulation of ethanol drinking and with the sedative/hypnotic effects 
produced by ethanol.
This research was supported by AAO74S5 and  a grant fro m  the A lcohol and Drug 
Abuse Institute, U. o f  Washington.

791.7
ALCOHOL INDUCES M ASSIVE APOPTOTIC NEURO
DEGENERATION IN THE DEVELOPING RAT CNS. J.W. Olnev*.
D.F. Wozniak. M.T. Price. C. Ikonomidou. Washington Univ., St. Louis, 
MO and Humboldt University, Berlin, Germany.

Alcohol is the most widely abused drug in the world, and intrauterine 
exposure to alcohol accounts for more cases of mental impairment than 
any other agent in the human environment [termed fetal alcohol 
syndrome (FAS) or fetal alcohol effects (FAE)]. Here we report that 
administration of alcohol to a 7 day old infant rat by a dosing regimen 
calculated to keep the pup steadily intoxicated for 6 hrs bn a single day, 
triggers massive apoptotic neurodegeneration throughout many regions 
of the CNS, including all subdivisions o f the neocortex, the subiculum, 
hippocampus, basal ganglia, several thalamic nuclei, the amygdala, 
cerebellum and retina. A relatively ignored property of alcohol, its ability 
to block NMDA glutamate receptors, appears to be the main mechanism 
by which it triggers apoptotic neurodegeneration, in that we have just 
discovered (see Ikonomidou et al., this meeting) that blockade of NMDA 
receptors by other drugs (M K801, PCP, CPP) during a critical 
developmental period (brain "growth spurt" period) triggers the same 
pattern o f massive apoptotic neurodegeneration. The most disabling 
features o f the FAS are neurobehavioral disturbances (accompanied by 
microcephaly) which reflect a deleterious effect of alcohol in late 
gestation when the brain growth spurt occurs in humans. In the rat, the 
brain growth spurt occurs primarily in the first 2 weeks postnatally, so 
the apoptotic neurodegenerative syndrome triggered by alcohol in the 7 
day old rat is an excellent model for demonstrating how alcohol 
exposure o f the human fetus in late gestation can result in massive neuro
degeneration, microcephaly and lifelong neurobehavioral disturbances. 
Supported by AG11355, DAO5O72, EYO8O89 and RSA MH38894 (JWO).

791.6
CYTOCHROME P-4502E (CYP2E) IN BRAIN: CONSTITUTIVE EXPRESSION 
AND INDUCTION BY ETHANOL: V. Ravmdranath3. K.C. Sudarshân . P.S, 
Tirumalai3. M.R. Boyd and S.H. KoslcAv Lab. of Drug Discovery Research & 
Development, DTP, NCI, NIH *Office on Neuroinformatics, NIMH, NIH, 3 Dept, of 
Neurochemistry, NIMHANS, Bangalore 560 029, India 

Cytochrome P-450 (P45O), a family of haem-containing enzymes is involved in the 

metabolism of xenobiotics including drugs. Cytochrome P4502E (CYP2E), the major 

ethanol-inducible P45O metabolizes ethanol to acetaldehyde and is also implicated in the 

generation of free radicals. Metabolism of ethanol to acetaldehyde in the brain could be 
deleterious since it reacts with cytoskeletal proteins forming adducts. The constitutive 

expression of P4502E and the effects of chronic ethanol administration on P-4502E 
associated monooxygenase activity (chlorzoxazone 6 -hydroxylase) were studied in rat 

brain regions. The enzyme activity was induced in cortex and hippocampus, down 

regulated in brainstem and unchanged in cerebellum after chronic ethanol treatment. 

Northern blot analysis of whole brain poly (A) RNA using cDNA to rat liver CYP2E 1 
revealed the constitutive presence of the transcript in rat brain. Localization of CYP2E 

by fluorescence in situ hybridization in rat and human brain demonstrated the constitutive 

expression of CYP2E predominantly in the neuronal cells in the olfactory bulb, cerebral 

cortex, hippocampus and cerebellum and to a lesser extent in the reticular neurons of 

midbrain and neurons in striatum. The present studies demonstrate the constitutive 
expression of P4502E in rat and human brain and its preferential localization in the 

neuronal cells. The selective induction of P4502E in cortex and hippocampus by ethanol 
points to the potential vulnerability of these regions to damage through 

acetaldehyde/reactive oxygen species. Supported by MH55494 from NIMH.

791.8
PLASTICITY OF NEURONS IN MOTOR CORTEX AFTER NEONATAL 
EXPOSURE TO ETHANOL: EFFECT OF MOTOR ACTIVITY ALONE AND 
COMPLEX MOTOR LEARNING. A.Klintsova4*. T.Briones4. A.Hussain. W.Weir,
C.Goodlett5. R.Napper6 and W.T.Greenough1,2'3'4. Depts. of 'Psychol, and 2Psychiatry, 
’Neurosci. Prog, and 4Beckman Inst. Univ. of IL, Urbana IL 61801, 5Dept. of 
Psychol., IUPUI, Indianapolis, IN 46202 and 6Univ. Otago, Dunedin, New Zealand.

Exposure to alcohol during the “brain growth spurt” (first K) postnatal days in 
rats, equivalent to human third trimester of pregnancy) results in reduced overall brain 
weight and selective loss of neurons. Previously we demonstrated that complex motor 
skill learning can produce synaptogenesis in cerebellar cortex damaged by neonatal 
binge-like exposure to ethanol. Using artificial rearing and introgastric ethanol 
administration as a model of binge drinking, the present study investigated how 
neonatal alcohol exposure affects the neurons in primary motor cortex and if motor 
skill learning has similar rehabilitative effects on this brain area. Rats (N=7O) were 
assigned to one of the following treatments on days P4-P9: alcohol exposure (AE) of 
4.5g/kg/day; an artificially reared control (GC); or suckle control (SC). At the age of 6 
months, one-third of the rats from each group underwent 2 0  days of complex motor 
skill training (rehabilitation condition, RC); another third ran on a flat track (motor 
control, MC) and the rest stayed in individual cages (inactive control, IC). After 
completion of training , animals were tested on rotating rod, parallel bars and rope 
climbing. Half the brains were Golgi-impregnated and the others were processed for 
electron microscopy. Analysis of Golgi-impregnated neurons in layer II/¤I of motor 
cortex demonstrated that neonatal exposure to alcohol results in decreased size of apical 
dendrites. Complex motor training ameliorates that effect in AE-RC animals and 
results in increased dendritic material in both SC-RC and AE-RC rats. Motor exercise 
alone increased the branching of basal dendrites in AE animals.
Supported by PHS AAO9838.
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791.9
ACUTE AND CHRONIC EFFECTS OF ETHANOL INJECTION ON 
THERMOREGULATION IN C57 AND DBA MICE. L.I. Crawshaw,1-2 H. L. 
Wallace,1 J. Anderson,1 J.C. Crabbe,2 and F.O. Risinger,2 *. ‘Dept, of Biology,
Portland State Univ. Portland, OR 97207; 2Dept. of Behavioral Neuroscience, Oregon 
Health Sciences Univ.

C57 and DBA mouse strains respond differently to ethanol. C57 mice drink more 
ethanol in a preference test and exhibit a greater fall in core temperature (Tc) following 
acute ethanol injection. To understand differences in thermoregulatory responses and 
in tolerance development between the two strains, daily injections of ethanol (3.0 
g/kg) or NaCl were administered to adult, male C57 and DBA mice once a day for 5 
days while in an 18 C metabolic chamber. Tc was measured by telemetry. Control 
treatment involved injection with NaCl all 5 days. Acute treatment involved ethanol 
injection only on the fifth day. Tolerance treatment consisted of ethanol injections on 
days 3 ,4 , and 5. The responses of the two strains were relatively similar on day 1 
of control treatment. Over the subsequent 4 days, the two strains developed different 
responses to continued NaCl injections. C57 mice showed a progressive decrease in 
metabolic heat production (MHP), Tc and thermal conductance (TC), while the 
responses of DBA mice showed little change. The two strains also responded 
differently to acute events (placement in chamber or injections). Following such events, 
C57 mice showed more rapid increases in MHP, Te, and TC, but also returned to 
baseline levels more rapidly. Following the acute ethanol injections, both strains 
responded with a fall in Tc. The development of tolerance (decrease in response on 
day 5 chronic as compared to response on day 5 acute) was greater for the C57 mice, 
but because of very different responses to repeated injections, and to acute events, the 
relative magnitude of tolerance development is hard to assess. To a lesser extent, 
similar difficulties pertain to comparisons between the strains for acute injections. 
Supported by grant A A10760.

791.11
EVIDENCE THAT PLASMA LEVELS OF NATURAL BENZODIAZEPINES ARE 
REGULATED BY INTESTINAL BACTERIAL FI.ORA.
R. Avallone. L. Corsi. I. Venturini°. F. Farina°. M.L. Zeneroli° and M Baraldi*.
Dept, o f Pharmaceutical Sciences and of Internal Medicine0, Modena University, 
Modena 41100, Italy;.
...During the last 10 years evidence have been provided that an increased sensitivity of 
the GABAergic neurotransmission affects the level of consciousness in animal models 
and in human with hepatic encephalopathy (HE) due to acute or chronic liver 
diseases. Benzodiazepines (BDZs) have been considered as pathogenetic agents of HE 
together with an increased presence of ammonia. Benzodiazepine-like compounds are 
present in trace amounts in the blood o f normal subjects and increase in liver cirrhotic 
patients with or without encephalopathy. Their increased presence may represent an 
occasional precipitating factor of HE. The source o f these compounds is still unknown 
but they have been described in medicinal plants, vegetables and milk. In order to 
establish the content o f BDZs in our diet we measured by HPLC followed by 
radioligand binding technique in potatoes and tomatoes. The levels ranged from 0.03 
to 3.56 ng/g and from 0.01 to 1.55 ng/g respectively depending from the selected 
cultivars. It has been suggested that microorganims may synthesise molecules with 
benzodiazepine-like structures, hence indicating that intestinal bacterial flora might 
contribute to rise the levels o f BDZs in the blood. With the aim to verify this 
hypothesis, 10 liver cirrhosis patients in Child B class, free of commercial 
benzodiazepine medications and under a constant diet, were treated with 4-deossι-4- 
m ethyl-pyrido-(r,2’-l,2)-imidazo-(5,4-c)-ryfampicin SV (rifaximin, 800 mg/die x 7 
days) in order to modify the bacterial flora. The plasma levels of BDZs were 
decreased o f 40% after terapy. The observation indicates that intestinal bacterial flora 
is involved in the production o f these compounds. In conclusion, even if we cannot 
exclude an endogenous synthesis, these observations seem to prove that the sources of 
BDZs in human could be the result o f a combination o f food ingestion and bacterial 
flora production.
(Partly supported by M.I.R.A.A.F. and Alfa Wassermann, Bologna, Italy, grants).

791.10
BINGE EXPOSURE TO ALCOHOL PRODUCES LEARNING 
IMPAIRMENT AND HIPPOCAMPAL CHANGES IN 
PERIADOLESCENT FERRETS. M. H. Lee*. H. Imaki. E. Park. A. 
Heanev and P. Kozlowski. New York State Institute for Basic Research, 
Staten Island, NY 10314.

It has been demonstrated that alcohol exposure during the peri-adolescent 
period can alter neurobiological response patterns in rodents. However, no 
study so far has demonstrated enduring behavioral or anatomical changes 
associated with juvenile drinking. Using ferrets, which have a much longer 
period of prepuberty than rodents, we evaluated the effect of binge 
exposure to alcohol, a common pattern of drinking behavior among 
teenagers. From the 9th week of age, ferrets were intubated with 3 g/kg 
ethanol 3 times a week for 6 weeks. This dose had a sedative effect, and 
their BAC reached 339±l1 mg/dl one hour after administration 
(significantly higher than that of mature ferrets, 261 ±12). At both 2 weeks 
and 3 months after the conclusion of the alcohol treatment, the alcohol- 
exposed ferrets were impaired in learning to escape through a hidden 
platform in a water cross maze. Neuroanatomical evaluation showed 
reduction in density of hippocampal pyramidal neurons in the alcohol- 
exposed ferrets. Ultrastructural examination of their hippocampus showed 
evidence of a late stage neuronal degeneration, and a reduced number of 
synapses. These results demonstrate that periadolescent alcohol drinking 
produces long-lasting cognitive and neuroanatomical changes. (Supported 
by NYS Office of Mental Retardation and Developmental Disabilities)

POTASSIUM CHANNELS

792.1 792.2

THE KQT2 CHANNEL IS A MOLECULAR CORRELATE OF THE M- 
CHANNEL IN SYMPATHETIC NEURONS. H-S Wanα2*. W Shi1. B S 
Brown3. A M N-Costa3. J Zhan1. R S Wvmore2.1 S Cohen2. J E Dixon1 and 
D McKinnon1, 'Deot of Neurobioloαv and Behavior, and zPhysioloov and 
Biophysics, SUNY at Stony Brook, Stony Brook, NY 11794. ¾CNS Diseases 
Research, DuPont Merck Research Laboratories, Wilmington DE 19880

The M-current is a slowly activating and slowly deactivating 
potassium conductance that plays a critical role in determining the electrical 
excitability of neurons. This conductance begins to activate around the 
resting membrane potential and becomes increasingly activated as the cell 
is depolarized towards the spike threshold, thereby controlling the 
subthreshold electrical excitability of neurons as well as the responsiveness 
to synaptic inputs. The M-current was first described in peripheral 
sympathetic neurons and differential expression of this conductance 
contributes to the electrophysiological differentiation of subtypes of 
sympathetic neurons.

Considerable time and effort has been invested in trying to find the 
molecular correlate of the channel that underlies the M-current. Despite a 
number of suggested possibilities, however, the identity of the gene that 
encodes this channel remains unknown. To address this question, we have 
undertaken a systematic study of cloned potassium channels, including 
members of the eag, erg, elk and KQT family, to determine which channels 
have the expression pattern, biophysical properties and susceptibility to 
pharmacological blockade consistent with a contribution to the M-current of 
sympathetic neurons. The results strongly suggest that the KQT2 (KCNQ2) 
gene encodes a channel that is likely to contribute substantially to the native 
M-current of sympathetic neurons.

(Supported by grants from the National Institutes of Health).

NOVEL PROPERTIES OF ERG K+ CHANNELS IN PITUITARY CELLS 
BRosati1. AArcaneeli2. D.Cuccuru1, O.Crociani2. M Lecchi1. 
MOlivotto2 and E,Wanke1 *.
'Dept.of General Physiology and Biochemistry, University of Milan, Italy and 2Inst.of 
General Pathology, University of Florence, Italy.
ERG channels are a family o f K+ channels encoded by the “ether à go-go 
related genes” (Shi et al.,J.Neurosci.,1998) and found to be expressed in a 
wide variety o f tissues, from heart to brain, and also in many tumor cell 
lines o f different histogenesis (Bianchi et a l,Cancer Res., 1998). At 
present, only the functions of ERG channels in heart (Sanguinetti et 
al.,Cell, 1995) and in neuronal excitable cells (spike frequency adaptation, 
Chiesa et a l, J.Physiol.,1997) were assessed, while their role in other 
tissues remains unclear. We found that a rat prolactin (PRL) secreting 
pituitary tumor cell line (MMQ) displays a K+ current similar to the ERG 
current, as confirmed by pharmacology (WAY 123,398 sensitivity) and by 
the Northern blot technique. Interestingly, ERG current in MMQ cells 
shows a further novel component with very peculiar biophysical 
characteristics, namely a 30 mV left-shifted activation curve with respect 
to control, and a very slow time course o f the deactivation process 
(x_i2o=1800 ms versus 42 ms). These features could, in our vision, 
account for a novel function o f ERG channels in PRL release both in 
MMQ cells and in normal pituitary cells, where these channels can be also 
found (Weinsberg et al.,Pflü.Arch., 1997). (Supported by Telethon ,MURST, 
AIRC, and CNR).
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792.3
VOLTAGE-DEPENDENT POTASSIUM CHANNELS Kv2.1 AND Kv6.1 
FORM HETEROMERIC CHANNELS IN VIVO.
M.A. Post, J.W. Kramer. G.E. Kirsch. A.M . Brown*. Dept, o f  Physiology and 
Biophysics, Rammelkamp Research Center, MetroHealth Campus, Case Western 
Reserve University, Cleveland, OH 44109  

The function o f the voltage-gated potassium channel Kv6.1 is unknown. This 
channel fails to generate exogenous currents when expressed in Xenopus 
oocytes, but when co-expressed with either member o f the Kv2 subfamily alters 
the TEA sensitivity and the current kinetics (FEBS Lett. 399:177,1996). 
However, because the Kv6.1 α-subunit by itself is electrically silent the 
physiological significance o f this finding in the absence o f in vivo co-expression  
data has remained unclear. W e report here the novel observation that K v2.1 and 
Kv6.1 α-subunits combine to form heteromeric channels in vivo. Polyclonal 
antibodies were raised to a Kv6 . 1 carboxy terminus (amino acids 467-514) GST 
fusion protein, and affinity purified using a M BP-K v6 .lC-term inus fusion  
protein. Western blots o f crude m icrosomes from rat tissues probed with the 
anti-Kv6 . 1 pAb displayed strong immunoreactivity from adrenal gland, brain, 
heart, thymus, uterus, kidney, and colon, weaker signals were seen from eye, 
aorta, ovaries, skeletal muscle, liver, and small intestine. A  K v2.1 pAb detected 
immunoreactivity mainly in eye and brain. The Kv6.1 pAb was used to 
immunoprecipitate channel com plexes from 1 mg each o f rat brain and eye crude 
microsomes. Western blots o f these immunoprecipitates, probed with a Kv2.1 
mAb, revealed that K v2.1 co-immunoprecipitated with Kv6 . 1 from both eye and 
brain. This strongly suggests that Kv6.1 forms heterotetramers with Kv2.1 in 
vivo, perhaps as a mechanism to enhance cellular K+ current repertoire. (HL- 
36930, HL-55404 (AM B); N S -23877 (GEK)).

792.5
INTERACTIONS BETWEEN TYROSINE AND ASPARTATE RESIDUES IN
THE P-LOOP OF NEIGHBORING K CHANNEL SUBUNITS
M.L. Chapman*. RWM Bullens, H.S. Krovetz. and A.M.J, VanDongen.
Dept of Pharmacol & Cancer Biol, Duke Univ Med Ctr, Durham, NC 27707.

K channels establish highly selective ion permeation pathways in the 
membrane by assembling into homo-tetrameric structures. The four identical 
subunits each contribute a hairpin loop to a centrally localized pore. These pore
forming P-regions contain the highly conserved Gly-Tyr-Gly-Asp (GYGD) 
signature sequence. We have recently shown for the drkl (Kv2.1) K channel that 
D378 in the GYGD sequence forms an external K binding site which is important 
for open state stability. Mutation of Y376 results in degeneration of ion 
selectivity, suggesting an important functional role for the GYGD sequence. The 
universal importance of the GYGD sequence has recently been challenged by 
identification of a new class of K channels in which each subunit encodes two P- 
regions that do not contain the GYGD sequence. However, analysis of a large 
number of 2 P-domain sequences revealed an interesting pattern: one of the P- 
regions always encodes GYGx while the other P-region is GxGD, where x is an 
amino acid not conforming to the signature. This unusual co-variation suggested 
a functional interaction between neighboring signature sequences. We have 
tested this hypothesis in the drkl (Kv2.1) K channel. Effects on selectivity and 
permeation by point mutations of Y376 and D378 were reduced when they were 
combined in a dimer. Introduction of cysteines at these positions resulted in 
complete loss of function. Combining the two lethal mutations (Y376C and 
D378C) in a dimer restored function and resulted in the introduction of a 
disulfide bond and a high-affinity soft metal binding site. We conclude that there 
is an inter-subunit interaction between Y376 and D378 that may help explain the 
conservation seen in the 2 P-domain channels.

Supported by NINDS grant NS31557 to AMJVD.

792.7

PROTEIN KINASE A-MEDIATED PHOSPHORYLATION ALTERS THE 
SINGLE-CHANNEL PROPERTIES OF TRUNCATED ATP-SENSITIVE 
POTASSIUM (KATp) CHANNEL CURRENTS TRANSIENTLY EXPRESSED IN 
HEK293 CELLS. Y.-F. Lin*1 , Y. N. Jan1'2 and L, Y. Jan1’2. Howard Hughes 
Medical Institute' and Depts. o f Physiology and Biochemistry2, University of 
California, San Francisco, CA 94143.

The ATP-sensitive potassium (KA7P) channels are composed of Kir6.2, an inwardly 
rectifying potassium channel, and the sulfonylurea receptor (SUR). Earlier studies 
suggest that the native KA7P channels are subject to the modulation by protein 
phosphorylation; however, the mechanism of direct involvement o f Kir6.2 or SUR 
remains undetermined. Truncated forms of Kir6.2, with the last 26 or 36 amino acids 
at the C-terminus removed, are expressed functionally independent of SUR (Tucker 
et al., 1997). In the present study, we examined the mechanism of the PKA-mediated 
modulation of Kir6.2 channel function by performing single-channel recordings on 
inside-out membrane patches excised from HEK293 cells transiently expressing 
truncated KA,p channels (Kir6.2Δ36). Voltage was held at -60 mV intracellularly. 
PKA catalytic subunit (c-PKA, 50 µg/ml) plus ATP (0.5-1 mM) were applied to the 
cytoplasmic surfaces of patches. PKA treatment enhanced steady-state single
channel currents of Kir6.2Δ36 without affecting single-channel conductance level. 
The NPo value was 4.73x2.29% in the control conditions and increased to 
11.25±6.25% in the presence of c-PKA (5 patches). Corrected mean open duration 
was l.55±O.3l msec in control and was l.7O±O.34 msec when c-PKA was applied (p 
< 0.01, paired / test). These changes were abolished when c-PKA was coapplied 
with the specific PKA inhibitory peptide (PKIP, 200 µg/ml; 3 patches). Effects of 
point mutations made to modify the T224 residue contained in the consensus 
phosphorylation sequence of Kir6.2Δ36 are currently under characterization. Our 
data suggest that PKA phosphorylation modifies single-channel gating properties and 
thus enhances KA7P channel function, (supported by NIH grant N S15963 to Y.N.J. and L.Y.J.)

792.4
ACIDIC RESIDUE E283 IN THE S2 SEGMENT OF SHAKER K+ CHANNEL IS 
ACCESSIBLE FROM THE OUTSIDE IN CLOSED OR OPEN CHANNEL 
CONFORMATIONS. S. K. Tiwari-Woodruff. M. A. Lin and D. M. Papazian . Dept, of 
Physiology, School of Medicine, UCLA, Los Angeles, Ca 90024.

Structural interactions have been identified between E283 in the S2 segment and R368 and 
R37l in S4 of Shaker K+ channels (Tiwari-Woodruff et al., Biophys. J., 72:1489, 1997). 
Recent studies have shown that R368 moves from the inside to the outside of the membrane 
during activation, whereas R37l is exposed to the inside in the closed state but is 
inaccessible in the open state (Larsson et al., Neuron, 16:387, 1996; Starace et al., Neuron, 
19:1319, 1997). Where is E283 when the channel is in open or closed conformations? In 
what conformations do the interactions between R368, R37l and E283 occur? To address 
these questions E283 was mutated to cysteine in a deletion mutant (Δ6-46) lacking N-type 
inactivation. Shaker K+ channels containing mutation E283C were functional only in the 
presence of a secondary mutation R371C or R371Q. The effects of cysteine modification 
reagents on the functional properties of mutant channels were determined using two electrode 
voltage clamp and macropatch methods. Sulfhydryl-specific methanethiosulfonate 
derivatives MTSET and MTSES, and Cd2+ were applied extracellularly at -100 mV or +40 
mV, potentials at which the mutant channels are closed or open, respectively. The results 
show that the deactivation kinetics of E283C+R371Q and E283C+R371C became faster upon 
application of Cd2+ (3OOµM), MTSES (5mM) and MTSET (5mM) at both potentials. Cd2+ 
and MTSET, which are both positively charged, decreased the deactivation time constant 
significantly in a similar way, except that the Cd2+ modification was completely reversible by 
EGTA. The tail kinetics in the presence of MTSES were too fast to be measurable. Single 
mutants R371Q and R371C did not show significant modification. These results suggest that 
1) E283 is accessible from the outside before and after the voltage-dependent steps of 
activation; 2) E283 does not move relative to the transmembrane electric field consistent with 
gating current studies (Seoh et al, Neuron, 16: 1159, 1996); and 3) E283 interacts with R368 
and R37l in an activated channel state.
Supported by the NIH grant (GM43459 and NS0710115), and the American Heart 
Association (1149-FI1).

792.6
NITRATION OF “BALL" PEPTIDES BY PEROXYNITRITE SLOWS THE 

INACTIVATION OF POTASSIUM CHANNELS
T, Hoshi*1, S.H. Heinemann3 and A.R. Kay2 ‘Physiology & Biophysics; 
¾iological Sciences, Univ. of Iowa, Iowa City,IA 52242; 3Max Planck Society, 
Research Unit Molecular and Cellular Biophysics, Jena, D-07747, Germany.

The free radicals nitric oxide and superoxide react very rapidly to generate 
the non-radical species peroxynitrite (ONOO). Its conjugate acid, ONOOH, 
decomposes rapidly to nitrate via a reactive intermediate capable of oxidizing 
proteins, lipids, carbohydrates and DNA. Prominent among these reactions is the 
conversion of tyrosine to 3-nitrotyrosine (3NT). Nitration is irreversible and 
prevents the action of tyrosine kinases. Furthermore, as nitration introduces a 
fixed negative charge it may be expected to alter other aspects of protein function. 
In this presentation we examine the effect of the conversion of Tyr to 3NT on 
potassium channel inactivation.

A Tyr residue is found in the inactivation “ball” domains of Drosophila ShB 
and mammalian Raw3 (Kv3.4) K+ channels. The intrinsic fluorescence of Tyr and 
its abolition by nitration was used to monitor the extent of nitration of the 
inactivation balls. Substitution of 3NT for Tyr in synthetic inactivation balls led to 
a slowing of the inactivation time course of K+ currents expressed in Xenopus 
oocytes. Recovery from the 3NT-Raw3 peptide induced block was faster than that 
induced by the wild type peptide. The inactivation time course induced by the 
ShB peptide pretreated with ONOO was also slower than that induced by the 
untreated peptide. Consistent with the synthetic peptide results, direct application 
ONOO' to the wild type ShB channel also slowed the macroscopic inactivation 
time course. These results suggest that tyrosine nitration induced by ONOO' could 
have a marked impact on neuronal excitability.

Supported by grants from HFSP to TH and  SHH, NINDS (NS35243) to ARK, and the 
University of Iow a Biosciences Initiative (TH & ARK).

792.8
INHIBITION OF SHAKER-TYPE Kvl.3 CHANNELS BY SRC-FAMILY 
TYROSINE KINASES AND ANOXIA IN RAT BRAIN MICROGLIA. R. 
Khannaa,b*. F.S. Cavabvabab, O.T. Jonesac, and L.C. Schlichtera,b. aPlayfair 
Neuroscience Unit, Toronto Hospital Research Institute, and Departments of 
bPhysiology and cPharmacolo^y, University of Toronto, Ontario, Canada.

Some voltage-dependent K7 channels, including K vl.3, are regulated by protein 
tyrosine kinases (PTKs). Hypoxia was recently reported to activate PTKs in a 
variety of cell lines. Although brain microglia express Kvl.3 channels and PTK- 
linked receptors, it is unclear whether channel modulation influences microglial 
responses to hypoxia. We investigated the regulation of K vl.3 channels by 
constitutive or coexpressed cytosolic PTKs using both native channels in primary 
rat microglia and exogenously expressed channels in a novel microglia-like cell 
line. Expression of Kvl.3 mRNA (assessed by reverse-transcriptase polymerase 
chain reaction) and protein (by Western blot analysis) in primary microglia 
correlated with functional Kvl.3 channels assessed by whole-cell patch clamp 
recordings. These currents were abolished by the toxin inhibitors, agitoxin-2 or 
margatoxin (2-5 nM). In contrast, the microglia-like cell line lacked Kvl.3 mRNA, 
protein, or Kvl.3 currents. Transfection of cloned Kvl.3 cDNA into this cell line 
produced typical transient outward Kvl.3-like currents with similar agitoxin- 
sensitivity. Coexpression of Kvl.3 and the constitutively active PTK, v-src, 
abolished Kvl.3 currents. These currents were restored by a bath-applied PTK 
inhibitor (50 µM lavendustin A). Addition of the src-activating peptide 
(EPQ[pY]EEIPIA) to the pipette solution caused a time-dependent inhibition of 
Kvl.3 currents («60% inhibition after 20 min) in both primary microglia and in the 
K vl.3-transfected cell line. Moreover, as expected from reports of increased 
tyrosine phosphorylation (increased src-family PTK activity) induced by hypoxia, 
we found that application of anoxic/aglycemic bath solutions (5% C 0 2, 95% N2, 1 
mM sodium dithionite; an 0 2 chelator) caused a time-dependent decrease in Kvl.3 
currents (»50% inhibition at 10-15 min). Preincubation with PTK inhibitors 
suppressed the anoxia-induced reduction of Kvl.3 currents. Thus, post- 
translational modification of Kvl.3 by endogenous or exogenous PTK activation 
and anoxia may involve a src-family PTK-dependent pathway. Supported by the 
Heart and Stroke Foundation and Medical Research Council of Canada.
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792.9

POTASSIUM CHANNEL ACTIVATION BY NITRIC OXIDE IN 
ELECTROTONICALLY-COUPLED RAT SYMPATHETIC PREGANGLIONIC
NEURONES. Rς>we,.LC,M., fo lly, T„__ Logan. S.D.*. Spanswick. D. Dept of
Biomedical Sciences, Institute of Medical Sciences, University of Aberdeen, 
Aberdeen, AB25 2ZD, U.K.

Sympathetic preganglionic neurones (SPNs) in the thoracolumbar spinal cord play 
a vital role in the integration o f autonomic function. An identifiable subpopulation of 
the SPNs, which are coupled electrotonically through gap-junctions, are inhibited by 
the neuronal messenger nitric oxide (NO) (Spanswick et a l ,  1996). The inhibition is 
associated with a increase in potassium conductance which we have investigated 
further.

Patch clamp recordings were obtained from SPNs in thoracolumbar spinal cord 
slices (4OOµm) from 7-14 day old Sprague-Dawley rats using pipettes of 5-7 MΩ. 
All experiments were carried out at room temperature (18-22°C).

In whole-cell recordings, the application of the NO donor DEA/NO (50-100µM) 
caused a hyperpolarization in coupled SPNs (n= 11). In contrast, non-coupled SPNs 
were unaffected by the application of the NO donor (n=5). The NO-induced 
hyperpolarization was blocked by the co-application of BaCl2 (lOOµM-lmM) or 
TEA (2OmM). The addition of tolbutamide (lOOµM), charybdotoxin (5OnM), 
apamin (lOOnM) or ImM TEA failed to block the DEA/NO induced response.

Single channel recordings revealed that both a large conductance (l2OpS) and a 
small conductance (5pS) K+ channel were activated by DEA/NO. The large 
conductance channel was blocked by TEA (ImM ), BaCl2 (lOOµM-lmM) and 
charybdotoxin (5OnM) and appeared to be a member of the large conductance Ca2+- 
activated (BKCa) channel family. In contrast, the small conductance channel was 
only blocked by BaCl2.

In conclusion, NO activates at least two types of K+ channel in electrotonically 
coupled SPNs and further research will be required to determine their relative 
contributions to the NO-induced hyperpolarization.

The research was supported by The Wellcome Trust
Spanswick et al. (1996) J. Physiol. 494, p78-79.

792.10
E F F E C T S  O F  L E P T IN  AN D D IS T R IB U T IO N  O F  L E P T IN  
R E C E P T O R S  IN  T H E  E N T E R IC  N E R V O U S  S Y S T E M
Kirchgessner* and M.-T. Liu. Dept. Anat.& Cell Biol., Columbia P&S., NY, NY 
10032 .

Glucoresponsive hypothalamic neurons are hyperpolarized by leptin, the protein 
encoded by the obese (ob) gene, via the activation of an ATP-sensitive potassium 
(Ka t P) channel (Spanswick et al., '91). A similar mechanism appears to underlie 
leptin's suppression of insulin secretion, suggesting metabolic actions in the 
periphery. Since glucoresponsive neurons are present in the gut, we examined the 
actions of leptin in guinea pig and rat myenteric neurons, using intracellular 
recording techniques. Antibodies to the C-terminal domain of the mouse leptin 
receptor were used to locate sites of receptor expression. Superfusion of leptin (20 
nM), produced a slow (5-15 min after application) and progressive membrane 
hyperpolarization in a subset of type 2/AH myenteric neurons, that was associated 
with a decrease in membrane input resistance. The membrane hyperpolarization 
induced by leptin was reversed by the sulfonylurea, tolbutamide (300 µM), 
supporting the activation of Ka t p  channels by leptin in these neurons. Consistent 
with this idea, a membrane hyperpolarization (associated with a decrease in input 
resistance) was also produced by the removal of extracellular glucose in leptin- 
sensitive neurons. In contrast, leptin had no effect or slightly depolarized neurons 
that were insensitve to changes in extracellular glucose concentration. Leptin 
receptor immunoreactivity was strikingly abundant in the rat and guinea pig bowel, 
where it was found in the majority of submucosal and myenteric neurons. Double
labeling with antibodies to Kir6,2 and the sulfonylurea receptor (SUR1; provided by 
Dr. S. Seino) showed that leptin receptor immunoreactivity was present in Ka t p ~ 
containing neurons. These results are consistent with leptin modulation of Ka t p  
channels. Drugs designed to interact with leptin receptors may thus be expected to 
affect enteric reflexes. Supported by NIH grant NS27645.

792.11
DISCOORDINATE REGULATION OF DIFFERENT K-CHANNELS IN 
CULTURED RAT SKELETAL MUSCLE BY NERVE GROWTH FACTOR.
S. R. Sampson1*. S. Vigdor-Alboim1. C. Rothman1, L. Braiman-Wiksman1, 
A. Bak1, B. B. Sterengarz2 and C. Brodie1. 'The Otto Meyerhoff Center and 
Health Sciences Research Center, Department of Life Sciences, Bar-Ilan 
University, Ramat-Gan 52900; 2Alomone Laboratories, P.O.B. 4287, Jerusalem 
91042, Israel.

We investigated effects of NGF on K+ -channel expression in cultured skeletal 
muscle. The channels studied were: ChTx-sensitive channels; Kvl.5
voltage-sensitive channels and apamin-sensitive channels. Crude homogenates 
were prepared from cultures made from limb muscles of 1-2 day-old rat pups for 
identification of ChTx and K vl.5 channel by western blotting techniques. 
Apamin-sensitive K+-channels were studied by measurement of specific 
[125I]-apamin binding by whole cell preparations. ChTx-sensitive channels display 
a fusion-related increase in expression and are down-regulated by NGF in both 
myoblasts and myotubes. Voltage-dependent Kvl.5 channel expression is low in 
myoblasts and increases dramatically with fusion; NGF induces early expression 
of these channels and increases their expression after fusion. Apamin-sensitive 
channels are down-regulated by NGF. NGF increases the rate of fall of the action 
potential recorded intracellularly from single myotubes with intracellular 
microelectrodes. The results confirm and extend earlier studies showing a 
functional role of NGF in regulation of membrane properties of skeletal muscle. 
They also indicate that Kvl.5 channels are primarily responsible for the rate of 
repolarization of the membrane following an action potential. The findings 
demonstrate that the various K+ channels in this preparation are regulated in a 
discoordinate manner. (Supported by the Ben and Effie Raber Research Fund, The 
Harvett-Aviv Fund for Neuroscience Research, and The Otto Meyerhoff Center.)

792.12

DIFFERENTIAL LOCALIZATION OF INW A R DLY  RECTIFYING  
POTASSIUM CHANNELS (KIR3) IN DORSAL RAPHE NEURONS. 
M. W enzel1. D. Eulitz1. A. Thomzig1 .A. Karschin2. and R.W. Veh*1, Inst, 
for Anatomy, Charité, D -10098  Berlin, and. Max-Planck-Inst. for Bio- 
phys. Chem., D -37070 Göttingen, FRG.

Serotonin release from neurons in the raphe nuclei is strictly controlled by 
5-HT1A autoreceptors, which exert their action by G-protein mediated in
teraction with inwardly rectifying potassium channels o f  the Kir3 (Girk) 
family. In mammals this family is represented by a group o f  four subunits. If 
expressed in serotoninergic cells, these proteins may represent potential 
targets for pharmacological manipulation o f  5-HT autoinhibition.

To gain insight on the possible existance o f  Kir3 channels as homo- or het- 
erooligomeric complexes in rat dorsal and median raphe neurons in vivo, an
tibodies (ABs) were raised against the non-conserved carboxy terminal se
quences o f  the Kir3.1, Kir3.2, Kir3.3 and Kir3.4 subunits. Affinity purified 
ABs were used to analyze the localization o f  the individual channel proteins 
in the mesencephalic raphe area. In contrast to dopamine neurons in the sub
stantia nigra, no Kir3.2 immunoreactivity could be detected in either dorsal 
or median raphe cell bodies. Kir3.1 and Kir3.3 subunits appear mostly axo
nal. Only Kir3.4 protein displayed somatodendritic localization in seroton
inergic cells. As Kir3.4 homooligomers yield no current, it remains to be in
vestigated, which further subunit belongs to the channel complex.

Supported by DFG (VE 187/1-2, IN K 2l and KA 1175/1-2).

792.13
NOVEL M UTATIONS IN KCNA1 CAUSE DEFICITS IN PATIENTS W ITH 
EPISODIC ATAXIA TYPE 1 THROU GH DIFFEREN T MECHANISM S
A. Spauschus*. L. Eunson. M,G. Hanna. N.W. Wood and D.M. Kullmann: 
University Dept, of Clinical Neurology, Institute of Neurology/UCL, Queen Square, 
London WC1N 3BG, UK

Missense point mutations in the gene encoding the human orthologue of KvI .1 
(KCNA1) have been described to be allelic with Episodic Ataxia type 1 (EA1), a rare 
autosomal dominant neurological disorder. We detected novel point mutations in the 
second and sixth membrane spanning domains, and in the C-terminal intracellular 
portion of KCNA1 in three unrelated families (A, B and C) with EA1. Mismatch 
primer PCR revealed that all patients were heterozygous for the mutation, whilst none 
of the unaffected family members nor 100 control individuals carried the respective 
mutation. Interestingly, partial epilepsy co-segregates with the KCNA1 mutation in 
one of the investigated families (A).

We cloned wild type (wt) and mutant KCNA1 directly from genomic DNA of A. 
Other amino acid exchanges were introduced individually using site-directed 
mutagenesis on wt KCNA1. Mutant and wt genes were heterologously expressed in 
Xenopus oocytes and their function assessed by two-electrode voltage clamp 
measurements of resulting whole cell currents. Two o f the mutant subunits (A and C) 
did not yield functional channels on their own. However, co-injection of wt subunits 
revealed currents that were reduced in amplitude as compared to oocytes injected with 
wt only. Expression of mutant B resulted in currents whose amplitude and voltage 
dependence of activation was comparable to wt channels, whereas the time constant of 
activation was significantly increased. This should delay the onset o f repolarisation 
following an action potential.

Our results indicate that dominant negative effects or haploinsufflciency of the 
mutant alleles might cause the EA1 phenotype. The presence o f epilepsy in one of the 
kindreds implies that impaired repolarisation of neurons may lower seizure threshold in 
addition to causing myokymia and ataxia.
Sponsored by the MRC, the Brain Research Trust and the Wellcome Trust.
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793.1
IN VIVO TRANSGENE EXPRESSION IN RODENT BRAIN.
J. Johansen1. C. Rosenblad2. A, Møller1*, P. Ahring1, A. Biörklund2 and T. E. Johansen1. 
'Neurosearch A/S, Glostrup, Denmark. 2Lund University, Wallenberg Neuroscience 
Centre, Dept, of Physiology and Neuroscience, Lund, Sweden.

Experimental evidence suggest that expression from promoters of viral origin are 
downregulated in vivo. This observation, which is not well understood, represent a major 
obstacle in achieving sustained delivery of a therapeutic gene in any gene therapy 
approach. We have employed a strong constitutive mammalian "house hold" promoter, the 
human ubiquitin promoter, UbC, to direct expression of a EGFP fluorescent reporter gene. 
The in vitro and in vivo expression from this promoter was compared to the expression 
from a commonly used strong virus derived promoter, CMV. Stable clones of CHO cells 
expressing the EGFP reporter gene from the UbC promoter (pUbil vector) or from the 
CMV promoter (pNSl vector) were generated and in vitro stability of expression was 
compared. Sustained expression from both promoters was observed for more than 6 month, 
however, higher expression levels was obtained from the UbC promoter. In a parallel 
experiment, stable HiB5 clones (an immortalised rat neuroprogenitor cell line) expressing 
EGFP from UbC or CMV promoter were generated and transplanted to the rat striatum. 
Over a 13 week time period animals were frequently scarified and brain slices were 
analysed by fluorescence microscopy. During this time period the number of fluorescent 
cells and intensity of fluorescence decreased to less than 10 percent of the initial level. 
However, we could still detect HiB5 cells expressing EGFP under the UbC promoter after 
13 weeks. In an attempt to overcome the apparent downregulation of the in vivo activity of 
constitutive promoters, an inducible expression system was established by constructing a 
plasmid containing both the bi-directional Tet-On promoter and the transactivator on the 
same plasmid. Using this plasmid several HiB5 clones which showed in vitro inducibility 
(10-20 fold) were generated. Preliminary data from transplantation experiments indicated 
that these clones also could be induced in vivo by doxycycline, leading to expression levels 
similar to those previously seen from the constitutive promoters UbC and CMV. A 
comprehensive evaluation of the in vivo stability of expression from this inducible system 
will be presented.

793.3

DEVELOPMENTAL PECULIARITIES OF NERVOUS TISSUES IN 
LONG-TERM HETEROTOPIC NEUROTRANSPLANTS  
Y,A Olellin1. E. S. Petrova1. R R. Sukhov*
Dept, o f  Morphology. Institute o f  Experimental Medicine, St.Petersburg. 
Russia. 197376 and Div. o f  Physical Med. and Reh.. Long Island Jewish 
Med. Center, N ew  Hyde Park, NY  11040
Rat fetal neocortex and spinal cord o f  14 and 15 gestation days were grafted 
into crushed sciatic nerve o f  adult Wistar rats. Morphological analysis o f  
grafts was carried out after 6 , 12 and 19 months. The results indicate that 
transplants survive for up to 19 months, but neurons have distrophic and 
preterm aging changes and most o f  them degenerate, ft has been stated that 
neurons o f  neocortex are more viable than that o f  the spinal cord. 
Degenerative changes o f  v essels in the grafts were evident also. Multinuclear 
macrophages and calcifícates similar to psammoma bodies were observed. 
Graft development in an ectopic site leads to appearance o f  morphological 
features which are not characteristic for the brain tissue in situ or 
homotopic neurotransplants. These data suggest that brain transplantation 
into peripheral nerve for a long period is a useful model for study o f  
mechanisms o f  neurological diseases. The model indicates evidently the 
significance o f  microenvironment and specific afferents in development and 
surviv al o f  brain tissues.

793.5

GDNF-PRODUCING FIBROBLASTS PROTECT THE NIGROSTRIATAL 
DOPAMINERGIC SYSTEM FROM 6-HYDROXYDOPAMINE 
C.W. Shults*a-f. T. Palmer# F.H, Gaαe# oVA Med Ctr, San Diego, CA, 
92161, Univ. Cal., San Diego, La Jolla, CA, Salk Inst., La Jolla, CA 

In a pilot study, we evaluated the ability of fibroblasts genetically  
engineered to produce glial cell line-derived neurotrophic factor 
(GDNF) to protect against intrastriatal injection of 6-OHDA. Three  
groups of rats received either a burr hole (2) or implantation of 
fibroblasts genetica lly engineered to produce ß-galactosidase (ß-gal) 
(4) or GDNF (6) at three depths in two sites in the rostral and caudal 
right striatum. Two weeks later, the animals received 2 injections of 
15 µg of 6-OHDA at two sites midway between the two implant sites.
The animals were then tested weekly for apomorphine-induced rotation 
and amphetamine-induced rotation for three weeks and then sacrificed. 
The percentage of the lesioned striatum with remaining tyrosine  
hydroxylase im m unoreactive fibers (TH-IR) was s ignifican tly greater 
in GDNF group (92.2% ± 5.1; mean ± SEM) than in the animals that 
received burr holes only (40.5% ± 6.5) or the ß-gal group (45.2% ± 
14.8). The density of striatal TH-IR fibers in the lesioned striatum  
relative to the intact striatum was significantly greater in the GDNF  
group (75.8% ± 11.9) than in the burr holes only group (8.5% ±
5.5) or the ß-gal group (13.25%  ± 4.8). There was preservation of 
TH-IR neurons on the lesioned side relative to the unlesioned side in the 
GDNF group (85.3% ± 5.2) compared to the burr holes only group 
(56.5% ± 12.5) or to the ß-gal group (43.3 ± 4.8). Supported by VA 
Merit Review program and the Natl. Parkinson Fndn.

793.2

Functional assessm ent of encapsulated Tet-On POMC Neuro2A cells for a 
long term. Y. Saitoh1*. Y. H agihara1. Y. Eguchr. N. A rita1. Y. Tsujimoto2. 
Depts. of N eurosurgery and ^Medical Genetics, Osaka Univ. Medical School, 
Suita, Osaka 565-0871, Japan.

In our previous study, xenogeneic mouse neuroblastoma cells bearing the 
POMC gene, the precursor of ACTH and ß -endorphin, were implanted within 
polymer capsules into the CSF space of rats. Although ACTH and ß-endorphin 
were secreted, we were not able to control the amount or time course of 
hormone release. A promoter tha t is inducible by adm inistration of 
tetracycline derivatives (Tet) was linked to the POMC gene for control of gene 
expression (Neuro2A-Tet-On-POMC; NTP). The results showed tha t POMC 
gene expression in the implanted encapsulated NTP cells could be regulated 
in a dose-dependent m anner by Tet administration to the hosts (Hum Gene 
Ther 9, 1998). However, it has been no analysis of gene control with Tet-On 
system for a long period. In  this time, encapsulated NTP cells treated with 
doxycycline (Dox) (1.0, 10, 100, 1000 ng/ml) continuously for a month. On day 
4, the am ount of ACTH secretion was dependent on the Dox dose. But in the 
course of experiment, there became to be no difference of ACTH secretion 
among those treated with Dox 10, 100 and 1000 ng/ml. On the other hand, 
NTP cells, which were treated with Dox (1000 ng/ml) on day 7, 14, 21 and 28 
after encapsulation, secreted almost same am ount of ACTH for 24 hours. 
From these results, for clinical use, the NTP cell line secreting the clinically 
effective level of opiate without Dox should be established, and Dox would be 
administered for the enhance of opiate secretion from NTP cells.

793.4
EFFECTS OF DONOR AGE, PRIOR CELL HISTORY, AND 
IMMUNOSUPPRESSION ON REMYELINATION OF RAT SPINAL CORD 
AXONS BY TRANSPLANTED SCHWANN CELLS. K. L. Lankford* T. Imaizumi, 
& J. D. Kocsis Dept, of Neurology Yale Univ. Med. School New Haven CT 06510 

A large body of data has suggested that remyelinating cell therapies may have the 
potential for repairing CNS demyelination caused by autoimmune diseases or 
contusive injuries, but much more detailed information will be necessary to assess 
which specific transplant strategies have the greatest therapeutic potential and which 
parameters are most critical for determining the extent of repair. In this study, we 
have used X-irradiation and ethidium bromide injections to produce 6-10 mm long 
demyelinating lesions in the lumbar dorsal columns of adult rats and transplanted 
30,000 freshly dissociated or cultured Schwann cells from neonatal, young adult, or 
aged adult rats into the demyelinated region. Some transplant recipients also received 
co-transplants of 20,000 cultured optic nerve astrocytes or were given daily injections 
of cyclosporin. Three weeks after cell transplantation, rats were sacrificed and spinal 
cords were fixed, embedded, and sectioned. Numbers of myelinated axons were 
counted in representative myelin-rich and myelin-poor areas of the dorsal column in 
1 urn sections taken at 0.25 mm intervals along the length of the spinal cord and used 
to calculate of the total amount of axon length remyelinated for each animal. Sizes' 
of myelinated axons in dorsal, ventral, and medial regions of the dorsal column were 
also measured, as well as the sizes of the lesioned area and the dorsal column as a 
whole. Preliminary observations indicate that donor age has little effect on the 
amount of remyelination. Immunosuppression of recipients or culturing cells prior 
to transplantation however reduced the amount of remyelination. Co-transplantation 
of optic nerve astrocytes increased remyelination by cultured but not freshly isolated 
Schwann cells. All Schwann cell transplants remyelinated axons in all regions of the 
dorsal column, but preferentially myelinated larger diameter axons. Supported by the 
NMSS, the VA, and the NIH.

793.6
THE EFFECT OF MPTP AND bFGF ON THE INTRINSIC, DOPAMINERGIC CELLS IN THE 
STRIATUM OF MPTP-TREATED MONKEYS D. Naαv. J.L. Eberlinα, Y, Oiwa. J. Brinαas, P. 

Pivirotto, L. B. Tamas# and K.S. Bãnkiewicz*. Center for Functional Imaging, Lawrence 

Berkeley National Laboratory, University of California, Berkeley, CA 94720. #The Pacific 
Neuroscience Institute, Orinda, CA.
Basic fibroblast growth factor (bFGF) is a potent stimulator of progenitor cell proliferation, 
and differentiation into dopaminergic (DA) neurons in the adult rat brain. There have 
been conflicting reports regarding the effect of MPTP on the intrinsic DA cell population in 
the striatum. Primate studies have shown both increases or no change in the number of 
tyrosine hydroxylase immunoreactive (TH-IR) intrinsic cells in the striatum following MPTP 
administration. Conflicting results may be due to differences in the MPTP model used and 
the severity and stability of the MPTP-produced lesion. Here we investigated (i) the effects 
of MPTP on intrinsic TH cells in the stratum and (ii) the effects of the DA neurotrophic 
factor, basic fibroblast growth factor (bFGF), on striatal intrinsic DA cells in MPTP-treated 
monkeys. Nine rhesus monkeys received unilateral intracarotid artery (ICA) MPTP 
infusions with varying subsequent systemic doses of MPTP which produces near complete 
degeneration of the nigrostriatal pathway on side ipsilateral to the ICA infusion, and mild to 
moderate degeneration on the contralateral side. Clinically, the animals showed mild to 
moderate bilateral parkinsonian signs that were stable over time. Subsequently, four of 
the animals received bFGF by intrasriatal bulk flow infusion on the side of ICA MPTP 
administration. Animals were sacrificed 2-3 weeks later and the brains were processed for 
immunohistochemistry. TH -IR cells were counted in the midportion of both sides of the 
striatum ( AP 23-20.5mm) in each group, and TH-IR cell ratios (TH-IR cell number on ICA- 
MPTP side/TH-IR cell number on contralateral side) were calculated. Control animals 
showed a dramatic reduction of intrinsic TH-IR cells on the MPTP-treated side (0.1 ±0.6), 

indicating a toxic effect of MPTP. In contrast, bFGF administration significantly (p<0.025) 
increased the number of intrinsic TH-IR cells (0.6+0.05) in the striatum. These findings 

support the notion of growth factor-induced regenerative processes in adult non-hum an 
primates and suggest that TH-IR intrinsic cells may play a role in the DA sprouting 
response.

Society for Neuroscience, Volume 2 4 ,19 9 8
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793.7

D1 AND D2 RECEPTOR DENSITIES IN A RAT MODEL OF MULTIPLE SYSTEM 
ATROPHY AND THE INFLUENCE OF EMBRYONIC ALLOGRAFTS 
Z  Puschban,1 GK. Wenning,1,2* R. Granata12 PM. Laboyrie,23 P. Jenner,3 NP. Ouina4 CD. Marsden4 
and W. Poewe1.
'Neurological Research Laboratory, Dept .of Neurology, Univ. Hospital, 6020 Innsbruck, Austria; 
2Neurodegen. Diseases Research Centre, King s College London, UK; ¾epL of Neurology, Academic 
Hospital Leiden, The Netherlands;4 Dept, of Clinical Neurology, Institute of Neurology, London, UK

Recently, intrastriatal embiyonic nigral or nigro-striatal (mixed) grafts were shown to partially reverse 
apomorphine (apo>induced rotation behaviour in a novel rat model of striaíonigral degeneration (SND). 
We now repeat corresponding changes of striatal dopamine D1 and D2 receptor densities in these 
animals.

Male Wistar rats received a sequential lesion of the left medial forebrain bundle using 6- 
hydroxydopamine and of the ipsilateral striatum using quinolinic acid. Subsequently, animals received 
intrastriatal embryonic nigral (n=lO), striatal (n=6), mixed (n=6) and sham grafts (n=7). Rotation 
behaviour was recorded prior to and up to 10 weeks following transplantation. Autoradiography was 
performed using tritìated D1 (SCH 23390) and D2 receptor (spiperone) ligands.

In contrast to the mixed graft group animals receiving striatal, nigral and sham grafts showed a 
significant increase of apo-induced rotation behaviour 10 weeks following transplantation compared to 
the postquinolinic baseline. D1 and D2 receptor binding was preserved in the remaining lesioned 
striatum without significant overall group difference (ANOVA p>0.05). Furthermore, areas of increased 
D1 and D2 receptor binding (,fiot spots") were observed within the transplantation area in 66,6% of 
animals receiving striatal grafts and 83,3-100% of animals receiving mixed grafts. D1 and D2 binding of 
the hot spots was not significantly different between the striatal and mixed graft group (ANOVA 
p>0.05).

Our study shows that embryonic striatal grafts survive transplantation into severely lesioned and 
denervaîed striatum as shown by areas of increased D1 and D2 receptor binding in the transplantation 
site. The interaction of graft versus host derived dopamine receptor status and changes of apo-induced 
rotation following transplantation appears complex and requires further studies.

This study was supported by grant of the Austrian Science Foundation (PI 1748-MED)

CATECHOLAMINES

794.1

Changes in Gene Expression in the Rat Locus Coeruleus Following Acute or 
Chronic Desipramine or Valproate. D.A. Morilak*. S. Blincoe and S.A. Sands. 
Department of Pharmacology, University of Texas Health Science Center at 
San Antonio, 7703 Floyd Curl Dr., San Antonio, TX, 78284-7764

Dysregulation of central norepinephrine (NE) is thought to be involved in 
the etiology of mood disorders. Many antidepressants (ADs) block NE 
reuptake and increase NE transmission, while the mechanism of action of 
antimanics remains unclear. Biochemical effects of ADs and antimanics are 
rapid, but therapeutic effects can take weeks to emerge. It is hypothesized 
that regulatory changes in gene expression may thus be important to the 
therapeutic process and account for the time course. In this study, we 
examined changes in mRNA expression for several components of the NE 
system in the locus coeruleus (LC) after acute or chronic treatment with the 
tricyclic AD desipramine (DMI), or the novel antimanic drug valproate. Vehicle 
or DMI (10 mg/kg/day) were administered for 4 days, 2 weeks or 6 weeks by 
osmotic minipump, and vehicle or valproate (600 mg/kg/day) were given by 
i.p. injection for 2-14 days (n=4-6/group). To test the hypothesis that DMI 
effects may be attributable to activation of 012 autoreceptors, the <¾2 
antagonist yohimbine was co-administered with DMI. Sections through the 
LC were processed for in  s itu  hybridization and densitometric analysis using 
radiolabeled riboprobes for tyrosine hydroxylase (TH), the NE transporter 
(NET) or the α 2A autoreceptor. Acute DMI induced an increase in NET 
expression (30%) that was attenuated by concurrent α2 receptor blockade. 
Chronic DMI induced an increase in NET (34%) and a decrease in TH 
expression (-19%), but neither of these effects were blocked by yohimbine. 
In contrast, both acute and chronic valproate increased TH expression (27% 
and 45%, respectively). Neither drug altered <¾2A mRNA expression. These 
results suggest that ADs and antimanics induce different regulatory changes 
in gene expression in the LC, and support the hypothesis that opposite 
changes in NE transmission may occur in depressive and bipolar disorders. 
Support provided by the Whitehall Foundation and NIMH (MH 53851).

794.3

TISSUE-SPECIFIC PHENYLETHANOLAMINE N-METHYLTRANSFERASE 
GENE EXPRESSION: SP1 AND MAZ, Wonα. D.L.*. Bell. R.A.. Her. S. 
Dept. Psych. & Beh.Sci., Stanford Univ.Sch.Med., Stanford, CA 94305- 
5485

To identify tissue-specific transcription factors important for the expression 
of the phenylethanolamine N-methyltransferase (PNMT) gene, the plasmid 
construct pGL3PNMT863, containing the proximal 863 bp of 5’ PNMT 
promoter sequences upstream of the firefly luciferase gene, was 
transfected into PC12, RS1, 3T3, Neuro2A, and COS1 cells. Luciferase 
activity was undetectable in the COS1 cells, low in the PC12 cells, and 1.6-,
1.4- and 12.1-fold higher in the RS1, 3T3 and Neuro2A cells respectively. 
In vitro DNasel footprinting with a DNA fragment spanning from +20-»-200  
bp showed 3 protected regions with the Neuro2A, but not the COS1, 
nuclear extracts (-31 —>-55, -95—>-111, -161->-181). Within these regions 
are Sp1/MAZ, AP2, and Egr-1/Sp1 binding elements respectively. Gel 
mobility shift assays using a radiolabelled 31 bp oligonucleotide spanning 
the proximal Sp1/MAZ binding site, showed a protein-DNA binding complex 
containing Sp1 with Neuro2A nuclear extracts based on the supershifting of 
this complex in the presence of anti-Sp1 antibody. When expression 
constructs for Sp1 or MAZ were cotransfected along with the PNMT 
promoter-luciferase reporter gene construct into Neuro2A cells, a 
concentration dependent rise in luciferase was observed (25- and 4-fold 
maximum respectively). However, Sp1 and MAZ only weakly stimulated 
luciferase expression in the COS1 cells. Hence, while Sp1 and MAZ can 
apparently activate PNMT promoter activity in both the Neuro2A and COS1 
cells, another transcription factor(s) must be present in Neuro2A cells which 
may interact with Sp1 and MAZ in a cooperative fashion and is important for 
PNMT promoter activation.
Research supported by NIDDK grant DK51025

794.2

A m phetam ine induced dopam ine release is inhib ited by G BR 12909.
V.L.. Villemagnc, R. B. Rothman, F. Yokoi, D. Clough, K. C. Rice, D. Matecka, M. 
Stephane, D.F. Wong!f Johns Hopkins Medical Institutions, Baltimore, MD.

Potential treatment for cocaine and methamphetamine abuse includes 
compounds that inhibit the dopamine (DA) release associated with such illicit drug use. 
GBR 12909, a dopamine transporter antagonist, has been shown to inhibit 
amphetamine induced dopamine release in rat microdialysis studies.

In baboon PET imaging studies we have examined the effect of GBR 12909 at 
1 mg/kg and 3 mg/kg given 45 minutes prior to a dose of amphetamine, known to cause 
a significant intrasynaptic release of DA. Two Papio Anubis baboons were imaged 
with [C-l l]raclopride by a GE4096+ PET scanner. [C-l l]raclopride was given in a 
continuous infusion paradigm (bolus plus infusion e.g. Carson et a i ,  1993) to cause a 
flat volume of distribution versus time up to 55 minutes post injection. At that time 1.5 
mg/kg IV amphetamine bolus was given which caused a significant reduction in the 
volume of distribution. (30.3%). Using a measure of binding potential the percent 
reduction in the volume of distribution (Vd) and hence a measure of the intrasynaptic 
DA release ranged between 22 and 41%.

The comparison of the volume of distribution before and after amphetamine 
showed that GBR inhibited dopamine release by 68%. These experiments suggest that 
GBR 12909 may be an important prototypical medication to test the hypothesis that 
stimulant induced euphoria is mediated by dopamine. Furthermore, this quantitative 
approach demonstrates a way of testing various treatment medications including other 
forms such as a decanoate derivative of GBR 12909. This may be even more effective 
in future human clinical trials for treating cocaine and methamphetamine abuse.

Supported in part by DAO9482 and M H 4282l.

794.4
EFFECT OF SIBUTRAMINE O N  DA A N D  5-HT RELEASE IN RAT 
STRIATUM A N D  HYPOTHALAMUS IN VIVO A N D  IN VITRO. A. 
Balcioglu*, C. Wong, L. Yu and RJ. W urtman. Department of Brain 
and Cognitive Sciences, MIT, Cambridge MA 02139.

We measured the effects of an antiobesity drug, sibutramine, on 
brain dopamine (DA) and serotonin (5-HT) release into striatal and 
hypothalamic dialysates of freely m oving rats. Samples collected  
every thirty minutes were assayed by high pressure liquid 
chromatography, in a single run. A low  dose of sibutramine (2 m g /k g , 
i.p.) did not significantly change dialysate DA or 5-HT. H ow ever 
higher doses (5 or 10 m g /k g , i.p.) increased both DA and 5-HT. Five 
m g /k g  (i.p.) increased DA to l68± l9  % (p<0.01) and 5-HT to 167+29 
% (p<0.01) of control values; 10 m g /k g  (i.p.) increased DA to 206+46 
% (p<0.01) and 5-HT to 159+22 % of control values. Each anim al’s 
increase in 5-HT correlated significantly (p<0.01, n=2l) w ith that in 
DA. The 10 m g /k g  sibutramine dose increased both DA and 5-HT 
concentration in rat hypothalamus. The m aximum increases were to 
364+85 % and 198+58 % of control values, respectively. We also 
investigated the effect of sibutramine on DA reuptake in rat striatal 
synaptosom es. Sibutramine, at 100 and 300 nM concentrations, 
blocked DA uptake by 13 and 22 %, respectively.

In conclusion sibutramine increases both DA and 5-HT release in 
rat striatum and hypothalamus in vivo, and blocks D A  reuptake in 
vitro.

This work was supported by the Center for Brain Sciences and 
Metabolism Charitable Trust.
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794.5

TRANSCRIPTION RATE OF THE TYROSINE HYDROXYLASE GENE IN 
LOCUS COERULEUS NEURONS: METHOD DEVELOPMENT AND
EXAMINATION OF RESPONSE TO STRESS M,-S. Chang1*. A.F. Sved2, M,J, 
Zigmond3. and M.C. Austin4. Departments of ’Molecular Genetics and Biochemistry, 
Neuroscience; Neurology, and “Psychiatry, University of Pittsburgh, Pittsburgh, PA 
15261

Tyrosine hydroxylase (TH) is the first and rate-limiting enzyme involved in 
norepinephrine (NE) synthesis. Several stressors have been shown to increase TH 
mRNA in the locus coeruleus (LC). However, the impact of stress on the rate of TH 
transcription has never been directly examined. To examine this, we have sought to 
develop a highly sensitive in situ hybridization histochemical (ISHH) technique fα- 
measuring TH primary transcript levels in rodent LC neurons using intron-specific 
oligonucleotide probes. Using this approach, we observed that there is a low level of 
TH primary transcript expression in a small proportion of LC neurons under baseline 
conditions. To examine the effect of stress and pharmacological manipulations on the 
rate of TH transcription and TH mRNA levels in LC neurons, we performed intron- 
specific ISHH in addition to exon-specific ISHH on tissue sections of the LC. 
Pharmacological activation of LC neurons by idazoxan (10 mg/kg, i.p.) produced a 
marked increase in the level of TH primary transcript (16.3 fold) as well as an increase 
in TH mRNA levels (1.4 fold) when examined 3 hrs post-treatment. Foot-shock stress 
(30 min) also evoked a large increase in the level of TH primary transcript (10.3 fold) as 
well as an increase in TH mRNA levels (1.4 fold) as measured 3 hrs after the beginning 
of electrical foot-shock. We also performed intron-specific ISHH on the LC tissue 
sections from rats sacrificed at different time points after foot-shock to determine the 
time course of changes in TH transcription rate. A large and rapid increase in TH 
transcription rate was found immediately after 15 min of foot-shock stress. It is 
expected that the results of this study will lead to the development of a new method of 
general use. In addition, it will lead to a further understanding of the basic mechanisms 
of stress-brain relations by examining the impact of stress on LC neurons. [Supported 
in part by grants from the USPHS (MH2967O, MH45156, MH5l 159, and MHOOO58).]

794.7
ATYPICAL ANTIPSYCHOTIC RISPERIDONE CAN AFFECT MONOAMINE 
OXIDASE (MAO) mRNA EXPRESSION LEVEL IN RAT BRAIN. M. OtaL A. 
Nakashima2. K. Mori2, K.Yoshida*3, T. HamanakaL and A. Ota2. ïDept. of 
Psychiatry, Nagoya City Univ. Sch. Med., Nagoya 467-8601; ¾>ept. of Physiology, 
Fujita Health Univ. Sch. Med., Toyoake, 470-1192; 3Dept. of Psychology, Fukui 
Med. Sch., Fukui, 910-1193, JAPAN

Risperidone (Ris) is one of the atypical antipsychotics which inhibit not only 
dopamine (DA) receptors but also serotonin (5-HT) receptors. Owing to its low 
incidence of the extrapyramidal tract symptoms, Ris has been widely used for the 
treatment of schizophrenia. However, the fate of DA and 5-HT after Ris 
administration has not been precisely determined. As the first step toward clarifying 
their main metabolic routes, mRNA expressions of MAO-A, MAO-B, DA 
transporter (DAT) and 5-HT transporter (5-HTT) in rat brain were semi-quantitated 
using PCR amplification. Eight-week-old male Sprague-Dawley rats, 260-280 g, 
were injected 0.5 mg/kg Ris subcutaneously twice daily at 9°AM and 6 °PM for 21 
days. They were sacrificed 2 hours after the last injection. Total RNA was extracted 
from the brain dissected by Glowinski’s method. After reverse transcription, 
cDNAs encoding MAO-A, MAO-B, DAT, 5-HTT and internal standard glycerol-3- 
phosphate dehydrogenase (G3PDH) were PCR amplified using proper 
oligonucleotides. The intensity of the bands in the gel was numerized by NIH Image 
and the ratio of the intensity against that of G3PDH was compared between control 
and Ris injected rats. Ris enhanced the MAO-A and -B mRNA expression in 
brainstem and MAO-B mRNA expression in midbrain and cortex to the statistically 
significant level. These results indicate that Ris might affect the DA and 5-HT 
metabolism through the regulation of MAO mRNA level. (Ris was supplied by 
Janssen Pharmaceutica n.v. (Beerse, BELGIUM))

794.6
TYROSINE HYDROXYLASE PHOSPHORYLATION IN MESOLIMBIC 
AND MESOSTRIATAL SYSTEMS IN  VIVO: EFFECTS OF HALOPERIDOL 
AND RACLOPRIDE. M.F. Salvatore1*. A. Garcia-Est>ana2. M. Goldstein2. A.Y. 
Deutch3. and J.W. Havcock1. *LSU Med. Ctr., New Orleans, LA; 2NYU Med.Ctr., 
New York, NY; 3Vanderbilt University, Nashville, TN.

Tyrosine hydroxylase (TH) is phosphorylated in vivo at multiple sites by distinct 
signaling pathways. Electrical stimulation o f the nigrostriatal pathway increases 
striatal TH activity and 32P incorporation into Seri9, Ser3l, and Ser4O. In addition, 
haloperidol increases striatal TH activity in vivo following acute injection. However, 
the relative changes in TH phosphorylation stoichiometry in vivo following 
haloperidol are not known. We used site- and phosphorylation state-specifc 
antibodies to measure the levels of site-specific phosphorylation of TH in the cell 
body and terminal regions of the mesolimbic (ventral tegmental area (VTA) and 
nucleus accumbens (NAc)) and mesostriatal (substantia nigra (SN) and striatum 
(CP)) systems. Tissue punches were taken from Sprague Dawley rats 30-40 min 
after single i.p. injection of either vehicle, haloperidol (2  mg/kg), raclopride (2 
mg/kg), or SCH-23390 (0.5 mg/kg). In the vehicle-treated group, the level of Ser4O 
phosphorylation (S4OP) in each of the four regions was lowest, followed by S3 IP and 
then S19P. In addition, S3 IP and S19P levels differed between the terminals and 
their cognate cell bodies. S3 IP levels were 2-3 fold higher in terminals, whereas 
S19P levels were 2-3 fold higher in cell body regions. In drug-treated groups, 
haloperidol and raclopride increased levels of phosphorylation to the same extent at 
each site in both terminal regions (NAc and CP). However, haloperidol and 
raclopride produced only a modest increase in S3 IP in the cell body regions (VTA 
and SN). SCH-23390 had an effect in NAc only, increasing phosphorylation levels 
to a lesser extent than haloperidol or raclopride. Immunocytochemistiy revealed 
similar results. We conclude that S19P, S3 IP, and S4OP levels in TH are 
differentially regulated in dopaminergic cell body and terminal regions in vivo. 
SUPPORT: USPHS research grants MH02717, NS06801, NS25134, & MH00967.

794.8
5- HT TERM INALS AS PRIM ARY SOURCE OF EXTRACELLULAR  
DOPAMINE FORM ED FROM EXOGENOUS L-DOPA IN STRIATUM  
OF 6 -OHDA-TREATED RATS.
D.W. Miller* and E.D. Abercrombie. Center for Molecular & Behavioral Neuroscience, 
Rutgers University, Newark, NJ 07102.

Previous work has shown that the extracellular level of dopamine (DA) attained in 
striatum following administration of L-DOPA (50 mg/kg, i.p.) is greater, in absolute 
terms, in DA-depleted striata than in intact striata (Abercrombie et al., 1990). Extensive 
unilateral lesions (>95%) of the nigrostriatal DA neurons were created by injection of 6 - 
OHDA (6  µg) into the medial forebrain bundle. A microdialysis probe was implanted 
into the ipsilateral striatum 2 weeks following the lesion procedure. The effect of 
impulse activity blockade on DOPA-induced striatal DA efflux in DA-depleted striata was 
examined by infusing 1 µM tetrodotoxin (TTX) via the microdialysis probe. A large 
TTX-sensitive component of DOPA-induced striatal DA efflux, as well as a significantly 
smaller TTX-insensitive component, was observed. The majority of DOPA-induced 
striatal DA efflux in DA-depleted striata also was abolished if the animals were co-treated 
with the 5-HT neurotoxin 5,7-DHT (8 µg) into the dorsal raphe nucleus at the time of the
6 - OHDA lesion. Moreover, the increase in extracellular DA level evoked by L-DOPA in 
6 -OHDA-treated animals could be reversed by treatment with the 5-HT-1A agonist 8 - 
OHDPAT (0.2 mg/kg, s.c.), a drug which is known to profoundly depress the firing rate 
of 5-HT neurons. These results suggest that DA is formed from exogenous L-DOPA in
5-HT nerve terminals in DA-denervated striatum and DA subsequently is released from 
these terminals in an impulse-dependent manner. Thus, the undesired behavioral side- 
effects of exogenous L-DOPA that often occur in Parkinson's disease patients may be 
amenable to modification by the adjunctive administration of drugs, such as 8 -OHDPAT, 
that act to alter the activity of 5-HT neurons. This approach may represent a novel 
therapeutic strategy for regulation of the amount of DA released in response to 
administration of L-DOPA. [This work supported by USPHS Grant NS 19608 and the 
National Parkinson’s Foundation]
- Abercrombie et al., (1990) Brain Research. 525:36-44.

GABA RECEPTORS: MOLECULAR STUDIES OF GABAA, GABAß AND GABAç RECEPTORS

795.1

THE ARGININE RESIDUE AT POSITION 120 IN THE α l SUBUNIT OF 
THE HUMAN GABAλ RECEPTOR IS ESSENTIAL FOR GABA 
BINDING M.R. Witt*111. K. Dekeπnediian(l>. S.E. Westh-Hansen 1 T. 
Liliefors121 and M. Nielsen1 π (!) Institute o f  Biological Psychiatry. Set. Hans 
Hospital Roskilde. Denmark (2) Dep. Medicinal Chemistry, Royal Danish 
School o f  Pharmacy. C 'openhugen, Denmark

GABAλ receptors are part of multimeric ligand-gated chloride ion 
channel complexes composed of different subunits. GABA is assumed to bind to 
a site within in the N-terminal. extracellular part of either α or a ß subunits or at 
the interface between these two subunits. A number of specific amino acid 
residues in the α and ß subunits have been suggested to constitute part of the 
GABA binding site (see e.g. Davies et al.. Frontiers in Neuroscience. Vol. I, pp. 
214-233. 1996). We now report that a single, conservative point mutation in the 
ct| subunit (Argl2O->Lys) leads to an abolishment of 3H-muscimol high-affinity 
binding. GABA \ receptor complexes expressed in Sf-9 cells infected with 
baculovirus containing human recombinant cDNA coding for α ((Arg 120->Lys) 
in combination with ß2 or γ2s subunits showed dramatically reduced GABA
gated whole-cell chloride current responses (EC,,i 4 mM) as compared to wild- 
type uιß: γ2S complexes (EC*, ~ 10 µM). At submaximal GABA concentrations, 
chloride currents in «ι(Arg 120->l.ys) ß2 γ2s receptor complexes retain 
sensitivity to diazepam stimulation (- 2.5 fold increase) suggesting that the 
allosteric interaction between the benzodiazepine and GABA sites is intact. This 
finding is supported by binding data showing that although αι argl2Olys ß2 γ2S 
receptor complexes have no detectable high-affinity ’H-muscimol binding. 3H- 
flunitrazepam binding was found. Ah initio quantum chemical calculations 
support a model for GABA and muscimol binding in which an arginine residue 
binds to the anionic part of the ligand.

795.2

STOICHIOMETRIC INVESTIGATION OF GABAA RECEPTOR 
MODULATION BY A MUTANT-WILDTYPE ALPHA SUBUNIT 
TANDEM CONSTRUCT
O.B. Ye and N.L. Harrison*. Department of Anesthesia & Critical Care, The 
University of Chicago, Chicago, IL 60637

GABA is the primary inhibitory neurotransmitter in the central nervous system, and 
its action at the GABAa receptor is enhanced by barbiturates, steroids, and volatile 
anesthetics. Our previous chimeric and mutagenic studies of the GABA and glycine 
receptors (Nature 389:385-389,1997) have identified a specific amino acid residue 
(Ala29l) in the third transmembrane domain of the α2 subunit of the receptor that is 
critical for potentiation by volatile anesthetics. When the Ala29l is mutated to 
tryptophan and co-expressed with wildtype ßl subunit cDNA, it forms a receptor that is 
insensitive to volatile anesthetics. However it is not clear whether one or more copies 
of the mutant α  subunit in the pentameric receptor are required to abolish the anesthetic 
effect. In this study we approached the question by forming a GABAλ receptor that 
contains only one copy of the mutant α2 subunit in the pentameric complex. To 
accomplish this, PCR techniques were used to genetically engineer a tandem α2 
construct in which the coding regions of the mutant and wildtype α2 cDNAs were 
joined together by a polynucleotide linker that encodes 21 glutamine residues (see Im et 
al., J. Biol Chem, 1995). Co-expression of this mutant-wildtype tandem α2 construct 
with ß I and γ2 subunit cDNAs produced a GABAa receptor with an apparent affinity 
for GABA similar to that of a wildtype receptor consisting of α2ß lγ2. This tandem 
subunit construct can be used for further pharmacological analysis; results with the 
volatile anesthetic isoflurane will be presented. This tandem approach should find 
additional applications in studies of receptor assembly and stoichiometry.

Supported by NIH grants GM 45129 and GM 00623 to N.L.H.
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795.3
STRUCTURAL DETERMINANTS OF GABAa RECEPTOR DESENSITIZATION 
EXPLORED THROUGH δ-γ2L SUBUNIT SUBTYPE CHIMERAS K.F. Haas1*. F. 
Sun3, and R.L. Macdonald2,3. Neuroscience Program1 and Departments o f Neurology2 
and Physiology3, University o f Michigan, Ann Arbor, MI, 48104-1687.

When expressed with α l  and ß3 GABAa receptor (GABAR) subunit subtypes, γ2L 
and δ subunit subtypes conferred unique activation, deactivation, and desensitization 
properties on the resulting α lß3γ2L  and α lß 3 δ  currents. Specifically, α lß3δ  
currents activated more slowly, deactivated more rapidly, and desensitized more 
slowly and less completely than α l ß3γ2L currents. To explore the structural basis for 
these kinetic differences, we utilized two δ-γ2L subtype chimeras; 1) M2e was δ up to 
the start o f the M2 loop (δA 28l, γR284); and 2) M le was δ up to the start o f Ml 
(δG232, γY235). We evaluated the current kinetics o f αlß3δ-γ2L isoforms expressed 
in L929 fibroblasts using rapid application of 1 mM GABA to outside-out membrane 
patches voltage-clamped at -75 mV in symmetrical chloride solutions. The α lß3δ- 
γ2L M2e currents activated at a rate intermediate to α lß 3 δ  and αlß3γ2L currents 
(10-90% rise time = 1.0 ± 0.2 ms; n = 4) and deactivated rapidly. They did not 
desensitize during a 400 ms application of 1 mM GABA (n = 5), similar to α lß 3 δ  
currents. The α lß3δ-γ2L M le currents activated at the same rate (1.0 ± 0.2 ms; n = 
5), but deactivated more slowly and desensitized rapidly (τf = 6.8 ± 1.9 ms, t s = 87 ± 
25 ms; n = 5), similar to αlß3γ2L currents. Steady-state single channel properties 
were examined at near EC50 GABA concentrations. At 10 µM GABA, αlß3δ-γ2L 
M2e channels had a mean conductance of 22 ± 0.9 pS (n = 3) and open and closed 
state properties that were nearly identical those o f the α lß 3 δ  isoform. At 3 µM 
GABA, α lß3δ-γ2L M le channels had a mean conductance of 26 ± 0.6 pS (n = 3) 
with single channel properties similar to α lß3γ2L  receptors. These results 
demonstrated that differences in channel gating and desensitization derived from a 
short region o f the δ and γ2L subunits composed o f the M l, the M l-M 2 loop, and the 
M2 domains. Supported by ROl-NS333OOO (R.L.M.) and T32-DA07281-03 (K.F,H.)

795.5
TRANSFECTION OF GABAa RECEPTOR SUBUNIT-GFP CHIMERAS IN 
HEK293 CELLS AND IN NEURONS IN PRIMARY CULTURE. S.Vicini*, J.H. 
Li, W.J. Zhu, K,E. Krueger and J.F.Wang Dept, of Physiology & Biophysics, 
Georgetown Univ. Med. Centr., Washington DC.

We describe an approach that may allow to study changes in GABA receptor 
distribution with development and pharmacological treatments in living neurons. We 
produced expression vectors containing chimeras of the GFP protein linked to the C 
terminus of GABAa receptors α l ,  γ2 or the δ subunits. HEK293 cells were 
successfully transfected with αl-GFP cDNAs together with ß3 subunit as indicated 
by the formation of green fluorescent clusters of receptor subunits that colocalized 
with immunospecific staining for the α l  subunits and by whole-cell recordings of 
GABA-activated CL currents. Although the current density was lower in these cells, 
GABA, bicuculline and ZnCl2 actions were unaltered. Similarly, transfection with 
cDNAs encoding for the γ2-GFP chimera together with α lß 3  subunit cDNAs 
produced clusters of subunits and GABA-activated chloride currents that were 
insensitive to blockade by 10 µM ZnCl2 and that were potentiated by 1 µM zolpidem. 
Lastly δ-GFP chimeras transfection in HEK cells produced receptor insensitive to the 
neurosteroid THDOC (l µM) potentiation. We then successfully transfected primary 
cultures of neocortical and cerebellar neurons with these GABAa receptors subunit - 
GFP chimeras. We obtained evidence of elongated cluster formation in both cell 
types that matched well although not completely endogenous receptor clusters as 
indicated by ß2/3 staining and partially correspond to synaptophysin positive 
punctae indicating synaptic localization of transfected subunits. Electrophysiological 
recordings from transfected neurons indicated that functional GABAergic synapses 
were still maintained. This approach will allow to follow targeting and distribution 
of GABAa receptor clusters in living neurons during development in culture and in 
different experimental conditions. {Supported byNINDSgrants NS32759 andNSOJ68O).

795.7

FUNCTION OF G A B A a -RECEPTOR SUBTYPES: MICE WITH 
PO IN T-M U TA TED  D IA Z E PA M -IN SE N SIT IV E  G A B A a  α l -  
RECEPTORS. U. R udolph1. F. Crestani1. D. B enke1. J.R. Martin2,
J.A. B enson1, R. Keist1, J.-M. Fritschv1. K. L ow 1, H. Blüthmann2 and
H. M ohler1* 'Insitute o f Pharmacology, University o f Zürich, CH- 
8057 Zürich; :F. Hoffmann-LaRoche Ltd., CH-4002 Basel.

GABAA-receptors are the principal mediators o f inhibitory neuro
transmission in vertebrate brain. C lassical benzodiazepines such as 
diazepam (DZ) bind to α l - ,  α 2 -, α 3 - and α5-G A BA A-receptors and 
a llo ste r ica lly  p oten tia te  G A B A -in d u ced  ch lor id e  currents. 
Benzodiazepines are w idely used clinically as anxiolytics, hypnotics, 
m uscle relaxants and anticonvulsants. In order to determine the 
contribution o f individual receptor subtypes to the pharmacological 
spectrum of DZ we have introduced the H 101R point mutation in the 
α l -subunit into the mouse germ line. Radioligand binding studies on 
brain membranes and electrophysiological analysis o f cerebellar 
Purkinje cells confirmed that α l(H 101R )-receptors are insensitive to 
DZ. In the pentylenetetrazole convulsion  test only half o f  the 
α l(H 1 0 1 R )-m ic e  w ere protected  from seizures by D Z at a 
concentration which protected all control animals. DZ reduced the 
motor activity o f control mice, but not o f α l(H 101R )-m ice . In the 
horizontal wire test, the DZ-response o f α l(H 101R )-m ice was identi
cal to wild-type controls. Thus, the αl-receptors mediate the sedative 
and partially the anticonvulsant activity o f DZ, but not the myo- 
relaxant action o f DZ. The anxiolytic activity o f DZ in α l(H 101R )-  
m ice is currently under investigation. These findings provide 
important insights for the development o f subtype-specific drugs. 
Supported by the Swiss National Science Foundation (3100-049754.96/1).

795.4
LOW ZINC SENSITIVITY OF γ-CONTAINING GABAa RECEPTORS IS 
CONFERRED BY AT LEAST TWO γ SUBUNIT DOMAINS. N, Nagava*1, F. 
Sun2, and R.L. Macdonald1,2. Depts. of ‘Neurology and 2Physiology, University of 
Michigan Medical Center, Ann Arbor, MI 48104-1687.

The sensitivity of GABAa receptors (GABARs) to inhibition by Zn2+ is dependent 
on their subunit composition. It has been previously shown that GABARs containing 
a γ2 subunit are less sensitive to Zn2+ inhibition than those containing a δ subunit. In 
order to identify molecular determinants o f this differential sensitivity, we have 
constructed three chimeras by replacing the rat δ subunit from the C-terminus with 
increasing lengths o f the rat γ2L subunit: 1) M3e is δ up to the start of transmembrane 
domain 3 (M3) (δS293, γA295); 2) M2e is δ up to the start of the M2-M3 loop 
(δA28l, γR284); and 3) M le is δ up to the start of Ml (δG232, γY235). The Zn2+ 
sensitivities of GABARs containing wild-type δ, wild-type γ2L, or chimeric δ-γ2L 
subunits were studied using whole-cell patch-clamp recordings from L929 cells co
expressing α l and ß3 subunits. Receptors containing the wild-type γ2L subunit had 
an IC50 value that was 50-fold greater than that for receptors containing the wild-type 
δ subunit. Replacement of the δ subunit with each of the three chimeras had varying 
effects on receptor IC50 values. GABARs with the M3e chimera had an IC50 value 
similar to that for receptors with the wild-type δ subunit. In contrast, expression of 
either the M2e or M le chimera resulted in GABARs with an IC50 value greater than 
that for receptors with the wild-type δ subunit. The magnitude of change observed 
with these chimeras (2- and 4-fold, respectively), however, did not approach the 
difference noted between γ2L- and δ-containing receptors. These results indicate that 
the N-terminal extracellular domain of the γ2L subunit plays a major role in 
conferring low Zn2+ sensitivity to GABARs. In addition, it is likely that a secondary 
determinant of Zn2+ sensitivity lies between domains Ml and M3 of the γ2L subunit. 
This work was funded by NIH grants R01-NS33300 (R.L.M) and 5T32~NSO7222 
(N.N.).

795.6
ACTIONS OF VOLATILE ANESTHETICS AND A VOLATILE CONVULSANT 
AT INHIBITORY LIGAND-GATED RECEPTORS. MD Krasowski*. O Ye. SE 
Finn. A Lin, and NL Harrison. Univ. of Chicago, Chicago, IL 60637.

GABAa and glycine receptors (GABAa-R and Gly-R) are positively modulated by 
inhaled anesthetics such as isoflurane. We have previously demonstrated that point 
mutations within transmembranes domains (TM) 2 and 3 of GABAa-R (e.g., at Ser 
270 or Ala 291 in the α 2 subunit) or Gly-R (Ser 267) abolish enhancement of 
submaximal agonist currents by enflurane and isoflurane. 1-2 Here we extend those 
findings to show that these mutations also abolish agonist potentiation by the volatile 
anesthetics diethyl ether, sevoflurane, trichloroethylene, and methoxyflurane. We also 
examined the actions of flurothyl (CF3-CH9-O-CH2-CF3), a volatile convulsant 
structurally related to the inhaled ether anesthetics. Similar to results in brainstem 
neurons,3 flurothyl acted as a non-competitive antagonist at GABAλ α 2ß] (IC50=150 
± 3ü µM) and α 2ßιγ2s (IC50=83 ± 12 µM) receptors yet had no actions on Gly α, 
receptors even at concentrations up to 5 mM. Flurothyl also was a weak antagonist at 
GABA p] receptors (IC50 > 1 mM). Interestingly, flurothyl still inhibited GABA 
responses at four GABAλ-R containing mutations which drastically reduce or abolish 
sensitivity to volatile anesthetics. The receptor selectivity for flurothyl (actions on 
GABAλ and GABA Pi but not Gly receptors) and the lack of effect of mutations 
within TM2 and TM3 on the actions of flurothyl contrasts markedly with the volatile 
ether anesthetics. Iso-flurothyl [(CF3)2-CH-O-CH3], a structural isomer of flurothyl 
that is anesthetic and not convulsant, enhanced submaximal agonist currents at both 
GABAa -R and Gly-R. Mutations at Ser 270 or Ala 291 of the GABAa-R oc2 subunit 
completely abolished potentiation by iso-flurothyl, as seen for all other ether 
anesthetics. Thus, subtle molecular variations in halogenated ethers lead to markedly 
different behavioral and receptor effects. Research support generously provided by NIH 
grants GM45129 and GM0U623 (NLH) and NIMH training grant MH1 1504 (MDK).

1 Mihic SJ et al. N a t u r e  389: 385-389. 1997.
2 Krasowski MD et al. M o l.  P h a r m . 53: 530-538, 1998.
3 Wakamori M et al. J. N e u r o p h y s io l .  6 6 : 2014-2021, 1991.

795.8

FUNCTIONAL EXPRESSION AND DISTRIBUTION OF GB2, A 
SECOND GABAB RECEPTOR. J. A. Clark*, é . Mezev. A. S. Lam,
T. I. Bonner. Section on Genetics, NIMH, Bethesda, MD 20892- 
4094. Through EST data base searches, polymerase chain reaction, 
and library screening we have identified and isolated human and rat 
cDNAs for a novel GABAb receptor, GB2, with 31% homology to 
G Bla and G Blb. These receptors comprise a new subfamily of 7 
transmembrane G-protein-coupled receptors that share structure and 
sequence similarities with the metabotropic glutamate receptors. Two 
different ESTs corresponding to the human GB2 have previously been 
mapped to between markers D9S287 and D9S176 on chromosome 9, 
which places it at 9q22-q3l. Preliminary studies in HEK293 cells 
transiently expressing GB2 showed that the GABAB receptor agonists 
baclofen, GABA and 3-APPA mediated a substantial inhibition of 
forskolin stimulated cAMP synthesis. In situ hybridization using an 
antisense probe to this novel receptor mRNA showed a distribution in 
rat CNS nearly identical to that for the GB1 receptor, although some 
regions showed significant differences. Specifically, message levels 
for GB2 were virtually absent in the caudate putamen, and 
significantly lower in the medial basal hypothalamus, septum and 
brainstem as compared with GB1 message levels. In contrast to GB1, 
GB2 hybridization was never detected in white matter suggesting that 
GB2 message is found exclusively in neurons. The availability of 
multiple GABAb receptor cDNAs allows us to ascertain for the first 
time the functions of distinct subtypes of GABAb receptor and to 
explore their use as potential sites for therapeutic intervention. This 
work is supported by a grant from the National Alliance for Research 
on Schizophrenia and Depression and by the NIMH Intramural 
Research Program.
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795.9
CLONING OF GABAbR2: CO-EXPRESSION WITH GABAbR 1 PERMITS GIRK 
ACTIVATION IN OOCYTES AND MAMMALIAN CELLS. K.A. Jones*. B. 
Borowskv. J,A. Tamm. M, Dai. W.-.I. Y;ιo. M. Johnson. L,-Y, Huang. H.-Y. Clianu. 
T,M, La/.. C. Tantz. 0 . Slien. D. Na¾arallinam. S.A. Noble, T A. Branclick and C. 
Gerald. Synaptic Pharmaceutical Corporation. Parainu.s. NJ 07652.

Recently a GABAr receptor was cloned dial exhibits high affinity binding lor 
selective antagonists and yet does not display agonist-stimulated cellular responses 
expected from native receptors. The GABArRI sequence was used to query the EST 
division of Gen Bank. Two entries "had scores that suggested significant homology to 
GABArRI. These results made possible the isolation of a full length clone from a rat 
hypothalamic cDNA library. Sequence analysis of the clone revealed a complete 
coding region for a novel receptor protein. A search of GcnEMBL indicated that the 
most similar sequence was that of the GABArRI receptor followed by other GPCRs of 
(tie mGluR family. Like GABArRI, GABArR2 contains a large N-lerminal extracel
lular domain having homology to L1VBP. We used Xcnopus oocytes and HEK293 
cells to examine the possible coupling of GABArRI and GABArR2 to one of their 
presumed natural targets, the G-protein inwardly rectifying channel composed of 
G1RK1 and GIRK4 subunits. Neidier GABAr receptor alone appeared capable of 
activating a significant GIRK current in eititer cellular system. Others have reported a 
similar lack of coupling for GABAßRl. Surprisingly, when both GABArRI and 
GABArR2 were co-expressed in either oocytes or HEK293 cells, robust GIRK 
currents were generated upon application ot GABA or baclofen. ECy,s for these 
agonists (1-5 µM) were in the same range as for GABAr receptors on neurons. The 
competitive antagonist CGP55845 at 1 µM blocked responses to GABA as did 
pretreatment wiüi pertussis toxin. In summary, the GABAbR2 receptor appears to 
confer to GABArRI properties of GABAr receptors crucial to their activity in the 
brain. We hypothesize that both gene products are required for native receptor 
function.

This work was supported by Synaptic Pharmaceutical Corporation.

795.11

A CHIMERIC p /ß  RECEPTOR W ITH UNEXPECTED  
PROPERTIES. V.E. Wotring.* R. J. Dudley and D. S. W eiss. 
Department of Neurobiology, University of Alabama at Birmingham, 
Birmingham AL 35294-0021.

In the currently accepted model of ligand gated ion channel structure, 
five subunits come together such that their second transmembrane 
domains (TM2) line the pore. This implies that TM2 is important in 
pore-related functions like gating and ion selectivity. In an effort to 
directly test the role of TM2 in ion channel function, TM2 of the p 1 
receptor was replaced by the corresponding region of the GABA ß2 
receptor. We chose to make our chimeras using the GABA ß2 and pi 
subunits because of the measurable differences in the activation, 
kinetic, and pharmacological properties of recombinant αlß2γ2 and pi 
receptors. Xenopus oocytes expressing this receptor were studied with 
two-electrode voltage clamp and outside-out patches were pulled from 
transfected HEK 293 cells. Surprisingly, concentration-response 
curves and rates of activation and deactivation o f the chimera were 
comparable to those of wild-type p i receptors. Ion replacement 
experiments revealed that the permeability of the chimeric channel to 
thiocyanate was comparable to that of the wild-type pi receptor. 
However, permeabilities to iodide, bromide, and nitrate more closely 
resembled those of recombinant αlß2γ2 receptors. These observations 
suggest that TM2 is not a critical or unique determinant in channel 
activation and gating. Notwithstanding, this region does seem to play 
an important role in ionic permeation through the pore.
[Supported by NIH N S3529l]

795.13
ACTIVATION MECHANISM OF A RECOMBINANT GABA RECEPTOR 
REVEALED BY SINGLE OOCYTE LIGAND BINDING. Y. Chang* and P  S. 
Weiss. D ept o f Neurobiology, and Physiology and Biophysics, Univ. of Alabama 
at Birmingham; Birmingham, AL 35294.

Activation of the family of ligand-gated ion channels underlies fast synaptic 
communication between neurons in the central nervous system. Elucidation of their 
activation mechanism has been hindered by a limited understanding o f the 
relationship between agonist binding and gating o f the integral ion pore. To this 
end, we have developed a [3H]-ligand binding assay that uses a single oocyte 
expressing recombinant p i GABA receptors. Using this approach, we have been 
able to determine the apparent equilibrium binding affinity for GABA (Kd ; 0.65 ± 
0.22 µM) as well as the rates o f  GABA association and dissociation. The 
microscopic association rate, kon, was ~2.OxlO5 M *sec-1, nearly three orders of 
magnitude slower than the rate of diffusion indicating GABA has restricted access to 
the binding site. [3H]-GABA dissociated from p i GABA receptors at two rates with 
time constants of 5.6 ± 3.4 secs and 28.9 ±  8.9 secs. The faster dissociation rate 
(koff) was from the closed, agonist-bound states. The slower rate, which is the same 
as the rate o f channel closure upon agonist removal (deactivation), is an apparent 
k0ff from receptors that have reached the open state. In this case, agonist 
dissociation has been detained by the opening o f the porë providing evidence that 
agonist does not dissociate from the open state. This conclusion is supported by an 
examination o f mutant p i  receptors with altered deactivation kinetics, as well as a 
correlation between the rates o f agonist dissociation and receptor deactivation at low 
temperatures. The combination of ligand binding, two-electrode voltage clamp, and 
single channel analyses in this study allow us to fully define a detailed activation 
mechanism for these receptor-gated ion channels, (supported by NIH Grant 
NS3529L).

795.10
EVIDENCE FOR A PKC-DEPENDENT INTERNALIZATION OF GABA p i  
RECEPTORS. N.Filippova. Y.Chang. R.Dudlev. P.Krishnamurthv.D.Weiss* UAB. 
Birmingham, AL 35205.

Wild type homomeric rhol receptors expressed in Xenopus oocytes were inactivated 
by the protein kinase C (PKC) activator PMA. The mechanism of this inactivation 
was studied in Xenopus oocytes expressing human wild type p 1 receptors and the 
triple mutant (S410/419/426A) p i receptor in which the PKC consensus sites were 
eliminated. PMA induced a time-dependent decrease in the amplitudes of both the wild 
type and the mutant p 1 GABA- activated currents. The degree and the kinetics of 
inactivation were similar for both receptors; the normalized amplitudes were 
0.18+0.05 (n=5) and 0.06+0.05 (n=4) after 30 min from the end of a 10 min PMA 
treatment (0.1 µM), respectively. Complete current recovery from inactivation was 
achieved within 24 hours (current amplitude normalized to the control value was 
0.12+0.06 after inactivation and recovered to 1.16+0.17, n=5). The PKC inhibitor 
calphostin C prevented the inactivation induced by PMA (2OnM). The inactive analog 
of PMA, ocPMA (1 µM), had no effect on the GABA- activated current (1.04+0.08, 
n=4 after 30 min of recording).

Simultaneous measurements in individual oocytes demonstrated that PMA (10 min, 
0.1 µM) decreased [3H]GABA binding and GABA-activated current with a similar time 
course and magnitude (normalized to the initial values pH]GABA binding and current 
amplitude were 0.20+0.07 and 0 .23+0.03 , n=4 after 40 min of recording, 
respectively).

Thus, we conclude that PMA induced a time dependent inactivation of the GABA 
activated current, that appears not to be due to direct phosphorylation of PKC 
consensus sites of the p i receptor (S410, S419, S426). The concomitant reduction in 
surface binding suggests an internalization of p 1 receptors as a potential mechanism. 
Support; NIH grant NS3529l

795.12
GABAc RECEPTOR RHO SUBUNITS ARE HETEROGENEOUSLY 
EXPRESSED IN THE HUMAN CNS AND FORM HOMO- AND 
HETEROOLIGOMERS WITH DISTINCT PHYSICAL PROPERTIES.
R. Enz* and G. R. Cutting. Center for Medical Genetics, The Johns Hopkins 
University School o f  M edicine, Baltimore, MD, USA  

Increasing evidence indicates that bicuculline-insensitive GABAc receptors are 
composed o f  p subunits. In contrast to p i,  p2 does not efficiently form 
homooligomeric receptors in Xenopus oocytes. In this study we investigated the 
expression profile o f  p i and p2 subunits in the human CN S and correlated the 
results with their ability to form functional homo- and heterooligomeric GABAc 
receptors in mammalian cells. RT-PCR with RN A isolated from different CNS  
regions was used to analyze the expression o f  both p subunits. W hole-cell patch- 
clamp studies were performed upon mammalian H EK-293 cells transfected with 
p subunit cD N A s inserted in the expression vector pBK/RSV. Whereas both 
p subunits were highly expressed in the retina, p2 was almost exclusively  
present in other brain regions. The p2 subunit efficiently formed 
homooligomeric Cl' channels with a pharmacology similar to p i ,  however 
distinct physical properties. Coexpression o f both p subunits generated currents 
characterized by the more rapid inactivation profile o f  p2 and higher currents o f  
p i.  Coexpression with a p i  N-terminal dominant-negative construct eliminated 
p2 currents, demonstrating that p i and p2 readily form heterooligomeric 
GABAc receptors. Picrotoxinin inhibition depended upon the p l:p 2  cD N A  ratio, 
suggesting again heterooligomerization. Our results indicate that GABAc 
receptors in the human brain are mostly p2 homooligomers while coexpression 
o f  an additional p subunit, p i,  in the retina enables the formation o f a 
heterogeneous population o f  GABAc receptors with distinct physical properties 
possibly important for visual signal transduction.
Supported by NIH grant EY 09531 and the Deutsche Forschungsgemeinschaft
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796.1

PROLIFERATIVE EFFECTS OF FGF-2 ON CULTURED CHICK EMBYRO 
SPINAL CORD. D.R. Ladle,* S.Y. Fu. K. Sharma, and E. Frank. Dept, of 
Neurobiology, University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.

Normal development of the spinal cord depends on the production of large 
numbers of neurons and glia in the germinal zone. By day 6 (stage 29/30) in 
chicken embryos, cell proliferation in the dorsal cord is still extensive, as shown by 
the incorporation of BrdU. Cultured segments of spinal cord provide a useful 
system for studying spinal development, including the establishment of sensory 
projections, but the dorsal horn in these segments does not grow during culture. In 
this study, we determined if this lack of growth resulted from an absence of cell 
proliferation, and, if so, if the addition of biologically relevant growth factors could 
improve growth. Segments were dissected from lumbosacral cord and cultured in 
small blocks of 2% agarose for 48 hours in the presence of 2µM BrdU. FGF-2, a 
growth factor known to have mitogenic effects in nervous tissue, or chicken embryo 
extract (CEE), was added to the media and the agarose. After culture, the segments 
were examined for BrdU-labeled cells.

Stage 29-32 explants grown in our standard medium (NGF and NT3 but no 
growth factors) had few labeled cells in the spinal cord, although many cells were 
labeled in DRG. Addition of FGF-2 increased labeling in the spinal cord; most 
labeled cells remained close to the germinal zone near the midline. Segments 
treated with 20 ng/ml FGF-2 had more labeled cells than those treated with 10 
ng/ml. The addition of 10% CEE also caused increased BrdU labeling. Many cells 
in the DRG of all cultured segments were BrdU-labeled suggesting that in this 
culture system, spinal cord cells are more dependent on exogenous growth factors 
than neural crest cells. Supported by NS24373 to E.F.

796.3

LINEAGE ANALYSIS AND DIFFERENTIATION OF NEURONAL 
PRECURSOR CELLS. A.J. Kalvani*. T. Muitaba. and M.S. Rao. 
Department of Neurobiology and Anatomy, University of Utah School of 
Medicine, Salt Lake City, UT 84132.

We have previously shown that E-NCAM+ cells present in the spinal 
cord of E13.5 rats are neuronal restricted precursors (NRPs) that can give 
rise to functional neurons, but not glial cells in culture. To further 
characterize the differentiation potential of individual NRPs, we examined 
the neuronal phenotypes generated when clones of cells derived from a 
single NRP were induced to differentiate. Our results show that individual 
NRP cells can give rise to neurons which synthesize and/or respond to 
glutamate, glycine, dopamine, GABA, and acetylcholine. Thus, NRP cells 
are not limited in their potential to cell types present in the spinal cord, the 
tissue from which they were isolated.

Because the generation of neuronal phenotypes are known to be 
regulated by extracellular signaling molecules in  v ivo , we examined the 
effects of two potential regulatory molecules, Sonic hedgehog (Shh) and 
Bone Morphogenetic Protein (BMP), on the differentiation of NRPs. Shh 
and BMP are both expressed in the spinal cord at the onset of 
neurogenesis and are thought to bias cells towards either ventral or dorsal 
fates, respectively. Our results indicate that Shh and BMP have opposing 
effects; Shh promotes proliferation of NRPs and inhibits differentiation of 
all cell types including ventral phenotypes, while BMP inhibits proliferation 
and promotes differentiation of all cell types, including ventral phenotypes. 
Although Shh inhibited NRP cells from differentiating into motoneurons or 
other ventral phenotypes, it clearly had other ventralizing effects. Shh 
increased the ratio of genes expressed ventrally to those expressed 
dorsally. Interactions between Shh and BMP and their effects on NRP 
differentiation are being examined. S u p p o r te d  b y  a n  N IH  F irs t  A w a rd , a n  
M D A  re s e a rc h  g ra n t, a n d  a n  N IH  g ra d u a te  s tu d e n t fe llo w sh ip .

796.5

BLOCKADE OF 5HTIA RECEPTORS PREVENTS HIPPOCAMPAL GRANULE CELL 
GENESIS DURING AND AFTER PILOCARPINE-INDUCED STATUS EPILEPTICUS. 
J.J. Radley*. B.L. Jacobs. P. Tanapat. E. Gould. Program in Neuroscience, Princeton 
University, Princeton, NJ 08544-1010.

Mossy fiber reorganization in the dentate gyrus (DG) occurs after status epilepticus (SE) 
and is thought to be a mediating factor in the development of recurrent seizures in both 
animal models and humans. Previous experiments have assumed that mossy fiber 
reorganization originates from existing granule neurons, however, genesis of DG granule 
neurons occurs at low levels throughout life and has recently been shown to increase for at 
least 14dafterpilocarpine-inducedSE(7.jVé«mvcι.l997, 17:3727-3738). Since we recently 
found that stimulation of the 5-HT1A receptor augments DG neurogenesis, and reciprocally, 
that blockade of this receptor significantly decreases neurogenesis (B.L. Jacobs et αl., this 
meeting), we decided to examine whether 5-HT1A receptor blockade would reduce seizure- 
induced neurogenesis. First, we tested whether DG neurogenesis was increased after 3 h of 
SE by administering pilocarpine (PILO, 350-400mg/kg, i.p.), and whether this effect was 
dependent on 5-HT1 A receptor activation. One group of rats received 3 doses of a 5-HT1 A 
antagonist (WAY-100635, 5mg/kg, s.c.), at 90 min intervals starting 30 min prior to PILO 
administration. In the second experiment the same procedure was followed, except that after 
3 h of SE, rats were anesthetized and implanted with mini-pumps to deliver WAY-100635 
(4mg/kg/d, s.c.) continuously for the 14 d survival period. Bromodeoxyuridine (BrdU) 
labeling revealed a significant increase (100%) in the number of proliferating cells at 3 h into 
and 14 d after SE. WAY-10063 5 treatment completely blocked both of these effects. The 
rapidity of increased neurogenesis at 3 h into SE is the first evidence for the seizure event 
itself, and not the recovery period, being sufficient to stimulate granule cell neurogenesis. 
These results suggest that a critical step in the increase in hippocampal granule cell genesis 
following seizures is 5-HT1 A receptor activation. These data may be relevant to the 
treatment and prevention of epilepsy. (Supported by NIMH grants MH 23433 and MH 
52423.)

796.2

THE INFLUENCE OF EXTRINSIC FACTORS ON DIFFERENTIATION 
OF EMBRYONIC SPINAL CORD STEM CELLS. J. M Moul*a, S. Y. 
Chow3, M. Obrocka3, A. Tesslerab, & I. Fischer*. Dept, of Neurobiology 
& Anatomy, Allegheny University of the Health Sciences3., Phila, PA 
19129; VA Hospital, Phila, PA 19104\

We have isolated and cultured stem cells from embryonic rat spinal 
cord which were demonstrated to be multipotential and had the capacity 
to self-renew. When grown in the presence of 2Ong/ml EGF and bFGF 
these cells form neurospheres that can be expanded for 20 passages. In 
this study, we examined the effects of various extrinsic factors on the 
commitment and fate of spinal cord stem cells in vitro. When these cells 
were treated with 10% fetal calf serum (FCS) most of them became 
astrocytes based on GFAP immunoreactivity and only a small percentage 
differentiated into neurons as evidenced by staining with MAP lb, MAP2 
and TUJ1. However, the majority of the stem cells formed neurons when 
cultured with media containing 10'6M retinoic acid with either EGF or 
0.1% FCS. Most of the neurons were found to be immunoreactive for 
GABA but there was also a small population of ChAT positive cells. 
Furthermore, these cells continued to express nestin, suggesting that they 
retain an immature phenotype. Consistent with this interpretation, we 
found that when the stem cells were treated for four days with retinoic 
acid and then cultured in medium containing 10% FCS, the cells 
expressing a neuronal phenotype retracted their processes within 24 
hours and assumed a flat morphology. These findings indicate that the 
differentiation of embryonic spinal cord stem cells can be directed by 
selective treatments, but in some cases the commitment of these cells may 
still be changed in the process of differentiation, even though they 
exhibit morphological and biochemical properties found in mature cells. 
Grant support: NIH grants NS247O7, HDO7467, NS 10090, and the 
Research Service of the VA, EPVA and ISRT.

796.4
DEVELOPING DENTATE GYRUS GRANULE CELLS: A MORPHOLOGIC- 
ELECTROPHYSIOLOGIC CORRELATION. Xuesong Liu. Shilpa Tilwalli, Gui- 
lan Ye, Joseph F. Pasternak, Barbara L. Trommer* Division of Pediatric 
Neurology, Evanston Hospital, Evanston, IL 60201 and Dept, of Pediatrics and 
Neurology, Northwestern University Medical School, Chicago, IL 60611 

Morphologic maturation of granule cells (GCs) in dentate gyrus is characterized 
by progressive elaboration of the dendritic arbor. We hypothesized that 
morphologic maturation is accompanied by concomitant decreases in input 
resistance (IR) and resting membrane potential (RMP) and that IR can be used to 
estimate maturity in individual developing GCs. We used whole cell patch clamp 
recordings to measure cell properties and to biocytin-fill GCs (N=23l) in 
hippocampal slices from 8-28 d rats. Stained slices were digitized in multiple (2-5) 
planes that were added to form a compound 2 dimensional image. Dendritic 
processes were traced manually and summed to yield a total dendritic length for 
each GC. We found a significant inverse correlation (r=-0.06, p < 0.0001) between 
dendritic length and IR. When cells were classified into 4 maturity groups by IR (IR 
< 350ΩM, 36O<IR<IGΩ; lGΩ<IR<2GΩ; IR >2GΩ) dendritic length for all groups 
(l2l5±lO3µm, mean ± S.E.; 9I7±52; 496±34; 294±4l; respectively) differed from 
each of the others (p < 0.0001, ANOVA). Resting membrane potential (RMP) also 
differed among the 4 groups (-77.3+1.4 mV; -67.2± l.2; -5 3 .5 ± l.l; -46+1.4, 
respectively, p < 0.0001, ANOVA); RMP correlated directly with IR (r= +0.79) and 
inversely with dendritic length (r=-0.71). Within each maturity group, neither 
dendritic length nor RMP varied as a function of animal age (p>0.1). These data 
indicate that morphologic maturation of GCs is paralleled by a progressive decrease 
in IR and hyperpolarization o f RMP. IR thus provides a reasonable estimate o f GC 
maturity ranging from >2 GΩ (least mature) to <350 MΩ (most mature).

Supported by the E. Carton and R.L. Ruggles Research Funds, Evanston Hospital.

796.6

SEROTONIN STIMULATES THE PRODUCTION OF NEW 
HIPPOCAMPAL GRANULE NEURONS VIA THE 5HTIA RECEPTOR 
IN THE ADULT RAT. B.L. Jacobs*, P. Tanapat, A.J, Reeves, E. Gould. 
Program in Neuroscience, Princeton University, Princeton, NJ 08544-1010.

Hippocampal granule neurons continue to be produced in adulthood in a 
number of mammalian species. Serotonin has been shown to induce 
mitosis in peripheral tissues and the dentate gyrus has a high concentration 
of 5HTIA receptors. To determine whether serotonin affects the production 
of granule cells in the dentate gyrus via the 5HTIA receptor, adult rats were 
treated with 5HT receptor agonists and antagonists and the numbers of 
proliferating cells and new granule neurons were determined using 
stereological methods. Treatment with the serotonin-releasing drug d- 
fenfluramine increased the number o f cells that incorporated 
bromodeoxyuridine (BrdU), a thymidine analog, that labels cells in S phase. 
Pretreatment with the 5HTIA receptor antagonist WAY100635 completely 
prevented this effect. Administration of 5HTIA receptor antagonists alone 
(WAY 100635, NAN-190 or pMPPI) resulted in a significant decrease in 
the number of BrdU labeled cells in the dentate gyrus. In an experiment 
using longer survival times, activation o f 5HTIA receptors with the agonist
8-OH-DPAT resulted in a significant increase in the number o f new granule 
neurons, i.e., BrdU labeled cells that expressed calbindin, a marker of 
mature granule neurons. These calbindin expressing cells were not 
immunoreactive for the glial marker GFAP. These results indicate that 
activation o f 5HTIA receptors stimulates the proliferation of granule cell 
precursors and ultimately, the production of granule neurons in the dentate 
gyrus of the adult rat. Supported by MH 23433 & MH 52423
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796.7
HIPPOCAMPAL-DEPENDENT LEARNING ENHANCES THE SURVIVAL OF 
GRANULE NEURONS GENERATED IN THE DENTATE GYRUS OF ADULT 
RATS. E. Gould1*. A. Bevlin1, P. Tanapat1. A.J. Reeves1 and T.J. Shors2. 'Program 
in Neuroscience, Princeton University; departm ent of Psychology and Center for 
Neuroscience, Rutgers University, Piscataway, NJ 08903 

It is now generally accepted that hippocampal granule neurons continue to be 
produced in adulthood in many vertebrate species. Previous studies have shown that a 
more complex environment can enhance the survival of new hippocampal neurons in 
the adult bird and mouse (Barnea & Nottebohm, 1994; Kempermann et al., 1997).
We sought to determine whether hippocampal-dependent learning could enhance the 
survival of granule neurons generated in adulthood. To test this possibility, we 
labeled cells with the thymidine analog bromodeoxyuridine (BrdU) and engaged 
animals in hippocampal-dependent learning tasks, i.e., trace eyeblink conditioning and 
spatial learning in a Morris water maze, during a time when many new granule 
neurons degenerate. Rats that were trained on a trace eyeblink conditioning paradigm 
had significantly more BrdU-labeled cells in the granule cell layer than both those 
exposed to an unpaired trace conditioning paradigm and undisturbed cage controls. 
Longer survival times demonstrated that the majority of BrdU-labeled cells express 
TOAD-64, a marker of immature neurons. Preliminary data revealed similar results 
following spatial learning; rats trained to use extramaze cues to find a hidden platform 
in the Morris water maze had more new hippocampal neurons than those exposed to a 
visible platform test, swim stress-yoked controls or undisturbed cage controls. These 
results suggest that the survival of new granule neurons is enhanced by hippocampal- 
dependent learning and suggest that these new neurons may specifically participate in 
the formation of new memories.
Supported by MH 52423 and NSF IBN 9511027.

796.9
HIPPOCAMPAL NEUROGENESIS IN OLD WORLD PRIMATES DECLINES 
WITH AGING. M. Fallah’*. E. Fuchs2. P. Tanapat1. A.J. Reeves’ and E. Gould1. 
’Program in Neuroscience, Princeton University, Princeton, NJ 08544; 2The German 
Primate Ctr, 37077 Göttingen, Germany.

Hippocampal neurogenesis persists into adulthood in several vertebrate species. 
However, no previous study has demonstrated neuron production in the dentate gyrus of 
an adult Old World primate. Indeed, previous studies using 3H-thymidine 
autoradiography have failed to detect neurogenesis in the dentate gyrus of adult Macaca 
mulatta monkeys (Rakic, 1985; Eckenhoff & Rakic, 1988). We re-investigated this 
possibility using the thymidine analog bromodeoxyuridine (BrdU) combined with celL 
specific markers. Adult Macaca fascicularìs monkeys (9-22 yrs) received injections of 
BrdU (1-5 injections) and were perfused at survival times ranging from 2 hr to 3 wks 
after the first injection. Brain tissue was processed for markers of proliferating cells 
(BrdU and Ki67), markers of immature neurons (TOAD-64 and PSA-NCAM), markers 
of mature granule neurons (calbindin, the NMDA receptor subunit NR1 and NSE) and a 
glial marker (GFAP). We found proliferating cells in the dentate gyrus of all monkeys 
examined. In the younger monkeys (9-14 yrs, n=3), many cells expressed markers of 
immature granule neurons, including PSA-NCAM and TOAD-64. Moreover, many 
BrdU labeled cells expressed markers of mature granule neurons, including calbindin, 
NR1 and NSE. A smaller percentage of BrdU labeled cells expressed the glial marker 
GFAP. The numbers of new neurons were substantial in all cases but the oldest 
monkeys (22 yrs, n=2). These findings show that the brains of adult Old World 
primates naturally produce new neurons and that production of new hippocampal 
neurons appears to diminish with aging.
Supported by MH 52423.

796.11

A PRED1C1TIVE FACTOR OF AGE-RELATED COGNITIVE DISTURBANCES 
IS CORRELATED IN YOUNG RATS WITH HIPPOCAMPAL 
NEUROGENESIS. V. Lemaire, C. Aurousseau, M. Le Moal and D.N. Abrous*. 
INSERM U259; 1 rue Camille St Saëns 33077 Bordeaux France.

Cognitive impairments during ageing, related to the deleterious effect of 
glucocorticoids on hippocampal plasticity, can be predicted by individual 
differences in behavioural traits. Indeed, rats that are high responder to novelty 
(HR) with a prolonged corticosterone secretion in response to stress are more 
vulnerable to age-related cognitive deficits. Neurogenesis persists in the granule cell 
layer of the gyrus dentatus and is inhibited by glucocorticoids. Because individual 
differences in young rats in specific behavioral and hypothalamic-pituitary-adrenal 
(HPA) axis reactivity can predict age-related impairments, we examined whether 
differences in neurogenesis in the gyrus dentatus may be predicted by behavioral 
reactivity to novelty.

Rats were selected according to their locomotor reactivity to a novel environment 
exposure and neurogenesis, evaluated from the incorporation of 5-bromo-2'- 
deoxyuridine in neuronal precursors, was studied by immunohistochemistry. We 
found that neurogenesis negatively correlated with locomotor reactivity (r=-0.74; 
p<0.001). Cell proliferation in Low Responder rats (LR), which have the less 
elevated corticosterone secretion and the less locomotor activity, was two times 
more important than that measured in High Responder rats (HR; p<0.001). On the 
other hand, survival of the newly born cells was not influenced by the behavioural 
trait. Furthermore, the total cell number within the granular cell layer of the gyrus 
dentatus was more important in LR rats when compared to HR rats (p<0.001).

It is concluded that besides a role for genetic factors, epigenetic factors influence 
both neurogenesis and total cell number in the gyrus dentatus. Furthermore, since a 
behavioral trait in youth, the emotional reactivity to novelty, has been demonstrated 
to be predictive of cognitive impairments later in life, the individual differences in 
neurogenesis and in total cell number within the gyrus dentatus in youth might be 
one of the involved biological mechanisms.

796.8
ESTROGEN STIMULATES THE PROLIFERATION OF GRANULE CELL 
PRECURSORS IN THE DENTATE GYRUS OF ADULT FEMALE RATS.
P. Tanapat*. N.B. Hastings, A.J. Reeves and E. Gould. Program in Neuroscience, 
Princeton University, Princeton NJ 08544.

It is now generally accepted that the production of new granule neurons continues 
throughout adulthood in a variety of mammalian species. However, no previous 
studies have investigated sex differences in hippocampal neurogenesis. To explore 
this possibility, we injected male and female rats with the thymidine analog 
bromodeoxyuridine (BrdU) and examined the numbers of proliferating cells in the 
dentate gyrus using stereological methods. Females showed consistently higher 
numbers of BrdU-labeled cells in the dentate gyrus than age-matched males. The 
increased number of proliferating cells in the dentate gyrus of females appears to 
be dependent on ovarian steroids; ovariectomy (OVX) resulted in a significant 
decrease in the number of BrdU-labeled cells compared to sham operated animals. 
Replacement of estrogen to OVX females restored the number of proliferating cells 
to normal values. To investigate the possibility that naturally occurring changes 
in ovarian steroid levels modulate the proliferation of precursor cells, we examined 
cell proliferation in the dentate gyrus of rats at different stages of the estrous cycle. 
We found that the number of cells that incorporate BrdU was significantly greater 
during proestrus compared to diestrus and estrus. Because proestrus is characterized 
by high levels of estrogen, these results suggest a naturally occurring estrogen- 
mediated production of granule neurons in the dentate gyrus of adult rats.
Supported by MH52423.

796.10
DECREASED PROLIFERATION IN THE AGED RAT DENTATE GYRUS CAN 
BE REVERSED BY REMOVING ADRENAL STEROIDS. HA Cameron* and 
RDG McKay. Lab of Mol Biol NINDS NIH, Bethesda, MD 20892.

Recent studies have shown that the production of new neurons in the rat 
dentate gyrus decreases dramatically in old age. One possible explanation for 
this phenomenon is that many of the proliferating cells in this late-developing 
region eventually mature and lose the ability to divide. A second possibility, 
however, is suggested by findings that corticosterone (cort) negatively 
regulates cell proliferation in the young rat dentate gyrus and that basal 
plasma cort levels are increased in aged rats. To test the hypothesis that high 
cort levels are responsible for decreased neurogenesis in aged rats, we counted 
S-phase (BrdU+) cells in every 12th section through the dentate gyrus of aged 
(26 month) and young adult (5 month) male S-D rats following adrenalectomy 
(ADX) or sham operation. Aged sham rats had fewer BrdU+ cells than young 
sham rats (1/3x, p<0.05), confirming the results of other groups. ADX of aged 
adults produced a 7.5x increase in BrdU-i- cells, compared to a 3.5x increase in 
young adults. The numbers of BrdU+ cells in young and aged ADX rats were 
not significantly different, indicating that the dentate gyrus of aged rats has the 
same capacity for generating new cells as the young adult dentate gyrus but 
that high cort levels downregulate proliferation more in aged rats. These 
BrdU+ cells cannot be definitively identified as neurons because of the short (2 
hr) survival following labeling, but earlier studies have shown that most 
(>80%) of the cells produced after ADX mature into granule neurons in young 
adult rats. The function of granule cell genesis is unknown, but it is likely to be 
important for some aspect of hippocampal-dependent learning and memory. If 
so, these findings suggest that learning and memory deficits related to age and 
high cort levels may be caused by a reversible decrease in granule neuron 
production rather to a permanent change such as neuronal death or loss of 
neuronal progenitors. Supported by N IND S NIH.

796.12
ANALYSIS OF GENE EXPRESSION PATTERNS IN THE DENTATE GYRUS: 
DEVELOPMENTAL REGULATION AND THE EFFECTS OF STRESS UPON 
GRANULE NEURONS. K. Pham* and B.S. McEwen. Laboratory of 
Neuroendocrinology, Rockefeller University, New York, NY 10021.

The production of new neurons in the dentate gyrus continues postnatally through 
adulthood and can be altered by stressful events in rodents. The life of a dentate gyrus 
granule cell can be defined in four stages. First, neural precursor cells residing at the 
border between the hilus and granule cell layer (GCL) undergo cell division. This 
proliferative activity can be monitored by immunostaining for incorporation of 5-bromo- 
2’-deoxyuridine (BrdU) during the S phase of the cell cycle or for expression of the Ki67 
nuclear antigen present in proliferating cells during S, G2, and M phases. Second, 
newly born cells migrate into the GCL and begin to extend neuronal processes.
Migration of these newly generated granule cells is accompanied by the expression of 
polysialylated neural cell adhesion molecule (PSA-NCAM). Third, the granule cells 
integrate into the GCL and express mature neural-specific markers, such as NeuN and 
neuron-specific enolase. Finally, after a period of cell survival, the aged granule cells 
undergo programmed cell death, expressing p53 and displaying morphology characteristic 
of apoptotic cells, such as condensed chromatin and pale or absent cytoplasm . We used 
Ki67 and NeuN to identify newly born cells as well as mature granule cells by the 
standard technique of immunohistochemistry carried out on paraffin-embedded sections. 
Furthermore, counterstaining with cresyl violet allowed us to identify pyknotic cells.
By specifically identifying granule cells at varying stages of development, we were able 
to target certain populations for single cell mRNA extraction and linear amplification. 
These data will enable us to conduct studies to compare patterns of gene expression 
during environmental manipulations (i.e. - control versus stressed animals) as well as 
across developmental stages. These experiments have the potential to define the 
molecular and cellular events of granule cell birth, maturation, and death and provide us 
with insight on how the control system can be altered by various behavioral paradigms 
at the molecular level. Supported by NRSA Grant GMO7524.
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797.1
EMBRYONIC MOUSE DORSAL ROOT GANGLIA CONTAIN PROGENITOR 
CELLS THAT CAN DIFFERENTIATE INTO SYMPATHETIC-LIKE NEURONS.
S.G. Matsumoto* Dept. Biol. Struct.& Funct.; O.H.S.U., Portland, OR. 97201.

The cells of the neural crest give rise to a variety of neuronal phenotypes including all of 
the sensory neurons of dorsal root ganglia (DRG) and sympathetic ganglia (SG). Avian 
dorsal root ganglia (DRG) at early embryonic stages contain undifferentiated cells that 
possess the capacity to differentiate into adrenal medullary cells and sympathetic neurons 
in in vivo back-transplantation experiments (Schweizer, et al.1983, Cell Differ. B: 311) 
and can also be induced to display sympathetic-like characteristics under certain culture 
conditions (Rohrer, et al. 1986, J. Neurosci. 6 : 2616). In the present study we have 
identified a similar population of undifferentiated cells in embryonic mouse DRG’s.

Embryonic ganglia from E 11.5 (earliest stage examined) to E 15 (the oldest stage 
examined) contain cells that can differentiate into sympathetic-like neurons. These 
neurons lack sensory neuronal markers such as immunoreactivity (-IR) to transcription 
factors Bm 3.0 (Fedtsova and Turner, 1995, Mech Dev. 53: 291) and Islet-1. In addition 
these neurons display IR for a number of markers characteristic of sympathetic but not 
sensory neurons, such as, MAP-2 and Mash-1. In E 11.5-13 ganglia, most (>70%) of 
the sympathetic-like neurons are generated from mitotically-active progenitor cells, 
however, a significant proportion differentiate from post-mitotic precursors as well. 
Studies in progress are examining the physiological properties of these neurons to 
determine if they possess calcium channels characteristic of sympathetic neurons.

Supported by National Institutes of Health 5R01NS29010

797.3

D E V ELO PM EN TA L D IV ER G EN C E OF TH E E N T E R IC  AND 
SY M PA TH ETIC  NERVOUS SYSTEM S. J.M. Pisano* and S.J. Birren. 
Department of Biology, Brandeis University, Waltham, MA 02254.

During nervous system development precursor cells differentiate and become 
restricted to specific neuronal lineages. In the peripheral nervous system, enteric and 
sympathetic neurons develop from multipotent neural crest cells. While local 
environmental signals play a role in neuronal development, little is known about the 
molecular mechanisms that underlie restriction to a specific neuronal phenotype.

To study the mechanisms of lineage divergence and developmental restriction, we 
have defined molecular markers to follow the divergence of enteric and sympathetic 
neuroblasts over developmental time. Using comparative RT-PCR, we examined the 
expression of trkA, trkC, tyrosine hydroxylase (TH) and neurofilament (NF) mRNA 
in HNK-1+ enteric and sympathetic cells. At E14.5, trkC, TH and NF are 
differentially expressed in enteric and sympathetic neuroblasts, suggesting that 
differentiation and lineage divergence has commenced by this stage. By E19.5, trkA 
was upregulated in sympathetic but not enteric neuroblasts, providing a marker for 
lineage maturation and divergence.

We found that restriction to a specific neuronal lineage occurred later in 
development than initial phenotypic divergence. When isolated E14.5 neuroblasts 
were cultured in either an enteric or sympathetic environment, at least a sub
population of enteric and sympathetic neuroblasts were capable of responding to 
environmental signals and altering their phenotypic identity. By E19.5, HNK-1 + 
enteric and sympathetic cells had become restricted in terms of their neurotransmitter 
expression. By challenging E19.5 cells with E14.5 environments we were able to 
show that the restriction event has taken place with the HNK-1+ enteric and 
sympathetic cells, rather than in their respective environments. Taken together, our 
results begin to define the developmental relationships between differentiation, cell 
fate and lineage restriction in the peripheral nervous system. Supported by NSF 
grant IBN-9514552 to S.J.B.

797.5

GENE TARGETING OF MOUSE N-TROPOMODULIN, A VERTEBRATE H 0M 0 L 0G T 0T H E  
DROSOPHILA GENE, SANPODOP.R. COX15, H.J. BELLEN3λ5, ANDH,Y.ZOGHBI2'345* 1Div. 

of Neuroscience, 2Dept. of Pediatrics, 3Dept. of Human and Molecular Genetics, 4Howard 
Hughes Medical Institute, ¾aylor College of Medicine; Houston, Tx, 77030.

Recently, a novel mutation that alters cell fate determination in the Drosophila 
peripheral nervous system has been characterized. This mutation causes a duplication of 
neurons and absence of glia. The gene is named sanpodo , Korean for "Mountain 
grapes,” because the peripheral neurons of the mutant flies resemble a bunch of grapes. 
Sanpodo displays homology to vertebrate neural (N) tropomodulin with 55.09% amino 
acid similarity, and 34.13% identity, respectively. Watakabe et al. (1996) identified N- 
tropomodulin (NTMD) as the major binding protein to brain tropomyosin. In addition, 
immunofluorescence labeling demonstrated that N-tropomodulin localized to neurons and 
did not colocalize with glial specific markers in cultures of primary frontal cortex cultures. 
We recently characterized the embryonic expression pattern of NTMD using an anti- 
NTMD antibody on paraffin sections of E9.5-E14.5 C57BL/6J mouse embryos. Staining is 
restricted to neuronal structures such as the neural tube, cranial and spinal ganglia. N- 
tropomodulin localized to the cytoplasm and cell cortex of the somas and axons of 
developing neurons. Northern analysis revealed that N-tropomodulin expression starts 
as early as E7 and continues to increase throughout development. Because of the role of 
Sanpodo in cell fate determination, we decided to undertake the study of the function of 
N-tropomodulin in vivo utilizing gene targeting in mice. A N-tropomodulin cDNA was used 
to screen a mouse 129/SvEv genomic library. Isolated clones were characterized and 
coding exons sequenced. A homologous recombination construct was produced and 
electroporated into 129/SvEv embryonic stem (ES) cells. ES cell clones that contained the 
correct targeting event were injected into blastocysts and resulted in eight male chimeras. 
Breeding experiments are designed to generate null animals which will be characterized. 
(Supported by HHMI)

797.2
DEVELOPMENTAL MODULATION OF NEUROPEPTIDE Y mRNA AND PRO'IEIN 
EXPRESSION IN'SYMPATHOADRENAL CELLS OF THE CHICK EMBRYO. W.F.. Medina-

Arrarás*. Dept, of Biology, Univ. of Puerto Rico, P.R. 00931.
The development and differentiation of celis of the sympathoadrenal s> item involves 

the modulation of neuropeptide expression by environmental factors. This modulation can 
be regulated at different control points during development and might show a temporal and 
spatial pattern. Two of the environmental effects studied in the sympathoadrenal system 
are those produced by depolarization and nerve growth factor (NGF). Studies using E-l I 
sympathetic cultures showed that NGF (50 ng/ml) and depolarization induced by KC1 
(3OmM) treatment increased neuropeptide Y (NPY) protein content. However, in adrenal 
gland cultures only KCl-depolarization increased NPY protein expression. RT-PCR assays 
of the NPY mRNA content of sympathetic cultures under the same environmental 
conditions show an increase in NPY mRNA when treated with either NGF or KC1, while 
in the adrenal gland, only KC1 elicited an increase in mRNA. Since chromaffin cells and 
sympathetic neurons share a common precursor very early during development, we 
performed experiments at earlier developmental stages (7-9 d) to determine whether NGF 
can modulate NPY expression in younger chromaffin cells. Our results show that 
neuropeptide modulation by NGF is also absent in E-9 chromaffin cells. However, at E-7, 
chromaffin cells appear to increase both NPY peptide and mRNA levels in response to 
NGF. Thus, our results suggest that chromaffin cells lose the ability to respond to NGF in 
term of modulation of NPY expression between E-7 and 9d. These results provide a 
possible regulatory point in the stepwise differentiation of sympathoadrenal precursors 
toward a chromaffin phenotype that is characterized by a restriction in biochemical 
plasticity.

This work was supported by grants from N1H-MBRS (RR-8102-18), NIH-RCM1 (RRO- 
3641-01) and the University of Puerto Rico.

797.4
EXPRESSION OF HAND GENES INDUCES CATECHOLAMINERGIC NEURON 
DIFFERENTIATION OF AVIAN NEURAL CREST CELLS. M. J. Howard* and P. 
Cserjesi. Medical College of Ohio, Toledo, OH 43699 and Columbia University NY, 
NY 10032.

Members of the basic helix-loop-helix (bHLH) family of DNA binding proteins are 
essential for the development of some neural crest-derived neurons. In rodents, the 
expression of MASH1, a mammalian homologue of Drosophila achaete-scute genes, 
regulates the downstream expression of transcriptional activators required for aspects 
of catecholaminerigic neuron expression (Hirsch et al. ‘98; Development 125:599- 
608). There is evidence that M ASH1  may link the expression of pan-neuronal 
characteristics with cell type-specific markers (Lo et al., ‘98; Development 125:609- 
620). Our studies of the HAND bHLH transcription factors suggest they may function 
in series with MASH1 and that expression of dHAND is sufficient for the subsequent 
catecholaminergic differentiation of crest-derived cells in vitro. Catecholaminergic 
neurons represent a subset of crest-derived neurons that differentiate in the presence 
of 10% chick embryo extract (CEE). The differentiation into catecholaminergic 
neurons was reduced by 50% following growth in vitro in the presence of antisense 
HAND  oligonucleotides. We next cloned dHAND  and eHAND  into the replication- 
competent retroviral vector, RCAS BP(A) and used retrovirus mediated gene transfer 
of dHAND and eHAND into neural crest-derived cells to determine if their expression 
is sufficient to induce the differentiation of catecholaminergic neurons. Cells grown 
in 10% CEE and infected with RCASd or RCASd+RCASe showed an increase in the 
differentiation of catecholaminergic neurons compared to cells grown in 10% CEE 
alone. When dHAND and eHAND are introduced into neural crest cells grown under 
restrictive conditions (2% CEE) where catecholaminergic development does not 
occur, RCAS m ediated transduction of dHAND  and e H A N D  induced 
catecholaminergic differentiation. These results suggest that the expression by neural 
crest cells of HAND  genes may be sufficient for catecholaminergic phenotypic 
expression. dHAND  and/or eHAND might alter the fate of cells and/or influence 
precursors that are competent to follow the catecholaminergic lineage. Supported by 
NIHCHD 28184 (MJH) and Whitehall Foundation (PC).

797.6

FOLLISTATIN INHIBITS CALCITONIN GENE RELATED  
PEPTIDE EXPRESSION BY EMBRYONIC SENSORY  
NEURONS IN VITRO.
X. Ai and A.K. Hall* Dept. Neurosciences, Case Western Reserve 
Univ. Sch. M edicine, Cleveland, OH 44106.

The neuropeptide calcitonin gene related peptide (CGRP) is 
expressed by about one third o f adult rat lumbar dorsal root ganglion 
(DRG) neurons, many of which mediate pain sensation or cause 
vasodilation, but the factors that regulate its developmental 
expression are poorly understood. Appropriate populations of  
embryonic DRG neurons become CGRP immunoreactive in vitro 
after stimulation by either serum addition or depolarization with high 
potassium. These two stimuli, while resulting in similar numbers of  
CGRP-IR neurons, appear to act by distinct mechanisms. The 
removal of ganglionic non-neuronal cells prevents depolarization- 
induced CGRP expression, suggesting that these cells produce 
essential factors. In serum, however, nonneuronal cells are not 
required for CGRP expression. Further, the addition o f follistatin 
blocks the expression o f CGRP in embryonic neurons stimulated 
with serum but not depolarization in vitro. These observations 
implicate a member of the transforming growth factor beta family 
including bone moiphogenetic proteins (BMPs) in the regulation of 
CGRP expression by DRG neurons.
Supported by NIH NS3O842 and NS 23678.
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798.1

WHERE HAVE ALL OF THE STAGGERER PURKINJE CELLS 
GONE? M.W. Vogel*. D. Oiu. and M. Sinclair. MPRC, Dept, of Psychiatry, 
University of Maryland Medical School, Baltimore, MD 21228.

Staggerer (sg ) is an autosomal recessive mutation in an orphan 
nuclear hormone receptor gene, RORα, that causes a cell-autonomous, 
lineage specific block in the development o f  the Purkinje cell. Purkinje 
cell number is reduced by about 75% in adult mutants and the 
surviving ce lls  are small and ectopically  positioned. To determine 
whether Purkinje cell numbers are reduced either due to agenesis or 
cell death we have injected pregnant +/sg fem ales with BrdU at E l0.5 
to E l 3.5 to label cohorts o f  Purkinje ce ll (and D C N  neuron) 
progenitors. The total number o f BrdU labeled profiles per cerebellum  
has been counted in 5 sg/sg, 4 +/sg, and 4 +/+ embryos killed at E17 
(BrdU injection at E l 1.5) and in 5 sg/sg, 4 +/sg, and 4 +/+ pups killed 
at P5 follow ing BrdU injections at E10.5 (3 sg/sg, 3 +/sg, and 3 +/+ 
pups), E l 1.5 (1 sg/sg and 1 +/sg), and E13.5 (1 sg/sg  and 1 +/+). In 
the E17 embryos there is no significant difference between sg/sg  
mutants and +/sg or +/+ controls in the number o f  BrdU labeled  
profiles or in cerebellar volum es. By P5, cerebellar volum e is 
significantly reduced in the sg/sg  mutants compared to controls (p < 
0.001). In general, the number o f  BrdU labeled profiles is lower in the 
P5 sg/sg mutants, but more cerebella must be analyzed for statistical 
analyses. For exam ple, the mean number o f  BrdU labeled profiles is 
34% low er in P5 cerebella injected at E10.5, but the difference only 
approaches statistical significance (p = 0.08). These preliminary results 
indicate that Purkinje ce ll genesis is not affected by the staggerer 
mutation and suggest that Purkinje cell loss begins after E17.

Research support provided by NIH grant, NS34309.

798.3

PATTERNS OF DISTRIBUTION OF MMP2. 3. 9 AND TIMP I. 2. 3 IN RAT 
CEREBELLUM DURING POST-NATAL DEVELOPMENT. N. Thomnssct. C 
Vaillant . M. Pidicr-Bazcs. A. Hultcr. MF Bclin*. INSERM U.433. Facultc 
Lacnncc. 69372 LYON FRANCE.

Mctalloprotcinascs (MMPs) and their inhibitors (TIMPS) arc involved in cellular 
migration as well as synaptogcncsis and axonal growth. Our objective is to precise the 
involincnt of MMPs and TIMPs during post-natal development of rat cerebellum. 
This development occurs after binh wltcn immature neuronal cells (Purkinje. 
intemeurons) or glial cells (Bcrgmann glia, astrocytes, oligodendrocytes) arc already 
positionned and begin to develop dendritic arborizations or processes. Precursor cells 
migrate from the cxtmgmnular layer (EGL) forward Purkinje (PK) and Bcrgmann cell 
bodies to constitute fully mature internal granular layer (IGL). four weeks alter birth. 
For their migration the granular cells use Bcrgmann cells and extracellular matrix 
molecules such as fibroncctin. thrombospondin. These molecules arc substrates for 
MMPs. Our results show the differential specific patterns of distribution of MMP2.3.9 
and TIMP1. 2. 3 during post-natal development of rat cerebellum using 
immunohistochemical analysis. At developmental stage of PK). MMP 3, 9 and TIMP
1. 2, 3 arc located on granule cells in tlic EGL and on the dendritic and cell body of 
PK cells. At developmental stage of P15 the localization of MMPs and TIMPs 
remains in cell body of PK cells while a restricted pattern is observed to some clusters 
for MMP3, TIMP1. 3. On the dendrites of PK cells. MMP3 and T1MP3 expression 
remains constant while expression of MMP9 and TIMP 1. 2 disappear at this stage. 
In the molecular layer (ML) intemeurons arc stained with MMP3. 9 and TIMP 1. 2.
3. The adult cerebellum showed a pattern of distribution of MMP 3. 9 and TIMP1. 2. 
3 restricted to cell body of the PK cells except for T1MP3 where the staining is 
extended to PK axon. Bcrgmann cell bodies arc positive for MMP9 and TIMP1. 
Cells forming the IGL arc stained for all MMPs and TIMPs.

In conclusion the pattern of MMP2. 3. 9 and TIMP1. 2. 3 distribution is different 
according to tltc cell types and the stage of development indicating that these 
molecules may play acnicial role in the organization of the cerebellum layers during 
development. This work was supported by INSERM.

798.5

PROLIFERATION AND DIFFERENTIATION OF CEREBELLAR GRANULE 
NEURONS IN CULTURE: AN IMMUNOHISTOCHEMICAL APPROACH.
J.L. Dupont1 and R.R. Stewart2* 1Laboratoire de Neurobiologie Cellulaire, UPR 
9009 CNRS, F-67084 Strasbourg, France and lab oratory  o f Molecular & 
Cellular Neurobiology, NIAAA, NIH, Bethesda, MD 20892-8115 

Proliferation and differentiation o f cerebellar granule neurons were studied in 
culture by plating precursor cells collected directly from the external germinal 
layer of PN5 rat cerebella. Proliferation was monitored on DIV 0 using 
bromodeoxyuridine (BrdU) incorporation and the related antibody and cell cycle 
duration was assessed by determining the percentage o f labeled cells as a 
function of incubation time in BrdU. This technique also allowed an estimation 
o f G l, S, M and G2 phase durations. In control cultures (without serum or 
growth factors) the total cell cycle duration was about 16 hours and the Gl 
duration was about 6  hours. IGF1 (5 to 10 ng/ml) or insulin (10 µg/ml) was 
found to exert a powerful effect on precursor cell proliferation by reducing the 
total cell cycle duration to about 5 hours and the G l duration to less than 30 min. 
The MAP and PI3 kinase signaling pathways were investigated to determine by 
which mechanism precursor cell proliferation is controlled. Activation o f the 
MAP kinase pathway during proliferation was undetectable using an anti-active 
MAP kinase antibody - even in the presence o f IGF1 or insulin. LY 294002 (50 
µM ), a potent inhibitor of PI3 kinase, completely blocked BrdU incorporation 
in control and in IGF1 (or insulin) stimulated precursor cells suggesting that PI3 
kinase activation rather than MAP kinase activation is required for granule 
neuron proliferation. Exit from the cell cycle is marked by expression of  
microtubule associated protein 2 (MAP2) and neurite growth is accompanied by 
expression o f the NC AM-related molecule, L I . Culturing of granule neurons for 
several weeks led to a fully differentiated morphology similar to that described 
for adult cerebellar granule neurons in situ.

798.2

EXPRESSION OF NIEMANN PICK TYPE C RNA IN RAT CEREBELLUM 
DURING POSTNATAL DEVELOPMENT IN VIVO. T, Falk1*. J.M. Wilson4. W S. 
Garver3. RP. Erickson3 and AJ. Yool12. 'Dept, of Physiology and 2Dept. of 
Pharmacology and 3Dept. of Pediatrics and 4Dept. of Cell Biology and Anatomy, 
University o f Arizona College of Medicine, Tucson, AZ 85724.

This study assesses the developmental expression of the Niemann Pick type C (NPC) 
mRNA in vivo in rat cerebellum. NPC is an autosomal recessive neurovisceral lipid 
storage disease. The most pronounced phenotype is an alteration in cholesterol 
trafficking. In the mouse model of NPC, as well as an early onset form of human NPC, 
Purkinje neurons are among the first neurological targets. They suffer stunted growth 
during postnatal development and die leading to symptoms of ataxia. Recently the 
genes for human NPC1 (Carstea et al, 1996) and the mouse model of NPC 1 (Loftus et 
al, 1996) have been cloned. Based on the very homologous NPC domain (AA 45-166) 
we designed primers to look for levels of NPC1 mRNA in a semiquantitative RT-PCR 
approach using primers for cyclophilin as an internal standard. We used total RNA 
isolated from various postnatal developmental stages of the rat cerebellum as template 
for the RT reactions. Transcripts are already abundant at day 0, decreasing towards day 
10 and increasing again around day 15. Later stages of development (days 21, 30, 60, 
90) also show NPC1 mRNA. To identify’ the location of NPC inside the cerebellum we 
performed immunostaining with an anti mouse-NPC 1 antibody in primary cultures of 
the rat cerebellum and could show staining of Purkinje neurons, identified with double 
labeling for the Purkinje specific marker calbindin. In summary NPC1 is expressed in 
rat Purkinje neurons and shows a differential expression during early postnatal 
development of the rat cerebellum.
Whitehall Foundation Research Grant W95-27

798.4

DIFFERENTIAL DISPLAY OF GENE EXPRESSION IN THE 
DEVELOPING MOUSE CEREBELLUM. Teiichi Furuichi*. Yoko 
Shiraishi. and Katsuhiko M ikoshiba. Dept, o f M olec. Neurobiol., Inst, 
o f Med. Sci., Univ. o f Tokyo; Minato-ku, Tokyo 108-8639, Japan 

Cerebellum is a good model system for studying on the 
development o f mammalian nervous system, because its simple three
layered architecture and neural circuit are almost completed through the 
first three weeks o f the postnatal development that is composed of  
orderly scheduled multiple events (i.e., cell proliferation, migration and 
maturation, dendrogenesis, synaptogenesis, etc). Although there are 
numerous studies on each event, the underlying molecular mechanisms 
largely remain obscure. In this study, to systematically elucidate 
molecules involved in the postnatal mouse cerebellar development, we 
have carried out RNA finger printing at 8 different stages, from E18 to 
P 2l and adulthood, with fluorescent differential display (FDD), and 
identified transcripts whose expression levels altered during the period. 
Approximately 2,000 transcripts have been screened by FDD with 32 
primer sets so far. Developmental^ regulated genes were approximately 
6.8% of total FDD bands observed, and were categorized in expression 
patterns into 3 major groups, i.e., up-regulated, down-regulated, and 
transiently expressed throughout the stages tested. O f these 
developmental genes, we have analyzed the sequences o f 35 FDD  
products, and found that 16 were identical with genes registered on the 
database (e.g., PCNA , type 1 IP3 receptor, MOBP), and 19 were novel 
ones. Their expressions in developing cerebella were analyzed by 
Northern blot, RT-PCR, and/or in situ hybridization. W e are 
constructing a gene catalog clarified by expression stages and sites along 
the time table of the postnatal development.

798.6

A NOVEL GENE, CLONE 13-2 EXPRESSED TRANSIENTLY IN 
THE GRANULE CELLS OF POSTNATAL MOUSE CEREBELLUM, 
ENCODES A MULTIMODULAR PROTEIN. Y, Shiraishi12*, A . 
Mizutani12. H. Bito3. K. Mikoshiba12 and T. Furuichi2. 'Lab. o f 
Developmental Neurobiology, Brain Science Inst., The Inst, o f Physical 
and Chemcal Research (RIKEN); Tsukuba, Ibaragi, 305-0074, Japan, 
2Dept. of Molecular Neurobiology, Inst, of Medical Science, Univ. of 
Tokyo, 3Dept. o f Pharmacology, Kyoto Univ., Fac. o f Medicine

To systematically probe the molecular mechanisms impücated in 
developing nervous system, we have performed RNA finger printing 
using fluorescent differential display (FDD) techniques. Among the 16 
novel clones that we identified during the screening, we have further 
characterized the clone 13-2, w hose expression was transient and peaked 
at postnatal day 7. In situ hybridization histochemistry revealed that the 
13-2 mRNA was mainly expressed in differentiating and maturing granule 
cells: A marked signal was detected in the post-mitotic differentiating zone 
of the EGL, in the ML neurons descending from the EGL to the IGL and 
extending its axonal parallel fibers, and in the IGL. We have isolated the 
full-length cDNA, and found an open reading frame of 343 amino acids. 
The N-terminal region o f this putative polypeptide includes a putative PDZ 
domain that is known to interact with transmembrane proteins, and the 
C-terminal region contained a putative alpha-helical coiled-coil structure 
with four repeats consisting o f a Leu residue at every 7 amino-acid 
interval reminiscent o f a Leu zipper. We expressed a green fluorescent 
protein (GFP)-13-2 fusion protein in COS cells, and observed a punctate 
pattern throughout the cytoplasm, indicating that the 13-2 protein probably 
is distributed at specific intracellular sites. These results suggest that the 
novel 13-2 protein may play a regulatory role in granule cell functions 
during the early period o f the postnatal cerebellar development by forming 
a complex with other protein(s).

Society for Neuroscience, Volume 2 4 ,1998



1996 CELL DIFFERENTIATION AND MIGRATION VIII THURSDAY AM

798.7
9-O-ACETYLATED GANGLIOSIDES ARE REQUIRED FOR NEURONAL 
MIGRATION AND NEURITIC OUTGROW TH IN CEREBELLAR 
EX PLANTS. R. Mendez-Otero*, M.F. Santiago and M. Gandra. Programa de 
Neurobiologia, Instituto de Biofísica Carlos Chagas Filho, Universidade Federal do 
Rio de Janeiro, Rio de Janeiro, RJ, 21941-590, Brazil.

We have shown previously that the monoclonal antibody Jones (mAb 
Jones) recognizes 9-O-acetylated gangliosides (9-O-acG) expressed during periods 
o f  neuronal migration and neurite outgrowth in the developing rat cerebellum. 
Jones mAb binds to the surface o f cultured radial Bergmann glia and granule 
neurons. In this study we tested, using microexplant cultures o f  4 days postnatal rat 
cerebellum, whether immunoblocking 9-O-acG interfered with neuronal migration 
and neuritic extension. The effects on neuronal migration were assessed after 3 
days following the addition o f Jones mAb or an antibody (A2B5) against other 
gangliosides as well as controls containing only culture medium. Similar-sized 
explants were analyzed for each experimental group and compared with controls. 
Extent o f  migration and neuritic outgrowth were measured in eight areas located at 
45° angles from each other at the periphery o f each explant. We found that the 
distance o f granule cell migration out o f  immunoblocked explants decreased in 
about 62,5 %  as compared with the control group. We have also found a decrease 
in neuritic length in the presence o f mAb Jones. The A2B5 antibody appeared not 
to have an effect on migration or neurite extension, similar to the control group. 
Our results show that the 9-O-acG blockage by mAb Jones arrests neuronal 
migration and neuritic outgrowth in cerebellar microexplants and suggests that 
these gangliosides are essential for glial-guided migration and neuritic extension in 
the developing cerebellum.
Financial support: TWAS, FINEP, CNPq, PRONEX-2

798.9
PARVALBUM IN A N DCALBIN DIN IM M UNOREACTIVITY IN HUMAN 
HIPPOCAM PAL FORMATION DURING PRENATAL DEVELOPMENT. S.L. 
Ding, D.S. Zheng*, Y.H. Yan, W.W. Sun. Institute o f Neuroscience, Guangzhou 
Medical College, Guangzhou 510182, P.R.China.

Distribution and development o f parvalbumin- and calbindin D28k- 
immunoreactive (PV-1R and CB-IR) neurons in the hippocampal formation of 
human fetus at 13-38 weeks were studied by means o f immunohistochemistry. 
PV-IR neurons were first observed in the subiculum and CA1 area at 23 weeks. 
From 24 weeks, the number o f  PV-1R neurons gradually increased and the 
majority o f PV-IR neurons concentrated in the border region between stratum 
pyramidale and stratum oriens. A few PV-IR neurons were also seen in CA3 and 
dentate gyrus at 38 weeks. All PV-IR neurons were nonpyramidal cells. In 
contrast, CB-IR neurons could be granule, pyramidal or nonpyramidal cells. In 
dentate gyrus, CB-IR granule cells were found in the external limb at 17 weeks 
and gradually extended to internal limb thereafter. During 28-38 weeks, many 
CB-IR mossy fibers were found near and within the stratum pyramidale o f CA2 
and CA3. In the hippocampal proper and subiculum, many CB-IR pyramidal cells 
were observed in the stratum pyramidale during 13-28 weeks. These CB-IR 
neurons in the hippocampal proper gradually decreased and almost disappeared 
from 32 weeks, while those in the subiculum remained but decreased from 24 
weeks. CB-IR nonpyramidal cells appeared in most areas and layers of 
hippocampal formation and gradually increased from 13 weeks. However, in 
stratum pyramidale CB-IR nonpyramidal cells appeared much later at 30 weeks. 
The present study revealed: 1) earlier differentiation o f CB-IR neurons than PV-IR 
neurons: 2) gradient development o f  the granule cells in dentate gyrus; 3) transient 
CB distribution in pyramidal cells o f  the hippocampal proper and subiculum.

Supported by Science committee foundation, Guangdong province, China

798.11
IMPAIRMENT OF HIPPOCAMPAL DEVELOPMENT, LEARNING, AND 
MOTOR COORDINATION IN MICE DEFICIENT IN THE LIM 
HOMEODOMAIN PROTEIN LHX-5. Y. Zhao*, H.Z. Sheng, R. Paylor **, A. 
Grinberg, E. Lee. S.-P. Huang. R. Amini, J. Crawley**, and H. Westphal. NICHD, 
**NIMH, NIH, Bethesda, MD 20892.

The hippocampus and dentate gyrus play critical roles in learning and memory. 
During development, these highly ordered structures are derived from the medial 
wall of the lateral ventricle through organized neurogenesis, neuronal migration, 
and differentiation. The molecular mechanisms that underlie these processes remain 
unclear. Here we report that mice deficient in Lhx-5, a LIM homeodomain protein, 
failed to form the normal hippocampus and dentate gyrus. Using cell proliferation 
assay and by examination o f specific marker expression, our analyses of the mutant 
embryos show that the neural precursor cells of the developing hippocampal 
anlagen were generated. These cells divided actively, but many of them failed to 
leave the cell cycle in time. With the help o f neuronal birthdating and additional 
markers for differentiated hippocampal neurons, we determined that post-mitotic 
cells that did exit the cell cycle failed to migrate to their correct positions and 
differentiate properly. Thus our results indicate that Lhx-5 is required for the 
appropriate exit of the hippocampal precursor cells from their mitotic program and 
for regulation o f the subsequent neuronal migration and differentiation. To assess 
the impact on function of learning and memory, the behavior of Lhx-5 deficient 
mice that survived to adulthood was analyzed. These mice were found to be 
impaired in performing a series of hippocampal dependent learning and memory 
tasks. In addition, the behavioral tests also revealed that the mutant mice were 
impaired in motor coordination and in certain forms o f learning that are believed to 
be hippocampal independent. Our ongoing study tries to identify the anatomical and 
physiological basis for these behavioral defects. (Supported by NIH)

798.8
EFFECTS OF NT-3 AND B D N F ON CELL MIGRATION  
AND NEURITE EXTENSIO N OF CEREBELLAR  
GRANULE CELLS IN VITRO .
S. Tanaka, Y. Sekino, E. Kinnaliv and T. Shirao* .
Department o f Neurobiology and Behavior, Gunma University School 
o f Medicine, Maebashi, 371-8511, Japan.

U sing glia-free reaggregation cultures, we investigated effects of 
neurotrophins on granule cell migration and neurite extension. Granule 
cells were obtained from the external granular layer o f 2-day old rat 
cerebellum, where granule cells move in the transverse plane without 
guidance o f radial glia processes. We have shown that NT-3, but not 
BDNF, decreased the speed o f cell migration using a time-lapse video 
microscopy. In this study, w e observed neurite extension every two 
minutes with time-lapse video microscopy. Neurite extended with 
forward and infrequent rearward migration o f growth cones. We 
calculated the speed o f forward and rearward growth cone migration 
individually. BDNF, but not NT-3, promoted the forward migration 
speed o f growth cones. In contrast, neither BDNF nor NT-3 affected 
the rearward migration speed o f growth cones. These results suggested 
that the signals received by TrkB and TrkC had effects on cell migration 
and neurite extension o f cerebellar granule cells.

Supported by grants-in aid # 0 7279107 , 09480219, 09480227 and 
09280205 from the Ministry o f Education, Science, Sports and Culture 
o f Japan.

798.10
DIFFERENTIAL EXPRESSION OF CYTOSKELETAL PROTEINS DURING 
THE DIFFERENTIATION OF HIPPOCAM PAL NEURONS IN CULTURE.
L. Rioux*, G.J. Leslie. S.E. Arnold. Center for Neurobiology and Behavior, 
Dept, of Psychiatry, University of Pennsylvania, Philadelphia, PA 19104 

A variety of morphometric, cytoarchitectural and neuronal morphologic 
abnormalities observed in the hippocampus of schizophrenic patients suggest 
that schizophrenia may be a neurodevelopmental disease. In a previous study, 
we observed a reduction in microtubule-associated protein 2 (MAP2) and IB 
(MAP1B) immunoreactivity in the hippocampus of schizophrenic patients that 
may account for some of the anatomic abnormalities and suggest a defective 
regulation of the neuronal cytoskeleton. Since the expression and post- 
translational modification of neuronal cytoskeletal proteins are under strong 
developmental regulation, we investigated the possibility of using the 
hippocampal cell line HC2S2 to study the mechanisms of that regulation. 
HC2S2 is an immortalized adult hippocampal neuronal progenitor cell line in 
which terminal differentiation into neurons is induced by the down-regulation of 
v-myc oncogene by tetracycline. Previous studies showed that the progenitor 
cells expressed nestin and vimentin while the differentiated neurons expressed 
tau and the 200 kDa neurofilament protein. W e used a panel of antibodies 
directed at the major components of the cytoskeleton including the MAPs 
(MAP2, MAP1B, tau), intermediate filaments (nestin, vimentin, intemexin and 
neurofilament triplet proteins in various phosphorylation states) and tubulins to 
further characterize these cells. Our preliminary study confirms that precursor 
cells express vimentin while differentiated neurons express tau and also suggests 
that precursor cells express MAP1B while differentiated neurons express MAP2. 
In view o f these results, HC2S2 cell line seems a good model system to study the 
developmental regulation of the MAPs. Studies for other cytoskeletal proteins 
are still in progress. Supported by NIH grants M H00978, M H55199, MH4388O.
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799.1
DIRECT OBSERVATION OF SYNAPTOGENESIS IN 
HIPPOCAMPAL CULTURES. F.W. Hopf, S.E. Ahmari, J.
Waters, and S.J Smith*. Dept, of Molecular and Cellular 
Physiology, Stanford University School of Medicine, Stanford CA 
94305.

We have used three techniques to investigate synaptogenesis in 
vitro. Hippocampal cultures were prepared from E l8 rats using the 
method of Banker and Goslin (1998). The fluorescent styryl dye 
FM1-43 was used to label synaptic vesicles, allowing us to visualize 
the function of presynaptic boutons. Fluorescence intensities were 
used as a measure of the number of vesicles recycling at each bouton 
in response to defined trains of action potentials. Vesicle turnover 
was investigated for identified synapses at two time points separated 
by 1.5 hours. Bursting activity (60 stimuli at 20Hz delivered every 
60s) induced by field stimulation during this 1.5 hour interval 
resulted in a reduction in mean action potential-stimulated 
presynaptic vesicle turnover over the synaptic population. This 
activity-dependent shift was inhibited by APV (50 uM) and by TTX 
(500 nM). Immunocytochemistry was used to confirm the 
colocalization of FM1-43 signals with synaptic proteins. We have 
also investigated the dynamics of vesicle motility and the 
stabilization of vesicular clusters in hippocampal neurons 
transfected with a VAMP-GFP construct. Heterogenous populations 
of vesicles were observed, varying in fluorescence intensity and 
velocity and direction of motion. We are presently investigating the 
relationship between these VAMP-GFP clusters and functional 
synapses.

Supported by NIH GM35527, NIH NS285587, and NIMH 
MH48108.

799.3

ELECTRICAL ACTIVITY STIMULATES ARIA RELEASE FROM CHICK 
CEREBELLAR SYNAPTOSOMES. B. Han and G.D. Fischhach*. Dcpa rtment of 
Neurobiology, Harvard Medical School, Boston, MA 02115

ARIA, a member of the neuregulin family of proteins, was originally 
characterized as a trophic factor that stimulates synthesis of acetylcholine receptors 
by subsynaptic nuclei in skeletal muscle. It is also expressed widely in the CNS and 
has been shown to stimulate expression of a subset of CNS ncurolransmitter 
receptors. ARIA is initially synthesized as a transmembrane precursor protein 
(proARIA) and, therefore, proteolytic cleavage of the ectodomain is required to 
liberate ARIA from its precursor, but the mechanism of ARIA release is not known. 
Our hypothesis is that ARIA is transported along axons and is released at the 
synaptic terminus. Here we present evidence for a Ca2' dependent, regulated release 
of ARIA from the nerve terminus that can be stimulated by high K'. Crude 
synaptosomes (P2 preparation) were prepared from E l9 chick cerebellum according 
to standard procedures. This preparation contained sealed synaptosomes as 
determined by EM and K 1 stimulated release of prcloadcd | 'I I (-glutamate. Release 
of ARIA at 37°C was assayed by tyrosine phosphorylation of its receptor (pi 85) in 
muscle cells after removal of the synaptosomes by centrifugation. Released pi 85 
phosphorylation activity was blocked by coincubation with a soluble ARIA receptor- 
body, demonstrating that the phosphorylation activity was indeed ARIA or an ARIA- 
like molecule. Unlike release of ARIA from transfected CIIO or COS cells, release 
of ARIA from the synaptosomes was not stimulated by PMA, indicating that the 
mechanism of ARIA release from the nerve cells is different from that in fibroblasts. 
Incubation of the synaptosomes for 5 min at 37°C in the presence of high (50 inM) 
K 1 strongly (>2-lold) stimulated ARIA release in an extracellular calcium dependent 
manner. We conclude that electrical activity stimulates ARIA release from nerve 
terminals and propose that ARIA plays a role in activity dependent synapse 
maturation.

Supported by Helen Hay Whitney Foundation (BII) and Nlil(NINI)S) (GI)F).

799.5

A ROLE OF TYROSINE PHOSPHATASE IN ACETYLCHOLINE 
RECEPTOR CLUSTER DISPERSAL A N D  FORMATION. Z. Dai* and
H.B. P eng . D epartm en t of Cell Biology and  A natom y and C urricu lum  in 
N eurobiology, U niversity  of N orth  Carolina, C hapel Hill, NC 27599-7090.

M otor innervation  of the skeletal m uscle induces acetylcholine receptor 
(AChR) clustering and the d ispersal of preexisting  AChR hot spots in cu ltu red  
m uscle cells. Receptor tyrosine kinase (RTK) activation has been show n to 
m ediate AChR clustering. In this study , the role of tyrosine phosphatase  
(PTPase) in the d ispersal of hot spots w as exam ined. H ot spot d ispersal in 
cu ltu red  Xenopus m uscle cells w as in itiated im m ediately upon  the 
presentation  of g row th  factor-coated beads w hich mim ic the nerve in inducing  
both  AChR cluster form ation and  d ispersal. W hile the density  of AChRs 
decreased w ith time, the fine struc tu re  of hot spots rem ained relatively 
constant. This suggests that the d ispersal involves the rem oval of a key linkage 
betw een the receptor and  its cytoskeletal infrastructure. The rate of hot spot 
d ispersal is inversely related  to its distance from  the site of synaptic 
stim ulation, thus im plicating the diffusible n a tu re  of the signal for this process. 
PTPase inhibitors, such as p erv an ad a te  or phenylarsine oxide, inhibited hot 
spot d ispersal. In addition , they also affected the form ation of new  clusters in 
such a w ay that AChR m icroclusters ex tended beyond the b o undary  set by the 
c lustering stim uli. Furtherm ore, in troduction  of a constitutively active PTPase 
resu lted  in hot spot d ispersal in s tim ulus-independen t fashion. This effect of 
exogenous PTPase w as also blocked by pervanada te . Thus a role of PTPase in 
AChR cluster dispersal and  form ation is im plicated. In addition  to RTK 
activation, synaptic stim ulation  also leads to the activation of PTPase, w hich 
acts globally to destabilize preexisting AChR hot spots, thus their d ispersal, 
and  locally to facilitate AChR clustering  in a spatially  discrete m anner by 
countering  the action of RTKs. (S upported by M DA and NIH grant NS-23583)

799.2

INTRACELLULAR CALCIUM FLUXES REGULATE MAINTENANCE OF 
AGRIN-INDUCED ACHR AGGREGATES.
L. J. Megeath.1’2* M. T. Kirber3 and J, R. Fallon2. lDept. o f  Cell Biol., Univ. o f  
Massachusetts Medical Center; Depts. o f  ̂ Neuroscience and  ^Medicine, Brown 
Univ. ; ^Rhode Island Hospital; Providence, RI 02912.

Agrin secreted by motor neurons directs the formation of nerve-muscle synapses 
and is also likely to be important for synaptic maintenance. Early signal 
transduction events in agrin-mediated postsynaptic differentiation include activation 
of the receptor tyrosine kinase MuSK and phosphorylation of acetylcholine receptors 
(AChRs), but later steps in this pathway are largely unknown. Previously, we 
showed that clamping intracellular calcium fluxes with the rapid chelator BAPTA 
inhibits the formation of agrin-induced AChR clusters, while such clusters form 
normally in cells loaded with EGTA, which binds calcium more slowly (Megeath & 
Fallon. 1988. J. Neurosci. 18:672). Here, we investigated the role o f intracellular 
calcium fluxes in the maintenance of agrin-induced AChR clusters. Pre-formed 
AChR aggregates slowly disperse if agrin is withdrawn (tl/2 ~3 hr). Clamping rapid 
calcium transients with BAPTA accelerated this dispersal rate (tl/2 <1 hr), even in 
the continued presence o f agrin. In contrast, AChR clusters were transiently 
stabilized in cells loaded with EGTA (tl/2 ~4). This differential cluster stability 
could not be accounted for by changes in the resting calcium concentration since 
these levels were similar in BAPTA-loaded, EGTA-loaded, and control cells as 
determined by ratiometric imaging with Fura-2. Imaging studies also showed, as 
expected, that BAPTA, but not EGTA, almost completely blocked rapid calcium 
transients induced by ACh application. These results indicate that distinct calcium 
dynamics may underlie the formation as compared to the maintenance of agrin- 
induced AChR clusters. [Supported by grants from the Muscular Dystrophy 
Association and HD23924.]

799.4
RECOM BINANT RAPSYN RESTORES ACETYLCHOLINE RECEPTOR 
CLUSTERING FUNCTION TO MUTANT MYOTUBES. W.D. Phillips1*. IL 
Han' < P.G. Noakes2- 1 Department of Physiology. University of Sydney, NSW 
2006 Australia; ^Department of Physiology and Pharmacology, University of 
Queensland St. Lucia, Queensland. Australia

Neural agrin induces the clustering of nicotinic acetylcholine receptors (AChR) 
though a mechanism that is dependent upon the subsynaptic AChR associated 
protein, rapsyn (Gautam et al., Nature 377, 232-236). To gain a clearer 
understanding of the mechanism of rapsyn-mediated AChR clustering we have 
begun to reintroduce wild-type and mutant forms of rapsyn cDNA into cultured 
muscle cells derived from mice homozygous for a rapsyn null allele (KORAP 
mice). Mice were anaesthetised with chloral hydrate and killed by cervical 
dislocation. Muscle cell cultures were prepared from pups and genotypes were 
determined by PCR. Wild-type and heterozygous myotubes formed AChR clusters 
spontaneously and 30 times more clusters in response to soluble neural agrin. 
KORAP myotubes displayed only diffuse AChRs. However, when KORAP cultures 
were transfected with expression plasmid for rapsyn. a fraction of the myotubes 
expressed high levels of anti-rapsyn immunostaining, and microaggregates rich in 
both rapsyn and AChR appeared on the cell surface. Anti-utrophin staining failed to 
co-localize with these microaggregates. However, treatment of rapsyn-transfected 
KORAP cells with agrin led to the formation of large AChR clusters (>lOµrn2) 
rarely found on non-transfeced KORAP cells. Furthermore, anti-utrophin staining 
became co-distributed with these large, agrin-induced AChR clusters. Initial studies 
with rapsyn mutants showed that deletion o f residues 15-254 impaired AChR 
clustering but not rapsyn aggregation. Mutation of the C-terminal serine 
phosphorylation site (S4O5,S4O6 to D4O5,4O6) prevented neither AChR* 
microaggregate formation nor agrin-induced formation of large AChR clusters. 
Thus transfection of KORAP muscle cells serves as a useful system for studying the 
effects of mutations to rapsyn on regulation of AChR clustering. Support: 
NH&MRC & ARC (Australia).

799.6
ACETYLCHOLINESTERASE CLUSTERING AT THE NEUROM USCULAR 
JUNCTION. H.B. Peng12*. H. Xie1. S.G. Rossi1 and  R.L. Rotundo*. Dept, of Cell 
Biol, and  Anat. and  2Curr. in N eurobiol., Univ. of N orth  Carolina, C hapel Hill, 
NC 27599 and ¾ ep t. of Cell Biol, and  A natom y, Univ. of M iami School of 
M edicine, M iami, FL 33136.

At the neurom uscu lar junction (NMJ), acetylcholinesterase (AChE) is present 
in high concentration w ith in  the synaptic basal lam ina for term inating 
neurotransm ission. The m echanism  of AChE clustering  is not well understood. 
This process w as stud ied  in Xenopus m yotom al m uscle cells. R hodam ine- 
conjugated fasciculin 2 (R-Fas2) revealed the localization of AChE on m uscle 
cells in vivo and  in vitro. In add ition  to the NMJ, AChE is also highly 
concentrated at the m yotendinous junction w here AChRs, detected by α- 
bungarotoxin, are not clustered. By labeling cu ltu red  m uscle cells w ith  R-Fas2 
prio r to ad d ing  synaptogenic stim uli, such as sp inal cord neurons and g row th  
factor-coated beads, w e found that pre-existent AChE becom es clustered at the 
site of postsynaptic developm ent. To identify  m olecules responsible for 
synaptic AChE localization, w e transp lan ted  quail AChE to cu ltu red  Xenopus 
m uscle cells and detected it w ith  quail-specific antibody. The asym m etric form  
of AChE (A12), b u t not the g lobular form  (G 2/G 4), b inds to and  co-localizes 
precisely w ith  perlecan, a m ajor m o d u lar heparan-su lfate  proteoglycan (HSPG) 
in skeletal m uscle. Perlecan itself b inds to dystroglycan  (DG), a transm em brane 
protein com plex that interacts w ith  m olecules in the extracellular m atrix such 
as lam inin and agrin and  w ith  the cytoskeleton. These d a ta  are consistent w ith  
in vivo observations that endogenous AChE, detected  w ith  R-Fas2, co iodizes 
precisely w ith perlecan and  dystroglycan  and  suggest that AChE, via a 
transm em brane pro tein  com plex consisting of HSPG and  DG, can be clustered 
by lateral m igration, followed by anchorage to the postsynaptic  cytoskeletal 
scaffold. (Supported by NIH  grants NS-23583 an d  AG-05917)
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799.7

IMPAIRED FORMATION OF GLYCINERGIC SYNAPSES IN 
GEPFIYRIN MUTANT MICE. G. Feng.I* H. Tintrup2. M. N ich o ll H. 
Betz2, and J.R. S anest 1 Department o f Anatomy and Neurobiology, 
Washington University School o f Medicine, St. Louis, MO and 2Max- 
Planck Institute for Brain Research, Frankfurt, Germany

Gephyrin is a cytoplasmic protein that binds directly to neuronal 
glycine receptors, promotes clustering of glycine receptors in cultured 
neurons, and is colocalized with glycine receptors at synapses in the 
mammalian brain and spinal cord. These results suggested that gephyrin 
is involved in the formation o f glycinergic synapses. To test this idea, we 
generated gephyrin-deficient mice by homologous recombination. 
Homozygous (gephyrin-/-) mutants are bom in expected numbers, but die 
during the first postnatal day. Motoneurons in the spinal cords of wild- 
type neonates bear numerous high-density clusters of glycine and 
glutamate receptors, corresponding to inhibitory and excitatory synapses, 
respectively. Glutamate receptor clusters are retained in the gephyrin-/- 
mutants, but glycine receptor clusters are completely absent. Thus, 
gephyrin is necessary for glycine receptor clustering and presumably for 
glycinergic inhibitory synaptic transmission in vivo. Consistent with a 
decrease in inhibitory input to motoneurons, mild cutaneous stimulation 
o f gephyrin-/- mice causes generalized convulsions, characterized by tonic 
extension o f body and limbs. (Supported by NIFI.)

799.9

CO-LOCALIZATION OF GEPHYRIN AND GABAa RECEPTORS IN RAT 
CEREBELLAR CORTEX. P. Panzanelli. D. Cantino and M, Sassoè-Pognetto*. 
Dept, of Anatomy, Pharmacology and Forensic Medic1 ne, University of Turin,
1-10126 Turin, Italy.

The mechanisms by which GABAA-receptors are clustered at postsynaptic sites 
of neurons are largely unknown. The tubulin-binding protein gephyrin is present at 
GABAergic synapses and therefore may interact with GABAA-receptor subtypes. 
In this study, we have compared the distribution of gephyrin with that of the α l  
subunit of the GABAa receptor in the rat cerebellar cortex. The α l  subunit is 
expressed by all major cell types in the cerebellum, except the Golgi cells.

Gephyrin immunoreactivity was punctate, and electron microscopy showed that 
gephyrin was selectively localized to the postsynaptic side of symmetric synapses. 
The gephyrin-positive puncta were distributed throughout the molecular layer and 
around the Purkinje cells. In the granule cell layer, the majority of the puncta were 
considerably smaller than those in the molecular layer and were distributed at the 
periphery o f the glomeruli. Some o f the puncta, however, were located outside the 
glomeruli. Immunoreactivi* for the α l  subunit of the GABAa receptor was also 
punctate, and double-immunofluorescence revealed co-localization with gephyrin. 
Gephyrin and the α l  subunit co-localized extensively, and practically all of the 
α l -positive puncta in the molecular layer were also gephyrin-positive. In the 
granule cell layer, however, some of the α l -positive puncta did not co-localize 
with gephyrin.

These results indicate that gephyrin may function as an anchoring protein for 
GABAa receptors in the postsynaptic membrane. Since it appears that gephyrin is 
not present at even1 GABAergic synapse, distinct mechanisms may be involved in 
the clustering of different GABAA-receptor subtypes.
Financial support from  M URST (40% ,60%).

799.11

ROLE OF F3/CONTACTIN-LIKE MOLECULES IN NEURITE OUTGROWTH 
AND IN TARGET-DEPENDENT MODULATION OF SYNAPTIC FUNCTION IN 
IDENTIFIED HELIX NEURONS IN CULTURE. M. Ghirardi1. G. Naretto'. F 
Fiumara1. G. Gennarini~. M. Buttiglione~. P,G. Montarolo1*. Dept, of Neurosci. 
Univ. of Turin: ¾ ept. of Pharmacol. & Human Physiol.. Univ. of Bari, ITALY.

Adhesive interactions play important roles during neuronal development and in 
the establishment of functional synapses. Among the adhesion molecules belonging to 
the immunoglobulin superfamily, the mouse glycoprotein F3 and its chick homologue 
Contactin haw  been implicated in the regulation of axonal growth. To specifically 
address the function of F3 in synaptogenesis. we first looked for its expression on 
identified Helix neurons in culture and then we performed antibody perturbation 
experiments Immunocylochcimstry with two different rabbit F3 antisera recognizing 
either the whole molecule (F3 Ab) or a peptide corresponding to the N-terminal 
region of F3 (LIM3b Ab) and Western blot analysis indicated that an F3/Contactin- 
rclated molecule was expressed by Helix neurons. Next, we investigated whether F3 
Ab would interfere with substrate adhesion and neurite extension of Helix neurons in 
culture. We found that the presence of the F3 Ab at the time of plating completely 
prevented the adhesion of neurons to the substrate, while the addition of the Ab 6 
hours after plating induced the formation of thick and short neurites. Finally, we 
examined the role of F3-like molecules in the acquisition of secretory properties of 
prcsynaptic terminals by.using the F3 Ab or LIM3b Ab in inhibition experiments. In 
previous experiments, we have shown that the inhibitory effect of a wrong target C3 
on neurotransmitter release from prcsy naptic terminals of Cl can be overcome by the 
contact with the appropriate target B2 within few minutes and that this induction 
involves ApCAM-likc molecules (Naretto ct al 1997. Soc. Neurosci. Abst.). The 
prcincubation of the target B2 with F3 Ab or LIM3b Ab for 2 hours before contact 
with the coculture C1C3. completely prevented such an induction of transmitter 
release. These data indicate that F3-like molecules are involved in neuronal growth 
and they are required in the establishment of sy naptic transmission in Helix neurons.

This work was supported by MURST and CNR grants

799.8

ROLE OF GEPHYRIN AS AN ORGANIZER OF INHIBITORY GLYCINE 
RECEPTOR SYNAPSES ON CHICK CHOLINOCEPTIVE CILIARY GANGLION 
NEURONS. G. Tsen. M. K. Tembumi. B. Williams and M. H. Jacob*. Dept, o f 
Neuroscience, Tufts University, School o f Medicine, Boston, MA 02111.

Chick parasympathetic ciliary ganglion (CG) neurons express both excitatory and 
inhibitory receptors. Nicotinic acetylcholine receptors (AChRs) and α-bungarotoxin 
receptors (Bgt-AChRs) mediate excitatory synaptic transmission. CG glycine and GABAa 
receptors mediate inhibitory Cf influxes, but the endogenous source o f glycine and GABA 
is as yet undefined. Gephyrin is a peripheral membrane protein implicated in the formation 
of glycine receptor clusters on rodent CNS neurons. Our data suggests that gephyrin is an 
inhibitory synapse organizing molecule on chick cholinoceptive CG neurons.

A full-length gephyrin clone was isolated from an embryonic chick brain cDNA library, 
and is the first non-rodent gephyrin sequence characterized. The chick and rodent 
sequences are highly homologous; 98% identity at the amino acid level in such distant 
species suggests a highly conserved, essential function. The same predominant splice 
variant is expressed in neural tissue o f both species, including chick CG and brain, and 
rodent brain and spinal cord. In the chick CG, gephyrin mRNA levels increase during 
synapse formation and then plateau, with innervation and target tissue interactions 
inducing the increase. Functional glycine receptor expression follows a temporal pattern 
similar to gephyrin mRNA levels in the CG. Using RT-PCR we show that the 18 amino 
acids required for gepyhrin binding are completely conserved in glycine receptor ß subunit 
of CG neurons. Gephyrin interacts with the cytoplasmic loop o f glycine receptor ß 
subunit in yeast two-hybrid assays, but not with the cytoplasmic loops o f AChR or Bgt- 
AChR subunits. In avian PNS, as in rodent CNS, gephyrin appears to function in 
localizing glycine receptors. Gephyrin accumulations along the postsynaptic membrane at 
a subset of CG synapses suggest the presence of inhibitory glycine receptor synapses This 
localization has important implications for spatial and temporal pattern of Ca2* influx and 
may provide a high fidelity o f synaptic input to output. Supported by NIH 21725

799.10
Physiology and development of identified synaptic connections in the leech. F,
James Eisenhart*1 and William B. Kristan, Jr. 1,2 Group in Neurosciences1 and 
Department of Biology2, UCSD.

A central question in neurobiology is, how do neurons find the right synaptic- 
partners during development? We are addressing this question by studying the 
development of the synaptic connections between three identified neurons in the 
leech: cells 1, 102, and 3. These cells are motor neurons found in each segmental 
ganglion. Cells 1 and 102 inhibit the dorsal longitudinal muscles and also inhibit cell 
3 centrally through graded synapses that are distributed across multiple synaptic sites. 
Previous photoablation experiments suggested that cells 1 and 102 make all of their 
synapses on either the first or second major contralateral branch of cell 3. This is 
corroborated by experiments in which we cut the ganglion at the midline, eliminating 
chemical but not electrical IPSPs. We are now using confocal microscopy to study 
the morphology of these neurons’ processes within the ganglionic neuropil. 
Although the neurons have complex central arbors, these arbors can be reliably 
divided into a small number of anatomical domains that are specific to each neuron. 
It is possible that each domain has a different physiological function.

We are also studying the development of these connections. Previous 
electrophysiological recordings from embryos showed that the cell 1 and 102 to cell 
3 connections form by 60% of embryonic development. We are now making 
recordings from younger embryos to find the earliest stage with detectable IPSPs. We 
are also using confocal microscopy to determine when the neurons first come into 
contact and how processes behave within each anatomical domain. As an aide to this 
work, we have been developing criteria to identify the dorsal motor neurons from 
their central and peripheral morphology. Cells 1 and 3 form distinctive peripheral 
arbors at early stages of development, allowing them to be differentiated from their 
neighbors.

Supported by NIH grants NS 25916 (WBK) and T32 AG00216 (FJE).

799.12
DIRECT INTERACTION OF CASK/LIN-2 AND SYNDECAN HEPARAN 
SULFATE PROTEOGLYCAN AND THEIR OVERLAPPING  
DISTRIBUTION IN NEURONAL SYNAPSES. Yi-Ping Hsueh'*. Fu-Chia 
Yang1. Viktor Kharazia2. Scott Naisbitt1. Alexandra R. Cohen3.
Richard J. Weinberg2, and Morgan Sheng1. 'Howard Hughes Medical Institute and 

Department of Neurobiology, Massachusetts General Hospital and Flarvard Medical 
School; d epartm en t of Cell Biology and Anatomy, University of North Carolina at 
Chapel Hill; d epartm en t of Cell Biology and Internal Medicine, Yale School of 
Medicine.
CASK, the rat homolog of a gene (LIN-2) required for vulval differentiation in C. 
elegans, is expressed in mammalian brain, but its function in neurons is unknown. 
CASK is distributed in a punctate somatodendritic pattern in neurons. By 
immunogold electron microscopy (EM), CASK protein is concentrated in synapses 
but also present at non-synaptic membranes and in intracellular compartments. This 
lmmunolocalization is consistent with biochemical studies showing the presence of 
CASK in soluble and synaptosomal membrane fractions and its enrichment in 
postsynaptic density (PSD) fractions of rat brain. By yeast two-hybrid screening, a 
specific interaction was identifed between the PDZ domain of CASK and the C- 
termmal tail of syndecan-2, a cell surface heparan sulfate proteoglycan (HSPG). The 
interaction was confirmed by co-immunoprecipitation from heterologous cells. In 
brain, syndecan-2 localizes specifically at synaptic junctions where it shows 
overlapping distribution with CASK, consistent with an interaction between these 
proteins in synapses. Cell surface HSPGs can bind to extracellular matrix (ECM) 
proteins and are required for the action of various heparin-binding polypeptide 
growth/differentiation factors. The synaptic localization of CASK and syndecan 
suggests a potential role for these proteins in adhesion and signaling at neuronal 
synapses, (supported by HHMI and NIH grant NS29879 (R. J. W.))
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799.13
AN INTRAMOLECULAR INTERACTION BETWEEN THE SH3 
DOMAIN AND THE GUANYLATE KINASE-LIKE DOMAIN IN THE 
PSD-95 FAMILY OF MAGUK PROTEINS. Eunioon Kim.*'-Yi-Ping 
Hsueh. Fu-Chia Yana, and Morgan Shene. 'Dept, of Pharmacology, 
Pusan National University, Pusan 609-735, Korea: Howard Hughes 
Medical Institute and Department of Neurobiology. Massachusetts 
General Hospital and Harvard Medical School, Boston. MA 02114, USA.

Members of the PSD-95 family of MAGUK (membrane associated 
guanylate kinase) proteins function as multimodular molecular scaffolds 
that organize functionally related proteins into a signaling complex at 
neuronal synapses. MAGUK proteins contain PDZ, SH3 and guanylate 
kinase-like (GK) domains, all of which can function as sites for specific 
protein-protein interactions. The PDZ domains of PSD-95 have been 
shown to interact with the C-terminal -X-T/S-X-V motif of a variety of 
proteins, while the GK domain binds to an abundant synaptic protein 
called GKAP. Binding partners of the SH3 domain, however, have been 
elusive. We present here a direct protein-protein interaction between the 
SH3 domain and the GK region in the PSD-95 family of MAGUKs. The 
SH3 domain of the PSD-95 family appears to have an atypical binding 
specificity, since the classical SH3 binding (-P-X-X-P-) motif is absent 
from the GK domain. In vitro binding assays indicate that the SH3-GK 
interaction can occur in both intramolecular and intermolecular manner. 
An intramolecular interaction between SH3 and GK domains is 
reminiscent of Src. in which the SH3 domain contacts and regulates the 
tyrosine kinase catalytic domain. We hypothesize that an intramolecular 
SH3-GK interaction in MAGUKs regulates an as yet unknown function 
of the GK domain.

799.14

SAP24e, A N O V E L  POSTS Y N A P T IC  D E N S IT Y  (PSD ) PRO TEIN
‘L-VLJ2ül'b°'*-L-L1 • M-fr Kroui/J ., J. Uj * km«nnT .K. langnnso I. I .

liisiiiulo ..r
Anatomy. Mik-usioi. IU(ì: 3 University oì Alabama. Birmingham. USA

In an effort to idvnιil\ novel poxtsynaplic pioteins hy seieening an 
expiession library with antibodies dheeled against PSD proteins we could 
identity the cDN’Á lor a novel rat brain-specific protein that does not show 
any similarity with pioteins from public databases. Northern blot analysis 
and in situ hybiidi/alion revealed a specific expiession of 2-.4- and Okb 
transcripts beginning at fetal day 17. Intense in situ labeling could In- 
observed especially in the cortex, hippocampus and in the I’mkinje-eell 
layer of the cerebellum. The generation of a polyclonal antibody utilizing 
a fusion protein from the ('-terminal region of the pioiein lead to the 
identification of a ISO kl)A hand from rat brain homogenates. Western 
blot analysis of cellular subtractions showed that the INOkl>A band was 
absent in the cytoplasmic traction and strongl> enriched Inwards the PSD- 
t'raelion. Immunocylochcmisiry supported these results with a spot-like 
staining of the neuropil. Elecironmicroscop> confirmed the close 
association of the protein with the PSD in all brain regions investigated. 
Developmental studies on prill ary hippocampal cultures and postnatal 
brain tissue showed a PSD localization of the SA 
period (day 7-14).

In conclusion this liovcl cylomatrix protein is most likely an integral part 
of the PSD and could he involved in the early PSD lormalion dining 
synaptogenesis.

• SAP24e in the ι postnatal

799.15

SYNDECAN-2 IS INVOLVED IN THE MATURATION OF DENDRITIC SPINES. I.Krivko-Ethell*andY.Yamaguchi*. Dept, of Neurobiology, The Burnham Inst.; La Jolla, CA 92037.
We have examined temporal relationships between the expression of heparan sulfate proteoglycans (HSPGs) and the structural modifications of synaptic connections in hippocampal neurons. Sections of adult rat brain show heparan sulfate (HS) immunoreactivity on the soma and proximal dendrites of hippocampal pyramidal neurons in CAl,2 and 3, but not in the dentate gyrus. In cultured hippocampal pyramidal neurons the expression of HS shows a substantial increase after 3 weeks in culture, at the time of the maturation and stabilization of synapses. Immunoreactivity of HS is concentrated on dendritic spines in close association with presynaptic boutons. Quantitative RT-PCR of eight HSPGs showed that the expression of syndecan-2 mRNA increases in parallel with synaptic maturation. Both confocal and electron microscopic analyses showed the co-localization of HS and syndecan-2 immunoreactivities in dendritic spines of mature neurons. Finally, transfection of syndecan-2 cDNA into hippocampal neurons significantly accelerates the appearance of mushroom-shaped mature spines along dendrites. Our finding strongly support a direct role for syndecan-2 in dendritic spine maturation.

799.17

SU RFA CE G A N G LIO SID E S A N D RE LE A SE O F G ABA FR O M  
CU LTURED EM B R Y O N IC  R A T H IP PO C A M PA L  N E U R O N S.
J. Vautrin,* A. Schaffner and J. Barker. LNP, NINDS, NIH, Bethesda, MD 20892.
Tetanus toxin is known to target active peripheral and central synapses via 

binding to a trisialoganglioside, GTlb, concentrated at pre-synaptic plasma and 
vesicular membranes in mature networks. We have previously shown that live 
hippocampal neurons from 19-day-old rat embryos dissociated with papain and 
cultured with astrocyte-conditioned medium can be labeled by tetanus toxin C 
fragment (TnTxCf) before synaptogenesis. GABA immunoreactivity was 
frequently present at the surface-accessible sites labeled by TnTxCf before and 
after the development of functional synaptic contacts. This live-cell staining with 
antiGABA was consistent with published electrophysiological evidence of a 
surface-accessible compartment of GABA capable of generating tonic, autocrine 
GABAergic activation of Cl channels. These results suggested that presynaptic 
functions expressed on the cell surface precede the formation of synapses. 
Ruthenium red (RR) is known for affecting synaptic transmission and for 
complexing the negative charges of sialic acid residues of gangliosides. We found 
that extracellular application of lOµM RR to neurons recorded in whole-cell 
patch clamp mode blocks both tonic GABAergic activity in young neurons and 
GABAergic synaptic transients in more mature ones. We also found that lOµM 
RR applied intracellularly via the patch pipette blocks the tonic GABAergic 
activity even when this activity is artificially increased by concomitant 
intracellular addition of lOmM exogenous GABA. Given the known implication 
of gangliosides in the storage and release of neurotransmitter from presynaptic 
terminals, these results confirm previous reports on the presence of GABA at the 
surface of potentially presynaptic membrane and suggest a possible direct 
molecular interaction between ganglioside and neurotransmitter.

799.16

C. ELEGANS NEUREXINS AND NEUREXIN-LIKE PROTEINS
J.Soutschek. C. Hanselmann. K. Schlombs. J. Srinivasan. C.M. 
Müller*, and J. Scheel
Max-Planck-Institute for Developmental Biology, P.O. Box 2109, D-72011 
Tübingen, Germany

Neurexins are a family of neuronal transmembrane proteins located at 
presynaptic teπninals in mammals, which have been implied in formation and 
functions of chemical synapses We have identified and characterised a 
Neurexin, n r x - ì , and a Neurexin-like protein, nip-1, in C. elegans.

C. elegans NLP-1 is a neurexin-like protein sharing structural similarities 
with Drosophila  Neurexin IV and mammalian Caspr/Paranodin. In contrast to 
Neurexins, nlp-1  transcripts are not alternatively spliced. Transgenic nlp- 
l::GFP-reporter constructs and antibody staining reveal expression in epithelia 
of the gut, in gland cells, muscle cells and pharynx. A subset o f motomeurons 
and intemeurons also express nlp-1.

N rx-1 , the only Neurexin in C.elegans, is similar to the mammalian 
Neurexins I-III. Extensive alternative splicing of nrx-1  gives rise to dozens of 
protein isoforms. RNA splicing is developmental^ regulated; distinct 
isoforms are upregulated during periods of synaptogenesis. Nrx-1  is expressed 
in all neurons except the CAN neurons, which lack chemical synapses. N R X -l  
isoforms show a differential subcellular distribution: some isoforms are 
distributed throughout the neuronal plasma membrane, other isoforms are 
localized at synapses. N R X -l  is expressed during late, but not early, stages of 
axonal outgrowth. RNA interference experiments suggest that nrx-1  has an 
essential function during embryogenesis besides its role in the nervous system. 
J. Soutschek is supported by the Boehringer Ingelheim Fonds

799.18

DIVERSITY OF INTEGRAL MEMBRANE PROTEINS OF 
SYNAPTIC VESICLES AT SYNAPSES OF SINGLE NEURONS.
F. D. Morgenthaler and J. K. Staple*, IBCM, University o f  Lausanne, 1005 
Lausanne, Switzerland.

Synapses vary in their functional properties and even synapses made 
by a single, neuron have been shown to function differently. Since 
molecular differences at synaptic connections may underlie differential 
neuronal function, we study heterogeneity of synaptic vesicle proteins 
(synaptotagmin, SV2, VÁMP2, synaptophysin) as a model for 
establishment and maintainence o f synaptic diversity. Previously, w e 
showed differential distribution o f synaptic vesicle proteins at synapses 
o f rat cortical neurons in dense culture (Staple et al., 1997). To 
determine whether molecular and functional differences occur in 
synapses o f individual cells, we cultured single rat cortical neurons in 
isolation. U sing a modified method of micro-island cultures which was 
pioneered by Furshpan et al (1976), microdroplets (30 - 200 µm  
diameter) o f a permissive growth substrate (poly-D-lysine/collagen) are 
sprayed onto a non-permissive substrate - agarose. When neurons are 
plated onto a surface treated in this way they grow only on the 
microislands of permissive substrate. We found that after about 3 days in 
vitro, isolated neurons were able to segregate neuronal proteins into 
functionally and morphologically distinct compartments - SNA P-25 in 
axons and MAP2 in cell bodies and dendrites. After about 4 - 7 days in 
vitro, the isolated neurons make synapses onto their own cell bodies and 
processes. We used antibodies specific for intrinsic membrane proteins 
of synaptic vesicles to detect differences in immunoreactivity at synapses 
and FM l-43 uptake to determine whether immunoreactive synapses are 
functional. We found that selective expression o f these synaptic vesicle 
proteins of can occur at different boutons of the same neuron. These 
results suggest that differential localization o f proteins at synapses of 
individual neurons may contribute to differential synaptic function. 
Furshpan et al, (1976), PNAS, 73:4225-4229.
Staple et al, (1997), Eur. J. Neurosci. 9:721-731.
Funded by FNRS grant #3100-052882.97/1 (JKS)
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799.19

E X P R E SSIO N  O F S Y N A P T IC  P R O T E IN S IN  TH E D E V E L O PIN G  
XE N O P U S LAEV 1S  V ISU A L  S Y ST E M  B. Lorn*. L. Nguven. M. Prado. 
and S. Cohen-Cory UCLA MRRC, Brain Research Institute, Psychiatry and 
Neurobiology Departments, Los A ngeles, CA 90035

To assem ble fûrictional synapses, the nervous system  must coordinate the 
expression and distribution o f  numerous specialized m olecules that cause 
appropriate and local neurotransmitter release. In the developing Xenopus 
laevis visual system , retinal ganglion cell (RGC) axons innervate their target 
neurons in the optic tectum during a defined developmental window. In the 
tectum, RGC axons elaborate and m odify their terminal arbors as they form 
synapses. To begin to understand the m obilization o f  synaptic vesicle  
proteins during the developm ent o f  the retinotectal projection, w e have 
characterized the expression patterns o f  several synaptic vesicle proteins in 
the developing Xenopus laevis visual system . U sing antibodies to the 
synaptic vesicle protein VA M P and the presynaptic docking protein SNAP- 
25, we have used imm unocytochem istry to observe the expression patterns o f  
these synaptic proteins in situ and in vitro. During periods o f  active axon 
arborization, both VA M P and SN AP-25 are strongly expressed in the 
neuropil o f  the brain where retinal axons terminate. In the retina, VAM P and 
SN A P-25 expression is restricted to the synaptic regions, the inner and outer 
plexiform  layers. In vitro, dissociated retinal neurons grown in the absence 
o f  target neurons express VA M P and SN A P-25 along the length o f  the axon, 
suggesting that these synaptic proteins are transported to the growing nerve 
terminal. Future studies w ill correlate synaptic vesic le  protein expression  
with synapse formation in the developing Xenopus visual system.

Supported by the NEI, Frontiers o f  Science/U C LA , & Sloan Foundation.

799.20

PATTERN OF EXPRESSION OF SYNAPTIC VESICLE PROTEINS IN THE 
DEVELOPING RAT PINEAL GLAND. S. Naravan and K. F. Greif*. Dept, of 
Biology, Bryn Mawr College, Bryn Mawr, PA 19010.

The sequence of appearance of synaptic vesicle proteins at the nerve terminal during 
synaptogenesis may provide insight into their roles at the synapse In the superior 
cervical ganglion (SCG), levels o f vesicle proteins decline with postnatal development 
suggesting that the newly synthesized proteins are redistributed to terminals in target 
tissues. The pineal gland is a neuroendocrine organ, innervated exclusively by the 
SCG. Innervation commences on embryonic day 16 and is not complete until the end 
of the first post-natal week. Serial sections o f the pineal from Sprague-Dawley rats 
aged pO, 4, 7, 10, 14, 21 and adult are incubated with monoclonal antibodies directed 
against vesicle proteins and processed for immunohistochemistry. Simultaneously, 
sections are processed for catecholamine histofluorescence to track the pattern of 
innervation by sympathetic fibers.

Histofluorescence is confined to the capsule of the pineal at pO. On p4, dots of 
intense fluorescence are observed in the apical part of the gland. By p7 fluorescence is 
observed throughout most o f  the body o f the gland near the pinealocytes. 
Norepinephrine histofluorescence is at adult levels by p 2 l. Synaptotagmin 
immunoreactivity in nerve terminals is first detected at p4 and peaks in the second 
postnatal week. Syntaxin is first detected at the end of the first postnatal week and 
peaks at the end of the second week.

The patterns of expression of synaptic vesicle proteins suggests that their distribution 
is subject to changes during growth and development o f the SCG and its target organ, 
the pineal gland. This may have important implications for the establishment of 
functional synaptic transmission in developing systems. Further, an investigation of 
vesicle protein expression in the pineal may provide insights given its neuroendocrine 
functions.

Supported by NIH grant NS 36383 To KFG.
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800.1

LOCALIZATION OF gpl3O AND RELATED SIGNAL TRANSDUCTION 
MOLECULES IN THE MOUSE BRAIN
S.Tamura1, Y.Morikawa1, K.Tohya2, A.Kimura3* and E.Senba1 
1Dept. of Anatomy & Neurobiology and 3Dept. of Physiol., 
Wakayama Medical School, Wakayama 640,2Dept. of Anat., 
Kansai Coll. Orient. Med., Osaka 590-04, Japan

Recent studies have suggested that central nervous 
system (CNS) is a target of various cytokines. However, 
presence and localization of cytokine receptors in the CNS 
are still obscure. IL-6, LIF, OSM, CNTF and IL-11 are 
cytokines of gpl3O family, since gpl3O is a common 
receptor subunit for these cytokines. In the present 
study, we examined the presence and localization of this 
receptor and downstream signal transduction molecules 
(Tyk2, Jakl, Jak2, Stat3). Mice(BALB/c) were perfused 
transcardially with 4% paraformaldehyde and frozen 
sections (6um) of brains were cut and immunostained using 
rabbit polyclonal antibodies for gpl3O and other 
molecules. Immunoreactivity for gpl3O was observed in 
cortical neurons, glia-like cells in the corpus callosum, 
ependymal cells lining ventricles etc. The distribution of 
signal transduction molecules were basically similar to 
that of gpl3O. Tyk2- and Jak2-positive small neurons were 
observed in the cortex. Ependymal cells were 
immunoreactive to Jakl and STAT3. Immunoreactivities for 
Jakl and Jak2 were observed in the posterior commisure and 
hippocampus. These findings suggest that cytokines of 
gpl3O family play important roles in the CNS of mice.

800.2
LOCALIZATION OF PRESENILIN 1 AND 2 DURING PREIMPLANTATION 
MOUSE DEVELOPMENT. S.-J. Jeong*, D.-H. Geum2, K. Kim2,and Y.-H.
Suh1 . ‘Dept, o f Pharmacol., Coll of Med & Dept, of Mol. Biol., Neuroscience 
Res Inst, Seoul National Univ. ; 2Dept. o f Mol. Biol., Coll, o f Natural Sciences, 
Seoul National Univ. ; 28 Youngon-dong, Chongno-gu 110-799, Seoul, Korea 

Alzheimer's disease(AD) is a neurodegenerative disorder o f the central 
nervous system and exhibits gradual formation o f extracellular neuritic plaques 
in the brain. The majority o f early-onset familial Alzheimer's disease (FAD) are 
associated with mutations o f two related genes named presenilin 1 (PS1) and 
presenilin 2(PS2). PS1 and PS2 have homolog sel-12 which plays a role during 
embryogenesis and is involved in the Notch signaling pathway. It was reported 
that the relative levels o f PS1 and PS2 mRNA expression differed significantly 
among tissues and during the late development. In addition, it was suggested that 
PS1 and PS2 may play a role in chromosome organization and segregation 
during mitosis. So we examined the stage-specific expression patterns o f PS1 and 
PS2 in mouse oocytes and in preimplantation mouse embryos using 
immunocytochemistry. Both PS1 and PS2 are expressed througout the 
maturation o f oocyte - germinal vesicle (GV) stage, germinal vesicle breakdown 
(GVBD) stage, and polar body (PB) stage. PSs are localized in the cytoplasm and 
the nucleus except in nucleoli. This expression pattern of PSs are observed until 
2.5dpc (day post coitum), but there are some changes in the localization o f PSs 
expression at the morula and blastocyst stage (3.5dpc) which is the first 
differentiation stage during the mouse development. The expression o f PSs was 
strikingly localized only in the cytoplasm of the inner cell mass and 
trσphectoderm, but not in blastocoel. This results suggest that PSs may play a 
role in the early cell division and differentiation before the implantation into 
uterus.

800.3

Location o f cells expressing endothelin-3 (ET-3) and the endothelin B (ETß) 
receptor in the developing mouse gut. J.-X. ChglftTJtaIhmfln,.an.d M.D., G¢rshon, 
Columbia University, P & S, New York, NY 10032.

The enteric nervous system (ENS) is formed by émigrés from the neural crest. In 
mice lacking ET-3 or its preferred receptor, ETß, the terminal colon is aganglionic. 
Since the formation of enteric ganglia elsewhere in the gut is normal, the failure of 
gangliogenesis in the terminal bowel cannot be because enteric neurons require ET- 
3/ETß for survival and/or differentiation. The ET-3/ETß-associated aganglionosis, 
moreover, is not neural crest autonomous. Immunocytochemistry and RT-PCR (in 
conjunction with the immunoselection of crest-derived cells with antibodies to 
p7 5 NTR) was used to locate cells that express ET-3 and ETß in the fetal mouse gut. 
For comparison, ET-1, which has the same affinity for ETg as ET-3, was also 
located. In situ, ET-3, which was detected before ET-1, was primarily expressed by 
non-neuronal cells (mucosa and circular muscle) that did not survive well in culture; 
however, cultures contained rare ET-3-immunoreactive neurons. ETß was 
expressed in situ by neurons and smooth muscle, although ETß transcripts were 
restricted to cultures o f crest-derived cells. ET-1 immunoreactivity was found 
primarily in neurons in enteric, dorsal root, and sympathetic ganglia, both in situ 
and in vitro. The neuronal expression of ET-1 does not compensate for the absence 
of ET-3. ET-1 may be expressed too late or not reach all of the critical ETg 
receptors. These observations are compatible with the hypothesis of Wu, Rothman, 
and Gershon that enteric ET-3 acts on neurons and muscle to prevent crest-derived 
cells from differentiating as neurons before they have finished colonizing the bowel. 
Supported by NIH grants NS 15547 & HD21032

800.4

AUTOCRINE AND PARACRINE INTERACTIO NS OF BDNF A N D  
ESTROGEN R E C E P T O R -α  IN THE ADULT RODENT BR A IN  M.M.

1* 1 2  1
Blurton-Jones. M.H. Tuszvnski ’ . Dept, of Neuroscience, UC San Diego, La

Jolla, CA 92093; ^V.A. Medical Center, San Diego, California 92161.
Several recent studies have suggested that expression of brain derived neurotrophic 

factor (BDNF) may be modulated in part by the neuroactive steroid estrogen. An 
estrogen-response element (ERE)-like sequence has been identified within the gene for 
BDNF and studies of ovariectomized and estradiol-treated rats have shown changes in 
expression of BDNF mRNA in response to changing estrogen status. It has further 
been hypothesized that modulation of BDNF expression by estrogen may occur 
through binding of occupied estrogen receptors to the ERE-like sequence found within 
the BDNF gene. Such a mechanism would necessitate the co-localized expression of 
both estrogen receptors and BDNF within the same cells. This relationship has been 
shown previously in developing rodent models but not in adult models.

In die present study we examined the distribution of estrogen receptor-α (ER-α) 
and BDNF immunoreactivity in normally cycling colchicine-treated female adult 
Fischer 344 rats. Double labelling revealed estrogen receptor bearing neurons that also 
produce BDNF in fewer than 10% of the cells in the medial and cortical nuclei of the 
amygdala, the ventromedial and arcuate nuclei of the hypothalamus, and the medial 
preoptic area. By comparison, a much larger number of ER-α expressing cells in the 
posterodorsal portion of the medial amygdaloid nucleus and in the amygdalo- 
hippocampal area are densely innervated by BDNF-expressing axons.

The cellular co-localization of these two proteins in scattered amygdaloid and 
hypothalamic cells supports the hypothesis that estrogen can modulate BDNF 
expression. In addition, the appearance of BDNF immunoreactive terminals 
surrounding ER-α expressing cells in selected brain regions also suggests a potential 
paracrine interaction between these two proteins.

Supported by the NIA-AG10435 and NIH 2 T32 AG00216, Veterans Affairs, and the 
American Academy of Neurology Research Foundation.
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800.5

HISTAMINE AND TNF-α PRODUCTION BY SUBSTANCE P IN MAST 
CELL IS INHIBITED BY SP-ANTAGONISTS. EVIDENCES FOR A 
MECHANISM AND POTENTIAL THERAPY IN NEURO-INFLAMMATORY 
DISEASES. R. Cocchiara* A. Bongiovanni. G. Albeggiani. 
A A77r>Hna. N. Lamoiasi. D. Geraci. Istituto di Biologia dello 
Sviluppo, CNR. Via Ugo La Malfa 153, 90146, Palermo ITALY 

Increasing evidences suggest that intricate neuro-immune mechanisms are 
essential in normal physiology and reproduction and that its imbalance 
contributes to the aetiology o f neuro-inflammatory diseases. We demonstrate 
that brain mast cell (BMC) purified from rat hypothalamus were in activated 
form showing functional FcεRI receptor. By a competitive PCR, we show the 
increase of HR and TNF-α mRNA from BMC when challenged with anti-IgE or 
with the neuropeptide substance P (SP). Moreover, we demonstrate an SP-gate 
control on HR and TNF-α by using SP-antagonists, involving a receptor- 
independent mechanism. In fact, we obtain a significant (p<O,OOl) inhibition 
of HR and TNF-α mRNA and protein when BMC where pre-treated with 
SP-antagonists and challenged with SP. Furthermore our demonstration of an 
increase in TNF-α mRNA expressed from hypothalamic MC after an 
immunological or non immunological stimulus in vitro, lends strong support to 
the hypothesis that the increases o f TNF-α occurs in vivo from resident 
activated BMC and could by an important tool in neuro-inflamatory diseases 
by opening the BBB. Finally pharmacological manipulations of TNF-α increase 
by SP-antagonists could open new perspectives in therapy for neuro-inflamatory 
diseases.

800.7

IDENTIFICATION OF A NEW TGFß SUPERFAMILY MEMBER. 
Clemens Suter-Crazzolara*. Martina Böttner. Jens Strelau. Martin Laaff. 
Andreas Schober, Birgit SchechingerL Gudrun RappolcT and Klaus 
Unsicker. Depts. o f Neuroanatomy and +Human Genetics, Univ. of 
Heidelberg, INF3O7 and +328, D-69120 Heidelberg, Germany.

Several members o f the TGFß superfamily fυllfill important roles in the 
developing and adult nervous system. These include TGFß-2 and -3, 
several bone morphogenetic proteins, activin and GDNF. Here, we describe 
a novel member of this superfamily. With the help o f a characteristic 
motive, the cysteine knot, which defines the TGFß superfamily proteins, 
Expressed- Sequence-Tag (EST) databases were investigated. This resulted 
in the identification o f a new, relatively distant member o f this superfamily, 
named SBF. With a combination of RT-PCR and analysis o f cDNA 
libraries, the full length coding sequence o f this factor was obtained. The 
mouse, rat and human genes were obtained by screening o f genomic 
libraries. The single copy human gene is located on chromosome 19p 13.1- 
13.2, as shown by fluorescence in situ hybridzation. The mature SBF 
protein was produced with E. coli- and baculovirus-expression systems. 
This protein is recognized by an antibody which was raised against an 
SBF-specific, 15 amino acid peptide. As western and RT-PCR analysis 
revealed, this factor is expressed in the central nervous system. Currently, 
immunohistochemistry and in situ hybridization analyses of the nervous 
system are being carried out. In conclusion, we have isolated a novel TGFß 
superfamily member which most likely plays a role in the developing and 
adult nervous system. Supported by the DFG.

800.9

LIF NULL MUTANT MICE HAVE DECREASED EXPRESSION OF 
CHEMOKINES FOLLOWING AXONAL INJURY OF THE SUPERIOR CERVICAL 
GANGLION. R. Schreiber. K. Krivacic. S. Vaccariello. O. Mocanu. R. Ransohoff. 
and R. Ziqmond*. Departments of Neurosciences, Case Western Reserve 
University, and Cleveland Clinic Foundation, Cleveland, OH 44106.

Transection of the axons of neurons whose cell bodies reside in the superior 
cervical ganglion (SCG) produces large alterations in non-neuronal cell 
populations within this sympathetic ganglion. For example, the normal rat SCG 
contains primarily resident ED2+ macrophages; however, by 48 h post- 
axotomy, abundant ED1+ hematogenous macrophages enter the ganglion 
(Schreiber et al., 1995). The signals which elicit these inflammatory cells to 
accumulate within the ganglion remain unknown. Chemokines are 
chemoattractant cytokines that signal to select populations of leukocytes in 
response to tissue injury or inflammation. Six hours after axotomy of the SCG, 
increased expression of multiple chmokines is detectable within the ganglia. 
This chemokine response is dominated by MCP-1 with smaller changes 
exhibited by g r o -alpha, RANTES, and MIP-1 alpha (Schreiber et al., 1997). 
While the mechanism for this chemokine induction is unknown, the cytokines, 
leukemia inhibitory factor (LIF) and IL-6 have been shown to upregulate MCP-1 
mRNA expression in rat mesangial cells in culture (Hartner et al., 1996). The 
present study examines the influence of LIF on the chemokine response after 
axotomy of the SCG of wild-type and LIF null mutant mice. Reverse 
transcription-coupled PCR analysis demonstrated a rapid and abundant 
expression of the chemokines IP-10, MCP-1, pro-alpha within 6 hours after 
axotomy of the SCG of wild-type mice. MIP-1 alpha and RANTES were also 
upregulated but were expressed at much lower levels. In contrast, the 
expression of al these chemokine mRNAs was greatly reduced in the LIF null 
mutant mice following axotomy. These results indicate a role for LIF in the  
regulation of chemokine mRNA expression and, perhaps, the subsequent 
macrophage response. (Supported by NS17512 and NS32151)

800.6
TRANSGENIC OVEREXPRESSION OF BONE MORPHOGENETIC PROTEIN-4 
LEADS TO ABNORMAL NEUROLOGIC FUNCTION.
W. A. Gomes. E. Orcutt. S. Kelic* andJ.A, Kessler
Depts. of Neuroscience and Neurology, Albert Einstein College of Medicine, Bronx, 
NY 10461

Bone morphogenetic proteins (BMPs), members of the TGF-ß superfamily, 
subserve a variety of roles in the developing nervous system, including induction of 
neural cell fate, regulation of cell survival and differentiation, and modulation of 
neuronal phenotype. To analyze BMP function during mammalian neurogenesis in 
vivo, we have constructed transgenic murine strains that overexpress a BMP-4 
minigene under the control of promoters derived from four heterologous genes. A 
nestin promoter construct directs expression specifically to proliferating neural 
precursors, while neuron-specfic enolase (NSE) and glial-fibrillary acidic protein 
(GFAP) promoters are specific to neurons and astroglia, respectively. The fourth 
promoter, derived from the keratin-14 gene, drives BMP-4 expression in the 
epidermis, where it is available to sympathetic and sensory nerve endings. Multiple 
independent lines have been isolated for each promoter construct and bred to 
homozygosity. Remarkably, each of the transgenic lines displays an abnormal 
neurologic phenotype that is apparent upon gross inspection. The phenotypes 
derived using the four promoters all differ and progress in severity with increasing 
gene dosage. Specific abnormalities include abnormal posture and gait, tremor, and 
autonomic defects. The transgenes appear to be lethal at high gene dosages. An 
analysis of the behavioral, anatomic and electrophysiologic characteristics of these 
transgenic strains will help' define the physiologic role of the BMPs in the nervous 
system.
Supported by NIH NS2O778, NS20013 (JAK)

800.8

INVOLVEMENT OF EXTRACELLULAR SIGNAL-REGULATED PROTEIN 
KINASES IN THE REGULATION OF LEUKEMIA INHIBITORY FACTOR IN A 
SCHWANN CELL LINE AND IN SUPERIOR CERVICAL GANGLIA. \ L  
Naαamoto-Combs*. S.A. Vaccariello. R E. Z içm ond. Department of 
Neurosciences, School of Medicine, Case W estern Reserve Univ., 
Cleveland, OH, 44106.

Axotomy of sympathetic neurons in superior cervical ganglia (SCG) causes 
increased expression of a cytokine, leukemia inhibitory factor (LIF) in non
neuronal cells. We have previously demonstrated that satellite/Schwann 
cells are capable of upregulating LIF mRNA. Using a rat Schwann cell line, 
SC-1 cells, we have also shown that activation of either cAMP-, diacylglycerol- 
or Ca2+ signaling pathway leads to dramatic elevation of LIF mRNA and that a 
phorbol ester, 12-O -tetradecanoylphorbol 13-acetate (TPA) most 
efficaciously increases LIF mRNA levels. This TPA-mediated LIF regulation 
was investigated fu rther using protein kinase C (PKC) inhibitors. 
Preincubation of SC-1 cells with either 10 µM GF-109203X or 2 µM Gö 6976 
resulted in approximately 80% and 50% inhibition, respectively, in the TPA- 
induced LIF mRNA levels. SCG explant cultures provide an in vitro model for 
axotomy, and we used this system to determine the involvement of PKC in 
LIF mRNA induction in SCG after injury. GF-109203X inhibited approximately 
50% of LIF mRNA induction in SCG explants. Since PKC is shown to activate 
the extracellular signal-regulated protein kinase (ERK) pathway, we examined 
whether ERKs were activated after TPA treatment in SC-1 cells. Western blot 
analyses using an antibody specific to phosphorylated ERKs showed that 
ERKs were activated in SC-1 cells within 10 min after TPA treatment. 
Activation of ERKs also occurred in SCG as early as 15 min after in vivo 
axotomy and persisted for at least 4h. Inhibition of the ERK signaling pathway 
using 50 µM PD 98059 attenuated TPA-mediated LIF mRNA induction by 
50% in SC-1 cells. Furthermore, PD 98059 also decreased LIF mRNA 
induction up to 75% in SCG explants. These results suggest that ERKs play 
a significant role in LIF regulation after axotomy. (Supported by NS17512)

800.10

GENE REGULATION IN 5'-UNTRANSLATED REGION OF 
MOUSE GDNF.
M. TANAKA, S. Ito and K. Kiuchi*. Lab. for Genes of Motor 
Systems, Bio-Mimetic Control Research Center, The Institute 
of Physical and Chemical Research (RIKEN), Nagoya 463- 
0003, Japan.

GDNF is a potent survival factor for a variety of neurons and 
required for the development of the enteric nervous system 
and kidney. However the regulation of GDNF mRNA expression 
has not been fully investigated. To research the molecular 
mechanism of GDNF expression, we have cloned GDNF gene 
and its 5'-flanking region [Matsushita et al. Gene 203: 149-157 
(1997)]. Using C6 glioma cells, NIH3T3 cells and our mouse 
astrocyte cell-line, we analyzed effect of the 5'-untranslated 
region (UTR) of exon I on the promoter activity. Luciferase 
reporter gene construct fused with 1.4-kb promoter region 
and 5'-UTR (-1415/+981) showed 3-fold decrease in promoter 
activity comparing to that deleted 5'-UTR (-1415/+26). Further 
investigation revealed that one positive element was located 
between +26/+99 and two distinct negative elements were 
located between +146/+261 and +506/+576, respectively. Gel 
retardation experiments showed that nuclear factor from C6 
glioma cells bind specifically to a DNA fragment corresponding 
to the second negative regulatory element (+506/+576), 
suggesting the transcriptional regulation by trans-acting 
factor(s) in 5'-UTR.
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800.11
GDNF EXPRESSION IS RESTRICTED TO A SUBSET OF MUSCLES AND 
MUSCLE FIBERS. O.T. Nguven*2. C.R. Keller-Peck1. J.W. Lichtman2. I. Silos- 
Santiago3, W.D. Snider1. 'Dept, of Neurology, CSNSI and 2Dept. of Anatomy & 
Neurobiology, Washington Univ. Sch. of Med., St. Louis, MO 63110. 
M illennium  Pharmaceuticals Inc., Cambridge, MA 02139.

Previously, we have shown that overexpression of glial cell line-derived 
neurotrophic factor (GDNF) by muscle cells in transgenic mice produces a dramatic 
hyperinnervation of the neuromuscular junction (NMJ). However, the expression 
of GDNF and its normal role in neuromuscular development is poorly characterized. 
To determine the temporal and spatial expression of GDNF with respect to the 
NMJ, we have utilized mice in which exon 1 of the GDNF gene has been replaced 
with LacZ. X-gal histocheπjistry showed that GDNF was heavily expressed in 
proximal limb bud by E12 but absent distally. Intercostal muscles, muscles of the 
pelvic and shoulder girdles and supporting cells at the ventral root exit zone also 
expressed high levels of GDNF during early development. During the last few days 
of embryonic development, there was a dramatic down regulation of GDNF 
expression in all muscles except in a subset of intrafusal fibers. As a first step in 
determining GDNF's functional role, we examined NMJs in several muscles in 
GDNF deficient mice. Initial surveys in null mice revealed normal-appearing NMJs 
at PO. Because GDNF null mice die at P0, it was not possible to examine NMJs 
in these mice at later stages. However, synapse elimination proceeded normally in 
mice heterozygous for the null mutation. Furthermore, sternomastoid muscles 
from P0 null mice were successfully transplanted into adult wild type strain- 
matched recipients. In this instance, the sternomastoid muscle was reinnervated and 
NMJ morphology again appeared normal. We conclude that GDNF is expressed in 
only a subset of embryonic muscles, and may not be necessary for NMJ 
innervation. That other GDNF family members have redundant functions at the 
NMJ remains a distinct possibility. The high levels of GDNF in intrafusal fibers 
make the prospect of a role in regulating spindle innervation likely. Supported by 
NINDS and MDA.

800.13
GENE EXPRESSION OF TUMOR NECROSIS FACTOR-α AND 
INTERLEUKIN-10 IN HUMAN ASTROCYTES AND MICROGLIA VIA p38 
MITOGEN ACTIVATED PROTEIN KINASE. Y B. Lee.1* J.W, Schrader2 and 
S.U. Kim1. 'Division of Neurology, Department of medicine, University o f British 
Columbia, Vancouver, B.C., V6T 2B5; 2The Biomedical Research Center, 
University of British Columbia, Vancouver, B.C., V6T 1Z3, Canada.

Interleukin-10 (IL-10) has been reported to inhibit the microglial production of 
tumor necrosis factor (TNF-α) which has been shown to be cytotoxic to 
oligodendrocytes. Since the signal pathway involved in TNF-α and IL-10 gene 
expression are not well understood, we undertook the investigation to answer these 
questions. We prepared purified populations of astrocytes and microglia from 
mixed cell cultures obtained from 15-18 week gestation human embryonic brain, 
and investigated the mRNA and protein levels of TNF-α and IL-10 in these 
preparations by RT-PCR and enzyme immunoassay. Results obtained by the RT- 
PCR indicate that both astrocytes stimulated by IL -lß  and microglia stimulated by 
LPS express high levels of TNF-α mRNA, while IL-10 mRNA expression was 
only found in microglia and not in astrocytes. In subsequent studies, SB203580, a 
specific inhibitor of p38 mitogen activated protein (MAP) kinase, was employed to 
investigate tire signal cascade involved in production of these cytokines. The RT- 
PCR results indicate that the expression of TNF-α mRNA was not inhibited by 
SB203580, while IL-10 mRNA expression in microglia was slightly decreased by 
the inlúbitor. Results obtained by the enzyme immunoassay indicate that there 
was a marked (-80% ) reduction in TNF-α production in both astrocytes and 
microglia, and that there was also a decrease in IL-10 production in microglia. 
Our results indicate that p38 MAP kinase is specifically involved in the post- 
transriptional regulation of TNF-α gene expression in both human astrocytes and 
microglia, and transriptional as well as post-transriptional regulation of IL-10 gene 
expression in human microglia.

800.15
SEROTONERGIC REGULATION OF IGF-I IS CORRELATED WITH CYCLIC 
AMP IN CULTURED MOUSE CRANIOFACIAL MESENCHYME. H  W. Lam bert 
and J.M , Lauder*. Dept, o f  Cell Biol and A nat., Univ. N .C ., Chapel Hill, NC, 
27516.

Neurotransmitters, such as serotonin (5-HT), act as growth regulatory 
signals for neuronal and non-neuronal cells where they control proliferation, 
growth, differentiation, and gene expression (reviewed by Lauder, 1993, 1995; 
Levitt et al., 1997). Recently, clear points o f  convergence between signaling 
pathways utilized by growth factors and G protein-coupled neurotransmitters 
have been identified (W eiss et al., 1998). Evidence suggests that 5-H T]A and 5- 
HT4 receptors may both be positively-coupled to adenylyl cyclase in non
neuronal cells (Hoyer et al., 1994; Lauder and Liu, 1994). When murine 
mandibular mesenchyme cells were grown in vitro in serum-free medium 
(DM EM /Ham ’s F-12/0.1% BSA ) and treated with 10' 8 M agonists selective for 
5 -HT]a or 5-HT4 receptors (8 -OH- DPAT or SC 53116, respectively), both 
treatments significantly stimulated cAM P synthesis and increased IGF-I (but not 
IGF-II) protein levels over vehicle treated controls. Consistent with these results, 
IGF-I levels were significantly decreased when mandibular mesenchyme cells 
were grown in serum-containing medium and treated with 1 0 '8 M 5-H T)A or 5- 
HT4 receptor antagonist (N A N -190 or SD Z -205,557). Forskolin stimulated both 
cAM P and IGF-I (but not IGF-II) in these cultures. These results suggest that 
activation o f  5-HT receptors positively coupled to adenylyl cyclase may increase 
synthesis o f  IGF-I due to the presence o f  a cAM P response element (CRE) 
sequence in the promoter. Supported by NIH grant HD22O52 to JML.

800.12
CLONING OF NOVEL HUMAN cDNA (hGMF-γ) 
HOMOLOGOUS TO GLIA MATURATION FACTOR-ß 
GENE. K  A sa i1 , K  Fujita1, M, Y am am oto1, M. M orikawa1, M. 
Kokubo , Y. Inoue , Y. Miura , M. M oriyam a , T. K ato .
'Dept. of Bioregulation Research, and 2Dept. of Pediatrics, Nagoya 
City Univ. Med. Sch.; 3Div. of Biomolecular Science, Inst, of 
Natural Science, Nagoya City Univ.; Nagoya 467-8601, JAPAN.

A novel full-length human cDNA homologous to Glia 
Maturation Factor-ß (GMF-ß) gene was isolated. Sequence 
analysis of entire cDNA revealed an open reading frame of 426  
nucleotides with a deduced protein sequence of 142 amino acid 
residues. A homology search with the FASTA program 
revealed, within the coding region, 70.4 % DNA identity with 
human GMF-ß gene. The deduced amino acid sequences of its 
putative product is highly homologous to human GMF-ß (82% 
identity) and named for GMF-γ. The cysteine residues (position 
8, 87, and 96) which are considered to be crucial for biological 
activity of GMF-ß are completely conserved. Northern blot 
analysis indicated that a message of 0.9 kb long, but not 4.1 kb 
of GMF-ß, is predominantly expressed in human lung, heart, 
and placenta, and trace band in brain, liver, skeletal muscle, 
kidney, and pancreas. The limited distribution of GMF-γ 
implies its specific cellular functions distinct from that of GMF- 
ß. [Supported by the Grant-in-Aid for Scientific Research on 
Priority Area, the Ministry of Education, Science, Sports and 
Culture, Japan.]

800.14
Differential Localization of Neuregulin Exons Expressed during Sciatic 
Nerve Regeneration Yunhee Kim Kwon*, Mark A. Marchionni2, and Minkyung 
Kim Department of Biology, KyungHee University, Seoul, 130-701 korea, Cambridge 
NeuroScience Inc., Cambridge, MA., U.S.A

Following surgical injury of peripheral nerve, axons in the distal segment undergo 
Wallerian degeneration and schwann cells (SCs) begin to proliferate, providing a 
context for axonal regrowth and nerve regeneration. Neuregulins (NRGs) are viable 
candidates for nerve regeneration. After sciatic nerve injury, the phosphorylation of 
the neuregulin receptor, ErbB2 and F.rbB3 detected around day5 and then on 5week 
again. The first activation of ErbB2 and ErbB3 coincided with the proliferation 
period and the second activation with the axonal regrowth and the differentiation of 
SCs. HOkDa NRG-hke protein was expressed during the first activation stage 
(around day5), while 75kDa NRG-like protein was induced from day5 and the 
amount did not change through regeneration period (up to 12weeks). 6OkDa 
NRG-like protein increased from the second activation stage (up to l2weeks). In 
the immunohistochemical staining using exon-specific antibodies, the proliferating SCs 
expressed neuregulin isoforms containing kringle-like, Ig-like, EGF-like, and 
C-terminal domains. When SCs differentiate and axons regrow, the NRGs antibodies 
against Ig-like and EGF-like domain immuno stained neuregulins both in the 
regrowing axons and the myelinating SCs, while the antibodies against kringle and ß 
-specific domains immunostained in SCs more than in regrowing axons. We suggest 
that the first activation of ErbBs coincides with the expression of 1 lOkDa NRG, 
whereas the second activation with 75kDa and 6OkDa NRGis. Injection of 
recombinant human glial growth factor]! (rhGGFII) into injured rat stimulated the 
phosphorylation of ErbBs and SC proliferation during Wallerian degeneration. The 
differential expression and localization of NRGs suggest that NRGs and ErbBs play 
a role in peripheral nerve regeneration.
[ Supported by grants from Biotech2OOí), SRC and KOSEF ]

800.16
RECEPTORS FOR M ORPHOGENETIC PROTEINS EXPRESSED IN RAT 
ADULT SPINAL CORD. S. Söderström,1* J, WidenfalkC L. Olson- and T. Ebendal1 
Dept, of Neuroscience, Biomedical Center, Uppsala Univ., S-75l 23 Uppsala, "Dept, 

of Neuroscience, Karolinska Institute, S-171 77 Stockholm, Sweden.
Expression of serine/threonine kinase receptors was examined by in situ 

hybridisation. Oligonucleotide probes detecting mRNA encoding type I and type II 
receptors, that are activated by factors related to bone morphogenetic proteins (BMPs) 
and activins, were applied to sections of the normal and lesioned rat spinal cord. Adult 
Sprague-Dawley rats received a weight-drop lesion at the level of thoracic vertebra 9 
and the spinal cord was collected 2h, 6h and 24h after the lesion. Sham operated and 
non-manipulated animals were also included and the spinal cord dissected for 
transverse and horizontal sectioning. Bone morphogenetic protein receptor type II 
(BMPR-II) was strongly expressed in the gray matter of the spinal cord. Expression was 
markedly restricted to neurons including lateral column neurons. Labelling for BMPR- 
II was markedly low at the site of lesion. Äctivin receptor type IIA (ActR-II) was 
weakly expressed and located mainly to the dorsal horn. BMPR-IB was also expressed 
in the dorsal part of the gray matter and weakly upregulated 2h postlesion. BMPR-IA 
and ActR-IB were both diffusely expressed in spinal cord gray matter. Finally, activin 
receptor type IA (ActR-I) was expressed in gray matter with a slight preference for 
dorsal areas. In addition we examined expression of the BMP-like 
growth/differentiation factor-1 (GDF-1) and the cytoplasmic proteins Smad5 and 
Smad8. GDF-1, previously shown to be abundant in brain neurons, was expressed in 
gray matter of the spinal cord, in particular in the dorsal horn. Brain factor 1 (BF-1), a 
winged helix transcription factor, was expressed weakly in gray areas of the spinal cord. 
Smadl implied in BMP-receptor signalling was expressed diffusely, mainly dorsally. 
Smad8 signalling downstream of ActR-I was also expressed in gray matter and was 
indicated to be upregulated 2h after the weight-drop lesion. The data indicate that 
activation and signalling by BMP receptors may serve functions in the adult spinal cord. 
Supported by the Swedish Natural Science and Medical Research Councils.
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800.17

PHENYTOIN-INDUCED ALTERATIONS IN NEURAL TUBE 
DEVELOPMENT: INVOLVEMENT OF RARα AND TGFß. J. Gelineau-van 
Waes*. G.D. Bennett, F. Lau, and R.H. Finnell. Dept, of Veterinary Anatomy 
& Public Health, Texas A&M University, College Station, TX 77843.

In  u te ro  exposure to the antiepileptic drug phenytoin (PHT) alters normal 
embryonic development and leads to a pattern of dysmorphogenesis Known 
as the Fetal Hydantoin Syndrome. The fetal hydantoin embryopathy is 
characterized by growth retardation, microcephaly, mental deficiency, and 
craniofacial dysmorphia. In addition, chronic exposure to PHT (100 
mg/kg/day) has recently been found in our laboratory to induce exencephaly 
in a murine model. In an effort to better understand the molecular events 
involved in the pathogenesis of PHT-induced congenital defects, alterations 
in gene expression were examined during critical periods of neurulation. 
Pregnant SWV mice were chronically administered PHT from gestation day 
0:12 until they were sacrificed at selected developmental timepoints. 
Embryos from treated and control dams were collected and scored for 
progression through neural tube closure. Neural tubes were isolated and 
subjected to in  s itu  transcription, antisense RNA amplification, and hybridized 
on Reverse Northern blots to quantitatively assess expression of 40 
candidate genes. Chronic PHT exposure (40 mg/kg/day) delayed neural 
tube closure, and significantly altered expression of several specific genes at 
distinct times during morphogenesis. Expression of retinoic acid receptor α 
(RARα) and transforming growth factor ß (TGFß) were significantly 
decreased in the neural tube of GD 10:00 embryos relative to controls. 
Immunohistochemical studies further characterized protein expression of 
RARα and TGFß in the developing neural tube subsequent to the PHT- 
induced alterations seen in expression of these genes. Supported by NIH 
grant DE11303.

800.19

GAS6, A LIGAND FO R TH E R E C E PT O R  TY R O SIN E KINASE 
TY RO-3, IS W ID ELY EX PRESSED  IN TH E CEN TR A L NERVOUS 
SY STEM . A. L. Prieto*. J. Weber. C . Lai. Dept, of Neuropharmacology, The 
Scripps Research Institute. La Jolla, CA 92037.

Gas6 (for growth arrest specific gene-6) and Protein S can bind and induce 
phosphorylation of members of the Axl/Tyro-3/Mer family of receptor protein tyrosine 
kinases (RPTKs). Gas6 and Protein S are approximately 45% identical at the amino 
acid level and exhibit a similar domain structure: a γ-carboxylated amino terminus 
(Gla domain), a loop region, four epidermal growth factor (EGF)-like repeats, and a 
steroid hormone binding (SHBD)-like domain. Protein S has well defined anticoagulant 
properties and can also affect smooth muscle cell proliferation. Anticoagulant functions 
have not been defined for Gas6, but it can induce proliferation of Schwann cells and 
prevent the apoptosis of fibroblasts and vascular smooth muscle cells upon serum 
withdrawal. Studies on both the functional role and and localization of Gas6 in the 
central nervous system (CNS) are lacking and are of interest as one of the RPTKs 
activated by Gas6, Tyro-3, is widely expressed in the CNS. We have used biochemical 
and histological techniques to study the expression patterns of Gas6 mRNAs and 
polypeptides’during the development of the rat CNS. Gas6 is expressed as a 85 kDa 
protein encoded by a single mRNA of approximately 2 kb detectable from mid- 
embryonic stages to the adult. The major sites of expression include the cortex, 
hippocampal areas CA1, CA3 and dentate gyrus, the thalamus, the hypothalamus, 
areas associated with auditory functions, trigeminal nuclei, and in Purkinje cells and 
deep cerebellar nuclei. In contrast, only low levels of hybridization were detected for 
Protein S. The widespread distribution of Gas6 in the CNS suggests that it serves as 
the primary Tyro-3 ligand in the brain. Future studies will include exploring potential 
mitogenic and anti-apoptotic roles for Gas6 in the nervous system. Supported in part 
by NIH ROl NS32367 (C.L).

800.18

DOES ESTROGEN REPLACEMENT AFFECT PRIMARY SENSORY 
NEURONAL TYPE 1 INSULIN-LIKE GROWTH FACTOR RECEPTOR 
mRNA LEVELS IN OVARIECTOMIZED RATS? F.J. Liuzzi* . S.A.Scoville 
and S.M.Bufton. Div. Of Anatomy, Depart. Of Pathology and Anatomy, 
Eastern Virginia Medical School, Norfolk, VA 23501.

Adult female lumbar dorsal root ganglion (DRG) neurons 
contain α estrogen receptor (α-ER) mRNA and protein. In these cells, 
estrogen regulates trkA gene expression and may collaborate with NGF to 
regulate such genes as the preprotachykinin (PPT) and neurofilament (NF) 
genes. These genes have been implicated in pain perception (PPT) and in 
the maintenance of neuronal size and axonal diameter (NF). While PPT is 
regulated by estrogen in small DRG neurons, which express trkA, our 
laboratory has shown that in ovariectomized (OVX) adult rats, estrogen 
regulates 68kDa NF steady state mRNA levels (Scoville, et al., 1997) in all 
DRG neurons, large and small. These neurons do not all express trkA.

Another growth factor may collaborate with estrogen to regulate NF 
mRNA levels. One candidate is insulin-like growth factor I (IGF-I). Estrogen 
has been shown to increase type 1 IGF receptors in uterine epithelial cells, 
which proliferate in response to IGF-I. The current study tests the 
hypothesis that estrogen increases DRG type 1 IGF receptor mRNA.

Adult OVX rats received daily injections of estradiol benzoate in sesame 
oil (100µg/rat/day) or vehicle alone for 48 hours. After tissue harvesting, L4- 
L5 DRG sections were used for in  s itu  hybridization with an RNA antisense 
probe to the type 1 IGF receptor. Preliminary results indicate that estrogen 
replacement increases DRG steady state type 1 IGF receptor mRNA levels. 
These data suggest that estrogen may collaborate with the IGFs to regulate 
primary sensory neuronal gene expression.

Supported by a grant from the Jeffress Trust Foundation to FJL..

BIOLOGICAL EFFECTS OF NEUROTROPHINS V

801.1

Regrowth of auditory nerve peripheral processes after hair cell loss with 
intrascalar neurotrophin infusion: Effects of FGF, BDNF and CNTF. Y Cho*.
K. Halsey. D. P. Prieskorn. J.M. Miller. R. A. Altschuler. Kresege Hearing 
Research Institute, University of Michigan, Ann Arbor, Ml 48109-0506.

With inner hair cell (IHC) loss there are retraction of spiral ganglion cell 
(SGC) peripheral processess and ultimately SGC death. Intrascalar infusion 
of neurotrophins such as BDNF, NT3, and GDNF enhances SGC survival 
after deafness (e.g. Steacker et al, 1996, Emfors et al, 1996, Miller et al, 
1997, Ylikowski et al, in press). Neurotrophins can also induce regrowth of 
peripheral processes, with Staecker et al (1996) showing bundles of fibers 
with NT3 & BDNF treatment and Miller et al (1997) showing fiber regrowth 
with a NT3, BDNF, CNTF, GDNF cocktail. Studies by Bianchi et al (1993) 
and Dazert et al (1995), showed that CNTF and FGF, respectively, caused 
growth of SGC processes in vitro. Developmental studies by Hossain et al 
(1995, 1996) showed FGF and BDNF induced the connection between SGC 
and IHC in chick. We therefore examined the efficacy of intrascalar infusion 
of BDNF, FGF, CNTF, or BDNF plus FGF in inducing regrowth of peripheral 
processes after deafness in vivo. We used a pan tyrosine-kinase receptor 
(trk) antibody that immunolabeled SGCs and their unmyelinated peripheral 
processes in the guinea pig cochlea. FGF (50 ng/ml) and BDNF (50 µg/ml) 
(alone or combined) or CNTF (50 ng/ml) were unilaterally administered into 
the scala tympani via an osmotic pump for 4 weeks, starting 3 days after 
deafening by kanamycin and ethacrynic acid. Treatment with BDNF alone 
or combined BDNF and FGF enhanced SGC survival while FGF or CNTF 
did not. Immunolabeled peripheral processes were very rarely observed in 
untreated ears. All treatments induced an increased number of 
immunolabeled peripheral processes, with the greatest number from the 
combined BDNF/FGF treatment. CNTF treatment was the least effective. 
Supported by NIH, NIDCD Program Project 00274

801.2

Role of neurotrophic factors in protection from acoustic trauma: FGF, NT-3, 
and BDNF. T. Yamasoba. F. Shoii. A. Miller. R.A. Altschuler. Y. Raphael, 
J.M. M iller*Kreseαe Hearing Research Institute, University of Michigan, 
Ann Arbor, Ml 48109-0506.

The recent findings that GDNF can protect the hair cells from acoustic 
trauma or aminoglycoside ototoxicity in  v iv o  (Shoji et al., 1997, 1998; Park 
et al., 1998; Tay et al., 1998) raise the question of whether other 
neurotrophic factors can protect the hair cells in  v ivo . FGF receptor-3 in the 
cochlea is upregurated following noise (Pirvola et al., 1995), suggesting a 
possible role of FGFs in protection or repair of the organ of Corti from noise 
damage. We examined if FGFs delivered to the cochlea prior to noise 
exposure can attenuate noise-induced hair cell damage in  v iv o  under 
conditions where GDNF was effective. Pigmented guinea pigs underwent 
left scala tympani implantation of a microcannula attached to an osmotic 
pump filled with vehicle only or containing acidic (10 or 1 µg/ml) or basic 
FGF (10 µg/ml). They were exposed to 4 kHz octave band noise (115 dB 
SPL, 5 hr) 4 days after surgery. Threshold shifts, 10 days postexposure, 
were essentially equivalent across different treatment groups, as well as 
between the treated and untreated ears in any of the groups. The extent of 
hair cell damage was also comparable among the different treatment 
groups, indicating that noise-induced hair cell damage is not influenced by 
exogenous acidic or basic FGF under our experimental conditions. 
However, our preliminary results show that NT-3 (10 µg/ml) and, less 
potently, BDNF (10 µg/ml) can reduce noise-induced cochlear damage 
under the conditions. These findings suggest that GDñ F, NT-3, and 
probably BDNF, but not FGFs, may act as hair cell protectors in  v ivo .

s u p p o r te d  b y  N IN C D S /N IH  G ra n ts  D C 0 0 1 0 5  a n d  D C  0 0 1 2 4 , A m g e n  C orp .
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801.3
MODULATION OF MOUSE ADULT OLFACTORY RECEPTOR NEURON 
DIFFERENTIATION IX  I TIRO. N. Liu*. X. Zhang. C.B. Shields & F.J. Roisen Dept, 
of An;ιt. Sci. & NeurobioL Univ. of Louisville. Med. Sell.. Louisville. KY 40292.

Olfactory sensory epithelium is unique among the neural tissues because its 
stem cells provide for the life-long turnover of olfactory receptor neurons (ORNs) Our 
lab has established a chemical trauma / culture paradigm to grow adult mouse ORNs in 
vitro. We have demonstrated that in situ chemical trauma to adult mouse olfactory 
epithelium (OE) stimulates stem cell mitotic activity which facilitates the development 
of heterogeneous cell cultures. Four major cell types can be classified morphologically: 
bipolar cells which have neuronal markers, suggesting that they are ORNs: fusiform 
cells which are relatively small and undifferentiated: giant cells which remain as solitary 
flat cells that appear unique to the adult trauma paradigm and clusters of nest cells with 
the morphological characteristics of epitheha that are keratin positiv e. This study 
examined the effect of basic fibroblast growth factor (bFGF) on the differentiation of 
ORNs. bFGF (50 ng/ml) was incorporated into the medium at 3 days in vitro. After four 
days exposure, the number of each cell type and the mean neurite length of bipolar cells 
were determined. The bFGF increased the percentage of bipolar cell, decreased the * 
percentage of giant cell and decreased fusiform cell number (p<0.05). Furthermore. 
bFGF stimulated the neurite development of bipolar cells, the length of both processes 
was increased (p<0.05). indicating that bFGF inhibited the proliferation of OE cells and 
promoted the bipolar cell differentiation in vitro. To examine the distribution of bFGF 
receptors on OE cells, tliree antibodies directed against the isotypes of FGF receptors 
(FGFr-1.2.3) were employed for immunolocalization. Confocal microscopy revealed 
only FGFr-2 activity on the OE cells both in vitro and in vivo, suggesting that FGFr-2 
may hav e an important role in bFGF signal transduction. The neurotrophin tyrosine 
kinase receptor inhibitor. K252a. is being used to probe the possible inv olvement of 
tyrosine kinase in bFGF s action. Our sUidy further demonstrates that OE provides a 
valuable paradigm for evaluating stem cell modulation and neuronal differentiation 
Supported by Alliant Community Tmst Fund and the KY Spinal Cord and Head Injury 
Research Trust.

801.4
EXPRESSION OF CYTOCHEMICAL MARKERS AND NEUROTROPHIN 
RECEPTORS BY DENTAL AFFERENTS AFTER NEONATAL NGF 
DEPRIVATION IN RATS. M. Pan1. E.F. Wheeler2, and J. Naftel*'. 'Dept, of 
Anatomy, Univ. Mississippi Medical Center, Jackson, MS 39216; 2Div. of Life 
Sciences, Univ. Texas at San Antonio, San Antonio, TX 78249.

The dental pulp is richly innervated by peptidergic nociceptors, a class of sensory 
neurons that is dependent for survival on nerve growth factor (NGF) during a prenatal 
period of cell death. Pulpal afferents are of interest because they have unusually large 
somas for nociceptors and because their peripheral fields develop postnatally. We 
asked whether postnatal NGF deprivation selectively depletes subpopulations of pulpal 
sensory neurons according to their cytochemical markers as well as neurotrophin (NT) 
receptor expression. Newborn Sprague-Dawley rats were given injections of either 
rabbit anti-NGF or normal serum during the first postnatal month. At age two months, 
the retrograde tracer Fluorogold (FG) was applied to the pulp of the first maxillary 
molar. Frozen sections of trigeminal ganglia were double-stained for combinations of 
three markers: anti-CGRP for peptidergic nociceptors, monoclonal neurofilament 
antibody RT97 for large neurons, and isolectin IB4 for small non-peptidergic neurons. 
Sections of paraffin embedded ganglia were hybridized with 35S-riboprobes for TrkA, 
TrkB, p75 and BDNF. Neonatal NGF deprivation reduced pulpal afferent number by 
43%. A loss of CGRP+ (and RT97+) neurons accounted for most of this reduction, 
and there was no coincident increase in pulpal innervation by IB4+ neurons. Anti- 
NGF exposure reduced the number of TrkA+ as well as p75+ pulpal afferents to an 
extent similar to CGRP+ cells, and no change of TrkB+ neurons was seen. NGF 
deprivation resulted in a reduction in BDNF+ pulpal afferents similar to that seen for 
TrkA+ neurons. This supports the notion that NGF dependent neurons express BDNF 
in response to exposure of the pulp. Although the reduction in CGRP+ and 7V£A+ 
pulpal afferents included the full range of soma sizes, the smallest neurons were most 
strikingly subnormal. These findings indicate that pulpal peptidergic, TrkA+ neurons, 
have a protracted dependence on NGF. Supported by NIDR grant DE09137.

801.5

NEURITE GROWTH FROM RAT TRIGEMINAL GANGLION  
NEURONS CO-CULTURED WITH TOOTH PULP CELLS AND  
NEUROTROPHIN- OR GDNF-TRANSFECTED 3T3 CELLS.
C. Lillesaar3, C. Eriksson3. E. Arenas2. P. Åkerud2. C. Hildebrand3 
and K. Fried1 *. 'Dept Neuroscience & ¾>ept Med. Biochem. 
Biophys. Karolinska Institutet, S-171 77 Stockholm, Sweden; 3Dept 
Biomed. & Surg., Univ. Linköping, S -58 l 85 Linköping, Sweden 

During development molecular factors from pulpal cells probably 
control the ingrowth o f axons to the tooth pulp. In the present study 
we have developed an in vitro co-culture system to examine the ability 
of cultivated pulpal cells to induce specific patterns o f neurite growth 
from dissociated neonatal rat trigeminal neurons. In this respect the 
pulpal cells were compared with 3T3 fibroblasts transfected with 
(NGF), brain-derived neurotrophic factor (BD NF), neurotrophin 3 
(NT-3) neurotrophin 4 (NT-4) or glial cell line-derived neurotrophic 
factor (GDNF). The results show that pulpal cells induce a vigorous 
patterned neurite outgrowth. Measurements o f neuronal soma sizes, as 
well as numbers, lengths and branching characteristics o f neurites 
showed that this pattern differs from the response to mock- or 
neurotrophin-transfected 3T3 fibroblasts, but resembles the pattern 
elicited by GDNF-transfected cells. RNase protection assay 
demonstrated that pulpal cells appear to express mRNAs for N G F, 
BD NF and GDNF, but not NT-3, NT-4 or neurturin. We conclude, 
that cultivated pulpal cells have a strong neuritogenic influence in 
vitro. GDNF appears to be an important mediator o f this influence. 
Supported by the the Swedish MRC (12X-08654) and the Dental Faculty, 
Karolinska Institutet.

801.6

BRAIN-D ERIV ED NEUROTROPHIC FACTOR IS >ECESSARY FOR 
THE SU RVIV AL OF A SUBPOPULATION OF PO STNATALLY  
G ENERATED GRANULE CELLS IN THE OLFACTORY BULB A N D  
D E NTATE GYRUS. S. L innarsson1, C. W illson2, r . Ibanez1* and P. 
E rnfors1. 'Dept. M olecular Neurobiology, Karolinsi Institute, 171 77  
Stockholm . Sweden.; ^University o f  M iami School o f m edicine. M iami. FL 
3 3 1 3 6

Neurogenesis, migration and differentiation are developm ental pro . ,ses 
ι; t largely end soon after birth. In addition to this early pbas¢ o f  
m ogenesis, there is a second continuous phase occurring throughout life  
in .wo main structures— the dentate gyrus and the olfactory bulb. 
Proliferation occurs throughout the subventricular zone, but su n .M iig  
neurons are only generated in the rostral part where precursor cells m igm te  
into the olfactory bulb via R e  rostral migratory stream. In "he dentme 
gyrus, a secondary proliferative zone is established, where granule cells are 
born throughout life along the interface between the dentate gyru> and the 
hilus. We found that in animals lacking brain-derived neurotrophic factor 
(BD N F), putative precursors in both these regions undergo a- -tosis, 
indicating that BD NF may be a necessary permissive condition L : their 
survival.

This work was funded by the Swedish Medical Research Fund.

801.7

NT-3 PREVENTS TRANSNEURONAL CELL DEATH IN THE PIRIFORM 
CORTEX OF OLFATORY BULB ABLATED RATS. L. López-Mascaraque* and 
A, Rodriguez-Tébar. Instituto Cajal, CSIC, Madrid, Spain.

Previously we have demonstrated that the cell death produced in the piriform 
cortex after the olfactory bulb ablation is an apoptotic process, which is dependent 
of protein synthesis (López-Mascaraque and Price, Neuroscience. 79:463-475. 
1997). Our present goal was to examine whether this type of neuronal death responds 
to exogenously applied neurotrophic factors. NT-3. NT-4, BDNF and NGF were 
applied on the lateral olfactory' tract of adult olfactory' bulb of ablated rats. We used 
agarose beads to deliver the neurotrophins into the olfactory tract of one of the 
experimental hemispheres. The effect of trophins on the cell death observed in the 
piriform cortex following the bilateral ablation of the olfactory bulb, was determined 
by comparing the extent of cell death produced in the hemisphere that received 
injection of neurotrophins with the contralateral hemisphere, that did not receive any 
trophins. NT-3 was the only one effective in preventing neuronal death 24 hours after 
olfactory bulb ablation. However, neither BDNF, NGF or NT-4 have any effect on 
cell death in this system. In situ hybridation studies showed that the full-lenght 
receptor for NT-3 (trkC) is expressed throughout the piriform cortex neurons. Our 
results suggest that anterogradely transported NT-3 could bind to trkC receptors on 
the dendrites of layer 2a neurons of the piriform cortex. This represents a valuable 
example of apoptotic induced neuronal death in adult rat, that can be prevented by 
the in vivo addition of the neurotrophin NT-3 (but not of NT4, BDNF, NGF). The 
evidence presented above indicates that NT-3 plays a significant role in the 
protection of neuronal death processes in adult brains. Moreover, the lack of effects 
on survival of layer 2a neurons of the piriform cortex following the olfactory bulb 
removal, by neurotrophins other than NT-3, suggest that different neurotrophins have 
diverse mechanisms of action. Supported by DGES Research Grant PB96-0813 from 
the Ministerio de Educación y Cultura.

801.8
EFFECT OF NERVE GROWTH FACTOR-LIKE PROTEIN FROM BOVINE 
SEMINAL PLASMA ON PROLIFERATION OF CULTURED HUMAN 
FIBROBLASTS. V.A. Movsesvan1, Dabaevan E.A.,1 and Kondratyev A.D.2* 
'institute o f Biotechnology, Yerevan 375056, Armenia; 2Dept. o f Pharmacology, 
Georgetown Univ. Med. Center; Washington, DC 20007.

Nerve Growth Factor-Like protein from bovine seminal plasma (BNGF-LP) 
shares partial structural homology and functional similarity with nerve growth 
factors (NGF) from other (conventional) sources. The neurotrophic activity o f the 
protein and ability to promote neuronal differentiation in cultured neuronal cells was 
previously shown (Harper G. et al., 1982, Kondratyev A. et al. 1986).

The effect of BNGF-LP on cultured non-neuronal cells proliferation was 
investigated. Application of BNGF-LP (50 - lOOOng/ml) to human fibroblasts 
cultured on serum-free media did not cause changes in cell proliferation. However, 
the addition of BNGF-LP to the fibroblasts driven to a low level of proliferation by 
long term incubation without serum containing media changes, caused a significant 
(up to 3 fo ld ) increase o f C14-thymidine incorporation into DNA. The dose response 
experiments demonstrated that the stimulation reached plateau at BNGF-LP 
concentrations of 50 ng/ml, which was shown to be a saturating concentration for 
NGF in the NGF receptor binding assay. The same concentration of BNGF-LP was 
saturating in neurite outgrowth assay in PC-12 cells. In the described system, BNGF- 
LP not only stimulated DNA synthesis in human fibroblast, but also affected the cell 
division processes. The two-fold increase o f mitotic cell number was shown after 36 
h of incubation with 25 ng/ml of the factor.

The presented data suggest that nerve growth factor-like protein from bovine 
seminal plasma can stimulate proliferation o f cells of a non-neuronal origin as 
opposed to differentiation o f certain types o f  nerve cells. Supported by a Grant from  
Ministry of.Education and Science o f  Armenia.
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801.9
AN INCREASE IN OVARIAN NEUROTROPHINS CONTRIBUTES TO THE 
DEVELOPMENT OF POLYCYSTIC OVARY. H.E. Lara*1. V. Levton2. J.L. Fiedler1. 
G.A. Dissen3 and S.R.Oieda3. ‘Dept. Biochemistry and Mol. Biol., Fac. Chem. and 
Pharmacol. Sci, 2Fac. of Medicine, University of Chile, and 3Div. Neuroscience, Or. 
Hlth.Sci.Univ./Or. Reg. Primate Res. Ctr., Beaverton, OR 97006.

A form of polycystic ovary (PCO) resembling the human PCO syndrome can be 
induced in rats by a single injection of estradiol valerate (EV). An increased sympathetic 
outflow to the ovary precedes by several weeks the appearance of cysts, suggesting the 
involvement of a neurogenic component in tHe pathology of cyst formation.

Intraovarian injections of the retrograde tracer fluorogold, combined with in situ 
hybridization to detect tyrosine hydroxylase mRNA-containing neurons in the celiac 
ganglion, revealed that formation of cysts is preceded by selective activation of 
noradrenergic (NE) neurons projecting to the ovary. The levels of RB'U mRNA, which 
encodes a ß-tubulin involved in slow axonal transport, were markedly upregulated, 
indicating that EV-induced formation of ovarian cysts is preceded by increased metabolic 
activity of NE neurons innervating the ovary. This activation was preceded by increased 
intraovarian synthesis of nerve growth factor (NGF) and its low affinity receptor, p75 
NGFR, suggesting a causal relationship between the two events.

Chronic intraovarian administration of a neutralizing antiserum to NGF in conjunction 
with an antisense oligodeoxynucleotide to p75 NGFR, via Alzet osmotic minipumps, 
restored estrous cyclicity and ovulatory capacity in EV-treated rats. Thus, the 
hyperactivation of ovarian sympathetic nerves seen in PCO is brought about by 
overproduction of NGF and its low affinity receptor in the gland.

The results suggest that activation of this neurotrophic-neurogenic regulatory loop is 
an important factor underlying the pathological process by which EV induces PCO in 
rodents. They also raise the possibility of a similar neurotrophic involvement in the 
etiology and/or maintenance of the human PCO syndrome. [Supported bx grants from 
Fondecxt (196-1018) to HEL and NIH (HD-24870) to SRO\.

801.11

NEUROFILAMENT EXPRESSION IN CULTURED RAT PITUITARY CELLS. IN 
VITRO REGULATION BY NGF AND OTHER TROPHIC FACTORS. T, 
Fiordelisio* and A. Hemández-Cruz. Departamento de Biofísica, Instituto de 
Fisiología Celular, UNAM Circuito Exterior, C.U . México city, D.F., 04510, México.

It is assumed that pituitary cells derive from ectodermal tissue. However, recent 
evidence indicates that at least some of these cells have a neuroectodermal origin 
(Dubois & ElAmraoui, TEM 6:1-7; 1995). This implies that they should express 
neuronal markers. Here we examine the expression of 68 kD neurofilaments (NF68) in 
primary cultures of pituitary cells from female rats. Anti-NF68 monoclonal antibodies 
were used, and their expression after 1, 6, 9 and 12 days was quantified by digital 
fluorescence microscopy. In cultures from newborn rats, pituitaiy cells displayed 
uniformly low levels o f NF68 expression. In contrast, cultures from two month old rats 
were comprised of cells expressing low (L) and high (H) levels of NF68 (85.7% and 
14.3%, respectively). The latter group diminished gradually until its disappearance 
after 12 days. Concomitantly, the fluorescence of L cells decreased to very low levels. 
These data suggest that factors present in vivo are responsible for maintaining NF68 
expression. We then determined if the decay of NF68 expression could be prevented 
by exposure to growth factors present in the gland (NGF, FGF, EGF, and TGFß). The 
effects of dbcAMP were also examined. TGFß, EGF and cAMP accelerated the loss of 
NF68 expression. FGF also accelerated the decay, but its effects were transient. 
Interestingly, NGF increased the percentage of H cells and augmented the 
fluorescence of L cells. These effects, most noticeable after 9 days, vanished after 12 
days in culture, suggesting that NGF alone cannot support continued NF68 expression. 
The identity of H cells was examined using double labeling immunofluorescence and 
confocal microscopy. Anti-hormone antibodies used were anti-LH, anti-FSH, anti-PRL 
and anti-GH (provided by NHPP, NIDDK). Our initial data indicate that 
subpopulations of lactotrophs, gonadotrophs and somatotrophs express NF68. 
Supported by grants DGAPA IN2O4497 and CONACyT 25261-N, (México).

801.10

NERVE GROWTH FACTOR (NGF) STIMULATES MYOBLAST FUSION 
INTO MYOTUBES IN A RAT MYOGENIC CELL LINE (L6 ): A NOVEL 
AUTOCRINE ROLE FOR NGF IN MUSCLE DEVELOPMENT

M Rende*, E.Brizi, R. Bruno*, C Provenzano and J. Conner*
Sect. Anatomy, Univ. of Perugia Sch. of Medicine., Italy; University of 

Calabria*, Italy; Dept. Neuroscience, University of California San Diego*

Neuroírophins are expressed in muscle cells, both during development 
and in adults. However, only fragmentary and controversial information is 
available regarding the responsiveness of muscle cells to neurotrophins. 
Previously, we have shown that, in a rat myogenic cell line (L6), the low- 
affinity neurotrophin receptor (p75) is expressed only at very early 
developmental stages and its level of expression is associated with 
myoblast fusion into myotube. In the present study, we show that adding 
NGF to the medium of L6 myoblast increases myoblast fusion rate in a 
dose-dependent manner. Conversely, the addition of anti-NGF to the 
medium results in a dose-dependent decrease in myoblast fusion rate.

Furthermore, we show that L6-myoblasts and myotubes express high 
levels of TrKA, the high affinity receptor for NGF, which is presumably 
responsible for transducing most of NGF’s biological responses.

These data suggest that the expression of NGF in developing muscle 
may not only be associated with a classical, target-derived, neurotrophic 
function for innervating PNS neurons, but may have autocrine actions upon 
developing myoblasts, influencing their fusion into myotubes.
Support: Telethon-ltaly Grant #589.

801.12

WITHDRAWN

801.13

C H A R A C T E R IZ A T IO N  O F C E R E B E L L A R  U N IPO LA R  B R U SH  
C E LLS IN V IT R O . R. A n elli*  and E. M u g n a in i. N o rth w este rn  
University Institu te  for N euroscience; C hicago, IL 60611

U nipo lar b rush  ce lls  (U B C s) are ex c ita to ry  in te rneurons that 
occur in the g ran u la r  lay er o f  the m am m alian  ce reb e lla r  cortex , 
p articu la rly  in the  fo lia  o f  the  v estib u lo c e reb e llu m  and in the 
g ranu le  cell d o m ain s  o f  the d o rsa l c o c h le a r nuc leus. U B C s are 
e n ric h e d  in d is s o c ia te d  c e re b e lla r  c u ltu re s  o b ta in e d  from  
em bryonic  rat (E 18-E 20) and have m ost o f the fea tu res described  
in vivo. U B C s have a round  cell body  (9-13  m m  in d iam eter), 
usually  em it a s in g le , s to u t d e n d rite  (2 -4  m m  in d iam eter) that 
term inates with a bunch o f tendrils  (or dendrio les), and are strongly 
stained with calre tin in  an tiserum . As in vivo, this antibody is a good 
m arker for U B C s. W e have  fu rth e r ch a ra c te rize d  the U B C s in 
d iss o c ia te d  ce ll c u ltu re s  fro m  E 1 8 -E 2 0  rat c e re b e lla  u s in g  
im m u n o cy to ch em ica l tech n iq u es. S pecifically ', U B C s express the 
m etabo trop ic  g lu tam ate  recep to r m G luR 2/3  and the n euro filam en t 
pro tein  N H F. C e re b e lla r  g ran u la r  ce lls  d ev e lo p ed  in v itro  from  
perinatal and postna ta l an im als are, at best, m oderately  stained with 
the N H F  a n tise ru m  and only  a sm all p e rcen tag e  o f them  express 
m G lu2/3 . N eu ro tro p h in s  and th eir recep to rs  p ro fo u n d ly  in fluence 
the su rv ival and d iffe re n tia tio n  o f sp ecific  neuron  c lasses during  
d ev e lo p m en t. T h ey  m ay a lso  p lay  key  ro les in p ro te c tio n  and 
reco v ery  from  in ju ry  d u r in g  ad u lth o o d . In  th is  study  w e also 
an a ly z e  the  re s p o n s e  o f  so m e n e u ro tro p h ic  fa c to rs  on the 
d ifferen tia tion , p ro life ra tio n  and surv ival o f the U B C s in vitro. 
Su p p o rted  by N IH  g ra n t N S-09904 .
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802.1

CHEMOKINE EXPRESSION IN THE CNS OF MOG 35-55 
IMMUNIZED C57BL/6 AND LYMPHOTOXIN-BETA DEFICIENT 
H-2* MICE P. Hiclm strom 1, A. Juedes1, K. Ishikawa2* , and N .H  Ruddle1. 
'Dept of Epidemiology and Public Health, Yale Univ. Sch. Med., New Haven, CT 
06520;2 Neuroscience Research Center, VAMC, West Haven, CT 06516 and Dept, of 
Neurology, Yale Univ. Sch. Med., New Haven, CT 06510.

Lymphotoxin alpha (LTα, TNFß) and beta (LTß) are members of the 
immediate TNF (tumor necrosis factor) family. LTα and LTß have been 
implicated in the chronic autoimmune inflammatory diseases multiple 
sclerosis (MS) and its mouse model EAE. One possible role of LTα and 
LTß in EAE is to induce expression o f adhesion molecules and 
chemokines in the CNS. The aim of this study was to analyze the 
expression of chemokines in the CNS of wild type (wt) and LTß -/- mice 
after immunization with an encephalitogenic dose of rat myelin oligo
dendrocyte glycoprotein (MOG) 35-55 peptide in CFA. Total RNA was 
isolated from the brains of mice eight days after immunization and 
chemokine mRNA levels were determined using Riboquant Multiprobe 
RNase protection assay system. In both wt and LTß -/- mice immunized 
with MOG 35-55, expression of the chemokines RANTES, IP-10, and 
MCP-1 was detected in the CNS. No chemokine expression was 
detected in animals immunized with adjuvant alone. In conclusion, 
immunization with MOG 35-55 induces chemokine expression in the 
CNS of both wt and LTß -/- mice.
[Supported by the National Multiple Sclerosis Society and the Swedish Foundation 
for International Cooperation in Research and Higher Education.]

802.3
EFFECT OF CHEMOKINES ON NEURONAL SIGNALING AND GP120 
NEUROTOXICITY. Q ^M euçç£ A Fatatis, A.A. Simen,,T .J. Bushell, P.W. Gray* 
and R.J. Miller. Dept, of Pharmacological and Physiological Sciences, The University 
of Chicago, Chicago (IL) and NCOS Corporation, Bothell (WA).

We have previously shown that the HIV-1 envelope protein gpl2O induces apoptosis 
in rat hippocampal neurons (J. Neurosci. 16:4080-88, 1996). As chemokine receptors 
act as cellular receptors for HIV-1 and related viruses we examined hippocampal 
neurons for the presence of functional chemokine receptors. Fura-2 based Ca imaging 
showed that numerous chemokines affect neuronal Ca signaling, suggesting that 
hippocampal neurons possess a wide variety of chemokine receptors (CC-R, CXC-R 
and CX3C-R). Almost all the different chemokines wc tested were able to induce [Ca]* 
transients in neurons. These included MDC, RANTES, M IP-lα. TARC. 1-309, IL-8 . 
SDF-lα, and soluble Fractalkine. On the other hand MCP-I proved to be ineffective. 
When neurons exhibited spontaneous Ca fluctuations, which are due to synaptic- 
coupling, chemokines reduced the amplitude and frequency of the Ca oscillations. 
Chemokines were also able to block the frequency of spontaneous glutamatergic 
excitatory postsynaptic currents recorded from these neurons. A series of RT-PCR 
showed the expression of CCR1, CCR4, CCR5, CCR9/10, CXCR2. CXCR4 and 
CXjCRl, as well as the chemokine fractalkine in these neurons. We also found that 
chemokines activated other signaling pathways in hippocampal neurons. Both 
fractalkine and MDC produced a time dependent activation of ERKs-l/2, whereas no 
activation of JNK/SAPK or p38 was evident. Furthermore, these two chemokines, as 
well as SDF-lα, activated the Ca and cAMP dependent transcription factor CREB. We 
previously observed that upon removal of their glial feeder layer, cultured hippocamp< I 
neurons die by apoptosis over the next few days. Addition of MDC, fractalkine. 
RANTES or SD F-lα to the culture medium slowed the rate of death considerably. The 
same chemokines were also able to block gpl2O induced apoptosis of hippocampal 
neurons, both in the presence and in the absence of the glial feeder layer. (Supported by 
NIH Grants DA 02121, DA 02575, MH 40165, NS 33826. DK 42086. DK 44840).

802.5

C H E M O K IN E  C IO -IN D U C E D  T R A N S IE N T  M A C R O P H A G E  
R E C R U IT M E N T  A N D  A L T E R E D  H IP PO C A M PA L  
E L E C T R O P H Y S IO L O G IC A L  R E S P O N S E S . S .C . S teffen sen * .
L .M . G om bart. V .C . A se n s io . S J .  H en riksen  and I.L . C am pbell.
T he Scripps R esearch  Institute, La Jolla , C A  9 2 0 3 7 .

C h em o k in e s  m ay  be im portant in th e con tro l o f  leu k o c y to s is  in 
inflam m atory disorders o f  the central nervou s sy stem . W e evaluated  
h ip p ocam p al e lec tro p h y s io lo g ic a l re sp o n ses  during the leu k o cy to sis  
a sso c ia ted  w ith  acute CIO  in jec tio n s. Intracerebroventricu lar ( iev )  
in jectio n  o f  recom b in an t CIO  protein  (1 µ g /in jectio n ) prom oted  the 
recru itm ent o f  large num bers o f  M a c-1 +  c e lls  and to a m uch lesser  
e x te n t  C D 4 +  ly m p o c y te s ,  in to  the m e n in g e s , ch o r o id  p le x u s , 
v en tric les  and the parenchym a o f  the brain. H ip p ocam p al EE G  and 
a f fe r e n t -e v o k e d  f ie ld  p o te n tia l  a c t iv i ty  w e r e  r e co r d e d  by  
m icro electro d es p laced  in the dentate h ilu s o f  haloth an e-an esth etized  
m ice . C om pared  to v e h ic le  in jected  m ice , CIO  in jected  m ice  at 6  hr 
after iev  in jection  w ere characterized  by p aroxysm al EEG  discharges, 
red u ced  ta il-p in ch  in d u ced  theta  rh yth m , en h a n ced  p a ired -p u lse  
inhib ition o f  dentate afferen t-evok ed  fie ld  potential resp onses and lack  
o f  LT P induced  in the dentate by tetanization o f  the perforant path. At 
2 4  hr a fter  ie v  in je c t io n , C IO  in je c te d  m ic e  e v in c e d  s im ila r  
h ip p ocam p al p a th o p h y sio lo g y  as at 6  hr; h o w ev er , p aroxysm al EEG  
d isch a rg es  w ere  n ot ev id en t. A t o n e  w e e k  after CIO  in jection , no 
c h a n g es in EEG  or h ip p ocam p al resp on ses w ere observed . Thus, iev  
C IO  acts as a p oten t c h e m o ta c t ic  factor  for th e recru itm en t o f  
m acrop h ages to the brain and is  asso cia ted  w ith  m arked and transient 
m od u lation  o f  h ip p ocam p al p h y s io lo g y . Sup ported  b y M H 5O 426 to 
ILC and M H 4 7 6 8 0  to SJH.

802.2
ONTOGENESIS OF CHEMOKINE CCR5 AND RBS11 IN THE RAT 
BRAIN. F. Mennicken'*. M. Clark2. E. De Souza2. R. Ouirion1 and R. Maki2. 
'Douglas Hospital Research Centre, McGill University, Montreal, Quebec, 
H4H1R3, Canada, 2Neurocrine Biosciences Inc., San Diego, CA 92121.

Chemokines and their receptors (including the HIV co-receptor) are known 
to be involved in the recruitment o f immune cells during host defense. Most 
interestingly, recent data have shown that these molecules are expressed in the 
normal and pathological brain where they may act as mediators o f  CNS 
inflammation known to occur in various diseases, including Alzheimer’s 
disease and AIDS dementia. However, very little is currently known on their 
role in the normal brain. In the immune system, chemokines acting on a series 
o f receptors, are know to mediate the differentiation and maturation o f various 
immune cells. Accordingly, we suggest a similar role in the development o f  
the CNS. As a first step to investigate this hypothesis, we examined the 
expression o f chemokines and chemokine receptors during rat brain ontogeny. 
We report here on two chemokine receptors, namely CCR5 and RBS11 as 
their expression as been shown in adult CNS.

Using RT-PCR, CCR5 and RBS11 mRNA expression was detected in all 
regions studied (eg. olf bulb, hippocampus, hypothalamus, thalamus, septum, 
striatum, various cortical areas, midbrain, pons, cerebellum, medulla) at 
embryonic day E l8  and post-natal day P8 . Seemingly stronger signals were 
observed in all regions at P8  over to E l8 . However, a quantitative method 
such as Northern blotting will be used to confirm this assumption.

In conclusion, our data clearly show that two chemokine receptors, namely 
CCR5 and RBS11, are expressed very early in the rat brain. A role in normal 
brain development and maturation can thus be envisioned.
Supported in part by MRCC.

802.4

THE ROLE OF THE CHEMOKINE RECEPTOR CXCR-4 IN BRAIN. 
X.Sanchez, D.Rojo, M.P.Christensen*, J.Navarro and B.N.Christensen. Dept. 
Physiology & Biophysics, University o f Texas Medical Branch, Galveston, 
TX 77555.

Chemokine receptors are G-protein coupled receptors that are involved in 
inflammation, T-cell activation and cell infection. Recently it has been 
demonstrated that the chemokine receptors CXCR-4 and CCR-5 function as 
co-receptors for entry and infection o f T-tropic and M-tropic strains o f HIV-1 
respectively. Expression o f CXCR-4 mRNA has been found in a wide variety 
o f cells including brain but the functional role o f  this receptor has not been 
elucidated.

We measured CXCR-4 mRNA expression in different human and rat 
neuronal cell lines and rat brain by Northern blot analysis using as a probe the 
cDNA encoding the human CXCR-4. We found that CXCR-4 is highly- 
expressed in the human neuroblastoma cell line Lan-5 but poorly expressed 
in Lan-1, a related cell line. Preliminary studies o f HIV-1 infection in Lan-5 
and Lan-1 cells using a luciferase reporter virus pseudotyped with AC-1 and 
213 T-tropic envelope proteins, showed a correlation between the expression 
of CXCR-4 and the efficiency o f HIV-1 infection. Studies in Lan-5 cells also 
revealed inhibition o f  HIV-1 infection by SDF-1. These results support our 
hypothesis that CXCR-4 is involved in HIV-1 infection o f neurons. 
Preliminary results indicate that CXCR-4 mRNA is expressed in embryonic 
rat brain and in the cerebellum from adult rats. These results and our recent 
studies revealing a role o f CXCR-4 in myelosupression o f  the progenitor 
hematopoietic cell line support the hypothesis that CXCR-4 may play a role 
in neuronal regulation o f cell growth and differentiation.

802.6
CHRONIC EXPOSURE TO IL-6 ALTERS THE MEMBRANE RESPONSE OF 
CULTURED CEREBELLAR PURKINJE NEURONS TO AMPA. T.E. Nelson*. 
C.L. Ur. and D.L. Gruol. Dept, of Neuropharmacology and AIDS Research 
Center, The Scripps Research Institute, La Jolla, CA 92037.

The cytokine interleukin-6 (IL-6) is elevated within the central nervous 
system (CNS) in a number of neuropathological conditions including AIDS 
dementia complex. Previously, we demonstrated that chronic IL-6 exposure 
alters the firing pattern and synaptic response of Purkinje neurons in cerebellar 
slices of transgenic, mice overexpressing IL-6. In addition, we have shown that 
chronic IL-6 exposure alters intracellular calcium signaling of cultured rat 
Purkinje neurons in response to the ionotropic glutamate receptor agonist 
AMPA. In the present study, we investigated the effects of chronic IL-6 on the 
active and passive membrane properties and the electrophysiological 
response to AMPA of cultured rat Purkinje neurons.

Purkinje neuron cultures were treated chronically with IL-6 (1000 U/ml) 
beginning at 6 days in  v itro  (DIV). Using intracellular current clamp recording, 
we assessed the membrane responses of Purkinje neurons (19-27 DIV) to 
depolarizing and hyperpolarizing current pulses and the response to AMPA (1 
µM) applied by rapid microperfusion. Recordings were performed both at 
resting membrane potential and while holding at -62 mV. No differences in the 
resting membrane potential, responses to hyperpolarizing or depolarizing 
current pulses, number of action potentials during depolarizing current pulses, 
amplitude of the afterhyperpolarization following depolarizing pulses, or input 
resistance were observed between chronic IL-6 treated (n=10) and control 
(n=13) Purkinje neurons. However, chronic IL-6 treated Purkinje neurons 
exhibited a significant (p<0.05) enhancement of the peak membrane 
response to AMPA application at resting membrane potential and at -62 mV 
holding potential relative to control. In addition, the duration of the AMPA 
response of chronic IL-6 treated Purkinje neurons was greater at rest and at 
-62 mV compared to control. The results are consistent with our previous 
observations showing an enhanced intracellular calcium signal in response to 
AMPA following chronic IL-6 treatment. Thus, chronic exposure to IL-6 results 
in altered neuronal function which could contribute to the neuropathology 
associated with many CNS diseases. S u p p o r te d  b y : M H 4 7 6 8 0  a n d  A A O 7456.
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802.7
INVOLVEMENT OF ACTIVATION OF REK7/EPHA5 BY AL-1/EPHR1N- 
A5 IN HIPPOCAMPAL SYNAPTIC PLASTICITY. N. Shinsky*. J L. 
Zheng and W,-Q, Gao. Department o f Neuroscience, ûenentech, Inc., 
South San Francisco, CA 94080.

We have previously shown that acute perfusion o f REK7/EphA5-IgG 
significantly impairs long-term potentiation (LTP), recorded from the CA1 
area following stimulation o f Schaffer collaterals o f hippocampal slices 
prepared front adult (3-4 months old) mice (Shinsky et al., Soc. Neurosci. 
Abstr. 23:1150, 1997). To determine whether a REK7/EphA5 ligand, AL- 
1/ Ephrin-A5, could directly facilitate synaptic plasticity, we applied 
exogenous ALl/Ephrin-A5-IgG, a soluble form of normally membrane- 
bound ligand for REK7/EphA5 , in the slice chamber. Perfusion with AL- 
1/Ephrin-A5-lgG induced a sustained increase in normal synaptic 
transmission that partially mimicked LTP and a decrease in the magnitude 
of paired-pulse facilitation (PPF). The sustained elevation o f normal 
synaptic transmission could be attributable to a long-lasting binding o f the 
AL-l/Ephrin-A5-IgG to the endogenous REK7/EphA5 receptor, as 
revealed by immunohistochemistry of the slices perfused with AL- 
1/Eρhrin-A5-IgG. Furthermore, maximal electrical induction o f LTP 
occluded the potentiating effects o f subsequent treatment with AL- 
l/Ephrin-A5-IgG. This occlusion occurred even when the stimulation 
intensity was adjusted to the pre-tetanization level. In addition, in situ 
hybridization analysis indicated that AL-l/Ephrin-A5-IgG was expressed in 
the adult brain. Although AL-l/Ephrin-A5 mRNA was undetectable in the 
CA1-CA3 regions of the hippocampus, low levels were expressed in the 
dentate gyrus from which granule neurons send projections to the CA3 
and CA1 regions. Taken together these results implicate that AL-l/Ephrin- 
A5 may influence synaptic plasticity by activating REK7/EphA5 in the 
mature hippocampus and further support the notion that REK7/EphA5 
activation is recruited in the LTP induced by tetanization.

802.9
ß-CHEM OKINE (RANTES) EVOKED INCREASES IN INTRACELLULAR 
CALCIUM IN HUMAN M ICROGLIA CELLS. C.C. H eee1* S. Hu2. C.C. 
Chao2. P.K. Peterson2, and S.A. Thayer1, 'Departm ent o f Pharmacology, 
University o f M innesota; Minneapolis, M N 55455 and 2Neuroimmunobiology 
and Host Defense Laboratory, Minneapolis Medical Research Foundation; 
Minneapolis, MN 55404.

M icroglia-induced cell death may underlie a number o f neurodegenerative 
diseases. For example, microglia infected with HIV-1 release factors that kill 
neurons in culture. The chemokine receptors, which also bind HIV-1, have been 
recently characterized in macrophage. However, relatively little is known about 
chemokine signaling processes in microglia. The goal o f this project was to 
characterize ß-chemokíne-mediated signaling in cultured hum an microglia. 
Application o f 50 ng/ml RANTES (90 s) evoked an increase in the intracellular 
calcium concentration ( [Ca2+], ) in 67% o f the cells (n=3 coverslips, 51 cells) as 
indicated by fura-2-based digital imaging. Moreover, application o f RANTES 
every 25 minutes reproducibly increased [Ca2+]i in microglia. There was a rapid 
desensitization during the first few minutes o f exposure to RANTES as indicated 
by rapid recovery to basal levels in the maintained presence o f RANTES. 
Removal o f extracellular calcium blocked the RANTES-mediated increase in 
[Ca2+]j, thus, the RANTES-evoked calcium transient appears to be the result of 
calcium influx with little if any release from intracellular stores. The voltage
gated calcium channel blockers nicardipine (10 µM) and ω-grammotoxin SIA 
(1 µM) had little effect on the amplitude o f RANTES-evoked calcium transients. 
N i2+ (2 mM), which blocks most calcium-selective channels, partially inhibited 
the RANTES-evoked increase in calcium. Further characterization o f the calcium 
influx pathway is in progress. Chemokine-mediated Ca2+ signaling may 
participate in the migratory and secretory responses o f microglia. This research 
was Supported by ADAM HA training grant T32 DAO7234 awarded by NIDA.

802.8
EFFEC TS O F ER YTH R O PO IETIN O N  N E U R O N A L  A C T IV IT IE S. K  
K o sh im u ra fY . Murakami and Y. K ato. First D iv ision , D epartm ent o f  
M ed icin e, Shim ane M edical U n iversity , Izum o, 6 9 3 -8 5 0 1 , Japan.

It has been revealed that erythropoietin (EPO ) receptors are located in 
som e brain areas including h ippocam pus and that EPO is produced in 
the brain. T o  clarify the roles o f  EPO  in regulating neuronal ce lls , w e  
in vestigated  the e ffects o f  EPO  on Ca2+ uptake, dopam ine release and 
biosyn th esis, nitric ox id e (N O ) production and cell survival in 
differentiated PC 12 ce lls  w h ich p o ssess EPO receptors. EPO (10 12 - 
10 10 M ) increased 45C a 2+ uptake into PC 12 ce lls  in a dose-related manner, 
w h ich w as inhibited by nicardipine (1 µ M ) or anti-EPO  antibody (1:100 
diluted). EPO (1 O'13- 10 10 M ) increased dopam ine release from  PC 12 
ce lls  and tyrosine hydroxylase activity as m easured by D O PA  
accum u lation , w hich were sen sitive  to nicardipine or anti-EPO  antibody. 
F o llow in g  4  h incubation with EPO (10 14 -1 0 10 M ), N O  production as 
m easured by N O x concentration in the m edium  w as increased, w hich  
w as blunted by nicardipine and anti-EPO  antibody. In contrast, NO  
synthase activity as m easured by | 3H Icitrulline production from  
| 3FI|arginine w as not stim ulated by EPO. A fter 5 day culture w ithout 
serum  and N G F, the num ber o f  v iable ce lls  m easured by M TT assay  
decreased to one third o f  that o f  the control ce lls  cultured with serum  
and NG F. Adm inistration o f  EPO to the culture m edium  (1 0  ,3- 10 10 M) 
increased num ber o f  viable ce lls  cultured w ithout serum  and NG F. 
Incubation with EPO (10 13 - 10 10 M ) for 5 min stim ulated M A P  kinase 
activ ity  in PC 12 ce lls . T h ese results su ggest that EPO stim ulates neuronal 
function and viability  via activation o f  C a 2+ channels.

NEUROTROPHIC FACTOR RECEPTORS AND CELLULAR MECHANISMS V

803.1
AXOGENESIS IN RAT PELVIC G ANGLIA AFTER SPINAL NERVE  
INJURY CORRELATES WITH CHANGES IN P75 RECEPTOR 
EXPRESSION. M.E. Kepper and J.R, Keast*, Dept. Physiology and 
Pharmacology, University of Queensland, St. Lucia, Qld 4072, Australia.

Pelvic ganglia are unique amongst autonom ic ganglia as they are 
comprised o f both sympathetic and parasympathetic neurons with 
connections from the lumbar and sacral spinal cord, respectively. 
Follow ing damage to either sympathetic or parasympathetic spinal nerves, 
rat pelvic neurons with intact spinal innervation sprout axons which supply 
denervated somata. The m echanisms that allow specific axon growth and 
targeting o f particular neurons have not been established. However, release 
of one or more neurotrophins from denervated neurons and subsequent 
binding to either their high or low affinity receptors on neighbouring  
pelvic neurons may be essential. The present study has used 
im m unohistochem ical techniques in combination with confocal 
microscopy and densitometry to exam ine the expression o f the low 
affinity neurotrophin receptor, p75, within normal and decentralised 
pelvic ganglia. The majority o f sympathetic pelvic neurons, mainly o f the 
noradrenergic phenotype, normally express the p75 receptor. However, 8 
days follow ing sacral nerve injury, p75-im m unoreactive neurons with 
intact spinal connections downregulate the expression o f the receptor. 
Downregulation o f p75 receptors coincides with axogenesis from these 
neurons. Further studies are being carried out to determine if similar 
changes occur after lumbar, and com bined lumbar/sacral spinal nerve 
transection. It is possible that regulation o f p75 and other neurotrophic 
factor receptors may be manipulated to restore peripheral components o f  
pelvic reflexes follow ing spinal nerve injury.

Supported by the National Health and M edical Research Council o f  
Australia and The Spinal Research Foundation.

803.2
INSULIN-LIKE GROWTH FACTOR-1 INCREASES NERVE GROWTH 
FACTOR RESPONSIVENESS AND RECEPTORS. M. L  Contreras. 
Department of Pharmacology and Toxicology and the Neuroscience 
Program, Michigan State University, East Lansing, Ml 48824.

The interaction between insulin-like growth factor I (IGF-!) and nerve 
growth factor (NGF) was examined in PC12 cells, which express 
receptors for both neurotrophic agents. IGF-I did not stimulate neurite 
outgrowth in PC12 cells, but did potentiate NGF-stimulated neurite 
outgrowth. Pretreatment of PC12 cells with IGF-I for 24 hrs decreased 
the EC5O value for NGF-induced neurite outgrowth by at least 10-fold and 
increased the maximal percent of neurite-bearing cells by approximately 
100%. To examine one mechanism for the increased sensitivity and 
response to NGF, the effect of IGF-I on the binding of 125I-NGF was 
evaluated. Pretreatment of cells with 10 nM IGF-I for 24 hrs increased 
the level of high-affinity binding sites from 74 ± 6 to 147 ± 31 fmol/mg 
protein. However, the level of low-affinity binding sites and the 
equilibrium dissociation constants for binding to both the low- and high- 
affinity binding sites did not change. Incubation of PC12 cells with 10 nM 
IGF-I for various times up to 14 days resulted in a time-dependent 
increase in binding of 2.5 nM 125I-NGF to approximately 4 times the 
control level, suggesting a time-dependent increase in the high-affinity 
binding sites. There was also approximately a 2-fold increase in binding 
of 2.5 nM 125I-NGF, suggesting a possible increase in the low-affinity 
binding sites. These changes in binding sites were associated with 
changes in the level of the NGF receptors, either seen by crosslinking of 
the radioligand or by Western blotting analysis of trk and p75 NGF 
receptors. Supported by MSU Biotechnology Grant.
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803.3

OVARIECTOMY RESULTS IN DECREASED NERVE GROWTH FACTOR 
RECEPTORS IN SEPTAL FOREBRAIN TRANSPLANTS IN OCULO. K.A. Ford1, 
A-Ch Granholm1’’, E.J. Mufson4, and D.S. Albeck'~3*. Depts. 'Basic Science, 
Pharmacology, and ’the Neuroscience Training Program, University of Colorado 
Health Sciences, Denver, CO, 80262, and 4Dept. Neurological Sciences, Rush 
Presbyterian/St Luke’s Med. Ctr., Chicago, IL.

Recent basic science and clinical data suggest the possibility that estrogen may be 
helpful in preventing age-related degeneration o f basal forebrain cholinergic neurons. 
It has been shown that estrogen receptors colocalize with nerve growth factor (NGF) 
receptors in cholinergic neurons of the basal forebrain. These findings prompted us to 
study the effects of ovariectomy on survival and differentiation of septal cholinergic 
neurons in rat. Ten female Fischer 344 rats were ovariectomized at 3 months of age 
and four weeks later received intraocular transplants of fetal medial septal tissue of 
embryonic day 17. On the day of transplantation, half of the transplanted animals 
received a subcutaneous slow-releasing pill containing l7ß-estradiol at the 
concentration of 1.5 mg/p over 60 days (Innovative Research of America). The 
overall growth and vascularization o f the transplanted septal forebrain tissue did not 
differ between the two groups. Eight weeks postgrafting, the animals were sacrificed 
and the transplants were processed for immunohistochemistry with choline 
acetyltransferase, low (p75) and high (trkA) affinity NGF receptor antibodies. The 
ovariectomized animals without estrogen replacement exhibited a significant 
reduction in density of cholinergic neurons in the transplants, as well as a significant 
reduction in staining for both NGF receptors. These data indicate that estrogen is a 
crucial component in development of cholinergic phenotype in basal forebrain 
neurons, and further substantiate a relationship between this hormone and the 
presence of NGF receptors in forebrain neurons. Supported by USPHS grants AG10668, 
AG 12122 and AG04418.

803.5
ENRICHED ENVIRONMENT LEADS TO ALTERATIONS IN LOW AND HIGH 
AFFINITY NGF RECEPTORS IN FOREBRAIN CHOLINERGIC NEURONS. 
B,R. Ickes ' ,2, , C. Bäckman 3, A-Ch. Granholm *’2, T.Pham4 and A. Mohammed4*  
'Dept. Basic Science and 2The Neuroscience Training Program, University of 
Colorado HSC, Denver, CO 80262 and 3Dept. Neurobiology, Childrens Memorial 
Hospital, Chicago, IL and 4Dept. Clin. Neuroscience and Family Medicine, Division 
of Geriatric Medicine, B 84, Karolinska Institute, Huddinge Univ. Hosp., S-141 86 
Huddinge, Sweden.

The cholinergic forebrain neurons have been shown to be involved in memory 
processing in the hippocampal formation. Available evidence indicates that the 
aging brain shows plastic changes in response to environmental influence. In 
previous work we have shown that an enriched environment in early development 
and adult life leads to significant improvements in spatial memory performance in 
rats. Since cholinergic neurons are thought to be involved in this spatial memory 
processing, we wanted to investigate the morphology of cholinergic neurons of the 
medial septal nucleus during different environmental paradigms. Male rats were 
housed for 1 year in an enriched environmental condition (EC) or impoverished 
condition (IC). At 14 months of age spatial memory was examined, and 
immunohistochemistry was performed on brain tissue from the medial septal area 
using antibodies against high and low affinity nerve growth factor (NGF) receptors. 
EC rats were better than IC rats in spatial learning. Image analysis revealed higher 
staining density and fiber density with the low affinity NGF receptor staining along 
with an increase in the cell size in the EC rats as compared to IC rats. Thus the 
environmentally induced enhancement of spatial memory was associated with 
alterations in morphology of cholinergic neurons. These results show that the 
environmental condition during development and adulthood appears to significantly 
affect the morphology of cholinergic forebrain neurons. This work was supported 
by USPHS grants AG 12122 and AG04418.

803.7

DEVELOPM ENTAL EXPRESSION OF m RN A  EN C O D IN G  THE 
N E U R O TR O PH IN  RECEPTOR p75 IN  CNS OF THE SO UTH 
A M ERICAN O PO SSU M  (M ONO DELPH1S DOM EST1CA). ï.M. Luque.
M.E. W intzer and  T.G. Nicholls*. B iozentrum, U niversity  of Basel, CH- 4056 
Basel, Sw itzerland, and  SISSA, Biophisic Sector, 1-34013 Trieste, Italy.

The CNS of the new born  South Am erican opossum  (Monodelphis 
domestica) provides a favorable p repara tion  for study ing  developm ent and 
regeneration  after injury. In these anim als, how ever, little is know n about 
neuro troph ins, their tissue expression or the d istribution  of their receptors. 
W e have focused on the low-affinity n euro troph in  receptor p75, w hich b inds 
to all know n neurotrophins. By in situ hybrid ization  w ith
oligodeoxyribonucleotide probes derived  from  rat cDNA sequences, we 
analyzed  the CNS distribution  of m RNAs encoding p75 in ad u lt opossum s 
and in neonatal p u p s aged 0, 3, 7 and  15 days. D uring the first 2 postnatal 
weeks high  levels of p75 m essage w ere p resen t in the m antle  zone 
th roughou t the n eural tube, in basal forebrain neurons, in m otoneurons of 
the brainstem  and spinal cord, in granule  and  Purkinje cell layers of the 
cerebellum  and  in dorsal root ganglia (DRG). Transcrip t expression 
decreased  w ith  age so that in ad u lt CNS only a few cells in the basal 
forebrain expressed p75 mRNA. M odulation  of p75 transcrip ts was 
exam ined by in situ hybrid ization  of isolated 7-day CNS. A fter 3 days in 
culture, NGF u pregu la ted  p75 m RNA signals in DRG. Lesions m ade to DRG 
spinal fibers d id  not have an effect on the level of transcrip t expression, nor 
d id  NT-3. The regional and  tem poral p a tte rns of m arsup ial p75 m RNA 
expression, as well as its m odu lation  correlate well w ith  w hat is know n in 
eu therians, suggesting that genes essential for g row th  regulation  and  
d ifferentiation are sim ilar in the tw o m am m alian  lineages.

Sponsored by: Swiss National Research Fund (3100-42.028.94); BBW: PL 960211.

803.4
SEGMENTAL TRISOMY Ts65Dn MICE HAVE A DECREASE IN NERVE 
GROWTH FACTOR RECEPTORS IN SEPTAL FOREBRAIN NEURONS,
A-Ch. Granholm *’4, M.Curtis ', L.A. Sanders1,2, and L.S. Cmic3,4. Depts. ‘Basic 
Science, Pharmacology, and Pediatrics, and 4the Neuroscience Training Program, 
University of Colorado Health Sciences, Denver, CO, 80262.

Mice with segmental trisomy of chromosome 16 have been used to model Down’s 
syndrome and Alzheimer’s disease. These mice exhibit a significant degeneration of 
cholinergic forebrain neurons at 6 months of age, coupled with significant 
alterations in spatial memory. However, the mechanism for this spontaneous 
neurodegeneration is not known. We have investigated the distribution of high 
affinity nerve growth factor (NGF) receptors (trkA) in forebrain cholinergic nuclei 
of trisomic (Ts) mice that were 6 or 16 months. The younger mice came from a 
study of short- and long-term habituation (STH and LTH) of auditory startle to a 
120 dB white noise burst. Ts mice had a lower amplitude response than non-Ts 
littermate controls during LTH (p=0.022) and neither group habituated. In STH, Ts 
mice showed a lower response (p=0.022) and less STH compared to controls on the 
last two days of testing (p=0.027 for the block x group interaction). Following 
behavioral testing, the mice were anesthetized and processed for 
immunohistochemistry with antibodies against trkA receptors. TrkA receptors were 
present in abundance in younger negative control mice but staining was 
significantly reduced in younger Ts mice. At 6 months of age, there was a severe 
reduction in the density of trkA-immunoreactive neurons, both in the ventral 
diagonal band and the medial septal nucleus of Ts mice compared to controls. In 
addition, the staining density within each neuron was reduced and the neurons had 
undergone a significant shrinkage in cell body size and exhibited fewer neuronal 
processes. The aged animals in both groups exhibited modest to severe loss of trkA 
immunoreactivity in the basal forebrain. The data suggest that cholinergic 
degeneration in the forebrain of Ts mice may be related to a reduction in high 
affinity NGF receptors. This work was supported by USPHS grants AG 12122. 
AG04418, HD04024, and HD17449.

803.6
EFFECTS ON MORPHOLOGY, BEHAVIOR, AND NEUROTROPHIN-mRNA 
IN THE SEPTOHIPPOCAMPAL SYSTEM OF THE RAT AFTER 
CORTICOSTERONE ADMINISTRATION. T. Roskoden and H. Schweαler*. 
Otto-von-Guericke-Univ., Inst, of Anatomy, Leipziger Str.44, D-39120 
Magdeburg, Germany

The adrenal hormone corticosterone has strong effects on the development 
and differentiation of neurons in the dentate gyrus. Besides morphological 
alterations, e.g. regulation of cell genesis and cell death in the dentate gyrus, 
early postnatal corticosterone treatment leads to behavioral modifications. 
Modulation of the expression of either neurotrophins and/or their receptors is 
postulated to be involved in these effects. In the present study we tested the 
effect of transient postnatal corticosterone administration on the mRNA- 
expression of the neurotrophins/neurotrophin receptors (NT/NTR) of the NGF 
family using the RT-PCR method. Furthermore, we looked for morphological 
and behavioral effects. Newborn rats received subcutaneous implants 
containing 30% corticosterone at postnatal day 1. Controls received implants 
without hormone. For mRNA-measurement pups were sacrificed at defined 
intervals between P2 and P21. At the age of 10-12 weeks, rats were tested in 
a spatial 8-arm radial maze with 4 arms rewarded. After behavioral testing 
brains were analized with various morphological techniques. The mRNA 
content in hormone-treated rats shows a significant increase around postnatal 
day 10 for NGF in the hippocampus, and for NGF, BDNF and p75 in the 
septum. Hormone-treated rats showed a better spatial learning performance 
in the maze as compared to controls. Quantification of the mossy fibers did 
not display differences between treated and control animals. From these data 
we conclude that transient early postnatal corticosterone treatment modulates 
the expression of NT/NTR in the septum and hippocampus. These 
modulations may play a role in alterations of behavior too.
(Supported by DFG Schw252/7-1)
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804.1
THE EFFECT OF AN INTRAVITREAL PERIPHERAL NERVE GRAFT ON C- 
JUN EXPRESSION IN REGENERATING RETINAL GANGLION CELLS IN 
HAMSTERS. O. Lu, K.-F. So and H. K. Yip. Department of Anatomy, The 
University of Hong Kong, Hong Kong, China. (SPON: The Hong Kong Society of 
Neuroscience)

Retinal ganglion cells (RGCs) can regrow their damaged axons into a peripheral 
nerve (PN) graft attached to the transected optic nerve and an additional PN graft 
transplanted intravitreally can markedly increase the regeneration of RGCs. In this 
study, we have investigated if the expression of c-Jun is correlated with axonal 
regeneration of RGCs into a PN graft in hamstefs and whether c-Jun expression is 
enhanced in animals with an additional intravitreal PN graft. These two groups of 
animals were allowed to survive for 3 weeks. Fluoro-Gold (FG) (2%) was injected 
in the PN graft to label the regenerating RGCs and antibody from Oncogene 
Research Products was used to label the c-Jun expressing cells. In a third group of 
animals, the optic nerve (ON) was transected and the animals were allowed to 
survive for 3 weeks and the c-Jun expression was studied in the surviving RGCs 
with FG applied to ON stump. The percentage of surviving RGCs expressing c-Jun 
in the ON transection group was 87% and the staining of c-Jun was weak with a 
small c-Jun-positive nuclei. However, 82% of the regenerating RGCs expressing c- 
Jun and the staining of c-Jun was much stronger with larger c-Jun-positive nuclei. 
The number of regenerating RGCs in animals with an additional intravitreal PN was 
twice that of the group without the intravitreal graft. The percentage of regenerating 
RGCs expressing c-Jun in the intraviteal PN group was 91% and the c-Jun-positive 
nuclei was also much larger than the surviving RGCs. These results indicate that 1) 
the expression of c-Jun is closely correlated with axonal regeneration, 2) the 
expression of c-Jun is upregulated in regenerating RGCs and 3) an intravitreal PN 
graft can greatly enhance the number of RGCs to express c-Jun and to regenerate 
axons into an attached PN graft. (Supported by RGC grants)

804.3
ON B R ID G IN G  TH E G A P IN RA TS W ITH C H RO N IC CO M PLETE SPINA L 
CORD LESIO NS. M. Fraidakis. S. A lm ström . C. Spenger and L. O lson* . Dept, 
of N euroscience, K arolinska Institute, S-171 77 Stockholm , Sw eden 

Based on previous w ork (C heng et al. 1996) in which the spinal cord in rats 
was interrupted by the rem oval o f a 5-mm  long segm ent at T8-9, after which the 
gap was im m ediately  bridged  by m ultipe peripheral nerve grafts connecting  
white m atter on one side o f  the gap to grey m atter on the o ther side, we have 
atttem pted to apply a sim ilar strategy to rats with chronic com plete spinal cord 
injury. Chronic spinal cord injury was induced by a com plete transverse lesion 
at T9. A nim als were carefully  m onitored by CBS, OFW S and BBB rating and 
only rats with com plete paraplegia were used for the repair procedures. To fur
ther docum ent the injury and help plan the repair surgery, one group o f lesioned 
anim als was analyzed by h igh-resolution (4.7T) M RI 2 -6  m onths after injury. 
Spinal cord stum ps were found to taper o ff tow ards the lesion, white m atter 
degeneration was dem onstrated by loss o f d iffusion anisotropy and vascularized 
tissue filled the gap. It was significant that flu id-filled cysts had form ed at the 
proxim al stum p. Repair using the m ultiple peripheral nerve bridging technique 
was carried  out 2 -1 0  m oths later, by resecting  scarred  stum ps and cysts to 
expose grey and w hite m atter o f the stum ps. The resu lting  = 1-cm long gap 
necessitated the use o f  longer bridges then previously  used. P araplegic rats 
survived the second surgery well. Careful treatm ent allow s survival for least 20 
months. Behavioral evaluations are ongoing.
Supported by AM F, AFA, M RC, USPHS

804.5

NGF RELEASING GUIDANCE CHANNELS PROMOTE THE REGENERATION 
OF TRANSECTED DORSAL ROOT. J.BIoch. M. Borkenhaαen. A. Zurn. P. 

Aebischer*. Division of Surgical Research and Gene Therapy Center, 

CHUV, 1011 Lausanne.
Nerve guidance channels slowly releasing neurotrophic factors may 

overcome the lim ited regeneration capacities of dorsal spinal roots. 
Spray coated guidance channels made of Ethylene-V inyl Acetate 
(55% ), bovine serum albumine (40% ) and neurotrophic factors 
(5%) were used to bridge a 4 mm dorsal root gap in rats at the L4 
level. As a way to differentiate effects of various neurotrophic factors  
for whom receptors are expressed at the dorsal root ganglia leve l, 
channels releasing NGF were compared to those releasing BDNF and 
NT-3. W hereas no or lim ited effects were observed with BDNF and 
NT-3, NGF lead to significant elevated numbers of myelinated and 
unmyelinated axons compared to controls.

myelinated axons unmyelinated axons

contro ls  (n=6) 277 ± 90 5 ± 1

NGF 5% (n=5) 1220 ± 1585 19 ± 3

The present study suggests that the sustained release of NGF w ith in  
the regeneration environm ent is able to overcome the lim ite d  
regeneration capacities of dorsal spinal root.
Supported by the Swiss National Science Foundation and the In s titu t 
International de Recherche en Paraplégie.

804.2
EXPRESSION OF THE CELL RECOGNITION MOLECULE, CHL1 (CLOSE 
HOMOLOGUE OF LI), IN ADULT RAT BRAIN FOLLOWING PERIPHERAL 
NERVE GRAFT IMPLANTATION. V. Chaisuksunt1. Y. Zhang'. M. Schachner2. P.N. 
Anderson1 and A.R. Lieberman1*. 'Department of Anatomy and Developmental 
Biology, University College London, London WC1E 6BT, and ¾entrum fur 
Molekulare Neurobiologie, D-20246 Hamburg.

The expression of CHL1, a recently identified member of the LI family of neural 
adhesion/recognition molecules, has been investigated in the brain of adult rats 
following insertion of a peripheral nerve graft. Adult female Sprague-Dawley rats were 
deeply anaesthetized with Halothane and a piece of tibial nerve removed from the left 
thigh and implanted through a craniotomy into the neostriatum, thalamus or cerebellum. 
Two days to 6 weeks later, the animals were reanaesthetized and killed by decapitation. 
The expression of CHL1 mRNA was detected by in situ hybridization of sections 
through the brain with a digoxygenin-labelled riboprobe. Following grafting into the 
striatum, Strong expression of CHL1 mRNA was detected in small and large cells (20- 
3Oµm in diameter) located close to the grafts between 2 days and 4 weeks 
postoperation. Expression was downregulated at longer survival times. Following 
grafting into the thalamus, neurons in the thalamic reticular nucleus close to the graft 
upregulated CHL1 mRNA for several weeks. Following grafting into the cerebellum, 
neurons within the deep nuclei upregulated CHL1 mRNA, but Purkinje cells and other 
neurons in the cerebellar cortex did not. These findings indicate that specific 
subpopulations of CNS neurons, known from our previously work to regenerate axons 
into grafts, upregulate CHL1 mRNA in response to such grafts. Because CHL1 is a 
strong promoter of neurite outgrowth in vitro, these findings suggest that CHL1 may 
play a role in the regenerative growth of CNS axons along the Schwann cell columns of 
the grafts.

Supported by the Royal Thai Government.

804.4
REGROWTH OF RETINAL GANGLION CELL AXONS THROUGH 
PERIPHERAL NERVE GRAFTS IN ADULT RATS: EXTENT AND 
SPECIFICITY OF OUTGROWTH INTO GRAFTS OF TARGET OR NON
TARGET TISSUE. M.M,L, Tan and A.R, Harvey*. Dept of Anatomy and Human 
Biology, University of Western Australia, Nedlands, Perth, WA 6097, Australia.

We have examined how axons of lesioned adult rat retinal ganglion cells (RGCs), 
that have regenerated through a peripheral nerve (PN) graft, grow out into grafts of 
target (fetal tectum) or non-target (muscle) tissue. Autologous PN was grafted to the 
transected optic nerve (ON) of 32 adult rats. Fourteen days later, the distal end of 
the PN graft was inserted into fetal (E l5) tcctal tissue (n=l8) or autologous muscle 
grafts (n=5) placed in frontal cortex cavities. Nine rats received only PN grafts. 
After 2-8 months, the RGC projection from the grafted eye was examined by 
anterograde or retrograde WGA-HRP labelling techniques. Retrograde analysis 
showed that RGCs projecting into PN grafts were widely distributed within the 
retina. In 2 rats with PN and muscle grafts. RGC axons grew into muscle tissue, up 
to a maximum distance of 465µm from the PN tip. In both cases, WGA-HRP- 
labellcd profiles that resembled motor endplates were seen in association with 
muscle fibres. In all rats containing viable PN and tectal grafts (n=l6) regenerated 
axons were seen at the distal PN tip, and there was extensive tissue contact between 
PN and tectal grafts in 10 cases. RGC axons grew into tectal grafts in 6 of these 
animals, however the extent of growth into tcctal tissue was relatively sparse and the 
distance penetrated was small (less than 2OOµm). No evidence of specific 
innerv ation of appropriate target areas w ithin tectal grafts was detected, even though 
such regions (identified by AChE histochemistry) were often located close to the 
distal end of the PN graft. The data lead us to suggest that exposure to a PN 
environment may influence the way RGC axons recognise and respond to signals 
expressed by target as well as non-target tissues.
Supported by grants from the NHMRC (Australia).

804.6
C H A R A C T E R IZ A T IO N  O F A N  O L F A C T O R Y  E N S H E A T H IN G  
G L IA -C A R B O N  FIBE R  M A T R IX  FO R  S P IN A L  C O R D  
R E G E N E R A T IO N  IN  TH E R A T . A .V . B o ru ch 1. T. J. B ro w n 2*.
T. K han',2and K.J. Jon es1,2. ’D ept, o f  C ell B io lo g y , N eu ro b io lo g y  & 
A n atom y, L oyo la  U n iv . C h icago, M ay w o o d , IL 6 0 1 5 3  and 2Rehab. 
R es. & D ev ., H in es V A  H osp ital, H in es, IL 6 0 1 4 1 .

O lfactory ensheath ing c e lls  (O E C s) are m acroglia  derived  from  the 
glom erular layer o f  the olfactory  bulb (O B ), and are resp on sib le  for 
ensh eath in g peripheral axon s that norm ally grow  into and form  
syn ap ses w ithin  the central nervous system . U sin g  exp ression  o f  the 
p75 lo w -a ffin ity  nerve grow th factor receptor in conjunction  w ith  
cell-p an n in g  or flu orescen ce  activated c e ll sorting (F A C S )  
techn iqu es, O EC s w ere separated from  other non-en sh eath in g ce ll-  
types found in the O B. W estern b lotting, im m u n oh istoch em istry  and 
reverse-transcription polym erase chain reaction (R T -PC R ) analysis  
w ere used to dem onstrate characteristics o f  O EC s inclu d in g their 
relative patterns o f  exp ression  for neurotrophin (N T ) receptors (p75, 
Trk A , B and C) at the protein and m R N A  leve l. A d ditional analysis  
is in progress to determ ine w hether this ce ll popu lation  secretes  
kn ow n  m em bers o f  the N T  grow th factor fam ily . Furtherm ore, these  
O EC s attach to and grow  along carbon m icrofibers coated  w ith  p oly-  
L -lysin e; detailed  ultrastructural analysis w ill be presented using  
scanning electron  photom icrographs. T h is O EC -carbon fiber m atrix 
w ill subsequently  be im planted into injured rat spinal cords to a ssess  
w h ether this com binatorial strategy provides a grow th -in d u cin g  
sca ffo ld  for regenerating axons. Supported by N IH  grant 
N S 2 8 2 3 8  (KJJ).
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804.7
Facilitation o f  Axonal Conduction Across Transected Rat Spinal Cord 
Follow ing Transplantation o f  O lfactory Ensheathing Cells or Schwann Cells 
T  Imaizumi, KL Lankford, JD Kocsis*. Dept, o f  N eurology, Yale Univ. Sch. 
o f  Med., N euroscience Res. Ctr., VAM C, W est Haven, CT 06516.
In order to assess the ability o f  transplanted olfactory ensheathing cells (OECs) 
and Schwann cells (SCs) to induce CNS axonal regeneration, we subjected adult 
female W istar rats to a complete dorsal colum n transection followed by 
transplantion at 3 x 104 neonatal OECs or adult SCs im m ediately caudal and 
rostral to the site o f  the lesion. Five to six weeks later, we recorded field 
potentials across the lesioned dorsal colum ns at successive 1 mm increments 
rostral to the lesion. Both OEC and SC transplants resulted in detectable axonal 
conduction for at least 12 mm beyond the lesion. Fiber volley amplitudes at 1 
mm beyond the lesion averaged 2.8 + 1.9% and 3.2 + 2.5%  o f those in the 
intact dorsal colum n for OEC and SC transplants, respectively, while fiber 
volleys were undetectable in the transected condition w ithout transplants. 
Conduction velocities o f  dorsal colum n axons in the OEC and SC transplanted 
conditions were 18 ± 8 m/s and 14 ±  9 m/s, respectively, com pared to 12 ± 2 
m/s for untransected controls. Frequency-response properties o f  regenerated 
axons were sim ilar to controls. Histological exam ination o f  the lesions showed 
several hundred axons exhibiting Schwann cell-like patterns o f  rem yelination 
immediately rostral to the lesion; the m ean axonal diam eter o f  these apparently 
regenerated axons was larger than those in the intact dorsal column. These 
results indicate that transplantation o f  either OECs or SC can facilitate axon 
regeneration and restoration o f  conduction across the transected dorsal column. 
Supported in part by the N1H, the VA and the NM SS.

804.9
SCHWANN CHLHS AS A THERAPEUTIC AGENT TO ENHANCE PERIPHERAL 
NERVE REGENERATION THROUGH AN INTERPOSITIONAL GRAFT. B. 
Strauch1. I. Faierman1. M. I½der1 & D.E.Weinstein23*. Depts. of Plastic 
Surgery1 Neuroscience: and Pathology ', The Albert Einstein College of Medicine, Bronx, 
NY, 10461.

Viable Schwann cells are a strict requirement for peripheral nerve regeneration: in
growing axons will proceed no farther than outer limit of Schwann cells in a regenerating 
nerve. Therefore. Schwann cells can be rate limiting in nerve regeneration. This is 

* particularly important in settings of massive nerve injury or in myelinopathies that fail to  
spare the targeted Schwann cells. One potential treatment for the loss of peripheral nerve over 
a defined region is the placement of an interpositional autologous venous graft anastomosed to  
the proximal and distal ends o f the affected nerve. We have previously demonstrated that this 
therapy has succeeded in bridging gaps up to 3 cm. however over longer distances this bridging 
technique is inadequate. In order to test whether Schwann cells will 1) foster axonogenesis 
over longer distances, and 2) will enhance the rate of regeneration, we undertook autologous 
Schwann cell transplantation into the venous conduits prior to anastomosis. The right 
peroneal nerve was harvested from adult male New’ Zealand White rabbits under sterile 
conditions, and the rabbits were allowed to recover for 3 weeks. Schwann cells were harvested 
from the myelinated nerve, by stripping the ectoneurieum, cutting the nerve into 5 mm 
sections and treating with collagcnase in DMEVI supplemented with antibiotics and 10% FCS 
for 3 hours at 3T C . Following collagenase treatment, the tissue was washed and digested with 
l'V trypsin for ten minutes, and was then triturated through graded needles, and the monolayer 
plated on laminin coated substrata. The cells were grown to confluence, depleted of fibroblasts 
by complement mediated cytolysis and passaged 3 times, with yields in excess of 10* cells. 
These cells were then transplanted into the contralateral peroneal nerve in a 3 cm 
interpositional autologous graft. The rate and degree of regeneration was assessed at time 
points beginning at one month post transplantation. We believe that the combined technique 
of autologous vein and Schwann cell grafts is a potential treatment for human nerve palsies and 
devastating nerve injury. Supported by a grant from the Inter. Spinal Res. Trust (To DEW) # 
STRO22

804.11
SPINAL MOTONEURONS REINNERVATE AVULSED SPINAL ROOTS AND 
THEIR TARGET MUSCLE VIA  AN IMPLANTED COLLAGEN TUBE IN ADULT 
RATS. S. Liu,’ A. Privat,3* N. Boisset,1 G. Saïd2 and M. Tadié1. ‘Lab. of 
Experimental Neurosurgery; 2Lab. of Neurobiology, Hospital of Bicêtre, 94275 Le 
Kremlin Bicêtre, France. 3INSERM U336, 34095 Montpellier, France.

A collagen tube was used to promote axonal regrowth from spinal cord to avulsed 
spinal roots in adult rats after brachial plexus injury. 54 rats (Sprague-Dawley, male, 
35Og-4OOg) underwent avulsions of right C5-C7 roots. In repair groups, the avulsed C6 
roots were bridged over 3 mm to the ventral horn at C6 level by an implanted nerve 
autograft (group C, n=l5) or a collagen tube containing (group B, rn=l5) or not (group 
A, n=l5) a nerve segment. In the control group (n=9), avulsed roots were unrepaired. 9 
months later, a normal silent electromyogram was observed in the denervated/repaired 
biceps of all repaired animals in contrast to that with denervation activity in control 
ones. When the implant was stimulated, muscle action potentials (MAP) were recorded 
from the biceps with a mean amplitude of 644.5 ± 67.0 µV in group A, 1161.3 ± 
378.3 µV in group B and 1015.2 ± 150.1 µV in group C. Motor evoked potentials 
(MEPs) were also obtained with an amplitude of 17.51 ± 12.03 µV, 27.83 ± 22.62 µV 
and 27.34 ± 15.82 µV in groups A, B and C respectively. HRP retrograde labelling 
from the muscle site showed that the labelled neurons were ipsilaterally located in the 
spinal ventral horn (58.88 ± 37.89 in group A, 78.38 ± 62.11 in group B and 97.25 ± 
56.23 in group C). In these animals, histological analysis evidenced numerous 
regenerating axons in the implant and new endplates in the biceps. Statistical analysis 
did not show significant differences among the three groups. As expected, no MAPs 
and very feeble MEPs (0.43 ± 0.96 µV), significantly different from repaired animals, 
were noted in the control group. These data indicate that a collagen tube can reconnect 
the CNS with PNS and enhance axonal regeneration, and at least when short gaps are 
present, it appears to act as effectively as a nerve autograft. (Supported by Institut pom- 
la Recherche sur la Moelle Epinière (IRME) and Fondation de F Avenir, France.)

804.8
SUCCESFUL IMPLANTATION OF TANYCYTES IN THE LESIONED ADULT 
RAT SPINAL CORD. D.A. Houweline'. M. Prieto2. P.R. Bar', E.A.J. Joosten1 and 
G. Alonso2. (SPON: A.B.A. Rroese*). 'Laboratory for Experimental Neurology, 
Rudolf Magnus Institute for Neurosciences, Utrecht University, P.O.Box 85500, 
3508 GA, Utrecht, The Netherlands. 2INSERM U336, University of Montpellier II, 
34095 Montpellier, France.

Tanycytes are a special population o f astroglial cells, located in the median emi
nence, which are characterized by various morphological and biochemical features 
of immature astrocytes. In vivo tanycytes support regeneration o f axotomized hypo
thalamic neurons and in vitro it was shown that aged tanycytes promote survival and 
neurite outgrowth of various populations of neurons, including cortical neurons. 
Thus, it appears that tanycytes form a permissive substrate for axonal regeneration 
and therefore are a promising candidate for transplantation into the lesioned spinal 
cord. Unfortunately, tanycytes are very sensitive to oxidative stress and, until now, 
have not survived transplantation into the lesioned spinal cord. In this study we 
investigated whether protection against oxidative stress before implantation could 
improve the survival of cultured tanycytes after implantation in the lesioned spinal 
cord. Four days before transplantation cultured tanycytes were treated with vitamin 
C and E. At the day of transplantation the tanycytes were trypsinized and dissolved 
in rat-tail collagen type I. The tanycytes were implanted in spinal cord injured adult 
rats (Sprague Dawley). Four weeks after implantation, the animals were perfused 
and survival of tanycytes was evaluated. We found that a substantial number of 
tanycytes survived transplantation into the lesioned adult rat spinal cord up till four 
weeks after implantation. However, preliminary results indicate that the transplanted 
tanycytes were unable to stimulate axonal regeneration into the graft.

Sponsored by a BIOMED-II grant of the European Community and a travel grant 
of the Netherlands Organization for Scientific Research (NWO).

804.10
HEPARIN-BINDING PEPTIDES ENHANCE NEURITE EXTENSION THROUGH 
FIBRIN GELS. S.E. Sakiyama* and J.A. Hubbell. Department of Materials and 
Institute for Biomedical Engineering, ETH-Zürich and University of Zürich, CH-8044 
Zürich, Switzerland.

Heparin-binding regions of several proteins, such as neural cell adhesion molecule, 
fibronectin, laminin, midkine, and anti-thrombin III have been shown to promote 
neurite extension on two-dimensional surfaces. The effect of heparin-binding peptides 
on neurite extension through three-dimensional fibrin matrices was investigated by 
culturing embryonic chick dorsal root ganglia (DRG) within fibrin gels containing 
chemically attached heparin-binding peptide (HBP). The length of neurites within 
fibrin gels containing cross-linked HBP was increased by more than 70% over 
extension through fibrin gels containing no peptide. The HBP sequence of 
antithrombin III was incoiporated into the fibrin gel as the C-terminal domain of a 
bidomain, chimeric peptide; the N-terminal second domain of this peptide contained 
the α2-plasmin inhibitor substrate for Factor XHIa. Factor XHIa, a 
transglutaminase, was used to chemically attach the HBP-containing chimeric peptide 
to the fibrin gels during polymerization. The amount of HBP cross-linked into the 
fibrin gels was determined, after degradation by plasmin using gel permeation 
chromatography, to be approximately 8 moles of peptide per mole fibrinogen. A 
peptide (HBF), where the cross-linking glutamine was replaced with glycine, showed 
no increase in extension in comparison with fibrin gels, suggesting that our washing 
protocol was sufficient to remove free peptide. The addition of heparin to the gel 
precursors resulted in no increase in neurite extension in comparison with fibrin gels. 
These results suggest that HBPs promote neurite extension by binding to cell surface 
proteoglycans on the DRG.

Funding for this work was provided by the ETH-Zürich and University of Zürich.

804.12
D ESIGN IN G A  B IO SYN TH ETIC  3D BR ID G E FOR SEVER ED  N ERVE GAPS. X.J. 
Yu, G.P. Dillon, M.D. Tran and R.V. B e llam konda*. Biom aterials, Cell and Tissue 
Engineering Laboratory, D epartm ent o f B iom edical Engineering, Case W estern 
Reserve University, Cleveland OH 44106-7207.

W e have designed an ECM and growth facto r rich 3D bridge to aid regeneration 
across peripheral and central nerve gaps. The design criteria address two m ajor 
hurdles to regeneration. First, the bridge stim u lates neurite extension across the 
length o f the bridge m aterial. Second, the bridge potentia lly encourages neurite 
extension across the proxim al and distal interfaces o f the transplanted bridge and 
host nerve. N ew .bridge m ateria ls are necessary as peripheral nerve and Schwann 
cell transplants face hurdle o f insuffic ient g ra ft m ateria l or require long culture 
periods prior to transplantation.

W e have designed an in vitro m odel w ith gel interfaces o f varying physical, 
chem ical and charge characteristics to  probe the rules governing neurite extension 
from  peripheral and central neurons across 3D interfaces. O ur prelim inary results 
indicate that m ism atches o f physical or charge properties im pede neurite extension.

In order to influence E9 chick DRG neurite extension across interfaces, a lipid 
based drug delivery system  capable  o f generating neurotrophic factor gradients 
w ithout physically obstructing neurite extension w as designed. Lipid m icrocylinders 
loaded w ith nerve growth facto r and locally em bedded in agarose hydrogels resulted 
in trophic facto r gradients that attracted directional neurite extension. In addition, 
lam inin (LN) w as covalently coupled to the agarose backbone and stimulated 
enhanced neurite extension from  E9 DRGs and PC12 cells. The specificity of ge l
cell interaction w as probed via com petitive  binding assays with the LN peptide 
Y IGSR, and ßi integrin antibody. A ddition o f Y IG SR  and ßi integrin antibody to 
culture m edium  significantly decreased LN stim u lated neurite extension.

Agarose gels can be used as tem plates for the presentation of neuro-stim ulatory 
adhesion proteins to the site o f nerve injury. In addition, gels can be em bedded with 
trophic factor laden lipid m icrocylinders to generate  diffusion gradients that may aid 
neurite extension across otherw ise non-perm issive interfaces. These results have 
significant im plications for the design o f b iosynthetic bridges to elicit regeneration 
across transected nerve gaps. (Support: the Lindseth Endow m ent, BME, CW RU)
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804.13
A S T E R E O L O G IC A L  S T U D Y  O F  A X O N S  IN P E R IP H E R A L  N E R V E  W IT H  
L O N G -T E R M  N E R V E  C U F F  E L E C T R O D E  IM P L A N T S .

M. H a u q la n d 1*, J .O . L a rs e n 1,2,3. M. T h o m s e n 1, H. B a r le b o 2, T . S in k iæ r1 and

K. N ie lsen
1Center for Sensory-Motor Interaction, Aalborg University, institute of Pathology, Aalborg 
Hospital, and 3Stereological Research Laboratory, University of Aarhus, Denmark.

Im planted nerve  c u ff e le c tro d e s  a re  used to record  and s tim u la te  neura l activ ity  fo r 
both bas ic  ne u ro p h ys io lo g ica l resea rch  stud ies, and  fo r  c lin ica l pu rposes. T he  la tte r 
include the  re s to ra tion  o f bas ic  m o to r fu n c tio n s  by Functiona l E lectrica l S tim u la tion  
(FES) in upp e r m o to r neu ron  les ioned  peop le  A d d itiona lly , nerve  cu ffs  have  proven  
useful fo r p re ven ting  a d h e ra tio n  o f the  nerve  to su rround ing  sca r tissu e  fo llow ing  
soft tissue  in jury. Im p lan ted  nerve  c u ff e le c tro d e s  fo rm  stab le  e lec trica l neura l 
interfaces, bu t m ay in flic t ne rve  dam age. C once ivab ly , axona l dam age  can  be 
inflicted by the  su rg ica l m a n ip u la tio n  o f the  nerve  during  the  im p lan ta tion  p rocedu re  
or by the  nerve  c u ff itse lf. In the  p resen t s tudy  w e  have  used  unb iased  s te reo log ica l 
techniques (see  J.O . Larsen . "S te reo log ica l e s tim a to rs  o f 2D  fe a tu re s  e xem p lified  
by ana lyses o f nerve  c ro ss  se c tio n s ” , th is  m eeting) to  q u a n tify  the  m o rpho log ica l 
changes in rabb it tib ia l nerves  im p lan ted  w ith  nerve  c u ff e lec trode  ju s t be low  the 
knee jo in t. N e rves w ere  sub jec ted  to  e ith e r im p lan ts  o r to  sham  su rg ica l p rocedures. 
The a n a lyses  w e re  ca rried  o u t tw o  w e e ks  and s ix teen  m onths post-su rge ry . 
M yelinated axo n s  w e re  coun ted  and m easu red  at s tanda rd ized  leve ls  prox im a l to, 
underneath, and  d is ta l to  the  cu ff; unm ye lin a te d  axo n s  on ly  u n de rnea th  the  cu ff. A  
27 % loss o f m ye lin a te d  axo n s  w a s  fo und  u n de rnea th  and d is ta l to  the  nerve  cu ff 
two w eeks  a fte r surgery. S ix teen  m on ths  a fte r su rg e ry  no cha n g e s  w ere  fo und  in 
m yelinated a xon  n u m b e r at any  o f the  leve ls. E xcep t fo r  p resence  o f sm all sp rou ting  
axons tw o  w e e ks  p o s t-su rge ry , no d iffe re n ce s  in n u m ber or s izes o f unm ye lina ted  
axons w e re  obse rve d  at e ithe r tw o  w e e ks  or s ix teen  m on ths  a fte r surgery. O u r s tudy 
dem onstra tes th a t im p la n te d  c u ff e le c tro d e s  m ay cause  an in itia l loss o f m ye lina ted  
axons fo llo w e d  by a nea r co m p le te  res to ra tive  regenera tion .
Supported by The Danish Research Council and The Danish National Research Foundation.

NEUROGLIA AND MYELIN V 

805.2805.1

A N E W  M IC R O G L IA L  M A R K E R  M R F-1 D E T E C T S B O TH  
R A M IFIE D /R E ST IN G  A N D  A M E B O ID /A C T IV A T E D  M IC R O G LIA  
IN V IV O  A N D  IN V IT R O . S . T a n a k a .* l M . W atanahe.2 A . M atsu d aß  
and T. K o ik e .̂ ^M ol. N eu rob io l. Lab., Grad. Prog, in B io l. S c i . ,¾ e p t .  
o f A n a t.,^ D ep t. o f  O phthalm ol, Fac. o f  M ed ., H okkaid o U n iv ., Sapporo  
0 6 0 -0 8 1 0 , Japan.

W e have iso la ted  a new  m icroglia l g en e , m rf-1, w h ich  is  up-regulated  
in m icroglia  in resp onse to granule ce ll death on cerebellar culture  
(Tanaka et al., 1998). B y  Northern b lots, the transcript w as up-regulated  
in normal-K-F cerebellar culture at 4  D IV , peaked at 6  D IV , and 
decreased at 7  D IV , on w h ich  granule c e lls  d ied. U p -regulation  w as a lso  
found w h en  the ap op tosis o f  granule c e lls  w as induced by rep lacing high- 
K+ m ed iu m  w ith  normal-K-F m ed ium . B y im m u n ocytoch em istry , M RF- 
1 was detected  at 5  D IV  in O X -4 2  p o sitiv e  c e lls  (m icro g lia ), and 
exhibited an increase in resp on se to granule ce ll death. M R F-1 lev e ls  in 
m icroglia  purified  from  cerebral cortex  a lso  up-regulated in the presen ce  
of 5 -D IV  granule c e lls . In the d ev e lo p in g  cereb ellu m  in v iv o , lev e ls  o f  
mrf-1 m R N A  transiently increased  in the early postnatal stages, reaching  
a peak at P 7 w h en  cerebellar neurons and astrocytes undergo ex ten siv e  
apoptosis. In v iv o  nervous sy stem s o f  adult rat, nerve d issectio n  o f  
hypoglossal m otor n erves or optic  nerves prom inently  increased  the 
expression in activated  m icrog lia  surrounding injured neurons on  
h yp oglossal n u cleu s or retina, resp ective ly . M oreover, in norm al adult 
rat brain, the distribution o f  c e lls  ex p ressin g  M R F-1 and their 
m orp hology w ere exam in ed  by im m u n oh istoch em istry . M RF-1 w as  
detected in the perikarya and p ro cesses  o f  ram ified /restin g  m icrog lia  in  
various brain region . T h ese  data ind icate  that M RF-1 is  an usefu l tool to  
identify all typ es o f  m icrog lia  in v iv o  and in vitro.

805.3

MORPHOLOGICAL PROPERTIES OF MICROGLIA IN RAT 
CNS : AN IMMUNOHISTOCHEMICAL STUDY USING  
ANTI-THYMOSIN BETA ANTIBODY. K.Tohvama»¾*. T. 
Morita± K. SanoP. H. CateaiU> and T. Hashikawa2). ^Center 
for EM & Bio-Imaging Res./ Dept. Cell Biol. & Neuroanatomy, 
Iwate Medical Univ School of Medicine, Morioka, 020-8505, 
Japan, ^Laboratory for Neural Architecture and ^Laboratory 
for Neural Modeling, Brain Science Institute, RIKEN, Wako, 
351-0198, Japan.

To understand the morphological properties of microglia 
in mammalian CNS, we examined rat spinal cord, cerebral 
hemisphere and cerebellum by immunocytochemical 
technique with anti-thymosin beta antibody (TB: 
Yamamoto,M et al.Develop.Brain Res.,79:177-185,1994).
To count the number of micloglial cells, we used double 
staining method, combination of imunostaining by TB and 
propidium iodide staining for nuclei. With Nikon RCM8000 
confbcal scanning laser microscope, more than 100 serial- 
plane-digital images were obtained and analyzed by 3-D 
image analyzing software, VoxBlast™. Microglial cells 
exhibited homogeneous distribution pattern in normal rat 
CNS. This pattern was found in all area examined. The 
nearest neighbor distance showed 44 .6± 5 .3  um in average.

Our findings, ubiquitous distribution of microglial cells in 
normal mammalian CNS, suggest that microglia should play 
a fundamental role even in normal physiological condition., 
in addition to their role in pathological circumstances.

H E M O CH RO M A TO SIS PR O TEIN  HFE EX PR ES SIO N  IN H U M A N  
AND RA T BRAINS: GLIA L SPECIFIC ITY . P. C h eep su n th o rn 1 *. M . J. 

Chornev 2 and J. R. C onnor *. G eorge M  L eader Fam ily L aboratory 
Dept, o f N euroscience & Anatom y Dept, o f  M icrobio logy and 
Im m unology2,Penn State U niversity , C ollege o f M edicine, H ershey, PA 
17033.

Hereditary H em ochrom atosis (HH ) is an autosom al recessive 
d isorder o f iron m etabolism  characterized  by m assive iron accum ulation  
in parenchym al cells o f  many organ system s. H F E  can com plex  with 
transferrin  receptor(T fR ) and subsequently  decrease the b ind ing  affinity  
o f transferrin , whereas the m utated form s o f H FE have no com parable 
effect. Thus, a role for the HFE protein in iron uptake is suggested. W e 
exam ined, by im m unohistochem istry , the distribution  o f H F E  protein in 
hum an brain tissue from  A lzheim er's D iseased (AD ) individuals and in 
rats. Rats received either a system ic injection o f the porphyrin precursor 
ALA or were exposed to hypoxic/ ischem ic (H /I) insult at post natal day 
7. In AD  brain, HFE was localized to reactive m icroglia and was 
particularly  robust around neuritic plaques. No H F E  was seen in the 
norm al rat brain nor in brain follow ing H/I. H ow ever, 4 weeks after 
ALA injection, we observed an increased HFE im m unoreaction  in 
o ligodendrocytes within white m atter tracts around the lateral ventricles. 
Saline injected control anim als did not stain for HFE. N either the 
o ligodendrocytes in rat nor the m icroglia in A D  brains expressed  
transferrin  receptors. These data indicate that H FE protein can be 
expressed in brain independent o f  TfR  and that HFE positive cell types 
d iffer betw een hum an and rats. S upported by N S 2267 l

805.4
U P-REGU LATIO N O F  M ICRO GLIAL RESPO N SE FACTOR-1 (M RF-1) IN 
RESPON SE TO  NERV E INJURY. W.H.A. Y u *. Dept, o f Cell Biology & 
Anatomical Sciences, City Univ. of New York Med. Sch., New York, NY 10031.

MRF-1 is a newly cloned gene found to be up-regulated in microglia during 
development concurrent with programmed neuronal cell death (Tanaka et al., 
Neurosci. Abstr. 23:1988, 1997). Microglia likely express M RF-1 throughout life 
since ramified/resting microglia in adult rat brain were specifically stained by 
antiserum  raised against recombinant M RF-1 protein (ibid.). In order to gain 
further insight into the function of M RF-1, this study examined whether MRF-1 
expression in microglia of adult animals could be altered following either traumatic 
peripheral nerve injury with o r without ensuing neuronal cell death, or transient 
blockage o f axonal transport w ithout W allerian degeneration. The hypoglossal 
nerve of adult rats was unilaterally avulsed, crushed, or exposed to vinblastine for 
20 min. For controls, the nerve was either exposed to saline o r undisturbed. The 
animals were transcardially perfused with aldehyde fixative at selected post-operative 
(PO) intervals. Frozen sections of the lower medulla were incubated with anti- 
MRF-1 antiserum , and reacted with ABC reagents conjugated with peroxidase, in 
all three experimental groups, M RF-1 immunoreactivity (IR ) was significantly up- 
regulated in the ipsilateral hypoglossal nucleus relative to the contralateral, intact 
side, with marked hypertrophy and hyperplasia of M R F -l-IR  cells. A  transient side- 
to-side difference in MRF-1 IR o f less magnitude was also observed in saline-treated 
control. MRF-1 IR reduced to  the level indistinguishable from the contralateral, 
intact side 3 wks PO in the nerve crushed, or vinblastine-treated group, coincident 
with target muscles reinnervation or resum ption o f axonal transport. In the nerve 
avulsed group, MRF-1 IR was reduced considerably 10 wks PO, but rem ained higher 
than the contralateral, intact side. These data suggest that regulation of MRF-1 
expression in microglia is highly sensitive to  changes in neuronal activities, and the 
induction o f MRF-1 may not be directly related to phagocytotic activity o f microglia. 
Supported by PSC-CUNY Research Award #668265.
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805.5
E X P R E S S IO N  AN D A C T IV IT Y  O F  T H E  P R O S T A G L A N D IN  E 
R E C E P T O R  S U B T Y P E S  IN  C U L T U R E D  R A T  M IC R O G L IA  AND 
T H E IR  R O L E  IN  R E D U C IN G  L IP O P O L Y S A C C H A R ID E -IN D U C E D  
I L - lß  P R O D U C T IO N . A.O. Caggiano* & R.P. K raig. Dept, o f  Neurology, 
Univ. O f  Chicago, Chicago, IL 60637.

Inflam m ation in brain is characterized by m icroglial activation and enhanced 
production o f  d iffusible inflam m atory m ediators including prostaglandins. 
P rostaglandin E2 (P G E 2) has both inflam m atory and anti-inflam m atory  func
tions in the CNS and has been convincingly shown to reduce m icroglial activa
tion. The receptor and cell signaling m echanism s o f  this effect are unknown.

This report investigates the P rostaglandin E receptor subtypes expression and 
functions in cultured rat m icroglia. R T-PC R dem onstrated the presence o f  the 
EP1 and EP2, but not EP3 and EP4 receptor subtypes. The EP1 specific 
agonist 17-phenyl trinor PG E2, but not the EP3 agonist sulprostone, elicited a 
reversible C a2+ response in m icroglia as m easured by Fura-2. The EP2 specific 
agonists 11-deoxy PGE, and 19-hydroxy PG E2, but not the EP4 agonist 1-OH 
PG E,, were able to induce dose-dependent cA M P production. PG E2 and the 
EP2 agonists reduced lipopolysaccharide induced IL -1 ß production. The 
adenylyl cyclase stim ulant forskolin and the cA M P analog dibutyryl cAM P 
also reduced IL -lß  production.

These results dem onstrate that the inhibitory effects o f  PG E2 upon m icroglia 
are m ediated through the EP2 receptor subtype and that this signal is likely 
transm itted  through cAM P production. U nderstanding  the receptor subtypes 
responsible for prostanoid activity  on m icroglia m ay perm it the exploitation o f 
the an ti-inflam m atory  properties o f  these com pounds w hile avoid ing  their other 
dam aging effects. (Supported by NS 19108)

805.7
MICROGLIAL AND MACROPHAGE PROLIFERATION INDUCED BY 
FELINE IMMUNODEFICIENCY VIRUS (FIV) CORRELATES WITH THE 
DEVELOPMENT OF NEUROTOXICITY
D .C  Bragg* and R. Meeker. Dept, of Neurology and Curriculum in 
Neurobiology, Univ. of North Carolina, Chapel Hill, NC 27599 
Previous studies indicate that the severity of HI V -l-related neurologic disease is 
closely correlated with microglia and macrophage burden within the CNS. 
However, it is unclear whether this correlation reflects proliferation of intrinsic 
microglia or the migration of peripheral monocytes/macrophages across the 
blood-brain and blood-CSF barriers. In the present study we examined the 
effects o f a related lentivirus, the feline immunodeficiency virus (FIV) on 
resident microglia and choroid plexus macrophages. Primary cultures were 
inoculated with FIV, labeled every three days with Dil-Ac-LDL and counted. 
Microglia in inoculated cultures accumulated at an average rate of 43.2% per 
day, whereas unstimulated control cultures showed only small increases over 
time (8.3%/day). Microglial proliferation was further verified by uptake of 
BrDU. FIV also produced a significant, though less rapid, accumulation of 
choroid plexus macrophages (8%/day vs. 4%/day in controls). There was a 
close correlation between microglia (r=0.97) and macrophage (r=0.98) 
proliferation and neurotoxicity, as determined by neuronal swelling and dead 
cell nuclei labeled with ethidium homodimer. Conditioned medium from 
inoculated cultures facilitated a gradual, toxic accumulation of intracellular Ca2+ 
in neural cultures, suggesting that soluble factors may produce these effects. 
This toxicity closely resembled the effects produced by factors in FIV(+) and 
HIV(+) CSF. In summary, the data indicates that exposure to lentiviruses 
produces a significant expansion of both intrinsic microglia and choroid plexus 
macrophages that may contribute to AIDS-related CNS disease.
Supported by Grant NS 33408.

805.9
BERBAM1NE INHIBITS A SWELLING-INDUCED ANION CONDUCTANCE 
INCREASE IN CULTURED RAT ASTROCYTES. G.Z. Li1* and J. E. Olson12. 
1Dept. of Emergency Medicine, 2Dept. of Physiology and Biophysics, Wright 
State University School of Medicine, 3525 Southern Blvd., Kettering, Ohio 45429.

Berbamine (BA) is a bis-benzylisoquinoline alkaloid extracted from Chinese 
medicinal herbs. BA is an antìarrhythmic, protects cardiac tissue from ische- 
mia/reperfusion injury and reduces brain swelling following global ischemia. 
Some results suggest BA alters calcium transport across the cell membrane and 
antagonizes calcium/calmodulin-dependent processes. Cultured astrocytes 
swollen in hypoosmotic medium activate an anion conductance pathway over 3-6 
min which is sensitive to niflumic acid (Glia, 20:254-261,1997) and nimodipine 
(Neurosci Abstr. 23:1463,1997). To further study the mechanism of BA, we 
examined its effects on this hypoosmotic-induced anion conductance. Astrocytes 
were analyzed with patch clamp techniques using 100 mM CsCI, 80 mM sucrose, 
1 mM CaCI2, 10 mM HEPES, and 1 mM MgS04 in both electrode and perfusion 
solutions. The electrode solution also contained 3 mM ATP and 1 mM EGTA. 
When cells were held at -60 mV, the inward current was 1.47 pA/pF (n=14). 
Slope conductance was determined from four 100 msec voltage steps between 
-100 mV and -40 mV. Reducing the extracellular osmolality to 200 mOsm by 
removing sucrose increased the slope conductance to 510±151% (mean±SEM) 
of the initial value within 10-15 min (p<0.05, n=12). Adding 0.1 mM nimodipine or 
0.1 mM BA to the hypoosmotic solution completely inhibited the conductance in
crease (95±14% or 91 ±14% of the initial value, respectively). If 0.1 mM BA was 
added after the conductance had increased in 200 mOsm medium, no conduc
tance change was observed (321 ±88% of the initial value before BA, 262±101% 
of the initial value after BA, n=9). Thus, the astrocyte anion conductance in
crease in hypoosmotic conditions is dependent on calcium influx via L-type chan
nels. BA may inhibit this calcium flux or interfere with calcium-dependent 
processes critical for the conductance increase. Supported by Kettering Medical 
Center (GZL) and a Wright State University Basic Research Seed Grant (JEO).

805.6
EFFECT OF LIPOSOME-MEDIATED MACROPHAGE DEPLETION ON 
SCHWANN CELL PROLIFERATION DURING WALLERIAN DEGENERATION.
A. KUBOTA1. A. KOMIYAMA2*, K. SUZUKI1. 'Dept, of Pathology and Laboratory 
Medicine & Neuroscience Center, Univ. of North Carolina at Chapel Hill, Chapel Hill, 
NC 27599; 2Dept. of Neurology, Yokohama City Univ., Yokohama 232, Japan.

The role o f macrophages for Schwann cell proliferation during Wallerian 
degeneration is not yet well clarified. Using the in  v i t r o  system, we investigated 
the rate o f Schwann cell proliferation in macrophage depleted mice during 
Wallerian degeneration. The use o f the in  v i t r o  system is based on previous 
observations indicating that the mitotic rate of Schwann cells for the first 24h 
reflects the state o f in  v i v o  proliferation at the time o f Schwann cell dissociation (J 
Neurocytol 18:185, 1989; Brain Res 563:345, 1991). M acrophage depletion was 
carried out by intravenous injection o f dichloromethylene diphosphonate 
(CEMDP) -containing liposomes, using two-month-old C57BL/6J mice every 
other day. As control, physiological saline was injected. Schwann cells were 
isolated from the transected nerves for in  v i t r o  thymidine autoradiography studies 
at days 1, 2, 3, 5 and 7 post-transection. To assess macrophage depletion, Mac-1 
positive cells within the nerves and on coverslips in  v i t r o  were counted. 
Throughout the course, the number o f Mac-1 positive cells in macrophage 
depleted mice was much lower than that in control mice both in  v i v o  and in  v i t r o .  

The pattern o f Schwann cell proliferation was similar in both macrophage-depleted 
mice and the controls, although the proliferation was slightly suppressed in the 
former especially before the day 3 post-transection. These inconclusive results 
may suggest that the presence o f macrophages, even small numbers, may be 
enough to stimulate Schwann cell proliferation. Alternatively, the stimulus by 
macrophages may be only one of many factors stimulating Schwann cell 
proliferation. (Supported by USPHS grant NS24453)

805.8
TH RO M B IN -IN D U C ED  CA LCIUM  SIG N A LIN G  A N D  NITR IC  OX IDE 
GEN ER A TIO N  IN CU LTU RED  RA T M IC R O G LIA L CELLS
T. M öller* and B. R. Ransom . Dept, o f  Neurology, Univ. o f  W ashington, 
Seattle, W A 98122, USA.

M icroglial cells are the intrinsic im m unocom petent cells o f  the central 
nervous system. Upon brain dam age these cells get rapidly activated and 
transform  from a resting state into activated m icroglia. It is widely believed 
that substances released from dam aged cells w ithin the brain trigger this 
process and consequently lead to the long-term  changes o f  m icroglial gene 
expression and reorganization o f  the cell phenotype. Recent reports 
dem onstrated that cultured m icroglial cells as well as m icroglia in acute 
brain slices express several receptors linked to cytoplasm ic C a2+ elevations.

Here we dem onstrate by using fluorim etric calcium  im aging techniques, 
that throm bin, known as a blood coagulation factor, induces [Ca2+]i signals 
in cultured rat m icroglial cells. The signals persist in Ca2+ free m edium  and 
are blocked by thapsigragin, therefore resem bling a release from internal 
stores. Preincuabtion with pertussistoxin does not block the generation o f 
the throm bin induced C a2+ signal.

In addition the production o f  nitric oxide (N O ) after throm bin stimulation 
was m easured using the spectrom etric Griess reaction. Tw enty-four, 48 and 
72 hours after throm bin treatm ent significant increases in N O  production 
were observed. From our findings we conclude that throm bin receptors on 
m icroglia m ight be a pathw ay for m icroglia activation during vascular 
dam age in the CNS.

Supported by the Deutsche Forschungsgem einschaft: M o 796/1-1 and the 
N IH  grant NS 15589.

805.10
CELLULAR TAURINE DISTRIBUTION IN OSMOTICALLY SWOLLEN RAT 
HIPPOCAMPUS. J,E. Olson1 C A  Tavlor3. N.R. Kreisman4. and Y. Liu1. ’Dept 
Emerg Med, 2Dept Physiol and Biophysics, 3Dept Anatomy, Wright State Univ Sch 
Med, Dayton, OH and 4Dept of Physiol, Tulane Univ Sch Med, New Orleans, LA.

Taurine is transported from Purkinje cells into perineuronal glial cells during 
hypoosmotic swelling and is lost first from pyramidal cells during hypoxia/ische- 
mia, suggesting in situ cellular redistribution. We hypoosmotically treated hippo
campal slices to examine cell-specific taurine efflux. Slices were incubated at 
23°C for 2-3 hr in 290 mOsm saline (ISO) or in ISO with 1 mM taurine. Slices 
then were superfused at 35°C with: a) ISO for 30 min, b) ISO without taurine for 
30 min, and c) 200 mOsm hypoosmotic saline (HYPO) for 90 min. Slices were 
fixed in 1.25% paraformaldehyde plus 2.5% glutaraldehyde in 80 mM Na2HP04 
(pH=7.4) at the end of ISO exposure or at 15 min or 90 min after the start of 
HYPO exposure. CA1 tissue blocks were osmicated, embedded, cut into 1 µm- 
sections, and stained with toluidine blue or probed for taurine-like immunoreactiv- 
ity (T-LI). Diameters of pyramidal cells with visible nucleoli were measured in 
toluidine blue-stained sections. Slices in ISO showed diffuse T-LI with distinct 
perineuronal staining. Pyramidal cell bodies in taurine-treated slices had in
creased T-LI. After 15 min HYPO, T-LI in neurons was diminished while 
perineuronal T-LI remained conspicuous. All slices showed reduced T-LI in py
ramidal cell bodies and perineuronal areas after 90 min HYPO. Pyramidal cells 
had similar diameters in ISO regardless of treatment group (10.8t0.3 µm; N=
56). After 15 min HYPO, cell diameters were unchanged in taurine-treated slices 
(11.8±O.6 µm) but increased to I4.4±O.4 µm in untreated slices (p<0.05). After 
90 min HYPO, neuronal diameters from taurine-treated and untreated slices 
were similar (I3.6±O.4 µm and I3.9±O.4 µm, respectively). The data suggest 
that taurine is initially lost from pyramidal cells in HYPO to maintain normal cell 
volume while taurine efflux from glia occurs over a longer time course. Sup
ported by Wright State University Basic Research Seed Grant (JEO) and 
American Heart Association, Louisiana Affiliate (NRK).
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805.11
INTRACELLULAR Ca2+ AND CALMODULIN ARE INVOLVED IN HIGH 
K+-INDUCED ASTROCYTIC SWELLING AND AMINO ACID RELEASE.
A. A. M onεin1,3*. Z. Cai2,3 and H.K. Kimelberg1-2,3 'Div. of Neurosurgery, 2Dept. of 
Pliannacology and Neuroscience, 3Neuroscience and Neuropharmacology Research 
Group, Albany Medical College, Albany, NY 12208.

Prominent astrocytic swelling and swelling-induced release of excitatory amino 
acids may be an important source of brain damage in cytotoxic (cellular) edema (H.K. 
Kimelberg, J. Neurosur., 83:1051, 1995). In the present study we investigated intra
cellular mechanisms involved in swelling and cell volume-dependent [¾]taurine and 
D-[3H]aspartate release from primary cultured astrocytes under conditions of high 
external K+ (isoosmotically elevated to 100 mM by replacement of Na+).

Ca2+-free media containing 50 µM EGTA or Ca2+-containing media plus the putative 
calcium cliannel inliibitors 500 µM Co2+ and 50 µM verapamil did not affect either 
cell swelling or swelling-induced [3H]taurine and D-[3H]aspartate release under high 
K+ conditions. However, the superfusion of cells with the membrane-permeant Ca2+ 
chelator BAPTA-AM (10 µM, 30 min) inhibited taurine and aspartate release by 60- 
80%. A similar effect was observed when cells were treated with the calmodulin 
inhibitor trifluoperazine (TFP). The action of TFP was dose-dependent (IC50 = 10 
µM) and reversible. TFP also potently inhibited high K+-evoked astrocytic swelling 
measured by an impedance method. Unlike high K+-induced amino acid release, TFP 
did not prevent hypoosmotically-induced taurine and aspartate efflux. These data 
indicate involvement of a Ca27calmodulin-dependent step in KC1 accumulation 
and/or volume-dependent amino acid release under high K+ conditions.

This study was supported by NIH grant (NS 35205) to HKK and Fogarty Center 
International Research Fellowship Award (1 F05 TW05329) to AAM.

805.13
SPREADING DEPRESSION INDUCES TOLERANCE TO EXCITOTOXIC 
INJURY IN HIPPOCAMPAL ORGAN CULTURES. R.P. Kraig* & P.E. Kunkler, 
Department o f Neurology, University o f Chicago, Chicago, IL 60637.

Spreading depression (SD) worsens or lessens injury from ischemia if it occurs <1 
day or >1 day respectively, before the reduction in flow. Mechanisms responsible 
these affects are unknown. We are using hippocampal organ culture (HOTCs) to 
define the cellular and molecular bases by which SD can modulate ischemic injury.

HOTCs were prepared on Millipore platforms as previously described (1). SD was 
induced (7/hr x 2 hrs) by transient exposure of HOTCs to a modified Ringer’s solution 
(NaCl replaced with sodium acetate) and a single bipolar electrical stimulus in the 
dentate gyrus as previously described (2). SD was confirmed by monitoring interstitial 
DC potential changes in the pyramidal cell layer. HOTCs were returned to an 
incubator for 3 days after SD and then processed for evidence of reactive astrocytosis 
using GFAP immunostaining. 2 hrs of SD produced dramatic evidence of gliosis along 
the pyramidal cell layer. Other HOTCs were used to test whether SD could modify the 
degree of CAI area excitotoxicity from exposure to 10 µM NMDA (1). After SD and 3 
days of recovery from SD, HOTCs were exposed to NMDA for 30 min (25 °C) and 
then returned to the incubator for 24 hrs. Cell death was then assessed by fluorescent 
staining with Sytox (Molecular Probes) and quantified using digital imaging strategies. 
SD (n=7) was associated with a significant (P=0.006), 47% reduction in excitotoxic 
injury compared to HOTCs exposed to NMDA alone (n=4) consistent with that seen in  

v iv o  (3). Injury was further confirmed via neutral red staining of HOTCs sectioned at 
30 µm. Thus SD-induced gliosis & tolerance, which require days to develop, can now 
be studied for the first time in  v i t r o .  This means that the experimental advantages of 
easy access and microenvironmental control of in  v i t r o  preparations can be applied to 
answer 'mechanis-tic’ questions at the cellular and molecular level of slowly 
developing effects of SD-related events that occur within tissues. (1) Kunkler and 
Kraig, JCBF & Met 17:26, 1997; (2) Kunkler and Kraig, J Neuroscience 18:3416,
1998. (3) Kobayashi et al, JCBF & Met 15:721, 1995. (Supported by NS-19108.)

805.15

E F F E C T  O F  A M M O N I A  O N  IN T R A C E L L U L A R  p H  IN  
C U L T U R E D  A S T R O C Y T E S  A N D  E N D O T H E L IA L  C E L L S  M .D . 
Norenberg. A  S. Bender* and M. V a sta g . Lab N europath , V A  M ed Ctr &  
D ept o f  P athology, U n iv  o f  M iam i Schl o f  M ed, M iam i, FL 33101  

Am m onia is a putative toxin  in hepatic encephalopathy, a syndrom e that 
occurs as a com plication o f  severe liver failure. A strocytes appear to be the 
target o f  am m onia toxicity , although the m echanism  o f  its tox icity  is not 
well understood. S ince am m onia is kn ow n  to  affect intracellular pH  (pH ), 
and since changes in pH are know n to affect cell function, w e  exam ined the 
e ffe c ts  o f  am m onia on  pH  in cultured astrocytes. T he pH  w a s assessed  
fluorom etrically using the p H -sen sitive indicator, B C E C F. In contrast to  
the exp ected  alkalinization, lo w  concentration s o f  N H 4C1 caused  
intracellular acid ification . From  a baseline o f  7 .2 , pH  w a s reduced to  7 .0 -  
6 .2 5  w ith 1 0 0 -1 0 0 0  µM  N H 4C1; at 2 and 5 m M , pH  w as 6 .45 . At high 
concentration s o f  am m onia (1 0 -2 0  m M ), the exp ected  intracellular 
alkalinization occurred. B y  contrast, lo w  concentration s o f  am m onia (100  
µM-1 m M ) had no effect on pH  o f  cultured endothelial ce lls  derived from  
pig  cornea, w h ereas at 2 -2 0  m M  am m onia cau sed  an intracellular 
alkalinization. Our resu lts indicate that in contrast to  endothelial cells and 
m ost other cells, am m onia, at p athophysio logical concentration s causes  
intracellular acidification in astrocytes. Such ch an ges in pH  m ay play a role 
in the astroglial dysfunction associated  w ith  hepatic encephalopathy and 
oth er hyperam m onem ic states. Supported by D ep t V eterans Affairs and 
N IH  grants N S 3 4 9 5 l  and N S 3 0 2 9 1 .

805.12
GABAa RECEPTOR AGONISTS MODULATE K+ CURRENTS IN ADULT 
HIPPOCAMPAL GLIAL CELLS IN SITU. L, Bekar*. R. Jabs and W. Walz. 
Dept, of Physiology, Univ. of Saskatchewan, Saskatoon, SK S7N 5E5 Canada.

Glial cells are known for their role in development and expression of 
GABA receptors. However, there seems to be a lack of in situ studies 
characterizing GABA receptor expression and function in glial cells from early 
development to adulthood. Consequently, we examined GABA receptor expression 
on rat hippocampal glial cells in both neonatal and adult slices using the whole
cell patch-clamp technique. Glial cells in adult and neonatal slices exhibit 
responses to muscimol (1 mM; GABAa), but not baclofen (1 mM; GABAB), 
demonstrating that receptor electrophysiology remains consistent in glial cells 
through development. However, in adult glial cells muscimol current densities do 
show a decrease in size to approximately 36% of the neonatal response. Muscimol 
responses were found to be sensitive to bicuculline, suggesting they are mediated 
by GABAa receptors. In addition to receptor currents, muscimol causes a 
concomitant long-term blockade of outward K+ currents in glial cells of both 
neonatal and adult slices. Comparison of % peak blockade in adult and neonatal 
glial cells does not significantly differ. Interesting however is that when 
comparing average % peak blockade per receptor current density, we see that adult 
glial cells display a 2.5 fold increase in sensitivity to the secondary blockade. So, 
although receptor current density decreases in adult glial cells, the secondary 
blockade of outward K+ currents is maintained in response to application of 
GABAa agonists. Thus, it can be concluded that the complex GABA response in 
glial cells is not a consequence of development, but rather a basic mechanism for 
neuronal-glial interaction throughout life.
Supported by Natural Sciences and Engineering Research Council of Canada.

805.14
A S T R O C Y T E S IN  G L IO T IC  T ISS U E  IN  SIT U  E X H IB IT  A  
C H L O R ID E  P E R M E A B IL IT Y  A T  R E ST IN G  M E M BR A N E  
PO T E N T IA L . W . W alz*. Dept, o f  Physiology, University o f  Saskatchewan, 
Saskatoon, SK S7N  5E5, Canada.

Recent literature reports have shown that changes in the morphology and size 
o f  cultured astrocytes were correlated with dynamic expressions o f  Cl 
channels. To investigate i f  such a plasticity plays a role in astrocytic reaction 
to injury, adult Wistar rats were injected with a single peritoneal dose o f  kainic 
acid. Slices o f  hippocampus (400 µm) were used from animals exhibiting 
neuronal loss in CA I layer and extensive reactive gliosis. LY injections 
verified the presence o f  GFAP positive and strongly coupled astrocytes in the 
CAI subfield. The membrane potential was -73.3 mV and the K+ equilibrium 
potential was determined with ion-selective microelectrodes as -79.7 mV. Cl 
substitution by glucoronate caused a 2.3 mV transient depolarization followed 
by a stable hyperpolarization to -79.7 mV. The Ca2+-sensitive Cl' channel 
inhibitors NPPB and flufenamic acid had no effect, DIDS caused a 6.0 mV  
irreversible hyperpolarization. Such an irreversible effect is compatible with 
the irreversible block o f  CT channels by DIDS in cultured astrocytes and other 
cell types. The results found with the reactive astrocytes can be explained by a 
non-equilibrium distribution (active accumulation) and a significant membrane 
permeability o f  Cl'. Neither C1‘ removal nor exposure to DIDS significantly 
changed the membrane input resistance. This is probably due to the high 
coupling ratio o f  these cells. Such a significant Cl' permeability would 
interfere with the spatial buffering capacity o f  K+, however it could mediate 
passive KC1 accumulation via Donnan forces.

Supported by the Heart and Stroke Foundation o f  Saskatchewan.

805.16
G L U T A T H IO N E  A S  A  F A C T O R  IN  A M M O N IA -IN D U C E D  
A S T R O C Y T E  S W E L L IN G . A  S, Bender. R ,S . D om b ro* and M .D . 
N oren b erg. Lab o f  N eu rop ath o logy , V A  M ed ica l C enter & D ept o f  
P athology, U n iversity  o f  M iam i S ch o o l o f  M ed ic in e , M iam i, FL 33101 .

A m m on ia  is a putative toxin  in fulm inant hepatic failure (FH F), in 
w h ich  brain edem a, caused in part by astrocyte sw ellin g , is  often  a cause  
o f  death. A m m onia  has been  sh ow n  to  cau se astrocyte sw ellin g  in 
culture and in vivo, the m echan ism  o f  w h ich  is still not w ell understood. 
P reviou s stu dies have sh ow n  that m eth ion ine su lfo x im in e  (M S O ), an 
inhib itor o f  glutam ine synthetase, attenuates am m onia-ind uced  sw elling . 
M SO  also inhibits γ-g lu ta m y lcy ste in e  syn th etase (γ-G C S ), the key  
en zym e in g lutath ione (G S H ) synthesis. W e therefore exam ined  w hether  
buthionine su lfox im in e  (B S O ), a se lec tiv e  inhib itor o f  γ-G C S , also  
in flu en ces am m onia-ind uced  sw e llin g . Treatm ent w ith  3 m M  B S O  
caused -5 0 %  inhib ition o f  am m onia-ind uced  sw ellin g . On the other 
hand, aciv icin  (5 and 50  µM ), a γ-g lu tam yl transpeptidase inhibitor  
w h ich  b lock s the breakdow n o f  G S H  and increases G SH  levels, 
enhanced am m onia-ind uced  sw e llin g  by 18-24% . T h ese find ings  
su ggested  that G S H  m ay be in v o lv ed  in the m echan ism  o f  am m onia- 
induced sw ellin g . W e therefore m easured the conten t o f  G SH  in 
am m onia-treated ce lls  and found an e levation  in G S H  lev e ls  by 30-50% ; 
this rise in G S H  w as inhib ited by B S O . T h ese resu lts su ggest that 
glutath ione m ay contribute to the m echan ism  o f  am m onia-ind uced  
astrocyte sw ellin g , p o ssib ly  by actin g  as an o sm o ly te . Supported by  
D ept o f  Veterans A ffa irs and by N IH  N S 3 4 9 5 l  &  N S 3 0 2 9 1 .
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806.1
EXTRACELLULAR POTASSIUM INHIBITS AXONAL TRANSPORT IN 
CULTURED MOUSE DORSAL ROOT GANGLION CELLS. H. Hiruma,3 
T. Katakura,3 S. Nishida,3 T, Kusakabe,1 T, Takenaka 2 and T. Kawakami3*. 
^ ep t of Anatomy, Yokohama City Univ. Sch. o f Med.; 2Dept. of Physiology. 
Yokohama City Univ. Sch. of Med.; 3Dept. of Physiology, Kitasato Umv. Sch. 
of Med.: Sagamihara, Japan 228-8555.

We examined the effects of changes in [K+]0 on axonal transport in cultured 
mouse dorsal root ganglion cells during video-enhanced microscopy observation. 
Increases in [K+]0 (Δ[K+]o>2.5 mM) from control concentration (5 mM) rapidly 
inhibited both anterograde and retrograde axonal transport in a concentration- 
dependent manner. Conversely, removal of extracellular K+ induced the. rapid 
facilitation of the transport. Both inhibitory and facilitatory responses were 
completely blocked by the K+ channel blocker tetraethylammonium (TEA), 
suggesting that the effect of changes in [K+]0 is involved in the TEA-sensitive 
K+ channels. Increases in [K+]0 provoked membrane depolarization in the 
absence and presence of TEA. Another depolarizing agent veratπdine did not 
produce any effect on axonal transport. These results suggest that the Re
mediated inhibition of axonal transport does not depend on membrane 
depolarization. The inhibitory’ effect of increasing [K+]0 on axonal transport 
was retained in calcium (Ca2+)-free extracellular medium, indicating that the 
inhibitory effect of extracellular K+ does not result from Ca2+ influx through 
voltage-dependent Ca2+ channels. Our results suggest that the extracellular K+ 
environment is considered in the rapid modulation of axonal transport. 
S upported  by the A cadem ic F ro n t ie r  P ro je c t o f  The M in is try  o f  Education, 
Science, Sports a nd  C u ltu re , Japan.

806.3
NuMA IS A COMPONENT OF THE SOMATODENDRITIC MICROTUBULE 
ARRAYS OF THE NEURON. L. Ferhat, C. Cook, R. Kuriyama,* and P.W. Baas.* 
Dept. Anatomy, Univ. Wisconsin, Madison^ Wl 53706^ "Dept. Cell 
Biol/Neuroanat, Univ. Minnesota, Minneapolis, MN 55455.

We have previously shown that the neuronal microtubule (MT) arrays are 
organized by the same motor proteins that organize MTs within the mitotic spindle. 
Here we sought to determine whether a non-motor protein termed NuMA is also a 
component of both systems. NuMA, a 230 kDa structural protein present 
exclusively in the nucleus during interphase, is transported toward the minus-ends 
of MTs during mitosis. As a result, NuMA is thought to draw together the minus- 
ends of MTs during spindle formation. Unlike the case in mitotic cells, NuMA is 
present both in the nucleus and in the cytoplasm of the neuron. The levels of 
NuMA in the cytoplasm are relatively low during early axonal differentiation, but 
increase markedly during early dendritic differentiation. NuMA appears as 
multiple small particles within the cell body and the dendrite. The particles are 
sensitive to drug treatments that alter MTs, but not to drug treatments that alter 
actin filaments, confirming the association of the particles with the MT array. The 
distribution of the NuMA particles in the somatodendritic compartment is 
consistent with their transport toward the minus-ends of MTs. Treatment of 
neuroblastoma cells with various pharmacologic agents results in changes in MT 
organization and NuMA distribution that are also consistent with such transport. 
Given that the transport of NuMA towards minus-ends of MTs is essential for 
mitotic spindle formation, it is compelling to speculate that such transport may also 
play an essential role in organizing MTs within the somatodendritic compartment 
of the neuron. Supported by NIH grants NS3427O and NS28785 to P.W.B.

806.5
THE SYNAPSE-ASSOCIATED GLYCOPROTEIN GP65 -  A TARGET 
FOR PLASTICITY-DEPENDENT FUCOSYLATION? E.D. Gundelfinαer*.
K. Langnaese. T.M, Boeckers. K.-H. Smalla. P.W. Beesley* Leibniz 
Institute for Neurobiology, POB 1860, D-39008 Magdeburg, FRG and 
*Royal Holloway University of London, Div. of Biochem., Egham, Surrey 
TW2O 0EX, UK.

The glycoproteins gp55 and gp65 are major components of synaptic 
membrane preparations from rat forebrain of 55kDa and 65kDa, 
respectively. Detergent extraction solubilizes gp55 whereas gp65 
remains associated with the postsynaptic density (PSD) fraction. cDNA 
cloning revealed that both proteins are produced from the same gene by 
alternative splicing of the primary transcript. The proteins have a single 
transmembrane region proximal to the C-terminus and two (gp55) or 
three (gp65) extracellular immunoglobulin-like (Ig) domains. While gp55 
is found in most tissues, gp65 is specifically expressed in distinct subsets 
of neurons. In the developing brain gp55 transcripts are present already 
at birth whereas gp65 expression parallels synaptogenesis. In  s itu  
hybidization revealed a differential distribution of gp55 and gp65 
transcripts with highest levels of gp65 in the hippocampus, cerebral 
cortex and striatum. Immunohistochemical studies with antibodies against 
the gp65-specific Ig domain confirm this distribution; gp65 immuno- 
reactivity shows a punctate distribution in synaptic neuropil regions of 
these brain structure. Both proteins are highly glycosylated (sizes of 
protein cores are 28 kDa for gp55 and 40 kDa for gp65). The 
incorporation of fucose a(1-2)-!inked to galactose [fuca(1 -2)-gal] into brain 
glycoproteins is associated with the formation of long-term memory. 
Inhibition of fucosylation causes amnesia and suppresses LTP. 
Antibodies against the fuca(1-2)-gal epitope recognize gp65, but not 
gp55, suggesting that gp65 could be a target for plasticity-dependent 
fucosylation.

Supported by the DFG (SFB 426/A1 and Kr 1255/4-1)

806.2
THE INTERACTIONS OF THE CYTOPLASMIC DOMAIN OF RAGE WITH 
THE CYTOSKELETON. H. Huttunen, C. Fages, and H. Rauvala*. Inst, of 
Biotechnology, and Dept, of Biosciences, Div. of Biochemistry, University of 
Helsinki, FIN-00014, Finland.

Amphoterin is a heparin-binding, neurite outgrowth-promoting molecule with a 
developmentally regulated expression pattern. Although amphoterin belongs to the 
family of nuclear HMG1 -proteins it seems to have extracellular functions. RAGE 
(Receptor for Advanced Glycation End Products) has been suggested to be the 
neurite-outgrowth receptor for amphoterin.

The ligation of RAGE by advanced glycation products (AGE) or amyloid-ß 
peptide has been shown to result in generation of reactive oxygen species and 
activation of the transcription factor NF-κB. Furthermore the activation of NF-κB by 
AGE-RAGE interaction has been shown to be mediated by p2f"'-M A P kinase 
cascade that is regulated by redox stress.

We have studied the intracellular signaling pathways triggered by RAGE 
interacting with amphoterin, the hypothesized natural ligand of RAGE, By using 
stable neuronal and non-neuronal cell lines transfected with either full-length RAGE 
or cytoplasmic domain deletion mutants we show that the short cytoplasmic domain 
of RAGE is essential for RAGE-mediated process extension on amphoterin matrix 
and that it interacts with the cytoskeleton. We also report identification of molecules 
capable of binding to the RAGE cytoplasmic domain that are involved in the 
regulation of cytoskeleton. In addition, RAGE ligation by amphoterin doesn’t seem 
to be able to activate nuclear translocation of NF-κB suggesting that differential 
signaling pathways might be used by different ligands of RAGE. (Supported by the 
Finnish Academy and by Sigrid Juselius Foundation.)

806.4
DYNAMICS OF AXONAL MICROTUBULES REGULATES THE 
TOPOLOGY OF NEW M EM BRANE INSERTION INTO THE 
GROW ING NEURITES. S. Zakharenko and S. Popov*. Dept, of 
Physiology and Biophysics, University of Illinois at Chicago, Chicago, IL 
60612.

Nerve growth depends on the delivery of cell body-synthesized material to 
the growing neuronal processes. The cellular mechanisms which determine 
the topology of new membrane addition to the axon are not known. Here we 
describe a technique to visualize the transport and sites of exocytosis of cell 
body-derived vesicles in growing axons, and identify axonal microtubules 
(MTs) as the major regulator of the topology of new membrane insertion. 
We found that in Xenopus embryo neurons in culture, cell body-derived 
vesicles were rapidly transported all the way down to the growth cone region 
where they fused with the plasma membrane. Inhibition of MT dynamic 
instability did not interfere with the delivery of new membrane material to 
the growth cone region; however, the insertion of vesicles into the plasma 
membrane was dramatically inhibited. Local disassembly of axonal MTs by 
focal application of nocodazole resulted in the addition of new membrane at 
the site of drug application. Our results suggest that the local destabilization 
of axonal MTs is necessary and sufficient for the delivery of membrane 
material to specific neuronal sites. Supported by NIH (NS33570).

806.6
PER IPH ER A L EX PRESSIO N OF NEU REX IN  IN TH E A D ULT RAT.
A,B. Russell* and S.S. Carlson. D epartm ent o f  Physiology and Biophysics, 
M ail Code 357290, University o f  W ashington, Seattle, W A 98195

In our recent study, we observed neurexin expression on nerves, but 
not at synapses, in the electric organ o f  the elasm obranch marine ray (J 
N eurosci 17(12): 4734-4743). Based on those findings, we hypothesized that 
neurexin expressed on nerves is involved in axon and Schwann cell 
interactions. W e have expanded on our observations by studying the 
peripheral expression o f  neurexin in the adult rat. Using antibodies to the 
highly conserved intracellular dom ain o f  neurexin, we find neurexin 
expression along the outer m esaxon in teased preparations o f  sciatic nerve. 
This indicates that Schwann cells have the ability to express neurexin. 
Staining o f  w hole m ount preparations o f  soleus m uscle suggests neurexin is 
restricted to the perisynaptic region surrounding the neurom uscular junction. 
Additionally, we find neurexin expressed in the T -tubules o f  the skeletal 
m uscle suggesting that m uscle cells can also express neurexin. W estern blot 
analysis o f  sciatic nerve and m uscle indicate that Schwann cells express 
alpha-neurexins while beta-neurexin is expressed in the T-tubules. Our 
findings continue to argue against a universal role for neurexin at synapses. 
The results o f  the current study suggest non-neuronally  expressed neurexin 
in the periphery is involved in discrete boundary form ations, such as the 
outer m esaxon, the perisynaptic region, and the T -tubule system . This study 
was supported in part by a N A SA -G SRP Fellow ship to A.B.R. and NIH NS 
22367 to S .S .C .

Society for Neuroscience, Volume 24 ,1998



THURSDAY AM CYTOSKELETON 2015

806.7
Structural analysis of neurofilam ent cross lin k in g
S .G é lin a s. C .C h apados and M .-G . Martinoli*
Dept, o f  C hem istry and B io lo g y , U n iversité du Q uébec à Trois- 
Rivî^res, T ro is-R iv ières, Q uébec, Canada, G 9A  5H 7

N eurofilam ent proteins (N F P s) are high ly  phosphorylated  
m olecules in the axonal com partm ent o f  the adult nervous system . 
The phosphorylation o f  N F P is consid ered  as an important 
determ inant o f  filam ent caliber, plasticity and stability. The 
structure o f  neuronal cy tosk eietoπ  cou ld  be altered by oxidative  
stress and N F P  represent an important potential target for free 
radical dam age because o f  their abundance and their lon g  biological 
half-life. Furthermore, the high lysin e  content and the large 
num ber o f  phosph orylation sites m ay increase their potential for  
oxidative m od ification s. Im m unob lots, electron m icroscop y and 
Fourrier Transform ed infrared spectroscop y (FTIR ) an alysis  were  
used to investigate the relative sen siv ity  o f  N F Ps and to identify  
any ch an ges in cytoskeleta l organization o f  N F P s in presence o f  

oxidative stress. A Fe Vascorbate buffer system  w as used to 
generate free radicals on a substrate o f  phosphorylated and 
dephosph oylated  N F P s. N ew  carbonyl groups generated by free 
radical dam age w ere detected by FTIR an alysis  bands. Structural 
changes were seen  sp ec ifica lly  in the A m id e I and II bands. U sin g  
biochem ical and b iophysical approaches, w e  dem onstrate that the 
sensitivity o f  N F P s to oxidative stress is m odified  by 
phosphorylation state o f  N F P s .

Supported by F .C .A .R . grant n o .9 6 -N C -1 5 9 9  to M .-G . M artinoli.

806.9
IN TE G R IN  R E C E P T O R S  R E G U LA T E  B D N F and  T R K  G E N E  E X P R E S S IO N  IN 

H IP P O C A M P A L N E U R O N S . J. K. P in k s ta ff1 * .  A. P. Y o n α 1 . G. L y n c h 2 . C. M. 

G a l l1 , D epts . o f 1 A n a to m y  and  N e u ro b io lo g y  and  2 P sych ia try  and  H um an 

Behavior, U n ivers ity  of C a lifo rn ia , Irvine, CA. 92697 

In te g r in s  a re  tra n s m e m b ra n e  re c e p to rs  v ita l to  c e ll-c e ll and  c e ll-m a tr ix  

a d h e s io n . R e c e n t w o rk  in d ic a te s  th a t  th e y  f ig u re  p ro m in e n t ly  in the  

s ta b iliz a tio n  o f lo n g  te rm  p o te n tia t io n  (L T P ) in h ip p o c a m p u s . P o s s ib ly  

re la ted  to  th is , in te g rin s  e xe rt p o te n t in flu e n c e s  o ve r ce ll m o rp h o lo g y  and 

g row th  re la te d  g e n e s  in a v a rie ty  o f p e rip h e ra l tis su e s . T h e  p re s e n t s tudy  

te s te d  if the  in te g r in s  p la y  a c o m p a ra b le  ro le  in re g u la tin g  n e u ro tro p h in  

gene  e x p re s s io n  in th e  m a tu re  h ip p o c a m p u s . C u ltu re d  h ip p o c a m p a l s lice s  

w e re  in fu s e d  w ith  o ne  o f tw o  sm a ll p e p tid e s  th a t c o m p e te  fo r  a m a trix  

b in d in g  s ite  re c o g n iz e d  by a b ro a d  su b g ro u p  o f in te g r in s  ( i.e ., the  R G D - 

b ind ing  in te g r in s ). T w e n ty  fo u r h o u r tre a tm e n ts  led  to  a 6 -fo ld  in c re a se  in 

m R N A  e n co d in g  B ra in  D e rived  N e u ro tro p h ic  F a c to r (B D N F ) in the  pyra m id a l 

ce lls  o f fie ld s  C A 3  and  C A 1 . T he  T R K  B re ce p to r fo r  B D N F  w as a lso  induced  

by in te g rin  a n ta g o n is ts  b u t w ith  a s ig n if ic a n tly  m ore  rap id  tim e  co u rse . Up 

regu la tio n  w as  no t re s tr ic te d  to  the  B D N F  sys te m : T R K  C m R N A  w as a lso  

in c re a se d  w ith  a tim e  c o u rs e  s im ila r  to  th a t fo r  T R K  B m R N A . T h e se  

e ffe c ts  w e re , n o n e th e le s s , s u rp r is in g ly  s e le c tiv e . T h u s , e x p re s s io n  o f the 

n e u ro tro p h in  N T -3  and  o f tw o  a c tiv ity  d e p e n d e n t g e n e s , tPA  and  c -fo s , w as 

not d e te c ta b ly  a ffe c te d  by the  in te g rin  a n ta g o n is ts . T h e se  re su lts  e s ta b lish  

th a t in te g r in s  to n ic a lly  s u p p re s s  a s u b s e t o f n e u ro tro p h in  g e n e s  in the  

m a tu re  h ip p o ca m p u s . T h e y  a lso  ra ise  the  p o s s ib ility  th a t tra n s ie n t rem ova l 

o f th is  in flu e n ce  by  in tense  syn a p tic  d e p o la riza tio n , as has b een  p ro p o se d  to 

o ccu r d u rin g  LT P  in d u c tio n , co n tr ib u te s  to  a c tiv ity  d e p e n d e n t re g u la tio n  of 

ce rta in  n e u ro tro p h in  and  n e u ro tro p h in  re c e p to r ge n e s . S u p p o rte d  by  95-1 - 
0304 and  N S 37799.

806.11

C Y T O P L A S M IC  D Y N E IN  B IN D S  N E U R O F IL A M E N T S  A N D  
M E D IA T E S N E U R O F IL A M E N T -M IC R O T U B U L E  M O T IL IT Y  IN  
V IT R O . L .A . F la n a g a n * 1, J .V , S h a h 1, J .-F . L eterrier2 , and P .A . 
J a n m e y 1. B r ig h a m  and W om en 's H o sp ita l and H arvard M ed ica l  
S ch oo l, B o sto n , M A  0 2 1 1 5 ; 2IN S E R M  U 2 9 8 . C H R U  d'A ngers, F- 
4 9 0 3 3  A n gers C E D E X  0 1 , F R A N C E .

N eu ron al a x o n s can  ex ten d  for great d ista n ces , and transport o f  
proteins from  the ce ll body to the tip o f  the axon is  critical for neuronal 
fu n ction . T h e axon  co n ta in s  a h igh  d en sity  o f  m icro tu b u les  and  
neurofilam ents. T he subunit proteins that m ake up th ese  filam ents  
undergo s lo w  axonal transport through a m o tile  m ech a n ism  that has 
not b een  id en tified . W e h ave recen tly  fou n d  that m icrotu b u les can  
m ove a lon g  n eu rofilam en ts in vitro  in a m anner co n sisten t w ith  the 
action  o f  a directed  m otor. T h e m otility  is due to an A T P ase and is 
sen s it iv e  to agen ts that are k n ow n  to disrupt m icrotu b u le  m otors. 
U sin g  im m u n och em ical m ethods, w e  h ave found that the m icrotubule  
m otor cy top lasm ic dynein  is bound to neurofilam ents. S in ce  dynein  is 
often linked  to its cargo v ia  co m p on en ts o f  the dynactin  co m p lex , w e  
a ssa y ed  for tw o  co m p o n en ts  o f  the c o m p le x , p l5 O g lu e d  and p5O 
(d y n a m itin ) and fo u n d  that th e se  p r o te in s  are a lso  b ou n d  to  
neu rofilam en ts (an tib od ies k in d ly  prov id ed  b y  R ichard V a llee  and 
K evin V au ghan). In addition, dyn ein  in term ed iate  chain  antib odies, 
w h ich  disrupt the m otility  o f  o rgan elles a lon g  m icrotu b u les, release  
d yn ein  from  n eu ro fila m en ts  and disru pt m o tility . T h ese  resu lts  
s u g g e s t  that d y n e in  m e d ia te s  m o ti li ty  o f  m ic r o tu b u le s  on  
neu rofilam en ts, w h ich  cou ld  be related to  s lo w  axon al transport or 
som e as yet unk now n neuronal fu n ction . Supported by N IH  grants to 
L A F  and PAJ and a N A T O  grant to JFL.

806.8
INTEGRIN SUBUNITS αl, α7, and α8 HAVE DISTINCTLY 
DIFFERENT REGIONAL DISTRIBUTIONS WITHIN 
HIPPOCAMPUS. C. M. G all1*. G. Lynch2, and J. K. P in k sta ff1. Depts. o f 
1 Anatomy and Neurobiology and 2Psychiatry and Hum an Behavior, 
University of California, Irvine, CA. 92697 

Integrins are heterodimeric (αß) transmembrane receptors that play prominent 
roles in adhesion, regulation of cell morphology, and extracellular regulation of 
growth related genes. Several α  and ß subunits have been identified and shown to 
form a large number of receptor combinations. Importantly, the binding and 
signaling properties of integrins vary with subunit combination. Recent evidence 
implicating integrins in LTP consolidation and neurotrophin gene regulation raises 
the question of whether regional variations in integrin subtypes contribute to regional 
differences in plasticity and trophism. The present study tested a prerequisite of this 
idea; namely, that different subunits have distinctly different regional expression 
patterns. Levels of the mRNAs encoding the subunits α l,  α7, and α 8 were mapped 
in the hippocampus of adult rats using in situ hybridization. Concentrations of α7 
were highest in the dentate gyrus, moderate in CA3, and undetectable in CAL 
Subunit α l  had its highest levels in CA3 and appeared to be absent from the dentate 
gyrus and CA1. In contrast, α 8  was expressed most prominently by CA1 and to a 
noticeably lesser extent within CA3. Expression for this subunit increased along the 
septotemporal axis of hippocampus. In all, then, each of the three integrin subunits 
had its highest levels of expression in a different hippocampal subdivision. Thus, 
while individual neurons likely express more than one subunit, the balance of 
integrin subtypes will vary significantly between regions. Whether these differences 
reflect guidance cues used during development and/or generate regionally specific 
plasticity and trophic responses remains to be studied. Supported by 95-1-0304 and 
NS37799.

806.10
COMPUTATIONAL NEUROANATOMY OF THE HIPPOCAMPUS. G.A.Aseoli'*,
L.Hunter12, J.L.Krichmar1, J.L.Olds1, S.L.Senft1"’. 'Krasnow Inst, for Advanced Study, 
G. Mason Univ. Fairfax, VA22O3O (source of support); 2Natl. Library Medicine, 
Bethesda MD 20892; JDept. Psychol., Yale Univ. New Haven, CT 06520.

We present a connectivity model that summarizes the known details of rat 
hippocampal neuroanatomy. The dentate gyrus (DG), CA3 and CA1 fields were 
modeled down to the morphological level of single neurites for each cell type, while 
the septohippocampal pathway (SHP) and the entorhinal cortex (EC) were treated as a 
"black box" to allow the completion of the tri-synaptic circuit. The number of neurons 
in the model were scaled exponentially by 3-to-4 orders of magnitude with respect to a 
real rat hippocampus: approximately 500 neurons and 500,000 total compartments 
were included. The morphology of granule and pyramidal cells, and six distinct classes 
of interneurons were modeled with the following statistic and stochastic approach. 
Data concerning crucial parameters (bifurcation angles, branch length etc.) were 
gathered from the literature or measured from public archives of reconstructed neurons. 
Each modeled neuron was then generated stochastically chosing the parameters within 
the limits of the data range. Each neuron was thus unique, yet completely identifiable 
with a specific morphological class. The connections were also modeled according to 
similar statistic and stochastic constraints. The main excitatory pathway in the model 
was: EC perforant path to DG (and CA3); DG mossy fibers to CA3 (which also 
received SHP axons); CA3 Schaffer collaterals to CA3 itself and CA1; CA1 axons 
back to EC. Both feedback and feedforward inhibition w'as modeled on axons, somata 
and dendrites. The model did not include the subiculum, the connections with the 
controlateral hippocampus, long-range inhibitory connections and inter-field feedback. 
We used the software ArborVitae to generate and display the network using moderately 
sized workstations (SGI Indys, 256 MB RAM). ArborVitae also allows visualization of 
the morphological details and facilitates testing connectivity. Geometrical and 
connectivity data may be output to files and read by other modeling packages. This tool 
will allow us to instrument the model with realistic physiology, obtaining a large-scale, 
biologically detailed model of the hippocampus.

806.12
CYCLIN-DEPENDENT KINASE-5, TAU AND NEUROFILAMENT 
PHOSPHORYLATION AND APOPTOSIS. C.C.J. Miller*, N.P. Baiai, U. 
Waaner. A. Grierson, and S Guidato. Departments of Neuroscience and 
Clinical Neurosciences, The Institute of Psychiatry, De Crespigny Park, 
Denmark Hill. London SE5 8AF.

Cyclin-dependent kinase-5 (cdk5) is a major cyclin-dependent kinase 
of mature neurones, cdk5 is a proline directed kinase that 
phosphorylates neurofilament heavy chain (NF-H) side-arms on several 
serines in a proline environment (SP motifs). In addition, cdk5 will also 
phosphorylate in vitro, the microtubule-associated protein tau on several 
S/TP motifs. Tau is hyperphosphorylated on many S/TP sites in the 
paired helical filaments (PHF) found in Alzheimer's disease brain. 
However, to date there is little experimental evidence to demonstrate 
cellular phosphorylation of tau by cdk5. We transfected COS cells with 
tau either alone, or in co-transfections with cdk5 and one of its activators, 
p35. Tau is largely non-phosphorylated on many of the S/TP motifs in 
COS cells transfected with tau alone, but following co-transfection with 
cdk5/p35, phosphorylation of tau was observed. Thus, cdk5 will 
phosphorylate both NF-H and tau in a cellular environment.
In the course of these studies we discovered that activation of 

cdk5/p35 in COS cells by transfection induces cell death. Analyses of 
the mode of death revealed that it was via apoptosis, cdk5/p35 induced 
apoptosis could be partially inhibited by co-transfection with a dominant 
negative cdk-5 or by treatment with the caspase inhibitor YVAD. 
cdk5/p35 also induced cellular phosphorylation of the retinoblastoma 
gene product (Rb) and Rb phosphorylation and activity has been 
implicated in apoptosis.

Supported by grants from the Wellcome Trust and UK Motor Neurone 
Disease Association to CCJM.
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806.13 806.14
INTERMEDIATE FILAMENT PROTEIN PARTNERSHIP IN ASTROCYTES 
Camilla Eliasson, Cecilia Sahlgren, Claes-Hemic Bcrthold. Christer BeishαUz, John
E. Eriksson and Milos Peknv* Department of Medical Biochemistry, University of 
Göteborg, Box 440, SE 405 30 Göteborg, Sweden 

Intermediate filaments are general constituents of the cytoskeleton. The function of 
these structures and the requirement for different types of intermediate filament proteins 
by individual cells is only partly understood. Here we have addressed the role of 
specific intermediate filament protein partnerships in the formation of intermediate 
filaments in astrocytes. Astrocytes may express three types of intermediate filament 
proteins, glial fibrillary acidic protein (GFAP), vimentin and nestin. We used mice 
with targeted mutations in the GFAP or vimentin genes, or both, to study the impact 
of loss of either or both of these proteins on intermediate filament formation in 
cultured astrocytes and in normal or reactive astrocytes in vivo. We report that nestin 
cannot form intermediate filaments on its own. that vimentin may foπn intermediate 
filaments with either nestin or GFAP as obligatory partners, and that GFAP is the 
only intermediate filament protein of the three that may form filaments on its own. 
However, such filaments show abnormal organization.

Partnerships of IF proteins in astrocytes

vimentin-nestin 
vimentin-GFAP 
vimentin-nestin-GFAP ι

Not possible

vimentin-vimentin
nestin-nestin
nestin-GFAP

Aberrant intermediate filament formation is linked to diseases affecting epithelial, 
neuronal and muscle cells. We present models by which the normal and pathogenic 
functions of intermediate filaments may be elucidated in astrocytes.
Sources of support: MFR, Cancerfonden, SSMF, Sv. Läkaresällskapet.

IDENTIFICATION OF PHOSPHORYLATION SITES FOR MAP KINASE AND 
PKA ON THE MICROTUBULE-ASSOCIATED PROTEIN MAP2. R. Ozer.* A. 
Batinica. and S. Halpain. Department of Cell Biology, The Scπpps Research Institute, 
La Jolla, CA 92037.

MAP2 is a neuron-specific microtubule binding protein enriched in the 
somatodendritic compartment of cells. Among other potential functions, MAP2 
binds to and stabilizes microtubules both in vitro and in situ. Previous studies 
demonstrated that MAP2 is highly phosphorylated in situ and is a target for several 
distinct Ser/Thr protein kinases in vitro. Despite suggestions that phosphorylation 
regulates microtubule binding and perhaps other functions for MAP2, relatively few 
specific sites of phosphorylation have been conclusively identified for this protein. 
Because activities for both cyclic-AMP-dependent protein kinase (PKA) and 
mitogen-activated protein kinase (MAPK) have been associated with brain 
microtubules, we focused on identifying the precise residues targeted by these 
kinases. Additional data from our laboratory confinns a role for these kinases in 
phosphorylating MAP2 in intact hippocampal neurons. We purified splice variant 
MAP2c from E. coli. Phosphorylation of MAP2c by PKA reached maximal values 
(approx. 2.5mol/'mol) within 1 h, and by MAPK, within 12 h (approx. 3.5 mol/mol).
2-dimensional phosphopeptide analysis revealed that a small number of peptides 
became phosphorylated early in the time course, and that additional ‘minor" spots 
appeared after longer incubation times. In subsequent analyses short incubation times 
were used to identify the ‘major,’ readily-phosphorylated sites within the MAP2c 
sequence. Mass spectroscopy was used to identify phosphopeptides in proteolytic 
digests. Analyses to date consistently implicate Ser-350 as a major target of both 
MAPK and PKA, and Ser-319 has additionally been confirmed as a target of PKA. 
These sites lie within the MTBR and were previously shown to be targets of the 
microtubule affinity regulating kinase (MARK) shown to reduce MAP2c"s stabilizing 
effect on microtubules in vitro. Supported by grant MH50861.

806.15
M ICE LA CK IN G  M AP1B SHOW  AN ABNORM AL NERVO US SYSTEM 
D E V E L O PM E N T  AN D D IE  D U R IN G  PER IN A TA L STAGES.

M .P. S á n c h e z 1, C, G o n zá lez -B illau lt1, E. D e m a n d f1, F. W a n d o se ll1, M. 

T o rre s"’*. A. R am ó n -C u eto 1 , K. C how dhury3, A. S tovkova3. P. Bonaldo*. P. 

G ru s s 3 a n d  J . A v ila1. 1 & 2CBM & CNB, CSIC, C an tob lanco  28049, M adrid ,

S p a in . *Dept. Mol. Biol., M ax P lan ck  In st. Biophys. Chem ., Am F a ssb e rg , 
D -37077, G ö ttin g en , G erm an y .

M ic ro tu b u le  a sso c ia ted  p ro te in  IB  (MAP1B) h a s  been  involved in 
axog en esis  an d  n e u ro n a l reg e n e ra tio n  processes in  vitro. However, previous 
re s u lts  from tw o M AP1B nu ll m u ta n t  m ice, g en e ra ted  in  tw o different 
l ab o ra to rie s , h av e  b een  som ehow  controversia l (E d elm an  e t ah , PNAS, 
93 :1270 , 1996; T ak e i e t ah , J . Cell Biol. 137:1615, 1997). The first 
rep o r ted  nu ll m u ta n t  m ice in  th e  heterozygote  s tag e  show ed very s trong  
a l te ra t io n s  in  sev era l n eu ro n a l s tru c tu re s , w hile th e  hom ozygous a n im a ls  
die d u r in g  very  early  s tag es  of developm ent. However, in  th e  o th er m u ta n t  
m ice line  th e  hom ozygous look r a th e r  norm al (w ith  th e  exception of a sm a ll 
d e lay  in  n e u ra l  deve lopm ent) an d  reach  a d u lth o o d  q u ite  hea lth y . To gain 
in s ig h ts  in to  th e  function  th a t  M AP1B plays d u rin g  n e u ra l developm ent, we 
h ave  an a ly z e d  a  d iffe ren t M AP1B null m u ta n t  o b tained  by gene tra p p in g  
tech n iq u es. O u r n u ll m u ta n t  m ice die d u rin g  p e rin a ta l stages, probab ly  due 
to n eu ro n a l defects a sso c ia ted  to  a b n o rm a litie s  observed  in th e  nervous 
system . B iochem ical an a ly s is  of ou r m u ta n ts  show s th a t  M AP1B is a b s e n t  
(by u s in g  a n  an tib o d y  a g a in s t  i ts  f irs t 15 am inoacids), an d  th e  expression  
of o th e r  M A Ps (MAP1A, M AP2 an d  ta u )  is no t m odified. M orphological 
a n a ly s is  of m u ta n t  em bryos rev ea ls  th a t  m ost reg ions of th e  c e n tra l nervous 
sy stem , includ ing  h ip p o cam p u s, cortex, r e t in a  an d  cerebellum , are  
d iso rg an ized . C u rre n t  e x p e rim en ts  will h e lp  u s  to  e lu c id a te  th e  precise 
biological function  o f M AP1B. T h is w ork  is su p p o rted  by g ra n t  from 
D G ICY T PB /940040 .

806.16
N E U R O FIL A M E N T  N F -M , R A T H E R  T H A N  N F -H , IS A  M A JO R  
D E T E R M IN A N T  OF A X O N A L  CA LIBER.
H. Jacom v. G. D ou cet*  and J, P, Julien
Center for research in N eurosc ien ce , M cG ill U niversity; M ontreal, 
Canada, H 3G  1A4.

Recent studies on N F -L  knockout m ice proved the role o f  
neurofilam ents (N F s) as determinant o f  axonal caliber (Zhu et ah , 
Exp. N eurol. 148: 2 99 , 1997). T o address the contribution o f  each  
N F  subunit, w e generated N F -M  and N F -H  knockout m ice, as w ell 
as double N F -M ;N F -H  knockout m ice. In contrast to previous  
evid en ce suggesting a key role o f  N F -H  subunit in radial grow th o f  
axons, the lack o f  N F -H  protein had little e ffect on axonal calibers in 
the ventral root. On the other hand, the absence o f  N F -M  subunit 
lead to a dramatic decrease (2 to 3 fold) in the caliber o f  these axo n s. 
Therefore, w e  conclu de that the N F -M  subunit, and not N F -H , is a 
major determinant o f  axonal caliber. On the other hand, the density  
o f  m icrotubules in large m yelinated axon s o f  N F -H  knockout m ice 
w as increased by about 2 fo ld , su ggestin g  a role for N F -H  in 
m icrotubule dynam ics. Lastly, electronic m icroscop ic exam ination o f  
ventral root axons revealed a scarcity o f  intermediate filam ents in 
double N F -M ;N F -H  knockout m ice, indicating that the N F -L  
subunit is unable to self-assem b le into filam ents in vivo .

806.17

THE CORRECT IN VIVO ASSEMBLY OF PERIPHERIN WITH NEUROFILA
MENTS REQUIRES NF-L .
M. Beaulieu. J. Rohertson. A. Pi Polo* and .1. P. Julien
Center for research in Neuroscience, McGill University; Montreal, Canada. H3G 
1A4

Neurofilaments are the principal intermediate filament (IF) type expressed by 
neurons. They are formed by the coassembly of three subunits: NF-L, NF-M and 
NF-H. Peripherin is another neuronal IF protein expressed mostly in neurons of 
the peripheral nervous system. In contrast to neurofilament, peripherin can self 
assemble to establish an IF network in cultured cells. The coexpression of neuro
filaments and peripherin is found mainly during development and regeneration. 
To study the interactions between peripherin and neurofilaments, we used a 
human Thy-1 promoter cassette to force expression of peripherin in the central 
nervous system of normal and NF-L knockout mice. We also used cultured cells 
to assess the exact assembly characteristics of peripherin with each neurofilament 
subunit. Our results demonstrate that peripherin cannot compensate for the 
absence of NF-L in neurofilament assembly. Moreover, the lack of NF-L leads to 
a destabilization of peripherin organization resulting in a depletion of peripherin 
from axons and to the formation of peripherin aggregates in the cell bodies of 
neurons. In cultured cells, the coexpression of peripherin with the large neurofila- 
ment subunits prevented the formation of an IF network. Together these results 
indicate that the coassembly of peripherin with neurofilaments is dependent on the 
presence of NF-L in vivo.

This research was supported by a grant from the Canadian Medical Research 
Council.

806.18
A N E U R A L L Y -E N R IC H E D  C O R O N IN -L IK E  P R O T E I N , C L I P I N  
C, IS  C O LO C A L IZ E D  W ITH  F -A C T IN  AT N E U R IT E  T IP S  A N D  
F O C A L  C O N T A C T . K.Takeuchi»>*. T. N a k a m u ra 2*. N. T a k a h a sh i»  
an d  N. Mori3) °D ept. of Cell Biol., N a ra  in s t itu te  of Science an d  Technology,
Ikom a, N ara  630-0101, J a p a n ,  2,Biom edical R&D d ep t., Sum itom o Electric 
In d u str ie s , S ak ae-k u , Y okoham a 244, J a p a n ,  an d  3)D ep t.o f M ol.G enetic Res. 
N a tio n a l In s t i tu te  for Longevity Science, Oobu, Aich 474, J a p a n .

A b rain -en rich ed  h u m an  FC 96 p ro te in  show s a close sequence sim ila rity  
to  th e  D ictyostelium  discoideum  p ro te in  coronin, w hich is im p lica ted  in  cell 
m otility , cy tokinesis, a n d  phagocytosis. A phylogenic tree  an a ly s is  revealed  
th a t  FC 96 an d  o th er tw o m am m alia n  m olecules (p57 an d  IR 10)form  a new 
p ro te in  fam ily, th e  çolonin-hke pro tein(C lip in) fam ily; hence we refer to  F C 96 
a s  Clipin C. C lipin C d irectly  bound  to F -actin  in  v itro  a s  expected  from its  
dom ain  s tru c tu re , ie.,a  W D dom ain  an d  a  succeeding a -helical region, b o th  
of w hich a re  conserved am ong  coronin a n d  Clipin fam ily m em b ers . The 
h u m a n  Clipin C tra n sc rip t  w as p red o m in an tly  ex p ressed  in  b ra in . In  r a t  
b ra in  sections, th e  h ig h es t m RNA expression  w as observed  in  P u rk in je  cells 
in  th e  cerebellum . Im m unocytochem ical an a ly s is  show ed th a t  C lipin C 
accu m u lated  a t  n eu rite  tip s  a n d  focal a d h esio n s . C lipin C w as  de tec ted  
along th ese  s tre s s  fiber s tru c tu re s  in  n e u ro b ra s to m a  cells. T ogether w ith  the  
recently  rep o rted  th e  ph en o ty p es  of coronin nu ll m u ta n t ,  th e  p re s e n t  s tu d y  
sug g ests  t h a t  C lipin C m ay  p lay  a specific role in  th e  reo rg an iza tio n  of th e  
n eu ro n a l ac tin  s tru c tu re s , w hose change is im p lica ted  in  b o th  cell m otility  
d u ring  th e  n eu ro n a l developm ent an d  grow th  cone ad v an ce  lea d in g  to 
sy n ap se  form ation .
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806.19
VISUALIZATION OF THE ACTIN CYTOSKELETON IN DENDRITIC SPINES 
USING PHALLOIDIN. F. Capani. M. E. Martone, T. J. Deerinck, M. H, 
Ellisman* Dept of Neurosciences, National Center for Microscopy and Imaging 
Research, University of California San Diego, La Jolla, 92093-0608.

The cytoskeleton of neuronal dendritic spines is characterized by a network 
of filaments, known to be comprised in part of actin and actin-associated proteins. 
The mushroom toxin phalloidin is a small bicyclic peptide consisting of 7 amino 
acids with a molecular weight of 789. Phalloidin binds to both large and small 
F-actin filaments with high affinity, but unlike antibodies, does not bind monomeric 
G-actin and is membrane permeant to aldehyde fixed cells. We have used phalloidin 
conjugated to the fluorescein derivative eosin to visualize the actin cytoskeleton by 
confocal microscopy and by electron microscopy using fluorescence photooxidation. 
Confocal imaging of the cerebellum, hippocampus and neostriatum revealed strong 
puncate staining in the neuropil. Neuronal perikarya were not labeled but some 
astrocytic processes were stained, as shown by double-labeling with GFAP 
antibodies. At the electron microscopic level, intense staining was observed in 
actin-rich dendritic spines, particularly in the spine heads, in all three regions 
examined. Dendritic spines in the cerebellar molecular labeling were particularly 
strongly labeled. Dense staining was also observed in some glial cell processes in 
the neuropil, in pericytes adjacent to capillaries and in smooth muscle surrounding 
arterioles. Because of the small size of the phalloidin-eosin conjugate, labeling was 
observed several microns into brain tissue sections without the need for detergent 
pretreatment. The 3-D morphology of labeled spines in thick sections was studied 
using high voltage electron microscopy and electron tomography. Staining with 
phalloidin-eosin offers a unique opportunity to study dynamic changes in dendritic 
spines at both the light and electron microscopic levels. Supported by NIH grants 
RR04050, NS 14718 and DC03192.

806.21
CONCERTED MELATONIN MODULATION OF PROTEIN KINASE C AND 
CALMODULIN IS FOLLOWED BY MICROFILAMENT REARRANGEMENTS 
AND INCREASED WATER TRANSPORT IN MDCK CELLS. G. Benítez-Kine G. 
Ramírez-Rodriauez and F. Antón-Tav2*. 1 Depto. Neurofarmacología, DIC, Instituto 
Mexicano de Psiquiatría. 2 Depto. Biología de la Reproducción, CBS, Universidad 
Autónoma Metropolitana-Iztapalapa. México D.F., México.

Melatonin (MEL) is a pineal hormone that causes cyclic cytoskeletal rearrangements 
in the Central Nervous System and in peripheral tissues. MEL causes microtubule 
enlargement through a calmodulin (CaM) antagonism, and intermediate filament 
disruption by a direct protein kinase C (PKC) activation in N1E-115 cells. Moreover, 
MEL enters MDCK cells, modifies microfilament (MF) distribution and cyclically 
increases water transport measured as dome formation. Both CaM and PKC participate 
in water transport, tight junction formation and MF assembly. Thus, in this work we 
explored the involvement of CaM and PKC in the increased water transport and MF 
rearrangements caused by MEL in MDCK cells. Cell monolayers were incubated with the 
vehicle, 1 nM MEL or the PKC activator phorbol-12-myristate-13-acetate (PMA) for 
6 hrs, with or without the PKC inhibitors calphostin C, bisindolylmaleimide, or the 
specific CaM antagonist ophiobolin (OA). Domes were counted by optic microscopy and 
MF’s were stained with rhodamine-phalloidin and observed by fluorescence microscopy. 
The results showed that PMA increased dome formation similarly to MEL, while PKC 
inhibitors prevented the increase. MF’s were distributed as thicker polyhedrical cortical 
rings in the presence of MEL or PMA, while PKC inhibitors blocked these 
rearrangements. In the presence of OA or MEL water transport was increased and MF’s 
were observed as long and thick stress fibers. The effects of PMA and OA were additive. 
The results suggest that a concerted PKC activation and CaM antagonism by MEL, 
participate in the mechanism by which the hormone causes MF rearrangements followed 
by the increase in water transport.
Supported by CONACYT, México, Grants No 3220P-N9607 and No 4200-5-1412PN.

806.20
NEUROFILAMENT DEPENDENT RADIAL GROWTH OF  
AXONS AND AXONAL ORGANIZATION OF  
NEUROFILAM ENTS DOES NOT REQUIRE NF-H OR  
ITS PHOSPHORYLATION. M .V .Rao. M .K . Houseweart. T .L . 
Williamson. J. Folmer, P.T. Martin* and D. W. Cleveland. Ludwig 
Institute for Cancer Research and Department of Medicine and 
Neuroscience, University of Califoffnia at San Diego, La Jolla, CA 
92093.

Neurofilaments are essential for the establishment and maintenance of 
axonal diameter of large myelinated axons, a property that determines 
the velocity of electrical impulse propagation. One prominent model 
for how neurofilaments specify axonal growth is that the long tail 
domains of NF-H (660 amino acids) and NF-M (439 amino acids) are 
responsible for the structuring of axoplasm through intra-axonal 
crossbridges between neurofilaments and other axonal structures. To test 
this hypothesis, NF-H null mice are generated by ES cell mediated 
homologous recombination. In peripheral motor and sensory axons, 
absence of NF-H does not significantly affect the number of 
neurofilaments, axonal elongation, targeting or survival. Neither nearest 
neighbor spacing of neurofilaments nor overall neurofilament 
distribution are altered by loss of NF-H in either large or small diameter 
motor or sensory axons. Since postnatal growth in axon caliber 
continues largely unaffected in the absence of NF-H, neither interactions 
mediated by NF-H nor the extensive phosphorylation of it within 
myelinated axonal segments are essential feature of radial growth.

806.22
NMDA RECEPTORS AND CALCINEURIN REGULATE F-ACTIN STABILITY 
IN DENDRITIC SPINES. S. Halpain.1* A. Hipolito.' L. Saffer.2 ‘Department of 
Cell Biology, The Scripps Research Institute, La Jolla, CA 92037; departm ent of 
Internal Medicine, University of Virginia Health Sciences Center.

Neuronal degeneration and cell death can result from excessive activation of 
receptors for the excitatory neurotransmitter glutamate. Although much has been 
learned in recent years regarding the effects of excitotoxic stimuli on neurons, 
relatively little is known about the progression of cytoskeletal changes that 
accompany excitotoxicity. In particular, the very earliest changes in cytoskeletal 
organization have not been well-documented. We have used an in vitro model 
system to examine the early consequences of intense glutamate receptor activation 
on dendritic spine synapses. Cultured hippocampal neurons exposed to glutamate 
or N-methyl-D-aspartate (NMDA) for as little as 5 minutes exhibited a rapid and 
extensive loss of dendritic spines, as seen using the lipophilic dye Dil. Staining for 
the presynaptic marker synapsin 1 remained intact. The disappearance of spines 
was accompanied by a selective loss of filamentous actin staining at synapses. 
NMDA-induced loss of F-actin punctae occurred in a time- and concentration- 
dependent manner, and was blocked by the NMDA antagonists AP5 and MK-801. 
The metabotropic glutamate receptor agonist ACPD had no discernible effect on F- 
actin organization. The effect of NMDA on local actin assembly was attenuated by 
pre-treatment with the actin stabilizing compound jasplakinolide, or by an 
antagonist of the calcium-dependent protein phosphatase calcineurm. 
Immunoreactivity for calcineurin was enriched at synapses together with F-actin. 
These results indicate that the actin-mediated stability of synaptic structure is 
disrupted by intense NMDA receptor activity, and that calcineurin blockers may be 
useful in preventing such destabilization. Supported by NIH grant MH50861.

806.23
SOME M IC RO TUBULE-ASSO CIATED PROTEIN 1B (M API B) IN 
EMBRYONIC NEURONS IS AN INTEGRAL MEMBRANE PROTEIN. S.L. 
Tanner1, G.D. Bittner2* and R.H. Quarles1. 1LMCN, NINDS, NIH, Bethesda,
MD 20892; 2Dept. of Zoology, Univ. Texas, Austin, TX 78712.

Microtubule-associated protein 1B (MAP1B) is a 320 kDa cytoskeletal 
protein that is abundant in developing neuronal processes and appears to be 
required for axonal growth. In this study we have used a combination of 
immunocytochemical and biochemical procedures to examine the subcelluar 
distribution of MAP1B in embryonic dorsal root ganglion neurons (DRGNs). 
We find that MAP1B is highly enriched in varicosities located along the length 
of the axon and in growth cones. Immunoelectron microscopic examination of 
these regions shows that MAP1B not only associates with microtubules but 
also with vesicles and the plasma membrane. Biochemical studies reveal that 
some MAP1B remains associated with DRGN membrane fractions after a high 
salt wash and that it partitions to a detergent phase after TritonX-114 
extraction, observations which suggest that MAP1B may behave as an 
integral membrane protein. Further support comes from the observations that 
in living neurons, MAP1B is sensitive to extracellular trypsin digestion and that 
it is a sialylated glycoprotein, results which suggest the possibility that MAP1B 
has an extracellular domain. Based on these observations, we hypothesize 
that some isoforms of MAP1B present in embryonic DRGNs behave as 
integral vesicular membrane proteins which may function in mediating the 
transport of vesicles from microtubules to the plasma membrane of actively 
growing axons. (This work supported by the NINDS, NIH Intramural research 
Program).

806.24
A NO VEL, C IRC A D IA N -REG U LA TED  M YO SIN III FROM  LIM U LU S  
EYES: FU RTH ER CH AR A CTERIZA TIO N . B-A. B atte lle*. M. H agedorn. 
C. Cacciatore and K. K em pler. W hitney Laboratory and D epartm ent o f  
Neuroscience, University o f  Florida, St. A ugustine, FL 32086.

The structure and function o f  Lim ulus photoreceptors are regulated by a 
circadian clock located in the brain o f  the anim al. C ircadian inform ation 
reaches the eyes via well characterized octopam inergic efferent projections.
A m ajor consequence o f  the activation o f  this circadian efferent projection is 
the phosphorylation o f a m yosin III via PKA. W e are characterizing Limulus  
m yosin III (m yoIIIλ/,„) to evaluate w hat function it m ay have in circadian 
changes in photoreceptor structure and function. M yolII/(„f contains an N- 
term inal kinase dom ain and a C-term inal m yosin heavy chain head domain. 
Im m unocytochem ical studies perform ed with an an tibody generated against 
the C-term inal o f  m yoIII/(„, (gift from Dr. J.R. Sellers, N IH ) revealed that the 
protein is restricted to photoreceptors, and that it is found in the region o f  the 
photosensitive m em brane and throughout the photoreceptor cytoplasm .
Thus, some m yoIII/(„, m ay participate in the photoresponse. The protein 
binds to calm odulin sepharose in the absence o f  C a '1 and in the presence o f  a 
low concentration o f  Ca ++ (0.1 µM ), but not in the presence o f  1.6 µM free 
C a f+. This suggests the association betw een m yoIII//HI and calm odulin may 
be m odulated during the photoresponse. Both PK A -dependent and - 
independent phosphorylation o f  myoIII,,,,, can be dem onstrated in vitro , and 
both the m yosin and kinase dom ains are targets for in vitro  phosphorylation. 
Experim ents in progress are designed to determ ine the exact sites 
phosphorylated by PKA. This inform ation will help predict the influence o f 
phosphorylation on the function o f  the protein.
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807.1
LOCALIZED SODIUM  ENTRY IN THE AX O N HILLOCK REGION OF 
RAT CEREBELLAR PURKINJE CELLS. N . Lasser-Ross* and W.N. R oss. 
Dept o f  Physiology, N . Y. M edical College, Valhalla, N Y  10595.

Action potential initiation is thought to occur in the axon, close to the soma, 
in most CNS neurons. To examine whether this region has a high density o f  
Na+ channels or some other mechanism to favor initiation, we analyzed the 
time course and spatial distribution o f  spike-evoked [Na+], increases in rat 
Purkinje cell axons. Cells were loaded with 2-5 mM SBFI through patch 
electrodes on the soma. After the indicator diffused into the axon, high-speed 
images o f  the activity-dependent fluorescent changes were monitored with a CCD 
camera. Trains o f  Na+ spikes, evoked either intrasomatically or antidromically, 
caused rapid increases in [Na+]j in the first 10-20 µm o f  the axon. In this region 
the fluorescence change increased with the first spike and peaked at the time o f  
the last one. With increasing distance from the hillock the fluorescence increase 
began later and peaked later. In the soma, the fluorescence also peaked later in 
many cells. This pattern suggests that Na+ enters locally in the hillock region and 
diffuses down the axon and back into the cell body. Consistent with this 
conclusion the recovery time o f  the [Na+]j change in the hillock was rapid, with a 
time constant less than 200 ms. In some cells, a second region o f  fast entry was 
detected further down the axon. This location could correspond to a node o f  
Ranvier. Spike-evoked [Ca2+], increases, assayed by changes in bis-fura-2 
fluorescence, had similar time courses and magnitudes at all axon locations -  
beginning with the first spike and peaking with the last one. This result suggests 
that, in contrast to Na+, Ca2+ enters uniformly in the axon. The region o f high Na+ 
entry may correspond to the initiation zone. Supported by NSF grant IBN- 
9514266.

807.3
M E C H A N IS M  O F A C T IO N  P O T E N T IA L  B U R ST F IR IN G  IN 
LA YER 5 N E O C O R TIC A L N EURO NES. S.R. W illiams. I. Hendrv* and 
G. Stuart D i v i s i o n  o f  N e u r o s c i e n c e ,  J o h n  C u r t in  S c h o o l  o f  M e d i c a l  R e s e a r c h ,  

A u s t r a l ia n  N a t io n a l  U n iv e r s i ty ,  C a n b e r r a ,  A C T  0 2 0 0 ,  A u s tr a l ia .

Large layer 5 pyramidal neurones have been demonstrated, with sharp 
microelectrode techniques, to generate high frequency bursts of action potentials in 
response to synaptic or direct current stimulation. Here, we demonstrate that visually 
identified large layer 5 pyramidal neurones, in brain slices (at 35°C) from rats (P2l- 
35), show diverse firing properties during somatic recording with patch-clamp 
techniques. In cell-attached mode, neurones discharged with either a single or burst 
(2-5) of action potentials (APs) in response to threshold synaptic stimulation. Under 
whole-cell conditions, similar firing patterns were observed in response to synaptic 
stimulation. During whole-cell recordings in response to threshold direct current 
injection imposed from a holding potential of ~ -65 mV, neurones generated one of 
three basic AP firing patterns: i) tonic firing; ii) a single high frequency burst of APs 
followed by a period of tonic firing and iii) bursts of APs (2-7) that were repeated 
throughout the current pulse. Bursts of APs were abolished by the application of 
tetrodotoxin (TTX) (0.5-1 µM), however, no evidence of an underlying transient 
depolarising potential was apparent at threshold current intensity (n=5). The 
application of Cd2+ (250 µM, n=5) failed to alter the structure of AP bursts, while a 
higher concentration (500 µM, n=4), reversibly, increased the number of APs 
composing a burst and the duration of an underlying depolarising envelope. In 
contrast, Ni2+ (0.5-1 mM, n=8), reversibly led to the transformation of the neurones 
firing pattern from burst to tonic firing, while a lower concentration (250 µM, n=3) 
decreased the number of action potentials in each burst. In the presence of TTX, a 
transient depolarising potential was generated at the onset of voltage deviations 
(threshold ~ -40 mV) in response to positive current steps, the application of 500 µM 
Ni2+ (n=3), reversibly, abolished this transient potential. These data indicate that 
burst firing is generated following the recruitment by action potentials of a Ni2+- 
sensitive calcium current. T h is  w o r k  w a s  s u p p o r t e d  b y  th e  W e l l c o m e  T ru s t .

807.5
MULTIPLE SITES OF IMPULSE INITIATION INCREASE NEURONAL 
FIRING RATE. S. A. Baccus*, C. L  Sahlevt and K. J. Muller. 
Neuroscience Program and Dept, of Physiology & Biophysics, University of 
Miami, Miami, FL 33136 and tDept. of Biological Sciences, Purdue 
University, W est Lafayette, IN 47907.

It is known that impulses in CNS neurons can initiate at multiple sites, 
although functional consequences of this property have been less clearly 
demonstrated. In the leech, the S interneuron is essential for a form of 
nonassociative learning, sensitization of the shortening reflex. S cells make 
a strong electrical synapse with each neighboring S cell (see figure, not to 
scale), forming a chain, which spans the entire CNS. Input comes from 
mechanosensory cells that each synapse upon multiple S cells. Because 
impulses propagate throughout the S cell chain, it acts functionally as a 
single neuron with multiple impulse initiation sites.

Impulse initiation sites in the S cell chain were determined by recording 
extracellularly the relative arrival time of S cell impulses at the anterior and 
posterior ends of chains of 6-15 ganglia, both in the animal and in isolated 
preparations. Single electrical or mechanical skin stimuli initiated impulses 
at multiple sites. Impulses initiated earliest in the same segment as the 
stimulus, while later impulses tended to initiate in other S cells, with typically 
up to 5 separate initiation sites observed. This demonstrates that multiple 
impulse initiation sites can increase firing rate, showing a clear functional 
consequence of multiple initiation sites in a neuron with a defined behavioral 
role. Supported by a HHMI Fellowship (SAB) and NIH R01-NS34927.

ia/  _  \ λ/  \ λ/

807.2
EXCITABILITY OF THE SOM A IN CNS NEURONS. B.V. Safronov.
M. W olff and W. Vogel*. Physiologisches Institut, Justus-Liebig-Universitaet 
Giessen, 35392 Giessen, Germany.

The role o f  the soma o f  spinal dorsal horn neurons and motoneurons as well 
as hippocampal pyramidal neurons in action potential generation was studied by 
using patch-clamp recordings from rat spinal cord slices, the method o f  ,,entire 
soma isolation44 (Safronov et al., 1997, J Physiol 503: 371-385) and computer 
simulations.

The somata o f  both spinal neurons were not able to generate action potentials, 
showing only passive and local responses to current injections. 4- to 8-fold in
crease in the density o f  N a+ channels was necessary to make the somata firing.

In contrast, the soma o f  a pyramidal neuron showed spikes with a threshold at 
-47 mV, a velocity o f  depolarization o f  47 V /s and an overshoot o f  +8 mV. It 
could not initiate an action potential in the whole neuron, since those had a 
lower threshold (-56 mV) and an about 3 times higher velocity o f  depolarization 
(142 V/s).

It is also shown that the post-natal development (3 to 32 days) o f  spinal 
dorsal horn neurons was accompanied by an increase in the amplitude o f  axonal 
but not o f  somatic Na+ current. Na+ current in the soma remained constant and 
the soma o f  older animals did not become able to fire spikes.

It is concluded that the soma o f  spinal neurons cannot generate action 
potentials and can resist their propagation from the axon to dendrites. In contrast, 
the soma o f  hippocampal pyramidal neurons itself was able to fire action 
potentials. It could not initiate spikes in an intact neuron but it could actively 
support their propagation from the axon initial segment to dendrites.

807.4
NON-LINEAR PROPERTIES OF REPETITIVE FIRING IN NEOCORTICAL 
NEURONS EVOKED BY FOCAL DENDRITIC DEPOLARIZATION. J.C, 
Oakley. P.C. Schwindt, and W.E. Crill*. Physiology & Biophysics, University of 
Washington School of Medicine, Seattle, WA 98195.

We have investigated the relationship between localized dendritic depolarization 
and the firing frequency output of the soma in visualized layer V neurons of rat 
somatosensory cortex using whole-cell, tight seal recording, IR/DIC optics and 
fluorescent microscopy. Current injected into the soma evokes repetitive firing that 
is linearly related to the current amplitude. Local, dendritic application of 
iontophoresed glutamate at sites 50 µm to 600 µm from the soma also evokes 
repetitive firing at the soma. At low iontophoretic current levels, the firing rate is 
linearly related to the iontophoretic current but a jump to a higher rate occurs at a 
threshold level of iontophoresis. Further increases in iontophoretic current strength 
do not result in further increases in firing rate. The jump in firing rate is caused by 
a non-propagated, all-or-nothing calcium dependent plateau which is triggered by 
the dendritic depolarization and blocked by bath application of 1 mM Mn2+ but not 
by 1 µM TTX or 100 µM APV. The saturation of the firing frequency versus 
iontophoretic strength relationship is not due to saturation of the somatic firing 
mechanism nor to saturation of the glutamate receptors. The calcium plateau 
mediated dendritic current sums linearly with injected soma currents to generate 
repetitive firing, suggesting that the cell as a whole continues to act as an 
integrator during the local, all-or-nothing dendritic events but the integrated 
dendritic current is generated by the all-or-nothing Ca2+ plateau rather than by the 
current flowing through the dendritic glutamate receptor channels. The non-linear 
transduction of dendritic depolarization to transmitted current may be important 
for the computational properties of the cell. Supported by NIH Grant NS 16792.

807.6
DENDRITIC DEPOLARIZATION INDUCES LONG-LASTING 
ENHANCEMENT OF SPIKE BACKPROPAGATION IN THE APICAL 
DENDRITES OF CA1 PYRAM IDAL NEURONS. H. Tsubokawa1’2*. S. 
Offermanns 3. M. Simon2 and M. K ano2,4,5. *Dept. o f Physiol., Jichi Med. Sch. 
Tochigi 329-0498; 2Lab. for Cellular Neurophysiol., Brain Science Inst., 
RIKEN, W ako 351-0198; 3Division o f Biology, California Institute of 
Technology; 4CREST, Japan Sci. Tech. Corp.; ¾Dept. o f Physiol., Kanazawa 
Univ. Sch. of Med. Kanazawa 920-8640, JAPAN 

Sodium-dependent action potentials initiated near the soma back-propagate 
over the dendrites o f CA1 pyramidal neurons. The dendritic spikes are 
attenuated in an activity-dependent manner. Later spikes in a train have smaller 
amplitudes when recorded in the apical arbors. Using dendritic patch recording 
from CA1 pyramidal neurons in mice hippocampal slices, we examined several 
factors that might affect dendritic spike propagation. APV, CNQX and 
bicucullme were always present in the bath to block fast synaptic inputs. Trains 
of 10 antidromic action potentials showed clear decrement o f the amplitude 
when recordings were made in the middle o f apical dendrites. However, after 
several depolarizing current pulses, amplitude o f later spikes increased 
irreversibly, and the height o f all spikes in a train were made equal. This 
enhancement o f propagation was also seen in CA1 neurons of mice lacking the 
α-subunit o f  the heterotrimeric G protein Gq(G αq). BAPTA (10 mM) 
contained in the pipette or low-Ca2+ perfusing solution abolished this 
enhancement, indicating that Ca2+ influx is required. Either intracellular 
injection of Calmodulin-binding domain (CBD, 100 µM) or bath application of 
a CaMKII inhibitor, KN93 (10 µM), blocked the enhancement. KN92 (negative 
control for KN93) had no effect. These result suggested that increase in [Ca2"]i 
causes enhancement o f  spike backpropagation in the apical dendrite o f mice 
CA1 pyramidal neuron by CaM KII-dependent mechanisms.
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807.7
INCREASED D EN D R ITIC  ACTION PO TENTIA L AM PLITUDE  
VIA  DOW NREG ULATION OF TR A N SIEN T K+ CHANNELS
P ax  Hoffman* and Dan Johnston  Division of Neuroscience, Baylor College of 
Medicine, Houston, TX  77030

Whole-cell recordings were made from C A l hippocam pal pyramidal cell 
dendrites of 5-8 week old rats, 200-350 µm from the soma. Antidromically 
in itiated  action potential am plitude was m easured before and after bath  ap
plication of PK A  and PKC activators. In proximal dendrites, application of 
100 µM 8-br-cAM P to  activate PK A had little effect on action potential am
plitude. In distal recordings, however, where the action potential amplitude 
is significantly a tten u a ted  by an increasing density of transien t K + channels 
(Hoffman et al., Nature, 1997), PK A  activation increased the am plitude by 
an average of 51 ±14%. Inclusion of H7 in the  external solution to  oppose 
kinase activation prevented the effect of 8-br-cAM P on action potential ampli
tude. Similarly, action potential am plitude increased by an average of 78 ±15% 
upon washin of 10 µM phorbol diacetate  (PDA ), which activates PKC. The 
increases in action potential am plitude occurred w ithout a significant increase 
in the  rate  of rise of the  backpropagating action potential. This, along with 
the lack of PK A  effect on proximally recorded action potentials indicates th a t 
the kinase-dependent increase in am plitude is not due an increase in N a+ con
ductance. These d a ta  suggest th a t  the  depolarizing shift in the  transient K + 
channel activation curve by phosphorylation by PK A or PK C (Hoffman and 
Johnston J. Neurosci., in press) increases dendritic action potential amplitude. 
Physiologically, an increase in intracellular PK A  would be expected upon 0- 
adrenergic receptor activation. Accordingly, we find a transien t increase in 
dendritic action potential am plitude of ~  53 ±19%  after bath  application of 
1 µM isoproterenol. Prelim inary results suggest th a t  activation of muscarinic 
acetylcholine receptors via b a th  application of 1 µM carbachol also results in an 
increase in dendritic action potential am plitude, perhaps via PKC. Supported 
by NIH.

807.9
E L E C T R O R E S P O N S IV E N E S S  O F A C U T E L Y  IS O LA T E D  D E N D R IT IC  

S E G M E N T S  O F R A T  N E O C O R T IC A L  P Y R A M ID A L  C E LLS  - E V ID E N C E  FO R  
C O N S T IT U T IV E  A N D  T R A N S M IT T E R -A C T IV A T E D  IN W A R D LY  R E C TIFY IN G  

K -C U R R E N T S . T. T a k iq a w a  a n d  C. A lz h e im e r*. D ept, o f P h ys io lo g y , 

U n iv e rs ity  o f  M u n ich , D -8 0 3 3 6  M u n ich , G e rm a n y .

It is n o w  g e n e ra lly  a c c e p te d  th a t a p ic a l d e n d r ite s  o f  p y ra m id a l n e u ro n s  a re  

e n d o w e d  w ith  a  n u m b e r o f  d if fe re n t ion c o n d u c ta n c e s  th a t p lay  a p ivo ta l ro le  

in d e n d r it ic  s ig n a l in te g ra tio n . C h a ra c te r iz a tio n  o f  d e n d r it ic  c o n d u c ta n c e s  in 

s lice  p re p a ra tio n s  is, h o w e v e r, im p e d e d  by lim ite d  a c c e s s  an d  in a d e q u a te  

vo lta g e  c o n tro l. In o rd e r  to  o v e rc o m e  th e s e  p ro b le m s , w e  p e rfo rm e d  "w h o le - 

ce ll" a nd  p e rfo ra te d  p a tch  (1 0 0  µ g /m l n y s ta tin )  re c o rd in g s  fro m  d e n d ritic  

s e g m e n ts  (c f. K a v a ia li e t a l., Neuron  1 8 :6 5 1 -6 6 3 ,1 9 9 7 ) a c u te ly  iso la te d  fro m  

s e n s o r im o to r c o r te x  o f  ju v e n ile  ra ts  (p o s tn a ta l d a y  10 - 19) us ing  a 

c o m b in e d  e n z y m a tic  (1 9  U /m l p a p a in ) a n d  m e c h a n ic  d is s o c ia tio n  p ro toco l. 

In th e  p re s e n c e  o f  p h y s io lo g ic a l in tra -  a n d  e x tra c e llu la r  s o lu tio n s , 

d e p o la r iz in g  v o lta g e  s te p s  e v o k e d  s e q u e n c e s  o f  v o lta g e -d e p e n d e n t inw ard  

c u rre n ts  fo llo w e d  by o u tw a rd  c u rre n ts  in d ic a tin g  th a t a c tiv e  m e m b ra n e  

p ro p e rtie s  a re  p re s e rv e d  in is o la te d  d e n d r it ic  s e g m e n ts . In o rd e r to  iden tify  

p u ta tiv e  in w a rd ly  re c tify in g  K +-c u rre n ts , h y p e rp o la r iz in g  v o lta g e  ra m p s  w e re  

e m p lo y e d  a n d  [K +]0 w a s  v a r ie d . E le v a tin g  [K +]0 c a u s e d  a su b s ta n tia l 

in c re a s e  in in w a rd  re c tif ic a tio n  th a t w a s  s e n s it iv e  to  B a 2+ (2 0 0  µM ) 

s u g g e s tin g  th a t a p ic a l d e n d r ite s  d is p la y  c o n s titu t iv e  in w a rd  re c tif ica tio n . In 

ad d itio n , a p p lic a tio n  o f  th e  G A B A B-re c e p to r  a g o n is t, b a c lo fe n  (20  µM ), w a s  

fo und  to  fu r th e r  e n h a n c e  B a 2+-s e n s it iv e  in w a rd  re c tif ic a tio n . O u r da ta  

s u g g e s t th a t  d e n d r it ic  in w a rd  re c tif ic a tio n  m ig h t be  ta rg e te d  by 

n e u ro m o d u la to rs  to  in f lu e n c e  loca l s ig n a l p ro c e s s in g  in d e n d ritic  

co m p a rtm e n ts .

S u p p o rte d  by D F G  (A l 2 9 4 /7 -1  a n d  th e  H e is e n b e rg -P ro g ra m )

807.11
RAPID APPLICATION OF DOPAM INERGIC AGONISTS DECREASES THE 
EXCITABILITY O F LAYER V PYRAM IDAL CELLS IN THE RAT 
PREFRONTAL CORTEX Allan T. Gulledge* and David B. Jaffe. Division of Life 
Science, University o f Texas at San Antonio, San Antonio, Texas 78249.

In both primates and rodents, the prefrontal cortex (PFC) is highly innervated by 
dopaminergic fibers originating from the ventral tegmental area and activation of this 
mesocortical dopaminergic system has been shown to decrease spontaneous and 
evoked activity in the PFC. We have been examining the effect of dopaminergic 
agonists on the firing properties o f pyramidal cells from the prelimbic area of the rat 
medial PFC.

Whole-cell current-clamp recordings were made from layer V pyramidal cells from 
17-30 day old rats. As a measure o f cell excitability, the number of action potentials 
evoked by second-long depolarizing current steps was counted before and after agonist 
application. Agonists of D1 (SKF38393 and SKF81297) and D2 (quinpirole) receptors 
were focally applied near the soma of these cells using a “ puffer” pipette. Drugs were 
pressure ejected for periods of 20 to 30 seconds.

Focal application o f 500 µM SKF38393 produced a change in the number of evoked 
spikes o f -65  ± 2% (n=3). Similarly, application o f 100 µM SKF81297 produced a 
-64 ± 4% change in spike number (n=5). A lower concentration of SKF81297 (10 µM) 
produced no decrease in excitability (mean change = +9 ± 5%, n=4). Reductions in the 
number of spikes observed after the application o f either SKF38393 or 100 µM 
SKF81297 reversed within 60 to 90 seconds.

When the D2 agonist quinpirole (1 or 10 µM) was focally applied, a decrease in 
evoked spikes was observed. The mean change in the number of evoked spikes for 
these cells was -52  ±11%  (n=6). The number o f spikes returned to baseline values 30 
to 60 seconds after quinpirole application.

These data suggest that agonists o f both D1 and D2 family receptors have an 
inhibitory influence on layer V pyramidal neurons in the rat medial PFC.

This work was supported by NIGMS grant GM0P194-1751.

807.8
DISTRIBUTION AND PROPERTIES OF POTASSIUM CHANNELS IN THE 
SOMA AND APICAL DENDRITES OF LAYER 5 CORTICAL PYRAMIDAL 
NEURONS.
J. M. Bekkers'-~* and G. S tu a rt . 'Division of Neuroscience, John Curtin School of 
Medical Research, Australian National University, Canberra, ACT 0200, Australia; 
-Abteilung Zellphysiologie, Max-Planck-Institut I'iir medi/.inische Forschung, 69028 
Heidelberg, Germany.

Propagation of action potentials back into the apical dendrites of Layer 5 pyramidal 
neurons has potentially important implications for dendritic processing. Back- 
propagating action potentials are likely to be shaped by potassium conductances 
located on the soma and dendrites. The goal of this work was to measure the 
properties and map the distribution of different types of voltage-activated potassium 
channels in Layer 5 neurons, with a view to establishing the role of these channels in 
dendritic processing and neuronal integration.

Acute cortical slices from 3-4 week-old rats were visualised using infrared video 
microscopy. On-cell patch recordings were made from the soma and apical dendrites of 
identified large Layer 5 pyramidal neurons. The electrode contained HEPES-buffered 
bath solution, 1 µM TTX and (in some experiments) 200 µM Cd.

Both delayed-rectifier (DR) and transient A-current-like potassium currents were 
recorded. The mean amplitude of each type varied greatly between patches (0 to > 50 
pA at Vtest = +60 mV). The transient current was less highly expressed on the apical 
dendrite than on the soma (measurements up to 300 µm from the soma). The DR 
current was more uniformly distributed. Back-propagating action potentials fired by a 
whole-cell electrode at the soma transiently activated DR channels in dendritic on-cell 
patches.

These results suggest that dendritic potassium channels contribute to both temporal 
and spatial shaping of back-propagating action potentials in Layer 5 pyramidal neurons 
and thus help to define neuronal integration in the neocortex.

JMB thanks B. Sakmann, in whose laboratory this work was begun. Supported by 
the Wellcome Trust (GS) and a Fellowship from the Alexander von Humboldt 
Foundation (JMB).

807.10
CALCIUM-ACTIVATED POTASSIUM CONDUCTANCES DO NOT SIGNIFI
CANTLY CONTRIBUTE TO ACTION POTENTIAL REPOLARIZATION IN 
DENDRITES OF HIPPOCAMPAL CAl PYRAMIDAL NEURONS.
N.P. Poolos* and D. Johnston. Division of Neuroscience, Baylor College of 
Medicine, Houston, TX 77030.

Currents mediated by Ca2+-activated K+ conductances (Ic) play an important 
role in the rapid repolarization of the action potential (AP) in a number of cell 
types, including the AP recorded at the soma of hippocampal CAl pyramidal 
neurons. Previous work had shown that Ic mediates the fast afterhyperpolarization 
(fAHP) in CAl neurons and is sensitive to blockade of Ca2+ influx, low concen
trations of TEA, and charybdotoxin, a specific blocker of large conductance Ca2+- 
activated K+ channels. We have investigated whether back-propagating dendritic 
action potentials also activate Ic during spike repolarization.

Hippocampal slices were prepared from 6-8 week-old Sprague Dawley rats. 
Whole-cell patch clamp recordings were obtained from CAl pyramidal neurons at 
the soma and in the dendrites at distances of 150 to 200 µm from the soma. The 
recording pipette contained a KM eS04-based solution without EGTA or other Ca2+ 
buffers. Bath application of Cd2+ (100-200 µM), TEA (0.5-1 mM), zero-Ca2+ 
solution, or charybdotoxin (30 nM) blocked the somatic fAHP and slowed AP 
repolarization by 37% (± 3.4% SEM), in agreement with previous results. In 
contrast, dendritic APs did not show an fAHP under control conditions, and the 
rate of repolarization was not significantly affected by blockade of Ca2+ influx or 
large conductance Ca2+-activated K+ channels (-1.3%±5.5%). We conclude that Ic 
does not play a significant role in the repolarization of back-propagating dendritic 
action potentials.

Supported by the NIH and the Epilepsy Foundation of America.

807.12
VOLTAGE DEPENDENT SIGNAL AM PLIFICATION IN HIPPOCAM PAL 
CA3 NONPYRAMIDAL NEURONS. Raymond A. Chitwood* and David B. 
Jaffe. Division of Life Science, The University of Texas a t San Antonio; San 
Antonio, TX 78249

Computer simulations using passive hippocampal nonpyramidal neuron models 
from our laboratory, as well as others, suggest a significant attenuation of voltage 
form most dendritic locations to the soma. We have tested the hypothesis that 
voltage-gated ion channels boost incoming signals using focal application of 
glutamate to the dendrites of CA3 nonpyramidal neurons while holding the cell at 
various membrane potentials.

Hippocampal slices from 14-30 day old Sprague Dawley rats were prepared using 
standard methods. Whole-cell recordings were made from visually identified 
neurons in s. radiatum and s. lacunosum-moleculare. Glutamate (250-500 µM) was 
pressure ejected (4-6 ms) through a patch pipette to visualized dendrites 
approximately 75 µm from the soma. 50 µM APV was included in the bath to 
eliminate NMDA-mediated EPSPs. To compare dendriticaly-generated to 
somatically-generated signals, 40-100 pA current pulses (5-10 ms) were injected at 
the soma. Glutamate stimulated potentials (GSPs) typically elicited a depolarization 
of 8-12 mV and a half-width of 88 ± 29 ms, while somatic pulses depolarized the 
membrane with similar amplitudes and a half-width of 28 ± 9 ms. When the 
membrane potential was depolarized 5-10 mV relative to rest, the amplitude of GSPs 
were 26 ± 8% larger in 8 of 17 cells. In contrast, the somatic depolarizations from 
the same cells were amplified only 4 ± 3%. The remaining cells showed no 
amplification of the GSP or the somatic depolarization.

These data suggest that the dendrites of some hippocampal nonpyramidal neurons 
can boost incoming synaptic signals. However, as the kinetics of the somatic and 
dendritic signals were different, the role of somatic voltage gated channels cannot be 
excluded.

This work was supported by the NSF - IBN 9511309
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807.13
CARBACHOL-INDUCED THETA SYNCHRONIZATION I N  V IT R O :  

MOBILIZATION OF INTRACELLULAR CALCIUM AND RECRUITMENT OF 
CALMODULINE KINASE II IN THE CA1 AREA OF THE RAT 
HIPPOCAMPUS. S. Alberi1*, P.H. Boeijinga-, M. Raggenbass- & H.W.G.M. 
Boddeke~. 'Novartis Pharma Ltd., Research, 4002 Basel, Switzerland; 2FORENAP, 
Rouffach, France; Dept, of Physiology, CMU, 1211 Geneva, Switzerland.

The role of calcium and protein kinases in the rhythmic activity induced by 
muscarinic receptor activation in the CA1 area in rat hippocampal slices was 
studied using extracellular recordings. Carbachol at 20 µM induced synchronized 
field potential activity with a dominant frequency of 7.39 ± 0.68 Hz (n=2l). This 
theta-like activity was suppressed after bath application of pirenzepine at 1 µM 
(n=6 ), but not by methoctramine at 1 µM (n=5) suggesting the involvement of ml 
and/or m3 rather than m2 muscarinic receptors subtypes.

Thapsigargm at 1 µM reduced the power of carbachol-induced dominant 
frequency by 67 ± 11 %, suggesting an involvement of mobilization of intracellular 
calcium (n=9). By contrast, ryanodine at 10 µM did not affect significantly the 
power of the carbachol-induced synchronization (35 ± 16 %; n=4). These results 
suggest that the carbachol-induced oscillations are dependent on calcium released 
predominantly from IP3-sensitive calcium stores.

In addition, pretreatment of the slices with the calmoduline kinase II (CaMKII) 
inhibitor KN-93 at lOµM reduced the power of carbachol-induced theta-rhythm by 
89 ± 14 % (n=5), whereas pretreatment with the inactive enantiomer KN-92 at 10 
µM, had no effect (n=3). We suggest that carbachol acting on ml/m3 ACh 
receptors induces theta synchronization in the CA1 area of the rat hippocampus in  

v i t r o  by inducing an IP3-mediated increase in intracellular calcium followed by 
activation of CaMKII.

Additional data concerning CAMKII-regulated ion channels possibly involved in 
theta rhythmic activity will be presented.

807.15
A X O N  T E R M IN A LS M AY BE A C U R R EN T FL O W  LO C U S O F  
SPR EA D IN G  D E PR E SSIO N . P.E. Kunkler* and R.P. Kraig. Department of 
Neurology, The University of Chicago, Chicago, IL 60637.

SD worsens ischemic injury if it occurs <1 day before a reduction in flow and 
lessens injury if it occurs >1 day before ischemia. Mechanisms responsible for these 
affects are unknown but may involve ion changes across cell membranes since: 1) Such 
movements are a well-conserved means for cell signaling; and 2 ) enormous changes in 
ion gradients occur with SD. Accordingly, we have begun to explore dynamic changes 
in current sources & sinks of SD in animals and hippocampal organ cultures (HOTCs).

Interstitial DC potential depth profiles of SD in rodent neocortex (n=5) showed a 
largely negative-then positive DC change that was maximal in layers III & IV. Below 
layer IV, the positive change became dominant and eventually the sole change with 
increased depth. This positive shift was correlated with a small negative DC change in 
layers III & IV o f the opposite side where ipsilateral, layer III/IV neurons terminate. 
Wadman et al. (Brain Res, 1992) show that a large inward current occurs among 
neuronal dendrites and cell bodies during hippocampal SD but could not identify a 
specific anatomic locus for the current source. Bilateral depth profiles o f neocortical 
SD suggest that an inward current occurs among neuronal cell bodies and dendrites of 
layers III & IV while their axon terminals may serve as a current source in the ipsila
teral cortex and a minor current sink at their contralateral terminations. Voltage sensi
tive dye (RH795) recordings in HOTCs were used to explore involvement of axons in 
SD. SD was confirmed by simultaneous recording of interstitial DC potential. When 
the pyramidal dendritic and cell body layers depolarized from SD, potentials increased 
where pyramidal cell axons and terminals are concentrated. Thus, while dendrites and 
cell bodies of neurons serve as a current sink of SD, their axon terminals are likely to 
be the associated current source. Identification of the spatiotemporal changes and 
anatomic basis of SD current changes is a key step toward deciphering the biophysical 
and biochemical basis for the phenomenon. (Supported by NS-19108.)

807.17

REGULATION OF APLYSIA BAG CELL NEURON CATION CHANNELS BY A 
CLOSELY ASSOCIATED PROTEIN KINASE C. N. S. Maeoski*. G.F. Wilson, 
and L. K. Kaczmarek. Department of Pharmacology, Yale School of Medicine, New 
Haven, CT, U.S.A., 06520 and Laboratory of Genetics, University of Wisconsin, 
Madison, WI, 53706.

Egg laying behavior in Aplysia is controlled by the bag cell neurons. In 
response to stimulation, the bag cell neurons undergo an ~3O minute period of 
repetitive firing, known as the afterdischarge, during which they release peptides that 
induce egg laying. A nonselective cation channel has been implicated in providing the 
depolarizing drive for the afterdischarge. Using cultured bag cell neurons and the 
inside-out patch configuration, we studied the regulation of this cation channel by 
endongenous protein kinases and phosphatases. Application of ATP (1-2 mM) to the 
cytoplasmic face of the patch greatly increased cation channel open probability (PG). 
The enhancement of PQ was not reproduced by ADP, AMP, or the non-hydrolyzable 
ATP analogue, AMP-PNP. The ATP-induced increase in P0 was blocked by the 
specific protein kinase C (PKC) inhibitors, H-7 and PKC inhibitor peptide (19-36), 
but was unaffected by the protein kinase A blocker, Walsh inhibitor peptide (6-22). 
This indicated that ATP serves as a phosphate donor in a reaction catalyzed by a PKC 
endogenous to the patch. The effect of ATP was reversible, suggesting that a 
phosphatase was also present in the patch and removing the phosphate donated by 
ATP. Appropriately, the phosphatase inhibitor, microcystin, prevented washout of the 
ATP-induced increase in P0. Furthermore, application of protein phosphatase 1, in 
the presence of ATP, resultec in return of channel P0 to control levels. Collectively, 
these data support the hypothesis where PKC and a protein phosphatase are associated 
with the cation channel as a part of a regulatory complex. Activation of PKC at the 
onset of the afterdischarge would enhance cation channel PG and provide inward 
current to depolarize the bag cell neurons. Conceivably, phosphatase activity could 
contribute to recovery of the membrane potential following the afterdischarge. 
Supported by National Institutes of Health and Human Frontiers Science Program.

807.14
INTRINSIC THETA-FREQUENCY MEMBRANE POTENTIAL OSCILLATIONS 
INDUCED BY CARBACHOL IN HIPPOCAMPAL INTERNEURONS IN STRATUM 
LACUNOSUM-MOLECULARE. C .A . C h a p m a n *  a n d  J .-C . L a c a ille , C e n tre  de 

R e c h e rc h e  en S c ie n c e s  N e u ro lo g iq u e s  e t D ep t, d e  P h y s io lo g ie , U n iv e rs ité  de  

M o n tré a l (Q c ) C a n a d a , H 3C  3J7.

In te rn e u ro n s  nea r the  b o rd e r be tw e e n  s tra tu m  la cu n o su m -m o le cu la re  and  stra tum  

ra d ia tu m  (LM ) o f  th e  h ip p o c a m p a l CA1 re g io n  d is p la y  in tr in s ic  th e ta -fre q u e n c y  

(« 8 H z  a t 32°C ) o sc illa tio n s  in m e m b ra n e  p o ten tia l w h e n  d e p o la riz e d  n e a r th resho ld  

in v itro . T h e  o sc illa tio n s  a re  g e n e ra te d  by an in te rp la y  b e tw e e n  v o lta g e -g a te d  N a + 

and  K + cu rren ts . T h e  e ffe c ts  o f  c h o lin e rg ic  a g o n is ts  on  o sc illa tio n s  w e re  investiga ted  

us ing  w h o le  ce ll cu rre n t c la m p  re co rd in g s  in tra n s v e rs e  (3OOµm) h ip p o ca m p a l s lices 

o b ta in e d  fro m  4 -6  w e e k  o ld  ra ts . W h o le -c e ll re c o rd in g s  w e re  o b ta in e d  u n d e r v isua l 

co n tro l us ing  p ip e tte s  c o n ta in in g  (in  m M ) 140  K -g lu c o n a te , 5 N aC I, 2 M gC I, 10 

H E P E S , 0 .5  E G T A , 2 A T P -tr is , 0 .4  G T P -tr is , a nd  b io c y tin  (0 .1 % ). A t resting  

m e m b ra n e  p o te n tia l, b a th  a p p lic a tio n  o f  th e  c h o lin e rg ic  a g o n is t c a rb a c h o l (2 5 µ M ) 

d e p o la r iz e d  LM  in te rn e u ro n s  by 2 -6  m V  (n = 1 1 ). T h e  c a rb a c h o l- in d u c e d  

d e p o la r iz a tio n  w a s  n o t re d u c e d  by b lo c k a d e  o f  io n o tro p ic  g lu ta m a te rg ic  and 

G A B A e rg ic  s y n a p tic  tra n s m is s io n  w ith  C N Q X  (2O µM ), A P 5  (5O µM ) a nd  b icu cu llin e  

(2 5 µ M ) (n= 4 ), b u t it w a s  b lo cke d  by a tro p in e  (1 µ M ; n = 3 ). T h e  d e p o la r iz a tio n  w a s  

th e re fo re  m ed ia ted  by a c tiva tion  o f m u sca rin ic  re ce p to rs . In th e  m a jo rity  o f LM  cells  

(8 o f 11 ce lls), ca rb a ch o l- in d u ce d  d e p o la riza tio n  re su lte d  in th e  in d u c tio n  o f in trins ic  

v o lta g e -d e p e n d e n t m e m b ra n e  p o te n tia l o s c illa t io n s  th a t p a c e d  ce ll firin g  a t th e ta - 

fre q u e n c y . T h e  c a rb a c h o l- in d u c e d  o s c illa t io n s  w e re  s im ila r  in fre q u e n c y  and 

a m p litu d e  to  th o se  induced  by p os itive  c u rre n t in jec tion  in th e  a b s e n c e  o f carbacho l.

D e p o la r iz a tio n  o f  LM  in te rn e u ro n s  by c h o lin e rg ic  m e d ia l s e p ta l a ffe re n ts  m ay 

th e re fo re  in d u ce  m e m b ra n e  p o te n tia l o s c illa t io n s  in LM  in te rn e u ro n s  a nd  m ay 

c o n tr ib u te  to  h ip p o c a m p a l th e ta  a c tiv ity  th ro u g h  rh y th m ic  in h ib itio n  and 

s y n c h ro n iz a tio n  o f  CA1 p y ra m id a l ce lls .

(S u p p o rte d  by  M R C , F R S Q , F C A R , a n d  N S E R C )

807.16
IN T R A C E L L U L A R  IN  VITRO  S T U D Y  OF TH E  
E L E C T R O PH Y SIO L O G IC A L  R E S P O N S E S  OF RAT  
D O PA M IN E R G IC  CELLS TO  G L U C O S E  D E P R IV A T IO N
N . M ercuri*. S. M arinelli and G. Bernardi. IR C C S - Santa Lucia and 
Clinica N eu rologica , Univ. Tor V ergata - R om a - Italy  

The dopam inergic neurons o f  the rat midbrain w ere recorded in in 
vitro  conditions by using intracellular e lectrod e in bridge and vo ltage-  
clamp m ode, in order to  asses the e lectrop h ysio logical resp onse caused  
by hypoglycem ia. The rem oval o f  g lu co se  from  the superfusing artificial 
cerebrospinal fluid determ ined a com p lex  resp on se in the dopam inergic  
neurons w h ich  w as constituted o f  at least four phases. The first phase 
w a s characterized by a slow ly  develop ing excitation  and depolarization  
o f  the mem brane (an inward current under sin g le-electrod e voltage-  
clam p), w h ich  w a s fo llow ed  by an inhibition o f  the spontaneous firing 
caused by a hyperpolarization (outw ard current) w h ich w as initially 
tolbutam ide- and g libenclam ide-sensitive (secon d  phase) and later (third 
phase) insensitive to  the sulphonylureas but barium -sensitive. W hen the 
n orm oglycem ic A C SF w as perfused again a post-h yp oglycem ic  
iperpolarization-outw ard current w a s observed  (fourth phase). These  
data support the notion  that during a period o f  energy deprivation the 
m echanism s o f  reaction o f  the dopam inergic cells involve different 
pattern o f  mem brane changes.
Supported by the Italian M inistry o f  Health.

807.18
NONSPECIFIC SENSITIVITY CHANGE OF DENERVATED RAT DIAPHRAGM IS 
ASSOCIATED WITH MEMBRANE DEPOLARIZATION. J.-O. Kong. L. R. Molnar.
T. Kalbaugh. K. A. Thavne. D. A. Taylor and W. W. Fleming*. Dept, o f Pharmacol. & 
Toxicol., West Virginia University School of Medicine, Morgantown, WV 26506-9223.

Denervation of skeletal muscle leads to a marked increase in sensitivity that is specific 
for cholinergic agonists as well as a concomitant smaller increase in sensitivity that 
extends to agents other than cholinergic agonists. The cellular mechanism of this latter 
component is not known. Studies were conducted in preparations o f rat diaphragm that 
had been subjected to left phrenic nerve section from 2 to 14 days previously. 
Pharmacological responses to carbachol and KC1 were compared in hemidiaphragm 
preparations obtained from both the left and right side. In denervated preparations, 
significantly increased contractile responses were observed to carbachol after 4 days of 
denervation. In preparations obtained from animals denervated either 7 or 14 days 
previously, the change in responsiveness to carbachol was even greater and contractile 
responses to KC1 were significantly increased also. Electrophysiological recordings from 
skeletal muscle cells in these preparations revealed the development of a gradual 
depolarization of the membrane potential following denervation, which was significantly 
different from control by day 7 and reached a maximum change by 14 days. The time 
course for development of this depolarization correlated very well with that of the 
nonspecific changes in pharmacological responsiveness. The hypothesis that the cell 
membrane depolarization was due to a reduction in the abundance of membrane Na-K 
ATPase pump sites was explored using quantitative Western analysis of sodium pump 
alpha subunit isoforms. The data suggest that the change in membrane potential cannot 
be associated with a reduction in the abundance o f alpha subunit isoforms. Therefore, 
the depolarization must result from either a change in the targeting of functional sodium 
pumps through other subunits or to a difference in some other cellular regulators of 
membrane potential. Supported in part by NIH training grant T32 GM07039 and funds 
from the Mylan Endowment.
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807.19
DC FIELD STIMULATION FOR RELIABLE ELECTROTONIC 
MEASUREMENTS IN NEURONS. G. Svirskis1’2, A. Baginskas1. J, Hounsgaard2, A, 
Gutman1*. ‘Lab. Neurophysiol, Med Acad, 9 Mickeviciaus, LT3000 Kaunas, 
Lithuania; 2Panum Inst, Blegdamsvej 3, DK2200 Copenhagen, Denmark.

Standard methods for electrotonic measurements by using current injection have 
several inherent shortcomings. 1) The methods do not allow the check for the 
possible heterogeneity of the passive membrane properties. 2) The response to the 
current injection depends on three or four parameters which have to be defined from 
the relatively simple shape of the transient.

DC field stimulation is proposed for the electrotônic measurements. Theory and 
computer model of the field-evoked response in an arbitrary neuron are developed 
and applied to reconstructed motoneuron and hippocampal intemeuron. There are 
several features specific to the field evoked response. 1) The heterogeneity of the 
passive membrane properties or injury shunt can be detected from the transient of 
induced polarization [Svirskis et al., 1997], 2) The transient of the response defines 
the relation between only two parameters, membrane time constant, τ, and electrotonic 
length, λ, defined for the cable with unit diameter. The stationary polarization 
depends monotonously on the λ. 3) The polarization is more sensitive to the distal 
dendritic membrane than the response to the current injection. 4) The recording of 
the field induced polarization is not distorted by the electrical properties of the 
electrode since there is no need for current injection.

Electrotonic length was estimated for 8 motor- and 5 intemeurons recorded in turtle 
spinal cord slices by whole-cell and sharp electrodes. The average tip-to-tip 
electrotonic length of the dendrites, L, was estimated by measuring the equalization 
time-constant of the field evoked response. In our case, L ranged from 0.7 to 2.4. 
This estimation is more reliable because τ/and ra re  measured independently.

The work was supported by ISF Grants LA1000 and LHH100 , Danish MRC, the 
Lundbeck Foundation, and the Novo-Nordisk Foundation.

POSTSYNAPTIC MECHANISMS: MODULATION

808.1

PO ST SY N A PT IC  EFFEC T O F PK C  A C T IV A T IO N  O N  
G LU T A M A T E R ECEPTO R-M EDIA TED EX C IT A T O R Y  
PO ST SY N A PT IC  C U R R E N T S . N , S u zu k i1 1  T. H ori1. Y .
Kajikawa1. T, M anabe1*. & T , Takahashi1. 'Departm ent o f  
N eu rop h ysio logy , Faculty o f  M edicine, U n iversity  o f  T ok yo , T ok yo  
113-0033; d ep a rtm en t o f  P h y s io lo g y , Faculty o f  M edicine, Kanazawa  
U n iversity , K anazawa 9 2 0 -8 6 4 0 , Japan.

Postsynaptic e ffects o f  protein kinase C  (P K C ) activators on  glutamate 
receptor-mediated excitatory postsyn aptic currents (E P S C s) w ere  
exam ined using patch pipette perfu sion technique in the principal 
neurons o f  the m edial nucleus o f  trapezoid b ody in rat brainstem  slices. 
Intracellular application o f  a PK C activator, phorbol 12,13-dibutyrate  
(PD B u), increased the am plitude o f  N M D A  receptor-m ediated E P S C s  
(N M D A -E P S C s) recorded at -7 0  m V  in 0 .1  m M  [M g2+]0. In contrast, 
PD Bu had no effect on the A M PA  receptor-m ediated E P S C s.  
Intracellular application o f  the m em brane-im perm eable PK C  activator 
1,2-d ioleoyl-s/7-glycerol sim ilarly increased N M D A -E P S C s. In the 
nominal absence o f  [M g2+]o at -7 0  m V or in 1 m M  [M g2+]0 at + 5 0  m V , 
the PK C activators clearly potentiated N M D A -E P S C s to a sim ilar extent 
to the potentiation at -7 0  m V in 0.1 m M  [M g2+]0. T h ese results su ggest  
that PK C can upregulate the function o f  subsynaptic N M D A  receptors 
and that the underlying m echanism  is independent o f  the M g2+-b lock  o f  
NM D A  receptors.

Supported by the G rant-in-Aid for S cien tific Research for the M inistry  
o f Education, S c ien ces and Culture o f  Japan.

808.3

ARC, A  N E U R O N A L  IM M EDIATE EARLY G E N E , IN T ER A C T S  

W ITH TH E A S SO C IA T IO N  D O M A IN  OF CaM K II. S. C h ow d h u rv1*,
G.L- L yford 1. O. S tew ard2. C. W allace2. A . Lanahan1 and P .F . W orlev1. 
‘Dept, o f  N eu ro sc ien ce , Johns H opkin s U n iv . M ed. S c l., Baltim ore, MD  
21205; 2D ept. o f  N eu ro sc ien ce , U n iv . o f  Virginia M ed. S c l .,  
Charlottesville, V A  22 9 0 8 .

W e previou sly  reported the imm ediate early gene termed Arc  (activity- 
regulated çy tosk eleton -associa ted  protein) (Lyford et al, 1995), also  
termed Arg3.1 (Link et al 1995). Arc m R N A  and protein are dynam ically  
regulated by patterned neuronal activity. Arc  is unique am ong neuronal 
IEGs in that both its m R N A  and protein are present in dendrites. In 
studies to define the m olecular function o f  Arc, w e  em p loyed  the yeast 
two-hybrid system  to screen a rat hippocam pal library with full-length Arc 
as a bait. This screen identified a full-length isolate o f  beta 
calcium /calm odulin  kinase II (CaM KII). B inding o f  Arc to both alpha and 
beta iso form s o f  CaM K II w as confirm ed with in vitro binding  
experim ents using  CaM K II exp ressed  in H E K 293 cells  or from brain 
extracts. A d ditionally , Arc and CaM K II coim m unoprecipitate from  
transfected H EK  293 ce lls . Evidence for the in vivo  association o f  Arc 
and CaM K II is supported by their co localization  in sp ines o f  hippocampal 
cultures and by copurification with post-synaptc density preparations. 
Deletion analysis indicates that CaM K II binds to the N-term inal 1/4 o f  
Arc. The region o f  CaM K II that interacts with Arc w as sim ilarly mapped  
to the CaM K II self-associa tion  dom ain. T h ese observations, in 
combination with our prior dem onstration o f  interaction o f  Arc with  
cytoskeletal proteins, support the notion that Arc functions as a physical 
tether for CaM K II. Supported by M H 536O 8.

Lyford ct al (1995) Neuron 14, 433-445; Link el al (1995) PNAS 92, 5734-5738.

808.2
HEAT SHOCK AFFORDS NEUROPROTECTION AT DROSOPHILA LARVAL 
SYNAPSES. S. Karunanithi1, J.W, Barclay2. R.M. Robertson2, and H.L. 
Atwood1*. 'Dept, o f Physiology, University o f Toronto, Toronto, ON, Canada M5S 
1A8; 2Dept. of Biology, Queens’s University, Kingston, ON, Canada K7L 3N6. 
Thermal stress can be deleterious to the central nervous system (CNS). However, 
previous exposure to sublethal temperatures offers neuroprotection due to increased 
production of heat-shock proteins (HSPs), which act as molecular chaperones that 
maintain normal protein structure and function. HSPs are synthesised in the CNS 
following various stress insults. It is not known whether HSPs provide 
neuroprotection by maintaining normal synaptic function following thermal stress. 
We investigated this at an accessible synapse which can be genetically analysed; the 
Drosophila larval neuromuscular junction. Canton-S strain 3rd instar larvae were 
heat-shocked at 36 °C for 1 hr to trigger synthesis of HSPs and then allowed to 
recover at 25 °C, 1 hr before electrophysiological experiments were performed. 
Spontaneous synaptic currents (SPSCs) were recorded from individual lb boutons 
using a focal macropatch electrode. In non-heat-shocked (nHS) preparations, SPSCs 
could only be recorded in 25% of preparations at 31 °C, at 35 °C, in only 14% of the 
preparations. The kinetics of the SPSCs were altered with increasing temperatures: 
the rise times became faster, amplitudes were significantly increased and the time 
constant of decay (Td)  became faster. In heat-shocked (HS) preparations, the success 
rate of recording SPSCs was significantly increased: SPSCs could be recorded in 
70% of the preparations at 31 and 35 °C. The amplitudes of the SPSCs were 
unaltered at 22, 27 and 31 °C compared to nHS preparations, but at 35 °C, there was 
a significant increase. The rise times were significantly slower than in nHS 
preparations at 22, 27 and 31 °C and τ D slower at 27 and 31 °C compared to nHS 
preparations. These results indicate that heat-shock protects normal synaptic function 
over a wide temperature range. Thus, HSPs may afford significant neuroprotection 
through effects on synaptic transmission.
Support for HLA and RMR through NSERC, Canada.

808.4
BDNF MEDIATES THE EFFECTS OF ESTRADIOL ON 
DENDRITIC SPINES IN HIPPOCAMPAL NEURONS.
D. D. Murphy*, N. B. Cole, and M. Seαal. Laboratory of 
Neurobiology, NINDS/NIH, CBMB/NICHD/NIH, and Dept. 
Neurobiol., Weizmann Institute, Israel.

Dendritic spines, as loci of excitatory connections in central 
neurons, are of major importance for information processing and 
memory formation. We have previously shown that estradiol 
induces formation of dendritic spines in vitro, as it does in vivo. We 
have shown that GAD and thus GABA are reduced after estradiol 
treatment, leading to a transient decrease in inhibition. The 
neurotrophin BDNF has recently been implicated in neuronal 
maturation and plasticity, and is known to be a powerful modulator 
of GABAergic hippocampal intemeurons. We now demonstrate 
that estradiol downregulates BDNF in cultured rat hippocampal 
neurons, which leads to an increase in excitatory tone, and 
subsequent formation of new dendritic spines. Exogenous BDNF 
blocks estradiol’s effects on GAD, GABA and spines, and BDNF 
depletion with antisense mimics estradiol’s effects on GABAergic 
inhibition and dendritic spine density. Additionally, diazepam 
behaves much like BDNF in blocking estradiol-induced spine 
formation. These observations propose a functional link between 
estradiol, BDNF and its role as a potent regulator of GABAergic 
intemeurons, and activity-dependent formation of dendritic spines 
in mature neurons. Supported by LN/NINDS/NIH, and a BSF grant 
to MS.
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808.5 808.6
A  SYNAPTIC RAS GTPASE-ACTIVATING PROTEIN (P135 
SYNGAP) INHIBITED BY  CAM  KINASE II. Hong-Jung Chen*.
M ichelle Roias-Soto. Asako Oguni and Marv B. Kennedy. D ivision o f  
B iology 216-76, California Institute of Technology, Pasadena, CA 91125

We recently cloned a new synaptic ras GTPase-activating protein (p i35 
SynG AP) from the rat forebrain postsynaptic density (PSD) fraction
(Chen et al. Neuron, in press). The N-terminal half o f p135 SynGAP WITHDRAWN
contains a putative PH domain, a C2 domain, and a ras GTPase-activating
domain. The C-terminal half contains a próline-rich region and a tS/TXV
(QTRV*) motif. Immunoprecipitation and yeast two-hybrid studies
demonstrate that p i 35 SynGAP binds to PSD -95 and is associated in a
protein com plex in the PSD along with the 2B subunit o f  the N M D A
receptor. Immunofluorescent labeling o f neurons in culture reveal that
p i 35 SynG AP is highly concentrated at synaptic sites. Biochem ical
studies show that p i 35 SynGAP possesses strong ras GTPase-activating
(GAP) activity in the PSD fraction. M ost interestingly, the ras GAP
activity is reversibly inhibited by phosphorylation by CaMKII located in
the PSD. SynG AP is highly phosphorylated by CaMKII in the PSD
fractiorì, but w e have not yet formally shown whether the inhibition
results from direct phosphorylation o f SynGAP or from phosphorylation
o f a third protein in the PSD fraction.

CaMKII is one o f the proteins activated by C a2+ influx through NM DA  
receptors (eg. Ouyang et al, J. Neurosci. 77, 5416-27, 1997). Furthermore,
N M D A  receptor activation can trigger activation o f the M AP kinase 
cascade in hippocampal slices (eg. English and Sweatt, J. Biol. Chem. 277,
24329-32. 1996). The inhibition o f GAP activity o f  SynG AP by 
phosphorylation by CaM kinase II therefore provides a potential link 
between activation o f the NM DA receptor and the MAP kinase cascade.
Supported by NIH grants NS28710 and NS 17660.

808.7
INVOLVEMENT OF THE POSTSYNAPTIC PROTEIN PHOSPHATASE, 
CALCINEURIN, IN THE INDUCTION OF LTD IN HIPPOCAMPAL CAL 
R.B.Gonzales* and P.T. Kelly. Dept, of Neurobiology & Anatomy, Univ. of Texas 
Houston Med. Sch., Houston, TX 77225.

Previous studies have indicated that the activity of postsynaptic protein 
phosphatases, such as calcineurin (CaN), are required for the induction of LTD in 
hippocampal CA1 pyramidal neurons using a 1Hz stimulus protocol (Mulkey et. al., 
Nature, 1994). Recent findings have also demonstrated that inhibiting postsynaptic 
CaN induces potentiation of AMPA-mediated evoked synaptic responses in CA1 
neurons, suggesting that tonic CaN activity down-regulates synaptic strength (Wang 
& Kelly, J. Neurosci., 1997). It is unknown, however, whether following this CaN- 
inhibited potentiation, low frequency stimulation (LFS) capable o f inducing long
term depression (LTD) results in a subsequent depotentiation of enhanced synaptic 
responses. To answer this question we used hippocampal slices from PND 10-27 rats, 
perfused CA1 pyramidal neurons with 100 uM CaN-autoinhibitory peptide (Can- 
AIP), monitored the subsequent potentiation of evoked synaptic responses, and then 
administered a 3 Hz LTD induction protocol (3 trains of 300 pulses at 10 s intervals). 
Evoked responses were paired with postsynaptic current injections (2 nA) to insure 
the generation of action potentials during 3 Hz LFS. Perfusion of CaN-AIP into 
postsynaptic CA1 neurons for 14 min during whole-cell recordings induced a 35% 
potentiation. Subsequent LFS induced significant depotentiation (58+/-6% of pre- 
LFS values; mean+/-sem; n=3) as measured 20 min post-LFS. This was similar in 
magnitude to LTD values (56+/-18%; n=3) from control neurons. These 
observations suggest that postsynaptic CaN activity is not required for 
depressing/depotentiating synaptic transmission. (Supported by NIH Training Grant 
T32 NS 07373-02 & NS 32470.)

POSTSYNAPTIC MECHANISMS: OTHER 

809.2809.1
PEPTIDE-MEDIATED EPSPs IN DENTATE GRANULE CELLS?
Q Z  Yang Arid H.B Michelson*. Departm ent o f  Physiology and Pharmacology,
SUNY Health Science Center, Brooklyn, New York 11203.

Dual intracellular recordings of granule cells and CA3 pyramidal cells were 
performed in transverse slices of guinea pig hippocampus. In the presence of 4- 
aminopyridine, ionotropic glutamate and GABAa receptor antagonists, granule cells 
exhibit large amplitude spontaneous depolarizations corresponding to the synchronous 
busting activity of intemeurons. Microdissection of the hippocampal slice indicated 
that the granule cell depolarization was generated within the isolated hilus. 
Simultaneous recordings from CA3 pyramidal cells in intact slices revealed coincident 
large amplitude monophasic IPSPs. The GABAb receptor antagonist CGP 55845A 
blocked the synchronized IPSPs in pyramidal cells but did not block the simultaneous 
granule cell depolarizations.

Bath application of naloxone (10-20 µM), a nonselective opioid receptor antagonist, 
selectively abolished the spontaneous granule cell depolarizations, without blocking 
the synchronized GABAß-mediated IPSPs in CA3 pyramidal cells. Bath application of 
the µ-opioid receptor agonist ß-endorphin (2 µM) decreased the GABAA-mediated 
components of the synchronized IPSPs in pyramidal cells but had minimal excitatory,’ 
if any, effects on the granule cell depolarization. Bath application of the somatostatin 
receptor antagonist cyclobenzyl-somatostatin (10-250 nM) had no effect on the 
spontaneous granule cell depolarizations. Similarly, in vivo injection of cysteamine 
(200 mg/kg), a somatostatin depleter, 13 hours prior to preparation of the hippocampal 
slices, had no effect on the granule cell depolarizations.

These results suggest that opioid peptides, released from synchronously firing 
intemeurons, contribute to the generation of the ionotropic glutamate and GABA 
receptor-independent granule cell depolarization. Supported by NS33628.

NOVEL EXCITATORY INPUTS TO M OTONEURONS EVOKED BY 
STIM ULATION OF VENTRAL ROOTS IN THE ISOLATED SPINAL  
CORD OF NEWBORN RATS. Y. Miyata and T. Ichinose* Dept, o f  
Pharmacol., Nippon M edical School; Bunkyo, T ok yo 113-8602 , JAPAN 

Mammalian spinal m otoneurons have a substantial number o f  axon  
collaterals, som e o f  which are identified m orphologically  to project to 
m otoneurons directly in the lamina IX o f  Rexed. However, functional 
aspects o f  such contacts are not detected by electrophysiological 
experim ents. Therefore, the present study was undertaken to reveal 
synaptic inputs via axon collaterals to m otoneurons other than Renshaw  
inhibition. Under ether anesthesia, the spinal cord was isolated from  
newborn rats and maintained with artificial cerebrospinal fluid bubbled  
with 9 5 % 0 2 / 5% C 02. W hole-cell recordings were perform ed from  
m otoneurons (L4 or L5) in the cord under visual observation. Neurons 
were identified as m otoneurons when the stimulation o f a ventral root 
evoked antidromic spikes. We detected two types o f  synaptic inputs in 
response to ventral root stimulation: one reversed at about -70m  V and the 
other at about 0 mV. The former was blocked by strychnine and 
bicuculline, indicating inhibitory, presumably Renshaw inhibition. The 
latter synaptic inputs were considered to be excitatory with respect to the 
level o f  reversal potentials. The synaptic delay o f each excitatory 
synaptic current (EPSC) was the same with or shorter than those o f the 
inhibitory postsynaptic currents (IPSCs), suggesting that EPSCs are 
mediated m ono- as well as poly-synaptically. The EPSCs were inhibited 
by bath application o f 10 µM d-tubocurarine in 10 out o f  14 cases. 
M otoneurons receiving EPSCs or IPSCs were topographically different. 
We conclude that excitatory synaptic inputs project either directly or 
indirectly to m otoneurons via their axon collaterals.

Society for N euroscience, Volume 24 ,1998



THURSDAY AM POSTSYNAPTIC MECHANISMS: OTHER 2023

809.3
SYNAPTIC ACTIVATION OF A mGluR-MEDIATED RESPONSE VIA A 
TYROSINE KINASE-SIGNALING PATHWAY
C. Heuss. B.H. Gähwiler and U. Gerber*. Brain Research Institute, Univer
sity of Zurich, CH-8029 Zurich, Switzerland.

The stimulation of mossy fibers in hippocampal slice cultures can lead to 
the activation of metabotropic glutamate receptors (mGluRs) in CA3 py
ramidal cells. We recorded such mGluR-mediated current responses using 
the whole-cell patch-clamp technique with a cesium-based intracellular so
lution and a monopolar stimulation electrode under conditions where iono
tropic responses were blocked. Single or train stimulation protocols (1-5 
pulses, 100 µsec, 100 Hz, 100-250 µA) elicited a slow cationic current with 
a reversal potential of about -5 mV. The stimulation of this current was 
completely antagonized by 500 µM (S)-MCPG, a group I mGluR antagonist. 
The introduction of the competitive G-protein inhibitor GDPßS into the cell 
did not influence this response under conditions, where the GABAb- 
mediated activation of the outward potassium current was blocked. In con
trast, the application of tyrosine kinase inhibitors (15-30µM genistein, 10 
µM lavendustin A) abolished the cationic response mediated by mGluRs, 
whereas inactive analogues had no effect. These data suggest a new postsyn- 
aptic mechanism, where mGluRs are coupled to a tyrosine kinase-signaling 
pathway in a G-protein independent manner.

Supported by Novartis, Basel and Swiss National Science Foundation 
Grant 31-45547.95.

809.5

SOME PROPERTIES OF THE NEUROMUSCULAR JUNCTION IN FISH MUSCLE FIBERS.
H. WASH10* and R. Kamata. Dept, of Biotechnology, Ishinomaki Senshu 
Univ. Ishinomaki, Miyagi 986-8580, Japan.

To chracterize the properties of neuromuscular junction of fish , 
the pectoral f in  muscle of freshwater teleost, Carassius, was 
studied using the in tracellu lar recording technique. The pectoral 
fin muscles are consisted of mainly red muscle fibers (M. levator 
pinnae p ectoralis) and white muscle fibers (M. flexor pinnae pecto- 
ra lis ) . These muscle fib ers are generally identified  under the b i
nocular microscope. White and red muscle fibers produced large 
junction p oten tia ls  (lEJPs) and small junction potentials (sEJPs) to 
single nerve stim ulations, respectively. So far no inhibitory junc 
tion p oten tia ls have been observed. Both lEJPs and sEJPs were 
blocked completely or p artia lly  by d-tubocurarine, a n icotin ic  
acetylcoline (ACh) receptor antagonist. Nicotine, a n icotin ic ACh 
receptor agonist, and oxotremorine, a muscarinic ACh receptor, depo
larized both white and red muscle fibers, accompanied by an increse 
in membrane conductance in a dose-dependent manner. However, the 
responses to oxotremorine was much less than that of nicotine. The 
responses to n icotine and oxotremorine were blocked by d-tubocura- 
rine and atropine, respectively. The results indicate the coexis
tence of at least two d istin ct ACh receptors on the synaptic 
membrane in both white and red pectoral fin  muscle fibers.

809.7

SY N A P T IC  C O -R E L E A S E  O F  A T P  A N D  G A B A  F R O M  S IN G L E  
PR ESY N A PTIC  N E O N A TA L RA T SPIN A L D O R SA L H O RN  NEU RO N S 
IN CU LTU R E. Y.H. Jo and R. S ch lich ter* . U M R 7519-C N R S, Univ. Louis 
Pasteur, Strasbourg, France

It has been previouly shown that adenosine 5 ’-T riphosphate (ATP) excites a 
subpopulation o f rat dorsal horn (D H ) neurons and that m R N A  coding  for 
P2X2, P2X 4 and P2X 6 receptor subunits are highly expressed in the superficial 
laminae (I-II) o f the rat spinal cord. Using a culture o f neonatal rat DH neurons 
that we have recently developed (Jo et al., J. Neuroscì. 18:2377-2386), we have 
addressed the question o f the ex istence o f a purinerg ic synaptic transm ission 
involving ionotropic  P2X  recep to rs betw een DH neurons and have further 
looked for a possible co-release o f A TP with a classical neurotransm itter. In the 
presence o f C N Q X  (1 0 µ M ), D -A PV  (3OµM ), b icu c u lîin e  (lO µ M ) and 
strychnine ( lµ M ), electrical stim ulation o f a single presynaptic neuron induced 
a fast postsynaptic inward current at a holding potential (HP) = -6OmV in 40%  
(16/40) o f the neurons. This current was com pletely and reversibly blocked by 
suramin (3OµM), a P2X  receptor antagonist. Upon wash out of the bicuculîine, 
an additional slow  inward current was revealed in 50%  (13/26) o f  the neurons. 
These two com ponents could be clearly  separated by setting the equilibrium  
potential fo r C l- ions (EC1) at -90  m V. At a HP o f -90m V , we recorded  a 
suramin (3OµM) - sensitive inw ard current w hich w as reversib ly  blocked by 
tetraethylam monium  chloride (TEAC1, 2OmM) indicating that it was carried by 
cations. In contrast, at a H P o f OmV an outw ard current was recorded w hich 
was insensitive  to TEAC1 (2OmM) but com pletely  b locked by bicuculîine  
(lOµM).

Our results indicate that a subpopulation  (50% ) o f  cu ltu red  dorsal horn 
neurons co-release ATP and GA BA , which activate P2X  and GABA A receptors 
respectively. F uture work will aim  at e lucidating the physio logical role o f  the 
co-activation o f these  tw o ty p es  o f  io n o tro p ic  recep to rs  on the sam e 
postsynaptic neuron
This w o r k  w a s  s u p p o r t e d  b y  a  g r a n t  f r o m  th e  U P S A  P a in  I n s t i tu te .

809.4

Cholinergic Synaptic Inhibition of Laterodorsal Tegmental (LDT) 
Neurons in vitro. Y -P . Y u  an d  C . S. L e o n a rd * . Dept, o f  Physiology, 
N ew  Y ork M edical College, V alhalla, NY , 10595.

W hile it is known that m uscarinic agonists directly  inhibit cholinergic 
LD T neurons, it has not been clear w hether this resu lts from  synaptic or 
extra-synaptic actions o f  Ach. W e investigated  this question  w ith local 
electrical stim ulation and w hole cell recordings from  visually  identified 
LD T neurons in brain slices. In the presence o f  C N Q X  (10µM ), 
picrotoxin (lOµM ) and eserine (3OµM), single shocks produced a slow  
IPSC (13-123pA ; n=5) which peaked at 5 4 5 ± l4 9 m s fo llow ing the shock 
(n=5). Follow ing m ultiple shocks (2-16; 10 Hz), the slow  IPSC 
sum m ated, resulting in a large (42-200pA ) and long lasting (40s) outw ard 
current at -6OmV. V oltage ram ps (-30 to -100 m V ) delivered  during this 
IPSC dem onstrated the activation o f  an inw ardly rectify ing  current (4- 
2OnS; n=6) that reversed (-7 l± 2 .5 m V ) near the expected  potassium  
equilibrium  potential. The IPSC, evoked by single or m ultiple shocks, 
was com pletely abolished by atropine (lµ M ; n=8). Since p irenzepine 
(lO µM ) only partially  reduced the IPSC, and m ethoctram ine (1-2µM ) 
nearly abolished it, the IPSC was likely m ediated by M 2 m uscarinic 
receptors. These findings dem onstrate that the evoked release o f  
endogenous Ach inhibits LD T neurons by activating  an inw ard rectify ing  
current. In some cells, the IPSC was also observed follow ing one or 
m ore shocks w ithout cholinesterase inhibition by eserine. C ollectively 
these results support the hypothesis that cholinerg ic  synaptic inhib ition  
norm ally plays an im portant role in m odulating  m esopontine cholinerg ic 
neuron activity  across behavioral states. Supported by IBN-9896016

809.6
BETA-AMYL01D(1-40) ELICITS EARLY HYPERPOLARIZATION IN CULTURED 
IMMORTAUZED RAT STRIATAL CELLS. K. Gulva1. G. Laskav2. S. Varszepi1. M. 
T¾f£¾YK -EkkfiS5.*, .1 QçsqvszKì1 ?nd B- P¢fíkç<- 'Dept. Zool. and Cell Biology, 
2Dept. Botany, ‘‘Dept. Biochemistry, ¾ ept. Medical Chemistry, University o f 
Szeged, Hungary, and ¾alaton Limnological Institute, Tihany, Hungary.

We report that cultured rat striatal cells (M213-20), immortalized by onco
gene transduction, are sensitive to short-term ß-amyloid(l-40) (ßAP(l-40)) 
treatment. The cells were immortalized using the A58 temperature-sensitive al
lele o f SV4O large T antigene (Giordano et al., 1993). They have GABAergic 
properties, are positive for MAP-2 antigene, and negative for vimentin. The 
cells were maintained at 39 3 °C as described by Giordano et al. (1993). To test 
the possible effects of ßAP(l-40), the cells were preincubated with 1 µM ßAP(l- 
40) for 10 min and incubated for 2 min with 2 µM DiBAC„ a potential-sensitive 
fluorescent bis-oxonol dye, then transferred to a flow cytofluorimeter where 
the short-term action of the peptide on the resting transmembrane potential was 
measured. Flow cytometry revealed that the distribution of the individual cell- 
associated probe fluorescence shifted to lower levels in cells pretreated with 
ßAP(l-40), as compared with the controls. The peptide rapidly decreased the 
fluorescence intensity, as a consequence of membrane hyperpolarizátion in the 
labeled cells. DiBAC,, a lipophilic anion, is excluded from viable cells upon in
creasing the transmembrane potential, indicating the amyloid-induced hyper
polarization. Further evidence for the direction o f the change o f probe fluores
cence upon hyperpolarization was obtained by the use o f valinomycin, a K*- 
specifìc ionophore, known to hyperpolarize the resting transmembrane poten
tial. As expected, a shift of the probe fluorescence to lower intensities was ob
served. These experiments demonstrate that ßAP(l-40) causes an early hyper
polarization in M2I3-2O cells. The results indicate that ßAP(l-40) readily af
fects resting membrane potential and might interfere with the membrane trans
port and ionic homeostasis. Supported by OTKA, Hungary (T22822, T22542).
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810.1
EXPRESSION OF LONG-TERM DEPRESSION IN THE DENTATE GYRUS OF 
FREELY MOVING RATS IS ENHANCED BY ACTIVATION OF GROUP 2 
METABOTROPIC GLUTAMATE RECEPTORS.
D. M anahan- Vaughan*. Leibniz Institu te  for N eurobiology, B renneckestr. 6, 
D-39118 M agdeburg , G erm any.

It has been w idely  reported  that long-term  depression  (LTD) in the dentate 
g y ru s  of freely m oving  rats  is difficu lt to elicit using  s tan d a rd  stim ulation  
protocols. In this s tu d y  it w as found  th at 1 H z stim u la tio n  given 900 tim es 
leads to  sh o rt-te rm  d epress ion  (STD). As g ro u p  2 m etabo trop ic  g lu tam ate  
(m G luR ) re c e p to rs  a re  in v o lv e d  in th e  e x p re s s io n  of LTD in the 
h ip p o cam p al CA1 region  in vivo, the effect of g ro u p  2 m GluR prim ing on 
LTD expression  in the  d e n ta te  g y ru s  w as s tu d ied . T he  g ro u p  2 m GluR 
agon ists  (S)-4- carboxy-3- h y d roxypheny lg lycine  (4C3HPG), and  (2S, TR, 
2'R, 3'R)-2- (2', 3 '- dicarboxycyclopropyl)-g lycine (DCG-IV) w ere used. The 
an tag o n is t (2S)-cx-ethylglutam ic ac id  (EGLU) w as tes ted  to confirm  the 
specific ity  of the  agon ists . M ale w is ta r  ra ts  u n d e rw e n t im p lan ta tio n  of 
reco rd in g  an d  s tim u la tin g  e lec tro d es  in to  the  g ran u le  cell layer of the 
d en ta te  gyrus and  perfo ran t p a th  repectively. Follow ing 7-10 days recovery , 
evoked p o ten tials  w ere m easured . D rug concentrations used  w ere 100 nmol 
4C3HPG, 0.1 nm ol DCG-IV, and  100 nm ol EGLU in an injection volum e of 5 
µl. D rugs w ere ap p lied  30 m in before low frequency stim ulation  (LFS) via a 
cannu la  im plan ted  in the lateral cerebral ventricle.

1H z LFS p ro d u c e d  STD w h ic h  p e rs is te d  fo r 3h  a p p ro x im a te ly . 
A pplication  of 4C3H PG or DCG-IV enhanced STD into LTD w hich persisted 
for over 24h. EGLU red u ced  the d u ra tio n  of STD induced  by LFS, and also 
p rev en ted  the en h an cem en t of STD in to  LTD by the agonists. N one of the 
d ru g s  h a d  an  effect on  baselin e  w h en  co m p ared  w ith  vehicle injected 
controls. These resu lts  suggests that prim ing of g ro u p  2 m GluRs can lead to 
LTD expression in the  den ta te  gyrus of freely m oving rats.

810.3
DOPAMINERGIC RECEPTORS A N D  M ETABOTROPIC GLUTAM ATE  
RECEPTORS COOPERATE TO INDUCE LTD IN RAT PREFRONTAL  
GLUTAM ATERGIC SYNAPSES. S. Otani*, N. Auclair J -M. D esce, & F. 
Crépel. Université de Paris VI Pierre et Marie Curie, 75005 Paris, France.

U sing slice preparation and intracellular recordings, we have shown that 
in rat prefrontal cortex, 50 Hz tetanic stimuli to layer I-II fibers induce  
long-term  depression (LTD) o f  layer I-II - layer V pyramidal neuron  
glutamatergic transmission when tetani are coupled to bath-application o f  
dopamine (DA , 100 µM  10-15 min; Neuroscience, 85, 669-676). In the 
present study, we exam ined if  this induction o f  LTD involves synaptic 
activation o f metabotropic glutamate receptors (mGluRs). Bath-application 
o f the group I & II antagonist (S )-α -m eth y l-4 -carb oxyp h en ylg lycin e  
(MCPG; 500 µM), the group I antagonist (R S )-l-a m in o in d a n -l,5 -  
dicarboxylic acid (AIDA; 200 µM), or the group II antagonist (R S)-α- 
m ethylserine-O -phosphate m onophenyl ester (MSOPPE; 200 µM) all 
significantly inhibited induction o f  LTD by com bined application o f DA  
and tetani. Percentage changes o f  the slope o f  the EPSP 30-40  min after 
tetani in these three groups were -5.2 ±  6.5% (n=5), 1.8 ±  6.0% (n=5), and 
-7.1 ±  3.5% (n=7) respectively, as compared to LTD o f -22  ±  7.6%  
(n = l4 )  in normal condition. Tetani in the presence o f  the mGluRs 
antagonists alone did not induce long-term  synaptic plasticity 
(respectively, -0.3 ±  3.8%, n=5, -0.3 ±  8.4%, n=5, and 4 .9  ±  4.0%, n = 5). 
We also found that coapplication o f  D A  and (lS ,3 R )- l-a m in o  
cyclopentane-1,3-dicarboxylic acid (ACPD; 100 µM), which acts on both  
group I and II mGluRs, induces LTD without tetanic stimuli (-27 ±  2.6%, 
n=5). Application o f  either drug alone did not induce LTD (DA , 4.9 ±  
7.0%, n=5; ACPD, 3.4 ±  4.2%, n=4). These results suggest that DA-Rs and 
group I & II mGluRs cooperate for LTD induction in rat prefrontal cortex  
layer V neurons and that this cooperation may be sufficient for LTD.

This work was supported by Biotech (B 104-C T 96-0049).

810.5
EVIDENCE FOR INVOLVEMENT OF GROUP II AND/OR GROUP III 
METABOTROPIC GLUTAMATE RECEPTORS IN NMDA RECEPTOR 
INDEPENDENT LTP IN AREA CA1 OF RAT HIPPOCAMPUS. L,M. Grover*. 
Dept, of Physiology, Marshall Univ. Sch. of Med., Huntington, WV 25755.

Extracellular recordings were made from stratum radiatum of area CA1 in 
hippocampal slices. Field potentials (population EPSPs) were evoked by 
stimulating Schaffer collateral/commissural fibers. NMDA receptor independent 
LTP was induced by four 200 Hz, 0.5 sec stimulus trains (5 sec intertrain interval) 
delivered in the presence of AP5 (100 µM) or AP5 + MK-801 (20 µM).

Under control conditions (AP5 or AP5 + MK-801), 200 Hz tetanization 
increased EPSPs by 34±6 % (n=48, measured 40-45 min posttetanus). The 
involvement of metabotropic glutamate receptors (mGluRs) was assessed by 
examining the effects o f group-specific mGluR antagonists on this LTP. Two 
group I antagonists were tested: (RS)-1 -aminoindan-1,5-dicarboxylic acid (AIDA) 
and 7-(hydroxyimino)cyclopropa[b]chromen-la-carboxylate ethyl ester 
(CPCCOEt). Neither compound (at 250 µM) affected NDMA receptor 
independent LTP: mean increases in EPSP were 36±l 1%, 30±8% (n’s=8, 6) for 
AIDA, CPCCOEt. The group II antagonist (2S)-α-ethylglutamic acid (EGLU) 
prevented LTP at concentrations o f  100 µM (EPSP change = - l± l  1%, n=6) and 
250 µM (EPSP change = -7±13%, n=6). The group III antagonist (RS)-α- 
cyclopropyl-4-phosphonophenylglycine (CPPG) also prevented NMDA receptor 
independent LTP at 10 µM (EPSP change = l±lO  %, n=lO). However, a second 
Group III antagonist (RS)-α-methylserine-0-phosphate (MSOP) reduced, but did 
not abolish, NMDA receptor independent LTP: EPSPs were increased by 19±8% 
and 18±9% (n’s=lO, 8), at 100 and 250 µM MSOP. Collectively, these results 
support a role for Group II and/or III mGluRs, but not Group I mGluRs, in NMDA 
receptor independent LTP. (Supported by NIH grant NS3465O)

810.2
LONG-LASTING SYNAPTIC DEPRESSION INDUCED BY mGlu, RECEPTOR 
ACTIVATION IS INDEPENDENT OF CALCIUM
S.M. Fitzjohn, S.A.C. Morris and G.L. Collingridge* Dept, of Anatomy, University 
of Bristol, University Walk, Bristol, BS8 1TD, U.K..

Activation of group I metabotropic glutamate (mGlu) receptors by the selective 
agonist (RS)-3,5-dihydroxyphenylglycine (DHPG) induces a long-lasting 
depression (LTD) of synaptic transmission in the CA1 region of young rat 
hippocampal slices (Fitzjohn et al, Soc. Neurosci. 1996. 686.3). This effect is 
mimicked by the agonist 2-chloro-5-hydroxyphenylglycine, which acts at mGlu, but 
not mGlui receptors (Doherty et al. Neuropharmacology. 1997, 36, 265-267).

Group I mGlu receptors couple to activation of PLC in both expression systems 
and native tissue, leading to subsequent activation of PKC and release of Ca2’ from 
intracellular stores. We therefore investigated these pathways to determine their 
role in mGlu-mediated LLD. using extracellular recording techniques. Bath 
application of the PKC inhibitor chelerythrine elicited a small decrease in synaptic 
transmission but did not affect DHPG-induced LLD. Likewise DHPG-LLD was 
unaffected when intracellular Ca2+ stores were depleted by bath application of 
thapsigargin. Removal of extracellular Ca2’ completely abolished synaptic 
responses, an effect which was fully reversible upon reintroduction of Ca2* to the 
perfusing medium. Application of DHPG during this Ca2t-free period elicited LLD 
of the same magnitude seen in Ca2 ‘-containing medium. DHPG-LLD was still 
observed when thapsigargin was included in the Ca2‘-free medium. In addition 
DHPG-LLD could still be induced using whole-cell patch-clamp recordings with a 
BAPTA-containing intracellular solution.

These data demonstrate that activation of mGlu, induces an LLD in synaptic 
transmission which is, unlike other forms of synaptic plasticity, independent of 
calcium.

This work was funded by the BBSRC and MRC.

810.4
INVOLVEMENT OF GROUP I METABOTROPIC GLUTAMATE RECEPTORS 
IN LTP AND LTD IN THE SPINAL DORSAL HORN OF NORMAL AND 
CARRAGEENAN-TREATED RATS 
Jie Zhong. G. Gerber and M. Randic*
Dept, of Biomedical Sciences, Iowa State University, Ames, IA 50011

Although the presence of the group I metabotropic glutamate receptors (mGluRs) 
in the spinal cord dorsal horn (DH) has been shown, little is known about their 
involvement in the synaptic transmission in the DH. Therefore we examined the 
effects of group I mGluRs on excitatory synaptic transmission using the group 
selective agonists (S)-3,5-dihydroxyphenylglycine (DHPG) and (RS)-2-chtoro-5- 
hydroxyphenylglycine (CHPG).

Conventional intracellular recording was used in transverse spinal cord slice 
preparation obtained from normal and inflamed rats ( 17-23-d-old). Inflammation was 
induced by injection of carrageenan into a hindpaw. The changes in synaptic 
transmission were studied by measuring the peak amplitude of EPSPs that result from 
low intensity electrical stimulation of primary afferent fibers in L4 or L5 dorsal roots. 
Bath application of DHPG (10-25µM), induced a long-lasting depression (LTD) in the 
amplitude of the EPSPs (80±10% of the control, mean±S.E.M.) in normal rats. In the 
presence of pharmacological blockade of synaptic inhibition (bicuculline, strychnine) 
and NMDA receptors (D-APV), the DHPG-induced depression was replaced by a 
long-lasting potentiation (LTP) of EPSPs (152±18%). In contrast, CHPG (5OOµM), a 
selective mGluR 5 agonist, produced LTP (124±6%), both in the absence, and in the 
presence of blockade of synaptic inhibition. In carrageenan-treated rats, DHPG 
induced LTP (255±21%) while CHPG produced LTD (74±16%) of EPSPs of DH cells 
studied on the ipsilateral side to inflamed paw, when slices were perfused with control 
solution. These data suggest that group I mGluRs are likely to be involved in LTP and 
LTD in the spinal DH.
Supported by NSF Grant JBN-9604654 and Spinal Cord Research Foundation.

810.6
GROUP I M ETABO TROPIC GLUTAM ATE RECEPTO R (mGluR) 
AG O NISTS RAISE INTRAC ELLULAR [CA~] IN M EDIAL FRONTAL  
CORTICAL NEURONES OF TH E RAT S. H. M om s1. J. Keelan. L 
Patterson. M R. Duchen & L, J. Bindman*. Dept, o f  Physiology, University 
College London, Gower St., London WC1E 6BT, UK

The broad spectrum mGluR antagonist (R,S)-α-methyl-4- 
carboxyphenylglycine (MCPG) significantly reduces the incidence o f long-term 
potentiation o f synaptic transmission at layer V neurones in the prelimbic area of 
medial frontal cortex in vitro. As group I mGluRs are present on layer V 
neurones in prelimbic cortex (J. Neurophysiol. 78:3039-3046, 1997) we have 
now explored the action o f group I mGluR agonists on [Ca"'|, levels m medial 
frontal cortical neurones.

Intracellular [Ca ' ] was monitored in both hippocampal and medial frontal 
cortical neurones in culture usmg the indicator Fura-2. Application o f  the 
selective group I mGluR agonists (S)-3-hydroxyphenylglycιne (S3HPG) or 
(RS)-3,5-dihydroxyphenylglycine (DHPG) raised [Ca++]1 even when the agomst 
was applied in Ca + -free medium. Application o f MCPG or the selective group 
I antagonist 4-carboxyphenylglycine greatly reduced the S3HPG-induced rise in 
[Ca^J,. Depletion o f  intracellular Caf+ stores by cyclopiazomc acid (CPA, 10 
µM) reversibly blocked the response to DHPG in Ca+t -free medium.

We have thus shown for the first time that selective group I mGluR agonists 
raise [Ca^], in medial frontal cortical neurones. These data suggest that MCPG 
may reduce the incidence o f  LTP by inhibiting the rise in [Ca++]l in response to 
activation o f group I mGluRs during LTP induction.
1 MRC scholar. We thank The Wellcome Trust for support.
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810.7
ß-NAAG RESCUES LTP FROM BLOCKADE BY NAAG IN RAT DENTATE 
GYRUS VIA THE mGluR3 RECEPTOR. Paul M. Lea IV1. Barbara Wroblewska2. 
Joseph H. Neale2 and John M. Sarvev*3 'Dept. Physiology, 3Dept. Pharmacology, 
Uniformed Services University, Bethesda, MD, 20814; 2Dept. of Biology, Georgetown 
University, Washington D.C., 20057.

Studies show N-acetyl-L-aspartyl-L-glutamate (NAAG) immunoreactivity in 
interneurons of the hippocampus, NAAG specificity for the metabotropic glutamate 
type 3 receptor (mGluR3), the coupling of mGluR3 receptors to G inhibitory (Gi) 
proteins and ion channels, and mGluR3 and N-acetylated oc-linked acidic dipeptidase 
(NAAG dipeptidase) immunoreactivity in the dentate gyrus of the hippocampus. 
Additional studies show the inhibition of forskolin-stimulated cAMP levels by NAAG 
and the inhibition of NAAG dipeptidase by the ß-isomer of NAAG (ß-NAAG). Because 
long-term potentiation (LTP) in the in vitro hippocampal slice requires increases in 
cAMP, we hypothesized that NAAG would block LTP in the rat dentate gyrus.

EPSPs and population spikes were recorded extracellularly from the medial perforant 
path and the granule cell body layer in the dentate gyrus during four treatment 
paradigms: 1) control (ACSF); 2) NAAG; 3) NAAG + ß-NAAG and 4) ß-NAAG alone. 
LTP was induced by HFS (100 Hz; 2 s) of the medial perforant path.

We found that bath infusion of 2OOµM NAAG prevented the induction of LTP. 
Furthermore. lOOµM ß-NAAG increased baseline EPSPs. Nevertheless, LTP induction 
was still possible in the presence of lOOµM ß-NAAG. Lastly, lOOµM ß-NAAG 
combined with 2OOµM NAAG allowed induction of LTP. These results suggest that ß- 
NAAG is acting as an antagonist to the same receptor to which NAAG is binding.

Because NAAG is a specific agonist at mGluR3 receptors, our results suggest that the 
observed blockade of LTP by NAAG is through inhibition of adenylate cyclase via the 
mGluR3 receptor. Furthermore, our results showing ß-NAAG reversing the blockade of 
LTP by NAAG suggests that ß-NAAG acts as a specific antagonist to the mGluR3 
receptor. Supported by NIH grant NS23865 and USUHS grant RO75EJ

810.9
MECHANISMS OF PERFORANT PATH-CA1 LONG-TERM 
POTENTIATION IN THE RAT HIPPOCAMPAL SLICE. R. I '. Hernandez*(. 
D.fí. Jaffe and J.L Martinez, Jr. University of California. Berkeley. CA 94720'* and 
The University of Texas at San Antonio. TX 78249 

Perforant path-CAl (pp-CAl) field excitatory post synaptic potentials (fEPSP) 
were recorded from Sprague-Daw ley hippocampal slices with the dentate gyrus and 
CA3 fields removed and a small cut made through stratum radiatum of CAL In 
noπnal ACSF solution, slope measures of pp-CAl lEPSPs did not exhibit robust 
long-term potentiation (I IP) (nιean=14.5%. u= 10); while 20 µM bicuculline-ACSF 
solution produced significantly greater 1 TP 50 mins after tetanization (100 1 Iz. 1 see. 
3 times. 10 sec inter-train-inlerval) (tπean=32.2%: p= 025). APV( 100 µM) in a 20 
µM bicuculline-ACSF solution significantly reduced LTP (m ean-11.6%) when 
compared to the bicuculhne alone group (p—.02). Because opioid receptors are found 
in stratum íacunosum-molecuiare. we also tested 10. 32. and 100 µM 
ualoxone/bicucullinc solutions on pp-CAl LIP. No concentration of naloxoue 
affected I I P induction vvheu compared to the bicuculliue group. However. 32 µM 
naloxone alone increased the probability of L I P induction above ACSF controls 
(p=.057; n=l9). Baclofen (lOµM). the GABA-B receptor agonist, was used to 
differentiate Schalïer-CAl from pp-CAl lEPSPs and. by itself, did not result in a 
significant slope change (mean=T7.7%: n=8) or probability of pp-CAl L IP  
induction when compared to ACSF controls These data lead us to conclude that pp- 
CAl LIP is facilitated by release from GABA-A receptor inhibition and is NMDA 
receptor dependent These data further suggests that GABA-B receptors are not 
involved in pp-CAl L I P. and opioids mav be contributing in some manner to the 
increased probability of pp-CAl L IP  induction, perhaps through a reduction m 
GABA-A inhibition Supported by N IH  DA05714 (RVH),NSF-IBN 9511309 
(fíBJ), N IH  DÁO4I95 (JLM) and the Ewing H ah ell Endo>vmenL

810.11
A C T IV A T IO N  O F  C A N N A B IN O ID  R E C E P T O R S  P R E V E N T S  T H E  
IN D U C T IO N  O F  L O N G -T E R M  P O T E N T IA T IO N  I N  VIVO .
G. A. Böhm e*. D. B riet and A. Im perato. Rhône-Poulenc R orer  XT., CNS  
Therapeutic Program, CRVA, F -94403 Vitry-sur-Seine, France.

C annabinoids have been shown to block LTP in hippocam pal slices in 
vitro. Here we have investigated w hether this holds true in intact anim als. 
Anaesthetized rats were equipped with an intraperitoneal catheter for drug 
adm inistration and placed in a standard stereotaxic fram e on a therm ostatic 
heating blanket. R ecording and stim ulating electrodes were lowered 2.5-2.7 
mm below the surface of the brain vertically  of a point 3 and 4 mm behind 
bregma, and 2 and 3 mm lateral to m idline, respectively. CA1 str. radiatum  
field excitatory post-synaptic potentials (e.p.s.ps) were recorded every 30 
sec at half m axim al stim ulation strength. LTP was induced by applying 3 
sets of high frequency stim ulation (HFS) 5 m in apart. The cannabinoid 
receptor agonist CP 55940 or vehicle were adm inistered after at least 30 min 
of stable baseline recording. In vehicle-treated controls, HFS increased 
synaptic strength to 180 ± 27 % of baseline (mean ± S.E.M .) 90 m in later. 
CP 55940 (0.3, 1 and 3 mg/kg) dose-dependently  inhibited LTP, the e.p.s.ps 
reaching 150 ± 16%, 127 ± 10% and 97 ± 14% of baseline, respectively. 
The blockade of LTP was restored when CP 55940 was com bined with the 
selective receptor antagonist SR 141716A, indicating the involvem ent of 
CB-1 receptors. These data show that cannabinoid receptors do m odulate 
hippocam pal LTP in v ivo , suggesting that they may indeed be involved in 
learning and m em ory form ation.

810.8
OPIOID RECEPTOR ACTIVATION IS NOT ESSENTIAL FOR THE 
INDUCTION OF ASSOCIATIVE LATERAL PERFORANT PATH-CA3 LTP
C. O. M artinez. V. H. Do. J. L. M artinez & B. E. D errick* Division o f Life 
Sciences, The University o f Texas at San Antonio, TX 78249 

The release of opioid peptides and the activation of opioid receptors play an essential role 
in LTP induction in the opioidergic lateral perforant path (LPP). Previously, we investigated 
the contribution of opioids released by opioidergic afferents to the induction of associative 
LTP in a convergent, non-opioidergic pathway that displays NMDA receptor-dependent 
LTP (medial perforant path, MPP). MPP-CA3 responses display associative LTP when 
weak trains delivered to MPP afferents are paired with strong LPP trains. Application of the 
non-selective opioid receptor antagonist naloxone (10 nmol) or application of the µ-opioid 
receptor antagonist CTOP (3 nmol) 15 min prior to paired trains blocked the associative 
induction of LTP in MPP-CA3 responses; however, application of the δ-opioid receptor 
antagonist NTI (3 nmol) did not effect the induction of associative LTP. In the present 
study, both MPP and LPP were recorded in area CA3 by stimulating the extreme 
dorsomedial and ventrolateral angular bundle, respectively. Strong stimulation was 
delivered to the MPP at the current intensities evoking responses 50% of maximal 
amplitude. Weak stimulation was delivered to the LPP using current intensities evoking 
responses 25% of maximal amplitude. Tetanization (theta bursts) of MPP alone potentiated 
only MPP-CA3 responses while low intensity tetanization of LPP did not potentiate LPP- 
CA3 responses. Though application of naloxone (10 nmol) or CTOP (3 nmol) to area CA3 
15 min prior to trains effectively blocks homosynaptic LTP in LPP afferents, they did not 
block the associative induction of LTP in LPP-CA3 responses. Application of the lactated 
Ringer’s vehicle alone had no effect on associative LTP induction. These data suggest the 
release of opioid peptides are not essential for the induction of associative LTP in the lateral 
perforant path when potentiation is induced by the coactivation of convergent non- 
opioidergic afferents,and suggest opioid receptor activation exerts a modulatory, rather than 
an essential, role in LPP LTP induction.

Support: GM 07717, GM08194 (BED).

810.10
EN D O G EN O U SLY  FO R M ED  C A N N A BIN O ID S A T TEN U A TE LO N G 
TER M  PO TEN TIA TIO N  IN H IPPO CA M PU S VIA C B 1 RECEPTO RS.
Paul Schw eitzer*. Departm ent o f  Neuropharm acology, The Scripps Research 
Institute, La Jo lla CA 92037.

Cannabinoid drugs are associated w ith m em ory im pairm ent. This effect is 
believed to occur via activation o f specific receptors (CB1), w ith one o f the 
highest densities found in hippocam pus. E xogenous application o f brain 
cannabinoids inhibits hippocam pal long term  potentiation (LTP), an effect 
prevented by the CB1 antagonist SR 141716 (S R I). In this study, we used 
m oderate stim ulation paradigm s in presence or absence o f  S R I to determ ine 
if  endogenously form ed cannabinoids alter the potentiation process. W e 
stim ulated the Schaffer collaterals and recorded field excitatory postsynaptic 
potentials (lEPSPs) in CA1 stratum  radiatum . Synaptic activity was evoked 
by delivering 1 hurst o f  high frequency (100 Hz) stim ulations consisting o f 
10, or 20, or 50 shocks. Delivery o f a hurst o f  10 shocks (10S) in absence o f 
the antagonist (control) transiently increased lEP S P s which returned to basal 
levels within 15 min; application o f 10S in the presence o f SR I caused a 
sim ilar effect. Delivery o f 2OS in absence o f SR I induced a m arked increase 
o f lEPSPs w hich again rapidly returned to basal levels. How ever, delivery o f 
2OS in presence o f SR I induced a sustained increased o f the lEPSPs that 
rem ained potentiated (113 ±3 % o f basal) 20 m in post burst. The third burst 
consisting o f 50S induced a lim ited potentiation in control condition (108 ±4 
% 60 min post-burst), while the sam e stim ulation (50S) in the presence o f 
SR I elicited a sustained increase o f lEPSPs that rem ained largely potentiated 
to 133 ±7 % o f basal activity 60 m in post burst.

Our results show that endogenously form ed cannabinoids may serve as a 
“brake” to lim it the level of synaptic potentiation and m odulate plasticity. 
Supported by NIH grant K01DA00291.

810.12
CANNABINOID EFFECTS ON LONG-TERM POTENTIATION AND 
DEPRESSION OF HIPPOCAMPAL CA1 NEURONS— MECHANISMS OF 
ACTION. D. Misner and J. M. Sullivan*. Molecular Neurobiology Laboratory, The 
Salk Institute, La Jolla, CA 92037.

Cannabinoids, such as marijuana and hashish, are widely reported to impair learning 
and memory. These drugs have also been found to prevent the induction of long-term 
potentiation (LTP) of field potentials recorded from the CA1 region in rat hippocampal 
slices (Collins et al., 1994 and 1995; Terranova et al., 1995). Cannabinoids may 
inhibit LTP by directly modifying enzymes and other proteins involved in long-term 
plasticity. Alternatively, cannabinoids may inhibit LTP simply by decreasing release 
of excitatory neurotransmitter to a level insufficient to relieve magnesium block of 
NMDA receptors, a critical step in LTP induction. In support of this latter possibility, 
we have found that LTP of CA1 field potentials can be reliably induced in 
hippocampal slices in the presence of the cannabinoid receptor agonist WIN55,212-2 
(WIN) when Mg++ has been removed from the extracellular recording solution (n = 8).

Given that cannabinoids have been found to inhibit LTP, it might be expected that 
they would also alter long-term depression (LTD). However, to date, no studies have 
investigated the effects of cannabinoids on LTD. We have found that, as with LTP, 
the cannabinoid receptor agonist WIN blocks LTD of CA1 field potentials in the 
presence, but not in the absence, of Mg*" (n = 5). Using whole-cell recordings from 
CA1 neurons, we will investigate whether LTP and LTD can be induced in the 
presence of both WIN and Mg+" if the post-synaptic membrane potential is maintained 
at a depolarized potential that is sufficient to relieve Mg*' blockade.

If relieving Mg++ blockade of NMDA receptors is sufficient to allow the induction of 
LTP or LTD in the presence of cannabinoid receptor agonists, it suggests that 
cannabinoids do not have a direct effect on proteins involved in these forms of long
term plasticity. Future efforts to address the effects of cannabinoids can then focus on 
understanding the mechanisms whereby cannabinoids inhibit excitatory 
neurotransmission. (Support provided by NARSAD and NIDA to JMS)
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810.13
M EC H A N ISM S OF C H O L IN E R G IC  A N D N O R A D R E N ER G IC  
FACILITATION OF LTD IN RAT VISUAL CORTEX. C. Rozas*and A. 
Kirkwood. Mind/Brain Institute, Johns Hopkins University.

Long-term depression (LTD) is usually induced with prolonged low frequency 
stimulation (LFS: 1 Hz, 10-15 min). Recently, we found that cholinergic or 
noradrenergic stimulation facilitates the induction of LTD in visual cortex to such 
a degree that it reduces the stimulation requirement from 900 pulses (with LFS) 
to only about 40 pulses. In order to identify the receptor subtypes mediating the 
facilitation of LTD we investigated the effects of a series of specific agonists and 
antagonists.

Layer II/III field potentials (FP) in response to layer IV stimulation were recor
ded in visual cortical slices from rats (3-5 weeks). Stimulation consisted of paired 
pulses (40 msec apart) delivered every 15 sec throughout the experiment. Under 
these conditions, a brief (10 min.) application of either Carbachol (CCh: 40 µM) 
of norepinephrine (NE: 40 µM) produced a lasting depression of the FP's.

The cholinergic facilitation of LTD appears to be mediated by an M l 
muscarinic receptor. The induction of LTD with the aid of CCh was blocked by 
the muscarinic antagonist Atropine (5 µM ) and also by the specific M l 
antagonist Pirenzepine (50 µM), but not by the M2 antagonist Gallamine (50 
µM). On the other hand, the M l agonist Oxotremorine-M (5µM) applied in 
conjunction with electrical stimulation induced LTD just like CCh.

The noradrenergic facilitation of LTD appears to be mediated by an α l  adrenore
ceptor. We found that the ß-agonist isoprorenol (40 µM) failed mimic the effects 
of NE, and the ß-antagonis propanolol (40 µM) failed to block the effects of NE. 
In contrast, the α l -agonist methoxamine (40 µM) induced substantial LTD when 
applied with paired pulse stimulation, and the α l -antagonist Urapidil (40 µM) 
blocked the induction of LTD with NE.

The M l and al receptors are coupled to the same second messenger pathway 
(IP3), suggesting that a common mechanism underlies the cholinergic and 
noradrenergic modulation of LTD. S u p  T&E M a r e n , D a n a  F n d , N I H

810.14
N O R A D R E N E R G IC  R E G U L A T IO N  O F  T H E  IN D U C T IO N  O F  L O N G -T E R M  

P O T E N T IA T IO N  A T  V IS U A L  C O R T IC A L  IN H IB IT O R Y  S Y N A P S E S . V  

K o m a ts u *  a nd  Y, Y o s h im u ra . D ep t, o f  V is u a l N e u ro sc i., R e s e a rc h  In s titu te  
o f E n v iro n m e n ta l M e d ic in e , N a g o ya  U n iv e rs ity , N a g o y a  4 6 4 -8 6 0 1 , J a p a n  

H ig h -fre q u e n c y  s tim u la tio n  (H F S ) o f p re s y n a p tic  fib e rs  co u ld  p ro d u ce  

lo n g -te rm  p o te n tia t io n  (L T P ) at v is u a l c o rt ic a l in h ib ito ry  s y n a p se s . In th e  

p re s e n t s tu d y , w e  e x a m in e d  th e  e ffe c ts  o f e x te rn a l c a tio n  c o n c e n tra tio n s  
and  n o ra d re n a lin e  on L T P  in d e v e lo p in g  ra t v is u a l c o rt ic a l s lice s . In h ib ito ry  

p o s ts y n a p tic  p o te n tia ls  e v o k e d  by la y e r IV  s t im u la tio n  w e re  in tra c e llu la r ly  

re c o rd e d  fro m  la y e r V  c e lls  u n d e r a b lo c k a d e  o f io n o tro p ic  g lu ta m a te  

re c e p to rs . H F S  o f la y e r IV  fa ile d  to  in d u ce  L T P  w h e n  s lic e s  w e re  p e rfu se d  

w ith  a c o n tro l s o lu tio n  c o n ta in in g  2 .4  m M  Cai \  1.3  m M  M g a nd  6 .2  rnM  K \  

LT P  w a s  c o n s is te n tly  p ro d u c e d  w h e n  [C a ' l ]π w a s  in c re a s e d  to  4 m M  o r 

[M g ?,]0 w a s  in c re a s e d  to  2 .9  m M . A n  in c re a s e  o f [C a '4]n o r [M g  ']„  is kn o w n  

to  s h ift th e  v o lta g e  d e p e n d e n c e  o f ion c h a n n e ls  in th e  p o s it iv e  d ire c tio n  In 

a d d itio n , re d u c tio n  o f [K 4]n w h ich  p ro d u c e s  m e m b ra n e  h y p e rp o la r iz a tio n , 

in c re a s e d  th e  in c id e n c e  o f L T P . T h u s , it is lik e ly  th a t p re s y n a p tic  v o lta g e - 

d e p e n d e n t ch a n n e ls , w h ic h  a re  g a te d  n e a r re s tin g  m e m b ra n e  p o te n tia ls , 

re g u la te  th e  in d u c tio n  o f L T P , b e c a u s e  L T P  is s im ila r ly  in d u ce d  in w h o le -c e ll 

re c o rd e d  ce lls  by H F S  a p p lie d  u n d e r v o lta g e  c la m p  at e ith e r d e p o la r iz e d  or 

h y p e rp o la r iz e d  m e m b ra n e  p o te n tia ls . E v e n  in th e  co n tro l s o lu tio n . L T P  w a s  

in d u ce d  in a lm o s t a ll c e lls  w h e n  n o ra d re n a lin e  (5 µ M ) w a s  ad d e d  to  the  

so lu tio n . T h e  in c id e n c e  o f L T P  w a s  in c re a s e d  by an α > a g o n is t c lo n id in e  or 

a ß a g o n is t is o p ro te re n o l, but no t by  an n 1 a g o n is t m e th o x a m in e . 

S im u lta n e o u s  a p p lic a tio n  o f  th e  π - a nd  d a g o n is t w a s  m o re  e ffe c t iv e  th a n  

e ith e r a lo n e  T h e s e  re su lts  su g g e s t th a t o' - and  d re c e p to rs  re g u la te  the  

in d u c tio n  o f L T P  th ro u g h  th e  m o d if ic a tio n  o f p resynap tic . v o lta g e -d e p e n d e n t 

ch a n n e ls . S u p p o rte d  by G ra n t- in -A id  fo r  S c ie n tif ic  R e s e a rc h  P ro je c t 
084 5 8 2 7 1  fro m  th e  Ja p a n e s e  M in is try  o f E d u c a tio n . S c ie n c e  and  C u ltu re

LIGAND-GATED CHANNELS: AMINO ACIDS AND ATP

811.1
THE RELATION AMONG PERMEATION PROPERTIES OF AMPA RECEPTORS 
IN NATIVE NEURONS. Magazanik L,G1*,, Buldakova S.L.1, Samoilova M .V1.. 
Sharonova I N2 and Vorobjev V,S.2. 'Sechenov Inst.of Evolut.Physiol.a. Biochem. 
RAS, S.-Petersburg, ¾ rain  Research Institute RAMS, Moscow, Russia.

Dicationic adamantane derivative IEM-1460 has been shown to exhibits high 
affinity (IC50 = 1.6 µM) for block of open channel of recombinant AMPA receptor 
lacking GluR2 subunit (Magazanik et al., 1997). The relation among susceptibility to 
channel block by 100 µM IEM-1460, relative calcium permeability (PCa/PNa) and 
rectification properties (the shape of current-voltage relationship between +40 and 
-60 mV) were compared in native AMPA receptors expressed by neurons freshly 
isolated from rat striatum, hippocampus and cerebellum. AMPA receptors in striatal 
principal neurons, Purkinje cells of cerebellum and hippocampal pyramidal neurons 
exhibited low sensitivity to the block (inhibition by 9-15 %), low calcium 
permeability (Pca/PNa of 0.04-0.11) and weak outward rectification of kainate 
currents. In contrast, striatal and hippocampal interneurons possess AMPA receptors 
with other set of properties: high sensitivity to the block (inhibition by 80-92 %) and 
high calcium permeability (Pc¾/PNa of 0.60-1.08). The shape of current-voltage 
relationship of kainate currents indicates weak inward rectification. Analysis of 
average data from 5 cell types has revealed a highly significant correlation (p < 0.05, 
r = 0.90) between Pca/PNa and the percentage inhibition of kainate currents by 100 
µM IEM-1460. The degree of rectification of kainate currents was a less steep (r = 
-0.72, p = 0.07) function of inhibition by 100 µM IEM-1460 than relative calcium 
permeability. The data obtained have indicated that different permeation properties of 
native AMPA receptors co-varied in a cell specific manner depending, probably, on 
the relative abundance of GluR2 subunit. Selective high affinity for block of Ca2+ 
permeable AMPA receptors and reversibility of action make IEM-1460 a useful 
pharmacological tool to identify of AMPA receptor classes in native neurons.
Suppoted by grant N 96-04-48619 from RFBI and grant N 95-1011 from INTAS- 
RFBI.

811.3
C H A R A C TER IZA TIO N  OF THE AM PA RECEPTO R  
INTERACTING PROTEIN GRIP H -L. D o n g ,*  P. Zhang. D. L iao  
and R .L .H uganir. The H ow ard H ughs M ed ica l Institute, D epartm ent 
o f  N eu ro sc ien ce , the Johns H opkin s U n iversity , S ch o o l o f  M ed icin e, 
B altim ore, M D 2 1 2 0 5 .

T h e m o lecu la r  m ech a n ism s u n d erly in g  the sy n a p tic  sorting , 
ta rg etin g , and an ch o rin g  o f  g lu ta m a te  recep to rs  are not c lear. 
R e c e n tly  w e  h a v e  id e n tif ie d  a G lu ta m a te  R ecep to r  Interacting  
Protein (G R IP) that d irectly  binds to the G luR 2 and 3 subunits o f  the 
A M P A  re ce p to r s  and m ay b e in v o lv e d  in  th e m ec h a n ism s  
u n d erly in g the targetin g and clu ster in g  o f  A M P A  receptors. G RIP  
con ta in s 7 P D Z  dom ain s and interacts w ith  other neuronal proteins  
su g g e stin g  that it m ay serve as an adaptor protein  to link  A M P A  
re ce p to r s  and o th er  m em b ra n e  p ro te in  to  c e llu la r  sign allin g  
pathw ays. W ith antib od ies sp ec if ic  for G RIP, w e  have an a lyzed  the 
ex p ressio n  and lo ca liza tio n  o f  G R IP in rat brain and hippocam pal 
c u l t u r e s  u s i n g  im m u n o b lo t t in g , im m u n o c y to c h e m is tr y ,  
im m u n o h isto ch em istry  and im m u n o e lec tro m icro sco p y  tech n iq u es. 
Our results sh ow  that G R IP is exp ressed  in m any neurons in brain, it 
is present in both pre- and post- synaptic area and is enriched  at both  
exc ita tory  and inhib itory syn ap ses. T h ese  resu lts su g g est that Grip  
m ay p lay  an im p ortan t ro le  in b oth  e x c ita to r y  and in h ib itory  
synaptic function.
[Supported by NIH  grant 5 R O l N S 367151

811.2
THE SIZE AND HYDROPHOBICITY OF AMINO-AD AMANT ANE 
DERIVATIVES AS FACTORS WHICH DETERMINE THE EFFICACY OF 
THEIR BLOCKING ACTION ON NMD A CHANNELS. A, Sobolevsky1*, S. 
Koshelev2 and B.L Khodorov2, 1 Inst, of Physics and Technology, Institutsky 
Proesd 9, 141700, Dolgoprudny, Russia and 2Inst. of General Pathology and 
Pathophysiology, Baltiyskaya 8, 125315, Moscow, Russia.
Neurons isolated from the CA1 region of rat hippocampal slices by the 
“vibrodissociation” method were voltage-clamped in the whole-cell 
configuration. The currents through NMDA channels were recorded in 
response to rapid application (solution exchange time < 30 ms) of 100 µM 
aspartate (ASP) in a Mg2+-free solution in the presence of 3 µM glycine. 
When added to the ASP solution, amantadine as well as other amino- 
adamantane derivatives (AAD) produced an open-channel blockade of NMDA 
channels. Membrane hyperpolarization enhanced the AAD block. The affinity 
between NMDA channels and AAD was different for various AAD and 
depended on both the blocker molecular size and hydrophobicity. These 
parameters affected the affinity in opposing ways: an increase in the molecules 
size raised, while an increase in the molecules hydrophobicity diminished Kd 
(IC50). We propose an equation which includes the affinity dependencies on 
both size and hydrophobicity of the blocker. The critical diameter of the 
NMDA channel pore where the AAD blocking site is located proved to be 
about 17 A.
Supported by the Russian Fund of Fundamental Investigations.

811.4
FU N C TIO N A L CH A R A C TER IZA TIO N  O F R E C O M BIN A N T  
H UM AN AM PA AND K AINA TE R E C E PTO R  C H A N N E LS STABLY  
EX PRESSED IN H EK  293 CELLS. P. M iu*, G. Sakellaropoulos. M. 
Deverill, and R. K am boi. A llelix B iopharm aceuticals Inc., 6850 Goreway 
Drive, M ississauga, Ontario, Canada L4V 1V7.

Studies o f hum an em bryonic kidney (H EK -293) cells transiently 
expressing rat AM PA and kainate receptor subunits have dem onstrated that 
these receptor subunits exhibit unique functional d ifferences. Despite the 
sequence hom ology betw een human and rat A M PA  and kainate receptor 
subunits, there is very little inform ation on the functional properties of 
hum an clones. Hence, the main goal o f this study is to characterize the 
pharm acology and channel behavior o f stably transfected hom om eric  
hum an A M PA (G luR l, GluR4) and kainate (G luR6) receptor subunits in 
H EK 293 cells by w hole-cell patch clam p recording technique.

The m ost significant difference betw een these three subunits is that the 
time constant of recovery from  desensitization is approxim ately ten-fold 
larger for G luR6 (1800 ms) than that observed for e ither G luR l or GluR4 
(50-100 ms). The EC 50 value for glutam ate, however, did not show a 
significant difference betw een GluR6 (100 µM ) and either G luR l or GluR4 
(695 and 739 µM respectively). The current-voltage relation profile is 
sim ilar for AM PA and kainate subunits in that they all showed inward 
rectification.

In conclusion, the m ost distinguishing feature o f the hum an hom omeric 
G luR6 is that the refractory period for glutam ate is significantly  prolonged 
when com pared to that o f G luR l and GluR4.
This w o rk is sponsored by E li L illy .
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811.5
ACTIVATION OF PROTEIN KINASE A IS REQUIRED FOR PLATELET- 
DERIVED GROWTH FACTOR-RECEPTOR INHIBITION OF N-METHYL-D- 
ASPARTATE RECEPTOR FUNCTION IN HIPPOCAMPAL NEURONS S Lei. 
'Z.-G.Xionu. 'W .-Y. Lu, :C.F. Valenzuela. ;B.AOrscr* and J F MacDonald 
'Dept, of Physiology. Univ. of Toronto; Toronto. M5S 1A8: Dept Neuroscience.
University of New Mexico HSC. Albuquerque. NM„ 87131

Platelet-dem ed growth factor (PDGF) receptors plav important roles in central 
nervous system function We previously demonstrated that PDGF inhibits N-mcthyl- 
i)-aspartatc (NMDA)-cvokcd currents through activation of phospholipase C-γ and 
an elevation of intracellular calcium (|Ca"'|,)(V alcn/ucla ct al.. 1996). Although 
protein kinase A (PKA) is not directly activated by calcium its activity can be 
stimulated through a calcium-dependent actuation of the cAMP pathway 
Therefore, we have examined the role of this kinase using patch-clamp and Ca"' 
imaging techniques All recordings were made from acutely isolated CAì 
hippocampal neurons In whole-cell recordings, applications of PDGF (7 nM) 
inhibited NMDA-cvokcd currents bv 34 9±2.4% (n=9. p<0.01) and using Fura-2 
ratiomctric CaJ -imaging we found that PDGF (7 nM) increased {Ca U b\ 
48.0+5.9% (n=24. p<OOl). Rp-cAMP (100 µM). a potent specific PKA inhibitor, 
completely eliminated the PDGF-mcdiatcd inhibition of NMDA-cvoked currents 
(n = ll. p<0.01). In cell-attached patch recordings PDGF reduced the open 
probability of NMDA single channel currents by 53.7±4.3% (n-:4. p<ot»5). Bath 
applications of Rp-cAMP prevented this PDGF-mcdiatcd reduction of open 
probability (n=4. p<OOl) PDGF also reduced NMDA-activalcd currents b\ 
49.7±3.5% (n = ll. p<OOl) in HEK293 cells previously co-transfcctcd with the 
PDGF receptor (PDGFR-|0 and NMDA receptor subunits (NR1+NR2A) These 
results suggest that activation of the PDGF receptor couples via PKA to the 
modulation of NMDA receptor function. (Supported by an MRC grant to J F 
MacDonald)

811.7
STRUCTURAL INVESTIGATION OF THE GLYCINE RECEPTOR USING A 
SUBSTITUTED CYSTEINE ACCESSIBILITY METHOD (SCAM). P. Jacques and 
P.R. Schofield''-. The Gurvan Institute of Medical Research. 384 Victoria Street. 
Darlinghurst. Sydney. NSW 2010 Australia.

Fast synaptic transmission occurs via a family of related receptors, the ligand-gated 
ion channel (LGIC) receptor superfamily which includes both the excitatory 
acetylcholine and serotonin and inhibitory GABA a  and glycine receptors. To date, 
the best structural data has been obtained from 9 A resolution images of the Torpedo 
acetylcholine receptor (I) which has allowed certain tertiary and even secondary 
structures to be identified. However, the LGIC receptor superfamily lacks any 
structural resolution at the atomic level. Therefore, using a I-dimensional to 3- 
dimensional structural prediction algorithm, a model of the extracellular domain of the 
glycine receptor has been obtained by our collaborators (2 ). It predicts that the 
extracellular domain is comprised of an SH2-like and an SH3-like domain with the 
ligand binding site being formed by the cleft between these two structural domains. 
The Substituted Cysteine Accessibility Method (SCAM) has been used to investigate 
the spatial disposition of residues and therefore testing the model. Residues described 
by the model as being surface exposed have been mutated, individually, to cysteines. 
These mutant receptors have then been expressed in the Baculovirus system and the 
accessibility of these cysteines measured by their ability to cross-link with a thiol- 
specific fluorescent probe both in the absence and presence of agonists. This approach 
allows us to gain structural information on glycine receptors by identifying surface 
exposed residues and test the validity of our model predictions. (Supported by the 
NHMRC. Australia).
(1) Unwin. N. (1993) J. M o l.  B io l .  229. I 10 1 - 1 124.
(2) Gready cl al. (1997) P r o te in .  S c i .  6 . I - 16.

811.9
E X T R A C E L L U L A R  Ca2+ M O D U L A T E S  T H E  α Z l  H O M O M E R IC  
G LY C IN E R E C E P T O R  F U N C T IO N .
S. F u çile . B . D a v id -W a tin e , J, Stin nakre* and P. B reg esto v sk i 
IN SE R M  U 2 6 l ,  Institut Pasteur, 2 5 , rue du Dr. R o u x , Paris, France  

C alciu m  ion s m odulate  the a ctiv ity  o f  m any ce llu lar  p rocesses, 
including v o lta g e -g a ted  and receptor-operated  io n ic  ch an n els. In this 
study w e in vestigated  the e ffec ts  o f  extracellu lar Ca2+ ([C a2 + ]0 ) on the 

functional properties o f  the recen tly  c lo n ed  α Z l  subun it o f  zebrafish  

glycin e receptor ( α Z l  G ly R ) e x p ressed  in the hum an ce ll line  
B O S C 23. W h o le -c e ll  record in gs sh o w e d  that the rem oval o f  [C a 2 + ] 0

(i) inh ib ited  g ly c in e -a ctiv a ted  C l- currents in a d o se-d ep en d en t  
m anner, red u cin g  the apparent a ffin ity  for g ly c in e  3 -fo ld ; (ii)  

depressed sen s it iv ity  o f  α Z l  G ly R  to v o lta g e . In creasin g o f  
intracellular C a2+ buffer capacity  (from  0 .5  to 10 m M  B A P T A ) had no  
effect on  the inh ib ition , su g g estin g  that the c y to p la sm ic  dom ain  is not 
in v o lv ed  in th is m od u la tio n . S in g le  ch an n el a n a ly s is  revea led  that 
rem oval o f  [Ca2+]0 m odulates gatin g  k in etics  in d u cin g  the appearance 
o f  m u ltip le  intraburst c lo su res . T h e d o u b le  m utation  E 1 9 1 A -E 1 9 2 Q  
strongly d im in ish ed  the e ffe c t  o f  [Ca2+]0 on  G ly R  a ffin ity , but did  not 
interfere w ith  the [C a 2+]0 m o d u lation  o f  v o lta g e  d ep en d en ce . S in g le  
channel k in etics o f  m utated receptors in 2  m M  [ C a 2 + ] 0  w ere sim ilar to 
that o f  w ild  ty p e  in C a2+-free m ed iu m . O ur resu lts su g g est that 

extracellu lar c a lc iu m  interacts w ith  N -term in a l d o m a in s o f  the α Z l  
G ly R , through t]tvo fu n ctio n a lly  d istin ct sites: o n e  in v o lv e d  in 
v o ltage-d ep en d en t m odulation , the other co u p led  to ligan d  binding.

811.6
EFF E C T  O F M U TA TIO N S IN DYI-'-H) AND D Y h '-I2  ON TH E 
EX PR ES SIO N  OF G L U T A M A T E -G A T E D  C H LO R ID E CH A N N EL S IN 
( 'A J : m iiH A β I ) ! ì ! S  /'/./:< ,TY.Y M.V. H ejm ad i1. W. G rant2, G .C. C o les ' and
A . J. W o ls te n h o lm e '* . 'D ep t, o f  B io logy & Biochem istry ', Univ. o f  Bath. 
Bath. BA2 7AY. UK, ~Sch. o f  Biological Sciences. Flinders Univ. Adelaide. 
South A ustralia. *Sch. o f  V eterinary M edicine, Univ. o f  B ristol. BS4O 5DU
U.K.

Iverm ectin  is a pow erful an thelm in th ic  and insecticide that acts by 
p o ten tia ting  the effects o f  g lu tam ate  at g lu tam ate-ga ted  ch lo ride channels 
(G lu-C I) at nan o m o lar concen trations. M utations in several n on-recep to r 
genes can lead to resistance to 15-20nM  iverm ectin  ir  C c le a n s :  m ost o f  
these m utations are recessive. S ince iverm ectin  resistance in field isolates o f  
the  parasitic n em atodes H aem onchus con tortus  and ( ìstertay ta  
c ircu m cm cia  is genetically  dom inan t and accom panied  by changes in the
B, ,,^ o f  g lu tam ate  b inding  to m em branes, w e exam ined the effects o f  
dom inan t m uta tions  in the  d y f-1 0  and d y f-1 2  genes on the expression o f  
g lu tam ate  recep to rs on ( ’. e/eyans  P2 m em brane preparations. D yf-U )  
(nr23H 9) caused a dram atic reduction  in the Bιnax o f  specific g lu tam ate  
b ind ing  from  1514 ± I 19 pm ol/m g protein to 69  t  37 pm ol/m g protein - 
approx im ate ly  95%  (n=4). The k j  was reduced from 6.43 ± 0.7 µM to 1.99 
± 0.6 µM. This effect w as not seen in a recessive allele o f  d y f-1 0  (sp l7 O 6 ). 
w hich a lso  causes iverm ectin  resistance. M utations in d y f-J 2  had no 
significant effect on g lu tam ate  binding. P relim inary genetic m appng data 
suggests that d y f-1 0  is unlikely to  encode a subunit o f  the  Glu-Cl. suggesting 
that the gene product m ay be in vo lved  in the regulation  o f  the recep to r 
expression . H ow ever, the rela tionship , i f  any. betw een G lu-C l expression 
levels and iverm ectin  resistance is unclear.

Supported  by the W orld Health O rganisation .

811.8
VISUALIZATION A N D  FUNCTIONAL CHARACTERIZATION OF 
GFP CONJUGATED GLYCINE RECEPTOR CHANNELS.
B.David-W atine. S.L.Shorte, S.Fucile. D. de Saint Jan and P. 
Bregestovski*. INSERM U 2 6 l, Institut Pasteur, Paris, France.

Neurons are highly polarized cells with specialized membrane 
domains characterized by the local accumulation o f specific receptors 
and associated proteins. The proper targeting o f these m acromolecules 
to their specific domains involves various cytoplasm ic factors. 
Visualization o f the spatial organization o f these proteins in living cells 
facilitates the evaluation o f the mechanisms underlying formation o f  
specialized membrane domains. Our model is the inhibitory glycine 
receptor (GlyR) which is localized at postsynaptic membranes o f  
glycinergic synapses. To be able to visualize GlyR in living cells, we 
fused the green fluorescent protein (GFP) to the N-terminus o f GlyR  
subunit, α Z l, cloned from zebrafish. The electrophysiological 

properties o f this αZ l-G F P  homomeric GlyRs expressed in a human 
cell line BOSC 23 and in X enopus  oocytes were shown to be 
indistinguishable from those o f the wild-type for: i) apparent affinities to 
agonists (glycine, taurine, G ABA) and antagonist (strychnine), ii) single 
channel conductance and kinetics. Using digital imaging microscopy, 
the fluorescence distribution o f αZ l-G FP in each expression system  

was characterized. W e show that α Z l-G F P  form functional GlyRs 
which are spontaneously organized as membrane clusters.

811.10
A MEMORY FOR EXTRACELLULAR‘CA2+ SENSITIZES NOCICEPTIVE 
ATP-GATED ION CHANNELS. S.P. Cook. K.D. Rodland. Ge Zhanα*and
E.W. McCleskev . Vollum Institute and Dept, of Cell and Developmental 
Biology, Oregon Health Sci. Univ., Portland, OR 97201-3098 

Pain-sensing neurons are exquisitely sensitive to extracellular ATP. This 
property may underlie a mechanism for the detection of tissue damage. 
Nerve endings of pain-sensors express a subtype of ATP-gated ion 
channels (P2X receptors) that have the unusual properties of rapid 
desensitization (< 100 ms) and slow recovery (> 10 minutes). Such slow 
recovery desensitizes this channel to repetitive applications of ATP. Here 
we show that elevation of extracellular calcium speeds recovery rate of P2X 
receptors from desensitization and can increase current > 10 fold to 
repetitive applications of ATP. Increased Ca2* augmented P2X current 
when it’s addition was temporally separated from that of ATP. Stimulation 
was proportional to the duration of Ca2* exposure and persisted, even after 
lowering Ca2+, until the next ATP application. This mechanism gives the 
sensory neuron a memory for changes in external Ca2* that lasts several 
minutes. Some other polyvalent cations also increased recovery rate; Gd3* 
was 10,000 more potent than Ca2* (ECm = 2 µM vs. 40 mM). The agonist 
profile was like that of the parathyroid calcium-sensing receptor. Antibodies 
to the calcium-sensing receptor stained sensory neurons as well as a 
protein of appropriate Mr in sensory neuron membrane preparations. This 
raises the possibility that the calcium receptor couples P2X receptor activity 
to changes in the concentration of external Ca2*. Ca2*-dependent 
modulation of P2X receptors may indicate an endogenous mechanism for 
the sensitization of nociceptors. (NRSA#F32DA05667, R01DA07415).
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811.11
IN H IB IT O R Y  IN T E R A C T IO N S  B E T W E E N  P 2x A N D  5 -H T 3 
C H A N N E L S . B a r¾ a s-L ó p ez* C . D ep t. A n a to m y  and C e ll B io lo g y ,  
Q u e en ’s U n iv ., K in gston , O ntario K 7L  3 N 6 , C an ada.
Seroton in  (5 -H T ) and A T P  are k n ow n  to p la y  a ro le  as neurotransm itters  
in sev era l sy n a p ses . T h ese  neurotran sm itters can  a ctiv a te  sp e c if ic  cation  
ch a n n els  in the p ostsyn ap tic  m em brane b y  a c tin g  at 5 -H T 3 and P2χ  
receptors, resp ective ly . T h e w h o le -ce ll  tech n iq u e  w a s  u sed  to in vestigate  
fu n ction a l in teraction s b etw een  su ch  recep tors in su b m u co sa l neurons. 
W h o le -c e ll  currents in d u ced  by 5 -H T  and A T P  w ere  b lo ck ed  by 
IC S 2 0 5 ,9 3 0  and P P A D S , r esp ec tiv e ly . T h e  curren t in d u ced  by the 
s im u ltan eou s ap p lica tion  o f  both transm itters w a s o n ly  as  large as the 
current ind u ced  by o n e  a lon e . K in e tic  param eters o f  currents ind u ced  by 
sim u lta n eo u s ap p lica tion  o f  both transm itters in d ica te  that th ese  are 
carried through 5 -H T 3 and P 2x ch a n n e ls , im p ly in g  a lso  that channels  
in h ib it each  other. T h is in h ib itory  in teraction  o ccu rs as so o n  as currents 
w ere  detected  ( fe w  m s), w a s  s till presen t after th e rem oval o f  
extracellular C a2+ and after adding, in the pipette  so lu tio n , staurosporine, 
G en iste in , K -2 5 2 a  (inh ib itors o f  protein  k in a ses) . S im ila r  resu lts w ere  
obtain ed  after the substitu tion  o f  A T P  and G T P  by α ,  ß -m eth y len e  ATP, 
and G T P -γ-S , re sp ec tiv e ly . T h e m o d e l that c o n s id er s  o n e  ch an n el w ith  
tw o  receptors is u n lik ely  b ecau se  5 -H T 3 and P 2χ  ch an n els h ave differen  
m olecu lar  structure and b eca u se  in h ib itory  in teraction s o ccu r  on ly  for 
inw ard currents. W e p rop ose  that th ese  lig a n d -g a ted  ch a n n els  are in 
fu n ction a l c lu sters o f  at least tw o  ch a n n e ls  and that the in flu x  o f  ion s  
through o n e  activates a m ech an ism  that in h ib its  the oth er channel. Our 
observations indicate that these inhib itory in teractions are lik e ly  m ediated  
by a n o v e l sign a l transduction m ech a n ism , w h ich  takes p lace w ith in  the 
c e ll  m em brane. Supported by M R C  and O M H .

811.13
MOLECULAR DETERMINANTS OF VOLTAGE-DEPENDENT 
GATING OF P2Χ, RECEPTOR CURRENTS. Z. Zhou and R.I. 
Hume*. Dept, of Biology, Univ. of Michigan, Ann Arbor, MI 48109.

Inward rectification varies among P2Χ receptors and is 
particularly prominent in P2X2. Our previous work demonstrated that a 
combination of voltage-dependent gating and voltage-dependence of the 
single channel conductance could quantitatively account for inward 
rectification of P2X2.

In this study, we explored the molecular basis of voltage- 
dependent gating of P2X2. Voltage-dependent gating implies that there 
must be a voltage sensor, which usually consists of charged amino acids 
buried in the membrane. Therefore, we focused on the five charged 
amino acids predicted by some topological model to be in the membrane. 
Neutralization of K324 or D349 had no effect on voltage-dependent 
gating. In contrast, neutralization of either R34 or R313 shifted the 
midpoint of the voltage dependence o f channel gating negatively (about 
40 and 20 mV respectively), while neutralization of D315 shifted the 
midpoint of the voltage dependence of channel gating over 100 mV 
positively. The steepness o f the voltage dependence of gating was not 
changed significantly by any of these three mutations, which suggests 
that it is more likely that the residues at these positions modify the 
conformational transitions associated with gating than that they are part 
of the voltage sensor of P2X2. (Supported by NS33965)

811.15
P2X2 RECEPTOR ION CHANNELS STRONGLY INACTIVATED BY CALCIUM 
IONS S. Ding1. F. «Sachs2 and C. Cohan3*. Dept, o f 'Chemical Engineering, 
2Physiology & Biophysics, and 3 Anatomy and Cell Biology, State University o f New 
York at Buffalo, Buffalo, NY 14214.

P2X2 receptor ion channels mediate fast excitatory responses to extracellular ATP 
or its analogs. Using patch clamp, we studied the channels stably transfected in HEK 
293 cells. We found that whole cell currents did not inactivate in the presence o f mM 
extracellular Ca2\  But surprisingly in outside-out patches P2X2 channels exhibited 
strong cooperatively inactivation under the same conditions. The inactivation of 
outside-out currents in the presence of Mg2\ B a 2+, and Mn2+ were much slower than in 
the presence o f Ca2* The inactivation induced by Ca2+ was also voltage dependent 
with an e-fold inactivation rate constant o f  36.8 mV. The recovery o f inactivation 
measured in the presence o f 1 mM Ca2+ and 50 µM ATP, and at a holding potential o f  - 
120 mV was slow with the time constant o f  about 7 min. The inactivation was fit well 
by a single exponential. These data suggest Ca2+ may play important role in the channel 
gating processes.

The effect o f different divalent ions on the inactivation rates is shown below.

50 µM ATP+C>1’W£> j r Ca2+ Mg2+ Ba2"

Kjnmax (s'1) 37.6 2.5 4.6
Ec50 (mM) 1.3 2.2 3.0

The effect of Ca** on the inactivation of outside-out Hill coefficient 4.1 2.2 2.0
currents activated by 50 µM ATP at -120 mV.The 
currents were normalized by peak values.

Supported by NIH.

811.12
IDENTIFICATION OF AMINO ACID R ESIDU ES CONTRIBUTING TO 
DESENSITIZATION OF THE P2X2 RECEPTOR CHANNEL. T. Koshimizu, 
M. Tom ic, M. K osh im izu  a n d  S .S . Stojilkovic*. E ndoz Reprod. Res. 
B ranch , NICHD, NIH, B eth esd a , M aryland 2 0 8 9 2 -4 5 1 0 .

T he P 2 X 2 receptor (P 2 X 2R) is a m em ber o f  the A T P-gated  ion channels 
that m ediate C aí+ entry in several tis su es , including the brain, adrenal 
m edulla and pituitary. Alternative u sa g e  o f  cryptic sp lice  sites in the 
primary P 2 X 2R transcript accounts for the ex isten ce  o f  several transcript 
ty p es, on e o f  w h ich  (P 2 X 22R) en co d es a functional channel. P 2 X 2,R 
lacks a stretch o f  cytop lasm ic carboxyl (C ) terminal am ino acids (Val - 
G in 438) and exhib its rapid and com p lete d esen sitiza tion , w h ereas P2X 2R 
d esen sitizes  s lo w ly  and incom pletely . The role o f  the C-term inus in 
P 2 X 2R d esen sitiza tion  w as studied b y generating several channel mutants 
and m onitoring intracellular free C a2+ ch an ges in transfected sin g le  GT1-7 
neurons. D eletion stu dies indicated that the A r g 37l-I le 391 segm ent o f  the 
P 2 X 2R is required for sustained C a2+ in flu x . T o  identify the important 
residues w ithin  this segm en t, three con tigu ou s am ino acids were 
sequentially  changed  to alanine. O nly tw o  o f  these replacem ent mutants, 
at A rg 37I-T hr372-P ro373 and L y s 374-H is 375-P r o 376, had an enhanced rate of 
desensitization . S in g le  am ino acid d e letion s in the P 2 X 2R C-term inus and 
a series o f  insertion s o f  w ild -typ e seq u en ces into the corresponding 
sp liced  site identified  four resid u es, Pro  - L y s 374- H is 375-P r o 376, required 
for susta ined  C a2+ in flu x  through agon ist-occu p ied  w ild -typ e channels. 
T h us, it is likely that the P ro 373-P ro 376 seq u en ce o f  P 2 X 2R represents a 
functional m otif that is critical for the develop m ent o f  the slow  
d esen sitiza tion  profile  observed  in these channels. C on sequ en tly , deletion 
o f  this m otif by alternative sp lic in g  provid es an e ffectiv e  m echanism  for 
generating a channel w ith  controlled C a2+ in flu x . F u n d in g  source: NIH 
Intram ural Program.

811.14
P H A R M A C O L O G IC A L  A N D  B IO C H E M IC A L  E V ID E N C E  FO R  
H E T E R O M E R IC  A T P  R E C E P T O R S  C O N T A IN IN G  CEN T R A L  
P 2 X 4 A N D  P 2 X 6 S U B U N I T S . K .-T . L ê . K . B a b in sk i and
P. S é g u é la * . C ell B io lo g y  o f  E x c ita b le  T issu e  G roup, M ontreal 
N e u r o lo g ic a l In stitu te , D ep t, o f  N e u r o lo g y  and N eu rosu rgery, 
M cG ill U n iversity , M ontreal (Q u eb ec) C anada H 3 A  2B 4 .

D esp ite  ex ten siv e  functional characterization o f  seven  P 2Χ  ATP  
recep tor  g e n e s , n a tiv e  P 2 Χ  current p h e n o ty p e s  record ed  from  
variou s brain lo c i d id  not co rresp o n d  to th o se  d o cu m en ted  for 
h o m o m e r ic  r e c o m b in a n t  r e c e p to r s . W e  rep o rt h ere  the  
h e tero p o ly m er iza tio n  b e tw e e n  the tw o  m ajor central su bun its, 
P 2 X 4  and P 2 X ¢ , in X e n o p u s  o o c y te s .  P 2 X 4 + 6  h e ter o m e r ic  
c h a n n e ls  d isp la y  a d is tin c t t im e -c o u r se  o f  p rotein  ex p ress io n  
com p ared  to P 2 X 4  h o m o m ers, w h ile  P 2X ¢ h om om ers are silent. 
In a d d ition , m o d e ra te ly -d e se n s it iz in g  P 2 X 4 + 6  h e tero -o lig o m ers  
are fu n ction a lly  d ifferen t from  P 2 X 4  by their increased  sen sitiv ity  
to  α ,ß  m eth y le n e  A T P  (EC50 =  12 ±  2  µM ), 2 -m eth y l-th io A T P  
(E C 50 = 7 .7  ±  1 .0  µM ) and  to  n o n -c o m p e t it iv e  a n ta g o n ists  
su ra m in  and  R e a c t iv e  B lu e  2 . M o r eo v e r , w e  d em o n stra ted  
su b u n it-sp e c ific  in teraction s b e tw e e n  P 2 X 4  and P 2 X ö iso fo rm s  
u s in g  h e x a H is -b a sed  c o -p u r ific a tio n  a ssa y s. T ak en  a ltogeth er,  
th e se  resu lts  s tr o n g ly  s u g g e s t  that α ß m A T P - s e n s it iv e  P 2 Χ  
r e sp o n ses  b lo c k e d  b y  suram in  p r e v io u sly  record ed  in central 
n eu ro n s m ig h t b e  m ed ia ted  th rou gh  n a tiv e  h e ter o -o lig o m er ic  
P 2 X 4 + 6  ch an n els.
Supported by M RC-Canada, Quebec Heart and Stroke Foundation, Savoy 
Foundation for Epilepsy and Astra Research Center in Montreal.

811.16
MOLECULAR DETERMINANTS OF D E SE N S φ Z A T IO N  
OF P2X2 RECEPTOR CURRENTS. J.D. Clvne*. Z. Zhou, and
R.I. Hume. Department of Biology, University of Michigan, Ann 
Arbor, MI 48109.

The seven cloned P2Χ receptors show diversity in the rate at which they 
desensitize in the continuous presence of ATP. P2Xi and P2 X3 desensitize 
very fast, while the other P2Χ receptors show much slower desensitization. 
Previous research involving chimeras indicates that the two putative alpha 
helical transmembrane domains in P2Xi and P2X2 are important for 
desensitization. In addition, a splice variant of P2X2 (P2X2.2), which lacks 
69 amino acids (from V370 to Q348) near the C-terminus, shows much 
more rapid desensitization than the original P2X2 clone.

In this study, we investigated whether the rate of desensitization was 
altered in P2X2 receptors with deletions of the C-terminus or with alanine 
substitutions at each of the five positions at which charged amino acids are 
thought to be buried in the membrane. Our results indicated that deletion 
of up to 77 amino acids of the C-terminus had no effect on the rate of 
desensitization. Similarly, K324A, R34 A, R313A, and D315 A mutants 
had desensitization rates no faster than the wild type receptor. In contrast, 
the D349A mutant desensitized much faster than wild type P2X2, and had a 
time constant of desensitization similar to that of P2X2.2. One possible 
explanation is that D349 might interact with residues between V370 to 
Q348 to inhibit desensitization such that removal of either region 
accelerates desensitization. (Supported by NS33965)
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811.17
REGULATION OF ETHANOL INHIBITION OF ATP- 
ACTIVATED CURRENT BY EXTRACELLULAR ZINC 
AND PROTONS IN SENSORY NEURONS. Chaoving Li* 
and Forrest F. Weight. Laboratory of Molecular and Cellular Neuro
biology, National Institute on Alcohol Abuse & A lcoholism , National 
Institutes o f Health, Bethesda, M D 20892-8115.

The P2X purinoceptors are ligand-gated cation channels that are 
activated by the neurotransmitter ATP. Recent studies have revealed 
that pharmacological concentrations o f ethanol can inhibit some types 
of P2X purinoceptors by decreasing the apparent affinity of the 
receptor for ATP. As extracellular Zn2+ and protons also modulate 
the function o f P2X purinoceptors by changing the apparent agonist 
affinity, we evaluated whether the sensitivity of ATP-gated channels 
to ethanol can be modulated by extracellular protons or Zn2+ in 
bullfrog dorsal root ganglion neurons using the whole-cell patch- 
clamp technique. We found that ethanol inhibition of ATP-activated 
current was altered by pH and Zn2+. Acidification to pH 6.8 shifted 
the ethanol concentration-response curve to the right in a parallel 
manner, increasing the EC50 for ethanol from 72 to 120 mM 
(ANOVA, P  < 0 .005), whereas alkalinization to pH 7.6 caused a 
parallel shift o f the ethanol concentration-response curve to the left, 
decreasing the ECS0 for ethanol from 72 to 38 mM (ANOVA, P <
0.005). Similarly, Zn2+ shifted the ethanol concentration-response 
curve to the left in a parallel manner, decreasing the ECí0 for ethanol 
from 72 to 47 mM (ANOVA, P < 0 .005). The results suggest a 
novel mechanism by which Zn2+ and protons can regulate the 
sensitivity o f a neurotransmitter-gated ion channel to ethanol.

This work was supported by intramural N IA A A, NIH.

811.19
TRANS-SYNAPTIC UPREGULATION OF P2x4 RECEPTOR mRNA IN 
RAT PAROTID GLAND BY PARASYMPATHETIC DENERVATION.
Simon J Gibbons* and Barbara R Talamo. Dept, of Neuroscience, Tufts University 
Medical School, Boston MA 02111.

Muscarinic, peptidergic and purinergic responses in rat parotid acinar cells are 
altered by changes in the activity of the autonomic innervation. Parasympathetic 
denervation increases the fraction of cells responding to ATP and also the 
sensitivity of individual acinar cells to low doses of ATP as measured by Fura-2 -  
based Ca2+ imaging. This effect is mediated by P2x4 nucleotide receptors. We have 
used quantitative, competitive PCR to measure the levels of P2x4 receptor mRNA 
in whole rat parotid gland two weeks following unilateral parasympathetic 
denervation. The data were normalized to the levels of mRNA for the 
“housekeeping” gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The 
relative amount of P2x4 receptor mRNA was higher in the denervated tissue 
compared to the contralateral control gland in every instance (n=8 animals). On 
average the levels of P2x4 mRNA were 2.8 fold higher in the denervated gland. To 
examine levels of P2x4 receptor protein, we have used antisera directed against the 
C terminus amino acid sequence in immunoblots of protein from whole parotid 
gland separated on denaturing SDS gels. A single protein from parotid gland was 
labeled by two different affinity purified antisera (kind gifts of P. Séguéla, U. 
Montréal and G. Buell Glaxo, Geneva). A band of approximately 57 kDa 
molecular weight was detected in both parotid gland and HEK-293 cells 
transfected with the P2x4 cDNA. These results indicate that supersensitivity to 
ATP of parotid acinar cells following parasympathectomy is due, at least in part, to 
increased expression of P2x4 nucleotide receptor mRNA and possibly to increased 
levels of the cognate protein. Supported by NIH R01 NS28556.

811.21
POSTNATAL UPREGULATION OF P2X1 RECEPTOR IS ASSOCIATED WITH 
INCREASED EXCITATIONAL JUNCTION CURRENTS IN THE MOUSE 
VAS DEFERENS S.X. Liang1. W.D. Phillips1. A.D. Anssclin1* and N,A. Lavidis2. 
d e p a rtm e n t of Physiology. University of Sydney. NSW 2006 Australia; 
“Department of Physiology and Pharmacology, University of Queensland St. Lucia, 
Queensland 4072. Australia

ATP released by sympathetic varicosities of the mouse vas deferens binds to P2\ 
receptors which activate fast, ligand-gated channels resulting in depolarisation of 
smooth muscle cells. We have examined the development of fast synaptic 
transmission at the surface longitudinal smooth muscle fibers of the mouse vas 
deferens. Mice were anaesthetised with ether and then killed by cervical fracture. The 
vas deferens was dissected and placed in an organ bath. Sympathetic varicosities 
were visualised using DiOC2-fluorescence to aid in positioning loose patch 
electrodes over small sets of sympathetic varicosities to record the nerve terminal 
impulse (NTI) and excitatory junctional currents (EJCs) evoked during nerve 
stimulation. At the earliest age examined, postnatal day 21 (PN2l), most recording 
sites (17-18 sites were examined at each age) showed no detectable EJC even though 
NTls were recorded without failure. The extent of such inteπuittence in transmitter 
release progressively declined between PN2l and PN42. In addition, the mean 
amplitude of EJCs increased 15 fold between PN2l and PN42. These observations 
indicate pre- and post-synaptic maturation of fast purinergic synaptic transmission at 
the longitudinal muscle of the mouse vas deferens between PN2l and PN42. We then 
examined P2xl and P2x2 mRNAs by RT-PCR. Between PN10 and PN42 no marked 
change was observed in either the P2x2 receptor mRNA or ß-actin mRNA (control). 
In contrast, the P2xl band showed a progressive developmental increase when either 
ß-actin or P2x2 mRNA were used as internal controls (4.5 fold increase relative to ß- 
actin between P10 and P42). Immunofluorescent staining also increased between P10 
and 42 and was diffusely distributed throughout the muscle cell membranes 
supporting the idea that upreguìation of P2xl receptor expression contributes to the 
p<'<-'tπatal increase in EJC amplitude. Work supported by grants from the NH&MRC

811.18
DIFFERENTIAL MODULATION BY ZINC AND COPPER 
OF P2X4 PURINOCEPTORS EXPRESSED IN X E N O P U S  
OOCYTES. Kerning X iong. Chaoving Li. Robert W. Peoples and 
Forrest F. Weight*. Laboratory o f Molecular and Cellular Neuro
biology, National Institute on Alcohol Abuse & Alcoholism, National 
Institutes of Health, Bethesda, M D 20892-8115.

The P2X purinoceptors have recently received much attention due to 
their potential importance in the function o f the nervous system. 
Activation o f P2X purinoceptors elicits excitatory postsynaptic currents 
or excitatory postsynaptic potentials in both central and peripheral 
neurons, and excitatory junction potentials in smooth muscle cells. 
Recent studies have revealed that these receptor-channels in neurons are 
highly sensitive to a number o f endogenous agents, including Zn2+, 
Cu2+, H+, M g2+ and Ca2+. Seven P2X purinoceptor subunits, 
designated P2X1 to P2X 7, have been cloned to date, and the P2X 4  
subunit has been found to be the most abundant P2X subunit expressed 
in the brain. In the present study, we investigated the effects o f Zn2+ 
and Cu2+ on P2X4 purinoceptors expressed in Xenopus oocytes using 
two-electrode voltage-clamp recording. Zn2+, 0.5 to 10 µM, markedly 
potentiated current activated by 5µM ATP with an EC50 of 5.5 µM. The 
potentiation produced by Zn2+ was voltage-independent, and could be 
overcome by increasing ATP concentration. By contrast, C u2+, 0.5 to 
50 µM, did not significantly affect ATP-activated current. Despite the 
ability o f Cu2+ to potentiate other P2X purinoceptors and despite 
similarities between Zn2+ and C u2+, the observation that the P2X 4  
purinoceptor is insensitive to Cu2+ may yield information about the 
structure of divalent cation binding sites on these ion channels.

This work was supported by intramural NIA A A, NIH.

811.20
CLONING AND CHARACTERISATION OF THE MOUSE P2X7 RECEPTOR. I.P. 
Chessell1, J. Simon12, A.D. Hibell1, A.D. Michel1, E.A, Barnard2 and P.P.A. 
Humphrey1*. 'Glaxo Institute of Applied Pharmacology, University o f Cambridge, 
UK, and 2Molecular Neurobiology Unit, Royal Free Hospital, London, UK.

Of the seven P2X purinoceptor types so far identified, the P2X7 receptor has been 
isolated only for human and rat species. The purpose of this study was to identify and 
characterise the murine P2X7 receptor. A cDNA (1785 b.p.) encoding the murine P2X7 
receptor was isolated from the NTW8 mouse microglial cell line using RT-PCR. The 
sequence has approximately 85% homology with both the rat and human P2X7 
cDNAs.
Whole-cell recordings were made from HEK-293 cells stably expressing the mP2X7 
receptor. The order of agonist potency was as expected, with Bz-ATP (estimated EC50 
of 342 µM) being more potent than ATP (estimated EC50 o f 1.8 mM). These EC50 
values were significantly greater than those observed for the same agonists at the 
native (NTW8) murine receptor. The current-voltage relationship showed reversal at 
approximately 0 mV. Successive applications of 1 mM ATP resulted in an approximate 
doubling (after 15 X 1 sec applications) of inward current. Uptake o f the DNA 
fluorophore, YO-PROl, in a sucrose buffer, gave an ECS0 value for Bz-ATP of 15.1 
µM with a 60 min incubation time, which was significantly different from the EC50 
value at the NTW8 receptor (4.6 µM). The P2 antagonists PPADS (lOµM) and P-5-P 
(lOOµM) were effective at blocking both inward currents and YO-PRO uptake. 
Operational differences between the recombinant and endogenous murine P2X7 
receptor may reflect differences in receptor expression. However, we have also 
recently isolated the murine P2X4 purinoceptor from the NTW8 cell line, and 
investigations are in progress to determine whether a novel heteropolymeric 
combination of murine P2X7 and P2X4 exists in the host NTW8 cells which may 
account for the differences in properties observed between the native and recombinant 
receptor.
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812.1
A NOVEL PROTEIN REQUIRED FOR STRORE-OPERATED 
CALCIUM ENTRY
Chaoxian Geng*, Hung-Tat Leung, Young-Seok Hong, Chenjian Li, Lydia
L. R. Strong, and William L. Pak, Department o f Biological Sciences, 
Purdue University, West Lafayette, IN 47907

The TRP protein o f Drosophila is a founding member of a family of 
store-operated calcium channels. Several proteins, including INAD,
PLCß, TRPL, calmodulin and probably rhodopsin, have been found to 
form a multi-molecular complex with TRP, and the complex seems 
necessary for effective signal transduction in the fly photoreceptors.

We isolated a new Drosophila mutant, inaF, by P-element-mediated 
mutagenesis. Molecular cloning of the inaF  gene showed that it encodes a 
novel, soluble protein. The null inaF  mutants, isolated by imprecise 
excision of the P element, exhibited electrophysiological phenotypes 
indistinguishable from null trp mutants in all parameters of photoreceptor 
potential examined. The results suggest that in the absence of the INAF 
protein, the TRP channel cannot function. We carried out biochemical 
analyses to examine possible interactions between the INAF protein and 
other know n protein components of the phototransduction cascade. The 
null inaF  mutation seems to cause a drastic and specific reduction in the 
amount of TRP protein but does not eliminate the protein. Our results 
suggest that INAF protein is required for the store-operated calcium entry 
(SOCE) probably by either directly interacting with the TRP protein or 
regulating the amount of TRP protein at the transcription and translation 
levels. (Supported by N1H Grant EY00033 to WLP)

812.3
STORE-DEPENDENT CALCIUM INFLUX IN CULTURED MAMMALIAN 
CENTRAL NEURONS. V. PinelisY D. Favuk2. T. Storozhewkh1. N. Andreeva3
L. Khaspekov3. O. Vergun2. A. Lvzhin3. N. Gngortsevich2, N. Vinskaya8. B. 
Khodorov2 Institute of Pediatncs, 2 Institute of General Pathology and 
Pathophysiology,3 Brain Research Institute; Moscow, 117963, Russia.

The plasma membrane of nonexcitable cells is known to be endowed with so- 
called store-operated Ca2+ selective channels. The aim of the present work was to 
clarify whether these channels also exist in mammalian central neurons. 
Experiments were performed on cultural cortical, hippocampal neurons and 
cerebellar granule cells loaded with fura-2. Blockade of the endoplasmic reticulum 
(ER) Cai+ pump was achieved by cyclopiazomc acid (CPA. 10-30 µM) or 
thapsigargm (TG, 1-5 µM). Applications of these inhibitors to the cortical neurons 
m the Ca2+ -free medium induced a transient increase m the [Ca2+]„ determined by 
Ca2+ leakage from ER stores, in the Ca2+ containing medium CPA or TG 
applications induced a steady [Ca2+], increase which could be reversibly abolished 
by removal of external Ca2 Similar Ca2+ dependent increase in [Ca2+], duπng the 
action of CPA was observed in almost all the cortical and hippocampal neurons and 
in about of 50% of cerebellar granule cells. In order to clarify whether the TG or 
CPA-induced Ca2+ influx was resulted from depletion of Ca2+ stores but not due to 
an initial increase in [Ca2+1„ we treated nerve cells for 5-10 min by TG or CPA in 
Ca2+- free medium. After such a treatment inducing depletion of Ca2+ stores, 
readmission of Ca2' produced a stable increase in [Ca2"], which could be reversibly 
abolished by removal of external Ca2+. These results strongly suggested that the 
plasma membrane of mammalian central neurons like the that of a wide variety of 
other cells endowed with Ca2" channels activated by depletion of intracellular Ca2" 
stores Ca2+ influx via this pathway, modulated by the activity of intracellular Ca2" 
pump, may contribute to regulation of the neuronal [Ca2 ], homeostasis under 
various physiological and pathophysiological conditions. Supported by RFBR.

812.5
MUSCARINIC ACETYLCHOLINE RECEPTORS (AChR) IN PC12D CELLS 
REGULATE CA2+ INFLUX BY ACTIVATING DISTINCT STORE-OPERATED 
AND RECEPTOR-OPERATED Ca2+ CHANNELS. D. Saffen», T. Ebihara. F.-
F. Guo. Department of Neurochemistry, Faculty of Medicine, Tokyo 
University, Tokyo 113, Japan

We have previously shown that activation of m l mAChR in PC12D cells, a 
rapidly differentiating subline of the rat pheochromocytoma-derived cell line 
PC12, induces the discharge of Ca2+ from intracellular stores and a 
subsequent sustained influx of extracellular Ca2+ (Ebihara and Saffen, J. 
Neurochem, 1997). In the present study we used PC12D cells loaded with 
the Ca2+-sensitive fluorescent dye fura2 to examine pathways of mAChR- 
stimulated Ca2+ influx. These studies revealed that the mAChR agonist 
carbachol stimulates Ca2+ influx by activating two distinct kinds of Ca2+ 
channels: 1) store-operated Ca2+ channels (SOCC) that are i) also activated 
when intracellular Ca2+ stores are discharged by exposure to thapsigargin, ii) 
permeable to Mn2+ but largely impermeable to Ba2+, iii) insensitive to phorbol 
esters, iv) slow to close following the addition of the mAChR antagonist 
atropine; and 2) receptor-activated Ca2+ channels (ROCC) that are i) not 
activated by thapsigargin, ii) highly permeable to Ba2+ and Na+ (in the 
absence of Ca2+), iii) blocked by phorbol esters, iv) rapidly inactivated 
following inhibition of mAChR by atropine. The carbachol-activated ROCC 
are distinct from nicotinic acetylcholine receptors and L- and N-type Ca2+ 
channels since they are not blocked by tubocurarine, verapamil or «>- 
conotoxin. Supported by Grants from the Japanese Ministry of Education 
(# 07279107 and #09878179).

812.2

MOLECULAR CLONING AND FUNCTIONAL EXPRESSION  
OF RAT STORE-OPERATED C A 2+ CHANNELS. N. M izuno,'* 
S.Kitavama.3 Y. Saishin,2 S. Shimada,2 K. Morita,3 C  Mitsuhata.3
H.Kurihara.1 T. Dohi.3 ‘Dept, of Endodontology and 
Periodontology, Hiroshima University School o f Dentistry; 2Dept. 
of Anatomy, Nagoya City University Medical School; 3Dept, of 
Pharmacology, Hiroshima University School of Dentistry; 
Hiroshima, 734-8553, Japan.

Capacitative calcium entry (CCE) demonstrated in various ceil 
types plays an important role in cell signaling. Depletion of 
intracellular Ca2+ store activates Ca2+ influx from extracellular space 
through plasma membrane channel, called store-operated channel 
(SOC). Identification of trp (transient receptor potential) gene from 
Drosophila photoreceptor and the subsequent molecular cloning of 
human homologues suggested that trp or its related gene may 
participate in CCE or SOC. In the present study, we have identified 
five different rip-related amplifications by reverse-transcription- 
polymerase chain reaction (RT-PCR) from rat various tissues, and 
designated rtrp l,3 ,4 ,5 ,6 . From rat brain cDNA library, we isolated 
two novel homologous, rtrp3 and rtrp6. By RT-PCR and in situ 
hybridization, mRNAs of rtrp3 and rtrp6 were found to be expressed 
differently in brain and other various tissues. Ca2+ entry in response 
to thapsigargin-induced store depletion was demonstrated in COS 
cells expressed ratTRP3 andTRP6, suggesting that trps function as 
SOC.

812.4
BOTULINUM NEUROTOXIN A INHIBITS CAPACITATIVE Ca2+ 
INFLUX BUT NOT Ca2+ RELEASE IN XEN OPUS  OOCYTES. 
Yong Y ao1*, Antonio V. Ferrer-Montiel2, Mauricio Montal2 and 
Roger Y. Tsien1 'Dept. Pharmacology and 2Dept. Biology, University 
o f  California, San Diego, La Jolla, CA 92093-0647

Depletion o f  Ca24 stores by various means (InsP3, Ca2 -ATPase 
inhibitors, Ca2+ ionophores, Ca2  ̂buffers etc.) induces plasma 
membrane Ca2 influx in most non-excitable cells, but the coupling 
mechanism remains one o f  the major controversies in Ca2+ signaling. 
Here we report that botulinum neurotoxins (BoN Ts) injection into 
X e n o p u s  oocytes inhibit capacitative Ca24 influx (quantified as the Ca2+ 
current Isoc) without reducing Ca2+ release induced by InsP3 or 
ionomycin. Isoc was maximally inhibited by about 50% by BoNT A at 
100 nM (K] = 13 ± 9 nM), whereas 100 nM BoNT B, E, and tetanus 
toxin inhibited ìsoc at most 20%. BoNT A inhibition o f  Isoc was 
noncompetitive with respect to stores depletion and developed with a 
time constant o f  1.1 hr. Subsequent recovery from BoNT A was slow, 
with about 24% inhibition remaining 48 hrs after injection. Because 
botulinum neurotoxins are well known to inhibit exocytosis potently 
and specifically by cleaving SNARE proteins, these results suggest 
that components o f  the exocytic apparatus may play a crucial role in 
the mechanism by which Ca2+-depleted endoplasmic reticulum signals 
to the plasma membrane.

812.6
THE MUSCARINIC Ca2+RESPONSE, PO SITIVE FEEDBACK 
INVOLVING NO, cGM P AND CNG CHANNELS. C. M athesY A.A. Alousi1 
and S.H, Thompson1, 'Dept. Biol. Sci./Hopkins Marine Station, Stanford Univ., 
Pacific Grove, CA 93950.2 Axon Instruments, Inc.

We are studying the dynamics of signaling in response to M l receptor activation 
in N1E-115 mouse neuroblastoma cells. Stimulation of IP3 production by 
carbachol causes both intracellular Ca2+ release and activation of a voltage 
independent Ca2+ current. These two processes are coupled via the NO/cGMP 
pathway. Carbachol promotes 16-20 fold increase in cGMP within 30 sec due 
entirely to Ca2+ dependent activation of NOS and subsequent activation of guanylyl 
cyclase. cGMP directly activates a 47 pS channel in inside-out patches with 
properties similar to channels in sensory cells. The relationship between cGMP 
cone, and channel opening is fit by the Hill equation assuming KD = 10 µM and 
Hill coeff. =2. cAMP fails to activate. The Ca2+ current turns on more slowly than 
Ca2+ release, lagging behind the measured depletion of the IP3 releasable Ca2" pool, 
but it activates in parallel with cGMP production, measured in individual cells 
with a patch cramming method, and nitrite accumulation which was used as a 
measure of NO production in plate assays. Ca2+ influx is responsible for 60% of 
cGMP production but makes little contribution to the volume averaged Ca2+ signal, 
indicating that CNG channels and NOS may be co-localized. The activation of 
CNG channels by this route is necessary to refill the IP3 sensitive Ca2+ pool during 
repetitive stimulation, demonstrating that the NO-*cGMP->CNG channel pathway 
plays a critical role in Ca2+ homeostasis. Because Ca2+ entry effectively promotes 
further cGMP production, the system is prone to positive feedback. This positive 
feedback mechanism may explain the large and rapid increases in cGMP that occur 
in neurons in the cerebellum, the basal forebrain and in sympathetic ganglia. 
(Supported by NSF and AHA).
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812.7
CHOLINERGIC AND PURINERGIC RECEPTOR MEDIATED 
INCREASES IN INTRACELLULAR CALCIUM IN HUMAN MICROGLIA 
J.G. McLamon*, L. Zhang', V. Goghari, Y.B. Lee1, S.U. Kim1, and C. 
Krieger1 Dept, o f Pharmacology & Therapeutics and 1 Div. o f Neurology, 
Dept, o f Medicine, The Univ. o f British Columbia, Vancouver, B.C. V6T1Z3

Microglia are resident cells in the CNS which can be activated for specific 
macrophage functions in response to various stimuli including 
neurotransmitters. Using fura-2 imaging, we have investigated the effects of 
the cholinergic agonist carbachol (CCh) and the purinergic agonist ATP on 
levels o f interal calcium (Ca2+)i in cultured human microglia. Application of 
CCh to microglia produced a rapid transient increase in (Ca2+)i which was 
blocked by atropine and was associated with release from intracellular stores. 
A second application o f CCh (given 5 min after the initial stimulus) induced a 
diminished response indicating receptor desensitization. In the absence of 
extracellular Ca2+, a second application o f CCh gave no response suggesting 
Ca2+ stores required influx o f the cation for refilling. Responses o f human 
microglia to ATP were characterized by an initial transient phase, which 
persisted in Ca2+-free media and was due to release o f Ca2+ from intracellular 
storage sites. The responses also showed a later plateau phase consistent with 
influx o f Ca2+ to replenish intracellular stores. Desensitization of ATP 
receptors was also evident in significantly reduced responses to a second 
application o f the agonist with normal extracellular calcium. The changes in 
(Ca2+)i in human microglia may serve a role in signalling pathways which 
become activated in CNS pathology.

NSERC - CANADA

812.9
COLOCALIZATION OF RECEPTOR-ACTIVATED CA2+ CHANNEL 
SUBTYPES IN M OUSE CNS. Y  Morib2*. n  Takadai»2. T OkadaL
H.W anifuchi2. H. Oka2. K. Ikenaka1. and K. Im oto1. *NIPS, Okazaki 
444, Japan;2IMPB, Univ. o f Cinti., Cincinnati, OH 45267-0828  

In neurons, physiological importance o f receptor-activated Ca2+ entry 
(RACE), induced via phosphatidylinositol-dependent pathways, has not 
been clarified. Using in situ hybridization techniques, we characterized 
expression in m ouse CNS o f  seven homologues o f RACE channel TRP 
(TRP1-7). In hippocampal CA1 pyramidal neurons, signals o f TRP1, 
2, and 4 were intense, and those o f TRP5-7 were moderate. In dentate 
gyrus granule ce lls, TRP6 show ed the m ost prominent expression, 
w hile TRP1, 2, and 4 were less abundant and TRP5 and 7 were 
expressed at low  levels. TRP1, 2, 4, 5, 6, and 7 were widespread in 
cerebral cortex. Whereas the forebrain regions were devoid o f TRP3, 
TRP3 was concentrated in cerebellar Purkinje cells, where weaker 
signals o f TRP1, 2, 5, 6, and 7 were detected. In cerebellar granule 
cells, TRP1, 2, 3, 5, 6, and 7 were detected. Intense signals o f TRP1 
were localized in the olfactory nerve layer. Periglomerular cells and the 
mitral layers showed abundant expression o f TRP2 and 4, and weak 
expression o f  TRP1, 3, 5, 6, and 7. The results reveal that single 
neurons coexpress multiple TRP subtypes in different combinations. 
We also performed electrophysiological measurements of RACE in 
neurons. Because TRP channels are highly diverged in activation  
m echanism s and permeation properties, it is suggested that CNS  
neurons exert different responses in membrane depolarization and Ca2+ 
transients to the same stimulation o f G-protein-coupled receptors. 
(Supported by the Japan Society for the Promotion o f Science)

812.11
NEURONS OF THE RAT BASAL FOREBRAIN APPEAR TO LACK 
TYPICAL CALCIUM-INDUCED CALCIUM RELEASE. D. Murchison* and
W. H. Griffith. Medical Pharmacology and Toxicology, Texas A&M University 
Health Science Center, College Station, TX 77843-1114.

Calcium-induced calcium release (CICR) is a physiological mechanism for 
amplifying calcium (Ca2+) signals in neurons. It occurs when intracellular Ca2' 
concentrations ([Ca2+D exceed threshold and trigger release of Ca2+ from endo
plasmic reticulum via ryanodine receptors. CICR has been demonstrated in sev
eral neuronal preparations, including hippocampal CA1 and cerebellar Purkinje 
cells. We have seen CICR in acutely dissociated cerebellar Purkinje cells from 
C57 BL/6J mice. In contrast, the typical signs of CICR cannot be observed in 
acutely dissociated neurons from the medial septum and nucleus of the diagonal 
band (MS/nDB) in F344 rats. We have employed fura-2 ratiometric rnicro- 
fluorimetry to measure [Ca2f]j in response to depolarizing voltage steps in patch 
clamped cells and to 3OmM K+ (HiK) applications in undamped cells. Evidence 
of CICR includes supralinearity of Ca2! buffering curves (Δ[Ca2+], /Ca2+ influx) 
and greatly increased Δ[Ca2+], with increasing [Ca2+]i in response to a standard 
stimulus (depolarizing voltage steps or HiK application). All Purkinje cell buff
ering curves were supralinear (n=l3), while none of the curves from MS/nDB 
cells were supralinear (n=95). When multiple stimuli were applied such that each 
evoked Δ[Ca2+]j began from an elevated [Ca2f]j due to the preceding stimulus, 
subsequent stimuli evoked a much larger response in 7/7 voltage clamped and in 
4/6 undamped Purkinje cells. This was not observed in any of 39 clamped and 
18 undamped MS/nDB cells. Even when prolonged low level depolarizations 
produced a gradual rise in [Ca2+]j5 or when 2mM caffeine was used to sensitize the 
CICR mechanism, MS/nDB cells showed no sign o f typical CICR. We have pre
viously shown robust caffeine-induced Ca2+ release in these same cells. These 
findings suggest a fundamental difference in Ca2+ signaling between these cell 
types. (NIH AG07805)

812.8
M O LECULAR/FUNCTIONAL IDENTIFICATION OF A NOVEL  
RECEPTOR-ACTIVATED CA2+ CHANNEL FROM MOUSE CNS.
T Okada.1 * S Shim izu.1 M Wakamori.1 A Maeda.2 T Kurosaki.2 
K Im oto.1 and Y. M ori1’3. iNIPS, Okazaki 444, Japan;2Kansai Med. 
Univ., Moriguchi 570, Japan;3IMPB, Univ. o f Cinti., OH45267-O828.

Characterization o f mammalian hom ologues of D ro so p h ila  TRP 
proteins has been an important clue to understand m olecular  
mechanisms underlying receptor-activated Ca2+ influx in vertebrate 
cells. W e have here isolated cD N A  that encodes a novel TRP 
homologue, TRP5, predominantly expressed in the brain. Recombinant 
expression o f the TRP5 cD N A  in HEK cells dramatically potentiated 
C a2+ entry evoked by ATP. This Ca2+ influx was inhibited by the 
blockers, SK&F96365 and La3+. Expression o f TRP5, however, did 
not significantly affect capacitative Ca2+ entry induced by thapsigargin, 
an inhibitor o f  ER Ca2+-ATPases. Furtheπnore, in ATP-stimulated, 
TRP5-expressing cells, there was no significant correlation between  
C a2+ release from ER and Ca2+ influx. W h ole-cell patch-clam p  
recording from TRP5-expressing cells showed that ATP application 
induced large inward currents in the presence o f extracellular Ca2+. 
Omission of Ca2+ from intrapipette solution abolished the current, while 
10 nM intrapipette Ca2+ was sufficient to support TRP5 activityN 
Permeability ratios were PCa : PNa : PCs = 14.3 : 1,5 : 1. Our findings 
indicate that the brain-type homologue TRP5 represents a Ca2+ channel 
subtype activated by receptor stimulation through a pathway which  
involves Ca2+ but not depletion o f Ca2+ stores. (Supported by the 
Japan Society for the Promotion o f Science)

812.10
C a2+-IN D U CED  Ca2+ RELEASE IN  FROG M O TO R NERVE TERM IN ALS.

(Dept, o f  Physiology1, Kaw asaki M ed. Sch. K urasiki 701-01, First Dept, o f  
Physiology2, N agoya Univ. Sch. M ed., N agoya 466-8550, Dept, o f  physics3, 
N agoya Univ. Sch. Sci. & Dept, o f  P hysio logy’, Kansai M edical Univ., 10- 
15 Fum izono-cho, M origuti 570-8506, Japan)

C o n tin u o u s  n erv e  s tim u la t io n  (at 2 0 -5 0  H z) in a lo w  C a2+, h ig h  
M g2+ so lu tio n  c a u se s  s lo w  tr a n s ie n t  r ise s  in  th e  freq u en cy  o f  
m in ia tu re  e n d -p la te  p o te n tia l (M E PP) a n d  in tr a c e llu la r  free C a 2' 
co n c e n tr a tio n  ([C a24],) in  m otor n erv e  te r m in a ls  o ver  a few  m in u te s .  
B oth  th e  tr a n s ie n t  r ise s  w ere a b o lish e d  by red u cin g  e x te r n a l C a2+ 
c o n cen tra tio n  a n d  a p p ly in g  ry a n o d in e  (10 µM), T M B -8  (8 -10  µM) 
or th a p s ig a r g in  (1 µM), in d ic a t in g  th e  a c tiv a tio n  o f  Ca2+-induced Ca2+ 
release (C IC R ). S to p p in g  te ta n u s  for a sh o r t p er io d  a fter  th e  
t r a n s ie n t  r ise  p rod u ced  sh arp  r is e s  in  [C a2+]j a n d  M E P P  frequ en cy. 
T h e p o st-p a u se  r is e s  w ere  b lock ed  b y  T M B -8  (8-1.0 µM) or 
th a p s ig a r g in  (1 µM ). In c r ea s in g  th e  d u ra tio n  o f  p a u se  up to 1 m in  
in  t e ta n u s  e n h a n c e d  th e  m a g n itu d e  o f  a  p o s t-p a u se  r ise , w h ile  
in c re a s in g  p a u se  d u ra tio n  m ore th a n  on e  to te n s  o f  m in u te s  
d e c r ea se d  th e  ra te  o f  i ts  r ise . T h u s, r e p e tit iv e  C a2+ e n tr ie s  s lo w ly  
p rim e, th e n  a c tiv a te  CIC R in v o lv in g  ry a n o d in e  recep to rs  a t  m otor  
n erv e  t e r m in a ls  a n d  s u b se q u e n tly  in a c tiv a te  th e  m ech a n ism , w h ile  
th e  a b sen ce  o f  C a2+ en try  s lo w ly  d e -p r im es th e  m ech a n ism .

T h u s, C IC R s p la y  im p o rta n t r o le s  in th e  m o d u la tio n  o f  
tra n sm itte r  r e le a se  a n d  p la s tic ity  a t  frog m otor n erv e  ter m in a ls .

812.12
MODULATION OF THE RYANODINE RECEPTOR FROM SKELETAL 
MUSCLE BY ADENOSINE CATABOLITES. M Díaz-Muñozλ G. Hoier2, L. 
Cintra1 * and A. Butanda-Ochoa3. !Dept. of Developmental Neurobiology, Centro de 
Neurobiología, 2Dept. Theoretical Chemistry, Facultad de Química and 3Dept. 
Biophysics, Insti¢uto de Fisiología Celular. UNAM.

Ryanodine receptor (RyR) participates with dihydropyridine receptor in the 
excitation-contraction coupling acting as a calcium release channel.

It is well known that RyR is activated by purines such as adenine nucleotides and 
caffeine. The aim of this work is to focus on determining the potential modulatory 
role of some other purines derivates of physiological significance such as adenosine
(ADO) and the product of its catabolism in the rat (inosine, hypoxanthine, xanthine 
and uric acid).

Using [3H]-ryanodine binding assay as a probe for RyR s functional state a set of 
dose-response curves were constructed for each adenosine related compound. The 
potency of activation by the purine tested in this study follow the next order: 
XAN>ADO>UA«INO>HYPO.

Most of the purines elicited complex patterns of RyR activation. To have a better 
understanding of how purines orient themselves to interact with RyR, semiempirical 
calculations of each purine dipolar moment vector (µ) were applied. Inspection of 
experimental and theoretical data suggested that the electronic density distribution, 
the polarity and the the presence of ribose ring are relevant physicochemical factors 
in the interaction between purines and RyR.

Supported by DGAPA fellowship (ABO).
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813.1
CLONING AND EXPRESSION OF MOUSE KCNQ2: A NERVOUS-SYSTEM 
SPECIFIC VOLTAGE-GATED POTASSIUM CHANNEL. S.I. Dworetzkv*. J.T. 
Troinacki. M, Goldstein. C. Boissard. C.D. Weaver. G. Rose, and V.K, Gribkoff. 
Bristol-Myers Squibb Co., Neuroscience Drug Discovery, Pharmaceutical Research 
Institute, Wallingford, CT 06492.

A voltage-gated potassium channel similar to the heart KCNQ1 (formerly 
KvLQTl) gene was cloned and characterized from mouse brain. Hydropathy analysis 
reveals the KCNQ2 protein to have 6 putative membrane spanning domains [Sl-S6] 
and a pore region with the ‘GYG’ signature sequence of K+ channels. The amino acid 
sequence alignment between mouse brain KCNQ2 and mouse heart KCNQ1 shows 
40% identity between the two channels suggesting that KCNQ2 is a member of the 
KCNQ gene family. Recently, a mutation in the human homolog of KCNQ2 was 
determined to be associated with inherited idiopathic epilepsy (Biervert et al., 1998 
Science, 279:403-406; Singh et al., 1998 Nature Genetics, 18:25-29). PCR 
experiments indicated mKCNQ2 to have alternative splice exon diversity in the 3’ 
region of the gene past the S6 spanning domain. Northern blot analysis 
demonstrated an 8.2 kb message to be specific for brain tissue and absent from 
peripheral organs. In situ hybridization experiments showed varying degrees of 
expression in the brain; with the highest message levels present in the hippocampus, 
cortex, and the motor nucleus of the trigeminal nerve. Additionally, high mRNA 
levels were also observed in motor neurons of spinal cord cross sections. Functional 
expression of KCNQ2 in Xenopus oocytes showed a family of outward currents 
induced by step depolarizations, that were decreased >50% by 1 mM TEA, a 
potassium channel blocker. The outward currents were reduced only 18% when 
exposed to clofilium (25 µM), a class III anti-arrhythmia drug that blocks IK, and IK, 
currents. Taken together, these results describe a second member of the KCNQ 
family which is localized within the nervous system, pharmacologically different 
than KCNQ1, and potentially important in motor neuron control.

813.3
E P IT H E L IA L  C E L L  K IR 7 .1  SU B U N IT S D E F IN E  A N E W  S U B F A 
M IL Y  O F  IN W A R D L Y  R E C T IF Y IN G  K + C H A N N E L S  F. P o rin g , E. 
W ischm eyer, C. K arschin, C. D erst', J. D a u t1 and A. K arsch in * . M ax- 
Planck-Inst. for B iophysical Chem istry, 37070 G öttingen, 'Inst, for P h y 
siology, U niversity  o f M arburg, 35033 M arburg, G erm any.

U sing conserved  Kir channel sequences an EST  database search id en ti
fied two partial, overlapping  hum an cD N A s that together coded for the 
com plete  open reading  fram e o f a new Kir subunit w hich we term ed  
Kir7.1. Both hum an Kir7.1 and its rat ortholog  encoded  a 360 am ino acid 
polypeptide with a tertiary structure typical o f  Kir subunits, and m ost c lo 
sely related to m em bers o f the K iri subfam ily with an identity  below  37% . 
The new sequences show ed various unique m ism atches in residues co n se r
ved am ong o ther Kir subunits. M ost noticeably  a m eth ionine residue was 
present at position 125 near the C -term inus o f the pore loop w here in o th er 
K ir subunits an arginine has been im plicated to stabilize the selectivity  filter 
and act as ex tracellu lar b arrier for channel blockers.

N orthern blot analysis detected high levels o f  a 1.5 kb transcrip t in the 
hum an brain, lung and kidney, as well as a larger 2.3 kb transcrip t in the 
testis. At h igher reso lu tion  perfo rm ing  in -situ  hybrid izations with d ig o x y - 
gen in -labeled  cRN A probes Kir7.1 in the brain was absent from  n eu ro n s 
arid glia, but strongly expressed  in the secretory ep ithelial cells o f the c h o 
roid p lexus w hich control the com position  o f the CSF. W hen su bc loned  
and hetero logously  expressed  in X en o p u s  oocytes Kir7.1 in cell-a ttached  
patches generated  inwardly rectify ing  K+ channels with 100 pS o f un ita ry  
conductance, the largest value determ ined  for K ir channels to date. M a cro 
scopic K+ currents averaged -1.85 µA at a hold ing  potential o f  -80 m V 
([K +]c = 96 m M ) with low sensitivity to the channel blockers Cs+ (Kj = 22  
m M ) and B a2+ (K; = 670 µM ). In m utant K ir7 .lM l2 5 R  channels h a rb o rin g  
the conserved  arg in ine in the outer pore, however, Ba2+ sensitivity was 
m arkedly increased  by a factor o f ~22 (Ki = 30 µM ) supporting the role o f  
this site in channel regulation by ex tracellu lar cations.

813.5
A N O V E L IN W A R D  R E C TIFIER  K+ CH A N N EL W ITH UN IQUE 
PO RE PR O PER TIES
G. K rapivinskv, I. M edina, L. Eng, L. Krapivinsky, B. Velim irovic* and
D. E. C lapham
H ow ard Hughes M edical Institute, C h ild ren’s Hospital Cardiovascular 
D ivision and H arvard M edical School, Boston, M A 02115 

W e have cloned  a novel K +-selective, inw ard rectifier channel which is 
w idely expressed  in brain but is especially  abundant in the Purkinje cell 
layer o f  the cerebellum  and pyram idal cells o f the hippocam pus. It also 
present in a w ide array o f tissues including kidney and intestine. The 
channel is only 38%  identical to its c losest relative, K ir 1.3 (RO M K  
fam ily) and d isplays none o f the functional properties unique to the 
R O M K  class. K ir 7.1 has several unique features including a very low 
estim ated single channel conductance ( -5 0  fS), low sensitivity to block 
by external B a2+ and C s+ , and no dependence o f its inw ard rectification 
properties on the internal b locking particle, M g2+. The unusual pore 
properties o f K ir 7.1 seem  to be explained  by am ino acids in the pore 
sequence that d iffer from  corresponding  conserved residues in all other 
K ir channel proteins. R eplacem ent o f  one o f these am ino acids (M et125) 
w ith the Arg absolu tely  conserved  in all other K ir channels dram atically 
increases its single channel conductance and B a2+ sensitivity. This 
channel w ould provide a steady background K+ current to help set the 
m em brane potential in cells in w hich it is expressed. W e propose that the 
novel channel be assigned to a new K ir subfam ily, K ir 7.1.

813.2
THE CONSERVED FAMILY O F K+ CHANNELS REVEALED BY THE C. 
ELEGANS  GENOME PROJECT. Lawrence Salkoff*. Zhao-Wen Wang. Maya 
Kunkel. Alice Butler, Alex Yuan, Michael Nonet, Aguan Wei. Dept. Anatomy and 
Neurobiology, and Dept, of Genetics, Washington Univ. Schl. Med., Box 8108, 660 
S. Euclid Avenue, St. Louis, MO 63110.

The DNA sequence data produced by the C. e l e g a n s  genome sequencing project has 
revealed an unexpectedly large extended gene family of potassium channels in this 
“simple” animal of less than 1000 cells. The nearly complete DNA sequence o f the
C. e l e g a n s  genome provides the first glimpse of the entire set of K+ channels in one 
animal. This comprehensive picture of potassium channel diversity is revealed in an 
unbiased way favoring no particular cell or tissue type, or abundance class. About 
eighty genes have been identified which encode potassium channel subunits. These 
can be divided up into three structural classes based on the number of membrane 
spanning domains, two (2TM), four (4TM), or six (6TM); the 6TM channels can be 
further divided into six conserved subfamilies. This overall organization of channel 
families appears to be conserved among all metazoan animals. An unusually large 
number of genes encode the novel structural class of 4TM channels in C. e l e g a n s  

(perhaps as many as 50). Some 4TM channels can be divided into subclasses which 
are apparently conserved in vertebrate species. Many questions are raised by this 
finding with regard to channel structure, function, and tissue distribution. We have 
used green fluorescent protein-(GFP)-promoter-reporter transformation experiments 
as an efficient method for an initial determination of the cellular expression patterns 
o f 4TM channels. Preliminary results reveal that perhaps all cell types express 4TM 
channels (neurons, muscle, epidermis); most 4TM channel genes appear to have their 
expression limited to a single tissue type. In one instance a single interneuron is the 
major site of expression. So far there is little or no overlap in expression patterns 
(genes that are expressed in muscle do not express in epidermis, and vice versa). The 
cellular expression patterns of other channel families are also revealing insights with 
regard to physiological functions conserved across species.

813.4
KvATP, A NOVEL ATP-REGULATED VOLTAGE-GATED POTASSIUM 
CHANNEL EXPRESSED IN BRAIN AND TASTE BUDS OF CATFISH. R. B. 
Puchalski1,2*, J. Kang1, C. C. Chang1, and J. H. Teeter1,3. 'Monell Chemical 
Senses Center, departm en t of Pharmacology, dep artm en t of Physiology, School 
of Medicine, University of Pennsylvania, Philadelphia, PA 19104.

A full-length cDNA encoding a novel ATP-sensitive voltage-gated potassium 
(K+) channel, KvATP, was cloned from the taste tissue of channel catfish, as 
reported previously. Hydrophilicity analysis of the deduced amino acid sequence 
suggests that KvATP has six membrane spanning regions and the ion-conducting 
pore loop segment. KvATP is most closely related to the Kv2 K+ channels, 
sharing a 56-59% overall amino acid sequence identity. Unlike previously cloned 
voltage-gated K+ channels of this topology, KvATP has in the carboxyl terminus 
the Walker A motif, a consensus site for ATP binding. The cDNA also encodes 
consensus sites for phosphorylation by protein kinases A and C, 
calcium/calmodulin-dependent protein kinase, and casein kinase II. Within the 
taste tissue, KvATP mRNA is expressed specifically in the taste buds. Several 
structures in the brain also express the mRNA. Probes designed from the 3’ end 
of the KvATP cDNA do not cross hybridize with rat genomic DNA sequences 
recognized by Kv2.1 or Kv2.2 probes, suggesting that KvATP is unique (Kv2.3).

Expression of KvATP in Xenopus oocytes produces voltage-activated outward 
K+ currents consisting of rapidly inactivating and sustained components. The 
inhibition of K* current in inside-out macropatches by Mg2+-free ATP is dose 
dependent and reversible. Application of 1 mM ATP to the cytoplasmic side of 
the membrane in a bath solution containing 1 mM Mg2+ either increases KvATP 
currents by 27% (n=6) or decreases currents by 25% (n=l4), suggesting that the 
regulation of channel activity by ATP is complex. (Supported by the NIH and the 
Monell Institutional Fund)

813.6
ISOLATION AND EXPRESSION OF A MAMMALIAN ELK POTASSSIUM 

CHANNEL GENE. W. Shi. H.-S. Wanα. Z. Pan. R. Wvmore. I.S. Cohen. 

D. McKinnon and J.E. Dixon*. Dept. Neurobiol. & Behav., SUNY at 

Stony Brook, NY 11794.

The EAG family of voltage-gated potassium channels contains three 

related subfamilies (eag, e rg  and e lk ). Members of these subfamilies 

have been previously identified in either D ro s o p h ila  or mammals. 

Mammalian homologues of the eag and erg genes have been identified 

and the potassium channels that they encode have been expressed 

and characterized. To date, however, no mammalian homologue of the 

D ro s o p h ila  e lk  gene has been described, nor has the biophysical 

properties of any e/kchannel been characterized.

We have identified three new members of the mammalian EAG gene 

family. For one of these genes, e lk 1 , we describe the complete coding 

sequence and determine the biophysical and pharmacological 

properties of the encoded channel. In addition, we determine the 

mRNA distribution pattern in sympathetic ganglia of all known EAG 

genes.

NS-29755, NS-01718 and HL-20558
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813.7
CLONING AND CHARACTERIZATION OF A NEW INWARDLY 
RECTIFYING K+ CHANNEL. M. Partiseti. V. Collura. M. Agnel. J. M. 
Culouscou. S. Z. Langer* and D. Graham. Synthelabo Recherche, Dept 
o f  Genomic B iology, 10 rue des carrières, 92500 Rueil-Malmaison, 
France.

A  new  member o f  the two transmembrane domain potassium  
channel family has been identified from a human brain cD N A  library. The 
cD N A  clone isolated encodes a 360 amino-acid sequence containing the 
P domain flanked by two hydrophobic regions representing the membrane 
spanning domains. A comparative analysis to databases (Swissprot, PIR 
and genembl) revealed an identity o f  approximately 45% with the 
BIR10/Kir4.1 channel. Northern blot analysis o f  human tissues showed 
a single major transcript o f  3.4 kb that is expressed at high levels in brain 
and kidney but not in heart, liver, muscle, lung, placenta and pancreas. 
cRNA-injected oocytes and transiently transfected-HEK293 cells 
expressed a K+ conductance which displays an inward rectification. This 
conductance is blocked by cesium and barium but is insensitive to 
tolbutamide and diazoxide even when it was co-transfected with the 
plasmid coding for the sulfonylurea receptor SUR 1. Taken together, these 
results demonstrate that we have cloned a new  K+ channel belonging to 
the inwardly rectifying K+ (Kir) channel family. Homology-based  
classification shows that this new subunit could not be included in one o f  
the known Kir subfamilies (Kiri .0 to Kir6.0) and thus, it has been named 
Kir7.1 according to the subfamily division proposed by Doupnik et al..

813.9
NOVEL SPLICING VARIANT OF GIRK2/KIR3.2 
PREDOMINANTLY EXPRESSES IN MOUSE TESTIS.
Atsushi Inanobe, Yoshiyuki Horio, Akikazu Fujita, Hiroshi Hibino, 
Yukiko Y oshim oto, Yoshihisa Kurachi*. Department o f Pharmacology 
II, Faculty o f M edicine, Osaka University, Suita, Osaka 565-0871, 
Japan.

The weaver mutation o f GIRK2/Kir3.2 causes male hom ozygous 
mice to be sterile. This suggests that Kir3.2 may play a critical role in 
spermatogenesis. The testicular Kir3.2, however, has not been w ell 
characterized at the molecular level. Our previous immunological study 
in m ouse testis has indicated that the testicular Kir3.2 is expressed  
specifically in spermatids and might lack the amino terminal end o f the 
brain Kir3.2. In this study, we have isolated a novel splicing variant o f  
Kir3.2 from mouse testis cD N A  library. By screening 5xlO 5 colonies 
with the Kir3.2-specific probe, we have obtained 11 positive cD N A s. 
Among them, 10 clones were identical. The nucleotide sequencing of the 
clone revealed that an open reading frame of 1221 bp encodes a protein 
of 407 amino acids. The deduced amino acid sequence indicated that it 
was a splicing variant of Kir3.2c which was shorter by 18 amino acids at 
the amino terminal end. This novel variant o f Kir3.2c in testis well 
accounts for the previous im m unological results of testicular Kir3.2. 
Further studies are, however, needed to elucidate the functional role and 
its molecular mechanism of the testicular Kir3.2 in spermatogenesis.

813.11
FUNCTION OF DELAYED RECTIFIER POTASSIUM  CHANNEL 
IN ACTIVATED RAT MICROGLIA. S. Chung*. H. Soh. W. Jung, 
Dept, o f  Physiology, Chung-Ang Univ , Seoul 156-756, KOREA

Microglia is thought to be the principal immune cells resident to the 
CNS. Brain damages such as trauma, stroke, and Alzheimer’s disease 
lead to a conversion o f  these cells to macrophage-like cells, which are 
also called activated microglia. The resting microglia express only 
voltage-dependent inward potassium current, while the activated 
microglia by bacterial lipopolysaccharide (LPS) additionally express 
delayed rectifying outward potassium (Iκ) current. We investigated the 
functional role o f  Iκ current in LPS-activated microglia isolated from 
cerebral cortices o f  newborn rat by using whole-cell patch clamp method.

The current showed "window current" where channels were available 
for activation but never fully inactivated. At near resting membrane 
potential some part o f  the current was able to be activated by 
depolarization Among the several K̂  channel blockers tested, only 4-AP 
was able to block most o f  the current and depolarize the membrane 
potential reversibly. When pH was changed from 7.4 to 6.4, the 
activation curve o f  Iκ current shifted to the right by about 13 mV. Thus, 
extracellular acidification reduced the window current, resulting in 
membrane depolarization. These results suggest that 4-A P sensitive Iκ 
current plays a direct role o f  setting the resting membrane potential in 
LPS-activated microglia.

(funded by KOSEF research grant to S.C.)

813.8
EXPRESSION AND FUNCTIONAL STUDIES OF CALCIUM - 
ACTIVA TED POTASSIU M  CHANNEL ISOFORM S CLONED FROM 
R A T BRAIN. T.S. Ha. S.W. Cho. S.Y. īeong. and C -S .  Park*. Dept, of 
Life Science, Kw angju Institu te  of Science and Technology (K -JIS T ), 
Kwangju, 506-712, Korea.

Several isoforms of high-conductance Ca2*-activated K + channel a 
-subun it (rslo) genes w ere isolated from  rat brain for functional 
studies. The deduced proteins w ere highly homologous to those belong 
to the slow poke- family K + channels previously characterized in 
different organism s except their N -  and C -term inal sequences. By 
transiently  transfecting into HEK293 cells, we detected robust 
expression of Ca2‘-  and voltage-dependent K 4 current characteristic of 
h igh-conductance C a~ '-activated K 4 (or m axi-K ) channels. Besides a 
few  small insertions and deletions found in the rslo  coding region, a 
novel 81-b ase  pairs (and thus 27-am ino acids) insertion drew  our 
attention since the insertion is adjacent to the putative intraceullular 
C a ' -sensing  domain (or 'calcium  bow l') at the p ro tein 's  cytosolic 
C -term inal region. T he rslo  isoform s containing this insertion were 
detected as m ajor forms in several tissues including the brain and the 
skeletal muscle, while the isoform s without the insertions were 
predom inantly expressed in other tissues (e.g., spleen and thym us). We 
are currently  investigating the functional characteristics and the effects 
of protein phosphorylation on different rSlo isoforms.
Supported by a grant, GE96-093, from the M inistry of Education of 
Korea to C .-S. Park.

813.10
CHARACTERIZATION OF THE NOVEL MOUSE BRAIN-SPECIFIC 
VOLTAGE-DEPENDENT POTASSIUM CHANNEL K C N Q 2  
EXPRESSED IN X E N O P U S  OOCYTES AND CHO CELLS. V.K. 
Gribkoff* C.G. Boissard, J.T. Trojnacki, C. Greco, S. Yeola, C D. 
Weaver and S.l. Dworetzky.~ Neuroscience Electrophysiology and 
Molecular Biology, Bristol-Myers Squibb Pharmaceutical Research 
Institute, 5 Research Parkway, Wallingford, CT 06492.

Recent studies have shown that mutation of the novel voltage- 
dependent potassium (K+) channel KCNQ2, related to the cardiac K+ 
channel KCNQ1, is responsible for an inherited form of epilepsy in 
newborns (Biervert et al., Science, 279:403-406; Charlier et al., 
Nature Genetics, 18: 53-55; Singh et al., Nature Genetics, 18 :25-29). 
We have cloned and expressed a mouse homologue of this channel 
in Xenopus oocytes and in transiently- and stably-transfected CHO 
cells. Two-electrode voltage clamp recordings in oocytes revealed 
that expression of this channel produced more negative resting 
potentials and robust, slowly-activating outward currents in response 
to depolarizing voltage steps. The reversal potential of tail currents in 
normal (1.0 mM) extracellular K+ solution was -107.9±1.9 mV, and 
-61.4±1.9 mV in 10 mM K+ solution; this 46.5 mV shift indicates that 
the current was K+-selective. Excised outside-out patch-clamp 
recordings from CHO cells resulted in similar slowly-activating 
macroscopic outward currents in symmetrical K+ solutions. These 
currents were insensitive to alterations of intracellular calcium, and 
were not seen in untransfected CHO cells. Isolation of single
channel currents at negative voltages preliminarily indicates a single 
channel slope conductance between 16 and 24 pS.

813.12
DUAL A C T IV A T IO N  M E C H A N IS M S  O F  L A R G E  C O N D U C T A N C E  
K Ca C H A N N E L S BY C a 2+.
Jeffrey D, Krause* and Peter H. Reinhart. Department of Neurobiology, Duke 
University Medical Center, Box 3209, Durham, NC 27710.

An essential determinant of KCa channel gating, and of the speed with which 
K( :ι channels can follow voltage changes, is the concentration of intracellular CV" 
near one or more putative C a'+ binding domains located within this protein. To 
determine the number of Ca2+ binding sites, and their location within the protein, we 
have measured Ca~+ activation properties of hslo KCa channels and channel mutants 
expressed in X e n o p u s  oocytes. Our data indicate that Ca2+ activates K.{ ;1 channels via 
two distinct mechanisms. At micromolar cation concentrations the relative activating 
potencies of divalent cations is Ca>Sr>M n»M g, however, in the millimolar range of 
cations the potency sequence is M n>M g=Ca»Sr. Based on these distinct selectivity 
series we conclude that hslo KCa channels contain two physically distinct types of 
binding sites. We have used Sr2+ as a selective activator via the calcium preferring 
site, and Mg2+ as an activator of the low-affinity Ca2+ binding site to characterize 
channel mutants previously shown to have altered Ca2+ sensitivities. This analysis 
reveals three functional domains that each contributes in a different way to Ca2+ 
activation of hslo. A mutation (N222S) near the S4 sequence produces a channel 
which requires 50 mV greater depolarization to activate it at all activating ion 
concentrations. Mutation of aspartate 358 reduces the efficacy of the Ca2+-preferring 
site three fold, without changing affinity. Mutations within a cluster of aspartate 
residues can alter the affinity and efficacy of channel activation by divalent ions, 
depending on which residue is changed. These results indicate that a site near the S4 
sequence and a second site within the S6-S7 linker domain both appear to contribute 
to the transduction of Ca2+ binding to a change in channel gating. Negatively charged 
residues near the carboxy terminus of the channel alter the apparent affinity of both 
divalent activation sites, possibly via an electrostatic mechanism. We conclude that 
these mutations have revealed both Ca~+-binding and Ca~+-transduction domains in 
hslo Kf;l channels. Supported by NIH grant NS3 1253 to P.U.R.
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813.13
BIOPHYSICAL AND PHARMACOLOGICAL PROPERTIES OF DELAYED 
RECTIFIER K" CHANNELS IN SH-SY5Y CELLS. J.P. Dilger'>2, P. Friederich2 and 
B.W. Urban2*. 'Dept, of Anesthesiology, SUNY, Stony Brook, NY 11794, 2 Dept. of 
Anesthesiology, University o f Bonn, D-53105 Bonn, Germany.

The human neuroblastoma cell line, SH-SY5Y, expresses several types of voltage- 
and ligand-gated ion channels. Thus, it serves as a good model system for studying 
the effects of drugs on ion channels of human origin. Here, we describe some basic 
properties of the predominant voltage-gated K+ channel found in these cells. We 
made voltage-clamp recordings in the whole-cell and outside-out patch modes. 
Voltage steps were made from a holding potential of -80 mV to -50 through +90 mV. 
Maximum whoie-ceil outward currents ranged from 1-4 nA; outside-out currents 
ranged from 10-130 pA. The midpoint of the whole-cell conductance-V activation 
curve was +7.8±4.5 mV (mean±sd, n=9) and the steepness implied an equivalent 
charge z=3.7±0.6. The corresponding values for outside-out patches were 
-5.9±6.7 mV and z=2.5±0.6, significantly different from whole-cell (p<0.01). 
Activation time constants were V-dependent. In whole-cell currents, τ= l2±4m s at
0 mV, decreasing e-fold per 25 mV depolarization. Outside-out currents exhibited a 
14 mV hypolarizing shift in τ. Under normal internal ionic conditions (1I5KC1,
1 MgCL, 3 MgATP, 10HEPES, 10EGTA, pH 7.2), the conductance decreased at 
V>6 O mV. This effect was not seen with internal [Mg ']=O. Whole-cell currents 
inactivated with a two-exponential time course; the time constants were 0 .6 8  s and 
5.1 s. The midpoint of the inactivation-V curve was -30 mV. The half-time for 
recovery from inactivation was 1.5 s. Single channels had a conductance of 18 pS. 
Inhibition by externally applied Kf channel blockers was investigated. 
Tetraethylammonium was a potent, V-independent blocker, IC5o=100 µM. Block by 
10 µM tetrapentylammonium was V-dependent (30% inhibition at +50 mV). Other 
blockers were 200 µM 4-aminopyridine (>70% inhibition) and glibenclamide 
(IC50=60 µM). Supported by the Dept, of Anesthesiology , Univ. of Bonn.

813.14
ELECTROPHYSIOLOGIC CHARACTERIZATIONS OF HIPPOCAMPAL CA1 
NEURONS IN K vl.4  MUTANT MICE. G. Zhu*1. C. X. Liu1, B. Zhao2, S. 
Chanchevalap1, L. L. Jan2, and C. Jiang1. 'Dept, of Biol., Georgia State University, 
Atlanta, GA 30302-4010, and 2Dept. of Physiol. & Biochem., Univ. of California, 
San Francisco, CA 94143

Shaker K+ channels play an important role in regulating membrane 
excitability, synaptic transmission and neural plasticity. These K+ channels are 
made of four subunits forming homo- or hetero-tetromers. A common structure 
among all shaker K+ channels is the pore (P) sequence or H5 domain that is 
critical for the function of these K+ channels. Deletion of the H5 sequence in one 
of the subunits is lethal to the channel activity. To understand the role of K vl.4  in 
neuronal electrophysiologic functions, we have developed a strain of transgenic 
mice in which the H5 domain in K vl.4  was deleted. After the expression of the 
mutant K v l.4  was confirmed with genomic blot, and the effect of the H5 deletion 
on outward currents and neuronal repetitive firing properties were studied in brain 
slices and acutely dissociated hippocampal CA1 neurons. In current clamp, the 
following membrane properties were studied: rest membrane potential, input 
resistance, action potential, delay excitation, spike frequency adaptation, post 
inhibition rebound, and afterhyperpolarization. We found that these subthreshold and 
repetitive firing properties did not show any evident difference between normal and 
mutant mice. In whole-cell voltage clamp, a 4-AP sensitive transient outward current 
was recorded from CA1 pyramidal neurons in Na+-free extracellular solution. 
General properties of these K+ currents in mutant mice were similar to those in their 
normal counterparts. These results therefore suggest that K vl.4  dominant-negative 
mutation does not significantly change the characteristics of whole-cell K+ currents 
and neuronal repetitive firing properties in CA1 hippocampal pyramidal neurons.

813.15
HA LF-LIFE TIM E OF MINK PROTEIN IN XENOPUS  OOCYTES IS 
DETERM INED BY N-GLYCOSYLATION. K. W ild1*. U. Schulte1. J. Pavsan1. B. 
Fakler1. J. P. Ruppersberg1. and A. E. Busch2 'Institute of Physiology II, University of 
Tübingen, ¾ oechst Marion Roussel DG Cardiovascular, Frankfurt

The very slowly activating delayed rectifier K+-Channel (Isκ) is essential for 
controlling the repolarization phase of cardiac action potential and mediates K+- 
secretion in the inner ear. Isκ channels are formed via the assembly o f two 
transmembrane proteins, KvLQT-1 and minK.
We examined the influence of N-glycosylation of minK on the properties of Isκ 
channels in Xenopus oocytes by immunohistochemical and electrophysiological 
analysis. After injection of cRNA of the wild-type minK cRNA, small Isκ currents were 
measured at a stable level over several days due to the formation of channel complexes 
between the minK protein and the endogeneous Xenopus KvLQT-1 subunit. 
Correspondingly, immunohistochemical staining o f the minK proteins was seen during 
this period of time. Expression of mutant minK (N5,26A), where glycosylation is 
disabled, resulted in fluorescent staining and Isκ currents that were only detectable up 
to one day after injection.
We then examined which influence KvLQT-1 has on the time course of ISK-expression. 
When minK wildtype was coinjected with huKvLQTl, large Isκ currents could be 
measured over several days after injection. After coinjection of the mutant minK and 
huKvLQT currents were Isκ like only during one day after injection and then changed 
their characteristics towards currents seen with huKvLQT 1 alone. In the 
immunohistochemical experiments made with these oocytes rapid decrease of minK 
N5,26A protein levels was observed in correlation with the results above, whereas 
staining of the wild-type minK protein showed long lasting membrane staining.
We suggest that glycosylation of the extracellular domain of the minK protein 
determines the half-life time in the membrane and that increasing the expression of 
KvLQTl has no influence on this effect. However, N-glycosylation does not seem to 
have an effect on the biophysical properties of the channel complex.

813.16
T IM E -D E P E N D E N T  C H A N G E IN  K+/N a + SELECTIVITY OF 
T H E K v 2 .1  P O T A S S IU M  C H A N N E L  IN  LOW  K+. C. I. Frazier. 
E, G. G eorge, an d  S. W. Tones*. D ep t. P h ysio l. & B iop h ys., C ase  
W estern  R eserve U n iv ., C leve lan d , OH 44106 .

Kv2.1 c o n d u c ts  N a + in  th e  a b se n c e  o f  K+, b u t  is  K+-se le c tiv e  
(Korn & Ikeda, S c ie n c e  269 :410 , 1995). W e h a v e  ex a m in e d  th is  
furth er u sin g  w h o le -c e l l  reco rd in g s o f  Kv2.1 s tab ly  ex p re ssed  in  
HEK 293 ce lls . C urrents w ith  K+-free so lu tio n s  (159 m M  N a +p 
149 m M  N a +0) s h o w  little  o b v io u s  in a ctiv a tio n . T ail curren ts  
d ea ctiv a te  s lo w ly  for b o th  lo n g  an d  sh o r t d ep o la r iza tio n s  
(u n lik e Shaker:  Starkus e t  al., / .  G en. P h ys io l. 110:539, 1997). 
W ith  10 m M  K+|, th e  cu rren t s e e m s  to  in a ctiv a te  at so m e  
v o lta g e s, b u t  th ere  is  n o  co m p a ra b le  d e cr ea se  in  co n d u c ta n c e . 
D u r in g  a s tep  to  -10  mV, th e  cu rren t reverses  from  ou tw ard  to 
in w ard  (see  F igure), an d  th ere  is a  -1 0  m V  n eg a tiv e  sh ift in  
reversal. T h is im p lie s  th e  e x is te n c e  o f  c o n d u c t in g  sta tes  that 
differ in  K+ se le c tiv ity  (see  K iss et  
al., B io p h y s . J. 74:A 115, 1998).

S u p p o rted  b y  N IH  gran t N S  
24471 an d  a H ow ard  H u g h es  
M ed ica l In stitu te  R esearch  
R eso u rces  Grant.

813.17
M O D U L A T IO N  OF P O T A SSIU M  C H A N N E L S FR O M  JELLYFISH  
B Y  E X T E R N A L  PO T A S S IU M . N . G rigoriev , J .D .S p afford  and 
A .N .S p e n c e r *. Departm ent o f  B io lo g ica l S c ien ces , The U niversity o f  
Alberta and B am field  M arine Station, B am field , B .C . V 0 R  1B0.

Rem oval o f K + from  the external environm ent o f identified m otor 
neurons o f the je lly fish  P olyorchis pen ic illa tu s  caused  the channels 
responsib le for an A -like potassium  current (IKlast) to be unavailab le for 
activation. W hen expressed in X enopus  oocytes, two Polyorchis, Shaker-  
like genes , jS h a k l  and jS h a k2 , coding  for A -like potassium  currents, 
exhib ited  sim ilar m odulation by ex tracellu la r potassium  ([K +]oul) over a 
range o f concentrations from  0 to lOOmM. jS h a k2  encoded channels also 
show ed a decreased  rate o f inactivation and an increased rate of recovery 
from  inactivation at high [K+]oul. U sing several m ethodologies, including 
fast perfusion o f outside-out patches, site-d irected  m utagenesis and the 
substituted cysteine accessibility  m ethod we were able to construct a 
m olecular m odel o f m odulation by ex tracellu lar potassium . The m odel 
proposes that potassium  binding sites are form ed by backbone oxygens of 
the protein sequence in the external channel m outh. O ccupancy o f these 
sites by potassium  decreases the probability  o f C -type inactivation 
occurring. N -type inactivation restricts rep lenishm ent o f sites in the m outl 
by effluxing  potassium  ions. This m odel is in good general agreem ent 
w ith a kinetical m odel suggested by B aukrovitz and Y ellen (1995) and a 
structural m odel o f the channel pore proposed by L ipkind  et al., (1995). 
Som e possib le physio logical im plications o f  K + channel m odulation by 
[K+]l)Ul are discussed.

Supported by an N SERC C anada research grant to ANS

813.18
E M E R G E N T  P R O P E R T IE S  O F  H S L O  K Ca C H A N N E L S  BY C O 
A P P L IC A T IO N  O F  PK A  AND PK G
Theresa D'Souza*, Timothy J. DiChiara and Peter. H. Reinhart, Department of 
Neurobiology, Duke University Medical Center, Box 3209, Durham, NC 27710.

Large conductance, calcium activated potassium channels (Kta) are 
modulated by several signals, such as elevations of intracellular Ca~\ numerous 
protein kinases, changes in the redox potential, and changes in the membrane 
voltage. Previous data from this and other laboratories has shown that human KCa 
channels (hslo) may be directly modulated by the catalytic subunit of cAMP- 
dependent protein kinase (PKA) and a isoform of cGMP-dependent protein kinase 
(PKG). In order to identify the modulatory sites of the hslo Kc a channel as direct 
targets of these kinases, we have used glutathione S-transferase (GST)-fusion protein 
constructs containing C-terminal hslo fragments. Purified fragments were subjected to 
in-vitro phosphorylation by PKA and PKG, alone and in combination, and analyzed 
by SDS-PAGE and autoradiography. PKA directly phosphorylated at least three sites 
within S6-S7, S9-S10, and S9-to C-terminus. PKG phosphorylated at least one unique 
fragment located within the S8-S9 linker as well as the S9- to C-terminal fragment. In 
the presence of both kinases, all the above fragments were phosphorylated. The 
functional modulation of hslo channels by PKG and PKA was tested using inside-out 
patch clamp recording of stably transfected HEK 293 cells. The direct application of 
PKA or PKG individually to hslo channels resulted in a shift in the voltage of half 
maximal activation (Va5) 21.7 mV (n= 22) and 18.5 mV (n=l3) to more negative 
potentials, respectively. The simultaneous application of both kinases resulted in an 
emergent response: the down-modulation o f hslo channels. V„ 5 values were shifted 
22.4 mV to more positive potentials (n=4). Our results have identified specific sites at 
which individual protein kinases act to modulate hslo channels, and provide evidence 
that these channels are coincidence detectors for PKA and PKG signaling pathways. 
Supported by NIH grant NS31253 to P.H.R., a postdoctoral fellowship from AHA 
(N.C. Affiliate) to T.D. and NRSA grant MH 10930 to T.J.D.

Society for N euroscience, Volume 2 4 ,1998



THURSDAY AM POTASSIUM CHANNEL STRUCTURE, FUNCTION AND EXPRESSION II 2035

813.19
FUNCTIONAL INTERACTION BETWEEN INTEGRINS AND G PROTEIN- 
ACTIVATED INWARD RECTIFIER K‘ (GIRK) CHANNELS. J,C. McPhee, Y,L. 
Dang, P. Kofuji*, N. Davidson, and H,A. Lester. Caltech, Division of Biology, 
Pasadena, CA 91125.

The sequence arg-gly-asp (RGD), located extracellularly between the first 
membrane-spanning region and the pore, is conserved among all GIRK channel 
subunits. Many integrins recognize an RGD sequence on other proteins; therefore, 
we tested whether GIRK activity might be regulated by direct interaction with 
integrin. In oocytes expressing the m2 muscarinic receptor and the GIRK1/GIRK4 
channels, external application of the linear peptide, GRGDSP, which may compete 
for the interaction of integrin with its ligands, produced variable and only small 
effects on the amplitude and desensitization of acetylcholine-evoked currents. 
Mutation of the RGD site to RGE on either GIRK subunit, however, particularly on 
the GIRK4 subunit, dramatically decreased or abolished both basal and ACh-evoked 
GIRK current expressed in both oocytes and mammalian cells. Furthermore, 
wildtype (WT) c h a n n e ls  e x p r e s s e d  in  o o c y t e s  c o u ld  b e  c o - i m m u n o p r e c i p i t a t e d  w ith  

integrin but mutant channels could not even though (1) they were detected at the WT 
level and found in oocyte plasma membrane preparations and (2 ) they were 
visualized at the plasma membranes of mammalian cells using confocal microscopy. 
Integrin antibodies also immunoprecipitated GIRK from atrial cells. GIRK and 
integrin cofractionate with caveolin, (I) suggesting that colocalization of the GIRK 
channels in intracellular organelles may facilitate interaction of the GIRK and 
integrin extracellular domains and (2) explaining how e x te r n a l l y  applied RGD- 
containing peptides did not reproducibly block function. Recent crystallographic 
data suggest that the RGD-containing region of the K' channel is the extracellular 
“turret", so it is unlikely that our mutants disrupt the pore. We conclude that GIRK 
channels bind directly to integrin and that this interaction is essential for GIRK 
channel function. (Supported by NIH grant GM29836.)

OTH ER IO N  CHANNELS

814.1
MOLECULAR IDENTIFICATION OF CONNEXINS EXPRESSED BY 
HIPPOCAMPAL INTERNEURONES BY SINGLE CELL RT-PCR.
L. Venance1,2. C. Giaume2* and H. Monver1. 'ZMBH, Neuenheimer Feld 282, D- 
69120 Heidelberg, Germany. 2INSERM U-114, College de France, 11 place M. 
Marcelot, 75005 Paris, France.

Besides their inhibitory function, GABAergic interneurones are involved in the 
induction and maintenance of network oscillations in different frequency ranges. 
Here we have tested the hypothesis that in addition to classical connections via 
chemical synapses, interneurones are coupled by gap junctions. We performed 
biocytine injections at P10 in two interneurone subpopulations, the aspiny hilar 
interneurones (AHI) and the basket cells (BC), and observed dye-coupling in 22% 
of AHI (n=65) and in 19% of the BC (n= l6 ). In the presence of octanol (3 mM, 
n=28) no dye-coupling could be observed. Using the single cell RT-PCR technique 
with degenerated and specific primer sets, in rat hippocampal slices, we identified 
the expression of connexins (Cx) 26 and 32 in the AHI and the BC. At P I5, 
42.2% of the AHI display a positive amplification for Cx26 and/or Cx32 (n=72; 
Cx26: 18.1%, Cx32: 13.9% and Cx26 and Cx32: 6.9%). In the BC we detected 
only the expression of the Cx26 (n=26; Cx26: 11.1%). No expression of connexin 
was observed in the principal cells (granular cells, n=54; mossy cells=2O) of the 
dentate gyrus. Same patterns of connexin amplifications have been obtained at two 
earlier stages of development: P10 and P0-P5. The properties of the 
transjunctionnal current of these gap junctions are currently being investigated. 
Supported by a INSERM Science Fellowship and the Shilling Fundation.

814.3
B i o p h y s i c a l  P r o p e r t ie s  a n d  S l o w  I n a c t i v a t i o n  o f  a  S u s t a in e d  Na+ 
C u r r e n t  i n  L a y e r  I I  S t e l l a t e  C e l l s  ( S C s)  o f  R a t  E n t o r h i n a l  C o r t e x . 

Angel Alonso’ and Jacopo Magistretti§. McGill University, Montreal, Quebec, 
Canada, and §Istituto Nazionale Neurologico “C. Besta”, Milano, Italy.

SCs of entorhinal cortex layer II are known to intrinsically generate subthreshold 
membrane-potential oscillations (MPOs) upon tonic depolarization. The generation 
of these MPOs depends on the interplay between specific membrane ionic currents, 
among which a key role is played by a voltage-dependent, persistent Na+ current 
(INaP). Here we report the results of whole-cell voltage-clamp experiments in acutely 
dissociated and in situ neurons aimed at a biophysical characterization of this cur
rent. The voltage dependence of activation of the conductance underlying INaP was 
different from that predicted for the window conductance generated by the gating 
properties of the fast Na+ current, indicating that for the most part W  is not 
accounted for by a classical Hodgkin-Huxley window current. Moreover, the TTX- 
sensitive Na+ currents evoked by slow voltage ramps decreased in amplitude when 
the ramp slope was decreased, thus suggesting that time-dependent inactivation was 
taking place during the ramp. When the ramp was preceded by increasingly 
positive, long-lasting voltage prepulses, INaP was progressively, and eventually 
completely, inactivated. The Vh of the steady-state inactivation was about -48 mV. 
The time dependence of the development of the inactivation was also studied by 
varying the duration of the inactivating prepulse: time constants ranging from ~6.5 
to ~2.5 s, depending on the voltage, were revealed. Finally, the activation and 
inactivation properties of INap were such as to generate a truly persistent window 
current within a limited membrane-voltage range, corresponding to that over which 
MPOs are observed. At -50 mV, the INap window current contributed to more that 
85% of the persistent Na+ current that sustains the MPOs, whereas only the 
remaining part can be attributed to a classical H-H window current. This study was 
financed by the MRC and the HFSP.

814.2
ROLE OF THE CARBOXY-TERMINAL DOMAIN OF HUMAN CONNEXIN- 
32 ON THE CELL-TO-CELL CHANNEL FORMATION. L.B. Barrio* C. 
Castro and J.M. Gomez. Neurología Experimental, Depto. Investigación, 
Hospital Ramón y Cajal, 28034-Madrid. Spain.

The multisubunits assembly of connexins into gap junctional channels is 
though to be a two-step process, the oligomerization of connexin monomers 
into the hemichannel and the final assembly of hemichannels into complete 
channel. We report that the immediate precursors of human connexin-32 
(HCx32) channels could be detected in the cell surface of unpaired 
X e n o p u s  oocytes as opening hemichannels activated by depolarization with 
an unitary main open conductance of 17 pS. The preformed hemichannels 
were incorporated into complete channels in a time-dependent manner after 
ce!!-to-cel! contact. The process of assembly was slow and inefficient since 
only a fraction of the total hemichannels delivered to the cell surface were 
able to form complete channels before their removal from plasma 
membrane. The functional assay of nine HCx32 mutants located at the 
carboxyl domain, which caused the X-linked Charcot-Marie-Tooth disease, 
showed seven mutants with abnormal ability to form channels. Of these, 
three mutants prevented the hemichannel formation at the cell surface 
whereas four mutations altered the efficiency of the hemichannels to 
assemble. The data indicate that the carboxy-terminal domain plays a critical 
role on the formation of gap junctional channels. We have noted a striking 
correlation between the inefficiency of assembly and the voltage increments 
needed to open the mutated hemichannels. Taken together the results 
suggest that the transition to open state of hemichannels and their assembly 
are processes linked. The hemichannel opening may operate as a “lock and 
key” mechanism in the process of hemichannels assembly contributing to 
the docking stability of the newly formed channels.
S u p p o rte d  b y  F u n d a c ió n  “la  C a ix a ” (9 7 /1 2 3 -0 0 ) a n d  B IO M E D 2  (95 /1 614).

814.4
R o l e  o f  I h i n  t h e  G e n e r a t io n  o f  S u b t h r e s h o l d  M e m b r a n e  P o t e n t i a l  

O s c i l l a t io n s  ( M P O s)  o f  E n t o r h i n a l  C o r t e x  (EC) L a y e r  π  S t e l l a t e  

C e l l s . C.T.Dickson* and A.Alonso. McGill Univ., Montreal, CANADA 
EC layer II neurons provide the hippocampus with the bulk of its neocortical 

input. Stellate cells (SCs) of this layer demonstrate slow rhythmic oscillatory 
mechanisms, that govern periodic discharge. In the subthreshold range, SCs 
demonstrate time-dependent inward rectification in both the hyperpolarizing and 
depolarizing direction, presumed to be due to the hyperpolarization-activated in
ward current (Ih). In order to characterize this current and to elucidate its role in 
the production of MPOs we performed whole cell voltage and current clamp tech
niques using near-infrared video microscopy in rat brain slices. We also employed 
ZD7288 (ZD), a specific blocker of Ih, to directly assess the contribution of this 
current to the generation of oscillations. Ih activated slowly between -40 to - 
l2OmV with a Vh of -76mV. It showed no inactivation but did show slow 
deactivation when the holding potential was s¾pped to more positive levels. 
lOOµM ZD, unlike 2-6mM Cs+, progressively and completely blocked Ih in an 
activity-dependent fashion. This blockade was accompanied by an outward shift in 
the holding current at -6OmV of ~l5OpA, which corresponded, in current clamp 
recordings, to a hyperpolarization of ~lOmV at rest. The blockade of inward 
rectification by ZD was also accompanied by a complete blockade of the MPOs. 
This finding, coupled with 1) the overlap of the voltage range of the oscillations (- 
55 to -5OmV) and the activation range of Ih and 2) its slow kinetics of activation 
and deactivation suggest that this current plays a more important role than 
previously thought in the production of MPOs. However, ZD was also found to 
partially block an outward conductance at the upper limits of the voltage range of 
the oscillations - thus we can not discount a role of an additional outward current 
in their production. CTD and AA were supported by MRC and HFSP operating 
grants. AA is an MNI Killam scholar and a FRSQ Chercheur Boursier.
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814.5
M o d e l i n g  T h e  G e n e r a t io n  o f  Sl b t h r e s h o l d  M e m b r a n e  P o t e n t i a l  

O s c i l l a t i o n s  o f  E n t o r h i n a l  C o r t e x  L a y e r  I I  St e l l a t e  C e l l s . Erik 
Fransen1, Clayton T. Dickson2, Jacopo Magistretti3, Angel Alonso2 and Michael.E. 
Hasselmo1*. *Dept. of Psychology and Prog, in Neuroscience, Harvard University, 
Cambridge. 2MNI and McGill Univ., Montreal, Canada. 3Istituto Nazionale 
Neurologico "C. Besta", Milano, Italy.

Biophysical modeling was performed to study the ionic basis of the subthreshold 
membrane potential oscillations (MPOs) of entorhinal cortex (EC) layer II stellate 
cells (SCs). In previous models an interaction between an outward rectifier and a 
persistent sodium channel has commonly been assumed. Recent data (Dickson and 
Alonso, these proceedings) suggest that the hyperpokization-activated inward 
current Ih is necessary for the generation of MPOs. The primary objective was thus 
to study the interplay between Ih and a sustained, slowly inactivating, "persistent- 
type" sodium current INaP. Ih was modeled with equations in the Hodgkin-Huxley 
formalism. The steady-state activation of Ih was described by a Boltzman-style 
equation. The time constant of activation was described by two bell-shaped 
functions of membrane potential, the faster component with a maximum of some 
100 ms and the slower component a maximum of some 600 ms. The model of the 
sodium current INaP was derived from the modeling and experimental data 
described in Magistretti and Alonso (these proceedings). The simulations showed 
that an interplay between Ih and INaP is sufficient to account for the generation of 
MPOs in EC layer II SCs. The existence of MPOs in the model depended on the 
presence of membrane potential noise (White et. al. J. Neurophysiol., in press), 
here caused by random "background" synaptic activation. The generated MPO 
frequency was in the theta range, and the oscillation amplitude was in the interval 
1-3 mV, in agreement with physiological data. This work was supported by the 
HFSP, the Swedish Foundation for International Co-operation in Research and 
Higher Education (STINT), and the P. E. Lindahls fund.

814.7
Effects of the P2-purinoceptor antagonists suram in and PPADS on 
glutam atergic synaptic transmission. J.G. Gu**R. Bardoni2, P.C. Magherini2, 
A.B. MacDermott1 'Dept, of Physiology and Cellular Biophysics and the Center 
for Neurobiology and Behavior, Columbia Univ, 630 W. 168th St., New York, NY 
10032; 2Dept. of Biomedical Sciences, Univ. of Modena, Via Campi, 287, 1-41100 
Modena, Italy.

The ability of PPADS and suramin to antagonize P2χ receptors makes them 
frequently used compounds for exploring roles of ATP P2χ receptors at central 
synapses. Here we assess their effects on glutamatergic synapses, the most 
ubiquitous excitatory synapse in the CNS, to evaluate their appropriateness as 
pharmacological tools specific for synaptic P2X receptors in the CNS. Using 
cultured spinal cord dorsal horn neurons and the acutely prepared spinal cord slice 
preparation, we found that PPADS at 50 µM had little effect on both the evoked 
EPSCs recorded from lamina II neurons o f the spinal cord and on miniature EPSCs 
(mEPSCs) recorded from cultured dorsal horn neurons. Suramin significantly 
suppressed the amplitude of the evoked EPSCs by 33% at 100 µM and by 79% at 
500 µM. At 100 µM suramin, mEPSC amplitude was decreased by 46 % and the 
mEPSC frequency also decreased by 41%. When whole-cell AMPA currents 
evoked by glutamate were examined, both suramin and PPADS showed no 
inhibition of the peak amplitude. However, the onset of glutamate-evoked whole
cell currents became significantly prolonged by suramin but not by PPADS. This 
effect of suramin contributes, at least in part, to its suppression of synaptic 
transmission. Taken together, our results suggest that PPADS is a suitable 
pharmacological tool for studies comparing the synaptic role of P2X vs glutamate 
receptors. In contrast suramin, particularly at high concentration, should be used 
with caution. (Supported by MRC of Canada, NIH, Whitehall Foundation, and 
MURST of Italy)

814.9
NOXIOUS HEAT TRANSDUCTION MECHANISMS IN CULTURED DORSAL 
ROOT GANGLION NEURONS. I. Nagy* and H. P. Rang, Novartis Institute for 
Medical Research, 5 Gower Place, London, WC1E 6 BN, UK

Previously we have shown that a sub-set of dorsal root ganglion (DRG) 
neurons expresses noxious heat-sensitive ion-channels'. Recent data on capsaicin 
receptor (VR1) transfected cells have suggested that these noxious heat-activated ion- 
channels are equivalent to VR12. The aim of these experiments was to study this 
suggestion.

Whole-cell voltage-clamp recordings were done on cultured DRG neurons 
obtained from adult rats. Bath and the pipette solutions contained NaCl 130, KC1 10, 
MgCl2 1.26, CaCl2 1.26, HEPES 10, glucose 10 (pH 7.4) and NaCl 10, KC1, 130,
MgCl2, 1.26, HEPES 10, EGTA 1 (pH 7.4), respectively. Stimulation was done through 
a small plastic tube positioned ~7Oµm from the cells and delivering bath solution 
(37±O.5°C). Cells were activated by heat-ramp (37-53.5°C within lOsec) and capsaicin 
application (2µM for l.5sec at 37°C). Cell diameter was measured by an eye-piece 
graticule. In ionic-selectivity studies Na+ and K+ were omitted from the pipette and bath 
solutions, respectively. K+ and Na+ were changed for Cs+ and N-methyl-D-glucamine 
(NMDG+), respectively, while Ca++ was omitted from the bathing solution.

Heat stimulation evoked inward current in 72 out of 123 neurons. In 41 of the 
72 responsive cells noxious heat-evoked current was activated at 45.4±O.2°C. In the 
other 31 neurons the threshold was 51,8±O.2°C. The average maximum amplitude of the 
low- and high threshold responses was -2.3±O.lnA and -l.9±O.lnA, respectively. Cells 
with low threshold were significantly smaller than those with high threshold 
(l9.6±O.4µm and 26.6±O.3µm). Capsaicin application induced inward current (mean 
amp.: -1,2±O. 1 nA) in all of the low threshold cells. None of the heat-insensitive or high 
threshold neurons responded to capsaicin. Ionic-substitution experiments revealed 
differences in the ionic permeability of the membrane during low- and high threshold 
noxious heat-activated- and capsaicin-evoked responses.

These data suggest that DRG cells have at least two different noxious heat 
transduction mechanisms which seem to segregate in respect to cell size. Our findings 
also indicate that low threshold noxious heat- and capsaicin sensitivite ion-channels may 
be closely related.
References:
1. Nagy and Rang: J. Physiol. 506: 153P, 1998.
2. Caterina et al.: Nature, 398:816, 1987.

814.6
HYPERPOLARIZATION-ACTIVATED CATION CURRENTS IN  
ENTORHINAL CORTEX NEUR O N S. C. E der.1 H. R ichter.1 R. 
K lee.1 L .D , M cCauley2* and U . Heinemann1 ^ e p t .  o f  
Neurophysiology, Humboldt University, D  10117 Berlin, Germany; 
2Dept. o f  Physiology and Biophysics, U niv. o f  California, Irvine, CA  
92697, U SA .

Hyperpolarization-activated cation currents (Ih) were 
investigated in neurons o f  the entorhinal cortex (EC) using a combined 
hippocampus-EC slice preparation. W hole-cell currents were studied 
in stellate cells (SC) from layer II and in pyramidal cells (PC) from 
layer IV o f  the juvenile rat EC. In both SC and PC, inwardly 
rectifying currents activated at hyperpolarizing potentials negative to 
-60 mV. Ih did not show any time-dependent inactivation. The 
channels were selective for N a + and K + . At -130 mV, reduction o f  
the concentration o f  extracellular N a + from 124 to 26 mM decreased 
Ih by 39% in SC and by 46% in PC. An increase in the concentration 
o f  extracellular K + from 3 to 8 mM augmented amplitudes o f  Ih by 
93% in SC and by 61% in PC. Extracellularly applied 1 mM C s+ 
decreased Ih o f  PC by 92% . In contrast, Ih o f  SC was only reduced 
by 70% at 1 mM C s+ and by 76% at 2 mM C s+ . In both PC and 
SC, Ih was not significantly changed during application o f  ImM  
Ba2 + . In newborn and juvenile rats, current density o f  Ih was larger 
in PC than in SC, w hile in adult rats SC possessed a larger current 
density o f  Ih than PC. Supported by D FG  grant SFB 507/C 3.

814.8
PRIM ARY SENSORY NEU RO N S FO RM  FU N CTIO N A L SY NAPSES IN
TISSUE CULTURE. M. M. Zarei1. M. Song2. L. Toro2 and E. W. M cCleskev1*.
’The Vollum Institute, Oregon Health Sciences University, Portland, O R 97201.
2Dept. A nesthesiology, UCLA, Los Angeles, CA 90095.

U sing electrophysiology and im m unocytochem istry, w e found that sensory 
neurons form  purinergic synapses on each o ther in culture. T rigem inal and 
Dorsal Root G anglion neurons were isolated from Sprague D aw ley rats and 
studied 1 to 4 days after plating. B rief currents occurred spontaneously in small 
fraction o f  cells studied with w hole cell patch-clam p m ethods. Suram in, an 
inhib itor o f  ATP-gated ion channels, blocked the currents; blockers o f  
glutamate, nicotinic, or proton-gated ion channels had no effect. The currents 
w ere inward but never outward, consistent w ith the inw ard rectification  o f 
ATP-gated channels. The am plitude o f  the spontaneous currents varied in 
regular intervals, and their frequency dim inished when extracellu lar Ca + was 
lowered. W e found an independent dem onstration o f  functional synapses using 
im m unocytochem istry. A fter a short exposure to taipoxin, w hich inhibits 
endocytosis o f  synaptic vesicles that have fused to the surface m em brane, the 
cultures were treated with an antibody to the luminal face o f  synaptotagm in 1, 
a synaptic vesicle protein. Punctate staining was seen, dem onstrating  that 
synaptic vesicles had fused to the surface m em brane during the treatm ent. 
These resu lts show that sensory neurons have the unexpected ability  to form 
direct purinergic synaptic connections on each other in tissue culture. 
Supported by the N ational Institute o f  Drug Abuse o f  the N IH . LT is an 
Established Investigator o f  AHA.

814.10
AN EXTERNAL Ca2τ INCREASE HYPERPOLARIZES RAT THALAMIC NEURONS 
BLOCKING AN INWARD CURRENT. A. Formenti*. M. Martina. A De Simom.
M. Mancia. Institute of Human Physiology II, University of Milan, Milan, Italy 1-20133. 
Thalamo-cortical neurons control sleep and wakefulness EEG rhythms, firing with single 
spikes during wakefulness, and oscillating and synchronizing their discharge, producing 
bursts of action potentials, during slow-wave-sleep. The transition is caused by a resting 
membrane hyperpolanzation. Previous data from our laboratory indicated that in current 
clamped isolated thalamic neurons the increase in [Ca2*]^ alone was effective in inducing 
a transition of the neuronal firing from single spikes to burst mode. The aim of this work 
was to study the membrane hyperpolanzation involved in this process. The experiments 
were carried out on rat cultured thalamic neurons by means of the whole-cell patch-clamp 
technique. Some preliminary experiments were conducted in cell-attached configuration 
to quantify the effects of [Ca' ]ex; on seal resistance. This resistance increased significantly 
as a function of [Ca2 ]ext only for seal conditions lower than 1 GΩ. with better seal 
conditions the effect of [Ca24] ^  variation on seal resistance was negligible 
Extracellular Ba2+ mimics the effects of Ca2+, whereas Mg2* does not Mg2’ was therefore 
used to balance the divalent cations of all the extracellular solutions, avoiding the voltage 
shift of the voltage-dependent properties of the channels. An increase in the (Ca2 Je,, 
induced an augmentation in the membrane resistance. The effect, observable in current- 
clamp experiments with standard solutions, was accompanied by a persistent 
hyperpolarization when the resting membrane potential was below -45 mV. The 
hyperpolarization increased at more negative resting potentials. The effect was not 
influenced by 1 mM Cs added to the external solutions. Steady state whole currents, 
evoked at scaled potentials in voltage-clamp experiments, decreased as a result of |Ca2 ]exT 
increase The currents blocked by Ca2+ had the reversal potential at about -45 mV in 
agreement with current-clamp data.
In conclusion: the data from voltage-clamp experiments, in agreement with those from 
current-clamp, indicate that extracellular Ca2+ exerts a blocking effect on a non-specific 
depolarizing current, which is persistent at the potentials tested (from -80 to -20 mV). The 
effect is in part responsible for the transition of the discharge of the thalamic neurons
(Supported by MURST)
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814.11
IN T R A C EL LU L A R  CALCIUM  FA C IL IT A T E S M U SC A R IN IC  
R E C E PT O R S IN D U C E D  INW A RD C U R R E N T  IN  RAT  
P R E FR O N T A L  CO RTEX. S. Hai-Dahmane* and R. A ndrade. Dept, of 
Psychiatry and Behavioral Neurosciences. Wayne State Univ. School of 
Medicine, Detroit, MI 48201.

Stim ulation of m uscarinic receptors elicits a membrane depolarization 
and a slow afterdepolarization (sADP) in layer V pyram idal neurons. We 
have previously shown th a t both of these responses are m ediated by 
voltage sensitive cation nonselective channels. To account for these facts 
we have hypothesized th a t the depolarization and the sADP are 
mediated by a common voltage dependent cation nonselective current 
(lA ch) th a t is facilitated by the increase of in tracellu lar calcium. This 
hypothesis was examined in  the present study.

Whole cell recordings were obtained from ra t prefrontal cortex layer V 
pyramidal neurons in in  vitro  brain slices. In  cesium loaded cells, 
increasing the intracellular concentration of calcium from 10 nM to 1 µM 
enhanced the am plitude of carbachol-induced inw ard current in a 
concentration-dependent m anner. This effect was not due to a change of 
the apparent affinity of carbachol for muscarinic receptors. Examination 
of the ī-V relationships of Uch under these conditions, reveals th a t the 
increase in intracellular calcium did not change the voltage sensitivity of 
L \ch, but did enhance the maximal chord conductance of lAch. Consistent 
with the idea th a t L \ch and L a d p  are due to the activation of the same 
cation channel, both currents are inhibited by flufenamic acid but not by 
amiloride.

These results suggest th a t the increase in intracellular calcium 
facilitates lAch and induces the L a d p . Sponsored by MH49355

814.13
Stim u l a t io n  o f  n a t iv e  o r  t r a n sf e c t e d  h u m a n  c h o l e c y st o k in in

CCK-A RECEPTORS ACTIVATES IONIC CURRENTS IN TWO CELL LINES 
(CHP212 AND 3T3-HCCK-A). I,A. Lefevre1. A. Bachv2, O. Thurnevssen1.
R. Brodin1. J.P. Chambon1*. P.E. Keane2. P. Soubrié1 and G. Le Fur1. 
Sanofi Recherche, ’Montpellier, 34184, T ou lou se, 31036, France.

The interaction between cholecystokinin CCK-A receptors and ion 
channels w as,investigated in two cell lines using patch-clamp and calcium  
imaging techniques. Perforated patch experiments gave reproducible 
results, whereas in conventional whole-cell recordings or after removal o f  
extracellular calcium, agonist-dependent responses suffered marked 
rundown. In 3T3-hCCK -A cells (mouse 3T3 fibroblasts transfected with 
the human CCK-A receptor), CCK8S (lp M -lµ M ) evoked currents which 
reversed at -82±7m V (n=9), suggesting the activation o f K+ currents. In 
CHP212 cells (human neuroblastoma cells expressing native CCK-A  
receptors), CCK8S (lpM -O .lµM ) induced currents which reversed at 
26±l6m V  (n=lO), indicating the involvement o f several ionic species. In 
single-cell Fura2 imaging experiments in these cells, CCK8S (lp M -lµ M )  
concentration-dependently induced oscillations and peaks o f intracellular 
calcium.
SR146131, a novel selective non-peptide CCK-A receptor agonist, elicited 
the same currents and calcium responses as CCK8S, in the same range of  
concentrations; the CCK-A receptor antagonist, SR 27897B, inhibited the 
effects o f both agonists. Thus, under conditions which maintain functional 
intracellular calcium stores, CCK-A receptors are coupled to ionic 
movements in the two cell lines investigated.

814.15
A P P L IC A T IO N S  O F M IC R O -E L E C T R O D E S W H IC H  U T IL IZ E  A  
M E T A L L IC  P L A ST IC  TO  R E P L A C E  N O R M A L L Y  U S E D  SA L IN E . 
A. S tr ick h o lm *2 and K .A . Burke2. ’M ed ica l S c ien ces  Program , and 
2Center for N eu ro sc ien ce , Indiana U n iv ersity , B loom in gton , IN 4 7 4 0 5 .

Intracellular recording w ith  m icro-e lectrod es (ca. 1 um  diam eter) 
filled  w ith  h igh concentrated  salts (ca. 2 -4 M  K /C l, Citrate or A cetate) 
is unsatisfactory w h en  attem pting to record from  sm all ce lls  (ca. 10 um  
diam eter). The d ifficu lties  arise from : a), a rapid (ca. < m inute) 
diffusional exch an ge  o f  c e ll cy top lasm  w ith  the high concentrated salt 
from  the m icro-e lectrod e  w h ich  leads to a w ashout o f  so lu ble  
cytop lasm ic com p on en ts, b). D u e  to cellu lar ion ic  concentrations  
changing, the N ernst and reversal potentia ls o f  ions change, m aking  
d ifficu lt interpretation o f  the data. c ). an osm otic  pressure increase  
occurs due to the entry o f  the h igh concentrated salts w h ich  further 
leads to w ash ou t, and d). a leak age or injury path b etw een  electrod e and 
m em brane occurs w h ich  m akes d ifficu lt ce ll electrica l param eter 
m easurem ents. The use o f  a con d u ctin g  p o lym er to replace the saline in 
the e lectrod e and u sin g a lipid a ssocia tin g  coatin g  on  the m icro-electrode  
m itigates these d iff icu ltie s . W ith an appropriate p o lym erization , a 
definab le p o ly m er to sa line potential is obtainable w h ich  perm its 
m em brane potential recording w ith m inim al ce ll trauma. O btainable are 
thus intracellu lar recordings from  neurons not p rev iou sly  obtainable. 
Sh ow n  w ill be application s to dem onstrate the range o f  use o f  the 
m etallic p o lym er e lectrod es. Supported by N IH  Grant 2 R O l N S2O 784.

814.12
CONTROL OF ACTION POTENTIAL PACEMAKING BY CAPACITATIVE 
CALCIUM INFLUX IN GnRH-SECRETING NEURONS. F. Van Goor*, L.Z. 
Krsmanovic, K.J. Catt and S.S. Stojilkovic. ERRB, NIH, Bethesda, MD, 
20892

The ability of immortalized hypothalamic neurons (GT1 cells) to 
secrete gonadotropin-releasing hormone in an extracellular Ca2+- 
dependent and nifedipine-sensitive manner suggests tha t voltage-gated 
Ca2+ influx controls basal neuropeptide release. These cells express T- 
and L-type voltage-gated Ca2+ currents and exhibit spontaneous spiking 
that is initiated by a slow pacemaker depolarization. The spiking, bu t 
not the pacemaking, was inhibited by nifedipine a t concentrations th a t 
suppressed L-type Ca2+ current, and was not affected by Ni2+ a t 
concentrations that inhibited over 90% of the T-type Ca2+ current. 
Action potential pacemaking was dependent on Ca2+ influx through 
voltage-insensitive channels; it was abolished by depletion of 
extracellular Ca2+, leading to hyperpolarization of cells, and was 
facilitated by increases in extracellular [Ca2+], leading to depolarization 
of cells. Pacemaker potential and the underlying Ca2+ current were 
activated by depletion of the endoplasmic reticulum (ER) Ca2+ stores. 
This occurred spontaneously, and was enhanced by blockade of the ER 
(Ca2+)ATPase or activation of Ca2+-mobilizing receptors. Pacemaking 
was bidirectionally controlled by cytosolic free Ca2+ concentration 
([Ca^fl, being facilitated at nanomolar [Ca2+], levels and abolished when 
[Ca2+li was in the submicromolar concentration range. These findings 
demonstrate that GT1 neurons express a voltage-insensitive Ca2+ 
channel that functions as a store-operated Ca2+ influx channel and 
also selves as a pacemaker channel. A substantial and continuous 
leak of Ca2+ from the ER in unstim ulated cells is the driving force for 
activation of this novel channel, which mediates the synchronization of 
capacitative Ca2+ influx with voltage-gated Ca2+ influx. Supported by 
an NIH intramural grant.

814.14
FA IL U R E  TO  ID E N T IFY  TH E R Y A N O D IN E  R E C E PT O R  G 1 021A  
M U T A T IO N  IN A  LA R G E N O R T H  A M E R IC A N  PO PU L A T IO N  
W ITH  M A L IG N A N T  H Y PE R T H E R M IA . Sherri L. Stew art1*. H enry  
R osenberg2, and Jeffrey E, F letch er1, 'D epartm ent o f  A n esth esio lo g y , 
A llegh en y  U n iversity  o f  the H ealth S c ien ces , Philadelphia, PA  19102;  
d e p a r tm e n t o f  A n esth esio lo g y , T h om as Jefferson U n iversity , 
Philadelphia, P A  19107.

A n esth esia-in d u ced  m alignant hypertherm ia (M H ) is a potentia lly  
fatal inherited disorder o f  skeletal m u scle  Several m utations in the 
calcium  release channel o f  the sarcop lasm ic reticulum , the ryanodine  
receptor (RYRJ), have b een  associa ted  with M H . The G 1 0 2 1 A  
m utation, in w h ich  a g ly c in e  is replaced by an argin ine at position 3 4 1 , 
is one o f  the m ost frequently occurring m utations in European  
populations (10%  o f  European fam ilies). In the present study, an 
am plification-created  restriction site techn iqu e w a s used to screen 165 
M H normal and 114 M H suscep tib le  ind iv iduals from  a North  
Am erican population for the G 1021A m utation. G 102 1 A w a s not 
found in any o f  the patients tested, su ggestin g  that other m utations in 
RYRJ, or m utations in additional g en es , such as the dihydropyrid ine  
receptor or sodium  channel, m ay be predom inant in producing M H  in 
this g en e  pool.
Supported by NIH  G M 55585  (JEF) and A P A /M F P (S L S )

814.16
H IG H  BANDWIDTH & DATA RATE T R A N S M IS S IO N  IN  CONS
C IO U S B R A IN S . H .Stowe 11 * . Mi 1 ledgevi 1 le GA 31061

Transmission rates of 10 Mbits s 1 are now 
possible in fiberoptics when the signal is i n 
j e c t e d  at 90/10 ratio into a 10 MHz chaotic car
rier and extracted with the same intensity ratio 
(10% signal, 90% carrier) via a coupler tuned to 
resonate at the relevant spectral peak. The weak 
message is invisibly e n f o l d e d  in, not added to, 
its stronger low-dimensional-chaotic carrier1 .

Since Fechner psychophysicists have intuited 
that c o n s c i o u s  a w a r e n e s s  is subjectively experi
enced as neuroactivity on an apparently faster 
time course than sensorimotor binding (tens of 
ms); this a w a r e n e s s  of a s p e c i o u s  p r e s e n t  may be 
(mis )perceived as concurrent with, but dissoci
ated from, an ongoing sensorimotor task. Soft
ware exists for modeling the quantal potential 
across neural membranes , a next step might be 
detection of fast data transmission (>100 Hz), 
embedded within a low-dimensional EEG carrier.
1. VanWiggeren GD & Roy R. Science 2 7 9  (1998) 
1198-1200; 2. Green HS & Triffet T. Sources of 
Consciousness. World Scientific NJ, 1997

NO EXTERNAL SUPPORT
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815.1
EXPRESSION OF p SUBUNITS DETECTED BY SEMI-QUANTITATIVE PCR 
IN THE DEVELOPING RAT NERVOUS SYSTEM. K. Wegelius1’2*. E. Hirvela1. 
M. Saarma1, M. Pasternack1. 'institute of Biotechnology, and 2Dept. of 
Biosciences, Div. of Animal Physiology, FIN-00014 University of Helsinki, 
Finland.

p subunits are thought to form a novel subtype of ionotropic GABA receptors, 
termed GABAC. Originally, p subunits were demonstrated in the retina, but we 
have recently shown that p i, p2, and p3 subunits are expressed also in other areas 
of the brain. In particular, we found high expression of p2 in the superior colliculus, 
and of p3 in the hippocampus (Wegelius et al„ 1998). In this study, we examined 
the expression of the p i, p2, and p3 subunits in several neuronal tissues: retina, 
hippocampus, superior colliculus, frontal and caudal cortex, cerebellum, dorsal root 
ganglia, and spinal cord in rats during postnatal development (P0, P8, P I2, P2l and 
P60). We used a semi-quantitative RT-PCR method (QuantumRNA, Ambion, Inc.), 
with fluorescent (Cy5) labeled primers for the p i-3 and I8S RNA amplicons.

We report a differential expression pattern of rat p subunits in the developing rat 
nervous system, pi transcripts are expressed mainly in the retina from P0 to P60, 
p2 is also expressed outside retina, especially in the superior colliculus and 
hippocampus of P0 to P60 rats, but p3 is expressed mainly in the hippocampus of 
adult rat (P60). The non-overlapping expression pattern of p subunits suggests the 
presence of tissue-specific GABAC receptor subtypes.

Wegelius K, Pasternack M, Hiltunen JO, Rivera C, Kaila K, Saarma M, and Reeben 
M. Distribution of GABA receptor p subunit transcripts in the rat brain. Eur J 
Neurosci 10(l):350-357, 1998 Jan.

The Academy of Finland has supported this work.

815.3
EXPRESSION OF GABAc RECEPTORS IN PITUITARY 
THYREOTROPH CELLS. E. Bς>tó-Gr¾t>Qt1’3, A,,,T¾ypigno,n1,^  
Tramu2. B. D u fy1* and M. Garret1. 1 Laboratoire Neurophysiologie. 
UM R 5543 CNRS Université Bordeaux 2, 146 rue Léo-Saignat 33076 
Bordeaux Cedex France. 2URA339 CNRS Université Bordeaux 1 France. 
3Cell Biology of Excitable Tissue Group, M ontreal Neurological Institute, 
McGill University, Montreal (Quebec) Canada.

W e have recently show n that p subunits, com ponents o f  
bicuculline-insensitive G A BA c receptors characterized in retina, 
are expressed in the superior co llicu lus and in the cerebellar 
Purkinje cells o f the rat brain (Boué-Grabot et al., J. Neurochem. 
1998, 7 0 :8 9 9 -9 0 7 ). Several exp erim en ts, in clud in g  ours, 
suggested that both p i and p2 subunits are expressed at a similar 
level in the CNS and that both are necessary to form a functional 
G A B A c receptor. The role o f  the neurotransmitter G A B A  in 
regulating the secretion o f  pituitary hormones is w ell established. 
W e have used RT-PCR and Northern blot analysis to show that p 1 
is expressed at a higher level than p2 subunit in anterior pituitary. 
W e raised polyclonal antibodies against a peptide sequence  
unique to p i subunit and im m unocytochem istry on pituitary 
revealed  the presence o f  p i subunit in thyreotroph cells . 
Preliminary data from w hole ce ll patch clamp experiments on 
guinea pig pituitary ce lls indicate that thyreotroph cells indeed  
contain a bicuculline-insensitive G A BA -gated chloride channel. 
Taken together, these results suggest that pituitary G A BA c  
receptors differ in subunit com position from those described in 
the CNS. Supported by CNRS and University of Bordeaux 2.

815.5
ALLOSTERIC MODULATION OF ZINC ON GABA pi 
RECEPTORS REVEALED FROM THE M2 DOMAIN
MUTATIONS. W in g S, C h eu n g. X ishan  Z h an g*. Stuart A. Lipton and 
Z h uo-H ua Pan. C N S  R esearch  Institute, D ept, o f  N eurosurgery, Brigham  
&  W om en 's H osp ita l and Harvard M ed ica l S ch o o l, B oston , M A  02 1 1 5 .

W e have p reviou sly reported that m utations at the M 2 dom ain o f G A B A  
pi receptors produce spontaneous channel op en in gs and affect the 
regulation o f  G A B A  on channel gating. In this study, by using  the M2 
dom ain m utations, w e  investigated the m echanism  by w hich zinc 
m odulates the G A B A  p 1 receptor. A s w e have reported, application o f  
G A B A  su p p resses the spontaneous current (S C ) o f  a double mutant, 
T 3 1 4 A /L 3 1 7 A . For this m utant, zinc at lo w  concentrations antagonized  
the inhibition o f  G A B A  on the SC  w h ile  at h igh concentrations (> 1 0 0  µM) 
potentiated the SC . Further mutation o f  a histidine at 157 to tyrosine 
(H 1 5 7 Y ) in this mutant, a site p reviou sly  reported to be responsible for the 
inhibition o f  zinc in this receptor, elim in ated  the antagonist e ffect o f  zinc on 
the G A B A  inhib ition but not the potentiation effect o f  z inc on the SC. T w o  
other doub le m utants, P 3 IOA/Tj I4 A  and P 3 1 0 A /L 3 1 7 A , also displayed  
the SC. For the P 3 1 0 A /T 3 1 4 A  m utant, z in c suppressed the SC (IC50 = 66 
µM ). But this inhib ition w as antagonized by G A B A . Mutation o f  H 157Y  
in this mutant com p letely  elim inated the zinc effect. For the P 310A /L 317A  
m utant, zinc produced slight potentiation o f  the SC  but antagonized the 
potentiation e ffect o f  G A B A  on the SC. M utation o f  H 1 5 7 Y  in this mutant 
resulted in zinc inhib ition o f  the SC . F inally , s in g le  mutation o f H 157Y  in 
the rat pi elim inated the high affinity com p etitive com ponent but not the 
lo w  affinity noncom petitive effect o f  zinc on the G A B A -ev o k ed  current. 
Our study reveals tw o  m echan ism s underlying the m odulation o f  zinc on 
the G A B A  p i  receptor: one direct regulating channel gating and the other 
antagonizing the action o f  agon ists. The zinc actions are also critically 
affected  by the pore structure.

Supported by N IH  grants E Y 1 2 1 8 0  and E Y O 5477.

815.2
I M M U N O C Y T O C H E M IC A L  L O C A L IZ A T IO N  O F  
G A B A c  R E C E P T O R S  IN  T H E  R A T  S P IN A L  C O R D .
E ,.w¾sslê, P, KQ¾lgη, R,JEnz, L jta M M * . 
Max-Planck-Institut für Himforschung, Deutschordenstr. 46, 
D-60528 Frankfurt, Germany.

Antibodies directed against the p subunits of the GABAc 
receptor (Enz et al., J. Neurosci. 16:4479) were applied to 
sections of the rat spinal cörd. Since the pharmacology of 
GABAc receptors had first been described in spinal cord 
neurons (Johnston et al., J. Neurochem. 24:157), we wanted to 
know, whether their GABAc receptors are composed of the 
p subunits originally cloned from the human retina (Cutting 
et al., PNAS 88:2673). All parts of the spinal gray matter 
showed immunofluorescence for the p subunits of the GABAc 
receptor. The fluorescence had a punctate appearance 
suggesting the p subunits are clustered in synaptic hot spots. 
Double immunolabeling with antibodies against the α j subunit 
of the glycine receptor and with the p-specific antibodies 
showed that only the minority of p-immunoreactive puncta 
coincided with glycine receptor clusters.

This suggests (1 ) G A B A c  responses in the spinal cord are 
probably m ediated through p subunits, (2 ) p subunits are 
clustered in postsynaptic d en sities and (3 ) p subunits c o 
loca lize  with g lyc in e  receptors on ly  in a m inority o f  synapses. 

Supported by the Deutsche Forschungsgemeinschaft (SFB 269/B4).

815.4
ASSEMBLY STUDIES OF THE GAMMA AMINO BUTYRIC 
ACID RECEPTOR RHO AND BETA SUBUNITS. G.M.Ekema,12 
W.Zheng,2 Y.S.Wang,3 R.E.W.Fyffe1* and L.Lu2 . ‘Biomedical 
Sciences PhD Program,; and 2Dept. of Physiology and Biophysics, 
Wright State Univ.; 3Dept. of Molecular Physiology, Univ. of 
Cincinnati.

The GABA rhol subunit cloned from the human retina forms 
homomeric chloride channels when expressed in Xenopus  oocytes. 
In addition to the retina, the rhol subunit has been localized in 
numerous parts o f the vertebrate central nervous system. This study 
shows that the GABAa beta2 subunit assembles with the rhol 
subunit. N-terminus beta2 cRNA was coexpressed with 25 ng of full 
length rho cRNA in Xenopus  oocytes. 5 ng o f beta2 cRNA reduced 
whole cell currents to 78% of the homomeric rho current, while 25 
ng and 100 ng of beta2 cRNA reduced whole cell currents to 43% 
and 27% respectively. Yeast two-hybrid studies show an interaction 
between the beta2 and rhol subunits. Full length rhol cDNA was 
cloned into pAS2-1 plasmid (DNA-binding domain) and beta2 N- 
terminus cDNA was cloned into pACT2 plasmid (transcription 
activation domain). When both plasmids were cotransformed into 
the yeast strain Y190, the HIS3 reporter gene was expessed, 
showing interaction between beta2 and rhol. Our results provide 
additional evidence of diversity in the GABAergic system.
* T h is  s t u d y  is  s u p p o r t e d  b y  a n  N I H  g r a n t  E Y 1 1 6 5 3  to  L . L . G .M .E .  is  

s u p p o r t e d  b y  th e  B M S  P r o g r a m  a t  W S U .

815.6
INTERACTION OF BENZODIAZEPINES WITH HOMOMERIC GABAp} 
RECEPTORS FROM HUMAN RETINA D. J Calvo*t and R. Miledi. Lab Cel & 
Molec Neurobiol, Dept. PsychobioL, Univ California Irvine, CA 92697 USA f  Instituto 
de Investigaciones en Ingeniería Genética y Biología Molecular. INGEBI (Uπiversidad de 
Buenos Aires-CONICET) Obligado 2490, Capital Federal CP 1428, Argentina.

The effects o f various benzodiazepines (BZDs) on homomeric GABApj receptors from 
human retina were characterized by expressing p] subunits in Xenopus oocytes, followed 
by recording o f membrane currents elicited by GABA, pj receptors showed distinctive 
GABAc properties, e g: responses desensitized very little, were neither antagonized by 
bicuculline nor activated by baclofen and were blocked by both picrotoxin and TBPS. In 
contrast to GABAa receptors, GABAp, receptors were insensitive to BZD in the 
nanomoíar range, as was previously shown. However, at micromolar concentrations (25- 
100 µM) several BZDs had modulatory actions. Positive or negative modulation o f the p 
1 responses was found. 4'-Chlorodiazepam (100 µM) potentiated p] responses (83 ± 9 
%; n=l3) to 0.4 µM GABA and inhibited the same responses (33 ± 3 %; n=9) at 10 µM 
GABA. The peripheral BZD receptor antagonist PK 11195 and the antagonist of the 
BZD site on the GABAa receptor, flumazenil, failed to antagonize 4'-chlorodiazepam 
actions (up to 100 µM). Diazepam and clonazepam gave similar results. Other BZDs, 
like desmethyl-diazepam, alprazolam, triazolam or flumazenil did not show appreciable 
effects. Actions were dose dependent, easily reversible after washing and independent of 
the membrane potential. Weak agonist effects were observed in the absence o f GABA for 
some o f the BZDs tested (4'-chlorodiazepam, diazepam or flunitrazepam).

GABApj receptors from human retina are pharmacologically sensitive to the 
proconvulsant BZD 4'-chlorodiazepam and other BZDs in the micromolar range. 
However, this effect is different from the allosteric modulation o f GABAa receptors by 
sedative BZDs.
Supported by the U.S.P.H.S. MH48358 and the PEW Foundation.
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815.7
THE DEACTIVATION RATE AND AMPLITUDE OF pi RECEPTOR CURRENTS 
ARE DIFFERENTIALLY REGULATED. D.Weiss. R.Dudley* & N.Fiiippova. UAB, 
Birmingham, AL 35205
Recombinant wild type p i GABA receptors and the protein kinase C consensus 
sequence triple mutant S410/419/426A were transfected into HEK293 cells and studied 
using the patch-clamp technique. GABA-activated currents of wild pi recorded in the 
perforated patch configuration showed minimal desensitization and deactivated with a 
time constant 10 + 1 s. n=5. The amplitude and the deactivation time constant remained 
stable (the normalized values were l.O5±O.O4 and 0.94+0.09 after 25 min of recording, 
respectively; n=5). Mg-ATP added to the intracellular solution induced a time-dependent 
decrease in both the amplitude (0.56+0.09, n=6) and the deactivation time constant 
(O.68±O.O8, n=6) during 15 min of whole-cell recording. Alternatively, without Mg- 
ATP, the amplitude and the deactivation time constant of the GABA current remained 
stable (O.97±O.O9 and 0.94+0.08, after 15th min of recording respectively; n=7). KN- 
62 the inhibitor of Ca2+/CaM dependent PK and the PKC inhibitors staurosporine or 
calphostin C, added to the Mg-ATP solution, prevented the time-dependent decrease of 
the amplitude during 15 min of recording (O.97±O. 12, n=5, O.96±O. 19, n=5 and 
0.98+0.04, n=4; respectively). Alkaline phosphatases added to the intracellular solution 
without Mg-ATP induced a transient potentiation of the GABA current ( l.7±O.5. n=5) 
during the first 10 min of recording. Elimination of the PKC consensus sites via site- 
directed mutagenesis (S410/419/426A) had no effect on the decrease of the current 
amplitude (0.59+0.09, n=7, after 15 min of recording in the presence of Mg-ATP).The 
inhibitor of actin filament formation, cytochalasin B, added to the intracellular solution 
in the absence of Mg-ATP induced a time-dependent decrease in the current amplitude 
(O.63±O.O3, n=5) without a significant decrease in the deactivation time constant 
(l.5±O.3, n=5) during 15 min of whole-cell recording. Thus, the amplitude and the 
deactivation rate of the GABA-activated current can be independently modulated by 
phosphorylation. The PKC- and Ca2+/CaM PK-mediated amplitude modulation appears 
to depend on the cytoskeletal environment and does not involve PKC-dependent 
phosphorylation of the pi receptor itself. S u p p o r t :  N I H  g r a n t  N S 3 5 2 9 l

815.9

DIRECT INTERACTION BETWEEN G ABAC RECEPTORS, 
AN AMINO ACID TRANSPORTER AND MICROTUBULE- 
ASSOCIATED PROTEIN MAP1B IN THE RETINA.
Jonathan G Hanlev1. Christine Gatchalian*2. and Stephen J 
Moss.1
1. MRC Laboratory for Molecular Cell Biology, University 
College London, Gower St, London WC1E 6BT. 2. Eisai 
London Research Ltd, University College London, Gower St, 
London WC1E 6BT.
Ionotropic GABA receptors (GABAa and GABAq) are the 
major sites of synaptic inhibition in the CNS. GABAc 
receptors are believed to exist as homo-oligomers of p(1-3) 
subunits , and have a predominantly retinal pattern of 
expression in adult mammals. They are found in tight 
clusters distinct from GABAa receptors on the axon terminals 
of retinal interneurons. We have recently demonstrated that 
the ρ1 subunit interacts with a region of MAP1B which may 
act to anchor the receptor at retinal synapses. We have 
further characterised this interaction, and shown that MAP1B 
influences the subcellular distribution of p1 subunit in 
transiently transfected heterologous cells. Another ρ1- 
interacting clone was isolated by yeast two-hybrid, and found 
to be the intracellular domain of an amino acid transporter. 
This interaction has been confirmed by various biochemical 
methods. The importance of this interaction in synaptic 
modulation is currently under investigation.
This work was funded by the UK Medical Research Council.

815.8

RELATIVE AMOUNT OF GABAa RECEPTOR p SUBU N ITS IN  RAT 

BRAIN AND FUNCTIONAL PRO PER TIES OF p3 AND p2p3 

RECEPTORS EXPRESSED  IN  X E N O P U S  OOCYTES. R, Shm gguL-T 

Og u ru su 1. K. Yanap[i1. K. S a k a ta 1 and  M. Sawad¾2*. *Dept. of 

Inform ation  Science, Iw ate Univ., M orioka 020; 2Dept. of Physiology, 

Shim ane M edical Univ., Izum o, Ja p a n

R elative am ount of p sub u n its  mRNA in adu lt ra t  b ra in  h as  been 

investigated  by RT-PCR. The ra n k  of the relative am ount is p2 > p3, 

while no PCR product corresponding to p i  subun it is detected. W hen 

p3 mRNA alone or both p2 and  p3 mRNAs are injected into X e n o p u s  

oocytes, GABA induces b icuculline-insensitive ionic cu rren ts. The 

order of sensitiv ity  of homo-oligomeric p3 to agonists is m uscim ol > 

GABA > CACA. P icrotoxinin inhib ition  in hetero-oligom eric p2p3 

receptors is m uch less sensitive th a n  th a t in  homo-oligim eric p3 

receptors. Picrotoxinin a t 100 µM inh ib its  alm ost com pletely the 

cu rren t produced by 10 µM GABA in p3 receptors, w hile inh ib its  to 

abou t a h a lf  in p2p3 complex. Supported  by the M inistry  of Education, 

Science and C ultu re of J a p a n  (08650472 to R.S. and  08680831 to T.O.).
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816.1

A N T ISE N SE  R N A  EX PR E SSE D  B Y  H U M A N  pM CH A N D  
pMCHLl G EN ES. C.L. Miller*L2, m . Burm eister1- and R.C. 
T h om pson 2. M ental Health Research Institute and Reproductive 
Sciences Program2, University o f Michigan, Ann Arbor, MI 48109.

The pro-melanin concentrating hormone (pMCH) gene has a feature 
common to many peptidergic genes, i.e. the production of a peptide 
precursor m olecule that is then processed into more than one peptide. 
However, an additional layer o f com plexity exists for the human 
pMCH gene, located on chromosome 12q23.1. A  700 bp region of 
highly homologous sequence is found in two other sites in the genome, 
one on 5 p l4  (p M C H L l) and the other on 5 q l3  (pM CHL2). 
Transcription studies o f the three loci were made possible by radiation- 
hybrid mapping with PCR-SSCP and the identification of sequence 
differences between the two human-variant pro-melanin-concentrating 
hormone-like genes. To evaluate the transcription o f each locus, we 
utilized pMCH or pM CHL-specific primers in RT-PCR o f total RNA  
isolated from human hypothalamic tissue. The precise identity o f the 
RT-PCR products was determined by D N A  sequence analysis. A  
substantial component o f human pMCH expression was shown to be 
antisense in orientation. pMCHL expression was confirmed only for 
the pM CHLl locus on 5 p l4 , and was determined to be unspliced and 
exclusively antisense in orientation for a range of RT-PCR primers 
used. Production o f M CH peptide from the pM CHL loc i was 
effectively ruled out in the human hypothalamus, whereas production 
of MCH peptide from the authentic pMCH locus on l2 q  would be 
expected to occur based on the presence of appropriately spliced sense 
transcript. The work raises the possibility that the pM C H Ll antisense 
transcript may be involved in regulation of the human pMCH gene.

816.2

EFFECTS OF CHRONIC LITHIUM AND CITALOPRAM ON NEUROPEPTIDE Y 
(NPY) GENE EXPRESSION AND NPY RECEPTOR DENSITY IN RAT 
HIPPOCAMPUS. A. Mørk. H. Husum. T,M. Madsen*. J.D. Mikkelsen. Dept, of 
Neurobiology, H. Lundbeck A/S, DK-2500 Copenhagen-Valby, Denmark.

Effects of chronic lithium and citalopram on NPY mRNA levels and NPY binding 
sites in the hippocampus were investigated using in vitro receptor autoradiography 
and in situ hybridisation. Sprague-Dawley rats were treated for 4 weeks with 1) 
vehicle (2.5 ml/kg, i.p., b.i.d.), 2) citalopram (10 mg/kg, i.p., b.i.d.) or 3) lithium (60 
mmol lithium/kg diet) and vehicle (2.5 ml/kg, i.p., b.i.d.). Animals were sacrificed b) 
decapitation, the brains removed and frozen. Twelve micron coronal sections were cui 
on a cryostat. Data are presented as pixel densities determined using an image 
analysis system (mean ± SEM). Receptor autoradiography. In the vehicle group, the 
NPY receptor densities in CA1, CA3 and dentate gyms (DG) of the hippocampus 
were 1.64 ± 0.26, 4.30 ± 0.31 and 1.50 ± 0.21, respectively. Lithium treatment 
significantly reduced the NPY receptor density in the DG to 0.92 ± 0.08. An opposite 
change was observed in CA3, in which the levels were significantly increased to 5.45 
± 0.38. Citalopram treatment significantly increased the NPY receptor densities in 
CA1 to 3.64 ± 0.34, in CA3 to 6.35 ± 0.62 and in DG to 2.97 ± 0.30. In situ 
hybridisation; In the vehicle group, NPY mRNA levels in CA1 and DG were 3.80 ±  
0.24 and 11.12 ± 0.68, respectively. Lithium treatment increased mRNA levels in 
CA1 and DG to 5.97 ± 0.60 and 14.68 ± 0.93, respectively. Citalopram treatment had 
no significant effect on the NPY mRNA levels. The present data suggest that lithium 
increases NPY neurotransmission in DG illustrated by an increase in NPY gene 
expression, possibly an increased NPY release, followed by reduction in the NPY 
receptor density. Citalopram clearly increased the NPY receptor density in all 
hippocampal areas investigated but did not affect the NPY mRNA levels. These 
results indicate that lithium and citalopram causes opposite changes in NPY 
neurotransmission in the DG but similar changes in the CA3 area.
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816.3
NEUROPEPTIDE Y BIOSYNTHESIS AND SECRETION ARE REGULATED BY 
CHOLINERGIC MUSCARINIC ACTIVATION IN HOv4AN NEUROBLASTOMA 
CELLS. P.Magni. E. Beretta. E. Scnccianoce. M. Motta. Center for Endocrinological 
Oncology, Institute of Endocrinology, University of Milan, 20133 Milan, Italy 

Neuropeptide Y (NPY) has been implicated in the regulation of several functions of 
the nervous system. It has been shown that NPY-ergic neurons and the cholinergic 
system might be interrelated in some brain areas, in both normal and pathological 
conditions. Moreover, we have recently shown that NPY gene expression is positively 
regulated by muscarinic mechanisms via the phospholipase C (PLC) pathway. In the 
present study we evaluated whether the activation of cholinergic muscarinic receptors 
might regulate also the biosynthesis and the secretion of this peptide. The SH-SY5Y 
human neuroblastoma cell line was used as the in vitro system. The NPY content in 
the conditioned medium and in cell extracts was measured by radioimmunoassay 
(RIA). To establish a time-frame for the following experiments, SH-SY5Y cells were 
first treated with 1 mM carbachol, a cholinergic agonist, for 1, 2, 3, 6, 12 and 24 h. 
This treatment stimulated both NPY secretion and accumulation in the medium, with 
a significant increase starting from 6 h of incubation. The NPY content in the cell 
extracts was increased only after 12 and 24 h. The stimulatory effect of carbachol was 
dose-dependent, as shown by exposing SH-SY5Y cells for 24 h to different 
concentrations of this agent (0.1, 1, 10, 100 µM and 1 mM). The NPY- 
immunoreactivity (NPY-I) quantified by RIA in the medium was characterized by size- 
fractionation by means of gel-filtration. In control conditions, the NPY-I resulted to be 
made of two species: one of 8.5 kDa, corresponding to proNPY, and one of 4.2 kDa, 
coeluting with synthetic NPY, used as the standard. The ratio proNPY:NPY was about 
60/40% and was not altered by carbachol treatment. Since some muscarinic receptor 
subtypes expressed in SH-SY5Y cells (M l, M3) are known to be coupled to the 
PLC/protein kinase C (PLC/PKC) pathway, the phorbol ester TPA was used to 
evaluate the effect of PKC activation on NPY release in this cellular system. Six and 
24-h exposures to 20 nM TPA strongly increased the NPY content in cell extracts and 
in the medium. In conclusion, the activation of cholinergic muscarinic receptors 
positively regulated NPY production and secretion in SH-SY5Y human neuroblastoma 
cells, possibly via PKC-related mechanisms. On the other side, treatment with 
carbachol did not modify the (largely incomplete) processing of the precursor proNPY 
to mature NPY. Grants from  CNR (ACRO 96.00594.PF39), AIRC and MURST.

816.5

ALTERATIONS IN PARASYMPATHETIC NEURON NEUROPEPTIDE Y (NPY) 
EXPRESSION IN GUINEA PIG CARDIAC GANGLIA EXPLANT CULTURES.
S. Lynch. K. Braas. S. Harakall. A. Kennedy, G. Mawe and R.L. Parsons*. Dept, 
of Anatomy & Neurobiology, University of Vermont, Burlington, VT 05405.

Many peripheral ganglia demonstrate alterations in neurochemical phenotypic 
egression under specific paradigms in vitro and in vivo. To determine whether 
parasympathetic ganglion neurons also demonstrate alterations in neuro
peptide production levels and plasticity, adult guinea pig cardiac ganglia were 
maintained in explant cultures, in the absence or presence of 10 µM colchicine, 
and examined for changes in endogenous NPY expression. In freshly dissected 
atrial whole mount preparations containing intracardiac ganglia, approximately 
4% of MAP-2 positive ganglion neurons exhibited NPY immunoreactivity. When 
cardiac ganglia in atrial whole mount explant cultures were maintained in serum 
supplemented medium without colchicine for 30 and 72 h, the number of NPY 
immunoreactive neurons increased to 11% and 16%, respectively; the number 
of NPY immunoreactive neurons increased to an even greater extent in parallel 
cultures maintained in the presence of colchicine. The NPY immunoreactive 
neurons demonstrated choline acetyltransferase immunoreactivity in both 
freshly dissected control and explanted ganglia, indicating that parasympathetic 
neurons in culture maintained a cholinergic phenotype. In complementary 
reverse transcription PCR studies, proNPY mRNA levels in explanted ganglia 
appeared to increase in 30 and 72 h cultures, which was consistent with the 
increase in the number of NPY immunoreactive neurons. However, in the 
presence of colchicine, explant proNPY mRNA levels appeared to increase 
compared to control after 30 h in culture only. These results demonstrated that 
maintaining cardiac ganglia in explant culture can potentially alter 
parasympathetic neuron neuropeptide expression. Accordingly, previous 
studies delineating the chemical coding of parasympathetic neurons in 
mammalian cardiac ganglia should necessarily be reevaluated. Supported by 
NIH grants NS23978, NS26995, DK45410 and AHA Grant 9750439N.

816.7

The Changes of Neuropeptide Y and Somatostatin Expression in the Rat 
Hippocam pus by Trimethyltin (TMT)..
K. Tsunashima1, K. Watanabe1, N. Ishikura',T. Nishimura1, N. Narita1*, Y. 
Minabe1, N. Kato2. 'National Institute o f Neuroscience, NCNP., Kodaira, 
Tokyo, 187-8502 Japan. 2Dept. Psychiat, Shiga Univ. Med. Sci., Shiga, 520- 
2192 Japan..
Trimethyltin (TMT), w hen applied to rats, causes damage of CA3 neurons 
in the hippocam pus associated w ith  learning impairment and seizures. We 
investigated the changes o f expression of Neuropeptide Y (NPY) and 
Somatostatin (SOM) in the hippocam pus after TMT treatment. We also 
evaluated the seizure score and aggression score of the same rats. These 
scores had increased on 2, 4, 6 and 8 days after treatm ent The numbers of 
NPY positive cells on C A 3/4 , intem eurons and granular cell layer in hillus 
had increased on 2-8 days after treatm ent The numbers of SOM positive  
cells in intem eurons of hillus had increased only on 2-4 days. The maximal 
increasing o f NPY had been shown at 4 days, but SOM had peaked at 2 
days in which the seizure and aggression scores had a little changes. All the 
changes by TMT happened stronger and earlier in dorsal part than ventral 
part of hippocam pus. The expression o f the NPY and SOM m RNA by "»n 
situ" hybridization had been supported these changes of both peptides. 
TMT has the tw o different effect, one is transient w ith behavioral changes 
and seizure 4-6 days after treatment, and the other is long lasting w ith  cell 
degeneration. W e suppose that the changes of both peptide has been  
affected by early phase action of TMT. This study has supported by 
Japanese Ministry of Health and welfare.

816.4

REGULATED EXPRESSION OF NEUROPEPTIDE Y (NPY) AND 
PARATHYROID HORMONE-RELATED PROTEIN (PTHrP) BY CULTURED 
RAT ASTROCYTES. JL Funk1. JW Leidv. Jr2. S Reichlin1*. Depts. of 
Medicine, 1The University of Arizona, Tucson, AZ 85724 and 2Marshall 
University -School of Medicine, Huntington, WV 25703.

The neuropeptides NPY and PTHrP have been shown in whole brain 
sections of mature rats to be localized in neurons and not in astrocytes. Our 
recent observation that PTHrP is expressed in cultured rat astrocytes (Trout 
et al. J. Invest. Med. 45:109A, 1997) led us to test the hypothesis that 
cultured astrocytes may also express NPY. Type I astrocytes isolated from 1 
day old rat pup brains (>94% GFAP-immunopositive) expressed NPY and 
PTHrP as determined by immunohistochemical methods, immunoassay of 
secreted peptides in cell culture supernatants, and Northern analysis of 
cellular RNA. Specific immunohistochemical staining for NPY, which was 
located in the perinuclear region, was most clearly demonstrated in cells 
treated with TPA (a phorbol ester) and monensin, an ionophore that inhibits 
Golgi transport, while PTHrP was detected within both the cytoplasm and 
nucleus of untreated cells. Expression of NPY and PTHrP were regulated 
differently. TPA stimulated NPY secretion and inhibited PTHrP release, 
while forskolin, a cAMP stimulating agent, had no effect on NPY but 
inhibited PTHrP secretion. TPA stimulated-NPY release was accompanied 
by an increase in NPY mRNA levels. Because astrocytes in adult brain 
express neither NPY nor PTHrP, we propose that fetal astrocytes cultured 
in vitro display a less well differentiated phenotype more closely related to 
the common neuron-astrocyte progenitor stem cell.

Supported by USPHS # KDD 16684 (to SR) and #DK-47846 (to JLF).

816.6

EXPRESSION OF PROENKEPHALIN m RNA IN THE RAT 
OLFACTORY BULB FOLLOWING KAINIC ACID TREATM ENT.
R.P. M ohney*, J.B. Eells, and J.-S. H ong. Neuropharm acology Section, 
Laboratory o f  Pharm acology and Chemistry, NIEHS/NIH, Research 
Triangle Park, NC 27709.

The opioid peptide enkephalin is present at high levels in parts o f  the 
central nervous system  and is hypothesized to modulate neural 
excitability. Previous studies exam ining changes in enkephalin  
expression in the brain have centered on the role o f  kainic acid (KA)- 
induced seizure activity and have primarily focused on regions 
important in kindling and epilepsy, such as the hippocam pus. In the 
present studies we have examined the expression o f  proenkephalin  
(PENK) m RNA in the rat olfactory bulb at various times after a single 
system ic injection o f a convulsive dose o f  KA.

By Northern blot analysis, PENK m RNA was expressed at moderate 
levels in the olfactory bulb under normal conditions. Within 3h after 
KA-treatment PENK m RNA increased three-fold above control levels 
and remained elevated at Id and 3d after K A-injection before 
decreasing to near control levels at 6d through 6w after KA injection. 
Similar results were observed when PENK m RN A expression was 
examined in the olfactory bulb by in situ hybridization. Interestingly, 
steady-state levels o f  PENK m RNA increased a second time beginning at 
3 months after KA treatment. This induction in PENK m RNA  
expression, which at 7 months follow ing KA-treatment was 2 -fo ld  
greater than control levels, remained detectable for up to 1 year after KA 
injection (the last time point examined). These studies demonstrate that 
a single injection o f  KA leads to a chronic upregulation o f  PENK  
mRNA expression in the rat olfactory bulb. The functional significance  
o f these possibly permanent changes in gene expression remains to be 
established. (Supported in part by the NIGM S PRAT Program.)

816.8

BIBP 3226 INHIBITS NICOTINIC RECEPTOR MEDIATED 
CHROMAFFIN CELL CATECHOLAMINE SECRETION, P. Zhanα. T 
Zhenα and T.D. Hexum*. Dept, of Pharmacology, Univ. Nebraska 
Medical Center; Omaha, NE 68198-6260 

BIBP 3226 is a selective neuropeptide Y-Y1 receptor antagonist that 
acts in a competitive fashion. It was developed from the hypothesis 
that the neuropeptide Y (NPY) pharmacophoric groups that interact 
with the Y1 receptor are located in the C-terminus portion of the 
peptide. BIBP 3226 has been shown to antagonize the effect of NPY 
in various tissues including bovine adrenal chromaffin cells where BIBP 
3226 antagonizes the effect of NPY on inositol phosphate and cyclic 
AMP accumulation. Based on structural similarities with the C-terminus 
of NPY wo questioned whether BIBP 3226 could also act as an agonist 
on bovine chromaffin cells. Incubation of BIBP 3226 with bovine 
chromaffin cells in culture results in the inhibition of nicotinic receptor- 
stimulated catecholamine secretion (IC50 = 2.4 µM). The effect of BIBP 
3226 is independent of NPY action since the presence of NPY in the 
culture medium does not alter the effect of BIBP 3226. BIBP 3226 
decreased the efficacy of the nicotinic receptor agonist, DMPP, but did 
not change its potency suggesting non-competitive inhibition. BIBP 
3226 has a similar effect on nicotinic receptor-stimulated 45Ca2+ influx. 
BIBP 3226 does not inhibit [3H]NE induced by high K+ and its effect is 
not pertussis toxin sensitive. We conclude that BIBP 3226 can act as 
an agonist and inhibit chromaffin cell catecholamine secretion.
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816.9
COMPARATIVE BINDING ACTIVITY AND POTENCY OF NOVEL CRF-LIKE 
PEPTIDES AND THEIR ACTION ON GnRH TRANSCRIPTION.
D. J. Tellam' . P.H.M. Balm2. F. van Enckevort2. J. Brennand3. J.E. Rivier4.1.C. Dunn5, 
and D.A.Loveiov*1 'School of Biological Sciences, University of Manchester, 
Manchester, U.K; 2Dept of Animal Physiology, Faculty of Science, University of 
Nijmegen, Nijmegen, Netherlands; "Zeneca Pharmaceuticals, Mereside Alderley Park, 
Macclesfield, Cheshire, U.K; 4Peptide Biology Laboratory, The Salk Institute, La Jolla, 
CA, "Division of Development and Reproduction, Roslin Institute, Roslin, Midlothian, 
Scotland

Phylogenetic radiation acts as a natural laboratory to create specific changes to the 
primary structure of neuropeptides. Characterization of these novel structures provide 
information on the physiological constraints acting to drive the evolution of the neuro
peptides and their receptors. We have recently cloned novel froms of CRF-like peptides 
from hamster (Mesocritus auratus), rainbow trout (Oncorhynchus mykiss), and tilapia 
('Oreochromis mossambicus). In addition, a synthetic chimaeric peptide (CRFa) was 
prepared with a sauvagine-related amino acid sequence and an internal segment pos
sessing a hydrophilicity profile similar to that of the CRF family. The comparative 
binding activity of these neuropeptides were investigated by displacement of l25I-human 
CRF and urocortin from CRF-R1- and R2-transfected mouse erthyro-leukemaemia cell 
membranes, respectively. GnRH transcriptional regulation was measured using a luci- 
ferase reporter gene coupled with either a chicken (-3000 bp) or mouse (-611 bp) pro
moter in transfected Gnl 1 cells. At maximal ligand concentrations (10 uM), tilapia CRF 
and hamster urocortin displaced 100% of the bound radioligand from the R1 receptor, but 
only 93% and 32% of the bound urocortin from the R2 receptor. These studies suggest 
that the substitutions in the hamster urocortin sequence play a major role in CRF-R2 
binding. The displacement of CRF from R1 by CRFa, but not urocortin from R2 is con- 
sistant with the hypothesis that R1 represents a promiscuous-type receptor whereas R2 
has a more specific binding site. The urotensin-I series of peptides increased GnRH 
transcription within 7 hours followed by an attenuation of transcription by 14 hours. In 
contrast, CRF peptides appear only to evoke the secondary depression phase. (This work 
was supported by BBSRC-CASE studentship (D.J.T), National Institute of Health 
(J.E.R.) and by the Wellcome Trust (D.A.L).

816.11
TRH CONTENT AND THE ACTIVITY OF ITS DEGRADING ECTOENZYME 
ARE RAPIDLY MODIFIED BY ACUTE ETHANOL ADMINISTRATION IN RAT 
BRAIN. P. de Gortari#. I. Rodríguez-Keller# M.Cisneros0. J-L Charli°* and P. 
Joseph-Bravo°- 0 Instituto de Biotecnología, UNAM; # Universidad 
Iberoamericana. Mexico.

Thyrotropin-releasing hormone (TRH), its mRNA, its receptor and degrading 
ectoenzyme pyroglutamyl peptidase II (PPII) are present in the limbic system; 
ethanol and TRH affect synaptic transmission by interrelated mechanisms. We 
studied the effect of acute administration of ethanol (3 g/kg body weight i.p.) on 
TRH metabolism in brain regions where the peptide has been implicated in 
neuromodulatory functions. Animals were sacrificed between 30 min and 24 h 
after ethanol administration. Brain TRH, serum TSH or corticosterone levels 
were quantified by radioimmunoassay, PPII activity by a fluorometric assay and 
PPII mRNA levels by RT-PCR. Analysis of extrahypothalamic brain areas 
showed significant changes on TRH levels and PPII activity with different 
kinetics. At one hour, when the animals were narcotized, TRH content was 
increased by 63% in hippocampus and decreased by 25% in n. accumbens. In 
these areas PPII activity diminished at 6h increasing afterwards to values above 
control only in n. accumbens to 125%. PPII activity was diminished after 1h in 
cortex and amygdala when TRH levels were not affected. At 6h, TRH 
significantly decreased in both regions. In contrast, PPII activity increased to 
control values at 6h and further in cortex, at 24h to 150%. The levels of PPII 
mRNA were measured at previous times of detected changes in activity or 
peptide levels. PPII mRNA diminished to 40% in cortex at 30 min raising to 
328% at 4h. Results support an involvement of ethanol in TRH metabolism in 
the regions studied, during and after the sedative effect of a single i.p. injection 
of ethanol and provide evidence for a rapid mechanism of an ectopeptidase 
regulation in CNS. (DGAPA IN-217797 ).

816.13
REG U LA TIO N  O F TH E P R O EN K EPH A LIN  PR O CESSIN G  EN ZYM E 
‘PR O H O RM O N E TH IO L P R O T E A S E ’ (PTP) BY EN D O G EN O U S 
G LU TA TH IO N E LO C A L IZE D  TO  N E U R O SEC R ETO R Y  V ESICLES.
S. Y asothornsrikul* , T. Toneff, and V.Y.H. H ook. Dept, o f  M edicine. Univ. 
of Calif., San D iego, La Jolla, CA 92093-0822.

Enkephalins and other peptide neurotransm itters are synthesized as p ro 
neuropeptides that require pro teoly tic  processing  .to generate active 
neuropeptides. The novel cysteine pro tease know n as ‘p ro h o rm o n e  thiol 
p ro tease’ (PTP) represents the m ajor p roenkephalin  (PE) p rocessing  
activity in neurosecretory  vesicles o f bovine adrenal m edulla (ch ro m affin  
granules), w hich contain PE-derived  peptide products. PTP in vitro cleaves 
PE at paired basic and m onobasic residues to generate P E -products known 
to be produced  in vivo. Protease inhib itor studies indicated PTP as a 
cysteine protease, since it was potently  inhibited by the cysteine pro tease 
inhibitors E-64c and cystatin . PTP requires reducing  conditions with DTT 
(d ithiothreitol) for activity. Since D T T is not present in vivo , en d o g en o u s 
regulators o f secretory vesicle redox potential m ust be identified to 
understand how m axim al PTP activity  can be achieved in vivo. The cellu lar 
reducing agent glu tath ione (reduced form ) provided  full activation o f PTP 
activity; oxidized glu tath ione was not effective. M oreover, e n d o g en o u s 
glutathione was detected in isolated chrom affin  granules using a 
NA DPH /N AD P+ coupled  assay with G SSG  reductase. These novel results 
suggest a role for glu tath ione in p roenkephalin  processing . The presence 
of glu tath ione in vivo  within these secretory vesicles provides a new 
m echanism  for the function  o f PTP and o ther secretory vesicles pro teins 
that are involved in the synthesis, storage, and secretion o f peptide 
neurotransm itters. Furtherm ore, these results indicate that ch ro m affin  
granules contain g lu tathione, in addition to ascorbic acid, as a possible 
endogenous regulator o f in travesicular redox status. (This work was 
supported by the NIH)

816.10
RAPID REGULATION OF TRH mRNA IN HYPOTHALAMIC C E L L  
CULTURES BY DEXAM ETH ASO NE. INTERACTIO N W ITH THE  
cAMP PATHWAY. L. Pérez-Martínez. A. Carreón-Rodríguez, M.E. González- 
Alzati, C. Morales-Chapa, J.L. Charli and P. Joseph-Bravo*. Departamento de 
Genética y Fisiología Molecular, Instituto de Biotecnología, Universidad Nacional 
Auto noma de México, A.P. 510-3, Cuernavaca, Mor., 62271, México.

Thyrotropin releasing hormone (TRH) biosynthesis in the hypothalamic 
paraventricular nucleus (PVN) is subject to hormonal regulation. Glucocorticoids 
affect the thyroid axis and in vivo down regulate the levels of PVN TRH mRNA; in 
contrast, an increase is observed in several in vitro systems after long term incubation 
with dexamethasone (Dex). PVN TRH mRNA levels are also regulated in a fast and 
transient manner by neural stimuli. To identify the potencial effectors for this rapid 
modulation, we tested the effect of 10'^M 8-bromo-cAMP (8Br-cAMP), lü~fivl 12-0- 
tretradecanoylphorbol-13-acetate (TPA) or Dex ( lO '^ -lO '^M ) on TRH mRNA and 
peptide levels at short incubation times (1-3h) in primary culture of rat hypothalamic 
cells cultured for 18 days. TRH mRNA levels were quantified by RT-PCR and the 
proportion of responsive cells identified by in situ hybπdization; cell content and 
released TRH was quantified by a specific radioimmunoassay. A biphasic dose- 
dependent effect was observed after 1 h of Dex treatment. 10“̂  M Dex increased TRH 
mRNA levels in a time dependent manner with highest effect observed at 3h. TRH 
mRNA enhancement w'as followed by an increase in TRH cell content. Treatment 
with 8Br-cAMP or TPA confirmed the previously reported stimulation in TRH 
mRNA levels. Peptide cell content and release were increased by 8Br-cAMP. 
Combination of Itr¤  M Dex with TPA showed an additive effect on TRH mRNA 
levels. Coincubation of 10*^ M Dex and 8Br-cAMP impeded the stimulatory effect of 
both drugs on TRH mRNA and peptide levels; 8Br-cAMP combined with TPA 
strongly decreased TRH mRNA values after 1h of incubation. These results suggest a 
rapid combinatorial activity of signaling systems on TRH mRNA expression in 
hypothalamic cells. Partially financed by CONACYT-25386N and DGAPA- 
IN217797.

816.12
DIFFERENTIAL REGULATION OF NEUROPEPTIDE SYNTHESIS AND 
SECRETION IN PRIMARY CULTURES OF BOVINE ADRENAL MEDULLA 
CHROMAFFIN CELLS: EVIDENCE FOR PKA AND PKC REGULATED
PATHWAYS. C.A. Sei* , T. Toneff and V.H. Hook . Dept, of Medicine, Univ. of 
Calif, San Diego, School of Medicine; San Diego, CA 92103.

Primary cultures o f adrenal chromaffin cells have proven to be a useful model for the 
study of neuropeptide synthesis, processing and secretion. We have taken advantage of 
this system to look at the regulation o f synthesis and release of four peptide 
neurotransmitters; met-enkephalin (ME), gal an in (GAL), neuropeptide Y (NPY) and 
vasoactive intestinal peptide (VIP). Using peptide-specific radioimmunoassays, we 
were able to detect all four peptides (which are present at different levels) in the media 
from cultures of bovine adrenal chromaffin cells. Upon stimulation for 72 hours with 
forskolin (FSK), a known activator o f the protein kinase A (PKA) pathway, we were 
able to measure a 2-3 fold increase above control (unstimulated) cells in the amount of 
ME in the cell culture medium. However, GAL levels did not increase significantly 
over control levels after FSK stimulation. Both NPY and VIP levels increased 
significantly (2 fold and 5 fold respectively) over control values. Upon stimulation of 
the cells with phorbol-12-myristate-13-acetate (PMA), a known activator o f the protein 
kinase C (PKC) pathway, levels of ME detected in the media were significantly less 
than the FSK stimulated cells. Conversely, levels of GAL, NPY and VIP were 
significantly greater compared to both secretion media from control cells, as well as 
FSK stimulated cells. In media from PMA treated cells, GAL was 2-3 fold greater 
than control values, NPY 4 fold greater and VIP 10-15 fold greater. Taken together, 
these results indicate that synthesis and release of these four peptides are differentially 
regulated; ME primarily via the PKA pathway and GAL, NPY and VIP primarily via 
the PKC pathway. It will be of interest to compare levels o f peptides in the cell after 
either FSK or PMA stimulation. Additionally, studies are underway using specific 
inhibitors of each pathway to further dissect the signal transduction pathways involved 
in the regulation of these peptides. (Funded by NINDS and NIDA of NHL )

816.14
M ODULATION OF PROHORM ONE CONVERTASES PCI A N D  
PC2 IN RAT SPIN A L  CO RD D U R IN G  PR EG N A N C Y : 
R E LEVAN CE TO EN H A NC ED D Y N O R PH IN  PR E C U R SO R  
PROCESSING C. Varshnev and A.R. G intzler*. Dept, of Biochemistry, 
SUNY Hlth. Sci. Ctr., Brooklyn, NY -11203

Processing of dynorphin precursor intermediates is markedly enhanced in 
lumbar spinal cord of late gestational rats but the neurochemical basis for this 
augmented processing has not yet been elucidated. Present studies w'ere carried out 
to investigate if the prohormone processing enzymes, PCI and/or PC2, are 
modulated during pregnancy. During gestational day 22, the lumbar spinal 
content of PC2 protein, but not that of PCI protein, is markedly elevated. This 
could suggest that the enhanced processing of dynorphin precursor intermediates 
in the spinal cord of pregnant rats results, at least in part, from increased PC2 
enzyme activity. In non pregnant rats, ovariectomy results in a significant 
decrease in levels of lumbar PC2 protein. This decrease can be reversed by the 
concomitant simulation of the pregnancy blood profile of estrogen and 
progesterone. Moreover, the percent increase in PC2 levels in ovariectomized 
animals following this treatment is twice that of the decrease that was observed in 
its absence. These observations suggest that the profile of change in circulating 
ovarian steroids is one aspect of the pregnant condition that is critical for elevated 
lumbar PC2 levels during physiological pregnancy. In order to assess whether or 
not levels of PC2 mRNA change in parallel with PC2 protein, a solution 
hybridization assay with which to quantitate the former has been developed via 
the subcloning of a full length PC2 cDNA into pSP65 vector. This assay can 
detect as little as 5 pg of PC2 mRNA and has no cross-reactivity with P C I. The 
upregulation of PC2 protein (and possibly its mRNA) content during pregnancy 
and its hormonal simulation suggest a basis for neuroendocrine regulation of 
peptide transmitter synthesis.
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816.15
IMM UNOCYTOCHEM ICHAL DISTRIBUTION OF PC 1/3 AND  
PC2 PROTEIN PROHORMONES CONVERTASES IN NEURONS, 
DENDRITES A N D  NERVE TERMINALS IN THE RAT BRAIN: 
COMPARISON WITH SOM ATOSTATIN IM M UNOREACTIVITY.
P. D oum aud1. R.V. W insky-Sommerer1. N. G. Seidah2, J. Epelbaum1*. 
^ S E R M  U 159, 75014 Paris, France; 2IRCM, Montréal, Canada.

Post-translational processing is required for the synthesis o f  
bioactive peptides such as somatostatin (SRIF14). In this study we 
investigated the regional and cellular localization o f  PC 1/3 and PC2 in 
rat brain using specific antibodies, and compared their distribution 
with that o f  SRIF14 immunoreactivity. Both PCs were broadly 
expressed along the brain and showed distinct but overlapping patterns 
o f  expression, though PC2 was found to be more strongly expressed 
than PC 1/3. Intense neuronal immunoreactivity for both enzymes, 
often associated with intracytoplasmic granules, were observed in the 
globus pallidus, the ventral pallidum, the hippocampal formation, the 
central amygdaloid nucleus, most o f  the hypothalamic and pontine 
nuclei, and in the Purkinje cells o f  the cerebellum. Several regions 
such as the layers II-III and V-VI o f  the cerebral cortex, the piriform 
cortex, the caudate-putamen, most o f  the thalamic nuclei, the 
mammillary com plex and the locus coeruleüs were found to 
preferentially express the PC2 enzyme. In many regions, 
immunolabelling was also found in extended dendrites, and in axons 
and axon-like terminals. Preliminary colocalization studies revealed 
that in regions examined so far, SRIF14 immunoreactivity colocalizes 
with both PC 1/3 and PC2 in perikaryon, dendrites and axon-like 
terminals. (Supported by INSERM)

816.17
A L T E R N A T IV E  SPL IC IN G  OF THE R A T O R PH A N IN  
FQ /N O C IC EPTIN  R N A . J. A r jo m a n d 1 * and C. J. Evans2 . 
1 Interdepartmental Program in Neuroscience, UCLA; 2 Department of 
Psychiatry and Biobehavioral Sciences, UCLA, Los A ngeles, CA  
90024-1759.

Pre-pro Orphanin FQ/Nociceptin (OFQ/N) gives rise to a 17 amino 
acid peptide agonist o f the Opioid Receptor Like, which has been 
reported to modulate nociception, learning, and motor function. The 
precursor polypeptide has also been im plicated  in neuronal 
differentiation. Here, we report the isolation of an alternatively spliced 
transcript encoding the rat pre-pro OFQ/N. Using reverse transcription 
polymerase chain reaction (RT-PCR), adult rat brain total RNA, and 
primers complementary to the rat OFQ/N exons II and IV, we amplified 
the predicted 643 bp fragment, as well as a 586 bp fragment. Sequence 
analysis o f the 586 bp product revealed the excision  o f a 57 bp 
fragment from the 3 ’ end o f exon III. An identical splice variant has 
been reported in mice by Saito et. al. (J. Biol. Chem. 271, 15615-22, 
1996). Analysis o f the rat OFQ splice variant revealed that the loss of 
the 57 bp would remove a translational stop signal, resulting in a 
longer protein. Both transcripts were present in the developing rat 
brain at all time points examined, which included embryonic days 13, 
15, 18, and postnatal day 1. Likewise, both transcipts were present in 
the adult rat kidney and spleen, but absent from liver.
(This work was supported by N ID A  Fellow ship D A 07272-07 and 
NIDA Center Grant DA05010)

816.16
BACLOFEN TREATMENT CHANGED CARBOXYPEPTIDASE E 
ACTIVITY IN RAT BRAIN REGIONS. T. Kato**and T. Chikuma2. 
'Graduate School of Integrated Science, Yokohama City Univ., 
Yokohama 236-0027; 2Dept. Pharmaceutical Anal. Chem., Showa 
College of Pharmaceutical Sciences, Machida 194, JAPAN.

Neuropeptides in the brain act as neurotransmitter or 
neuromodulator. A high concentration of cholecystokinin (CCK) is 
present in the cortex and hippocampus, and might regulate learning 
and memory system in their regions. Biosynthesis of neuropeptides 
may be regulated by neuropeptide processing enzymes (paired basic 
amino add residue processing enzyme (DBE), carboxypeptidase E/H 
(CPE), peptidylglycine α-amidating monooxygenase (PAM)). Since CCK 
is coexisted in GABAergic neurons in the cortex and hippocampus, 
treatment with baclofen, a GABAb receptor agonist, might affect CCK 
release and the processing enzyme activities in the brain. Male Wistar 
rats were used. CCK-LI was measured by enzyme-immunoassay (1). 
Dansylated peptides were synthesized and used as the substrates for 
the processing enzymes (2). Baclofen treatment decreased CCK-LI and 
CPE activity in rat brain regions, but changed neither DBE nor PAM 
activity. Although other GABAergic receptor agonist and antagonist 
were also tested, we could not find any significant change of CCK-LI. 
From these experiments, it is postulated that some of the processing 
enzymes regulate biosynthesis of neuropeptides in the brain regions.
1 Takeda et al., Brain Res., 779, 320-323 (1998); 2 Yajima et al., J. 
Chromatogr. B, 667, 333-338 (1995).

816.18
CLONING OF P R O ORPHANIN-LIKE cDNA FROM THE 
BRAIN OF THE STURGEON, A C IP E N SE R  
TRANSMONTANUS. P. D a n i e l s o n 1, C. S c h reck2, M. 
F i t zpatrick2, and R.M. P o r e s 1* . 'Dept. of 
Biological Sciences, Univ. of Denver, 
Denver, Colorado 80208; 2O regon Cooperative 
Fishery Res. Unit, O regon State Univ.

O r phanin is a seventeen amino acid 
polypeptide, isolated from the central 
nervous system of mammals, that serves as 
the endogenous ligand for the O rphanin-FQ 
receptor. The N-terminal amino acids of 
orphanin are FGGF, and the internal sequence 
R KSARK appears to be essential for binding 
to the O r p h a nin-FQ receptor. U s ing a 3'RACE 
approach we were able to a m p lify a cDNA from 
the brain of the sturgeon, A c i p e n s e r  
t r a n s m o n t a n u s  - a p rimitive b ony fish, which 
encodes the R KSARK sequence. Subsequent 
cloning revealed that the full length cDNA 
is 860 nt in length. The open reading frame 
is 585 nt, and codes for the following 
putative end-products: FGGFMKGK Y G Y R K L M G P G R S L 
and Y G G F I G I RKS A R K W N N P . The relationship of 
sturgeon P roorphanin-like cDNA to opioid 
precursors will be presented. This project 
was supported by NSF IBN9507171 (RMD).
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817.1

C A R T  G E N E  K N O C K O U T : C O N S T R U C T IO N  O F  A  T A R G E T  
V E C T O R . M .J. K u h ar*  an d  P .R . C o u ce v r o . D iv isio n  o f  
N e u r o sc ie n c e , Y erk es R e g io n a l P r im a te  R esea rch  C en ter , E m o ry  
U n iv e r s ity , A tla n ta , G A  3 0 3 2 2 .

C A R T  p ep tid es  h a v e  b een  im p lica ted  as n e u r o tra n sm itte r s/  
c o tr a n sm itte rs  in a v a r ie ty  o f  b ra in  a rea s  a n d  p h y s io lo g ic  fu n ctio n s. 
C o n str u c tio n  o f  a m u ta n t m o u se  w ith  th e C A R T  g en e  d e leted  w ill  
fa c ilita te  th e  ev a lu a tio n  o f  th e  ro le  o f  C A R T  p ep tid es  in th e  
d e v e lo p in g  a n d  m a tu r e  n erv o u s  sy stem . A c c o r d in g ly , co n stru c tio n  o f  
a ta rg e t v e c to r  fo r  d e v e lo p m e n t o f  a " k n o ck o u t"  m u ta n t w a s  
u n d erta k en . A r a d io la b e le d  ra t C A R T  cD N A  w a s used  to screen  a 
b a c u lo v ir u s  lib ra ry  o f  E S 1 2 9 -S V J  m o u se  cell g e n o m ic  c lo n es  by  
h y b r id iz a tio n . A  125 K b  c lo n e  w a s id en tif ied  th a t c o n ta in ed  the  
C A R T  seq u en ce . D ig estio n  o f  th e  c lo n e  by r estr ic tio n  en zy m es  
p ro d u ced  se v er a l fra g m e n ts  th a t w e r e  sh o tg u n  c lo n ed  an d  h yb r id ized  
a g a in . S e v e r a l s m a ller  c lo n es  from  1 K b  to 9 .5  K b  w e r e  fou n d . 
S u b se q u en t r e str ic tio n  m a p p in g  and  seq u en ce  a n a ly s is  o f  th ese  c lon es  
d efin ed  a 13.5 K b reg io n  th a t co n ta in s  th e c o m p le te  C A R T  gen e  as 
w ell as se v er a l K b f la n k in g  in b oth  th e  3 ’ and  5 ’ d irec tio n s. A  ta rg e t  
v e c to r  w ith  th e  en tire  g en e  d e le ted  and  a N E O  c a sse tte  su b stitu ted  is 
b ein g  p rep a red . (S u p p o rted  by U S P H S  g ra n ts  R R 0 0 1 6 5  and  
D A 1 0 7 3 2 . T h e  serv ices  o f  G en o m e  S y stem s Inc. a re  a ck n o w led g ed .)

817.2

ID E N TIFIC A TIO N  OF PR O C ESSE D  C A RT PE PT ID E  FR A G M E N T S  
IN R A T BR A IN  BY W ESTER N B L O T TIN G . P.R . C oucevro* and  
M  J .  K uhar. Yerkes Regional Prim ate R esearch C enter, Em ory  
University, Atlanta, GA 30322

C A RT is a brain enriched transcript that encodes for putative novel 
neuropeptides. Previous w ork has suggested a role for CA R T peptides in 
drug rew ard and reinforcem ent. C A RT peptides produce centrally  
m ediated effects oñ locom otor activity and food intake. Prelim inary data 
suggests that d ifferen t behavioral effects can be produced by different 
CART peptide fragm ents. W e dem onstrated the presen ce o f CART  
peptide fragm ents in the rat brain by W estern blot analysis. Brain  
extracts were run on a m odified d iscontinuous T ricine SD S-PA G E gel 
system . Using CA R T -peptide specific antiserum , C A RT peptide 
fragm ents were identified  in the nucleus accum bens, hypothalam us and 
pituitary with little or no peptide in the dorso-caudal striatu m , verm is of 
the cerebellum , caudal hippocam pus and m otor cortex. The presence of 
these peptide fragm ents suggests processing o f the C A RT protein. 
M olecular weights o f  the fragm ents were approxim ately 6 kDa. This 
distribution pattern is consistent w ith previous im m unohistochem ical 
and in situ hybridization studies, and identification  o f a C -term inal 
CA RT peptide from  sheep hypothalam us by another group. W e are 
currently assessing differential processing o f the propeptide in various 
brain areas. In sum m ary, our data show s the presen ce o f C A RT peptide 
fragm ents in the rat brain. These studies w ill assist in the sequencing  
and structural characterization o f endogenous C A R T peptides. 
(Supported by NIH  grants RR -00165 and D A -10732).
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817.3
SYNAPTIC INTERACTIONS BETWEEN CART PEPTIDE-IMMUNOREACTIVE 
TERMINALS AND MIDBRAIN DOPAMINERGIC NEURONS IN THE RAT 
Pall Vechia, S.E.*, Pare, J-F., Lambert, P., Couceyro, P., Kuhar, M., Smith, Y. 
Yerkes Regional Primate Research Center, Emory University, Atlanta, GA

Cocaine and amphetamine related transcript (CART) mRNA levels have been 
reported to increase in the nucleus accumbens (Acc.) after acute injection o f cocaine 
or amphetamine, thereby suggesting a role o f CART in the mechanism o f action of 
psychomotor stimulants. Midbrain dopaminergic cells that project to the Acc. might 
be involved in this phenomenon. CART peptide-immunoreactive (CARTir) dendrites 
and spines in the shell o f the Acc. are, indeed, contacted by dopaminergic afferents in 
monkeys. Recent light microscopic immunohistochemical data suggest that midbrain 
dopaminergic neurons in the medial substantia nigra compacta (SNc) and ventral 
tegmental area (VTA) are, in turn, innervated by a dense CARTir input. The goal o f 
the present study was to further characterize the ultrastructural features, transmitter 
content and synaptic relationships with dopaminergic neurons o f these CARTir 
terminals in rats. This was achieved by double pre-embedding immunostaining for 
CART peptides and tyrosine hydroxylase (TH) combined with post-embedding 
immunogold for GABA.

Electron microscopic observations revealed that most CARTir terminals in the 
medial SNc displayed common ultrastructural features resembling those o f striatal 
terminals i.e. they were medium sized (diam.O.7-l.2µm.), densely packed with large 
ovoid electron-lucent vesicles, contained few mitochondria, displayed GABA 
immunoreactivity and formed symmetric axodendritic synapses. In double 
immunostained sections, many o f the dendrites contacted by CARTir terminals were 
immunoreactive for TH. In conclusion, these findings, combined with those o f our 
previous studies, suggest that CARTir neurons in the shell o f the Acc. may produce 
their effects via local synaptic interactions in the striatum or direct synaptic inputs 
onto midbrain dopaminergic neurons. This further strengthens the role for CART 
peptides in mediating the action o f psychomotor stimulants. Supported by RR100165 
and DA 10732.

817.5

EVIDENCE THAT ENDOGENOUS CART PEPTIDES REGULATE 
CORTICOSTERONE LEVELS. P.D. Lambert*. K.M. McGirr. P.R. Couceyro 
and M.J. Kuhar. Division of Neuroscience, Yerkes Regional Primate Research 
Center, Emory University; Atlanta, GA 30329.

Cocaine and amphetamine-regulated transcript (CART) is a novel 
messenger RNA elevated in the striatum by cocaine administration. 
Immunohistochemical localization shows CART-immunoreactivity in regions of 
the brain associated with stress responses, (hippocampus and hypothalamus) 
and in the pituitary and adrenals. Data from our laboratory suggest that CART 
peptides are involved in the control of food intake by the brain and it is thought 
that feeding is causally related to a subsequent rise in corticosterone (CORT) 
levels in the rat. Therefore, we have used a polyclonal antibody to CART 
peptide 82-103 (CAb) to investigate the role of endogenous CART peptides in 
the control of CORT levels. Serum CORT levels were measured by 
radioimmunoassay. Intracerebroventricular injection of CAb (5µl) in freely 
moving male Sprague-Dawley rats (n=6), once a day for 2 days, significantly 
reduced prandial serum CORT levels <mean±SEM; 16 ± 3 µg/dl) compared to 
ICV injection of pre-immune serum (26 ± 3 µg/dl). There was no significant 
effect of icv CAb injection on serum T4, testosterone or insulin levels. 
Preliminary experiments using a single intravenous injection of CAb (0.2 ml) 
showed a tendency to reduce CORT levels in the first 20 minutes following 
injection (to 54 ± 17 % of basal) compared to pre-immune treated controls (88 
± 20 % of basal; n=4). These data suggest a role for both central and 
peripheral CART peptides in the control of CORT levels. Central CART 
peptides may be part of the mechanism to increase CORT levels in 
association with feeding in the rat. These data are further evidence for CART 
being involved in a number of physiological processes and point to a role for 
CART peptides in stress responses.

817.7

DISCOVERY OF VASOPRESSIN-IMMUNOREACTIVE (VP-ir) CELLS 
AND FIBERS IN THE HIPPOCAMPUS OF THE SIBERIAN HAMSTER
F.W. Farkas. T.H. Horton.* F.W. Turek. Dept, o f Neurobiology and 
Physiology, Northwestern University; Evanston, IL 60208.

Vasopressin (VP) infused into the hippocampus enhances learning and 
memory in rodents, non-human primates, and humans. However, despite a 
voluminous literature on the effects o f  exogenous VP, little is known o f  the 
extent or physiology o f  endogenous VP in the hippocampus. Last year, we 
reported differences in hippocampal-dependent spatial learning between two 
groups o f  seasonal Siberian hamsters housed in different photoperiods. To 
examine the causal role o f  VP in these changing learning abilities, we 
optimized immunohistochemistry for study o f  VP in the hippocampus. 
Contrary to previous reports, we find VP-ir cells within the hippocampus. 
We also find VP-ir processes in the dorsal hippocampus, in addition to the 
previously reported fibers in the ventral hippocampus o f  the Siberian 
hamster. The VP-ir is higher under long-photoperiods o f  this seasonal 
animal than in short-photoperiod. The photoperiod condition o f  higher VP-ir 
corresponds both with greater spatial learning and with higher levels o f  
gonadal steroids, suggesting a causal role for VP in spatial learning and a 
regulatory role for steroids in VP’s effects on learning. Further studies are 
examining the causal significance o f these correlations to determine if  VP 
plays a role in mediating the reported cognition-enhancing and 
neuroprotective effects o f  sex steroids such as estrogen.
Supported by NIH grant HD-09885.

817.4

CART PEPTIDE- IMMUNOREACTIVE NEURONS IN THE MONKEY PVN: 
ELECTRON MICROSCOPIC CHARACTERIZATION AND SYNAPTIC 
RELATIONSHIPS WITH NPY- IMMUNOREACTIVE TERMINALS. Pare. J-F.. 
Dull Vcchia. S.E., Lambert. P., Couceyro. P., Garrett. B.E.*. Kuhar, M.. Smith, Y. 
Yerkes Regional Primate Researeh Center, Emory University, Atlanta, GA 30329

Coeaine and amphetamine regulated transcript (CART) has been identified to be 
one of the most abundant mRNA transcripts in the hypothalamus (Gautvik et al,
1993). Intraventricular injections ol CART peptides have been reported to decrease 
food intake in the rat (Lambert ct al, 1997). In contrast. Neuropeptide Y (NPY), a 
major neuropeptide involved in the control of feeding increases food intake via 
interactions with PVN neurons (Stanley&Leibowitz, 1985). Therefore, the goal of our 
study was to characterize the distribution, ultrastructural features and synaptic 
interactions of CART peptide-immunoreactive (CARTir) neurons with NPY 
immunoreactive (NPYir) terminals in the PVN of the monkey.

CART peptide-containing cell bodies, dendrites and terminals arc distributed 
throughout both the parvicellular and magnoccllular regions of the PVN, but the 
parvieellular region contains more immunoreactive elements. Electron microscopic 
analysis revealed that CARTir dendrites in both regions of the PVN receive mostly 
asymmetric synapses from CART labeled and unlabeled terminals. Most of the 
CARTir terminals are densely packed with both small, round electron lucent vesicles 
and intensely stained dense core vesicles and form asymmetric synapses with 
dendrites. The magnocellular region contains immunoreactive neurosecretory 
dendrites with CARTir labeling located mainly in dense core vesicles. In light 
microscopic double immunolabeling studies, NPYir varicosities are found in close 
proximity and/or in apposition to CARTir dendrites and perikarya in the parvicellular 
PVN. Electron microscopic studies are in progress to better characterize these 
interactions. In conclusion, our findings suggest that CARTir neurons may play a role 
in various endocrine functions, but particularly in the control of feeding via interaction 
with NPY in the PVN. Supported by DA 10732 and R00165.

817.6
OESTRUS CYCLE AND THE REGIONAL BRAIN NPY CONCENTRATION. P.A. Jiménez. 
D.H. Overstreet1. J. Evenden* and A.A. Mathé. Dept, of Clinical Neuroscience, 
Karolinska Institute, Stockholm, Sweden, 'Dept, of Psychiatry, Univ. of North Carolina, 
Chapel Hill, NC, * Dept. Neuroscience Pharm. BMC, Uppsala Univ., Sweden.

Accumulated data indicate that neuropeptides, in particular neuropeptide-Y (NPY), 
may be involved in depression and anxiety. Although it has been known for many 
years that there is a gender difference in the incidence of depressive disorders, with 
females outnumbering males 2 to 1, there is no clear understanding of the biological 
basis of this difference. The present study examined the concentrations of NPY-like 
immunoreactivity (LI) in several brain regions in three strains of females rats. 
Flinders Sensitive Line (FSL)”depressed”, Flinders Resistant Line (FRL) and 
Sprague-Dawley (SD) ’’healthy” animals. The FSL meets most of the characteristics 
of a valid animal model of depression; e.g. it resembles depressed humans in several 
ways: reduced activity and appetite, increased REM sleep and a therapeutic (anti
immobility) response to antidepressants (Overstreet, 1993; Overstreet et al., 1995). 
As control, the FRL and outbred SD rats were examined. Our previous experiments 
indicated that regional brain NPY-LI concentrations are different between male and 
female animals and, within the same sex, between different strains (’’depressed” vs. 
controls). Moreover, pilot data showed that the response to electroconvulsive stimuli 
(ECS) is sex dependent. Consequently, the aim of this study was to explore whether 
the day of the oestrus cycle has an effect on brain NPY. The phase of the cycle was 
established by daily microscopic examination of vaginal smears. Five to seven 
animals in each of the four phases: diestrus, proestrus, oestrus or metoestrus were 
used. The rats were sacrificed with focused high energy microwave irradiation, the 
brains were dissected, and the peptides extracted and measured with 
radioimmunoassays. The main findings were: (1) the phase of the oestrus cycle does 
not affect the regional brain NPY-LI concentrations, and (2) baseline NPY-LI 
concentrations are lower in female ’’depressed” rats, compared to FRL and SD strains, 
reaching statistical significance in hypothalamus and in hipoccampus.

817.8

CHARACTERIZATION OF PITUITARY A D EN YLA TE CY CLASE
ACTIVATING POLYPEPTIDE (PACAP) INN ERV ATION OF THE 
M UDPUPPY CAIH3IAC G ANGLION. L.K. Schoenfeld, R. R. Kumar, 
and J.C. Hardwick*. B io logy Department., Ithaca C ollege, Ithaca, N Y  
14850.

Pituitary adenylate cyclase-activating polypeptide (PACAP) has been  
localized to fibers innervating the parasympathetic postganglionic neurons 
o f  the cardiac ganglion in the guinea pig. H owever, the origin o f  these 
peptidergic fibers is unknown. The current study was done to characterize 
PACAP innervation o f  the amphibian, Necturus maculosus (mudpuppy) 
cardiac ganglion. Immunohistochemistry was utilized to localize PACAP- 
38 immunoreactive (IR) fibers in the isolated mudpuppy cardiac ganglion. 
PACAP-IR was compared to that o f  CGRP, Substance P (SP) and Galanin 
(GAL). PA CAP-38-IR was often co-localized within CGRP-IR and SP-IR  
fibers, but not with GAL-IR. N o  PACAP-IR cell bodies were observed. 
Explants o f  the cardiac ganglion maintained in culture for 48 hrs at 37°C 
showed degeneration o f  PACAP-IR fibers, confirm ing that the source o f  
PACAP is extrinsic. Bilateral vagotom ies o f  m udpuppies were performed 
with post-operative survival tim es o f  7-21 days. PACAP-IR was 
diminished at 11-14 days and was m axim ally depleted at 21 days follow ing  
surgery. However, not all o f  the PACAP-IR fibers degenerated in the 
vagotom ized animals, indicating that, although the majority o f  the PACAP  
appears to derive from the vagus nerve, there are additional sources o f  
PACAP. These additional sources o f  PACAP are hypothesized to 
originate from dorsal root ganglia, given the co-localization o f  PACAP  
with the sensory peptides CGRP and SP.
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817.9
PROGRESS ON THE IDENTIFICATION OF A NOVEL PTH2 RECEPTOR- 
SELECTIVE PEPTIDE FROM THE HYPOTHALAMUS. T. B. Usdin1*. L. 
Baptiste1 and H, Jaffe2. 'Sect, on Genetics, NIMH and 2Lab. Neurochem., NINDS, 
Bethesda, MD 20892.

We recently identified the PTH2 receptor (PTH2-R), which is selectively activated 
by parathyroid hormone (PTH; 1). The PTH2-R is most abundantly expressed in the 
brain but we cannot detect mRNA encoding PTH, the only ligand known to activate 
the PTH2-R, in the CNS. PTH mRNA may not be detected a) for technical reasons, 
b) because circulating PTH enters the brain, or c) because the receptor is expressed in 
the brain but not used. We are investigating the possibility of another brain peptide 
which is a PTH2-R ligand. A hypothalamic extract causes cAMP accumulation by 
PTH2-R expressing HEK293 cells, but does not stimulate the parent cells, and has a 
much smaller effect on PTH/PTHrP-R expressing cells. Further, the activity is not 
blocked by a PTH-directed antibody which blocks the effect of synthetic PTH or a 
parathyroid gland extract (2). Using stimulation of cAMP accumulation in HEK293 
cells expressing the PTH2-R as an assay we have taken on purification of this 
putative novel neuropeptide. We have developed a 96-well plate based cell 
stimulation and cAMP ELISA assay system. A purification scheme based on acid- 
extraction, concentration and desalting on C18 resin, ion-exchange chromatography, 
and RP-HPLC has been developed. We have scaled up to extract kilogram 
quantitities of bovine hypothalamus. This procedure has lead to a very high specific 
activity fraction containing a small number of species as assessed by UV absorbance 
during HPLC and by SDS-PAGE. We are currently evaluating these species by 
Edman degradation and mass spectrometry. Based on the anatomical distribution of 
its receptor (see abstract by Mezey et al.) we believe this will lead to characterization 
of a new neuropeptide system involved in neuroendocrine regulation. 1 .Usdin et al. J. 
Biol. Client. 270, 15455 (1995). 2.Usdin. Endocrinol. 138, 831 (1997). Supported 
by the NIMH and NINDS IRP’s.

817.11
BR A D Y K IN IN  B2 R E C E P T O R  IM M U N O R E A C TIV ITY  IN R A T
B R A IN . E.-Y. Chen*. D.F. Emerich1. W.M-Esterl2 R.T. Bartus1. and J.H. 
Kordower. Dept. Of Neurological Sciences, Rush Presbyterian Med. Ctr., Chicago, 
IL 60612, ‘Alkermes Inc., Cambridge MA, institu te  for Physiological Chemistry 
and Pathobiochemistry, Johannes-Gutenberg University of Mainz, Mainz Germany.

Bradykinin is a nonapeptide formed from kininogen by the serine protease 
kallikrein. Bradykinin exerts a variety of biological actions and has been implicated 
in the pathogenesis of inflammation, pain, asthma, hypertension and other diseases. 
There are at least two distinct bradykinin receptor subtypes (B1 and B2). Most of the 
kinins’ actions are mediated by the bradykinin B2 receptor. The present study 
employed a monoclonal antibody directed to a specific region of the human 
bradykinin B2 receptor to characterize the distribution of this receptor within the rat 
brain. Rats were perfused with 4% paraformaldehyde. Bradykinin B2 receptor 
immunoreactivity (ir) was ubiquitously distributed throughout the rat central nervous 
system. Double label experiments with neuronal and glial markers demonstrate that 
bradykinin B2 receptor-ir is exclusively localized to neurons. Dense collections of 
bradykinin B2 receptor-ir were seen in most brain nuclei including those of the brain 
stem, cerebellum, basal nuclei, thalamus, hypothalamus, olfactory system and 
cerebral cortex. Bradykinin B2 receptor immunoreactivity is also present in the 
ependyma of the lateral, third and fourth ventricles and the choroid plexus. The 
specificity of this staining pattern was confirmed by the absence of staining 
following deletion of the primary antibody. Further, the staining pattern was 
eliminated in a dose-dependent fashion when the primary antibody was preadsorbed 
with the bradykinin B2 receptor peptide. Interestingly, bradykinin B2 receptor -ir was 
not seen within blood vessels, even when staining was enhanced via tissue 
pretreatment with formic acid or microwave or the immunohistochemical reaction 
was intensified with nickel II sulfate. The ubiquitous distribution of the bradykinin 
B2 receptor suggests that this protein plays a fundamental role in CNS neuronal 
function, (supported by Alkermes Inc.)

817.13
DOSE-DEPENDENT INHIBITION OF GASTRIC VAGAL EFFERENT DISCHARGE 
(GVED) BY INTRACISTERNAL (IC) INJECTION OF SAUVAGINE, IN RATS.
H.P.Kosovan*. J.Y.Wei and Y.Taché. UCLA, CURE/DDRC, VAMC and Dept, of 
Med. and Brain Res. Inst., Los Angeles, CA 90073.

Our previous studies indicate that ic CRF dose-dependently inhibits GVED (Digestive 
Dis. & Sci., 39, 1800, 1994). Sauvagine, a 40-amino acid peptide isolated from 
P h y llo m e d n .s a  s a u v a g e i  amphibian's skin, displays a higher affinity to the CRF2 receptor, 
while having a similar affinity to the CRF, subtype compared to CRF (Pharmacol. Sci. 17, 
166, 1996; P ro c . Natl. A c a d .  S c i. 92, 836, 1995; Mol. Pharmacol. 50, 679, 1997). Aim: 
To examine the changes in basal multi-unit GVED induced by ic injection of CRF 
agonist, sauvagine, in urethane-anesthetized rats. Method: Male SD rats (280-320 g) 
were anesthetized with urethane and implanted with an intracistemal catheter for ic (15 
µl) injection. A strand of ventral gastric branch of the vagus was cut distally to record 
efferent discharge. Nerve signals were sent to a window discriminator and counted on 
computer. One minute maximum multi-unit peak changes from preinjection basal GVED 
were calculated (Mean + SEM). Results: In control experiment 4 consecutive 
intracistemal injections of saline at 15-45 min intervals did not cause significant change 
in basal GVED (102.3 ±  1.7%, 98.8 ± 1.7%, 98.3 ±  1.0% and 99.3 ± 2.4%, n = 4, 
p < 0.05). In another group of animals, consecutive intracistemal injections of sauvagine 
(2.1, 6.3 and 21 pmol) dose dependently decreased basal GVED to 71.4 ± 1.3%, 40.2 
± 1.1% and 21.0 + 2.1% (n —5, P < 0.05), respectively. Saline ic injection before 
sauvagine had no effect (97.8 + 1.5%, n = 5). The onset time was 2-3 min and the 
maximal inhibitory responses were observed at 5.8 ± 0.7 min, 11.4 ±  1.2 min and 18.6 
± 6.0 min at 2.1, 6.3 and 21 pmol, respectively. The duration of the response (10-45 
min) was dose related. Conclusion: Sauvagine injected ic dose-dependently inhibits 
GVED. These data and our previous findings show that the rank order of potency of ic 
sauvagine > CRF to suppress GVED suggesting on interaction through CRF2 receptor 
subtipe. (Supported by NIH grant DK 33061).

817.10
ANATOMICAL STUDIES OF THE RAT PTH2 RECEPTOR. E. Mezev2. M. 
Palkovits1. M.K. Floeter3*, and T.B. Usdin1. ‘Sect, on Genetics, NIMH; 2Basic 
Neurosci. Prog., ¾MG Sect., NINDS. Bethesda, MD 20892.

We recently identified the PTH2 receptor (PTH2-R) (1) and are currently 
working toward identification of its physiological roles. Parathyroid hormone 
(PTH) stimulates cAMP accumulation via the PTH2-R in transfected tissue 
culture cells. Unlike the PTH/PTHrP (PTH1) receptor it is not activated by 
parathyroid hormone-related peptide (PTHrP) and is not expressed at high levels in 
the kidney or bone. By Northern blot, expression is greatest in the brain, and is 
detected in pancreas, testis and placenta. In situ hybridization revealed expression 
by specific cell types in additional peripheral organs and specific CNS nuclei (2).
It is particularly high in the hypothalamic periventricular nucleus and a number of 
nuclei which project to and receive projections from the hippocampus. We have 
now developed a PTH2-R selective antibody and have begun detailed mapping of 
the PTH2-R’s anatomical distribution. Most striking is strong labeling of fibers 
and terminals in the external layer of the median eminence. Double labeling 
demonstrates that the PTH2-R is expressed by the somatostatin containing 
periventricular neurons which project to the median eminence. Pituitary ablation 
was performed to determine whether the PTH2-R was subject to feedback 
regulation. Hypophysectomy lead to a dramatic increase in the level of the PTH2- 
R in the periventricular nucleus. Also, in control animals PTH2-R expression 
was barely detectable in the arcuate nucleus and pituitary lesion lead to a dramatic 
increase in its expression by a distinct cell population in the nucleus with a 
distribution characteristic of somatostatin expressing neurons. Current work is 
focused on completing the anatomical mapping of the PTH2 receptor and 
determining the mechanism of its regulation. 1.Usdin et al. J. Biol. Cliem. 270, 
15455 (1995). 2.Usdin et al. Endocrinol. 131, 4285 (1996). Supported by the 
NIMH and NINDS IRP’s.

817.12
IMMUNOHISTOCHEMICAL DISTRIBUTION OF SST5 IN ADULT RAT BRAIN. 
H  Krçienkamp¶ and A, .Beaud&t. Montreal Neurological Institute, 3801
University St., Montreal, Quebec, H3A 2B4, Canada; ¶lnstitut fur Zellbiochemie und 
klinische Neurobiologie, D-20246 Hamburg, Germany.

The neuropeptide somatostatin (SRIF) acts through a family of G protein-coupled 
receptors, designated s s t^ ,  with sst5 showing preferential affinity for somatostatin28, 
one of two molecular forms of the peptide. While sstj_4 have been localized by in situ 
hybridization and/or by immunohistochemistry in the mammalian CNS, nothing is 
known about the distribution of sst5 in the brain. Taking advantage of a recently de- 
velopped C-terminal-specific affinity-purified antibody against rat sst5 (Roth, A. et al., 
DNA Cell Biol. 16, 111, 1997), we localized the sst5 receptor protein by immunohisto
chemistry in the adult rat brain. Immunostaining for sst5 pervaded the cytoplasm of a 
selective population of neuronal perikarya and dendrites throughout the rat forebrain. 
Highest levels of sst5 immuno labeling were observed in the basal fore brain. Thus, 
numerous cells were moderately to strongly labeled in the islands of Calleja, the 
olfactory tubercle, the substantia innominata, the fundus striati, and especially 
throughout the magnocellular preoptic nucleus. Less intensely labeled neurons were 
also detected in the diagonal band of Broca and in the medial septal nucleus. Other 
forebrain areas exhibiting sst5 immunoreactivity included the cerebral cortex, 
thalamus, and hypothalamus. In the cerebral cortex, pyramidal cells in layers V/VI 
were sst5-positive. In the thalamus, strongly labeled cell bodies were present exclu
sively in the reticular thalamic nucleus. Labeling in the hypothalamus was faint and 
restricted to the medial and lateral preoptic area and the lateroanterior nucleus. This 
pattern of distribution suggests a predominant role for sst5 in the mediation of SRIF 
effects on neurons of the basal forebrain. Through these neurons' projections to the 
cerebral cortex, it may mediate the documented effects of SRIF on the sleep-waking 
cycle. Supported by grants from the Deutsche Forschungsgemeinschaft and the 
Medical Research Council of Canda.

817.14
SOM ATOSTATIN DEPRESSES EPILEPTIFORM ACTIVITY BY  
REDUCING FEED-FORW ARD EXCITATION IN RAT HIPPOCAMPUS.
M. K. Tallent* and G, R, Siggins. Department o f  Neuropharmacology, The 
Scripps Research Institute, La Jolla, CA 92037  

The loss o f  somatostatin-containing neurons in hippocampus has been a 
consistent finding in epileptic tissue, and hippocampal somatostatin (SST) 
release is enhanced after kindling. However, the function o f  SST in epilepsy is 
unknown; both pro- and anticonvulsant actions have been proposed. The CA3 
region o f  the hippocampus is an important pacemaker for epileptiform 
activity, as mutual activation o f  CA3 neurons through the associational/- 
commissural pathway leads to epileptiform discharges when excitation is 
increased or inhibition suppressed. W e tested the effect o f  SST on two in vitro 
models o f  epilepsy in the hippocampal slice; superfusion o f  the GABAa 
receptor antagonist bicuculline or o f  M g2+-free bathing solution. W e show 
that SST strongly reduced the intensity o f  evoked epileptiform afterdischarges 
and the frequency o f  spontaneous bursts in both CA3 and CAL SST also 
reduced the frequency o f  paroxysmal depolarizing shifts recorded 
intracellularly in CA3 neurons. SST acted specifically to reduce recurrent 
excitation between CA3 neurons by depressing associational/commissural- but 
not mossy fiber-evoked excitatory postsynaptic currents. Thus, SST  
selectively reduces recurrent feed-forward excitation in rat hippocampus, a 
role unique from that described for other neuropeptides in this brain region. 
SST appears to act as a homeostatic regulator in hippocampus to "brake" 
excessive neuronal excitability, suggesting that SST receptors could provide 
an important new target for anti-epileptic drugs. Supported by NIH grants 
MH44346 andAAO7456.
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817.15
G alanin M odulates Cortical Cholinergic Neurotransm ission.
H.Y.W AN G*, D .H.S.LEE, R.P.SHANK. CNS Research Team, The
R.W .Johnson Pharm aceutical Research Institute, Spring House, PA 19477,
U.S.A.

Hum an galanin, a thirty am ino acid neuropeptide, is known to regulate a wide 
variety o f  physiological functions including mem ory, feeding and pain 
perception. Previous reports have shown that galanin negatively modulates 
acetylcholine release in both in vivo  assessm ents and in hippocam pal slices. 
Here we report evidence indicating that galanin m odulates the cholinergic 
neurotransm ission in both cerebrocortical- slices and synaptosom es. Rat 
cerebrocortical slices and synaptosom es were prepared and incubated with 
[^H ]choline in Kreb's-R inger solution for 30 min. Tissues were washed and 
superfused with physiological solution containing physostigmine. The effects 
o f  galanin and an inhibitor o f  galanin, galantide, on spontaneous and K+- 
stimulated [^H jacetylcholine release were assessed. The data dem onstrate that 
galanin inhibits both spontaneous and K+-stim ulated [^H jacetylcholine release 
in a concentration-related m anner with an EC50 o f  35 nM. This gaianin- 
mediated effect was significantly reversed by preteatm ent with pertussis toxin 
indicating that a G i/Go protein is involved. Incubation o f  the tissue with 
galantide resulted in a weak, concentration-dependent reduction o f  K+- 
stim ulated [^H ]acetylcholine release w ithout significant effect on spontaneous 
[^H ]acetylcholine efflux. W hen adm inistered together with galanin, galantide 
attenuated the galanin-m ediated inhibitory effect on [^H jacetylcholine release. 
These data suggest that galanin is a negative m odulator o f  the cortical 

presynaptic cholinergic function. Our data from acetylcholine release, cAM P 
accum ulation and GTPγ>S binding studies confirm  that galantide is a weak 
partial agonist for galanin recep to r-1.

817.17
ORPHANIN FQ DIRECTLY INHIBITS ALL TYPES OF NEURONS IN THE RAT 
NUCLEUS RAPHE MAGNUS IN VITRO.
Z. Z. Pan* & H. L. Fields. Departments of Neurology and Physiology and the Keck 
Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143.

Orphanin FQ (OFQ), or nociceptin, a wide spread endogenous heptadecapeptide, has 
been reported to produce conflicting effects on pain threshold, but consistent 
attenuation of morphine analgesia. In this whole-cell patch clamp recording study of 
brain stem slices in vitro, we examined the cellular actions of OFQ on neurons which 
are critical in pain modulation and opioid analgesia. We have previously identified two 
cell types: primary cells expressing K-opioid receptors and secondary cells containing 
the µ-receptor. Activation of primary cells contributes to opioid analgesia. At a 
holding potential of -6OmV, OFQ (lOOnM) produced a dose dependent (10-300nM) 
outward current (hyperpolarization) in both types of cell tested. In primary cells, the 
OFQ-induced current had an amplitude of 38 + 2 pA (n=l9), including the cells in 
which the K agonist U69593 (3OOnM) also caused an outward current (36 ± 4 pA, 
n=5). In secondary cells, both OFQ and met-enkephalin (ME, lOµM) acting on the µ- 
receptor produced a similar outward current (19 ±  1 pA, n=l3 and 21 + 1 pA, n=7, 
respectively). In current clamp, OFQ produced a hyperpolarization (8.8 ± 0.8 mV, 
n=7) and completely inhibited the spontaneous firing in secondary cells, as did ME 
(10.5 ±  l.6mV, n=5). In all cells, Neither naloxone (lµM ) nor norBNI (lOOnM) 
affected the OFQ action, thus excluding the involvement of µ-, K- or δ-receptors. The 
OFQ-induced current reversed its polarity at -100.4 + 0.8 mV (n=25). The reversal 
potential was shifted to -70.5 ±  1.0 mV (n=9) and -59.1 ± 0.7 mV (n=9) when the 
extracellular K+ concentration was increased to 6.5mM and lO.5mM, respectively, 
suggesting an increased K+ conductance induced by OFQ. These results suggest that 
the behavioral effect of OFQ in the nucleus will depend on which of the two 
functionally different neuron types is dominantly active. OFQ attenuates opioid 
analgesia by inhibiting primary cells, the cell type activated by analgesic opioids. 
Supported by the USPHS grant DA 1949 and the National Headache Foundation.

817.19
EFFECTS O F A M PH E T A M IN E  ON  B R A IN  N E U R O PEPT ID ES IN 
H A LO PER ID O L O R R ISPE R ID O N E PR E T R E A T E D  RA TS.
S. H. M. G ruber, A. A. M a th é * . K aro linska Institute, Inst, o f Clin. 
N euroscience, St. G o ran 's  H ospital, S -l 12 81 Stockholm , Sw eden.

N europeptides are co -sto red  and co -released  with classical 
neuro transm itters in CN S. C alcitonin  gene-re la ted  peptide, n eu ro p ep tid e  
Y and n euro tensin  are o f  p articu lar in terest in the study o f psycho tic  
disorders as they in teract with dopam ine and norad ren a lin e  in selected 
brain reg ions. P reviously we found that psychotom im etics, such as 
am phetam ine as well as M K-801 and phencyclid ine affect both tissue and 
m icrodialysate  peptide concen trations. C onsequen tly  we decided  to 
explore w hether antipsychotic  drugs also have an effect on peptides. M ale 
W istar rats were fed chow  supp lem ented  with h a loperido l (1.15 mg/lOOg 
food), risperidone (2.3 mg/lOOg food) or vehicle. On day 22, the anim als 
were d iv ided  in two groups receiv ing  ip in jections o f saline o r  
am phetam ine (1.5 m g/kg) for 7 days, while con tin u in g  on the same diet. 
On day 30 the two groups were split again  into two subgroups that 
received a single sc injection o f saline or am phetam ine. M icrodialysates 
were co llected  from  probes inserted  in ventral striatum . Specific pattern  
o f neuropeptide changes in d ialysates em erged  and w ill be presented. The 
data  dem onstra te  that both am phetam ine and an tipsycho tics have an 
effect on neuropeptides in m icrodialysates from  ventral striatum . 
S upported  by The Sw edish M edical R esearch  C ouncill, g rant 10414 and 
The K aro linska Institu te.

817.16
α-M E L A N O C Y T E  S T IM U L A T IN G  H O R M O N E  (oc-MSH) 
E X C IT E S  N E U R O N S  O F  T H E  R A T  L A T E R A L  S E P T U M  A N D  
IN C R E A S E S  T H E  R E L E A S E  O F G A B A . M . A lreia* . A. K um ar. W. 
L iu  and  R .S . D um an  D ept, o f  P sych ., Y ale  U niv . Sch. M ed. N ew  H aven, CT.

Recent studies suggest that m elanocortin  peptides, by directly acting on the 
brain, induce groom ing behavior, reduce fever, aid in the retention of learned 
behaviors and contribute to drug addiction-related behaviors. B iochem ically, 
the m elanocortin receptors (M CRs) are positively coupled to adenylate cyclase; 
electrophysiological effects o f M SH on CNS neurons rem ain unknown. The rat 
lateral septum  (LS), which is rich in M SH -containing term inals, expresses both 
the M C3-R and M C4-R receptor subtypes. Local applications of M SH into the 
LS have been reported to reduce endotoxin-induced fever. In the present study, 
we used an in vitro brain slice preparation of the rat LS to study the electrophysi
ological effects of [Nle4, D -Phe7]α-M SH  (M SH), a peptide agonist which has 
a sim ilar affinity for M C3-R and M C4-R receptor subtypes.

In intracellular recordings with KC l-containing electrodes, bath-applied 
M SH (100 nM - 3 µM), increased the firing rate and/or increased synaptic 
activity in 35% (14/40) of LS neurons tested. The increase in synaptic activity 
resulted from a firing of G ABA neurons w ithin the slice preparation, as it was 
blocked by the G A BA a antagonist, bicuculline (n=3) and by tetrodoxin (n=2). 
The M SH -induced increase in firing rate /excitability  was accom panied by a 
reduction in the sAHP and a block of the spike frequency accom odation. All 
effects o f M SH were slow in onset and were prolonged in duration. 8-Br-cAM P 
(1 mM), a phosphodiesterase resistant, m em brane perm eable analog of cAMP, 
m im icked the effects of M SH in the one cell tested. In conclusion, [Nle4, D- 
Phe7]α-M SH  increases the release o f GABA in LS neurons by increasing the 
firing rate o f GA BA ergic neurons. Supported  by DA 09797 and DA PPG 08227.

817.18
OPIATE EXPOSURE FACILITATES LTD INDUCTION IN THE 
RAT HIPPOCAMPUS. J.J. Wagner1* and B.A. Gosnell2 1. Dept, o f  
Pharmaceutical Sciences, North Dakota State University, and 2. 
Neuropsychiatric Research Institute, Fargo, ND 58105  

In the CA1 region o f  the rat hippocampal slice preparation it has 
previously been demonstrated that the magnitude o f  long-term  
depression (LTD) is enhanced in the presence o f  GABA antagonists 
(Wagner & Alger, 1995; Kerr & Abraham, 1995). Therefore, 
modulation o f  the GABA system is potentially an important influence 
on LTD induction. Opiates, such as morphine, as w ell as endogenous 
opioid peptides, such as enkephalins, are potent inhibitors o f  
GABAergic activity. In contrast with bicuculline or picrotoxin, such 
opioid substances are potentially physiologically relevant antagonists o f  
the GABA system in the hippocampus. Acute (bath) application o f  the 
mu agonist DAMGO significantly enhanced LTD o f  CA1 fEPSPs 
following a 1 Hz stimulation protocol. Application o f  either a delta or a 
kappa opioid agonist had no significant effect. In an occlusion-type 
experiment, co-application o f  bicuculline with DAM GO did not have 
additive effects in enhancing LTD, suggesting that the mechanism o f  
the mu opioid effect was accomplished via disinhibition. Hippocampal 
slices obtained from rats chronically exposed to morphine also 
demonstrated significantly enhanced LTD. These results suggest that 
both acute and chronic exposure to mu opioids can alter synaptic 
plasticity induced by 1 Hz stimulation. Supported by D A 09603.

817.20
IMMUNOHISTOCHEMICAL LOCALIZATION OF RGS 7 PROTEIN AND 
CO-LOCALIZATION WITH G αq/11 IN ADULT RAT BRAIN. J.-J. Liang. P. 
Jones. M.I. Cockett* and X.Z. Khawaia. CNS Disorders, Wyeth-Ayefst 
Research, Princeton, NJ 08543-8000

The novel family of RGS proteins (Regulators of G-protein signaling) play an 
important role in the regulation of signal transduction by serving as potent 
GTPase-activating proteins for GTP-bound (active) Gα subunits of the Gαi and 
Gαq families. A number of in situ hybridization studies have demonstrated the 
regio-specifíc expression of several RGS proteins (RGS 3-11) in the brain. This 
study describes the immunohistochemical localization of the brain-specific RGS 
7 protein within the CNS of the adult rat, and its co-localization with Gαq/11.

We used rabbit polyclonal antibodies that specifically recognized RGS 7 or 
G αq/11 proteins. RGS 7 immunoreactivity (ir) was observed in cortical layers I- 
VI, being most intense in the neuropil of cortical layer I. In the hippocampal 
formation, RGS 7-ir was concentrated in the stratum oriens, mossy fibers and 
polymorphic cells, with faint or non-detectable immunoreactivity within the 
dentate gyrus granule cells, pyramidal cells of the CA1-CA3 region and stratum 
radiatum. Numerous cells within various thalamic nuclei were found to be 
immunopositive for RGS 7. Highest levels of immunoreactivity were 
concentrated in the anteroventral ventrolateral, anteroventral dorsalmedial, 
ventral posterolateral thalamic nuclei, dorsal lateral and medial geniculate nuclei. 
In the cerebellum, strong immunoreactivity for RGS 7 was observed in the 
molecular layer, with moderate staining occurring in the granule cell layer and 
Golgi cells but none in the Purkinje cells.

The pattern of Gαq/11 immunoreactive staining was almost identical to that 
observed for RGS 7, with some minor variations. Dual immunofluorescence 
studies confirmed a predominantly parallel distribution pattern for RGS 7 with 
that for Gαq/11 within the same cell populations. These results provide essential 
information on the regional distribution of RGS 7 protein and its co-localization 
with Gαq/11 in the CNS.
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818.1
CARDIOVASCULAR RESPONSE, FEEDING BEHAVIOUR, AND 
LOCOMOTOR ACTIVITY IN NPY Y1 RECEPTOR-DEFICIENT MICE.
T. Pedrazzini1, J. Seydoux3, Pierre Künstner1  ̂Jean-Franςois, Au.bert1,
V. P a d ru n * 2, E. G rpu ¾n¾nn1* F ,B e e π n a m A  an d  H--R,.B runne r \
^Div. of Hypertension, and 2Gene Therapy Center, Univ. of Lausanne Med. 
Sch., CH-1011 Lausanne, 3Dept. of Physiology, Univ. of Geneva, CH-1211 
Geneva, ^Swiss Inst, for Exp. Cancer Res., CH-1066 Epalinges, Switzerland.

N europeptide Y (NPY) has been im plicated in various physiological 
responses included cardiovascular homeostasis and the hypothalam ic 
control of food intake. At least six subtypes of NPY receptors have been 
described. Due to the lack of selective antagonists, the importance of each of 
these receptors has been difficult to establish. To address the specific role of 
the NPY Y1 subtype, we created mice which are deficient for the expression 
of this particular receptor. Homozygote m utant mice dem onstrate a 
complete absence of blood pressure response to NPY, while they retain 
normal response to other vasoconstrictors. Daily food intake as well as NPY- 
stim ulated feeding are only slightly dim inished whereas fast-induced 
refeeding is m arkedly reduced. A dult NPY receptor-deficient mice are 
characterized by increased body fat with no change in protein content. In 
absence of hyperphagia, the higher energetic efficiency of m utant mice 
might result, in part, from lower metabolic rate measured during the active 
period, associated w ith reduced locom otor activity. These results 
dem onstrate the im portance of NPY Y1 receptors in N PY-mediated 
cardiovascular response and in the regulation of body weight through 
central control of energy expenditure. In addition, these data indicate also a 
role for the Y1 receptor in the control of food intake.
Supported by grants from the Swiss National Science Foundation

818.3
PHYSICAL MAPPING OF THE HUMAN NPFF GENE AND INVESTIGATION 
OF ITS CANDIDACY AS A DISEASE GENE LOCUS.
J,F,BURKE1*. A.J.H.Clarke2. M .RJam es4 and S.J.Perrv3.Pept of Biochemistry1, 
Sussex Centre for Neuroscience3, University of Sussex, Brighton, BN1 9QG, UK; 
Dept Chemical Endocrinology2, St Bartholomews Hospital Medical College, 
University of London, London, EC1A 7BE, UK, Wellcome Trust Centre for Human 
Genetics4, Oxford OX3 7BN.

FMRFamide-related neuropeptides have been isolated from both invertebrate 
and vertebrate species, where they have diverse physiological functions. The first 
example of such a peptide to be isolated from the vertebrates was bovine 
neuropeptide FF (NPFF; FLFQPQRFamide; Yang et al„ 1985, PNAS USA, 82, 
7757-7761). In humans, single copies of two related peptides are encoded on a 
common polyprotein precursor (NPSF: SQAFLFQPQRFamide, NPAF: 
AGEGLLNSQFWSLAAPQRFamide; Perry et al„ 1997, FEBS Letters 409, 426- 
430). Here, we describe the mapping of the human gene to within the keratin type- 
II gene cluster on chromosome l2q, between AFM 234fl2 (Lod score 19.1) and 
AFMA l28yd5 (Lod score 18.9). This maps to the identical region as a putative 
disease locus for triple-A syndrome, a homozygous recessive trait characterized by 
alacrima, achalasia and ACTH deficiency (Weber et al., 1996, Human Molecular 
Genetics 5, 2061-2066). In order to investigate the candidacy of the NPFF gene in 
the production of this disease, copies of the gene were amplified from the genomic 
DNA of five triple-A sufferers, and the sequences of the coding regions and introns 
were deduced. In all five cases, no mutations in the protein coding regions were 
detected, nor were any detected in regions necessary for correct splicing of the gene. 
This study eliminates missense, nonsense and splicing mutations in the NPFF gene 
as causative of triple-A syndrome, however, an investigation of the promoter 
structure and the level of expression of the peptides has yet to be made, 
email: J.F.Burke@sussex.ac.uk. Work supported by a BBSRC grant. UK.

818.5
UROCORTTN: A NEW ANOREXIC NEUROPEPTIDE
J.S. Katner*. N. Ling R.M,A, Simmons. D.L. Li and S. Ivengar. ‘Neurocrine 
Biosciences, San Diego, CA 92121 and Lilly Neuroscience, Eli Lilly and Co., 
Indianapolis, IN 46285, USA.

Urocortin (UCN) is a newly described neuropeptide belonging to the 
corticotropin releasing factor (CRF) family of peptides. UCN is discretely 
localized in the brain in regions that regulate feeding. UCN binds to both CRF, 
and CRF2 receptors with varying affinities. The physiological levels of UCN 
are regulated via a binding protein which binds to both UCN and CRF. The aim 
of this study was to evaluate the effects of centrally administered UCN (0.7-700 
pmoles, i.c.v.) on various feeding paradigms in CD-I mice since CRF has been 
previously shown to have anorexic effects. Following intracerebroventricular 
(i.c.v.) administration, UCN potently blocked basal food consumption in CD-I 
mice. UCN was then tested in an endogenously-stimulated feeding model, 
consumption of sweetened condensed milk and in an exogenously-stimulated 
feeding paradigm, Neuropeptide Y (NPY)-induced food consumption. Chronic 
consumption of sweetened condensed milk as well as chronic administration of 
NPY leads to increased weight gain. UCN potently blocked both types of 
stimulated feeding in a dose-dependent manner. In all of these studies, UCN 
showed maximal effects at doses less than 70 pmoles (i.c.v). At these doses, the 
mice did not show overt neuromuscular or behavioral deficits. Elevated plus- 
maze activity was also evaluated in order to determine if the observed anorexic 
effects of UCN were potentially anxiety-related. I.c.v. administration of UCN 
showed no significant effect on time spent and the number of crossings into the 
open arms of the plus maze at several time points. These data suggest that UCN, 
acting via CRF receptors, potently mediates appetite regulation independent of 
anxiogenic behavior. Furthermore, these results support the hypothesis that 
selectively modulating the synaptic availability of urocortin and/or CRF could 
result in a novel approach to appetite regulation and obesity.

818.2
LOCOMOTOR ACTIVITY IS REDUCED IN NEUROPEPTIDE Y TRANSGENIC 
RATS. T. Michalkiewicz, R. Keith. D. Kreulen, M. Michalkiewicz*. West Virginia 
University, Department of Physiology, Box 9229, Morgantown, WV 26506, USA.

Neuropeptide Y (NPY) can affect energy balance by a significant increase in food 
consumption correlated with an increased body weight. The present study determined 
the effect of chronic NPY overexpression on energy expenditure by measuring 
locomotor activity in NPY transgenic male and female rats. NPY transgenic Sprague 
Dawley rats were developed by pronuclear injection of fertilized oocytes with a 14 kbp 
clone of the rat structural NPY gene containing its natural promoter and regulatory 
elements. All experiments were performed on F, generation of NPY-transgenic 
hemizygotes (n=9-10, line No 400). Non-transgenic litter mates were used as controls. 
Incorporation of additional (five) copies of the NPY gene resulted in an increased NPY 
concentrations in a number of tissues, including neuronal. These animals have been 
shown to have gender-dependent phenotypes with a moderate hypertension and an 
increased food intake and body weight observed in males but not in females. For the 
present study rats were placed in standard wire cages with constant access to running 
wheels, food, and water. Running-wheel activity was recorded for 11 days. Total wheel 
turns per day increased steadily over 11 days. Normal circadian rhythmicity of 
locomotor activity was not affected in NPY mutant males or females. Mean turns were 
greater for all groups during the dark than during the light. NPY transgenic male rats 
ran significantly less (37.1%) than their non-transgenic litter mates (224.O± 32.4 vs. 
357.5±3O.8 meters per day, (p<0.01). Females had a higher running activity than males 
but in the NPY transgenic females the attenuation of running activity was greater 
(45.7%) than in NPY+ males (464.2±64.6 vs. 856.1 ±65.0 m/day, p<0.01). These data 
suggest that NPY signaling inhibits energy expenditure in rats. The NPY transgenic rats 
may provide a new animal model for the study of energy metabolism including 
development of NPY receptor antagonists (Supported by AHA and WVU grants).

818.4
DISTRIBUTION OF OREXIN RECEPTOR mRNA IN THE RAT BRAIN. P , 
Trivedi. H. Yu. D.J. MacNeil*. L.H.T. Van der Ploeg and X.-M. Guam Dept of 
Obesity Research, Merck Research Laboratories, Rahway, NJ 07065 

Orexin-A and orexin-B are newly identified neuropeptides which are proteolytically 
derived from the same precursor. Prepro-orexin mRNA is exclusively expressed in the 
lateral and posterior hypothalamus, and is up-regulated under fasting state. Central 
administration of the orexins stimulated feeding in rats, suggesting a role in the 
regulation of food intake. Two orexin receptors (OX1R and OX2R) have been 
described: orexin-A has a high affinity for both receptors whereas orexin-B shows a 10- 
fold higher affinity at OX2R than that at OX1R. To better understand orexin functions 
in the brain, CNS distribution of the orexin receptor mRNA was studied in rats by 
using in situ hybridization techniques. OX1R and OX2R exhibited marked differential 
distribution throughout the brain. Within the hypothalamus, OX1R mRNA is most 
abundant in the ventromedial hypothalamic nucleus (nu), and moderate signals are also 
present in the anterior hypothalamic area, medial preoptic area, dorsomedial 
hypothalamic nu and posterior hypothalamic area. OX2R mRNA is predominantly 
expressed in the paraventricular nu. Weak to moderate signals were detected in the 
dorso- and ventromedial hypothalamic nu, parafomical nu, posterior and lateral 
hypothalamic areas. Other brain regions expressing OX 1R mRNA include dorsal tenia 
tecta, indusium griseum, septohippocampal nu, bed nu of the stria terminalis, paraven
tricular thalamic nu, CA1, CA2 regions of the hippocampus, medial amygdaloid nu, 
dorsal and median raphe, and locus coeruleus. In contrast, OX2R mRNA is mainly 
expressed in the olfactory tubercle, the inner layer of the isocortex, shell of the nu 
accumbens, nu of the vertical limb of the diagonal band, medial septal nu, central 
medial thalamic nu, subthalamic nu, paraventricular thalamic nu, dentate gyrus and 
CA3 region of the hippocampal formation. The presence of orexin receptor mRNA in 
the hypothalamus is consistent with its proposed role in feeding control. However, the 
high expression of orexin receptors in multiple brain sites may indicate that the pep
tides have additional as yet undefined physiological functions. Finally, the strikingly 
distinct distribution of OX1R and OX2R suggests that these receptors may mediate 
distinct functions of orexins in different brain regions. Supported by Merck & Co., Inc.

818.6
DISTRIBUTION OF AGOUTI-RELATED PROTEIN IN THE RAT 
BRAINSTEM A N D  SPINAL CORD. C ,-T . Chen*. S. L. Dun and N. J. 
D un. Dept, o f Pharmacol., James H. Quillen Col. M ed., East Tennessee 
State U niv., Johnson City, TN 37614.

Agouti-related protein (Agrp) is a 132 amino-acid peptide that shows 
25% sequence homology to human agouti. Using a rabbit polyclonal 
antiserum against a fragment (83-132) o f human Agrp, the distribution of 
Agrp-like immunoreactivity (Agrp-LI) in the brainstem and spinal cord 
was studied in adult Sprague Dawley rats. Agrp-LI was detected in a 
population o f ventral horn motoneurons and in dense networks o f fibers 
o f superficial layers, some o f which extended to the deeper laminae o f the 
dorsal horn throughout the entire spinal cord. In the brainstem, Agrp-LI 
was present in neurons o f the hypoglossal nucleus, dorsal motor nucleus 
o f the vagus, nucleus ambiguus and facial nuclei. Additionally, dense 
networks o f Agrp-LI fibers were seen in the spinal trigeminal tract, 
caudal spinal trigeminal nucleus, commissural nucleus solitary tract, 
solitary tract and vagal afferents. A population o f dorsal root ganglion, 
nodose ganglion and trigeminal ganglion cells, the majority o f which were 
small to median size, were Agrp-positive. Control experiments in which 
the primary antisera were omitted from the staining procedures yielded 
no positive labeling. Our immunohistochemical study shows that Agrp-LI 
is detected in presumed cholinergic motoneurons o f the spinal cord and 
brainstem and in sensory neurons. (Supported by NIH NS 18710 & 
HL51314).
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818.7
EFFECT OF AM B IEN T PH O TO PERIO D  ON N E U R O PEPT ID E Y-LIKE 
IM M U N O REA CTIV ITY  IN TH E CIRCAD IA N SY STEM  OF THE 
GROU ND SQ UIRREL. L. Vidal and N, Lugo* Institute o f  Neurobiology 
and Dept, o f  A natomy, Univ. o f  Puerto Rico Med. Sci. Cam pus, San Juan, 
PR 00901.

The suprachiasm atic nucleus (SCN ) o f  the hypothalam us houses the 
m ajor circadian clock in m am m als. The SCN receives projections from the 
retina, the intergeniculate leaflet (IGL), and the dorsal raphe nuclei. 
Several neuroactive substances have been detected in the SCN, among 
them, neuropeptide Y (NPY). The source o f  N PY  im m unoreactive fibers in 
the SCN is reported to be neurons o f  the IGL. In the present experiments 
variation o f  NPY expression with photoperiod was studied in a hibem ator, 
the thirteen-lined ground squirrel (Sperm ophilus îñdecem lìneatus). 
Squirrels were housed under one o f  three photoperiod regim es: l2h  L/ l 2h 
D, 24h L or 24h D. After 1-2 weeks exposure to the regim e, anim als were 
anesthetized and perfused intracardially at 3 PM. Their brains were frozen 
and sectioned; sections o f  interest were stained im m unohistochem ically  for 
NPY. In the 12L/12D subjects (N=2) a  dense netw ork o f  deeply stained 
processes was observed throughout the SCN and im m unoreactive cell 
bodies were present in the IGL. In 24h D (N = l)  and 24h L (N=2) subjects, 
little NPY -like im m unoreactivity was observed in either SCN teπninals or 
IGL cell bodies. Some o f  our results on N PY  expression after different 
photoperiod regim es do not agree w ith those reported in rat and ham ster 
SCN. (Supported by NIH grants M H -4 8 190 and R R -0 3 0 5 1.)

818.9
ANTISENSE BLOCKADE OF CRF-1 RECEPTOR EXPRESSION IN PURKINJE CELLS J.S. Kin g ' 2* .  J. 
Ob er d ic k12 3. P.C. Madtes , J r. 4, R. W. Burry1 G. Neigh2, C. Kirkpatrick4, L. Maxam4 and G.A. 

B ish o p1 2. ' Division  of Neuro scien ce , 2Neuroscience Graduate Program, 3Neurobiotechnology 

Center , The Ohio State University, Co lu m bu s , OH 43210 and 4Biology Departm ent, Mount 

Vernon Nazarene Co llege , Mt . Vernon , OH 43050.
Corticotropin  releasing  factor-1 receptors (CRF-R1) are expressed by Purkinje (PK) 

CELLS, GRANULE CELLS, AND BASKET/STELLATE CELLS IN THE MOUSE CEREBELLUM. BY USING THE PK 
CELL SPECIFIC L7 PROMOTER TO DRIVE EXPRESSION OF A CRF-R1 ANTISENSE RNA, A TRANSGENIC 

MOUSE WAS CONSTRUCTED IN WHICH SYNTHESIS OF THIS RECEPTOR WAS SELECTIVELY BLOCKED IN 

SUBSETS OF PK CELLS. AS COMPARED TO NON-TRANSGENIC L1TTERMATES, SEVERAL CHANGES ARE

evident. First , there is a decrease of approximately 10% in the overall size of the

CEREBELLUM. SECOND, CRF-R1 EXPRESSION IS ABSENT IN SUBSETS OF PK CELLS LOCATED PRIMARILY 

ON THE SHOULDERS OF VERMAL AND HEMISPHERIC LOBULES. PK CELLS IN VERMAL LOBULE X AND THE 

PARAFLOCCULUS ARE MOST SEVERELY AFFECTED. THIRD, MORE CRF-IMMUNOREACTIVE CLIMBING FIBERS 

ARE APPARENT IN THE ANTERIOR LOBE VERMIS. FOURTH, THERE IS AN APPARENT INCREASE IN THE 

NUMBER OF CELLS IN THE MOLECULAR LAYER THAT EXPRESS CRF-R1, ESPECIALLY IN VERMAL LOBULES 

V, VI, VII, AND IX, THE PARAMEDIAN LOBULE, AND THE ANTERIOR LOBE HEMISPHERE. FIFTH, NEURONS 

AND/OR GLIAL CELLS IN THE LOWER MOLECULAR/SUPERFICIAL GRANULE CELL LAYERS, ARE INTENSELY 

IMMUNOLABELED BY THE CRF-R1 ANTIBODY. RESIDUAL RECEPTOR DETECTED IMMUNOCYTOCHEMICALLY IN 

PK CELLS AND IN OTHER NEURONAL POPULATIONS IN TRANSGENIC ANIMALS APPEAR TO BE CRF-R1 AS 

REVEALED BY WESTERN BLOT ANALYSIS. IN CONTRAST TO EFFECTS ON CRF-R1 EXPRESSION, THE 

PATTERN OF CRF-R2 IS UNCHANGED IN THE TRANSGENIC RELATIVE TO NON-TRANSGENIC L1TTERMATES. 

IN BOTH TRANSGENIC AND NON-TRANSGENIC ANIMALS, THE ANTIBODY TO THE CRF-2 RECEPTOR LABELS 

PUNCTATE PROFILES IN THE MOLECULAR LAYER, AND PERICELLULAR PROFILES AROUND PK CELL SOMATA. 

THE DATA FROM THE PRESENT STUDY INDICATE THAT ELIMINATION OF CRF-R1 IN SUBSETS OF PK CELLS 

ALTERS THE EXPRESSION OF CRF IN CEREBELLAR AFFERENTS, AND UPREGULATES CRF-R1 EXPRESSION 

IN OTHER POPULATIONS OF CEREBELLAR CELLS. STUDIES, CURRENTLY IN PROGRESS, ARE DESIGNED TO 

DETERMINE THE PHYSIOLOGICAL AND DEVELOPMENTAL CONSEQUENCES OF DELETING THIS RECEPTOR IN 

Purkinje c e lls . (Supported by NS 0 8 7 9 8 ).

818.11
DISTRIBUTION OF GALANIN-1, -2 AND -3 RECEPTOR mRNA IN 
CENTRAL AND PERIPHERAL RAT TISSUES. S.M. Waters* and J.E. Krause. 
Department of Biochemistry, Neurogen Corporation, Branford, CT 06405.

The neuropeptide galanin has many central and peripheral effects including 
transmitter release and secretion from pituitary and pancreas, cognition, food 
intake, spinal analgesia and intestinal smooth muscle contraction. The actions 
of galanin are mediated through at least three G-protein coupled receptors 
termed galanin-1 (GalR-1), GalR-2 and GalR-3. The objective of this study 
was to determine the tissue distribution of the three cloned rat galanin receptor 
mRNAs by RT-PCR and solution hybridization/RNase protection analysis.

Semiquantitative RT-PCR analysis of rat tissue RNAs indicated a differential 
distribution of the various galanin receptor mRNAs. GalR-1 mRNA was 
detected in hippocampus, hypothalamus, cortex and spinal cord whereas no 
signal was detected in peripheral tissues. In contrast, GalR-2 mRNA was widely 
distributed in central and peripheral tissues including hippocampus, hypothala
mus, cortex, spinal cord, heart, lung, kidney, skeletal muscle, anterior pituitary 
and the GH3 pituitary cell line. GalR-3 mRNA was also found to have a broad 
central and peripheral tissue distribution including anterior pituitary and spinal 
cord. Coexpression of GalR-1, GalR-2 and GalR-3 receptor mRNAs supports 
earlier pharmacological studies suggesting multiple receptor subtypes in 
tissues including hypothalamus and pituitary. Additionally, this data indicates 
that the biological effects of galanin in certain tissues may be the result of 
activation of more than one receptor subtype. Solution hybridization/RNase 
protection analysis is in progress which will provide further quantitative support 
for the relative expression of GalR-1, GalR-2 and GalR-3 mRNAs in central 
and peripheral rat tissues.

818.8
PRESYNAPTIC/POSTSYNAPTIC DISTRIBUTION OF CORTICOTROPIN RELEASING FACTOR (CRF) AND 
CRF-1 AND CRF-2 RECEPTORS IN THE MOUSE CEREBELLUM. G. A. B ish o p1 2* .  G. NEIGH2 AND J. 

S. Kin g 1,2 'D ivision of Neuroscience and 2Neuroscience Graduate Program, The Ohio State 

University, Co lu m bus , OH 43210.
CRF is present in climbing  fibers and mossy fibers in the mouse c e r e b ellu m . CRF 

IMMUNOREACTIVE OR) MOSSY FIBERS ARE PRESENT IN ALL VERMAL AND HEMISPHERIC LOBULES WITH 

THE EXCEPTION OF THE PARAMEDIAN LOBULE. CRF-POSITIVE CLIMBING FIBERS ARE MOST NUMEROUS 

WITHIN VERMAL LOBULES VIII - X, AND ARE PRESENT IN ALL LOBULES OF THE HEMISPHERE. IN 

CONTRAST, ONLY SCATTERED CRF’ IR CLIMBING FIBERS ARE PRESENT IN THE ANTERIOR LOBE VERMIS OF 

THE CEREBELLUM. THE DISTRIBUTION OF CRF*I AND CRF-2 RECEPTORS WAS DETERMINED BY USING 

1MMUNOHISTOCHEM1CAL TECHNIQUES. IN THE VERMIS, PURKINJE (PK) CELLS THROUGHOUT ALL 

LOBULES (l-X) EXPRESS CRF-R1 . IN MORE LATERAL REGIONS OF THE CEREBELLUM, CRF-R1 IS PRESENT 

IN PK CELLS LOCATED IN LOBUS SIMPLEX, THE PARAFLOCCULUS, THE ANSIFORM LOBULE, AND THE 

FLOCCULUS. IN ADDITION TO PK CELLS, GRANULE CELLS THROUGHOUT THE CEREBELLUM ARE 

IMMUNOREACTIVE FOR CRF-R1, ALTHOUGH MOST ARE NOT AS INTENSELY LABELED AS PK CELLS. 

Populations of neurons in the molecular layer also are im m u no labeled  for CRF-R1. The 

MOST INTENSELY LABELED CELLS ARE LOCATED AT THE APEX OF VERMAL LOBULES VI -  X, AND 

LATERALLY IN THE ANTERIOR LOBE AND APEX OF THE PARAMEDIAN LOBULE. FINALLY, NEURONS AND/OR 

GLIAL CELLS IN THE LOWER MOLECULAR/SUPERFICIAL GRANULE CELL LAYERS, ARE INTENSELY 

IMMUNOLABELED BY THE CRF-R1 ANTIBODY. CRF-R2 IMMUNOLABELING IS NOT PRESENT WITHIN 

NEURONS, BUT RATHER IS LOCALIZED WITHIN PUNCTATE PROFILES THAT ARE PRESENT WITHIN THE 

MOLECULAR LAYER IN ALL LOBULES. IN ADDITION, PERICELLULAR LABELING IS PRESENT AROUND PK 
CELL BODIES, ESPECIALLY THOSE LOCATED IN THE POSTERIOR LOBE. |N COMPARING THE DISTRIBUTION 

OF CRF AND CRF-R1, AN INVERSE RELATIONSHIP IS EVIDENT IN THE ANTERIOR LOBE VERMIS. FURTHER, 

THESE DATA SUGGEST THAT CRF-1 RECEPTORS ARE POSTSYNAPTIC AND EXPRESSED PRIMARILY IN

Purkinje c ells , granule c ells , and basket/ stellate c e lls . In contrast, our data suggest

THAT CRF-2 RECEPTORS MAY BE PRESENT ON PRESYNAPTIC ELEMENTS INCLUDING PARALLEL FIBERS AND 

BASKET CELL AXONS. (SUPPORTED BY NSO8798).

818.10
EXPRESSION OF IL-6 AND IL-6 RECEPTORS IN PURKINJE (PK) CELLS IN THE ADULT AND 
DEVELOPING MOUSE CEREBELLUM. Byeong Keun Ha ’ * ,  G. A. Bish o p 1,2, and J. S. KING1,2. 

'N euroscience Graduate Program and D ivision  of Neuroscien ce . The Ohio  State University, 

Co lu m bus , OH 43210.
Interleukin-6  (IL -6 ) is a known inflammatory cytokine in the im m u ne  system . Recently, it

ALSO HAS BEEN LOCALIZED IN THE CENTRAL NERVOUS SYSTEM WHERE ITS EXPRESSION IS

developmentally regulated (Gadient & Otten ,B rain Res .63 7 :10 ,1  9 9 4 ). Moreover , IL -6 has

BEEN SHOWN TO INTERACT WITH NEUROPEPTIDES SUCH AS CORTICOTROPIN RELEASING FACTOR (CRF) 

WHICH IS PRESENT IN BOTH MAJOR AFFERENT SYSTEMS TO THE CEREBELLUM;PHYSIOLOGICALLY, CRF 

MODULATES PURKINJE (PK) CELL ACTIVITY (BISHOP, NEUROSCIENCE 39:251,1990). AS AN INITIAL 

STEP IN DETERMINING IF IL~6 INTERACTS WITH CRF IN CEREBELLAR CIRCUITRY, WE HAVE USED 

ANTIBODIES (SANTA CRUZ) TO BOTH IL*6 AND THE IL-6 RECEPTOR (IL'6R) TO INVESTIGATE THEIR 

DISTRIBUTION IN THE ADULT CEREBELLUM. PURKINJE (PK) CELL BODIES AND DENDRITES IN ALL LOBULES 

ARE IMMUNOREACTIVê FOR BOTH IL'6 AND THE IL*6R. WHEREAS THE STAINING IN THE CELL BODY FOR 

THE TWO IS SIMILAR, IL’ 6R EXPRESSION IS MORE INTENSE IN THE DENDRITES. IL-6 IS NOT FOUND IN 

ANY OF THE AFFERENT SYSTEMS TO THE CEREBELLUM. THE PRESENCE OF IL~6 IN PK CELLS, WHICH ARE 

THE TARGETS OF CRF-CONTAINING CLIMBING FIBERS, PROVIDES AN ANATOMICAL SUBSTRATE FOR 

PUTATIVE INTERACTIONS BETWEEN CRF AND IL~6. THE LOCATION OF THE IL-6 RECEPTOR ON PK CELL 

DENDRITES SUGGESTS THAT IL-6 RELEASED FROM PK CELLS MAY HAVE AN AUTOCRINE ACTION. BOTH !L- 
6 AND CRF ALSO HAVE BEEN ASCRIBED ROLES AS NEUROTROPHIC FACTORS DURING CNS DEVELOPMENT. 

IN THE POSTNATAL DAY (P )0  MOUSE, IL-6 IMMUNOLABELING IS NOT PRESENT IN PK CELLS; HOWEVER, 

IL-6R ANTIBODY LABELING IS EVIDENT. BY P3, IL’ 6 WEAKLY LABELS PK CELLS AND THE IL’ 6R
antibody Intensely labels these same neurons . Between P3 and P7 there is an increase in

THE INTENSITY OF STAINING FOR BOTH IL’ 6 AND ITS RECEPTOR UNTIL P2O AT WHICH TIME BOTH REACH 

THE ADULT LEVEL OF EXPRESSION IN PK CELLS. THESE FINDINGS INDICATE THAT THE RECEPTOR FOR IL* 
6 IS PRESENT PRIOR TO THE TIME THAT THE CYTOKINE IS EXPRESSED IN CEREBELLAR CIRCUITS. CRF 

AND CRF BINDING SITES ARE EVIDENT DURING LATE EMBRYONIC STAGES OF CEREBELLAR ONTOGENY

(M adtes & King , J.Ch e m .Neuroanat. 11:231,1996). These data, when compared to the

PRESENT RESULT'S SUGGEST THAT CRF FUNCTIONS EARLIER IN DEVELOPMENT THAN IL-6. STUDIES ARE 

BEING DESIGNED TO DETERMINE IF THIS CYTOKINE HAS A PROTECTIVE ROLE IN DEVELOPING CIRCUITS 

AND/OR IF THERE ARE INTERACTIONS BETWEEN CRF AND IL-6 DURING POSTNATAL DEVELOPMENT. 

(SUPPORTED BY NSO8798)

818.12
PITUITARY ADENYLATE CYCLASE ACTIVATING POLYPEPTIDE AND 
CALCITONIN GENE-RELATED PEPTIDE NERVE FIBERS PROJECT TO THE 
LUMBOSACRAL PREGANGLIONIC NUCLEUS (LSPN) OF THE NEONATAL RAT
K. M iura1, A. Miura1, M, Kawatani2, Y. Yongbei1* and W. C. de Groat1. ‘Dept, of 
Pharmacology, Univ. of Pittsburgh Sch. of Med. Pittsburgh, PA 15261; 2Dept. of 
Physiology, Akita Univ. Sch. of Med. Akita, Akita 010, Japan 

Immunohistochemical techniques were used to examine developmental changes in 
pituitary adenylate cyclase polypeptide -38 immunoreactivity (PACAP-IR) in lumbar (L5- 
6) and sacral segments of the spinal cord (SI) concerned with urogenital and bowel 
function in 7, 14 and 21 days old neonatal rats. To identify the LSPN, parasympathetic 
preganglionic neurons (PGN) were labeled with a retrograde tracer (Fast Blue, FB) injected 
into the peritoneal space prior to the immunohistochemical study. FB labeled neurons were 
found at L6-Sl spinal segments, but not in L5. The distribution of calcitonin gene-related 
peptide-immunoreactivity (CGRP-IR) which is contained in visceral afferent projections 
to the lumbosacral spinal cord was also examined. PACAP-IR and CGRP-IR were detected 
in nerve fibers in superficial layers of the dorsal horn and in some nerve fibers extending 
along the lateral edge of the dorsal horn into the LSPN area of the L6-Sl spinal segments 
identified with FB as well as into the dorsal commissure. CGRP, but not PACAP-IR was 
present in these areas of L5 spinal segments in all neonatal rats. The PACAP-IR and 
CGRP-IR in 7 day old rats was weaker than that of 14 and 21 day old rats. The presence 
of PACAP and CGRP immunoactivity in thearea of parasympathetic preganglionic neurons 
suggests that these peptides may participate in the autonomic control of micturition and 
defecation in the neonatal rat. Supported by NIH grant DK 37241.
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818.13
REGULATION OF CORTICOTROPIN-RELEASING FACTOR (CRF)-LOCUS 
COERULEUS (LC) INTERACTIONS PRODUCED BY SWIM STRESS. A.L. 
Curtis*. L.A. Pavcovich and R.J. Valentino. Department of Psychiatry. Allegheny 
University of the Health Sciences, Philadelphia, PA 19102.

CRF acts as a neurotransmitter to activate LC neurons in response to certain 
stimuli. This study tested the hypothesis that swim stress, which produces 
behavioral depression 24 h later, regulates CRF-LC interactions at the same time. 
Rats were placed in 30 cm (swim stress) or 4 cm (non-swim control) of water and 
24 hours later behavior was monitored in a forced swim test or LC neuronal 
discharge was recorded. Results showed that: 1) swim stress rats were more 
immobile and less active compared to non-swim controls in the forced swim test; 2) 
swim stress changed the CRF dose-response curve for LC activation from the 
characteristic sigmoidal shape to a biphasic curve with two components separated by 
an inflection. Thus, LC neurons were sensitized to low doses of CRF that were 
ineffective in non-swim controls or naive rats and desensitized to higher doses; 3) 
the mechanism for sensitization was localized to the LC region because neuronal 
activation by low CRF doses was completely prevented by intracoerulear 
administration of the CRF antagonist, DPheCRFi2-41 and 4) effects of swim stress 
on LC sensitivity were selective to CRF because neither spontaneous discharge or 
LC responses to an excitatory amino acid input, a muscarinic agonist or vasoactive 
intestinal peptide were altered.

CRF dose-response curves were consistent with a model for CRF binding to 
two sites on a single receptor. It is speculated that in control conditions the two 
sites have similar dissociation constants, but swim stress may decrease the 
dissociation constant of one site and increase that of the other.

The results suggest that swim stress (and perhaps other stressors) alter 
postsynaptic sensitivity of LC neurons to CRF by changing receptor binding 
kinetics. Regulation of CRF-LC interactions may underlie behavioral aspects of 
stress-related psychiatric disorders. Supported by USPHS Grants MH42796 and 
MH00840.

818.15
R E G U L A TIO N  O F SER O TO N IN  (5-H T) R E LEA SE IN TH E LA TERA L 
SE P T U M  BY FO R C E D  SW IM M IN G  IN V O LV ES C O R T IC O T R O PIN 
R E LEA SIN G  FA CTO R (CRF). M. L. Price* and I. Lucki. Departm ents of 
Psychiatry  and P harm acology, Institute o f N eurological Sciences, Univ. of 
Pennsylvania, Philadelphia, PA  19104.

C R F -im m unoreactive fibers, C R F recep to r m R N A  and CR F receptor 
binding sites are located in the dorsal raphe nucleus and C R F regulates the 
activ ity  o f the 5-H T system . W e dem onstrated  that adm inistration o f CRF 
changes ex tracellu lar 5-H T  in the striatum  and dorsal raphe discharge rate 
(P rice et al., N europsychopharm acology. 1998, 18:492-502). The present 
study exam ined the ability o f  C R F to m ediate changes in extracellular 5- 
H T in the lateral septum  in response to a physio logical stressor, forced 
sw im m ing. F orced  sw im m ing reduces ex tracellu la r 5-H T  levels in the 
lateral septum  (Kirby et al., 1995).

A dm inistra tion  o f CRF (0.3 µg, i.c.v.) s ignificantly  decreased lateral 
septum  5-H T concentrations by 55%  at peak. Lateral septum  5-HT levels 
w ere also decreased by 55%  at peak in anim als exposed to a 20-min session 
o f  forced swim m ing. The reduction o f  lateral septum  5-HT by forced 
sw im m ing was attenuated by pretreatm ent with the CRF receptor 
antagonist D -PheC R F-( 12-41) (3 µg, i.c.v.) 30 min prior to the stressor. In 
addition, exposure to a 20-m in forced sw im m ing session 24 hr prior to the 
adm inistration o f  CR F (0.3 µg, i.c.v.) desensitized the response o f the 5-HT 
system  to CRF. The adaptation o f  the 5-HT response to CRF is sim ilar to 
the dim inished response o f  5-HT produced by repeated swim m ing sessions. 
Taken together, these data support the hypothesis that CRF m odulates 5-HT 
release in the lateral septum  during forced sw im m ing and provides 
evidence that C R F-5-H T interactions are im portant in the physiological 
response to stress. Supported by USPHS grant M H 36262.

818.17
MODULATION OF RAT HYPOTHALAMIC NEURONAL FUNCTION BY 
GALANIN. CC. Lee’' and RJ. Miller. Dept, of Pharmacol, and Physiol. Sci., Univ. of 
Chicago, Chicago, IL 60637.

Galanin has been shown to modulate many physiological functions in the 
hypothalamus, including feeding behavior and hormone secretion. Previously, this 
laboratory has demonstrated that galanin is able to modulate synaptic transmission in 
the hypothalamus (Kinney, G et. al., J Neurosci 18(10)). We have now characterized 
the effects of activating different galanin receptors using galanin and its analogs by 
measuring changes in calcium (ICa) and potassium (Iκ) currents, intracellular calcium 
([Ca2+]j), and cyclic-AMP response element-binding protein (CREB) in the 
hypothalamus. Acutely isolated hypothalamic neurons from rat arcuate nucleus were 
used to measure changes in whole-cell ICa and Iκ during bath application of galanin, 
M l5, M32, M4O, C7, and D-Trp2 galanin (a selective agonist at GalR2 receptors). I0u 
were inhibited by the application of galanin(n=12), M l5 (n=lO), M32(n=10), 
M40(n=8), and C7(n=9). The application of D-Trp2 galanin(n=25) had no effect on 
ICa. Application of galanin also increased Iκ in these neurons. Using Fura-2 
microfluorimetry to measure changes in [Ca2+];, galanin, M l5, M4O and D-Trp2 
galanin elicited an increase in [Ca2+L Application of galanin, Ml 5, and M32 also 
attenuated changes in [Ca2+f  elicited by high potassium depolarization while D-Trp2 
galanin had no effect. In addition to neuronal excitability, changes in CREB 
activation were also observed in brain slices of the hypothalamus. Incubation of the 
brain slices with galanin or D-Trp2 galanin produced an increase in phosphorylated 
CREB (pCREB). The data from this study suggest that galanin can modulate arcuate 
neuronal functions by altering neuronal excitability and second messengers. Both 
GalRl and GalR2 exist within the hypothalamus but seem to be differentially coupled 
to different effectors. (Support by DA02121, MH40165, and NS4484Ofor RJM and 
HD07009 for CCL)

818.14
A C TIVITY OF DORSAL RA PH E N U CLEUS (DRN) N EURO NS IN  
RE SPO N SE TO C O R T IC O T R O P IN -R E L E A S IN G  F A C TO R  (C R F ):  
PO SSIB LE REG U LA TIO N  BY SW IM  S TR ESS. L .G . K irby* and 
R .J . V a le n tin o . D epartm en t of P sy c h ia try , D iv ision  o f S t re s s  
N eurob io logy , A llegheny U n iversity  of the H ealth  S c ie n c e s , 
P h ilad e lp h ia , PA 19102.

This study examined the effects of CRF on the discharge of putative 5- 
hydroxytryptamine (5-HT) neurons in the DRN of halothane-anestheüzed rats using 
in vivo single-unit extracellular recording techniques. Previous studies indicated that 
intracerebroventricularly administered CRF has primarily inhibitory effects on the 
discharge rate of 5-HT neurons in the DRN, as well as on 5-HT release in the 
forebrain (Price et al., 1998, Neuropsychopharmacology 18: 492-502). In the 
present study, CRF (0.3-30 ng) or vehicle (30 nl) was directly microinfused into the 
DRN. Three doses of CRF (0.3, 1.0, and 3.0 ng) significantly inhibited the firing 
rate of 5-HT DRN neurons by 25-50%, as compared to vehicle. In contrast, a higher 
dose of CRF, 30 ng, did not inhibit 5-HT DRN neurons and the effects produced by 
this dose were not significantly different from vehicle.

Preliminary studies suggest that the activity of 5-HT DRN neurons is 
regulated by prior exposure to forced swimming stress. Thus, 24 hours following 
forced swim stress (15 min), when rats typically exhibit behavioral deficits that are 
sensitive to antidepressant treatment, the basal discharge rates of 5-HT DRN neurons 
were elevated by 60% (N=I3), as compared to naïve controls (N=9). Preliminary 
studies also suggest that DRN neurons of swim-stressed rats are less sensitive to 
CRF. CRF-5-HT interactions may play a role in the behavioral deficits exhibited in 
the forced swimming test and these interactions may be potential targets of 
antidepressant treatment Supported by USPHS grants MH 14654, MH 42796, and 
MH 00840.

818.16
MODULATORY ACTIONS OF OXYTOCIN ON HIPPOCAMPAL SYNAPTIC 
TRANSMISSION. M. Raααenbass. J.J. Dreifuss* and M. Zaninetti. 
Department of Physiology, University Medical Center, CH-1211 Geneva 4, 
Switzerland.

Previous work has demonstrated that the CA1 region of rat hippocampus 
contains oxytocin receptors; in addition, oxytocin can excite putative 
hippocampal nonpyramidal neurons. In this study, we investigated the effect of 
oxytocin on synaptic transmission in pyramidal cells. Hippocampal slices were 
prepared from 12-20-day-old rats. In view of whole-cell recordings, CA1 
neurons were visualized with a 4Ox-water immersion objective and infrared 
videomicroscopy. Under voltage clamp conditions, oxytocin caused a 
reversible increase of both the frequency and the amplitude of spontaneous 
IPSCs. This effect persisted in presence of NBQX, MK-801 and strychnine, 
but was abolished by bicuculline. Oxytocin did not affect the frequency or the 
amplitude of miniature IPSCs, recorded in presence of TTX, and did not 
modify the amplitude of IPSCs evoked by electrical stimulation of Schaffer’s 
collaterals. In addition, oxytocin had no detectable effect on the membrane 
properties of pyramidal cells. This suggests that: 1) oxytocin exerts a 
stimulatory action on GABAergic inhibitory interneurons. 2) the peptide acts on 
cell bodies and/or dendrites rather than on presynaptic axon terminals. In an 
attempt to identify and localize the oxytocin-sensitive cells, we carried out 
extracellular or cell-attached recordings from interneurons located in different 
strata of the CA1 region. Preliminary results indicate that oxytocin was able to 
excite interneurons located in stratum pyramidale, but not interneurons located 
in stratum radiatum or stratum oriens. By activating a subclass of CA1 
interneurons, oxytocin can thus powerfully regulate the excitability of 
hippocampal pyramidal neurons. It is tempting to speculate that oxytocin of 
hypothalamic origin could act in the hippocampus as an endogenous 
antiepileptic. Work supported by the Swiss National Science Foundation 
(Grant 31.43436.95).

818.18
THE EFFECT O F SUBSTANCE P ON CH OLIN ERG IC AND NON- 
CH OLINERGIC NEURONS OF THE GUINEA PIG MEDIAL 
SEPTUM/DIAGONAL BAND (MS/DB) NUCLEI. A.M. Peterson*. &
R.T, Matthews. Nashville. TN. 37208.

Substance P (SP), a neuropeptide belonging to the tachykinin family, produces a 
slow excitation in many kinds of neurons. While previous in vitro and in vivo studies, 
have reported a slow excitatory effect of SP on basal forebrain nuclei, such as 
nucleus basalis of Meynert, the effect of SP on MS/DB neurons is less well 
understood. Intracellular current clamp recordings from an in vitro brain slice 
preparation were used to study the effect o f SP on guinea pig MS/DB neurons.

Bath-applied SP (10'7 M and 10'8 M) excited 75% (9 of 12) of the non- 
cholinergic neurons tested. One neuron was hyperpolarized and two neurons were 
not affected. With 3M KCI-containing microelectrodes and in the presence of 30 µM 
picrotoxin, SP had little effect at 10'9 M, depolarized neurons by 6.5 ± .85 mV (mean 
± s.e.m; n=5) at 10'8 M and had no greater effect at 10'7 M. SP at these same 
concentrations also depolarized 83% (5 of 6) cholinergic neurons tested. The 
maximum depolarization o f cholinergic neurons was 4.5 ± .60 mV (n=5). The SP 
depolarization appeared to be TTX-insensitive and was associated with a decrease in 
input conductance. In summary, substance P depolarizes cholinergic and 
non-cholinergic MS/DB neurons. TTX does not block the depolarization effect of SP 
on cholinergic and non-cholinergic neurons, suggesting a post-synaptic effect of SP 
on these neurons.

Supported by grants from NIH GM0803 (MBRS) and GAANN 200A40516
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818.19
THE EX CITA TO RY  EFFEC T OF N E U R O TEN SIN  ON SEROTO NERGIC 
NEURONS OF THE NUCLEUS RAPHE MAGNUS : IONIC AND MOLECULAR 
MECHANISMS. ^ .L .W ang* .2H.M.Huane and 3A.H. Li. Dept, of Physiology and 
2Anatomy, Chang Gung University School of M edicine; 3Dept. o f A nesthesia, 
Chang G ung M em oria l H o sp ita l, K w ei-S an , T ao -Y u an , T a iw an , R .O .C , 

Nucleus raphe magnus (NRM) is an essential component of brainstem 
descending anti-nociceptive pathway. Microinjection of neurotensin (NT) into NRM 
produces a potent analgesic effect by activating the descending anti-nociceptive 
pathway. To better understand the cellular and molecular mechanisms by which NT 
induces an analgesic effect in the NRM, whole-cell patch-clamp recordings were 
performed to investigate the electrophysiologicpl effects o f NT on acutely dissociated 
NRM neurons. Two subtypes of NRM neurons, primary and secondary cells, were 
identified. Primary cells are larger in diameter and believed to be serotonergic 
neurons. Secondaiy cells are smaller in diameter, and some of them are likely to be 
GABAergic intemeurons. During current-clamp recordings, NT depolarized 
primary serotonergic neurons of NRM and evoked action potentials. Whole-cell 
voltage-clamp recordings indicated that NT excited serotonergic neurons by evoking 
an inward current at holding potential of -60 mV. Neurotensin-induced currents 
reversed the direction at about -10 mV and were linear over the holding potentials 
between -100 mV and 40 mV. SR 48692, a highly potent and selective antagonist for 
the NT receptor already cloned from the rat brain, failed to prevent NT from 
depolarizing and exciting NRM serotonergic neurons. NT-induced cationic current 
was blocked after the intracellular perfusion of heparin, an IP3 antagonist, or 
BAPTA, a fast Ca2+ chelator. NT failed to affect the excitability of NRM secondary 
neurons. These results propose that by activating a novel subtype of NT receptors, 
NT excites serotonergic neurons of the NRM by enhancing a voltage-independent 
and Ca2+-activated cationic conductance. (This work was supported by National 
Science Council and Chang Gung Medical Research Foundation).

818.20
ALTERATIONS OF PACAP AND PACAP RECEPTOR BINDING  
IN SENSORY NEURONS FOLLOW ING PERIPHERAL AXO- 
TOMY. B. Jtøngsma» N» P¾ntels¢n*, Ft Sµndter and Mi K¾ni¢t 
Department of Physiology and Neuroscience, Neuroendocrine C e ll  
Biology, Lund University, Lund, Sweden.

Pituitary adenylate cyclase activating peptide (PACAP) is widely expressed both 
in the central and peripheral nervous system and has been invoked in nerve 
regeneration, neuron survival and nociception. In this study the distribution of 
PACAP and PACAP receptors were investigated in the rat dorsal root ganglia 
(DRG), spinal cord and medulla oblongata at 3, 7 or 14 days following unilateral 
sciatic nerve transection using biotin-tyramide amplified immunohistochemistry, 
125I-PACAP binding and in situ hybridization. In control DRG (contralateral side) 
around 30% of the neurons (85% being small) were PACAP positive. In the spinal 
cord PACAP positive fibres w oe seen in lamina I-I3 but not in nucleus gracilis. 
Following nerve transection the number of large PACAP positive neurons 
had increased dramatically. At 7 days in some DRG large PACAP positive 
neurons constituted up to 60% of all neurons, while the number of small PACAP 
positive neurons decreased as compared to the control side. On the axotomised 
side PACAP positive fibres appeared in the deeper lamina of the dorsal horn. 
Furthermore, PACAP positive fibres were also found in the nucleus gracilis. 125I- 
PACAP binding was found in lamina I-II and around the central canal but not in 
DRG neurons. On the axotomised side 125I-PACAP binding was more sparse. The 
125I-PACAP binding could not be displaced by VIP. PACAP receptor mRNA was 
detected in dorsal horn neurons and in motomeurons but not in DRG. Thus; After 
axotomy large DRG neurons start to express PACAP. Consistent with the 
projection of these neurons, PACAP positive fibres also appear in the nucleus 
gracilis and in the deeper lamina of the dorsal horn. The receptor for PACAP is 
expressed by neurons in the spinal cord and nerve injury is accompanied by 
reduced PACAP binding.
Funded by the Swedish Medical- and Natural Science- Research Councils.
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819.2819.1
SELECTIVE CHANGES IN HIPPOCAMPAL INHIBITION AND SYNAPTIC 
PLASTICITY IN TRANSGENIC MICE OVEREXPRESSING CORTISTATIN. 
JR- Criado*. M. Calbet S J . Henriksen. L. de Lecea Depts of Molecular Biology 
and Neuropharmacology. The Scripps Research Institute. La Jolla, CA 92037.

Cortistatin is a putative novel neuropeptide that shares 11 of its 14 residues with 
somatostatin, yet its effects on sleep physiology, locom otor behavior and 
hippocampal function are different from those of somatostatin. Pre-procortistatin 
mRNA is expressed primarily in cortical and hippocampal intemeurons. Recent 
studies demonstrated a transient increase in cortistatin-expressing cells in the dentate 
gyrus during the second postnatal week (P I5). In contrast, the expression of 
cortistatin mRNA is absent in the adult dentate gyms. Electrophysiological studies 
have shown that a higher degree of intrinsic inhibition in dentate physiology occurs 
in P I5 rats compared to adult rats. To determine the role of cortistatin in 
hippocampal function, we characterized the electrophysiological effects of 
overexpression of cortistatin in the dentate gyms of adult mice. We have generated 
transgenic mice that express myc-tagged pre-procortistatin under the control of the 
neuron-specific enolase (NSE) promoter. Transgenic mice express pre-procortistatin 
mRNA in nearly all postmitotic neurons, including pyramidal cells in the neocortex 
and hippocampus, as detected by in situ hybridization. Our data showed that 
input/output curves of dentate afferent-evoked population spike (PS) amplitudes 
were not different in cortistatin overexpressing mice compared to wild-type controls. 
However, paired-pulse inhibition of dentate PS amplitudes was significantly 
increased in cortistatin overexpressing mice. Furthermore, while brief high 
frequency stimulation of the perforant path produced LTP of dentate responses in 
wild-type mice, LTP was markedly attenuated in cortistatin overexpressing mice. 
These data is consistent with previous behavioral studies and support the view that 
the functional role of cortistatin in hippocampal physiology is independent of 
somatostatin function. (Supported in part by MH-58543).

819.3
CORTICOTROPIN-RELEASING HORMONE AND UROCORTIN STIMULATE 
HIPPOCAMPAL SEROTONIN: STUDIES ON THE ROLE OF THE TYPE 1 
RECEPTOR USING A CORTICOTROPIN-RELEASING HORMONE RECEPTOR 
TYPE 1 KNOCKOUT MOUSE. A.C.E. Linthorst*. R.G. Peftalva, C. Flachskamm, P. 
Timpl, W. Wurst. F. Holsboer and J.M.H,M, Reul. Max Planck Institute of Psychiatry, 
Section Neuropsychopharmacology, D-80804 Munich, Germany.
During stress, corticotropin-releasing hormone (CRH) is released in extrahypothalamic 

brain regions to coordinate behavioural and other responses. It is thought that the raphe- 
hippocampal serotonergic system plays a key role in the stress-induced behavioural 
responses. Hence, we were interested whether CRH and the newly discovered CRH-like 
peptide urocortin (UCN) exert effects on hippocampal serotonin (5-HT). We examined 
the effects of intracerebroventricularly applied CRH and UCN on hippocampal 
extracellular levels of 5-HT and its metabolite 5-hydroxyindoleacetic acid (5-HIAA) in 
rats using in vivo microdialysis. Both CRH and UCN caused a dose-dependent increase 
in 5-HT and 5-HIAA and stimulated behavioural activity. UCN, however, was more 
potent than CRH in stimulating hippocampal 5-HT and 5-HIAA. Next, we examined 
whether CRH type 1 receptor (CRH-R1) deficiency would evolve in hippocampal 
serotonergic neurotransmission changes during basal and stress conditions. Thereto, in 
vivo microdialysis in a newly developed CRH-R1 knockout mouse was performed. 
Hippocampal levels of 5-HT and 5-HIAA, free corticosterone concentrations and 
behavioural activity were monitored between 05.00 and 23.00 hr to obtain insight into 
the diurnal rhythms. Whereas wild-type mice showed a clear circadian rhythm in free 
corticosterone, this glucocorticoid was undetectable in CRH-R1 knockout mice over the 
whole diurnal cycle. Preliminary results showed that there were no differences in 
hippocampal extracellular 5-HT between the genotypes, while 5-HIAA levels seemed to 
be elevated in CRH-R1 knockout mice. Currently, experiments are being performed on 
the effects of stress (forced swimming) on hippocampal 5-HT in CRH-R1 knockout mice 
which will help to further clarify the role of CRH-R1 in the regulation of raphe- 
hippocampal serotonergic neurotransmission.
(Supported by the VWFoundation)

GENERATION OF MICE LACKING A RECEPTOR FOR VIP AND PACAP (THE 
VPAC2 RECEPTOR) K.M. W est1, S. Shen1, W J. Shew ard1, M.E.H. M ackay1,
F.M. Kilànowski2, E.M. Lutz1, J.R. Dorin2andA.J. Harmar1*. 'MRC Brain Metabolism 
Unit, Royal Edinburgh Hospital, Edinburgh EH10 5HF, UK and 2MRC Human Genetics 
Unit, Western General Hospital, Edinburgh EH4 2XU, UK

Vasoactive intestinal peptide (VIP) is thought to exert its actions through two G 
protein coupled receptors: the VPAC, receptor (also known as the VIP, receptor or 
PVR2) and the VPAC2 receptor (also known as the VIP2 receptor, PACAP-3 receptor or 
PVR3). Both receptors also respond with high affinity to pituitary adenylate cyclase 
activating polypeptide (PACAP). To determine the physiological function of the VPAC2 
receptor, we have generated VPAC2 receptor null mice by homologous recombination 
in embryonic stem cells. The targeting construct was designed to insert a LacZ reporter 
gene and a neomycin resistance gene, driven by the herpes simplex virus thymidine 
kinase (tk) promoter, into the first coding exon of the VPAC2 receptor gene. After 
introduction of the construct into embryonic stem cells, the desired targeting event was 
found to have occurred in 6/160 neomycin resistant clones. Mouse blastocysts were 
injected with four of these clones to produce chimeric animals from which germ line 
transmission of the mutant allele was obtained. VPAC2 receptor deficiency had no major 
effect on fertility or fetal development, since when mice heterozygous for the targeted 
VPAC2 receptor allele were interbred, the expected proportion of VPAC2 receptor- 
deficient offspring was obtained. Specific binding of the selective VPAC2 receptor ligand 
Ro25-1553 was absent in the brains of homozygous knockout animals. VPAC2 receptor- 
deficient mice showed no gross morphological or behavioral differences from wild-type 
liltermates. The VPAC2 receptor has been implicated in the regulation of circadian 
rhythms by the suprachiasmatic nuclei, pancreatic insulin secretion, spermatogenesis 
and inflammatory processes. We are investigating whether any of these processes are 
disrupted in VPAC2 receptor deficient mice and whether compensatory changes in the 
expression of the VPAC, receptor may account for the lack of a grossly abnormal 
phenotype in these animals. Work supported by the MRC.

819.4
NPY Yi, Y2 A N D  Y5 RECEPTORS IN H IB IT  IPSCs IN  HY POTHA LAM IC 
PARVOCELLULAR PV N NEURO NS. N. Pronchuk* & W.F. Colmers. Dept. 
Pharm acol., Univ. Alberta, Edm onton, AB, CA NA DA

Injection of NPY into the hypothalam ic p araven tricu lar nucleus (PVN) 
causes hyperphag ia  and  obesity. W hole cell patch  clam p recordings of PVN 
parvocellular neurons in slices of ad u lt ra t h y po thalam us show ed th at bath 
application of the b road-spectrum  agonists, NPY, PYY and  NPY2-36. the Yi- 
p referring  agonist [ahx8*20] Pro34 NPY, the Y2-preferring  agonist [ahx5 24] NPY, 
the Y5-selective agonist D-Trp32 NPY and  h u m an  pancreatic polypeptide 
(hPP) all caused  the suppression  of inhib itory  GABA-ergic postsynaptic 
currents (IPSCs) evoked in these neurons. NPY and rela ted  agonists inhibited 
IPSCs by an entirely  presynaptic  m echanism .

To evaluate the contribution  of Yi receptors to the NPY response, we 
used  the selective Yi receptor an tagonists BIBP3226 and  1229U91. In the same 
neuron , w e first tested NPY or the Yi agonist Leu31,Pro 34 NPY. After w ashout 
of the agonist, BIBP3226 (500 nM) or 1229U91 (500 nM ) w as ad d ed  to the bath 
solution. 5-10 m in later, one of the agonists w as tested  in the presence of the 
antagonist. NPY (100 nM) reduced  the am p litu d e  of the IPSC in the presence 
of each antagonist to the sam e extent as w hen tested alone. Leu31,Pro 34 NPY 
(500 nM), suppressed  the am plitude  of the IPSC by 29.3β±4.35% (n=5), bu t had 
no m easurable effect in the presence of BIBP3226 or 1229U91. The data  show 
th at p a rt of the NPY action observed in PVN is m ediated  by Yi receptors, but 
th at o ther receptors, including  Y2 an d  Y5, are m ore im portan t than  Yt. This 
m echanism  m ay be an  im portan t link in triggering  of N PY -induced feeding.

Supported  by Eli Lilly C anada and  MRC (Canada).
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819.5
NEUROPEPTIDE Y HAS DIFFERENT EFFECTS ON SPONTANEOUS 
INHIBITORY SYNAPTIC CURRENTS IN THE RETICULAR NUCLEUS 
AND VENTROBASAL COMPLEX OF THALAMUS. G. Akk*. J.R. Hueuenard 
and D.A. Prince. Department of Neurology and Neurological Sciences, Stanford 
University School of Medicine, Stanford, CA 94305.

Synaptic currents in the thalamus are critical to the generation o f synchronized 
thalamocortical oscillations found during slow-wave sleep, sensory processing 
and absence epilepsy. These currents are modulated by a variety o f agents 
including neurotransmitters and neuropeptides. High levels o f neuropeptide Y 
(NPY) and its receptors are present in the thalamus o f rat and other species 
including man, however little is known about the action of NPY in the thalamus.

We studied the effects of NPY and its receptor-specific analogues (NPY 18-36, 
Leu3'Pro34 NPY) on the frequency and kinetics of synaptic currents in the 
reticular nucleus (nRt) and ventrobasal complex (VB) o f thalamic slices from P9- 
12 rats. Results show that NPY selectively affects spontaneous (s) and miniature 
(m) IPSCs in nRt but not VB. Addition of 100 nM NPY reduces the frequency of 
slPSCs and mIPSCs by ~6O % without affecting their rise time, amplitude or 
decay time constant. These effects are selective for inhibitory events, as miniature 
excitatory postsynaptic currents are unaffected. Preliminary data using receptor- 
specific agonists suggest that this action is mediated by the Y2 receptor subtype 
that is presumably located on the presynaptic terminals.

Single GABAergic neurons of nRt provide inhibitory afferents to cells in both 
VB and nRt, however our data suggest that only recurrent inhibitory terminals 
within nRt have functional NPY receptors. These findings contrast with those in 
hippocampus where NPY selectively affects excitatory transmission. Results 
indicate that NPY has a potentially important role in modulating recurrent 
inhibition in nRt and rhythm generation within thalamic circuits. (Supported by 
NIH grant NSO6477 and the Pimley Fellowship Fund).

819.7
CRF-INDUCED INCREASE OF SPONTANEOUS DISCHARGE IN 
LO CU S COERULEUS  NEURONS. J. Roeper1, C. Rundfeldt2.
U. Bischoff3 and R. Netzer3* 11nst, for Neural Signaltransduction, 
ZMNH, 20246 Hamburg; 2Dept. of Electrophysiol., AWD, 01445 
Radebeul;. 3GENION, 20149 Hamburg; Germany

The effects of the Corticotropin-releasing Factor (CRF) on 
spontaneously discharging neurons were investigated in murine slice- 
preparations of s u b s ta n t ia  n ig ra ,  h y p o th a la m u s  and lo c u s  c o e r u le u s  
and in dissociated cultures of the h ip p o c a m p u s .  The experiments were 
carried out by means of the patch-clamp technique.

In s u b s ta n t ia  n ig r a  and h y p o th a la m u s ,  no alterations of spiking 
patterns were observed after the application of CRF (200 nM). In slices 
of lo c u s  c o e r u le u s ,  application of CRF depolarised the cells by 
approximately 5 mV and increased the frequency of action potential 
firing of about 5-fold. Co-application of the CRF-antagonist α-CRF 
helical (200 nM) reduced the firing-frequency. After withdrawal of CRF 
and α-CRF the neurons repolarised and displayed their initial firing 
pattern. In dissociated cultures of the hippocampus no homogeneous 
results were obtained. In some of the cells depolarisations were 
induced by CRF, whereas in other experiments long-lasting phasic de- 
or hyperpolarisations were detected, which could not be correlated to 
the CRF-application.

In summary electrophysiological examinations of the spiking pattern 
in murine lo c u s  c o e r u le u s  slices might serve as an in - v i t r o  model to 
investigate functional CRF effects.
( S u p p o r te d  b y  G E N I O N - IR & D  fu n d )

819.9
EFFECTS OF NEUROTENSIN ON CHOLIN ERG IC NEURONS OF THE 
GUINEA PIG MEDIAL SEPTUM /DIAGONAL BAND NUCLEI.
R.T.Matthews.* Dept, of Anatomy and Physiology, Meharry Medical College, 
Nashville, TN 37208.

Neurotensin (NT) is a peptide neurotransmitter of the limbic system with 
excitatory effects on cholinergic neurons within the Ch3/Ch4 nuclei of the basal 
forebrain (A. Alonso et al, J. Neurosci., 1994). These investigators showed that NT 
induced most cholinergic neurons to fire in a rhythmic burst pattern. In the present 
study, the effects of NT on cholinergic neurons of the medial septum/diagonal band 
nuclei (MS/DB; Chl/Ch2 nuclei) were tested. Intracellular current clamp recordings 
were performed on MS/DB neurons in an in vitro brain slice preparation. NT at 
3 x l0 g M to 10° M depolarized all cholinergic neurons tested (n=l5). 
Depolarization was accompanied by an increase in membrane resistance, a partial 
reduction in the size of the post-spike slow (200-600 msec) afterhyperpolarization 
and an increase in spike frequency with no burst firing in most neurons. However, 2 
of 15 neurons responded to NT by switching their firing pattern to repetitive spike 
doublets upon depolarization with a current pulse. A subpopulation of neurons 
(n=5) exhibited a long post-spike afterhyperpolarization (1-4 sec) which was 
blocked in all cases by 10'7 M NT. The depolarizing effects of NT were insensitive 
to TTX and to the low affinity NT receptor antagonist, levocabastine (10 5 M), but 
were blocked by the high affinity receptor antagonist, SR142948A (10'h M).

These data suggest that NT depolarizes cholinergic MS/DB neurons by blocking 
one or more K7 currents including the Ca+2-dependent K7 currents that underlie the 
afterhyperpolarizations. The effects of NT are likely mediated by the high affinity 
NT receptor located directly on cholinergic neurons. Unlike nucleus basalis neurons, 
most cholinergic MS/DB neurons do not burst fire when stimulated by NT in vitro. 
Supported by NIH grant GMO8O3.

819.6
N EUR O PEPTIDE Y IN H IBITS EPIL E PT IFO R M  ACTIVITY  
IN R AT FR O N TA L C O R TEX  IN  VITRO. M.Biiak*
Institute o f  Pharmacology, Polish Academy o f  Sciences, Smçtna 12, 31- 
343 Kraków, Poland

Neuropeptide Y  (NPY) has been implicated in modulation o f  cortical 
excitability. Mice deficient in N PY  show a significant increase in the 
susceptibility to seizures (Erickson et al., 1996, Nature 381, 415-418), 
which suggests that N PY  may be an endogenous anticonvulsant. In fact, 
N PY suppresses the epileptiform activity induced in hippocampal slices, 
probably via the Y2 receptor-mediated presynaptic decrease in excitatory 
synaptic transmission.

Extra- and intracellular recordings from superficial layers o f  rat cortical 
slices demonstrated that bath-applied N PY  (0 .2 -lµM ) dose-dependently 
and reversibly decreased the frequency and duration o f  burst discharges 
induced by incubation o f  a slice with saline containing nominally zero 
M g2+. That inhibitory effect was mimicked by the Y1 receptor agonist 
[Leu31, Pro34] N PY  (0 .5 -lµ M ), but not by the Y2 receptor agonist 
N PY i3-36. [Leu31, Pro34] N PY had no effect on resting membrane 
properties o f  cortical cells, but it reduced EPSPs evoked by electrical 
stimulation. The amplitude o f  both pharmacologically isolated AMPA- 
and NM DA- dependent EPSPs was decreased, especially at depolarized 
membrane potentials. [Leu31, Pro34] N PY  had no effect on the 
depolarizations evoked by focally applied NMDA. These data indicate 
that in the frontal cortex Y1 receptors are involved in the antiepileptic 
action o f  NPY, probably via presynaptic inhibition o f  the excitatory 
synaptic transmission or/and supression o f  ionic currents which boost 
EPSPs at depolarizing membrane potentials.
Supported by the K B N grant 4PO5AO52l 1

819.8
RESPONSES TO SUBSTANCE P (SP) AND ACETYLCHOLINE (ACh) 
FROM RAT PETROSAL GANGLION CELLS INNERVATING THE 
POSTERIOR TONGUE. T. Koga. R. M. Bradley and C. M. Mistretta* 
School of Dentistry, Univ. Michigan, Ann Arbor, MI 48109-1078.

The petrosal ganglion contains neuron cell bodies innervating taste 
buds in the posterior tongue. Because SP and ACh have been associated 
with innervation of the gustatory papilla, we studied the neuronal 
responses to application o f SP and/or ACh from petrosal ganglion 
neurons that had been labeled by retrograde transport o f Fluorogold 
(FG) injected into the circumvallate papilla. Whole cell recordings were 
performed on 98 acutely dissociated neurons and the intrinsic membrane 
properties and responses to SP and ACh were investigated. High 
concentrations of SP (>= 0.5 mM) induced excitatory responses, 
characterized by a decrease of membrane potential and input resistance, 
in 74 % o f FG labeled neurons. The same concentration of SP induced 
inhibitory responses, characterized by an increase of membrane potential 
and input resistance, in 5 % of FG labeled neurons. ACh elicited only a 
rapid onset phasic response accompanied by membrane depolarization 
and a decrease in input resistance, in 28 % of FG labeled neurons. 
Some neurons which were sensitive to ACh were also responsive to SP. 
However, excitatory responses to SP and ACh were also observed in 48  
% and 59 % o f non-labeled petrosal neurons, respectively. From this 
differential sensitivity, we suggest that petrosal neurons innervating the 
tongue have different electrophysiological properties from neurons 
innervating other receptors, e.g., baroceptors and chemoreceptors. 
Supported by NIH Grant DC00288 (to RMB).

819.10
ELECTROPHYSIOLOGICAL ACTIONS AND SIGNAL TRANSDUCTION 
MECHANISMS OF PITUITARY ADENYLATE CYCLASE ACTIVATING 
POLYPEPTIDES (PACAP) IN THE RAT SUPERIOR CERVICAL GANGLION 
(SCG). M.M. Beaudet*. R.L. Parsons and V. May. Dept, of Anatomy and 
Neurobiology, University of Vermont College of Medicine, Burlington, VT 05405 
Neuropeptides have widespread and diverse roles as neurotransmitters, 
neuromodulators and neurotrophic factors throughout the nervous system. 
Pituitary adenylate cyclase activating polypeptides (PACAP) are members of the 
VIP/secretin/glucagon family of bioactive peptides and have potent 
neurotransmitter and neurotrophic effects on cells of the sympathoadrenal lineage. 
Our laboratory has shown that the PACAP peptides stimulated with high potency 
and efficacy SCG neuron neuropeptide Y (NPY) and catecholamine production 
and secretion, in a manner consistent with the neuropharmacologica! profile of the 
PACAP., receptor. In complementary studies, experiments demonstrated that 
PACAP peptides depolarize SCG neurons directly, via activation of the PACAP, 
receptor. In cells voltage clamped to -50 mV, PACAP application produced an 
inward current o f -142 ± 9 pA. The PACAP-induced current, measured at -50 mV, 
was reduced by substituting NMG for Na+ and by elevating external K+ from 5 mM 
to 20 mM. These observations indicated that both an increase in non-selective 
cationic conductance and a decrease in a K+ conductance contributed to the 
PACAP-induced current. PACAP-induced depolarizations were not effected by 
pretreatment with NEM, PTX or CTX, suggesting that the PACAP-induced 
depolarization was not dependent on the activation of Gα„ G α0, or G αs subunits. 
Furthermore, pretreatment with forskolin, (Bu)2cAMP, H89 or Biml did not alter the 
depolarization, indicating that neither cAMP production nor the activation of PKA, 
or PKC were required for PACAP-induced depolarization. Taken together, these 
experiments support a neuromodulatory role for PACAP, mediated by a novel 
transduction mechanism for the PACAP, receptor. Supported by HD-27468 & NS- 
01636 (VM) and NS-23978 (RLP)
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819.11
A U TO RA D IO G R A PH IC LO CA LIZA TIO N  O F G A L A N IN  BINDING 
SITES IN THE MOUSE BRAIN. M.A. Miller*. S. B onieut and  P.E. Kolb. 
D e p a r tm e n t of P s y c h ia try , U n iv e rs i ty  o f W a sh in g to n , S ea ttle , 
W ashington 98195. '

The n e u ro p ep tid e  galan in  (GAL) has been  im plica ted  in  a varie ty  of 
behavioral an d  neuro en d o crin e  functions. T h ough  GAL recep to rs have 
been identified in m ouse forebrain  m em branes, the reg ional d istribu tion  
of GAL b in d in g  sites has n o t been reported . W e have  used  slice b ind ing  
and  q u a n tita tiv e  a u to ra d io g ra p h y  to m ap  the  d is tr ib u tio n  of GAL 
bind ing  sites in the brains of ad u lt m ale C57/B16 m ice (n=4). To evaluate 
regional d ifferences in the occupancy of GAL recep to rs by endogenous 
ligand, coronal brain  slices w ere treated  w ith  an d  w ith o u t 10'^  M GTP to 
induce dissociation  of en d ogenous ligand from  its b in d in g  sites p rio r to 
incubation w ith rad io labeled  ligand. In genera l, the d istr ib u tio n  of GAL 
b in d in g  sites in m ouse  b ra in  w as sim ilar to th at in  rat b rain ; how ever, 
some species d ifferences w ere present. M ice d isp lay ed  a g rea te r density  
of GAL b in d in g  th ro u g h o u t the cau d ate  nucleus th an  rats b u t a very low 
bind ing  d ensity  in the nucleus of the  lateral olfactory  tract com pared  to 
rats. GAL b in d in g  d e n s ity  w as s ig n ifican tly  (p<0.0009) increased  
follow ing GTP in several b rain  reg ions in c lu d in g  the cholinerg ic  basal 
forebrain, bed nucleus of the stria term inalis, an d  m edial preop tic  region. 
GTP preincubation  revealed b in d in g  sites in  the  h y p o th alam u s, posterior 
h y p o th a lam u s, d o rsa l rap h e , cen tra l g ray , p a rab rach ia l nuc leus, and 
locus c e ru le u s  w h ich  w ere  u n d e te c ta b le  u n d e r  s ta n d a rd  b in d in g  
conditions. The regional effects of GTP p re trea tm e n t su g g est d ifferen t 
rates of GAL receptor occupancy o r d ifferent GAL receptor subtypes. This 
work was funded by NIH  NS33606 and NIA AC10917.

819.13
M E S S E N G E R  RNA E X P R E S S IO N  O F C R F R E C E P T O R  1
A N D  2 α  IN T H E B R A IN  O F M IC E . Ragna Lohmann*. Frank 
Dautzenherp. Farahnaz Sananbenesi and Joachim Spiess. Dept. Mol. 
Neuroendocrinology, Max Planck Inst. Exp. Med., 37075 Goettingen, 
Germany.
The corticotropin releasing -factor (CRF) is a crucial peptide in the 
integration of endocrine, autonomic, immune and behavioral responses to 
stress. cDNAs encoding human, rat and mouse CRT-receptor 1 (CRF-R1) 
and the CRF-R2α and ß of rat have been cloned. The overall central 
distribution of CRF-R1 and CRF-R2 in rats and to some extent in human 
(only PCR data) is known. However, not much is known about the CRF-R 
mRNA distribution in the mouse brain which become more and more 
important as research animals due to transgenic approaches and different 
inbred strains.
The objective of the present study is to investigate the distribution of the 
two receptor subtypes, CRF-R1 and CRF-R2α, in the central nervous 
system of mice (C57BL/6). The receptor clones were obtained by PCR 
amplification of mice brain cDNA. The sequenced CRF-R1 and CRF-R2α 
fragments are 521 and 579bp in length, respectively, and share 64% 
homology to each other. The CRF-R2α encodes lO2bp with 2α-specificity 
and 477bp with 2α  and ß specificity. Brain sections were subjected to in- 
situ hybridization using 35S-labeled riboprobes specific for either CRF-R1 
or CRF-R2α. Our results show a sligthly different mRNA expression 
pattern as described in rats. In difference to rats the CRF-R2α mRNA is 
found additionally in the anterior commissure anterior in mice. Ongoing 
studies investigate the influence of stress and learning and memory on the 
mRNA expression of CRF-R1 and CRF-R2α.
(Supported by the M ax P lanck Society>)

819.15
COMPARATIVE IMMUNOHISTOCHEM1CAL STUDY ON THE 
DISTRIBUTION OF SP. CGRP AND GABA IN MONGOLIAN GERBIL 
CEREBELLUM. I.S. Lee1. H.S. Lee1. M.H. Won2*, í,H. Seo1 and T.C, 
Kang'. 'Dept, of Veterinary Anatomy, Seoul Nat'l Univ.; “Dept, of 
Anatomy, Hallym Univ.; Suwon, 441-744 Republic of Korea.

Despite observation of abundant SP in gerbil cerebellum, we could 
not confirm its neurochemical characteristics in previous study. The 
present study, therefore, was performed to identify interrelationships 
between SP, CGRP and GABA in gerbil cerebellum by 
immunohistochemical method. In Purkinje cell layer, the SP-like 
immunoreactivity(SP~LI), CGRP-LI and GABA-LI were observed in 
almost all Purkinje cells and their dendrites. Furthermore, these 
neurotransmitters were proved to colocalize in Purkinje cells by 
consecutive immunostaining sections. The CGRP-LI was present in the 
Purkinje and granule cells, and in the small number of mossy fibers. 
The CGRP immunoreactive cell bodies and fibers, however, were rarely- 
seen in molecular layer. The GABA-LI was observed in Golgi cells, 
basket cells and stellate cells as well as Purkinje cells. Particularly, 
many GABA immunoreactive Golgi cells which were reported to be 
observed near Purkinje cells in rat, were located at the adjacency of 
white matter. Although the distribution of GABA-LI in gerbil 
cerebellum was similar to that in rat cerebellum, the localizations of 
SP- and CGRP-LI were very different from rat and other animals. 
These results suggest that these peptides should have the potential for 
a complex role in modulating circuitry in the cerebellar cortex of 
Mongolian gerbil.

819.12
NEUROTENSIN-2 (NTR2) RECEPTOR mRNA EXPRESSION IN THE MOUSE CNS. M.M. 
DuikiiT, C. Gunwaldsen, B. Borowsky and T.A. Braiichek. Synaptic Pharmaceutical Corporation. 
Paramus, NJ 07652.

Neurotensin (NT), a tridecapeptide that acts as a neurotransmitter/neuromodiilator in die brain. Central 
actions described for neurotensin include die modulation of neuroendocrine Unction, particularly die 
secretion of LH, FSH, GnRH, via hypotìialamic NT receptors, and die regulation of dopaminergic 
transmission in nigro-striatal neurons through interaction witii NT receptors in die VI A, SNc, NAc and 
CPu. NT's role in spinal nociception has been described as bodi facilitoiy and inhibitoiy via interaction 
witìi receptor, in die RVM. Tie depressor effect of NT on cardiovascular (unction has been attributed to 
NT i-eceptors in die nucleus tractus solitaries in die brainstem.

Two NT i¾ceptors have recently been cloned, namely NTRI and NTR2. Hie distribution ot N PR I 
has been described in die rat. In die present study, we have examined die distribution of die NTR2 
receptor in die mouse CNS using [’B]-labeled oligonucleotides and /// situ  hybridization 
histæhemistry/dry film and emulsion autoradiography. The radiolabeled antisense probe produced a 
widely distributed hybridization signal in die mouse brain. In die telencephalon a veiy weak 
hybridization signal was observed tiirougliout die cerebral cortex, while die amygdaloid nuclei displayed 
light to moderate signals. An intense hybridization signal was restricted to die CA3 field of Amnion’s 
horn of die hippocampus, widi a slightly lower signal over die granule cells of die dentate gyms, flic 
septum display ed moderately heavy hybridization, as did die globus pallidus and die diagonal band of 
Broca In die diencephalon, a moderate accumulation of silver grains was seen over die midline dialamic 
nuclei, including die paraventricular, reuniens, centromedial and geniculate nuclei. Many nuclei in die 
hypodialamus contained moderate levels of hybridization signal, witìi increased density in die 
ventromedial nucleus. The signal seen in die dorsal periaqueductal gray, superior colliculus, die 
substantia nigra and pontine nuclei was generally more intense dian die light hybridization signal 
dirougliout die mesencephalon. In the medulla pons, die medial vestibular nucleus was moderately- 
labeled as was die NTS and various nuclei of die RVM. The strongest signals were detected over cells in 
die raphe pallidus and over Purkinje cells in die cerebellum. Tie dorsal horn of die spinal cord displayed 
a moderate to weak signal that was slightly higher dian the signal observed in die ventral horn.

Tie anatomical distribution of die mRNA encoding die NTR-2 receptor supports a possible role tor  
tiiis receptor subtype in die modulation of dopamine transmission, and as a mediator of neuro-endocπne 
function and blood pressure, in addition to effects on cognition and sensory modulation.

This work was supported by Synaptic Phaπnaceutical Corporation.

819.14
CELLULAR SUBSTRATES FOR INTERACTIONS BETWEEN  
CORTICOTROPIN-RELEASING FACTOR (CRF) AND γ- 
AM INOBUTYRIC ACID (GABA) IN THE RO STROLATERAL  
PERI-LOCUS COERULEUS (LC) AREA. R.J. Valentino'1, A. Saunders. 
C. Rudov andE.J. Van Bockstaele. Dept, of Pathology, Anatomy & Cell Biology, 
Thomas Jefferson University, Phila, PA 19107. 'Dept, of Psychiatry, Allegheny 
Univ. of the Health Sci., Phila. PA 19102.

The rostrolateral peri-LC is enriched with CRF-containing axon terminals. Wc 
recently identified the central nucleus of the amygdala (CNA) as a source of CRF 
afferents to this area. CRF- and anterogradely-labeled terminals from the CNA target 
noradrenergic as well as unlabeled dendrites in the rostrolateral peri-LC. To begin to 
identify the neurochemical phenotype in the unlabeled dendrites we combined 
immunoperoxidase labeling for CRF and immunogold-silver labeling for GABA in 
the same section of tissue in adult rat brain. By electron microscopy, GABA- 
labeled axon terminals that contained small clear vesicles, as well as large dense core 
vesicles, were abundant in the rostrolateral peri-LC. Additionally, numerous 
dendrites in this area exhibited immunolabeling for GABA. Axon terminals 
containing peroxidase labeling for CRF also contained small clear vesicles and large 
dense core vesicles. These CRF axon terminals formed synapses with GABA- 
containing dendrites and were also directly apposed to GABA-labeled axon terminals. 
Notably, although CRF axon terminals were often found in similar areas of the 
neuropil as GABA, few terminals colocalized immunolabeling for both transmitters. 
These data suggest that CRF may modulate GABA function in the rostrolateral peri- 
LC via postsynaptic actions on GABA dendrites or presynaptic actions on GABA- 
containing axon terminals. Additionally, these data argue against a prominent co
existence of GABA in CRF afferents to this peri-LC region. Supported by 
DA09082, DA 10450, AHA 96002240, MH40008 and MH00840.

819.16
DIENCEPHALIC MCH NEURONS ARE INFLUENCED BY CHOLINERGIC 
AFFERENTS. P.Y. Risold*. L. Baver. B. Griffond. D. Fellmann. CNRS USA 
6025, Laboratoire d’Histologie-Embryologie-Cytogénétique, Faculté de 
Médecine, Place St Jacques, 25030 Besançon cedex, France.

MCH neurons are located within the tuberai lateral hypothalamic area 
(LHA) and the rostromedial zone of the zona incerta (Zl). Beside 
preproMCH, these neurons are expressing high levels of acetyl 
cholinesterase (AChE). However, they are probably not cholinergic (they are 
not stained for choline acetyltransferase, ChAT), and thus, they may be 
cholinoceptive. Abundant cholinergic fibers labeled by a ChAT antiserum, 
and displaying many varicosities are found in the tuberai LHA, and even 
more in the rostromedial Zl. Using double staining procedures, we found 
many of these fibers in the immediate vicinity of MCH perikarya and proximal 
dendrites. Analysis at high resolution is in progress, but adjunction of 
carbachol (5OµM), a cholinergic agonist, to the surviving medium of 
hypothalamic slices in culture, induces an increase of 60% of MCH mRNA. 
This effect is antagonized by atropine. After injections of fluorogold in the 
LHA and Zl, many retrogradely labeled neurons were also stained for ChAT 
in the pedunculopontine and laterodorsal tegmental nuclei. One or two 
double labeled neurons were found in the ventral telencephalon.

Thus, MCH neurons appear to be targeted by ascending cholinergic 
afferents. Interestingly, pedunculopontine and laterodorsal tegmental nuclei 
are providing dense innervation of the whole thalamus. Afferents to MCH 
neurons from these cell groups may be collateral axons from these thalamic 
projections. Furthermore, MCH neurons are providing a dense innervation of 
the basal telencephalon, in particular the medial septal complex. Both MCH 
neurons and cholinergic neurons of the ventral telencephalon are innervating 
the whole cortical mantle. Thus, MCH neurons may be part of a complex 
pathway including cholinergic mesencephalic and telencephalic neurons and 
involved in attention and arousal.
This work was supported by the Fondation pour la Recherche Médicale
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819.17
ON THE ROLE OF CHOLECYSTOKININ (CCK) IN ACUTE ARTHRITIS AND 
CHRONIC NEUROPATHIC PAIN -  AN IN VIVO MICRODIALYSIS STUDY IN 
THE ANTERIOR CINGULATE CORTEX OF AWAKE RATS.
H. Gυstafsson.1* U. Erel.1 and E. Brodin1. 'Dept, o f Physiology and Pharmacology, 
Karolinska Institute.; S-171 77 Stockholm.

Objective: CCK is widely distributed in cerebral cortex, including limbic regions 
such as the anterior cingulate cortex (ACC), and has been suggested to be involved in 
pain modulation. ACC is part of the medial pain system and has been strongly 
implicated in acute and chronic pain responses. In this study we investigated the 
effects of carregeenan induced arthritis and peripheral axotomy on basal and 
potassium (100 mM) evoked release of CCK in the ACC.
Methods: Peripheral axotomy (n=7) was performed 2-3 weeks prior to the 
experiments and mono arthritis (n=10) was induced by injection o f carrageenan into 
the ankle joint immediately before the microdialysis. In vivo microdialysis was 
carried out in awake rats following 48 h of recovery from the implantation of a guide 
cannula into the ACC. A dialysis probe perfused with Krebs solution was inserted 
into the ACC of arthritic, axotomized or control animals. Basal samples were 
collected and in order to stimulate the release of CCK, potassium (lOOmM) was used. 
CCK was quantified by radioimmunoassay.
Results: In nerve injured animals there was no change in the basal release, whereas 
the potassium stimulated release was significantly increased bilaterally compared to 
control animals. In arthritic animals, on the other hand, there was a significant 
increase of the basal release of CCK compared to the control group.
Conclusion: Our findings suggest that the release of CCK in the ACC is affected in 
pain condtions. If the increase is related to the nociceptive or the affective component 
of pain, remains to be elucidated.
Supported by the Swedish Medical Research Council and Astra Pain Control AB.

819.19
Internalization of exogenous ventricular gaianin (1-29) into discrete nerve 
cell populations of the dorsal hippocampus of the rat
K. Fuxe* . A. ,lansson. B. Tinner. H, Razani. F-H. Wang. P.A. Schott. L.F. 
Agnati and S.O. ögren Dept, of Neuroscience, Karolinska Institute,
Stockholm, Sweden, Sect, of Physiology, Dept, of Biomedical Sciences, 
University of Modena, Modena, Italy,

In the dorsal hippocampus of the rat, low numbers of high affinity gaianin 
(GAL) receptors and high numbers of GAL fragment (1-15) binding sites have 
been found. In spite of numerous studies utilizing intraventricular (i.v.t.) 
administration of GAL (1-29), little is known about the spread and brain tissue 
distribution of GAL (1-29) following i.v.t. administration. In this study a discrete 
nerve cell body population with dendrites were discovered to become strongly 
GAL immunoreactive (IR) in the dorsal hippocampus following i.v.t. GAL (1.5 
nmoles). The time course of the appearance of GAL immunoreactivity (IR) in 
these cells following a behaviourally active dose of porcine GAL (1-29) (1.5 
nmol) was studied. At the 10 and 20 min time interval, scattered small to medium 
sized GAL IR soma with dendrites were found in all layers of the dorsal and 
ventral hippocampus (less than 5% of the total nerve cell population). Most of 
these cells were in doubleimmunolabelling experiments identified as GABA 
interneurons in some cases costoring NPY or somatostatin. At the 60 min time 
interval, the cells with exogenous GAL IR were no longer visible. 20 min 
following CSF (i.v.t.), only the endogenous scattered punctate GAL IR terminals 
were found and the appereance of this endogenous GAL IR plexus was not 
altered by i.v.t. GAL. Only very few GAL IR nerve cells were found in other 
periventricular brain regions (neostriatum, amygdala, dorsal raphe), although a 
diffuse peri-paraventricular zone of GAL IR could be demonstrated.
These findings may suggest the existence of a unique population of hippocampal 
neurons with the ability to internalize and concentrate GAL and/or fragments 
present in the extracellular fluid. (Supported by the Swedish Medical Research 
Council and the Marcus and Marianne Wallenberg Foundation)

819.18
RELEASE-DEPLETION AND RECEPTOR-MEDIATED INTERNALIZATION 
OF ENDOGENOUS NEUROTENSIN IN CAT STELLATE GANGLIA. EL 
Jiménez, M.A. Zetina. F. Díaz-Luna. E. Mora-Valladares and M.A. Morales*. 
Depto. Biología Celular, MB, UNAM, México, D.F., 04510.
The release and depletion of neurotensin (NT) in sympathetic preganglionic 
axon terminals occurs only under frequencies higher than 10 Hz (Maher et at, 
1991). Several studies have reported in diverse areas of the nervous system, 
including autonomic ganglia, a receptor-mediated neuronal internalization of 
exogenous NT which has been considered as a part of the process of NT 
signaling (Fauré et al, 1995; Bachoo et al, 1996).

We investigated the release, depletion and internalization of 
endogenous NT in the cat stellate ganglia by combining immunofluorescence, 
image analysis and confocal microscopy. Antiserum against NT and tyrosine 
hydroxylase (TH) were used. NT immunoreactivity (NTIR) was found in the 
axon preganglionic terminals and it was released by 40 and 5 Hz afferent 
electrical stimulation and depleted to 7.4% if the stimuli lasted up to 20 min 
with 40 Hz and to 19.2% with 5 Hz for 160 min. Once released, NT was 
internalized by the principal THIR ganglion cells in a time-dependent manner: 
with an onset of a few min (0-2), a clear accumulation at 20 min, a maximal 
internalization at 120 min and a considerable fade 24 h after the end of 
stimulation. Confocal analysis showed internalized NT as intensely fluorescent 
granules mainly located around negative nucleus. Internalization was also 
binding-receptor dependent, since it was partially blocked by the nonpeptide NT 
antagonist SR48692. These data provide evidence that NT can be released 
and depleted no only at high but at physiological frequencies such as 5 Hz, 
and that in  s itu  receptor-mediated internalization of the endogenous releasable 
NT occurs, supporting the thesis that internalization of the peptide may play a 
role in neuropeptide signaling. Supported by DGAPA, UNAM. IN-204093 and 
0176 P-N CONACYT Mexico.

819.20
DISTRIBUTION AND QUANTITY OF LHRH-IMMUNOREACTIVE NEURONS IN 
BRAINS OF MOLE-RATS (ιCRYPTOMYS) WITH PAIRED OR UNILATERAL 
TERMINAL NERVE. H. H. A. Oelschläeer1*. H. B urdal and H. Jastrow3. 'Dept, of 
Anatomy, J.W. Goethe-University, Theodor-Stem-Kai 7, D- 60590 Frankfurt am Main; 
2Dept. of Zoology, University of Essen; 3Dept. of Anatomy, J. Gutenberg-University, 
Mainz, Germany.

The terminal nerve (tn) plays an important role in the establishment of the 
hypothalamo-hypophyseal-gonadal axis as the source of Luteinizing Hormone- 
Releasing Hormone (LHRH)- immunoreactive (ir) neurons that migrate to and into the 
CNS. Meningeal portions of the tn and brains were analyzed in 3 early postnatal and 3 
non-reproductive adult female specimens of the African mole-rat (Cryptomys spec.), a 
subterranean eusocial rodent, looking for differences in LHRH-ir cell distribution. 
LHRH-ir neuron counts in the CNS of 5 animals with a bilateral tn revealed that the 
spreading of ir neurons was more or less equal on both sides. In one adult female, 
however, the right tn was lacking, and within the CNS only very few ir neurons were 
found on the right side, whereas an exceptionally large number was present on the left 
side. Thus the total number of LHRH-ir neurons in this female did not differ 
significantly from that in the other adult animals. In the 3 adult non-reproductive 
females (including the animal with the unilateral tn), an additional population of 
LHRH-ir cells was detected in the area of the parafascicular and dorsomedial thalamic 
nuclei. These cells were present on both sides of the brain in about the same quantity. 
Their perikarya had large or small vacuoles heavily labeled for LHRH, thus they were 
named ,,Dark-Spot Cells (DSCs)“. This investigation shows that unilateral absence of 
the tn is correlated with an almost total lack of ipsilateral LHRH-ir neurons but does not 
affect the DSC population. The results obtained provide strong evidence for ipsilateral 
migration of LHRH neurons during ontogeny. The large number of LHRH neurons on 
the left side of the specimen with the unilateral tn raises the question as to the 
regulation of LHRH cell numbers (decreased apoptosis?). The distribution of the new 
cells (DSCs) suggests that they are independent of the tn.

Funding by Scheidel Foundation (Frankfurt a.M., FRG) is gratefully acknowledged. -
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OPIOID-RESPONSIVE NEURONS IN RAT AMYGDALA. Hector
G. Marrero*, Xueguang Chen, Yong-Jian Lin, Pulin H. Patel and 
Jonathan E. Freedman. Dept. Pharmaceutical Sciences, 
Northeastern Univ., Boston, MA 02115.

The amygdalohippocampal area (AHA) is an output nucleus of 
the amygdala which has been implicated in appetitive and moti
vational behaviors, and may play a role in opiate addiction. We 
have studied opiate receptor responses in patch-clamp recordings 
from freshly dissociated rat AHA neurons. Fluorescence immuno- 
cytochemical labeling of intact caudal amygdala slices with anti
bodies to gaianin or µ-opioid receptors extensively labeled large 
30-40 µm pyramidal or spindle-shaped cells in the AHA, while δ- 
receptor antibodies labeled smaller cortical nucleus cells and few 
AHA neurons. When cells were dissociated, we observed simi
larly-shaped 30-40 µm cells, of which about 90% were labeled for 
µ-receptors and only a few were labeled for δ-receptors. These 
cells expressed numerous ion channels in cell-attached patch- 
clamp recordings, many of which were insensitive to opioid ago
nists. However, a 130 pS K+ channel was activated by met- 
enkephalin and inhibited by naloxone applied from within the 
patch pipette. Thus, AHA neurons appear to express a K+ chan
nel that is modulated by opioid receptors. Interestingly, this 
channel is distinct from the 30-45 pS K+ channel of the locus 
coeruleus reported by others to be opiate-modulated, or the 85 pS 
K+ channel that we previously found to be activated by D2 do
pamine receptors in the caudate-putamen.

Supported by NIH grant DA-10086.

MU-OPIOID RECEPTOR-MODULATED K+ CHANNELS ON 
RAT AMYGDALA NEURONS. Xueguang Chen*, Hector G. 
Marrero and Jonathan E. Freedman. Dept. Pharmaceutical 
Sciences, Northeastern Univ., Boston, MA 02115.

We have used cell-attached patch-clamp recordings to charac
terize the properties of a 130 pS K+ channel on freshly dissociated 
rat amygdalohippocampal area (AHA) neurons. This channel was 
inwardly-rectifying, with a reversal potential consistent with K+ 
as a major charge carrier, and displayed long openings or bursts of 
openings. It was rarely expressed in the absence of opioid ago
nists. When applied from within the patch pipette in recordings 
from 30-40 µm pyramidal or spindle-shaped cells apparently de
rived from the AHA, opioid agonists were associated with the 
activation of this channel in about half of recordings. Met- 
enkephalin, morphine, and the µ-selective opioid endomorphin-1 
were each active in this way. Such effects were rarely seen in 
smaller cells from the cortical nucleus. The δ-selective agonist 
DPDPE appeared to activate this channel on a much smaller per
centage of AHA neurons, while we have not yet seen any effect of 
the K-selective agonist U-50488. The effects of endomorphin-1 
were antagonized by the µ-antagonist CTOP, but not by the ô- 
antagonist ICI-174864. It thus appears that in the limbic system, 
opioid receptors, predominately of the µ-subtype (but possibly in
cluding a small number of δ-receptors as well), selectively activate 
an inwardly-rectifying 130 pS K+ channel of rat AHA neurons.

Supported by NIH grant DA-10086.
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820.3
THE UNIRECEPTOR HYPOTHESIS OF OPIOID ANTINOCICEPTION IN 
AM PHIBIANS. C,W. Stevens.* L.C. Newman, and D.R. Wallace. Oklahoma 
State University, College o f  Osteopathic M edicine, Dept, o f  Pharmacology 
and Physiology, Tulsa, OK 74107 USA.

The type o f  opioid receptor(s) mediating antinociception in amphibians 
was investigated using type-selective opioid antagonists and spinal 
administration o f  µ-, δ- and κ-opioid receptor agonists. The antagonist actions 
o f the µ antagonist, ß-FNA (ß-funaltrexamine), the δ antagonist, naltrindole 
(NTI), and the k antagonist, nor-BNI (nor-binaltorphimine) were assessed in 
the Northern grass frog, Rana pipiens. Antinociceptive thresholds were 
measured using the acetic acid test. ß-FNA did not produce any agonist 
effects after spinal administration. In single dose studies, concurrent or 24h 
pretreatment o f  ß-FNA significantly blocked the antinociceptive effects o f  
morphine, fentanyl, DAMGO, DADLE, DPDPE, and CI977. NTI 
significantly attenuated the antinociception produced by DPDPE, DSLET, 
and morphine. nor-BNI blocked the antinociceptive effects o f  U50488 and 
GR89696, as well as morphine, fentanyl, DPDPE, and deltorphin. Binding 
studies from our lab and others show predominantly one type o f  opioid 
binding site, unlike any opioid binding site characterized in mammals. [3H]- 
diprenorphine bound to a single high affinity site in brain and spinal cord 
homogenates with a KD o f  0.65 nM and Bmax o f  288 fmol/mg. These data 
suggest that µ, δ, or k opioids produce antinociception in amphibians by 
interaction at one type o f  opioid receptor, termed the “unireceptor”. This 
opioid unireceptor may represent a promiscuous opioid receptor in earlier- 
evolved vertebrates. Supported in part by NID A (07326), the Whitehall 
Foundation, and intramural funding from OSU-COM  sources.

820.5
EFFECTS OF THE MU-OPIOID AGONIST, DAMGO, ON INHIBITORY 
POSTSYNAPTIC CURRENTS (IPSCs) IN RAT DENTATE 
INTERNEURONS. Qianq Li*. Dennis A. Turner and Darrell V. Lewis. 
Department of Neurobiology and Neurosurgery and Pediatric 
Neurology. Duke University Medical Center. Durham. NC, 27710

An Increase in the excitability of the dentate granule cells caused 
by endogenous opioids may be associated with the inhibition of 
GABAergic interneurons, including ones located in the molecular layer 
of the dentate gyrus (DG). We examined the effects of the µ-opioid 
receptor agonist, DAMGO, on the GABAa IPSCs of interneurons in the 
molecular layer of the DG. Using the whole-cell patch clamp technique 
and in the presence of the excitatory amino acid antagonists, DNQX 
(2OµM) and D-AP5 (5OµM), bicuculine-sensitive IPSCs were recorded 
from visualized interneurons and the granule cells in the DG of rats 
(P8-P28). Bath application of DAMGO (0.1-0.5µM) reduced the 
amplitude and frequency of spontaneous GABAa IPSCs in the majority 
of interneurons. The inhibitory effect could be attenuated or reversed 
by bath application of the non-selective opioid receptor antagonist, 
Naloxone (10µM) or the selective µ-opioid receptor antagonist, CTAP 
(1.0µM). In addition, the amplitude of the evoked GABAa IPSCs of 
some interneurons is also reduced by DAMGO. Morphology of 
recorded and biocytin-labeled interneurons shows that, with soma 
located in the molecular layer, some neurons have multipolar 
processes and project to the subiculum across the hippocampal 
fissure. Some neurons have dendrites descending into the hilar region 
via the granule cell layer. The present results suggest that 
endogenous opioids, in addition to disinhibiting granule cells, may 
also disinhibit interneurons. Supported  b y  NIH grant DA 06735 to DVL.

820.7

ASSESSMENT OF MU- AND DELTA-OPIOID AGONISTS WITHIN A 
CONDITIONED TASTE AVERSION DESIGN. S.D. Grabus^G.R. Simpson.
A.C. Hutchinson and A.L. Rilev. Dept, of Psychology, American 
University, Washington, DC 20016.

Selective mu and kappa opioid receptor agonists differ in their 
abilities to condition taste aversions, with kappa agonists producing 
stronger aversions than mu agonists. The relatively weaker aversions 
are likely a result of the masking of toxicity by the reinforcing 
properties of mu agonists. Given the suggestion that the reinforcing 
properties of the opioids may be mediated by agonist activity at both 
the mu and delta subtypes, it might be expected that aversions induced 
by mu and delta agonists (if any) would be similar in their 
characteristics. To that end, 63 female Long-Evans rats were adapted 
to water deprivation and subsequently given pairings of a novel 
saccharin solution and various doses (0.32, 1, 3.2 and 10 mg/kg, 
s.c.) of the selective delta agonist, SNC 80, or of the mu agonist, 
morphine. There was no evidence of aversions at the two lowest doses 
of morphine or SNC 80 with these subjects consuming levels of 
saccharin comparable to controls. Aversions were induced at the two 
higher doses of 3.2 and 10.0 mg/kg of SNC 80 and morphine. Further, 
the degree of the aversion differed between the two groups at the high 
dose of 10 mg/kg with subjects injected with SNC 80 drinking 
significantly less than those injected with morphine. Although such 
differences could reflect relative potencies at their respective opioid 
subtypes, it is also possible that the two receptor subtypes 
differentially mediate the reinforcing and aversive effects of opioid 
agonism.

820.4
5-HT3 and delta-opiate an tagonists in e thano l’s 
discrim inative effects Mhatre, M.*, Carl K., Garrett K. and Holloway
F. (Dept. Psychiatry, Univ. Oklahoma HSC, Oklahoma City, OK 73190). 
Biochemical and behavioral evidence indicates major involvement of 
endogenous opiate and mesolimbic dopaminergic systems in ethanol’s 
rewarding and reinforcing effects. The euphoria produced by ethanol 
consumption is suggested to be due to the activation of endogenous opiate 
system. Also, ethanol-induced dopamine release which contributes to the 
stimulant effects of ethanol, has been suggested to be modulated by 
serotonin acting through 5-HT3 receptors suggesting the involvement of 5- 
HT3 receptors in ethanol’s behavioral actions. The present study was 
designed to determine whether δ opiate and 5-HT3 receptor antagonists 
when given alone or in combination, block discriminative stimulus effects of 
ethanol. Rats were trained to discriminate ethanol from saline on FR-10 
schedule using food as reinforcement. Delta opiate receptor antagonist, 
naltriben (0.56, 1,3.2, 5.6 mg/kg), administered 15 min before ethanol 
(Dose = ED100) administration did not antagonize discriminative stimulus 
effect of ethanol. Naltriben at 3.2 mg/kg suppressed the rate of response 
for ethanol, presumably due to its sedative effect. Similarly, 5-HT3 
antagonist, tropisetron (0.56, 1, 3.2, 5.6 mg/kg) did not antagonize ethanol’s 
discriminative effects. On the other hand, tropisetron at the dose of 10 and 
17 mg/kg showed an additive effect to ethanol’s [doses of ethanol = ED(0), 
ED(25), ED(50) and ED(75)] discriminative effect in some (66%) rats. In 
brief, delta-opiate and tropisetron when administered alone did not 
antagonize ethanol’s discriminative effects. These results will be discussed 
along with the effect of administration of combination of these two drugs on 
ethanol’s discriminative effects. (Supported by Oklahoma Center of 
Advanced Science and Technology)

820.6
CONSTITUTIVE ACTVITY AT OPIOID RECEPTORS EXPRESSED IN 
C6 GLIOMA CELLS
Claire L. Neilan, Jeff A. Vivian*, James H. W oods, John R. Travnor 
Department o f Pharmacology, University o f  M ichigan, Ann Arbor, MI 
48109-0632.

Many G-protein coupled receptors exhibit constitutive activity (e.g. 5-HT2, 
ß2-adrenergic receptors) resulting in the formation o f active ternary 
complexes in the absence o f an agonist. Compounds that inhibit this tonic 
activation o f G-proteins, have been termed “inverse agonists”. In this study 
we have investigated constitutive activity in C6 gliom a cells transfected with 
either the cloned δ- or µ-opioid receptor. Constitutive activity was measured 
as the level o f specific [35S]GTPγS binding in the absence o f agonist. 
Treatment with pertussis toxin confirmed the presence o f constitutive activity 
in C6 cells expressing the δ-opioid receptor. Furthermore the peptide 
ICI174864 and clocinnamox, a 14-cinnamoylamino morphinone, acted as 
inverse agonists at this δ-receptor in C6 cell membranes (EC5O ICI 174864 = 
26.8nM , EC5O clocinnamox = 8.9nM ). The opioid antagonist naloxone, the 
µ-opioid partial agonist buprenorphine, and the δ-opioid antagonist 
naltrindole were neutral antagonist with no effect on [35S]GTPγS binding. 
Both C6 cells expressing the µ-opioid receptor and wild-type C6 cells 
showed a very similar low level o f basal activity, suggesting a lack o f 
constitutive activity associated with the µ-opioid receptor. Supported by DA  
00254.

820.8
RISING-DOSE PROPORTIONALITY OF ENADOLINE (CI-977) IN RATS 
AND DOGS. C.M. Barksdale*. M,J, Coon. D A. Turluck. R J, Guttendorf, and
G.D. Nordblom. Pharmacokinetics, Dynamics, and Metabolism, Parke-Davis 
Pharmaceutical Research Division, Warner-Lambert Company, 2800 Plymouth 
Road, Ann Arbor, MI 48105-2430.

The rising-dose proportionality pharmacokinetics, after intramuscular (IM) 
administration, o f  CI-977, an active, analgesic, kappa opioid receptor agonist, were 
evaluated in fed male Wistar rats and Beagle dogs.

Following NIH guidelines, jugular vein cannulas were surgically implanted in 24 
male Wistar rats. After recovery following the surgeiy, single doses o f  0.04, 0.1, 1.0, 
or 2.0 mg/kg o f CI-977 were given IM to six rats at each dose level.

In an identical paradigm, Six Beagle dogs (3 M; 3F) were given single IM 
doses o f  0.3, 1.0, 3.0, 15.0, and 45 µg/kg o f  CI-977. Blood samples (0.25 mL 
for rats and 4 mL for dogs) were collected into heparinized syringes for 24 
hours after dosing, and plasma was analyzed using separately validated 
radioimmunoassay procedures.

CI-977 was rapidly absorbed after IM administration in both species. In rats, 
following the absorption phase, plasma CI-977 concentrations declined in an 
apparent biexponential fashion. In the initial rapid phase, half-lives ranged 
from 24.9 to 34.0 minutes, while AUC (0-24 hr) increased with increasing dose 
but did not appear to be exactly dose proportional. In dogs, the harmonic mean 
terminal elimination half-lives ranged from 41.2 minutes at the 0.3 µg/kg doses 
to 124 minutes after the 45 µg/kg doses. AUC(0-inf) increased with dose from 
9.94 ng-min/mL at 0.3 µg/kg to 1360 ng-min/mL at 45 µg/kg. The increases in 
Cmax and AUC(0-inf) were proportional to dose.
(Supported by Parke-Davis Pharmaceutical Research/Wamer-Lambert Company)
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820.9
INHIBITION OF 3H-DIPRENORPHINE BINDING TO HUMAN OPIOID 
RECEPTORS BY MIDAZOLAM AND OTHER BENZODIAZEPINES 
BZD). Mark A. Collins & Richard F. Cox* . Receptor Biochemistry 
Department, Biochemistry Division, Glaxo Wellcome, Research Triangle 
Park N. C. 27709

Recent preclinical and clinical studies have suggested that midazolam 
may possess antinociceptive activity in rats and humans after intrathecal 
injection. Several reports have demonstrated analgesic activity for 
intrathecal midazolam in patients with chronic pain. The mechanism of 
midazolam's analgesic activity is not known, but previous studies by 
others have shown binding of midazolam to rat spinal cord opiate 
receptors [Rattan et al, Anesth Analg 73:124, 1991}. The current 
experiments were undertaken to examine the direct interactions of 
midazolam and other benzodiazepines at human µ, δ, and k opioid 
receptors. Membrane homogenates were prepared from CHO cells 
expressing human µ, δ, or k opioid receptors. Midazolam differentially 
displaced 3H-diprenorphine from µ, δ, and k  opioid receptors with IC5o's of 
200, 47.8 and 8.5 µM, respectively. Diazepam and chlordiazepoxide had 
IC5o's of 13 µM and 100 µM vs δ receptors, but little activity at other 
subtypes. The BZD antagonist flumazenil did not significantly interact with 
any of the subtypes. In comparison, standard opiate receptor ligands 
bound with nanomolar affinities at their respective receptor subtypes.

These results indicate that midazolam and other benzodiazepines only 
weakly interact with human opioid receptors, however, the IC50 values are 
in the range of concentrations that may be achieved following intrathecal 
injections. Our data suggests that the analgesic effects of midazolam may 
be, at least partly, mediated by direct interaction with spinal opioid 
receptors.

820.11

E V ID E N C E  T H A T  O PIO ID  PE P T ID E S  A R E  TH E A F FE R E N T  
N E U R O M O D U L A T O R  IN F R O G  S E M IC IR C U L A R  C A N A L S  
G-N. A ndrianov* and I V. R v zh o v a . Lab. o f  P h ysio logy  o f  
R ecep tion , P a v lov  Institute o f  P h ysio logy , R ussian A cadem y o f  
S cien ces, St.Petersburg 1990 3 4 , Russia.

T h e e ffects o f  op io id  p eptid es leu-enkephalin  (E nk) (Tyr -  G ly- G ly  
- P he - L eu ), dalargin (D al) (T yr-D -A la-G ly-P h e-L eu -A rg) and the  
sp ecific  antagonist o f  op iate  receptors n aloxon e (N al) on  synaptic  
transm ission and resp on ses induced by L -glutam ate (L -G lu) w ere  
studied in vestibular ampullar receptors o f  the frog Rαnα temporαrìα. 
M ost afferent fibres resp onded by a d ecrease o f  d ischarge frequency  
to  external application o f  0 .0 0 1  -  100 nM  Enk and 0.1 -  100 nM  
Dal. N al (1 -1 0 0  µ M ) depressed  resting afferent d ischarge and 
resp on ses to  application o f  Enk and Dal. O pioid  peptid es suppressed  
resp on ses o f  afferent fibres to  externally applied L-G lu. The e ffects  
o f  op io id  peptid es on  L -G lu-in duced resp on ses w ere unaffected by  
C o 2+ b lock  o f  transm itter release from  hair cells  that speaks in favor  
o f  the postsyn aptic  nature o f  th ese resp onses. Thus, th ese results 
indicate that L-G lu  is in volved  in m echanism  o f  action  o f  op io id  
p eptid es and that o n e  possib le  site for op io id  receptor is on  the  
postsyn aptic m em brane o f  the hair cell-afferent fibre synapse. 
Sup ported  by th e R ussian Foundation o f  B asic  R esearches Grant N o . 
9 6 -0 4 -4 8 6 6 7 .

820.13

T H E  P R E SE N C E  O F T H E  R E T IN A L  G -P R O T E IN ,T R A N S D U C IN ,
IN  C H IN E SE  H A M ST E R  O V A R Y  (C H O ) C E LL S. Dagm ar Stropova. 
T ae K im . M an W ang, X iaoping L i.* E va Varga. W illiam  R. R oesk e  
and H enry I. Yam am ura. Departm ent o f  P h arm acology, T h e U n iversity o f  
A rizona, H ealth S c ien ces  Center, T u cson , A Z , 8 5 7 2 4  
The present study w as d esign ed  to characterize the com p lete  Pertussis 

toxin  (P tx )-sen sitive G protein pool in C h inese H am ster O vary (CH O ) 
ce lls .A g o n ist binding to the δ op io id  receptor has been sh ow n  to activate 
G αi2,G αi3,G αo2 and u nidentified  G protein α-subun it in C H O  ce lls  
(Prather et al., 1994). Ptx com p letely  prevented agonist stim ulation o f  
[35S ]G T P ì'S binding in C H O  ce lls  transfected w ith  the hum an delta opioid  
receptor (hD O R ). U sin g an R T-PCR m ethod w ith degenerate primers 
design ed  to am plify  a 0 .5  kb fragm ent o f  c D N A s o f  G(Xi/0 fam ily  w e have 
confirm ed the presen ce o f  m R N A  for G oì2,G oú3 and G α0A/B in CH O  
ce lls . G αii and G fxz w ere not d etected .U n exp ected ly  w e  a lso  detected the 
presence o f  m R N A  o f  a retinal G protein (transducin) h om olog .T h e cD N A  
sequence o f  the transducin fragm ent from  C H O  ce lls  is 91 % hom ologou s  
to  appropriate fragm ent o f  the m ouse rod transducin, G αti.T h e  deduced  
am ino acid  sequence is 9 7 .4  % identical to that o f  the m ou se G αti.T h e  
am ino acid d ifferen ces are conservative substitutions and are located in the 
putative e ffector sp ec ify in g  region o f  the G  protein α-subunits. Further 
in vestigations are in progress to determ ine if  the hD O R  is coupled to Gαtι 
in C H O  ce lls  and determ ine the physio logical e ffector o f  transducin in this 
peripheral cell line.
(Suported by A rizona D iesease  Control Research C om m ission  and N ID A )

820.10
ANTAGONIST POTENCY OF CTAP, NALOXONE METHIODIDE, AND 
NALTREXONE IN THE WARM WATER TAIL-WITHDRAWAL ASSAY. C.L. 
Steinmiller1*& A.M. Young12. Dept, of Psychiatry and Behavioral Neurosciences1 
and Dept, of Psychology2. Wayne State University. Detroit, Ml 48202.

The present study compared the ability of CTAP, naloxone methiodide (MNLX), 
and naltrexone (NTX) to function as antagonists to the antinociceptive effects of 
morphine sulfate (MS) and DAMGO using a warm water tail-withdrawal assay in 
rats. Differences in antagonist potency due to route of agonist or antagonist 
administration (intracerebroventricuiar, /cvand subcutaneous, sc) were examined. 
Male Sprague-Dawley rats, surgically prepared with /cvcannulae, were pretreated 
with CTAP, MNLX, NTX (each in doses of 0.1, 1.0, and 10 ug, icv), or NTX (0.1,
1.0,10 mg/kg, sc), followed by cumulative doses of MS (icv or sc) or DAMGO (/cv). 
The antagonist effects of CTAP, MNLX, and NTX (sc and icv) were clearly dose- 
dependent. Greater antagonism of the antinociceptive effects was observed when 
agonists were administered by the icv route. A dose of 10 ug CTAP produced a 
175-fold increase in the dose of MS (icv), a 300-fold increase in the dose of 
DAMGO, and a 50-fold increase in the dose of MS (sc) required for full 
antinociceptive effects. A dose of 10 ug MNLX produced 30-fold increases in the 
doses of MS (icv) and DAMGO required for full antinociceptive effects. NTX (10 ug, 
icv) produced a 30-fold increase in the dose of MS (icv) and a 100-fold increase in 
the dose of DAMGO required for full antinociceptive effects. NTX (1 mg/kg, sc) 
increased the dose of DAMGO required for full antinociception 175-fold, while 
shifting the dose of MS (sc) 10-fold. The results of this study indicate that CTAP, 
MNLX, and NTX dose-dependently antagonize the antinociceptive effects of MS 
and DAMGO by both routes of administration. In addition, the antagonist potency 
was shown to be dependent on route of administration for both the antagonist and 
agonist, with the greatest antagonism observed when the antagonist and agonist 
were administered icv. [Supported by USPHS grants DAO3796 & KO2 DA00132 
from the National Institute on Drug Abuse.]

820.12
R E C E PT O R  E N D O C Y T O S IS  IS R E Q U IR E D  FO R  O PIO ID  
ST IM U L A T IO N  OF M IT O G E N -A C T IV A T E D  P R O T E IN  (M A P) 
K IN A S E . C.J. Coscia*. E G. Ignatova, and M  M , B e lch ev a . D ept, o f  
B iochem istry  and M olecular B io lo g y , St. L ou is U niv. Sch. M ed., St. 
Louis, M O  6 3 1 0 4

Previously, w e  im plicated the op io id  receptor (O R ), G pγ subunits and 
Ras in both opioid activation o f  ERK, a member o f  the M A P  kinase family 
that m ed iates cell proliferation and differentiation. W e n ow  report that 
O R  en d o cy to sis  also plays a role in op io id  m odulation o f  ER K  activity. 
C O S -7  or H EK  293 cells w ere co-transfected  w ith  cD N A  o f  δ, µ or k 
O R, wild type dynamin or dom inant suppressor mutant dynamin K 44A , 
w hich b locks clathrin-m ediated en docytosis. ER K  w as activated by 
agonists in the presen ce o f  w ild type dynamin, w h ereas ectop ic  c o 
ex p ressio n  o f  the K 4 4 A  mutant w ith  O R  resulted in a tim e-dependent 
attenuation o f  ERK activation. Im m unofluorescence con foca l m icroscopy  
confirm ed that δ agonist-in duced O R internalization and ER K  nuclear 
im port w as ablated by K 4 4 A  expression. The requirem ent for receptor  
internalization is also consistent w ith our finding that acute morphine, 
w h ich  is incapable o f  causing O R  en d ocytosis , fails to  activate ERK. 
Sim ilar results im plicating G pγ subunits, R as and O R  internalization in 
opioid modulation o f  ERK  w ere observed  in transfected C 6 gliom a cells, 
an astrocytic cell line. In summary, opioid activation or inhibition o f  ERK  
d ep en d s on  the tim e o f  agonist exposure, the presen ce o f  m itogens and 
O R internalization. Supported by N ID A  grant D A  0 5412 .

820.14
D-OPIOIDS ACTIVATE TYROSINE KINASE SRC AND PHOSPHORYLATION 
OF SPECIFIC SUBSTRATES IN N G 108-15 CELLS. M. Merkouris. T. 
Hansen and D. M angoura*. Dept o f  Pediatrics & Cmte on Neurobiology, 
The University o f  Chicago, Chicago, IL 60637.

W e have previously provided evidence for a novel coupling for the G- 
protein µ-opioid receptor to tyrosine kinase activation upstream to 
Phospholipase D  activation and PK C -ε in teìencephalic neurons and have 
shown that the coupling results in phosphorylation o f  several proteins 
involved in cell shape. This alternate pathway functions for other opioid 
receptors, specifically for the endogenous δ-opioid receptor in N G 108  
cells. As w e have reported, the δ-opioid agonist [D -Pen2,D-Pen5]- 
enkephalin (DPDPE) elicited a time- and dose-dependent activation o f  the 
tyrosine kinase Src and increases o f  protein tyrosine phosphorylation. 
W e have now identified som e o f  these proteins. Cortactin was tyrosine 
phosphorylate as early as 2 min o f  agonist stimulation, while tyrosine 
phosphorylation o f  actinin and vinculin was maximum at 5 min. The 
increase in phosphorylation was inhibited by naitrindole, pertussis toxin 
and the specific Src inhibitor PPL  Finally, synaptophysin, highly 
enriched in synaptic vesicles, was also tyrosine phosphorylated in 
response to DPDPE. H ow ever, the tyrosine phosphorylation o f  
synaptophysin was only partially inhibited by PP1, indicating additional 
kinases which may recognize synaptophysin as a specific substrate. 
Downstream events included activation o f M APK  with a time profile 
resembling that o f  NG F signaling in other neural cells , similarly inhibited 
by PPL These data provide evidence that tyrosine kinase activation is an 
acute effector o f  δ-opioid receptors and suggest that the Src signaling is a 
major pathway for opioids. Furthermore, the concomitant m odification o f  
cortical cytoskeleton proteins and vesicle proteins indicate a possible 
m echanism  o f action o f opioids in modulating secretion (supported by HD 
09402  and BRF).
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820.15
G-PROTEIN-LINKED L-TYPE CA2+ CHANNELS ON PLASMA MEMBRANE AND 
IP3 RECEPTORS ON ENDOPLASMIC RETICULUM IN NG-108 CELLS ARE 
REGULATED BY σ-l RECEPTORS: CA2+ MOBILIZATION AND σ-l RECEPTOR 
ANTISENSE STUDIES. T.-P. Su'L T. Havashi1 and T. Maurice2. 'Cellular 
Pathobiology Unit, Mol. Neuropsych. Section, IRP, NIDA/NIH, Baltimore, MD 21224 
and 2INSERM, Unité 336-DPVSN, Ecole Natl. Super, de Chimie, Montpellier, France.

σ-l receptors are implicated in CNS disorders such as amnesia, depression and drug 
abuse. Although σ-l receptors have been cloned, their biochemical mechanism of action 
remains unknown. We examined in this study the effects o f σ-l ligands (+  ]pentazocine 
[( + )PTZ] and PRE-084 (PRE) on intracellular Ca2+ concentration ([Ca2+],) in NG-108 
cells using confocal microscope with Fluo-3 as the fluorescence indicator. Bradykimn 
(BDK) increased [Ca2+]; by increasing the intracellular IP3 concentration ([IP3J;). 
( + )PTZ (100 nM) and PRE (100 nM) potentiated the action of BDK without affecting 
[IPj]¦. These effects of ( + )PTZ and PRE were antagonized by σ-l antagonist NE-100 
and were unaffected by the depletion o f extracellular Ca2+. Treatment of cells with a 
l6mer antisense oligodeoxynucleotide(ODN) against the cloned σ-l receptor abolished 
this action of ( + )PTZ. The mismatched ODN did not. ( + )PTZ and PRE also 
potentiated the KC1 (75 mM)-induced increase in [Ca2+]¦. In the presence of nifedipine 
(NF; 25 nM), which decreased the [Ca2+]: increased by KC1, 1 nM of (+ )PT Z  further 
decreased the [Ca2 + j, whereas PRE-084 reversed the NF-induced decrease of fCa: "j,. 
These actions of ( + )PTZ and PRE were abolished by pertussis toxin pretreatment. 
After depleting the cells of the intracellular Ca2+ stores by using a combination of 
caffeine+ thaρsigargin +BDK, ( + )PTZ inhibited whereas PRE increased the KCl- 
induced increase in [Ca2+]i. These results suggest that σ-l receptors regulate [Ca2 + ]; in 
NG-108 cells via two mechanisms: one on the plasma membrane at the L-type Ca2+ 
channel via a G-protein-Iinked action in which ( + )PTZ acts as an inverse agonist and 
PRE as an agonist and the other on the endoplasmic reticulum via modulation of IP3 
receptors in which both drugs act as agonists. [Sponsored by IRP & DBR, NIDA/NIH]

OTHER NEUROTRANSMITTERS IV

821.1 821.2

AGE-DEPENDENT MODIFICATION OF ADENOSINE MODULATION BY 
ARACHIDONIC ACID IN THE RAT HIPPOCAMPUS R .A .C u n h a *1 and  J .A . 

R ib e iro . Lab . N e u ro s c ie n c e s , F a c .M e d ic in e  a nd  1D ep t. C h e m is try  & 
B io ch e m is try , U niv. L isb o n , P o rtu g a l.

A d e n o s in e  an d  a ra c h id o n ic  ac id  (A A ) a re  re le a s e d , in p a ra lle l,  in s itu a tio n s  o f 

in c re a se d  g lu ta m a te rg ic  fu n c tio n , fu lfil lin g  o p p o s ite  n e u ro m o d u la to ry  ro les : 
inh ib ition  by a d e n o s in e  and  fa c ilita tio n  by A A . W e  n o w  te s te d  if th e re  is an ag e - 

d e p e n d e n t in te rp la y  b e tw e e n  A A  a n d  a d e n o s in e  n e u ro m o d u la to ry  sys te m s . 
U pon  a g e in g  th e re  w a s  an in c re a se  in fre e  fa tty  a c id s  (425±3O  n m o !/g  tissu e  in 

2 4 -m o n th  o ld  vs  1 5 8 ± 1 0  in 2 -m o n th  o ld  ra ts ), in p a rt ic u la r  o f  A A  (2 2 .4 %  in a ged  

vs 1 2 .2 %  in y o u n g  ra ts ). A A  d e c re a s e d  th e  n u m b e r  o f  A 1 re c e p to rs , bu t

r*H]R-PIA f äH ]D P C P X

K d Bmax G T P K d Bmax
(nM ) (fm o l/m g ) s h ift (nM ) ( fm o l/m g )

co n tro l Y 1 .15 8 12 4.3 0 .6 5 944
A A (3 0 µ M ) Y 0 .60 2 6 7 9.5 0 .7 0 311

co n tro l O 0 .4 2 3 25 8.9 0 .50 381
A A (3 0 µ M ) 0 0 .5 9 2 6 2 9.8 0 .6 0

.7-
320

fa c ilita tio n : 6 7 ± 6 % , n = 4 ) fro m  ra t h ip p o c a m p a l s y n a p to s o m e s  o f  yo u n g  rats. 

A g e in g  c a u s e d  an  in c re a s e  o f fH ]a d e n o s in e  re le a s e  (4 8 ± 4 % , n = 4 ) b u t A A  
(3O µM ) o n ly  ca u s e d  a fa c ilita tio n  o f  11 ± 3%  (n = 3 ). T h e  re su lts  s h o w  th a t in 
young  ra ts  A A  d e c re a s e s  th e  n u m b e r  o f  A t re c e p to rs , a lth o u g h  in c re a s in g  the  

a g o n is t a ffin ity  o f  th e  A i re c e p to rs  w h ic h  a re  s till o p e ra tive , a n d  in c re a s e s  th e  
e v o ke d  re le a s e  o f  a d e n o s in e . In co n tra s t, in a g e d  ra ts , th e re  a re  in c re a se d  

le ve ls  o f  A A  a nd  th e re  is an a tte n u a tio n  o f  th e  e ffe c t o f  A A  on a d e n o s in e  
m o d u la tio n . S u p p o rte d  by P rax is  X X I an d  EU .

INHIBITORY AND EXCITATORY MODULATION OF FIELD EPSPS BY 
ADENOSINE IN SUPERIOR COLLICULUS SLICES FROM SPRAGUE- 
DAWLEY RATS. L.D. Martinez* L. Diao. and T.V. Dunwiddie. Dept. 
Pharmacology, Univ. of Colorado Health Sci. Ctr., Denver, CO 80262

Adenosine is a neuromodulator with primarily depressant effects on the 
activity of the central nervous system, although in some brain regions, such as the 
superior colliculus, it has been reported to have facilitatory effects as well. We 
have characterized the effects of bath superfusion of adenosine on extracellularly 
recorded evoked potentials in a brain slice preparation of the superior colliculus. 
Responses were evoked by electrical stimulation of the optic tract, and recorded 
primarily in the most superficial layer, stratum griseum superfíciale. Electrically 
evoked EPSPs in this brain region were reduced by approximately 70% by 
DNQX, indicating that these responses were mediated primarily by AMPA 
receptors. Dose response studies revealed a bidirectional, concentration- 
dependent, modulation of EPSPs by adenosine. A facilitative effect occurred at 
lower concentrations (5-10µM), whereas higher concentrations were required to 
elicit the inhibitory effect. The kind of response that was recorded depended 
primarily upon the site of recording; simultaneous recording at two different sites 
along the superficial gray layer demonstrated that it was possible to isolate both 
negative and positive adenosinergic modulation o f field EPSPs within the same 
slice. The inhibition of EPSPs produced by 25 µM adenosine was blocked by non- 
selective xanthine antagonists such as theophylline (250 µM). In contrast, the 
facilitation of field EPSPs by 25 µM adenosine was insensitive to theophylline 
concentrations as high as 1 mM. These results suggest that there are multiple 
adenosine receptors in the superior colliculus that modulate excitatory 
transmission in the primary inputs to this region.

Supported by R01 NS 29173, AA 03527, and the Veterans Administration 
Medical Research Service.

821.3

ADENOSINE A l (BUT NOT A2) RECEPTOR ACTIVATION INHIBITS 
GABAERGIC AND GLUTAMATERGIC SYNAPTIC TRANSMISSION IN RAT 
PERIAQUEDUCTAL GREY NEURONS E.E.Baglev, C.W.Vaughan & 
M.J.Christie*. Dept, of Pharmacology, Uni. of Sydney, NSW 2006 AUSTRALIA 

The periaqueductal grey (PAG) is a major site of opioid action and has been 
implicated in withdrawal from opioids. Augmented adenosine tone occurs during 
withdrawal from opioids in the ventral tegmental area, however, the effects of adenosine 
in the PAG are unknown. We have examined the acute effects of adenosine on synaptic 
transmission using whole-cell patch clamp recording from PAG slices. Superfusion of 
the adenosine A l receptor agonist CCPA inhibited GABA^ evoked inhibitory post- 
synaptic currents (elPSCs) to 51% of control (lµM , EC5 ø~3 OnM) and evoked 
excitatory post-synaptic current (elPSC) to 48% of control (lµM ). Inhibiton was 
reversed by the A l receptor antagonist DPCPX (lµM ). Superfusion with DPCPX 
alone did not effect the GABA^ elPSC indicating a lack of background adenosine acting 
on A l receptors in the PAG. T7te adenosine A2a receptor agonist CGS 21680 did not 
alter the GABA^ elPSC (lµM , 105% of control). CCPA did not effect the amplitude 
of GABAa  miniature IPSCs (mIPSCs) but decreased the rate of mIPSCs to 57% of 
control. This is consistent with CCPA acting presynaptically to inhibit the release of 
GABA onto GABA^ receptors, µ-opioids inhibit GABA^ mIPSCs in the PAG by 
modulating 4-aminopyridine (4AP) sensitive potassium channels. The inhibition of 
mIPSCs by CCPA was not blocked by 4AP. The protein kinase inhibitor 
staurosporine partially blocked the inhibition of mIPSCs rate by CCPA. In 
staurosporine CCPA decreased the mIPSCs rate to 79% of control. These results 
indicate that there is no background A l receptor activation in the PAG and that A l 
receptor activation presynaptically inhibits GABA^ synaptic transmission atleast 
partly through a protein kinase mediated mechanism. This is a different mechanism to 
the 4AP sensitive µ-opioid inhibition. E.E.B. supported by an A.P.A, C.W.V. by the 
NH & MRC and M.J.C. by the University of Sydney Medical Foundation.

821.4
ADENOSINE A, RECEPTOR-MEDIATED SYNAPTIC DEPRESSION CAUSED BY 
MODERATE TEMPERATURE INCREASE IN HIPPOCAMPAL SLICES. S.A. 
Masino* and T.V. Dunwiddie. Dept, of Pharmacology and Neuroscience Program, 
Univ. of Colorado Health Sciences Ctr. and VA Medical Ctr., Denver, CO 80262.

The physiological consequences of changes in temperature on hippocampal slices 
have not been thoroughly investigated. This is surprising, as different laboratories 
maintain slices at very different temperatures, and often change from one temperature to 
another when slices are transferred from the incubation to the recording chamber.
Given that temperature changes of several degrees are critically relevant to the 
functional status of homeotherms, we investigated the effect of temperature changes on 
CA1 field potentials. Hippocampal slices (400 µm) from 6-8 week old adult male 
Sprague Dawley rats were incubated at either room temperature (~25° C) or 32° C, and 
recordings were made to establish baseline responses. The temperature in the recording 
chamber was then raised gradually (~l degree/minute) to either 32° (slices with room 
temperature baseline) or 38-40° (slices with 32° baseline). We found that these 
moderate temperature increases caused a profound depression (> 70%) o f the EPSP.
This effect was usually maintained for as long as the slice was kept at increased 
temperature, completely reversed upon returning to the baseline temperature, and was 
consistently repeatable in individual slices. The decreased EPSP was caused by an 
increase in extracellular adenosine acting at A, receptors, as it was prevented by 
pretreatment with the non-selective adenosine antagonist theophylline (200 µM), the A, 
selective antagonist DPCPX (1 µM), and was significantly reduced by pretreatment with 
adenosine deaminase (0.5-1.0 U/ml). Many previous studies have demonstrated rapid 
A,-mediated depression of field potentials in hippocampal slices during metabolic 
challenges (e.g., hypoxia or cyanide poisoning). However, the present findings 
demonstrate that a mild stress, such as increased temperature, can increase extracellular 
adenosine, and induce significant A,-mediated synaptic depression. In addition, 
differences in adenosinergic tone consequent to different or changing temperatures 
could be an important variable in slice physiology. Supported by R01 NS 29173 and 
the Veterans Administration Medical Research Service.
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821.5

H Y D R O X Y LA M IN E A N TA G O N IZES A D EN O SIN E A1 RE C EPTO R  IN 
TH E RA T H IPPO C A M P A L SLICE. J.C , Fowler*. L.D. Partridge, and
L.M , Gervitz Departm ent o f  Physiology. Texas Tech Health Sciences 
Center, Lubbock, TX, USA, 79430

Hydroxylam ine is a  commonly used nitric oxide (NO) donor. NO donors 
have been found to increase neuronal excitability in the rat hippocam pus. 
The endogenous inhibitory neurom odulatory adenosine plays an im portant 
role in m oderating neuronal excitability.

W e examined the effect o f  hydroxylam ine on adenosine A1 receptor- 
m ediated inhibition o f  evoked synaptic transm ission recorded in CA1 region 
o f  the rat hippocam pal slice. Standard techniques for hippocam pal slice 
preparation, extracellular and intracellular recording were used. Adenosine 
(100 µM ) and the adenosine A 1-selective agonist, cyclohexyladenosine 
(CHA . 10 µM ) effectively inhibited synaptic transm ission. Hydroxylam ine 
(2 m M ) when applied alone resulted in a  transient depression o f  synaptic 
transm ission that w as prevented with the adenosine A 1 antagonist, 8- 
cyclopentyltheophylline (10 µM). Hydroxylam ine, when applied m the 
presence o f  either adenosine o r CHA, antagonized the inhibition o f  synaptic 
transm ission by these agonists. The antagonism  by hydroxylam ine was 
reversible and appeared to  be non-competitive. The NO  donor, sodium 
nitroprusside (SNP, 2m M ) did not mimic hydroxy lam ine's  antagonism  o f 
adenosine A1 receptor-m ediated inhibition o f  synaptic transm ission. W e 
tentatively conclude that hydroxy lamine antagonizes adenosine A 1-mediated 
inhibition in an N O  independent m anner. Supported bv NIH , N IN D S, 
NS28O27.

821.7

ADENOSINE RECEPTORS IN RAT STRIATUM: PREVALENT 
DENDRITIC LOCALIZATION POST-SYNAPTIC TO CATECHOLAMINERGIC 
TERMINALS . B.D Hettinαer/ 2 A. Lee .2 J. Linden2' and D.L. Rosin.1 Depts. 
of Pharmacol.1 and Medicine,2 Univ. o f Virginia, Charlottesville, VA 22908 

The adenosine A^receptor (A^AR) subtype is localized almost exclusively 
in the striatum, nucleus accumbens and olfactory tubercle where it mediates 
the excitatory effects of the purine nucleoside adenosine and appears to 
m odulate motor and limbic function. In the striatum A ^A R  mRNA is 
colocalized in medium spiny neurons with dopamine D2 receptor mRNA, and 
A^ARs functionally oppose the effects of D2 receptor stimulation. To further 
investigate the synaptic relationship o f A ^A R s to putative dopaminergic 
neurons, we used a previously characterized monoclonal antibody directed 
against purified, full length, nondenatured human A ^A R  to localize A^AR -  
peroxidase immunoreactivity (A^AR-i) with respect to gold-silver 
immunoreactivity for the catecholamine synthetic enzyme, tyrosine 
hydroxylase (TH-i), in acrolein-fixed dorsolateral rat caudate putamen. The 
majority of A ^ A R -i was associated with dendritic shafts and spines (68% 
of 597 profiles) with a smaller percentage (26%) in axons and axon 
terminals. Only a fraction of these profiles (<2%) also contained TH-i, 
how ever 24% of A^AR -labelled profiles were apposed to TH-labeled 
profiles. TH-i axon terminals directly contacting A^AR-labeled dendrites 
were the most frequently observed appositions (68% of 142); synaptic 
contacts, when observed, were mostly symmetric. These studies provide the 
first ultrastructural evidence for A ^A R s post-synaptic to TH terminals and 
suggest a site for A^AR-m odulation of catecholaminergic (presumeably 
dopaminergic) input to striatal neurons. (S u p p o r te d  b y  N IH  H L 3 7 9 4 2 ,  
H L O 7 2 8 4 , S c o t t is h  R ite  S c h íz o . R e s . P ro g ra m  &  T o u re tte  S y n d ro m e  P e rm . 
R e s . F u n d ).

821.9

POTENTIATION OF HIPPOCAM PAL NEUROTRANSM ISSION AND EXCIT
ABILITY BY ADENOSINE A3 RECEPTO RS OCCURS VIA TW O DIFFERENT 
MECHANISMS. K. M. Fleming.1* T. Ji.1 and D. J. Mogul.1-2 Depts. of ‘Biomedical 
Engr. and 2Neurobiology & Physiology, Northwestern Univ., Evanston, IL 60208.

Activation of adenosine A3 receptors has been shown to potentiate Ca currents 
(Fleming & Mogul, 1997, Neurophαrmαcol. 36: 353-362) and to desensitize A, 
receptor-mediated responses in rat hippocampus (Dunwiddie et al., 1997, J. Neurosci. 
17: 607-614). Using both extracellular and whole-cell electrodes, we measured the 
changes in rat Schaffer collateral-CAl synaptic responses and CA1 and CA3 pyramidal 
cell excitability during application of the A3 agonist IB-MECA. Field EPSPs were 
potentiated 31.1% by IB-MECA (2OOnM). In whole-cell experiments, 2OnM IB-MECA 
potentiated EPSCs by 400%. These effects were blocked by the A, antagonist CPT. In 
excitability experiments, activation of A3 receptors increased the antidromically 
activated CA1 population spike by 17.3%. The decrease in spike frequency 
accommodation elicited by a 1 sec pulse in whole-cell current clamp indicated a 22.2% 
increase in excitability. In contrast, neither of these potentiations was blocked by CPT. 
Experiments performed in the presence of picrotoxin or the adenosine A2 antagonist 
DMPX suggested no involvement of GABAergic intemeurons or A2 receptors. Paired- 
pulse facilitation experiments suggested a presynaptic mechanism for IB-MECA- 
induced potentiation. Thus, adenosine A3 receptor-potentiated synaptic transmission is 
mediated via an action of A, receptors, while A3-potentiated excitability is A, receptor 
independent. This may be a result of the distribution o f A, receptors, with localization 
in the axons but not dendrites or cell bodies of the hippocampus (Swanson et al., 1995, 
Soc. Neurosci. Abst. 21: 367), and is consistent with results from paired-pulse meas
urements. Because A3 receptors have a lower affinity for adenosine than A, receptors 
and because extracellular adenosine concentrations rise during seizure or ischemia, A3 
receptors may play a significant role particularly during pathological states.
This work was supported by NIH Grant N S31764 and the Whitaker Foundation.

821.6

ULTRASTRUCTURAL RELATIONSHIP OF ADENOSINE A ^  RECEPTOR- 
CONTAINING NEURONS TO GABAergic NEURONS IN RAT STRIATUM  
D.L. Rosin/ 1 B.D. Hettinαer.2 A. Lee2 and J. Linden2. Depts. of Pharmacol.1 
and Medicine,2 Univ. of Virginia, Charlottesville, VA 22908

The purine nucleoside adenosine exerts its diverse neuromodulatory 
effects in the CNS through four adenosine receptor subtypes: A 1t A ^ , A ^  
and A3. The highest level of adenosine A ^  receptor (A^AR ) expression has 
been demonstrated in the basal ganglia. In the striatum A ^A R  mRNA is 
found in GÁBAergic striatopallidal neurons. A ^A R s have been implicated 
in modulating the activity of GABAergic striatopallidal neurons, the primary 
striatal output neurons, and may play a role in regulating motor function. To 
investigate the cellular sites of action o f A ^A R s in GABAergic neurons, the 
ultrastructural relationships of profiles containing peroxidase- 
immunoreactivity for A ^  AR (A^AR-i) and gold-silver immunoreactivity for 
GABA (GABA-i) were examined in dorsolateral rat caudate putamen. By 
electron microscopy A ^A R -i was found primarily in single labeled dendrites 
(58% o f 360) and in axons and axon terminals (30%). Profiles containing 
both A^AR- and GABA-i were primarily dendritic shafts and spines (85% of 
double-labeled profiles), although double-labeled perikarya, axons, and axon 
term inals were also found. GABA-containing profiles were observed in 
apposition to 1/4th of A-^AR-containing profiles (27% of 360). The majority 
of these appositions (50% of 98) were between GABA- and A^AR -labeled  
dendrites. Appositions between A^AR -term inals and GABA-dendrites (19% 
of 98) and between GABA-terminals and A ^  AR-dendrites (10% of 98) were 
also observed. This ultrastructural pattern of labeling suggests multiple sites 
of interaction between A^A R s and GABA in the rat striatum. (S u p p o r te d  b y  
N IH  H L 3 7 9 4 2 , H L O 7 2 8 4 , S c o t t is h  R ite  S c h iz o . R e s . P ro g ra m  & T o u re tte  
S y n d ro m e  P e rm . R e s . F u n d ).

821.8

CLONIN G AND PH ARM A CO LO G IC A L C H A R A CTERIZA TIO N  OF A 
HUM AN A2B AD EN OSINE RE C EPTO R  EX PRESSED  IN HEK293 CELLS 
Hook, J,, M ax, S.I., Farr, M .F and Baumgold, JT  Receptor Biology Inc . 
Beltsville, M D 20705.

Four adenosine receptor subtypes designated A l .  A2a, A2b and A3 are 
currently known. These receptors are all G protein-coupled and mediate a wide 
variety o f  physiological processes. Although the pharm acology o f A l, A2a and 
A3 have been well characterized, the A2b receptor remains largely un
characterized due in part to  the lack o f  A2b-selective compounds. In order to 
address this problem, we cloned the open reading frame o f the A2b receptor from 
human hippocampal cDN A into the m am m alian expression vector pcDNA3 This 
was stably expressed into HEK293 cells and the binding o f  a  variety o f  adenosine 
ligands was investigated and compared to HEK293 cells expressing A2a and A3 
receptors The cell line expressing A2b receptors bound [3H ]D PC PX  with a  Kd 
o f 42 nM and a Bmax o f  2.4 pmo/mg m em brane protein. Com petition studies 
with unlabeled compounds were also performed and revealed the following rank- 
order in potency: D P C P X > X A C > allo x az in e» R -P IA > caffe in e> S -P IA .
CG S21680 was in-effective in inhibiting binding. As expected, A3 receptors 
bound [l25I]A B -M EC A  with a  Kd o f  1-2 nM  and a Bmax o f 0 .2-0.4 pmol/mg 
protein and revealed the following rank-order in potency: NECA >R -PIA >S- 
P IA>D PCPX A2a receptors bound [3H jC G S 2l68O  (Kd = 5 0 -1 0 0  nM : Bmax 
= 5 - 10 pmol/mg) and showed R-PIA>S-PIA . These studies demonstrate the 
utility o f  transfected cell lines to pharm acologically characterize hum an adenosine 
receptor subtypes.
Funding provided by Receptor Biology Inc.

821.10

CANNABINOIDS INHIBIT GABAERGIC SYNAPTIC 
TRANSMISSION IN RAT PERIAQUEDUCTAL GRAY. C.W. 
Vaughan1, M.A. Connor1 I.S. McGregor^* & M.J. Christie1. 
Departments of ’ Pharmacology and ^Psychology, University of 
Sydney, NSW 2006 AUSTRALIA.

The midbrain periaqueductal gray (PAG) is a site of cannabinoid 
mediated antinociception. Opioids produce antinociception within the 
PAG by inhibiting GABAergic synaptic transmission. We examined 
the actions of cannabinoids on GABAergic synaptic transmission in 
rat PAG using whole cell recordings from brain slices superfused with 
CNQX (3µM) in artificial CSF. Superfusion of WIN55,212-2 (3µM) 
reduced the amplitude of electrically evoked inhibitory postsynaptic 
currents (IPSCs) by 64 ± 7 % in 8/10 PAG neurons. In the presence 
of TTX (O.3µM), WIN55,212-2 reduced the rate miniature IPSCs by 
53 ± 8 %, but had no effect on their amplitude (1 ± 7 % reduction) (n = 
8). These effects of WIN55212-2 were reversed by SR141716 
(3µM) in all neurons. WIN55,212-2 (3OOnM) did not produce a 
significant reduction in calcium channel currents recorded from acutely 
isolated PAG neurons (n = 12). These results suggest that 
cannabinoids act via presynaptic CB, receptors to inhibit GABAergic 
synaptic transmission in rat PAG. Like opioids, cannabinoids act 
presynaptically to reduce the probability of GABA release. C.W.V 
supported by NH&MRC of Australia, M.A.C. by a R.E. Lake 
Fellowship, M.J.C. by the University of Sydney Medical Foundation.
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821.11
NEUROMODULATION BY CANNABINOID CB1 RECEPTORS IN RAT 
STRIATUM. G.L. Gerdeman and D.M. Lovinger*. Depts. o f Pharmacology and 
Molecular Physiology & Biophysics, Center for Molecular Neuroscience, 
Vanderbilt University Medical School, Nashville, TN 37232.

The rat CB1 cannabinoid receptor is highly expressed in rat striatum, and 
intrastriatal injection of CB1 agonists have been shown to affect motor function in 
rats. However, cellular functions of CB1 receptor activation in the striatum have 
been largely uncharacterized. The CB1 receptor has been shown to inhibit 
voltage-activated C a^ channels in numerous cell systems, and has beèn suggested 
to presynaptically inhibit neurotransmitter release in multiple brain areas. The 
present study was designed to investigate the effects o f CB1 receptor activation on 
neurotransmission at the rat corticostriatal synapse. Coronal brain slices (4OOµm) 
containing the striatum and cortex were used for recording either extracellular field 
potentials or EPSCs (whole-cell method) evoked by electrical stimulation of the 
white matter overlying the striatum. In field potential experiments, bath 
application of the synthetic CB1 agonist WIN 55,212-2 was found to inhibit 
baseline population spike amplitudes (over a range of concentrations from 0.5- 
3µM, response reduced to 11-71% of baseline, n=l5). WIN 55,212-2(l-3µM) also 
inhibited EPSC amplitude (reduced to 19-72% baseline, n=6). Bath application of 
WIN 55,212-2 at concentrations below 0.5 µM had no apparent effect in 3 slices 
tested. Preapplication of the CB1 antagonist SR 141716A inhibited these effects in 
a manner which may reflect competitive antagonism of a CB1 receptor mediated 
response. In patch clamp experiments, inhibition by WIN 55,212-2 was associated 
with an increase in the paired-pulse facilitation ratio (n=4 of 6, interpulse interval^ 
50msec). Drugs were dissolved with a protein carrier (either cytochrome C (0.5 
mg/ml) or fatty acid-free BSA (1-2 mg/mi) from DMSO stock solutions. In both 
field potential and EPSC experiments, prolonged application of either carrier alone 
appeared to have no effect on baseline responses. These results indicate that CB1 
receptor activation can inhibit synaptic activity at rat corticostriatal synapses, at 
least partly via presynaptic inhibition of glutamate release. Supported by NS30470.

821.13
A M UTA TION IN THE SECON D TR A N S M E M B R A N E REGION OF 
THE CB1 RECEPTO R (D 164N ) PR EV EN TS R ECEPTO R 
IN TER N A LIZA TIO N  AN D SELECTIV ELY  D ISR U PTS G PROTEIN 
SIGNALING J.P. Roche2*. S. B ounds3. S. B row n1. K. M ack ie1-2.
’Depts. o f  Anesth. and 2PhysioI. and B iophys., Box 357290, Univ. o f  
W ashington School o f  M edicine, Seattle W A 98195-7290. 3P anlabs, 
Bothell, W A 98011.

The cannabinoid CB1 receptor belongs to a superfam ily o f  
neurotransm itter receptors w hich contain 7 putative m em brane spanning 
dom ains. In several receptors belonging to this superfam ily, m utation o f 
a conserved aspartate o f  the second transm em brane dom ain causes 
altered agonist/antagonist binding and uncoupling o f  inw ardly rectifying 
KT (K IR) current potentiation from  receptor activation . Here we 
m utated this conserved aspartate o f  the CB1 receptor to asparagine 
(D164N ), stably transfected it into AtT2O cells and looked at the 
coupling o f  the m utant receptor to several in tracellu lar effectors which 
are targets o f  CB1 activation. We found that the m utant receptor binds 
the CB1 agonist W IN 55,212-2 w ith affinity  m atching  the w ild type 
CB1 and inhibits C a2+currents and cAM P production with potency and 
efficacy which is equivalent to the wild type CB1 receptor. This 
m utation, how ever, blocks coupling  o f  the receptor to the potentiation 
o f KIR currents and prevents in ternalization  o f  the receptor after 
exposure to agonist. These results suggest that D164 is im portant for 
specific G protein interactions with the CB1 receptor, and this specific 
interaction in turn m ay be im portant for internalization  o f  the receptor. 
[Supported by NIH (DA 08934, NS 07332, NS 08174), WM Keck 
Foundation]

821.15
INTERNA LIZATION A N D RECY C LIN G  OF TH E CB1 C A N N A BIN O ID  
RECEPTOR C. Hsieh*, S. Brown, K. M ackie. D epartm ents o f  
Anesthesiology and Physiology and Biophysics, Box 356540, U niversity  o f  
W ashington School o f  M edicine, Seattle W A 98195-6540.

INTROD UCTIO N: W e have investigated the processes involved in the 
internalization and recycling o f the CB1 cannabinoid receptor following 
cannabinoid exposure. This will contribute to our understanding o f the 
desensitization and resensitization o f  cellular responses to cannabinoids.

M ETHODS: AtT2O cells stably expressing w ildtype or m utant CB1 
receptors were pretreated as appropriate, stim ulated w ith the cannabinoid 
agonist, W IN 55,212-2, followed by fixation, stained with antibodies against 
CB1 and other proteins, and view ed w ith confocal m icroscopy.

RESULTS: lOOnM W IN 55,212-2, induced CB1 internalization that co
localized with clathrin  and transferrin  receptors. Calm idazolium , a cal
modulin antagonist, delayed but did not prevent, CB1 internalization. 
Nocodazolc, a m icrotubule inhibitor, halted receptor internalization at an 
early stage w ith no effect on i*eceptor recovery. W ortm annin, a phospho- 
inositide 3-kinase (PI3K ) inhibitor, altered endosom al m orphology but did 
not prevent internalization or recycling. CB1 receptors lacking the last 14 
residues o f  the carboxy-term inus did not internalize w hile those lacking the 
last 10 did.

DISCUSSION : Together, these results suggest that CB1 receptors 
internalize via clathrin-coated pits and that calm odulin m ay be involved. 
Active m icrotubules are only involved in the late phase o f  internalization 
while PI3K  is not required for regulating receptor internalization or recycling. 
Residues 460-463 o f  the carboxy-term inal are critical for internalization. 
[Supported by NIH (DA00286 & DA08534). WA State ADAI, HHMI, Keck Found.)

821.12
ACTIVE AND INACTIVE STATES OF THE HUMAN CB1 CANNABINOID 
RECEPTO R CAN SEQ UESTER G PROTEINS M AKING THEM  
UNAVAILABLE TO COUPLE TO OTHER RECEPTORS. C. Vasquez and D.L. 
Lewis*. Department of Pharmacology and Toxicology, Medical College of Georgia, 
Augusta, GA, 30912.

The effect of human CB1 cannabinoid receptor (hCBl) expression on Ca2+ 
current inhibition by norepinephrine (NE) was investigated in rat superior cervical 
ganglion neurons with the patch-clamp technique. The cannabinoid agonist 
WIN55,212-2 (1 µM) decreased the Ca2+ current 45.516.7% (n= 8) in neurons 
intranuclearly injected with hCBl cDNA (0.1 µg/µl) compared to 1.111.6% (n=8) in 
uninjected neurons. NE (10 µM) inhibited the Ca2+ current 54.714.5% (n=8) in 
uninjected neurons, but had no effect in neurons injected with hCBl cDNA, even 
when NE was applied before or after WIN55,212-2 (0.712.4%, n=4 and 0.813.7%, 
n=8, respectively). In neurons injected with a lower concentration of hCBl cDNA 
(0.05 µg/µl), WIN55,212-2 caused a similar inhibition of the Ca2+ current 
(44.314.7%, n=6), but, by contrast, NE was able to reduce the Ca2+ current 
34.118.5% (n=6). To test whether the modulation is at the level of a common G 
protein pool, the following experiments were performed. Neurons injected with a 
lower concentration of hCB 1 cDNA (0.05 µg/µl) were tested with NE before and 
after application of the cannabinoid inverse agonist SR141716A. NE reversibly 
reduced the Ca2+ current 30.215.2% (n=4). A subsequent application of SR141716A 
(1 µM) increased the Ca2+ current 44.411.8% (n=4). After SR141716A, a second 
application of NE failed to modulate the Ca2+ current (1.811.2%, n=4). These results 
suggest that the inverse agonist, SR141716A, can trap the cannabinoid receptor in an 
inactive G protein-coupled state such that G proteins become unavailable to couple 
to the adrenergic receptor. Expression of a greater number of hCBl receptors 
increases the probability that a greater population of cannabinoid receptors will adopt 
a spontaneously active G protein-coupled state which also leads to G protein 
sequestration and complete block of the NE response.

Supported by NIH DAIO35O

821.14
D ISTIN CT DO M AINS OF THE CB1 C A N N A BIN O ID  R ECEPTO R 
CO NTROL D ESENSITIZA TION AND INTER N A LIZA TIO N  
W. Z. Jin*. C. H sieh. S. B row n. J. Celver. A. K ovoor, C. Chavkin, and K. 
M ackie. Depts. o f Pharm. and Anes., Univ. o f  W A, Seattle, W A  98195

The X enopus oocyte expression system  was used to exam ine w hether a G 
p ro te in  coup led  recep to r k in ase  (G R K ) is in v o lv ed  in CB1 rec e p to r 
desensitization, and the m olecular m echanism s responsible. A pplication  o f  a 
CB1 agonist, W in 55,212-2 (W IN ), evoked a dose-dependent increase in K,~ 
conductance in oocytes co-expressing rat CB1 receptor w ith the G p ro te in 
gated, inw ardly rectifying K" channels K ir 3.1 and K ir 3.4. D esensitization  
was slight in the absence o f G RK and ß-arrestin. Coexpression  o f  GRK3 
and ß-arrestin 2, caused profound hom ologous C B 1 receptor desensitization, 
suggesting that both a GRK and ß-arrestin  w ere required for desensitization.

To identify the regions o f  CB1 responsible for desensitization, we 
co n s tru c ted  sev era l CB1 rec e p to r carb o x y l ta il  tru n c a tio n  m u tan ts. 
T runcation  o f  CB1 at residue  418 (Δ418) a lm ost com ple te ly  abo lished  
desensitization, but not K ir activation. T runcation  at residues 439 or 460 
(Δ439, Δ46O) did not significantly  affect desensitization. P hosphorylation is 
likely involved in desensitization, as m utation o f  phosphorylation sites in this 
region (418-439) significantly  reduced it. A gonist-induced internalization o f  
CB1 was absent in the Δ46O truncation, suggesting the extrem e carboxyl tail 
is required for internalization. In contrast, deleting residues 418 to 439 did 
not affect internalization.

These studies establish that CB1 desensitization can be regulated by G R K ’s 
and that distinct dom ains are involved in desensitization and internalization. 

[Support: NIH (DA00286. DA04123 & DA08534), WA ADAI. HHMI, Keck Found.)
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822.1

ID E N T IFIC A T IO N  O F N O N -PO R PH Y R IN  IN H IB IT O R S O F H EM E  
O X Y G E N A SE -1. D. C. DeN ageU*, A. N. Verity 1, F. E. Madden2, C. 
O ’Yang3, L. Sangameswaran2, R. M. Johnson1, !Depts. o f  Molecular and 
Cellular Biochemistry, 2Mol. Pharmacol., and 3Chem., Center for B iological 
Research, Neurobiology Unit, Roche Bioscience, 3401 H illview  Avenue, Palo 
Alto, CA 94304.
The heme oxygenase (HO) family is comprised o f  three members which differ 
in their primary structure, tissue distribution, regulation and catalytic ability to 
degrade heme. HO catalyzes the breakdown o f  heme into biliverdin, iron and 
CO, a putative second m essenger in both the cardiovascular and nervous 
systems. Untangling the role o f  CO has been hampered by the fact that the 
highest potency HO inhibitors are zinc- and tin-protoporphyrin, both o f  which 
affect numerous other metabolic pathways. A direct kinetic assay for HO-1 
activity was established using a recombinant, bacterially-expressed, truncated, 
soluble form o f  the human enzym e (rhHO-1). The reaction was initiated by 
ascorbic acid, and the conversion o f  hemin to biliverdin was followed  
spectrophotometrically at 680 nm at 22°C. Test compounds were screened at 
10 µM and selected compounds were re-analyzed in concentration-response 
assays. Potent non-porphyrin inhibitors o f  HO-1, with IC50 values ranging 
from 1 to 9 µM, were identified. These compounds are up to 10-fold more 
potent than the reference inhibitor tin protoporphyrin. The most potent 
inhibitors were found to be either non-competitive or uncompetitive. 
Interestingly, several test compounds identified in the initial screen were found 
to accelerate the enzymatic turnover o f  hemin. These reagents may prove to 
be useful in elucidating the roles o f  CO as a second messenger and in heme 
metabolism.

822.3

Localization of arginine and citrulline in the nervous system of the 
pulmonate snail, H e lix  pom atìa . A. Hermann*. M. Xie. and H. H. 
Kerschbaum. Department o f  Anim al-Physiology, Institute o f  Zoology, 
University o f  Salzburg, Hellbrunnerstr. 34, A -5020 Salzburg, Austria 

W e h ave  recently  b io ch em ica lly  characterized and h istoch em ica lly  
lo ca lized  th e  nitric o x id e  (N O ) generating  en zy m e nitric o x id e  
syn th ase (N O S ) in th e  nervou s system  o f  H elix  po m a tìa  (H uang  e t a l ,  
1997, J. Neurochem . 69:2516-2528), and w e  sh ow ed  that N O  increases  
th e  concentration  o f  cG M P  in neuronal t is su e  ( H uang e t a l ,  1998  
B ra in  Res., 780:329-336). In the present study w e  fo cu sed  on  the 
spatial d istribution o f  variou s com p on en ts o f  the N O  generating  
system . W e id en tified  N A D P H -d ia p h o ra se , argin ine and citru lline in 
each  g a n g lio n  in vestigated  (buccal gan g lia , cerebral gan g lia , and  
su b esop h agea l g a n g lia ) ex c lu s iv e ly  in neurons. S om e neurons sh ow ed  
co -lo ca liza tio n  o f  N A D P H -d ia p h o ra se  activ ity  and argin ine, w h ereas  
others sh o w ed  a com p lem en tary  loca liza tion  o f  N A D P H -d ia p h o ra se  
activ ity  and arginine. In the latter ca ses  neurons sh o w in g  N A D P H -  
diaphorase a ctiv ity  are surrounded b y argin ine im m unoreactive  
neurons. O nly  fe w  neurons, am on g  them  the neurons B 2  in the buccal 
gan glia , contained  N A D P H -d ia p h o ra se  activ ity , argin ine, citru lline as 
w ell as cG M P  in th e sam e ce ll. Our resu lts sh o w  that snail neurons 
contain  all m o lecu les  necessary  for a n itregic system , e .g . N O S  
syn th ase, argin ine, citru lline and that th ey  resp ond to  an application  o f  
N O  b y syn th esis o f  cG M P.
Supported by the “Medical Research Coordination Center” Univ. of Salzburg.

822.5

ACTIVITY-DEPENDENT REGULATION OF NMDA RECEPTOR R1 
SUBUNIT AND NITRIC OXIDE SYNTHASE IN PRIMARY NEURONAL 
CULTURE OF RAT VISUAL CORTEX. C. Zhang* and M. Wong-Rilev. Dept, 
of Cell Biology, Neurobiology and Anatomy, Medical College of Wisconsin. 
Milwaukee, WI53226

We investigated the relationship of the expressions of nitric oxide synthase 
(NOS) and NMDA receptor subunit R1 (NMDAR1) with neuronal activity in 
visual cortical neuronal cultures prepared from postnatal rats. The activity of 
cytochrome oxidase (C.O.), the energy-generating marker, and immunoreactivity 
of Na7K+ ATPase, the energy-consuming marker, were used to indicate the level 
of metabolic activity of neurons. NOS and NMDAR1 immunoreactivity were 
present in both cell bodies and neurites. All NOS-positive neurons were 
NMDAR1-positive, and a subpopulation of them had high C.O. activity revealed 
by a triple labeling method, which combined C.O. histochemistry with double 
immunofluorescence for NOS and NMDAR1. This is consistent with a dual effect 
of depolarization on NMDA receptor activation and energy metabolism. To 
determine whether the expressions of NOS and NMDAR1 were regulated by 
neuronal activity, cultures were treated with KC1 or tetrodotoxin (TTX). After 40 
hours of KC1 treatment, the levels o f C.O. activity and N a7K+ ATPase 
immunoreactivity were increased. The protein levels of NMDAR1 and NOS 
showed upregulation in immunoblots. One week of TTX administration 
significantly decreased C.O. activity and Na+/K+ ATPase immunoreactivity, as 
well as the expressions of NMDAR1 and NOS. Such activity-dependent 
regulation in developing neurons suggests that NOS and NMDA receptors may 
play important roles during neuronal development. Moreover, the excitatory input 
is the driven force, at least in part, for the metabolic activity in neurons.
(Supported by NIH grant EYO5439)

822.2
HISTOCHEMICAL LOCALIZATION OF NITRIC OXIDE IN OLFACTORY MUCOSAE 
OF THE AXOLOTL, Ambystoma mexkanunt. 'Sánchez-Islas E. ‘Mendosa-Sotelo J. 2Rocha*.
L. and 'Leòn-Olea M. lL ab. de Histología y ME. 2Lab de Micodialisis, Div. de Neurociencias, Inst. 
Mex. de Psiquiatría. Av. Méx-Xochimilco No.101, CP14030, Méx., D.F., Méx.

Nitric oxide (NO) is a highly reactive and difíusible molecule that has been identified as 
an intracellular messenger in several physiological systems. Although NO has been proposed 
to play a role in olfactory transduction, nitric oxide synthase (NOS) has not found in olfactory 
receptor neurons (ORN) in some animals. The aim of this work was to determine if NOS 
and NADPH-diaphorase (NADPH-d) can be found in the olfactory mucosae of the axolotl, 
A. mexicanum. Two neotenic adult and five juvenile axolotls of either sex were used. 
NADPH-d histochemical (Vincent and Kimura, 1992) and NOS immunohistochemical 
techniques were done in all animals. To determine the presence of NADPH-d staining in the 
ORN, olfactory axotomy was done in two juvenile axolotls, and the animals were sacrificed 
2-5 weeks later. All animals were anesthetized with benzocaine (0.02%) and intracardially 
perfused with paraformaldehyde (0.1 M PB, pH 7.4). The nasal area was dissected, postfixed 
(6 h) and stored in 30% sucrose in PB at 4 °C. Parasagittal and coronal sections (2Oµm) 
were obtained. The results showed a stronger NADPH-d staining in the dendrites and cell 
bodies of ORN and in their axons in olfactory nerve bundles in the lamina propria. A 
stronger NADPH-d staining in the ORN was found in the vomeronasal organ. Olfactory 
epithelium (OE) of the axotomized animals showed a marked reduction in the ORN’s 
NADPH-d staining. The juvenile axolotls showed more ORN than the adults. NOS 
immunoreactivity was not found in any case, except for the duct cells of the Bowman's 
glands. The absence of NOS immunoreactivity in the OE agrees with other reports thus 
suggesting the presence of a different isoform of n-NOS. The presence of the NADPH-d in 
the OE suggests that NO may play a role in olfaction. Acknowledgments Dr. E. Piers kindly 
donated the anti-NOS antibodies. Supported by grant IMP- 3290. ESI-TELMEX and 
CONACYT scholarships, marthalo@neuroserver.imp-neuro.edu.mx

822.4

C O N T R IB U T IO N  O F T H E  B A S A L  F O R E B R A IN  T O  T H E  N IT R IC  
O X ID E  S Y N T H A S E -C O N T A IN IN G  N E R V E  T E R M IN A L S  IN  T H E  
R A T  C E R E B R A L  C O R T E X . X.K . Tong and E.H am el*. Montreal 
Neurological Institute. M cGill University. M ontréal. OC. Canada. H3 A 2B4.

Nitric oxide (N O ) from endothelial and neuronal sources has been shown  
to be an important regulator o f  cerebral blood flow . Stimulation o f  neurons 
located within the substantia innominata (SI) o f  the basal forebrain results in 
a cholinergic-mediated cortical vasodilation which is partly dependent on NO. 
In order to evaluate if  N O  synthase (N O S)-containing SI neurons could 
contribute to this response, w e performed a quantitative imm unocytochem ical 
evaluation o f  NOS-containing nerve terminals in the frontoparietal cortex o f  
rats with a lesion in the left SI (0 .12M  quisqualic acid (Q A ) in 0.1 M  PBS). 
Q A  w as injected (0.5 µl over 5 min) through a m icroperfuser in two  
stereotaxic sites at the following coordinates (mm): AP: -0 .9 , -1.8; L: -2.7, - 
2.9: V: -7.6, -7.9 below the skull surface. The rats (n=8) were perfused (7-10  
days later) with 4%  paraformaldehyde, their brains vibratom e-sectioned  
(6Oµm) and all exhibited a drastic loss o f  choline acetyltransferase (ChAT)- 
immunoreactive SI neurons (85-95% ) and frontoparietal cortical nerve 
terminals (>80%). In sections immunolabeled for neuronal N O S , a significant 
decrease in NOS-containing SI neurons (67.1 ±  7.2 %; p < 0 .01) w as observed 
on the lesioned side together with a small but significant decrease in 
frontoparietal cortical NO S-containing nerve terminals (28 .8  ± 6 . 6  %, p<  
0.01). These results suggest that a fraction o f  cortical NO S-containing nerve 
terminals originate in basal forebrain SI neurons. They further suggest that a 
direct contribution o f  NOS-containing neurons in the local increase o f  cortical 
blood flow  induced by stimulation o f  the SI cannot be excluded. Supported by 
the M edical Research Council o f  Canada.

822.6
NITRIC O X ID E SY N T H A S E  IN H IBITIO N  A T TE N U A TE S  
SA C C H A R IN  O R TH A N O L R E IN FO R C ED  RESPO ND IN G  IN 
L O N G -EV A N S RATS. S. M. RezazaJeh» H. lxtl and U \  thhav  " 
Department o f  Pharmacology, University o f  North Texas Health Science 
Center at Ft. Worth. Ft. Worth. Texas 76IO7 and uGulhane Military 
Academy. School o f  Medicine Ankara. Turkey.

Previous studies have demonstrated that ethanol reduces nitric oxide (NO) 
synthesis via inhibition o f  the enzyme nitric oxide synthase (NOS) 
Furthermore..some evidence indicates that sedative-hypnotic effects o f  ethanol 
may be mediated by selective inhibition o f  L-arginine-NOS-NO system in 
brain. The specific aim o f  this study was to investigate whether ethanol self
administration in rats is reduced by NOS inhibition. A brain selective NOS 
inhibitor, 7-nitroindazole (7-NI). was used for this purpose. Male Long-Evans 
rats were trained to lever press either for a 1% (w/v) saccharin solution or 
10% (v/v) ethanol solution using a progressive-ratio schedule. Rats were 
tested with 7-NI. 10, 20 and 40  mg/kg, or a vehicle, injected ip 60 min before 
each test. In some tests, L-arginine (1000 mg/kg, ip), an NO precursor, was 
injected 30 min before 7-NI (40 mg/kg). Administration o f  7-NI reduced 
lever pressing for both saccharin and ethanol reinforcement in a dose- 
dependent manner. The inhibitory effects o f  7-NI on lever pressing for 
saccharin or ethanol were reversed by L-argininc pre-administration. Our data 
suggest that NO S inhibition blocks the stimuli for both ethanol and saccharin 
intake. Whether these stimuli are mediated b> the same patlma>s remains to 
be determined. (Supported by Scientific and Technical Research ( oun« il <>l 
Turkey (TUBITAK-SBAG)and NIAAA 5ROI AAORV’7 & sR () I \  \  l<>±l5 1
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822.7
NITRIC OXIDE SY NTH ASE EN ZY M A TIC A C TIV ITY  AN D PROTEIN 
EX PRESSIO N INCREASE TH R O U G H O U T D E V ELO PM EN T OF THE 
GU INEA PIG HIPPO CA M PUS. K A. Kim ura. J.N . Reynolds. R.J. Boegman* 
and J.F Brien. Departm ent o f  Pharm acology and Toxicology, Q ueen’s 
University, Kingston, ON, Canada, K7L 3N6.

Nitric oxide synthase (NOS) is a hem oprotein that catalyzes the form ation o f 
nitric oxide (NO) during the oxidation o f  L-arginine to  L-citruIline. NO  is a 
novel neuronal m essenger that has been proposed to be involved in m any 
cellular functions, including neuronal developm ent, long-term  potentiation, and 
apoptosis. In view o f the diverse ñinctions o f  NO , the research objective was to 
determine the ontogenic profile o f  NOS enzym atic activity  and protein 
expression in the guinea pig hippocam pus at gestational day (GD) 50, GD 62 
(term, about GD 68), postnatal day (PD) 13, PD 21, and PD > 60. NOS 
enzymatic activity was determ ined using an optim ized radiom etric assay that 
measures the rate o f  form ation o f  L -[l4C ]-citrulline from L -[14C]-arginine.
NOS I (neuronal) and NOS III (endothelial) protein expression was determined 
using W estern blot analysis with specific polyclonal antibodies for these 
constitutive NOS I and NOS III isoforms. NOS activity increased throughout 
prenatal and postnatal life, and attained the highest activity in the adult. This 
profile for NOS enzymatic activ ity was m irrored by the expression o f  both NOS 
I and NOS III proteins. In the GD 50 and GD  62 fetal hippocam pus, expression 
o f NOS I and NOS III proteins was low and increased throughout developm ent 
with the adult hippocam pus expressing the highest am ounts o f  both o f  these 
NOS isoforms. These data dem onstrate that, in the guinea pig hippocam pus, 
there is a characteristic ontogenic profile for NO S enzym atic activity  and 
protein expression w hich are fully developed by adulthood. (Supported by the 
Medical Research Council o f  Canada)

822.9
SPONTANEOUS RELEASE OF SUBSTANCE P FROM  RESTING 
MYENTERIC NEURAL NETW ORKS IS pO:-SENSITIVE. N. A. Deshpande 
and M. A. Cook*. Dept, of Pharmacology and Toxicology, Graduate Program in 
Neuroscience, University of Western Ontario, London, Ontario N6A 5K8, Canada.

We have demonstrated an inverse graded relationship between p 0 2 and K+-evoked 
Substance P (SP) release from guinea-pig myenteric nerves in the presence of the 
selective adenosine A, receptor antagonist DPCPX. In order to address th e relationship 
between prevailing oxygen tension and spontaneous (i.e. unstimulated) SP release, 
isolated guinea-pig myenteric ganglion networks were perifused with 0.01% BSA- 
Locke's solution which was either ungassed ("normoxic") or pre-bubbled with 10%, 
20%, 30%, 50%, or 100% 0 2 ("hyperoxic"), or 100% N2 ("hypoxic"). The perifusate 
was collected and analyzed by specific RIA for the presence of Substance P-like 
immunoreactivity (SP-LI). Under all conditions, tonic inhibition of SP release by 
endogenous adenosine was revealed by perifusion of the networks in the additional 
presence of lµM DPCPX. The results show that SP is released spontaneously from 
myenteric nerves in a p 0 2-sensitive manner. A clear correlation between basal release 
of SP and prevailing p 0 2 was obtained. Hypoxia resulted in a clear suppression, while 
hyperoxia yielded a clear increase in spontaneous release. For all conditions, addition 
of lµM DPCPX resulted in an increase in spontaneous SP-LI release compared to 
controls. Under hypoxic conditions, DPCPX unmasked considerable inhibition, 
mediated by endogenous adenosine, resulting in a significant increase (531.8 ± 52.7%) 
in spontaneous release of SP. Comparable treatment under depolarizing conditions 
yielded a smaller (299.7 ± 44.0%) increase in SP release. The inhibition mediated by 
endogenous adenosine diminished exponentially with increasing p0 2 and was 
essentially absent at a p 0 2 between 260-425 mmHg. Addition of lµM tetrodotoxin 
(TTX) largely abolished the release of SP-LI from resting myenteric nerves, indicating 
that spontaneous transmitter release had resulted from axonal traffic. These studies 
demonstrate that spontaneous adenosine-regulated release of SP from myenteric 
nerves is inversely related to prevailing p 0 2. Supported by the MRC o f  Canada.

822.11

I M A G IN G  O F  N IT R IC  O X I D E  P R O D U C T I O N  IN  R A T  
H IP P O C A M P U S  W IT H  A  N O V E L  F L U O R E S C E N T  IN D IC A T O R :  
D A F -2  D A .
H . K o iim a 1. N . N a k a tsu b o 1. K . K ik u ch iL  S . K aw aharaL  Y , K ir in o 1*. 
Y. K u d o2. J. Tanaka3. T. N a g a n o 1. G ra d u a te  S ch o o l o f  Pharm aceutical 
S c ie n c e s , th e U n iv . o f  T o k y o ; 2T o k y o  U n iv . o f  Ph arm acy  & L ife  
S c ien ce , 3D a iich i Pharm aceutical C o., Ltd.; H on go , 1 1 3 -0 0 3 3 , Japan.

N o v e l flu orescen t indicators for nitric o x id e  (N O ), d iam in oflu orescein s  
(D A F s), w ere d ev e lo p ed  for the d e tec tio n  o f  N O  production  d irectly  in  
liv in g  c e lls . T h ese  indicators en ab led  the sp e c if ic  real-tim e d etection  o f  
N O  w ith  h ig h  sen sitiv ity . T h e d etectio n  lim it w as 5 nM . A  m em brane- 
perm eable d erivative, D A F -2  D A , w as a lso  sy n th esized  to load  the dye  
into ce lls .

D A F -2  D A  w as applied to the b io im agin g  o f  N O  production in rat brain 
sam p les. First, w e  load ed  this flu orescen t probe in to the brain surface o f  
liv in g  rat, and ob served  an augm entation  o f  the flu o rescen ce  in tensity by  
m eans o f  flu orescen ce m icroscop e. It w as revealed  that tw o types o f  ce lls  
b e c a m e  f lu o r e sc e n t  15 m in  and  se v er a l h ou rs a fter  th e lo a d in g , 
resp ectively . N ex t, brain s lice s  w ere u sed  to ex a m in e  the N O  production  
site d irectly. The brain slices  including h ippocam pus w ere loaded  with 10  
µM  o f  the d y e  for 30  m in. T he flu o rescen ce  in ten sity  o f  C A 1 region  o f  
h ip p ocam p u s w as in creased  s ig n ifica n tly  b y  the addition  o f  N M D A  (1 
m M ), com p aring to the controls. N O  production  at C A 1 region  w as a lso  
confirm ed by im aging o f  the cultured hippocam pus.

T he im agin g  w ith  D A F -2  D A  w il l  be u se fu l for ana lysis  o f  the cellu lar  
functions o f  N O .

This work was supported by a Grant-in-Aid for Scientific Research on Priority Areas 
No. 09273216 from the Ministry of Education, Science, Sport and Culture of Japan.

822.8
OXIDATIVE MODIFICATION OF RECOMBINANT NEUROGRANIN BY 
NITRIC OXIDE: AN AMPEROMETRIC STUDY. H.-H, Miao1. J.-S. Ye: . S. L.Y. 
Wong1, B.-X. Wang2, X.-Y, Li2, and F -S. Sheu'* 'Dept, of Biochemistry and :Dept. 
of Chemistry, The Hong Kong University of Science and Technology. Clear Water 
Bay, Kowloon. Hong Kong.

It has been shown previously that a neuron-specific protein kinase C (PKC) 
substrate, neurogranin (Ng), is a redox-sensitive protein with four cysteine (Cys) 
residues readily oxidizable by nitric oxide (NO) donors (Sheu et a!., J. Biol. Chem.. 
271. 22407-22413, 1996). In this study, we directly examine the redox reaction 
between dissolved NO gas and cysteine (Cys) as well as NO and bacterial expressed 
Ng in its reduced form, at concentrations approximate to physiological levels in 
phosphate buffer solution. The reaction kinetics are measured directly by a newly 
developed, chemically-modified electrode (CME) with nanoparticles of transitional 
metal palladium loaded as catalytic centers. Our CME detects the oxidation of Cys 
and Ng in a linear range from submicro to micromolar concentration at +450 mV. 
versus a saturated calomel reference electrode (SCE). The oxidation of NO does not 
occur at tins potential but can be optimally detected at +700 mV (vs. SCE) by our 
CME with a linear current-to-concentration range of nM to mM. It thus provides a 
selective control to examine oxidation of Cys or Ng by NO at +450 mV without 
interference current generated by NO itself. With this CME as a detector, we found 
that (1) the oxidation of either Cys or Ng by NO is a fast reaction and proceeds to 
near completion within 1-2 nun at its physiological concentration; and (2) with the 
completion of the oxidation reaction, the amount of NO in the final reaction mixture 
remains almost the same as in the initial stage before the oxidation reaction The 
vigorous reaction kinetics of both NO to Cys and NO to Ng implies that NO can 
achieve better local action on cellular proteins than following concentration gradient 
to diffuse out to exert its effect on targets located in neighboring cells. In addition, 
our data are consistent with a reaction mechanism for NO to Ng that involves 
formation of S-nitrosothiol as intermediate during the conversion of thiol groups 
into disulfide bond. [Supported by Hong Kong RGC (DAG97/98.SCO4)].

822.10
CHANGES IN NITRIC OXIDE SYNTHASE - CONTAINING NEURONS AND 
SEROTONERGIC NEURONS IN THE BRAIN OF THIAMINE - DEFICIENT 
MICE. IT Matsushita1*, Y. Takeuchi1, K. Kosaka1, K. YoshimoLT, M. KawataJ 
andT. Sawada1. !I )ëpt~. of Pediatrics, 2Dept. of Legal Medicine, 3Dept. of Anatomy 
and Neurobiology, Kyoto Prefectural University of Medicine, Kavvaramachi- 
Hirokoji,Kamigyo-Ku, Kyoto, 602-0841, Japan.

Changes in nitric oxide synthase (NOS) - containing neurons and serotonergic 
neurons were examined in the brain of pyrithiamine - induced thiamine - deficient 
mice using NADPH-diaphorase (NADPH-d) histochemistry and serotonin 
immunohistochemistry. Four-week-old male JCLJCR mice were divided into 3 
groups; Groupl mice received a thiamine-deficient diet in addition to intraperioneal 
injections of pyrithiamine hydrochloride (500 µ. g/kg/day). Group 2 (pair-fed control) 
mice received a thiamine-free diet equal to the food consumption of mice in Group 
1, as well as daily injections of thiamine (4OO£igTg). Group 3 (control) mice 
received normal food pellets throughout the experiment. The animals were perfused 
after survival periods of 5, 8 , 10, 12 and 13 days, and their brains were examined 
histochemically. In Group 1, on day 12 or 13, when the righting reflex disappeared, 
the density and intensity of NADPFI-d -positive fibers increased in the intermediate 
part of the lateral septal nucleus, and the density of NADPH-d - positive fibers 
decreased in the dorsal part of the lateral septal nucleus, the paraventricular thalamic 
nucleus and the dorsal raphe nucleus. The number of NADPH-d - positive cell 
bodies also decreased in the latter two nuclei. At this time, the density of serotonergic 
fibers was markedly decreased, and around the interpeduncular nucleus and the 
ventral tegmental area, irregularity in the running pattern of the serotonergic fiber 
bundles was detected. The alternations of NOS - containing neurons and serotonergic 
neurons in the certain regions in the brain of thiamine - deficient mice were noted 
by these results.

822.12
NITRIC OXIDE EVOKES EXTRACELLULAR ADENOSINE 
ACCUMULATION IN CULTURES OF RAT FOREBRAIN NEURONS. Y. 
Li and P.A. Rosenberg*. Dept, o f Neurology, Children's Hospital, Boston, MA 
02115.

We are interested in the mechanisms controlling extracellular adenosine 
levels in the brain and the role o f these mechanisms in the determination o f 
behavioral state. Both adenosine and nitric oxide have been implicated as 
endogenous sleep-inducing substances. In this study, we tested the effect o f  
nitric oxide donors on extracellular adenosine accumulation in cultures derived 
from the embryonic rat forebrain. We found that a variety o f nitric oxide 
donors, including diethylamine-NONOate (DEA-NONOate), in a concentration 
range from 100 µm to 1 mM, with 30 minutes exposure, stimulated large 
increases in extracellular adenosine in nearly pure cultures of forebrain 
neurons, but not in cultures o f astrocytes. DEA itself at similar concentrations 
had no effect on neuronal cultures. The effect o f  DEA-NONOate could be 
blocked by hemoglobin as well as PTIO and carboxy-PTIO. The accumulation 
of adenosine was not blocked by probenecid or GMP, suggesting that neither 
cAMP nor AMP could be the source. The concentrations o f DEA-NONOate 
used did not cause lactate dehydrogenase release either acutely or following 24 
hours incubation, making it unlikely that the adenosine accumulation was due to 
a non-specific leak through injured membranes. The adenosine accumulation 
evoked by DEA-NONOate was not blocked by the NM DA antagonist MK801. 
These results suggest that nitric oxide acts directly to evoke adenosine release 
from forebrain neurons. Nitric oxide stimulated adenosine accumulation may 
be important in the regulation o f behavioral state. Funded by grants from the 
NIH (HL59595 and HD18655).
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822.13

E F FEC T OF G L U T A M A T E  O N  N IT R IC  O X ID E  R E L E A SE  FR O M  
T H E  R A B B IT  R E T IN A  M.J. N ea l* . J.R. C unningham  and K .L. 
M atth ew s. D ept, o f  P h arm aco logy , U M D S , St T h om as’ H ospital, 
L on don, SE1 7EH , UK .

W e h ave recently  sh o w n  that p h y sio lo g ica l stim ulation  o f  the rabbit 
retina w ith  f lick erin g  light or con tin u ou s ligh t cau ses the release o f  
nitric o x id e  (N O ) from  bipolar c e lls  and am acrine c e lls  resp ectively . 
(I.O .V .S . 1998, 39 , 8 5 0 -8 5 3 ). T he present study w a s undertaken to 
obtain  in form ation on  the receptors in v o lv ed  in the ev o k ed  release o f  
N O . R abbits w ere anaesth etised  w ith  urethane ( l .5 g /k g )  and an eye-  
cup prepared. K rebs bicarbonate R inger in the ey e -cu p  w as replaced  
every  10 m in and the N O  w a s m easured  u sin g  an N O -m eter. 
E xp osu re o f  the dark-adapted retina to glutam ate (5m M ), kainate 
G O µM ), or N M D A  (lO OµM ) sig n ifica n tly  increased  the resting  
release o f  N O . A P B  (lO O µM ), w h ich  hyperpolarizes d epolarizing  
bipolar c e lls , a b o lish ed  the e ffe c t  o f  G L U , but itse lf, increased N O  
release. P D A  (5 m M ) did not affect the release o f  N O  and did not 
an tagon ise  the e ffec t  o f  ex o g en o u s  G L U . N O  release is inhib ited by 
g ly c in e  and it is p o ssib le  that ex o g en o u s G L U  and A P B  increase N O  
release by hyperpolarizing  the bipolar ce ll input to g lycin erg ic  
am acrine ce lls .

n o n e

822.15

E N D O G E N O U S  D -A SPA R TA TE: A  N O V E L  M E S S E N G E R
M O LEC ULE? H. W olosk er* . K. Sheth. J. P. M othet. L .D . H ester. K .J . 
Hurt and S. H. S n yd er. Departm ent o f  N eu ro sc ien ce , Johns H opkin s  
U n iversity , 7 2 5  N . W o lfe  St., B altim ore, M D  2 1 2 0 5  

In the past few  years, several groups have dem onstrated substantial 
quantities o f  free D-aspartate (D -asp) in m am m als. H igh  leve ls o f  D-asp  
are found in endocrine glands such  as adrenals, pituitary, and pineal 
glands as w ell as in a num ber o f  hypothalam ic nuclei in the brain. Though  
D -asp  is present in the diet, the transient em ergence o f  D -asp  in brain and 
peripheral t issu es d oes not correlate w ith  dietary ch an ges, raising the 
p ossib ility  that D -asp m ight be syn th esized  d e  n o v o  in m am m als. 
H o w ev er, both the function and synthetic pathw ay o f  free D -asp remain 
e lu siv e . Substantial quantities o f  D -asp  occurs in the epinephrine- 
containing ce lls  o f  the adrenal m edulla. Adrenal slice s  release en d ogen ou s  
D -asp  in a Ca2+ -depèndent m anner fo llo w in g  KC1 depolarization. 
A cetylcholin e and n icotine, w h ich  induce catecholam ine release from  the 
adrenal gland, a lso  elicit D -asp  release from  adrenal s lic e s . Injection o f  
nicotine into rats deplete en d ogen ou s D -asp  stores from  the adrenal gland, 
indicating that release o f  D -asp  a lso  occurs in v iv o .  C o n verse ly , the 
contents o f  L-aspartate and L-glutam ate in the adrenal gland are unaffected  
by n icotine. D -asp m ay play a paracrine role in regulating catecholam ine 
release from  the adrenal gland sin ce it potentiates catecholam ine release 
form  both adrenal slices  and PC 12 ce lls . In brain, D -asp  m ight also  
function as a m essen ger m olecu le. D -asp  is present in cortical neurons o f  
n ew b orn s, and in primary cortical cultures it accounts for as m uch as 50  
% o f  the total aspartate pool o f  the ce lls . E n d ogen ou s D -asp  in neurons 
potentially activates glutamate receptors and m ay b e transported through  
am ino acid  transporters. U S P H S  grant M H -18501.

822.14

B IO SY N T H E SIS O F D -A SPA R T A T E  IN M AM M ALIAN CELLS.
H .H om m a. Z .L o n g . J-A .L ee. T .F u k u sh im a. T 2 i¾nta, Tfl.wat.su bn,
R .Y am ada1. K .lm ai and K .K aw ash im a^* G raduate  School o f
P harm aceutical Sci., Univ. o f  T o k y o ; T o k y o , * N agaoka Univ. o f  T ech ., 
N agaoka and  ^K yoritsu  C ollege o f Pharm acy, T okyo , JAPA N.

Recent reports  have d em onstrated  the ex istence o f various D -am ino 
acids such as D -aspartate (D -A sp) and D -serine (D -Ser) in the m am m alian  
body . D -Ser is considered  to be an en d o g en o u s  ligand fo r  the strychnine- 
insensitive g lycine site o f  the NM DA receptor. However, so far, the 
bio logical function  o f  D-A sp rem ains unknow n. An im p o rtan t issue is 
w hether o r n o t these D -am ino acids are  synthesized  by the m am m alian  
body . In this study, we d em onstra te  that D-A sp is synthesized  in 
p h eo ch ro m o cy to m a  cells (P C -12). T o  o u r  know ledge this is the first report 
o f  biosynthesis o f  D -A sp in m am m alian  cells.

D uring  the cu ltu re  o f  P C -12 cells, the  am o u n t o f  D-A sp increased  both 
in the cells and m edia. T h e  am o u n t o f  D-A sp synthesized  was p ro p o rtio n a l 
to the n u m b er o f  cells innocu lated . In the cells the am o u n t o f  D -A sp was 
ap p ro x . 10% o f  total (L+D) A sp, and  o th er D -am ino  acids such as D-Ser, 
D -glu tam ate and  D -alanine were n o t fo u n d . T h e  am o u n t o f  D-A sp did not 
increase d u rin g  the cu ltu re  o f  m ouse 3T3 fibroblasts. D-A sp was identified 
as follows; 1) it co -ch ro m ato g rap h ed  with au then tic  D-A sp th ro u g h  two 
d iffe ren t co lum ns. 2) its elu tion  beh ind  L-A sp was reversed th ro u g h  a 
chiral co lum n with an opposite  chiral center. 3) it was sensitive to treatm ent 
with enantioselective D-A sp oxidase. Im m unocy tochem ica l staining using 
anti-D -A sp antiserum  prepared  previously in this labora to ry  dem onstrated  
that D-A sp was present in the  cy toplasm  o f  the  cells. E x o g en o u s D -A sp did 
n o t a ffect the am o u n t o f  D-A sp synthesized  in P C -12 cells which cou ld  not 
take up D-A sp fro m  the m edia. This resu lt exc ludes the possibility  that the 
cells absorbed  D-A sp synthesized in the  m edia  (e.g . by con tam ina ting  
m icroorgan ism s), fu rth e r indicating  that b iosynthesis  o f  D -A sp takes place 
in P C -12 cells.

IN T E R A C T IO N S  B E T W E E N  N E U R O T R A N S M IT T E R S : D A -E X C IT A T O R Y  A M IN O  A C ID  I N T E R A C T IO N S

823.2823.1

D O PA M IN E N EU RO N  SYNAPTOLOGY IN  M ESOACCUM BENS SYSTEM 
CELL CULTURE. M.P. Joyce* and  S. R a y p o rt. D epts. P sy ch ia try , A nat. & 
Cell Biol., Ctr. N eurobio l. & Behavior, C olum bia Univ.; D ept. Neuroscience, 
NYS Psychiatric Institu te , NY 10032.

V en tral tegm ental area (VTA) dopam ine (DA) neurons grown in 
m icroculture m ake g lu tam aterg ic  (GLUergic) au tapses th a t show  D2- 
m ed ia ted  p resy n ap tic  inh ib ition  (Sulzer et al., /  Neurosci, 1998). To exam ine 
DA neuron synaptic  in teractions w ith  neurons from  the nucleus accumbens 
(nAcc), th e ir  major lim bic targ e t area, we labeled  nAcc neurons w i th  
fluorescent latex m icrospheres and  then  cocultured th em  w ith  VTA DA 
neurons. In m icro-cocultures w ith  one or two DA neurons and  up to five nAcc 
neurons, single DA neurons m ake GLUergic au tapses a t the same h ig h  
frequency observed in single cell m icrocultures (n=lO). H ow ever, they  do not 
a p p e ar to m ake GLUergic synapses on nAcc neurons. nAcc neurons frequently  
m ake GABAergic IPSCs on DA neurons. C on trary  to  the  au tap tic  s itua tion  in 
VTA m icrocultures, GLUergic au tap tic  EPSCs do not show  DA m odulation , 
possibly because the DA ergic term inals are  now  involved  in m aking  synapses 
w ith  th e ir  a p p ro p r ia te  targets. To exam ine the d istr ib u tio n  of DA neuron 
synapses, w e first im m unostained  m ass cultures for GABA using DAB as th e  
chrom agen. Since 95% of nAcc cells are GABAergic and  alm ost all non- 
DA ergic VTA neurons are GABAergic, subsequent fluorescence double 
im m unostaining for TH and  GLU w as restric ted  to DA neurons and  th e i r  
processes. This revealed  DA  n eu ro n  synapses that w ere T H +, TH +/G L U +, and  
GLU+. Thus, w hen  VTA DA  neurons are p ro v id ed  w ith  th e ir  norm al ta rg e t  
neurons in coculture they w ill continue to m ake GLUergic au tapses , suggesting 
th a t  one of the  roles of the GLUergic term inals of DA neurons m ay  be in 
signaling  to DA neu ro n s w ith in  the VTA.

Supported  by N ID A  DAO8675, the  Burroughs W ellcom e Fund, and  
N A R SA D .

DECREASE IN EXTRACELLULAR DOPAMINE LEVELS IN THE NUCLEUS 
ACCUMBENS INDUCED BY LOW FREQUENCY STIMULATION OF THE 
VENTRAL SUBICULUM/CA1 REGION OF THE RAT HIPPOCAMPUS.
P. Taepavarapruk*. C.D. Blaha and A.G. Phillips. Dept, of Psychology, Univ. of 
British Columbia, Vancouver, Canada V6T 1Z4.

The present study utilized microdialysis with HPLC-EC in freely-moving rats to 
investigate 1) changes in extracellular dopamine (DA) level in the nucleus accumbens 
(N.Acc.) induced by low frequency stimulation of ventral subiculum/CAl (Vsub/CAl), 
and 2) the role of metabotropic glutamate receptors (mGluRs) in mediating changes in 
DA release in the N.Acc. induced by electrical stimulation of Vsub/CAl.

Electrical stimulation of Vsub/CAl at 2 Hz for 100 sec was shown to induce a 
significant decrease (p<0.05) in basal DA levels in the N.Acc. which lasted throughout 
the 2 hrs monitoring period. Reverse dialysis of specific antagonist at m GluRl/2, (+> 
α-methyl-4-carboxyphenylglycíne (MCPG), at doses 10 µM and 100 µM, did not 
prevent the suppressive effects induced by low frequency stimulation of Vsub/CAl. 
However, reverse dialysis with the group 2 and 3 mGluR antagonist, (±>α-methyl-4- 
phosphonophenylglycine (MPPG), at dose of 100 µM and 1 mM, significantly blocked 
the prolonged suppressive effects of 2 Hz Vsub/CAl stimulation on DA efflux. 
Reverse dialysis of group 3 mGluR agonist, L(+)2-amino-4-phosphonobutyric acid (L- 
AP4), at dose of 100 µM into the N.Acc for 2 hrs depressed the release of DA in the
N.Acc. by ~ 30% of baseline DA levels.

Together, these results suggest that the depression of synaptic transmission at 
glutamatergic-dopaminergic synapses in the N.Acc. induced by 2 Hz stimulation of 
Vsub/CAl are likely to be mediated by group 2 and 3 mGluRs. Specifically, it is 
hypothesized that these receptors are located presynaptically on glutamatergic 
hippocampal afferents in the N.Acc. Activation of these receptors would reduce the 
tonic influence of glutamate on DA varicosities in the N.Acc., thereby causing a 
decrease in extracellular DA concentration. This hypothesis is the subject of current 
research. Funded by MRC Canada (PG-12808)
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823.3
INTERACTIONS OF ENDOGENOUS GLUTAMATE, DOPAMINE AND GABA IN THE 
PREFRONTAL CORTEX OF THE AWAKE RAT: INVOLVEMENT OF NMDA AND 
AMPA/KA RECEPTORS. A. Del Arco1. C,V. Gisolfi2* and F. Mora12. 'Dept, of 
Physiology, Fac. of Medicine, Univ. Complutense, 28040 Madrid (Spain). 2Dept. of 
Physiology and Biophysiscs, Univ. o f Iowa, Iowa City, IA 52242.

The aim o f the present study was to investigate the effects o f an increase of endogenous 
glutamate ([GLU]) [produced by the inhibition of GLU reuptake with L-trans-pyrrolidine- 
2,4-dicarboxilic acid (2-32 mM)] on the extracellular concentrations of dopamine ([DA]), 
dopamine metabolites ([DOPAC] and [HVA]) and [GABA] in the prefrontal cortex.

Microdialysis experiments were performed in 
male Wistar rats at a flow rate of 1.5 µl/min. 
Amino acids and catecholamines were analysed 
by HPLC with fluorometric and electrochemical 
detection. Increases of [GLU] were significantly 
correlated with increases of [GABA] (see 
figure). Increases of [GLU] produced no 
increase of [DA], Basal [DA] was undetectable.

■--------------------------- ■-------- ■---------1 Dopamine metabolites were used as an index of
icLui increase<µM> dopaminergic activity. When [GLU] increased

from l.25±O.l6 to 28.O2±2.I4 µM, [GABA] 
increased from O.I23±O.OO9 to O.I82±O.I22 µM, and [DOPAC] decreased from 23.33±5.43 
to l5.72±3.55 nM, and [HVA] decreased from 2l.33±3.45 to l4.95±2.36 nM. To study the 
GLU receptor mediation of the effects of [GLU] on [GABA], [DOPAC] and [HVA], the 
NMDA antagonist CPP (1 mM) and the AMPA/KA antagonist DNQX (0.5 mM) were 
perfused. CPP had no effect on the increases o f [GABA], but blocked decreases of 
[DOPAC] and [HVA], In contrast, DNQX blocked increases of [GABA] without affecting 
decreases of [DOPAC] and [HVA]. These results suggest that endogenous GLU acts 
preferentially through NMDA recepors to modulate dopaminergic activity and through 
AMPA/KA receptors to modulate GABAergic activity in the prefrontal cortex of the rat. 
Supported by DGICYT PM96-0046.

823.4
ENDOGENOUS DOPAMINE DIFERENTIALLY INCREASES EXTRACELLULAR 
GLUTAMATE IN NUCLEUS ACCUMBENS, STRIATUM AND PREFRONTAL 
CORTEX OF THE AWAKE RAT. F. Mora*. T. R. Castafieda. A. Del Arco and G. 
Segovia. Dept, of Physiology, Fac. of Medicine, Univ. Complutense, 28040 Madrid (Spain).

The aim of the present study was to investigate the effects of increasing concentrations 
o f endogenous dopamine ([DA]) on extracellular glutamate ([GLU]) in nucleus accumbens 
(NACC), striatum (STR) and prefrontal cortex (PC) of the awake rat. Intracerebral 
infusions (microdialysis) of the DA uptake inhibitor nomifensine (NMF) were used. 
Dialysate catecholamines and amino acids were analysed by HPLC with electrochemical 
and fluorometric detection.

NMF (1-4 mM) produced a dose-related increase of [DA] in NACC, STR and PC. The 
increases of [DA] in the three areas were significantly different (see figure A). NMF also 
increased [GLU] in NACC, STR and PC. Increasing [DA] was correlated significantly with 
increasing [GLU], which suggests that increases of [GLU] were produced by DA. 
[GLU]/[DA] ratio at maximal increases of [DA] was used to compare the interaction 
between DA and GLU in the areas of the brain studied. [GLU]/[DA] ratio was significantly 
higher in PC than in NACC and STR (see figure B). These results suggest that different 
neurochemical circuitries are subserving the DA/GLU interaction in NACC, STR and PC. 
Supported by DGICYT PM96-0046.

823.5
DIFFERENTIAL MODULATION OF STRIATAL NEURONAL ACTIVITY BY 
GLUTAMATE AND GABA: IONTOPHORESIS IN AWAKE, UNRESTRAINED 
RATS. E.A.Kivatkin* and G.V. Rebec. Program in Neural Science, Dept. 
Psychology, Indiana University, Bloomington, IN 47405

Although glutamate (GLU) and GABA are two major transmitters in the striatum, 
most information on the role of these substances in striatal neuronal processing is 
based on data obtained from in vitro or anesthetized preparations. To examine the 
neuronal effects of GLU and GABA and their possible interactions under 
physiologically relevant conditions, we used single-unit recording combined with 
iontophoresis in awake, unrestrained rats. We found that spontaneously active 
striatal neurons are sensitive to iontophoretic GLU; phasic GLU-induced excitations 
(mean threshold ~2O nA) are dose-dependent, highly stable during repeated GLU 
applications, and inversely correlated with rate of basal activity (excitation limit -65 
imp/s). GLU also excited silent units, which greatly outnumbered spontaneously 
active cells, and enhanced movement-related neuronal excitations. Striatal neurons 
were also highly sensitive to GABA; phasic inhibitions were often seen during 
spontaneous diffusion from the pipette (0 nA). The GABA-induced inhibition was 
current-dependent, but equally strong on spontaneously active and GLU-stimulated 
units. This response was independent of neuronal discharge rate, and less stable 
during repeated drug applications. Continuous GABA application inhibited basal 
unit activity, but was less effective in attenuating neuronal excitations induced by 
GLU, somatosensory stimuli, or spontaneous movements. At low currents, 
prolonged GABA application often resulted in an increase in both GLU-induced and 
movement-related excitations relative to background activity (signal-to-noise ratio). 
Our data support the role of GLU afferents in the phasic activation of striatal units 
and suggest that the effect of GLU strongly depends on the functional state of the 
neuron. The high neuronal sensitivity to GABA and the ability of this substance to 
modulate both basal and GLU-induced activity suggest that GABA, released from 
axonal collaterals, plays a critical role in regulating neuronal responsivity to phasic 
changes in excitatory input.

Supported by NIDA (DA02451 and DA00335)

823.6
EFFECTS OF GLUTAMATE AND KYNURENIC ACID ON ELECTRICALLY 
STIMULATED OVERFLOW OF DOPAMINE IN STRIATAL SLICES: 
ANALYSIS BY FAST SCAN CYCLIC VOLTAMMETRY. Y. Wu. S.M. Pearl1.
M.J. Zigmond 1. and A.C. Michael*. Departments of Chemistry and 
1Neurology, University of Pittsburgh, Pittsburgh, PA 15260.

Interactions between dopaminergic and glutamatergic elements of the rat 
striatum were investigated by examining the effects of glutamate and 
kynurenic acid on electrically stimulated dopamine (DA) overflow in tissue 
slices. Coronal slices (400 µm thick) were prepared from adult male rats 
and perfused at 34°C. Stimulation was delivered at 60 Hz for .2 sec via a 
bipolar stimulating electrode in contact with the striatal portion of the slice. 
Stimulation induced dopamine overflow was monitored by fast scan cyclic 
voltammetry at carbon fiber microelectrodes positioned between the poles of 
the stimulating electrode (Bull et al., J. Neurosci. Methods 32:37, 1990). 
Addition of glutamate (0.1-10 mM) to the perfusion buffer caused a 20-60% 
increase in electrically-induced overflow of DA. Addition of kynurenic acid 
(100 µM) to the perfusion buffer caused a 150% increase in electrically- 
induced overflow of DA. Kynurenic acid did not prevent the glutamate- 
induced increase in DA overflow. These data, which are consistent with 
microdialysis-based in vivo observations on non-evoked DA levels (e g., 
Keefe et al., Neurosci. 47:325, 1992), suggest (a) that glutamate can 
increase evoked DA overflow and (b) that antagonists of ionotropic 
excitatory amino acid receptors can further stimulate DA release. Since 
both agonists and antagonists of excitatory amino acid enhanced evoked DA 
overflow, these results appear to reveal the existence of multiple, perhaps 
competing, mechanisms of interaction between the glutamate and dopamine 
systems in striatum. (Supported in part of MH2967O, MH45156, NS19608, 
and NS31442.)

823.7
EFFECTS OF HIPPOCAMPAL KAINIC ACID LESIONS ON STRIATOLIMBIC 
DOPAMINE AND IONOTROPIC GLUTAMATE RECEPTOR SUBTYPES
F.I. Tarazi,* A. Campbell and R.J. Baldessarini. Department of Psychiatry & 
Neuroscience Program, Harvard Medical School; Mailman Research Center, McLean 
Hospital, Belmont, MA 02178.

We recently provided evidence that some dopaminergic (DA) D4-like and 
glutamatergic (Glu) NMDA receptors are co-localized on Glu corticostriatal afferents 
projecting from rat frontal cerebral cortex to the striatal complex (caudate putamen 
[CPu] and nucleus accumbens [NAc]) (Tarazi et al. l998a,b). We now examined 
changes in D |-, D2-, D4-like and ionotropic NMDA, AMPA and kainate receptor 
binding in rat CPu, NAc, and hippocampus by quantitative in  v i t r o  receptor 
autoradiography after unilateral injections of kainic acid (KA) into hippocampus to 
degenerate local intrinsic neurons and remove Glu afferents projecting to CPu and 
NAc. Radioligands were: [¾]SCH-2339O for Dj-like (D1/5) and [3H]nemonapride for 
D2-like (D2/3/4) receptors; D4-like receptors were quantified with [3H]nemonapride 
with 300 nM S[-]-raclopride and other masking agents included, at sites >75% 
occluded by the D4-selective ligand L-745,870. NMDA receptors were quantified 
with [3H]MK-801, AMPA with [3H]CNQX, and kainate sites with [3H]kainic acid. 
Injections of KA produced massive local hippocampal losses of D j- (75%), D2- 
(77%), and D4- (79%) like receptors, and large losses of NMDA (44%), AMPA 
(42%) and kainate (49%) receptors. In addition, NMDA and kainate receptor binding 
were significantly reduced in CPu (by 20% and 15%, respectively) and NAc (22% and 
20%). D]-, D2-, D4-like or AMPA receptor levels were unchanged by KA lesioning 
of the hippocampus. These results suggest that most D p , D2- and D4-like receptors, 
and a large proportion of all three ionotropic Glu receptors, in rat hippocampus arise 
on intrinsic postsynaptic neurons; some NMDA and kainate, but not AMPA or DA 
receptors, also occur on presynaptic terminals of hippocampal-striatal afferents 
innervating the striatal complex.
Supported by NIMH grants 19905, 34006, 47370. and the B.J. Anderson Foundation. 
Tarazi FI et al. (1998a) Neuroscience 83: 169-176; (1998b) Synpase (in press).

823.8
INTERACTIONS BETW EEN DOPAM INE AND NMDA DELIVERED 
LOCALLY BY M ICRODIALYSIS DURING IN  VIVO  INTRACELLULAR 
RECORDINGS OF RAT PREFRONTAL CO RTICA L NEURONS
H . M o o r e * A . L α v in  a n d  A . A . G r a c e

D e p ts .  o f  N e u r o s c i e n c e  a n d  P s y c h ia t r y ,  U n iv . o f  P i t t s b u r g h ,  P i t t s b u r g h ,  P A  1 5 2 6 0

Most studies of the actions of dopamine (DA) on the spontaneous activity 
of neurons in the prefrontal cortex (i-FC) V,vc been conducted in  v i v o  using 
extracellular recording techniques, whereas the effects on passive and active 
membrane properties and synaptic activity of these neurons have been examined 
using in  v i t r o  methods. These different preparations have provided diverse and 
often conflicting data regarding DAergic modulation of PFC pyramidal ceil activity. 
In this study, some of the unique advantages of both preparations were incorporated 
into experiments using in  v i v o  microdialysis and intracellular recording 
simultaneously in the rat PFC. Local perfusion of glutamate or NMDA (20 µM) 
through the probe increased the frequency of spontaneous EPSPs and action 
potentials (latency of drug effect approximately 15 min). Perfusion of NMDA also 
decreased the amount of current required to evoke a spike (current threshold), 
decreased the onset latency of the evoked spike, and increased the number of spikes 
fired as a function of the intensity of depolarizing current injected. Co-perfusion of 
DA (3OµM) augmented the NMDA-induced increase in excitability as evidenced by 
a further decrease in the current threshold and an increase in depolarizing current- 
evoked spiking. Modulation of neuronal activity in ventral cortical areas and nucleus 
accumbens by glutamatergic and DAergic agonists perfused into the prclimbic cortex 
was also observed. These experiments indicate that combining in  v i v o  microdialysis 
and intracellular recording for examining local DAergic modulation of spontaneous 
and evoked activity in PFC neurons is feasible, and that one of the actions of DA in 
the PFC is to enhance NMDA receptor-mediated excitation.

Society for Neuroscience, Volume 24, 1998



2062
INTERACTIONS BETWEEN NEUROTRANSMITTERS:

DA-EXCITATORY AMINO ACID INTERACTIONS THURSDAY AM

823.9
M O D ULATIO N OF D O PA M IN E-IN D U C E D  EOS PR O D UC TIO N BY  
NM D A, D1 A N D  D2 RECEPTOR ANTAGO NISTS.
T. Blank*, J. Radulovic, I, Nijholt, J. Kammermeier andJ. Spiess. 
Department o f  M olecular N euroendocrinology, M ax Planck Institute for 
E xp erim ental M ed ic in e , H erm ann-R ein-S tr. 3, 3 7 0 7 5  G oettingen , 
Germany.

Studies o f  dopam inergic neurotransm ission in neurons o f  the central 
nervous system  íne com plicated by the com plex interactions between the 
D l-lik e  and D 2-like dopam ine receptors. As a marker o f  neuronal activity 
the production o f  FO S protein was m onitored in the hippocam pus, 
am ygdala and striatum o f  C57BL/6J m ice follow ing intraperitoneal (i.p.) 
injection o f  the. dopam inergic D1 agonist SKF 38393 (7.5 m g/kg), which  
elicited strong FOS production throughout the striatum, in the dentate gyrus 
and all nuclei o f  the am ygdala except for the central nucleus. These effects 
were com p letely  blocked by preinjection o f  the D1 receptor antagonist 
SCH 2 3 3 9 0  (1 m g/kg), as w ell as the N M D  A receptor antagonist CGS  
19755 (10  m g/kg). Interestingly, the D 2 receptor antagonist sulpiride (50  
m g/kg) differentially m odulated the SKF 38393 effects depending on the 
brain area. SKF 38393-induced FOS production was significantly increased 
in the dorsolateral and ventrolateral striatum, prevented in the m edial, 
cortical and basom edial nuclei o f  the am ygdala and induced in the central 
amygdala and CA1 and CA 3 hippocampal region. Injection o f  SCH 23390  
and CGS 19755 alone did not e licit FOS production in any o f  the brain 
areas. H ow ever, su lp iride alone in d u ced  FO S prod u ction  in the 
dorsom edial and ventrom edial striatum. The results suggested  the tonic 
inhibition o f  D1 receptor function by D2 receptors in the hippocam pus, 
central am ygdala, dorsolateral and ventrolateral striatum. In the m edial, 
cortical and basom edial am ygdala the sim ultaneous interaction o f  D 1, D2  
and N M D A  receptors appeared to be necessary for. SK F 38393-induced  
FOS production. (Supported by the Max Planck Society)

823.11
THE EFFECTS OF INTRACEREBROVENTRICULAR  
ADMINISTRATION OF NMDAR1 ANTISENSE DNA ON MIDBRAIN 
DOPAMINE NEURONAL ACTIVITY. K. Taiiri. K. Emori*. M. Murata.
M. Suzuki and M. Kυrachi. Dept, of Neuropsychiatry, Toyama Medical and 
Pharmaceutical University, Toyama 930-01, Japan.

This study examined the effects of intracerebroventricular administration of 
NMDAR1 antisense DbíA on midbrain dopamine (DA) neuronal activity 
with single unit recording techniques in male Sprague-Dawley rats 
anesthetized with chloral hydrate. A phosphorothioate analogue of NMDAR1 
antisense (5'-CAGCAGGTGCATGGTGCT-3', Wahlestedt et al., 1993), 
supressing NMDAR1 protein translation, was continuously administered 

(l4Onmol over 7days, l£ il/h  by osmotic minipump). The number of 
spontaneously active DA neurons and firing rate in ventral tegmental area 
(A 10) and substantia nigra pars compacta (A9) did not alter in the treated 
rats. The burst analysis, however, indicated that there was a significant 
decrease in the burst firing of A10 and A9 DA neurons, as well as in 
variability of firing of A9 in NMDAR1 antisense treated rats compared to 
vehicle controls. These results suggest that NMDAR1 subunit may be 
responsible for the dynamic range of the DA response.
Supported by the grant from Japanese Ministry of Education, Science and 
Culture to K.E.

823.10
M OD ULATIO N OF N M D A -IN D U C E D  FOS PRODUCTION BY 
DOPAM INERGIC M ECHANISM S IN M OUSE HIPPOCAMPUS, 
AM Y G D ALA A N D  STRIATUM . J. Radulovic*, T. Blank, J. 
Kammermeier, I. Nijholt and J. Spiess. Department o f  M olecular 
Neuroendocrinology, M ax Planck Institute for Experimental M edicine, 
Hermann-Rein-Str. 3, 37075 G oettingen, Germany.

The production o f  the FOS protein was investigated in the hippocam pus, 
am ygdala and striatum o f  C57BL/6J m ice follow ing intraperitoneal (i.p.) 
injection o f  NM D A. Injection o f  N M D A  (30 m g/kg) induced strong FOS 
production in all areas o f  the hippocam pus and in the central amygdala. 
All other am ygdaloid and striatal areas did not differ from saline-injected  
controls. This effect was com pletely abolished by i.p. preinjecting m ice  
with the NM D A  receptor antagonist C G S -19755 (10 m g/kg). Surprisingly, 
N M D A -induced FOS production was com pletely blocked by the D1 
receptor antagonist S C H 23390 in the CA1, CA2 and CA3 hippocam pal 
areas, in addition, FOS production was partially blocked in the dentate 
gyrus and central amygdala. In those areas the D2 receptor antagonist 
sulpiride (50 m g/kg) had no effect. However, in the nucleus accumbens, 
dorsolateral and ventrolateral striatum, the com bined treatment with 
sulpiride and N M D A  elicited strong FOS production, whereas the 
substances alone had no effect.

The results suggested the tonic inhibition o f NM D A  receptor function by 
D2 receptors in the nucleus accumbens, dorsolateral and ventrolateral 
striatum. In the hippocam pus and central am ygdala simultaneous 
interaction o f  D1 and N M D A  receptors may be required for NM DA- 
induced FOS production. (Supported by the Max Planck Society)

823.12
REO R G A NIZA TIO N IN D O PA M IN E NEUR O T R A N SM ISSIO N  AFTER 
CH RO NIC D E C R EA SE IN G LUTAM ATE ACTIVITY. A .B . B elousov*  
and A .N . van den Pol. Departm ent o f  B io lo g ica l S c ien ces , Stanford  
U n iversity , Stanford , C A  9 4 3 0 5  and S ection  o f  N eurosurgery, Yale  
University S chool o f  M edicine, N ew  Haven, CT 06520.

Data from  experim ental and clin ical studies suggest that there is a 
reciprocal interaction betw een glutam atergic and dopam inergic system s in 
the brain and that an im balance o f  these tw o neurotransmitters may result 
in either schizophrenia, suggested  to be associated with an increase in 
dopam ine and decrease in glutam ate activity, or Parkinson's d isease, that 
show s opposite dopam ine/glutam ate changes. In the present experiments 
using w h ole ce ll patch-clamp recording o f cultured neurons, we tested the 
hyp oth esis that a decrease in activ ity  o f  glutam atergic neurons can 
sign ificantly increase the sensitivity o f  cortical and hypothalamic neurons 
to d opam ine (D A ). N -m eth y l-D -asp arta te  (N M D A ) and non-N M D A  
glutam ate receptor antagonists (A P5, 100 µM  and CN Q X , 10 µM ) were 
added to the culture m edium  for 13-30 days to block ionotropic glutamate 
receptors. N eurons m aintained for the sam e period in the absence of 
glutam ate receptor blockade were used as controls. In the presence of 
glutam ate antagonists, D A  (10  µM ) adm inistration elic ited  responses 
(eith er  h yp erp o lar iza tion  or d ep o la r iza tio n ) in som e cortical and 
hypothalam ic neurons. The percentage o f  ce lls  responding to DA was 
sign ificantly higher in cultures subjected to a chronic block o f glutamate 
neurotransm ission (C B G N  neurons; 74%; n=7O o f  95) compared to the 
control (38% ; n = l2  o f  31 c e lls ) .  A d d ition a lly , the mean response 
am plitude was higher in C B G N  than in control neurons. Hypersensitivity 
o f  C B G N  neurons to D A  w as a ssocia ted  with an increase in the 
conductance o f  potassium  currents and am plitude o f  voltage activated 
ca lciu m  currents. Our data su ggest that a d ecrease in glutamatergic 
neurotran sm ission  lead s to an increase in neuronal D A  sensitivity. 
(Supported by N A R SA D , AFOSR, and NIH)
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GABAa-RECEPTOR m o d u l a t i o n  i n  t h e  v e n t r a l  t e g m e n t a l  
AREA  ALTERS ACETYLCHOLINE EFFLUX IN THE NUCLEUS 
ACCUMBENS. Michele C. Grubb*, Anthony E. Kinney & Gregory P. Mark. Dept, 
o f Behavioral Neuroscience, Oregon Health Sciences University, Portland, OR.

Alterations in ventral tegmental area (VTA) dopamine (DA) cell activity due to 
psychostimulant treatment changes acetlycholine (ACh) and GABA cell activity in 
nucleus accumbens (NAc) and seems to be a critical factor in drug seeking behavior. 
With chronic administration o f cocaine, the number o f striatal GABAA-receptors 
(GABAa-R) as well as basal GABAa tone in NAc is decreased. This produces a 
disinhibition o f ACh release in NAc. ACh efffux in NAc may also be modulated 
indirectly (i.e., via DA) by changes in VTA GABA activity. In the present study, 
GABAa-R activation in VTA was altered by microinjection o f GABAÄ-R agents, and 
ACh release in NAc was measured. Rats were implanted with bilateral and unilateral 
guide shafts in NAc and VTA respectively. One week later, bilateral dialysis samples 
were taken from NAc and ACh efflux was analyzed by HPLC. After basal 
measurements, muscimol or bicuculline was microinjected into VTA (0.3 µl in 30 
sec). Animals were sacrificed and perfused transcardially with formalin for 
histological verification o f  probe and microinjection placements. Microinjection of 
muscimol (10, 50, 100 µM) into VTA produced an ipsilateral dose dependent increase 
in ACh efflux (126%, 172%, 178%) in NAc o f drug naive rats with no significant 
effect in contralateral ACh release. Intra-VTA bicuculline (10, 25, 50 µM) or saline 
injection resulted in no reliable alteration in ipsi- or contralateral ACh released in 
NAc. In conclusion, activation o f GABAa-Rs in VTA produced an increase in ACh 
efflux in NAc. The GABAa-Rs affected putatively reside on GABA intemeurons in 
VTA which provide tonic inhibition o f  DA efferents. Since DA is known to stimulate 
ACh release under certain conditions, muscimol may have increased NAc ACh efflux 
by disinhibiting DA neurons. Chronic cocaine treatment may alter this interaction in 
VTA and contribute to drug seeking behavior. Supported by USPHS training grant 
DAO7262 and DAI 0964 to GPM.

IN VIVO CORTICAL ACh RELEASE IS INCREASED BY HISTAMINE  
ADMINISTRATION INTO NUCLEUS BASALIS MAGNOCELLULARIS. F\ 
Blandina*. M. C ecchi. L. Ba ccio ttin i and P,F. M anna io n í. Dip. di 
Farmacologia, Universitá di Firenze, 50134 Firenze, Italy.

S ince cholinergic nucleus basa lis m agnoce llu laris (NBM ) neurons 
provide cholinerg ic innervation to the cortex, we investigated NBM 
h is ta m in e rg ic /c h o lin e rg ic  in te ra c tio n s  in v iv o  in the  rat. Dual 
m icrodialysis was perform ed, rats being im planted w ith probe in the 
NBM and cortex. Drugs were adm inistered into NBM, and ACh was 
m easured in the cortica l d ia lysates by HPLC w ith  electrochem ical 
detection. Perfusion flow  rate was 2 µ l/m in. 24 hours a fte r surgery, 
cortex of male SD rats (250 g) re leased spon taneously ACh (1.5 ± 
0.2 pm ol/10  min). Infusion into NBM of 0.5 µM tetrodotoxin, a Na+- 
channel blocker, decreased s ign ifican tly  ACh release, indicative of 
spon tane ous ac tiv ity  in ch o lin e rg ic  e ffe re n ts . A d m in is tra tio n  of 
histam ine (HA) into NBM increased release of ACh 1 -fold. This effect 
was m im icked neither by d im aprit, nor by (R )-α -m e th y lh is ta m in e . 
agonists at H2 and H3 receptors, respectively. HA effect was resistant 
to antagonism  by cim etidine and thioperam ide, antagonists at H2 and 
H3 receptors but was reduced by both tripro lid ine and mepyramine, 
H 1 antagonists. This reduction, although significant, was only partial 
(50% ). HA interacts with NM DA receptor com plex, bu t MK-801, a 
NMDA antagonist, failed to modify HA effect. Thus, HA modulation of 
ACh, in addition to H 1 activation, m ight involve a novel mechanism. 
HA effect on cortica l cholinergic activ ity  m ay have im plica tions for 
the  tre a tm e n t of d iso rd e rs  a s s o c ia te d  w ith  im p a ire d  co rtica l 
cholinergic functions. Supported by Universitá di Firenze (60%)
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824.3
CENTRAL HISTAMINERGIC MECHANISMS MEDIATING 
SUSTAINED ATTENTION PERFORMANCE IN RATS. T. M. Deller* 
and M. Sailer. Department of Psychology and Neuroscience Program, The 
Ohio State University, Columbus, OH 43210.

Evidence suggesting interactions between central histaminergic neurons 
and the regulation o f forebrain cholinergic systems have substantiated 
speculations about the role o f central histaminergic neurons in cognitive 
functions. As the performance o f rats in a task designed to assess 
sustained attention was previously demonstrated to depend on the integrity 
of cortical cholinergic inputs and to correlate with cortical acetylcholine 
release (McGaughy et al. 1996; Sarter & Bruno, 1997), the role of 
histaminergic mechanisms in the performance o f this task was tested in a 
series o f experiments. Systemic administration o f the Hi receptor 
antagonist pyrilamine (5 ~ 20 mg/kg) did not produce robust and 
systematic effects on the performance o f intact rats. Likewise, the results 
of the administration o f the histamine-releasing H3 antagonist 
thioperamide (5- 20 mg/kg) did not support assumptions about a specific 
role o f endogenous histamine in attention. As histamine was reported to 
stimulate basal forebrain (BF) cholinergic neurons (Khateb et al. 1995), 
the performance effects o f bilateral infusions o f histamine into the BF (50 
-  200 ng) were assessed. The results from these experiments will assist in 
elucidating the role o f the histaminergic system in attentional processes. 
Supported by PHS Grants NS32938 and MHO 1072.

824.5
τ ι ι κ  λ c u t k  λ n d  c h r o n i c : a d m i n i s t r a t i o n  o f  t h k  s i g m a i

R K C K P T O R  A G O N I S T  SA4f>O3 A LTER S T H K  A C T I V I T Y  OF  M I D B R A I N  
D O P A M I N E  N E U R O N S  IN RATS :  A N  I N V I V O  E L E C T R O P H Y S I O  LOG I CAL  
S T U D Y .

Y Mi.nabn'*. K Mutsuny2 and A s h b y I. Nat i onI In stitu te  υf 
N euroscience. NO. NT, Kodaira.Tokyo 187-8502. Japan: 2 New Drug R eseach . 
Central R esearch  Laboratories, S n n len  pharm aceutical C o..Ltd.. Osaka 533, 
Japan; 3 PH S D ept. S t.Joh n  s U n iversity , Jam aica, NY 11439 

In th is  study, we exam ined  th e effect, o f th e  a cu te and repeated  adm inistration  
of the se lec tiv e  sigm a ( σ )  receptor agon ist 1- (3, l-d im eth oxyp henthy 1) -4- (3- 
phenylpropy 1) piperazine dihydrochloride (SA45O3) on th e  num ber and firing 
pattern o f  sp o n ta n eo u sly  active dopam ine (DA) neu ron s in A9 and A 10 areas in 
a n esth etized , m aie Sprague- Dawley rats. T his was accom plished using th e  
tech n iq ue o f in vivo ex trace llu lar s ingle unit recording. The i.v. adm inist ration  
of SA45O3 (0 .01-1 .28m g/kg) did not sign ificantly  a lter  th e  firing rate or pattern  o f  
sp ontan eou sly  active DA neurons in e ith e r  th e  A9 or A 10. A s ingle injection  o f  
e ith er  0 1 or 0 3m g/kg i.p. o f SA45O3 did not a lter  th e  num ber o f sp ontan eou sly  
active A9and A 10 DA neurons. In contrast, th e  1 mg/kg i.p. dose produced a 
significant decrease and increase in th e  num ber o f spontan eou sly  active A 9an d  
AH) DA n eu ron s, respective ly  T he firing pattern  param eters o f sp ontan eou sly  
active A9 DA n eu ron s were altered  more sign ificantly  th an  th ose  of 
sp ontan eou sly  active A 10 DA neurons. T he repeated  adm inistration  (21 d a y s)o f  
0 3 and 1 mg/kg i.p. o f SA45O3 produced a significant, increase in t he num ber o f  
sp ontan eou sly  active A 10 DA neu ron s and a greater  a ltera tion  o f th e  firing  
pattern com pared to A9 DA neurons. Our resulrs suggest that th e  
adm inistration  o f SA45O3 sign ificantly  a lters th e  activ ity  o f spotancυusly  active  
midbrain DA n eu ron s, particularly th ose  in th e  A lt), follow ing repeated  
adm inistration . Sponsored by S a n ten  pharm aceutical C o . .  Ltd. and th e Japanese  
M inistry o f H ealth  and W elfare.

824.7
POTENT a .-RECEPTOR LIGAND 4-PHENYL-1-(4-PHENYL) PIPERIDINE 
(PPBPL MODULATES BASAL AND N-METHYL-D-ASPARTATE-EVOKED 
NITRIC OXIDE PRODUCTION IN VIVO. J.R. Kirsch.1 A. Bhardwai*.1: ED . 
London.' R.C. Koehler.1 R.J. Traystman1. Deptartments of ‘Anesthesiology/Critical 
Care Medicine and Neurology, Johns Hopkins University School of Medicine, 
Baltimore. MD 21287; 'NIDA, Baltimore, MD 21224.

Sigma to) receptor ligands ameliorate ischemic neuronal injury and modulate 
neuronal responses to N-methyl-D-aspartate (NMDA) receptor stimulation. Because 
NMDA-evokcd synthesis of nitric oxide (NO) may play an important role in 
excitotoxic-mediated injury, we tested the hypothesis that σ-receptor ligands attenuate 
basal and NMDA-evoked NO production in striatum in vivo. Microdialysis probes 
were placed bilaterally into the striatum of halothane-anesthetized adult Wistar rats and 
perfused with artificial cerebrospinal fluid (aCSF) containing 3 µM | uC|-L-arginine 
for 2-3 hr followed by various combinations of NMDA; L nitroarginine (L-NNA); σr  
receptor ligand, PPBP; the selective σ,-receptor antagonist | l-(cyclopropylmethyl)-4- 
(2'-oxoethyl) piperidine hydrobromide (DuP 734); and the non-competitive NMDA 
receptor blocker MK-80I in aCSF. Right-left differences in [l4C]-L-citrulline in the 
effluent, after treatment with different drug combinations,was assumed to reflect 
differences in NO production. After a 3-hr loading period with | πCl-L-arginine, 
addition of 1 mM NMDA increased | l4C|-L-citrulline recovery compared to aCSF 
alone. This NMDA-evoked increase was inhibited by 1 mmol/L of L-NNA and 
PPBP. Perfusion of lmM DuP 734 with l mM PPBP augmented NMDA-evoked 
| l4C 1-L-citrulline recovery as compared to perfusion with PPBP and NMDA. MK-801 
attenuated the basal as well as NMDA-evoked [l4C|-L-citrulline recovery'. PPBP did 
not cause any further attenuation in basal and NMDA-evoked [14C|-L-citrulline 
recovery' in the presence of MK-801. These data indicate that o-receptor ligands 
attenuate basal as well as NMDA-evoked NO production. Because the attenuated NO 
production was reversed by DuP 734, PPBP appears to act as an agonist at the σ,- 
receptor. Attenuated NO production by σ,-receptor agonists provides one possible 
mechanism for focal ischemic neuroprotection.
(Supported by US PHS NIH grant NS20020 and AHA)

824.4
Ca/CaM-DEPENDENT AC MODULATES GLYCINE RESPONSE 
IN RAT HIPPOCAMPAL CA1 NEURONS. N. Akaikc* and T. 
Omura. Dept, of Physiology, Fac. of Med., Kyushu Univ.; Fukuoka 
812-8582, Japan.

NC-1900 is a synthetic analogue of AVP(4-9), a metabolite in the 
brain of arginine vasopressin AVP(l-9). NC-19(H) has been shown to 
improve the cycloheximidc- and scopolamine-induced learning and 
memory impairments, and the effect was more potent than that of 
AVP(4-9) or AVP(l-9). The administration of NC-19U0 or AVP(4-9) 
to mice reduced the onset time of strychnine- or picrotoxin-induced 
convulsions. However, these peptides themselves did not induce any 
convulsions. Learning and memory could be facilitated by 
administration of subconvulsive doses of strychnine. These results 
suggest a possibility that the improvement with NC-1900 and AVP(4- 
9) on the learning and memory processes results from their 
modulatory actions on the glycincrgic inhibitory system of CNS. 
Therefore, we have examined the effects of these peptides on the 
glycine-induced responses in the pyramidal neurons acutely 
dissociated from rat hippocampal CA1 region using the patch-clamp 
techniques. The results suggest that the activation of vasopressin Vj 
receptor by AVP(l-9) and its analogues induces IP3 production 
which releases Ca2+ from IP3-sensitive Ca2+ storage sites. The Ca2+ 
binds to CaM, resulting in the activation of Ca2+/CaM-sensitive 
adenylate cyclases. Consequently, the activation of PKA inhibits 
glycine response. The inhibitory actions of these drugs on glycine 
response might be involved in their ameliorating effects on 
impairments of learning and memory in the CA1 neurons.

824.6
GLUTAMATE METABOTROPIC RECEPTOR AND CYCLIC AMP 
REGULATE LITHIUM ACCUMULATION BY HUMAN 
NEUROBLASTOMA CELLS

University Chicago, Chicago, IL 60626 
Efficiency of lithium treatment of bipolar affective disorder depends on 

the intracellular level of this cation. Regulation of the inward and 
outward fluxes of lithium in human neurons is still not clear. We found 
that the intracellular levels of this cation in cultured human neurons (SH- 
SY5Y neuroblastoma cell line) undergo fluctuations, which are dependent 
on the stimulation of the cells with various neurotransmitters. Incubation 
with a ß-adrenoreceptor agonist, isoproterenol increased the fluctuations. 
Similar effects were evoked by exogenous cAMP or by cholera toxin, a 
specific modifier and activator of Gsα protein. An agonist of the 
glutamate metabotropic receptor, trans-ACPD, inhibited the fluctuations 
caused by cAMP. The effect of this G0 protein-coupled receptor can be 
mediated by a rise in intracellular Ca, or by activation of protein kinase C, 
nitric oxide synthase, or guanylate cyclase. Our data suggest that cGMP 
is not the only mediator that may account for the inhibition of cAMP- 
associated lithium fluctuations. The possible mechanisms of the second 
messenger-mediated fluctuations of intracellular lithium will be discussed.

The work was supported by NIMH grant MN-45926

824.8
REGULATION OF TYROSINE HYDROXYLASE GENE 
EXPRESSION BY NEUROTENSIN.
M. Najimi1. S. Callier1, J.J. Robert2. J. Mallet2. W. Rostène1 . D. Pclaprar and P 
Forgez1. *INSERM U339, hôpital Saint-A*ntoine. 75012 Paris. France: CNRS UMR 
9932, Hôpital Pitié-Salpétrière, 75013 Paris, France.

Tyrosine hydroxylase(TH) activity and mRNA are modulated by neurotensin iNTi in 
the dopaminergic tuberoinfundibular and substantia nigra neurons. The expressing TH 
murine neuroblastoma cell line. N1E-115, was chosen to study the mechanism 
underlying the activation of TH gene expression by NT. In differentiated cells, a N’l 
agonist, JMV 449, increased TH protein and mRNA levels. When cells were 
transfected with plasmids containing different lengths of the TH promoter fused to 
luciferase reporter gene, and incubated with 1 µM of JMV 449 for 5 hours, the 
luciferase activity was increased by 175 ± 9 % and 203 ± 8 c/í of control with 
plasmids containing 5300 and 250 bp of the TH promoter respectively. However, no 
effect was observed with a plasmid containing only 200 bp of TH promoter lacking 
theAP-1 and AP-2 elements. Concurrently, identical treatment induced the expression 
of c-fos and c-jun proteins. The role of c-fos as the trans-acting element involved in 
the TH gene regulation by NT was assessed by gel shift assay. An increase of KM)'.’ 
in the binding to API, which could be blocked by c-fos antibody, was noticed after Mi 
JMV 449 treatment.
To determine the transduction pathways implicated in the TH gene regulation by NT. 
N1E-115 cells were transfected with the plasmid containing 250 bp of TH promoter 
and exposed for 5 hours to 1 µM JMV 449 in combination w ith various inhibitors. 
H7 and sphingosine (Protein Kinase inhibitors) or L-NAME (a NO-synthase inhihitoi 1 
completely abolished the NT-induced increase TH promoter activity . Moreover, these 
inhibitors blocked the NT effect on c-fos protein levels suggesting that’ PKC aixl 
cGMP are the second messengers involved in the TH gene regulation by NT via AP i 
A similar effect of NT on TH protein and mRNA levels, with no changes m the 
number of TH positive cells, was observed in primary mesencephalic culture neurons 
This effect was abolished by inhibitors of PKC and calcium-calmodulin kinase^ 
demonstrating a similar regulation in both cell lines and primary neurons.
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824.9
DIFFERENTIAL ROLE OF OPPOSING DOPAMINE D 1 AND D2 RECEPTORS IN 
NUCLEUS ACCUMBENS NOREPINEPHRINE RELEASE IN DRUG-NAIVE AND 
BEHAVIORALLY SENSITIZED RATS A.N.M. Schoffelmeer*. G. Wardeh. T.J. Dc 
Vries. A.H. Mulder and L.J.M.J. Vanderschuren Research Institute Neurosciences 
Vrije Vmversiteit, Dept, of Pharmacology. Medical Faculty, Free University, Van der 
Boechorststraat 7, 1081 BT Amsterdam, The Netherlands.

Dopamine ( 1  µM) enhanced, while at higher concentrations dopamine reduced 
the electrically evoked |SH]-norepinephrine release from superfused slices of rat 
nucleus accumbens. The dopamine D1 receptor agonist SKF-38393 increased 
norepinephrine release, which was attenuated by the D1 antagonist SCH-2339O. but 
not by the D2 antagonist (-)-sulpiride. On the other hand, the D2 agonist quinpirole 
inhibited norepinephrine release, which was attenuated by sulpiride but not SCH- 
23390. Thus, nucleus accumbens norepinephrine release is bidirectionally regulated 
by stimulatory dopamine D1 and inhibitory D2 receptors. Dopaminergic regulation of 
norepinephrine release was not observed in slices of rat medial prefrontal cortex or 
amygdala. D2 receptor blockade with (-)-sulpiride enhanced, but D1 receptor 
blockade with SCH-2339O did not reduce accumbens norepinephrine release 
indicating tonic activation of inhibitory D2. but not stimulatory D1 receptors bλ 
released dopamine In accumbens slices of rats behaviorally sensitized to 
amphetamine, electrically evoked release of dopamine and norepinephrine was 
enhanced, and accordingly, the norepinephrine release-increasing effect of sulpiride 
was augmented. Interestingly, in slices of amphetamine-sensitized rats. SCH-2339O 
almost completely reversed this enhancement of norepinephrine release. These 
findings suggest that in the accumbens of drug-naive rats, norepinephrine release is 
primarily inhibited by released dopamine through stimulation of D2 receptors, 
whereas activation of D1 receptors is less prominent. D1. unlike D2 receptors, are 
suggested to be located distal from dopaminergic nerve terminals regulating the 
function of norepinephπnergic varicosities. In animals sensitized to amphetamine, 
activation of these extrasynaptic D 1 receptors by augmented dopamine release may- 
cause enhanced norepinephrine release. Supported by NWO, grant no. 903-42-007.

824.11
DEFICIENCY OF THE A2a ADENOSINE RECEPTOR ATTENUATES STRIATAL 
DOPAMINE RELEASE AS WELL AS SPONTANOUS AND AMPHETAMINE- 
INDUCED LOCOMOTION. J-F. Chen1*. R. Moratalla'. T. Turner. Y-H. Xu1. M. 
Beilstein'. D. Standaert1. J. Penney', J.S. Fink1 and M.A. Schwarzsehild1. 'Dept, of 
Neurology, Massachusetts General Hospital & Harvard Med. Sch. Boston, MA 021 14; 
2Dept. of Physiology, Tufts Uni. Sch. of Med, MA 02111.

A2a adenosine receptors are highly concentrated in the striatum where they can 
facilitate neurotransmitter release presynaptically and antagonize D2 dopamine receptor 
effects postsynaptically. To systematically study the function of A2a receptors in  v iv o ,  

we have generated A2a receptor knock-out (A2a KO) mice. The absence of functional 
A2a receptors in these mice was verified by demonstrating that A2a receptor binding in 
striatum and the behavioral response to the A2a agonist CGS21680 were completely 
abolished. Normal striatal development in the absence of A2a receptors was suggested 
by the similarities between wild-type (WT) and A2a KO mice in all striatal neuronal 
markers examined by immunohistochemistry. However, A2a KO mice showed a 
significant decrease in spontaneous locomotor activity. Furthermore, locomotor 
response to amphetamine (1.25-2.5 mg/kg) was significantly attenuated while 
locomotor responses to SKF81297 and quinpirole were not altered. Following the 
treatment with reserpine (5.0 mg/kg) which abolished locomotor activity, A2a KO 
mice produced an identical locomotor responses to apomorphine (3.0 mg/kg) as WT 
mice, suggesting a normal postsynaptic dopaminergic response in A2a KO mice. We 
also measured striatal dopamine release and content to assess presynaptic dopaminergic 
function. Despite identical dopamine uptake in striatal synaptosomes prepared from WT 
and A2a KO mice, those prepared from A2a KO mice showed attenuated dopamine 
release (but normal glutamate release) after depolarizing stimuli. Consistently, 
dopamine content was selectively increased in the striatum of A2a KO mice. Taken 
together, these results reveal a presynaptic faeilitative function of A2a receptors on 
dopamine release and in turn on dopamine-mediated locomotor activity in striatum. 
(Supported by the DAO746, NARSAD, NPF and Scottish-Rite grants)

824.13
ADENOSINE A1 RECEPTOR ENHANCEMENT OF GROUP I mGLUR- 
STIMULATED [Ca2+], IN CULTURED CORTICAL GLIA
N. J. Toms and P.J. Roberts'.
Department of Pharmacology, University of Bristol, BS8 1TD, U.K.

Traditional dogma suggest glia to play a passive role maintaining synaptic 
homeostasis. However, recent evidence describes glial cell expression of a variety 
of neurotransmitter receptors and implicate glia playing a more dynamic role in CNS 
function. We describe here G-protein coupled receptor cross-talk within a sub
population of cortical glia derived from O-2A progenitor cells. Glia were isolated 
from 1-4 day old Wistar rat pups and cultured in DMEM /10%  FCS. After 8 DIV, 
cells were shaken, microglia removed, and O-2A-derived cells isolated and used 
between 5-8 days later. [Ca2+]i was measured in cell populations using Fura-2 
ratiometric fluorometry.
The selective group I metabotropic glutamate (mGlu) receptor agonist, (S)-3,5- 
dihydroxyphenylglycine ((S)-DHPG), increased [Ca2̂  (EC50 = 1.69 ± 0.55 µM) an 
effect that was blocked by the mGlu receptor antagonist (S)-α-methyl-4- 
carboxyphenylglycine (IC,*, = 52.73 ± 8.69 µM). When tested at 100nM, the selective 
adenosine A1 receptor agonist, N6-cyclopentyladenosine (CPA), failed to influence 
[Ca2+]|. However, CPA (100 nM) approximately doubled the (S)-DHPG-stimulated 
maximal increase in [Ca2+], without any change in the (S)-DHPG EC50 value (1.03 ±
O. 20 µM). This potentiation was reversed by both the selective adenosine A, 
receptor antagonist, 8-cyclopentyltheophylline (IC,*, = 50.78 ± 19.85 nM) and 
Pertussis Toxin pre-treatment (100 ng m l1 / overnight).
We conclude that adenosine A, receptor activation enhances group I mGlu 
receptor-stimulated [Ca2+], via a mechanism involving G0 / Gt- G-proteins. 
Furthermore, since adenosine A, receptor activation enhances mGlu receptor 
efficacy without altering (S)-DHPG EC50 values, an enhancement of mGlu receptor 
agonist affinity appears unlikely.

Supported by the MRC and the Royal Society.

824.10
A D E N O S IN E  A-| R E C E P T O R -M E D IA T E D  R E G U L A T IO N  O F  D O P A M IN E  D i  

R E C E P T O R -IN D U C E D  T U R N IN G  B E H A V IO U R  A N D  S T R IA T A L  
E X P R E S S IO N  O F  N G F I-A  m R N A  IN R A T S  W IT H  A  U N IL A T E R A L  L E S IO N  

O F  T H E  N IG R O S T R IA T A L  D O P A M IN E R G IC  P A T H W A Y . S . F e r r é l* .  P. 

P o p o li2  a n d  K. F u x e X  1 D e p a r tm e n t o f N e u ro s c ie n c e , K a ro lin s k a  In s titu te t, 

171 7 7  S to c k h o lm , S w e d e n ; d e p a r t m e n t  o f P h a rm a c o lo g y , Is titu to  

S u p e rio re  di S a n ità , 00161 R o m e , Ita ly .
It h a s  b e e n  p re v io u s ly  fo u n d  th a t a d e n o s in e  A-) re c e p to r  a g o n is ts  

s e le c tiv e ly  in h ib it a n d  A i  a n ta g o n is ts  s e le c tiv e ly  p o te n tia te  b e h a v io u ra l 

re s p o n s e s  in d u c e d  b y  d o p a m in e  D-| re c e p to r  a g o n is ts  in ro d e n ts . 

F u rth e rm o re , a t th e  b io c h e m ic a l le ve l, s t im u la tio n  o f s tr ia ta l A-| re c e p to rs  

a n ta g o n is t ic a lly  m o d u la te  th e  b in d in g  a n d  fu n c tio n a l c h a ra c te r is t ic s  o f s tr ia ta l 
D-) re c e p to rs . In th e  p re s e n t w o rk  th e  e ffe c t o f d o p a m in e  d e n e rv a tio n  on  th e  

a n ta g o n is tic  A-j-D-j in te ra c tio n  w a s  in v e s tig a te d  in ra ts  w ith  a  u n ila te ra l 6 -O H - 

d o p a m in e - in d u c e d  le s io n  o f th e  n ig ro s tr ia ta l d o p a m in e rg ic  p a th w a y . T h e  
s y s te m ic  a d m in is tra tio n  o f th e  A i  a g o n is t C P A  s ig n if ic a n tly  a n d  d o s e - 

d e p e n d e n tly  c o u n te ra c te d  th e  tu rn in g  b e h a v io u r  in d u c e d  b y  th e  D-| a g o n is t 

S K F -3 8 3 9 3  (3  m g /k g  s .c .). T h e  lo w e r d o s e  o f C P A  (0.1 m g /k g  i.p .) w a s  
in e ffe c tiv e  a t c o u n te ra c tin g  th e  tu rn in g  b e h a v io u r  o f an  e q u ip o te n t d o s e  o f 
th e  D 2  a g o n is t q u in p iro le  (0.1 m g /k g  s .c .). In s itu  h y b r id iz a tio n  a g a in s t N G F I- 

A  m e s s e n g e r  R N A  w a s  fo u n d  to  b e  s tro n g ly  in c re a s e d  b y  S K F  3 8 3 9 3  in th e  
s tr ia tu m  ip s ila te ra l to  th e  le s io n . T h is  e ffe c t w a s  s ig n if ic a n tly  c o u n te ra c te d  by  
th e  lo w e r d o s e  o f C P A . T h e s e  re s u lts  p ro v id e  n e w  e v id e n c e  fo r  a  s tro n g  
a n ta g o n is t ic  s tr ia ta l A - |-D ι re c e p to r- re c e p to r  in te ra c tio n  in th e  d o p a m in e  

d e n e rv a te d  s tr ia tu m .

824.12
NEUROPHYSIOLOGICAL EVIDENCE FOR STRIATAL ADENOSINE  
A2a AN D DOPAMINE D2 RECEPTOR-RECEPTOR INTERACTIONS
I. Strömberg*, Sergi Ferré, and Kjell Fuxe
Department of Neuroscience, Karolinska Institutet, Stockholm, S-171 77 
Sweden

There exists evidence from binding studies suggesting that striatal 
adenosine AM receptors can antagonistically interact with dopam ine D2 
receptors at the membrane level in a w ay that stim ulation of A2a 
receptors decreases the affinity and efficacy of D2 receptors. Extra
cellular recordings were em ployed to obtain a correlate to these findings 
and the recordings were performed in dopam ine-depleted striatum 2-4 
m onths after a unilateral 6-hydroxydopam ine (6-OHDA) injection into 
the medial forebrain bundle of the rat. Local applications of the 
dopam ine D2 agonist quinpirole and the adenosine A2a agonist CGS 
21680 were utilized and changes in the discharge rate of striatal neurons 
were monitored. The results showed that quinpirole reduced neuronal 
firing. When CGS 21680 w as applied sim ultaneously with the 
application of quinpirole, the inhibition of neuronal firing seen after 
quinpirole alone (at doses that produced approx. 60% inhibition of 
spontaneous firing), was significantly attenuated (p<0.0001, n= l6). The 
doses of CGS 21680 needed to reduce the effect of quinpirole had no effect 
per se on striatal neuronal firing. In conclusion, this study show s that 
there is an interaction between the adenosine AM and dopam ine D2 
receptors in the control of firing activity, and that the A2a agonist 
attenuates the effects of D2 agonists on striatal neuronal firing rates.

824.14
INHIBITORY EFFECTS OF α 2-ADRENOCEPTOR AGONISTS ON CORTICAL 
NORADRENALINE (NA) AND STRIATAL DOPAMINE (DA) RELEASE IN THE 
MOUSE BRAIN IN  VIVO. Marc Marien* and Francis Colpaert. Pierre Fabre 
Research Center, 17 avenue Jean Moulin, Cashes 81106, France.

Previous studies (Marien et al., 1994, Noradrenergic Mechanisms in Parkinson's 
Disease, CRC Press, p. 139) indicated that the locus coeruleus-noradrenergic system 
can influence the release of nigrostriatal DA in a facilitatory manner, and suggested 
that adrenergic receptor ligands may be capable of modulating this release in vivo. 
The present study examined the effects of different α 2-adrenoceptor agonists on brain 
regional catecholamine metabolism in NMRI mice. Mice were killed by head-focused 
microwave irradiation and the levels of cortical normetanephrine (NMN) and striatal
3-methoxytyramine (3-MT) were measured by HPLC-ED as respective indices of 
regional NA and DA release in vivo (Wood et al., 1987. J. Neurochem. 48, 574). In 
time-course studies, maximal inhibitory effects of α 2-agonists were observed at 60- 
120 min after i.p. injection. The α 2-agonists exhibited the following inhibitory 
potencies (ED50 mg/kg i.p.) and efficacies (maximal % decrease in metabolite levels 
at 60 min post-drug). Cortical NMN; clonidine (0.017; 72%), guanabenz (0.063; 
71%), UK14304 (0.092; 70%), guanfacine (0.46; 81%), xylazine (0.87; 70%). Striatal 
3-MT; UK14304 (0.32; 70%), clonidine (0.34; 56%), guanabenz (0.35; 50%), 
guanfacine (0.51; 54%); xylazine (3.76; 71%). An α 2-agonist with poor brain 
bioavailability was weakly effective (< 20% inhibition). Regional levels of DOPAC, 
HVA, NA, DA, 5-HT and 5-HIAA were not affected in a significant nor orderly dose- 
related manner. ED50 va*ues of the five α 2-agonists to reduce cortical NMN in vivo 
correlated highly (r2 = 0.9757, P  = 0.0016) with in vitro binding affinities (Renouard 
et a i, 1994. JPET  270, 946) for the rat α 2g  (but not the α 2i^) receptor subtype. 
Results indicate that α 2-adrenoceptor agonists reduce the release of both nigrostriatal 
DA and cortical NA in the mouse in vivo. The cortical NA system appears more 
sensitive to this effect and a mediation by α 2g  adrenoceptors may be involved.
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824.15
COCAINE POTENTIATES k-OPIOID MEDIATED LOCOMOTOR 
ACTIVITY DURING THE PREWEANLING PERIOD: A STUDY USING 
THE Di-KNOCKOUT MOUSE. P.E. Karper, R.L. Collins, J. Drago1, C.A. 
Crawford, and S.A. McDougall*. Department of Psychology, California 
State University, San Bernardino, CA. ‘Department of Anatomy, Monash 
University, Clayton, 3168, Victoria, Australia.

The Di-knockout mouse, which lacks Di dopamine receptors, was used to 
assess the interaction between x>opioid and dopamine systems during the 
preweanling period. Dr knockout, heterozygous, and wild-type mice (13 days 
old at testing) were injected with the κ-opioid receptor agonist U-50,488 (0.0,
0. 2, 1.0, 2.5, or 5.0 mg/kg, s.c.) and locomotor activity and stereotyped 
sniffing were measured for 60 min. In a second experiment, U-50,488 
treatment was followed, 20 min later, by an injection of cocaine (20 mg/kg,
1. p.) or saline. Overall, κ-opioid receptor stimulation enhanced the locomotor 
activity of preweanling mice regardless of genotype. (This contrasts with 
older animals, since U-50,488 depresses the locomotor activity of adult rats 
and mice.) When given alone, cocaine did not significantly affect the 
locomotor activity of Drknockout mice, although it did induce stereotyped 
sniffing. Consistent with these findings, cocaine potentiated U-5O,488’s 
locomotor activating effects in heterozygous and wild-type controls, but not 
in Di-knockout mice. Thus, when considered together, these results indicate 
that the Di dopamine receptor is not necessary for the occurrence of U- 
50,488-induced locomotor activity, but the Di receptor is necessary for the 
cocaine-induced potentiation of U-5O,488’s actions. (Supported by NIH 
MH57753)

824.17
REPEATED ADMINISTRATION OF THE KAPPA-OPIOID AGONIST, U-69593, 
ALTERS DOPAMINE ACTIVITY IN THE ACCUMBENS, STRIATUM BUT NOT 
THE VENTRAL TEGMENTAL AREA. A.C. Thompson*.W.B. Britton & T.S. 
Shippenberg. Behavioral Neuroscience Br, NIH/NIDA, Baltimore, MD 21224.

Repeateα administration of kappa-opioid receptor agonists (κ-agonists) with 
cocaine prevent the long term behavioral adaptations produced by repeated cocaine 
administration (i.e. behavioral sensitization). We have been studying the effect of 
repeated κ-agonist administration on dopamine (DA) function in the 
mesolimbic/mesostriatal system, a primary sight at which cocaine may act to produce 
its behavioral effects. We have found that repeated administration of the κ-agonist, 
U69593, produces changes in DA uptake and release in the n. accumbens that 
functionally oppose the effects of repeated administration of cocaine. The present 
studies were designed to determine i f  repeated K-agonist treatment produced similar 
changes in DA in ventral tegmental area (VTA) and striatum (STR).

Male Sprague-Dawley rats were implanted with cannula aimed at either the VTA or 
STR. After recovery, rats were treated with U-69593 (O.32mg/kg, sc,) or Veh, 1/day 
for 5 days. Microdialysis was conducted 3 days after the last drug treatment. The 
method of no net flux microdialysis was used to obtain an estimate of the 
extracellular DA concentration (DAext) and in vivo DA recovery φ A çd). Rats were 
perfused sequentially and in random order with 4 concentrations o f DA in aCSF (0, 5, 
20, or 4OnM). A linear regression on the starting perfusate DA cone, against the net 
change in perfusate DA cone, after dialysis produced a linear equation from which 
the dependent measures were obtained for each rat. After this procedure, DA 
responsiveness was challenged by perfusing varying concentrations of NMD A (0, .1, 
1, 10, 30 mM) or K+ (60 or lOOmM). No group differences in DA , or DAEd were 
observed in either the STR or VTA. In the STR, NMDA increased DÄ levels and U- 
69593 pretreatment significantly reduced this effect. No group differences in baseline 
dialysate DA levels or K+-stimulated DA release were observed in either structure.

Previously we found that U-69593 pretreatment decreased DAEd in the n. 
accumbens, attributable to a decrease in the rate of DA uptake. Similar changes were 
not observed in the striatum or VTA suggesting that there is regionally specific 
regulation of DA uptake by U-69593. Repeated U-69593 treatment lead to a decrease 
in sensitivitv to the effects of NMDA on DA in the STR. This could not be attributed 
to a generaí decrease in DA release because the K+ response remained unchanged. 
Together our data suggest that repeated U-69593 treatment modifies the regulation of 
presynaptic DA activity, at least in terminal regions. Further, the mechanisms 
underlying the effects or U-69593 may be regionally specific.

Supported by NIDA Intramural Research funds & PHS grant DA 10084.

824.19
G LU TA M A TE-G A BA INTERAC TIO N IN NEOSTRIATUM : THE RO LE  
OF A M PA RE C E PTO R S IN THE REG U LATIO N OF [3H]G ABA  
RELEASE. L. G. Harsinq, Jr.*. P. Som oqyi, T. Hamori and S. Solvom, 
Institute o f Drug Research Ltd., Budapest, Hungary.

The neostria tum  receives g lu tam at(G lu)erg ic inputs from  the cerebral 
corte x and the tha lam us which exert excita tion on γ-am inobutyric  
acid(G ABA )erg ic neurons. This stim ulation m ay be m ediated by 
d iffe ren t subtypes of Glu receptors. To s tudy the role o f AM PA  
receptors in G lu-G AB A interactions, rat striatal slices were prepared, 
preincubated w ith  [3H]G ABA and the glial G ABA uptake inhibitor 

ß-alanine (1 mM) then superfused with K rebs-b icarbonate buffe r 
conta in ing am inooxyacetic  acid (0.1 mM) to inhibit G ABA metabolism . 
The e fflu x  o f [3H]G ABA w as determ ined and expressed as a fractional 
rate. A M PA (0.01 to 1 mM) increased [3H]G ABA overflow  and nipecotic  
acid (0.1 mM), an inhib ito r o f G ABA uptake, po tentia ted  this effect. In 
the presence o f n ipecotic  acid, om ission o f C a2+ did not a lter [3H]G ABA  
overflow  suggesting tha t the AM PA -induced G ABA release m ay be a 
C a2+-indepe ndent ves icu la r process. C ycloth iazide (30 µM) which  
blocks A M PA receptor desensitiza tion , potentia ted AM PA  
stim ula tion-induced [3H ]G ABA overflow . NBQX, a com petitive AM PA  
receptor an tagon is t (0.1 mM), did not a lter basal [3H]G ABA efflux, 
how ever, it an tagon ized the e ffect o f A M PA on [3H ]G ABA overflow. The  
non-com petitive  A M PA antagon is ts  G YKI-52 466 and GYKI-53 784 
(0.1 to 0.3 mM) decreased basal [3H ]G ABA e fflu x  by them selves and  
G YKI-53 784 antagon ized the A M PA stim ulation on [3H ]G ABA overflow. 
These data also suggest the presence o f an endogenous allosteric 
m odula tor at GYKI site o f A M PA receptors.

824.16
GABA-AUGMENTED 3H-NOREPINEPHRINE RELEASE IS MODULATED 
BY OPIOIDS IN BRAIN SLICES FROM FEMALE RATS. J.M. Fiber* and 
A.M. Etoen, Department of Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY 10461.

GABA, a major inhibitory neurotransmitter, paradoxically augments 
electrically-stimulated release of norepinephrine (NE) via GABAa  receptors 
Because this effect is observed in cortical, hypothalamic and preoptic area 
slices, but not in synaptoneurosomes, GABA is likely acting at an inhibitory 
interneuron to disinhibit NE release. It is unknown, however, which inhibitory 
neurotransmitters or neuromodulators are contained in these interneurons. To 
determine whether opioids might be involved, 350 µm brain slices from 
female rats were prepared and superfused with GABA or vehicle in the 
presence and absence of 10 µM morphine. Slices were stimulated once (S1), 
then superfused with vehicle or 100 µM GABA and simultaneously stimulated 

a second time (S2). GABA augments evoked 3H-NE release when slices are 
stimulated with 72 pulses of 3Hz, 18mA. S2/S1 ratios are greater in slices 

superfused with GABA (n=7-8; p < .005). The duration of 3H-NE release 
during S2 is also greater in GABA-treated slices (p < .01). Superfusion with 

10 µM morphine alone has no significant effect on 3 H-NE release; however, 

morphine attenuates the GABA-augmented 3 H-NE release (n=5-6; p < .05). 
In addition, H-7, a nonspecific protein kinase inhibitor, mimics the effects of 

GABA in augmenting both the peak and duration of 3H-NE release during S2 
(n=4; p < .01). These data implicate opioid interneurons and protein kinase C 
and/or protein kinase A in regulating GABAergic influences on noradrenergic 
transmission.

Supported by MH 41414 and NRSA MH 10956.

824.18
GALANIN ENHANCES THE HYPERPOLARIZING EFFECT OF 
NORADRENALINE ON LOCUS COERULEUS NORADRENERGIC 
NEURONS. Zhi-O ing D avid Xu* and Tomas H ökfelt. Dept, of 
Neuroscience, Karolinska Institutet, S-171 77, Stockholm, Sweden

Locus coeruleus is a nucleus known to consist almost exclusively of 
noradrenergic cell bodies. It has been shown that galanin reduces firing 
rate and induces a hyperpolarization of locus coeruleus neurons. In dorsal 
raphe, we have shown that galanin causes a hyperpolarization in most 5- 
hydroxytryptam ine-sensitive neurons. In addition, galanin at low, 
possibly physiological concentrations, enhances the inhibitory effect on 5- 
hydroxytryptam ine at the cell soma level. In the present study, using 
intracellular recording technique and slice preparation, we studied the 
interaction between galanin and noradrenaline in the locus coeruleus. Bath 
application of galanin caused a does dependent outw ard  current. 
Application of noradrenaline caused an outward current via a 2 receptors, 
as previously shown in other studies. Idazoxan, an a 2 antagonist, blocked 
the noradrenaline-induced, but not the galanin-induced outward current, 
which indicates that the receptors mediating these responses are different 
for the two ligands. H owever, the outw ard  current induced by 
noradrenaline was enhanced and prolonged by preincubation with a low 
concentration (0.1 nM) of galanin, which had no or very little effect on the 
membrane current by itself. This sensitizing effect may be of physiological 
importance and could be caused by galanin released from dendrites and 
soma of galanin/noradrenergic neurons. Beside a direct action of galanin on 
locus coeruleus neurons as shown in the previous study, our results also 
indicate an indirect, modulating effect. (Supported by the Swedish MRC 
04X-2887).

824.20
EFFEC T OF G IN G S E N G  TO TAL S A P O N IN  O N  NIC O T IN E- 
IN D U C E D  ST R IA T A L A N D  A C C U M B A L  D O PA M IN E RELEASE  
A N D  BE H A V IO R A L AC TIVITY IN  TH E R A T . I. S h im 1* and S .E .  
K im 1'2. ’C linical R esearch Center, S am sung B iom edical Research 
Institute; and d ep a rtm en t o f  N uclear M edicine, Sun g K yun K wan  
U n iversity  C ollege o f  M edicine, Sam sung M edical Center, Seoul 135- 
7 1 0 , K orea

Several studies have suggested  that behavioral sensitization induced by 
psychostim ulan ts m ay be prevented by g in sen g  total saponin (G T S). In 
order to investigate w hether the effect o f  G TS is through its inhibitory 
action on the elevated dopam inergic tran sm ission , w e  exam ined the effect 
o f  G T S on nicotine-induced dopam ine (D A ) release in the striatum and 
nucleus accum bens o f  freely m oving rats usin g  in v iv o  m icrodialysis. 
System ic injection o f  n icotine (3 m g/kg, i.p .) produced a m ild increase in 
extracellular D A  in the nucleus accum bens (m axim al response = 123 ±  8% 
o f  control for sin gle  injection; 161 ±  47%  for 7 con secu tive injections). 
N icotin e (1 m M  and 5 m M ) infusion for 6 0  min into the striatum induced 
a dose-d ep en dent increase in extracellular D A  in the striatum by 186 ±  
61%  and 43 8  ±  76% , resp ectively. G TS (1 0 0  and 4 0 0  m g/kg i.p .) had 
no effect on resting levels o f  extracelluar D A . H ow ever, striatal and 
accumbal D A  release induced by nicotine w as b locked  (by 40-100% ) by 
system ic pretreatment w ith G TS (1 0 0  m g/kg i.p .). N icotine (10  mM) 
in fu sion  into the rat striatum produced a m arked increase in locom otor  
activity, w h ich w as sign ificantly blocked by pretreatment with G TS (400  
m g/kg i.p). T hese data su ggest that G TS m ay act on presynaptic DA  
term inals to inhibit nicotine-induced enhancem ent o f  D A  release. This 
m ay explain b lock ing effect o f  G TS on behavioral hyperactivity induced  
by n icotine and other psychostim ulants.
(Supported by Samsung Biomedical Research Institute grant C-98-001).
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825.1
SY NTH ESIS A N D  IN H IB IT O R Y  A C T IV IT Y  O F SUBSTITUTED  
Q U IN O LIN E 2 ,4 -D IC A R B O X Y L IC  A C ID S A T  TH E V ESICU LAR  
G L U T A M A T E  T R A N SPO R T E R . C S. Esslinger*, R D. Bartlett, C.N. 
Carrigan, C M . Thom pson and R.J. bridges, Depts. o f  Pharmaceutical 
Sciences and Chemistry ., University o f  Montana, M issoula, M T 59812.

Glutamate transport is recognized as an integral part o f  EAA- 
mediated neurotransmission in the mammalian CNS. The vesicular 
transport protein, which is responsible for packaging glutamate into 
synaptic vesicles, exhibits a pharm acology clearly distinct from that o f  
the sodium-dependent cellular system s. Previous work in our laboratory 
identified xanthurenate as a potent com petitive inhibitor o f  the vesicular 
transporter. In the present work we have synthesized a library o f  novel 
quinoline 2,4-dicarboxylates (m odified xanthurenate analogues) and 
tested the compounds for inhibitory activity at the vesicular transporter. 
While the unsubstituted quinoline 2,4-dicarboxylate (2,4-Q D C) was less 
effective than xanthurenate, introduction o f  a similarly positioned  
hydroxyl group markedly increased inhibitory activity. Further studies 
with a variety o f functional groups positioned around the A ring 
indicated that more electron donating substituents increase inhibitory 
potency. A possible lipophilic pocket in the vesicular transporter 
binding site has also been identified as accessible from the 6 and 7 
positions o f the A ring. Owing to the rotational constraints o f  these 
unconventional glutamate analogues, these com pounds can be used to 
model functional group positioning required for binding to the transport 
protein. Conformational, steric and electronic analyses were carried out 
using the SYBYL molecular m odeling program (TRIPOS software) on an 
SGI workstation. This work was supported in part by NIH N S30570, 
A H A 9604520S  and N S10156.

825.3
MEMBRANE TRANSPORT OF GLUTAMINE BY CRAYFISH NERVE 
FIBERS: IMPLICATIONS FOR NEURON-GLIA SIGNALING
J.G. Buttram, Jr.1. R,M. GrossfekT1 andE.M . Lieherman2. ’N.C.S.U., Zoology, 
Raleigh, NC 27695 and E.C.U. Med. School, Physiology, Greenville, NC 27858.

Stimulation of crayfish and squid giant nerve fibers activates a hyperpolarization 
of the adaxonal glia mediated by glutamate. In parallel with mammalian models, 
we have speculated that glutamate released from non-synaptic regions of the crayfish 
axons is taken up by the glia and converted to glutamine for recycling to the axon. 
Previously, we reported that many properties of glutamate transport are similar in 
crayfish nerve fibers and mammalian nervous tissue. We now report that the same 
is true for Na-independent glutamine transport.

The crayfish ventral nerve cord was excised and the desheathed cephalothoracic 
connectives, containing only axons and their periaxonal glia, were incubated in 
vitro with radioactive glutamine. One member of each pair of hemiconnectives was 
incubated under the control conditions while the other received an experimental 
treatment. Both tissues were then washed 10 min to eliminate extracellular tracer. 
About 74% of the cellular accumulation of radiotracer during 0.5 h incubation at 
2O°C was independent of Na. This Na-independent transport was temperature- 
sensitive, linear with time for at least 4 h, saturable between 2.5 and 10 mM L- 
glutamine, and blocked by structurally-related amino acids and analogs. These 
characteristics are consistent with carrier-mediated (facilitated) diffusion. Some of 
the tissue glutamine was metabolized to glutamate and a significant fraction of this 
product effluxed into the bath saline. Na-independent tissue accumulation of 
radiotracer was reduced by 93% by 10 mM L-leucine. L-threonine, L-phenylalanine 
and L-histidine were nearly as potent, and L-alanine, L-valine, L-tryptophan, and 
BCH (2-aminobicyclo-[2,2,l]-heptane-2-carboxylic acid) were about half as potent 
as L-leucine. MeAIB (2-(methylamino)isobutyric acid) inhibited radiotracer 
accumulation by only about 50%. L-arginine, L-lysine, GABA, and L-glutamate 
did not inhibit radiotracer accumulation. These are properties found in conserved 
neutral amino acid transport systems L, b° +, and asc of vertebrate tissues.

This work has been supported by NIH grant 1R01NS34799 to EML and RMG.

825.5
GLUTAMATE TRANSPORTER EXPRESSION IN RAT FOREBRAIN 
NEURONS IN CULTURE W. Chen1*. R Hadley2, C. G ruber. N. Irwin3 and 
P A Rosenberg1 Depts of 'Neurology and "Neurosurgery, Children’s Hospital, 
Harvard Medical School, Boston, MA 02115; 2Life Technologies Inc.. Rockville. 
MD 20849.

We have previously demonstrated that the pharmacology of glutamate transport 
into rat forebrain neurons in culture is distinct from that reported for EAAC1. 
which is the major known transporter expressed in forebrain neurons. Immunoblot 
analysis showed that neuronal cultures express EAAC1, a trace amount of GLT1. 
and no detectable GLAST [Mol. Pharm., 53:88-96(1998)]. In the present study we 
assayed transporter expression at the transcriptional level by northern blot 
hybridization When the full-length cDNA for transporters EAÂCl, GLT1 and 
GLAST were used as probes, we found that EAAC1 mRNA was highly represented 
in neuronal cultures, less so in astrocyte-rich cultures and was not detectable in 
astrocyte cultures GLAST mRNA was present in astrocyte and astrocyte-rich 
cultures but was not detectable in neuronal cultures. GLT1 mRNA was expressed 
strongly in astrocyte-rich cultures but much less in either neuronal cultures or 
astrocyte cultures These results are consistent with the protein expression studies 
we reported previously and confirm published studies that showed that GLT1 
expression in astrocy tes was enhanced by the presence of neurons. In further studies 
we identified a variant form of GLT1 with a novel 3' end by screening a rat 
neuronal cDNA library This variant is identical in its coding region to one cloned 
by Kanai et al from mouse liver / FEBS Lett. 416:312-316(1997)] The full-length 
cDNA of this variant and the originally described GLT1 were cloned by RT-PCR 
using the mRNA from neuronal cultures Using a peptide specific polyclonal 
antibody against the novel C-termmal end we found that processes as well as cell 
bodies of virtually all neurons were strongly stained The staining using an 
antibody against the originally described GLT1 C-termmal end was essentially at 
background level These results suggest that the variant GLT1 could be an 
important functional glutamate transporter in forebrain neurons. Funded by grants 
from  the Muscular Dystrophy Association, the United Cerebral Palsy Foundation, 
the Ron Shapiro Charitable Foundation and NIH (NS3I353 and HD18655).

825.2
IDENTIFICATION OF FUNCTIONAL DOMAINS OF 
THE HUMAN GLUTAMATE TRANSPORTERS EAAT1 
AND EAAT2. A .D . M itrovic1. S .G . Amara2. G .A .R . Joh n ston 1* 
and R.J. V andenberg1. 'Department o f  Pharm acology, U n iversity  o f  
S yd n ey , N .S .W . 2 0 0 6 , Australia, ¾ o w a r d  H u gh es M ed ica l Institute, 
V ollum  Institute o f  A dvanced B iom edical R esearch , O regon Health 
Serv ices U n iversity , Portland, O regon 9 7 2 0 1 , U .S .A .

The human excitatory am ino acid transporter subtypes EAAT1 
and EA AT2 have a high degree o f  sequence h o m o lo g y  and similar 
predicted topology and yet d isplay a number o f  functional d ifferen ces. 
Several recombinant chimeric transporters w ere generated to identify  
dom ains that contribute to functional d ifferen ces betw een  E A A T 1 and 
E A A T 2. The w ild-type transporters and chim eric transporters were  
expressed  in Xenopus laevis oocytes and transport w as studied under 
voltage clam p conditions. The differential sensitivity o f  EAAT1 and 
EA AT 2 to transport b lockers, kainate, f/ιre«-3-rnethylglutamate and 
(2S.4R )-4-m ethylglutam ate; L -serine-O -sulfate transport and chloride 
perm eability, were em ployed to characterise chim eric transporters. 
One particular region (glycine 442-arginine 4 9 9 , EAAT1 num bering), 
w hich includes transmembrane dom ains 9 and 10, plays an important 
role in defining these functional d ifferences. The intracellular carboxy  
terminal region may also play a m inor role in conferring an effect on 
chloride perm eability. This study provides important insight into the 
identification o f  functional dom ains that determ ine differences between  
glutamate transporter subtypes. (This w ork w as supported by the 
National Health and M edical Research C ouncil, Australia.)

825.4
DIFFERENTIAL EFFECTS OF CHRONIC HYPOXIA ON NEURONAL AND 
ASTROCYTIC GLUTAMATE TRANSPORTERS IN DEVELOPING RAT 
BRAINS. Y. Xia1*, R,M. Douglas1, J.D. Rothstein3, and G.G. Haddad12. Depts. Of 
Pediatrics1 and Cell & Molecular Physiology2, Yale Univ. Sch. Med., New Haven, CT 
06520, and Dept, of Neurology3, The Johns Hopkins University, Baltimore, MD 21287 

Regulation of glutamate transporters may play a key role in the protection of brains 
against hypoxic/ischemic injury since glutamate transporters are critical in clearing 
excess extracellular glutamate. While acute hypoxia has been studied and ischemic injury 
may be, in part, related to excess glutamate, it is unclear how the expression of glutamate 
transporters is regulated in developing brains in response to prolonged hypoxia. 
Therefore, in this study, we asked whether glutamate transporters change their 
expression during development and with chronic hypoxic stress. Since there are glial and 
neuronal transporters, we examined both types, i.e., EAAC1 (neuronal) and GLT-1 
(glial). We exposed newborn rats (postnatal day 3) to hypoxia (F i02a9.5+0.5%) for 10-30 
days and then examined the cortex and cerebellum with Western blotting. Control rats 
were placed in room air for studies of normal development. The data show that 1) in both 
cortex and cerebellum, EAAC1 level was higher in the fetuses than in the adult, reached 
a peak level by P10-14 and then decreased with age, while GLT-1 was very low in the 
fetal brains and increased with postnatal development; 2) EAAC1 levels increased by 
50% in the cortex after 10-day hypoxia, but the cerebellum had no appreciable change in 
EAAC1 protein, even after 30-day hypoxia; 3) in contrast to EAAC1, GLT-1 level was 
lower (-30%) in both exposed cortex and cerebellum after 10-20 day hypoxia as 
compared to control. GLU-1 levels returned to control levels after 30-day hypoxia. Our 
results suggest that 1) EAAC1 and GLT-1 are differentially regulated during brain 
development and with hypoxic stress and 2) there are major differences in the hypoxic 
regulation of these transporters among brain regions.

This study was supported by March of Dimes and NIH (HD-34852, HL-39924 and 
HD-32573).

825.6
INJECTIO N O F RNA FR OM  A G LIA L C ELL LINE (L R M 55)  
INDUCES CI-DEPENDENT, N a-IN D E PE N D E N T  G LU T A M A T E  
U PTA K E IN XENO PUS O O C Y T E S. S.A. Patel*, R. J. Bridges, J. P. 
Adelman* and M.P. Kavanaugh*, Department o f Pharmaceutical Sciences, 
University o f  Montana, M issoula, MT 59812; +Vollum  Institute, Oregon 
Health Sciences University, Portland, OR 97201.

High-affinity glutamate transport system s in the mammalian CNS play 
roles in signal termination, transmitter recycling, and the maintenance o f  
glutamate below excitotoxic levels. In addition to the well characterized 
Na-dependent transporters, numerous studies point to the existence o f Cl- 
dependent, Na-independent systems. W hile still not thoroughly defined, 
the pharmacological specificity o f  Cl-dependent glutamate uptake in the 
brain exhibits considerable overlap with the system  xc- cystine-glutamate 
exchanger and may play a role in glutathione metabolism. Our 
laboratory has been using the LRM 55 glial cell line (gift o f  D.L. Martin 
and W. Shain,) to study Cl-dependent glutamate transport, as expression  
levels are higher than in primary astrocytes. In the present study, 
polyadenylated mRNA was purified from these cells and injected into 
Xenopus oocytes. Uptake o f 3H-L-glutamate was measured in a Na-free 
Ringer solution (choline substitution) at 2O°C. Over the five day period 
following RNA injection, uptake increased to 117 ± 5  fm ol/m in/oocyte  
(n=5), a rate 10-fold greater than observed in control oocytes. Initial 
kinetic studies yielded a Km value o f 26 µM compared to 56 ± 4  µM in 
LRM55 cells. Consistent with the specificity observed in the cell line, Na- 
independent glutamate uptake in the oocytes required the presence o f Cl 
and was potently inhibited by L-cystine, but not by D-aspartate. This 
expression system provides an approach to selectively study the 
pharmacology and mechanism o f  this transporter and attempt to identify 
its molecular basis. This work was supported in part by NIH/NINDS 
N S30570 and NS33270.
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825.7
M ET H Y L-PY R R O LID IN E D IC A R B O X Y L A T E  A N A L O G U E S A S  
H IG H -A FFIN IT Y  G L U T A M A T E  T R A N S P O R T E R  INHIBITORS.
H.P. K och*, C.E. Hull1, J. H ensley, J.M. H um phries1, A.R. Chamberlin1, 
and R.J. Bridges. Dept, o f  Pharm. Sci., Univ. o f  Montana, M issoula MT 
59812, Dept, o f  Chemistry1, Univ. o f  California, Irvine CA 92717.

High-affinity, sodium-dependent excitatory am ino acid transporters 
(EAATs) are considered to participate in glutamate-mediated  
transmission via signal termination, transmitter recycling, and the 
maintenance o f sub-pathological levels o f  extracellular L-glutamate. 
Previously, we identified two pyrrolidine dicarboxylates (PDCs) as 
competitive inhibitors o f  the sodium -dependent EAATs in rat brain 
synaptosomes: L-/rm /s-2,4-PDC as a transportable inhibitor and L- 
trans-2,3-PDC as non-transportable. W e have recently prepared a novel 
series o f  methylated analogues o f these PDCs and tested their activity as 
inhibitors. Kinetic analysis yielded Ki values o f  3.O±O.5 µM  for cis-4- 
methyl-L-/r<mç-2,4-PDC, l.5±O.5 µM  for m -3-m ethyl-L -íraw ,s-2,3- 
PDC, and 37±6 µM for cA-5-methyl-L-trfl/is'-2,3-PDC. Utilizing hetero
exchange, it was further determined that while each o f  the com pounds 
binds to the transporter, none were translocated into the synaptosomes. 
Thus, in the case o f  L-trans-2,4-PDC, which is a substrate for the 
transporter, addition o f a cis-m ethyl group in the 4 position altered its 
activity to that o f  a non-substrate. In the instance o f  L-trans-2,3-PDC, 
the addition o f a cis-m ethyl group to the 3 position did not change 
substrate activity, but increased its affinity 10-fold. Structurally 
constrained m olecules such as the PDC analogues are particularly useful 
as probes with which to define EA AT pharmacophores, differentiate the 
conformational requirements o f  transportable vs non-transportable 
inhibitors, and delineate the role o f  uptake in EAA signaling. This work 
was supported in part by NIH /NINDS N S 30570, NS276OO.

825.9

EVIDEN CE TH AT A N a+-IN D E PE N D E N T  G LUTAM ATE  
TR AN SPO RTER (SY ST E M  x<r) IS R EQ U IRED FO R  Q U ISQ U A L A T E  
SENSITIZATION. L A. Chase*. R.J. Roon. and J.F. K oem er. Department 
o f  Biochemistry, M edical School, University o f  M innesota, M inneapolis, 
M N  55455.

L-Quisqualic acid (Q U IS) sensitizes pyramidal CA1 neurons in the rat 
hippocampal slice to depolarization by phosphonate analogs o f  glutamate, 
e g . ,  L-2-amino-4-phosphonobutanoic acid (l-A P 4) or L-AP6. W e 
previously demonstrated that the uptake o f  Q UIS into hippocampal neurons 
occurs during sensitization. W e report that concurrent application o f  
400 µM  L-cystine with QUIS prevents sensitization o f  hippocampal slices 
to phosphonates. Several other inhibitors o f  the N a +-independent 
glutam ate/cystine antiporter, System  x<r, (e.g ., L-hom ocysteic acid, 
L-homocysteinesulphinic acid) were also shown to inhibit QUIS  
sensitization; whereas inhibitors o f  the N a -d ep en d en t glutamate 
transporters ( e g . ,  dihydrokainate, L-«nri-e«<7o-3,4-methanopyrrolidine- 
dicarboxylic acid) had no effect on QUIS sensitization. Neither L-AP4 nor 
L-AP6 had an effect on QUIS sensitization when applied concurrently with 
QUIS. The inhibitors o f  System  x<r were also shown to com pete with QUIS 
for uptake into hippocampal slices. These results suggest that the QUIS  
sensitization process requires the transport o f  Q UIS into hippocampal 
neurons by System  x<r but does not involve a N a+-dependent glutamate 
transporter or an L-AP4-sensitive N a+-independent transporter.
(Supported by NIH  N S 35,073. LAC is supported by a Dissertation  
Fellow ship, Graduate School, Univ. o f  M innesota).

825.11
A NOVEL MECHANISM FOR GLT-1 EXPRESSION IN THE C6 GLIOMA CELL 
LINE: THE WAT-7 SIGNALING PATHWAY. T.P. Palos*, S. Zheng, B.D. Howard. 
Dept, of Biological Chemistry, UCLA School of Medicine, Los Angeles, CA 90095.

Localization and functional studies have implicated the GLT-1 glutamate transporter as 
the most important of the characterized glutamate transporters in the CNS. Of interest is 
how this transporter is regulated since abnormal glutamate transport has been implicated 
in neurologic disease. For instance, a loss o f EAAT2 (i.e. GLT-1) is hypothesized to 
play a crucial role in the sequela of sporadic amyotrophic lateral sclerosis.

We are working with the rat C6 glioma in an effort to understand what role the W nt-1  

signaling pathway may play in upregulating glial glutamate transport. Previous work in 
our laboratoiy has demonstrated that in W nt-1  expressing PC 12 cells, GLAST mRNA is 
upregulated and [3H]-Asp transport, previously not detected in wildtype PC 12 cells, is 
seen. We have found that after ectopic W nt-1  expression in C6 cells, GLT-1 (>  lOkb), but 
not GLAST, is upregulated at the mRNA level. Densitometric analysis reveals that 
relative to controls, the W nt-1  expressing cells contain GLT-1 mRNA levels of 3 to 8% of 
CHOB levels (Northern blot loading control). EAAC1, the glutamate transporter present 
in C6 cells, appears to be unaffected by W n t-1  expression. In experimental as well as 
control cells, EAAC1 mRNA levels are, on average, 9% of CHOB levels. Changes in 
[3H]-Asp uptake were not seen. Western blot analysis revealed that GLT-1 is not present. 
These results have led us to believe that GLT-1 may be present at very low levels and may 
only be detected v ia  immunocytochemical analysis. This analysis is currently being 
conducted. Of interest as well, and a subject of current study, is the presence of a GLT-1 
mRNA transcript of a size of approximately 3.3kb. This may represent a degradation or 
an alternatively spliced product. The latter possibility is most plausible as RNA 
degradation was not evident. If the GLT-1 transporter is present in W nt-1  expressing C6 
cells, immunocytochemical analysis should localize it to the plasma membrane. If, 
however, it is not localized to the membrane, and a primarily cytoplasmic localization is 
evident, then perhaps the lower molecular weight transcript may indicate that either RNA 
processing or GLT-1 targeting to the membrane is compromised. W nt-1  expressing C6 
cells may thus represent an in  v itro  system by which to study the regulation of GLT-1. 
Funding Source: USPHS MH38633

825.8
SO D IU M -IN D EPEN D E N T L-AP4 U PTA K E IN A  SIM PLIFIED P2 
FRACTION OF RAT CORTEX A N D  H IPPO C A M PU S D.L. Hoskins*.
J.F. K oem er. and R.J. R oon. Department o f  Biochem istry, M edical School, 
University o f  Minnesota, M inneapolis, M N  55455.

The glutamate analogue DL-2-amino-4-phosphonobutanoic acid (AP4) 
has previously been shown to be taken up by highly purified rat synaptic 
plasma membranes (SPM s). Uptake is believed to take place via a 
Na+-independent glutamate transport system . Uptake o f  the L-isomer o f  
AP4 (3[H ]-l-A P4) was measured under a variety o f  ionic conditions using a 
simplified P2 preparation o f  extensively washed cortical and hippocampal 
membranes prepared via Ultra Turrax hom ogenization; eliminating the 
lengthy steps o f  osmotic shock and removal o f  mitochondria and myelin by 
sucrose density gradient centrifugation. Scatchard analysis o f  saturation 
assays performed in the presence o f  10 m M  CaCl2 indicated that L-AP4 is 
taken up by these membranes with a Kd o f  3.1 µM  and a B max o f  270  
pm ol/m g o f  crude protein with >85%  specific uptake. T hese values are in 
good agreement with extrapolations o f  the previously reported values for 
DL-AP4 in SPM s (Kd = 6.0 µM  and B max =  380 pm ol/m g protein). Similar 
to results obtained on SPM s, the uptake o f  L-AP4 was stim ulated by CaCl2, 
inhibited by high concentrations o f  K + in the absence o f  Ca+2, and nearly 
abolished in the absence o f  both Ca+2 and CL. Th ese results indicate that
l-AP4 uptake in a simplified P2 fraction o f  cortical and hippocampal 
membranes may serve as a suitable m odel for the study o f  N a+-independent 
glutamate uptake. (Supported by NIH  N S 35 ,073).

825.10
ß-N-O X ALYL-L-α,ß-DIA M IN O PR O PIO NIC AC ID (L-ODAP) SE N SI
TIZES CA1 PY RA M ID AL N E U R O N S IN  THE R A T H IPPO C AM PU S  
TO DEPOLARIZATION B Y  PH O SPH O N A TE A N A L O G S OF 
G LUTAM ATE. J.F. Koem er* and L A. C hase. Department o f  
Biochemistry, M edical School, University o f  M innesota, M inneapolis, M N  
55455.

W e have previously demonstrated that L-quisqualic acid (Q U IS) 
sensitizes pyramidal CA1 neurons in rat hippocampal slices to 
depolarization by phosphonate analogs o f  glutamate, e g ., L-2-amino-
4-phosphonobutanoic acid (L-AP4) and L-2-am ino-6-phosphonohexanoic 
acid (l-A P6). W e now  report that L-ODAP, a potent neurotoxin, also 
sensitizes CA1 pyramidal neurons to depolarization by phosphonate 
analogs o f  glutamate. Compared to QUIS, L-O DAP is at least 50 × less 
potent as an inducer o f  phosphonate sensitivity, requiring exposure to 
100 µM  L-ODAP for 10 min to reduce the IC50 for L-AP6 to 170 µM  in 
contrast to QUIS, for which 1 µM  for 10 min reduces the IC 50 to 350 µM. 
W e hypothesize that these differences in potency reflect differences in 
affinities for the proposed Q U IS/O D A P uptake site, the glutam ate/cystine 
antiporter (System  x<r), and also for the non-N M D A  receptors which 
mediate depolarization. The requirement that a sensitizing com pound must 
interact with both the transporter and the receptor system s also accounts for 
the scarcity o f  glutamate analogs that are known to m ediate sensitization. 
(Supported by NIH  N S 35,073. LAC is supported by a Dissertation  
Fellowship, Graduate School, Univ. o f  M innesota).

825.12
IN VIV O  VO LTAM M ETRIC A SSE SSM E N T  OF  
G LUT A M A T E/A SC O R BA TE H ETERO EXC H A NG E IN THE  
STRIATUM : EFFECT OF REPEATED H ALO PER IDO L  
A D M INISTR AT IO N. M. A . Teagarden* and G. V . R eb ec . Program  
in Neural Scien ce, Indiana U niversity, B loom ington , IN  47 4 0 5 .

Fluctuations in the extracellular level o f  ascorbate in the striatum  
appear to m odulate behavioral activation. Increasing ev id en ce links 
striatal ascorbate release with glutamatergic innervation o f  striatal 
neurons by corticostriatal fibers (R ebec, G V , Pierce, RC; Prog. 
N eurobiol.. 43: 537-5 6 5 , 1994). In fact, reuptake o f  striatal glutam ate 
appears to be coupled to ascorbate release via heteroexchange at the 
glutam ate transporter (O 'Neill, RD , In: Voltamm etric M ethods in Brain 
System s. B ou lton, A . et al. (ed s), H um ana Press, pp. 2 2 1 -2 6 8 ,
1995). Dopam ine m ay modulate this e ffect in that drugs know n to alter 
dopam ine transm ission also influence striatal ascorbate release. To  
assess this relationship further, w e used slow -scan  voltam m etry to 
monitor striatal ascorbate in freely m oving rats pretreated with seven  
days o f  haloperidol (0 .5  m g/kg/day, s.c .), a D 2 receptor antagonist, or 
saline. On the day after the last injection, L-glutam ate (4 µg/µL at 5 
µL/hr) w as infused to prom ote endogenous ascorbate release. 
Consistent with the heteroexchange m odel, w e found that intrastriatal 
glutamate infusions increased extracellular ascorbate release in both 
saline controls as w ell as nonpretreated anim als. H aloperidol 
pretreatment, how ever, prevented glutam ate-induced ascorbate release. 
These results indicate that repeated exposure to haloperidol attenuates 
ascorbate/glutamate heteroexchange in the striatum, which m ay play a 
role in the behavioral alterations associated with long-term  neuroleptic 
administration. Supported by N IN D S  (N S 3 5 6 6 3 )

Society for Neuroscience, Volume 2 4 ,19 9 8



2068 TRANSPORTERS: GLUTAMATE THURSDAY AM

825.13

IDENTIFICATION AND CHARACTERIZATION OF PURKINJE 
C E LL-S P E C IFIC  G LUTAM ATE TRANSPORTER EAAT4  
ASSOCIATED PROTEINS (GTRAP4)
C.L.G. Lin* M. Jackson. L  Jin. W. Sonα. I. Orlov. M. Dvkes-Hoberα. J.D. 
Rothstein. Departments of Neurology and Neuroscience, Johns Hopkins 
University, Baltimore MD, 21287.

EAAT4 is one member of the high affinity, Na+-dependent glutamate 
transporter family. This transporter has two unique features: (1) it is largely 
restricted to cerebellar Purkinje cells, and (2) it has physiological properties of a 
ligand-gated chloride channel. Ultrastructural studies suggest that it may be 
targeted to synaptic/peri-synaptic regions of dendrites. To identify proteins that 
could interact with the rat EAAT4 (rEAAT4), we screened a rat brain cDNA library 
by means of a yeast two-hybrid system using the C-terminal segment (presumably 
an intracellular domain) as a bait. Two cDNA clones were subsequently identified, 
GTRAP4-41 and GTRAP4-48 (Glutamate Transport Associated Protein for rat 
EAAT4). The full length cDNAs were further cloned and sequenced. GTRAP4-41 
cDNA encodes a protein of 2597 amino acids with 39% and 72% homology to 
alpha spectrin and beta spectrin, respectively. GTRAP4-48 cDNA encodes a 
protein of 1580 amino acids which contains several different domains including a 
PDZ domain, a proline-rich domain and a pleckstrin homology domain. Northern 
blot analysis revealed that both GTRAP4-41 and GTRAP4-48 mRNAs were 
expressed only in the adult rat brain regions including cerebellum, but not in the 
peripheral tissues. They both co-localized with rEAAT4 in plasma membranes 
when expressed in HEK 293 cells. Studies are underway to determine 1) if these 
two proteins interact with rEAAT4 in vivo, 2) how they interact with rEAAT4, and 
3) if the interactions regulate the membrane targeting, transport kinetics, and/or 
chloride conductance of rEAAT4. Supported by NIH (33958).

825.15
IN VIVO LOCAL KNOCKDOWN OF THE GLIAL GLUTAMATE 
TRANSPORTER GLAST IN THE RAT BRAIN. G. Bonvento1. N, Cholet1. F, 
Passarelli1. P. Trouvé2. L, Pellerin3. J.D. Rothstein4. P. Lacombe1* and J. 
Seylaz1. ’CNRS UPR646, Université Paris 7, IFR 6, Paris, France, 2INSERM  

.U127, IFR 6, Paris, France,3Institut de Physiologie, Université de Lausanne, 
Switzerland, 4Dept o f  Neurology, John Hopkins University, Baltimore, USA.

The excitatory action o f  glutamate is terminated by its efficient uptake via high- 
affinity, Na+-dependent glutamate transporters. Recent knockout studies suggested 
that the glial transporters (GLAST, GLT-1) mediate the majority o f  glutamate 
transport. In vitro experiments also reported that GLAST could be involved in 
signalling glucose uptake in astrocytes (PNAS, 91:10625-10629, 1994). To obtain 
further insights regarding the role o f  GLAST in vivo, we undertook experiments 
aimed at transiently downregulating its expression using specific antisense 
oligonucleotides. Rats were microinjected into the barrel field o f the somatosensory 
cortex with GLAST antisense phosphorothioate radioactive (35S-dATP labeling) or 
fluorescent (FiTC) oligonucleotides (S-ODN, 20 mers, 3µg/lµl). Autoradiography 
o f coronal sections indicated that the diffusion o f radioactive S-ODN was restricted 
to the somatosensory cortex and encompassed the barrel field, as compared with 
cytochrome oxidase stained sections. Following in situ perfusion and fixation at 24 
to 72h, rat brains were processed for immunocytochemistry o f S-lOOß (astrocyte 
marker). Despite a massive uptake o f S-ODN by neuronal cells, the nucleus o f some
S-lOOß positive cells was strongly stained, indicating an efficient uptake o f S-ODN  
in astrocytes. Preliminary Western blot experiments indicated a decrease in GLAST 
protein content. These results provide experimental evidence for the efficacy o f  
antisense S-ODN to downregulate in vivo the glial transporter GLAST in a selected 
rat brain region.

825.17

GLUTAMATE TRANSPORTERS IN MIDBRAIN DOPAMINERGIC (DA) 
STRUCTURES IN MONKEYS. M. Paqueß*,M. Donndly1̂  J.D. Rothstein2 aid Y. Smith1. 
*Yerkes Reg. Primate Res. Ctr, Dept. Neurology, Emory Univ7 Atlanta, GA  
30322; 2 Dept. Neurology, Johns Hopkins Univ., Baltimore, MD 21287.

Glutamate transporters are responsible for the maintenance o f  
physiological concentration o f glutamate and for preventing excitotoxicity. 
To date, three major glutamate transporters have been identified in the 
mammalian brain: GLT1 and G LAST are m ostly found in glial cells, while 
EAAC1 is expressed in neurones. The goal o f  the present study was to 
compare the distribution o f  these glutamate transporters in the ventral and 
dorsal tiers o f  the substantia nigra pars compacta (SNc-v, SN c-d) and the 
ventral tegmental area (VTA ) in monkeys.

At the light m icroscopic level (LM), GLT1 imm unoreactivity (IR) was 
found in thin processes that formed a dense and uniform network am ong  
non-imm unoreactive (ir) neurones in the three D A  cell groups. In contrast, 
GLAST-ir processes were much less abundant and confined around non-ir 
neuronal perikarya in the SN c-v. On the other hand, EAAC1 IR was 
expressed preferentially by calbindin-ir neurones in the SN c-d and VTA. 
In the electron m icroscope (EM ), GLT1 and GLAST IR was exclusively  
found in glial cells. G LTl-ir processes ensheated dendrites, cell bodies and  
axon terminals that form ed either symmetric (putative GABAergic) or 
asymmetric (putative glutamatergic) synapses, while GLAST IR was m uch  
more discrete and m ostly found in glial processes around neuronal 
perikarya and dendrites. Double labelling at LM and EM showed that both  
D A  and non-DA neurones were surrounded by G LTl-ir processes. EAAC1  
IR was mainly expressed in spines and dendrites receiving asymmetric 
synapses in both SN c and VTA. In addition, EAAC1-ir axon terminals 
forming symmetric synapses were found in the SN c-v.

In conclusion, glutamate transporters are abundant and, therefore, likely  
to play a major role in regulating glutamatergic transmission in midbrain  
D A  cell groups. An abnormal regulation o f  those transporters m ight 
underlie the differential sensitivity o f  D A  cells to degeneration in  
Parkinson's disease. (Supportedby AFDAand GrantRR-00165).

825.14

GTRAP3: IDENTIFICATION AND CHARACTERIZATION OF A 
NEURONAL TRANSPORTER EAAC1-ASSOCIATED PROTEIN
I. Orlov. C.L.G. Lin. W. Sonα. L. Jin*. M. Dvkes-Hoberα. J.D. Rothstein. 
Departm ents o f Neurology and Neuroscience, Johns Hopkins University, 
Baltim ore MD, 21287.

EAAC1 (EAAT3) is a neuronal high affin ity, Na+-dependent 
glutam ate transport protein. Cellular and ultrastructural studies dem onstrate  
that the protein has a targeted localization to synapses and/or peri-synaptic  
membrane regions. In hope of identifying prote ins that m ight be 
responsible fo r th is synaptic targeting we screened a rat brain cDNA library  
by m eans of a yeast two-hybrid system using the C-term inal segment 
(intracellular domain) as a bait. A  cDNA clone was subsequently identified, 
GTRAP3-18 (G lutam ate Transport Associated Protein fo r EAAT3). The full 
length cDNA was further cloned and sequenced. G TRAP3-18 cDNA  
encodes a unique protein o f 158 am ino acids. Northern blot analysis  
revealed that GTRAP3-18 m RN A was expressed in m ultiple brain regions  
and body organs, consistent w ith its protein expression pattern. Both 
EAAC1 and G TRAP3-18 co-localized to the plasma m em brane when 
expressed in HEK 293 cells or HeLa cells. G TRAP3-18 does not appear to  
interact w ith the other neuronal glutam ate transporter EAAT4. 
Investigations are underway to ascertain if th is protein interacts with  
EAAC1 in vivo and if the interactions regulate the m em brane targeting or 
transport kinetics EAAC1. Supported by NIH (33958).

825.16
C H L O R ID E  IO N S R E G U LA T E  T H E  R A TE O F G L U T A M A T E  
T R A N S P O R T  R obert J V a n d e n b e rα 1. Ann D M itro v ic 1. T iina  P 
lism aa2* and Graham  AR John ston1. 1 D epartm ent of Pharm acology, 
U n ive rs ity  of Sydney, S yd ney, NSW , 2006, A u s tra lia  2G a rv a n  
Institute of Medical Research, Sydney, NSW , 2010, Australia.

G lutamate transport is coupled to the co-transport of 3 sodium  ions, 1 
proton and the coun ter transport o f 1 p o ta s s iu m  io n  ( 1 ). In a d d i t io n ,  
glutam ate transport is associated with a therm odynam ically  uncoupled  
chloride flux through the transporter (2 ). It has been suggested that the 
role of chloride ions in the transport process is to lim it the extent of 
transport-m ediated depolarization of the m em brane. W e have tested  
th is  h ypo thes is  using  X e nopus oo cy te s  e xp re ss in g  the  hum an  
g lu tam ate  tra n sp o rte r, EAAT1. U n der p h y s io lo g ica l co n d itio n s , 
application of 100 µM glutamate casued a 47±2 mV depolarization from  
the resting potential of the oocyte. W hen using chloride free conditions, 
100 µM glutam ate caused a 67±14 mV depolarization from  the resting  
potential. This suggests that chloride ions reduce tran sport-m ediated  
depolarization of the oocyte. The transport of 100 µM 3H -glutam ate  
was also m easured with and w ithout voltage clam p. In the absence of 
vo ltage clam p, the rate of g lu tam ate tran sport under physio log ica l 
cond itions was s ign ifican tly  h igher (40.7+1.7 fm ol/m in) than the rate 
measured using chloride-free conditions (33.7± l .6 fmol/m in). However, 
when oocytes were clam ped at -60 mV, the rate of glutam ate transport 
under physio logical cond itions (114+7 fm ol/m in) was sim ila r to that 
using chloride-free conditions (108±7 fm ol/m in) as has previously been 
dem onstrated (2). These results confirm  the hypothesis that chloride  
ions limit transport-mediated depolarization and in so doing regulate the 
rate of transport. This work was supported by the NHM RC, Australia.
1 . Zerangue and Kavanaugh, 1996 Nature, 383, 634-637
2. Wadiche, Amara and Kavanaugh, 1995, Neuron, 15, 721-728

825.18
GLUTAMATE TRANSPORTERS IN THE STRIATOPALLIDAL COMPLEX AND 
THE SUBTHALAMIC NUCLEUS (STN) IN MONKEYS. Y. Smith!  A. Chararal.
J.D. Rothstein^ and L.J. Freedman-UL *Yerkes ζrimate Research Center and Dept 
Neurology, Emory Univ. Atlanta, GÀ 30322; ‘"'Dept Neurology, Johns Hopkins 
Univ., Baltimore, MD 21287.

To better understand the role of glial (GLT1 and GLAST) and neuronal (EAAC1) 
transporters in regulating the glutamatergic transmission in the basal ganglia, we 
analysed their subcellular distribution in the striatopalJidal complex and the STN in 
monkeys by means of electron microscopic (EM) immunocytochemistry.

In the striatum (STR), GLT1 immunoreactivity (IR) was found in glial cell 
processes that tightly ensheated dendrites and perikarya as well as in the head of large 
dendritic spines where it was preferentially associated with asymmetric synapses and 
the spine apparatus. GLAST IR was much more discrete and confined to thin glial 
processes and small heads of dendritic spines. EAAC1 IR was found in numerous 
calbindin-immunoreactive (ir) medium sized projection neurones as well as 
parvalbumin- and somatostatin-ir interneurones. At the EM level, the most intensely 
EAAC1-ir structures were the heads of large dendritic spines that displayed a pattern of 
staining similar to that of GLT1 IR. Dendrites and perikarya were also stained. In the 
globus paüidus, the pattern of staining for each transporter was the same in the 
external (GPe) and internal (GPi) segments. GLT1 IR was confined to glial cells from 
which arose long processes that formed a sheet around axon terminals in contact with 
dendrites. A noticeable feature was that the labelled processes did not extend between 
terminals to reach the synaptic cleft, even in the case of STN-like boutons that formed 
asymmetric synapses. GLAST IR was light and exclusively found in thin glial 
processes which, in some cases, were close to asymmetric synapses. EAAC1 IR was 
associated with microtubules, asymmetric axo-dendritic synapses , neuronal perikarya 
and small pre-terminal axonal segments. In the STN, the pattern of staining for the 
three transporters resembled that described for GPe and GPi, except that GLTl-ir 
processes extended up to the edge of the synaptic cleft of asymmetric synapses.

In conclusion, these findings indicate that: (1) GLT1 and GLAST, known as a glial 
transporters, are expressed in large and small dendritic spines, respectively, in the STR 
and (2) EAAC1 may play an especially important role in clearing glutamate from the 
synaptic cleft at asymmetric synapses in the striatopallidal complex and STN in 
monkeys. (Supported by NIH Grant RR 00165).
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825.19

E xcito tox ic ity  and N eurodegeneration - a Novel Therapeutic  
Approach
R. Ganel. T. Ho. C. Coccia. C. Sakai. J. Steiner. M. Dvkes Hoberα* M B. 
Robinson. J.D. Rothstein. Department of Neurology and Neuroscience, Johns 
Hopkins University, Baltimore MD, 21287, Guilford Pharmaceuticals Inc., 
Baltimore MD, 21224 and University of Pennsylvania, Philadelphia PA, 19104.

Excessive accumulation of extracellular glutamate results in neuronal 
death. Termination of synaptic glutamate transmission and the prevention of 
excitotoxicity depend on rapid removal of glutamate by high affinity transporters. 
Four glutamate transporters exist in brain: EAAT1 and EAAT2 are astroglial, while 
EAAT3 and EAAT4 are neuronal. EAAT2 is responsible for the bulk of all 
glutamate transport, accounting for 80-95% of all transport activity. Studies have 
shown that the astroglial transporters play a crucial role in the prevention of 
chronic glutamate neurotoxicity. Neuroprotective therapy for excitotoxicity typically 
includes blockage of glutamate receptors or presynaptic release. We hypothesize 
that induction or enhancement of glutamate transport might also be a novel 
neuroprotective strategy. To study this, we have begun to screen for agents 
capable of stimulating glutamate transporter (EAAT2) synthesis and/or activity, 
using two models, primary astrocyte cultures and spinal cord organotypic cultures. 
Recent work suggests that neurons release factors that can stimulate EAAT2 
production. We have begun to investigate several families of drugs including 
TGF-ß factors, neuroimmunophilins and neuregulins. Both glial cell line-derived 
neurotrophic factor (GDNF) and GPI-1046, a nonimmunosuppressive analog of 
the immunosuppressive drug FK5O6, induce glutamate transport protein by over 
100% in both systems. The neuroprotective properties of these agents may be 
due, in part, to stimulation of glutamate transporter activity. Supported by NIH, 
Muscular Dystrophy Association and ALS Association.
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826.2826.1
TOPOLOGY MAPPING OF THE SODIUM -DEPENDENT GLUTAMATE 
TRANSPORTER, EAAT1, USING SULFHYDRYL-MODIFYING REAGENTS. 
'Rebecca P. S eal*2Barbara H. Leighton and 2Susan G. Amara. 'Program  in 
Neuroscience, 2Howard Hughes Medical Institute, Vollum Institute and Oregon 
Health Sciences University Portland, OR 97201

Amino acid sequences obtained for several cloned members of the sodium- 
dependent glutamate transporter family indicate the presence of six to ten 
membrane-spanning domains with an intracellularly localized N-terminus and a 
large loop between putative transmembrane domains 3 and 4 that contains 
consensus sites for N-linked glycosylation. While there appear to be five 
membrane-spanning segments in the N-terminal half of the molecule, the topology 
of the C-terminal half remains less clear. To elucidate the membrane orientation of 
residues after the fifth hydrophobic segment, we individually substituted several 
residues residing within hydrophilic domains with cysteine. These substitutions 
were made in a functional version of EAAT1 devoid of the three endogenous 
cysteine residues. Topological orientation of the cysteine residues was determined 
by expressing the proteins in COS-7 cells and labeling them with a membrane 
permeant biotin-linked maleimide compound. Ability to block labeling by pre
incubating the cells with a membrane impermeant maleimide compound, 
stilbencdisulfonate maleimide, indicates an extracellular location for the cysteine 
residue. All of the cysteine substitution mutants tested were shown to appreciably 
accumulate radiolabeled L-glutamate. An extracellular orientation was observed for 
several of the cysteine substitutions including, M307C, A414C and F423C. In 
contrast, substitution at a residue in the C-terminus (A527C) could not be blocked, 
suggesting an intracellular location for this residue. These results, based on the 
accessibility of residues in functional carriers, suggest a more complex topological 
arrangement for the C-terminus than has previously been proposed.
(This work was supported by HHMI and NIH grants NS33273 to SGA and 
M H11673 to RPS)

R E V E R SA L  OF V E R A T R ID IN E  - IN D U C E D  IN H IB IT IO N  OF 
G L U T A M A T E  U P T A K E  B Y  m G L U R  G R O U P III A G O N IS T , L- 
A P 4 IN  R A T H IPPO C A M PA L SL IC ES. O. I. C lau d io1, and J. G. 
Ortiz* 1. Dept, o f  Pharm acol. & T oxico l. U niv. o f  Puerto R ico  Sch. 
M ed. PO B o x  36 5 0 6 7 , San Juan, 0 0 9 3 6 -5 0 6 7 , C e n te r  for M olec. &  
Behav. N eurosci. Univ. Central del Caribe, B ayam ón, Puerto R ico  
0 0 9 5 6

Earlier work show ed that veratridine-stim ulated depolarization o f  rat 
hippocam pal slices, decreases 5OµM glutam ate (G lu) uptake. H ow ever  
50 mM  K M nduced depolarization has no effect. L -2 -am in o-4-  
phosphonobutyric acid (L -A P 4), and (R S )-α -m eth y-4-carb oxyp h en yl-  
glycine (M C PG ) have no effect on Glu uptake by th em selves, but 
partially reverse the decrease in 5OµM Glu uptake. T h ese effects are 
rather specific as none o f  the other m G luR agents tested  ((S )-M C P G , 
S4C PG , M SO P, M SO PPE, e tc .) w ere capable o f  reversing the effects  
o f  veratridine. T hese results indicate that Glu uptake decreases under 
certain conditions (veratridine depolarization, lo w  pH ) and that L -A P 4  
(Group III) may selectively  reverse decreases in Glu uptake.
(Supported by SO6 GM O 8224).

826.3
ASTROGLIA CONTAIN A SPECIFIC TRANSPORT MECHANISM FOR N- 
ACETYL-L-ASPARTATE.
T.N. Sager, C. Thomsen, L. Martin, J. S. Valsborg, H. Laursen# and A.J. Hansen*. 
Dept, of Neuroendocrine Pharmacology, Cellular techniques, Isotope chemistry, Novo 
Nordisk A/S, Novo Nordisk Park, 2760 Måløv, #Lab. Neuropathology, Rigshospitalet, 
2100 København, Denmark

N-acetyl-L-aspartate (NAA) is synthesised and stored in neurons in the brain but 
no transport mechanism has so far been identified. We studied uptake of [3H]-NAA in 
primary rat. neuronal and glia cell cultures Both cell types showed a medium-affinity 
uptake of [3H]-NAA (neurons; Km = 73 µmol/L; Vmax 1.13 ± 0.4 pmol/mg protein/min, 
astrocytes; Km = 95 µmol/L; Vmax 23 ± 6.4 pmol/mg protein/min). GFAP staining 
revealed the neuronal culture to have 5-10% astroglia and neuronal uptake of [3H]- 
NAA is ascribed to glia cells. The uptake of [3H]-NAA into glia cell was temperature 
dependent and inhibited by removing extracelular Na+ or by adding ouabaine. 
Replacing Cl with gluconate reduced transport rate by 50%. The system was highly 
specific for the L-isomer of NAA (IC50: D-isomer/L-isomer: 1.83/0.12mmol/L). The 
most potent inhibitors were: N-acetyl-L-glutamate (IC5(): 0.2 mmol/L), N-acetyl- 
aspartyl-glutamate (NAAG) (IC5ü: 0.4 mmol/L), N-acetyl-DL-glutamate (IC50: 0.42 
mmol/L), the non specific anion transport inhibitors, íran,s-pyrrolidine-2,4- 
dicarboxylate (r-PDC) (IC50: 0.57 mmol/L), and 4-acetamido-4'-isothiocyanato- 
stilbene-2,2'-disulfonic acid (SITS) (IC50: 0.17 mmol/L). The results suggests that the 
glia transport system for NAA belongs to a new type of carrier. The value of Km is in 
line with the interstitial [NAA] of 80-100µmol/L. The presence of a NAA uptake 
mechanism in glia cells supports the metabolic function of NAA as a key source for 
myelin synthesis. However, the presumable lack of a NAA transporter in neurons is 
surprising since these cells contain large amount of NAA, but argues that the NAA 
level in the brain is controlled by a two cellular compartment, like the glutamate- 
glutamine cycle.

826.4
M IGRATIO N AND T R A N SFO R M A TIO N  OF BERG M ANN  
GLIA IN THE M OUSE C EREBELLU M . K. Yarnada1, M. 
W alanabe .̂ T. S h ib a ta ' , H. K urihara^. R. I c h ik a w a  ̂* , K. T an ak a^ , 
Y. In o u cK *Dept. o f  A nat., H ok k aid o  U n iv . Sch . o f  M ed, Sapporo  

0 6 0 -8 6 3 8 , ¾ e p t .o f  D egenerative N eu ro log ica l D iseases, National 
Institute o f  N eu rosc i., N C N P , K odaira 1 8 7 -8 5 0 2 , Japan.

G L A S T  is an astrocytic glutam ate transporter abundant in Bcrgm ann  
glia  (B G ), unipolar cerebellar astrocytes associated  w ith  m igrating  
granule cells  and mature Purkinje ce lls  (PC s). B y taking cy toch em ica l 
advantage o f the expression throughout d evelop m en t and plasm alem m al 
localization , w e analyzed the m orphodifferentiation from  radial glia  
(R G ) to BG. At em bryonic day 13 (E 1 3 ), c e lls  exp ressin g  G L A S T  
were RG. being localized  in the ventricular zon e and projecting radial 
fibers to the pial surface. Starting at E l 4 , RG m igrated fo llo w in g  
Purkinje c e lls  (PC s). From E l 8  to P7, G L A S T -im m u n op ositive  ce lls  in 
the PC layer maintained radial (B ergm ann ) fibers and high lev e ls  o f  
G L A S T . w h ereas those in other cerebellar regions were changed into  
m ultipolar form and dow n-regulated the leve ls. In the active  
synaptogenic  phase from P7 to P 2 l ,  B ergm ann fibers underw ent a 
dynam ic transform ation from the bottom  o f  the m olecu lar layer upward 
in accordance with the outgrowth o f  PC dendrites; the superficial linear  
portion o f  Bergm ann fibers w as a ligned  parallelly  and contacted directly 
with the grow ing tips o f  PC dendrites, w h ile  the deeper ram ified portion  
w as apposed to PC spines and nerve term inals to surround synaptic  
contacts. Therefore, the m igration o f  cerebellar RGs and their 
transform ation into BG s are associated  c lo se ly  with the m igration, 
d en d rogen esis, and syn ap togen esis o f  d e v e lo p in g  PCs.
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826.5
Differential developmental expression of the two GABA 
transporter proteins in the rat retina. M u n -Y on g  L ee* . Soon -L im  Shin. 
M vu n g -H o o n  C h un. D epartm ent o f  A natom y, C atholic U n iversity  
M ed ical C o lleg e , Seou l 1 3 7 -7 0 1 , K orea
The expression of the GABA transporter-1 (GAT-1) and GAT-3 during embryonic and 
postnatal development was examined in the rat retina by immunocytochemistry using 
antisera against GAT-1 and GAT-3. The expression and localization of GAT-1 and 
GAT-3 show very distinct temporal pattern during retinal development. GAT-1 
immunoreactivity appeared from postnatal day 1 (PI) in the punctate-like structures in 
the inner plexiform layer (IPL). At P3. immunolabeling of cell bodies in the inner 
nuclear layer (INL) and the ganglion cell layer (GCL) and processes in the IPL became 
much stronger, reaching a maximum staining intensity during the second postnatal 
week. From P10 onward, Müller cells showed weak immunoreactivity. From P10 to 
PI4, GAT-1 immunoreactivity was expressed transiently in horizontal cells located at 
the scleral border o f the INL. In the adult retina, the labeling pattern was similar to 
that of P14 except unlabeled horizontal cells. In contrast, GAT-3 was first detectable 
faintly over cell bodies and their processes in the inner margin of the neuroblastic layer 
at E2O. At PL GAT-3 immunoreactivity was observed in the neuronal soma of both 
amacrine and ganglion cell layers, some processes arising from these cells extended 
into the IPL, and astrocytes in the nerve fiber layer. The immunoreactive pattern 
remained unchanged except that there was a increased labeling without stratification in 
the IPL until P7. At P14, the most intense band in the proximal part of the IPL was 
distinct with the dramatic reduction of immunoreactivity over the neuronal somata in 
the amacrine and ganglion cell layers. Instead, the labeling was localized in the cell 
bodies and processes of the Muller cells, and some amacrine cells. In the adult, the 
pattern of GAT-3 immunoreactivity was very similar to that observed at P14 .

826.7
L-GLUTAM ATE TRANSPORT BY  H UM AN NT2 NEURONES IS 
M EDIATED BY EXCITATORY AM INO ACID TRANSPORTER 2 
Z. Lou, H. B. M cllvain , E. Muth* and J. Dunlop. CNS Disorders, Wyeth- 
Ayerst Research, Princeton, NJ 08543.

Glutamatergic neurotransmission at excitatory synapses is terminated by 
a family o f high-affinity sodium-dependent L-glutamate transporters 
which are present on both neuronal and astroglial plasma membranes.
These L-glutamate transporters mediate the rapid removal o f L-glutamate 
from the synaptic cleft by an uptake m echanism which is driven by the 
sodium electrochem ical gradient across the neuronal and astroglial 
membranes. A family of five human L-glutamate transporters have been 
cloned and are designated EAAT (Excitatory Am ino Acid Transporter) 1- 
5. The subtypes EAAT1, EA AT2 and EAAT3 are the human hom ologs o f  
the transporter clones isolated initially from rodents which are designated 
as GLAST (GLutamate/ ASpartate Transporter), GLT-1 (GLutamate 
Transporter) and EAAC1 (Excitatory Am ino Acid Carrier), respectively.
W e have identified that human NT2 neurones (NT2-N cells), derived from  
NT era2/DI by differentiation in the presence o f retinoic acid, exhibit high- 
affinity (Km lO.6±O.8 µM ) sodium-dependent and saturable (Vmax 
lOO±l2.3 pm ol/m in/mg protein) uptake o f L-glutamate. A series o f L- 
glutamate transport inhibitors were evaluated for their effects on the L- 
glutamate transport activity o f N T 2-N  cells. The rank order o f inhibitory 
potency observed for these compounds was L-CCG-III (IC50 5.1 µM) = L- 
anti-endo-MPDC (6.3µM ) = L-trans-PDC  (8 .0  µM ) = D-aspartate (9.4 
µM ) > kainate (23.8 µM ) > dihydrokainate (25.7 µM ) > L-CCG-IV (252.8 
µM ) » >  L-alpha-aminoadipic acid (> ImM ). This pharmacological 
profile, in particular the sensitivity to kainate and dihydrokainate, suggests 
that o f the known EAAT subtypes EA AT2 contributes to the bulk o f the L- 
glutamate transport activity in N T2-N cells. RT-PCR o f total RNA prepared 
from NT2-N cells was used to demonstrate that N T 2-N  cells express 
transcripts for EAAT2 and EAAT3 but not for EAATs 1, 4 or 5.

826.9

T H R E O -B E T A -B E N Z Y L O X Y A S P A R T A T E  (T B O A ), A 
PO TENT BLO CK ER OF EXCITATO RY AM INO ACID  
TRANSPORTERS. K . wShimamoto1. Y . Y a su d a -K a m a ta n i1. B . 
L eb ru n 1. Y . S h igeri2. N . Y u m oto2* and T. N ak aiim a1. 'Suntory Institute  
for B ioorgan ic  R esearch , M ish im a, O saka, 6 1 8 - 8 5 0 3 ,2O saka N ational 
R esearch  Institute (A IS T , M ITI), Ikeda, O saka, 5 6 3 -8 5 7 7 , Japan.

T h reo-beta-benzyloxyasp artate  (T B O A ), a n o v e l derivative o f  threo- 
beta-hyd roxyaspartate, w as syn th esized  and ex a m in ed  as an inhibitor  
o f  so d iu m -d ep en d en t g lu tam ate/asp arta te  (ex c ita to ry  a m in o  acid )  
transporters. T B O A  inh ib ited  the uptake o f  [14C ]glu tam ate in C O S-1  
c e lls  exp ressin g  the hum an excitatory am ino acid  transporter (E A A T 1, 
E A A T 2  or E A A T 3 ). W ith  regard to the E A A T 2 , the inhib itory e ffec t  
o f  T B O A  w as m uch m ore potent than d ihydrokainate and (2 S ,4 R )-4 -  
m eth ylg lu tam ate w h ich  are k now n as se le c tiv e  b lo ck ers  o f  th is type. 
B o th  L -T B O A  and D -T B O A  potently inh ib ited  [14C ]glutam ate uptake. 
L -iso m er  is m ore potent in each  case, a lthou gh the s tereo se lectiv ity  is 
som ew h at d ifferent am ong transporter subtypes.

E lectrop h ysio log ica lly , T B O A  induced no detectab le inward currents 
in X en o p u s o o cy tes  ex p ressin g  hum an E A A T 1 , E A A T 2 , or E A A T 3. 
H o w e v e r , it s ig n ific a n tly  reduced  the g lu ta m a te-in d u ced  currents, 
in d ica tin g  the p reven tion  o f  transport. T h e d o se -r e sp o n se  cu rve o f  
glutam ate w as sh ifted  by adding T B O A  w ith ou t a sig n ifica n t change  
in the m axim um  current. T B O A  is, so  far, the m ost potent com p etitive  
b lock er  o f  glutam ate transporters. T B O A  did not sh o w  any s ign ifican t  
e ffe c ts  on either the ionotropic or m etabotropic g lutam ate receptors.

T h ere fo re , T B O A  sh o u ld  be a u se fu l to o l for in v e st ig a tin g  the 
p h y sio lo g ica l roles o f  transporters.

826.6
EVALUATION OF L-GLUTAM ATE TRANSPORT IN THE HUM AN  
ASTROCYTOM A CELL LINES U 87, U 118, U 138 A N D  U373.
J. D unlop*. CNS Disorders, W yeth-Ayerst Research, Princeton, NJ 08543.

The family o f high-affinity L-glutamate transporters present on both 
neurones and astroglial cells mediate the reuptake o f  synaptically released 
L-glutamate, and under normal physiological conditions are responsible for 
the maintenance o f  low extracellular L-glutamate concentrations. Five 
human L-glutamate transporters have been cloned and are designated 
EAAT (Excitatory Am ino Acid Transporter) 1-5. In order to determine 
whether human astrocytoma cell lines might serve as model in vitro systems 
for the study o f EAAT function, L-glutamate transport was evaluated in 
four comm ercially available human astrocytoma cell lines; U87, U118, 
U 138, U373. U 373 cells, but not the three others, exhibited a robust L- 
glutamate transport activity which was sodium-dependent and saturable with 
kinetic estimates o f 9 .8 ± l.7  µM for Km and 6 .l± 2 .5  pm ol/m in/ 0 .5x10s 
cells for Vmax, as determined by Eadie-Hofstee transformation o f  
saturation data. The effect o f  various L-glutamate uptake inhibitors on the 
L-glutamate transport activity observed in U 373 cells was examined. The 
sulphur-containing amino acid L-cysteine sulphinate (L-CSA) was the most 
potent (IC50 l.4±O.3 µM) inhibitor o f L-glutamate transport in U373 cells 
and the rank order o f inhibitory activity was L-CSA = L-CCG-III = L- 
cysteate > r/zreo-beta-hydroxy-aspartate > L-trans-PDC > L-anti-endo- 
MPDC > L-aspartate-beta-hydroxamate = L-CCG-IV » >  kainate, 
dihydrokainate and L-alpha-aminoadipic acid (the last 3 being ineffective at 
1 mM). Due to the lack o f effect o f  both kainate and dihydrokainate it can 
be concluded that the predominant astroglial transporter EAAT2 does not 
account for the L-glutamate transport activity in the U373 cells. However, 
the currently available transport inhibitors do not permit pharmacological 
characterisation o f the EAAT subtype(s) present in these cells and 
expression studies will be required to identify them.

826.8
STEREOSPECIFIC TRANSPORT OF TRANS-ACPD AN D ITS IMPACT ON 
INTRACELLULAR GLUTAMATE LEVELS IN ASTROCYTES.
Z-C. Ye* and H. Sontheimer. Department o f Neurobiology, Univ. of 

Alabama at Birmingham, Birmingham. AL 35294.
We previously reported (SFN abst. 697.12, 1997) that incubation of astrocytes with 

lS,3R-ACPD leads to the attenuation of extracellular glutamate levels. Here we report 
that the presumably inactive isomer of trans-ACPD, lR,3S-ACPD but not lS,3R- 
ACPD, can be transported into astrocytes by a Na+ dependent transporter: (1) the rate 
of transport of lR,3S-ACPD is <10% to that of glutamate/aspartate; (2) transport, of 
lR,3S-ACPD is highly sensitive to the glutamate transport inhibitor D,L-threo- 
ß-hydroxyaspartate (THA) or L-trans-pyrrolidine-2,4,-dicarboxylate (PDC), with 99% 
blockage by THA >ImM; (3) prolonged incubation with excessive lR,3S-ACPD 
(>5OOµM) leads to significant swelling of astrocytes due to accumulation of substrate; 
(4) preincubation with small amounts of lR,3S-ACPD (lOOµM) leads to a 50%-80% 
reduction of intracellular glutamate content ([gluf) in astrocytes without eliciting 
significant morphological changes; (5) reduction of [glu]j is primarily due to inhibition 
of phosphate-activated glutaminase by the lR,3S-ACPD taken up into astrocytes; (6) 
reduction of [glu], suppresses the releasable pool of glutamate in astrocytes, thus 
conditions that lead to breakdown of trans-membrane ion gradients, such as high K+, 
ouabain, and the glial toxin L-α-aminoadipic acid, resulted in smaller elevation of 
[glu]0. However, this [glu]j suppression did not reduce the amount of glutamate release 
triggered by the heteroexchange substrates THA or PDC, suggesting a 
compartmentalization of astrocytic intracellular glutamate. Taken together, our 
observations provide a novel way of manipulating intracellular glutamate levels in 
astrocytes (supported by R01-NS-31234 and P50-HD-32901).

826.10
GLT-l EXPRESSION IN THE FRONTAL CORTEX IS REDUCED BY TYPICAL 
AND ATYPICAL ANTIPSYCHOTIC DRUGS. M. Melone1. L. Vitellaro- 
Zuccarello2. J.D. RothsteinL S. De Biasi2. and F. Conti1*. Inst, of Human 
Physiology, Univ. of Ancona, Ancona, Italy; :Depι. of Physiology and 
Biochemistry, Univ. of Milano, Milano, Italy; and xDept. of Neurology, Johns 
Hopkins University, Baltimore, MD.

GLT-1, an astrocytic glutamate (Glu) transporter, provides most of 
functional Glu transport and it is therefore a likely mediator of physiological or 
pathophysiological processes that alter Glu levels in the brain. Since it has been 
suggested that antipsychotic drugs (APDs) interact with glutamatergic transmisssion, 
we investigated whether chronic treatment with APDs alters neocortical GLT-1 
expression using immunocytochemical and immunoblotting techniques.

Adult Sprague-Dawley rats were given haloperidol (Janssen; 0.025 mg/ml) 
and clozapine (Sandoz; 0.5 mg/ml) in the drinking water for 9 weeks. Matched 
control rats received water. Selected brain regions were either cut and processed for 
the immunocytochemical visualization of GLT-1 or homogenized for evaluation of 
GLT-1 by immunoblotting.

Immunocytochemical and immunoblotting studies showed that both 
haloperidol and clozapine significantly decrease GLT-1 expression, although the 
effect of clozapine was consistently greater than that of haloperidol. These studies 
also showed that .APDs-induced changes of GLT-1 were always more pronounced in 
the frontal than in the occipito-temporal cortex. Preliminary electron microscopic 
studies showed that the cellular distribution of GLT-1 was qualitatively similar to 
that observed in normal animals, i.e. exclusively astrocytic.

These findings indicate that GLT-1-mediated Glu transport in the frontal 
lobe is affected by APDs and are in line with previous suggestions that glutamatergic 
transmission may be altered in schizophrenia.
(Supported by a Theodore and Vada Foundation Research Award)
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826.11
EFFECTS OF GUANINE NUCLEOTIDES ON ASTROCYTE GLUTAMATE 
UPTAKE. D.O. Souza. K. Farell, and R.A. Swanson* Dept, of Neurology,
U.C.S.F. and V.A.M.C., San Francisco, CA 94121 and Dept. Biochemistry ICBS, 
UFRGS RS, Brasil.

The role o f guanine nucleotides (GN) on neurotransm ission is 
w ell known. A m embrane signal transuda tion  system  com posed 
by receptors, G -proteins and e ffecto rs  conveys extracellu lar 
s ignals to  cell responses. G -protein a ctiv ities are modulated by 
in trace llu lar GN; the active GTP/G-protein com plex couple 
activated receptors to  e ffectors, re su lting  in a lterations o f second 
m essengers. An in trin s ic  GTPase a c tiv ity  o f G-proteins hydrolyze 
bound GTP to  bound GDP, inactivating  the system . However, 
there is increasing evidence th a t GN may modulate the 
g lu tam atergic system  by acting from  the outside o f cell 
m em branes. GN in h ib it the b ind ing  o f g lutam ate and analogs and 
in h ib it cell responses to  g lu tam atergic agonists. Add itiona lly, GN 
may m odulate the g lutam ate system  in  v ivo  animal models. A ll 
these results indicate tha t extrace llu la r GN may modulate the 
g lu tam atergic transm iss ion  th rough  other m echanism s w ith o u t 
the invo lvem ent o f G -proteins. In th is  s tudy we are investigating 
the e ffects o f GN on the g lutam ate uptake by astrocyte  cu ltures 
from  mice. Our results ind icate  tha t 10 - 100µM GMP (and also 
guanosine) increase the g lutam ate uptake by 50 - 100% when 
added p rio r to  g lutam ate in the incubation  medium.

Supported by Brasil CNPq, PRONEX, NIH R01 NS31914, and the Dept, of Veterans Affairs

826.13
PR O T EIN  K IN A SE C A C TIV A TIO N  IN C R EA SES A N D  N -M ETH Y L- 
D -A SP A R T A T E  (N M D A ) R E C E PT O R  A C T IV A T IO N  DE C R EA SES  
CELL SU R FA C E  E X PR E SSIO N  O F E A A C 1 IN N E U R O N - 
EN R IC H ED  CU LTURES. M . M unir*. D . M . Correale. L. Lu. and M .
B . R o b in so n . C h ildren’s H ospital o f  P h ila ., D epts. o f  N eu rosc ien ce , 
Pediatrics and P harm acology, U n iv . o f  Penn., Philad elphia , P A  19104.

In C 6 g liom a, wortm annin (an inhibitor o f  p h osph atidylinositol 3- 
kinase, PI3K ) rapidly decreases transporter activity and cell surface 
exp ression  o f  EA AC 1 and the phorbol ester, phorbol 12-m yristate 13- 
actetate (P M A ), increases activity and cell surface exp ression  (J. 
N eu ro sc i., 1 8 (1 9 9 8 )2 4 7 5 ). The goal o f  the present study w as to 
determ ine if  the ce ll surface expression  o f  E A A C 1 is regulated in neuron- 
enriched cultures. T h ese cultures express E A A C 1, G L T -1, G L A S T , and 
EA A T 4 as detected by W estern b lotting. Cell surface exp ression  w as  
studied usin g a mem brane imperm eant biotinylation reagent com bined  
w ith batch extraction and W estern an alysis . A s w as ob served  in C6  
gliom a, the ce ll surface expression  o f  E A A C 1 w as increased by P M A  (57  
±  13%) and decreased by wortm annin (28  ±  8% ). PM A  decreased the 
cell surface exp ression  o f  G L A S T , but had no effect on  cell surface  
exp ression  o f  G L T -1. Interestingly, excitotoxic  concentrations o f  
glutamate (1 0 0  µM ) caused  the cell surface exp ression  o f  EAAC1 to 
decrease to 65 ±  12% o f  control. This e ffect w as partially blocked  by  
M K -801 (1 0  µM ) and m im icked by N M D A  (1 m M ). C onfocal 
im m unocytochem ical analyses dem onstrated that wortm annin and 
glutam ate caused an accum ulation o f  EA A C 1 im m unoreactivity in a large 
intracellular com partm ent. T h ese studies provide ev id en ce that similar 
sign aling  pathw ays regulate cell surface exp ression  o f  EA AC 1 in C 6  
gliom a and in neurons. T h ese studies a lso  su g g est that during 
excito tox ic  insults activation o f  the N M D A  receptor m ay prevent neuronal 
overloading o f  glutamate by dow n regulating E A A C 1. (supported by  
N IH  N S 2 9 8 6 8 )

826.15

PLATELET DERIVED GROWTH FACTOR (PDGF) AND  
EPIDERMAL GROWTH FACTOR (EGF) IND U C E  
ASTROCYTIC EXPRESSION OF THE GLT-1 SU BTYPE  
OF GLUTAMATE (Glu) TRANSPORTER. f ì .D . S ch la g 1*. α  
Zelenaia1. J.B . G rinspan1. J .S . B e e s le y 1. J P .  R othsteinC and M .B .  
R o b in so n 1. ‘C hildren’s H ospital o f  Philadelphia, D ep ts. o f  P e d s .,  
Pharm ., and N eu r., U n iv . o f  P en n sylvan ia , Philadelphia, PA  19104; 
¾>ept. o f  N eur., Johns H opkin s U n iv ., B altim ore, M D  2 1 2 8 7 .

P harm acological and antisense/gene knockout studies strongly suggest 
that the G LT-1 subtype o f  G lu transporter m ediates m ost o f  the 
forebrain transport activity. W e and others have dem onstrated that 
cA M P  analogs, as w e ll as co-culturing w ith  neurons, induce expression  
o f  G LT-1 in astrocytes. S ince the effect o f  neurons is , at least in part, 
m ediated through release o f  a d iffu sib le  factor, w e  tested a num ber o f  
grow th factors for their ability to induce exp ression  o f  G LT-1 in 
astrocyte-enriched cultures. B oth  PD G F  and E G F increased the levels  
o f  G LT-1 m R N A  and protein 3 - to 10-fo ld , but neither basic  fibroblast 
grow th factor nor transform ing grow th factor α  had any effect. Both  
the tyrosine kinase inhibitor, gen estein , and the m itogen activated 
protein (M A P) kinase inhibitor, P D 9 8 0 5 9 , b lock ed  the e ffects o f  P D G F  
and EG F. Interestingly, these com p ou n d s a lso  b lock ed  the e ffects o f  
dbcA M P . G lial fibrillary acidic protein p ositive  (G F A P + ) cells  only  
exp ressed  detectable G LT-1 im m unoreactivity w h en  treated witn  
dbcA M P , P D G F , or EG F. Untreated and treated cultures expressed  
G LT-1 im m unoreactivity in a subset o f  ce lls  that w ere identified as 
oligodendroglia  precursors based  on their exp ression  o f  A 2B 5  
im m unoreactivity. T h ese studies provide ev id en ce for converging  
effects o f  cA M P analogs and grow th  factors on  G LT-1 exp ression  in 
astrocytes through the M A P kinase sign aling  pathw ay. T h ey also  
su ggest that G L T -1 m ay be transiently exp ressed  in w h ite matter during 
d evelop m en t. (N S  2 9 8 6 8  &  3 6 4 6 5 )

826.12
PLATELET-DERIVED GROWTH FACTOR (P D G F) 
INCREASES EAAC1-MEDIATED GLUTAMATE
TRANSPORT ACTIVITY AND CELL SU R FA C E  
EXPRESSION IN C6 GLIOMA. K. E. Davisftm d M . B . R o b in so n . 
C hildren’s H ospital o f  Phila., D epts. o f  N eu ro sc ien ce , Pediatrics and 
Pharm acology, U n iv . o f  Penn., Philad elphia , P A  19104.

W e have recently demonstrated that the cell surface exp ression  and 
activity o f  the EAAC1 subtype o f  glutamate transporter can be rapidly 
regulated in C 6 g liom a (J. N eu rosc i., 1 8 (1 9 9 8 )2 4 7 5 ). T he phorbol ester, 
phorbol 12-myristate 13-actetate, increases transporter activity and cell 
surface exp ression , and the phosph atidylinositol 3-k in ase (PI3K )  
inhibitor, wortm annin, has the opposite  e ffect. T h ese results su ggest that 
signaling pathw ays similar to those activated by in su lin , that m odulate 
trafficking o f  the G L U T 4 subtype o f  g lu cose  transporter, regulate 
trafficking o f  E A A C 1. In the present study, w e  sought to define cell 
surface receptors that modulate activity and cell surface exp ression  o f  
EA A C 1 in C6 gliom a. Incubation o f  C 6 g liom a in serum  free m edia for
2.5 hours reduced transport activity to 70%  ±  11% o f  control, consistent 
with serum  containing factors that can activate receptors. In C 6 gliom a  
preincubated in serum  free m edium , PD G F (10  ng/m l) caused  a 68 ±  10% 
increase in transporter activity and increased cell surface exp ression  by  
28%  ± 1 1 % . B oth  o f  these e ffects o f  P D G F were com pletely b locked  by 
wortm annin (1 0 0  nM ). The e ffects o f  PD G F on transport activity were  
not b locked by an inhibitor o f  protein kinase C. Other signaling  
m olecu les that activate receptors previously sh ow n to be exp ressed  by Co  
gliom a, including basic fibroblast growth factor, epiderm al grow th factor, 
and carbachol had little or no effect on transporter activity. T h ese data 
suggest that, as is observed w ith  regulation o f  g lu co se  transport, receptors 
coupled through tyrosine k inase-PI3K  sign aling  pathw ays modulate 
E A A C  1-mediated transport activity and cell surface exp ression , 
(supported by N IH  N S 2 9 8 6 8  & M H 1 1977)

826.14

COMPARISON OF THE REGULATION OF CELL SU R FA C E  
EXPRESSION OF THE GLT-1, GLAST, AND EAAC1 
SUBTYPES OF GLUTAMATE (Glu) TRAN SPO R TER S. D .M .
Correale. A . K alandad zef O. Zelenaia. and M .B . R o b in so n . Children’s 
H ospital o f  Philadelphia, D epts. o f  Peds. and Pharm acol., U n iv . o f  
Penn., Phila., PA  19104.

In C6 g liom a, the cell surface expression  and activity o f  the 
en d ogen ou sly  expressed  EAAC1 subtype o f  glutamate transporter can be 
altered within min (J. N eu ro sc i., 1 8 (1 9 9 8 )2 4 7 5 ). The phorbol ester, 
phorbol 12-myristate 13-acetate (P M A ), increases transporter activity and 
cell surface exp ression , w h ile  the phosph atidylinositol 3-k in ase (PI3K ) 
inhibitor, wortm annin, has the opposite e ffect. The goal o f  the present 
study w as to determ ine if  the ce ll surface expression  o f  GLT-1 or G L A S T  
can be rapidly regulated in parallel to EA A C 1. Three types o f  cell system s  
were used to approach this goal: 1) astrocyte-enriched cultures w h ich  
express G L A S T , 2) astrocyte-enriched cultures treated w ith  dbcA M P  
w h ich  express GLT-1 and G L A S T , and 3) C 6 g liom a stably transfected  
w ith G LT-1. C ell surface expression  w as studied by biotinylation, batch 
extraction, and w estern blotting. PM A  caused cell surface expression  o f  
G L A S T  to decrease to approx. 60%  o f  control in both types o f  astrocyte 
cultures. In astrocyte cultures that exp ress G L T -1, neither PM A nor 
wortm annin altered the cell surface exp ression  o f  G L T -1. In C6 gliom a  
w h ich  w ere stably transfected, the V  for L -[3H]-G1u transport w as  
increased by approx. 60%  above that observed  in untransfected cells and 
im m unoreactive bands were observed  by W estern blotting. Although the 
G LT-1 im m unoreactive band w as not m aintained through biotinylation, 
w e have used  the differential sensitivity o f  G LT-1 to dihydrokamate to 
develop  indirect evid en ce that GLT-1 is not trafficked in response to either 
wortm annin or PM A . Th ese studies provide evid en ce that primary 
structure o f  the transporter in fluences the regulation o f  cell surface 
exp ression  by sign alin g  pathw ays, (supported by N IH  N S 2 9 8 6 8 )

826.16
DIBUTYRYL cAMP INCREASES CHLORIDE-DEPENDENT  
L-[3H]-GLUTAM ATE (Glu) TRANSPORT ACTIVITY IN  
ASTROCYTE-ENRICHED CULTURES G E. G ochenauer. B .D .  
S ch lag . D .M . Correale and M .B . R ob in son * Children’s H ospital o f  
Phila., D ep ts. o f  Peds. and Pharm ., U n iv . o f  P enn ., Phila ., P A  19104.

W e and others have dem onstrated that cA M P analogs increase Na+- 
dependent G lu transport activity in astrocyte-enriched cultures (M ol. 
Pharm. 55 (1 9 9 8 )3 5 5 ). This effect w as correlated w ith  an increase in 
steady state levels o f  G LT-1 and G L A S T  im m unoreactivity. In these 
studies, w e  also observed  an increase in N aM nd ep en dent accumulation o f  
L -[3H]-G1u . The goal o f  the present study w as to characterize this N a+- 
independent process. After m aintanence for 14 d ays, astrocyte-enriched  
cultures w ere treated w ith  dbcA M P or veh icle  for 10 days. As was 
p reviou sly observed , both N a+-dependent and N a-independent  
acum mulation o f  L -µ H ]-G lu  w as increased by dbcA M P . In both 
dbcA M P-treated and control astrocytes, the N aM ndependent accumulation 
w as dram atically reduced by substituting gluconate salts for Cl' salts in the 
buffer used to m easure transport activity. In dbcA M P treated cultures, the 
N aM ndependent accum ulation w as blocked  by the anion transport 
inhibitors SITS, D ID S , and D N D S . dbcA M P treatment increased the Vmax 
for the Cl'-dependent transport from  136 ±  86  to 6 0 9  ±  83 pmol/mg 
protein per m in and did not affect the Kτn for this transport process. The 
sensitivity o f  the C l-dependent transport process to inhib ition by a number 
o f  G lu analogs w as exam ined in dbcA M P treated cultures. The 
com p ounds tested and their K M  values (µM ) are: quisqualate, 7 .6  ±  2.6; 
L -α-am in oad ip ate, 12.7 ±  3.4; L -cystin e , 14.4 ± 4 .1 ;  L -hom ocysteate, 34  
±  17; L -2-am m o-4-ph osph onobutanoate, 2 1 2  ±  56; L-cysteate, 487 ±  
140; L -2-am ino-6-ph osp honohexanoate, 8 4 0  ±  2 8 0 . These
pharm acological properties are sim ilar to th ose p reviou sly  observed for a 
quisqualate-induced increase in depolarization caused  by certain Glu 
analogs, (supported by N IH  N S 3 6 4 6 5 )
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826.17
MODULATION OF THE EXCITATORY AMINO ACID TRANSPORTERS 
EAAT1-5 BY ZINC
Wendy A. Fairman*. Robert J. Vandenberg & Susan G. Amara. HHMI, Vollum 
Institute, Oregon Health Sciences University, Portland, OR 97201, and 
Department of Pharmacology, University of Sydney, Sydney, Australia NSW 
2006

Excitatory amino acid transporters (EAATs) in the CNS are important 
for the clearance of synaptically released glutamate and may contribute to the 
termination of synaptic transmission. Additional functional properties of these 
carriers including a ligand-gated anion conductance and an arachidonic acid- 
stimulated proton flux may also contribute to the regulation of synaptic 
transmission. Zinc is stored in synaptic vesicles and its release has been reported 
to modulate the function of a variety of membrane proteins in the brain. Spiridon 
et. al., 1998 reported that zinc produced differential effects on glutamate uptake 
and the glutamate transporter gated anion conductance in salamander retinal Müller 
and cone cells.

We have investigated the effects of zinc on both the currents and flux of 
excitatory amino acids in Xenopus laevis oocytes expressing the cloned glutamate 
transporters, EAAT1, EAAT2, EAAT3, EAAT4 and EAAT5. The application of 
zinc to Xenopus oocytes expressing EAAT1, EAAT3, and EAAT4 inhibits the 
transport of L-glutamate, yet stimulates the uptake of L-glutamate for EAAT5.
No significant effects of zinc on L-glutamate transport were observed for EAAT2. 
Preliminary studies indicate that zinc inhibits the anion conductance associated 
with the glutamate transporter subtypes EAAT4 and EAAT5. In addition, the 
application of zinc in the absence of exogenously applied substrate inhibits a 
constitutive leak conductance (comprised predominantly of sodium and potassium 
ions) associated with the expression of EAAT4 and EAAT5 in Xenopus oocytes.

Supported by NS33273 and HHMI.

826.19

ACTIVATION OF METABOTROPIC GLUTAMATE RECEPTOR 
1 INHIBITS THE HUMAN GLUTAMATE TRANSPORTERS 
EAAC1 AND GLT1 EPRESSED IN X EN O PU S  OOCYTES.
D. Trotti*, J.B. Penq, and M.A, Hediqer. Brigham and Women's Hospital, 
Harvard Medical School, 77 Ave. Louis Pasteur, Boston, MA 02115.

The major excitatory neurotrasmitter glutamate acts on receptors of two 
major types: (a) ionotropic glutamate receptors, and (b) metabotropic 
glutamate receptors (mGluRs). mGluRs participate in synaptic plasticity as 
well as in neurotoxicity and neuroprotection by controlling intracellular 
signaling cascades. High affinity glutamate transporters terminate 
neurotransmission at excitatory glutamatergic synapses. Mechanisms that 
modulate glutamate transporter function are therefore relevant to the 
regulation of the synaptic transmission. We explored the possibility that 
mGluRs interact with glutamate transporters by controlling their function. We 
co-injected X e n o p u s  oocytes with cRNAs encoding GLT1 or EAAC1 and the 
type I (mGluRI or 5) or type II (mGluR2 or 3) metábotropic glutamate 
receptors. We first stimulated the receptor with 100 µM  quisqualate and then 
determined the transporter activity using 10 µM  D-aspartate (a concentration 
that does not activate the receptor) by measuring 3H-D-asparate uptake and 
transporter-mediated currents under voltage clamp condition (-50 mV). 
Activation of mGluRI (IC50 quisqualate ~1 µ M ) but not mGluR5 caused a 
consistent decrease of transport activity (~ 60%, either influx or current) with 
both EAAC1 and GLT1 being equally affected. Activation of mGluR2 or 
mGluR3 did not cause any decrease in transporter activity but rather a slight 
increase. The molecular mechanisms underlying the regulation of the 
glutamate transporters by mGluRs are under investigation. S u p p o rte d  b y  N IH  
g ra n t N S 3 2 0 0 1

826.21

COMPARISON OF GLYCINE DEPLETION PRODUCED BY GLIAL AND 
NEURONAL GLYCINE TRANSPORTERS. S. M. Antonov*. M.J. Roux and S. 
Supplisson. Laborato ire  de Neurobiologie, E.N.S. CNRS U RA 1857, Paris, France.

Two glycine transporters that have been cloned and identified in the brain 
and spinal chord are associated with glycinergic (GlyT2) and presumably 
glutamatergic (GlyTIb) synapses. It has been shown previously that when 
GlyTIb is coexpressed in X e n o p u s  oocytes with NMDA receptors, of the R1-2A 
or R1-2B subunit compositions, the glycine uptake controls the receptor 
activation in the presence of a glycine concentration (20 µM) that is saturating 
for NMDA receptors. This suggested that G lyTIb can decrease the 
juxtamembrane glycine concentration, even under fast perfusion of the oocyte. 
This ‘local depletion’ could be observed on uptake currents as well since an 
inward rectification developed at negative voltages as the level of expression 
increased.

It was initially assumed that the local depletion of substrate is a general 
phenomena that could be caused by any transporters which have a high 
Jmax/Km ratio. However, in experiments on oocytes expressing GlyT2 of either 
rat or human isoform, the uptake currents did not reveal any inward 
rectification: the current-voltage relationship was linear at any of the expression 
levels achieved. The apparent turnover was constant as estimated from the 
ratio between the maximal uptake current (at -150 mV) and the maximal charge 
that transfers during transient currents. The relation between the uptake 
currents obtained in 20 µM and 1 mM of glycine was linear as expected for a 
Michaelis-Menten kinetics, in contrast to the asymptotic limit found with GlyTIb. 
Finally a glycine depletion was observed only under stopped-flow condition.

The data suggest that GlyT 1 b and GlyT2 differ in their ability to control the 
juxtamembrane glycine concentration which may reflect differences in their 
membrane localization, clusterization, ionic coupling between the uptake 
current and glycine flux or in the accessibility of their binding sites for glycine. 
Supported by AKZO  NOBEL and EC grant BM H 4C T950571.

826.18

DIFFERENTIAL REGULATION OF ASTROGLIAL HIGH-AFFINITY 
GLUTAM ATE TRANSPORTERS BY NEURONAL FACTORS.

G. Gegelashvili1*. N. C. D an b o lt2, and A. Schousboe 1 .‘The Royal Danish 
School of Pharmacy, Departm ent of Pharmacology, DK-2100 Copenhagen, 
D enm ark; 2 University of Oslo, IBMS, N-0317 Oslo, Norway.

High-affinity glutamate transporters so far cloned (GLAST, GLT1, EAAC1, 
EAAT4, and EAAT5) are believed to maintain low extracellular levels of 
neurotransm itter glutamate. However, their aberrant functioning leads to 
excitotoxic neurodegeneration or epileptic seizures. Thus, GLT1, an astroglial 
transporter that is the most abundant glutamate carrier in the brain, seems to be 
selectively down-regulated in amyotrophic lateral sclerosis (ALS). The trans
porter was hardly detectable in pure astroglial cultures, but was induced in the 
presence of neurons. The induction of GLT1 protein and mRNA was repro
duced in pure astroglial cultures supplem ented with conditioned m edia from 
cortical neuronal cultures. Several growth factors of neuronal origin exhibited 
moderate stimulatory effects on GLT1 expression in astroglial cultures. Another 
transporter, GLAST, being robustly expressed in pure astroglial cultures, was 
slightly up-regulated in the presence of neurons, but not in the presence of 
neuron-conditioned media. However, long-term treatm ent of astrocytes with L- 
glutamate, kainate or dBcAMP resulted in a selective up-regulation of GLAST, 
parallelled with significant increase in D [3H]aspartate uptake. The glutamate 
receptor-sensitive regulation of GLAST in astroglial cultures seemed to 
involve primarily translational m echanisms, whereas cAM P-dependent pathway 
utilized transcriptional mechanisms as well. In conclusion, the expression of 
GLAST and GLT1 in astroglia may be differentially regulated by soluble 
signalling m olecules originating from neurons.

This work was supported by the Danish M edical Research Council, the 
Norvegian Research Council, and EU BIOM ED 2.

826.20

C Y T O K IN E  E F FE C T S O N  G L U T A M A T E  U P T A K E  B Y  H U M A N  
A S T R O C Y T E S: R O L E  O F N IT R IC  O X ID E . W S  S h en g , S H u*, LC 
Ehrlich, PK  Peterson and CC C h ao. M in n eap olis  M ed R es Fdn and the 
U ntv o f  M in nesota  M ed Sch, M in n eap olis , M N  5 5 4 0 4

G lutam ate uptake by a strocytes has been  p ostu lated  to  play a 
neuroprotective role during brain in flam m ation . U s in g  pπm ary hum an  
feta l astrocyte  cu ltu res, w e  in v e st ig a te d  the in flu e n c e  o f  se le c te d  
cytok in es on  glutam ate uptake activ ity . Interleukin ( I L )- lß  (IC 5 0  o f  
0.1 ng/m l w ith  a 45%  m axim al inhib ition ) and tum or necrosis factor-α  
(IC 5 0  ° f  1 n g /m l w ith  a 65%  m axim al in h ib ition ) dose-d ep en d en tly  
inhib ited astrocyte glutam ate uptake, w h ereas interferon (IF N )-γ  alone 
stim ulated this activity (E D 5 0  o f  2 0  U /m l). T h e  nitric o x id e  synthase  
in h ib it o r  N ^ -m o n o m e th y l-L -a r g in in e  b lo c k e d  I L - l ß -mediated  
in h ib ition  o f  g lutam ate uptake b y > 90% , su g g e stin g  in v o lv e m e n t o f  
nitric o x id e  in I L - lß 's  e ffec t. IL-1 receptor an tagon ist protein totally  
reversed the inhib itory e ffe c t o f  cy to k in es , su g g estin g  a critical role o f  
IL -lß . T h e  anti-inflam m atory cytok in e IF N -ß  b locked  cytok in e (IL -lß  
plus IF N -γ )-ind uced inhib ition o f  glutam ate uptake (m axim al inhib ition  
at 4 0  U /m l) w ith  a correspond ing reduction  in nitric o x id e  generation  
(IC 5 0  o f  2 0  U /m l) . T a k en  to g eth er , th e se  f in d in g s  su g g e s t  that 
p ro in flam m atory  c y to k in e s  in h ib it a strocyte  g lu tam ate uptake by a 
m ech a n ism  in v o lv in g  n itric  o x id e , and that IF N -ß  m a y  ex ert a 
therapeutically b en efic ia l e ffe c t  by b lo ck in g  cy to k in e -in d u ced  nitric  
ox id e  production in inflam m atory d iseases o f  the brain.
This study was supported in part by USPHS grants DAO9924 
and DA04381 from the National Institute on Drug Abuse.

826.22

EL E C T R O PH Y  SIO LOG IC A L  C H A R A C T E R IZ A T IO N  O F THE
N E U R O N A L  G L Y C IN E  T R A N S P O R T E R  G L Y T 2. M .J. Roux* and S. 
Sup plisson . Laboratoire de N eu ro b io lo g ie , E co le  N o rm ale  Supérieure, 
C N R S U R A  1857, 4 6  rue d ’U lm , 7 5 0 0 5  Paris, France.

Glycine uptake-current and charge movement o f  the neuronal N a+/C f  
glycine cotransporter GlyT2a were recorded under voltage-clam p after 
expression in Xenopus oocytes. The apparent Km for glycine is - 1 5  µM at -100 
mV and 50 µM at 0 mV. In contrast to G lytl, no uptake current is detected in 
the presence o f  500 µM sarcosine. For saturating concentrations o f  glycine, the 
current-potential relationship is quasi-linear and does not reverse in the -160 to 
+50 mV range. A marked inward rectification develops towards depolarized 
potentials as external glycine is lowered. The activation curves o f  the uptake 
current as a function o f  Na+ and C f  are compatible with a stoichiometry o f
2-3 Na+/1 C17 1 glycine.

In the absence o f  external glycine, GlyT2+ oocytes show a transient current 
with a double exponential time-course in response to a potential step. This 
"charge movement" is reduced as the glycine concentration is increased. In 
contrast to GlyTIb, it disappears fully when N a+ is replaced by choline . The 
corresponding charge is estimated to be 1.4 e0 per transporter, compared to 0.4 
with G lyTIb. The replacement o f  C f  by gluconate' shifts the V 0 5 by - 5 0  mV 
towards more negative potentials. In contrast to G lyTIb, an outward rectifying 
"leak" current that is dependent on external C f  is observed at depolarized 
potentials. This study indicates that neuronal and glial glycine transporters can 
be distinguished by their electrical properties, which may help understand their 
involvement in the phasic or tonic reuptake o f  glycine.
This work was supported by the CNRS and EC grant B M H 4C T 950571.

Society for Neuroscience, Volume 2 4 ,1998



THURSDAY AM TRANSPORTERS: GLUTAMATE AND GLYCINE 2073

826.23
REGULATION OF GLYCINE TRANSPORT IN CULTURED M üL L E R  
CELLS BY C a2+/CALM ODULIN DEPENDENT ENZYMES. A. Gadea1 and A. 
M. López-Colomé1' 2 *. 'Institute de Fisiología Celular; 2Facultad de Medicina, 
Universidad Nacional Autónoma de México, Apartado Postal 70-253, México D.F., 
04510.
Rapid termination of the synaptic action of glutamate (glu) and glycine (gly) is 
achived by uptake into the presynaptic terminal and glial cells. In the vertebrate 
CNS, gly acts both, as an inhibitory neurotransmitter and as a glu modulator or 
coagonist at postsynaptic N-methyl-D-aspartate (NMDA) receptors. To date, two 
different glycine transporters have been cloned GLYT1, which seems to colocalize 
mainly with NMDA receptors and GLYT2 which colocalizes with the inhibitory 
glycine receptors. We have previously characterized the glycine transport system in 
Müller cells of chick retina. This system has two componentes, one of high affinity 
and one of lower affinity. The high affinity system was identified as GLYT1. Since 
the gly transport system could participate in the modulation of glu excitatory 
transmission in the vertical pathways of the retina through the NMDA receptors, the 
regulation of gly transport in confluent monolayer cultures of Müller cells from 7- 
day-old chick embryos was studied. Uptake was measured at 37°C in Krebs-Ringer 
Bicarbonate buffer containing [3H]-gly/gly 1:25000. Incubation of Müller cells with 
the PKC activators phorbol-12-myristate-13-acetate (0.1, 0.5 and 1 µM) and 1,2- 
dioctanoyl-rac-glycerol 100 µg/ml, and the PKC inhibitors staurosporine (100 nM), 
H7 (50 µM) and polymyxine B (400 µM) had no effect on the transport. Neither did 
the PLC inhibitor neomicm (110 µM) and the AC activator forskolin (2.5 µM). 
Incubation of the cells with trifluoperazine (25 µM) and R-2457l (5 µM), inhibitors 
of CaWcalmodulin-stimulated enzymes, led to a 50% and 60% decrease in the 
transport respectively. These results suggest that glycine transport in these cells is 
regulated by CaUcalmodulin-dependent enzymes. This work was partially supported 
by a grant from CONACYT.

826.24

CLONING AND EXPRESSION OF THE HUMAN GLYCINE TRANSPORTER 
TYPE 2 . M.J. Gallagher, L.H. Burgess*, and K.R. Brunden. Discovery Re
search, Gliatech Inc., 23420 Commerce Park Rd., Cleveland OH, 44122.

The termination o f neurotransmission includes the removal of neurotrans
mitters by rapid, sodium-dependent transporters. Several o f the gene products 
of amino acid transporters have been cloned and sequenced, including those 
involved in GABA, glutamate and glycine uptake. Two glycine transporters, 
termed type 1 (G lyT l) and type 2 (GlyT2), have been characterized in rat and 
share 50% homology at the amino acid level. W hile the human G lyTl trans
porter has been characterized, only the rat GlyT2 sequence has been published 
(Liu, et. αl, J. Biol. Chem. 268; 22802-8, 1993). W e report the cloning o f the 
human GlyT2 (hGlyT2) sequence using degenerate primers designed from the 
known rat sequence. The hGlyT2 sequence shares approximately 8 8 % identity 
at the nucleotide level, and 96% amino acid homology, to the rat sequence. 
The greatest difference between the rat and human transporters was that the 
latter possessed a number o f additional stop codons in the 5 ’-end o f the gene. 
These stop codons predict a different start methionine, and shorten the N- 
terminus by 155 residues compared to the published rat sequence. The human 
sequence, when expressed in COS-7 cells, created a fully functional trans
porter that mediated a significant increase in the sodium- and chloride- 
dependent uptake o f [3H ]-glycine over mock-transfected cells. Like the rat 
GlyT2 transporter, the glycine uptake mediated by hGlyT2 is insensitive to 
sarcosine. In addition to the wild-type hGlyT2 transporter, three additional 
variants were also isolated and characterized. (Supported by NIH grant 
R43-M H58037.)

HPG REGULATION VI

827.1
LUTEINIZING HORM ONE-RELEASING HO RM ON E (LHRH)- 
SYNTHESIZING NEURONS ARE INNERVATED BY SUBSTANCE-P 
IM M UNOREACTIVE AXONS IN THE HUMAN DIENCEPHALON. B. 
D udásl,  E. Dobó^, I. M erchenthaler^ and Zs. L iposits**. *Dept. of Anatomy, 
A lbert Szent-Györgyi M edical University, Szeged, H ungary, and ½ o m e n 's  
Health Research Institute, W yeth-Ayerst Research, Radnor, PAS USA.

Recent evidence has shown th at substance-P (SP)-iπιπιunoreactive 
axons synapse on LHRH neurons in the diencephalon of the rat. Release of 
LHRH can also be induced by SP from  the ra t hypothalam us. In order to 
elucidate the putative regulatory role of SP upon hum an gonadal functions, 
SP- and LH RH-im m unoreactive (IR) neurons were m apped and their 
relationship was analyzed in p o s t  m o r t e m  hum an forebrain  samples.

The distribution of LH RH- and SP-IR sites were studied by means of 
double labeling im m unocytochem istry utilizing diam inobenzidine (DAB) and 
silver intensified DAB chromogenes. The LH RH-IR perikarya were located in 
the diagonal band of Broca, lam ina term inalis, medial preoptic and 
infundibular areas of the brain. The SP-IR axons form ed dense networks in 
the preoptic, periventricu lar and infundibular regions. Their cell bodies were 
located mainly in the periventricu lar and infundibular regions. Juxtapositions 
were also observed between the SP-IR axon varicosities and LHRH neurons. 
Brown DAB-labeled LH RH-IR neurons were seen to be contacted by black, 
silver intensified SP-IR fibers. Both axo-somatic and axo-dendritic 
connections were established.

These findings indicate th a t SP-synthesizing neurons may centrally 
regulate hum an reproduction via synaptic interactions with LHRH neurons. 
F u rth er studies are  in progress to explore the u ltrastructu ral correlates of 
this comm unication.

This work was supported by OTKA g ran t T016354.

827.2
Estrogen Receptor-beta (ER-ß) mRNA D istribution in the male sheep 
HYPOTHALAMUS. Stanley M. Hileman1. Robert J. Handa2 and Gary L. 
Jackson3* 'Department o f Medicine, Beth Israel Deaconess Medical Center 
and Harvard Medical School, Boston, MA 02215, departm ent o f Cell 
Biology, Neurobiology and Anatomy, Loyola University Medical Center, 
M aywood, IL 60153, departm ent o f  Veterinary Biosciences, University o f  
Illinois, Urbana, IL 61802.
Recent demonstration o f a second form o f  the estrogen receptor, ER-ß 
suggests that hypothalamic actions o f estrogen are not solely mediated by the 
α  form o f  the receptor. In an initial step to determine the role o f  ER-ß and 
to extend information on this receptor to another sex and species, we used in 
situ hybridization (ISH) to localize ER-ß m RNA in the hypothalamus o f male 
sheep (n=4) which had been castrated for at least 6 months. ISH was 
performed on a scries o f hypothalamic sections encompassing an area from the 
diagonal band o f broca through the caudal arcuate nucleus using sense and 
antisense cRNA probes transcribed from an ER-ß cDNA pertaining to 
nucleotides 1183-1614 o f rat ER-ß. Signal was localized in the medial 
preoptic area, bed nucleus o f the stria terminalis, lateral hypothalamus, 
paraventricular nucleus, retrochiasmatic area, dorsomedial hypothalamus and 
supraoptic nucleus. Only sparse labeling was noted in the arcuate nucleus and 
ventromedial hypothalamus. No signal was observed when the sense form of  
the probe was used. Thus, while there was overlap with some areas known 
to contain ER-α, differences did occur suggesting divergent ER-ß and ER-α 
functions. A lso, distribution was very similar to that observed in the rat and 
mouse suggesting a conserv ation o f function among species. Work supported 
by NSF 96-04723 (RJH) and USDA AG 95-37203-2033 (GLJ).

827.3

RECEPTOR PROFILING NATIVE GnRH NEURONS USING SINGLE CELL 
RT-PCR. M.J. Skvnner. J.A. Sim*. J.-R. Pape and A.E. Herbison Laboratory of 
Neuroendocrinology, Department of Neurobiology, The Babraham Institute, 
Cambridge, CB2 4AT, UK

An understanding of the molecular and cellular characteristics of gonadotropin- 
releasing hormone (GnRH) neurons is clearly desirable for the rational management 
of fertility. At present, relatively little information exists regarding the neurotransmitter 
receptors expressed by native GnRH neurons. By combining transgenic methodologies 
which enable the visualization of GnRH neurons in the acute brain slice with sensitive 
multiplex RT-PCR methodologies we are presently able to examine for the presence of 
multiple specific transcripts in individual GnRH neurons of the mouse.

A number of studies have now demonstrated that GABA acts through the GABAa 
receptor to modulate the activity of GnRH neurons throughout development. In this 
study we have examined for the presence of the α 1-5, ß 1-3 and y 1-3 subunits of the 
GABAa receptor in individual GnRH neurons located in the medial septum and rostral 
preoptic area of neonatal (postnatal day 5), pre-pubertal (day 10-40) and adult (day 50 
onwards) female mice. In neonatal mice, neurons containing GnRH transcripts were 
also found to express all 5 α and all 3 ß subunits of the GABAa receptor as well as γ2 
subunit mRNA The α5 subunit was the most frequently encountered subunit whilst α4 
was the least. Single cell RT-PCR of visually-identified cerebellar Purkinje cells for all 
11 subunits only ever resulted in the detection of α l,  ß2, ß3 and γ2 subunit mRNAs. 
In pre-pubertal mice, a similar profile to that of neonates was obtained from GnRH 
neurons, although the α4 subunit was now never encountered. In contrast, the pattern 
of GAB Aa receptor subunit expression in GnRH neurons of the adult female was much 
more restricted with only the α l, α2, α5, ß3 and γ2 subunit mRNAs being detected.

These results indicate that GnRH neurons are likely to exhibit a range of different 
GABAa receptor isofomis following birth but that this becomes more restricted after 
puberty. Such alterations may underly a changing role for GABA in the regulation of 
GnRH neuronal activity.

827.4
PATCH-CLAM P STUDIES ON GnRH NEURONS IN ACUTE SLICE 
PREPARATIONS. J.A Sim,M,J. Skvnner, RG. Dyer* and A.E. Herbison. Laboratory 
of Neuroendocrinology, Department of Neurobiology, Babraham Institute, Cambridge 
CB2 4AT, England, U.K..

Gonadotropin-releasing hormone (GnRH) neurons play an essential role in the 
regulation of mammalian reproduction. The objective of the present study was to 
investigate the electrophysiological and pharmacological properties of identified GnRH 
neurons. Thin (150 µm) coronal slices were prepared from young (15-22-day-old) and 
adult (50-day-old) female mice. Using patch clamp recording in the whole cell 
configuration, passive and active membrane properties of GnRH neurons were 
investigated under current clamp. Patch electrodes were filled with a KCl-based internal 
solution (Eα set at +2.5 mV) containing ATP/GTP and had resistances of 10-12 MΩ. All 
experiments were carried out at room temperature (20-23°C). Following recording, 
neurons were verified to be GnRH by single cell RT-PCR for the presence of GnRH 
transcripts.

Our preliminary findings revealed two populations of GnRH neurons in young 
animals. In one population, cells were quiescent and exhibited a lack of sodium-activated 
action potential in responses to depolarizing current injections. In the other population, 
neurons were spontaneously active and had evoked spike overshoot > +10mV. GnRH 
neurons in older animals, exhibited passive and active properties similar to the latter 
population of GnRH neurons in young animals. In both age groups, GnRH neurons had 
resting membrane potential of -72 mV (ranging from -62 to -85mV), exhibited spike 
afterdepolarizing potential (ADP) and displayed anomalous rectification in response to 
hyperpolarization.

Application of bicuculline, a GABAa antagonist, abolished most of the spontaneous 
activities in GnRH neurons, and in addition, induced membrane hyperpolarization in 
most cells. Furthermore, GnRH neurons responded in a dose-dependent manner to bath- 
applied GABA in the presence of tetrodotoxin. This suggests the presence of functional 
GABAa receptors on GnRH neurons.

Society for Neuroscience, Volume 2 4 ,19 9 8
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827.5

ID E N T IFIC A T IO N  OF ESTRO GEN R E C E PTO R -C O N T A IN IN G  
NEURONS PR OJECTING  TO THE VIC IN ITY OF THE GnRH  
PERIKARYA IN THE SHEEP. M L Goubillon1. B. Delaleu2. Y. Tillet2. 
A. Caratv2. and A.E. Herbison1* 'Lab. Neuroendocrinology, The Babraham 
Institute, Cambridge, UK; 2Physiologie de la Reproduction, INRA, Nouzilly, 
France.

Estrogen seems likely to exert an indirect influence on the biosynthetic and 
electrical activity of GnRH neurons. The present experiments have utilized 
retrograde tracing techniques to examine where estrogen-receptive primary afferents 
to the GnRH perikarya originate from in the sheep brain. Ten intact breeding season 
He de France ewes were anesthetized and 2OOnl of Fluorogold injected into the 
rostral preoptic area. Progesterone and estrogen concentrations were manipulated 
over a period of 8-10 days to induce a luteinizing hormone surge. Ewes were killed 
2 days following the surge and their brains perfused with 4% paraformaldehyde.

The GnRH neurons in the rostral preoptic area of the ovine brain were well 
targeted by Fluorogold in 6 ewes. In these animals, the largest numbers of 
retrogradely labelled neurons were found in the preoptic area, lateral septum and 
arcuate nuclei, with moderate numbers evident in the ventromedial nucleus, 
paraventricular nucleus of the thalamus, posterior bed nucleus of the stria 
terminalis, and ventrolateral medulla. Smaller numbers of cells were observed in the 
median eminence and nucleus tractus solitarii. Immunocytochemistry for ERα 
using the monoclonal 1D5 antibody revealed a distribution of ER-immunoreactive 
neurons in the hypothalamus and brainstem as noted previously. The largest 
populations of retrogradely labelled neurons also found to express ERα were 
detected in the preoptic area, lateral septum, arcuate and caudal ventromedial nucleus. 
Smaller numbers of double-labelled cells were found in the median eminence and 
ventrolateral medulla.

These observations suggest that neuronal cell populations in a number of different 
regions of the hypothalamus and brainstem project to the vicinity of the GnRH 
perikarya and that some of these inputs are estrogen receptive.
Supported by an EU Training Fellowship to MLG.

827.7

GnRH GENE EXPRESSION IN MICE LACKING A FUNCTIONAL  
G A M M A 2 SUBUNIT OF THE GABAa RECEPTOR. S.X Sim onian1. 
J.A. Sim 1, M.J. Skvnner1. C. Essrich2, B. Luscher2 and A.E. Herbison1 (SPON: 
British Neuroscience Association) 'Lab. of Neuroendocrinology, Babraham Institute, 
Cambridge, UK; institute of Phaπnacology, University of Zurich, Switzerland.

Gonadotropin releasing hormone (GnRH) cells are born in the nose of the mouse 
and migrate to reach.the forebrain by embryonic day 19.5. The migration and 
electrical activity of these cells is thought to depend, in part, upon GABAa receptor 
activation. Although the minimum requirement for a functional GABAa receptor is 
an α  and ß subunit, recent findings indicate that the γ2 subunit is essential for 
synaptic receptor targeting (see Essrich e t  a l. Soc Neurosci., 1998).

We investigated here the effects of a lack of a functional γ2 subunit on the 
migration and gene expression of GnRH cells in neonatal mice. Coronal brain 
sections containing the media! septum (MS) and preoptic area (POA) of postnatal day 
11 to 16 wild type (wt) and γ2 knockout (γ2KO) mice were analysed for GnRH 
mRNA expression using in  s i tu  hybridization. The GnRH mRNA content of MS 
cells as measured by silver grain (sg) density was significantly higher in wt mice 
(1.24+0.09 sg/µm 2/cell) compared with γ2KO mice (0.81 ±0.10 sg/µm 2/cell; 
p<0.05). The same trend was seen for GnRH neurons in the POA (wt, L09±0.12; 
and γ2KO, O.82±O.I2 sg/µm2/cell). Histograms of the relative proportions of cells 
expressing the different levels of sg density revealed normally distributed populations 
of cells for both animal groups while a 'peak shift' was observed towards lesser sg 
density in γ2KO mice in both MS and POA. Cell counts of the number of GnRH 
mRNA expressing cells per section revealed no difference between wt and γ2KO 
animals in cither the MS (8.5±O.6 vs 8.2±l.2) or POA (l2.9±2.O vs l4.7±2.6 
cells/section, respectively). Preliminary results using single cell RT-PCR analysis of 
individual GnRH neurons from wt postnatal day 10-20 mice show that a sub
population of GnRH cells express γ2 subunit mRNA.

These results indicate that the absence of the γ2 subunit of the GABAa receptor in 
GnRH neurons does not influence their migration whereas this subunit does seem to 
be functionally significant in maintaining normal GnRH transcript levels.

827.9

TR A N SC R IPT IO N A L  A C TIV A TIO N  BY EST R O G E N S IN G T1-7  
CELLS IS NO T C O R R EL A TE D  W ITH  A FFIN ITY  FO R  TH E  
C L A SSIC A L ESTR O G E N  R E C E PTO R  (ER -α). B, A ttard i1*. D. Pfaff2. and
L. H endry ', ' Lab o f  Mol. N eurobiol., Burke M ed. Res. Instit. o f  Cornell Med. 
Coll., W hite Plains, NY 10605; 2Dept. o f  N eurobiol. and Behav., Rockefeller 
University; :’Dept. o f  Physiol, and Endocrinol., M ed. Coll, o f  G eorgia.

The GT1-7 neuronal cell line was used to assess the transcriptional activity  
o f  estrogenic com pounds varying in affinity  for ER-α. G T1-7 cells were 
cotransfected with a vector containing 3 copies o f  a consensus estrogen 
response e lem ent upstream  o f  a TA TA sequence and the luciferase gene 
(3X ER E-LU C from D. M cD onnell), and an ER -α expression vector, by the 
calcium  phosphate procedure. Luciferase activity  was increased up to 200-fold 
by treatm ent o f  transfected cells with 17ß-estradiol (1 7ß-E 2). In the absence o f 
the ER vector or in the presence o f  a vector m utated in the DNA binding site 
(HE1 1 from P. Cham bon), stim ulation by 17ß-E2 was absent (<2-fold). The 
antiestrogen 4-hydroxytam oxifen alone increased transcription 10 to 15-fold at 
10 nM and also reduced the activity  o f  17ß-E 2 in a dose-dependent m anner. At 
1 nM, the estrogens 11 ß-acetoxy E2 (relative binding affin ity  for ER <0.001 
com pared to 17ß-E 2) and 17α-ethynyl E2 showed a potency greater than or 
equal to that o f  17ß-E2 followed by hexestrol, d iethylstiIbestrol, and dienestrol, 
whereas 17 α -E :. genistein. m estranol, and bisphenol A were essentially  
inactive (<2-fold stim ulation). Thus, these results dem onstrate that the 
quantitative ab ilities o f  various estrogens to stim ulate transcriptional activity  
were not strictly  correlated with affinity  for ER-α. Also, G T1-7 cells contain 
the necessary cofactors to allow  a robust transcriptional response to estrogens 
in the presence o f  transfected ER. Supported by NIH grant DK 47938.

827.6
EFFECTS OF DELETION OF 3 ’ AND 5 ’ FLANKING REGIONS  
OF GnRH GENE ON GnRH EXPRESSIO N IN TR AN SG ENIC  
M ICE. J.-R. Pape, M.J. Skvnner. R.J.Bicknell*. N. Allen and A.E. Herbison. 
Lab. of Neuroendocrinology, The Babraham Institute, Cambridge, CB2 4AT, UK

To evaluate the gene elements essential for the correct expression of gonadotropin
releasing hormone (GnRH) within the brain, we are presently examining transgenic 
mice bearing different promotor-driven murine GnRH constructs. Transgenic GNZ 
mice (Skynner e t  a l . ,  Soc. Neurosci. 23; 591.16) carrying a l3kb GnRH construct 
containing 5kb of 5’ sequences, all introns and exons (with the lacZ reporter in exon 
II), and 3.5kb of 3’ flanking sequences express the ß-galactosidase transgene in 
approximately 90% of GnRH neurons in the adult male mouse. Transgene expression 
unrelated to adult GnRH expression is also found in the lateral septum in GNZ mice.

New transgenic mice carrying the GNZ construct with a deletion 3’ of exon II were 
made by standard pronucleus injection techniques. Four founder lines of mice were 
derived and all found to express ß-gal with the same distribution. Double-labelling 
immunocytochemical studies using GnRH and ß-gal antibodies show that 
approximately 85% of GnRH neurons express the transgene in adult male mice. 
“Ectopic” transgene expression was also detected consistently in many other brain 
regions including the lateral septum.

Further lines of mice have been generated with deletions of the 5’ flanking 
sequences. Two founder lines of mice bearing a reporter construct containing the first 
2kb of 5’ sequences through to the lacZ insertion site in exon II have been obtained. 
Transgene expression was equivalent in the two lines and double-labelling 
GnRH/ßgal analysis shows that only approximately half (55%) of the GnRH 
population expresses the transgene in adult male mice.

The present findings suggest that 1) sequences 3’ to exon II are not involved in 
determining the spatial expression of the GnRH gene within GnRH neurons, 2) 
important repressive elements exist in the 3’ flanking sequences which restrict GnRH 
transcription to GnRH neurons, and 3) that activational sequences required for GnRH 
expression exist between 5kb and 2kb in the GnRH promotor.
JRP is supported by a Wellcome Trust Travelling Fellowship.

827.8

A D D I T I O N  O F  A C Y T O P L A S M IC  C A R B O X Y L  D O M A IN  
IN C R E A S E S  E X P R E S S IO N  O F T H E  M O U S E  G N R H  RECEPTO R. 
T. Y u en , V. R o d ic , R. P. M illar, and S . C. S e a lfo n  *. F ish b erg  
C enter for  N e u r o b io lo g y , M ou n t S in a i S c h o o l o f  M ed ic in e , O ne  
G ustave L. L ev y  P lace, N ew  Y ork , N Y  10029.

M a m m a lia n  g o n a d o tr o p in  r e le a s in g -h o r m o n e  (G n R H )  
recep tors are d istin c t from  oth er  se v en  tran sm em brane G -protein  
cou p led  receptors in that they  lack  a cy to p la sm ic  carboxyl-term in al 
dom ain . N otab ly , the m am m alian  G nRH  receptors d o  not express at 
high  lev e ls  in tissu e  cu lture c e lls . R ecen t stu d ies sh o w ed  that n on 
m am m alian  G nR H  receptors, su ch  as th ose  from  frog , ca tfish , and 
g o ld fish , p o ssess  cy to p la sm ic  carboxyl-term in al dom ain s. A search  
o f  the expressed  sequence tag (E ST ) database revealed  a 47 5 -b p  partial 
c D N A  w h ich  e n co d es  a c y to p la sm ic  C -term inal dom ain , 5 4  am in o  
acid s lon g, o f  a putative hum an G nRH  receptor variant. T o  exp lo it the 
function o f  this cy top lasm ic dom ain , w e  m ade a c h im e n c  construct o f  
the m ou se G nRH  receptor w ith  the putative hum an G nRH  receptor C- 
term inal region. T h e ch im eric  m ou se  G nR H  receptor has sim ilar Kd  
and EC5O va lu es to the w ild -ty p e  receptor, as determ in ed  by receptor 
b in d in g  a ssa y  and p h o sp h a tid y lin o s ito l  tu rn o v er  in tran sien tly  
transfected C O S-1 ce lls . On the other hand, the exp ressio n  lev e l o f  
the ch im eric  construct is approxim ately  3 tim es as high as that o f  the 
w ild -ty p e  receptor. T h e  m ech a n ism  o f  the in c re a se d  le v e l  o f  
exp ression  w ith the addition o f  a cy to p la sm ic  C-term inal region to the 
G nRH  receptor w ill be d iscu ssed .

Supported by N IH  grant D K  4 4 9 4 3 .

827.10

C H AN G ES IN IGF-I G ENE E X PR E SSIO N  D U R IN G  PE R IN A T A L  
DEV E LO PM EN T AND IM PLIC A TIO N S FO R TH E G nRH  SY STE M .
S.F. Farrell* and A.C, Gore. Neurobiology of Aging Labs, Mount Sinai School of 
Medicine, New York, NY 10029

GnRH release is necessary for proper regulation and development of the reproductive 
system. Our laboratory has previously found that GnRH mRNA levels increase around 
the time of puberty, but that GnRH primary transcript levels, indicative of gene 
transcription, increase much earlier in development between postnatal day (P) 5 and P10. 
This early postnatal period is characterized by significant gliogenesis and the subsequent 
production of neurotrophic factors. We therefore examined changes in mRNA levels of 
one such substance, insulin-like growth factor (IGF) I, in the preoptic area-anterior 
hypothalamus (POA-AH) of developing male and female mice. IGF-I was chosen 
because receptor binding of IGF-I increases in the brains of rodents between P5 and P10, 
and IGF-I has been shown to stimulate GnRH release. In the present study, we tested 
the hypothesis that changes in the IGF-I system would temporally correspond to 
changes in GnRH primary transcript levels. Methods: The POA-AH of male and 
female mice aged P0, P5, P10, P I5, and P20 were dissected and RNA extracted. IGF-1 
mRNA levels in the cytoplasmic fraction were measured by RNase protection assay. 
Results: IGF-I mRNA levels increased markedly between P0 and P5, and decreased from 
P5 to P20. The mRNA levels changed significantly at each age as compared the 
previous age for all points except the transition between P I5 and P20. There were no 
significant differences between males and females. The marked peak in IGF-1 mRNA 
levels at P5 corresponds to the time of large increases in GnRH primary transcript 
levels, suggesting that IGF-1 may influence GnRH neurons and contribute to the 
increase in GnRH gene transcription at this time. Future studies will examine changes 
in IGF-I receptors, as well as the developmental response of the GnRH system to 
stimulation by IGF-I. (Supported by the NSF #IBN-9723398 to ACG).

Society for Neuroscience, Volume 2 4 ,1998



THURSDAY AM HPG REGULATION VI 2075

827.11
SOMATOSTATIN mRNA EXPRESSION IN THE SUPRACHIASMATIC 
NUCLEUS OF THE AGING FEMALE RAT. M.L. Kashon*. K. Krainak &
P,M. Wise. Dept, of Physiology. University of Kentucky, Lexington, KY 40536.

The decline in reproductive function of aging female rats has been linked to 
alterations in the suprachiasmatic nuclei (SCN) of the hypothalamus. These 
nuclei contain the circadian clock which is necessary for the timing of hormonal 
and neurochemical events required for the induction of surges in luteinizing 
hormone (LH) on the day of procstrus. The 24 hr profile of somatostatin (SRIF) 
mRNA expression in the SCN was analyzed in young (2-4 months), middle-aged 
( 1 0 - 1 2  months) irregularly cycling, and old (18-20 months) persistent diestrous 
female rats. All animals were maintained on a 14:10 LD cycle (lights on 0400), 
and ovariectomizcd for one week prior to a 2 -day treatment with estradiol.
Animals were killed at 7 time points oyer a 24 hr period and processed for in  s i tu  • 
hybridization using a 428 bp cRNA probe complementary to a portion of the rat 
prcpro-SRIF gene. Two-way ANOVA (Time by Age) showed a main effect of 
age and a main effect of time of day (all p’s < .05). The interaction between time 
and age was not significant. Post-hoc analysis revealed that old animals had 
si<inificant! ' lower labeling for SRIF mRNA compared to both young and middle- 
aged animals. The latter two groups did not differ from one another. Analysis of 
the main effect of time indicated that there was a diurnal rhythm in SRIF 
expression with the peak occurring at 0300 hr and a nadir at 2000. Analysis of 
individual age groups showed that the peak of mRNA expression was phase 
advanced in the middle-age and old groups, occurring at 2400 as opposed to 0300 
in the young group. We conclude that there are alterations in the rhythmic 
expression of SRIF mRNA that occur with aging in female rats, however diurnal 
variations still occur in all groups of animals. Supported by NIH AGO2224 to 
PMW . AG05762 to MLK,"and AG05755 to KK.

N EU R A L-IM M U NE IV

828.1

LIPOPOLY SACCHARIDE STIMULATES THE RELEASE OF 
NOREPINEPHRINE FROM THE HYPOTHALAM US IN-VITRO. Joseph 
Francis. P.S. MohanKumar*. Sheba M. J. MohanKumar and S.K. Ouadri. 
Neuroendocrine Research Laboratory, Kansas State University, Manhattan, KS 
66506.

Lipopolysaccharide (LPS) has been shown to produce a number o f  
central and neuroendocrine effects. W hile all the mechanisms 'are not clear, it 
is believed that central catecholamines could be involved in the LPS-induced 
effects on the neuroendocrine system. In this study, we examined the effects o f  
LPS on the release o f  norepinephrine (NE) from the medial basal hypothalamus 
using a combination o f an in-vitro system and HPLC-EC. Adult male rats were 
sacrificed and the medial basal hypothalami were dissected out. Hypothalami 
were incubated at 37°C in an atmosphere o f  95% 0 2 and 5% C 0 2. During the 
first incubation period, basal release o f  NE was determined by incubating the 
hypothalami for 1 h in Krebs Ringers Henseleit (KRH; 300 µl) solution. In the 
second incubation period, hypothalami were incubated with KRH alone 
(control) or 200 ng o f  LPS in 300 µl o f  KRH for 1 h. In the third incubation 
period, the hypothalami were incubated with KRH alone for 1 h. In the control 
group, NE release (pg/mg hypothalamus) was 168.9 ±  76.1 during the first hour 
and remained at that level throughout the entire period o f  observation. In 
contrast, incubation with 200 ng o f  LPS produced a significant increase in NE 
release from 118 ± 26.2 to 272. l±  46.1 (p<0.05) before declining to basal levels 
during the third incubation period. These results indicate that LPS-induced 
neuroendocrine changes could be mediated through its direct effects on 
hypothalamic norepinephrine (supported by NIH AG 05980).

828.3

SINGULAR AND INTERACTIVE EFFECTS OF LIPOPOLYSACCHARIDE 
AND MURAMYL DIPEPTIDE ON LOCOMOTOR BEHAVIOR IN RATS. 
C.G. Engeland*. K.P, Ossenkopp and M. Kavaliers. Neuroscience Program, 
Dept, o f  Psychology, Univ. o f Western Ontario, London, Ontario, Canada, 
N 6 A  5C2.

Administration o f bacterial agents, such as lipopolysaccharide (LPS) and 
muramyl dipeptide (MDP), induce a number o f illness symptoms including 
decreased locomotor activity. In this study, male Long Evans rats were given 
a single intraperitoneal injection o f LPS (100 or 200 µg/kg) or M DP (0.8 or
1.6 mg/kg) or a combination o f LPS and M DP (100 µg/kg and 0.8 mg/kg 
respectively) or isotonic saline vehicle on days 1, 4  and 7. Tw o hours after 
injection the locomotor activity o f individual rats was recorded in an 
automated activity monitoring apparatus (Digiscan) for 30 minutes. Both LPS 
and M DP injected rats displayed dose dependent significantly lowered 
horizontal activity levels compared to controls. Vertical activity levels were 
also lower than in controls, though only the M DP groups exhibited this dose 
dependently. Rats which received both LPS and M DP were significantly less 
active on both vertical and horizontal measures compared to all other groups. 
Thus, a combination o f the low doses o f LPS and M DP decreased activity 
significantly more than the high dose o f either substance alone. This suggests 
that different neuroimmunological pathways are activated by each o f the 
bacterial agents since the treatments had an additive suppressant effect on 
activity levels. (Supported by NSERC)

828.2
MICROBIAL IMMUNOSTIMULANTS ALTER LOCUS COERULEUS NEURONAL ACTIVITY VIA 
INTERLEUKIN-1. M.K. Borsodv1* and J.M. Weiss2. College of Medicine, the Ohio State University, 
Columbus, OH 43210; departm ent of Psychiatry, Emory University, Atlanta, GA 30306.

The activity of locus coeruleus (LC) neurons, the major noradrenergic cell-body group in the 
brain, is believed to play an important role in attention/vigalence, cognitive functions, and 

certain behavioral disorders. We examined the effects on LC electrophysiological activity of 

three microbial immunostimulants: lipopolysaccharide (LPS), a component of Gram-negative 

bacterial cell membrane; peptidoglycan (PEP), a component of Gram-positive bacterial cell 
wall; and poly(I.C), a synthetic analog of a viral genome. Results reported here show that in 

the rat, intraperitoneal (i.p.) injection of LPS or PEP increases LC neuron electrophysiological 
activity via interleukin-1 (IL-1) acting locally in the LC region. Poly(l:C) given i.p. also increased 

LC neural activity, but this was not due to locally-acting IL-1. Furthermore, LC activation by all 

three i.p. immunostimulants was found to involve an intact subdiaphragmatic vagus nerve, 

suggesting that neural transmission from the peritoneum mediates the changes in brain activity.

Previous results from this laboratory showed that IL-1 - when microinjected into the LC 
region, or stimulated/expressed in that brain region by local LPS - increased the activity of LC 
neurons. Next, a single i.p. injection of LPS (10µg/kg) was found to increase LC activity 

progressively for at least 1 wk, with changes lasting for 3wk. I.p. LPS stimulates brain IL-1 

production, in a manner requiring subdiaphragmatic vagus nerve activity. The effects of i.p. 

LPS on LC activity could be blocked either by (1) microinfusion of IL-1 receptor antagonist (IL- 

1ra) into the LC region or (2) by subdiaphragmatic vagotomy (sdVagX), thereby indicating that 

changes in LC activity seen after LPS treatment were the result of IL-1 acting within the LC 

region. I.p. injection of PEP and poly(l:C) (1 mg/kg) also increased LC neuronal activity, but 

neither compound caused changes of more than 2d duration. The excitatory effect of PEP on 
LC neuronal activity could be blocked by local IL-1ra microinfusion into the LC, whereas that 

caused by poly(l.C) was insensitive to local IL-1ra microinfusion. Both i.p. PEP and poly(LC) 
did not change LC neural activity in sdVagX rats, indicating the involvement of the vagus nerve. 
These findings suggest that microbial immunostimulants in the periphery can give rise to 

prolonged changes in brain activity through cytokine activation in brain mediated by neural 

communication from periphery to brain. Supported by NIMH grant MH50420.

828.4

SYNERGISTIC ACTIONS OF INTERLEUKIN (IL)-lß , IL-6 AND 
TNF-α: CENTRAL NEUROCHEMICAL, NEUROENDOCRINE 
AND BEHAVIORAL ALTERATIONS. K. Brebner1, S. H avlev1, S. 
Lacosta1. R. Zacharko1, Z. Merali2 and H. Ánisman1*. Institute of 
Neuroscience, Carleton University1 and University o f Ottawa2, 
Ottawa, Ontario, Canada.

The bacterial endotoxin, lipopolysaccharide (LPS), provokes 
sickness behavior, increases hypothalmic-pituitary-adrenal activity, 
and alters hypothalamic neurotransmitter functioning. Likewise, the 
proinflammatory cytokines, interleukin-lß (IL-1), IL-6 and tumor 
necrosis factor-alpha (TNF-α) have been shown to elicit some o f these 
effects. It is demonstrated in the present investigation that in addition 
to these action, LPS may engender profound extrahypothalamic amine 
variations. L ikewise, it is shown that IL-1 and TN F-α act to promote 
disturbances o f consumption o f a palatable substance (chocolate milk), 
to enhance plasma corticosterone concentrations, and to provoke 
hypothalamic and extrahypothalamic amine alterations in CD-I mice 
(e.g., increased norepinephrine utilization in the PVN, locus coeruleus 
and prefrontal cortex). In contrast, IL-6 had relatively little effect with 
respect to these variables. Sub-optimal doses o f  IL-1 and T N F -α  
induced synergistic effects with respect to consumption and 
neuroendocrine levels and may engender such effects on 
neurotransmitters in several brain regions. In contrast, synergistic 
effects were not evident with respect to IL-1 + IL-6 or IL-6 + TNF-α. 
It is suggested that analysis o f  the effects o f  immunological challenge 
need to focus on the synergistic actions o f  various cytokines.

Supported by the Medical Research Council of Canada
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828.5

MODULATION OF TYPE I INTERLEUKIN-1 RECEPTOR MESSENGER RNA 
BY REPEATED ENDOTOXICIN LIPOPOLYSACCHARIDE TREATMENT IN 
THE MOUSE BRAIN. I. Nagano. T. Takao*. N. Nanamiyar K. Hashimoto. 
Second Departm ent o f Internal Medicine, Kochi Medical School, 
Nankoku 783 , Japan

In an a ttem pt to  define the  regulation o f IL-1 recep to r expression  
by repeated endotoxin lipopolysacchride (LPS) in the  mouse, we 
measured levels o f Type I IL-1 re c e p to r  ( IL -1 R 1 ) mRNA using  
reverse tra n sc rip tio n -p o lym e la se  chain reaction techniques in the  
hippocampus and hypothalamus in male C 5 7B L/6  mice. LPS (3 0  
µg/m ouse) or same volum e o f saline were in jected a t 24  h intervals  
fo r four consecutive days. The mice were divided in to four groups: 1) 
LPS in jections fo r 4 days and LPS in jection on the  day 5 (LPS-LPS); 
2) LPS in jections fo r 4 days and saline in jection on the  day 5 (LPS- 
Saline); 3) saline in jections fo r 4 days and LPS injection on the day 
5 (S a lin e -L P S ); 4 ) saline in jections fo r 4 days and saline in jection  
on the  day 5 (Saline-Saline). The mice were sacrificed by 
decapita tion a t 2 h a fte r the last injection. IL-1R1 mRNA in th e  
hippocampus was m arkedly increased by a single in jection  o f LPS 
(Saline-LPS) com pared w ith  c o n tro l (Saline-Saline). In c o n tra s t, 
repeated LPS tre a tm e n t (LPS-LPS and LPS-saline) induced no 
s ign ifican t increases o f IL-1R1 mRNA com pared w ith  con tro l 
(S a lin e -S a lin e ). IL-1R1 mRNA in the hypothalamus was unchanged 
in all g roups examined. These data dem onstrate the differential 
effects of one and repeated LPS adm inistration on m odulation o f IL-1 
recep to rs  in the  brain.

828.7

SYSTEMIC ADMINISTRATION OF LIPOPOLYSACCHARIDE ENHANCES 
RELEASE OF NITRIC OXIDE AND GLUTAMATE IN THE NUCLEUS TRACTUS 
SOLI'ξARII (NTS) OF RATS H.-C. Lin . FpJ. Wan . B.-H. Kang2. C.-C. Wu . C.-J. 
Tseng . g rad u a te  Institute of ^ife Sciences1, Institute of Undersea and Hyperbaric 
Medicine , Dept, of Pharmacol. , National Defense Medical Center, Taipei; Dept, of 
Med. Res. Veteran General Hospital-Kaohsiung, Taiwan, R.O.C.

Lipopolysaccharide (LPS), an endotoxin, has been reported to elicit expression of 
inducible nitric oxide synthase (iNOS) both in peripheral organs ànd in the brain. While 
systemic administration of LPS produces profound cardiovascular effects, little is 
known in respect of its CNS action. In the brain, LPS can enhance pressor effect of the 
glutamate agonist NMDA following intracerebroventricular infusion. Nitric oxide (NO) 
and glutamate in the NTS are important mediators for central cardiovascular regulation. 
We have previously demonstrated that intravenous injection o f LPS increased the NO 
precursor L-arginine-induced depressor effect in the NTS. LPS was also found to 
potentiate catecholamine neurotransmission in discrete brainstem nuclei. Thus, the 
present study investigated further the effect of LPS on the release of NO and glutamate, 
and on the expression of Fos, an immediate early response gene product, in the NTS. In  

v i v o  microdialysis and electrochemical detection method was applied to measure 
extracellular levels of NO and glutamate. Immunohistochemistry was employed for 
examining Fos protein expression. We found that intravenous injection of LPS (10 
mg/kg) produced a biphasic depressor effect, with an early hypotension which partially 
recovered within 15 minutes, and a secondary, more prolonged hypotension. In the 
NTS, extracellular NO and glutamate levels gradually increased 5 hours after LPS 
injection and lasted for more than 10 hours; these effects of LPS were abolished by 
pretreatment with the iNOS inhibitor aminoguanidine. Fos protein expression in the 
NTS and related brainstem nuclei for cardiovascular control were induced 6 hours after 
LPS challenge. Taken together, these data suggest that systemic administration of LPS 
appears to activate central neural pathway for modulating cardiovascular function, 
(supported by DOH87-HR-7O5, ROC)

828.9

EFFECTS OF AGE ON CHEMOKINES FOLLOW ING THE 
INTRAHIPPOCAM PAL INJECTION OF KAINIC ACID.
A.N  Kalehua1*. J. M uñoz1, P.V. Baskar2 and D.D. Taub2. ^ P G S /L C M B  
and 2 LCI/LI, NIA/NIH , Baltimore, M D 21224.

We have utilized the neurotoxin, kainic acid, (KA) to produce selective 
lesions within the hippocampal formation (HPC) o f  aged (22 m o) and 
young (6  mo) Fischer 344 rats. KA (1 µg/µl) was injected unilaterally 
within the HPC, producing neurodegeneration within the ipsilateral area 
CA3 while axotom izing the contralateral area CA3. After various survival 
periods, animals were sacrificed, hippocampi dissected and hom ogenized  
in PBS, centrifuged, and supernatants frozen on dry ice for the ELISA 
analysis o f  MIP2. Selected animals were perfused with 4% 
paraformaldehyde for the immunohistochemical identification o f  MIP2.

ELISA analysis revealed an age-dependent increase in MIP2 levels 
within ipsilateral HPC supernatants 2-4 hr post-injection, with no apparent 
age differences in the contralateral HPC. In general, MIP2 levels were 
higher within the ipsilateral vs. the contralateral HPC o f  both ages. MIP2- 
labeled neurons were observed only within the ipsilateral HPC. These data 
suggest that the permeability o f  the blood brain barrier may be greater in 
the aged CNS following neurotrauma. We are currently extending our 
results to include the chemokine, MCP1.

828.6
REGULATION OF nNOS ACTIVITY IN AREAS OF HPA AXIS IN 
RESPONSE TO IM M UNE CHALLENGE. R.M. Uribe. S. Lee and C. 
R iv ie r * . Clayton Foundation Laboratories for Peptide Biology, The 
Salk Institute, La Jolla, CA 92037.

Nitric oxide (NO) is an unstable gas that is produced, in particular, in areas of the 
hypothalamus that âre important for the hypothalamic-pituitary-adrenal (HPA) axis, 
and which modulates the response of this axis to inflammatory as well as non-immune 
stimuli. mRNA for neuronal NO synthase (nNOS), one of the enzymes responsible for 
NO formation in the brain, is present in the paraventricular nucleus (PVN) of the 
hypothalamus, and is upregulated by endotoxin (LPS). However, this change is 
delayed compared to ACTH release, which makes it difficult to determine whether it is 
functionally important for the hormonal response. To obtain a more resolute time- 
course of the NO response, we measured Ca-dependent NOS activity using the 
conversion of L -l [U -14C]arginine to L - l[U -14C]citrulline, as well as the 
immunohistochemical detection of citrulline-producing cells in the PVN in response to 
LPS injection (100 µg/kg, iv). LPS produced the expected increase in ACTH and 
corticosterone levels with peak responses 1 h and 30 min after treatment, respectively. 
PVN NOS activity showed a modest transient but significant increase (30% over 
control values, P<0.01) in response to LPS, then decreased (23% below control 
values, P<0.05) 6 h after treatment. No significant changes were observed in the 
mediobasal hypothalamus (median eminence and part of arcuate nucleus) or in pituitary 
lobes. Using a specific antibody to citrulline (kindly provided by Dr. Snyder), we 
observed a two-fold (P<0.01) increase in the number of PVN citrulline-positive cells 1 
h after LPS injection which was still detectable 3 h, but not 6 h later. The 
subcutaneous injection of L-NAME (50 mg/kg), which is reported to interfere with 
NO formation, blocked the effect of LPS on PVN NOS activity and on the number of 
PVN citrulline-positive cells, and significantly augmented the corticosterone but not 
ACTH response to endotoxin. Collectively, these results indicate that LPS-induced 
increases in HPA axis function correlate with activation of the PVN NOergic system, 
and support a role of NO in the modulation of the HPA axis in response to immune 
challenges. Supported by DGAPA/UNAM and NIH Grant MH 51774.

828.8

IN T R A T H E C A L L Y  A D M IN IS T E R E D  L IP O P O L Y S A C C A R ID E  
C A U SE S M E C H A N IC A L  A L L O D Y N IA , B U T  N O T  T H E R M A L  
H Y PE R A L G E SIA , IN M ICE.
K .L .S ch re ib er, P .W .W acnik2 T .M .Laughlin2, A.M . P arso n s2*, G .L .W ilcox12 
'G raduate P rogram  in Neuroscience, 'D ept, o f Pharm acology, 'N euroscience 
Research in Psychiatry, U o f M innesota, M pis, M N 55455

L ipopo lysaccaride  (LPS) ac tiva tes a m acrophage  m ed ia ted  im m une 
response that includes upregulation of cy tokines such as I L - lß  and T N F -α  
and iNOS expression both centrally  and peripherally . P revious studies have 
shown that both interperitoneal injection of LPS or intrathecal (i.t.) injection 
o f cytokines produces hyperalgesia. In addition, a m odel o f allodynia induced 
by i.t. injection of dynorphin can be blocked by cytokine receptor antagonists 
and NOS inhib itors (Laughlin  et al., 1997). The con tribu tion  o f cy tokine 
invasion  from  perip h era l to cen tra l space  c o n trib u te s  to  the  cen tra l 
sensitization underlying acute and chronic pain is poorly understood. M ore 
im portan tly , the central com ponen t o f the cy tok ine  cascade  and how  it 
produces either short-term  hyperalgesia (enhanced  pain sensitiv ity) or long 
term  allodynia  (sensitization  to non-noxious stim uli) have not been well 
defined. W e therefore sought to develop a model in m ice that directly induces 
central sensitization  by i.t. in jection  o f LPS. This allow s a focus on the 
centrally initiated aspect o f the imm une response, including the recruitm ent of 
m icroglia and astrocytes, which have been show n to upregulate cytokine and 
iNOS expression in response to injury and inflam m ation.

W e used a single 5 µL  i.t. in jection o f LPS on 7 w eek old ICR m ice. 
Therm al hyperalgesia (49°C hot w ater tailflick test) was not observed from  2 
hr- 1 wk follow ing LPS adm inistration  (0 .1-100µg). H ow ever, m echanical 
allodynia (sensitivity to non-noxious von Frey filam ents) was observed for at 
least 1 w eek in mice treated  with 0.1 and 1 µg o f LPS com pared  to saline 
controls, (supported by N ID A  grant R 01-D A -04274 and -01933 to GLW , 
tra ining grants N ID A #T 32G M 08471 for KS, N ID A #T 32D A 07097 for TL, 
and NIH / 5T 32-DEO 7288-02 for PW )

828.10

ODOR CONDITIONED IMMUNOENHANCEMENT IS DISRUPTED BY 
INSULAR CORTEX AND AMYGDALA NMDA INDUCED LESIONS. V,
Ramírez-Amava*. E. Espinosa. G. Pacheco-L6oez & F. Bermúdez-Rattoni. 
Depto. de Neurociencias, Instituto de Fisiología Celular, UNAM, México, 
D.F. 04510.
Pavlovian conditioning procedures can be used to activate the immune 
system. A reliable conditioned increase of antibody production resembling a 
secondary immune response can be obtained in rats that receive the 
pairing of a gustative or odor stimulus with an antigen. We are interested in 
the neural substrates of conditioned immune responses. Previously, we 
have demonstrated that the insular cortex and the amygdala are involved in 
conditioned immunoactivation obtained by the pairing of saccharine with 
Hen Egg Lysozyme. In this study, we evaluate the effect of insular cortex, 
amygdala and hippocampal NMDA induced lesions, performed before the 
acquisition of a conditioned enhancement of antibody production. The 
conditioning is obtained by the pairing of almond odor with Hen Egg 
Lysozyme as the antigen. After the end of the primary immune response 
(25 days later), rats were reexposed to the gustative stimulus alone, and 4, 
8, 12 and 16 days after reexposure blood samples were taken and the 
serum was analyzed by indirect ELISA for antibodies against HEL. The 
results showed that insular cortex and amygdala but not hippocampal 
lesions disrupted the conditioned increase of IgM and IgG antibody 
production. These data imply that the involvement of this structures in 
conditioned immunoenhancement is not attributable to a sensory effect of 
lesions, and further suggest that this regions participates in some aspects of 
neural immune interactions. Supported by DGAPA IN2121996
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828.11

MOLECULAR MECHANISMS INVOLVED IN THE DOWNREGULATION OF 
IL-2 GENE EXPRESSION BY THE NEUROPEPTIDES VASOACTIVE 
INTESTINAL PEPTIDE (VIP) AND PITUITARY ADENYLATE-CYCLASE 
ACTIVATING POLYPEPTIDE (PACAP). H-Y. Wanα. X. Jianα and D. Ganea*. 
Dept, of Biological Sciences, Rutgers University, Newark, NJ 07102.

The neuropeptides VIP and PACAP present in the innervation of the 
lymphoid organs downregulate IL-2 expression in antigen-stimulated T cells 
through binding to specific VIP/PACAP receptors. The transduction 
pathways relevant to the inhibition of IL-2 gene expression are not known. 
Here we investigate the effect of VIP on the composition of AP-1 
(transactivating fos/jun complexes), and on the induction of members of the  
ICER family (transcriptional repressors). In anti-CD3 stimulated T cells VIP and 
PACAP affect the mRNA expression of members of the jun family, by 
downregulating c-jun and upregulating junB. Forskolin, a known cAMP 
inducing agent causes similar changes. Western blots indicate that changes 
in c-jun and junB mRNA are reflected at the protein level. The decrease in c- 
jun appears to be mediated through the inhibitory effect of VIP/PACAP on 
JNK kinase. Changes in the AP-1 composition were previously reported to 
reduce the transactivating activity. Indeed, gel retardation assays indicate a 
reduced AP-1 binding in nuclear extracts prepared from anti-CD3 stimulated 
spleen cells treated with VIP. cAMP also induces the expression of a series of 
transcriptional repressors, such as CREM and ICER, which compete with 
transactivating factors for DNA-binding. Here we show that, similar to 
forskolin,VIP induces the expression of both CREM and ICER mRNA in anti- 
CD3 stimulated T cells. We conclude that VIP/PACAP inhibits IL-2 gene 
expression through the gereration of transcriptional repressors such as 
CREM and ICER, and through changes in the composition of AP-1.
Grants: PHS-MH49O79, Busch Biomedical Research Support, PHS- 
AI41786.

828.13
E P 3-RECEPTOR ANTISENSE ATTENUATES FEVER INDUCED BY 
CENTRALLY ADMINISTERED INTERLEUKIN lß  (IL-1). L. Xin.* E. B. Geller.
M. Bastepe. R. B. Raffa. G. F. Mao. B. Ashby and M. W. Adler. Department of 
Pharmacology, Temple University School of Medicine, Philadelphia, PA 19140 

We have reported (FASEB J. 10: A 120, 1996) that IL-1-induced fever is mediated 
via endogenous opioids and PGE2 pathways that can interact with each other. 
Recently we found that pretreatment with antisense oligodeoxynucleotides (AS) 
directed against the PGE EP3 receptor could attenuate PGE2-induced fever. High 
levels of EP3 receptor mRNA exist in the preoptic anterior hypothalamus, and most 
isoforms of this receptor display Gi-protein coupling properties. Therefore, in this 
study, we used the AS against the EP3 receptor, as well as pertussis toxin (PTX) 
and a cyclic AMP analog, 8-bromo-cAMP, to investigate the possible involvement 
of the EP3 receptor in IL-1-induced fever. Thirty-two male S-D rats were injected 
with AS (25 µg), missense (MS, 25 µg) or saline into the lateral ventricle, through 
an i.c.v. cannula, 3 times at 48-hr intervals beginning on day 1. On the 6th day, 
IL-1 (800 U) was injected i.c.v. and body temperature (Tb) was measured rectally by 
a thermistor. IL-1 produced fever in the rats pretreated with saline (ΔTb: 2.3±O.24 
°C) or MS (ΔTb: 2.l±O.35 °C), but induced only a l.l±O.3 °C Tb change in the rats 
pretreated with AS. Most attenuation occurred in the later phase (90 min after IL-1 
injection). In other groups, PTX (0.5 µg) pretreatment, which had no effect on Tb 
by itself, attenuated IL-1-induced fever to 1.1 ±0.4 °C. Pretreatment with 8-bromo- 
cAMP (40 µg) attenuated IL-1-induced fever to O.9±O.3 °C. The latter seems to be a 
physiological antagonism since 8-bromo-cAMP itself decreased Tb (ΔT: -l.O±O.2 
°C). These results suggest that the EP3 receptor in the brain is involved in the fever 
produced by central IL-1 and that Gi protein and cAMP pathways might be involved. 
(Supported by NIH grants DA 00376 and HL 48114)

828.15

IN VITRO MELATONIN TREATMENT ENHANCES SPLENOCYTE 
PROLIFERATION IN DEER MICE D.L. D razen1, S.L. K lein1. S.M. Yellon2 

and R.J. N elson1*. ‘Behavioral Neuroendocrinology Group, Depts. o f Psychology 
and Neuroscience, The Johns Hopkins University, Baltimore, MD 21218; 
2Centers for Perinatal B iology and Immunology, Depts. o f Physiology and 
Pathology, Loma Linda Univ., School o f Med., Loma Linda, CA 92350, USA.

There is a wide range o f physiological and behavioral effects mediated by 
melatonin. Melatonin in  v i v o  enhances both humoral and cell-mediated immune 
function. For example, deer mice treated with exogenous melatonin for 8 weeks 
display enhanced splenocyte proliferative responses. Studies of melatonin in  v i t r o  

are contradictory; in  v i t r o  melatonin has been reported to inhibit, enhance, or 
have no effect on immune function. The purpose o f the present study was to 
assess the effects o f melatonin in  v i t r o  on splenocyte proliferation in deer mice. 
In order to examine in  v i t r o  effects o f melatonin on immune function, 
lymphocytes were isolated from the spleen and exposed either to 500 pg/ml, 250 
pg/ml, or 50 pg/ml o f melatonin, or were left unstimulated. Melatonin, at all 
concentrations, significantly enhanced splenocyte proliferative responses in  

v i t r o .  Because the effects o f melatonin in  v i t r o  mimic in  v i v o  effects of melatonin 
on cell-mediated immune function in deer mice, these data suggest that melatonin 
may enhance immune function directly, possibly via melatonin receptors located 
on lymphocytes. This research was supported by NSF grant IBN 97-23420.

828.12

BEHAVIORAL AND NEUROCHEMICAL CONSEQUENCES OF 
ACUTE AND CHRONIC INTERLEUKIN-2 ADMINISTRATION.
S. Lacosta1*. Z. Merali2 & H. Anisman1. Institute o f Neuroscience, 
Carleton University1, School o f Psychology, University o f Ottawa2, 
Ottawa, Ontario K1S 5B6, Canada.

Interleukin-2 (IL-2) has been employed with increasing frequency 
as an immunotherapeutic agent. Yet, limited information exists 
concerning the extrahypothalamic neurotransmitter effects, as well as 
the behavioral actions o f this cytokine. In the present investigation, it 
was demonstrated that acute, systemic IL-2 administration over a 
range o f doses (0.05 - 1.6 ug; 550 - 17,600 IU) failed to influence 
locomotor activity, open-field exploration, spontaneous alternation, 
anxiety in a plus-maze test, and performance in a Morris-water maze 
spatial learning test. Moreover, acute treatment with IL-2 failed to 
significantly influence either neuroendocrine or central biogenic amine 
levels or turnover. In contrast, repeated systemic IL-2 administration 
(1 ug on 15 successive days) disrupted exploration and locomotor 
activity in an open-field, as well as Morris-water maze performance. 
Moreover, although without effect on plasma corticosterone, chronic 
IL-2 significantly altered NE turnover in the median eminence/arcuate 
nucleus, prefrontal cortex, hippocampus, locus coeruleus and central 
nucleus o f the amygdala, modified DA function in the caudate and 
substantia nigra, and influenced 5-HT turnover in the prefrontal cortex 
and-hippocampus. These data provisionally suggest that chronic IL-2 
may profoundly influence central neurotransmitter activity, and may 
adversely affect cognitive behaviors.

Supported by the Medical Research Council of Canada

828.14

THE PINEAL GLAND MEDIATES PHOTOPERIOD EFFECTS ON T CELL- 
DEPENDENT ANTIBODY PRODUCTION. SM Yellon*. LA Teaslev. H£ 
Nguyen. C  Hisey. and SL Nehlsen-Cannarella. Center for Perinatal Biology and 
Immunology Center, Loma Linda University and Medical Center, Loma Linda, CA.

Profound physiological adaptations are associated with changes in day length, 
many of which are mediated by the nocturnal pineal melatonin rhythm. In rodents, 
several immune system parameters are enhanced by exposure to short days ( Q u a r t  

R e v  B i o l  7 1 :  1, 1 9 9 6 )  but little is known about photoperiodic effects on specific, cell- 
mediated humoral immune responses. In the Siberian hamster ( P h o d o p u s  s u n -  

g o r u s ) ,  immunoglobulin (IgM) production in response to xenogeneic antigen (sheep 
erythrocytes, SRBC) is 3-fold greater in hamsters in long days (16 h light/day) ver
sus short days (4 weeks of 8 h of light per day) ( B i o l  R e p r o d  5 6 ;  S u p p l .  1 : 1 5 4 ,  

1 9 9 7 ) .  The present study tested the hypothesis that the pineal gland mediates the 
effect of photoperiod on SRBC-induced IgM production. Male hamsters in long days 
were pinealectomized (PNX) or sham-operated (Sham) then moved to short days or 
remained in long days. After 3 days, each hamster received fresh SRBC (106 
cells/0.2 ml saline, i.p.; n=6-ll/group). Two weeks later, serum IgM titers were 
assessed by a standard hemagglutination assay. In Sham controls in short days, IgM 
titers were significantly reduced compared to those in hamsters in long days (p<0.05 
Kruskal-Wallis test). Pinealectomy abolished this photoperiod effect. Semin IgM 
titers in PNX males in short days were equivalent to that in long-day Shams but 
more than 2-fold greater than that in Sham controls in short days. Findings for IgM 
titers were directly correlated with photoperiod control of the gonads, i.e., testes 
weights were increased in both short-day PNX and long-day Sham groups compared 
to that in Shams in short days (p<0.05, ANOVA). These data support the hypothesis 
that the pineal gland mediates the effects of short days to suppress T cell-dependent 
antibody production after xenogeneic antigen challenge. These results raise the pos
sibility that photoperiodic effects on T cell-dependent immune responses, be they 
humoral or adaptive, may be mediated by the pineal melatonin rhythm. (Supported 
by Loma Linda University School of Medicine, Basic Science Research Grant.)

828.16

BOTH M U SCA R IN IC  A N D  N IC O TIN IC  A C E T Y L C H O L IN E  
R ECEPTO R S M ED IATE C ALC IU M  SIG N A LIN G  IN  T- A N D  B- 
L Y M PH O C Y T E S. T. Fujii*. Y. Watanabe. K. Z. Sato. M. Matsui 
and K. Kawashima. Department o f Pharmacology, Kyoritsu C ollege o f  
Pharmacy, Tokyo 105-8512, Japan.

Acetylcholine (ACh), a classical neurotransmitter, has been suggested  
to be involved in the potentiation o f T-cell dependent immune 
responses. We have demonstrated that ACh, which mainly originates 
from T-lymphocytes, is present in the blood o f different species o f  
mammals including humans, and that the immunological stimulation 
induces the expression o f mRNA for ChAT, which catalyzes ACh  
synthesis, in human circulating mononuclear leukocytes. The 
physiological function o f ACh has been known to be mediated via 
muscarinic (Ms) and nicotinic (N c) ACh receptors. In this study, in 
order to investigate the physiological role o f ACh in regulation o f the 
immune systems, w e analyzed the diversity o f ACh receptor m RNA  
expression in lymphocytes and the effect o f ACh receptor agonists on 
intracellular calcium signals in T- and B-lymphocytes using human 
leukemic cell lines as models o f lymphocytes. W e found expression o f  
various Ms receptor subtypes and Nc receptor subunits mRNAs in 
CEM, a T-cell line, and Daudi, a B-cell line. In addition, w e found 
stimulation o f Ms or N c ACh receptor with selective agonists induced a 
rapid and transient increase o f intracellular calcium ion concentration in 
both cell lines. These results suggest that ACh synthesized by T- 
lymphocytes acts as a neuroimmunomodulator on T- and B- 
lymphocytes via both Ms and N c ACh receptors, and plays an important 
role in regulation o f the immune systems in the autocrine and/or 
paracrine pathways.
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828.17

THE EFFECTS OF A PSYCHOLOGICAL STRESSOR ON ANTIBODY 
PRODUCTION IN PHARMACOLOGICALLY IMMUNOSUPPRESSED 
BALB/CByJ MICE. Kristopher D. Hawk and Jonathan D. Karp*, Department of 
Biology, Rider University, Lawrenceville, NJ 08648

This study examined the hypothesis that nervous system alteration of immunity 
might be enhanced in animals with a moderately suppressed immune system. Male 
BALB/c mice were injected with cyclophosphamide (CY) or saline 3 days prior to 
immunization with the protein antigen keyhole limpet hemocyanin (KLH, 100 µg, ip). 
The psychological stressor, overnight restraint (RST), was administered to half of 
these mice beginning eight hrs after KLH immunization while the other half of the 
mice were food and water deprived (FWD). Primary IgM and IgG antibody responses 
of these mice were measured by ELISA in serum collected 4, 7, 11, 15 and 33 days 
after immunization. A secondary immune (KLH 25 µg, ip) challenge was 
administered to all mice 38 days after priming and was followed by another overnight 
restraint stress session. Secondary IgM and IgG antibody responses were evaluated 
in sera collected 3, 7, 14, and 52 days after secondary immunization.

ANOVA indicated that primary serum anti-KLH IgG antibody titers in CY + RST 
mice to be significantly higher than CY + FWD, SAL + FWD, and SAL-RST mice. 
No interaction between injection treatment and restraint was observed for anti-KLH 
IgM titers. Secondary antibody titers were also influenced by the treatments of the 
mice at the time of primary immunization; 5 days before and 52 days after the 
secondary immunization, IgM responses of the CY-RST mice were greater than the 
IgM titers of mice from the other treatment groups.

These data indicate that the combination of pharmacological immunosuppression 
and a psychological stressor can interact to alter the characteristics of an immune 
response. In addition, these data indicate that the interaction of these factors at the 
time of antigen exposure can cause long lasting changes in the characteristics of an 
immune response. Supported by the Biology Depart at Rider University

828.19

INTRAPERITONEAL THYMUL1N INJECTIONS PRODUCE HYPERALGESIA 
MEDIATED THROUGH PROSTAGLANDIN (PGE2) MECHANISMS AND 
VAGAL AFFERENTS. B. Safieh-Garabedian* S.F. Kanaan1. S.F, Atweh2, S.J. 
JabburL and N.E. Saadé3,4. 'Departments of Biology, internal Medicine, 
’Physiology and 4Human Morphology, American University of Beirut, Beirut, 
Lebanon.

Intraperitoneal (i.p.) injection of thymulin (5Oµg in 5Oµl saline) produces 
mechanical and thermal hyperalgesia that is reversed by pretreatment with Lys-D- 
Proval, a tripeptide known to antagonize both interleukin 1-ß and PGE2 
mechanisms (Safieli-Garabedian et al., J. Neuroimmunol., 1997, 73:162-168). In the 
present study, we demonstrate that thymulin effects are antagonized by 
cycloxygenase 2-inhibitor (COX2-I) and by subdiaphragmatic vagotomy (SDV).

Thymulin injections (5Ong, i.p.) upregulate the level of PGE2 to about 300% of its 
baseline level in the liver of the injected rats. This increase was evident at lh, 
peaked at 3h (P<0.01, as compared to control) and returned to the baseline level at 
6 h post thymulin injection. Pretreatment of different groups of rats (n=5 each) by 
different doses of a COX2-I (Meloxicam: 0.25, 0.5 and 2.5mg/kg) reduced, in a 
dose-dependant manner, both thymulin-induced mechanical and thermal 
hyperalgesia. Total reversal of thymulin-induced hyperalgesia for all pain tests was 
observed at the dose of 2.5mg/kg of COX2-1. On the other hand, thymulin injections 
to rats subjected to a chronic SDV (n=10) produced mild mechanical and thermal 
hyperalgesia, when compared to its effect in normal rats.

We conclude that PGE2 mechanisms play a key role in the thymulin-induced 
hyperalgesia which is mainly mediated by afferent fibers in the vagal nerve. 
(Supported by grants from the University Research Board)

828.18
ACUTE MORPHINE ADMINISTRATION SUPPRESSES ANTIGEN-SPECIFIC 
AND MITOGENIC RAT LYMPHOCYTE PROLIFERATION. J,G. Hamra* and
T.L. Yaksh. Dept, of Pharmacology & Physiology, Oklahoma State Univ., College of 
Osteopathic Medicine, Tulsa, OK 74107 and Dept, of Anesthesiology, UCSD, 
LaJolla, CA, 92093.
Considerable evidence suggests opioids interact with the immune system. In vivo 
morphine suppresses mitogen stimulated proliferation o f splenic lymphocytes, 
production of cytokines and natural killer cell activity. Morphine’s action on specific 
immunity has not been defined nor has the mechanism by which morphine modulates 
cell to cell immune interactions been elucidated. We previously reported that 
morphine (10 mg/kg SC), given twice (0 and 2.5 hours) to give a 5 hour period of 
analgesia, suppresses mitogenic splenic lymphocyte proliferation. Mitogen-stimulated 
interleukin-2 receptor expression was not altered by morphine, suggesting that 
morphine inhibition of proliferation does not occur through decreased IL-2 receptor 
expression. Therefore, we examined the effect of morphine analgesia on lymphocyte 
proliferation in rats immunized with a benign protein antigen (KLH, 100 µg IP). Rats 
were given morphine as described above at the time of immunization or 16 days later 
(5 hours prior to sacrifice). Splenic lymphocytes were isolated and incubated with 
increasing concentrations of KLH for 3 days and then pulsed with tritiated thymidine 
for proliferation assays or labeled with monoclonal antibodies directed at cell surface 
markers (T and B cell, CD4, CD8, CD25). Morphine given at the time of 
immunization did not alter the proliferative response to KLH in vitro; however, 
morphine given immediately prior to sacrifice significantly suppressed the in vitro 
proliferative response. Morphine did not alter KLH-stimulated expression of the 
interleukin-2 receptor (CD25+ cells). These results suggest that morphine does not 
suppress the development of KLH-specific lymphocytes in vivo. However, morphine 
administration does acutely suppress the ability of lymphocytes to proliferate in 
response to both mitogens and specific antigens and this action is not the result of 
effects on interlεukin-2 receptor expression. Supported by NIH grant NS07329.

828.20

GADOLINIUM CHLORIDE PRETREATMENT PREVENTS 
CAFETERIA DIET-INDUCED SLEEP IN RATS. M.K. Hansen* 
and J.M. Krueger. Department o f Physiology and Biophysics, University o f  
Tennessee, Memphis, TN 38163.

The liver Kupffer cells constitute the largest population o f  fixed 
macrophages in the body and reside at a strategic position in liver sinusoids to 
interact with mediators from the gut. Previously, we showed that cafeteria 
feeding increases non-rapid eye movement sleep (NRJEMS) by a 
subdiaphragmatic mechanism and increases interleukin-lß  (IL -lß) mRNA 
expression in rat liver and brain. Thus, the aim o f  the present experiment was 
to test the hypothesis that peripheral macrophages, in particular the liver 
Kupffer cells, contribute to the excess sleep observed in cafeteria diet fed rats. 
Sleep-wake activity and brain temperature (Tbr) were examined in rats fed a 
cafeteria diet with or without prior pretreatment with gadolinium chloride 
(GdCl3), an inhibitor o f  liver Kupffer cells. In control rats, cafeteria feeding 
increased NREMS and Tbr, and decreased rapid eye movement sleep (REMS) 
and electroencephalographic slow-wave activity during NREMS. GdCl3 
pretreatment prevented the increase in NREM S that accompanies increased 
feeding. These results indicate that the liver Kupffer cells contribute to the 
excess NREM S that accompanies increased feeding, possibly via their ability 
to produce IL-1 ß. The current data, along with the findings that cafeteria diet- 
induced NREM S can be blocked by subdiaphragmatic vagotomy, also suggest 
that immune-to-brain communication may occur during normal physiological 
processes such as feeding.
Supported by NIH grants N S25378 and N S 31453, and a National Research 
Service Award M H 11688.
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CSF CLEARANCE OF INTRATHECAL DRUGS IN THE RAT.
J.S. Kroin*.R B, Schaefer. R D, Penn. Dept, o f  Neurosurgery, Rush 
Medical College, Chicago, IL 60612.

In humans, moderately hydrophilic drugs such as baclofen, 
morphine, and clonidine have approximately the same lumbar CSF 
clearance, suggesting that CSF bulk flow  is the main route o f  
elimination (Kroin, Clin Pharmacokinet 22:319, 1992). However, in 
smaller mammals it is known that spinal CSF movement is limited, so 
other factors may determine clearance. Using a combined microdialysis 
loop and injection catheter system (Marsala et al, J Neurosci Meth 
62:43, 1995), lumbar CSF pharmacokinetics were quantified following 
bolus injection into the lumbar subarachnoid space. The results are 
summarized in the table:

Drug Apparent Partition Clearance
Coefficient (µL/min)

Ca-EDTA 0 .0 2.49
Baclofen 0.1 2.63
Morphine 1.4 4.17
Clonidine 7.1 10.2
Lidocaine 100 44.0

Clearance -  D ose/A VC n 6 ra ts/dn ig
In rats, unlike humans, the CSF clearance o f  intrathecal drugs is highly 
dependent on how lipophilic the compound is. This should be taken into 
account when assessing the potency o f  agents delivered intrathecally.

INVESTIGATION OF NMDA AND NON-NMDA RECEPTOR ANTAGONIST 
ACTION ON SPINAL TRANSECTION-INDUCED SPASTICITY H. Mosser* 
and C, Advokat, Dept, of Psychology, Louisiana State University, Baton Rouge, 
LA 70803.

Excitatory amino acid (EAA) receptor antagonists have been suggested for 
use as clinical antispastic agents. Previous work demonstrated that this model 
of spasticity, the unanesthetized chronic spinal rat, exhibits hyperreflexia and 
reduced suppression of rate-related responsiveness characteristic in SCI- 
injured humans. This study investigated the ability of competitive antagonists 
selective for the NMDA and NON-NMDA receptor (CPP and NBQX, 
respectively) to modulate altered hindlimb reflex function. Maximum H-reflexes 
were evoked in spastic rats by repetitive tibial nerve stimulation (0.2 ms 
duration) at 0.3 Hz, 1.0 Hz and 5.0 Hz and recorded from ipsilateral plantar 
muscles. Mean H-reflex magnitude (approx. 10 responses) was determined for 
each stimulus rate by measuring peak to peak H-wave amplitudes. Rate- 
sensitive depression of the H-reflex was calculated for responses elicited at 1.0 
Hz and 5.0 Hz and expressed as the percent of the control frequency (0.3 Hz) 
magnitude. NBQX (2mg/kg, s.c.) significantly reduced the exaggerated H- 
reflex response elicited at the control frequency to nearly half of the pre-test 
magnitude (52% of baseline), but failed to elicit reduction at the higher 
frequencies. CPP (4mg/kg, s.c.) significantly reduced H-reflex magnitudes 
obtained at 5.0 Hz but did not significantly reduce control frequency-evoked 
responses. Consequently, CPP was shown to increase rate-sensitive 
depression of the H-reflex relative to pre-drug and control levels. The present 
results provide some support for EAA antagonists as potential antispastic 
agents. (Supported by PHS 02845.)
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829.3

COMPARISON OF PRE- AND POSTSYNAPTIC SOMATOTOPY IN CAT AT 
THE LEVEL OF THE DORSAL HORN J. Lawson*. R. Miliccchia. P. Harton. J. 
Culberson, M. Miller, S. Stephens, P. Brown. Departments of Physiology and 
Anatomy, West Virginia University, Morgantown, WV 26505.

Brown and colleagues (1997) proposed a developmental model of assembly o 
dorsal horn cell (DHC) receptive fields (RFs) in which prototype RFs are formed by 
passive sampling of the presynaptic neuropil. According to this model, postsynaptic 
somatotopic organization would be a result of the somatotopic ordering of primary 
afferent fibers entering at a particular segmental level. Thus, postsynaptic 
organization follows presynaptic organization. Since primary afferents extend the 
rostrocaudal range of their projection zone after they initially arborize, it is possible 
that adult RFs may differ significantly from prototype RFs, and thus initital and 
adult somatotopic organization may differ significantly. In order to test the 
relationship between prototype and adult RFs, the presynaptic population was 
assessed by using a teased fiber technique to determine individual primary afferent 
RFs on the adult cat hindlimb. A simulated reconstruction of the postynaptic 
somatotopic organization was created from the sampled primary afferent RFs by 
simulating dendritic sampling by DHCs. This reconstructed somatotopy is the same 
as what one would expect from the developmental model based on passive sampling 
of primary afferents by DHCs. A descriptive model of actual DHC somatotopy 
based on single unit recordings was compared to the reconstructed somatotopy using 
a distributed t-test. and no significant differences were found. We conclude that 
prototype and adult somatotopy are the same.
Supported by USHS NS29997.

829.5

C 1-C 2 PROPRIOSPINAL NEURONS: AN AN TER O G R A D E TRACING  
STUDY. K.E, MilierA A.B. Richards. M.J. Chandler, and R.D. 
Forem an, Dept. Cell Biology, Dept. Physiology, Univ. Oklahom a Health  
Sciences Center, O klahom a City, O K 73190

Physiological and anatom ical studies from  our laboratories have 
dem onstrated neurons in the C r C2 spinal segm ents with descending  
projections to low er spinal segm ents (Brain Res. 771: 25-30,’1997; Brain 
Res Bull. 1998 in press). These neurons respond to a variety of stimuli 
and m any appear to m ediate inhibition of thoracic and lum bar dorsal 
horn neurons produced from  som atic and visceral afferent input. In the 
present study, anterograde tracing techniques w ere used in rats to 
better understand the axon and axonal term inal distribution of these  
propriospinal neurons. Biocytin was injected unilaterally into the dorsal 
horn o f the C r C2 segm ents in anesthetized rats. A fte r 1-2 days 
transport, the rats were anesthetized and perfused with fixative. The  
C r C2 spinal segm ents were rem oved and processed for anterograde  
labeling. In transverse sections, anterogradely labeled fibers in cross 
section were located in the dorsal, lateral, and ventral funiculi and in 
the reticu lated neck of the dorsal horn of cervical and thoracic  
segm ents. Varicose fibers were observed in the superficial dorsal 
horn, nucleus propríus and central gray region of cervical and thoracic  
segm ents. A few  labeled fibers also were located in the ventral horn. 
The results from  these studies indicate that C r C2 propriospinal 
neurons have an abundant term inal distribution in the spinal cord with  
the potential to influence a variety of neuronal cell types.
Supported by NIH# HL-52986 (KEM, RDF).

829.7

EFFECT OF 5-HT3 ANTAGONISTS ON HALOTHANE-INDUCED 
REDUCTIONS OF RAT SPINAL DORSAL HORN LOW-THRESHOLD 
RECEPTIVE FIELD SIZE. M. Koshizaki*. M. Kawamata, T. Sumida, S.G. 
Shimada and J.G. Collins. Department of Anesthesiology, Yale University 
School of Medicine, New Haven, CT 06520.

We have identified a series of effects of anesthetics on spinal dorsal horn 
neurons, including changes of low-threshold receptive field (RF) size and 
are now studying the pharmacology responsible for such changes. We 
reported previously that serotonin (5-HT) receptors played a partial role in 
halothane-induced reduction of RF size. This study is a part of the series 
to examine the involvement of 5-HT receptor subtypes on halothane- 
induced reductions of RF size.

Extracellular activity of single spinal dorsal hom neurons was recorded in 
decerebrate, spinally-transected rats. After mapping the RF in the absence 
and presence of 1.1% (1.0 MAC) halothane, rats received two i.v. injections 
of 1.0 mg/kg tropisetron or ondansetron (5-HT3 antagonists) to a cumulative 
dose of 2.0 mg/kg. Following each i.v. injection, we re-evaluated RF size.

In the absence of halothane, the administration of either tropisetron or 
ondansetron had no effect on RF size. Tropisetron caused a partial reversal 
of the halothane-induced reduction of the low-threshold RF size, but 
ondansetron did not.

These results suggest that the halothane-induced reduction in low- 
threshold RF size is due, in part, to 5-HT3 receptor involvement.

Supported, in part, by NIH GM44954.

829.4
NEUROCHEMICAL ANALYSIS OF PROPRIOSPINAL CONNECTIONS IN THE 
SUPERFICIAL SPINAL DORSAL HORN OF RATS. M. Petkó and M. Antal*.
Dept. Anatomy, University Medical School of Debrecen, H-4012 Debrecen, Hungary

After injections of P h a s e o lu s  v u l g a r i s  leucoagglutinin into various areas of the 
dorsal horn (laminae I-IV) at the level of the lumbar spinal cord, and revealing GABA 
and glycine immunoreactivities of the labelled axon terminals with postembedding 
immunocytochemical methods, we investigated the synaptic relations and 
neurochemical characters of two propriospinal projection systems. We have studied 
propriospinal axons that project to the lateral subdivision of the superficial dorsal horn 
and arise either from the medial subdivision of laminae I-IV ipsilaterally or from the 
lateral subdivision of laminae III-IV contralaterally. Most of the terminals of both 
origins established synaptic contacts with dendritic shafts and dendritic spines The 
terminals arising from the ipsilateral medial dorsal horn formed mostly asymmetric 
synaptic contacts (90.5%), whereas the commissural fibres established mostly 
symmetric synaptic appositions (87.3%) with the postsynaptic targets. Revealing 
GABA and glycine immunoreactivities of the labelled terminals and their postsynaptic 
stmetures, most of the terminals of both origins were negative for both GABA and 
glycine. Only 2.3% and 10.3% of the terminals arising from the ipsilateral medial and 
the contralateral lateral dorsal horn, respectively, showed positive immunostaimng for 
GABA, and 13.2% and 2.0% of them showed positive immunostaining for glycine 
The postsynaptic structures showed almost exclusively negative immunoreaction for 
GABA and glycine. The results suggest that volleys in fibres arising from the medial 
dorsal horn and terminating in the lateral subdivision of lamina II/, III, IV may 
increase the level of excitation of spinal neurons. In contrast to this, according to their 
synaptic morphology, the commissural projecting fibres interconnecting the lateral 
subdivisions of laminae III-IV on the two sides of the spinal cord may exert a profound 
inhibition on neural circuit underlying sensory information processing in the spinal 
dorsal horn of rats.

(This work was supported by the Hungarian Scientific Research Fund, OTKA T 
025423. The research of Miklós Antal was supported in part by an International 
Research Scholar’s award from the Howard Hughes Med. Inst. HHMI 75195-541401 )

829.6

SPINAL EXCITATORY AMINO ACID (EAA) RELEASE IN A RAT MODEL FOR 
POSTOPERATIVE PAIN. P,K, Zahn1. K.A. Sluka2. T.J. Brennan1*. Depts of 
Anesthesia1 and Physical Therapy2, University of Iowa, IA 52242

Intrathecal administration of non-NMDA EAA receptor antagonists reduce 
mechanical hyperalgesia caused by an incision in a rat model for postoperative pain 
(Pain 74:213). The purpose of this study was to examine the amino acids released in 
the dorsal horn during and after a surgical incision utilizing in vivo microdialysis.

Rats were anesthetized with 1-2% halothane for spinal dissection. A 
microdialysis filament (200 µm diameter, 45000 MW cut off, Hospal AN69) was 
passed transversely through the deep dorsal horn of the spinal cord within the L5/L6 
segments. After 18 to 24 h recovery, the dialysis tubing was perfused with artificial 
cerebrospinal fluid (ACSF) through the filament. After 2.5 h of baseline sampling, 
rats underwent anesthetic induction with halothane followed by a plantar incision (n=8) 
or a sham operation (n=8). Amino acids (glutamate, aspartate, asparagine, glutamine, 
serine, glycine) were measured during induction and maintenance of anesthesia, during 
plantar incision, and up to 8 hr after incision. At the end of the experiment the 
filament was perfused with methylene blue, the lumbar spinal cord removed and 
examined histologically to identify the location of the filament.

In a sham operated group, extracellular aspartate and glutamate did not change 
during anesthetic induction, anesthetic maintenance, after sham operation and recovery. 
The percent changes were between 90+8% to 110±10% from 10 min to 8 hr after sham 
surgery. In rats undergoing plantar incision, aspartate and glutamate increased from 10 
to 30 min after incision to 2OO±3O and 138±12% compared to preincision values, 
respectively, and gradually returned to baseline after 2 hr. No significant increase was 
observed for the other amino acids measured except for serine which was also increased 
by the incision to 140+19. If the microdialysis fiber was placed rostral (L2-L4, n=4) or 
caudal (Sl-S2, n=2) to the L5/L6 region, no increase in amino acid release was 
observed during and after plantar incision.

In conclusion, segmental spinal EAA release occurs after plantar incision in the 
rat. As opposed to other persistent pain models, the increased EAA release is brief and 
does not persist 2 hr after injury. (GM5583l to TJB)

829.8

NEURONS OF THE SUPERFICIAL DORSAL HORN OF THE SPINAL CORD 
FORM ELECTROPHYSIOLOGICALLY AND MORPHOLOGICALLY 
HETEROGENEOUS GROUPS. T, J. Grudt* and E. R. Perl, Dept, of Physiology, 
University' of North Carolina-CH, Chapel Hill, NC 27599-7545.

The superficial dorsal hom (SDH) of the spinal cord consists of laminae 1,1I0 and II, 
and is the site of termination of primary' afferents conveying information about noxious 
stimuli. Many SDH neurons are intemeurons, indicating that there is neuronal circuitry' 
within the SDH. As a step toward understanding this circuitry, we have attempted to 
define cell types by examining the electrophysiological characteristics of SDH neurons 
and correlating them with cell location and morphology.

Whole-cell recordings were made in  v i t r o  from 61 SDH neurons in hamster spinal 
cord slices. Electrodes contained biocytin to peπnit determination of neuron location 
and morphology. In current clamp, the action potential firing pattern during a one- 
second depolarizing step showed a high degree of variability. Action potential 
discharge was 1) sustained and highly regular (39%), 2) sustained but irregular (16%), 
3) transient (33%) or 4) consisted of bursts of high frequency action potentials (11%). 
Neurons firing transiently were restricted to lamina II,. In voltage clamp, a slowly 
developing inward current was activated upon hyperpolarization from a holding 
potential of -60 mV in 38% of neurons. Activation characteristics of this current and 
its block by Cs+ (2 mM) suggested it was the non-selective cationic current Ih- A 
transient outward current appeared in about 10% of neurons when they were held at 
potentials more negative than -70 mV and then depolarized to potentials more positive 
than -70 mV. 4-AP (1 mM) reduced this outward current by 40%, consistent with it 
being an A-type K+ current. Based on the constancy of the latency of synaptic currents 
evoked by electrical stimulation of the dorsal root, 63% of neurons received a 
monosynaptic input from primary afferent fibers. Overall, our findings indicate that 
there may be as many as 10 groups of neurons in the SDH, each set of which shares 
common electrophysiological and morphological characteristics.

This work was supported by grant NS 10321 from the National Institute of 
Neurological Diseases and Stroke.
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829.9

ELECTRON MICROSCOPIC ANALYSIS OF γ-AMINOBUTYRIC ACID AND 
GLYCINE COLOCALIZATION IN RAT TRIGEMINAL SUBNUCLEUS 
CAUDALIS. J.S. Dumba. P.S. Irish*. N.L. Anderson and L.E. Westrum. 
Department of Neurological Surgery, University of Washington, Box 356470,
Seattle, WA 98195

The colocalization of the inhibitory neurotransmitters γ-aminobutyric acid (GABA) 
and glycine within the trigeminal sensory system has not been addressed. A detailed 
description of these inhibitory neurotransmitters will aid in our understanding of the 
inhibitory influences on orofacial pain. Thus, postembedding immunogold methods 
were used to examine the distribution of GABA and glycine and especially their 
colocalization in glomerular neuronal profiles adjacent to, and synaptic with, 
trigeminal primary afferent profiles in lamina II of the subnucleus caudalis of 
Sprague-Dawley rats. Thirty-three glomeruli from each of 3 animals were 
photographed for a total of 99 profiles of glomerular central terminals (primary 
afferent terminals) and 217 adjacent profiles of axon terminals, dendrites and vesicle- 
containing dendrites. We found that approximately 62% of the profiles adjacent to 
the trigeminal primary afferent terminals exhibited colocalization of GABA and 
glycine. Glycine alone was found to localize in about 15% of the adjacent profiles. 
GABA alone was found to localize in about 18% of the adjacent profiles. Of interest, 
approximately 15% of the trigeminal primary afferent fiber terminals showed glycine 
localization. All the profiles with colocalization of GABA and glycine were 
identified as presynaptic axonal terminals, suggesting a possible cumulative effect by 
these two inhibitory neurotransmitters in presynaptic inhibition. These findings 
show that GABA and glycine colocalize in a subpopulation of presynaptic axonal 
terminals within lamina II of the subnucleus caudalis. The possible origins of these 
axons are discussed, as well as their potential involvement in presynaptic inhibition 
of orofacial pain. This work is supported by grant NS01802 from the NINDS, and by 
grant HDO2274 from the NICHD.

829.11

PROJECTIONS OF THE SPINAL TRIGEMINAL NUCLEUS ORALIS TO THE 
PARABRACHIAL AREA: A PHA-L STUDY IN THE RAT. P, Raboisson13*. O. 
Ricard1, J.F. Bernard2 and R. Dalle!‘. 'Lab. of Orofacial Physiology, Faculty of 
Dentistry, 63000 Clermont-Fd, 2INSERM U 161, Paris (France), 3Astra Pain Control 
AB, Novum Unit, 141 57 Huddinge (Sweden).

In recent years, we have accumulated evidence that the spinal trigeminal nucleus 
oralis (Sp5O) is involved in the processing of both nociceptive and non-nociceptive 
somatosensory information coming from oral and perioral regions. This study 
examined the projections of the Sp5O to the parabrachial area (PB), by using the 
anterogradely transported Phaseolus Vulgaris Leucoagglutinin (PHA-L).

Male Sprague-Dawley rats were anaesthetized with chloral hydrate and PHA-L 
was electrophoretically injected into the Sp5O. Two weeks later, the rats were 
perfused transcardially, the brain and the spinal cord were removed and cut in serial 
sections which were reacted with PHA-L antibody and Avidin-Biotin HRP complex.

Dense labeling was observed, mainly ipsilaterally, in the PB and the Fölliker-Fuse 
nucleus (KF), with a certain organisation according to the dorso-ventral location of the 
injection sites: the dorsal part of the Sp5O projected predominantly to the ventral 
lateral, external medial and medial subnuclei, as well as to the KF, while the ventral 
part projected only to the KF.

The present results indicate the existence of trigemino-parabrachial pathways in 
which Sp5O neurons project directly to parabrachial areas known to be involved in 
gustatory and respiratory functions. Thus, the nociceptive and/or non-nociceptive 
inputs reaching the Sp5O could, at least partially, serve these functions.

829.13

MORPHOLOGY OF PHYSIOLOGICALLY DEFINED NEURONS IN THE 
FELINE TRIGEMINAL PRINCIPAL NUCLEUS. A. Yoshida*, T. Hiraga, 
M. Moritani, K. Chen, S. Honma and Y. Shigenaga. Dept, of Oral Anatomy, 
Osaka Univ. Fac. o f Dent.; Osaka 565-0871, Japan.

Although trigeminal principal nucleus (Vp) contains trigeminothalamic tract 
cells and intemuclear neurons, the functional and morphological differences 
between the two kinds o f neurons have remained unsettled. The aim of the 
present study was to clarify the physiologic and morphologic properties o f  Vp 
neurons in the cat by using the intracellular recording and horseradish peroxidase 
injection techniques. Of 20 neurons stained, seven, eight, and five were located 
in the dorsomedial subnucleus (Vpd) o f Vp, and the rostral (rVpv) and caudal 
parts (cVpv) o f its ventrolateral subnucleus (Vpv), respectively. Of the 20  
neurons, 19 could be divided as class I and class II, based on the branching 
pattern o f their stem axons. Class I neurons (eight) had an ascending stem 
axon without branching. Class II neurons were divided into two subclasses 
(class Ila and class lib). Class Ila (eight neurons) had an ascending stem axon 
from which branches were given off. Their branches formed local-circuit 
restricted to the lower brainstem. Class lib  (three neurons) had a stem axon 
that formed the local-circuit only. Each subdivision o f the Vp contained class 
I, but the Vpd and rVpv also contained class Ila, and classes Ila and lib, 
respectively. The soma-dendritic morphology was indistinguishable between 
different classes o f neurons and among the three subdivisions, but the dendritic 
arborization pattern was governed by the location of somata. Am ong the 
brainstem nuclei receiving projections from class Ila and lib  neurons, the jaw 
closing motor nucleus received the highest density o f projections, in which the 
number o f boutons was higher for rVpv than Vpd neurons and for neurons 
responding to periodontal ligament than to vibrissa. The present study provided 
new findings that Vp neurons could be divided into three distinct populations, 
and suggests that each population exerts a distinct function with respect to 
sensory discrimination and/or sensorimotor reflexes.

829.10

JAW MUSCLE SPINDLE-LIKE RESPONSES IN THE CAUDAL BRAINSTEM 
OF THE CAT. J Y, Ro and N,F, Capra* Dept, of OCBS. University of Mary land 
Dental School. Baltimore. MD 21201

Anatomical studies have shown that jaw muscle spindle afferents project to the 
caudal brainstem via Probst tract. Although we have previously reported muscle 
spindle-like responses in and around the dorsomedial subnucleus interpolaris (Vi) 
in cats, the description was qualitative at best. This study was performed to 
identify the muscle spindle-like neurons in the caudal brainstem and to describe 
the jaw-movement-relatcd responses of these neurons using more rigorous 
analysis criteria. Extracellular recordings were made from Vi and adjacent 
reticular formation in the anesthetized cat. Neuronal responses to jaw' movements 
w ere assessed by imposing passive ramp and hold stretches of the jaw at different 
speeds and amplitudes. Once a movement-modulated neuron was identified, 
muscle palpation and electrical nerve stimulation were used to determine its 
receptive field. Ten neurons with tonic responses to jaw stretch were fully 
characterized. The discharge pattern of these neurons typically involved an 
increase in firing rate as the jaw was stretched open with a dynamic response at 
the onset of the stretch. Some units showed unloading during jaw closure The 
dynamic index of these neurons correlated highly with the speed of stretch. These 
responses correspond with known physiological properties of muscle spindles. 
Thcv were actuated by gentle muscle palpation and some responded to masseter 
nerve stimulation: none had superficial receptive fields. These results suggest 
that Vi is a likely site for muscle spindle afferent projections in the caudal 
brainstem. The fact that these spindle-like neurons were intermingled with other 
movement-modulated neurons further reinforce our proposal that integration and 
processing of proprioceptive signals occur in Vi. Support: NIH DE06027 (NFC).

829.12
MEMBRANE PROPERTIES AND SYNAPTIC CIRCUITRY OF THE 
RAT TRIGEMINAL PRINCIPAL SENSORY NUCLEUS. F.-S. Lo*. W. 
Guido and R.S. Erzurumlu. Dept, of Cell Biology and Anatomy, Louisiana 
State University Medical Center, New Orleans, LA 70112.

Barrelettes in the trigeminal brainstem of rodents are the functional units that 
process vibrissal sensory information. We examined membrane properties 
and synaptic responses of morphologically identified neurons in the ventral 
principal sensory nucleus after the consolidation of barrelettes. We used 
whole-cell-patch recordings, immunohistochemistry, and intracellular biocytin 
fills. Barrelette cells have dendritic trees confined to a single barrelette, 
whereas those of the interbarrelette cells span two or more barrelettes. Both 
cell types are distinct from smaller GABA-positive interneurons. Barrelette 
cells show a transient K+ current (I A) and high input resistance (mean + s.d. = 

579+187MΩ). Interbarrellette cells have a prominent low threshold Ca++ 
current (lτ) and lower input resistance (mean + s.d. = 360+92 MΩ). Both 

classes of neurons exhibited different synaptic responses to stimulation of 
the sensory trigeminal root. Barrelette cells showed either a monosyqaptic 
EPSP followed by a disynaptic IPSP or a disynaptic IPSP alone. Increasing 
stimulus intensity produced little change in EPSP amplitude but a stepwise 
increase in IPSP amplitude. Interbarrelette cells showed a large monosynaptic 
EPSP followed by a small disynaptic IPSP. Increasing stimulus intensity led to 
a stepwise increase in EPSP amplitude which eventually masked the late 
IPSP. Some interbarrelette cells showed an early monosynaptic and a late 
polysynaptic EPSP. These results suggest that barrelette cells receive 
excitatory input from one whisker and lateral inhibition from neighboring 
whiskers. Interbarrelette cells likely receive excitatory input from more than 
one whisker and from other barrelette or interbarrelette cells. S u p p o r te d  b y  
th e  W h ite h a ll F o u n d a tio n  ( fìS E ) .

829.14

RESPONSE CHARACTERISTICS OF SINGLE GRACILE NUCLEUS (NG) 
NEURONS SHOW ESTROUS VARIATIONS TO STIMULATION OF THE 
CERVIX, BUT NOT OF THE VAGINA UTERUS OR COLON IN THE RAT.
H.B. Bradshaw*. M,L, Torlone, and K,J, Berkley. Program in Neuroscience, Florida 
St. Univ. Tallahassee, FL 32306-1270.

Tactile excitatory response magnitudes of neurons at a 
single NG locus (O.2µm lateral and ventral to obex) 
increase significantly during proestrus, the estrous stage in 
which the rat is fertile and becomes more responsive to 
tactile stimulation of her hindquarters. 1 More than 40% of 
these tactile-responsive NG neurons also respond to 
uterine, vaginal, colon or cervix stimulation2. Because the 
rat’s behavioral responses to vaginocervix stimulation also 
increase during proestrus, this study tested the hypothesis 
that responses of NG neurons to pelvic visceral stimulation 
would also change. The excitatory or inhibitory responses 
of 40 single, tactile-responsive neurons to cervix, vaginal, 
uterine or colon stimulation were studied in 24 urethane- 
anesthetized rats (6  each in estrus-E, metestrus-M, diestrus- 
D, and proestrus-P). Neurons were most responsive to 
cervix stimulation, but the overall percent response to 
stimulation of any organ did not vary with estrous stage. 
However, responses to cervix, but not the other stimuli 
shifted significantly from excitation to inhibition when the 
rat entered proestrus (figure). Thus, the NG of the female 

rat undergoes huge estrous changes in response dynamics to stimulation of skin and 
cervix that parallel reproductive and other behaviors (e g., nociception /analgesia) 
associated with such stimulation. (’Bradshaw and Berkley, 1997; ¾erkley and 
Hubscher, 1995) Supported by NIH grant NS 11892.

ESTROUS STAGE
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829.15
OVARIECTOMY REDUCES RESPONSE MAGNITUDES OF GRACILE NU
CLEUS (NG) NEURONS TO TACTILE STIMULATION OF THE HINDQUAR
TERS IN THE RAT. K. J. Berkley,* H. B. Bradshaw. M. L. Torlone. and J.L. 
Temple. Program in Neuroscience, Florida St. Univ., Tallahassee, FL 32306-1270.

Whereas response magnitudes of multineurons within a single locus of NG 
(0 .2 mm lateral and ventral to obex) to gentle brush stimulation o f the perineum, hip 
and tail are significantly greater in proestrus than in the other three estrous stages 
of urethane-anesthetized Sprague-Dawley rats, responses to brush stimulation of 
the foot, leg and knee do not vary with estrous stage (Bradshaw and Berkley, 
1997). Here, using techniques identical to the previous study, we measured root 
mean square (RMS) response magnitudes of multineurons in rats that had been 
ovariectomized (OVX) or sham-ovariectomized (SOVX) about 1 wk prior to the

experiment. SOVX rats were in 
diestrus on the experimental day. 
As shown in the figure, response 
magnitudes of NG neurons to 
brush stimulation of those regions 
that had previously been found to 
be significantly smaller in rats in 
estrus (E), metestrus (M) and di
estrus (D) (which showed equal 
rates of responsiveness) compared 
with rats in proestrus (P) were 
significantly further reduced in 

OVX rats. Response magnitudes in SOVX rats were the same as those seen earlier 
in diestrus. The behavioral and perceptual consequences of the reduced re
sponsiveness of NG neurons induced by the permanent loss of ovarian hormones 
need further investigation. Supported by N1Hgrant NS 11892,

829.17

SIMILARITIES AND DIFFERENCES IN FUNCTIONAL MAPS OF THE HAND 
IN THE CUNEATE NUCLEUS AND PRIMARY SOMATOSENSORY CORTEX 
OF A PRIMATE. J. Xu* and J.T. Wall. Department of Neurobiology & Anatomy, 
Medical College of Ohio, Toledo, OH 43699.

Ascending lemniscal projections from the main cuneate nucleus (CN) provide the 
main pathway by which low threshold tactile inputs from the hand activate the 
somatosensory cortex. We have used neurophysiological techniques to map and 
compare features of functional representations of cutaneous tactile inputs from the 
hand in the CN and primary somatosensory (area 3b) cortex o f normal adult squirrel 
monkeys. The organization at both CN and cortical levels is similar in that: (1) 
maps o f the hand occupy continuous areas, (2) inputs from the glabrous side of the 
hand are mapped across continuous areas whereas inputs from the hairy side of the 
hand are mapped across discontinuous areas, (3) glabrous inputs from digits 1-5 are 
represented in somatotopic sequence, and (4) palmar pad representations are arranged 
in rough somatotopic sequence adjacent to digit representations, and occupy similar 
mean percents of total hand map areas (cortex = 30%, CN =35% ). CN and cortical 
organization also differ in specific respects. (1) The representation of the glabrous 
skin occupies a larger mean percent of the hand map in cortex than in the CN 
(cortex =  85¾, CN =74% ). (2) The representation o f the glabrous digits occupies 
a larger mean percent of the hand map in cortex than in the CN (cortex = 55%, 
CN = 39%). (3) The representation of the hairy skin occupies a smaller mean
percent of die hand map in cortex than in the CN (cortex = 15%, CN = 26%). These 
findings suggest that some CN map features, including somatotopic organization and 
continuities/discontinuities in representations are largely repeated in cortex, whereas 
other features relating to sizes of representations of parts of the hand with varied 
importance to hand function (e.g. digits or glabrous versus hairy skin) change 
between the CN and cortex. Supported by NIH Grant NS2l 105.

829.16
MODULATION OF THE DORSAL COLUMN NUCLEAR (DCN) ACTIVITIES 
BY CEREBELLAR INPUTS. N. Bahuth'*A . A. Maki1, S.F. Atweh2, N,E. 
Saadé1,3 and S.J. Jabbur3. Departments of 'Human Morphology, internal Medicine 
and 3Physiology, American University o f Beirut, Beirut, Lebanon.

Earlier studies have ascribed motor functions to the DCN (see Wall, Brain, 1970, 
93:505-524). On the other hand, few studies have shown inhibitory and excitatory 
influences exerted from the cerebellum upon the cells of the DCN (Sotgiu and 
Bianchi Exp. Neurol., 1972, 3 4 :3 9 4 -4 0 8 ). The aim of this work was to provide 
further insight into the anatomical and physiological substrates of these influences 
in the rat.

Under deep anesthesia, a first group o f rats (n=5) received localized injections of 
WGA-HRP in their DCN and were sacrificed, then their brain were processed 
histologically. Few labeled neurons were observed in the deep cerebellar nuclei, 
mainly ipsilateral to the side of the injection.

In another group of rats (n=5) single cell recording from 40 DCN neurons 
revealed that cerebellar conditioning inhibited 60%, facilitated 19% and drove 7% 
of these neurons. Fourteen % of the DCN cells were not affected. Cerebellar 
effects were mainly ipsilateral, with an early onset of 1-5ms. Furthermore, more 
than 50% of the inhibited neurons showed long-term depression lasting 5-10 min.

These results demonstrate the existence of a direct cerebellar-DCN loop and 
provide further support to the role of the DCN in the regulation of motor behavior. 
(Supported by a grant from the Lebanese National Research Council).

Responsiveness To Stimulation of the 
Perineum, Hip and TailLJLLOJ

SPINAL AND SUBCORTICAL SOMATOSENSORY PATHWAYS II

830.2830.1

CHARACTERIZATION OF “WIND UP” OF STT NEURONS IN THE 
PRIMATE. H.-R. Weng*, P.M. Dougherty, A. Schwartz. L. Rowland and F. A. 
Lenz. Departments of Neurosurgery and Neuroscience, School of Medicine, the 
Johns Hopkins University, Baltimore, MD 21287.

Unidentified nociceptive neurons in the spinal cord of rats and cats show 
increased responses to repeated stimulation of C fibers at a frequencies of >0.2 Hz. 
This phenomenon was named “wind up”, and has been related to pain summation 
and central sensitization. “Wind up” could be observed also in the supraspinal 
levels. In this study we examined if spinothalamic tract neurons (STT) in the 
spinal cord of the primate mediate “wind up” to supraspinal levels.

Experiments were performed on 5 monkeys ( M a c a c o  f a s c i c u l a r i s )  anaesthetized 
with pentobarbital ( i .v . ) and paralyzed with gallamine triethiodide ( i .v . ) .  

Laminectomy of the lumbar segments and craniotomy were made. STT neurons 
were recorded extracellularly with a carbon filament electrode. Neurons were 
classified as low threshold (LT), wide dynamic range (WDR) and nociceptive 
specific (NS) neurons according to their responses to graded mechanical 
stimulation. A train of 16 pulses of electrical stimuli was applied to a spinal dorsal 
root adjacent to the recorded segment of the spinal cord.

Thirteen nociceptive STT neurons (12 WDR and 1 NS) were recorded at a depth 
of 900-2000 µm below the surface of the spinal cord. With electrical stimulation 
of A fiber at 0.1, 0.2 and 1 Hz, no significant changes of responses to the repeated 
stimulation were observed in all the neurons. Increased responses were observed in 
12 neurons (11 WDR and 1 NS) out of 13 neurons when electrical activation of C 
fibers were repeated at >0.2 Hz (“wind up”). The higher the stimulation frequency 
the stronger the potentiation of the responses. These results indicate: 1. 
Nociceptive STT neurons can mediate “wind up” to the supraspinal levels; 2. Not 
all the nociceptive STT neurons participate in transmission of “wind up” from the 
spinal cord to the supraspinal levels. (Supported by NS32386).

DETECTION AND LOCALIZATION OF CUTANEOUS STIMULATION 
AFTER INTERRUPTION OF THE SPINAL LEMNISCAL AND 
SPINOTHALAMIC PATHWAYS IN MONKEYS. C.J. Vierck* and
R.L. Cannon. Dept, of Neuroscience, Univ. of Florida Col. of Medicine, 
Gainesville FI 32610-0244.

Three Macaca arctoides monkeys were trained to detect electrical 
stimulation of either lateral calf (10 ms constant current pulses at 2 Hz) by 
pulling one of two levers within 2 s of stimulus onset. Up to 4 pulses were 
randomly presented to either leg, beginning 1 to 2.5 s after the onset of 
trials that were self initiated by placing a hand on each lever. Food 
reinforcement was presented only if the aninia! pulled the lever located on 
the side of stimulus within the stimulus interval. Detection thresholds were 
determined by varying stimulus intensity between sessions. After normal 
thresholds for detection and localization were established for stimulation of 
both legs, lesions of one dorsal quadrant and the opposite ventral quadrant 
of the thoracic spinal cord were produced. The intention was to interrupt 
the long somatosensory pathways to the contralateral thalamus from the leg 
ipsilateral to the dorsal lesion (the affected leg). This was confirmed by 
single unit recordings and substantial anatomical changes within thalamic 
nucleus ventralis posterolateralis contralateral to the affected leg (see 
accompanying posters).

Postoperatively, detection thresholds were elevated for each animal 
after extensive testing, but neither detection nor identification of the side 
stimulated was eliminated for stimulation of the affected leg. Thus, 
stimulus detection and crude localization can be subserved by spinal 
projections to locations other than the contralateral ventrobasai thalamus.

Supported by NS-07261 and BSCIRTF funds from the State of Florida.
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830.3
DEAFFEREN TA TIO N -IN D U CED  CHANGES IN THE IN H IBITO RY 
CIRCUITRY OF THE MACAQUE SOMATOSENSORY THALAMUS (VPL) 
FOLLOWING DORSAL COLUMN AND SPINOTHALAMIC TRACT LESIONS. 
D.D. Ralston* and H.J. Ralston. III. Dept. Anatomy and W.M.Keck Foundation 
Center for Neuroscience, UCSF, San Francisco CA 94143-0452

Lesions of somatosensory pathways have been shown to create changes within 
the central nervous system, many of which are associated with severe pain 
syndromes in humans. We are investigating changes in monkey VPL in a model of 
central deafferentation pain, in collaboration with the laboratories of C.J.Vierck,
F.A.Lenz and P.M.Dougherty (see adjacent posters). We have focused our attention 
on the GABA immunoreactive (GABA-ir) interactions as we have previously shown 
this inhibitory circuitry decreases following medial lemniscal lesions. Adult 
monkeys (M. a r c t o i d e s )  had chronic lesions of one fasciculus gracilis and the 
contralateral spinothalamic tract at thoracic levels. Two days before terminal 
physiological recording, 5% WGA-HRP was injected bilaterally into nucleus 
gracilis. Following euthanasia, thalamic tissue was prepared for EM examination 
using post-embedding techniques for GABA-ir. We observed that there was a 
decrease in the numbers of somatosensory afferent terminals (RL profiles) and a 
marked reduction of GABA-ir thalamic reticular axonal terminals and local circuit 
presynaptic dendritic profiles on the deafferented side when compared with the 
animal's "normal" side. We suggest that the significant loss of GABAergic 
inhibition is an important factor in the creation and maintenance of a deafferentation 
pain syndrome. Plastic changes in VPL synaptic circuitry following deafferentation 
injury may contribute to the initiation and maintenance of abnormal function of 
neurons of the somatosensory thalamus.

All animals were housed and cared for according to approved institutional 
protocols and USDA regulations. Supported by NS-21445 and NS-23347 from the 
NIH.

830.5

CHANGES OF FIRING PATTERNS IN THE THALAMUS IN THE PRIMATE 
WITH CHRONIC LESION IN THE VENTROLATERAL FUNICULUS IN THE 
SPINAL CORD. J. I. Lee, H,-R. Weng. P.M. Dougherty. A. Schwartz, C. Vierck, L. 
Rowland, F. A. Lenz and J. N. Campbell*. Departments of Neurosurgery and 
Neuroscience, School of Medicine, the Johns Hopkins University, Baltimore, MD 
21287.

Changes in neuronal activities in the thalamus have been reported in patients with 
injuries of the nervous system at different levels and are suggested to be related with 
central pain. Neurons in the thalamic nuclei exhibit high or low threshold calcium 
spikes associated with a distinct pattern of action potentials (spike-bursts). We have 
now studied spontaneous and evoked activity in the monkey somatosensory nuclei of 
the thalamus of normals and monkeys with a selective chronic lesion of the 
ventrolateral funiculus in the spinal cord.

Three monkeys with transection of the ventrolateral funiculus for about 1 year and 
three intact monkeys were used. Monkeys were anaesthetized with pentobarbital (i.v.) 
and paralyzed with gallamine thiethiodide (i.v.). Neurons in VPL and medial thalamus 
were recorded extracellularly with a metal microelectrode. Neurons were classified as 
low threshold (LT), multi-receptive (MR), wide dynamic range (WDR) or nociceptive 
specific (NS) according to their responses to graded mechanical stimulation. A 
computer algorithm was used to identify spike-bursts.

A total of 210 neurons in both intact and lesion monkeys were analyzed in detail. 
Responses to graded mechanical stimulation were increased for MR, but not LT cells, 
in lesioned versus intact monkeys. Spontaneous and evoked spike-burst rate and 
principle rate were higher for MR and LT cells in the lesioned monkeys compared to 
the intact monkeys. In addition, MR cells in the lesioned monkeys also had longer 
bursts than in the intact monkeys. Our results suggest that the somatosensory thalamic 
nuclei exhibit increased spike-bursts in monkeys with chronic lesion of the 
ventrolateral funiculus. Such changes of firing patterns could be related to the central 
pain developed after spinal lesions. (Supported by NS32386).

830.7

SEX DIFFERENCES IN RESPONSE PROPERTIES OF CAUDAL BRAINSTEM 
NEURONS. R ,D , J o h n s o n *  a n d  C .H . H u b s c h e r . D e p a r tm e n ts  o f P h ys io lo g ica l 
S c ie n c e s  a n d  N e u ro s c ie n c e , U n iv e rs ity  o f F lo rid a , G a in e s v ille , F L  3 2 6 1 0 -0 1 4 4 .

S in g le  un it re c o rd in g s  in th e  m e d u lla ry  re t ic u la r  fo rm a tio n  (M R F ) o f th e  m a le  
ra t (H u b s c h e r &  J o h n s o n , J. N e u ro p h y s io l.  76 : 2 4 7 4 -8 1 , 199 6 ) re v e a le d  m any  
re sp o n se s  to  bila tera l s tim u la tio n  o f th e  p en is , w ith  c o n v e rg e n t in p u ts  c o n fin e d  to  
o th e r  p e lv ic  s tru c tu re s  a n d  s e v e ra l ro s tra l c u ta n e o u s  re g io n s  (i.e ., p in ch in g  the  
to e s , fa c e  a n d  e a rs ). In th e  p re s e n t s tu d y , M R F  n e u ro n a l re s p o n s iv e n e s s  w a s  
e xam ined  at s te reo tax ica lly  e q u iva len t s ite s  in u re th a n e -a n e s th e tiz e d  fe m a le  rats, 
us ing  a  s im ila r p ro toco l a n d  s e a rc h  s t im u lu s  (e le c tr ic a l b ila te ra l s t im u la tio n  o f the  
d o rs a l n e rv e  o f th e  c lito r is  - D N C  [D N P  - p e n is , in m a le s ]). D N C -re s p o n s iv e  
n e u ro n s  w e re  a ls o  te s te d  fo r  c o n v e rg e n c e  u s in g  b ila te ra l p e lv ic  n e rv e  (bPN ) 
s tim u la tion  and  by m echan ica lly  s tim u la tin g  th e  s k in  o v e r th e  w h o le  b o d y  (gen tle  
to u c h , p re s s u re , p in ch ) a s  w e ll a s  th e  c e rv ix , v a g in a , c o lo n  a n d  u re th ra . A  to ta l 
o f 6 8  D N C -re s p o n s iv e  n e u ro n s  w e re  e x a m in e d  in M R F . A s  in m a les , all M R F 
ne u ro n s  in the  fe m a le s  resp o n d e d  to  bo th  ipsi- a n d  c o n tra - la te ra l D N C  s tim u la tio n  
a n d  th e  m a jo rity  w e re  e x c ita to ry . M o s t D N C -re s p o n s iv e  n e u ro n s  w e re  
add itiona lly  resp o n s ive  to  bPN  stim u la tion . H o w e v e r, n e u ro n a l re s p o n s e s  to  bPN  
(ve rsus  bD N C ) inpu ts  (e le c tr ic a l a n d  n a tu ra l) a p p e a re d  to  be  re la tiv e ly  g re a te r in 
m a gn itude  and  duration. T h e  op p o s ite  w a s  o b s e rv e d  fo r  m a le s , w h e re  th e  g re a te r 
re s p o n s e  w a s  to  D N P /p e n ile  s tim u la tio n , w ith  m a n y  n e u ro n s  re c e iv in g  D N P  but 
not PN  inputs. H is to lo g ic a l re c o n s tru c tio n  o f M R F  re c o rd in g  s ite s  s u g g e s t th a t a  
g rea te r p roportion  o f D N C - v e rs u s  D N P -re sp o n s ive  n e u ro n s  w e re  c o n fin e d  to  the  
n u c le u s  re tic u la r is  g ig a n to c e llu la ris  (G i), w ith  re la t iv e ly  m o re  n e u ro n s  fro m  th e  
la tte r  se t b e in g  lo c a te d  in v e n tra l re g io n s  (G i p a rs  a lp h a ). M o s t o f th e  68  D N C - 
re s p o n s iv e  n e u ro n s  w e re  a d d it io n a lly  re s p o n s iv e  to  m o re  th a n  o n e  (o fte n  all) o f 
th e  fo llo w in g  a re a s : p e rin e u m , a n u s , u re th ra , c o lo n , e a rs , d o rs a l tru n k , face , 
e y e lid s , fo re p a w  a n d  h in d p a w . A b o u t h a lf  a ls o  re s p o n d e d  to  c e rv ix  p re ssu re . 
T h e se  pre lim inary  da ta  d e m o n s tra te  s e x  d if fe re n c e s  in M R F  n e u ro n a l re s p o n s e s  
to  c o n v e rg e n t v is c e ro s o m a tic  in pu ts . T h e s e  d iffe re n c e s  like ly  re la te  to  the  
func tiona l im p ortance  o f th e se  neura l inpu ts  fo r  re p ro d u c tiv e  b e h a v io rs , w h ic h  are 
c o o rd in a te d  in pa rt by th is  re g io n  o f th e  b ra in s te m . S u p p o r te d  by N S357O 2, 
D E 1 2 3 9 6 7  an d  th e  F lo r id a  B ra in  &  S C I R e h a b ilita tio n  T ru s t F u n d .

830.4
DEAFFERENTATION-INDUCED CHANGES IN PHYSIOLOGICAL 
PROPERTIES OF NEURONS IN MACAQUE SOMATOSENSORY THALAMUS 
(VPL) FOLLOWING DORSAL COLUMN AND SPINOTHALAMIC TRACT 
LESIONS. P. M. Dougherty*. H. -R. Weng, P.D. Dimitriou, A. Schwartz, C  Vierck, 
L, Rowland and F. A. Lenz. Departments of Neurosurgery and Neuroscience, School 
of Medicine, the Johns Hopkins University, Baltimore, MD 21287.

The mechanism of central pain following spinal injury is not well understood. 
Studies in patients and animal models with spinal lesion have found a functional 
change in the thalamus. In the present study, we investigated neural activities in the 
somatosensory nuclei of the thalamus in monkeys with selective chronic lesion in 
ipsilateral dorsal column and contralateral ventral spinal funiculi.

Experiments were performed on adult monkeys (M. arctoides) with spinal lesions 
at thoracic level in the spinal cord of greater than 2 years duration. The monkeys 
were anaesthetized with pentobarbital (i.v.) and paralyzed with gallamine 
thiethiodide (i.v.). Neurons in VPL on both the deafferented and intact sides of the 
thalamus were recorded with glass-coated platinium-iridium microelectrodes.
Few neurons with cutaneous receptive fields below the lesion level were found. 

Neurons on the deafferented side exhibited a significant change in both spontaneous 
and stimulus-evoked firing patterns compared to intact monkeys. Such changes were 
manifested as an increased rate of burst firing and decrease of interburst (principle 
event) firing. These patterns of firing were similar to those observed in patients with 
central pain developed after spinal injury. Such changes could be a functional 
reflection of significant loss of GABAergic inhibition found histologically in the 
same animals (see abstract by D. D. Ralston and H. J. Ralston). In conclusion, 
chronic lesion of the spinal cord induces abnormal firing patterns in VPL, which 
could be related in the central pain in patients. Supported by NS32386.

830.6

MORPHOLOGIC CHARACTERISTICS OF CERVICOTHALAMIC 
TRACT TERMINATIONS IN DIFFERENT TARGET REGIONS. M , 
Zhang and J. Broman*. Department o f Physiology and Neuroscience, 
Section for Neurophysiology, Sölvegatan 19, SE-223 62 Lund, Sweden.

We have previously demonstrated that the cervicothalamic tract (CTT) 
terminates in the ventral posterior lateral nucleus (VPL), the ventral 
periphery o f the ventrobasal complex (VBvp), the medial nucleus o f the 
posterior complex (POm), and the magnocellular medial geniculate 
nucleus (MGmc). In the present study, the morphologic characteristics of 
CTT terminals in these regions was examined by quantitative analysis of  
biotinylated dextran amine-labeled CTT terminals in three cats. Three 
types o f CTT terminations were recognized: Type I  appears as compact 
clusters o f 5-30 boutons. Type III includes: 1) single endings; 2) round, 
tiny varicosities studding the axon shafts; and 3) boutons o f passage, 
widely spaced along the course o f thin axons. Type II is an intermediate 
o f the two former types and appears as 3-10 terminals forming less 
compact clusters than those o f type I terminals.

The three types o f terminal are distinctly distributed in the different 
regions. The VPL has a large proportion of type I terminals (72%). At the 
other extreme is the VBvp, where type III terminals dominate (73%). The 
MGmc has a large proportion of type I terminals (38%) although the type 
III dominates (53%). The POm has a lower fraction o f type I (22%) and 
higher fractions o f type II and III terminals than the MGmc. The high 
proportion o f type I terminals in VPL indicates a high degree o f synaptic 
security in the transmission of signals carried by the CTT, and highlights 
a role o f the the VPL in faithful thalamocortical transmission o f signals 
carried by the CTT. (Supported by the Swedish MRC, the Magn. 
Bergvall Foundation, and the Clas Groschinsky Memorial Fund.)

830.8
HYPOTHERMIA-INDUCED CHANGES OF AFFERENT SENSORY 
TRANSMISSION AND RECEPTIVE FIELD IN THE VPM THALAMUS AND 
THE BRAINSTEM STN OF RATS. S.J.Olr*. N.P.June3. S.C.Jung1. R Y C hoi2 
and H,C Shin1. Dept, of ’Physiology and 2Anesthesiology. Coll, of Med.. Hallym 
Univ.. Chunchon, 200-702, Korea. 3Dept. of Biology . Yonsei Univ., Seoul.

Differential changes of somatosensory7 evoked potentials between cortical and 
subcortical components have been reported during hypothermia. We have also 
reported temperature-dependent changes of afferent sensory transmission in the 
primary7 somatosensory (SI) cortex of rats during hypothermia (NeuroReport V.8 : 41- 
44, 19%). Currently, however, it is not known how much each of the three relay 
stations of the dorsal column-medial leminiscal somatosensory sy stem may contribute 
to the hypothermia-induced modulations of afferent sensor* transmission obscived in 
the SI cortex. Therefore, in this study we have aimed to determine the effects of 
hypothermia on the sensory7 responsiveness of neurons in the ventral posterior medial 
(VPM) thalamus and the spinal trigeminal nucleus (STN) of the brainstem to the 
activation of the receptive field (RF) located on the vibrissae area in anesthetized rats. 
Sensory transmission in the VPM thalamus was steeply suppressed at body 
temperature (Tb) ranged 27~28°C and was maximally suppressed (~ -90%) at Tb 
2l°C. RF in the VPM thalamus was not change by lowing Tb. In the STN. sensory 
transmission was significantly facilitated (30-40%) at Tb ranged 36~29°C and was 
suppressed about -45~ -65% at Tb 2l°C. Also . there was no change of RF following 
lowering Tb to 2l°C in the STN. However, in the SI cortex, RF was dramatically 
expanded during initial period of Tb cooling (35~32°C) and was disappeared at Tb 
24°C. The results of this study clearly demonstrated that hypothermia induces distinct 
changes of afferent sensory transmission and RF at each relay station of the dorsal 
column-medial lemniscal pathway to the SI cortex of rats. Profound modulation of 
sensory transmission in the STN during initial lowering of Tb may be necessitated for 
ensuring sensory inflow to be processed at supra-brainstem levels. (Supported by 1997 
BSRI grant to NP Jung and HC Shin from the KME).
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830.9
SPINAL CORD INJURY (SCI) SIGNIFICANTLY INCREASES FOREBRAIN 
ACTIVATION IN THE ABSENCE OF INTENTIONAL SOMATOSENSORY 
STIMULATION.
T.J. Morrow1*, P,E. Paulson1, K.L. Brewer2, R.P. Yezierski2 and K,L, Casey1 

Dept, of Neurology1. VAMC and Univ. of Michigan. Ann Arbor, Ml 48105.and 
The Miami Project2, University of Miami, Miami, FL 33136 
Somatosensory abnormalities, including dysesthesias and symptoms of chronic 
neuropathic pain (spontaneous pain, hyperalgesia mid allodynia) are a frequent 
outcome of spinal cord injury (SCI). Yezierski et al (1998) recently reported that 
intraspinal injections of quisqualic acid (QUIS) in rats produce pathological changes 
(cell loss, cavitation, demyelination, inflammation, etc) mid pain-related behaviors 
comparable to those seen in ischemic or traumatic SCI. However, how spinal cord 
injury affects the functional activity of forebrain structures is not known. Accordingly 
w e measured synaptically-induced regional cerebral blood flow' (rCBF) to compare 
the level of forebrain activation in Long Evans rats with (n= 13) mid without (n=l 1) 
spinal injuries. Excitotoxic spinal cord lesions were made by a micro injection of 
QUIS (O.6 ul, 125 niM) into the dorsal horn at segments T12 to L2. Three to four 
weeks after SCI. rCBF was measured using an autoradiographic lieuroimaging 
teclmique (Morrow' et al, 1988). Spinal lesions were also histologically reconstructed. 
As compared to controls, SCI rats show ed a significant bilateral üicrease in activation 
within 8  of 22 regions sampled. Primarily areas believed to make up "traditional” 
somatosensory pathways showed increased activation mid included the hindlimb 
region of SI cortex mid adjacent parietal cortex, and thalamic nuclei PO, VPL. and 
VPM. Other activated structures include the thalamic VM mid VL nuclei and the 
Arcuate nucleus. These data suggest that the partial deafferentation of the forebrain 
due to SCI leads to a pattern of hyper-activation w hich includes somatosensory 
structures. It is possible that the chronic pain symptoms that develop following SCI. 
may in part be due to this hyperactivity in forebrain structures. Supported by grants 
from the Veteran Administration, NIH mid the Miami Project.

830.11

CHARACTERISTICS OF SSEPS IN THE CEREBRAL CORTEX, 
THALAMUS, AND GRACILE NUCLEUS IN RATS. Jae Wook Ryou1, 
Bae hwan Lee1. Chun Zi Cho1, Ran Won1, and Youq GoiT~Park1 ?*. 
τYonsei Medical Research Center, ^D epartm ent of Neurosurgery, 
Yonsei University College of Medicine.

Somatosensory evoked potentials (SSEPs) have been used widely 
both experimentally and clinically to monitor the function of central 
nervous system, and peripheral nervous system. Studies of SSEP 
have reported the various recording techniques and patterns of 
SSEP.

In the present study, we used a specially designed recording 
electrode to record cortical field potential. The pointed tip of new 
recording electrode (NE-120, Kopf Instruments) was inserted into the 
cerebral cortex perpendicular to the cortical surface so that the round 
area gently contacted with the cortical surface. We investigated 1) 
the characteristics of SSEPs of the cerebral cortex that evoked by 
hindlimb stimulation using ball electrode, and 2) the pathway by 
recording the potentials simultaneously in the cortex, thalamus, and 
gracile nucleus. In the first experiment, SSEPs were mapped from 
36 points over the left and right cerebral cortex of the rat. In the 
second experiment, patterns of each waveform of SSEPs from 
different areas of posterior column somatosensory pathway were 
analyzed.

Using this recording technique, we could constantly obtain the 
cortical field potential. The first experiment revealed that the first 
large positive and following negative waves were largest at the 2mm 
posterior and 2mm lateral to the bregma in the contralateral 
somatosensory cortex. And results of second experiment showed that 
the potentials were from posterior column somatosensory pathway.

830.13

REAL TIM E M ONITORING O F VIBRISSA CONTACTS AND ASSOCIATED 
TRAJECTORIES IN HEAD-FIXED RATS. R. Bermeio*, M, A.Harvev. and H. P. 
Zeigler. Biopsychology Program, Hunter College, City University of New York, NY.

Neurobehavioral analysis of whisking mechanisms has been constrained by the 
absence of procedures for the “real-time” monitoring of vibrissa contacts and their 
associated trajectories. We have previously utilized a head-fixed preparation and an 
optoelectronic (CCD) system for “on-line” monitoring of whisking trajectories with 
very high spatio-temporal resolution. We now describe a device for detecting the 
contacts made by an individual vibrissa during whisking in the head-fixed animal. The 
detector consists of a fine wire shaft, to the bottom portion of which is affixed a rare 
earth magnet. In its resting position the shaft/magnet ensemble is apposed to a 
magnetosensitive (Hall-effect) transistor. The shaft is finely balanced such that 
whisker contact produces a displacement of the shaft (and magnet) towards the 
transistor. The displacements produce changes in magnetic field strength. These are 
detected by the Hall-effect device, which generates a voltage proportional to the 
displacement. Whisker contacts thus generates signals from which we may infer the 
onset and duration of each contact. To assess the utility of the device, whisking 
contacts were brought under experimental control in head-fixed rats using operant 
conditioning procedures. Transducer outputs were amplified and digitized through an 
A/D interface. The output of the magnetosensitive transducer was used to trigger 
reinforcer (water) delivery in water-deprived rats, in which vibrissae rostral to the 
monitored whisker were clipped. Subjects readily learned to acquire reinforcements by 
whisking at, and displacing the detector, whose sensitivity to displacement could be 
continuously adjusted. By combining the contact detector with the optoelectronic 
system we may monitor both the whisking trajectory and the associated temporal 
pattern of contacts. These techniques should facilitate electrophysiological studies of 
this widely used neurobehavioral “model system”.
( S u p p o r t e d  b y  G r a n t  M H - 0 3 8 6 6  a n d  R e s e a r c h  S c i e n t i s t  A w a r d  M H - 0 0 3 2 0  to  H . P . Z .)

830.10
A SUBCORTICAL GENERATOR IN THE PONS CAN PRODUCE MEG SIGNALS 
ABOVE THE CORTEX IN THE PIGLET. S. Kato. N.S. Panuashvili*. C. Xu. Y.C. 
Okada Magnetophysiology Laboratory, Depts. Neurology & Neurosciences, University 
of New Mexico School of Medicine, Albuquerque, NM, 87131 USA

We have previously shown (Hashimoto et al., Neurosci. Lett., 1996) that a 
subcortical structure deeper than the thalamus may be able to produce a somatically 
evoked magnetic field (SEE) detectable above the vertex in a juvenile swine preparation. 
The purpose of this study was to identify the location of the source responsible for the 

trigeminally evoked potentials and magnetic fields. Under anesthesia (ketamine, 
4mg/kg/hr and xylazine, lmg/kg/hr i.v.), the soft tissues and bones were resected from 
one side of the face to expose a lateral side of the pons of the piglet (22 animals, 4-6 
weeks old, 6.4-10.0 kg). The nostril was stimulated with a bipolar electrode (0.2-1 Hz, 
1-7mA, 300 µs) and the SEF was measured above the pons (10 epochs/ave, 0.1-lkllz). 
Together with the SEFs, somatically evoked potentials (SEPs) were simultaneously 
recorded from the lateral brainstem surface, cerebml cortex and pharyngeal wall. Hie 
stimulation evoked a spike-shaped response in SEF and SEP with a peak latency of 
l4.8±2.4ms (n=l3), the duration of 6 ms. The spike showed an SEP polarity reversal at 
around 12mm caudal to the trigeminal nerve entry point. The SEF maps were dipolar 
with its equivalent current dipole with an unusually large dipole moment of 227±I43 
nA-m (n = ll) localized close to the electrical polarity reversal point. The anterior 
direction of the dipole was consistent with the positive spike in the anterior region of 
the brain. Tungsten microelectrodes (3-20 MΩ, tip diameter 0.5-3 µm) stereotaxically 
inserted in the pons detected time-locked single-unit activities coinciding with the spike 
on the contra- and ipsilateral sides of the brainstem in the region of the spinal nucleus. 
It is hypothesized that the action currents from the spinal nucleus is the probable source 
of the strong electrical response observed in all areas of brain and the magnetic 
responses observed above the decorticated brain surface and above the vertex as well as 
on the lateral side of the pons. Supported by NIH grant RO1-NS30968.

830.12
THE EFFECTS OF ACUPUNCTURE ON HUMAN NEUROPHYSIOLOGY 
Ming X u f Henrv H Zhou. Herman T urndorf. D epartm ent of Anesthesiology, 
New York University Medical Center, New York, NY10016
Although a number of studies on traditional Eastern medicine, such as qi-gong, 
acupuncture (AC), moxibustion and herbal drugs, have been reported, there are few 
reports describing AC effect on human neurophysiology. In the present study, we 
examined changes in cerebral evoked potentials(EPs) and electroencephalogram(EEG) 
by AC stimulation o f the point called “Zusanli” on the left lower leg, using a healthy 
male adult subject who was qualified as an official AC therapist in China. In this 
experimental session, electrodes were placed on the subjects’s scalp according to the
10-20 international electrode system. Then SEP, VEP and AEP were derived from the 
C3’-A l+ 2 , O l-A l+ 2 , C z-A l+2. EEG containing SEP, VEP and AEP was recorded 
in ten experimental sessions. After the first control recording(before AC stimulation), 
a AC needle 2inch was inserted into the “Zusanli” point, and a second recording (during 
AC stimulation) was carried out. The AC needle was then removed and the third 
recording (after AC stimulation) was ended. The peak latencies originating from the 
cortex significantly decreased during AC stimulation in SEP,VEP and AEP. The 
interpeak VEP and SEP amplitudes originating from cortex significantly increased. 
However, the amplitudes of AEP significantly increased during and after AC. The short 
components of AEP significantly decreased which suggested an inhibitory effect on the 
primary auditory cortex. There were no significant changes in EEG power% during 
AC, but the a  1 and α 2 bands power% significantly increased in C3’-A l+ 2  channel, 
and α 1 band power% significantly increased in the channel of C z-A l+ 2 after AC, 
compared with the control. With regard to the effects of AC, significant changes in EP- 
components originating from the cortex suggest that AC stimulation has facilitating and 
inhibiting cortical effects. These results provided new information for understanding 
AC analgesia and anesthesia.

830.14

OPERANT CONDITIONING OF RODENT “W HISKING”: STIMULUS  
CONTROL OF RATE AND AMPLITUDE. P. Gao*. B. O. Plooα. R. 
Bermeio. and H. P. Zeiαler. Biopsychology Program, Hunter College, 
(CUNY), N.Y.
The rodent’s mystacial vibrissae are “mobile sensors” functioning, during 
exploration and discrimination, as an active  touch  system. Previous work has 
focussed largely on the sensory functions of the system. However, the rat’s 
exploratory and discriminative behaviors are dependent upon its ability to 
modulate whisking movement parameters under either open loop (exploratory) 
or closed loop (discriminative) conditions. Whisking thus presents problems in 
motor control similar to those posed by eye movements. As a first step in 
analysis of motor control mechanisms we have used operant methods to bring 
rate and amplitude of individual vibrissa movements under the differential 
control of auditory stimuli. Movement trajectories of individual whiskers were 
monitored optoelectronically, “on-line”, in head-fixed rats and a distribution of 
protraction amplitudes was obtained for each animal. Water-deprived subjects 
were reinforced, on multiple Variable Interval schedules for whisks whose 
protraction amplitude met or exceeded a predefined baseline value. The 
different schedules (VI 20’/VI120’ or VI 6O’/Extinction) were signaled by the 
presence or absence of a tone. These procedures generated stable rates of 
responding, which differed with the different stimuli. Protraction amplitude was 
then brought under operant control by reinforcing whisking amplitudes which 
exceeded the preset criterion, and increasing this criterion over successive 
sessions. Differential reinforcement of whisking amplitude produced significant 
shifts in the mean of the amplitude distribution of whisks. These procedures 
should prove useful in electrophysiological recording studies and in assessing 
the role of peripheral inputs and central structures in the “open-loop” control of 
whisking movements. (Supported by Grants MH 08366, NS 37263 and RSA 
MH-00320 to H. P. Z.)
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831.1

ECTOPIC DISCHARGES AND THEIR ADRENERGIC SENSITIVITY OF 
SENSORY NEURONS AFTER PERIPHERAL NERVE INJURY. X. Liu.
D.H. Lee and J.M.. Chung*. Marine Biomed. Inst., Depts. o f  Anat. & NeuroscL 
and Physiol. & Biophys., Univ. Texas Med. Br., Galveston, TX 77555.

The aims o f this study were to characterize the ectopic discharges o f the 
primary sensory neurons after injury o f their peripheral axons and to determine the 
adrenergic sensitivity o f  these discharges.

The L4/L5 segmental spinal nerves were unilaterally ligated in male 
Sprague-Dawley rats (130-150g) under halothane anesthesia. Seven to 14 days 
later, the DRGs o f the ligated segments were removed with dorsal roots and spinal 
nerves and placed in an in vitro recording chamber. Unit recordings were made 
from teased dorsal root fibers. Once a spontaneously active unit was found and 
characterized, the adrenergic sensitivity o f  the unit was determined by repeated 
applications o f norepinephrine (NE, lOµM).

The majority o f  spontaneously active units were Aß fibers [19 o f 25, 
conduction velocity (CV), 13-50 m/s] with an average discharge rate o f  3.87±3.33 
Hz (S.D.). The remaining units (6  o f  25) were Aδ fibers (CV, 2-12 m/s) with an 
average discharge rate o f  5.27±7.4O Hz. Most o f  these units (15/19 Aß and 5/6 
Aδ fibers) were excited by application o f NE. However, most o f  the adrenergically 
sensitive units showed tachyphylaxis to repeated applications o f NE.

These results suggest that many Aß and Aδ primary afferent axons produce 
ectopic discharges after an injury to segmental spinal nerves. The majority o f  these 
units develop an adrenergic sensitivity. These may play an important role in the 
development o f neuropathic pain after peripheral nerve injury. (Supported by NIH  
grants N S 3 1680 and NS 11255)

831.3

PREGANGLIONIC IMMUNOSYMPATHECTOMY DECREASES 
FORMALIN-INDUCED PAIN BUT DOES NOT ALTER MECHANICAL 
PAW-WITHDRAWAL THRESHOLDS IN RATS. M. Shiotam , 1 P. N. Fuchs.2 

M. Ringkamp, 1 H. Mansikka,2* S. Brimijoin,3 P. Hammond3 and S. N. Raja'.
Depts of Anesthesiology1 and Neurosurgery2 Johns Hopkins Univ, Baltimore,
MD 21287 and Dept of Pharmacology, Mayo Clinic5, Rochester, MN 55905.

We previously demonstrated that surgical sympathectomy decreases formalin- 
induced pain (FIP) behaviors. Murine monoclonal acetylcholinersterase (AchE) 
antibodies that selectively degenerate sympathetic preganglionic neurons (SPG) 
were administered to rats to differentiate the role of pre- vs postganglionic 
sympathetic fibers in FIP behaviors. The role o f SPG fibers in mechanical paw 
withdrawal thresholds (PWT) was also examined. Behavioral testing was 
performed (blinded with respect to vehicle or antibody treatment) at either 3 days 
(n=7 per group) or 10 days (n=7 per group) post-antibody treatment. Mechanical 
PWT were determined by applying calibrated von Frey monofilaments using the 
up/down method. Compared to vehicle, antibody treatment did not alter 
mechanical PWT at 3 days (2l.3±2.3g vs l7.4±2.7g, p > 0.35) or at 10 days post
antibody treatment (l7 .3±3.lg  vs 2 l.3± l.9 , p > 0.60). FIP behaviors were 
examined by measuring the duration o f paw elevation and paw licking for 45 min 
after an intraplantar injection of 0.05 ml of 1% formalin. Compared to vehicle, 
antibody treatment significantly decreased FIP behaviors at 3 days (O.74±O.O6 vs 
0.27±0.07,p<0.001) and 10 days (O.78±O.O6 vs O.37±O. 11,p<O.01) post-antibody 
treatment. After formalin testing, the adrenal medulla, lumbar sympathetic chain, 
and superior cervical ganglia were harvested for biochemical and histological 
analysis to confirm the immunosympathectomy. These results indicate that SPG 
fibers may not be involved in normal nociceptive mechanisms, but play a critical 
role in formalin-induced pain. (Supported by NIH grants NS26363 and NS32352)

831.5

VOCALIZATIONS AND WITHDRAWAL REFLEXES ELICITED BY 
ACTIVATION OF C-FIB RES FOLLOWING BRIEF CO2 LASER THERMAL 
STIMULATION IN THE RAT. D. Bragard. F. Benmalek. D. T.e Bars*. INSERM 
U-161, 2, rue d'Alésia, 75014 Paris, France.

Vocalizations and withdrawal reflexes elicited by short thermal stimuli were 
analysed simultaneously. Male Sprague Dawley rats were immobilized with plaster 
contention of the pelvis and placed at the centre of a dark sound attenuating 
chamber. Stimulations were delivered to the plantar surface of the paw at 5 min 
intervals from an infrared laser (duration : 150 ms ; diameter of the sp o t: 12 mm). 
The vocal responses were recorded with a microphone (frequency response flat 
within ±  3 dB, from 5 Hz to 100 kHz) placed 5 cm in front of the head. The signal 
was amplified, digitized and processed for calculation of latencies, durations, 
frequencies and enveloppes. Electromyographic activity was recorded from the 
biceps femoris, digitized (2 kHz), full-wave rectified and processed for latencies and 
enveloppes (time window : 100-450 ms).

Complex vocal responses in both the audible and ultrasonic frequency ranges 
were recorded. A first peep, without sharp fundamental frequency, was recorded 
with long latencies (279 ±  34 ms) following stimulation of the base of the digits. It 
was followed by sequences of audible chatters and pure ultrasound emissions 
similar to those observed following electrical stimulation (Joudan et al., Pain 63: 
237-249, 1995). Reflexe responses were evoked with shorter latencies (247 ±  14 
ms). The first peep and reflex response were studied in more detail : 1- they were 
triggered by activation of unmyelinated peripheral fibres ; 2- the threshold for EMG 
responsse was lower than for the peep ; 3- the difference of latencies of the two 
responses was 36 + 14 ms ; their duration and enveloppe were intensity-dependent.

Both vocal and emg responses are reminiscent of second pain triggered by C- 
peripheral fibres in humans. No responses corresponding activation of A3 fibres 
were recorded. Such a model of spinal and supraspinal responses recorded in awake 
animals could represent a useful tool for both neurological and pharmacological 
studies of nociception in the rat.

831.2
ROLE OF ANTEROGRADE AXOPLASMIC TRANSPORT FOR 
DEVELOPM ENT OF ECTOPIC SENSITIVITIES IN SENSORY NERVE 
FIBERS FOLLOW ING AXOTOMY. A. Arnarsoπ. M. Michaehs and W. Jäni¾*. 
Institute of Physiology, University of Kiel, 24098 Kiel. Germany.
Transection of a peripheral nerve interrupts the anterograde axoplasmic transport 
so that membrane channel proteins and other components accumulate at the lesion 
site. A fimctional incorporation of such components into axonal membranes may 
underly the development of ectopic sensitivities in axotomized sensory nerve fibers. 
To investigate this indirectly, we used two groups of male Wistar rats. In group I, 
the left sural nerve was ligated and cut near the ankle under Nembutal anaesthesia 
(6 Omg/kg i.p.), allowing accumulation of anterogradely transported proteins at the 
proximal lesion site. Either 3-16 or 73-85 hours later, action potential activity was 
recorded centrally from fine nerve strands. Mechanical stimuli applied to the 
proximal lesion site excited a significantly increasing number of Ajt alïerents 
(18/149 [12%] vs. 59/210 |28%|; p<O.001. //-test): no A|3 fiber responded to 
locally applied thermal stimuli. Among axotomized C fibers. 40/417 (9.6%) and 
25/174 (14.4%) were mechanosensitive, 29/357 (8.1%) and 18/156 (11.5%) were 
thermosensitive; these increases did not reach statistical significance. In group II, 
the sciatic nerve was transected. The site distal to the lesion which was not 
connected to the afferent cell bodies and therefore remained free of accumulated 
anterogradely transported proteins, was stimulated 17-25 hours later while distally 
single unit activity was recorded from the sural nerve. Now. 1/260 A|3 (0.4%) and 
1/252 C (0.4%) fibers were excited by mechanical stimulation. This was highly 
statistically different from the incidence of mechanosensitivity obtained in group I 
(p<O.001, χ 2-test). Thermosensitivity was found in 8/187 C fibers (4.3%) vieidmg 
less pronounced differences compared with group 1 Wc conclude, that 
accumulation of anterogradely transported proteins are particularly important for 
the development of ectopic mechanosensitivity yet to a lesser extent for the 
development of ectopic thermosensitivity. (Supported by the DFG. Mi 457/2-1).

831.4

IS SYMPATHETIC-SENSORY COUPLING IN L5 SPINAL NERVE- 
INJURED RATS DIRECT? H.-J. Häbler, X.-G. Liu*. S. Eschenfelder and W. 
Jänig Physiologisches Institut, Christian-Albrechts-Universität,
Olshausenstrasse 40, 24098 Kiel, Germany
Electrical stimulation of postganglionic sympathetic efferents may elicit sponta
neous ectopic discharges in axotomized afferents. Here, we investigated sympa
thetic-sensory coupling in spinal nerve L5 lesioned rats which is supposed to 
occur in the dorsal root ganglion. 4-39 days after transection of the L5 spinal 
nerve, spontaneous activity was recorded from single fibers isolated from the L5 
dorsal root under Nembutal anesthesia. In 6/63 afferent fibers tested stimulation 
of the lumbar sympathetic trunk (LST; 20-50Hz, 15 V, 0.5 ms for 10-20 s) 
enhanced spontaneous discharges followed by a depression. In another 5 fibers 
only inhibitory effects were observed on LST stimulation. In 37 fibers tested 
intravenous injection of noradrenaline (O.5µg/kg) excited one and inhibited 
three fibers. Other vasoconstrictor agents also sometimes activated the 
axotomized afferent neurons. L-NAME (27mg/kg iv.) increased spontaneous 
activity (from 5.4±2.3/s to 26.3±7.7/s, P<O.05, t-test) with latencies o f about 5 
min in 8/18 fibers tested. 8 fibers which did not respond to LST stimulation 
before L-NAME were strongly activated by the same LST stimulation (from 
8.2±3.2 to 4O.l±l3/s, P<O.05, t-test) after L-NAME. 4 fibers which were 
unresponsive to noradrenaline before L-NAME became sensitive to the drug 
thereafter. Angiotension (lµg/kg iv.) and vasopressin (0.125 IU, iv) activited 
these fibers too.Our results suggest that sympathetic-sensory coupling in the L5 
spinal nerve lesion model may be related to the vasoconstriction induced by 
LST stimulation or by injection of vasoconstrictor agents and therefore be 
indirect. Supported by the Deutsche Forschungsgemeinschaft

831.6
THE NOCICEPTIVE REFLEX IN ANESTHETIZED RATS IS STRONGLY 
INHIBITED BY VAGUS NERVE STIM ULATION. E.W. Kinghom and J.W. 
Woodbury*. Dept. Physiology, Univ. Utah, Salt Lake City, UT 84108.

Rationale: Vagus nerve stimulation (VNS) is an efficacious treatment o f refractory 
epilepsy in humans. It is difficult to determine the optimal VNS pattern in seizures 
induced in experimental animals. In analogy to the discovery by Schweitzer and 
Wright in 1937 that VNS inhibits the stretch reflex in cats, we found that VNS can 
produce a strong, long-lasting inhibition o f the nociceptive reflex (NR) in anesthetized 
rats. This finding suggests that VNS might be an efficacious treatment for chronic Aδ 
pain in humans. We characterized the inhibitory effect of VNS on the NR.

Methods: Maximal NR responses were elicited by a strong stimulus train (e.g., 7 
ma, 30 Hz, 5 sec) to hind paw (PSt) or tail (TSt) at regular intervals. The NR was 
measured as abdominal movement of a supine, anesthetized rat. The left vagus was 
dissected and lifted onto hook electrodes for stimulating and recording. VNS was 
typically 20 Hz for 10 sec and maximal for C fibers.

Results: (1) The NR is variable; S.D. « 10%. (2) The NR is completely inhibited 
during and for ca. 15 sec after VNS. (3) Half time is ca. 30 sec and complete 
recovery takes >2 min. (4) The time course o f recovery is„independent o f the paw or 
tail stimulation parameters. (5) VNS inhibition o f NRs induced by PSt is ca. 3 times 
stronger than that induced by TSt. (6 ) Recovery time increases with VNS frequency 
up to ca. 20 Hz and then falls. (7) The size of the NR is increased by simultaneous 
stimulation of tail and paw.

Conclusions: I. Result (7) combined with the well-known fact that the intensity 
of a sharp pain is increased by simultaneous pain elsewhere suggests that VNS acts 
on the sensory side and inhibits the perception of Aδ pain as well as the NR. II. The 
properties of VNS induced inhibition of the NR make it a feasible means of 
controlling Aδ type pain in humans. VNS parameters: 20 Hz for 10 sec repeated 
every 35 sec. Funded by Cyberonics, Inc., Houston, Texas.
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831.7
HUMAN LOWER LEG WITHDRAWAL REFLEX ORGANISATION 
INVESTIGATED BY RANDOM STIMULATION OF THE FOOT SOLE.
F. A. Sonnenborg, O. K. Andersen and L. Arendt-Nielsen*. Center for Sensory-Motor 
Interaction, Aalborg University, DK-9220 Aalborg, Denmark.

Recent studies by Schouenborg et al. (NIPS 9: 261-265, 1994) indicate a modular 
organisation of withdrawal reflexes in rats. The aim of the present study was to describe the 
nature of withdrawal reflexes in man.

METHODS: Fourteen healthy subjects participated in the study. An array of 16 
stimulation electrodes, area of 0 ,8  cm2, was placed evenly .under the sole of the foot with a 
reference electrode placed on the" foot dorsum (80 cm2). The stimulation intensity was 1.5 
times the pain threshold at each of the stimulation sites. The electromyogram (EMG) of 
Tibialis Anterior (TA) and medial Gastrocnemius (MG) were recorded and normalised to 
the maximal M-wave of the muscle. Further, the ankle joint angle changes (dorsal/plantar 
flexion and Eversion/Inversion) were recorded using a goniometer. The sequence of the site 
of stimulation was randomised by a computer (double blind) which also controlled the 
current intensity. Each stimulation site was stimulated 10 times. The subjects scored the 
sensory intensity of each stimulus on a the Visual Analog Scale (VAS). The EMG reflex 
response was quantifièd by the Root-Mean-Square value (80 to 200 ms post stimulus). Also 
the maximal angle changes within Is of the stimulation onset were calculated. Finally, the 
mean reflex response and the mean maximum angle changes were spatially interpolated 
(Kriging) to give a 3D plot of the reflex sensitivity.

RESULTS: The mean VAS scores of the stimulation showed a uniform sensory intensity 
on the sole of the foot (±lcm). The focus of the TA reflex receptive field was located on the 
medial mid foot. The focus of the MG reflex receptive field was placed on the heel 
extending into the arch of the foot. The two reflex receptive fields for TA and MG were 
spatially clearly separable. A correlation between the areas with dorsal flexion and reflex 
activity in TA was found. A correlation between plantar flexion and MG reflex activity was 
found.

CONCLUSIONS: Specific receptive fields for withdrawal reflexes in lower limb 
muscles were shown suggesting a functional organisation of withdrawal reflex pathways in 
humans.
S u p p o r te d  b y  th e  D a n is h  N a t io n a l  r e s e a r c h  f o u n d a t io n

831.8
INTERACTION OF CUTANEOUS AND MUSCLE AFFERENT ACTIVITY IN 
WITHDRAWAL REFLEX PATHWAYS IN MAN. O.K. Andersen1*. T. Graven- 
Nielsen1. D.A. M atre1. L. Arendt-Nielsen1. E.D. Schõmbure2. C enter for Sensory- 
Motor Interaction, Aalborg University, Denmark, in stitu te  of Physiology, University of 
Göttingen, Germany.

Convergence between muscle afferents (group III and IV) and cutaneous afferents has 
been shown by facilitation of the semitendinosus (ST) muscle reflex following sural 
nerve stimulation and injection of an algesic substance into the soleus muscle (Brain 
Res, 218:342-346, 1981). Following brief, high intensity electrical stimulation of the 
gastrocnemious-soleus nerve, increased withdrawal reflexes have been observed for a 
period of 90 min indicating central sensitisation (J Physiol, 356:443-458, 1984). The 
aim of the present study was to investigate the interaction between input from muscle 
nociceptors and cutaneous afferents by assessment of the withdrawal reflex during 
muscle pain.

The subjects (N=I2) were placed supine with the knee flexed 30°. Electrical stimuli 
(five 1ms pulses, 200Hz) at an intensity of l.l× th e  reflex threshold were delivered to 
the dorsal aspect of the ankle. The ISI was 15s. The withdrawal response was recorded 
from the ST muscle. Muscle pain was first induced in tibialis anterior (TA) thereafter in 
soleus (SOL) by i.m. infusion of hypertonic (5%) saline. In each session, a baseline 
recording ( 2 0  stimuli), a recording during muscle pain (continuously), and a post-pain 
recording (20 stimuli) were obtained. The electrical stimuli were rated on a 10cm VAS 
( ‘O’ no sensation, ‘5 ’ pain threshold and ‘10’ intolerable pain) while the muscle pain 
was rated continuously on a 10cm VAS ( ‘O’ pain threshold and ‘10’ intolerable pain).

The reflex size during pain in SOL was significantly lower than during baseline 
(P<0.05) and the post-pain recording (P<0.05). There was no changes in the reflexes in 
the session with pain in TA. The muscle pain lasted for approx. 7 minutes with a mean 
VAS peak between 4 and 5. For the electrical stimuli, there was no differences between 
the VAS ratings for the six conditions (mean VAS of 4.0). In conclusion, the reflex 
modulation was dependent on the site of muscle pain and no general facilitation of the 
reflex was observed.
S u p p o r t e d  b y  th e  D a n i s h  N a t i o n a l  r e s e a r c h  f o u n d a t i o n

831.9 831.10
PAIN TO PUNCTATE MECHANICAL STIMULI IN HUMANS IS MAINLY
MEDIATED BY CAPSAICIN-INSENSITIVE A-FIBER NOCICEPTORS 

W. Magerl1, P.N. F u ch s* R.A. Meyer2*3 and R.-D. Treede1 
1 Inst of Physiology and Pathophysiology, Joh. Gutenberg University, 
D-55099 Mainz, Germany, 2 Dept, of Neurosurgery, 3 The Applied 
Physics Laboratory, Johns Hopkins University, Baltimore MD 23287

Mechanical stimuli need sharp contours and small stimulus areas to 
cause pricking pain. The subpopulations of nociceptors, however, which 
mediate the pain to such punctate stimuli are not clearly identified yet.

S/R functions fo r pricking pain to punc
tate stimuli at the hand dorsum were 
determined with calibrated mechanical 
stimulators (200 µm 0 ,8 -5 1 2  mN). Pain 
in normal skin with functionally intact 
innervation was compared to conditions 
of A-fiber conduction blockade by pres
sure to the superficial radial nerve, to 
blockade of capsaicin-sensitive afferents 
by repeated treatm ent with 10% topical 
capsaicin (6 hrs./day, 3-4 days), and to 
both blocks combined.

Capsaicin treatment reduced pain to 
punctate stimuli by 27 % (p < 0.01). In 
contrast, complete block or A-fiber con
duction reduced pain tO punctate Sti- 2OO µm probes - force (mN)
muli by 85 % (p «  0.001). In capsaicin S/R functions for pricking pain in 
treated skin, pain was completely elimi- normoí sloπ un<fer A-fiber conduction 
nated after A-fiber block. blockade (AFB) or capsaidn (CAP)
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We conclude, that pain to punctate stimuli is predominantly mediated 
by capsaicin-insensitive A-fioer nociceptors. Capsaicin-sensitive noci
ceptors contribute significantly, but only to a minor extent.
(Supported by NIH grant NS14447 and NATO grant CRG.95032540495)

PAIN RATINGS TO PUNCTATE MECHANICAL STIMULI IN SECONDARY 
HYPERALGESIA ZONE PRODUCED BY CAPSAICIN INJECTION ARE DOSE- 
DEPENDENT, J.H.Huang*. P.N.Fuchs, C. Roza, Z. Ali. J.N.Campbell. and 
R.A.Mever. Dept Neurosurgery, Johns Hopkins Univ. Baltimore, MD 21287 

Previously, we reported that pain ratings to punctate mechanical stimuli are similar 
through-out the zone of secondary hyperalgesia but drop precipitously at the border 
o f  the secondary zone. We now investigate whether uniform pain ratings are also 
observed in the secondary hyperalgesic zone produced by injection o f different doses 
o f capsaicin and how the magnitude o f pain to mechanical stimuli varies as a function 
o f capsaicin dose. Each o f the eight subjects received six intradermal injections 
(lOµl) into the volar forearm: the vehicle and 0.01, 0.1, 1, 10 and 100 µg capsaicin, in 
random order. Sequential injections were made at least one day apart in opposite 
forearms. Injections to the same forearm were separated by at least one week and 
were spaced 2 cm apart on the same proximal-distal location of the forearm. In each 
experiment, pain ratings to twenty 53 °C, 4 s heat stimuli delivered via a Peltier 
device to the dorsal surface o f the hand were used to establish the modulus for pain 
ratings using magnitude estimation techniques. A computer-controlled 
electromechanical stimulator delivered controlled-force stimuli to the skin via a 1 2  

mm long, 100 µm thick blade. Three different forces (16 g, 32 g and 64 g, 1 s) were 
applied to 3 test sites 1 cm, 2 cm or 3 cm away from the injection site. We found 1) 
the mean area o f the punctate hyperalgesia zone determined by a 10-bar von Frey 
probe increased monotonically with capsaicin dose; 2 ) at each force, pain ratings did 
not vary significantly with position in the secondary hyperalgesia zone, regardless of 
the capsaicin dose; 3) pain ratings increased monotonically with stimulus force; 4) 
the magnitude o f pain to a given force increased monotonically with capsaicin dose. 
These results suggest that the uniform pain ratings across the secondary zone are not 
due to the saturation o f a central sensitization phenomena. New neural models of 
secondary hyperalgesia are needed. (Supported by NIH NS14447)

831.11
CHANGES IN EXCITABILITY OF CUTANEOUS NOCICEPTOR TERMINALS 
OF MONKEY AFTER ANTIDROMIC ACTION POTENTIAL INVASION. Y. B.
Peng*. M. Ringkamp, J, N. Campbell, and R. A. Mever. Dept of Neurosurgery and Applied 
Physics Lab., Johns Hopkins Univ., Baltimore, MD 21287
Fatigue is a prominent property of nociceptors in response to heat and mechanical stimuli. 

To determine whether this fatigue is associated with a change in excitability of terminal 
endings, we investigated the responses of nociceptors to transcutaneous electrical stimuli 
following antidromic action potential (AP) invasion of their terminals. Standard teased fiber 
techniques were used to record from 10 A-delta nociceptors in the anesthetized monkey. 
Hlectrocutaneous stimulation at 0.2 Hz frequency of varying voltages ( t e s t  s t im u lu s )  w as 
applied with a cathodal electrode placed on the receptive field. The latency of conduction 
from the skin to the recording electrode typically decreased with increasing stimulus 
intensity in discrete stepped fashion, suggesting stimulation at distinct sites. We investigated 
the site with the lowest electrical threshold and longest conduction latency. Antidromic AP 
propagation was initiated by electrical stimulation of the nerve trunk ( c o n d i t i o n i n g  s t im u lu s )  

with a vary ing number of pulses and interpulse frequencies. The conditioning stimulus led 
to a decrease in excitability at the skin such that more intense test stimuli were needed to 
initiate an Al5. For a conditioning stimulus of 40 pulses (40 Hz), the time at which an AP 
could be initiated with a test stimulus intensity within 10% of baseline levels w as 30 s 
(range: 5 to 65 s). This recovery time increased as the number of pulses in the conditioning 
stimulus increased and the intensity of the test stimulus decreased. Concurrent w ith this 
change in excitability was an increase in response latency (typically less than 1 0 %), 
reflecting a decrease in conduction velocity. Response latency was within 1% of baseline 
latency after 55 s (range: 35 to 145 s). Antidromic activation of the peripheral terminals of 
nociceptors profoundly affects excitability. These data support the hypothesis that fatigue 
phenomena associated with natural stimulation are dominated by changes in the excitability 
of the distal terminals. Supported by NIH N S -14447.

831.12
THE PERIPHERAL BRANCHING STRUCTURE OF IDENTIFIED CUTANEOUS 
NOCICEPTORS OF THE MONKEY. M. Rinekamp*. Y. B. Peng. J. R  Campbell, and 
R. A. Mever. Dept. Neurosurgery and Applied Physics Lab., Johns Hopkins University, 
Baltimore, MD 21287

Little is known about the branching structure of identified cutaneous nociceptor terminals 
Our previous observations that multiple conduction latencies could be obtained following 
electrocutaneous stimulation of the receptive field suggests the existence of a complex 
branching structure. In the present study, we used collision techniques to locate the position 
of the branch point along the nerve where fibers innervating two separate areas within the 
receptive field join the parent axon. Teased fiber techniques were used to record from single 
A- delta and C- fibers innervating the hairy skin of the monkey. Cutaneous receptive fields 
were localized and mapped by transcutaneous electrical stimulation using a paradigm 
described previously (Meyer et al., 1991). Electrodes for transcutaneous stimulation were 
fixed at two separate spots (SI and S2) inside the receptive field of the fiber under study, 
and an electrode was positioned on the nerve trunk (NT). To correct for changes in electrical 
excitability' at the skin stimulation sites following action potential propagation, collision 
experiments between the two skin sites and between each skin site and the NT electrode 
were necessary. The action potential propagation times between all sites (Sl,S2, branch 
point, NT, recording electrode) were determined. Eight A-delta fibers and one C-fiber w ere 
studied. For the A-delta fibers, the mean latency between the branch point and the recording 
electrode was 25 ms (range: 4.2-110 ms). This corresponds to a distance between the skin 
and branch point of 48 mm (range: 5-94 mm). For the C-fiber, the latency of the branch 
point was 42 ms corresponding to a distance from the skin of 92 mm. These results suggest 
that some nociceptive afferents branch quite proximal to their peripheral receptive field. 
These results demonstrate that collision techniques can be used to study the functional 
anatomy of identified nociceptive afferent terminals. (Supported by NIFI: NS 14447)
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831.13
EARLY LOSS OF EPIDERM AL NERVE FIBERS ACCOM PANIES  
DIM INISHED PAIN SENSATION FOLLOW ING TREATM ENT W ITH  
TOPICAL CAPSAICIN. D.A. Simone1, N. Khalili2, G. W endelschafer-Crabb2. 
W.R. Kennedy2*. Departments of 'Psychiatry and 2Neurology, University of 
Minnesota, Minneapolis, MN 55455.

Topical application of non-prescription preparations of capsaicin (CAP) results in 
the disappearance of epidermal nerve fibers and the loss of pain sensation over a 
period of several weeks. W e describe the effects of short-term topical CAP 
treatment on the morphology and function of epidermal nerve fibers.

Human subjects applied 0.075% CAP cream 4 times daily for one week to a 4 by 
5 cm area o f the volar forearm. Before and at selected times after application, 
tactile, cold, mechanical and heat pain sensation were assessed within the treated 
area and skin biopsies and blisters were collected and immunostained for the pan
neuronal marker, protein gene product 9.5. Suction skin blisters were processed for 
evaluation of epidermal nerve fibers, and full thickness skin biopsies were collected 
for assessment of all cutaneous nerves.

The magnitude of pin prick and heat pain sensation diminished and number of 
epidermal nerve fibers decreased dramatically within 24 hours of topical CAP 
treatment. Most pronounced loss of sensory modalities occured with mechanical and 
heat pain. Changes in the subepidermal neural plexus (immediately underlying 
epidermis) were not apparent.

This rapid CAP-induced degeneration of nerve fibers in skin may contribute to the 
analgesia accredited to CAP. Investigation of CAP-induced denervation provides 
information that will be helpful for elucidating the sensory modalities conveyed by 
these superficial fibers. Supported by: NS 36887 and NS 31223, Toray Instruments, 
Tokyo, and W.R. Medical Instruments, Stillwater, MN.

831.14
EFFECT ON AN INCISION ON MECHANOSENSITIVE AFFERENTS IN THE 
PLANTAR RAT FOOT. M.M. Hamalainen2. T.J. Brennan1 O F  Gehhart2* 
Departments of Anesthesia1 and Pharmacology2, University of Iowa, Iowa City, IA 
52242.

Very little information is available on the mechanisms o f incisional pain. We 
have developed and characterized a rat model for human postoperative pain using 
an incision in the plantar aspect of the rat foot that produces reliable thermal and 
mechanical hyperalgesia111. The purpose o f this study was to examine the 
responses of primary afferent fibers to mechanical and thermal stimuli before and 
after a similar surgical incision.

Single unit primary afferent fibers for the L5 dorsal root were recorded from 
mechanically ventilated, pentobarbital anesthetized rats. Mechanical threshold 
was determined using calibrated von Frey filaments (0.9-539 mN) applied to the 
receptive field. The thermal sensitivity o f the fiber was studied with radiant heat. 
The response properties of each fiber were characterized before and 45 minutes 
after an incision within or adjacent to the mechanical receptive field.

Eighteen Aß-fibers were recorded (mean conduction velocity 38.O±l.3 m/s). The 
median mechanical von Frey threshold was 4.31 mN. None responded to heat. 
Forty-five minutes after an incision within the receptive field of the fiber (n=6), the 
background activity and response properties o f Aß-fibers to mechanical and 
thermal stimuli were unchanged. In 10 Aδ-fibers, the mean conduction velocity 
was 2O.8±2.3 m/s. The median mechanical von Frey threshold was 4.65 mN. 
Background activity of Aδ-fibers was not affected by the incision; only 1 of 4 Aδ- 
fibers decreased its mechanical threshold by more than one filament. These 
preliminary results suggest that Aß- and Aδ-mechanosensitive fibers do not 
sensitize to a plantar incision and indicate that other primary afferents are 
important for thermal and mechanical hyperalgesia. Supported by DA 02879.
[1J Brennan et al Pain 64 (1996) 493-501.

831.15 831.16
Myelinated afferent types that become spontaneously active following transection of a 
mixed nerve. Michael Tal* and Marshall Devor, Departments of Anatomy and Cell 
Biology' and Cell and Animal Biology, Hebrew University, Jerusalem, Israel

We measured the prevalence of ectopic discharge in injured motor v e r su s  cutaneous nerves in rats, 
with the aim of answering the following questions: 1) Do skin and muscle afferents differ in their 
propensity to develop ectopic hyperexcitability ? 2) Does the propensity to develop spontaneous 
ectopic discharge correlate with the propensity to develop ectopic mechanosensitivity ? 3) Is there a 
species difference, cat v ersu s rat, in this regard? Under pentobarbital anesthesia we cut and tightly 
ligated, alternatively, a muscle nerve, the medial gastrocnemius n. (n=9), or a (largely) cutaneous 
nerve, either the saphenous n. (n=8) or the sural n. (n=5). An acute, terminal electrophysiological 
experiment was carried out 1-21 days postoperatively to measure the prevalence of spontaneous and 
mechanically evoked ectopic discharge. Fine axon bundles (“microfilaments”) were teased from the 
nerve, cut centrally, and placed on a single Ag/AgCl recording electrode. We registered the 
spontaneous action potential (SA) firing rate, firing pattern, and conduction velocity. In addition, we 
measured the response of SA units to mechanical stimulation applied to the neuroma and also whether 
previously silent fibers might responsed to mechanical stimulation. The prevalence of spontaneous 

' a a total of 280 micro filaments was:
Nerve (type) number o f

microfilaments
sampled

number o f  
SA  axons

%  o f  S A axons that 
were mechanosensitiv e

m echanosensitive axons w/o 
SA per microfilament

Gastocnemius n. 
(motor)

108 74 70 % 0.43

Saphenous n. 
(sensorv)

111 8 87 % 0.61

Sura] n. 
(sensory)

61 6 100% 0.97

Firing pattern in SA axons in the gastrocnemius n. was tonic (51%, mean 27Hz), on-off (7%), or 
slow/irregular (41%, mean 1.0Hz). In saphenous n. and sural n. all SA units fired in the slow/ 
irregular pattern. The greater propensity of gastrocnemius n. afferents to develop ectopic discharge 
indicates that in recordings of SA from neuromas of mixed nerves such as the sciatic n. the bulk of 
spontaneously active in myelinated axons are muscle afferents. This is consistent with prior 
observations in the cat (Johnson & Munson, J. Neurophysiol. 6:2155,1991; Proske et al Exp. Brain 
Res., 104:89, 1995). Both muscle and skin afferents developed ectopic mechanosensitivity, with the 
greater propensity among s.kin afferents. The difference between skin and muscle afferents in the 
development of SA and mechanosensitivity may reflect constitutive differences in the electrical 
properties of the intact neurons, differences in their response to axotomy, or both.

SENSORY PROPERTIES OF SUBACUTELY AXOTOMIZED CUTANEOUS 
AFFERENTS, IN VITRO. M . M ic h a e lis *1 a nd  P ,W . R e e h . D e p t. P h y s io l. I 

U n iv . o f  E r la n g e n -N ü rn b e rg  a nd  1D ep t. P h y s io l. U n iv . o f  K ie l, G e rm a n y .
W ith in  a fe w  h o u rs  a fte r  a p e r ip h e ra l n e rv e  tra n s e c tio n , m a n y  

a x o to m iz e d  s e n s o ry  n e rv e  fib e rs  b e c o m e  s e n s it iv e  to  p h y s ic a l and  c h e m ic a l 
s t im u li a p p lie d  to  th e  n e rv e  le s io n  s ite . H e re , w e  s tu d ie d  th is  e c to p ic  
e x c ita b il ity  in v itro . M a le  W is ta r  ra ts  (b .w . 3 0 0 -5 4 0 g ) w e re  a n a e s th e tiz e d  
(N e m b u ta l, 6O m g/kg  i.p .) and  th e  le ft su ra l n e rv e  w a s  e ith e r  l ig a te d  and  
tra n s e c te d  (n = 5 ) o r  m e re ly  tra n s e c te d  (n = 5 ). A f te r  1 4 -2 0  h o u rs , th e  su ra l 
n e rv e  in c o n tin u ity  w ith  th e  s c ia t ic  n e rv e  w a s  e x c is e d  and  m o u n te d  in an 
o rg a n  b a th  w h e re  it w a s  s u p e rfu s e d  w ith  c a rb o g e n -s a tu ra te d  s y n th e tic  

in te rs t it ia l f lu id  a t 32.°C. A c tio n  p o te n tia l a c t iv ity  w a s  re c o rd e d  fro m  s tra n d s  
w h ic h  w e re  s e p a ra te d  fro m  th e  s c ia tic  n e rv e  a n d  c o n ta in e d  a ffe re n t  fib e rs  
p ro je c tin g  in to  th e  su ra l n e rv e . C o n tro lle d  h e a t s t im u li up  to  45  °C  w e re  

a p p lie d  to  th e  n e rv e  le s io n  s ite  u s in g  a h a lo g e n  la m p . F o r  c o ld  and  c h e m ic a l 
s t im u la tio n , th e  is o la te d  n e rv e  le s io n  s ite  w a s  s u p e rfu s e d  w ith  d e fin e d  te s t 

so lu tio n s . A m o n g  fa s t c o n d u c tin g  a x o to m iz e d  A ß  f ib e r  a ffe re n ts  (n = 5 1 ), 
m a n y  w e re  e x c ite d  by p ro b in g  th e  le s io n  s ite  w ith  a b lu n t g la s s  rod  ( in 

s e n s it iv e ; 2 4 /5 1 , 4 7 % ). In c o n tra s t, no a x o to m iz e d  Aß f ib e r  re s p o n d e d  to  
th e rm a l s t im u la tio n . A m o n g  a x o to m iz e d  C f ib e r  a f fe re n ts  (n = 8 6 ), a fe w  w e re  
e x c lu s iv e ly  m -s e n s it iv e  (4 /8 6 , 4 .7 % ), o th e rs  re s p o n d e d  a d d it io n a lly  to  he a t 
(6, 7 % ) o r co ld  (4, 4 .7 % ). M o re o v e r, 11 C f ib e rs  (1 2 .8 % ) w e re  e x c lu s iv e ly  
he a t- a n d  2 (2 .3 % ) w e re  c o ld -s e n s it iv e . T h e  p re v a le n c e  o f  e c to p ic  s e n s o ry  
p ro p e rtie s  w a s  s im ila r  in p re p a ra tio n s  w ith  a nd  w ith o u t n e rv e  l ig a tio n . F o u r 
m h -s e n s it iv e  C  fib e rs  w e re  te s te d  by  b ra d y k in in  s u p e r fu s io n  (B K , 1Q~5M ). A ll 
w e re  e x c ite d  by B K ; m o re o v e r , im m e d ia te ly  a f te r  B K  s u p e r fu s io n , 3 /4  C 
f ib e rs  s h o w e d  a s ig n if ic a n tly  in c re a s e d  h e a t re s p o n s e . A f te r  a x o to m y , fa s t 
co n d u c tin g  c u ta n e o u s  a ffe re n ts  a nd  C  f ib e r  a ffe re n ts  e x h ib it  s p e c if ic  e c to p ic  
s e n s o ry  p ro p e rtie s  w h ic h  m a y  be  b a se d  on an d  re g u la te d  by  re c e p to r-  

m e d ia te d  m e c h a n is m s . (S u p p o rte d  by  D F G , M i 4 5 7 /2 -1  a n d  S F B  35 3 , B 12 )

831.17
NORMAL PUNCTATE HYPERALGESIA IN CAPSAICIN DESENSITIZED 
SKIN. R. A. Meyer, * 1,2 W. Ma»erl,3 J. N, Campbell. 1 R-D. Treede3 and P. N. 
Fuchs'. 'Dept, of Neurosurgery and :Applied Physics Lab., Johns Hopkins Univ; 
Baltimore MD 23287; 'institute of Physiology and Pathophysiology, Johannes- 
Gutenberg University, Mainz.

Several lines of evidence suggest that punctate hyperalgesia arises from enhanced 
central processing of the input from nociceptors. However, the role of specific 
nociceptor classes is unknown. The present study explored if the nociceptors that 
are deactivated by capsaicin contribute to the punctate hyperalgesia within the 
zone of secondary hyperalgesia. Two 2.5 X 2.5 cm areas on the volar forearm, 
separated by 1 cm, were treated in 10 healthy volunteers. One of the areas was 
desensitized by treatment with 10% topical capsaicin ( 6  hr/day for 2 days). The 
other site served as vehicle control. Secondary hyperalgesia was produced by an 
intradermal injection of capsaicin (50 µg, 10 µl) at a point midway between the 
two treatment areas. Punctate hyperalgesia following the capsaicin injection was 
measured at test sites within and outside the treatment areas using three different 
mechanical stimuli- a blade probe attached to a mechanical stimulator programed 
to administer forces of 32 and 64 g, an 8.5 bar von Frey monofilament, and a 
2OOµm diameter needle stimulus designed to administer seven incremental forces 
from 8 g to 512 g. In the area of topical capsaicin treatment, there was analgesia to 
heat (9 of 10 subjects had no heat pain rating to a 53°C, 4 sec stimulus), and there 
was no visible flare following the acute capsaicin injection used to produce the 
hyperalgesia. The acute intradermal capsaicin injection led to the development of 
hyperalgesia to all three types of mechanical stimuli at both treatment locations. 
The magnitude of mechanical hyperalgesia was similar in the capsaicin and vehicle 
treated area. These results indicate that capsaicin insensitive afferents play a major 
role in secondary hyperalgesia to punctate stimuli. (Supported by NTH grant 
NS 14447 and NATO grant CGR95032540495)
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832.1
IN C R E A S E  IN T H E  R E S P O N S IV E N E S S  O F  R A T  D O R S A L  R O O T  G A N 

G L IO N  N E U R O N S  T O  B R A D Y K IN IN  U N D E R  C U L T U R E  C O N D IT IO N S  M, 
P e te rs e n . A . K lu sch . A . E c k e rt a nd  K .-D . K n iffk i*  Institute o f Physiology, 
Univers ity  o f W ürzburg, D -9 7 0 7 0  W ürzburg , G erm any.

Previously, we showed in isolated dorsal root ganglion (DRG) 
neurons an increase in the proportion of neurons expressing Brady- 
kinin (BK) receptors and an increase in the proportion of neurons 
expressing a high density of BK receptors with time in culture How
ever, from these experiments it is not clear whether the incorporated 
receptors are also functioning. Therefore, in the study presented, the 
proportion of neurons responding to BK with action potentials was 
determined after different times in culture.

The response of isolated DRG neurons from adult rats to BK (1 
µM) was tested with the whole-cell patch-clamp technique in the cur
rent-clamp mode. Recordings were done after 0.8 days and after 1.8 
days in culture, respectively. Membrane depolarization was deter
mined by a repeated current injection of 500 ms duration during BK 
application. At day 0.8, a response was observed in 5 out of 19 so- 
mata and at day 1.8 in 13 out of 18 somata. The average number of 
action potentials (counted during a defined 2 s interval) evoked by BK 
was 8 ± 2 at day 0.8 and 15 ± 6 at day 1.8. The resting membrane 
potential at day 0.8 was -58 mV ± 7 mV and at day 1.8 -54 ± 9 mV, 
The cross-sectional area of responsive neurons was between 529 
and 973 µm2 at day 0.8 and between 471 and 1015 µm2 at day 1.8. 
The increase in responsiveness of DRG neurons to BK at different 
points of time in culture reflects a functionality of the induced BK 
receptors under culture conditions. Supported by DFG Re 299/3-2.

832.3

EFFECT OF anti-NGF ON THE RESPONSES TO NOXIOUS HEAT 
IN MICE TREATED WITH CAPSAICIN AT NEONATE.
A. Hiura**H. Nakagawa^, H. Ishizuka1 and Y. Kubo2. lDept. of 2nd Oral 
Anat., and 2£>epi. 0f Oral Care Unit for Patients with Special Problems, Sell, 
of Dent., Tokushima Univ., Tokushima 770-8504, JAPAN

Unexpectedly, despite the profound loss of C fibers in the dorsal roots of 
mice injected capsaicin neonatally, they show nonnal response to nociceptive 
heat. To examine a cause of this conflicted phenomenon, we studied the 
effect of anti-NGF on noxious heat response. Capsaicin (5Omg/kg) was 
injected once into 12 mice on day 2 of life. After 5 days of capsaicin 
treatment anti-NGF (3 u 1/g) was daily injected s.c for 30 days. From 10 days 
after capsaicin treatment, nonpad plantar skin of the hindpaw was stimulated 
by heat (Hargreaves’ method) every 10 days up to 60 days and every 20 days 
from 60 to 120 days. The limes at withdrawing of the hindpaw were 
recorded. The same test was undertaken in age-matched 8 mice treated with 
vehicle and anti-NGF as controls. Withdrawal latencies of the mice treated 
with both capsaicin and anti-NGF were not different from those of controls. 
But the latency of the fonner was apparently delayed compared with that of 
the animals injected only capsaicin. Thus, it was suggested that neonatal 
treatment of capsaicin causes collateral sprouting from remained neurons 
associated with the reduction of C libers . Accordingly, unusual synaptic 
organization in the superficial dorsal horn may take the place of normal 
transmission of noxious heal stimuli in neonatally capsaicin-irealcd animals.

832.5

osm olarγγy  a n d  ph play  im po r tant  ro les in  evo k ing  th e
NOCICEPTIVE WIPING RESPONSE IN FROGS. D.T. Hamamoto1*, M W. 
Forkey1, W.L. Davis1 andK.C. Kaiander12. Depts. of Oral Science1, and Cell 
Biology & Neuroanatomy2, and Graduate Program in Neuroscience2, University of 
Minnesota, Minneapolis, MN, 55455

Application of acetic acid (AA) to the hindlimb skin of frogs decreases subepithelial 
pH and evokes a quick wiping of the exposed skin. However, pH of the AA solution 
is not solely responsible for evoking this response because sulfuric acid or hydrochloric 
acid at the same pH does not decrease subepithelial pH or evoke the wiping response. 
We suspected that osmolarity may also play a role in evoking the wiping response. 
Thus, we investigated whether the osmolarity of the AA solution had an effect on the 
wiping response and on changes in subepithelial pH. Two sets of AA solutions were 
made (pH 5.74 or 3.74) with increasing osmolarities (0.13-11.63 Osm). The solutions 
were applied from lowest to highest osmolarity until the wiping response was evoked. 
Osmolarity of the AA solution that evoked the wiping response was significantly 
lower for the AA solutions at pH 3.74 than for those at pH 5.74 (p<0.05, t-test). 
Subepithelial pH was measured in vitro  using a pH microelectrode. Subepithelial pH 
decreased following application of the AA solutions at pH 3.74. In contrast, 
subepithelial pH never decreased following application of the AA solutions at pH 5.74, 
including the high osmolar solutions that evoked the wiping response. These data 
suggest that as pH of the test solution increases osmolarity must also increase to elicit 
the wiping response. Additionally, at higher pHs, the effect of osmolarity is not 
dependent upon decreasing subepithelial pH. Thus, both pH and osmolarity play 
important roles in producing the nociceptive wiping response in the frog. This 
research was supported by grants from the National Institutes of Health (NS339O8 and 
DE00270).

832.2

D IF F E R E N C E S  IN T H E  O N S E T  O F  IN D U C T IO N  O F  B R A D Y K IN IN  B IN D 

IN G  S IT E S  IN R A T  D R G  N E U R O N S : T IG H T  L IG A T IO N  V S . L O O S E  L IG A 

T IO N . E. G o rts c h v tz a . B. R oth . A. K lu sch . a nd  M . P e te rs e n *  Institute o f  
Physiology, University  o f W ürzburg, D -9 7 0 7 0  W ürzburg, G erm any.

Bradykinin (BK), one of the most powerful algesic sub
stances, acts via specific receptors. In behavioral studies it has been 
shown that an induction of BK receptors is involved in hyperalgesia. 
Here, we studied changes in the expression of BK binding sites in 
isolated dorsal root ganglion neurons from adult rats following differ
ent pathological conditions: a unilateral (i) loose ligation or (ii) tight 
ligation of the right sciatic nerve for 0.5, 1, 2 or 10 days, respectively. 
The ganglia L4/L5 were excised on both sides, then the cells were 
enzymatically isolated and kept on coverslips for 0.8 days. As a con 
trol corresponding ganglia from rats with no pre-injury were taken, 
BK binding sites were visualized by silver enhanced gold labeled BK 
and quantified by an image analyzing system (Segond von Banchet 
et al. 1996). Following a tight ligation of 0.5 days there was no differ
ence in the expression of BK binding sites compared to somata from 
control animals. However, following a 1 day pre-injury there was a 
clear increase in the expression of BK binding sites in somata on 
both sides. The values did not return to control levels within 10 days 
of a tight ligation. Following a loose ligation of the sciatic nerve, there 
was no induction of BK binding sites after 2 days injury, however, a 
clear response after 10 days. These results indicate that there is an 
induction of BK binding sites in DRG neurons following a loose liga
tion of the sciatic nerve, however, the onset is delayed compared to 
a tight ligation. Supported by DFG Pe 299/3-2

832.4

Low pH - in d u c e d  pa in  in  h u m a n  sk in  is e n h a n c e d  by 
PROSTAGLANDIN E2 . A. Sidiropoulos, H. Wegner. P.W. Reeh* and
K.H. Steen. Dept, of Dermatology, Univ. Bonn, D-53105 Bonn, Germany.

An ample combination of inflammatory mediators including 
prostaglandin has been shown to potentiate pain from experimental 
tissue acidosis in human skin (Steen et al.; Pain 66 (1996) 163-70). The 
present psychophysical study focused on the role of prostaglandin E, 
(PGE2), using bolus injections (0.1 ml), and continuous infiltration of 
the skin with buffered solutions through indwelling intradermal canulas 
in double-blind cross-over sessions with 9 volunteers. PGE2 injections 
(10 5M at pH 7.4) induced strong itching sensations possibly reflecting 
mast cell degranulation. In skin infused with neutral buffer as well as in 
skin made acidotic all acid bolus injections (pH 6.1) produced a sharp 
transient burning pain, which was markedly stronger and longer lasting 
in acidic skin if PGE2 was contained in the bolus instead of plain acid 
vehicle (144% increase, p < 0.0002. U-test). In neutral skin, acidic 
PGE2 injections were less painful and the discrepancy to vehicle 
injections was smaller (50% increase, p <0.0002, U-test). Successive 
bolus injections of acidic PGE2 (3 x, 5 min intervals) revealed a 
significant tachyphylaxis; however, in acidic skin the following plain 
pH stimulus was significantly more painful (by 61%, p < 0.008. 
Wilcoxon test) than before PGE2 injections.

The other constituents of the combination of inflammatory mediators, 
bradykinin, histamine, serotonin, have recently been found, as single 
agents, to have a very limited influence on pH-induced pain in the skin. 
Thus, PGE2 seems to account for much of the potentiation of 
experimental acidosis pain, which is so effectively blocked by topically 
applied aspirin-like drugs (Steen et al.; Pain 62 (1995) 339-347; Pain 
64 (1996) 71-82). This work was supported by DFG, grant Ste 593/1-3.

832.6

RESPONSES OF RAT TR IG EM IN A L GA N G LIO N  N EU RO N S TO 
ACIDIC STIM ULI. L. Liu, R. P. Erickson* and S. A. S im on. Dept, 
o f  A nesthesiology and Neurobiology, D uke U niversity M edical 
Center, Durham, NC 27710.

Acid is am ong the many irritating stimuli that activate prim ary 
afferent sensory neurons from the trigem inal ganglion (TG). We 
have characterized the responses to acid stimuli in TG neurons with 
PCR and w hole-cell patch clam p m ethods. RT-PCR from intact TG 
revealed the presence o f  the recently cloned ASIC and DRASIC 
channels. There was about tw ice as m uch m essage for DRASIC than 
ASIC. For neurons held at -60 mV, the application o f  pH 6.0 buffer 
(145 NaC l) revealed the presence o f inward currents that rapidly 
activated and desensitized (RA-A), and that slowdy activated and 
desensitized (SA-A). They could be found by them selves or 
together. A t pH 6.0 the SA-A had a reversal potential Vr = 0.5 mV 
and a rectifying I-V curve (I(60)/I(-60) = 3) w hereas RA-A had Vr = 
34 mV and a linear I-V curve. The EC 50’s for RA and RS were pH 
6.18 and 6.32, respectively. The m axim al responses o f  the peak 
currents for RA and RS at pH 5.0 were about 9 and 6  nA, 
respectively. We found that 30 sec applications o f  pH 6.0 in buffer 
applied eveiy 3 min was the same for RA-A and RS-A in that after 
6  applications the peak currents decreased about 40% . Thus TG 
neurons have at least two types o f  proton-gated channels. These 
channels can coexist in the same neuron or be found individually. 
This work is supported by grants from N IH  (D C -01065) and the 
Philip M orris Corporation.
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832.7
CHARACTERIZATION OF ANTISERA AGAINST THE DORSAL  
ROOT A CID-SENSING ION CHANNEL (DRASIC). T. Olson, A. Guo,
J. Wang, C. Honda*, and R. Elde. Department o f  Cell B io logy and 
Neuroanatomy, University o f  Minnesota, Minneapolis, M N 55455.

Within the past two years, several members o f  a new family o f  two 
transmembrane domain ion channels have been identified. D iscovered on 
the basis o f  its hom ology to M D EG /BN aC l, and ASIC/BNaC2, DRASIC  
has previously been shown, via in situ hybridization, to be expressed  
exclusively in the cell bodies o f  dorsal root ganglia. Expression in COS 
cells revealed a proton-sensitive current similar to that which has been  
observed in sensory neurons. W e developed polyclonal antisera against an 
extracellular region o f  the DRASIC m olecule, and used these antisera to 
explore the expression pattern o f  this m olecule using 
immunohistochemistry. DRASIC immunoreactivity (-ir) was present 
predominantly in small to medium size cell bodies within the rat dorsal 
root ganglia. U sing two-color immunohistochemistry, DRASIC-ir 
appeared to partially co-localize with substance P and CGRP in a subset 
o f  dorsal root ganglion neurons. In addition, there appeared to be 
colocalization with the recently identified heat/capsaicin receptor, VR1. 
These data suggest the possibility that this acid-sensing ion channel is 
present in sensory neurons subserving a variety o f  sensory modalities.

Supported by grants from NIDA.

832.9
ATP and 2-methyl thioATP activate bladder reflexes and induce discharge of 
bladder sensory neurones.
N. Dmitrieva* G. Bumstock1. and S.B. McMahon. Dept of Physiology. UMDS and 
'Roval Free Hospital. London. UK.

Purmergic receptors are expressed on many primary sensory neurones. Here we 
have assessed the peripheral effects of ATP and 2-methyl thioATP on bladder 
reflexes and responses of bladder sensory afferents.

Adult female rats were anaesthetised with urethane (1.25 g/kg, i.p.). A cannula was 
inserted into one femoral artery so that its tip lay just above the hypogastric artery 
supplying the urinary bladder. The bladder was also cannulated via the external 
urethra for the measurement of bladder contractility. ATP, 2-methyl thio ATP or 
control solvents (either 10' 3 M EDTA in saline or saline) were applied to the bladder 
either by close intra-arterial injection or intraluminally via the urethra. For 
electrophysiology, stimulating electrodes were wrapped around the pelvic nerve 
close to the bladder and single or multiunit activity recorded from the L6 -Sl dorsal 
roots.

Brief bladder contractions were induced by close arterial injections of 200 µl 10° 
M and 10"4 M 2-methyl thioATP as well as 10' 3 M ATP, all dissolved in EDTA, but 
not by EDTA or saline. In 10 minutes following intraluminal infusion (400 µl) of 2 
methyl thio ATP (10"3 M), the number of reflex micturition contractions was 
significantly increased by 126±14% compared to vehicle treatment. In 
electrophysiological experiments, 10"2 M ATP or 10' 3 M 2-methyl thioATP (but not 
EDTA or saline) briefly activated bladder sensory afferents when injected into the 
femoral artery. When infused into the bladder lumen (400 µl) for 10 minutes, the 
same compounds more than doubled activity of 1 0  out of 13 bladder sensory 
afferents compared with vehicle without changes in intraluminal pressure. These 
results suggest that primary afferent neurones suplying urinary bladder can be 
activated by ATP analogues.

832.11
SUBSTANCE P RELEASED IN SENSO RY GANGLIA GATES SIGNAL 
TRANSM ISSION TO THE CNS. Y. Matsuka*. J. K. Neubert and I, 
Spigetman. UCLA School o f  Dentistry, Los Angeles, CA, 90095.

Stimulus-evoked release o f  substance P (SP) has been demonstrated within 
guinea pig trigeminal ganglia in vivo (Neubert et. al., Soc. Neurosci. Abstr. 23: 
1530, 1997) and rat dorsal root ganglion (DRG) neurons in vitro (Huang and 
Neher, Neuron 17: 135-145, 1996). The aim o f  the present study was to 
determine whether SP affects the propagation o f  sensory signals to the central 
nervous system (CNS). Intracellular recordings from neurons in rat DRGs and 
compound action potential (CAP) recordings from the dorsal roots were 
obtained at 35°C in vitro. Neurons were classified into A- or C-type based on 
their spike characteristics and conduction velocities. SP application evoked 
depolarizing responses in 37/73 o f  A-type and 9/19 o f  C-type neurons. This 
lead to a concomitant disappearance o f  peripherally evoked spikes in the soma 
o f  32% (12/37) o f  A-type neurons. H ie  effect was not seen after somatic 
depolarization with current injection or after depolarization with 10-15 mM 
extracellular potassium. Propagation o f  spikes in C-fiber neurons was not 
blocked by SP (0/9). Furthermore, SP acting within sensory ganglia, reversibly 
decreased the A-fiber component o f  the CAP (18 ±  3% reduction, n=38, 
p<0.0001) evoked by peripheral nerve stimulation, thereby attenuating A-fiber 
input to the CNS. The long-latency (C-fiber) component was unaffected.

These findings suggest that SP released from neurons within sensory ganglia 
may serve as a diffusible chemical messenger that selectively modulates the 
transmission o f  sensory signals prior to their arrival at central synapses. This 
study was supported by the NIDR training grant DEO72I2.

832.8
TW O  TY PES O F A T P-A C TIV A TED  C U RR EN TS IN RAT D O R SA L  
R O O T G A N G L IO N  N EUR O N S.
S. UENO * and K. 1NOUE. Div. o f  Pharm acology, N ational Institute o f  Health 
Sciences. Tokyo, JAPA N 158-8501

The aim  o f  our study was to clarify  the expression pattern o f  P2X 
receptors in rat dorsal root ganglion (DRG ) neurons using the patch-clam p 
technique. We found two types o f  A TP-activated currents with fast or slow 
desensitization, and the neurons with rapidly desensitizing current were also 
responsive to capsaicin. The concentration o f  ATP producing half-m axim al 
activation o f  neurons w ith 'fast desensitization was less (3.7 µM ) than that o f  
neurons with slow  desensitization (24 µM ), while the Hill coefficients were 
sim ilar. Both types o f  cells also responded to applications o f  α ,ß -m ethy lene 
ATP. The rapid desensitization o f  the current in capsaicin-sensitive neurons 
was well fitted to two exponential com ponents. T im e constants for 
desensitization (τd) for capsaicin-sensitive neurons were τd l 55 ms and τd2 
847m s, and τd 5.5s for capsaicin-insensitive neurons. These properties o f  rapid 
and slow  desensitization currents were consistent with those observed when the 
P2 X 3  receptor was expressed alone, or P2 X 2  and P2 X 3  receptors were 
expressed together, respectively. The capsaicin-sensitive neurons showed 
sm aller diam eters than the capsaicin-insensitive ones. These results suggest that 
capsaicin-sensitive DRG neurons, which correspond to C-fibre afferents, 
express m ainly the hom om eric P2 X 3  subtype and that capsaicin-insensitive 
DRG neurons with A δ-fibre afferents express the heterom eric receptor with 
P2X2 and P2 X 3 . (This work was supported by Grants-ìn-Aid for Scientific Research 
(No. 08457416) from the Ministry of Education, Science and Culture of Japan and 
Domestic research Fellowship from Japan Science and Technology Corporation.)

832.10
DELAYED UPREGULATION OF CLASS A CA2+ CHANNELS  
IN TRIGEMINAL SENSORY NEURONS AFTER TOOTH PULP 
EXPOSURE INJURY. R. E. W estenbroek1* and M.R. B vers2 . 
^Dept. o f  Pharm acology and 2 D epts o f  A nesth esio logy  and 
Biological Structure, Univ. o f Wash., Seattle, W A  98195.

Voltage-gated calcium  channels are com posed o f  five subunits 
( α l ,  α2, δ,ß, and γ). The α l  subunit forms the ion-conducting pore 
o f each type o f calcium  channel and serves as the voltage sensor. 
Five distinct classes o f  calcium  channel α l  subunits have been 
identified in the rat brain and designated as class A, B, C, D, and E. 
Using affinity purified anti-peptide antibodies to the α l  subunit of 
class A (P/Q-type), class B (N-type) and class C (L-type) calcium  
channels we have studied immunocytochemical changes in the level 
of calcium channel expression in the cell bodies o f neurons located 
in the maxillary division o f  the trigem inal ganglion fo llow ing  
induction o f persistent pulpitis by pulp exposure in the right 
m axillary molars. W e observed a 1.4 fold  increase in the 
expression  o f  class A P/Q -type calcium  channels three days 
follow ing surgery, and approximately a 4 fold increase by eight 
days fo llow ing the lesion. N o changes w ere observed using  
antibodies to class B, N-type and class C, L-type calcium channels. 
These findings suggest that class A  calcium  channels play an 
important role in delayed responses by primary afferent neurons to 
peripheral inflammation. This work was supported by a grant from  
NIH (D E 05159).

832.12
INFLAMMATION-INDUCED CHANGES IN SUBSTANCE P RELEASE WITHIN 
TRIGEMINAL GANGLIA (TRG) OF GUINEA PIGS. J. K. Neubert*. Y. Matsuka.
N. Patel. J. Lim and I. Spigelman. UCLA School of Dentistry, Los Angeles, CA.

Upregulation of preprotachykinin mRNA and increased substance P (SP) content 
in dorsal root ganglion neurons were recently demonstrated 48hrs after inflammation 
of the rat hindpaw (Neumann et al., Nature 384:360-364, 1996). Also, SP was shown 
to modulate signal transmission following its release within sensory ganglia (Neubert 
et al., Soc. Neurosci. Abstr. 23:1530, 1997; Matsuka et al., 1998, this volume). This 
suggested to us the possibility of altered SP release within the TRG after induction of 
inflammation in the orofacial region. The aim of this study was to measure changes in 
basal and evoked SP release within the guinea pig TRG after inflammation. For this, 
turpentine oil (50% in mineral oil, 15Oµl, s.c.) and mineral oil alone were injected on 
opposite sides into ophthalmic and maxillary nerve dermatomes. Mechanical 
hyperalgesia was assessed before (baseline), 24 and 48hrs post-injection. Significantly 
lower threshold pressure was needed to elicit head withdrawal 48hrs post-injection 
(p<0.05) on the inflamed vs. the contralateral side. Bilateral TRG microdialysis was 
completed on anesthetized (pentobarbital, 37mg/kg, i.p.), decerebrated, ventilated 
male Hartley guinea pigs (300-400g). Baseline samples were collected for 2hrs, 
followed by stimulation with KC1 (lOOmM, 5OµL,.2Omin) via the microdialysis 
probe. Post-stimulation samples were collected for 3hrs. Samples were analyzed by 
radioimmunoassay and compared for differences between ipsilateral and contralateral 
baseline and stimulus-evoked SP levels. Basal SP levels were significantly higher 
(616%, p<0.001, n=6 ) on the inflamed vs. non-inflamed side. Stimulus-evoked SP 
release was 412% of baseline ipsilaterally, and 404% of baseline contralaterally.

Our results indicate that inflammation significantly increases basal and evoked 
release of SP within the TRG. This suggests a possible enhancement of SP actions 
within sensory ganglia under inflammatory conditions. T h is  p r o j e c t  w a s  s u p p o r t e d  b y  

th e  N I D R  t r a in in g  g r a n t  T 3 2  D E O 7 2 I 2 .
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832.13
AXOTOMY ALTERS THE RESPONSE OF DORSAL ROOT GANGLION 
NEURONS TO SUBSTANCE P. Fuad A. Abdulla and Peter .A. Smith*. 
Tennessee State University, Nashville, TN & Dept. Pharmacol., University of 
Alberta, Edmonton, T6G 2H7, Canada

Sciatic nerve section (axotomy) alters the substance P (SP) content of dorsal 
root ganglion (DRG) neurons (Nielsch et al. Neuropeptides 10: 137, 1987). 
Vesicular release of SP from these cell bodies has recently been demonstrated 
(Huang and Neher, Neuron 17: 135, 1996). The aim of the present study was to 
investigate the effects of axotomy on the sensitivity of DRG neurones to SP. 
DRG cells were dissociated and large- and small-cells examined by whole-cell 
recording. In control cells, SP increased the excitability of 25/34 small-cells and 
only 3/31 of large-cells. SP decreased the total outward current in 25/37 small- 
cells and in 2/27 large-cells. 2-4 weeks after axotomy, the SP induced increase 
in excitability of small-cells was decreased (14/34, X -10.3 , P<.002) while that 
of large-cells was increased (15/33, X2=10.1, P<.002). Similarly, the effects of 
SP on total outward current of small cells was decreased (13/41, x2=10.0, 
P<.002), while the effects on large-cells was increased (14/32, X2=9.8, P<.002). 
SP did not affect calcium current (lea) or sodium current (Ua) in both cell types 
under either experimental condition. Inclusion of the calcium channel blocker 
Cd2+ in the bath solution blocked the effects of SP on the total outward current in 
both control and axotomized cells. Our results indicate that SP increased the 
excitability of DRG cells by a direct effect on Ca2+-sensitive K+ conductance. 
The changes in the sensitivity of DRG cells to SP after axotomy may play a role 
in the aetiology of chronic pain syndromes invoked by peripheral nerve injury.

Supported by Alberta Heritage Foundation and MRC of Canada.

832.15
INHIBITION  OF T H E  GROW TH CO NE H -CU RREN T BY 
C LO N ID IN E IN C U LTU RED  RAT DORSAL ROOT GANGLION 
N EU RON S. J. Yagi*. K. Yamaguchi and N. Hirai. Department of 
Physiology, Kyorin University School of M edicine, Tokyo, 181-861 I.

After peripheral nerve injury, terminal end-bulbs that emerge from 
the severed axon stump could be sources of spontaneous discharges and 
acquire sensitivity to noradrenaline. The ectopic discharges generated in 
the end-bulbs would underlie chronic pain. H owever, little is known 
about electrophysiolosical properties in the end-bulbs. In order to 
investigate them, we attempted to analyze the membrane properties o f 
the growth cones o f cultured dorsal root ganglion (DRG) neurons from 
adult rats. U sing the whole-cell patch-clamp method, we studied the 

effects o f clonidine (α 2-selective agonist) on ion channels. In voltage 
clamp mode, clonidine (20 µ M )  reversibly reduced a hyperpolarization- 
activated cation current (H -current; / h), which is thought to play a 
significant role in the regulation of firing frequencies. In current clamp 
mode, clonidine induced a membrane hyperpolarization and reduced the 
frequency of firing evoked by a depolarizing current pulse. C lonidine 
also blocked tim e-dependent rectification elicited by a hyperpolarizing 
current pulse. These data suggest that clonidine could inhibit / h channels, 
resulting in a reduction o f the ectopic firing discharges in the terminals 
o f damaged peripheral nerves. Supported by Research Project o f Kyorin 
University.

832.17
INCREASE IN α 1B ADRENERGIC RECEPTOR mRNA EXPRESSION IN 
THE RAT DORSAL ROOT GANGLION (DRG) AFTER SPINAL NERVE  
INJURY. J. Xie. Y.H, Lee. K. Chung* and J.M. Chung. Marine Biomed. 
Inst., Depts. o f  Anat. & Neurosci. and Physiol. & Biophys., Univ. Texas 
Med. Br., Galveston, TX 77555.

Our previous studies showed adrenergically dependent pain behaviors 
and ectopic discharges o f  injured afferents in a Lewis rat neuropathic pain 
model. This adrenergic dependency was found to be αj adrenergic receptor 
mediated. The aim o f  this study was to determine whether α i adrenergic 
receptor mRNA is up-regulated in DRGs o f  spinal nerve ligated Lewis 
neuropathic rats.

Neuropathic injury was produced by tight ligation o f  the L4 and L5 
spinal nerves in Lewis rats. One week later, the L4 and L5 DRGs were 
collected, and then total RNA was isolated. The levels o f  mRNA for α ιD and 
α,iB receptors were measured by the RNase protection assay.

Our results showed that there was no expression o f  α 1D receptor mRNA 
in DRGs o f  either normal or neuropathic rats. By contrast, the level o f  α ιB 
receptor mRNA expression, which was very low in DRGs o f  normal rats, was 
increased by 25% - 45%  in neuropathic rats.

These results suggest that subtypes o f  α i adrenergic receptors are 
differentially regulated in DRGs with injured peripheral axons and that the 
αiß adrenergic receptor is presumably the important one for development o f  
ectopic discharges and neuropathic pain. (Supported by NIH grants 
N S 3 1680, N S 35057 and N S 1 1255)

832.14
LOCALIZATION OF NMDA NR2B RECEPTORS ON DIFFERENT SMALL 
DIAMETER PRIMARY AFFERENT SENSORY NEURONS. O. P. Ma. N.M.J. 
Rupniak and R.G. Hill* Dept, of Pharmacology, Merck Sharp & Dohme Research 
Laboratories Neuroscience Research Centre, Terlings Park, Harlow CM2O 2QR, 
UK.

NMDA receptors have been shown to be localised in primary afferents and 
superficial laminae of spinal dorsal horn. Since superficial laminae are the 
termination site of small diameter primary afferents, these NMDA receptors have 
been implicated in the presynaptic control of neurotransmitter and neuropeptide 
release from primary afferents, especially nociception-related peptides like 
substance P. In the present study, we have investigated the fibre types of primary 
afferents on which NMDA NR2B receptors are located using immunofluorescent 
double labeling techniques. The NR2B receptor subtype is localized predominantly 
in the superficial laminae of the spinal dorsal horn. WGA and IB4 were used as 
markers for small diameter fibres (which includes Aδ and peptidergic and non- 
peptidergic C-fibres) and non-peptidergic C-fibre primary afferents, respectively. 
After WGA-Rhodamine injection into the sciatic nerve, the majority of WGA 
labeled neurons in L4 and L5 dorsal root ganglia (DRG) were NR2B receptor 
positive, suggesting that small diameter primary afferents express NR2B receptors. 
Immunofluorescent double-labeling of CGRP and NR2B receptor showed that most 
CGRP-ergic neurons were NR2B receptor positive, which indicates that Aδ or 
peptidergic C-fibres have NR2B receptors. After injection of IB4 into the sicatic 
nerve, the majority ol'IB4-labeled DRG neurons were also NR2B receptor positive, 
demonstrating that non-peptidergic C-fibres also have NR2B receptors. These 
findings that NR2B receptors are expressed on both peptidergic and non- 
peptidergic small diameter primary afferents suggests that they may be involved in 
the presynaptic control of nociception-related transmitter release.

832.16
α 2-A D R E N E R O C E P T O R  M ED IATES N O R E PIN E P H R IN E - 
IN D U C E D  S E N S IT IZ A T IO N  O F T H E B R A D Y K IN IN  
RESPONSE OF C U T A N E O U S  NO C IC EPTO RS IN  N O R M A L  
RATS. T. Sato*. R .K  Banik and K. M izum ura. Res. Inst. 
Environ. M ed., N a g o y a  U niv ., N a g o y a , 464-8601, Japan.

W e h ave reported  th at n orep in ep h rin e (N E ) sen sitize s  the  
brad ykin in  (BK) re sp on ses  o f  cu tan eou s p o ly m o d a l receptors  
(CPRs), w h ile  it su p p resses  the h eat re sp on ses. T h ese resu lts  
su g g e st  d ifferen t m ech an ism s o f  N E -m od ifica tion  on  BK and  
h eat re sp on ses. In the p resen t exp er im en t, w e  h ave fo cu sed  on  
th e m ech an ism  o f N E -sen sitiza tion  on  BK resp o n se  and  
d eterm in ed  if  an  α 2-ad ren ocep tor m ed ia tes  th is effect. In the 
an esth e tized  norm al SD  rats, th e sa p h en o u s n erve w ith  the skin  
in n ervated  by th e  n erve, w a s  d issected  an d  p laced  in an organ  
bath w h ere  s in g le  fiber record in gs w ere  m ad e. R ecep tive fie ld s  
o f id en tified  s in g le  CPRs w ere  su p er fu sed  w ith  BK (1-10 µM ) at 
th e corium  s id e  for 60 sec w ith  10-m in  in tervals. BK resp on ses  
in creased  after N E applica tion , and  th is effec t lasted  till th e 2nd  
BK resp on se  after N E  ap plica tion  (N=IO). N E com b in ed  w ith  
α 2-an tagonists , yo h im b in e  (1-10 µM) or C H -38083 (1-10 µM), 
h o w ev er , fa iled  to sen sitize  the BK resp on ses (N =7). T hese  
resu lts su g g e st  that N E -in d u ced  sen sitiza tion  o f BK resp on se  
w a s m ed ia ted  th rou gh  α 2-adrenoceptors.

832.18
RECEPTOR SUBTYPE M EDIATING THE ADRENERGIC  
SENSITIVITY OF ECTOPIC DISCHARGES IN AXOTOMIZED  
SENSORY NEURONS. D.H. Lee*. X. Liu. H.T. Kim and J.M, Chung, 
Marine Biomed. Inst., Depts. o f  Anat. & Neurosci. and Physiol. & 
Biophys., Univ. Texas Med. Br., Galveston, TX 77555-1069.

The aim o f  the study was to determine which α-adrenergic receptor 
subtype mediates the adrenergic sensitivity o f  ectopic discharges in 
sensory neurons following spinal nerve injury.

The L4/5 spinal nerves were ligated in adult male Lewis rats under 
halothane anesthesia. One to 2 weeks later, the DRGs o f the ligated 
segments were removed along with dorsal roots and spinal nerves and placed 
in an in vitro recording chamber. Unit recordings were made from teased 
dorsal root fibers. Once a spontaneously active unit was found and 
characterized, the adrenergic sensitivity o f the unit was tested by applications 
o f epinephrine (EP, 10 µM), or o f  a combination o f EP and an adrenergic 
receptor blocker. Similar recordings were made in vivo following the 
same protocol.

Most units displaying ectopic discharges were excited by EP. 
Terazosin, an α i -antagonist, completely suppressed these evoked 
responses to EP. By contrast, idazoxan, an α,2-antagonist, did not have 
any effect. The same results were obtained in vivo experiment.

These results suggest that αi-adrenergic receptors underlie the 
adrenergic sensitivity o f  the ectopic discharges o f  injured sensory 
neurons in Lewis strain o f  rats. (Supported by NIH grants N S 3 1680 and 
N S 1 1255)
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832.19
ENDOMORPHIN-2 IS AN ENDOGENOUS OPIOID IN PRIMARY 
SENSORY PAIN AFFERENTS. S. Martin-Schild4*. A.A. Gerall3-4. A.J. 
K astin12’4. and J.E. Zadina’ 2,4 ’Veterans Affairs Medical Center and Tulane 
University Departments o f  2Medicine, P sych ology, and 4Neuroscience Training 
Program, N ew  Orleans, LA 70146.

Small unmyelinated (C) nociceptors release excitatory peptide and amino acid 
transmitters at their synaptic junctions within the spinal cord. These cells also 
contain mu opiate receptors at which morphine and related compounds can act 
to reduce the release o f  these transmitters and, consequently, the perception o f  
pain. Identification o f  the natural agonist for these opiate receptors, however, 
has remained elusive. The recently discovered endogenous mu-selective agonist, 
endomorphin-2, could serve such a role. Endomorphin-2-like immunoreactivity 
was found to be colocalized with a subset o f  substance P-containing fibers in the 
superficial laminae o f  the spinal cord and spinal trigeminal nucleus in Sprague 
Dawley rats by fluorescence immunocytochemistry. Endomorphin-2-like fiber 
staining was virtually abolished by deafferentation (dorsal rhizotomy) and by 
exposure o f  animals to the C-fiber toxin, capsaicin, as detected by peroxidase 
immunocytochemistry. These results indicate that endomorphin-2 is synthesized 
in C-fiber primary afferents. Release o f  endomorphin-2 from these neurons 
could modify the activity o f  postsynaptic neurons in the spinal cord. In addition, 
endomorphin-2 may serve as the long-sought endogenous agonist for presynaptic 
autoreceptors, modifying the release o f  excitatory neurotransmitters such as 
substance P. The presence o f  endomorphin-2 in priirm: 'd lerents implicates the 
peptide as a major modulator o f  pain perception. Supported by VA  and NIH  
grant DA05743-02.

832.20
DAMGO AND BREMAZOCINE, µ- AND k-OPIOID AGONISTS, 
MODULATE CAPSAICIN-ACTIVATED CURRENT IN DORSAL ROOT 
GANGLION NEURONS OF ADULT RATS. J. Kim. S.J. Kim and J. Kim*. 
Department of Physiology and Biophysics, Seoul National University 
College of Medicine, 28 Yongon-dong, Chongno-gu, Seoul 110-799, Korea

Capsaicin, an ingredient of hot pepper, is an algesic substance and 
produces nonselective cation current by directly binding to
capsaicin-sensitive channel in C-type dorsal root ganglion (DRG) neurons. 
Though the properties of capsaicin-activated current (Icap) were studied 
extensively, opioid modulation of the current has not been investigate yet. 
In the present study, effects of DAMGO and bremazocine (BRZ), µ- and 
κ-opioid agonists, on ICap were studied.

DRG neurons were acutely isolated from adult rats and only small 
size cells (20 - 30 µm diameter) were voltage clamped in a whole-cell 
mode. Intracellular Ca2+ ion was chelated with 10 mM BAPTA. Capsaicin 
(0.5 µM) was applied for 30 sec and washed out for 2 min before next 
application.

When capsaicin was applied sequentially, Icap showed tachyphylaxis 
but after the 4th application Icap decreased only to 97.8 ±1.9% (n=99 
paired Icap) of the adjacent previous Icap. Thus in most cases, drugs 
were applied after 4th Icap. In 7 cells out of 24 cells, DAMGO (1 µM) 
enhanced Icap to 192 ±33% of the adjacent previous Icap (t-test, p<0.001). 
In some cells (10/24), it had no effect, 96.6±5.1%, while in other cells 
(7/24), it decreased the Icap to 52.3 ±5.3% (p<0.001). Naloxone (2 µM) 
reversed the DAMGO effect in cells of which Icap was increased by 
DAMGO, whereas it could not antagonize the effect in cells of which Icap 
was decreased by DAMGO: 34.8±12.6% (n=3) when both DAMGO and 
naloxone treated. BRZ decreased Icap to 60.6 ±10.2% (n=6) at 0.1 µM 
(p<0.001). Treatment with both BRZ and nor-binaltorphimine (0.1 µM), a k 
-opioid antagonist, also decreased Icap to 63.9 ±9.0%  (n=6, p<0.001).

These results suggest that DAMGO and BRZ can decrease Icap 
presumably without binding to opioid receptors, as well as DAMGO can 
increase Icap via µ-opioid receptor.

RETINA AND PHOTORECEPTORS: ANATOMY AND PATTERNS OF GENE AND PROTEIN EXPRESSION

833.1
LIGHT AND ELECTRON MICROSCOPY IN THE RETINA OF 
THREE SOUTH AMERICAN RODENT SPECIES. L.Villarroel1. 
F.Vareas1 Ffíozmovic2 and A.G.Palacios1*. 2Facultad de Ciencias 
Biológicas, P. Catholic Univ., Santiago, Chile; ^acultad de 
Ciencias, Univ. Valparaiso, Valparaiso, Chile.
Light and Electron microscopy was used to study the retinas of 3 
species of Rödentia: Octodondidae, O ctodon degus (OD), 
(herbivore, mainly a diurnal active animal); Akodon, Abrotheix  
oîivaceus (AO) (omnivore, diurnal-crepuscular) and Cricetidae, 
Phylottis danvini (PD) (granivore, nocturnal). After anesthetizing 
and perfusing the animals, their eyes were remove and embedded in 
EPON. Thin 1 µm stained retina sections were used for microscopy 
analysis. The proportion, size, density of retinal cells and the 
thickness of the inner and outer plexiform layers varied among 
species. The cone:rod proportion was 4:2 in OD, 2:7 in AO, 
whereas no cones were present in PD. The length of the 
photoreceptors were 4Oµm for OD, 38µm for AO and lO4µm for 
PD. The analysis of the anterior and posterior retinas o f Phylottis  
danvini suggests the presence of a visual streak region. Two 
distinct types of ganglion cells were observed in AO and PD but 
only one in OD. The comparison between the retinas of these 
different rodent species suggests that natural ambient light acts as a 
selective pressure factor for the visual system.
Supported by FONDECYT 1970162 and Fundación Andes.

833.3
CELLULAR MOSAIC PATTERNS IN ZEBRAFISH RETINA  
D A, Cameron*. Department o f  Physiology, Boston University School o f  
Medicine, Boston, MA 02118.

To better understand the assembly o f  retinal cell mosaics during development 
and regeneration, mosaic patterns o f  eight distinct cell types in the inner retina o f  
normal adult zebrafish (Danio rerio), including bipolar, amacrine, and ganglion 
cells, were analyzed using a nearest neighbor (NN) technique. Cells 
immunoreactive to antibodies against protein kinase C, GABA, serotonin, 
tyrosine hydroxylase, somatostatin, substance P, and neuropeptide Y  were 
visualized using fluorescence immunohistochemistry; ganglion cells were labeled 
by retrograde application o f  propidium iodide to transected optic nerves. The 
respective N N  values (µm, mean ±  sd) for cells in dorsal retina were: 19.6 ±  4.2; 
37 .8 ±  17.6; 54.7 ±  17.1; 77.8 ±  21.3; lO 6 .7 ± 2 7 .5 ; 113.7 ±  35.0; 142.7 ±  
5 6 .9 ;8 .2 ± 1 .6 .  The NN  mean/sd ratio, taken as an indicator o f  mosaic 
regularity, differed across cell type: RGC (5.1) and anti-PKC bipolar (4.7) 
mosaics were most regular, anti-GABA amacrines (2.1) were least regular. All 
N N  distributions were significantly different from N N  distributions for an 
equivalent number o f  cells randomly placed within the same two-dimensional 
area. Ongoing analyses, including application o f  an auto-correlation technique 
(RW  Rodieck, Vis Neurosci 6, 95; 1991) are aimed at deriving representations 
o f  two-dimensional mosaic patterns in native and regenerated retina. The results 
suggest a role for differential, non-random spatial organizers in the assembly o f  
inner retina cell mosaics during normal retinal growth in zebrafish.

Supported by NIH grant E Y 11160.

833.2
POPULATIONS OF CELLS IN THE M OUSE RETINA C.J. Jeon1*. E. 
Strettoi2. R.H. Masland3. 'Dept, o f  Biology, Kyungpook National Univ., 
Taegu, Korea, 2Neurofιsiologia del CNR, Pisa, Italy, 3Program. in Neurosci. 
and Howard Hughes Medical Inst. Harvard Medical School, Boston, USA.

W e have undertaken a quantitative description o f  the major cell populations 
o f  the C57 mouse retina. Here, we report data concerning (1) the distribution 
o f  cholinergic amacrines, and (2) the cells populating the ganglion cell layer. 
Cholinergic cells, stained by means o f  anti-ChAT immunocytochemistry on 
whole mounts, appeared as two virtually symmetric populations o f  amacrines 
located in the INL and GCL, with the typical dendritic structure o f  starburst 
amacrines. Their average density was 1100 cells/mm2 in the INL and 945 
cells/mm2 in the GCL, with a ratio always close to 1. Cholinergic cells located 
in the INL were 1% o f  all the cells in the layer, or 3% o f  all amacrines, as in 
the retina o f  the rabbit.

The total cells o f  the ganglion cell layer were counted by confocal 
microscopy o f  retinal whole mounts stained with ethidium. Ganglion cells 
were counted by identifying axons in the optic nerve examined at the electron 
microscope. The combination o f  the two sets o f  results provided quantitative 
information about the fraction o f  displaced amacrines. Ganglion cells 
represented 38% o f  all the cells in the GCL while displaced amacrines were 
62%. The results o f  the present study can be used as a base o f  reference for 
future work on the mouse retina, since relative fractions o f  cells are provided. 
They also confirm a remarkably constant overall plan o f  construction among 
the retinas o f  different mammals. (Korea-USA cooperative science program 
grant 975-0500-001-2 KOSEF, Italian CNR, and Research to Prevent 
Blindness).

833.4
EARLY CO-LOCALIZATION OF CHOLINE ACETYLTRANSFERASE AND 
GABA IN THE DEVELOPING TURTLE RETINA. L.T. Nguyen* and N.M. 
Grzvwacz. The Smith-Kettlewell Eye Research Institute, S'”  Francisco, CA 94115.

It has been well established that in the adult vertebrate ina, the starburst 
amacrine cells have several functions, including directional. activity. Starburst 
amacrine cells have been demonstrated by immunohistochemistry to co-localize 
acetylcholine and γ-aminobutyric acid (GABA) in other species, including the cat, 
rat, rabbit, chicken and turtle. Data on the embryonic expression of these 
neurotransmitters co-localizing in the retina, however, is lacking. Previously, we have 
demonstrated that cells in the turtle (Pseudemys) retina co-localize choline 
acetyltransferase (ChAT) and GABA at Stage 22 (S22; approximately embryonic (E) 
day 35 in a 60-day gestational period), when the spontaneous activity emerges 
(Sernagor and Grzywacz, 1994). The present study extends these findings to include 
earlier developmental stages. Using an immunofluorescence procedure, at S15 
(approximately E2O), in regions of the retina relatively far from the optic nerve head, 
and thus less matured, some cells are found to be ChAT-IR but not GABA-IR. 
However, at S I6 , there are cells that are immunoreactive to both ChAT and GABA 
throughout the retina, and they are in the process of migration from distal to proximal 
retina. This indicates that cells may phenotypically express transmitters prior to 
assuming their final position in the retina. Cells that co-localize ChAT and GABA are 
found to be morphologically homogenous and their density in the inner nuclear and 
ganglion cell layers is stable after S I 8 . In the adult retina, this population is 
synonymous with the amacrine starburst population. Additionally, there is a 
population of cholinergic cells adjacent to the vitreous that is not immunoreactive for 
GABA. This population is transient and only exists during the embryonic period, 
starting at least from S15.

Supported by NEI Research Grants EY0821 and EY 1170.
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833.5
O FF-TY PE C O N E  B IP O L A R  C E LL S E X P R E S S  N E U R O K IN IN -3  
(N K :3) R E C E PTO R S IN  TH E R A T  R E T IN A . N . B lu m au er*. N . C. 
Brfccha. Dept, o f  N eu rob iology and M ed icin e, U C L A  and V A M C -W L A , 
L A , C A  9 0 0 7 3 .

The tachykinin peptides, substance P, neurokinin A  and neurokinin B 
act at G -protein coupled  receptors k now n as n eu rok in in -1, -2 and -3, 
resp ectively. The tachykinin peptides, w h ich  are loca lized  to sparsely  
distributed am acrine ce lls , in fluence retinal ce ll activity. In this study, w e  
have characterized the expression o f  the N K -3 receptor in the rât retina 
using antibodies to N K -3 , recoverin  and the g ly c in e  receptor α l  subunit 
(G L Y R ). Sp ecific  N K -3 receptor im m unoreactivity w as localized  to 
bipolar ce lls  and very few  am acrine ce lls . B ipolar ce ll bodies w ere large 
and their p lasm a m em brane w as strongly im m unostained. B ipolar cell 
dendrites w ere a lso strongly stained. B ipolar ce ll axons transversed the 
inner nuclear layer (IN L) and ram ified in the outer part o f  the inner 
p lexiform  layer (IPL), corresponding best to lam inae 1 and 2. D ou ble  
labeling studies show ed that num erous N K -3 im m unoreactive bipolar ce lls  
contained recoverin. N K -3 im m unoreactivity w as not present in the 
recoverin containing con e bipolar ce lls  (C b8) that ram ify in lam ina 4  o f  the 
IPL. Other studies dem onstrated that G L Y R  im m unoreactivity was 
localized  to m any N K -3 im m unoreactive axonal term inals in the IPL. 
T h ese find ings sh ow  that the N K -3 receptor is exp ressed  by at least tw o  
O FF-type cone bipolar cells; one expresses recoverin  and it corresponds to 
Cb2 bipolar cell. In addition, g ly cin e  receptors, w h ich  a lso  label Cb2  
bipolar ce lls , are loca lized  to axonal term inals expressing  N K -3 receptor 
im m unoreactivity. T h ese observations support the hypothesis that the 
major action o f  the tachykinin peptide, neurokinin B is to m odulate the 
activity o f  O FF-type con e bipolar cells .
Supported by EY 04067 and VA Medical Research Funds

833.7
FOS-LABELLING OF RETINAL NEURONS ACTIVATED BY COMPLEX 
VISUAL STIMULI: RELEVANCE TO FORM-DEPRIVATION MYOPIA AND 
OCULAR GROWTH CONTROL. J.J. McGuire and W.K. Stell*. Neuroscience 
Research Group, Lions’ Sight Centre, and Depts. of Anatomy and Surgery, 
University of Calgary Faculty of Medicine, Calgary, AB, Canada, T2N 4N1.

The identification of neurons responsible for specific visual,functions is a 
major goal in retinal research. Loss of contrast at specific spatial frequencies 
results in excessive ocular growth and form deprivation myopia (FDM). We 
detected activation of retinal neurons by immunolocalization of Fqs proteins.

FDM was induced in 7 da chicks by monocular occlusion with a translucent, 
contrast-degrading goggle. Four days later normal vision was restored by 
replacing these with clear goggles of equal transmittance. Pairs of treated and 
untreated retinas were fixed 15 min to 6 h after changing the goggle, 
cryosectioned, mounted on glass slides and labeled immunocytochemically 
for Fqs expression (#TF-6; Dr. K. Riabowol). Some eyes were treated one 
week earlier with 200 nmol quisqualate (QA), which ablates 70% of amacrine 
cells without impairing ocular growth regulation or the induction of FDM.

Restoration of normal vision evoked an increase in Fos-like 
immunoreactivity (FUR) in the treated retina, localized to the distal third of 
the inner nuclear layer and to the ganglion cell layer, likely to be amacrine 
and displaced amacrine cells. FUR colocalized with parvalbumin-IR but not 
with other markers tested. The upregulation of FLIR persisted from 15 
minutes to 6 hours after onset of normal vision. A minority of FLIR cells 
remained after QA treatment.

Localization of FLIR proved to be a useful method for mapping circuits 
activated by a specific visual function. Visually induced Fos expression may 
indicate subsets of amacrine cells required for visual regulation of ocular 
growth.

Supported by: MRC of Canada, Gustus Endowment

833.9
ISOLATION A ND CHARACTERIZATION OF A  GENE 
DIFFERENTIALLY EXPRESSED IN THE RETINA. L. Chen1’3 & 
M.A. M cCall1,2,3*. Depts. o f  Ophthalmology & Visual Sciences1 and 
Psychology2, & EPSCoR Program for Developmental and Molecular 
N euroscience3; University o f  Louisville, Louisville, KY 40202.

W e report the isolation o f  a new gene, la24, which is expressed at high 
levels in the inner retina. The cD N A  clone representing this gene was 
isolated from a subtracted retina library.W e designed specific 
oligonucleotide primers and used both PCR and a conventional library 
screen to isolate larger cD N A  clones from a normal mouse retina cDNA  
library. Sequence analysis o f  these clones indicate that there may be a 
splice site located near the 3' end o f  the gene. Northern blot analysis 
suggests: First, our largest clone contains the majority o f  the gene’s 
coding region. Second, the gene is expressed more highly in retina than 
in brain. Third, two transcripts are present in the retina while only one is 
present in the brain. These data support the idea that the gene has two  
isoforms. Both isoforms are expressed in the retina while only one is 
expressed in the brain. Preliminary in situ  hybridization, using the largest 
o f  the cD N A s as template, shows that the expression pattern o f  la24 is 
limited to the inner nuclear layer o f  the adult m ouse retina. An 
embryological series using the same probe shows that the gene is 
expressed in the embryonic eye, as well as in liver and myotomes. 
Supported by N IH -R01EY 10003, N SF-EPSCoR  O SR9452895, RPB.

833.6
ON AND OFF RESPONSES IN THE PRIMATE RETINA: SELECTIVE 
LOCALIZATION OF METABOTROPIC AND IONOTROPIC GLUTAMATE 
RECEPTORS AT THE PHOTORECEPTOR SYNAPSE. D.L Calkins* and L,B. 
Meszler. Krieger Mind-Brain Institute, Johns Hopkins University, Baltimore, MD 
21218.

Hyperpolarization of photoreceptors by light is encoded via a decrease in the tonic 
release of glutamate from ribbon synapses in the photoreceptor axon terminal. These 
synapses are marked by invaginations of the terminal membrane that house multiple 
bipolar cell dendrites. Bipolar cells that produce depolarizing (ON) responses to the 
decrease in glutamate release are presumed to occupy the central position of 
invaginations and selectively express metabotropic (second messenger-gated) 
glutamate receptors (MGluR), while ^bipolar cells that produce hyperpolarizing (OFF) 
responses are presumed to occupy basal positions and selectively express ionotropic 
(ligand-gated) glutamate receptors (GluR). We have investigated this selective 
expression by examining with light and electron microscopy macaque retina immuno
stained with polyclonal antibodies against specific subunits of glutamate receptor 
(MGluR5, MGluR6 , GluR4 and GluR6/7). We found that the rod bipolar cell, 
known to produce ON responses and to express MGluR6 , expresses also MGluR5. 
Cone bipolar cell dendrites in central positions of invaginations can express not only 
MGluRs (MGluR5 and MGluR6 ), but surprisingly also GluR4. Also, cone bipolar 
cell dendrites in those basal positions flanking central elements of invaginations can 
express either GluR6/7 or MGluR6 . Thus, the segregation of invaginating vs. basal 
positions does not always correspond to strict segregation of the expression of 
MGluR vs. GluR subunits in bipolar cells.
Polyclonal antibodies kindly provided by N. Vardi (MGluR6 ), R. Huganir (MGluR5, 
GluR6/7) and Chemicon, Inc. (GluR4).
Supported by EYO6432.

833.8
IDENTIFICATION OF GENES EXPRESSED IN MOUSE INNER RETINA 
USING A MODIFIED REPRESENTATIONAL DIFFERENCE ANALYSIS 
(RDA). M.A. McCall13 G.Y. Li3- L.R. Stanford4* & R.G. Gregg123. Depts. of 
Psychology1, Biochemistry2 & Ophthalmology & Visual Sciences3; University of 
Louisville, Louisville, KY 40202 and Waisman Center4, Univ. of Wisconsin, 
Madison, WI 53705.

Previously, we reported the creation and characterization of transgenic mice in 
which approximately 99% of the rod photoreceptors are genetically ablated 
(McCall et al., (1996) Exp. Eve Res. 63: 35-50). We isolated RNA from the 
retinae of these mice, produced cDNA and used a modified RDA to identify 
genes expressed differentially in inner retina. We sequenced a large number of 
clones (n = 650) from this subtraction library, eliminated redundant clones and 
clones with unreliable sequence. We compared the sequence of the remaining 
clones (n = 338) to Genbank databases. From this analysis, 31% clones match 
known genes; 25% match EST’s and 43% do not match any sequence in these 
databases. Of the RDA clones that match known genes, 7% match genes 
commonly believed to be retina specific. O f the RDA clones that match ESTs 
43% are found only in whole embryo libraries. We are screening the RDA clones 
that do not match any sequence using a differential hybridization method to 
identify clones expressed predominantly in retina over brain. To date, 8.6% of the 
clones analyzed appear to be differentially expressed in retina. Both Northern blot 
and in situ  hybridization analyses also are being used to further characterize the 
pattern of expression of these genes. Several RDA clones show different patterns 
within the retina including: pan-retinal expression, expression confined to the 
inner nuclear layer and expression confined to the ganglion cell layer.
Supported by NIH-R01EY10003, NSF-EPSCoR OSR9452895, RPB.

833.10
IMMUNOCYTOCHEMICAL LOCALIZATION OF Na,K-ATPase α  
AND ß SUBUNITS IN THE DEVELOPING A N D  A DU LT MOUSE  
RETINA. R.K. Wetzel and K.J. Sweadner*. Lab o f  Membrane 
Biology, Neuroscience Center, M ass.General Hospital, Charlestown,
M A 02129.

We have used immunocytochemistry to examine the distribution o f  the 
Na,K-ATPase α b α 2, α 3, ß b ß2, and ß3 subunits in the developing and 
adult mouse retina. Retinas were collected at various intervals in the first 
three postnatal weeks. Cryostat sections were labeled with isoform- 
specific antibodies and fluorescent-conjugated secondary antibodies, and 
images were collected on a scanning laser confocal microscope. All 
subunit isoforms tested were detectable on postnatal day 2 or 3; 
ventricular cells stained uniformly for all three α ‘s, but ß stain was more 
specific to the outermost zone. Particular antibodies highlighted  
developmental landmark events, such as inner and outer synaptic layer 
formation, and most notably the differentiation and migration o f  ß r  
stained horizontal cells. Though the level o f  expression varied, the 
specific isoform expressed by most retinal cell types remained the same 
throughout development. Müller cells expressed and α 2; a ß subunit 
was not unambiguously identified. Bipolar cells expressed α 3 and ß2. 
Horizontal cells expressed cu and ß b Amacrine cells expressed α 3 and 
ß b Ganglion cells expressed α b α 3, ß b and ß2, although α 3 and ßj 
predominate in optic nerve. Photoreceptors expressed α 3, ß2, and ß3, 
predominantly in the inner segments. Supported by N S 27653.
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833.11
EXPRESSION OF SOMATOSTATIN SUBTYPE 2 A  (sst2A)
RECEPTOR IN RODENT RETINA. J. Johnson*. V. Wu. J. H. Walsh.
H. W ong. N. C. Brecha Depts. o f Neurobiology and Medicine, UCLA  
'and VAM C, LA, CA 90073

Somatostatin, which is expressed by sparsely occurring amacrine and 
interplexiform cells, influences neuronal activity in the retina by interacting 
with somatostatin receptors. In this study we characterized the expression 
and cellular localization o f one o f the somatostatin subtype (sst) receptors, 
sst2A in the rodent retina. The presence o f sst2A receptor mRNA in rat 
retinal extracts was demonstrated by RT-PCR using specific primers to 
detect the sst2 receptor and its receptor isoforms, sst2A and sst2B. Specific 
sst2A receptor immunoreactivity was localized to the plasma membrane and 
cytoplasm o f multiple neuronal types and their processes in the outer and 
inner retina. In the outer retina, immunoreactivity was localized to cone 
photoreceptors, horizontal cells, and rod and cone bipolar cells. A similar 
cellular expression pattern was observed in the C57/129 mouse strain. 
Double-label experiments in rat retina showed the colocalization o f sst2A 
receptor and protein kinase C, a rod bipolar cell marker, confirming the 
expression by rod bipolar cells o f this receptor. Other double-label 
experiments showed the colocalization of sst2A receptor and calcium  
binding protein, a horizontal cell marker, confirming that horizontal cells 
express this receptor. In the inner retina, sst2A receptor immunoreactivity 
was localized to sparsely occurring amacrine cells; most were medium to 
large size and expressed tyrosine hydroxylase immunoreactivity. These 
findings indicate that somatostatin acts in a paracrine manner on several cell 
types that express the sst2A receptor, and may have broad influence on both 
scotopic and photopic visual pathways.
Supported by NEI EY 04067, DK 41301, DK 17294.

833.13
T H E M E T A B O T R O PIC  G L U T A M A T E  R E C E PT O R  - m G luR 8 - 
IN TH E R A T R E TIN A : L O C A L IZ A T IO N  A N D FU N C TIO N .
P. Koulen1. R. Kuhn2 , H. W ässle1, J,H, Brand§,tët½r1*. ½ ax-P lan ck -  
Institute for Brain Research, Deutschordenstr. 46, D-60528 Frankfurt, 
Germany; ^Novartis Pharma Inc., 4002 Basel, Switzerland.

Glutamate acts via ionotropic and metabotropic receptors in the central 
nervous system. Several physiological and neuroanatomical studies reveal 
mGluRs to be involved in signal processing in the retina.

W e investigated the localization o f  mGluR8 in the rat retina using a 
specific antiserum and studied its possible function with calcium imaging 
methods. In the inner plexiform layer mGluR8 was found at bipolar cell 
ribbon synapses. It was present in only one o f the two postsynaptic 
elements. In the outer plexiform layer, mGluR8 was localized to the 
presynaptic part o f  photoreceptor ribbon synapses and to a subset of 
postsynaptic elements o f cone photoreceptors. During postnatal 
development, mGluR8 expression was found well before the 
establishment o f synapses. In calcium imaging studies using freshly 
isolated photoreceptors, group III mGluR agonists, e.g. L-AP4, but no 
other GluR agonists, produced a decrease in the intracelluar calcium ion 
concentration. This effect could be specifically blocked using group I¤  
mGluR antagonists.

The modulation o f the intracellular calcium ion concentration o f photo
receptors by mGluR8 could influence their transmitter release 
(autoreceptor). This could be an important mechanism for shaping the 
glutamatergic signal at the first synapse in visual information processing.

Supported by the Deutsche Forschungsgemeinschaft (SFB 269/B4) and 
a Heisenberg-Fellowship to J.H.B.

833.12
IMMUNOHISTOCHEMICAL LOCALIZATION OF 
CANNABINOID C B 1 RECEPTORS IN VERTEBRATE 
RETINA. Alex Straiker. Harvey Karten. Greg Maguire* 
Departments of Neuroscience and Ophthalmology, School of 
Medicine, University o f California, San D iego, La Jolla, CA 
92309.
Cannabinoid receptors have been found in large numbers in much 
of the brain and have been shown to mediate a wide range of 
actions. In view of a rich literature attributing visual effects to 
cannabinoid intake, we have decided to investigate the presence 
of cannabinoid receptors in the retina. We have localized the 
cannabinoid CB 1 receptor in the retinas o f the mouse, chick and 
tiger salamander using a subtype-specific polyclonal antibody. 
Immunolabeling can be detected in the inner and outer plexiform 
layers of all three species. Calbindin/CB 1 double labeling in the 
chick indicates that CB 1 is located in and/or on the pedicles of 
cone photoreceptors. In addition, labeling can be detected in the 
outer segments o f mouse photoreceptors. The presence and 
distribution o f the CB 1 receptor argues for a substantive role of 
the cannabinoid receptor system in the retina and vision in 
general.
Supported by NIH Grants EY O 9I33 (GM), and EYO689O and 
N S24560 (HK).

833.14
A CAT REPORTER CONSTRUCT CONTAINING 277BP GNAT2 
PROMOTER A N D 214B P IR B P  ENHANCER IS SPECIFICALLY 
EXPRESSED BY CONE PHOTORECEPTOR CELLS IN TRANSGENIC  
M ICE, S. Y ing1,3, S.L. Fong2 W .B. Fong2 ,C .W .C. K ao1, R.L. Converse1, X. 
Wang3* and W AY-Y. Kao1. ‘Dept, o f Ophthalm ology, Univ. of Cincinnati;
2Dept, o f  Ophthalmology, Indiana Univ.; 3Dept. o f  Cell B iology, 
Neurobiology, and Anatomy, Univ. o f Cincinnati, Cincinnati, OH 45267

The human cone transducin α-subunit (G N AT2) gene has been cloned 
and characterized by Fong et al. (G enom ics 17:442-448, 1993) In this 
report, we describe the use o f transgenic m ice to characterize the tissue 
specificity o f  the G NAT2 promoter. A chimeric reporter gene construct 
which consists o f  a 277 bp 5'-flanking fragment o f the G NAT2 gene at 5' 
end o f the chloramphenicol acetyltransferase (CAT) gene and a 214 bp 
enhancer region from the human interphotoreceptor retinoid-binding  
protein (IRBP) gene at the 3 ’ end o f the CAT gene was used to generate 
transgenic mice. Transgenic m ice were identified by Southern blot 
hybridization and polymerase chain reaction (PCR) analysis using tail DNA  
from experimental animals. Immunostaining was used to study the 
developmental expression o f CAT and the endogenous G NAT2 gene. 
Analysis o f four transgenic m ouse lines revealed that three lines had low  
CAT activity in the retina. The CAT gene, along with the endogenous 
G NAT2 gene, was expressed at high levels in cone photoreceptor cells in 
the fourth transgenic m ouse line as determined by CAT enzyme assays and 
immunostaining. The results show that the 277 bp 5 ’-flanking sequence 
from the human G NAT2 gene coupled with the 214  bp IRBP enhancer can 
direct a tissue-specific expression pattern o f CAT reporter gene in mouse 
retina, which parallels the expression pattern o f endogenous GNAT2.

Supported by grants NIH EY 10556 and Ohio Lions Eye Research 
Foundation, Columbus, Ohio.

VISUAL CORTEX: EXTRASTRIATE XI

834.1

OPTICAL IMAGING ON BARN OWL’S VISUAL CORTEX (WULST).
G. B. Liu, J. D. Pettigrew and C.V. Davas*. Vision, Touch and Hearing 
Research Centre, Dept, of Physiology and Pharmacology, Univ. of Queensland, 
Brisbane, Qld 4072, Australia.

The Visual Wulst of the avian brain is an analogue of mammalian visual 
cortex. In electrophysiological study, it was found that activation of the neurons 
in the Barn Owl’s Wulst was specific for stimulus orientation and binocular 
disparity. In the present study, we investigated the possibility of using the 
intrinsic signal to generate an optical image from the visual Wulst of the Barn 
Owl, in response to different stimulus orientations. Five minutes before 
craniotomy, 10 mg Ketamine and 1 mg Rompun were injected intramuscularly in 
the breast muscle. Anaesthesia was maintained by injecting 10 mg Ketamine 
intramuscularly every hour afterwards. ECG was monitored during experiments. 
After craniotomy to expose the left Wulst, illumination was applied on the 
cortical surface with the light being filtered (bandpass 650 nm). The recording 
camera (Imager 2001) was focused 500 µm below the cortical surface. Drifting 
square wave bars in 2° with 6  orientations (0°, 30°, 60°, 90°, 120° and 150°) 
were monocularly presented to the animal’s right eye. The figure demonstrates 
the optical images in response to 6  

orientations, with the orientation of the 
stimulating bars being indicated by the 
bar near each image. In this example, 
counterclockwise shifting of the stimulus 
orientation evoked response with their 
patches being shifted in a clockwise 
sequence. The result confirms in the 
Owl’s Wulst that tangential organization 
of orientation demains is comparable to 
that described in mammalian visual cortex.

834.2

EXTRASTRIATE CONNECTION PATTERNS IN SQUIRRELS SPECIFY 
SIMILARITIES A N D  DIFFERENCES IN VISUAL PROCESSING 
BETWEEN RODENTS A N D  PRIMATES. E. Hodson. H.R. Rodman* and S.
L. H eim an. Dept, of Psychology, Emory University, Atlanta, GA 30322.

Previous physiological and architectonic studies (NS Abs. 17: 332.4, & 18: 
134.3) indicate that the extrastriate matrix of squirrels contains a large  
number of distinctive visual areas. We sought to determine if connection 
patterns of these areas are consistent w ith physio logical parcellations  
and suggest more specific hom ologies between sciurids and primates.

Anterograde and retrograde tracers (CTB or fluorescent beads) were 
placed into VI and extrastriate cortex of Spermophilus tridecimlineatus 
and laminar labelling patterns throughout visual cortex reconstructed and 
compared to architectonic borders in flat-map representations. 1) Injections 
into either VI or extrastriate cortex produced distinctive discrete patches 
of label in the m iddle part of the interm ediate zone, indicating m u ltip le  
representations. 2) Injections into either VI or heavily m yelinated la te r a l  
area TP show ed that these areas are not directly connected. H owever, TP 
is directly connected to areas ML/L and this region in turn is reciprocally  
connected with VI. 3) Injections into monocular VI consistently failed to 
produce label in the narrow, architectonically distinct strips adjacent to 
VI, suggesting that V2 and V3 are specialized for processing input from the 
binocular visual field. 4) Injections into either VI or a subset of extrastriate 
areas produced retrograde label in entorhinal cortex, confirming a pattern  
previously reported in rats. The results indicate that as in primates, a 
large number of extrastriate areas are intercalated between VI and a 
lateral motion-processing domain and more specifica lly  support th e  
concept that areas L, ML & TP are homologous as a field  to the superior 
temporal sulcus motion complex of m onkeys. Supported by Emory URC.
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834.3

ON THE DIRECTION OF INTERAREAL INTERACTIO NS IN TH E CAT 
VISUAL SYSTEM. C. Bernasconi, A. von Stein* and P. König Institu te  of 
Neuroinformatics ETH Z/UNIZH , Gloriastrasse 32, CH-8006 Zürich.

To investigate the direction of neural interactions in the cat visual sys
tem , we adapted m ethods from the field of econometrical struc tu ra l analysis. 
In particular we considered autoregressive models of the d a ta  and quantita
tive m easures of linear relationship between m ultiple tim e series adopting the 
W iener-Granger concept of causality. For the evaluation of the techniques, 
local field potentials recorded in visual areas 17 and 7 in behaving cats were 
used. Due to  the particular nature  of the eleôt,rophysiological signal studied, 
several problems had to be addressed. Firstly, the sta tionarity  of the signal 
had to be considered. On the basis of their power in sim ulations we selected 
two sta tionarity  tests; those indicate th a t the local field potential signals can 
be usually considered stationary  on a  tim e scale of a few seconds. Secondly, 
the order of the autoregressive model had to  be determ ined consistently. The 
Bayesian Inform ation Criterion proved to  give the m ost consistent result and 
indicated th a t a 7th order model is appropriate in most cases. Finally, the mea
sures of linear dependence had to be evaluated with real and sim ulated data. 
A lthough the individual segments of field potentials th a t relate to  a particular 
behavioural sta te  were in general less than  2  seconds in length, reliable results 
were obtained. Furtherm ore the coefficients of the estim ated models were con
sistent among trials, so th a t the analysis of an average model appears to be a 
valuable approach to investigate the relationship between the recording sites. 
In summ ary the statistical m ethods considered have proved to be suitable for 
the study of the directionality of neuronal interaction. The analysis of d a ta  
from experiments with cats performing behavioral tasks is in progress. 
S u p p o r t e d  b y  th e  H e l m u t  H o r t e n  S t i f t u n g  a n d  th e  S w i s s  N a t i o n a l  S c i e n c e  F o u n 

d a t i o n

834.5
O R IE N TA TIO N  PR EFER E N C E M APS IN AREA 2 1 A OF THE CAT 
EX TR A STR IA T E CO RTEX . K, Ohki*. N. Hagino, T. lhara. and M. 
M orita. Departm ent o f Physiology, The University o f Tokyo School o f 
M edicine, Hongo. Tokyo 1 13-0033. Japan.

Although the functional architecture o f areas 17 and 18 o f the cat 
visual cortex has been investigated in detail, much less is known about the 
colum nar structures o f  the cat extrastriate cortex. We explored the 
functional maps o f the cat extrastriate cortex using intrinsic optical 
imaging and found that there exist orientation preference maps in area 2 1 a 
in the middle suprasylvian gyrus. The iso-orientation domains in area 21a 
were arranged in pinw heel-like patterns, sim ilar to areas 17 and 18.

To address the question o f whether the column sizes are nearly 
constant across d ifferent areas, or they increase as the hierarchy of visual 
processing progresses, we com pared the sizes o f iso-orientation domains in 
areas 17. 18 and 21a o f the cat. We confirmed that the area o f iso
orientation domain in area 18 was approxim ately twice as large as that in 
area 17. as reported previously. On the other hand, the area of iso
orientation domain in area 2 1 a was interm ediate between those in areas 17 
and 18. This result is inconsistent with both o f the hypotheses presented 
above. We hypothesize that the interm ediate column size o f the orientation 
preference map in area 2  1 a may be attributable to the characteristics o f the 
cortico-cortical inputs to area 2 1 a. which receives inputs from both areas 
17 and 18.
S u p p o r t e d  b y  J S P S  F e l l o w s h i p  f o r  Y o u n g  S c i e n t i s t s .

834.7

C O N N E C T IO N S O F EX T R A ST R IA T E  V ISU A L A REA S IN 
M A R M O SETS. D.C. Lvon*. H.B. Taub. and J,H. Kaas. Dept, of 
Psychology, Vanderbilt University, Nashville, TN 37240.

The small brains of New World marmoset monkeys offer clear 
technical advantages in studies o f cortical connections. In order to 
determine connections of proposed subdivisions of extrastriate cortex, 
2-4 different fluorescent tracers were injected into various visual areas 
of 7 marmosets, Callithrix jacchus. Although there was some 
variability in the distribution of labeled neurons for similar injection 
sites, the results revealed the follow ing pattern of connections. V2 is 
connected with V I, DM , DI, DLc, DLr, MT, MTc, a small region of 
inferior temporal (IT) cortex, and frontal cortex. MT has major 
connections with V I, V2, DM, VP, and frontal cortex. MST injections 
labeled neurons in MT, cortex immediately rostral to MST, medial and 
lateral aspects of posterior parietal (PP) cortex, and frontal cortex.
FSTv injections labeled neurons largely in FSTd, MTc, adjoining parts 
of IT cortex, and frontal cortex. DM  injections labeled neurons in V I, 
V2, VPP, MT, and often in PP cortex. The connection pattern provided 
evidence that the lower quadrant is represented caudomedially in DM  
and the upper quadrant rostrolaterally in DM.

The results suggest that visual cortex in marmosets is organized in a 
manner that is similar to other New World monkeys. The results also 
provide further evidence from connection patterns for the existence of 
proposed areas MST, FSTv, FSTd, MTc, DM , and VP, and show that 
projections to extrastriate visual cortex can arise from locations rostral 
to MST, and over a wide expanse of PP cortex. Supported by NEI 
grant EY-02686 and training grant 5T32 EY07135.

834.4
CHARACTERIZATION OF EXTRASTRIATE PROJECTION MODULES IN AREA 
19. T.H. Stewart and J.A. Matsubara . Depts. Of Ophthalmology and Anatomy, 
University of British Columbia, BC, Canada, V5Z 3N9.

In the cat visual cortex area 19, like areas 17 and 18, is divided into 
histologically distinct compartments. Previous findings by this lab have demonstrated 
that input to area 19 is organized in a modular fashion which correlates with cytochrome 
oxidase (CO) staining in areas 17 and 18. The current results demonstrate that this 
modulation is also a featured in the output organization of area 19 to other extrastriate 
areas, specifically area 21a and PMLS. These two extrastriate areas were chosen since 
our lab had previously reported that cells located in the CO blobs in area 17 project to 
these two extrastriate areas. It was hypothesized that like the primary visual cortex, area 
19 projections to these areas would also be compartmentalized.

In order to cover a large area of the visual field representation large multiple 
injections of wheat germ agglutinin-conjugated horseradish peroxidase (WGA-HRP) and 
cholera toxin conjugated to colloidal gold (CTX-Au ) were injected into area 21a and 
PMLS. In all cases visual corticies were flattened and cut tangentially. Alternate 
sections were stained for CTX-Au, WGA-HRP and CO. Patchy labeling in area 17 
which co-localized with CO blobs was used as a marker to ensure that area 21a and 
PMLS injections were properly placed. Area 19 was located based upon CO staining.
It was also noted that the area 18/19 border was characterized by a strip of large 
pyramidal cells which occurred in closely spaced clusters just inside area 18.

It was found that cells in area 19 which projected to areas 21a and PMLS were 
organized in a modular fashion. The orientation of these modules was roughly 
perpendicular to the area 18/19 border, however in some cases they demonstrated a 
branch-like pattern. The modules were approximately twice the periodicity of the blobs 
in area 17. These modules were seen in many consecutive sections suggesting that they 
were columnar. Despite the similarity in orientation, size and columnar structure the 
correlation between the modules is not precise although a vague inter-digitation is 
apparent and suggestive of an organization similar to primate V2.
Funded By MRC (Canada)

834.6

C O N N E C T IO N S  B E T W E E N  A R E A  V 2 A N D  T H E  
P O ST E R IO R  T H A L A M U S  IN  A P R O S IM IA N  PR IM A T E .
C, E. C ollin s,*  I. S tep n iew sk a  and J. H. K aas. D ept. P sy ch o lo g y , 
Vanderbilt U n iversity , N a sh v ille , T N  3 7 2 4 0 .

T h e con n ection s betw een  visual area V 2  and the posterior thalam us, 
including the pulvinar co m p lex  and the lateral gen icu late nucleus  
(L G N ), w ere investigated  in a prosim ian prim ate, G alago senegalensis. 
F ive tracers (Fast b lue, Fluororuby, D iam id in o  y e llo w , Fluoroem erald  
and W G A -H R P) w ere in jected  in to area V 2  o f  2  galagos. Survival tim es  
w ere 2d and 6d. Tracer in jections w ere distributed m ed iolaterally  in V 2, 
coverin g the representation o f  paracentral v isio n  in the low er  visual 
quadrant. A rchitecton ic  sub d iv ision s o f  the cortex  and posterior  
thalam us w ere delineated w ith  cytochrom e ox id a se  (CO ) and m yelin  
stains. T he lateral portion o f  the superior pulvinar stains m ore darkly for 
CO  and m yelin  than the m edial part. Th ree su b d iv ision s o f  the inferior  
pulvinar, sim ilar to those found in N ew  W orld m on k eys, w ere  
distinguished: A  central nucleus (P ic ) , a sm aller m edial nucleus (PIm ), 
and a very sm all posterior nucleus (P ip ). PIm  stains m ore darkly for CO  
than P ic  or Pip. A rea V 2  w as m ost strongly  co n n ected  w ith P ic  and 
PIm . Strong, topographic co n n ection s w ere found b etw een  V 2  and the 
lateral pulvinar. Injections in lateral V 2  nearest the representation o f  
central v ision  result in labeled ce lls  in the dorsolateral portion o f  
pulvinar, w h ile  m ore m edial injections label ce lls  in the ventrolateral 
pulvinar. F ew  labeled  ce lls  w ere found in the L G N , w h ich  m ay indicate  
a very  sparse connection  betw een  the L G N  and V 2. T h e topography o f  
V 2  con n ection s w ith posterior thalam us in galagos has a sim ilar pattern 
to those found in N ew  W orld m onkeys. Supported by NEI E Y 02 6 8 6 .

834.8

THE CORTICAL VISUAL AREA V6: WHERE IT IS A N D  HOW IT IS 
ORGANIZED, C. G alletti1 *, P. Fattori1, D,F. Kutz2 and M. G am benni1. 
^Dip. di F isiologia umana e generale, U niv. di Bologna, 40127 Bologna, 
Italy; ¾ e p t .  of Z oology and N eurobiolgy, Ruhr-U niversity Bochum, D- 
44780 Bochum, Germany.

The area V6 has been described as a cortical visual area located in the 
ventral part of the anterior bank of parieto-occipital su lcu s (POS). It has 
been recently defined on functional basis, and on these grounds distinguished  
from a visual region dorsal to it, termed V6A. The aim  of this work was to 
study the visual topography of area V6, its extent and limits.

Visual receptive-fields of V6 neurones were m apped during extracellular 
recordings carried out in awake m onkeys (Macaco fascicularis) performing a 
fixation task w ith the head restrained. A total of 603 cells were studied, 
recorded from five hemispheres of four animals. Receptive fields of V6 cells 
w ere found to cover the entire contralateral hem ifie ld . A quite good  
retinotopy was observed. Lower quadrant is represented in the ventral part 
of POS and upper quadrant in the cortex o f m ed ial POS. Peripheral 
representation (more than 30° in eccentricity) is gen era lly  located in 
precuneate gyrus and central representation  in the lateral part of the 
posterior bank of POS. M edially and anteriorly area V6 borders on area 
V6A, in the medial surface of the hemisphere and the anterior bank of POS, 
respectively. Laterally, it continues to border on area V6A in the anterior 
bank and fundus of POS. Posteriorly, area V6 borders on area V3, in the 
fundus of POS medially and the posterior bank of POS laterally.

The brain location of area V6 partially m atches that o f area PO. Some 
differences in visual topography have been observed betw een the tw o areas. 
Supported by Grants from MURST and CNR (Italy).
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834.9
C om plete F lat-M ountin g o f  the M acaque C erebral C ortex R eveals a New  
C ytochrom e O xidase Pattern in E xtrastriate  V isual Cortex. D.R. 
Hocking*. J.C. Horton. Beckman Vision Center, UCSF, San Francisco, CA 
94143-0730.

Felleman & Van Essen (1991) have prepared a two-dimensional map 
of the macaque cerebral cortex from serial horizontal sections. We prepared a 
similar map by physically removing, unfolding, and flattening the entire 
cerebral cortex in 3 hemispheres from 2 normal, adult M. fascicularis. The 
tissue block was cut tangentially at 60-70 µm and serial sections were reacted 
for cytochrome oxidase (CO) activity. The mean total area of the cortical 
hemispheres was 8562 mm2 (S.D. ± 275.76), without correction for tissue 
shrinkage induced by fixation and processing. Areas VI, V2, and MT were 
easily recognizable because of their characteristic pattern of CO staining. 
Mean VI area was 1116 mm2 (S.D. ± 117.41), 13.1% o f the total cortical area. 
Mean V2 area was 679 mm2 (S.D. ± 26.16), 8.0% of the total area. The exact 
boundary o f MT was not clear. CO revealed several new patterns in 
extrastriate visual cortex. The most interesting was a novel pattern in a 
cortical region located deep in the lunate sulcus, immediately anterior to dorsal 
V2. This region averaged 110 mm2 (S.D. ± 10.44), 1.3% of the total cortical 
area. It contained a distinct pattern of wide dark parallel CO bands, separated 
by thin pale CO bands. The pattern was visible in all cortical layers. The 
bands were much coarser than the stripes in adjacent V2. This region may 
correspond to the dorsomedial visual area (DM) (Krubitzer & Kaas, 1993) or 
to regions V3/V3A. Supported by NET

834.10
Functional and anatomical delineation of human VI and V2. Jonas Larsson1*, Katrin 
Amunts2. Balazs Gulyas1. Aleksandar Malikovic2 Karl ZillesA and .Per E Roland1- 
^Division of Human Brain Research, Karolinska Institute, S-171 77 Stockholm, Swe
den; 2C.and O. Vogt Institute for Brain Research, Heinrich Heine University, Düs
seldorf, Germany.

Recent efforts to map retinotopic visual areas in humans have identified likely homo- 
logues of a number of simian visual areas (DeYoe et al (1996) PNAS 93:2382-6;Tootell 
et al. (1996) TINS 19:481-9), but with the exception of VI it is not known whether the 
retinotopic boundaries correspond to cyto- and myeloarchitectural landmarks in the hu
man visual cortex. We present preliminary data on delimiting the borders of visual ar
eas by functional and anatomical means. 150-butanol PET was used to map the hori
zontal and vertical meridian representations in five subjects. The stimuli consisted of a 
vertical or horizontal striped band flickering at 8 Hz that spanned the central 25 degrees 
of the visual field. Significant activations were determined for single subjects as well as 
in pooled data. In addition, cytoarchitectonic boundaries determined by localizing sig
nificant transitions in the laminar structure in the visual cortex were delimited in five 
postmortem brains. Functional and anatomical images were transformed into standard 
format to allow comparison. Stimulation of the horizontal meridian activated a region 
along the calcarine sulci bilaterally. In all subjects, this cluster also extended ventrally 
and laterally as well as dorsally along the midline in a lobe-like fashion. At a high sig
nificance threshold these lobes were spatially separate from the calcarine portion of the 
activation, suggesting that they derived from different cortical substrates. Comparison 
with cytoarchitectural delineations of VI and putative V2 showed good agreement 
judging by the overlap of the center of VI and the central horizontal meridian activa
tion, as well as by the alignment of the anterior boundary of anatomical V2 (cor
responding to the horizontal meridian) and the outer lobes of the horizontal meridian 
activations. Intersubject variation was substantial and the pattern was not evident in all 
subjects. Pooling the subject data failed to yield any significant activations. The results 
indicate that the anatomical and functional delineations of VI and V2 agree within the 
central visual field. - This study was funded by the Volvo Research Foundation.

834.11
ECHBD-A DATABASE MODEL OF THE HUMAN CEREBRAL. CORTEX.
P.E. Roland^*P. Svensson2. .L.Fr¢driksson1’2, C. Cayad3 3, M, Seppa4, R. Hari4. 
D, P¢ppl¢wgll^, A. Cowev5, G. Kostopoulos6. B. Mazoyer7. H. Uvlings8, T  
Schoπnamvλ and K. Zilles^. 'Dept. Neuroscience, Karolinska Inst., Stockholm 
17177; 2 NADA/KTH, Stockholm 10044; ¾ ep t. Morfologia, Univ. Autonoma 
Madrid, Madrid 28029; ¾ o w  Temperature Lab, Espoo, HUT 02015; -¾ept.
Exp. Psychology, Oxford Univ, Oxford OX1 3UD; ¾ ep t. Physiology, Univ. 
Patras, Patras 26110; 7Group DTmagerie NeuroFonctionelle, Caen Cedex 14074; 
¾ ra in  Research Inst. Netherlands, Amsterdam 1105; ¾ s t .  Hirnforschung, Univ. 
Düsseldorf, Düsseldorf 40001.

How is function related to structure in the human cerebral cortex? To answer 
this and to create a database model parcelling the human cerebral cortex, a 3D 
computerised database of the normal human brain was created from quantitative 
measurements of ( 1 ) laminar neuronal densities (quantitative cytoarchitecture). 
and (2 ) receptor densities for the 1 2  most common neurotransmitter receptors in 
tire cortex. It is also planned to include data on the density of intracortical axons 
(quantitative myeloarchitecture), enzyme histochemical data, and number of 
neurons (stereology) in architectonically defined cortical areas and layers. These 
postmortem measurements were combined with functional imaging studies 
employing PEI , fMRI, MEG and EEG from European laboratories. Image-fusion 
software has been developed which automatically brings the 3D postmortem and 
the functional 3D images into the optimal standard anatomical format of the 
database. The database enables modelling of structural and functional relationship 
in the cerebral cortex of man, and is open in 1999 for neuroscientists who want to 
compare their functional data with the structural and functional data of the 
database. See our W eb-site http://fornix/EC H B D /D atabase for further 
information. Supported by EC-Biotech BIO4CT-96OI77.

834.13
CORTICAL RE-ORGANIZATION FOR VISUAL FUNCTIONS IN 
CONGENITALLY DEAF’ SUBJECTS: Part II. OBJECT AND FACE 
PROCESSING. T. Mitchell1, A. Tomanrr. D. Bavclier*. S. Murray
D. Corina3, C. Hutton4, G. Liu2, and H. J. N eville1. 'University of 
Oregon, Eugene, OR, 2GUMC W ashington, DC, ^University oí 
Washington, Seattle, W A, in stitu te of N eurology, London UK.

Previous studies suggest that congenital deafness alters the functional 
organization of the dorsal stream of the visual system. Few studies, 
however, have directly assessed the effect of auditory deprivation on the 
ventral visual stream. Using fMRI, we assessed whether early auditory 
deprivation alters the recruitment of the ventral areas known to process 
form, and in particular those involved in the recognition o f objects and in 
the processing of faces. Additionally, attentional requirements were 
varied to assess whether attention further alters the recruitment o f these 
areas. Congenitally deaf (native signers/born to deaf parents) and 
normally hearing adults were imaged while viewing alternations of faces 
and control textures or objects and control textures. Methods: Echo 
Planar Images were collected on a 1,5T SIEMENS VISION scanner (34 
slices, TR=3 sec, 3x3x3mm voxels). Control texture images for each oí 
54 black and white photographs o f objects and 54 photographs of faces 
were created by digitizing and scrambling each photograph (overall 
power and spatial frequency held constant). Subjects fixated centrally 
and viewed alternations o f five experimental images and five matched 
controls. Subjects watched under conditions of either passive viewing 
or while monitoring luminance changes. Data were analyzed with 
SPM 96. Both similarities and differences were observed between the 
two subject groups. Implications for developmental plasticity will be 
discussed. Funded by NIDCD-DC000128, DC00271, DAM D17-93-V-3018 DOD.

834.12
CORTICAL RE-ORGANIZATION FOR VISUAL FUNCTIONS IN 

CONGENITALLY DEAF SUBJECTS: Part EMOTION PROCESSING. 
D .Bavelier1. A.Tomann1, T. M itchell2. D.Corina3, A. Pouget'f  C. 
Hutton4, G. Liu1 and H.J. N eville2. jGUMC W ashington DC.,~¾J.of 
Oregon, Eugene OR, 3U. o f Washington, Seattle W A ,4 Institute o f  
Neurology, London UK.

Previous studies suggest that congenital deafness alters the functional 
organization of the dorsal stream of the visual system. U sing fMRI, we 
assessed whether early auditory deprivation changes the recruitment of 
motion processing areas. In addition, we hypothesized that these changes 
will be most marked when visual attention is required. Motion processing 
was compared between congenitally deaf (native signers/born to a deaf 
parent) and hearing individuals as visual attention was manipulated. 
Methods: Echo Planar Images were collected on a l.5T  SIEMENS 
VISION (34 slices, TR=4sec, 3x3x3mm). Five subjects were run in each 
group. Subjects fixated centrally and viewed an alternation of radial flow  
fields (converging and diverging) and static dots. W hile some of the runs 
required only passive viewing, visual attention was manipulated in other 
runs by asking subjects to detect brief luminance changes. Data were 
analyzed with SPM96. Results: Deaf individuals showed a greater 
number of voxels activated and a larger percent signal change than 
hearing subjects in MT-MST when attention was manipulated. Thus, 
congenital deafness changes the cortical organization o f motion 
processing especially when attention is required. Interestingly, the 
recruitment of the intraparieta! sulcus was also significantly larger in deaf 
than in hearing subjects. This result suggests that early auditory 
eprivation may also alter the cortical organization o f visual attention, as 
the parietal cortex is known to mediate attentional processing.

834.14
TIM E D O M A IN  W A V EFO R M  M O M E N T A N A L Y S IS  OF 
C O RTICAL E V EN T-R EL A T ED  PO T E N T IA L S. J. E ek ley , £L 
Suter*. P .S . Suter. V ision  Laboratory, P sy c h o lo g y  Departm ent, 
C alifornia State U n iversity , B ak ersfie ld , C A  9 3 3 1 1 .

Visual event-related potentials (E R P s) in the tim e dom ain are 
typically described and analyzed usin g individual com p on en ts, an 
approach that d oes not a lw ays adequately capture the aggregate 
w aveform . W aveform  m om ent analysis (W AM A; C acioppo &  
D orfm an, Psvch ol B u ll. 19 8 7 , 102 . 4 2 1 )  provides quantitative 
ind ices o f  the holistic E R P w aveform  but requires w aveform s  
com p osed  ex c lu siv e ly  o f  nonn egative vo lta g es . W e have explored  
various transform ations o f  raw averaged ER P w aveform s in order to 
m eet the nonnegative assum ption and apply W A M A . Cortical ER Ps  
w ere recorded during a naturalistic reading task in w h ich  w ords  
(com prising a paragraph) or scram bled-letter w ord s w ere presented  
on ce/s. The characteristic w aveform  is a narrow early com p lex  o f  
occipital origin fo llo w ed  by a broader late com p lex  associated with  
m ore anterior language-related substrates. A n alysis  o f  W AM A  
indicants describing the late w aveform , beginnin g at a distinct 
negative com p onent at about 2 0 0  m s and extend ing for 4 0 0  m s, 
yielded  tw o m ajor e ffects (all p's <  .0 5 ). Left vs. right hem ispheres  
differed for asym m etry indicants. Left hem isphere ER Ps had 
relatively m ore m ass in the secon d h alf o f  the w aveform . W ords v s .  
scram bled-letter w ords differed in both asym m etry and dispersion  
such that word ER Ps sh ow ed  a steeper upward slop e  in first half o f  
the w aveform . T im e dom ain W A M A  can be used  to identify  
functionally-related d ifferen ces in ER P w aveform s.
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834.15
DEVELOPM ENT O F LONG-RANGE HORIZONTAL CONNECTIONS IN A 
M ODEL OF A H IG HER VISUAL AREA EMBEDDED IN A BEHAVING REAL 
W ORLD DEVICE. N. Almássy, G.M. Edelman and O. Spurns.*
The Neurosciences institute. 10640 John J. Hopkins Drive, San Diego, CA 92121.

We studied the development of neuronal responses and their linkage to motor struc
tures in a simulation of the visual cortex embedded in a real world device capable of 
autonomous behavior. The model has four major components: a visual system incorpo
rating key properties of mammalian visual cortex, including an area resembling infer- 
otemporal cortex, a taste system based on conductance, sets of motor neurons capable 
of triggering behavior, and a diffuse ascending value system. Visual input acquired by 
a video camera is transmitted to a primary visual area (VAp) and linked directly to a 
higher visual area (VAs), which contains locally coupled excitatory and inhibitory units 
and voltage-dependent long-range horizontal (reentrant) connections. Connections from 
VAs to motor neurons are subject to value-dependent synaptic modifications and trigger 
appropriate behaviors in a discrimination task. Afferents of VAs as well as connections 
within VAs are also modifiable according to a learning rule allowing for potentiation 
and depression. Before visual experience, VAs responses are weak and show no selec
tivity for stimulus patterns. After the classification of about 30 stimuli, VAs units appear 
more sharply tuned, are selective for distinct stimulus patterns, respond invariantly with 
respect to their position, orientation and size, and units with similar response properties 
are spatially grouped together. During this process the majority of long-range horizon
tal connections are weakened; in contrast, connections that enhance correlated activity 
between units are potentiated. The result is a network of long-range patchy connections 
linking groups of units with similar response properties resembling the circuits observed 
in adult visual cortex. Units in VAs have receptive fields that span about two thirds of the 
visual field and long-range horizontal connections yield greater translation-invariance 
in the response properties of VAs units and thus more reliable discrimination behavior. 
This analysis provides several examples for the role of environment and behavior in the 
development of complex neuronal responses.
(Supported by Neurosciences Research Foundation)

834.17

DECORRELATION OF SPIKE TRAINS BY SYNAPTIC  
DEPRESSION
M.S. Goldman.1'2* Ken SuuinoA S.B. N elson .13 and L.F. Abbott1 A 
'Volen Center for Complex Systems, Brandeis Univ.; "Dept, o f  
Physics, Harvard Univ.; 3Dept. o f  B iology, Brandeis Univ.; Waltham, 
MA 02254.

Spike trains recorded in awake, freely behaving monkeys show  
strong temporal autocorrelations (Baddeley et. ah. Proc. Roy Soc. 
B 264:1175, 1997). A more efficient representation o f  the information 
in such trains can be constructed by removing these correlations. 
Using a synapse model based on slice data, we show that synaptic 
depression removes correlations from realistic spike sequences. This 
result is verified experimentally by stimulating layer 4 in slices o f  rat 
visual cortex and recording field potentials in layer 2/3. Amplitude- 
weighted correlation histograms o f  the layer 2/3 responses indicate 
that correlations in the stimulus sequences are almost completely 
eliminated. Maximal decorrelation o f  synaptic transmissions requires 
the parameters o f  depression to be matched to the statistics o f  the 
presynaptic spike trains. This may be accomplished through 
presynaptic forms o f  LTP and modulation that affect short-term 
plasticity. Supported by NSF, NIH, and the Sloan Foundation.

834.19

STATISTICAL PROPERTIES OF WEAKLY-CORRELATED NEURAL 
ENSEMBLES M.E. Mazurek and M.N. Shadlen* Depi. o f Physiology 
and B iophysics, and Regional Primate Research Center, Univ. o f 
Washington, Seattle WA 98195

Single neurons encode information in their rate o f spike discharge. The 
reproducibility of spike rate and the variability o f spike intervals are 
characteristic o f a nonstationary (rate-varying) Poisson point process 
(NSPPP), implying that the pattern o f spikes emitted by a single neuron is 
random given the rate, λ ( t ) .  On the other hand, distinctive patterns o f  
spikes in neural ensembles could conceivably encode information, or lend 
insight into cortical processing. Synchronous spikes and repeating spike 
triplets are relevant examples. Given the known correlation between pairs 
of neurons in cortex, however, it is conceivable that many ensemble spike 
patterns could arise simply by chance. We have therefore extended the 
Poisson model to study ensembles o f weakly correlated neurons. The 
model generates many NSPPPs by detecting threshold crossings in high 
dimensional white noise, representing the membrane potential of many 
neurons. We constrained the model to produce realistic spike rate 
covariance (r=O. 15-0.25), realistic cross-correlograms (CCGs), and to 
conform to known single neuron spiking statistics. We find that ensemble 
spike patterns recur far more often in our model than predicted for 
independent N SPPPs, suggesting that such patterns may arise from 
purely stochastic processes. Potentially, our formulation reduces the 
description o f neural ensembles to a set o f spike rates (A, (7), one per 
neuron) and a covariance matrix.

Supported by EY 11378, RR00166 and the McKnight Foundation

834.16
Behavioral Relevance o f Stim ulus-Induced "20 Hz" E lectrical A ctivity in  
Turtle Visual Cortex. James C. Prechtl* & David K lein feld . Departm ent of 
Physics, University o f California San Diego, La Jolla, CA  92093-0319.

Visual stimuli induce widely distributed increases in rhythm ic electrical 
activity in the visual cortex o f the pond turtle ( P s e u d e m y s  s c r i p t a ) .  The 
behavioral relevance o f the response was studied in an awake, sem i-intact 
preparation. W e correlated the current source density  (CSD) within different 
cortical layers, measured with m ulti-site silicon depth probes ( 1 0 0  µm 
spacing; U M ichigan CNCT), with spinal nerve activity that represents fictive 
head retraction to an aversive stim ulus (14 cm diam eter loom ing ball). W e 
observe that only power in a band near 20 Hz, previously identified as a 
m ajor com ponent of the cortical visual response (Prechtl 1994, P N A S ,  

91:12467), correlated with integrated nerve activity for this escape behavior.
As a prelude to CSD m easurem ents o f the phase shifts associated with the 

20 Hz response (Prechtl et al. 1997, P N A S ,  94:7621), we used m ultisite 
surface electrodes to map both the initial surface negative potential and the 
ca. 20 Hz com ponent of the sustained response to a step in illum ination ( 6  

turtles, head widths 2.3 - 2.6 cm; ca. 540 loci/turtle). The onset potential and 
the 20 Hz com ponent o f the response showed sim ilar spatial distributions. 
Their center was l.7±O.2 mm from  m idline and 2.5±O.2 mm caudal to the 
olfactory juncture. Both distributions were on, or near, the D l/D 2  border of 
dorsal cortex as inferred from  histological analyses o f coronal sections of 
these specim ens. The response was largely contained (half am plitude) within 
an area o f 2.7±O.6 mm", relatively small com pared with the extent of 
thalam ocortical input (M ulligan & Ulinski 1990, J C N ,  296:531).

To address the possibility that phase shifts in the ca. 20 Hz activity code 
for aspects o f the behavior, we are presently recording the CSD within and 
across cortical layers with pairs o f m ulti-site silicon depth probes, along with 
m easurem ents of pupillary accom m odation to the loom ing stim ulus.

(Supported by NSF grant IBN-9630426 and UCSD)

834.18
S P E E D  O F  IN F O R M A T IO N  R E T R IE V A L  IN  M U L T IL A Y E R  N E T 
W O R K S  W IT H  S P IK IN G  N E U R O N S . S. P an ze ri* 1, F .P . B a tta g lia 2,
E .T . R o lls1, R. L av is1, J . G iles 1 an d  A. T reves2 . 1 U niv . O xford , D ep t. 

E x p tl. Psychology, O xford  OX1 3UD , UK; 2 SISSA , 34013 T rie s te , Italy .
P ro cessin g  speed  is a  fu n d am e n ta l c o n s tra in t to  be in c o rp o ra te d  in to  

c o m p u ta tio n a l m odels of co rtica l functio n . In  th e  c o rtica l v en tra l v isua l 
sy stem  th e  la ten cy  difference be tw een  V I a n d  IT  is 40-60 m s, w ith  a t 
leas t 4 co rtica l stages. How can  p rocessing  b e  th a t  fas t?  W e te s te d  th e  
id ea  th a t  th is  is due  to  in fo rm a tio n  be in g  p assed  be tw een  c o rtica l a reas 
before any  one s tage  has com pletely  se ttle d . W e s im u la te d  th e  co n tin 
uous d ynam ics of a  4-layer netw ork  of in te g ra te  a n d  fire n e u ro n s, ex
ten d in g  th e  one-layer m odel o f B a tta g lia  & Treves, 1998, N e w .  C o m p .  

10  431. E ach  layer was com posed  of e x c ita to ry  an d  in h ib ito ry  u n its . 
T h e re  were ex c ita to ry -e x c ita to ry  rec u rren t H eb b ian  sy n ap ses  in each 
layer o p e ra tin g  by au to asso c ia tio n , an d  feedfo rw ard  H eb b ian  synapses 
con n ectin g  th e  ex c ita to ry  p o p u la tio n s  o f successive layers. A fte r  a  p a r 
tia l cue o f one o f th e  s to red  p a tte rn s  was p rese n ted  to  th e  first layer, th e  
in fo rm a tio n  a b o u t w hich p a tte rn  was p resen ted  was e x tra c te d  from  th e  
n eu ro n a l a c tiv ity  in each layer a t  d ifferent tim es. For rea lis tic  b io p h y s
ical p a ra m e te rs , it is show n th a t  th e  la ten cy  difference in  in fo rm a tio n  
re triev a l betw een layer 4 an d  layer 1 is 30-70 m s. F u r th e r ,  th e  to ta l  
tim e  needed  for re triev a l by layer 4 is m uch  sm alle r th a n  four tim es th a t  
needed  for re triev a l in  a  single layer w ith  rec u rren t co lla te ra ls . T h u s  n e t
w orks w ith  sp ik ing  n eu ro n s n o t only  se ttle  rap id ly  in to  re tr iev a l s ta te s  
in single layer rec u rren t netw orks, b u t  also en ab le  very  ra p id  p rocessing  
by m u ltilay er netw orks, such  as th o se  in th e  ce reb ra l co rtex . S u p p o rte d  
by EC  E R B F M B IC T 972749 , M R C  PG 8513790, H F S P .

834.20
MODELING MT NEURONAL RESPONSES TO COMPOUND STIMULI 
S. Mikaelian, V. P. Ferrera1* and E. P. Simoncelli. Center for Neural Science, 
4 Washington Place, NY, NY 10003; ‘Center for Neurobiology and Behavior, 
Columbia University, 722 W. 168th St., NY, NY 10032.

Physiological recordings by Recanzone, Wurtz and Schwarz (1997), and 
other labs, indicate a decrease in the time-averaged response of directionally 
selective MT neurons to a stimulus moving in the preferred direction when 
that stimulus is paired with one moving in a non-preferred direction. Simi
larly, there is an increase in the response to an anti-preferred stimulus when it 
is paired with one moving in a non-preferred direction. In fact, the response 
to such complex stimuli is approximately the average of the responses to each 
of the moving components. We implemented a variant of the model by Si
moncelli and Heeger (1998), in order to examine its responses to such stimuli. 
The model consists of two stages corresponding to visual areas VI and MT, 
with each stage computing a weighted linear combination of inputs, followed 
by rectification and divisive normalization. The VI stage contains direction- 
ally selective motion-energy neurons, and the MT stage selectively combines 
afferents of VI neurons over a range of spatio-temporal orientations, to pro
duce a velocity-selective response. In our model, the feedback normalization 
signal for each stage is computed by time-averaging and delaying the summed 
responses of all neurons in that stage. The model is able to replicate the 
averaging behavior described above, primarily as a result of the second stage 
of normalization. In addition, the time delay and low-pass filtering of the 
normalization signal produce transient temporal dynamics in the model which 
are qualitatively similar to those of MT responses.

VPF and SM are supported by Whitehall Foundation Grant S97-ll; EPS 
is supported by a Fellowship from the Alfred P. Sloan Foundation, and the 
NYU Sloan Center for Theoretical Neurobiology.
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834.21
N oise shaping poisson neuron m odel and signal reconstruction  
by sim ple low-pass filtering
Jonghan Shin* , Div. of Biology, Caltech 139-74, Pasadena, CA 91125.

It is still an enigma of the brain how neurons encode time-varying 
somatic current signal into all-or-none action potentials (Stevens and 
Zador, 1995). Because of the grainess of a neural code from the Poisson 
neuron model, it has been generally believed that one could have a high 
level of precision only with a large population of neurons, all of which 
were sending the same signal (Shadlen and Newsome, 1994). However, 
even an indivisual neuron can represent a rapidly fluctuating signal by 
its impulse frequency with high fidelity (Zohary e t .  a l ,  1994). To 
resolve this contraversy, we propose a noise shaping poisson neuron 
model which can explain why real neurons convey much information 
than the conventional Poisson neuron model. Signal estimation theory 
(Rieke e t . a l ., 1996) provides us with an ideal decoding filter to infer the 
continuous input current from these discrete events. However, even in 
single neurons, the spike encoding and decoding processes are happening 
in many places. Thus, neurons should have developed an easy way to 
decode continuous input signal from spike trains. We propose that 
real neurons can decode continuous signals from spikes using temporal 
summation operation, which, in the frequency domain, can be expressed 
as a low pass filtering operation. In conclusion, the decoded signal from 
the noise shaping neuron model has better signal-to-noise ratio than the 
conventional Poisson neuron model.

_______________________________________________________ VISUAL PSYCHOPHYSICS: OTHER

835.1 835.2
SUBLIMINAL VISUAL PRIMING TRANSFERS WITHIN, BUT NOT BETWEEN 
VISUAL QUADRANTS.
M, Bar* and I. Biederman. b a r @ u s c .e d u , b i e d e r @ u s c .e d u  Hedco Neurosciences 
Bldg., University of Southern California, 90089-2520.

Pictures that are presented too briefly to be recognized, or even guessed above chance 
on a forced-choice test, can nonetheless facilitate the identification of the same pictures 
many trials later (Bar & Biederman, 1996). This subliminal priming is completely visual, 
rather than semantic, since objects with the same name but a different shape produce no 
priming. In addition, unlike supraliminal priming which is translation invariant (i.e., 
unaffected by a change in the position of the object from priming to test trials), 
subliminal priming is reduced but not eliminated by translation. Based on this partial 
translation dependency and the size of receptive fields (RFs) of cells in the ventral visual 
pathway, we hypothesized that subliminal priming might be mediated by intermediate 
visual areas (i.e., V4, TEO). To test this hypothesis, we designed a priming experiment 
based on the propensity of V4 RFs to be mostly confined to a single quadrant of the 
visual field. Specifically, we compared priming when a translation either did or did not 
place priming and test images in separate quadrants. On each trial, a single, masked 
picture was briefly presented (mean=63 ms) at one of 8 possible locations at an 
eccentricity of 6.3°. The pictures were line drawings of familiar objects and animals. 
Subjects were to name the picture even if they had to guess. When repeated, 12 min and 
35 images later (on average), the images were shifted 4.8° from where they were on the 
first block. The shift either did or did not cross a midline ( b e tw e e n  vs. w ith in  quadrants 
conditions). Images that remained in the same quadrant on both blocks 
showed considerably greater priming (16.9%) t
than those that shifted to a different quadrant First b e tw e e n  __
(3.6%), although the extent of translation 
in both conditions was identical. The 
quadrant specificity of the priming is 
suggestive of a V4-like area mediating 
subliminal visual priming. Stimulus 
availability may therefore determine the 
site of priming along the ventral pathway.
Portions of this work were presented at 
ARVO 1998. Supported by ARO NVESD 
grant DAAH04-94-G-0065 and ONR 
N00014-95-1-1108

V ISU A L -M O T O R  M ISC A L IB R A T IO N S O F R EM EM BERED  
VE RT IC AL & O BL IQ U E  R E TIN A L E R R O R S W H EN  POINTING. 
D.Y.P H enriques* and J.D . Crawford. Centre for Vision Research and Depts 
Psychology & Biology, York University, Toronto, Ontario, Canada, M3J-1P1 

The purpose o f  this study was to determine if  human subjects (Ss) exaggerate 
remembered vertical and oblique retinal errors (RE) when pointing in the same 
manner as they do for horizontal (Bock, Exp. Brain  Aev.,1985; Henriques et al
J. N eurosci, 1998). Eye & arm orientations were recorded while 6 head-fixed Ss 
pointed toward a briefly flashed target at centre (to reduce confounding m oto r 

effects). Gaze was maintained at various eccentric directions: in the 1st
paradigm, targets were aligned vertically at 30°, 15°, 5° above & below centre. 
The remaining 4 paradigms used 22 random fixation targets in 4 cardinal and in 
12 oblique directions. The control task, where Ss both looked and pointed 
toward the centre target, was interspersed within all the paradigms. Ss 
consistently undershot the target vertically for all paradigms. However, when 
this control bias was subtracted out, mis-estimates o f  vertical and oblique RE 
were similar to the horizontal errors: an overshoot o f  target in the direction 
opposite to gaze. Pointing results showed systematic overestimation o f  the angle 

¢ (mean 19%) o f  RE. The effect appeared strongly at 5° RE and saturated at 15" 
RE. The systematic off-axis directional errors for oblique REs were predictable 
from cardinal RE errors, but individuals Ss showed idiosyncratic distortions in 
reading out both directions and magnitudes o f  RE. W e conclude that mnemonic 
errors in the visuomotor transformation for pointing show consistent offset 
biases and systematic exaggerations o f  RE, but add variable off-axis 
components. Supported  by N SE R C  o f  Canada an d  A.P. Sloan Eoundation.

835.3

WITHDRAWN

835.4
VISUALIZING SUPPRESSION INDUCED BY TRANSCRANIAL MAGNETIC 
STIMULATION: BACKWARD FILLING-IN TO SUPPRESSED REGION IN 
VISUAL PATTERN. Y. Kamitani. S. Shimoio and Y. Takahashi*. Computation 
and Neural Systems, California Institute of Technology, Pasadena, CA 91125.

Transcranial magnetic stimulation (TMS) of the human visual cortex has been 
known to have suppressive effects on visual perception, as shown in performance of 
identification tasks of briefly presented, small visual targets, such as letters 
(Amassian et al., 1989). We have previously shown that the TMS-induced 
suppression can be directly perceived as a homogeneous, gray, and disk-shaped patch 
in a large-filed grid pattern presented briefly on a gray background (Kamitani & 
Shimojo, 1998 ARVO). An important question remained: what was the source of the 
visual features perceived in the suppressed region? To address this issue, a large-field 
grid pattern (vertical + horizontal sinusoidal, achromatic gratings of 50% contrast) 
was presented briefly (80 ms) on a homogenous green field, instead of a gray one. 
The grid pattern was followed by a single magnetic pulse (max. 2.2 T) with a delay 
of 100-140 ms (from the onset of the grid pattern), which was delivered using an 
eight-shaped coil whose center was located at 2 cm above and lateral from the inion. 
Subjects perceived a green, not gray, circular patch on the grid pattern in the 
contralateral lower visual field. This shows that that the suppressed region was filled- 
in with temporally adjacent stimuli at the same location. To see whether the filling- 
in is from the prior stimulus (forward) or from the posterior one (backward), 
homogeneous fields of different colors were presented before and after the grid pattern 
(green and red). Surprisingly, subjects reported that the suppressed region appeared to 
be filled with the color presented after the grid pattern. This seemingly violates 
causality: the posterior stimulus affected the perception of the prior one, as observed 
in the backward masking phenomenon. These results demonstrate that the percept in 
the suppressed visual pattern by a magnetic pulse is a result of backward filling-in, 
which reorganizes the spatio-temporal arrangement of visual inputs.
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835.5 835.6
FEATURES OF ENERGY FLOW FROM INPUT PATTERNS TO SELF 
ORGANIZED REPRESENTATIONS BY A MULTILAYER NEURAL NETWORK 
WITH AUTOASSOCIATIVE SETS. D M. Abramov1*. G.F Araú¾>*. R.W.F. Vfral1
1.Dept. Fisk>togia, IC8, UFJF; BRASIL

Recent hypothesis about visual system processing consider that effective 
connectivity between visual domains is organized on bottom up sense, 
consolidating a “no strong loops” scheme under a feed forward hierarchy to 
upper areas (Nature, 391:245-250, 1998). In this work, we adopted a multilayer 
neural network with autoassociatìvβ levels connected in feed-forward, that 
process input pattern with distinct strengths. We had studied foe output 
features produced under these inputs. Our network has four squared layers (5 × 
5 units each one), being only the first layer not atrtoaseo¢ia¾vβ (where the input 
pattern is projected). Each input is a matrix ( 5 x 5  units) with a pattern shaped 
by specific number of activated input units. Each level connects with the 
immediate next one. The whole connections tend to be weaker in proportion to 
geometric distance between units, but we used random factors to consider this 
“spread feature” as a tendency, and establish the connection nature (if inhibitory 
or excitatory). Thus, we worked with a sample of 400 subjects under five input 
patterns. The unit activity of input patterns was 0.5, 1 or 2. The results showed 
outputs with a degree of conformational congruence (by foe same subject 
under different input patterns), near to 80%. AH presented outputs kept nearly 
12 activated units. However, foe sample showed sensitive to input strength 
answering with proportional output activity strengths. The input features of 
patterns were dispersed to self-organized representations that emerged from 
network structure, being output coherent with input strength. We suggest that 
systems connected by feed-forward scheme could allow an energetic 
correspondence between an input end its respective output through dispersed 
representations that there are no conformational similarity with stimulus. 
Support: CNPq.

PERCEPTUAL ANTICIPATION IN HANDWRITING: THE ROLE OF 
IMPLICIT MOTOR COMPETENCE
§βp. Viviani*. ^ S .  Kandel. and ^J-P. Orliaguet ^Faculty of Psychology and 
Educational Sciences, University of Geneva, Carouge, Switzerland. ^Laboratory 
of Perception, Cognition and Action, HSR University, Milan, Italy. & Laboratory 
of Experimental Psychology CNRS, University of Grenoble, Grenoble, France.

An experiment investigated perceptual anticipation - i.e. the ability to anticipate 
the course of future events - in the case of handwriting. Subjects were shown the 
dynamic display of the middle letter / excerpted from two samples of cursive 
handwritten trigrams {III or lln). The experimental factor was the distribution of 
the velocity along the trace which was controlled by a single parameter ß. Only for 
one value of this parameter (ß = 2 /3) the display complied with the Two-thirds 
Power Law which describes how velocity depends on curvature in voluntary end
point movements. The task was to indicate the trigram from which the trace was 
excerpted, i.e. to guess the letter that followed the specific instance of / that had 
been displayed. Responses were not reinforced. The total duration of the stimuli 
were normalized (1 sec.). Because also the shape of the stimuli in the two trigrams 
were almost identical, the only potential cue was their internal time structure. 
When ß = 2/3, subjects guessed reliably (P[correct] = 0.69). The probability of 
a correct answer decreased significantly both for smaller and larger values of ß, 
with wrong answers becoming predominant at the extremes of the range of 
variation of this parameter. Thus, subjects were able to turn the cue into 
discriminal information only when the stimuli were plausible instances of voluntary 
movements. The findings are consistent with a generalization of the Motor Theory 
of Speech Perception (Liberman & Mattingly, 1985) which holds that the objects 
of speech perception are the intended phonetic gestures of the speaker. We argue 
that anticipating the course of voluntary movements involves comparing the 
perceived scene with a internal motor simulation of the ongoing event.

835.7
ST E R E O PS IS  A C T IV A T E S  TH E R IG H T IN T R A P A R IE T A L  
R E G IO N  IN  H U M A N S : H IG H -FIE L D  (3T ) F U N C T IO N A L  M RI 
ST U D IE S . U  N a k a d a * 12. Y . F u jii1, K. S u zu k i1, and I. L. K w ee2. 
D ept, o f  Integrated N e u r o sc i.1, Brain R es. Inst., U n iv . o f  N iigata , 951 
Japan, D ept, o f  N eu ro lo g y 2, U n iv . o f  C alif., D av is , C A  9 5 6 1 6

V 3 co m p lex  c e lls  project to the parietal occ ip ita l area o f  the superior  
parietal lob u le  and lateral intraparietal and posterior interparietal 
areas in the lateral bank and fundus o f  the intraparietal su lcu s. T h ese  
areas are b e liev ed  to be in v o lv ed  in the co d in g  o f  spatial p osition  
and/or stereopsis. W e in vestigated  stereop sis in hum ans utiliz in g  
b lood  ox y g en a tio n  lev e l dependent functional m agnetic resonance  
im agin g ((B O L D -fM R I) on a high  fie ld  (3T ) system . The activation  
m ap for ob serv in g  3D  im ages, contrasted to 2 D  im ages w ith  identical 
conten ts ( im ages o f  M R  angiography), stu died in six  neurosurgeons 
p rofess ion a lly  trained in stereo v is io n  sh o w ed  con sisten t activation in 
the area adjacent to the right intraparietal su lcu s. A n other frequently  
activated area w as the left dorsolateral prefrontal cortex (D L P F). The  
study d irectly  dem onstrated the in v o lv em en t o f  neurons adjacent to  
the right intraparietal su lcu s in hum an stereopsis cogn itive  
p rocessing .

S u p p lied  by grants from  the M in istry  o f  E d ucation (Japan)

835.9

M u  I K IN  P AR ALLAX  CAN PROVIDE 3D INFO RM ATIO N FOR V IS U A L LY - 
GUIDED ACTIO N IN A V ISU AL-FO R M  AGNOSIC. A.D. M ilner.1 H.C. 
Dijke rman1 and B.J. Rogers2 (Sponsored by E.B.B.S.). 'School o f  Psychology, 
University o f  St Andrews. St Andrews, UK. K Y 16 9JU; 2Dept o f  Experimental 
Psychology, University o f  Oxford. Oxford. UK. O X I 3UD.

We report new observations made with the patient D.F., who has an unusually pure 
visual form agnosia —  a profound impairment in perceiving and recognizing shapes 
(M ilner e ta / . .  Brain. 114, 405-428. 1991). Despite this deficit, previous studies have 
shown that D.F. is remarkably good at using visual information to guide her actions, 
including visual information that she is totally unable to report (M ilner &  Goodale. 
The Tisual Brain in Action. OUP. 1995).

We tested D.F. in two different ways in order to determine whether she can recover 
visual contour information through motion parallax. In the first study we used an 
observer-produced motion parallax paradigm based on Rogers and Graham 
{Perception  8. 125-134, 1979), simulating depth corrugations tilted at any one o f  six 
different oriemations w ithin a random-dot array. Although D.F. was quite unable to 
report the orientation, she was significantly able to guide her hand movements in a 
"posting*' task. We also found in a comparable task that she was able to use binocular 
disparity to guide her actions to a sim ilar level o f  accuracy.

In a second study. D.F. was asked to reach out and grasp, front-to-back, a solid 
plaque, presented at 7 different slants in depth. We had previously found that under 
stationary monocular viewing conditions. D.F. was clumsy at this task, but under 
binocular viewing she wits highly adept, orienting her finger-thumb axis correctly 
during the course o f  her reaches (Dijkerman el al.. Exp. Brain Res. 112. 442-451,
1996). We now report that when she was allowed to make lateral head movements, 
her monocular accuracy improved dramatically, up to binocular performance levels. 
We conclude that D.F .'s visuomotor >vstem has access to depth computations from 
monocular motion parallax as well as from disparity information.

This research  was fu n d ed  hy I he lí'cllcυuie Trust (UK).

835.8
OPTIC N E R V E  ELECTRICAL ST IM U LA T IO N  IN  A  RE TIN IT IS  
PIG M E N T O SA  B L IN D  V O L U N T E E R . C. Veraart1*. C. R aftop ou los2. 
D. P in s1. J. D elb ek e1. J.T. Mortimer3. M ,C . W anet-D efalque1. G . 
M ichau x1, O. G lineur1 and A . Vanlierde1. ‘N eural Rehabilitation  
E n gineering Lab., U n iv . o f  L ou vain , B ru sse ls , B elgium ; 2N eurosurgery  
D ept., St-Luc H osp ital, B ru sse ls, Belgium ; 3 A p plied Neural Control 
Lab., C ase W est. R es. U n iv ., C levelan d , O H , U S A .
Retinal ganglion cells  survival having been su ccessfu lly  a ssessed  in an 
RP blind volunteer, a se lf-s iz in g  c u ff  electrode (G .C . N a p les , et a l., 
IEEE Trans. B iom ed . En gng, 1988, 35, 9 0 5 -9 1 6 )  has been intracranially 
implanted around her right optic nerve through a pterional approach; the 
nerve cu ff  electrode included 4  m onopolar contacts o f  0 .2  m m 2. This 
project fully com p lies with the Declaration o f  H elsink i and w as approved  
by the Ethics com m ittee o f  the S ch oo l o f  m edicine and U n iversity  
H ospital o f  the U niversity o f  L ou vain, B ru sse ls. After recovery from  
surgery, electrical activation o f  the chronically implanted optic nerve w as  
undertaken, using charge balanced biphasic rectangular pulses; so  far, 
stim ulations w ere either m onopolar (using a surface indifferent anode), or 
bipolar (betw een tw o contacts w ithin the cu ff  electrode). S in g le  p u lses as 
w ell as trains w ere used , and care w as taken to keep the injected charge 
b elow  0 .1 7  to 0 .3  µ C /p hase, depending on the stim ulation frequ en cy. 
The stim ulations resulted consistently and ex c lu siv e ly  in visual 
sensations. G enerally the phosp h en es w ere static and con sisted  o f  ro w s ,  
arrays, or m asses o f  dots, and w ere y e llo w  against a black background. 
A top ological organization was observed betw een  phosphene location and 
the contact used to deliver the stim ulus.
Supported in part by the C om m ission  o f  the European U n ion  (Esprit LTR  
project #  22  5 2 7 ), and by the B elg ia n  F .M .S .R . (project #  3 .4 5 8 4 .9 8 ) .

835.10
IM PAIRED VISUAL ANALYSIS OF M OVING OBJECTS DUE TO 
SACCADIC PURSUIT EYE M OVEM ENTS. T. Haarmeier*, P.Thier. Sektion 
für Visuelle Sensomotorik, Neurologische Universitätsklinik Tübingen, Germany.

In order to evaluate the perceptual benefits resulting from smooth pursuit eye 
movements psychophysical thresholds were measured for two different 
discrimination tasks in a group o f healthy subjects assessing the visual analysis of 
moving objects as function o f smooth pursuit performance. Results were compared 
with those obtained from patients (n=9) exhibiting saccadic pursuit due to 
cerebellar lesions, (i) In a first experiment we measured the size o f just perceptible 
vertical position steps o f a target moving horizontally. In the control group (n=l 1), 
pursuit performance and thresholds did not depend on target velocity for up to 
12°/s. In contrast, all patients showed pursuit deficits which increased with target 
velocity, paralleled by elevated position discrimination thresholds, which likewise 
increased with target velocity, (ii) In a second experiment we measured the size of 
just perceptible changes in the velocity o f the pursuit target. While in the controls 
(n=9) thresholds for increases and decreases in velocity were distributed 
symmetrically around the starting velocity, 7 out o f the 9 patients displayed a 
similar shift o f both thresholds towards lower velocities. This shift rendered small 
physical decreases in velocity misperceived as increases. The remaining 2 patients, 
while showing the same distance o f velocity increase and decrease thresholds from 
the starting velocity, revealed significantly increased thresholds as compared to 
controls. Control tests o f coherent motion perception in the absence o f eye 
movements supported the conclusion that the deficit in velocity change detection 
was not due to insufficient analysis o f retinal image motion but instead the direct 
consequence o f patients' disturbed pursuit eye movements. In summary, our results 
show that the lack o f adequate pursuit eye movements is deleterious for different 
aspects in the visual analysis o f  moving objects. Supported hy DFG KFG 
‘Neuroophthalmologie ’.
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835.11
DIFFERENTIATING HEMIANOPIA AND VISUAL NEGLECT IN 
PATIENTS WITH CEREBRAL BRAIN DAM AGE BY  COMPUTER  
BA SED DIAGNOSTIC PROGRAMS: PRELIMINARY DATA.
E. M. Müller-Oehring. E. Kasten* & B. A. Sabel. Institute o f  Med. 
Psychology, Medical Faculty, Otto-von-Guericke-University, Leipziger 
Str. 44, 39120 Magdeburg, Germany.
In order to differentiate visual deficits in brain-injured patients due to 
either primary visual field loss or deficits o f  spatial attention, we  
developed a battery o f  computer-based tests. Three main components are 
investigated. 1. Measurement o f  visual field defects with high resolution 
campimetry. Preliminary data analysis showed higher reliability o f  
campimetric results in patients with visual field defects than in neglect 
patients. 2. Measurement o f  visual exploration in search tasks. W e found a 
remarkable difference in detection rate and search times for stimuli in the 
affected hemifield between the two groups. Moreover, visual exploration is 
assessed in several conditions with different arrays o f  distractor stimuli. 
Neglect patients are more impaired by distractors in visual search than 
hemianopic patients. 3. Processing o f  stimuli in the blind or neglected 
hemifield. Reaction times are measured in single and double stimulation 
conditions in one and in both hemifields. Mean reaction time was the same 
for all conditions in hemianopic patients, however, neglect patients showed 
differences between single and double stimulation. Our preliminary results 
suggest that the computer programs are suitable for differentiating 
hemianopia and visual neglect. (Supported by a grant from  the State o f  
Sachsen-Å nhaìt: FKZ 82OA 8283)

835.13
BACKGROUND-INDUCED FLICKER ENHANCEMENT IN CAT RETINAL 
HORIZONTAL CELLS: A BIOPHYSICAL MODEL S.M. Baer. 1 R.F. Nelson.2* 
and D. Zela. 1 'Department of Mathematics, Arizona State University, Tempe, AZ 
85287; lab o ra to ry  of Neurophysiology, National Institute of Neurological Disorders 
and Stroke, National Institutes of Health, Bethesda, MD 20892.

In this study we formulate a mathematical model to simulate background-induced 
flicker enhancement and its spatial properties. It is based on a previously proposed 
feedback mechanism for horizontal cell modulation of gain at cone synapses [Nelson, 
Pflug, and Baer, J. Neurophysiol. 64 (1990) 326-340], In this biophysical model, 
depolarized, dark-adapted horizontal cells release a neurotransmitter which down- 
regulates calcium channels, and thereby calcium entry to the cone synapse. This in 
turn has the effect of reducing the voltage-modulated calcium signal in the cone 
synapse, and the gain of the synapse. Light adaptation, which hyperpolarizes 
horizontal cells, reduces the release of the down-regulating neurotransmitter from 
horizontal cells, and increases cone synaptic gain. To study the spatial extent of 
background-induced Bicker enhancement the horizontal cell processes entering the 
cone pedicles are modeled as dendritic spines [Winslow, Miller and Ogden, Proc. 
Natl. Acad. Sci. 8 6  (1989) 387-391], This involves a continuum formulation where 
the spine density, the membrane potential in the spine heads, and the spine stem 
current vary continuously in space and time [Baer and Rinzel, J. Neurophys. 65 
(1991) 874-890], The spines interact indirectly by voltage spread through the 
horizontal-cell network modeled as a conductive sheet governed by a length constant. 
Simulations are in good qualitative agreement with area-effect data obtained from 
intracellular recordings of cat retinal horizontal cells.

Supported by NSF grant DMS-9320597 (S.M.B.).

835.12
DEFICITS OF VISUAL MOTION PERCEPTION IN SCHIZOPHRENIA.
M. Blankenburg.1 W. H eide.1 V. Arolt.2 D. K ömpf,1 (SPON: European Brain 
and Behavior-Society) . ’Dept, o f Neurology, M edical University; 2Dept. of 
Psychiatry, M edical University, D-23538 Lübeck / Germany.

The majority o f Schizophrenic patients (SP) show saccadic smooth pursuit 
eye movements o f reduced eye velocity that might be attributed to impaired 
perception o f target velocity. To clarify this issue, we studied visual motion 
perception in SP using psychophysical and ocular motor tasks.

We used random dot cinematograms to assess thresholds for speed discrimi
nation and for direction discrimination o f coherent motion. These psychophy
sical paradigms as well as saccadic responses to m oving targets (step-ramp 
stimuli) were tested in 20 SP and 20 age-matched normal individuals.

SP were impaired in perceiving the direction o f  horizontal coherent motion 
(p<O,O5) in comparison with normals. This deficit correlated with an under
estimation o f stimulus speed (p<O,O5) and elevated thresholds (p<O,O5) of  
speed discrimination. Am ong SP, these deficits were related to the dysmetria 
of saccades to m oving targets with some o f the step-ramp stimuli.

Visual motion perception is impaired in SP in terms o f elevated thresholds 
for direction and speed discrimination, in correlation with dysmetria o f sac- 
cades to m oving targets. This seems to be one important reason for smooth 
pursuit eye movement abnormalities in schizophrenia.

CHEMICAL SENSES II

836.1
RESPONSES FROM THE OLFACTORY RECEPTOR CELLS OF TRICHOID 
SENSILLA ON THE ANTENNA OF THE FEMALE SPHINX MOTH, M A N D U C A  
S E X T A . V.D.C. Shields* and J.G. Hildebrand. ARL Division of Neurobiology, 
Univ. of Arizona, Tucson, AZ 85721-0077.

Olfactory cues play an important role in guiding moths to select food 
sources, mates, and oviposition sites. As part of a broad study of olfactory 
mechanisms underlying such behaviors, we are investigating the peripheral 
sensory basis of odor detection and discrimination involved in hostplant finding 
by female M a n d u c a  s e x ta . We are specifically interested in understanding how 
female moths detect host-associated volatiles and how olfactory information 
about those stimuli is conveyed to the brain by the receptor cells housed in 
particular antennal olfactory sensilla. We have recently achieved the first 
extracellular recordings from single receptor cells housed in the longest, 
single-walled, multiporous, trichoid sensilla on the female antenna (Shields & 
Hildebrand P roc . 2 6 th  G ö tt in g e n  N e u ro b io . C o n f., vol. 2, 382, 1998). These 
sensilla average 34 µm in length and are innervated by 2 bipolar receptor cells 
(Shields & Hildebrand Soc. N e u ro s c i. A b s tr. 23:1828, 1997). We found that the 
majority of receptor cells responded to only a limited number of the 
approximately 40 test compounds that we selected from among the many 
volatile compounds released by green plants. Each compound was delivered 
to the sensillum by injection from a syringe olfactometer into a constantly 
flowing airstream. Some receptor cells showed clearly excitatory responses to 
such floral and vegetative host-associated volatiles as linalool, geraniol, tra n s -  
ß-ocimene, 1,8-cineole (terpenoids), isoamyl salicylate, eugenol, benzaldehyde, 
benzyl alcohol (aromatics), 4-methylcyclohexanol (alcohol), tra n s -2-hexenal, 
frar?s-3-hexen-1-ol, hexyl alcohol ("green leaf volatiles"), and cyclohexanone 
(ketone). We also plan to stain single olfactory receptor cells using a highly 
specific neuronal marking method to allow their axonal projections to be 
mapped into glomeruli of the antennal lobe. [ S u p p o r t e d  b y  N IH  g r a n t  D C - 0 2 7 5 1 ]

836.2
M ODULATION OF Na+ AND T-TYPE Ca2+ CURRENTS BY cAMP- 
DEPENDENT PROTEIN KINASE IN THE NEW T OLFACTORY RECEPTOR 

CELLS. F. K aw ai'2*. T. Kurahashi1. and A. Kaneko1. 'Dept, of Information 

Physiology, National Institute for Physiological Sciences, Okazaki 444, Japan; 

2Dept. of Neuroscience, Univ. of Pennsylvania, Philadelphia 19104-6058.

Effects of cAM P on the voltage-gated Na+ current (INa) and T-type Ca2+current 
(Ic.,γ) were investigated in isolated newt olfactory receptor cells (ORCs) by using 
the whole-cell version of the patch-clamp technique. INa was augmented by a bath 
application of membrane permeable-compound 8 -bromo-cAM P (0.01 - 1 mM) by 
20 - 40% (holding potential, -100 mV; 60 mV step pulse). Similar augmentation 

was observed by the bath application of adenylyl cyclase activator, forskolin ( 1 0  

µM). Augmentation of INa was also observed when cAM P (1 mM) or the catalytic 

subunit of protein kinase A (PKA, 5 µg m l')  was introduced into the cell from the 

patch-pipette. PKA inhibitor (400 µg m l1) blocked the effect of 8 -bromo-cAMP 
on INa. In contrast, ICaX was inhibited by 8 -bromo-cAM P (0.003 - 1 mM). forskolin 
(10 µM) and PKA (5 µg m l1) by 30 - 40%. PKA inhibitor (400 µg m l ') blocked 
the inhibition of ICaX by 8 -bromo-cAMP. The present results suggest that 
cytoplasmic cAM P enhances INa, and inhibits ICaX via cAM P-dependent protein 
kinase in the newt ORCs.

Supported by HFSP Grant and Grant-in-Aid for Scientific Research from the 

Ministry of Education, Science and Culture (No 07458224, No 07558112, and No 
07308049).
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836.3
ION CONCENTRATIONS IN THE MUCUS COVERING THE OLFACTORY 
EPITHELIUM  IN RODENTS. M.A. Crumling* and G.H. Gold. Institute of 
Neurological Sciences, University of Pennsylvania and Monell Chemical Senses 
Center; Philadelphia PA, 19104.

Olfactory signal transduction takes place in the cilia of olfactory receptor neurons 
(ORNs). ORNs are located in the olfactory epithelium within the nasal cavity. This 
epithelium is coated by a mucus layer into which the cilia of ORNs project and which 
provides the ionic environment available to the transduction process. Olfactory 
transduction relies heavily on the flow of ions into and out of the cilia, therefore it is 
important to learn the free ion concentrations in olfactory mucus in order to better 
understand transduction in  v i v o .  To this end, we have enlisted the use of double 
barreled ion-selective microelectrodes to measure free ion concentrations in the 
olfactory mucus of rats. In preliminary studies using tissue from freshly decapitated, 
anesthesized rats we have measured free K \ Ca2+ and Na+ concentrations. K+ ranged 
from 9.9 to 31.7 mM, Ca2+ from 2.6 to 7.1 mM and Na+ from 79.1 to 151.1 mM. A 
high amount of intrinsic noise in the electrode potentials made determination of stable 
potential readings rather subjective, therefore a computerized data acquisition system 
has been set up for the final determination of ion concentrations in order to eliminate 
this subjectivity. If the preliminary data is supported, the relatively high Ca2' 
concentration may have strong implications for the transduction process. During 
transduction, the initial flow of ions into the cilia is through a cyclic nucleotide gated 
(CNG) cation channel. For homomeric versions of this channel it has been shown that 
if external Ca2r is above ~3mM all of the current is carried by Ca2+ (Frings, et al., 
1995). This is important since, in  v i t r o , Ca2+ entry activates a depolarizing chloride 
conductance which acts to amplify the voltage signal generated by the CNG channel. If 
the native CNG channel behaves like the homomeric channels, a mucus Ca2, 
concentration above ~3mM means it is likely this mechanism makes a major 
contribution to olfactory signalling in  v i v o .  (Supported by NIH)

836.5
ELECTROPHYSIOLOGICAL RESPONSES OF ISOLATED OLFACTORY 
RECEPTOR NEURONS (ORNS) FROM OMP NULL MICE. L. IvicT F.L. 
Margolis2 and S. Firestein1. 'Department of Biological Sciences, Columbia 
University, New York, NY 10027; 2Dept. of Anatomy and Neurobiology, 
University of Maryland, School of Medicine-HSF 280, Baltimore, MD 21201

Electroolfactogram (EOG) measurements have shown that odor responses 
recorded from OMP null mice exhibit slower kinetics compared to controls. 
Additionally, the amplitude of the response to a second stimulus was 
significantly smaller and the ability to recover from the first stimulus was 
prolonged compared to controls.

ORNs were isolated from control and OMP null mice. Cell responses to the 
application of an odor mixture and the phosphodiesterase inhibitor IBMX were 
measured under the whole cell patch-clamp configuration. Since EOG recordings 
indicated a role for OMP in adaptation, recordings were obtained in regular 
physiological saline in the presence and absence of calcium.

We have measured response latency, amplitude and kinetics. Response latency 
to odor or IBMX application was the same for ORNs from control and OMP 
null mice. The amplitude and the kinetics of the odor and IBMX responses was 
very variable from cell to cell both in the control and null mice. The range of the 
amplitude was similar in both groups. In the OMP null mice response 
amplitudes up to 700 pA (InA in saline without calcium) were observed, which 
was comparable to those recorded from control ORNs. The recovery kinetics of 
the odor responses varied as a function of amplitude. Comparison of similar 
magnitude responses showed that recovery kinetics were prolonged in the OMP 
knockout animals. This suggests that the effect observed in the EOG recordings 
is not due to different latencies in the odor responses of single ORNs, but is the 
result of modified signal transduction pathway in the olfactory neurons. We are 
currently performing double pulse experiments to test if single cells will exhibit 
reduced amplitude to the second odor stimulus.

Supported by NIH Grant DC 03112

836.7
MAPPING THE DISTRIBUTION OF THE cAMP-DEPENDENT CHLORIDE 
CONDUCTANCE IN OLFACTORY RECEPTOR NEURONS. V. Dionne*. Boston 
University Marine Program, Marine Biological Laboratory, Woods Hole, MA 02543.

Odor-elicited transduction currents in olfactory receptor neurons (ORNs) contain both 
cationic and anionic components. In many ORNs odors are transduced by elevating 
intracellular cAMP which directly activates a CNG-cation conductance, allowing Ca2" to 
enter the cell and activate a Ca2+-dependent Cl conductance. Chloride carries most of the 
transduction current in these cells. Recent work from this laboratory1 reported a novel Cl 
conductance in N e c tu r u s  n ta c u lo s u s  ORNs that depends on cAMP but not Ca2+, and which 
may be direedy gated by cAMP much as the CNG-cation conductance is gated. To study 
this conductance and to assess the possibility that it may participate in odor transduction, 
its distribution on the surface of ORNs was mapped. Membrane currents were recorded 
from dissociated N e c tu r u s  ORNs with whole-cell and loose-patch electrodes 
simultaneously. The whole-cell electrode was filled with a pseudo-intracellular saline 
containing 0.8 mM NPE-caged cAMP, allowing free cAMP to be released intracellularly 
by flash photolysis. The loose patch electrode and the bath contained amphibian 
physiological saline. By engulfing a portion of the cell with the loose-patch electrode, the 
fraction of the whole-cell current carried through channels in the contained membrane was 
detected. When the loose-patch electrode engulfed the entire dendrite and cilia of an ORN, 
~ 90% of the cAMP-dependent Cl' current detected by the whole-cell electrode was detected 
by the loose-patch electrode also. When the loose-patch electrode engulfed just the 
dendritic ending and the olfactory cilia, a similar amount of this current could still be 
detected. In contrast, the voltage-gated Na+ current which was recorded in the dendrite 
declined progressively as less dendritic membrane was included in the loose-patch 
electrode. These results suggest that the cAMP-dependent CT conductance is largely 
confined to the end of the sensory dendrite and/or the ciliary membrane, a location 
consistent with this unique conductance having a significant role in odor transduction.
1. R .J.Delay, A.E.Dubin and V .E .Dionne. J .  M e m b r a n e  B i o l o g y  (1997) 159:53-60.

Supported by NIH: R01 DC00256-14

836.4
R E C O R D IN G  ODOR R E S P O N S E S  FR O M  OLFACTO RY  
RECEPTO R N E U R O N S  IN  R O D E N T  EPITH ELIAL SL IC E S. M . 
M a*. W . R. Chen and G. M. Sheph erd. S ection  o f  N eu ro b io lo g y , 
Y ale M edical S ch oo l, N ew  H aven , C T 0 6 5 2 0 .

Interest in olfactory inform ation coding  has been stim ulated by the 
cloning  o f putative o lfactory  receptor genes and the m apping o f  
olfactory receptor cell p rojections to the o lfactory  bulb. However, there 
is lack o f physiological evidence on hypotheses based on the m olecu lar 
studies because o f d ifficulties in record ing  odor responses from  
m am m alian o lfactory receptor cells. We have developed a slice 
preparation o f the rat olfactory ep ithelium , in w hich infrared DIC optics 
com bined  with video m icroscopy perm it the dendritic  knobs to be 
clearly visualized. R ecordings were reliably m ade from  the knobs with 
perforated patch electrodes, and responses were obtained to odor stimuli 
delivered through m ulti-barrel pipettes by pressure ejection. O u r 
p relim inary results show that these neurons fire spontaneously  and  
respond reproducib ly  to odors. We are testing basic properties o f the 
odor responses, such as dose-response relations and adaptation d u rin g  
repetitive stim ulation. The m ethod we describe here has several 
advantages over the com m on dissociated  preparations of these neurons. 
W e can record neurons from  defined  zones and prevent losing m ost o f  
the cells (and possibly reducing their sensitivity  to odors too) during the 
process o f dissociation. This m ay provide an effective m ethod fo r 
recording from  m olecularly-tagged o lfactory  receptor cell subsets in 
specific zones o f  the o lfactory ep ithelium .
Supported by grants from  N ID CD , and from  NIM H, N A SA  and NID CD 
(Hum an Brain Project).

836.6
INHIBITION AND ENHANCEMENT OF ODORANT-INDUCED CURRENTS 
IN OLFACTORY RECEPTOR NEURONS AND CAMP ACCUMULATION IN 
OLFACTORY CILIA BY ANTIBODIES DIRECTED AGAINST Gαs/oir AND Gαι- 
PROTEIN SUBUNITS. S. Sinnaraiah* E.E. Morrison, and V. Vodyanoy. Dept, of 
Anatomy, Physiology and Pharmacology, Auburn Univ., Auburn, AL 36849.

Fragments of septal olfactory mucosa were isolated from rat and dog and placed 
in a perfused chamber so that the basal portions immersed in physiological buffer 
solution, while the upper epithelial surface with olfactory cilia were exposed to the 
air. Current responses to air delivered odorant puffs (mixture of ethyl butyrate, 
eugenol, (+)carvone. and (-)carvone) were recorded from individual olfactory 
receptor neurons with whole cell patch clamp while the holding membrane potential 
varied from -80 to +30 mV. Odorant-induced responses were dose-dependent in the 
range of 10-1600 µM and were also dependent on membrane potentials. 
Respiratory epithelia did not respond to odor stimulation. Intracellular 
microinjections o f peptide-specific polyclonal antibodies directed against C- 
terminal sequences of the Gα .^ su b u n its  (Santa Cruz Biotech.) inhibited current 
responses elicited by odorants. In contrast, antibodies raised against Gαi-subumts 
caused a strong enhancement o f the odorant-induced currents. The odorant-induced 
accumulation o f cAMP in olfactory cilia isolated from the olfactory epithelium was 
also inhibited by Gαs/oif.-antibodies, and was strongly enhanced by Gαj-antibodies. 
When IgG was substituted for antibodies, the odorant-induced currents and adenylyl 
cyclase activity were not significantly changed. The existence of both stimulatory 
and inhibitory odorant-induced regulation of both generator currents and adenylyl 
cyclase activity in olfactory cilia may indicate that an initial integration o f different 
odorant stimuli begins at the level of primary reactions in the same effector enzyme. 
Supported by grant from Battelle M l-T44-123090.

836.8
C-AMP INHIBITS ANDROS I ADIENONE INDUCED Ca2+ CURRENTS IN 
HI M AN VOMERONASAL ORGAN (VNO) CELLS. D. Monti2-*. A. Schanner2 

and L. Monti-Bloch-L2. >Dept. Psychiatry’, University of Utah, Salt Lake City, I T  
84108. Therm  Pharmaceuticals, Menlo Park, CA 94025.
We have reported that, as in other mammalian species, the human VNO plays an 
important role as a chemosensory organ in the regulation of behavior and pituitary 
fιuιctionri-2,3).We characterized the human VNO cells response to specific compounds 
of steroidal nature. Supporting evidence indicates that human VNO chemosensory' 
cells respond distinctively to compounds that otherwise do not affect olfactory 
chemorreceptors. There is not conclusive evidence on second messenger mediated 
mechanisms involved in the transduction process of human VNO cells. Wc studied 
the effect of androstadienone on L-type Ca2+ currents in human VNO cells, and 
focussed on the influence of cAMP, using whole-cell patch-clamp recordings. Cells 
were harvested from human VNOs of young normal volunteers, and plated in culture 
dishes containing (mM): NaCl, 145; KC1, 2.5; CaCl2, 2; M gCl2, 1; HHPHS, 10; 
glucose, 10; pll=7.4. Androstadienone (10 + M) applied through a drug pipette 
(diam.=l µ m )  induced membrane currents, which were blocked in presence of the 
Ca2+ chelator EGTA (10-+ M).
Inhibition of phosphodiesterase by the application of pentoxyfilline (ImM) to the 
bath suppressed the androstadienone induced currents. The effect appeared to be rapid 
and sustained. Similarly, prior addition of cAMP (1(H M) to fresh VNO cells 
suppressed the effect induced by androstadienone. We postulate that cAMP inhibits 
androstadienone-induced increases in Ca2+ conductance in human VNO cells. These 
results warrant further investigation on the action of androstadienone on intrinsic cell 
mechanisms. Funded by Pherin Pharmaceuticals.
1 Psy choneuroendocrinology, 19(5-7): 673-686, 1994 
2J. Steroid Biochem.Molec.Biol., 58 (3) 259-265,19%
3Achems Abstract #113,1998
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836.9
IMMUNOHISTOCHEMICAL LOCALIZATION OL SIGNAL TRANSDUCTION 
PROTEINS IN THE VOMERONASAL ORGAN (VNO). Cheil M ooif. Laurie 
Williams-Hogarth? Xiaohe Caiτ. Young K. Sung and Gabriele V. Ronnett . Dept, 
of Neuroscience' and Neurology , The Johns Hopkins University School of Medicine, 
Baltimore, Maryland, 21205.

The vomeronasal (VNO) system, also known as the accessory olfactory system, 
plays an important role in the sensory physiology of reproduction and behavior in 
many animals. The finding that certain G proteins arc located in VNO neurons 
(Berghard A and Buck LB, J .N e u r o s c i .  1996. 16. 909-918) and the more recent 
cloning of a family of putative receptors in the VNO (Matsunami H and Buck LB, 
C e l l .  1997. 90. 775-784) has engendered much interest in the signal transduction 
mechanisms at work in this system. Other studies have failed to detect many of the 
signal transduction components, associated with the main olfactory system, in the 
VNO.

To address these issues, immunohistochemical studies have been performed on 
rodent VNO using a number of affinity-purified antibodies against components 
representative of a number of signal transduction cascades. These include a number of 
adenylyl cyclases, soluble and particulate guanylyl cyclases, inositol-1,4,5- 
trisphosphute receptors, the α l ,  α 2 , ß-subunits of the olfactory cyclic nucleotide-gated 
channels, guanylyl cyclase activating proteins, arrestins, G-protein receptor kinases, 
various classes of nitric oxide synthase, and heme oxygenase-1 and 2. Both male and 
female animals were studied, as well as mouse models of gonatal dysfunction. 
Controls included, examination of immunoreactivity in the main olfactory system, 
where signaling components have been clearly localized, and preabsorption studies. 
Immunoreactivitics were examined in the VNO, its associated nerve, and nearby 
structures. Results support the hypothesis that the VNO using signaling motifs 
different from those employed by the olfactory system.
Supported by NIH grant #1R01DC02979 and NRSA grant #F32DC00243.

836.11

F U N C T IO N A L  R E C O N ST IT U T IO N  OF α A N D  ß S U B U N IT S  O F  
TH E C. E L E G A N S  C Y C L IC  N U C L E O T ID E -G A T E D  C H A N N E L S . 
Y .- H -  Jim*1, H . K om atsu2. I. M ori2. Y . O hshim a2. N . A k aike1 
^ e p t .  o f  P h y s io l., Fac. o f  M ed ., and 2Dept. o f  B io l., Fac. o f  S c i.,  
K yushu U n iv .,  Fukuoka 8 1 2 -8 2 8 5 , Japan

C yclic  nucleotide-gated, n on -selective cation channel has been  
k n ow n  to serve as the final step in a G protein-coupled signal 
transduction, w h ich  is triggered by the activation o f  seven  
transm em brane receptors resp onding to the external stim uli, such  as 
odorant or light. The channel is b elieved  to be com p osed  o f  tw o  
distinct subun its (α and ß). The α subunit, but not the ß subunit, can 
form  functional cyclic  n ucleotide-gated  channel by itself. Invertebrate 
cyc lic  nucleotide-gated chan n els, Tax-4  and T ax-2 , have been  
identified in C. elegans. The m utations in the gen es encoding these  
ch an n els lead to abnormal o lfactory , gustatory, and thermal sensation  
in this anim als. Here w e  sh o w  that T ax-4  and T ax-2 function as the α 
and ß subunit, resp ectively , in H E K  2 9 3  ce lls . W hen T ax-4 and Tax-2  
are co ex p ressed , it con fers remarkable decreased sensitivity to cA M P  
rather than cG M P . In addition, the heterom eric channel and Tax-4  
hom om eric channel profoundly  differ in their b lockage by divalent 
cations and their sin gle-ch annel properties. It is supported that the 
native channel is h etero-oligom er co m p o sed  o f  T ax-4 and T ax-2  
su bun its d irectly gated by cG M P  as a secon d  m essenger in C. elegans 
sen sory  transduction. Our resu lts propose that «  and ß subunits o f  
cyc lic  nucleotide-gated channel play an evolutionally  conserved  role in 
sen so ry  signal transduction from  nem atode to man.

836.13

GENETIC DISSECTION OF THE ATTRACTION CHEMORESPONSE 
HYPERPOLARIZATION OF PARAMECIUM. J. L. Van Houten*1. W.E. Bell1 
and R.R. Preston2 1Dept. of Biology, University of Vermont, Burlington, 
VT 05405; Allegheny University of the Health Sciences, Philadelphia, PA 
19129.

Chemoresponse in Paramecium tetraurelia is characterized by a 
hyperpolarization, which drives the ciliary beating and subsequent 
swimming behavior so that populations of cells accumulate in the area of 
the attractant. The stimuli biotin and acetate both hyperpolarize the cells 
to about the same extent, but voltage clamp analysis of the 
conductances reveal distinctly different mechanisms. Biotin appears to 
activate the plasma membrane calcium pump which contributes to the 
hyperpolarization of the cell and removal of stimulus induces a 
depolarizing lc, which causes an immediate and abrupt change of the 
ciliary beat and a turn in the swimming path. The lc« results in a transient 
increase in intracellular Ca, which serves to activate a lK(C.ι and briefly 
hyperpolarize the cell, causing a short bout of fast swimming. • The 
cells in acetate initiate an outward conductance, likely to be lK(C,„ which 
hyperpolarizes the cell. The off response is characterized by small lCå, not 
sufficiently large to induce lKlc.) and fast swimming. We have tested 
these hypotheses using a group of mutants each with a defect in a 
conductance (courtesy of Saimi and Kung). These results implicate the 
lc, and L , c. id in the biotin off response, but the IK(c .)d *s non-essential for 
and may even moderate attraction behavior. lK(Clll H is implicated in the 
acetate on-response. We also tested the on and off responses in 
analyses of turning and speed of swimming, and found evidence in 
support of an abrupt turn followed by fast swimming in cells leaving 
biotin and, in contrast, only abrupt turning in cells leaving acetate.

Supported by VCC and DC00721.

836.10
ODORS IN MALE BEDDING INDUCE FOS IN THE MOUSE VOMERONASAL 
NEUROEPITHELIUM. H.A. Halem*, J.A. Cherry and M.J. Baum. Departments of 
Biology and Psychology, Boston University, Boston, MA 02215.

Pheromones in male mouse urine modulate behavioral and neuroendocrine function 
in females, presumably after being detected by vomeronasal (VNO) neurons which 
express pheromone receptor genes. We asked whether nuclear Fos protein 
immunoreactivity (Fos-IR) could serve as a marker of neuronal activation in the VNO 
neuroepithelium? We also assessed the role of sex and adult estrogen exposure in 
modulating pheromone-induced Fos responses in VNO neurons. Sexually naive male 
and female Balb/c mice were gonadectomized and treated with estradiol benzoate (EB) 
or oil vehicle for 3 weeks, prior to being isolated for 4 days. The subjects were then 
placed for 90 minutes either on clean bedding or on bedding which had been soiled by 
gonadally intact males. Subjects were immediately perfused with 4 % 
paraformaldehyde, the VNO's were sectioned coronally with a cryostat, and serial 
sections were processed for Fos-IR. Significantly more Fos-IR cells were present in the 
VNO of both female and male mice after exposure to male pheromones as opposed to 
clean bedding. The magnitude of this neuronal Fos response was similar in 
gonadectomized male and female subjects which received oil vehicle. Male 
pheromones elicited a significantly greater neuronal VNO Fos response in 
gonadectomized, EB-treated females than in EB-treated males. No Fos-IR cells were 
ever found in the VNO's of mice exposed to clean bedding. Our results show that male 
pheromones are capable of augmenting c-fos expression in VNO neurons and that this 
response may be sexually dimorphic in mice which are steroid primed. (Supported by 
HD21094, MH00392 and DC03019).

836.12
PATCH-CLAMP RECORDINGS FROM IDENTIFIED CHEMOSENSORY 
NEURONS OF THE NEMATODE C A E N O R H A B D I T I S  E L E G A N S .  W.T. Nickell, 1 

R.Y.K. Pun ,2 C  I. Bargmann,3 and S.J. Kleene1*, ]Dept. of Cell Biology, 
Neurobiology, and Anatomy, 2Dept. of Molecular and Cellular Physiology, Umv. of 
Cincinnati, Cincinnati, OH 45267; and ¾ ow ard Hughes Medical Institute and Dept, 
of Anatomy, Univ. of California, San Francisco, CA 94143.

In the soil nematode C . e l e g a n s ,  two pairs of chemosensory neurons are 
responsible for detection of different identified sets of odorants. In one of these 
neurons (AWA), response to the odorant diacetyl requires a known seven- 
transmembrane-domain receptor. Because matching of a specific odorant to its 
receptor protein and chemosensory neuron are possible in C. e l e g a n s ,  it offers a 
unique opportunity to study chemosensory transduction. Due to the small size of 
C. e l e g a n s  (1 mm in length), routine electrical recording from its identified neurons 
has not previously been achieved. Approximately 50 adult worms were transferred 
from a culture plate to a drop of Dent’s saline. These worms were then individually 
transferred to a second drop of Dent’s saline plus sucrose and carbachol. Next, this 
drop was pipetted onto a glass microscope coverslip cooled to near 0°C. Under 6 Ox 
magnification, worms were cut with a # 1 1  scalpel blade at about the level of the 
grinder. In about 10% of these "heads", the GFP-labeled AWA neurons were intact 
and exposed. Recordings were made from the AWA neurons using blunt-tipped 
pipettes under 4Ox water-immersion optics and slow perfusion. Under whole-cell 
perforated-patch recording, voltage-activated fast inward currents were not seen. 
This is in agreement with genetic data showing the absence of homologs of the 
Hodgkin-Huxley sodium channel in the genome of C . e l e g a n s  and with 
electrophysiological data in other nematodes. However, voltage-activated outward 
currents were found that resembled the outward rectifiers of other excitable 
membranes.

This work was supported by NIH grant R2l DC03488.

836.14
GLUTATHIONE CHEMORESPONSE IN PARAMECIUM. W.E. Bell1. G. 
Mawe2*. and J.L. Van Houten1. 1Dept. of Biology and 2Dept. of Anatomy 
and Neurobiology, University of Vermont, Burlington, VT 05405.

Glutathione is an attractant stimulus for Paramecium tetraurelia. The 
half maximal attractant response occurs at 500 µM Na-glutathione. 
Interestingly, there is a taste response to glutathione called kokumi taste 
(Ueda et a!., Biosci. Biotech. Biochem. 61: 1977,1997)) in which the 
perception of glutathione synergizes with sodium glutamate and IMP.
This synergy may be similar to that of the umami taste in which sodium 
glutamate synergizes with 5' ribonucleotides GMP and IMP. P. tetraurelia 
responds to Na- or K-glutamate and this response is synergistic with 
5'GMP but not IMP (Van Houten, J. Trends in Neurosci. 17: 62-71, 
1994).

We have begun to characterize the glutathione response and found 
that glutathione interferes with glutamate response, but not vice versa. 
This suggests that the cysteinylglycine moiety and not the glutamate of 
gluthatione binds to a putative glutathione chemoreceptor. Glutathione 
response does not synergize with glutamate or with 5'GMP. Other 5' 
ribonucleotides are being tested. Interestingly, we have found a 
glutathione binding protein (25 kD) that could serve as a receptor or 
subunit of a glutathione receptor. Confocal microscopy shows that the 
protein is surface associated but antibodies to the protein do not block 
chemoresponse to glutathione. However, the antibodies are not 
particularly avid in Western blots and may not be adequate to block a 
putative receptor's function.

Supported by Dc 00721 and DC 01819, and the VCC.
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836.15
DINOFLAGELLATE ALGAE OF THE GENUS S Y M B I O D I N I U M  HAVE 
CHEMORECEPTORS FOR TAURINE, AN AMINO ACID THAT 
INDUCES THESE SYMBIOTIC ORGANISMS TO EXPORT 
CARBOHYDRATE TO THEIR CNIDARIAN HOSTS.
H.G. Trapido-Rosenthal'*and P.A. Vallejo1,2 . 'Bermuda Biological Station 
for Research, Ferry Reach GE-01, Bermuda; 2University of Wisconsin, 
Madison.

It has been suggested that free amino acids may be the ‘host factor’ that is 
involved in the symbiotic association of zooxanthellae and cnidarians (Gates e t  
a l ,  1995, PNAS 92:7430-7434; Bester e t  a l ., 1997,* Proc. 8 th Inti. Coral Reef 
Sym. 2:1287-1290). Recently, Wang and Douglas (1997, Plant Physiol.
114:631-636) have demonstrated that the sulfonic amino acid taurine possesses 
host factor activity, in that it can stimulate the export of photosynthetically- 
generated carbohydrate from the dinoflagellate S y m b io d in iu m .  This latter work 
has led to the creation of the hypothesis that the effect of taurine could be 
mediated by cell-surface chemoreceptors for this amino acid. Herein we present 
results of initial tests of this hypothesis. Algal cells have an interaction with 
radiolabeled taurine that is sodium-independent and reversible; this contrasts 
with the uptake of radiolabeled taurine by these cells, which is sodium- 
dependent and irreversible. Unlabeled taurine and glycine compete effectively 
for the sodium-independent binding of labeled taurine, whereas the acidic 
amino acid glutamate does not. The basic amino acids lysine and arginine 
enhance this class of taurine binding, by an as yet undetermined mechanism; 
they do not enhance taurine uptake. The sodium-independent interaction of 
taurine with algal cells obeys Michaelis-Menten kinetics and is characterized 
by a KM of 25 µM and a Bmax of 756 fmoles/lO6 cells. We are now designing 
experiments to probe the means by which the taurine signal is transduced and 
linked to the export of photosynthate.

The support of Boehringer-Mannheim Corporation and NSF grant OCE 96- 
19718 is gratefully acknowledged.

REFLEX FUNCTION

837.1
H-REFLEX SIZE IN YOUNG AND AGED HUMANS OF SIMILAR 
PHYSICAL ACTIVITY LEVELS G.R. Chalmers*. Dept, of PEHR, 
Western Washington University, Bellingham, WA 98225-9067.

The literature is equivocal on whether H-reflex size (Hmax/Mmax) declines 
with aging. An age related decline may be related to a reduction in physical 
activity of older subjects. Studies that have examined H-reflex size in aged 
individuals have not, or have poorly, controlled for activity levels. In young 
adult subjects, differences in H-reflex size have been reported to be related to 
chronic activity patterns. The soleus H-reflex was measured in young (n= l6 , 
24±4 yrs) and aged (n=l7, 72±6 yrs) individuals of various physical activity 
levels. Location and recruitment of very physically active, as well as typically 
active, aged individuals was carried out. Physical activity was quantified using 
a scale established by Voorrips.

Results indicate that 
when young and aged 
individuals of similar 
activity levels are 
compared, while there is a 
statistically significant 
decrement in H-reflex size 
in the aged group, the 
affect of age is small.

Activity level has a weak positive association with H-reflex size. Factors in 
addition to age and activity level (e.g., genetic predisposition to a motor unit 
type profile in the soleus) may be influencing H-reflex size in young and aged 
individuals. ( S u p p o r t e d  b y  B F R  a t  W W U )

YOUNG OLD
Activity 2O±IO l 6 ± l l
Hmax/Mmax O.56±O. 17 O.35±O.27**

Correlation
Hmax/Mmax versus Age -0.49**
Hmax/Mmax versus Activity 0.35*
*p<0.05; **p<0.01;# of = 0.15, ES = 0.31

837.2
MODULATION OF PROPRIOCEPTIVE REFLEXES IN FINGER MUSCLES 
DURING A ‘WRITING’ TASK AND THE INFLUENCE OF HANDEDNESS. 
N.M. Redmond and B.M.H. Bush. SPON: British Neuroscience Association. 
Department of Physiology, University of Bristol, Bristol BS2 8 EJ, UK.

Proprioceptive reflexes evoked in finger muscles during repetitive dynamic tasks 
vary in a phase-dependent manner (Bush et al, 1996-7, J . P h y s i o l .  497P; 5O4P, 63P ) .  

There is some evidence that proprioceptive acuity, and thus accuracy of motor control, 
is heightened by training (Hoffman & Payne, 1995, J .O r t h .S p o r t .P h y s .T h e r .  21, 90). 
The aim of this study was to investigate patterns of phase-dependency in evoked reflex 
responses during a dynamic task resembling handwriting (a learned motor task), and 
to assess whether the modulation differs between dominant and non-dominant hands. 
Three left-handed & three right-handed subjects with no prior history of neurological 
disorders participated in the experiments. Surface electromyography (EMG) was used 
to record the electrical activity from four finger muscles of each hand in turn , the first 
dorsal interosseous, abductor policis brevis, flexor digitorum superficialis and extensor 
digitorum communis. The subjects performed a series of simple repetitive handwriting 
tasks (e.g. drawing a 7mm diameter circle, or line), in a steady rhythmical manner at 
1Hz, while mechanical perturbations were applied to the pen-tip so as to elicit reflex 
EMG responses in the muscles. These computer controlled prod’ stimuli were all of 
constant amplitude and duration (e.g. 3mm and 100ms), and were applied at each of 
four quartile points in the movement cycle, in a pseudo-random sequence The EMG 
signals were sampled at 2.5kHz, and rectified and averaged over 20-30 cycles for each 
stimulus-aligned quadrant, using a CED-1401 interface and PC with Spike2 software 
The results show phase-dependent modulation of the reflexes recorded in each muscle 
for each ‘handwriting’ task, with indications that the EMG responses were of greater 
amplitude in the dominant than in the non-dominant hand. These trends may be due 
to the ‘trained’ condition of the dominant hand, perhaps reflecting differences in the 
proprioceptive acuity to mechanical perturbations of the two hands.
NMR is a Medical Research Council scholar.

837.3
OLANZAPINE REVERSES DECREASES OF PRESTIMULUS INHIBITION OF 
THE RAT’S ACOUSTIC STARTLE REFLEX INDUCED BY APOMORPHINE 
ADMINISTRATION. £L& LGirten 1, H_ <L Leitner1 * and I L L * Carmody2. 
'Psychology Dept., St. Joseph’s Univ., Philadelphia, PA 19131, and 2Psychology 
Dept., St. Peter’s College, Jersey City, NJ 07306.

If a weak sensory event (a prestimulus) is presented prior to the onset of a startle- 
eliciting stimulus (SES), the amplitude of the subsequently elicited startle reflex will 
be reduced. Dopamine receptor agonists have been shown to interfere with this effect. 
The present research investigated how administration of the atypical antipsychotic 
olanzapine (LY170053) reversed decreases in prestimulus inhibition produced by 
apomorphine administration.

Twenty-two rats were exposed to four test sessions in which they were first injected 
with either vehicle (pH-adjusted vehicle, 1.0 ml/kg, i.p.) or olanzapine (5.0 mg/ml/kg, 
i.p.) followed 10 min later by an injection of either apomorphine (0.5 mg/ml/kg, s.c.) 
or vehicle (0.1% sodium metabisulfite in distilled water, 1.0 ml/kg, s.c.) Five minutes 
after the second injection, the subjects were exposed to a series of 2 0 0  startle-eliciting 
noise bursts 20 (±4) s apart, presented against a 65 dB noise background, and startle 
amplitude on each trial was recorded. On 100 of these trials a 6 8  dB pulse of noise, 20 
ms long, preceded the SES by 100 ms. The order of the four test sessions varied 
according to an incomplete Latin square matrix.

Analyses using percent amplitude reduction scores and analyses based on signal 
detection theory (SDT) identified similar trends. Analyses of percent scores showed 
that apomorphine decreased prestimulus inhibition and olanzapine reversed this 
decrease. The SDT analyses showed that apomorphine decreased sensitivity to the 
prestimulus and olanzapine reversed this decrease. Olanzapine thus appears able to 
reverse reductions in sensitivity to sensory events produced by overstimulation ot 
dopamine receptors. Analyses of percent amplitude reduction may be measuring 
thesame changes in sensory processing being assessed by SDT analyses.

837.4
PLASTICITY IN REFLEX PATHWAYS CONTRIBUTES TO FUNCTIONAL 
RECOVERY FOLLOWING NERVE TRANSECTION. J.E. Misiaszek*. K.G. 
Pearson. Department of Physiology, University of Alberta, Edmonton, Canada T6 G 
2H7.

In walking cats the EMG burst of the medial gastrocnemius (MG) consists of two 
components. The first begins 80 ms prior to foot contact and is centrally generated. The 
second begins about 40 ms after foot contact and continues throughout stance. This 
latter component can vary depending on the loading conditions the muscle experiences 
during stance. Consequently, it is believed that this component is determined in part by 
afferent feedback from MG proprioceptors. If so, then one expectation is that the reflex 
pathways contributing to MG burst generation must adapt to changes in the 
biomechanical state of the animal that occur throughout its life, such as changes in 
weight or muscle strength. We tested this hypothesis by chronically loading the right 
MG muscle of cats trained to walk on a treadmill. Loading the MG muscle was 
achieved by transecting the nerves that serve the other ankle extensor muscles, lateral 
gastrocnemius, soleus and plantaris. Kinematic and EMG data were recorded during 
treadmill walking and compared over the next several days (>7). Within 6  hrs of the 
nerve transection there was a marked increase in the yield of the ankle during stance 
accompanied by an increase in the second component of the MG EMG. The latter is 
likely due to the increase stretch experienced by the MG muscle. Over the next several 
days, the second component o f the MG EMG progressively increased. Concomittantly 
the abnormal yielding of the ankle decreased. We suggest that the increase in the 
second component of the EMG, which contributes to functional recovery, is due to an 
increased gain of the reflex pathways that contribute to the burst generation. After about 
3 days, animals began to show an increase in the first component of the MG EMG. The 
ankle trajectory continued to improve. The increase in the first component of the EMG 
indicates that the central commands for locomotion have been recalibrated in response 
to the change in sensory feedback. Supported by MRC (Canada) and AHFMR 
(Alberta).
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837.5
MONOSYNAPTIC REFLEXES ARE SIMILAR DURING TONIC AND PHASIC 
CONTRACTIONS IN DECEREBRATE CATS. K.G. Pearson12*. J.E. Misiaszek1,
S.J. De Serres3, R.B. Stein1,2. Dept. Physiology1 & Div. Neuroscience2, U. of Alberta, 
Edmonton, AB, Canada T6G 2H7, Dept. Kinesiology3, U. o f Colorado, Boulder, CO 
80309-0354.

Monosynaptic reflexes are attenuated during locomotion, compared to standing. 
Further, these reflexes modulate over a cycle of locomotion. Though much of the 
modulation is due to the cyclic changes in motoneuron excitability, there is evidence 
that presynaptic inhibition (PSI) also contributes to the regulation of the reflex. It has 
been demonstrated that afferent feedback could contribute to this generation of PSI. It is 
unclear whether activation o f the central pattern generator contributes to PSI in this 
reflex pathway. We tested the hypothesis that the activation of the central pattern 
generator produce PSI of the monosynaptic reflex by sampling H reflexes, short-pulse 
(0.3 mm) stretch reflexes, ramp-and-hold (3 mm) stretch reflexes and vibration reflexes 
in triceps surae muscles o f premammillary decerebrate cats. The right hindleg was 
extensively dennervated, leaving only the nerve to the either the soleus or medial 
gastrocnemius muscle intact. The leg was immobilized and the muscle secured to a 
muscle puller. The animals walked on a treadmill with the other three limbs. The 
muscle was phasically active during spontaneous periods of locomotion. Reflexes 
sampled during these phasic contractions were compared to reflexes sampled during 
periods in which the animal did not walk, but produced tonic levels of activity in the 
subject muscle. No differences in reflex EMG amplitude could be detected between 
tonic and phasic contractions of equal magnitude. This was the case for each reflex 
modality tested. This suggests that the rhythmic activation of the muscles per se does 
not lead to PSI of monosynaptic reflexes. Further, the results indicate there is no 
difference in fusimotor drive between these tonic and phasic contractions. Together, 
this suggests the attenuation o f monosynaptic reflexes seen during the extensor phase of 
locomotion in intact animals is not derived from the central sources that generate 
rhythmicity. Supported by MRC (Canada) and AHFMR (Alberta).

837.7
FUNCTIONAL ORGANIZATION OF NOCICEPTIVE WITHDRAWAL 
REFLEXES IN THE HINDLIMB OF THE CAT. M. Garwicz*, A. Levinsson. J. 
Schouenborg. Dept. Physiology & Neuroscience, Lund University, Sweden.

The aim of this investigation was to test if the principles of organization found for 
nociceptive withdrawal reflexes in the rat hindlimb can be generalized to other 
species. In previous studies, we found that each muscle in the rat hindlimb has its 
specific cutaneous receptive field and its private reflex pathway, demonstrating that 
the spinal neuronal circuitry implementing the withdrawal reflexes has a modular 
organization. For the individual reflex pathway, there is a simple but precise 
relationship between the receptive field and the muscle. When the limb is in the 
standing position, the contraction of any individual muscle has a withdrawal action 
on an area of skin closely corresponding to the receptive field of the reflex.

Muscle activity was recorded using electromyographic techniques in barbiturate 
anaesthetized cats. Receptive fields were mapped using mechanical noxious pinch 
and quantified by counting motorunit spikes in individual hindlimb muscles.

The findings demonstrate that the organization previously described for 
withdrawal reflexes in the rat hindlimb applies also to the cat hindlimb, as 
investigated for mm. biceps posterior, tibialis anterior, peroneus longus, extensor 
digitorum communis and interossei. Each muscle had a unique cutaneous receptive 
field, corresponding to the area of skin withdrawn upon contraction by the muscle 
when the limb was in the standing position. A modular organization of reflex 
pathways was supported also by the specificity of other response characteristics, 
such as “wind-up” of motorunit activity on repeated stimulation.

This study strongly suggests that the organizational principles discussed are not 
species specific. Instead, they most probably represent key features of the spinal 
withdrawal reflex system as designed by phylo- and ontogenesis.

The present work was supported by the Swedish Medical Research Council (proj. 
no. 1013) and the Knut and Alice Wallenberg Foundation.

837.9

QUANTIFICATION OF TONE IN THE HUMAN HAND. Susan K. 
Patrick*, Deborah M. Gillard, Tracy Cameron, Arthur Prochazka. Div. Of 
Neuroscience, University of Alberta., Edmonton AB Canada.

A new technique for quantifying stiffness of extremities was used to study hand 
stiffness in 3 control and 7 hemiplegic subjects. Stiffness was quantified by measuring 
forces imposed on the 4 fingers during cycles of flexion and extension about the MCP 
joint applied through a pair of differential pressure pads. Angular displacements were 
derived from a gyro attached to one of the pads. Elastic and v iscous stiffnesses and their 
vectorial sum (mechanical impedance) were computed over a 3 or 4 sec moving 
window for blocks of 50 sec trials (Prochazka et al. 1997, Mov. Disorders 12: 24-32).
1) Baseline impedances. Hemiplegic subjects were instructed to relax their affected 
arm as much as possible. Mean impedance was initially 0.010 + 0.008 Nm/deg and 
declined by 30% over 45 min test periods to 0.007 + 0.005 Nm/deg. Maximal 
impedance observed in hemiplegic subjects was 0.044 Nm/deg. From ratings based on 
the modified Ashworth scale, we tentatively propose a conversion ratio of 100:1 for 
finger stiffness; e.g. 0.02 Nm/deg is equivalent to an Ashworth rating of 2.
2) After-effects o f voluntary effort. Hemiplegic subjects moved their affected hand 
back and forth from waist level to their mouth for about 7 min. Finger impedance was 
not elevated 1 min after the last movement. However, when measurements ensued 
immediately after voluntary isometric elbow flexions, finger impedance was elevated, 
declining to control values within about 20 s. In control subjects, finger impedance 
increased by about 0.002 Nm/deg during strong contractions of the contralateral hand.
3) Electrical stimulation. No major long-term reduction in stiffness was detected after 
20 min of cyclical hand opening evoked by electrical stimulation. This result needs 
confirmation in trials with smoother transitions from stimulation to measurement.
We conclude that quantification of impedance allows changes in tone associated 
with effort and therapeutic intervention to be documented with precision. 
Supported by Alberta Heritage Foundation for Medical Research and Canadian MRC.

837.6
REDUCTIONS IN STRETCH REFLEX STIFFNESS DURING LARGE- 
AMPLITUDE RAMP STRETCHES OF SPASTIC ELBOW MUSCLES 

Brian D. Schmit*. Jules P. A. Dewald and W. Zev Rvmer 
Sensory Motor Performance Program, Rehab Inst of Chicago, and Dept of Phys Med 

and Rehab, Northwestern Univ Med School, Chicago, Illinois 60611
The quantification of spasticity often involves an estimate of reflex stiffness (or the 

inverse, compliance) evoked in response to an imposed movement of the joint. The 
instantaneous stiffness, defined as the derivative of the torque-angle response, was 
measured in 8 hemiparetic brain-injured subjects during large amplitude (100°) elbow 
extension movements. The purpose of these measurements was to identify a parame
ter that was representative of stretch reflex stiffness for quantifying reflex gain.

Elbow torque, position, and velocity were recorded along with surface EMG's of 
the elbow muscles. The experimental protocol consisted of 20-30 ramp flexion- 
extension movements of the elbow, repeated in multiple sessions for 6 of the 8 sub
jects tested. Passive torque was subtracted from total torque measured during the test 
movement to calculate reflex torque. Instaneous stiffness was then estimated from 
the first derivative of reflex torque with respect to elbow angle. In all subjects, reflex 
stiffness increased, peaked at about 20-40° after reflex onset and then decreased.

The decrease in reflex stiffness could not be entirely accounted for by decreases in 
flexor moment arms with elbow extension. The reflex torque response was divided 
by the estimated moment arm at each joint angle to model the muscle force pattern of 
each elbow flexor. In addition, the EMG signals, which correlate to muscle force, 
were rectified, smoothed and multiplied by moment arm to model the expected torque 
pattern. Both calculations suggested that reflex stiffness decreases were due to both a 
plateau of reflex muscle force and a decrease in torque resulting from moment arm 
changes with elbow extension.

T h is  w o r k  i s  s u p p o r t e d  b y  N I H  g r a n ts  F 3 2 - N S 1 0 2 0 3 - 0 1  a n d  N S - 1 9 3 3 1 - J 1 , 
N I D R R  g r a n t  H 1 3 3 B 3 0 0 2 4  a n d  a  W h i ta k e r  g r a n t .

837.8
LOW FREQUENCY DEPRESSION OF THE H-REFLEX IN HUMANS WITH 
ACUTE AND CHRONIC SPINAL CORD INJURY. S. Schindler-Ivens. R.K. 
Shields*. Physical Therapy Graduate Program, The University of Iowa, Iowa City' 
IA 52242.

Individuals with chronic spinal cord injury (SCI) often display spasticity that 
interferes with function. Spasticity o f spinal origin is partially attributed to changes 
in spinal cord circuitry that result in loss o f presynaptic inhibition of motor neurons. 
In neurologically intact animals and humans, presynaptic inhibition causes low 
frequency (LF) depression of H-reflexes (R.D. Skinner et al., Brain Research, 1996 
and P.J. Delwaide in New Developments in Electromyography and Clinical 
Neurophysiology, 1973). The aim of this study was to assess changes in spinal 
circuitry that occur after SCI by measuring LF depression o f the soleus H-reflex in 
humans with acute and chronic SCI. We hypothesized that acute subjects would 
exhibit more LF depression o f the H-reflex than chronic subjects.

Seven male subjects (1 acute, 6 chronic) participated in this study. We recorded 
soleus H-reflexes at repetition frequencies o f 0.1, 0.2, 1, 5, and 10 Hz. Mean H- 
reflex peak to peak amplitude was calculated at each frequency, and values were 
normalized to those obtained at 0.1 Hz. In the acute subject, we observed nearly 
complete H-reflex depression at frequencies greater than 0.2 Hz. Peak to peak 
amplitude was decreased by 85%, 86%, and 96% at 1 ,5 , and 10 Hz, respectively. 
In contrast, chronic subjects displayed modest but significant (p<0.05) H-reflex 
depression. In these subjects, the H-reflex suppressed 30% at 1 Hz, 44% at 5 Hz, 
and 39% at 10 Hz. These data are consistent with the hypothesis that acutely 
injured subjects exhibit more LF depression of the soleus H-reflex than chronically 
injured subjects. Our results suggest that reflex excitability of the soleus is enhanced 
in humans with chronic SCI, perhaps due to changes in spinal circuitry that alter 
presynaptic inhibition.

837.10
EFFECT OF LESION OF THE DLF ON MUSCLE GROUP II AFFERENT ACTIONS 
DURING MLR-EVOKED FICTIVE LOCOMOTION.
Perreault. M-C., Enriαuez-Denton M. and Hultbom, H.* Dept, o f Medical 
Physiology, Panum Institute University of Copenhagen, Copenhagen, Denmark.

The present study is to investigate whether the descending fibres in the 
dorsolateral funiculus are responsible for the differential actions of muscle group II 
afferents during MLR-evoked fïctive locomotion (intact spinal cord; Perreault et 
al.1995) and DOPA-evoked locomotion (transected spinal cord; Schomburg et al. 
1998, in press). Electrical stimulation o f peripheral flexor nerves (5x threshold) was 
used to compare group II afferent actions during MLR-evoked fíctive locomotion 
before and after bilateral lesion (Thl2-Ll) of the dorsal columns (DC) and the 
dorsolateral funiculus (DLF).

As reported previously (Perreault et al. 1995), stimulation of flexor group II 
afferents in the DLF-intact decerebrate animal either resets the cycle to extension (by 
shortening the activity of flexors and promoting the activity of extensors) or prolongs 
the extension phase (by prolonging on-going activity of hip extensor). After lesion of 
the DLF, shortening o f flexion often remains, but prolongation of on-going extension 
is never seen. Instead, stimulation of flexor group II afferents during extension 
shortens the activity of extensors and resets the cycle to flexion (as during DOPA 
evoked locomotion in the spinal preparation; Schomburg et al. 1998).

Our results indicate that part of the pattern of group II afferent actions seen during 
DOPA-evoked locomotion in transected animals is released following a lesion of the 
DLF during MLR-evoked locomotion. The origin of the DLF-mediated descending 
inhibition remains to be determined, but two candidates are the raphespinal and the 
dorsal reticulospinal descending pathways. S u p p o r t e d  b y  th e  D a n i s h  M R C .
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837.11
EFFEC TS O F L O N G  S T IM U L A T IO N  TIM E S A N D  O PPO SIT E LIM B  
S T IM U L A T IO N  O N  S P IN A L  F IX A T IO N  IN R A T S . M M  Patterson*. 
X  A n d erson . H. Jenkins. D  Jen sen  and D . R od m an U H S C o lleg e  o f  
O steopathic M ed, 2 105  Independence BE, K ansas C ity, M O  64 1 2 4 .

Stimulation o f an anesthetized rat’s hind leg for over 35 minutes with an 
electric stimulus can induce a long-term  alteration in the spinal flexion  
reflex known as spinal fixation. The altered excitability has been shown to 
last for days, and is a central sensitization o f the spinal reflex circuit. We 
have previously looked at stim ulus intensity effects on production of  
fixation, and found that at intensities o f  under about 1.5 ma, little fixation 
takes place at the tim e durations usually used. In addition, w e have 
investigated the effects o f multiple bouts o f  stimulation on fixation, but not 
stimulation o f one leg on later fixation o f the opposite leg. These studies 
were designed to look at longer stimulation times at lower intensities in the 
production o f fixation, and at the effects o f  stimulating one limb on later 
fixation in the opposite limb. It is possible that the longer stimulation times 
could produce som e effects at low  stimulus intensities and that crossover 
effects in the spinal cord could prime fixation on opposite side.

In the first study, 6 rats per group were anesthetized and received 1.0 or
0.5 ma stimulation o f the right leg for 40  (1.0 ma group only), 90, 120 
and 180 minutes. The results showed that with 1.0 ma, there was good 
fixation at the 90, 120 and 180 min tim es and with 0.5, half the animal 
showed fixation at 120 and 180 min. In the second study, rats fixated with
1.5 ma on the right showed better fixation when subsequently fixated on 
the left than did those fixated only on the left. The results show that 
fixation can occur with lower stimulus intensities than previously shown 
and that there may be som e spinal cord crossover effects occurring.

Supported by the Am. Osteopathic Assn. Bureau of Research Grant 95-03-319

837.13
AMELIORATION OF THE H-REFLEX IN CHRONICALLY SPINALIZED  
ADULT RATS BY EXERCISE A N D  FETAL SPINAL CORD IMPLANTS. R.D. 
Skinner*. T.D. H oule. N.B. Reese. I. D em pster and E. Garcia-Rill. Dept, of 
Anatomy, Univ. of Arkansas for M edical Sciences, Little Rock, AR 72205.

Spinal cord injury (SCI) in m an and anim al m odels resu lts in 
hyperreflexia, probably due to decrease of presynaptic inhibition. We 
recently reported (Brain Res. 729:127, 1996) that the H -reflex,in chronically 
spinalized adult rats, treated over a 90 day period using exercise or fetal 
spinal cord implants (FSCI), did not differ from the H-reflex in normal rats. 
Thus, these treatments had an am eliorative effect on the H-reflex. We now  
report results from adult rats spinalized for shorter time periods to examine 
the early phases of H-reflex changes.

Female rats spinalized at T10 received a FSCI or their hind limbs 
were exercised p assively on an exercycle (see above ref.). At the time of 
testing, the H-reflex w as recorded and averaged under anesthesia from  
plantar m uscles in response to stimulation (0.3 to 20Hz) of the tibial nerve. In 
untreated spinalized-only rats tested 30 days postop, the H-reflex amplitude 
was statistically different from that of the control group (unlesioned) at 5, 10 
and 20Hz and differed from the 90 day spinalized-only group only at 20Hz. 
In rats receiving a FSCI, the 30 day group did not differ from the 90 day group 
at any stim ulation frequency and neither of these differed from the control 
group. Spinalized rats were exercised for 10 or 20 days and tested at 20 or 30 
days postop, respectively. A lthough the 10 day group tended to be more 
disinhibited than the 20 day group, neither was significantly different from  
each other or from the control and 90 day exercised groups. Thus, even at 
these short time periods, the treatments em ployed had a palliative effect on 
the H -reflex fo llo w in g  spinalization , either in preventing  or reversing  
H-reflex disinhibition after SCI. Supported by PHS grant HD35O96.

837.15

GROUP II MUSCLE AFFERENTS ADD IMPORTANTLY TO 
THE LOCOM OTOR SOLEUS EMG IN HUMANS
T. Sinkjæ r*. J. N ie lsen °. J. A n dersen . M . Ladouceur. L. Christensen0 °,
E.Toft° ° °. Center for S en sory-M otor Interaction, A alborg U n iversity , 
D K -9 2 2 0  A alborg, Denmark; °Dept. O f  P h y s io lo g y , U n iversity  o f  K ie l, 
24098 K ie l, G erm any, 0 °Dept. M edical P h y s io lo g y , U n iversity  o f  
C op en hagen, D K -2 2 0 0  C openhagen; 0 ° °Dept. o f  C ard io logy, A alborg  
H ospital, D K -9 1 0 0  A alborg, D enm ark.

In large parts o f  the stance phase o f  w alk in g , the ankle extensors  
undergo eccentric contraction s. This m akes the large and fast conducting  
m uscle afferents in the stretched ankle m u scles fire. It is, how ever, still not 
clear i f  and h o w  these afferents add to the locom otor electrom yogram  
(EM G) o f  the ankle ex ten sors. In the present experim ents the ankle 
extensors w ere unloaded  at various intervals in the stance phase o f  w alking  
by im posing a 6° plantar flex io n  (v elo c ity  33O°/s; hold  period 2 0 0  m s).

In 7 subjects in m id -stan ce, the decrease in so leu s EM G  had a m edian  
onset o f  64  m s (ran ge:47-77) after onset o f  un loading. The amplitude o f  
the locom otor so leu s  EM G  w a s reduced w ith  52 % (3 3 -6 1 ) .  Further 
experim ents usin g  either a reversible b lock  o f  the com m on  peroneal nerve  
(CPN) or isch em ia  o f  the thigh (2 4 0  m m H g) w ere d one on  three subjects. 
Before and after the C P N  block  onset and decrease in so leu s EM G  were  
the sam e, su g g estin g  that the decline in so leu s EM G  is not caused by a 
peripheral, m ediated, reciprocal inhibition from  afferents in the stretched 
dorsiflexors. Furtherm ore, isch em ia  cau sed  the H -reflex  and short latency 
stretch reflex  to disappear, but did not change the on set and the decrease in 
soleus E M G  w h en  im p osin g  an unloading o f  the ankle extensors.

From the ab ove resu lts w e  su ggest that stretch sen sitive  m uscle group II 
afferents add im portantly to the locom otor so leu s E M G  during the stance 
phase o f  w alk in g . Funded b y  D N R F  and D N R C .

837.12
STRETCH REFLEX AND H-REFLEX RESPONSES TO MANIPULATIVE 
TREATMENT IN ACHILLES TENDINITIS. IN , Howell*. K.S. Cabel. R.R.
Conatser. AG. Chila. and D C. Eland. Somatic Dysfunction Research Laboratory.
Ohio University College of Osteopathic Medicine; Athens. OH 45701.

In order to test if the manipulative technique called counterstrain (CS) acts by 
influencing the stretch reflex, stretch and H-reflexes were measured in Achilles 
tendinitis patients before and after treatment with CS. With patients seated, stretch 
reflexes were elicited by a 5° dorsiflexion of the ankle applied over 40 msec. H-reflexes 
were obtained by stimulation of the tibial nerve in the popliteal fossa. A range of 
stimulus intensities were used and the maximum H wave amplitude was determined. 
Reflexes were recorded from surface electrodes placed over the three heads of the 
triceps surae. In CS the foot is gently manipulated through multiple planes of motion 
into a position of ease, which minimizes the subjective pain of tender points palpated in 
the foot or lower leg. For 2-4 tender points the treatment requires approx. 10 min.

Following treatment in 16 patients, the amplitudes of the stretch reflexes, expressed 
as a fraction of the maximum M-wave. fell by 21% for the soleus, 18% for the med. 
gastroc., and 23% for the lat. gastroc. (P<0.05). H-reflex amplitudes, also expressed as 
a fraction of the maximum M-wave. did not change after treatment. Background EMG 
activity likewise exhibited no change following treatment. Via a 3-item questionnaire 
filled out before treatment and each day for a week after treatment patients reported 
clinical improvement (P<0.05). Analogous experiments on asymptomatic subjects 
showed no change in either reflex following a sham treatment in which the subjects 
assumed the same position as did the patients receiving treatment for the same period 
of time.

The simplest explanation of the results is that the treatment somehow decreased the 
sensitivity of the stretch receptors within the muscle, without influencing transmission 
of the reflex signal within the spinal cord. It may be the result of decreased afferent 
activity in group III and IV afferents. causing γ efferent activity to decrease.

(Funded by the Research Bureau of the Am. Osteopathic Association.)

837.14
M o d u l a t i o n  o f  h u m a n  c u t a n e o u s  r e f l e x e s  d u r in g  r h y t h m i c  u p p e r  l i m b

M O V E M E N T

E.P. Zehr1* and R. Chua2 , Neurophysiology' and Perceptual Motor Dynamics2 

Laboratories, Faculty of Physical Education & Recreation, University of Alberta, 
Edmonton, Alberta, Canada, T6 G 2H9 

Cutaneous reflexes have been shown to be important in both the control and 
modification of movement. However, while cutaneous reflex modulation and function 
during lower limb rhythmic movements such as walking have been studied in human 
subjects, rhythmic upper limb movement has received comparatively little attention. To 
this end, experiments were conducted on volunteer human subjects performing cyclical 
arm cranking on a specially modified cycle ergometer. The ergometer was table- 
mounted and the pedals were replaced with handgrips. Information on the crank cycle 
phase was given with a continuous turn potentiometer connected in series with the drive 
chain. Subjects performed arm cranking at a rate of ~O.6  Hz with a low resistance which 
was suitable for eliciting electromyographic (EMG) activity from the muscles of 
interest. Ipsilateral muscles studied included first doral interosseus (FDI), extensor and 
flexor (FCU) carpi ulnaris, brachioradialis, biceps and triceps (Tri) brachii, and anterior 
(AD) and posterior deltoid. At random times during the arm movement cycle the 
superficial radial (SR) nerve was stimulated (3 x 0.5 ms pulses at 300 Hz) at the wrist 
with an amplitude equal to twice the threshold for radiating sensation. The movement 
cycle was divided into 16 separate phases and the data were averaged according to the 
occurrence of the stimulus in each phase. Background cycle EMG was subtracted from 
the phase averages to yield traces of reflex EMG and these subtracted EMGs were 
analyzed both for phasic responses and for the net response integrated over a 1 2 0  ms 
interval. Large responses were observed in the majority of muscles and subjects studied. 
The responses were at minimum biphasic and the earliest response could be either 
facilitation (e.g. FDI, AD) or suppression (e.g. Tri, FCU). The data suggest that 
cutaneous reflexes show significant phase modulation during rhythmic upper limb 
movement as has been shown to occur in the human lower limb during walking. 
Supported by the Natural Sciences and Engineering Research Council of Canada.

837.16
Modulation of the soleus stretch reflex and H-reflex during human walking after 
block of peripheral feedback
J. Nielsen, T. Sinkjær , J. Baumgarten, J.B. Andersen , E. Toft , L.O.D. Christensen , M. 
Ladoceur and H. Morita*
Dept. Of Physiology, University of Kiel, 24098 Kiel, Germany, *) Center for Sensory-Motor 
Interaction, Aalborg University, DK-9220 Aalborg, Denmark and **) Dept. Medical Physiology, 
University of Copenhagen, DK-2200 Copenhagen.

The soleus H-reflex and short-latency stretch reflex are strongly modulated during the gait cycle 
in man (Capaday & Stein 1986; Sinkjær et al. 1996). There is some debate as to whether this 
modulation is mainly caused by central or peripheral mechanisms (Brooke et al. 1995; Lavoie et 
al. 1997). The present study addressed this question by investigating the modulation of the soleus 
H-reflex and stretch reflexes during walking before and after block of peripheral afferents from 
the ankle joint muscles.
7 subjects were investigated. The soleus H-reflex was evoked by stimulating the tibial nerve in 
the popliteal fossa. Soleus stretch reflexes were evoked by stretching the ankle plantar flexors by 
a portable stretching device. Ischemic block of the peripheral feedback in large diameter afferents 
in the tibial and peroneal nerves was induced by inflating a cuff placed below the knee joint. 
Block of transmission in the peroneal nerve was obtained by lidocaine injection around the nerve 
at the level of the head of the fibula.
Ischaemia effectively depressed the short-latency, M1, and long-latency, M3, stretch reflexes, but 
had no effect on the M2 stretch reflex. This supports the idea that Ml and M3 are mediated by 
large diameter gr. I afferents, whereas the M2 reflex may be mediated by gr. II afferents. 
Following both ischaemic block and lidocaine injection the soleus H-reflex was still large in the 
stance phase and completely abolished in the swing phase in all subjects. This was also the case 
for the short latency (Ml) stretch reflex following lidocaine injection. This suggests that the 
depression of the Ml stretch reflex and H-reflex in the swing phase must be caused by a centrally 
mediated inhibition of soleus motoneurones and/or of a centrally mediated reduction in 
transmitter release from the soleus la afferents (presynaptic inhibition).
Capaday C & Stein R (1986) J Neurosci 6(5): 1308-1313
Brooke, JD et al. (1995) J Neurophysiol 73:102-111
Lavoie BA, Devanne H, Capaday C (1997) J Neurophysiol 78(1 ):429-438
SinkjaerT, Andersen JB, Larsen B (1996) J Neurophysiol 76(2): 1112-1120

S ociety for N euroscience, V olume 2 4 ,19 9 8
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837.17

Modulation of Reflex Gain During Gait Initiation and Free Standing P Du. 
M.H. Trimble and D Brunt* Dept, of Physical Therapy, University of 
Florida, Gainesville, FL 32610-0154.

Modulation of soleus (S) H-reflex has been demonstrated during human 
walking and gait initiation. Since spindle afferent feedback contributes an 
estimated 30-60% of the neural drive to the triceps surae during the 
stance phase of walking, modulation of the reflex gain is believed to 
prevent a saturation of the motoneuron pools during the active lengthening 
of these muscles. Most authors have attributed the reflex depression to 
presynaptic inhibition since the H-reflex is relatively depressed compared 
to standing while the concurrent EMG can be considerable. We hypo
thesized that 2 presynaptic mechanisms, a phase dependent and a rate 
dependent mode, interact to control the gain of the segmental stretch 
reflex during different tasks. Subjects stood on a treadmill and were 
instructed to take a step when they felt the treadmill start to move. The 
treadmill was accelerated to 1 mph initiating gait without activation of the 
tibialis anterior. Paired H-reflexes were obtained from the S and medial 
(MG) and lateral gastrocnmii (LG) muscles of the stance leg while stand
ing at rest, with a weight extended from their arms and while taking a step 
on a treadmill. The amplitude of the first H-reflex was divided by the 
maximal M-wave and background EMG to assess modulation of the H- 
reflex and H-reflex gain. The amplitude of the second H-refex was divided 
by that of the first to assess specific synaptic depression (SSD) a type of 
homosynaptic depression. The H-reflex did not significantly change 
between standing at rest and gait initiation in the S but significantly 
increased in the MG and LG (p< .01). H-reflex gain, the phase dependent 
gain, decreased from standing to heel off (p<.O5). Whereas, SSD was 
also decreased from standing to heel off (p<.O5) producing an increase in 
the rate dependent gain. University of Florida Health Professions RDA .

837.18
Modulation of Homosynaptic Depression in the Triceps Surae H-Reflex 
During Isometric Contractions. M.H. Trimbl^and P. Du. Dept, of Physical 
Therapy, University of Florida, Gainesville, FL 32610-0154.

In relaxed subjects, the H-reflex is usually depressed with stimulation 
rates greater than 0.1 Hz and complete depression of reflex responses are 
commonly seen with stimulation rates greater than 10 Hz. Since low 
frequency depression (0.1-10Hz) of the H-reflex is reduced when subjects 
volitionally activate the test muscle, we theorized high frequency (>10Hz) 
stimulation may also be overcome when the muscle is activated. To test 
this hypothesis, pairs of H-reflexes 80 ms apart were evoked while the 
subjects (N=6) performed voluntary isometric contractions of the triceps 
surae to 10%, 20%, and 50% of their maximal effort (MVIC). Subjects 
received 10-20 paired H-reflexes at rest and at each target force while 
lying prone. The 2nd H-reflex was always substantially reduced (70-95%) 
at rest due to prior activation of the homonymous synapses, a 
phenomenon termed specific synaptic depression (SSD). SSD was 
progressively reduced (41-60%) as a function of the level of force. The 
decrease in the soleus (S, 45%, p < .01) was greater than the lateral (LG, 
26%; p < .05) and medial (MG, 27%) gastrocnemii. Whereas, the H/M 
ratio increased more in the MG (38%) and LG (26%) than the S (9%). The 
H/M ratio consistently decreased from rest to 10% MIVC and then 
increased progressively with the level of force. We conclude that a 
decrease in homosynaptic depression with increasing level of force allows 
spindle afferent feedback to contribute more to the neural drive as the 
level of muscle activation increases.

837.19
ABNORMAL PASSIVE, INTRINSIC AND REFLEX STIFFNESS IN SPASTIC 
SPINAL CORD INJURED SUBJECTS. Mirbagheri1*, R.E. Kearney', and FL 
Barbeau2, Department of Biomedical Engineering1, and School of Physical and 
Occupational Therapy2, McGill University, Montreal, Canada H3A 2B4

Ankle dynamic stiffness may be decomposed into reflex and non-reflex 
components. Non-reflex stiffness itself has two components: passive, which 
corresponds to inertia and the visco-elastic properties of the joint, and intrinsic, which 
is related to the mechanical properties of active muscle. The objective of this study 
was to determine the nature of the abnormalities in passive, intrinsic and stretch reflex 
mechanics in spinal cord injured (SCI) subjects.

Ankle dynamic stiffness was examined by applying perturbations at different ankle 
positions through the range of motion in nine normal and nine SCI spastic subjects 
under both passive (relax) and active (10% of extensor maximum voluntary 
contraction) conditions. Non-reflex and reflex contributions to the stiffness dynamics 
were separated using a parallel-cascade identification method. Non-reflex stiffness 
measured under passive conditions was used as a measure o f passive stiffness. 
Intrinsic stiffness was obtained by subtracting the passive stiffness from non-reflex 
stiffness measured under active conditions.

R e f le x  S t if f n e s s . Reflex stiffness increased with dorsiflexion in both groups but was 
always significantly higher in SCI than in control subjects.

P a s s i v e  S t if f n e s s . Passive stiffness increased with ankle position; it was always 
greater in SCI than in control subjects and the difference increased with dorsiflexion.

I n t r in s i c  S t i f f n e s s . Intrinsic stiffness increased with ankle position until the neutral 
position (90°) in both groups; it then saturated in control subjects, but decreased in 
SCI subjects as the ankle moved to dorsiflexion. Intrinsic stiffness was smaller in SCI 
subjects.

These findings demonstrate three abnormalities in SCI subjects: (1) reflex stiffness 
is larger, (2) passive stiffness is larger, and (3) intrinsic stiffness is lower.

(Supported by a grant from the Medical Research Council of Canada)

837.20
INTERACTIONS OF ß INNERVATION AND RECURRENT INHIBITION IN 
CONTROL OF AGONIST AND ANTAGONIST MUSCLES, M. G. Maltenfort *, J. 
He and T.M. Hamm. Barrow Neurological Inst., Phoenix, AZ 85013

How does ß innervation affect muscle response to loading and changes in drive? 
Does recurrent inhibition (RI) interfere with ß actions ( c f  Illert e t  a l. 1996)? Do ß 
innervation and RI affect reciprocal activity of antagonist motor nuclei through 
actions on la reciprocal intemeurons (la INs)?

We are addressing these questions by testing a simulation o f muscle with multiple 
feedback loops. The stretch reflex is represented by two muscle spindle models, each 
based on Hill-type force-velocity dynamics. One spindle, contributing 70% of the 
reflex, receives ß input. The other, contributing 30%, receives only tonic γ input.
This scheme represents observed distributions o f ß innervation (Scott e t  a l ,  1995).

The ß loop gain is estimated via ramp stretch as ~O.4, as reported by Grill and 
Rymer (1985). This gain is associated with an oscillation in spindle firing which 
diminished with longer ß loop delay.

During loading o f an active muscle, ß innervation sustained spindle firing, 
producing substantial damping of the load motion. RI limited the period of sustained 
spindle firing, reducing but not abolishing the ß damping action. The movement of 
the loaded muscle following a step increase in drive was slowed by ß innervation.

An agonist-antagonist muscle pair was set up, arbitrarily assuming a feedback gain 
of -0.25 between antagonist intemeuron populations ( e .g .  Renshaw cells, la INs). Ib 
intemeurons and la INs were represented as static gains with delays. The muscles 
were modulated 180° out-of-phase by a 2 Hz sinusoid, peak-to-peak amplitude 40% 
of activation, ß innervation decreased the amplitude o f the sinusoidal movement and 
RI had no effect, ß-related change in IaIN activity was negligible.

In summary, ß innervation produces damping o f movement. Although RI 
modulates motoneuron activity, it does not significantly interfere with this action.

Supported by USPHS grants NS 22454, NS 07309, NS10341 and a Whitaker Foundation 
Biomedical Engineering Research Grant.

LOCOMOTION II

838.1

EFFECT OF MOTOR TASK ON EXTERNALLY INDUCED STEPPING 
MOVEMENT IN SPINAL OORD SUBJECTS. M. Pinterl, M. R. Dimi- 
trijeviçl>2, m , M. Dimitrijevic 1,2*. lLudwig Boltzmann 
Institute for Restorative Neurology, Vienna, Austria; 
2Dept. Physical Medicine and Rehabilitation, Baylor 
College of Medicine.

In our previous report, we showed that by placing a 
quadripolar stimulating electrode in the epidural space it 
is possible to induce rhythmic locomotor-like EMG activity 
and stepping movement (1).

We will now present our finding of the effect of voli
tional motor activity of plantar dorsal flexion of the 
ankle joint as well as multi-joint flexion and extension 
of the lower limb during externally induced rhythmic 
loccmotor-like EMG activity and stepping movement. 
Furthermore, we will show the effect of sitting, standing 
and walking on externally induced rhythmic activity.

This work was supported by the Kent Waldrep National 
Paralysis Foundation, Dallas, Texas and the Ludwig Boltz
mann Association of Austria, Vienna, Austria.
1. Gerasimenko Y. et al. Stepping movements in paraple
gic patients induced by epidural spinal cord stimulation. 
Soc. Neurosc. Abstr. 22(543.5):1372, 1996.

838.2

THE RESPONSE OF NEURAL LOCOMOTOR CIRCUITS TO CHANGES IN 
GAIT VELOCITY. U. K. Patel. B. H. Dobkin. V. R. Edeerton. and S. J. Harkema*. 
University of California, Los Angeles, Los Angeles, CA. 90095.

Several mammals are capable of regaining the ability to generate centrally 
controlled locomotor patterns even after complete thoracic spinal cord transection. 
This phenomenon has been attributed to neural circuits in the lumbosacral spinal 
cord that interact with peripheral stimuli to generate efferent motor activity 
appropriate for locomotion. Many spinal cord injured (SCI) subjects with no 
detectable sensorimotor function below their lesion can also generate step-like 
efferent motor patterns conducive to stepping when they are mechanically assisted to 
step on a moving treadmill belt with partial body weight support (BWST). In this 
study, we sought to assess whether the neural circuits involved in the generation of 
human locomotion are responsive to the peripheral sensory stimuli associated with 
gait velocity.

Three ASIA A (no sensory or motor function below the lesion), three ASIA C 
(partial motor function below the lesion preserved) and three non-disabled subjects 
were studied. All SCI subjects received manual assistance during stepping using 
BWST with uniform levels of body weight support at treadmill speeds varying from
0.36 to 0.89 m/s. Bilateral EMG activity from 7 lower limb muscles; hip, knee and 
ankle joint angles; and limb loading parameters were recorded.

We observed that the motor pool output of most muscles of most subjects 
responded to the modified sensory input due to changes in treadmill speed. In 
general, EMG amplitudes of most muscles of most subjects increased at higher 
speeds in a functionally appropriate manner, i.e. flexor activity increased during the 
swing phase, while extensor activity increased during the stance phase. Stepping at 
the higher range of speeds improved the overall coordination of stepping and 
improved bilateral synchronization of stance and swing phases. Additionally, there 
was an emergence of EMG bursts in some flexors during stepping at the higher 
speeds that were not observed at sub-normal walking speeds.

These results indicate that the neural circuits involved in human locomotion 
respond to peripheral sensory information related to gait velocity. Further, these 
results are observed in ASIA A patients indicating that the neural pathways involved 
in the response to different speeds may be primarily mediated in the spinal cord.

(Supported by NIH grants NS 16333, NS 36854, M01 RR00865).
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838.3

INHIBITION OF THE SOLEUS STRETCH REFLEX IN THE EARLY 
SWING PHASE OF GAIT IN HEMIPLEGIC PARTICIPANTS. M. 
Ladouceuri*M.M. Voormolen. Peter Veltink and T. Sink¾ær. Center for 
Sensory-Motor Interaction, Aalborg University, Fredrik Bayers Vej 7D-3, 
9220 Aalborg, Denmark.

Spastic hypertonia is one component of the upper motor neuron syndrome 
exhibited by some following a stroke. Even though Nielsen et al (1) have 
shown that the soleus stretch reflex is modulated in a phase dependent 
manner in this population, some participants djd not show a modulation 
pattern or still exhibited a high stretch reflex in the early swing phase of 
gait. In this experiment, stretches of 8° of dorsiflexion at varying speeds 
(range: 200-900°/s) were applied during the early swing phase of gait of 5 
hemiplegic participants. Conditioning of the soleus stretch reflex was done 
by applying a train of electrical pulses to the deep peroneal nerve (4 * motor 
threshold, 200 Hz, 1 ms pulse width) at varying time delays to establish the 
optimal conditioning-test interval. Furthermore, conditioned and 
unconditioned stretches were applied at different stretch velocities to 
generate a stretch reflex-stretch velocity curve in both condition.

In all participants, the optimal conditioning-test interval was found to be 
100 ms. The inhibition in the conditioned stretch reflex ranged from 80 to 
90%. This inhibition seems to be related to a decrease in the slope of the 
stretch reflex-stretch velocity curve.

From the above results, we suggest that it is possible to condition the 
soleus stretch reflex during gait in spastic participants.

[1] Nielsen, JF et al.(1998) Neuro Rehabilitation 10: 151-166.

838.5

N O N L IN E A R  C H A N G E S  IN W A L K IN G  P A T T E R N S  O N  W E D G E S  O F  
IN C R E A S IN G  IN C L IN A T IO N . G M  E a r h a r f .  C E  L a n a . A J  B a s tia n . P ro g ra m  
in P h y s ic a l T h e ra p y , D e p a r tm e n t o f  A n a to m y  a n d  N e u ro b io lo g y , W a s h in g to n  
U n iv e rs ity  S c h o o l o f  M e d ic in e , S t. L o u is , M O  6 3 1 1 0 .

F u n c tio n a l w a lk in g  re q u ire s  a d ju s tm e n t o f  th e  lo c o m o to r  p a tte rn  to  v a ry in g  
e n v iro n m e n ta l d e m a n d s , s u c h  a s  d is c re te  c h a n g e s  in s u rfa c e  in c lin a tio n  
(e .g ., ra m p s ). W e  a s k e d  w h e th e r  n o rm a l s u b je c ts  w o u ld  lin e a r ly  s c a le  
w a lk in g  p a tte rn s  in re s p o n s e  to  l in e a r  in c re a s e s  in s u rfa c e  in c lin a tio n . L o w e r 
e x tre m ity  k in e m a tic  a n d  E M G  d a ta  w e re  c o lle c te d  fo r  m u ltip le  tr ia ls  o f leve l 

w a lk in g  (0 ° )  a n d  w a lk in g  d u r in g  w h ic h  a s in g le  s te p  w a s  ta k e n  on  a  w e d g e  

in c lin e d  a t 10, 2 0 , o r  3 0 °. W e  a n a ly z e d  s w in g  a p p ro a c h in g  a nd  s ta n c e  on  

th e  w e d g e . K in e m a tic  a n d  E M G  p a tte rn s  fo r  0 ° a n d  10° w e re  s tr ik in g ly  
s im ila r, c h a ra c te r iz e d  b y  an  S -s h a p e d  a n k le  vs . k n e e  a n g le  p lo t d u r in g  
s ta n c e , t ib ia lis  a n te r io r  (T A ) te rm in a tio n  s h o r t ly  a fte r  h e e l s tr ik e  (H S ), a nd  
onse t's  o f  g lu te u s  m a x im u s  (G M ), re c tu s  fe m o r is  (R F ), a n d  la te ra l h a m s tr in g  

(L H ) p r io r  to  H S . P a tte rn s  fo r  2 0 °  a n d  3 0 °  w e re  q u ite  s im ila r  to  e a ch  o th e r, 

b u t d if fe re d  s u b s ta n tia lly  fro m  th e  0 /1 0 °  c o n d it io n s . T h e  2 0 /3 0 °  p a tte rn s  w e re  
c h a ra c te r iz e d  b y  a  s id e ly in g  C -s h a p e d  a n k le  vs . kn e e  a n g le  s ta n c e  p lo t, 
p ro lo n g e d  T A  a c tiv ity  fo llo w in g  H S , a n d  d e la y  o f  G M , R F , a n d  LH  o n s e ts  un til 
H S . T h e s e  c h a n g e s  w e re  m a d e  on  th e  f irs t tr ia l o f  e a c h  c o n d itio n  (w ith o u t 
p rio r e x p o s u re  to  th e  w e d g e s )  a n d  d id  n o t d if fe r  w ith  p ra c tic e  o v e r tr ia ls . 

E M G  c h a n g e s  b e tw e e n  0 /1 0 °  a n d  2 0 /3 0 °  w e re  e v id e n t p r io r  to  H S , in d ic a tin g  

a n tic ip a to ry  m o d if ic a tio n s  th a t w e re  l ik e ly  m a d e  b a s e d  u p o n  v isu a l cu e s . 
T h e  d is t in c t d if fe re n c e s  b e tw e e n  0 /1 0 °  a n d  2 0 /3 0 °  in d ic a te  th a t m o d if ic a tio n s  

m a d e  b e tw e e n  10° a n d  2 0 °  w e re  m u c h  g re a te r  th a n  th o s e  m a d e  b e tw e e n  0° 

and  10° o r  2 0 °  a n d  3 0 ° . E q u a l in te rv a l c h a n g e s  o f  10° in w e d g e  in c lin a tio n  
d id  n o t re s u lt  in s im p le  l in e a r s c a lin g  o f  p a tte rn s . R a th e r, a m o re  d ra m a tic  
r e o rg a n iz a tio n  o f  s o m e  p a tte rn  fe a tu re s  o c c u rre d  b e tw e e n  0 /1 0 °  a n d  2 0 /3 0 ° . 

N IH  N IC H D  5 T 3 2  H D 0 7 4 3 4 -0 6 , 1 K 0 1 H D 0 1 199-01

838.7

A NEURO-MUSCULO-SKELETAL MODEL OF HUMAN WALKING
E. K. Blum—. P. K. Leung- *Depts BME & Math, Univ. Southern California; 
2Compbionics Inc., Los Angeles.

An integrated, neuro-musculo-skeletal model of human walking was developed 
and tested by computer simulation using real biophysical data. Computer results 
agreed with the data within experimental accuracy.

The model includes three connected submodels: a model of lower motoneuron 
networks, a muscle model and a biomechanical skeletal model. All biological 
parameters are kept within physiological ranges.

The muscle model incorporates six muscles for each leg: the hamstrings, 
quadriceps,tibialis anterior, soleus, gluteus and iliopsoas. The skeletal model has in 
each leg, a hip-joint, knee joint, and ankle joint. A rigid trunk connects to both hip 
joints. This suffices to produce a swing and stance phase for each leg. For each 
muscle, the neural network includes alpha motoneurons and their associated 
intemeurons and la afferents for feedback. Neurons are modeled as spiking HH 
neurons.

A feed-forward neural control signal was derived consistent with experimental data 
on human gait. The control simulates descending inputs to the alpha motoneurons 
from the motor cortex. Feedback control to stabilize the motion was derived by 
computer experiment and used to model la action. In the computersimulations, a 
pattern of lower limb motion is generated which closely resembles human gait.

838.4
EFFICACY OF A FEEDFORWARD GAIT TRAINING AS COMPARED WITH A 
STANDARD EXERCISE PROTOCOL IN RE-EDUCATING PARKINSONIAN 
GAIT. Hurik I.. Hui-Chan C.W.Y.. Barbeau H*. School of Phys. and Occup. Therapy, 
McGill University, Montreal, Quebec, Canada, H3G1Y5.

Our previous study showed that parkinsonian (PD) patients demonstrated 
significantly more delayed choice than simple reaction times (Chan, 1986). We 
purported that the delays could be due to an impaired motor preparatory process. If so, 
the provision of sensory input prior to the initiation of a motor task could enhance this 
preparatory process. Hence, we designed a “feedforward” gait training paradigm, using 
viusal and auditory' cues as “preparatory” signals. The two main objectives were to 
compare the effects of 1) 45 min of feedforward gait training to which 9 PD subjects 
were randomly assigned, to that of standard exercises given to another 7 randomly 
selected PD subjects, on the temporo-spatial parameters of gait and 2) 3 weeks of this 
gait training (n=5) to that of exercises (n=4) on the same gait parameters.

The two treatment programs were given in 45 min long sessions, 3 times a 
week for three weeks. The gait velocity, stride length, double limb support, cadence 
and cycle duration were recorded with a locomoter system and footswitches. Data were 
collected before, 45 min and 3 weeks after either treatment program. The means of 10 
trials were computed for each gait parameter.

Our main findings showed that in contrast to the standard exercises, 45 min 
of feedforward gait training increased significantly the mean gait velocity (from 
O.64±O.I8 to O.7O±O.2l m/s; p<0.05) and stride length (from 78±I7 to 86±2l cm; 
p<0.05), and decreased the double limb support time (from 29±IO to 22±8 %; p<0.01), 
towards normal values. Moreover, three weeks of the feedforward gait training led to 
further but small improvements in the mean gait velocity (from O.64±O.I4 to 
O.79±O.I3; p=0.05) and stride length (from 75±I5 to 95±I2 cm; p<0.05).

To conclude, the feedforward gait strategy was effective in improving certain 
parkinsonian gait parameters. Our findings suggested that the motor preparatory 
process in PD patients could be enhanced by the provision of visual and auditory 
preparatory signals, at least in gait re-education.

Project financed by Canada Parkinson Foundation to CWYHC and an FRSQ 
studentship to LH.

838.6

UPPER BODY COORDINATION OF OLDER ADULT FALLERS 
A N D  NON-FALLERS DURING WALKING. R.L. Cromwell* and L. 
Giordano. Dept, o f Physical Therapy, Temple University, Philadelphia, 
PA 19140.

Dynamic stability o f the upper body during walking is essential to 
optimize conditions for sensory systems. With age, sensory system  
decrements can alter upper body stability impacting the walking pattern 
thus, placing older adults at risk for falling. The purpose o f this study 
was to examine upper body coordination patterns used by older adults 
and determine changes in these patterns for older adults with a history of  
falling. Sagittal plane angular positions in space were collected for 
head, neck and trunk segments o f young adults (Y A), healthy older 
adults (OA), and older adults with fall history (OAF). Cadence and 
walking velocity were also determined. OA and OAF showed 
significant decreases in walking velocity as compared to YA. In 
addition, OAF showed increased trunk flexion as compared to YA 
(p<.O5). Cross-correlation analyses o f segmental movements 
demonstrated a change in coordination between the head and neck across 
subject groups. YA moved the head and neck in phase, in the same 
direction. OA either exhibited the same pattern as YA, or a pattern 
where the head lead the neck by .08 seconds. OAF showed a .25  
second lead o f the head over the neck. These data suggest that OA are 
successful at maintaining upper body stability with coordination patterns 
similar to YA. The increased trunk flexion o f OAF creates a less stable 
position o f the upper body requiring the head to now lead the neck in an 
attempt to maintain balance o f the head over the trunk.
Supported by Temple U niversity Research & D ean ’s Incentive Funds.

838.8

THE EFFECTS OF LONG-DURATION SPACE FLIGHT ON 
SENSORIMOTOR INTEGRATION DURING LOCOMOTION
J.J. Bloomberg1. A,P. Mulavara2. P.V. McDonald2. C.S. Lavne3.
L.A. Merkle1. H.S. Cohen*4. 1.B. Kozlovskaya5

‘NASA Johnson Space Center, Houston, TX 77058, AVyle Life Sciences Inc., 
Houston, TX, 3 University of Houston, Houston, TX, 4Bobby R. Alford 
Department of Otorhinolaryngology and Communicative Sciences, Baylor College 
of Medicine, Houston, TX, 5Institute for Biomedical Problems, Moscow, Russia

The control of locomotion requires the precise integration of multiple 
sensory and motor subsystems. The purpose of the present study was 
to investigate the effects of long-duration space flight on the 
sensorimotor integration required for efficient terrestrial locomotion.

Six astro/cosmonaut subjects were tested before and after 3-6 months 
stays aboard the Mir Space Station. Subjects performed two protocols: 
1) walking on a motorized treadmill while visually fixating gaze on 
discreet targets; 2) overground locomotion on a 6.0 m walkway. Data 
were collected with a video-based motion analysis and 
electromyography system and a head-mounted accelerometer.

After space flight, all subjects showed altered head-trunk 
coordination strategies, coupled with modified lower limb kinematics 
and muscle activation patterning during locomotion. These changes 
represent a loss of integration in the full-body cascade of sensorimotor 
events responsible for efficient control of terrestrial locomotion.

Supported by the NASA-Mir Human Life Sciences Program and the Clayton 
Foundation for Research

Society for N euroscience, Volume 24 ,19 9 8
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838.9
ADJUSTING TO CHANGES IN SURFACE STIFFNESS DURING RUNNING: 
HOW MANY STEPS DOES IT TAKE? D.P. Ferris*. K. Liang, and C.T. Farlev. 
Dept, of Integrative Biology, Univ. of California, Berkeley, CA 94720-3140.

When humans and other animals run, their legs behave like mechanical springs 
during ground contact. Although the average stiffness o f a runner’s leg is 
independent of running speed, runners adjust leg stiffness to accommodate changes 
in surface stiffness (Ferris et al., Proc. Roy. Soc. Lond. B, In Press). By increasing 
leg stiffness on surfaces of lower stiffnesses, runners are able to keep global running 
parameters (e.g., contact time, peak ground reaction force, c.o.m. displacement) 
constant regardless of surface stiffness. Our goal was to determine the number of 
steps required to adjust to a sudden change in surface stiffness when runners have 
prior knowledge of the impending change. We hypothesized that runners would 
adjust leg stiffness for their first step on a new surface when allowed feedforward 
visual information. We collected ground reaction force and kinematic data as six 
human subjects ran at 3 m/s on two rubber surfaces, a non-compliant "hard" surface 
and a compliant "soft" surface with a stiffness of 21.3 kN/m. In addition, subjects 
also ran from each surface onto the other surface at a constant speed so that we could 
examine the initial steps after changing surfaces. When subjects made the transition 
from the soft to the hard surface, leg stiffness during the first step (7.5 ± 0.6 kN/m) 
was not significantly different from leg stiffness on the uniformly hard surface (7.0 
± 0.8 kN/m). Similarly, leg stiffness during the first step on the soft surface after 
transition (10.0 ± 1.5 kN/m) was not significantly different from leg stiffness on 
the uniformly soft surface (10.3 ±1 .1  kN/m). As a result of the rapid adjustment 
to leg stiffness, many running parameters were also the same. For example, total 
vertical displacement of the runner's c.o.m. was 7.8 cm for the first step on the soft 
surface after transition and 7.5 cm on the uniformly soft surface. If the runners had 
not adjusted leg stiffness, then the c.o.m. displacement would have been much 
larger f~ 12.8 cm) due to the combination of the flexion of the limb joints and the 
added compression of the surface. We conclude that runners adjust leg stiffness for 
their first step on a new surface when they have feedforward knowledge of a change 
in running surface. Supported by NASA NGT-51416 and NIH R29 AR44008.

838.11
The h um an  soleus s tre tch  reflex d u rin g  pedalling  on a m otorized  cycle 
e rg o m e te r .
Michael Grevu . Charles Pierce1. Ted Milner1*. Thomas Sinkiær2

'School of Kinesiology, Simon Fraser University, Burnaby, B.C. V5A 1S6, Canada, 
2Center for Sensory-Motor Interaction, Aalborg University, DK-9220 Aalborg, Denmark

Most of our knowledge about which factors determine the strength of the stretch reflex 
during locomotion and particularly pedalling stems from H-reflex studies (e.g. Brooke et 
al. , 1997 Prog, in Neurobiology vol. 51:393-421). However, studies have shown that 
it is not trivial to make conclusions about the stretch reflex based on the H-reflex 
(Morita et. al. 1997, NS-abstract, Vol. 23). For that reason we investigated the stretch 
reflex in the left leg o f three healthy human subjects during unconstrained bicycling and 
at matched ankle position and soleus activity during sitting.

The subject was seated on a motorized cycle ergometer during all parts o f the 
experiment. The bicycle cranks were linked to a torque motor through a modified bicycle 
drive train (300 Nm, IkW). The shaft o f the torque motor was instrumented with torque 
and position sensors and controlled through a PC computer. EMG activity from VL, 
MG, LG, TA and S muscles was recorded together with the ankle position and the 
sensors from the motor shaft. The subjects pedalled at 60 rpm against a preload of 10 
Nm applied to the crank. At crank positions 60°, 90° and 120° a torque pulse producing 
a constant ankle dorsiflexion of approximately 5° was applied to the crank.

The S EMG increased from 0° (top position of crank) until about 110° then decreased 
to the background level at approximately 200°. At 60° and 90°, the stretch reflex during 
pedalling did not differ from the stretch reflex at a matched sustained S contraction. The 
ankle joint velocity was nearly zero at these crank angles (in one subject the ankle 
underwent a dorsi flexion movement and in two subjects a plantar flexion movement). 
At 120° the stretch reflex was less during pedalling as compared to a sustained matched 
S contraction. As the ankle underwent a distinct plantar flexion movement in all 
subjects at 120°. we speculate that this decline in the stretch reflex is caused by an 
unloading of the solues muscle spindles. Funded by DNRF and NSERC

838.13

COMPENSATORY REACTIONS AT THE ANKLE TO DISTURBANCES AT 
THE TORSO DURING WALKING IN HUMANS. M.J. Stephens*1. J.E. Misiaszek2.
J.F. Yang1,3. K,G. Pearson1,2. Div. of Neuroscience1, Dept, of Physiology2 & Dept, of 
Physical Therapy3, U. of Alberta, Edmonton, AB, Canada, T6G 2S2.

Recently, we demonstrated that a perturbing force applied at the torso during late stance 
of walking produces a compensatory co-contraction of antagonistic ankle muscles, soleus 
(SOL) and tibialis anterior (TA) (Misiasxek et al., Soc. Neurosci. Abs. 22:1849, 1996). 
The perturbing force acted with a line that was roughly parallel to the long axis of the leg. 
Therefore, at late stance the force acted both down and back. We hypothesized that the 
response in SOL was a reaction to the increased load, while the contraction of TA was 
related to the backward sway. To test this hypothesis, perturbations were applied to the 
torso of 4 subjects during treadmill locomotion. Three types of perturbation were 
employed; 1) 60% body weight (BW) applied down and back, subject unsupported 
(DBU), 2) 60% BW applied down and back, subject supported anterioposteriorly by 
holding a rail directly in front (DBS), and 3) 17% BW applied directly back, subject 
unsupported (BU). As previously reported, the DBU perturbation at late stance produced 
a short latency co-contraction of SOL (65.5± 4.2 ms) and TA (60. l±3.2 ms). The DBS 
perturbation, reducing the invoked backward disturbance, resulted in a contraction of SOL 
at 62.7 (± 3.28) ms and no detectable response in TA. In contrast, application of only the 
anterioposterior disturbance without the vertical component (BU) produced a short latency 
response in TA (6O.9±l .4 ms) while producing either no response in SOL (n=l) or a short 
latency inhibition of the ongoing activity (n=3,67.O±5.67 ms). Therefore, the contraction 
of SOL appears to be related to the loading of the limb, whereas the contraction of TA is 
related to the anterioposterior disturbance of the centre of mass. Moreover, the co
contraction of SOL and TA produced by the DBU perturbation suggests that these 
individual compensatory reactions can be elicited simultaneously, despite their conflicting 
actions. We suggest that this conflict arises due to the reactions of two control systems 
acting simultaneously, one to maintain anterioposterior equilibrium and the other to control 
vertical loading. Supported by MRC (Canada) and AFIFMR (Alberta).

838.10

WALKING A N D  THINKING: INTERFERENCE OF MOTOR AND  
COGNITIVE FUNCTION.
J. Binder: R, Miltneπ J. Netz; V. Hömberg*. Neurological Therapy 
Center, Heinrich-Heine-University Düsseldorf, Germany 

A  well-known method in cognitive psychology are dual-task- 
paradigms. The interferences o f two tasks show the degree of 
automaticity. To clarify the mutual relationship between cognitive 
resources and highly overtrained motor activity such as ambulation we 
designed a test to measure motor automaticity: 20 healthy subjects were 
examined analysing the interference o f  cognitive function through a 
serial-arithmetic task (PASAT) with different motor function (standing, 
normal, slow , fast walking, and jogging). PASAT errors and motor-task 
parameters such as velocity, stride parameters and their intraindividual 
variance were analysed. For simultaneous motor and cognitive functions 
we found trends toward a decrease o f  performance but no significant 
changes in comparison to the single performed tasks. The significant 
main effect (p=O,O29; Mann-Whitney U-Test) was shown in the 
comparison o f ,,PASAT alone" (0,95 errors) with ,,PASAT and 
averaged motor function" (1,86 errors). With PASAT the gait velocity  
o f slow and fast walking conditions changed towards the velocity of  
normal gait. We conclude that even during overlearned motor functions 
as gait cognitive resources in normal subjects arc needed and cannot be 
used for other tasks following a limited capacity model.

838.12

THE H UM AN SOLEUS H-REFLEX M O DULATION DURING THE 
TRANSITION FROM RELAXED SITTING TO W ALKING M .V oigt,
B. Vanwanseele and R. Riso* Center for Sensory-M otor Interaction, 
Aalborg University, Denmark. Email mv@ sm i.auc.dk.

Soleus (SOL) H-reflex modulation was measured in the both legs in 
seven normal subjects during the transition from relaxed sitting to 
walking. The movement sequence started with relaxed sitting on a chair 
followed by a sit-to-stand transfer and four walking steps. The timing 
was controlled by auditory cues. The H-reflex did not change between  
the ‘Ready’ and ‘G o’ signals (-1 1 0 0  -  0  ms). During the sit-to-stand 
transfer (0 -  600 ms) where only a slight dorsi-flexion occurred the H- 
reflex decreased about 80%. There was a strong negative correlation 
between the tibialis anterior (TA) EMG amplitude and the H-reflex in 
both legs (r = -0.88, p=0.005 on average), w hile there was no significant 
correlation between the SOL EMG and the H-reflex. The gain o f the 
TA-related H-reflex depression was about 100% larger in the leading 
than in the trailing leg. During the follow ing two walking steps the H- 
reflex was positively correlated to the SOL EMG (r = 0.83, p < 0.0005  
on average), while there was no significant correlation between the TA  
EMG and the H-reflex. During the repeated execution o f the movement 
sequence the H-reflex during relaxed sitting was only 50% o f the 
reference level (41±6% Mmax). The subjects had to sit relaxed for one 
minute or more before the H-reflex returned to the reference level. This 
very long lasting depression o f the H-reflex has not been described 
before and the mechanism(s) behind has not been investigated so far.

838.14
COMPENSATORY LIMB REACTIONS EVOKED IN RESPONSE TO 
PERTURBATION OF LOCOMOTOR MOVEMENTS. W.E.McIlrov*1. S P errv , 
R.G.Norrie2. J.D.Brooke2 and B.E,Maki3. 'Grad. Depart, of Rehab. Sci.. 3Sunnybrook 
HSC. Univ. of Toronto. 2Dept. Human Biol. & Nutr. Sci., Univ. of Guelph, Canada 

Previous studies have revealed the prevalence of compensatory stepping and 
grasping reactions in response to perturbation of upright stance. These reactions are 
characterized by rapid onset latencies and movement times, which serve to establish 
very quickly a new base-of-support. However, it is likely that the ongoing changes in 
sensorimotor and biomechanical states associated with locomotor activity will have a 
profound influence on the control of such reactions The present study' is the initial 
phase of a new series of studies that will examine the control of compensatory 
stepping and grasping behaviour when evoked during locomotor movements In 
contrast to previous studies, which have been restricted to perturbations in the AP 
plane, the present study also includes ML perturbations. In addition we plan to link 
the measured patterns of muscle activity' with biomechanical measures of stability (i.e 
relationship between COM and base of support). Seven young subjects were 
instructed to "walk-in-place" on forceplates mounted on a large platform capable of 
mov ement in any horizontal direction. The rate of walking was cued by a metronome 
(100 steps/minute). Perturbations were applied randomly in either the AP or ML 
directions when either the left or right foot neared complete unloading (<5% body 
weight). Responses were measured from both stance and swing limb muscles in 
response to the applied perturbations. Timing of the onset of activity measured from 
tibialis anterior and medial hamstrings of the swing limb, was used to reflect the onset 
of compensatory stepping movements (average latencies ranged across subjects from 
117-145ms). The pattern of activ ity w as influenced by the direction of the perturbation 
and the strategy (e g. pattern of stepping). These results provide a template upon 
which we have begun to explore the influence of sensorimotor and biomechanical 
changes on compensatory balance reactions. Supported by' NSERC and MRC Canada
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838.15

HUMAN SOMATOSENSORY EVOKED POTENTIAL (SEP) GAIN INCREASES 
DURING ANTICIPATION OF A PERTURBATION IN A SEATED FOOT 
PLATFORM BALANCING TASK. D C. Bishop*1. W.E. Mcllrov2, J.D. Brooke1, R G  
Nom e1. A.J. Nelson1 'Neurophysiology Lab. Depts. Human Biol. & Nutr. ScL 
University ofGuelph. and Grad Dept Rehab.Sci.. University of Toronto. Canada.

It is proposed that the state of the afferent pathways is to a large extent dependant on the 
kinaesthetic requirements of the task. Cortical SEPs were measured in two experiments. 
Subjects controlled an inverted pendulum foot platform while seated in a rigid chair The 
platform was controlled about the plantar-dorsi flexion axis of the ankle. In the first 
experiment subjects w ere tested in two conditions interdigitated amongst each other. In 
the first condition (hold) subjects were instructed to maintain the platform at a 
comfortable position. In the second condition (perturbation) subjects held the platform in 
the same position as in the hold condition but were told to expect and correct for a 
perturbation We tested the hypothesis that SEP gain would increase from hold to 
perturbation. In the second cxpeπment the same tasks were performed with the addition 
of vibration of the quadriceps muscle to elicit peripherally induced depression of the 
SEPs. The subjects were blindfolded and the perturbations were induced manually by the 
experimenter. SEPs were ev oked by stimulation of the tibial nerv e at the popliteal fossa 
and recorded at Cz'. 2cm caudal to Cz. The position in time of the stimulus relativ e to the 
perturbation was randomized. M waves were monitored to maintain stimulus constancy. 
Our hypothesis was supported by the data. SEPs in the perturbation condition of 
experiment 1 showed a significant increase in gain relative to the holding condition 
(p<.O5). Position of the ankle at stimulus. M waves, and bilateral soleus integrated 
EMGs were stable (all p>.05) A similar increase in SEP gain occurred in the second 
experiment, now with prior attenuation of SEPs. Soleus H-reflexes did not change 
between conditions. It is concluded that anticipation of a perturbation in this seated task 
led to increased SEPs. possibly reflecting a facilitation of the afferent pathways. Further, 
there was separated control of ascending (SEPs) and spinal (H-reflex) paths. Research 
supported by NSERC Canada.

838.17

ARE ANTICIPATORY POSTURAL ADJUSTMENTS WHICH OCCUR PRIOR TO 
REFLEXIVE FOOT LIFT MODIFIABLE ACCORDING TO THE POSTURAL 
DEMANDS? L.R.Bent*. W.E. Mcllrov. J.R. Potvin. J.D. Brooke. Dept. Hum. Bio. & 
Nutr. Sci, University of Guelph, Guelph Ontario, CANADA N1G 2W1.

Voluntary movement necessitates an anticipatory postural adjustment (APA) for the 
purpose of minimizing the destabilizing forces caused by the focal task. Such APAs 
are modifiable to match the magnitude, duration and direction o f the postµral 
disturbance. Previous work has revealed that reflexive stepping elicited by noxious 
stimulation is often preceded by an APA. The objective of this study was to establish 
whether such short latency APAs could be altered according to the task specific postural 
demands. To impose these postural demands, subjects were instructed to shift their 
bodyweight (BW) to the left or right at the onset of the trial. The magnitude of the shift 
was monitored to ensure 33% BW on one leg (unloaded condition) and simultaneously 
67% BW on the other (loaded condition). The third postural position was neutral, with 
50% BW on each foot. To evoke withdrawal responses, a stimulus train of duration 
50 ms (1 ms square wave pulses, 300 Hz, 4 times perceptual threshold ) was applied to 
the plantar surface o f the left or right foot. For analysis, emphasis was placed on trials in 
which a step took place. The results showed that as the percent of BW increased on the 
stimulated foot, the frequency of the occurrence of an APA increased significantly 
(p<0.01). Also, as was hypothesized, the magnitude of the APA (peak CoP excursion) 
increased as the weight on the leg increased (1.1,3.2, 5.4 cm for the unloaded, neutral 
and loaded conditions respectively). In addition, the latency from the stimulus to the 
onset o f the APA prior to the noxious withdrawal varied with the percent o f BW on the 
stimulated foot; range 103 ms to 137 ms. Evidence of modification of the APA prior to 
the onset of the withdrawal reflex is revealed by these results which indicate changes of 
frequency, magnitude and onset of the APA with changes in BW on the swing foot.
In short, these rapid postural adjustments can be modulated during the brief time interval 
prior to movement onset to match the ongoing changes in postural demand.
Supported by NSERC Canada.

838.19

HUMAN INFANTS WALK BACKWARDS AND SIDEWAYS WITH 
SUPPORT, AND ADJUST TO DIFFERENT WALKING SPEEDS J.F. 
Yang*. T. Lamb. R. Vishram. Dept, of Physical Therapy and Division of 
Neuroscience, University of Alberta, Edmonton, Canada T6G 2G4

Grillner (1981) hypothesized that different forms of walking are 
controlled by the same rhythm generators. If true, any individual who is 
capable of one of the forms of walking should be capable of all forms of 
walking. Moreover, the different forms of walking should show similar 
characteristics, such as the adjustments to different walking speeds. Infants 
show a stepping response from birth. This response is thought to be 
relatively independent of the cerebrum. It is elicited by touching the feet to 
a solid surface and leaning the body forwards (i.e., extending the hips). 
These inputs elicit walking movements in the forward direction. We tested 
whether infants (<  1 year of age) who show sustained forward walking also 
show other directions of walking. Supported walking was elicited on a 
treadmill, and attempted in all directions. In general, infants that showed 
sustained forward walking also showed walking in all other directions. The 
orientation of the infant on the treadmill (i.e., facing forwards, sideways or 
backwards) determined the direction of foot placement. The step cycle, 
stance and swing phase durations showed the same dependence on treadmill 
speed as in forward walking. Thus, the results are consistent with the 
hypothesis that the same rhythm generator controls all forms of walking in 
the young infant.

Supported by NSERC (Canada) and AHFMR (Alberta).

838.16
GATING OF TIBIAL NERVE SENSORY EVOKED POTENTIALS (SEP S) AND 
H-REFLEXES ASSOCIATED WITH CHALLENGED UPRIGHT POSTURAL 
TASKS. R G. N om e1. W.E. Mcllrov2, J.D. Brooke' *. D C. Bishop1 , A.J, Nelson' and 
BE.M akr .'Neurophysiology Lab. Depts. of Human Biol. & Nutr Sci.. Umv. of 
Guelph, and 2Grad. Dept. Rehab. Sci.. 3Sunnybrook HSC. Unix of Toronto. Canada 

It is proposed that the CNS requires additional kinesthetic information with 
increasing challenge to upright stance. Such changes in the integrity of the afferent 
path wavs at the cortical and spinal level can be represented by the cortical SEPs and 
spinal reflexes respectively. In the present study, such measures were obtained during 
specific balance tasks, selected on the basis of challenge to stability, to determine if 
such task-specific modulation occurs, It was hypothesized that an increase in the 
challenge of maintaining upright posture would be associated with an increase in the 
amplitude ofboth cortical SEPs (P l-N l) and spinal H-reflexes. In E l. SEPs and H- 
reflexes were elicited from the tibial nerve at the popliteal fossa in five healthy adults 
in 3 task conditions: 1) standing still eyes open (EO). 2) standing still eyes closed 
(EC), 3) standing EO on an unstable platform (free to move in AP direction). 
Surprisingly, the EC SEPs were depressed when compared to EO (35%. p< 05); 
challenged balance showed no change from the fixed support EO condition. In E2. 
subjects stood with EC as tested in E l and EC on the secured platform in which rapid 
rotational perturbation were randomly deliv ered. Stimulations were only presented 
when subjects were stable (e g. nev er during an imposed perturbation). In this latter 
task condition, with the presence of a threat of imposed instability, the SEPs were 
elevated as compared to EC controls (51%, p<.O5). In contrast, soleus H-reflexes 
responses, in El and E2, remained stable across all balancing conditions (p=0.34) and 
were not reflective of changes in cortical SEPs. We can conclude that the challenge of 
impending instability raises SEPs, perhaps reflecting cortical use of somatosensory 
information. Thus, this CNS response for the ascending path was separately 
controlled from that for the spinal one. Research supported by NSERC Canada.

838.18

A NEURO-FUZZY-GENETIC MODEL FOR THE PROACTIVE CONTROL 
SYSTEM OF HUMAN LOCOMOTION. M. Armand, A.E. Patla, J.P. Huissoon, 
R.A. Clendaniel*. Dept, o f  Mechanical Engineering & Kinesiology, University o f  
Waterloo, Waterloo, ONT., Canada N2L-3Gl

Adaptive locomotion in humans has certain characteristics: a) it satisfies several 
objectives at the same time, b) the human ambulator adapts to new environmental 
conditions using its previous knowledge without re-learning, c) humans are able to 
perform various strategies when exposed to similar conditions. We have developed 
a neuro-fuzzy control architecture that demonstrates the above characteristics. The 
five degree of freedom model of the lower limbs learns to adapt and coordinate its 
limb movements in order to step over various sized obstacles at different locations. 
The model learns its rules and its linguistic definitions (e.g. large obstacle) by 
performing genetic optimization routines and reinforcement learning. The learning 
algorithms were designed to achieve three objectives: clearing the obstacle, 
minimizing toe elevation, and producing a safe landing.

The simulations showed that the neuro-fuzzy-genetic model was able to achieve 
an adaptive behavior. Although genetic optimization w'as performed for one 
obstacle height, the network produced parameters that provided safe clearance and 
stable landing for a range of obstacles. The simulation also showed that the use of 
active control during the swing phase was more critical for the trailing limb (the 
second limb stepping over the obstacle) than for the leading limb. When the leading 
limb stepped over the obstacle, the requirements for active control on this limb was 
minimal for producing obstacle clearance and a safe landing. These results may 
suggest that when the CNS does not rely on active control to produce a satisfactory 
trajectory during the swing phase, it can use these resources to produce a faster 
recovery strategy in the case of unexpected perturbations to the body center of mass 
(such as an unexpected trip over an obstacle).

Supported by a Grant from NSERC Canada

838.20
MOTOR IMAGERY AND PERFORMANCE OF BIPEDAL CYCLING ACTIVATE 
MEDIAL AND LATERAL MOTOR AREAS DIFFERENTIALLY: K.M. Stephan. 
G. Wunderlich. F. Binkofski. L. Tellmann. H. Herzog. R.J. Seitz and H.-J. Freund* 
Department of Neurology, University of Düsseldorf and Institute of Medicine, 
Research Center Jülich, Germany

Bipedal coordination was studied in a group of normal subjects (n=8) during (1) 
performance and (2) imagination of a highly automated mainly proximal motor task: 
cycling while lying in a PET-scanner. We had two control conditions: exploring the 
sensory feedback o f the legs and their position in space while resting with both legs (3) 
and rest itself (4).

During cycling, subjects activated mainly medial motor areas: bilateral primary 
sensorimotor areas of the legs, caudal cingulate motor areas, bilateral thalamus and 
bilateral cerebellum. Motor imagery of cycling movements compared to rest activated 
rostral cingulate areas and additionally several lateral motor associated cortical areas 
close to the areas normally involved in hand control: ventral and dorsal premotor areas 
and inferior posterior parietal areas predominantly on the left. These left lateral 
premotor and parietal areas became also active during the first control condition: 
exploration o f leg position and somatosensory feedback during rest. A direct 
comparison between motor imagery of cycling with this sensory exploration condition 
revealed activation of bilateral opercular premotor and rostral anterior cingulate areas.

Our results suggest that automated lower limb movements such as cycling are 
controlled by a central executive motor system including primary sensorimotor areas, 
cingulate motor areas, thalami and cerebellum. Additional motor related areas situated 
on the lateral surface of the brain close to areas known to be involved in hand control 
can also become activated during selective attention towards lower limb movements: 
ventrolateral premotor areas during the (mental) establishment of dynamic aspects of 
bipedal coordination and inferior parietal areas during the exploration and ideation of 
position and somatosensory feedback of the legs.

Society for Neuroscience, Volume 2 4 ,19 9 8
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839.1

ADAPTATION TO PERTURBATIONS APPLIED IN TH E LATTER HALF OF 
HUMAN REACHING M OVEM ENTS Y. Matsuoka1, M.K. Holden*2, E. Bizzi2 
The Artificial Intelligence Lab1 and Department of Brain and Cognitive Sciences2, 
MIT, Cambridge. MA.

When human subjects are asked to make one continuous reaching movement to 
a target, they generate straight hand trajectory. When viscous force perturbations are 
applied, the movements are initially distorted towards the direction of the forces, how
ever, the hand trajectories are shown to become straight with adaptation. Based on this 
finding, many models make an assumption that humans use spatial error signals rela
tive to a straight line trajectory to correct their movements during adaptation. We show 
in this work that when the force perturbation is applied only to one part of a continuous 
movement, the hand trajectories are not necessarily straight even after adaptation.

Subjects were trained to make 20 cm long reaching movements in one direction. 
This reaching movement was shown to be straight before any force perturbation. The 
force field used for training had no perturbation for the first 8 cm of the movement 
and a velocity dependent perturbation for the last 12 cm of the movement. The initial 
exposure to this force field showed no distortion for the first 8 cm but was heavily 
distorted towards the direction of the force for the last 12 cm of the movement. After 
adaptation, the target was reached consistently at the end of the movement but the 
trajectory was not straight: The movement included compensation at the beginning 
of the trajectory where forces were not applied. The direction of this initial bias was 
to the opposite direction of the force perturbation which is experienced later in the 
trajectory. During the latter half of the movement, the trajectory was pushed back to 
the target by the perturbation forces, resulting in arched movements as a whole. This 
result makes a point that the correction of reaching movement is not necessarily based 
on the spatial error from a straight movement. Furthermore, distortion in the movement 
was observed for the areas where no perturbation was applied showing a generalization 
effect.

Research supported by ONR grant N00014-95-0445 and NIH grant MN481185 
and YM supported by MURI grant N 00014-95-1-0600.

839.3

INTERCEPTION OF CIRCULARLY MOVING TARGETS: PSYCHOPHYSICS IN 
MONKEYS. H. M erchant . A. B a ttaq lia-M aver and A .P. G eorqopou losft Brain Sciences 
C enter, Dept, o f V e terans A ffa irs M edical C enter, M inneapolis MN 55417.

R hesus m onkeys w ere  tra ined to in te rcep t v isual stim u li m oving on a low -contrast 
c ircu la r path (5.5 deg o f v isual angle). The  s tim u li began at 3 o ’c lock and moved 
counterc lockw ise . There w ere tw o types o f ta rge t m otion: real m otion (RM ) and apparent 
m otion (AM ). In RM the stim u lus occupied success ive  positions on the circ le  every 16 
m s w hereas  in AM  five 16-m s stim u li w ere  flashed  success ive ly  at the  vertices o f an 
inscribed pentagon. There w ere 8 stim u lus speeds (180 to 560 deg/s) im p lem ented by 
varying the num ber o f stim uli presented (in RM cond ition) o r the in terstim ulus interval (in 
the AM  condition). The  anim al in tercepted ta rge ts at 6 o ’c lock by exerting fo rce  on a 
sem i-isom etric x-y joystick . The fo rce  exerted w as d isp layed as a cu rso r on the screen. 
The  constan t angu la r e rro r in direction (φ) w as ca lcu la ted  as the signed d ifference 
betw een the ta rge t and the feedback cursor d irections, w hen the cu rso r crossed the  path; 
negative and positive  φ ind icated early and late in te rceptions, respective ly. W e 
investigated the effect on φ o f (a) the m otion type, (b) the ta rge t speed, (c) the elim ination 
of the jo ys tick  cursor a t the  onse t o f the response tim e, and (d) the  e lim ina tion  o f the 
c ircu la r path. W e found the fo llow ing: (a) The type  o f s tim u lus m otion (AM, RM) had a 
s ta tistica lly  s ign ifican t e ffect on φ (AN OVA, F-test, P = 0.01). (b) N e ither the speed no rthe  
M otion Type  X Speed interaction term s w ere s ign ificant. In the RM condition, φ w as near 
zero fo r all speeds; in the AM  condition, it was negative fo r m ost o f the speeds except fo r 
the h ighest speed, fo r w hich it w as positive, (c) E lim ination o f the joys tick  feedback 
cursor resulted in an earlie r in te rceptions (m ain e ffect o f C ursor condition, P<0.001, F- 
tes t in AN O VA). This e ffect w as m ore p ronounced in the AM  cond ition  (M otion Type X 
C ursor interaction, P=0.01). On the o ther hand, (d) the  absence  o f low  con trast path 
resulted in increased φ fo r the slow  speeds o f the  AM  s ituation (C ursor X S peed X  M otion 
Type interaction, P<0.001). These results show  tha t the type  o f stim u lus m otion as well 
as the con tinuous availab ility  o f the feedback cursor, the low -contrast s tim u lus path and, 
under certa in  cond itions stim u lus speed, are all im portant facto rs  fo r accurate  
in te rcep tion . The  system atic  errors in in terception observed  during the various 
experim enta l cond itions above provide an ins igh t into the w ay in w h ich  these  facto rs  may 
in teract fo r successfu l perform ance. (Supported by U SPH S g ran t PSM H 48185).

839.5

FINGER AND BOW COORDINATION IN PLAYING THE VIOLIN: A CHALLENGE 
IN UNDERSTANDING COMPLEX AND LEARNED BIMANUAL SKILLS.
A.P. Baader*. H.-P. MarroandM. Wiesendaneer. Laboratory of Motor Systems, Dept, 
of Neurology, University of Berne, Inselspital, CH-3010 Berne, Switzerland.

Playing the violin requires precise coordination by the fingers of the left hand and of 
bowing by the right hand. Kinesiological studies on interlimb coordination of string 
players are lacking. We present first results concerning bimanual coordination.

Regular simple sequencies of 4-10sec duration were played repeatedly and at different 
speeds imposed by a metronome. During each bow stroke one or two notes were played. 
Reflecting markers were attached to record movements of the left fingers II, III, IV, V 
and of the bow. Additional markers were fastened to the pendulum of the metronome for 
reference time signals on the violin for correcting its movements. A movement analysis 
system (ELITE, 2D) recorded the movements at sampling rates of 100Hz. Recordings of 
the performance, together with the sound track, were also made by means of a 
conventional video system.

Taking vm„ of the active left-hand finger and v„ (reversal points) of the right-hand 
bow stroke, it was possible to assess intermanual synchronization. The intervals (10- 
50ms) depended on the speed of playing and on which finger preceded the active finger. 
For example, when the index finger was preceded by the ring finger, the interval was 
consistently longer than when it was preceded by the middle finger. The size of peak 
velocity similarly depended on the preceding finger. During movement of the action 
finger, all other fingers were co-activated as well. Coupling between fingers was 
strongest between little and ring finger and least between index finger and the other 
fingers. Separation of co-activated fingers occurred one bow stroke before one of them 
became the action finger. These observations suggest that sequential fingering for 
producing a melody is the net result of many muscle actions. In agreement with the 
work of Schieber (1995), it appears that individuation of fingers is produced by the 
weighted contribution of an ensemble of activated and inhibited muscles.
Supported by the Swiss National Science Foundation (NFP38) and the Novartis Foundation.

839.2
RESPONSES TO REPEATED PERTURBATIONS O F ARM  M OVEM ENT IN 
RHESUS MONKEYS. D. J. WeberL A. ChiLW. S. Lin1. A. B. Schwartz**. J. Hef* 
Chemical, Bio, and Materials Engineering, Arizona State University, Tempe, AZ, 
85287-6006. ^Neurosciences Institute, La Jolla, CA 92121

We have previously demonstrated that human subjects develop an anticipatory 
strategy to improve performance of reaching tasks under repeated force perturbations 
applied to the wrist. The same experimental protocol has been applied to rhesus 
monkeys with implanted multi-channel cortical electrodes. The simultaneous recording 
of neural activity in motor cortex, EMG in 7 arm muscles, and arm movement 
trajectories presented us the data for investigation of cortical and sensory feedback 
control and adaptation of visually guided reaching movement. Rhesus monkeys are 
trained to perform a 3-D center-out reaching task. Force perturbations (an impulse at 
the early, acceleration phase of the reaching) are delivered through a string attached to 
the wrist of the moving arm. A loadcell is used to measure the tension in the string. The 
effect of the perturbation is different on movements toward each o f the eight targets. 
This allows us to investigate the correlation of neural activity derived trajectory with 
actual movement trajectory under both loading and movement direction perturbations.

Preliminary results and data analyses demonstrate that the stability o f the cortical 
neural activity is promising with a ± 3.5°variation in preferred directions o f recorded 
neurons when no perturbation is applied. A strong co-activation o f biceps and triceps is 
observed as an early strategy to counteract the perturbation, and changes in shoulder 
muscles have been less significant in responding to perturbations. The EMG and 
kinematic data clearly showed the perturbation effect is different for the eight 
movement directions. This effect is characterized as a directional, loading, or a 
combined loading and directional change, and each elicits a different response from the 
monkeys.

The research is supported by the Whitaker Foundation, and PHS grants N01-NS-
6-2347, and T32-N507309.

839.4
M OVEM ENT KINEM ATIC PARAM ETERS AND NEURAL ACTIVITY IN 
TH E M ON KEY M O TO R  C O R TIC E S D U RING VISU ALLY GU ID ED  
PLANNER ARM M OVEM ENTS. E. M IYASHITA*. Lab. of Neurobiol., Natl. 
Inst. Physiol. Sci., Okazaki, Aichi, 444, Japan

The aim of the study is to investigate the coordinate system in which neural 
activity in the monkey motor cortices encodes kinematic parameters of visually 
guided arm movements. Two monkeys (Maccaca fuscata) were trained to move a 
handle of two-joint manipulundum to hit a target on a computer monitor by the use 
of visual feedback of the position of the handle displayed as a cursor on the monitor 
(Neurosci. Abstracts vol. 22, 354.19). Positions of the handle and monkey’s elbow 
and shoulder joints were measured during the task. Neural activity of 23 cells was 
recorded from one monkey’s motor cortices during performing the task. Eleven 
neurons were arm movement-related and not digit or wrist movement-related ones. 
Of these 11 neurons, firing profiles of 3 neurons were closely related to speed 
profiles of the handle movements, each of which had a preferred direction. 
However, firing profiles of the rest of 8 neurons were related more closely to 
angular speed profiles of the elbow or shoulder joint angles or summation of the 
both speed profiles than to speed profiles of the handle. These results suggest that 
there are two coordinate system in the monkey motor cortices, that is Cartesian and 
joint-centered coordinate systems, in which neurons encode kinematic parameters of 
visually guided planner arm movem ents. Supported by grant-in-aid for 
encouragement of young scientist 09780773 from the Ministry of Education, 
Science, Sports, and Culture.

839.6

COORDINATE FRAMES FOR WRIST MOVEMENTS. S. Kakei*, D.S. 
Hoffman and P.L. Stride Research Service, VAMC and Depts. of 
Neurosurgery and Physiology, SUNY-HSC, Syracuse, NY 13210.

To help define the "intrinsic" (muscle-based) coordinate system for the 
wrist, we examined the influence of changes in wrist position on muscle 
activity associated with wrist movements in different directions. We 
recorded the activity of 10 forearm muscles while monkeys made rapid 
step-tracking movements that required combinations of flexion-extension 
and radial-ulnar deviation. These movements were performed while the 
wrist was in three positions: Pro (fully pronated), Mid (midway between 
pronation and supination) and Sup (fully supinated). We determined the 
preferred direction (PD) of each muscle for each wrist position. When the 
wrist position is changed from Pro -+ Mid -►  Sup, the coordinate frame 
related to the wrist joint changes 180°, whereas the extrinsic coordinate 
frame describing movements in space does not shift. The same change 
in wrist position resulted in an average change of only 71 ° in the preferred 
directions of wrist muscles (range = 46°-9O°). Thus, the shift in the 
coordinate frames of wrist muscles was intermediate between the shift in 
the extrinsic and wrist joint coordinate frames. These results suggest that 
the 3 coordinate frames (intrinsic, wrist joint and extrinsic) are sufficiently 
different to distinguish among them. We are presently using this 
paradigm to examine the coordinate frames and sensorimotor 
transformations that occur in the primary motor cortex and adjacent 
premotor areas. Supported by the VA Medical Research Service.
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839.7
MOMENTUM IS A CONTROLLED VARIABLE IN GRASP FORCE 
m o d u la tio n . A- Duhrç>w§kj*, C,. Wells, <¾,.,H- Carnahan, Dept, of 
Kinesiology, Univ. of Waterloo, Waterloo, ON, N2L 3G1, Canada.

It has been shown that when grasping or catching a moving target that the grip 
force generated on the object increases as the speed of the object increases. It is 
not clear however, whether this increase in grip force is related to the time 
constraints associated with grasping a moving target, or with the increased 
momentum (apparent mass) associated with stopping a moving target, since it 
has also been shown that grip force is correlated to the mass of the object. To 
investigate this confound subjects grasped 2 masses (104 g or 204 g) that were 
moving at 3 speeds (.228 m/s, .304 m/s, or .457 m/s). The momentum upon 
contact was calculated for each speed and mass cpmbination (LM = mv). Masses 
and speeds were selected such that the same momentum value was obtained for 
the 104 g/.457 m/s and 204 g/.228 m/s combinations. It was found that while 
peak force increased as a function of target speed and target mass, when the 
contributions of momentum were examined, this variable accounted for the 
majority of the variance. On the contrary, reaching trajectory, hand preshape and 
the timing of force generation were influenced only by target velocity. Thus, 
while momentum was the most important variable in predicting the grip force 
applied to a moving target, target velocity was most important in predicting the 
temporal characteristics of the prehension action such as reaching speed and time 
to peak grip force, in addition to grasp preshape characteristics. These results 
collectively address the independence of control between transport and grasp 
phases of prehension.
(Supported by NSERC).

839.9

COMPENSATION IN A R M -TR U N K CO O RDINATIO N FOR PERTURBATION  
DURING REACHING. S.V. Adamovich1 J*. M .F._Levin: . P. Archam baulf. H. 
Poizner1 and A.G. Feldman2, 'hist, for Information Transmission Problems, 
Moscow, Russia. Must, de Readaptation de Montreal. Montreal. Canada. ’Center for 
Neurosci.. Rutgers Univ.. Newark. NJ 07102.

The potential influence o f  the trunk movement on the hand trajectory is 
compensated by appropriate movements in the arm jo in ts (the compensatory 
synergy) when subjects intentionally involve the trunk, regardless o f  visual feedback. 
To test whether this compensation is guided by afferent (proprioceptive or>and 
vestibular) signals evoked by trunk movement, we studied fast arm movements (500- 
700 ms in duration) performed without vision to one o f  two remembered targets. 
These aπn movements were combined with trunk movements in the saggittal 
direction (combined movements). These movements were compared with those in 
which the trunk motion was blocked unexpectedly by an electromagnetic device 
(arrested movements). In the combined movements, the trunk started to move 
simultaneously w ith the arm. reached its peak velocity 110 ms and stopped 160 ms 
later than the arm. The average distance (15 cm) covered by the sternum in the 
saggittal direction diminished to 3 cm in the arrested condition. Pointing 
movements without trunk motion were also analyzed (arm -reaching movements). 
The averaged hand trajectories and tangential velocity profiles in the arrested and 
combined conditions were either identical or coincided except for the last phase o f  
movement which stalled more than 200 ms after peak velocity was reached. The 
final hand position was identical in the three conditions for three subjects. For the 
remaining subjects (N “ 3). a small but significant overshoot (about 2 cm) in the 
saggittal direction was observed in the combined movements. Patterns o f  inter-joint 
coordination demonstrated that, in the majority o f  subjects, the compensatory 
synergy was terminated as soon as changes stalled in the trunk kinematics due to the 
perturbation. Thus, the compensatory arm-trunk synergy is guided by afl'erentrather 
than independent central signals. Supported b\ N i l !  grant flNS3644<M>l. NSERC 
and the Russian Fund for Fundamental Studies grant #%-04-50755.

839.11

SPATIO-TEMPORAL REQUIREMENTS FOR THE 
COORDINATION OF REACH AND GRASP MOVEM ENTS. M  
Simoneau.1 J. Paillard.2* N. Teasdale.1 O. Martin.3 C. Bard1 and M. 
Fleurv1. d iv is io n  o f kinesiology, Université Laval, Québec, G1K 7P4; 
2CNRS-NBM , Marseille; ^Université de Bourgogne, Dijon.

The prehension o f an object requires the coordination o f a transport 
and a grasp phase. We examined how these two phases are coordinated 
when the task is performed in an unimanual context (the same hand 
performs the transport and the grasp phases), in a bimanual context 
(one hand brings the object to the grasping hand), and in an externally 
driven context (the object is transported by the experimenter). Control 
subjects and a deafferented patient participated. The spatio-temporal 
organization o f self-driven movements (uni- and bimanual) was 
similar; the grip kinematics being coupled with the onset o f the 
reaching movement in a predictive mode. This was observed for both, 
controls and the patient. For externally driven movements, the grasp 
organization was reactive and triggered from visual cues. It is 
proposed that a parallel feedforward control, taking into account the 
expected sensory consequences of the action, allows the coordination 
o f the transport and grasping phases in seif-driven movements. 
Proprioception and/or vision can subserve this mechanism.
Supported by NSERC (Canada) and FCAR (Québec).

839.8

INTERFERENCE EFFECTS IN EYE-HAND-COORDINATION OF YOUNG
AND ELDERLY ADULTS
A. Roll1. W. Wolf and G. Neuweiler*2.
'Universität der Bundeswehr, Munich, Germany, 2Ludwig-Maximilian-Universität, 
Munich, Germany.

The present experiment was designed to investigate the temporal relation between 
eye and hand reactiôns in young (YS) and elderly adults (OS). Single and dual task 
experiments were combined to compare saccadic and manual reaction time (RT) 
directly. We used the gap paradigm as an additional and more specific possibility to 
examine temporal components of both reactions and the relation between them. 
Because attention processes have been hypothesized to be involved in age-related 
performance deficits, our goal was to determine such age-related effects of the gap 
paradigm on eye and hand reactions. In this study eye and hand reactions in pro- and 
in antidirection were investigated. Saccadic reactions in the antidirection have been 
shown to require an inhibition of eye movement to the target.

Comparison of RTs in iso-directed (same movement direction) and in 
contra-directed (opposite movement directions) experiments show interference 
effects between eye and hand reactions in both age groups. The RT of one motor 
system depends on the direction of the other system indicated by shorter RT in 
iso-directed experiments. We have found a gap-effect of both reactions in all 
experiments. The OS group have shown longer RT than YS group, but there were 
no significant difference of saccadic and manual gap-effect between age groups. On 
the other hand, the OS group have shown a significantly higher proportion of 
anticipatory saccades in prosaccade tasks and significantly more prosaccades in the 
antisaccade tasks than the YS group. The two mechanisms of facilitation by fixation 
offset, where brain structures of the posterior attention system are assumed to be 
involved, and inhibition of reflexive saccades, which might be controlled by frontal 
brain structures, seems to be differently effected during aging.

839.10
ADAPTATION OF REACHING MOVEMENTS TO LATERAL VISUAL 
DISPLACEMENT IN DEAFFERENTED SUBJECTS. J.R. Lackner*1, P, 
DiZiofY. Lamarre2. J. Cole3. A. Feldman4. 1Graybiel Lab. and Volen Cntr., 
Brandeis Univ, Waltham, MA 02254; 2Dept Physiology., Univ. Montreal; 3Clin. 
Neurological Services, Univ. Southampton, Southampton, England S016 6YD; 
4Dept. Biomedical. Eng., Univ. Montreal, Montreal QC H35 2J4.

We studied adaptation of reaching movements to prismatically displaced 
visual targets (7 cm rightward) in 2 individuals with loss of myelinated sensory 
fibers innervating regions below the neck or jaw and 6 normal, age-matched 
controls. Seated subjects reached to a midline target on a horizontal surface 
in a well lit room. The hand was occluded until it moved 5 cm forward. Fingertip 
position was recorded during: 40 baseline reaches at a comfortable speed, 40 
movements while viewing the target through 20 diopter Frenzel lenses and 40 
reaches without the lenses. Peak velocity was the same for both groups 
throughout the experiment, but the movement time was longer for deafferented 
(DA) subjects because of a slow terminal drift. The baseline reaches of DA 
subjects were as straight and accurate as controls. Prismatic shift: DA 
subjects’ first reaches ended 4 and 8 mm right of baseline prior to drift; controls 
averaged 33 mm right. The peak trajectory deviations were 31 and 23 mm 
rightward for the DA subjects and averaged 38 mm right (s.d.= 8.4) for 
controls. The control group regained baseline performance in fewer reaches 
than the DA subjects. Post-prisms: control subjects showed mirror-image 
endpoint and trajectory deviations to errors originally induced by the prisms; 
DA subjects’ aftereffects were symmetric to their original deviations but much 
larger. We conclude that 1) DA subjects use vision more effectively to guide 
ongoing movements when a sensory perturbation is expected and 2) joint 
visual and proprioceptive input aids sensory-motor recalibration.

Supported by NASA grants NAG5-6056 , NAG5-6100 and NAG5-4836.

839.12

THE COORDINATION OF FINGERTIP FORCES DURING 
WHOLE-HAND GfRASPING. R . R e ilm a n n *12, A .M , G o rd o n 1 a nd  H. 

H e n n in q s e n 2. 1D e p t. o f B io b e h a v io ra l S c ie n c e s , T e a c h e rs  C o lle g e . 

C o lu m b ia  U n iv e rs ity , N e w  Y o rk , N Y  10 0 2 7 , 2D e p t. o f  N e u ro lo g y , 

W e s tfä lis c h e  W ilh e lm s -U n iv e rs ity , 4 8 1 2 9  M ü n s te r, G e rm a n y
T h e  p re s e n t s tu d y  in v e s tig a te d  th e  c o o rd in a tio n  o f  f in g e r t ip  fo rc e s  

d u r in g  w h o le -h a n d  g ra s p in g . S u b je c ts  g ra s p e d  an  o b je c t in s tru m e n te d  
w ith  fo rc e  tra n s d u c e rs  a t e a ch  f in g e r  a nd  l if te d  it 10 cm , a t a c o m fo r ta b le  

p a ce . T w e n ty - f iv e  lif ts  w e re  p e r fo rm e d  w ith  e a c h  o f  th re e  o b je c t w e ig h ts  

(3OOg, 6OOg, 9OOg). T h e  g r ip  (n o rm a l)  fo rc e  a nd  lo a d  ( ta n g e n tia l)  fo rc e  

w e re  re c o rd e d  s e p a ra te ly  a nd  th e  p o s itio n  o f  th e  o b je c t w a s  re co rd e d  

u s in g  an e le c tro m a g n e tic  p o s itio n  s e n s o r. P re lim in a ry  re s u lts  s u g g e s t 

th a t e a ch  s u b je c t g e n e ra lly  h a s  u n iq u e  p a tte rn s  o f  f in g e r  c o n ta c t o rd e r 

in d e p e n d e n t o f  th e  o b je c t ’s w e ig h t. A c ro s s  a ll s u b je c ts  th e  th u m b , in d e x  

o r l it t le  f in g e r  w e re  m o s t lik e ly  to  c o n ta c t f irs t a n d  th e  m id d le  f in g e r  to  

c o n ta c t las t. T h e  t im e  b e tw e e n  c o n ta c t o f  th e  f irs t  a nd  s e c o n d  d ig it  w a s  

s ig n if ic a n tly  lo n g e r th a n  th e  c o n ta c t in te rv a ls  b e tw e e n  th e  s u b s e q u e n t 

fin g e rs . In a p p ro x im a te ly  tw o -th ird s  o f th e  tr ia ls , a ll f iv e  f in g e rs  c o n ta c te d  

th e  o b je c t b e fo re  th e  in it ia t io n  o f  a p o s it iv e  lo a d  fo rc e . T h e  c o n tr ib u tio n  

o f  in d iv id u a l f in g e rs  to  th e  to ta l g r ip  fo rc e  v a r ie d  b e tw e e n  s u b je c ts , bu t 

g e n e ra lly  s h o w e d  a d e c re a s in g  o rd e r fro m  th e  in d e x , m id d le , r in g , to  th e  

s m a ll f in g e r  re s p e c tiv e ly . H o w e v e r, fo r  e a ch  in d iv id u a l th e  fo rc e s  

re fle c te d  th e  f in a l d is tr ib u tio n  a lre a d y  b y  th e  o n s e t o f  a p o s it iv e  lo ;.d  

fo rc e . T h e s e  p re lim in a ry  re s u lts  s u g g e s t th a t s u b je c ts  a c q u ire  in d iv id u a l 

g ra s p in g  p a tte rn s  in w h ic h  ea ch  f in g e r  fu lf il ls  a s p e c if ic  ro le  in th e  

e x e c u tio n  o f a g ra s p in g  m o v e m e n t.
Supported by the German Research Foundation (Deutsche Forschungs- 

gemeinschaft) (R.R.), NSF-IBN-9733679 (A M G.) and Alexander v Humboldt 
Foundation (H.H )
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839.13

MECHANICAL COUPLING OF EXTENSOR DIGITORUM COMMUNIS 
MOTOR UNITS ACROSS DIGITS OF THE HUMAN HAND. D A  Keen1*, S.F. 
Woodring1, M.H. Schieber2, and A.J. Fuglevand1. 1Dept. Physiology, Univ. of 
Arizona, Tucson, AZ 85721; ^Dept. Neurology, Univ. of Rochester, Rochester, 
NY, 14542.

Human and nonhuman primates possess an exquisite ability to manipulate 
each of the digits individually. Given this fine control, one might expect the 
contribution of single motor units from multi-tendoned muscles that supply 
each of the fingers to be highly selective for a particular digit. The purpose of 
this study was to examine the distribution of force from single motor units in 
the extensor digitorum communis muscle (EDC) to digits II through V. Force 
from each digit was measured separately with four transducers while human 
subjects performed weak to moderate intensity isometric extension of all four 
digits. The discharge of 60 motor units was recorded with tungsten 
microelectrodes inserted into EDC during contractions sustained for 1 -  3 min. 
Motor unit potential -  triggered averaging of each of the four force channels 
yielded the force contribution of individual units to each of the digits. Total 
motor unit force ranged from 0.8 mN to 50.3 mN with a mean (± SD) of 7.3 ±
8.0 mN. A selectivity index from 0 (for a unit which distributes force evenly 
across the digits) to 1.0 (a unit that contributes all of its force to one digit) was 
computed to describe the biomechanical coupling of motor units in this multi- 
tendoned muscle (Schieber et at. J. N e u ro sc i., 1997). The selectivity index of 
these human EDC motor units averaged 0.37 ± 0 .1 3  which is lower than 
values found previously in different multi-tendoned muscles in the cat and 
monkey. Given the dexterity of humans finger movements, our findings in 
EDC suggests that co-contraction of digit flexors must be used to achieve 
individuated extension of each finger, especially extension of digits III and IV 
which have no other long extensor.
Supported by NIAMS AR 42893 and NINDS NS 36341.

839.15

SPATIAL COORDINATION OF A PREHENSILE ACTION DURING 
REACHING AND PASSING MOVEMENTS. J. Wane and G.E. Stelmach*. Motor 
Control Laboratory, Arizona State Univ., Tempe, AZ 85287.

State-space control has been suggested as a mechanism underlying the 
coordination between the grasp and transport components during a prehensile 
action. The aim of this study was to examine the effects of different movement 
types (reaching and passing) on the spatial relationship between the two 
components. For the reaching movement, subjects were asked to reach for and 
grasp a cylindrical object using one hand. For the passing movement, subjects were 
asked to hold the object with one hand and deliver it to the other hand, so that the 
receiving hand could grasp the object without changing the hand location. The 
effects of movement direction (reaching/passing from left to right and from right to 
left hand) and amplitude (small, medium and large) were also examined. As the 
movement amplitude increased, hand-transport distance during the opening of the 
grasp aperture increased, although hand-transport distance during the closure of the 
aperture remained invariant. Neither movement type nor direction significantly 
influenced these parameters. Results indicated that such spatial coordination 
patterns between the grasp and transport components were preserved regardless of 
whether the prehensile action was performed unimanually or bimanually. These 
data suggest that the grasp and transport components during prehensile actions are 
spatially coordinated and that the closing hand-transport distance is an important 
variable that is controlled by the nervous system.
Supported by NíNDS NS 17421 and the Flinn Foundation

839.17

GRIP FORCE ADJUSTMENTS ACCOMPANYING VOLUNTARY LIMB 
MOVEMENT. D. L. W e e k s J. T. Noteboom1 2. and D. E. Sherwood2. 1 Dept, 
of Physical Therapy, Regis Univ.:2 Dept, of Kinesiology, Univ. of Colorado: 
Boulder, CO 80309.

When precision grip of an object is combined with limb movement, changes in 
grip force to avoid object slip theoretically can be accomplished with one of two 
modes of control: grip force changes can be applied in advance of movement 
initiation, thus preceding movement-dependent load force changes (anticipatory 
control), or grip force changes can be issued in response to load force changes 
(compensatory control). Movement velocity, which is correlated with load force 
changes, may be a determinant of the mode of control that will be used to adjust 
grip force. This study investigated the relationship between grip force changes 
applied to a held object during discrete limb movements of varying peak 
velocities. The limb movement was a horizontal elbow flexion performed with a 
pivoting lever. Grip force was measured via an object instrumented with force 
transducers for the forefinger and thumb. For each subject (n = 7), a positively 
accelerating quadratic relationship existed between grip force at movement onset 
and peak velocity. Cluster analysis was used to test the hypothesis that grip 
forces at movement onset in low velocity movements would be classified as an 
empirically distinct set of entities from grip forces in high velocity movements. 
Cluster analyses supported the hypothesis in that two distinct clusters of grip 
forces existed for each subject. One cluster was formed by high value grip forces 
at movement onset for high velocity movements, indicative of anticipatory 
control. A second cluster of low grip forces at movement onset existed for low 
velocity movements, indicative of compensatory control. Each method of control 
has advantages: compensatory' control may increase the ability of the hand to 
sense load force changes; anticipatory control may allow a large safety margin in 
grip force to avoid object slips.

839.14

TAXONOMIES OF HAND POSTURES FOR GRASPING OBJECTS? ML 
Santello*. M. Flanders and J. F. Soechtine. Neuroscience Program, University of 
Minnesota, Minneapolis, MN 55455

Napier in 1956 introduced the concepts of a "precision grip" and a "power grip" to 
define postures of the hand used in manipulating objects. Since then, numerous 
investigators have proposed further subdivisions, such as "prismatic" and "circular" 
grips, or "tripod", "lateral" and "tip prehension" grips. Such classification schemes 
imply that hand posture in grasp does not vary along a continuum, but rather that 
there should be a discrete set of postures (i.e. synergies) corresponding to each of 
the grips that have been defined subjectively. We set out to test this hypothesis by 
asking subjects to pretend that they were manipulating a set of common objects. In 
particular we asked them to reach and grasp each of 57 imagined objects that were 
named prior to the movement's onset. Hand posture was defined by measuring the 
angles at the metacarpo-phalangeal (m ep) and proximal interphalangeal (p ip) joints 
at each of the fingers and the thumb, as well as the abduction angles.

These measures were subjected to a variety of statistical analyses in order to test 
the hypothesis outlined above. Discriminant analysis showed that object shape could 
predict hand posture and thus that subjects behaved consistently. Principal 
component analysis showed that the first 3 components could account for ~ 95% of 
the variance, implying a substantial reduction from the 15 degrees of freedom of the 
hand. However, we could find no evidence for clustering of hand postures. In the 
space of principal components, the postures varied along a continuum, and 
accordingly, we were unable to find objective evidence for the taxonomies of hand 
postures that have been proposed. Nevertheless, there is a substantial reduction in 
the number of degrees of freedom. This reduction mainly arises from the high 
degree of correlation in the angles of the mep and of the pip  joints of each of the 
fingers, as was also found previously for a variety of other tasks.
Supported by NS 15018 from NIH.

839.16

DISSOCIATION BETWEEN GRASPING SUCCESS AND 
THE LIMB MOVEMENTS OF REACHING, FOLLOWING 
DORSAL COLUMN LESIONS IN RATS. I.E. McKenna* &
I.O. Whishaw. Department of Psychology and Neuroscience, 
University of Lethbridge, Alberta, Canada, T1K 3M4.

The dorsal columns (DC) convey primary afferent 
input to the rat ventrobasal thalamus and sensorimotor 
cortex. It is well known that damage to the DC results in 
impairments in limb use in primates, but the effects of lesions 
in rodents are not well documented. In the present study, 
female Long-Evans rats were trained to reach for food pellets 
with a forelimb and then received ipsilateral DC lesions at the 
C2 level. Reaching success recovered within a few days of DC 
injury. Nevertheless, a detailed analysis of high-speed 
videorecordings revealed that rotatory movements (aiming, 
pronation, supination, etc.) were irreversably impaired. 
Compensation was achieved with whole body and alternate 
limb movements. These results indicate that: (1) sensory 
input conveyed by the DC contributes to rats' performance of 
dexterous tasks; (2) other sensorimotor pathways support 
successful reaching in the absence of the DC; and, (3) detailed 
behavioral analyses are necessary to describe the effects of 
injury.
Supported by the Alberta Heritage Fund for Medical Research

839.18

THE EFFECTS OF W HOLE HAND VIBRATION ON PROPRIOCEPTIVE 
ABILITY OF HAND MOVEMENT. S. Radovanovic,1* S.J. D ay.1 R. Lundström2 
and H. Johansson1. 'Dept for M usculoskeletal Research & ¾ e p t of Technical 
Hygiene, National Institute for W orking Life, 907 13 Umeå, Sweden.

Applying vibration to a muscle alters proprioception by disturbing both the sense 
of limb position and movement. This erroneous information affects the performance 
of slow and fast voluntary movements, especially of slow movements requiring a 
high degree of precision. In many occupational tasks, slow hand movements are 
performed while holding tools emitting considerable levels of mechanical vibration 
within frequency ranges known to disturb proprioceptive sense. Although the 
vibration is distributed to more than one muscle, it is feasible that whole limb 
vibration-exposure may distort proprioception and a decreases motor performance.

The purpose of this study was to assess the impact of whole hand vibration on the 
proprioceptive capabilities of the wrist joint for position and velocity reproduction 
and for movement detection threshold. This study was conducted on 6 healthy, 
highly motivated volunteers. The subjects were comfortably seated with their 
forearms (around 120° of elbow flexion) held securely in an arm support while 
grasping the handle of the motorised rig. Wrist proprioception was assessed for 
both flexion and extension movements in the horizontal plane. For each 
proprioceptive task, the tests with vibration exposure interposed control tests. The 
exposure consisted of applying sine vibrations to the whole hand at a frequency of 
80 Hz. Grip force was kept constant to avoid changes in the level of forearm flexor 
and extensor co-contraction.

This is a novel method for investigating the effects of whole limb vibration 
exposure on proprioceptive capabilities. Observations indicate that vibration 
exposure has an impact on measures of proprioceptive sense. (Supported by 
Swedish Work Environment Fund and Swedish Sports Research Council)
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839.19

FRAMES OF REFERENCE FOR SENSORIMOTOR INTEGRATION IN 
HAND ORIENTATION MOVEMENTS. A.K. RAO*, A.M. GORDON 
and A.M. GENTILE. Biobehavioral Sciences, Teachers College 
Columbia University, New York, NY 10027.

We examined whether the nervous system uses intrinsic or extrinsic 
frames of reference for the organization of hand orientation movements. 
Subjects were presented with ten reference orientation angles along the 
frontoparallel plane. In Exp.I subjects aligned an object held in the left 
hand to a reference angle (visual + kinesthetic cues), closed their eyes 
and performed one of two tasks with a test object in the right hand: a) 
matched object posture or b) matched mirror-image hand posture. In 
Exp. II each subject's left hand was passively positioned at a reference 
angle with vision occluded (kinesthetic cues only). In Exp. Ill the 
reference angle was presented with visual cues only. Subjects in Exp. II 
and III performed the same matching tasks used in Exp.I. Matching 
object posture required use of an extrinsic reference frame whereas 
matching hand postures required use of an intrinsic reference frame. 
Constant and variable errors for matching object posture were 
significantly lower when the reference angles was presented either with 
visual + kinesthetic cues or with visual cues alone. When matching 
mirror-image hand postures, errors were significantly lower when 
reference angles were presented using kinesthetic cues alone. These 
results suggest that the nervous system can use multiple frames of 
reference during hand orientation movements. The preference of a 
particular frame of reference over another is determined by the salient 
cues present during performance.

839.20
E ffects of changing initial directions of multi- directional complex 
movements in humans G. Cheron*, B. Dan, A. Bengoetxea, J.P . Dr aye Lab. 
of Biomechanics, Free Univ. of Brussels, 1000 Brussels, Belgium; “Parallel Infor
m ation Processing” Lab. Faculté Polytechnique de Mons, 7000 Moris, Belgium.

For the formation of complex trajectories, the excess degree of freedom problem 
poses a real challenge to the motor control theory. The present experiments 
were designed to explore (1) the invariant properties of the velocity profiles and 
(2) the conservation of the covariation rules between geometrical and kinematic 
param eters in fast complex movements performed with diam etrically opposed 
biomechanical constraints imposed by different initial directions of movement. 
We investigated in normal hum an subjects the effect of changing initial direc
tion on the kinematics properties of figure ’eight’ movement performed as fast 
as possible by the right arm extended in free space. To this end, the motion of 
the index finger was m onitored by the ELITE system. It was found th a t the 
tem poral segmentation of the complex movement into different velocity profiles 
with respect to vertical (3 phases, I y - I I I y ) and horizontal (5 phases, I z - V ¦ ) di
rectional components is not significantly different whatever the initial direction 
of the movement. A significant relationship between the am plitude and the m ax
imal velocity for all the different phases (except the I I y  phase) dem onstrated 
a good conservation of the I s o g o n y  P r i n c i p l e .  Under the different initial direc
tions and in all subjects, a highly significant positive correlation was observed 
between the instantaneous curvature and angular velocity. This was expressed 
by a power law similar to th at previously described for other types of movement. 
Furthermore, it was found th a t the covariation between geometrical and kine
matic properties of the trajectory is not dependent on the initial direction of 
movement. These results support the idea th a t execution of a learned complex 
movement is mainly controlled by an internal model governed by at least two 
invariant commands reflecting the Isogony Principle and the symbolic code for 
the movement.
S u p p o r t e d  b y  th e  F N R S  o f  B e lg iu m
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THE shaking-B2 M UTATION ELIM INATES ELECTRICAL SYNAPSES IN 
DROSO PHILA  G IA N T FIBRES; C H EM IC A L SY NAPSES AND GLIAL 
GAP JU N CTIO N S ARE U N AFFECTED.
J. M. B lagburn1*. H. A iexopoulos. J. A, Davies and J. P. Bacon. 'Institute o f  
Neurobiology, Univ. o f  Puerto Rico, San Juan, PR 00901; Sussex Centre for 
N euroscience, Univ. o f  Sussex, Brighton, BN1 9QG, UK.

M utations in the D rosophila  shaking-B  gene perturb synaptic transm ission 
and dye coupling in the giant fibre escape system. Our electron m icroscopical 
evidence suggests that the giant fibre (G F) to tergotrochanteral m otorneuron 
(TTM n) synapses have a chem ical, as well as electrical, com ponent. The 
GAL4-UAS system was used to express a GFP-synaptobrevin construct in the 
GFs; G FP was localized where the GFs contact the peripherally-synapsing 
interneurons (PSIs) and the TTM ns. A ntibody to Shaking-B protein stained 
plaque-like structures in the same regions o f  the GFs, although not all plaques 
colocalized with GF-synaptobrevin. Electron m icroscopy showed that the GF- 
TTM n and GF-PS1 contacts indeed contained m any chemical synaptic release 
sites. These were interposed with extensive regions o f  close m em brane 
apposition (3.25 ± 0 .1 2  nm separation) with faint cross-striations and a single
layered array o f large presynaptic vesicles. These contacts appeared sim ilar to 
rectifying electrical synapses in the crayfish, and were selectively elim inated 
in shakB 2 m utants. Gap junctions with m ore v erteb rate-like separation o f 
m em branes (1.41 ± 0.08 nm) were abundant betw een peripheral glial 
processes; these were unaffected in the m utants.
Supported by NTH NSO7464 and the BBSRC, UK.

840.3

OUT-OF-PHASE OSCILLATIONS IN A NETWORK CONNECTED WITH 
INHIBITORY GRADED TRANSMISSION CAN BE DRIVEN BY POSITIVE 
FEEDBACK BETWEEN LOW-GAIN SYNAPTIC TRANSFER FUNCTIONS.
P .F .R o w a t* . Inst, for Neural Computation, Univ. of California,
San Diego, La Jolla, CA 92093-0523.

In the lobster pyloric network with no modulatory input, isolated pairs of quies
cent cells connected with graded reciprocal inhibition can be induced to oscillate by 
carefully chosen paired current injections in each cell (Miller & Selverston 1982). 
Since bursts of one cell start before inhibitory bursts in the other cell terminate, we 
examined the hypothesis that oscillations occurred by the escape mechanism (Wang 
& Rinzel 1992).

Using a minimal network model with non-oscillatory cells without plateau poten
tials but with post-inhibitory rebound, the network behavior was mapped as a func
tion of the two injected currents. If the synaptic gain -  the slope of the synaptic 
transfer function — is too high, a region of network bistability is present between 

regions of oscillations by "escape" and "release" mechanisms, which must be tra
versed by the reported sequence of current injections (Miller &Selverston 1982). If 
the gain is lower this region disappears and the model and the data are mutually 
compatible. If the gain is reduced further the regions of escape and release merge 
into a single region where oscillations are driven by a new mechanism, utilizing 

positive feedback between the synaptic transfer functions. The mechanism also 
occurs in more complex models. Physiological protocols to distinguish this 
mechanism from escape and release are given.

This oscillatory mechanism may be present in central pattern generators in the 
lobster and in the molluscs Clione and Cavolinia.

PHYSIOLOGICAL RESPONSES OF A NITRIC OXIDE-SENSITIVE 
PERIPHERAL NEURAL PLEXUS IN LARVAL M A N D U C A  
S E X T A .  W,B. Grueber and J.W. Truman*. Dept, of Zoology, Univ. 
Washington, Seattle, WA 98195.

Subepidermal multidendritic neurons are widely distributed in soft- 
bodied insect larvae, but their sensory role is not understood. We have 
characterized the distribution of these cells in the M a n d u c a  PNS. 
Abdominal hemisegments contain an estimated 400 multidendritic 
neurons. Eleven of these neurons (primary plexus neurons) project 
dendrites across broad-scale receptive fields, while the remainder 
(secondary plexus neurons) are distributed evenly across the body wall 
and have smaller receptive fields. All plexus neurons exhibit increases 
in cGMP following treatment with 5 mM SNP or 2 mM SNAP in the 
presence of 0.5 mM IBMX (n>lOO). This NO sensitivity is persistent 
throughout larval life, suggesting a possible physiological role for NO 
and cGMP in this system. We sought stimuli that would activate cGMP 
production in the absence of exogenous NO. Both cuticular pinching 
(n=5) and cuticular stretch (n=44) in the presence of IBMX resulted in 
significant cGMP production by plexus neurons. This cGMP response 
requires external Ca2+ (n=l2) and is blocked by the NOS inhibitor L- 
NAME (n=2l) and the soluble guanylate cyclase inhibitor ODQ (n=3). 
Extracellular recordings from primary plexus neurons indicate that these 
cells are activated by a poke of the cuticle (n=4), and increase their 
discharge frequency as the strength of the stimulus is gradually 
increased (n=2). These results indicate that a specific class of insect 
sensory neurons can respond biochemically and electrically to noxious 
stimuli. Supported by PHS NRSA T32 GM07270 from NIGMS 
(WBG) and NIH NS 13079 (JWT).

840.4
SEPARATION AND FUNCTIONAL CONTRIBUTION OF Ca2+-CHANNEL 
SUBTYPES TO SYNAPTIC TRANSMISSION IN THE H E R M IS S E N D A  VISUAL- 
VESTIBULAR NETWORK. C. Gandhi. E. N. Yamoah. & L  D. Matzel. Department 
of Psychology, Rutgers University, New Brunswick, NJ 08903

Vestibular hair cells in the H erm is se n d a  nervous system exert strong monosynaptic 
inhibition on the photoreceptors of the animal’s eye. This inhibitory postsynaptic 
potential (IPSP) was assessed with intracellular recordings from the type B 
photoreceptor following mechanical stimulation of the vestibular hair cells. Following 
even 24 min of exposure, the IPSP was not sensitive to the L-type Ca2+ channel 
blocker nifedipine (10 uM). In contrast, the P-type Ca2+ channel blocker ω-Agatoxin 
IVA (300 nM) produced a 44% reduction in the amplitude of the IPSP within 6-16 min 
of application which recovered within 12 min of drug wash out. Similarly, the N-type 
Ca2+-channel blocker ω-Conotoxin (1 uM) reduced the IPSP amplitude by 50% within
3-6 min of application. Although the effect of Conotoxin could not be reversed after 
a 24 min wash out period, it could be attenuated by increasing the concentration of 
extracellular Ca2+ from 10 (normal) to 20 mM, suggesting that N- and P-type Ca2+ 
channels act cooperatively to stimulate transmitter release at the presynaptic terminal. 
A whole-cell patch damp configuration was used to assess the total Ca2+ current in the 
presynaptic hair cell. A dear shift in the peak of the total current (from -30 to 0 mV) 
was observed when currents were elicited from a holding potential of -80 relative to 
-40 mV, suggesting the presence of at least two distinct classes of channels on these 
cells. In total, these results indicate that two channel types contribute to transmitter 
release in the H erm is se n d a  hair cell, and suggest the possible existence of a third, 
high-voltage activated channel (possibly a somatic L-type channel that does not directly 
participate in transmitter secretion).

Supported by grants from NIMH (MH48387 & MH52314).
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840.5

H E A T SH O C K  PR ET R E A T M E N T  PR O T E C T S LO C U ST  
N E U R O M U SC U L A R  T R A N SM ISSIO N  A T  E X TR EM E  
TEM PER A TU R ES. J.W.Barclav and R.M .Robertson*. Dept, o f  
Biology, Queen's Univ., Kingston, ON, K7L 3N6, Canada.

Exposure to high temperature causes failure o f  synaptic transmission 
and cessation o f  locomotor behaviour in locusts. However 
pre-exposure to a high sublethal temperature causes an upregulation o f  
heatshock proteins which induce behavioural thermotolerance. We 
investigated the ability o f  prior heatshock to protect neuromuscular 
transmission at extreme high temperatures in the locust hindleg muscle.

The FETi axon was stimulated extracellularly at 5 Hz and the 
corresponding EJPs in the hindleg muscle were recorded intracellularly 
as temperature was increased. We found that failure o f  transmission 
occurred 8°C higher in heatshocked locusts and the time for 
transmission to recover following this heat stress was significantly 
reduced. Furthermore, the amplitude and area o f  EJPs were less 
temperature sensitive in heat shocked animals compared with controls. 
We conclude that heatshock pretreatment reduces the thermosensitivity 
o f  neuromuscular transmission and thus protects behaviour at extreme 
temperatures.

This work was funded by the Natural Sciences and Engineering 
Research Council o f  Canada.

840.7

TOXIC INHIBITION OF MOTOR FUNCTION BY MANGANESE AND 
HYDROXYDOPAMINES IN THE PLANARIAN DUGESIA TIGR1NA.
T. Shickley'* and S. DelliGatti2. 'Dept, of Anatomy and Cell Biology, Temple 
University School of Medicine; 2Temple University School of Dentistry; Philadelphia, 
PA 19140.

Dugesia tigrina has an extensive peripheral nervous system and a recognizable 
brain. It has been used by several investigators as a potential invertebrate model for 
studying Parkinson’s disease. M nS04 has been used in this model previously but no 
IC50 data have been published. Motor toxicity o f hydroxydopamines have not been 
reported in this model. We proposed to obtain IC50 data for M nS04 as well as for 6- 
OH-DA, 5-OH-DA and 2-OH-DA which are produced by hydroxyl radical attack on 
dopamine. The obtained IC50 data would then be used as a basis to compare toxic 
effects of these and other compounds.

Planarian motility was measured in a petri dish containing water overlying a mm 
grid. Data were expressed in mm min.'1. Following control testing, animals were 
incubated with toxins in single wells of 12-well culture plates for 1 hour then re
tested for motility, each worm serving as its own control (12 animals per 
concentration ranging from 10'2M to 10'I3M). Results were expressed as % control 
motility and analyzed by paired t-test (p<.05). Iterative curve-fitting determined IC50 
values.

All compounds inhibited motility in a concentration-dependent manner. Rank- 
order potencies were M nS04 > 6-OH-DA > 5-OH-DA > 2-OH-DA with IC50 values 
o f 4.2 x lCT*M; 2.14 x 10'3M; 3.2 x 10'3M and 5.27 x 10 3M. This is the first report 
of a neurotoxic effect by 2-OH-DA. Since 2-OH-DA is produced by hydroxyl 
radical attack on dopamine, it may be relevant in the etiology of Parkinson’s Disease. 
Supported by a grant from Temple Univ. School of Dentistry.

840.9

ACETYLCHOLINE AND GLUTAMATE AS PUTATIVE 
NEUROTRANSMITTERS OF THE INTERNEURONS IN THE LOCOMOTOR 
GENERATOR OF THE PTEROPOD MOLLUSK CLIONE LIMACINA. Y,V. 
Panchin* and R. 1. Sadreyev. Moscow State University and Institute of Problems of 
Information Transmission, Russian Academy of Sciences, Moscow, Russia.

In Clione limacina, locomotory rhythm (dorso-ventral flexions of two wings) is 
produced in the central pattern generator (CPG) by reciprocal activity of two groups 
o f intemeurons. Dorsal (D) phase interneurons (IN 7) and ventral (V) phase 
intemeurons (IN 8) activate neurons of the same phase and inhibit neurons of the 
opposite phase. Which neurotransmitters are used by these intemeurons is not clear. 
In this work, we provide evidence that acetylcholine (ACh) is a neurotransmitter of 
IN 8, and glutamate (GLU) is a neurotransmitter of IN 7: (i) ACh exerted inhibitory 
action on the isolated D-phase neurons and excitatory action on V-phase neurons, 
(ii) GLU produced excitation in isolated D-phase neurons, and inhibition in V-phase 
neurons, (iii) Bath application of ACh antagonists, atropine and gallamine 
triethiodide (flaxedil) to the ganglia blocked inhibitory postsynaptic potentials 
(IPSPs) produced by IN 8 onto IN 7 and D-phase motor neurons, (iv) Riluzole (2- 
,amino-6-trifluoro-methoxybenzothiazole), an inhibitor of presynaptic GLU release, 
suppresses the action of IN 7 onto motor neurons and antagonistic INs. (v) Anti- 
GLU immunohistochemistry reveals cell bodies and axons in the pedal ganglia 
which location is consistent with the location of IN 7 within the ganglia. Knowledge 
of the neurotransmitters can be readily employed in studies of CPG operation as it 
allows to affect specific connections between certain neuronal types in order to 
reveal their role in generation of locomotory rhythm. Selective pharmacological 
elimination of synaptic connections of the main locomotory intemeurons confirmed 
that rhythmical generation of D and V-phases could be independently maintained. 
This work was supported by RFBR 96-04-49115 and expedition grants, and by 
‘Priority trends in genetics’ 2-044 grant.

840.6
SCRATCH STIMULATION-INDUCED MEMBRANE POTENTIAL RESPONSE IN 
THE EARTHWORM NERVOUS SYSTEM . R, Shimizu,1 K. Oka?: K. Suzuki,' N. 
Tsuji,: H. Ogawa1 and K, Tanishita: . 'Inst, of Biomcd. Eng., Keio Univ. Yokohama 223- 
8522, Japan. 2Dept. of System Design Eng., Fac. of Sci. and Tech., Keio Univ., Yokohama 
223-8522, Japan. 'Dept, of Biol., Saitama Med. Sch., Saitama350-0436, Japan.

The earthworm has a simple nervous system that consists of a brain ganglion, an esophagus 
ganglion, and a ventral nerve cord. Three eminent giant fibers, a median giant fiber (MGE) 
and a pair of lateral giant fibers (LGEs), connect segmental ganglia in the ventral nerv e cord 
from head to tail. They are known to respond to tactile stimulus and to release an avoidance 
reflex. However, their directional sensitivities and receptive fields on the b<xJy wall have nol 
been determined. We investigate the membrane potential response in earthworm ventral 
nerve cord evoked by scratch stimulation to the body wall. Moreover, we examined detail of 
habituation to these stimulation in the earthworm.

We dissected the earthworm, E is e n ia  f o e t i d a , and isolated twenty segmental ganglia of the 
ventral nerve cord with the body wall. Electrical activity of the ventral nerve cord was 
recorded w ith suction electrodes from anterior and posterior end of the isolated nerve cord. 
We recorded propagation of action potentials along ventral nerve cord evoked by a scratch 
stimulation to the body wall. When the scratch stimuli from anterior to posterior or its reverse 
direction were applied to a small patch of the body wall, a few spikes with two different 
amplitudes were recorded from both anterior and posterior electrodes. The latency of the 
action potentials depended on the direction of the scratch and the distance from stimulating 
site to recording segment. These results suggest that the action potentials of the GFs' were 
evoked by both directional scratch stimulus and propagated from head to tail or v ic e  v e r s a .  

From the simultaneous intracellular recording result, we conclude that low- amplitude spikes 
are propagated LGFs, and high amplitude spikes are in MGF. In addition, we found that 
after repeated scratches (5 Hz, I(X) times) to the body wall, the LGFs' spikes almost vanished 
and variability in the latency of MGF's spikes decreased. These results suggest that LGFs 
and MGF play different roles to the habituation of the avoidance reflex.

This investigation was partially supported by "Research for the Future "program of Japan 
Society for the Promotion of Science (contract numberJSPS-RFrF 961(X)102).

840.8

MODULATION OF ACTION POTENTIAL PROPAGATION IN EARTHWORM 
GIANT FIBERS BY 5-HT AND DOPAMINE. K. Okai*, T. Tsujji , R. Shimizu2, K. 
Suzuki?, H. Ogawa3 and K. TanishitaL iDep. of System Design Eng in., and 2 Inst, of 
Biomed. Engin., Keio Univ. Yokohama 223-8522, Japan; 3Dep. of Biol. Saitama 
Medical Sch. Saitama 350-0436, Japan.

Tactile stimulus on the earthworm body wall elicits escape response, and high- 
frequency tactile stimulus induces the habituation to this behavior. We investigated 
that the tactile stimulus at the anterior part of the body wall induced the action 
potential (AP) propagation in the giant fibers (GFs) from head to tail, and high- 
frequency tactile stimuli suppressed these APs propagation (Oka et al. 1997). The 
mechanism of the suppression is still not clear, and one possibility is chemical 
modulation.We, therefore, investigate the modulation of the AP propagation by 5-HT 
and dopamine in this study. The ventral nerve cord of the earthworm, Eisenia foetida, 
was isolated with the body wall. Two suction electrodes were put on the cut-ends of 
the ventral nerve cord. The tactile stimuli were applied to the middle part of the body 
wall by a hand-made stimulator. For the immunohistochemistry, rabbit anti-dopamine 
(INCSTAR) and rabbit anti-5-HT (ICN) were used as primary anti-bodies, and BODIPY 
FL goat anti-rabbit IgG (Molecular Probes) was used as a secondary antibody. The 
variance of the APs' latency induced by the tactile stimulus decreased after the high- 
frequency stimulus. Bath application of 10 µM 5-HT or 1 mM dopamine did not 
evoke any response in the GFs but modulated the latency of the tactile-stimulated APs: 
5-HT increased APs latency while dopamine decreased it. From the 
immunohistochemistry, we found that cell bodies of the serotonergic neurons were 
localized between the 2nd and 3rd lateral nerves in each segmental ganglion. From these 
results, we suggest that dopamine and 5-HT regulate the APs propagation rate, 
respectively in the earthworm ventral nerve cord.

This investigation was partially supported by "Research for the Future" program of 
Japan Society for the Promotion of Science (contract number JSPS-RFTF 96100102).

840.10
VISUAL PROCESSING OF PANORAMIC MOTION: MODELING THE
RELATIVE ROLES OF PHYSIOLOGICAL TUNING AND NETWORK 
ARCHITECTURE. John K. Douglass* and Nicholas J. Strausfeld. ARL Division of 
Neurobiology, University of Arizona, Tucson, AZ 85721.

Animals with visual systems analyze panoramic motion to monitor their progress 
through the world and enable corrections of deviations from their intended courses. 
A computational model inspired by features of insect visual systems was used to 
examine relative roles of physiological tuning properties and network architecture in 
generating single-neuron selectivity for optic flow type and position. In the first 
stage, model small-field motion detectors (SFMDs) were defined by locations within 
a retinotopic array of visual sampling units, and by responses that varied with motion 
direction and speed. SFMDs were specified as having broad or narrow direc-tional 
tuning, sensitivity to local motion speed, and either excitatory/inhibitory or purely 
excitatory responses. In the second stage, selected SFMD outputs were com-bined 
to simulate alternative spatial mappings of output synapses onto wide-field “optic 
flow detector” neurons. Alternative physiological properties were tested with alter
native mappings in order to identify basic features of the optic flow detector network 
that are crucial for meeting certain criteria for sensitivity to flow field position and 
type. Regardless of the flow type to which the model was tuned (e.g. expansion, 
contraction, clockwise or counterclockwise rotation), the criteria were best met by 
combining broad, excitatory/inhibitory directional responses with a speed response 
function scaled to the receptive field size of the collator neuron. In common with 
actual optic flow sensitive neurons (e.g. Graziano et al. 1994, J. Neurosci 14:54-67), 
the model output is broadly tuned to both flow type and position. In addition, it is 
fairly insensitive to changes in flow field velocity and details of spatial mapping 
patterns. The strong sensitivity to physiological tuning suggests that biological 
SFMD circuits may possess mechanisms that stabilize these characteristics during 
changes in lighting and contrast. Supported by AFOSR 980803 to JKD and N1H 
R01-RR08688 to NJS.
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840.11

COMPUTATION OF OBJECT APPROACH BY TWO WIDE 
FIELD MOTION SENSITIVE NEURONS. F. Gabbiani*’1, H. 
Krapp2, C. Koch1 and G. Laurent1, xDiv. of Biol., Caltech 139-74, 
Pasadena, CA 91125, and Lehrsth. für Neurobiol., Univ. Bielefeld, 
D-33501 Bielefeld, Germany.

LGMD/DCMD are visual interneurons in the locust’s brain track
ing the approach of objects on a collision course with the animal. Re
cently, the spike activity of LGMD/DCMD measured during simulated 
approach of black squares on a bright background was correlated quan
titatively with two stimulus parameters (the angular size subtended by 
the square over the eye and its temporal rate of change; Hatsopoulos et 
al., Science, 270:1000-1003, 1995). In these experiments the peak spike 
activity occured prior to the expected collision and the time difference 
between peak activity and collision depended linearly on the ratio of 
object size to its approach velocity. Such a relation is expected if the 
peak activity of LGMD/DCMD were detecting the moment when the 
approaching object reaches a fixed angular threshold on the locust’s 
retina (15 — 35°, N=I5 animals). To test the robustness of this angular 
threshold computation, we presented objects of various shapes, tex
tures and contrasts approaching the locust’s eye on a collision course. 
We also varied the background luminosity of our stimulation screen 
and the body temperature of the locust. Our results suggest that the 
relation between peak LGMD/DCMD response and angular threshold 
size remained unchanged under these various experimental conditions. 
Supported by NSF and ERC.

840.13

CODING IN THE LOCUST AUDITORY SYSTEM AS REVEALED 
BY STIMULUS RECONSTRUCTION TECHNIQUES C. K. Machens, 
M. B. Stemmier. P. Prinz, R. Krahe, B. Ronacher, A. V. M. Herz*. Insti- 
tut für Biologie, Humboldt-Universität zu Berlin, 10099 Berlin, Germany.

Many grasshoppers use acoustic communication for mate selection and 
mate localization. Employing stimulus reconstruction techniques, we have 
analyzed the spike trains of single auditory receptor neurons in respon
se to both artificial and natural stimuli. When the stimulus consists of 
low-frequency random amplitude modulations of a 5kHz pure tone, the 
time course of the modulations can be reconstructed with high accuracy 
from the spike train using only simple linear filters. The reconstructions 
resolve stimuli on the time scale of 2-3 ms, although slower stimulus varia
tions (~ 40 ms) are reproduced more faithfully. [For the fly visual system, 
qualitatively similar results were obtained by Bialek et al. (Science 252, 
1852, 1991).] The decoding filters, however, vary strongly with stimulus 
bandwidth and intensity, making a linear reconstruction insufficient for 
stimuli whose characteristics change over long time scales, such as the 
amplitude modulations of natural songs. To cover fluctuating input stati
stics, we developed hidden Markov model-dependent reconstructions. Our 
results show that natural stimuli, in comparison with white noise stimuli, 
are encoded with greater reliability and finer precision in the timing of 
individual spikes to repeated presentations of the same stimulus. 
Supported by the DFG and the Alexander von Humboldt Stiftung (MBS).

840.15

CONTROL OF BODY ORIENTATION IN CLJONE L1MACINA: SPATIAL ZONES 
OF ACTIVITY OF DIFFERENT NEURON GROUPS. T.G. Deliagina1,2*, G.N, 
Orlovsky1,2 and Y.L Arshavsky3. 'Department of Neuroscience, Karolinska Institute, 
17177 Stockholm, Sweden; 2A.N. Belizersky Institute of Physico-Chemical Biology, 
Moscow State University, Moscow, 119899, Russia, and ^Institute of Neurobiology, 
University of Puerto Rico, San Juan, PR00901, USA.

The marine mollusc Clione limacina stabilizes its body orientation in space 
due to gravitational reflexes. A deviation from the normal, head-up orientation elicits 
postural corrective responses, that is flexion of the tail and asymmetry in the wing 
beating. We investigated the neuronal network controlling these postural corrections. 
In vitro experiments were performed on the CNS of Clione isolated together with the 
statocysts. A novel method has been developed for extracellular recording of spikes in 
the axons of different type of neurons when the preparation was rotated in space 
through 360° in different planes

Deviation of the preparation from the normal orientation (the rostral aspect 
upwards) resulted in activation of tail and wing motoneurons. According to the spatial 
zones of their activation, the motoneurons could be subdivided into seven groups. 
These groups also differed in their effects on the tail and wings. When activated by 
tilt, the groups will evoke corrective postural responses aimed at restoration of the 
normal body orientation.

The tail motoneurons are driven by a special group of interneurons (CPB3) 
receiving their input from the statocysts. At least four groups of CPB3 interneurons, 
differing in their spatial zones of activation, could be distinguished. For three of these 
groups, the spatial zones well corresponded to those in the tail motoneurons. Along 
with activation of corresponding motoneurons, the CPB3 interneurons perform 
inhibition of their antagonists.

Supported by grants from HHMI (75195-544801), NIH (S36327), MFR 
(11544) and KVA.

840.12
NEURAL COMPUTATION IN THE LEECH GANGLION. G. P inato1-2 . S. 
Battiston^ and V. Torre L2 *. I INFM, Unite' di Trieste; 2 SISSA, Trieste 
34014 Italy

Neural computation, i.e. the way in w hich the nervous system  
processes information and so lves com putational problems, 
depends on basic properties o f axons, dendrites and synapses . 
These biological elem ents in m any cases  appear to behave as  
reliable computing elements, but often, in particular synapses, are 
seen as a major source of variability. The reliability of th ese  
biological elem ents, however, has been addressed primarily in 
single cells and only rarely in a neuronal network. In th is  
com m unication the input output relations in a leech ganglion  
were studied by sim ultaneously using six  suction  pipettes and 
two intracellular electrodes. The analysis o f extracellular and  
intracellular voltage signals allowed a precise description of the  
spread o f excitation from a single m echanosensory neuron to  
identified m otom eu ron s and interneurons. A sin g le action  
potential evoked in a m echanosensory neuron activated a clear 
electrical activity in at least 10 different m otom eurons an d /or  
intem eurons. The occurrence of action potentials in these neurons 
was statistically independent. As a consequence the evoked 
spatio-temporal electrical activity was characterized by a high 
degree of variability, m uch larger than that observed in a single 
neuron. This significant variability is  set by basic properties of 
synaptic transm ission and is not a  peculiarity of a leech  
ganglion; instead it is likely to be a typical feature of neuronal 
assemblies.
S ources of support: EC Biotech, projects TRANS No. 9 6 0 5 9 3  and  
PARALLEL No. 960211

840.14

MULTIUNIT RECORDINGS OF DESCENDING VISUAL 
INTERNEURONS IN DRAGONFLIES. T. L. Adelman3, T  A. Oliver3, 
and R. M. 01berg*b. “Cornell University, Ithaca, NY 14850; bUnion 
College, Schenectady, NY 12308.

Using a small electrode array placed below the cervical nerve cord in 
aeschnid dragonflies, we have recorded multiunit responses to moving 
visual targets. The electrode array allows us to reliably sort the signals 
transmitted by 16 large, descending, visual intemeurons. Individual 
intemeurons were distinguished by cluster analysis based on characteristics 
of the spike shape recorded at each of the channels of the electrode array.

The descending intemeurons are feature detectors, responding only to 
movement of small objects. Based on previous characterization of 
selectivity for target size, receptive-field location, and directional 
selectivity1,2 the simultaneously recorded units can be tentatively matched 
to the identified, target-selective intemeurons.

Comparison of the simultaneously recorded spike activity indicates 
significant temporal correlation between pairs of intemeurons. In some 
pairs, near coincident firing corresponds to a reduction in the size of the 
receptive field beyond that predicted by intersecting receptive fields of the 
individual units. (Supported in part by NEMH grant K05 MH01148 Career 
Scientist Award to R.R. Hoy.)

(1) Olberg (1986) J. Comp. Physiol. A 159:827-840
(2) Frye and Olberg (1995) J. Comp. Physiol. A 177:569-576

840.16

COPEPOD NEUROECOLOGY: ADAPTATIONS FOR RAPID  
ESCAPE. D,K. Hartlin * and P.H. Lenz. PBRC, U. Hawaii 
Manoa, Honolulu, HI 96822

With nowhere to hide and no defensive weapons, copepods 
inhabit vulnerable niches in the plankton. Nevertheless, they are highly 
successful. Sensory and motor systems for early detection o f and rapid 
escape from threats contribute to this success. Rapid swims were 
elicited in tethered Undinula vulgaris (Calanoida: Crustacea) with 
controlled hydrodynamic stimuli. Threshold to suddenly-rising water 
velocity was as low as 30 µm-sec'1 at the antenna. Reaction times, 
typically 1.5 to 3 msec, were < 1 msec in some cases. Accounting for 
such short times is hard given reported minimum values for impulse 
propagation, synaptic and muscle-activation and muscle activation 
delays in other animals. A single powerstroke or “kick” produced a 
complex force transient lasting for 4-10 msec with a peak o f 40 to over 
100 dynes. Calculated work output for a kick was ca. 6 ergs. An energy 
prestorage mechanism may be needed to develop this in < 6 msec. 
Sequences o f multiple kicks, in response to single stimuli could generate 
25 ergs in 70 msec. For 0.2 mg o f muscle, this is 175 µW/gm muscle, 
among the higher muscle performances yet reported. The Undinula 
escape system has responded to ecological pressure by combining 
sensitive detection, rapid response and powerful muscle output. In each 
o f these, Undinula matches or exceeds performances reported in other 
arthropods. Support: N SF OCE 9523175
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840.17
CHANGES IN RETINAL SHIELDING PIGMENTS IN CRAYFISH 
Procambarus WHEN THE HETEROLATERAL EYE IS
MONOCHROMATIC LIGHT STIMULATED. V.Inclán-Rubio* and 
M .Ouiiano-Armendáriz. Departamento de Fisiología, Facultad de Medicina, 
UNAM., A.P. 70-250, C.P. 04510, México, D.F. México.

Many perfectly synchronized physiological structures and events participate 
in the modulation of the response of the crayfish compound eye to stimulation 
by monochromatic light (ML). The incidence of light on the photoreceptors 
causes neuroendocrine changes that start the movement of the retinal shielding 
pigments along the crystalline cones. Migration of the distal pigment is due to 
hormone liberation from the sinus gland, while the movement of the proximal 
pigment relies on a photoreceptor induced neural mechanism. These 
movements depend on the wavelength, intensity and duration of the stimulus 
applied and evoke a decrease in number in the clear facets that the 
pseudopupil (PP) is composed of. A unilateral white light stimulus causes a 
reflex decrease in the contralateral eye, thanks to the functional communication 
between both eyes. The objective of this work was to know the effect that is 
evoked by unilateral ML (λmax = 465, 589, 630 nm) applications on the 
heterolateral eye. We used 20 adult Procambarus clarkii crayfish, kept in a 
total darkness condition, in each experimental group. Intensity = 50 lx. 
Adaptation to light was evaluated indirectly by measuring every 10 min the PP 
area of the heterolateral eye. Results were: (a) maximum decrease in the PP 
area when 465nm light was applied., (b) minimal effect when 63Onm were 
applied, and (c) the changes in latency and in the response's slope vary 
according to the wavelength used. These results show that unilateral ML 
stimulation produces different effects in the heterolateral eye for each λmax, 
depending on the neuroendocrine mechanisms involved.

COGNITION: HUMAN LEARNING AND MEMORY— PATIENT STUDIES

841.1

MEMORY DISTORTIONS IN THE FRONTAL LOBES: A 
PATIENT STUDY. M .B. Miller1. G.L. W olford1. R.T. Knight2, 
& M .S . Gazzaniga1*. 'Center for Cognitive Neuroscience, Dartmouth 
College; 2Dept. of Neurology & Center for Neuroscience, UC Davis, 
& VA Medical Center, Martinez, CA.

Patients with focal, unilateral lesions to the frontal lobes showed  
more liberal response bias and less sensitivity compared to normal 
subjects on two types o f recognition tests. This was particularly 
pronounced for patients with lesions to the right prefrontal cortex. 
The recognition tests included a revised version o f  the Roediger & 
McDermott (1995) word list paradigm, which included presented and 
nonpresented conditions for each item type (Miller & Wolford, 
submitted). This allows for signal detection analysis to separate 
effects due to response bias from discrimination. The second test was 
for items from a schematic visual scene (Miller & Gazzaniga, in 
press). This test included presented and nonpresented conditions for 
schema-consistent items and novel, schema-inconsistent items. 
Patients with damage to the prefrontal cortex, particularly in the right 
hemisphere, have much less discrimination for all item types 
including novel, incongruent picture items than normal subjects. It 
appears that they use a more liberal response criteria to make up for 
their lower discrimination, which could explain previous studies of 
increased memory distortions in patients with damage to the right 
frontal lobes (Schacter et al., 1996). This research was funded by a 
grant from NIH /NINDS PO l N S17778-16, and by a grant from the 
M cDonnell-Pew Foundation.

841.3

FRONTAL LOBE - RELATED COGNITIVE FUNCTIONS IN 
PATIENTS WITH SLEEP APNEA SYNDROME BEFORE AND 
AFTER TREATMENT. B. Naëgelé1. J.L. Pepin2, P. Lévv2, J. Pellat1 and
C. Feuerstein * 2 . 1 Neurology and Neuropsychology U nit,2 Lab. 
NeuroPhysiopathology of Sleep and Epilepsy, Sleep and Respiration Unit, 
CHU and Joseph Fourier University, BP 217, F-38043 Grenoble cedex 09, 
France.

Impairments of cognitive executive functions has been previously 
suspected to occur in Sleep Apnea Syndrome (SAS), as suggested by 
some neuropsychological studies. However such functions have not been 
assessed directly. In the present study, ten patients with SAS were 
evaluated with various focused frontal lobe-related tests in comparison with 
ten matched normal controls. Such tasks explored attention, short term 
memory spans, learning abilities, planning and programming capacities, 
categorizing activities and verbal fluency. Patients were found with a 
significant decreased ability to initiate new mental processes and to inhibit 
automatic ones in conjunction with a tendency for perseverative errors. 
They were also affected with deficits of verbal and visual learning abilities 
and they had reduced spans. Patients were submitted to continuous positive 
airway pressure (CPAP) and further reevaluated after 4-6 months of 
treatment. Patients were found to have normalized most of their cognitive 
executive and learning disabilities, except for all the short-term memory 
tests which remained unchanged. These findings are discussed in light of 
data from the literature concerning cognitive impairments described for 
patients with isolated daytime sleepiness versus hypoxemia, as illustrated in 
other pathological or physiological circumstances. The contribution of 
frontal lobe-related systems in short-term memory functions is also taken 
into account.

841.2
EFFECTS OF UNILATERAL FRONTAL LOBE DAMAGE ON ENCODING AND RETRIEVAL OF 
EPISODIC MEMORY. E.G. Kitchener.1 J, Duncan.1 P.D. Bright.1 and D.P. Carev2*.
'Cognition and Brain Sciences Unit, Cambridge UK CB2 2EF; 2Dept. Psychology,
University of Aberdeen, Scotland.

Recent positron emission tomography (PET) studies have led to the hypothesis that the left 
and right prefrontal cortices may be differentially involved in the encoding and retrieval of 
episodic memory. Specifically, the left prefrontal cortex has been suggested to play a greater 
role in semantic retrieval and episodic encoding, while the right prefrontal cortex has been 
suggested to be more involved in episodic retrieval. In the present experiment, we studied 
episodic encoding and retrieval in a group of 19 patients with unilateral prefrontal cortical 
damage (10 left, 9 right). Depth of semantic processing was manipulated at encoding (reading 
versus verb generation), and free recall versus recognition performance compared at test. If 
the left prefrontal cortex is critically involved in semantic processing and in episodic 
encoding, patients with left frontal damage would be expected to show impaired verb 
generation and episodic memory performance. Since verb generation enhances subsequent 
episodic memory performance relative to reading, an impairment in semantic processing 
would also be expected to result in a reduction of the normal episodic memory advantage in 
this conditon. If the right prefrontal cortex is critically involved in episodic retrieval, 
patients with right frontal lesions would be expected to show less severe deficits on 
recognition testing as opposed to free recall. The data, however, did not fit this pattern. 
There was no significant group difference in verb generation performance, and, in fact, the 
left frontal group’s performance was numerically superior to that of the right frontal group. 
The right frontal group was impaired relative to controls on the recognition of words which 
had been encoded in the verb generation condition, and this was the only memory task on 
which significant impairment was found. Autobiographical memory was also assessed with 
the Autobiographical Memory Interview. No significant group differences were found on 
either the Personal Semantics or Autobiographical Incidents subtests. However, the left 
frontal group was significantly impaired on the Childhood Episodes section, which measures 
retrieval of premorbid (and therefore presumably normally encoded) episodes.

Supported by BBSRC and Gonville and Caius College (Cambridge) postgraduate grants.

841.4
THE ROLE OF RECOLLECTION AND FAMILIARITY IN TWO 
RECOGNITION MEMORY TASKS IN NORMAL AND AMNESIC 
POPULATIONS
W. Khoe, N,E,A. Kroll*. A.P, Yonelinas. and P. Tran. Department of 
Psychology, UC Davis, Davis, CA 95616, and R. T. Knight. Department of 
Neurology & Center for Neuroscience; UC Davis, VAMC, 150 Muir Road, 
Martinez, CA 94553.

Amnesics often exhibit deficits in yes/no recognition memory. However, some 
patients perform normally when recognition is tested using a forced-choice 
procedure. Although their performance has never been directly compared on the 
two tasks, their preserved performance on the forced-choice test may reflect the 
fact that the test relies heavily on judgements of familiarity, a process that is 
relatively preserved in these patients. On the other hand, performance on yes/no 
recognition tests may rely more heavily on recollection, a process that is severely 
disrupted in these patients. The current study examines recognition memory using 
yes/no and forced-choice procedures in control subjects and amnesics in order to 
determine whether the two tasks rely differentially on recollection and familiarity, 
and whether the recognition memory deficit exhibited by amnesics is dependent 
upon the type of recognition test used. Results from control subjects show that 
there are no substantial differences in yes/no and forced-choice recognition 
accuracy. Moreover, the results from a remember/know analysis show that the 
contribution of recollection and familiarity do not differ significantly in the two 
tasks. Preliminary results from patients with medial temporal lobe damage suggest 
that amnesics perform better in the forced-choice procedure. The implications of 
these findings in terms of memory assessment in neurological populations will be 
discussed. Supported by NS 17778
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841.5
IMPAIRED AUTOBIOGRAPHICAL MEMORY FOR EMOTIONAL 
EVENTS IN SUBJECTS WITH BILATERAL DAMAGE TO MEDIAL 
TEMPORAL LOBE. J. Nath. R. Adolphs. R.D. Jones*. D. Tranel.
Dept: of Neurology, University of Iowa, Iowa City, IA 52242.

Bilateral damage to the human medial temporal lobe results in severe 
anterograde amnesia with relative sparing of retrograde memory. Such 
damage also impairs processing of emotion, due to bilateral amygdala 
damage. We hypothesized that bilateral medial temporal damage would 
result in disproportionate impairment in retrograde autobiographical 
memory for emotional material. We studied 2 subjects with complete 
bilateral damage to amygdala, hippocampus, and substantial damage to 
surrounding temporal cortices following encephalitis, and compared their 
performances to those given by 8 normal controls. We examined 
autobiographical memory, using a Crovitz-Shiffman procedure, in which 
we gave subjects 15 neutral and 15 emotional words as cues for memory 
retrieval. Subjects were asked to describe their memories in a few 
sentences, to date them, and to rate them with respect to vividness, 
pleasantness, emotionality, and difficulty of recall. Subjects with bilateral 
medial temporal damage were disproportionately impaired (a) in recalling 
emotional autobiographical events, (b) in endorsing abnormally high 
ratings of pleasantness for those events that they did recall, and (c) rated 
memories elicited by the 15 emotional words as less emotional, less vivid, 
and more difficult to retrieve than did normal controls. The findings 
suggest that structures in medial temporal lobe, possibly including 
amygdala and/or surrounding cortices, play a key role in retrieval and re- 
experience of emotional autobiographical memories.

This study was supported by NINDS grant NS 19632.

841.7
EGOCENTRIC AND ALLOCENTRIC SPATIAL MEMORY IN 
PATIENTS WITH SELECTIVE HIPPOCAMPAL ATROPHY ¶
A. Incisa della Rocchetta,1 Severine Samson.' * * D. Hasboun, 2 Michel 
Baulac, ' . 1 Psychology Department The National Hospital for 
Neurology and Neurosurgery, London UK; 2 Hôpital de la Salpêtrière, 
Paris, France; ' Department of Psychology, Université de Lille’ 3, Lille, 
France.

Both human and animal studies have demonstrated the role of the 
medial temporal region in memory and of the hippocampal region in 
particular in spatial memory. In the present study we explored the 
effect of selective hippocampal atrophy on egocentric and allocentric 
memory for spatial location of objects. Recall of egocentric location 
was defined with respect to body axis irrespective of distal extra
apparatus cues. Allocentric location was with respect to distal cues. 
Fourteen patients with medically refractory epilepsy and MRI evidence 
of selective hippocampal atrophy (6 Left: LHA, and 8 Right: RHA) as 
well as 14 matched control subjects (NC) were tested. After the 
presentation of objects located on a circular table, memory for location 
(absolute distance error) was measured. The results showed that LHA 
patients were significantly worse in recalling object location than RHA 
patients, (who did not differ from NC) in the allocentric but not 
egocentric condition. This suggests a specific deficit in the LHA 
patients in using distal cue configurations to encode object position. 
These data confirm the role of the medial temporal lobe structures in 
allocentric spatial memory, consistent with findings in the animal 
literature. We propose that the predominant contribution of left 
hippocampus is due to this region being called upon by the use of 
verbal strategies in the encoding of object-place associations when these 
exceed a critical level of complexity. This work was funded by the 
Medical Research Council of Great Britain and by Alliance.

841.9
IMPAIRED SOURCE MEMORY IN CEREBELLAR 
PATIENTS. M. A. Ciranm *,.ç. S. Dodson, qpd A- P- 
Sh>ma m u ra . Dept, of Psychology, U. C. Berkeley, Berkeley,
CA 94720.

Patients w ith cerebellar dam age have some deficits in 
attention, executive functioning and m emory. Memory for 
source inform ation requires strategic processing of memorial 
inform ation and has been related to executive functioning. 
For this reason, we exam ined m emory for source 
inform ation in cerebellar patients. Participants heard w ords 
spoken by a male or a female voice. They were then given a 
source m em ory test in w hich they identified test w ords as 
spoken by the male or female earlier or as new words. 
Cerebellar patients show ed im pairm ents in both old-new  
recognition and source m emory. We com pared perform ance 
of cerebellar patients to patients w ith frontal lobe lesions, and 
contrast these results w ith tests of executive functioning.

This research was supported by grants from the National Institute of 
Mental Health.

841.6
c o g n it iv e  r e o r g a n iz a t io n  o f  v e r b a l  r e c e n t  m e m o r y
NETWORKS IN TEMPORAL LOBE EPILEPSY <TLE). E. Kovalik/ M. 
Mandclkcm.1 r> C.E. Baxter*. B. Swan/2. 'VAMC-Wcsl LA Dept, of Neurology: 
"Dept, of Physics, Univ. of California Irvine: ’VAMC-Wesl I.A PET facility: Los 
Angeles, CA 90073.

The prelfontal cortex plays a key role in both episodic memory encoding and 
retrieval. Subjects with I'LL have impairment in both encoding and retrieval of recent 
memory traces. We have studied their performance and regional activation as 
compared to controls during a verbal paired association task.

Unrelated word pair lists were presented to subjects during 8-12 l5<>-ILO PET scans. 
Long (5-8 pairs) and short (2 pairs) lists were presented verbally. Subjects were asked 
to recall the second word of a pair, following presentation of the first. We scanned 2 
subjects with right(K) I'Ll:, 2 with left(L) TLE, 1 with bitemporal(B) I I E, and 2 
controls. Comparisons were made using statistical parametric mapping (SPM) 
(Wellcome Dept of Cognitive Neurology)

No significant main effects of condition are found in control, B I LE or L IT .I I groups. 
In the R I LE group, the long list task v. short list task comparison demonstrates 
relative activation of the right superior prefrontal cortex (p<.öOI) and relative 
deactivation of the left postcentral and superior temporal regions (p<.OO2). For a I.TLE 
v. R'l'l.E group comparison, the right superior prefrontal activation was significantly 
greater in the R I LE group (p(int)<.03) and a left inferior prefrontal activation by long 
lists is greater in the I .TLE group (p(int)<.04). In the L ITE group only, the right 
hippocampus had a 5% higher blood How during the short v. long list task (p<O.OUl). 
All patient groups were less accurate than controls for both tasks (p<.OO2).

A recent verbal memory task produces activation of right prefrontal cortex in R I LE, 
patients and of left prefrontal cortex in I.TI.E patients. Our hippocampal finding 
suggests a reorganization of recent memory networks in the context of 
epileptogenicily.

Commercially funded by WI.A VAMC PET

841.8
HIPPOCAMPAL CELL COUNTS AND EVENT-RELATED POTENTIALS TO 
WORDS WITHIN THE HUMAN MESIAL TEMPORAL LOBE. T, Grunwald*. H. 
Beck*. K. Lehnertz*. 1. Blflmcke**. N. Pezer*. O.D. Wiestlei*. C.E. Eleer1, ¾Dcp1. of 
E/>ileptology, *Dcpt of Neuropathology; Bonn University Medical Center

Limbic event-related potentials (ERPs) potentials can be recorded in 
r>atients with temporal lobe epilepsy undergoing invasive presurgical evaluation. 
Jsing a visual word-repetition paradigm, we analyzed limbic ERPs to words and 
jorrclatcd their areas with hippocampal cell counts in 30 TLE patients. In the 
anterior mesial temporal lobe, words elicited N400 potentials (AMTL-N4OO), 
which were reduced in amplitude with repetition only on the non-focal side. Within 
the hippocampal body, only repeated words elicited late NP300-likeN potentials. 
While these correlated significantly with neuronal densities of dentate gyrus 
granule cells (Spearman's rho = 0.632, p < 0.0005), AMTL-N4OOs to first 
presentations correlated only with the number of hippocampal pyramidal cells in 
the CA1 subfield (Spearman's rho = 0.630, p < 0.0005). By contrast, AMTL-N4OOs 
to word repetitions did not correlate with cell counts of any hippocampal region. 
That AMTL-N4OOs to new but not old words correlate with the density of CA1 
neurons is consistent with a possible contribution of the human hippocampus 
proper to verbal novelty detection. In summaiy, our findings indicate that cell 
counts from different hippocampal subfields are linked to different 
dcctrophysiological responses to words within the human mesial temporal lobe.

hpported by the DFG (project EU22/4-ì and SFB 400) and the BONFOR 
irogram.

841.10
MOTOR SEQUENCE LEARNING IN PARKINSON’S DISEASE.
S.L. Selco*1. NJ. Cohen1’2. G.T. Stebbins3. & C.G. Goetz3.
Beckman Institute and Neuroscience Program, and 2Dept of Psychology, 

University of Illinois, Urbana, IL 61801, and ¾ept. of Neurology, Rush- 
Presbyterian-St. Luke’s Medical Center, Chicago, IL 60612.

Several previous studies have suggested that motor sequence learning is 
impaired in Parkinson’s disease (PD), implicating the neostriatum in this type 
of skill learning. However, consistent with our recent finding of normal motor 
sequence learning in PD in a serial reaction time task (Selco et al., SFN 
Abstracts. 23;1401,1997), we now report normal motor sequence learning in 
nondemented, nondepressed patients with PD in a digit-entering task involving 
number strings that embodied first-order sequential structure.

PD patients showed normal sequence learning in this task in both manual 
and verbal response modes. In the verbal response mode, PD patients showed 
normal response latencies with a normal rate of improvement across blocks of 
testing. In the manual response mode, despite motor performance deficits 
evident in longer response latencies and in a slowing in producing the later 
numbers in a given string, PD patients showed a normal rate of learning across 
blocks. Finally, on a subsequent probe task, PD patients were indistinguishable 
from normal controls on an indirect test of sequence-specific knowledge, in 
both verbal and manual response modes.

These results indicate that sequence learning is intact in PD and can 
occur despite their functional motor impairment. The results are discussed in 
relation to the putative role of the neostriatum in motor sequence learning. 
(Funds from Beckman Institute and a UIUC Critical Research Initiative Grant 
toNJC.)
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841.11

PATTERNS OF COGNITIVE DYSFUNCTION IN PATIENTS WITH 
YOUNGER OR OLDER ONSET PARKINSON’S DISEASE JL Melon*. IA 
Stow, BJ Summers, BJ Sahakian,TW Robbins Department of Experimental 
Psychology. University of Cambridge, Cambridge, CB2 3EB, UK.

It has been suggested that developing Parkinson’s disease (PD) at a younger 
age may cause qualitatively different cognitive changes to those seen in older 
onset PD (Haeske-Dewick, 1991). ‘Young onset’ is defined here as patients 
presenting with the disease aged 55 or below (Hoehn and Yalir, 1967). In this 
study, 60 unmedicated or medicated PD patients were divided into younger or 
older age-groups, and matched for duration of disease and intelligence. Each 
patient completed six tasks of visual and spatial recognition memory, spatial 
working memory, attentional set shifting and planning, from the CANTAB 
battery (Fray et al, 1996). The younger and older PD patients’ results were 
compared to each other, as well as to matched healthy controls. These showed 
that compared to controls, the PD patients were impaired on tests sensitive to 
fronto-striatal damage, including spatial recognition, spatial working memory, in 
terms of the number of errors they made, attentional set shifting and in their 
ability to plan They were unimpaired on the test o f pattern recognition memory 
and on the strategy score on the SWM task, with the exception of the 
unmedicated patients who were impaired on this score. There were no significant 
differences between the PD patients according to age or medication status, 
although overall, the younger subjects (both PD and controls) performed slightly 
better than older subjects. These results suggest that (I) most of the cognitive 
changes in PD are not qualitatively different according to age or medication 
status and (II) cognitive deficits in PD do not depend on a threshold level of 
dopamine depletion relative to age. This w ork was supported by a Program m e  
G rant from the W ellcom e Trust. IA  Stow  was funded by C eN eS Ltd. R efs: H a e sk e -  
D e w ic k  H C  e t  a l  (1 9 9 1 ) N e u ro p sy c h o lo g ia , 2 9  (8): 3 1 5 -3 2 0 . H o eh n  K íh í  &  Y a h r  M D  
(1 9 6 7 )  N e u ro lo g y , l 7: 4 2 7 -4 4 4 . F r a y  P J  e t  al. (1 9 9 6 )  b it.  J  G e r ia tr ic  P sy c h , 11 : 3 2 9 -3 3 6 .

841.13

DIFFERING SERIAL POSITION EFFECTS BETWEEN ALZHEIMER'S 
DISEASE AND AMNESIA DUE TO ELECTROCONVULSIVE THERAPY (ECT).
P.J. Bavlev. J. Olichnev. D.P. Salmon. B. Bui. D.C. Delis. L  J . Thai*. 
Alzheimer's Disease Research Center, UCSD, 9500 Gilman Drive, La Jolla, CA 
92093-0948.

Individuals given a series of words to memorize, normally show a U-shaped 
serial position curve, reflecting better recall from the primacy (beginning) and 
recency (terminal) regions of the list. Primacy and recency effects have been 
suggested to reflect secondary and primary memory respectively and may 
therefore be useful to characterize different types of amnesia. Serial position 
effects were studied in patients who developed ECT-related amnesia (n=9), 
very mildly demented AD patients (n=25, mean MMSE=25.5) and matched 
controls (n=5O). Learning and memory were assessed using the California 
Verbal Learning test in which recall of a list of 16 items is assessed across 7 
trials. On trial 1, ECT and AD patients showed comparable memory deficits and 
recalled significantly fewer total words than controls. However, primacy recall 
(first 2 items) in the ECT group was similar to controls and was significantly 
better than in the AD group. By trial 5, total word recall scores of the ECT and 
AD groups were still significantly below controls. The primacy effect of the ECT 
group did not improve significantly across trials, but the primacy effect of the 
AD group improved to equal the performance of the ECT group. There were no 
significant group differences in recency recall (last 2 items) in either trials 1 or 5. 
On subsequent trials following a short or long delay, performance of the ECT 
group was indistinguishable from the AD group and both groups had impaired 
primacy and recency effects compared to controls. Recognition memory in the 
AD group was significantly reduced compared to the ECT group. Overall, these 
results suggest that primacy item recall can distinguish between amnesia due to 
ECT and AD, even when the groups have similar severity of amnesia. While 
secondary memory appears somewhat better in ECT patients, they may have 
additional retrieval deficits relative to AD.
Supported by NIH grant #AG-00658 and NIA Grant# AG-05131

841.15

PREDICTING RISK FOR ALZHEIMER'S DEMENTIA WITH A 
FEATURE-IRRELEVANT TRANSFER TASK. C. Myers*1. A. Kluger2.1. 
Golomb^. S. Ferris^. M. de Leon^, and M. Gluck‘S. ^Dept. of Psychology, 
Rutgers Univ., Newark NJ 07102; ¾ e p t . of Psychiatry, NYU Med. Ctr., 
NY, NY 10016; ¾ e p t. of Neurology, NYU Med. Ctr.; ^CMBN, Rutgers U.

Hippocampal atrophy (HA) is associated with normal aging and 
correlates with future development of A lzheimer's Dementia (AD). HA 
is also correlated with cognitive and memory impairments, leading to the  
promise of behavioral markers. Here, we consider a simple operant task 
involving feature-irrelevant transfer, similar to tasks which are 
disrupted in hippocampal-lesioned animals. Subjects are trained cn 
multiple concurrent discriminations and then transferred to discriminate 
novel stimuli w ith the same relevant features as in the original 
discriminations. 14 non-demented (GDS 2) elderly subjects were given this 
test, then rated for HA on a four-point scale by a trained observer blind to 
subjects' performance. Subjects were then classed according to w hether 
they had no visible HA in either hem isphere (noHA group) or mild HA 
in exactly one hemisphere (HA group). Discrimination performance was 
the same in each group, while transfer task performance was 
significantly impaired in the HA group relative to the noHA group. 
W ithin the HA group, there was also a non-significant trend to worse 
performance in subjects w ith right than left hem isphere atrophy. 
Transfer task performance was a better predictor of HA than parag raph  
delay recall, a task previously shown to correlate w ith HA. This study 
promises hope for development of a battery of simple tasks which can be 
used to screen subjects w ith very mild HA, and who are therefore at risk 
to develop AD. Supported by N IA  (Project Director S. Ferris).

841.12

SERIAL REACTION TIME LEARNING IN INDIVIDUALS WITH UNILATERAL 
BRAIN DAMAGE. Lara A. Boyd and Carolee J. W insteirf Motor Behavior 
Lab, University of Southern California, Los Angeles, CA 90033.
During implicit learning, task relevant information is acquired without 

conscious awareness. This type of learning has been demonstrated using the 
serial reaction time (SRT) paradigm, in which a pattern of responses is 
practiced without the subject being aware of its existence (Nissan & Bullemer, 
1987). With continued practice of a repeating sequence reaction times 
decrease (compared with random responses) and often explicit awareness of 
the sequence is acquired. However, implicit learning (as reflected by SRT 
practice) has not been demonstrated in populations with basal ganglia 
damage, such as Parkinson’s Disease (Jackson et al, 1995) or Huntington’s 
Disease (Willingham & Koroshetz, 1990). To date, however, no research has 
focused on implicit learning following unilateral stroke. Therefore, the 
purpose of this investigation was to examine the implicit learning capabilities 
of those with unilateral brain damage following stroke using the SRT 
paradigm. Three subjects with unilateral brain damage participated (one with 
left parietal and corona radiata damage, one with a right intercerebral 
hemorrhage involving the putamen, and one with an isolated left parietal lobe 
lesion). All responses were made with the ipsilesional arm. A nine- 
component sequence was practiced over 24 blocks. Response times were 
compared across blocks of practice to performance during -a random four- 
choice reaction time task. None of the three subjects significantly decreased 
their reaction or movement times with practice of the SRT task. No change 
in response times was evident during the repeating sequence. Further, only 
the subject with an isolated left parietal lobe lesion was able to subjectively 
identify the existence of a pattern in his responses, however, he was unable 
to recall or recognize the specific components of the sequence. These data 
suggest that unilateral brain damage following stroke impaired implicit 
learning in those with and without basal ganglia involvement.

841.14
EPISODIC MEMORY IN ALZHEIMER’S DISEASE: CONVERGING 
FINDINGS FROM EVENT-RELATED POTENTIALS AND 
HIPPOCAMPAL VOLUMETRY. I.Tendolkar1*. A. Schoenfeld: . G 
Fernández3, G. Golz.4. K -P, Kühl4, R. Ferszt4, H.-J. Hein/.e2. ' Dept, of 
Psychiatry, Univ. of Cologne; Dept of Clinical Neurophysiology. Univ. of 
Magdeburg; Dept, of Epileptology, Univ. of Bonn; Dept, of 
Gerontopsychiatiy', Univ. of Berlin, Germany 

We investigated 10 patients with a mild stage of Alzheimer’s disease (AD) 
and 10 matched controls. Hippocampal volumes were assessed by quantified 
MRI and compared with event-related potentials (ERPs) recorded in a direct 
test of verbal source memory. In comparison to controls. AD patients had 
significant smaller hippocampal volumes, a reliable lower but above chance 
recognition rate compared to controls, and a disability' to recollect contextual 
information (i.e. source). ERPs elicited by correctly recognized old words 
compared to new items (old/new effect) were more positive between 300 and 
500 ms post stimulus in AD patients while controls exhibited a more sustained 
old/new effect with left temporoparietal and frontal amplitude maxima. These 
findings suggest that loss of episodic memory in AD is not of an all or none 
kind and can be related to hippocampal atrophy. Additionally, the absence of 
the left temporoparietal old/new effect in AD patients adds weight to the 
evidence that this ERP effect possibly reflects hippocampally mediated 
neuronal activtity underlying episodic memory retrieval.

841.16
COGNITIVE DEFECTS IN ANTEROGRADE TOPOGRAPHICAL 
DISTURBANCES. J. Barrash,* A. Jansari & D. Tranel. Department of 
Neurology, University of Iowa College of Medicine, Iowa City, IA 52242.

The relationship between specific cognitive impairments and 
anterograde topographical disturbance was investigated in 69 Ss with  
focal brain lesions. We predicted that route learning impairment (RLI), 
i.e., defective performance on the real life Route Learning Test, would be 
predicted most highly by defective learning of topographical scenes. We 
were interested secondarily in exploring the cognitive impairments of 
subjects w ith  RLI in the absence of scene learning impairment (SLI). RLI 
was seen in 18/19 Ss (95%) w ith  SLI and in 3/4 Ss w ith  borderline SLI, 
compared to 16/46 Ss (35%) w ith  normal SL. Regression analysis with  
several measures of verbal and visual memory, visual perception and 
attention revealed SL was the most powerful predictor of route learning, 
accounting for 63%  of the variance. Immediate visual recall (BVRT) was 
the only other variable to enter the equation, accounting for an additional 
5% of variance in route learning. Among 16 Ss w ith  RLI in the absence 
of SLI or borderline SLI, the most frequent cognitive defect was impaired 
maze learning (10/16), another 2 had impaired immediate visual recall 
(2/6), 2 had impaired memory for an abstract geometric figure (2/4), and 
2 had impaired verbal memory w ithout impairments in visual memory, 
visual perception, or concentration. RLI was most highly associated w ith  
occipitotemporal or mesial temporal lesions, and these Ss most frequently 
had SLI. Among Ss w ith  occipitoparietal lesions, RLI was more likely to  
be associated w ith  SLI than any other cognitive defect. Findings indicate 
RLI is primarily attributable to defective scene learning. Supported by 
NINDS P01 NS19632.

Society for N euroscience, Volume 2 4 ,1998



THURSDAY AM COGNITION: HUMAN LEARNING AND MEMORY—PATIENT STUDIES 2117

841.17
DURATION OF AUDITORY SENSORY MEMORY IN CHILDREN WITH 
CLEFT LIP /PALATE IS SHORTENED ACCORDING TO THE CLEFT 
TYPE
R. ¢eponiené1, M. Cheour,' J. Hukki2, M-L. Haapanen2, T. Ruusuvirta 3- * & R. 
Näätänen1. 1 Cognitive Brain Research Unit, Department o f General Psychology, 
University of Helsinki, Finland; 2 Cleft Center o f Helsinki; 3 Department of 
Psychology, University of Jyväskylä, Finland
A nonsyndromic cleft palate in about 20% of cases is associated with language- 
learning impairment. Recent findings in CATCH children, most of whom display 
cleft palate, indicate that these disabilities co-exist with the dysfunction of short-term 
auditory sensory memory (STM) (Cheour et al., 1997). Based on this, we set up to 
explore temporal dynamics o f  STM in cleft palate (CP) children. A mismatch 
negativity (MMN) component of auditory event-related potentials was recorded. 
MMN can be used to measure acuity of preattentive central auditory discrimination 
and persistence of short-term sound representations.
Sine tones of 1000 (p=0.9) and 1100 Hz (p=O. 1) were presented to newborns with CP 
with interstimulus interval (ISI) of 700 ms and to 7-8 year old children with ISIs of 
350, 700 and 1400 ms. As a group, CP newborns did not show significant MMN, 
their response differing significantly from MMN in healthy infants. The same infants, 
tested when they were 6-mo old, still significantly differed from healthy peers. 7-9 
yr. old cleft palate children overall showed faster decay of STM-traces, as compared 
to healthy age-matched controls. Importantly, the more posterior was the cleft, the 
smaller MMN-response was obtained. Children with cleft lip alone showed MMN 
similar to that in control sample.
Conclusions. Early auditory processing is impaired in children with clefts, extent of 
impairment being correlated with the cleft type. Contribution and interaction of both 
genetical and defective-articulation factors is suggested to lie behind the findings. 
The study was supported by Centre of International Mobility (CIMO, Finland;)
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842.1
A fMRI STUDY OF THE EFFECT OF AGING ON FRONTAL 
ACTIVATION DURING A CONTROL CONDITION. M.C. Carrillo*'. 
G.T.Stcbhins1. J .D.E. Gabrieli12, J.B. Desmond2. C. Dirksen1. D. Turner'. D.A. 
Bennett1. R.S. W ilson1. G H. G lover. 'Depts. of Neuro. Sci. and Radiology, Rush 
Medical College, Chicago, IL 60612; and 2Depts. of Psych, and Radiology, Stanford 
University.
We have previously found a decrease in the number of significantly activated pixels 
in frontal areas in aged participants as compared to young during an active condition 
(semantic encoding task). In order to further investigate age-related changes in fMRI 
activation during the semantic memory task, we investigated activation patterns 
during the control condition in 15 young (ages 18 to 30) and 15 aged (over 70) 
healthy participants. Semantic and perceptual identification were assessed with a 
classification task. The semantic classification task or active condition compared the 
encoding of words for meaning (abstract /concrete) to a perceptual task or control 
condition, encoding words for form (uppercase/lowercase). Brain images were 
collected from 4 oblique coronal slices rotated 90 from the AC-PC line to image the 
frontal lobes. Functional images were obtained using a T2*-weighted gradient echo 
sprial pulse sequence (1.5 T, TR=3OO msec, TE=4O msec, flip=45", thickness=7mm, 
gap=2mm). Previous results showed greater left lateralized activation in younger 
participants for the semantic task, with older participants showing an overall decrease 
in magnitude of activation, despite no observed difference in behavioral performance 
between groups. No differences were found, however, for the intensity of activation 
observed. Analysis of the control condition revealed a similar pattern of increased 
activation during the perceptual classification task in young vs. aged participants and 
no differences found for the intensity of activation between young and old. These 
results may suggest age-related differences in control task activation. Supported by 
AG09466-07.

842.2
FACILITATION OF COGNITION BY GLUCOSE AND CEREAL IN HEALTHY 
ELDERLY HUMANS: DEPENDENCE ON TASK DIFFICULTY? D.B. 
Willingham. E. W. Peterson and D.L. Korol*. Department of Psychology, University 
of Virginia, Charlottesville, VA 22903.

Ingestion of glucose in the early morning can improve specific forms of memory 
in a variety of healthy and patient populations. Two issues surrounding these 
findings were addressed in this study. First, do foods commonly eaten for breakfast, 
e.g. ready-to-eat cereal, enhance cognition in a manner similar to that seen with 
glucose consumption? Second, are mcreases in performance seen only when the 
tasks are sufficiently challenging? Healthy elderly people (n = 28, mean age = 68, 
21 women and 7 men) were randomly assignee! to one o f two experimental 
conditions: glucose (50 g) or cereal and skim milk (also contributing 50 g of 
carbohydrate). Each individual was tested two times, once under the experimental 
condition and once under the control condition (saccharin, 23 mg). Alternate forms 
of the same cognitive tests were administered, and included memory for words, 
numbers, faces and narratives, motor learning, processing speed and verbal 
creativity. The rise in blood glucose after both glucose and cereal consumption was 
similar, increasing from a baseline of 90 mg/dl to 150 mg/dl under both conditions. 
After both glucose and cereal consumption, a 40 % enhancement was observed on 
the creativity test. Cereal was as effective as glucose, perhaps acting through an 
increase in blood glucose. Interestingly, no improvement was seen on any other test, 
even for measures on which glucose enhancement has been demonstrated previously. 
However, baseline scores for many of these measures were substantially higher than 
those previously obtained with elderly, matching more closely scores seen with young 
or middle-aged adults. Similarly, blood glucose regulation was quite good, indicating 
that this pool of elderly might be especially healthy. Together, tnese findings suggest 
that the lack of glucose facilitation may result from either insufficient task difficulty 
and/or rises in blood glucose. To address the issue of task difficulty we retested the 
participants with harder versions of the same tests under the same conditions as used 
previously. The results support the idea that sufficient cognitive effort or perhaps 
neural activation is necessaiy to observe the enhancing effects o f glucose. 
Supported byNIA (AGO7648), NJNDS (NS32914) and private donors.

842.3

MIRROR TRACING IN ELDER!.,Y SUBJECTS. £ . W. Peterson. D.
B. W illin gh am ^  E. C  M cNav . Department o f Psychology, 
University o f Virginia, Charlottesville, VA 22903

Older adults show a complex pattern o f spared and impaired learning 
o f new motor skills. Elsewhere we have suggested that Salthouse’s 
processing speed theory (Psychol. Rev., 1996) can be extended to 
motor skill learning. The theory predicts that older subjects can learn 
any motor skill that is subject-paced and that does not require the 
simultaneous activation o f  multiple processes in working memory. The 
theory predicts that older subjects should learn a mirror tracing task 
normally. Snoddy (J. A pplied  P sych o l, 1926) reported they do not, 
but there was unlikely any screening for neurological disease, and the 
statistics were not reported.

W e tested young (18-25 yrs), old (65-75) and old-old (75-88) 
subjects on a mirror tracing task. Old subjects showed significantly 
worse absolute performance than the young, but improved speed and 
accuracy o f tracing at a rate even faster than young subjects. This effect 
does not appear to be due to a floor effect in the young. Thus, although 
differences in scale may play a role, old subjects appear to learn mirror 
tracing normally. The old-old, however, could not perform the tracing 
task at all. A ll subjects also performed a battery o f neuropsychological 
tests, which indicated that performance on the W isconsin Card sort was 
highly predictive o f the likelihood that subjects would be able to 
complete the task. This indicates that their difficulty may be in initiating 
new strategies when the current tracing path proves incorrect.

Supported by the Virginia Center on Aging.

842.4
MEMORY PERFORMANCE AFTER DHEA, ESTRADIOL AND 
TESTOSTERONE REPLACEMENT IN HEALTHY ELDERLY HUMANS. O.T. 
Wolf l2’3, B.M. Kudielka ‘, D.H. Hellhammer S. Toerber *. R. Preut ', C. 
Kirschbaum ' . 1 Center for Psychobiological & Psychosomatic Research, 
Dietrichstrasse 10-11, 54290 Trier, Germany; 2 Neoroimaging Lab, Dep. of 
Psychiatry, NYU Med School; 3 Neuroendocrinology Lab, Rockefeller Univ. NY.

In recent years possible memory enhancing effects of sex steroid replacement have 
received increasing attention. Since dehydroepiandrosterone (DHEA), estradiol (E) 
and testosterone (T) concentrations decrease with age, replacement of these hormones 
might reverse some of the cognitive deficits associated with aging. Studies in 
rodents have documented, that DHEA can enhance several memory types, while 
human data suggest that especially E may increase verbal memory. On the other 
hand, T might be related to spatial performance. In a series of studies, we 
investigated the effects of a two week replacement of these hormones on cognitive 
performance of healthy elderly subjects using several memory tests in placebo 
controlled double blind study designs. In two independent studies on the effects of 
DHEA we found that DHEA did not enhance memory, however, using event related 
potentials subtle effects of DHEA on CNS stimulus processing emerged. These 
findings do not support the hypothesis, that DHEA has a strong direct effect on 
cognition in healthy elderly humans. The E replacement study revealed that those 
women with a strong E increase performed significantly better in a verbal memory 
task than those women who showed a smaller E increase. These results therefore 
support the idea that E selectively increases verbal memory in postmenopausal 
women with the effects becoming obvious after 2 weeks already. Since the T 
replacement study in healthy elderly men is currently under way, these data will be 
presented at the meeting and compared to those obtained with DHEA and E.
These studies were supported by grants from the Deutsche Forschungsgemeinschaft 
HE 1013/13-1 and Ki 537/6-1.

Society for N euroscience, Volume 24, 1998



2118 COGNITION: HUMAN LEARNING AND MEMORY—AGING AND OTHERS THURSDAY AM

842.5
EFFECTS OF TESTOSTERONE ON COGNITION IN HEALTHY OLDER MEN. 
M Cherrier1,3. S Asthana2,3. S Plvmate2,3. L Baker3. A Matsumoto2,3. W Bremner2. 
C Lofgren3. L Cubberly3, A Petrova3. S LaTendresse3. K Scroggin3, S Craft1,3*. 
Departments of ’Psychiatry and 2Medicine; University of Washington, Seattle, 
WA 98195; 3GRECC, Veterans Administration Puget Sound Health Care System, 
Seattle, WA, 98107. cherrier@u washington.edu

Testosterone (T) has been shown to improve spatial abilities and spatial 
memory in humans. Using a double, blind, placebo controlled design, we 
examined the effects of T administration on cognition in healthy, older men (50- 
80) receiving weekly testosterone enanthate injections (lOOmg). Subjects were 
given a battery of cognitive tests measuring spatial abilities, spatial and verbal 
memory, attention and language. Eleven men, mean age 68 were tested 18-24 
hours following T injections to capture peak T levels. T levels at baseline, or prior 
to medication, were in the normal to mildly hypogonadal range and were 
significantly raised after T administration 
compared with baseline (p<O5) and compared 
with the placebo group (p< O3). As expected, 
estradiol levels also increased from baseline.
Improvements in the treatment group were found 
for spatial memory and verbal memory. No such 
trends were noted for measures of language or 
attention. Spatial memory, as measured by a 
route learning test, improved in the treated group compared with the control group 
(p< O5) (Figure). Verbal memory as measured by a serial list learning test also 
improved with the treatment group recalling more words compared to baseline 
than the placebo group (p< O6). Improvements in spatial memory are consistent 
with previous studies. However, improvments in verbal memory have not been 
reported elsewhere and may be mediated by estradiol.

842.6
CHRONIC 'JET LAG' INCREASES SALIVARY CORTISOL AND 
IMPAIRS MEMORY PERFORMANCE. K.W. CHO1; C.K. Suh2 and
J.C. Cole3*. ’Dept, o f Anatomy, School o f Medical Sciences, Univ. of 
Bristol, Bristol BS8 1TD, U.K.; 2Dept. o f Biophysics and Physiology, 
College o f Medicine, Inha Univ;. 3Dept. o f Psychology, Univ. of 
Liverpool, Liverpool.

'Jet lag' is a phenomenon caused by the disruption of the normal 
circadian sleep/wake cycle. To test the deleterious effects o f repeated 'jet 
lag' on mental abilities, airline cabin stewardesses (cabin crew) were 
compared with ground crew (check-in counter staff). Salivary cortisol 
was used as a physiological marker for stress. The cabin crew group who 
had a history of repeated 'jet lag' had a significantly higher salivary 
cortisol level in an average working day (P < 0,0005). This difference 
was due to transmeridian flying as salivary cortisol was significantly 
increased over the same subjects on a domestic flight (P < 0.0001). A 
simple matching to sample test was used to examine the working memory 
and reaction times of both groups of subjects. There was no significant 
difference in the working memory performance and reaction times of 
either group in the first 3 years o f their respective careers. After 3 years 
of working, however, the cabin crew group had a significantly lower rate 
of correct responding (P < 0.005 to P < 0.0001) and slower reaction 
times (P <0 .01  to P < 0.005). These results may show that repeated 
disruption of circadian rhythms increases circulating glucocorticoids 
(salivary cortisol) and this long-term exposure to high glucocorticoid 
levels may impair working memory performance.

Route Test
1°0 |

Placebo T

842.7
M A C ROSTRU CTU RAL ADAPTATION OF THE CEREBELLU M  IN 
MUSICIANS. G. Schlaug*. L.H,L. Lee, V. Thangarai. R.R. Edelman. S. Warach. 
Depts. of Neurology and Radiology, Beth Israel Deaconess Medical Center, Harvard 
Medical School and Dept, of Psychology, Harvard University, Cambridge and 
Boston, MA 02215, USA.

The unique training and motor experiences of musicians provide an ideal 
experimental design to investigate if functional adaptations are correlated with long
term structural cerebral adaptations due to the acquisition and continual practice of 
complicated bimanual motor skills (see Amunts, Schlaug et al., Human Brain 
Mapping 5:206-2J5, 1997). Since the cerebellum is intricately involved in motor 
coordination, motor learning, and timing of sequential movements, we examined 
whether significant structural adaptations in the cerebellae of. musicians could be 
observed, thus corroborating experimental animal studies showing structural changes 
after long-term motor experiments. Overall cerebellar and total brain volumes of 
musicians (n=5l) and non-musicians (n=39) were estimated through voxel counts of 
segmented magnetic resonance images (MRI) from a total of 90 brains. MR imaging 
was done using a gradient-echo pulse sequence (1.0x1.Ox 1.0 voxel size) and a 1.5 
Tesla Siemens Vision MR scanner. MR images were segmented using custom made 
software. A significantly (F(l,54)=6.51, p=0.014) larger mean relative cerebellar size 
(% of total brain volume) was found in male musicians (n=32) as compared to male 
non-musicians (n=24). There was no significant differences between the total brain 
volumes of male musicians and male non-musicians (p=0.86). No significant 
(F(l,32)=0.14, p=0.71) difference in relative cerebellar size was found in a smaller 
and less well-matched group of female musicians (n=l9) compared to female non
musicians (n=l5). The finding within the male subgroup provides evidence for a link 
between the acquisition and continual practice of complex motor skills and structural 
changes in the cerebellum detectable on a macroscopic level. Animal experiments 
have revealed that increased synaptic density in addition to changes in the 
microvasculature and glial cell number underlie these macrostructural changes. 
Supported by: NINDS, Harcourt General Charitable Foundation, Friends of Beth 
Israel Hospital

842.9
FRONTAL MIDLINE THETA ACTIVITY IN GOOD AND POOR LEARNERS 
S. J. Laukka*
Laboratory of Developmental Neuropsychology, University of Oulu, P.O. Box 
222, Linnanmaa, 90571 Oulu, Finland.

The appearance of the human EEC theta rhythm (4-7 Hz) on the frontal midline 
area was studied in a simulated driving task. Two interdependent decisions had to 
be made at two crossroads guided by two traffic signs. The subject had to find the 
correct way to drive a car through a set of roads in a computer game. The driving 
performance was analysed on the basis of correct/incorrect road selections and 
driving errors. After learning the level of performance was tested in a control 
situation. Feedback on the quality of the performance was given after each trial. 
Each trial lasted about 10 s with a pause of 2 s between trials. The EEG was 
recorded from Fz. Appearance of theta activity was analysed during seven 
consecutive sections (1610 ms) of the task.

In the learning situation significantly more theta was found in poor learners 
group than in good learners group. The difference between the groups increased in 
the control situation. There was significantly more theta in the poor learners group 
than in the good learners group during the correct road selection at the sections 
following the presentation of the second traffic sign.

The results demonstrate the correlation between the theta activity and the level of 
performance in a certain phase of action.

842.8
USING LARGE-SCALE NEURAL MODELING TO ASSESS EVENT- 
RELATED FUNCTIONAL MAGNETIC RESONANCE IMAGING 
(fMRI). B. Horw itz* 1. J. Berte lson1 and M.-A. T agam ets2 . 1 Lab. 

Neurosci., NIA, Bethesda, MD and 2GICCS, Georgetown Univ., 
Washington, DC.

Hemodynamic delays on the order of 6 sec make it difficult to use 
fMRI to examine fast cognitive processes, although efforts to overcome 
this through clever experim ental design and data analysis m ethods 
have been proposed (e.g., Dale and Buckner, Hum. Brain Mapp.,
1997) . Assessing the appropriateness of a given method is difficult, 
except perhaps for the simplest sensory or motor tasks, because the 
underlying neural activ ity  is unknown. In order to exam ine the 
relation of fMRI data to the underlying neural activity, we constructed  
a la rge-sca le , b io log ica lly  rea lis tic , neura l m odel w ith  m ultip le  
interconnected brain regions (Tagamets and Horwitz, Cerebral Cortex,
1998) that perform s a m atch-to-sam p le  task (w ith  or w ithou t a 
delay). The simulated electrical activities in each region are sim ilar 
to those found in single-cell monkey data, and the simulated integrated 
summed synaptic activities match rCBF data obtained in human PET 
studies. Here, we use the model to investigate the relationship  
between simulated neural activity in a region and the simulated fMRI 
signal in a study sim ilar to one perform ed by Dale and Buckner that 
used rapidly presented individual trials. We find that simulated and 
experim enta l results are quite  s im ila r in pos te rio r brain areas, 
where neural activity is "stimulus-bound". Results in anterior areas, 
especially prefrontal cortex, suggest caution in in terpre ting event- 
related fMRI in brain areas where there may be substantial neural 
activity when stimuli are not present. (Supported by NIH)

842.10
FAST STEREOLOGICAL MEASUREMENTS VERSUS 
SEGMENTATION OF MRI BRAIN SUBVOLUMES
J. W. Haller*. Radiology Dept., Univ. o f Iowa, Iowa City, LA, 52242

Stereological measurements of MRI brain subvolumes, such as the 
hippocampus, are fast and efficient. Segmentation (manual outlining) can 
also be used to quantify brain subvolumes, but is extremely time consuming. 
Stereological measurements o f hippocampal volumes were compared to 
manual segmentations of the same measured subvolumes. 3D MR images 
(interpolated to O.5πun3 voxels) were acquired from 10 normal subjects. 
Stereological volume measurements were determined from volumes of ten 
segmentations (manual outlines) o f hippocampi. Binary images representing 
the manual segmentations were automatically measured using fixed 
stereological parameters; i.e. hippocampal volume, grid spacing (6.25 mm2 
and 12.25 mm2), inter-slice distance (1.5 mm), and voxel dimensions (0.5 
mm2) were fixed. Starting slice, grid position, and grid angle were 
randomly varied. A repeated measures ANOVA was used to compare 
measurements of the volume of ten segmentations from a voxel counting 
method (segmentation) and two stereological methods (7x7 and 5x5 pixel 
grid) with individual hippocampi as the residual term. The repeated 
measures ANOVA comparing segmentation with stereology showed no 
statistically significant difference between volume measurements by 
segmentation and stereology (F = 1.78, p = 0.2). A comparison o f  
individual measurements for each segmentation indicates that stereological 
measurements provide results similar to those of segmentation.
Comparison o f stereology to automated segmentation will also be provided. 
Supported by the NIH-NINDS grant R01 NS35368-03.
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842.11
HUMAN NEUROMAGNETIC RESPONSES TO DELAYED PAIRED COMPARISON 
TASK. T. Imada*, M. Kawakatsu, and M. Kotani. Basic Research Laboratories, Nippon 
Telegraph and Telephone Corporation, Atsugi-shi, Kanagawa, 243-0198, Japan.

Neuromagnetic signals were recorded with a whole-scalp neuromagnetometer 
(Neuromag-122™) while healthy subjects (7 males and 2 females aged 22 to 48 years) were 
performing a delayed paired comparison task (blocks 1 & 2) and a simple reaction task 
(block 3). The visual stimuli consisted of 3 simple white objects randomly selected from 
6 objects (size 0.74 deg) superimposed to 3 random positions on a 4 x 4 grid (white lines; 
5.2 deg). The stimulus sequence consisted of a sample stimulus (SS) presented for 0.1 sand 
of a test stimulus (TS) presented 1.8 s later for 1.2 s. The interval from the TS offset to the 
next SS onset varied randomly between 1.6 and 1.8 s. The subject had to react with different 
reaction keys depending on whether or not the 3 different objects were identicalin SS and TS 
(block 1), or on whether or not the object positions matched in SS andTS (block 2). In 
block 3, the subject reacted roughly alternately by the index or middle finger to TS without 
any matching. Analysis time was 1.9 s from 0 .1 s prior to the SS onset. Equivalent current 
dipoles (ECDs) were calculated using a spherical head model and were employed when the 
goodness-of-fit was > 80% and the 95%-confιdence-volume was < 268 mm3.

The mean reaction times were 704, 559, and 260 ms in blocks 1, 2, and 3, respectively 
(p<0.001 between blocks). The percentage of correct answers was 87% and 97% in blocks 
1 and2, respectively (p<O.001). The grand mean waveforms differed significantly between 
blocks 1 and 3 and between blocks 2 and 3 over several areas, including the left and right 
frontal areas and the left occipitotemporal area. ECDs were found in the areas surrounding 
the left and right middle frontal gyri in 8 subjects in block 1 but in 4 (left) and 7 (right) 
subjects in block 2. The ECDs were also found in the left and right occipital, occipito
temporal, and occipito-parietal regions. The long activity in these regions implies that 
these areas are involved in processes retaining/recognizing briefly presented visual stimuli.

Supported by Nippon Telegraph and Telephone Corporation

842.13

HOW THE PRESENCE OF NOVEL STIMULI AFFECTS ERPS TO 
TARGETS. P.L. D avies1*, S.J. Segalowitz2, H. Chevalier3, D ,L. 
Bernstein4, S. Lawson2. ‘Dept, o f Occupational Therapy, SU N Y  at 
Buffalo, Buffalo NY 14214; 2Dept. o f Psychology, Brock University, 
St. Catharines, Ontario, Canada L2S 3A1; ¾ osp ita l for Sick Children, 
Toronto, Ontario; 4Simon Fraser University, Burnaby, B.C .

In this study we compared ERPs to targets in standard oddball 
versus novelty oddball paradigms in auditory and visual conditions at 
Fz, Cz, and Pz sites. Twenty-five participants were presented with 
auditory stimuli in both conditions and 31 participants were presented 
with visual stimuli. N l ,  P2, N2 and P3b components were similar 
between the 2 conditions. The P3b latency for the auditory stimuli and 
the N 2 and P3b latency for the visual stimuli were significantly later in 
the novel oddball condition. The N l ,  P2, and N2 latency were 
significantly correlated between the 2 conditions, especially for the 
auditory stimuli, but the P3b was not. These data suggest that the early 
components, N l ,  P2, (and N2 with auditory stimuli) o f ERPs to target 
stimuli are not affected by the presentation o f novel stimuli, whereas 
the later P3b component is significantly affected by the context o f  
stimuli presentation. Thus it may not be that the novelty P3 represents 
a faster cognitive process than the target P3 as is usually assumed, but 
rather the presence o f novelty stimuli delays the normal latency o f the 
target P3 component. Supported by Natural Science and Engineering 
Council o f Canada grant to SJS.

842.15

EFFECTS OF ELECTROCONVULSIVE THERAPY (ECT) UPON THE N400 
AND LATE POSITIVE COMPONENT. John M. O lichnev1*, Marta Kutas2, 
Peter Bayley1, David Salmon1 and Vicente J. Iraqui-Madoz1. Depts. of 
Neurosciences1 and Cognitive Science2, Univ. of California; San Diego, CA.

We have studied 9 patients who developed ECT-related amnesia on a 
word repetition Event-Related Potential (ERP) paradigm, longitudinally (pre- 
ECT, during the course of ECT, and _> 6 months post-ECT). Subjects 
decided if visually-presented target words were or were not congruent w ith  
a preceding category. Targets (50% congruent, 50% incongruent) were 
repeated after either short (10-40 sec.) or long (_> 2 mins.) time delays. 
The amplitude of the N400 (300-500 ms post-stimulus) and Late Positive 
Component (LPC; 600-800 ms) were submitted to repeated-measures 
ANOVA. In this paradigm, congruent target words (i.e. low-mid typicality  
category exemplars) typically yield negligible N400 activ ity  and a small late 
positivity (LPC), which is significantly reduced w ith  repetition. Incongruent 
words elicit a large N400 amplitude which is significantly reduced with  
repetition. Prior to ECT, or _> 6 months post-ECT, depressed patients 
generally show normal N400 congruity and word repetition effects. 
However, during ECT, these same patients show abnormal responses 
(unusually large N4OOs and reduced LPCs) to congruent words on initial 
presentation and abnormal repetition effects. Specifically, repetition of 
congruent words leads to a reduction in the N400 amplitude and no reliable 
change in the LPC. We believe these abnormal LPC repetition effects may 
reflect their explicit memory impairment, as we have previously suggested 
in patients w ith  chronic amnesia. The N400 data are suggestive of 
abnormal semantic integration in patients undergoing ECT.
Supported by NIH grant #AG-00658.

842.12
R E A C T IO N -T IM E  S O R T S  IN S IM P L E  R E A C T IO N  T IM E . C H O IC E  R E A C T IO N  

T IM E  A N D  S T E R N B E R G  M E M O R Y  T A S K S  Y IE L D  E V E N T - R E L A T E D  

P O T E N T IA L S  W IT H  A  L A T E  P O S IT IV E  C O M P O N E N T  W H O S E  L A T E N C Y  

D E P E N D S  O N  S P E E D  O F  R E S P O N S E . C .A . C h r is te n s e n 1 *2 *. K .J . 

D r a k e 1 , a n d  M . G ib b o n s 2 . 1 D e p a r tm e n t  o f  P s y c h o lo g y  a n d  2 P r o g r a m  

in  C o g n it iv e  S c ie n c e , V a s s a r  C o l le g e ; P o u g h k e e p s ie .  N Y  1 2 6 0 4 -0 3 1 3 .

R e a c tio n  t im e s  a n d  E R P s  w e re  r e c o rd e d  in  12  c o lle g e - a g e  w o m e n  on  

a  b a t te r y  o f t a s k s  in c lu d in g  s im p le  r e a c t io n  t im e  ( R T ;  fu l l - f ie ld  

i l lu m in a t io n ) ,  c h o ic e  r e a c t io n  t im e  (C R T ; w o r d s  L E F T  v s . R IG H T )  a n d  

S te rn b e rg  m e m o ry  ta s k  (S M ; s e t  s iz e s  1 ,3  a n d  5 ) . E R P s  w e r e  s o r te d  

b a s e d  o n  r e a c t io n  t im e s  fo r  th e  fa s te s t  (f)  a n d  th e  s lo w e s t  (s )  h a lf  

t r ia ls .  T h e  m o s t p r o n o u n c e d  e f fe c ts  o f th e  ( f)  v s .  (s )  c o m p a r is o n s  

o c c u r r e d  in  th e  la te  p o s i t iv e  c o m p o n e n ts  w h e r e  a  r e a c t io n - t im e  

d e p e n d e n t  (R T D ) p e a k  w a s  o b s e r v e d .  A  la te  R T D , P 3 b - t r a i l in g  p e a k  

w a s  o b s e r v e d  in  th e  C R T  a n d  S M  ta s k s .  Its  la te n c y  v a r ie d  w ith  ta s k  

c o m p le x ity  a n d  r e s p o n s e  s p e e d . R e a c t io n - t im e  d e p e n d e n c e  fo r  P 3 b  

w a s  n o te d  in th e  R T  ta s k .  F o r ta s k s  w ith  ra p id  r e s p o n d in g  (R T  a n d  S M  

s e t  s iz e  1) th e  R T D  p e a k  o v e r la p p e d  w ith  th e  e a r l ie r  P 3  p e a k  in (f) 

E R P s , a u g m e n t in g  its  a m p litu d e . T h e  tw o  p e a k s  w e r e  s e p a r a te  in (s) 

E R P s . In a ll ta s k s ,  w h e n  th e  R T D  p e a k  in  (s ) E R P s  w a s  d is t in c t ,  its  

a m p litu d e  w a s  o f te n  g r e a te r  th a n  th e  e a r l ie r  P 3 b , c r e a t in g  a  p o s s ib le  

s o u r c e  o f  p e a k  m is id e n t i f ic a t io n  a s  a  P 3 b  o f  la te r  la te n c y .  T h u s ,  

c a u t io n  is r e q u ir e d  w h e n  in te r p r e t in g  E R P s  fo r  w h ic h  th e  s u b je c t 's  

r e s p o n s e  t im e s  v a r y ,  a s  in  s e t - s iz e  c o m p a r is o n s  in  th e  S te r n b e r g  

ta s k .  T h e  r e s u lts  s u p p o r t  th e  u s e  o f r e a c t io n - t im e  s o r ts  a s  a  m e th o d  

o f d is c e r n in g  w h e n  in c r e a s e d  a m p l itu d e  is  d u e  to  P 3 b - R T D  o v e r la p  

a n d  o f d is t in g u is h in g  a p p a r e n t  fro m  re a l P 3 b  la te n c y  s h if ts .

842.14
LONG-LASTING DEPRESSION OF MOTOR CORTEX EXCITABILITY 
FOLLOWED BY REBOUND OSCILLATORY ACTIVITY AFTER EXERCISE. 
C. Bonatcr. G. Zanette2. A. Polo3. G. Bongiovannr. P. Manganotti2. M. T inazzr. 
A. F iaschf. Sezione di Fisiologia; ’Sezione di Neurologia, Dipartimento di 
Scienze Neurologiche e della Visione, Università di Verona, 1-37134, Italy.

We report that the post-exercise depression of motor evoked potentials (MEPs) 
to transcranial magnetic stimulation (TMS) may coexist with a rebound excitatory 
activity. Ten subjects were studied. Four sets of eight MEPs to TMS were first 
collected with subjects at rest using a circular coil placed at Cz with current 
Bowing anticlockwise. The intensity of magnetic stimulation was 20% above 
motor threshold and recordings were made from the right thenar eminence 
muscles. MEPs were then collected after 2 bouts (1-min duration) of abduction- 
adduction movements of the right thumb performed at 2-hz frequency rate. The 
interval between the 2 bouts of movements was 10 min. Post-exercise MEPs were 
collected at min 1,3,5 and then at 5 min interval until they recovered to pre
exercise values. With the aim of controlling possible rebound effects, the 
recordings were continued for at least 15 minutes after pre-exercise values were 
reached. In this last phase potentiated MEPs (amplitude was up to 150-300% of 
pre-exercise values) occurred in all subjects. These giant-MEPs were polyphasic 
and in some cases presented a latency reduction of 2-3 msec; moreover, they were 
intermingled with depressed MEPs (50-60% pre-exercise values) thus giving an 
oscillatory-like pattern to the activity of MI. The execution of a rotatory motor 
task of the same finger reversed transiently (up to 10-mιn) the above oscillatory 
pattern. These results suggest a two-stage modulation of cortical excitability 
possibly linked to motor memory storage that may be related to an interplay 
between intracortical excitatory and inhibitory nets.

Society for N euroscience, Volume 2 4 ,19 9 8
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843.1
EFFECTS OF IMMOBILIZATION STRESS AND PRIOR EXPERIENCE IN 
MK-801 INJECTED MICE. V. Cestari, A, CiameL F. Pavone*. C, 
Castellano. 1st, di Psicobiologia e Psicofarmacologia, CNR, Viale 
Marx 15,00137 - Roma, Italy.

Pretrained and non-pretrained mice were tested in a one- 
trial inhibitory avoidance task. In a first group of experiments 
(non-pretrained mice) the posttraining administration of MK- 
801 (MK) exerted a time dependent memory impairing effect. 
The effect was antagonized by posttraining naltrexone 
administration, suggesting the involvement of opioid 
receptors. In a second group of experiments mice were injected 
with MK and, immediately after, were subjected to a by itself 
ineffective immobilization stress. Stress enhanced the memory 
impairing effect of MK. This effect was also antagonized by 
posttraining naltrexone administration. In a third group of 
experiments mice were used which had previously been 
familiarized with the testing apparatus (pretrained mice) by 
training them for two consecutive days and let them explore 
the apparatus for two minutes in each of the two pretraining 
sessions. In these animals the memory impairing effect of MK 
was lower than in non-pretrained mice. This result has been 
interpreted in terms of effect of MK on emotionality: a lower 
effect of the drug being evident in experienced mice whose 
emotional level is lower in comparison with non-familiarized 
subjects. The results of the present research are similar to 
those obtained with morphine administration in a previous 
study.

843.3
Differential Effects of MK-801 and Atropine on Serial-Pattern 
T racking in Mice. S.M. Krauchunas1 and S.B. Fountain.2*
1 Department of Psychology, Saint Anselm College, Manchester, NH, 03102. 
d ep artm en t of Psychology, Kent State University, Kent, OH, 44242.

Recent studies have revealed that serial-pattern learning appears to be 
governed by distinct memory systems in rats. One memory system appears to 
be related to rule memory while another appears to be related to rote memory. 
The drugs MK-801 and atropine disrupt learning about violations of pattern 
structure which is typically mediated by the rote memory system. This suggests 
that the hippocampus may be important for learning rote memory information. 
To date little work has been conducted to examine the possibility that 
serial-pattern learning is governed by rule and rote memory systems in other 
species, namely mice.

Two experiments were conducted to examine the effect MK-801 and atropine 
had on serial-pattern learning in mice. The first experiment required mice to 
incorporate new information into a previously learned pattern of responses. 
Animals exposed to either MK-801 or atropine demonstrated greater impairment 
if the added information was not consistent with the original pattern structure. 
Performance was unimpaired for mice exposed to the drug when the added 
information was consistent with pattern structure. The second experiment 
examined the effects of MK-801 and atropine on pattern retention. MK-801 
appeared to disrupt performance, but information regarding pattern structure 
remained intact. Atropine, on the other hand, disrupted the animal’s ability to 
respond to changes in pattern structure. These experiments indicate that mice 
employ rule and rote memory systems to learn information regarding the serial 
pattern in a manner similar to that used by rats. Furthermore, the rote memory 
system can be dissociated from the rule memory system by MK-801 and 
atropine to elucidate the role each memory system has in serial-pattern learning.

843.5
POST-TRAINING INTRA-HIPPOCAMPAL INJECTION OF THE 
mGluR AGONIST tADA IMPAIRS SPATIAL MEMORY. K. B
Cline* & M. G. Packard Department of Psychology, University of New 
Orleans, N.O., LA, 7öl4».

P revious ev id en ce in d icates a role for glutam atergic  
neurotransmission in hippocampal-dependent memory processes. While 
much of this evidence is derived from studies manipulating NMDA 
receptors, in recent years the discovery of "slow" synaptic transmission 
mediated by metabotropic glutamate receptors (mGluRs) has led to 
investigation of the role of mGluRs in memory. Previous findings 
indicate that pre-training ICV injections of the specific class I mGluR 
agonist trans-azetidine-decarboxylic acid (tADA) impairs acquisition of 
a spatial alternation task in rats. The present study was designed to 
extend these findings by examining the effects of post-training intra- 
hippocampal injections of tADA on memory in a hidden platform water 
maze task. Male Long-Evans rats received a single 8 trial (30 sec inter
trial interval) training session on a hidden platform water maze task, 
followed by a post-training intra-hippocampal injection of tADA (0.25, 
0.5, or 1.0 µglµì), or saline. On a retention test 24 hours later, latency to 
mount the escape platform was used as a measure o f memory. 
Immediate post-training intra-hippocampal injection of tADA (1.0 µg) 
significantly impaired retention relative to saline treated rats. Injections 
o f tADA that were given 2 hours post-training had no effect on 
retention, indicating a time-dependent effect on memory storage 
processes. Consistent with previous findings using pre-training ICV 
injections of tADA, the results suggest that post-training activation of 
class I mGluRs impairs spatial memory, and identifies the hippocampus 
as a potential neuroanatomical substrate mediating this effect, (supported 
by NIH grant R29MHO56973-O2 M. P.)

843.2
MULTIPLE DAILY TRIALS AMELIORATE ACQUISITION AND  
RETENTION OF THE 4/8 RADIAL MAZE TASK OF RATS 
INJECTED WITH MK-801 B.L. Woodside* and T. J. Tevler, 
Northeastern Ohio Universities College o f Medicine, Rootstown, 
Ohio44272.

130 day old male Wistar rats, mildly food deprived to maintain 
85% of ad lib weight and housed individually were randomly assigned 
to three different groups in a 4/8 radial arm spatial learning task. 
During training began each animal received 5 trials per day (approx. 
20 min. ITI) on six consecutive days. All animals received an IP 
injection 45 minutes prior to the beginning o f each daily session of 
either saline, MK-801 (,O625mg/kg), or Verapamil (lOmg/kg). 
Immediately after training was an eight day retention period in which 
no training occurred and no drugs were administered. On the ninth 
day a block o f 5 retention trials were administered with respective 
drug injections to test for memory retention. Two days later a second 
block o f 5 trials were performed with saline animals receiving 
Verapamil or M K -801, and drug group animals receiving only saline 
injections, to test for state-dependent learning. No differences were 
discovered between any groups in either the acquisition or retention 
trials. Comparing these results with previous one trial per day 4/8 
radial arm experiments suggests that acquisition is a function of 
number of trials ráther than days of training. MK-801 at a dose which 
has been found to impair acquisition of the 4/8 radial arm maze task 
with only one training trial per day had no significant effect on 
acquisition o f the same task with five training trials per day. 
Sponsored by a grant from the Herbert W. Hoover Foundation.

843.4
STATE-DEPENDENCY AND RETROGRADE AMNESTIC EFFECTS OF 
NMDA RECEPTOR ANTAGONIST MK-801 AND NO SYNTHASE  
INHIBITOR L-NAME. W. Boshoven. D. Gunn. X. Xu*. Grand Valley State 
University, Allendale, MI 49401.

Investigations of synaptic transmission indicate that the induction of long
term potentiation (LTP), a physiological correlate of learning and memory, 
may be mediated by postsynaptic N-methyl-D-aspartate (NMDA) receptors, 
whereas the maintenance of LTP may be initiated by nitric oxide (NO), a 
retrograde messenger. Administration of NMDA receptor antagonists 
blocks the induction but not the maintenance of LTP. Blocking the 
synthesis of NO prevents the expression of LTP. Our previous studies 
showed that intracranial (i.c.) administrations of NMDA receptor antagonist 
MK-801 or NO synthase inhibitor L-NAME before training impaired 
retention of active avoidance conditioning in goldfish resulting in 
anterograde amnesia (AA) at doses that did not interfere with performance 
processes. The present study investigated state-dependency and retrograde 
amnestic (RA) effects of MK-801 and L-NAME. Experiment 1 investigated 
whether retention in the testing session varied with the presence or absence 
of MK-801 using a 2X2 factorial design. Results showed that reinstating 
MK-801 prior to testing did not improve retention. Experiment 2 
investigated whether retention varied with the presence or absence of L- 
NAME during testing. Results also showed that reinstating L-NAME did 
not improve retention. Thus MK-801 and L-NAME did not produce state- 
dependent learning. Experiment 3 investigated whether MK-801 and L- 
NAME impaired memory consolidation by examining the RA effects of the 
drugs. Fish received i.c. injections of water or MK-801 or L-NAME 
immediately following training and were tested without drug treatments. A 
one-way ANOVA with multiple comparisons on the test scores showed that 
L-NAME produced RA while MK-801 did not, suggesting that MK-801 
impaired learning whereas L-NAME impaired memory consolidation and 
possibly learning. (Supported by GVSU grant-in-aid and McNair Scholars Program)

843.6
ENHANCED NMDA FUNCTION REVERSES WORKING MEMORY DEFICITS 
INDUCED BY BLOCKADE OF GROUP I mGluRs AND MUSCARINIC 
RECEPTORS IN THE RAT HIPPOCAMPUS. M. O hno*. A. Kishi and S. 
Watanabe. Department of Pharmacology, Faculty of Pharmaceutical Sciences, 
Kyushu University, Fukuoka 812-82, Japan.

We have reported that hippocampal NMDA receptors play a crucial role in 
mediating working memory performance of rats on a three-panel runway task. 
In the present experiments, we clarified the possible involvement of NMDA 
mechanisms in working memory failure resulting from deficiency of 
metabotropic glutamate receptor (mGluR)-mediated or cholinergic neuro
transmission in the hippocampus. Both the potent and specific antagonist of 
the group I mGluR AIDA and muscarinic acetylcholine receptor antagonist 
scopolamine, injected bilaterally at 0 .3 2 -3 .2  µ g/side into the dorsal 
hippocampus, dose-dependently increased the number of working memory 
errors (attempts to pass through two incorrect panels of the three panel-gates 
at four choice points). The increase in working memory errors induced by 
intrahippocampal AIDA (3.2 µg/side) was reduced by concurrent infusion of 10 
µ g/side D-cycloserine, which facilitated NMDA function through the glycine 
modulatory site on the NMDA receptor. D-Cycloserine (1 and 10 µg/side) was 
also effective in reversing intrahippocampal scopolamine (3.2 µg/side)-induced 
working memory deficit. Likewise, the polyamine site agonist of the NMDA 
receptor complex spermidine (10 µg/side) attenuated the increase in working 
memory errors resulting from intrahippocampal injection of AIDA (3.2 µ g/side) 
and scopolamine (3.2 µ g/side). These results suggest that hippocampal 
NMDA function upregulated by phosphoinositide hydrolysis in response to 
group I mGluR and muscarinic receptor activation contributes to working 
memory function, i.e., acquisition processes of new information that is useful 
only within a session and changes from day to day.
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843.7
ANIRACETAM ADMINISTRATION REDUCES SCOPOLAMINE INDUCED WORKING 
MEMORY DEFICITS IN RATS. A.G. Gittis* and L  Camra. Psychology Department, 
Westminster College, New Wilmington, PA 1617Z

Aniracetam (1-anisoyl-2-pyrrolidinone) is a glutamanergic agonist that may have 
clinical utility in the treatment of memory disorders. The drug improves delayed 
matching to sample performance in untreated and scopolamine (SCOP) treated 
primates (Pontecorvo and Evans, Pharm. Biochem. Behav., 1985). Moderation of a 
rodent SCOP induced passive avoidance deficit has also been observed as well as 
a reduction in both radial ami maze reference and working memory errors in rats 
with entorhinal lesions (Zajackowski and Danysz,• Pharm. Biochem. Behav., 1997). 
This study extends the analysis of aniracetam moderation of SCOP memory deficits 
in rats by using a particularly challenging problem -  a non-match to sample task in 
an 8 arm radial maze. Four unblocked randomly chosen arms served as the sample, 
requiring the rats to select the 4 previously unblocked arms (i.e., non-matching). 
Ten rats were trained to a 80% acquisition criteria and then tested using a within- 
subject design with each animal administered in random order SCOP (.3 mg/kg i.p.), 
oral administration of aniracetam (ANR - (25 mg/kg), the saline/Tween8O vehicle 
(CON), or both scopolamine and aniracetam (SCOP+ANR). During non-matching 
testing CON or ANR errors were largely confined to the selecting of a sample arm, 
rarely engaging in perseverative arm re-entries. SCOP administration doubled the 
non-matching errors made and also greatly increased perseverative selection of 
arms. The SCOP+ANR deficit was significantly reduced relative to SCOP with these 
animals erring less in sample arm choice and engaging in less perseverative 
responding. However performance accuracy did not reach ANR or CON levels. 
SCOP+ANR also had reduced selection times relative to the SCOP alone group. 
Thus aniracetam was demonstrated to have a moderating effect on the impairments 
induced by scopolamine in a working memory task.

843.9
REGULATION OF HIPPOCAMPAL GLUTAMATE RECEPTORS 
BY PRENATAL DIETARY CHOLINE. R. Lo\* A.H. Saddiqui and 
S. Joseph. Departments o f Neurology and Neurosurgery, University 
of Rochester, 435 E. Henrietta Road, Rochester, NY 14620.

Prenatal choline availability has a life-long influence on spatial and 
temporal memory and hippocampal LTP. Given the putative role for 
metabotropic glutamate receptors in both spatial memory and LTP, we 
compared immunoreactivity for GluRl and GluR2/3 in hippocampus 
as a function o f prenatal choline exposure. From ED 12-17, pregnant 
control rats received AIN-76A; supplemented rats received the AIN- 
76A diet with drinking water containing 2.5 mM choline chloride 
(average daily intake 4.6 mmol/kg); deficient rats received AIN-76A  
modified to contain no choline. At PD20, 4 female rats from each 
group were sacrificed and frozen brain sections were incubated with 
antibodies to either G luRl or GluR2/3 (Chemicon), along with 
additional sections from normal adult rats. In choline supplemented 
rats, there was reduced staining in granule cells and molecular' layer, 
and staining in CA3 was patchy, but paler than controls. In choline 
deficient rats, patches of adult-like staining occurred in granule cell 
and molecular layers of the dentate, w'hile in CA3 darkly stainined 
individual neurons were scattered within a thinner stratum pyramidale 
and stratum oriens. Choline supplementation may thus delay 
maturation o f G luRl and GluR2/3, while choline deficiency may 
reduce the number of cells expressing G luRl and GluR2/3, and 
increase immunoreactivity in remaining cells.
Supported by AG09525.

843.11

ESTROGEN RECEPTOR α  IS NOT REQUIRED FOR  
ESTRADIOL’S EFFECTS ON INHIBITORY AVOIDANCE  
BEHAVIOR IN FEMALE MICE H.N  Fugger*1. E.F. Rissman1'2, 
and T.C. Foster1,3. N euroscience Grad. Prog., 2Dept. o f  Biology, 
Univ. o f  Virginia and 3Dept. o f  Pharmacology, Univ. o f  Kentucky.

There is mounting evidence that estrogen influences cognitive 
function. However, the mechanism for these effects remains elusive. 
Estrogen receptor α-minus (ERα-minus) and wildtype (WT) littermate 
mice were employed to assess the effect o f  estradiol treatment on 
memory for inhibitory avoidance (IA). Subjects o f  each genotype were 
ovariectomized and treated with estradiol either chronically (silastic 
capsules 1 .02x2.16mm, 5mm pellet 1:1 estradiol:cholesterol or blank) 
or acutely (2Oµg estradiol benzoate or oil vehicle). On the first day o f  
testing, mice were placed in the lighted chamber o f  the IA apparatus, 
and latency to cross into the dark chamber was measured (acquisition 
latency). Subjects were then delivered a mild foot shock. Twenty-four 
hours later, latency to cross into the dark chamber (retention latency) 
was measured. Analyses were performed on the difference in latencies 
(retention-acquisition). Results indicated no effect o f  acute estrogen 
injection. Chronic estrogen improved performance regardless o f  
genotype. The results suggest that improved cognitive function with 
chronic estrogen treatment is mediated by a receptor other than ERα, 
perhaps ERß. Supported by NSF IB N -97230055 (TCF), NIH grants 
KO2-MHOI349 and N S35429 (EFR) and M H 12075 (HNF).

843.8
EFFECTS OF LOCAL INFUSION OF NMDA- AND MUSCARINIC 
ANTAGONIST INTO THE DORSOMEDIAL AND DORSOLATERAL 
PREFRONTAL CORTEX OF RATS IN DELAYED NON-MATCHING 
TO POSITION TEST. J. Aura* and P. Riekkinen Jr. Dept, of Neuroscience 
and Neurology. Univ. of Kuopio, P.O. Box 1627. FIN-70211 Kuopio, 
Finland.

The present study investigated the role of NMDA and muscarinic 
acetylcholine receptors in the dorsomedial and -lateral prefrontal cortex in 
the control of spatial working memory of rats. Therefore, we studied the 
effect of local administration of an NMDA-receptor antagonist CPP (0.1 
and 0.3 µg) and a non-selective muscarinic receptor antagonist 
scopolamine (10 µg) into the dorsomedial and -lateral prefrontal cortex of 
rats on spatial working memory task (Delayed non-matching to position).

Infusion into the dorsomedial prefrontal cortex: CPP 0.1 µg impaired 
working memory accuracy delay-dependently, and disrupted motor 
behavior. CPP 0.3 µg caused a delay independent memory and motor 
performance deficit. Scopolamine 10 µg had no effect on memory 
accuracy, but impaired motor function.

Infusion into the dorsolateral prefrontal cortex: CPP 0.3 µg affected 
motor behavior, but CPP 0.1 µg and scopolamine 10 µg had no effect on 
behavior.

These results suggest that NMDA-receptors are needed for spatial 
working memory function in dorsomedial, but not in dorsolateral, 
prefrontal cortex.
(Supported by University of Kuopio And Finnish Academy of sciences.)

843.10
THE EFFECT OF STREPTOZOTOCIN-INDUCED DIABETES ON THE LEVELS OF 
EXCITATORY AND INHIBITORY AMINO ACIDS IN SPECIFIC RAT BRAIN REGIONS. JJ. 
Jackson* and M.R.I. Soliman. College of Pharmacy and Pharmaceutical Sciences, Florida A&M 
University, Tallahassee, FL 32307.

There is increasing interest in the possibility that diabetes mellitus may be associated with 
learning and memory deficits. However, little is known about the direct neurotoxicity of the 
diabetic state. Previous studies in our laboratory have shown that streptozotocin-induced 
diabetes (STZ-D) is associated with spatial memory deficits in rats. In the present study, we 
examined the effects of STZ-D on amino acid levels in specific rat brain regions. Male Sprague- 
Dawley rats were given a single injection in the tail vein of streptozotocin (STZ, 45 mg/kg), freshly 
prepared in citric acid buffer (pH 4.5). Control animals received a similar injection of vehicle in the 
tail vein. Blood glucose levels were determined to confirm the presence of diabetes post-injection 
of STZ and only animals exhibiting blood glucose levels of 300 mg/dl were used in this study.
After behavioral testing, animals were sacrificed by decapitation and the brains removed and 
stored at -7O°C. Frozen brains were thawed and the hypothalamus (HYP), hippocampus (HIP), 
midbran (MID) and cortex (COR) dissected. The effect of STZ-D on aspartate (ASP), glutamate 
(GLU), serine (SER), glutamine (GLN), glycine (GLY) and γ-amino butyric acid (GABA) levels was 
analyzed using HPLC-EC analysis. In the HYP, a significant decrease in ASP (95.4% decrease), 
GLU (96.3% decrease), SER (89.6% decrease), GLN (89.9% decrease), GLY (89.6% decrease) 
and GABA (92.1% decrease) levels was observed. A significant decrease in ASP, SER and 
GABA levels was seen in the HIP (44.9% decrease, 89.5% decrease and 52.3% decrease, 
respectively). When amino acid levels were analyzed in the MID, a significant increase was 
observed in ASP, GLU, SER, GLN and GABA levels (52.03% increase, 61.6% increase, 65.9% 
increase, 58.9% increase and 54.1% increase, respectively). A significant increase in ASP, GLU, 
SER, GLN, GLY and GABA concentrations was also observed in the cortex (98.9% increase, 
92.5% increase, 88.9% increase, 93.8% increase, 95.9% increase and 93.6% increase, 
respectively). The alterations in the levels of amino acids found in this study may contribute to 
understanding the neurochemical and neurobehavioral effects of diabetes mellitus. (Supported 
by NIH grants GM08111 and RR03020)

843.12
ROLE OF NMDA RECEPTOR IN MEDIATING INCREASED 
PERFORANT PATH SYNAPTIC TRANSMISSION DURING 

ENVIRONMENTAL ENRICHMENT
T.C. Foster*1. H.N. Fugger2. S.G. Cunningham. Department o f  

Pharmacology, University o f  Kentucky Medical College1 and 
Neuroscience Graduate Program, University o f  Virginia2.

Our previous work indicates that increased perforant path synaptic 
strength due to enrichment is similar to LTP. To determine whether 
NM D A  receptors are involved in enrichment effects on synaptic 
transmission, male rats (PND 45) were implanted ICV with 
minipumps containing the N M D A  receptor blocker, 4OmM APV, or 
saline, and placed in enriched conditions (EC) or individual cages 
(IC). Eight days after implantation all rats were tested for spontaneous 
alternation behavior. Input/output curves for perforant path synaptic 
strength were examined in hippocampal slices harvested 9-16 days 
after implantation. Behavioral results indicated a drug effect, such that 
APV rats entered more arms (p<.05), while saline rats exhibited 
increased alternation (p<.05). Electrophysiological results indicated a 
significant effect o f  housing condition (p<OO5) and a drug x housing 
condition interaction (p<.05). Post hoc comparisons indicated that 
synaptic strength for APV-EC rats was less than saline-EC, but 
greater than all IC animals. Thus, enrichment can increase synaptic 
strength to a certain extent despite N M D A  receptor blockade which 
impairs behavior. Supported by IBN -97230055 & AG -14979 to TCF.
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843.13
MK-801 IMPROVES RETENTION IN AGED RATS: 
IMPLICATIONS FOR ALTERED NEURAL PLASTICITY 
IN AGE-RELATED MEMORY DEFICITS. C.M. Norris* and 
T.C. Foster. University of Kentucky, Department of 
Pharmacology, College of Medicine, Lexington, KY 40536, USA.

Alterations in NMDAR-dependent synaptic plasticity may 
contribute to impaired memory during aging. Thus, we examined the 
effects of post-training injections of the NMDAR antagonist, MK-801, on 
rapid forgetting on a swim task. Aged (22-24 mos) and young adult (3-6 
mos) male Fischer 344 rats were massed-trained on the water maze. A 
free-swim probe trial administered immediately after spatial training 
demonstrated that all rats acquired a spatial bias. Rats then were injected 
with MK-801 (0.05 mg/kg, i.p.), or vehicle. A second probe trial, delivered 
24 hr later, showed that young adults, regardless of treatment, continued 
to exhibit spatial discrimination. For the aged group, in contrast, only MK- 
801-injected rats retained a spatial bias across the 24 hr interval, 
suggesting that NMDAR activity may be involved in rapid forgetting 
during aging. Because blockade of NMDARs also may impair new 
learning, which may, in turn, protect previously stored information from 
retroactive interference, rats in a second experiment received post
training injections of scopolamine (0.05 mg/kg), a compound known to 
inhibit learning. However, scopolamine did not enhance retention in the 
aged group, consistent with the hypothesis that MK-801 influenced 
memoιγ in aged rats through its actions on NMDAR-dependent synaptic 
plasticity.

Supported by A G 14 9 79  to TC F  and a Glenn Foundation/American 
Federation for Aging aw ard to CMN.

843.14
D-CYCLOSERINE AND SPATIAL MAZE LEARNING BY YOUNG AND AGING 
RATS. L.T. Thompson*. Aging & Memory Research Lab, Cognition & Neuroscience 
Program, School of Human Development, University of Texas at Dallas, Richardson, TX. 

Normal aging selectively impairs some forms of learning, and NMDA receptor antagonists 
produce selective impairments in multiple tasks that mimic some of the impairments 
noted in aging and after severe hippocampal damage. D-cycloserine has been shown to 
enhance learning in multiple tasks, including some impacted by aging and/or by hippocampal 
damage. The purpose of the present study was to determine whether D-cycloserine can 
facilitate learning of a number of different spatial maze tasks in young or aging rats, and 
whether D-cycloserine can reverse or emiliorate the determinental effects of NMDA 
antagonists on learning.
The effects of daily D-cycloserine (DCS; a partial-agonist of the NMDA receptor-glycine 

site) treatment were tested on rats ranging in age from 6 wk to 30 mo. Some groups were 
pre-treated with chronic doses NMDA antagonists sufficient to impair learning without 
significantly impairing motor performance. Dose-response functions were studied, using 
doses of DCS from 0.1 to 12 mg/kg, ip. Rat performance was assessed using appetitive 
(food) stimuli with win-shift or win-stay tasks on 8-arm radial arm mazes (60 cm in 
diameter, with arms 5.5 cm wide) or aversive (4-200 W halogen lights) stimuli on Barnes 
circular hole mazes (1.2 m in diameter). Rats were trained daily during the light phase of 
their cycle, with 1 pair of trials per day, to a criteria of 75% correct choices. The first 
trial in each session was forced choice, the second a memory probe trial. Intertrial 
intervals of 10 sec, 5 min, or 2.5 hr were used, to assess effects of retention interval and 
duration of acute drug effects. Long-term effects of DCS treatment were also assessed in 
2 groups with paired probe trials at varying intervals (from 1 wk to 2 mo) after daily 
training ended, with one group receiving continuing treatment with D-cycloserine, another 
none. Effects were assessed in terms of rate of acquisition (trials to criterion) and 
number of errors on probe trials. The results are discussed with regards to the role of 
NMDA receptor mediated behavioral plasticity in age-associated memory impairments.

LEARNING AND MEMORY: PHARMACOLOGY—GABA, BENZODIAZEPINE AND SEROTONIN

844.1
SYSTEMIC DOSES OF CHLORDIAZEPOXIDE DIFFERENTIALLY DISRUPT 
SPATIAL LEARNING IN PRENATALLY PROTEIN-MALNOURISHED RATS.
J. Tonkiss*. P.L. Shultz. J.S. Shumskv and J.R. Galler. Center for Behav. Dev., Boston 
Univ. School of Med., Boston, MA 02118.
Malnutrition experienced in the early stages o f development (i.e., prenatal and early 

postnatal life), consistently reduces the sensitivity of rats to the anxiolytic effect of 
benzodiazepine (BZ) receptor agonists in adulthood. In contrast, variable results have 
been obtained from the few studies that have examined the sensitivity of previously 
malnourished animals to the amnestic properties of these drugs. Thus, the aim of the 
present investigation was to conduct a systematic analysis of Morris water maze (MM) 
acquisition (a procedure with low confound potential) under 3 systemic doses (3.2, 5.6 
and 7.5 mg/kg IP) of chlordiazepoxide (CDP), at two ages (day 30 and day 90) 
following prenatal malnutrition. Male offspring of rats fed a protein deficient diet for 
5 weeks prior to mating and throughout pregnancy were tested in a hidden platform 
version of the MM. Twelve swim trials were given (60-s max.) per day over two 
consecutive days (35-s inter-trial interval spent on the platform), twenty min after 
receiving either a saline or a CDP injection. At 30 days, prenatally malnourished rats 
showed a lower sensitivity to the 5.6 mg/kg dose of CDP, indicated by shorter swim 
paths during acquisition and a selective search of the target quadrant upon removal of 
the platform (probe trial) which contrasted with a lack of selectivity shown by the well- 
nourished controls. At 90 days, prenatally malnourished rats again showed a lower 
sensitivity to CDP at a dose o f 5.6 mg/kg, indicated by a greater number of target 
annulus crossings on the probe trial compared with the well-nourished controls. At this 
age, prenatally malnourished rats also exhibited greater sensitivity than well-nourished 
controls to 3.2 mg/kg CDP, indicated by a selective search of the target annulus in the 
well-nourished but not the prenatally malnourished group. Thus, alterations in the 
modulation of the GABA system by BZ drugs subsequent to prenatal malnutrition lead 
to differential amnestic responses. Supported by NIH grant HD22539 to JRG.

844.3
Endogenous state dependence. L. A. Bruins Slot and F. C. Colpaert*. Centre 
de Recherche Pierre Fabre, F81106 Castres, Cedex France.

Low doses of the benzodiazepine chlordiazepoxide (CDP) can produce 
state dependence (StD; i.e., changes of memory state) for food-rewarded 
operant responding in rats (Colpaert, 1986) and further studies (Colpaert, 1990) 
on CDP-induced StD have suggested that StD could be the mechanism whereby 
CDP exerts its characteristic psychotropic effects such as anxiolysis, amnesia, 
and dependence. Anxiety has been characterized (Miller, 1951; Mowrer, 
1939) as an acquired drive, i.e ., one that is learned and stored in memory 
during the course of ontogeny. To experience anxiety, an individual must 
remember and display behavior that has been acquired (presumably in an 
undrugged past). StD may thus provide a unique view on the 
psychopharmacological actions of the benzodiazepines, and may, in a similar 
manner, apply to any engram acquired in the course of ontogeny. For this to 
be true, one must postulate the existence of states that are induced by 
endogenous signaling substances intervening in the storage, and subsequent 
retrieval, of memory traces. The present study sought to determine whether 
StD can occur with the neuroactive steroid pregnanolone (3α-hydroxy-5ß- 
pregnan-20-one), an endogenous metabolite of progesterone which acts as a 
positive modulator of the GABAa Cl' channel receptor complex and which has 
been suggested as an endogenous modulator of central and/or peripheral 
GABAa receptors (Paul and Purdy, 1992). Specifically, this study assessed; i) 
whether pregnanolone induces StD; ii) whether the pregnanolone-induced StD 
has parametric features similar to CDP-induced StD; and iii) whether the 
pregnanolone and CDP states are similar.

The data indicate that the retrieval from memory of an operant response can 
be made dependent on the pregnanolone state and suggest that StD may thus be 
a physiological mechanism of action that can operate endogenously.

844.2
MEDIAL SEPTAL INFUSIONS OF CHLORDIAZEPOXIDE DIFFERENTIALLY 
DISRUPT SPATIAL LEARNING IN PRENATALLY PROTEIN-MALNOURISHED 
RATS. M.M. Trzciáska*. J.Tonkiss and J.R. Galler. Center Behav. Dev., Boston Univ. 
School of Medicine, Boston, MA 02118.

Our recent findings indicate that prenatal protein malnutrition leads to alterations in 
the GABA/BZ system, as evidenced by an altered amnesic response reflected in a 
decreased sensitivity to a medium dose (5.6 mg/kg) of chlordiazepoxide (CDP) 
administered systemically to 30 and 90 day old Sprague-Dawley rats. This result has 
lead us to examine potential anatomical loci responsible for this effect. One structure 
which is believed to be involved in mediating the amnesic effects of CDP is the medial 
septum, MS (McNamara and Skelton, 1993). Hence, 100 male rats (110-180 days of 
age, n>lO per group) were surgically implanted with stainless steel cannulae (0.64 mm 
in diameter) at the following coordinates: AP+0.7 mm, ML 0.0 mm, DV 4.8 mm from 
dura. One week after surgery an injector, extending 1 mm below the guide cannula (i.e. 
5.8 mm), was inserted to allow the infusion to be made at the most dorsal portion of 
MS. All rats were assessed in Morris Water Maze test (which involves locating a 
submerged platform in a pool o f milk-occluded water) 2 min following direct 1 µl 
infusion of either artificial cerebrospinal fluid, 15, 30 or 60 nmol of CDP, at a rate of 
O.28µl/min. Animals were given 60 sec swim trials, with 60 sec inter-trial intervals (15 
sec on the platform and 45 sec in a holding cage). Preliminary analysis suggests that 
prenatally protein malnourished rats swam significantly shorter distances to the platform 
(p<0.05) and were thus less impaired in comparison to the well-nourished controls at 
30 nmol CDP, indicating a reduced sensitivity to the drug at this particular dose. These 
results a) mimic the finding obtained with systemic CDP, b) indicate that behavioral 
differences observed under systemic drug administration are not due to an altered brain 
concentration of the drug, c) suggest that the MS GABA/BZ system is significantly 
altered by prenatal protein malnutrition. Supported by NIH grant #HD22539 to J.R.G.

844.4
USE OF A GABAERGIC CONVULSANT TO REVERSE 
DEFICITS IN PERFORMANCE OF THE CLASSICALLY 
CONDITIONED EYEBLINK RESPONSE INDUCED BY 
DIAZEPAM (DZP) ADMINISTRATION. A.F. N ordholm *, S. 
M c ln tu rf , J. Rossi III and G.D. R itch ie1. Naval M edical Research 
Institute Detachm ent-Toxicology and G eo-Centers, Inc.,1 
W right-Patterson AFB, OH 45433-7903.

The C lassically Conditioned Eyeblink Response (CER ) has been 
utilized in previous studies to determ ine the effects o f  pharm aceutical 
com pounds on a sim ple form o f  learning and m em ory. It has been 
previously shown that m odulation o f  the GA BA receptor can selectively 
block retention o f  the classically  conditioned response (CR) w ithout 
impairing perform ance o f  the unconditioned response (UR). Six adult 
N ew  Zealand rabbits were well trained on a c lassically  conditioned 
eyeblink response procedure. A dm inistration o f  DZP (1.0 - 5.0 m g/kg) 
significantly  reduced both the percentage o f  CR responses and UR 
response am plitude, while adm inistration o f  a lower dose (0.5 m g/kg) 
reduced only the CR percentage. Pretreatm ent o f  the rabbits with the 
bicyclophosphate convulsant trim ethylo lpropane phosphate (TM PP) [0.5 
m g/kg] reversed the CR and UR perform ance deficits induced by 1 
m g/kg DZP, but reversed only the UR perform ance deficit induced by 3 
m g/kg DZP. The results o f  this research appear to indicate that the 
learned CER m ay be a m ediated by GA BA ergic pathw ays. Funding 
Sources: Naval M edical Research and D evelopm ent C om m and
(NM RD C).
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844.5

EFFECTS OF ANXIOLYTICS AND MAGNITUDE OF 
REINFORCEMENT IN ACQUISITION OF INHIBITORY 
AVOIDANCE. S. E. Cruz-Morales*. J. Gómez-Romero. and G. 
Reves-Cervantes. Master in Psychology, ENEP-lztacala, UNAM. 
Tlalnepantla, Edo. Mex. 54030, México.

The administration of benzodiazepines and the GABAergic agonists 
baclofen and muscimol produces amnesia, and in the latter case the 
effects are dependent upon the magnitude of reinforcement. The 
objective of this study was to evaluate the effect of the administration 
of two anxiolytics with different pharmacological profile and the 
magnitude of reinforcement (intensity of foot-shock) in the acquisition 
of inhibitory avoidance. Wistar male rats, 250-350 g, with food and 
water ad libitum, were assigned to groups of ten each. Independent 
groups of rats were trained in inhibitory avoidance ( 0,5, 1.5, or 2.5 
mA, 5 s), 5 min after i.p. injections of: diazepam (2.0 and 5.0 mg/kg), 
buspirone (2.0 and 5.0 mg/kg), or saline solution in equivalent volume 
of 0.5 ml. Twenty four h later, the subjects were evaluated, following 
the same procedure of training except that no foot-shock was 
administrated. The performance of the saline groups improved with 
the higher intensities; diazepam impaired acquisition with all 
intensities, and buspirone had no effects on acquisition. The 
differences can be explained because the diazepam has its effects 
through the GABAergic system, while buspirone is an agonist of 
serotonin.
Supported by DGAPA-UNAM (IN2O7996) and CONACYT (1006PH).

844.7

F L U O X ETIN E IN JEC T IO N S P R O D U C ED  D IF F E R E N T IA L  EFFECTS ON 
LEA R N IN G  V ERSU S R E TEN T IO N  O F TH E A P P E T IT IV E  SIG N A LE D  
BA RPRESS R ESPO N SE. B. M. O ’D e ll, K. J. F ry s tak , D. R. P au lso n , and  
D. P. M ille r*, Dept, o f  Psych., C arthage C ollege, K enosha, W I 53140.

F luoxetine has been reported  to enhance learn ing  and m em ory in rat in 
som e co nd ition ing  tasks (e.g., M eneses et al., P harm . B iochem . & Beh. 
52 :341, 1995; In tro in i-C o llison  et al., P sych o b ìo l  20:28, 1992). The 
signaled  barpress paradigm  provides an effective m ethod for studying the 
effects o f  fluoxetine on learn ing  and m em ory  processes in appetitive and 
aversive co nd ition ing  (Steinm etz  et al., B eh . N eurosci. 107:941, 1993). In 
the present study we focused on the effects o f  fluoxetine on acquisition and  
retention of the appetitive  signaled barpress response. In experim ent 1 rats 
were shaped to barpress for food pellet re in fo rcem ent and then given í 5 
days o f signaled  barpress training. T hirty  m inutes p rior to each signaled  
barpress train ing  day rats were given a 20 m g/kg sc injection o f fluoxetine 
C om pared  to control anim als, developm ent of asym ptotic  co n d itio n ed  
signaled barpress responding  was delayed  in the fluoxetine injected rats. 
How ever, the fluoxetine injected rats appeared  to be m ore efficient in 
barpress behav io r by m aking less ITI responses than controls. The latency 
w ithin trials to m ake the co nd itioned  signaled  barpress appeared  to be 
shorter in the fluoxetine injected rats than in contro ls.

In experim ent 2 rats w ere overtrained  for 20 - 25 days in the appetitive 
signaled  barpress task. Rats were then given two days o f  10 m g/kg sc 
ñ u o x e tin e  injections and two days of 20 m g/kg  sc fluoxetine injections. 
Each fluoxe tine  in jection  day was separated  by a saline injection day. 
T hirty  m inutes after the fluoxetine or saline in jection  rats received signaled  
barpress training. There was no disruption  in the perform ance or efficiency  
o f cond itioned  responding  on the fluoxetine days com pared  to saline days. 
R esponse latencies were on average 75 ms longer on fluoxetine days. 
F luoxetine appeared  to disrupt learn ing  o f the signaled  barpress response 
but had little apparent effect w hen the response was well learned.

844.9

COMPARISON OF THE EFFECTS OF S 20499, BUSPIRONE AND DIAZEPAM 
ON SPATIAL DISCRIMINATION LEARNING IN MICE.
R. Jaffard1*, J.L. Guillou1 and C. Muñoz2
1) LN2C, CNRS UMR 5807, Univ. Bordeaux 1, Av. Facultés, 33405 Talence, France.
2) Institut de Recherches Internationales Servier, Courbevoie Cedex, France.
The aim of the present experiment was to compare the effects of i.p. administration 
of S 20499, a selective 5-HT1A agonist with anxiolytic and antidepressive properties, 
with buspirone (0.1 - 1 - 5 and 10 mg.kg'1 for both drugs) and diazepam (2 and 
5 mg.kg ') on spatial discrimination learning in mice (saline was used as control). 
Experiments were performed using an 8-arm radial maze in which only three arms 
(A, B and C) were used. Learning was divided into two successive stages. During the 
first stage, subjects were presented with the pair AB or the pair BC (10 daily trials 
for each pair), with the B arm consistently baited over trials (e.g., A-B+, and B+C-). 
After completion of the first stage, they were given 10 additional probe trials (second 
stage) with free access to the three arms (e.g., A-B+C-). Drugs were administered 
30 min prior to each learning session. Results showed that the rate of acquisition on 
regular trials (A-B+ and B+C-) was significantly different among the 11 groups 
(p <  0.001). As compared to saline, S 20499 administration did not impair 
acquisition at doses of 0.1 - 1 and 5 m g.kg1 and at the highest dose used 
(10 m g.kg1) resulted in a significantly faster rate of acquisition (p < 0.01). In 
contrast, animals treated with diazepam (both doses) were significantly impaired 
(p < 0.05). No significant differences between the saline and buspirone groups 
(4 doses) were observed (p > 0.30). In all groups, response accuracy on probe trials 
(A-B+C-) was normal with respect to performance recorded on the last 10 trials with 
regular trials, suggesting thereby that neither drug altered the encoding strategy used 
during the first stage. These results show that S 20499 does not impair the 
acquisition of a spatial discrimination, unlike diazepam and, at high doses, improves 
significantly this acquisition, unlike buspirone.

The study was supported by Servier, Courbevoie Cedex, France.

844.6

EFFECT OF P E R T U SSIS  T O X IN  O N  B A C L O F E N - A N D  
D IP H E N H Y D R A M IN E -IN D U C E D  A M N E SIA  N. G a leo tti. C . 
Ghelardini. B, Caldari. C. V inci and A, Bartolini Dept o f  Pharmacol., 
50134 Florence, Italy, SPON: Eur. Brain and Behav. Soc.*

The GABAß and histaminergic receptors have been demonstrated to 
interact with metabotropic receptors coupled to G-proteins (Bimbaumer 
1990) leading to the m odulation o f intracellular effectors including  
adenylate cyclase, phospholipase C and ion channels (Simon et al. 1991). 
Since it has been demonstrated that several actions o f  G A BA ß (γ- 
aminobutyric acid B) and histaminergic receptors can be mediated by 
pertussis toxin (PTX)-sensitive G-proteins (Bowery 1993; Arrang 1994; 
Galeotti et al. 1996), we also thought it worthwhile to investigate the role 
o f  Gi/o proteins in m emory processes modulated by G A BA ergic and 
histaminergic systems. The effect o f pretreatment with PTX at the doses 
o f  0.25 and 0 .50  µg per mouse i.c.v. on the amnesic effect produced by 
baclofen (0.1-4 mg kg'1 i.p.), diphenhydramine (15-30 mg kg'1 i.p.) and 
scopolam ine (0.5-5 mg kg'1 i.p.) was investigated in the m ouse passive 
avoidance test performed according to Jarvik and Kopp (1967). Ten days 
after a single injection o f  PTX, baclofen (2-4 mg kg'1 i.p.) amnesia was 
prevented. By contrast, PTX had no effect on diphenhydramine- and 
scopolamine-induced amnesia. Pretreatment with PTX at both doses used 
did not impair m ice motor coordination as revealed by the rota-rod test. 
The present results indicate that the activation o f  PT X -sensitive G- 
proteins represents an important transduction step in memory impairment 
induced by G ABAß receptors activation, but not by antihistaminic and 
antimuscarinic drugs.
This work was supported by grants from  MURST.

844.8
POSTTRAINING INTRA-AMYGDALA INFUSION OF 5-HTι a AGONISTS OR 
ANTAGONISTS AFFECTED MEMORY IN AN INHIBITORY AVOIDANCE TASK. 
K C Liang*. Dept, of Psychology, NatF. Taiwan Univ., Taipei. Taiwan. 10764. R O C.

Evidence has implicated the central serotonergic system in learning and memory .
Our recent findings showed that posttraining systemic injection of the anxiolytic buspi
rone, a 5-HTiλ partial agonist, caused a retention deficit in an inhibitory avoidance task. 
Further, if the task adopted a two-phase training paradigm, which separated context and 
shock learning in two days, buspirone given at shock training but not at context training 
impaired memory, implying that the drug blocked affective information processing. In 
view of the critical role of the amygdala in affective memory, this study investigated the 
effect of posttraining intra-amygdala infusion of the 5-HTι a agonist 8-hydroxy-2-(di-n- 
propylamino)-tetralin (8-OH-DPAT), or the antagonist N-{2-[4-(2-methoxyphenyl)-l- 
piperazinyl]ethyl}-N-2-pyrindinyl-cyclohexanecarboxamide maleate (WAY-100635) on 
retention of an inhibitory avoidance task.

Male Wistar rats with cannulae implanted bilaterally into the amygdala received one 
Raining trial on a step-through inliibitory avoidance task (footshock 1.25 mA/1 s). Intra
amygdala infusion of buspirone, 8-OH-DPAT or W AY-10063 5 was given immediately 
or 6 hrs after training. Retention was tested 24 hrs after training. Results indicated that 
posttraining intra-amygdala of buspirone or 8-OH-DPAT induced significant dose- and • 
time-dependent retention deficits: Buspirone at 2.5 µg or 8-OH-DPAT at 1.0 µg infused 
shortly after training impaired memory, while both drugs at lower doses or given 6 hrs 
after training had no effect. Immediate posttraining intra-amygdala infusion of WAY- 
100635 induced biphasic effects: The drug caused significant memory enhancement at 
0.1 µg but pronounced memory' impairment at 10 µg. Intra-amygdala infusion of 2 5 µg 
WAY-100635 had no effect by itself but significantly attenuated the 1116111017 impairing 
effect of buspirone. These findings, taken together, suggest that amygdaloid 5-HTiλ 
receptors play an important role in modulating formation of memory' for aversive events 
and 5-HT in the amygdala may normally serve as an endogenous inhibitor for affective 
memory . (Supported by Grants NSC-86-2413-H-002-012 and NSC-87-2413-H-002- 
012 from National Science Council of the Republic of China).

844.10

EFFECTS OF INTRASTRIATAL P-CHLORO AMPHETAM INE  
MICROINJECTIONS ON INHIBITORY AVOIDANCE. R.A. Prado- 
Alcalá*. R. Solana-Figueroa. M.I. Martinez, and G.L. Ouirarte. Centro 
de Neurobiología, Campus U NA M -U A Q , Querétaro, Qro., Apdo. 
Postal 1-1141, M éxico 76001.

Different lines o f  research have shown that striatal acetylcholine and 
gamma-aminobutyric acid are critically involved in memory o f  
aversively-motivated conditioned behaviors. The aim o f  this work was 
to determine whether another striatal neurotransmitter, serotonin, is 
also involved in this process. To this end, we studied the effects o f  p- 
chloroamphetamine (PCA), which produces release o f  serotonin (5HT) 
from presynaptic terminals as w ell as an inhibition o f  neuronal uptake 
o f  5HT. Groups o f  rats were trained in inhibitory avoidance and 
injected, intrastriatally, 5 µg o f  PCA at 30, 15 or 5 min before training 
or at both 5 min before training and  retention testing. Near-perfect 
retention was found in the control groups (intact and infused with 
saline into the striatum) and the 30 min group; in contrast, the rest o f  
the groups showed a significant retention deficit. These results suggest 
that striatal serotonin is also involved in memory processes.
Supported by DGAPA. We thank the technical assistance o f  Mr. Angel 
M éndez Olalde.
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844.11

WITHDRAWN

844.13
PERFORMANCE NORMS FOR THE CANTAB RHESUS MONKEY BATTERY: 
ACQUISITION AND LONG-TERM PERFORMANCE. M.R. W eed1*. M.A. Taffc1.1. 
Polis1. A.C. Roberts2, T.W. Robbins2, and L.H. Gold1. departm ent of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037 and 
departm ent of Experimental Psychology, Cambridge Univ., Cambridge, UK

A computerized behavioral battery based upon human neuropsychological tests has 
been developed to assess cognitive behaviors of rhesus monkeys. The battery addresses 
memory (delayed non-matching to sample, DNMS; spatial working memory, using a 
self-ordered spatial search task, SOSS), attention (intra-/extra-dimensional shift, 
ED/ID), motivation (progressive-ratio, PR), reaction time (RT) and motor coordination 
(bimanual task) [CANTAB, CeNeS Ltd., Cambridge, UK]. As with human 
neuropsychological batteries, different tasks are thought to involve different neural 
substrates, and therefore performance profiles should assess function in particular brain 
regions. Monkeys are tested in transport cages, and responding on a touch sensitive 
computer monitor is maintained by food reinforcement. Data presented represent 
performance from a minimum of 6 months to a maximum of 3 years of training. 
Monkeys reliably perform multiple tasks, providing long-term assessment of changes in 
a number of behaviors for a given subject. Analyses of acquisition and long-term 
performance in DNMS (N=I2 monkeys), SOSS (N=I4), ED/ID (N=9), PR (N=8), RT 
(N=8) and bimanual (N=2O) tasks will be presented. Parametric manipulations of 
several tasks demonstrated the sensitivity of performance to increases in task difficulty. 
Accuracy was decreased by increasing delays in the SOSS and DNMS and increasing 
the number of boxes in the SOSS task. Additionally, the sensitivity of PR performance 
to changes in reinforcer magnitude was demonstrated (N=6). The overall goal of the 
test battery is to characterize changes in cognitive behaviors following central nervous 
system (CNS) manipulations. Data presented represent control norms that will be used 
for comparison to performance following CNS manipulations such as infection with 
SIV (NeuroAIDS) or administration of neurotoxins (such as MDMA). Supported by 
DA 09111, DA 05831, MH 47680 and MH 19185.

844.12
SL65.0102, A NOVEL A ND  SELECTIVE PARTIAL AGONIST AT 
5-HT4 RECEPTORS, IMPROVES LEARNING AND  MEMORY IN 
RODENTS. O.E.Bergis. P.C.Moser*, R.Santamaria. H.Schoemaker, 
A.Oblin, A.W .Lochead, S.Jegham, D.J.Sanger. P.George, B.Scatton 
Synthélabo Recherche, 31 A v P.V. Couturier, Bagneux, France.

5-HT4 receptors are located in several CNS regions implicated in 
cognition. Stimulation of these receptors results in a long lasting increase in 
hippocampal pyramidal cell excitability, increases acetylcholine release and 
improves learning and memory deficits in rodents suggesting that 5-HT4 
receptor agonists will be beneficial in the symptomatic treatment of memory 
disorders. SL65.0102 is a novel benzamide derivative with high affinity for 
the 5-HT4 receptor (Ki = 6.6 nM). Its functional activity is consistent with 
it being a selective 5-HT4 receptor partial agonist. The promnesic activity 
o f SL65.0102 was evaluated in an object recognition test and a linear maze 
test. In the object recognition task, rats are tested for their ability to 
discriminate between a novel object and one presented 24h earlier. 
Treatment with SL65.0102 (0.1 and 1 mg/kg, IP or PO) significantly 
increased exploration o f the novel object compared to the familiar one, 
demonstrating improved retention. In the linear maze task, 22-month old 
rats exhibit a marked deficit in learning a sequence o f 6 sequential left-right 
choices compared to young rats. SL65.0102 (0.1 mg/kg IP) significantly 
improved the rate o f acquisition and improved performance in a reversal 
protocol. SL65.0102 has also been shown to enhance hippocampal LTP, 
both in vitro ( 1 - 1 0  µM) and in vivo (0.1 mg/kg IP). These results confirm  
an important role for 5-HT4 receptors in mnemonic processes and 
demonstrate that SL65.0102 has potential for the symptomatic treatment of 
memory deficits associated with A lzheim er’s disease and other disorders.

844.14
3,4-M ETHYLENEDIOXYMETHAMPHETAM INE (MDMA) ALTERS 
BEHAVIORAL PERFORM ANCE AND EVOKED POTENTIALS IN RHESUS 
MONKEYS. M.A. Taffe*. M.R. Weed. S. Davis. S. Huitrón-Resendiz. R. Schroeder. 
L.H. Parsons. S.J. Henriksen and L.H. Gold. Department of Neuropharmacology, The 
Scripps Research Institute, La Jolla, CA 92037 

Rhesus monkeys (6) were trained to stable performance on a behavioral test battery. 
The battery included tests of memory (delayed non-match to sample; DNMS, self- 
ordered spatial search; SOSS), motivation (progressive ratio; PR), sustained attention 
(5-choice reaction time; RT) and bi-manual motor coordination. Three monkeys were 
then exposed to a high-dose, short course regimen of 3,4- 
methylenedioxymethamphetamine (MDMA) (4 days, 10 mg/kg i.m., b.i.d.). Following 
treatment, concentrations of 5-hydroxyindoleacetic acid (5-HIAA) in cerebrospinal 
fluid (CSF) were reduced by -50% in comparison with both pre-treatment values and 
three control monkeys. Homovanillic acid (HVA) concentrations in CSF were 
unchanged. All behavioral task performance was disrupted during MDMA treatment 
but returned to baseline within one or two weeks post-treatment. PR performance was 
impaired the week after treatment but returned to baseline levels in the second week 
following treatment. DNMS, SOSS and RT performance was equivalent to baseline 
levels in the first week following treatment. Bi-manual motor performance was 
impaired in one monkey for four weeks post-treatment. MDMA treatment also 
produced alterations in sensory evoked potentials observed at two and four weeks 
post-treatment. Peak latencies of brain-stem auditory evoked potentials and auditory 
evoked potentials were altered in comparison with pre-treatment and control 
recordings. A high-dose, short course regimen of MDMA results in alterations of 
serotonergic neurochemistry, behavior and electrophysiology in rhesus monkeys. 
Supported by U.S.P.H.S. grants: MH 19185, DA 05831 and DA 09111.

844.15
TASK-DEPENDENT EFFECTS OF PHENELZINE ON MEMORY. 'M.B. 
Parent*. 'M.K. Habib. & 2G.B. Baker. 'Dept, of Psychology; 2Neurochemical 
Research Unit, Dept, of Psychiatry, University of Alberta, Edmonton, Alberta, 
Canada, T6G 2E9.

Phenelzine (PLZ) is a non-selective monoamine oxidase inhibitor commonly 
used to treat depression and panic disorder. In addition to the expected increase 
in biogenic amines, PLZ also increases brain levels o f gamma-aminobutyric acid 
(GABA; Baker et al., 1991). Given the extensive evidence implicating biogenic 
amines and GABA in mnemonic processes, it is conceivable that PLZ affects 
learning and memory. To investigate this possibility, male Sprague Dawley rats 
were given PLZ sulfate (15 or 30 mg/kg free base) 2 hours prior to training in a 
continuous multiple trial inhibitory avoidance (CMIA) and a spatial water maze 
task. Retention performance was assessed 48 hours after training. The effects of 
the injections on open field activity and shock sensitivity were also examined. 
The results indicated that PLZ did not affect acquisition performance in either 
task. However, PLZ enhanced CMIA retention: Rats given PLZ took
significantly longer to re-enter the shock compartment on the retention test than 
did control rats. In contrast, PLZ impaired spatial water maze retention: PLZ 
rats traveled longer distances before reaching the escape platform than did 
control rats. These effects o f PLZ on memory did not appear to be due to PLZ- 
induced changes in locomotion or footshock sensitivity. Combined, these 
findings indicate that PLZ enhances and impairs memory depending on the 
nature o f the task. These differential effects may be due to contrasting influences 
on the different brain areas implicated in CMIA and spatial water maze. 
Supported by NSERC OGPOI94532 to MBP and MRC MT-12235 to GBB.
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845.1
BLOCKADE OF ß-NORADRENERGIC RECEPTORS IN THE 
NUCLEUS OF THE SOLITARY TRACT ATTENUATES THE 
MEMORY-ENHANCING EFFECTS OF EPINEPHRINE IN A 
VISUAL DISCRIMINATION TASK. T. Mivashita*. E. C. Clavton. and C. 
L. Williams. Dept, of Psychology, University of Virginia, Charlottesville, VA 
22903.

The mnemonic effects associated with peripheral injection of the adrenal hormone 
epinephrine (EPI) are modulated in part by activation of the nucleus of the solitary 
tract (NTS). Previous work has shown that po½ttraining inactivation of the NTS 
with lidocaine not only attenuates the improvement in memory produced by EPI 
administration, but also blocks EPI-induced elevations in amygdala norepinephrine 
output. Given these findings, the present study was conducted to determine which 
receptor types within the NTS may be responsible for mediating the effects of EPI 
on brain systems involved in memory formation. In this experiment, male Sprague- 
Dawley rats were bilaterally implanted with cannulae aimed 2 mm above the NTS 
(AP -13.3; ML ±  1.0; DV -5.6) a week prior to training. They were then trained in 
a Y-maze to choose between either an illuminated arm which was baited with 3 
Noyes A Formula food pellets or a dark arm which contained no food. The location 
o f the baited arm changed after each trial. After the final trial on Day 2 of training, 
one set of animals received only ip injections of either saline, 0.05 or 0.1 mg/kg of 
EPI. Other groups received combined central and systemic injections consisting of 
an intra-NTS infusion of phosphate buffer or (0.3 or 1.0 µg/O.5µl) of the 
noradrenergic receptor blocker propranolol immediately followed by an ip injection 
of saline or 0.1 mg/kg EPI. Subjects receiving 0.1 mg/kg of EPI made significantly 
more correct responses in the discrimination task relative to saline-injected controls 
on retention tests given at 2 (p < .02) and 7 days (p < .01) posttraining. The 
improvement in memory performance produced by 0.1 mg/kg EPI was attenuated 
by intra-NTS infusion of either the low or high dose of propranolol. These results 
suggests a role for catecholamine receptors within the NTS in mediating the effects 
of peripheral EPI on memory storage processes. (Supported by NIMH 014505-01).

845.3
N O R A D R E N E R G IC  B L O C K A D E  F A C IL IT A T E S  M E M O R Y  
M O D U L A T IO N . A. M. S ch n eid er* . N. K oven . K. L om bardo . A. 
Idicula. R. Sakhuja, A. W ohlhueter. S. D uB ois. P. E. Sim son. Depts. o f 
P sy c h o lo g y . S w arth m o re  C o lleg e , S w arth m o re , PA  19081, M iam i 
U niversity , O xford, O hio 45056.

Propranolol, a ß-noradrenergic (N E) blocker, adm inistered  directly  in 
the am ygdala  im pairs retention. P ropranolo l adm in istered  system ically , 
affecting  both the am ygdala  and the peripheral nervous system  (PN S), 
does not im pair reten tion , at least in rats. The failu re  o f  propranolo l to 
im pair re ten tion  raises the possib ility  that se lec tiv e  b lockade  o f N E 
receptors in the PNS opposes the im pairm ent o f  reten tion  produced by 
b lockade o f N E receptors in the am ygdala . I f  this is indeed  the case, 
then se lective b lockade o f N E  recep to rs  in the PN S shou ld  enhance 
retention. The purpose o f the present study was to test this hypothesis.

Rats (m ale, Long Evans) w ere given passive-avoidance training, 1 trial 
per day for 4 days, and w ere in jected (i.p .) with saline, p ropranolo l (4 
m g/kg, 10 m g/kg) o r the periphera l ß -b lo ck e r so talo l (4 m g/kg , 10 
m g/kg) either im m ediately or 2 hours after the first train ing  trial. Shock 
was set at 0.35 m A, 1 sec, a level p rede te rm ined  to p roduce  gradual 
reten tion  over the repeated  tria ls, and the ex ten t that the drugs e ither 
im peded or accelerated the rate o f  learning was determ ined.

W e found that both propranolo l and sotalol enhanced  reten tion  and 
the effect was dose and tim e-dependent. To account for these results we 
propose the fo llo w in g ; (a) N E ac tiv a te s  tw o  m em ory  m od u la tio n  
c ircu its , one in the PN S w hich in h ib its  re ten tio n , and one in the 
am y g d a la  w hich  en h an ces  re ten tio n ; (b) p ro p ran o lo l b lo ck s  both 
c ircuits, but the block is g rea te r in the PN S than in the am ygdala  and 
thus the result is enhancem ent rather than im pairm ent o f  reten tion; (c) 
sotalol blocks only the c ircuit in the PNS and the result is enhancem ent 
of retention. S upported by the H ow ard H ughes M edical Institute.

845.2
ß-NORADRENERGIC BLOCKADE OR CHEMICAL INACTIVATION 
OF THE NUCLEUS OF THE SOLITARY TRACT IMPAIRS SHORT
TERM MEMORY IN A RADIAL MAZE TASK. S. L. Rohde. E. C. 
Clavton. and C. L. Williams*. Dept, of Psychology, University of Virginia, 
Charlottesville, VA 22903.

Recent behavioral findings indicate an involvement of the nucleus of the solitary 
tract (NTS) in regulating memory storage. Activation of the NTS by peptides or 
adrenergic agonists enhances retention performance in appetitive and aversive learning 
conditions. In contrast, inactivation of the NTS impairs retention in an inhibitory 
avoidance task and blocks the memory-enhancing effects of systemically administered 
epinephrine. Currently, the mechanisms by which the NTS influences the formation of 
new memories is not known. However, findings from anatomical studies suggest that 
this nucleus may contribute to memory formation by virtue o f its capacity to transmit 
information from the periphery following emotionally aroused states, to limbic 
structures that process memory such as the amygdala or hippocampus. According to 
this premise, these structures may utilize neural information provided by the NTS 
during the initial encoding and processing of new experiences. To determine if the 
information conveyed by the NTS is essential during the early stages of memory 
storage, rats were trained in a win-shift radial maze task and then given an immediate 
intra-NTS injection o f either phosphate buffer (PBS), the local anesthetic lidocaine or 
the ß-noradrenergic receptor blocker propranolol (1.0 µg/0.5 µl). On a retention test 
given 2 hours later, subjects in either the lidocaine or propranolol group made 
significantly fewer correct responses than animals receiving PBS (p < .05). A separate 
experiment determined if NTS activation influences memory storage processes in a 
time-dependent manner by delaying the injection of PBS or lidocaine until 30 min 
posttraining. There were no significant differences in retention between these 2 drug 
groups. Taken together, these results suggest that activation of noradrenergic systems 
in the NTS contribute to memory storage processes and the duration of their 
involvement may be limited to the initial stages o f memory formation. (Supported by 
NIMH 014505-01).

845.4
CHRONIC ADMINISTRATION OF PROPRANOLOL IMPAIRS SPATIAL 
MEMORY IN THE MORRIS WATER MAZE IN MICE. K.K. Laubm eierL
D.A. Czech1. K.A. NielsonL and J.C. Brooks2* !Dept. o f Psychology and 
2ColIege of Health Sciences; Marquette University, Milwaukee, WI 53201-1881.

Agents that alter adrenergic receptors, such as "beta-blockers," also alter 
memory storage. However, reports suggest that beta-adrenergic receptor 
antagonists, such as propranolol, have different behavioral effects with acute vs. 
chronic dosing. This study was designed to evaluate the effects of chronic 
propranolol on retention for a spatial learning task. Adult male ICR mice were 
given daily injections of propranolol (2, 4, 8 or 12 mg/kg ip) or 0.9% NaCl for 
15 days prior to, and during, trials in a Morris water maze. Mice received five 
massed acquisition (escape) trials (submerged platform- 60 sec cutoff), in each of 
three daily sessions., followed by a single 60 sec probe trial (platform removed) 
on the fourth day. Location of submerged platform was constant for each animal 
over acquisition trials, but varied across animals; starting position varied across 
trials. Parameters analyzed were: a) escape time (sec) to reach submerged platform 
over blocks of acquisition trials; b) time spent in target quadrant on probe trial; 
and c) swim speed on the probe trial. ANOVA procedures, along with Dunnett's 
/-tests were used; rejection level was set at p<0.05.

A 5 (dose) x 3 (trial blocks) mixed factorial ANOVA for escape time yielded a 
significant trial blocks effect only (p<0.001) -  performance improving over 
sessions. Time spent in target quadrant on probe trial was less under all doses of 
propranolol when compared to vehicle group (all /j<0.001), indicating poorer 
retention of prior platform location; this effect, however, was not dose related. 
Mean times were 30, 16, 14, 15 & 15 sec, respectively, for 0(veh), 2, 4, 8 & 12 
mg/kg of propranolol. Swim speed was not significantly affected. These data 
demonstrate that chronic dosing with propranolol can impair spatial memory, 
which cannot be attributed to reduced arousal or motor function. They further 
suggest that propranolol's effect is non-specific within the dose range tested.

845.5
C H R O N IC  A D M IN IS T R A T IO N  O F P R O P R A N O L O L  IM P A IR S  
IN H IB ITO RY  A V O ID A N C E R E TEN T IO N  IN  M ICE. K.A. N ie lson .* 
D.A. C zech  and K .K . L au h m eie r. D ep a rtm en t o f  P sy ch o lo g y , 
M arquette U niversity , P .O . Box 1881, M ilw aukee, W I 53201-1881.

A drenerg ic  system s are im p o rtan tly  invo lved  in  m em ory  sto rage  
processes. As such, agents that a lter adrenerg ic  recep to rs, such  as 
"beta-blockers," also alter m em ory storage. H ow ever, reports suggest 
that be ta -ad renerg ic  recep to r an tagon ists , such  as proprano lo l, have 
d ifferent behavioral effects w ith acute vs. chronic  dosing. The effects 
o f ch ron ic  p ropranolo l on m em ory  m o dula tion  are unknow n. This 
study was designed  to  evaluate  the effects o f  chronic  propranolo l on 
re te n tio n  fo r an a v e rs iv e  task , in  w hich  th e re  is  e n d o g en o u s 
ad ren erg ic  a c tiv a tio n . A du lt m ale  IC R  m ice  w ere  g iv en  d a ily  
in jections o f  one o f four doses o f  propranolo l (2, 4 , 8 & 12 m g/kg) 
or 0 .9%  NaCI veh ic le  for 15 day s  p rio r  to , and co n tinu ing  during , 
behavioral tests  o f  exp lo ra tion  and reten tion . E xp lo ra to ry  behavior, 
as an index o f  anxiety level, was m easured in a conventional elevated 
plus-m aze, w hereas reten tion  o f an aversive experience  was m easured 
in a s tep -th ro u g h  in h ib ito ry  av o id an ce  ap p a ra tu s. C o m p ared  to 
controls, p roprano lo l-treated  m ice show ed a dose-dependen t decrease 
in re te n tio n  fo r th e  in h ib ito ry  av o id an ce  task , b u t no e ffec t on 
anxiety  on the  p lus-m aze . T ak en  to g e th e r w ith  the  resu lts  from  
previous studies, p roprano lo l has d iffe ren t behav io ra l e ffects  w hen 
a d m in is te re d  ac u te ly  vs. c h ro n ic a lly , and  its  c h ro n ic  e ffe c ts  
significantly  im pair m em ory storage p rocesses. S ince these drugs are 
ty p ica lly  used c h ro n ica lly , and o ften  in  o ld e r a d u lts , they  could  
contribute  to functional m em ory  im pairm ents.

845.6
EFFECTS OF BETA-BLOCKERS WITH DIFFERENT LIPOSOLUBILITY ON 
HUMAN WORKING MEMORY. U. Müller*, E, Mottweiler. P. Bublak, D.Y. von 
Cramon. Max-Planck-Institute of Cognitive Neuroscience, 04103 Leipzig, Germany.

Executive functions in working memory are considered to be a pivotal prefrontal 
function in primates (Robbins, 1996). The noradrenergic modulation of the prefrontal 
cortex has been extensively investigated in monkeys (Arnsten, 1997) but so far not in 
humans. The aim of this study was to compare the cognitive side-effects of beta- 
blockers with different liposolubility using a parametric working memory paradigm.

Atenolol (lipophobic) 50 mg, propranolol (lipophilic) 25 mg, or placebo were 
administered to young healthy volunteers (n=lO per drug condition; age 19-27) 
performing a memory coordination task that requires short-term maintenance and 
manipulations of a four-digit-sequence (Bublak et al., in press). The paradigm includes 
a no-manipulation and two different (easy- or difficult-) manipulation conditions. Each 
session consisted of 96 trials (32 per condition) presented in randomized order.

Between subjects ANOVAs revealed highly significant increases of reaction times 
(RTs) with increasing executive demands (main effects manipulation: p<0.001). A 
further slowing of RTs with increasing manipulation was only observed after 
propranolol (interaction manipulation x drug: F2½=3.60; p=0.037) but not after 
atenolol (F2 ½=O.59; p=0.559). There were significant drug-induced decreases of 
subjective well-being (as measured by questionnaires) and of heart rate after both 
atenolol (p<0.01) and propranolol (p<0.05) as compared to placebo.

These results confirm the hypothesis that executive functions in working memory are 
impaired by propranolol but not by atenolol. Cardiovascular effects do not explain the 
divergent cognitive findings since both beta-blockers induced a comparable slowing of 
heart rate. We conclude that the observed impairment of working memory is due to the 
higher liposolubility of propranolol or differences in ßι-selectivity.

Society for N euroscience, Volume 24, 1998
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845.7
INTERACTION BETWEEN ALPHA AND BETA ADRENERGIC RECEPTORS 
IN THE BASOLATERAL AMYGDALA IN REGULATING MEMORY 
STORAGE. B. Ferry, B. Roozendaal & J.L. McGaugh*. Center for the 
Neurobiology of Learning and Memory, Dept, of Psychobiology, University of 
California, Irvine, CA 92697-3800, USA.

Evidence indicates that norepinephrine (NE) affects memory storage through 
influences involving the amygdala. Previous studies have shown the requirement of 
ß- and, more recently, cq-adrenergic activation in the memory-modulatory effects of 
NE. However, the evidence that manipulation of ß- or oq-adrenoceptors in the 
amygdala similarly modulates the retention process, together with findings from 
biochemical studies indicating that oq-adrenoceptors interact with the ß- 
adrenoceptor-cyclic AMP response in the hippocampus, led us to suggest that 
memory-modulatory effects of NE are mediated by an interaction between the ß- and 
oq-adrenoceptors in the amygdala. Male Sprague-Dawley rats, with bilateral 
cannulae in the basolateral amygdala (BLA), were trained on a one-trial inhibitory 
avoidance task and, immediately after training, given microinfusions (0.2 µl in 30 s) 
of clenbuterol (1.0, 10.0, 100.0 or 1000.0 ng), a ß-adrenoceptor agonist, alone or 
together with the oq-adrenoceptor antagonist prazosin (0.1 µg). In both saline and 
prazosin treated rats, clenbuterol enhanced retention latencies in a dose-dependent 
fashion. However, prazosin shifted the dose response effect of clenbuterol. In rats 
given prazosin, the dose of clenbuterol required for memory enhancement was 100 
times higher that required for saline treated controls. These findings support our 
hypothesis that cq-and ß-adrenoceptors interact and suggest that α-adrenergic 
activity in the BLA facilitates the effect of ß-adrenoceptor activation on memory 
storage.
Research supported by à Fyssen Foundation grant (BF) and USPHS M H 12526 from 
NIMH (JLM).

845.9

EFFECT OF INTRA-HIPPOCAMPUS IDAZOXAN AND 
METAMPHETAMINE ON SPATIAL LEARNING IN DSP4- 
LESIONED RATS. L.E. S o r i a J >  j, M aq u ed aJ  C. V iv a rJ  and I.D. 
L im o n i  1 Lab. de N eurofarm acología, Fac. C iencias Q uím icas, BUAP, 72570 
Puebla, M éxico and 2 o ep to . de N eurociencias, C IN V ESTA V -IPN ., A.P. 
14-740. 07000 M exico, D.F.

W e have previously shown that system ic and locally (hippocam pus) 
adm inistered noradrenergic drugs affect spatial learning (L im ón et al., 1994, 
Soc. N eurosci. Abstr. 20:152; M artínez-C ontreras, 1997, Soc. N eurosci. Abstr. 
23: 1314). In this w ork we have studied the effects o f  the bilateral 
hippocam pal adm inistration o f  m etham phetam ine and idazoxan on spatial 
learning in rats lesioned with DSP4, a noradrenergic selective toxin.

N inety-day old m ale W istar rats w ere stereotaxically  lesioned with 1 µl o f  
DSP4 (10 µg/µl) into the CA3 region o f  each hippocam pus. Cannulas were 
afterw ards im planted into the lesion sites. The learning conditions for the 
radial m aze test (No. o f  trials /No. o f  opportunities to entry to arm s) were: 3/8, 
3/5 and 3/4 for the first day, 5/5 and 4/5 for the second day and 9/3 for the 
third day o f  training. Five m inutes after the adm inistration o f  
m etham phetam ine (10 µg) or idazoxan (1 µg) in lµ l into both CA3 regions 
anim als were tested for spatial learning. Both drugs im paired learning 
perform ance (decrease o f  10% and 13% respectively as com pared with control 
anim als), hese findings indicate that the hippocam pal noradrenergic system  is 
im portant for the acquisition o f  learning in a radial maze. Supported by Fac. 
C iencias Q uím icas, BUAP. M éxico.

845.11

POST-TRAINING INJECTION OF 
DEHYDROEPIANDROSTERONE SULFATE ENHANCES  
SPATIAL MEMORY IN RATS. A. M. Jensen*. M, G. Packard, and G. 
M, Alexander. Department o f  Psychology, University o f  N ew  Orleans, 
N ew  Orleans, LA 70148

Administration o f  the adrenal androgen and neuroactive 
neurosteroid dehydroepiandrosterone (DHEA) and its sulfate (DHEAS) 
in mice has been reported to improve retention for both active and 
passive avoidance tasks, and to block memory impairments caused by 
ethanol on a win-shift task. The goal o f  the present experiment was to 
examine the effects o f  DHEAS on retention for a spatial task in rats 
The Morris Water Maze, a circular tank filled with 25°C water, was 
used. The tank is divided into four quadrants by four starting positions 
(north, south, east, and west) and a submerged platform is placed in the 
same quadrant throughout the experiment. On the acquisition day, each 
rat was given eight training trials (30 s ITI). Immediately following  
training, each rat was administered an intraperitoneal injection o f  
DHEAS (0.025 mg/kg, 0.05 mg/kg, 0.1 mg/kg or 0.5 mg/kg) or saline. 
Twenty-four hours later, rats were placed in the pool at a start position 
distal to the platform and their escape latency was recorded. Post
training injections o f  DHEAS (0.05 mg/kg) significantly enhanced 
retention relative to saline treated rats. The results are consistent with 
previous research reporting memory enhancing effects o f  DHEAS in 
mice.

845.8
POINT M UTATION OF THE α2A ADRENERGIC RECEPTO R DOES NO T 
DISTURB LEARNING AND M EM ORY IN THE EIGHT ARM  RADIAL 
M AZE. B.D. Chambless. N. Peng* and J.M. W vss. Dept, o f  Cell Biology, 
University o f  Alabama at Birmingham, Birmingham, AL 35294.

Several lines o f evidence suggest that norepinephrine plays an im portant role 
in the development and subsequent function o f the cerebral cortex, and m any o f 
these effects are mediated by oc2 adrenergic receptors. N orepinephrine and 
adrenergic receptors are prominent in many areas o f  the lim bic cortex that 
contribute to learning and memory. The m ost abundant α adrenergic receptor in 
this area appears to be the α2A adrenergic receptor, and therefore, the present 
study examined the importance o f this receptor to a learning and memory task. 
Male D79N mice, which have a point mutation in the α2A adrenergic receptor, 
and age-matched control C57BL/6 mice were trained in an eight arm radial maze 
task, in which 6 arms were baited and 2 arms were unbaited. Each mouse was 
run in the task daily, until it m ade 5 correct (baited arm) choices out o f  the initial 
6 choices on four consecutive days. Both reference (unbaited arm) and working 
(previously visited arm) errors were recorded. The D79N mice reached criterion 
in 23.8 ± 2.0 days while the age-matched controls reached criterion in 21.3 ±  1.5 
days (mean ± SEM, ns). Both reference and working mem ory errors were also 
similar between the two groups on all days o f testing. Thus, the D79N mice do 
not show a significant deficit in this task. In contrast, we have found that the 
D79N mice are deficient in cardiovascular responses to m icroinjections o f  α2 
adrenergic receptor agonists and atrial natriuretic peptide into the anterior 
hypothalamus. Further, others have demonstrated that the D79N mouse lacks an 
antiepileptogenic response to endogenous norepinephrine. These results suggest 
that either the α2A receptor does not contribute importantly to learning and 
memory in this model, or that the m ouse can compensate for the absence. This 
study was supported by NIA grants # AG 11958 and AG 06569.

845.10
POSTTRAINING INACTIVATION OF EXCITATORY AFFERENT INPUT TO 
THE LOCUS COERULEUS IMPAIRS RETENTION IN AN INHIBITORY 
AVOIDANCE LEARNING TASK. E. C. Clavton*. and C. L. Williams Dept, 
of Psychology, University of Virginia, Charlottesville, VA 22903.

Extensive evidence indicates that memory processes are modulated by 
norepinephrine (NE) release in the amygdala and hippocampus. Noradrenergic 
terminals that innervate both structures originate from neurons in the locus coeruleus 
(LC). Electrical or chemical stimulation of the LC produces effects on memory similar 
to that observed following direct application of NE to either the amygdala or 
hippocampus. Activation of the LC also influences the induction of long term 
potentiation in the hippocampus.

Recent anatomical findings demonstrate that LC noradrenergic activity is regulated 
by excitatory input from glutamate-containing neurons in the paragigantocellularis 
nucleus (PGi). Electrical stimulation of PGi also produces a ß-noradrenergic 
dependent potentiation of hippocampal neuronal firing. In contrast, chemical 
inactivation of PGi attenuates the increase in LC firing rates produced by footshock or 
peripheral nicotine administration. Given the excitatory influence of PGi on LC 
neuronal activity and the consequent release of NE in limbic structures involved in 
mnemonic processing, the present study examined whether posttraining inactivation 
of PGi alters retention performance in an inhibitory avoidance (IA) learning task. 
Bilateral cannulae were implanted 2 mm above PGi (AP -12.0; ML ±  1.7; DV -8.6) 
in male Sprague-Dawley rats 7 days prior to IA training. Immediately after training 
with a 0.45 mA; 0.5 sec footshock, the animals received an intra-PGi infusion of a 
buffer solution or the local anesthetic lidocaine hydrochloride. On a retention test 
administered 48 hours later, subjects that received an intra-PGi infusion of lidocaine 
had significantly shorter retention latencies than PBS injected controls (p < .02). 
These findings suggest that PGi may serve a vital function in relaying biologically 
relevant information to forebrain structures involved in memory via its excitatory 
afferents to the locus coeruleus. (Supported by NIMH 014505-01).

845.12
THE GABAERGIC ANTAGONIST PICROTOXIN ENHANCES 
NOREPINEPHRINE RELEASE WITHIN THE AMYGDALA.
T, Hatfield. C. Spanis. R. Metherate*. J. L. McGaugh. Center for the 
Neurobiology of Learning and Memory and Department o f Psychobiology, 
University of California, Irvine, CA 92697-3800.

Extensive evidence from this laboratory indicates that long term retention 
of memory can be modulated (either enhanced or impaired) by post-training 
pharmacological treatments in a time-dependent manner. The findings 
strongly suggest that the amygdala is a critical site for integrating many 
neuromodulatory systems which ultimately influence memory storage 
through the release o f norepinephrine (NE) within the amygdala. This study 
used the techniques o f microdialysis and high-performance liquid 
chromatography (HPLC) to directly test a central prediction o f a 
pharmacologically derived model; treatments known to enhance memory 
retention increase the release of amygdalar NE. Rats with microdialysis 
probes implanted into the amygdala were given systemic injections o f the 
GABAergic antagonist picrotoxin (which is known to enhance memory 
retention) or saline. Samples from the amygdala are automatically injected 
every 15 minutes into a HPLC system for analysis. Systemic injections of 
picrotoxin substantially increased NE release in the amygdala in a dose- 
dependent manner. These findings are consistent with pharmacological data 
suggesting that GABAergic antagonists modulate memory by mediating the 
release o f NE.

Research supported by Ford Foundation Postdoctoral Fellowship (T. H.) 
and USPHS Grant MH12526 from NIMH (J. L.M.).
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845.13
AGE-RELATED CHANGES IN ACETYLCHOLINE AND NOREPINEPHRINE 
OUTPUT IN THE HIPPOCAMPUS AT BASELINE AND IN RESPONSE TO 
TRAINING CONDITIONS. D. Men*. C.K. McIntyre. J. Gelfman and P.E. Gold. 
Department of Psychology, University of Virginia, Charlottesville, VA 22903.

Evidence regarding age-related changes in release of acetylcholine (ACh) and 
norepinephrine (NE) in rats is mixed, perhaps reflecting in part lack of attention to the 
experience of the rats at the time of measurement. The present study used in vivo 
microdialysis to assess extracellular acetylcholine (ACh) and norepinephrine (NE) 
levels in the hippocampus of aged (24 month old) and young (2 month old) Fischer 344 
rats. All rats were well-handled daily for at least 1 week prior to testing. 90 min prior 
to testing, microdialysis probes (3 mm in membrane length) were inserted into the 
hippocampus bilaterally via previously implanted guide cannulae. Dialysates were 
collected from the left and right hippocampus every 12 min and assayed for ACh and 
NE contents, respectively, by HPLC-ECD. Baseline output levels of both ACh and NE 
in the hippocampus were approximately 50% lower in old than in young rats. When 
placed in a novel environment, a compartment of an inhibitory avoidance task, both old 
and young rats exhibited an increase in ACh release above baseline; however, the 
magnitude of the increase was significantly smaller in aged (+26%) than in young 
(+68%) rats. A single mild footshock (1 mA, 1 sec) resulted in +52 and +54% 
increases in ACh release in young and old rats, respectively. For NE, placement in a 
novel environment resulted in a significant increase in release in old (+66%) but not 
young (+3%) rats. Footshock resulted in increased NE output at both ages with a 
greater rise seen in aged (+71%) than young (+40%) rats. Thus, in the hippocampus, 
ACh release exhibited age-related decreases in response to a new environment, 
presumably during a time of processing spatial and other contextual information. In 
contrast, NE release exhibited an age-related increases both after introduction into a 
novel environment and after footshock. The age-related increases in brain NE release 
under these conditions are similar to those we have observed previously when assessing 
changes on plasma epinephrine levels. Supported by NIA (AGO7648) and N1NDS 
(NS329I4).

LEARNING AND MEMORY: PHARMACOLOGY—DOPAMINE

846.1
The α 2-agonist, clonidine, improves spatial working memory 
performance in Parkinson’s disease.
Minna Riekkinen, Kosti Kejonen, Pekka Jäkälä, Hilkka Soininen 
and Paavo Riekkinen Jr.
Previous work has shown that the dopaminergic defect in 
Parkinson’s disease (PD) is to some extent involved in the 
‘frontal’-like impairment in spatial working memory' and 
attentional set-shifting functions. We investigated whether an α2- 
agonist, clonidine (0.5 and 2 ug/kg, oral), could alleviate spatial 
working memory and attentional set-shifting defect in PD 
patients. We observed that clonidine 2 ug/kg stimulated spatial 
working memory accuracy, but had no effect on attentional set- 
sifting or visual recognition memory. Clonidine was effective in 
stimulating spatial working memory also after withdrawal o f  
dopaminergic drugs, and during this condition, its effect was 
greater in the Severe PD patients. In contrast, clonidine failed to 
stimulate visual recognition memory. These results suggest that 
impaired activation o f  α2-adrenoceptors may contribute to the 
impairment o f  spatial working memory in PD.

846.3
NOVELTY: DETECTION. REWARD. AND DOPAMINE RECEPTORS. T 
Beshecr.H C, Jensen. T.J. Armiger. R A, Bevins*. Psychology Dept, Univ. of 
Nebraska-Lincoln; Lincoln. NE 68588-0308.

The following series of experiments assessed the conditions under w hich novelty 
may be appetitiv e. Rats were presented with two identical sample objects for 2 or 10 
min. An hour later, one of the previously experienced objects w as replaced w ith a 
novel object. Rats in the 10 min condition readily detected novelty (more time 
interacting with novel object). This novelty detection/seeking behavior suggests that 
novelty may have an appetitive or rewarding quality' under the appropriate conditions. 
To assess this possibility we used a preparation commonly employ ed to assess the 
rewarding qualities of abused drugs (i.e.. place conditioning).

Rats w ere first allow ed free access to tw o distinctly different end compartments of a 
place conditioning chamber. The compartment in which the least amount of time w as 
spent was designated the non-preferred compartment. Conditioning included four 10 
min confined exposures to each end. Access to novel objects was given only in the 
non-preferred compartment. Novel objects increased preference for the non-preferred 
compartment during a free-access test day (no object present). This increase suggests 
that access to novel objects has an appetitive or rewarding quality'. In order to assess if 
novelty was a necessary' aspect of the objects, the novelty of the objects was 
manipulated by presenting the rats with the same object (less novelty) for each 
conditioning trial. Fewer rats displayed an enhanced preference for the non-preferred 
compartment after conditioning with the same object than when different objects were 
used (more novelty). Howev er, the magnitude of the shift was statistically comparable.

We also assessed the role of the dopaminergic sy stem. Eticlopride. a dopamine D2 3 
antagonist, or SCH-23390. a dopamine D, antagonist, was administered before 
placement in the non-preferred compartment with the novel objects. Eticlopride 
blocked novelty-conditioned place preference only at a dose that prevented object 
interaction (0.3 mg/kg, IP). SCH-23390. however, blocked novelty-conditioned place 
preference without interfering with object interaction (0.01 mg/kg. IP).
Supported by USPHS grant M H57240-01 and UNL Research Council.

846.2
EFFECTS OF ZINC ON SPATIAL REFERENCE MEMORY AND 
BRAIN DOPAMINE (Dj) RECEPTOR BINDING KINETICS IN RATS
T.Y. Turner, C.B. Goodm an* and M .R .l. Solim an. College o f  Pharm acy, 
Florida A&M  University, Tallahassee, FL 32307.

The present study was designed to evaluate the effects o f  zinc on spatial 
reference m em ory and brain dopam ine (D () receptor binding kinetics in rats. 
M ale Sprague-D aw ley rats (120-150g), adapted to 12 hour light: 12 hour dark 
illum ination cycle were used. Treated anim als were given zinc chloride (25 
mg/Kg, 50 m g/kg, or 100 m g/kg) by oral gavage for 15 days at 11:00 hr. 
Control rats received equivalent volum e o f  saline. Spatial reference m em ory 
was evaluated in treated and control rats on days 10 through 15 using the 
M orris W ater M aze. The tim e to find the platform  (latency) was significantly  
increased in the 50 m g/kg and 100 m g/kg zinc treated anim als as com pared to 
controls. One hour after the last spatial reference m em ory testing, the anim als 
were sacrificed by decapitation, their brains were im m ediately rem oved and 
dissected into various regions. D opam ine (D ))  receptor kinetics were 
evaluated in the specific brain regions using [^H]SCH2339O as ligand. Results 
obtained indicate that zinc chloride adm inistration resulted in a statistically  
significant decline in the binding affinity  (increased Kd) o f  the D j receptors in 
the frontal cortex, hypothalam us, hippocam pus and m idbrain. How ever, there 
was a significant increase in the D j receptor binding capacity  (B m ax) in these 
same brain regions follow ing zinc chloride adm inistration. These findings 
clearly indicate that adm inistration o f high doses o f  zinc to  rats results in 
spatial reference m em ory deficit which m ay in part be explained by alterations 
in dopam ine receptor binding kinetics. (Supported by N IH  grant RR03020)

846.4
MOLECULAR HYPOTHESIS OF REWARD. L. Stein*. B.G. Xue and J.D. 
Belluzzi. Dept, of Pharmacology, Univ. of California, Irvine, CA 92697-4625.

Although the reward process may be described at many levels o f analysis, 
ultimately its mechanisms must be rooted in changes at the molecular level. A 
detailed molecular and cellular hypothesis of reward (Stein, L. J. Exp. Anal. 
Behav. 67:246-253, 1997)* was formulated on evidence that hippocampal 
bursting is selectively increased (reinforced) by burst-contingent microinjections 
of dopamine or other reward-related drugs. (Bursting is a distinctive cellular 
firing mode believed important for brain plasticity and information processing). 
According to the model, drug reward prevents the otherwise rapid 
dephosphorylation (inactivation) of L-type calcium channels that is triggered by 
nonreinforced bursts of calcium spikes. A novel plasticity mechanism (termed 
IVR), distinct from LTP, may mediate cellular reward. Different molecules are 
thought to serve as “coincidence detectors”in the two plasticity mechanisms—the 
NMDA receptor protein for LTP and type VIII adenylyl cyclase for IVR. Type 
VIII is the only member of the adenylyl cyclase family that responds 
synergistically to the temporal coincidence of bursting (signaled by brief 
elevation of intracellular Ca2+) and dopamine receptor activation. The resulting 
sharp rise in cAMP would overide the calcium-dependent dephosphorylating 
cascade by activation of one or more opposing cAMP kinase-dependent 
phosphorylating pathways. Tests at several steps in the postulated pathways have 
yielded positive results. Of particular interest was a surprising experimental con
firmation o f a seemingly paradoxical prediction. Consistent with the model, 
noncontingently-applied mixtures of glutamate (which increases intracellular 
Ca2+) and dopamine markedly increased bursting, although similar applications 
of either agent alone suppress bursting. (Supported by NIDA grant DAO5IO7).

*http://www.envmed.rochester.edu/wwwvgl/jeab_articles/jeab_articles.htm
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846.5
EFFECTS OF SCH 23390 AND Rp-cAMPS IN THE PREFRONTAL 
CORTEX (PEC) ON PERFORMANCE OF RATS IN TWO RADIAL 
MAZE TASKS. H- S. Aujìa1 and R. J. Beninger*-. >Depts. 
Psychology and -Psychiatry, Queen's University, Kingston, ON.
( anada. K~1. 3N6.

It has been shown that unilateral PFC injections of SCH 23390, 
a selective dopamine D1 receptor antagonist, plus the local anaesthetic 
lidocaine in the contralateral ventral subiculum (vSub) produced an 
impairment in delayed win-shift (dWS) but not random foraging (RE) on 
an 8-arm radial maze. To ev aluate the role of second messengers, the 
present study tested the effort? of Rp-cAMPS. a cAMP-depcndcn? 
protein kinase (PKA) inhibitor, in the two tasks. In the dWS task, rats 
( N= 15) were placed on the maze with four arms baited and the other 
four blocked; 30 min after retrieving the four baits, rats were tested with 
all arms open but only the four prev iousl> blocked arms were baited. In 
the RE task, rats (N= ï4) simply retrieved four baits placed in four arms 
randomly selected each session. Errors were defined as re-entries into 
previously visited arms. After training to criterion, rats were injected 
(0.5 //it into the PEC' with SCH-23390 (0.5//g). lidocaine (20//g). Rp- 
cAMPS (25Ong), or saline, plus lidocaine ( 2 O µ g )  or saline into vSub.
In the dWS task, PEC injections of SCH 23390 or lidocaine but not 
saline or Rp-cAMPS, plus lidocaine into the vSUB impaired 
performance. The RE task was not affected by any of the treatments. 
Results replicate previously reported dissociations and show that a low 
dose of the PKA inhibitor failed to affect dWS performance. Further 
doses are being tested. (Funded by NSERC)

846.7
THE EFFECTS OF DOPAMINERGIC DRUGS ON REPRODUCTION OF TIME INTERVALS BY STARLINGS. Melissa Bateson , L. C. Pauldine 
and W. H. Meek. Department of Psychology, Duke University, Durham, NC 27708. 
SPON: British Neuroscience Association.

The existence of an internal clock capable of timing intervals in the seconds-to- 
minutes range has been demonstrated in a range of vertebrate species. However, little 
is known about the neural basis of these clocks outside the rat. The aim of this study 
was to establish similarities between the mechanisms of interval timing in rats and the 
European starling (Sturnus vulgaris). Studies of rats have shown that dopamine 
agonists such as methamphetamine (METH) and cocaine, speed up the clock whereas 
dopamine antagonists such as haloperidol (HAL) slow it down. In contrast, we have 
previously shown that in starlings METH (1.5-6.0 mg/kg i.m.) causes an immediate 
proportional rightward shift in timing functions compatible with a slowing of the 
clock. Here we investigated the effects of HAL oh interval timing in starlings, to 
determine whether it too has an opposite effect to that observed in rats. We used a 
timing task known as the peak procedure. In a randomly chosen 50% of trials the birds 
were reinforced for the first peck made after 30s, and in the remaining 50% of “probe” 
trials no reinforcement was given. The patterns of pecking in the probe trials were 
fitted by Gaussian functions, the means of which served as measures of the accuracy of 
timing. After establishing stable baseline performance we subjected the birds to a 
range of doses (0.00625-0.2mg/kg) of HAL or the vehicle solution injected i.m. 20 
mins before a session. At doses between 0.0375 and O.2mg/kg we observed total 
disruption of timing. At doses of either 0.025 or O.O375mg/kg we observed a leftward 
shift in the timing functions in 5 out of the 6 birds for which we obtained timing 
functions. The median shift for the 6 birds was 17.72% to the left, suggesting that 
HAL speeds up the interval timing clock in starlings. A dose of O.OO625mg/kg had no 
effect on timing. Thus, the effects of HAL in starlings were dose dependent, with 
effects on timing being produced by lower doses than those required to obtain 
comparable shifts in rats (0 .1-0.3mg/kg). These results support our earlier conclusion 
that dopaminergic drugs have opposite effects on interval timing in rats and starlings. 
(Supported by the Wellcome Trust.)

846.9
INFUSIONS OF DOPAMINERGIC LIGANDS INTO THE NUCLEUS 
ACCUMBENS: EFFECTS ON VIGILANCE PERFORMANCE IN RATS.
M Sarter*r A M. Himmelheber. and J.P. Bruno. Department of Psychology and 
Neuroscience Program, The Ohio State University, Columbus, Ohio, 43210.

Dopaminergic (DAergic) transmission in the nucleus accumbens is believed 
to inhibit the activity of GABAergic neurons projecting to the basal forebrain, 
thereby increasing acetylcholine (ACh) transmission in the cortex. Intra- 
accumbens infusions of DA antagonists attenuate the ability of systemic FG 7142 
to increase cortical ACh efflux. As cortical ACh transmission has been 
demonstrated to play a critical role in attentional processing, the effects of intra- 
accumbens infusions of DAergic ligands on vigilance performance in rats were 
investigated. Following vigilance training, animals received five bilateral 
infusions (1 µl/hem) o f amphetamine (10, 30 µg/µl/hem), haloperidol (10, 50 
ng/µl/hem), and saline. Infusions of amphetamine did not affect accuracy of 
performance to long (500 ms) or intermediate (50 ms) signal lengths, or to non
signal events. However, infusions of 10 µg/µl of amphetamine abolished the 
signal-length dependency of performance, primarily by enhancing the relative 
percentage of hits to the short signal length (25 ms). Unexpectedly, infusions of 
haloperidol had similar effects on performance; accuracy of responding to the 
short signal length was selectively enhanced by 10 ng/µl infusions of haloperidol, 
while neither dose of haloperidol affected performance to non-signal events. The 
close similarity of the effects of amphetamine, an indirect DAergic agonist, and 
haloperidol, a D2 receptor antagonist, are difficult to explain. The reliability of 
these findings is currently being tested by conducting a full replication of the 
experiment described above, and by investigating the effects of other more 
selective DA ligands. (Supported by NIH Grants MH01072 and NS32938)

846.6
PROJECTIONS TO THE PREFRONTAL CORTEX FROM  
THE VENTRAL TEGMENTAL AREA AND THE 
MEDIODORSAL THALAMUS ARE INVOLVED IN  
SPATIAL WORKING MEMORY TASKS A.J. R om anides. 
P. Duffy. P .W .K alivas* Department of Veterinary  
Comparative Anatomy Pharm acology and P h y s io lo g y ,  
W ashington State University Pullman WA 99164 
The involvement o f the prefrontal cortex (PFC) in spatial working 

memory tasks has been demonstrated. Dopamine and glutamate are 
neurotransmitters in the PFC that are consequential in regulating spatial 
working memory. In this study we investigate the roles o f dopaminergic 
projections from the ventral tegmental area (VTA) and the glutamatergic 
afferents from the mediodorsal nucleus o f  the thalamus (MD) to the 
PFC. DAMGO (µ agonist), was microinjected into the VTA to increase 
DA release in the PFC, this treatment significantly impaired percent 
correct responses in a delayed alternation T-maze task. This impairment 
was reversed by microinfusion o f SC H -23390 (E'ι antagonist) into the 
PFC. This suggests that the dopaminergic projection from the VTA to the 
PFC may be important in tasks utilizing spatial working memory. Also 
the microinjection o f the NMDA and AMPA antagonists CPP and 
CNQX, respectively, and not metabotropic antagonist MCPG into the 
PFC impaired spatial working memory. Baclofen a GABAß agonist was 
microinjected into the MD to inhibit glutamatergic afferents to the PFC. 
This treatment severely impaired spatial working memory performance 
suggesting that a decrease in thalamic glutamatergic input to the PFC 
regulates behaviors requiring spatial working memory. This research was 
supported by NIMH-40817 (PWK).

846.8
6-OHDA LESIONS OF THE MESOPREFRONTAL DOPAMINE 
NEURONS DELAY EXTINCTION OF FEAR CONDITIONING IN 
RATS. J.P. Elswortht B.A. Morrow. A.M. Rasmusson and R.H. 
Roth. Yale Univ. School of Medicine, 333 Cedar St., New Haven, CT 
06520-8066 & VA Medical Center, West Haven, CT. 06516 

The mesoprefrontal dopamine neurons are sensitive to physical, 
pharmacological and psychological stressors. In this study, the role of 
these neurons in the response to classical fear conditioning was 
investigated. Rats were subjected to the acquisition session (10 tones 
paired with 0.8 mA footshock) on day 1 and to the expression session 
(10 tones with no footshock) on day 2. 6-Hydroxydopamine (6- 
OHDA) lesions to the medial prefrontal cortex reduced dopamine levels 
to -13% of controls but did not alter behavior during the acquisition of 
fear conditioning. During the expression, however, 6-OHDA lesioned 
rats remained fearful while the sham lesioned controls adapted to the 
conditioned tone-demonstrating a delayed extinction of the conditioned 
response in lesioned rats. This effect was also observed in rats 
receiving 6-OHDA lesions after the acquisition but before the 
expression session.

The results indicate that the mesoprefrontal dopamine neurons are 
involved in coordinating the normal extinction of a fear response but do 
not alter the acquisition of fearful behaviors. These data are consistent 
with the conclusion that the mesoprefrontal dopamine neurons are 
involved in maintaining the animal’s response adaptability with regards 
to stress-related changes in the external environment.

Supported by D  A11288 & M H14092

846.10
CORTICAL ACETYLCHOLINE RELEASE DURING PERFORMANCE 
OF A VIGILANCE TASK IN RATS.
A.M. Himmelhgbsr*. M. Sarter and J.P. Bruno. Department of Psychology and 
Neuroscience Program, The Ohio State University, Columbus, Ohio, 43210.

The widespread innervation of the cerebral cortex by cholinergic neurons 
originating in the basal forebrain has been strongly implicated in cognitive 
processing, especially attention. In rats, performance in a sustained attention 
(vigilance) task is dependent on the integrity o f these projections. The current 
study used in vivo microdialysis to assess changes in ACh efflux in the 
frontoparietal cortex during simultaneous performance in the vigilance task. 
After being trained to stable vigilance performance for water reinforcement, 
animals were implanted with a chronic guide cannula in the frontoparietal 
cortex. Animals then participated in four microdialysis sessions during which 
they performed in the vigilance task. Cortical ACh efflux increased significantly 
upon transfer of animals from the initial dialysis environment into the operant 
chamber, suggesting that contextual cues may be sufficient to activate basal 
forebrain cholinergic neurons. Cortical ACh efflux was also elevated 
throughout performance of the vigilance task. During one of the microdialysis 
sessions, a distractor stimulus (flashing houselight, 0.5 Hz) was introduced 
during the third and fourth (of six) blocks of the task; presentation of this 
distractor has repeatedly been demonstrated to result in robust decreases in 
vigilance performance accuracy. The parallel assessment of the behavioral and 
neurochemical effects of this distractor will be presented. Together, these 
results further specify the role of cortical cholinergic transmission in sustained 
attentional processing.
(Supported by NIH Grants MH10173, AG10173, and NS32938)
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846.11
PERFUSION OF AMPHETAMINE INTO NUCLEUS ACCUMBENS 
SHELL INCREASES CORTICAL ACETYLCHOLINE RELEASE.
H. M. Arnold*. C. L. Nelson. M. Sarter. and J. P. Bruno. Dept, of Psychology 
and Neuroscience Program, Ohio State University, Columbus, OH 43210.

Increasing evidence suggests that cortical acetylcholine (ACh) is 
transynaptically regulated by GABAergic projections from the nucleus 
accumbens (NA) to the basal forebrain. The basal forebrain cholinergic system 
(BFCS) innervates the entire neocortex and participates in attentional processes 
by affecting stimulus salience and selection. Pathology of this NA-BFCS circuit 
is believed to be involved in cognitive impairments associated with Alzheimer’s 
disease and schizophrenia. Systemic administration of the indirect dopamine 
(DA) agonist amphetamine has been shown to increase cortical ACh and DA 
depletion has been shown to attenuate this effect. Here we demonstrate that local 
administration of amphetamine directly into the NA is sufficient to increase 
cortical ACh release. Using a dual probe microdialysis procedure in awake rats, 
we perfused amphetamine (0, 10, 100 µM) directly into the shell region of the 
NA in two different groups. One group was entrained by repeated daily 
exposure to darkness paired with highly palatable food. The other group 
received equal exposure to the dialysis bowls but was naive with respect to the 
entrainment procedure. This entrainment procedure alone resulted in a moderate 
increase in cortical ACh efflux. Amphetamine dose dependently potentiated this 
effect. This amphetamine-induced potentiation of cortical ACh efflux was 
smaller in naïve rats. These data support the hypothesis that accumbens DA 
potentiates the effects of excitatory inputs to the BFCS.
(Supported by grants MH 57436, MH 01072 and NS 32938)

846.12
ACTIVATION-DEPENDENT STIMULATION OF CORTICAL 
ACETYLCHOLINE RELEASE BY INTRABASALIS NMDA 
ADMINISTRATION. J. Fadel*. M. Sarter. and J.P. Bruno. Psychology 
Dept, and Neuroscience Program, The Ohio State University, 
Columbus, OH 43210.
Anatomical studies have demonstrated that the nucleus basalis 

magnocellularis/substantia innominata (nBM/SI) region of the basal forebrain, 
that contains the cell bodies of cortically-projectìng cholinergic neurons, 
receives putatively glutamatergic inputs from several forebrain and brainstem 
regions and contains a high density of excitatory amino acid receptors. 
However, there is a paucity of in vivo data regarding the effects of 
glutamatergic transmission within the nBM/SI on release of acetylcholine 
(ACh) within cortex. In vivo microdialysis, with probes located in both nBM/SI 
and medial prefrontal cortex, was utilized to test the ability of intrabasalis 
administration of the ionotropic subtype-specific glutamate receptor agonists 
kainic acid (KA; 100 µM) or NMDA (50 and 200 µM via reverse dialysis) to 
increase cortical ACh release in awake rats. While intrabasalis KA alone 
significantly increased cortical ACh efflux, NMDA had little effect in well- 
habituated but entrainment-naive animals. NMDA did, however, potentiate 
the increase in cortical ACh release in animals exposed to a complex 
environmental stimulus consisting of sudden darkness paired with palatable 
food, following 10 days of entrainment with this stimulus. These data suggest 
that stimulation of basal forebrain NMDA receptors, per se, is insufficient to 
increase cortical ACh release, but that concurrent behavioral activation allows 
potentiation of cortical ACh release by this pharmacological manipulation. 
Additional evidence indicates an interaction between basal forebrain NMDA 
and α,-adrenergic receptor stimulation in the stimulation of cortical ACh efflux. 
(Supported by NIA 10173 to M.S. and J.P.B. and NIMH KO2 01072 to M.S.)

ING ESTIVE BEHAVIOR TV

847.1
LESIONS PRODUCED BY 5,7-DIHYDROXYTRYPTAMINE DO NOT 
ALTER LPS- AND IL-1-INDUCED HYPOPHAGIA IN MICE.
A. H. Swiergiel*. G. M. Mikhaylova and A. J. Dunn. Dept, of 
Pharmacology, Louisiana State Univ. Med. Ctr., Shreveport, LA 71130.

The brain serotonergic (5-HT) system has been implicated in feeding 
behavior. Previous studies have indicated that bacterial endotoxin (LPS, 
lipopolysaccharide) and certain cytokines, in particular interleukin-1 
(IL-1), depress feeding. To examine the role of the 5-HT system in LPS 
and EL-1-induced hypophagia in mice, 5-HT was depleted by 5,7-DHT 
given intracerebroventricularly. The non-deprived mice were habituated 
to drink sweetened milk during daily drinking sessions (30 min). Three 
weeks after the treatment, the lesioned mice displayed normal locomotor 
activity, decreased body weight and milk intake and increased intake of 
solid food. Increased eating could have been due to the elevation of some 
thermoregulatory demands or motor activity or mastication. However, it 
was observed that the 5,7-HT treatment almost totally inhibited chewing 
of paper that was left overnight in the home cages.

LPS (1 µg/mouse) or recombinant mouse mEL-lß (100 ng/mouse) 
injected intraperitoneally 120 or 90 min (respectively) before testing, 
significantly decreased the milk intake in non-deprived mice. However, 
even though pretreatment with 5,7-DHT affected feeding behavior, it did 
not alter the magnitude of the hypophagic responses to LPS and IL-1.
The results suggest that an intact serotonergic system was not crucial for 
the acute expression of LPS- or EL-1-induced hypophagia.

[Supported by MH4626l and NS35370]

847.3
AMYGDALA CENTRAL NUCLEUS LESIONS ATTENUATE LIPOPRIV1C 
ENHACEMENT OF RESPONDING TO OIL-PREDICTING CUES. S. C. Benoit. T. L. 
Davidson, J. R. MorelL & S. E. Swithers*. Purdue University, Dept, o f Psychology, 
West Lafayette, IN 47907.

Davidson, Altizer, Benoit, Walls, & Powley (1997) demonstrated that injection of the 
lipoprivic agent, Na-2-mércaptoacetate (MA), enhanced responding to oil-predicting 
CSs (tones, clickers) relative to sucrose-predicting CSs. Further, rats with afferent vagal 
lesions did not show lipoprivic-induced facilitation o f responding to oil-predicting cues. 
The present experiment extended this work by assessing the role of the amygdala central 
nucleus (CN) in the detection of lipoprivic signals.

Rats (N=32) were first given 14 sessions of Pavlovian discrimination during which 
one 10 sec CS (e.g., tone) was followed by peanut oil and another 10 sec CS (e.g., 
clicker) was followed by sucrose. One half of the rats then received ibotenic acid lesions 
of the CN. All rats were then given extinction tests (i.e., no oil or sucrose was presented) 
after injection of saline, insulin, or MA. Consistent with previous work (e.g., Ritter, et 
al., 1992) MA was ineffective at eliciting food intake in CN-lesioned rats. Further, 
controls, but not lesioned animals, showed elevated responding to oil-predicting CSs 
after MA but not saline or insulin. Finally, CN rats were not disrupted, relative to 
controls, after injection of insulin.

To assess whether this was a deficit in CS-oil memory or in detection of lipoprivation, 
all rats were administered 10 daily sessions o f conditioned taste aversion training.
During 5 of these sessions, delivery of one US was followed by lithium chloride. On the 
remaining 5 days, delivery of the other US was followed by saline. They then received a 
final extinction test with CSs from original training. Both CN and control rats attenuated 
consumption o f the US that was paired with L,iCl and then showed less responding to 
the cue that had originally predicted that US. These data indicate that rats with leions of 
the CN had intact memories of peanut oil which were subject to modification. Overall, 
this suggests a role for the CN in the detection or transmission o f cues produced by 
pharmacological lipoprivation. Funding was provided by a grant from NIH to TLD.

847.2
RELATIVE BLOOD BRAIN BARRIER PERMEABILITIES OF 
CHOLECYSTOKININ RECEPTOR ANTAGONISTS DEVAZEPIDE AND 
A 65186 IN RATS. T. A. Woltman.1 M. Hulce3 and R. D. Reidelbereer2'4*. 
'Dept, o f Surgery, Univ. o f Wisconsin, Depts. of ¾iomedical Science and 
3Chemistry, Creighton Univ. and 4V.A. Medical Center, Omaha, NE 68105.

The aim of this study was to compare the blood brain barrier (BBB) 
permeabilities of the CCK-A receptor antagonists devazepide and A65186 
with those of antipyrine which readily penetrates the BBB and mannitol 
which does not. Anesthetized rats received a bolus left carotid artery injection 
of 14C-antipyrine combined with either 3H-mannitol, 3H-devazepide, or 3H- 
A65186 (~l µCi each). Twelve seconds postinjection, rats were decapitated 
and brains removed. Four samples of left cerebrum (~ l00 mg each) were 
digested overnight and 14C and 3H activities were measured. The brain uptake 
index (BUI) for each test compound was determined as follows: BUI = 
(3H/14C of sample) / (3H/14C of injectate) x 100, with a value of 100 
representing a BBB permeability equal to that of antipyrine. BUI (mean ± SE) 
was 1.6 ± 0.3 for mannitol (n=5), 90.6 ± 4.1 for devazepide (n=7, P<0.001 vs. 
mannitol) and 3.5 ± 0.7 for A 65186 (n=4, P>0.05 vs. mannitol, P<0.001 vs. 
devazepide). Thus, devazepide readily penetrated the BBB while A 65186 did 
not. We previously reported (Obes. Res. 3, Suppl. 3: 377s, 1995) that the 
CCK receptors mediating the essential satiety effect of endogenous CCK in 
rats fed rat chow ad libitum could be blocked by devazepide but not by 
A70104. (A70104 is the dihexamonium salt of A 65186 which in aqueous 
solution is chemically identical to A 65186.) Taken together, these studies 
suggest that endogenous CCK is acting at brain sites beyond the BBB to 
produce satiety. This study was supported by the Dept, of Veterans Affairs 
and NIH grant DK-52447.

847.4
NADPH DIAPHORASE STAINING IN THE SON, PVN, AND ROSTRAL 
NTS AFTER FOOD DEPRIVATION. J.W. Jahne1*. D.G. Kim1, and T.A. 
Houpt2. 'Dept. Pharmacology, Yonsei University College of Medicine, Seoul, 
Korea and 2Bourne Behavioral Research Lab., Dept. Psychiatry, Cornell 
University Medical College, White Plains, NY 10605, USA.

The rostral nucleus of the solitary tract (rNTS) is the first central relay of taste 
sensation in the rat. The rNTS is densely innervated by fibers containing nitric 
oxide synthase (NOS), which derive partially from descending projections of the 
hypothalamic paraventricular (PVN) and supraoptic (SON) nuclei. Altered 
levels of NO production within afferents to the rNTS may therefore mediate 
changes in gustatory function. Because behavioral responses to taste can be 
modified by metabolic state, we quantified NADPH diaphorase staining 
(NADPH-d) in the PVN, SON, and rNTS as a marker of NOS activity after 48h 
food deprivation. Adult male rats (n=6) were food- but not water-deprived; after 
48h, the rats were perfused along with non-deprived control rats (n=6). Free- 
floating 40 µm sections from the hypothalamus and brainstem were processed 
for NADPH-d; sections from paired control and food-deprived rats were stained 
together in the same reaction vials. Quantitative image analysis revealed a 
significant reduction in NADPH-d after food-deprivation in the SON (65±l 1% 
of control, p<0.05), a non-significant reduction in the PVN (80±24% of control) 
and no change in the rNTS (1 OO± 13% of control). Deprivation-induced changes 
in other transmitter systems require glucocorticoids (e.g arcuate NPY); 
preliminary results in adrenalectomized rats indicate that adrenal hormones are 
also required for the decrease in hypothalamic NADPH-d after 48h food 
deprivation. Longer periods o f caloric restriction may be required to decrease 
NOS activity within the rNTS. Supported by NIH DC03198.
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847.5
ISOLATION OF mRNAS CONTAINING THE C-FOS AU-RICH ELEMENT 
BY ANTISENSE RNA AMPLIFICATION AND PCR OF SINGLE CELLS. T.A. 
Houpt1*. C M . Spencer2 and J. Eberwine2. E.W. Bourne Behav. Res. Lab, Dept. 
Psychiatry, Cornell Univ. Medical College, White Plains NY, 10605 and 2Dept. 
Pharmacology, Univ. Penn. School of Medicine, Philadelphia, PA, 19104.

Long-term conditioned taste aversion (CTA) learning requires rapid but 
transient expression of transcription factors (e.g. c-Fos) in small populations of 
cells. Transient gene expression can be regulated by short mRNA half-life, which 
can be conferred by instability elements in the 3’ untranslated region, such as the 
9-base c-Fos AU-rich-element (ARE). We used single-cell antisense RNA 
amplification and differential display PCR to isolate candidate mRNAs with AREs 
predicted to have short half-lives. Isolated neurons in very low density rat 
hippocampal cultures were whole-cell patch-clamped and electrophysiologically 
identified (Wilcox & Dichter 1994). The cytoplasm o f single cells was aspirated 
into the electrode, and cDNAs generated by reverse transcription using an oligo 
(dT) -T7 primer. The T7-linked cDNAs from single-cells served as templates for 
one round o f aRNA amplification (Eberwine et al, 1992). Double-stranded 
cDNAs derived from the amplified aRNA were probed by PCR using a lOmer 
primer containing c-Fos ARE with a single degenerate base extension, paired with 
a random lOmer primer (OPA-5). A subset o f PCR products that appeared as 
distinct bands differentially expressed between cells was reamplified, subcloned, 
and sequenced (n=lO). These products are potential short-half-life mRNAs; they 
will be screened by in situ hybridization in rat brain for transient expression during 
consolidation of long-term CTA learning. Supported by NIH DC03198.

847.6
EFFECT OF REMOVAL OF GASTRODUODENAL VAGAL NERVE ON 
INHIBITORY POTENCY OF CHOLECYSTOKININ PEPTIDES ON 
SUCROSE INTAKE. S. Eisen.1 N. Gearv.1 E.ARauhofer.1 R.J. Phillips.2
E.A. Baronowskv.2 T.L. Powlev,2 and G.P. Smith1' . 1 Bourne Laboratory. NY 
Hospital -  Cornell Medical Center, White Plains, N.Y. 10605 and 2 Dept, of 
Psychological Sciences, Purdue University, West Lafayette, IN 47907.

Some fibers of the hepatic branch of the abdominal vagus innervate the 
liver, but the majority pass through the liver to form the gastroduodenal 
branch that provides a dense innervation of the duodenum and less dense 
innervation of the fundic and antral regions of the stomach, the distal small 
intestine, and cecum (Phillips et al., 1997). To investigate whether the 
afferent innervation provided by the gastroduodenal branch is necessary for 
the inhibitory effect of cholecystokinin octapeptide (CCK-8) and CCK-33 on 
meal size, we prepared 9 rats (H&D) with only the hepatic and 
gastroduodenal branches intact and 10 rats (H) with only the hepatic branch 
intact. The loss of gastroduodental afferent innervation was confirmed at 
the end of the experiment by combining WGA-HRP labeling of vagal 
afferents with a wholemount technique (Powley et al., 1995). Test meals 
consisted of access to 10% sucrose for 30 minutes after 4 hours of food 
deprivation. Five minutes before a test meal, each rat received an ip 
injection of vehicle or CCK-8 (4, 8, 16 µg/kg) or molar equivalent doses of 
CCK-33. The potency of CCK-8 was equivalent in H and H&D rats, but 
CCK-33 was significantly more potent in H rats than in H&D rats. These 
results suggest that the gastroduodenal afferents are not necessary and the 
hepatic afferents are sufficient to mediate an inhibitory effect of CCK-8 and 
CCK-33 in the absence of other abdominal vagal innervation. Supported by 
MH40010, MH51135, and DK27627.

847.7
COMPARISON OF THE MECHANISMS UNDERLYING THE HYPOPHAGIC 
EFFECTS OF SIBUTRAMINE, AMINOREX AND PHENTERMINE, IN RATS
H.C. Jackson, J.C. Mitchell and D.J. Heal (SPON: British Neuroscience 
Association) Knoll Pharmaceuticals, Nottingham, NG1 1GF, U K.
The 5-HT and noradrenaline reuptake inhibitor, sibutramine, is a novel 

antiobesity agent. Aminorex and phentermine are amphetamine derivatives that 
have been used to treat obesity. This study uses a variety of monoamine 
antagonists to compare the pharmacological mechanisms underlying the 
hypophagia induced by sibutramine, aminorex and phentermine. Individually- 
housed male Sprague-Dawley rats (350-550g; n=5-8) were maintained on 
reverse phase lighting with free access to standard rat diet. Drugs were given at 
the onset of the 8h dark period. Sibutramine (3, 10 mg/kg po), aminorex (1 , 3 
and 10 mg/kg po) and phentermine (3, 10 mg/kg po) decreased food intake in a 
dose-related manner The hypophagia induced by sibutramine (10 mg/kg po) 
was significantly (P<0.05; Dunnett’s test) antagonised by the α,-antagonist, 
prazosin (0.3, 1 mg/kg ip), the ß,-antagonist, metoprolol (3, 10 mg/kg ip), the 
5-HT antagonist, metergoline (0.3 mg/kg ip) and the 5-HT2A/2C antagonist 
ritanserin (0.1, 0.5 mg/kg ip) but not by RX821002 (0.3, 1 mg/kg ip; α2) or 
ICI 118,551 (3, 10 mg/kg ip; ß2). The hypophagia induced by aminorex and 
phentermine (10 mg/kg po) was antagonised by prazosin (1 mg/kg) but not by 
the other monoamine antagonists. The antagonists alone had no effect on food 
intake. These results, implicating α r , ßr  and 5-HT2A/2C receptors in 
sibutramine-induced hypophagia and ^-adrenoceptors (but not ßr  or 5-HT2A/2C 
receptors) in aminorex- and phentermine-induced hypophagia, differentiate 
sibutramine’s mode of action from that of aminorex and phentermine.
Financial support provided by Knoll Pharmaceuticals.

847.8
BLOCKADE OF GABAa RECEPTORS IN THE MEDIAL VENTRAL PALLIDUM 
ELICITS FEEDING IN SATIATED RATS. T.R, Stratford* and KJ, Simanskv. 
Department of Pharmacology, MCP^ Hahnemann School of Medicine, Allegheny 
University of the Health Sciences, Philadelphia, PA 19129

Inhibiting neurons in the nucleus accumbens shell (AcbSh) elicits feeding in 
satiated rats and the expression of this feeding is dependent on the activation of 
neurons in the lateral hypothalamus (LH). Therefore, the AcbSh and the LH appear 
to form a functional circuit subserving the control of food intake in rats. Although 
most AcbSh efferents are believed to be GABAergic, evidence from previous studies 
suggests that the AcbSh does not modify feeding behavior via a direct GABAergic 
projection to the LH. The medial ventral pallidum (VPm) is a basal forebrain 
structure that is a major terminus for AcbSh projection fibers and is a brain region 
from which a substantial efferent projection to the LH originates. Thus, the VPm is 
anatomically, and perhaps functionally, interposed between these two brain regions. 
We hypothesized that if a feeding-relevant GABAergic AcbSh projection terminates 
in the VPm, blocking GABA receptors in the terminal field should elicit feeding.

Nondeprived, Sprague-Dawley rats received bilateral injections of the GABAa 
receptor blocker bicuculline into the VPm. Subsequently, food and water intake were 
monitored for 2 h and locomotor activity and rears for the initial 30-min (see Table). 
Although the higher doses of bicuculline greatly increased locomotor activity and 
rearing, all doses of bicuculline significantly increased food intake over control levels 
without affecting water intake. Thus, these data support the idea that an AcbSh-

Bicuc. (ng) 0 10 50 100 200
Food (g) 1.0 ±0.4 3.8 ± 0.4* 5.4 ± 0.9f 6.1 ±0.7f 3.9 ± 0.9*
Water (ml) 0.7 ± 0.5 0.4 ± 0.3 0.9 ± 0.5 1.3 ±0.7 0.4 ± 0.2
Cage Cross. 29 ±6 33 ± 11 197 ± 55* 262 ± 27* 455 ± 33*
Rears 64 ± 6 61 ± 12 135 ± 35 170 ± 24* 247 ± 32*

847.9
BRAIN OVEREXPRESSION OF GLUT2 GLUCOSE TRANSPORTER IN 
TRANSGENIC MICE BLOCKS HYPERGLYCEMIC RESPONSES TO 2- 
DEOXY-GLUCOSE. T. Wang*. G.L. Edwards. E.W. Kelso. M.G. Hulsev. R.G. 
Dean, R.A. McGraw. C.A. Baile and R.J. Martin. Departments of Foods and 
Nutrition and Physiology and Pharmacology, The University of Georgia, Athens, 
GA 30602.

The glucose transporter GLUT2 plays a glucose-sensing role in hepatocyte and 
pancreatic islet beta cells. To study the role of GLUT2 glucose transporter in the 
brain glucose-sensing mechanism we developed transgenic mice that have an 
externally controllable transgene overexpressing GLUT2 glucose transporter 
under the control o f a neurofilament promoter. The mice were on 
deoxytetracycline (1 gram/liter) in addition to saccharin (1 gram/liter ) in drinking 
water after they were bom to suppress the transgene expression. Transgene 
expression was induced by withdrawing deoxytetracycline but maintaining mice 
on saccharin (1 gram/liter). Sixteen mice were divided into two groups, i.e., 
transgene induced (n = 8) and transgene suppressed (n = 8). Within each group 
mice received one of the two treatments, intraperitoneal administration of 200 
mg/kg 2-deoxy-glucose (2DG, n = 4) or 5 ml/kg physiological sterile saline (PSS) 
(n = 4). Mice were decapitated 1 h after treatment and blood glucose 
concentration was measured. 2DG resulted in increases in blood glucose in mice 
with transgene suppressed (PSS, 158.8 ± 5.9 mg/dl; 2DG, 186.0 ± 9.4 mg/dl). 
However, mice with transgene induced did not become hyperglycemia in response 
to 2DG (PSS, 167.9 ± 16.7 mg/dl; 2DG, 169.0 ± 14.0 mg/dl). In another study, 
the same dose of 2DG did not change food intake in mice with transgene induced 
or suppressed. Therefore, overexpression o f GLUT2 glucose transporter blocks 
the hyperglycemic response to 2DG but not the feeding response. These data 
suggest that overexpressing GLUT2 glucose transporter in the brain increases 
glucose sensing and GLUT2 glucose transporter may play a role in the central 
control o f blood glucose homeostasis. (Supported by NIHHD22226)

847.10
LESION OF THE AREA POSTREMA (AP) ATTENUATES  
HINDBRAIN CFOS EXPRESSION AFTER AMYLIN TREATMENT.
C.C. Miller*, R.P. Dilts, A.A. Young and G.L. Edwards. Dept, o f  
Physiol. & Pharmacol., Univ. o f  Georgia, Athens, GA 30605 and 
Amylin Pharmaceut., Inc., San D iego, CA 92121.

Amylin is a 37 aa peptide which inhibits food intake and gastric 
emptying when injected peripherally. A m ylin’s effects do not appear to 
be mediated by the vagal afferent fibers since ablation o f  vagal afferent 
fibers with capsaicin does not attenuate the effect o f  amylin on gastric 
emptying (Symp. Brain-Gut Interact., 1998). Recent studies into the 
site where amylin may act to decrease gastric emptying showed that a 
lesion o f  the AP blocks amylin-induced reduction in gastric emptying 
(Symp. Brain-Gut Interact., 1998). In the present study we evaluated 
cFos expression after amylin treatment in intact and AP-lesioned rats. 
Lesions o f  the AP were produced by aspiration at least 2 months prior 
to testing. Amylin treatment (2.5 and 25 ug/kg, S.C.) resulted in 
elevated cFos expression in the AP, the nucleus o f  the solitary tract 
(NTS) and lateral parabrachial nucleus (1PBN) in intact rats as 
previously reported (Regul. Pept. 71: 171-174, 1997). Rats with an AP- 
lesion had a marked reduction o f  the expression o f  cFos in the NTS and 
1PBN after amylin treatment. We conclude from these studies that a 
pathway originating in the AP and ascending through the NTS and 
1PBN may mediate effects o f  peripherally administered amylin. 
(Supported by Amylin Pharmaceuticals, Inc., San D iego, CA)
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847.11
PROLONGED INFUSION OF GASTRIN-RELEASING PEPTIDE IS MORE 
POTENT THAN BRIEF INFUSION FOR POSTPRANDIAL SATIETY. A.K. 
THAW. R.J. DAVIS. G.P. SMITH, and J. GIBBS*. Bourne Laboratory, Dept, of 
Psychiatry, Cornell Medical Center, White Plains, N.Y. 10605.

Brief, systemic administration of gastrin-releasing peptidei.27 ( G R P 1 0 7 )  shortly 
after the end of a spontaneous meal extends the postprandial intermeal interval (1MI) 
(Rushing et ah, 1998; Thaw et ah, 1998). To determine whether this satiety action 
depends on the duration of peptide delivery, we compared the effects of brief (2 min) 
and prolonged (60 min) infusions of the same total dose of GRPι-27 on IMI length. 
Adult male rats (n = 9) were surgically implanted with chronic inferior vena caval 
catheters exteriorized at the nape of the neck. Each rat (undisturbed and freely 
feeding) w;as housed in an open-topped cage fitted with a lickometer (to measure 
intake of a diluted milk diet) and a programmable pump (to deliver intravenous 
infusions at different times and rates). Following recovery from surgery, each rat 
received GRP 1-27 ( 10  nM/kg) or the equivolumetric vehicle control under two 
conditions: (1) a 2-min infusion beginning 5 min after the end of the first 
spontaneous nocturnal meal, or (2) a 60-min infusion beginning at the same point.

Infusion Duration Vehicle GRPι.^7

2 min 56 ± 11 92 ± 7

60 min 75 ±13 148 ±13 +

Data are lengths of IMI in min (mean ± SEm). p = 0.01, p = 0.003, different from 

respective vehicle, p = 0.002, different from 1MI for 2-min GRP1.27 condition. 1MI 
lengths for 2-min and 60-min vehicles are not different. The sizes of the first and 
second nocturnal meals for the four IMI conditions were not different.

We conclude that a prolonged infusion of GRP,.^ is significantly more effective 
than a brief infusion in extending the length of the postprandial IMI.

Supported by NIH Research Grant DK 33248 and Training Grant MFI 18390.

847.13
S A P O R IN -A N T I-D O P A M IN E  B E T A  H Y D R O X Y L A S E  (S A P -D B H ) IN JE C T IO N S  

IN T O  P V N  A N D  S P IN A L  C O R D  IM P A IR  S P E C IF IC  R E S P O N S E S  T O  2 - 

D E O X Y -D -G L U C O S E  (2 D G )- IN D U C E D  G L U C O P R IV A T IO N . K. B u α a rith * .

T.T. D in h  a nd  S. R itte r . P ro g ra m s  in N e u ro s c ie n c e , W a s h in g to n  S ta te  U n ive rs ity , 

P u llm a n , W A 9 9 1 6 4 -6 5 2 0  U .S .A .

T h e  to x in -a n tib o d y  c o m p le x , s a p -d b h , s e le c tiv e ly  d e s tro y s  d b h -c o n ta in in g  

c a te c h o la m in e  (C A ) n e u ro n s . To te s t  th e  ro le  o f  s p e c if ic  C A  s u b g ro u p s  in 2 D G - 

in d u c e d  fe e d in g  a nd  h y p e rg ly c e m ia , w e  in je c te d  s a p -d b h  o r s a lin e  u n ila te ra lly  

and  b ila te ra lly  in to  th e  p a ra v e n tr ic u la r  n u c le u s  o f  th e  h y p o th a la m u s  (P V N ) o r 

sp in a l co rd  (T 2 -T 4 ) o f  ra ts  a n d  te s te d  th e m  1 m o  la te r  fo r  2 D G -in d u c e d  in 

c re a s e s  in fe e d in g  a n d  b lo o d  g lu c o s e . F o o d  in ta k e  a n d  b lo o d  g lu c o s e  w e re  

m e a s u re d  fo r  4  h o u rs  on  s e p a ra te  d a y s  a fte r  2 0 0  m g /k g  2 D G  o r s a lin e . B lood  

g lu c o s e  w a s  m e a s u re d  in th e  a b s e n c e  o f  fo o d  a t 0, 15, 30 , 6 0 , 90  a nd  120 m in  

a fte r  2 D G . In je c tio n s  o f s a p -d b h  in to  th e  P V N  a b o lis h e d  2 D G -in d u c e d  fe e d in g , 

b u t n o t h y p e rg ly c e m ia . S a p -d b h  in je c te d  ra ts  a te  2 .3 7 ± O .3 9 g  a n d  c o n tro ls  a te  

5 .9 7 ± O .5 9 g  a fte r  2 D G  a n d  2 .9 6 ± O .8 2 g  a n d  2 .4 7 + 0 .3 7 g  re s p e c tiv e ly  a fte r  s a 

line . B lo o d  g lu c o s e  re s p o n s e s  fo r  th e  tw o  g ro u p s  w e re  110%  a n d  117%  a b o v e  

b a s e lin e  re s p e c tiv e ly  a t 90  m in  a fte r  2 D G . In je c tio n s  o f  s a p -d b h  in to  th e  sp in a l 

co rd  b lo c k e d  th e  h y p e rg ly c e m ic  re s p o n s e  b u t n o t th e  fe e d in g  re s p o n s e  to  2 D G . 

S a p -d b h  in je c te d  ra ts  a te  6 .6 2 + 0 .6 9 g  a n d  c o n tro l ra ts  a te  7 .9 0 + 0 .5 g  a fte r  2 D G  

and  2 .4 8 ± O .67g  an d  4 .8 2 + 0 .8 g  re s p e c tiv e ly  a fte r  s a lin e . B lood  g lu c o s e  fo r  th e se  

g ro u p s  w e re  3 0 %  a n d  118%  a b o v e  b a s e lin e  re s p e c tiv e ly  a t 90  m in  a fte r  2 D G . 

R e s u lts  s u g g e s t th a t  A 1 /C 1  n e u ro n s  a re  re q u ire d  fo r  g lu c o p r iv ic  a c tiv a tio n  o f  

ro s tra lly -p ro je c tin g  p a th w a y s  in v o lv e d  in fe e d in g  a n d  th a t  s p in a lly -p ro je c tin g  

T H - ir  n e u ro n s  a re  re q u ire d  fo r  g lu c o p r iv ic  a c tiv a tio n  o f  th e  a d re n a l m e d u lla . 

R e s u lts  a re  c o n s is te n t w ith  a b o d y  o f  lite ra tu re  in d ic a tin g  th e  in v o lv e m e n t o f 

c e n tra l C A  n e u ro n s  in g lu c o p r iv ic  fe e d in g  a n d  a d re n a l m e d u lla ry  s e c re tio n . 

S u p p o rte d  b y  P H S  #  D K  4 0 4 9 8 .

847.15
RANDOMIZED, DOUBLE-BLIND STUDY OF ONDANSETRON (ZOFRAN) IN 
BULIMIA NERVOSA: EFFECTS ON BINGE/VOMITING FREQUENCIES 
AND SYMPTOMS OF DEPRESSION. A.M. Marshall. R.S. Daughters. D. 
Baneriee-Stevens. R.D. Hofbauer. S.A. Oakman. G.B. Bart. S.W. Kim. W.H. 
Metier. E.D. Eckert, P.L. Faris and B.K. Hartman*. Department of Psychiatry, 
University of Minnesota, Minneapolis, MN 55455.

We have previously suggested that binge eating and vomiting (B/V) in bulimia 
nervosa patients may be perpetuated by cyclic increases in vagal tone. Accordingly, 
we have been studying the effect of ondansetron (ONDAN), a 5-HT3 antagonist, on 
bulimic behaviors (Arch. Gen.Psych. 54:969,1997). ONDAN is predominately 
peripherally active (CNS penetration of <15% under steady-state conditions), 
marketed for blocking vagally-mediated emesis caused by 5-HT release from 
enterochromaffin cells in response to chemotherapeutic agents. In the present 
study, 26 females with bulimia nervosa (minimum 7 coupled B/V episodes per 
week for > two years) participated in a randomized, double-blind, placebo controlled 
trial. The study consisted of one week baseline, one week single-blind placebo, and 
four weeks of double-blind treatment ONDAN dose was 24 mg/day administered in 
4 mg capsules clustered at times prior to the usual periods of B/V or when 
experiencing strong urges to do the behavior. ONDAN resulted in a significant 
reduction in B/V frequencies [time by drug interaction; F(5,120)= 4.6; p=0.001]. 
Both treatment groups displayed a similar reduction during single-blind placebo 
(SB-P) treatment [PLACEBO (n=l2); baseline vs SB-P; mean 16.5 vs 13.4 B/V 
episodes; ONDAN (n=l4) baseline vs SB-P; mean 15.6 vs 12.2]. This initial 
placebo response was maintained in the group receiving double-blind (D-B) placebo 
(mean b/v episodes during 4th D-B treatment week=13.2). In contrast, the group 
receiving D-B ONDAN continued to experience a reduction in B/V frequencies 
(mean during 4th D-B treatment week=6.4). Beck Depression scores also were 
significantly reduced during the course of D-B treatment with ONDAN. This 
finding suggests a more global improvement in symptoms by ONDAN, arguing 
against a non-therapeutic action such as interfering with the ability to vomit. 
Supported by DK4229l & M.A.N. Research Foundation (St. Paul).

847.12
SUBGROUPS OF HINDBRAIN CATECHOLAMINE NEURONS ARE 
DESTROYED BY INJECTION OF SAPORIN-ANTI-DBH (sap-dbh) INTO 
SPECIFIC TERMINAL SITES. T. T. Dinh*. K. Buαarith and S. Ritter. 
Programs in Neuroscience, Washington State University, Pullman, WA 
99164-6520 U.S.A.

Retrograde tracing experiments have determined that hindbrain 
catecholamine neurons projecting to the spinal cord and paraventricular 
nucleus of the hypothalamus (PVN) form separate populations. Individual 
catecholamine neurons do not appear to send collaterals to both 
locations. As a prelude to functional analysis of these distinct 
catecholamine subgroups, we injected the targeted toxin, saporin anti- 
dbh, into the PVN or into the spinal cord (T2-T4) and examined brains 
for tyrosine hydroxylase-immunoreactivity (TH-ir) 3 weeks - 3 months 
later. Loss of TH-ir cells after sap-dbh was consistent with the results of 
retrograde tracing experiments. PVN injections greatly reduced (unilateral 
injections) or eliminated (bilateral injections) cell groups A1 and the caudal 
2/3 of C1 (caudal to the level of nucleus prepositus). Spinal cord injections 
reduced or eliminated cell groups A5, A7, subcoeruleus, C3 and the 
rostral 1/3 of C1. Dopamine neurons in the vicinity of the PVN injection 
site did not appear to be affected by the toxin. Although bilateral injections 
at either site produced more complete destruction of the respective 
hindbrain cell groups, unilateral injections also produced profound 
bilateral cell loss. Thus, the majority of TH-ir neurons projecting to the 
PVN or spinal cord appear to terminate bilaterally. Results indicate that 
saporin toxicity can be highly targeted for specific cells in a mixed 
population of the same phenotype by injection into selected terminal 
sites. Supported by; PHS # DK 40498.

847.14
2-DEOXY-D-GLUCOSE (2DG)-INDUCED FOS-IMMUNOREACTIVITY 
(FOS-IR) IN BRAIN AND ADRENAL MEDULLA AFTER INJECTIONS 
OF SAPORIN-ANTI-DBH. S. Ritter*. T.T Dinh and K. Buαarith. Programs 
in Neuroscience, Washington State University, Pullman, WA99164-6520.

When the neurotoxin, saporin (sap), is coupled to an antibody directed 
against dopamine beta hydroxylase (dbh), the toxin-antibody complex 
selectively destroys dbh-containing catecholamine (CA) neurons. We 
administered sap-dbh or saline unilaterally and bilaterally into the 
paraventricular nucleus of the hypothalamus (PVN) or spinal cord (T2- 
T4). Rats were injected 3 mo later with 2DG (250 mg/kg) and maintained 
for 2 hrs without food. They were then killed and tissues collected for 
histochemical detection of Fos protein and the CA synthetic enzyme, 
tyrosine hydroxylase (TH). Injections of sap-dbh into the PVN or spinal 
cord selectively destroyed CA neurons known to project to these sites. 
In most brain regions, such as the nucleus of the solitary tract, lateral 
parabrachial nucleus and central nucleus of the amygdala, 2DG-induced 
expression of Fos was not altered by dbh-sap injection. However, 
injection into the PVN reduced or eliminated Fos-ir in A1/C1, where it is 
expressed in CA neurons lesioned by the toxin, and in the PVN itself. 
Spinal cord sap-dbh injections reduced TH-ir in rostral C1, A5 and A7, 
but did not reduce Fos-ir induced by 2DG in the immediate vicinity of the 
C1 and A7 cell groups. Spinal cord sap-dbh reduced Fos-ir in the adrenal 
medulla. Results suggest that A1/C1 neurons are required for glucoprivic 
activation of the PVN and that spinally-projecting TH-ir neurons are 
required for glucoprivic activation of the adrenal medulla. Fos induction 
in most other brain regions does not require intact CA neurons. PHS # 
DK 40498.

847.16
THE 5HT-3 RECEPTOR ANTAGONIST ONDANSETRON (ZOFRAN) 
ATTENUATES FOOD INTAKE INHIBITION AND C-FOS INDUCTION IN 
THE NUCLEUS TRACTUS SOLITARIUS AND AREA POSTREMA 
PRODUCED BY INTRAPERITONEAL CHOLECYSTOKININ.
R.S, Daughters, R,P, Hoføauer,, A.W. Grossman, A.M. Marshall, C,L. Quaimaπα
B.K. Hartman, and P.L. Faris*. Div. of Neuroscience Research in Psychiatry, 
University of Minnesota, Minneapolis, MN 55455

In the present studies we examined the effect of intraperitoneal (IP) 
administration of ondansetron (ONDAN) on food intake inhibition and c-fos 
induction in the nucleus tractus solitarius (NTS) and area postrema (AP) 
produced by a satiating dose of cholecystokinin (CCK). In all experiments rats 
were randomly assigned to one of four conditions: dH2O, 3µg/kg CCK, 1 mg/kg 
ONDAN, or solution of 1 mg/kg ONDAN+3µg/kg CCK. In behavioral studies, 
animals (n=8) were injected IP with each of the four drug conditions on different 
test days according to a counterbalanced and blinded design. Food intake (FI) 
of a liquid diet was measured at 30 minute intervals following drug 
administration for up to 1.5 hours post injection. In immunohistochemical 
studies, each animal (n=l2) received only one drug injection (IP) followed one 
hour later by Fixation of neural tissue. C-fos visualization of activated cells was 
accomplished using a commercially available antibody (Cambridge). Sections 
at four levels through the NTS were digitally mapped for numerical 
quantification. Behaviõrally, CCK animals displayed a 50% reduction in FI at 
60 minutes post injection compared to only a 16% reduction in the 
ONDAN+CCK condition. Animals treated with ONDAN alone had no difference 
in FI from dH2O treated animals. The functional anatomy data parallel this 
finding with total NTS ceil counts of approximately 2000 in the CCK condition 
compared to a 43% reduction down to 1150 in the ONDAN+CCK. .ONDAN 
alone did not alter c-fos induction in the NTS as compared to dH2O. Similar 
results were obtained on c-fos induction in the AP. When CCK was compared to 
ONDAN+CCK, c-fos induction was reduced by 56% from an average value of 
524 to 228 labeled nuclei. There was no effect of ONDAN alone on c-fos 
induction in the AP. ( M.A.N. Research Foundation , St. Paul).
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847.17

D O PA M IN E , (DA2) r e c e p t o r s  i n  t h e  a n t e r i o r  p i r i f o r m  
C O R TE X  (APC) A R E IN V O LV ED  IN  M ED IA TIN G  TH E  RESPO N SES 
T O  A M IN O  A C ID  IM B A LA N C ED  D IETS (IM B). B G. Truong*. J.A, 
B arrett and D .W . G ietzen. Dept. VM: Anat., Physiol., Cell Biol, and Food 
Intake Lab., Univ. Calif.-Davis, Davis CA 95616.

In the aminoprivic feeding model, rats, prefed a I oλv protein diet quickly and 
reliably reduce their food consumption when offered IMB. The APC is an area 
critical in mediating this IMB-induced anorexia. To investigate if  DA2 receptors 
in the APC play a role in this feeding model, 2 experiments were conducted using 
eticlopride HC1 [ETIC; DA2 receptor antagonist], Male Sprague Dawley rats 
(220-250 g) with bilateral cannulas implanted 3 mm dorsal to the APC received 
injections o f ETIC (0, 0.3, 3.0 or 30.0 ηmol, 0.5 µl/side) in 0.9% saline (SAL) 
into the APC. IMB was presented at dark onset. Between 0-3 hr, IMB intake 
was increased to 108% of BAS in the ETIC (0.3 ηmol) group (p = 0.016 vs SAL 
group, that ate 16% of BAS control). Intake values for 0-3 hr: ETIC (0.3 ηmol) 
group = 2.98 + 0.27 g, SAL group = 0.61 + 0.25 g, p  = 0.0001. Between 6-9 hr, 
ETIC (30.0 ηmol) group consumed 4.39 + 0.87 g while SAL group ate 1.47 + 
0.87 g (p = 0.029). Upon completion of the experiment, these animals were 
placed on BAS for 7 days. Then, these same animals received APC injections of 
ETIC (0, 0.3, 3.0 or 30.0 ηmol, 0.5 µl/side) in 0.9% SAL, followed by 
presentation of an amino acid-corrected diet (COR) at dark onset. Intakes of 
COR were not significantly different among the 4 groups at any time period 
Inhibition of DA2 receptors increased IMB intake selectively. We conclude that 
the DA2 receptors in the APC play an important role in mediating the depressed 
feeding response to IMB. Supported by NIH DK 35747 and USDA: NRI 97- 
3500-4477.

847.19

TROPISETRON (TROP) ENHANCES THE EARLY FEEDING EFFECT 
OF THREONINE INJECTIONS INTO THE ANTERIOR PIRIFORM 
CORTEX (APC) OF RATS ON AN IMBALANCED DIET (IMB). J E 
Blevins*. J.A. Barrett, and D.W. Gietzen. Food Intake Laboratory, Dept, of 
Vet. Med. Anatomy, Physiology and Cell Biology, University o f Calif. Davis, 
Davis, CA 95616.

Rats experience a rapid anorexia (to approximately 50% of baseline) in 
response to a threonine imbalanced diet (IMB), due in part to a decrease in 
threonine concentrations within the APC. Injections o f either threonine into the 
APC, or TROP (i.p.) partially attenuate this effect, increasing food intake to 
approximately 85% o f baseline. In this study, rats (n=24) were fitted with 
APC cannulas, and were injected with threonine (2nmol) or saline 3 hrs prior 
to receiving the IMB, and then TROP (9mg/kg) or saline (lml/kg) 30 min 
prior to receiving the IMB. Effective cannula placement was verified by 
measurement of IMB intake in response to threonine injections following the 
experiment. Animals not responding to threonine were discarded from the data 
set. In the first three hrs, the threonine plus TROP group (n=6) ate 
4.34+0.37g, (mean ± SE) which was significantly higher (p<0.05) than control 
(n=4; 2.O4±O.4Og). There was no difference from control with either threonine 
+ saline (n=2; 3.O8±O.l4g; O.O5>p>O. 1) or TROP + saline (n=6; 3.lO±O.68g; 
p>0.2). This suggests that IMB induced anorexia may be mediated in part 
through an interaction between threonine within the APC and serotonergic 
mechanisms, which may be either central or peripheral. Supported by: NIH: 
NS33347, DK35747, and USDA: NRI 97-35200-4477.

847.18
EFFECTS OF DELTA9 - TETRAHYDROCANNABINOL ON FOOD 
INTAKE IN LEWIS RATS.
J. E. Koch*. Department of Psychology, University of Wisconsin Oshkosh. 
Oshkosh, WI 54901.

Establishment o f a link between food intake and cannabinoid substances, 
particularly dεlta9*tetrahydrocannabinol (THC). in animals has met with 
little success, despite reports of relatively robust effects in humans. Male 
Lewis rats have been demonstrated to be responsive to potential appetite- 
stimulating effects of THC when combined with lateral hypothalamic 
stimulation (Trojinar & Wise, 1991) and the present studies attempt to 
fürther characterize the effects o f THC on food intake in this strain o f rats. 
Male Lewis rats (n=3O) were fed either a high-fat (HF), a sweetened high- 
fat (SHF) diet or standard rat chow pellets for 3 weeks. Following 
establishment of baseline food and water intake, rats were injected i.p. with 
vehicle (1 ml/kg), 0.5, 1.0 and 2.5 mg/mg THC. Food intake was measured 
at lh , 2h, 4h, 6h & 24h following injection and data were analyzed via 
repeated measures ANOVA and Scheffe post-hoc comparisons. THC 
significantly increased food intake over vehicle at lh  following the 0.5 &
1.0 mg/ml doses, but not the 2.5 mg/ml dose, while all three doses 
significantly increased food intake at 2h post-injection. At 4h, the 1.0 
mg/ml dose produced significant increases in food intake over both vehicle 
and 2.5 mg/ml levels. There were no significant differences found at 6h  or 
24 h following injection. There were no significant differences among the 
diet groups, although effects following THC in rats fed the HF and SHF 
diets were generally larger than those seen in chow-fed rats. Current studies 
involve antagonism of the appetite-stimulating effects of THC & central 
(ICV) administration of THC. Work supported by grant from Univ. WI 
Oshkosh faculty development program (FDR54l).

847.20
THE NITRIC OXIDE SYNTHASE INHIBITOR, L-NAME, ATTENUATES 
SACCHARIN PREFERENCE IN A TW O-CHOICE TEST IN WATER- 
DEPRIVED RATS. D A. Czech* Marquette University, P.O. Box 1881, 
Milwaukee, WI 53201-1881.

Nitric oxide (NO) has been implicated in ingestive behaviors in several animal 
species. We recently reported that the NO synthase (NOS) inhibitor L-NG-nitro 
arginine (L-NOARG) reliably attenuated chlordiazepoxide-induced feeding and 
feeding induced by glucoprivation in mice in a dose-related manner. The current 
study probes a possible orosensory contribution to the attenuating effect of 
NOS inhibition on feeding.

The NOS inhibitor N°-nitro-L-arginine methyl ester (l-NAME) (0 [veh]), 10, 
25 and 50 mg/kg) was administered sc to 22-h water-deprived, saccharin- 
preferring, Sprague-Dawley albino rats in a 30-min two-bottle choice test of 
0 .1% sodium saccharin and tap water in a within subjects design; a second 
group of animals was given the same doses of the inactive isomer, D-NAME. 
Intake data were analyzed with ANOVA procedures, along with Dunnett's and/or 
Student's /-tests; rejection level was set at p<0.05.

Saccharin intake was selectively attenuated in a dose-related manner with 
increasing dose of L-NAME, reaching statistical significance at 25 and 50 
mg/kg l -NAME when compared to vehicle control condition (p<0.01). 
Saccharin intake dropped to 94.9%, 85.2% and 77.8%, respectively, of control 
level under 10, 25 and 50 mg/kg of l-NAME. In contrast, water intake was not 
appreciably affected. Neither saccharin nor water intake were significantly 
affected by any dose of d-NAME, indicating a stereospecific action. These data 
suggest that a taste/palatability factor might contribute to the well-documented 
hypophagic action of NOS inhibitors. The possibility that such action might 
be linked to a  serotonergic mechanism is considered.

BEHAVIORAL PHARMACOLOGY V

848.1

METHODOLOGY FOR EQUAL INTER-INFUSION INTERVALS 
BETWEEN ANIMALS SELF-ADMINISTERING COCAINE. C, L. 
Duvauchelle* and A. Ikegami. College o f Pharmacy, Division 
Pharmacology/Toxicology, University o f Texas, Austin, TX 78712.

Experimental designs with traditional roots in behavioral 
pharmacology, such as animal models o f drug self-administration, have 
begun to incorporate methods outside o f the behavioral realm. Indeed, 
recently, there has been a lot o f interest in neurochemical and molecular 
changes associated with drug-induced behavior. The combination o f  
behavioral and biochemical techniques make it possible to begin to 
correlate behavioral changes with underlying neural mechanisms. This 
wave o f research poses new challenges for researchers to develop 
sophisticated methodologies that can integrate and reliably assess 
disparate types o f data. For instance, synchronized neurochemical 
changes due to self-administered drugs between subjects are difficult to 
attain because of individual differences in response rate. The present 
study will demonstrate a training method that results in cocaine self
administration behavior with roughly equal inter-infusion intervals 
between animals. This modification o f the animals’ self-administration 
behavior makes it possible to collect in v iv o  microdialysis samples that 
reflect equivalent drug infusion and behavior between animals. As a 
model o f  drug-seeking behavior, this method is superior to “yoked” 
animal use, since it has been shown that there are drug-induced 
neurochemical differences when drugs are self- versus experimenter- 
administered. Supported by Univ. Texas Office o f VP Research/Faculty 
D evel. Program.

848.2

CONTINGENT LOSS OF TOLERANCE TO AMPHETAMINE 
HYPOPHAGIA. K.M. Hughes, L. Pop! and D.L. Wolgin*. Dept, of 
Psychology, Florida Atlantic Univ., Boca Raton, FL 33431.

We previously found that tolerance to amphetamine (amphet) 
hypophagia was lost if rats were allowed to drink milk in the 
undrugged state for 3 wk, whether drug injections were suspended 
entirely or continued to be given, but postprandially (Wolgin & 
Hughes 1997). Because milk intakes during this period were higher 
than during the preceding tolerance phase, decreased hunger may 
have contributed to the loss of tolerance. To examine this 
possibility, the experiment was repeated with two modifications. 
First, milk intakes during the retention phase were yoked to the 
mean amount of milk ingested during the last 2 wk of the tolerance 
phase. Second, a group was included that was neither injected nor 
given milk during the retention period.

Male Sprague-Dawley rats received amphet (2 mpk) before daily milk 
tests, to induce tolerance. The rats were then assigned to one of four 
groups. During the next 21 trials (the retention phase), the Saline 
Group was switched to saline injections, the After Group received 
amphet injections, but after the milk tests, the Before Group 
continued to receive amphet injections before milk, and the No 
Treatment Group was neither injected nor given milk tests. Dose 
response tests revealed that both the Saline and After groups lost 
tolerance, but only at the chronic (2 mg/kg) dose. In contrast, 
neither the Before Group nor the No Treatment Group lost tolerance. 
These results demonstrate that the loss of tolerance is contingent on 
having access to milk during the retention interval (cf Poulos et al. 
1981), and that decreased hunger cannot account for this effect. 
Instead, rats may unlearn behavioral strategies previously acquired 
under the drug. (Supported by NIDA Grant DAO4592)
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848.3
A THREE CHOICE DRUG DISCRIMINATION PROCEDURE 
DIFFERENTIATES THE STIMULUS EFFECTS OF d-AMPHETAMINE 
AND MDMA. A.K. Goodwin. D.S. Mulder-Kimble and L,E. Baker.*. 
Department of Psychology, Western Michigan University; Kalamazoo, MI 
49008

(±)-3,4-Methylenedioxymethamphetamine (MDMA) produces effects in 
humans that are reportedly similar to those of CNS stimulants. However, drug 
discrimination studies in nonhumans have yielded inconsistent results 
regarding the similarities between MDMA and d-amphetamine. The present 
study employed a three-lever operant procedure to assess whether the 
discriminative stimulus effects of MDMA and d-amphetamine could be 
differentiated. Sixteen male Sprague-Dawley rats were trained to discriminate 
d-amphetamine, MDMA, and saline in a three-lever drug discrimination 
procedure. In addition, differential outcomes (DO) were employed during drug 
discrimination training with eight o f the rats. Water, and plain or chocolate- 
flavored sweetened condensed milk were used as reinforcers. For the DO 
group, each reinforcer was paired with one of the training conditions. The 
control group received each of these reinforcers in random order, not paired 
with any particular training condition. The control rats met the discrimination 
criterion (> 80% injection appropriate responding prior to the first reinforcer 
for at least 8 of 10 consecutive sessions) within a mean of 60.0 (± 2 .86) training 
sessions, and the DO rats met the criterion within a mean of 60.67 (± 5.72) 
training sessions. Although differential outcomes during training did not 
facilitate the acquisition of this discrimination, it was clearly demonstrated that 
the discriminative stimulus effects of MDMA and d-amphetamine can be 
differentiated. Additional experiments are in progress to examine stimulus 
generalization to other serotonergically and dopaminergically mediated 
compounds in this model.

848.5
THE EFFECTS OF FLIBANSERIN ON AM PH ETA M IN E W ITHDRAW AL- 
INDUCED H Y POLOCO M OTION IN RATS.
S.E. Gilbert Evans1*. N.J. DeSousa1. and F,J. Vaccarino1,2. Depts. of 'Psychology 
and 2Psychiatry, and 2Clarke Institute of Psychiatry, University of Toronto, 
Toronto, ON, M5S 3G3, Canada.

In humans, withdrawal from psychomotor stimulants such as amphetamine 
(AMPH) may be associated with a clinical syndrome characterized by psychomotor 
depression, anhedonia, dysphoria, and fatigue. These symptoms feature 
prominently in clinical major depression, and accordingly, AMPH withdrawal has 
been proposed as a model of depression. Flibanserin is a putative antidepressant 
with a novel mechanism of action consisting of serotonin (5-HT)1A agonism and 5- 
HT2A antagonism. The present study investigated the ability of flibanserin to 
alleviate one component of AMPH withdrawal, psychomotor depression, in rats.

Fifty male Wistar rats were assigned to one of two groups receiving eight i.p. 
injections of either AMPH (2 mg/kg, n=4O) or saline (n=lO) at 2-hour intervals. 
Approximately 15 hours following the last AMPH injection animals previously 
treated with AMPH received flibanserin (0, 3.33, 10 or 33 mg/kg; i.p., n=lO), and 
those previously treated with saline received vehicle (i.p., n=lO). Twenty minutes 
following flibanserin or vehicle injection animals were placed in activity cages 
equipped with photocell beams, and exploratory locomotor activity (ELA) was 
measured for a subsequent 90-minute period.

Results showed that AMPH withdrawal induced a significant reduction in ELA. 
Flibanserin attenuated this withdrawal-induced hypolocomotion in a dose- 
dependent manner during the final 60 minutes of testing. These findings support 
the notion that AMPH withdrawal is associated with psychomotor depression, and 
indicate that this effect can be attenuated by the putative antidepressant, flibanserin.

Supported by a Grant From Boehringer Ingelheim To FJV

848.7

TRANSITION FROM MODERATE TO EXCESSIVE DRUG INTAKE: 
A CHANGE IN HEDONIC SET POINT, S.H. Ahmed* and G.F, Koob. 
Department of Neuropharmacology, The Scripps Research Institute, La 
Jolla, California

A critical problem in drug addiction is to understand the transition 
from controlled/moderate to uncontrolled/excessive drug use. the latter 
being an essential feature of the addictive state. We report here that 
differential access to i.v. cocaine self-administration (FR1 TO 20 sec; 
training dose: 0.25 mg per infusion) produced two distinct patterns of 
drug intake in r<-ts. With 1-hour access to cocaine per session, subjects 
were stable over many weeks with no change in drug intake. In contrast, 
with 6-hour access to cocaine, subjects progressively escalated drug 
intake which evolved into a pattern characterized by an increased "drug 
loading" early in the self-administration session (first 10 min) and a 
dramatic upward shift in the cocaine dose-response function (unit doses: 
0; 15; 31.2; 62.5; 125 and 250 µg per infusion). This drug escalation 
process is hypodiesized to result from an elevation in the internal 
reference mechanism which determines the preferred level of drug 
intoxication of an individual, or what we have called its “hedonic set 
point". Importantly, though drug intake returned to pre-escalation levels 
after a prolonged abstinence, cocaine escalation was reinstated more 
rapidly and to a level greater than before abstinence in subjects with a 
prior history of cocaine escalation. Collectively, these findings may 
provide an important animal model to study the development and 
relapse of excessive drug intake and the biobehavioral basis of drug 
addiction.
This work was sαpported by grants DA-04398 and DA-08647 to G.F.K.

848.4

THE EFFECTS OF AMPHETAMINE (AMPH), DEXFENFLURAMINE  
(DFEN), LYSERGIC ACID DIETHYLAMIDE (LSD), AND  
METHYLENEDIOXYMETHAMPHETAM INE (MDMA) ON TIMING  
BEHAVIOR AND APPETITIVE MOTIVATION IN RATS.
M.G. Paule1'. C.M. Foαle1. D.L. Barton2 and D.L. Frederick1.
1Div. of Neurotoxicol. and 2R.O.W . Sciences, National Center for 
Toxicological Research/FDA, Jefferson, Arkansas, 72079.

Dose-response curves for the acute behavioral effects o f AMPH (0.1- 
6.0), DFEN (0.3-4.25), LSD ,(0.01-0.3), and MDMA (1-10 mg/kg, ip) were  
determined in 3 groups of 8 rats, each perform ing a different set of food- 
reinforced timing tasks and a task to assess motivation. Tim ing tasks 
included: differential reinforcement of low rate responding (DRL); fixed 
interval (FI); peak interval (PI); and a temporal response differentiation  
(TRD) task. In all tasks a 10-14 second 'w indow ’ provided access to food 
reinforcem ent. To assess motivation, a progressive ratio (PR) task was 
used in which the num ber of required lever presses increased for each 
reinforcer. DRL and TRD were disrupted at the lower doses of all drugs: 
PI was as sensitive to DFEN as DRL and TRD. Performance of the FI task 
was the least sensitive time related task. These data dem onstrate that 
several behaviors thought to be subserved by temporal discrim ination  
clearly differ in their responses to pharm acological m anipulation and may 
thus, represent different functional domains. Additionally, tim ing behavior 
w as generally disrupted at doses that did not affect PR behavior, 
suggesting that time perception was altered in the absence of motivational 
effects

848.6
CONTEXTUAL SENSITIZATION TO, AND CONDITIONING OF, 
APOMORPHINE-INDUCED CLIMBING IN MICE; DOSE EFFECTS.
E. Tirelli1* & C. Heidbreder2. University of Liège1, Pharmacopsychology 
Lab.,B-4000 Liège, Belgium - Institute of Toxicology2, Behavioural Biology 
& Functional Toxicology Lab., CH-8603 Schwerzenbach, Switzerland.

We have previously shown that OF-1 mice can exhibit context- 
dependent sensitization (CDS) to, and reliable conditioning of, 
apomorphine-induced climbing (submitted manuscripts). In this study, we 
examined the influence of the dose on these chronic effects of 
apomorphine (APO). The experiments were organized in four phases. In 
the first phase (days 1-9), mice received daily injections of either 0, 0.4, 0.6, 
0.8, 1.6 or 2.4 mg/kg APO (i.p.); treatment conditions included mice 
receiving the drug either before or after (outside) exposure to the training 
context. In the second phase (day 10), mice were challenged with APO in 
the training context (test for CDS). In the third phase (day 11), mice were 
injected with saline in the training context (test for conditioned drug effects). 
In the fourth phase (days 12-13), mice were challenged with 0.4 mg/kg 
APO in the training context (test for CDS). At 0.6 mg/kg APO, mice showed 
CDS as well as context-independent sensitization to APO-induced climbing, 
whereas only CDS occurred at 0.4 mg/kg APO and solely context- 
independent sensitization was observed at the highest APO doses. 
Moreove’ ^  ditioned APO-induced climbing was obtained at ail of the five 
APO do.1 . ..  All conditioned responses were comparable in magnitude and 
we-' not ascribable to a dlfferential exposure to the testing context during 
tr? g ^appropriate control groups) The results indicate that the degree of 
mobilization of the dopaminergic sites on which APO acts (especially during 
training) is of primary importance for CDS to be expressed. However, this is 
not the case for the expression of conditioned APO effects, suggesting that 
the results are only in partial agreement with a Pavlovian account of 
conditioned APO effects and CDS.

848.8
WITHDRAWAL FROM A SELF-ADMINISTERED COCAINE 
BINGE IN RATS: ATTENUATION OF DISTRESS CALLS BY 
RENEWED ACCESS. N.H. Mutschler*, G. Casadesus. K.A. Miczek. 
Department of Psychology, Tufts University, Medford MA 02155.
One of the criteria for dependence requires the withdrawn drug to 
attenuate the withdrawal effects upon re-administration. Rats that self- 
administer cocaine (135.4-213.1 mg/kg) emit an increased number of 
ultrasonic vocalizations after the termination of continuous access (12-48 
hrs) to the drug. The objective of the present study was to investigate the 
conditions under which withdrawal induced ultrasonic vocalizations can 
be attenuated by the renewed access to cocaine. Pairs of adult male 
Long-Evans rats were treated as a single experimental unit. One animal 
of the pair acquired and maintained cocaine self-administration and was 
given continuous access for 16 hrs. (0.5 mg/kg/inf.), while a yoked 
control continued to passively receive saline according to the self- 
administering rat’s pattern of administration. Twenty-four hours after 
the termination of access to self-administered cocaine, different groups 
of rats were allowed to re-administer the drug (0.5 mg/kg/inf.) for either 
16,12 or 8 hrs. Renewed access to self-administered cocaine for either 
16 or 12 hrs. sufficiently reduced the increased rate of ultrasonic 
vocalizations that characterizes withdrawal from a cocaine binge. 
(USPHS grant DAO2632)
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848.9

COCAINE ELICITS E JAC U LATIO N  IN M ALE RATS.
M.K. Gordon, J.B. Rosen. Dept, of Psychology, Univ. of Delaware, Newark, 
DE, D.A. Overton*, Dept, of Psychology, Temple Univ., Philadelphia, PA.

Sixty male Sprague Dawley rats were purchased from Hilltop and weighed 
300 to 360 grams when tested in a potentiated startle apparatus that used 
a 15 cm long by 8 cm diameter Plexiglas tube enclosed in a sound 
attenuating compartment. For 7 days each rat was injected ip. with cocaine 
HCI 0, 20, or 40 mg/kg dissolved in isotonic saline just before being placed 
in the Plexiglas tube for 30 minutes. The tube was large enough so that no 
struggling or other evidence of restraint stress was noted. At the end of 
each session, each tube and rat were carefully inspected for presence of a 
seminal plug. Seminal plugs were frequently produced during sessions 
preceded by cocaine injection, and the frequency of ejaculation did not 
increase or decrease during successive sessions. Subsequently the rats 
were classically conditioned using a noise burst as CS and footshock as US 
and were tested for fear-potentiated startle.

Number of rats Mean number of 90% range
Number Dose ejaculating ejaculations of number of
of mg/kg at least once per rat ejaculations
rats i.p. during 7 days. during 7 days. per rat.

30 0 1/30 0.03 0-0
20 20 12/20 1.0 0-2
10 40 9/10 2.2 0-4

The number of seminal plugs after cocaine 20 and 40 mg/kg was 
significantly higher than seen after saline injection IP<0.001, P < 0.001). 
There were no statistically reliable correlations between the number of 
seminal plugs produced and the magnitude of response during the 
noise-induced startle and potentiated startle test sessions.

Bilsky et. al. (Pharm. Biochem. Behav., 40, 443-447, 1991) have 
previously reported that dopaminergic effects of MDMA can elicit 
ejaculation in male Sprague-Dawley rats. Apparently cocaine has a similar 
effect. Supported by a Univ. of Delaware grant.

848.11

ORPHANIN FQ/NOCICEPTIN BLOCKS. COCAINE-INDUCED 
HYPERLOCOMOTION IN RATS. NT. MaidmenCL Doan and K. Lutfy, 
Dept, of Psychiatry and Biobehavioral Sciences, NPI-UCLA, 760 
Westwood Plaza, Los Angeles, CA 90024.

Orphanin FQ (OFQ, also known as nociceptin), the endogenous 
ligand of the ORL-1 receptor, injected intracerebroventricularly (icv) 
decreases motor activity and extracellular levels of dopamine (DA) in 
the nucleus accumbens in rats. In previous studies, the decrease in 
motor activity anpl DA release induced by OFQ has been examined 
under basal conditions. In order to further examine the mechanism of 
action of OFQ on DA systems, we sought to determine if OFQ would 
attenuate cocaine-induced hyperactivity. Rats were adapted to testing 
chambers for 1 hr. After the adaptation period, rats were injected with 
OFQ (3, 10 and 30 nmol; icv). Five min later, rats received an injection 
of cocaine (10 mg/kg, i.p.) and total distance traveled by each rat was 
measured using a videomax apparatus. Cocaine caused a significant 
increase in total distance traveled by the rats. The hyperlocomotion 
induced by cocaine was dose-dependently blocked by OFQ. These 
data coroborate the results of previous investigations and suggest that 
OFQ inhibits motor activity under basal and stimulated conditions. 
(Supported by a NIDA research training grant T32DA07272 and in part 
by a NIDA center grant DA05010 at the UCLA Drug Abuse Research 
Center and Hatos Research Center, respectively)

848.13

SOCIAL ISOLATION AND GENDER DIFFERENCES IN ORAL 
CONSUMPTION AND WITHDRAWAL OF COCAINE Helena M. T Barros*, 
Oliveira, J.B. , Athayde, M I. , Lanziotti, V.B. , Pheula, G , Werberich, I Div. 
Pharmacology- FFFCMPA, Sarmento Leite 245, Porto Alegre, RS, Brazil, ZIP 
90050-170.

Anxiety-type behaviors are seen during withdrawal from cocaine in male rats. 
However, not every animal displays this reaction (Barros and Miczek -  
Psychopharmacology 125: 379, 1996). The individual factors (gender, social and 
behavioral background) influencing withdrawal after similar consumption of cocaine 
are not known. The objective o f this set o f experiments was to examine the role of 
gender and o f isolation on oral self-administration of cocaine and after cocaine 
withdrawal. Male and female rats were isolated in small cages (SC-18x28x14cm) or 
in big cages (BC-40x30x15cm) or were group-housed, 3 rats of same sex in a big 
cage (GH). The two-bottle choice test was used to allow self-administration of 
cocaine by the oral route for 28 days. One bottle contained water and the other was 
filled with cocaine O,lmg/ml. Controls received water in both bottles. Liquid 
consumption was measured daily. The behaviors in the elevated-plus maze on days 
1-5 o f withdrawal were videotape recorded. The amount o f cocaine consumed by 
males and females varied from 5-15 mg/kg/day. Preference towards cocaine 
solution was around 60% from the first day in SC males; was increased from 40% 
to 60 % by day 28 in BC males and was insignificant in GH males. Preference 
towards cocaine solution was around 40% on the first day for all groups of females; 
was increased to 70 % by day 28 in SC females and in GH females. SC males 
entered less the open-arms o f the elevated-plus maze than the other males during 
the 5 days of withdrawal. SC, BC and GH females did not show anxiety-type 
behaviors in the plus maze. These results demonstrate that, in spite o f consuming 
the same total amount o f cocaine, withdrawal signs may be different depending on 
housing and gender o f the individuals and the pattern o f drug use.
We acknowledge the receipt o f CNPq grants.

848.10

SCH 2339O P R E -T R E A T M E N T  B L O C K S  C O C A IN E  
S E N S IT IZ E D  H E A D  B O B B IN G  IN R A T S

L.J. Coughlin?A.L. O'Neal. R.L. Rizer and W.P. Jordan
B iology and Psychology, St. Mary's C ollege o f Maryland,

St. Mary's City, M D 20686
Cocaine (COC), after several low doses, causes behavioral 

sensitization in rats. Previous research showed that a D1 receptor 
antagonist may interrupt COC sensitization o f locomotion. The current 
study asked whether the D1 antagonist SCH2339O (SCH) would block 
cocaine sensitized behavior or merely mask it. In past studies, we found 
that GABAa  or B agonists masked cocaine sensitized head bobbing in 
rats but that head bobbing emerged with a COC-only challenge. In the 
current study, COC (10 mg/kg, i.p.) produced significant head bobbing 
during 5 intermittent doses across 13 days (mean of 8.8 bobs/4 min on 
last day). SCH (0.5 mg/kg) 20 minutes prior to COC prevented head 
bobbing (mean 0.0 bobs/4 min on last day). The behavior did not 
emerge in these rats when later given only COC (mean 0.8 bobs/4 min 
for 2 challenge doses). This suggests that SCH does not mask 
acquisition of sensitized head bobbing behavior but actually blocks its 
formation. A  second COC challenge confirmed that sensitization did not 
occur in SCH+COC rats. Cocaine acutely increased locomotion, 
although no sensitized behavior developed. SCH pre-treatment blocked 
COC induced locomotion. COC challenge to SCH+COC rats produced 
locomotion similar to SCH only and VEH rats receiving COC for the 
first time as well as to COC only rats. This suggests that SCH pre
treatment did not impair COC induced locomotion but selectively blocked 
COC sensitization of head bobbing. Context effects will be discussed.

848.12

INTRA-VTA BACLOFEN SPECIFICALLY ATTENUATES THE 
REINFORCING EFFECTS OF COCAINE IN RATS. D ,C ,S . 
Roberts1’2*, K. Brebner2 and R. Phelan2 Wake Forest University 
School o f M edicine1. Institute o f  N euroscience, Carleton 
University, Ottawa, Ontario K1S 5B6 Canada.2

W e have previously demonstrated that systemic pretreatment with 
the GABAb agonist baclofen dose-dependently decreased cocaine 
self-administration in rats. In the present study, w e investigated the 
effect o f  intra-VTA injections o f  baclofen on cocaine- and food- 
reinforced responding. Rats were given the opportunity to seif- 
administer IV cocaine (1.5 m g/kg/inj) on a progressive ratio 
schedule o f  reinforcement. The response requirements for each 
injection escalated during each daily session according to the series:
1 ,2 ,4 ,6 ,9 ,1 2 ,1 5 ,2 0 ,2 5 ... The final ratio completed before 
responding ceased was defined as the breaking point. Delivery o f  
45 mg food pellets was contingent on the completion o f a fixed ratio 
(FR5) response on a second lever that was concurrently available. 
After stable baseline responding was established, baclofen (32 ng, 
56 ng or 100 ng/µl/side) was injected through stereotaxically-placed 
bilateral cannulae aimed at the VTA. Baclofen pretreatment affected 
cocaine-reinforced responding at doses that had no significant effect 
on food-reinforced responding during the same session. Results 
indicate that stimulation o f GABAU receptors in the VTA produces a 
specific attenuation o f cocaine reinforcement.
Supported by the Medical Research Council of Canada

848.14
GANAXOLONE ATTENUATES COCAINE-INDUCED SUCROSE INTAKE 
IN RATS, BUT FAILS TO A LTER COCAINE-INDUCED HYPERACTIVITY 
IN M ICE. M. Suruki, M, Huber. W.B. Wilent. R.B. Carter*. K.E. Vanover. 
Department of Pharmacology, CoCensys, Irvine, CA 92618.

Neuroactive steroids, including ganaxolone (3α-hydroxy-3ß-methyl-5α-pregnan- 
20-one) a potent anticonvulsant, recently have been shown to protect against cocaine- 
induced seizures. The purpose of the present experiment was to determine whether 
ganaxolone attenuates other acute behavioral effects of cocaine unrelated to seizures. 
In the first experiment, the effects of cocaine (5.6-30.0 mg/kg, immediately), 
ganaxolone (10.0-50.0 mg/kg, 30 min), and haloperidol (O.O3-O.3 mg/kg, 30 mm) 
were determined i.p. in a 30 min session measuring locomotor activity in naive male 
NSA mice. Cocaine caused a dose-related increase in locomotor activity, whereas 
ganaxolone and haloperidol caused a dose-related decrease. The dopamine 
antagonist haloperidol, at a dose that had no effect on activity by itself, but not 
ganaxolone, attenuated the cocaine-induced increase in locomotor activity. In the 
second experiment, male Sprague-Dawley rats (n=8/group) were allowed to drink a 
sucrose solution (110 g/1 L water) during daily 10 min sessions After steady 
individual baselines of sucrose intake were obtained, cocaine (4-16 mg/kg, 15 min), 
ganaxolone (4-16 mg/kg, 60 min), and haloperidol (0.1-0.4 mg/kg, 30 min) were 
administered i.p. acutely before the session, with at least 2 baseline sessions between 
tests. All three drugs produced dose-related decreases in sucrose intake. In different 
groups of animals, the dose-effect function of cocaine was redetermined in the 
absence and presènce of a dose of haloperidol or ganaxlone that had no effect on 
sucrose intake when administered alone. Haloperidol attenuated the cocaine-induced 
decrease in sucrose intake. Similarly, the dose-effect function of cocaine was shifted 
approximately 2-fold to the right in the presence of ganaxolone (8 mg/kg). These 
results suggest that the interaction of ganaxolone with cocaine extends to 
pharmacologic actions beyond anticonvulsant efficacy, but that the blockade of 
behavioral effects of cocaine by ganaxolone does not apply to all acute behaviors.
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848.15
SUPPRESSION OF COCAINE SELF-ADMINISTRATION BY D1 PARTIAL 
AGONISTS
D.M. Platt, J.K. Rowlett* and R.D. Spealman
Harvard Medical School, New England Regional Primate Research Center, 
Southborough, MA 01772

Prechnical studies suggest that dopamine partial agonists warrant consideration as 
candidate medications for cocaine abuse. D1 partial agonists have been shown to 
attenuate the behavioral stimulant effects and discriminative stimulus effects of 
cocaine. The present study assessed the effects of the D1 partial agonists SKF 83959 
and SKF 77434 on intravenous cocaine self-administration. Adult male squirrel 
monkeys were trained to respond on a second-order schedule (fixed-interval 10 min, 
fixed-ratio 30:S) of i.v. cocaine injection. The effects of a range of doses of self- 
administered cocaine (0.01-1.0 mg/kg/injection) and saline were determined in each 
subject. Subsequently, the effects of daily pretreatment with D1 partial agonists 
were determined on self-administration of doses of cocaine that maintained the 
highest rate of responding (0.10 or 0.30 mg/kg/injection). Following pretreatment 
with either SKF 83959 (0.30-3.0 mg/kg) or SKF 77434 (1.0-5.6 mg/kg) cocaine self
administration was suppressed in a dose-dependent manner, similar to rates observed 
after saline availability. These effects were similar to those observed with the D1 
receptor antagonist SCH 39166 (0.003-0.03 mg/kg). In observational studies, SKF 
83959 (0.10-1.0 mg/kg), SKF 77434 (1.0-5.6 mg/kg) and SCH 39166 (0.01-0.10 
mg/kg) produced dose-related decreases in locomotion, environmental manipulation, 
and self-directed behaviors (grooming, scratching) along with increases in species- 
typical sleep postures. Pronounced catalepsy and ataxia were not observed with 
SCH 39166, SKF 83959 and SKF 77434 at doses that were effective in suppressing 
cocaine self-administration. These results suggest that D1 antagonists and partial 
agonists have properties of functional blockers of cocaine self-administration at 
doses that engender primarily sedative-like side effects. (Supported by DA00499, 
DAI 1054, and RR00168).

848.17

FAILURE OF THE NMDA ANTAGONIST MK-801 TO 
ANTAGONIZE COCAINE SENSITIZATION OF THE 

ACOUSTIC STARTLE RESPONSE IN THE RAT 
W.P. Jordan . A.W. Kolodv. J.C. O'Brien. & L J. Coughlin.
Psychology and Biology, St. Mary's College o f  Maryland,

St. Mary's City MD 20686
After several doses of cocaine (COC), a rat’s motor behavior becomes sensitized 

to subsequent doses. The noncompetitive NMDA receptor antagonist MK-801 has 
been found to prevent cocaine sensitization of locomotor behavior. The present 
study sought to extend this finding to another motor behavior sensitive to the acute 
effects of cocaine, the acoustic startle response in the rat. COC (10 mg/kg i.p.) 
produced significant increases in startle amplitude over six sessions when 
administered every 3 days. MK-801 alone (0.1 mg/kg i.p.) produced no significant 
changes in startle amplitude, but in combination with cocaine (Group Both) elevated 
startle levels above those of animals given COC alone. Elevated responding 
compared to controls was found in animals pretreated with cocaine (COC and Both 
groups) during a cocaine challenge 2 wk later, indicating that cocaine sensitization 
was present in both groups. Thus, MK-801 did not mask nor prevent behavioral 
sensitization to cocaine as measured by the acoustic startle response.

Locomotor activity may have been sensitized in the COC group, but high levels 
of locomotion to acute cocaine in the control group obscured the effect. Animals 
pretreated with both MK-801 and cocaine (group Both) were significantly more 
active during the cocaine challenge than controls.

848.19
THE ROLE OF NMDA RECEPTORS IN NEONATAL COCAINE- 
INDUCED NEUROBEHAVIORAL CHANGES IN THE RAT. J. Huber 
and K.F.A. Soliman*, College of Pharmacy and Pharmaceutical Sciences, 
Florida A&M University, Tallahassee, FL 32307 

The present study assessed the ability of NMDA receptor antagonist (+)- 
MK801 to modulate neonatal cocaine-induced neurobehavioral changes in 
the rat. In this study Sprague-Dawley rat pups were randomly assigned on 
postnatal day 4 (PND 4) to one of three treatment groups. The assigned 
treatment groups received an oral feeding from PND 4 to PND 10 of cocaine 
FIC1 (40 mg/kg), (+)-MK801 (0.4 mg/kg) followed 30 minutes later with 
cocaine HC1 (40 mg/kg), or 0.9% saline respectively. From PND 21 to PND 
60 neonatally treated males and females were examined for stress response 
using the cold water swim test at PND 21, 30, 40, and 60. The cocaine- 
treated male and female rat pups were found to have a significantly 
diminished tolerance to cold water stress. Moreover, neonatal exposure to 
cocaine was associated with increased severity of motor symptoms (tail 
twitches, wetdog shaking, and convulsions) after NMDA administration (35 
mg/kg) compared to the control group. The control, MK801 and cocaine, 
and the cocaine exposed offspring were tested for pain sensitivity using the 
tail flick method and the hot plate method, and it was found that neonatal 
cocaine exposure altered pain sensitivity in both tests. These results indicate 
that neonatal cocaine exposure is associated with altered responses to 
NMDA, stress, and pain sensitivity in the rat offspring. These results also 
indicate that pretreatment with the NMDA receptor antagonist, MK801, 
abolishes or attenuates cocaine-induced neurobehavioral changes. 
(Supported by NIH Grants: RR 03020 and GM 0811)

848.16
EFFECTS OF COMPETITIVE EXCITATORY AMINO ACID RECEPTOR 
ANTAGONISTS ON THE DEVELOPM ENT AND EXPRESSION OF 
CONDITIONED HYPERACTIVITY PRODUCED WITH COCAINE. J.P. Druhan* 
and W.B. Wilent. Dept of Psychiatry, Univ of Pennsylvania. Philadelphia PA 19102 

Stimuli repeatedly associated with cocaine use may serve as conditioned cues to 
elicit drug cravings and drug-taking behaviors in recovering addicts. We have been 
investigating the role of excitatory amino acid (EAA) receptors in this phenomenon 
by examining the effects of NMDA and non-NMDA EAA receptor antagonists on 
the development and expression of conditioned locomotor responses to cocaine related 
stimuli. An initial study confirmed that cocaine's ability to increase locomotion in 
the central zone of an activity chamber could be conditioned to the test environment. 
Hyperactivity in the peripheral zones also could be conditioned to the test 
environment, but this conditioning was confounded with changes in activity related 
to habituation. Subsequent experiments demonstrated that the development of 
conditioned central activity could be blocked when rats were pretreated with either the 
NMDA receptor antagonist, CPP (0.2 and 0.4 nmols, icv), or the non-NMDA 
receptor antagonist, CNQX (4.0 nmols, icv) prior to cocaine-environment pairing 
sessions. The EAA antagonists also blocked the development of conditioned 
peripheral activity, but these effects were confounded by actions of CPP and CNQX 
on habituation processes. Experiments assessing the effects of EAA antagonism on 
the expression of conditioned activity failed to show any effects of CPP (0.2 nmols, 
icv) on conditioned central or peripheral zone activity. Interestingly, CNQX (4.0 
nmols, icv) blocked the expression of conditioned activity in the peripheral zones 
without affecting conditioned locomotion in the central zone. However, the specific 
pattern of changes in peripheral locomotion in the CNQX-treated rats appeared reflect 
an interference with the expression of habituation rather than with associative 
conditioning. These findings confirm roles for both NMDA and non-NMDA 
receptors in the development of conditioned hyperactivity produced with cocaine, but 
they suggest that these receptors may not be involved in the expression of locomotor 
responses to a cocaine-paired environment. Supported by NIDA grant # DAO838l.

848.18
EFFECT OF WIN 55,212-2 ON INTRAVENOUS COCAINE SELF
ADMINISTRATION IN RATS. L. Fattore, M.C. Martellotta*, G. Cossu 
and W. Fratta. Dept, of Neuroscience, University of Cagliari, Cagliari 09124, 
Italy.

The naturally occurring cannabinoids and related synthetic 
compounds produce a large number o f central nervous system-mediated 
effects in humans and laboratory animals. Although cannabinoids research 
has undergone dramatic advances in the last several years, only few 
studies demonstrated their rewarding properties in animal models. The 
aim of this study was to investigate the effects o f the synthetic cannabinoid 
receptor agonist WIN 55,212-2 on intravenous cocaine self-administration 
(IVSA). Male Long Evans rats were implanted with silastic catheters 
through the external jugular vein and trained to IV self-administer cocaine 
with a nose-poking as operandum. The IVSA was conducted in 3-h daily 
sessions following an FR1 schedule; each rat started the cocaine IVSA at 
the dose of 0.5 mg/kg/inj. We found that WIN 55,212-2, administered at 
doses o f 0.25, 0.5 and 1 mg/kg by intravenous route immediately before 
starting the IVSA, reduced the intake o f cocaine. This effect of WIN 
55,212-2 was antagonized by i.p. pretreatment with the selective antagonist 
of the brain cannabinoid receptor SR 141716A (3 mg/kg). Our data are 
interpreted in terms of a synergic action o f WIN 55,212-2 on cocaine 
reinforcing effects. This study provides direct evidence that specific 
stimulation of central cannabinoid receptors induces rewarding effects in 
rats, supporting the hypothesis o f their involvement in the central 
mechanisms of drug addiction phenomena. Grants by M U R ST and CNR.

848.20
FIXED CONSECUTIVE NUMBER PERFORMANCE IS DIFFERENTLY 
AFFECTED BY NMDA LIGANDS WHEN STIMULUS CONTROL IS 
MANIPULATED. C.B. Willmore1*, A.Yu,Bespalov2, P.M.Beardsley1. ‘Virginia 
Commonwealth Univ., Richmond, VA; 2Pavlov Univ., St Petersburg, Russia 

A substantial literature base supports the ability of N-methyl-D-Aspartate 
(NMDA) antagonists to disrupt working memory. Behavior maintained by a 
Fixed Consecutive Number (FCN) reinforcement schedule is sensitive to drugs 
which impair working memory. An objective of the present study was to identify 
whether site-selective antagonists of the NMDA receptor complex would 
differentially affect FCN behavior in the presence or absence of explicitly 
arranged exteroceptive discriminative stimuli. In phase I, a single component 
FCN schedule was used without explicit exteroceptive discriminative stimulus 
control. This schedule required animals to emit at least eight responses on the 
“counting” lever before a single response at the “reinforcement” lever produced 
food pellet delivery. Accuracy of performance (as determined by the percentage 
of reinforced lever switches) decreased after treatment with phencyclidine, MK 
801, Memantine, D-CPPene, and NPC 17742. Phase II experiments utilized a 
multiple FCN schedule (FCN:FCN-SD) which included components without 
(FCN) and with (FCN-SD) exteroceptive stimulus support. The FCN/FCN-SD 
experiments revealed different drug effects during the two components, 
suggesting that the inclusion of exteroceptive stimulus control can further 
differentiate site-selective NMDA antagonists. These experimental findings 
emphasize the importance of separately considering the ability to detect stimuli 
from the ability to recall learned behavior and from effects on performance (e.g., 
motor and motivational), when elaborating the pharmacology of site-selective 
NMDA antagonists. Supported by NIDA grants DA-01442 and DA-07027.
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849.1
SlOOß INDUCES NEURONAL IL-6 EXPRESSION: IMPLICATIONS 
FOR ALZHEIMER PATHOGENESIS. Y. Li,* S.W. Barger. L. Liu. R.E, 
Mrak, W.S.T. Griffin, Depts. Geriatrics and Pathology, Univ. Ark. Med. 
Sci.; Dept. Vet. Affairs Med. Ctr., Little Rock* AR 72205 

Both the neuronotrophic cytokine S 1 OOß and the proinflammatory cytokine 
IL-6 are eievated in Alzheimer brain, and overexpression o f  each has been 
implicated in ß-amyloid plaque formation and progression. S lOOß induction 
o f  IL-6 expression, and the role o f  κB-dependent transcription in this 
induction, was assessed in primary neuronal cultures from fetal rat cortex by 
reverse transcriptase polymerase chain reaction and by electrophoretic 
mobility shift assay. Combined in situ  hybridization and immunohisto- 
chemistry preparations localized IL-6 mRNA primarily to neurons in these 
cultures. S 100ß, 10 or 1 OOng/ml × 24 h, increased IL-6 mRNA levels 2 and 
5 fold, respectively (P<0.05 in each case), and SlOOß (100 to 1,000 ng/ml) 
induced increases in IL-6 release (30 to 80%), as detected by bioassay. These 
effects were correlated with an increase in DNA binding activity specific for 
a kB element and were inhibited (75%) by suppression o f  kB binding with 
double-stranded "decoy" oligonucleotides. The low levels ofSIOOß required 
to induce IL-6 overexpression in our neuron-enriched cultures suggests that 
overexpression o f  SlOOß contributes to IL-6 overexpression in Alzheimer's 
disease and that upregulation o f  neuronal expression o f  IL-6, and o f  IL-6- 
induced neuro-degenerative cascades, also may occur in other conditions 
characterized by SlOOß overexpression.

Supported in part by AG 12411.

849.3
EFFECTS OF APOE ON Aß DEPOSITION IN MURINE ORGANOTYPIC 
HIPPOCAMPAL SLICE CULTURES. M.E. Harris-White1*. B. Teter1. T. Chu1. D. 
Galasko5. J.R. Gilbert3. P.-T. Xu3. A.D. Roses4. S.A. Frautschy2 and G.M. Cole2. 
Depts. of 'Medicine and 2Neurology, UCLA and GRECC, VAMC Sepulveda, Los 
Angeles, CA 91343; 3Duke University; 4Glaxo-Wellcome; 5Dept. Neurology UCSD 
and VAMC, La Jolla.

We have previously developed a hippocampal slice culture model of Alzheimer’s 
disease. This model exhibits plaque-like deposition of Aß. Cofactors, such as 
Transforming growth factor-ß (TGFß), can dramatically alter the pattern of Aß 
deposition within these slice cultures. All 3 isoforms of TGFß(l-3) increase Aßir and 
total Aß as detected using ELISA. TGFß2 dramatically alters the distribution of Aß 
within the slice. TGFß2 plus Aß treatment of slices resulted in strong neuronal Aßir 
in the CA1 pyramidal layer. The mechanism for this neuronal targeting is unknown. 
In this study, we have utilized slice cultures prepared from genomic human ApoE3 and 
E4 transgenic mice (in an ApoE knockout background), ApoE knockout mice and the 
wild-type strain. A sizable pool of Aß rides on carrier proteins, notably high density 
lipoproteins involving ApoE, a known mediator of AD risk, and ApoJ. These carriers 
may have a major impact on Aß toxicity, degradation or accumulation as deposits. In 
slice cultures prepared from ApoE knockout mice, and treated with Aß plus TGFß2, 
neuronal Aßir was greatly reduced in comparison to slice cultures prepared from wild- 
type mice. Aßir in slice cultures prepared from mice carrying the human ApoE3 gene, 
and treated with Aß plus TGFß2, fell in-between the Aßir of the knockout and wild- 
type slice cultures. We hypothesize the ApoE may play a role in cellular targeting and 
deposition of Aß within the slice cultures. We will discuss the effects of ApoE 
transgene and TGFß treatments on Aß degradation, deposition and neurodegeneration. 
This work was supported by a pilot grant from the UCLA-ADRC (M.E.H.-W), 
UCLA-Pepper OAIC (funded by NIA) grant AG 10415 (B.T.) and a VA Merit Award 
(S.A.F.).

849.5
ALTERED ß-AMYLOID METABOLISM IN YEAST A RTIFICIAL 
CHROMOSOME TRANSGENIC MICE CONTAINING MUTANT 
AM YLOID PRECU RSO R P R O T E IN  AND PR E S E N IL IN -1  
TRA N SG EN ES.
E.J. Hoeeer1*. K.A. Bardel1. J.J. Anderson2, G. Holtz2, S.L. Wagner. S.S. Sisodia3 
and B.T. Lamb1
'Department of Genetics, Case Western Reserve University, Cleveland, OH 44106; 
2SIBIA Neurosciences, Inc., La Jolla, CA 92037; departm ent of Pharmacology and 
Physiological Sciences, University of Chicago, Chicago, IL 60637.

Yeast artificial chromosome (YAC) transgenic mice containing human amyloid 
precursor protein (APP) and presenilin-1 (PS-1) genes with familial Alzheimer’s 
disease (FAD) mutations have been developed to generate an in vivo genetic model of 
Alzheimer’s Disease (AD) pathogenesis. Our YAC transgenic mice are ideal for 
studying the effects of the FAD mutations in an animal model as the entire APP  and 
PS-1 genomic sequences are introduced. This allows for faithful spatial and temporal 
regulation of the complete range of alternatively spliced transcripts and protein 
isoforms.

We examined the effect of the FAD mutations on ß-amyloid (Aß) metabolism in 
these APP and PS-7 YAC transgenics using a sensitive bis-bicine Aß gel system 
capable of distinguishing between Aß isoforms differing by only 2-3 amino acids. 
Line R1.40, an APP transgenic containing the K670N/M671L mutations, produces 
increased levels of Aß 1-40 and 1-42/3 in brain. Moreover, we recently documented 
that aged R1.40 transgenic mice develop scattered Aß deposits in the brain. Finally, 
we have generated PS-1 YAC transgenic mice containing the H163R FAD mutation. 
Introduction of this transgene into line R1.40 results in a marked increase in the ratio 
of Aß l-42/3:Aß 1-40. Future studies will investigate altered Aß metabolism in 
different cell types throughout aging as well as the effects of genetic modifiers on Aß 
metabolism and deposition. (Supported by NIH AG 14451 and AG08012.)

849.2
IMPACT OF APOLIPOPROTEIN E DEFICIENCY IN OXIDATIVE 
STRESS MARKERS
P. Krzywkowski. C.Ramassamv. D.Averill111 S.Lussier-Cacan |2l
J.Davignon ¦2] Y.Christení31 and J. Poirier*. Centre for Studies in Aging, 
Douglas Hospital Research Center, Verdun, Canada | l]Université du 
Québec à Montréal, [2]Institut de Recherche Clinique de Montréal.
[3] IPSEN Institute (France), email: mdpk(a)musica.mcgill.ca

During the past few years, apolipoprotein E (apoE) -a key protein 
implicated in lipid metabolism and regenerative processes- has been shown 
to be a major risk factor for AD. ApoE appears to play a role in lipid 
homeostasis and in coordinating the transport o f lipid-soluble antioxidants 
such as vitamin E. In attempt to better define the role of apoE in the 
maintenance of antioxidant/oxidant balance, we used an animal model in 
which apoE expression is completely suppressed: apoE-deficient mice We 
found in the apoE-deficient mice that lipid oxidation is increased as early as 
3 month-old with a subsequent reduction in alpha-tocopherol concentration, 
the main antioxidant within the membrane bilayer. These alterations are 
selectively observed in hippocampus and are more significant in older mice 
(13 month-old). In the temporal cortex, the deficit appears in the 13 month- 
old animals.
These results support the hypothesis that apoE and oxidative process are 
linked, and could act synergistically in the pathophysiology of AD (see also 
abstract Ramassamy et al., this meeting).
Supported by FRSQ (Québec), the Alzheimer Society of Canada, the 
Medical Research Council of Canada and IPSEN Institute (France)

849.4
AGE-RELATED COGNITIVE IMPAIRMENT IN TRANSGENIC MICE 
EXPRESSING AN APP 695 TRANSGENE WITH MUTATIONS LINKED TO 
FAMILIAL ALZHEIMER’S DISEASE (FAD). A. L. Markowska1. D. Grinnell', D. 
L. Price2,34 and D. R. Borchelt2*. 1 Dept, of Psychology, Johns Hopkins University. 
Baltimore, MD21218 and Depts. o f2 Pathology,3 Neuroscience and4Neurology Johns 
Hopkins University School of Medicine, Baltimore, MD 21205.

The amyloid hypothesis of cognitive decline states that deposition of amyloid (i.e. 
plaques) impairs brain function resulting in impaired learning and memory and 
ev entually neurodegeneration. Based on genetic evidence implicating a central role for 
the ß-amyloid precursor protein (ß-APP) in the etiology of Alzheimer’s disease (AD), 
our laboratory has generated transgenic mice that recapitulate a histological hallmark 
of the human disease, amyloid plaques. These animals also manifest a cardinal feature 
of AD, specific learning and memory deficits. Our transgenic mice express a chimeric 
mouse/human (Mo/Hu) APP 695 polypeptide that harbors mutations (KM 570-571NL) 
linked to Swedish kindred of familial Alzheimer’s disease (FAD), and control for the 
homogeneity of genetic background by backcrossing with C57BL/6J mice for seven 
generations to obtain mice close to congenic. In this study we assessed the behavioral 
phenotype of these transgenic mice. Our preliminary study indicates that Mo/Hu 
APPswe mice appear to be normal in regards to traits in general behavioral phenotype 
such as the spontaneous activity, emotionality/anxiety, body weight, body balance and 
coordination, muscle strength, visual acuity, agility and sensorimotor reflexes. Age- 
dependent deficits were revealed in the spatial memory in the water maze task. These 
cognitive deficits were absent in the 7-month old Mo/Hu APPswe mice but were 
evidenced at 12 months, when compared to age-matched control litter mates. These 
findings distinguish our Mo/Hu APPswe mice from other recently examined APP 
transgenic mice, which show behavioral impairments at a very young age. 
Supported by NIA RO1-AG07735, NIH AG05146, NS20471, AG14248, the Develbiss 
Fund, and the Alzheimer’s Association.

849.6
OVEREXPRESSION OF V717F ß-AMYLOID PRECURSOR PROTEIN IN 
TRANSGENIC MICE DOES NOT PRODUCE LOCUS COERULEUS CELL 
LOSS. D C. German*1. F. Liang1. C-L. Liang1. C M. Sinton1. D. Games2. 'Dept, of 
Psychiatry, Univ. of Texas Southwestern Med. Sch., Dallas. TX 75235-9070 and 
2Athena Neurosciences, Inc., South San Francisco, CA 94080.

Alzheimer’s disease (AD) is characterized by several hallmark pathologies, 
including Aß deposition, neurofibrillary tangles, dystrophic neurites and synaptic 
loss. In addition, neuronal loss occurs in both neocortical and subcortical structures, 
including the locus coeruleus (LC). PDAPP transgenic mice overexpressing mutant 
human APP (hAPP) V717F develop several of these lesions, including Aß plaques, 
neuritic dystrophy, astrocytosis, microgliosis and synaptic loss (Games et al., 1995). 
However, stereological analysis revealed no neuronal loss in either the neocortex or 
hippocampus (Irisarry et al., 1997). The present study sought to determine whether 
there was loss of LC noradrenergic neurons in these animals. Initially we examined 
5 wild-type and 5 heterozygous male mice, at 23 months of age. Five 20 µm thick 
coronal sections were examined which were equally spaced across the rostral-caudal 
extent of the nucleus. Sections were immunohistochemically stained with an antibody 
against tyrosine hydroxylase (TH), and counterstained with cresyl violet. Computer 
imaging procedures were used to count the TH-immunoreactive LC somata in each 
section. There was no loss of LC neurons in the heterozygous PDAPP mice. In a 
second experiment, we examined 3 wild-type and 4 homozygous male mice, at 17-18 
months o f age. Again there was no loss of LC neurons. These data indicate that 
overexpression of hAPP or Aß protein is not sufficient to cause degeneration of 
subcortical neurons. Supported by the American Health Assistance Foundation.
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849.8
DISRUPTION OF C5a RECEPTOR EXPRESSION ALTERS SIGNAL 
TRANSDUCTION IN ASTROCYTES G.M. Pasinetti* and
H .Osaka Neuroinflammation Res.Ctr, Dept, of 
Psychiatry, Mt. Sinai School of Med., NY, NY 10029 
The anaphylatoxin C5a is a potent pro-inflammatory 

mediator that may affect astrocytic reactivity 
during neurodegeneration (Pasinetti et al., 1996). 
Primary astrocyte cultures derived from a mouse 
model in which the C5a receptor (C5aR) was deleted 
through homologous recombination (C5aR-knockout,
KO) (Hopken et a>l., 1996) were used in this study to 
explore the role of C5aR in glia. The 
Ca2+/calmodulin-dependent (CaM)-protein kinase 
signal transduction pathway was affected by 
disruption of C5aR expression, since the primary 
astrocyte cultures derived from the neonatal C5aR-KO 
mice were insensitive to inhibitors of CaM-KII (e.g. 
KN-62) with respect to cell growth. In C5aR-KO 
astrocytes, target proteins with altered 
phosphorylation profile include a = 40 kDa and a =100 
kDa phospho-tyrosine, and a =40 kDa'phospho-serine 
protein species, compared to control wild type 
astrocytes. This study is the first to implicate the 
altered signal transduction pathways in astrocytes 
through disruption of C5aR expression. Understanding 
C5aR-mediated responses in astroglial cells is 
crucial to elucidating the complex role of the 
complement system in neurodegeneration. Support: 
AG13799, AG14239, AG05138 (pilot) to GMP.

849.9

TH E R O LE O F R A S  IN  A ß  T O X IC IT Y : S T U D IE S  IN PC 12 
C E L L S.
V .L . L o n e o .* A . M iv a o . C .E .F in ch  . A ndrus G eron tology  
Center, Departm ent o f  B io lo g ica l S c ien ces , U n iversity  o f  
Southern C alifornia, L os A n g eles  C A  9 0 0 8 9 .

C onstitutive activation o f  R as has been sh ow n to prevent 
neuronal death caused  by N G F  w ithdraw al, ß -am ylo id  (A ß) 
toxicity  in neurons has been  linked  to the tyrosine kinase Fyn  
(Lam bert et al P N A S , in press). Th us, R as, dow nstream  o f  
Fyn, cou ld  play a role in A ß  toxicity . W e are testing whether  
R as and PK B are in v o lv ed  in A ß to x ic ity  u sin g  PC 12 cells . 
C ells expressing constitu tively  active or dom inant-negative  
form s o f  Ras w ere ex p o sed  to either so lu b le , aggregated 1-42, 
or 2 5 -3 5  A ß. The m itochondrial functions and survival were 
studied using M T T  and L D H  assays, as w ell as trypan blue  
exc lu sion  and propidium  iodide. In both undifferentiated and 
differentiated PC 12, constitu tive activation o f  Ras 
(dexam ethasone-inducib le), protected c e lls  against A ß toxicity, 
as determ ined by M T T  assay. T he inactivation o f  R as had no 
effect on A ß toxicity . The role o f  R as in A lzheim er's D isease  is 
also bein g studied u sin g PC 12 c e lls  exp ressin g  PS-1 mutants 
(L 2 8 6 V ). Supported by the John D o u g la s  French Alzheim er's  
Foundation, A G -0 9 0 7 9 3  &  A G - 13499.

849.7

WITHDRAWN

EPILEPSY: BASIC MECHANISMS VI 

850.2850.1

RAPID AND SUSTAINED CHANGES IN GABAa RECEPTOR EXPRESSION 
AND FUNCTION IN EPILEPTIC DENTATE GRANULE CELLS. A. 
Brooks-Kayal12, M.D. Shumate3, H. Jin1, T.Y. Rikhter3 & D.A. Coulter3*, 
Children's Hospital of Philadelphial, University of Pennsylvania2, 
Philadelphia, PA and Department of Neurology3, Medical College of 
Virginia, Virginia Commonwealth University. Richmond, VA.

Epilepsy-associated alterations in GABA receptor (GABAR) function  
have been demonstrated in dentate granule cells (DGCs) (Gibbs et al., J 
Neurophysiol 77, 1997), but it is unclear whether they are due to  shifts 
in subunit composition of the receptor, and if so, whether these changes 
precede or fo llow  the onset o f epilepsy. We combined patch-clamp 
recording and single-cell aRNA amplification to analyze GABAR function 
and subunit expression in individual acutely isolated DGCs from control 
and pilocarpine-treated (PILO) adult rats before and after the onset of 
temporal lobe epilepsy. Significantly decreased α1- and ß1- and 
increased α3-, α4-, ß3-, δ- and e-subunit mRNA expression was evident 
in epileptic DGCs compared to  controls. Changes in subunit expression 
correlated w ith  a 75%  decrease in augmentation by zolpidem and a 65%  
increase in sensitivity to blockade by zinc in epileptic DGC GABARs 
compared to controls. Similar changes in GABAR function and subunit 
expression were evident in PILO animals 24 h follow ing injection, long 
before the onset of spontaneous seizures. These findings suggest that 
epilepsy-associated changes in GABAR function are due, at least in part, 
to permanently altered subunit composition which occurs prior to  the 
onset of spontaneous seizures, and therefore may contribute to  
epileptogenesis. Further, these changes may alter the efficacy of 
antiepileptic drugs which act at the GABAR. Supported by NIH NINDS 
Grants KO8 NS-01936 to ABK and R01 NS-32403 to DAC.

INCREASED G ABA b RECEPTOR m RNA LEVELS A N D  G ABA IM - 
M UNOREACTIVITY IN THE CHRONIC EPILEPTIC FOCUS INDUCED  
BY TETANUS TOXIN IN RAT CEREBRAL CORTEX. F. L iang1*, Y. 
Hatanaka2, K. S h ionoya1 and T. Hashikawa1. 'Lab for Neural Architecture 
and “Lab for Neuronal Recognition M olecules, Brain Science Institute, 
RIKEN, Wako, Saitama 351-0198, Japan

To investigate the roles o f G A BA b receptors (GABA bR), especially the 
autoreceptors on GABAergic neurons, in epileptogenesis, we exam ined  
brain G ABAbR gene expression and G ABA immunoreactivity in chronic  
focal epilepsy induced by tetanus toxin (TT). TT injection in rat m otor  
cortex induced focal epilepsy after a latent period o f 3-12 days. The rats 
were perfused on postoperative day 14. G ABA im m unocytochem istry  
(ICC) and G A BA bR mRNA in situ hybridization histochem istry (ISH) were 
performed on brain sections using, respectively, polyclonal antibodies and 
digoxigenin-labeled cRNA probes that recognize both G A B A BR la  and 
G A B A BR lb  (Kaupmann et al., Nature 386:239-246, 1997). Our results in 
dicated that G ABAbR gene expression was upregulated in a focal cortical 
area at the TT injection site. The increases were most obvious in layers II- 
III and lateral extent o f the G A B A BR-upregulated focus varied in different 
animals. Som e rats showed elevated G ABAbR mRNA levels in ipsilateral 
second somatosensory and perirhinal cortices. G ABA immunoreactivity was 
increased in the same cortical focus at the injection site, especially in layers 
II-III, and decreased in a cortical zone surrounding this focus. ICC/ISH 
double-labeling showed elevated G ABAbR mRNA levels in G ABA ergic  
neurons, in addition to the increases in non-G ABA ergic neurons. These 
findings suggest that upregulated G A B A bR gene expression in the epileptic 
focus may contribute to the generation and persistence o f  chronic focal 
epilepsy. G ABAbR increases in GABAergic neurons in the epileptic focu s  
imply inhibited release o f GABA. This may partly explain why increased  
GABA levels in GABAergic neurons at the epileptic focus could not over
com e the epileptic hyperactivity. Supported by Riken BSI grant 57911.
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850.3
KINDLING-INDUCED CHANGES IN KAINATE RECEPTOR SUBUNIT 
EXPRESSION J.M. Brown1 , H.S. White1. S.D. Donevan2. and K.A. Keefe1. 
'Dept, of Pharmacology and Toxicology, ¾>ept. o f Neurology, Univ. o f Utah, Salt 
Lake City, UT 84112

Kindling is an animal model of epilepsy whereby sub-convulsive electrical 
stimulations are delivered to limbic brain regions to produce focal seizures. 
Radioligand binding studies have demonstrated that kainate (KA) binding is 
altered following kindling in rats (Ben-Ari et al, 1993; McNamara et al, 1990) and 
in human epileptic tissue (Represa et al, 1989). The purpose of this study was to 
determine if KA receptor mRNA expression is altered in a kindled state. Bipolar 
electrodes were implanted into the left hippocampus or right amygdala of Sprague 
Dawley rats which were kindled using 3OOµA (amygdala) or 2OOµA (hippocampal) 
stimulations (Tober et al\ 1996 Lothman et al, 1994). Rats were sacrificed 8 days 
after the last kindled seizure. Control rats were implanted but not stimulationed. 
KA receptor expression was determined by in situ hybridization on l2µm  
hippocampal sections using 35S-labeled riboprobes to specific KA subunits. 
Densitometric analysis of film autoradiograms revealed that KA receptor subunit 
expression in controls was similar to that shown by Seeburg et al (1993). KA2 
expression was localized to the dentate gyrus, CA3, CA2, and CA1 regions.
GluR6 expression was greater in dentate gyrus than in CA3. No GluR5 
expression could be detected. Hippocampal kindled rats showed a significant 
decrease in KA2 expression in the CA3 region contralateral (-14%) and ipsilateral 
(-15%) to the electrode. In amygdala kindled rats, significant changes in ipsilateral 
CA3 (-25%), CA2 (-32%), and CA1 (-23%) were observed. Significant 
contralateral changes were also noted in CA1 (-17%). KA2 and GluR6 expression 
in dentate gyrus were not affected by hippocampal or amygdala kindling. These 
studies indicate alterations in KA subunit mRNA expression following kindling. 
(Supported by Univ. of Utah)

850.5
I M M U N O L E S I O N I N G  T H E  B A S A L  F O R E B R A I N  
C H O L IN E R G IC  N E U R O N S  A F F E C T S  K A IN IC  A C ID  A C U T E -  
I N D U C E D  S E IZ U R E S . R .V .R .D u r a n * . C .G . M a ssa n t. A .C . 
Pom arico  and L .E .A .M . M e llo . D ep to . F is io lo g ia . U N IF E S P -E P M , 
0 4 0 2 3 -9 0 0  S ão Paulo, B razil.

L es io n in g  o f  basal forebrain  c h o lin erg ic  neurons w ith  I g G l9 2  
(se le c t iv e  n eu rotoxin ) facilita tes se izu res in both the k in d lin g  and 
p ilocarpine m odel. H ere w e in vestigate  the e ffec t  ot this lesion  over  
kain ic  a c id -in d u ced  seizu res. M ale W istar EPM -1 rats (2 5 0 -3 0 0 g )  
w ere subm itted tô i.c .v . stereotaxic injection o f  5µ l o f  buffered saline  
or 5 µ l o f  192 IgG  saporin  (4 µ g ) under ch loral hydrate a n esth esia  
(4 0 0  m g/K g, i.p .). T w o w eek s after surgery, anim als rece ived  kainic  
a c id  i.p . (1 2  m g /k g ) and w ere  b eh a v io r a ly  o b se r v ed  for the 
d evelop m en t o f  status epilepticus  (SE ). Ig G l9 2 -trea ted  anim als had 
a 60%  (n = lO ) in cid en ce o f  kainic acid -in d u ced  SE  as com pared to a 
100%  (n = l 1) in c id en ce  for controls (p = 0 .0 2 ). H isto lo g ica l analysis  
w ith  A C h E  h isto ch em istry  rev ea led  an im portant and se le c tiv e  
decrease o f  ch o lin erg ic  activ ity  in the hippocam pus, m ed ial septum  
and necortex . N e o -T im m  h isto ch em istry  sh o w ed  n o d ifferen ces  
b etw een  the tw o groups. Our data su g g ests  that the destruction  o f  
basal forebrain ch o lin erg ic  neurons, the m ain ch o lin erg ic  projection  
to the h ip p ocam p u s, tends to inhib it kain ic ac id -in d u ced  seizures. 
Our fin d in g s su g g est that the basal forebrain  c h o lin erg ic  sy stem s  
m ay p lay  o p p o s ite  ro les in the m ajor m o d e ls  o f  tem poral lob e  
ep ilep sy .

F in an cia l support: F A P E S P  and P R O N E X  (B ra z il);  C G M  is a 
F A P E S P  fe llo w  (9 6 /6 9 7 2 -7 ).

850.7
ACUTE SEIZURE-LIKE ACTIVITY INDUCED BY AMILORIDE IN IMMATURE 
HIPPOCAMPAL CA1 NEURONS . S. Ge* and C.E. Niesen. Div. of Neurology, 
Childrens Hospital Los Angeles, USC School of Medicine, Neuroscience 
program, Univ. of Southern Calif, Los Angeles, CA 90027.

Changes in the intracellular H+ concentration can affect NMDA receptor acti
vity. We examined the effects of amiloride, a well-known antagonist of the 
Na+/H+ exchange transporter, an important regulator of intracellular pH, on 
neuronal activity. Hippocampal slices were isolated and prepared from 7 day old 
Wistar rats according to the method of Stoppini et al. (1991). Field and whole
cell recordings were performed on CA1 neurons from slices on postnatal days 
11-25 (P11-25). Synaptic potentials were evoked by stimulation of the Schaffer 
collaterals and the whole-cell recording microelectrode contained (in mM): 140 
KGluc, 10 HEPES, 0.1 CaCI2, 1.1 BAPTA, 2 Mg-ATP and 0.1 GTP. Perfusion 
of amiloride (40-400 µM) caused a rapid onset of seizure-like activity. Effects 
were observed at the lowest concentration used and were near maximal at 400 
µM. Within 30 seconds from the start of the amiloride perfusion, field recordings 
in the CA1 somatic layer revealed multiple population spikes. During whole-cell 
recordings, amiloride produced large evoked depolarizing bursts that lasted 200- 
300 msec with multiple superimposed action potentials. These bursts were 
almost entirely suppressed by 30 µM APV, a specific antagtonist of the NMDA 
receptor. Perfusion of APV prior to the addition of amiloride prevented the ap
pearance of these depolarizing bursts. No spontaneous bursts were observed. 
The effects of amiloride were reversible, though in older neurons, >P2O, the 
epileptic changes tended to persist, even in the absence of amiloride.

Amiloride produced epileptiform changes in immature hippocampal CA1 neu
rons by increasing NMDA receptor-mediated responses. This novel model of 
acute seizure activity should provide insights into the effects of NMDA-induced 
seizures on developing central neurons. Supported by NIH K08-NS01747.

850.4
CRMP FAMILY MEMBERS ARE NOT TRANSCRIPTIONALLY UPREGU- 
LATED IN DENTATE GRANULE CELLS IN A RAT MODEL OF TEMPO
RAL LOBE EPILEPSY DESPITE INCREASES IN TOAD-64/CRMP2 
IMMUNOREACTIVITY. R.C. Elliott* and D.H. Lowenstein. Dept, of 
Neurology, Univ. of California, San Francisco, San Francisco, CA 94143.

Pilocarpine-induced status epilepticus (SE) in the rat leads to a 
reorganization of hippocampal mossy fibers that has similarities to pathological 
changes observed in human temporal lobe epilepsy. This model of 
epileptogenesis also results in increased proliferation of dentate granule cell 
precursors in the dentate gyrus, and an increase in immunoreactivity (IR) for 
TOAD-64, a marker of newly bom neurons. TOAD-64 is the protein product of 
CRMP2, a member of the collapsin response mediator protein (CRMP) family, 
and may play a role in both normal and aberrant mossy fiber pathfinding. To 
investigate the regulation of TOAD-64 expression during epileptogenesis, in situ 
RNA analysis was performed 13 days following SE to define hippocampal 
expression of CRMI¼ mRNA and other members of the CRMP family. In the 
adult control dentate gyrus, CRMP2 mRNA had a much broader pattern of 
expression compared to the distribution of TOAD-64-IR. Significant levels of 
CRMP1 mRNA were also detected throughout the adult control dentate gyrus, 
while CRMPs 3 and 4 were undetectable, in agreement with previous reports. 
13 days following SE, expression of CRMP2 mRNA and the other CRMP 
family members was not increased in the dentate gyrus, in contrast with the 
marked increase in TOAD-64-IR at this timepoint. Northern blot analysis and 
semi-quantitative PCR with CRMP-specific primers confirmed our in situ 
findings. These results suggest that mechanisms other than transcriptional 
regulation appear to be influencing the amount of TOAD-64 protein detectable in 
dentate granule cells both normally and after SE.

Supported by NINDS N535628 and March of Dimes Birth Defects 
Foundation.

850.6
CYCLOHEXIMIDE-INDUCED LACK OF SUPRAGRANULAR MOSSY 
FIBER SPROUTING IN THE PILOCARPINE MODEL DOES NOT DEPEND 
ON A SELECTIVE PROTECTION TO MOSSY CELLS. J.G. Silva and 
L.E.A.M. Mello*. Dept, of Physiology, UNIFESP-EPM, São Paulo 04023-900, 
Brazil.

Pilocarpine-induced status epilepticus (SE) invariably leads to supragranular 
mossy fiber sprouting (MFS). We have recently demonstrated that cycloheximide 
(CHX) is able to block this synaptic reorganization. Here we investigate whether 
CHX-induced blockade of MFS in the pilocarpine model is due to the selective 
preservation of hilar mossy cells of the hippocampal formation. Male Swiss- 
EPM adult mice weighing 35-45g, were injected with m-scopolamine (lmg/Kg. 
i.p.), and 30 minutes later with pilocarpine (340 mg/Kg, i.p.). Another group, 
CHX, has also received cycloheximide (1 mg/Kg, s.c.) together with m- 
scopolamine. Thirty min. after SE onset animals received thionembutal (25 
mg/Kg i.p.) for control of SE intensity. Three days after SE, animals were deeply 
anesthetized and immunocytochemically stained for calretinin (CR is a selective 
marker for mossy cells in mice). Control animals (without SE) express a dense 
layer of fibers, positive to calretinin in the supragranular region of dentate girus. 
The immunohistochemical expression of positive fibers to CR was reduced or 
abolished in the same region of hippocampal complex in Pilo or CHX+Pilo 
animals, with no distinction between the 2 groups. The absence of a difference 
between Pilo- and CHX+Pilo-treated animals suggest that the lack of MFS on 
CHX+Pilo animals -does not depend on a selective neuronal protection to hilar 
mossy cells. Furthermore, it suggests that damage to hilar mossy cells may not 
be sufficient to induce MFS.

Research supported by: FAPESP, PRONEX and CNPq; JGS is a FAPESP fellow 
(96/6973-3).

850.8
ROLE OF NMDA RECEPTOR ACTIVATION IN GROUP I METABOTROPIC 
GLUTAMATE RECEPTOR-MEDIATED EPILEPTOGENESIS IN VITRO.
Lisa R. Merlin*1,2, Samuel M, Galoyan1, and Robert K.S. Wong1,2, Department of 
Neurology1 and Department of Physiology & Pharmacology2, SUNY Health Science 
Center, Brooklyn, NY 11203

We have been studying the enhancement of in vitro epileptiform activity induced by 
group I metabotropic glutamate receptor (mGluR) activation. Continuous bath 
application of 50 µM picrotoxin elicited rhythmic synchronized bursts of 375 ± 15 ms 
duration (n=l4) in CA3 pyramidal cells in guinea pig hippocampal slices. The bursts 
rhythmically recurred spontaneously (0.138 ± 0.004 Hz, n=l4). Addition of the group I 
mGluR agonist (S)-3,5-dihydroxyphenylglycine (DHPG, 25 µM) elicited a marked 
increase in burst frequency (0.285 ± 0.011 Hz, n=l4),-followed by a slowly progressive 
increase in burst duration (BD) which reached statistical significance in 60 min (BD<*, mιn 
592 ± 67 ms, n=l4). The burst duration plateaued at 120-150 min of agonist application 
(B D ^  2022 ± 267 ms, n=l4; see Merlin, LR et al., J. Neurophysiol. 1998, in press).

The NMDA receptor antagonist D-AP5 (50 µM) had no effect on the frequency of 
picrotoxin-induced epileptiform bursts, but did modestly reduce the burst duration (from 
448 ± 25 to 289 ± 1 2  ms, n=6). DHPG application in the presence of AP5 rapidly 
resulted in an enhanced increase in burst frequency (from 0.139 ± 0.007 to 0.371 ± 
0.070 Hz, n=6). While some brief discharges sometimes continued to appear for hours, 
the NMDA receptor antagonist did not prevent the additional appearance of mGluR - 
mediated prolonged epileptiform discharges (n=lO). AP5 also had no effect on fully 
developed prolonged bursts (n=9). Our results suggest that the induction of burst 
prolongation mediated by group I mGluR activation is not NMDA receptor dependent; 
furthermore, the expression of the prolonged bursts is not via a group I mGluR- 
mediated potentiation of NMDA receptor-mediated responses.

[Funded by the National Institutes o f Health]
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850.9
ISOLATION OF 4 cDNAs THAT ARE DIFFERENTIALLY EXPRESSED IN THE 
HIPPOCAMPUS OF EPILEPTIC RATS. HM Zhuu . CG Zhu1 . LX Liu2-* and A. 
Roghani2. 1. Department of Parmacology,Texas Tech Univ Hlth Sci Ctr,Lubbock TX 
79430. 2.Brain Research Department,Tongji Med Uni, Wuhan 430030, P. R. China.

The epileptogenesis involes differential expression of a large number of genes in 
the central nervous system, which imply existence of potential molecular 
mechanisms in cellular gene expression. The gene expression in cells could be 
characterized by examining mRNA expression. The PCR-based mRNA differential 
display technology (DD-PCR) has been widely applied to study differential 
expression of mRNAs in cells and tissues. Using DD-PCR, we investigated the 
mRNA expression in the hippocampus of epileptic rats. Rats(in group 1) were treated 
with epilepsy inducer Coriaria Lactone. Another group of rats (group 2) were 
subjected to peritoneal injection of MK-801 followed by the administration of the 
epilepsy inducer. Twenty cDNA fragments were isolated from the hippocampus of 
epileptic rats using DD-PCR. DNA sequences of four cDNAs (designated as 
ERG 8,ll,l2,l4) were compared with all the known seqences in the Genebank. These 
comparison showed that ERG8, ERG11, ERG12 had no significant homology to any 
known seqences, but ERG14 cDNA had -85% identity to mouse and rat 
microtubule-associated protein 2 (MAP 2) gene. The preliminary analysis of mRNA 
expression showed that ERG8 were highly expressed in hippocampus tissue of the 
group 1 rats. On the other hand, ERG11, ERG12 and ERG14 were expressed only in 
the group 2 rat tissues. Thus our results suggest that ERG8 may represent a novel 
candidate epilepsy-related gene, whereas ERG11, ERG12 and ERG14 may be novel 
candidate anti-epilepsy-related genes. It has been known that the MAP 2 is closely 
associated with the collateral sprout of mossy fibers in the hippocampus of seizured 
rats. Therefore, our data suggest that the high expression of ERG14 in the early 
stages of epilepsy may influence the growth of axon and formation of synapses. 
Supported by Scientific National Fundation of China, No. 39330210.

850.11
AFFERENT CONNECTIONS OF THE DEEP PREP1R1FORM CORTEX: A 
CHOLERA TOXIN ß SUBUNIT TRACER STUDY. 1 Sinclair1. T. Oyoshi 2*. R.A. 
Stetler1. R. Leak1, and R. Simon1. 'Dept, of Neurology, University of Pittsburgh, 
Pittsburgh, PA, 15213, USA; 2Dept. of Neurosurgery, University of Kagoshima, 
Kagoshima, 890-8520, Japan

A region of the deep prepiriform cortex (DPPC), known as the "area tempestas” 
(AT), has been implicated in the elicitation/augmentation of limbic seizures through 
focal application of GABA antagonists, glutamate agonists, and EAA analogues. 
Conversely, direct chemical manipulation of the AT with glutamate antagonists or 
GABA agonists has also been shown to diminish, or even prevent, convulsive activity. 
Although data exists regarding damage or death to distant limbic structures following 
pharmacologic modification of the AT (and the subsequent amplification or 
attenuation of epileptic discharge), little is known about explicit afferent and efferent 
connections with the region itself. Therefore, the retrograde tracer Cholera Toxin ß 
subunit (CTb) was injected unilaterally into the AT of Sprague Dawley rats in order to 
ascertain afferent connections with this specified area of the DPPC. Following 
immunocytochemical expression, positively staining cell bodies found in 100% of 
subjects injected with CTb were detected ipsilaterally and contralaterally throughout 
the anterior portion of the brain in the: orbital cortices; anterior olfactory nuclei; 
prelimbic cortex; and anterior piriform cortex. Ipsilaterally, structures more posterior 
in the brain displaying positive cell body staining were the: dorsal endopiriform
nucleus; medial forebrain bundle; piriform cortex; cortex-amygdala transition zone; 
anterior cortical and medial amydaloid nuclei; reuiniens and paraventricular thalamic 
nuclei; posterior and lateral hypothalamic areas; lateral entorhinal cortex; ectorhinal 
cortex; and perihinal cortex. These results indicate that the AT can be considered a 
component of the limbic circuitry involved in temporal lobe epilepsy. In future 
experiments, P h a s e o lu s  v»/,gαm-leucoagglutinin (PHA-L) will be employed to 
determine if this trend is supported through anterograde connections from the AT to 
other limbic structures in the brain.

850.13
CHANGES IN DENTATE GYRUS RESPONSES FOLLOWING CA3 AND 
MEDIAL PERFORANT PATH STIMULATION IN KAINATE-SEIZED RATS.
K. Wu* and L. S. Leung Dept Physiology and Clin. Neurol. Sci., Univ. Western 
Ontario, London, N6A 5A5, Canada

The dentate gyrus (DG) responses following ipsilateral stimulation of CA3 
and medial perforant path (MPP) were studied in urethane anesthetized Long-Evans 
rats at 2-4 months after kainic acid (KA, O.5µg/lµl, icv)-induced seizures. The 
laminar field potentials were acquired using a glass micropipette or 16-channel 
silicon probe, and the amplitude and the slope of the current sinks were calculated 
using current source density (CSD) analysis. Mossy fiber (MF) sprouting in the 
inner molecular layer (IML) was assessed by Timm’s stain. The IML sink evoked 
by CA3 stimulation was smaller in rats with robust MF sprouting (P<0.05, N=5) 
than in the rats with mild (N=5), weak (N=5) or no MF sprouted control rats (N=7). 
There was no differences among the mild, weak and no MF sprouting groups. The 
early middle molecular layer (MML) sink evoked by CA3 stimulation was smaller 
in all groups of KA-seized rats than in control rats (P<0.05-0.01). The ratio of the 
paired-pulse sink at IML or MML following CA3 stimulation (50 ms interpulse 
interval) was not significantly different among groups. Both the amplitude of 
population spikes (PS) and the slope of the population excitatory postsynaptic 
potentials (EPSPs) versus MPP stimulation intensity plots were rightward shifted 
(depressed) in KA-seized rats as compared to control rats. However, a leftward shift 
of the PS versus EPSPs plot was found in KA-seized rats as compared to control, 
suggesting that inhibition was reduced in KA-seized rats. We suggest that a smaller 
DG response to both CA3 and MPP stimulation in KA-seized rats was because of 
cell loss. KA-seized rats may have reduced inhibition, which is not correlated with 
MF sprouting. Robust MF sprouting may correspond to less IML excitation (sink). 
(Research supported by NSERC)

850.10
PROLIFERATIO N OF M ICR O G LIA A N D  A ST R O C Y T E S  
FO LLO W IN G  IN T ER M ITT EN T K IN D L E D  SE IZ U R E S.
J. B en gzon * . A. N an ob ash vili. M . Ekstrand. J. Fält and O. L in d va ll. 
S ection  o f  Restorative N eu rology, W allenberg N eu roscien ce Center, 
U n iversity H ospital, S -2 2 l  85 Lund, S w ed en .

Proliferation o f  g lia  in distinct regional and tem poral patterns was  
observed in response to brief, interm ittent seizures in the rapid 
hippocam pal kindling m odel o f  ep ilepsy . Forty stim ulations with 5- 
m inute interval lead to a m assive m icroglial proliferation, as assessed  by 
brom odeoxyuridine (B rd U )/O X -42 double im m unoflu orescence, 
bilaterally in the hippocam pus, piriform  cortex and am ygdala at 24  h 
fo llow in g  termination o f  seizure activity. At 48  h, m icroglial 
proliferation returned to control leve ls in the hippocam pal form ation but 
continued in the piriform cortex and am ygdala until 96  h fo llow in g  
kindling. A lthough proliferating B rdU /G FA P positive astrocytes were  
rarely seen in the hippocam pus, large num bers w ere found in the 
am ygdala and piriform cortex at 2 4 -4 8  h. Starting at 48  h, clusters o f  
BrdU or proliferating cell nuclear antigen (PC N A ) positive ce lls , som e  
o f  w hich have previously been dem onstrated to express the neuronal 
marker N eu N , appeared in the dentate gyrus subgranular zone. At three 
w eeks fo llow in g  seizures, cellular proliferation had subsided in all 
regions. N o  effect on kindling-induced cellu lar proliferation w as seen in 
m ice heterozygous for a deletion o f  the brain-derived neurotrophic factor 
gene.

W e conclude that intermittent seizures, g iv in g  rise to very lim ited  
neuronal dam age, trigger m assive m icrog liosis , indicative o f  an 
inflam m atory response, and reactive proliferation o f  astrocytes.

850.12
FOS PROTEIN AND BDNF mRNA CHANGES FOLLOW ING CLAUSTRUM  
AND DEEP PERIRHINAL / INSULAR KINDLING IN THE RAT. P. Mohapel*. 
J. Chlan-Fournev. X. Zhang.. D. K. Hannesson. A. E. Wallace. X.-M. Li. & M. E. 
Corcoran. Dept, o f Psychology & Psychiatry, University of Saskatchewan, 
Saskatoon, Canada, S7N 5E4.

We have reported that claustrum (CLA) and adjacent deep laminar layers of 
perirhinal or insular cortex of the rat may play a crucial role in limbic seizure 
generalization since they exhibit the most rapid kindling. Kindling from the CLA 
area progresses through 2 distinct phases: (1) an initial or early generalization phase 
that is characterised by rapid onset o f clonus (3 to 4 stimulations), short latencies to 
the onset of forelimb clonus, and short convulsive and afterdischarge (AD) durations; 
(2) after 12 to 15 stimulations the seizures progress into more protracted 
generalization phase that is characterised by longer clonic convulsions and AD 
durations. In the present study, we further examine the CLA kindling profiles by 
comparing changes in c-Fos and ΔFosB protein expression and BDNF mRNA in early 
versus protracted CLA kindled rats and amygdala (AM) kindled rats. Rats were 
kindled to 3 consecutive clonic seizures and were perfused 2 hours following the last 
seizure. We found that both early and protracted CLA kindling and AM kindling 
consistently induced a moderate expression o f both Fos proteins in the 
piriform/entorhinal cortex; however, only with the protracted CLA and AM kindling 
did we find additional expression in the dentate gyrus (DG) of the hippocampus. We 
found strong upregulation o f BDNF mRNA in the DG of AM and protracted CLA 
kindled rats, whereas the early CLA kindled rats showed little change. These data 
support our previous findings that the CLA and deep perihinal/insular kindling 
exhibits 2 distinct phases of generalized seizure development. Our data suggest that 
more protracted generalized convulsions, as with AM and protracted CLA kindling, 
may involve activation of DG. Supported by NSERC.

850.14
LIMBIC SEIZURES MODULATE THE BRAIN HISTAMINERGIC 
SYSTEM. M. Lintunen,1 J. Kaslin,1 T. Sallmen,1 R. Brown,2* and P Panula1. 
'Dept, of Biology, Åbo Akademi University, Turku, Finland; ¾ept. of 
Physiology II, Heinrich-Heine University, Duesseldorf, Germany.

Treatments that increase brain histamine levels reduce convulsions in epilepsy 
models. This protective effect is abolished by Hi-receptor antagonists. We 
treated rats with systemic kainic acid (KA) and studied Hr receptor and L- 
histidine decarboxylase (HDC) mRNA expressions by in situ hybridization, 
histamine levels by HPLC and the histaminergic fiber system by 
immunohistochemistry. Hpreceptor expression was increased in the granular 
cell layer of the dentate gyrus and in the striatum between 3 and 24 hours. 
During the next 2 days Hr receptor expression returned to control levels, 
whereas the number of histamine-containing fibers in the striatum started to 
increase. In the piriform cortex and amygdala, H,-receptor expression increased 
slightly after the first 3 hours, followed by a significant decrease to 40 % within 
2 days, after which the expression levels recovered. The decline in H preceptor 
mRNA was associated with an increase in density of histaminergic nerve fibers 
and histamine concentration. Expression o f HDC mRNA was under all 
conditions limited to tuberomammillary neurons. These results suggest that 
transient changes in the histaminergic system after KA injection may be 
important in excitotoxic brain damage.

Supported by the Magnus Ehmrooth Foundation, Alcohol Research 
Foundation of Finland, and Academy of Finland.
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850.15
INCREASED PRONOCICEPTIN GENE EXPRESSION IN THE THALAMIC  
RETICULAR NUCLEUS FOLLOWING LIMBIC SEIZURES. M. Simonato1.
G. Bregola1. L. Beani1*. S. Candeletti2 and P. Romualdi2 Φ ept. o f  Clin. Exp. 
Med., Sect. Pharmacol., Univ. Ferrara, 44100 Ferrara, Italy and 2Dept. 
Pharmacol., Univ. Bologna, Italy.

Altered expression o f  neuropeptide precursor genes may be involved in 
epileptic hyperexcitability. In this study, we tested whether expression o f  
pronociceptin, i.e. o f the gene encoding the precursor for the newly identified 
neuropeptides nociceptin and nocistatin, is altered in two distinct m odels o f  
temporal lobe epilepsy, kainic acid and kindling. This gene is costitutively  
expressed in some forebrain areas thought to be implicated in limbic seizures, 
such as amygdala, hippocampus and thalamus. Northern blot analysis revealed 
increased pronociceptin mRNA levels in the thalamus (but not in the 
hippocampus) 3-24 h after kainic acid administration (10 mg/kg i.p.). 
Maximal effect (200% o f basal levels) was observed 6 h after injection.. N o  
significant variation in pronociceptin m RNA levels was observed in either 
region in kindled rats sacrificed 1-6 h after a stimulus-evoked generalized 
seizure. These data were further detailed using in situ hybridization: 6 h after 
kainic acid injection, a great (4-fold) increase in pronociceptin m RNA levels 
was observed over the thalamic reticular nucleus, while no significant change 
was observed over the dentate gyrus o f the hippocampus; 1 h after a 
generalized kindled seizure, only a small, non significant increase in 
pronociceptin gene expression was observed over the dentate gyrus ipsilateral 
to stimulation. The present is the first report o f  increased pronociceptin gene 
expression in the forebrain. The functional implications o f this observation 
remain to be investigated. (Supported by a M URST grant).

850.17
DIFFERENTIAL UP- AND DOWNREGULATION OF BAX AND BCL-2 IN THE 
KAINATE MODEL OF TEMPORAL LOBE EPILEPSY IN RATS. C. Brandt. U. 
Ebert* and W, Löscher. Dept. Pharmacology, Toxicology & Pharmacy, School of 
Veterinary Medicine, D-30559 Hannover, Germany.

Systemically administered kainic acid induces seizures similar to those occurring in 
human temporal lobe epilepsy. We investigated whether the expression of the 
apoptosis-associated proteins Bax (inducer) and Bcl-2 (inhibitor) follows a specific 
spatial and temporal pattern in this epilepsy model. We compared their occurrence 
with that of the immediate early gene product Fos. Adult female Wistar rats were 
injected intraperitoneally with 10 mg/kg kainic acid (KA) which resulted in either 
generalized seizures (GS) and status epilepticus (SE, 2-4h) or only in 'Wet Dog 
Shakes' (WDS). Rats with SE were perfused 3h, 6h, 24h and 48h after their first GS. 
Rats with WDS were perfused 6 and 24h after the KA injection. Rats injected with 
saline served as controls. The brains underwent immunohistological processing for 
detection of Bax, Bcl-2 and Fos by polyclonal antibodies. In control rats, Bax and 
Bcl-2 were detected in various deep neocortical, limbic and thalamic areas. After 24h 
in KA treated animals with SE Bax increased significantly in the piriform cortex, the 
pyramidal cell layers (CA) and dentate gyrus (DG) o f hippocampus, and the reticular 
thalamic nucleus (Rt). In the neocortex there was an increase after 3h already. The 
maxima of Bcl-2 induction corresponded to those of Bax in the Rt and the CA of 
hippocampus, while in the neocortex and piriform cortex Bcl-2 induction occurred 
after that of Bax. In the DG Bcl-2 expression seemed to be downregulated. The 
induction of Fos preceded the occurrence of Bax and Bcl-2 at least in some brain 
regions. KA injection which only led to WDS did not result in a change of the 
expression o f these proteins. We conclude, that KA induced seizures result in an 
increase of Bax and Bcl-2 production in specific brain regions. The proteins seem to 
follow a characteristic time course with specific maxima of induction in particular 
brain regions. Upregulation of these proteins substantiates that apoptosis may play a 
role in epileptogenesis induced by seizures after systemic kainate administration.

Supported by the German BMBF

850.16
LIMBIC SEIZURES M EDIATED BY PHENOTYPIC SWITCH IN  
HIPPOCAM PAL PRINCIPAL NEURONS. H. L iu*, A. M. Mazarati, H. 
Katsumori and C. G. Wasterlain. VAMC, Sepulveda, CA, Dept, o f  
N eurology, UCLA School o f  M edicine, Los Angeles, CA 9 0 0 9 5  

There is evidence that tachykinins could play a role in seizure activity, 
although som e conclusions are conflicting. T o  study the expression and 
function o f  substance P (SP) in seizure activity, we used a new m odel o f  
self-sustaining status epilepticus (SE). SE  was generated, in awake electrode- 
implanted rats, by 3 0  m in o f  perforant path stim ulation (PPS), and then  
hippocam pal SP was exam ined im m unocytochem ically . SE resulted in a 
dramatic increase in SP-imm unoreactivity (SP-ir) in  the dentate granule 
cells and CA1 and CA3 pyram idal cells from  12 hrs to 3 days after PPS. 
Substantial numbers o f  SP-ir m ossy fibers were also seen in the hilus and in 
the stratum pyram idale and lucidum  o f  CA3 where there norm ally are no  
SP-containing m ossy fibers. EM established that SP-ir terminals o f  m ossy  
fibers m ade asymm etric synapses on  dendrites in the pyramidal cell layer 
and lucidum  o f  CA3. SE also induced a dramatic increase in PPT-A mRNA  
in the dentate granule cell layer, as well as in the pyramidal cell layers o f  
hippocam pus 3 hrs to 3 days after PPS. A marked elevation in  
hippocam pal SP content induced by SE was detected by a com petition  
enzym e-linked  im m unosorbent assay. Injection o f  10 pm ol o f  SP into the 
hippocam pus before challenging rats with 7 m in o f  PPS (a duration o f  
stimulation which, by itself, was never sufficient to induce SE) induced SE  
which lasted for many hrs, and this SE generated CA1 and CA3 pyramidal 
cell dam age resem bling that know n to occur in hum an epilepsy, 
īntrahippocam pal injection o f  spantide II, a SP receptor antagonist (1 .0  
nm ol) prevented the induction o f  SE and hippocam pal cell dam age induced  
by 3 0  m in o f  PPS, and stopped established SE and hippocam pal cell 
degeneration. We suggest that SP modulates hippocam pal excitability and is 
not on ly  involved in the initiation phase, but also in the maintenance phase 
o f  established SE. Supported by N S 1 3 5 1 5  from  NIH and RS o f  VAHA.
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851.2851.1
RECURRENT EXCITATORY ACTIVITY IN EXPERIMENTAL 
HETEROTOPIC GREY MATTER S.N. Roper.1* B.N. Smith.2 and F.E. 
Dudek2. 1Dept. of Neurological Surgery, Univ. of Florida, Gainesville, FL, 
32610; 2Dept. of Anat. and Neurobiol., Colorado State Univ., Fort Collins, 
CO 80523.

Neuronal heterotopia is a type of cortical dysgensis that is often 
associated with intractable epilepsy in humans. This study sought to 
determine if recurrent excitatory activity was present in experimentally 
induced heterotopic grey matter

Pregnant rats were exposed to 225 cGy of external γ-irradiation on 
gestational day 17 to induce development of masses of heterotopic grey 
matter adjacent to the lateral ventricle in the offspring. Rats were weaned 
on post-natal day 21, and prepared for electrophysiological experiments at 
3-4 weeks of age. Whole-cell patch-clamp and extracellular field recordings 
were obtained from neurons in periventricular heterotopic grey matter at the 
level of the anterior commissure in 400 µm slices. Membrane and intrinsic 
firing properties were found to be within normal ranges for neocortical 
neurons. Stimulation of the adjacent white matter in physiologic solution 
typically resulted in an initial short-latency excitatory post-synaptic response. 
A secondary, variable-latency excitatory response occurred in 7 of 16 
neurons. This secondary response was accompanied by negative DC shifts 
in the field potential. In bicuculline, most neurons showed prolonged, 
repetitive bursts in response to a single stimulus.

These results suggest that some neurons in heterotopic grey matter form 
local excitatory connections. These neurons can participate in epileptiform 
events, particularly in the presence of bicuculline. This work was supported 
by NIH grant NS16683 (FED).

DIFFERENTIAL AND LONG-LASTING ALTERATIONS OF VOLTAGE
GATED CALCIUM CURRENTS IN CA1 AND DENTATE GRANULE 
NEURONS IN A RAT MODEL FOR TEMPORAL LOBE EPILEPSY.
J.A. Gorter*12. A.J. Borαdorff. E.A. van Vliet1. F.H. Lopes da Silva12. W.J. 
Wadman1.
1lnst. of Neurobiology, University of Amsterdam, 1098 SM Amsterdam. 2lnst. 
voor Epilepsie Bestrijding , “Meer en Bosch”, Heemstede, The Netherlands.

Changes in voltage gated calcium currents were examined using whole-cell 
and perforated patch recordings in CA1 pyramidal neurons and dentate 
granule neurons respectively, acutely dissociated from control rats and rats 
in which temporal lobe epilepsy was elicited by electrical stimulation of the 
angular bundle, 48 hrs or 2-3 months before use. The procedure led to 
electrographic and behavioral limbic seizures which produced status 
epilepticus (SE) for at least 2-4 hrs. Continuous electrographic monitoring 
during three months indicated that rats that had behavioral SE directly after 
stimulation displayed spontaneous seizures after a latent period of 1-2 
weeks. We never recorded spontaneous seizures in rats that had no initial 
behavioral SE. In CA1 neurons, steady state activation protocols showed 
decreased calcium current amplitudes and faster time constants of 
inactivation in the 48 hr (short-term) group, irrespective of seizure intensity 
during and after stimulation. At 2-3 months (long-term), current amplitudes 
were similar in comparison with control responses except in rats which 
displayed spontaneous seizures. In this group calcium current amplitudes 
were smaller. In DG neurons calcium current properties appeared not to be 
affected at short-term. At long-term however, neurons of rats that 
experienced spontaneous seizures and that showed mossy fiber sprouting 
displayed larger current amplitudes. These regionally distinct alterations in 
calcium current properties which were long-lasting only in rats that 
experienced spontaneous seizures (and structural rearrangements), could 
contribute to changes in the excitability of the hippocampus.
S u p p o r te d  b y  H F S P O , N E F  a n d  N W O .
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851.3
PROCONVULSANT ACTION OF BACLOFEN AND DISINHIBITON IN THE 
YOUNG RAT HIPPOCAMPUS. V. Tancredi1*. R. Motalli2. G. D Arcangelo1 and M. 
Avoli2. 'Dept, of Neurosciences, University of Rome at Tor Vergata, Rome, Italy, 
2MNI, McGill University, Montreal, Quebec, H3A 2B4, Canada.

Intracellular recordings with sharp electrodes filled with K-acetate or KC1 were 
made from CA3 pyramidal cells of 15-22 day-old rat hippocampal slices during ap
plication of 4-aminopyridine (4AP, 5OµM). 4AP induced three types of synchronous 
activity which corresponded to: (i) interictal and (ii) ictal epileptiform depolariza
tions along with (iii) GABA-mediated long-lasting depolarizations (LLDs). Action 
potential-dependent, asynchronous postsynaptic potentials (PSPs) also occurred spon
taneously. Application of the GABAb receptor agonist baclofen (25 µM) induced a 4- 
7mV hyperpolarization of the membrane potential, blocked interictal activity, in
creased the interval of occurrence of the LLDs and potentiated (or disclosed) ictal 
depolarizations (n=l5 neurons). Most of the asynchronous PSPs were abolished by 
baclofen. These effects were reversed by application of the GABAb receptor antago
nist CGP-35348 (lmM). In the presence of 4AP and excitatory amino acid receptor 
antagonists LLDs and asynchronous GABAA-mediated, depolarizing PSPs were re
corded with KCl-filled electrodes. Baclofen (25µM, n=6) reduced and eventually 
abolished these asynchronous depolarizing PSPs, but only decreased the rate of 
occurrence and the amplitude of the synchronous LLD by an average of 67 and 18% 
respectively.

Our data suggest that the proconvulsant action exerted by baclofen in the young rat 
hippocampus is at least in part due to a reduction of GABAA-mediated inhibition that 
results from a decreased release of GABA from interneuron terminals following 
activation of presynaptic GABAb receptors. Moreover, baclofen effects are more 
pronounced on the asynchronous inhibitory PSPs as compared to the synchronous 
GABA-mediated LLDs.

Supported by the Medical Research Council of Canada (MT-8109).

851.5
INITIATION OF SPONTANEOUS EPILEPTIFORM EVENTS IN 
NEOCORTICAL SLICES: DOMINANT FOCUS Y. Tsau*. L. Guan and J.-Y. 
Wu Department of Neurology and Institute for Cognitive and Computational 
Sciences, Georgetown University Medical Center, Washington. DC 20007

The sp ontaneous initiation o f  epileptiform  activity in rat 
neocortical slices bathed in either lo w  [M g++], b icuculine-containing, or 
high [K /] m edia w as exam ined with optical im aging and m ulti-electrode  
recordings. V o lta g e  sensitive dye (R H 4 7 9 ) im aging w as used to  
visu alize  the initiation foci o f  the epileptiform  even ts and an electrode  
array w a s used  to  analyze the distribution o f  th ese foci in a preparation. 
Presum ably, in a hyperexcitable preparation, sp ontaneous epileptiform  
even ts could originate anywhere; how ever, optical im aging revealed  
that all events started at a few  (1 -4 )  initiation foci and propagated to the 
w h o le  preparation. An initiation fo cu s is sm aller than 0 .0 6  m m 3 o f  
cortical tissue. M ulti-e lectrod e recordings o f  hundreds o f  spontaneous  
even ts revealed that tw o  or three initiation foci often  co -ex isted  in one  
preparation. D uring a 2 hr recording period th ese foci to o k  turns being  
dom inant. The dom inant focu s initiated the m ajority o f  spontaneous  
paroxysm al even ts for a w hile and then w as replaced by another 
dom inant focu s. The dom inant focu s and dynam ic rearrangem ent o f  
initiation foci w ere similar in all three ep ilepsy  m odels, su ggestin g  that 
they share som e com m on p rocesses o f  initiation w hich m ay involve  
local m ulti-neuronal interactions and potentiated  synapses. (Supported  
by N IH  N S  3 1 4 2 5 , D O D  1 7 -9 3 -V -3 0 1 8 ).

851.7
BICUCULLINE-INDUCED BURSTS IN RAT NEONATAL, JUVENILE AND ADULT 

HIPPOCAMPAL CA3 PYRAMIDAL NEURONS IN VITRO. C. Psarropoulou* and S. 

Descom bes. Ste-Justine Hospital Research Center and Dept of Pediatrics, Université de 

Montréal, Montreal, QC, Canada H 3T1C 5.
Synaptic responses were recorded intracellularly from the CA3 area o f neonatal 

(postnatal days P3-P7), juvenile (P8-P2O) and adult hippocampal slices, following 

stimulation of the mossy fiber pathway. The GABAa receptor antagonist bicuculline 

methiodide (BMI 10µM ) transformed the synaptic responses into 15-45mV paroxysmal 

depolarizations, crowned by 5-15 action potentials, in all neurons tested and as early as P3. 
Immature neuron bursts were longer lasting (P3-P7: 474.9±62.85m s n=9, P8-P2O 

172.3±10.96ms n=28) and had more action potentials (P3-P7 δ.0±1.3 n=5, P8-P2O 

11.2±1.1 n=28) than adult bursts (95.8O±I0.95m s n=10 and 4.9±O.6 n=9 respectively). 

Stimulus-induced bursts in immature neurons were depressed by the NMDA receptor 

antagonist CPP (10µM , n=3) or the non-NMDA receptor antagonist CNQX (10µM , n=3), 

but they were blocked only by the combination o f the two antagonists (n=6). BMI induced 

also spontaneous synchronous recurring bursts in 20/30 juvenile and 7/10 adult neurons. 

The spontaneous bursts were segregated in clusters in 9/20 juvenile neurons; in these 

neurons the max and min frequency differed by 3-15 times, in the remaining the rates of 
occurrence were stable (O.O78±O.OUHz n=11) as in the adult neurons (O.O4O±O.OUHz 

n=7). The RMPs of all neurons were sim ilar (P3-P7, 64.8±2.6m V, n=10; P8-P2O, 

69.1±1.2m V, n=32 and adult 63.2±2.6m V, n=10). The num ber o f neurons depolarized by 

BMI was lower in neonatal neurons (4/10 vs 23/32 P8-P2O and 7/10 adult), but the BMI- 

induced RMP-depolarizations were sim ilar in all groups (P3-P7: 7.0±1.1m V, n=4; P8-P2O: 

6.2±O.8mV, n=23; adult: 3.9±O.4mV, n=7). In conclusion, these experiments provide 

evidence for an inhibitory role of endogenous GABA acting on GABAa receptors of neonatal 

CA3 neurons, and fo r an age-dependent control o f CA3 recurrent excitatory circuits by 

GABA. In addition, they suggest that blockade o f GABAa- mediated potentials alone has a 
small epileptogenic potential in immature hippocampal neurons compared to other 

mechanisms (eg increase in excitation) at the sam e age.

Supported by FCAR, Savoy Foundation for Epilepsy and FRSQ (CP)

851.4
EVIDENCE FROM IN VITRO WHOLE-CELL PATCH-CLAMP RECORDINGS 
THAT BASELINE EXCITATORY SYNAPTIC INPUT IS ABNORMALLY 
HIGH IN GRANULE CELLS WITH MOSSY FIBER SPROUTING FROM 
KAINATE-INDUCED EPILEPTIC RATS. J.-P. Wuarin* and F.E. Dudek. Dept, 
of Anatomy and Neurobiology, Colorado State Univ., Fort Collins, CO 80523.

Lesion-induced sprouting of mossy fibers in the inner molecular layer of the 
dentate gyrus has been proposed to form recurrent excitatory connections between 
granule cells. A consequence of this hypothesis is that granule cells from kainate- 
induced epileptic rats, showing extensive mossy fiber sprouting, should have more 
excitatory synapses than granule cells from control animals. Thus, the frequency of 
spontaneous excitatory postsynaptic currents (EPSCs) should be higher, and/or their 
amplitudes should be larger. We tested this hypothesis with whole-cell patch- 
clamp recordings from granule cells at resting membrane potential and in standard 
perfusion solution. Recordings were obtained from 8 granule cells from 7 epileptic 
kainate-treated rats, 6 granule cells from 5 saline-injected animals, and 7 granule 
cells from 5 kainate-treated rats 3-7 days after treatment. Cumulative amplitude 
distributions showed that the amplitude o f the EPSCs in granule cells from kainate- 
induced epileptic rats was significantly larger than that of the EPSCs recorded from 
either of the control groups (Kolmogorov-Smimov 1-tailed test, p < 0.001 for both 
comparisons). The EPSC frequency in granule cells from kainate-induced epileptic 
rats was 2.2 Hz (±0.5, n=8), significantly higher than the frequency of EPSCs in 
granule cells from saline-injected controls (0.4 Hz ±0.07; n=6, p=0.004) and in 
granule cells from kainate-treated rats 3-7 days after treatment (0.6 Hz ±0.05; n=7, 
p=0.003). These results suggest that in slices from kainate-induced epileptic rats, 
aberrant mossy fibers form recurrent excitatory circuits that increase the baseline 
excitatory synaptic input to granule cells.

Supported by NIH grant NS 16683.

851.6
AMPA- AND NMDA-RECEPTOR MEDIATED SPONTANEOUS EPSCs IN 
HIPPOCAM PAL CA1 INTERNEURONS IN THE KAINATE MODEL OF 
EPILEPSY. Y. Perez* and J.-C. Lacaille. Center for Research in Neurological 
Sciences & Dept, of Physiology, University of Montreal, Montreal, Canada, H3C 3J7.

The epileptiform activity of hippocampal CA1 pyramidal cells in the kainic acid (KA) 
model of epilepsy arises from changes in excitatory and inhibitory synaptic 
transmission. The aim of this study was to examine spontaneous excitatory postsynaptic 
currents (sEPSCs) after KA treatment, using whole cell recordings of visually identified 
CA1 intemeurons in stratum oriens and stratum radiatum. Hippocampal slices were 
obtained from Sprague-Dawley rats 2-4 weeks post-KA injections (0.55-0.65µg/0.5- 
lµl) and age-matched controls. Voltage-clamp recordings w'ere made using patch 
electrodes (4-8MΩ) filled with (in mM): 120 Cs-Me-sulfonate, 20 QX-314, 5 NaCl, 1 
MgCl; , 10 HEPES, 2 ATP, 0.4 GTP, and 0.1% biocytin. Spontaneous EPSCs were 
recorded in the presence of bicuculline (lOµM) and either AP5 (5OµM) or CNQX 
(2OµM) to isolate AMPA and NMDA currents respectively. At +50mV, in interneurons 
of KA treated animals, there was no change in NMDA sEPSCs amplitude (mean±SE: 
lO.O6±l .04 pA vs lO.85±l .58 pA after KA), rise time (lO.57±I .38 ms vs lO.48±l .3 1 ms 
after KA) and decay-τ (I25.45±IO.74 ms vs II2 .74±I3.I7 ms after KA), but the 
frequency of NMDA currents was significantly increased (5.35±O.34 Hz vs 
7.5O±O.9l Hz after KA; n=8 cells in KA and n=lO in control). At ~7OrnV, in 
interneurons of KA treated animals, there was no change in AMPA sEPSC amplitude 
(-ll.45±O .75 pA vs - l5.46±6.l 1 pA after KA) and rise time (2.Ol±O.4l ms vs 
2.87±O.78 ms after KA). However, there was a dear trend for an increase in AMPA 
sEPSCs decay-τ (8.92±2.I7 ms vs l6.39±5.26 ms after KA) and frequency 
(1 l.l3±I.68 Hz vs l5.92±3.Ol Hz after KA), however this was not significant (p=O.08 
in both cases, one-tailed t-test; n=7 cells in KA and n=9 in control). These results 
suggest that functional reorganization of excitatory synapses on inhibitor}' cells after KA 
treatment may affect differently NMDA and AMPA components o f these synapses.

(Supported by MRC, FRSQ, NSERC, FCAR)

851.8
ALTERATIONS IN THE STRUCTURE AND PHYSIOLOGY OF MIDLINE 
THALAM IC NUCLEI IN A RAT MODEL OF M ESIAL TEMPORAL LOBE 
EPILEPSY. E.H. Bertram2, P.S. M angan2, C. Scott2, E. Lehrmann1, R. Schwarcz1 
and N. Solenski2*. 'M aryland Psychiatric Research Institute, Univ. o f Maryland at 
Baltimore; d ep a rtm en t o f  Neurology, Univ. o f Virginia, Charlottesville, VA 
22908.

Mesial temporal lobe epilepsy (MTLE) is associated with widespread pathology 
in the limbic system as well as in the thalamus. The midline thalamic nuclei (e.g. 
medial dorsal and reuniens/rhomboid nuclei) have reciprocal connections with the 
limbic sites involved in MTLE. We hypothesized that there would be anatomical 
and physiological changes in these thalamic nuclei in an animal model o f chronic 
limbic epilepsy, and that these nuclei would be involved in seizure activity from the 
beginning.

Spontaneous seizure activity began simultaneously in the hippocampus and the 
midline thalamic nuclei, and the seizure activity remained synchronized for the 
duration of the seizure. There was a 35% reduction in the cross-sectional area of 
the midline thalamic region (p<0.01) as well as a similar loss o f neuronal density in 
these nuclei (p<0.01). In addition there was a marked gliosis in these areas with 
enhanced GFAP staining. The midline thalamic neurons also had increased 
excitability. Direct stimulation at several membrane holding potentials induced 
prolonged EPSPs with more superimposed action potentials. Rebound 
depolarizations following passive hyperpolarization below -70mV, were enhanced 
with increased numbers o f superimposed action potentials. Overall, these findings 
suggest that the midline thalamic nuclei have a number o f changes in the epileptic 
condition that could support the generation of spontaneous seizures.

This study was suppported by NIH grants NS16102 and NS25605.
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851.9
SYNAPTIC ALTERATIONS IN BASOLATERAL AMYGDALA IN A RAT 
MODEL OF CHRONIC LIMBIC EPILEPSY. P.S. Mangan and E.H. Bertram*. 
Dept, o f  Neurology, Univ. o f  Virginia, Charlottesville ,VA 22908

The importance o f temporal lobe mesial structures, including the amygdala and 
hippocampus, in the pathogenesis o f  temporal lobe seizures is well known. 
Although the hippocampus has been carefully studied in this condition, little is 
known about alterations in the physiology o f amygdalar neurons in chronic limbic 
epilepsy. We therefore examined properties o f  amydalar neurons in an animal 
model o f  chronic mesial temporal lobe epilepsy.

Intracellular recordings were made in coronal slices from neurons o f the 
basolateral amygdalar nucleus (BLA) from chronically epileptic rats and aged- 
matched controls. No differences were found in intrinsic cellular properties between 
the two groups. However, significantly more control neurons (8/23) than epileptic 
neurons (0/22) displayed spontaneous, synaptically-mediated hyperpolarizations 
(Fisher’s exact test, p=.OO4). In controls, synaptic responses (stria terminalis 
stimulation) were short-duration excitatory postsynaptic potentials (EPSPs)/single 
action potentials (APs) followed by biphasic inhibitory postsynaptic potentials 
(IPSPs) whereas epileptic BLA neurons displayed greatly increased-duration EPSPs 
(approximately 3 x control duration), multiple AP bursts (mean maximum of 3.7 
AP/burst), and no evident IPSPs. BLA neuron hyperexcitability was markedly 
reduced by the NM DA receptor antagonist D(-)-2-amino-5-phosphonovaleric acid. 
Synaptic inhibitory responses from epileptic neurons, unmasked following 
ionotropic glutamate receptor blockade, were characterized by biphasic IPSPs 
similar to control neurons.

The results show that amygdalar involvement in limbic seizures in this model may 
derive from neuronal hyperexcitability arising mainly from an enhanced NMDA 
response. Supported by NINDS grants NS-39192 (PSM) and NS-25605 (EHB) .

851.11
SYNCHRONIZED ACTIVITY IN THE HIPPOCAMPAL INTERNEURON 
NETWORK IS EVOKED WITH DIFFERENT PROPENSITY DEPENDING ON 
THE SITE OF STIMULATION IN AREA CAL S.M, McClure*. S.R. Sinha and
P. Saggau. Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030

Studies of epileptiform activity induced by the K+-channel blocker 4-aminopyridine 
(4-AP) in the hippocampus have revealed three types of spontaneous activity. These 
include glutamate receptor-dependent interictal and ictal-like activity and a less 
frequently occurring long-lasting depolarization mediated by GABAa receptors. This 
third type of activity coincides with synchronized interneuron activity (SIA). We have 
studied spatidtemporal aspects of evoked and spontaneous activity in area CA1 of the 
rat hippocampus using voltage-sensitive dyes. Consistent with previous studies, we 
recorded two types of spontaneous activity in the presence of 4-AP (lOOµM). The first 
had relatively fast kinetics and was localized to str. pyramidale (SP) and proximal str. 
radiatum (SR). It was abolished by the glutamate receptor antagonists CNQX (lOµM) 
and d-APV (25µM). The second type occurred less frequently and was identical to the 
first with the addition of a slow component in distal SR and str. lacunosum- 
moleculare (SL-M). The slow component was SIA as it was insensitive to CNQX and 
APV but was blocked by the GABAa antagonist picrotoxin (5OµM).

Spatially segregated classes of interneurons are known to exist in the hippocampus. 
We studied the propensity of different classes to initiate SIA by making use of the 
finding that the spatiotemporal characteristics of spontaneous activity are maintained 
in evoked activity. We found that electrical stimulation in all laminae of CA1 could 
elicit SIA in the presence of 4-AP, but subsequent application of CNQX and APV 
altered the evoked activity in a location-dependent manner. Activity evoked from 
SL-M was unaffected by CNQX and APV, but stimulations to SP and SR resulted in a 
delay (~3OOmsec) relative to control. Stimulation in str. oriens could not elicit SIA 
when glutamate receptors were blocked. These results suggest that interneuron classes 
are differentially involved in the synchronized activity of the intemeuron network. 
Supported by NItì Grant NS-33147 to PS

851.13
THE PATTERN OF PROPAGATION OF EPILEPTIFORM ACTIVITY IN 
THE RAT NEOCORTEX IS DETERMINED BY THE BALANCE BETWEEN 
INHIBITION AND EXCITATION. R. C em e*  and M .M . H aglund. 
D epartm en ts o f  Surgery (N eurosurgery) and N eu ro b io lo g y , D u k e  
U n iv. M ed. C tr , D urham , N C  27 7 1 0 .

Optical imaging o f  intrinsic signal was combined with whole-cell voltage 
recordings to study the impact o f  inhibition and excitation on the spread o f  
epileptiform activity in the rat neocortical slice preparation. Two treatments 
were used to induce spontaneous end electrically-evoked epileptiform  
activity; 1) a decrease in G A B A A-mediated inhibition with 5 µM bicuculline 
and 2) an increase in NM DA-mediated excitation with zero M g '  containing 
recording solution. In the optical recordings, electrical stimulation o f  white 
matter evoked positive intrinsic signal (IOS) that spread vertically toward the 
pial surface and was often surrounded by an area o f  negative IOS. Both 
bicuculline and zero M g+' increased the lateral spread o f  positive IOS and 
generated spontaneous episodes o f  positive IOS. The positive IOS was 
largely restricted to layers (II-IV) in bicuculline, while in the absence o f  M g"  
IOS spread through all layers. Electrophysiological recordings from  
individual pyramidal neurons in the areas o f  positive IOS demonstrated 
paroxysmal depolarization shifts (PDSs) and prolonged depolarizing (ictal- 
like) episodes. Since the same type o f  recording under control conditions 
revealed stronger inhibitory input in the superficial layers (II-III) than in deep 
layers (V-VI), w e suggest that a reduction in the inhibitory input favors the 
spread o f  epileptiform activity in the superficial layers o f  neocortex. 
Increased excitation, on the other hand uniformly affects all layers. 
Supported by NIH K 08-01828 and a Sloan Foundation Fellowship to MMH.

851.10
Ca2+ ENTRY THROUGH L-TYPE CHANNELS HELPS TERMINATE EPILEPTIC 
ACTIVITY IN DISINHIBITED RAT LIMBIC SLICE CULTURES.
Ruth M. Empson* and J.G.R. Jefferys Neuroscience Unit, Dept, o f  Physiology, 
Univ. o f  Birmingham, Edgbaston, B15 2TT, Birmingham, UK.
A large amount o f  Ca2+ enters neurones during epileptiform discharges. Here 
we show that an important role for Ca2+ entry through voltage gated channels is 
the activation o f  Ca2+ dependent K+ conductances and the termination o f  the 
epileptiform activity.
Combined hippocampal entorhinal cortex slice cultures were prepared from 4-6  
day old rat pups. Electrophysiological recordings from hippocampal CA3 and 
superficial entorhinal cortex, when fast and slow  GABA-ergic inhibition was 
blocked by 2-5 µM bicuculline and 2-10 µM CGP54585A, revealed 
spontaneous synchronous epileptiform discharges.Under these conditions 
whole cell recordings with a weak Ca2+ buffer present in the recording pipette 
revealed a large and long lasting afterhyperpolarisation (AHP) o f  the cell. The 
AHP was not observed in recordings where [Ca2t]i was heavily buffered, 
suggesting activation o f  a Ca2+ dependent K+ current. Blockade o f  Ca2+ entry 
through L-type channels by 1-5 µM nifedipine reversibly reduced the amplitude 
o f  the AHP, increased the duration o f  the intracellular depolarisation and also 
increased the number and frequency o f  discharges. A similar effect was 
observed in 2/3 cells treated with 0.5-1.0 µM thapsigargin, an antagonist o f  
Ca2+ release from intracellular stores, but to a lesser extent than nifedipine.
Our results indicate that during epileptiform activity C a2+ entry through L-type 
channels and release o f  Ca2+ from intracellular stores activates strong K + 
conductances. The effect was an increase in excitability o f  the network. 
Supported by the Epilepsy Research Foundation, RME is a Beit Memorial Fellow.

851.12
CALCIUM TRANSIENTS AND OSCILLATORY WAVES IN CORTICAL 
ASTROCYTES FOLLOWING CHRONIC EXPOSURE TO GLUTAMATE 
Charles A. Greer*. Juan C. Bartolomei, and Dennis D. Spencer. Department of 
Neurosurgery, Yale Univ. Sch. Med., New Haven, CT 06510 

Prior studies showed that astrocytes cultured from epileptic foci can exhibit 
hyperexcitable properties as indicated by intracellular calcium (Ca2+) signaling. The 
aim of this study was to assess the effect of chronic glutamate (Glu) exposure on 
intracellular Ca2+ transients in cultured rat astrocytes. Cortical astrocytes from E l8 
to E2O rats were plated on 40 X 22mm coverslips until they were confluent. 
Experimental astrocytes were incubated with DMEM + lOµm of Glu. Ca2+ 
transients were measured using confocal microscopy and the Ca2+ indicator dye 
Fluo-3. Astrocytes were stimulated with a 1 sec pulse o f ImM Glu following 
chronic exposure to Glu for 1, 3 or 7 days, or control. To localize the source of 
Ca2+ during transients (intracellular vs. extracellular), astrocytes were bathed with 
Ringer's solution containing 2mM [CaClJ, or < O.2mM [CaClJ, or 4OOnM 
thapsigargin. Following stimulation with Glu, control astrocytes exhibited a rapid 
Ca2+ transient with no evidence of Ca2+ oscillations. After chronic exposure to Glu, 
a subpopulation of astrocytes exhibited rapid Ca2+ transients similar to the control 
cultures. However, the chronically exposed astrocytes also exhibited oscillatory 
waves following the initial Ca2+ spike. Following administration of low [CaClJ 
Ringer's solution the initial Ca2+ spike was observed in both control and 
chronically exposed astrocytes. However, there were no oscillatory waves observed 
in the chronically exposed astrocytes in low Ca2+ conditions. Following 
administration of thapsigargin, the initial Ca2* spike and waves were abolished in 
both control and experimental astrocytes. These findings are consistent with the 
notion that intracellular Ca2+ stores underlie the initial Ca2+ spike while 
extracellular Ca2+ mediates the oscillatory waves. The data also demonstrate the 
adaptive capacity of astrocytes in modulating their physiology when chronically 
exposed to Glu.
Supported in part by NS 10174 and DC00210.

851.14
BASKET INTERNEURONS IN THE RAT PIRIFORM (OLFACTORY) CORTEX. LL 
Ekstrand*. M.E. Domroese. and L.B. Haberly. Neurosci. Training Prog., MD-PhD 
Prog., and Dept, of Anatomy, Univ. o f Wisconsin, Madison WI 53706.

Although many reports have described basket endings (GABAergic boutons on 
pyramidal cell somata) in layer II of piriform cortex (PC), the neurons that give rise to 
these endings have not been characterized. Based on a report that PC basket endings 
also contain either or both parvalbumin (PV) and calbindin (CB) (Kubota & Jones, Br 
Res 600:339), and the presence in hippocampus of a population of GABAergic basket 
cells that contain VIP and CCK (Freund & Buszaki, Hipp. 6:347), antisera to PV, CB, 
VIP, and CCK were applied to identify possible basket intemeurons. Each antiserum 
labeled synaptic boutons surrounding pyramidal cell somata. Three populations of 
potential basket cells could be distinguished: One population stained with antiserum to 
PV and bore a striking resemblance to classic basket cells in the hippocampus. Cell 
bodies were located in layers II and sup. Ill; dendrites were sparsely spiny with long 
apical and basal arbors. Apical trees extended through both afferent and association 
fiber zones (layers la and lb), suggesting that these cells mediate both feedforward and 
feedback inhibition. The second population stained for CCK and VIP. The small 
bipolar somata of these cells were concentrated in layers II and lb; dendrites were long, 
very thin and spine-free, and could extend from the surface through layer III (again 
suggesting participation in both feedforward and feedback inhibition). Axons were 
traced to apparent basket endings on pyramidal somata in layer II. A third population 
stained with antisera to PV and CB. These were large multipolar neurons with long, 
thick, sparsely-spiny dendrites confined to layer III (therefore, candidates for feedback 
inhibition only). Although depth distributions of PV+ and CB+ somata overlapped 
within layer III, PV+ cells were concentrated more superficially (toward layer II), and 
CB+ cells, deeper. Since individual axons could not be traced in this material, cells 
with similar morphology that also exhibited the fast-spiking property correlated with 
GABAergic function, were stained with biocytin under IR-Nomarski optics. Axons 
from these cells gave rise to apparent basket endings in layers II and III.

The results provide direct evidence for the presence of two forms of basket cells 
(small bipolar cells and large multipolar cells), and indirect evidence for a third (based 
on resemblance to hippocampal basket cells). Dendritic arbors suggest that these 
basket cells participate in both feedback and feedforward inhibition. Support: 
NS 19865 from NINDS.
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851.15
FEEDBACK INHIBITION IN ENDOPIR1FORM NUCLEUS CAN BE MEDIATED BY 
BASKET CELLS IN OVERLYING PIRIFORM CORTEX. M.E. Domroese? S.M. Knodel. 
and L.B. Haberlv. Ncuro. Tr. Prog., MD-PhD Prog., Dept. Anat., UW-Madison 53706.

The endopiriform nucleus (En), together with its transitional zone with the 
claustrum, deep piriform cortex (PC) and agranular insula, is the site of origin of 
interictal-like and ictal-like discharges in PC slices rendered epileptogenic by ionic 
shifts, disinhibition, and induction via bursting. Previous study has shown that the 
large “basket” boutons in PC that are immunoreactive for both parvalbumin (PV) and 
GABA (PV-GABA+) (Kubota & Jones, Br Res 600:339), are nearly absent from the 
En (Domroese, Behan, Haberly Neurosci. Abs. 23:809). Since PV+ basket endings 
are found throughout neocortex, hippocampus and claustrum, and can mediate a 
strong feedback inhibition, an important issue for epileptogenesis is whether the lack 
of PV+ endings reflects a lack of basket-cell inhibition in En, or whether GABAergic 
basket endings are present but do not contain PV. To address this question, rat En was 
examined for characteristic features of basket cells using immunocytochemistry, 
electron microscopy, and whole-cell patch recording/ staining with IR-Nomarski 
optics. GABA-like immunoreactivity was found in boutons in En, although they were 
of smaller size and at much lower density than in PC. EM examination of En in 
unreacted material revealed boutons in contact with principal cell somata with a 
morphology that is correlated with GABAergic function (pleomorphic vesicles and 
symmetrical synapses). These boutons are dark, flattened, and predominantly small. 
Two probable basket cells with axons arborizing in En were physiologically 
characterized and stained with biocytin. These neurons were large multipolar cells 
with long, relatively straight, sparsely-spiny dendrites within En and overlying cortex, 
displayed the fast-spiking, non-adapting property commonly associated with 
GABAergic function, and gave rise to profuse axonal arbors with juxta-somatic 
boutons in both En and overlying cortex. It is concluded that somata of principal cells 
in En are subject to GABAergic inhibition, but the differing morphology and lack of 
PV suggest that it may be functionally different from that in PC. Dendritic 
distributions of the intemeurons suggest that this inhibition is feedback in nature, with 
overlapping inputs and outputs in En and overlying cortex. The presence of 
descending inhibitory input from PC into En has potentially important implications for 
epileptogenesis (Haberly et al, this vol). Supported by NS 19865 from NINDS.

851.17
REVERBERATION BETWEEN ENDOPIRIFORM NUCLEUS AND DEEP 
LAYERS OF ENTORHINAL CORTEX AND AGRANULAR INSULAR CORTEX 
DURING SUSTAINED ICTAL-LIKE ACTIVITY. R. Demir*, L.B. Haberlv, M.B. 
Jackson. Depts. of Physiology and Anatomy and Neuroscience Training Program, 
University of Wisconsin, Madison, WI 53706.

Previous analysis of epileptogenesis in piriform cortex (PC) slices has been largely 
restricted to interictal-like activity. The present experiments have examined the 
dynamics of origin and spread of prolonged ictal-like discharges in rat PC, 
endopiriform nucleus (En) and other temporal areas using voltage-imaging with a 
464-element photodiode-array - an approach that provides high spatial and temporal 
resolution. In view of the fact that tiny injections of convulsants into deep PC evoke 
generalized tonic-clonic seizures in awake rats, development of an in vitro model for 
the spread of seizure activity within this region would appear to be worthwhile.

Slices were prepared by cutting in a near-horizontal (“ longitudinal”) plane to give 
slices containing PC and entorhinal cortex (EC), and in a near-frontal (“transverse”) 
plane to include PC and agranular insula (AI). The angle of section was adjusted as 
needed so that slices would be nearly perpendicular to the cortical surface. Seizure 
activity was elicited by perfusing the slices with low-Cl" bathing medium. Ictal-like 
discharges lasted for tens of seconds and consisted of an initial long-lasting tonic
like depolarization (few seconds) and subsequent clonic-like phase with discharges 
lasting hundreds of msec. The initial tonic-like activity usually originated in the 
endopiriform nucleus (En) in both the longitudinal and the transverse slices and 
propagated into adjoining cortical areas. In contrast, subsequent clonic-like 
discharges usually originated in deep layers of EC in longitudinal slices, and in deep 
layers of AI in transverse slices. These discharges propagated back toward En and 
PC. Discharges did not originate in PC that overlies En, despite the presence of 
reciprocal connections between these structures. Furthermore, some of these 
discharges failed to invade the PC.

It is concluded that ictal-like activity originating in En propagates into adjoining 
cortical areas, thereby perhaps contributing to the spread of seizures from this highly 
epileptogenic region. The findings support the hypothesis that anatomical projections 
from En to deep layers of EC and AI might serve as favorable pathways for 
development and generalization of seizures. Supported by NS37212 from NIH.

851.19
TETANUS TOXIN INDUCES LONG-TERM CHANGES OF GAMMA 
OSCILLATIONS IN THE HIPPOCAMPAL CA1 AREA. S.P. Hack. M, 
Vreugdenhih A, Draghun and J.G.R. Jefferys SPON:British Neuroscience 
Association. Neuroscience Unit, Dept, of Physiology. University of 
Birmingham. Edgbaston. B 15 2TT. Birmingham.

Synchronized neuronal oscillations in the gamma frequency band (γ) are 
associated with cognitive function. Injection of tetanus toxin in the rat 
hippocampus generates a transient (weeks) epileptic focus and induces long
term (months) spatial memory deficits. We studied the long-term (5 month post 
injection) effect of hippocampal tetanus toxin injections on γ in CAL

γ was evoked in CA1 area by a simultaneous tetanic stimulation 
(2OOms,lOO Hz.) of 2 sites, separated by 1 mm, in the stratum radiatum of 12 
slices from 5 tetanus toxin injected rats (T) and of 10 slices from 7 saline 
injected controls (C). At 2 times γ threshold stimulation (2O±2 V) the 
synchronous population activity in C starts after 62±I2 ms and lasts for l.5±O.2 
s. The frequency w'as initially 88±5 Hz and halved within 0.26+0.03 s. At 1 s 
tire frequency was within beta band frequency' (l9±2 Hz). In T this gamma to 
beta shift was less or even absent. The threshold, delay, initial frequency7 of γ 
and total duration of the oscillations were not different, but the time of half
frequency was increased (O.67±O.I7 s) as was the frequency at 1 s (34±5 Hz). 
Paired-pulse inhibition was reduced in slices from toxin animals.

The gamma to beta shift is less pronounced in slices from toxin injected 
animals. This can be due to a reduced recurrent excitation or a reduced 
pyramidal to intemeuron connections, that normally prolong the interval. This 
phenomenon can contribute to the memory deficits that occur long-term after 
tetanus toxin injections.

Supported by the Wellcome Trust.

851.16
SALTATORY AND WAVE-LIKE PROPAGATION OF EPILEPTIFORM 
DISCHARGES IN SLICES OF RAT PIRIFORM CORTEX CUT IN DIFFERENT 
PLANES. L.B. Haberly*. R. Demir. and M.B. Jackson. Depts. of Physiology and 
Anatomy, and Neurosci. Training Program, Univ. of Wisconsin, Madison, WI 53706.

In previous in vitro studies of epileptogenesis in slices that contain piriform cortex 
(PC) and endopiriform nucleus (En), slices have been cut “transversely” (near-coronal 
plane). In these slices, interictal-like epileptiform discharges originated in a small 
“onset region” at the dorsal portion of En and layer VI of the adjoining agranular 
insula and perirhinal cortex (Demir et al., E p i l e p s i a  3 7 , S 7 7 ,  1996). After onset, 
discharges rapidly invaded the interior of the En. To investigate effects of the absence 
of this onset region, and the initiation and spread of epileptiform activity when rostro- 
caudal fiber systems are relatively intact, “ longitudinal” slices were cut in a near
horizontal plane. The spatiotemporal pattern of epileptiform discharge was studied by 
imaging voltage with the fluorescent, voltage-sensitive dye RH414. Epileptiform 
activity was elicited either by bath application of 5 µM bicuculline (disinhibited), or 
by a persistent NMDA receptor-dependent induction process evoked by bathing slices 
in low-Cl' saline prior to recording in normal ACSF (induced). In contrast to the 
continuous, wave-like propagation observed in transverse slices, longitudinal slices 
showed a “saltatory” propagation. In induced slices, epileptiform discharges 
originated in a narrow region at the deep border of PC and En and spread within this 
region for ~IO msec prior to a sudden spread to PC. Following spread to PC, 
epileptiform activity suddenly appeared within the interior of the En. This type of 
discontinuous propagation was also observed in disinhibited longitudinal slices. 
However, in contrast to induced slices, site of onset was typically within the interior 
of En.

We propose that in the absence of the dorsal “onset region” present in transverse 
slices, newly described descending and ascending inhibitory projections from 
different populations of inhibitory interneurons in layer III (Domroese et al.; Ekstrand 
et al., this vol.) are responsible for the initial restriction of activity to the PC-En 
border, followed by the saltatory propagation first into PC, then En. Supported by 
NS37212 from NIH.

851.18
LAM INAR DISTRIBUTION OF INHIBITION IN RAT SOM ATOSENSORY  
NEOCORTEX AN D ITS ROLE IN REGULATING CORTICAL 
EXCITABILITY. L. Yang1* and L.S. Benardo1,2. Depts. o f ‘Physiology and 
Pharmacology, and 2Neurology, State University o f New York Health Science 
Center, Brooklyn, NY 11203.

Histological and physiological studies suggest a laminar specificity to the 
organization o f the inhibitory system. We and others have suggested that normal 
excitability levels within neocortex are maintained because excitatory afferents 
from deep layer neurons excite superficial inhibitory cells, which feedback to 
inhibit deeper layer neurons. To directly assess laminar differences in 
G A B A ergic  inhibitory strength, intracellular and field potential recordings were 
obtained from superficial and deep neurons from both coronal and horizontal rat 
somatosensory neocortical slices (each 450 µm thick).

Intrinsic neuronal properties o f  superficial and deep neurons in horizontal 
slices w ere similar to  th ose in coronal slices excep t that deep cell resting  
potentials w ere lower, and thus closer to  spike firing threshold. The synaptic  
properties o f  superficial horizontal slice s  w ere similar to th ose o f  their 
coronal counterparts. H ow ever, the major d ifference am ong deep neurons 
in horizontal (vs. coronal) slices w as the extrem e synaptic hyperexcitability  
seen, often m anifested by epileptiform  activity. Inhibitory strength in cells  
from  deep horizontal slices w as found to  be m arkedly low er than that o f  
neurons in coronal preparations. W e su ggest that rem oval o f  superficial 
inhibitory circuits accounts for the heightened excitability seen in deep  
horizontal slices. (Supported by N IH  grants M H  0143  1 and M H  516 7 7 )

851.20
INHIBITORY COMPONENTS OF CORTICAL SPIKE-W AVE SEIZURES IN 
VIVO. M. Steriade*. I. T im ofeev and F. Grenier. Lab. Neurophysiol., Sch. 
M ed., Laval Univ., Quebec, Canada G1K 7P4.

It is generally assumed that the EEG “spike” component o f spike-wave 
(SW ) and polyspike-wave (PSW ) com plexes reflects neuronal depolarization, 
whereas the “wave” component is associated with neuronal hyperpolarization. 
Here, we investigated the nature o f these two com ponents building up SW  
seizures by using intracellular and field potential recordings from cortical areas 
4, 5 & 7 in cats under ketamine-xylazine anesthesia. Seizures occurred either 
spontaneously or were elicited by local electrical stim ulation. As recently 
show n by our group, co rtica lly  generated se izu res (w h ich  survive  
thalamectomy) consisted o f SW  com plexes at 2-4 Hz as well as fast runs at 10- 
15 Hz during which the neurons were tonically depolarized, (a) The present 
data demonstrate that the depolarizations o f pyramidal cells during the “spikes” 
o f SW /PSW  seizures contain an important inhibitory component. The apparent 
input resistance during paroxysmal depolarizations was many times lower than 
during the “w ave” component o f seizures. Recordings with CL-filled pipettes 
revealed depolarizing shifts (by 10-30 m V) during the “spike” component o f  
SW  com plexes, whereas the “w ave” com ponent and the fast runs were not 
significantly affected by CL ions. Recordings with C s+ -fιlled pipettes showed  
that, during the “wave” component, pyramidal neurons displayed depolarizing 
potentials, (b) Conventional fast-spiking (FS), presumably inhibitory neurons, 
som e o f them intracellularly stained and show ing sparsely spiny or aspiny 
dendrites and locally arborizing axons, discharged at very high-rates (500-800  
Hz) during the EEG “spikes” o f SW /PSW  com plexes, were silent during the 
“w ave” components (like pyramidal neurons), and were com pletely silent or 
significantly reduced their firing rates during the episodes with fast runs. These 
data indicate that neuronal depolarization during the “spike” component o f  
SW /PSW  com plexes is com posed o f excitatory and inhibitory potentials, and 
that neuronal hyperpolarization during the “w ave” component is dominated by 
K+ currents. Supported by MRC, HFSP, Savoy Foundation and FCAR.
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852.1
THE PR O TEA SE TH RO M B IN  IS INV OLV ED IN NEU RO PRO TEC TIO N  
A G A IN S T ISC H EM IA -IN D U C ED  CELL DEATH. G. Reiser! *, J. Breder2 ,
K.G. R evm ann2 , E. S tr ig g o w f U nstitut für N eurobiochem ie, Otto-von- 
G uericke-U niversität M agdeburg, Leipziger Sir. 44, D -39120 M agdeburg; 
^L eib n iz-1nstitut für N eurobiologie, D-39008 M agdeburg, Germ any.

Pyram idal cells o f  the hippocam pal CA1 region are particularly  vulnerable 
to oxygen/g lucose deprivation (ischem ia). We have used organotypic slice 
cultures to investigate the influence o f  throm bin on ischem ia-induced cell 
death. The slices were subjected to ischem ia and the am ount o f neuronal 
dam age was m onitored by propidium  iodide fluorescence 24 h after the 
ischem ic insult. 5 min o f  ischem ia did not induce dam age in the CA1 region. In 
contrast, 30 min o f ischem ia were followed by excessive delayed cell death. A 
short (5 m in) pre-ischem ia given 24 h before 30 min o f  ischem ia further 
decreased cellu lar viability. However, exposure to pre-ischem ia com bined with 
the presence o f 0.1 U/ml (500 pM ) throm bin in the culture medium  during the 
follow ing 30 min o f  ischem ia significantly  protected CA1 neurons. W ithout 
pre-ischem ia, a protective effect o f  throm bin was not observed. Using RT-PCR 
we show for the first tim e that hippocam pal organotypic slice cultures express 
two d ifferent types o f  throm bin receptors, nam ely the protease-activated 
receptors 1 and 3 (PAR-1, PAR-3). The expression o f  both receptors is 
differentially  influenced by a short or a long lasting ischem ia. W e conclude that 
throm bin exerts its protective effect against ischem ic insults via activation o f 
specific receptors. Furtherm ore, the expression pattern o f  PAR-1 and PAR-3 
m ay underlie protection by throm bin. O ur findings could be o f  interest for the 
understanding o f  neurodegenerative diseases as stroke and neurotraum a.

(Supported by BM BF grant )

852.2
THROM BIN-INDUCED BRAIN EDEMA WAS ATTENUATED BY 
CEREBRAL THROMBIN PRECONDITIONING (TPC) IN RATS. G. XL,
R.F. Keep, and FT. Hoff. Department of Surgery (Neurosurgery), University 
of Michigan, Ann Arbor, MI 48109.

The coagulation cascade, especially throm bin formation, plays an 
im portan t role in brain edem a form ation follow ing in tracerebral 
hemorrhage (ICH). However, recent study indicates that low concentrations 
of thrombin protect neurons and astrocytes from cell death induced by 
hypoglycemia and other environmental insults. This study investigated the 
effects of pretreatm ent with a small intracerebral dose of thrombin (1 unit) 
on brain edema formation following large dose (5 units) thrombin infusion. A 
total of 20 pentobarbital-anesthetized Sprague-Dawley rats were used in 
the three groups of study. For preconditioning, various solutions were infused 
into rat right basal ganglia stereotactically. G roup 1) Five rats (control) 
received 50 µl saline. Group 2) Ten rats had 1 unit rat thrombin in 50 µl 
saline. Group 3) Five rats received 1 unit thrombin plus f unit hirudin, a 
thrombin inhibitor, in 50 µl saline. All animals received 5 units thrombin in 
60 µl saline infusion 7 days- later and were sacrificed at 24 hours. Brain 
edema was quantitated by w et/d ry  weight and sodium, potassium  ion 
contents were measured by flame photometry.

Thrombin-induced brain edema was reduced by TPC (P<0.01 vs. control). 
This brain protective effect was abolished by hirudin. The brain water 
content in right basal ganglia was 82.6±0.8%, 79.2+0.4%, and 81.8+0.8% in 
group 1 to 3, respectively (mean±S.D.). These results dem onstrated that TPC 
attenuated the throm bin-induced brain edema significantly. The precise 
mechanisms of TPC may be due to serine protease inhibitor upregulation in 
the brain. This study was supported by grant NS-17760 from NIH.

852.3
THROMBOEMBOLIC EVENTS PREDISPOSE THE BRAIN TO WIDESPREAD 
CEREBRAL INFARCTION FOLLOWING DELAYED TRANSIENT GLOBAL 
ISCHEMIA IN RATS. W.D. D ie t r ic h * , GL D anton, £U Kray- 
d ie h , I . Saul and R. Prado. D epartm ents o f  N eu rology and 
N e u r o lo g ic a l Surgery, U n iv e r s ity  o f  Miami S ch oo l o f  M edi
c in e ,  Miami, FL.

T ra n s ien t  d i s t a l  p l a t e l e t  a ccu m u la tion  a f t e r  common 
c a r o t id  a r te r y  th rom b osis (CCAT) le a d s  to  hemodynamic, c e l 
lu la r  and m o lecu la r  e v e n ts  th a t  may p r e d is p o se  th e  b ra in  to  
secon d ary  in s u l t s .  We in v e s t ig a t e d  how a throm boem bolic 
in s u l t  would a f f e c t  h is t o p a t h o lo g ic a l  outcome when combined  
w ith  an isch em ic  in s u l t  in d uced  24 h rs l a t e r . Three groups 
o f  r a t s  underwent e i t h e r  1) CCAT + 10 min o f  2V isch em ia  
(n = 6), 2) CCAT + sham isch em ia  p roced u res  (n = 6), or 3) sham 
CCAT p roced u res  + 10 min o f  2V isc h e m ia . At 7 d a y s, r a t s  
were p er fu se d  fo r  q u a n t i ta t iv e  h is t o p a t h o lo g ic a l  and im- 
m unocytochem ical a n a ly s i s .  R ats u nd ergo in g  combined i n 
s u l t s  (Group 1) had s i g n i f i c a n t l y  la r g e r  a re a s  o f  c e r e b r a l  
in f a r c t io n  (p < 0 .0 1 ,  ANOVA) w ith in  th e  c e r e b r a l c o r te x ,  
s tr ia tu m , hippocampus and thalam us compared to  th e  o th e r ,  
s in g le  in ju r y  grou p s. By g l i a l  f i b r i l l a r y  a c id i c  p r o te in  
(GFAP) im m unocytochem istry and l e c t i n  h is to c h e m is tr y ,  r e a c 
t iv e  a s t r o c y te s  and m ic r o g lia  were a s s o c ia t e d  w ith  w id esp r 
ead t i s s u e  n e c r o s i s .  In c o n tr a s t ,  in fr e q u e n t  in f a r c t io n  or 
s e l e c t i v e  n eu ron al n e c r o s i s  o f  th e  CA1 hippocampus was ob
serv ed  in  Groups 2 and 3 , r e s p e c t i v e ly .  Thus, a p r io r  
throm boem bolic ev e n t i s  a r i s k  fa c to r  fo r  c e r e b r a l in f a r c 
t io n  when combined w ith  a d e la y e d  isch em ic  i n s u l t .  Future  
s tu d ie s  w i l l  c l a r i f y  p a th o p h y s io lo g ic a l  r e la t io n s h ip s  
betw een TIAs and a cu te  s tr o k e  and a id  in  th e  developm ent o f  
n e u r o p r o te c t iv e  s t r a t e g i e s  fo r  p a t ie n t s  a t  r i s k  fo r  s tr o k e .  
Supported by NIH G rants NS27127 and NS 05820.

852.4
LOW-MOLECULAR-WEIGHT HEPARIN (LMWH) REDUCES BRAIN 
DAMAGE IN A RAT MODEL OF THROMBOTIC MIDDLE CEREBRAL 
ARTERY OCCLUSION (MCAO). O-P He.1,2 P-A L i.1,2 A Shuaib.2*' BK.
Siesjo*. 1 Center for the Study of Neurological Disease, Queen’s Medical

2
Center, Honolulu, HI, Saskatchewan Stroke Research Centre, Univ. 
Saskatchewan, Saskatoon, Canada

LMWH has the equivalent antithrombotic effect but less bleeding or 
hemorrhagic transformation of infarct than unfractionated heparin. The 
objective of the study was to investigate the neuroprotective effect of LMWH 
on rats subjected to permanent thrombotic MCAO and to establish its 
therapeutic window. MCAO was induced by injection of a thrombus at the 
origin of the MCA.

Thirty-eight Wistar rats were divided into four groups. LMWH was 
subcutaneously injected and the injections were initiated at 1 h, 3 h, and 6 h 
after MCAO in separate series of animals. Ischemic control animals were 
injected with equal volume of normal saline. Rats were sacrificed at 48 h 
following MCAO and the brains were coronaly sliced and stained with 2.0% 
TTC. The infarct volume as well as the percentage of brain edema was 
calculated using NIH image software. Neurological behavior was estimated at 
1 h, 24 h and 48 h after ischemia.

The results revealed that posttreatment with LMWH at 1 h and 3 h 
following thrombotic MCA occlusion reduces both brain edema and infarct 
size and improves clinical outcome. Treatment with LMWH initiated at 6 h 
after thrombin injection can only partially ameliorated brain damage and 
edema. The results suggest that LMWH has pronounced neuroprotective effects 
in a rat model of thrombotic focal ischemia and that 'the therapeutic window 
for this agent is between 3 h and 6 h.

852.5
ENOXAPARIN IN CEREBRAL EDEMA AFTER PHOTOTHROMBOTIC 
INJURY IN RATS. J. Pratt. P. Boudeau, A. Imperato. A. Uzan* and J.M. 
Stutzmann. Rhône-Poulenc Rorer S.A., CRVA, CNS, Vitry, 94403. FRANCE.

Stroke causes increased intra-cranial pressure by edematous swelling of the brain. This 
study uses photothrombotic coagulation to provoke cerebral ischemia and edema, and 
examines the effect of enoxaparin (E), a low molecular weight heparin, in reducing 
edema. Male Sprague-Dawley rats of 200-240g were anaesthetized with chloralose, the 
scalp opened and a 150W fibre optic fight placed on the right cranium. Bengal rose (10 
mg/kg iv) was injected and the brain illuminated for 5min. E was injected at 0.5 mg/kg iv 
followed 15 min later by 2 mg/kg sc at 2,6 or l8h post lesion. Further doses of 2 mg/kg 
E sc were administered at 6 & l8h post lesion. In a second series E was given at 0.25, 0.5 
or 1 mg/kg iv, l8h post lesion followed 15’ later by sc administration at 1, 2 or 4 mg/kg. 
Control groups were treated with saline. Animals were decapitated 24h post lesion and 
brains removed. A 6 mm diam. cork borer sample was taken at the lesion site and in the 
contralateral cortex. Water content as wet/dry weight and edema expressed as % excess

Time course Dose / reponse
treatment edema (%) change(%) E mg/kg edema (%) change(%)
controls 4.4 ±0.1 O±2 control 4.1 ±0.1 O±3
2h delay 3.0 ±0.2 *** 32±5 0.25 + 1 4.2 ±0.1 2±3
6h delay 3.1 ±0.2 *** 29±5 0.5 + 2 3.6 ±0.1 * l3±3
l8h delay 3.5 ±0.1*** 2O±2 1 +4 3.3 ± 0.3 ** 2O.3±3

No haemorrhage or increase in brain haemoglobin content was noted E caused a 
significant reduction of the edema with treatment 2, 6 or l8h post lesion. At l8h post 
lesion the anti-edematous effect of E was dose/dependent. Thus enoxaparin reduces 
edema in a model of thromboembolic stroke, even once edema has formed Possible 
mechanisms of action are discussed

852.6
L E U K O C Y T E -E N D O T H E L IA L  A D H E R E N C E  IN PENUM BRAL  
CO R T EX  24 H O U R S A FTER  PE R M A N E N T  M C A O  IN M ICE S.S. 
Kaplan. J.M. Giddav. E,R, Gonzales. R.S. Perez. J.L. Dowling* and T S. Park. 
Departments o f  Neurological Surgery, Cell B iology & Physiology, and 
Anatomy & Neurobiology, Washington University School o f  M edicine and St. 
Louis Children’s Hospital, St. Louis, MO 63110.

Recent studies in temporary occlusion m odels o f  cerebral ischemia in 
transgenic mice support the hypothesis that leukocytes contribute to ischemic 
brain injury; however, based on studies in rats, leukocytes may play a less 
significant role in permanent MCAO injury models. The present study was 
performed in adult male chloral hydrate-anesthetized Swiss-W ebster mice to 
assess leukocyte-endothelial interactions in pial venules in the penumbral 
cortex in a model o f  permanent focal MCAO produced by temporal craniotomy 
and MCAO distal to the internal cerebral vein. Occlusion was confirmed by 
visual inspection and reduction o f  laser Doppler CBF to 10% o f  baseline. 
Rectal temperature was controlled until the animals regained full 
consciousness. At 24 h post-occlusion, animals were equipped with closed  
cranial windows over the right parietal, parasagittal cortex, a region which at 24 
h exhibited significantly lower flow  than that measured in sham-operated 
controls. Penumbral leukocyte dynamics imaged by epifluorescence 
videomicroscopy o f  rhodamine-labeled leukocytes revealed a significant 
increase in the number o f  adherent leukocytes at this time (473±IO8 
leukocytes/mm2 endothelial surface; n=6) compared to sham controls 
(6O±4/mm2; n=5; p<0.003). Infarct volume determined by TTC staining in 
these animals was 25±3 mm3; the area o f  infarction was always lateral to the 
location o f  the cranial window. Our results suggest that anti-leukocyte 
interventions may find utility in ameliorating vascular and parenchymal injury 
in penumbral regions following permanent focal ischemia. (Support: n i h  n s  21045)
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852.7
SERUM AMYLOID A IS PRESENT IN THE CAPILLARIES AND MICROINFARCTS 
OF HYPERTENSIVE MONKEY BRAIN. E. Bartolák-Suki1. J.D. Sipe3. R E. Fine2.
D.L. Rosene1*. and M.B. Moss1. Dept, of Anatomy and Neurobiology1 and Dept. 
Of Biochemistry2, Boston University, School of Medicine, Boston MA02118, and 
National Institute of Health, Bethesda, MD 208923.

Serum Amyloid A  (SAA) is a major inducible acute phase protein that is 
characterized as a transient injury specific constituent of high density lipoprotein. 
While the primary source of circulating acute phase SAA (A-apoSAA) is the liver 
hepatocytes, extrahepatic expression of A-apoSAA has been demonstrated in the 
brain of Syrian hamster following intraperitonial injection of the inflammatory 
stimulant, lopopolysaccaride. Recently, the presence of A-apoSAA in the brain has 
been demonstrated in AD patients (Liang et al., N e u ro s c ie n c e  Le tt., 1997). We 
investigated whether A-apoSAA, as a marker of inflammation, is present in the 
brain of monkeys with surgically induced hypertension of 36 month duration. 
Sections from the brains of normotensive monkeys (systolic blood pressure<140 
mmHg) and hypertensive monkeys (systolic blood pressure>190 mmHg) were 
processed for immunohystochemistry with a rabbit polyclonal antiserum to human 
A-apoSAA. We found that A-apoSAA was present in hypertensive but not in 
normotensive monkey sections. Staining was localized to capillary endothelial cells 
and occasionally the entire vessel wall in certain regions of the prefrontal cortex. 
Staining was also observed in the capillaries and in medium size vessels of the 
corona radiata, the head of the caudate and, to a smaller extent, in the putamen. 
Additionally, the A-apoSAA was present in cells forming a circular configuration 
within microinfarcts. These findings suggest that high blood pressure in the brain 
can result in either local production of A-apoSAA in the capillaries and within 
microinfarcts or uptake of A-apoSAA from the blood. Since A-apoSAA is known to 
bind cholesterol, perhaps the presence of this molecule in the endothelial cells 
modifies normal myelin metabolism. Supported by NIH P01 NS31649.

852.9
EFFECTS OF CLOMETHIAZOLE (ZENDRA®) ON LEUKOCYTE RECRUIT
MENT & EDEMA FORMATION IN CARRAGEENIN-INDUCED PLEURISY 
IN RATS T.K. M urray1, A. Petrén2, L.B. Nilsson1, I. Watson*1, I. Raud2, and 
D.M. Tackson1. ’Astra Arcus AB, Sweden; "Astra Pain Control Sweden.

Clomethiazole (C), which induces hypothermia (H), is neuroprotective in 
cerebral ischemia models even when temperature (temp) is maintained. After 
ischemia leukocytes are activated & infiltrate brain tissue, releasing free radi
cals & proteolytic enzymes which induce tissue damage & vascular perme
ability leading to brain edema. Here we describe the effects of C on car- 
rageenin (carrag)-induced pleurisy in the rat, a robust test for acute cytokine- 
dependent leukocyte recruitment , a model sensitive to glucocorticoid 
treatment & blockade of leukocyte CD11/CD18. Male SD rats (~235g) were 
implanted s.c. with 2001D Alzet osmotic minipumps containing C 
(=5Oµmol/kg/h) or saline (S, =3Oµl/kg/h) & administered C (l56µmol/kg) or 
S s.c. 30 min later. Pleurisy was induced using carrag lh  after pump im
plantation. The experiment was stopped at 5h & the exudate collected for de
termination of edema volume & leukocyte number. Rectal temp was moni
tored. In Expt.l. temp decreased to ~35°C in C-treated rats. In Expt.2. temp 
was maintained via heatpad & lamp at =38°C in C-treated rats. In addition, a 
3rd group received identical C treatment, plasma samples collected & ana
lyzed for C which was =4OµM in both experiments. In Expt.l, C significantly 
reduced edema by 53% & leukocyte recruitment by ~ 70%. When temp was 
maintained, C was inactive. These data suggest that the mechanism by which 
C inhibited the inflammatory response in Expt.l involved the drug's H prop
erties rather than direct effects on inflammatory processes. They may also in
directly cast light on why H is neuroprotective.

852.11
TUMOR NECROSIS FACTOR ALPHA EXPRESSION IS ASSOCIATED 
WITH BLOOD-BRAIN BARRIER PERMEABILITY FOLLOWING FOCAL 
CEREBRAL ISCHEMIA IN MICE. G-Y. Yang*, C. Gong, Z Qin, Y. Mao, 
A.L. Betz. Dept of Surgery, University of Michigan, Ann Arbor, MI 
48109.

Alterations in blood-brain barrier (BBB) function occur in both 
permanent and temporary cerebral ischemia. In vivo  and in vitro  studies 
have shown that tumor necrosis factor-alpha (TNFα) can increase BBB 
permeability. The aim of this study is to demonstrate the relationship 
between the overexpression of TN Fα and BBB disruption after temporary 
focal cerebral ischemia in mice.

The middle cerebral artery was temporarily occluded in 72 CD-I mice for 
lh followed by either 2h, 5h, 11 h, or 23h of reperfusion. Ischemia and 
reperfusion were confirmed by measuring surface cerebral blood flow. 
Neutralizing monoclonal anti-mouse TN Fα antibody was administrated 
intraventricularly immediately after reperfusion. TN Fα expression was 
determined by double label immunohistochemistry. BBB disruption was 
determined by immunostaining of extravasated endogenous albumin.

TNFα expression occurred as early as 2h reperfusion whereas BBB 
disruption was only found by 11 h reperfusion. TN Fα positive cells 
included neurons, astrocytes, and ependymal cells. Infarct volume and BBB 
disruption were significantly attenuated in the anti TN Fα antibody treated 
mice (p<0.05).

These results indicate that overexpression of TN Fα during temporary 
focal cerebral ischemia is associated with increased BBB permeability and 
that inhibition of TNFα can reduce BBB disruption. This suggests that 
TNFα may be an important mediator of altered BBB permeability during 
ischemia and reperfusion.

Supported by NIH grants 2 R01 NS23870 and 1 R01 NS35089.

852.8
ENDOTHELIAL CELL DEATH & PROLIFERATION AFTER LOCAL 
ISCHEMIA IN RAT BARREL CORTEX. L. Wei. C. Rovainen* and T. Woolsev. 
Depts of Cell Biol. & Physiol, and of Neurology & Neurosurgery, Sch. of Med. 
Washington Univ. St. Louis, MO 63110
Objective: To test for vascular cell death, proliferation, and angiogenesis during 
microvascular remodeling after local ischemia and stroke in adult rat whisker barrel 
cortex. Methods: This study uses the ministroke model of Wei et al. (1995). Adult 
Wistar rats were anesthetized with ketamine and xylazine. A cranial window was 
opened over somatosensory cortex and local branches of the middle cerebral artery 
that supplied whisker barrel 'cortex were permanently ligated. After 2-10 days the 
brains were fixed. Sections were labeled with markers for endothelial turnover and 
angiogenesis: (a) TUNEL for fragmented DNA in dying cells; (b) BrdU for DNA 
synthesis in proliferating cells; and (c) Monoclonal antibodies to integrin αvß3. 
Results: TUNEL staining shows early (and late) neuronal cell death in infarcts. 
Vascular cell nuclei along the lumen and in vascular walls were also TUNEL- 
positive 2-4 days after local ischemia. Individual microvessels had multiple TUNEL- 
positive nuclei and they appeared in regions either with or without neuronal death. 
At 5 days, BrdU labeled endothelial cells of intraparenchymal capillaries and venules. 
Some surface vessels also had BrdU-positive cells. In neonatal (P8) cerebral cortex, 
some capillaries stained immunopositive for αvß3. In adult rats 5 and 10 days after 
local ischemia, both blood vessels and parenchymal cells (likely astrocytes) in 
infarcts were immunopositive, but contralateral and adjacent ipsilateral cortex were 
not. Conclusions: Vascular cells can degenerate and proliferate in and around small 
strokes. Angiogenesis and growth of surface arteriolar collaterals for new and 
alternative blood flow could be related to the progression of and potential recovery 
from small strokes. Supported by NIH Grants NS 07057 and NS 28781, the M cDonnell Center for 
Studies o f Higher Brain Function and an award from the Spastic Paralysis Foundation o f  the Illinois- 
Eastern Iowa District o f the Kiwanis International.

852.10
ACCUMULATION OF ARACHIDONIC ACID (AA) AND LEUKOTRIENE C4 
(LTC4) CAUSES EDEMA FORMATION AFTER TRANSIENT CEREBRAL 
ISCHEMIA. A. M. Rao*, J. F. Hatcher. A. Doqan. and R. J. Dempsey: Dept of 
Neurological Surgery, Univ. of Wisconsin, Madison, Wl 53792.

Accumulation of AA is greatest in regions most sensitive to the effects of 
ischemia and reperfusion. Free AA released from membrane phospholipids 
after ischemia is either: 1) reincorporated into the membrane phospholipids, 
or 2) during reperfusion oxidized by 5-lipoxygenase, producing LTC4. AA and 
its metabolite LTC4 have been implicated in the blood-brain barrier (BBB) 
dysfunction and edema formation after ischemia/reperfusion. Here we report 
the accumulation of AA and LTC4 during global transient cerebral ischemia of 
gerbils. Methods: Common carotid arteries of gerbils were occluded for 10 
min under halothane anesthesia and reperfused for as long as 24 h. Cortices 
and hippocampi regions were analyzed. Phosphatidylinositol 4,5- 
bisphosphate breakdown and diacylglycerol, free fatty acid accumulations 
were determined by TLC and GC methods. LTC4 levels were quantified by an 
ELISA method. BBB dysfunction was studied by Evans blue fluorescence. 
Wet-dry method was used for cerebral edema measurement. Results: 
Significant amount of AA was found immediately after 10 min ischemia (0 
min reperfusion) which returned to control levels within 30 min reperfusion. A 
second release of AA occurred after 24 h reperfusion. LTC4 accumulation was 
observed after 1-2 h and 24 h reperfusion. BBB breakdown occurred after 6 h 
reperfusion. Significant edema formation was observed at 24 h reperfusion 
that remained unchanged at 48 h. C o nclusions: Accumulation of AA and 
LTC4, possibly together with highly reactive free radicals and lipid peroxides 
(activators of 5-lipoxygenase) produced in the course of AA metabolism after 
transient cerebral ischemia may cause alterations in membrane permeability, 
resulting in significant edema formation and ultimately to neuronal death. 
Funded by University of Wisconsin, NIH and Department of Veterans Affairs.

852.12
SPINAL HEAT SHOCK PROTEIN (72) EXPRESSION: EFFECT OF HYPER
HYPOTHERMIA AND SPINAL ISCHEMIA. T .S asara1*. Y .Taira1 
D .C izkova2. R. M estril3 and M .M arsala1. ‘Dept, of Anesthesiology, Univ 
of Rykyus, Okinawa, Japan, 2Anesthesiology Res. Lab., Univ. of California, San 
Diego, 3Dept. of Medicine, Univ.of California, San Diego

Current work has shown that transient brain ischemia or hyperthermia (43°C) is 
effective in inducing HSP72 in specific brain regions. In the present study we 
characterize the effect of i) transient spinal cord ischemia (6 min), ii) hypothermia 
(21 °C) and, iii) hyperthermia (42°C) on spinal HSP72 protein expression and mRNA 
transcription. To induce spinal ischemia in halothane (1.5%) anesthetized rats a 
balloon catheter was placed into the descending thoracic aorta and inflated with 0.05 
cc of saline. Spinal hyperthermia (42°C, 30 min) or hypothermia (21 °C for 30 or 60 
min) was induced by using a subcutaneously implanted heat exchanger. To measure 
spinal CSF glutamate release a loop dialysis catheter was implanted into the lumbar 
intrathecal space. After predetermined periods of reflow or temperature changes, 
animals were perfusion fixed and the spinal cord processed for HSP72 protein 
expression by immunohistochemistry. In a separate animals, lumbar segments were 
harvested for Northern and Western Blot analysis. Spinal ischemia evoked a prominent 
upregulation of mRNA (HSP72) at 4 hrs after ischemia and neuronal protein 
expression in both ventral and dorsal spinal horn at 24 hrs after ischemia. Spinal 
hyperthermia evoked a clear protein expression at 4 hrs, however, this expression was 
seen only in glial cells. Spinal hypothermia had no detectable effect. Spinal glutamate 
concentration was significantly (150%±35 from baseline) increased during 
hyperthermia, however, MK-801 pretreatment had no detectable suppressive effect on 
glial HSP72 expression. This data shows that anoxic depolarization is a potent 
stimulus for spinal neuronal HSP72 induction. In contrast spinal hyperthermia 
induces only glial HSP72 expression and this effect is not mediated through excessive 
NMDA receptor activation during hyperthermia. Work supported by NIH (NS32794).
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852.13

T r a c e  C o n d it io n in g  A ft er  G lo b a l  C e reb r a l  Is c h e m ia  in  Ra b b it s : E ffects  
o f  H y po t h e r m ia  A n d  a  So d iu m  C h a n n e l  An t a g o n is t . M.H. Zom ow .1* 
J.Y. Kwon.4 A. Bacher.5 J.F. D isterhoft6 M R , Grafe.2 T. Uchida,3 D.J. D evo1. 
Depts. 'Anesthesiology, 2Pathology, and 3Biostatistics, Univ. Texas Med. Branch, 
Galveston, TX 77555-0591; 4Dept. Anesthesiology, Univ. Pusan, Korea; 5Dept. 
A nesthesiology, Univ. Vienna, Austria; 6Dept. Cell and M olecular Biology, 
Northwestern Univ. Med. School, Chicago IL.

Acquisition o f  the trace-conditioned eyeblink reflex (CR) is mediated by brain 
structures that include the cerebellum, the hippocampus, and brain stem nuclei. We 
examined the effects o f  a neuronal sodium channel antagonist (lamotrigine) on the 
ability o f  rabbits to acquire an eyeblink-conditioned reflex after 6.5 min o f  cerebral 
ischemia. N ew  Zealand white rabbits (n=33) were randomly assigned to sham (S), 
normothermic ischem ia (N), hypothermic ischem ia (H, 3O°C) or lamotrigine (L, 
50 mg/kg, iv) treated groups. In the N , H, and L groups, 6.5 min o f  global cerebral 
ischem ia was produced using an inflatable neck tourniquet. Trace conditioning was 
started on the 7th postoperative day. The interval between the end o f  conditioned 
stimulus and the start o f  the unconditioned stimulus (trace interval, TI) was 300 ms 
in duration. A conditioned reflex was defined as an eyeblink initiated during the 
TI. Eighty trials per day were delivered. Neurologic deficits were greatest in the 
N  group and these animals had fewer CRs than animals in the S or H groups 
(p<0.05). L group animals had a total number o f  CRs that was intermediate 
between the S and N groups. Histologic evidence o f  neural injury was greatest in 
the N group. This study demonstrates that a brief episode o f  cerebral ischemia 
results in the impairment o f  this test o f  neurobehavioral function. Both 
hypothermia and lamotrigine attenuated the impairment o f  acquisition o f  the 
eyeblink-conditioned response produced by cerebral ischemia.

Supported by NIH grant N S29403-05 to MHZ.

852.15

TR A N SIEN T FO REBRAIN ISCHEM IA IN THE RAT INDUCES  
GLUCOCORTICOID RECEPTOR mRNA EXPRESSION THAT IS 
M ODIFIED BY  HYPOTHERMIA. I-M. J o h a n s s o n 1 >2*, T. W ieloch3. 
T. O lsson2. *Dept. o f Obstetrics and G ynaecology, Um eå University 
H ospital, Sweden; 2Dept. o f M edicine, U m eå U niversity Hospital, 
Sweden; ^Wallenberg Neuroscience Center, Experimental Brain research 
Lab., Lund University Hospital, Sweden.

Transient global ischem ia in the rat induces delayed CA1 neuronal 
death. Intraischemic hypothermia protect the brain from this neuronal 
damage. In this study 15 min o f normothermic or hypothermic (33°C) 
global cerebral ischemia was induced in male Wistar rats (350-400g) by 
com m on carotid artery occlusion combined with systemic hypotension. 
In situ  hybridisation was used to follow  the m RNA expression o f the 
glucocorticoid receptors, GR and MR, and the immediate early gene 
NGFI-A at the post-ischemic timepoints 1, 6, 24 and 48 hours (n=3 for 
each timepoint and each temperature) + sham operated rats (t= 24h).

In normothermic rats GR m RNA expression was induced in the 
hippocam pal subregions C A 1-4, with the peak at 24h, w hile GR 
expression in the hypothermic rats was unchanged. The MR mRNA  
expression was unchanged in the normothermic animals, w hile the 
expression in the hypothermic rats in the CA3 and CA4 hippocampal 
regions at the 24h was increased. NGFI-A mRNA was induced at lh  in 
the hippocampus, predominantely within the dentate gyrus, without any 
difference between the hypo- and normothermic rats. Thus, specific for 
rats where CA1 cells are destined to die is the increase in GR mRNA in 
the hippocampus. However, the induction within these animals is not 
restricted to cells that are going to die.

852.17

NEAR-TOTAL CA1 PROTECTION WITH 6 HR DELAYED  
HYPOTHERMIA IN RATS SUBJECTED TO FOUR VESSEL  
OCCLUSION ISCHEMIA. F. Colbourne1*. A. Buchan2. Dept, o f  
Pathology1 and Clinical Neurosci.2, Alberta Stroke Program, Faculty o f  
Medicine, University o f  Calgary, Calgary, AB, Canada T2N 4N1

Global cerebral ischemia in rodents leads to a delayed loss o f  
hippocampal CA1 neurons. Prolonged, but not brief postischemic 
cooling persistently reduces CA1 injury in gerbil even with survival 
times o f  6 - 12 months (e g., Colbourne and Corbett, 1995; J.
Neurosci. 15:2250-60). However, postischemic hypothermia is thought 
to be only transiently protective in rat (e.g., Dietrich et al., 1993: J. 
Cereb. B lood  Flow & M etab. 13:541-9). We hypothesized that this was 
due to the fact that only brief (< 7 hr) hypothermia has been studied in 
rat while experiments in gerbil have utilized protracted cooling (> 24 
hr). Rats were implanted with brain temperature probes and later 
subjected to 10 min o f  4-VO ischemia. Rats kept normothermic during 
ischemia and for 72 hr thereafter had severe CA1 damage (7 ±  3 SD % 
normal) after a 28 day survival. Similarly treated rats who were cooled 
starting at 6 hr postischemia (32°C for 24 hr + 34°C for 24 hr) by an 
automated exposure technique (Colbourne et al., 1996; J. Neurosci. 
M eth. 67:185-90) had an 89 ± 7 SD % normal CA1 (p < 0.0001).
Thus, postischemic cooling provided lasting CA1 protection in rats.

Research supported by the Heart and Stroke Foundation o f  Canada.

852.14

PREINCUBATION TEMPERATURE AFFECTS JUN KINASE (JNK) 
PHOSPHORYLATION IN CA1 A ND  CA3 HIPPOCAM PAL SLICES 
DURING HYPOXIA AND REOXYGENATION. N . Kreisman*. D. 
Gozal. N. Simakajomboon. A. Havs. and S. Soliman . Depts. Physiology 
and Pediatrics, Tulane Univ. Sch. M ed., N ew  Orleans, LA  70112.

Changes in tyrosine phosphorylation o f  JNK have been implicated in 
ischemic neuronal damage. To test this hypothesis, w e measured 
phospho-JNK in hippocampal regions known to be vulnerable (CA1), and 
resistant (CA3), to ischemic damage. Hippocampal slices from rats 
anesthetized with ether were preincubated for 90 min at either 24° or 
34°C  in an interface chamber prior to incubation at 34°C . Protein was 
extracted from CA1 and CA3 mini-slices frozen at -80 °C during 
normoxia, 10-min hypoxia, or 60 min reoxygenation. Western blots 
showed that phospho-JNK levels increased in both CA1 and CA3 regions 
during hypoxia in slices preincubated at 2 4 °C. In contrast, phospho-JNK 
decreased during hypoxia in slices preincubated at 34°C . During 
reoxygenation, phospho-JNK recovered somewhat in both CA1 and CA3 
slices preincubated at 2 4 °C. During reoxygenation in slices preincubated 
at 34°C , CA1 phospho-JNK overshot normoxic levels while CA3 
phospho-JNK fell below hypoxic levels. The regional dependence o f  
phospho-JNK levels on preincubation temperature correlates with 
regional sensitivities to hypoxic depolarization, suggesting a link to 
neuronal damage mechanisms. Supported by grants from NIH  (HD- 
01072; M C-J229163), Am Lung A ssoc., and Am Heart Assoc.-La.

852.16
NEUROPROTECTIVE EFFICACY OF PROLONGED 
POSTIS£HEMIC HYPOTHERMIA IN FOCAL ISCHEMIA. _D, 
Corbett1. M. Hamilton2, R.N. Auer3 and F. Colbourne3, 1 Basic 
Med. Sci., Fac. Med., Memorial Univ., St. John’s, NF, A IB 3V6;
2 Dept. Clin. Neurosci.,3 Dept, o f Pathol., Univ. o f Calgary, 
Calgary, A B, T2N  2T9, Canada.

Postischemic hypothermia provides long lasting neuroprotection in 
gerbil and rat models o f global ischemia when hypothermic 
durations of > 3 -4  h are used (Colbourne et al., Mol. 
Neurobiol.,1997,14, 171). Less is known about the long term 
consequences o f prolonged postischemic hypothermia in focal 
ischemia. In the present study w e assessed the efficacy o f mild 
hypothermia following middle cerebral artery (MCA) occlusion.

Forty-four rats were subjected to sham, ischemic, or ischemic + 
hypothermic treatments. Ischemia was produced by intraluminal 
occlusion o f the MCA for 30  min at a BP of 60 mm Hg. 
Hypothermia (34°C) was initiated 30  min after suture removal and 
was maintained for 48 h before rewarming to normothermic levels. 
The rats were allowed to survive for 2 mo prior to sacπfice and 
quantification o f brain damage. The amount o f remaining cortical 
and striatal tissue was expressed as a % o f the homotypic regions of 
the non-infarcted hemisphere. Hypothermia significantly reduced the 
extent o f ischemic injury in both cortex (25.6%) and striatum 
(13.5%; p<.01 and p<.O5 respectively, Scheffe tests).

Like global ischemia, long lasting protection can be achieved in 
focal ischemia when hypothermia is prolonged. These data provide 
further support for the use o f hypothermia as a treatment for stroke. 
Supported by the Heart & Stroke Foundation o f NF and AB.

852.18

NEUROPROTECTI VE EFFICACY OF CLOMETHI AZOLE 
(ZENDRA®) IN A GERBIL MODEL OF GLOBAL ISCHEMIA.
J. Dowderf,1 D. Chaulk,1 D. Corbett1 and D.M. Jackson2. 1 Basic 
Med. Sci., Fac. Med., Memorial Univ., St. John’s, NF, Canada,
A IB 3V6; 2 Astra Arcus A B, Södertälje, Sweden.

Clomethiazole (C) reduces ischemic injury. In earlier studies 
hypothermic effects o f the drug were not completely ruled out. Also, 
survival times were short and C may have delayed rather than 
prevented cell death. Thus we reexamined C efficacy in a 
temperature controlled gerbil model o f global ischemia using 
behavioural and histological endpoints and several survival times.

Forty gerbils were divided into sham (S), ischemic (I), ischemic + 
C (10 d survival) and ischemic + C (30 d survival) groups. Ischemia 
consisted o f 5 min o f bilateral carotid artery occlusion at ~36.5°C. 
Clomethiazole was given 60 mg/kg ip, 30  min after the start o f  
ischemia and by osmotic mini-pump (400 mg/ml) implanted 
(duration 25 h) at the end o f ischemia. Brain temperature was 
monitored for 24 h. Open field habituation was examined 5, 10 and 
30  d after ischemia followed by CA1 cell counts.

C slightly reduced brain temperature (low o f 35.5°C). I gerbils 
displayed habituation deficits on all test days. C treated gerbils were 
less impaired than I gerbils but this was significant only on d 10 
(p<.01). C produced significant C A 1 protection at 10 and 30  d 
though protection declined (d 10 vs d 30, p<.O5). These data 
indicate that C provides protection independent o f a major effect on 
temperature. Supported by the Astra Canadian Neuroprotection 
Network.
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852.19

COMBINATION OF INTRA- AND POSTISCHEMIC HYPOTHERMIA 
EXERTS PROFOUND NEUROPROTECTION AGAINST TEMPORARY 
FOCAL ISCHEMIA IN RATS. H. Yanamoto2*. I. Naeata1, T. Higashi'. I. Mizuta2.
J. Nishizaki2, H. Kikuchi3. 'Department o f Cerebrovascular Surgery, 2Division of 
Cerebrovascular Disorders Research, '’National Cardiovascular Center, Suita, Osaka 
565-8565,Japan

It is unknown whether a combination o f intra-and postischemic hypothermia provides 
additional neuroprotective effects that can be assessed at a late time point. This study 
investigated this issue using temporary focal ischemia in rats.

Twenty-four Sprague-Dawley rats, weighing 300 to 35Og were randomly divided into 4 
groups. Temporaiy focal ischemia was induced using a micro-clip on the left middle 
cerebral artery in combination with temporary occlusion of the bilateral common carotid 
arteries for 2 hours. In the first group, ischemia and reperfusion was maintained under 
normotheπnic(N) conditions (control, NN). In the second group, ischemia was induced 
and maintained under the normothermic conditions and reperfusion was performed 
under hypothermic(L) conditions (33°C for 1 h during surgery and in a cold room, 6- 
12°C for an additional 21 h after surgery, NL). In the third group, both ischemia and 
reperfusion was perfoπned under hypothermic conditions (33°C for 3 h during surgery 
and in a cold room, 6-12°C for an additional 21 h after the surgery, LL). In the fourth 
group, ischemia was induced and maintained under normothermic conditions and 
reperfusion was perfoπned under hypothermic conditions (NL). All rats were perfused 
48 h after the induction of ischemia and the size o f the cerebral infarct was analyzed after 
TTC staining. The size of the cerebral infarct was significantly reduced by a single 
treatment with intra- or postischemic mild hypothermia. There was a significant 
difference between the LN and LL groups but not the NL and LL groups. It was 
postulated that the neuroprotective mechanisms of intra- and postischemic hypothermia 
differ or ischemic cerebral injury is an ongoing process from the induction o f the 
ischemia to the reperfusion period. (Supported by Special Coordination Funds for 
Promoting Science and Technology, and by Grant-in-Aid for Scientific Research)

852.21

DELAYED INDUCTION OF MILD HYPOTHERMIA IN EXPERIMENTAL 
FOCAL CEREBRAL ISCHEMIA: EFFECTS ON NEUROLOGICAL OUTCOME 
AND INFARCT SIZE. CM Maier *u , MA Yenari23, GK Steinberg13 Depts. of 
Neurosurgery1 and Neurology", and Stanford Stroke Center3, Stanford University 
Medical Center, Stanford, CA

Previous work in our laboratory has demonstrated that 33°C is better than 3O°C 
based on intraoperative management of the experimental subject and recovery form 
anesthesia, and that just 1 hour of intraischemic mild hypothermia is sufficient to 
obtain very significant neuroprotection. A more clinically relevant question, 
however, is how long can its induction be delayed without loss of benefit. Here we 
report the results of a study undertaken to determine the effects of delaying induction 
of mild hypothermia following transient (2 h) Middle cerebral artery occlusion by the 
intraluminal suture method. Thirty two animals were randomized into 3 different 
groups: 1)’N’ normothermic controls (37°C, n=l5), 2)’H0’ 2h hypothermia applied at 
ischemic onset (33°C, n=8), 3) ’H9O1 2h hypothermia induced 90 min into the 
ischemic period (33°C, n=9). At the end of the experiment animals were returned to 
normothermia and closely monitored for any neurological findings over a 72 h 
period. Hypothermic animals had a significantly better survival rate (HO: 90%, 
H9O: 100%) compared with controls (N:33%, p<0.01). Neurological outcome showed 
that all hypothermic animals tended to score better than normothermic controls. 
Histopathology revealed a 40% and 58%> reduction in hemispheric damage for the HO 
(16.5 ± 23%) and H9O (11.5 ± 20%) groups, respectively, compared with controls 
(27.2 ± 15%). This indicates that mild hypothermia induced 90 minutes into the 
ischemic period is still effective at reducing infarct areas, and that extending mild 
hypothermic treatment into the reperfusion period may be of additional benefit.

NINDS

852.20

TEMPERATURE AND HEMODYNAMIC CHANGES ASSOCIATED 
WITH THE INCREASED NEURAL DAMAGE TO GLOBAL 
HEMISPHERIC HYPOXIC ISCHEMIA BY PROSTAGLANDINS 
(PGE2, PGFîα, PGD2). J.A. Thornhill* and J. Asselin. Dept, o f Physiology 
and Sask. Stroke Research Centre, Univ. o f Saskatchewan, Saskatoon, Sask. 
Canada S7N 5E5

Prostaglandins (PGs) are released during hypoxic ischemia and evoke neural 
damage. Experiments compared the neural damage resulting from global 
hemispheric hypoxic ischemia (GHHI, ligation o f right common carotid artery 
plus 35 min o f 12% 0 2) in groups o f anesthetized, male Long Evans rats, 9-10 
weeks o f age, kept at 37°C, previously given an intracerebroventricular (icv, 2.5 
µl volume) injection o f 10 or 25 ng o f PGE2, PGF2α or PGD2 or sterile saline 
(SS) 30 min beforehand. Mean arterial pressure (MAP), ipsilateral hemispheric 
cerebral blood flow (CBF via Laser Doppler flowmetry), colonic (Tc), ipsilateral 
T(ipsi) and contralateral T(confra) temporalis muscle temperatures via thermistor 
probes were measured before, during and for 10 min after GHHI. Neural 
damage was assessed following sacrifice, perfusion fixation, and H & E staining 
7 days later. All groups given GHHI plus PGs showed increased ipsilateral 
hemispheric damage compared to the saline control group given the same insult, 
with the greatest damage shown by the PGD2 + GHHI group. Both the PGD2 
and PGF^ groups showed decreases in CBF and MAP following injection 
whereas PGE2 showed t  MAP, Tc and brain temperatures. PGs all escalate the 
neural damage to global ischemia, but probably through different 
neurodegenerative mechanisms.

Supported by the Heart and Stroke Foundation o f Saskatchewan.

852.22
DIFFUSION MRI-DETECTED CORTICAL SPREADING DEPRESSION UNDER 
CONDITIONS OF MILD HYPOTHERMIA & STROKE. DOnley 1, M Yenari1, G 
H Sun' , M Hedehus^ , A deCrespigny^ , M Moseley^ & G K Steinberg^. Depts. of 
Neurosurgery' & Radiology Stanford Stroke Center, Stanford, CA.

Mild hypothermia is neuroprotective, but the reasons are not well known. We 
utilize diffusion MRI (DWI), which is sensitive to micromolecular fluid shifts and 
cytotoxic edema, to examine the effects of hypothermia on focal cerebral ischemia 
and cortical spreading depression (CSD). 15 rats underwent 2 h of MCA occlusion 
using an intraluminal suture, followed by 0-23 h of reperfusion. Animals were either 
kept normothermic (brain=38C) or rendered hypothermic (33C) shortly after MCA 
occlusion for 2 h. DWI images using rapid echoplanar imaging were obtained prior 
to, at the onset of and 0.5, 2 and 24 h after MCA occlusion. CSD-like transient ADC 
decreases were also detected using DWI. CSD was induced by topical application of 
KC1 among 4 additional nonischemic rats, and confirmed by simultaneous DC 
potential recordings. Hypothermia inhibited DWI lesion growth early after the onset 
of ischemia and 24 h later. DWI lesion areas were: 0.5 h: 33C: 14±7%, 38C: 
31 ± 1.4%, (mean±SEM), p=0.08; 2 h: 33C: 4.7±2%, 38C: 26±3%, p<0.01; & 24 h: 
33C: 12±2%, 38C: 36±5%, p<0.05. Hypothermia also attenuated ADC decreases 
upon reperfusion: ADC decreased 6±2% (33C) vs. 20±1% (38C, p<0.01). 
Hypothermia prolonged CSD-like ADC decreases and ADC recovery from the initial 
depolarization following KC1 application and immediately after MCA occlusion. 
Mild hypothermia prolonged ADC decreases by 25% (38C vs. 33C, p<0.01) and 
ADC recovery by 36% (p<0.0001). Mild hypothermia is neuroprotective and 
suppresses infarct growth early after the onset of ischemia. This neuroprotection is, in 
part, due to the slowing of CSDs.

NINDS
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853.1

SINGLE AND DUAL-PHOTON IMAGING OF NAD(P)H IN 
HIPPOCAMPAL SLICES DURING HYPOXIA AND CHEMICAL 
PRECONDITIONING M. W. Riepe*. K. Kasischke, R. Huber. M. Büchner, 
M. Timmler, A, C. Ludolph. Departm. of Neurol., University of Ulm, Germany.

Chemical preconditioning (CP) is induced by inhibitors of oxidative 
phosphorylation. It is known that erythromycin and other antibiotics impair 
cellular energy metabolism. One of the hallmarks of CP is delayed impairment 
of cellular energy metabolism. Fluorescence evaluation of NAD(P)H, however, 
requires UV-excitation. The goal of the present study was to investigate whether 
erythromycin and other antibiotics induce increase of cellular hypoxic tolerance 
and to compare single- and dual-photon imaging of NAD(P)H during induction 
and maintenance of CP and during posthypoxic recovery.

Rat hippocampal slices were prepared from male animals (150 -  250 g). 
Population spike amplitudes (PSAP) were recorded in hippocampal region CA1 
from control animals and after CP with erythromycin (20 mg/kg). Single photon 
excitation was performed with a pulsed nitrogen laser (λ exc = 337 nm). Dual
photon excitation was performed with a TiSa Laser tuned to 720 nm, limiting 
UV excitation to the focal plane.

Posthypoxic recovery (15 min hypoxia, 45 min recovery) of PSAP improves 
time-dependently upon pretreatment with erythromycin (time interval of 6 hours 
between in vivo pretreatment and slice preparation: 90 ± 7 % (mean ± 
standard deviation) vs. 30 % recovery in controls; p <  0.01 ). Hypoxic 
increase of NADH and posthypoxic decrease of NADH is larger in slices that 
do not recover from hypoxia; posthypoxic decrease is pronounced after single
photon excitation.

We conclude that erythromycin is a safe strategy to improve cellular hypoxic 
tolerance.
Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.

853.2

RELATIVE NARROWING OT THE AUTOFLUORESCENCE SPECTRUM 
IN HIPPOCAMPAL SLICES RECOVERING FROM HYPOXIA R, Huber*. 
K, Kasischke, M. Büchner, M. Timmler. M, W. Riepe. Department of Neurology. 
University of Ulm, 89075 Ulm, Germany.

Spectral analysis of autofluorescence has been used to differentiate control 
tissue from tumurous tissue. It has been demonstrated previously that the increase 
of maximal NADH fluorescence during hypoxia can distinguish between 
recovering tissue and non-recovering tissue. The goal of the present study was to 
investigate whether analysis of the autofluorescence spectrum can distinguish 
between recovering and non-recovering tissue submitted to prior hypoxia.

Mouse hippocampal slices were prepared from male animals (25 -  30 g). 
After preincubation slices population spike amplitudes were recorded in 
hippcampal region CA1 upon stimulation of Schaffer collaterals in hippcampal 
region CA3 during hypoxia and posthypoxic recovery. NAD(P)H was measured 
fluorometrically with a pulsed nitrogen laser (λ exc =  337 nm). Application of this 
technique allows improved selectivity by not only using spectral selectivity but also 
lifetime sensitive measurements. Excitation light was coupled into a 200 µM optical 
fibre allowing to selective investigate NAD(P)H levels in the pyramidal cell layer.

In slices where posthypoxic populations spike amplitude recovers the width of 
the autofluorescence spectrum is 97.7 ± 6.7 % of onset. In slices without 
posthypoxic recovery the spectral width is 104.5 ± 5.2 % (p < 0.02). The peak of 
the wavelength spectrum is not shifted during hypoxia or recovery thereof.

We conclude that the bandwidth of the posthypoxic autofluorescence reflects is 
a measure of tissue integrity.

Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.
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853.3

HIGH RESOLUTION NMR IMAGING OF NMDA RECEPTOR STIMULATION 
IN PERFUSED HIPPOCAMPPAL SLICES. J.D. Bui*. D.L. Bucklev. M.l. 
Phillips and S.J. Blackband. Center for Structural Biology, Departments of 
Physiology, Neuroscience, the UF Brain Institute, University of Florida and the 
National High Magnetic Field Laboratory, Gainesville, Florida 32610, U.S.A.

This study applies novel quantitative nuclear magnetic resonance 
(NMR) microscopy to study water diffusion behavior in perfused brain slices 
following exposure to NMDA receptor stimulation (an excitotoxic model of 
ischemic stroke). Slices were initially perfused with oxygenated isotonic aCSF 
at room temperature. ADCs were estimated from a series of 8 images acquired 
in a total of 35 minutes with a range of gradient amplitudes (Δ-δ/3=12.3ms, 
b=35-7935 s/mm2). The perfusate was then exchanged for either aCSF (n=10) 
or 50 µM MK-801 (n=10) and the samples re-imaged. Finally the slices were 
perfused in 500 µM NMDA (n=12) or 1mM NMDA (n=8) and a further image 
series collected. The mean signal intensity of the slice in each image series 
was fitted to a two-compartment model and estimates of the ADC and 
fractional volume of each compartment were obtained. The results indicate that 
brain slices have at least two distinct diffusing compartments. The fast 
diffusing fraction (55±5%) had a diffusion coefficient of 0.9±0.1x10‘3 mm2/s, 
while the slow had a diffusion coefficient of O.O6O±O.OO6xft)3 mm2/s. When 
stimulated with NMDA there was a significant decrease in the fraction of rapidly 
diffusing water in the slices from 55±5 to 50±5% (p<0.001) with no change in 
the diffusion coefficient of either the slow or fast diffusing components. Prior 
treatment with MK-801 significantly depressed the effect of NMDA (p<0.01, 
ANOVA) to the pretreatment values. The evidence suggests that water 
redistribution (cytotoxic edema) is a major mechanism underlying the clinically 
observed decreases in the apparent diffusion coefficient during acute ischemic 
stroke. The brain slice model may represent a new way to test the utility of 
potential anti-stroke drugs using high resolution NMR imaging.
Funded by the UF Brain Institute, CSB, NHFML, AHA, NIH.

853.4

IMAGING SPREADING DEPRESSION IN METABOLICALLY 
COMPROMISED HIPPOCAMPAL SLICES. Trent Anderson*. Akef S. Obeidat, 
and R. David Andrew. Department of Anatomy and Cell Biology, Queen’s 
University, Kingston, Ontario, Canada, K7L 3N6.

Spreading depression (SD) is a propagating wave of depolarization that can be 
imaged in submerged hippocampal slices as an increase in light transmittance (LT) 
resulting from cell swelling12. SD is innocuous in metabolically healthy cortex 
as occurs during migraine aura. However the added metabolic stress of ischemia 
can significantly promote and expand the region of neuronal damage resulting from 
SD in the intact animal (for references see '). Oxygen/glucose deprivation (OGD) 
for 10 min at 37.5°C consistently evoked SD in the submerged hippocampal slice 
within 6-8 min (n=2O slices). SD first appeared as a focus of elevated light 
transmittance (LT), usually in a CA1 proximal dendritic region. The wave of 
elevated LT then propagated across CA1, often entering the dentate gyrus.
Wherever SD propagated, permanently reduced LT values trailed the LT increase, 
indicating acute tissue damage as confirmed histologically. Surprisingly, glutamate 
antagonists only delayed but did not block SD (n=6 slices). In contrast glucose 
deprivation alone for 10 min did not elicit SD in 5 of 5 slices indicating that the 
reserve aerobic capacity of the slice to produce ATP was sufficient to at least delay 
SD. Likewise 0 2 deprivation alone (10 min, n=l2) or inhibition of the electron 
transport chain with 100-400 µM sodium cyanide (1-3min, n=l2) did not elicit SD. 
Ouabain, a blocker o f the Na7K + pump through ATPase inhibition consistently 
evoked SD similar to OGD12. These findings suggest that during OGD, ATP 
depletion and resultant inhibition of the Na7K + pump is critical in generating SD 
and the tissue damage that arises in its wake.

1. Obeidat and Andrew. Europ. J. Neuroscience, (in press)
2. Basarsky et al. J. Neuroscience, (in press)

Supported by the Heart and Stroke Foundation o f Ontario and the Canadian MRC

853.5

CLINICAL SIGNIFICANCE OF CHANGES IN CEREBRAL BLOOD FLOW 
WITH Tc-99m-HMPAO SPECT IN PATIENTS WITH ACUTE STROKE.

Clinical Neuroscience, Division of Neurology2 , Section of Nuclear Medicine0, 
Karolinska Institute, Karolinska Hospital, S -17176 Stockholm, Sweden.

SPECT measurement of cerebral blood flow can be used to detect functional 
abnormalities in the brain often before the occurrence of morphological changes 
in eg. computer tomography (CT). Stroke prognosis in the acute phase is of 
fundamental importance in view of potential treatment possibilities as well as for 
predicting long-term clinical outcome. In an attempt to address these issues, we 
used repeated SPECT investigations in patients with acute ischemic stroke 
together with clinical assessment of neurological and cognitive/mental 
impairment using various neurological and psychiatric rating scales. Patients 
with a clinical diagnosis of ischemic stroke (hemorrhage and tumour excluded by 
CT) were subjected to three SPECT investigations i.e. within 48 hrs, 5 and 10 
days, respectively after the stroke incidence. Long-term clinical outcome was 
assessed by a follow-up examination three months later.

SPECT measurements were performed after administration of 600 Mbq of Tc- 
99-HMPAO using a three-headed gamma camera, TRIAD XLT 20 (Trionix). 
Data were processed using a computerized 3D brain atlas program (CBA) with a 
voxel-by-voxel similarity measure as the matching criterion. Within the reformat
ted data sets, 64 volumes of interest (VOIs) in both hemispheres were selected 
for statistical evaluation and comparison. Preliminary data indicate that SPECT 
can detect early perfusion disturbances, reperfusion and diaschisis in acute 
ischemic stroke where CT failed to detect any changes. Results will be discussed 
in relation to prognosis and final clinical outcome.

853.6
DECREASED MAP2 mRNA SIGNAL AFTER TRANSIENT FOCAL ISCHEMIA 
IN RATS: CORRELATION WITH LOCAL BLOOD FLOW AND INFARCTIVE 
HISTOPATHOLOGY BY PIXEL CO-MAPPING.
W. Zhao*. R. Schmidt-Kastner. J. Truettner, L. Belayev. R. Busto and M.D. 
Ginsberg. Cerebral Vascular Disease Research Center, Dept, of Neurology (D4-5), 
University of Miami School of Medicine, Miami, FL, 33101.

Microtubule-associated protein 2 (MAP2) is a cytoskeletal protein specifically 
expressed in adult neurons. MAP2 mRNA and protein are both localized to the cell 
body and dendrites. Loss of MAP2 immunoreactivity is an early marker of ischemic 
neuronal damage. In this study, we assessed the manner in which local blood flow 
(LCBF) changes determined subsequent alterations of MAP2 mRNA after middle 
cerebral occlusion (MCAo), and how these correlated with light-microscopic 
histopathology. Rats studied by in situ hybridization (ISH) undement 2-hour right 
MCAo by insertion o f a poly-L-lysine coated intraluminal suture, followed by 
recirculation for 0, 1, 3 and 6 h, and 1, 3 and 7d (n=4 each). An [35S]-dATP 
labelled antisense oligonucleotide probe to MAP2 mRNA was used. In two other 
parallel series, LCBF was measured autoradiographically at the end of 2-h MCAo 
(n=5), and infarctive histopathology was mapped at 3d (n=T5). Computer-assisted 
image-processing was used to map all image data into standard atlas-derived 
templates and thereby to generate average LCBF and ISH data sets and frequency 
maps of infarctive histopathology. For the averaged MAP2 mRNA ISH sections, 
we performed a pixel-based mirror-ratio operation: [(normal hemisphere -  ischemic 
hemisphere) / normal hemisphere]. We used the averaged ratio value + 3S.D. of 
sham-operated rats as the MAP2 mRNA signal threshold. Corresponding ISH, 
LCBF and infarct-frequency data sets were correlated on a pixel-by-pixel basis. At 
all recirculation times, suprathreshold MAP2 mRNA changes were found to 
correlate strongly with high infarction frequency (80-100%) and critically reduced 
LCBF (<0.35 ml/g/min). These results indicate that decreased MAP2 mRNA signal 
may be used as a sensitive index of ischemic damage. Supported by USPHS Grant 
NS 05820.

853.7

MARKED NEUROPROTECTIVE EFFICACY OF HIGH-DOSE ALBUMIN 
THERAPY IN TRANSIENT FOCAL CEREBRAL ISCHEMIA. II. LOCAL 
CEREBRAL BLOOD FLOW. P.W. Huh. L. Belavev. W. Zhao. R. Busto. I. Saul, and 
M.D. Ginsberg.* Cerebral Vascular Disease Research Center, Department of 
Neurology (D4-5) University o f Miami School of Medicine, Miami, FL 33101, USA.

To study whether hemodynamic alterations are primarily responsible for the marked 
neuroprotective effect of albumin in focal ischemia, we measured local cerebral blood 
flow (LCBF) autoradiographically. Sprague Dawley rats received 2-h middle cerebral 
artery occlusion (MCAo) by poly-L-lysine-coated intraluminal suture.1 Immediately 
after suture removal, albumin (25% human serum albumin, 1% body weight i.v.) or 
saline (0.9%) was administered. One h later, LCBF was measured with 14C- 
iodoantipyrine. Image-averaging strategies were used to construct average 3D LCBF 
data sets.2 To test the hypothesis that albumin therapy would increase LCBF within 
brain areas showing histological protection, LCBF image data were compared to 
histopathological infarct-frequency maps on a pixel-by-pixel basis.2 Within pixels 
showing albumin-associated histoprotection, albumin therapy decreased the extent of 
regions having LCBF in the high-core (0.12-0.24 ml/g/min) and low-penumbral (0.24- 
0.36 ml/g/min) flow ranges by 8.6-fold and 3.1-fold, respectively (p<0.02). LCBF 
difference images revealed the chief LCBF effect of albumin to be an elevation of flow 
at posterior subcortical sites surrounding the zone of prior core-ischemia.

Our results show that high-dose albumin therapy improves LCBF at subcortical sites, 
but this effect of itself does not appear extensive enough to account for the marked 
reduction of cortical infarct volume (>80%) observed with albumin therapy.
Supported by NS 05820.
'Belayev L, Alonso OF, Busto R, Zhao W, Ginsberg MD: Stroke 27:1616-1623,1996. 
2Zhao W, Belayev L, Ginsberg MD: J Cereb Blood Flow Metab 17:1281-1290,1997.

853.8
MARKED NEUROPROTECTIVE EFFICACY OF HIGH-DOSE ALBUMIN 
THERAPY IN TRANSIENT FOCAL CEREBRAL ISCHEMIA. I. DIFFUSION- 
WEIGHTED MAGNETIC RESONANCE IMAGING, HISTOPATHOLOGY, 
AND NEUROBEHAVIOR L. Belayev,1* W. Zhao.1 P.M. Pattanv,2 R.G. Weaver,2 
P.W. Huh,1 B. Lin,1 R. Busto1 and M.D. Ginsberg.1 'Cerebral Vascular Disease 
Research Center, Depts. of Neurology (D4-5) and ¾adiology, University of Miami 
School of Medicine, Miami, FL 33101, USA.

We evaluated the anti-ischemic efficacy of human serum albumin in focal cerebral 
ischemia by diffusion-weighted magnetic resonance imaging (DWI) and morphological 
methods. Male Sprague-Dawley rats received 2-hour middle cerebral artery occlusion 
(MCAo) by retrograde insertion of an intraluminal suture coated with poly-L-lysine. 
Behavioral testing at 60 min confirmed a consistent neurological deficit. Treated rats 
received 25% human serum albumin solution (1% by body weight) immediately after 
reperfusion. Vehicle-treated rats received saline. Computer-based image-averaging was 
used to analyze DWI data obtained 24 h post-MCAo and light-microscopic 
histopathology obtained at 3 days. Albumin therapy improved the neurological score 
throughout the 3-day survival period. Within the ischemic focus, the apparent diffusion 
coefficient (ADC) computed from DWI data declined by 40% in vehicle-treated rats 
but was preserved at near-normal levels (8% decline) in albumin-treated rats (p<0.001). 
Albumin also led to higher ADC values within unlesioned brain regions. Albumin 
therapy reduced cortical and subcortical infarcts compared to vehicle, on average, by 
84% and 33%, respectively. Total infarct volume was reduced by 66% and brain edema 
was virtually eliminated by albumin treatment. Microscopically, while infarcted regions 
of vehicle-treated rats had the typical changes of pannecrosis, infarcted zones of 
albumin-treated brains showed persistence of vascular endothelium and prominent 
microglial activation, suggesting that albumin therapy may help to preserve the 
neuropil within zones of residual infarction. Taken together, these findings indicate a 
striking efficacy of albumin therapy in conferring neuroprotection in focal cerebral 
ischemia. Supported by NS05820.
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853.9

The Temporal Relationship Between ADC, DC Potential and Extracellular 
Glutamate in the Rat Brain Following Focal Ischemia, Reperfusion and 
Complete Global Ischemia.
’’ 2N, G. Harris*, ’j. Houseman. 3E. Zilkha, 4T, P. Obrenovitch 1 S R.Williams. lRCS 
Unit o f Biophysics, ICH, University College London Medical School, 2Sherrington 
School o f Physiology, St. Thomas’ Hospital, London, 3Applied Neurosciences, 
London and 4Postgraduate Pharmacology, Bradford, England.
Diffusion-weighted (DW) magnetic resonance imaging is an important tool for the 
diagnosis of cerebral ischemia and monitoring the outcome of different treatment 
regimes. However, the exact biophysical mechanisms for the change in water 
diffusion and accompanying image intensity changes during the acute stages of 
ischemia are still controversial. Therefore the aim of this study was to determine the 
precise temporal relationship between the change in apparent diffusion coefficient 
(ADC), membrane polarisation and extracellular glutamate concentration ([GLU]E) 
during three different interventions in the same rat: focal ischemia, reperfusion after 
one hour and global ischemia after cardiac arrest 3Omins later. High speed DW 
imaging with a time resolution of 15s was combined with simultaneous recording of 
the DC potential and on-line amperometric detection of [GLU]E within the focal 
ischemic core region of halothane-anesthetised rats. After a control period the middle 
cerebral artery was occluded remotely from outside the magnet using a modified 
intraluminal thread technique. Ischemic core ADC decreased by an average of 24% 
from O.7l±O.O2 to O.54±O.Ol xlO'3 mm2/s with an onset time of 4O±8s after 
occlusion (n=6). The DC potential change, corresponding to anoxic depolarisation 
occured at a similar time, 6O±5s (P>0.05, 2-tailed t-test). Although the amplitude and 
onset of the ADC change after focal and global ischemia were similar, anoxic 
depolarisation occured 50s later than the ADC change after global ischemia (P<0.05). 
In all three interventions the rapid phase of the ADC change was finished well before 
the change in DC potential and [GLU]Ewere completed. Welcome Trust, UK funded.

853.11

MRI WHITE MATTER SIGNAL HYPERINTENSITIES (WMSH) ARE ISCHEMIC 
AND HYPOMETABOLIC RELATIVE TO NORMAL-APPEARING WHITE 
MATTER J. R. Badinα. M.l. Havee. G. Fein, K. Martelli. and H. C. Chui* 
Departments of Radiology and Neurology, University of Southern California, Los 
Angeles, CA 90033.

White matter signal hyperintensities (WMSH), visualized in T2-weighted 
magnetic resonance images (MRI), are associated with age, hypertension, 
stroke, and Alzheimer disease (AD) - but their underlying pathogenetic 
mechanism remains unknown. Ongoing ischemia has been postulated, but 
never proven, based on anatomical vulnerability since the periventricular and 
deep white matter are supplied by small, long, penetrating arterioles with no 
collaterals. Recent studies with PET in patients with WMSH have shown 
reduced cerebral blood flow (CBF) and increased oxygen extraction fraction 
(OEF) without any change in cerebral oxygen metabolic rate (CMR02) 
(Hatazawa, Stroke 1997; 23:1944). We sought to confirm and extend these 
findings. Our ability to co-register segmented MRI with O15 PET, enabled 
selective imaging of WMSH vs. normal-appearing WM (NWM). We studied 5 
subjects with extensive WMSH (mean WMSH volume / intracranial volume x100 
= 4.0% ±1.2 [mean ± SEM]) and 4 age-matched cognitively-normal controls with 
minimal WMSH (% WMSH = 0.2% ± 0.1). In both subject groups, areas of 
WMSH compared to areas of NWM showed decreased CBF (30-40%, p < 0.05), 
increased OEF (10%, p<0.05), and decreased CMR02 (20-30%, p < 0.05). The 
presence of mildly increased OEF suggests that areas of WMSH (regardless 
of extent) are associated with ongoing ischemia. The presence of decreased 
CMR02, on the other hand, also indicates hypometabolic white matter, perhaps 
due to completed infarction or other degeneration. (Supported by NIH 1P01- 
AG12435; P50-AG05142)

853.10

MAPPING OF CEREBRAL APPARENT DIFFUSION COEFFICIENT 
AFTER GLOBAL ISCHEMIA. Y, Xu,* S. Liachenko, P. Tang. Dept, o f  
Anesthesiology and Critical Care Medicine, Dept, of1 Pharmacology. Univ. 
of Pittsburgh, Pittsburgh, PA 15261.

Apparent diffusion coefficient (ADC) of tissue water is a sensitive 
indicator of pathological changes in cerebral ischemia. Diffusion-weighted 
magnetic resonance imaging allows early detection of changes in ADC. 
Unlike in focal ischemia where such changes can be compared to the 
normal tissue (e.g., to the contralateral region), in global ischemia, absolute 
quantification of regional ADC is often required. We have developed a 
method to rapidly and continuously map the ADC changes in the rat brain 
before, during, and after 20 min o f global ischemia, using our rat model o f  
asphyxial cardiac arrest and resuscitation. Diffusion-weighted images of the 
brain were acquired using a modified optimized ultra-fast imaging 
sequence.1 Each ADC map was reconstructed from 11 images with 
diffusion-weighting b factor varying from 930 to 3100 s/mm\ The time 
resolution per ADC map was 3.9 min.

Immediately after circulatory arrest, there was a sharp decline in mean 
ADC from -680 × KT6 to 360 × KT6 mm2/s. After reperfusion, there was a 
transient ADC overshoot, followed by normalization of mean ADC. Despite 
this rapid recovery of mean ADC, scattered abnormalities are seen in ADC 
maps to last several hours. Because ADC changes correlate closely with 
metabolic changes,2 our results suggest that regional metabolic disturbances 
may persist for hours after reperfusion, despite apparent global recovery as 
often indicated by the spectroscopic methods. Quantitative ADC mapping 
provides a more precise measure of brain recovery after global ischemia.

This work was supported by grants from NINDS (NS36124 to YX) and 
from UACCMF, University of Pittsburgh.
Reference: 1. L. Zha, et al. Magn Reson Med 33: 377, 1995. 2. M. Fischer, 
et al. Magn Reson Imaging 13: 781, 1995.

853.12
DIFFUSION AND T2 MRI MEASUREM ENT OF ACUTE AN D CHRONIC 
STROKE OUTCOMES IN SV 129 MICE. Sawada M Mori S2, van Zijl PCM2, 
Dawson TM3, Dawson VL3, Traystman RJ1*  Hum P D 1., Anesthesiology1, 
Radiology2, Neurology3, Johns Hopkins Med. Institutions, Baltimore, MD 21287 

Using newly developed 3D fast spin-echo based diffusion magnetic resonance 
imaging (MRI), both acute cerebral ischemic events and evolution o f  tissue damage 
over time can be evaluated in mouse brain. Our technique allows sequential images 
o f  whole brain with high spatial (0.17 x 0.25 x 0.5 mm) and temporal (7 min) 
resolution. Halothane anesthetized SV -129 mice were treated with reversible 
middle cerebral artery occlusion (MCAO) via intraluminal suture technique then 
allowed to reperfuse for periods up to 28 days. Standard histology determined 
morphological outcomes at sacrifice. With short-term survival (n=6), diffusion 
and standard T2 MRI was performed at 10 and 50 min o f  MCAO, for the first 
hour o f  reperfusion and at 6 and 21 hours post MCAO. Absolute diffusion 
constant (ADC) and absolute T2 were calculated at each measurement time. 
During MCAO, ADC in striatum and neocortex decreased rapidly (-30%  o f  
normal levels), then initially recovered in striatum or increased above normal in 
neocortex (= 15 %). At 6 or 21 hours post-MCAO, ADC fell to 30-50 % o f  normal 
while T2 increased by 40 %, indicating infarction. Areas o f infarction as assessed 
by T2 at 21 hours correlated well with those o f  low ADC during MCAO. In long 
term survival (n=2), MRI was performed at 1, 3, 7, 10, 14, 21, and 28 days post- 
MCAO. Hyperdensity and decreased ADC were maximum ( - 4 0  %) at 24 hours, 
while T2 abnormalities were observed at 14 days and persisted until day 28. These 
data characterize the time course o f regional stroke evolution within the MCA 
territory and demonstrate the utility o f  long-term MRI evaluation o f stroke 
outcomes in mouse. Supported by N S 33668, N S20020.

853.13

ULTRASTRUCTURAL CORRELATES OF MRI CHANGES FOLLOWING 
CEREBRAL HYPOXIA/ISCHEMIA IN 4-WEEK-OLD RATS G. Ninq. M.R.Del 
Bjqio. K.L. Malisza. P. Kozlowski. S. Bascaramurtv and U. I. Tuor*. Inst, for 
Biodiagnostics, NRC, R3B 1Y6 and Univ. of Manitoba, Winnipeg, Manitoba.

The intensity in diffusion-weighted (DW) images increased during a 
hypoxic/ischemic insult in 4-week-old rats and this reversed temporarily upon 
reperfusion. We now examine the ultrastructural alterations in brain that 
correspond to MR imaging changes 1-5 hrs after hypoxia/ischemia.

Four-week-old Wistar rats were subjected to hypoxia/ischemia (8% 0 2 + right 
carotid artery occlusion) for 30 min. DW and T2 multi-echo (T2) images were 
acquired prior to, during, and 1 hr and/or 5 hrs after hypoxia. Samples from 
parietal and frontal cortex and hippocampus were prepared for EM analysis.

An increase in DW image intensity was detected during hypoxia (Table). This 
change became undetectable 1 hr after termination of hypoxia and partly 
reappeared 5 hrs thereafter (Mean + SD. * p<.O5, ** p<.01). T2 was unchanged 
throughout. The hippocampus was severely affected whereas parietal and 
frontal cortex had a milder insult. At 1 hr post-hypoxia, EM analysis showed 
ballooned mitochondria, swollen Golgi complex, and vacuolated endoplasmic 
reticulum within neurons. There were increased numbers of “dark” neurons. By 5 
hrs post-hypoxia, perivascular astrocytic processes were swollen leaving large 
vacuolated spaces around capillaries. Occasionally calcium deposit granules 
were observed in mitochondria. The results indicate that DW images appear 
normal 1 hr after reperfusion despite the presence of neuronal cell swelling. The 
secondary increase in DW is associated with perivascular astrocyte swelling 
which could be related to vasogenic edema or be secondary to uptake of

DW Hypoxia/Pre 1 h/Pre 5h/Pre T2-1 hr T2-5hr
Parietal 1.41+.59** 1.16+ .49* 1.15+.56* .99+.03 1.00+.04
Hippo 1.19+.30** .94+.31 1.31+ .74** 1.02+. 10 1.02+.09
Frontal 1.14+.41* 1.06+.40 1.04+.78 1.00+.05 .99+.04
DW: Ipsilateral intensity ratio, T2: relaxation time ratio (Ipsi. vs. contralateral). 
(Supported by the Heart and Stroke Foundation of Manitoba).

853.14
RAPID REVERSAL OF ISCHEMIC ULTRASTRUCTURAL CHANGES 
UPON REPERFUSION IN RAT BRAIN. I.R. Kaiserman-Abramof, K.
Xu, J.M. Hoxworth, K.L. Nelson and J.C. LaManna*. Dept, o f  Anatomy, 
Case Western Reserve University, Cleveland, OH 44106.

The proximate causes o f  CNS tissue damage during cerebral ischemia are 
poorly understood, beyond the obvious initial consequences o f  primary 
energy failure. We examined the potential for reversibility o f  the 
ultrastructural changes that occur with cerebral ischemia in a rat model o f  
cardiac arrest and resuscitation. Rats were processed for electron 
microscopy after 15 min o f  ischemia, or after 5 min o f  reperfusion after 15 
min ischemia. The ultrastructural changes that accompany cerebral 
ischemia are well known. Samples o f  the CA1 region o f  the hippocampus 
and brainstem RVLM from rats display many examples o f  swollen dark 
neurons and astrocytes. Swollen astrocytic processes surround capillaries 
with lumenal blebs. Mitochondria appear spherical with disorganized 
cristae. The outer mitochondrial membranes are prominent, but intact. 
Surprisingly, 5 min o f  reperfusion following resuscitation from cardiac 
arrest was sufficient to nearly com pletely restore the integrity o f  the 
neuropil. The neuronal and glial cell profiles appeared normal, with intact 
mitochondria. Residual damage was restricted to peri-capillary astrocytic 
processes. Thus, ischemic ultrastructural damage can be fully reversed 
suggesting that the CNS sequel lae o f  cardiac arrest and resuscitation 
represent delayed reperfusion injury.
Funded by NIH Award NS-37111
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853.15
SODIUM MAGNETIC RESONANCE IMAGING OF CEREBRAL ISCHEMIA.
S.-P. Lin1*. S.-K. Song2. J.J.H. Ackerman2. J.J. Neil3.
Depts. o f 'Anatomy and Neurobiology, 2Chemistry, and 3Pediatric Neurology; 
Washington University, St. Louis, MO 63110.

Sodium magnetic resonance imaging (23Na MRI) can be used to non-invasively 
monitor the accumulation of sodium by ischemic tissue over time. The long-term goal 
of our research is to apply 23Na MRI to the study o f the biophysical mechanisms 
underlying the temporal development of 
ischemic stroke. In addition, this imaging 
modality may prove useful for the clinical 
assessment o f stroke or the testing of 
putative neuroprotective agents.

In this study, we demonstrate the 
feasibility of performing quantitative ¾ a  
MRI in a rat model o f focal cerebral 
ischemia. Due to the small size o f the 
subject and the fact that 23Na is 105 times 
less abundant than water 'H (the nucleus detected by standard MRI), achieving adequate 
resolution for measuring the volume of abnormal tissue in a reasonable period o f time 
is technically demanding. Using a phantom model o f the focally ischemic rat brain in 
which the 23Na signal contrast between compartments approximates that o f normal and 
ischemic brain, we determined that an in-plane resolution o f 0.55 x 0.41 mm (zero- 
filled in the 2nd dimension) is adequate to measure the cross-sectional area of abnormal 
23Na content to within 10%. With a slice thickness of 2.5 mm (typical o f volume 
measurements from actual brain slices), the time to acquire an in vivo 23Na image on 
our 4.7 Tesla magnet with custom-built, quadrature-drive radioffequency coils is 
approximately 2 hours (see figure). This imaging time is adequate for time-course 
studies in the rat stroke model, where 23Na changes appear within the first few hours (if 
not minutes) after injury and persist for up to a week or longer.
This research is funded by NINDS Grant Number R01 NS35912.

853.17
INFLUENCE OF ISCHEMIA ON NEURONAL DEGENERATION IN 
SUBSTANTIA NIGRA MONITORED BY MRI. F.J. H o ck1*, H.-P. 
Ju re tsch ke 1. U. B e lz1. U. T h o m a 1, M. Keil2 and N D e u tsch lä n d e ^ . 
H oechst M arion R oussel D eutsch land G m bH ; 1Core Research  
Functions & 2Pathology; D~65926 Frankfurt/M .; G erm any

During MRI studies using the  rat m iddle cerebra l arte ry occlusion  
(M C AO ) m odel we noticed on the  th ird  post occ lusion day in diffusion  
w e ighted im ages (D W I) a rise in signa l in tensity  in the  S. nigra (SN) 
ipsila tera l to  the ischem ic lesion. Such an increase in signal intensity  
in DW I corre la tes usua lly w ith in trace llu la r A T P  dep letion and cell 
death. However, the ipsila tera l SN is irrigated by blood vessels  
independen t o f the M CAO  and w as orig ina lly  not ischem ic. MRI 
m onitoring was done 3, 24, 72 and 168 h post M CAO  to  m easure the 
vo lum e changes o f the  ischem ic lesion over time. The in farct lesion 
involved the  striatum , caudate  putam en and part o f the  cortex. 
Indepen dently  o f lesion size (m ean lesion volum e at 25 min post 
occlus ion  was 75 ± 15 m m 3) in all an im als at 72 h post M CAO  the  
region o f SN ipsila tera l to  the ischem ic lesion exhib ited hyperintensity  
o f DW I. The observed process in SN does not seem  to  be an integral 
part o f the ischem ic lesion, but a  d irect e ffec t th e re o f and especia lly  o f 
the  alw ays present stria ta l dam age. The in v ivo  m onitoring by MRI o f 
possib ly apo p to tic  induced neurona l degenera tion  in SN follow ing  
M CAO  in rats is shown. The MRI data were com pleted with  
m icroscop ic studies.

853.19
EEG SPECTRAL ANALYSIS DURING LOW FLOW AND NO FLOW 
STATES OF RAT CEREBRAL ISCHEMIA L.P, Caraeine J rλ  H.K. 
Park1. J.W. Phillis , and F.G. Diaz1.- The Cerebrovascular and Biomechanics 
Laboratory of the department of Neurosurgery and the Department of Physiology, 
School of Medicine, Wayne State University; Detroit, Michigan 48201.

Spectral analysis provides a means of measuring subtle EEG changes and allows 
for easy analysis. The percent power of delta (δ) of the total absolute power (the 
"relative power of δ") is known to correlate with stroke severity, infarct volume and 
outcome in animals and humans. We compared low flow and complete cerebral 
ischemia by EEG spectral analysis.

A novel 11 vessel occlusion technique (11 VO) was devised to simulate complete 
forebrain ischemia and compared to four vessel occlusion (4VO) without 
exsanguination. Cerebral blood flow (CBF) was monitored by laser Doppler 
flowmetry and EEG collected 256 times per second during control and over a ten 
minute ischemic period. EEG data was analyzed by fast Fourier transform (FFT).

CBF fell to a lower mean level during 11 VO as opposed to 4VO (% residual CBF; 
4.8±3.4% versus l2.5±5 1% , p<OO3; n=6). The relative power of ¾, δi+δ2, and 
δi+δ2+θ was lower during ischemia in 11 VO as opposed to 4VO animals 
(δι=39.4±23% versus 73.9±20.1%, p<OO3; δι+δ2=47.1±22.7% versus 81.7±20%, 
p<OO2; δι+δ2+θ=51.3±21.1% versus 84.3±19.3%, p<0.02; n=6 per group). There 
were no significant differences between the two groups during the control period.

We conclude that a "low flow state" of cerebral ischemia (12.5%) yields a greater 
power of slow waves, as determined by power spectrum analysis, than complete 
cerebral ischemia, as depicted by the 11 VO model. Therefore, a low flow ischemic 
state, in the range of 12-15% of control, may be more damaging to the iat brain 
electrophysiologically than no flow at all.

853.16
MRI EVALUATION OF A PURE PENUMBRA STROKE MODEL 
USING DIFFUSION AND PERFUSION WEIGHTED IMAGES
Zhenggiiane C henl. Mats Sjöber¢I,__André__Sa¾¢er*2j__MgrRys
Rudin2, Torsten Reese2. Katarina BjelKel. Börie Bjelkel
IMR-Center, Karolinska Institutet, Karolinska Sjukhuset 171 76 Stockholm, 
Sweden, 2Novartis Pharma, Basel, Switzerland 

The recently presented compression induced stroke model in rats has proven to be a 
pure penumbra model leading to neuronal cell death via apoptosis. This gives the 
possibility to characterize a penumbra region using non-invasive methods like MRI, 
which also can be applied in a clinical situation. The MRI recordings were performed 
on a Biospec Avance 47/40 spectrometer (Bruker, Karlsruhe, Germany) with a 4.7 
Tesla magnet, equipped with a 12 cm self shielded gradient system capable of 
switching l3OmT/m in 250 µs. Diffusion weighted images (DWIs) were recorded 
using spin-echo with diffusion gradients (TR=I325 ms, TE=2O ms, b=l5OO s/mm^). 
Perfusion measurements were made acquiring sequentially 30 snapshot images of one 
coronal slice centred at the site of the lesion, (FOV=4x4 cm, matrix 128x64, 
TR=12.5 ms, TE=6.4 ms, 1 acquisition, slice thickness 1.2 mm). During 1 second 
starting at the 11 th of these 30 images, a superparamagnetic contrast agent 
(Endorem, Guerbet, France, 11.2 mg Fe/ml) was injected i.v. (0.18 ml/rat). As a 
complementary technique blood flow was recorded in the compressed region, 
ipsilateral to the compression and over the contralateral unlesioned sensori-motor 
cortex using the laser doppler technique (perimed, Sweden). A significant decrease of 
the microvascular blood flow was recorded in the compressed cortex during and after 
the compression, while large vessels showed a reversed hyperemic response. In DWIs 
a very sparse signal intensity change was recorded in the compressed region between 1 
and 11 days after the compression.
Supported by grants from Magn Bergvalls Stiftelse, R & E Lundströms Minne, 
SLSff.

853.18
IMAGING OF ACTIVATED MICROGLIAL CELLS IN PATIENTS 
WITH VARIOUS NEUROLOGICAL DISORDERS USING "C- 
PK11195 AND PET. J. Schwarz1*. B. Neumaier2. M. Rentschler2. 
S.C. Schwarz1. A. Storch1, V. Ries1. S.N. Reske2. 'Dept, of 
Neurology and 2Dept. of Nuclear Medicine, University of Ulm, 89081 
Ulm, Germany

Activation of microglial cells occurs in many brain disorders, such 
as ischemia, inflammation, trauma, degeneration, etc.

The role of microglial cells and the time course their activation has 
not been studied in humans. In the normal brain, peripheral type 
benzodiazepine receptors are rarely expressed. Activated microglial cells 
seem to exclusively express these proteins in brain parenchyma. There 
are several specific ligands for peripheral type benzodiazepine receptors 
that may be visualized by positron emission tomography (PET).

We used "C-PKl 1195 [l-(2-chlorophenyl)-N-methyl-N-(l- 
methylpropyl)-3-isoquinolincarboxamide] and PET to investigate 
microglial activation in patients with ischemia. “C-PK11195 was 
labelled according to the method described previously (Camsonne et al. 
J Label Comp 1984; 21:985-991). Four patients were studied 3 to 6 
weeks after an ischemic infarction.

All patients showed a pronounced specific tracer uptake in the area 
corresponding to the ischemic infarction detected by MRI. Specific 
binding of "C-PK11195 was al least as widely distributed as signal 
changes on T2 weighted MRI images.

We conclude that "C-PKl 1195 and PET provide a valuable tool to 
study microglial activation in the human brain. It will be of paramount 
interest to find out whether "C-PK11195 and PET may serve as an 
early marker of neurodegeneration.

853.20
EARLY EEG QUANTIFIES CEREBRAL INJURY AND PREDICTS NEUROLOGICAL 
RECOVERY AFTER TRANSIENT GLOBAL ISCHEMIA. R.G. Geocadin1, R, Ghodadra2, T 
Kimura3, H. Lei2, D. F. Hanley1 and N. V. Thakor2*. Departments of Neurology1, Biomedical 
Engineering2 and Anesthesia/CCM3, Johns Hopkins University School of Medicine, 
Baltimore, MD 21205.

Functional recovery after cardiac arrest is greatly influenced by cerebral injury. We 
present a novel spectral based EEG analysis method to quantify cerebral injury and predict 
neurological recovery after global cerebral ischemia (GCI). Graded GCI was induced for 1, 
3, 5 and 7 minutes (n=5/group) in adult rats by asphyxic cardiac arrest and sham in 
controls (n=2). EEG was continuously recorded from pre-injury baseline, asphyxia, 
resuscitation and 90 minutes into recovery. EEG segments during injury and recovery were 
compared to pre-injury baseline. The dissimilarities of the EEG segments from pre-injury 
baseline were quantitatively analyzed by measuring the distance between their 
corresponding Cepstra (inverse Fourier transform of the logarithm of the spectrum). 
Cepstral Distance (CD) represents the degree of dissimilarity from the pre-injury baseline 
and is used as the marker for injury. The rats were survived and serial neurodeficit score 
(NDS) was determined upon extubation and 6, 12 and 24 hours after return of spontaneous 
circulation (ROSC). NDS included the assessment of consciousness, respiration, functions 
of the brainstem, motor, sensory, coordination and presence of seizures (normal=8O and 
brain dead=O). CD at 0-2 hours of the experiment are O±O, LO5±O.6, 8.I6±2.8,17.46t4.5, 
34.8δ±19.7 (mean±SD) for sham, 1, 3, 5, 7 minutes of asphyxia, respectively. CD 
increased with increasing asphyxia time (r= 0.79, p<0.001). CD at 0-2 hours strongly 
correlated with NDS at 24 hours after ROSC (Spearman coefficient -0.80, p<0.005). EEG 
obtained within 2 hours after transient GCI and analyzed using CD appears to quantify 
graded acute hypoxic-ischemic cerebral injury and may serve as early prognostic indicator 
of neurological recovery at 24 hours after cardiac arrest, (supported by NIH grant 
NS24282).

Coronal view o f focally ischemic rat brain with 
increased J,Na content in right hemisphere.
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853.21
CHANGES IN PASSIVE AVOIDANCE RESPONDING AND WATER MAZE 
PERFORMANCE IN JUVENILE RATS AFTER PERINATAL HYPOXIA- 
ISCHEMIA. Z. Cai*. B. Lee1. I. Paul1 and P, G. Rhodes. Depts. of Pediatrics 
& Psychiatry, Univ. of Miss. Med. Ctr., Jackson, MS 39216.

Our previous study has shown that prenatal hypoxia-ischemia (HI) alters 
expression of nitric oxide synthase (NOS) mRNA and protein as well as NOS 
activity in fetal and neonatal rat brains. Inhibition of NOS is known to impair 
learning and memory in rats (Brain Res., 1993, 632:36-40). The objective of 
this study is to examine whether prenatal HI and neonatal HI affect learning 
behavior in juvenile rats. Rat fetuses were subjected to either a 30 min 
intrauterine HI (PHI) insult or a sham operation (SH) on G17 and rat pups 
were naturally delivered. One additional group of rat pups was subjected to 
the neonatal HI (NHI) procedure (unilateral common carotid artery ligation 
followed by 3hr exposure to hypoxic condition) on P7. Morris water maze 
and passive avoidance tests were performed in 28-35 days old rats. Prenatal 
HI increased number of electric footshocks needed to learn avoidance (3.6 vs
1.3 for PHI and SH rats, respectively). In the Morris water maze, rats of all 
three groups can be trained to leam to navigate to an under water hidden 
target, using external spatial cues. Neonatal HI apparently impaired learning 
ability and spatial memory. NHI rats required more training sessions to reach 
half of initial latency time to find the target and the latency time for this group 
were always longer than the other two groups. The prenatal HI group required 
one more training session to reach half of the initial latency time than the SH 
rats and had longer latency time to find the target in first a few training 
sessions. These results indicate that neonatal HI, which results in severe 
unilateral brain damage, significantly impairs spatial learning and memory in 
juvenile rats and prenatal HI appears to affect learning ability, but had little 
effect on spatial memory. (Supported by NIH Grant HD35496).

853.23
HIPPOCAMPAL CELL DEATH IN THE REPEATED CERREBRAL ISCHEMIA- 
BEHAVIORAL AND HLSTOCHEMICAL STUDY.- E.H.Chung,1 K.Iwasaki.1, 

M.Ishibashi,1 Y.Ohgaini,2 Y.Malsuinoto2 and M.Fujiwara,1 ’Dep.of Physiology & Phar

macology., Fac. of Pharmaceutical Sciences, Fukuoka Univ. ¾ ep .of School-Nurse 
Training, Kyusyu Women's Junior College, Fukuoka, Japan. 814-0180 

We have been reported that lOmin single cerebral-ischemia of the rat induced the 
disruption of spatial cognition in 8-arm radial maze task, and this disruption caused 
by the early functional changes of several neurotransmitters involved the energy deple
tion in the brain . However, lOmin ischemia-induced disruption of spatial cognition 
w'as relatively weak and was easily retrieved by daily training. In the present study, to 
produce more severe ischemic insult to the brain, we applied the repeated-ischemia 
w'ith Ihr intervals and investigate both behavioral and histochemical changes after 
ischemia .
[Results and Conclusion]Behavioral and Biochemical studies: Repeated cerebral is

chemia (lüminx2) induced more severe disruption of spatial cognition than that by 
single ischemia,but never induced any motor disturbance or a tolerance. ACh release 
from the hippocampus decreased not only at 24hr but also at 7days after reperfusion. 
Histochemical studies: Hematoxyline and eosin staining showed the marked reduc
tion of the hippocampal CAI cells (approx 64%) at 7 days after repeated ischemia. 
Futhenπore, TUNEL positive apoptotic cells were observed at 3 days after reperfusion 
and finally over 60% of CAI cells became apoptotic at 7 days after reperfusion. From 
these result,we suggested that repeated cerebral ischemia induced deficit of spatial 
cognition may involved the hippocampal cell death and that may combine mainly 
necrosis at the early phase and following by apoptosis at the late phase.

N E U R O T O X IC IT Y : E N E R G Y

854.1
HPLC Analysis: CSF: Intracerebral Hemorrhage

L .C .Parsons* M. Dupakova, P. Miketova, A. Hamilton 
Colleges of Nursing and Medicine U. of A., Tucson 

Purpose: M easure, o ver  a lo n g itu d ia n l  5 -day p e r io d ,  
u sin g  High Perform ance L iq u id  Chromatography 
(HPLC), th e  c e r e b r o s p in a l f lu i d  (CSF) 
c o n c e n tr a t io n s  o f  p h o s p h a t id y lc h o lin e  (PC) and 
sp h in gom yelin  (SM) in  p erso n s  who had s u s ta in e d  an 
in tr a c e r e b r a l  hemorrhage (IC_HEM). Subjects: (N=8)
3 fem a les  and 5 m ales were a d m itted  w ith  
sub arachn oid  hem orrhages (SAH) and GCS s c o r e s ,  4T 
to  15. Methods: CSF sam p lin g , i n i t i a t e d  w ith in  24
h r s . o f  a d m ission  (v ia  v e n tr ic u lo s to m y ) . L ip id  
s p e c ie s  were e x tr a c te d  a cc o rd in g  to  th e  m ethods o f  
M ollova , e t  a l . (1 9 9 4 ), and p r o c e ss e d  u s in g  W aters'
M illenn ium  2010 so f tw a r e . Results: Mean v a lu e s  fo r
8 s u b je c t s :

Phosphatidylcholine in ug/ml
24 hrs. 48 hrs. 72 hrs. 96 hrs. 120 hrs.
17.20 16.05 10.13 5.78 6.46(*) Means
(4.5) (5.5) (4.7) (2.3) (4.5) 

Sphingomyelin in ug/ml
S.E.M

2.43 2.54 2.03 1.45 1.40 (*) Means
( .39) ( .65) (.65) (.25) (.36) S.E.M
* n = 6 s u b je c t:s fo r  th e  120 h r . ,  sam ple o n ly .
Conclusions: I n ju r ie s  to  th e  b ra in  from IC_Hem may 
be due to  n e u r o to x ic  e f f e c t s  o f  hem oglob in(R egan  & 
P an ter , 1 9 9 6 ). Supported in  p a r t by Emmons Award.

853.22
IM P A C T  O F  F E T A L  A S P H Y X IA  O N  M E M O R Y  A N D  M O T O R  B E H A V IO U R  
A .D . G a v ila n e s . C .F . Lo id l. A . B lo k la n d 2. W . H o n iα 1. H .S te in b u s c h 1. C .E .B la n co . 
(S P O N : E u ro p e a n  N e u ro s c ie n c e  A s s o c ia tio n ) D ep ts . o f  P e d ia tr ic s , P s y c h ia try  
an d  N e u ro p s y c h o lo g y 1 a n d  B io lo g ic a l P s y c h o lò g y  , U n iv e rs ity  H o s p ita l 

M a a s tr ic h t a n d  U n iv e rs ity  o f  M a a s tr ic h t, T h e  N e th e r la n d s .
F e ta l a s p h y x ia  (F A ) m a y  re s u lt in b ra in  d a m a g e  a n d  lo n g -te rm  

n e u ro d e v e lo p m e n ta ! im p a irm e n t. T h e  a im  o f  th is  w o rk  w a s  to  s tu d y  th e  im p a c t o f  
F A  in th e  ra t on  s p a tia l d is c r im in a tio n  p e rfo rm a n c e  a nd  p s y c h o m o to r  b e h a v io r  
u n d e r  b a sa l a n d  D -a m p h e ta m in e  (A M P H ) s t im u la te d  co n d itio n s . O n  E 17 ; 8 0 %  o f 

fu ll te rm  g e s ta tio n ,W is ta r-L e w is  ra ts  w e re  su b je c te d  to  a m id lin e  la p a ro to m y  
in s id e  a c lo s e  in c u b a to r to  m a in ta in  n o rm o th e rm ia . T h e  u te r in e  a nd  th e  o va r ia n  
a r te r ie s  w e re  c la m p e d  w ith  non  tra u m a tic  re m o v a b ¦e  c la m p s  fo r  75  m in . T h e n , 
th e  u te r in e  h o rn s  w e re  p la ce d  b a c k  in tra -a b d o m in a lly . T h e  a s p h y c tic  g ro u p  w a s  
b o rn  v a g in a lly  a t te rm  d a te  (g ro u p  1, n = 11 ). C o n tro l g ro u p s  w e re  e ith e r  s h a m  
o p e ra te d  (g ro u p  2, n = 1 1 ) o r  u n tre a te d  (g ro u p  3, n = 1 0 ) a n d  bo th  v a g in a lly . M o rr is  
w a te r  m a z e  p e rfo rm a n c e  w a s  te s te d  a t 1 .5  a n d  6  m o  o f  age . O p e n  fie ld  b e h a v io r  

a c tiv ity  w a s  a s s e s s e d  a t 6  m o u n d e r p la c e b o  a nd  A M P H  c h a lle n g e  (0 .5  a n d  1.0  
m g /k g  i.p.,1 tr ia l p e r d a y  fo r  3 d a y s ). D a ta  o f bo th  te s ts  w e re  a n a ly z e d  w ith  a 
v id e o  tra c k in g  s y s te m  (E th o v is io n ). F e ta l m o rta lity  in g ro u p  1 w a s  4 8 %  a nd  in 

g ro u p  2 w a s  13% . L e a rn in g  c u rv e s  a n d  s w im  d is ta n c e s  w e re  s im ila r  fo r  th e  th re e  
g ro u p s  a t 1 .5  m o. H o w e v e r, g ro u p  1 an d  2 s w a m  s ig n ific a n tly  fa s te r  th a n  th e  ra ts  
o f  g ro u p  3. T h e re  w a s  no  d if fe re n c e  a m o n g  g ro u p s  a t 6 m o. B e h a v io ra l a c tiv ity  in 
th e  o p e n  fie ld  a t 6  m o  w a s  s ig n if ic a n tly  lo w e r in g ro u p  1 c o m p a re d  w ith  g ro u p  3 
u n d e r  b a s a l co n d itio n s . F u rth e rm o re , ra ts  o f  g ro u p  1 a nd  2 tre a te d  w ith  p la c e b o  
a n d  1 .0  m g /k g  A M P H  w e re  s ig n if ic a n tly  h y p o a c tiv e  th a n  th o s e  o f  g ro u p  3. T h is  
s u g g e s ts  th a t u te r in e  b lo o d  flo w  w a s  a lso  im p a ire d  d u rin g  th e  s h a m  p ro c e d u re  
a n d  th a t F A  m a y  p a rtia lly  d e p le te  p re s y n a p tic  d o p a m in e  in th e  s tr ia tu m . T h e  
d is tr ib u tio n  o f s tr ia ta l d o p a m in e rg ic  a nd  s e ro to n e rg ic  v a r ic o s e  f ib e rs  in th o s e  3 
g ro u p s  w ill be  p re s e n te d . In c o n c lu s io n  o u r d a ta  s u g g e s t th a t F A  a t E 17  in th e  ra t 

d o e s  n o t a ffe c t sp a tia l le a rn in g  ab ility  n o r long  te rm  re te n tio n  b u t it d e c re a s e s  

m o to r fu n c tio n  in a d u lth o o d .

853.24
COGNITIVE DEFICITS FOLLOWING PERMANENT MIDDLE 
CEREBRAL ARTERY OCCLUSION (MCAO) IN SPONTANEOUSLY 
HYPERTENSIVE RATS (SHR). E A. Zahalka K S. Murzvn 1, R.F. White 2 
and F.C. Barone 2*. Departments of  ̂Safety Assessment and 2Cardiovascular 
Pharmacology, SmithKline Beecham Pharmaceuticals, King of Prussia, PA 
19406.

SHR exhibit increased sensitivity to cerebral ischemia, and provide an 
interesting strain to study risk factors in focal stroke. In this study, the 
behavior of SHR following permanent MCAO was investigated. SHR were 
subjected to permanent unilateral, right MCAO (n=4O) or sham surgery (n=4O) 
at 16 weeks of age. One or two weeks after recovery from the surgery, rats 
were tested in either passive avoidance (PA) behavior or motor activity 
performance for 23 hours. Other MACO-or sham-operated rats were tested 7 
weeks following the surgery to evaluate their performance in the PA paradigm 
in order to determine the behavioral recovery period. Results from the PA test 
revealed that MCAO rats tested after 1 and 2 weeks performed poorly in 
comparison to the sham-operated rats. The MCAO rats required higher number 
of trials to criterion (P<0.0029) and had a higher percentage of rats requiring 
more than two trials to reach criterion (P<0.004) as compared to the sham rats. 
After 7 weeks, PA performance of MCAO rats was not different from sham 
controls. Sham and MCAO rats performance was not different in the motor 
activity test. These results demonstrate that unilateral focal ischemia impairs 
PA learning ability without effects on motor activity. These cognitive deficits 
following focal stroke in this model recover within 7 weeks.

854.2
EFFECT OF IRON DEFICIENCY ON AMINO ACID NEUROTRANSMITTER 
CONCENTRATIONS IN THE RAT HIPPOCAMPUS USING IN VIVO 
MICRODIALYSIS. R,O. Wright1'2 3, P. Chaivakul', H, Hu3 and T.J. Maher1*. 'Div. 
Pharmaceutical Sciences, Massachusetts College of Pharmacy and Allied Health 
Sciences, Boston, MA 02115; 2Dept. of Pediatrics, Brown University, Providence, 
RI 02903; 3The Channing Laboratory, Brigham and Women’s Hospital, Flarvard 
Medical School, Boston, MA 02115.

While epidemiologic studies suggest that iron deficiency adversely affects 
learning and memory, little is known regarding the mechanisms behind these 
deficits. We speculated that changes in amino acid neurotransmitter release in the 
hippocampus may play a role. Sixteen weanling male Sprague-Dawley rats were 
divided into 2 groups and 8 rats fed an iron deficient diet (<20 PPM iron) and the 
other fed a control diet (200 PPM iron) for 24 days. Animals were then anesthetized 
with urethane and stereotaxically implanted with a 3 mm microdialysis probe in the 
left hippocampus. Isotonic artificial cerebrospinal fluid (aCSF) was then infused 
(1.5 ul/min) and baseline levels of aspartate, glutamate, glycine and taurine 
collected every 20 minutes for 80 minutes. The aCSF was then switched to a high 
K" (3OmM) isotonic infusion and the samples again collected every 20 minutes for 
40 minutes. Isotonic normal K+ (2.7mM) was again infused and samples collected 
for an additional 80 minutes. Hematocrits were significantly different between 
groups (34% vs 45%; p <0.0001) Basal levels of aspartate, glutamate, glycine and 
taurine did not differ between groups both prior to and after K+ stimulation. 
Potassium stimulated release of aspartate, glutamate, glycine and taurine did not 
differ between groups. We therefore conclude that iron deficiency does not affect 
the depolarization-evoked release of the excitatory amino acids aspartate and 
glutamate and the inhibitory amino acids glycine and taurine in the hippocampus 
under these experimental conditions. The mechanism of iron deficiency’s 
neurotoxicity appears unlikely to be associated with hippocampal neurotransmitter 
release. (Supported by the Milton Fund.)
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854.3
BAPTA/AM, INTRACELLULAR CALCIUM CHELATOR INDUCES 

ATYPICAL NECROTIC DEATH IN CULTURED CORTICAL NEURONS.

M B Wie1*. J H. Kim1. J Y. Koh2. M.H.Won3, J.C. Lee3r T K Shin1 and Y.J. Lee1. 

'Dept, of Vet. Med. and Inst, of Life Sci.. Cheju Natl. Univ.. Cheju. Korea; 2Dept. 

of Neurol., Ulsan Univ. Sch. Med.. Seoul. Korea; 3Dept. of Anat , Hallym Univ. 

Sch. Med., Chunchon. Korea.

Elevation of intracellular calcium level ((Ca2+Ji) by sustained depolarization in 

some neuronal apoptosis models has been known to improve the neuronal survival 

(Lampe et al.. 1994; Koh et al.. 1995). We examined whether BAPTA/AM. 

permeant calcium chelator exhibits apoptotic or necrotic death in mouse cortical 

cultures. Neurons exposed to 10 µM concentration of BAPTA/AM for 48 h 

resulted in moderate neuronal damage. The neurotoxicity of BAPTA/AM was 

inhibited by the treatments of 0.3-1 µg/ml cycloheximide, 10 µM actinomycin D. 

10-15 mM K \ 100 µM t-ACPD. not by 10 µM MK-801. Transmission electron 

microscopic observations at 24 h after addition of BAPTA/AM were displayed 

atypical necrotic features following disruption of cytoplasmic membrane, scattered 

chromatin condensation, swelling of rough endoplasmic reticulum and 

mitochondria . These results suggest that chelation of intracellular calcium caused 

by BAPTA/AM may be related to necrotic change in cortical neuronal cells.

854.5

THE LOCAL ANESTHETICS LIDOCAINE A N D  BUPIVACAINE CAUSE 
A  DECREASE IN M ITOCHONDRIAL M EM BRANE POTENTIAL IN 
THE NEURONAL CELL LINE N D 7. ME Johnson.* CB Uhl. AD Dasilva. 
JA Saenz. Anesthesiology Dept, M ayo Medical School, Rochester, M N  
55905

Local anesthetics (LAs) have been implicated in direct spinal 
neurotoxicity, but the mechanism o f  such toxicity has not been established. 
LAs are lipophilic, weak bases with pKas near physiologic pH, and could 
potentially carry protons across the mitochondπal membrane, collapsing the 
mitochondrial pH gradient, and leading to the loss o f  the mitochondrial 
membrane potential (Δψ). N D 7 (derived from rat dorsal root ganglion) cells 
were differentiated to a neuronal phenotype, loaded with rhodamine 123 
(R123) as an indicator o f  Δψ, and monitored by digitized fluorescence 
microscopy. L or B was added in HEPES-buffered Krebs solution, pH 7.4. 
Controls (0% L or B) contained Tris buffer (pKa 8.1) equimolar to 2.5%  
(g/dL) L or 0.625%  B. Exposure to 1, 2.5, 5% L, or 0.625%  B (clinical 
concentration range), caused a sudden decrease in Δ ψ  within 5 minutes to a 
new level, which was maintained for the next 60 min. L  caused a greater 
decrease in Δ ψ  than equipotent (1 :4) concentrations o f  B.

Equipotent LA concentrations % -1- R123 fluorescence at 5 min after +LA
L B L B

0% 0% 0.12 ± 8 .7 5.2 ± 9 .3
1.0% 0.25% 46.7 ±  10.3 12.7 ±  15.8
2.5% 0.625% 51.4 ± 2 2 .5 35.7 ± 2 2 .0
5.0% (insoluble) 69.0 ± 6 .3 . . .

N > 34 cells each condition. P<0.001 (ANOVA; Tukey post-hoc tests) for (a) 
0.625%  B  vs. all other B; (b) L  vs. B  at 1, 2.5%  L; (c) all non-zero L vs. 0% 
L; (d) 5% L vs. all other L. Supported by American Society o f
Regional Anesthesia and M ayo Foundation.

854.7

TIME COURSE OF P751™  AND NGF UPREGULATION IN 
STRIATAL ASTROCYTES AND NEURONS BY QUINOLINIC 
ACID (QA) AND 3-NITROPROPIONIC ACID (3-NP). R. Hanburv1*.
V. Charles1. E. J. Mufson1. E-Y Chen1. J.H, Kordower1, *Dept of 
Neurology, Rush-Presbyterian St. Lukes Medical Center, Chicago, IL 
60612.

Quinolinic acid (QA) is a neurotoxin that acts as a agonist at the N- 
methyl-D-Aspartate (NMDA) receptor. 3-nitroproprionic acid (3-NP) is 
an irreversible mitochondrial inhibitor of complex II. These neurotoxins 
induce neuron degeneration within striatal neurons in a pattern similar to 
that as seen in Huntington’s Disease (HD). In the present study, rats 
received intrastriatal injections of either QA (22OnM/ul) or 3-NP 
(75OnM/ul) and were sacrificed 1, 3, 5, 7 and 21 days post lesion. 
Following QA and 3-NP administration, p751™* immunoreactivity (ir) 
was only observed within striatal neurons in the lesion core at 5 days 
post lesion and within astrocytes surrounding the lesion core at the 7 
and 21 day time points. No p 7 5 ^ -ir  was observed prior to these time 
points. NGF-ir was first observed in neurons surrounding the lesion 
area one day post toxin injection. No NGF-ir was seen at the 3 or 5 day 
time points. NGF-ir was observed within astrocytes within the lesion 
core or in the region surrounding the damaged tissue at 7 and 21 days 
following the insult. Apoptosis is being studied at these time points 
following QA and 3-NP injections using terminal deoxynucleotidyl 
transferase (TdT) Fragment End Labeling (TUNEL) of DNA. Both QA 
and 3-NP toxins show a similar time dependent expression of p751™* 
and NGF within the striatum suggesting the proteins are potentially 
involved in the selective vulnerability seen in the striatum following 
injections of QA and 3-NP. (supported by N35078).

854.4
ACUTE ENERGY DEPLETION BY NITRIC OXIDE IS SUFFICIENT TO 
INDUCE DELAYED NEURONAL DEATH. J.R. Brorson*and A. Angirasa. Dept, 
of Neurology, The University of Chicago, Chicago, IL 60637.

Nitric oxide (NO) and its more reactive product peroxynitrite have several 
potentially damaging effects on neurons. Activation of poly-(ADP ribose) 
polymerase (PARP) and induction o f apoptosis each contribute to resulting neuronal 
death after toxic NO exposure. We have found that NO produces a profound energy 
depletion in neurons by inhibition of mitochondrial and glycolytic energy 
metabolism. We asked whether this effect alone is sufficient to induce the 
neurotoxicity of NO.

In cultured hippocampal neurons, treatment with micromolar quantities of the NO 
donor Y-nitrosocysteine for 2Omin severely depleted cellular energy stores, with 
slow partial energy recovery over subsequent days. At 1 day, most neurons survived 
but widespread TUNEL staining of nuclei was seen, and substantial neuronal death 
ensued slowly over the subsequent 7 days. Acute energy depletion by inhibitors of 
glycolytic and mitochondrial ATP production produced a similar immediate energy 
depletion and slowly developing neuronal death, but without producing widespread 
TUNEL staining at 1 day. In either case, delayed death was partially blocked by 
either inhibitors of caspases or of PART. The early TUNEL staining produced by 
NO was not accompanied by prominent formation of nuclear apoptotic bodies, but 
rather was consistent with direct DNA strand breakage induced by NO exposure.

The evidence suggests that acute energy depletion, like that caused by toxic levels 
of NO, may be sufficient to account for the initiation of processes which lead to 
delayed neuronal death, without requiring widespread oxidative damage of other 
structures, such as DNA strand breakage. The subsequent pathways of neuronal 
death after NO exposure appear to involve activation of both caspases and PARP. 
S u p p o r t e d  b y  N I H  g r a n t  N S 0 1 6 3 0  a n d  b y  th e  B r a in  R e s e a r c h  F o u n d a t io n .

854.6
NITRIC OXIDE (NOS) INHIBITORS FAIL TO ATTENUATE 3- 
NITROPROPIONIC ACID-INDUCED NO° PRODUCTION IN RAT 
BRAIN. M.I. Sabri*, M-S Kim, B. Lystrup and P.S. Spencer. Center for 
Research on Occupational and Environmental Toxicology, Oregon Health 
Sciences University, Portland, OR 97201.

3-Nitropropionic acid (3-N PA) produces putaminal necrosis in humans, 
depletes brain ATP in rodents and causes neuronal death by excitotoxic  
and/or apoptotic m echanisms. Schulz et al. (1995) report that repeated 
system ic injection o f 3-NPA produces striatal lesions in rats and that 
pretreatment with 7-nitroindazole (7-NI), a NOSI inhibitor, protects against 
3-NPA neurotoxicity. W e examine the effect o f single injection o f 3-N PA  
on NO° production in rats, a model o f neurotoxicity in humans exposed to 
this fungal toxin. Rats were terminated 1-2.5 h after toxin administration, 
brains excised and NO° assayed with Griess Reagent. NO° production was 
increased in a dose-dependent manner (from a mean base line value o f  
12.2 nm oles in controls to 22.2, 23.3 and 24.7 nm oles nitrite/mg protein in 
rats treated with 25, 50, or 75 mg/kg 3-NPA , respectively). NO° was 
increased in selected brain regions (in nmoles: hippocampus, 162.1 ±  60.8; 
putamen, 150.2 ±  39.2; cerebral cortex, 149.4 ±  20.2 and cerebellum,
110.6 ±  14.2) o f rats treated with a single injection o f 75 m g/kg o f 3-NPA . 
Pretreatment with a single ip injection o f either 7-NI (50 mg/kg) or with 2- 
am in o-5,6-d ihydro-6-m eth yl-4H -l,3-th iazin e (AM T) (3 m g/kg), a potent 
NOSH inhibitor, did not attenuate NO° production in 3-NPA-treated  
animals. These results show that (i) 3-NPA increases NO° in rat brain and 
(ii) pretreatment with single injections with either NOSI or NOSII 
inhibitors is unable to attenuate NO° production by single large doses o f 3- 
NPA that induce striatal necrosis in animals. Supported in part by Oregon  
Health Science Foundation.

854.8
P R IM A T E  M O D ELS O F H U N T IN G T O N ’S D ISE A SE  (H D ):  
A N A L Y SIS O F C O G N IT IV E  A N D  M O T O R  D E FIC ITS IN D U C E D  BY 
3-N IT R O PR O P IO N IC  A C ID  (3 -N P ) A N D  Q U IN O L IN IC  A C ID  
(Q A ).  B. Roitberg1,4, J.G. Sram ek3’4, S.Palfì4, C. A nderson2, M.E. E m borg4 
and J.H. Kordower*. Dept, o f  N eurosurgery1 and ^Anatomy and Cell 
B iology, Univ. o f  IL, Chicago, IL 60612; Dept o f  Neurosurgery3, Res. Ctr. 
Brain Repair and Dept. Neurological Sciences4, Rush Med. Ctr., Chicago, 
IL 60612.

HD is a neurodegenerative disease characterized by progressive  
movem ent disorder, cognitive deterioration and a selective striatal 
degeneration. There is no effective treatment and thus stable primate 
m odels o f  HD could aid in the developm ent o f  novel therapies. In this 
study we analyzed two primate m odels o f  HD: 1) bilateral stereotaxic 
intrastriatal injections o f QA and 2) daily system ic (im ) administration o f  
3NP during 8 weeks, in m ale Cebus apella m onkeys. The animals were 
evaluated for motor skill, general activity, apom orphine-induced abnormal 
m ovem ents (0.3 m g/kg, im), and for frontal cognitive function using the 
object retrieval detour test (ORDT) before, during and 3 months post 
neurotoxin administration. QA and 3N P treated animals presented with 
similar behavioral deficits. Both groups were slow to com plete the m otor 
performance task, an effect which m ay be due to dyskinesias and dystonia. 
General activity was increased in all QA-treated and 3-NP treated monkeys. 
After apomorphine administration the animals displayed dystonia and 
dyskinesia in the lower and upper limbs. Severe orofacial dyskinesia was 
also observed after the QA lesion. The ORDT demonstrated a profound  
deterioration in successful responses, with an increase in barrier reaches in 
both groups. MRI scans r e v e le d  extensive striatal lesions in m ost animals, 
although one 3-N P treated animal with profound behavioral deficits 
displayed only a minor increase in T-2 weighted signal. These results 
suggest that both neurotoxins induce sim ilar behavioral and neuroim aging  
changes in Cebus m onkeys. Supported by: N S35078.
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854.9
EFFECT OF ACUTE EXPOSURE TO 3-NITRO PROPIO NIC AC ID  
(3-NPA) ON AC TIV IT IE S  OF ENDOGENOUS A N T IO X ID A N T S  IN THE 
RAT BRAIN. Z. B in ie n d a *. C. S im m ons. J.R . John son . R.L. 
R ountree. S. Hussain and S.F. AN. D iv is ion  o f N e u ro tox ico logy , 
NCTR/FDA, Je ffe rso n , AR 7 2 0 7 9 .

3-N P A, a p lan t and funga l to x in , has been s h o w n  to  produce  
n e u ro to x ic ity  due to  inh ib itio n  o f m ito ch o n d ria l e ne rgy  m etabo lism , 
secon dary e x c ito to x ic ity , and o x id a tive  s tress . In the  present s tudy, 
w e  inves tiga ted  the  response o f brain a n tio x id a n t enzym es and 
reduced g lu ta th io n e  to  acu te  3-N P A expo sure . M ale ra ts  in jected  
w ith  3-NPA (30  m g /kg , s .c .) w e re  sa c rifice d  3 0 , 6 0 , 9 0 , and 120  
m in a fte r  tre a tm e n t, to  exam ine chan ges in reduced g lu ta th ione  
levels (GSH), and a c tiv itie s  o f a n tio x id a n t enzym es, superoxide  
d ism utase (SOD), g lu ta th io n e  peroxidase (GPx), and ca ta lase (CAT) 
in the  h ippocam pus (HIP), fro n ta l c o rte x  (FC) and caud a te  nucleus  
(CN). It w a s  found  th a t C A T a c t iv ity  increased in the  HIP 9 0  min 
a fte r 3-NPA tre a tm e n t. W hile  c y to s o lic  copp er/z inc-S O D  (CuZn- 
SOD) and m itoch ondria l m anganese-S O D  (M n-SO D) leve ls increased  
in FC a fte r 1 20  m in , on ly  M n-SO D increased in CN 9 0  m in a fte r  
tre a tm e n t. The level o f GPx decreased in HIP 1 2 0  m in a fte r  3-NPA  
in je c tion . W hen com pared w ith  the  c o n tro l, a d m in is tra tio n  o f 3-NPA  
led to  GSH dep le tio n  in HIP w ith in  1 2 0  m in . The d ep le tio n  o f GSH 
and in d u ctio n  o f a n tio x id a n t enzym e a c tiv itie s  fo llo w in g  3-NPA  
in je c tion  ind ica te  increased genera tion  o f re a c tive  oxygen species  
associa ted  w ith  3-NPA exposure . Su pported  by FDA/NCTR

854.11
M ULTIPLE CELL DEATH PATHW AYS OPERATE IN VIVO IN 
METABOLICALLY COMPROMISED STRIATUM: ACTIVATION OF THE 
JNK SIGNALLING PATHWAY OCCURS AFTER P53 UPREGULATION IN 
RESPONSE TO MITOCHONDRIAL INHIBITORS. A. M. Kenney *, J-F, Chen, 
Y-H. Xu. and M.A. Schwarzschild. Molecular Neurobiology, Dept of Neurology, 
Massachusetts General Hospital and Harvard Medical School, Boston, MA 02114.

It has been proposed that impaired energy metabolism may contribute to 
neurodegeneration in disorders of the basal ganglia. The molecular mediators of cell 
death induced by metabolic compromise are not known. We have observed that 
inhibition of mitochondrial respiration in adult rat striata by local injection of 
metabolic toxins leads to rapidly increased levels of the pro-apoptotic protein p53. 
To determine whether intrastriatal injection of mitochondrial toxins activates other 
cell-death associated pathways, we focussed on the stress-activated protein kinase/jun 
kinase (SAPK/.1NK) pathway, which is known to be regulated by metabolic stress and 
can also play a role in apoptosis. Using immunoblotting, we measured levels of JNK, 
phosphorylated (activated) JNK. and c-Jun, a JNK substrate, at various times after 
intrastriatal injection of the metabolic toxins malonate. 3-nitropropionic acid, sodium 
azide, or vehicle (saline). The appearance of intranuclcosomal DNA fragmentation, 
assessed by electrophoresis of enzymatically radiolabelled DNA (laddering),-was 
used as an indicator of cell death. Total JNK protein levels were not affected by 
treatment. Injection of mitochondrial toxins resulted in increased levels of 
phosphorylated JNK beginning 3 hours after injection, by which time DNA cleavage 
was already evident. Phospho-JNK levels continued to rise over the next 12-24 hours. 
Increases in c-Jun protein were observed by 12 hours after treatment, and were 
maintained at later times after treatment. The delay in c-Jun upregulation with respect 
to p53 upregulation and the earliest signs of DNA cleavage suggests a role for c-Jun 
in regulating later cell death processes, in response to events secondary to 
mitochondrial inhibition. (Supported by NIH grant DAO746 and NS01729A).

854.10
MANIPULATION OF THE JNK AND MAPK PROTEIN  
KINASE PATHWAYS FOR NEUROPROTECTION  
USING A TETRACYCLINE REGULATED  
ADENOVIRAL SYSTEM . TC H arding*. BJ G ed d es. F G unn- 
M oore. M  D ickens & JB U n ev  Department o f  M edicine. U n iversity  
o f  Bristol. Bristol U K  B S 2  8H W .
The m itogen-activated protein kinase (M A PK ) group o f  protein 
kinases are implicated in the regulation o f  fundam ental cellular 
processes including cellular death and survival. T h ese en zym es  
include the M A PK , c-jun N  terminal k inase (JN K ) and p38  
subfam ilies. The M A PK  pathway is  activated b y stim uli such  as 
m itogens and grow th factors, causin g cell grow th  and d iv is io n . In 
com parison the JN K  and p 38 pathw ays are activated by cellular 
insults such as oxidative stress, excito tox icity , inflam m ation and 
ischem ia. A ctivation o f  JNK  and p38 is thought to play a key role in 
apoptotic cell death. Thus the M A P K  group o f  protein k inases  
represent pow erful intracellular targets to be studied in 
neuroprotection. T o study the role o f  M A PK  and JN K  in neurones , 
w e clon ed  the D N A ’s o f  proteins know n to m odulate the M A P K  and 
JN K  pathw ays into the tetracycline-regulated adenoviral system . 
This a llow ed the efficient delivery and regulated exp ression  o f  the 
proteins in hippocam pal neurones . The ability o f  these constructs to 
protect neurones from  various cell stressors including glutamate 
toxicity  and neurotropic factor w ithdrawal w ere then assessed .

NEUROTOXICITY: BASAL GANGLIA

855.1 855.2
SUBCHRONIC TOLUENE EXPOSURE IN LOW CONCENTRATIONS 
PRODUCES SIGNS OF REDUCED DYSFUNCTION IN THE 6-OH 
DOPAMINE LESIONED NIGROSTRIATAL DOPAMINERGIC SYSTEM OF

G. Höglund^. A. Møller  ̂ and K. Fuxe.  ̂ ^Dept. of Physiology. School of
Medicine. 29080 Malaga. Spain. ^Dept, 0f Histology and Neurobiology. 
Karolinska Institut. 104 01 Stockholm. Sweden, ¾ ep t. of Occupational Health, 
NIWL, 171 84 Solna. Sweden. ^Neurosearch, Golstrup, Danmark.

Toluene is potentially neurotoxic for humans subjetc to occupational exposure 
or drug abuse. We examined in a rat model of Parkinson’s disease the effect of a 
subchronic (4 weeks) exposure to low concentrations of toluene (40, 80 or 300 
parts per million, ppm) on the brain nigrostriatal dopaminergic system. Group of 
rats underwent an unilateral lesion of the substantia nigra (SN) by injection of low 
doses of 6-hydroxydopamine (6-OH-DA, 2 µg/4µL saline) or saline alone as a 
control (sham operated). Animals from each group (n=6) were anaesthetised, 
perfused, fixed with 4% paraformaldehyde and the brains removed and processed for 
immunohistochemistry (tyroxine hydroxilase, TH; bovine basic fibroblast growth 
factor, bFGF; the microglial marker 0X42; bovine glial fibrillary acidic protein, 
GFAP). The contralateral rotational behaviour, induced by apomorphine was 
evaluated three days before sacrifice. The lesion-induced reduction of 
immunoreactivity (IR) for TH in the neostriatum was partly counteracted by the 
toluene exposure (300 ppm), but stereologic cell counts of TH immunoreactive 
nerve cells in the lesioned SN were unaltered after 40 o 80 ppm toluene exposure. 
The bFGF IR was decreased in sections of the neostriatum on the lesioned side 
(300 ppm). The peak activity of the contralateral rotational behaviour, induced by 
apomorphine, was significantly decreased (80 ppm). In conclusion, a subchronic 
exposure to low doses of toluene lead to signs of reduced dysfuntion of the 
nigrostriatal dopaminergic system after the neurotoxic treatment.

Supported by a grant from the Swedish Work Environmental Health Fund (93- 
0586) and by a grant from the Spanish DGES (PR95-646).

THE EFFECT OF MDMA OR METHAMPHETAMINE ON BRAIN-DERIVED 
NEUROTROPIC FACTOR IN THE RAT BRAIN. L, Matuszewich*. C. A. 
Stockmeier, and B,K. Yamamoto. Dept, of Psychiatry, Case Western Reserve 
Univ., Cleveland, OH 44106.

T ie neurotrophin brain-derived neurotrophic factor (BDNF) has been shown 
to enhance the survival of neurons in the adult rat nervous system. Infusing 
BDNF into the neocortex during treatment with the serotonin neurotoxin p- 
chloroamphetamine increased the survival of serotonergic neurons in vivo 
(Mamounas et al., 1995). Similarly, administering BDNF to dopamine neurons in 
vitro decreased the susceptibility to the dopamine neurotoxin 6-hydroxy-dopamine 
(Spina et al., 1992). T ie psychostimulants 3,4-mcthylenedioxymethamphetamine 
(MDMA) and methamplietamine also act as neurotoxins to serotonin and 
dopamine neurons. The current study investigated the effect of MDMA or 
methamplietamine on BDNF concentrations in several brain regions. Male rats 
were treated with MDMA or methamplietamine (10 mg/kg, i.p.), or an equivalent 
volume of saline every 2 hours for a total of 4 injections. Twenty-four hours after 
the 1st injection, the animals were sacrificed and specific brain regions were 
dissected. T ie samples were homogenized in a lysis buffer and BDNF 
concentrations were determined with an ELISA (Promega BNDF Emax). As 
demonstrated in previous studies, the hippocampus showed the liighest 
concentration of BDNF. MDMA treated rats showed significantly higher BDNF 
concentrations in the substantia nigra relative to methamplietamine treated rats 
(p<.05), and a trend toward an increase in the left prefrontal cortex relative to 
saline treated controls. Metliamphetamine treated rats, on the oilier hand, showed 
a trend toward a decrease in BDNF concentrations in the substantia nigra, but an 
increase in the liippocampus and prefrontal cortex. These effects may be a 
response directly to the long-term ncurotoxic effects of MDMA and 
metliamphetamine, or may be due to the acute release of serotonin and/or 
dopamine. Supported by DA07606, DAO7427 and MH45488.
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855.3
R E PE A T E D  A D M IN IST R A T IO N  O F M E T H A M P H E T A M IN E  
D A M A G E S C E LL S IN  SO M A T O SE N SO R Y  C O RTEX : O V ER LA P  
W IT H  H IG H  C Y T O C H R O M E  O X ID A SE B A R R ELS. S.J. O ’D ell* and
J.F. Marshall. Department o f  Psychobiology, University o f  California, Irvine, 
CA 92697.

M ultiple injections o f  methamphetamine (mAM PH) produce long-lasting 
damage to forebrain monoaminergic nerve terminals and non- 
catecholaminergic neurons in rat primary somatosensory cortex (Pari). 
Previous studies have shown that these degenerating cortical neurons can be 
labeled with the novel fluorochrome dye, Fluoro-Jade (FJ). After multiple 
injections o f  mAMPH, FJ-positive neurons were found, som etim es in 
clusters, in layers III/IV o f  Pari.

In rodents, whiskers are extensively represented in somatosensory cortex. 
Neurons in the rat cortex that receive projections derived from the mystacial 
vibrissae are arranged in discrete, punctate functional units, called barrels, in 
layer IV. The organization o f  barrel cortex can be revealed by histochemical 
staining for cytochrome oxidase (CO) activity.

Here, we investigate the localization o f  FJ-positive neurons in relation to 
the whisker barrels in P a ri. Rats were injected with either saline (1 ml/kg, 
sc) or mAMPH (4 m g/kg, sc) at 2 hr intervals for a total o f  4 injections.
Three days later, cortical sections were processed for both FJ and CO 
histochemistry. Both saline- and mAMPH-treated rats showed a laminar 
pattern o f  cortical CO staining, with dense, punctate barrels visible in Pari. 
Rats which received neurotoxic regimens o f  mAM PH showed FJ-positive 
neurons in Pari that were located at the borders o f  CO-dense barrels. These 
data suggest that the prolonged behavioral activity involving the vibrissae 
may contribute to the mAM PH-induced damage to Pari neurons. (Supported 
by NIDA grant DA 10249.)

855.5
PHARMACOLOGICAL INACTIVATION OF VMAT2 POTENTIATES MPTP- 
INDUCED NEURODEGENERATION IN MICE. C -L  Liana1*, P.K. Sonsalla2.
K.F. M anave1 and D.C. G erm an1. 1Dept. o f Psychiatry, Univ. of Texas 
Southwestern Med. Sch., Dallas, TX 75235-9070 and 2Dept. of Neurology, 
UMDNJ Robert W ood Johnson Med. Sch., Piscataway, NJ 08854.

The neurotoxin 1-m ethyl-4-pheny!-1,2,3,6-tetrahydropyridine (MPTP) 
causes a Parkinsonian syndrom e in man, monkey and mouse. The toxic 
m etabolite  ^of MPTP, 1-methyl-4-phenylpyridinium  (MPP+), is rapidly 
accum ulated within m onoam inergic neurons via plasma membrane 
transporters. Once MPP+ is inside cells, it inhibits m itochondrial Complex 
I and causes neurodegeneration. Data suggest that sequestration of MPP+ 
into synaptic vesicles, via the vesicular m onoam ine transporter (VMAT2). 
protects cells from  degeneration. The present study sought to determine  
whether poisoning of VMAT2 with tetrabenazine (TBZ) potentiates MPTP- 
induced degeneration o f m idbrain dopam inergic (DA) neurons and locus 
coeru leus (LC) noradrenergic neurons. In Swiss W ebster male mice we 
used neurochem ical and com puter imaging procedures to examine the 
su bstan tia  nigra DA and LC neurons in anim als given saline, MPTP (30 
mg/kg X 9 days), TBZ (10 mg/kg X 9 days), or TBZ + MPTP (n=3-4/group). 
In MPTP-treated m ice there was a 69% depletion in striatal dopamine and 
an 83% depletion when given w ith TBZ. There was a corresponding  
potentia tion in substantia nigra DA cell loss (28% vs. 65%). Also, MPTP 
produce d a 48%  depletion in cortical norepinephrine, but there was no 
potentiation when given with TBZ. There was no loss of LC cells produced 
by MPTP or TBZ+M PTP. These data indicate that pharmacological 
inactivation of VMAT2 potentiates the neurodegenerative effects of MPTP 
in DA neurons. Research supported by AGO8479.

855.7
IBOGAINE BLOCKED METHAMPHETAMINE- INDUCED HYPERTHERMIA 
BUT POTENTIATED DOPAMINERGIC NEUROTOXICITY IN MICE. J. X. Yu.
S.Z. Imam. G.D. Newport. A.C. Scallef. L.W. Chanα2. W. Slikker. Jr. and S T 
AN. 1 Neurochemistry Laboratory, Division of Neurotoxicology, NCTR/FDA, 
Jefferson, AR 72079 and 2Depts. of Pharmacol. & Toxicol, and Pathol., UAMS, 
Little Rock, AR 72205.

Recently we reported that METH-induced dopaminergic neurotoxicity in mice 
may be modulated by hyperthermia. Ibogaine (IBO) is an alkaloid and has been 
proposed as a possible pharmacotherapy for substance abuse disorders. The 
present study is designed to investigate if IBO can block METH-induced 
hyperthermia and dopaminergic neurotoxicity. Eighteen months old C57 female 
mice were dosed with either IBO (50 mg/kg, ip), METH (20 mg/kg, ip) or IBO + 
METH. Control animals received saline injection. Body temperature was recorded 
by a rectal probe up to 4 hours after drug administration. Forty eight hours after 
injection animals were sacrificed and brains were removed and the striatum was 
dissected for neurochemical analysis. Injection of METH induced hyperthermia 
whereas IBO produced hypothermia in mice. The pretreatment of mice with IBO 
followed with METH injection showed no hyperthermia. IBO completely blocked 
METH-induced hyperthermia. METH produced significant decreases (20%) in 
dopamine (DA) concentration whereas IBO showed a slight reduction (10%) in 
DA concentration. Combined treatment of IBO and METH produced decreases 
(36%) in DA concentration. These data show that a single injection of IBO can 
block METH-induced hyperthermia but potentiate the dopaminergic neurotoxicity 
as measured by the depletion of DA in striatum. Because IBO is known to bind 
to multiple CNS receptor sites, the mechanism for its interaction with METH is 
complex and may be mediated via neurotransmitter regulation rather than 
terminal degeneration. Supported by NCTR/FDA.

855.4
REPEATED EXPOSURE RESULTS IN THE LOSS OF THE NEUROPROTECTIVE 
PROPERTIES OF RESTRAINT-INDUCED HYPOTHERMIA IN THE SUBSTITUTED 
AMPHETAMINE MODEL OF STRIATAL DOPAMINERGIC NEUROTOXICITY.
E.A. Johnson*, J.P. O’Callaghan and D.B. Miller. Chronic Stress and Neurotoxicology 
Lab, Toxicology & Molecular Biology Branch, CDC-NIOSH, Morgantown, WV 26505 

Substituted amphetamines (SA) are well-characterized murine striatal dopaminergic 
(DA) neurotoxicants and restraint stress throughout the period o f dosing prevents this 
neurotoxicity. The mechanism of this neuroprotection is unclear but appears linked to the 
ability of restraint to reduce SA-induced hyperthermia. To further define the factors 
involved we investigated whether with repeated exposure restraint remains neuro- 
protective. Female C57BL6J mice received 4 s.c. inj (0.2 mis every 2 hrs) of saline 
(SAL), d-methamphetamine (METH) or d-methylenedioxymethamphetamine (MDMA) 
at a dosage of 0, 10 or 20 mg/kg, respectively on the 0, 1 (acute rεstiaint) or 5th (repeated 
restraint) day of restraint (~8 hrs duration in plastic 50 ml centrifuge tubes) and rectal 
temperatures were monitored. On day 1-4 mice in the repeated restraint condition 
received SAL (0.2 ml s.c. inj every 2 hrs X 4). Striatal tissue was collected at 72 hrs and 
levels of DA and its metabolites, tyrosine hydroxylase (TH) and GFAP (an astrocyte- 
localized protein known to increase in response to neural injury) were used to evaluate 
neurotoxicity. In concert with our previous findings METH and MDMA induced 
hyperthermia and caused striatal dopaminergic neurotoxicity as indicated by significant 
depletions of DA and TH as well as elevations in GFAP; acute restraint blocked this 
hyperthermia and was neuroprotective. Significant core temperature reductions were 
observed on each of the 5 days of restraint but neuroprotection was not observed. These 
data suggest that the hypothermia induced by restraint is not the only critical factor in the 
neuroprotective effects of this stressor. The molecular and cellular changes associated with 
acute and chronic restraint stress will be the focus of future work. ( I n t e r n a l  
S u p p o r t)

855.6
DOPAMINE ACTIVATES ASTROCYTES THROUGH BOTH D2 RECEPTOR- 
M EDIATED AND REACTIVE OXYGEN SPECIES-INVOLVED  
MECHANISMS. Yongquan Luo*. Gertrude C. Kokkonen. Fracis .1 Chrest and 
George S. Roth. Molecular Physiology and Genetics Section, Gerontology 
Research Center, NIA, Baltimore, MD 21224.
An increase of dopamine (DA) availability in rat brain has been suggested to 
participate in certain neurodegenerative processes. However, the regulatory effects 
of DA on glial cells have not been extensively studied. Using a rat C6 glioma cell 
line stably expressing recombinant D2L receptors, we have found that µM levels 
of DA activate astrocytes as indicated by mitogenesis and an increase of GFAP 
expression. DA-stimulated mitogenesis is mediated by D2 receptors since it was 
inhibited by (+)-butaclamol, a selective D2 receptor antagonist, but not by (-)- 
butaclamol, the inactive isomer of (+)-butaclamol. DA has no mitogenic effect on 
wild-type C6 cells. PTX, an uncoupler o f some subtypes o f G proteins with 
receptors, partially blocked DA-stimulated mitogenesis. The inhibitors of several 
types of kinases, including ERK, p38 MAPK, PKC and PI3K, failed to block DA- 
induced DNA synthesis. DA strongly stimulated tyrosine phosphorylation, which 
was parallel to DA-stimulated mitogenesis. Protein tyrosine phosphorylation was 
mediated by D2 receptors. Application o f either DPI, a potent inhibitor of 
NADPH-dependent oxidase, or NAC, an anti-oxidant, effectively prevented DA- 
induced tyrosine phosphorylation and mitogenesis. Moreover, exogenous 
application of low concentrations of H2 O2 enhanced the phosphorylation and DNA 
synthesis induced by DA. Taken together, these results suggest that a high 
concentration o f DA may regulate the intracellular redox-protein tyrosine 
phosphorylation pathway through PTX-resistant G proteins or small G protein 
linked D2 receptors, resulting in activation of astrocytes. The demonstration of 
this novel D2 receptor regulation o f intracellular redox signaling may help to 
elucidae dopaminergic roles in some neurodegenerative diseases.

We thank Dr. K. Neve for providing C6-D2L cells.

855.8
METHAMPHETAMINE- AND MPTP-INDUCED DOPAMINERGIC 
NEUROTOXICITY IN THE INDUCIBLE-NOS KNOCKOUT MICE. S.F. 
Ali1*. and Y. Itzhak2. 1Neurochemistry Laboratory, Div. of Neurotoxicology, 
NCTR/FDA, Jefferson, AR 72079 and 2Dept. Of Biochemistry & Mol. 
Biology, Univ. of Miami Sch. of Med., Miami, FL 33101.

We and others had previously shown that mice lacking the neuronal nitric 
oxide synthase (nNOS) gene are protected against methamphetamine 
(METH)- and 1-methyl-4-phenyl-1,2,3,6-tetrahydro-pyridine (MPTP)- 
induced DA-minergic neurotoxicity. In the present study we investigated 
the vulnerability of mice lacking the inducible NOS (iNOS) gene to METH 
(5 mg/kg x 3) and MPTP (2Omg/kg x 3). The levels of striatal DA and its 
metabolites, DOPAC and HVA, and DA transporter (DAT) binding sites 
were determined 72 h after the administration of the neurotoxins to iNOS(- 
/-) and wild type mice (C57BL/6). METH administration to iNOS(-/-) mice 
resulted in a relatively small (5-25%) decrease in the level of DA-minergic 
markers compared with the effect of METH on wild-type mice (>60%  
depletion). MPTP, however, had a similar effect on iNOS(-/-) and wild-type 
mice (e.g., 40-60% depletion of DA-minergic markers). The present study 
indicates that iNOS(-/-) mice are relatively more protected from METH- 
than MPTP-induced DA-minergic neurotoxicity. Since METH-induced 
hyperthermia in wild-type mice was greater than in the iNOS(-/-) mice, it 
is possible that the reduced sensitivity of iNOS(-/-) mice to METH-induced 
neurotoxicity is dependent on the temperature regulation. Together, these 
results also suggest that iNOS may have a minor role in DA-minergic 
neurotoxicity compared with nNOS. Supported by NIDA DAO8584 (Yl) and 
NCTR/FDA (SFA).
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855.9
THE NEUROTOXICITY INDUCED BY MPTP AND THE 
PROTECTIVE EFFECT OF MELATONIN IN THE 
SLICE-CULTURED TISSUE OF MOUSE MIDBRAIN Soo-Hyun 
Lee* and Kvung~Hea Cho Dept, of Biology, Seoul W omen's Univ. 
Seoul 139-774 KOREA

M PTP(l-m ethyl-4-phenyl-l,2,3,6-tetrahydropyride) is thought to 
cause toxic effects by impairing complex I of mitochondrial respiratory 
chain which induces increased amounts of superoxide radicals, lipid 
peroxidation(T.P.Singer et al, J.Neurochem,l987). Antioxidant hormone 
melatonint5-methoxy-fV-tryptamine) produced in pineal gland has 
various way to reduce free radical production and neutralize radicals 
once generated(B.Poeggeler et al, Ann. NY.Acad.Sci.1994)

In this study, we examined whether melatonin could recover the 
neurotoxicity of M PTP using slice tissue culture of mouse midbrain. 
We set up the slice explant roller-tube culture system with 
postnatal(7~8days) mouse brain, in  v i t r o .  After cultured 7 days, the 
tissues were treated with MPTP(50juM) in serum -free media during 
24 hour, and treated with melatonin(500 u  M) during 3davs. The 
distribution and content of tyrosine hydroxylase were analyzed bv 
performing immunosytochemistry on vibratome thin-sectioned culture 
slices. In M PTP-treated midbrain tissue, there was a 37% loss ni 

dopaminergic neuron, and recovery tp<0.008) by melatonin. Also the 
antioxidant effect of melatonin was conformed by immunobiotting.

The results suggest that M PTP has neurotoxic effect on 
dopaminergic neuron by inducing oxidative stress and this damge can 
be recovered significantly by antioxidant hormone melatonin.

(Supported by Korean ministry of health and welfare 1996 '1998)

855.11
INCREASED DOPAMINE NEUROTOXICITY IN AGING: BEHAVIORAL 
CORRELATES. I. Cantuti-Castelvetri*. B. Shukitt-Hale. J.A. Joseph. USDA 
Human Nutrition Research Center on Aging at Tufts University, Boston, MA 02111 

In recent years dopamine (DA) and its metabolites have been found to be potent free 
radical generators and to have selective neurotoxicity. Moreover, it appears that the 
vulnerability to DA neurotoxicity increases as a function of age. Thus, it became of 
interest in the present studies to determine if these increases in vulnerability would be 
expressed as decrements in behavior. To this end, we examined the behavioral effects 
of DA injections into the zona compacta of the substantia nigra (SNzc) or the striatum 
(STR). Young (Y, 6mo) or middle aged (MA, 16 mo) F344 rats were implanted with 
STR or SNzc bilateral cannulas. Half of the animals in each age group received either 
bilateral DA (lµmol/2µl) or vehicle injections daily for 5 days. Seventy two hrs after 
the last injections, the animals were evaluated for motor (e.g., inclined screen, wire 
suspension, rod or plank walk) or cognitive (Morris Water Maze) performance. 
Results indicated that no motor performance deficits were observed in the Y animals 
as a function of the DA treatment. However, the DA-treated, MA animals showed 
decrements in motor performance that were dependent upon the site o f injection. The 
STR-injected MA animals showed impairments in the wire suspension and small plank 
tests, while the SNzc-injected MA animals showed deficits in the rod test. Neither the 
STR or SNzc DA-injected groups of MA animals showed impairments in the medium 
or large plank tests or in inclined screen performance. Following these evaluations and 
the MWM tests, the animals were anesthetized with Nembutal, perfused and the brains 
removed for histological determination of cannula placement, and neuronal damage. 
These data, as well as those from the MWM, are being analyzed. However the results, 
thus far, suggest that the increasing neuronal vulnerability to oxidative stress that we 
have observed previously (Joseph et al., Free Rad. Biol. & Med. 20:821-830, 1996) may 
be expressed behaviorally and that it increases with age.
(Supported by USDA intramural)

855.13
EFFECTS OF MK-801 AND DEPRENYL ON AMPHETAMINE-INDUCED FREE 
RADICAL FORMATION AND DOPAMINE DEPLETION IN THE STRIATUM OF 
RATS. F.-J. Wan1*, Y.-S. Lin2, N. H. Liou3, C.-J. Tseng4 and C.-S Tung2. 
'institute of Undersea and Hyperbaric Medicine, Dept, of Physiology, Dept, of 
Biology and Anatomy, National Defense Medical Center, Taipei; Veterans General 
Hospital-Kaohsiung, Taiwan, R.O.C.

d-amphetamine (AMPH)-induced neurotoxic effects upon striatal dopaminergic 
terminals has been suggested to correlate with the extent of dopamine (DA) production 
and activation of glutamate receptor. Recent studies have implicated a role of free 
radical formation in the AMPH-induced DA terminal damage in the striatum. 
Specifically, DA overproduction by AMPH can induce oxidation of DA to form the 
neurotoxin 6-OHDA and associated oxygen radicals including superoxide. Excessive 
DA can also be catalyzed by monoamine oxidase (MAO) to yield H20 2 and hydroxyl 
radical via Fenton reaction. Additionally, nitric oxide (NO), also a free radical, can be 
generated by NMDA receptor-mediated activation of NO synthase, causing 
neurodegeneration. Thus, the present study first examined the levels of hydroxyl radical 
and NO in the striatum after administrations o f high dose of AMPH. Secondly, we 
determined whether DA and glutamate systems are involved in the AMPH-induced 
striatal free radical formation and DA depletion. DA and hydroxyl radical in the rat 
striatum homogenates were examined by HPLC-ECD system, using salicylate (200 
mg/kg) for hydroxyl radical trapping. NO was measured by chemiluminescence method. 
Our data demonstrates that systemic administration of two doses of AMPH (10 mg/kg) 
with desipramine (DMI, 10 mg/kg), a drug that retard AMPH metabolism, resulted in 
increased striatal hydroxyl radical and NO levels and significant depletion of DA 7 
days later. Pretreatment with the NMDA antagonist MK-801 (1 mg/kg) attenuated the 
increase of hydroxyl radical and NO contents in the striatum, and protected against the 
long-term DA depletion induced by AMPH in DMI-treated rats. The effects of deprenyl, 
a type B MAO inhibitor, on the AMPH-elicited striatal free radical formation and DA 
terminal neurotoxicity is now under investigation, (supported by DOH87-TD-1157)

855.10
EFFECT OF 7-NITROINDAZOLE ON MPTP-INDUCED STRIATAL ATP 
DEFICIENCY. J.E. Rovland1*. A.M. Janson2. K. Delfani2. J.W. Langston1 and 
D,A, Pi Monte1. lrThe Parkinson’s Institute, Sunnyvale, CA 94089 and 2Dept. of 
Neuroscience, Karolinska Institute, Stockholm, Sweden.

The neurotoxicity of 1-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) is 
dependent upon the MAO-B(monoamine oxidase type B)-catalyzed production of 1- 
methyl-4-phenylpyridinium ion (MPP+), which in turn causes a perturbation of energy 
metabolism. In the mouse model, a decrease in ATP parallels the formation aid 
persistence of MPP+ in the striatum and occurs within a few hours of MPTP 
administration. Recently, dramatic protection against MPTP neurotoxicity has been 
achieved by treating mice with 7-nitroindazole (7-NI). The mechanism of action of 7- 
NI has been attributed to its ability to inhibit MAO-B and/or to block neuronal nitric 
oxide synthase (nNOS) activity. The objective of the present study was to evaluate 
the relationship between the neuroprotective effect of 7-NI and MPTP-induced energy 
deficiency. C57BL/6 mice were treated with 50 mg/kg MPTP (s.c.) with and without
7-NI and different markers of nigrostriatal damage were evaluated at the 1 week time 
point. 7-NI completely prevented nigral neuronal death and significantly counteracted 
striatal dopamine loss when administered immediately before and 4 hours after MPTP. 
No additional protection against striatal dopamine depletion was observed by 
prolonging the treatment with 7-NI for several days after MPTP exposure. In a second 
set of experiments, 7-NI was found to completely prevent the loss of striatal ATP that 
occurs during the initial hours after MPTP administration. Thus, data indicate that a 
temporal and causal relationship exists between the neuroprotective effect of 7-NI and 
its ability to prevent MPF-induced failure of energy metabolism. Results are also 
compatible with MAO-B inhibition being the primary mechanism of neuroprotection 
by 7-NI since such inhibition would decrease the production of M PF and its effect on 
energy metabolism. Supported by The Parkinson s Institute, Mγlan Pharmaceuticals 
and the Retirement Research Foundation.

855.12
CORTICAL NORADRENALINE DEPLETION BY DSP4: LACK OF PROTECTION 
BY ACUTE CO-TREATMENT WITH THE POLY(ADP-RIBOSE)POLYMERASE 
(PARP) INHIBITOR, BENZAMIDE (BNZ). Cristina Cosi* and Marc Marien. Pierre 
Fabre Res. Ctr., 17 av. Jean Moulin, Castres 81106, France.

PARP inhibitors, including BNZ, have been shown to protect against brain 
catecholamine depletions induced by MPTP and methamphetamine in the C57BL/6 
mouse, suggesting a role for PARP in these models of neurotoxicity (Cosi et al, 1996. 
Brain Res. 729, 264; ibid. Brain Res. 735, 343) where free radicals are thought to play 
a causative role. To extend these studies to another model of central catecholamine 
neurotoxicity but induced by a different mechanism of action, BNZ was tested against 
the cortical noradrenergic terminal degeneration, i.e. the long-lasting cortical 
noradrenaline (NA) depletion, produced in the C57BL/6 mouse by DSP4, a neurotoxin 
whose action involves hydrolysis to a quaternary aziridium ion (a highly reactive 
alkylating species) and whose selectivity for NA terminals is dependent on a functional 
NA transporter (i.e. desipramine-sensitive). In an acute time-course study, and 
consistent with published reports, DSP4 (40 mg/kg i.p.) produced initial transient 
increases (57-109% at 0.5-2 h) and later decreases (-53% at 24 h) in normetanephrine 
levels (index of NA release), and a progressive depletion of NA (but not dopamine or 
5-HT) already significant at 0.5 h (16%) and maximal (74-79%) at 6 and 24 h post
injection. A novel finding was the significant (p < 0.004), rapid (at 0.5 h) and 
persistent (at 1, 2, 3, 4 and 24 h) decreases (by 10-20%) in cortical levels of ATP and 
NAD+. At 7 days after DSP-4, cortical NA was depleted by 71%. Pretreatment with 
the NA transport blocker desipramine prevented the DSP4-induced depletion of NA, 
while cotreatment with BNZ, in a dose regimen (2 x 160 mg/kg i.p) that completely 
prevented MPTP-induced depletions of cortical NA (Cosi et al., 1996), was inactive. 
Results (1) indicate that acute DSP4 toxicity (rapid cortical NA depletion within 24 h) 
is associated with an early and sustained deficit in cortical ATP and NAD+, and (2) 
show that BNZ, when coadministered with DSP4, does not exert a protective (i.e. 
desipramine-like) effect against the NA depletion measured at 7 d.

855.14
RELATIVE SENSITIVITY OF UNDIFFERENTIATED AND DIFFEREN
TIATED IMMORTALIZED DOPAMINE NEURONS IN VITRO TO CERTAIN 
NEUROTOXINS AND THEIR MODIFICATION BY GLIAL CELL LINE- 
DERIVED NEUROTROPHIC FACTOR (GDNF). E.D. Clarkson, J. Edwards- 
Prasad, C.R, Freed and K.N. Prasad*. University of Colorado Health Sciences 
Center, Departments of Radiology and Medicine, Denver, CO 80262.

6-Hydroxydopamine (6-OHDA) causes selective degeneration of DA neurons 
in the rat brain and has been used to produce an animal model of Parkinsonism 
The availability of immortalized dopamine (DA) neurons (1RB3AN2-), provides an 
opportunity to compare the relative neurotoxicity of differentiated and 
undifferentiated DA neurons in vitro to 6-OHDA in a detailed manner Our 
results show that 6-OHDA treatment for 24 hr decreased the viability of 
undifferentiated and differentiated immortalized DA neurons in vitro, as 
determined by the reduction of a tetrazolium-based compound (MTT assay) The 
differentiated DA neurons were about 2-fold more sensitive to 6-OHDA than 
undifferentiated neurons (differentiated DA neurons IC,0= 33 µM, undifferentiated 
DA neurons IC30= 75 µM). 6-OHDA appeared to kill differentiated DA neurons 
by an apoptotic mechanism, since 50 µM 6-OHDA increased the number of 
differentiated neurons undergoing apoptosis from 2.5% to 4.5%. 6-OHDA did not 
change the rate of apoptosis in undifferentiated DA neurons. Similarly, the 
differentiated DA neurons were more sensitive to 1-methyl-4-phenylpyrιdmium 
(MPP+) than undifferentiated neurons. Among growth factors tested, only glial 
cell line-derived neurotrophic factor (GDNF) partially protected differentiated DA 
neurons against 6-OHDA-induced toxicity. These results suggest that 
differentiated immortalized DA neurons can be a useful neural model to explore 
the molecular mechanisms of drug-induced degeneration. Supported by USPHS 
ROl NS 29982, ROl NS 35348, ROl NS 18639^ a grant from the National 
Parkinson Foundation and a grant from the Program to End Parkinson's Disease.
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855.15
E F F E C T S  O F  A N T IH IS T A M IN E S  O N  F E N F L U R A M IN E - I N D U C E D  
D E P L E T IO N  O F  B R A IN  S E R O T O N IN  IN  R A T S . S .Y * Y e h  M o le c u la r  
N e u r o p s y c h ia t r y  S e c t io n , N IH , N ID A , IR P , P .O . B o x  5 1 8 0 , B a lt im o re ,  
M D  2 1 2 2 4 .

T h e  e f fe c ts  o f  c h lo r p h e n ir a m in e  (C P A ) ,  d ip h e n h y d r a m in e  (D IP H ) ,  
t r ip e le n n a m in e  ( T R IP )  a n d  p y r i la m in e  ( P Y R I )  o n  fe n f lu r a m in e  (F E N ) -  
in d u c e d  d e p le t io n  o f  s e r o to n in  in  th e  b r a in  w e re  in v e s t ig a te d  in  ra ts .  
R a ts  w e re  i.p . in je c te d  c o n c u r r e n t ly  w ith  F E N  ( 1 0  m g /k g ) ,  C P A  (5 , 10, 
2 0  m g /k g ) ,  D IP H  (2 0  m g /k g ) ,  T R IP  ( 2 0  m g /k g ) ,  P Y R I  (2 0  m g /k g )  a n d  
s a lin e  a lo n e  o r  in  c o m b in a t io n  o f  F E N  w ith  o n e  o f  th e  a n t ih is ta m in e s ,  
o n c e  o r  tw ic e  d a i ly  f o r  4  d a y s , a n d  s a c r i f ic e d  1  d a y s  la te r .  R e c ta l  
t e m p e r a tu r e  w a s  m e a s u r e d  p r io r  to  a n d  h o u r ly  f o r  5  h r  f o l lo w in g  d ru g  
a d m in is t r a t io n .  L e v e ls  o f  5 - H T  a n d  5 - H IA A  in  th e  f r o n t a l  c o r te x ,  
h ip p o c a m p u s  a n d  s t r ia t u m  o f  r a t s  t r e a t e d  w ith  F E N  d e c r e a s e d  to  
a b o u t  3 0 %  o f  th a t  o f  s a l in e  c o n t r o ls  w ith  n o  s ig n i f ic a n t  c h a n g e  a f te r  
C P A , D IP H , T R IP  a n d  P Y R I.  T r e a t m e n t  w ith  F E N - C P A  a n d  F E N -  
D IP H , b u t  n o t  F E N - T R IP  a n d  F E N - P Y R I ,  in c r e a s e d  b r a in  s e r o to n in  
le v e ls  2  to  3 - fo ld  o f  th a t  t r e a t e d  w ith  F E N - s a l in e  g ro u p .  C P A  w a s  a  
p o t e n t  in h ib i t o r  o f  f H ] p a r o x e t in e  b in d in g  to  5 - H T  t r a n s p o r te r s .  
T r e a t m e n t  w ith  F E N - C P A  a n d  F E N - D IP H ,  b u t  n o t  F E N - T R IP  a n d  
F E N -P Y R I,  d e c r e a s e d  r e c ta l  t e m p e r a tu r e  w ith  n o  s ig n i f ic a n t  c h a n g e  
a f t e r  F E N . T h e  e f fe c ts  o f  F E N - a n t ih is ta m in e  o n  F E N - in d u c e d  
d e p le t io n  o f  5 - H T  c o r r e la te d  w ith  th e  F E N - a n t ih is ta m in e - in d u c e d  
a lte r a t io n  o f  t e m p e r a tu r e  r a t h e r  th a n  w ith  t h a t  o n  [ * H ] - 5 - H T  u p ta k e .  
T h e  a n t ih is ta m in e s  a lo n e  d e c r e a s e d  te m p e r a tu r e  a t  1 h r  p e r io d . T h e  
a n t ih is ta m in e s  e n h a n c e d  F E N - in d u c e d  r e d u c t io n  o f  b o d y  w e ig h t.

855.17
PR E D IC T IV E  V A LID A TIO N  OF TH E N E U R O B E H A V IO R A L  T O X 
ICITY A S SE SS M E N T  BA TT ER Y  (N TA B). G. R itchie*1. A. Nordholm,
C. Ademujohn1, J. Cassell, M. H olm es. M. H ulm e1, C. Martin, S. 
M clnturf, A. Miladi, L. Tubbs and J. Rossi III. Naval M edical Research 
Institute Detachm ent-Toxicology (NM RI/TD) and Geo-Centers, Inc.,' 
Wright-Patterson AFB, OH 45433-7903.

Since 1993, NM RI/TD has been involved in development o f  a compre
hensive battery o f  animal-based tests for prediction o f  human performance 
decrements that may follow  exposure to chemicals o f  military interest. The 
NTAB consists o f  nearly 20 tests to evaluate decrements in eight major 
subareas o f  performance. Presently the NTAB is being validated for hu
man risk assessm ent through comparison o f  animal and human results on 
topographically-similar (NTAB) tests following administration o f  pharma
cological compounds that are ethically-acceptable for human use. Pharma
cologies used include: ethanol, d-amphetamine, diazepam, caffeine, and
nicotine. To date, the Navy Roto-W heel and forelimb grip strength tests 
have been evaluated for prediction o f  equilibrium, motor strength and en
durance deficits; the Porsolt Forced Swim test for emotional depression; the 
operant Progressive Ratio/FR-5 test for motivational and motor perform
ance deficits; the operant delayed spectral and geometric pattern delayed 
matching-to-sample tests for visual system and STM deficits; and the juve
nile play behavior analysis test for changes in emotionality and socializa
tion. Results o f  predictive validation studies are presented and compared to 
the existing human literature. Funding Source: Naval Medical Research 
and Development Command (NM RDC) [Work Unit .1605]

855.16
NEUROBEHAVIORAL OBSERVATION METHODS FOR RHESUS 
MONKEYS TO EVALUATE NEUROTOXICITY. L A. Lowseth1, G.J.
Schaefer1*, J,B. Terrill2. 1MPI Research, Mattawan, Ml 490071; 2National 
Institute on Drug Abuse, Rockville, MD.

Neurobehavioral observations in rhesus monkeys were used to evaluate the 
neurotoxicity of compounds being screened for potential use in the treatment of 
cocaine abuse. A list of standard neurobehavioral parameters was constructed 
and consisted of: locomotor activity, self-grooming/bug picking, visual 
checking, visual tracking, buccal movements, splayed legs, quietly staring or 
glaring, unresponsive/ inactive, and appetite. They were scored as 1 - not 
present, 2 - present, or 3 - severe/extreme. Other signs were added to the 
standard list as they were observed and proved helpful in describing compound 
effects. These consisted of piloerection, scratching, and playing with a toy. A 
neurobehavioral baseline was established the week prior to beginning dosing. 
During the study, observations were conducted at 30 min, 1 ,2 ,3 , 4, 5, 6, 7, and 
8 hr post dose. For each observation point, the observer sat quietly for 
approximately 5 min before scoring each individual animal’s behavior. The 
observations were scored over an approximate 2 min period. Behaviors were 
compared to the baseline for incidence and severity scores. Most of the 
compounds stimulated activity and at the higher doses produced responses that 
resembled stereotypic behavior. Locomotor activity generally increased with 
dose. Behaviors that seemed particularly useful in identifying compound effects 
were piloerection, scratching, and intensely playing with a toy. Splayed legs, 
visual checking and buccal movements were also useful in identifying dose- 
related effects. In addition, body weights and food consumption measurements 
were recorded daily to further monitor the condition of the animals. These 
neurobehavioral observations were correlated with changes in the body weights 
and food consumption in the determination of psychomotor stimulant-induced 
effects in rhesus monkeys. Supported by NIDA Contract N01 DA-6-8068.

NEUROTOXICITY: OXIDATIVE STRESS

856.1

Structural-Activity Relationships of Quercetin in Protection Against 
H20 2-induced Calcium Dysregulation in PC12 Cells. H. Wang* and J. 
A. Joseph. Neuroscience Lab., U SDA-A RS, Jean Mayer Human Nutrition 
Research Center on Aging at Tufts University', Boston, M A 02111.

Oxidative stress has been implicated in various neurodegenerative diseases 
in aging. These neurotoxic insults from oxidative stress involve large increases 
in intracellular calcium (Ca2+). In a previous study, our data showed that the 
transient induced calcium dysregulation in PC12 cells including: 1) increased 
in calcium baselines; 2) decreased depolarization response; and 3) failure to 
recover the Ca2+ levels to 20% o f  the total Ca2+ increase within 300 seconds 
following depolarization, could be antagonized with the dietary flavonoid, 
quercetin, which is also the major ingredient o f  Ginkgo bilobα. In the present 
experiments, we investigated the possible structural-activity relationships o f  
quercetin in comparison with four other flavonoid compounds that might 
account for such protection. Each o f  the compounds had slightly different 
structures and their efficacy was examined in a similar model to that utilized 
with quercetin. The results indicated that two structural components, 
including: 1) 3,4-diOH in the B ring ; 2) 2,3-double bond in conjunction with a
4-oxo group in C ring along with the polyphenolic structures were crucial for 
the protection. These structural components are found in quercetin, and this 
compound was also the most efficacious in reducing the H20 2-induced Ca2+ 
dysregulation in cells, as w ell as oxidative stress assessed via the 
dichlorofluorescein assay. Collectively, these data indicated that the particular 
polyphenolic structural components in quercetin provided its strong antioxidant 
property in protecting cells against H20 2-induced oxidative stress and calcium  
dysregulation. (Supported by USDA Intramural)

856.2

INTERACTION OF OXIDATIVE STRESS AND MEMBRANE LIPIDS WITH 
MITOGEN-ACTIVATED PROTEIN KINASES IN PC 12 CELLS. N.A. Denisova*. W, 
Hassan1. M. Provost2, D, Fisher. E. Paulson! and J.A. Joseph. USDA Human Nutrition 
Research Ctr. on Aging at Tufts Univ., 'Department of Biochemistry, Tufts University, 
School of Medicine, Boston MA, 02 111;2 Northeastern University, Boston, MA, 02115.

Recently, we showed that PC 12 cells, in which experimental increases were made in the 
membrane levels of cholesterol (CHL) and sphingomyelin (SPH) to approximate those seen 
in neuronal membranes of old animals, showed increased vulnerability to oxidative stress 
0OSV) (as assessed via decrements in the ability of the cell to extrude or sequester Ca2+). 
Present studies were directed toward the elucidation of the interactions between SPH/CHL 
increases and the activation of MAPK [extracellular signal-regulated protein kinase (ERK), 
p38, and c-Jun N-terminal kinase, (JNK)] as a possible partial mechanism for the observed 
increases in OSV. The results indicated that increased levels of CHL and SPH were 
associated with significant up-regulations of ERK and AP-1 under OS conditions. Notably, 
although it did not increase in response to OS, the basal levels of JNK were significantly 
higher under CHL/SPH conditions, while p38 was unchanged under either basal or OS 
conditions. These findings suggest that, although there was increased ERK activity under 
the CHL/SPH following O S , which could offer some OS protection, increases in the basal 
levels of JNK may have contributed to subsequent increased OSV in the cells. In addition, 
increases in the levels of SPH or its metabolites could induce membrane phosphatidylserine 
or increase phosphatidic acid levels, which could also heighten cellular toxicity to OS. In 
this regard, our research has also demonstrated significant age-related interactions between 
membrane SPH-CHL and MAPK and Ca2+ dysregulation to OS in synaptosomes isolated 
from different brain areas of young and old rats.
(Supported by USDA intramural)
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856.3

REVERSAL OF AGE-RELATED MOTOR AND COGNITIVE BEHAVIORAL 
DEFICITS WITH DIETS SUPPLEMENTED WITH FRUIT OR VEGETABLE 
EXTRACTS. 'B. Shukitt-Hale*. 2P.C. Bickford. 'J.J. McEwen. ‘G. Cao. ‘R.L. Prior, and 
'J.A. Joseph. 'USDA, Human Nutrition Research Center on Aging at Tufts Univ., 
Boston, MA 02111, and 2Dept. o f  Veterans Affairs Medical Center, Denver, CO 80262.

Aged rats show decrements in behavioral tasks requiring coordinated control o f  motor 
responses and on learning and memory tasks; increase¾ vulnerability to oxidative stress 
(OS) is thought to be a contributing factor to these decrements. Antioxidants added to 
the diet may be one defense strategy to prevent, intercept, or reverse age-induced OS; 
fruits and vegetables are the main source o f dietaiy antioxidants, possibly due to their 
flavonoid content. Recent research from our laboratory demonstrated that chronic 
treatment (from age 6 to 15 months in F344 rats) with spinach, which we found to be 
high in total antioxidant capacity (as measured by ORAC assay), prevented an age- 
related decline in cognitive learning. Present studies examined if treatment (from age 
18-19 to 21 months in F344 rats) with diets high in antioxidants could reverse age- 
related declines in age-sensitive behavioral tasks (motor tasks, motor learning, and 
Morris water maze). Diets included a control or one supplemented with either 
blueberry, strawberry, or spinach dried aqueous extract (1.36 mmol Trolox ORAC 
equivalent per kg diet). Results showed that the group fed blueberries (the food found 
to have the highest ORAC) demonstrated the greatest reduction o f age-effects on all 
parameters, while strawberry and spinach also had some positive effects over the 
control-fed animals. Therefore, age-related changes in behavior may result from an 
inability to cope with OS that occurs throughout the life-span, and enhancement o f  
antioxidant defenses through dietary means, particularly phytochemicals present in 
antioxidant rich foods, could reverse these functional age-related CNS deficits by 
reducing OS. (Supported by USDA Intramural, USPHS grants AG04418, AG00728 and 
the VAMRS)

856.5

OXIDATIVE STRESS IN SYNAPTOSOMES III. ELECTROPORATION AS A 
TECHNIQUE FOR STUDYING THE DEGRADATION OF OXIDATIVELY 
DAMAGED PROTEINS IN SYNAPTOSOMES. H-R, Kuo. M. Ramanathan. W.C 
Lambert. A. Gona* and N, Ingoglia. Dep’t s of Pharm./Physiol., Pathol., Anatomy & 
Neuroscience, NJMS. UMDNJ. 185 South Orange Ave. Newark, NJ. 07103.

Oxidative stress to synaptic terminals causes damage to intra-synaptosomal proteins 
which, in turn, can lead to neurotoxicity if the oxidized proteins are not degraded. One 
way of study ing the degradation of oxidized proteins in synaptosomes is by incubating 
them in an oxidizing medium (as in the previous studies) and examining the degradation 
of the oxidatively damaged proteins. A problem w ith this approach is that the oxidizing 
conditions might compromise the molecules needed to identify or degrade the oxidized 
protein leading to inconclusive results. In the current experiments we explore the use of 
electroporation as a technique for introducing an oxidatively damaged test protein into a 
"‘normal” synaptosome in order to study the way in which that protein is degraded. Rat 
brain synaptosomes were prepared and identified by electron microscopy . 70 kDa FITC- 
labeled Dextran was added to synaptosomes which were subjected to conditions of 
vary ing currents in electroporation chambers. Fluorescence, measured in a Microplate 
Fluorescent Reader, was maximal (>35 times controls) at approx. 3,000 uF/2OOV 
suggesting that the 70k Da dye was being incorporated into synaptosomes as a result of 
electroporation. To determine if the membranes were still physiologically active 
following electroporation, synaptosomes were incubated in the presence of 3H-Arg and 
its uptake w as measured. Electroporation resulted in a loss of approx. 90% of the ability 
of synaptosomes to transport 3H-Arg in the absence of ATP. But in the presence of 
O.5niM ATP that loss was reduced to approx. 36%, indicating that survival of significant 
numbers of s>naptosomes is likely to depend, in part, on an adequate energy' supply. 
The data indicate that electroporation may be an important research tool in the study of 
die degradation of oxidatively damaged proteins in synaptosomes. (Supported by 
Research Grant IIRG-95-020 to NAI from the Alzheimer’s Association).

856.7

OXIDATIVE STRESS IN SYNAPTOSOMES I. POSTTRANSLATIONAL 
INCORPORATION OF ARGININE INTO PROTEINS. M. Hassanain, S.Tolman. M. 
Ramanathan and N, Ingoglia * Depls of Pharm./Physiol & Neuroscience. New Jersey 
Medical School. UMDNJ. 185 South Orange Ave. Newark, NJ. 07103.

Oxidative stress has been implicated as a possible cause of several of the 
neurodegenerative diseases. Recent experiments have shown that another stress, 
hyperammonemia, results in the stimulation of the uptake of 3H-Arg into rat brain 
synaptosomes. presumably to support nitric oxide synthesis (Rao et al., J. Neurochcm. 
6 8 , 337. 1997). Arg is also used in the tRNA mediated posttranslational arginylation of 
the N-teπninus of proteins. N-tcrminal arginylation has been shown to be activated 
following nerve injury and to be linked with protein degradation. In the current 
experiments we have tested the hypothesis that oxidativ e stress causes an increase in the 
posttranslational incorporation of Arg into the N-tcrminus of sy naptosomal proteins. Rat 
brain synaptosomes were prepared using a modification of a standard procedure and 
incubated in the presence of 3H-Arg. Uptake of Arg was maximal by 10 min. (~ 100 
pmol/mg protein) and 10-15 pmol Arg/mg were incorporated into protein at 45 min. of 
incubation. When synaptosomes w ere incubated in the presence of an oxidizing agent 
(10-50 uM FeSO.i). an increase of 14%. (p <O.O9) was found in the level of Arg 
incorporated into sy naptosomal proteins. Incorporation was not by protein synthesis as 
indicated by the ability of a single step manual Edman reaction to release 3H-Arg from 
acid precipitable proteins and by a failure to observe the incorporation of 35S-Met under 
similar conditions. These findings suggest that oxidative stress to synaptosomes causes 
an increase in N-teπninal arginylation which may be the first step in the degradation of 
the modified protein. (Supported by Investigator-Initiated Research Grant IIRG-95-020 
to NAI from the Alzheimer's Association).

856.4

REVERSAL OF AGE-RELATED DECLINES IN CNS NEURO
TRANSMISSION WITH DIETS SUPPLEMENTED WITH FRUIT OR 
VEGETABLE EXTRACTS. 2P C Bickford , ’B. Shukitt-Hale.3 T.J. Gould.2 L. 
Breidrick. 'N, Denisova. 'D.Bielinski/and 'J.A. Joseph. 'USDA, HNRCA at Tufts 
Univ., Boston, MA 0 2 1 11; 2Dept. Veterans Affairs Medical Center, Denver, CO 
80262; and 3Inst. For Behavioral Genetics, University o f  Colorado, Boulder, CO.

Increases in vulnerability to oxidative stress (OS) have been postulated as 
causative factors in CNS functional declines in age-associated diseases and in 
aging. Present studies examined the protective effects o f  diets high in antioxidants 
on several parameters that normally show age-related deficits (e g., loss o f  receptor 
sensitivity in noradrenergic and muscarinic systems). Recent experiments using 
the Oxygen Radical Absorbance Capacity' (ORAC) Assay have identified certain 
fruits (e.g., strawberries and blueberries) and vegetables (e.g., spinach) as being 
good sources o f antioxidants. The purpose o f  this study was to examine if  dietary 
supplementation with these foods would improve muscarinic and noradrenergic 
receptor signal transduction in aged F344 rats. Diets included a control or one 
supplemented with blueberry, strawberry, or spinach as dried aqueous extracts 
(1.36 mmol Trolox ORAC equivalent/ kg diet). The diets were fed to 18-19 month 
old F344 rats for a period o f  6 weeks prior to testing. There were significant 
improvements in noradrenergic (assessed by electrophysiolgical techniques) and 
muscarinic (assessed by the ability o f  oxotremorine to increase dopamine release 
in striatal slices and increased carbachol-stimulated GTPase activity) receptor 
function, as well as 45Ca clearance from striatal synaptosomes by all the diets used. 
Animals maintained on the blueberry supplemented diet showed the greatest 
improvements. Thus, dietary supplementation with antioxidant rich foods may be 
a means o f improving CNS function in aged animals and humans. (Supported by 
USDA Intramural, USPHS grants A G 04418, AG 00728 and the VAMRS)

856.6
OXIDATIVE STRESS IN SYNAPTOSOMES. II. UBIQUITINATION OF 
SYNAPTOSOMAL PROTEINS. M, Ramanathan. N, Zhang* and N, Ingoglia. Dep’ts 
of Pharm,/Physiol & Neuroscience, New Jersey Medical School, UMDNJ. 185 South 
Orange Ave. Newark, NJ. 07103.

Ubiquitin (Ub) is a highly conserved, 76 kDa protein found in all eukaryotic cells 
including neurons and their synaptic terminals. The conjugation of multi-ubiquitins to a 
protein is usually a signal for the degradation of that protein. The classes of proteins 
reported to be targets for ubiquitin mediated degradation are naturally occurring short
lived, regulatory and damaged proteins. In the latter class, the question arises as to 
whether proteins damaged by oxidative stress are substrates for ubiquitin-mediated 
proteolysis. The present experiments test the hypothesis that oxidative stress to 
synaptosomes results in an increase in the conjugation of Ub to synaptosomal proteins. 
Synaptosomes were prepared from rat brains and incubated in the presence of 0, 10 or 
50 uM FeSO4 for 45 min. Following incubation, synaptosomes were washed, pelleted 
and prepared for SDS PAGE and Western blotting. When blots were probed with 
antibodies to DNPH derivatized carbonyl groups of oxidized proteins (Oxyblot kit. 
Oncor Inc.) mild reactivity was observed with control samples and significantly 
increased reactivity was recorded with those synaptosomes incubated in 10 and 50 uM 
FeS04. This was true for both total synaptosomes as well as gels containing the product 
of lysed synaptosomes (intra-synaptosomal proteins). When blots were probed with a 
mAb to Ub (4-2D8, a gift of V. Fried, NY Med. Col.), increasing amounts of reaction 
product were found associated with high molecular weight proteins in direct correlation 
with tlie concentration of FeSO4 in the incubation and the degree of oxidative damage to 
proteins. The data indicate that oxidative stress results in increased ubiquitmation of 
synaptosomal proteins. We suggest that oxidatively damaged proteins are being targeted 
for degradation by the ubiquitin proteolytic pathway. (Supported by Investigator- 
Initiated Research Grant IIRG-95-020 to NAI from the Alzheimer’s Association).

856.8

OXIDATIVE MARKERS OF INJURY IN MPP+- AND M ALONATE- 
TREATED RAT M ESENCEPHALIC CULTURES.
D .S . A lb ers* . M .F . Beal and D .G . Standaert. D ept, o f  N eu ro lo g y , M assachusetts  
G eneral H ospital and Harvard M edical S ch o o l, B oston , M A  0 2 1 1 4 .

A  g row in g  body o f  ev idence im p lica tes  a role for o x id ative  dam age in 
Parkinson's d isease (P D ), how ever the m ech an ism (s) in v o lv ed  rem ain unknow n. 
A dm in istration  o f  1 -m eth y l-4 -p h en y l-l,2 ,3 ,6 -te trah yd rop yrid in e  (M P T P ) to hum ans 
and experim ental an im als results in dopam ine (D A ) c e ll lo ss  and a c lin ica l state 
sim ilar to PD . M P P +, the a ctiv e  m etab o lite  o f  M P T P , is se le c t iv e ly  transported in to  
D A  neurons and exerts its tox ic  e ffec ts  by inh ib iting  co m p lex  I o f  the m itochondrial 
respiratory chain. In rat m esen cep h a lic  cu ltures, M P P +  cau ses se le c t iv e  lo s s  o f  D A  

neurons sparing neigh b orin g  G A B A  neurons. In the present study, w e  investigated  
the ox idative m ech an ism s underlying M P P +-m ediated  ce ll death in  v i t r o  by 
m easuring the production o f  m alond ia ldehyde (M D A ), a m arker o f  lip id  peroxidation . 
In parallel stud ies, cu ltures were treated w ith  m alon ate , a co m p etitiv e  inh ib itor o f  
com p lex  II, and M D A  lev e ls  sim ilarly  m easured.

In cu ltures exposed  to M P P +  for 2 4  hrs, M D A  le v e ls  w ere unaltered how ever  
they were s ign ifican tly  elevated in cultures exposed  to m alonate as com pared to  
vehicle-treated con tro ls. T o  loca lize  the M D A , dual-label im m u n o cy to ch em istry  for 
M D A  and tyrosine h ydroxylase (T H ) w as carried out. A fter M P P + , neither T H +  nor 
T H - neurons exh ib ited  sta in ing  for M D A . A fter m alonate treatm ent, the m ajority o f  
M D A -im m u n oreactiv ity  w as found w ith in  T H - ce lls .  T h ese  data dem onstrate a 
differential e ffect o f  m alonate and M P P +  on lip id  p eroxidation  in rat m esencephalic  
cultures. That the accum ulation  o f  M D A  is loca lized  in T H  negative  c e lls  is o f  
interest, sin ce  th ese neurons sh o w  differential su scep tib ility  to  m alon ate to x ic ity .  
M oreover, the absence o f  M D A  from  T H +  c e lls  m ay reflect a h igher threshold for 
injury or a d ifferent pattern o f  o x id ative  reactants in d opam inergic  neurons.

S u p p o r t e d  b y  U S P H S  g r a n t  N S 3 I 5 7 9 ,  N S 3 4 3 6 l  cm d  a  C o t z i a s  F e l l o w s h i p  

( D G S )  f r o m  th e  A m e r ic a n  P a r k in s o n  D i s e a s e  A s s o c ia t io n .
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856.9
CATALASE FACILITATES CYTOKINE-INDUCED CYTOTOXICITY IN 
CORTICAL-PIAL COCULTURES. S-I Chi1* T-L.Pai1 and T -N I.in 2 
department of Physiology, Tzu-Chi College of Medicine, Hualien and institute 
of Biomedical Sciences Academia Sinica, Taipei, Taiwan.

Catalase has been widely used for reducing free radicals mediated cell injury. 
We have studied the effect of catalase on nitric oxide (NO) production in different 
types of murine primary cultures including mixed neuronal/glial cultures, cerebral 
vascular cultures, glial cultures, and neuronal/glial/vascular cocultures. Catalase 
(5-500 u/ml) itself caused a dose and time dependent increase in the NO 
formation, assessed by nitrite accumulation in the medium. In particular, higher 
concentration of NO was induced in the cultures that contained the pial vascular 
cells. The amount of NO production was reduced by 50-100 uM of 
aminoguanidine, an inducible NO synthase (iNOS) specific inhibitor. In our 
mixed neuronal-glial-vascular coculture system, a large amount of NO was 
induced by exposure to a combination of cytokines stimulation (250-500 pg/ml 
interleukin 1-ß plus 10 ng/ml interferon-γ). The threshold for NO to be toxic was 
usually over 80-100 uM in our cultures. In the presence of low dose of catalase 
(50 u/ml), the cytokine-induced NO was increased. And catalase was found either 
to facilitate or enhance cytotoxicity following the cytokines stimulation at 36-48 
hours (cell injury assessed by phase-contrast microscopy and release of lactate 
dehydrogenase into medium). The cell loss was prevented by aminoguanidine. 
These results imply that catalase may regulate (lie activity of iNOS and under 
inflammation condition catalase and cytokines may synergistically enhance NO- 
induced injury. This project is supported by NSC and Tzu-Chi foundation.

856.11
G LIA L CELLS E N H A N C E  A N T IO X ID A T IV E  C A PA C IT IE S O F  
N E U R O N S BY PR O V ID IN G  CY STEINE. X .F . W ang* and M.S. 
C yn ader Dept, o f O phthalm ology, U niv. o f British Colum bia, 2 5 5 0  
W illow  St., V an cou ver, B .C ., C anada V 5Z 3N9

Our previous work has demonstrated that glial cells can improve 
neuronal survival in culture, and that conditioned medium from glial 
cells has a similar effect. We explored the role of glial cells in 
antioxidative defense pathways of neurons. It is known that glutathione 
plays a central role in cellular antioxidative mechanisms. Combined with 
glutathione peroxidase, glutathione disposes of hydrogen peroxide 
produced by SOD and other oxygen-utilizing enzymes in many 
metabolic processes. Cysteine is the rate limiting precursor of 
glutathione synthesis. Therefore, the abundance of cysteine is directly 
related to intracellular glutathione levels. However, almost no culture 
media contain cysteine due to its rapid autoxidation rate. We 
investigated whether glial cells can provide cysteine to their 
neighbouring neurons. HPLC method was used to analyze cysteine and 
associated compounds in glial cells’ conditioned medium. Our primary 
results show that three new components appeared in the glial cell 
conditioned medium compared with the control medium. They are 
cysteine, cysteine-glutathione disulfide and glutathione. Because glial 
cells contain a high level of glutathione instead of cysteine, it is assumed 
that glial cells secrete glutathione into the extracellular space. 
Glutathione can react with cystine in the medium to produce cysteine 
and cysteine-glutathione disulfide, using an established non-enzymatic 
chemical reaction. By secreting glutathione, glial cells can provide 
cysteine to neurons indirectly. This enhances neurons’ antioxidative 
ability by allowing increased synthesis of glutathione.
Supported by MRC of Canada and NSERC.

856.13
Spinal cord cultures can be rescued from anoxia/reoxygenation  
damage by asp irin . N.Vartiainen1*. LKoistinaho12 and P.Chan2 ’A.I.Virtanen 
Institute, University of Kuopio, Finland and 2Dept. of Neurosurgery, Stanford 
University, Palo Alto, CA

Reactive oxygen species (ROS) are important mediators of several neuronal 
injuries, including ischemia. After in vitro hypoxia/anoxia, significant cell death 
occurs only after reoxygenation period. In some studies, treatment with antioxidants 
reduces this cellular damage by a direct ROI scavenger activity or by interfering with 
ROS-responsive transcription factors such as NF-kB. We investigated the effect of 
aspirin, an NF-kB binding inhibitor with controversial potential, on anoxic primary 
spinal cord (SC) cultures.

The SC cultures prepared from 14-day-old rat embryos were exposed at day 7 to 0.1 
- 3 mM aspirin. The culture plates were placed in humified chamber flushed with 95 
% N2 and 5 % C 0 2at 37°C. After 16-24 hrs of anoxia the plates were placed back to 
normoxic incubator for 0-24 hrs. Cell death was determined by measuring the amount 
of LDH release to the culture medium as well as by bis-benzimide staining to 
quantitate the number of necrotic and apoptotic cells. Sister cultures maintained in 
normoxic conditions were used as controls.

After 16-hour anoxia with no reoxygenation, no difference in LDH values or 
numbers of apoptotic cells were seen between anoxic and normoxic cultures. After 4 
hours of reoxygenation LDH release in non-treated cultures was doubled but was 
unaltered in cultures treated with 1-3 mM aspirin. Cell death determined by bis- 
benzimide staining confirmed the increased neuronal death in untreated anoxic cultures 
compared to aspirin-treated or control cultures.

Aspirin seems to protect spinal cord cultures against anoxia/reoxygenation damage. 
Wheter this protection is mediated by interaction with NF-kB or other transcription 
factors such as hypoxia-inducible factor (HIF), is presently under investigation.

This study was supported by Saastamoinen Foundation and N 1H  grant N S 25372 .

856.10
GLUTATHIONE (GSH) PROTECTS AGAINST OXIDATIVE STRESS 
INDUCED BY NITROXYL ANION (NO~) OR ANGELI'S SALT (AS).
P. Rauhala1 3, R.K. Tuominen2*, M. Nvman2 and C.C. Chiueh3. 
institute of Biomedicine, Box 8, and departm ent of Pharmacy, 
Box 56, University of Helsinki 0 0 0 14 , Finland; 3Unit on 
Neurodegeneration & Neuroprotection, LCS, NIH, Bethesda, MD 
208 9 2-1264.

We have recently shown that nitric oxide (NO) and S- 
nitrosoglutathione protect brain dopaminergic neurons against iron 
induced oxidative stress (P, Rauhala, A.M.-Y. Lin & C.C. Chiueh, 
FASEB J. 19 9 8 :12(2):1 6 5-17 3). In this study, we investigated 
the hypothesis that NO~ could have both pro- and antioxidative 
properties depending on the redox conditions. AS (0-1000 µM), a 
NO~-releasing compound, induced concentration-dependent, 
short-lasting hydroxyl radical generation in vitro  assayed by using 
salicylate as a trapping agent. This AS induced generation of 
hydroxyl radicals was blocked by GSH and Cu2+. Furthermore, as 
below 10 µM, AS increased formation of fluoresescent products 
of lipid peroxidation while it turned into antioxidant with 
concentrations over 100 µM in brain homogenates. GSH and 
Cu2+ inhibited AS induced lipid peroxidation and potentiated 
antioxidative effects of AS. The proposed GSH protection against 
NO" neurotoxicity is under investigation in primary neuronal 
cultures of dopamine neurons. In conclusion, NO' may cause 
oxidative stress which can be inhibited by trapping NO~ derived 
species with GSH and converting NO~ to NO.

856.12
C Y N A N D IO N E  A , A B IA C E T O P H E N O N E  FRO M  CYNANCHUM WILFORDU. 
A T T E N U A T E S  H Y D R O G E N  P E R O X ID E -IN D U C E D  N E U R O T O X IC IT Y  IN 
R A T  C O R T IC A L  C E L L S IN P R IM A R Y  C U L T U R E . 'M . K. Tee. !Y . C, K im *. 'H.
s. Y¢Q., 'J- W ,, j<iiru. ;Q , J, M arkelpn is and.... .2T, H, Q h . ‘C o ll. Pharm acy, Seou l
N ational U niv ., S eou l, Korea; 2D ept. A natom y & N eu ro b io lo g y , U niv . M aryland  
Sch. M ed ic in e , B altim ore, M D , 2 1 2 0 1 , U S A  

W e continue to search for neuroprotective com p ou n d s from  natural sources using  
rat cortical c e lls  in primary culture as our screen in g  system . A m ethanolic  extract o f  
dried roots o f  Cynanchum wilfordii H em sley  (Asclepiadaceae) s ign ificantly  
m itigated  the o x id ative  stress induced by H20 2 in this m odel system . A ctiv ity-  
gu ided  fractionation  using  several chrom atographic techn iques resulted in the 
iso lation  o f  the b iop rotective com pound , cyn an d ion e A , a b iacetop h en on e. At a 

concentration  o f  50  µM , cynandione A  sign ifican tly  reduced hydrogen peroxide-  
induced neurotoxicity . C ynandione A protected  hydrogen p eroxide-in jured  neuronal 
c e lls  from sign ifican t drops in the lev e ls  o f  g lu tath ione, su peroxide d ism utase and 
g lu tath ione-related  en zym es. T hese b io lo g ica l factors all play im poπant roles in the 
cellu lar defen se  against o x id ative  stress. Furtherm ore, cynandione A protected  
neuronal ce lls  from neurotoxicity  induced by glutam ate. The protective activity o f  
cyn an d ion e A on neuronal ce lls  w as ob served  in kainate-induced  neurotoxicity but 
not in N M D A -in d u ced  neurotoxicity . T h ese results su ggest that cynandione A 
exerted  its neuroprotective activity through antiox idation . Supported by Korea  
S cien ce  and E ngineering  Foundation (K O S E F ) through the Research C enter for N ew  
D rug D evelop m en t at Seou l N ational U niversity .

856.14
P A T H O L O G IC A L  C O N S E Q U E N C E S  O F  A C U T E  H Y P E R B A R IC  O X Y G E N  
E X P O S U R E  IN T H E  C N S . D .O . K e y s e r*1, S .T . A h le rs 2, R .C . S w itz e r III3, a nd  

C .R . A u k e r1. 1 N a va l M e d ica l R e s e a rc h  In s titu te , B e th e s d a , M D ,2 N a va l H e a lth  
R e s e a rc h  C e n te r, S a n  D ie g o , C A , 3 N e u ro S c ie n c e  A s s o c ia te s , K n o x v ille , T N .

H y p e rb a r ic  o x y g e n  (H B O ) is u se d  in s p e c ia l d iv in g  s itu a tio n s  a n d  in c lin ica l 

tre a tm e n t o f a  n u m b e r  o f m e d ic a l c o n d it io n s . T h e  u se  o f H B O  is lim ite d  b y  its 

to x ic ity . In th e  c e n tra l n e rv o u s  s y s te m  th e  o v e rt m a n ife s ta tio n  o f H B O  to x ic ity  is 

th e  o c c u rre n c e  o f g e n e ra liz e d  to n ic -c lo n ic  s e iz u re s . T h is  s tu d y  w a s  u n d e rta k e n  

to  in v e s tig a te  th e  p o te n tia l p a th o lo g ic a l c o n s e q u e n c e s  in th e  C N S  o f s in g le  
a c u te  e x p o s u re  to  H B O .

A d u lt m a le  ra ts  w e re  e x p o s e d  to  H B O  (4 o r  5 a tm o s p h e re s , A T A ) fo r  15, 3C, 

45 , o r  6 0  m in s  (n = 3  p e r t im e  po in t). A n im a ls  w e re  a llo w e d  to  re c o v e r  fo r  48  h rs 
p r io r  to  p re p a ra tio n  o f b ra in s  fo r  a m in o  c u p r ic  s ilv e r s ta in in g  to  d e te c t n e u ro n a l 
d e g e n e ra tio n . N e g a tiv e  c o n tro ls  w e re  b ra in s  ta k e n  fro m  u n e x p o s e d  ra ts . 

P o s itiv e  c o n tro ls  w e re  b ra in s  fro m  ra ts  tre a te d  w ith  k a in ic  a c id .
E v id e n c e  o f d e g e n e ra tio n  w a s  fo u n d  in n u m e ro u s  a re a s  in H B O  tre a te d  ra ts  

b u t o n ly  to  a  s lig h t d e g re e  c o m p a re d  to  th e  k a in a te  tre a te d  b ra in s .
C o n s id e ra b le  s ta in in g  o f d e g e n e ra tio n  w a s  d e te c te d  in a u d ito ry  n u c le i (s u p e r io r  

o live , c o c h le a r  n u c le u s , a n d  tra p e z o id  b o d y ), p a ra s u b ic u lu m , in fe r io r  c o llic u lu s , 

a n d  p ir ifo rm  c o rte x  in b o th  4  a n d  5 A T A  H B O  e x p o s e d  g ro u p s . T h is  p a tte rn  o f 

s ta in in g  w a s  t im e  d e p e n d e n t a s  th e  b ra in s  e x p o s e d  fo r  45  a n d  60  m in u te s  

d is p la y e d  th e  m o s t in te n s e  s ta in in g . H o w e v e r, s in c e  H B O -in d u c e d  se iz u re s  

o c c u rre d  in th e s e  g ro u p s  c o n v u ls iv e  a c tiv ity  m a y  be  a  c o n tr ib u tin g  fa c to r  to  the  

p a tte rn  o f s ta in in g  o b s e rv e d . B ra in s  fro m  ra ts  e x p o s e d  to  15 m in  H B O  a t 4 o r  5 

A T A  w e re  in d is t in g u is h a b le  fro m  u n tre a te d  c o n tro ls .
T h e s e  re su lts  s u g g e s t th a t a c u te  e x p o s u re  to  H B O  a n d /o r  s in g le  H B O - 

in d u c e d  s e iz u re  e v e n ts  c a n  re s u lt in d e m o n s tra b le  C N S  p a th o lo g y . T h e  

fu n c tio n a l c o n s e q u e n c e s  o f th is  p a th o lo g y  is n o t kn o w n  b u t a ll e x p e r im e n ta l 
a n im a ls  re m a in e d  c lin ic a lly  u n re m a rk a b le  fo r  th e  4 8  h rs  fo llo w in g  e x p o s u re . 
(Supported by NMRDC work unit 62233N MM33P30.005-1519)
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856.15
NEURONAL AND VASCULAR ABNORMALITIES IN THE RAT RETINAE 
FOLLOWING POSTNATAL EXPOSURE TO HYPEROXIA L. M. Rojas. O. 
Dembinska, S. Chemtob and P. Lachapellc*. Dept, of Ophthalmology, Neurology- 
Neurosurgery, McGill University, Montreal Children's Hospital; Dép. de pédiatrie, 
Hôpital Ste-Justine, Université de Montréal, Canada.

In a previous study (Dembinska et al. ARVO, 1998) we showed that perinatal 
exposure to hyperoxia causes a severe and permanent loss of retinal function as seen 
with the ERG. In order to investigate if the above findings could be correlated with 
alterations, in retinal cytoarchitecture, litters of Sprague-Dawley rats were exposed 
daily to 80% 02, interrupted by 3 x 30 min of 21% O2 . One group of rats was 
exposed from birth to the 3rd or 6th, 9th, 12th, 14(l1 day of life (i.e. intervals 0-3. 
0-6, 0-9, 0-12, 0-14 days) while a second group was exposed as follows: 3-14, 6- 
14, 9-14, 12-14 days. Other rats were exposed between days 9-12. All were sacrificed 
at 60 days of age, they were enucleated and the eyes dissected up to the level of the 
ora serrata. The retina, attached to the choroid, was cut in nasal, central and temporal 
sectors, and segments of each sector were dehydrated and embedded in F.pon. O.7µm 
sections were stained with toluidin blue and examined in light microscopy. 
Compared to the controls, all experimental rats, irrespective of O2 exposure regime, 
showed a significant reduction in the thickness of the outer plexiform layer, which 
had even disappeared in those exposed between 0-14 days. Following the latter 
treatment, the deep capillary net of the outer plexiform layer was almost abolished 
and the horizontal cells of the inner nuclear layer were missing. Overall displastic 
growth and retinal detachment were observed following all treatments, in all sectors, 
although more evident in the peripheral retina. Thus, rats exposed postnatally to 
high levels of O2 delivered at different regimen reveal a wide variety of pathological 
anomalies, the extent of which could be dose-dependent, thus corroborating the 
severe funtional anomalies previously reported. Supported by MRC MT 133883 and 
IIBCA, Universidad de Oriente, Venezuela.

856.17

EFFECT OF OXIDATIVE STRESS INDUCED BY OZONE 
EXPOSURE ON CYTOLOGICAL AND ULTRASTRUCTURAL 
CHANGES OEFACIORY BLEB 1.. C olín -B arcn q u e*1. M .R. A \ιla -  

Costa1, T .1.1 o il»iiL . C R tiecirou C'.D orado-M artíne/ λ  J . F sp in o sa-V iHaimeva1. J. 
M acliad o-S al a s . ( i. Borgouio-PcrczA  S. R i\a s -A ran cib ia '.1 D ept N euroeionoais  
ENFIM 11 N A M . T)ep, de L isiologia U N A M . 'D ept. B iologín  Celular y Tisular. 
Laeultad de M edieina 1 utiversidad N aeional A utonom a de M exico

One o f the first symptoms that has been reported in CNS 
neurodegenerative disorders is the olfactory dysfunction. The purpose of 
this study was to identify the effect o f free radicals produced by ozone 
exposure on the olfactory bulb of rats. Young male rats were exposed to 
ozone for 4 hrs at 1 -1.5 ppm. The animals of the control group were 
exposed to flowing air Rats were sacrificed two hours after exposure. 
Fixation was done using paraformaldehyde and glutaraldehyde 2 %. The 
right olfactory' bulbs were procesed with Golgi method and the left were 
processed by conventional transmission electron microscopy The 
cytological analysis consisted in establishing the spines density' in granule 
cell dendrites The results showed that the number o f spines on the 
secondary dendrites in the olfactory' bulb in ozone exposed rats was 
significantly reduced compared to the number the dendritic spines found in 
the olfactory bulb of control group. In the ultrastructural analysis of the rats 
exposed to ozone we observed vacuolation of neuronal cytoplasm and 
dendrites, swollen Golgi apparatus, dilated cisterns of the rough 
endoplasmic reticulum, and reactive astrocytes. These results suggest that 
oxidative stress induced by ozone produces alterations in the granule layer 
of the olfactory bulb. (Supported by Fundación Miguel Alemán)

856.16

CYTOLOGICAL CHANGES IN THE FRONTAL CORTEX. STRIATUM 
AND HIPPOCAMPUS OF AGED AND YOUNG RATS IN AN 

OXIDATIVE STRESS MODEL INDUCED BY OZONE EXPOSURE
M.R. Avila-Costa2*: I.. Colín-Barentµie2 S. Rivas-ArancibiaE 1.1. FortouU C 
Dorado-MartinczE C. RugciroE G. BorgonioE J. Lspinosa-Villamtcva2 ;ιnd LP. 

Machado-SalasE 'Dept. Lisiologia Laeultad de Medieina UNAM. :Deρt. Neurocieneias 
LNLPI. UNAM. ¾epf~. Biol. Celular \ Tisular UNAM. México. D.L 

O/.one produces free radicals which can cause cell damage if they are not balanced. 
It has been proposed that the brain shows different sensibility to oxidati\e stress 
depending on the stmeture and on the age of the subjects. The purpose of the present 
experiment is to determine whether this o.xidalA c stress model alters the citology of 
the frontal cortex, striatum and hippocampus of young and aged rats. Twenty male, old 
and young Wistar rats were used and divided in 4 groups: a) young exposed rats, b) 
young control rats. c)aged exposed rats and d) aged control rats. Ozone exposure was 
held at 1 p.p.m. for 4 hours in a closed chamber. The control animals were exposed 
to flowing air for the same time. Twenty four hours alìer ozone and air exposure, the 
animals were perfused and the brains were placed in the Golgi stain for further 
analysis which consisted in counting the dendritic spines in 50 secondary dendrites 
and in 50 terciary dendrites of 20 neurons of each structure. Our results showed that 
in all brain structures there was a significant reduction of dendritic spines. This 
reduction was greater in the striatum and hippocampus. Furthermore, we found that 
there λvas a significant reduction of spines in both groups of aged rats w ith may or 
decrease in the striatum and hippocampus of the exposed rats. Our data reveal that 
this oxidative stress model causes severe damage mainly in the neurons of the striatum 
and hippocampus of young and aged rats.

Supported by buiukición Miguel Alemán.
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857.1

a n t ia n g io g e n i c  r e t r o v ir a l  v e c t o r s  f o r  g e n e  t h e r a p y  o f  m a l ig n a n t  b r a in

TU M O RS. L. Bongiomo Borbone'E S. A. C iafrè1. R. Vagnozzi2, S. Signoretti2, R, Floris3 , A. 
Castriota-Scandcrbeg4, M . Izquierdo5 and M .G . Farace1. 'Dept, of Exp. M ed., 2Dept. o f 
Neuroscience; ¾ ept. o f Biopathol. and Image Diagn., Univ. of Rome Tor Vergata; Italy; ¾ ept. of 
Radiology, IRCCS S.Lucia, Rome, Italy, ¾ ept. of Molecular Biol., Univ. Autonoma of Madrid, 
Spain.

Glioblastoma multiforme is a highly malignant brain tumor that causes death in few 
months despite surgical removal and radiation. In the last few years, gene therapy has opened new 
possibilities for the treatment o f this incurable type of tumor. The growing body of evidence that 
selective inhibitors o f angiogenesis can retard tumor growth in v ivo  prompted us to utilize 
antiangiogenesis factors to block tumor progression. In particular, astrocytomas are among the most 
angiogenic o f all tumors, with the amount o f nevasculature closely correlated with the degree of 
malignancy, thus representing a selective target for this therapy approach. In v ivo  gene transfer 
mediated by retroviral vectors offers the potential for creating an isolated anatomic region of 
angiogenesis inhibition by the local transduction of genes encoding antiangiogenic proteins. 
Retroviruses only infect and integrate into dividing cells, offering the possibility o f selectively 
targeting neoplastic cells within an adult brain, which consists mainly of non dividing cells. We 
engineered therapeutic retroviruses from the Moloney murine leukemia virus (MoM LV)-based  
vector pZipneoSV plasmid by insertion of the signal peptide and the coding sequences for the N - 
terminal l6kda fragment o f rat prolactin (l6k rP R L  vector), recently demonstrated to be an efficient 
and specific angiogenesis inhibitor. We thus produced high titer retroviral producer cells (titers >10° 
PFU/m l), their culture supernatant, containing l6krPRL encoding virus, was used to transduce C6 
rat glioma cells in v itro  and polyclonal populations of cells were selected for puromycin resistance. 
RT-PCR analysis revealed a viral message of anticipated size, whereas C6 cells transduced with 
vector alone did not show any specific l6krP R L mRNA. To evaluate the effectiveness of the 
l6krPRL vector in a clinically relevant model o f human gliomas, we established large intracerebral 
gliomas in Wistar male rats ( 3OOg weight) by stereotaxically injecting wild type C6 cells (106) into 
the white matter o f the right cerebral hemisphere and the same amount of C6 cells expressing the 
l6krPRL vector into the controlateral part o f the brain. Six days later, we observed by nuclear 
magnetic resonance (N M R ) the development of intracranial tumors (area ¾O.3-0.4 mm2) in the right 
hemisphere and lower tumoral mass (area «O .l-O .l5 mm2) in the treated other side. These data are 
consistent with the hypothesis that l6krPRL-mediated inhibition of angiogenesis may result in a 
significant reduction o f tumoral mass growth and open the possibility o f using l6krPRL retroviral 
vector producer cells for a targeted therapy of established intracranial tumors.

857.2

A PERSPECTIVE STUDY OF HUMAN ACOUSTIC SCHWANNOMA 
GROWTH IN VITRO F, Linthicum1 D. Brackmann1. W. Hitselberger'. W-
Q. Gao and J-M. Li 1 Department of Histopathology, Dept, of Cell & 
Molecular Biology, House Ear Institute & Clinic, (F.L., D.B., W.H., J- 
M.L.) LA, CA 900571, Genentech Inc., San Francisco, CA 94080 (W-Q,G)2.

We explanted and cultured specimens from eight patients with vestibular 
Schwannomas. Research interest was focused on the study of pathogenesis and 
growth characteristics of human acoustic tumors in vitro. The proliferative 
activity in the primary tissue culture was determined by the 5-Bromo-2’- 
Deoxyuridine (Br-dU) and Ki-67 nuclear antigen labeling. Most tissue blocks 
that contained tumor and nerve showed robust tumor growth and fast 
migration in the first week during the culture. However, tumor tissue 
explanted at a distance from nerve, showed a lower proliferative fraction (PF) 
than the portions near to the nerves. Schwannoma cells are basically of 
Schwann cell origin, morphologically, they present with multiple and large 
nucleoli, disorganized cytoplasm, and are relatively smaller cell size than the 
original cells. They have positive immunoreactivity with S-100, 2 ’3’-cyclic 
nucleotide 3 ’-phosphodiesterase (CNP). Primary cell culture showed that the 
tumor cells grow more slowly, and are more morphologically closer to 
maturation. Coexpressed neurotrophins and their receptors immunoreactivity 
in Schwannoma cells implies that the stimuli and growth factor may primarily 
be derived from nerve instead of tumor alone. The result may also indicate 
that Schwannoma cells act as an aggressive consumer of growth factors at the 
expense of the nerve sheath cells. These findings suggest that, at the time of 
surgery, the removal of the entire nerve of origin with the tumor may have an 
influence on recurrence of the tumor. (Supported by House Ear Institute)
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857.3
CHARACTERIZATION OF SV 40 LARGE T ANTIGEN TRANSFORMED 
TUMOR CELLS FROM RAT BRAIN. U. Preuss1. U Eidhoff1. H. Salewski1. B. 
Schmitz2*. S, Weaaen 3. T.A. Baver37~Q.D. Wiestler3 and K.H. Scheidtmann1. 
^ep t. of Genetics, Roemerstrasse 164, D-53117 Bonn, 2Dept. of Biochemistry, 
Katzenburgweg 9a, D-53115 Bonn and 3Dept. of Neuropathology, Sigmund- 
Freud-Strasse 25, D-53105 Bonn, University of Bonn, Germany.

Retroviral gene transfer of the SV4O large T antigen into adult rat brain 
induces with high specificity the development of primitive neuroectodermal 
tumors (PNETs). These tumors exhibit characteristic features of human PNETs. 
In order to study the cellular origin(s) and molecular basis of PNETs, we 
established cell lines from these PNETs under G418 selection. One of the cell 
lines, denoted TZ87O (Wiestler et al., 1992), displayed homogeneous 
expression of large T in the presence of G418. However, after culturing the cells 
without selection drug for 10 passages, large T expression reproducibly 
dropped beyond the detection level due to deletion of the large T coding 
sequences. Subcloning of TZ87O revealed two populations of cells: either 
clones stably expressing or lacking large T. Large T negative cells formed large, 
compact colonies in soft agar and gave rise to aggressively growing tumors 
after intracerebral injection, whereas large T expressing cells showed 
dispersedly, slow proliferating colonies and were only weakly tumorigenic. 
These results strongly suggested additional genetic alterations in the large T 
negative cells, perhaps due to the simultaneous deletion of cellular genes, 
leading to a more progressed state of malignancy. Hence, we determined the 
integration site of large T in the cellular genome. Sequence analysis of the 
adjacent region suggested that integration had occured into an unknown gene. 
Northern blot analyses detected a 7.2 kb mRNA in large T expressing cells, 
whereas cells lacking large T expression revealed a 9.3 kb band. Studies are in 
progress to elucidate the properties and function of this yet unknown gene 
which most likely is responsible for the observed enhancement in tumor 
progression. This work was supported by the DFG, SFB 400.

857.5
GLIOMAS GENETICALLY ENGINEERED TO EXPRESS A MODEL ANTIGEN 
ARE ERADICATED SUBCUTANEOUSLY AND PROTECT AGAINST LETHAL 
INTRACRANIAL TUMOR CHALLENGE. L,M, LlâU,'* S, Sykfi&»l  E,.,JfinseiL3 J.F. 
Miller.3 andJ.M. Bronstein.2 'Div. of Neurosurgery, 2Dept. of Neurology, and*Dept. of 
Microbiology & Immunology, UCLA School of Medicine; Los Angeles, CA 90095.

In this study, we investigated the innate ability of the host immune system to 
recognize a model antigen on tumor cells and to mount anti-tumor immune responses 
against central nervous system (CNS) tumors that express the same antigen. The 
lymphocytic choriomeningitis virus (LCMV) nucleoprotein (NP) is a model antigen 
with an H2L2-restricted epitope. 9L gliosarcoma cells were transduced with the LCMV- 
NP gene using DOTAP. Twenty adult female Fisher 344 rats were injected 
subcutaneously (s.q.) with either 107 untransfected 9L tumor cells (n=lO) or 107 9L 
tumor cells expressing the LCMV nucleoprotein, 9L-NP (n=lO).

All of the control animals bearing wild-type 9L tumors showed continuous tumor 
growth up to 3 cm2 and were eventually sacrificed. In contrast, all of the fats bearing 
subcutaneous 9L-NP tumors showed initial visible tumor growth at 10 days, regression 
by 15 days, and complete eradication of their s.q. tumors by 25 days. The ten animals 
that eradicated their s.q. 9L-NP tumors were then subsequently challenged inctracranially 
with 105 9L-NP tumor cells. Three control rats were also intracranially implanted with 
103 9L-NP cells at the same time. Surprisingly, all of the control rats succumbed to 
their brain tumors by 25 days, while all (10 out of 10) of the rats that were previously 
injected s.q. with 9L-NP tumor cells are neurologically intact at 35 days post
implantation despite their lethal intracranial 9L-NP tumor challenge. This protective 
immunity is presumably mediated via an antigen-specific T-cell-dependent mechanism.

Based on these results, we show that even without ex vivo dendritic antigen- 
presenting cells or bacterial vectors to deliver tumor antigens to the immune system, an 
immunogenic epitope expressed on tumor cells themselves can invoke cell-mediate 
immunity in vivo that is sufficiently strong to eliminate growing subcutaneous tumors 
and protect against intracranial CNS tumors.

857.7
EXPRESSION OF TIE RECEPTORS AND ANGIOPOIETINS IN TUMORS 
DERIVED FROM RAT C6 GLIOMAS. J. Holash*. P C. Maisonpierre. P. 
Boland. D. Compton. C.R. Alexander. G.D. Yancopoulos and S. J. Wieαand. 
Regeneron Pharmaceuticals, Tarrytown, NY 10591.

Tie1 and Tie2 receptor tyrosine kinases and their ligands, the 
Angiopoietins (Ang1 and Ang2), are important in vascular development. 
Their apparent role in angiogenesis led us to investigate their 
expression in brain tumors. ~1.0 X 10s C6 glioma cells were injected 
into the forebrains of adult male rats. Initially (day 7), tumor cells 
seem to grow around and co-opt vessels within the brain. Vessels 
within the tumor are similar in caliber and density to those in normal 
brain, but Tie mRNA is already widely up-regulated in these vessels. 
Ang2 is variably expressed in a subset of vessels. Blood vessel density 
and complexity progressively decrease as the tumors continue to grow 
(day 14) suggesting that a strong angiogenic response is yet to occur. 
Tie message continues to be highly expressed, and Ang2 mRNA also 
becomes strongly and widely apparent in tumor vessels. In contrast, 
VEGF expression is still weak. By day 28, central regions of the tumors 
become partially necrotic, and an irregular network of apparently new 
vessels is found at the tumor margin. Tie and Ang2 are expressed 
strongly in vessels at the tumor margin, and also within isolated vessels 
in the largely necrotic, central regions of the tumor. These vessels are 
surrounded by cuffs of surviving tumor cells, which are now very  
strongly VEGF positive. Our results demonstrate that members of the 
Tie/Angiopoietin system are early and consistent markers of tumor 
vasculature. (Funded by Regeneron Pharmaceuticals, Inc.)

857.4
EXTRACELLULAR LEVELS OF AMINO ACIDS, ADENOSINE AND CHOLINE 
IN HUMAN BRAIN MALIGNANT GLIOMAS: AN INTRAOPERATIVE
MICRODIALYSIS STUDY. L. Bianchi1. M.A. Colivicchi1. A. Melani1. E. De 
Micheli2. G. Pinna2. A. Alfieri2. F. Casamenti1 & L. Della Corte1* Dip. di 
Farmacologia Precliπicae Clinica M. Aiazzi Mancini, Univ. di Firenze, 50134 Firenze 
& Dip. di Neurochirurgia, Univ. di Verona, 37121 Verona, Italy.

Previous studies have reported the accumulation of free amino acids and 
choline in brain glioma, detected by positron emission tomography with radiolabelling 
or analysing tissue speciments obtained at surgery or autopsy. The aim of this study 
was to investigate whether the concentrations of amino acids, adenosine and choline 
released in the extracellular fluid by the tumor tissue (TT) were different from those 
released by the adjacent parenchima (AP) or the normal brain tissue (NBT), using 
intraoperative microdialysis in patienis undergoing surgery for tumor resection. 
Microdialysis samples (20 min) were collected using a flexible catheter, perfused at a 
rate of 2 µi/min, in patients (5 males, 3 females; mean age 49±8 and 54+14, 
respectively) bearing glioblastoma, whose diagnosis was confirmed by histopathology 
according to the WHO classification. The endogenous amino acids, adenosine and 
choline released in the perfusate were analysed by HPLC. Concentration values 
(fmol/µl) of the analysed compounds in the perfusion fluid derived from TT and NBT. 
respectively, were: glutamate, 3.5±l.O and 8.6±2.O, aspartate, 3.2±l.O and 4 .6 ± l.l ,  
taurine, 12.6+2.0 and8.7±2.2, GABA, O.8O±O.26 and O.4O±O.O7, asparagine, 2.1 ±0.7 
and0.23±0.05, phenylalanine, 9.9±2.O and2.5±0.4. isoleucine, 12.8+1.6 and 2.9±O.5 
leucine 22.O±2.O and 5.9+0.8, valine, 24.7±2.l and 7.1 ±1.1 lysine, 5 4 .l± l5 .l  and 
l4 .l± l .9  tyrosine ll.O ±l.3 and 5.8±2.3. Choline values derivedfrom TT and NBT 
were 7.()± 1.3 and 3.2±O.5, wereas those of adenosine were 4 l9± I81 and l359±3O2, 
respectively. These data indicate that glioblastoma growth is associated with increased 
extracellular concentrations of choline and all analysed amino acids, except glutamate, 
and with decreased concentrations of adenosine. To our knowledge this is the first in 
vivo study applying microdialysis to measure extracellular endogenous aminoacids, 
choline and adenosine in patients with cerebral glioma. Supported by the EU BMH1- 
CT94-1402 grant & MURST grants, Italy.

857.6
TRANSPLANTED 9L GLIOSARCOMAS INDUCE EXPRESSION OF THE 
MONOCYTE CHEMOATTRACTANT PROTEIN-1 (MCP-1) RECEPTOR, CCR2, 
IN RAT BRAIN. J.M. Galasso.* B.D. Ross. L.D. Stegman. J.K. Harrison. F.S. 
Silverstein. University of Michigan, Ann Arbor, MI 48104 and University of Florida, 
Gainesville, FL 32610.

Monocyte/macrophage infiltration is a characteristic feature of central nervous 
system (CNS) tumors. Resident microglia and blood-derived monocytes could 
contribute to this cellular response. The functional role(s) of this inflammatory 
infiltrate is complex and incompletely understood; these cells could have trophic and/or 
suppressive effects on invasive brain tumors. A better understanding of the host- 
mediated immune responses to brain tumors could facilitate development of more 
effective treatment strategies. Recent data suggest that the potent monocyte chemokine 
MCP-1 regulates the macrophage response to brain tumors; however, there is no 
information about tumor-related expression of the MCP-1 receptor, “CCR2”. We 
hypothesized that if MCP-1 regulates this response, CCR2 expression must be 
induced or upregulated in brain tumors. To test this hypothesis, we used an established 
experimental gliosarcoma model, induced by intracranial transplantation of cultured 9L 
cells; tumor development was verified by magnetic resonance imaging. RT-PCR was 
used to assay CCR2 mRNA. CCR2 mRNA was not detected in cultured 9L cells; yet, 
both tumor (N=5) and peritumoral tissue had high levels of CCR2 mRNA. Western 
blot analysis documented increased CCR2 protein in tumor tissue, and 
immunocytochemistry revealed that both infiltrating microglia/ monocytes and 
intrinsic tumor cells expressed CCR2 (N=4). These results demonstrate that CCR2 
expression is markedly upregulated in invasive brain tumors; whether CCR2 could 
represent an effective molecular target for tumor-directed therapy is an important 
question for future research.
This research was supported by USPHS grant NS 35059 (to FSS).

857.8
Stable Persistent Expression of the Green Fluorescent Protein in 
Glioblastoma cell lines. Helen L  Fillmore. John Shurm. Peoαv Furαueron 
and William C. Broaddus*. Neurosurgery, Medical College of Virginia Virginia 
Commonwealth University and Neurosurgery Hunter Holmes McGuire 
Department of Veterans Affairs Medical Center, Richmond, VA

Substantial data has now accumulated indicating the importance of the 
migration of glioma cells through brain parenchyma to explain the diffuse 
margins and wide distribution of malignant cells in patients and animal 
models. To help us study the underlying mechanisms of tumor cell migration 
and invasion into regions on non-diseased tissue, we have developed a way 
to monitor tumor cell movement without secondary steps using fixation, 
biochemical or antibody techniques. We have taken advantage of a mutated 
“humanized" GFP clone obtained from the Aequorea victoria jellyfish that is 
commercially available from “Clontech" along with their pIRES neo Bicistronic 
vector and stably transfected various tumor cell lines. The rat glioma cell 
lines, RT2 and T9, were transfected utilizing the pIRES and the EGFP vector 
(both from Clontech). After G418 selection, flow cytometric analysis of RT2 
clones demonstrated approximately 98% of total G418 resistant population at 
initial passages. Positive clones are maintained in selective medium 
containing 2 mg/ml G418. This high level of expression is seen after the 11th 
passage as well as after the 21st passage. GFP positive clones and control 
cell lines have similar growth patterns as measured by the MTS proliferation 
assay. In addition, the GFP stably transfected cells grow and establish 
intracerebral tumors in syngeneic Fisher rats similar to the control non-GFP 
expressing RT2 cells. GFP tumors were indistinguishable from the control 
cell lines as seen by H&E staining. Studies are underway to characterize the 
distribution of migratory cells around the tumor.Supported in part by the MCV 
Foundation Brain Tumor Research Support Funds and NS 01766 (WCB).
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857.9
SELECTIVE IMMUNOREACTIVITY OF IgG IN A GUINEA PIG MODEL OF 
PARANEOPLASTIC MYENTERIC PLEXUS INJURY
Bruce M. Altevogt, Paula M. Keeney, and H. Robert Brashear*. University of Virginia 
Health Sciences Center, Department of Neurology, Charlottesville, VA 22903 

Neurological paraneoplastic syndromes are disorders of the nervous system caused 
by remote effects of systemic cancer. One paraneoplastic syndrome, gastrointestinal 
dysmotility, is believed to be caused by myenteric plexus injury, likely the 
consequence of antineuronal antibodies directed at sy stemic cancers which cross react 
with myenteric plexus neurons. One characterized antibody, anti-Hu (ANNA-1, Type 
Ha) antibody, is produced in some patients with small cell carcinoma. To study the 
reactivity of this antibody with myenteric plexus neurons and the neurological 
mechanisms that lead to paraneoplastic gastrointestinal dysmotility, a model using 
guinea pig ileum was developed. Guinea pig ileum was incubated for 0.5, 1, 2, and 3 
hours in IgG purified from patients who either expressed or did not express anti-Hu 
antibody, and then stained using indirect immunofluourescence. Only IgG from 
patients with anti-Hu antibody produced specific uptake into myenteric plexus 
neurons; noπnal plasma showed no cellular IgG uptake. Cell counts revealed uptake 
in 30%-40% of the myenteric plexus neuron population for each time period studied. 
At longer time periods myenteric plexus neurons exhibited increased 
immunoreactivity in cytoplasm and processes compared to shorter incubation periods, 
indicating progressive uptake or binding of antibody by the same subpopulation of 
neurons. The same uptake patterns were observed with IgG from three other patients 
with anti-Hu antibody. Ileum stained with IgG subclass-specific antibodies confirmed 
selective uptake in myenteric plexus neurons. There was no difference in uptake 
when open ends of the ileum were ligated suggesting uptake occurs through the 
serosal not lumenal surface. These experiments demonstrate that myenteric plexus 
neurons show selective and specific uptake and binding of IgG containing anti-Hu 
antibody, supporting the hypothesis that uptake of anti-Hu antibody into individual 
neurons is involved in the onset of paraneoplastic myenteric plexus neuron injury.

857.11
ARACHIDON1C ACID IS IMPORTANT FOR M AINTAINING Ca2+ 
STORES AND  PROLIFERATION OF H U M A N  BRAIN TUMOR  
CELLS. Petr. M.. T C. Orieitano and R.D. Wurster * Departments of 
Neurological Surgery and Physiology. Loyola University Medical Center, Maywood, 
IL 60153.

With mitogenic stimulation, calcium (Ca2+) mobilization from intracellular stores 
(i.e., endoplasmic reticulum) is important for proliferation of cultured human brain 
tumor cells. Archidonic acid (AA) acid, not its metabolic products, also is 
important for mitogenesis of these cells. Are these effects of AA mediated via 
effects on intracellular Ca2+ stores and mobilization?

In cultured human astrocytoma and meningioma cells, intracellular Ca2+ was 
measured using the Fura-2 fluorometry (Cell Calcium 21:233-240, 1997).
Inhibition of AA synthesis by phosopholipase A2 inhibitors causes an increased 
cytosolic [Ca2+], This Ca2+ came from intracellular stores for these effects were 
inhibited by blockade of intracellular store release with dantrolene. Pretreatment 
with AA, blocks the effects of phospholipase A2 inhibitors on Ca2+ release. After 
24-hour pretreatment with phosopholipase A2 inhibitors, cytosolic [Ca2+] returned to 
control levels but mitogenic stimulation of Ca2+ release from intracellular stores 
remained blocked. AA treatment prevented the effects of phospholipase A2 
inhibition on Ca2+ stores.

In conclusion, these results suggest that AA has a vital role in maintaining 
intracellular Ca2+ stores and proliferation of cultured human brain tumor cells. Ca2+ 
in both the cytosol and in intracellular stores are apparently important for this 
proliferation, suggesting a role also for Ca2+ within these stores perhaps associated 
with protein processing, nuclear envelop and/or intranuclear control of the cell 
cycle. (Supported by the Richard Wolfe Foundation and the Mr. and Mrs. Barney 
Kahn Fund.)

857.10
The Effects o f a Lipoic Acid/Palladium  Com plex on H ippocam pal 
Progenitor Cells. F.J. Antonawich*. S.M. Fiore and J.N. Davis. SUNY at Stony 
Brook, Stony Brook, NY 11794.
The lipoic acid/palladium complex, D N A  reductase, appears to be an effective 
anti-glioblastoma agent in clinical preliminary studies. The present 
experiments were aimed at elucidating D N A  reductase’s effects on CNS cells 
still undergoing neurogenesis. W e studied the A P 3 1 hippocampal progenitor 
cell line and 3T3 fibroblasts. The cells were cultured in DM EM /F12 
supplemented with N 2 and FGF (2Ong/ml). Within 18 hours there was a 
significant decrease in the number o f  progenitor cells on poly-L-omithine 
(PORN)/laminin coated plates exposed to D N A  reductase (8µM ), however 
3T3 cells, on plastic, were unaffected by even the highest tested concentrations. 
Plating the progenitor cells on PORN coated dishes, further exacerbated cell 
death (1 ,6µM). When 3T3 cells were plated on PORN coated dishes, they 
began to die at concentrations o f  8OµM, but PORN/laminin coated dishes re
established their resistance to D N A  reductase. The plating o f  3T3 cells on 
coverslips further augments the effects o f  D N A  reductase (4OµM). Cervical 
carcinoma cells (HeLa) have been shown to have this same sensitivity to this 
glass substrate. Low quality glass, such as a coverslip, is highly charged due 
to the presence o f  heavily charged silicates. Poly-L-omithine promotes cell 
attachment by positively charging the surface. Therefore, our results suggest 
that highly charged matrices (e.g. glass, PORN), normally seen in growth and 
in tumor formation, facilitate the effects o f  D N A reductase, while more neutral 
surfaces (e.g. plastic) appear protective. (Supported by Garnett McKeen 
Laboratories Inc.)
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858.1

GROWTH SUPPRESSION BY P53 AND PIG EXPRESSION IN 
HUMAN GLIOMA CELLS. T. Suzuki1. K. Ohbayashi1 and J-I. 
Adach i1*. ^ e p t.o f  Neurosurgery, Gunma Univ. Med. Sch.; 3-39-22, 
Showa-machi. Maebashi, Gunma, 371-851 1, Japan.

To assess the biological function of the p53 and pl6 tumor 
suppressor genes which are frequently inactivated in gliomas, we 
examined the phenotypic alterations after introducing the p53 
and/or p 16 expression plasmids into a glioma cell line, T98G. Cells 
transfected with the p53 and p 16 cDNAs formed colonies in 42% and 
39% of those with the control vectors, respectively. Colony efficiency 
was drastically reduced (19%) when the p53 and p 16 cDNAs were 
simultaneously transfected. Flow cytometric analyses revealed 
that apoptosis and Gl arrest were observed after p53 and pl6 
transfection, respectively. Introduction of both the p53 and the p 16 
genes led to the marked increase of apoptosis but not cell cycle arrest. 
These results suggest that inactivation of p53 and pl6 play 
important roles in the escape from cell death and unregulated cell 
proliferation of glioma cells, respect ively. Further studies are now 
in progress to elucidat e the molecular mechanism that p53 and p 16 
expression cooperatively induce the more apoptotic response of 
glioma cells.

858.2

EXC1TOTOXICITY AND APOPTOSIS M EDIATE NEURONAL  
TOXICITY OF CYTOSTATIC AGENTS: W. Rzeski, C. Jansma. A K. 
Reiher, F, Bosch*. P. Bittigau. J. Vöcklcr. C, Ikonomidou. Humboldt Univ., 
Berlin. Germany.

Neurological sequelae from high dose chemotherapy gain importance in the 
treatment o f cancer patients. To investigate mechanisms by which commonly used 
cytostatic agents exert their neurotoxic effects, we exposed neuronal and glial cell 
cultures to cisplatin, cyclophosphamate and methotrexate. All three compounds 
exerted significant neurotoxic and gliotoxic effects in a dose dependent fashion, 
with the neurotoxic action being more prominent. Neurotoxicity o f low 
concentrations o f ail three cytostatic agents was significantly potentiated by a 
nontoxic concentration o f glutamate (1 µM). The NM DA receptor antagonist MK 
801 and the AMPA antagonist GYKI 52466 ameliorated cisplatin neurotoxicity . 
Less effective protection against cisplatin neurotoxicity was achieved with the 
radical scavenger 2-sulfo-α-phenyl-N-tert-buty 1-nitrone (SPBN) and the 
antioxidant N-acety Icy steine.
Seven day old rats were injected i p with cisplatin and the brains analysed 
histologically at 4 or 24 hrs. Cisplatin produced widespread lesions in the infant 
rat brain within cortical areas and the hippocampal dentate gyrus. Morphometric 
analy sis revealed that the magnitude o f CNS damage follow ing cisplatin treatment 
was dose dependent. Histological analysis o f the brains after a survival period o f  
4 hrs revealed that neurons undergoing excitotoxic death were present within the 
parietal cortex and the dentate gyrus. Following longer survival periods, apoptotic 
cells appeared in brain regions affected. These results indicate that cytostatic 
agents exert their neurotoxic effects by two distinct mechanisms, excitotoxicity 
and apoptosis. Supported by Humboldt University grant 98-650.
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858.3
DIFFERENTIAL APOPTOTIC RESPONSES OF HUMAN GLIOBLASTOMA 
AND NEUROBLASTOMA TO DNA INTERCALATING AND DNA NON
INTERCALATING AGENTS. S. Bursztain* JJ, Feng . S.A. Berman, and A. Nanda . 
Dept.of Neurosurgery, LSUMC, Shreveport, La 71130.

Glia and neurons o f tuxnorigenic origin can undergo programmed cell death or 
apoptosis. Although the pathways through which chemotherapeutics promote cell 
death are largely unknown, apoptosis can be a key process for elimination of 
unwanted cells. The intercalating agent staurosporine, a protein kinase inhibitor, is 
known to enhance cytotoxicity and apoptosis. The non-DNA intercalating drug 
etoposide, a topoisomerase II inhibitor, is active against a wide range of tumors. In 
this study, we assessed the effects of staurosporine and etoposide on cell death 
processes in a T98G. glioblastoma cell line and SK-N-SH neuroblastoma, both derived 
from human tumors. The effect of various concentrations (0.05 - luM) of 
staurosporine and etoposide (10-50µM) on apoptosis was assessed by chromatin 
condensation assays, DNA fragmentation assays, TUNEL assay, and cellular viability 
assays. In addition, the effect of the cleavage of the nuclear enzyme poly 
(ADP-ribose) polymerase (PARP) on DNA stability was assessed by SDS gel 
electrophoresis and Western blot. Staurosporine (0.1 µM) induces a four-fold increase 
in chromatin condensation in the glioblastomas and neuroblastoma cells lh after 
treatment. Gliomas treated with etoposide showed no evidence of apoptosis, even at a 
concentration of (5OµM) for 2Oh. In contrast, the neuroblastomas treated with 
etoposide (lOµM) showed a significant increase (P< 05) in all apoptotic parameters. 
Western blots of gliomas treated with staurosporine showed major alteration in the 
active H6kd band of PARP. These alterations were not observed after etoposide 
treatment. Our results show that the induction of apoptosis by DNA intercalating and 
non-intercalating agents is cell type dependent. (Supported by LSUMC-S Research 
Program).

858.5

The role of bcl-2 in human m alignant gliom as

Terrence Julien, M .D .*, Bruce Frankel, M .D ., Sharon Longo,
B .A ., John Longo, B .A ., Michele Kyle, B .A ., Peter Hahn, 
Ph.D., Timothy Ryken, M.D.

Bcl-2 expression is increased and has been shown to inhibit 
apoptosis in B-cell lymphoma. We have observed increased bcl-2 
expression in higher grade glial tumors. Of a total o f 94 glial 
tumors screened by immunohistochemistry the following  
expressed bcl-2: grade 1-9%, grade 11-24%, grade 111-53%, and 
grade IV-65%. Bax is a bcl-2 related protein which counteracts 
the antiapoptotic effects of bcl-2 by heterodimerization. 
Overexpression of bax has been shown to induce apoptosis in 
tumor cells. To investigate whether bcl-2 acts as a protooncogene 
in glial tumors, a bcl-2 antisense oligonucleotide probe and a 
nonsense oligonucleotide probe were transfected into malignant 
glioma cells in vitro to study the effects o f cell viability. Bcl-2 
expression was confirmed in two grade IV human glioma lines 
from our tumor bank (Jon 52 and Roc), which were found to 
express bcl-2 by western blot and immunostaining techniques. 
These cells were transfected with bcl-2 antisense and nonsense 
oligonucleotides (luM  and 5uM concentrations) and cell viability 
was assayed (initial cell number 5xlO 4 cells/ml o f tumor). There 
was a dose dependent log-fold decrease in cell viability o f the bcl- 
2 antisense treated cells (2,4, and 7 days) when compared to 
control cultures, suggesting that bcl-2 may play a role in tumor 
progression by inhibiting apoptosis.

858.7
In vitro evidence shows basic fibroblast growth factor (bFGF) to be a natural 
approach for human medulloblastoma (MB) management. SM Duplan. Y Théorêt. 
N Lemieux. C Tautu. RL Kenigsberg*. 3175 Côte Ste-Catherine, Centre de recherche, 
Hôpital Sainte-Justine, Montréal, Québec H3T 1C5 Canada.

MB, the most common brain malignancy noted during childhood continues to 
represent a clinical challenge. To improve this picture, much less invasive, less toxic, 
and more natural therapeutic modalities are needed. To this end we have begun to 
explore the use of naturally occurring growth factors in MB tumour management. Based 
on MB’s presumed origin from neuronal precursors of the cerebellum, we attempted to 
slow this tumour’s growth by inducing its differentiation along its neuronal lineage 
pathway with one such growth factor, bFGF. Using UM-MB1, a novel MB cell line, 
developed in our lab, we found bFGF to arrest this tumour’s growth, promote its 
differentiation and ultimately kill it by apoptosis (Kenigsberg et ah, AJP 1997, 151: 867- 
881). We then proceeded to see if bFGF could promote similar responses in other MB 
cell lines. Two new human MB cell lines, HSJ-MB1 and HSJ-MB2, that we recently 
characterized, serve as our models. Both cell lines contain predominantly immature cells 
with high proliferative indices. HSJ-MB1 are entirely adherent cells while HSJ-MB2 
grow partially in suspension. Although both have been found immunocytochemically 
(ICC) to exhibit neuronal antigenic profiles, those of HSJ-MB1 are more advanced. Both 
MB cell lines are found by karyotypic analysis to be near triploid and exhibit numerous 
structural abnormalities. Preliminary evidence shows that bFGF in the nanomolar range 
decrease their rate of proliferation. In contrast to that noted with UM-MB1, neither of 
the new cell lines responds to bFGF with marked changes in morphology. To date, we 
have found by ICC that HSJ-MB1, like UM-MB1, expresses the signaling FGF receptor, 
FGF-R4/flg-2. Further evidence for its expression, that of other FGF receptor types and 
their variants will be studied by both ICC and Western blot analysis. In conclusion, our 
results show bFGF to significantly affect the growth of three distinct and novel cell lines 
for MB. These findings are encouraging, warrant further study in vivo (xenografts) and 
may prove to be of important clinical relevancy, (supported by FRSQ, FCB, FHSJ).

858.4
CLEAVAGE OF POLY(ADP-RIBOSE) POLYMERASE PRECEDES 
APOPTOSIS IN HUMAN GLIOBLASTOMA. J.J.Fene , S.A.Berman*. A 
Nanda and S. Bursztain. Dept.of Neurosurgery, LSUMC, Shreveport, La 
71130.

The chemotherapeutic implications of programmed cell death or apoptosis 
was investigated in a T98G glioblastoma cell line derived from a human tumor. 
Experiments were designed to delineate the cascade of events that leads to the 
cleavage of the nuclear enzyme poly (ADP-ribose) polymerase (PARP). PARP 
has been implicated in DNA repair, genome surveillance and integrity. It is 
one of the proteins known to be cleaved in association with apoptosis. Cells 
were treated with various concentrations (0.05 - luM) of staurosporine, a 
protein kinase inhibitor, or with ellipticine (10-50µM), a DNA intercalating 
alkaloid which stimulates topoisomerasell mediated DNA breaks. Proteins 
isolated from control or treated gliomas and subjected to SDS gel 
electrophoresis and Western blotting showed alterations in PARP activity. 
Western blots of control cells showed a weak ll6kd band, whereas gliomas 
treated with staurosporine (0.1 uM) showed within lh of treatment a 66kd band 
of high intensity and several minor bands. However, a significant increase in 
chromatin condensation and DNA fragmentation was observed 3h after 
treatment (P<.05). Trypan blue exclusion test and lactic dehydrogenase assays 
showed a significant decrease (p<.05) in cellular viability at 6h and l2h, 
respectively. Mitochondrial metabolism in the treated cells was not 
compromised up to 24h unless cells were treated with a high staurosporine 
concentration (lµM). Our results show that PARP cleavage serves as an early 
execution phase marker of apoptosis in gliomas. (Supported by LSUMC-S 
Research Program).

858.6
FAS, FAS LIGAND, TGFß2 AND BCL-2: FACTORS INVOLVED IN THE 
MAINTENANCE OF IMMUNE PRIVILEGE BY GLIOMAS. B. Frankel1. S.L. 
Longo'. T. Julien1. P. Hahn1. T, Rvken1*.

1 Dept, of Neurosurgery, SUNY Health Science Center at Syracuse
Patients with gliomas have demonstrable deficiencies in both global and 

local immune function. Locally, a competent immune response is hindered by an 
assortment of factors expressed and/or secreted by tumor cells. Several of the 
molecules implicated in such a role include Fas, Fas ligand (FasL), TGFß2, and 
bcl-2. Briefly, the Fas/FasL pathway, one of two mechanisms activated immune 
effectors utilize to destroy their targets, can be blocked in various ways.
FasL expressed by tumors can inhibit T cell function via cell contact while 
gliomas releasing soluble Fas can competitively inhibit FasL expressed by 
immune cells. Apoptosis, normally induced when Fas receptor is cross-linked by 
FasL, can be blocked by the antiapoptotic proto-oncogene bcl-2 expressed by 
many gliomas. Finally, TGFB2 inhibits this system by preventing T and B cell 
activation as well as NK and LAK activity.

Using immunohistochemistry, a series of 94 gliomas (WHO grades I-IV) were 
studied for the expression of the above factors. The following results were 
found: 18% grade I astrocytomas expressed Fas increasing to 94% in grade IV 
tumors, FasL increased from 9%(I) to 81%(IV), TGFB2 64%(I) to 97%(IV), and 
bcl-2 9%(I) to 65% (IV). In addition multiple combinations of these factors 
conferring a highly immunosuppressive phenotype were found in 50-75% of high 
grade astrocytomas. Overall, each factor or combination of factors increased with 
increasing grade of neoplasm suggesting immune evasion plays an important 
role in the development of high grade gliomas.

858.8
EFFECTS OF BASIC FIBROBLASTIC GROWTH FACTOR (bFGF) ON THE 
GROWTH OF HUMAN MEDULLOBLASTOMA (MB) XENOGRAFTS. R 
Vachon1,2. R.L. Kenigsberg2. A. Moghrabi2. Y. Lamarre3*. C. Tautu4. N. Lemieux'1’4. 
J. Michaud2,4 and Y. Théorêt2. ‘Centre Hospitaller de l’Université de Montréal, 
2Centre de Recherche de l’Hôpital Ste-Justine, Départements de ‘Physiologie et de 
4Pathologie de l’Université de Montréal, Montréal, Québec, Canada, H3T 1C5

Our previous in vitro studies have shown bFGF to induce the 
differentiation, arrest the growth and promote the death by apoptosis of UM-MB1 
cells, a new human MB cell line (Am. J. Pathol. 151: 867-881, 1997). We have also 
established that similar effects can be obtained with bFGF injected into 
subcutaneous xenografts of the same tumor cells. Despite this observation, it was 
imperative that we determine if bFGF could act similarly on these UM-MB1 cells 
grown in the cerebral microenvironment. To investigate this, we proceeded to graft 
UM-MB1 cells by stereotaxic injections into the cerebral cortices of eighteen 5- 
week old nude mice. Three days following the injection of these cells, half the mice 
designated as our experimentals received 4 intra-cerebrai injections of oFGF at 3- 
day intervals between injection. To the remaining mice (conirols), equivalent 
volumes of vehicle were administered. The injection of both the cells as well as that 
of the vehicle with or without bFGF were done at identical stereotaxic coordinates. 
Three weeks following grafting, the mice were sacrificed and tissue formalin-fixed 
by perfusion. Serial paraffin sections were stained with HPS and visualized with a 
videocamera system attached to a microscope. Tumor surface areas were measured 
from digitized images to determine total tumor volume (SigmaScan software). Our 
results clearly show that in mice treated with bFGF the mean tumor volume 
(49.95±32.93 mm3) was dramatically and significantly smaller (p <0.001) than that 
of control (199.25 ± 42.1 mm3). Although bFGF inhibits the growth of MB in the 
neuronal microenvironment, it is important that we examine its effects on tumor 
dissemination in the leptomeningeal space as well.(Research supported by Fonds de 
la Recherche en Santé du Québec, Fondation Charles Bruneau and Fondation de 
1’FIôpital Ste-Justine).
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858.9
MOLECTJLAR PROFILING OF HUMAN GLIOMAS BY cDNA EXPRESSION 

ARRAY s . C h e n ,2 ç .  h . R h e e ,1 S .  P i t c h f o r d , 3*  G. J o k h a d z e ,2 

A . C h e n c h ik ,2  P._ s i e b e r t 2 and W. Zhang! _ 1 ^

o f  T e x a s  M. D . A n d erso n  C a n ce r  C e n t e r ,  H o u s to n , TX 7 7 0 3 0 ;  
2CLONTECH L a b o r a t o r ie s ,  I n c . ,  P a lo  A l t o ,  CA 9 4 3 0 3 ;
¾ o l e c u l a r  D e v ic e s  C o rp . S u n n y v a le ,  CA 9 4 0 8 9 .

Human g l io b l a s t o m a s  a r e  h i g h l y  r e s i s t a n t  t o  c h e m o th e r a p y .  
U n d e r s ta n d in g  t h e  m o le c u la r  m ech a n ism s f o r  t h e  r e s i s t a n c e  
may l e a d  t o  m ore e f f e c t i v e  th e r a p y  r e g im e n s .  We p r o f i l e d  
g e n e  e x p r e s s i o n  p a t t e r n s  o f  t h e  human g l io b l a s t o m a  c e l l  
l i n e  U251 b e f o r e  and  a f t e r  t r e a t m e n t  w i t h  3 .5  λ ig /m l o f  
c h e m o t h e r a p e u t ic  a g e n t  1 , 3 - b i s ( 2 - c h l o r o e t h y l ) - 1 - n i t r o s o u r e a  
(BCNU) f o r  24 h o u r s .  mRNAs w e r e  i s o l a t e d  from  c e l l s .  32 p _ 
l a b e l e d  cDNAs w e r e  s y n t h e s i z e d  and  u s e d  t o  h y b r i d iz e  A t l a s  
Human cDNA E x p r e s s io n  A r r a y . Two e x p r e s s i o n  p r o f i l e s  o f  
588 g e n e s  i n  U251 c e l l s  b e f o r e  and  a f t e r  BCNU t r e a t m e n t  
w e r e  o b t a in e d .  C o m p a riso n  o f  t h e s e  tw o  p r o f i l e s  i d e n t i f i e d  
22 g e n e s  w h o se  e x p r e s s i o n  w as s i g n i f i c a n t l y  c h a n g e d . Among 
t h e  g e n e s  t h a t  sh ow ed  d e c r e a s e d  g e n e  e x p r e s s i o n  a r e  p l a t e l e t  
- d e r i v e d  g r o w th  f a c t o r  r e c e p t o r  (PDGF-R) a lp h a  an d  i n t e g r i n  
b e t a  4 .  PDGF-R g e n e  h a s  b e e n  i m p l ic a t e d  i n  b r a in  tu m o r i -  
g e n e s i s ,  and  i n t e g r i n  i s  known t o  b e  i n v o lv e d  i n  tu m or i n 
v a s i o n .  D e c r e a s e  i n  e x p r e s s i o n  o f  t h e s e  tw o  g e n e  r e f l e c t s  
t h e  b e n e f i c i a l  e f f e c t  o f  BCNU i n  b r a in  tu m or t r e a t m e n t .  I n  
a d d i t i o n ,  a n a l y s i s  o f  t h e  p r o f i l e s  sh ow ed  t h a t  t h e  f o l l o w i n g  
g e n e s  a r e  a b u n d a n t ly  e x p r e s s e d ;  c y c l i n  B 1 , a  h e a t  s h o c k  p r o 
t e i n s ,  g l u t a t h i o n e  S - t r a n s f e r a s e ,  t o p o  I I ,  an d  Y -b o x  DNA BP.

858.11
CHARACTERIZATION OF A PUTATIVE NEUREGULIN/ERBB RECEPTOR 
AUTOCRINE LOOP IN SK-N-MC NEUROBLASTOMA CELLS. L.H. Hamilton'*.
N. Havlioglu2, T. Cheng2 and S.L. Carroll13. Depts. of 'Pathology and 3Neurobiology, 
Univ. o f Alabama at Birmingham Sch. Med., Birmingham, AL, 35294; 2Dept. of 
Pathology, Washington Univ. Sch. Med., St. Louis, MO 63110.

Neuroblastomas, the most common solid extracranial neoplasm of infancy and 
childhood, arise frequently within adrenal medulla and other regions of the sympathetic 
nervous system. These tumors are composed of primitive neuroblastic cells with many 
similarities to sympathetic neuroblasts. As members of the neuregulin (NRG) family of 
growth and differentiation factors may indirectly regulate sympathetic neuroblast 
survival, it is possible that these factors may also promote neuroblastoma survival and/or 
proliferation. We have therefore examined the expression of NRGs and their receptors, 
the erbB membrane tyrosine kinases, in the human SK-M-NC neuroblastoma cell line. 
Analysis of NRG cDNAs isolated from SK-N-MC cells revealed that these cells express 
NRGs of the sensory and motor neuron-derived (SMDF) subfamily, including both 
transmembrane and secreted forms. Sequence analyses of these clones as well as PCR 
fingerprints indicate that SK-N-MC cells produce primarily (if not exclusively) NRGß 
isoforms. Of the four known erbB receptors, SK-N-MC cells express protein and mRNA 
for erbB2, erbB3 and erbB4; no mutations o f these molecules have yet been identified. 
As SK-N-MC cells express both NRGs and their receptors, we have preliminarily 
investigated the possibility that proliferation and/or survival of these cells is regulated in 
an autocrine fashion. Immunoblots of SK-N-MC lysates probed with an 
antiphosphotyrosine antibody demonstrate a 185kD band, suggesting that one or more of 
the SK-N-MC erbB receptors is constituitively activated. We are currently testing the 
ability of an erbB4-IgG fusion protein (a “soluble” receptor) to interfere with 
proliferation and/or survival of SK-N-MC cells. These data demonstrate that SK-N-MC 
neuroblastoma cells express both NRGs and their erbB receptors and are consistent with 
the hypothesis that NRGs act in an autocrine fashion in human neuroblastomas. 
Supported by the American Cancer Society.

858.13
EXPRESSION OF TRUNCATED EPIDERMAL GROWTH FACTOR 
RECEPTOR INCREASED TROPHIC FACTOR EXPRESSION AND 
ENHANCED SURVIVAL OF GLIOMAS. C.G. Cadav*. S. Tang. Y. 
Han. A. Nanda. Dept, of Neurosurgery, Biomedical Research Institute, 
Louisiana State University Medical Center, Shreveport, LA, 71130.

Truncated epidermal growth factor receptor (ΔEGFR) has been 
associated with high-grade gliomas. To understand how expression of 
ΔEGFR affects glioma cell proliferation, growth and survival, we used 
the parental U87MG glioma cells (with wild type EGFR) and a glioma 
cell permanently transfected with ΔEGFR to create a related 
U87MG.ΔEGFR glioma cell with same genomic background as U87MG 
and differ only by the presence of ΔEGFR. U87MG.ΔEGFR glioma 
cells have increased DNA synthesis and higher number of cells in S- 
phase and G2/M-phase in serum-free medium (SFM). U87MG.ΔEGFR 
glioma cells showed higher cell growth and survival while the U87M 
glioma cells showed increased cell death in SFM. In related studies, we 
found that trophic factors, including basic fibroblast growth factor 
(bFGF) and heparin-binding epidermal growth factor (HB-EGF), play 
major roles in glial cell growth, differentiation and survival. We 
postulated that expression of ΔEGFR increased trophic factors 
expression resulting in enhanced autotrophic cell growth and survival in 
U87MG.ΔEGFR glioma cells. Consistent with this hypothesis, we have 
shown in co-cultures that high-density cultures of U87MG.ΔEGFR 
glioma cells supported the growth of low density cultures of U87MG or 
T98G glioma cells (that would otherwise show increased cell death) in 
SFM. These observations in SFM cell cultures are relevant to the 
conditions in glioblastoma multiforme where high cell proliferation 
results in nutrient and oxygen deprivations resulting in a characteristic 
tumor with a prominent necrotic center bounded by highly proliferating 
glioma cells. The role of ΔEGFR in this tumor condition is presented.

Funded by Stiles/BRF of N. LA, LEQSF and LSUMC Foundation.

858.10
EFFECTS OF GROWTH FACTORS AND BASEMENT MEMBRANE PROTEINS 
ON THE DIFFERENTIATION OF U-373 MG GLIOBLASTOMA CELLS AS 
DETERMINED BY THE EXPRESSION OF INTERMEDIATE FILAMENT 
PROTEINS. S. Sultana. R. Zhou. M. Sadaeopan. and O. Skalli*. Department of 
Anatomy and Cell Biology. University of Illinois at Chicago. 808 S. Wood Street M/C 
512, Chicago, IL 60612, USA.

Various growth factors and basement membrane (BM) proteins have been 
implicated in the pathogenesis of astrocytomas. The goal of this study was to 
determine the relative contribution of these two types of factors in modulating the 
differentiation of U-373 MG glioblastoma cells by using the intermediate filament 
proteins GFAP, vimentin and nestin as differentiation markers. For these 
determinations, cells plated in serum-free medium were treated either with growth 
factors binding to tyrosine kinase receptors, including TGF-cx, EGF, PDGF-AA. bFGF 
and IGF-1, or with BM proteins, including collagen IV, laminin and fibronectin. The 
changes in the expression levels of intermediate filament proteins in response to these 
treatments were analyzed by quantitation of immunoblots. The results demonstrate 
that collagen IV and growth factors binding to tyrosine kinase receptors decrease the 
GFAP content of U-373 MG cells. This suggests that these agents may be responsible 
for the progressive loss of GFAP which occurs during the malignant transformation of 
astrocytes in vivo. Growth factors binding to tyrosine kinase receptors also decrease 
the vimentin content of U-373 MG cells, but do not affect their nestin content. On the 
other hand, BM proteins decrease the nestin content of U-373 MG cells, but do not 
affect their vimentin content. Since various reports have shown that vimentin, and 
also sometimes nestin expression is induced in malignant astrocytes, our results 
suggest that factors other than those tested here are responsible for inducing the 
expression of these two proteins in astrocytic tumors.
Supported by NINDS grant NS-35317.

858.12
In vivo study on antisense EGFR RNA therapy o f rat C6 gliomas. 
P.Y. Pu*. X.-W . Liu, and A.-X. Liu Dept o f Neurosurgery, Tianjin 
Medical University General Hospital, Tianjin 300052, P.R.China.

The plasmid PactQsR3 containing the antisense EGFR cDNA  
complementary to 3' coding region o f  EGFR cDNA (552bp, kindly 
provided by Dr Beguinot) was transfected into rat C6 glioma cells by 
lipofectamine Twenty-three male Wistar rats were used for in vivo  
study. Among them eight rats were implanted stereotaxically with wild 
type C6 glioma cells into the right caudate nucleus as control. All o f  
them developed distinct tumor foci one week after implantation as 
demonstrated by MRI and pathological examination, and died within 
three weeks. Six rats were implanted with C6 glioma cells transfected 
with antisense EGFR cDNA. None o f them developed a tumor and 
naturally died. Nine rats were implanted with wild type C6 glioma 
cells, but on day 7 and day 9 when the tumor grew they were treated 
with antisense EGFR-lipofectamine complex intratumorally. The nine 
rats developed large tumors as the same as that in the control rats one 
week after implantation. Three rats did not response to treatment due 
to the failure o f transfection. The other six rats had a favorable 
response and their tumors were progressively disappeared since three 
weeks after treatment. N o natural death occurred in these rats. Three 
rats were killed on day 28, 58 and day 84 respectively for pathological 
examination. The remaining three rats survived over six months and 
were killed on day 200 and there were no tumor cells found in the 
brain parenchyma. These studies suggested that EGFR gene can be 
used as one o f the most important target genes for gene therapy o f  
malignant gliomas. (Supported by Chinese National Science 
Foundation)

858.14
NEGATIVE REGULATION OF HUMAN NEUROBLASTOMA 
CELL GROWTH BY THE OPIOID GROWTH FACTOR.
Patricia J. McLaughlin*. Ian S. Zaαon. and Joseph Skitzki. 
Department of Neuroscience and Anatomy, Penn State 
University College of Medicine, Hershey, PA 17033.

Neuroblastoma (NB), a neural-crest derived neoplasia of the 
sympathetic nervous system, is the second most common 
cancer in children under the age of 15. The opioid growth 
factor (OGF), [Met5]-enkephalin, is a known inhibitor of cell 
proliferation and tissue organization in neoplasias and normal 
developing and renewing systems. This study examined the 
growth of human NB cells, SK-N-SH, grown in culture and 
subjected to 10'5 M to 10"® M OGF. W ithin 48 hr, OGF reduced 
NB cell number by 32%, 40%, 32%, and 15%, respectively from 
control levels. The negative regulation of human NB growth by 
OGF was found to be mediated by the ζ opioid receptor, 
reversible, and serum-independent. Moreover, addition of OGF 
antibodies resulted in increased growth, suggesting the 
specificity of antitumor regulation. Immunocytochemical 
staining of human NB cultures showed the presence of both 
OGF and the ζ opioid receptor in log phase human NB cells. 
These data indicate that OGF serves as tonic, native, inhibitory 
regulator that may play a role in the etiology, pathogenesis, and 
treatment of human NB. Supported by the Laverty Foundation.
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858.15
INSULIN-LIKE GROWTH FACTOR-I INDUCED SIGNAL TRANSDUCTION  
M ECHANISM S IN H UM AN MEDULLOBLASTOMA CELL LINES.
Ratnakar Patti. C.Damodara Reddy. Usha Reddy*. Leslie L.Sutton and 
Peter C.Phillips
Joseph Stokes Research institute, Children's Hospital of Philadelphia,
34& Civic Center Blvd, Philadelphia, PA, 19104. USA.

We exam ined the function of Insulin-like growth factor-1 (IGF-1) and 
its receptor in tw o m edulloblastom a cell lines, D283 and DAOY. Our 
in vitro studies show  that IGF-1 is a trophic factor and rapidly induces 
the activation of the kinase activity of the IGF-1 ß chain receptor. We 
exam ined the follow ing downstream  signal transduction proteins: extra
cellular signal-regulated kinases (ERK) 1 and 2; stress associated protein 
kinases(SAPK orJNK) associated w ith IGF-1 stimulation. Our results 
indicate that maximal phosphorylation of ß chain receptor occurs 3 hours 
after treatment w ith IGF-1 with a concurrent increase in the phosphoryla
tion of Erkl and 2. This IGF-1 m ediated phosphorylation is sensitive to 
inhibition by the IGF-1 receptor antibody and to the ERK kinase inhibitor 
PD98O59. C onsistent with an increase in the signal transduction events, 
w e observed a corresponding increase in the expression of downstream  
target genes, i.e., c-jun, c-Fos and Myc as detected by Western blot 
analysis. Overexpression of a dom inant negative mutant of the 
IGF-1 receptor inhibited IGF-1 stimulated signal transduction in these 
medulloblastoma cell lines.
Research supported by program project:P01-NS34514-01 (Phillips,P.C)

858.16
IL-12 PROLONGS SURVIVAL IN A TRANSGENIC MOUSE 
MODEL OF ENDOGENOUSLY ARISING BRAIN TUMORS.
E.J. Rov*. L. A. Rund. and D.M. Kranz. Dept, of Biochemistry, 
University of Illinois, Urbana, IL 61801.

IL-12 is a cytokine that has anti-tumor properties; it inhibits 
angiogenesis and promotes the development of the cytotoxic T cell 
branch of an immune response. It inhibits the growth of several 
types of tumors in  v iv o , although it is not directly toxic to tumor 
cells in  v i tr o . There have been no published reports of its effects in 
animal models of brain tumors. We tested IL-12 for a therapeutic 
effect in a transgenic mouse model that develops endogenously 
arising brain tumors. SV11 mice are transgenic for the SV4O T 
antigen and promoter; T antigen interferes with the function of 
tumor suppressors p53 and pRB, and is selectively expressed in the 
choroid plexus in this model. SV11 mice develop choroid plexus 
tumors and die at an average age of 100 days. SV11 mice are 
immunologically tolerant to the tumors, but we have previously 
shown that T cells activated and redirected by a bispecific antibody 
can infiltrate the tumors. Tumor-bearing mice were treated with 
0.5 µg of murine IL-12 (Genetics Institute) daily from 85 days to 
95 days. We found that IL-12 treatment of mice with brain tumors 
significantly prolonged survival. Current studies will assess 
whether IL-12 treatment increases T cell infiltration into the 
tumors. Supported by D A M D 1 7 - 9 4 - J - 4 3 4 7
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859.2859.1
PHOTODYNAMIC THERAPY OF TEMOPORFIN (mTHPC) AND MC54O 
ON NEUROBLASTOMA NEURO-2A Y.L. Lee". N.H. Cheung*. K.K.L. 
Yung". A.W.N. Leung*, and N,K. Mak*. (SPON: The Hong Kong Society of
Neurosciences) Dept, of Biology, *Dept. of Physics. Hong Kong Baptist Univ., 
Hong Kong, China.

Photodynamic Therapy (PDT) is a term used to describe the damage of tumor cells 
by a combination of visible light and photosensitizer, in which, tumor cells are killed 
following photoactivation of photosensitizing agent in the tumor. There are two 
possible killing mechanisms in PDT. The Type 1 cytotoxic reaction involves the 
activation of the sensitizer to a free radical stage, and the Type II reaction involves 
the generation of reactive oxygen species by the excitated sensitizer. In the present 
study, the effectiveness of photosensitization and photokilling of Neuroblastoma cell 
(Neuro-2A) by a membrane photosensitizer [merocyanine 540 (MC54O)], and a 
cytoplasmic photosensitizer [temoporfin (mTHPC)] was investigated. Dark 
cytotoxicity of MC54O and mTHPC was not observed in Neuro-2A. At the 
concentration of 36µM MC54O (Light intensity: 100kJ/m2), only 2% of MC54O 
sensitized Neuro-2A cells were killed. In contrast, over 80 % of Neuro2A cells were 
killed when the mTHPC (0.75 µM) treated Neuro-2A was irradiated with a light dose 
of 80 kJ/rrf. Apoptotic cell death was not observed in mTHPC treated Neuro-2A. 
Singlet oxygen scavenger (DPBF) was found to reduce the cytotoxicity of mTHPC 
treated Neuro-2A. This result suggested that oxygen dependent Type 11 reaction is 
involved in mTHPC mediated photokilling of Neuro-2A. Results from this study 
showed that mTHPC is an effective photosensitizer in photokilling of Neuro-2A via 
an oxygen dependent Type II reaction whereas MC54O showed no efficacy.

859.3
DENDRITIC CELLS PULSED WITH TUMOR EXTRACT IS A POTENT 
TREATMENT FOR C57BL/6 MICE BEARING INTRACRANIAL GL261 
GLIOMAS. Ni. H.-T.. S.R. Spellman. W.C. Jean. M.A. Wallenfriedman*.
W.A. Hall. W.C. Low. Department of Neurosurgery, University of Minnesota, 
Minneapolis, MN 55455.

Dendritic cells are the most potent antigen presenting cells (APC) for 
initiating antigen-specific immune responses. In this study, the potential of 
using dendritic cells as a vaccine to enhance host anti-tumor immune response 
was investigated.

Cloned dendritic cells DC2.4 originated from C57BL/6 mice were used in this 
study. FACS analysis showed that DC2.4 cells express high levels of MHC 
class I and class II molecules, the costimulatory molecules B7-l and B7-2, and 
ICAM-1. Antigen-presenting capabilities in these dendritic cells were initially 
characterized in vitro. First, in a mixed lymphocyte reaction, purified BalbC 
CD4+ and CD8+ T cells were able to generate allogeneic response to DC2.4 
cells. Second, T cells purified from 2C transgenic mice were stimulated to 
proliferate by dendritic cells pulsed with mastocytoma p8l5 (H-2d) extract, but 
not by non-pulsed dendritic cells. These in vitro results demonstrate that the 
pathway for presenting exogenous tumor extract is effective in these APCs. 
Tumor extract-pulsed dendritic cell therapy was then examined using the 
intracranial GL26l glioma model in C57BL/6 animals. Glioma-bearing animals 
were vaccinated i.p. on day 0, 3, 7, 10, and 14 with 2 x 106 DC2.4 cells that 
were pulsed with GL26l extract (DC), unpulsed cells (UDC), or saline (S). 
Animals were challenged on day 0 with 4 x 104 GL26l cells intracranially. 
Survival rate after 8 weeks for the DC group is 100%, for the UDC group 50%, 
and 30% for the S group. The in vivo results suggest that dendritic cells pulsed 
with tumor extract represent a potential immunotherapy against established 
intracranial gliomas. Supported in part by NIH grant NS01713.

CALCIUM CHANNEL ANTAGONIST MEDIATED ALTERATION OF 
INTRACELLULAR CALCIUM AND INOSITOL PHOSPHATE SIGNALING IN 
HUMAN CULTURED MENINGIOMAS. R.L. Jensen'* M. Petr2 and R.D. W urster 
'Dept, of Neurosurgery, University of Utah, ¾ epts. of Neurosurgery and Physiology, 
Loyola University Medical Center, Maywood, Illinois, 60153

We have previously demonstrated that calcium channel antagonists inhibit the growtl 
of human meningiomas in culture after stimulation with growth factors. We h¾ye 
examined the effects of these drugs on the intracellular calcium and inositol phosphate 
signaling transduction pathways in an attempt to elucidate potential mechanisms by 
which this growth inhibition is mediated.

Primary cell cultures from patients with intracranial meningiomas were established 
and characterized by light microscopy, immunohistochemistry, and electron 
microscopy. Intracellular calcium measurements were made using a fluorometric 
method involving Fura-2 dye after growth factor exposure with and without the 
presence of a calcium channel antagonist. Inositol trisphosphate (IP3) measurement 
with ion-exchange chromatography after growth factor stimulation with and without 
pretreatment with calcium antagonists was performed to determine if IP3 pathways are 
involved in these signal transduction and inhibition pathways.

Intracellular calcium measurements after growth factor stimulation with and without 
calcium channel blockade partially clarifies the relationship between growth factor 
mediated cellular proliferation and intracellular calcium changes. Inositol phosphate 
production is increased after growth factor stimulation and calcium channel antagonists 
potentiate this effect.

Clinical relevance of the treatment of patients harboring recurrent or inoperable 
meningiomas with calcium channel blocking agents is discussed. Results of this 
project may bear direct, significant clinical relevance in understanding the signal 
transduction mechanisms involved in growth factor-mediated meningioma proliferation, 
and possibly strategies for growth inhibition.

859.4
CEREPORT™ (RMP-7) INCREASES UPTAKE OF CARBOPLATIN 
IN A RAT MODEL OF CEREBRAL METASTATIC TUMORS. R.L. 
Dean*, D.F. Emerich, J. Marsh, B. Hasler, M. Agostino, D. Lafreniere, P. 
Snodgrass, H. Xiong, and R.T. Bartus. Átkermes Inc., 64 Sidney Street, 
Cambridge, MA 02139.

Cerebral metastasis is the most common type of brain tumor and occurs 
in 25% of patients with systemic cancer. Delivery of sufficient chemo- 
therapeutics to the tumor and surrounding brain tissue is hampered by 
the blood-brain tumor barrier. The bradykinin B2 agonist Cereport 
selectively increases uptake of chemotherapeutics into tumors in rodent 
models of glioma and is currently entering Phase III clinical trials for 
primary gliomas. Because of its ability to increase tumor permeability, 
the potential use of Cereport in brain metastatic tumors was explored in a 
rat cerebral metastatic tumor model. Varying numbers (5-50K) of MAT- 
BIII cells, a mammary carcinoma cell line derived from F344 rats, were 
implanted into the striatum. Eight days after implantation, Cereport (9.0 
µg/kg) was infused into the jugular vein for 15 min. Five minutes into 
the Cereport infusion 14C-carboplatin was given as an intravenous bolus. 
The rats were sacrificed and the amount of radiolabel present within the 
tumor and in adjacent brain tissue was determined using standard 
quantitative autoradiographical techniques. While the MAT-BIII tumors 
were more permeable (leaky) to carboplatin than RG2 tumors, Cereport 
still significantly increased the permeability of carboplatin (p<0.002) into 
the tumor and the brain adjacent to tumor (p<0.04). Additional studies 
will explore in more detail the effects of Cereport on MAT-BIII 
metastatic tumors, including a dose-response curve, different molecular 
weight labels, retention duration of the radiolabel, desensitization and 
tachyphylaxis.
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859.5
A D E N O V IR U S -M E D IA T E D  PI 6  G E N E  T R A N S FE R  P R E V E N T FR O M  D R U G -IN D U C E D  
C E LL  D E A T H  T H R O U G H  G1 A R RE ST IN  H U M A N  G L IO M A  C ELLS. S. H a m a *2, Y .
H e ik e 1 -3,1 . Naruse1. M . Tak ah a sh i1, H . Y o s h io k a 1 -2, K . K urisu2 , K . A r ita 2, C .K .  
Goldman3 , D .T . C urie l3 and N. S aijo1. 1 Pharm acology D iv ., N ational C ancer C enter 
Research Institute, C huo-ku, T o ky o  104, J A P A N ; 2 Dept, o f  N eurosurgery, H iroshim a  
U niv. Sch. o f  M ed .; 3 Gene Therapy Program, U n iv  o f A labam a at Birm ingham

The p lβ  tum or suppressor gene, w hich inh ib its the progression o f cells through the G l  
arrest in cell cycle, is frequently deleted in human malignant gliomas. Th is study exam ined  
the effects o f fu ll-leng th  p l6  gene transfer by recom binant adenovirus on cell grow th, and 
on the sensitiv ity to c is-d iam m inedich loroplatinum  I I  (C D D P )  or I-(4 -a m in o -2 -m e th y l -5 - 
pyrim id in y l)m eth y l-3 -(2 -ch Io ro e th y l)-3 -n itro s ou re a  hydrochloride (A C N U ). W e  

developed a recom binant adenovirus expressing the fu ll-leng th  human p i 6  gene 
(A x C A -h p l6 )  by the C O S -T P C  method developed by Saito et al. The p l6  gene was 
transfected into the p l6 -n u ll human g liom a cell line , U 2 5 1 M G . T he expression o f this 

gene was confirm ed by Western blot analysis. The transduction o f p i 6 c D N A  caused 
growth suppression o f the cell. 3 - (4 ,5 -D im e th y lth ia z o !-2 -y l)-2 ,5 -  d ipheny ltetrazo lium  
bromide ( M T T )  assay revealed that p l6  gene expression induced chemoresistance against 
C D D P ( I  1-15 fo ld ) and A C N U  (8 0 -9 2  fo ld ). Trypan blue exclusion test showed that the cell 
death were induced with C D D P  or A C N U  at the period from 3 to 5 days after the treatment 
with these agents, and p i6 gene transduction prevent from  the cell death. F low  cytom etric  
analysis demonstrated that C D D P  or A C N U  treatment w ith or w ithout A x C A -L a c Z  infection  
arrested the cells in the G 2 phase on day 1 and that the cells re-entered the cycle on day 3. 
However the cells infected with A x C A -h p l6  after C D D P  or A C N U  treatment showed G l  
arrest on day 5 after re-entering the cycle from  G 2 arrest on day 3. The cells infected w ith  
A x C A -h p l6  before C D D P  or A C N U  treatment showed G I arrest over the 5 days after the 
infection. This study was shown that G i arrest induced w ith p l6  gene transduction prevent 
A C N U  or C D D P  treated cells from the cell death. Therefore, this cell death can be induced at 
the phase after the G l /S  check point.

Sources of support; G rants-in -A id  fo r Cancer Research for the Second Term  o f the 
Comprehensive T e n -Y e ar Strategy for Cancer Control from  the M in istry o f Health and 

W elfare , and G ran ts -in -A id  from  the M in istry  o f Education. Science and C ulture o f Japan.

859.7
VIRAL TUMOR THERAPY IN HERPES SIMPLEX VIRUS- IMMUNIZED 
MICE BEARING SYNGENEIC NEUROBLASTOMA. A. Chahlavi, T. Todo, 
S.D. Rabkin. S. Periasamy and R.L. Martuza*. Department of Neurosurgery, 
Georgetown University Medical Center, Washington, DC 20007.

A replication-competent, attenuated herpes simplex virus (HSV), G207, 
has been developed as an effective means of treating human brain tumors. 
G207 lacks both copies o f the γ34.5 gene and has a lacZ insertion 
inactivating the ICP6 gene. We have established an immunocompetent 
mouse brain tumor model suitable for testing the efficacy of recombinant 
HSV in vivo. Using A/J mice and syngeneic N18 neuroblastoma cells, we 
have demonstrated that intraneoplastic inoculations of G207 effectively 
suppresses the growth of subcutaneous tumors and prolongs the survival of 
mice bearing intracerebral tumors. Here, we used the same model to further 
investigate the influence of pre-immunization against HSV on the antitumor 
efficiency of G207. Prior to subcutaneous injections of N18 cells, A/J mice 
received intraperitoneal injections of wild-type HSV (KOS; immunized 
group) or saline (non-immunized group). The rise of serum antibodies 
against HSV in the immunized group was confirmed by both plaque 
reduction assay and ELISA. When subcutaneous tumors reached 6 mm in 
diameter, approximately 1 month after the initial immunization, both groups 
were treated with an intraneoplastic inoculation of G207 (1 x 10^ pfu) or 
mock extract. G207 treatment caused regression or inhibition of tumor 
growth in both groups and there was no significant difference in the 
antitumor effect between the immunized and non-immunized groups. The 
results indicate that a pre-exposure to HSV has no deleterious effect on the 
antitumor action of G207, which supports the therapeutic potential of G207 
in clinical applications. This work was supported by NTH grant NS32677.

859.9
ADENOV1RAL-MEDIATED SUICIDE GENE THERAPY USING THE CNS-I 
RAT GLIOMA MODEL. R, A. Dewey, L Southgate, A. Morelli, ¦D. Klatzmann. 
M.G. Castro and P.R. Lowenstein* University of Manchester, Mol. Med. Unit, Dept, 
of Med., Stopford Bldg Rm 1-302, Oxford Rd, Manchester, Ml 3 9PT, U.K.,' Hôpital 
Pitié-Salpêtrière, Paris. France.

Transfer of the HSV1-TK gene into mammalian brain tumour cells in combination 
with the administration of the nucleoside analogue ganciclovir (GCV) has been shown 
to be very efficient as an antitumoural strategy in several preclinical studies. Two rat 
brain tumour models have been used i.e., C6 and 9L. The main limitations of both 
cell lines as models for human gliomas is that the genetic background of C6 cells is 
uncertain and the 9L cells are immunogenic. The CNS-1 rat glioma cells are locally 
invasive, induce endothelial proliferation and are not highly immunogenic. We 
established an in  v i v o  glioblastoma model in Lewis rats using CNS-1 cells. Using a 
truncated HSV1-TK (HSV1-ΔTK) encoded within a recombinant adenoviral vector, 
we have demonstrated that HSV1-ΔTK achieves adequate conditional cytotoxicity in 
the glioma cell lines C6, 9L or CNS-1. CNS-1 cells were stereotactically injected into 
the striatum of male Lewis rats. Three days later, adenoviral vectors encoding HSV1- 
ΔTK, HSV1-TK, or ß-galactosidase or vehicle, were injected using the same co
ordinates. Twelve hours after viral infection, 25 mg/kg of GCV was injected i.p. twice 
daily for 7 days. Animals were perfused-fixed and analyzed eleven days after cell 
implantation. Our results showed that HSV1-ΔTK in the presence of GCV is as 
efficient as HSV1-TK in eradicating glioma tumours in spite o f its lower expression in  

v i t r o .  Thus, HSV1-ΔTK could be potentially exploited in the treatment of brain 
tumours to achieve clinically relevant levels of tumour cell killing, coupled to a 
reduced cytotoxicity for the surrounding non-tumoural brain tissue.
Supported by a grant of The Cancer Research Campaign [CRC], UK., to MGC and 
PRL, and a Biomed II grant to PRL, DK and MGC.

859.6
USE OF HERPES SIMPLEX TYPE 1 THYMIDINE KINASE (HSV1-TK) FOR 
GENE THERAPY TREATMENT OF PITUITARY PROLACTINOMAS. S. 
Windeatt, R.A. Dewey, M.J. Perone, V. Gonzalez-Nicolini, A. Larregina, I, Morris', 
P.R. Lowenstein. and M.G. Castro*. Department o f Medicine, Molecular Medicine 
Unit, and 'School of Biological Sciences, University of Manchester, Stopford 
Building, Rm 1.302, Oxford Road, Manchester, M13 9PT, UK.

Prolactin secreting adenomas are the most common type of pituitary adenomas. 
Previously, we have shown that adenoviruses are efficient to deliver genes to a high 
percentage of all the cell populations encountered within the anterior pituitary (AP) 
gland. We have generated an adenoviral vector expressing herpes simplex virus type 
1 thymidine kinase (HSV1-TK) under the control o f the major immediate early 
human cytomegalovirus (MIEhCMV) promoter. HSV1-TK is cytotoxic by 
converting ganciclovir, a non-toxic prodrug, to its toxic triphosphate form which is 
incorporated into the DNA of dividing cells inducing cell death. Expression of 
HSV1-TK was detected in all pituitary cell types present in rat AP primary culture. 
We have used different mutiplicities of infection (MOIs: infectious viral particles 
added per cell) to infect the rat pituitary tumour cell line, GH3 and the mouse 
corticotrophic tumour cell line, AtT2O to assess the level of HSV1-TK expression and 
apoptosis using FACS analysis. At an MOI 50 using RAd MIEhCMV/TK we have 
found that 55% GH3 and 28% AtT2O cells express HSV1-TK. The amount of 
apoptosis induced in the presence of lOµM ganciclovir is 90% for GH3 and 81% for 
AtT2O cells. We have also assessed the toxicity of HSVl-TK/ganciclovir treatment to 
the normal pituitary cells. Our results show that increasing the viral dose has no 
adverse effect on primary pituitary cultures; neither does the presence of ganciclovir 
with HSV1-TK in  v i t r o .  Additionally, after in  v i v o  stereotaxic delivery of 
recombinant adenoviruses expressing ß-galactosidase or HSV1-TK into the rat 
pituitary, we have detected the expression of both transgenes by 
immunocytochemistry. We are using this approach to treat oestrogen-induced 
pituitary prolactinomas in a rat model. Our results indicate that the use of HSV1-TK 
could be therapeutically beneficial for the treatment of pituitary prolactinomas which 
do not respond to classical treatment.
Supported by grants from the Cancer Research Campaign [CRC] UK, the BBSRC, 
and the Royal Society to MGC and PRL.

859.8
C orrelation  of individual tum or physio logy and efficacy  o f H SV-tk  gene  
therapy in g lioblastom a m ultiform e

PC  W a rn k e , E K aspe r,* T  P ro ko p , C B  O s te rta g  
D e p t o f  N e u ro s u rg e ry , N e u ro z e n tru m , F re ib u rg

A lth o u g h  b e in g  e ffe c tiv e  in e x p e r im e n ta l m o d e ls  H S V -tk  g e n e  th e ra p y  in 

m a lig n a n t g lio m a s  has  sh o w n  v a ria b le  d e g re e s  o f e ffica cy . In o rd e r  to  e s ta b lis h  
p ro g n o s tic  v a ria b le s  fo r  H S V -tk  g e n e  th e ra p y  in g lio b la s to m a s  w e  p e rfo rm e d  a 
p ro s p e c tiv e  c o n tro lle d  tria l in p a tie n ts  w ith  u n tre a te d  d e  n o v o  g lio b la s to m a s . A ll 
p a tie n ts  u n d e rw e n t m e a s u re m e n ts  o f reg io n a l c e re b ra l a n d  tu m o ra l b lo o d  flo w , 
m e a u re m e n ts  o f c a p illa ry  p e rm e a b ility , g lu c o s e  u tilis a tio n  a n d  s o d iu m - 
p o ta s s iu m  A T P a s e  as w e ll as  v a s c u la r  v o lu m e  a n d  e x tra c e llu la r  s p a c e . 14 

d a y s  a fte r  s te re o ta c tic  a p p lic a tio n  o f th e  v e c to r  p ro d u c e r  c e lls  a  tw o -w e e k  
c o u rs e  o f  g a n c ic lo v ir  w a s  a d m in is te re d .

11 p a tie n ts  h a ve  bee n  tre a te d  w ith in  th is  p ro to c o l so  fa r. In 7 p a tie n ts  a 
s ig n ifica n t re d u c tio n  o f g lu co se  m e ta b o lism  cou ld  be  se e n  a fte r a c tiv a tio n  o f  th e  
s u ic id e  g e n e . In 4  p a tie n ts  a s ig n if ic a n t re d u c tio n  o f th e  th a lliu m -2 0 1  u p ta k e  
c o u ld  be  p ro v e n . T h e s e  p a tie n ts  a t th e  t im e  o f re -b io p s y  s h o w e d  a m a s s iv e  
a p o p to s is . A  co rre la tio n  be tw e e n  a p o p to tic  index, tha lliu m -2 0 1  u p ta k e  ra tio  a nd  

c a p illa ry  p e rm e a b ility  sh o w e d  a s ig n if ic a n t d if fe re n c e  b e tw e e n  p a tie n ts  w ith  
h ig h ly  in c re a se d  ca p illa ry  p e rm e a b ility  as  c o m p a re d  to  th o s e  w ith  lo w  c a p illa ry  

p e rm e a b ility  (p < 0 .0 5 ). A ls o  a c o rre la tio n  e x is te d  b e tw e e n  th e  d ro p  o f  th e  

tha llium -201  ra tio  d u rin g  g a n c ic lo v ir  a n d  th e  ra te  o f  a p o p to s is  a t th e  t im e  o f  re 
b io p s y  (p  < 0 .0 5 ).

O u r re su lts  s h o w  th a t the  e ffic a c y  o f H S V -tk  g e n e  th e ra p y  in m a lig n a n t g lio m a s  

c o rre la te s  to  th e  c a p illa ry  p e rm e a b ility  fo r  th e  w a te r-s o lu b le  d ru g  g a n c ic lo v ir  
w h ic h  is th e n  a c tiv a tin g  the  s u ic id e  g e n e . F u r th e rm o re  p ro g n o s tic  re le v a n t 

p a ra m e te rs  fo r  tu m o r  re s p o n s e  w e re  th e  d ro p  o f  g lu c o s e -u tii is a tio n  a nd  
th a lliu m -2 0 1 -u p ta k e  a fte r  g a n c ic lo v ir  a d m in is tra tio n .

859.10
DISTRIBUTION of AAV GENE THERAPY VECTORS IN RAT BRAIN FOLLOWING 
INTRACRANIAL INFUSION; IMPLICATIONS for TREATMENT of CENTRAL NERVOUS 
SYSTEM DISEASE. J. Cunningham.1 D. Naαv,2 G. Podsakoff,1 G. Kurtzman.1 Y. Oiwa.2 J. 
Brinαas.2* K. Bankiewicz.2 1 Avigen Inc., Alameda, CA 94501; 2Lawrence Berkeley National 
Laboratory, University of California, Berkeley, CA 94720.

Adeno-associated virus (AAV)-based vectors have been used to successfully transfer the 
thymidine kinase (tk) gene to experimental gliomas in mice, and are currently being tested as a 
way to deliver tyrosine hydroxylase and aromatic L-amino acid decarboxylase genes into animal 
models of Parkinson’s disease. However, the relationship between dose of injected vector and 
its resulting distribution in brain tissue has not been previously reported. Here we show that 
convection-enhanced stereotactic infusion of 2.5 x 108, 2.5 x 109, and 2.5 x 101° particles of 
AAV-tk into rat brain striatum at 8 µl/hour revealed a clear dose response between the 
groups as determined by comparisons of immunostained serial coronal sections. Anti-tk 
antibody partially labeled a volume encompassing 260 mm3 of tissue in animals receiving the 
highest dose of vector. This result was significantly greater than any from the lower-dose 
groups and represents 60% of the total volume of one rat brain hemisphere. The total number 
of positive cells in sections from the high-dose group, estimated to average 169,000, was 
15X higher than that of the middle-dose group. PCR analysis revealed the presence of vector 
in spinal cord, spleen, and both hemispheres of the brain. Furthermore, three routes of 
delivery were compared including single injection, infusion pump, and subcutaneous osmotic 
pump. Results showed that all methods were capable of delivering vector and that total 
particle number was the most important determining factor in obtaining efficient transgene 
expression. On histopathological examination, the use of both single injection and osmotic 
pumps resulted in notable toxicity to the surrounding brain tissue while convection-enhanced 
infusion had relatively benign effects. We believe that the ability to effectively deliver AAV 
vectors to brain will have wide applications in the treatment of central nervous system 
disease.
Funded by Avigen, Inc., Alameda, Ca 94502.

Society for N euroscience, Volume 2 4 ,19 9 8



2166 DRUGS OF ABUSE: ALCOHOL, BARBITURATES AND BENZODIAZEPINES—GENERAL II THURSDAY AM
860.1

PRENATAL EXPOSURE TO ALCOHOL IN THE RAT RESULTS IN 
DIFFERENTIAL VULNERABILITY OF FIVE BRAIN REGIONS. S.E. 
M aier*, J.A. M iller and J R- West. Human Anatom y & Neurobiology, 
Texas A&M  University Health Science Center, C ollege Station, TX.

Although our knowledge about overall brain growth and function in children 
diagnosed with Fetal Alcohol Syndrome and related disorders has advanced in the past 
20 years, little is known about the relative vulnerability of different brain regions 
following prenatal exposure to alcohol. In rats, binge-like alcohol exposure during 
the third trimester equivalent results in a significant loss of neurons in the 
cerebellum (Purkinje cells), olfactory bulb (mitral cells) and hippocampus (pyramidal 
cells in field CA1). The extent to which those and other regions are affected by 
prenatal exposure to alcohol was the subject of this study. Timed pregnant rats were 
given alcohol by daily intragastric intubation from embryonic (E) days 1-20. Control 
dams received an isocaloric maltose dextrin solution daily and w oe pairfed to the 
alcohol exposed dams. Blood alcohol concentrations in the dams averaged =330 
mg/dl. All pups were perfused on E33 (usually postnatal day 10). From randomly 
chosen subjects within each group, tissue containing the cerebellum, olfactory bulb, 
hippocampus, locus coeruleus, and substantia nigra were processed by infiltrating and 
embedding each tissue piece in Historesin®. The optical disector was used to obtain 
cell densities, while Cavalleri's principle was used to calculate the volume (in 
histologically prepared tissue). The product of the density and volume gave unbiased 
estimates of cell numbers. The volume of the cerebellum and olfactory bulb in 
alcohol-exposed offspring were reduced from control levels, as were the number of 
cerebellar Purkinje and olfactory bulb mitral cells. Moreover, olfactory bulb mitral 
cell numbers were significantly reduced compared with neuron numbers in the locus 
coeruleus and substantia nigra. This comprehensive analysis of neuronal numbers in 
various brain regions demonstrates the unique regional vulnerability of cell loss in 
animals exposed to alcohol during the first two trimesters equivalent and alludes to 
unpredictability in terms of the nature of alcohol-induced brain injury. Supported by 
grant 10090 from NIAAA.

860.3

ABSENCE OF PKCε PRODUCES CHANGES IN ETHANOL AND 
GABAa AGONIST-INDUCED SEDATION IN MICE. S.P. Kelley*. A. 
Haywood, R.O. Messing. & C.W. Hodge. Department o f Neurology & 
Ernest Gallo Clinic and Research Center, University of California, San 
Francisco, San Francisco CA 94110.

GABAa receptors are widely known to mediate the sedative effects of 
ethanol. However, the’relationship between GABAλ receptor sensitivity to 
effects of ethanol and the protein kinase C epsilon (PKCε) isozyme is less 
defined. The primary purpose of this study was to determine if  the PKCε 
isozyme is involved in mediating the sedative effects o f ethanol as measured 
by the onset and duration o f an ethanol-induced loss o f righting reflex 
(LORR). Mutant mice lacking PKCε and wildtype controls were injected 
with three doses of ethanol (3.2, 3.6, and 4.0 g/kg/i.p.), after which, latency 
and duration o f LORR were measured. All mice showed a dose-dependent 
increase in LORR duration. PKCε-knockout mice were found to have 
significantly higher LORR durations than wildtype controls. In order to 
determine if this effect was mediated by changes in GABAa receptor 
activity, selective GABAa agonists and antagonists were administered in the 
presence and absence o f ethanol. These results suggest that the PKCε 
isozyme modulates GABAλ receptor sensitivity to ethanol and GABA 
agonist-induced sedation.

This work was supported by a grant from the Alcoholic Beverage Medical 
Research Foundation to C.W.H.

860.5

ETHANOL INTAKE IS INCREASED BY INTERMITTENT PERIPHERAL 
NICOTINIC ACETYLCHOLINE RECEPTOR BLOCKADE. M. Ericson* J.A, 
Engel and B. Söderpalm. Dept, of Pharmacology. 405 30 Göteborg, Sweden 

The primary mechanisms of action of ethanol in its dopamine (DA) activating 
effect still remain to be elucidated. We have previously suggested that ethanol 
activates the mesocorticolimbic DA system, an important part of the brain reward 
system, via direct or indirect stimulation of central nicotinic acetylcholine receptors 
(nAChR). Thus central nicotinic receptors may play an important role in the 
molecular events mediating the reinforcing properties not only of nicotine but also 
of ethanol, and provide a neurochemical basis for the often observed co-abuse of 
ethanol and nicotine in man. Subchronic nicotine treatment enhances ethanol intake 
and preference in ethanol low and medium preferring rats. These findings suggest that 
subchronic nicotine treatment results in a cross-sensitization to ethanol, the 
mechanisms, however, involved in this cross-sensitization are unknown. In the 
present study we have investigated whether the development of nicotine induced 
cross-sensitization to ethanol, as measured by enhanced ethanol intake and preference, 
involves stimulation of central and/or peripheral nAChR. An ethanol 
intake/preference model was used, in which the rats were able to choose between a 
bottle of water and a bottle of 6 %  (v/v) ethanol solution. Ethanol low-(0-20%) and 
medium-(2ü-60%preferring rats w-ere selected and subchronically treated with 
nicotine (ü.4 g/kg s.c.) or vehicle alone or in combination with mecamylamine (4 
mg/kg i.p.) or hexamethonium (20 mg/kg i.p.). Surprisingly all animals except the 
vehicle treated significantly increased their ethanol preference and intake by 60-140%. 
Since nicotine is known to rapidly desensitize peripheral nAChR the present results 
suggest that intermittent peripheral blockade rather than intermittent central 
stimulation of nAChR is involved in the cross-sensitization between nicotine and 
ethanol. This study was supported by Swedish MRC (no 11583 and no 4247).

860.2

AN ANTAGONIST OF NITRIC OXIDE SYNTHASE BLOCKS 
THE DISCRIMINATIVE STIMULUS EFFECTS OF ETHANOL. T. 
Uzbay1, M. W. Oglesby2*, J. Jenkins2 and H. Lai2. 1Dept. of 
Pharmacology, Gulhane Military Academy; d e partm en t of 
Pharmacology, UNTHSC-FW, Fort Worth TX 76107.

Inhibitors of nitric oxide synthase (NOS) modulate a variety of 
behavioral effects of ethanol (EtOH). The present experiment 
tested the hypothesis that inhibitors of NOS would block the 
discriminative stimulus effects of EtOH. Rats were trained to 
discriminate EtOH, 0.75 g/kg, from saline. EtOH substituted for 
itself with full substitution occurring at 1.0 g/kg. The brain 
selective NOS inhibitor, 7-nitro-indozole (7-NI), 15 mg/kg, shifted 
the EtOH dose-effect curve down and to the right. At the highest 
dose of EtOH (1.8 g/kg) that could be tested without response 
disruption, only 60% EtOH-lever responding was obtained. Co
administration of L-arginine, 200 mg/kg, prevented this blockade 
of the EtOH discriminative stimulus by 7-NI. When administered 
by itself, L-arginine did not substitute for EtOH, showing that the 
antagonism of the effects of 7-NI were likely due to a nitric oxide 
mechanism. Because detection of the discriminative effects of 
drugs is a model of subjective effects of drugs in humans, these 
data support the hypothesis that inhibition of brain NOS 
attenuates the subjective effects of EtOH. Supported by AAR01- 
09378, AAR 01-09567 and TLJBITAK.

860.4

CHRONIC EFFECT OF ETHANOL ON CALCIUM REGULATION IN 
HYPOTHALAMIC CELLS IN PRIMARY CULTURES. S. M. Simasko*. 
N. Boyadjieva. and D.K. Sarkar. Department o f Veterinary and Compara
tive Anatomy, Pharmacology, and Physiology. Washington State Univer
sity, Pullman, WA 99164-6520.

Recently we have shown that acute ethanol increases calcium levels in 
hypothalamic cells in primary culture. We have also reported that chronic 
ethanol treatment desensitizes the ability o f ethanol to cause release o f ß- 
endorphin from neuronal cells isolated from fetal hypothalamus. To ad
dress the question o f whether desensitization o f hypothalamic cells after 
chronic ethanol exposure is due to alterations in calcium regulation, we de
termined the effect o f chronic ethanol on calcium signals in -300  individual 
hypothalamic cells. The cultured cells were treated with or without ethanol 
(0.2 and 0.4%) for a period o f 48 h. These cells were then challenged with 
increasing concentrations o f ethanol (0.01, 0.2, 0.5, 1.0 and 1.5%) and the 
calcium levels in individual cells were measured with fura2 and an imaging- 
based system. Acute ethanol increased calcium up to >200 nM in a dose- 
dependent fashion in ~ 90% o f control cells. After chronic ethanol —1/3 of  
the cells did not respond to acute ethanol, and the calcium response to acute 
ethanol in the remaining 2/3 o f cells was markedly reduced. This desensi
tization appears to require prolonged exposure to ethanol since repeat treat
ment with a single dose o f ethanol (0.2 or 1%, 7-9 times, over ~6O min) 
produced consistent responses in most cells with only a few cells exhibiting 
a desensitizing response. These results demonstrate that chronic ethanol 
decreases the calcium response o f  hypothalamic cells to acute ethanol and 
suggest that alterations in calcium homeostasis may play a role in mecha
nisms o f desensitization o f neuronal cells to ethanol. Supported by N il!  
Grants AA08757 and AA00220.

860.6
ABSENCE OF A NICOTINE-INDUCED INCREASE IN LOCOMOTOR 
ACTIVITY IN FETAL ALCOHOL EXPOSED RATS. A.H. Nagahara*. F.R. 
Mirza. and R.T. H anda. Department of Cell Biology, Neurobiology, and 
Anatomy. Loyola University Chicago, Maywood, IL 60153.

Previous evidence in our laboratory showed that systemic injection of 
nicotine enhances attention performance and memory in control rats, but 
not fetal alcohol exposed (FAE) rats. The present study examined the 
effects of nicotine on rearing activity in an operant box and locomotor 
activity in an open field in young adult control and FAE rats. Subjects ' /ere 
2-month old male offspring of Sprague-Dawley rats fed a 35% ethanol- 
derived caloric diet, pair-fed with sucrose, or control-fed with lab chow 
during the last two weeks of gestation. In the first experiment, FAE and 
control rats received intraperitoneal injections of either saline or nicotine 
(0.25 or 0.75 m g/kg) 10 minutes prior to placement in a novel operant 
chamber under low illum ination for 60 m inutes. The session was 
videotaped and the am ount of rearing was recorded. In the second 
experiment, a separate group of FAE and control rats received injections of 
either saline or 0.75 m g/kg  nicotine 10 minutes prior to placement in a 
novel open field under low illumination for 60 minutes. The level of 
locomotor activity (square entries) was m easured. Nicotine treatm ent 
produced an increase in rearing and locomotor activity during the last 40 
minutes in both the pair-fed and control-fed rats. However, FAE rats failed 
to exhibit a nicotine-induced increase in locomotor activity. These findings 
provide further support that fetal alcohol exposure produces alteration in 
the nicotinic cholinergic system Ongoing studies will examine nicotinic 
receptor binding and function in FAE and control rats. Supported by K2l- 
AA00192 (AHN) and USPHS AAO8696 (RH).
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860.7
COTREATMENT WITH ETHANOL AND NICOTINE REDUCES THE 
DETRIMENTAL EFFECT OF CHRONIC ETHANOL CONSUMPTION ON 
CONDITIONED FEAR. S.F. Logue1*, A.C. Collins1'2 and J.M. Wehner1’2. *lnst. 
for Behavioral Genetics; "Dept, of Psychology, University of Colorado; Boulder, 
CO 80309.

Research has shown that alcohol abuse is commonly associated with tobacco 
use. but this association is not well understood. Do alcohol and nicotine interact to 
increase the rewarding properties of alcohol consumption or does co-use reduce 
the negative effects of alcohol use9 We tested the hypothesis that nicotine and 
ethanol co-administration reduce the negative effects o f ethanol consumption by 
treating C57BL/6 male mice with liquid diets for 21 days and then testing them on 
a conditioned fear task. Fixe groups were treated: control diet, nicotine alone at 
500 mL/L, ethanol alone at 36% (w/v), ethanol (36%) and nicotine (250 mL/L), 
and ethanol (36%) and nicotine (500 mL/L). The doses represent the maximal 
doses for the final six days o f treatment after drug levels were titrated up over 
treatment. Twenty -four hours after the last day o f drug treatment all mice were 
trained on a conditioned fear task o f two painngs o f a 30 sec clicker (80 dB. 6 
clicks per second) and a 2 sec footshock(.35 mA). Twenty-four hours later all 
mice were tested for freezing to the trained context and freezing to the clicker in 
an altered context. Only the ethanol alone group showed reduced freezing during 
the context test. Both of the ethanol and nicotine treatment groups had freezing 
levels similar to the control diet group. These data demonstrate that nicotine 
reduces the negative effects on learning associated with ethanol use. Potential 
mechanisms that might explain nicotines effects on ethanol's actions are under 
investigation. Supported by A A -11156 to A.C.C.; AA-03527-21 and AA-00141- 
06 to J.M.W.

860.9

HYPERICUM PERFORATUM (ST. JOHN’S WORT) 
ATTENUATES ALCOHOL INTAKE IN ALCOHOL 
PREFERRING FAWN-HOODED RATS. Amir II. Rezvani, D.
H. Overstreet, Y. Yang, and D. S. Janowsky* The University of 
North Carolina School of Medicine, Chapel Hill, NC 27599-7178.

Extracts o f  Hypericum perforatum L. have been used for the 
treatment o f  depression and recently have been studied clinically. 
Since alcoholism and depression have some neurochemical similarities, 
such as low  brain serotonin activities, w e postulated that the extracts 
o f this plant may be also beneficial in reducing alcohol intake. Thus, 
the chronic effects o f  SJW extracts were studied in alcohol preferring 
Fawn-Hooded (FH) rats. After establishment o f  a stable baseline for 
alcohol intake in a continuous access paradigm, rats received a single 
oral administration o f  either vehicle or 9 mg/kg o f  SJW extracts at 
9:30 a m. for 15 consecutive days. Alcohol and water intake were 
measured 2, 4, 6 and 24 hr. after oral administration. Our results show  
that the chronic oral administration o f  SJW extracts significantly 
reduced alcohol intake in FH rats. Also, the rats treated with the 
extract and tested in the forced swim test showed significantly less 
immobility. This supports the antidepressant effects o f  the extract. The 
present results, in agreement with our previous findings in other strains 
o f  alcohol preferring rats, suggest that this extract should be evaluated 
as a potential therapeutic agent in the treatment o f  alcoholism and 
depression. (Supported in part by Lichtwer Pharma GmbH, Berlin).

860.11
CHRONIC ETHANOL EXPOSURE PRODUCES PROLONGED CHANGES IN 
NEUROPHYSIOLOGICAL RESPONSES TO CRF AND NPY. C.J. Slawecki*. 
C.Somes, S.Robeck, and C.L. Ehlers, Dept, of Neuropharmacology, The Scripps 
Research Institute, La Jolla, CA 92037.

Chronic ethanol (EtOH) exposure produces persistent changes in various 
neuroanatomical and neurochemical systems. These changes are thought to 
contribute to a prolonged abstinence syndrome which in combination with negative 
mood states and/or stress can trigger relapse to drinking in recovering alcoholics. 
The present study examined whether long term neurophysiological changes in 
response to intracerebroventricular (ICV) infusion of Neuropeptide Y (NPY) and 
Corticotropin-Releasing Factor (CRF) are seen following prolonged ethanol 
exposure/withdrawal in Wistar rats. The EtOH group (n=23) was exposed to 
ethanol vapors 14 hours a day for 6 consecutive weeks, whereas the control group 
(n=23) was housed in similar chambers without exposure to ethanol. Following 
EtOH exposure all rats were implanted with ICV cannula, and electrodes in 
amygdala and cortex. EEG and auditory Event-Related Potentials (ERPs) were 
recorded from each group 10-15 weeks after the cessation of chronic EtOH exposure. 
No consistent differences in EEG activity following saline were observed between 
groups, but preliminary analysis suggests chronic EtOH decreased the amplitude of 
the N1 ERP component. ICV CRF significantly increased power (1-8 Hz) in 
cortical leads in the EtOH group as compared to controls. NPY also increased 
power (1-8 Hz) in the cortical leads of the EtOH group but produced decreases in 
power in those frequencies in the Control group. These data suggest that prolonged 
changes in neurophysiological measures can be observed following chronic EtOH 
exposure. In addition, these data support a hypothesis which implicates responses in 
brain peptide systems associated with the stress response as important factors 
which are altered following chronic ETOH exposure/withdrawal and thus may 
contribute to relapse, (supported by AA00223, 06059)

860.8
EFFECTS OF ADRENALECTOMY ON SENSITIZATION OF SEIZURES 
FOLLOWING MULTIPLE ETHANOL WITHDRAWALS. H.C. Becker*. 
A. Finch. K.G. Fernandes, and L.M. Veatch. Charleston Alcohol 
Research Center, Center for Drug & Alcohol Programs, Medical 
University o f South Carolina and VAM C, Charleston, SC 29425.

Repeated experience with ethanol (EtOH) withdrawal has been shown 
to exacerbate the severity o f subsequent withdrawal-related seizures. In 
addition, multiple EtOH withdrawals result in an exaggerated increase in 
plasma corticosterone (CS) levels. Since glucocorticoids are thought to 
play a modulatory role in EtOH withdrawal seizure intensity, this study 
was designed to examine the effects o f adrenalectomy on sensitization of 
seizures in mice with multiple EtOH withdrawal experience. 
Adrenalectomized (Adx) and sham-operated (Sham) male C3H mice were 
divided into three groups: a multiple withdrawal (MW) group received 
four cycles of 16 hr EtOH vapor in inhalation chambers separated by 8 hr 
periods o f abstinence; a single withdrawal (SW) group received a single 
16 hr bout o f EtOH; and controls (C) did not receive any EtOH exposure. 
At final withdrawal, blood EtOH levels did not differ between Adx and 
Sham EtOH-exposed mice (150-175 mg/dl). Handling-induced 
convulsions (HIC) were scored for all mice. Results indicated that MW 
mice exhibited more severe HIC than SW and C groups. Adx reduced 
this effect in the acute phase o f withdrawal (1-10 hr), but overall seizure 
activity during the 48 hr test period did not differ between Adx and Sham 
groups. Subsequent stress challenge confirmed that Adx was complete in 
these mice. Thus, these results suggest that adrenocorticosteroids do not 
play a critical role in expression o f sensitized withdrawal seizures 
resulting from multiple EtOH withdrawal experience. Supported by 
NIAAA and VA Medical Research.

860.10
Alcohol Tolerance in the Rat Neurohypophysis. T.K.Knott*G.Davanithf ,
V.J.Coccia, E.C. Curran, J.RLemos, and S.N.Treistman. University of Massachusetts 
Medical Center, Worcester, MA 01655, +CNRS-UPR 9055, Montpellier, France.

Ethanol intake has been shown to reduce plasma vasopressin (AVP) levels and 
induce diuresis (Am. J. Physiology 242:R522-27). Our laboratory has demonstrated 
that acute ethanol application to isolated neurohypophysial terminals suppresses the 
release of AVP (correlated with the blockade of voltage-gated Ca2+ channels and the 
potentiation of calcium-activated K channels), consistent with this phenomenon 
(Brain Res. 551:338-41; Molec Pharm. 49:1-9). In addition, this effect is altered by 
chronic exposure to ethanol, as rebound increases in AVP release have been seen in 
chronic alcoholics during ethanol withdrawal (Br. J. Pharmacol. 12:461-67). 
Therefore, we hypothesized that chronic ethanol exposure would alter the effect of 
acute ethanol on AVP release from isolated nerurohypophysial terminals. To study 
this, we raised two groups of rats on isocaloric liquid diets, one of which had ethanol 
substituted for 36% of its carbohydrate calories. At the end of 3 weeks the blood 
alcohol levels of the ethanol and control groups were 31.4 ± 4.5 and 1.3 ± 1.2 mM 
respectively. Using a release protocol coupled with a radioimmunoassay (Biosci. Rep. 
7:411-25), we have quantitated the amount of AVP released from the isolated 
terminals. In the control group, the acute application of 10 mM and 75 mM ethanol 
suppressed AVP release elicited by depolarization with 50 mM K+ by 67±10% and 
64±8%, respectively, and in the ethanol group AVP release was suppressed by 
18+23% and 39±16%, respectively. This suggests that prior ethanol exposure 
antagonizes the suppression of AVP release by the acute application of ethanol, 
demonstrating the development of tolerance. This will allow examination of changes 
in those channels which underlie release, during the development of tolerance.
This work was supported by the National Institute of Health Grant AA08003

860.12
NON-COMPETITIVE, BUT NOT NMDA/GLYCINE SITE ANTAGONISTS, 
ATTENUATE VOLUNTARY ALCOHOL INTAKE IN WISTAR RATS. 
T.Kivastik and S.Liljequist*. Dept. Clin. Neurosci., Div. Drug Dependence Res., 
Karolinska Institute, Stockholm, S-17176, Sweden

The brain glutamate has been implicated in the actions of ethanol. The data 
concerning the role of glutamate in ethanol reinforcement appear, however, fairly 
inconsistent. The present study was addressed to investigate the role of different 
recognition sites o f the NMDA receptor. Therefore we studied the influence of the 
NMDA/glycine site antagonist L701,324, and the non-competitive NMDA receptor 
antagonist, dizocilpine (MK801), on voluntary ethanol intake in rats.

Male Wistar rats were trained to consume ethanol in a limited access paradigm for 
1 h a day. On experimental days L701,324 (2, 4, and 8 mg/kg IP) or dizocilpine 
(0.05, 0.1, and 0.2 mg/kg IP) were administered 45 min prior to the ethanol 
exposure. The experiments with L701,324 and dizocilpine consisted of 3 and 7 
experimental sessions, respectively.

L701,324 had no reliable effect on ethanol drinking, whereas the highest dose of 
dizocilpine reduced it significantly on the experimental days 6 and 7. Neither of the 
drugs significantly influenced water consumption.

The present study demonstrates that the voluntary ethanol intake in rats can be 
attenuated with drugs interfering with glutamatergic neurotransmission at the 
recognition site of non-competitive NMDA antagonists, but not at the 
NMDA/glycine site. Furthermore, we propose that non-competitive NMD 
antagonists may suppress ethanol drinking because of the substitution effect.

This study was supported by the Swedish Medical Research Council and 
Swedish Foundation for Alcohol Research.
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860.13
CHRONIC ETHANOL POTENTIATES NMDA-INDUCED ELEVATION OF 
CYTOPLASMIC Ca2+ CONCENTRATION AND NEUROTOXICITY IN 
CULTURED NEURONS WITHOUT AFFECTING THE EXPRESSION OF NMDA 
RECEPTORS. A. Cebere, G. Cebers, G. Bakalkin* and S. Liljequist. Dept. Clin. 
Neurosci., Karolinska Institute, Stockholm, S -17176, Sweden 

The up-regulation of functional activity of NMDA receptors may represent a molecular 
basis for ethanol withdrawal seizures and increased susceptibility o f brain neurons to 
excitotoxicity observed after prolonged ethanol intake in vivo. We have previously shown 
that chronic ethanol treatment enhanced the NMDA-stimulated transcription factor AP-1 
DNA binding activity. In the present study we investigated NMDA-induced changes in 
calcium metabolism and glutamate receptor agonist-produced neurotoxicity in primary 
cultures of cerebellar granule neurons chronically exposed to ethanol. We also attempted 
correlate the chronic ethanol treatment-produced enhancement o f NMDA receptor 
functional activity with [3H]MK-801 saturation binding, and expression o f NMDA 
receptor subunits. Confirming earlier observations, we found that chronic ethanol 
exposure results into up-regulation of at least some o f the NMDA receptor functions. 
Thus, we observed potentiation of NMDA-induced elevation of [Ca2+]i in cultures 
chronically exposed to ethanol. In contrast, the amount of 45Ca2+ passing into the cell via 
the NMDA receptor-controlled channel was not affected by chronic ethanol. NMDA- 
induced neuronal death in chronic ethanol-treated cultures was increased by about 20- 
30%. Changes in Ca2+ metabolism and the subordinated increase in sensitivity to 
excitotoxicity were not accompanied by increased MK-801 binding. Moreover, as detected 
by mRNA quantification and Western blot analysis, cell extracts from chronic ethanol- 
treated cultures displayed only marginal changes in the expression of NMDA receptor 
subunits. In conclusion, the observed potentiation of NMDA receptor-mediated functional 
effects by chronic ethanol cannot be explained solely on the basis of increased number or 
changed subunit composition o f NMDA receptors.
This study was supported by the Swedish Medical Research Council.

860.15
THE PHARMACOLOGY OF ETHANOL WITHDRAWAL ASSAYED BY 
KAINATE-INDUCED CELL DEATH. S. Goodenough*. M. Davidson, and P. Wilce. 
Alcohol Research Unit, Department of Biochemistry, The University of Queensland, 
St Lucia, Australia, 4072.

Kainic acid (KA) induces cell death in limbic structures, which are intimately 
involved in ethanol withdrawal (WD) behaviours. We have used this feature as an 
assay for glutamate receptor sensitivity and the efficacy of benzodiazepine (BZD) 
treatment during WD. Male Wistar rats were made ethanol dependent by vapour 
inhalation. A dose of 8 mg/kg of KA was given 24 hr after WD and cell death was 
determined using TUNEL 22 hr thereafter. WD and KA-induced behaviours were 
observed. The low dose of KA induced minimal behaviours and no cell death in 
control animals. In WD rats KA-induced behaviours were markedly enhanced. KA 
injection in WD animals resulted in cell death in the hippocampus, entorhinal cortex, 
perirhinal cortex and thalamic areas. When diazepam (2Omg/kg) was given 
throughout the ethanol WD period, WD behaviours were essentially inhibited and the 
subsequent KA-induced behaviours were markedly suppressed. Cell death was 
significantly reduced in all regions. When rats were given diazepam during the first 7 
hr of WD, behaviours were significantly reduced up to 12 hr, but were similar to WD 
controls at 24 hr. KA-induced behaviors in the withdrawn animals were unaffected by 
BZD treatment, interestingly KA-induced cell death was also inhibited in all regions. 
These data suggest an increased sensitivity to KA during ethanol withdrawal which 
may reflect changes in glutamate receptor sensitivity. Predictably administration of 
BZD throughout WD reduced behaviours and KA-mediated effects, but BZD 
treatment during the initial phases of WD although ineffective in reducing KA- 
induced behaviours was neuroprotective, suggesting that events occurring early in WD 
may be particularly important for increasing KA sensitivity. KA-induced cell death is 
a useful assay for pharmacological manipulations during ethanol WD. This work was 
supported by the National Health and Medical Research Council in the form of a 
project grant.

860.17

ACUTE 5α-REDUCTASE INHIBITION BY FINASTERIDE 
INCREASES ETHANOL-INDUCED SLEEP TIME IN THE RAT. 
M.J. VanDoren*. L.L. Devaud and A.L. Morrow. University of North 
Carolina School of Medicine, Chapel Hill, NC.

Numerous studies have suggested that ethanol alters steroid levels in 
brain via activation of the hypothalamic-pituitary-adrenal axis. 
Finasteride interrupts steroid biosynthesis by inhibition of the enzyme 
5α-reductase. This nonspecific enzyme is necessary for the production 
of many steroids, including 3α-hydroxy,5α-pregnane-20-one (3α,5α- 
THP), an endogenous anxiolytic, anticonvulsant, sedative/hypnotic. 
We used finasteride to determine if ethanol-induced sleep time was 
modulated by 5α-reduced neurosteroids. To investigate the acute effect 
of finasteride, we administered 25 mg/kg, s.c., 3 hrs and 1.5 hrs prior 
to ethanol (3.5g/kg, i.p.). Ethanol-induced sleep time was measured in 
male rats by calculating the duration of the loss of righting reflex. Acute 
finasteride administration increased ethanol-induced sleep time by 64% 
(p<.O2, n=27). Finasteride, itself, did not induce sleep in saline 
injected rats. In contrast, repeated finasteride administration for 4-7 
days did not alter ethanol-induced sleep time (n=22). These data 
suggest that finasteride alters steroid levels in a manner that enhances 
the hypnotic effects of ethanol, an effect that is reversed by repeated 
administration. Further studies are needed to determine the specific 
pathways involved. Supported by AA10564.

860.14

ANIRACETAN AND DNQX AFFECT THE ACQUISITION OF RAPID 
TOLERANCE TO ETHANOL IN MICE. V.M.M. Ferreira. J.R. Nunes- 
Filho. G.S. Morato*. Dept® de Farmacologia, C.C.B., Universidade 
Federal de Santa Catarina, Florianópolis, SC, 88015-420, Brazil.

It has been suggested that rodents rapidly develop tolerance to the motor 
incoordinating effects of ethanol (EtOH). The aim of this study is to evaluate the 
influence of aniracetam and DNQX, AMPA receptor agonist and antagonist 
respectively, on the acquisition of rapid tolerance in male Swiss mice tested in 
the rota-rod apparatus. Mice (n=lO) were trained in the continuously accelerating 
rota-rod (1 rpm/s) in 1 min sessions. In experiment 1, mice were pretreated with 
aniracetam (7.5; 10.0; 15.0; 22.5 or 30.0 mg/kg, oral route) or saline (control). 
After 30 min part of the group was injected with EtOH (1.75 g/kg, i.p.) and the 
other part was injected with saline. After 24 h all animals received EtOH (1.75 
g/kg, i.p.). In experiment 2, the animals were pretreated with DNQX (1.0; 2.5;
5.0 or 10.0 mg/kg, i.p.) or saline and 30 min later they received EtOH (1.75 g/kg, 
i.p.). They were tested in the rota-rod and 24 h later they were re-tested under the 
effect of EtOH (1.75 g/kg). Aniracetam (10.0; 15.0 and 22.5 mg/kg) significantly 
facilitated the acquisition of rapid tolerance, since the motor impairment was 
50% lower than controls (ANOVA + Tukey’s test, p<0.05). Conversely, DNQX 
(5.0 and 10.0 mg/kg) blocked rapid tolerance to motor incoordination (ANOVA 
+ Tukey’s test, p<0.05). Taken together, our results suggest that AMPA receptor 
system is involved in the development of EtOH tolerance. Since aniracetam 
stimulates and DNQX impairs learning and memory, our data also suggest that 
tolerance and leaming/memory processess could be related.

Supported by Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq)

860.16
H IS T O L O G IC A L  C H A R A C T E R IZ A T IO N  O F  A P O P T O T IC  
N E U R O D E G E N E R A T IO N  IN D U C E D  IN T H E D E V E L O P IN G  R A T  
C N S B Y  A L C O H O L  A N D  PC P. D.F. W ozniak. K. Dikranian. M.J. 
Ishimaru. T. Tenkova.*. C. Ikonomidou. J.W. O lney. W ashington Univ., 
St. Louis, MO; Humboldt University, Berlin, Germany; Tokyo Med. & 
Dental Univ., Tokyo, Japan.

Pharmacological blockade o f N M D A  receptors for only a few  
hours during a critical developmental period referred to as the brain 
"growth spurt" period, triggers an apoptotic neurodegenerative reaction 
that deletes large numbers o f neurons from several major regions o f the 
developing rat CNS (see Ikonomidou et al., this m eeting). Included 
among agents that trigger this neurodegenerative response are the major 
drugs o f abuse, phencyclidine (PCP) and alcohol, both o f which have 
NM D A  antagonist properties (see Olney et al., this meeting). In rats, 
the brain growth spurt occurs primarily in the first tw o w eeks 
postnatally, whereas in humans it occurs primarily in the last trimester 
o f gestation. Therefore, the apoptotic neurodegenerative syndrome 
triggered by alcohol or PCP in the neonatal rat is an excellent model for 
demonstrating how exposure o f the human fetus to these drugs in late 
gestation can result in permanent neuropathological changes and 
lifelong neurobehavioral sequelae. As we w ill illustrate at the meeting, 
both PCP and alcohol trigger m assive apoptotic neurodegeneration  
affecting many different types o f CNS neurons. This provides a 
unique opportunity to study the ultrastructural appearance o f various 
types o f neurons undergoing apoptotic neurodegeneration, and to apply 
experimental methods to probe in detail the molecular mechanisms that 
govern genom ically programmed neuronal suicide in the in vivo  
mammalian CNS. Supported by AG 11355, DA 05072, EY 08089 and 
RSA MH38894 (JWO).

Society for N euroscience, Volume 2 4 ,1998



THURSDAY AM DRUGS OF ABUSE: COCAINE—MONOAMINERGIC MECHANISMS II 2169

861.1

COCAINE SELF-ADMINISTRATION IN DRUG-NAIVE MICE IS 
INHIBITED BY TYPICAL AND ATYPICAL ANTIPSYCHOTICS
T. Rasmussen. E.B. Nielsen* and A. Fink-Jensen. Health Care 
Discovery, Novo Nordisk A/S, 2760 Måløv, Denmark.

Drug-naive NMRI mice were tested in pairs such that both 
a contingent and a yoked control mouse received an 
intravenous infusion of cocaine upon nosepoking of the 
contingent mouse. Nosepokes of the yoked control mouse were 
recorded but did not produce infusions. Dose dependent self
administration of cocaine was observed and the cocaine dose 
maintaining the highest rate of self-administration (0 .1  

mg/kg/infusion) was selected for inhibition studies. Dose- 
dependent inhibition of cocaine self-administration was 
observed with the following compounds, administered 
subcutaneously 30 min prior to trial (ED5 0  values): Haloperidol 
(0.003 mg/kg), fluphenazine (0.062 mg/kg), risperidone (0.07 
mg/kg), clozapine (2.8 mg/kg), olanzapine (0.15 mg/kg), 
ketanserin (0.03 mg/kg) and propranolol (17.1 mg/kg). The 
inhibition was not caused by motoric side effects. The present 
results suggest that cocaine self-administration in drug-naive 
mice may serve as a rapid model to assess the inhibitory 
effects of compounds on cocaine self-administration.

Novo Nordisk A/S

861.2
INTERACTIONS OF NOVEL METHYLPHENIDATE DERIVATIVES WITH THE 
DOPAMINE TRANSPORTER H.M. Deutsch*, M.M. Schweri#, X. Ye and B .Ojo 
Georgia Tech, School of Chemistry and Biochemistry, Atlanta, GA 30332; #Mercer 
University School Medicine, Macon, GA 31207 x

Cocaine (CC) and methylphenidate (MP) interfere with one 
another’s binding to the dopamine (DA) transporter. Our previous 
work has shown that MP derivatives may hold promise as 
therapeutic agents for the treatment of CC abuse. New MP analogs 
have been synthesized and assayed for inhibitory potency against 
the binding of [3H]WIN 35,428 to the CC recognition site and 
synaptosomal uptake of [3H]DA in rat striatal tissue.
Modifications of the MP structure included (a) alteration of the 
C 0 2CH, ester group (R2), (b) N substitution [(CH,^Ph] for H (R,), (c) X = 3,4-Cl, and/or 
(d) deletion of the aryl ring. The following binding results were obtained (in general, 
uptake results were similar): (1) R, = benzyl (Bn) substitution increased the potency of 
compounds with R2 = C 0 2CH, CH2OH, CH2OCH„ and CONH2 (1.6- to 20-fold). (2) 
X = 3,4-Cl markedly increased the potency of compounds with R, = H (16- to 110-fold), 
but had a lesser effect on the corresponding N-Bn compounds (R, = Bn, 0.7- to 9-fold).
(3) X = 3,4-Cl increased the Hill coefficient (nH) of binding of some derivatives from ~ 
1 to ~ 2. Compounds with nH values of 2 were equipotent as inhibitors of binding and 
uptake, other compounds were significantly more potent as inhibitors of binding than 
uptake. (4) Lengthening of the side chain R,, (CH2)nPh (n=2-4), caused a loss of potency 
for both R, = CH,OH and C 0 2CHv (5) R2 = CO,Bn was 12-fold less potent than R, = 
C 0 2CH, (6) N-Bn substitution can not take the place of the original aryl group. (7) 
Substitution on the aromatic ring of the N-Bn group only had small effects on potency. 
Taken together, these data suggest that introduction of an N-Bn substitutent into MP 
analogs may promote interaction of the new compounds with a heretofore unrecognized 
domain on the transporter. Supported by NIDA DA06305 to HMD.

861.3
PRETEATMENT WITH N-(l-(2-BENZO(B)THIOPHENYL) 
C Y CLOHEXYL)PIPERIDINE (BTCP) ENHANCES COCAINE
REINFORCEMENT IN SELF-ADMINISTERING RATS.
R. Martin-Fardon* and F. W eiss. The Scripps Research Institute, Dept, 
o f Neuropharmacology, La Jolla CA 92037.

N-(l-(2-benzo(b)thiophenyl)cyclohexyl)piperidine (BTCP), is a 
phencyclidine derivative and, like cocaine, a very potent dopamine 
reuptake inhibitor. The goal o f this investigation was to characterize the 
effects o f BTCP on cocaine self-administration (SA) in male wistar'rats. 
Rats were implanted with jugular catheters and trained to lever press for 
cocaine IV infusions (0.25 mg/infusion) on a fixed ratio schedule (FR 5) 
with a time out o f 20 sec. The effects o f BTCP pretreatment (0, 4, 8, 16 
and 32 mg/kg, IP) on cocaine SA were tested against cocaine doses on 
both the ascending (0.06 mg/infusion) and descending (0.25  
mg/infusion) limb o f the dose response function. BTCP dose 
dependently decreased self-administration o f the training dose o f cocaine 
(0.25 mg/infusion), with consistent effects at the 16 and 32 mg/kg of 
BTCP. At 16 mg/kg, BTCP decreased cocaine intake (50.5 ± 5 . 6  % of 
baseline response rates) on the descending limb (0.25 mg/infusion), and 
increased the intake o f cocaine (239.9 ±  35.4 % o f baseline response 
rates) on the ascending limb o f the cocaine dose response curve (0.06  
mg/infusion) suggesting that BTCP shifted the cocaine dose-effect 
function to the left. Moreover, BTCP (16 mg/kg) decreased intake o f the 
training dose of cocaine like pretreatment with 32 mg/kg cocaine IP (67.9  
± 5 . 8  % o f baseline response rates). Thus, it seems that BTCP has 
reinforcing properties similar to those o f cocaine.
Supported by NIDA grant DAO7348 (F.W.), Singer Polignac and Simone et Cino Del 
Duca Fondations (R.M.F.).

861.4
SLO W -O N SET, LO N G -LA STIN G  PR O D R U G S AS PO TEN TIA L
M ED ICA TIO N S FO R C O CA IN E A D D IC T IO N : IN TR A V EN O U S
CO CA IN E SEL F-A D M IN ISTR A TIO N  STU D IES. R. H aves. 12 J. S necto r,1-
E .L . G ardner. 12 M. Fro im ow itz .3 K .-M , W u.3 X. L iu . 1 W . P aredes.1 C .R . 
Ashbv J r . . 14 M. L enore1 and N. H iro i12* . D epts o f  ‘Psychiatry and 
2Neuroscience, A lbert E instein College o f M edicine, New Y ork, NY 10461; 
3Pharm -Eco L aboratories, Lexington, M A 02173; 4D ept o f  Pharm aceutical 
Health Sciences, St. Jo h n ’s U niversity , Jam aica, NY 11439.

C ocaine’s high addictive potential is believed to be due to its rapid  onset and 
short duration  o f  action as a b locker o f  dopam ine (DA) reuptake into 
presynaptic DA neurons o f the  m esolim bic DA pleasure/rew ard/reinforcem ent 
system . Reasoning by extension from  1-alpha-acetylm ethadol (LAA M ) pharm a
cotherapy for opiate addiction, we have developed a novel series o f  slow -onset. 
long-lasting  com pounds (requiring in vivo m etabolism  for m axim um  activity) 
as potential novel substitution pharm acotherapies for cocaine addiction. We 
now report the activity o f these com pounds on intravenous cocaine self
adm inistration in laboratory rats. The new ly-developed com pounds signifi
cantly block intravenous cocaine self-adm inistration at doses that do not 
p roduce locom otor stim ulation, hyper-reactiv ity  to environm ental stim uli, or 
anxiogenic effects in the anim als. This unusual behavioral profile  appears to 
be highly suggestive o f  potential therapeutic utility  in cocaine addiction. This 
w ork was supported by a grant from  the Aaron Diam ond Foundation (to ELG 
and M L), funds from  the New York State Office o f  Alcohol and Substance 
Abuse Services (to ELG and M L), NIDA contract N01 DA -7-8083 (to M F), 
and funds from  the Dept o f  N euroscience, A lbert E instein College o f  M edicine 
(to RH and JS).

861.5

SLO W -O N SET. LO N G -LA STIN G  PR O D R U G S AS PO TENTIA L 
M ED ICA TIO N S FO R CO CA IN E A D DICTIO N: BIND ING, REU PTA K E. 
AND LO C O M O TO R  ASSAY S. M. Fro im ow itz,* 1 K.-M . W V  W. P aredes,2
C.R. A shbv, J r .,~4 X. L iu ,2 M. L epore,2 and E.L. G ardner,2’3 ¦Pharm -Eco 
Laboratories, Lexington, MA 02173, Departm ents o f  Psychiatry2 and 
N euroscience3, A lbert E instein College o f  M edicine, N ew  York, NY  10461, 
and d e p a r tm e n t  o f  Pharm aceutical Health  Sciences, St. Jo h n 's  University, 
Jam aica, NY  1 1439.

The high addiction potential o f  cocaine is believed to be due to its fast 
onset and short duration o f  action as a blocker o f  dopam ine reuptake into 
presynaptic dopam inergic neurons. W e are developing potential substitution 
pharm acotherapies for cocaine abuse w ith com pounds that share the 
pharm acological profile o f  cocaine but with a slow  onset and a long duration 
o f  action. A novel series o f  slow -onset, long-lasting com pounds which 
require in vivo  m etabolism  for m axim um  activity  have been synthesized. W e 
now  report the profiles o f  these com pounds on transporter binding assays, 
m onoam ine reuptake assays, and m ouse locom otor assays. Results indicate 
that some o f  the com pounds, w ith low  nM  affinities for the dopam ine 
transporter, are considerably less potent at b locking dopam ine reuptake and 
that the com pounds have m inimal stim ulatory effects. This work was 
supported by NID A contract N01 DA -7-8083 (to M F) and the A aron 
Diam ond Foundation (to ELG). The binding, reuptake, and m ouse locom otor 
assays were perform ed by contractors to the NID A Cocaine Treatm ent 
D iscovety Program .

861.6
COMPARISON OF COCAINE [C] AND WIN 35,428 [WIN] AS 
BEHAVIORAL SENSITIZING AGENTS IN ADULT MALE SPRAGUE 
DAWLEY RATS. S.M. Drengler. S. Schrantz, H. Chen, and M .S. 
Abel*. Dept. Cell Biology & Anatomy, FUHS/The Chicago Medical 
School, North Chicago, IL 60064.
W IN, an analog o f C, is m ore effective than cocaine as an inhib itor o f  

dopam ine [DA] reuptake, but is less effective as a d isp lacer o f  
batrachotoxin in  at the sodium  channel. WIN, like C, increases 
locom otor activity, however, the behavioral sensitizing effects o f WIN 
have not been exam ined.

In this study, male Sprague Dawley rats were treated with W IN (1 
m g/kg), C (15 m g/kg), or saline vehicle, i.p., daily for 10 days. 
Behavioral observations and com puter tabulated  locom otion  data were 
recorded for 90 min after treatm ent. Serum  co rticosterone levels were 
m easured 24 hours after the last injection.

Both W IN and C produced behavioral sensitization. C om pared  to 
controls, C increased locom otor activity; am bulation  and rearing  
reached m axim um  responses on days 7 and 8, respectively . The tim e o f  
m axim um  response was 10-20 min post-in jection . The observed  
behavioral scores reached a m axim um  by day 7.

Com pared to controls, W IN increased locom otor activity; am bula tion  
and rearing reached m axim um  responses on day 2. The tim e o f  
m axim um  response was 40  min post-in jection  on day 1 and decreased  
over the course o f treatm ent. The observed behavioral scores reached a 
m axim um  by day 5.

In sum m ary, W IN is a potent behavioral sensitizing agent, with 
d ifferences from  C that m ay be related to its a) profile o f m on o am in e  
reuptake inhibition, b) decreased effect at the sodium  channel, and/or c) 
other interactions in brain areas m ediating these behaviors, e.g. effects 
on the G A B A a receptor. Supported by NIH ROl-DAI 1504-01
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861.7
EFFECTS OF COCAINE AND GBR 12909 ON CARDIAC FUNCTIONING IN 
RHESUS MONKEYS. David Stafford and John R. Glowa* Department of 
Pharmacology, Louisiana State University Medical Center, Shreveport, LA 71130 

Several reports have indicated that the dopamine-selective reuptake inhibitor 
GBR 12909 may have potential as a pharmacotherapy for the treatment of cocaine 
abuse, since cocaine self-administration can be decreased by GBR 12909 at doses 
that have little or no effect on food-maintained responding. In addition to its 
reinforcing effects, cocaine is known to produce cardiotoxicity in humans and 
nonhuman subjects. The present experiments were undertaken to explore the 
cardiovascular effects of reinforcing doses of cocaine and therapeutically effective 
doses of GBR 12909 in rhesus monkeys. Daily 60-min sessions were conducted 
in which 10-s ECG samples were collected once per minute. First, the effects of 
cocaine (100-1700 µg/kg) were determined by pre-session intravenous bolus 
administration during twice-weekly test sessions. Next, doses of GBR 12909 
(0.3-3.0 mg/kg) were evaluated via slow infusion by a syringe pump. Cocaine 
produced dose-dependent and reliable increases in heart rate (maximum: 30-70 
beast/min) and decreases in QTc values (maximum: 45-100 ms) in two monkeys, 
but in a third monkey, cocaine decreased heart rate and increased QTc values. 
GBR 12909 produced dose-dependent increases in heart rate (maximum: 55 
beats/min), while QTc values were affected inconsistently. Ongoing phases are 
exploring the consequences of co-infusing cocaine and GBR 12909. These data 
indicate that the cardiovascular effects of GBR 12909 are not identical to those of 
cocaine. Experiments of this sort provide valuable data in assessing possible 
adverse consequences of exposure to potential pharmacotherapies for the 
treatment of cocaine abuse.

This research was funded by NIDA grant DA 09820 to Dr. Glowa.

861.9

CO CA IN E STIM ULA NT EFFECTS: ROLE OF 5H T IA RECEPTO RS. Robert J. 
Carey* and Ernest Dam ianopoulos. Dept, o f  Psychiatry, S.U.N.Y. Health Science 
C enter and Research and D evelopm ent (151), V .A. M edical Center, Syracuse,
N .Y .13210.

Cocaine is a potent inhibitor o f  catecholam ine and indoleam ine transport 
in brain  and it is this blockade o f  re-uptake w hich accounts for the stim ulatory 
effect o f  cocaine. W hile num erous reports have shown that the cocaine inhibition 
o f  dopam ine transport appears to be linked to the rew ard and m otoric effects o f  
cocaine, the possible contribution o f  5-hydoxytryptam ine (5H T) to those effects 
o f  cocaine have received less attention. In this study, we assessed the possible 
contribution o f  5HT to cocaine stim ulant effects by co-adm inistering  the 5H T IA 
agonist 8-OH DPAT or an antagonist W AY 100635 with cocaine. W e used the 
lowest doses o f  8-OH DPAT and W AY 100635 which reliab ly  induced changes 
in 5HT turnover (increases with W AY 100635 or decreases w ith 8-OH DPAT). 
The m agnitude o f the turnover changes were com parable to those induced by 10 
m g/kg cocaine. We found that 8-OH D PA T at a dose (0.2 m g/kg) w hich did not 
alter non-drug activity levels, reliably enhanced the locom otor stim ulant effects 
induced by 10 m g/kg cocaine. Furtherm ore, this sam e dose o f  8-O H  DPAT was 
effective in com pletely reversing the blockade o f  cocaine stim ulant effects 
induced by the D, antagonist, haloperidol (0.1 m g/kg). W hile the 5HT1A agonist,
8-OH DPAT enhanced the stim ulant effects o f  cocaine, the opposite effects were 
induced by the 5 H T 1A, W AY 100635 and at a dose (0.4 m g/kg) which did not 
alter spontaneous activity levels in non-drug anim als. These studies indicate that 
the effects o f  cocaine upon behavior are m ediated by a synergistic effects upon 
dopam ine and 5HT transport.

T h i s  r e s e a r c h  w as s u p p o r t e d  b y  NIDA g r a n t  R 0 1 D A 0 5 3 6 6 -1 2 .

861.11

5-HT DEPLETION ATTENUATES COCAINE-, BUT NOT FOOD
SEEKING BEHAVIOR. L.T.L. Tran-Nguven*. D .A. Baker. K .A . 
Grote, J. Salano, J.V. Morrone. J.L. Neisewander. Dept, of 
Psychology, Arizona State Univ., Box 871104, Tempe, AZ 85287-1104.

Alterations in 5-HT neurotransmission may be involved in mediating 
incentive motivation for cocaine during withdrawal. The present study 
examined the effects of the tryptophan hydroxylase inhibitor pCPA on 
cocaine- and food-seeking behavior (i.e ., nonreinforced lever presses). 
Separate groups o f rats were trained to lever press for cocaine infusions 
(0.33 mg/kg/0. lm l) or for food pellets (45 mg N oyes food pellets) on an 
FR 1 schedule o f reinforcement during 14 daily 2-hr sessions. Half of 
each group then received two treatments o f either saline or pCPA (100  
mg/kg, IP) on post-training days 5 and 6. Twenty-four hr after their last 
treatment, they were tested for cocaine- or food-seeking behavior by 
measuring lever presses in the absence o f reinforcement until they reached 
an extinction criterion o f no responses for 30 min. Animals were 
sacrificed 24 hr after testing and brain 5-HT levels were measured using 
HPLC-EC. In cocaine animals, pCPA treatment significantly decreased 
the number o f lever presses and produced a trend toward a decrease in 
latency to reach the extinction criterion (p=O.O58) relative to saline 
animals. In food animals, pCPA treatment failed to alter any o f the 
behavioral measures during testing. Furthermore, pCPA significantly 
depleted 5-HT in both the cocaine and food groups by 75 .3±  5.3% and 
83.0 ±  2.8%, respectively. The results suggest that decreasing 5-HT 
neurotransmission may decrease incentive motivation for cocaine 
(Supported by D AI 1064 and D A05816).

861.8
ELECTRICAL STIM ULATION OF THE VENTRAL SUBICULUM  
INDUCES RELAPSE TO COCAINE SELF-ADM INISTRATION. 
S.R. V orel.1,2 X. L iu .1 W. Paredes.1 J. Spector.1’2 I. Murakhovskava. 
E,L, Gardner1,2 and H, Lachman1* . Depts o f  ‘Psychiatry and N eu ro 
science, Albert Einstein C ollege o f  M edicine, N ew  York, NY 10461.

Addictive drugs have in common that they enhance synaptic activity 
in the nucleus accumbens (Acb) terminal projections o f  the mesolimbic 
dopamine (DA) system, and drug action on this system is hypothesized 
to be an essential neurobiological substrate for addiction. Drug-induced 
relapse to drug-taking behaviour has also been linked to Acb DA  
enhancement. Cocaine reliably induces relapse to cocaine-taking 
behaviour, presumably through increased Acb D A . Stimulation o f  the 
ventral subiculum (VSub) has been shown to increase Acb D A . There
fore, using the drug self-administration reinstatement paradigm in which 
experienced drug self-administering rats are extinguished from drug
taking behaviour and then tested to see what stimuli w ill induce relapse 
to self-administration, we tested whether VSub stimulation might induce 
relapse to intravenous cocaine-taking behaviour. W e now report that 
VSub electrical stimulation reinstates previously extinguished bar 
pressing for cocaine. W e proposé, that the VSub is part o f a neural 
system underlying relapse to drug-taking behaviour. This work was 
supported by the NY State Office o f  Mental Health and the NY State 
Office o f Alcohol and Substance Abuse Services.

861.10
5-HT IB RECEPTORS MODULATE THE EFFECTS OF COCAINE. 
COMPARISON OF GENETIC AND PHARMACOLOGICAL APPROACHES. K. 
Scearce-Levie1*. N. Castanon1. J.J. Lucas1. N. Hiroi3. B. Rocha2, E.J. Nestler3 and
R. Hen', ‘Center for Neurobiology & Behavior, Columbia Univ., New York, N.Y. 
10032. ¾ ept. of Pharm., Univ. of North Texas Health Science Center, Fort Worth, 
TX 76107. 3Lab. of Molecular Psychiatry, Yale Univ., New Haven, CT, 06508.

The serotonin (5-HT) IB receptor subtype has been suggested to modulate 
dopaminergic neurotransmission, and thereby play a role in the behavioral and 
biochemical responses to drugs of abuse. To investigate the role of this receptor, we 
have studied the responses to cocaine of knockout mice lacking the 5-HT1B receptor. 
We have also treated wild-type 129/Sv mice with the 5-HT1B/1D antagonist, 
GR127935, and assessed the effect of this treatment on behavioral and biochemical 
responses to cocaine.

In most cases, antagonist treatment has far different effects from the genetic 
knockout. 5-HT IB knockout mice show an enhanced locomotor response and 
increased self-administration in response to cocaine. Mice pretreated with GR127935 
show an attenuated locomotor response and normal self-administration. In contrast, 
both knockouts and antagonist-treated animals show reduced striatal induction of c- 
fos, an immediate-early gene that is induced by acute cocaine treatment.

Developmental compensations in the knockout mice may explain these differing 
results. Significantly, ΔFosB, a transcription factor that is increased after chronic 
cocaine treatment, is increased in the striata of drug-naive 5-HT1B knockout mice. 
Acute treatment with GR127935 does not alter ΔFosB levels in wild-type mice, but 
chronic GR127935 treatment increases wild-type ΔFosB levels to levels that 
resemble those in drug-naive knockout mice. However, similar chronic treatment 
regimens of GR127935 fail to alter the response to cocaine in wild-type mice. To 
clarify the role of FosB in the response to cocaine, as well as its interaction with the 
5-HT1B receptor, we have created double knockout mice lacking both the 5-HT1B 
and FosB genes. These mice will be useful for studying both the mechanisms of 
action of cocaine and the role of developmental compensations in knockout mice. 
S u p p o r t e d  b y  N 1 H  g r a n t  D A O 9 8 6 2  a n d  a n  H H M l p r e d o c t o r a l  f e l l o w s h i p  ( K .S - L .)

861.12
COCAINE SELF-A DM IN ISTRATION  AND CARDIOVASCULAR 
RESPONSES: TOLERANCE M ECH AN ISM S. S .R . Telia*, D. Chism, 
C .W . Schindler and S .R . G oldberg. Department of Pharmacology, 
G eorgetow n University Medical Center, W ashington, DC 20007, NIDA 
Intramural Research Program , N IH , Baltim ore, MD 21224 
Cardiovascular responses to cocaine self-adm inistration were studied in 

rats implanted with telemetric devices. The first infusion of cocaine (1 
mg/kg/infusion) on day 1 of testing produced rapid, but brief increases in 
systolic, diastolic, mean arterial blood pressures (BP) and heart rate 
(HR). The subsequent infusions in the same session produced minimal 
effects. There w as, how ever, a gradual and sustained within session 
increase in baseline BP and reduction in HR. Subsequent cocaine self- 
administration sessions did not follow this pattern. There was a little or 
no sustained elevation in BP after day 1. Further, there were gradual 
reductions in the first infusion effects and increases in the daily cocaine 
intake, with significant differences occurring by week 4 of testing. 
Follow ing saline substitution (week 5), reinstatement of cocaine on day 1 

•of week 6 led to a partial and short lasting (< 3 sessions) recovery from 
the chronic tolerance to its rapid responses. Cocaine self-administration 
shifted the dose-effect curves of post-session norepinephrine on BP and 
HR leftward during week 2 and rightward during w eek 6 as compared to 
control responses. Cocaine self-adm inistration markedly attenuated the 
cardiovascular responses to post-session tyramine tested during w eek 3. 
These data indicate that the self-adm inistered-cocaine produces rapid, 
brief cardiovascular responses which undergo both w ithin session acute 
tolerance and a between session reversible chronic tolerance. Adrenergic 
adaptive mechanisms mediate the chronic tolerance. Reinforcing doses of 
cocaine inhibit the norepinephrine transporter function at peripheral 
sympathetic nerve terminals. S u p p o r te d  b y  N ID A  grant D A 0 8 8 3 0 .
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861.13
t e t r a b e n a z i n e  f a il s  t o  b l o c k  a  b e h a v io r a l  e f f e c t  o f
COCAINE. Lee Koetznerk Tina L. Sumpter and James H. Woods. Department 
of Pharmacology, University of Michigan, Ann Arbor, MI 48109-0632

Plasma membrane transporters clear amine transmitters from the synapse 
after thev are released from vesicles. Cocaine inhibits the transporters for dopa
mine, serotonin and norepinephrine; the behavioral effects of cocaine are usually 
ascribed to this inhibition. A drug which reduces vesicular amine release should 
therefore antagonize cocaine. Tetrabenazine inhibits vesicular monoamine trans
port, resulting in depletion of vesicular catecholamine stores. It should reduce 
the availability of catecholamines and antagonize cocaine. In order to test this 
hypothesis, five rhesus monkeys were trained in an operant paradigm. Fixed ratio 
responding was maintained by food deliver}'’ on an FR30 schedule; rate of re
sponding was used as a measure of drug effect.

Pretreatment with 0.3 mg/kg tetrabenazine, the highest dose which did not 
reliably suppress responding, did not change the effects of cocaine treatment. 
Cocaine, administered in a cumulative dosing paradigm, suppressed responding 
at a dose of 0.3 mg/kg (intramuscular, IM). High doses of tetrabenazine admin
istered as a bolus (1 mg/kg, IM) also suppressed behavior, but did not appear to 
antagonize cocaine.

The acute effect of vesicle uptake inhibitors is to cause catecholamines to ac
cumulate in the presvnaptic terminal, where they are degraded. Inhibitors of this 
degradation should increase presynaptic catecholamine levels and potentiate the 
early actions of tetrabenazine. The monoamine oxidase inhibitor deprenyl (1 
mg/kg, IM) increased the early effects of tetrabenazine. From this, we conclude 
that tetrabenazine is inhibiting vesicular transport in this assay; however, cocaine 
is working through a mechanism that does not involve vesicular amines.
This work was supported in part by NIDA Grants DA00254 and DAO5777.

861.15

COCAINE-INDUCED CONVULSIONS: 5-HT2 RECEPTOR
DENSITIES CONTRIBUTE TO GENETIC DIFFERENCES. L.E. 
O’D ell*. M.J. Kreifeldt. F.R. George, and M.C. Ritz. Amethyst 
Technologies, Inc., 1435 N. Hayden, Scottsdale, AZ 85257.

Research in our laboratory has demonstrated that the initiation of 
cocaine-induced convulsions is related to cocaine inhibition o f serotonin 
(5-HT) reuptake and that serotonin2 (5-HT2) receptor antagonists attenuate 
this effect. We have also demonstrated that C57BL/6J and C57BL/6ByJ 
mice differ significantly in sensitivity to cocaine-induced convulsions 
(CD50= 61.0 and 104 mg/kg, respectively). We hypothesized that this 
differential sensitivity to cocaine-induced convulsions in C57BL/6J and 
C57BL/6ByJ mice may be due to differences in 5-HT? receptor density 
and that cinanserin, a potent 5-HT2 antagonist, might differentially 
influence cocaine-induced convulsions in these strains. *H-Ketanseπn 
binding in the amygdala, brainstem, cerebellum, frontal cortex, 
hippocampus, hypothalamus, midbrain, and striatum was measured. In 
addition, the effect of cinanserin on cocaine-induced convulsions was 
assessed. The results indicate that the density o f 5-HT2 receptors is higher 
in C57BL/6ByJ mice relative to C57BL/6J mice across all brain regions. 
The magnitude o f these differential densities suggests important 
physiological relevance to behavioral effects mediated by 5-HT 
neurotransmission. Consistent with this notion, cinanserin attenuated 
cocaine-induced convulsions in a dose-related manner, and this attenuation 
was more potent in C57BL/6J mice relative to C57BL/6ByJ mice. These 
results are consistent with our previous findings that cocaine inhibition of 
5-HT reuptake plays an important role in the initiation o f cocaine-induced 
convulsions. Further, genetic sensitivity to this effect o f cocaine in 
C57BL/6J and C57BL/6ByJ mice appears to be mediated by 5-HT2 
receptor densities. (Supported by DA 07767 and D A 07767-03S1).

861.17
EFFEC TS O F TH E SE R O TO N IN  5-H T 4 PA R TIA L A G O N IST RS 
67333 ON C O C A IN E -IN D U C E D  H Y PE R A C TIV IT Y . L. R. M cM ahon* 
and K. A. C unningham . Dept. Pharm acol. Univ. Texas M edical Branch, 
G alveston, TX, 77555-1031.

Serotonin 5-H T4 receptors are located in brain areas such as the nucleus 
accum bens (NAc) that are critically involved in the behavioral effects o f 
cocaine. The aim  o f  the present study was to assess w hether adm inistration o f 
the 5-HT4 receptor partial agonist RS 67333 alters either basal locom otor 
activity  or cocaine-induced hyperactivity. M ale rats (n = l2 )  were pretreated 
w ith either saline (1.0 m l/kg, IP) or RS 67333 (0.0001-1.0 m g/kg, IP) 45 min 
prior to adm inistration o f either saline (1.0 m l/kg, IP) or cocaine (10 m g/kg, 
IP); m onitoring o f  activity in photobeam  cham bers began at once and 
proceeded for 1 hr. System ic adm inistration o f  RS 67333 did not significantly 
a lter basal or cocaine-induced locom otion. To test the hypothesis that 
cocaine-elicited behaviors are m ediated by 5-H T4 receptors in the NA c, a 
separate group o f m ale rats (n=8) were im planted w ith bilateral cannulae 
aim ed at the N A c shell (bregm a; A P=+1.4, M L=±0.75, D V =-8 m m). The rats 
were infused (0.2 ul/side at 0.1 ul/m in) w ith saline or RS 67333 (2.0 or 6.0 
ug) im m ediately prior to an injection o f  saline (1 m l/kg, IP) or cocaine (10 
m g/kg, IP); m onitoring o f  activity  in photobeam  cham bers began at once and 
proceeded for 1 hr. Intra-N A c infusions o f  2.0 and 6.0 ug o f RS 67333 did 
not significantly alter basal activity, bu t did significantly  attenuate the 
hyperactivity  induced by cocaine by 38%  and 53% , respectively (p < 0.05). 
These results suggest an im portant ro le for N A c 5-H T4 receptors in the 
hyperactivity  induced by cocaine.
Supported by NID A  D A 06511 and DA  00260.

861.14
NORADRENERGIC MODULATION OF COCAINE SENSITIZATION IN 
RATS. C.A. Jiménez-Rivera*, D.Bloom, L. Parrilla, G. Soler and P. Sanabria 
Department of Physiology, Universidad Central del Caribe, Medical School, 
Bayamón, Puerto Rico, 00960.

The repeated use of psychostimulant drugs in humans has been associated with 
progressive enhancement of behavior related to anxiety, panic attacks and eventually 
paranoid psychosis. The appearance of such behaviors upon repeated
psychostimulant administration has been named sensitization. It is agreed that 
cocaine sensitization forms part of the basic pathological mechanisms involved in 
drug addiction. In rats, this phenomena is characterized by a progressive increase in 
locomotor and stereotyped behavior. The present study was aimed at investigating 
whether CNS norepinephrine (NE) plays a role in the development of cocaine 
sensitization in rats.

Four groups of animals were employed. Two groups were treated with one 
injection of the noradrenergic neurotoxin, DSP4 (50 mg/kg, i.p.) 16 days prior 
behavioral testing. All groups were given zimelidine (2Omg/kg, i.p.) one hour before 
each DSP4 treatment to avoid interference with serotonergic transmission. 
Locomotion was assessed using an infrared photocell box coupled to a computer with 
an especially designed software to measured locomotor behavior.

The results demonstrate that the animals treated with DSP4-cocaine for 7 days did 
not express locomotor sensitization as compared to the saline-cocaine group (One 
way ANOVA F=7.18, Newman, Keuls q=4.51, p<0.05). DSP4 treatment does not 
seem to have locomotor depressing actions by itself, since the DSP4 control group 
had similar locomotor responses as the saline-control group. Overall, these results 
suggest that NE might play a significant permissive role in cocaine sensitization 
development and could provide possible avenues for therapeutic pharmacological 
intervention in cocaine addiction. (Supported by RCMI 03035 and GM5O695).

861.16
COCAINE-INDUCED CONVULSIONS: 5-H T2C RECEPTORS
APPEAR TO MEDIATE GENETIC SENSITIVITY. F.R. George,
L.E. O’Dell. M.J. Kreifeldt. and M.C. Ritz.* Amethyst Technologies, 
Inc., 1435 N. Hayden, Scottsdale, AZ 85257.

Research in our laboratory has demonstrated that C57BL/6J an/. 
C57BL/6ByJ mice differ in sensitivity to cocaine-induced convulsions 
(CD50= 61 and 104 mg/kg, respectively). This genetic sensitivity to 
cocaine-induced convulsions appears to be related to 5-H T2 receptors, 
since the density o f these sites and the concentration of 5-HT2 
antagonists required to block cocaine-induced convulsions is lower in 
C57BL/6J mice relative to C57BL/6ByJ mice. Although 5-HT2 
receptors appear to play a role in genetic sensitivity to cocaine-induced 
convulsions, the role o f 5-HT2 receptor subtypes in this effect of 
cocaine has not been examined. Therefore, the present study assessed  
the effects o f two selective 5-HT2C agonists, mCPP and M K212, on 
cocaine-induced convulsions in C57BL/6J and C57BL/6ByJ mice. 
These compounds were chosen because they exhibit similar affinities at 
5-HT2C sites, but differential affinities at 5-H T2A sites. In addition, 
MK212 is an agonist at 5-HT2A sites, whereas mCPP is a purported 
antagonist at these sites. The results revealed that mCPP and MK212 
produced a significant potentiation o f cocaine-induced convulsions in 
both strains of mice. However, this potentiation of cocaine-induced 
convulsions by these drugs was more robust in C57BL/6ByJ mice 
relative to C57BL/6J mice. Based on these findings, we suggest that 
5-HT2C receptors play a role in cocaine-induced convulsions. 
Furthermore, genetic sensitivity to this effect of cocaine in C57BL/t>J 
and C57BL/6ByJ mice appears to be mediated by 5-H T:t. receptors 
(Supported by DA 07767 and DA07767-03S1).

861.18
SERO TO N IN  5-H T2C R EC EPTO R S IN TH E SH ELL OF THE  
N UC LEU S A C C U M BEN S M O D U LA TE C O C A IN E-IN D U C ED
H Y PER A C TIV ITY . M.Filip* and K. A. Cunnineham. Dept. 
Pharmacol. & Toxicol., Univ. Texas Medical Branch, Galveston, TX, 
77555-1031.

The nucleus accumbens (NAc) is a critical site for the generation o f the 
hyperactivity induced by cocaine. To test the hypothesis that 5-HT2C 
receptors in the N Ac may regulate behavioral responses to cocaine, male 
Sprague-Dawleý rats (240-260 g) implanted with bilateral cannulae into 
the N Ac shell (bregma: AP=+1.7, M L=±0.5, DV=-8 mm) were infused 
(0.2 µl/side at 0.1 µl/min) with saline, the putative 5-HT2C agonist MK 
212 or the selective 5-HT2C antagonist RS 102221 immediately prior to 
an injection o f  saline (1 ml/kg, IP) or cocaine (10 mg/kg, IP); monitoring 
o f  activity in photobeam chambers began at once and proceeded for 1 hr. 
Intra-NAc shell infusions o f  MK 212 (0.3-1 µg total) did not significantly 
alter basal activity, but 0.3 µg total o f  MK 212 did enhance the 
hyperactivity induced by cocaine. Intra-NAc shell infusion o f  RS 102221 
(0.1-1 µg total) dose-dependently antagonized cocaine-induced 
locomotion; the lowest dose o f  RS 102221 (0.1 µg total) slightly 
increased basal activity. These results support a role for N Ac shell 5- 
HT2C receptors in cocaine-evoked hyperactivity.
Supported by NATO/NSFDGE-9710905 (MF) and NIDA DA 06511 
and DA 00280 (KAC).
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861.19

INTRODUCTION OF CRYPTOTIS PARVA AS A NEW EXPERIMENTAL 
ANIMAL MODEL OF EMESIS: EFFECT OF 5-HT3 RECEPTOR AGONISTS 
AND ANTAGONISTS. N.A. Darinani*. Department of Pharmacology, KCOM, 
Kirksvillc, MO. 63501.

The purpose of this study is to introduce Cryptotis parva (the least shrew) as a new 
experimental model of emesis. Shrews are placed in the order of insectivora and are 
among the most ancient animals. They arc considered to be closer to primates than 
rodents, lagomorplis and carnivores in the phylogenetic system. Intraperitoncal (i.p.) 
administration of the chemotherapeutic agent cisplatin 30 min after feeding caused 
a dose-dependent increase in the number of animals exhibiting vomiting and retching 
with ED5U values of 6.43±l and 7.9±l.2 mg/kg respectively in the 1 h observation 
period. The frequencies of these parameters were also dose-dependent. 
Administration of different doses (0.5, 10 and 20 mg/kg, i.p., n = 8-12 per dose) of 
5-HT3 receptor antagonists (tropisetron or MDL 7222) 30 min prior to cisplatin 
injection (10 mg/kg, i.p.) prevented cisplatin-induced emesis and retching behaviors 
in the least shrew by a dose-dependent mechanism with respective ID50 values of 
4.28±2.8 and 2.O5±2 for emesis, and 2.7l±4.5 and 2.52±2.59 for retching. 
Intraperitoneal injection of selective (2-methyl 5-HT, 5-HTQ or mCPBG) and 
nonselective (5-HT) 5-HT3 receptor agonists, potently and in a dose-dependent 
fashion induced emesis in the least shrew with the following ED50 potency order: 2- 
methyl 5-HT (l.9±l. 14 mg/kg)>5-HT (2.6±l mg/kg, p<0.05)>5-HTQ (7.35±l.3l 
mg/kg, p<0.01)<mCPBG (16.12 mg/kg, p<0.001). As with other established 
experimental animal models of emesis, the present data indicate that cisplatin causes 
emesis by activating 5-HT3 receptors indirectly via the release of endogenous 5-HT. 
Furthermore, the least shrew appears to be a sensitive animal model for emesis. 
Supported by NIDA grant DA 07627 and EPA grant CR 823734010.

DRUGS OF ABUSE: COCAINE— BEHAVIORAL STUDIES

862.1

A RAT MODEL OF COCAINE ABSTINENCE SYNDROME: TEMPORAL 
ANALYSIS. W,D. Moon*. E.T, Mov. R.E. Jennings. D.M, Mov. O.B, Wilson1 &
D.H. M alin. Univ. of Houston-Clear Lake, Houston, TX 77058, and ‘Baylor College 
of Medicine, Houston, TX 77030.

A new quantitative model of cocaine abstinence is based on counting spontaneously 
emitted behaviors following termination of drug exposure (analogous to standard 
methods of assessing morphine and nicotine dependence). In a previous study 
utilizing this model, abstinence signs occurred in a dose-related and cocaine- 
reversible manner. The present study determined whether the model met certain 
validity criteria as a measure of an abstinence syndrome. Cocaine-infused rats should 
exhibit significantly more signs than saline-infused rats shortly after teπnination of 
infusion. In the cocaine-infused rats, there should be significantly more signs shortly 
after withdrawal than either before drug infusion, during drug infusion, or after an 
extended recovery period. Male S-D rats were infused s.c. via Alzet osmotic 
minipump for 7 days λvith saline (n=9) alone or 60 mg/kg/day cocaine HC1 (n=8). 
Pumps were then removed under halothane anesthesia. Rats were observed under 
"blind" conditions prior to infusion, at 84 hours and 156 hours after start of infusion, 
and at 36 hours and 84 hours following pump removal. Each observation employed a 
standardized checklist for counting instances of ptosis, chews, teeth chatters, gasps, 
writhes, seminal ejaculations, head shakes and scratches. Two-way ANOVA revealed 
a significant interaction effect between drug infusion and time of observation. Post- 
hoc analysis (Tukey's HSD) of the ten sets of abstinence scores (2 drug groups X 5 
observations) revealed that the scores of the rats previously infused with cocaine at 36 
hours post explant were significantly higher than all others. ( UH-CL Fac. Research 
Fund)

862.2

INTRAVENOUS COCAINE AND COCAETHYLENE PRODUCE DIFFERENT 
PATTERNS OF “REBOUND” MOTOR ACTIVITY. M. A. Raven*. E. Almeida, C. 
Chan, A. Hood, and A. Ettenberg. Behavioral Pharmacology Laboratory, Department 
of Psychology, University of California at Santa Barbara, Santa Barbara, CA 93106.

One of the known, albeit less well-studied, effects of psychoactive drug 
administration involves the behavioral response of subjects during the period after the 
pharmacological impact of such drugs. For example, stimulants which can produce 
profound elevations in locomotor behavior during drug challenge are also reported to 
produce depression in activity during the post-drug “rebound” period. Depressants have 
similarly been shown to produce initial decreases in behavior followed by “rebound” 
elevations in responding. In previous work, we have compared the effects of cocaine to 
cocaethylene (CE) (Raven, Necessary, Danluck & Ettenberg, 1995) and found 
differences in their potency to serve as a reinforcing stimulus in an operant runway. 
Others have shown both drugs to serve as effective psychomotor stimulants of 
spontaneous locomotor behavior. In the current study we examined the nature of open- 
field activity during the “rebound” period following the cessation of direct 
pharmacological activity. The male albino rats were each implanted with an 
intravenous catheter. Following recovery, the rats were habituated daily for 3, 10 min 
sessions in an open-field. Rats were assigned to groups balanced for locomotion on the 
third day of habituation. Beginning the morning of the fourth trial and continuing 
through the thirteenth, rats received an i.v. injection o f either saline vehicle, cocaine 
(1.0, 2.0, 4.0 mg/kg) or an equimolar dose of CE (1.44, 2.88 5.76 mg/kg). The rats’ 
locomotor behavior was measured at least 4 hours after the drug injection in the open 
field. Results indicate that CE and cocaine produced reliably different “rebound” dose 
response curves. It has been suggested that the withdrawal response to CE and cocaine 
differ, the “crash” from CE has been proposed to be lesser than that from cocaine. The 
differences observed in “rebound” behavior support the hypothesis that the withdrawal 
from CE differs from cocaine.

This research was funded by NIDA grants DA05041 & DA08042 awarded to 
A. E. and an NSF predoctoral fellowship awarded to M. R.

862.3

COCAINE SELF-ADMINISTRATION AND AUTONOMIC 
RHYTHMIClTY DURING UNRESTRICTED ACCESS (BINGE).
W. Tornatzkv* and K.A. Miczek, Dept, of Psychology, Tufts 
University, Medford, MA 02155.

The objective of the present study is to investigate the autonomic reactivity 
and rhythmicity in rats during the transition from stable level of cocaine self
administration toward “loss-of-control” over drug intake during and following a 
session with unlimited access. Seven male Long Evans rats were implanted 
with both a jugular catheter for self-administration of cocaine and a telemetry 
sender. After two weeks their heart rate (HR) and core-temperature (Tc) 
rhythm were entrained to the 12:12 hour light-dark cycle and they were given 
access to cocaine self-administration (0.25 mg cocaine/infusion, FR5, TO 30 
sec.) during daily limited access sessions. After two weeks they self- 
administered the 15 cocaine infusions within 57.9±9.l min. During the initial 
12 hours of the following session with continuous access to cocaine (binge) 
the regular inter-infusion intervals, the tachycardia and hyperthermia were 
unaffected by the light-dark cycle. Each cocaine infusion was preceded by 
increased activity and tachycardia and followed by locomotor arrest and 
decreased variability of HR. Lateron during the binge the regular pattern of 
self-administration deteriorated with the emergence of longer but also very 
short inter-infusion intervals becoming more prominent. After the binge, the 
amplitude of the circadian component of Tc decreased from O.39±O.O3 °C 
before to O.27±O.O3 °C after the 26 hr binge, an effect that lasted for at least 
7 days. Long binges of cocaine may model “out-of-control” self-administration 
as indicated by irregular behavior and autonomic rhythmicity. The autonomic 
changes characterize the initial period of withdrawal after the ‘binge”. 
Supporting grants: USPHS AA5122; DAO2632

862.4

INFLUENCE OF CUE CONDITIONING ON COCAINE INTRAVENOUS SELF
ADMINISTRATION (IVSA). V. Deroche*. F. Piat, M, Le Moal and P.V. Piazza. 
INSERM U. 259, Univ. de Bordeaux II. 33077 Bordeaux, France.

Determinants of drug abuse and relapse are still unknown. Conditioning theories 
propose that, through a pavlovian associative process, contextual components gain 
control over drug use. The context-induced conditioned responses are proposed to 
either act as incentives or become part of the discriminative stimulus eliciting the 
instrumental response. In this report, we investigated: 1. the interactions between a 
drug-related cue light and the reinforcing effects of cocaine during both acquisition 
and retention of cocaine IVSA, 2. the discriminative and incentive properties of the 
cue by measuring responding: i) for contingent presentations of the cue and ii) during 
non contingent presentations of the cue. The first group of experiments showed that 
the cue light did significantly accelerate the acquisition of cocaine IVSA. However, 
whether a cue light was or not associated with cocaine injections (1 mg/kg/inf, 1 hr 
daily session), IVSA stabilized at an equivalent level. The cocaine-related cue did not 
affect IVSA retention. After IVSA had been acquired (using a daily within-session 
paradigm; 1-0.5-0.25 mg/kg/inf. or 0.8-0.4-0.2 mg/kg/inf), neither the suppression 
nor the non-contingent periodic presentation of the cue did significantly alter cocaine 
IVSA. On the contrary, a complete change of the experimental context (color of the 
cage) decreased cocaine IVSA for all doses tested. The second group of experiments 
showed that contingent presentations of the cue light maintained an operant 
responding and non contingent exposures to the cue reactivated an extinguished 
responding. In conclusion, our data suggest that the discriminative and incentive 
properties of a cocaine-related cue does not significantly affect reinforcing effects of 
cocaine, but may facilitate reinstatement in the drug abstinent individual. They show 
that context conditioning may exert a control on cocaine reinforcing effects and agree 
with a growing literature showing notable distinctions between cue- and context
conditioning.
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862.5
R E SP O N SE  PR O FILES IN C O C A IN E PR EFER EN C E TESTS.
A .M . M anzardo* , L.__Stein and J.D. Belluzzi. Department o f
Pharmacology. University o f  California, Irvine, CA 92697

We have previously reported clear-cut preferences for higher cocaine 
doses (750-1500 µg/kg/inj) over a low  dose (250 µg/kg/inj) using a two- 
lever “choice” self-administration paradigm. Here, w e expand these 
findings to include additional response properties that may aid the 
characterization o f  reinforcement strength. Experiments were conducted 
in which the same cocaine dose (250 or 75.0 µg/kg/inj) was available 
simultaneously on each lever o f  a 2-lever box. Testing consisted o f  three 
daily 3-hr sessions, two offering the cocaine dose on each lever separately 
and the third offering that cocaine dose simultaneously on both levers. In 
the choice tests offering the low  cocaine dose (250), rats responded nearly 
equally on each lever, switching frequently from one lever to the other 
(Fig). Alternatively, when the high dose (750) was offered, rats 
responded almost exclusively on only one lever (Fig). These patterns 
suggest that choices between two drugs with high reinforcement strength 
will induce lever perseveration
whereas choices between two coc76o score
drugs with low  reinforcement 
strength will induce frequent lever 
switching. This characteristic 
response profile may be useful in 
evaluating the relative 
reinforcement value o f novel 
drugs. (Supported by NIDA grants 
DA05761, DAO7747 & D A05107)

L e ft :
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862.6

COCAINE PRIMING THRESHOLD A N D  M AINTENANCE OF 
COCAINE SELF-ADMINISTRATION
y.L . Tsibulsky*, J.F. Hall. M.K. Norman. A .D. Dalia. and A .B. Norman 
D ivision o f  Neurosci., Dept, o f  Psychiatry, University o f  Cincinnati, 
Cincinnati, OH 45267-0559

Extinguished self-administration (SA) o f  cocaine can be reinstated by 
cocaine. We hypothesized that there is a certain level o f  cocaine ("priming 
threshold") needed for SA to be reinstated. Male Sprague-Dawley rats 
(n=lO) were trained to self-administer 0.1-3.0 m g/kg cocaine via an 
indwelling jugular catheter. This behavior was actively extinguished with 
sham injections at the beginning o f  a 3-hour session. The rats were then 
either injected i.v. with increasing doses o f  cocaine by increments o f  0.01- 
0.1 mg/kg per injection every 7-10 min or infused at a different rateswith 
the same cocaine solution using Y-connector while they could self- 
administer cocaine by pressing a lever until SA was reinstated. The 
duration o f  infusion (until SA was reinstated) was measured to calculate 
the priming threshold. The results suggest that there is a certain level o f  
cocaine which should be produced by the priming injection or infusion for 
reinstatement o f  SA. This priming level is lower than the level o f  cocaine 
rats are maintaining during S A. In addition, there is no correlation between 
the priming threshold and the inter-injection interval during maintenance 
o f  SA. It is concluded that the mechanisms underlying the initiation are 
distinct from those underlying the maintenance o f  cocaine SA.

862.7
ENVIRONMENTAL CUES ASSOCIATED WITH COCAINE AVAILABILITY 
REINSTATE COCAINE SEEKING BEHAVIOR AFTER PROLONGED 
EXTINCTION. O. Ben-Shahar* and F. Weiss. The Scripps Research Institute, Dept. 
Neuropharmacology, La Jolla CA 92037.

Environmental cues repeatedly paired with the administration of cocaine, can become 
discriminative and conditioned stimuli for cocaine in human and laboratory animals. 
The present experiments sought to further characterize the effects of cocaine-associated 
environmental stimuli on the initiation and maintenance of cocaine-seeking behavior. 
Rats were given access to IV cocaine or vehicle (saline) under an FR-1 TO 20 sec 
contingency during three daily 1 h self-administration (SA) sessions. The availability 
of cocaine or saline was signaled by discriminative stimuli: an intermittent beep (S+) 
for cocaine and illumination of cue light (S-) for saline. Time out was signaled by the 
center houselight for cocaine, and by a white noise for saline. When lever pressing for 
cocaine was stable and responding for saline negligible, animals were subjected to 
extinction training. Daily sessions were then conducted in the absence of the 
discriminative stimuli. Lever presses resulted only in activation of the infusion pump. 
Once extinction was reached (4 responses/session), reinstatement phase began. These 
sessions were identical to SA sessions, except that cocaine and saline were not 
available. Presentation of the S+ elicited and maintained responding at rates equal or 
higher than those maintained by cocaine during the SA phase. This effect remained 
constant for several weeks. Effects of the S- on responding were negligible. However, 
rats initially presented with the S- showed the same robust reinstatement of responding 
when subsequently presented with the S+. Conversely, rats that were initially 
presented with the S+ ceased responding when subsequently presented with the S-. 
Together, these results suggest that environmental stimuli associated with the 
subjective effects of cocaine can attain powerful discriminative or conditioned stimulus 
properties and reliably elicit robust and persistent cocaine-seeking behavior. 
Supported by NIDA DA 07348

862.9
ACUTE COCAINE EFFECTS ON STEREOTYPY AND DEFENSE: AN 
ETHOEXPERIMENTAL APPROACH. R.J. Blanchard*. M.A. Hebert. L. Dulloog, 
J,N, Kaawaloa. J. Viernes. K. Newsham and D C. Blanchard. Bekesy Laboratory of 
Ncurobiology, University of Hawaii. Honolulu, HI 96822

Cocaine administration to laboratory' animals may produce locomotor hyperactivity 
and stereotypies that include sniffing and rearing, in addition to anxiety-like effects. 
A time-sampling study of the effects of 3. 10, or 30 mg/kg cocaine (i.p.) over time 
following injection indicated early enhancement of locomotion and crouching, with 
the latter most increased in low- and intermediate-dose cocaine groups; and with 
increased rearing and standing during the second hour of the test period. Additional 
analyses at 30-60 min post-injection suggested qualitative changes in rearing, with 
high dose animals showing more, but shorter, rears, and a higher frequency of 
sniffing. The high dose cocaine enhancement of sniffing was strongly associated with 
rear and stand behaviors, but also occurred while animals were crouching.

An additional study using only saline or the high (30 mg/kg) cocaine dose indicated 
that the latter produced more sniffing regardless of the direction from which the air 
stream entered the test cage (i.c. top or bottom). However, cocaine animals oriented 
their sniffing behaviors toward the incoming air. with reliably more sniffs up in cages 
with the air stream entering from the top, and more sniffs down when the air stream 
entered through a wire mesh cage bottom. Controls showed the same pattern, but 
their sniff orientation differences were not reliable. These results indicate that the 
stuffing that follows acute high dose cocaine administration is appropriately oriented 
toward relevant environmental stimuli, a factor disconsonant with the interpretation 
of sniffing as a purely stereotypical behavior. Because sniffing may be related to 
defensive behaviors, the finding that sniffing in cocaine-dosed animals is 
appropriately oriented to relevant stimuli provides additional support for a view that 
cocaine may increase defense. Supported by NIH RR08125.

862.8
C O C A IN E-IN D U C ED  O SC IL L A T IO N  IS C O N D ITIO N A B LE. B.J. 
K ucinski, S.M . A ntelm an, A.R. C aggiula*. H . Fow ler. S. G ershon, D.J. 
E d w ards. University of Pittsburgh and University of Pittsburgh Cancer 
Institute, Pittsburgh, PA 15260.

W e have recently shown that under som e circum stances, sensitization  
produced by a stim ulant such as cocaine (CO C) can give w ay to 
alternating decreases and increases in the response to successive drug  
adm in istrations, w hich w e have called oscillation . Since sensitization to 
CO C can be conditioned, w e inquired in two experim ents w h ether CO C- 
induced oscillation also w as conditionable. T he endpoint used was shock- 
induced hypoalgesia (paw w ithdraw al from  a hot plate), as we have 
previously shown that oscillation follow s sensitization  o f  this m easure  
after 1-5 pretreatm ents w ith 12 m g/kg (i.p.) o f  C O C  spaced at 1-week  
intervals, with the last CO C injection adm inistered 30 m inutes prior to the 
footshock. In the first experim ent, a conditioned  stim ulus (CS) — a 
distinctive environ m ent -- w hich repeatedly had been paired with COC  
w as found to substitute for the last C O C injection in sustaining oscillation. 
In the second experim ent, a previously estab lish ed  CS successfully  
substituted for all CO C injections in first inducing sensitization which was 
then followed by oscillation. T hese two experim ents suggest strongly that 
CO C -induced oscillation shares w ith C O C -sensitization  the property that 
both can be conditioned. This further strengthens the apparent link  
between sensitization and oscillation. Supported by N ID A  09163 and The 
Theodore and V ada Stanley Foundation.

862.10
D-AMPHETAMINE AND COCAINE SELECTIVELY POTENTIATE ACTIVE 
ANTI-PREDATOR DEFENSES IN THE MOUSE DEFENSE TEST BATTERY.
J.D. Wiggen*. J,N, Kaawaloa. K, Tamashiro, B. Jim, Y. Hackney, D.C. Blanchard 
and R.J. Blanchard. Bekesy Laboratory of Ncurobiology, University of Hawaii, 
Honolulu, HI 96822.

There is increasing evidence that cocaine and amphetamine use in humans can 
result in severe fear or panic-related psychopathologies. These compounds may exert 
their panicogenic effects through actions on neurobehavioral systems subserving 
specific defensive behaviors, notably flight, which has been shown to be selectively 
and appropriately responsive to both panicogenic and panicolytic agents. The Mouse 
Defense Test Battery (MDTB) was designed to assess the full spectrum of mouse 
defensive behaviors under test situations involving a natural predator, the rat.
Cocaine and d-amphctaminc effects on mouse defensive behavior were examined in 
two separate MDTB experiments. In Experiment 1, male Swiss Webster mice were 
given an acute i.p. injection of either 0. 1. or 3 mg/kg (/-amphetamine sulfate and 
tested 30 minutes later. Throughout the test, amphetamine-treated mice exhibited 
more avoidance, flight, and jump escape attempts but showed no increases in other 
defensive measures including risk assessment (stretch attend, stretch approach). In 
Experiment 2. male and female mice were administered a single i.p. dose (30 mg/kg) 
of cocaine and tested 30 min later in the MDTB. A similar pattern of results 
emerged. Cocaine selectively increased avoidance and flight behavior but had no 
effect on measures of risk assessment, defensive threat, or attack. Females exhibited 
higher levels of flight and risk assessment than males, consistent with previous 
findings of gender differences in defensiveness. The present findings suggest that 
cocaine and d-amphctaminc selectively affect active defense systems and that 
understanding these defensive systems may be critical for understanding mechanisms 
of substance abuse. Supported by NIH RRO8125.
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862.11

INTRAVENOUS COCAINE PRECIPITATES PANIC-LIKE FLIGHT RESPONSES 
AND LASTING HYPER-DEFENSIVENESS IN RATS. M.A. Hebert*. J.D. Wiggen. 
C S . Murakami, L. Oshiro. D.C. Blanchard and R.J. Blanchard. Bekesy Laboratory of 
Neurobiology, University' of Hawaii, Honolulu, HI 96822.

There is an emerging body of clinical evidence that cocaine use in humans can result 
in severe fear or panic-related emotional disturbances. The present study evaluated the 
effects of intravenous cocaine administration upon defensive responses of rats to a 
threatening conspecifíc in a test situation, an oval runaway, permitting the display of the 
full range of the rat defensive repertoire. A battery of tests was employed to evaluate 
avoidance/escape, flight, freezing, defensive upright and defensive attack behaviors. In 
the first experiment male Long Evans rats were implanted with a chronic indwelling 
jugular catheter and, following a 2 day recovery period, were placed in the runway and 
administered either 0, 1 or 4 mg/kg of cocaine hydrochloride. Behavioral testing began 
immediately following drug infusion. The 4 mg/kg dose produced a dramatic flight 
response, the direction of which depended upon the direction of the approaching threat 
source. Additionally, the same dose produced increased defensive upright postures 
during forced contact with the stimulus animal. Experiment 2 examined the time course 
for the cocaine effects. Rats were administered either saline or 4 mg/kg cocaine 
intravenously and were tested following a delay of either 0, 5, 15 or 30 min following 
infusion. Cocaine-treated rats again displayed a dramatic flight response which declined 
with increased time between infusion and testing. However, increased defensiveness 
persisted even at the 30 min delay for several defensive measures including avoidance, 
freezing and defensive upright posture Thus, following an initial period of rapid flight 
with intravenous cocaine administration, there was a lasting hyper-defensiveness in 
cocaine-treated rats The present results suggest that cocaine may exert its panic- 
producing effects by acti ng upon neurobehavioral systems subserving defensive behavior, 
particularly flight, and that understanding of these systems is critical for understanding 
the neurobiology of panic disorder and substance abuse. Supported by NIH RR08125.

862.13

BEHAVIORS ASSOCIATED WITH COCAINE SELF-ADMINISTRATION 
PREDICT THE MAGNITUDE OF REINSTATEMENT IN RATS. P. J. Krazich». 
J, W. Grimm. N, R. Rustav, C. D. Parks, and R. E, See. Department of Psychology and 
Program in Neuroscience, Washington State University, Pullman, WA 99164.

Neutral stimuli paired with infusions of cocaine are capable of reinstating previously 
extinguished responding in laboratory rats. In this study, behaviors associated with 
cocaine self-administration were used to predict the magnitude of stimulus cued re
instatement of previously extinguished responding in rats. Rats (N = 14) were initially 
screened for locomotor activity in order to measure responding to novelty. Following 
locomotor screening, rats were implanted with a chronic indwelling jugular catheter. 
Upon recovery from surgery, rats were trained to self-administer i. v. cocaine 
(O.33mg/O.O5 ml bolus delivered over 2.7 sec) on a fixed ratio 1 (FR 1) schedule of 
reinforcement. Rats were then given access to cocaine during 14 daily 3-hour trials. A 5 
sec presentation of a 60 dB tone and a stimulus light located above the active cocaine 
lever in a two lever operant chamber were paired with each infusion of cocaine. Rats 
then underwent 7 days of extinction trials where responding resulted in no cocaine, nor 
drug paired stimuli. After extinction trials, rats were non-contingently presented 
combined light and tone in the absence of cocaine, and the amount of responding was 
recorded. Three days after non-contingent presentation of drug-paired cues, rats were 
exposed to both non- and response-contingent drug-paired cues and response- 
contingent cocaine. These data were then entered into hierarchical regression analyses 
in the order of experience for the rats: 1) locomotor screening, 2) responding during the 
first cocaine trial, 3) average responding during 14 days o f cocaine self-administration, 
4) responding during the first extinction trial, 5) average responding during 7 days of 
extinction trials, 6) responding during non-contingent presentation of cues, and 7) res
ponding during non- and response-contingent presentation of cues and cocaine. 
Preliminary analyses suggest that the number of responses during the first extinction 
trial and the average extinction responding are important factors for predicting the 
magnitude of stimulus cued recovery of previously extinguished responding.
Supported by NIH grant DA10462 (RES) and the state of Washington.

862.15

Self-administration of cocaine and ethanol solutions by Drosophila 
melanogaster. a behavioral study analysis. G. Torres*. K. E. Smith 
and J.M.. Horowitz. Behavioral Neuroscience Program. Department 
of Psychology. State University of New York at Buffalo. Buffalo, 
New York 14260.

The present experiments were carried out to determine the 
effects of cocaine and ethanol consumption in D ro so p h ila . Acute 
self-ingestion of cocaine droplets elicited a complex set of behaviors 
in flies commonly typified by circling behavior, wing buzzing activity 
and overall motor stimulation. Self-administration of cocaine by 
D ro s o p h ila  for a three day period also produced marked and long 
lasting behavioral changes, including the emergence of behavioral 
sensitization to smaller doses of the psychostimulant. Because both 
cocaine and ethanol are ingested together by human addicts, we 
exposed D ro s o p h ila  to cocaine and ethanol solutions for five 
consecutive days. Flies exposed to the combined cocaine-ethanol 
regimen showed significant levels of cocaine and ethanol in their 
bodies. For example, cocaine analytes, as measured by gas 
chromatography-mass spectrometry methodology, were in the range 
of 9 to 186 ng/ml. These data along w ith  previous findings from 
this (Torres and Horowitz, 1998) and other laboratories (McClung and 
Hirsh, 1998), indicate that D ro s o p h ila  could be used as a viable and 
convenient model to investigate the effects of cocaine and ethanol 
on brain gene expression, dopamine and serotonin release and 
behavioral activity. Supported in part by a Research Foundation 
Award of SUNY to GT.

862.12
BEHAVIORAL SENSITIZATION FAILS TO PREDICT A GREATER  
PROPENSITY FOR RELAPSE TO COCAINE-SEEKING BEHAVIOR.
D.A. Karanian and D.W. Self*. Div. of Molecular Psychiatry, Yale Univ. Sch. of 
Medicine, CT Mental Health Center, New Haven, CT, 06508.

Behavioral sensitization to psychomotor stimulants has been suggested to 
underlie enhanced drug craving and a propensity to relapse. We tested this hypothesis 
directly by comparing both amphetamine-induced locomotion and relapse to cocaine
seeking behavior in individual outbred Sprague-Dawley rats. In this experiment, 
animals were first tested for locomotor responses to amphetamine (0.5 mg/kg, s.c.) 
following habituation to locomotor test chambers. The animals were then allowed to 
acquire intravenous cocaine self-administration ( 1.0 mg/kg. iv) in operant test 
chambers in daily 4 hr tests for 10 days over 2 weeks. Extinction conditions were 
introduced for 4 hrs/day for 5 days during the 3rd week. During the 4th week, animals 
were tested, on consecutive days, for relapse to cocaine-seeking behavior during 
exposure to a cocaine-associated cue, a neutral stimulus, following a s.c. injection of 
amphetamine (0.5 mg/kg), saline, and 15 minutes of intermittent footshock stress. 3 
days later, the animals were again tested for amphetamine-induced locomotion, and 
divided into sensitized and non-sensitized groups based on this post-test data. The 
level of cocaine-seeking behavior induced by each of the priming stimuli, as indicated 
by non-reinforced responding selectively at a cocaine-paired lever, failed to differ 
between sensitized and non-sensitized animals. Indeed, there was a consistent tendency 
for non-sensitized animals to show greater levels of cocaine-seeking behavior during 
both extinction testing, and when exposed to relapse-inducing stimuli. Both groups 
self-administered similar amounts of cocaine, and showed a similar percent increase in 
locomotor responses when challenged with a higher dose of amphetamine ( 1.0 mg/kg) 
at the end of the experiment. These results suggest that neuroadaptations underlying 
behavioral sensitization to psychostimulants may not contribute to drug craving and 
relapse in addicted subjects.
Supported by NIDA grant DA10460 and the Abraham Ribicoff Research Facilities.

862.14

CONDITIONED CUED RECOVERY OF COCAINE REINFORCED 
RESPONDING REQUIRES A COMPOUND STIMULUS. J.W. Grimm*. P.J. 
Kruzich, N.R. Rustav. and R.E. See. Dept, of Psychology and Program in 
Neuroscience, Washington State Univ.; Pullman, WA 99164-4820.

Our laboratory has demonstrated conditioned cued recovery o f responding on a 
cocaine paired lever following prolonged extinction (BehavPharm: 1996:7:754-763). 
The present series of experiments examined aspects of conditioned stimuli in this 
paradigm. Rats pressed a lever to self-administer cocaine (0.33 mg/0.05 ml infusion 
i.v.) in daily 3 h sessions for 14 days. Cocaine infusions were accompanied by the 
presentation of controlled environmental stimuli. Rats then experienced 7 days of 
extinction. The next day, cued recovery of responding was assessed by monitoring 
the lever responding o f rats in the presence of the stimuli presented during drug self- 
administration. Rats (N=8) trained with a combined presentation of a tone (60 dB, 2 
kHz, 2 sec) and stimulus light (40 sec) showed robust (p<0.05) recovery of 
responding when the tone/light combination was presented following extinction. 
However, rats (N=5) trained the same way did not show recovery of responding when 
presented with the tone alone following extinction. Additionally, rats (N=5) trained 
with a combined presentation of the same tone and stimulus light (2 sec) did not show 
recovery of responding when presented with alternating tone or light presentations 
following extinction. Even more, rats (N=I8) trained with the tone alone did not 
show recovery of responding when presented with the tone following extinction. 
Four further groups (N=7-8) were trained and tested for cued recovery with differing 
combinations of tone/light durations to establish the most robust parameters for the 
relapse model. All groups showed significant (p<0.05) recovery of responding 
following extinction when presented with the same combination of stimuli presented 
during training. Overall, these results indicate that a compound stimulus is necessary 
for cued recovery of responding in this animal model of relapse. Supported by NIH 
grant DA10462.

862.16

FOOD DEPRIVATION DISRUPTS THE SUPPRESSIVE 
EFFECTS OF COCAINE IN THE CTA PARADIGM.
R.A. Wheeler*. E. Romero-Cierpial. and P.S. Grigson. Penn 
State College of Medicine, Hershey, PA 17033.

In conditioned taste aversion learning, LiCI suppresses intake 
of a saccharin conditioned stimulus (CS). In anticipatory 
contrast, sucrose suppresses intake of a saccharin CS. Drugs 
of abuse, such as morphine and cocaine, also suppress intake 
of a saccharin CS. Evidence is accumulating that this effect is 
mediated by appetitive, rather than aversive, properties. For 
example, food deprivation reduces the suppressive effects of 
sucrose and morphine, but not LiCI. Thus, we hypothesized that 
the suppressive effects of cocaine also would be attenuated by 
food deprivation. Twenty food deprived (82% of body weight) 
and 20 water deprived (5 min am/1 hr pm) male rats were given 
5 min access to 0.15% saccharin, and after a 5 min interval, 
were injected sc with either saline, 5, 7.5, or 10 mg/kg cocaine. 
There was one pairing a day, occurring every other day for a 
total of 8 trials. Post hoc analyses revealed that the 7.5 and 10 
mg/kg doses of cocaine suppressed saccharin intake in water 
deprived rats, jd < 0.05, but failed to do so in food deprived rats, 
jd > 0.05. These results further align the suppressive effects of 
drugs of abuse with those of an appetitive sucrose solution. 
Supported by DA 09815.
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862.17
COGNITIVE DIMENSIONS OF CUE-INDUCED COCAINE CRAVING.
H. Garavan. A. Bloom*. L. Sperry. R. Risinger. B. J. Salmeron. T. Salm, and E, 
A. Stein. Departments of Psychiatry and Pharmacology, Medical College of 
Wisconsin, Milwaukee, WI 53226.

Cocaine-related cues have been hypothesized to perpetuate drug abuse by inducing 
a craving response that prompts drug seeking behavior. fMRI affords the 
opportunity to non-invasively identify the neural underpinnings of these strong 
emotional cravings. Experienced cocaine users (n=24) and control subjects (n= l8) 
viewed 3 individual films that portrayed (a) individuals smoking crack cocaine, (b) 
outdoor nature scenes, and (c) explicit sexual content. Whole brain BOLD fMRI 
(TR=6OOO; TE=4O; FOV= 24 cm) was acquired for 12 minutes for each film (3 
min. baseline, 4 min. film and 5 min. visuospatial working memory task). The 
task served to reduce any film-induced craving and also provided an assessment of 
the influence of a craving state on cognitive performance. Heart rate, skin 
temperature, and skin resistance were recorded to assess physiological reactions to 
the films. Self-report measures provided an index of subjective craving. The time 
course of BOLD signal during each film was modeled on a per voxel basis using a 
non-linear regression algorithm. These models identified time-courses that showed 
statistically significant responses to the films and provided descriptive statistics on 
the nature and magnitude of the response (e.g. area-under-the-curve [AUC], onset 
latencies). AUC analyses implicate an important role for the amygdala in cocaine 
craving. The amygdalar response is best paralleled by the control subjects' response 
to the sexual content film. Many frontal regions, especially along the middle and 
superior frontal gyri (BA 9 and 10) were also activated in cocaine users by the 
cocaine tape. This pattern of activation suggests an important cognitive component 
(cued learning and memory) to the emotional responses critical to the craving state. 
Supported by NIDA grant DAO9465.

862.19
Behavior, drug disposition and drug metabolism in Long-Evans and 
Sprague-Dawley rats after chronic ethanol and cocaine administration 
J,M. Horowitz* and G. Torres. Behavioral Neuroscience Program, 
Department of Psychology, State University of New York at Buffalo, 
Buffalo, New York 14260.

Long-Evans and Sprague-Dawley rats show differential behavioral 
responses to cocaethylene, a metabolite derived from the 
simultaneous ingestion of cocaine and ethanol. To test whether 
these behavioral differences were also manifested when these 
strains were exposed to cocaine and ethanol, both strains were fed 
an ethanol liquid diet (8.7% v/v) in conjunction with cocaine 
injections (45 µmol/kg) for 15 days. The following parameters were 
evaluated (i) ethanol consumption, (ii) cocaine-induced behavioral 
activity, (iii) blood-ethanol levels, (iv) blood, liver, brain cocaine and 
cocaethylene levels, and (v) liver catalase and esterase activity. We 
found that Long-Evans rats drank significantly more of the ethanol 
liquid diet relative to the Sprague-Dawley line. This rat phenotype 
also differed from the Sprague-Dawley strain in terms of behavioral 
activity after cocaine administration. Blood ethanol levels did not 
differ between strains. Similarly, we failed to detect strain- 
dependent differences in blood, liver or brain cocaine levels as 
measured by gas chromatography/mass spectrometry. Cocaethylene 
levels, however, were higher in blood and brain of Long-Evans 
relative to Sprague-Dawley rats. Although the cocaine and ethanol 
regimen imparted a marked suppression of catalase and esterase 
activity compared w ith control-fed rats, this suppression was roughly 
equivalent in both strains. This work was supported by an American 
Psychological Foundation Award to JH.

862.18
DOSE-DEPENDENT COCAINE SENSITIZATION AND TOLERANCE IN 
YOUNG DOMESTIC FOWL. R. A, Hughes*. H, M, Pierce, and M. J, Baker. 
Neuroscience Program and Dept, of Psychology, Iowa State Univ., Ames, IA 50011.

Sensitization to activational properties of psychomotor stimulant drugs such as 
cocaine have been demonstrated in prevveanling rat pups after up to 4 drug exposures 
on tests within 1-2 days of the last injection. We previously reported cocaine 
sensitization effects over four cocaine exposures in young fowl at 10 mg/kg. We 
now report both sensitization and tolerance to cocaine activational effects in young 
cockerels tested daily from 9-19 days posthatch at doses from 0.0, 2.5, 5.0, 10.0, &
15.0 mg/kg i.p. Chicks received three 10-min. apparatus exposures on posthatch days
6-8 before drug injections and 30 min. tests on days 9-19 during which activity and 
vocalizations were recorded. For the activity measure, only tolerance occurred at 2.5 
mg/kg. At 5.0 mg/kg sensitization occurred from 9-10 days posthatch and tolerance 
occurred thereafter. At 10 mg/kg sensitization occurred and remained asymptotic 
from 9-12 days posthatch with tolerance thereafter. At 15 mg/kg sensitization 
occurred and remained asymptotic from 9-15 days posthatch with tolerance 
thereafter. Overall activational effects were greatest at 5.0 and 10.0 mg/kg. 
Vocalization data will also be reported. This research was supported by the 
psychology department and was approved by the university Committee On Animal 
Care.
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863.1

Effect of Antipsychotic Drugs (APD) on Cognitive Function in 
Schizophrenia (SCH): HY Meltzer*, M. Lee and S. McGurk, Vanderbilt 
University School o f M edicine

Cognitive function is markedly impaired in schizophrenia and is o f  
central importance for poor functional outcome, e.g. work function. 
Whether typical and atypical APD differ with regard to ability to affect 
cognitive function as well as extrapyramidal function (EPS) and 
psychopathology is o f interest. SCH patients were treated with clozapine 
(CL; N =71), olanzapine (OL; N=2O), risperidone (RI; N =29) or typical 
neuroleptic drugs (TN; N=29) and evaluated aftèr 6 weeks, in open 
clinical trials. Adjunctive pharmacologic treatment was rare. CL and OL 
significantly improved one or more tests o f attention, executive function 
(EF), verbal learning and memory (VLM), and verbal fluency but not 
verbal working memory (VW M). Conversely, RI improved VW M  but 
not the other measures, except for a trend towards improvement in EF. 
(Other studies have reported broader improvement with RI). Typical 
neuroleptic drugs improved VLM only. The relationship between 
improvement in cognition and psychopathology was minimal for any of 
the drugs. Covaring for change in EPS did not change the results. 
Baseline cognitive measures, especially EF and VLM , predicted work 
function better than psychopathology. These data suggest atypical APD  
are effective in treating cognitive dysfunction in SCH and that the pattern 
differs among these drugs.

863.2

INCREASED INCIDENCE OF DYSKINESIAS AND OTHER BEHAVIORAL 
EFFECTS OF RE-EXPOSURE TO NEUROLEPTIC TREATMENT IN SOCIAL 
COLONIES OF MONKEYS. GS Linn. K Lifshitz. RT O'Keeffe. J Camp-Lifshitz, DC 
Javitt*. K Lee. The Nathan S. Kline Institute for Psychiatric Research, Orangeburg, 
NY 10962.

In addition to the well known motor effects, long-term treatment with neuroleptics 
may generate other behavioral pathologies. To address the issue of prolonged 
neuroleptic treatment and dopaminergic function, we carried out a five year, multi
phase study with social colonies of monkeys (Cebus apellá). In Phase 1 of the study 
(previously reported), we examined the effects of 48 weeks of exposure to 
fluphenazine decanoate (FPZ) (0.22 and 0.33 mg/kg, IM, every three weeks), and its 
withdrawal. Here, we report on Phase 3 of the study, in which we examined the effects 
of 18 weeks of re-exposure to FPZ, 91 weeks after FPZ-treatment was discontinued 
during Phase 1. Questions concerning the effects of medication interruption or 
intermittent treatment are pertinent for several reasons. Many patients receiving 
neuroleptic therapy have periods of treatment non-compliance or discontinuation. 
When ancillary neuroleptic treatments are given (e.g., during the manic phase of 
bipolar disorder) they are usually separated by neuroleptic-free periods. Analysis of 
blood plasma FPZ indicated levels of O.22±O.O8 ng/ml for the six injections during the 
re-exposure period (N=54). This is comparable to the FPZ levels found (O.24±O.O7 
ng/ml) during our original treatment with this dose. Acute dyskinesias and dystonias 
increased by 300% upon re-exposure to FPZ. Fifteen of the eighteen treated animals 
exhibited oral-buccal dyskinesias and all exhibited torticollis or retrocollis. 
Retreatment with FPZ was also associated with highly significant reductions in self- 
and environment directed behavior and directed affiliation. These effects, are similar 
to what was seen dining the original FPZ treatment in Phase 1. Re-treatment was also 
associated with a significant reduction in directed aggression. This treatment effect 
was more robust than during treatment in Phase 1. Supported by PHS MH#39057.
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863.3

T in ; ACUTE EFFECTS o f  o l a n z a p in e  o n  d o p a m in e  t u r n o v e r  a s

INDICATIVE OF ATYPICALITY: AN IN  VIVO MICRODIALYSIS STUDY. K.L. 
Noblett*. G.M. Kolar. N.A. Wetzel. L.L. Moser. K.A. Gradv. C.A. Tarasek. M.J. Goertz. 
and R E Steinpreis. Dept, of Psychology, Univ. of Wisconsin-Milwaukee; Milwaukee, 
WI 53211.

Olanzapine is a putativ e atypical antipsychotic that shares many of the pharmacological 
and behavioral properties of clozapine, the prototype of atypicality. Clozapine has 
demonstrated a unique neurochemical profile that suggests a preferential effect on the 
mesocortical vs. the mesolimbic and nigrostriatal pathways This unique profile appears 
to underlie its paucity of extrapyramidal side effects and its ability to suppress negative 
symptoms of schizophrenia. The purpose of this project was two-fold: 1) to assess the 
neuroehemical effects of olanzapine and clozapine on dopamine (DA) metabolite lev els 
in the aucieus accuxnbens (NAc) and medial prefrontal cortex (mPFC) in the ra t and; 2) 
to compare these effects to haloperidol to determine if differential effects between the two 
structures may be used as an index of atypicality in novel antipsychotics. Microdialysis 
coupled to HPLC was used to analyze fluctuations in dihydroxyphenylacetic acid and 
homovanillic acid, two primary DA metabolites, following a single intraperitoneal 
injection of olanzapine (10.0 mg/kg), clozapine (30.0 mg/kg), haloperidol (0.3 mg/kg), 
or corresponding vehicles Dialysis samples were collected every' 30 minutes for eight 
hours. Clozapine produced significantly greater increases in metabolite levels in the 
mPFC than in the NAc. Haloperidol and olanzapine produced greater elevations in the 
NAc than in the mPFC, However, the elevations caused by olanzapine and clozapine in 
the mPFC were substantially greater than those produced by haloperidol. The results 
suggest that differential effects on DA metabolite levels in the mPFC and NAc may not 
be an accurate index of atypicality, since differential effects within the NAc do not appear 
to distinguish between atypical and typical antipsychotics. The relatively greater 
elevations within the mPFC when compared to typical antipsychotics appears to be a 
better predictor of atypical potential.
This research was supported by NIMH I RO3 MII56354-01.

863.5

A c u te  a n d  C h r o n ic  A d m i n i s t r a t i o n  o f  C l o z a p in e  P r o d u c e s  
G r e a t e r  P r o c o n v u l s a n t  A c t io n s  t h a n  H a l o p e r i d o l  o n  F o c a l  
H i p p o c a m p a l  S e i z u r e s  in  F r e e ly  M o v in g  R a t s  
T su to m u  N is h im u ra 1 *, Yosh io M in ab e1. Kei-ic h iro  W a t a n a h e 1.
Ch a r les R. A shby .J R 2 1.N ation! In s t i tu te  of N euroscience, NC N P,
K odaira ,T okyo  187-8502, J a p a n ;  2. PH S D ep t., S t .J o h n ’s U niversity , 
J a m a ic a , NY 11439

In th is  s tu d y , we a s se s s e d  th e  effects of th e  acu te  (a single injection) a n d  
re p e a te d  (once d a ily  in jections for 21 days) a d m in is tra t io n  of th e  a typ ical 
an tipsycho tic  d ru g  clozap ine (1.5, 5. or l5m g/kg, i.p.) a n d  th e  typical 
an tipsycho tic  d ru g  h a loperido l (0 .15 ,0 .5 ,a n d  L5m g/kg, i.p.) on h ippocam pal 
p a r t ia l  se iz u res  g e n e ra te d  by low frequency electrical s tim u la tio n  in m ale  
W is ta r  ra ts . T h e  se izu re  th re sh o ld  a n d  severity  w ere d e te rm in e d  by 
m ea su rin g  th e  p u lse  n u m b er  th re sh o ld  (PNT) a n d  th e  p rim ary  
a fte rd isch arg e  d u ra tio n  (ADD), respectively. A single  injection of e ith e r 5 or 
l5m g/kg of clozap ine significantly  d ec reased  th e  P N T  a n d  significantly  
in creased  th e  p r im a ry  ADD, ind ica ting  a p ro co n v u lsan t action , T he re p e a te d  
a d m in is tra t io n  of c lozap ine (1.5, 5, or l5m g/kg, i.p.) produced  dose- 
d ep en d en t, p ro co n v u lsan t effects by significantly  dec reasin g  th e  PN T a n d  by 
significantly  increasing  th e  p rim ary  ADD. In co n tra s t to clozapine, th e  acu te  
a d m in is tra t  ion of ha lo p e rid o l d id  not significantly  a lte r  th e  P N T  or the  
p rim ary  ADD. T h e  rep ea t ed ad m in ist ra t  ion of h a loperido l (0.5 a n d  l .5mg/kg, 
i.p ), u n like  c lozap ine, significantly  d ec reased  the  p rim ary  ADD, b u t d id  not 
a lte r  th e  PN T. O verall, c lozapine p roduces a g rea te r  p roconvu lsan t action 
th a n  h a loperido l in an  a n im a l m odel of h ip p o cam p a l se izu res.
S u p p o rted  by J a p a n e s e  M in istry  of H ealth  a n d  W elfare.

863.7

A M P A K IN E S  A N D  A T Y P IC A L  A N T IP S Y C H O T IC S  
S H A R E  F E A T U R E S  IN  A N T IP S Y C H O T IC  P R O P E R T Y  
S P A C E

N Waters*. A Carlsson, LO Hansson, C Sonesson, and ES Waters. Dept of 
Phannacology, Göteborg University, Box 431, SE 405 30 Gothenburg, Sweden.

The basal ganglia and thalamus form part of a cortico-subcortical circuitry pre
sumed to control sensory inflow, cognitive processes as well as behaviour. Psychiat
ric diseases, in particular schizophrenia, are regardedas states of severe disturbance in 
these functions. A multivariate analyisis, using PLS, of antipsychotic compounds 
based on their effects on brain monoaminergic (DA, 5-HT, NE) systems gives an 
overview of their various action profiles in this circuitry . Such an analysis uncovers 
qualitative differences between compounds.

Dependent on their effects the investigated compounds form clusters in the 
multivariate property space which indicates that currently used antipsychotics have a 
limited range of global effects. However, the diversity of the transmitter systems and 
projections in the circuitry should allow for a larger variation in drug actions.

The drugs affect monoaminergic systems differently with regard to their 
preferential interactions with certain transmitter systems and brain areas. Some 
atypical antipsychotics also have different actions, depending on the initial brain 
state, eg clozapine has clearly different effects in the hypoglutamatergic state, as 
compared to the normal brain state. In the normal state it displays effects mainly on 
basal ganglia dopamine, but in the hypoglutamatergic state it switches to preferential 
actions at cortical and limbic dopaminergic and serotonergic mechanisms. These latter 
properties in the hypoglutamatergic state are shared by the putative antipsychotic 
MIOO,9O7 but also by the positive AMPA modulator C x5l6. Thus in the 
hypoglutamatergic state, Cx5l6 specifically interacts with certain monoaminergic 
subsystems in a fashion distinguishing atypical antipsychotics.

The Stanley foundation is gratefully acknowledgedfor financial support
Waters etail. 1994 Soc. Neurosci., 20:825

863.4
INTRA-STRAIN DIFFERENCES IN RESPONSE TO APOMORPHINE 
INDUCED DISRUPTION OF PREPULSE INHIBITION OF THE STARTLE 
RESPONSE. D. K. Rush* & D. E. Selk. Hoechst Marion Roussel, Inc., CNS 
Disease Group, Bridgewater, NJ 08807-0800.

PrePulse Inhibition (PPI) of the startle response is a reduction of the startle 
response by the presentation of a weak "lead" stimulus and is considered a 
model system for measuring sensory gating or filtering. Schizophrenic 
patients have a deficit in sensory gating and show reduced PPI. This sensory 
gating deficit, a difficulty in ignoring irrelevant stimuli, is a negative symptom 
of schizophrenia and has been modeled in animals by disrupting PPI.

PPI can be disrupted with a variety of drugs including the dopamine agonist 
apomorphine (APO). Current antipsychotic agents, all of which are dopamine 
antagonists, reverse APO induced disruption of PPI, lending validity to the 
model. In attempting to establish this model for use in drug screening for 
novel antipsychotic agents, an intra-strain difference in susceptibility to the 
disruptive effects of APO was found. Sprague-Dawley (SD) rats from one 
supplier (Harlan, H) were much more sensitive to the disruptive effects of 
APO than the same strain from another supplier (Charles River, CR).

Using auditory stimuli for both the startle pulse (118 dB) and pre-pulse 
(80 db) against a 65 dB background, approximately 60-70% inhibition of the 
startle response was induced in rats from both suppliers. APO (0.1, 0.3, &
1.0 mg/kg sc) dose dependents disrupted prepulse inhibition of the startle 
response in both the H and CR SD rats; the magnitude of the APO effect in 
the H SD rats was significantly larger than in the CR SD rats. The APO (0.3 
mg/kg sc -O’) induced disruption of PPI in H rats could be antagonized with a 
variety of antipsychotic drugs (mg/kg ip -30’): clozapine 1, 3 & 10, 
haloperidol 0.1, 0.3 & 1.0, olanzapine 0.3, 1.0 & 3.0, raclopride 0.03, 0.1 & 
0.3, and seroquel 3, 10 & 30. In addition to published reports of inter-strain 
differences, the results demonstrate an in tra-strain difference in PPI.

863.6

A N T IP S Y C H O T IC  B R A IN  M E C H A N IS M S  IN  T H E  
N O R M A L  A N D  H Y P O G L U T A M A T E R G IC  S T A T E

ES Waters*, A Carlsson, M Edling, LO Hansson, and N Waters. Dept of 
Phannacology, Göteborg University, Box 431, SE 405 30 Gothenburg, Sweden.

Psychiatric diseases, in particular schizophrenia, are regarded as states of severe 
disturbance in mental functions controlled by a cortico-subcortical circuitry. A 
multivariate analyisis, using PLS, of antipsychotic and putatively antipsychotic 
compounds based on their effects on brain monoaminergic (DA, 5-HT, NE) systems 
reveals clusters among the compounds which indicates that currently used 
antipsychotics have a limited range of action profiles in this circuitry (N Waters et al, 
this meeting). Compounds that have different action mechanisms at the receptor 
level may produce similar global effects.

A few antipsychotic and putatively antipsychotic compunds with the largest 
possible diversity in global effects on the monoaminergic systems were explored in 
depüi with regard to their effects on the connectivity in the cortico-subcortical 
circuitry. The compounds chosen display different clinical profiles and receptor level 
actions. To uncover how the interplay between the cortical and subcortical regions is 
altered by the different compounds we use partial least squares regression to model the 
relations between monoaminergic and GABAergic systems under the influence of the 
various compondsin the normal and hypoglutamatergic state. The compounds induce 
different patterns of connectivity, to some extent depending on the initial brain state. 
Eg die effects of haloperidol reside in basal ganglia-thalamie interrelations, clozapine 
modulates cortico-thalamic interrelations, and the AMPA modulator Cx5l6  changes 
the role of serotonergic systems in the overall connectivity pattern. Atypical 
antipsychotics in particular display a change of profile in the hypoglutamatergic state. 
Interestingly, the compounds have certain common features. Striatal and thalamic 
GABAergic activity are normally positively related, most likely due to a prominent 
role of the indirect striato-thalamic GABAergic projections. This relation is broken 
up in the hypoglutamatergic state but is strengthened by all compounds investigated.

Hoechst Marion Roussel, Inc. is gratefully acknowledged for financial support.

863.8
CHRONIC TREATM ENT WITH E-5842, A  NEW  ATYPICAL  
ANTIPSYCHOTIC DRUG, REGULATES THE EXPRESSION OF SOM E  
CORTICAL A N D  SUBCORTICAL GLUTAM ATE RECEPTOR 
SUBUNITS IN R A T BRAIN. X. Guitart*. A. Carceller. A.J. Farré. Dept. 
Neuropharmacology. Lab. ESTEVE, S.A. Barcelona, Spain.

E-5842 has been identified as a preferent sigmai receptor ligand with low  
or null affinity for other receptors and with preclinical atypical antipsychotic 
activity. Abnormal glutamatq/σther neurotransmitters interactions may be 
involved in the pathophysiology o f  schizophrenia, and regulation o f  specific  
glutamate receptor subunits in nigrostriatal and m esocorticolim bic dopamine 
pathways have been described after chronic treatment with typical and 
atypical antipsychotics.

E-5842 was administered to rats for 21 days (20 mg/kg, i.p.), and then 
levels o f  different glutamate receptor subunits in the terminal fields o f  
nigrostriatal and m esocorticolim bic dopaminergic system s were studied by 
immunoblotting procedures, using antibodies directed against the G luR l, 
GluR2/3, NM D AR 1, N M D A R 2A  subunits. E-5842 treatment increases 
levels o f  GluR2/3 in the nucleus accumbens and the medial prefrontal 
cortex, while decreases in the levels o f  this subunit are observed in the 
striatum and the fronto-parietal cortex. L evels o f  N M D A R 2A  were increased 
in the striatum (with no effect on the nucleus accumbens), the medial 
prefrontal cortex, the fronto-parietal cortex, and the cingulate cortex. Our 
results show a regionally distinct regulation o f particular glutamate receptor 
subunits, and suggest that such a regulation may be an important mechanism  
through which E -5842 exerts its action, especially in relation to its long-term  
effects on brain function. (Supported by Esteve, S.A .).
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863.9
INHIBITION OF PHENCYCLIDINE-INDUCED SUBCORTICAL DOPAMINE 
RELEASE BY GLYCINE. A. Balia. H  Sershen* and D.C. Javitt Nathan S. Kline 
Institute for Psychiatric Research, Orangeburg, NY 10962 

Phencyclidine (PCP, “angel dust”) and other NMDA antagonists induce 
psychotomimetic effects in humans that closely resemble those of schizophrenia. 
NMDA agonists, such as glycine (GLY) and D-cycloserine have been shown to be 
clinically beneficial in schizophrenia, indicating that endogenous NMDA 
dysfunction may contribute significantly to the pathophysiology. In rodents, PCP 
induces locomotor hyperactivity that may serve as an animal model for drug 
development. PCP-induced hyperactivity iá associated with increased dopamine 
(DA) release in nucleus accumbens (NAC), indicating that the behavioral effects of 
PCP may be due, in part, to dysregulation of subcortical DA systems. GLY and 
other NMDA augmenting agents, including GLY transport inhibitors, reverse the 
behavioral effects of PCP in rodents. The present study investigates the degree to 
which GLY-induced reversal of PCP-induced hyperactivity is associated with 
reversal of PCP-induced DA release in NAC. Extracellular levels of DA and DA 
metabolites were determined in NAC shell using in vivo microdialysis and 
electrochemical HPLC. PCP injection (5-10 mg/kg sc) increased DA release in a 
dose dependent manner. DA levels peaked at 60 min and remained elevated for 210 
min after acute PCP administration. The increase in DA was accompanied by 
significant, dose dependent increases in DOPAC and HVA levels. GLY (0.8 or 1.6 
mg/kg i.p.) itself did not affect DA, DOPAC or HVA levels. However, when given 
30 min prior to PCP, GLY significantly inhibited DA and DOPAC release, while 
decreases in HVA levels did not reach statistical significance. Thus, GLY, at doses 
that reverse PCP-induced hyperactivity, also antagonize PCP-induced DA release in 
NAC, suggesting that such agents may work in part by augmenting subcortical 
NMDA activation, thereby leading to stabilization of subcortical DA 
neurotransmission. (Support: DA03383 and the Stanley Foundation)

863.11

DIFFERENTIATION BETWEEN TYPICAL AND ATYPICAL ANT1- 
PSYCHOTICS WITH THREE-LEVER DRUG DISCRIMINATION.
J.H. Porter*. S.A. Varvel. and R.E. Vann. Psychology Dept., 
V irginia Commonwealth Univ., Richmond, VA 23184-2018.

The atypical antipsychotic clozapine has been shown to have robust 
discriminative stimulus properties in two-lever drug discrimination studies in 
rats, pigeons, and squirrel monkeys. However, these studies have not shown 
that this procedure reliably distinguishes between other atypical and typical 
antipsychotic drugs. The present study trained rats in a three-lever drug 
discrimination procedure with clozapine (5.0 mg/kg CLZ) vs. chlorpromazine 
(1.0 mg/kg CPZ) vs. vehicle. Generalization testing with CPZ produced only 
CPZ-appropriate responding (ED5O = 0.196 mg/kg). Generalization testing 
with CLZ produced CPZ-appropriate responding at lower doses (ED5O = 
0.103 mg/kg); however, CLZ-appropriate responding was evident at higher 
doses (ED5O = 1.69 mg/kg). The atypical antipsychotic olanzapine produced 
a similar profile with an ED5O of 0.021 mg/kg on the CPZ lever and an ED5O 
of 1.191 on the CLZ lever. The typical antipsychotic haloperidol produced 
only CPZ-appropriate responding (ED5O = 0.039 mg/kg). The atypical 
antipsychotic risperidone differed from clozapine and olanzapine in that it 
produced only CPZ-appropriate responding (ED5O = 0.066 mg/kg).

Scopolamine produced CPZ-appropriate responding at low doses (ED5O = 
0.019 mg/kg), and CLZ-appropriate responding at higher doses (ED5O = 
0.098 mg/kg). The 5-HT2A/2C antagonist ritanserin did not substitute for 
either CLZ or CPZ. Thus, antagonism of muscarinic receptors is sufficient to 
produce both CPZ- and CLZ-appropriate responding. The three-lever drug 
d iscrim ination procedure clearly d istinguished chlorprom azine and 
haloperidol from clozapine and olanzapine, but not from risperidone.

863.13
EFFECTS OF SERTINDOLE ON CONDITIONED AVOIDANCE RESPONSE 
AND CATALEPSY IN RATS M. V. Fagerquist1. M.-L. Wadenberg2 , Magnus 
Niselr and T. H.Svensson' ‘Department of Physiology and Pharmacology, Section 
of Neuropsychopharmacology, S-171 77 Stockholm, Sweden 2Clarke Institute of 
Psychiatry, 250 College Street, Toronto, Ontario, M5T 1RB Canada.
This study was undertaken to examine the effects of sertindole on conditioned 
avoidance response (CAR) and catalepsy. Sertindole is a purportedly atypical 
antipsychotic drug which displays high affinity for 5-HT2, dopamine (DA) E¾ and 
noradrenergic
α ,-receptors and appears to provide high efficacy against both positive and negative 
symptoms of schizophrenia with very mild, if any, extrapyramidal side effects (EPS). 
However, the putative effect of sertindole on conditioned avoidance response (CAR), 
an experimental model with high predictive validity for the assessment of clinical 
antipsychotic efficacy, has not as yet been reported. In a preliminary study, 
subcutaneously administered sertindole caused a marked suppression of CAR, 
although with a slow onset of action and, to some extent, accompanied by a 
propensity for cataleptic rigidity. The present study was undertaken to further clarify 
this issue with regards to (i) specificity, i.e. in relation to the effect of sertindole on 
escape behaviour of CAR and (ii) selectivity, i.e. in relation to its effect on catalepsy. 
Sertindole administered intraperitoneally (i.p) produced a dose-dependent and 
statistically significant suppression of the avoidance response. In the lowest dose 
tested (5 mg/kg) sertindole significantly reduced avoidance without affecting escape 
behaviour and without producing cataleptic rigidity. The effect was seen within 90 
minutes and lasted up to 48 hours. Administration of 10 mg/kg sertindole i.p 
produced a marked suppression of avoidance, with a significant effect appearing 
within 20 minutes and lasting up to 72 hours. At this dose level there was a tendency 
towards cataleptic rigidity, although a significant effect was observed only 4h after 
administration. The highest dose of sertindole tested (20 mg/kg i.p) caused an 
avoidance suppression that was significant even 72 hours after administration. Escape 
failures were, however, observed at several time points after injection. These results 
support an effective antipsychotic action of sertindole even in the absence of EPS 
generation i.e.an atypical antipsychotic profile of the drug. This work was supported 
by the Swedish Medical Research Council grant 4747, Karolinska Institutet and H. 
LundbeckA/S, Copenhagen.

863.10
ENHANCED BEHAVIORAL EFFECTS O F PHENCYCLIDINE (PCP) IN RATS 
W ITH DEVELOPM ENTAL ABNORM ALITIES O F THE TEM PO RA L LOBE
M. Ghaiarnia. H. Moore and A. A. Grace*
Depts. o f  Neuroscience and Psychiatry, Univ. o f Pittsburgh, Pittsburgh, PA 15260

Several studies suggest that the pathophysiology of schizophrenia involves 
disruption the development of the temporal lobe and prefrontal cortex. The greater 
degree of behavioral impairment following administration of NMDA receptor 
antagonists observed in schizophrenia patients may be related to the dysfunction of 
glutamatergic efferents of these structures. To examine this possibility, the behavioral 
effects of PCP were studied in a rodent model of the neuropathology of schizophrenia. 
τ hus, on gestation day 15 or 17, rats were exposed to methylazoxymethanol acetate 
(MAM; via systemic injection to the dam); the effects of PCP were then tested in these 
rats as adults. Rats treated with MAM on G D I5 showed structural abnormalities, 
including decreased volume, thinning of the pyramidal cell layer, and ectopic cells, in 
the rostral, dorsal hippocampus. In rats treated on G D I7 these abnormalities were 
restricted primarily to the ventral subiculum and peri- and entorhinal cortex, areas that 
project to the ventral striatum and prefrontal cortex. MAM-treated rats exhibited a 
heightened sensitivity to the locomotor and ataxic effects of PCP. The ataxia was less 
severe in the G D I7 rats than in the G D I5 rats, possibly due to a more complete sparing 
of subcortical and cerebellar development in the G D I7 group. The frequency of 
spontaneous and PCP-induced orofacial αyskmesias was markedly increased in the 
MAM-treated rats, especially in the G D I"7 group. We propose that the orofacial and 
locomotor abnormalities in MAM-treated animals are mediated by abnormal temporal 
lobe regulation of neurotransmission in frontal cortical and striatal circuits. These may 
be analogous to the abnormalities observed in these circuits in schizophrenia patients. 
Thus, MAM-treated rats appear to have validity as a model of limbic and frontal 
corticostriatal dysfunction in schizophrenia. Supported by an NIMH Undergrad. Research 
Fellowship (M.G.), a NARSAD Award (H.M.), and MH45156, MH5744O Awards (A.A.G.).

863.12
RADIAL ARM MAZE PERFORMANCE IN RATS FOLLOWING LONG-TERM 
ANTIPSYCHOTIC ADMINISTRATION. C. Andersson*. J. Sinclair. D. Francum. 
C, Lawler, J, Lieberman, and R.B. Mailman. UNC Neuroscience Center and Dept, of 
Psychiatry, University of North Carolina Chapel Hill, NC, 27599.

Recently, a number of clinical studies have suggested that structural 
abnormalities in the basal ganglia of schizophrenics are induced or accelerated by 
classical (or “typical”) antipsychotic drugs such as haloperidol (Chakos et al., 1994). 
In contrast, a follow-up study showed that patients treated first with typical 
antipsychotics, and subsequently with clozapine (an atypical antipsychotic), had 
decrements in caudate volumes (Chakos et al., 1995). This study was designed to 
determine the effect of antipsychotic treatment on brain structure by examining the 
neurobiological effects of administration of typical and atypical antipsychotics on the 
striatum. Rats were administered haloperidol (1 mg/kg/day), clozapine (20 
mg/kg/day), risperidone (1 mg/kg/day), or vehicle for times as long as eight months. 
Additionally, we are testing the hypothesis that long-term administration of 
antipsychotics also may be associated with deficits in working memory (WM), as 
measured by performance on the radial arm maze (RAM). In a recent study by 
Hokoma et al. (1996), increased striatal volumes in schizophrenic patients were 
associated with poorer neuropsychological test performance on Hebb’s Recurring 
Digit test, a WM test in humans. Surprisingly, preliminary' results indicate that 
following one month of drug treatment, rats in the clozapine group make the fewest 
number of errors on the RAM, even when compared to the vehicle animals. 
Conversely, rats in the risperidone group exhibit the greatest number of errors when 
compared to the other groups. In a separate study, drug-naïve animals were trained 
on the RAM, and were retested following 6 months of antipsychotic drug 
administration. Early results indicate that long-term memory of the RAM task is 
best preserved in the haloperidol group versus vehicle group, but there appears to be 
a greater deficit in WM in the haloperidol group as compared to the vehicle group. 
(Supported by HDO3110 and the Foundation of Hope).

863.14
T H E  N O V E L  A N T IP S Y C H O T IC  Z IP R A S ID O N E  H A S  A  U N IQ U E  H U M A N  
R E C E PT O R  B IN D IN G  PR O FILE C O M P A R E D  T O  O T H E R  A G E N T S . A .W  
Schm idt* , L. A . L eb el, C .G . Johnson, H .R . H ow ard Jr, J .A . L o w e  and S .H . Z orn . 
N eu rosc ien ce , P fizer Inc. G roton, C T, 0 6 3 4 0 .

Z iprasidone (ZIP) is a novel antipsychotic  drug that is currently undergoing  
regulatory rev iew  w orld -w ide. T he present study w as undertaken to exam in e  the 
interaction o f  ZIP with a variety o f  hum an receptors and to com pare it’s profile  
w ith that o f  other antipsychotic  drugs includ ing  o lanzap ine (O L Z ), risperidone  
(R IS), quetiapine (Q U E ), c lozap in e  (C L O ), and haloperidol (H A L ). C om pared to 
its high a ffin ity  for the D , receptor (p K i=  8 .5 0 ) ziprasidone has ~ lO x ’s higher  
affin ity  for 5 -H T ,λ and 5 -H T ,(.(p K i = 9.41 and 9 .3 8 ), and -e q u a l affin ity  for 5 -H T iλ 
and bovine 5 -H T π) receptors (pK i =  8 .6 0  and 8 .70 ). W h ile , ZIP is an an tagon ist at 
D ,, 5 -H T ,λ, 5 -H T ,γ, and 5 -H T π, receptors, it is an agon ist at the 5 -H T iλ receptor. 
C om pared to its D , affin ity , ZIP has low er affin ity  for α , and α ,  adrenergic and 

histam ine H, receptors (pK i =  7 .33 , 7 .8 8  and 6 .5 2 ), and substantia lly  low er  affin ity  
for m uscarinic (m ,) receptors (pK i =  5 .2 9 ). In contrast, R IS, Q U E  and C L O  have  

2 -3 0 -fo ld  higher a ffin ities for the α , receptors, O LZ, Q U E  and C L O  have 7 -7 0 -fo ld  

higher affin ities for the H, receptor, w h ile  O L Z  and C L O  have 4 -7 0 -fo ld  higher 
a ffin ities for the m, receptor vs their resp ective  D , a ffin ities . O ne additional 
distingu ish ing  feature o f  ZIP is that on ly  ZIP inhibits both neuronal 5H T  and N E  

uptake in rat brain synaptosom es. Z IP ’s reduced affin ity  for oc, and α ,  adrenergic. 

H, and m, receptors vs its high affin ity  for the D ; receptors su g g ests  that it has a 
low er potential to produce orthostatic hypotension , sedation  and co g n itiv e  d efic its  
com pared with the other agents. It’s broader serotonergic  pharm aco logy  as w ell as 
its se lec tiv e  e ffec ts  on the 5H T /N E  transporter com b in ed  w ith its h igh affin ity  for 
D , receptors predicts that z iprasidone w ill be an e ffe c t iv e  an tip sych otic  drug with  
potential e ffica cy  for a ffective  sym ptom s, but w ith a low  propensity  to cau se  EPS.
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863.15

ANIMAL MODELS OF PARKINSONIAN SYMPTOMS: EFFECTS OF 
DIPHENHYDRAMINE RESEMBLE THOSE OF CLOZAPINE AND 
OLANZAPINE ON TESTS RELATED TO EXTRAPYRAMIDAL MOTOR 
FUNCTION IN RATS. B. Carlson*. J.T . Trevitt. and J.D . Salamone. Depts. of 
Psychology and Pharmaceutical Sciences, U. o f Connecticut, Storrs, CT 06269-1020.

Atypical antipsychotics such as clozapine have a low liability for producing 
extrapyramidal side effects. Research also indicates that clozapine can suppress 
parkinsonian tremor. The biochemical mechanisms responsible for these effects of 
clozapine are unclear. Many atypical antipsychotics have a high affinity for HI 
receptors. To investigate the role of histamine in parkinsonian tremor, 
diphenhydramine (DPH), an H I antagonist and antiparkinsonian agent, was tested 
in an animal model o f  parkinsonian tremor rats. The ability o f  DPH to suppress 
tacrine-induced tremulous jaw  movements (TJM) was assessed. Suppression of lever 
pressing (LP) was also studied to determine the relative potency o f the suppression 
o f TJM compared to other behavioral effects o f DPH. The ratio of the ED50 for 
suppression o f TJM over the ED50 for suppression o f LP was used as an index of 
extrapyramidal side effect liability. Acute administration of DPH suppressed TJM 
at or below the doses required for suppression o f LP, which is similar to the profile 
shown by clozapine and olanzapine. In contrast, the typical antipsychotic drug 
haloperidol failed to suppress TJM in doses up to 1.0 mg/kg, which is about 11-fold 
higher than the ED50 for suppression o f LP with that drug. In a second series of 
experiments, involving repeated administration o f DPH over a 14-day period, DPH 
also produced effects similar to clozapine and olanzapine. This work further supports 
that tests o f TJM activity and LP after acute and repeated drug administration may 
be useful for assessing antiparkinsonian effects of various compounds. Although 
more selective antihistamines must be tested in the future, the present work suggests 
that histamine receptors may play a role in the antiparkinsonian effects o f atypical 
antipsychotics. (Research supported by a grant to J.S. from NINDS)

NEUROPSYCHIATRIC DISORDERS: PH AR M A C O LO G IC A L AG EN TS— GENERAL

864.1

TH E A N T IH IS T A M IN E  C O M P O U N D  H Y D R O X Y Z IN E  M O D U LA TES 
C E LL G R O W TH  BY IN T E R A C T IN G  W IT H  TH E  PE R IP H E R A L  TY PE 
OF BEN ZO D IA ZE PIN E RECEPTO RS 
pH. V ernier*. W -J. Gu. S.. Père & J-D. V incent.
Institute A lfred Fessard, C .N .R .S., 91198, G if-sur-Y vette , France.
The antih istam ine com pound hydroxyzine (A tarax® , U C B -Pharm a), used as 
an tia llerg ic  and anxio ly tic  exhib its  pharm aco log ical ac tiv ities w hich extend 
beyond the sole in teraction w ith H j h istam ine receptors. To gain  new clues 
on the nature o f  a typical m olecu lar targets o f  hydroxyzine, we exam ine its 
e ffe c t  on the  g ro w th  o f  se v era l c e ll l in e s  rep re s e n ta tiv e  o f  the 
n eu ro e n d o c r in e  sy stem , i.e . the  M M Q  p ro la c tin e  c e lls , the  N G -108 
n euroglial h y b π d o m a and the N IH  3T3 fib rob last cells as used as reference. 
In te r s t in g ly ,  w h e re a s  h y d ro x y z in e  ( K f 6 M ) c le a r ly  in h ib its  the 
incorporation  o f  [3H ]-thym idine s tim ulated  by h istam ine in the fibroblastic 
cells, its effect is essen tia lly  independen t o f  h istam ine in the M M Q cells 
w here it blocks pro lactine-induced  cell m itosis. It resem bles the effect o f  Ro- 
5-4864, a "perip h era l” benzodiazepine (BZD ) agonist, and to a lesser extent 
that o f  d iazepam  but not o f  c lonazepam , a BZD acting  at "c en tra l” sites. 
A m ong o th er phen o th iaz in es . p h eno th iaz inc . but not c e tiπ z in e  reproduce 
the e ffec t o f  hyd ro x y zin e . In the M M Q  ce lls , th is  la tte r  a lso  inhib its 
e s trad io l-induced  pro liferation . This effect con trasts  w ith th at observed  in 
the neuroglial cells  w here hydroxyzine and R o-5-4864 both stim ulate  cell 
g row th  and inhib it cell d iffe ren tia tion . In all the tested  cells , hydroxyzine 
ap p eared  not to  in te rac t w ith  d o p am in e , a d re n a lin e , cen tra l BZD or 
histam ine H2 receptors.
(W ork supported by a grant from Vedim  laboratories, UCB Pharm a, France)

864.3

EFFECT OF COGNITIVE ENHANCER ANIRACETAM IS RELY ON 
THE CHANGES IN SIGNAL TRANSDUCTION 
W. Ukai , H. Ozawa. T. Yaroaguchi, E. HashimotQ,. S. Shiehinoh *  and T. 
Saito. Dept, of Neuropsychiatry, School Of Medicine, Sapporo Medical 
University, Chuo-ku, Sapporo 060, Japan.

Our laboratory and others have reported that chronic treatment of 
antidepressants increase GppNHp-stimulated AC activity in ra t brain 
membrane. For that change is requires 2 to 3 weeks to develop much to 
their therapeutic respons, we considered such mechanism as a common 
target for variety types of antidepressants. Moreover, in relation to the 
memory function and AC system, AC- I reported play an impotant role in 
it, and we clarified that several types of AC were decreased in post-mortem 
brains of DAT patients. In the clinical study Aniracetam has been useful 
for cognitive impairment in kinds of dementia and it also reported for 
effective to patients with emotional problem such as masked face or 
depression. We investigated the effect of long-term treatment of 
Aniracetam on AC activity in rat brain membrane. After 21 days 
administration, Aniracetam caused increases in both basal and variously 
stimulated AC activities in striatum, but not in cortical or hippocampus. 
We know the subtle conditioning changes caused induction GppNHp to 
inhibit the AC activity(Ozawa and Rasenick, 1989,1991). On that condions, 
Aniracetam showed significantly increases both basal and sitmulated AC 
activties, but % inhibition caused by GppNHp was not different from 
control. Although the precise pharmacological mechanisms of the drug 
associate with signal cascade of AC are still unknown, the present results 
may suggest that aniracetam acts on cAMP production pathway, which are 
related to the clinical effect of this drug on depression and memory 
disfunction.

864.2

CR  2249 A N E W  PU TATIV E CO G N ITIO N  E N H A N C E R  W ITH 
A N X IO LY TIC  A N D  A N TID EPRESSIV E PR O PER TIES 
P. G arofalo* and F. M akovec. Rotta R esearch L aboratorium  S.p.A. - M onza 
(M I) - 20052 Italy

There is considerable interest in the developm ent o f  drugs acting on NM D A 
receptor com plex  as potential therapeutic agents.

W e have developed a putative cognitive enhancer CR 2249, pentanoic acid,
4-am ino-5-[(4 ,4-d im ethylcyclohexyl)am ino]-5-oxo. This com pound seem s to 
excerpt its effects through the N M D A  receptor. W e speculated that CR 2249 
m ight effect cognitive processes by enhancing glycine efficiency  on strychnine- 
insensitive glycine site. The capability  to m odulate a llosterically  the 
functionality  o f  the N M D A  receptor com plex w ithout appreciable  neurotoxic 
effects has not only possible application in age related  defic iencies but m ay also 
have im plications for treatm ent or understanding o f  o ther neuropathological 
s ituations such as anxiety, depression and schizophrenia. S tarting from  this idea 
w e com pared C R  2249 to the standard benzodiazepine diazepam  and the 
an tidepressive standard am itriptyline in several assays predictive o f  anxiolytic 
and antidepressive activity: elevated plus m aze p rocedures, m arble burying and 
behavioral despair test (Porsolt).

A dm inistra tion  o f  C R  2249 produced a selective decrease in ra ts ’ burying 
behavior in the m arble burying test, improved rats open-arm  entries in the plus 
m aze test and increased sw im m ing tim e in Porsolt test. O ur present results show 
that C R  2249 has both anxiolytic-like behavior and anti-depressive profile, 
suggesting a possib le  role o f  CR 2249 for treatm ent o f  behav io r dysfunction 
such as depression and panic attacks.

864.4

EFFECTS OF EXTRACT AND C O M P O U N D S  ISO LATED FROM  
M AG NO LIAE C O R T E X  ON C A TE C H O LA M IN E  S E C R E T IO N  FROM  
BO VINE ADRENAL CH RO M AFFIN CELLS. E. TACHIKAW A*, M. 
TAKAHASHI, K. HARADA, K. KU DO  and T. K A S H IM O T O . Dept, of 
Pharmacology, Sch. of Medicine, Iwate Medical Univ., Morioka 020- 
08505, Japan.

M AG NO LIAE C O R T EX, a C h inese herbal drug, has been used as a 
medicine for the digestion, while it has been said to have a sedative  
action. Therefore, we examined the effects of the extract and the 
com pounds isolated from M AG NO LIAE C O R T E X  on the secretion of 
catecholamines from bovine  adrenal chromaffin cells as a model of 
nervous system s. The extract dose-dependen tly  diminished the 
secretion from the cells stimulated b y  acetylcholine (ACh). The cortex 
has ß-eudesmol, α- and ß-pinene, bornyl acetate, magnolol and honokiol 
as some main ingredients. T he y  show ed a tendency to inhibit the A C h- 
evoked secretion. ß-Eudesmol w a s the strongest inhibitor and it also 
reduced the secretion from the cells induced b y  high K+. The A C h- 
evoked Na+ and C a 2+ influxes into the cells were also inhibited b y  ß- 
eudesmol. However, the inhibitory effect of ß-eudesmol on the secretion 
w a s not affected b y  the increases in external C a2+ and AC h  
concentrations. Furthermore, its effect w a s  not com pletely reversible. 
These results strongly suggest that ß-eudesmol inhibits the A C h-evoked  
secretion due to the blockade of Na+ and C a2+ influxes through the 
receptor-operated cation and the vo ltage-sensitive  C a 2+ channels, 
respective ly, in bovine  adrenal chromaffin cells. The results further 
indicate that M AG NO LIAE C O R T E X  contains the ingredients which  
supp ress the activities of nervous system s. Their ingredients m ay be 
useful as a medicine for the depression of stimulated nervous function.
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864.5

COM PARATIVE EFFECTS OF ANTIPSYCHOTIC A N D  
AN TIDEPRESSA NT DR UG S ON DOPAM INERGIC, 
NORADRENERGIC A N D  SEROTONERGIC CELL GROUPS IN THE 
RAT. S.J. Harrison* and M .F . Mazurek. Program in Medical Sciences 
(Neuroscience), McMaster University M edical Centre, 1200 Main St. W ., 
H amilton, Ontario, C A N A D A  L8N  3Z5.

Tyrosine H ydroxylase (TH) and tryptophan hydroxylase (TrH) are the 
rate-limiting enzymes in the biosynthesis o f  dopamine, noradrenaline and 
serotonin. Previous studies have shown that antipsychotic drugs such as 
haloperidol (HAL) produce long-term downregulation o f  TH in the 
substantia nigra (SN ), while antidepressants such as imipramine (IMIP) 
can alter TH activity in the locus coeruleus (LC) o f  the rat brain. The 
purpose o f  this study was to examine the comparative effects o f  chronic 
HAL and IMIP on TH-immunoreactive cell counts in the SN and LC and 
on the TrH-positive cell counts in the dorsal raphe (DR).

Separate groups o f  rats (N = 9 )  received HAL (2m g/kg/day) and IMIP 
(15 m g/kg/day) or saline for 6  weeks. Results showed that HAL  
significantly reduced T H -stained cell counts by 25% compared with 
controls (p = 0 .0 1 0 )  in the SN  while IMIP had no effect (p = 0 .7 8 5 ). In 
the D R , HAL had no effect (p = 0 .3 4 2 )  but IMP showed a 15% decrease 
( p = 0.074) in TrH cell counts. These results indicate that HAL and IMIP 
have differential effects on TH-containing cells o f  the SN  and on 
TrH -positive neurons in the DR . Due to technical difficulties, the results 
o f  the LC study were uninterpretable and a repeat o f  the study is currently 
underway with the addition o f  a third experimental group receiving 
fluoxetine (FLU) (5 m g/kg/day). Supported by OMHF and NSERC.

AGING: NEUR O TR A NSM ITTER S  

865.2865.1

A STRO G LIA L V A RIA TIO N S IN THE A G ED  M EM O R Y -IM PA IR ED  AND 
U N IM PA IRED  LO N G -EV A N S RAT. N. A ndres '. M. Rodriguez'. C. A ndrade'.
N .M ah v 1*, W, R ow e2. R. O u irio ir. U. B iochem istry, 'ID IBAPS, Sch. M edicine, 
Univ. Barcelona, Spain; 2Douglas H ospital R esearch Centre, M cGill University, 
M ontréal, Q uébec, H4H 1R3 Canada.

The distribution  o f  M A O -B , an enzym e m ainly localized in astrocytes, was 
investigated by quantitative autoradiography in the hippocam pus and septum  o f  
young adults (six  m onths) and aged (24-25m onths) cognitively im paired (AI) and 
unim paired (A U ) m ale Long-Evans rats using [3H]Ro 19-6327 (3.75nM ) as a 
M AO -B ligand. A ged rats w ere behaviorally  characterized as either cognitively 
im paired (AI) or unim paired (AU) based upon their perform ance in the M orris 
water m aze task com pared to the young adult 6 m onths o ld controls. Previous data 
have show n a significant increase in A M PA  receptors in m ost hippocam pal 
subfields o f  the AI vs young rats w hereas reduction  in N M D A  receptors, when 
present, was evident in the AU subgroup (Lejeune et al, N euroscience 1996). 
Specific b inding o f  [3H]Ro 19-6327 to brain sections o f  young anim als were 
calculated densitom etrically  and gave values betw een 757 and 1142 fmol/m g 
pro tein  in the hippocam pal subfields and o f  2469 in the septum. All hippocam pal 
subfields o f  the AU  group showed a significant age-related increase in M AO-B 
labelling that w as not present in the AI group. For all aged animals, the values in 
the septum  were sim ilar to those o f  young anim als. These results suggest that w ith 
aging, the hippocam pus o f  the A U  anim al m aybe dem onstrating enhanced gliosis 
suggesting that the increase in A M PA  receptors p resent in the AI group is not due 
to enhanced astrogliosis. Supported by M RCC.

865.3
VISUALIZATION OF MUSCARINIC AND METABOTROPIC GLUTAMATE 
RE C EPTO R -M ED IA T ED  PH O SPH O IN O SITID E TURNO VER IN THE 
HIPPOCAMPUS OF YOUNG AND AGED RATS M.M. Nicolle*. M. Gallagher, and 
M.McKinney. Mayo Clinic Jacksonville, Jacksonville, FL 32224 and Johns Hopkins 
University, Baltimore, MD

In situ autoradiography was used to quantify phosphoinositide (PI) turnover in 
anatomical regions of the hippocampus after cholinergic or glutamatergic stimulation. 
Hippocampal slices (350 µm) pre-labeled with [3H]cytidine were stimulated with either 
the muscarinic receptor agonist oxotremorine-M (oxo-M) or the metabotropic glutamate 
receptor (mGluR) agonist lS,3R ACPD to activate PI turnover and concomitant 
incorporation of [3H]cytidine into the product [¾ cy tid ine  diphosphate diacylglycerol 
([3H]CDP-DAG). In young rats, 100 µM oxo-M stimulated a 3-fold increase in 
[3H]CDP-DAG accumulation in CA1 and a more moderate response in CA3 and dentate. 
This labeling was diffuse and not localized to the cell body layer. It was completely 
inhibited by 10 µM atropine. 100 µM NMDA inhibited -50%  of the oxo-M-stimulated 
[3H]CDP-DAG accumulation in the dentate and CAT In contrast, only 15% of 
accumulated [3H]CDP-DAG was inhibited by NMDA in CA3, possibly reflecting the 
lower levels of NMDA receptors in that region. 100 µM lS,3R ACPD produced a ~2- 
fold response over basal in CA3 and CAL There was no response to lS,3R ACPD above 
basal in the dentate. 1 mM 4CPG inhibited 100% of lS,3R ACPD-stimulated [3H]CDP- 
DAG in CA1 and -50%  in CA3. lS,3R ACPD-mediated [3H]CDP-DAG accumulation 
was completely inhibited by NMDA in all areas of the hippocampus.

We also quantified muscarinic and mGluR-stimulated [3H]CDP-DAG accumulation in 
the hippocampus of young and aged Long Evans rats characterized for spatial learning 
ability. Preliminary biochemical results (4 young rats, 7 aged rats) indicate a significant 
decrease in the maximal [3H]CDP-DAG accumulation mediated by oxo-M in the aged 
rats. These results will be discussed with reference to anatomy and behavioral status. 
Supported by NIA Fellowship AG05804 to M.N., Research Scientist Award to KO5- 
MH01149 to M.G., and NIA Grant AG09973 to M.M..

Effects o f  Age on A denosine, G lutam ate and G A BA R eceptor D ensities in 
Fischer 344 Rats. J,,Δ-Milter*, P.A. G endron. jLJysQn, G.R. Sutherland. 
A stra Arcus USA, Rochester, N Y  and Univ. Calgary, Calgary, AB.

Changes in neurotransm itter function, levels and receptor densities occur 
during aging. G lutam ate levels and high affinity  uptake sites decrease 
with age, how ever [3H]gIutam ate binding has been reported to either 
increase or decrease with age. Additionally , the binding o f  the N M D A  
subtype o f  the glutam ate receptor has been shown to decrease with aging. 
Contradictory results have also been reported for age-related changes in 
GA BA levels, and it has been reported there is no change in the num ber o f  
GA BA receptors. W e have exam ined the density  o f  glutam ate, GA BA 
and adenosine receptors and their subtypes in rats.

B inding studies using quantitative au toradiography, were conducted in 
frozen sections from 2, 6 , 12 or 24 m onth old Fischer 344 rats. A lternate 
sections were incubated with varying concentrations o f  either 
[3 H]glutam ate, [3H]G ABA or [3 H]NECA with or w ithout subtype 
selective unlabeled ligands. Saturation analysis estim ated the density  and 
affinity o f  the receptor subtypes in the cortex and the striatum .

The greatest changes we observed were the Bm ax values for cortical 
N M D A  receptors which were reduced by 50 to 61%  in the 24 and 12 
m onth old com pared to the 2 m onth old group. Additionally , AM PA 
receptors were decreased 48 to 58%  in the three o lder groups versus the 2 
m onth old group, suggesting som e changes m ay be related to 
developm ent.

865.4
CH AN GES IN GLU RA M A TE RECEPTO R SU BUN IT 
CO M PO SITIO N  IN A G ING R E TIN A . Elena V .G π g o ren k o *  
M ichael T ytell2. D epartm ent of Physiology and Pharm acology1, 
Departm ent o f Neurobiology and Anatomy~, W ake Forest University 
School o f M edicine, W inston-Salem , NC 27157, USA

The retina undergoes continuous structural and functional 
alterations during the aging. It is necessary to differentiate changes 
occuring at early in aging vs. changes which occur later. M olecular 
biological analyses using reverse transcription reaction followed by 
polym erase chain reaction revealed changes in the expression profile 
o f the nine subunits of A M PA /K A glutam ate receptor mRNAs in 
aged retinae (22-month old) com pared to young retinae (6-month 
old). Prim ers for all AM PA /K A receptor subunits were designed 
using published rat sequences. A statistically significant decrease 
(25%, p<0.05) in m RNA for the G luR2 and slight increase in G luR l 
subunit were found in aged 22 m onth retina. The level of GluR3, 
G luR4, KA1 and KA2 subunit transcripts was not significantly 
changed in aged retinal tissue. In contrast, the level of the G luR6 
subunit was elevated (28% ), p<0.05) in aged retina com pared to 6- 
m onth and 14-month old rats. The surviving neuronal population in 
the aging retina is the reflection o f altered glutam ate receptor 
com position and the investigation of glutam ate receptor subunit 
expression in different retinal cell types is in progress.
Supported by NIA #AG00743-01 to EVG.
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865.5
N M D A  R E C E P T O R  S U B U N IT S  EX H IB IT  D IF F E R E N T IA L  D E C L IN E S  IN 
E X P R E S S IO N  D U R IN G  A G IN G . M .C . K ueh l-K ovarik* . K .M . Partin. G .E . 
Sam m on d s and K .R . M agn u sson  D ept, o f  A n atom y & N eu ro b io lo g y , C olorado  
State U n iversity , Fort C o llin s , C O  8 0 5 2 3  

T here is a decline in b ind ing  o f  g lu tam ate to the N -m ethyl-D -aspartate  
(N M D A ) subtype o f  g lu tam ate receptors during the ag in g  p rocess in C 57B 1/6  
m ice. W e have a lso  found a decrease in the m R N A  exp ression  for e p s ilo n 2  and 
zeta l subunits in the cortex and dentate gyrus o f  aged m ice , as sh ow n  by in situ 
hybridization . In the present study, w e have utilized  sem i-quantitative W estern  
b lo ttin g  to correlate changes in m R N A  exp ression  w ith  changes in protein  
exp ression . T he cortex exh ib ited  s ign ifican t decreases in the e p s ilo n 2  and zeta 
subunit proteins in aged m ice , but no sig n ifica n t change in ep silo n  1 or 
sy n ap top h ysin , a synaptic  term inal protein , w as seen  in W estern b lo ts. The 
percent d ec lin es  in the ep silon 2  and zeta proteins w ere greater than predicted by in 
situ hybrid ization . T h ese  results su g g est that ch an ges in agon ist b ind ing  to the 
N M D A  receptor co m p lex  m ay result from  changes in subunit co m p o sitio n  due 
to ag in g . T o characterize the effects o f  a g in g  on the functional properties o f  
N M D A  receptors, w e have iso lated  R N A  from the h ip p ocam p u s and cortex o f  
y ou n g  and old m ice . Q uantitative R T -P C R  and T E V C  e lec tro p h y s io lo g y  on 
isolated  R N A  are currently being  performed to correlate ch anges in subunit 
co m p o sitio n  w ith  changes in functional properties. T he se lec tiv e  antagon ist  
ifenprodil w ill be used to assay for age-dependent ch anges in the relative 
exp ression  o f  ep s ilo n 2 . T he results o f  these exp erim en ts w ill further our 
understanding o f  the role o f  N M D A  receptors in the ag in g  process.

Supported by N IA  F IR S T  award AG  10607 and R C D A  AGOO659 to K .R .M .

865.6
CH AN G ES IN A N G IO TE N SIN  II R E C E PTO R S IN DO PA M INE-RICH  
RE G IO NS OF TH E M O U SE BR A IN  W IT H  AG ING  AND ETH A NO L  
CO NSUM PTIO N. D. L. D aubert.1 G. G. M eadow s.2 J. H. W ang.2 P. J. Sanchez2 
and R. C. Speth1-22. 'Program  in N euroscience, P ha rm aco lo g y  and Toxicology 
Program , W ashington State University, Pullm an, WA 99164-6520

The density o f  angiotensin II (A ng II) receptors was determ ined in dopam 
inergic nerve term inal-rich regions: caudate putam en (CP), nucleus accum - 
bens (NA), and ventral pallidum  (VP) o f  the brain o f  young (8-14 weeks o f 
age) and old (52 weeks o f  age) m ice. A t 6 - 8  w eeks o f  age h a lf  the mice in the 
‘young’ and ‘o ld ’ groups were given 20 % ethanol as their only source o f  fluid, 
while the h a lf  (control) continued to receive w ater only. Ang II receptor sub- 
types were labeled w ith 125I-sar ',ile8 A ng II in the presence o f  selective Ang II 
receptor antagonists and m easured by quantitative densitom etric image analy
sis (receptor autoradiography) or saturation binding assays o f  hom ogenates 
containing these brain regions. Young, control m ice had a significantly greater 
density o f  Ang II receptor binding sites than the old control mice in the CP: 
4O7±26 vs. 3O5±26 fm ol/g (p<0.05) and NA : 346±27 vs. 237±22 fm ol/g 
(p<0.05), but not in VP: 3 17±27 vs. 240 ±19 fm ol/g (p=0.06). Nearly all o f  the 
A ng II receptors in these brain regions w ere the AT, subtype. In young mice, 
the BMaχ in brain hom ogenates containing these 3 regions was ll.O ± 2 .l fm ol/ 
m g protein. The K D was O.49±O.I3 nM . Ethanol consum ption slightly in
creased Ang II receptors by 11.8% (p<0.05) in the CP, but did not significantly 
increase A ng II receptors in the N A  or VP. (Supported by a Howard Hughes 
M edical Institute U ndergraduate Research Fellow ship to Daisy Daubert.)

865.7 865.8
NEUROTRANSMITTER INTERACTIONS AND AGING: STUDIES ON GLUTAMATE, 
DOPAMINE AND GABA IN THE NUCLEUS ACCUMBENS OF THE AWAKE RAT. 
G. Segovia,1 R.E. Fellows2* and F. Mora12. 'Dept, of Physiology, Fac. of Medicine, Univ. 
Complutense, 28040 Madrid (Spain). 2Dept. of Physiology and Biophysics, Univ. of Iowa, 
Iowa City, IA 52242.

The aim of the present study was to investigate the effects of aging on the increases of 
extracellular dopamine ([DA]) and [GABA] produced by increasing concentrations of 
endogenous glutamate ([GLU]) in the nucleus accumbens o f the awake rat. Intracerebral 
infusions (microdialysis) of the GLU uptake inhibitor L-frans-pyrrolidine-3,4-dicarboxylic 
acid (PDC) were used. Dialysate catecholamines and amino acids were analysed by HPLC 
with electrochemical and fluorometric detection. Young (2-4 months) and aged (30-33 
months) male Wistar rats were used. In young and aged rats PDC (1-4 mM) produced a 
dose-related increase of dialysate [GLU]. PDC also increased dialysate [DA] and [GABA], 
The increasing [GLU] was correlated significantly with increasing [DA] and [GABA] (see

figure),which suggests that increases of [DA] and [GABA] were produced by GLU. In aged 
rats the increases o f [DA] but not [GABA] produced by GLU were significantly lower in 
young rats. Table shows [DA]/[GLU] and [GABA]/[GLU] ratio at maximal increases of
---------------------------------— j-------  [GLU], The results of this study suggest that GLU/DA

d a /GLU l 22±o.22 O.5O±O. 11 * interaction in the nucleus accumbens of the rat change
GABA/g l u  o .ι l±o.Q3 o.i6±o.Q4 during aging.Supported by DGICYT PM96-0046.

N i t r a t e  a n d  n i t r i t e  a s  m e a s u r e s  o f  n i t r i c  o x i d e  r e l e a s e  i n  s t r i a t u m  o f  

Y O U N G  A N D  A G E D  F344 R A TS F O L L O W IN G  S T IM U L A T IO N  W IT H  N - M E T H Y L - D -  

A S P A R T A T E :A n  i n  V IV O  m i c r o d i a l y s i s  s t u d y . E.L. Spangler'*. H. K am etani2 
and D.K. Ingram 1. 1 Gerontology R esearch C enter B altim ore, M D  and 
2Fukuoka Prefectural University , Tagawa, Fukuoka, Japan.

W e previously reported age differences in response to repeated stim ulation 
o f  the striatum (STR) o f  young and aged rats with NM D A while m easuring the 
oxidative byproducts o f  NO  release, nitrite and nitrate. In a continuation o f  that 
study m ale F344 rats, 4 and 23-24 mo old, were cannulated bilaterally into the 
STR (AP 0.7; M L 3.0; DV -4.5). On the follow ing day, each rat was then 
assigned to a group that received either 0.25,1.0 or 5.0 mM  N M D A  via a probe 
during the m icrodialysis procedure into either the left or right STR, w ith side 
and group being counterbalanced. A rtificial cerebral spinal fluid (aC SF) was 
perfused  for approxim ately 90 m in w ith perfusate being analyzed for nitrite 
and nitrate using an autom ated NO  analyzer (E icom , Kyoto, Japan). Then, 
either 0.25, 1, or 5 m M  N M D A , was added to the aCSF and perfused for 20 
m in, and nitrite and nitrate in perfusate w ere evaluated, follow ed by a 2 hr 
perfusion with aCSF. The procedure was replicated a second tim e with a total 
o f  tw o 20 m in perfusions o f  either 0.25, 1, or 5 m M  N M D A  during the 
session. Tw o days later the procedure was replicated using the opposite 
hem isphere at another dosage. D ata thus far suggest that the response to the
0.25 or 1 m M  doses do not differ, but the response to the 5 m M  N M D A  at the 
second adm inistration (percent above basal levels) is higher in the aged rats. 
Dysfunction o f  the redox site on the N M D A  receptor in aged rat STR m ay be 
responsible for the results observed.

865.9

IMPACT OF AGE ON THE ROLE OF MITOCHONDRIAL CALCIUM 
BUFFERING IN RAT ADRENERGIC NERVES. W.J. Pottorf. S.P. Duckies. 
and J. Buchholz*. Depts. Pharmacology, Loma Linda Univ. Sch. Med., Loma 
Linda, CA 92350 and Coll. Med. Univ. Ca„ Irvine, CA 92697.

An age-related alteration of buffering mechanisms that regulate 
intracellular calcium is one hypothesis that links Ca2+ overload and neuronal 
degeneration. We have shown an age-related alteration in Ca2+ regulation resulting 
in increased stimulation-evoked norepinephrine (NE) release from vascular 
adrenergic nerves in the F-344 rat tail artery (RTA). One explanation is a change 
in Ca2+ buffering by sarco/endoplasmic reticulum Ca2+-ATPases (SERCAs). 
Therefore, we investigated the role of mitochondrial Ca2+ uptake by measuring 
stimulation-evoked NE release from RTA using HPLC with electrochemical 
detection and K+-evoked [Ca2+]i-transients in acutely dissociated superior cervical 
ganglion (SCG) cells using microfluorometry with fura-2/AM. Plasma membrane 
Ca2+-ATPase pumps and SERCAs were blocked with 100 µM vanadate, and the 
Na7Ca2+-eχchanger was blocked by replacing [Na+]e with tetraethylammonium 
(TEA). Thus RTA and SCG neuronal cells were primarily dependent on 
mitochondrial Ca2+-uptake to buffer [Ca2+]i. In SCG cells, no age-related difference 
in rate of recovery from depolarization-induced [Ca2+]i-transients was observed. 
However in RTA, stimulation-evoked NE release significantly increased, compared 
to the absence of drugs, in both young (6 month) and old (20 month) arteries; 
there was a greater increase in old. These findings suggest that there is no age- 
related change in the function of mitochondria to buffer [Ca2+]i-transients; 
however, there may be an age-related change in sensitivity to [Ca2+]i of the NE 
release mechanism.

Supported by American Heart Association, Grant in Aid #95015640.
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